5 TOPI CAL ANTI VI RAL FORMULATI ONS 10 FIELD OF THE | NVENTI ON The invention
rel ates generally to fornul ati ons of conpounds with antiviral activity and
nore specifically with anti-H V properties. BACKGROUND OF THE | NVENTI ON
Human i mmunodeficiency virus (H'V) infection and rel ated di seases are a 15
maj or public health problem worldw de. One approach to the probl em of

H V/AIDS is to reduce the risk of transm ssion of H'V and thus reduce the
nunber of individuals who beconme newly infected. Even when treatnents or
cures becone avail able, prevention of infections in the initial instance

wll likely remain as the first |ine of defense. For nedical,
psychol ogi cal, and econom c 20 reasons, it is preferable to prevent the
initidl infection, rather than treating, individuals with A DS. Education

inregard to sexually transmtted di seases (STDs), their nodes of

transm ssion, and sOFORIGAL'ANFEIVEIRAL FORMISSAAIONSHW sone pronmise in
reduci ng the risks of STD transm ssion through sexual activity. Screening of
the 25 bl ood supply has hel ped to reduce the risk of transm ssion of
STD-causing organisnms via blood transfusions and rel ated nedi cal practices.

Even m’th their known effeﬁﬁgﬁr@§5{-}iﬁlﬂg g0 STDs, current safe-sex
techniques are not always use are not always used properly, for many
reasons (e.g. carel essness, |ack of know edge, inproper techniques,

cultural barr |'H’resmvmmlpbmmiaatds genemﬂjsf:mfmmm@wssézmlpoaodﬁ withy, and the
i ke). Moreopver, en used, ni S (except per haps
abst | nenc%‘}t“’a:FaéaﬁBY %éf“\égg‘sor%ﬁ?"ec&‘ct“?a@g W\/‘&F‘PBBWB‘F% F&§%al vagi nal creams and

ointnments are currently available. Nonoxynol-9, octoxynol-9, and

benzal koni um chl ori de arpAgm@UNDa(ypiIthNﬂstupposi tories, inserts,
creans, filns, foanms, and d%el S. npl es of such commercial pr oducts

i nclude, for dlampndmmuno flsrsem v@ms ZHBY) inbectionomexyladed diseases are a

15 major public health problem worldwide. One approach to the problem of
HIV/AIDS is to reduce the risk of fransmission of HIV and thus reduce the -
number of individuals who become newly infected. Even when treatments or
cures become available, prevention of infections in the initial instance will likely
remain as the first line of defense. For medical, psychological, and economic

20  reasons, it is preferable to prevent the initial infection, rather than treating,
individuals with AIDS. _

Education in regard to sexually traﬁsmitted diseases (STDs), their modes of
transmission, and so-called "safe-sex" techniques has shown some promise in
reducing the risks of STD transmission through sexual activity. Screening of the

25  blood supply has helped to reduce the risk of transmission of STD-causing
organisms via blood transfusions and related medical practices. Even with their
known effectiveness in preventing STDs, current safe-sex tecfmiques are not
always used, or are not always used properly, for many reasons (e.g. carelessness,
lack of knowledge, improper techniques, cultural barriers, unplanned or

30  spontaneous sexual activity, and the like). Moreover, even Whén used, safe-sex
techniques (except perhaps abstinence) are not always effective.

Various commercial vaginal creams and ointments are currently available.

Nonoxynol-9, octoxynol-9, and benzalkonium chloride are generally available as
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Advanced Care Products, Raritan, N J.); EncareTM (3 percent nonoxynol -9;
Thonmpson Medi cal Co., West Pal m Beach, Fla.); Gynol Il (Advanced Care 5
Products, Raritan, N.J.); Otho Options Conceptrol (Advanced Care Products,
Raritan, NJ.); Semicid (Witehall Robbins Healthcare, Mdison, NJ.); and
Advant age-S (Col unbi-a Laboratorjes, Aventura, Fla.). However, there is no
f or nul at |s@upppmr1¢ssu‘tsgttg,|qr§ar@s fidwsi fpamegpndhgels.HExamplesiof sudesi r abl e,

t herefore d.comasi:ti a educe the
ri sk of ﬁoi}“f‘?lp ft ggﬁl%fgg’ég%‘f%?‘“i g&??!&ﬁ?@‘t}?u n&f % 8§%§? ac‘%""ﬁ‘?bg SUMVARY
OF THE |WMC€E'CE&@P@6M§RamM€N n&@éeamqa ﬁtehehaﬁd)@mo@ss of nucl eotide
reverse transcrlptase i nhi bi t or erably

[ 2- ( 6- Ami Hwmpsa ;qa} Co., Hﬁeshi?alin %@@t E{Myﬁefnhyﬂl(é&dﬁ@acpﬂddam acid
(te

Sur a6 o Tppa ok S O3 ARG oeap LA anc GBI T ¢ use

in the prI@éfﬁBﬁ'N'])Oi‘aeﬂﬂkM ewﬁﬁaialm&bﬂm&hﬁeé@@tma&sgﬁquglAnsa relates to
conposi tions and” et hods whi ch prevent and/or reduce the'risk of

transm ssfh@vard&ge-lﬁ‘(COhMQ&abemm1esaANenht@, Fla20 Although it is mainly

directed at h erosex conduct vagi nal, .1 course),

t he conpositi dr&VEYe% e§e }Srﬂf’eﬁﬁnﬂj‘ﬁﬁtm}‘% ’§5°%hyggj§6u‘fﬁ/g$éﬁ I_g&t (:I{eﬁ‘gaged in
other typRes;ableSSwdaiors 808G ide Eﬂgrﬁéa% osftf&s%ﬂﬂﬁﬂ&h%&@ﬂﬁu&{ this

i nvention could be used by parties engage F in anal intercourse (male/fenale
or nil e/medied theodskpafHIV orassmofssibhiaadi/ nw efedtoms idutrEgcestualachieitysed i n anal
25 intercourse are preferably nodified to adjust the buffering capacity to
pH values normally found in the rectumand by altering the lubricity of the

formul at iqimmviERY GRYENAINVENETOREXUaAl intercourse, the conposition may be
inserted into the vagina prior to intercourse. For anal intercourse

(het er osexual Te prieserudewandion, retabes todnmnslahonmofmclwidmensed into the
rectum prjior to 30 erc For, ejt her L nal Qr course he
Conposi |1 Btsctiptaze sbgpts ) hifteahh B et Sheinianeisiy

genergy | YerRbBhREHGH-SIRAPhbAR RIMARIHEIPMPA), or a physiologically

functional derivative thereof, suitable for topical (e.g. vaginal, rectal, etc.)

apj)lication and their use in the prevention of HIV infections.
This invention generally relates to compositions and methods which
prevent and /or reduce the risk of transmission of HIV through sexual activity.
20 Although it is mainly directed at heterosexual conduct (i.e., male/female vaginal
intercourse), the compositions of this invention may also be used by parties
engaged in other types of sexual conduct. For example, the compositions of this
invention could be used by parties engaged in anal intercourse (male/female or
male/male); compositions of this invention intended to be used in anal
25  intercourse are preferably modified to adjust the buffering capacity to pH values
normally found in the rectum and by altering the lubricity of the formulation.
For vaginal heterosexual intercourse, the composition may be inserted into
the vagina prior to intercourse. For anal intercourse (heterosexual or
homosexual), the composition may be inserted into the rectum prior to
30 intercourse. For either vaginal or anal intercourse, the composition may also act

as a lubricant. For added protection it is generally preferred that the composition
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be applied-before intercourse or other sexual activity and that, if
appropriate, a condom be used. For even further protection, the conposition
may be reapplied .as soon as possible after conpletion of the sexual
activity. If desired, flavorants, scents, fragrances, and colorants may be

i ncorporated 5 into the conposition so long as they do not interfere with

t he safet fi f _.the ¢ sition.. Lnde | ncor poratj on of such
f 1 avor antgsé, a%? (lzl_gﬁtﬂse ?&%yﬁ’&gef%%é%?r %ﬁgfseecgﬁ.g Y qrﬁ?l%-a{, ﬁ%@_ﬁﬂf}’f}'ﬁe{ fons of this
i nvent i oreofEym MChREs Fd RoeR Failadd Prbtertibhlahe céﬂgoga%a%;} bOFeaphlibd be used
during sexual activity. One advantage of the present met'hod iS that it can

be used fagsopn as pessible aftep completignaf Miekexvakdaivityof sexual activities

(vagi nal or X het er osexual bi sexual s, and honmpsexual s. . Anot her
advant age of 61? ﬁég%e _éggﬂ?r ?’ﬁ%e@%sd?fagf ferei acf’ﬁfga?g&ﬂggggg}%ﬁ’%ﬁt Vis that
this met A e YoR@osIRINGIFEIBhE ds B Y notUARHPOALIHERS shibrPYr 4Bt Y bei ng
penetrated. Thus, 'a wonan may use'the present nethod to protect herself (as

wel | as Hae cgmposidon. Wnddedsinonipdretion ohaichSlgyardanierscentknfoagredeps, oid t he

nmet hod beij used. reover,.the.partner wuld not be required to rely on
his or hecpp‘%ajf‘ﬁssﬁ%ﬁ‘) ti{gérpﬁ}ljrﬂsg’fonﬁé’fﬁljs Kveahen E@Ydﬁ%@ﬁ%&?&?fgga@ﬁ% t condons
for proteps E&E\goﬁtibﬂ%ﬂl eﬁi’ééH'Htﬁﬁ%?kuﬂ%ﬁ%ﬁg. (especially the femle

participant) c initi use of the present nethod.

uld initiate and i enment t
Pref erably thnemevhothgeof tisepresaitonethbtids gexk italan betised for @rotecivat pr ef er abl y
bot h O pefore and after .the sexual a tivii%/)éﬁ%)rwéer, t he conpositions of

2 , \
this OnveHEmee wigs ¥arietyof g agfirEey (Vaghg By Belgrewxwdléf ul in the

preventi o) f AR ' ' | SCRI PTI ON CF
EXEI\/PLAR@SI'E%%%%T ind hERLHBaS enceéﬁq@hﬁ%gﬂ%ﬁ el eI S er t i
enmbodi mentdudhg thetransmssionat HIvXa tipltekis e ethbd aieyebeimplenehtal &dl far t he

acconpanyi ng drawings. _Wiile the invention will be described in conjunction
with the %ﬁ%@%@@ﬂ%@hﬂ@@%‘?@gpﬁnﬁﬁ? DENYH @SV B ANHASe thBey are not

B
equi Vi3l ergaginew kabwildlges the eleti®ibeing used. Moreover, the partner would not

be required to rely on his or her partner's claim of being AIDS-free or agreement

to use condoms for protection. Either or both sexual parties (especially the female

participant) could initiate and implement the use of the present method.

Preferably the method is used before the sexual activity and most preferably both

20  before and after the sexual activity. Moreover, the compositions of this invention
offer the added benefit that they are also useful in the prevention and/or

treatment of bacterial vaginosis.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
25 Reference will now be made in detail to certain embodiments of the
invention, examples of which are illustrated in the accompanyihg drawings.
While the invention will be described in conjunction with the enumerated
embodiments, it will be understood that they are not intended to limit the
invention to those embodiments. On the contrary, the invention is intended to
30 cover all alternatives, modifications, and equivalents, which may be included

within the scope of the present invention as defined by the claims.
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Wi thin the scope of the present invention as defined by the clainms. -3
DEFINITIONS . Unless stated otherwi se, the followi ng terns and phrases as
used herein are intended to have the follow ng neanings: The term

"physi ol ogically functional derivative" means a pharnmaceutically 5 active
conpound wi th equival ent or near equival ent physiological functionality to

a given Md herein, the term "physiol ogically functional

derivativ I ncrudes any: physiologically acceptable salt, ether, ester,
prodrug, sol vatieless sihzxlastheomie, the édlldving temadnidphkraseslissdedtescmnarer
stereoi sonerically enrjch or racemc mxture, and any other conpound

whi ch upthgﬂfﬁ%ﬁpﬁ'Pyﬁﬁi‘%@?ME@Q@mﬁbi pient, is capable of providing
(directly or i td ' falay . " Ly Ls

met abolite or ?%'stlre ue -t ggjgg ;ifﬁ]‘ypl oa@ai g%{hﬂg?gqa]?%%{%e%%ﬁgﬁr%%hﬁé&\ﬁni ch the

phar mag e uhétival doynpattnidvweithgenivaldra oo ties: audvdlaid phitsiolbgieal fangidndlitg saie after
the agent's introduction into the body. Enhancenment of the bioayailability

: b dxi . i
of a phar AGEEHNREL | 4s deed heveiny &he tesmn PBYHO o&caﬁg fyn defivatient and

ef fective; I : | [ SEy re of the
phar mceuﬁcci:‘gﬁ%gﬁ gb‘i’ﬁ’&é"@ gﬁﬁ?\%ﬁ@&’ﬁ%@é’%@%ﬁh&& egtegt ﬁf ﬁ?ergtg’as%ﬁt%g tissue
si tes. Thetespigoaasrdaclatirgenaitarpdiasieonierioheidrevienheitallypanrivbedlef erred to

as "active ingredients" or "pharmaceutically active agents." 20 The term
" pr odr ug" OhERCEBGMEHES, And épgrasherromppuadpbishdponadmmesiratigartpihet ered to a

a restht o R PAERRE Y Bint aie ey BEIERRSarl ol AW Gond S Cs cal

react i on( shiiviedlty ativehehbblie oz hesiteaihet@Act i on(s). “Prodrug noiety’ means a
| abi | e functional group which separates fromthe 25 active inhibitory

conpound dur i n(Pigevailsbilitymis Syesiegmedawhich thesphramecewtitallymetiveggend] ysi s,
TSR LTI MO L T e s S
Enhancement of the bioavailability of a pharmaceutically active agent can provide
15  amore efficient and effective treatment for patients because, for a given dose,
more of the pharmaceutically active agent will be available at the targeted tissue
sites. |
The compounds of the combinations of the invention may be referred to as
"active ingredients"” or “pharmaceutically active agents.”
20 The term "prodrug” as used herein refers to any compound that when
administered to a biological system generates the drug substance, i.e. active
ingredient, as a result of spontaneous chemical reaction(s), enzyme catalyzed
chemical reaction(s), and /or metabolic chemical reaction(s).
“Prodrug moiety” means a labile functional group which separates from the
25  active inhibitory compéund during metabolism, systemically, inside a cell, by
hydrolysis, enzymatic cleavage, or by some other process (Bundgaard, Hans,
“Design and Application of Prodrugs” in Textbook of Drug Design and
Development (1991), P. Krogsgaard-Larsen and H. Bundgaard, Eds. Harwood
Academic Publishers, pp. 113-191). Prodrug moieties can serve to enhance

30  solubility, absorption and lipophilicity to optimize drug delivery, bioavailability
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Devel opnent (1991), P. Krogsgaard-Larsen and H Bundgaard, Eds. Harwood
Academ ¢ Publishers, pp. 113-191). Prodrug noieties can serve to enhance 30
solubility, absorption and |ipophilicity to optim ze drug delivery,

bi oavailability -4 and efficacy. A "prodrug" i s thus a covalently nodified
anal og of a therapeutlcal | y- active conpound. "Al kyl" neans a saturated or

unsat ur at ed r anch r.al, chal n ran o ocar bon
radi cal d@?ﬁl\?&ﬁ: B’{f ’tgh?r? gﬁ a&ﬂ%ﬂﬁ?@" gﬂfw (grﬁlf?ar% E{‘?@Ve car bon
at om of aa@w&@m@%ane al Il cene, or alkyne. Typical alkyl groups consist of

1-18 saturated and/or unsaturated carbons, such as nornal, secondary,
tertiary or cyC ﬂﬁ’l’cmﬁb@ﬁaa@wﬁﬁe Exawpammtﬁmra@diedbﬁﬁmghb%ﬂ limted to:

B e L Lt
(- CH(GB) af)omfﬂdnyhsﬁggmmafggaf@whmgﬂwrayﬁbowmgyl B |-

(-C,H),1-butyl, n-BUd, n-butyl CH2 CH2 CH3) net h
butyl (- C&TQ@IHgmﬂt;)szpnsﬁbcbﬁitm$atgraaedandmn m&a@i@aﬂ) gudas 2- et hyl -

Béﬁfil (- el prbbmciafan LTkl PR el CRG By oo St oran ab), >
3 %9?3?2%% ?%%ﬁ%%ﬂ%ﬁz%@”% %ﬂﬁéﬁl" AR (L2 o0t).
g ?;.i?%& a%@é‘%@%@ﬂﬁ PAPSTR R BRRRRRRE) Loy

2- gt h CEBL2OHE T, g@% =
% CH( g@;{s) 5@?)’%1?‘ met hyl - 2- penty ~ CI(-II(EEC_:I%% CH %?}8—%33%/
? met hyl - &CQHQI y-ﬂauty(l 1B GHR UG CERY CHy CH I iy R-rieth hl-}plrop 1,i-Bu, i-

5,5 01 oty G AP Sty G GRaRaTo, Soviron:
ar oMt e By e bl | ER ), Fent E e entyl, (-CHCHRCHoCHLCHS), 2-
pentyl (-CH(CH3)CH2CH2CH3), 3-pentyl (-CH(CH2CH3)2), 2-methyl-2-butyl
15 (-C{CH3)2CH2CHa3), cyclopentyl (-CH,), 3-methyl-2-butyl (-CH(CH3)CH(CH3)2),
3-methyl-1-butyl (-CH2CH2CH(CHgs)2), 2-methyl-1-butyl
(-CHpCH(CH3)CH2CH3), 1-hexyl (-CH2CH2CH>CH2CH2CH3), 5-hexenyl (-CH,
CH,CH CH CH=CH,) 1-hexyl (-CH(CH3)CH2CH2CH2CH3), 3-hexyl
(—CH(CHQCHg)(CHzCTHQCHQ,)),.cy'clohexyl (-CJH,), 2-methyl-2-pentyl
20 (-C(CF3)2CH2CH2CH3), 3-methyi-2-pentyl (-CH(CH3)CH(CH3)CH2CH3), 4-
methyl-2-pentyl (-CH(CH3)CH2CH(CH3)2), 3-methyl-3-pentyl
(-C(CH3)(CH2CH3)2), 2-methyl-3-pentyl (-CH(CH2CH3)CH(CH3)2), 2,3-
dimethyl-2-butyl (-C(CHa)2CH(CH3)2), and 3,3-dimethyl-2-butyl
(-CH(CH3)C(CH3)3.
25 "Aryl" means a monovalent aromatic hydrocarbon radical of 6-20 carbon
atoms derived by the removal of one hydrogen atom from a single carbon atom of a
parent aromatic ring system. Typical aryl groups include, but are not limited to,

radicals derived from benzene, substituted benzene, naphthalene, anthracene,
biphenyl, and the like.



atons derived by the renoval of one hydrogen atom from a single carbon atom
of a parent aromatic ring system Typical aryl groups include, but are not
limted to, radicals derived frombenzene, substituted benzene,

napht hal ene, ant hracene, biphenyl, and the like. -5 "Arylalkyl:" refers to
an acyclic alkyl radical in which one of the hydrogen atons bonded to a

carbon atom tm% ALY réfel bR ceraIEﬂaraafjc%.ngﬂNE}cﬂaneio? thé RRuARRA W LN an

aryl radical. aryl al kyl groups’inc t are not ted to,
benﬁ%/lh, I att@hehphéedlMa tanpon ;B?Iph?rmdaﬁyhetarmm&p? s;ﬁm:hthwﬂ atethyd , 2 5

nap yle -1- en: tho

napht hopﬁgﬂh@f“}e%ﬂé%@%y g‘?’f& %ih Y]?’rcﬁ']ealr g}lﬁ? qu‘é‘:gﬂba@ﬂcﬁ 20 car bon
atonms  e.jgnited RE bRhIY 2 PRER)¥thahlCLd ng%ngieﬁ?é}bli 1ﬂa§ﬁn§}m@a@h§g'%yny' gr oups,

of the arylallyl group’is ‘1l to 6 Car tons an |ety|55to
14 caﬁboma@hﬂrgdethaﬁtlbﬂtﬁmphﬂlyééthw1yl ‘sapighobbartzet) 2aryl ", and "substi t ut ed

ot o hy GrBGBRESRT I Lirk e il iH A AN SRR Gl ’ogla%g%’?iﬁ&?”e >
TR °7s e ol i il QIR DL\ S NG T\,

=N2, - N3,arfaligOgRoup @(1=1®)ER:arb@£ E@ﬁﬂ&d H8(eeg) EGtety i RO Gkbon 800 | R
- 08(=0), OR, é}(lO)ZNR -P( =0) OZRR - P(=0) (0') , ,

B0 (o) 7, ORIy bty o rbsttpd o el Hrapa, O O SR

- C(S):gR - ently a
hal oglgn aﬁl@%@mﬂ &&Wgeéaeea@ﬁ ]?ﬁ?épgﬁ%?b%?#?d%%éﬂ%qﬁﬁ‘ggg aryl,

het er ocy @heh iratepehaeitlipraplicetiywith kigtibstaeyt. "Tydichl stisdrRuosy ¢heids, eler to a
ring systemin WhICh one or nore 20 ri ﬂ atonms is a heteroatom e.qg.

ni t r ogen arerotiimitedrid, -sutl,ul’, (QR, &S o Ry 5D, - CX;ﬂe@Nv d@QN es are
et or ooy CPER!, ANERTGL Y 1998 o2 RN NELONPaG T Re-CERNRR “7B1 nci pi es
g;r ?/Pgﬁpagf@éﬁaﬁebioﬁege ﬁl)rly’G&éé‘Oﬁﬁng Spwgﬁ@ﬁ;t?é&%ag{er ocyclic
15 -P(=0)ORR -P(=0)(0), -P(=O{OH),, -C(=O)R, -C(=0)X, -C(S)R, -C(O)OR,
-C{OYO', -C(S)YOR, -C(O)SR, -C(S)SR, -C(O)NRR, -C(S)NRR, -C(NR)NKRR, where
each X is independently a halogen: F, Cl, Br, or I; and each R is independently -H,
alkyl, aryl, heterocycle, or prodrug moiety.
“Heteroaryl” and "Heterocycle" refer to a ring system in which one or more
20 ring atoms is a heteroatom, e.g. nitrogen, oxygen, and sulfur (as opposed to carbon).
Heterocycles are described in: Katritzky, Alan R., Rees, C.W., and Scriven, E.
Comprehensive Heterocyclic Chemistry (1996) Pergamon Press; Paquette, Leo A.;
Principles of Modern Heterocyclic Chemistry W.A. Benjamin, New York, (1968),
particularly Chaptérs 1,3,4,6,7,and 9; "The Chemistry of Heterocyclic
25  Compourids, A series of Monographs” (John Wiley & Sons, New York, 1950 to
present), ini particular Volumes 13, 14, 16, 19, and 28. Exemplary heterocycles

include but are not limited fo pyrrole, indole, furan, benzofuran, thiophene,

benzothiophene, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-quinolyl, 3-quinolyl, 4-quinolyl,

2-imidazole, 4-imidazole, 3-pyrazole, 4-pyrazole, pyridazine, pyrimidine, pyrazine,
30  purine, cinnoline, pthalazine, quinazoline, quinoxaline, 3-(1,2,4-N)-triazolyl, 5-(1,2,4-

N)-triazolyl, 5-tetrazolyl, 4-(1-O, 3-N)-oxazole, 5-(1-O, 3-N)-oxazole, 4-(1-5, 3-N)-
-6-



25 Conpounds, A series of Monographs" (John Wley & Sons, New York, 1950 to
present), in particular Volunes 13, 14, 16, 19, and 28. Exenplary

het erocycles include but are not limted to pyrrole, indole, furan,

benzof uran, thiophene, benzothiophene, 2-pyridyl, 3-pyridyl, 4-pyridyl,
2-quinolyl, 3-quinolyl, 4-quinolyl, 2-imdazole, 4-im dazole, 3-pyrazole,
4- pyr azol rl i yrim. dine, azine, 30 rine L.nnol i ne,

ot hal asi iBteil LGS R ilenin S A peBotbipBle HAE2APD: 5 (1. 2, 4-

N) - tri azYehbotrazdie! 4REMVAmidhrblk: O 3-N) -oxazole, 5-(1-O 3-N)-oxazole,
4-(1-S, 3-N) -6 thiazole, 5-(1-S, 3-N)-thiazole, 2-benzoxazole,

2- benzot hi azolSésredchemizal3idfinitidrsmaat conareotiens ased Hezeini gundrdlyl fellow S.

St er eochej iy cal fipitions and conventions, usgd hesej enerally follow S,
P. Par keﬁ%&g “eT, Kite BRAGHopaty Of {neraicald e Sé@%ﬁsﬂﬁé GawHill
5500%0(3382;%@%@@, 'Y ARhrtd BiRd], B.Bnd £ ﬁﬁ%@cﬁl%'”ym
Organi ¢ Corrpo?ﬁ]1 S ('E%&)Ycﬁg’hn V@?%&/E Sﬁﬂg?wéh’(ﬁ?r eh %? %ﬁ]—%rgani C
conpoundCanpetndg(16#4)i Johh WileciSoms flac.ndlew Yeork. Niary ofgwréc the ability to

rotate the | ane of pl ane-polarized Iight. In describing an optically
active ccﬁ?ﬁ&ﬁ’d’&‘%steﬁb‘"’t Iy pplcaliyactive frrms, be. theydave the ebilitele ot ot e t he

absol ut e ' i t X |1 S..chi nier(s). The
prefixes Pg&g%ﬁgﬁ% b?%rfggﬁlé%']lgrde@&gﬁngé g’ﬁ}g’g’%? %ﬂ%éecz}v%:?g@ Qtu%\g’ Igtlf\egn of
rotation pbfixdsddenddl ar Raad 9drghbedio ddidte dagiguhifle coifidurhtion 6f the meani ng
t hat the conpound is_I|evorotat 0@/. A conmpound prefixed with (+) or dis
dext ri§r otraelsryle abgnt iis ghivalirentesist: cEhe prefixeed and | of fsndcbhaséunds, cal | ed

stereois e 1] ' . t : LEEOr, | mages of one
anot her. %%%Ss%g%l fcl’ gé%%@%tégﬁ%%géﬁ?fpéc%ﬁ%égﬁ ]%%XIP éfagfz{egdlrgl%%yélge an enantioner,
and a m origoueld, SHEY-} GO Bletning thh{ 188 c@ﬁitplo@ﬂda@le%%tbt@ym C mxture. A
50: 50 m xture of enantioners is referred fo as a racenmic m xture or a

r acenat e.compoungrprefixedath ) or diis dextronotptorya cie giver dhegniceb an equi nol ar

T o o el 4 Bl ey 0 T e
SuperjisnPQga itk ¥mAked Gforld drloter! MPGR IR t4RbisoMRY hihyl {16 befeerratty ral "

refers to
as an enanfiomer, and a mixture of such isomers is often called an enantiomeric

mixture, A 50:50 mixture of enantiomers is referred to as a racemic mixture or a
racemate. The terms "racemic mixture” and "racemate” refer to an equimolar
mixture of two enantiomeric species, devoid of optical activity.

20 The term "chiral" refers to molectles which have the property of non-
superimposability of the mirror image partner, while the term "achiral” refers to
molecules which are superimposable on their mirror image partner.

The term "stereoisomers” refers to compounds which have identical
chemical constitution, but differ with regard to the arrangement of the atoms or

25 groups in space.

"Diastereomer” refers to a stereoisomer with two or more centers of
chirality and whose molecules are not mirror images of one another,
Diastereomers have different physical properties, e.g. melting points, boiling
points, speciral properties, and reactivities. Mixtures of diastereomers may

30  separate under high resolution analytical procedures such as electrophoresis and

chromatography.
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nmol ecul es which are superinposable on their mrror inmage partner. The term
"stereoi soners”" refers to conpounds whi ch have identical chem cal
constitution, but differ with regard to the arrangenent of the atonms or 25
groups in space. "D astereoner” refers to a stereoi somer with two or nore
centers of chirality and V\/nose nol ecul es are not mrror images of one

boint s, boi || nERHGIRRS, FEfCin i rrOsePe € P OBEL it 1B 2wty o of
oints, boilin xtures o
gl ast er eqBE aﬁgnﬁgﬁ@rﬁtageyggg{e dNoGhkrl €sol ut | on anal ytical procedures

such as el ectr horesi s and “chronatography. -7 "Enantiomers” refer to two
st er eoi soner s “Dlucteosisiepadiyudiieptitie Reverso Aransopiptaserfrdgbibbs” o FINBTIsmages of

PRRT o Rare B RO otBS AR LAY BFEC by SRR THEZCEVEY OF nhi bi ¢ i ng
the agti iy reRbrse éﬂs&% %@rgﬁéﬁﬁﬁgﬁﬂﬁ&g g%laaré-:ﬁcﬁ']ﬂﬁﬁéd &ﬁbé{r%?:lrc?ut are not

limted to, abacavir oSl ne entricitabl’ ne

I ani vudi y{ABQﬂ'cﬁ)ianemm(tﬁiID}@nﬁM)bme (EF@)E MUNudMTQiMmﬁWT) and
o B okt B S R b e o
and vag PSSt AR . I‘%ﬁ% S‘L?%‘f%%?%aﬂ%a Ffediny 508 16
5, 733, 788priulahon 30 Mis haeerition. structure: NH2 NN <N1 NO ,OH O

10 “Topical” formulations include those suitable for nasal, oral, rectal,

transdermal, and vaginal administration.

PMPA or tenofovir (US Patent Nos. 4,808,716, 5,733,788, 6,057,305) has the

structure:
NH,
N
(1)
N N
0 ﬂ/ OH
~— \

Hutnia--

15

The chemical names of PMPA, tenofovir include: (R)-9-(2-
phosphonylmethoxypropyl)adenine; and phosphonic acid, [[(1R)-2-(6-amino-9H-
purin-9-yl)-1-methylethoxylmethyl]. The CAS Registry number is 147127-20-6.

20 Tenofovir disoproxil fumarate (DF) is a nucleotide reverse transcriptase
inhibitor approved in the United States for the treatment of HIV-1 infection in
combination with other antiretroviral agents. Tenofovir disoproxil fumarate or
Viread® (Gilead Science, Inc.) is the fumarate salt of tenofovir disoproxil.
Viread® may be named as: 2,4,6,8-Tetraoxa-5-phosphanonanedioic acid, 5-[[(1R)-

8-



ON 15 The chem cal nanmes of PMPA, tenofovir include: (R)-9-(2-

phosphonyl net hoxypr opyl ) adeni ne; and phosphonic acid, [[(1R)-2-(6-am no-9H
purin-9-yl)-1-nethyl ethoxy)nethyl]. The CAS Regi stry nunber is 147127-20-6.
20 Tenofovir disoproxil fumarate (DF) is a nucleotide reverse tanscriptase

I nhi bitor approved in the United States for the treatnment of H V-1 infection
in  conbi magl.onindld ﬁ&ﬁ@y@%ﬁ@%ﬂ@ﬂﬂﬂm&%mlhﬂiefuﬂgmm¥%%$ﬂﬂ|

fumarate or Viread( ead Sci‘ence rate sal
t enof ovi r akide (RE)2 lbuten&ﬁhpe’@c(@rl oy CA& Regisity aymber is 202138-50-9.

2,4,6,8-T d,
2- (6 ami ngt gil?ﬁy?lﬂ y%n#gc?ﬂ'f’g ﬁg}flﬁaig‘%s@{cm;{f%)&r ‘%ﬁl‘égﬂﬂ}?e%qm%{lﬁﬁ) ester,
5- oxide, HMEN-Adriipaetehead{driipa fhe GR3urtedigd:ry number is 202138-50-9.

Physi ol ogi cal |y functional derivatives of tenofovir i ncI ude t he conmpounds
PVMEA ald PMPA. PMEA and PMPA have the structures: 5 ~ '-~-NNRs Rs / N\
NNN 4 ~R OOR O\OR R3 wherg PMEA (R3 is H) and PMPA (R3 is Cl1-C6
al kyl, ¢ -C6 substituted al kyl, or RdﬂZOBS’R\/mere R3 is Cl1-C6 al kyl, ¢ -C6
hydr oxyal kyl or C,-C, haloal kyl. Rand R are independently Hor G C6

al kyl . R4and R5 are independently H N {4, NFIR or

where PMEA (R’ is H) and PMPA (R® is C~C, alkyl, C;~C, substituted alkyl, or
CH,OR® where R® is C,~C, alkyl, C,~C, hydroxyalkyl or C,~C, haloalkyl. R’ and R’
are independently H or C,~C, alkyl. R*and R’ are independently H, NI, NHR or

10 NR, where R is C,-C, alkyl. R’ and R’ are independently H, C,-C, alkyl, C,~C,
substituted alkyl, C—~C,, aryl, C,~C,, substituted aryl, C.~C, arylalkyl, C~C,,
substituted arylalkyl, acyloxymethyl esters -CH,0C(=O)R’ (e.g. POM) or
acyloxymethyl carbonates ~CHLOC(=0)OR’ (e.g. POC) where R’ is C,-C, alkyl,
C,—C, substituted alkyl, C~C,, aryl or C,~C,, substituted aryl. For example, R’ and

15 R’may be pivaloyloxymethoxy, POM, ~-CH,OC{=0)C(CH,), or POC,
~CHLOC(=0)OC(CH,),. Also for example, tenofovir has the structure where R’is
CH, and R', R, R’, R, R° and R are H. Dialkyl phosphonates may be prepared
according to the methods of: Quast et. al, (1974) Synthesis 490; Stowell et. al. (1990)
Tetrahedron Lett. 3261; US Patent No. 5,663,159.

20 PMPA may be enantiomerically-enriched or purified (single stereoisomer)
where the carbon atom bearing R’ may be the R or $ enantiomer. PMPA may be a

racemate, i.e. a mixture of R and S stereoisomers.

-9-



10 NR2 where Ris Cl1-C6 alkyl. R1 and RZ are independently H C, C6 al kyl,
Cl-C6 substituted alkyl, C C,, aryl, C6 C,, substituted aryl, C6CZ6
arylalkyl, C6 C,, substituted aayoal kyl, acyl oxynethyl esters -CHZOC(=0 RO
(e.g. POV or acyloxynethyl carbonates -CHLOC(=0O OR9 (e.g. POC) where RI is
Cl-C6 al kyl, Cl1-C6 substituted alkyl, C6 C26 aryl or C6 C,, substituted

aryl. For exanpheinvedtianthchaldsallmanbBmdly AiydredmeRy, Baveynat&OMhd _
-CH_OC(=0) ¢(CH3) 3 or PCC, CHZ%:&OC( CH3)3. Al'so f or exanpl e, tenofovir
has the sentidedrséergpisprmerBrixigiresipfF MEBAG ard phpgiolagdcallpsfunidonald R are H.

D al kyl phos ona?}gs (ggy be prepared according to the nethods of: Quast et.
al . (1974YSAIRGY®H90; Stowel | et. al. (1990) Tetrahedron Lett. 3261; US

Patent No. 5, Gﬁi’eﬁ&%ﬂﬁ&@hﬁ%ﬁﬁsm@ﬂa@rﬁg%ﬁtéﬁéﬁﬁhpﬂial‘%gﬂﬁirfbbﬁéf or purified
(single stereoisoner) where the carbon atom bearing maybe the Ror S
enant i onestrucnAlyndiybrse prodmagsiave been descaibril fophosphoricasitissFreemraeni soner s.

enri ched SioRes Bomertsm Meai SRR tnaiBhg w4 LR PN & PGB  onal
deri vat i Vised pRIeeE clad th@lé(ﬁ%wyl%{e&'%ﬁicﬁWaﬁi&gﬁ%éﬁ {pngkovir. A

| ar ge nunber of 5 Structura €rse prodrugs have been scribed for
phosphoni strategyl for(darkmexylin acids dnédben applixoigrpissphatededi phoaphd@ietedtst ry 34:

it oh wastsiasber e SGURESLY prasit Gef 78 Pt O ol A ERLOIT 05 ana t e
00138 Ly A SR gt I, T

5, 792, 756to &elbee phosplionic 4dids anpsooefahkybrasisandwasnhsem ortb del i ver
phosphoni ¢ aciﬁiﬁi .across cell nmenbranes_and_tqQ enhance oral bioavailability.
a

A ol ose vBioRRAIARSRTY neclaes Tpnd ot e aclealerl gpieg jirategy the
o Kocvcar U ot 0 s Tty 20 SERENGS SRR ° 2
est ers of molétyphdspftanpergisafihe ceapintioht yf fhednyéntisi eAsyl estess sfeported to
en han(I:Se Olroﬁl)sphorus groups, especially phenyl esters, are reported to enhance oral
bioavailability (DeLambert et. al. (1994) J. Med. Chem. 37: 498). Phenyl esters
containing a carboxylic ester ortho to the phosphate have also been described
(Khamnei and Torrence, (1996) J. Med. Chem. 39:4109-4115). Benzyl esters are
reported to generate the parent phosphonic acid. In some cases, suBstituents at
20  the ortho-or para-position may accelerate the hydrolysis. Benzyl analogs with an
acylated phenol or an alkylated phenol may generate the phenolic compound
through the action of enzymes, e.g. esterases, oxidases, etc., which in turn
undergoes cleavage at the benzylic C-O bond to generate the phosphoric acid and
the quinone methide intermediate. Examples of this class of prodrugs are
25  described by Mitchell et. al. (1992) J. Chem. Soc. Perkin Trans. 1 2345; Brook et. al.,
WO 91/19721. Still other benzylic prodrugs have been described containing a
carboxylic ester-containing group attached to the benzylic methylene (Glazier et.
al., WO 91/19721). Thio-containing prodrugs are reported to be useful for the
intracellular delivery of phosphonate drugs. These proesters contain an ethylthio
30  group in which the thiol group is either esterified with an acyl group or combined

with another thiol group to form a disulfide. Deesterification or reduction of the
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bi oavail ability (DeLanbert et. al. (1994) J. Med. Chein. 37: 498). Phenyl

esters containing a carboxylic ester ortho to the phosphate have al so been
descri bed (Khamei and Torrence, (1996) J. Med. Chen. 39:4109-4115). Benzyl
esters are reported to generate the parent phosphonic acid. In sone cases,
substituents at 20 the ortho-or para-position nmay accel erate the hydrolysis.

Benzyl an@iiﬁﬂﬁd%&ﬁexﬂf&s tREpeaad hﬂ@ﬁﬁ@diiaﬂ!wﬁf&h%'ﬁ¥é<§$eﬂﬁy%@il&' dovy tgenerat e

t he phenolic conpound through the action of enzynmes, e g. esterases,
oxi dases, the¢phosphvirciacichand episuifidédPyedrsetcilelPaYediaivitdh Beh Az §55-¢742- O bond

to generatg the pho ri nd .t ui.nane .net hi de i nt ernedi gt e.

e oo Grreria e RaLl36) £ ARrRRE oot osi GRS B P eRRR TV aAod o
(1992) 1. yehsRz : ' aniaiRa 4s. - WO 91/19721.
Still other bgﬁ'gc;ﬁég ag?%é?t‘gé%?ggs%%%ﬁégggcri bgcci&télgr?tagfi?li ng a carboxylic
est er - dont ai ni FgodpugLestert iraadrortiarnge with herinyéntiorneehipdarendedinzelectedt .  al .,
WO 91/19721). .Thio-cantaining prodrugs are reported to be eful for the

i ntracel | L?ff‘ZJ-P f%*q?\?mgarowﬁoggm'e&a@@gs@ I%P%%’ ajg esbdp 8? gene Ph an
Stiylthi 0 239 dihE- Bl ERichNdU Bhindliifon 8 Lhdliel s@kars tfbietd h an
acyl group or C%I r%) w th anot er']tn%:lrl‘géfE group togﬁioﬁa dlsfﬁ%l e.

Deest er i f ipratiding @liractgtuetindinectly) sdid mend®, di, srtripltaphetecstars@) t he free thio
Cpi Sul 11 dETIoRaR gL et () FO POt oo Aoes alkyb or pSSF PAIPROBERURT | 5 et
at (1996) , 5 Ls S \ | so been
descr ig@ed %@ﬁ%ﬁ%@ﬁéﬁ}%@h@Sg‘g}é{%h%‘gle%%%%@‘g%%é Eéﬁ&h%‘m;} g esters

i n accor dandsiseleubyhB) phosphionate; ad (6) pthepsinsanidytesstarst Ester ffoupst he
fol |l owi ng groups: (1) nono-, di-, and tri-phosphate esters of tenofovir or

any ot her {Ebi@ponydastvbstituipd withdsiraight prbrasghed chain dred, 8yl ot i s capabl e
f i di di t I ndi tl i.d -, di tri hat
oster: (2 empfil ol FenE oot fith raec kil UG G o
| kyl sul ‘ )ope ' id t
(For Bcams 2Bl ZhqiBbocyrh B AN Ay TR BB HoRY g L B0 2 6y

phos phgnarexdipte, phierosymEbiyd CoC) 9] (forldxaple/phenyboptitisdllyt sibetitused h;
straight or branched chain C ,-C,, alkyl (for
by, for example, halogen, C,-C, alkyl, or C,~C, alkoxy); or amino. An exemplary
aryl moiety present in such esters comprises a phenyl or substituted phenyl
group. Many phosphate prodrug moieties are described in US Patent No.
6312662; Jones et. al. (1995) Antiviral Research 27:1-17; Kucera et. al. (1990) AIDS
20  Res. Hum, Retro Viruses 6:491-501; Piantadosi et. al. (1991} ]. Med. Chem. 34:1408-14;
Hosteller et. al. (1992) Antimicrob. Agents Chemother. 36:2025-29; Hostetler et. al.
(1990) J. Biol. Chem. 265:611127; and Siddiqui et. al. (1999) J. Med. Chem. 42:4122-28.
Pharmaceutically acceptable prodrugs refer to a compound that is
metabolized in the host, for example hydrolyzed or oxidized, by either enzymatic
25  action or by general acid or base solvolysis, to form an active ingredient. Typical
examples of prodrugs of the active ingredients of the combinations of the
invention have biologically labile protecting groups on a functional moiety of the
active compound. Prodrugs include compounds that can be oxidized, reduced,
aminated, deaminated, esterified, deesterified, alkylated, dealkylated, acylated,
30  deacylated, phosphorylated, dephosphorylated, or other functional group change
or conversion involving forming or breaking chemical bonds on the prodrug,
-11-



exanple, methyl, n-propyl, t-butyl, or n-butyl); C -C/, cycloalkyl;

al koxyal kyl (for exanple, nethoxynethyl); arylalkyl (for exanple, benzyl);
aryl oxyal kyl (for 15 exanple, phenoxynethyl); CS C2, aryl (for exanple,
phenyl optionally substituted by, for exanple, halogen, C -C4 al kyl, or
Cl7C4 al koxy); or am no. An exenplary aryl noiety present in such esters

conprises a pg@gﬁ Ig;?%feeé-&g Eé @ gf g a‘%ﬁg -}fc!)mg%ﬁ&é)alsm%cﬁ’&oasfé@é}reﬁcﬂo rug

noi eties are at ent 312662; Jones et. al. (1995)
Ant i vi r al pResielagivhllp dcdeptable Kait Grenecdt Exampleb3PhysiolgielyReseptablet . Retro

Viruses 6:491-501; Piantadosi et.. al.. (19 . .Med. Cheat,. 34:1408-14;
Hostel | er® F.Oféwofm@@yl I%H?‘YWPIEE’SEJBJ;YA%‘@R?@&%%W@S.m‘glﬂﬁﬁéé?- 29; Hostetler
et. al. ' : Al S e AL : 999) j.
Med. Chealé.léﬁ\?l%% %é’i‘z%@gp B a@?raa%%g‘?ﬁug%%%éﬁ gccept g@?%g%‘%ﬁ%ﬁé@%@ “to a
conpoufid ahalkaiifie eafth ¢0keiangld, maghesitogamfroniexand NX[iywheteir ¥ds or

oxi di zed, by either enzymatic 25 action or b%&aeneral acid or base

sol vol ysi §-G.alld) Bhymiclegiculdy revgpiaktiesalts of gpingdrogemedanyl arangfminoodr ugs of
th ti ' ient t he. i nat i f,. the i. ti h
A S AR LR RSB e o
conmpound. f?hed, ¥aSarid) ehaleR, SATMREY iidic! RethiGAE [RQoBIvhH ARDsuctREVASES;

am nat ed, deam nated, esterified, deesterified, alkylated, dealkyl at ed,
acyl at ed, oggnifeadipnit atds, shds phmeihaaesdforde shenshelfonia ke zenesulfohisr
functignal graoup change. or, conversion.invol vi f.orm or breaki ng
cher 40 BRREoBnERdRnie arids ndinorganic asids Suctbes By drgigric, Koy o
conmpounds | Fefigee i ' EAa sal t
Exﬁgs%lokﬂ%ﬁ%%éfaﬁuﬁ ki85 EPR 161%@%3%? g%’cl?:g%ﬂ@ 58 dk éﬂﬁﬁﬁﬁﬁ%fe

t her eof . | es of physiologically a salts of tenofovir and is
physi ol ogas Aityoxygreppabtlede dnd ardon eesaid noingpdand ah cembitertioneditheom an

appropriate hase, . such as_an al I, tal (for exanple. sodium, an
PRl e ESHAHE o SR A AR e (MR e o PR DSOS AP B X i s
ClC, alky hy S| | |y acceptable salts of an hydrogen atom or an
am no gré%%q?nwélsdtlj%%gﬁ?js of organic carboxylic acids such as acetic,

benzoilg, | actiEor thbtapritie usé aaltsof sutivedh@iedientpdiahe ¢nveidlonoriliiget hi oni c,
| act obi oni ¢ and succinic adds; organic sulfonic acids, such as
met hanesuPhpwiplogicelly anespinhisnies theyenildesalis denved from a physiologically

acceptable acid or base. FHowever, salts of acids or bases which are not
physiologically acceptable may also find use, for example, in the preparation or
*  purification of a physiologically acceptable compound. All salts, whether or not
20  derived form a physiologically acceptable acid or base, are within the scope of the
present invention.
Formulations include those suitable for nasal, oral, rectal, transdermal, and
vaginal administration.
Formulations suitable for topical administration in the mouth include
25 lozénges comprising the active ingredient in a flavored base, usually sucrose and
acacia or tragacanth; pastilles comprising the active ingredient in an inert basis
such as gelatin and glycerin, or sucrose and acacia; and mouthwashes comprising
the active ingredient in a suitable liquid carrier. Formulations for rectal
administration may be presented as a suppository with a suitable base
30 comprising, for example, cocoa butter. Formulations suitable for vaginal
administration may be presented as tablets, pessaries, tampons, creams, gels,
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10 and p-tol uenesul fonic acids; and inorganic acids, such as hydrochloric,
sul furic, phosphoric and sulfam c acids. Physiologically acceptable salts
of a conmpound of an hydroxy group include the anion of said conmpound in
conbination with a suitable cation such as Na ' and NX,' (wherein-Xis

i ndependently selected fromH or a C -C4 alkyl group). 15 For therapeutic

use, salt f | ] ically

accept abléaS?gs’ R’%H hey \?\n%f F&Eﬂn l%c gerl v%ﬁ? r gﬁ]{béw Shﬂ?g:ag?‘é%)il}%g%c%ﬁg

accept abl sxchecartiars a@a&dcndﬂm\ﬁv’drre arﬁ’ailiesa:;fropnatés or bases whi ch are not

hysi ol o icaII accept ab also fi use, for, exa n the

Brgpar at igon or aﬁ‘ﬁ'ﬁF&t}?ﬂi FQ?H‘%‘T‘ E@Ifﬁ’fﬁeéﬁlla?%@ FSBIV@"E‘E%‘H’&B%nd Al l

sal S, whedrhelis oofldxehole plorepl il e BIKE Ltk A0LE Bl odieieb! ab) o acid of
P t ormu

base, are wthin € SCo resent 1 nventi on. ations include

t hose %ui $uibible (fa@flefsaﬁalhde @oeda buttartaal, otheranatieiaiedommodly twwsediinahe
adm ni stration. Fornul ati ons suitable for topjcal _admnis ratl on in the
mout h i ncdidEhesaRoEEAKEs Mg RS Souv ARien i forsad oy ?‘%@‘P@lﬂ% the 4clive | avor ed

base, usuglly (!5 éiléﬁ{%‘ﬂﬁ%é‘éb%n%{i%g'n?el%d é}ﬁ%@?&ﬁ&e iéﬁ% (?E‘Mﬁ]ﬁg”g the

active ing ent i'n-an 1 ner asi’'s suc s gel a ycerimn

sucrose aﬂﬂnaﬁlagj a; and nput hwashes conpri si ng the actlve [ ngredl ent in a
suitable liquid carrier. Forrmulations for rectal admnistration my be
presented as alnéh@gafmcmthwweatwem@m étlﬁé@beynd@tﬁﬁ@ﬁd&ah@etﬁan exanpl e,

or oot octrica b RABh I8Pt el B R T R 0l S BRRRY. °F o

or spray TR 2btdaged efitRidiinBat, ke R {d Rplied tb E%o@%*da\#ﬂy isOeH &glihent  such
carriers as are known in the art to be a proprlate rmaceuti cal

f or mul at i ames, eimattheof Bre vaginal Ineipartic rlatpr@&rwdeambcadmmt thaNBBr is a
solid are. nps er abl esepnted as . uni ose su itorjes. 5 Suitable
carriers %SﬁBPﬁa‘iE%ﬁke gb‘%ﬁp@? Wf‘@tr’?ﬁf‘%&%ysmg HPV’I sed in the art.
The SUppoﬁﬁﬁﬁh%tG@é\Q%beVﬁ%&WﬁWfrﬁémeQ)é ﬁglﬁﬂ‘téﬁ*ﬁ@n@f the active

15 intercourse. Typically, the topical application is carried out prior to the beginning

of vaginal intercourse, suitably 0 to 60 minutes, preferably 0 to 5 minutes, prior to

the beginning of vaginal intercourse.

The NRTImay be applied to the vagina in a number of forms including
aerosols, foams, jellies, creams, suppositories, tablets, tampons, etc. Compositions
20  suitable for application to the vagina are disclosed in U.S. Patent Nos. 2,149,240,
2,330,846, 2,436,184, 2,467,884, 2,541,103, 2,623,839, 2,623,841, 3,062,715, 3,067,743,
3,108,043, 3,174,900, 3,244,589, 4,093,730, 4,187,286, 4,283,325, 4,321,277, 4,368,186,
4,371,518, 4,389,330, 4,415,585, and 4,551,148, which are incorporé’ced herein by
reference, and the present method may be cairied out by applying the NRTI to the
25  vagina in the form of such a composition. The composition containing the NRTI
may be applied to the vagina in any conventional manner. Suitable devices for
applying the composition to the vagina are disclosed in U.S5. Patent Nos. 3,826,828,
4,108,309, 4,360,013, and 4,589,880, which are incorporated herein by reference.

In another embodiment, the present invention involves topical
30 administration of the NRTT to the anus. The composition administered to the
13-



ingredient with the softened or nelted carrier(s) followed by chilling and
shaping in noulds. In the context of the present invention, it is to be
understood that the term 10 topical application includes application to the
body cavities as well as to the skin. Thus, in a preferred enbodi nent, the
NRTI is applied to a body cavity such as the anus, the nouth, or the

vagi na. | Bnils BAEBY Aokt RS TEIEA o Invgﬁxa@moseu@&rm%ﬁlﬁbdv%vﬁapl ied to the

vagi na. Thus, the present ‘met ho ve topical application to the
vagina to rm&edeu tvagih\a{l ap}ﬂmatlonn Iratherraseefdrial applicagionait sy benpm‘fenad se.

Typically, the topical n is carried,out r|or o -begi nning of
vagi nal i f¢ SFEHUR Cagclf“gg’&hf‘a gfribytesghacompagtion sy %f"%%"l‘ 5 mi nut es,

prior to he REgi MRiAds Ok é%ﬁ@g torng d applied to
t he vagi na |ng 5 %‘%er gf or s I’ICE}B%I ng éigjz%gsoo salﬁgg ZWZ? es creans,
supposbto Iplre[srahiﬁﬁ b8 cm} Anjength, hatin, h&eaﬁmlbuiﬂdsegﬂaﬂymlm@its for

appl i catl?n to the vagi na are discl osed in U S Patent Nos. 2,149, 240,

2, 330, 846en8th3e, 184, 2,467,884, 2,541,103, 2,623,839, 2,623,841, 3,062, 715,
3,067,743, 3,108,043, 3,174,900, 3,244,589, 4,093,730, 4,187, 286,

4,283,325, 4, 3pdakdiher énB &Iﬂéﬁeﬁleﬁyrgeﬁt%oref 2%:—:3:39@&0@ : 585, and

4,551, 148, mhlch are 1 ncorporat erein by rence e present

met hod na;appl;rmgthe I@RTbutal]lyy Cmpbhyphrgmbhes Qtl%«lbly carried o2 byapiplydngn t he form
of such a conposjtion. SI%@OH C |n| ng Ehe NRTI _.may be applied
to the vag§PRROSHoRTH Ielaﬂﬁ/ P oh PhEAiS ede9¥aéégph%ﬂrtlonalﬁp| ying the

conpospt i 28,

4 105 300 S0l e S efgl @%sﬁﬁﬁﬁﬂhﬂgéﬁﬁﬁl R AT

r ef er ence colnpositivhtie apelidbilistprits td the bpgesién of tlwelnhtafopro@dﬂke'md t opi cal 30
adm nistration of the NRTT to the anus. The conposition adm nistered to the
-13 anus mrl@diqaamﬂgroaghamhe&r@aqﬁulﬁe| ly, etc., such as those described
above with regard to vaginal application. In the case of anal appl i cation,

Lo ) o SR St R kol ke ko g o
applicato rsp'r@da)ft}ﬂ]ﬂl&ﬁedﬁoho Axnatsdl above, such compositions may be in the form
15 of foams, creams, jellies, suppositories, tablets, aerosols, gargles, mouthwashes,
etc. Particularly preferred are vaginal gels. The conceniration of NRTLin the
composition is such to achieve an effective local anal, oral or vaginal
concentration upon administration of the usual amount of the type of composition
being applied. In this regard, it is noted that when the composition is in the form
20  of a suppository (including vaginal suppositories), the suppository will usually be
1to 5 grams, preferably about 3 grams, and the entire suppository will be applied.
A vaginal tablet will suitably be 1 to 5 grams, preferably about 2 grams, and the
entire tabiet will be applied. When the composition is vaginal cream, suitably 0.1
to 2 grams, preferably about 0.5 grams of the cream will be applied. When the
25  composition is a water-soluble vaginal cream, suitably 0.1 to 2 grams, preferably
about 0.6 grams, are applied. When the composition is a vaginal spray-foam,
suitably 0.1 to 2 grams, preferably about 0.5 grams, of the spray-foam are applied.
When the composition is an anal cream, suitably 0.1 to 2 grams, preferably about
0.5 grams of the cream is applied. When the composition is an anal spray-foam,

30  suitably 0.1 to 2 grams, preferably about 0.5 grams of the spray-foam are applied.
-14-



5 preferably 5 to 10 cm in length having holes distributed regularly al ong
its length. In another enbodinent, the present nethod may be carried out by
applying the NRTI orally. Oral application is suitably carried out by
applying a conposition which is in the formof a nouthwash or gargle. Oal
application is 10 especially preferred to prevent infection during dental
procedure OB

begi nni ng%%ﬁ{e@%aelﬂnl?%glp%} lgceduﬁgivg%%rbrg% glog%dé%réll);yﬁl%%f&{gl%lﬁ&?m

pr ocedur e.ab®heb pleseapplistient i on al so provi des conpositions useful for
preventing the spread of H V infection. As noted above, such conpositions

may be in the form 15 creans elli DQSI t oKl abl et s,
aerosol s, gardgl §h ?ﬁ?ﬁf’ %&E“’S‘fa@?ergﬁﬁ% Jﬂ%?&ﬁ??r%uu §3?8%Fl‘é$%ﬁ\}ii‘ | nal
gels. The Hdredd &gén@ﬁw}hﬁﬂvﬂﬂ fhaIsi&%he GRANARI Mol @dot 5f SHAIRTD Shi eve an
effective |local anal, oral or vaginal concentration upon adm nistration of

t he us@al agnntﬁnncluﬂethmeMermg agents dppicalgnfoupd ingrephmastes amd thi s regard,
it is noted that ent € Co SltlonISI the form 20 of a suppository

(i ncl udi n@XelgPsar §§1fﬂﬁ?§ ng?nﬂg g‘bS| tory will usually be 1to 5
grans, preferably about 3 grans, and the entire suppository will be applied.
A vagi nal tabl gtheWrkdens Bt ?Béxﬁoﬁ@rréhytafl?so'aoélﬁﬁl’{& forbh 6f £ tiatd-del@geut 2 grans,
and the entire tabl et will be applied. Wien the conposition is vaginal
cream suicosipogitirg In thds mendmentpﬂ@fl‘éh?&bﬂsyn@bp@ta’t@i B yeempogfionhe cream

will be ap n .t ternr- sol bl e vaginal cream
sui tably GB}PcﬁS‘HEr fﬁﬁs eﬂFéY%F%?@ ?‘?)Wg,'%‘r s @%S&%&B’ When t he
CONPOSIgl | G glys] Br UASH ORertRtRY O tﬁﬂietﬁklage Eorh V\ﬁbﬁh@ﬂ&éﬁrﬂisdﬁe%flﬁr abl'y
about 0.5 gfans, of the spray-foam are applied en the conposition is an

anal cr earﬂlorstmlieailikgleaa;e of PestRidgsams] lerefaeeta‘indajes, &b dlitLewo Bel. flemsnof t he

0 T 1o 5 qness Neiy Lpeh 4G AR LS. KetoNon e BpAbne 2B A 88 2 e Sppl e
- 14 Wen td“@s%@@})@m PAN3 650 m]lrr@lsbbmm% A B Eneistbt 30! hudndi 8¢ 10 N,

preferably’ about are appl’i
Pharmaceutlcal Sciences, vol. 78 (1989); Amies, Journal of Pathology and

15  Bacteriology, vol. 77 (1959); and Pfister et. al., Journal of Controlled Release, vol. 3,

PP 229-233 (1986), all of which are incorporated herein by reference.

The present compositions may also be in the form which releases the NRTI
in responsé to some event such as vaginal or anal intercourse. For example, the
composition may contain the NRTI in vesicles or liposomes, which are disrupted

20 by the mechanical action of intercourse. Compositions comprising liposomes are
described in U.S. Patent No. 5,231,112 and Deamer and Uster, "Liposome
Preparation: Methods and Mechanisms", in Liposomes, pp. 27-51 (1983); Sessa et.
al., J. Biol. Chem., vol. 245, pp. 3295-3300 (1970); Journal of Pharmaceutics and
Pharmacology, vol. 34, pp. 473-474 (1982); and Topics in Pharmaceutical Sciences,

25 D.D. Breimer and P. Speiser, Eds., Elsevier, New York, pp. 345-358 (1985), which

are incorporated herein by reference.

It should also be realized that the present compositions may be associated
with an article, such as an intrauterine device (IUD), vaginal diaphragm, vaginal

sponge, pessary condom, etc. In the case of an TUD or diaphragm, time-release
-15-



In the case of a nouthwash or gargle, it nmay be preferred to include in the

conposition an agent which will nmask the taste and/or odor of the NRTI. Such
5 agents include those flavoring agents typically found in nout hwashes and
gargles, such as spearmnt oil, cinnanon oil, etc. The present conpositions

may also be in the formof a tine-release conposition. In this enbodi nent,

t he NRTI | '5}99 crelarci] I Al | A ilff'ﬁ active

i ngr edi en?ﬁ%{- a l%ate \ﬁ??%lﬁ%vﬁacloi iregﬁrt%rﬁ%%%feeﬁag%g’i@éﬂﬁ vggﬁ%l%ﬁ or anal
concent r atérafoms, tNchanichl-ratedse kempesitionp asd priettgedar € di scl osed in

Control | ed Rel ease of Pesticides and Pharmaceuticals, D. H Lew, Ed., Plenum

Press, New York, 1981; d U S Patent Nos. 5, 185, 155; 5, 248, 700; 4,011, 312;
a6y, 606, & 1literiher eBOGmERY, tha PRBSRLBYeniiory DB G DR AR ot ol
journal o %{@' i.cal i . 1 b l al of

Pat hol ogy{vglrll lgr{%gﬁit!g?f%leggg\?&@% %f%%%&oﬁ%ﬁ%&%ﬁﬁﬁ%ﬁeg#é%ﬁg. j our nal

of Con$ r ohttizteshee dase which reldgse the NRIISvIRSG8p16d&Ba) an apprayiriatéibody ar e
i ncorporated herein by ref e{jg%(f_e. .The_present conpositions may also be in
the form RATLEE I 8N ERBEPHAR Favifs a presept wygBtiay previstr Ay vagi nal

vest ol es SrErRLRERRment yEEAEninghs PealR 0N Sy PRERERTRA 8, 0 o

i nt er cour aBocifledPidBiahINRIEL. conpri sing |iposonmes are described in U S. Patent
No. 5,231,112 and Deaner and Uster, "Liposone Preparation: Mthods and

Mechani snms", i, Li posones, . 27~ 1 . Spssa, et. al., J. Biol. Chem,
vol . 245, pp. %%ﬁ%ﬁsﬁﬁggﬂ?@%%%é??ﬁﬁwsﬁﬁﬁﬁmﬁ%%ﬂ}m’ePhar macol ogy,
vol . : 735 P8 2)e di "8\ ' tg ' s, 25 D. D
Brei my B e L A 8. R 7 3 R %855) i chn
are i ncor pdicht & ihesrporatby hemireby neference. Thoptdenl aticlkenaght amed that the

t iti e a jated, with an articl :
Pl aut or HERBYI SbPRGDY MG PRSP A SRes D agimarontplibRshigmasar y
condom ey, N]R'TI.t BrfA a?%g&grzsek YR sclgé&f)ﬁ{@.@@aﬁeWoﬁ.%‘,ﬁ% gang> and/ or
oSl 0 1

mechani cal -rel ease co nmay be preferred, e 1'n the case of
4,360,013, which are incorporated herein by reference. The present article may

15  also be a vaginal dispenser, which releases the NRTI. Vaginal dispensers are

disclosed in U.S. Patent No. 4,961,931, which is incorporated herein by reference.

The present article may also be a condom which is coated with an NRTL In
a preferred embodiment, the condom is coated with a lubricant or penetration
enhancing agent which comprises an NRTIL. Lubricants and penetration
20  enhancing agents are described in U.S. Patent Nos. 4,537,776; 4,552 ,872; 4,557,934;
4,130,667, 3,989,816; 4,017,641; 4,954,487; 5,208,031; and 4,499,154, which are

incorporated herein by reference.

EXAMPLES

25 The following examples further describe and demonstrate particular
embodiments within the scope of the present invention. The examples are given
solely for illustration and are not to be construed as limitations as many variations
are possible without departing from spirit and scope of the Invention. The

following examples are intended for illustration only and are not intended to limit

-16-



condons, mechani cal -rel ease conpositions are preferred. In another

enbodi nent, the present invention provides novel articles, which are useful
for the prevention of H 'V infection. In particular, the present 5 articles
are those which rel ease the NRTI when placed on an appropriate body part or
in an appropriate body cavity. Thus, the present invention provides |UDs,

vagi nal di .. Va0l | I < Qe | ontain or
are assol(tzl?eg%ggg\gm? ,u(‘l}]e %%b%ﬁp I Husjﬁy't ﬁga%%eﬂgg%tdlﬁtt ?%8%?%eﬁl§ﬁgl UD whi ch
cont ai ns OIRTIgrasriefifed Qb | gefefibly sdrlofortitbsa phesidlddidaliyddnitiord] S.  Pat ent
Nos. 3,888,975 and 4, 283,325 which are incorporated herein by reference.
The preseﬁ?ﬂﬁfl“?‘??c repdy be an intravagi nal sponge which conprises and

rel eases, in a time-controlled fashion, the NRTI. Intravagi nal sponges are
disclosed in U S. Patent Nos. 3,916,898 and 4,360,013, which are

i ncor por afermhiatienm (NomedléadRelease Hoempdatoat article may 15 al so be a

vagi nal dispenser, which releases the NRTI. Vagi nal dispensers are
di Scl osed ThiF Iormulatends progared by avet gnulglpn. ot t1e Meredieast HIBPUERE n by

reference Rj&'ﬁ%ﬁ& H@r i Gi: ' ] ted with an
NRTI. In gragér';gfoé”e oaﬁidr@rll@}%gg%on O%t«?agﬁ%%g}(&;@é)%r% 1‘?1@%% cant or
penet r at i bppranéliveicag utities vamhihg hiseaxitgrgrades.an NRTI. Lubricants and
penetration 20 enhancing agents are described in U S, Patent Nos. 4,537,776,
4,552, 872; 4,557,934; 4,130,667, 3,989,816, 4,mg/@klet 4 954, 487;

5,208,031; and 4 . .\ ch are incorporated ein by reference.
EXAI\/PI}ES 25 TheAég‘?el'%%?eﬁiénganpl es further descri géand denonstrate

parti cul ar errbqqypﬁjﬁ@jdgﬁt hin the scope of the pregent invention. The
exanples are given solely for illustration and are not to be construed as
linmtations as reagjosedylpmehirate are possi bl e wit hou®3 departing fromspirit

and scope of the,lnvention.q.l foll ow ng exanpl es,are i ntended for
illustration onl'y® ﬁﬁgﬂjrz 8r?éjacrrclﬁntended tolimt - 162%ahe scope of the

i nvention in anyvweesiuf®@ibMate NQredi ent” denotes orpe or nore
15 Purified Water qg.s.

Drug release takes place over a period of about 6-8 hours and is complete after 12

hours.

20  Formulation B (Controlled Releagse Capsule):

The following controlled release capsule formulation is manufactured by
preparing a wet granulation of ingredients a, b, c and e, and then extruding the
material using an extruder, followed by spheronization of the extrudate and
drying. The dried pellets are then coated with a release-controlling membrane (d)
25  or polymer. The final product is filled into a two-piece, hard gelatin or
- hydroxypropyl methylcellulose capsule.

mg/capsule
(a) Active Ingredient 300
30 (b) Microcrystalline Cellulose 125
(¢) Lactose Monohydrate 125

=17



NRTTs, as defi ned above,
functi onal
For mul ati on):

ingredients with purified water,

stearate and conpression.
gr ades. ng/tabl
Monohydr at e 53
Water (.s.
conplete after

2 urs.
fol | owi ng cont r(%\ ﬁ@g‘ B

The

preferably tenofovir or a physiologically
derivative thereof.

5 Fornmulation A (Controll ed Rel ease

This fornulation is prepared by wet granul ation of the
foll owed by the addition of magnesium
hypronel | ose can utilize varying viscosity
E)Etg @gllﬂgge i ngredi ent 300 Hypronghl ose 112 Lactose
regel atinized Starch 28 Magnesium Stearate 7 15 Purified
Dr udey Suaified Watess pl ace over a period ofgsbout 6-8 hours and is
Formul ati on B (Control |l ed Rel ease Capsul e):

Scapsul e fornul ation is manufactured by

The

preparing a wet granulation of
the material using an extruder,
and dr¥i ng. The dri ed pel lets

o

menbr ane (HQropg

hard gel at h dr
Active Ingﬁ%ﬁ%’rﬁe 5

ingredients a, b,

c-and e, and then extruding

foll owed by spheronization of the extrud
are then coated with a rel ease-controlling
tnal product is filled into a two-piece,

v W e e g RS and TS AT ol b

Monohydr at goas. Pﬁﬁécmva@rmd@Armﬂ@eedlv%emsﬁorgugé.fn ed Vater q.s.

300 mg
2000 mg
300 mg
30 mg
10 mg
500 mg
5.00 ml

One-fifth of the Witepsol H15 is melted in a steam-jacketed pan at 45°C

maximum. The active ingredients are sifted through a 200 micron sieve and

added to the molten base with mixing, using a Silverson fitted with a cutting

head, until a smooth dispersion is achieved. Maintaining the mixture at 45°C, the

remaining Witepsol H15 is added to the suspension and stirred to ensure a

homogenous mix. The entire suspension is passed through a 250 micron stainless

steel screen and, with continuous stirring, is allowed to cool to 40°C. Ata

temperature of 38°C to 40°C, 2.02 g of the mixture is filled into suitable, 2 ml

plastic molds. The suppositories are allowed to cool to xoom temperature.

10 Active Ingredient
Confectioner’s Sugar
Simethicone
Methylparaben
Propylparaben

15 Flavor, Peach
Purified Water g.s. fo

Formulation D (Suppository):

20

25

30 Active Ingredient

Hard Fat, B.P. (Witepsol FHI15 - Dynamit Nobel)

mg/Suppository
300

1770

18-
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(f) Celatin capsules 5 Fornmulation C (Oral Suspension): The active
ingredients are adm xed with the other ingredients and filled as dry

powder. Purified water is added and m xed well before use. 10 Active

I ngredient 300 ngy Confectioner's Sugar 2000 mg Si met hi cone 300 ng

Met hyl paraben 30 ng Propyl paraben 10 ng 15 Fl avor, Peach 500 ng Purified
Water gq.s. to 5.00 mM Fornulation D (Suppository): One-fifth of the
Wtepsol HLS is rrelted in a steam]jacketed pan at 45C 20 maxi num The active
i ngr edi entbormagatig ginaldugppositor) ni cron sieve and added to the nolten
base with m xing, usi.n Sllversonfltted with a cu head, until a
snoot h di spersi tfse gFﬁdé F8d. Mai nt ai ni ng the m xt u?@bggg4 the

remai ni ng Wt epggbxdbdidls added to the suspension andpgh, red to ensure a
honbgenous ni x. The entire suspension is passed through a 250 mcron

stainl éss 25 st idlyetbybwa ghynd] 130% h conti nuous stirringdss allowed to cool
to 40C. At a tenperature of 38C to 40C, 2.02 g of the mxture is filled
into suitable, 2 mM plastic nolds. The suppositories are allowed to cool to

room tenpqrogma@cioﬂ@(_\%@ﬂﬂ%é@ﬁ 30 Active Ingredient 300 Hard Fat, B.P.
(Wtepsol - nam t NoDbel') g??O -18 Formul ati on E (Vagi nal
supposi tori es Achctire ingredéetitent 300 ng Hexanetri ol B0Qmgy
Nonionic autoemulsifying base 1g
10 Water balance to 100g

Formulation G (Vaginal spray-foam)

Active ingredient 300 mg

Polyethylene glycol 6000 2g
15 Nonionic emulsifying agent 2g

Water 85¢g

Freon 12./144 (70:30) 0g

Formulation H (Vaginal gel

20 Tenofovir | o 1.00 (%w/w)
Hydroxyethylcellulose, NF (Natrasol®+250H) 2.50
Propylparaben, NF 0.02
Methylparaben, NF 0.18
Edetate Disodium, USP 0.05

25 Glycerin, USP 20.00
Citric Acid, USP ' 1.00
Purified Water, USP 75.25
Total 100.00

30  Sodium hydroxide and hydrochloric acid are used as 10% w/w solutions to adjust

pH to a target of 44. The methylparaben and propylparaben are dissolved in

-19.



5 Pol yet hyl ene glycol 1500 g.s. Fornulation F (Vaginal crean) Active

i ngredi ent 300 ng Nonionic autoemnul sifying base 4 g 10 Water bal ance to
100 g Formulation G (Vaginal spray_-foanm) Active ingredient 300 ng

Pol yet hyl ene gl ycol 6000 2 g 15 Nonionic emulsifying agent 2 g Water 85 ¢
Freon 12/144 (70:30) 10 g Fornulation H (Vaginal gel) 20 Tenofovir 1.00

(% w) H&%ﬁ@&/@ E\%hﬁeﬂ{&am?@th elluhak ipsldd h%ﬁ@i?e%eé@ofd%h?@ﬁ( | paraben, NF
0.02 Methyl paraben, NF 0.18 Edetate Di sodium USP 0.05 25 3vycerin, USP

20. 00 Ci torganidphdse. UBketate@isodibumi sfnidecitrittacsd arel dBpsctBed B putifier] wisd, 00 30
Sodi um hydr oxi de .and _ hydr oghl or i id.are, us as, 10% w w sal ytions to

2di st ph POV aged e g Sibpohed Mg EER Ao aRet by "ar o

di ssol ved d@sageliBrd18A £029HGREdD -Adfﬁ/ééh@&atd%éﬁ@ghaé@,%@e hdxaddasegnd

di spersed "'to forman organic phase. Edetate disodiumand citric acid are
di ssol ved well themi fillesdintmtudes or ¢pplidatarsr i s added and di spersed, pH adj ust ed
to 4.4, and solution clarified by passage through a 0.22pmfilter. Aqueous

and organi c phases are mixed, stirred 5 well then filled into tubes or
appl i cators.

Safety and Tolerability

10  Tenofovir vaginal gel used 1% BID was well-tolerated in abstinent and sexually
active HIV(-) and HIV(+) women, with limited systemic absorption and with

possible beneficial effects on vaginal microflora.

All publications and patent applications cited herein are incorporated by
reference to the same extent as if each individual publication or patent application

15  was specifically and individually indicated to be incorporated by reference.

Although certain embodiments have been described in detail above, those
having ordinary skill in the art will clearly understand that many modifications
are possible in the embodiments without departing from the teachings thereof.

20 All such modifications are intended to be encompassed within the claims of the

invention.

-20-



Saf ety and Tol erability 10 Tenofovir vagi nal gel used 1% BI D was
well-tolerated in abstinent and sexually active HV(-) and H V(+) wonen,
with limted system c absorption and with possible beneficial effects on
vagi nal mcroflora. Al publications and patent applications cited herein
are incorporated by reference to the same extent as if each individual
publication or patent application 15 was specifically and individually
indicatediqo gﬁ i.ncorpor.ated by reference. Al though certain enbodi nents have
been descrifd ‘?“H“%l@lieafﬁ*’r‘méﬁ e nYeABYE  having ordinary skill in the art will
clearly understand that many nodifications are possible in the enbodi nents

Wi thout departing frAaméthed f@atbiphgantibR be e syRtptdink o8 affbcta®ttiyf Hewt | ons are
i ntended to be enconpassed within the clains of the invention. -20 The

fol | owi ng drteckominan Bfectadeanimabibhichiromprisas admingetering tq said prisaldt i on of the
synpt ons or, ] L i L ank ol i.ch

compr i ses. Ficr i ae ey P e ol BEL kMl B R B R TR NED o
of a topi calmdwarthlaaNRTI ineoatbisdtion with ephaahacaticatyaséptableahNRIT i n
conbination with a pharnaceutically acceptable vehicle. 2. A nethod
according to Caim1l1 wherein the NRTI conprises [2-(6-

Am no- purin-9-yl)-1-net hyl - et hoxynet hyl ] - phosphoric acid

di i sopropoxycar bonyl Rxysmba¥kesRding to (1SRPT Whefain Be RRENYGHhPHABI[S-94-| Y ,
functional derivative thereof. 3. The nethod according to Caim2 wherein

Ehe ;or mul a‘tlinb‘_:ror-]pmnﬁ' tfﬁlﬁbﬁlﬁhﬂmth@qunetgyﬂjpbosmm' act_id\/\?ihgh}\l p?r cent
enofovir. 4. e ne ccor 0 aj m. erei.n e conprises a
physi ol ogi cﬁ‘]SPyr@SﬁX@%@%Mﬁoﬁé’P&bg&?s@ (’gapokog P'Fif){)@ PﬁY%ﬂ}ogﬁaH‘é Cﬁé’ngpr uct ure:
R7,, NR6 N ddriveEvé thereof.

3. The method according to Claim 2 wherein the formulation

comprises from about 0.2 to about 2 weight percent tenofovir.

4, The method according to Claim 1 wherein the NRTI comprises a
physiologically functional derivative of tenofovir which has the structure:

R AR
N

N S
L
T N/ R4
\"/ O\/
RB

wherein R’ and R* are independently selected from H, C,~C, alkyl, C~C,

0]

g/ORz

\OR*

substituted alkyl, C~C,, aryl, C~C,, substituted aryl, C~C,, arylalkyl, C.~C,,
substituted arylalkyl, acyloxymethyl esters -CH,OC(=O)R and acyloxymethyl

-21 -



NNLR4 O 11~-ORZ OPPOR R3 wherein k and RZ are independently sel ected
fromH C C6 alkyl, C -C6 substituted alkyl, C6 C,r aryl, C6 C. substituted
aryl, C6-C. arylalkyl, C6 C20 substituted arylal kyl, acyl oxynethyl esters
-CHZOC(=O) R and acyl oxynet hyl 21 carbonates - CH20C(=0 OR9 where R9 is C -
C. alkyl, C C6 substituted alkyl, €6 C20 aryl or C6-C20 substituted aryl;
R3is H C C6 alkyl, C -C6 substituted al kyl, or CH2OR8 where R3 is Cl-C6

al kyl, Cl-C6 hydroxyal kyl or O -C6 hal oal kyl; R and tare independently
sel ect ed fqﬂ@bﬁﬂﬂ,tesNI‘-%',LQ&Roé{ﬁﬂg Nmfevﬁgéﬁ 61, alyL§ €, sihskijuted ahkybR6 and R7 are

i ndependent,l y, sel.ected.fr Hand C1-C6 al kyl. 5. A pharmaceuti cal
f or mul at i o({qs“g:@r?ﬁ?]iogi i te‘gﬁ’dﬁa phar maceutical |y acceptabl e medi um

suitable for tgpie |C@?.EEik%?}@—%-sugstﬁtﬁtm*}méﬁqwﬁ%@@@—@n conprising

[ 2- (6- Ami no- pur | -9~y ) 17 etthyll - et hoxynet hosphoric acid ®
di i sopr opoaqulacpm;ylyamﬂfencbybr(elstghaloé_m.;genof ovir) or a physiologically
e t he

functi onal rivative reof and a pharmaceuticall i% accept abl e nedi um

suitable for tdpredR’ apghdependently FelecvbirowrVH, MR a0d VR, wiere® C ai m 5
wherein the | cqnprjses a physiologically functional derivative of
t enof ovi r M’ﬁ@f% structure: RINR6 N;,R4A O |I~OR2 1 0\/PR1

R’ and R’ are independently selected from H and C,~C, alkyl.

5. A pharmaceutical formulation comprising an NRTI and a

pharmaceutically acceptable medium suitable for topical application.

6. A pharmaceutical formulation comprising [2-(6-Amino-purin-9-yl)-
1-methyl-ethoxymethyl]-phosphonic acid diisopropoxycarbonyloxymethyl ester
(tenofovir) or a physiologically functional derivative thereof and a

pharmaceutically acceptable medium suitable for topical application.

7. The formulation according to Claim 5 wherein the NRTI comprises a

physiologically functional derivative of tenofovir which has the structure:

RZ RS
NS

e
R%T 1.
O~

T

wherein R' and R are independently selected from H, C-C, alkyl, C,-C,

O

Ig,,u:)R2

_\OR"

substituted alkyl, C~C,, aryl, C~C,, substituted aryl, C,~C,, arylalkyl, C~C,,
substituted arylalkyl, acyloxymethyl esters ~CH,OC(=O)R and acyloxymethyl

-272.



R3 wherein R1 and R2 are independently selected fromH, C-C6 allcyl, Cl-C6
substituted alkyl, C6 C20 aryl, C6 C23 substituted aryl, Cfi C. arylallcyl,
C6 C20 substituted arylallcyl, acyl oxymethyl esters -CH20C(=0O R and

acyl oxymet hyl -22 carbonates -CHZOC(=0) OR9 where RO is C,-C, alkyl, C C6
substituted alkyl, €6 C aryl or C6 C20 substituted aryl; R3is H Cl-C6

al kyl, Cl1-C6 substituted alkyl, or CH2OR8 where R3 is C, C6 alkyl, Ci1-C6
hydr oxyal kyl or G -C6 hal oal kyl; Rand R5 are independently selected fromH,

NH2, NHR aahoNmés m%@cgomf@rh&ékéis@miaanﬁ , 8- @dbé@ﬂﬁ@dlauqﬂpendent Iy

selectedfromHa al kyl 8 Age forrrulatlon of Caims 5'to 7. 9.
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is C~C, alkyl; and
R*and R’ are independently selected from H and C~C; alkyl.

8. A gel formulation of Claims 5'to 7.

9. A cream formulation of Claims 5 to 7.

10. A foam formulation of Claims 5t0 7.

11. A suppository formulation of Claims 5 to 7.

12. A condom coated with a formulation of Claims 5 to 7.

[3. A pharmaceutical vaginal gel comprising

[2-(6-amino-purin-9-yl)-1-methyl-ethoxymethyl]-phosphonic acid 1.00(%w/W)
hydroxyethylcellulose 2.50
propylparaben 0.02
methylparaben 0.18

edetate disodium 0.05

glycerin 20.00

citric acid 1.00

purified water 75.25
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