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5, 6- DI CHLORO 2- (1 SOPROPYLAM NO) -1 ((i-L-RI BOFURANCSYL) -1 H BENZI M DAZOLE
*~66166* BATMERGOUND OF THE | NVENTION 5 10 15 20 The present PCTHEBY02243
relates to a crystalline formof the antjviral conpound

5, 6di chl or o- 2- (i sopropyl am no) - 1-((i-L-ribofuranosyl)-1 H benzi m dazol e

(al so known as 1263W94; the conpound of forrmula (1)), pharnmaceut Wmm"‘m I'"M""“m

for mul W\“\mmﬂm\' S eV 5% ¥R ADRDIZ (SBPRORLAMIRORALT Vi Tl

and th her apy *166166*
5, 6-Di chl oy Qe+ (1 sopr opy(Bahm%gEUﬁWﬂ:)-‘ﬂHMMWQW- 1 H benzi m dazole is
a benzi m dazol e derivative useful in nedical therapy. W96/ 01833 di scl oses
t he conpound of fornula (1) i S J\Mg reat ment or prophyl axi s of
viral infections such as th(@&ﬂggb@é'b @i/ﬁ'ﬁ:'re' @le uses. The conpound as

di scl oged in W96/01833 is in the formof an anmorphous, non-crystalline
material. The structure of o

5, 6-di chl qre &séhﬁﬂmwxlr@l&td@%awséamﬂetrolrm;f%@mﬂa) cdmpblitRngé.m dazol e,

t he conpound of formula (1), is shown bel ow C N N | NC OOH z O
Vi~ ~ L~~+i|ehIorOVD(lgtWerGarﬁlnBCr/-(BPIQ-@bOmaJ‘R)sﬁHHVberimmdamW\,(aﬂsoLhmdwhhat t he
conpound of fornmula ( can exist in various crystalline fornms and

sol vat e; %FW@%W%@"%PQV@G%%W@@& paarrmqeve éqamﬁﬂataijrmcrmﬁésirl@m of & he
F
e o ShabtRity dikae ROt ek SR BRIRHRAS EYobrt! os. “Farmm

VI isighe nost 5 therm)dynam cally stable formof the conpound of formula
(I){ It my be easily prepared and nmay be manufactured on a commerci al

scal e. |t 56-Dicdidroe2H(isoprypyddrainble 1€{fel-absfardrnoayl}-y Hrmanzimyidazndciopi c. Bat ches
of this crystalline formcan be consistently made to a-high crystal form
purity i.dengimidazotertsrigativsarseiubin mtdlmlﬁbtraaYmW@ﬁS@é 8andiselosesttht | i ne f or s

of the conpound Fur t her nor anhydr ous
Cryst al || RETAGHRY RS ST o it e D s T80ttt o ReARMGRA BEUTy f of mut at ed
i nto phar mReetbhCRkn %9%‘2§b5ds@d’6 Hﬁ)gs @&s&é‘bﬂhgtcém%&in& §|§'&I§3§d i he
crystalline fornms and solvates of the conpound of fornu

char ats er iV¥@gdsoy83hwiin thé foey of amderorghdub radtergstalfiaé rataril. 15 BRI EF

DESCRI PTI ON OF THE DRAW NGS Figure 7. X-ray powder diffraction pattern of
Form | of the conpound of formula (1). This pattern was obtained in
accor danc h. .t he prac d res.set forth.in jgure 2. X-ray
powder ai f1F SEAFRE RhE T RGO 2dpRpeP B ricta T ETRLS e s (1. Thi s
pattern d res set forth in Exanple
22. F.gur§ﬁ§9h§@?§§ ﬂkmaﬁﬁﬁ@E??fﬁ@?&%ﬂ“p%??%&iggﬁw?he et hanol sol vate of
the conmpound of formula (1) (hereinafter "ethanolate"). This pattern was
obtained in accordance with the procedures set forth in Exanple 22. 25
Figure 4. X-ray powder dltrractlon pattern of Form |V of the conmpound of
forrul a (1). This pattern was gk accordance w th the procedures
set forth in Exanple 22. Figu ytfraction pattern of Form
V of the conpound of formula s obtained in accordance
with the procedures set forth . ure 6. X-ray powder
diffraction pattern of For ound of f o8 (1).
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30 This pattern was obtained in accordance with the pr ocedurgﬁr%’@fg7 Zfi;?&h in

Exanpl e 22. ~ 0 ~~~ ac~z WD 99151617 PC T/ EP99/ 02213 3 Fi
t hernmogram for. Form VI of the conpound of formula (1). Thi Sp t her nogr am
was obt ai NP M6Yccor dance with the procedures set forth in B2,

Figure 8. Misture sorption isothermfor2 FormVlI of the conpound of fortmula
(). Figure 9. DSC Thernmogram for Form Wl of the conmpound of fornula (I).
This TGA 5 thernogram was obtai ned in accordance with the procedures set
forth in Rt fod2fouhll Ihdtand Pompbid 6F fetaiGfadl) cdn RRit IR Vatiback: é%ﬁ‘lliﬁé‘“er”
for a single crystal of FormVl of the conpound of forrmula (1). Thrs
pat t er n whermshndisoldtesn Mateove dwa heverdistoveted aopavtiewlar egstsitine font 6f the Exanpl e
22. i 10 DETAI LED DESCRI PTI ON OF THe | NVENTI ON According to a first aspect
of the i nfenPowH effermuladl)fogmiVlashichis aniounanderysiainglagd which n a

th d icall t abl talli f h i.naf f d.t 15
Form Vi) SRBFanY 1S PR RRNSHP phaliecfhah SRaErRs: Fma e B Bt orn

| 11 usts at ggbrinBdyrHHES yStab M df&he%mpaﬁm &BfofmBaqNENH Mabd SARR¢ _
diffractometer equipped with a diffracted beam graphite nonochromat or using

copper Kaphpaadiaadimay bdoanufattuned/ohe comeratigidesleohhis partietladpetiabkkol vat e of

t he compound of fornmula (1) at certain relative humdities. Form VI may
al so be pRepasefigivgianskwgessepiel Batchessofghisaystalline tarm-cagibhgnepsistetivat e i n

ith . O | . h ield di
e e oGP e ot GG oBR LRI WE e oBier R oY bt o Riath afence! n°
a further .asRAmE feifm§mhle@§ﬁgaam\>ﬂf ﬁogfmﬁgﬁ () 3s RhRYA dad iR oromRound of

formula (1) as a mxture o orm any one or nore of Forms |, If,

|V, ViOr sohydadscrystaliise fordShagigebdisterayfe propartivd arahchnanorepdiiguformalaéad al , or
as a mxture of Form VI, anorphous material and one or- nore ot her )
cryst al | i HeoPhrimAcektied compesitionasutisagtahieieing cappees. ety erg@ing forms s 4

conplex o i t ol chi o a.s 5 [ of formula
(1) and” 2L tARR: & EsRomb @b il bty b ey EP Rl

met hanol , pgﬁv@@rmffracgbn?,gﬁg,in@ acid. Hereinafter) reference to a r, ~0
S~P 20~~ ., WD 99/51617 PCT/ EP99/ 02213 4 conpound of formula (lI) is to the
anor phous form of that conpound, unless another formor solvate thereof is
specified. Hereinafter by "anhydrous crystalline fornmf according to the

i nventfon, we nean a 5 crystalline form having substantially the sane X-ray

powder diffraction patternp D%@@W?’.Tlidﬂl (5.#9#!'1% ERQWEE nmeasured with a
Wi a dffr

properly aligned diffractoneter equippe acted beam graphite
nonochr omat or using copper Ka X- radiation. The X-ray powder diffraction
pattern of the anhydrous crystalline FormVl of the ,r~ 10 present

i nvent i on Flggreiés érrravrm@wdgrsdi%/fgecti@n\pettﬂrbﬁﬁorméaﬁrthqg@gpw ddarmpwail: known

Rl e e e
i 11 561 OFRIRE 5 XSGBoRALA AREA B areR b ok AQ) SELHRRBMABLAR BE Ihmu () (

nonochr omat™or usi ng pper diation and an aut onat di ver gent sI\i—t.
A xenon phpeatteengds eibint®in a@srdafedwith thdproded et st forthén bampewd2r sanpl e

used to generate the X-ray powder diffraction data was prepared by

convent i offigureac K-rfay|powdersdifffactiop metiaraef tba ethantohbalvase ofishaeprzpaugd g

di-amet er Qgrlrrgu% (Ifi&%yetinazf'teg "ma;[\(n;t%l{)'. This pattern was obtained in accordance with
the procedures set forth in Example 22.

25  Figure 4. X-ray powder diffraction pattern of Form IV of the compound of formula ().
This pattern was obtained in accordance with the procedures set forth in Example 22.
Figure 5. X-ray powder diffraction pattern of Form V of the compound of formula ().
This pattern was obtained in accordance with the procedures set forth in Example 22.
Figure 6. X-ray powder diffraction pattern of Form VI of the compound of formula (1.

30  This pattern was obtained in accordance with the procedures set forth in Example 22.



1A powder sanple of each of Forms I, II, IV, V, VI, and the t%&th@ﬂe wer e
used to 20 produce the X-ray powder diffraction patterns 03 Firglr 8441, 2,

4, 5, 6, and 3, respectively. The X-ray diffraction pattern%Ffor each of
‘the vari O¥Q%818%% and sol vates are unique to the particul arf FEHPORIA, _
crystalline anhydrous formor solvate exhibits a diffraction pattern with a
uni que set of diffraction peaks which can be expressed in 2 theta angl es
(), d-spacings (A and/or relative peak intensities. 25 2 Theta diffraction
angles a r1 | A i Uy of various
eak i R Y tHE RO bt {6, BT ot e

wi t h obsetheembgarm vedsabtdigddin aeoskdangpwith Khd pruredu reqgit Forthiim Bxdniysie Bpagg
equation. Slight variations in observed 2 theta angles and d-spacings are
expect ed Higwed. Moistuee s@ptirpisothiern fai Farma¥h ofitbe eempamibottormnts he

anal yst' s_.sanp| reparation technjqg 1. 0, Uz~ ~ e~ "~ 99/ 51617
s Lpoo iesey. L ERanSaramaer Eom u'eibe comworss OF Fasmuta T s 1ok

intengiti i . f shoul d
be. baged e g BB ANy HncaFn@Rh e HkBur Aeudhn 1 EGRE DS Cer

i mpor t andigirea0e Siyld Ehyatal XRAYDAKrdclibe Pattetefor abihgldembtal yf Forf Vi of

di chl oro-2- (i sopropyl am no)-1-((3-L-ribofuranosyl)-1 H benzim dazole Form
VI, the ahsica@p@unﬁE@ﬁfoahalaa(ﬁ.tTéiSi patteen wvas pbtainegrglagegrdanceoeidithe at 8. 53
degrees, or 10.361ﬁ:d ngcing. Al t hough one skilled.in the art can identify
Form VI fRBFAOHFRS SEHAFRIP EXPIE 220 theta angl e peak at 8.53 degrees, in sonme
circunstances it may be desirable to rely upon 10 nultiple 2 theta angl es
or yultiple d-spacings for the identification of FormVl. 5,6

Di chlyor o- 2- (i sopropyl am no)-1-((i-L-ribofuranosyl)-1 H benzim dazole Form
VI can also be identified by the presence of nultiple characteristic 2

t heta angl e peaks i ncl udERYILERVDESERIPHON @THE INVENEONs| x, seven, eight,’
nine, ten or all eleven of the 2 theta angles which are reasonably
characteristic of this particular crystalline form These 15 peaks occur at

the foll o : P¥; n ; .47, 13.51,
14, 95, 10 G .2%f'8g§1?pﬁgf,élztﬁ.§§§{énggﬁ g%érg?sﬁ 8??9&a§'§”2°$'."2§’"3;°3rees. I'n one
enbodi nenforratilal(Rdsta thermeodgharhitelly stalslg@rystaliing foemdhereipaéier eeferradmd myed to
identify FormVlI. The cr}(st al 't ne anhydrous Form VI typically exhibits 2

i

t het dSandiosmpllaiferm N1 isdtsfinedby the X-iey pawdgysiifigepenrattemdHugiederhine, Form vi
5.5, 10, 31947 G WS €08 ed B9 e BbeRAgRt Bikeiphdtequpc e PE7 5 O
22. 4) 23-dhffr%@eooqea%p%rﬁphi?gmgno@w%r%atofgsi%g c%ﬁ?é]nKo@ﬂQa@igti@n.d?&W%aysom

margin of error iIs esent in each of thé 2 theta angle assignnents and d

spaci ngs beepepdrediframoie ethBne! $ivade of thedwingyaundiofifordmdp L atgertaiecr eases with
25 increasing diffraction scan angle or decreasing @ spaci n%. The margi n of
error in feldive bumigitiasg Form Memay alsg be prenareghispmseeding shyurnies dsoge fries for

H of t f ir K . ' . T [ f ' - [
val ugd | ST S erED B RAg A Sher sSNEnlREER R ek Ppifbsghe e M
PCT/ EP99/ §? &l dinglimfie AR a@@tragé/ﬁhﬁne%éﬁbpbr%lﬁ%%h ol tAnbAGtokddiegnment  of
2 theta angl es and dspacings, the preferred nethod of conparing X-ray

powder diffraction patterns in order to identify a particular crystalline
formis to overlay the X-ray powder diffraction pattern of the kjg\known form
over the RaBythgiitnect ofithe inyertion these isshrRviged thecqmpamndiaf famytatl) @kanpl e,

o uni dert P A Fol Yt FRASRY Shh Bh e & RIRPEIRLV S St be pattern of
(i SORFSOPYhMTRRF Frnt (Brkr b HRhSEARRRYL) olath REAZITBRFAN, aASoRbREd USi ng

t he net hods described herein, over Figure 6 and readily determ ne whet her

t he X-r aymdteiribr anctoneror padre ether efystdiiineuiordent sdivages. form i s substantially the
sane as the X-ray 10 powder diffraction pattern of FormVl. If the X-ray
powder diffraction pattern is substantially the same as Figure 6, the

previously_unknown crystalline formcan be readily.and C I
idgntifieésgghfSFW¥%ﬂ¥é%We$§§ﬁ§ b &SRRTR é%@gﬁaﬁgségéaowg& géiﬁé%%%f if the
uni dent i fiddGkeGs ¥SrhFdunld W FHORUT: 11D 2R0Y Riveh®r SBvdnts, bl way\bf eXample, the

et hanol ate by overlaying the X-ray powder diffraction pattern over Figures

1, 2,30, #mclude water, methanol, ethanol, or acetic acid. Hereinafter, reference to a



'15 or 3 respectively. Although 2 theta angles or d-spacings are the mary,
nmet hod of identifying a particular crystalline form it may &&Ie to
al so conpare relative peak intensities. As noted above, relatlve peak '
i ntensiti sgomstewary dependi ng upon the 20 specific diffracbomereyorenpl oyed -
and the anal yst's sanpl e preparation tecpinique. The peak intensities are
reported as intensities relative to the peak intensity of the strongest

peak. The intensity units on the X—ray diffraction plot are counts/sec. The
absol ute counts counts/time x count time = counts/sec x 10 sec.

Consi der i ﬁamgowrve? ffosmylady is &p ﬂtsaaswghfe%)foaﬁ@fﬁmtaﬁmp@ub@awlqsm@tbcrt y (1),
Form Vi [ pyl am no) - 1- ((3-L-ri bofuranosyl)-1

H benzi m ?egle‘{%lgé ﬁ{e? gﬂ%g&%ﬁfcﬁow ng X-ray diffracation pattern

characteri stl Cs: L~v WD 99151617 7 Form VI 2 theta angle

(')' Azl 8.5310. 3614. 510. 478. 4525. 612. 806. 9116. 814. 166. 2516. 413. 516. 5521. 414.
9 55.9 266lereirafts by 546 dPdus. @gdallidd im0 36cdzding to the invention, we mean a

54.6119. 321. 414 Ij\f/g% 521.834. 0760. 422. 353, 9738. 323. 073. 8548. 727. 493. 2430. 93
0. 112.0718nvstalline gy havigg setast@)mtlaﬂvatbww Xgapgowdegrdifigaction paftemwsof error =

/
char act er PR RAA G s Headied 0% BRREDY HRGRlras it Biapsd ot For m
VI, one 5Wtﬂh'ﬁ@ifﬂribt&ch@e:ﬁﬁbréiﬂtnterrﬁ&fﬂchbbmﬁ&n&élﬁd c&zﬁeﬁkwx 5B@taﬁérph| oro-2

(|sopropyl amno) -t-(~L-rirbofuranosyl)-1 Hbenzin dazole. It will be
appreci ated by those skilled in the art that the X-ray powder dlffl‘aCtIOI’]
pattern of a sanple of Form VI, obtained using the methods described
herein, ndfe ésthv Bewdergtiffracanlpapierie thméhvdfpegewﬁg"'aﬁ&omt/t &ihng tabl és

provi t inten eak re.l eri |c of t hat
Pt £,  Brobd b BB hes A ERE S5PE RN, BEud s aBRFAhEEH Bl

i nter pr et @&tmﬁe S HINE bf st deyetau%a,@eekéaeaﬂtlmetcﬁe#raletfort pgrt@as bf cul ar form
or sol vate. ?. WO 99/ 516l 7 PCT/ EP99/ 02213 1' In contrast to the

f or egoi ngFDguraw—}ﬁozvderobdﬁmédwcthlad?hllmat-aatMﬁ&dlfﬁsctomeﬁmlsvstésﬂw eqiippeds |, |1,
IV, V and the ethanolate each exhibit distinct 2 theta _angles, d-spaci ngs
and rel at Wb 3 diffeacded beam orphits reenechmatergusing mnpﬁém%rta f2ioB 48% aBf t hese
formsfromg)rmVI and m,each ot her

o hamol ot Buter g AR SR AGRR By BldisHaonlE Rt rps psstt s 1 ARG The
obt ai ned Eb%ﬂer%aﬁab%ﬂ ¥o gkh&aROthe X 3oWRREH Bfra QN d?a‘??@a!"bk?at@d dif fracted

beam graphi te nonochronmat or using copper Ka X-radiation; patterns are

provi ded tonvengomabadk filked simpde peepdraBion techpéptes weihy a #Bonm diameter

5, 6-di chl oro- 2- (i sopropyl am no)-1-((i-L-ribofuranosyl)-1 H benzim dazole is
i ~ 10 fur PAEr st 3Q P  thigk- by the following 2 theta angles, d-spacings,

and relative peak intensities, obtained by the nethod of Exarrpl e 22 bel ow.
Form 12 theta angle

()1 A | 7. ORIoud 8PS0 oBBRISIADr T 1OROVOA3 i b dreld el to

55.2316. 419. 244. 6114. 420. 754. 2829.'421.994. 0421. 022. 773. 90100. 024. 143. 6é35. 2
24. 7120 6020dH26 tHRIG raci@vd2 diffeactiGn pm&niﬂémua’.so?,zm.%& apg3, 8714. 7 c

. WD 99151617 PC£E99/0 13.9 *n of error = rox ORY Form Il
5, 6- di chl BBESIVElYs m?v fﬁ6§'0f19‘tt1ﬂfﬂ qrﬁafﬂmpﬁthfs\gﬂ"?u OrMB AR ANAIEZ 0l e i
further c nd
relative Ege; @&lrtlr?tztggggtllctgﬁs]ﬁ fgﬁka?%gg}gg%al@ £ﬂ1ﬁﬁmcf%rm g&n\%ﬁ% E)Sgl OW.
Form |12 tlgffacispsitern with a unique set of diffraction peaks which can be expressed in

()" A 17.9111. 17100. 010. 868. 1410. 112. 696. 975. 213. 656. 484. 77

4. 945. 938 24hetarngles (fl.al-sparirgs{AlandforseRtivg pe@eing it ®s.604. 5319. 621. 884. 0618.
823. 243. 8219. 023. 923. 7226. 725. 273. 5224. 527. 703. 2234. 929. 213. 0614.2 ' Margi n
of erfdr = approx. 0.09

2 Theta diffraction angles and corresponding d-spacing values account for positions of
various peaks in the X-ray diffraction pattern. D-spacing values are calculated with
observed 2 theta angles and copper Kol wavelength using the Bragg equation. Slight
variations in observed 2 theta angles and d-spacings are expected based on the

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



‘Farm*ll may al so exhi bit peaks at essentially the follow ng 5 tlgg aﬁ%ﬁgl es:
7.9, 10.9, 10 16.1, 17.3, 18.2, 19.6, 21.9, 23.9 degrees. 3 0 SePLLE , VO
« 99/51617 02713 10 The et hanol ate of

.5, 6-di chl gﬁ}‘}?i‘? sopropyl am no) - 1- (( 3-L-ri bofuranosyl)-1 Hb}é%ylE%”c{I(g% e is
further characterized by the follow ng 23theta angles, d-spacings, and™

rel ative peak intensities, obtained by the nethod of Exanple 22 bel ow.

Et hanol ate2 theta angle ()' A 19.079. 7445. 210. 388. 5222. 715. 955. 5540. 417. 7

25. 00100. QVi8reQaiabiBA Ts &h8cté@4orthtTeldile dok iRRAtI4R Ideviticafia of thk. €XB¢: 0619. 0
22.084.0217.522. 963. 8740. 623. 933. 7241. 325. 403. 5026. 727. 653. 2219. 829. 053. 072
5.4 S ' Margtal form of amompoupg siwould be basetipsinsrinonm pbacever thatasangésstar bi t
peaks at essentially the following,2 theta angles:, 6.6 1, 9.4, _10.4,
DE70° 4. F-Siagingd it essey yiportaiee bidcs gngeRste eakyatepsitiss To ety p ey 7

29.1 degr (i PR Y = 1 hefSTmi

PCTIEPS/ %g]l%vo_.z fTogroéglramnh)ﬁ B-L /ll}ofﬂran.oé‘yl) IHBeﬁznmlc}QPolg%ﬁr]r@Hh? |
5, 6-di ghl Qi@ mios6EHHr aRYiE Nk talad| Splakrdcb@rs Wk 853 b verd oF1085A qu dazol e i's
further characterized by the followng 2 theta angl esS, d-spam ngs, and

rel ati ve peading.ntensities, obtained by the nmethod of Exanple 22 bel ow.

Form 1V2 theta angle

()" A'19.299.5115.611.787.5112. 516. 045. 5220. 118. 674. 7525. 119. 544. 5411. 522. 06
4.031

oD, 2. 393V EPrgh o5 skiled i the agbeansigentify form Vi from the charagioristicatheta s 705 723
.1111. 129.@@&%&}&& @.?é%-&é?ee%,%’@oé@hr&?rﬁst&ﬁcﬂe?)it%éy be a@rrgt%|g tOfePLpO =

approx. 0. m |1V may "al so exhi bit peaks at essentially the followng 2
t het a 18nglnesltiple. 5the®a 3ngldsloBmultipldd-siiirds faothe, iddifisati@Poflfor@/17 5,624. 4,
29.6, 30.9 degrees., 10 FormYV . LT

5, 6- di chl dighloro-2<ispreapylemindio)-{f-L¢ fenfuranpyydr LH-bspzipidazale Feen Yl Mazol e i s
further charact.erized by the follow ng. 2 theta angl d- spaci pgs, and

el at ve BEBOY HERTER RLUE Rear SO ol s HO O SR OEI8 bel o -
~ ~ ~P ~~1ﬁc|'udi\4‘gt%%{ e folFVEERNe0S? ight ind 8ol 31l ERGEPoRE | 28theta

()" A 19.079.7519.19.3

59. 4614. 3Hhgied ¢HiG dre(tSo80ly Gb2G ctedistidefh Bpb&ticls . chyd3th! I8@IorMR.18hes84. 7257. 02

0.414.3539.521.7 _ . ,
54. 08100. (PEEKS/ACsUYt thedfolowing posisigns suprewed v theta gnalass 8521043815588 1251, 1

30. 222. 9539. 4 ' j = | W]
peaks at oot b3 08,131 368 2B ERG 2Ry R R elgty Wprd RpgBiRbt.
17.0, 18. kit (Bt fve 8PtHb forehofhg Zfheba argg?r%sf"r}gle 39\pgoy@&396 Rientify ForMnemhget hods of

physi cal characterization®can also b oyed to identify the anhydrous
crystal | i meyskalime MhyaiousHerp M sypically exleihits 2 thetEenglplpesksan additiomiyd the

t echni ques, whi ch are known to those skilled. in the art to be useful
phys] cal - RIS F: 1 able AR PRt Bt R pyLls BFks AECPETYA
sol vat g i %HG’I%\MHQ p@£iﬁor§k‘??8.§:0io'.d gbh%.&,q ATENE bl R a3 ) i fdenential
scanni ng calorinmetry, and i nt'rared absorption spect'ra. ese techni ques nay

be enpl oyexi.gl20/e280n, 250,280 213} 232, 3001, GhAr At 3.6 d€gréesgi ven anhydr ous
crystalline formor solvate. ~ ¢ ~~ ~ ~~~~ WD 99/5161 7 13

for the

Some margin of error is present in each of the 2 theta angle assignments and d-
spacings reported above. The error in determining d-spacings decreases with

25  increasing diffraction scan angle or decreasing d-spacing. The margin of error in the
foregoing 2 theta angles is approximately £0.05 degrees for each of the foregoing
peak assignments. The margin of error in d-spacing values is approximately £0.05

Angstroms.



'"PCT' FEP99/ 02213 The invention relates to the anhydrous crystaabl tne ﬁp?r_n VI
both in pure formand in adm xture with other forns of the corrpound

formula (1). For exanple, FormVl may be in adm xture with any one or nore °
of Forns WOP¥5161N, V, or the ethanolate. Alternatively ForRCWEPS22i% in
adm xture w th anorphous conpound of fosnmula (I). 5 In another enbodi nent,
FormVl is in adm xture with both anorphous conpound of forrrula (I) and one
or nore other crystalline forns or solvates including Fornms |, IV, V

and the e . Ih resent inve Iate t he
f or egoi ngg&%é]?durﬁéeg‘aﬁmg(gg%gv? p&is{%e m%e %?ﬁ%ﬁeﬁnq§gy%‘§&[$@ ﬁﬁous
conpound  edacfrigs,"tH pgot&pd' | and
sol vat es. I t n(sahou ?rgg&r&ggﬁig%%d t hg{lﬁggﬁﬁtdgygr g?ﬂég{ﬂf@&ﬁﬁﬁ anor phous
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organi c sol vent, shoyld ba3safficigentlg.550l ubllisizgéand pe enployed in an

anount to all ow part i_aJ_sgLth_LJ_zﬂL.L.c.n_Lg_ef_Lg‘;t_t_he_cgwer sion and
preci pitation for exanpl e 19 m ong anhyd2ous ¢ryst@4ine formto the

desi red anhydrous cr ystai .S.g formof—the—conpotnd—of—Fortula (1).

Advént ageousl y the sol vent 15 event ual F’;’A'rem)/ed b%g%ryi ng under vacuum 25
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' Margin of error = approx. +£0.09

Form Il may also exhibit peaks at essentially the following 2 theta angles: 7.9, 10.9,
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16.1,17.3, 18.2, 19.6, 21.9, 23.9 degrees.
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The ethanolate may also exhibit peaks at essentially the following 2 theta angles: 6.6,
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»)

above. ( 1 L14 WO
diffraction pattern (
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I oTOoOT I Trorm o

pf t he9-%$ oduct
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Fhe—%—~+ay powder
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Exanple 9 5,6, -Dichl
H- benzi m dazol e Form

ro=2541-S0pT O
| 1 Tﬂg'@orrpou

VAR rgq) =1
nd of “fornu

3= g)UJI arjanosyl - 1

2 (I'79109)

met hanol (20 m ) wtl]
m Xture cooled to 5C

n heatjgipg to
slowy_and va

0C. Waper (
s stirred a

m phowas added and t

L ~0 5C for

colleécted by filtrati
to yield the conpound

on and.edried
of formula (

in vaggo at
)15 The |

pattern of the produd

bt of 18%dnpl e

9 i s4S#own

20C26ar 15Fr
di ffract

n Filgd¥re 2| Exanple

Preparation of m xtu
5,6, -dichloro-2-(iso

-
CS Ul

r opylzgﬁﬁno) -

- (3- 98 pof

forms ~ The conpound
acid (60 m) and sti

g

red

T na e di
and Tilter

[

154e]|
ed. }ﬁ:g; filttrate was

60C and 2N sodi um hyq(
i nternal tenperature

ir oxi de.eg55 m
het ween 60-7

) wag.gadded
Cduring th

sl owhyw, nai
addition

5 25 volumes with net hanol .
%ooled to 0 5 C. The
anount of the pure conpound of
2h. The product was
ent tenperature.
o hal f vol une

A

manner as

in Figure 2. 5

was di ssol ved in

he

1h. The solid was
and at 40C for 4h

ion
10

ur anb%‘?- 1 Hbenzi m dazol e
'N hydrochloric

heated to

ntai ni ng the
The m xture was

stirred at 65-70C for 2h &34t hen [cool 881t o 20C ovéd 2h. |The solid was
col l ected by fiItrati—en,——v&shi—ng—erh wat-er—(R2—x—25-30—{) and dried in
vacuo at 40C for 16hjto yizéisﬁ t he conpét?ﬁd of | f or HCa (I'y (8.8g, 88010).
3~~~ ~~~ . VWO Q'Wﬁaﬂpi S 11%@ PCTEP@?‘?‘Z‘ZT?‘
5,6, -Di chloro-2-(isopro~ | 3? m no){-, 1-{i-L-ribofu g osyl 41 H benzi m dazol e
et hanol ate The conpoynd okhglhermul g (1) 3(13. 0 W) wagg isuspgnded in '
et hanol /water (10.0 yol) at 5 70Cifor 2h. Thel ethanol/ er (vjv) ratios
were as follows: 10/ 90, 12p8%3, 20j{80, 2H175 and 3QB00. The resulting solid
whi tle free flowi ng pewder—was—filt i -ed-

30.92 2.89 26.5

2.83 139

31.62

' 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.

10

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

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

intensities, obtained by the method of Example 22 below.



'Et hanol

sol vate was obtained in siml ar

manner from sol uti ons of

et hanol / tol uene (ratios 5/95, 10j90, 15/85, 20j80, 25/75, adill E® 7652 10

Recrystal lization of the conpound of fornmula (1) from ethanol/water gave an- °
swoaysr6epnt ai ning 0.5 nol es of et hanol .
The X-ray powder diffracti@gn pattern of the product of Exanple

et hanol
formula (1).

11 is shown in Figure 3. 15 Exanple 12

5,6, -Dichl oro-2-(isopropyl anm no)-1-(3-L-ribofuranosyl
The conpound of fornula (1) (20g) was added to stirred
200 m) t20 and heated to reflex (81 C) to give a

et hanol at e
t ol uene/ et hanol (7:1

per nole

of pCirEpogemEyInd of

-1 H-benzi m dazol e

clear solution. The
at approxi mately 50

SOl Ut T on Was ¢
The suspensi on was cooled to O 5C

0 ZU

Cand Tcryst

|1ization occurred
and aged for 2h.

The solid was coll ec thmahglet(v)atlon, Aand wdshed with tqluene (2 x 20 m).
The wet cake was dripgd in vacuo ati 40C 25 Rdcrystalljzatiion of the
conmpound of forrmula (I) fmOdh et hanol /t®HFRene jgave 181 et hgnol sol vate
contai ning 0.5 nol eslof—ethanol—peér nmole of tthe conpound]of fornula (1).
The X-ray powder diffractid¥ pattern &48 he produdt’f3of ample 12 is shown
in Figure 30 3. ' tt WH-99+H51617+PCH-EP99402213 25 Exanple
13 5,6,-Di chloro-2-( sopra)%g/‘f’an‘i no) - imtt - L-rijbof uFéTQosyl 1 H benzi m dazol e
FormlV 5 Water (30Q@ i) addeq to gggm 1T [(4 JpgadS prepared in Exanple 1
above and stirred fof 20 mn. The|nmi xture wag then heat ed at 50C for 6
days, and then cooled to {po4 tenperatgp®. ThHe sohgd, grainy crystalline
material was filteref and dried ip vacuo at 0C 10 The X-ray powder
diffraction pattern pf th#8.pdoduct of 48&nplg i 3382 shown in Fi gure 4.
Exanpl e 14 5, 6, - D chj-e+e—2-{+seprohyam-ne)—4—3—t—+ibetyranosyl -
H benzi ni dazol e Form V 1518 compound"@ f or{mul aSZD) €2]0g) was added
gradually to water (g6t IUC Wi Tlhjgi[.ﬂu blllh g over 2 h. After
heating at 65-70C with stfﬁn an dddi t ijonal é}‘I’% t he¢ heating and
stirring were disconfi nueg}'yﬁfter SI ttimp Torl 2. S5 ghays at anbi ent
tenperature, the mxture was filtered. the grlainy white solid residue was
allowed to O air dryj overmght af{fordid@ the conpessd of [fornmula (1) Form
V. The X-ray powder ffraction pattern of tHe product of Exanple 14 is
shown in Figure 5. 2b Exa?-ﬁaq)ié 15 3.86 20.3
5,6, -Di chl oro- 2- (i sopropy ro)—t—(—=t=7t+bofruran t=-4%—t benzi m dazol e
Form VI The conpound] of f%ml a (1) etalr:u:iajnol atie (Zg% ng) was wei ghed into
smal | vials. Hydrost@tls V\%éfl NaCl [Sat i af €d golutheghs and excess NaCl solid
were inserted inside 30 the vials{ The vials|were then se¢aled very well and
stored at 80C. The spanpl egg.s@re L~-3.440 99/|5161%81.1

30.22 295 39.0

' Margin of error = approx. £0.05

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..

Other methods of physical characterization can also be employed to identify the

anhydrous crystalline Form VI of the present invention. Examples of suitable

techniques which are known to those skilled in the art to be usefu! for the physical

characterization or identification of a crystalline form or solvate include but are not

10

limited to melting point, differential scanning calorimetry, and infrared absorption

spectra. These techniques may be employed alone or in combination to characterize a

given anhydrous crystalline form or solvate.



26 PCT/ EP99/ 02213 renoved fromthe vial and heated to 170C on‘}g ep 5409
.differential scanning cal orineter and subsequently cooled to Ow tyv

© tenper at uy@99/41¥e7 Powder was col l ected from DSC pans and angicofag@defis i ray
diffraction. 5 Characterization: The Xy5ay powder diffraction pattern ef
the product of Exanple 15 (FormVl) is Shown in Figure 6. DSC t hernogram
for FormVIl is illustrated in Figure 9. The TGA thernogramfor Form VI is
illustrated in Figure 7. The noisture sorption isothermfor formVl is
shown i nThe gme@thp reia:tegm’qhmaghm&oqbﬁ\y@tpgmgﬁorm VI both in pure form and in

Form || EOMRUAIA Wi RUGE oo ﬁgesérgﬁéw#qﬁob"f’ééﬁ”&?{ﬁ?a %”ﬁk(l‘rﬂqa@?' wer e
suspendegy i n%m%ituﬂewhaaYhheegr 5 Rl BUL W, §flof thediiobite bt h at 45

C. After ours stirring, was exam ne -ray dlffractlon
The resulMirdatieely Yormyi dia?fbéaﬂﬁd rﬁlXt@r@@@&Sérﬁdrdhbat corapoaridoftfaeh lie €N
converted to formVl conpletely. Characterization: as for Exanple 15. 20
Exanp$ e 1r7am@thme¢rgbqﬁ1mont Form Vlis in admixture with both amorphous compound of

5, 6- D|chlor02 opyl am n ta-L-ribofuranos 1_Hben dazol e
ot hano! | S0Tiks U1 33 Bl B b ARG B0 G O SRR DHAA SRS T & g
of Formy n‘efec'hi %gged ini nmL of distilled water and stirred in a water
bat h at 5a fter hours stirring, the solid was exanm ned with X-ray
diffraction. The results from X-ray diffracti on suggested that the conpound
of formula (1) ethanol solvate had been converted to Form VI conpletely. 30
. _ Char adhepresentiiaventian ekpresshixeoni¢raplag:s the fayegoing migture afdogoNsweh7 Exanpl e
18 27 PCT/ EP99/ 022% Conversion o

5, 6- E¥ chIOBF 8F 817§ ¢ ﬁw@@nram%@mfoeméf%m%@)r andinbaihey crystﬁﬁ@ﬁz. i dazol e
et hanol %ﬂb@pﬁs t’o?mEQMT%Y\'/athe”t%é‘u“iﬁ b%funﬁEﬁ?d%‘a'ﬁE?a&:ﬁ&ﬁﬁg éé)‘ ‘ot 0 ”‘9 °f

form Vi ove conversion stady were suspende

di stil| eqvinddRorphbud@nipounti tof FormU® (I} snd/ed dthet frgaallink foemurebivedst o for m
VI, as determined by X-ray diffraction exam nation. The solid was collected

by filtraaygesuliiasht mpsking hr akseaee QfBXE qun)oramﬂ the fer@99ing &-ra0 PowWEElUM oven at

100C f 19 15
Conver glr S?Tf’&&]%‘ %eaghggﬁacgf) Iﬁbzo?v% ggn o(5’5’y Iaﬂeﬁ%(?dasrmf %8?‘5” 'LEW%D # ﬁ)rr anosyl)-1
Hbengs m @ﬁ%lghﬁ ?&m|x§1?ésvcﬁtc?ysié?llfé)(o%y|n Jrla@r {56 %K/’d'ethr ﬁ@@@élﬁ&&o‘c

et hanol ate ed at 80C/ 500/ 0 relative humd , 20 60C/ 750/ 0 RH,
60C/ 50% Mﬁntnﬁndtnd&ﬂﬁ]ﬁﬁ%ﬁbhwmwbsmaloé@anmntialrtcrystailn‘fmfrorrﬁs mothehs al so
partially or conpletely converted to FormVlI. ' 25 30 Characterization: as

for Exam@H@ixtgre. Exanpl e 20 Preparation of
5, 6-di chl oro- 2- (i sopropyl am no) - 1- (beta- L-ri bof uranosyl )-1 Hbenzi m dazol e
FormVl b seeding A soI ution of

5, 6- di chlipb@ditiof S G fRRY ?Hgﬂa%s Fokh &t Aral-alsh Befinhap®aute with Hagagdm dazol e
(10 g) in ethyl acetate (2 and toluene (30 M) was seeded with
5, 6-'di chlco,rstallme(ﬁosmprlfmwanplnm) any pateh aomtamlrtgntmeWU)scwswlblenm m dazol e
Form VI (100 4 e(‘)em ture heatedt 0C fo { n9VIa
suspensi d:ﬁmppﬁ ﬂg rmula (l) Form VI ere may also be hydrate crysta hne or

Since the anhydrous crystalline form of the compound of formula (I} Form Viis

essentially free of water of hydration, the proportion of hydrate forms of the

compound of formula (I} Form VI in any batch of the compound may be measured by

25  the overall water of hydration content of each batch.

Accordingly, in a second aspect of the present invention there is provided the
compound of formula (I) form VI, having a total volatile content of not more than
0.3% by weight (w/w) as determined by a TA Instruments Hi-Res TGA 2950

30  thermogravimetric analyzer (Figure 7).



'3 Q “aP ~G-2~ 5 10 WD 99151617 28 PC TI EP99102213 tol uene (70%@ g.:vaf§ '%gzed .
over 30 m nutes. The suspension was cooled to 25C and aged at Cflortveh.
The solid was collected by filtration, washing with ethyl acetate/tol uene
(1:4, 20 WO9/51#2 solid was dried in vacuo at 40C to yiel d BTEP9902213 . :
di chl oro- 2- (i sopropyl am no) - 1- (bet a- L- rithof ur anosyl ) -1 H benzi m dazol e-Form
VI. Characterization: as for Exanple 15. Exanple 21 Preparation of

5, 6-di chl oro- 2- (i sopropyl am no) - 1- (beta- L-ri bofuranosyl )-1 Hbenzi m dazol e
Form VI by Recrystallization from Ethyl Acetate/Toluene Sodi um hydroxi de
(2M 1790nl) was added to a slurry of 5,6-dichloro-2 15

(i sopr opyGeavimetyic vatét, \Apbr $drptidn strtad theeFenl Virdnphbsoesed0/3oh whter

H-benzi m dazol e (358g) in TMBE (1790nl) containing methanol (179nml). The

m xt ure wa§er eqyiliates upBrILuriative biyp idiyad armbienidempoapireRigurdBe | ayers
wer e separated and the aqueous |ayer further extracted with TBVE (716mdl)

The conbi ned organic solutions were washed with 10~/o brine (2 x 1790mil).

The orsgan} i r I r re to about
25 vo ( SSRdlY R uith SRR R, Pen o Bl o 7o e
agai n congmedtctidrest the calpoln@ obformlula (M seydiduarryweslireorad/ WwhichO 50C, and

the resulting solution was clarified, rinsi Q%Y\M th an ethyl acetate (716ntl)
| i ne washCompiésesiraating the coninounad of fermuad AL evith asdubilisingmsalwnpbrsving tpr essur e

to about 25 3.3 vol 180ml) . The sqlution s, heat e 0 60C. Tol uene
(3000nt) SIVEHERARP I OEEE Lorpangad fouRAS A1 e BNl Ry el o

sol ution. gfhayresulting mxture was aged at 60C overni ght before cooling to
0-5C over 1 h then aging at 0.5C for about 2h. The slurry was filtered|
washd® wi th ethyl acetateaoluene 1:4 (2 x 716nml) and dried in 30 vacuo at
40C for 18h to yield 5, 6-dichioro-2-(isopropylam no)-1-(beta-L

ri bof ur anbyinyentiopialsernrpyit! eker plogess demihgl produafionad the eampatindrod dererlz at i ‘on:

as for Ex(l%ngl e %5 hExar%I e 22 29 ﬁri m%.nt al Methods for Form VI

Char act er 1z 80TOR- 3 "BIFF PSR TR RISesesiP cal ori metry and Ther nogravi met ri ¢
Anal yzer 3 ~ ~~P ~G-2 PC f/EP99/02213 Differential scanning calorinetry
(DSC) was perforned on a TA Instrunents DSC 2920 Differential Scanning

Cal or i met®@rfoeujng ppecovidihd thee EBipamtdoffanphler(l) ibaoipties edherin frae bikeDrng wer e
crinmped in standard al um num pans with holes and heated from25 Cto 250 C
at a at e83Hffol: ¢/ mi nute under nitrogen purge. The percentage of total

wei ght |l oss of the drug substance was determ ned on a TA Instrunents Hi -Res
TGA 2950 thernogravinetric analyzer (TGA) with a nitrogen purge. 15 X-Ray

Powder Di §)fiscgtiriOthe Ko pSuh@ ¥t BWRRS (IdiFdoh Bl doRAioR Nt Dplidn I emeahgr M ned on
a Philips X Pert MPD
unbound (damp, non-solvated) solvent leaving the compound of formula (1) in
substantially dry form;
20
c) treating the compound of formula (I) with a solubilising solvent serving to convert
an amount of the optionally dried compound of formula () from step b) into

anhydrous crystalline Form VI; and
25  d)isolating the anhydrous crystalline form VI.

In one embodiment of the present invention, the compound of formula (1) Form VI, is
prepared by recrystallization from ethyl acetate/toluene. According to this process,
compound of formula (l) is treated with a solubilising solvent comprising ethyl acetate

30  and toluene to convert the compound of formula (l) into anhydrous crystalline Form



- 'di-ff.ract omet er equi pped with diffracted beam graphite nonochr cﬂ‘rﬁt@f?uﬁj: g
, copper Ka. X-radiation and an automated divergent slit. The diffractoneter
was run | step scan node at 0.04 per step and a 1 nt per
step. A yebn%Jr;:ﬁgﬁgporti ons! counter with a graphite mnochrgﬁg@Q%/@g§ used
as the detector. Sanples were back i filSled into a 16 nm di ameter hol der
havi ng a thickness of about 2.0 mMm The X-ray Powder Diffraction Patterns
of Forms I, Il, 1V, V, VI, and the ethanolate are provided in Figures 1, 2,
4, 5, 6, \ARAdIhe bRBRIREES MFEtMlind Rérnf Vil ik Rviatd flahahe SERaGON, 8dcH 45 B, t heta 25
angl es, d-spacings, relative intensities, and M|l er indices were obtained:
Tabl e 1: remowdl dbdhelsoluiiising salvérdrifooéxaFplanbyievarfordattdawgitying. The
28() "' AZI h' k31" 8.,5310. 3614, 500410. 478. 4525. 610212. 8306. 9116. 800614. 166. 2516. 4
11213.5169053’233."213%‘1'6‘“?3 é) @3¥PC#‘,2@FZﬁE‘§/\%€9$?SﬂM€Cfiﬁ*‘lloﬁﬁ%/ 02213 . , 30 2
6 ()'A
21 h" k' 1" 14.955. 9260, 411315. 985. 5426. 211417. 235. 14100. 011519. 254. 6119. 320121
. 414. 3520 he 25MpbuBBof foriia{d1 Ay b8 prefdf@BoydarbSmethdd knSwd & thelAe 6ud93. 2430. 9
21830.112.9718.5226 ' Margin of error is approx. t0.05 degrees. Z Margin of
error is papferabty bytleEmethods deseribtd indV0i96H1 1888, intgrpératedreréindyove are used
to define uniquely a set of ,' parallel planes in the crystal. - . 5
Moi sture 'S ‘fﬂqqed?n'tﬁ/ﬁf‘gfeﬁ\‘-e adsor pti on/ desorption studies were conducted on
a VTl vacuum m crobal ance at 25 C after drying the sanple at 60C under
vacuum Misture 10 adsorption was nonitored under vacuumfromO to 95%

rel ative Mhericthksis anthed@FPoRhY @nfdmmmn?éwﬂd/ [EddR T WOFHMANoh of Bfd rel ative
ag

hum dity. The criteria for equilibriuma iven relative humdity was

| ess 1Dharcopeygnofin seiitdr incthamepetion nligtume fromewhich 8 iy separapest ad X- r ay
Diffraction_The crystal structure of i ngl e crystal =of Form VI

5, 6- di chl%ﬁ’ﬁ'—eg???% BWFS%%‘S)CQTPE’%UCEIQ‘?’%%%P@r(gn’ag\ﬁ enOPLORRN,BSi dazol'e was
det er m negd. ysi i nal | X i.f .ol 1 S l. X-ray

ai 1 act 1A Tb U a b e B ek e S B S o et o

equi pped debdddamcedivith HRE prRE MeABNBEARRIY EdhdiEMe OR EqaRtDh dhdjd@ubRbyadenum Ka
X-radiation (lanbda = 0.71071A) at 160K. The unit cell paraneters and space
group werfgochssieg afenmtjusted teeproduceaihorrampovndobifornyit(Bngs ta@BhRroy2, with a =
b =9,1542, ¢c.= 41.687 (a, b, c upjits in angstrons), and al pha = beta
gam‘rﬁsz %Ysﬁéb'?ee@’é. ﬁ%gaﬁm'xeﬁ? PPBHF’a\Hé’f'gF 8"%&" 'Bﬁ%i(gﬁ racf@'%@ﬁof"?ons, a
3 C ~ ~P ; 7 704, = b,
ni ts | n SRGal G O ot AP iR det recol " B P s Ot o
cal cul at asf thy comgexidgf fortuRXf)eah Berbalertéd tayhaiyeroupatysaitime forhng t he
atom c coordinates of the single crystal data and unit cell paranmeters from
5 i ndexi rHfindhesustabier solent andgs@na@priptetaoadifions t heoretical X-ray powder
diffraction pattern was cal cul ated. The X-ray diffraction pattern for a
single crystal of FormVl of 1263W4 is provided in Figure 10. The 15 npst
intenge PRAKSUltsNESSvEmt wiich WP réRebf é‘%@te!?fséﬁxﬁlétd?ﬁ’arh@%d?%dt,“shb@rdrﬁ‘t of 2
theta angles , d-spacing, relative intensity, and"MIler indices. i 0 Table
2: Cal cul safedierRbysbbubilisimgegndide émployedan aRaintcami td3aliend paspiahsoBitmiidatiotr y st al
X-ray Diffraction of Form VI of 1263W4 2 GPgR)SIA )

ZIh k' 1 it Stest tsicmversion 20d gpecinjtedipn fon oo i omms aphydreus gxsfaliasi 411322

343 9839, 022310 43 TR PAZaHchiSe AFR0r2HO4EmBBNY o300 15 965. 5519.2

11430. 11

2. 9717, BRARRDBZIT Lok AT Lo Rt A0R0828n AYAINBATack2A017 . 715. 0015. 510

713. 486. 5615. 5110 ' Margin of error 1s0.05 degrees. 15 2 Margin of error is

0.052& ' The MIller indices, h, k, and | above are used to define uniquely
pl anes in the crystal. The 2 theta val ues derivyed from

t of Il el
2i ﬁ& eocrﬁg’-{‘gl"“ﬁ%@%’ﬁém formulm @) fHapinadine st salaian (ReinogeR b ko &
[ i ff [ | ted - A L t
a0 pronty AR BiEs Y SRRl RRoAE 4557 BB R CRRMER R o7 or
in diffragdmrRinglordbirgingent, and variation in nmethod of peak determination

by

b =

o 1



30+ P L~~~ . _ W 99/51617 PCT/EP99/02213 _ 32 conputer.. The relative
intensity of the peaks in the calculated pattern is affect %dgrto-tp @§+% by
the input single crystal data but also by the peak profile¥( H’ét’peL nd .

br oadeni n§YO 8XHE!T n t he cal cul ati on of the sinul ated powder PEEEPE/G22135 10
Exanpl e 23: Tablet Fornul ati on The fol liew ng fornul ati ons were prepared-as
follows using the conpound of fornmula (I) FormVI. Fornulation A 1263\W4
Tablets (formVl) 15 Direct Conpression PotenclO- 0 ng400 ngCore

| ngredi e 1263\\D4 ctive)100.,0Z400. 0" M crocrystal |{ pe |l ul ose,

NEOs aaoa BT Sepb iviiiar g aouee hegompplt SER TG Ify ot usSR

NF- 0. 4Va ! I ) : ating

I ngr edi e%ﬁgacf)ﬁg'r@%@ﬁie?éﬁvgy E%féfé%ﬂi%&%‘ié@h&é&ﬁf iag %&\g{sg?ﬁ E@Bﬂ ot al
(core) 206.6 amg&Bhalisury afladanmeh Tt clapaindSs espectatiy @seflubfol 5hé tieatheits 75000

' Renoved during processing Z Equivalent to 100 of 1263W04 per tablet 3
Equi val erfif RrePiRxisnifchidingxypessigeel reawrence3d virahdisenaes, suxl as herges—~p ~aoz

WO 99/.516L.7 3 ufact uri edure for Direct Conpression ...

pCr/ EPoo/ s el F il EUASEHGs. e b et Bhiat hudRoattnp

st ear at e, 34 eRGtiBOC Yrustd, Mesh. All ingredients were bl ended, excluding the
magnesi um stearate, until uniform The 5 magnesi um stearate was screened as
above. The magnesi um stearate was added to the other ingredients and

bl ended. The tablets were conpressed using a rotary press. A 10% coating
suspensi di ARALI0P R pa e’ infumarnmadicabiberapyihe Romacerd ofrigpmetadiiore Moat ed t o

a wei ght i i ely .3% A0 i~ | Fornmulatio t .G anul ation
ot ency ebs RpERRGES KRB Yuyindls A0 tatenk Bt BLAPPVRR sl BhcisgR” ' ¢
M crqer ysd@lth ofier Gednhihiese, NF Crospovi done, NF Povi done, USP, K30 o
Magnesi um Stearate, NF Purified Water USP' Total (core) 126304 Tabl ets
(formVl) 10_ 0 ng 400 ny )
102. 02408. 0360. 0240. 020. 080. 015. 060. 07. 530. 00. 62. 4Q5Q5205. 1 ny816. 0 ny
Coat i ng ITh§maeseeihinyertipacisp nmavides aymethoddontherireatpieationariophylei®  Tot al

f(;o(r)e)né5, gggigﬁgugor%@%fzr%c%r%nc .o%lgirgl iﬁ%cﬁ%ﬁ%a‘?{i'ctﬁgrlly ?ﬁ%?p@s Size (cores)
infection, CMV infection, or disease caused by hepatitis B or hepatitis C viruses in an
15 animal, e.g. a mammal such as a human, which comprises administering to the animal

an effective antiviral amount of the compound of formula (I} Form VI.

The present invention also provides the use of the compound of formula (I) Form Vi in

the preparation of a medicament for the treatment or prophylaxis of a viral infection.

20 -
. The compound of formula (1) Form Vi may be administered by any route appropriate
to the condition to be treated, but generally 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

30 however, for each of these utilities and indications, a suitable effective dose will be in
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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
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

25  both, and then, if necessary, shaping the product.

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

30 predetermined amount of the active ingredient; as a powder or granules; as a solution
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sodi um car box met hyl cel lulose (0.25 g) is dispersed,- and this liquid is

added t oTheniablsts waypatienally ba cmeﬁ@r manchgnv maY ba dermudatedhse adiogievide

or aduce ol REPRSThBsbaonihe elbafhch oty n: “are added and the

volune is adjusted to 100 mM by addition of purified water. The suspension
is then honogeni zed by passing through a punp and a colloid mll. The
f or egoi nb)l daditi! testharoeal idbsagetforhs descobed ineeipaesentheianbghbuonydaltinare not to

be const c{é S{: limting thereof. The |nvent|on i s, defined g{ t he follow ng
clallrﬁs 2 'i“ I%dh?\@'eé"cml"\‘/‘&l”é'ﬁf‘é“‘iwoet&ﬁ‘form“ tesl for pdminisiragign O APMES!1. For m

5, 6- dkgrght?jpeﬁy d(d@g,pgdq,ﬁxfsg g,cp ufJ[?s USﬂq fHebcgf'r I’rgﬂ%s%l:hril]gm:é benzi mi dazol e

characte 1 Ze rac ern expressed in terns of
2 theta aaglies mnﬁog@/b%mdtw.n Be ap,ﬂtéusfeacﬁyqﬁs;eeskme@m maeﬂlt tat thea
diffracted beam graphite nonochronmator using copper Ka X-radiation, said
X-ray pomearaapnfofdosagorﬁorpmasgpwtmmftfmam@yczroumwta&nglf@rnavl 8.53 0.05
degr ees.

5, 6- di ch? Bi“}'aﬁ g%bwswdompw&* i 2 pQIVENY -8 fAPRIRLS AL AN ERY i 2 o e
havi zg Sb'lké%ﬁﬁ@ttﬁ@idleﬂtt ?loﬁgﬂﬁ?r L%uidP Ilmefff)rrnﬁ"‘%hﬂﬂnﬁ)@ﬁé ﬁ‘f’éﬂarﬁﬁorﬁ guke 6,

wherein said X-ray er ct|onp tern s obtarned

di ffractofmftesr)lmmul Me@‘tm&sh anhgdiols agtatinedam yreqnmoheerrmtydhrwnmt or using
copper Ka X-radiation. 15 3. Acrystalline formo

5, 6- di chfasithe Qte(pﬁéaélpﬂ@éymlahpmw&ubétanﬂaw mmk@mﬁ@wbyzmgtf@ﬁfmﬁa&ﬁo| e

charactegized h diffraction pattern expressed in terns of
2 theta gq{r&%r oé'ﬁge 'Ht?tséfa%glg &F’F'ﬁt a diffractometer equipped with a

di ffracted beam graphite nonochromat or using copper Ka X-radiation, wherein
said X-ray powder diffraction pattern conprises 2 theta angles at five or
mor e2osPtefons wet éosagel fdrmantidne a20thgsocmteioing sddiggoss olBursBd0lyBBb- 10. 47

f 0. 05, 1351(005 14.95 0.05, 15.98 0.05, 17.23 0.05, 21.41 0.05, 21.83
0.05, 22¢ %ﬁs & treinzbopyregited, or e PROMB IO rag ifeilieeel of a1e a¢t¥eystal i ne form
of 5, 6- d c@gq 2- (i sopropyl am no)-1-(3-L-ribofuranosyl 1 H benzi m dazol e
characterlze Tby an X-ray powder diffraction pattern expressed in 25 terns
of 2 theta angles and relative peak intensities (1) and obtained with a

diffractometer equipped with a diffracted beam graphite nonochromat or using
copper Ké sKeulddieatridarstood that in addition to the ingredients particularly mentioned

30 above, the formulation of this invention may include other agents conventional in the
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0. 0548. 79®9881¢70530. 930. 11 0.05 118.5 5. A conposition cofpFEBIE2Borm Vi
5, 6-di chl oro- 2- (i sopropyl am no) - 1- p- Lri tsof uranosyl -1 H benzi m dazole —
according to any of clains 1-4 and anorphous 5,6 5

di chl oro- 2- (i sopropyl am no) - 1- ~-L-ri bof uranosyl -1 H benzi mi dazole. 6. A

phar maceu galind &gﬂﬂftott{ %eoqpfcjrr?&ﬂ og ir?héfftg%hl fo?%xzfn?ﬂ@tt%se Quitypound as

claimed in any o ot One Phar macauit] cal |y
accept ablfer gl sdfnistheion fedy mcluB@ levormga ents or taste maskm agents,

5, 6-Di chl oro-2- (i sopropyl am no) - 1- (3-L-Tibof uranosyl - enzi m dazol e as
clainmed in any one of clainms 1 - 4 for use in medical therapy. 8. Use of
5, 6-di chl oro- 2- (i sopropyl am no) - 1- ~- L-ri bof uranosyl - 1H 15 benzi m dazol e as
claimed in any one of clains 1 to 4 in the preparation of a nedicanent for

the tgea Tﬂ@%lho%ng wglké”‘?ﬁje%?&fnd@d Yc;rriﬁ’lﬂstnja'%ﬁ(bhiféhd are noPintended Wm0 9 A

proceSs for ron o

5, 6-di chlge @co%-e(dfiﬁ)@rrﬂpyﬁ(ﬂ{nn%ﬂtay(l -Lri bofuranosyl -1 H benzi m dazol e as

clainmed in any one of claims 1 to 4 conprising the addition of Form Vi

5, 6-di chl oro- 2- (i sopropyl am no) - 1- (3-L-ri bofuranosyl-1 H 5 benzi m dazole to

an aqueo suspension of Formil or to an aqueous suspension of the et hanol

sol vate ﬁ—@&dl chl oro-2- (i sopr opyI am no) - 1- (i - L-ri bof ur anosyl -

Ebgné: ?hqi-' P *. & znmtazle oL '2| m dazol e

in appydrous crystalline form VI, said process corrprl sing= the steps of: a)

provi di ng 5, 6-di chl oro-2-(isopr opyI am no)-1-(i-L-ribofuranosyl -

H benzi m'thazodnpodJmﬂ ebfotnmumrﬂ)e[zaﬁ)eng)i vmasfptmedbasé’ homnadﬁlctwutsoMnmtdn) i sol ating

5, 6-di chl or o- 2- %l sopropyl am no) - 1- (3- L-ri bofuranosyl -1 H_benzi m dazol e 15

from t he (FMLancts %érqmtotmawyerﬁ@%m wgmatﬂothsm“@@t vehtThe il wag t he

5, 6-di chl ri-hof ur S i azole in
sg% ?@garg 9%%4 tclhgéttbeh%t 5d°C Tlh% LGt V\AS c%oha QS %\brgng

substanti

5, 6-di Chlt@hﬁer%tdrk%ﬂerfﬁﬁyédamh@%n% febidde hb?@hé&ﬁ:%%%a@ed*t%@%ﬂg{ﬂt%20| e with
a solubilising solvent serving to convert an anount of said optionally

dri eds5, Givecthk @bompduld sOforeyd @Fore)l- 1- (3- L-ri bof uranosyl -1 H- benzi m dazol e
into said 5,6 20 dichloro-2-(isopropylam no)-1-(3-L-ribofuranosyl -

H benzi m dazol e anhydrous crystalline formVl; and d) isolating said

anhyr ousy ey Sl A LRE KL okl oBuRLSSR o kel P SR L v o s

clainmed ifn any one of clainms 1 to 4 conprising crystalllzatlon of

5, 6-di chl oro- 2- (i sopropyl am no) - 1- (3-L-ri bof uranosyl -1 Hbenzi m dazol e from
a solution of ethyl acetate and toluene. 12. A phar maceuti cal conposition
according to claim6 in the formof a powder. 30 a 0 ~ P Z00Z 41 13. A
phar n’fﬁce&ﬂﬂﬁ]—&orrpom tion according to claim6 in the formof a tablet.

14. A pha ' .'J}oe%ﬁqrmof a
capsul e. A—phafracetttcat—CcorposS . cCotrot in the
formof a suspensmn 16 Use as clal med in cIa| m 8, V\,herel n the V|ral
infection is a cytonegalovirus infection. 10 . A .A53. An3r. Al. AH A . AhE

. A. A 5. AHhA compaliid Af faridla (1) (1.5 g) was suspended in water (30 ml) and heated to

65°C with stirring. After approximately 0.5h, stirring became difficult as a gum

25  formed. After further heating, the gum turned solid and was broken up with a
spatula. The mixture was heated at 65-70°C for 9h. The mixture was cooled to 20°C
and the solid collected by filtration and dried in vacuo at 40°C for 24h to give the

compound of formula (I) Form 1.
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- stirring. The oil bath temperature was reduced to 80°C (internal temperature 73°C)
10 and heating continued for 3h again with rapid stirring. The mixture was heated to
reflux again for 16 h and then allowed to cool to room temperature. The loose solid
was collected by filtration washing with toluene (2 x 5 ml) and dried in vacuo at 20°C
and at 40°C in vacuo to yield a white solid. The residual solid was removed from the
flask, collected by filtration, and dried in vacuo at 20°C. The filtrate was concentrated

15 under reduced pressure to yield a solid.

The X-ray powder diffraction pattern of the product of Example 5 is shown in Figure
1.

20 Example 6

Preparation of 5,6,-Dichloro-2-(isopropylamino)-1-p-L-ribofuranosyl-1H-

benzimidazole Form | from Form il

The compound of formula (1) Form 1l (5 g) was stirred with water (1.5 ml) in an oil
25  bath at 80°C. When the temperature of the oil bath reached about 60°C, the mixture
became difficult to stir. Heating continued for 8 h with occasional stirring and then

cooled to room temperature. The material was dried in vacuo at 40°C for 4 h.

The X-ray powder diffraction pattern of the product of Example 6 is shown in Figure

30 1.
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5  The compound of formula (I) (100 g) was added to stirred toluene/methanol (4:1, 440

ml) and heated to 65°C to give a clear solution. The solution was clarified through a
filter with a line wash (toluene/methanol [4:1, 110 ml, warm]). The solution was
heated back to 65°C and toluene (4.5 vol) was added slowly, maintaining internal
temperature above 65°C. When the addition was complete, the solution was cooled to
10 40°Cover 1h and aged at 40°C. After 0.5h, the mixture was seedeq with the -
compound of formula (I) Form |l and then aged for a further 4.5h. The suspension
was cooled to 20°C over 1h and aged at 20°C for 12h and then cooled to 5°C over th
and aged for 3h. The solid was collected by filtration, washing with toluene (2 x 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
20  5,6,-Dichloro~2-(isopropylamino)-1-B-L-ribofuranosyl-1H-benzimidazole Form i -

The compound of formula (I} (1.0 wt) was dissolved in ethyl acetate (6.0 vol) and
subjected to a finishing filtration. The filtrates were concentrated to approximately 3
volumes. Assuming complete solvent exchange, the solution was reconstituted to 3.5
25  volumes with methanol. Water (0.5 vol) was added and the solution was cooled to O -
5 °C. The crystallization was seeded with a small amount of the pure compound of
formula {I) and the solution was stored at 0 - 5°C for 2h. 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,

30 and crystallization in a similar manner as above.
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5 Example 9
5,6 -Dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-benzimidazole Form i

The compound of formula (I) (10g) 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

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

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-f-L-ribofuranosyl-1H-

benzimidazole forms

L The compound of formula {I) may be dissolved in 2N hydrochloric acid (60 ml) and
stirred for 0.5 h and filtered. The filtrate was heated to 60°C and 2N sodium
hydroxide (55 mi) was added slowly, maintaining the internal temperature between
60-70°C during the addition. The mixture was stirred at 65-70°C for 2h and then
cooled to 20°C over 2h. The solid was collected by filtration, washing with water (2 x

25 30 ml) and dried in vacuo at 40°C for 16h to yield the compound of formula (1) (8.8g,
88%%).
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5,6,-Dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-benzimidazole ethanalate

The compound of formula {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 ethanolftoluene

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

10 Recrystallization of the compound of formula (i) from ethanol/water gave an ethanol

solvate containing 0.5 moles of ethanol per mole of the compound of formula (1.

The X-ray powder diffraction pattern of the product of Example 11 is shown in Figure
3. '
15

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

The compound of formula (I} (20g) was added to stirred toluene/ethanol (7:1, 200 ml)

N

20  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 2h. The solid was collected by filtration, and washed with toluene {2

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

25  Recrystallization of the compound of formula (I} from ethaﬁo!/toluene gave an

ethanol solvate containing 0.5 moles of ethanol per mole of the compound of formula

(0.

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

30 3.
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5,6,-Dichloro-2- (lsopropylammo) 1-B-L-ribofuranosyl-1H-benzimidazole Form [V

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

TN

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

Example 14

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

15
The compound of formula (1) (2.0g) 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

[0  airdry overnight affording the compound of formula (I} Form V.

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

5.

25 Example 15
5.6,-Dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl- 1H-benzimidazole Form Vi

The compound of formuia (1) ethanolate (200 mg) was weighed into small vials.
Hydrostats with NaCl saturated solutions and excess NaCl solid were inserted inside

30 the vials. The vials were then sealed very well and stored at 80°C. The samples were
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subsequently cooled to room temperature. The powder was collected from DSC pans

and analyzed by X-ray diffraction.

5  Characterization: The X-ray powder diffraction pattern of the product of Example 15
(Form V1) is shown in Figure 6. DSC thermogram for Form V1 is illustrated in Figure 9.
The TGA thermogram for Form VI is illustrated in Figure 7. The moisture sorption

isotherm for form Vi is shown in Figure 8.

10  Example 16

Conversion of 5,6-Dichloro—Z—(isopropylamino)—1-(beta—L—ribofura;\osyl)-1 H-
benzimidazole Form |l to Form V|

About 200 mg of Form Il seeded with 5 mg of Form VI were suspended in 1 mL of
15  distilled water and stirred in a water bath at 45 °C. After 28 hours stirring, the solid
was examined with X-ray diffraction. The results from X-ray diffraction suggested

that Form I had been converted to form VI completely.

Characterization: as for Example 15.
20

Example 17

Conversion of 5,6-Dichloro-2-(isopropylamino)-1-(beta-L-ribofuranosyl)-1H-
benzimidazole ethanol solvate to Form Vi

25  About 200 mg of ethanolate seeded with 5 mg of Form VI were suspended in 1 mL of
distilled water and stirred in a water bath at 45 °C. After 28 hours stirring, the solid
was examined with X-ray diffraction. The results from X-ray diffraction suggested
that the compound of formula (I) ethanol solvate ha‘d been converted to Form VI
completely.

30

Characterization: as for Example 15.
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Ten grams of ethanolate seeded with 100 mg of form VI made from the above
conversion study were suspended in 50 mL of distilled water at 45 °C. After 5 hours,
all ethanolate converted to form VI, as determined by X-ray diffraction examination.
The solid was collected by filtration, washing with water (3x5 mL) and dried in a

10  vacuum oven at 100°C for 3 hours.

Characterization: as for Example 15, -

Example 19

15  Conversion of 5,6-dichloro-2-(isopropylamino)-1-{beta-L-ribofuranosyl)-1H-
benzimidazole ethanol solvate to Form VI

The stability samples of ethanolate stored at 80°C/50% relative humidity (RH),
20  60°C/75% RH, 60°C/50% RH, and 40°C/75% RH under sealed conditions for 2 months

also partially or completely converted to Form VI

Characterization: as for Example 15.

25
Example 20
Preparation of 5,6-dichloro-2-(isopropylamino)-1-(beta-L-ribofuranosyl)-1H-
benzimidazole Form VI by seeding

30

A solution of 5,6-dichloro-2-(isopropylamino)-1-(beta-L-ribofuranasyl}-1H-
benzimidazole (10 g) in ethyl acetate (25 mi) and toluene (30 ml) was seeded with
5,6-dichloro-2-{isopropytamino}-1-(beta-L-ribofuranosyl)- 1H-benzimidazole Form VI

(100 mg). The mixture was heated to 50°C for 3h forming a suspension. Further



y1l0% + & ()-' yP yl0% + & ()- @aoaaae E+P y10% + & () -P y10% +é% (O@?DZ )
y1l0% + & () - Py100/+‘&'() y-P yl0% + & ()-P y1l0% + & () - L,E’
y10(V+‘&'( 10% + & ()-' yP yl0% + & ()-P yl0% + & ()-P y1l0% + & () - .
COCROR00E: |99 Y49 + & ()-' yP y10% + & ()-P y10% + & ()- P \PKOYBPSYE22() -' yP
y100/‘+ & () - codgohAeE+P y10%+‘&'()-Py %+ & ()-P ylo% + &.()-P -
yl0% + & ()-' y-P yl0% + & ()-P y10% + & () - AAA- AAABAC+P y10% + & ( 5
"10% & () - , 2F 1094 &' () - 0 10% & ()- Lfl0% & ()-P yl0% + & ()-
yBq BBBBBB@MH@MmIWQ@%CG%e&d ﬁlmutes”%@%‘%e(\%ion whk 203feditd 25°¢Qha 10( 10(
910% & ()- |710% & ()- BBBBBBBBI | ) AYB & ()- 1098 AuB & () -
aged at 25°C for 2h. The solid was collected by filtration, washing with ethyl

acetate/toluene (1:4, 20 ml). The solid was dried in vacuo at 40°C to yield 5,6-

dichloro-2-(isopropylamino}-1-(beta-L-ribofuranosyl)- 1H-benzimidazole Form Vi
Characterization: as for Example 15.

Example 21

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

Sodium hydroxide (2M, 1790ml} was added to a slurry of 5,6-dichloro-2-

15  (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-
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

20  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-
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 (1180mld).

25
The solution was heated to 60°C. Toluene {3000ml) was heated to 60°C and added
over 1h to the ethyl acetate s;)lution. The resulting mixture was aged at 60°C
overnight before cooling to 0-5°C over th then aging at 0.5°C for about 2h. The
slurry was filtered, washed with ethy! acetate:toluene 1:4 (2 x 716ml) and dried in

30  vacuo at 40°C for 18h to yield 5,6-dichloro-2-{isopropylamino)-1-{beta-L-

ribofuranosyl)-1H-benzimidazole Form VL.
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Characterization: as for Example 15.

Example 22

Experimental Methods for Form VI Characterization

Differential Scanning Calorimetry and Thermogravimetric Analyzer

Differential scanning calorimetry (DSC) was performed on a TA Instruments DSC 2920
Differential Scanning Calorimetor equipped with a DSC auto sampler. Samples of 1 to

10 3 mg were crimped in standard aluminum pans with holes and heated from 25 °C to

{ 250 °C at a rate of 10 °C/minute under nitrogen purge. The percentage of total
weight loss of the drug substance was determined on a TA Instruments Hi-Res TGA

2950 thermogravimetric analyzer (TGA) with a nitrogen purge.

15
X-Ray Powder Diffraction

The X-ray powder diffraction patterns were determined on a Philips X'Pert MPD
diffractometer equipped with diffracted beam graphite monochromator using copper
Ka X-radiation and an automated divergent slit. The diffractometer was run in the
20  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. Samples were back
filled into a 16 mm diameter holder having a thickness of about 2.0 mm. The X-ray
Powder Diffraction Patterns of Forms |, il, IV, V, V|, and the ethanolate are provided in
Figures 1, 2, 4, 5, 6, and 3, respectively. The following data, measured in 2 theta

25  angles, d-spacings, relative intensities, and Miller indices were obtained:

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

20(9)° A? [ h? k3 |3
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
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15

20

' Margin of error is approx. £0.05 degrees.

2 Margin of error is approx. £0.05 A.

* The Miller indices, h, k, and | above are used to deflne uniquely a set of
parallel planes in the crystal.

Maisture Sorption

Moisture adsorption/desorption

studies

were conducted on a VIl vacuum

microbalance at 25 °C after drying the sample at 60°C under vacuum. Moisture

adsorption was monitored under vacuum from O to 95% relative humidity and

desorption was monitored from 95% down to 5% relative humidity. The criteria for

equilibrium at a given relative humidity was less than 3 pg of weight change in 18

minutes.

Single Crystal X-ray Diffraction

The crystal structure of a single crystal of Form VI 5,6-dichloro-2-{isopropylamino)-1-

(B-L-ribofuranosyl)- 1H-benzimidazole was determined using single crystal X-ray

diffraction. Single crystal X-ray diffraction data was determined on a Bruker AXS

SMART diffractometer equipped with a diffracted beam graphite monochromator

using molybdenum Ko X-radiation {lambda = 0.71071A) at 160K. The unit cell

parameters and space group were determined to be tetragonal crystal system,

P4(3)2(1)2, with a = b = 9.1542, ¢ = 41.687 (a, b, c units in angstroms), and alpha =

beta = gamma = 90 degrees.

The unit cell parameters at ambient conditions,a=b =

i
\

1098

& ()- 1098 9B & ()- 1098 98 & ()- 1098 98 & ( CeE+.
10% "B & () - 10% "B & () - 10% "B & ()- 1098 A%CEC?G‘@W
"B & ()- 1098 o8 & () - SCTCZC CdCeCkCpChL, 1098 "8 & ()- 1098 9B
& ()-' WO 99/51617 0 PCT/EP99/02213 ._

206(°)" A? | h? k? |3

14.95 592 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

21.41 415 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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9.2794, ¢ = 41.593 (a, b, ¢ units in angstroms), and alpha = beta = gamma = 90.000

degrees, were calculated by indexing the experimental X-ray powder pattern.

Using the atomic coordinates of the single crystal data and unit cell parameters from
5 .indexing the experimental powder pattern, a theoretical X-ray powder diffraction
pattern was calculated. The X-ray diffraction pattern for a single crystal of Form VI of
1263W94 is provided in Figure 10. The 15 most intense peaks from 2 to 35 two theta

are presented below in terms of 2 theta angles , d-spacing, relative intensity, and

Miller indices.
0
Table 2: Calculated Powder X~ray Diffraction Pattern Based
Upon Single Crystal X-ray Diffraction of Form VI of 1263W94

269" A? | h? k? K
17.21 5.15 100.0 1 1 5
21.82 4.07 57.4 2 1 2
23.06 3.85 53.2 2 1 4
14.93 5.93 51.4 1 1 3
22.34 3.98 39.9 2 1 3
10.43 8.47 29.2 1 0 2
12.78 6.92 22.2 1 0 4
8.50 10.40 21.3 0 0 4
15,96 5.55 19.2 1 1 4
30.11, 2.97 17.8 2 2 6
( 32.61 2.74 17.7 3 0 7
19.23 4.61 17.6 2 0 1
21.39 415 17.1 2 1 0
17.71 5.00 15.5 1 0 7
13.48 6.56 15.5 1 1 0

' Margin of error is £0.05 degrees.

15 2 Margin of error is £0.05 A.

> The Miller indices, h, k, and | above are used to define uniquely a set of
parallel planes in the crystal.
The 2 theta values derived from single crystal data shown in the graph differ from the
20  observed experimental powder diffraction values reported above primarily due to
sample preparation errors, such as sample displacement error, minor errors in

diffractometer alignment, and variation in method of peak determination by
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computer.. The relative intensity of the peaks in the calculated pattern is affected not

only by the input single crystal data but also by the peak profile (shape and

broadening) used in the calculation of the simulated powder pattern.

Example 23: Tablet Formulation

The following formulations were prepared as follows using the compound of formula

() Form VL.

Formulation A

Direct Compression

Potency

Core Ingredients
1263W94 (active)
Microcrystalline Cellulose, NF
Crospovidone, NF
Colloidal Silicon Dioxide, NF
Magnesium Stearate, NF

Total {core)

Coating Ingredients
Opadry White YS-1-18034
Purified Water USP’

Total {core)

Theoretical Batch Size (cores)

'Removed during processing

1263W94 Tablets (form VI)

200.0 mg

6.0
Qs
206.0 mg

15.0
75000

?Equivalent to 100 mg of 1263W94 per tablet
* Equivalent to 400 mg of 1263W94 per tablet

24.0
Qs
824.4 mg

33.0
41254
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All ingredients were screened, except the magnesium stearate, using 20 or 30 mesh.
All ingredients were blended, excluding the magnesium stearate, until uniform. The
5  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

coated to a weight gain of approximately 3%.

10

N

1098 9B & ()-'
1098 9B & () -

1098 "% & ()- CCCOCCCeE+
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1098 "98 & ()-' EFFFFFFFQ/i#

()-"
,110% & () -

Manufacturing Procedure for Direct Compression

- Formulation B

1263W94 Tablets (form Vi)

Wet Granulation
Potency

Core Ingredients

1263W94 (active)

Lactose, anhydrous, NF
Microcrystalline Celluiose, NF
Crospovidone, NF

Povidone, USP, K30
Magnesium Stearate, NF
Purified Water USP'

Total (core)

Coating Ingredients

Opadry White YS-1-18034
Purified Water USP'

Total (core)

Theoretical Batch Size (cores)

15

kg
tablets

'Removed during processing

? Equivalent to 100 mg of 1263W94 per tablet
?Equivalent to 400 mg of 1263W94 per tablet

20

205.1 mg

6.0
Qs
2111 mg

0.718
3500

240
Qs
840.0 mg

10980872 <051 -
1098 98 & ()-
-510% & () -pClEAMER: () - F

1098
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15  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
by mixing Opadry with water. Tablets were coated to a weight gain of approximately

20 30.
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810%x$x& () -3 0S3MbtALPIx$x& ()-3 810%$3&n{gfmd / K1] 5810%$x& ()-3

8109 $x& () -3 810%Kgredichts 3 CBMY/ 8109 $x&pe) 180mIK1] 58109 $x& () - 3
810%$x& ()-3 8100/§ i@b%)_?’ 810%$x& ()-3 L N4/ K1] 5810%$x& () -3

810%$x& ()-3 8109K%: -3 810%$x& ()-3 810%k$x& ()-3 dDVE/ K1]

58109 $x& ()-3 8163KieACd AnYHeBY K $x & ()-3 B8DKSX& ()-3 810%$X& ()- 3
810%$x& ()-3 t TAMWHABLDEEALId JN3 8109 $x&' €98l 8109 $x& ()-3 810%$x& ()-3

8109 $x&' () -3 / KlPr&s/aniaIgddYsBx&' () -3 20.0 ml
Purified Water USP 20.0 ml
Hydrochloric Acid TN Qs
Sorbitol Solution (60% w/v) 50.0 ml
Purified Water USP Qs
Total Volume 100.0 m| ”

Manufacturing Procedure for Oral Solution

Propylene glycol, water and hydrochloric acid (6.9 ml) were combined and mixed to

uniformity. Citric acid was added and the mixture was stirred until the citric acid

dissolved. The active was added and dissolved by mixing. If necessary, pH can be

10

adjusted to between 2.0 and 2.5 by adding 1N hydrochloric acid solution or 1N sodium

hydroxide solution. Thereafter the sorbitol solution was added and mixed to

uniformity. The final volume was adjusted to 100 m! by addition of purified water.

15  Example 26: Oral Suspension Formulation

The following formulation may be prepared as follows using the compound of formula

() Form VL.

20

1263W94 Oral Suspension (Form Vi)

Potency 30 mg/ml
Ingredients per 100mi
1263W94 (active) 30¢g
Sucrose 500 g
Propylene Glycol 50¢g
Sodium Chloride 05¢g
Citric Acid QS
Sodium Citrate Qs
Microcrystalline Cellulose and 25¢g
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Purified Water USP
Total Volume ' 100.0 mi
Manufacturing Procedure for Oral Solution

Sucrose is dissolved in purified water to approximately 70% of total batch volume.
5  While mixing continuously, sodium chloride, citric acid, sodium citrate, and sodium

benzoate are added and dissovled. If necessary, the pH is adjusted to between 5.0 and
6.0, by adding sufficient citric acid or sodium citrate as necessary. Microcrystalline
cellulose and sodium carboxymethylcellulose (Avicel RC 591) are added while mixing
and mixing is continued until a uniform, smooth dispersion is formed. Polysorbate 80

10  is added while mixing. In a separate vessel, methylparaben is dissolved in propylene
glycol and sodium carboxy methyl cellulose (0.25 g) is dispersed, and this liquid is
added to the bulk dispersion while mixing. The active ingredient is gradually dispersed
in the bulk liquid while mixing continuously, to produce a uniform dispersion.
Flavorant and Colorant are added and the volume is adjusted to 100 ml by addition of

15  purified water. The suspension is then homogenized by passing through a pump and a

colloid mill.

The foregoing Examples are illustrative of the present invention and are not to be
construed as limiting thereof. The invention is defined by the following claims

20 including equivalents thereof.
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19.25 £0.05 19.3
21.41 +0.05 26.5
21.83 £0.05 60.4
22.35 +0.05 38.3
23.07 +0.05 48.7
27.49 £0.05 30.9
30.11 £0.05 18.5
5. A composition comprising Form VI 5,6-dichloro-2-(isopropylamino)-1-p-L-

ribofuranosyl-1H-benzimidazole according to any of claims 1-4 and amorphous 5,6~

5 dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-benzimidazole.

6. A pharmaceutical composition comprising a crystalline form of a compound as

claimed in any one of claims 1 to 4 and at least one pharmaceutically acceptable carrier

therefor.
* 10
7. 5,6-Dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-benzimidazole as
claimed in any one of claims 1 - 4 for use in medical therapy.
8. Use of 5,6-dichioro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-
15 benzimidazole as claimed in any one of claims 1 to 4 in the preparation of a medicament

for the treatment or prophylaxis of a viral infection.
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5 benzimidazole to an aqueous suspension of Form Il or to an aqueous suspension of the

ethanol solvate of 5,6-dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-

benzimidazole.

10. A process for the production of 5,6-dichloro-2-(isopropylamino)-1-B-L-
10 ribofuranosyl-1H-benzimidazole in anhydrous crystalline form VI, said process comprising-z
the steps of:
a) providing 5,6-dichloro-2-(isopropylamino)-1-p-L-ribofuranosyl-1H-benzimidazole
in solution either in free base or salt form;
b) isolating 5,6-dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-benzimidazole
15 from the solution and optionally removing unbound solvent leaving the 5,6-dichloro-2-
(isopropylamino)-1-B-L-ribofuranosyl-1H-benzimidazole in substantially dry form;
¢) treating 5,6-dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-benzimidazole
with a solubilising solvent serving to convert an amount of said optionally dried 5,6-
dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-benzimidazole into said 5,6-
20 dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-benzimidazole anhydrous
crystalline form Vi; and

d) isolating said anhydrous crystalline form VI.

1. A process for the production of 5,6-dichloro-2-(isopropylamino)-1-p-L-
25 ribofuranosyl-1H-benzimidazole as claimed in any one of claims 1 to 4 comprising
crystallization of 5,6-dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-

benzimidazole from a solution of ethyl acetate and toluene.,

12. A pharmaceutical composition according to claim 6 in the form of a powder.
30
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14. A pharmaceutical composition according to claim 6 in the form of a capsule.
S 15. A pharmaceutical composition according to claim 6 in the form of a
suspension.
16. Use as claimed in claim 8, wherein the viral infection is a cytomegalovirus
infection.
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