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*167167* AGENT FOR THE PREVENTI ON AND TREATMENT OF SEXUALLY TRANSM TTED
DI SEASES - | 5 FIELD OF THE I NVENTI ON This invention relates to the
prevention and_ treatnent of sexually transmtted di seases n '
particul ar YO %¥EP%es to the use of a dendrimer havi

di sul phonate termnal groups as a topically applied agemmmml"m‘m | axi s
or therapeutic treatnment of these 10 di seases. BACK ENTI ON
The gl obal incidence, norbidity, and nortality of sexually tqgpsiritted

di seases (STDs) \ ' ' '

pat hogens is est iAmgq?twgg\}ge]r) X I %@éﬁg %&@%@ﬁﬁ%%ﬁ?

wor | dwi de. One approach for the contro e transm ssion of STDs is the use
of topically applied, fermal e/ male-controlled vaginal, or rectal

m cr obi ci des t.. Y e rel evant pathogens. Consequently, the
devel opnen &Iﬁ]ﬂ@\ﬁﬁ%wggﬁé& m cr obi ci des for intravagi nal or
intrarectal use for the prevention and treatnent of STDs is an inportant
target for nqvel drug devel opnent. 20 International Patent Application Nos.

PCT/ AU95/ 00350 15087 tipiesdp therpievepiian mddsrorsnbe seivelydranspitied disgaggs, and
contents of WhipaficAkeiti (GRS ROHRL & JTe 8larik héﬂ%?ﬁﬁdﬂﬁﬁnl d@u%ﬁb&%@te%iﬂ@lw

cl ass of polyvalent agents - the dendriners, highly branche

macr onol ecul EEOURFtd5 % topeqally appliedhgenb e ePhyliKkipaer Bisrapewic Heatinenti ¢f thase ace
groups, \A}B@cmisggegave been shown to exhibit a 'range of antiviral and
antimcrobrial activity with mnimal toxicity. Unlike small nol ecul ar
structures of nobst antivirals, these dendriners are a class of polyval ent,

hi ghly br amr}ﬁfbl@ﬁ?@% 89%?5{1\?\%?59%3 formed by iterative reaction
sequences starting rroman’‘initial core nolecule with successive |ayers or
st ages bei ng Thadided! invidences assbidity,"gpé meortdityo oS Sextidlybardschittqd diseases (STDs)
t hr ee- di nensi gnal,, 'gﬁl rd reg 30 _pol yneric. conpound.. ndriners are
characteri se&a%sﬁdtblxzﬁ dll%(%\\?ﬁ HY sy Y}Fagsa:nxin.ucrgﬁlaf paliogens s eStimated &t sevétal

15 hundred millions individuals worldwide. One approach for the control the transmission of
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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
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initiator core which may have one or nore reactive sites and be point-1like
or of significant size so as to effect the final topol ogy of the
dendrinmer; ii. layers of branched repeating wunits attached to the

initiator X functional term nal groups (such as anjQnic-
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cationic-containing noieties) attached to the surface of the dendriner,

optionally through |inking groups. These macronol ecul ar conpounds are
synt hesi sed from nononeric building blocks with 5 nultiple branches or

tree-like st w%w&pmﬁﬂg nio%egtmhg@ i the fsaGscels tﬁé@eng@lngf; g})tg?ngg«; Eﬂéi&‘égha

nunmber of functio groups that lead to recognition

receptor. Théngngpgeups.i on of dendriners is well known, and is described by
way of exanple in US Patents Nos. 4,289,872 and 4,410,688 (descri bing
dendrinmers based on layers of lysine 10 units), as well as US Patents Nos.
4,507, 466, 4 Thé&d, MRBomdle&bid,cotpoumndsl ark, SyBtheS24@ ifcdembxhérngbxdlﬂn@rﬁlm svithased

th t d PANA t I
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unexpect edl y nehipatd s GxfEphdl givaps Batiéadith Yecagatiowby @blbrogi@@l réepet.r um of
m croorgani sns associated with sexually transmtted di seases, that nakes
t hem agents of choice for the developnment of a vagi nal or rect al

m crobici de frgg pf aﬁé@ BNY¥dningrs 3 el KERVATRAH iOfescrPRd B3Iy dffeRRaplktit
di seases. 20 SU OF THE | NVENTI ON Accordlng to the present invention,
g

there is proVrigesd héPScér%ﬁB@ﬁ%l apst 46 HRO§S (desariping dengrimeys ba$e|d| on lagyre of AyE99
PCT/ AU02/ }P4Qdits); 3s N aBHUS 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 microbi.cide 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
I
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wherein R represents a group of the formula IV:



Sui t abl e pharmaceutically acceptable base addition salts include, but are
not limted to, netallic salts such as the alumnium calcium 1lithium
magnesi um potassium sodiumand zinc salts, as well as organic salts nade
from or gani ] such as N, N -di benzyl - et hyl enedi am oprocai ne,
diethanola#ﬁ%gghgﬁiylenedianine, di cycl ohexyl am ne, 10 ngg?ﬁﬁg%@&ﬂp
(N-met hyl gl ucam ne) and procai ne, quaternary am nes such as choline, and
sul phoni um and phosphoni um salts. Particularly preferred conpounds of the
present invention are the conmpounds referred to herein as SPL-7013,
SPL- 7304 and SPL-7320 the structures of which consist of polylysine 15
dendri ner, polyam doam ne (PAMAM dendriner, and pol ypropyl eni m ne
dendrinmer scaffolds respectively with the active surface groups consisting
of 32 naphthyl disul phonic acid groups as sodiumsalts. Each of the
napht hyl - di sul phonate functional surface groups is attached to the
branched dendri ner scaffold wi tB=&mam do- met hyl eneoxy |inkage to the 32
term nal groups. 20 The present invention also provides a topical
pharmaceutical conposition for ophyl actic or therapeutic treatnent of
sexual |y transmitted diseases in uman patient, which conprises a
compound of the formnul a NyT o OF above or a pharmaceutically
acceptabl e salt thereof, iln assoc on i th at | east one pharmaceutically
accept abl e, topical carri & or ‘dil “>~45 WD 02/ 079299 PCT/ AU02/ 00407 -7
I n anot her aspect, the present inventi & so provides a method for the
prophylactic or therapeutic treatnment of sexually transmtted di seapgs in
a human patient, which conprises topical admnistration to the patient of
an effective amount of a conpound of the formula I. Il, or Ill above or a
har maceut i cal acc abl e t ereaf . 5 I n yet another aspect, the
anention SF8PL “ﬁggh%ﬁmﬁwggkﬁﬁﬁﬂﬁr ? the formula I, Il, or Il above or
a pharnmegeutically acceptable salt thereof in the manufacture of a
et st Ryt B ppiatle e bl SR B e ot NSRS ©

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 Il above or a pharmaceutically acceptable salt thereof, in
association with at least one pharmaceutically acceptable, topical carrier or diluent.

25



di seases in a human patient. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Compounds of the formula I, Il, and Ill, and their pharnmaceutically
acceptabl e salts are novel conpounds which have unexpectedly shown

excepti onal tivity against a broad spectrumof 15 patngg ci ated
wth sexualw(ggﬁmr"%}r?érﬁtted di seases. As described above, the %@%@%ﬁ?\ds

SPL-7013, SPL-7304, and SPL-7320 are pr?ferred conpounds of the present
i nvention, and have been found to exhi bff significant antiviral activity,

parti cul arly agai nst vir and microbial vectors of he nost
sexual |y 20 #oHIE rﬁsP?Cédt%&Pé"éé%te‘élve"@P’E 29 1RO¥MRT Bi ad 970 e RepR A tmor

antiviral agbla¥ddiy tWathenfiofbex@illy €aGMitRANHisBatts TR a rﬁﬁ{ah fafient 2RhieR cod ée@' ty
agai nst vectors of several of the nobst inportant vaginally or recta lha
st

sexual | y t YopissiAdpiristration dxthe satie) efingéfestiiernonpicotissempernde thefeandyhi
geni t al (P,q? a‘ﬁb{;ey?r %h%h@ée‘ég?@ancg%gmé DifRerddstro cell tests and in vivo

in an ani mal (‘nmouse vitro cell tests "against Herpes
virus-1 fHSV-1) and Human | mmunodeficiency viruses (H V-1, and H V- 2) I t

has al so begn % V\’ﬂ?rt%gb Ct' ‘éﬁw %vriget &SQ%f%%%ﬁRB' VioAHE Mrmla 981k

warts, Human ai nst Patterial veetror o
non- speci f i dboue et hrphhmmpeﬂahlmmdepaablé saatahemait inghe hmnﬁadthretcﬁatmedxﬁﬂienvm3
has al so shown a agal Str ns 0 O virus-2 .

esi ot ant v EPEa: M RiECR REarphiReotel Bebbalie SELRTL of bl emined |
addi tion sageaz@qls}aam,aﬁamzszo show hi gh act| vity agai nst HSV-1, HSV-2,

H V-1, and HV-2. Furthernore SPL-7013, SPL-7304, and SPL-7320 is active
in Ch- Qpendant and CD4- independent H'V transm ssion assays, and is

effective appppavedDEyrribMoON oF ragdmarNnaimlN fusion. Al conpounds have
been shown not to inhibit the growh of various species of WO 02/079299

PCT/ AUO2/ 00407 -8- beneficial Lactobacillus. In addition SPL-7013,
SPL- 7304, ?&’Jndz %gﬁxqur%lﬁeﬁnarﬁm&lﬂelr ?ﬁ‘ fa&%&almc&égtatot&esaﬁg £48Bbdion

of inf ectlon of "human peri pher al bl'ood nonocul ar cel with either
H V-1 RoJo @m@mmise@h@bdaveammetp@w shown exdeplaanabantiyiby Msnsaa érqaé epagirugpf

prophyl axi s, g LNGEARGUE bfin LhGAl TRALmAba SREMAL | Y

As described 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, particularty 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 Immunodeficiency 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 CDA4-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



transm tted di seases as topical mcrobicide agents intended for application
to the vaginal or rectal nucosa to protect against sexually transmtted
i nfections. 10 The present invention also provides a topical pharmceutical

conposi tion %&%%gégphylactic or therapeutic treatnent OHWE@Qﬁﬁ@%ﬁa of

transmtted e in a human patient, which conprises a

formula I, 11, or IlIl or salt thereof as described above, in association
with at | east one pharmaceutically accéptable, topical carrier or diluent.
15 The formul ati on of such conpositions is well known to persons skilled in

this fiel d.benefidighlacobfeliag Macdditios 8PLY083; SEPIBLY ang SPLITBLE hRBe& showhwent s
i ncl ude any an&eall .copventional _solvents, dispersion dia, fil]ers

sol i d carri & §tfechye dp fac PHVREn T MisCHon gfs humah pEARMERA | blpod BRACSHRN icefifingal
agents, iso&g%¥§% Q%gq“gg§gppfkggugqngngQBgdor del ayi ng agents, activity
e an

enhanci ng or %ylng agents the Iike: The use of such nmedia and agents
for 20 pharnmaceutically active substances is well known in the art, and it

i s described, by y. of exanple, in Rem ngton's armaceutical Sciences,
13t h B 51 oCoRHRREIBE CeRP A SiryEAY I PRBHEYF 33, PEeDOGR FeReR AT SPHLY o
as any convghshital digeades la€ Fopddal iidrobitidel @fdnts iitchAGHOP appilRh®on M thdvighfu dst i ve
i ngredient, use thereof in the pharmaceutical conpositions of the present

i nvention i BCRbRishiodretsct agpppisermeily Grpmittadiiplectiangr edi ent s i ncl udi ng
agents having antiviral 25 or antimcrobial activity can al so be

incorporated into the conpositions of this invention. It is especially
advant ageous to fornul ate conpositions in dosage unit formfor ease of

adm ni stypat 4 unl i : ; LI i Ln
Fefer's 10 phosyenft P dsb protiacdd3aHEH prRRACRLLT cbnb RS WO 14 S
human subj ethempeutic gatreanolosexualbyctrangmitted 3Geasonn ailminay patigut,educhesomipmees a
quantity pf ccﬂ'@o‘ Lfof f&%lﬁgi %ﬂto ﬁ?h?é‘i’lt%ﬁ]e? f Bgdegggo%gggo h% aggo%{a[igrgwit at feast .

t herapeutic effect 1n assgcration wt e required pharmaceuti cal carrier
and/ or di | uemt phaifieentspldcaccematile, dopscdl carrierhve diloerel dosage unit forns of the
invention are dictated by and directly dependent on (a) the unique
characteristics of the active ingredient and the particular WO 02/ 079299
PCT/ AU02500ZRe/ formBlatidnerfapadutdantpositivects well kmewaah pevad, skiled ir( thjs fidide Suitable

limtations_jnherent. in the art of conpounding .sych an acti i ngr edi ent
for the par PRAIREREHCIHEIE ABSF hgeIcy s bty 2y gt fE coitntona
invention abkslCenp| dispel€itn andded, HErs eslid Eerigas, offuydiBCdohiodd, coatings, antibacterial
| 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



5 therapeutic treatnent of sexually transmtted diseases in a human patient
by topical admnistration to the patient of an effective anmount of a

conmpounds of formula I, Il or Il or salt thereof as described above. In
addition, the pr nt invention provides the use of a ¢ f _fornul a
[, 1l, or PY&O%V&§§It t hereof as described above in the ﬁgﬁﬁﬂ@%@@?é of a
nmedi canent for topical admnistration i such prophylactic or therapeutic

treatment of 10 sexually transmitted dfSeases. A variety of topica
adm ni stration routes are available. The particul ar node selected will
depend, of thempege, effepion behehipedt ariulba theclonigitivhoimhéreitrig the shochnzgratnding

dosage requited for . prophyl actic.o apeutic efficacy. The nethods of
this invenﬂcéﬁ? aétévr?e"rl%grﬂq%’tgoﬁg}éwaﬁéfuiaﬁ%%%&be practiced using any node of
adm nistration that is nmedically acceptable, nmeaning any node that

produces pAopleyloaslyidesceibed, herpagenttiheentiow elks plidedhemativbd V& thopppngadtic@r t he

invention without causing clinically unacceptabl e adverse effects. Such
nmodes of ‘_gna‘?‘i‘i’?ﬂt’& e ?‘rﬁé‘?’ﬁ‘ﬁ@‘/ ttﬁ%‘s"%}ﬁﬁg n‘g SPelt & humapy pf“r‘"jé‘ﬁsbydé‘?ﬂ’r‘éﬁ(i
routes. Suidn@ills@atidd tBWheAlaliON Df bR Effedtiv af@lmt dl’@%bin?bﬂn@é lo¥ fosaglanall sMiirgect al ,
adm ni stration include solutions, suspensions, gels, 20 lotions and creans

as wel | assalfi heyeaf as defcribedsahone.adn sdien the Mresent AREnHPR Paviics ph P efa

suspensi o n&yghﬁguhéf bf ARlbMET ¥, SYET 650 BE e | dbSLSH AL I the BARBR AL BF %ver y

systens whi canr'gr ovide for slow release of the active conponent of the

i nvent i on, mpdigtrpedit ngr $epiqahiadegnistratipe 48 esugle | psophylagtiomer thurpnsuki¢ ttealwent ofr

capsul gs. . - ined rel ease delivery systens are avail able.
These ﬁﬁcl%g%{n}{)ﬁ{u#g%rtga%%%?mted to: (a) erosional systens in which the

25 active conponent is contained within a matrix, and (b) diffusional
systems i nawich LPEag oS SOIRANSRL RCLARAE TR oo RN LIAL el L8481
through a polFiver ' TRE¥ACTTVE corrponenta of “t he pr e SHt IPRVENt IO TS

adm ni st er éepend, ¢fr@pisy,| @oh ithabidicdar canligioa heink i teeated yné filiceddsagereguipednfos. A
prophylactically or therapeutically effective .amount 30 ans that anount
Peobeary BOPPUNSE SurRRT e oo meSiigmad TR iee, 2P gheitly mire
onset ab, béﬂp%‘ab'tiﬁedt di@gpmgrhl eﬁébbﬂdr?flistr@ﬂion{;mbﬁ isahécmgﬁ‘y'lglﬁéeptabﬁae nAKiaE Ak .
progr essi on e rticular. condition heing treated.. Such amounts w
epand. - of Mogar e, POfieh dropyiar G P GRS DR Hoifg S PEAOBIOT P o BFer | ty
of the congivkhtn avithout dHavsilladlinRally eidacptBRe tad@Vedisd NElettsll MhcRIRodesPlbysi cal

condition, size, weight and concurrent treatnent. These factors are well
known to \sawysrageggelpdering yasingoregtpl, 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 amount.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 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



-10 those of ordinary skill in the art and can be addressed with no nore
than routine experinentation. It is preferred generally that a maxi num
dose be used, that is, the highest safe dose according to sound nedi cal
j udgment . | 1 e understood by those of ordinary ski i e_art;
however, tﬁg?w%&#%ﬁer dose or tol erable dose nmay be admr#éyéﬂ%é&ﬁar

medi cal 5 reasons, psychol ogical reasons or for virtually any other
reasons. CGenerally, at intervals to be” Hbt er mi ned by the prophyl axis or

treatment of pathogenic states, . intra-vaginal or intra-rectal doses of
active corrpc?’ﬂ%ﬁt °’\0M%f4?naﬁ% Sﬁ‘ﬁ’orﬁ‘ dBogrt E“%Ofa Fk@d‘%‘ésrse%d‘?th £8 Me8othAY/ RE Rer
day. Small desesmératdd- I id"BoefefRY oBRralthit SheXighm Mbskivdlkes, thels! Meadshay: 10
i ncreasi ng doses up to _about 1005 ! Lkg per day. In the event that t%e
response i n Safesdnss aeqording to soungd ﬂeéirg%ritl gpens JE Wik bg gigdergioechbinihgsreef efdipesy (or
effective higheh HOSEhob¥ved, Ml 1566 ose BbRrabl OGRE m%e%&dn;@wd fo? YellioalBY
be enployed to the extent patient tolerance permts. "Miltiple doses per
day can be cempenpsyheldgicd reaserisev forappratp piyaetbergpaspasri ¢ | evel s of
conpounds. 15 In a particularly preferred aspect, the present invention
provi des the use of SPL-7013, SPL7304 or SPL7320 as a broad spectrum
vagi nal or rG@aksllyntintedyiisitalbe deefuidediby thdpropiylesie ot rewmenn df patiemkie Btataaf
viral and m.crobi al ;sexual |y . transpitted di seases,. L- 7013 SP|. 7304 .and
e roale b RSP E o R BEG Tite die P LT Belkedd Y

SPL7320 are DAT &b PLiRfa

sui tabl e velhbdbeo ng/Kgher Hay. Buail dgsds,(0.0011i M), may BandihistoaNfsialyg FylldWed by

m croencapsul ated 20 suspensi on_jn ueous Qqr non-aquequs sol vents, =
oget her Wi CROBHHIEOEFUPAY bt MA0rRg'Rs berddy 19 41 Qi et Qs dppense df a pytject is
enhanced or idaiffyiad a8 DEardokdsOeveahighepidsad (o2 RPfettRHI HEr d6des BP8 M Sert?, more
enhance adhesign to vaginal/rectal epithelial or nucosal |ayers. Throughout
this specif ile%aﬂlﬁ%d%ﬂmtrﬁ%t%ma}/ R cRAtoxF toolhf GHieniupatisasstoleracRmERt MERIRIA 1 es
25 ot her Wi s&josésifr W/ dn b6 C8MEMSSed tochi¥d AppEdpRiaR s§8ERicas els©PBRhporRds. OF
"conprising”, will be wunderstood to inply the inClusion of a stated step
or steps or integer or group of integers but not the exclusion of any
other step qp asky%ﬁul%}\f/\;pﬁf@ﬂg&r aEct SHRUPre Gt NGOG %role:dég R hsd %Ftesgi%@f

b
the present invention be apparent” fromthe follow ng Ex_sérrp whi ch
30 are incl RF&A3%y onedPL3?2q ks usrpad ispastrumovaginal ar atefteh micybitifie usefulefrt itin.

EXAVPLE 1 Areeh&RPhdf bOfimBt SF ey Sy SabYEAH USRI TonshERARP diseases. SPL-7013,

SPL7304 and SPL7320 are water solible 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 are included by way of illustration, not limitation, of the invention.

EXAMPLE 1

A. Preparation of BHAlyslys,lysalysslys;s TFA;;



WO 02/ 079299 PCT/ AU02/ 00407 -11- 1. N, N -Di-t-Boc-L-Lysine (DBL)
L-Lysine. HCl (1.83kg; 10npl) was dissolved in a solution of sodium
hydr oxi de (880g; 22npl) in water (201) and the resulting solution diluted

wi th t-butanol ). Di-t-butyl dicarbonate (4.48kg; t hen
added dr op%’ ’03‘«’?2?1 1 hour during which tine the 5 reacti Sﬁj}m }(?q\?fﬁ became
m | ky and warm (30-35C). The m xture was left to stir overnight to give a
clear solution. The solution was extractled with petrol eum (40-60C) (2 X

101) and the organic phase extracted with sat. NaHOCO solution (3 X 41).
The conbi nel aq i{tBeedsLyyiae @Bbbl ed in an ice bath and acidified

carefully tp ﬁl‘@,‘rl t(?‘ 85-1% 1?%5 A ls‘lﬁés@l@cd n@"? sgfuﬁ:'i(){?'(ﬁt Qdffrﬁ”h drH&ide t(gﬁ%e d

extracted W|t t he conbi ne ani c s 10

with water %2110() 8r1)Wate@1r(i2@lbi ahfiBOApsulting ssxhﬁ!@ermllumiewtb\nttﬂ\thObéltﬂi tDeriybutydt ur e
of i y

o o2, 12, EbiBofy kL AL ¥aelilaolt dbadlic bodPtighy WYSEHAR he/fLY

sol uti onsof redétiychigtnesdeans bﬂdymdem{ D@Q)SO(C)ZTE@k@gturkwﬁalle)ﬁ lorsuebxlmyﬂlgta&et ate
(51)" was 15 added dropwise to an ice-cold stirred sol ut
Di - t - Boc- L- 8§ P&y ﬂBBL’Pn(@16458%1011ﬂfﬂ%ﬁf‘&’a‘:tc&rYH*hAleHP{eP@dH@ﬁQ?C)((?«IB@@D tod thokg;

10mol) in esByhic ?E&‘s% %&@ac(ehmh kmdﬁﬁHﬂbB, sQE6h (37K 148 ThERomBREd hy1RBuBFers
conplete the m xture was allowed to warm'to roomtenperature and stirred

over ni ght. Whe qekdlit amgcentrth ends asprﬁaé |cmﬁﬂw$o PHeD with| IMrIéHS@meblmhm The
filtrate concegtrated to le ve a e | owj s s)gld%g resi due resji due was

recryst al | | YB3 rRi¥WelAS el £ Grete W et o?f‘st Ff?F’i}‘?H‘e ORgARICO BNy |

ester agoa white® wihwatr (Z’K%h)ddﬁ@d (1\@%4 J}@Jo%c&.iraiebevlﬁarm{emgaamré &t8pobe
isolated fromthe nother |iquors. ys. 2HCI A solution of DCC (41.2g;

0.2nmol) in Wgved @hhmamﬁénéN(P%@ﬂ@pcxldsySwddedvm visgousowk col d 25
solution of DBL (69.2g; 0.2nol) and benzhydryl am ne (BHA) (36.65g; 0.2nvl)
in dichloronethane(600nl). The m xture was stirred at 0 for 30 m nutes and
t hen at room tenm@-mnmoe If-lmysnﬂehmitrsphe‘ﬁhleestees(l)ﬂiljomp)suspensi on was

T I Y S VIR —
and wat éb; admea detpiwexet t6 ey $E3490ld Rudrred sudwivn rod tDe-d-Boo- Iglyvmee(DBmam.%kg; 10mol)
and 4-nitrophenol (NpOH) (1.39%kg; 10mol) in ethyl acetate (151) under nitrogen. After the
addition was complete the 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.2HCI
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 stired at 0° for 30 minutes and then at room
temperature for 3 hours. The resulting suspension was filtered and a tic (pet.ether/EtOAc, 9:1)
of the filtrate showed no starting material. The filtrate was washed with 5% HC], water, sat.
NaHCO3 and water; then dried (MgSO4) and concentrated to give a foam.
30 Trifluoroacetic acid (TFA) (400ml) 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 concenfrated to give a brownish oil. This oil



30 Trifluoroacetic acid (TFA) (400nl) was added to a stirred solution of
the foamin dry dichloronmethane (200mL) at roomtenperature. There was
initially vigorous gas evolution which stopped after ca. 15 mnutes ; tic
(Et OAc) sh tarting material. The solution was st or_an
additionalqggﬂ% Q?§and then concentrated to give a bromnﬂg ”§ﬁ¥%09%|5 oi
WO 02/ 079299 PCT/ AU02/ 00407 - 12 was ssolved in dry acetonitrile (600nl)
and a saturated solution of HCI gas di sszol ved in absolute ethanol (ca.
360nt) added with swirli e solid soon began to cr stalllse and

the mi xtur &&iissplyeqd in Ws%%‘ﬁﬂ“ﬁ%r(mpnﬂbﬁ‘#d asatipgh sobrige PAH 228 disselipsl &t e
crystal | i sgabiohite et-ﬁﬁﬁol (éH 5501'151%%& Jlmlswlﬁgl ARtk 88 SRbA ge%?@%st‘éﬂfs@aﬂf y
acetonitrile, then dried 3lve 5 BHAlys. 2HC as a

ca. 80% . 4he Iemrygwayéem@ forel hapr 4hToeE {eBpeBate toozommqrystﬂhsat@dd%b to a

stirred sol i gﬁﬁg Anp]. )

white suspen;s“%u% orrre ys&ﬂ%ﬁ%/as%ﬁgt‘??grheedq?&h r@% ar?‘%ﬁ?fﬁ‘e% % éﬁegg%@p
(262g; O S5&EAlYs.WEE] asckaelite phvdentiyietdrac8i%nedi at el y becane yel | ow and was
stirred for 3 hours, maintaining the pH of the m xture at 8-9 by addition

of triethylam ne. The reaction m xture was then added slowy to a | arge
vol une of wi goerBAlyslssstszdaed water and the mxture sti rred overni ght. The

pr eci pitat as, coII te iltrati and washed wi and
dried to g| Sgﬂ 5 F{“EPD Yr addeg P e ﬁema@} 8&3 %gq%ééﬁﬁ'ed 15
successi veloyl 4&Mo‘l)thIWIBMFJ(3DOI{1I)tR®vk@% hagpeﬁéa@vmlme@wmh mv,vsﬁ@édow 19 thinutes
treat ment vmth%%ldjeous The remai hi_ng was dried to give

BHAl ys| 52888 RIEHaNA? % 889&}%‘9 W&y adfies- c,Téle ml?t)% immedigiglx| heeanes yellpgn amh c

20 Trifl uonaesirédLoasindurs @Qgﬁﬂal}udéﬁﬁe @Q‘@?ﬂlettﬂxxﬁlrcs&lw bPBdd¥on of triethylamine.

BHAl ysl ys2Boc4(116g; .0.12nmol) in dry d | or omet hane (600nl) and there was
an i medi atTé‘ewaﬁBQ%@§<h€9&a&the©ﬁd®ﬁ stpady t%@geg@l‘mq of iyignEasytsiired watepand
hours and t [ ved
houts. M&ﬁhgg%ﬁe%ﬁato%f £ S8 iR QS cOlld tegy | Fluidn W85 walled 0

tri et hyl amwater GBBRENAri¢UBRIve 9 yolbmid) soliss Tfntseaohédu@qtowdcted led glehlvwhed

sol Ut ofy SULKRH Pk Y Buflind ORD A8 AETRSLALYTSM LD LRELE o Bhleous

adjustnent W t triet m ne mai ntain t
NaOH. The remaining solid was drled to give BHAIyslyszBOC4 as a white powder (yield ca.
70%).

5. BHAIlyslys.lys4 Bocg

20 Trifluoroacetic acid (600ml) was added to a solution of BHAlyslys,;Bocs(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. BHAlyslyszlysslysgBocyg

30 Trifluoroacetic acid (1) 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;



reaction was then precipitated into water and worked up as described above
to give BHAl yslys2lys4Boc8 as a white powder (yield ca. 100%. 6.

BHAl ys1ys21ys41ys8Bocl16 30 Trifluoroacetic acid (11) was added to a

sol ution of | ys21ys4Boc8 (200g; 0.106nol) in dry dj roet hane
(11) and t%&gﬁé\% ?an i medi ate vi gorous evol ution of gagé%@m@gﬁ%hti on
was stirred for 2 hours and the concentrated to give a viscous oil. This
oil was dissolved in dry DWF and the pHof the solution adjusted to 8-9
with triethylam ne. DBLONp (782g; WO 02/079299 PCT/ AU02/ 00407 -13 1.67n01)
was then ad vkl JoMsofltibh kEFed ) .

t enper at ur eqﬁ?ﬁnq‘ﬁ%?iﬁg& C (f)ix—)?d;tg% gésltor_rergg&l\l(l)mﬁtsﬁ_ %rfl%?atzhf anﬂﬁﬂgﬁ%@?ﬁ@luﬁ% zviviltrl]1 t he
pH above 8. pehedic phedjusmenaxith tristhylaprectiopiavziniedhd pH ebavstde Tharactino meedthanp as

ca. 1000 . Sy BbRAR FoCER oL aely SR IER I B A R

was added t Q vahitlpsiviérgyield BHA0YS! ys21ys4lys8Bocl 6 (300g; 0.081nol) in dry
di chl oronet hane (800mL) and there was an i medi ate vi gorous evol ution of
gas. The Xolution was stirred for 2 hours and the concentrated to give a

vi scous oi |l 4 Thi ggilsiv lssgyeyved in dry DDVIF (1.21) and the pH of
the sol ution adjust e% %sgygsﬁgssﬁst&h tcgrlzi et hyl am ne. DBLONp (1030g; 2.21nvol)

was then addedluencacetineacyde (1.6l wad addedntoss imixbue fobr BEAYaiys lpulysgBoms (300g;
tenperature w th peri odj H adj ust e, jth triethylanine.to maintain the
pH above 8. %im°$é’é@?'i‘fb%’h§&’§ggl?@{%g&§&?‘ﬁ'ﬁlﬁrteé’f?siaﬂt%m\ﬁgf‘ r"‘géffﬂﬂ‘s\%‘gkté‘ﬂ’ p as
descri bed ahayaht QolgiintwaBiiedSbys Bbis 4hd/&8lcyackBasdd @Se a vishduk @i1PTPHE &l

(yield ca, 100% . 15 8. BHAlysl 321¥s4é{/§f81y316TFA3_2 Trifluoroacetic acid
(168mL) hhs vgadetrlysd Ay %ﬁftyﬁla 2n¢ ths pE] pf Hacofudin geljugtptor8-9 with triethylamine.

but yl oxycar lyssyas le@ - 221 BoBGH RAnRUINd Dl M FeBO6® solution stirred for 2 days at room
BHAl ysl ys21ys41ysgl ys16Boc32 (20g) in dichl oronethane (350ml) and the

reacti on wademaReratyrg gvithgrerigdic |y sgmenhyyih Egthylapine tamaingin the phipboyedcElicon

gir |Xfagr € WaS (CRAGE WL AhEf pribifBEdOintd vaRP! MRA0whikellAP 2R beRTove REZRe
BHAlyslysylysalysglysi6Bocs; as a white powder (yield ca. 100%).

15
8. BHAIlyslys,lysalysslys;s TFA3;
Trifluoroacetic acid (168ml) was added in one portion to a suspension of the t-
butyloxycarbonate (Boc) protected polylysine core BHAlyslys;lysslysglysigBocsz (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 BHAlyslys,lysqlysslys16TFAsz (17.5g, 83%) as an off-white solid.



to give BHAlyslys21ys41ys81ys16TFA32 (17.5g, 83% as an off-white solid. WO
02/ 079299 PCT/ AU02/ 00407 -14- B. Preparation of SPL 7013 (i)
Di sodi um [ 1- (oxynet hyl ene- car boxyet hyl ) - 3, 6- napht hal ene- di sul phonat e] .

Di sodi um 1+ 3, 6- napht hal ene-di sul phonat e (100g) din

di et hyl %b(zg*@g%(é?de ( 250m ) and dii sopropyl et hyl am nﬁ%ﬁ@ \6?5 added
in one portion. Ethyl bronopacetate (38ml) was added over a 30 mn period
and the reaction was stirred for 14 hout’s at anbi ent tenperature with the
exclusion of noisture. The reaction was slowy poured into ethyl acetate
(2L) to givB. an BuepgratieioiBBLJ0M The supernatant was decanted and
additional ethyl acetate (1.5L) was added. Several triturations foll owed

by washing with acetone of the 10 residue gave disodi um
-[ 1- (oxynet Gyl enBiscdjnimsbl3(9X)hy¢t)1yl&@emapmewlbh@ndplsﬁhhpheﬂiésutp]ho@aig 78%

25, & brown sobile Chipkoed DI SASSERON TR IRAULDRIERSR A Sul phoni ¢

aci d. Aqueous ¥i'6h a8l

di sodi ums|[ | sulﬂsﬁnd(ewy(brﬁlghz)dmmepmﬁylahylymid&xlts))ma \&sraacﬂﬁdtlhahept&h@h Etﬂyfhhonat e]
(97g) in H20 500nl. The. reagtion was.stirred f 14 hours at i.ent
{enper at ur O AHERHsR CAROSHE SORARIGHE P IHos6t spior EPoF Uy SeBE P e o

drying the gahlvagk ethpbraass wmalemaman SOYyiBREN Yheiagotoa e ¥ty poured into
3, 6- napht hal ene- di sulrghonl c acid 67g 83% as a brown solid. 20 (iii)

BHAI ys| ys2I §tanlpseatey g ride emodypeeidas/ smmﬁmsmgﬁmaﬁ(ns@sﬁ%%ts@md aggitiongf) 3
1- (oxymet hYétﬁ%Ie\:}lg&%gPKWw%,a@dé@@@epﬁ|tr@cﬂ1%t19h§fdflmrﬂy%ﬁﬁh§ with Ac&8EH o RS

di ssolved in and dii sopropyl et %I anm né 5ml) was added in
one por tiPonresikg gav§(§1llseth|11@rr[X/m}’mh@ﬁlen%t%@@)’? yl&'3£§o¢%ﬁmh§hﬂ?)ﬁlé‘ﬁah‘§@teﬂ)§97add| ng
benzot ri azob@y sVl 5:0%Y sdifdl S- PYrrolidi no- phosphoni um hexaf | uorophosphat e

( PyBOPR; 729? |°%aoner po?tilron to a solution of 25

BHAl ysl ys21ys41ys$1ys16TFA32 (15.95g) in DWVF (650nl). DWVF (100m ) was used

o rLnse LU5 I OPRAIRAYNAEare b £ BAGHA AL Sl folRagRE | T Tod Tor 14

hours at a erature an Ituted w water (1OL). The
sol ution waAqmmpeNa(t)Hr Oddinl)a whs mdied nindepe hpdﬂ'idrt aéo andlutmor of sliswdRal- [1-

Filtron . apparatu \((5 0 inin qb{]ane h ul
sol uti ongvvagoxﬁm séné "t ﬁarr%ou ﬁtmﬁ)‘?'réi éﬁ‘ 153%?15‘% Onat% n§9 wH :Jéngse mt?hr gh a
0. 22 m cr Onreaction was stirred for 14 hours at ambient temperature and then passed through an IR120

(acid form) column. Freeze drying the collected fractions gave 1-(oxymethylene-carboxy)-

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

20 (iii) BHAlyslys,lysslysslysy ] NH-CO-CH,0-3,6-Naphthyl- (SO;Na);}s> — SPL 7013
1-(oxymethylene-carboxy)-3,6-naphthalene-disulphonic acid (47.85g) was dissolved in DMF
(500m1l) 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 BHAlyslysalysalysslysigTFAsy (15.95g) 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 IR120 (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 = 15Smin 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:



30 depth filter and freeze dried to give SPL-7013 as an off-white solid in
a 75%yield. Retention tine = 15mn on an ODS-EC 15cm x 4.6 mm HPLC col um
at 30C with the detection wavelength set at 240 run. The sanple was el uted
at aflowrate of 1 m per mnute using the gradient elution detailed

bel ow. WO 0% 8¥528Y pCT/ AW02/ 00407 -15- Tine nins % A % BC0VY" %’ 2 90 10
20 10 90 30 10 90 31 90 10 Where solvent A = 0.015M TBAH in 0. 01M NH4CQAc,
(pH 7.0) and solvent B = 0.015M TBAH iR "McOH. 5 Mass spectral anal ysis of
SPL7013 indicate a nol ecul ar wei ght of 16,5802 Dalton. The expected
average nol ecul ar wei ght expected for SPL7013, nol ecul ar fornul a,
C5s3H577N63Na640287S64 IS ISmbinims3- |10 C.ep,FlX €paratior,g SPL 7304 In a
simlar way SPL7304 was |prepared by It he PyBOP couypling of 1t (oxynet hyl ene-
car boxy) - 3, 6- napht hal end- di sul%honi d aci d%i th pgl yaml@oani he (PAVAM
dendrinmer, generation St ouz'uw st(B——Siggme=Agri (,iulg‘t y—Ltd.,

Australia). 15 D. Preparjation of SPL 7320 I n a siimlar way,| SPL7320 was
prepared by the PyBOP cquplingoof 1-(oxymddhylene 90
car boxy) - 3, 6- napht hal eng—disulphoni-d—aeid Swth -pa-yprepy-en m ne

dotri acont aani i ne dendrli mer, 34enerdtion 40 ( DAB- Am §§ Sigma- Al drich Pty.
Ltd., Australia). 20 EXAMPLE 3] Biqlogicgh Actiyity @p SPL| 7013, SPL 7304,
and SPL 7320 A. Activitly_Against Hlman | mmunodefli ci ency us

Where solvent A = 0.015M TBAH in 0.01M NH4OAc, (pH 7.0) and solvent B = 0.015M
TBAH in MeOH.

Mass spectral analysis of SPL7013 indicate a molecular weight of 16,580+2 Dalton. The
expected average molecular weight expected for SPL7013, molecular formula,
C533H577N63Na640237864 is 16581.53.

10 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).

15 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).

20 EXAMPLE 2
Biological Activity of SPL 7013, SPL 7304, and SPL 7320

A. Activity Against Human Immunodeficiency Virus

25
The human immunodeficiency virus strains used were HIV-1 (IIB)' 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



25 The human i mmunodeficiency virus strains used were HV-1 (111B)" and

H V-2 (ROD)2. Anti-retroviral activity and cytotoxicity neasurenents were
carried out in parallel. They were based on the viability of MI-4 cells

t hat had been infected with H'V and then exposed to varigus concentrations
of the test %8%%%ﬁﬁds After the MI-4 cells were all owed 50" A828%Pb79299
PCT/ AU02/ 00407 -16- proliferate for 5 days, the nunmber of viable cells was
gquantified by a tetrazolium based col of®metric
3-(4,5-dimethylthiazol -2-yl)-2,5-di phenyltetrazolium brom de (MIT)

procedur e bmli%atwe’d)ﬂ 5 miags, che aymb& bf Viablaldellofvas masréifagsl&ys tetvazolaim-bagsdt

cul ture 1 nf ERPTOET o0 S eb B Lot kil g Hocadife e

concentrat i gro6-¢ECHRYotwes’ def i ned as the conpound concentratlon required to
protect 50% of the virus-infected cells against viral cytopathicity. The
50% cyt ot oxi ¢ concentration (CC50) was defined as the conpound

concentr at i @all SCHEsE askay vfrﬂdh';ﬁﬁ (ikg rﬁﬁltﬁmbity &Mnfetmdsm 8KOT) 28 0108 dorG@d kignesO by
50% The > synbol is used to indicate the highest concentration at which

t he conpound® S0xerd! ke micetiye dpsq (CGIdeTh@o-‘rQ/ew%\ﬂ@%V anhilyipsy sepcentrationand
Coove. “ha* S ASP S Sibed SBA0E For R PRI Go0 0 gt 9] 1
2-fol d up ovirginfected Sy mummla;mm@say viie p@&e cxdptokig coh@nﬁﬁtqn\xpﬁai) was

gt ECo0. EGRAHuF Epo ilend il o Y Gy B g 41 =0
4.86 >5010>1By SSRLTFSO4yrhbdlBs Gsedi30 18Bkated5@ higREDc@cBntraBOn 268higPthe 28@PordsB

0.164 >88 >§v?ér7e tested and still found non-cytotoxic. Average ECsq 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 ECso and CCsp values. SI is the antiviral selectivity

index CC50 / ECSQ_
15
Table. HIV Activity
Compound Strain EC50 pg/ml | EC90 CC50 SI
pg/ml ‘ pg/mi

SPL-7013 I11B 0.45 0.954 >125 >280
ROD 3.26 4.86 >50 >17

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

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

[IB= HIV-1 ROD=HIV-2
20 ECy = 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 B-gal, GHOST X4/RS, 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).



ROD 1.153 >50 >47 [111B= HV-1 ROD= H V-2 20 EC90 = Effective concentration
to reduce viral plaque 90% (i) Methods for the CD4-dependent and

CD4-i ndependent H'V Transm ssion Inhibition Assays, HV Attachmént and
Fusi on, an I.bj.tion of Lactobacillus sp. 25 Gowh. Cells and viruses:
HIV-1111 a#@?‘lﬂﬁié’g HeLa CD4 LTR R-gal, GHOST X4/ R5, and T'AYW* T 1ines
were obtained fromthe NIH AIDS Researgch and Reference Reagent Program
(Bet hesda, MD), and 30 nmintained as ridcomended. ME180 cells were
obtained fromthe American Type Culture Collection (Manassas, VA). WO
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assay MEIBthedegHest test eorticentpsdomi zed, washed and seeded in 96-well flat bottom
mcrotiter plates at a density of 2 x 103 cells per well. On the day of the

SN (AR N B By o S el nical i sol ateof
ME180 cells, a CD4 negative, X4 positive cervical epithelial cell line is maintained in RPMI
15 1640 supplemented with 10% fetal bovine serum, glutamine and antibiotics. Twenty-four h
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 fréshly
made mitomycin C (200 pg/ml) for 60 minutes at 37°C. This concentration of mitomycin C
20 is sufﬁcieht to result in cell death, but allows virus transmission to occur. After mitomycin C
treatment the H9-SKI 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, supematants are collected and evaluated for p24 antigen expression by ELISA.
Cell viability is assessed by XTT dye reduction. Compounds which are J?udged 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/m! of porcine mucin (Sigma Chemical Co., St Louis, MO)
to the transmission reactions. Transmission intervals and washing without replacement of
mucin or compound are carried as described above. All determinations are performed in

triplicate with serial ¥, Log; dilution of the test materials.



made mtonycin C (200 .ig/m) for 60 mnutes at 37C. This concentration of
mtonmycin C 20 is sufficient to result in cell death, but allows virus
transmssion to occur. After mitomycin C treatnent the HI-SKI cells are
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washes, by

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 Y2 Log;o dilution of the test matenials.

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



measur enent of cell-associated p24 by ELISA to ensure a single round of
infection in the 15 presence of CD4. Conpound toxicity and cell viability
are assessed by XTT dye reduction. Conpounds which are judged as active in
the first retested with or without the addition, Qf in, Testing
in the preggiéégé ®nucin is carried out by addition of 23696$@¥8%?7 por ci ne
mucin (Sigma Chemcal Co.,' St Louis, N@} intissue culture nediumto the
transm ssion reactions. Transnission intervals and washi ng w t hout
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assay is designed to detect conpounds that interact with the cell and block

virus att a®RdeRRcedandthe pelisonp HisHbriedor dh minael36t Avkaayvn fier ¢ighedIRg) strain
attachngpt / §{UgIo R HaTRIdeX 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.

O

At termination of the assay, media is removed and P-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 f-galactosidase enzyme activity. Compound toxicity is monitored on a sister
plate by XTT dye reduction. All determinations are performed in triplicate with serial %
Log;( 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 B-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 B-galactosidase enzyme expression is



10 The attachnent assay is perforned with HeLa CD4 LTR n-gal cells. HelLa
C4 LTR a-gal cells are routinely cultured with the required selection
antibiotics. Twenty-four h prior to initiation of the assay the cells are

trypsini ze d and 1 x 104 cells placed in a 0.2 ¢ | 1n media
wi t hout se%%ﬁzlg(g’g&gnti biotics. At 24 h media is renoved ?&J%ﬁ‘g}é@?\d in

nmedi a pl aced on the cells and incubated for 15 mn at 37C. A known titer of
the 1B strain 15 of HV is then added%o the wells and the incubation
continued for 1 h. At the end of the incubation the wells are washed 3
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XTT Staining for Cell Viability and Compound Cyotoxicity:
TCsg 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 1s 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 ul 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.



5 P24 Antigen ELISA: ELISA kits are purchased from Coul ter El ectronics, and
detection of supernate or cell- associated p24 antigen is perforned
according to the manufacturer's instructions. For cell- associated p24,

cell lysat roduced by lysis of the well contents in 25 to 50 | of
Coul ter sS%%ﬁ%@ﬁgairus | ysis buffer, and assayed foH(mMﬁﬁyﬁm?@%%H of
freeze/thaw. Al p24 10 determ nations gre perfornmed follow ng seria
dilution of the sanples to ensure absorbhnces in the linear range of the
standard p24 antigen curve. The standard curve is produced using
nanufacturepa§UHB%ﬁ§d standards and instructions. Data are. obtained by

spectrophotonetric, _analysis at 450 nmusing a Ml ecul ar Devices Vmax plate
reader. Fi n&exXEgrutpe (Rasityss angd dextran (neggtiyeldfe ppedrastoqatrelp far dhy Clddepangent
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stored in 25 the dark at -20C. XTT/PMS stock is prepared inmediately before
use by did uf§&§Sethe PMS 1:100 into PBS and adding 40 pl per nL of XTT
solution. Fifty mcroliters of XTT/PM5 are added to each well of the plate
and the plate incubated for 4 h at 37C. The 4 h incubation has been
enpirically determned to be within the |inear response range for MIS dye
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spect r ophot onet er. WO 02/ 079299 PCT/ AuQan00407 | Teepsmission Assay (ng/mi)
Compound | Exp.# | Mucin | IC59 | TCsp TI 1C5g TCgo T1
1 - ' 0.316 | >100 >316
o 2 - 11 | >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 ) >3.5 0.39 >100 >256
2 + 1.1 >100 | >80.9 0.49 >100 >205
1 - <03 | >100 | >316
SPL7304 2 - 50 [>100 ] >20 | 0.89 | >10 >112
2 + 2.8 1 >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
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Results of the Lactobacillus sp. Testing

Compound Units L. crispatus (IDsg) | L jensenii (IDsg) | Comments
Penicillin/ _— Control
1 . .
Streptomycin Dilution 1:150,00 1:180,000 Compound
SPL7013 p,g/ml >100 >100
SPL7304 ug/ml >100 >100
SPL7320 ‘ug/ml >100 >100




Data anal ysis Dextran sulfate (positive) and dextran (negative) are used as
controls for the CD4-dependent and CD4-independent H V transm ssion

i nhibition assays. The sulfonic acid dye Chicago Sky Blue is used as a
positive c r the attachnment and fusion assays4. rcially 5

avai l abl e %\52247?{9% (10,000 M) Streptonycin (10.0 ng/ rCHOG)rW’ng’IZ/PW%n S
used as a positive control for the Lactobacillus sensitivity assay. For
each conpound, where appropriate, an 1 (concentration inhibiting virus
replication or transm ssion by 50%, |1Ds) (concentration inhibiting 50%
grow h of Lactobacilli) TC50 (concentration resulting in a 50% reduction in
cel | vi abi Ili T stamidg aondentraijpesbf Benigillierand BireptFGHON 265085 U/MEEYd 1.25 pg/ml,

cal cul at ed rkspedtivalyar 10 regressi on. RESULTS OF THE CD4- DEPENDENT AND

CD4- | NDEPENDENT TRANSM SSI ON ASSAYS CD4- 1 ndependent  Transm ssi on Assay
CD4- Depefhident Q' mi) Transm ssion Assay (g/m) Conpound Exp. # Miucin | C50
TC50 TI 1C50 TC50 Tl IRelts 6fthd Attadhddiit andGisiod Ibhibfisdnf As@ys2 - 1. 1 >50 >46
0. 158 >50 >316 2 + 0.16 >50 >309 0.158 >50 >316 | - >100 >100 -- Dextran 2

- >100 >100 -- >100 >100 - ZeedchmdddQssay@mrsy [>T0PustohQsay tughn - O} 76 >100 >132
SPL7013 2 - [28. Tonb@fa>3. § 70| *EQ0| >2%6 2| Fick, T TLdp PO0UP 0} 49 >100 >205
1 - <0.3 >1(0>3T6 —SPErSor 2= T ->20—5-89 2.8 >100 >36
0.65 >100 >15dicath Sky Bbie3 HGgo=BE o SPELA20 20w O 0P 455D, 68 >100
>147 SPL7013 0.57 | >100 >175 0.71 >100 >141
<0.32 | >100 >312 <0.32 >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
denved 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 pg/mL streptomycin, and 10 pg/mL gentamycin with
2 pg/mL phytohemagluttin (PHA) at 1 X 106 cells/mL. The cells were cultured for 48 to 72 h

at 37°C, 5% CO,. Following incubation, cells were collected by centrifugation, washed and

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



2 + 0.8 >100 >125 1.15 >10 >87 15 Results of the Lactobacillus sp. Testing
Compound Units L. crispatus (I1D50) L jensenii (1D50) Conments Penicillin/
Dilutionl 1:150,00 1:180,000 Control Streptomycin Conpound SPL7013 mil

>100 >100 gvffj‘é‘;;"%zﬂ >100 >100 SPL7320 g/m >100 >100 V\Qqq_%}%glﬁég_?

PCT/ AU02/ 0 The starting concentrations of Penicil

Streptonycin are 1.25 Um and 1.25 g/ respectively. 5 Results of the
Attachnent and Fusion Inhibition Assays 3 At t achment Assay ml s) Fusion
Assay (pg/ad Compound I1C50 TC50 TI 1C50 TC50 TI Chicago Sky Blue 0.66 >10
>15 0. 79 >1pglutairi@ne, 000O/mxll Perdillih, 00062z/mLBtrept@nyBRladd 13 n§/nH7 genlddfyciadvith 20 71

>100 >141 <Q_32 >100. >312 <0 32 >100 >312 SPL7304 0.036 >1 >2778 0.56 >1
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5
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 Southen 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 pL of
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i nfection and overal | response.to the PHA and 1L-2 of primary |ynphocyte
a round bottom microtiter plate and 15 pl of virus containing supematant was added and

15 mixed. The plate was incubated at 37°C in a water bath with a solid support to prevent
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), TCsp (50% reduction in cell viability) and a

25  therapeutic index (TI, IC50/TCs) 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:
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reduction assay. For cytotoxicity test, an epithelial cell line, Hela-229 cells, was employed.

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

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 dayé 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.

ECsy’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
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Treatment of Infected Cells

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

15 ofeither HSV-1 or -2 at 37°C for 1 h. Fellowing 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
celis 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 ul 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 extracted 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.
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Pre-infection treatment
Treatment of infected cells.

Herpes Virus 2. Efficacy in an Animal Model

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 the tests.

15

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

Animals Protected Against
(Cntl);/c;rlx)tration izlmml::ils. 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.
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PCT/ AU02/ 00407 -27 Table of Activity Against HSV-1 and HSV-2 Conpound
Treatnent EC50 (g/m) CC50 (g/m) SPL-7013 PT/HSV-2 0.61 >1000 SPL-7013
PT/ HSV-1 0. dBthad300 SPL-7013 | NF/ HSV-2 3.59 >1000

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/ 100uL and 100pL of suspension was placed in an 1.5ml tube. Compound was
added to cells at the following six dilutions in 10uL of PBS: 100puM, 10uM, 1.0uM, 100nM,
10nM, 1.0nM .
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Analysis.

Results were analysed using WinLisT. Initially 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
I5uL 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.
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epi t heli al j.pe. The conpound was tested at a range i i | utions
as inhibi tc}fgg 07 i|92di ng and of uptake of Papill omavirus &fﬂ‘%(’émao#

fl uorochrone-tagged Virus-Like-Particl %_(VLPS) of human papil | omavi rus
type 6b. The VLPs was allowed to bind and to be taken up into the
epithelial cells in the 10 presence of SPL-7013. Assay of binding and

upt ake was det er ni KdEciaop €graelmpatly Gsaitel YrachhdeqtioniibMiton of bi ndi ng was
reported as a percentage W LRinhfsPRRbcttPALNRsOINRLliRY Observed in the
absence of inhibitor. The tests were perforned rn two i ndependent assays
Met hods 15 Cel | §rodpe humady. @RIEAS MPirfe CANGWMBa&924) Ubp& TYA3(HBRS
purchased fromthé Anmerican Type Culture ColTection at passage 30

(CRL- 1555, Bat@P"P-113530) and maintained in DVEM in 10%CS. Hunan

papi | | omavi rus t $pE-Mib3 VLPs vier e gr o semd p@(©6%Ed accor8l{(506)t o st andard
20 operating pro ures. Partj.cles we abell with af sQchronme. The
conpound was re- ?gsolved inlgterilggagf%r t&(?%g concent% ?i°ns of 5 nmM
and used fresHoroup2.t he first assay before being frozen at -20C. It was
then thawed for Ghe.megond asgay. 25dntake Asggy A T75 §(sasdpe of A431
cells was washed with |1 Or of PBS/ EDTA (0.05% %Sr S mnutes at 37C before
bei ng tiBated wi €BS2nl trypsil® for a08Ft her H'Wnut es at 13¢¢€) DVEM 10% FCS
(10m ) was added to cells, the cells centrifuged at 1000x g for 5 m nutes
at RT, and re- suspended in full nedia-at 3x105 cells/m in a 15nl tube.
Cel | were iRrciobasidtedin tigy @t il appr@;ihibat wogiiens and pedidicgione may Pe pRdedothe es
so as to al] re-ex [ f.acell: s p 1 NS I -
centrifugedhg¥h?80§&8ﬁ%§? @Q%?ﬁﬂtﬁé&%xHE%?QQEHﬁ?%?$ﬁ§8¥ﬁ§2ék?ﬁﬂ§£?ﬁﬁ$‘¥ee
DVEM  atl5 3xdeparting ifilogy thd 6pitit and dedr@Qf thef ingansipenBiinte beamdpktacdthal thisanvehtibmil

t ube. Conpouynd S. ded to cel.l t following six dilutions in | CL of
PBS: 100M euféer{}lds .‘6&1?%1ﬁﬁ%ﬁl}lm"%h?’%d%k/f“#ﬁﬁ%ﬁﬁ‘f&V\o 02/ 079299 PCT/ AU02/ 00407

20



-29 Cells were incubated with conpound for 30 mn at 37C before | abelled
VLPs (200ng) were added. As a positive control VLPs only, were added to
cells and the negative control was cells wth VLPs added but incubated on
ice. The c m xed and incubate at 37C for 2 5 ho wer e
washed oncgl’émﬁ%"wg%gm PBS and fixed in FACS buffer (PlSS/uéf‘%/M%)OJ”%

par af or mal dehyde). Anal ysis was carri ed%(l)ut on a Coul ter FACS nmmachi ne.

Anal ysis. Results were anal ysed using WhnLisT. Initially forward/side
scatter were used to analyse cell 10 size and live cells were gated. The
mean fluorescent intensities (MFl) of this gate was generated and used for
further aReferemees: Upt ake was reported as the percentage with respect to

t he bi ndi ng observed for VLPs al one (100% verses cells with VLPs incubated
on ice (0% . RepaMi¢, sM155a8radhavHl M.GvaReada(E; | GdilobRC.oDetettionp tismkation,2 69d

upt ake) was observed at ‘W L o further inhibifti at_hi gher.
concentrati ons?onltﬁ’iugusc%?r%u%/{d%ndoﬂc s°p§{hﬁ rlegcé‘hr&\?\%sqgfa?gtkgﬂi Oﬁ‘f%ﬁnteﬁ%ﬁv ltgtAlPASM and
| OnM Viral uphdje-AIDS: Sdore (1@8tp224:4075¢0i nt Wi t h decreasi ng
concentration of SPL-7013. 20 D. Chlanydia trachomatis infection. Efficacy
of SPL-7013 in an Aninmal Mddel. Fenmale mce (strain M5) were treated either
in the upper OICIARE B; GiPide ¥} Gaktald] BGISant, NI ; Monﬂa?h-ief, st Alizoa} HOMoREular
100nmg/ mL sol ution of SPL-7013, 20 sec prior,to infection with

C.trachoi nati s clopigetndgealymerphismaed the truanan; igpnynedeficiensy Yims, tyrso?-alVeigre of

t he organi sm by;gpd) t3b§.goR894 r om vagi nal swab sanpl es col I ected on days 3 or
6 post chal l enge. For upper genital tract infection the definition is

i solation of the organismby culture fromthe upper genital tract tissue
har vest ed ;on d pRst g S ff ek r. M CcR. Wer e
used as (:36nt r%?‘?}Q%ﬂbzl?ag%%gQP%%ai%??%%%%{?bMiR;;D Slczlfﬁﬁgcftjée%%rﬁ%vm R
trachonmati s Gllesmuter, TrBe Cleragf BcRimd anchautdraased traaotiin-tRsest cobarismeptrigessanst

'1“f ection G ouR,NQs qALUBRbEandil i LMBhinds” 260k MendRPA5sSY Af:s0d391. > G oup

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



SPL-7013 16 -20 sec 8 (50%a 8 (50% PBS 15 -20 sec 1(7% 2 (13% G oup
2. SPL-7013 16 -20 sec 6 (38% 8 (50%a 10 PBS 16 -20 sec 1(7% 1(6%

Persons skilled in this art will appreciate that variations and
nodi ficati e made to the invention as broadly deﬁﬁr' herein,
ot her than & exzs?peci fically described wthout 15 departi ﬁg&?@(gpﬁ?t he

spirit and scope of the invention. It i_,% to be understood that this
invention extends to include all suchVariations and nodifications. 20 WD
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. GLAIMSe (1984), 224:497-500. 2. Cavel, E, Guyader, M; Quetard,
D.; Salle, M; Montagnier, L.; Aizon, H Mlecular cloning and

pol ynmor 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
tetrazol i ug bas ' ' or the detection of anti-HV
corrpounds.qTJ. \/?‘rgﬁj%%gt(g‘g{d%fbﬂ%%g@orzlgf 309-321. 4. Cdanton et al., J.

Al DS. (1992), 5:771. WO 02/079299 PCT/ AU02/ 00407 -32- CLAIMS: 1. A
conpound of the formula I, Il or Ill: NHR RHNHR

RH

RH

NH NHR
H H NHR
HR NH

RH
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NHR RHHHNHR O RH OHR NH HR RH NHR RH WD 02/079299 PCT/ AU02/ 00407

-33- NHR NHR R BR,NHR N, ", -, ~NHR  NHR PCT/AU02/00407
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wo NioTor

R2 11 WO 02/079299
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PCT/AU02/00407
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wherein R represents a group of the formula IV:

-- NNO -



ONNNHR OO ON\V-NHR ONNMN-\- ONONHR ON \ NHR OAOTrN N RHN
RHNJ NHR 2 |11 wherein Rrepresents a group of the formula I'V.: WD
02/ 079299 PCT/ AU0O2/ 00407 -35- 011 ro S--Z1/ 001V or a

har maceut i ceptable salt thereof. 5 2. A conpoun rdi to
(F:)I aim1l, m'“g‘?@&r?”?gi d pharmaceutically acceptable salt i g)(q@éﬁ%@é*@g from
netallic salts such as the alum nium §3| cium, lithium magnesium
pot assi um sodium and zinc salts, and ordganic salts with organic am nes
such as N, N - di benzyl et hyl enedi am ne, chl oroprocai ne, diethanol am ne,
et hyl enedi am ne, di cycl ohexyl am ne, meglum ne (N nethyl gl ucam ne) and
procai ne, or quaternary am nes such as choline, and sul phoni um and
phosphoni um sal t s.

v

or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1, wherein said pharmaceutically acceptable salt is
selected from metallic salts such as the aluininium, 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.



3. The compound SPL-7013 herein or a pharmaceutically acceptable salt
thereof. 4. The conpound SPL-7304 herein or a pharmaceutically acceptable
salt thereof. 5. The conpound SPL-7320 herein or a pharnaceutically
accept abl e reof. 6. A topical pharmaceuti cal conqgﬁjt' for
prophylactﬁ§?g%”%ﬁgrapeutic treatnment of sexually transm #gggﬁ?égases in
a human patient, which conprises a con% und according to any of clains 1
to 5, in association with at |east one gﬁarnaceutically accept abl e,
topical carrier ,or diluent, WO Q2/079299 PCT/ AU02/ 00407 . -36.7. A nethod
For the pr dphyl AcPiehod: R e APRRIVHELS Ao AN Fieaiin) oty Ryl faied

di seases in a hditeReintd Bithan pdlieehwhiohpompEs teHidat adminehirhtiinStb Ithd pient 6f t he
patient of an effective amount of a conpound according to any of clains 1
to 5. 8. A met hdyeHretys 61?1H@‘tt°g38‘?“é‘f°ﬁ?d7a‘iﬁﬁ@?‘b%itﬁ WRPEPIUMELAR2 i s a vaginal ly
or rectally sexually transmtted di sease sel ected from HSV-1,
HSV-2, . HIV-1, HIV-2 and HPV infection, and Chlanydia trachonsiatis

i nfection. 8. udemgthodacsardigieclaim d grheraiysaddisease isfa vagaahyon regtallissexpalphe

manuf act ur e of - gan iRl ERSBRL sdQked A HRY- AUBVIDSHIV Aty bk W ERRIRhact i ¢

or therapeutic treatnent o sexually transmtted di seases 1n a human
patient. 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.



