; e3e>~ttubwx>}6}T>~ 1 L~.iv WO 99/51618 PCT/ EP99/ 02214 1 NOVEL CRYSTALLI NE
FCRVB OF AN ANTI VI Zt AL BENZI M DAZOLE COVPOUND BACKGROUND OF T._HE JPNyEI\l'EéO\I S
The present invention relates to anhydrous crystalline forns hhdvsol abat es
of the antwa 99sit6i8onmpound PCT/EP99/02214

5, 6-di chl oro-2- (i sopropyl am no) - 1- ((3-L3ri bofuranosyl)-1H benzi nmi dazol e

(al so known as 1263W94; a conpound of forrmula (1)), pharmaceuti cal

formul ati ons conprising anhydrous crystalline fornms and solvates of this

conpound, and i r i ANtV

5, 6- Di chl or o- 2*’%0%‘5’3%’1@5 e P BT FRRBATIYE CPMEOHR, i i dazol e
(1263VW04) is a benzimdazole derivative useful in nedical therapy.

W96/ 01833 di scl oses

5, 6di chl or o- 2- (i sopr opy! ani BACKGRQUND OF THBOYNENTHYSy| ) - 1 H- benzi mi dazol e and
its use for the treatnent or prophylaxis of viral infections such as those
caused by herpes viruses. 15 The conpound as disclosed in W96/01833 is an

anor phous z N L i T of

56 ‘ot DR s Rlibh Pates KORAFSGRRL fryialie Blme HUFSNAUIE D azor e, a
conmpound ghtiviRl Bt odrld) 5,6-8ichisrern - isdpeopyladn &+ 1-OB-L-Bbbfuranosy)AHI91 51618 2 1
r:: ~ w-~ PCT/EP99/ 02214 W have now found that the conmpound of forrmula (I)
may be prbepairedazole tasocinoemyest1aBF3WAE f mmouad df Soimvda 8%, phiteacoieh!
crystalline forms and sol vates of the present inventio fe nore

t her mody nEgFmadatiops SeraBIENa #a{TYdrats cafﬁ’iﬂ'ﬁﬁgfagﬂ% oades Q3B CPRPQWEL/ 01833,
The novel _crystalline fornms and sol vates have the further advantage 5 that
t hey are ay ri“a?FI"i/ 6?‘P—yhygroscopi c. These crystalline fornms and sol vates
have gpod storage properties and can be readily fornulated into
pharmaceuti cal conpositions such as tablets, capsules, and |liquid systens.
The cryst al6kDinkiofm2Aisopngylamingi lef-raipoheandsal ddt-benzimaiabyte { RE3NIY r ay -
powder diffraction patterns. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1.
X-ray powddrbeazinfidazela darivptive seful 81 medieahthergpy.t WOIEEHSSB disclosesiddinul a (1) .

E‘Q%FZ;E@?R'@?%%@%%% ey ol R R Dl SRR B R 1751 LE
he” pr oceds CREReotprbphy el a BTG oM o WS SR by AR YOS, 2t on

patt ey ofhe dvenRiuRane drbiesedl in V@I6/0T830 U ish amofphiols|lnantdrystalling,s pattern was
obt ai ned in accordance with the procedures set
hygroscopic material.

The structure of 5,6-dichloro-2-(isopropylamino)-1-(B-L-ribofuranosyi}-1H-

benzimidazole, a compound of formula (1) is shown below:
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forth in Exanple 18. Figure 4. X-ray powder diffraction pattern of Forml|V
.of the conpound of fornula (I). 20 This pattern was obtained i c&qu,ah.;e
with the procedures set forth in Exanple 18. Figure 5. X-ray p ey~ Lhud
di ffracti oWOptsi€8n of Form V of the conmpound of formula (I|)PCIWEP/Q3214t er n
was obtained in accordance with the proc@dures set forth in Exanple 18.
Figure 6. X-ray powder diffraction pattern of Form VIl of the conpound of
formula (1). This pattern was obtained in accordance with the procedures
set forth y eI ON

Accordi ng ‘{Vg ha I rs?ognsogtggtg%oﬁwguﬁﬁventi or%g)pp\gr\dggiégpg’r%cr)évwgg%lhe conpound
of 30 for narysaalling forms andeulehtes.r Tt mdvel argstaldinenforner andl solvirtes of the srestat i ned by
the X-ray powder ~r~r.n~\. wl6 Wv a. W 99151618 3 PCT/ EP99/ 02214
di f fracti oAveRdionaramore thermadyamisaliyistablethen theiamerphousiberm diselossy im

Gr aphi & nORORR L e G FeRE O RS B Paltel e HeBHRRr MR ot opar e

fromacm L | ( el

cryst art i it feflare e AERY RORCERIBALT Rt chaticTolms st ¥l 1A%y

t ol uene atgdodRERa@ prop8rtied afKk e&rs be efadHPformiathe aitopharrhdreusiess pensi on turns
to a sticky gum which on continued heating converts to a solid. y In

anot her asqeaositipng sushiasebietsotapsiies: and Hawd svstams Theecressalimufeamsnd or nul a
(1) inalOQOnovel crystalline form. Formll. F |l is defined by the

X1 ay pondEM IR E TORCHEEAEN (T K36 hreder RGP ER ST ch 1% obt ai ned
by a properly aligned diffractoneter equi pped with a diffracted beam curved
graphi te nonochromat or using copper Ka Xradiation. Formll may be produced
by crysgtal lization or recrBRIERDESCRIPTION GHTHENRRAWINGS10uSs conpound of
formula (1) frommxtures of nethanol and water or 15 nethanol and tol uene.
The initial product of the recrystallization is a nethanol solvate whiech on
drying | oses nethanol to, prgduce Formll . In rther aspe of the
venti on ae: Perp RN HE bR aT 5P Dok Hicebinotal Shtuiuadioni « o
free flow Mf i . Cﬁl)?ﬁ o I naQla 20

et hanol soTI’P’gszﬁ%e 0 &fag%?ﬁggﬂ%g&gﬁcg?Jr'rﬁ\dtgeéhr)a% gegﬁcﬁg\ﬁgfg{a@pl‘eg%e“ ned
by the X rRigure@wieraydidvideadiffractigrapdtesrm of Fous tiraftthe cormpdiingusfeodnulaMii.ch i s

obt ai ned léy a properly aligned diffractoneter equipped with a diffracted
beam dar veldisgradisH was ablabielio aagasdangs with thedpercdusrs skt fostd intExampleige

et hanol at e..may _b repared from.sol ytions.of the c nd in mxtures of

et hanol aﬁ:dg%ét:;es('gary Fg}"f{%ﬁglfhﬁﬁ%m} %ﬁL{EFé'ﬁé)%?%e ﬁjihfpﬁlragesnmﬁﬁ C%Po‘é{@(‘fﬁt her
aspect of the i (@GR | i mgpi I ) ina
ng\eel crystall :Frf}?érﬁ{j‘lgL(%Whgééb‘ﬁe?w@&%é%\ﬂe@ngég%g |§ne E‘gg“teﬂgé"‘%(‘{%ef Sgtm(/vd)erI

di ffracti ofiorthdn EesmpleliBustrated in Figure 4, which is obtained by a

properly aligned 30 diffractoneter equipped with a diffracted beam curved
graphi t e rfigired Smeaycqrowder diffragtionpasters o6 Ferm \befrihergopognd af fesmuly Bopper

Ka X-radiation, Form IV, may.be obtai ned by suspendin nd .h in he
amor pRSus TSGR OFBITIS Spyeq Fareihed ol BPt kb aR Boe i »
excess of FRfifre sEULFy pOWHRY dfFraeLEpRARIRIOAEERY FURCESHpAhdIST BRI (IN Wat er
for several”™ nont hs.

This pattern was obtained in accordance with the procedures set forth in Example 18.

Figure 6. X-ray powder diffraction pattern of Form V| of the compound of formula (1).

This pattern was obtained in accordance with the procedures set forth in Example 18.

25
DETAILED DESCRIPTION OF THE INVENTION

According to a first aspect of the invention there is provided the compound of

30 formula (I) in a novel crystaliine form, Form . Form | is defined by the X-ray powder



5 1n a further aspect of the invention, there is provided the compound of
fformula (1) in a novel crystalline form FormV. FormV is deé ned by t he
X-ray powder diffraction pattern illustrated in Figure 5, whi i its Pobt i ned
by a propesfgyosdipgned di ffractoneter equipped with a diffracpegrpsaghiurved
gr aphi te nmonochromat or using copper Ka X310 radiation. FormV may be
produced by addi ng water gradually to anorphous conpound of formula (I) at
around 70C with rapid stlrrlng over 2h. After heating at 65-70C with

stirring for an addltlonal e heatin an stirrin
Ha 2bt

may be

di scont i nd&fractigreratisrp il ‘@trﬁﬁ%j 'B IGHIE Jnihi Higdhy aaﬁ'ﬁP%’?(u\t aliggfther at ur e
for 2.5 d f iny white
solid res?!ﬁ% {r!r;ap%téfga%g{ P %F %%Etﬁﬂag(?? bgg%ec{]md#Tgﬁp{ee'ﬁ%&ﬂ&mﬂapal so be
prepar ed Ryinh@bppertkes X-shdibfioh. OFomn Mgl beerefarédfromld mditdreRsFrtie | at 90C for
20 mnutes, FormV may al so be prepared by sol ubilizing another crystalline
“form or semesteustomheurcbobivonuladf) andrthehavdl Chystaiinef frarmabthgréebbm VI or t he
et hanol ate, in acetonitrile and allowing the solution to s 5&& at anbi ent

t enperat uPSPERAING a%hﬁ@t‘iﬁ%'ﬂéﬁtﬁr ?raﬁo&e"&?tt tepperatures i 'Br?m%@)o £or t her

aspect of e ) as a
i xtur e ot MGG Art U oS PSS SRR D Rng B8HHF 10

sol vat es gffidie present invention, or as a m xture of anorphous materi al
and one or nore of the anhydrous crystal | ine fornms and/ or sol vates of the

present invention. The conpound of 25 formula (1) may al so be i sol ated by
aci d/ base precjpitation. As used herejn, the term "sol yate" nﬁ conpl ex of
I

variabl e Yt #theraseectof the Wﬁ‘tﬂ%ﬂ there s propided the compaun OBfO'PHP ®a1)) and
a sol yent h°§?§x’/§%e ﬁ VY%¥mqr eF?)er?lrfP’s%eph&%V%% %@éﬁow&?%nﬁn%%et hanol ,

or acetic aci gPt'er ence 9/ 51618 5
PCT/ EP99I Q2@di .mma@ém urk @ Whkch .é bbtaifedity 4 frparipaiRfiey giffrattdnikert hat
conmpound, unl ess another Tormor solvate thereof is specified. The X-ray
powder di tquippdd with paliffescteddfeatheirvar grapsitamopdeiousatorwsinglcopper KooXs and 5
sol vates of the present invention is determ ned using conventi onal

t echni quesadigtipne oftsirpnik may lba prgr uced bk ssistalligatipe gr rw\tsgaéhzat'pn of thehysi cal

characterization. The di ctio atter ns of Fl re obtained

W th e ppfRIESR: epEodiss PTRY AL Bt By R e m STl ARt NI R o i 11 r act ed
beam £3ir v g tindPai d FowremOfmé %u%om B8 tIORPREtaliBatlod RS AEthaRoiand an
automatic divergent slit. xenon proportional counter was used as the
det ect or . soivete priatheon dnqrmglleseusrt&ihﬁrmlgepardarte%dnellx-ray powder diffraction

data was prepared by conventional back filled sanple preparation techniques
using a 16 mm di aneter hol der about 2 mmthick. A powder sanple of each of

Forms 1, |1l V., V dthe et nolate use 1 he X-ra
powder di h?&gﬁ%ﬁs%ﬁ f’g é"\()ef]t'lgpgﬁ?rgsls Rrov edihe §°'9%‘5‘§Wa°§3f8'rres§g ively. g
The X-rayadbifd whigd fr@E‘ﬂB@/ngddeefr%er@uﬂﬁﬂeprfefér% 163sitReiSethaidileBid sol vates
are unique to the particular form Each crystalline anhydrous form or

sol valle egthaboltsslvatedff the @ompoundat foemalai)}. hTte athanplate sedefoikd by fthe ¥ction

peaks which can be expressed in 2 theta_angles (), .d-sp amg g&éand/or
Pl ative FuROWISE BifEaccnpatien dlusweied inFaa sty ishdngftased A2 PEoREY pondi ng

d- spaci na AN SAEHIL LOfnda T 2BReRle bR ARG Yp R LS X1y powder

diffractio Lashareccardty observed 2 theta
angl es anﬁhoﬁ@@ﬁ%af@%smg\e%h&é}g@xuw@go& NaghBedisioRie! Aal 88 prepatedfrom
variations in observed eta angl es and d-spaci ngs are expected based on
the 25 spsdutions ofithé cornpoumetie mirtypenyferthamd aht evateradriesitdnel sethiulleene
preparation technl que. More variation is expected for the relative peak

i nten® ti BeXtUlegent i fication of the exact crystal formof a compound shoul d
be based primarily on observed 2 theta angles or d-spacings with |esser

i nportance placed on relative peak intensities. In a mxture of crystal

forms, thp withGaRE! aspedt drard IRBnRGRKhERNs HRACIAeE hdTRdMYOLPYRT feiud (N the
in a novel crystalline form, Form IV. Form IV is defined by the X-ray powder
diffraction pattern illustrated in Figure 4, which is obtained by a properly aligned

30 diffractometer equipped with a diffracted beam curved graphite monochromator



30 diffraction peak of another form In a mixture of crystal flof rfs,P (22

Jdentification my be n~ r--,.r,.., yllh C~~ L Yw W 99151618 6
"PCT/ EP99/ 02214 based on the presence of a |esser intensity peak that dodes
not over| awomorsheishe ot her crystal forns. To identify PCT/EP99/02214

5, 6-di chl oro- 2- (i sopr opyl am no) - 1- (~- L-r #bof uranosyl )-1 H benzi m dazol e
Form 1, the single nost characteristic 2 theta angle peak occurs at 2.57
degrees, or 34.35 A d-spacing. To identify
5, 6-dichloro-2- (] | .am no) +1- - ri I | Y- 1 _H benzi m dazol e
et hanol at e‘gf‘?'lgﬁ‘éépé’?ﬁg@@f?&g%%@hafé'gf é’?’iné‘f’ ?E obgﬁkgtbggg%@mégaﬂ%ﬁ@lﬁ s at
6. 63 degr ags anfirpHous¥dnfoldnd BAFIrRGIa (Nn vIRE drft¥iuBndatte Ml Rt fredi
(1 sopropyl am'arrlrgrp 1- <s( SF@-or F(ﬁof urran(?s(y)l 9 1 H brengi rﬁBédazoltﬁe I@grgn{nl vce%she
si ngl e nosdf sOh@r BarivelVi sy sis@bé betamed bylsaspeading Fomitlsn afatek ¥orr&vei@gr ees, or
7.51 A d-spacing. 10 It may be desirable to rely upon multiple 2 theta
angl es or memihspl e d-spacings for the identification of each of the various
anhydrgus crystalline forms and/or solvates of the present invention. Each
of the-various anhydrous crystalline forns and/ or sol vates of
5, 6- Di chl Qhor Ry RET RN eidn, thireis ploREY BRQMHolnd oFFRRIA () gpzol e
can al so be |ﬁéﬁ??%§§p‘%ﬁy tr|1e %)frles't(atncrg o? mul tiple r?gpagt eér}ﬁ{s]uﬁg’ theta
angl e peaksndovet brystaiige tivon, BomiVir Bem V Buwefinéd betheX-ray pewddr diffiagtibn ni ne,
or ten of the 2 theta angles which are reasonably characteristic of the
par ti cul arpagteyr illustrated im bigtre Fywshictaisi gbtaiped hy 8 prapariyaligned shfiffaictkaandsgr ¢ he
presence of X-ray .diffract,i eaks qccurting at, at |east five he
Por T o n Gl vl & ifipese Bt atSef GEARk s ihrRtnBinatds Waing cobertle: ko
15. 794420. 15, ..21. 4,124, r ypi cal |y,
Form II_P caréé'gggﬁ‘dﬁw%y%g l?)ﬁéccgo&pﬁdgin?qn@gggﬁéﬁzﬁIa/}%galnfo?@éo&-gi on peaks
occur ring @mpdunt @8$érnfuly @) at afodad 70td @Whepi 9dring @0&r 212Xt T28€nd Bt 2 t heta
angles: 7.91, 17.33) 18.23, 19.60, 21.88, 23.24, 23.92, 25.27, 27.70, and
29. 21 degr&seg0°Ciwith etimnimgdbadreadditionsd 7h deathiepfirgplartsystirtimg pegbence of X-ray
di ffractiop peaks ogﬁ‘urr_i n ast five of the follown fgrosi tions,

, o2

expr essed Ji§Foptippget Jhs MK @%Ygg?)al'g‘ﬁ? fp staud @t@mbiqqtfgmpgr@;cu;r .2_L-..537,
22. 96, 23'0?3%/ _ﬁ%‘rﬁ%ﬂrﬂﬁﬁaﬁegge%ﬁﬁ%ﬂg'ﬁrﬁﬁesuﬁg{t@éigy( %ﬁﬂe@@idfrgﬁ%é Fﬂagd by the

presence o ray on peaks occurrin eas ive o he

fol | owsng easlioed s airiP b@saQHt. | Ford \I ARl alsabeglpepared. ot WatérkiurhBofoy .

22.06, 22.68, 23.34, 24.40, 29.64, 30.92, and 31.62 degrees. FormV can be
i dent i f i ednixfureioé Fprmeand doun | Xt 9G¢ fdi 20 manutes rFopre Mdayalsube piegated byt | east
five of the follow ng positions, expressed.in 2 thet | es: ,13.30, 18.13,
18.78, 20.58Hubilzingzanothey coystajiine fz*em@?,SO'Z@t.esOi,twaunaﬂg?%m@az“ﬁegr ees. WO
991 51618 7, .ztamrnFit FaBn Al o thel L~ P . {n of error
is pr esenter%r@thFogT th ﬁret_ ﬁﬂ%’ﬁaﬁ&g’nﬁla& aggﬁg%ﬁegﬁﬁg\kgﬁéﬁgg@%@ gdg_s reported
above. Thet#&id Afantlestaembeiafird Gintit BRACY PeRiphatss @as65sotidn. i ncreasi ng.
diffraction scan angle or decreasing d-spacing. The margin of error in the
foregdPng 2 theta angles for Forns |, IV, V, and the ethanolate is

approxi matel y. 0.05 5 deqgrees for. each of th r egoi n e assi gnment s.
The! ar o1 R GHuBPEashest ThiBE e Rior Hietgraropid Bseptnd SEfRER Barel y 0. 00
for each f Q. i [ i '

0" spaci ng VATHGS FaRo B RS R RGBS s R BB or SO s o el y

0. 05 Angstthemeeserdtiavertion) or a3fa @ixtae of antbrphaas indgerishbieond or mbar afithe | s
approxi mately 0.09 Angstrons. ZO Since some margin of error is possible in
t he assi gravbidrogs coystaHime foumsangdorsatyates ph shampresent inweptient. dhe eamprunicef of
conpayi.ng X-r owder, diffractij.on terns.i.n . order to identify a -

parti 2EI ar%wg%t(ﬁl TRAY,8lsg b? ﬁf’ﬁ'gedjtt?}’ %@ﬁhs&pr@%@&;@pay powder diffraction

pattern of the unknown form over the X-ray powder diffraction pattern of

As used herein, the term “solvate” is a complex of variable stoichiometry formed by a
solute (a compound of formula (1)) and a solvent. Solvents, by way of example,

include water, methanol, ethanol, or acetic acid. Hereinafter, reference to a



15 'a known form For exanple, one skilled in the art can over§gycan Kermay
powder diffraction pattern of an unidentified crystalline form of S
"5, 6-di chl oro-2(i sopropyl am no) - 1- (p-!-ri bof uranosyl ) - 14 benzi m dazol e,

obt ai ned uwiog/sié18 net hods descri bed herein, over figure 1 arai/Em®aw2d1y
determ ne whether the X-ray diffraction attern of the unidentified formis
substantially the sane as the X-ray 20 powder diffraction pattern of Form
. If the X-ray powder diffraction pattern is substantially the sane as

Fi gure 1, i I : |¢i [ d

ccur at of S TERRARBHRLY (TR orpdls b of el oA poRR LREEansy &P

det er mi nefdrin drizelvaty therdoif iy pdcifieystal | ine formis any of Fornms (I, 1V, V,
or the ethanolate by overlaying the X-ray powder diffraction pattern over
Figures 2, 4, 5, or 25 3, respectively. Although 2 theta angles or

d- i h i . hod of..id i fyi ’ i | [ 11
form. it The/cEe el sifiatoft apfmes e SarodstanyBupdinee e Brasefds” as™
not ed aboééa?’\];aftése&ﬁﬁ%é?cspﬁaihv AEENE b feRRinE sk rcxnﬁ&aengltpg.&g@gaawe. 30

specific ractoneter enployed and the analyst's sanp paration

t echni queequifveent Khown-to,those skilled.in thevart of physital cHARAQ&iZatioh STH:
PCT/ EP99/ 02214 peak intensities are reported as intensities relative to the

peak i nt ediffragtionfpatteensaafrigiyes (1 -6 ke obtained nithha PhiYipufiPest MPD t he X-ray

di ff ti | ot ts/ . ..IThe,. | ts = g ts/ti t

e o colra Sler SebTt Bndime Eind RS bt PV el s Spacing (&) and
| ati i (8 f e fiifi it ks, obtai ned

R e

5, 6i 10! OfedroR proR 6N EbaieRNas isddds-the e hotdir MMOsOWder Sambleesad i dazol e
exhibits the followng X-ray diffraction pattern characteristics: Forml2
t het a angdanerate the X-ray powder diffraction data was prepared by conventional back filled

()" A 17.9011.1958.810. 398. 5149. 714. 636. 0533. 315, 795. §146..116. 955. 2316. 419. 2
Uh. 6114 APOPKSRCDHATOR RCPRHIONSTO 555 PPIGESE OISR Ayt ggam thick

5.224.713. 6020. 525. 723. 4613. 925. 973. 4343. 229. 443. 0313. 931. 092. 8714. 7 10 '
Margin of error = approx. 0.05 Forml|

5, 6- di chl Apewded dafpiy SPedcafFaImSLL (1 Iv; L-Viahafthe enasolhie-werktub@nai m dazol e is
further characterized by the following 2 theta angles, d-spacings, and

rel atliSve greduce the Xeray-powgler diffragtion patteyas offlywgs 318148 5 6ROW/3EPI9/ 02214
S T TR o P roP 281 s APV AR Tos dnSoREt2CY ©f

( goi\z' ; -lgérgignilqﬁ%% R Partlfital #dhth. 1ebeh QRRtaA TR by BRS fothfor shtaRtRnBRS- 416. 115

5. 1117. 518di¥dctimiphteh? withda bmigle 66t lof FHradtdB pehks whikh. &R 1R.Rpdss8@th 7226. 725
. 273.5224.527.703. 2234.929. 213, 0614.2 ' Margin of error = approx. 0.09 5
Form |1 nd&ithess seglex(). Brspapiangk A and s selativespgal intgasities | owi ng 2 t heta angl es:
7:9, t0.9, 16.1, 17.3, 18.2, 19.6, 21.9, 23.9 degrees. The ethanofate of
5,6-3@ch|oro-2-(isopropy|anino)-l-((i-L-ribofuranosyl)-l H

2 Theta diffraction angles and corresponding d-spacing values account for positions of
various peaks in the X-ray powder diffraction pattern. D-spacing values are calculated
with observed 2 theta angles and copper Ko.1 wavelength using the Bragg equation.
Slight variations in observed 2 theta angles and d-spacings are expected based on the
25  specific diffractometer employed and the analyst's sample preparation technique.
More variation is expected for the relative peak intensities. Identification of the exact
crystal form of a compound should be based primarily on observed 2 theta angles or
d-spacings with lesser importance placed on relative peak intensities. in a mixture of
crystal forms, the strongest diffraction peak for each form may overiap with the

30 diffraction peak of another form. In a mixture of crystal forms, identification may be



10 'benzi mi dazole is further characterized by the following 2 theta angl es,
d-spacings, and relative peak intensities of the fifteen nost3iinCERsg, Y

" peaks, obtained by the method of Exanple 18 bel ow ~ ~~ "1~ f
nn t ' uj wobegsiei$&ly WO 99/51 618 10 Et hanol ate2 theta anglreT/EP99/02214

()" A 19.079.7445. 210. 3 88.5222. 715. 955. 55%40. 417. 7

25. 00100. 018. 964. 6817. 219. 794. 4818. 420. 754. 2830. 421. 374. 1627. 721. 894. 0619. 0
Z2.084.0217.522. 963. 8740. 623. 933. 7241. 325. 403 5026. 727. 653. 2219. 829. 053. 072

i bi t - potReeter e SussEnSF B eas? VPR 4t AT RiFUd RGNl £ °°

%(7) ‘71 %é gc g&%é gc?rg%STQ %doegagu]ﬁs 6ddi cl’ﬁ@rolﬁ-{éoprgﬁkl@mm%}«ﬂ(ﬁ Efrtbgfurgﬁos?b)—ﬁé 4,

5, 6- di chl obenZ@m{dagelpFogy ll,ant siagte Indst Shdrattehsticr m‘dhglcbed&malsia'ﬂmzm eis
further characterized Ry the followng 2 theta anzl es, d-spacings, and

rel ative pdaﬂkfetfnpe%ﬁﬁ Aets-sprcinga &o fdenti eﬁﬁMOfprﬂ- momémmo)-db(ﬁah-ned by

tgg/GSTéT ﬂ%‘i tégqr%g?@gﬁ;ﬁ?f; gt@apq;{@ at?i;,%ﬂgée most charactg{rls\{}/chl theta o

‘83100, 333?3@%‘%% LSRR (I Sy rhac Jod gt i 0803 06 726

- 723.1111. g?&)réﬁkﬁmﬁﬁ%ﬁﬁ@ob%afﬁ%ylﬁﬂl -ehzintiddzol OFormMy, ﬁHe%nrQ_{]e Aol =

appr ox. 5510 Form IV may al so exhi bit peaks at essentlal y the
fol | ow ng 2harhetedistiytiesa aglb pedk Gcudsht 81.78@eq)eed, Br 7,5110d4bpadifg.5, 22. 1,

22.7, 24.4, 29.6, 30.9 degrees. FormV
5,r'6-di chl oro-2- (i sopropyl am no) - 1- (a- L-ri bof uranosyl) -~ H-benzim dazole is
el o ]G bRl 7 A s SRR SRR
the met hOd it & eheh BE W ariouflanhydrous crystalline forms and/or solvates of the
present invention. Each of the various anhydrous crystalline forms and/or solvates of
5,6-Dichloro-2-(isopropylamino)-1-(B-L-ribofuranosyl)- 1H-benzimidazole can also be
identified by the presence of multiple characteristic 2 theta angle peaks including two,
15  three, four, five, six, seven, eight, nine, or ten of the 2 theta angles which are
reasonably characteristic of the particular crystalline form. Typically, Form | can be
identified by the presence of X-ray diffraction peaks occurring at at least five of the
following positions, expressed in 2 theta angles: 7.90, 10.39, 14.63, 15.79, 20.75, 21.99,
22.77, 24.14, 24.71, and 25.97 degrees. Typically, Form Il can be identified by the
20  presence of X-ray diffraction peaks occurring at at least five of the following
positions, expressed in 2 theta angles: 7.91, 17.33, 18.23, 19.60, 21.88, 23.24, 23.92,
25.27, 27.70, and 29.21 degrees. The ethanolate can be identified by the presence of
X-ray diffraction peaks occurring at at least five of the following pasitions, expressed
in 2 theta angles: 9.07, 10.38, 15.95, 17.72. 20.75, 21.37, 22.96, 23.93, 25.40, and
25  29.05 degrees. Form IV can be identified by the presence of X-ray diffraction peaks
occurring at at least five of the following positions, expressed in 2 theta angles: 9.29,
16.04, 18.67. 22.06, 22.68, 23.34, 24.40, 29.64, 30.92, and 31.62 degrees. Form V can
be identified by the presence of X-ray diffraction peaks occurring at at least five of

the following positions, expressed in 2 theta angles: 13.30, 18.13, 18.78, 20.41, 21.75,
30  23.02, 26.87, 28.34, 28.55, and 30.22 degrees.
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cryst al | iasgighmentsorTheaarginenf erroBin-d-spacing valyes forkarns (LYW \ani\the9/ 5161 8 13
PCT/ EP99/ 05214 The tabl es shoul d not be ir];Ft er pr,efpgd as. an exhaustive |i st
of peaks ERHIAHIEATARRIOTMAIIEFOPE ANSHIONS: TheMLBPALEEor B P26l HIHSS of
physi cal characterizati.on, ca npl oyed to identify the S anhydrous
crystall i‘ﬁéa?rg} hrés %t}pr%rlnggefyegb.@é ﬁﬁ%sgl%g]r%'esent i nvention. For exanple,

mel tijgg point, differential scanning calorinetry, infra red spectra, and
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be usef ulSifir soreemplayrsofcatordhpassibledn itizadssignmeht af 2 ityeth ahdlenend o+ m or

sol vate. These techni ques nmay be enpl oyed al one or in conbination to
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formul a (di?fracﬁ\% p%ﬁ@ﬁ\pcl)fecne Emzﬁhwn 5Pk REr 1R YAy pdwitle? dWkbBHATYatBIR pr nmore

of Forns 11, | V, or the ethanolate. Alternatively FormI| may be in
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h h I RSN uN - f [, .1V, V. h f
For m adm ppaiogualita Gl e B EBe Vnidedsle bt Mg i ous et or ol
On nmbodj : £ i =T 3 X1, f I d V.
Aot hor 3D ok diosne SR e R Sl P R e R0t Farm 1

and t he afiffrgetion patteinedfitak unideetifielr foanbodibsrntialdf tHelvempras sienX-reypivention is
an adm xture of Forns I, IV, and V. Still another enbodi ment of the present
i nve’di orpawglen diffraetion patternpf Fymnlsifithe Xyray yowderdiffrectianpepasus materi al .

O her adm xtures, of two or_.nore of the anhydrous crystall.ine forns or
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contenpl ates the foregol ng m xtures of any anhydrous crystalline formor
sol vat e wetdrmoneifahe opitentifiedtdigstaline foha lusamoofpkaumd Lo, Voosrthea (1), and/ or
ot her anhydrous crystalline forms and solvates. It should be 30 understood

t hat adniSthanalate by oxerhaying tbaXaraymewdroiffeantipatratigre AvesfiguseostcdPpound

~| ~— ~—
r. r7§5r '3,rgsbgctiv1ely/. vl. WD 99151618

Although 2 theta angles or d-spacings are the primary method of identifying a
particular crystalline form, it may be desirable to also compare relative peak
intensities. As noted above, relative peak intensities may vary depending upon the

30 specific diffractometer employed and the analyst's sample preparation technique, The



14 PCT/ EP99/ 0221 a of forrmula (I) and/or other crystalline forns or
.solvates may result in the nmasking or absence of one or nore o3 0t BEP
‘foregoing X-ray powder diffraction peaks descri bed above for that
parti cul arwimsi6isket hods are known in the art for anal yzi ng ROKBPA®edt ur es
of crystalline fornms in order to provide for the accurate identification of
5 the presence or absence of particular crystalline fornms in the adm xture.
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Form Il 5,6-dichloro-2-(isopropytamino)-1-{B-L-ribofuranosyl)-1H-benzimidazole is

further characterized by the following 2 theta angles, d-spacings, and relative peak
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Form IV 5,6-dichloro-2-(isopropylamino)-1-(B-L-ribofuranosyl)-1H-benzimidazole is

further characterized by the following 2 theta angles, d-spacings, and relative peak

intensities of the fifteen most intense peaks, obtained by the method of Example 18

10 below.
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3.01 13.0

30.92

2.89 26.5

31.62

2.83 13.9

' Margin of error = approx. £0.05

Form IV may also exhibit peaks at essentially the following 2 theta angles: 7.5, 9.3,
11.8, 16.0, 18.7, 19.4, 19.5, 22.1, 22.7, 24.4, 29.6, 30.9 degrees.

Form V 5,6-dichloro-2-(isopropylamino)-1-(B-L-ribofuranosyl})- 1H-benzimidazole is

further characterized by the following 2 theta angles, d-spacings, and relative peak

intensities of the fifteen most intense peaks, gbtained by the method of Example 18

below.
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Form V may also exhibit peaks at essentially the following 2 theta angles: 9.1, 9.3,

10.7,13.3, 17.0, 18.1, 18.8, 20.4, 21.8, 26.9, 28.6, 30.2 degrees .

Based upon the foregoing characteristic features of the X-ray powder diffraction

patterns of Forms [, Il, IV, V, and the ethanolate and the methods described herein for

obtaining these X-ray powder diffraction patterns, one skilled in the art can readily

identify each of these anhydrous crystalline forms or solvates of 5,6-dichloro-2-

(isopropylamino)-1-(B-L-ribofuranosyl)- tH-benzimidazole. It will be appreciated by

10

those skilled in the art that the X-ray powder diffraction pattern of a sample of any

particular anhydrous crystalline form or solvate, obtained using the methods described

herein, may exhibit additional peaks. The foregoing tables provide the fifteen most

intense peaks which are characteristic of that particular crystalline form or solvate.
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2 ‘Exanpl e 8 5, 6, - Di chf or 0- 2- (i sopropyi ani no) - 1- (i - L- ri bof ur addls §{P1,{2
H benzi m dazole Form Il 20 The conpound of formula (1) (1.0 wt) was
~dissolved in eth acetate (6.0 vol) and subjected to a fInISh
filtratiofVO$&t6 X’f ltrates were concentrated to approxi matel ¥ "’?fgf”ﬂ#é‘k
Assum ng conpl ete sol vent exchange, the Solution was reconstituted to 3.5
vol umes with nmethanol. Water (0.5 vol) was added and the sol ution was
cooled to 0 25 5 C. The crystallization was seeded with a small anount of
pure the Tmortpbiemsi\oofd hatr bruingerptetechagian exhasstivet lisbnf peeks exiobiéal atthe - 5C f or
ct_was filtered (no wash) and dried in vacuo for 24-48 h at

2 h. The @ﬂ
anbi ent tfgﬁﬂ yiform or golvateond crop was obtai ned by evaporation of the

filtrate to half volune foll owed by cooling, seeding, and crystallization
in a simlar manner as above. 30 WO 99/51618 23 r ""!'.. ~ L~VL

PCT/ EP99/ & 2d thethid@s §f bﬁysmwﬁimct@hiétmcaalncm\sonﬁt &I Byl totifidn iy @ckict  of
Exanple 8 is shown in Figure 2. Exanple

5, 6, - Bi chldnbydroRs ¢wskaﬂmp‘prmmmm)vales(cﬁ the lprdsomUnamtm]ll For éxaoephe, invélday ol e
Form Il The con]pound of formula g), was di ssolved in nethanol (20
m) wth mt#lﬁgrftné'a!s@f@nnth@#or(r%etm-)nfoaagedaﬁaevé@ ARg Mairdureiseentio aeall ed t o

5C sl owy, r t 3 | ect ed by
filtrati &ﬁ%ﬁ%ﬂ%i %hlté%e%%&'éﬁg rgB-Ela}rpto qgﬁﬁe?@d’o Wygggc for 4 hto

yi el d t heharFRQiZEHPbf § @FRHIIte(fom of BElvate! auegaqwﬁrq@kfrﬁaryaﬁtdngﬂomt tern of
the product of Exanple 9 is shown in Figure 2. 15 Exanple 10 Preparation of
m xt ur es abdnexqrén cdinbhlatioo-t8-charmoferiopy lgiven rmmhydro(s eriys'uaihbofomawomﬂa{d. H

benzi m dazol e fornms The conmpound of formula (1) may be dissolved in 2N
hydrd@hl oric acid (60 m) and 20 stirred for 0.5 h and filtered. The

Lot o ¢ TR TRafRbR Eerdte 00 fnity RS ARt N O BX b O bl B My Rt e

addi ti on. foﬁﬁ%nﬂﬂr%édlﬁ&td\’@%wﬁ% bthef fbrits o(5§ol39t€s Bpfhezcdh;ﬁ)@ﬂd bhegnke@pled to 20C
over 2 h. The solid was collected by filtration, washing with water (2 x 30

m ) and dor exkmpie,\Facud nwy bct()@ aﬁonxtm&- wlth@nymeb o trivee obipowdid VoV, dror mul a (1)
88259t 880/%@ t~ .M Lwd ! V\099/5%6I8 24
PCTI EP99/ bggl_'mn ggml}lgcrmg_tlvely Form I may be in admixture with amorphous compound

5, 6, 19 CWf%r?mﬁa fl).slﬂparn%w‘:lraemb%(a}mént,(l?br}n Irtk R’Pgdﬂﬁﬂf??mfhlbcl—h %%H&?azo' e

et hanol at'e
compound of formula (I) and one or more other crystalline forms or solvates including

Forms i, IV, V and the ethanolate. Similarly, any of Forms Il, IV, V, or the ethanolate
may form admixtures with another form or solvate and/or the amorphous material.
One embodiment of the present invention is an admixture of Forms | and V. Another
20 embodiment of the present invention is an admixture of Form lf and the amorphous

material. Another embodiment of the present invention is an admixture of Forms [, IV,
and V. Still another embodiment of the present invention is an admixture of Forms |,
IV, V, and the amorphous material. Other admixtures of two or more of the anhydrous
crystaliine forms or solvates which are contemplated by the present invention can be

25  readily determined by those skilled in the art.

The present invention expressly contemplates the foregoing mixtures of any
anhydrous crystalline form or solvate with one or more of the amorphous compound
of formula (1), and/or other anhydrous crystalline forms and solvates. It should be

30 understood that admixtures of a particular form or solvate with amorphous compound



The conpound of formula (1) (1.0 wt) was suspended in ethanol/water (10Q.0
vol) at 5 70C for 2h. The ethanol/water (v/v) ratios were as § @l :00s;{")
10/ 90, 15/85, 20/80, 25J75 and 30J70. The resulting solid white fiee
flowing pSVRISSIRES filtered and air dri ﬁi Et hanol sol vat e FaVEER®2Hed in
simlar manner from solutions of ethanol/toluene (ratios 5/95, 10/90,

15/ 85, 20j80, 25J75, and 30/70}. 10 The X-ray powder diffraction pattern of
t he product of Exanple 11 is shown in Figure 3. Exanple 12

5, 6, - Di chbfofoom@la((i)sod/opyhandrystyllire {oBmk or sdhaites mapgiit in tHe bexskingiodazol e

et hanol ate 15 The conpound of formula_(I) ézg g[?_ was added to stirred

t ol uene/ eds8RRSI of onelor Mg ofthe tareoqiagXaay pewsiditisaction peaks descgbed a cl ear

| ution. _Th .on. I . [ i d at
appr oxi ma g actkdt pAcURE KRS, Rrels AE KPR 1 G Bker RBVABEATEr 2. e
sol i d wasadfipktuRes &Ccritallihé torakiid Brder sl prRRiRTEr teldtcdratecl8ORif9tibr ok 20 N ).
The wet cake was dried in vacuo at 40C. Recrysallization of the conpound of

f or nulsa (the pgresencedbhabsehdevaftparticularetrystaliine foohs enthe gdnéxtare. et hanol sol vat e
containing 0.5 noles of ethanol per nole of the conpound of formula (1). 25
The X-ray powder diffraction pattern of the product of Exanple 12 is shown
in Figure 3., ..~0 = %~ P.~ ~~ t: | ~ 5161 8 25 PCT/ EP99/ 02214
Exanpl e 18 24disiongyd e Jrsbone; Ay s shy paliiross LR R o pbalab cr the
H-benzi m gazak geRtiBh Indy\0RLFBdkhBA0reith ?QGQ:%’C&UI%CH‘BFHE. Fof €xdmpl@s

or

prepared in Exanple 1 above and stirred mn. The m xture was then
heat ed atin5®¢bhtoh dondaiyimg the anhyeouscystaing oonnmoomd tof fiprerudd () eherd raysol i d,
%ai ny crystalline material was filtered and dried in vacuo at 60C. The

r ay Opovitled beghydratediarystalling foemm obtherg9ep9uBduct of Exanple 13 is shown in
Figure r 10 4. Exanple 14
5,6, -Di chl oro-2- (i sopropyl am no)-1--L-ri bofuranosyl - 1H benzi m dazol e Form V

15 The Cpﬂmmﬁg &f afr@iRaH Rpdck)thé %r&e@in%ﬁioﬁ%&ﬂd&ra%w@si SorltRe Wat er (40 ni)
at 70Cwith rapid stirring over h. after heating at 65-70C with stirring

far an adghotlictivml ofhe compolvahof fogmatadl)sinianhidrguswenystailine 6ot whiaked. Af t er
sitting for 2,5 days at anbient tenperature, the mxture was filtered. the
grai ny wheamprisey irgatingsihgaaanaiousicopipednd ef tormula(l) withes salelising sabvesitng t he

conmpqund af .f I ). Form 0 - r i f i ttern of
P PRl o Yot Lo BN o 8 Pl
5, 6, - Di chdrhBrods ChaemiRshAMMPdr sbivtds: r i bof uranosyl -1 H-benzi m dazol e Form
\Y
The invention also provides a process for the production of the compound of formula
(1) in an anhydrous crystalline form, said process comprising the steps of:
¢ 20

a) forming or providing compound of formula (1} in solution in free base or salt form;

b) isolating the compound of formula (I} from the solution and optionally removing
unbound (damp, non-solvated) solvent leaving the compound of formula {I) in

25  substantially dry form;

c) treating the compound of formula () with a solubilizing solvent serving to convert
an amount of the optionally dried compound of formula (I) from step b} into the

anhydrous crystalline form; and
30



The conpound of formula (1) FormVlI (72.86 ng), was added to 1, %1 Qf) 7w
acetonitrile and conpletely dissolved. Upon standing for aboutv O»daysu

anbi ent tenperature, large crystals precipitated out of the sol ution,

af f or di ngW @/@é%ound of fornula (1) Form V. (~r-~ 'PCTVERSQ/03314y
L~i.ri. WD 99151618 PCT/ EP99/ 02214 26 e X-ray powder diffraction pattern
of the product of Exanple 15 is shown in Figure 5. 5 Exanple 16

5,6, -Di chl oro-2-(isopropyl am no)-1-J3-L-ribofuranosyl -1 H benzi m dazol e
Form VI @hsolating thenahyldrdusropystalind formt hanol ate (200 ng) was wei ghed into
smal |l vials. Hydrostats with NaCl saturated solutions and excess NaCl solid
were inserted inside 10 the vials. The vial s mere then seal ed very well and

stored at, 80C. Th re re fr omth and eated to 170C on
G 11 er ST Ranoqttd g1 En 38 (U bEPPRKR G S Bk bl ProwBabe B Fitom

t enper at Hrﬁeraﬁg%éﬁﬂwﬁrthmaﬂefg‘aidee% mée@mﬁsﬁcme&t@@ﬂeénﬁwzed by X-ray
diffraction aracterization: The X-ray powder diffraction pattern of

t he pr odueftrente xigngiteety6 (Form VI) is shown in Figure 6. The foll ow ng
data, neasured in 2 theta angles, d spacings, relative intensities, and
MIller indices were obtained: Table 1: X-ray Powder Diffraction of Form VI

SAC) - aol fhe symshesis of shesgormpousd of Souma b senepliplradsigdhe famnatinef 4 o6. 2516, 4

11213, 5160858104 100085 (200 A EuAm AR 20401 B LerdBad 100, 011519. 2
54.6119. 320121. 414. 1526. 521021. 834. 0760. 421222. 353. 9738.321323. 073. 8548. 721

427. 493. adﬁﬁe(ﬂ%ﬁﬂldblad&?l&mé@aﬁmund offofrrl%la~fH~aan\&<99¢S;&1cﬁlb8y BET/ EP99/ 02214
/7 gin of error is approx. 0.05 degrees. 2 Margin of error is approx.

t'0. 0% A drledrhé\ nunbes of fanders éfluence fhe cvida |m¢af96v@féhfesqi@emomt@ed iihe
uni quel y t he %7 Pr Lepar at ation

of 8Ue Yoo ding® it prSeoPinfiion' e L qf.sm%m prsubeny

b d Z&nk Sodi
yar oxi oL Sl O OBRES e PR NRal bPRIFDY) AEhThigatene Sodium

(i sopr opyeydirous)erstd| Bhe3fcdmtarisel0atacert asl & tnixtare bof twdof mioenarshyidjout

H benzi m dazol e (358g) in TMBE (1790nl) contai ni ng nethanol (179nml). The
m xt ur e Rstaline ferms aftsobvatess 30C until the reaction was conpl ete. The
laygrsri wer e separated and the aqueous |ayer further extracted with TBME
(71 ) The conbi ned organic solutions were washed with |0~/0o brine (2 x

1790m) . AThRaE g@rﬂblﬁznﬁéﬂ%lkﬂﬂls‘b?@eﬁﬁWﬂbfeﬂ%&dbl@'forgﬁnr@ﬁﬂ\%&bﬁd pressure to
about 2.5 vol (895ml).  Ethyl acetate (2864ml) was added and the solution

was agai shoutthbesntffieieetdy sabutzlimng ad Be embloydthia apcamdundno abew poxilaéd t o 40 20

50C, and the resultin fg solution was clarjfied, rinsing wth an ethyl
acetate ’(OMH fRationtp gfigetsthe comerdpmand pregipgation f%ﬁx%%'eé%'&@mr?%ﬁded at

s0C. - Tor CeRaMPESHHLD i EUR ardytholbrc R i PSR B MR Sy

acetgt e GplAtdvaRgedRF tvh@%ulk/&mrlgesmnmauweemaﬁedag@ﬁy.ag ufB&r vacuum.

The damp compound of formula (I} following the first isolation (as in step b above) is
preferably dried, for example at about 30° to about 70°C to provide substantially dry
compound of formula (1).

25
The present invention also provides crystalline forms and solvates of the compound of
formula (l) for use in medical therapy, e.g. in the treatment or prophylaxis, including
suppression of recurrence of symptoms, of a viral disease in an animal, e.g. a mammal
such as a human, The compound of formula (I) anhydrous crystalline forms and

30  solvates are especially useful for the treatment or prophylaxis of viral diseases such as



over ni ght before cooling to 0-5C over 1 h then aging at 0.5(5'3 po&@bﬁﬁ?- 2h.

The slurry was filtered, washed with ethyl acetateaoluene 1:4 (2 x 716ml)
“and dried,j o at 40C for 18h to yield
5, 6-di chl gjrd]”ﬁﬁésopr opyl am no) - 1- ( bet a7 Lri bof uranosyl)-1 HSYREPIRH4201 €

Form VI. 30 Characterization: as for Exgrrpl e 16. ~ ~ ~'"-~ ~ "~ Ssr~

~ic..~t.~VYn WO 99151618 28 PCT/ EP99/ 02214 Exanpl e 18: Experi nental
Met hods for Characterization of Crystalline Forns and Sol vates X-Ray Powder
Di f f r act ihenpes vivuT ndectionafopexadpie, dCHVrinfections, pawelbandisease eauded by mi ned on a

Philips X Pert D di ffractqneter, equipped.with, diffracted am cur ved
o aphtt o NEBRBS BRADBHtHE g by B BARkRS At rohimaia msh AL oY ¢

di ver gentys kbipgliEortohhiAT AMRIFbEIstENRe dhnishhuShRRSGaALIDde at O, 04

per step an secon step. A xenon proportional counter with a

gr aphi t e JERnigicterean@ioheVimimals €6t eatinent elesrephyixis Of Vithl JRemee 2.9V € back
filled into a 16 nmdi aneter hol der having a thickness of about 2 mm The

X- r ay SPovadber mimfakct i on Patterns of Fornms |, (I, 1V, V, VI and the
et hanol ate are provided in Figures 1, 2, 4, 5, 6 and 3, respectively.
Exanpl e 19: Tabl et Formul ati onl15 Formnul ati on A1263W84 Et hanol at e

¢ hanot ati6 ees BBt GG fhetRd A8y PR R Eame R e BB SEH S ovi done,
NF20. 080.\fybigRasioH Bapli@asrit £heNEDin®&tidh 0NV i febtiens32bwdll 5did@6 8 nyCoat i ng

I ngr edi ent sCpadry ite YS-1-180349. 036.0Purified Water USP' QSQSTot al
( cor e) 333 ausentpyIvepaidting afthbepaditis CaviruBes ivfanSinimal{ c.orampmiag| Gu@LBS t abl et s

I oSSy L B g SN,
2 20 S AT B 00 L,

NF65. 0260. OM crocrystal li ne Cel | ul ose, NF20.080. 0Crospovi done,

NF12. 048. OMagnesi um St earat e, NF1.04.0Total (core)201.3 ng805.2 nyCoati ng

| ngr edi erfhe QpaeintyinWiinitioe aks-ptevidGIh6 uedf hewwontpoadd VaAfamuliSly QBGETatsal
(core)207. 3 829.2 ng Theoretical Batch Size (gcores) kg 0.785 tablets 3900
5 ' Rerov &EYSERIMegrRE sickbisdyates 19 theAreparading of § Mestcameréfon S IMAmport abl et 3

Equi yal g[jbh%ﬁ@a‘kﬂ%fwmin%&%m@“ per tablet ~0 Manufacturing Procedure for
Di rect ression

As used herein, the term prophylaxis includes the prevention of infection, the

prevention of occurrence of symptoms and the prevention of recurrence of symptoms.

;20  The compound of formula (I} anhydrous crystalline forms and solvates may be
administered by any route appropriate to the condition to be treated, but the
preferred route of administration is oral. It will be appreciated however, that the

preferred route may vary with for example the condition of the recipient.

25  For each of the above-indicated utilities and indications the amounts required of the
active ingredient (as above defined) will depend upon a number of factors including
the severity of the condition to be treated and the identity of the recipient and will
ultimately be at the discretion of the attendant physician or veterinarian. in general
however, for each of these utilities and indications, a suitable effective dose will be in

30 the range of 0.01 to 250 mg per kilogram body weight of recipient per day,



PCT/ E.P99/ 02214 15 Al ingredients were screened, except the nggne',s_i um
stearate, using 20 or 30 nesh. All ingredients were bl ended, exd¢l ﬁdPng;;ﬁhe
© magnesi um st earate, until uniform The magnesi um stearate was § ed as
above. Th@"’rﬂ?@ﬁ@& um stearate was addegyto the other ingr ed'i’(é'm%é 92%8”

bl ended. The tablets were conpressed using a rotary press. A 10% coating
suspensi on was prepared by mxing OQpadry with water. Tablets were 20 coated
to a weight gain of approximately 3% Formulation B R 61~"' ,~a~i~ t~v WD
99/ 51618ad9@nna@sgwmmathnameaafé)-1r§blQQ Rg\Ner kipgram kadyoreighsinsendgy. Cor e

I ngredients 126304 Et hanpl ate M crocrystalijne Cellul ose, NF _.Crospovidone,
N Povi aBiSEEragim teaanangh st AL s A0 - S WFiob PG, PSHISTE a
(core) r [ i it c 34 Purifj Wat er USP
Toral (o) BB pg oA EaL I B B aksBRe e B 6 250 0 g

Theor et | waighBaifcthe Stthe iGgrediea) ategrattulated withl respecBidthe fRentagedf ther i ng

processing S Z Equivalent to 100 ng of 1263VW4 per tablet ' Equivalent to
400 rfy oﬁO"JFZB@M& forgnula 8B dbe desired glosmia prefrablyspreseirted a3 onenbyribies) Vet

annyar oL ONES6G00 ubtpss PpRinte it b Enaledn Gl Bod e e 03214 o0
™ 223. 61,300,468 e e oArils R bR o i chmOFicP arpiRARAG 13- 2

240.0 80.0
about 10 to 1200 mg, or 50 to 500 mg, preferably about 20 to 500 mg, and most

preferably 100 to 400 mg of active ingredient per unit dose form.

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

to present it as a pharmaceutical formulation. The formulation comprises the active

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

excipients therefor and optionally other therapeutic ingredients. The excipient(s) must
15  be “acceptable” in the sense of being compatible with the other ingredients of the

formulation and not deleterious to the recipient thereof.

The formulations include those suitable for oral administration and may conveniently
be presented in unit dosage form prepared by any of the methods well known in the

. 20 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 intimately bringing in to
association the active ingredient with liquid carriers or finely divided solid carriers or
both, and then, if necessary, shaping the product.

25

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

30  orasuspension in an aqueous liquid or a non-aqueous liquid; or as an oil-in-water



0 .~~~ ~00~ WD 99/51618 PCT/ EP99/ 02214 31 Crospovidone, NF 12.0 48.0 .
Povi done, USP, K30 6.0 24.0 Sodium Lauryl Sulfate, NF 2.0 8. QGofIPidap
Silicon D ox] NF 0.6 2.4 Magnesium Stearate, NF 1.0 , 4. jfi Wat er
USP QS Qg?fé‘e?i?'s(cor e) 204.9 ng 819.6 yg Coating | ngr edi en‘?%’P’%déé’?g‘qv\hite
YS- 1- 18034 Purified Water USP' Total (core) Theoretical Batch Size (cores)
kg tablets 6.0 24.0 @S QS 210.9 ng 843.6 ng 0.799 3900 ' Renoved during
processing Z Equivalent to 100 ng of 12634 per tablet 5 ' Equivalent to
400 ny ofliquikbgvelsioper atwitieedn-oHhigfislcaroisiog Precastive ingrédientiay afdodreul at i on
The granul e i ngredients re screened using a 20 or 30 nesh. The granul e

i ngr edi e8¢ 3D Fﬁ/eﬁgﬁ’ﬂ\éar PSS high shear granulator until uniform
and then granulated in a high shear granulator using purified water. The
granule was dried to a loss on drying of |less than 20/0. The granul e was
screened AgabdI0VA. beliadé BaoMpresiomer @auldmgsoptengyswitRenedr asreabove. The
granul e was blended with the remaining ingredients. The tablets were

conpr ésseatcessomndngrediontsr wCopmneessed 1abletsmey be pregaed yanesippessingin or epar ed 15

by nixin dr jth water.. Tablets re coated to a wei ght gain of
ot o1 e TRGIE BAchIne A QST B s LA TIeE- PO RS fUEn Bk BN 92 ~ 0 ~L

~' a02 P . | .aw . Lon. r.epar. s follows
si ng. t hQ e SRleTat nlRE vt ¥k, hBFiEH ShLS AR, BEPRERESIIGE ) pp”
tency100 mcaafsmk@:rﬁh?\lbgémgwlmamwbd matié B mbAldify Inacduassle Anhydr ous
NF232. 0Cr ospovi done, NF17.0Magnesi um Stearate, NF1l.O0Total Fill Weight351.0
mgCapsul en@théief Calxdtiengf tvhipowdordompoand moecdsned vatlyJrotnatt iMéidghiiudBl. 5 ng 10
' ,Equ valent to 100 m% of 1&63V\94 Eer tabl et . nuf act uri ng Procedure for
CapsdPes 11 tatets gy<Qationplly be Foajedan XAted aaydnay Bed@rmularg s e providend

pestl e b%lcﬁ??ﬂ?&nﬂqﬂg&%l%‘ﬁe%@the—ac-EB/gi@ﬁ%k@e& sule fill ingredients are

filled into e ge i n capsul es psul'es are closed by hand.’
Exanpl e 21: Oral Suspension Fornul ation 20 The follow ng fornul ati on may be
prepared as foll ows using the conmpound of forrmula (() Forml, I1, V or an

adm xt ur dn@fidifion e the aratidasage Sare63eetibed akreBiabpen Shoarrhydenis yaetalline
mg/ m 1 ngredi ent sper 100126304 (active) 3.0 gSucrose50. 0 gPropyl ene
G'ycol 5. dogns 3t Bhatesial T2 prrsons 58 B Sl OEHHBEL” e TMRESHEN Sodi um
Gtrase Mﬁbpﬁ&y;ﬁér?hﬂe’rﬂ%n@eéth!e‘ll%n%ﬂ%tiéﬁ)ﬂdd{&l (PR X TRTefYdrge! | ul ose Sodi um
Car boxynet'hyl cel T'ul'ose
techniques described in W096/01833. It will be appreciated by those skilled in the art
that the preparation of dosage forms as solutions of the anhydrous crystalline forms
or solvates substantially completely dissolved in a solvent, e.g. for parenteral
administration, will preclude the identification of the particular crystalline form
20  utilized in the preparation of the solution. Nevertheless, each of the anhydrous
crystalline forms and solvates can be used for the preparation of solutions by

substantially completely solubilizing the crystalline form or solvate in a suitabie

solvent.

25  Preferred unit dosage formulations are those containing a daily dose or unit daily sub-
dose (as herein above recited) or an appropriate fraction thereof, of the active

ingredient.

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

30  above the formulation of this invention may include other agents conventional in the



Pol ysorbate 80 Sodi um Benzoat e Met hyl paraben Fl avorant Col or ant ‘_',I_?urjpf,i ed
Water USP Total Vol unme PCT/EP99/02214 33 0.5 g @8 @S 2.5 ¢ (ﬁﬂSC'gPOLLQZQ 0.1
-9 0.1 9g0.2ml 0.005 g Q 100.0 m| Manufacturing Procedure for O al

Sol ution ¥VAB%§K818,crose is dissolved in purified water to BpPEBYRatel y
700/ 0 of total batch volune. Wile m xilﬂg continuously, sodiumchloride,
citric acid, sodiumcitrate, and sodi um benzoate are added and di ssovl ed.

I f necessary, the pHis adjusted to between 5.0 and 6.0, by adding

suf fi ci eatt leEving regadi td the tywedifiormtulbtiat i uestiet éesaayipleMhoseaitybleal | i ne

cel lul ose and sodi um car boxynet hyl cel | ul ose (Avicel RC 591 ) are added

whi | e mi kerreyabatminisirrign maydenudelingrina@pents oytastegpaskingragsnts. di spersion is
formed. Polysorbate 80 is added while mxing. In a separate vessel,

met hyl paraben is di ssolved in propyl ene glycol and sodi um carboxy net hyl

cel | ul osend folRNikh elatnlésSRE irteRded ¥ Ifubirstiod 6t1Y gnd Sreaddatteh e daginau! K

di spersion while 'm xing. The active ingredient is gradually dispersed in

t he Wul kthed spopel ofttid iaventionng aopmiaynuousl y, to produce a uni form di spersion.
Fl avorant and Col orant are added and the volune is adjusted to 100 m by
addition of purified water. The suspension is then honogeni zed by passing
through a punp and a colloid mlIl. The foregoing Exanples are illustrative
of the present invention and are not to be construed as limting thereof.
The invepidRhleits defined by the follow ng clainms 20 including equivalents
thereof.—ngﬂO—MP ~00~ 34 C LAl M5 1. Crystalline formll of

5, 6- di chb®-0ichdrosbfisapybhylarhino)-118-tiribofurdnofyin 1dibayimidaddidbBrm Im dazol e
characterized by an X-ray powder diffraction pattern expressed in 5 terns
of 21Q@ heta angles and obtained with a diffractometer equipped with a

di ffracted beam curved graphi nonochr omat or  ysi ng ,C er, Ka X-radi ation,
wher ei n ﬁhdqcaorl%)q %gﬂﬂg?'a@'?f(ﬁ%whﬁs B@F‘f({aﬁ"rf’ %%ﬁl@ggﬁﬁM@?g{)h angl es - at
five or I j fal b Skl : five or
more of [ALRABRE{ANORSS Fitchheld kb 15 rho W SAIRE L ediesag 05”70, 60
0.09, 21s3fedar¥plackd.id4 TAMEhardikr 32 50T. t Th MixRire Was o, toZmbiéht0. 09, and
29.21 0.09 degrees. 2. Ethanol solvate of

5, 6- di chtemperatutd smpfilberet.affinddmi residug wais ok d imvasey bt 80%dbarmightoazol e
characterjzed by an X—rafy pow?ﬁr diffraction pattern expressed in terns of
2 thet a aivglthe cameousstefifAepulaill for Bi f fr act onet er equi pped with a
diffracted 15 beam curved graphite nonochromator using copper Ka

X-radi ation, wherein said Xray powder diffraction pattern conprises 2 theta
angl es athefxslr% pEWHE RffRREDA heRESITItRE bR utt OMtxah Ieglri@lsllﬁbw@ﬂﬁﬁghteng of at
five or nore of the follow ng positions: 9.07 t0.05, 10.38 0.05, 15.95
0.05, 17172 0.05, 20.75 0.05, 21.37 p.05, 22.96 0.05, 23.93 0.05, 25.40
0.05, and 29.05 t0.05 degrees. 20 3. A crystalline form of

5, 6-di chl oro- 2- (i sopropyl am no) - 1- ~3-L-ri bof uranosyl -1 Hbenzi m dazol e

char gt eﬁ*?@ﬁﬂegy an X-ray powder diffraction pattern expressed in terns of
2 theta and obtained with a diffractoneter equi pped with a

di f f r act 5,6 -DaRBre LY-Uashreidrinbe 1 RDHUDF GRS - 1HSHeRgint @XRRY Fdf@ 1X- r adi at i on,
wherein sard XZb ray powder diffraction pattern conprises 2 theta angl es at
five or nore positions selected fromthe group consisting of at five or
nore of the follow ng positjons: 13.30 0.05, 18.13 Q0.05, 18.78 0.05, 20.41
0. 05, 21.%@'@9%23’}‘%2@!%?'5 2!}59’!@)’?&)5{5139@@49d\!a@%,?h%'.')%@.'t%?cdafﬁd 30. 220. 05
dear ees. 2R Gitn AP X} LBRoAIREY Bl BRiAAcshU bnalic P OR mT e

crystalline forns o _ _ o
5, 6-15 chiPmRd2Affe? ARTIRPKeaMd) e duri thmet ROTHERNISWrokentiPRItRIaM dazol e
according to any of clainms I-3. ~D~P ~~~2

spatula. The mixture was heated at 65-70°C for 9 h. The mixture was cooled to 20°C

and the solid collected by filtration and dried /n vacuo at 40°C for 24 h to give the

compound of formula (I) Form I.



35 5. A conposition conprising crystalline FormIl of nn ocrp rrng
5, 6-di chl oro- 2(i sopropyl am no) - 1- ~i - L-ri bof uranosyl - 1 FLben234%dHZON@e

.~according . to Gaim1l and anor phous

5, 6- di chl 1P*22858s0pr opyl ani no) - 1- ~ L- r.i bof ur anosyl - 1 H benZfHEERMBEY. 5 6.
A conposition conprising crystalline F3Pm | 5, 6-di chl oro- 2- (i sopr opyl am no)
1-~i-L-ribofuranosyl-1 H benzi m dazol e characteri sed by an X-ray powder
diffraction pattern expressed in terns of 2 theta angles and obtained with
a di f f r acthenetagrpoeaiar piftractitint patribefithequodied of Eaprhple @ isrsrovwerh Inofigdiier  USi Ng
copper Ka X-radiation, wherein said X-ray powder diffraction pattern
conprisesl:2 theta angles at five or 10 nore positions selected fromthe
group consisting of at five or nore of the follow ng positions: 7.90 tO0.O05,
10.39 t0.05, 14.63 0.05, 15.79 0.05, 20.75 t0.05, 21.99 0.05, 22.77 t0.05,
24.14 tofgﬁp8%437l t0.05, and 25.97 t0.05 degrees,’” and crystalline FormYV
of 5,6-di =2- (i sopropyl am no)-1-~i-L-ribofuranosyl -1 Hoenzi m dazol e
havi n§ subGtBioklbrl-Ry(isbbh@pglaminok-1-Byl -pbofternodylf fH-behzimidgaaletFerm as 15
defined in claim3. 7. The conposition according to claim®6, further
conprising crystalline FormlV

Chor ot R SapuERR RAHAG Th o et B VR et s SR e s o
2 theta %@% &85¥ed TRQH%MtQﬁQd%%W}]QH ARG QERLE H@gemequ%d with a
e grap ocC a

di ffracted beam curve hite nor romat or“using copp X-radi ation,
wher ei N S@hflnded RY 8RPWHEsolH Whd BEichOd withld §Yakuls ARDSHFES oceabiBRAIR, angl es at
five or nore positions selected fromthe group consisting of at five or

re 16f tAfeerfcoblirapdonzp fothe tsolichwas @hli2éted 208 dritd /D dodotH 40IBfE&7# K. 05, 22. 06
0.05, 22.68 0.05, 23.34 t0.05, 24.40 0.05, 29.64 0.05, 30.92 25 t0.05, and
31.62 t0.05 degrees. 8. A pharmaceutical conposition conprising a conpound
gi cglpta ;gﬁ'ge gg?§%wg?ﬁ%i?ffé§cgépglpg§eé cgfoth:e)’ p%]cﬂjcggf ‘E)%?r%le s orv]v%rin lgeuurgI cally
5, 6-Di chlqor o- 2- (i sopropyl am no) - 1- ~3- L-ri bof uranosyl -1 H-benzi m dazol e as
claimed in any one of clains 1 - 3 for use in nedical therapy. 10. Use of
5, 6-di chl oro- 2- (i sopropyl am no) - 1-(i-L-ribofuranosyl -1 H benzi m dazol e as
clainmed in ané one of clainms 1 to 3 in the preparation of a nedi canent for

the 35 t of a viral infection. ~ 0 ~~~ zooz 36 11. A process for
the prod ion ,of 6-dichloros2-4is i.np i anosyl -1
H—benzinﬁfﬁ" R aRORRRYA ?:'%'57'" qffitshosi tHeberzm HiL? l]cn!ijiny one of

clainms 1-3 or as a conposition according to claim4, said process
conprising 5 the steps of: a) providing

5, 6- di chiTae @e@péisbef fopy Liartl) @)y} i toludner(1 Hof Juwaniosydd dt relfiexfirniddazol e i n
solution either in free base or salt f

b). i sol at i
5, 6- di chlQY keating ithe Bisepisi GiniuASP-te-agum (F)*iraISTIéPMf;iﬁ\I%fgg'y?UfliﬁQ%ﬁ“@ﬁﬂF% tezol e from

t he | ut | and i,onal ]l v.removing .un n vent aving th 0
5, 6- ?Cmsgﬁ’cgwg% f‘?lggiﬁdg’ﬁ&lg#'?{]oaqdléré-'ﬁ-@?‘Z%%u‘?@k&gwejdlﬁﬁ%’ |ur(}18 éézol ein
subst ant isgdh q y form c¢) treating

; 3 {. . . o .
5, 6-di chl oro-2-{i sopropyl am no) - 1- ~3-L-ri bof uranosyl -1 Hbenzi m dazole with
a solubilising solvent serving to convert an anount of said optionally
dried 5, 6-di chl oro-2-(isopropylam no)-1-(3-L-ribofuranosyl-1H 15
benzi m ddhe Xeray powderdiffraction pattern of the product of Example 4 is shown in Figure
5,6-dichHoro-Z-(isopropyIanino)-l-[3-L-ribofuranosyl-l Hbenzi m dazol e
anhydrous-crystalline form and d) isolating said anhydrous crystalline
forms. Aa. A_. AL Af 5. AS39. Af. Ay. Af 2. Af 3. AS
AR, AT AT A@QAG. A@ . ATS5. A@AF{. A A9 Af.. A@Tr. Af_. A@ . A@A h.AS
A YL.AS. Al .AD.Ar.AYe.Al.A .A[ Y:-,n, 45 n,C
(#. #. pp8x?2?2>>2xXX| | | | >>?>>>| | xX]| | ~>>>>2?>55>>~| xxX]| | | ~>?2?>>| | | | ~>>>>7~??27~?7
2222222222222222222~2>82222222222222222>7~7p8| | ~>?~~~~~ L~~1 2111111~ >2]x

?| | <>>??2?%xX]| | ~~~>?7
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The X-ray powder diffraction pattern of the product of Example 6 is shown in Figure
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100 ml). The wet cake was transferred to a dryer and dried in vacuo at 20°C.

15  The X-ray powder diffraction pattern of the product of Example 7 is shown in Figure
2.

Example 8
5,6,~Dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-benzimidazole Form Il

20
The compound of formula (1) (1.0 wt) was dissolved in ethyl acetate (6.0 vol) and
subjected to a finishing filtration. The filtrates were concentrate& to approximately 3
volumes. Assuming complete solvent exchange, the solution was reconstituted to 3.5
volumes with methanol. Water (0.5 vol) was added and the solution was cooled to O -

25  5°C. The crystallization was seeded with a small amount of pure the compound of
farmula (I} and the solution was stored at 0 - 5°C for 2 h. The product was filtered
(no wash) and dried in vacuo for 24-48 h at ambient temperature. A second crop was
obtained by evaporation of the filtrate to half volume followed by cooling, seeding,

and crystallization in a similar manner as above.

30
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The compound of formula {I) (10 g) was dissolved in methanol (20 ml} with heating to

50°C. Water (5 ml) was added and the mixture cooled to 5°C slowly and was stirred at

5°C for 1 h. The solid was collected by filtration and dried in vacuo at 20°C for 15 h
10  and at 40°C for 4 h to yield the compour\1d of formula (1).

The X-ray powder diffraction pattern of the product of Example 9 is shown in Figure

2.

15 Example 10

Preparation of mixtures of 5,6,-dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-

benzimidazole forms

The compound of formula (I} may be dissolved in 2N hydrochloric acid (60 mi} and
20  stirred for 0.5 h and filtered. The filtrate was heated to 60°C and 2N sodium

hydroxide (55 ml) was added slowly, maintaining the internal temperature between

60-70°C during the addition. The mixture was stirred at 65-70°C for 2 h and then

cooled to 20°C over 2 h. The solid was collected by filtration, washing with water (2 x

30 ml) and dried in vacuo at 40°C for 16 h to yield the compound of formula (1) (8.8
25 g, 88%).
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The compound of formuta (I} (1.0 wt) was suspended in ethanol/water (10.0 vol) at
5  70°C for 2h. The ethanol/water (v/v) ratios were as follows: 10/90, 15/85, 20/80,
25/75 and 30/70. The resulting solid white free flowing powder was filtered and air-

dried. Ethanol solvate was obtained in similar manner from solutions of

ethanol/toluene (ratios 5/95, 10/90, 15/85, 20/80, 25/75, and 30/70).

(10  The X-ray powder diffraction pattern of the product of Example 11 is shown in Figure
3.

Example 12
5,6,~-Dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-benzimidazole ethanolate

15
The compound of formula (I) (20 g) was added to stirred toluene/ethanol (7:1, 200 ml)
and heated to reflux (81°C) to give a clear solution. The solution was cooled to 20°C
and crystallization occurred at approximately 50°C. The suspension was cooled to O -
5°C and aged for 2 h. The solid was collected by filtration, and washed with toluene

20 (2 x 20 ml). The wet cake was dried in vacuo at 40°C.

Recrysallization of the compound of formula (I} from ethanol/water or
ethanol/ftoluene gave an ethanol solvate containing 0.5 moles of ethanol per mole of
the compound of formuta (1).

25
The X-ray powder diffraction pattern of the product of Example 12 is shown in Figure

3.
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Water (300 ml) was added to Form | (4 g} as prepared in Example 1 above and stirred

5  for 20 min. The mixture was then heated at 50°C for 6 days, and then cooled to room

temperature. The solid, grainy crystalline material was filtered and dried in vacuo at

60°C.

The X-ray powder diffraction pattern of the product of Example 13 is shown in Figure
/
10 4.

Example 14
5,6,-Dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl- 1H-benzimidazole Form V

15  The compound of formula {l) (2.0 g) was added gradually to water (40 ml} at 70°C
with rapid stirring over 2 h. after heating at 65-70°C with stirring for an additional
7h, the heating and stirring were discontinued. After sitting for 2.5 days at ambient
temperature, the mixture was filtered. the grainy white solid residue was allowed to
air dry overnight affording the compound of formula (1) Form V.

20
The X-ray powder diffraction pattern of the product of Example 14 is shown in Figure
5.

Example 15
25  5,6,-Dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-benzimidazole Form V

The compound of formula (I) Form VI (72.86 mg), was added to 1 ml of acetonitrile

and completely dissolved. Upon standing for about 30 days at ambient temperature,

large crystals precipitated out of the solution, affording the compound of formula (i)
30 FormV.
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5  Example 16
5,6,-Dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-benzimidazole Form Vi

The compound of formula (I} ethanolate (200 mg) was weighed into small vials.
Hydrostats with NaCl saturated solutions and excess NaCl solid were inserted inside

(~ 10 thevials. The vials were then sealed very well and stored at 80°C. The samples were
removed from the vial and heated to 170°C on a differential scanning calorimeter and
subsequently cooled to room temperature. The powder was collected from DSC pans

and analyzed by X-ray diffraction.
15  Characterization: The X-ray powder diffraction pattern of the product of Example 16
(Form VI) is shown in Figure 6. The following data, measured in 2 theta angles, d-

spacings, relative intensities, and Miller indices were obtained:

Table 1: X-ray Powder Diffraction of Form VI of 1263W94

I 20(9)" A? [ h? k ? =
8.53 10.36 14.5 0 0 4
10.47 8.45 25.6 1 0 2
12.80 6.91 16.8 0 0 6
14.16 6.25 16.4 1 1 2
13.51 6.55 21.4 1 1 0
14.95 5.92 60.4 1 1 3
15.98 5.54 26.2 1 1 4
17.23 5.14 100.0 1 1 5
19.25 4.61 19.3 2 0 1
21.41 4.15 26.5 2 1 0
21.83 4.07 60.4 2 1 2
22.35 3.97 38.3 2 1 3
23.07 3.85 48.7 2 1 4
27.49 3.24 30.9 2 1 8
30.11 2.97 18.5 2 2 6
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2 Margin of error is approx. £0.05 A.

¥ The Miller indices, h, k, and | above are used to define uniquely a set of

paralie! planes in the crystal.

Example 17

Preparation of 5,6-dichloro-2-(isopropylamino)-1-(beta-L-ribofuranosyl)-1H-
10  benzimidazole Form VI by Crystallization from Ethyl Acetate/Toluene

Sodium hydroxide (2M, 1790ml) was added to a slurry of 5,6-dichloro-2-
r (isopropylamino)-1-(2,3,5-tri-O-acetyl-beta-L-ribofuranosyl)- 1H-benzimidazole

(358g) in TMBE (1790ml) containing methanol (179ml). The mixture was stirred at 25-

15  30°C until the reaction was complete. The layers were separated and the aqueous
layer further extracted with TBME (716ml) The combined organic solutions were
washed with 10% brine (2 x 1790ml). The organic solution was concentrated at
atmospheric pressure to about 2.5 vol (895ml). Ethyl acetate (2864ml) was added and
the solution was again concentrated to about 2.5 vol. The solution was cooled to 40-

20 50°C, and the resulting solution was clarified, rinsing with an ethyl acetate (716ml)
line wash. The clarified solution was concentrated at atmospheric pressure to about

3.3 vol (1180ml).

The solution was heated to 60°C. Toluene (3000ml) was heated to 60°C and added
25  over 1h to the ethyl acetate solution. The resulting mixture was aged at 60°C
overnight before cooling to 0-5°C over 1h then aging at 0.5°C for about 2h. The
slurry was filtered, washed with ethyl acetate:toluene 1:4 (2 x 716ml) and dried in
vacuo at 40°C for 18h to yield 5,6-dichloro-2-(isopropylamino)-1-(beta-L-
ribofuranosyl)-1H-benzimidazole Form VI.
30

Characterization: as for Example 16.
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X-Ray Powder Diffraction

5  The X-ray powder diffraction patterns were determined on a Philips X'Pert MPD
diffractometer equipped with diffracted beam curved graphite monochromator using
copper Ko X-radiation and an automatic divergent slit. The diffractometer was run in
the step scan mode at 0.04° per step and a 1 second count per step. A xenon
proportional counter with a graphite monochromator was used as the detector.

(" 10  Samples were back filled into a 16 mm diameter holder having a thickness of about 2
mm. The X-ray Powder Diffraction Patterns of Forms [, ll, IV, V, VI and the ethanolate
are provided in Figures 1, 2, 4, 5, 6 and 3, respectively.

Example 19: Tablet Formulation

15 Formulation A

1263W94 Ethanolate Tablets

Direct Compression

Potency 100 mg 400 mg
Core Ingredients

1263W94 Ethanolate 105.9° 423.6°
Microcrystalline Cellulose, NF 200.0 800.0
Crospovidone, NF 20.0 80.0
Magnesium Stearate, NF 0.8 3.2

Total (core) 326.7 mg 1306.8 mg

Coating Ingredients

Opadry White YS-1-18034 9.0 36.0
Purified Water USP' QS Qs

Total (core) 335.7 mg 1342.8 mg
Theoretical Batch Size (cores)

kg 0.8168
tablets 2500

'Removed during processing
20  ?Equivalent to 100 mg of 1263W94 per tablet
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1263W94 Tablets (form ll/amorphous)

Direct Compression

Potency 100 mg 400 mg
Core Ingredients
1263W94 103.32 413.2°
Lactose, anhydrous, NF 65.0 260.0
Microcrystalline Cellulose, NF 20.0 80.0
Crospovidone, NF 12.0 48.0
Magnesium Stearate, NF 1.0 4.0
r Total (core) 201.3 mg 805.2 mg
Coating Ingredients
Opadry White YS5-1-18034 6.0 240
Purified Water USP Qs Qs
Total (core) 207.3 mg 829.2 mg

Theoretical Batch Size (cores)

kg 0.785
tablets 3900
5
'Removed during processing
2 Equivalent to 100 mg of 1263W94 per tablet
3 Equivalent to 400 mg of 1263W94 per tablet
10

Manufacturing Procedure for Direct Compression

15  Allingredients were screened, except the magnesium stearate, using 20 or 30 mesh.
All ingredients were blended, excluding the magnesium stearate, until uniform. The
magnesium stearate was screened as above. The magnesium stearate was added to
the other ingredients and blended. The tablets were compressed using a rotary press.
A 10% coating suspension was prepared by mixing Opadry with water. Tablets were

20  coated to a weight gain of approximately 3%.

Formulation B
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Potency 100 mg 400 mg
Core Ingredients .
1263W94 Ethanolate 105.97 423.6°
Microcrystalline Cellulose, NF 75.0 300.0
Crospovidone, NF 15.0 60.0
Povidone, USP, K30 7.5 30.0
Magnesium Stearate, NF 0.6 2.4
Purified Water USP' Qs Qs
Total (core) 204.0 mg 816.0 mg
- Coating Ingredients
Opadry White YS-1-18034 6.0 24,0
Purified Water USP' Qs Qs
Total (core) 210.0 mg 840.0 mg
Theoretical Batch Size (cores)
kg 0.714
tablets 3500

'Removed during processing
5  ?Equivalent to 100 mg of 1263W94 per tablet
3 Equivalent to 400 mg of 1263W94 per tablet

10 1263W94 Tablets (form Ilfamorphous)

Wet Granulation

Potency 100 mg 400 mg
Core ingredients

1263W94 103.3? 413.2°

Lactose, anhydrous, NF 60.0 240.0

Microcrystalline Cellulose, NF 20.0 80.0
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Crospovidone, NF 12.0 480
Povidone, USP, K30 6.0 240
Sodium Lauryl Sulfate, NF 2.0 8.0
Colloidal Silicon Dioxide, NF 0.6 24
Magnesium Stearate, NF 1.0 . 4.0
Purified Water USP Qs Qs
Total (core) 204.9 mg 819.6 mg
Coating Ingredients
Opadry White YS-1-18034 6.0 240
Purified Water USP' Qs Qs
Total (core) 2109 mg 843.6 mg
r Theoretical Batch Size (cores)
kg 0.799
tablets 3900

'Removed during processing
2Equivalent to 100 mg of 1263W94 per tablet
5  *Equivalent to 400 mg of 1263W94 per tablet

Manufacturing Procedure for Wet Granulation

The granule ingredients were screened using a 20 or 30 mesh. The granule ingredients
10 were dry blended in a high shear granulator until uniform and then granulated in a
high shear granulator using purified water. The granule was dried to a loss on drying
of less than 2%. The granule was screened as above. The remaining ingredients were
screened as above. The granule was blended with the remaining ingredients. The
tablets were compressed using a rotary press. A 10% coating suspension was prepared
15 | by mixing Opadry with water. Tablets were coated to a weight gain of approximately

3%.
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Capsule Sheli

Gelatin, while opaque cap and 81.1
body

Total Weight 432.5 mg

10  'Equivalent to 100 mg of 1263W94 per tablet.

Manufacturing Procedure for Capsules

15  The capsule fill ingredients are mixed using a mortar and pestle by geometric dilution.
The combined capsule fill ingredients are filled into the gelatin capsules by hand.

Capsules are closed by hand.

Example 21: Oral Suspension Formulation

20
The following formulation may be prepared as follows using the compound of formula
() Form |, 11, V or an admixture of Forms | and V.
25 1263W94 Oral Suspension
Potency 30 mg/m!
Ingredients per 100ml|
1263W94 (active) 30¢g
Sucrose 50.0g

Propylene Glycol 50¢9
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10  more positions selected from the group consisting of at five or more of the following
positions: 7.90 +0.05, 10.39 +0.05, 14.63 +0.05, 15.79 £0.05, 20.75 £0.05, 21.99
+0.05, 22.77 +0.05, 24.14 +0.05, 24.71 +0.05, and 25.97 +0.05 degrees, and
crystaline Form V of 5,6-dichloro-2-(isopropylamino)-1--L-ribofuranosyl-1H-
benzimidazole having substantially the same X-ray powder diffraction pattern as

15  defined in claim 3.

7. The composition according to claim 6, further comprising crystalline Form IV
5,6-dichloro-2-(isopropylamino)-1-p-L-ribofuranosyl-1H-benzimidazole characterized
by the X-ray powder diffraction pattern expressed in terms of 2 theta angles and
20 obtained with a diffractometer equipped with a diffracted beam curved graphite

monochromator using copper Ko X-radiation, wherein said X-ray powder diffraction

pattern comprises 2 theta angles at five or more positions selected from the group

consisting of at five or more of the following positions: 9.29 +0.05, 16.04 +0.05, 18.67

1+0.05, 22.06 +0.05, 22.68 +0.05, 23.34 +0.05, 24.40 +0.05, 29.64 +0.05, 30.92
25  +0.05, and 31.62 +£0.05 degrees.

8. A pharmaceutical composition comprising a compound as claimed in any
one of claims 1 to 3 and at least one pharmaceutically acceptabie carrier therefor.

30 9. 5,6-Dichloro-2-(isopropylamino)-1-p-L-ribofuranosyl-1H-benzimidazole as

claimed in any one of claims 1 - 3 for use in medical therapy.

10. Use of 5,6-dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-benzimidazole
as claimed in any one of claims 1 to 3 in the preparation of a medicament for the
35 treatment of a viral infection.
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