WO 02/ 079299 PCT/ AU02/ 00407 AGENT FOR THE PREVENTI ON AND TREATMENT OF
SEXUALLY TRANSM TTED DI SEASES - | 5 FIELD OF THE | NVENTI ON Thi s invention
rel at es twotlhe7eeeventi on and treatnent of sexual |y transmrcriAad2di®eases,
and in particular it relates to the use of a dendrinmer having napht hyl

di sul phonate term nal groups as a topically applied agent in prophylaxis
or therapeutic treatnent of these 10 di seases. BACKGROUND OF THE | NVENTI ON
The gl obal incidence, norbidity, and nortality of sexually transmtted

di seases (STDs) AGENEFORYHE FRENBANTHON AXNDIREATMERTOFISHODARLY

pat hogens is estinmated at severplANsSMITPPBTRSENIES Ons i ndi vi dual s
wor | dwi de. One approach for the control the transm ssion of STDs is the use

of topically applied, fermal e/ mal e-controlled vaginal, or rectal

m crobi cid i I e rel evant pathogens. Consequently, the
devel opénﬁ%ﬁ@@,f}gwﬁm?gl m crobi ci des for intravaginal or
intrarectal use for the prevention and treatnent of STDs is an inportant

target for novel drug devel opnent. 20 International Patent Application Nos.
PCT/ AU95/ 00850 iInvwesiasrBussds theprgvenbon/apdiiroatoprbst sewmlborasmityd disegees, and

contents of. whi g re i I d reln: 1 G
ST or DL rURREE U LSS Bl WIELE 830y SEghIaR Rnaf
macr onol ecugrespsiad . wpitafly nippieé mgehto e padphplakisact Ghergpentic Ciddatmerit Cofs thebace
groups, @h“ﬁh 25 have been shown to exhibit a range of antiviral and
antini ctBbi4feas%Stivity with mininmal toxicity. Unlike small nol ecul ar
structures of nost antivirals, these dendrinmers are a class of polyvalent,
hi ghl'y branched macronol ecul ar conpounds forned by iterative reaction
sequences SBACKIGROTNONOBEAHMINVENTEONe nol ecul e with successive |ayers or

PLeeS 0o g AN LU CRREYS SAPTTAL ol P B s 7P
char act eri s@dsdayby MV HS$OWRD ofeAtHBESad Inicdbial phihbl@isOl &ahRteahAtCRvERY
have one or nore reactive sites and be point-like or of significant size
so as t & eflfdredimidlignsiadividypls wepdvotle.tPre anprateh der theicontrolaie trenghispemat hed
repeating STDs is the use of topically applied, female/male-controlled vaginal, or rectal microbicides
that inactivate the relevant pathogens. Consequently, the development of new, safe, topical
microbicides for intravaginal or intrarectal use for the prevention and treatment of STDs is
an important target for novel drug development.
20
International Patent Application Nos. PCT/AU95/00350 (WO 95/34595) and
PCT/AU99/00763 (WO 00/15240), the contents of which are incorporated herein by
reference, disclose a new class of polyvalent agents — the dendrimers, highly branched
macromolecules with a definite envelope of polyanionic or cationic surface groups, which
25 have been shown to exhibit a range of antiviral and antimicrobial activity with minimal
toxicity. Unlike small molecular structures of most antivirals, these dendrimers are a class
of polyvalent, highly branched macromolecular compounds formed by iterative reaction
sequences starting from an initial core molecule with successive layers or stages being
added in successive "generations" to build up a three-dimensional, highly ordered
30 polymeric compound. Dendrimers are characterised by the following features: i. an
initiator core which may have one or more reactive sites and be point-like or of significant
size so as to effect the final topology of the dendrimer; ii. layers of branched repeating

units attached to the initiator core; iii. functional terminal groups (such as anionic- or



units attached to the initiator core; W functional termnal groups (such
as anionic- or WO 02/079299 PCT/ AU02/ 00407 - 2 cationic-containing

noi et i es)waticardrzed to the surface of the dendrinmer, optiomariavotheough

| i nki ng groups. These macronol ecul ar conpounds are synthesised from
mononeri c building blocks with 5 nultiple branches or tree-like
structures, and the outside surface of- ke nol ecule carries a nunber of
functional groups that lead to recognition by a biological receptor. The
prepar at i ogaéniceattainiiy moletiesyedtiachkedasnhe andadesofdRs aeidigthr oyptivaylipthrexgipl e
in US Patents Nos. 4,289,872 and 4, 410, 688 (describing dendriners based on
| ayers of IWKINgEroums. units), as well as US Patents Nos. 4,507, 466,

4,558, 120, 4,568,737 and 4,587,329 (describing dendrinmers based on ot her
units including pol yam doam ne or PAMAM dendrimers). In antiviral and

anti m cr obiTalesd matdionghlecals wospbumls dré epahebised rfrone maiomigtit budding dvecks Maith

unexpect edl y shown exceptional activity ai nst. a broad spectrum of
mi cr oor éaniréﬁﬁple&éélwéﬁ%%aevﬁwt%%%» R}g The pasiE pucsof D melockle Fermignce

them agent %uﬁfbexc&oﬁlﬁ@ti&ﬁa 5{0225 thdEME] RPEESnitRin B, ¥B9L {%egt&ct al

m crobi cide tor the prop Is and treatnent of se ug} y transmitted
di seases. 20 SUMMARY OF THE | NVENTI ON According to the present invention,

there is provided a.co und of .the formula L. LI, .or  I11l: 02/.079
T/ A0/ DORE PR GE et RAREEISCs PREETON: AR 95 RdebY way of Skaniple fn Y
Patents Nos. 4,289,872 and 4,410,688 (describing dendrimers based on layers of lysine
10  units), as well as US Patents Nos. -4,507,466, 4,558,120, 4,568,737 and 4,587,329
(describing dendrimers based on other units including polyamidoamine or PAMAM

dendrimers).

In antiviral and antimicrobial testing, a subset of these dendrimer structures have
15 unexpectedly shown exceptional activity against a broad spectrum of microorganisms
associated with sexually transmitted diseases, that makes them agents of choice for the
development of a vaginal or rectal microbiéide for the prophylaxis and treatment of

sexually transmitted diseases.
20 SUMMARY OF THE INVENTION

According to the present invention, there is provided a compound of the formula I, II, or

III:
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O OONNONNNHR O NON--NHRONO~NHR ONNNHR O ONN RHN
RHNX L NHR 2 111 wherein Rrepresents a group of the formula I'V. WD

02/ 079299WBG@THA0RPY/ 00407 -6 0o 0O | O O IV or a pharnaceatriaaakiogo?
acceptabl e salt thereof. 5 Suitable pharmaceutically acceptabl e base
addition salts include, but are not linsted to, netallic salts such as the
alum nium calcium Ilithium nmagnesium potassium sodiumand zinc salts,
as well as organic salts nade from organi c am nes such as N, N -di benzyl -

et hyl enedi am ne, chl oroprocai ne, diethanol am ne, ethyl enedi am ne,

di cycl ohexyl am ne,—38—negl um ne (N net hyl gl ucam ne) and procai ne;
quat ernary ami nes|slMNas chol i ne, NyRI
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wherein R represents a group of the formula IV:



sul phoni um and phosphonium salts. Particularly preferred conpounds of the
present invention are the conpounds referred to herein as SPL-7013,

SPL- 7304 wnd28PR29%320 the structures of which consist of pomAvesHn®7 15
dendri nmer, polyam doam ne (PAMAM dendriner, and pol ypropyl eni m ne
dendrimer scaffolds respectively with tge active surface groups consisting
of 32 napht hyl disul phonic acid groups as sodiumsalts. Each of the

napht hyl - di sul phonate functional surface groups is attached to the
branched dendrinmer scaffold with an am do-net hyl eneoxy |inkage to the 32
term nal groups. 20 The present invention also provides a topical

phar maceuti cal conposition for prophylactic or therapeutic treatnent of
sexual ly transmtted di seasesdn a hunanQQanent, whi ch conprises a
conpound of the formula I,&j , o] .bomé or a pharmaceutically
acceptabl e salt thereof, i@ JassocC wd h at | east one pharmaceutically
acceptabl e, topical carrier @ 25 WD 02/ 079299 PCT/ AU02/ 00407 -7

| n anot her aspect, the present™~Nu#Uemt#oOn al so provides a nethod for the
prophylactic or therapeutic treatnepg of sexually transmitted di seases in
a human patient, which conprises tgpical admnistration to the patient of
an effective anount of a conpound pf the formula I, Il, or IIl above or a
pharmaceutically acceptable salt ereof. 5 In yet another aspect, the

i nvention provides use of a COWpoJ\. of the formula I, 11, or 11l above or
a pharmaceutically acceptable salt thereof in the manufacture of a

nmedi canent for topical admnistration in the prophylactic or therape&%ﬁc
treatment of sexually transmitted diseases in a human patient. 10 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Conpounds of the formula I, Il, and Il1l, and

thei r phajnBsaphiceatidaily a66pRidDIH thakds are novel conpounds whi ch have
unexpesct edly shown exceptional activity against a broad spectrum of

Suitable pharmaceutically acceptable base addition salts include, but are not limited to,
metallic salts such as the aluminium, calcium, lithium, magnesium, potassium, sodium and
zinc salts, as well as organic salts made from organic amines such as N,N'-dibenzyl-
ethylenediamine, chloroprocaine, diethanolamine, ethylenediamine, dicyclohexylamine,
10 meglumine (N-methylglucamine) and procaine, quaternary amines such as choline, and

sulphonium and phosphonium salts.

Particularly preferred compounds of the present invention are the compounds referred to
herein as SPL-7013, SPL-7304 and SPL-7320 the structures of which consist of polylysine
15 dendrimer, polyamidoamine (PAMAM) dendrimer, and polypropylenimine dendrimer
scaffolds respectively with the active surface groups consisting of 32 naphthyl disulphonic
acid groups as sodium salts. Each of the naphthyl-disulphonate functional surface groups is
attached to the branched dendrimer scaffold with an amido-methyleneoxy linkage to the 32
terminal groups.
20
The present invention also provides a topical pharmaceutical composition for prophylactic or
therapeutic treatment of sexually transmitted diseases in a human patient, which comprises a
compound of the formula I, II, or IIT above or a pharmaceutically acceptable salt thereof, in
association with at least one pharmaceutically acceptable, topical carrier or diluent.

25



15 pat hogens associated with sexually transmtted di seases. As described
above, the conpounds SPL-7013, SPL-7304, and SPL-7320 are preferred
conpoundswofo2eIpr esent i nvention, and have been found t @CEtiobe407
significant antiviral activity, particularly against viral and m crobial
vectors of the nost common sexually 207transmtted di seases. SPL-7013
exhi bits a broad-spectrumantiviral activity with high efficacy and m ni nal

cel I or g Bkt gﬁeﬁl e 39%16915 64D raﬁoe%m%ﬁi\é@r aLneanlc_l“ ﬁﬁ tﬁpﬁa@lﬁ&%%}l

vagi nal |y or rect ransmtt di sease
been det etherarpedtuagaaﬂnﬁnt 0of lse)tually hﬁnmﬁtedldlmseg 1 HSMurém ﬁaudnqt\vmchn compyisés 0

ost s, agiG SPpEEton o e pauPebyL 3) S AN HAfSHERPE PERE Y Lel
(H V-1, aHldIIﬁh%v%)orr a eﬂhﬁnﬁ'ﬁé@u@daﬁg a&%ﬁ&b%mh&gope active against the

causati ve agent of genital wart Papi I'l omavi rus (HPV), and agai nst
the baéterial vector of non-specific urethritis, Chlaynydia trachomatis.
In cell S SPL?OlShsasosovvnactlwty nst .viral strains

Hor pes. 300y VLRI GSPEtARE 150uT PRNIS) T8 84 ispREs o e Booiiset phasdh
antiviral ;egends S{)/lllaﬂnﬁgéﬂtfchl%n acc m%%@ﬂ tBEoSLthé 3RuBlare BE §n & danydnt Yor
agai nst HSV-1, H 2, H V-1, H V-2 Furt hernmore SPL-7013, SPL-7304,

and SPL- 78pdcal edmnistyatiqnninCie- Iﬂeﬁéﬂﬁmt orathgrapputic ingetesehdé sexueafly transmitted
transm ssi %easessaé/ﬁl gndatle% effective at preventing H V-1 attachnment and
f usi on. nﬁlou §aanRE een shown not to inhibit the growt h of various
speci g9 of WD 02/079299 PCT/ AU02/ 00407 -8 beneficial Lactobacillus. In
addition SPL-7013, SPL-7304, and SPL-7320 have been shown to be effective
in the pr XFHILED BESCRIBEIIN REFHE IRENE I her al bl ood nonocul ar cel | s
(PBMCs) with either HHV-1 RoJo or SIV 89.6pd. 5 Accordingly, these
conpounds are useful in prophylaxis and therapeutic treatnent of sexually
transm t t €dnghosedsseSthasortrad I &ll, amd i cﬂmﬂctthphgemtmticmlﬂyem:eptalblersa]m)gﬂeim)aeﬁ on
to the vagi nal or nmucosa rotect agajnst .sexual | nsmtted
ho i) brﬁ RS

I.
i nfection Omli@mﬁﬁé’”b&bé%vﬁt“nieﬁ?ﬁéﬁfl YoTfoRPs B CpPiRrtALIVAY ARt FRRECUT: P al

conpogist | B&‘thB ns%é?;l%mé@&ith SexQhlly FRRLARENHisCstd €at ment of sexual |y
transmtted disease in a human patient, which conprises a conpound of

formula I, Il, or Ill or salt thereof as described above, in association
with at | %assgiescnbed above, the compounds SPL-7013, SPL-7304, and SPL-7320 are preferred
compounds of the present invention, and have been found to exhibit significant antiviral
activity, particularly against viral and microbial vectors of the most common sexually

20 transmitted diseases.

SPL-7013 exhibits a broad-spectrum antiviral activity with high efficacy and minimal cell or
animal toxicity against vectors of several of the most important vaginally or rectally sexually
transmitted diseases. High activity has been determined against genital Herpes virus-2 (HSV-
25 2) both in in vitro cell tests and in vivo in an animal (mouse) model test and in vitro cell tests
against Herpes virus-1 (HSV-1) and Human Irmmunodeficiency viruses (HIV-1, and HIV-2).
It has also been shown to be active against the causative agent of genital warts, Human
Papillomavirus (HPV), and against the bacterial vector of non-specific urethritis, Chlamydia
trachomatis. In cell tests, SPL-7013 has also shown activity against viral strains of Herpes
30 virus-2 resistant to currently used modified nucleoside based antiviral agents. In addition
SPL-7304 and SPL-7320 show high activity against HSV-1, HSV-2, HIV-1, and HIV-2.
Furthermore SPL-7013, SPL-7304, and SPL-7320 is active in CD4-dependant and CD4-
independent HIV transmission assays, and is effective at preventing HIV-1 attachment and

fusion. All compounds have been shown not to inhibit the growth of various species of



one pharmaceutically acceptable, topical carrier or diluent. 15 The
formul ati on of such conpositions is well known to persons skilled in this
field. Suwoabklm29phar maceutically acceptabl e carriers andfPam/Aliokient s
include any and all conventional solvents, dispersion nedia, fillers,
solid carriers, aqueous solutions, coatkgngs, antibacterial and anti fungal
agents, isotonic, and absorption enhancing or delaying agents, activity
enhanci ng or del ayi ng a?ents and the |ike. The use of such nedia and agents

for 20 phhergdicidLpcabacillugch additinmSRIan@ss SPE-TR0f andndiin 737 kave bgen shodiwdoi t

i s descri : €. | ' ' L e S,
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as any comvemidsPRath cRRETHISN 1 RPS OF SWIggggf)dj S inconpatible wth the active
i ngredi ent, use thereof in the pharmaceutical conpositions of the present

invention is contenplated. Supplenmentary active ingredients including
agents _having antiviral 25 or antim.crobial actiyity can al so be

hor por atsdoED Lhise el ia&%s;eg}fl na mogﬁvzlﬁvé AbS Bieraneptic Fealepyiaf spriplly
advant agegigisihted QisBea L 1GRINASiEIbAiG hdtnlioRAGRed! _ﬂ;rtafpgﬁémoh% tB&$£ifd]1 or
adm ni stration and uniform'ty of dosage.” Dosage unit rmas used herein
refers torgitaisiusasd ip profiegtagemet seminally tsansmgtbdasfeaéntsary dosages for the
human subjects to be treated; each unit 30 containing a predeterm ned
guantity of active ingredient calculated to produce the desired

t herapeutic effect in association with the required pharmaceutical carrier

and/or diluent. The specifications for the novel dosage unit forns of the
i nventlifon The ragem tiaxeation plsa maoviesee topical phapaaersticalsioningypition dotprppfipdactic or

char act er iyst.i ~ i h N i - . icu 0 {

pCT) A0l SEEB5E gt REREEL Lk Rah T AR R R0 S IRBNAY Sl i iiter
limtati oesmpolrelreidrontia 1,ITE o2 lIl odkalctherofindiaagribesibbve in assotivgon wgh atieastt
for the particul ar treatnent. previ ously described, the present

i nvent i on °8f BRABReRAHARIY aeCRRSp dnpﬁﬁhﬁﬁgﬂﬁ¥égﬁ?ﬁactic or 5 therapeutic
treatnment of sexually transmtted diseases in a human patient by topica
admnistration to the patient of an effective anpbunt of a conpounds of

f or nulldq | The foronlatioh ofsuclsedrhpasitarneof wall kdewo to pedorbsiled inrthaddid. iSoutablehe
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and anti fungal agents, isotonic, and absorption enhancing or delaying agents, activity
enhancing or delaying agents and the like. The use of such media and agents for
20  pharmaceutically active substances is well known in the art, and it is described, by way of
example, in Remington's Pharmaceutical Sciences, 18th Edition, Mack Publishing Company,
Pennsylvania, USA. Except insofar as any conventional carrier and/or diluent is incompatible
with the active ingredient, use thereof in the pharmaceutical compositions of the present
invention is contemplated. Supplementary active ingredients including agents having antiviral

25  or antimicrobial activity can also be incorporated into the compositions of this invention.

It is especially advantageous to formulate compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form as used herein refers to physically
discrete units suited as unitary dosages for the human subjects to be treated; each unit
30 containing a predetermined quantity of active ingredient calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier and/or diluent. The
specifications for the novel dosage unit forms of the invention are dictated by and directly

dependent on (a) the unique characteristics of the active ingredient and the particular



10 sexually transmtted di seases. A variety of topical adm nistration
routes are avail able. The particul ar node selected wll depend, of course,
upon t he waroziozazbar conditi on being treated and the dosagecragueioed’f or
prophylactic or therapeutic efficacy. The nethods of this invention,
general ly speaking, may 15 be practicedgousi ng any node of adm nistration
that is nedically acceptable, neaning any node that produces prophylactic

or therapeutic leyels of the ti C onent of .the .inpvention w thqut
Chusi ng DRTRECHF Y eeia D abRsRE aui vl B BRFRlopS nheifoh i Best o contpounding
adm ni st gady &H‘adti%|iﬂ§i‘€diérﬁ%r"tﬁ9b£lﬁkmlaf f6dtAlent @and trans-dermal routes.
Suitable formulations for topical, particularly vaginal or rectal,

adm ni stration include solutions, suspensions, gels, 20 |lotions and creans
as wel | aAs pdedonsdy deseribéds tleumrbseas invapposilbo pioiican dnathat foe ticamephdéad or
suspeggi ns. O.her delive yF)éﬁtems can inc¢clude sustained release del.ivery

syste Wputic Jrealipeti oo Sporally) Gansraitied sEsares: it R dmpe PHHRBONBh(OREL he

i nvent i ogmifig4#dh N8 tRUstighingdn FRCERS SmOthiSf aCdoBHFRndSHPRATH AN 1185 1T106r
capsul es. Many types of sustained rel ease delivery systens are avail able.

These i nedltidiesredfuss deseribedt aiavei t Bdaddition, athe gresshiomakntsyps pronsles thevise of tahe

25 active conpone i s, contained within rix, .apnd (b),.diffusional
eyt o FRORAPENSK Emded eot B8 p He At habrated dP8y S BF riritfienite of 2
through gheR@api¥RE -forl Fpicat tditBnic@aRANeNtsubl PrbighyRicas edit theripeitid @RainSent of
adm ni stered in pr ophél actically or therapeutically effective anmounts. A

pr ophHyl ageiuedly typnypitteddsedseut i cal |y effecti ve ampunt 30 neans that anount
necessary at |least partly to attain the desired effect, or to delay the
onset of, inhibit the progression of, or halt altogether, the onset or

pr ogr essiAonaddty tdfeopiaslt ddeihiatraticordités ae Heilstde.t TieapadculSusiodaneleces willl |
depend, of caourse, on the particular condition being treated, the severity
of the cHReRN%: 8 Cawaeaiwewﬁwalrﬂcbﬁf iCORAItpH PaHg: Eaked; #td thai éa%@ﬂ“1f?fﬁ§7‘§1 cal

conditio | : i t: I
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art did barprbagicaddragsay mpdd oh @dmoristrativantheioist inpdicalbyx peseptaklet atdanmg drty i s
preferred nerally that a x'.numg%ie be used, B@t i t he hi ghes safe
fose. acoSMUngT rebiing PROUEAte j Sadiremenss dowry of B ardis coBwag) e o
ordi nary invatibh ithbire c@tﬁﬁr'gg hangyar, unledep@ibleOVMaIberd® s 8ffQts. t BLEH aklbBeslOste
may be adm nistered for medi cal . i
administration include the vaginal, rectal, and trans-dermal routes. Suitable formulations for
topical, particularly vaginal or rectal, administration include solutions, suspensions, gels,
20 lotions and creams as well as discrete units such as suppositories and microencapsulated
suspensions. Other delivery systems can include sustained release delivery systems which
can provide for slow release of the active component of the invention, including sustained
release gels, creams, suppositories, or capsules. Many types of sustained release delivery
systems are available. These include, but are not limited to: (a) erosional systems in which the

25  active component is contained within a matrix, and (b) diffusional systems in which the active

component permeates at a controlled rate through a polymer.

The active component of the present invention is administered in prophylactically or
therapeutically effective amounts. A prophylactically or therapeutically effective amount
30 means that amountAnecessary at least partly to attain the desired effect, or to delay the onset
of, inhibit the progression of, or halt altogether, the onset or progression of the particular
condition being treated. Such amounts will depend, of course, on the particular condition
being treated, the severity of the condition and individual patient parameters including age,

physical condition, size, weight and concurrent treatment. These factors are well known to



5 reasons, psychol ogi cal reasons or for virtually any other reasons.
Cenerally, at intervals to be determ ned by the prophylaxis or treatnent of
pat hogeniwosrAaresy intra-vaginal or intra-rectal doses ofPCactliogmo®onponent
will be fromabout 0.01 ng/kg per day to 1000 ng/ kg per day. Small doses
(0.01-1 ng) may be adm nistered initialfgy, followed by 10 increasing doses
up to about 1000 ng/ kg per day. In the event that the response in a subject
is insuffj Sihe€ fy 0 r f :
doses by oS Pty JUEEHY M e PRl i b REeee ) wih R e b dbine

t he ext entexpatimentatibwl Benapmﬁermdr generally Mhdt tai rphzammhm des lpxensedamat:ﬁntﬁa:ehighest

contenpl ated to achi eve appro e syste s of conpou ds 5S.1ln a
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m crobi cide useful in the  prevention and treatnent vira mcro

sexual | ¥ tlreammpSlydtbldglsaias@Qns @Hbr Vigually a@Rﬂ:ﬁ@Odamnsi SPL7320 are water

sol ubl e and can be used in solution, or fornmulated in a suitable vehicle
in the formof gel, lotion, creamor suppository or mcroencapsul ated 20

suspensi onGekbrAGL P HFerQhls O Be AULRME] 5P kh@ﬁﬁ)ﬁhylhﬂg o Restmeht éﬁﬁﬁ%@ﬁl@ I's$atél,
del ayers of its ‘"activity, agents for 1ts ‘enhanced or del ayed absorption on
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i ch T of 15w TR pet LSt PP RIMAL 10 B BE Lo et by

"conprise' mcl@asmgdos&& up NG alsaie hoeaamgtkfgrpaf dsﬁsﬁ 0 eveBOMBY the kddPonse M b kutkject is
understood to_inply the inclusion of a stated step or steps or integer or

group of iREWHEIeR! Buch dgpes; Reenehighaysionss GF eéﬁqgfm@t lﬁéhersc%Oéfﬁ [ a§ffé$§§momore
W11 e apSSARUR dfyerd PAE] Sy Uiy o8 il Bkl phiify RIGRAD porENaBble

of ill ust r&iseopgr dagicah betoemplatedvé acthevei appmmatHEystEmM/létﬁs &f cofupounds.
Preparation of BHAl yslys21ys4lys81lysl6 TFA32 WO 02/ 079299 PCT/ AU02/ 00407
-11- 1. NN -D -t-Boc-L-Lysine (DBL) L-Lysine.HC (1.83kg; 10nol) was
di ssol yed N, GasidultrlyP ?r&érr&?%ﬂé@% higrRedede iR808n pr&%aa-llhel ﬁvsewaf @;;'PLC‘?(WB)

and the resultln sol'ufion diluted with t-butanol (151).
SPL7304 or SPL7320 as a broad spectrum vaginal or rectal mlcroblclde useful in the

prevention and treatment of viral and microbial sexually transmitted diseases. SPL-7013,
SPL7304 and SPL7320 are water soluble and can be used in solution, or formulated in a
suitable vehicle in the form of gel, lotion, cream or suppository or microencapsulated
20 suspension in aqueous or non-aqueous solvents, together with enhancers or delayers of its
activity, agents for its enhanced or delayed absorption on topical application, or agents to

enhance adhesion to vaginal/rectal epithelial or mucosal layers.

Throughout this specification and the claims which follow, unless the context requires
25  otherwise, the word "comprise", or variations such as "comprises" or "comprising", will be
understood to imply the inclusion of a stated step or steps or integer or group of integers but

not the exclusion of any other step or steps or integer or group of integers.

Further features of the present invention will be apparent from the following Examples which

30 areincluded by way of illustration, not limitation, of the invention.

EXAMPLE 1

A. Preparation of BHAlyslys:lysalysslys;s TFAs;



di carbonate (4.48kg; 20.Snol) was then added dropw se over 1 hour during
which time the 5 reaction m xture becanme m | ky and warm (30-35C). The

m xture vwa® okefe94 0 stir overnight to give a clear sol utipam/AUDRE®0O| Ut i on
was extracted with petrol eum (40-60C) (2 X 101) and the organic phase
extracted with sat. NaHCO3 solution (3 ¢4 41). The conbi ned aqueous | ayers
were cooled in an ice bath and acidified carefully to pH 2 with 1M KHSO4
sol ution. The § i re. en extracted with ether (4 X 161) and
the combi néd orl\gjgn?’éq @fﬁ?'@ﬁﬂ‘%ﬁ@d with water (2 X 81), dried (MyS04)

and concent-LagigelHE t(h.83khat tindlympsy disssleedin ﬁ3£l)1uticﬁ1 of \eedﬂmqut@mbktdat (330g;
yield of N, N-di -t-Boc-L-Lysine as a very viscous

N, N - Di - t 288 )Llwsarqﬁe(ml) nandy %hmﬁyhtlnésw&tlopmm@b)mm §*<‘9Ht?€lpbﬁl5é)f Di-t-butyl

di | h
15 added QAR RLESd ) s 8K Baags SRte oVaPt Bhy BB Bich ke me'
(DBL) (3. 4@&6@011 n{mte) becamd itk dndopden@-35No e (dix 89K Gias 16Nl s)ir bifertighyto

acetate (151) under nitrogen. After the addition was conplete the m xture

was al | owsiva dchairselutions Bensaletigrevas exteacteddvidh patrodehm 64&6NIGHE X THig and the

| t erfd | t ed
o gl ve RV R R B el Ak \PRER GER AT B FOREET MR
ether to @jete cbbibl ifln tlceZQatﬁ%aLaowﬁw@aléﬁmyttb q:@mrwith QM HHSO, So1Mhbd eThe

solid (yield ca. 60%. Mre of the product can later be isolated fromthe
not her | (I]mb[da miBureBiAd yisn2étiactedswithtdtion (@fX D@D Gdd tixg poﬁbﬁ]mblo)ganm teryyers
di chl ororret h %ﬁooml was added. tq an ice-c 25  sol ution DBL

(69. 2 Halse @Kﬂ} @pgﬁ](],\{]@SQBWd C@eerggiéed With ﬁ,(ha)h qewperature of <300
di chl oro I m nut es and

t hen at ?g% Mvuer egﬁo;ﬁ%ﬁﬁg trggg{‘sﬂe}’ Singgaglatq’t eﬁgwg(gos}lﬁé%%m on was

filtered and atlc (pet.ether/EtOAc, 9: 1) of the filtrate showed no

starting materlal The filtrate was washed with 5% HCl, water, sat. NaHCO3
and wat er 2-t he ANi-Dist Bogrlsd #ping dmieanbenyestes \OBLYGNPY a foam 30

Trifluoro Iﬂfﬁé) iy gd :

foiam iun d%g%jé‘%ﬁf"g?%% %ﬁgé%gg%ﬂﬁ@a(t %\qégf%bér%g]!todr e. @ﬁﬂe?%ét@\gs(% WA

initiallyaddgbdiopwisgds agviod- ud)lldmmlredmohhwstaﬁmleeB@:f Léysina(DBB) 8. Aéltged Omot) c
Et OAc) showed .no st The. so] ution rred for

dt | bnas ulpRrRn YR Th Rtk tomeitine gy e bRARS EfvecnaRer g

WO 02/ 079%8@1’(18%&%%}@&@'%@ mixture was allowed to warm to room temperature and stirred

overnight. The resulting white suspension was then filtered and the filtrate concentrated to

give a yellowish solid residue. The residue was recrystallised from ether to give N,N'-di-t-
20  Boc-L-lysine 4-nitrophenyl ester as a white solid (yield ca. 60%). More of the product can

" later be isolated from the mother liquors.

3. BHAlys.2HC]
A solution of DCC (41.2g; 0.2mol) in dry dichloromethane (200ml) was added to an ice-cold
25 solution of DBL (69.2g; 0.2mol) and benzhydrylamine (BHA) (36.65g; 0.2mol) in
dichloromethane(600ml). The mixture was stirred at 0° for 30 minutes and then at room
temperature for 3 hours. The resulting suspension was filtered and a tlc (pet.ether/EtOAc, 9:1)
of the filtrate showed no starting material. The filtrate was washed with 5% HCI, water, sat.
NaHCO3 and water; then dried (MgSO4) and concentrated to give a foam.
30 Trifluoroacetic acid (TFA) (400mi) was added to a stirred solution of the foam in dry
dichloromethane (200ml) at room temperature. There was initially vigorous gas evolution
which stopped after ca. 15 minutes ; tlc (EtOAc) showed no starting material. The solution

was stirred for an additional 2 hours and then concentrated to give a brownish oil. This oil



-12 was dissolved in dry acetonitrile (600m) and a saturated sol ution of
HCl1 gas dissolved in absolute ethanol (ca. 360nl) added with swirling. A
white solwo omndbegan to crystallise and the m xture wa®Cireftiozoest and
for 1 hour at roomtenperature to conplete crystallisation. The m xture
was filtered and the solid washed withidry acetonitrile, then dried to give
5 BHAlys. 2HC as a white powder (yield ca. 80% . 4. BHAl yslys2Boc4

BrALys y'zﬁ%% RBspislt Ay, SR AogB FACE Suiych SUPEL PRY ok Ae8hvet dp e
whi ch wasatsbluter aﬂaﬂoﬂ) (ca156@m1) utiés] with swiring DBdNG soB6 26hn &gﬁﬁ) Eﬁ)drb/smﬂﬁe added.

The m xture i.mmedi %/ becane xel | ow and was stirred for hour
mai nt ai nit§ nilﬁté‘“’pwaéie Restandydon i dogF 2lgrogmyLiEMPertiE 4o C‘E}FP]lqu @Yﬁ@”lﬁ‘%ﬁ% TheThe

reaction g tur G/gg"aﬁlhér&? NnRdeRd s cp\%%h&d) ith a(L €a é’F%nlI'tE?e Ofhe | @RLLYS! Yive

stirred water an e mxture stirr overnig précipitate was

col | ec§ edBH\I¥s. IHC ladsi aomhisengbwides hydeldwit §0%)wat er (3X) and dried to give a
yel l owi sh solid. This solid was powdered and t hen washed 15 successively
with ether until the ether showed no yellow colour on treatnent with

aqueous ANaCH. ggyiRgBbEI Ng solid was dried to give BHAlyslys2Boc4 as a
white powder (yield ca. 70%. 5. BHAlyslys2lys4 Boc8 20 Trifluoroacetic
aci d (60CHisthyamined@8cdnlo 0283wb)twanadsied BhlAl stetegsBsma(df IBYALB, 2ERHD(54 4g;

dry dichl hane ngd there was.an di.ate_vi gor ol .ut

o gas. THLIE REARRRHECbhRHT AR FspB R e e i B e 38 e
a Vi st@uswidd DBETIONSp Q242003 6nfdil)swed Medkdl The miixkilYE ilbRGialely 8Bchnid eIt @hdt he
solution adjusted to 8-9 with triethylamne. DBLONp (4609 0. 99np1) was

t hen addeWasstigredrer § &pusvinaislaiting et pf e migfure aﬂ&?@y@@dm@ pf fgethylamine.
tenper at ug‘f‘e %&Rnﬁﬁfx‘t&g \wfas m_elnaaq &F élg@’g{:tovﬂ t\lc’?hﬁ{m? Xil ﬁg@ﬁﬁﬂg@% Q{z(i%:é g.n& he

pH above reacti on | up as
descri bedhahnixeuirt atiged @Velﬁiig%lt yslhey @ﬂecimt&tﬂ.%@@@ caliectedby tfigtrpioncerd wusiekddwita.

100% . 6. BHAI J 1ysBBoc1 OTrlqu roa etic acid (11) was added to

a sol uti oWALE} (Mgﬁsq%%dzioy@ma&ge levedgioliy: 10 Ifi V3 Py r?ﬂ @m g’reérf*ﬁﬁilﬁﬁe

(11) e0d &BELEVIRSWAR el RRHIPHE VP AhOWSd BY YHbE UIIRE o9aPeatnl i Witk Ubhddhs
NaOH. The remaining solid was dried to give BHAIyslyszBom as a white powder (yield ca.

70%).

5. BHAIlyslys,lys4 Bocg

20  Trifluoroacetic acid (600ml) was added to a solution of BHAlyslys,Bocy(116g; 0.12mol) in
dry dichloromethane (600ml) and there was an immediate vigorous evolution of gas. The
solution was stirred for 2 hours and the concentrated to give a viscous oil. This oil was
dissolved in dry DMF (500ml) and the pH of the solution adjusted to 8-9 with triethylamine.
DBLONp (460g; 0.99mol) was then added and the yellow solution stirred for 2 days at room

25 temperature with periodic pH adjustment with triethylamine to maintain the pH above 8. The
reaction was then precipitated into water and worked up as described above to give

BHAlyslys,lyssBocg as a white powder (yield ca. 100%).

6. BHAlyslys,lysslysgBocyg

30 Trifluoroacetic acid (11) was added to a solution of BHAlyslys,lyssBocg (200g; 0.106mol) in
dry dichloromethane (11) and there was an immediate vigorous evolution of gas. The solution
was stirred for 2 hours and the concentrated to give a viscous oil. This oil was dissolved in dry

DMF and the pH of the solution adjusted to 8-9 with triethylamine. DBLONp (782g;



was stirred for 2 hours and the concentrated to give a viscous oil. This
oil was dissolved in dry DM and the pH of the solution adjusted to 8-9
with tri ewbykamee. DBLONp (782g; WO 02/ 079299 PCT/ AUO2/ O®4@/AU02/B101. 67Dl )
was then added and the yellow solution stirred for 2 days at room
tenperature with periodic pH adjustnenjz with triethylamne to maintain the
pH above 8. The reaction was then precipitated into water and worked up as
descri bed above to give BHAl yslys2lys4lys8Bocl6 as a white powder (yield

ca. 100% .1.87/ndol) Bd\thesladaed yiatihy S811by 3d16tiB0 edZedl for A &uys aaﬁceﬁﬂ gmeraturé vithl)
was added to a m xture of BHAl ys|lys2|ys4dly s8BochE[gI % 0.081npl) in dry
di chl or oneicHamE PEsuhwiment Hith Freertbylwa@eé% njafpiagithg BH\ADgKS BuLheapatign s then

as. The

Ui scous. o f KRR APkt EEAqARH of ML ANt BYRIMIALRL RS R By
sol ution @dwhh%]ﬁdvde@(ﬁela cal Idﬂ)%)’l et hyl ami ne. DBLONp (1030g; 2.21nol) was
then added and the yellow solution stirred for 2 days at room tenperature

W th pe?lodlc pH adj ustnent with triethylamne to maintain the pH above S.
The reactd on into water and worked up as descri bed
above to g’}l ve %ﬂg’@?g%@ﬁ%@‘f%ussocsz as a white powder (yield ca.

100%) . 15 BifBrilcysd wsRALYE 40 Y8d ad&iT kA2 mikiukd War Bﬂ@ﬁ&glysze}@nsisg%@@ ”(l?)oo‘gas

added in one portion to a suspension of the t- butyl oxycarbonate (
pr ot ect ed Gf Iyiopsinrdry dmhk)ralﬂéﬂhysd: (ORI )sid B & & wert BBaBREd{ RO gigoions evolutlon of

e e e g

di ssol yed w4y ditd6lved 8P )DM[FCUfZlPﬁﬁQh@%H Q8thetshioM @djusted to 8-9 with triethylamine.
BHAl ysl ys21 S4Nyg§%(%s @TFA32 (17.5 as an off-white solid.

02/ 079299 ?1moi)¢vaasfherpa@béuaad theryedpwaplutipg Brred for 2 days at room
Di sodi um [tém}g%)(lpée&fﬂﬁ |p§H§d18 %er de%(s‘?ﬁth%'&th?’m%ﬂﬂﬁﬁﬁln@% %paefntgmﬁﬂé 8}?%8‘5&%. The

reaction was then precipitated into water and worked up as described above to give
BHAlyslysylysalysglysigBocs, as a white powder (yield ca. 100%).

15
8. BHAlyslys,lysqlysslys; s TFA3,
Trifluoroacetic acid (168ml) was added in one portion to a suspension of the t-
butyloxycarbonate (Boc) protected polylysine core BHAlyslys;lyslysglysigBocsz (20g) in
dichloromethane (350ml) and the reaction was stirred for 14 hours at ambient temperature.

20  The reaction mixture was concentrated in vacuo, dissolved in HyO (200ml) and freeze dried

to give BHAIlyslys,lysslysglysi6TFA32 (17.5g, 83%) as an off-white solid.



D sodi um 1- hydr oxy- 3, 6- napht hal ene- di sul phonate (100g) was di ssolved in
dinmethyl 5 sulfoxide ( 250m ) and diisopropylethylamne ( 60m) was added
i n one powbioe792B2 hyl bronmpacetate (38nl) was added over paTBQonioewoper i od
and the reaction was stirred for 14 hours at anbient tenperature with the
excl usion of noisture. The reaction wasj4slowy poured into ethyl acetate
(2L) to give an oin resi due/ gum The supernatant was decanted and

addi ti ona 3% tatf gi“%h} was added. Several trituration followed by
washi ng wi ergfatg of RRLWIS o i que gave di sodi um

-[1-(oxynethylene car boxyet hyl ) - 3, 6- napht hal ene-di sul phonate] (97g, 78%
as a brown solid. (ii) 1-(oxynethylene-carboxy)-3, 6-naphthal ene-di sul phonic

acid. Aquédus Miswdivmsldrfeyymeshykadearboxystwipbbmaphthadens-disniphpoateb

0o B TR b3 FRRRRS R o oRB s pnon=

t enper at useglfedide { PEMIP asBitbobopleghyi@nink RE2M1) watidded ﬁfcme mﬂlamhﬁ reeze
drying the collected fractions gave 1-(oxynethylene-car

3, 6- napht REreeRssts@PphdAsadded over @AY, mpadzyt °§§n‘éﬂl§rf6%ﬁ1°§6‘fﬁséﬁff?‘bf<(fl1|4|h}3ur5

BHAl ysl ys 7

I (oxymet Ry e AP LY The RN (oo

di ssol ved eihyl R¥date (HQQ@‘@n)veanabﬂdirésimm/@myHéltehypamtam wdskirdgtedvas] alddtedhal n

one portion._ This tion hen added uti ared b ddlng

benzot ri afﬁwé%fta;r? fbi@ W3S aﬁai SPRbiriy2 BW&)%%H%‘N? ‘Pﬁwﬁéli%g 5@6?}%%
(PYBOR) 728)ddeba98 8isB@ik 6;&(%{& éﬁétéa%b bth -naphthalene-disulphonat 97 :
BHAI ys| ys2| ysf{k;s8l 1>5516"I'Fg«1:;>1£ 15. In [))(%F ?g nap aem( f(s)%lr)ﬂ(sna o g se

to rinse 78%e agnbppymgplidunnel . The reactlon nlxture was stirred for 14
hours at anbient tenperature and then diluted with water (10L). The

sol ution was punped through a 1 micron depth filter and across a Pall

Filtron apgarat o dﬁa&ﬂhyﬁabr&mﬁx@m@h@mmnmlﬁmﬁm add. The resulting
an

sol uti on was passe hr ou (sodium form col um, pqued t hrough a
0. 22 ni cr d¥iugousd RGP f (1|3f1@|1) s Pded dndpne dparboni e aspplintion 30%k liggdium-[ -

3.6 mirp RSt Spatalodt SO ARG hb e 877D, 8 PO 0BT, o,

sarrpl e WageRlibh &hs atirrdd ForoMt haiir§ aDbhmbidit teR@erdtirdWing tHed Pabstd hrogosh BRL20
elution detail ed bel ow. WO 02/079299 PCT/ AU02/ 00407
(acid form) column. Freeze drying the collected fractions gave 1-(oxymethylene-carboxy)-

d

3,6-naphthalene-disulphonic acid (67g, 83%) as a brown solid.

20 (iii) BHAlyslys:lysglysglysy [ NH-CO-CH,0-3,6-Naphthyl- (SO3;Na);}32 — SPL 7013
1-(oxymethylene-carboxy)-3,6-naphthalene-disulphonic acid (47.85g) was dissolved in DMF
(500ml) and diisopropylethylamine (115ml) was added in one portion. This solution was then
added to a solution prepared by adding benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate  (PyBOP; 72g) in one portion to a solution of

25 BHAlyslys,lysslysslysigTFA3zy (15.95¢g) in DMF (650ml). DMF (100ml) was used to rinse
the dropping funnel. The reaction mixture was stirred for 14 hours at ambient temperature and
then diluted with water (10L). The solution was pumped through a 1 micron depth filter and
across a Pall Filtron apparatus (Pall Gelman) containing a 10kD membrane. The resulting
solution was passed through an TR120 (sodium form) column, pumped through a 0.22 micron

30 depth filter and freeze dried to give SPL-7013 as an off-white solid in a 75% yield. Retention
time = 15min on an ODS-EC 15cm x 4.6 mm HPLC column at 30°C with the detection
wavelength set at 240 nm. The sample was eluted at a flow rate of 1 ml per minute using the

gradient elution detailed below:



- 15 Tine
Where sol v

mns %A %B 090 10 2 90 10 20 10 90 30 10 90 31 90 10
ent A= 0.015MTBAH in 0.01M NH4OAc, (pH 7.0) and solvent B =

0. 015M TwAH2i0m2620OH. 5 Mass spectral anal ysis of SPL7013PCadil@aneoa

nmol ecul ar
expected f
16581. 53.

wei ght of 16,5802 Dalton. The expected average nol ecul ar wei ght
or SPL7013, nol ecular fornul.gs. C583H577N63Na640287S64 i s
10 C. Preparation of SPL 7304 In a simlar way SPL7304 was

prepared by the PyBOP coupling of 1-(oxynethylene-
car boxy) - 3, 6- napht hal ene-di sul phonic_acid with pol yam doam ne (PAVAM

dendri ner,

Australia).
prepared by the PyBOP coupli n% of 1, (oxyr’rg
car boxy) - 3, 6- napht hal ene=dirsu} phoni{

dotri acont
Ltd., Aust

generation (3 (IStenbimsst r) S&gha Alquch%PBy. Ltd.,

15 D. Preparatien—of—SPL—+320fn—-a—stmtar—way—SPL7320 was
Phyl ene 10

acidggi Th poryprogytenim ne

aam ne dendrfiner, generation 4.0 (DAB-Am 32, Signe-Aldrich Pty.

ralia). 20 EXAMPLE2Z Bi ol ogi callOActi vijty of9(SPL 7013, SPL 7304,

)

and SPL 7320 A. Acti vi{ty—Against—Huran !"mmeee#' ciency—Mi-rus 25 The
human i nmunodefi ci ency |virus8trains used!lftere HI{v-1 (391B) 1 and H V-2
(ROD)2.  Anti-retroviraactiyity apd Cytgpoxi Citjy e rements were
carried out in parallelj They were |based on the (viability of MI-4 cells

that had been infected with H'V and then exposed to

of the tes

10

15

20

25

conpounds, After the MI-4 c
herems)olvent A =0.015M TBAH in 0. O?

TBAH in MeOH.

re gllowed to
VoAt i 70) and solvent B = 0.015M

Mass spectral analysis of SPL7013 indicate a molecular weight of 16,580£2 Dalton. The
expected average molecular weight expected for SPL7013, molecular formula,
C583H577N63Na640237864 is 16581.53.

C.  Preparation of SPL 7304

In a similar way SPL7304 was prepared by the PyBOP coupling of 1-(oxymethylene-
carboxy)-3,6-naphthalene-disulphonic acid with polyamidoamine (PAMAM) dendrimer,
generation 3 (Starburst® , Sigma-Aldrich Pty. Ltd., Australia).

D. Preparation of SPL 7320

In a similar way, SPL7320 was prepared by the PyBOP coupling of 1-(oxymethylene-
carboxy)-3,6-naphthalene-disulphonic acid with polypropylenimine dotriacontaamine
dendrimer, generation 4.0 (DAB-Am-32, Sigma-Aldrich Pty. Ltd., Australia).

EXAMPLE 2
Biological Activity of SPL 7013, SPL 7304, and SPL 7320
A. Activity Against Human Immunodeficiency Virus
The human immunodeficiency virus strains used were HIV-1 (IIIB)' and HIV-2 (ROD)*.
Anti-retroviral activity and cytotoxicity measurements were carried out in parallel. They were

based on the viability of MT-4 cells that had been infected with HIV and then exposed to

various concentrations of the test compounds. After the MT-4 cells were allowed to

vari ous concentrati ons



WO 02/ 079299 PCT/ AUO2/ 00407 -16 proliferate for 5 days, the nunber of
viable cells was quantified by a tetrazoliumbased colorinetric

3- (4, 5- diwetoptabe azol - 2-yl ) -2, 5-di phenyl t et razol i um br onipda/AUED)407
procedure in 96-well mcrotrays.3 5 In all of these assays, viral input
(viral multiplicity of infection, MJ)_yas 0.01, or 100 tines the 50% cel
culture infective dose (CCI D50). The 50% antivirally inhibitory

concentratl EC50 efined a ound copncentrati on required to
ot ect SobHrnE: YA B i Caringe SO0y A00 GIRARCh Y oh ARy ve

50% cyt ot Q¥idrin%PRE 8Nk, 53&1h1@ﬂ1y(t%§91)-2 NB,5 q%bﬁﬁ@trﬁ@olfuﬂ?bﬁﬁﬁﬁ@‘éﬂﬂ“ T) procedure
concentration required to reduce the viability of nock-infected ¢ells 10 by

50% The =n8¢wmblmicpiaged to indicate the highest concentration at which
t he conpounds were tested and still found non-cytotoxic. Average EC50 and
CC50 val ues for several separate experinents are presented as defined

above. sAs 1a aﬂt&f@hesé E@a‘yﬁdirm‘ Cgaﬂ (vual l‘ﬂﬁﬁlgﬂbl@y BRI fdE¥h MOTPWas 001 ort 11Rimes
2-fold up or down fromthe EC50 and values. ST is the antiviral

sel ecti vi the SPhdel @itsee migtyg. doss (¢§HDE) Fae\b 08 tantivir gl lyCkuiond cStceniraieacs o

3 86 55804%50951?% pafhed oot ForOitnd el Batecy 13 Rt 05 % g

0.164 >88 vhus-Infededcdllsldpdinzd Oiraloytopattitey. Hihe-5D /Rﬁlﬁétdxlhc\/c&chﬁltrdﬁBﬁQC@so) was
Ef fective cqoncentration to reduce viral  plague 90% (i) hods .for the

CD4- dependisfnehisdheetupoiad soneriatiog rﬁcrwra% Meég%ﬁhe V}%‘?Hitﬁuof MoRk-Mafseod celh v
Attac hmntbyagmﬁ.ﬁql%'95ym@ﬁ ds LEHY 1 ihiiRske Ye llngﬁés? Péehd MforSR which the compounds

were tested and still found non-cytotoxic. Average ECsp and CCsg values for several separate
experiments are presented as defined above. As a rule, the individual values did not deviate by

more than 2-fold up or down from the ECsy and CCsy values. SI is the antiviral selectivity

index CCs() / EC50,
15
Table. HIV Activity
Compound Strain EC50 pg/ml | EC90 CC50 SI
pg/ml pg/ml

SPL-7013 1B 0.45 0.954 >125 >280
ROD 3.26 4.86 >50 >17

SPL-7304 1B | 0.15 >88 >652
ROD 0.8 >50 >63

SPL-7320 1B 0.164 >88 >537
ROD 1.153 >50 >47

IIIB=HIV-1 ROD=HIV-2
20 ECq = Effective concentration to reduce viral plaque 90%.

() Methods for the CD4-dependent and CD4-independent HIV Transmission
Inhibition Assays, HIV Attachment and Fusion, and Inhibition of Lactobacillus sp.
25 Growth.
Cells and viruses.:
HIV-1yp, and the, HeLa CD4 LTR f-gal, GHOST X4/R5, and HL2/3 cell lines were obtained
from the NIH AIDS Research and Reference Reagent Program (Bethesda, MD), and
30 maintained as recommended. ME180 cells were obtained from the American Type Culture

Collection (Manassas, VA).



25 Gowmh. Cells and viruses: H V-1111B, and the, HeLa CD4 LTR f3-gal,
GHOST X4/ R5, and HL2/3 cell lines were obtained fromthe NIH Al DS Research
and Ref erwpoe/oReagent Program (Bet hesda, MD), and 30 nai RCAIATBA0GD7
recommended. ME180 cells were obtained fromthe Anerican Type Culture

Col l ection (Manassas, VA). WO 02/0792997PCT/ AU02/ 00407 -17- Test Materi al
Handl i ng and St orage: Conpounds are typically solubilized in 100% DVMSO and
stored at -80C until tested, unless alternative solvents and storage

condi ti ns{l&rte, %ci &,i ed the sponsor. Frozen stocks are 5 thawed at
roomteﬁﬁé %r@, NG & hela488¢ 15 nin at 37C and vortexed prior to

Dr epar ag . . ONS: ] Theb di .

Gt agos. Gp B AR B B o eSO S S & B0 b e s
i nci dentladrmdtivg hsblveyitscema tieragoweditiogs aan dpechijedsbp timgspoastd. dirbzen gockisnarepaque
or anber-colored tissue culture plastics. Additionally, incidental room
and P anthawed fatotpom Jemperaiyre: upre-Bed farght mBipas3reCi and: gatend grOpyo
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prior to the assay ME180 cells are trypsonized, washed and seeded in 96-well flat bottom

microtiter plates at a density of 2 x 10° cells per well. On the day of the assay, H9 cells

chronically infected with the SK1 clinical isolate of HIV-1 (H9-SK1) are treated with freshly

made mitomycin C (200 pg/ml) for 60 minutes at 37°C. This concentration of mitomycin C

20 s sufficient to result in cell death, but allows virus transmission to occur. After mitomycin C

treatment the H9-SK1 cells are washed three times with tissue culture medium. Test

compounds are added to the ME180 monolayer followed by 2 x 10° H9-SK1 cells. The

ME180 cells are co-cultured with H9-SK-1 cells and test material for 4 h, and the H9-SK1

cells are removed by washing the ME180 monolayer three times with PBS. At 24 and 48 h

25, post assay initiation the wells are again washed three times with PBS to ensure removal of the

H9-SK1 cells, and culture continued in test material free media. At six days post-co-

cultivation, supernatants are collected and evaluated for p24 antigen expression by ELISA.

Cell viability is assessed by XTT dye reduction. Compounds which are judged as active in the

first test are retested with or without the addition of mucin. Testing in the presence of mucin

30 is carried out by addition of 200 pg/ml of porcine mucin (Sigma Chemical Co., St Louis, MO)

to the transmission reactions. Transmission intervals and washing without replacement of

mucin or compound are cairied as described above. All determinations are performed in

triplicate with serial ¥4 Log;( dilution of the test materials.
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porcine mucin (Sigma Chemical Co., St Louis, MO) in tissue culture medium to the
transmission reactions. Transmission intervals and washing without replacement of mucin or

20 compound are carried as described above. All determinations are performed in triplicate with

serial %2 Logj dilution of the test materials.

Lactobacillus Assay:
Lactobacillus crispatus and Lactobacillus jensenii were obtained from the American Type
25 Tissue Culture Collection and grown in Lactobacilli MRS broth (Difco, Fisher Scientific,
Pittsburgh, PA). This medium allows efficient growth of the Lactobacilli under anaerobic
conditions. Bacillus stocks are produced and frozen in 15% glycerol at —80°C for use in the
sensitivity assay. To assess the effect of compounds on L. crispatus and L. jensenii growth,
10 ml of MRS media is inoculated with a stab from the glycerol bacterial stock. The culture
30 is placed in a Gas Pak CO, bag and incubated for 24 h at 37°C. The next day the
lactobacillus cultures are diluted to an OD of 0.06 at a wavelength of 670 nm. Compounds

are diluted and placed into a 96 well flat bottomed plate and the Lactobacillus sp. added.

Commercially available Penicillin/Streptomycin solution at a high test concentration of 1.25
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the 111kB gF AWM then added to the wells and the incubation continued for 1 h. At the end of the
incubation the wells are washed 3 times with media and the culture continued for 40 to 48 h.
At termination of the assay, media is removed and {3—galactosidase enzyme expression
determined by chemiluminescence per manufacturers instructions‘ (Tropix Gal-screen™,
Bedford Mass.) by a single step chemiluminescent method using a single solution to lyse the
20 cells and detect 3-galactosidase enzyme activity. Compound toxicity is monitored on a sister
plate by XTT dye reduction. All determinations are performed in triplicate with serial %2
Log o dilution of the test materials. The virus adsorption interval of 1 h is sufficiently short
that AZT, which requires phosphorylation to its active tri-phosphate form (AZT-TTP), is not
active in this assay.

25
Fusion Assay:

The fusion assay assesses the ability of compounds to block cell-to-cell fusion mediated by
HIV-1 Env and CD4 expressed on separate cells. This assay is sensitive to inhibitors of both
the gp120/CD4 interaction and inhibitors of the X4 coreceptor. First, 5 x 103 HeLa CD4 LTR
30 B-gal cells are placed in microtiter wells and incubated overnight. The following day the
media is removed and the HeLa CD4 LTR [-gal cells are incubated for 1 h at 37°C in fresh
media with test compound. Following the incubation 5 x 103 HL2/3 cells are added and the

incubation continued for 40 to 48 h. At 40 to 48 h P-galactosidase enzyme expression is
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XTT Staining for Cell Viability and Compound Cyotoxicity:
TCs values for the test materials are derived by measuring the reduction of the tetrazolium
dye XTT (2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-{ (phenylamino)carbonyl]-2H-
20 tetrazolium hydroxide) in replicate microtiter plates containing cell and compound without
virus. XTT is metabolized by the mitochondrial enzyme NADPH oxidase in metabolically
active cells to a soluble formazan product, allowing the rapid quantitative analysis cell
viability and compound cytotoxicity. XTT solution is prepared daily as a stock of 1 mg/mL in
PBS. Phenazine methosulfate (PMS) solution is prepared at 15 mg/mL in PBS and stored in
25  the dark at -20°C. XTT/PMS stock is prepared immediately before use by diluting the PMS
1:100 into PBS and adding 40 pl per mL of XTT solution. Fifty microliters of XTT/PMS are
added to each well of the plate and the plate incubated for 4 h at 37°C. The 4 h incubation has
been empirically determined to be within the linear response range for MTS dye reduction
with the indicated numbers of cells for each assay. Adhesive plate sealers are used in place of
30 the lids, the sealed plate is inverted several times to mix the soluble formazan product and the
plate is read at 450 nm with a Molecular Devices Vmax 96 well plate format

spectrophotometer.



10 determ nations are performed following serial dilution of the sanples to
ensure absorbances in the linear range of the standard p24 antigen curve.
The standaod2omye i s produced using manufacturer suppli edTstlandewnds and
instructions. Data are, obtained by spectrophotonetric analysis at 450 run
using a Mol ecul ar Devices Vmax plate regder. Final concentrations are
calculated fromthe optical density values using the Ml ecul ar Devices Soft
Max soft aaﬁ%_ggckage and expressed in pg/m p24 antigen. XTT Staining
for- Cell MiaBITP y and Conpound Cyotoxicity: TC50 values for the test
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inverted several tinmes to mx the soluble formazan product and the plate
is read at 450 nmwith a Ml ecul ar Devices Vmax 96 well plate format
spectrophot oneter. WD 02/ 079299 PCT/ AU02/ 00407 -21- Data analysis Dextran
sul fate (positive) and dextran (negative) are used as controls for the
CD4- dependenResants 6D4HE BP0 neieviiENT AW Dt CBAIND BENDENTITRANSMISSIORAS8Ws  The
sulfonic acid dye Chicago Sky Blue is used as a positive control for the

attachnent and fusion a;says4. COmRITAdepdnlidht > aval | agliézgl)l-feg%gl T
(10,000 M) Streptonycin (10.D ngéma)l;j:g;;)hﬁﬁy on ITSranlémissim?Efssay( g?r%lll)t ve
Compound | Exp.# | Mucin | IC59 | TCsp TI IC59 | TCgg TI
Dexiran 1 - ' 0.316 >100 >316
Sulfate 2 - 1.1 >50 >46 0.158 >50 >316
2 + 0.16 >50 >309 0.158 >50 >316
1 - >100 >100 -~
Dextran 2 - >100 | >100 - >100 >100 -
2 + >100 | >100 - >100 >100 -
1 - 0.76 >100 >132
SPL7013 2 - 28.5 | >100 >35 0.39 >100 >256
2 + 1.1 >100 | >90.9 0.49 >100 >205
1 - <0.3 >100 >316
SPL7304 2 - 5.0 >100 >20 0.89 >10 >112
2 + 2.8 >100 >36 0.65 >100 >153
1 - <0.3 >100 >316
SPL7320 2 - 0.8 >100 | >125 0.68 >100 >147
2 + 0.8 >100 | >125 1.15 >10 >87

15

Results of the Lactobacillus sp. Testing

Compound Units L. crispatus (IDsg) | L jensenii (ID55) | Comments
Penicillin/ - Control
1 . .
Streptomycin | Dilution 1:150,00 1:180,000 Compound
SPL7013 | pg/ml >100 >100
SPL7304 ug/ml >100 >100
SPL7320 pg/ml >100 >100




control for the Lactobacillus sensitivity assay. For each conpound, where
appropriate, an [1C50 (concentration inhibiting virus replication or

t ransm sswor2ioyp259% , | D50 (concentration inhibiting 50%PgTomioR/oef7
Lactobacilli) TC50 (concentration resulting in a 50%reduction in cell
viability) and a therapeutic index (TI:22T.C50/1C500r ID50) is calcul ated by
linear 10 regression. RESULTS OF THE CD4- DEPENDENT AND CD4- | NDEPENDENT
TRANSM SSI ON ASSAYS CD4 I ndependent Transm ssi on Assay CcD4- Dependent /m
Transm ssi on Assay (g/ Oorrpo?nd Ex? # Mucin 1 C50 TC50 T] 1C50 TC50
Tl  Dextranthf Star@neie@m @iloslgfé Pegjgilin pad pteptpmycivsgesld §imbgd-58> vgrel.o +
0.16 >50 ¥spotigely58 >50 >316 1 - >100 >100 -- Dextran 2 - >100 >100 --
>100 >100 - 2 + >100 >100 -- >100 >100 -- 1 - 0.76 >100 >132 SPL7013 2 -
28.5 >300 >3.5 0.39 >100 >256 2 + 1.1 >100 >90.9 0.49 >100 >205 1 - <0.3
>100 >316 SPL7304 2 Resultd o I{O0A tt2¢hbknt And ¥siohllhhibition . Asays00 >36 0. 65
>100 >153 1 - <0.3 >100 >316 SPL7320 2 - 0.8 >100 >125 0.68 >100 >147 2 +

0.8 >100 >125 1.15 >10 >8F a¢danidatAksdyIudahl &) 1€ Lq;gglgfpg&wdu,yﬁﬂsp. Testi ng
Compound UNT TS chmp&ilbSPat UScL] Dok, I engeni 1| {ddB0) T&Qfiment
. 0.66 | >10 >15 0.79 >10 >12
Chicago Sky Blue 0.09 | >10 | >111 | 0.62 | .>10 >16
SPL7013 0.57 | >100 >175 0.71 >100 >141
<0.32 | >100 >312 <032 | >100 >312
SPL7304 0.036 | >1 >2778 0.56 >1 >178
<0.32 | >100 >312 0.49 >100 >204
SPL7320 0.049 | >1 >2041

10
(i)  Activity of SPL7013, SPL7304 and SP17320 Against HIV-1 RoJo and SIV 89.6pd

METHODS
15  Viruses

Human immunodeficiency virus type 1 (HIV-1) strain RoJo is a low passage pediatric isolate
derived in the laboratories of Southern Research Institute (SRI). The SHIV89.6pd was
~ obtained from Mark Lewis at SRI and stocks grown in human PBMCs for antiviral testing.
20
PBMC Isolation and Blasting:

Peripheral blood monocular cells (PBMCs) were obtained from normal hepatitis and
HIV-1 negative donors by ficoll hypaque gradient separation. Briefly, anti-coagulated blood
was diluted 1:1 with Dulbecco’s phosphate buffered saline without Ca™ and Mg™* (PBS) and
25 layered over 14 mL of Lymphocyte separation media in a 50 ml centrifuge tube. Tubes were
then centrifuged for 30 minutes at 600 X g. Banded PBLs were gently aspirated from the
resulting interface and subsequently washed 2X with PBS by low speed centrifugation. The
mononuclear cells were counted, viability determined by Trypan Blue dye exclusion and
resuspended in RPMI 1640 medium supplemented with 15 % FBS (heat inactivated), 2 mM
30 L-glutamine, 100 U/mL penicillin, 100 ng/mL streptomycin, and 10 pg/mL gentamycin with
2 pg/mL phytohemagluttin (PHA) at 1 X 109 cells/mL. The cells were cultured for 48 to 72 h

at 370C, 5% CO,. Following incubation, cells were collected by centrifugation, washed and

resuspended in RPMI 1640 supplemented with 15 % FBS (heat inactivated), 2 mM L-



Penicillin/ Dilutions 1:150,00 1:180,000 Control Streptomycin Conpound
SPL7013 tg/m >100 >100 SPL7304 m >100 >100 SPL7320 g/m >100 >100 WD
02/ 079299wWPB@2/H 2202/ 00407 -22 The starting concentrati ons Pefi/AR®aleir| i n and
Streptonycin are 1.25 Um and 1.25 tg/m, respectively. 5 Results of the
Attachnment and Fusion | nhibition Assaysyz Attachnment Assay /m s Fusion
Assay (jig/nm Corrpound | C50 TC50 TI 1C50 TC50 TI Chicago Sky Blue 0.66 >10
>15 0.79 >10 >12 09 >10 >111 0.62 >10 >16 SPL7013 0.57 >100 >175.0.71
>100 >1418 @mnmohow/@z psnigidiin, 399 1e(mB strspferpysinandol Qusgmigentppsing il 29

>178 SPL 9
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is a | ow passage pediatric isolate derived in the |aboratories of Southern
Resear ch 1564% WegreltsRiy IL-PHer SHhems agphienased fgpyisglsballengsm vark Lewi s at
SRl ands stocks grown in human PBMCs for antiviral testing. 20 PBMC

| sol ation and Bl asti ng:

PBMC Assay:

Human peripheral blood mononuclear cells from a minimum of 2 donors, that have
been blasted with PHA and IL-2, were counted, viability determined by Trypan Blue dye
exclusion and mixed in equal ratios. Pooled donors were used to minimize the variability

10  observed between individual donors which results from quantitative and qualitative
differences in HIV infection and overall response to the PHA and IL-2 of primary lymphocyte
populations. The cells were resuspended at 1 x 106 cells /mL in RPMI 1640 without phenol
red supplemented with 15% Fetal Bovine Serum (heat inactivated), 2 mM L-glutamine, 100
U/mL penicillin, 100 pg/mL streptomycin, 10 pg/mL gentamycin and IL-2 (20 U/mL, R&D

15 Systems, Minneapolis, MN). Fifty microliters of cells were then distributed to the inner 60
wells of a 96 well round bottom microtiter culture plate in a standard format developed by the
Infectious Disease Research department of Southern Research Institute. Each plate contains
cell contfol wells (cells only), virus control wells (cells plus virus), and experimental wells
(drug plus cells plus virus). Serially diluted compounds are added to the microtiter plate

20 followed by the appropriate pre-titered strain of HIV-1 or SHIV-1. All samples were assayed
in triplicate with a replicate plate without virus for the determination of compound toxicity.

The final volume per well was 200 uL. The assay was incubated for 6 days in a humidified
atmosphere at 37°C, 5% CO,, after which supernatants were collected, for analysis of RT

activity and sister plates analyzed for cell viability by MTS dye reduction. Wells were also

25 examined microscopically and any abnormalities noted.

MTS staining for cell viability:

At assay termination the assay plates were stained with the soluble tetrazolium-based

dye MTS (CellTiter® Reagent Promega, Madison, WI) to determined cell viability and

30 quantify compound toxicity. MTS is metabolized by the mitochondria enzymes of
metabolically active cells to a soluble formazan product, allowing the rapid quantitative
analysis of cell viability and compound cytotoxicity. This reagent is a single stable solution

that does not require preparation before use. At termination of the PBMC assay 20 uL of



Peri pheral bl ood nonocul ar cells (PBMCs) were obtained from normnal
hepatitis and H V-1 negative donors by ficoll hypaque gradi ent separation.
Briefly, woteoreagul ated bl ood was diluted 1:1 with Dul becaotw2pmosphat e
buffered saline w thout Ca++ and Mgr + (PBS) and 25 | ayered over 14 nL of
Lynmphocyte separation nmedia in a 50 m_gentrifuge tube. Tubes were then
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by centsrifugati on, washed and resuspended in RPM 1640 suppl enented with

15 % FBS (heat inactjvated), 2 mML WO 02/079299 PCT/ AU02/ 00407 - 23
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popul ations. The cells were resuspended at 1 x 106 cells /nlL in

wi t hout phéndko df'eghdsupqt emaetidreblufifért (el Micdolitead oBhisi ragctibarinturb eat placed in
i nacti vated), mM L-glutamne, 100 U/ nL penicillin, 100 g/ nL

strept owéirﬁvnﬁbofﬁqmm@wg@eﬁena%w HL-of YDy qguiaininggpramatapis wagadded and

M nneapol iyfyedNrhe 'f)'lgté Yy 431 iﬁ&?claitetde{ttSBﬁE ek B n thED 2 Yol rsiupl%r? th bPevEﬁ'te

i nner 60
submersion of the plate and incubated for 60 minutes. Following reaction, the reaction

* volume was spotted onto pieces of DE81 paper, washed 5 times for 5 minutes each in a 5%
sodium phosphate buffer, 2 times for 1 minute each in distilled water, 2 times for 1 minute
each in 70% ethanol, and then dried. Opti-Fluor O was added to each sample and

20 incorporated radioactivity was quantitated utilizing a Wallac 1450 Microbetaplus liquid

scintillation counter.

Data Analysis:
IC 50 (50%, inhibition of virus replication), TCsy (50% reduction in cell viability) and a

25  therapeutic index (TI, ICso/TCsp) are provided. AZT has been used as a relevant positive

control compound for the individual assays.

The results of the antiviral evaluations performed are summarized in the following

table:



wel | s of

format devel oped by the
Resear ch wosriotazpe. Each plate contains

virus control wells (cells plus virus),

a 96 well

cells plus virus).

plate 20 followed by the appropriate pre-titered strain of H V-1 or
h ar

aup a8 ML

Al'l sanpl
virus for

es wer
the

round bottommcrotiter culture plate in a standard

cel |

contr ol

and experi nent al

I nfectious D sease Research departnment of Southern

wel lPET(aambkhstoonl y) ,

wells

(drug pl

us

Serially diluted comppunds are added to the mcrotiter

assa}y%&hal n trtfﬁrﬁfgateﬂ\t/lmg)t?

P?-H

e

Wi t hout

vol une per

wel | was
at nospher
anal ysi s
MIS dye r
abnormal i

200 L. Theg
e at 37C,
oCoRbouadt
educti on.
ties noted.

nl -t

asg@y-RSyd RELLRA EsivicRr ©

5% CCO2,

i nilifgof or

after which supern
ivity and spgie) plates an
Mells were-also—2

celll vi

h el ihl

abi [F1oy:

dayermy Rods AUttt 'PEMCs
at ants were col | ected,

pl yzed for @qehlviability H

t E@may

for
D

ter rﬁl'nat i

dvo

t he assa
(CeIITite

r éﬁﬁgggen

na
L(AI T

I\Ilfsosta
dnega

-t
L,

Ve psoH

o
A

"

SUT _UMJT

to

ot
fla

m n

L

de

M

ui at? pﬁt

30 quanti

ShreAEpouTa

f net abol i

t p?
»CI'1

caI v act

y. >|Y'd)@| | ]

ive ce

nelygPol
$ to a so

Zeg gy T

ublé for

he 0jdpoch

mazan _prg

ondljphg
duct,

enzymes
al | owi ng
cyt ot oxi gi

(IRL.78api d
-t Thi-s

guagtd t at

r eagent !

i ver10anal

s a cinal
-a—S1+-1g

ysis39of

e _stable

cel D.29i a

sol-ution

i | i#y00and
that—d

co3gdun

|
es—not ﬂ

require gr

%%B(léh@ on

Wl aVaW]

b&F¥Pe

se. At t

A8 i o

faVaW. WaVw

h of-09%he

PBMC lassa

y %OQ off

02/ 079299+

of the I|i

I"bll RAOUZ

ds,

uuauTr

A DATQ
(= 2 \'/ | =) ICd.gUrll.

are incubated for 4 h at 37C. T Adhesi ve

was

the sealed plate was inverted several

added—p

WCT 1

||u L ||e W

t he

SHI V- 1.

y

on
S
and

WO
Ils

pl ate sealers were used in place
times to mx

sol ubl e fas, rrazq&tm@q&%nﬁqﬂe,bgglmsag_e_mlragaqiquct rophotonetrically at

490 nmapith a Ml ecular Devices Vmax plate reader.

Assay Reverse transcriptase activity was neasured in cell-free
super nat arlt)s. Viirus plageeiredusfion disyay tri phosphate (NEN) (TTP) was resuspended
indistilled '@Qeﬁlﬁe@o’dm Poly rA and oligo dT were prepared as a stock

sol uti on whi ch  was ke

-20C. The RT reaction 10 buffer was prepared

5 Reverse Transcriptase

fresh on d{Sj‘élstayldétrdﬁramalﬁ(HﬁﬁsZ)sand fHIYH) wete OseMll i@ tesis? ¥itus input for a 6-

well plate was 100 pfu/well. HSV susceptible cell line, Vero cells, were used in the virus yield

10

15

20

25

reduction assay. For cytotoxicity test, an epithelial cell line, Hela-229 cells, was employed.

The antiviral effects the compounds were determined by modified plaque reduction assay.

Confluent cells were washed with PBS and subsequently infected with HSV (100 pfu/well)

for 1 h at 37°C and tilting every 10 min. After viral inoculum was removed, infected cells

were washed with PBS and overlaid with 0.5% methylcellulose in culture medium (equal

volume of 1% methylcellulose mixed with 2 x culture medium). The cells were incubated at

37°C for 2 days for HSV-2 infection and 3 days for HSV-1. When plaque size was adequate,

the cells were fixed with 10% formalin for 10 min. The plaques were subsequently stained

with 0.5% crystal violet for 10 min. The dye was removed by washing with tap water and left

to dry in a fume hood. The plaques were then counted.

All data were generated from duplicate experiments. Mean plaque counts in test wells were

compared with mean plaque counts in control wells.

ECsp’s (concentrations giving a 50% reduction in the plaque count of the inoculum) were

calculated. Anti-viral activities and cytotoxicity measurements were carried out in parallel in



dH2O, 110 L 10% SbSs, 50 L 1.0 M Tris (pH 7.4), 50 L 1.0 MDTT, and 40 L 1.0
M MCl2. These three solutions were m xed together in a ratio of 2 parts
TTP, 1 pawDopob999r A:oligo dT, and 1 part reaction buffer PCT&U0RW0EC00! i t ers
of this reaction mxture was placed in a round bottommcrotiter plate and
15 gL of virus containing supernatant vms added and 15 m xed. The plate was
i ncubated at 37C in a water bath with a solid support to prevent

subnersion of the plate and j.ncu ed for. 60 m nut.es.. Foll ow reacti.pon,
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each in distilled water, 2 times for 1 mnute” each in 70% et hanol, and
then dried. Opti-Fluor 0 was added to each sanple and 20 i ncorporated

radi oactivity was quantitated utilizing a Wallac 1450 M crobetaplus liquid
sci nti | | aPrecinfetionttegatmbat methodl ysis: | C 50 (50% inhibition of virus
replication), TC50 (50% reduction in cell viability) and a 25 therapeutic

i ndex £ Tl CultyeSRhcBRRR Jvad keémeveavire@tbonfiddnt Naso be@ninusedilagata. 4l wxhsd with 1
positive control conpound for the individual assays. The results of the

anti vi r almboaPBat 1 sHsuleierpediaa copiigingtie somnound at pencesirats of: UL O3, wo
02/ 07929 LAl [ 00407 r h VJ | Vi
Conpound<C1ropatre” FINAT 3 33/ PhPeg dthi £t Rpl bl Moo led MATE B
Conpound Elontihg pgimtybatibef had GHB With MEEGTESthe el SRLSFO Tanbinfected Ot 160

0. 25 >100 >40 SPL73 13.2 >100 >7.6.0.92 >100 >109 Pl 7320 2.6 .>100 >39
0. 29 >1Qd°f9é‘fﬁgl ofgytrer i Vol S D2 Theimiscings vt Dedt oG | 5%1&}11%&
Her pesyi r42e5 1 4R AR thdIRYerum was removed, the infected cells were covered with 1.5 ml of

0.5% methylcellulose diluted with 2 x culture medium for plaque assay.

Treatment of Infected Cells

Confluent Vero cells were washed with PBS. The cells were then infected with 100 pfu/well

15 of either HSV-1 or -2 at 37°C for 1 h. Fbllowing removal of viral inoculum, the infected cells
were washed once with PBS and covered with 0.5% methylcellulose containing dendrimer at
concentrations of 0, 0.03, 0.1, 0.3, 1, 3, 10, 30, and 100 pg/ml. The cells were incubated at
37°C for 2 (HSV-2) or 3 (HSV-1) days for plaque assay.

20 Cytotoxicity of dendrimer

Culture medium was removed from confluent Hela-229 cells in 24-well plates by pump. The
cells were then washed once with 1 ml of PBS. 1 ml culture medium containing dendrimers at
concentrations of 0, 100, 500, and 1000 pg/ml was added to each well. The cells were
incubated at 37°C incubator for 2 days. At end of incubation, the medium was removed and
25 the cells washed with PBS. 500 pl of 0.01% neutral red (in PBS) was subsequently added to
each well, and incubated at 37°C for 30 min. The dye was then removed and the cells washed
twice with 1 ml PBS per well. The dye was exiracted by addition of 500 ul of 50 % ethanol
and 1 % glacial acetic acid in PBS to each well and incubated at room temperature for 15 min
with gentle shaking at 120-150 rpm. 100 pl extracted dye from each well was put into 96-well

30 plate and the absorbance at 550 nm was read on an ELISA reader.



(i) Virus plaque reduction assay GCeneral Method HSV standard strains G
(HSV-2) and F (HSV-1) were used in the tests. Virus input for a 6- well

pl at e waswo0Q/opf2ed wel | . HSV susceptible cell |ine, Vero ceCrsumee®7used in
the virus yield 10 reduction assay. For cytotoxicity test, an epithelial
cell line, Hela-229 cells, was enployed; The antiviral effects the
conpounds were determ ned by nodified plaque reduction assay. Confl uent
cells were washed wt with HSV (100
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was renoved, infected cells 15 were washed with PBS and overlaid with 0.5%
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reduce the viability |SHL-m3xk- | nPeetsd2cel bs by 50% Res300onf ecti on
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at 37C for 1 h with Rl Rt iPg-afceeetrgatognivi n. After the inocul um was
renmoved, 5the i nf ect dfFeel Trsatmemeofiofetedcelist h 1.5 ml  of

(i) Herpes Virus —2. Efficacy in an Animal Model

10  The efficacy of SPL-7013 was tested in a genital HSV prevention test in the mouse (strain
MS) model. A dose of 15 pl of 100 mg/ml, or 10mg/ml of the compound was instilled into the
vagina of 16 animals 20 sec before HSV-2 infection. SPL-7013 prevented infection and
disease in all animals tested compared to controls. Total mortality in three days of the same
number of control infected mice was used as an end-point of fhe tests.

15 ‘
Table of HSV-2 genital tract infection and disease treatment in the mouse

Animals Protected Against
g::;/clf:ll)traﬁon iz?ln:)ael: of Disease (%) Infection (%)
100 11 11/11 (100%) 11/11 (100%
100 12 12/12(100%) 12/12 (100%
10 12 11/12 (97%) 10/12 (83%)
PBS control 12 0/12 (0%) 0/12 (0%)

All animals treated 20 sec. prior to infection.



0.5% nmet hyl cel lul ose diluted with 2 x culture medium for plaque assay.
Treatnment of Infected Cells Confluent Vero cells were washed with PBS. The
cel | s werwotokem2nf ected with 100 pfu/well 15 of either HEVAD0RM00402 at 37C
for 1 h. Follow ng renoval of viral inoculum the infected cells were
washed once with PBS and covered w th _3g5% nethyl cel | ul ose contai ni ng
dendriner at concentrations of 0, 0.03, 0.1, 0.3, 1, 3, 10, 30, and 100
ghnl. The cells were incubated at 37C for 2 (HSV-2) or 3 (HSV-1) days for
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cells were incubated at 37C i ncubator for 2 days. At end i ncubati on,
t he nmedi umpapdlenraeiroyedisaile @8idlEsato adiunsmnepsthed] vilt inePBS. 500 | of 0.01%
neutral red (in PBS) was subsequently added to each well, and incubated at

37C for 30 min. The dye was then renoved and the cells washed twice with 1

n PBS perrhelompoti® wily &siva st 8% g’%%ies‘i'x BMu@ddiak bl FHindin@bndOf tptakdanol

and 1 % gl aci al acetl c acid in P o each well and incubated at room
t enper at urP@pﬂ]@maymm fﬂuuorvﬁhufcbmgéaggbé Vihskli e Paxticles (!Vis’@) 333) hvmmmapﬂlpmawms

extracted dye t 9 I
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Treat nent EC50 ]%GM) CC50 (g/m) SPL-7013 PT/HSV-2 0.61 >1000 SPL-7013
PT/ HSV- 1 @ndnhikifigp of @pémzma@ repgriaday-apercegtigs o aespep toha Bindipe/qhssrved in 59
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| NF/ HSV- 2

Methods

15 Cells. The human epidermoid carcinoma cell line A431 was purchased from the American
Type Culture Collection at passage 30 (CRL-1555, Batch F-13530) and maintained in DMEM
in 10% FCS.

Human papillomavirus type 6b VLPs were grown and purified according to standard

20 operating procedures. Particles were labelled with a fluorochrome.

The compound was re-dissolved in sterile water to the concentrations of 5 mM and used fresh

for the first assay before being frozen at -20°C. It was then thawed for the second assay.

25 Uptake Assay.
A T75 flask of A431 cells was washed with 10ml of PBS/EDTA (0.05%) for 5 minutes at
37°C before being treated with 2ml trypsin for a further 5 minutes at 37°C. DMEM/10% FCS
(10ml) was added to cells, the cells centrifuged at 1000x g for 5 minutes at RT, and re-
suspended in full media at 3x10° cells/ml in a 15ml tube. Cell were incubated at 37°C for 2

30 hours with inversion every 20 minutes so as to allow re-expression of cell surface proteins.
Cells were centrifuged at 1000xg for 5 minutes at RT, and re-suspended in serum-free DMEM
at 3x10° cells/ 100pL and 100pL of suspension was placed in an 1.5ml tube. Compound was
added to cells at the following six dilutions in 10pL of PBS: 100pM, 10pM, 1.0uM, 100nM,
10nM, 1.0nM .



SPL-7304 I NF/HSV-1 50.4 >1000 SPL-7320 PT/HSV-2 0.6 >1000 SPL-7320
PT/HSV-1 2.2 >1000 SPL-7320 INF/HSV-2 33.3 >1000 SPL-7320 INF/HSV-1 16.4
>1000 PT woRe@7920d ection treatnment 5 | NF= Treat nent of i nfrextaam2oedors. (ii)
Herpes Virus -2. Efficacy in an Aninmal Mdel 10 The efficacy of SPL-7013
was tested in a genital HSV preventionjphest in the nouse (strain M)
nodel . A dose of 15 1 of 100 ng/m, or 10ng/m of the conpound was
instilled into the vagina of 16 animals 20 sec before HSV-2 infection.
SPL- 7013 prevented infection and disease in all animals tested conpared to

control s. cdipd fbreEdmRtddtwith BorhpsiR@ ASS ngth at BE°CSBdTBre 1ABKIRAIVIOPS ooltl@ ere
infected mce was used as an end-point of the tests. 15 Table of HSV-2

geni tal taddsd. Anhpesitivhcantidl Yilde asly, tieesmadded to ¢alls andthemesgetivemontra) was cells

Prot ect ed NSt centratjan N of L) Aninpls Di.seasegok 9
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Al animals treated 20 sec. prior to infection. WD 02/079299 PCT/ AU02/ 00407
-28 C. HupdaforapidehyiemAnalisisrmoarrigdontion:g eenliss FAGrapadtime: hel i al  Cel |
Upt ake. The conpound was evaluated for its ability to inhibit the binding
and uptake of human 5 papillomavirus virus-like particles to a human
epi t hel i aAnahbkis. | i ne. The conmpound was tested at a range of six dilutions
as i nhibi }&gsrult(s)fwe?el: Qr?all}?s%d %ngg %ini?s%ligitiglfly forward/side scatter were used to analyse cell

10 size and live cells were gated. The mean fluorescent intensities (MFI) of this gate was

generated and used for further analyses. Uptake was reported as the percentage with respect to

the binding observed for VLPs alone (100%) verses cells with VLPs incubated on ice (0%).

Results
15 = SPL- 7013. Maximal inhibition of uptake (26% uptake) was observed at 1pM with no further
inhibition at higher concentrations. This compound has still shown uptake inhibition at 1pM

and 10nM. Viral uptake increased after this point with decreasing concentration of SPL-7013.

20 D. Chlamydia trachomatis infection. Efficacy of SPL-7013 in an Animal Model.

Female mice (strain MS) were treated either in the upper or the lower genital tract with a
15uL instillation of 100mg/mL solution of SPL-7013, 20 sec prior to infection with
C.trachomatis. Lower genital tract infection is defined by isolation of the organism by culture
25 from vaginal swab samples collected on days 3 or 6 post challenge. For upper genital tract
infection the definition is isolation of the organism by culture from the upper genital tract
tissue harvested on day 10 post challenge. Phosphate buffer PBS treated mice were used as

controls.



Papi | | omavi rus fluorochrone-tagged Virus-Like-Particles (VLPs) of human
papi |l l omavirus type 6b. The VLPs was allowed to bind and to be taken up
into the wpiokioed2bal cells in the 10 presence of SPL-7013. PAFsdap2/00640bi ndi ng
and uptake was determ ned using flow cytonetry and inhibition of binding
was reported as a percentage with respaot to the binding observed in the
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par af or mal dehyde). Analysis was carried out on a Coulter FACS nachi ne.

Anal ysis. Results were anal ysed using WnLisT. Initially forward/side
scatter vwo@203e8to anal yse cell 10 size and |ive cel | spPagragoga®d. The
mean fluorescent intensities (MFl) of this gate was generated and used for
further anal yses. Uptake was reported.a3g_the percentage with respect to

t he bi ndi ng observed for VLPs al one (100% verses cells with VLPs incubated
on ice (0%. Results 15 SPL- 7013. Maxinmal inhibition of uptake (26%

upt ake) wa} observed at 1IMwith no further inhibition at higher

concent rBHFEREES Thi s conpound has still shown uptake inhibition at 1 M and
10nM Viral uptake increased after this point with decreasing concentration

of SPL-7013. ozp@vm, l\é}nl%@mgﬁéliwaan,rléﬂc%r%qadsﬂ ke iRk @tefqtl@a,c;sotaﬁlospandims
A | | ted '
upper or e TBuBkoEiTRfof bEGORHR kR AT o SaHORE i) AL

sol ution of Sdﬁﬂ-p}@mljsz&ia@@(m&4@,r22um9r7rﬁ‘oect| on with C trachomatis. Lower
genital tract infection is defined by isolation of the organismby culture
25 fromvagi nal swab sanples collected on days 3 or 6 post challenge. For
upper genital C tr O f n L r ism
by cul tl?:e fr%li%(’?hg lcj}h Pl\ghﬁutg ﬁ% (rigctsme{’?\géll}&&‘h@%g?%é ngﬁc}&%fgecg%gt
chal | enge. Pl"um'phgtaadmﬁlqusrpEBﬁ bf elat hdmmmmmﬁrodeﬁtsmbyaslmscwpbrbl NatuW)
02/ 079299 P @PA%@Z %ﬁéﬁa -30 Effects on C. trachomatis Genital Tract
Infection in 3% Pr ot ect ed Agai nst Infection Goup No. aninmals
Time Lower Tract (% Upper Tract (%9 5 Goup 1. SPL-7013 16 -20 see 8
(50%9a 8 (5099 PBS 15 -20 sec 1 (7% 2 (13%9 Goup 2. SPL-7013 16 -20 see
6 (38% 3B (50%4pavels] R.pPERIz6Eni, 2D; dhaba,1 M.7%nogcl, 68HR.; Schols, D.; Herdewijn, R;

Desmyter, J, De Clercq, E. Rapid and automated tetrazolium-based colorimetric assay

for the detection of anti-HIV compounds. J. Virol. Methods (1988), 20:309-321.

4, Clanton et al., J. AIDS. (1992), 5:771.



Persons skilled in this art will appreciate that variations and

nodi fications may be nade to the invention as broadly described herein,

ot her thawotohozeIspecifically described wi thout 15 depar cagtforomor he
spirit and scope of the invention. It is to be understood that this
invention extends to include all suchsyariations and nodifications. 20 WO
02/ 079299 PCT/ AU02/ 00407 -31 References: 1. Popovic, M ; Sarngadharan,
MG ; Read, E; Gallo, R C Detection, isolation, and continuous production
of cytopathic retroviruses (HTLV-111) frompatients with AIDS and
pre- Al DS. Science (1984), 224:497-500. 2. O avel, E CGuyader, M; Cuetard,
D.; Sal | &LAIMS\ont agnier, L.; Alizon, H Mdlecular cloning and

pol ynor phi sm of the human i nmunodeficiency virus type 2. Nature (1986),
324: 691-695. 3. Pauwels, R ; Balzarini, J.; Baba, M; Snoeck, MR ; Schols,
D.; Herdewijn, R Desnyter, J, De Cercq, E. Rapid and automated
tetrazolium based colorinetric assay for the detection of anti-HV

AT, (1992)  A5H4H0 r{%%fﬁ‘%?‘@ 48 berfi 02 00407 a0 GLAINE: 1 A
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wherein R represents a group of the formula IV:



O\--~O0OO0Op N-NHR -~ N NONHR pNNHR OO>rNN RHN RHN NHR 2
11 wherein R represents a group of the fornmula IV: WO 02/ 079299
PCT/ AU02/WO0M/8792985 0 o0 O O IV or a pharmaceutically aecemabbensal t
thereof. 5 2. A conpound according to claim1, wherein said
pharmaceutical |y acceptable salt is sekected fromnetallic salts such as
the alum nium calcium, lithium magnesium potassium sodium and zinc
salts, and organic salts with organic am nes such as N, N -
di benzyl et hyl enedi am ne, chl oroprocai ne, di et hanol am ne, ethyl enedi am ne,
di cycl ohexyl am ne, negl um ne (N nethyl glucam ne) and procaine, or
quaternary am nes such as choline, and sui phoni um and phosphoni um sal ts.
3. The compound SPL-7013 herei g or a phar(gacgutical |y acceptable salt

Os %4
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or a pharmaceutically acceptable salt thereof.
5
2. A compound according to claim 1, wherein said pharmaceutically acceptable salt is

selected from metallic salts such as the aluminium, calcium , lithium, magnesium,
potassium, sodium and zinc salts, and organic salts with organic amines such as N,N'-
dibenzylethylenediamine,  chloroprocaine,  diethanolamine, ethylenediamine,
dicyclohexylamine, meglumine (N-methylglucamine) and procaine, or quaternary

amines such as choline, and sulphonium and phosphonium salts.

3. The compound SPL-7013 herein or a pharmaceutically acceptable salt thereof.
4, The compound SPL-7304 herein of a pharmaceutically acceptable salt thereof.
5. The compound SPL-7320 herein or a pharmaceutically acceptable salt thereof.
6. A topical pharmaceutical composition for prophylactic or therapeutic treatment of

sexually transmitted diseases in a human patient, which comprises a compound
according to any of claims 1 to 5, in association with at least one pharmaceutically

acceptable, topical carrier or diluent.



4. The conpound SPL-7304 herein or a pharnmaceutically acceptable salt
thereof. 5. The conpound SPL-7320 herein or a pharmaceutically acceptable
sal t t herwofo2/0829A topi cal pharmaceutical conposition for Poroyilvghewri c or
therapeutic treatnent of sexually transmtted di seases in a hunan patient,
whi ch conprises a conpound according.-gg-any of clains 1 to 5, in
association with at | east one pharnmaceutically acceptable, topical carrier
or diluenj. WO\O2LR08283 fET. éﬁb@ﬂé&fyfgy theéﬁbuzlc fedlBkhods fs@iuatllt}]'etransmltted
prophyl actic or therapeutic treatnment of sexually transmtted “diseases in
a human pat i endiseasdsi ioh bonpr patest, tvdpélc edmprises rtomtalaidnnmsmjlonrte thapateant o6 f
an effective ano a conmpound accor di of . cl 1to5 8. A
net hod accorlegeLi?(qu? WW@%@P@P?}U%CGO% saé‘y Ogcﬁl% i(’gl I y or rectally
sexually transmtted di sease selected fromHSV-1, HSV-2, H V-1, H V-2 and
HPV infection, and Chlanydia trachomatis infection. 9. Use of a conpound
accordi ngdto ahyn@hocta@b ing] tor Jaign 7 whetsen spachdfsaeseus @ vadinally orgdételnesrmuallpr
t opi cal adm nistrat nlnth h
sexual | y trans?ﬁntsltnékls dcihsea e gleaﬁci)g %ﬁg& f&ﬁV;Z’;%ﬁ%pFLﬁf\FZ &‘%ﬁl{? fec(:)tlon

and Chlamydia trachomatis infection.

9. Use of a compound according to any of claims 1 to 5 in the manufacture of a
medicament for topical administration in the prophylactic or therapeutic treatment of

sexually transmitted diseases in a human patient.



