21/ 02/ 2007 TITLE: SPI RO AND DI SPI RO 1, 2, 4- TRI OXOLANE ANTI MALARI ALS FI ELD
OF THE I NVENTION Thi s invention rel ates to conposi tions and net h9q§r(j‘2372007
treating malaria. 5 Specifically, this invention relates to pharnaceutical
conpositions including Spiro and di Spl ro trioxol anes, and nethods of their

use and riest e, | CAGHAROLR sk 1R KN SR AN £,

parasites within red blood cells. Caused by single-celled parasites of the
10 genus PlESNBOFTHEANVERTIONt ransnitted from person to person by the
bite of female nosquitos. [hough once prevalent in North Anerica and

ot her tenperate ﬂl@ﬂglmﬁwloufrelaﬂqeto mpodltlomamymmbésrﬁoatrealmsgmqlmt ly in

tropica c coyntri.e ear., .between 40Q mllion and 600
i | |pl ong pel(')&% Faﬁ ﬂﬁft %‘tnv?'ﬁlémd?lgéﬁé%pahaﬁ'ﬁ%"elmgalﬁPWPP%WQSdn@“‘#n&ﬂWQ #d die 15
of the di seapso tholleRanl afnRis B aRfmdh wi ALAlRAARN parasites are

general ly responsi ble for malaria, i|ncludi ng Pl asnodi um vi vax,
Pl asnodi unf! wsdb NDPOE IYWENTEONae, and Pl asnodi um ovale. Of the

four, Pl asm)dlu al (;| rum i ' st. dangero accounting for half of
all clinical P%Prt'? adndaﬁﬂenggé%%q 1“2‘@%91‘\%&11?‘?36%3?‘%“&1&@@&@%Pre%lc‘-‘r'he
transmissig @iozm{ bidted SRS MR AR IS al r eady
i nfected Wlﬂ% t he ngefrarl a paragl te. V\ﬁenr@% $1E3elli)éd E?S WQ

anot he¥0 hugems Plepodornimalaia in trammddiumlnﬁrsmstabemmblyﬁelblitame@ﬂial@d into

t he bl ood, V\:hl cp then travel to the liver. In the liver, the sporozoites
di vi de rap %hen enter the bl oodstream where t hey |nvade red bl ood
cells. Insi de t}q%ﬁl | 20861 in NOEHh | i dl ntil they
25 cause the red bl (Sgloﬁd ce ? l's toullour st %Ele aagllﬁﬁg{éynt 5’9% eellfe ggaygh[lér eam a
new gener awpdd, today muanie gictmssnosdtiatin tiopieal andeabirqiihesuntrizd. BhelogkatSetvioen The
synpt ons ci.ated th malarla are general ly assomated with the bursting
of the re%ﬁ]df‘ﬂﬁ ‘E:‘@IV%I Hion RroBlecopirich theofiseare apd i Spmidim te @i 1 muilipn flies
wast es,5 t Q¢ the d@BMe Ot her debris into the blood. This in turn causes an

i ntense fever that can |eave the infected 3 0 individual exhausted and

bedri dden. |vbr@cmeelmc'mssﬁmmmumomizamqahrmemegamlyﬂegﬁoﬁgfaaieof@s and/ or

i nfection b Pl asqo‘fl fal ¢ci paruminclude anem a, severe headaches,
ana including Plasmodium vivax, Plasmodium falciparum, Plasmodium malariae, and

Plasmodium ovale. Of the four, Plasmodium falciparum is the most dangerous, accounting
for half of all clinical cases of malaria and 90% of deaths from the disease.

20 The transmission of malaria begins when a female mosquito bites a human already
infected with the malaria parasite. When the infected mosquito bites another human, _
sporozoites in the mosquito's saliva are transferred into the blood, which then travel to the
liver. In the liver, the sporozoites divide rapidly, then enter the bloodstream where they
mvade red blood cells. Inside these blood cells, the merozoites multiply rapidly until they

25  cause the red blood cells to burst, releasing into the blood stream a new generation of
merozoites that then infect other red blood cells.

The symptoms associated with malaria are generally associated with the bursting of
the red blood cells. The destruction of the red blood cells spills wastes, toxin, and other
debris into the blood. This in turn causes an intense fever that can leave the infected

30  individual exhausted and bedridden. More severe symptoms associated with repeat
| infections and/or infection by Plasmodium falciparum include anemia, severe headaches,
convulsions, delirium and, in some instances, death. |
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convul sions, deliriumand, in sonme instances, death. 1 21/02/2007 The
treatnment of malaria has been especially difficult due to the abiiyb?/ojo 7
mal aria parasites to develop resistance to drugs. Quinine, an antinalaria
compound that is extracted fromthe bark of the South Anerican cinchona
tree, is one of . LhVe: r tieals Fn . . _
exi stence. The crllgl\l%grsel e ?%ﬁga&?ﬂ?ﬁ%&?egﬁtg%ggﬂw&f@&ghd(ﬁ?t??ggifaZﬁmgﬁgafal | s
to prevent pdisidease dewllgpesistanéaot s, (QUikine,nNA ahSmASSACo WMhhhissi de
effgcts rafﬁri n érro di zzi ness tdgegdeaf_ness. Chl oroquine is a synthetic
cheni cal siHPdrd Femdls barkel tSOBQbéWEHW?éHH:hW&tEﬁBsJ@W@P@éthef@ismdamsa when
it was dev j ] S S, .ease .
nmanuf act ur %!fi‘égcﬁ% %l gﬁne‘iragllﬁgclggggﬁ eg#%g {;éé eTl‘}eefc}Og@%@g Ec%—%u\j\flg\gg IS tht] Fﬁgorlt'ﬁgt{ngf ew
decades5 mahdfiila td Prepart disessesclapsesBRyrtiadr apsnind isthi il withauecfaeeome
resistant to chl oroquine. Mef|oquine is another synthetic anal og of
qui ni ne t h5INeMEsryB dHzisesdoidgapss. treatnent of malaria. Malaria parasi ]tes
i s I . Mef [ is also
nasoct at ed w ¢ Ot iEh S e aRcaP B APt oyl Ehecalh€ Biea® efoctns o
i ncl udi ng falhalginehéninsaadeeliped th the gI0RTR S0 it SfAAVEld 3he giT Ugs are
ef fective against malaria parasites by inhibiting their reproduction.
Al t hough t Fenastyes apkeamerpblagk obside ot ddowevicn ¢ e dast &w decadesi fnelagine

, i ffectively | nbi nat i i th ot her
ypes 'St aprilr R Aa, Sty dr BB Ha BRIkl PR T St g

mal ari a has theMdﬂaq@mmn@themhﬂgﬁmw@qfuﬁme thaHds BIRARSH HehehOWRVEr . 20
More recent devel gpnments _in the treatnent nmal ari a have involved the use

of the peFereRt of adariso Malany parpsites baveadsepsierelpead rpyjstames td meglogwineni si ni n,

whi ch contaj i . -trioxane heter clj har ophore. The
anti mal ar i@@g 'i%ﬁﬂ%#ﬁgf% 8%10;&?3%’?1%& s u%n egragfe%/c n#@é%f‘f%lﬁs Ft °¢¥HE iron in
free hene sonieqmuitmts, ihdludihg hatblodiatidnP@aidagiit Qightrhited he generation of free
radicals leading to cellular destruction. 25 The discovery of artem sinin

(qi ngh&osu), a Hyifelats dryesee effedtivg ageinm pralasivipdesitesdyqohibismgeheir | act one

i ) : | . 1999: Dhi et al., 2000)
it at e "reBption; Aouet REgeBlosaye A0 develBpel Risdistinedlo dnuleleinemsor
action (Jehd augs cdh9N;be uskdTBlfsgively i@bombiﬁ&%wiﬁﬂ@théqup&%‘tahﬁmaﬁﬁm' The

antimal ari al Per oxi des (Dong and ) o ‘
use of combination therapies in treating malaria has the drawbacks of being inconvenient

~ and expensive, however.

20 More recent developments in the treatment of malaria have involved the use of the
peroxide functional group, as exemplified by the drug artemisinin, which contains a unique
1,2,4-trioxane heterocyclic pharmacophore. The antimalarial action of artemisinin is due to

- its reaction with the iron in free heme molecules in the malaria parasite with the generation
. of free radicals leading to cellular destruction.

25 The discovery of artemisinin (qinghaosu), a naturally occurring endoperoxide
sesquiterpene lactone (Meshnick et al., 1996; Vroman et al. 1999; Dhingra et al., 2000)
initiated a substantial effort fo elucidate its molecular mechanism of action (Jefford, 1997;
Cumming et al., 1997) and to identify novel antimalarial peroxides (Dong and
Vennerstrom, 2001). Many synthetic 1,2,4-trioxanes, 1,2,4,5-tetraoxanes, and other

30  endoperoxides have been prepared.



Vennerstrom 2001). Many synthetic 1,2,4-trioxanes, 1,2,4,5-tetraoxanes,
and ot her 30 endoperoxi des have been prepared. 2 21/02/2007 At F'QQ/W?O?
clinically useful sem synthetic artemi sinin derivatives are rapid acting
and potent antinmalarial drugs, they have several disadvantages including
recrudescence, Al@hg @%icEhiciily § 083 SHRisGihc art R i€acti
instability. (Wi te,_gH199_4). A%ai r nursrgrtiar gf te z%ﬁ‘)‘é‘onpéﬁﬁ%%@gi (llad:%qcﬁllnge
active in g polentantimalreial dwis,¢heyhagersdveral disadvanmpésinélyiding rdcWliicicRncel 994;
van Agtnael__et al . 99) . t h ny.synthetic antimalarial 1,2, 4-
trioxanes ﬁlggrgto&%tge@%sghe ﬁég'pzé)dejﬁ a{‘&'k‘%‘? Betaiity. (Ygu, 19099 8rfalr 1997)
there exi Stiamber diRée bBmpSithdate dubte'aBRRL bifrd) B RS WHANFN B LDy,
agents, especially those which are easily synthesized, are devol ey
neur ot oXi ci(Wpiteai¥84wranchetpesise b, 1999). cAdttebuph ararmp epkhatandmplaper s ies, e.g.
i nproved stabilit aral, absor et.c. Accor di ngl y, it is a primry

pt i.on, 1 2
obj ecti ve Oxtaﬂ%g%y%%ﬁ?bqeﬁ\%ﬂ’ﬂegr{ Bt alte 1 990 HeiE .t 1987 therrexitis dods f or
prophyl axi seding the #E6 T8 fPheWBBkidR aHShAgriathl IR whi
1,2,4-trioxolanes. It is Iafyf%‘??hlg?idgbj ec%ag%g%&?’%g&ﬁggg@#ﬂsgiwrlluvcgr?ﬁ on to
provi de a ewipewithdsund.zanedevoid bibxbufaoxigityo pidwhaich possask infpeategent of nalaria
usi ng spirg_and g(ls iro 1,2, 4-trioxolanes. 15 that is nontoxic. It is a
further ob])}éag?lﬁ?? ISHC PHRP TS s (PR BaRjHt Brabaksprtionaeteonposi ti on and
met hod ¢ or pr opRydosathsivans 4 ' Lha.-spire. .and dispiro
1,2,4-trioxol anes ? th%?f’ IS n%rtﬁg%)rgﬁpjt:eg ef@t‘%ﬁ%“ﬁﬁlﬁg‘%@ﬁwmﬁaﬁ ve. It is
yet a furténamposiiopeandmectbddd foepropagant andiveihetof haldaanigapio eRIPesHS | on
and 20 ma%}jg%forl rophyl axi s and cost-effective treatnent of nalaria
usi ng spi r o~And%H %‘%F'ro 1,2, 4-trioxol anes that do not involve a treatnent
regi men of nor q; LhaphdHBRcHaY ' g r Lective af the present
i nvention to provide corrpgegi ti%fn%ég%eg&tﬁle‘{eﬁ%%%f%r %?%%?ﬂ} Oas%oél a&ﬁd
t reat nent méthedifon piophylskingndpieatmeanst milsfi usinglspro4ntl disp#elt e GioxbRads can be
used (iith:-tEl as_stand-al one nedi caments or in conbination wth other agents.
25 1t 1Ps JPYSE NQ9XI¢-t her obj ective of the present invention to provide
novel i nter medijgl e Furif? bha¥f ﬂ[ﬂﬁh i It -for prophyl axis and
treatment of malaria. Thej%ﬁtg{' 0 i%%%ﬁggﬁgﬁioptggg%ﬁ%%%CWWSH%’Q(?‘Hdof t he
above obj extthodefor poplydhtis asd treatment of malaria using spiro and dispiro 1,2,4-trioxolanes

that is metabolically stable and orally active.
It is yet a further objective of the present invention to provide a.composition and
20  method for prophylaxis and cost-effective treatment of malaria using spiro and dispiro
1,2,4-trioxolanes that do not involve a treatment regimen of more than three days.

It is a further objective of the present invention to provide compositions and
methods for prophylaxis and treatment of malaria using spiro and dispiro 1,2,4-trioxolanes
that can be used either as stand-alone medicaments or in combination with other agents,

25 It is still a further objective of the present invention to provide novel intermediates
- . for synthesizing compositions for prophylaxis and treatment of malaria.

The method and means of accomplishing each of the above objectives as well as
others will become apparent from the detailed description of the invention which follows
hereafter.

30 SUMMARY OF THE INVENTION




others will becone apparent fromthe detail ed description of the invention
which follows hereafter. 30 SUWARY OF THE | NVENTI ON 3 21/02/ 2091/5%}92007
i nvention describes a nethod and conposition for treating malaria wt

spiro and dispiro 1,2,4-trioxol anes, their prodrugs agd anal ogues. T?et ]
trioxol anes of tHj ' We! I ' red.on _one. si.de o e
tri oxol ane het er@gng%ﬁﬁﬁﬁgécgg?sa% %e&égg‘{lf?g@l %%Qi%ﬂggﬁ treaaﬁag. %&lﬁ]csplm
stability tandtdispirbriatiawutanch,Nigif godtags SreY anbldbguésy RGNS of RisD one
enbodi nent;, the spiro anfi g‘iin?ipi ro trioxol anes are sterically hindered wth
an unsubstPYUEeR aregitsally hindered on gag side pffhe friaxolage bsteroteele i erderdycl oal ky |

group, whi : ' , t.hi nbodi t, the spiro and
di spiro tricﬂggo a%}%?l?rag%h Jl‘i ﬁ‘%ﬁ%ﬁg@%@% tb@_&?y@f’%ﬂ%&wnq ﬁgpétfeg "t UH%%%H& P‘ked
or subssi t uedmbbdihieat, shqgiiotanddispiro &idkRiahePird Stctieily hifiderd Withn i S

functional i zecLéor substituted at the nitrogen atom In another enbodi nent,

the 10 tri dRstbshwiedgmong;, di- wm-ﬁl&qtimtﬂdﬂsdézmﬂatmaﬂwf)gm@, Wlniolnrm;lnée_
4-position | r I ) [ connecting, a spbstituent that is
rmg t pref ersg%?%/dgganv\%%i }gggl(é% .e%(ééﬂein%\lt}gn 8 Hﬂ‘gﬁﬁﬁplg‘g&‘)xg@ﬂ?ﬁgfl}j INGUAE Fal

di ast er eomspisqcytiahenyl thatistundtRealiRE oMIbsti@ed 28 RMY-pERIH & of BibFp&idsi he
conpounds. The trioxol anes of this invention possess excellent potency and

efficacy ag#BHef s fysctiomalizadqrswhstititedsat thesnitrogen agorholn ahwgres embbdiment, the

neur ot pXi Ci.k j t.] . several he, trioxolanes.are suitable for
bot h ojf)éél ggr\%o%%%- orané‘%d)érﬁnnﬁﬁglcrﬁla |a3(r%ﬁwf\}5r#d(§8\%)rm ﬁﬁeﬁé p‘l?g}?ﬁ‘é‘_&iﬂ?pn to
art eni si ni spisentishoxyhehg cortettingat uyauer Bt RIARO Ffb@‘éalﬂiz alWbaR bhddV &gk On are
structural |y sinple, easy and inexpensive to synthesize, and can be used
ef f ect i vel YvaRtiRengraces aehip aghicalidistopgonters ravemicmiytwes, as wallss 20 DETAI LED
DESCRI PTI Oe\ﬁa%or-ﬂgfc PREEGRR §0§¥§%SNEI\FF The present invention relates to

0 n

t he devel opnent SpIro a spifo 1,2,4- trioxolanes for use in the

prophyl axi s andTlid eiaksaids offthiS®vahdich pob§ds BE@RaR ot Pid Ghcdcs agPhgdi cat ed
upon the unexpected discovery that trioxolanes that are relatively

steri d&l | y laimedien darasticsand lost degmes of ingwrotsiicitye In additiar, anerdlel grocycle
provi de ne ' . ' S.stability tao the trigxolane ring, er eby
provi di ng g?‘?@&iaﬁéﬁé\;?@gﬁawg R f% g/a,l aig:g?)o&?_r gdpijsirgfion, é\g%rggyer,tlg or al

adm ni st r adoingparison to artemisinin semisynthetic derivatives, the compounds of this invention are

structurally simple, easy and inexpensive to synthesize, and can be used effectively alone or

in conjunction with other antimalarials.

20  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention relates to the development of spiro and dispiro 1,2,4-
trioxolanes for use in the prophylaxis and treatment of malaria. The present invention is
predicated upon the unexpected discovery that trioxolanes that are relatively sterically
hindered on at least one side of the trioxolane heterocycle provide metabolic and chemical

25 - stability to the trioxolane ring, thereby providing better in vivo activity, especiaﬂly with
o respect to oral administration.

As used herein the term "prophylaxis-effective amount" refers to a concentration of
compound of this invention that is effective in inhibiting or preventing infection and
subsequent disease by malarial parasites. Likewise, the term "treatment-effective amount”

30 _i‘efers toa concentraﬁon of compound that is effective in treating malaria in terms of

~preventing an increase in the conceniration of malarial parasites, decreasing the
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As used herein the term "prophyl axis-effective amount” refers to a
concentration of conpound of this invention that is effective i /02/2007
inhibiting or preventing infection and subsequent disease by nmalari al
parasites. Likewi se, the term"treatnent-effective anount” 30 refers to a
concentratigQg Jolyyor STl ol i Gtive . Jn treati.ng malaria in terns of
preventi ng ancelsﬁfrtlrgfriease ?%n%lﬁjg}acsfé%cgd?&a%%% SrplaTia ey O?rdfawl&l?for 50

decr easi ng dahepdbt-aife@idn2007 concentration of malarial parasites, and/or
"curing” a malaria infection, i.e. survival for 30 days post-infection.

Tet rasubst i t ut ed SirpsubsHLicdddoxplance ateaelatedly stablaperoxiser exmmiuodcimspbomds
based on |y (& u al 1997a;, 1997b). This, may
be due, in I%%ﬁ@%%dﬁéﬁggb@ e(?éj ’Sﬁ’ﬁ%;@g@ AHEay %@ep?’e%aé%‘io %ﬁi‘?@ﬁt ors
have syBt he$oedrapeiatais e Peeskdt iftfidrs hAQLAREISd3RS ddpolisIRtR superi or

antinalarial potency and oral efficacy. Furthernore, the conpounds of this
i nventi on Wagkelangwlasphadig hoth aupgrinparftimalaréd poenciuanidoeal teffidaye aFureeimers,

mal ari a whi,ch are believed wil.l permt shaqrt-ter reat nent regi nens
conpari ng Ift%vcé) F&’BPS’;‘% (ffihlaflhvgpé‘%{’r 'Faé’ ﬁilp%vf Fﬂxﬁql{yr ?c‘éde }Eﬂ%é‘ées C?WE_E@@ edd Hsofmay
al so be usefildra wiEtiRgk BcRéveRRN 3% | gm?eg ' |

present inventors discl g_sed cer?gt:nﬁtsnhg\;}gtleh?g?é@séggﬂg |tu?éé}ﬁ€ﬁrrlln%>r<}%YJ§%gg
havi ng t hetof @h¢rawiemisininrliketdmugs! ThesermoinpoundsimayRaso e ubedviremelaria RlophRaxis R3,
and R4ld epreseni_ conbi nat ho s of ri n%' z%stems,_ @cycl i c systens, and
functional groupd” THEY POV LaPrrerdhtentyeficondcarainsavadbout the

trioxol aneterrhmst'ﬁtatearuq@folanﬂeéh&&n@ih\é%oﬂmngb@&t&{law%: and met abol i ¢
stability. RI, R2, R3 and R4 may be the sanme or different, and may be a

aryle groyp which is optionally
-_I?t oget her and/or R3 and R4
ich is optionally interrupted

| i near or branched al kyl, aryl , gmor
substituted. In the alternativégl I
taken together may forman alicycdd ‘
by one or nore oxygen, sulfur ory , ayons and which group is
optionally substituted. In no 422 t maysFany o jﬁ%, 20 R2, R3 or R4 be
hydrogen. In one enbodi nent, theé®conpounds incl Ufle those whereby R, and R2
taken together and/or R3 and R4 taken together is a nono- or

di - subst i twheeeln 85, K R; spidrRyaymleseat sorhbigativne of wh 6fbtdnss, aBicii@Batdms, and

i nterrupt by one or re qQxygen, sulfur, or nitrogen atons, and
P Eiﬂnc onal groups tﬂaﬁ provxdey s%fﬁcwnt steric hindrance about%he trioxolane ring in order

15  to give the ring chemical and metabolic stability. Ry, Ry, Rs and R4 may be the same or
different, and may be a linear or branched alkyl, aryl, or alkaryl group which is optionally
substituted. In the alternative, R; and R, taken together and/or R; and Ry taken together
may form an alicyclic group which is optionally interrupted by one or more oxygen, sulfur
or nitrogen atoms and which group is optionally substituted. In no event may any of Ry,

20 Ry, Rsor Ry be hydrogen.

In one embodiment, the compounds include those whereby R; and R, taken together
_and/or R3 and R4 taken together is 2 mono- or di-substituted Cs-C;; sp_irocycloalkyl group
which is optionally interrupted by one or more oxygen, sulfir, or nitrogen atoms, and
which group is optionally substituted. In another embodiment, R, and R; taken together or
25 R3 and R4 is spiroadamantane. |
The present invention discloses a new embodiment of trioxolane compounds having

the following structure:



which group is optionally substituted. In another enbodinent, R and R2
taken together or 25 R3 and R4 is spiroadamant ane. The presem:2 YGIAYp S Wi
di scl oses a new enbodi nent of trioxol ane conpounds having the follow ng
structure: 5 21/02/2007 OOR OR2 The spirocyclohexyl ring may be
optionally interrug sul fur or 5 nitrogen atons.
In this regard, different, and nmay be
hydr ogen, substi ranched al kyl, aryl, and
al karyl grqup licyclic groups that may
be interrupt et~y or__nitrogen atons,
substituted or UuN ic groups that nmay be
i nterrupted by ona i ni trdgen atonms, a hydroxy 10
group, or a halogen. In one enbodinent Rl or RR is an amide. It has been
unexpectedly found that am de- containing substituents at the 4-position
provide antimal arial conpounds wth good oral absorption, good
antimal ari al activity, and good pharmacoki netics, i.e. rates

absor pti ong r i table and ad t ageous
for the prrncl) yl a élbﬁ&zd é g%b%né}%?ﬁﬂa%a}ﬁpae% b%é)%?r?}r %%et?‘n’gig Iér“r‘ﬁl\cf'ér Hent
t he corfpounittegef atbimiss I ﬂhmagar@,rRﬂwMQ{thi@ Beathé Suthe G difBdréndCandrady bor mul a: O O

H O DR3 0, wher eby .R3 CH2). -Y. Inthisforrmla Yrepresents a

funct i onal BYFeRRD: § é‘tmtqdﬁfdﬂ%‘bsﬁﬁﬁédiﬂﬁ%fdtf branghedakacardi @ldaélmiylig‘liommlﬁier
nbodi b | kyl , ket
T Tt S T G ey, 1 R 2, T Bt ore

ester, oxiowygenrsakir onniti®zes hivais, subdlifubsdenr uhﬁfbts@ﬂﬂféd aﬁ@ﬁé@@@h@mrocychc
senicarbazone henyl , or heterocycle. In one enbodinment, n = 1. The al kyl

"bri dge" ﬁrﬂ’ﬂfﬁ‘ éneafeiéaﬂn?eggnt@d by ohe or more oxygen, sulfur or mt:rogen atoms, a hydroxy
10 group, or a halogen. In one embodiment, R; or R; is an amide. It has been unexpectedly

found that amide-containing substituents at the 4-position provide antimalarial compounds
with good oral absorption, good antimalarial activity, and good pharmacokinetics, i.e. rates
of absorption, metabolisnt, and elimination that are suitable and advantageous for the

prophylaxis and treatment of malaria.

15 In another embodiment, the compounds of this invention have the following

structural formula;

0-0
O Rs

20

whereby R; is (CH,),-Y. In this formula, Y represents a functional group that, in one
embodiment, is non-acidic, and in another embodiment is a weak base. The Y functional

group may be an alkyl, ketorie, acid, alcohol, amine, amide, sulfonamide, guanidine, ether,
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i nprove the netabolically stability (i.e. oral activity and

phar macoki netics) of the antimalarial conpounds of this invent i?P/OEZ/'ZPD 7
anot her enbodi ment of the invention, the trioxol anes are weak, bases, whi C?I
provi de an ideal conbination of high intrinsic potency and good oral

activity. T .01 Sl ' I t tu subt ypes.are weak base _
ani des of térlgi%(gko I%?eﬁéa%gﬁ%ﬁé g’ﬁﬁgﬁ% l%cﬁngkéﬁar%%aQ%é%gmgfﬁneyrﬁ?f% »Bonpounds
have one ofhetdracyicte. [Iovhagmbotdmeit] letiurile alky? 'bdeeSerodPhasbebn foupgak base
functional group tweak base functional grout -~ l\ﬁ O Qz209 weak base

am des Qz7aMRERNe thasstahpticaly stablint (e on vitx arskphermeacokinetios) pbtbiet i on of the

spi rocycl o 'Xialﬁap&m%%g@e@}?@%w&? that fall within the scope of this

i nvention. e splroc ring may al so be substituted at other
posi tioBs besi dds ahdther4nih08inidn0of thE divehiisd, @RAHoxJIARs bR YaSesNAURR

synt hesi zed several. conpounds substituted at the 2-position of the

spi rocycl ofEXYife 31 ﬁ@altcﬁggl%PMi)ﬂég]émml%mtencaml‘ii peddarrilzictipioy.efiey. 20 | n

anot her e i t . IS i t he ounds incl ude an .al roup
connect i nﬁ?‘ﬁ*&%&?’h@%ﬁ?’“ %tpty afﬂ%%ﬁ&‘ﬁ‘ﬁ%ﬁ’a eoani“ﬁ%s QQ%@’S@%%H&%@&Q ng.
I'n one enhodirwolane béid GA7RY ThedediposindsEtably bndsf B f¥lbwidg twAN@tub@ial

enbodi nent, the alkyl group is nethyl. The substituent may al so be
directly aferEsy to the 4- position of the spirocyclohexyl ring. 25 The
presenipinventors have identified two orally active |lead dispiro- 1,2, 4-
tri oxol anes, QZ03 and OQZ05 QZ03 7 QZO5 21/02/2007 These trioxol anes have
| C506 betwee oa@/ m against P. falciparum,jp.yitro, and presunably
possess go 2 @peUlH=C | AtheaiBseactidRhl icit BV e for  gidt .
conpound i nMa nEurobl cell line %r;%at Si n@e '@4 /)5 Nﬁov‘g%(sb&i%?luncrﬁmgegmw
in the Rane test. These r®sults contrast with published data (de Al neida
Bar bosa et aPZ209veggpse ai®¥96) di scl osi ng the 0278 weak base amides

15 Other substituents at the 4-position of the spirocyclohexyl ring are also possible that
fall within the scope of this invention. The spirocyclohexyl ring may also be substituted at
other positions besides the 4-position. For instance, the inventors have synthesized several 1
compounds substituted at the 2-position of the spirocyclohexyl ring that provide excellent
antimalarial potency.

20 In another embodiment of this invention, the compounds include an atkyl group
connecting the substituent at the 4-position to the spirocyclohexyl ring. In one
embodiment, the alkyl group is methyl or ethyl. In another embodiment, the alkyl group is

| ihethyl. The substituent may aiso be directly attached to the 4-position of the-
spirocyclohexyl ring.

25 The present inventors have identified two orally active lead dispiro-1,2,4-
trioxolanes, 0Z03 and OZ05: |
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5 weak in vitro antimal arial potency of several tricyclic trioxolanes, the
best of which has an 1C50 of 2000 ng/ml against P. falciparum |2rl)/0§/90067
notabl e feature of these trioxolanes in conparison to the artem si'nin
sem synthetic derivatives is their structural simplicity. A potential

d t t I th.tri xan .Jef ord, 1997; Cumm ng et
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cases, achiral conpounds. Below are several dispiro 1 -trioxo
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t herefore F@BDOfwalgédlagamSEP Jaltien s vidh( 02271 z279) H 20 \y "OOV N
HNANH |V JHNJ O Q O7271 Q7272 QZ273 MN 446.56 MN
406. 52 MN39850AI‘90P‘{55|@"“%—# se tEgxQlgnes INSRMPErisep o thepstemivipin7e MABSS. 45

MAB71. 47 MMdynaftic @ itdivedis thdf S%ﬂ%%&t@ﬁéﬁgﬁ(a agvmghe%t(?rlbgolm%?

Qz277 Qz278 279 MN 564. 73 MN 389. 45
over both trioxanes (Jefford, 1997; Cumming et al., 1997) and tetraoxanes (Vennerstrom et

10 al, 2000) is a more convenient access to structurally diverse, non-symmetrical, and in
many cases, achiral compounds.

Below are several dispiro 1,2,4-trioxolanes synthesized in accordance with the
teachings of this invention. "OZ" is an internal designation for these compounds that will
be used throughout the remainder of the application for convenience. The structures of

15 0Z01-0Z270 have been previously disclosed in prior applications U.S. Serial No.
09/886,666 (U.S. Patent No. 6,486,199) and PCT/02/19767, and are therefore not repeated

here,
OZ Series 31 (07271-07.279)
oH
20 ~s *] -) 0-0 AR
LS CSWELEE o s O B0
HN—{ o HiV
o
oz274 0z272 0Z273
MW 445,56 MW 406.52 MW 395,50
0-G F o-0 OH Q-0 OH
v o = OQ_«N
N\ /4 s
0Z274 0Z275 072276
MW 358.45 MW 371.47 MW 427 .56
(PH .
0-0 [le>=ls] o0 . 0= S~v0
3 NH
IO~ i, Q RO~ 5 <O, Oy @
(s} o)
25 0za77 Q2278 oz279
: MWV 564.73 MYV 389.45 MW 562.72




21/ 02/ 2007 OZ Series 32 (0z280-0z288) OH ,mac(//\~1~0-0 Q\ /-~.

p-p' /~J"'~ pp/~ HN OH HNO\\yO-N iz <VO' 1( }N Oz260 07281 \~ 0

MM13.51 MV 378.51 MN414.49 OH S NH2 (/~x [~~}~ O=S=0 |,
\~HN/ NHOLJZ O OO0 02283 0Z264 02285 ~NH MN 403. 48 MN509 62 MN37649

OH 0 2 OSSONH2 1 ~p\ OH \ / H2 -V HN O 02286 (Z287 (Z288 MW 412.52
A 556. 74 MV 356.46 10 CZ Series 33 (Q7289-(297) ' OV }-
\ J H\ry~ (7289 Q729 (7291 olpsdiika8Todes

20=5=0 HN \ V' OryN—\lOH

%0
a* HN oH
0

OH
N
LY RUOT
& NH, \,\‘Oﬂ ==
o HN‘2' 0 HiN
o o]

2%18/2?\]@4 2\0 07

~N HNO ON / °,
60 MV 364.48 20 _p HN

02280 0z281 0Z262
MW 413.51 MW 378,51 MW 414.49
S ji"? 0= suo
0-0 o o-0
SO P SorNe SO,
HM
o] Qj>=o
02283 Oz284 07285
MYV 403.48 MW 500.62 MW 376.49
oH
» 20=8
Ry o O
o Hie z O\O_-I-}N : o o
o]
0Z286 0z287
MW 412.52 MW 556.74 -MV%ZSZE%{LG
10
OZ Series 33 (0Z289-07.297)
0-Q 0-q
4 v, X Hm o/ <©' O_\ @ HN—/
d R HN} oH
o] *0= s o 0
0Z289 02260 0291 '
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25
. <©' -Q 0= s o <©, -Q 0 0-Q
D }-—NH N_ "'U*O}N‘ hH '%“MNQOH
g o
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30 .




MN 576. 73 MWV 370.49 MN418.53 25 ON <~ ~\). NH N GO=ss =OV '"AD NH -
~-NrOH O Z295 Qz296 QZ297 MW 50863 MW 404.50 MW 405.53 30 9%\]«%1%9%/%9%7
QZ Series 34 ((QZ298-Qz306) -0 0O -0 o0-0 off .07 O HN\ NH7 o-

07296 Qz299 Qr300 MM 448.58 MN 420.52 MV 39347 O 0-H OH N /p- O=S O

oC/~N//~~/O}~ \y "OV "p\ 301 02302 oz3o3|vw
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’ 0
0-Q 0-0 -OH
Lo D03y O
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o S
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o-0Q 0-Q N
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10
OZ Series 35 (0Z307-0Z315)
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0-Q /‘sfo
~ 0-0 N 0-0
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8 _ . o=g=a
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o N o Nb, .. OH
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HHe  oH
== S O 0-0 Q‘ .0=5=0
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0zZ313 0Z314
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\y OO \-/ HNN-NH NFx \y "O NH NH2 02304 0Z305 072306 MN398 50 MW 536. 68

MAN 378.46 10 OZ Series 35 (Qz307-QzZ315) q "o V. OO V p_S- O};bﬂ &II)JIjob-y
VHNOH OH p O=8 0 OZ307 02308 02309 MN 356.46 MN 428. 54 MN4 3

0'00 =S-< Y-.(OHS \y tJ° N OH 15 (z310 (Z311 QZ312 MN 422.54 MV 432. 55 M
433.54 OH < ~((//~~,~J~ NHz m%ﬁﬁmﬁwm) V. - NHO z313
0 OZ314 02315 MV 608.77 MV 468 : 2/2007 OZ Series 36
(QZ316- 0z324) = 0-~J
NNJ OV 0 (z316, QVI7_ D18 51. 65 MMO04 54 MAB65, 72 0 O O NHZLOD N OO N

HN 0 0=5=0 ~t )~<{ONR N2 B o LI O @ SO~ Q
|

QZ316 QZ317 0Z318
MW 551.65 MW 404.54 Mw 585.72

o

(’N))LN”Z 5
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'0‘ o o—s~ "”O“'D @"o“'@q/ ks

o
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0-Q S -0 ,—/
-,@.-Y o, NH \< H - 1< > N_
HN‘( sO= S 0 ’0\ o= S—Q
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10 OZ Series 37 (0Z325-07333)
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0-¢ o 0-Q a-Q ‘:%: )
SR, Ne—  «}=5=0 A . ]
IO IO - SO
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N N
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. oH
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15 . - NH ' P
. @9*0 a . <€>,070 Q <€>'0—0 N N
o = N A N ; =
o Ly o -.\Oﬂ
) ST A
a) o
02328 0Z3z9 0z330 -
MW 403.54 MW 577.73 MW 414,80
X N30,
S M, e o .
- " ol Ny ARG
a Ml W TN
N o N7 Q
0Z334 0zZ332 0z3a3 ’
) MW 392.52 MW 424 52 MW 418.57
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OZ319 Q7320 02321 MM 460.59 MN 387.47 MV387.47 5 ONH2 OH -0 O NH HN V
~p /| 0~O=S=0 O-g O ~ -~ 07/ 02322 02323 02324 MW\ 378. 46 MN49‘:'2@80%/;N2007
435.53 10 OZ Series 37 ((Z325-(Z333) OH mot(//~~/~ HONV 0O V"’
"~OiN~- 0O ~b ~/ HN ND/ ~0O L/ NO O (Z325 (Z326 OZ327 MWN 469.56 MN
371.47 MN 56272 OH 15 &SzoMm%WHN NNHz 02328 OZ329
OZ330 - MW 403.54 MW 577. 73 '4V=_< .~y 0 L/

HN z_! W/ ON O Qz331 z332 02333 MN 392.52 MN 424.52 MN 418.57 20 11

21/ 02/ 2007 Of Series 38 ( 02354 QZ342Z) OH o
so=8=0
@ w<:>_\ “0= s o @Jﬂ(}_\ <@)0-0 NHy
= miNH. S
o-NH, o HN—? : o° C HN-(/
) o
ozaa 0z335 0z336
MW 405,51 MW 364.45 MY 536,68
oH
+ 0=8=0
o-q O 0-0 o
. ol Yoo
%
5 02337 oz338 0zZ33e
MW 390,52 MW 486,62 MW 576.75
-0 0-0 o-Q ‘
<©’ NHz @' }WNHZ g SN0
o N 87
d o
oz340 07341 07342
MW 336.43 MW 36345 MWV 439.57

10

QZ Series 39 (0Z343-07351)

OH
B DO ST Oy O
g g
O%NH - Xy e OD—HC}S,
_ o o M 8 o 8
0z343 _ 0Z344 0Z345
MW 50267 M 465.61 MW 467.62
20
-0= s o
Oy, NHy -s o
5y j—NHz
OO :
<:| HNﬁ( HN_\(
0734 348
25 MW41B 53 Mwsos 79 MW579 75 )
N
R oH .
-0=8=0 o
-0 0 Q 0-0 ) 0-0 o K o0
S NH ) S— ) NH R, !
fo\ 'ro\‘ n ‘lo\' 2
30 HN CHN B HN
) ) o
0z349 0z350 Qzsst
MY 633,50 MV 413.53 MWV 531.66

35

OZ Series 40 (07352-07360)
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Ob HXO OH ~rOGbp~N~..i NHx ~OO V NHx O -N HN OZ334 02335 OZ336 MN 405.51

MAB64. 46 MAb36.68 OH ~od LJ HHy H " ~N J O OH S O OOND- NHx . NH ﬁﬂ%?ég97
Oz338 (OzZ339 MW 390. 52 MN 466. 62 MW 576.75 HH2 , ,, XD NHx VS O 02340 ~

Qz341 OZ342 MW 336.43 MN 363.45 MV 439.57 10 OZ Series 39 ((0QZ343-(0z351) OH
HS" 15 NH=S=O ~p0CO * N/ 0- /~, _0 OZ343 0Z344 02345 MMN02.67 MM58. 61

MMG7. 62 200—|O—| O:SO

b O
-
<
O
z
(@]
<
O O
o

e <

5
T
z
z:
O
pa
T
D N
—_—

l
l
o

H

}--NN_ 25 S ‘ S—MAN - > A
30 CO “J~~/~J HN ~ NH ~0 HN N NHx O S-0 0(2;,%4%2@350 02351 o 0= o
0-0 0-0 -
s | O~ KO~ O Oy
Q2352 ° Q2353
MW 336,42 MW 576.74 MW 578 76
10 M o
0-0 NﬂN -0 Q Q .O_S!-O
HN, 2 o} °
2356 07357
MW344 45 MVY 399.45 MW 543.67
15
0-Q j-NHzo- HO o S o
<@'-.,0‘.- HN © <© O—%NH s Q @ O—H\Nazucm
20 07358 0Z359
MW 580.73 MW 562.72 MW 365 .42
OZ Series 41 (0Z361-07.369)
25
-s- -0= s o om0
<, nyég OOy RO,
30 0z351 0z o
MW 550.71 MW451 58 MW 346.42 )
HaN OH
] -S—O 0= s o _)L . 0=8=0
5 | ORI @ RO Q K0T O
. 0
0Z364 QZ366
MW 565,72 M 24860 - MWS550.71
40
C M oo . . o2
- SN
<<, m Q LX<, Q IO 3w
07367 0z368 0Z368 ’
4 5 MW S50.71 MW 548.63 MWV 52065

: The prototype trioxolanes of this invention are 0Z03 and OZ05. Preferred
compounds identified thus far include OZ03, 0Z05, 0Z11, 0225, 0Z27, 0Z61, 0Z71,
OZ78, 0Z127, 02145, OZ156, 0Z163, OZ175, 0Z177, 02179, 0Z181, 0Z189, 0Z205,

50 . 0Z207,0Z209, 07210, 02219, 07227, 0Z229, .62235, 07255, 02256, 02257, 07263,
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MV 633. 80 MM13.53 MN531.66 35 OZ Series 40 ((OZ352-0Z360)

12 21/02/ 2007

|~ ~/~OHOH <(\ [ .,0000H <, (//~ ~~ (~/.ONJ] b -VON 0 V' 21908/906
‘~—~~ 7 p (7352 (353 02354 MW 336.42 MN 576,74 MV 578.76 10 (172220 0
//~,~~0-0 0 ~H 0=8-0 V Q\ )L N(~/,0~N QZ355 < /.,COHN NH J (OZ356

R AL T e S T e e

41( OZ361- CARERE, 02BLOAWN, 01196, 02297, OZFBOCEISE QXA Nz3ddid7515, 47V NHZ
~00 HN. N3 0 CP361 07382 z363 N MN 550. 71 'MN 451,58 MA 346.42 /°~ 0

\
s=0 NH .0 818, PER0p033e8, Q5329 OZ33% OXRSNOZARE 0Z337,)0L838, 0B369,ML3H43) .

10

15

20

25

07349, 0Z351, 02353, 02354, OZ357, 0Z358, 0Z359, 0Z365, and OZ368. The most
preférred compounds are OZ78, 0Z163, 0Z181, 0Z207, 0Z209, 02255, 0Z256, 0Z257,
07263, 0Z264, 02267, 02271,0Z277, 02279, 0Z301, 0Z305, 0Z315, 0Z317, 02319,
07323, 02329, 0Z338, 02339, 0Z349, 0Z351, 0Z354, OZ357, 02359, and OZ368,
with OZ277 and OZ279 being the best of those compounds identified thus far. In general,
the highest in vitro potency against malarial parasites is obtained for trioxolanes
functionalized or substituted at the 4-position of the spirocyclohexyl ring. As é general
rule, non-symmetrical, achiral trioxolanes are also preferred.

Notable features of these spiro and dispiro 1,2,4-trioxolanes in comparison to the
artemisinin semisynthetic derivatives are their structural simplicity and ease of synthesis.
For example, dispiro trioxolanes may be casily synthesized by the codzonolysis of the O-
methyl oximes of cycloalkanones in the presence of the requisite cycloalkanone derivatives

according to the method of Griesbaum et al. (1997a; 1997b) as illustrated below for the

symmetrical dispiro cyclohexyl trioxolane:

O~ O > OO

If yields are low in this coozonolysis reaction, yields can improve dfamatically

when the O-methyloxime and ketone are "reversed.” This novel procedure provides a

uniquely convenient method to synthesize spiro and dispiro trioxolanes. Advantages of the
oxime ether route over the alkene approach include convenient synthesis of starting

- materials (oxime ethers vs. tetrasubstituted alkenes), higher yield and selectivity of

formation of desired trioxolanes by the judicious selection of paired reaction substrates.
The trioxolanes may be purified by crystallization or by flash column chromatography.
Their structures and purity may be confirmed by analytical HPLC, 'H and *C NMR, IR,

melting point and elemental analysis.

14
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0z384 \'' (QZ365 02366 MMH65. 72 MNB48. 69 MAE50.71 40 H2 SONH. OCOH OO
OH \y OO~/ 0~\ | ~OOV o~ HN NNH =5=0 0 Qz367 (Qz368 Q369 %2907017
MAB48. 69 MAE29. 65 The prototype trioxol anes of this invention are

Qz05. Preferred conpounds identified thus far include Qz03, Qz05, .0QzZ11,

R e R T e
22 e Gl Sy L A R

Qz290, Qz29eubleposito f@Z@Q&nH@Zﬁ@ﬂ)mc@ZSG&mdQBB@&y vaERBIG priflédlatiductOZ319,
Qz320 36, Qz337, (338, (339, 343,

7345, CraSTETEIRRR AP AR gD n BB e comipsiighpipeivet i s
Crb57, " T Cp i U bt TS s e el e b Byt

Qz317, Qz3wdtha 1@31230 £02 3ROsec@KdBByzofIa8 30 | 2(@ZB U ola 3h temdHBpbe OZ35 7

Qz359, and Qz368, with Qz277 and Qz279 being the best of those corrpounds
identified thus far. In general, th@CHighest i6H¥AINGO pqgy aga| nst

mal ari al par es .PSHobt@j ned t Ni gxol anes 10 functi ona oy >

substitute heN4- posTtin spi rocyel ohgxxl ring. —-Asa-a ’(-1 )<:>
rul e, non-sy trical, achiral t¥fox8lanes arreferred .-"-
features of these spiro and dispiro 1,2, 4- trloxo ES)IQ'I conmpari son t g

artem sini ﬂm AN S, ar el ctural S|rrpI|C|ty an
ease of sy({ri}?t esl %ﬁ t@ﬁ%erf{o %ﬁh (grpalcrocljlg I%eg ﬁcolnhr% “’PrB{PCBSé easily

synt hesi zed by Amﬂluema@mmvmyshaﬁmﬂlhﬁs Qf@,‘é()m&wat% &% dispiro EikbRakkanones
in the presence of the requisite cycloalkanone derivatives according to

the met hodoBfIny sridamadancgnd can boymthesied by thesopzdnglysis af adhntretaoand Gr t he

10 methyl oxime in the presence of the requisite cycloalkanone derivative. The preferred

reaction solvents for the coozonolysis reactions are hydrocarbon solvents such as pentane
or cyclohexane; more polar solvents tend to decrease the yield of the reaction. When
ketones are not readily soluble in pentane or cyclohexane, a mixed solvent
(pentane/methylene chloride) or methylene chloride alone may be used. Several factors
15  govern the ratio of oxime ether to ketone. In some reactions, in order to avoid diperoxide
- (1,2,4,5-tetraoxane) formation, to preclude diozonide formation from diketones, and to
promote the reaction with readily pentane soluble ketones, excess ketone (2:1) is used.
Most commonly in the discovery synthesis staige, and especially in cases where kectones are
not readily soluble in penténe, expensive, or difficult to remove in the reaction workup, a
20 1:1 ratio of ketone to oxime ether may be used. In large scale trioxolane syntheses, a 1.5-
fold excess of oxime ether can be used to achieve higher conversions of ketones into the
| desired product trioxolanes without causing purification problems.
There are several examples of where post-ozonolysis transformations were used to
obtain trioxolane target compounds difficult, or in some cases, impossible to obtain directly

25  (Kashima et al., 1987) by the coozonolysis method. Trioxolane tertiary alcohols OZ90 and

0-0 CHali 0-0
<€>< X o T <@L X X"
o 0]

- 0Z05 0Z90
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: C-Q CHsli 0-Q ,
X Voo 5 Yk
0 | O OH
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symmetrical dispiro cyclohexyl trioxolane: 0=0- 20 If yields are low in
this coozonolysis reaction, yields can inprove dramatically Wh%ﬂd?GQ/ZO(Y7
O met hyl oxi mre and ketone are "reversed." This novel procedure provides a
uni quely conveni ent nethod to synthesize spiro and di spiro trioxol anes.

Advant ages ' th |.kene ro i n¢l ude
convent ant SoAPhEan BEnGE Wik R b o i B RipR hs B
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anal yti cal Eﬁ&% %E{r%ﬂg(f Ct;[%%' N@Jdﬁ&%’ VAR Pﬁ‘ﬁpep‘i&#"i‘i% h&%%eﬁﬁfgﬁf}s&f‘n@nal ysis.
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is presuned to be a three-step grocess. The sequence 'begi ns by the

e

el ect r ophi | Fexelans ketene @£0viagred tooexcelienbyiclds. Inibalokanplenebiedabiove.rita pri mary

ozoni de. Se .primary adduct . f nents.to a reactive
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rel ativel y mbabisa sivbyibntihdani fo@ funbbhdl grdupQrandoRRMon. 0Xi de undergoes a [3
+ 2] cycloaddition wth a ketone to give the secondary ozoni de or

1,2, 4-trioxol @ 0 1 3RcBBa < '/ Q0 o
&R0 e++ed—mec iQ
Oz03, nost of n&v C

ane Orf pi Ns t dNaBe, OCHS /CHi3ON
G203 det or Fekeq s nep-t0m =5t £0gi <3
dispiro trioxol ane2 contain a spiroadamant aggs and can be synthesizeggwy

process. As i st Pated’ above by the sy*’*es

t he coozonol ysi s (8d%jadamant anone 0- 10 nethyl, oxine in the presence 5%5he
requi site cycl oal kanone derivative. The preférred reaction solvents for 'the
coozonol ysis reactions are hydrocarbon sol vegts such as pentane or

cycl ohexane; nore polar solvents tend to decyease the yield of the
reaction. When Kketones are not readily soluble in pentane or cycl ohexane,

a m xed sol vent oxime ethers
hydrazones

ketals
amines
10 Further evidence of the stability of these trioxolanes to reducing agents is shown by
the reduction of trioxolane esters OZ70 and OZ61 into their comresponding trioxolane

alcohols OZ119 and OZ89 with a mixture of lithtum borohydride and lithium
tricthylborohydride, and the hydrazinolysis of the trioxolane phthalimides QZ136 and
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(pent ane/ net hyl ene chl oride) or nethylene chloride al one may be used
Several factors 15 govern the ratio of oxinme ether to ketone. /20
reactions, in order to avoid diperoxide (1,2,4,5-tetraoxane) forna

precl ude di ozonide formati on from di ket ones, and to pronote the reactlon
with readily pent ne.soluble ket ones, excess ketone.(2;1) is used. Mbst

comonly in the ynt heS| s staﬁu and es 9 cases where
ket ones are nd e N NRREINGH %l-i}? Paxp NG cult to
remove in the reaetion up, a 20 1.1 1 o of ketone to oxi mtet her may

be used. In large sc@f® trioxol ane syntheses, a 1.5- f8E#l%xcess of oxine
et her can be used to achi eve hi gher conversions of ketﬁﬁé% into the

desi red product t es W thout causing purificat obl ens. There
are several exgwt {13 gre used to
obtain trioxol an ; Mpokes dithil(CeHlidH, or MaSé 9Assi bl e
to obtain directly 25 (Kashi ma et al ., 1987) by the c%% nol yS| s net hod.
Trioxol ane tertiary 9%%bhol s az90 and OH O CH3u Vco Qz05 Qz90 15
(37%9 0-0CH3Li OO QJ( O00OEt > O-( Qz70 Qz108 21/ 02/ 397 oz108 can be
obtained by nethyllithiumtreatnment of trioxol ane ketone QZ05 and

tri oxol ane ester OZ?O ectl vely. In other reactl ons tri oxol ane | act one
Qz17 and t ANQ /& N CRR2 el BHgNH A ned of QZ05 with

m CPBA and $4 res arﬁ‘ s oxine
et hers, hydrax Mé I(reductl ve~am nat ron qutdw sodi um
triacet oxybor ohydzisee) vver@ al so obt ained from trioxOktie ket one OZ05 in
good to excellent yields. In the exanpl es noted above(50P®) is evident that

t roxol ane ket qpe 2 5 is a key int er nedl ate as it e(s_o(ne functional oup
proviii dddeg@\ ns for!) Nod¥Hs) *al@\ f oor r M @kg:id on.
NaBH4 O CH \& OZ32 QFQQ &y Hy CH3

07146 07209
C (87%)

07146 into their corresponding trioxolane amines OZ137 and 0Z209.

As shown in the examples below, trioxolane esters can be conveniently converted

into their corresponding trioxolane acids.

0-Q 1)aq. NaOH
o o) 2) HCI

0Z164 0Z165
. (84%) -
@E-O 1) ag. NaOH @ )<:>_\
N> O C COOEt 2) HCl COOH
0261 | 0778
: (93%)

In addition to trioxolane ketone OZ05, trioxolane amine mesylate OZ209, |
trioxolane ester 0Z61 and trioxolane acid OZ78, trioxolane alcohols OZ119 and OZ89
have and will continue to be key intermediates for post-ozonolysis synthetic
trensformations. A recent example is the synthesis of trioxolane triazole OZ177 in a
10  reaction between the mesylate derivative of OZ119 and the sodium salt of 1,2,4-triazole.
O, — O — O

0Z119 OZ177
. ' (61%)



(899 1| (35% r oxine ethers hydrazones ketals amnes 10 Further
evidence of the stability of these trioxol anes to reducing agents y§29BQuy
by the reduction of trioxolane esters OZ70 and OZ61 into their

correspondi ng trioxol ane alcohols OZ 119 and OZ89 with a m xture of

nydrazimol ysi & of Peect pead Bkl bt RbibKs RRUBRNSSundMuM Shers s o

hydr azi nol ysi s o the trioxo
Li BH4 O- O Il’éiﬁd,lﬂeydﬂmﬂ i:ddﬁ(tﬂé'ﬁ‘)casﬂ&h'uﬁm& diderS¥ &bRolaB&X0In £t @everél Li BH
4 COOEt Li B(CZHS ~OH4 Qz61 OZ89  (83% }f~O-07-~ 1) NHZNHZ O 0 2)
O aNH2  HCIkey @yopobangs dptitmye semed as importeny bplltﬂngquMeﬁPe@me@n@mgeo ON

2) CHBSOBH Nk fddihg G¥ds*q06%805h, G213 38 mmot), and 07146 (60 mmol), with no
5  decrease in reaction yields over the usual 5-10 mmol scale. Furthermore, both QZ61 and
0Z146 can be conveniently isolated as white solids by addition of ethanol to the crude
reaction mixtures.
Differential scanning calorimetry (DSC) experiments (Cammenga, and Epple,
1995) reveal that these compounds have good thermal stability, comparable to artemisinin.
10  The average Tm, dec was 160 + 15°C compared to 2 Tm, dec of 181 °C for artemisinin. It
is presumed that thermal decomposition of these trioxolanes was initiated by formation of a
1,5 diradical produced by homolytic cleavage of the peroxide bond of the trioxolane ring.
Since most of the target trioxolanes contain the symmetrical spiroadamantane
structural framework, their stercochemistry is largely a function of the starting material
15  ketone structure or reagents used in post-ozonolysis reactions. For OZ27 and other
similarly 1,4-substituted trioxolanes, two achiral diastereomers are possible. However, as
exemplified by OZ27, the majority of these trioxolanes were isolated as single achiral
diastereomers rather than as mixtures of two achiral diastereomers. For example, in 0Z27,
no chirality is present since the trioxolane ring and phenyl substituent are in a 1,4

20  relationship in a six membered ring. Such compounds possess a plane of symmetry.

0-0 0- O OH
0 o COOH o NH;  Chg

0z27 0Zz78 . 0Z209
As determined by X-ray crystallography, the assignment of stereochemistry for OZ78,

0Z209 and their derivatives was determined to be cis where the peroxide oxygens are in an
axial position. _

25 The starting material 2-adamantanone may be obtained from Aldrich Chemical Co.
or from TCI American Organic Chemicals or may also be synthesized. Persons skilled in
the art can readily ascertain other appropriate means of synthesizing the starting materials

and compounds in accordance with this invention.
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QZ146 into their correspondi ng trioxol ane am nes QZ137 and Oz209. As shown
I n the exanpl es bel ow, trioxol ane esters can be conveniently coryp;égg LS
their corresponding trioxolane acids. (¢)(%X OCOOH O ~(~~ -Q ~X ~~

aq. NaOH 107164 Qz165 (84% DUC 2) H NaCH p COCEt )CI O COOH Qz61 Qz78
(93% 5 In addigl.Qn: i | ' syl ate
Qz209, trioxol zgtr%lgg@g% %&%ﬁgﬁg&#‘%& g%ﬁi%ﬁthé @%&%ﬁ?@oﬁ%’nﬁgal cohol s
QZ119 and Q@8&allynwsed fartte pidphylanis bhditieatinent € makiyial Mhe mdiaat eSmp@itions
post-ozonolysis synthetic transformations. A recent exanple is the.

synt hesi s ¢ff therresent igrentiopjage asingnisterepalong vt pphasmagauieallyacapiahle gaaier.

nmesyl at e deg,| | [ 4-tr]az .10 -0
o Evane Ve il eBlepfiy A pB0R it BREH RS Rby by i piepb B Bofided o o
that the cahadrealaysdr dosseidieignifithndy @ik fer wieh thy ktabilipesisbiodvaRililig of @i d,
flexible, and predictable access to structurally diverse trioxolanes. In
fact, sever@pxolgaggomppydsiof HESIyPiothave served as i nportant buil di ng

bl ocks have bee i . l.e J.nel-udi mmol ), Oz61
(100 nmol ), andﬁ‘&%ﬁ%ﬁ{aggs %‘S?ﬁ&%u?%ga%ob%g dflg%#glgeggnl ér}ge%é?%’)n yi el ds over

the usual Ppharthateudlcalbcaiceptalilel fdrieto W@, blduded akikhls, tathdidgdlhtin@ad ofder
conveniently isolated as white solids by addition of ethanol to the crude

reaction ni¥inat adjects, eLeindapicdl) laessnerieh gurpaitnTy rRaraerDIGn fusibiredaspgant s

(Cammenga, e EonbRcal 1R o SYERh, & Halal LG SORPBHAF Rallftt 68200 Mer T

deliver the agents. The route of administration will preferably be designed to optimize

delivery and/or localization of the agents to target cells.
In addition to the active compounds i.e. the trioxolanes, the pharmaceutical

compositions of this invention may contain suitable excipients and auxiliaries which

15  facilitate processing of the active compounds into preparations which can be used
pharmaceutically. Oral dosage forms encompass tablets, capsules, and granules.
Preparations which can be administered rectally includé suppositories. Other dosage forms
include suitable solutions for administration parenterally or orally, and compositions which
can be administered buccally or sublingually. '

20 The pharmaceutical preparations of the present invention are manufactured in a
manner which is itself well known in the art. For example the pharmaceutical preparations

| may be made by means of conventional mixing, granulating, dragee-making, dissolving,

lyophilizing processes. The processes to be used will depend ultimately on the physical

properties of the active ingredient used.

- 25 Suitable excipients are, in particular, fillers such as sugars for example, lactose or
sucrose mannitol or sorbitol, cellulose preparaﬁons and/or calcium phosphates, for
example, tricalcium phosphate or calcium hydrogen phosphate, as well as binders such as
starch, paste, using, for example, maize starch, wheat starch, rice stérch, potato starch,
gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyicellulose, sodium

30 . carboxymethylcellulose, and/or polyvinyl pyrrolidone. If desired, disintegrating agents

~ may be added, such as the above-mentioned starches as well as carboxymethyl starch,
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10 The average Tm dec was 160 f 15C conpared to a Tm dec of 181 C for
artemsinin. It is presuned that thernmal deconposition of these»trji

was initiated by formation of a 1,5 diradical produced by homF&t/}ogZPbﬁw
cl eavage of the peroxide bond of the trioxolane ring. Since nost of the
target tri oxedsanisd ORVA d r.Gak :SPL: tane structural
framework, their stg_rg?)cke?x str?yi’s adrrg(;‘%l r§/1§§é1§18>?]‘g?|0 C%Pgtg'ﬁci’%tg%(ﬁ{l%g
materi al  ldgiketoAsxBiariecira flewaegulshgentits WsERbHOR) SreRZAME] Msh 8s silica,
reactions. tF@r Qz27 and of her gi mlarly 1,4-substituted trioxol anes, two
achiral di d8€eTEBier 95#%“%‘3%@? Fuch apmiggResum slsarateos Apirium seirdigacdl@7, t he
maj ori ty ofpolfasfentshRY0! GfES | WaglGraghiral o i

di ast er eomer s}l%r At her ){ehan as %%%}Tgiﬁ%fgfﬁ%’qugﬁW%Sllg%g%f%fig%@lgl}, Eor
exanpl e5 i nlegE@7may he rasfstanatd gagtricSuipgsesent since the trioxol ane ring and
phenyl substituent are in a 1,4 20 relationship in a six nenbered ring.
Such conpounds {65 thésmirpossicanentyited sugaetalytiong xy-be usal, whdBhay dyidngPyCH3
Qz27 QzZ78 .COQZZOQ Aseﬁete m ned ti X-ray crystall ography, the assignnent of
st er eocheni St Py S8} Agpsgalc, %@’éﬂﬁ’h@ﬁ%‘ﬂ’o gthyleag Blyeel apdler Hienwrmyi ned to be

cis where Wh&ideeraeXicd Solaiy, KB ] ' L b The, starting
material 2- adanant@g_dnone nalgedti}g S%E)a?gdr%g ?%ﬁn% %&??ﬁfl{%%r%salﬂ%qﬂ%oor from
TCl Aner i cBpd@aeealivgsChsistaetdb gastic juivgs, abEtiomeofayititle sillbste pRPpESAGS sukh | | ed
in thleO aras ca rﬁa@%i lﬁ’h E%cert i n ot her appropriate neans of siiynt hesi zi ng
the starti Ry raishersPhiaziaie of Rykenwonynethesliviose ehthalate, dyastifisavént i on. 18
21/ 02/ 2007piotiagts SRV aAR | 1B P} Efl of the present

i nvention Ir)nagi;lﬁlabe ggler al l@%/fé;ﬁe?é%aﬁ%g%&? %%S(’)E(?%gﬁrﬁﬁl gg’?g Maeh@ﬁfsart@%? ]fr’éln(frg%ﬁo

mal ari a. Teharactariss di ffement compimsiidn afftempofind dw@epr esent i nvention are

adm ni stered along with a pharnaceutically acceptable carrier. Any
phar maceut i cal | §thgephapnaesiuca arapationsayhible caprearsad bsally sedudequsti-Ai s pur pose,

Db 11 vy PSR hO% Gl s T aah S samsilan malipbinleit aod atstcirer
i nventiison. sufhgs gw&@mqiramopfT&%%h-itif\&@@ﬁl%@éhn%ﬁtaﬂﬁh@%Eidg cgglgaﬁﬂisinﬁ‘fh%”y

ef fectivel pharmaceutically acceptable formto warm 0 ani mal's,
i ncl udi ng Ruvrahgeadeswhish mayrtierpixed with éitlers sueh ap. ladtose; binilaakuchl R wagRies or al |,

SUPPOST O /P ALRRATE Blch o %ard Bf 82t Sm PaaHS and, optionally, stabilizers. In soft

capsules, the active compounds are preferably dissolved or suspended in suitable liquids,

such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition stabilizers may
20 beadded. Possible pharmaceutical preparations which can be used rectally include, for

example, suppositories, which consist of a combination of the active compounds with the

suppository base. Suitable suppository bases are, for example, natural or syrithetic

triglycerides, paraffin hydrocarbons, polyethylene glycols, or higher alkanols. In addition,

it is also possible to use gelatin rectal capsules which consist of a combination of the active
25  compounds with a base. Possible base material include for example liquid triglycerides,

polyethylene glycols, or paraffin hydrocarbons.

Suitable formulations for parenteral administration include aqueous solutions of
active compounds in water-soluble or water-dispersible form. In additigon, suspensions of
| the active compounds as appropriate oily injection suspensions may be admintstered.
30  Suitable lipophilic solvents or vehicles include fatty oils for example, sesame oil, or

| ' synthetic fatty acid_ esters, for example, ethyl oleate or triglycerides. Aqueous inj ection

20



10 forms, as a topical, buccal, sublingual, or nasal spray or in any other
manner effective to deliver the agents. The route of adm ni st raglpgz\gﬂjd07
preferably be designed to optimze delivery and/or |ocalization of t
agents to target cells. In addition to the active conpounds i.e. the

tri oxol anes r vention may contain
sui tabl e extgsé)%?]glr??gﬁl auxi lI?szltiarnlmgss W?ﬁrﬁh%%%thggéﬁs tygtpe ?Sé)gléSégl} ng of the

active conpadndsgifrtexappRpsuditino carboWhiely] cafide, o5 @:warmsz@aw%hl y. Oal
dosage forns enconpass tablets, capsules, and granules. Preparations which

can be admiSoM¥OEFigEs May#lsy pemprise Iaﬁléléalgﬁ,%}%% PESBETERE, \Chthes, 6@@@&@@% orins

compost t o ruhy g s, e bk R0 E Belp A L BPPERfriohgbi i E 25 rhe

phar maceut itaeteriprapamngtilenosr 6y ﬁcb@oﬁh@ﬁ@@hhmﬁgag&nmﬂtoah@cdmﬁwtﬁk urgd, in a
manner whi ch IS itself well known in the art. For exanple the
phar maceut i@arIsp be prpufactyred in thefoen ﬁﬁ%@lﬂﬁ)‘wlﬁb@m@o@mocbwb@hlcarobmdlsmlwdng

o ocesaes he RBAREHTR Mk BT8G 6 Bler OB prlitolr 5 %%Swlo?f. es of
the active i ngredigio %gmuaéraﬁphml c%n@éﬁ%ogél%gltr&rsaﬁc%’ve Iﬁ‘%ﬁgﬁ% %&'ﬁ}r Bl

fillers such as sugar exanpl e ose or

sorbi tol, @éhhudtelsébpaepnmtﬁbf spe&ahzad/dehvﬁ-gkimgxmmi@smhicﬁare Hnkvn t6 X3! e,
tricalci umP e or cal ci um hydrogen phosphate, as well as binders such
as stafch?® Q‘é@ npthe gg; sygh ag portabledpfiision p¥gIPSe st arch, wheat starch, rice

starch, potato & él CeI an? rfgﬁdsmo 98%%@?&91&%6%10{%% Cem?s%%:rleéll laoﬁgmgh&r

hydroxypropyl met di um car box ulrose,

pol yvi nyl plgarmabeudoadsr actéptatds tardet,in dh SmbieGu Hididng tageviinbmal Byl Recaskled,
such as the délbove mentioned starches as well as carboxynethyl starch, 19
21/ 02/ 20073 ?fééfét?qwlé’alq;eq*WI AY¢ trinxelase pormprinds gEthis iayenipghaiee acid or a

I h I
agent s and BN Eanr e RELT) RAIARES sEeLTH o ARl B .y o

sal t s therxofg o&hemmlanagmmmmnsmnwaﬁyeiepéndﬁ@(ﬁiwmlﬁieeaf AR RE¢H0L
pol yet hyl enﬁ%ﬂl ycol. Oral dpsage forns may be provided with suitable
coatings wringtHer if 1s usegd @éEIOPEﬂaXIﬁﬁytr%n@wf@{laﬁtveﬂ@fegt&sm Fauge pfui ces. For this

pur pose Copg&Ris d 45 b Lonal ly
contain gum ar a% kﬁl d§ ; °8§@1€7%%yﬁ%§rro I%oﬁ?e?ﬂjeu% %Sﬁyfg}ré)éigg‘f‘yggy and/ or
titani um range between about 0.1-1000 mg/kg/day, with between about 1-100 mg/kg/day being

preferred. The foregoing doses may be administered as a single dose or may be divided
20 into multiple doses for administration. The trioxolane compositions may be administered
- once to several times daily. For malaria prevention, a typical dosing schedule could be, for
~example, 2.0-1000 mg/kg weekly beginning 1-2 weeks prior to malaria exposure taken up
- until 1-2 weeks post-exposure.
The spiro and dispiro trioxolanes of this invention may be admi_njstered as any
- 25 pharmaceutically effective salt form. Such salts are well known in the art and include, but
" are not limited to acetate, adipate, alginate, citrate, aspartate, benzoate, benzene sulfonaté,
‘bisulfate, butyrate, camphorate, camphor sulfonate, digluconate, glycerophosphate,
- hemisulfate, beptanoate, hexanoate, fumarate, hydrochloride, hydrobromide, hydroiodide,
2-hydroxyethansulfonate (isothionate), lactate, maleate, methane sulfonate, nicotinate, 2-
30 - naphthalene sulfonate, oxalate, palmitoate, pectinate, persulfate, 3-phenylpropionate,

picrate, pivalate, propionate, succinate, tartrate, thiocyanate, phosphate, glutamate,
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di oxi de, | acquer solutions and suitable organic solvents or sol vent

m xtures. In order to produce coatings resistant to gastrileﬂ%fﬁ 2/2007
sol utions of suitable cellul ose preparations such 10 as acetyl ce u?ose
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i gnents C [ f e, for
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conpound dadsersaseGhdisivayaiiabiligaddis teiakolpieapapath@dN Thihithiepant BRnUSREhRF al | y

i ncl ude p%—fit _calpéigl es made of gelatin, as well as soft, seal ed

capsul es dacbersgasiyding thechengical siriciugs ofithe tripgolang hexearmgryte sthish ibis

sorbitol. T fyq .can. confain the active conpounds in the
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and, optiona stabilizers. In soft capsules, the active conpounds are

1y, ( .
pr ef er abl y Tfhedespipaent gt schisosemizals. Sﬁlngtgﬁqr@mlérapkaw@yi, behéngmalaga fretetnys oi | s,

| iquid par i | I B | s, 1 dition stahilizers
UL P i icdeforhbld AR AUEHT ARS8 B 10 PR st Bl 121
rectal |y i discasdés erfdemic xerielelopisy PROBHIdQINf@Eng WatCihat 20 in$ilioR bedble in

conbi nation of the active conpounds wth the ository base. Suitable

. sup
supposi t or YBLagEsuigpal and peri wsbamaress. Aateamaateéﬁowgﬂ indiipe peapl¢ whsidwidedes,

par af fin hydr.og t hyl ene glycols, or higher alkanols. In
addi tion, xxl%ta ?ggﬁlggh%%gés# )le to use gelatin rectal capsul es which consi st

of a conbi nat i ofhoihajoh forme bF kemZPschraemaE a4 disel 13aBR spPasshithfease
material ipclude for exanple liquid triglycerides, ~“polyethylene glycols,

or par af f i PO HrRE©aNpedoodIlnkeaisnbed sshisinsames rdng ofithesaspeviesrialchistosoma

adm ni straf,i i gl i_ons..of. tive .conpo s in

S oA, OB AR 9h S LR 1514 15, EIBOM S chhean e
active con@aibb@dasn,asd Spgth dpndrithe TAE biradifts @it MO bo@SIBLS T RDStabBYitPBifested

admi ni stered, 30 Suitable |ipophilic solvents or vehicles include fatty

oi |'s fi6r euslaph wates pugpElimongmeoplepngaged iragrisuliyre and Gsting.eThe parasiteexanpl e,

hyl ol ' i de i nj ect | 0. 21/.02/ 200
cuspensi o ety EPIAEIEH AR (RRGR o TSR O PSS TNR) 1 (e

suspensi orerdaria dentlopdinfoordux angehitosémeé um car boxynet hyl cel | ul ose, sorbitol
and/or dextran. Such conpositions may also conprise adjuvants such as
preserving, wetQurisy! treatmenss fafisplystosameiasisihaysdhaisedpramentyon proghylaxsyial so be

G S S A R T o o T
20  drug for treatment of schistosomiasis. While artemether has demonstrated activity in the
prophylaxis of schistosomiasis, it has not shown any activity against adult S. manson.

It has now been unexpectedly discovered that the spiro and dispiro trioxolanes of
this invention are active against both cercaria and adult S. mansoni, S. japonicum when
administered in the dosages and manner outlined above with respect to treatment of

25  malarial parasites. It is also believed the trioxolanes of this invention will be active against
.' S. hdematobium. Preferred compounds identified for use in the treatment of
schistosomiasis include OZ05, OZ11, OZ23, 0Z25, 0728, 0Z32, 0Z71, OZ78, 0Z89,
0Z90, 0Z119, OZ145, OZ179, 0Z205, 0Z207, and 0Z209. Most preferred compounds
| are OZ78, OZ207, and OZ209. Preferred dosing levels of the spiro and dispiro trioxolanes
30 areabout IOO-ZOOngaﬁkgldayLefaHy. The prototype trioxolanes of this invention are 0Z03
. and OZ05. :
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can al so be manufactured in the formof sterile solid conpositions which
can be dissolved or suspended in sterile water, saline, or otherj/42/2007
injectable mediumprior to admnistration. In addition to adm nistration
wi th conventional carriers, active ingredients may be adm nistered by a
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p-tol uene sul f gnsuRda@ndodNELHIPRALS ifintion coitEhBfS theSRb bBy@lhLRgse that
increase the bioavailability of the trioxol ane conpounds. This wl| depend

upon a nuriBeYe-steed frigxoling compeinds thegstives, htthic atodsigs wdtielr metabolizeeo the
trioxol an%()mbg'tﬁldca@lrd "h& &aﬁo%u‘é@én%miélggfcgﬂy active salt forms thereof; as well as optical

20  isomers which provide the same pharmaceutical results.
The following examples are offered to illustrate but not limit the invention. Thus,
they are presented with the understanding that various formulation modifications as well as

method of delivery modifications may be made and still be within the spirit of the

invention.
25 |
EXAMPLE 1
Antimalarial Activity of 0Z271-0Z369
Antimalarial Assays

Various OZ compounds were tested by the semiautomated microdilution assay
30  agamst intraerythrocytic forms of Plasmodium falciparum derived from asynchronous

stock cultures. The culture medium used was RPMI 1640 supplemented with 10% human
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i ncorporated, the route of adm nistration, etc. 5 The spiro and dispiro
trioxol anes of this invention have been found to be effective iz(f}}@?/zoo'/
treatment of schistosom asis. Schistosom asis ranks second behind malaria
in ternms of socioeconom c and public health inportance in tropical and
subt r opi cal typg g& h I SRS 4 fh‘é‘ﬁb‘@)' i d lLopL.na.+countries,

i nf ect?ng rmygi tﬁeﬁﬁ’z%somﬁg [ on’%%rg%f'e in 3@2@3@@8@%&%&8 geytes

peri - ur ban sared9s hegt celly iThatcetiu® Oas GGt anBT40 innn peaghRervor sRVD LRy, 30, are at

risk fromthe . disease. Th jar. forms of human schistosom asis are caused
by five speaglﬁgg/ﬁz Wj’tug?ld‘%ﬁgaf‘i? “]P{%HWFF; or blood flukes, called

" epor i od 1 53 Comtr e i e A s T kol b R Do
Car i bbean, measinnScundHitratediin deplicitean paiahsivdfoRl dintiets dveea BOd)d ki ube-gent act

with infested surf ace, wat er., imarily anmong peopl e engaged in

agricul tur émgﬁ?ﬁ?qriptaﬁ?sné"%eﬁ'ﬁédelﬁ% ‘géb? B%rmé(ﬁ“}‘f'&leﬁ yith gn adtialplaesstiesie duri ng t he
cercari a, REMBYs tBd fG€ent LS : S be; aria develop into
adul ts or gixfﬂrst_ososnesﬁgoﬁlr%%? et ngtﬁ%CtP@rotfsﬂcfﬁi/g}nan%%é@f@oﬁg\% f ocused
primarily 6wsppRdphhetrstplatés. veere ienbatehiindenthe boltiSénsi RE@IbEN GhovRoCErGar i a.

Currently, praziquantel .is the nost wdely used 20 drug for treat ment of
schi st osomcg W oL\ Ragasyps %&“W%ﬁ%ﬁﬁ@ﬂ%&?rﬁ@ﬂi radjolphellied & H]-

pr ophyl @xi Rygfkashie SHASOME RS to kd ]:p-ﬁ .apy . acti.vi.iy agai nst adult
S. mansoni .yplbt has now bee%‘%&lﬁec e%@%ﬁ@?@%lgﬁﬁrﬁﬁ?W}H@){(’s‘%i ro and

di spiro treanceittation (16ls) were estinmy@l by loupitregreaidn analysig aUBRpolRlsRvESfesyi @ and

adult S mansopi S. jé)a ni cum when _adm nistered in the dosages and nanner
outlined aRgstiFfsece s%@f’a’f‘ﬁ’ siraug: Kb straig (Thaslapdhregistant toshtasequinsy and t i s

al so beli i {mﬁ]g' | j.on will be active. against S.
haenat obi %Fﬁp%%ﬁ@;gﬁg%@%@gﬁgs i entqrﬁlgl%wflgrgenﬁlstlgeit%aﬁfgﬁ ?@é‘ﬂ"ﬁ’gﬁ?s of

schi st osomi asi dnithedingle QIR ik¥ivo dcredd RBoro SBR or NOHLBmicOFdested b ik ih 278,
Qz89, . .Qz9 119, 8;0%;5 07179, QZ205, Oz207, and OZ209. Most preferred
conpodnds PO tefel ppeps 49 mppkyere paad. duioxalgnesevets of the spiro
and di spi rndifil I - Ao~ o e.day-oral.ly The
pr ot ot yBe tri oigﬁrﬁgﬁg%eq?ﬁlﬁég)l% n ia(g)l%qgr ©s %ﬁ@n&ggpspﬂdlgél 02/ 2007
The spi r o vahiglediSSP.r BSVcomsisth an@$%0f/viENIE, 0 8Yent beiy IR ol SP4NWVETween

effectivengss i X _ :
?&%, ind (f' 9% wiv sodium chloride in water. Antimalarial activity was measured by percent

reduction in parasitemia on day three post-infection and surviva] times compared to an
20  untreated control group. Survival to day 30 post-infection is considered to be a cure. In
PCT/02/19767, Table 1 presented data for trioxolanes 0Z01-07270 along with the
controls, fenozan, artemisinin, arteether, artemether, and artesunate. The data showed that
antimalarial activity falls off both when the trioxolane peroxide bond is too exposed or is
sterically inaccessible to iron(Il) species. Other factors influencing antimalarial activity
.25 include the stability of carbon radicals formed by B-scission subsequent to the initial
“electron transfer to the peroxide bond and the influence of steric effects remote from the
peroxide bond on the interactions between carbon radicals and potential drug targets. The
data also demonstrated that trioxolane carboxylic acids are usually less active than their
hydrocarbon, ester, and hydroxamic acid counterparts.

30 Below is the actiyity data for 02271-0Z369.
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the treatnment of cancer. Conmpounds havi ng an endoperoxide noiety that is
reactive with hene and iron have shown an ability to kill cancearl/c(%bl/g.007
(See e.g. U S Pat. No. 5,578,637, the disclosure of which is hereby

i ncorporated by reference). As noted with respect to 5 artem sinin,

trioxol anes' nechani sm of action again ab arial parasites is based on the
ability of Lrioxolane conpounds to rea h the iron in free hene

mol ecul es i Comddar i BCso igy@Bi t s, Med gene n Tree radicals
| eading to cellular fi%m}fﬂgti on. ﬁ)@‘?ﬁgﬁ?y tiSﬁlIé%%ll &a{ésg are sel ective

agai nst canceér celTs due to the hrgher concent+at+o ransferrin

receptors onggapcer cel | menbranes that pick up iron at a higher rate than
normal cells. Th 10 the presence of the trioxol ar®£®? this invention, the
cancer cell il | accurul ate high concentrations of free radicals, |eading
to cell deawﬂior HBESt r eat NEMLII/AKE2 tri oxol HE8.6 of this invention nay
be admi nistered in the doses and manner outlined above. O her drugs besides
tri oxol anesOAB7Zh ar d.1¢bApati bl e wiagua he carrieqphgg edi ents may al so be
incorporated into the carrier. Such drugs nay be readily ascertained by

those 15 obzordi nargopkid | in theogagigsand may ipechyde, for instance,
antibiotics, other antimalarials, antiinflammtory agents, etc. It is

under st ood t he pgr nt inventi ont enpl at e use of not only the-
above- st at eghgﬁ oxol g'r%gﬁs'?orrpounds H)@Wgel ves, bu?'%fﬁlgi r prodrugs which

met abol i ze e anpound and t he anal ogues and bi ol ogically active salt
forms ther e@‘?ﬁg1 \/\/@16%})051@1 optical 9¥NDsomers whi é8/NBPovi de the sane
pharmaceutical results. The foll owi ng exanples are offered to illustrate
but not |irfP€2%he iAB6M%%40n. Thus, 17/NBey are prepemmd with the

under standi ng that various fornulation nodifications as well as nethod of
del i very ndltfi7cat i 08%/0my be mageogmggtill be ?\@%? n the spirit of the
invention. 25 EXAMPLE | Antinalarial Activity o 271-QzZ369 Antinal ari al
Assays VarigpygQZ coppaynds were tgesied by the S 1 aut omat ed microdil ution
assay 30 against intraerythrocyti'c forns of Plas um fal ci parum deri ved
us culture The cul ture nmedi um used was RPM 1640
in Dot 5.9 5

Luon) aeyneupeneyy 4o 53 89.98/96.4 3/8.4
07280 1214 0/ND 5.7ND
0Z281  0.50/0.30 99.87/96 8.7/10.2
07282 20024 98.5/53 8.3/72
02283  1.7/2.0 99.81/56 8.3/8.2
07284 10114 97/61 9.0/7.8
0z285  13/18 99.81/72 8716
07286  0.94/L6 99.73/60 8.7/7.0
0Z287  0.49/0.83 95/68 83/72
02288 17127 99.96/82 11.0/8.0
0Z289  0.40/0.56 99.94/92 13.4/7.4
02290  0.42/0.45 99.64/95 9.0/7.0
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21/ 02/ 2007 type A+ serum 25 mM HEPES, 25 mM NaHCO3 (pH 7.3). Human type
At+erythrocytes served as host cells. The culture was kept at 37 li/r1T%292007
at nosphere of 3% 02, 4% C02, and 93% N2 in hum dified nodul ar chanbers.
Conmpounds were dissolved in DVSO (10 ng/m ), pre-diluted in conplete

culture 5 nedigym aggrpizbrated in gyg)%icate in sge(%gl twof ol d dilutions
' DAt

over a 64-fold range in 96-well mcrotiter plates er addition of the

parasite cul S W initial pgrasitema (expressed as the percentage
of eryt hrocﬁzeﬁgsi nf e%?%(ﬁ)a‘sof 0. 75%’?‘{44601 2. 5% erytH¥®€ytes suspension, the

test plates were incubated under the conditions described above for 72 h.
Gowth of tR&2ar asi®e¥0341 t ures vS#BAsured by 8841 ncor poration of

radi ol abel l ed [3H 10 hypoxant hine added 16 h prior to term nation of the
test. FiftyOgéf¢ent 0.3%H063tory caowcmmo ation (1 @) awere estimated by
Logit regression analysis. Conpounds were tested against reference P.

fal ci parum oFpgs ns, gda/¢ysai n (Thaijfzaid resi st ant; 0t/é)4chl oroqui ne) and NF54
strain (an airport strain of unknown origin that is'Sensitive to standard

antimal ari In Lhgl e dos l,i N Vivo screen, Moro SPF or NWRI

m ce inf ec?ggigvgth {O@Kﬂﬁ ANKA s???&?oof P. ber’d)m(-gf’-z(gr oups of 3-5 mce)
wer e used. i oxol anes were adm nistered as single oral (po) 3 ng/kg and
10 ny/ kg do@%@%n sﬁéﬁépamj suspendP®§/83vehicl e ($&H6 SSV consists of 0.5%
wv CMC, 0.5%v/v benzyl alcohol, 0.4%v/v Tween 80, and 0.9% w v sodi um
chl oride i M48er. AROBHAl ari al a®9P¥ioBY was neasumar by percent reduction
in parasitem a on day three post-infection and survival tines conpared to
an 20 untre32®99 contg.@l6.gr oup. Survggypl to day 39 ,%qst-i nfection is
considered to be a cure. In PCT/02/19767, Table ? presented data for

tri oxol aneg£3gRl- OZ27P0al ong with t controls, %@ ozan, artem sinin,
arteether, artenether, and artesunatée. The data % d that antinmalarial
activity fgj# Ioff ?gt/g when the trioxol ane peroxi de bond is too exposed or
is steric @ i nacce¥si®bl e to irdPO7) speci es11®8&r factors influencing
antimal arial_ activity .25 include the stability of carbon radicals forned
by B-sci ssf¥303ubsedu¥d® to the i99.60/88 el ectr go/poansfer to the peroxide
bond and the influence of steric effects renpte fromthe peroxide bond on
the interaOBohs betiv@za carbon raigel s and potggygal drug targets. The
data al so denonstrated that trioxol ane carboxylic acids are usually |ess

active thapzsheir Ry gcarbon, e _/8261’ and hydrmc aci d count erparts. 30

Below is the activity data for Z Qz369.
02305 1.8/1.9 99.93/96 19.2/9.6
0Z306 3.9/3.6 99.58/87 9.2/8.2
07307 0.62/0.88 98/74 9.4/78
0Z308 1.2/1.7 - 86/30 . 7.8/6.6
07309 11/17 . 99.80/86 . 8.8/78
07310  0.82/1.1 81738 7.8/8.2
0Z311 1218 80/40 8.6/7.0
07312 19/27 43/13 7.2/6.2
07313 0.55/0.76 - 98.9/58 10.4/7.4
07314 i_1/17 1 6666
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24 21/02/ 2007 Table I Conpd IC50 (ng/m) Activity (9% Survival (days)

K1/ NF54 10/3 ng/ kg 10/3 ng/kg NONE --- 0 5.6 0.3 Qz271 0. 36/9%@2 2
99.93/99.52 8.7/8.6 Qz272 1.1/1.3 98/49 10.3/6.6 Qz273 0.97/1 % ég
11.7/7.2 QzZ274 5.1/5.7 11 /ND 7.0/ ND Qz275 0.66/0.74 68/ ND 7. 3/ ND C2276

0.86/0.94 17/ND 7.3/ND Qz277 0.57/0.58 99.98/99.28 9.3/9.6 Cz278 23/ 39
80 1.2/1.4 O/ND 5. 7ND

56/ ND 7.3/ N 279 0. 0.24 99. 42 9.3/8. 4 . .
Qz281 0. 50/ gzgf?ggg 8%83%68 7/ 10. 299%@2%72 2.0/ 2. 4”9%/ )53 8.3/7.2 (z283
1.7/2.0 99. %Jéisg 8.3 2%12 Qz284 1.0/1.4 97/61 9.0/7.8 (Qz285 1.3/1.8 |
99.81/ 72 8. az386-6. 94/ 1. 6 996%%/ 60 8. 7/ 7. 1D-0/R®287 0. 49/ 0. 83 95/ 68
8.3/7.2 (Oz288 1.7/2.7 99.96/82 11.0/8.0 Oz289 0.40/0.56 99.94/92 13.4/7. 4
Qz290 0. 42/ 9735 99. 6434530, 0/ 7. 0 99928D/X02/ 2007 LEA0D 0.52/0. 72 98/ 34
8.0/6.8 Qz292 0.19/0.26 74/46 7.0/6.6 QZ293 0.25/0.34 99.58/77 8.8/7. 4

0Z318 0.56/0.82 88/29 12.4/7.6
0Z319  0.41/0.91 99.92/99.14 10.6/10.8
07320  0.68/1.30 ' 99.76/92 10.4/11.8
07321 0.58/0.97 99.77/64 14.0/9.8
07322 0.90/1.5 98/61 10.0/9.4
0Z323 0.85/1.1 99.98/99.92 15.6/9.2
07324 2.4/3.4 60/26 9.4/7.4
07325 0.62/1.4 99.43/30 8.8/6.2
07326 0.65/1.2 80/7 7.4/6.0
07327 0.85/1.1 97/72 9.8/7.0
0Z328 1.4/3.0 99.77/75 8.6/7.6
07329  0.43/0.68 99.97/99.50 11.2/9.2
0Z330 0.55/1.2 99.96/32 | 12.2/7.2
07331 0.50/1.2 99.47/66 9.0/7.0
07332 1.7/2.5 8/0 6.0/6.0
07333 0.24/0.44 99.86/96 9.2/8.0
07334 28/20 47/13 6.8/6.6
0Z335 0.29/0.28 99.95/97 9.2/10.0
07336 1.4/0.91 99.93/98 9.2/9.6
02337 0.29/0.25 _"99.92/97 86116
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0z294 0.39/0.63 99.79/70 8.6/ 7.4 (OZ295 0.44/0.75 47/35 7.0/6.4 (QZ296
0.60/0.89 99.22/90 10.0/9.2 (QZ297 0.49/0.76 99.69/83 9.8/7.6 ??‘2/9§8/2007
2.0/3.0 99.95/98 9.4/9.0 Qz299 6.8/6.3 36/0 6.6/6.4 QZ300 71/ 6

6.8/7.0 (Oz301 2.1/2.8 100/97 11.8/8.4 (Qz302 1.9/2.9 99.60/88 9.0/9.0

QZ303 1. 6/2.07133. 01/ 693/8.48/ 7. 6 0839949 %n6/ 2. 3 984 2/8.8 QZ305 1.8/1.9
99.93/96 9.2/9.6 OZ306 3.9/3.6 99. 58é8§ 9.2/ 8. 2%%5%7 0.62/0.88 98/ 74

oz 30 7.8 09 11/17.99.80/86 8.8/7.8 CZ310

8 3/2/7181 81/%%3% #%5’6%?311 1) 2?919%/9%?40 8. 6/ 10 %99162312 19/ 27 43/13

7.2/6. 2 oz%%ég 55/0 76 98.9/58 10 4/7.4 OZ314 11/17 13/11 6.6/6.6 26
5.

21/ 02/ 2007 2. $%28 99 97/ 92 9¥36/9.6 Oz319.Y6@/ 1.7 69/7 10.0/8.0
QzZ317 0.33/0.36 99.92/99.20 9.8/10.0 Oz318 0.56/0.82 88/29 12.4/7.6 Qz319
0.41/0.91 997321 99. 124206/ 10. 8 Q73782 0. 68/ 1. 30 L7106/ 92 10.4/11.8 02321
0.58/0.97 99.77/64 14.0/9.8 Oz322 0.90/1.5 98/61 10.0/9.4

07343 0.46/0.49 99.94/99.21 9.4/10.0
07344 1.2/2.1 17/0 7.8/7.4
0Z345 1.9/2.4 75/0 9.2/6.6
0Z346 3.8/4.7 85/51 8.8/7.6
0Z347 1/11 2/0 6.6/7.6
0Z348 3.2/3.5 97/24 9.2/6.6
07349  0.70/1.3 99.92/99.88 11.2/9.6
02350 1.1/2.2 99.17/69 10.4/9.6
0Z351  0.40/0.54 £ 99.90/99.69 9.4/9.0
07352 19/20 99.66/77 8.2/7.2
0Z353  0.35/0.56 99.96/99.91 9.2/9.6
0Z354  0.55/0.82 99.97/99.63 9.6/10.0
02355  0.29/0.42 71/0 7.006.2
02356 1.4/1.1 99.64/87 86580
07357 0.56/0.79 99.99/99.81 10.2/8.8
0Z358  0.22/0.36 99.96/99.02 10.4/9.6
07359 0.400.52 99.94/96 9.4/3.8
07360  58/59 38/0 6.8/6.2
- 0Z361 3523 99.90/85 8.4/7.8
0Z362  0.81/0.31 98/58 9.8/7.0
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0z323 0.85/1.1 99.98/99.92 15.6/9.2 (324 2.4/3.4 60/26 9.4/ 7.4 QOZ325

0.62/1.4 99.43/30 8.8/6.2 Qz326 0.65/1.2 80/7 7.4/6.0 QZ327 0.85/d2%-007
97/72 9.8/ 7.0 Q328 1.4/3.0 99.77/75 8.6/ 7.6 (Qz329 0.43/0. 68 . 9@?3& 500

11.2/9.2 QZ330 0.55/1.2 99.96/82 12.2/7.2 (Oz331 0.50/1.2 99.47/66 9.0/7.0
Oz332 1.7/2.578/0 6. 0/6. 0 OZ333 072210 24—9986+96—9—2-6. 0 (Z334 28/ 20

47/ 13 6. 8/ 6. 335 /0.28 99.9 9.2/10.0 A (Oz336 1.4/0.91 99.93/98
9.2/9.6 Qz3 68).229/ 02@5999. 92/ 97 83%? 1.6 27 210992007 338 0.38/0.45

99.93/99.80 9,8/ 8.0 Qz339 0.35/0.39 99.95/99. 65 10.2/9.2 QZ340 4.9/2.9
03/ 36 9. 2/ 6.3£304y341 84822 0 97/32 /80 7.0 Oz343.0746/ 0. 49 99.94/99. 21
9.4/10.0 OZ344 1.2/2.1 17/0 7.8/ 7.4 OZ345 1.9/2.4 75/0 9.2/6.6 OZ346
3.8/ 4.7 85/ S3858/ 7.0679/Q2S47 11/ 1199371096.6/ 7.6 @348 3.2/3.5 97/24 9.2/6.6
Qz349 0.70/1.3 99.92/99.88 11.2/9.6 Qz350 1.1/2.2 99.17/69 10.4/9.6 OZ351

0.40/0.54 997366 99. 604%.74 9.0 OZ35%,&9/ 20 99. 66/8_72?7.3. 2/ 7.2

07367 0.66/0.25 96/59 8.6/6.8
0Z368 0.63/0.43 99.94/99 9.0/9.2
0Z369 0.69/0.54 99.90/0 8.4/5.8
AM 0.45/0.36 99.75/79 9.4/8.7
AS 1.4/1.5 87/66 7.0/8.0
CQ 76/4.4 99.92/82 9.0/8.0
MFQ 2.2/5.0 99.11/9 17/6.3

For comparative analysis, data is also presented for the confrol antimalarial drugs
artemether (AM), artesunate (AS), chloroquine (CQ), and mefloguine (MFQ).

The new activity data demonstrates that trioxolane carboxylic acids arc usually less activé

than their hydrocarbon, ester, amide, and hydroxamic acid counterparts. The position of

ionizable functional groups such as carboxylic acids and amines is also critical to activity.
10  The best combination of high intrinsic potency and good oral activity is found when a weak

base functional group is present.

EXAMPLE 2

Onset of Action and Recrudescence of 0711, 0727, 0778,
15 ' 0Z156, 0Z175, 0Z177, 02207, 0Z209, 07277, and OZ279

Onset of Action and Recrudescence Experiments

The onset of drug action was determined after a single fixed dose of 100 mg/kg
(SSV vehicle) po to groups of five animals on day -+3 post- infection (day 0). Parasitemias
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Oz353 0.35/0.56 99.96/99.91 9.2/9.6 (Oz354 0.55/0.82 99.97/99.63 9.6/10.0

Qz355 0.29/0.42 71/0 7.0/6.2 (QZ356 1.4/1.1 99.64/87 8.6/8.0 Oz /7 2/
0.56/0.79 99.99/99.81 10.2/8.8 Qz358 0.22/0.36 99.96/99.02 10. ﬁ% (%é%%??

0.40/0.52 99.94/96 9.4/8.8 (7360 58/59 38/0 6.8/ eséz2 /053/6%08.75/ (2).2363 v6) o
99. 90/ 85 8. 4/ FiBo: 98,5849

40/ 10 6. 8/ 6%&5 %A?%ﬁ%?%pg&égg?%és?ﬁﬁ%@“ﬁ@?g?r@ Jrobsirgige beyagd day 0/ g o
Qz366 1.4/ 0+ poBaufB@ioB. The.reductlsid6fpabasi&hi.i2moRRddd 18. 5/ fdis KGRES

0.63/0.43 99.94/99 9.0/9.2 _(Oz369 0.69/0.54 99.90/0 8.4/5.8 AM 0.45/0. 36
99. 75/ 79 9. H?az*?l?ma ‘ﬁ‘étg‘? Uyog of regmdserencefpYpparadiiensi)ds assg9edby $dlydl@ws. 0 MFQ

e S o A 7103 VP G PR o B0,
chl or oqui ne ( CQTheamsetpaftlofthis apeficrevdals Hoer ABIMIRS Ednvduid datuBes parasite
denonstrates at _trioxol ane carboxylic acids are usually less active tha
t heir hydr 018%4 Elgﬁ{ecrggﬁsgﬁr}ce@w@&he@mem Breaifies infeinehtion abews tipanfisicy Bfie
Do nes T's AP ARGy BHTRLKAIAL, B BPTR TR SERRP R SR
i ntrinsic pobéatpapasiticgdfdt offthd cagidumil biytol acohipefld WRER 1ehgBfkiircbase
functional grou %oims thEc) rtggx%?gﬁes and the artemisinins produced a rapid decline in parasitemia,
10  confirming that they are rapidly acting antimalarial agents. In contrast to both chloroquine
and these peroxidic antimalarials, mefloquine has a slow onset of action. Recrudescence =
5% parasitemia) occurs quite rapidly for artemisinin and artesunate. The time of
recrudescence increased for the more lipophilic artemisinin derivatives artemether and
artecther.
15 In contrast to artemether, recrudescence occured much more slowly for the
lipophilic trioxolanes OZ11 and 0Z27; the recrudescence time for 0727 was especially
marked, superior to that of mefloquine. However, recrudescence times for the relatively
polar trioxolanes OZ78, OZ175, and 0Z277 were very similar to that of artemether. The
more lipophilic trioxolane (OZ156) of the 0Z156/0Z177 pair produced the longest delay
20  inrecrudescence, longer than chloroquine, but less than mefloquine. The recrudescence
- times for 0Z177 and OZ279 were roughly equivalent to that of chloroquine.
Strikingly, there was no recrudescence observed for OZ207 and 02209, two
different salt forms (OZ207 — tosylate, 0Z209 — mesylate) of aminomethyl trioxolane
- 0Z163 (hydrochloride). The recrudescence data for these two trioxolanes suggests that
25 they are either more powerful antimalarial agents or have longer half-lives than any of the

“ semisynthetic artemisinins.

Table 2
30
Compd Time of Recrudescence (days)
0Z11 22.2
0Z27 22.0 (3/5), > 60 (2/5)
0778 11.2

30



EXAMPLE 2 Onset of Action and Recrudescence of OQZ11, Qz27, QZ78, 15 QZ156,
Qz175, Qz177, Qz207, QZ209, Qz277, and QZ279 Onset of Action a /2007
Recrudescence Experinents The onset of drug action was determ ne %
single fixed dose of 100 ng/kg (SSV vehicle) po to groups of five anl rral S
on day +3 ppost eéctfion ) stteamas 29 21/02/2007 at this
point are Jsuag;%)ew e..lgw{f?&f; f .@@-ﬁ%eet ed controls do not survive
beyond day[+6 W@b -Affeet-onr—He—reductiof of parasitema is nonitored 12,
24, and 48fh—a featnent the tinmg of recrudescence (> 5%

par asitem p) |Q22f9c?ses<ed by dait§0blood srears for 14 days, followed by
intermtteht &%%9sment for up &) 60 days. |5 The onset part of this

experi ment | revd@#d78 hoy rapi dly @ conpound rleduces parasite |oad; the
recrudescence (payt of [t he experyisent provides information about the
efficacy o ARORisETP und agai ”é’h the par site. Along delay in
recrudescejc ch foe—t-o—a—v geed—antiparasitic effect of the
conmpound Mﬂsmﬂ bund—wi-th §6| ong halfdlife. Both the trioxol anes and
the art enilsidmtemetieoalced A rag?@ decline iin parasitemia, 10 confirning
that they lar é\rfestieni| v acting arddinal arial &gents. In contrast to both

chl or oqui nNe Chimdquihesie per oxi diig.ganti mal arial s, nefl oqui ne has a sl ow onset
of action.| Reefldggarcence (> OSYgparasitem f) occurs quite rapidly for
artem sinin and artesunate. The time of—Tecrudescence increased for the
nore lipophilic artem sinin derivatives artenether and arteether. 15 In
contrast to artenether, recrudescence occured nuch nore slowy for the

| i pophilic trioxolanes QZz11 and QzZ27; the recrudescence tinme for QZ27 was
especially marked, superior to tha%ﬂﬂ%qw ne. However, recrudescence
times for the relatively s ne 175 and Q7277 were
very signlar to that of a@iﬁ%tngf#mkaﬁ&% fc”%?s"ﬁ‘ eﬂﬁ tri oxol ane (QZ156)
of the OZlgg/ % VA o r guceg the Iongest delay 20 in recrudescence,

| onger tha me qes oSN PIIRAZEIINHEN ne. The. recrudescence
times for QZ177 and 02279 were roughly equivalent to that of chloroquine.
Strikingly, there was no recrudescencdableskerved for Qz207 and Qz209, two
di f f er ent %M&msﬂ‘mmmwmmr AR infetred withiSedisoformiizpemelhy!
tri oxdlGane

Drug Ageof Dose Mice MTWB/ WRR/ MFWB/ FWR
S worlt - (mg/kg  without  y1 QP % xt+ SD R/ %
x 1) ¢ worm
Control = - - 0/8 266t£42 - 116+24 -
0Z207 35 200 4/7 9.1+3.9 66 0.6 £0.7 95
. days
07207 35 400 4/6 43+12 84  07+12 94
days |
Artemeth 35 400 0/7 10.1 +44 62 34%+1.6 71
er days
- 07207 7days 200 0/8 54+£24 81 21+1.0 82

MTWR, mean total worm burden; WRR, worm reduction rate MF WB, mean female wonﬁ
burden; FWRR, female worm reduction rate.
Table 3 illustrates that the mean total worm burden and mean femalce worm burden
15 in OZ207 400 mg/kg group was significantly lower than those in artemether 400 mg/kg
| group (P<0.01). The mean female worm burden in OZ207 200 mg/kg group was also
. 31gn1ﬁcantly lower than that in artemether group (P<0.01).

: Ef_fect of Tnoxolanes on 21-day-old schistosomules
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[ [ | anes
Gz163 (hydrochl oride). The recrudescence data for these two trioxo
suggesgs that 25 they are either nmore powerful antimalarial age?kﬁ/@255%§87
| onger half-lives than any of the sem synthetic artem sinins. Table

[ cence (days Qz11 22.2 @27 22.0 (3/5), > 60 (2/5)
TR 1T 0%a0 217 mbaon S 1/5 Qz175.13. 0 (Qz177 18.5

coz07 > G0’ craod = 08 odt 18 0SB mE A T Y P couna

8.6 Artenetrbaimen? Each gotpendhiecatddiped os Ghith o QrRE atlasifle &&felo@zm&

EXAVPLE 3 ct of . Trioxol anes on Schi stosoma Species 5 Effect
Tri oxol aneEgzg CORICESHivEY asliraontEy o Allomenps Pease bilisd Mmh&dter%atafeﬁmﬁ of

a oni cum 10

OZ207 and afhk Rt Bl infeftidd v Ml vl G WphleadC The 190808 i1 2R0N1 cur
5  compressed and alive male and female worms could be seen and counted. The effect of the
compounds was evaluated by mean total and female worm burden. The results are shown
in Table 4.

Effect of Trioxolanes on adult schistosomes (. 49-day-old)

Mice were infected with 100 Schistosoma mansoni cercariae on day 49 post-

10  treatment. Each group was treated per os with OZ compounds at single doses of 200, 400,
and 600 mg/kg. Untreated mice served as the control, All groups were killed 4 weeks after
treatment and the liver and intestine were removed and separated. The liver and intestine
were compressed and alive male and female worms could be seen and counted. The effect

of the compounds was evaluated by mean total and female worm burden, and the results

15  are set forth in Table 4.

Table 4
IN VIVO ACTIVITY AGAINST SCHISTOSOMA MANSONI ( MICE female INFECTED )
% reduction of % reduction of
schistosomule growth adult worms growth
OZ COMPOUNDS . atday 21 after per os at day 49 after per os
TESTED application of 260 mg/ke application of ..... mg/kg
200 400 600
TWR ( %)/
DEAD WORM ( %)
TWR (%) FWR (%)
0z 271 88 86 0/6
. 1 %600 sc.
0Oz 277 91 92 0/0 17114 39417
1 x 600 sc.
0Z 279 86 88 0/12 33/20 2is27
0z 231 91 20 12/15
07 285 liquid 86 85 17722
0z 288 95 96 52/45
| OZ 296 85 85 1/13
1 OZ 309 97 100 1%/17
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11.

62.4 - QZ207

MDD

35

AR

50/ 457

er days Qz207 7days 200 0/8

2.1
a2 f emal e

5.4 2.4 81
rate MWB,

1.0 82

MIVIB, TTea
W

rm $urden;

totat
F¥RR,

VT TIT

fiemal e

[}
DUT PTIT, v

(vor /6 eddcet i on

reducti on
rate.

Table 3 ill

st LAt es t hat

the Jrean { ot al

aaht £

wor m bur de

f'\ﬂh

h and nedqn feny

e worm

than{t hose in

burden 15

artenet her M@03»u/ kg

- Oz2207 460
ar

Igl }\g gl uu
pup (s°<0.0

JVVC{O ol LILARL

). Ihe mpan

cantHy U Bwer
f enpl e wpr m

bur den

in OZ207

200 ny/ kg grougw

af TFr

was al so

signific

abcal [ad faVal
ot

21- ¥y 0

antly | ower than
d_schi

that 1n
St e Ol

art emat her
31

S

.group
21/ 02/ 2007

(P<0.01). H
Mce were i
treat nent.
of 200 ng/K

I'TTCT UT LI

3z 360

aat nrmnt

nfected with

Unt r eat ed

oY
UAUTUT TATTC o

100 Schi st

m ce serv
and—fhe|

bsonma nmangoni

A

h tri

ce
x0ollaifes

rcari ae on day
f_a si

21 post

ed as the
ver 13and

control .
nt est.i

Al gt
ne W e |

ngl e dose

oups Were killed

enove

and

4 weeks aftie
separ at ed.

l. | CaAarTmeTTT

ha

The [iver and

A c
D qul U OC—oC

re 5c

d.__The

DNPr €SS
ef f ect

ed and al
of the

ive mal e and

conpo

Inds was

femal e wor
eval uated by
Tabl e 4. Ef

nean t ot aI

i ntesti ng we
enr—and-col
and fermal € wor m bur

oxol-dabs’on

adi4p &

den.
st 0&éin

-

D

THe result

s 5§/49-d

are 9
v-old

shown 1 n
M ce were

infected wjth

treat nent.

100 Schi st
HlchN'Fﬁlrp A

osonma nmans

oni

s treéat ed

cercari ae or
per os wilth Gé»

day 49
onpounds

bost 1

ab/ 16l

) _
ngl e doses

of 200, 400,

groups were killed 4 weeks after

EXAMPLE 4

Activity of Trioxolanes Against P. berghei

and 600 ng/kg. Untreated m ce served as the control.

Al

5 In the single dose EDs¢/EDgy/EDgg determmnations, Moro SPF or NMRI mice
(group of three) infected with the ANKA strain of Plasmodium berghei were treated on day
one post-infection. Trioxolanes were dissolved or suspended in the standard suspending
vehicle (SSV) and administered as single 10, 6, 3, 1, 0.3, and 0.1 mg/kg doses po and sc:
The SSV consists of 0.5% w/v CMC, 0.5% v/v benzyl alcohol, 0.4% v/v Tween 80, and

10 0.9% w/v sodium chloride in water. Antimalarial activity was measured by percent
reduction in parasitemia on day three post-infection. The EDsy/EDgy values were calculated
by nonlinear fitting, | '

15

Table 5

Compd EDs; (mg/kg) | EDgo (mg/kg) | EDgy (mg/kg)
0Z277 0.78 2.0 4.4
02279 0.63 1.8 3.9
Artesunate 4.7 19 60
Artelinate 4.8 10 18
Artemether 2.2 4.2 7.1
Chloroq_uine 1.8 3.5 5.9
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treatnment and the liver and intestine were renoved and separated. The |iver
and intestine were conpressed and alive male and fenal e worns (Qq_u}(glz?go 7
seen and counted. The effect of the conpounds was eval uated by nean tota
and femal e worm burden, and the results 15 are set forth in Table 4. Ta(l)ale
4 I N VIVO tC‘IM@ﬁ(;E[\ﬁi@GN NST @ TTST uw-\su‘\g‘a\i\isa‘dif—ﬁvr-ﬁ—f-mﬁr'e | NFECTED) %
reducti on of 9% reductrom of—schi a.uaumj.’43 g;?wth areHH-t ‘:IA_ES_rFBEDg;oYvit Eat iogn
COMPOUNDS at day 21 after per os at day after per as

of 200 m a Iica%/' n 9fp e/ kg 200 400 600 TWR(%/ DEAD WORM (o/ ) TWR
% FWR % OZ 271 siéa%éfe BhaavsaEDWHDHYERSY datembbuined by/po atiministraBeq a7 triokoBOE X

: - : 81 91 90 .12 / 15 OZ 285 |iquid 86
55 17150 b Saeo A, The tol il ipobntidhrimoer iBubsisgia b s 2y r 3
21/ 02/ 2607 th@rths hior®gol@BarleSluSatIhdRR1iRMe O dRtrhst ABe mo% 37% ©08x A5/ 6 OZ
349 ND ND 36(1

gl, 0Z207, 0Z209) - different salt forms of the same amino trioxolane, and amino

and amide trioxolanes OZ277 and QZ279, are relatively polar compounds.

_ EXAMPLE 5
10 Dosing of 0Z279, 0Z277, 02256, and 07209

Based on results of dosing 0Z279, 02277, 0Z256, and OZ209 in rats and dogs, the
inventors determined projected optimal dosing of the same compounds in humans.
Artesunate is listed as a reference compound.

15

Table 6

Parameter I Ideal | Accept | Artes 10Z 27910727707 256107, 209
R P
Rat Data

IV t1/2 (10 180 { 60 min 40 1005 | 77.2 | 94.0 | 150.0
mg/kg) min (DHA)
Oral

Bioavailability | >30% [ >20% |not done| 37.2 36.9 18.6 12.4
10 mg/kg §>30% | >20% 21 71.1 44.1 519 | 224

25 mg/kg (DHA)
Oral t1/2 (25 180 ] 60 min |not done] 166.8 { 90.5 | 73.3 | 1015
mg/kg) min
Dog Data

viti2 (1o 180 | 60 min [notdone| 177.5 | 95.0 854 | 182.8
mg/kg) imin '
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OZ 352 89 91 16 / 26 OZ 360 17 13 0/0 ARTEMETHER n4 85 n4 85 n2) 53 /29

PRAZI UANTEL 0 O 112 96/96 100/ 100 EXAMPLE 4 Activity of Trioxola 2|\9b07
Agai nst P. berghei 5 In the single dose ED50/ ED9o/ EDO9 det erm natlons

SPF or NVMRI mce (group of three) infected with the ANKA strain of

Pl asnodi um [ber gigghy WET § (1 egqued oy day  —gre—pogt—tnfpet+of—H-+gXol anes
wer e di ssoljved or suspgnded |in tthg standgrd sugpendi hg vghicle](SSV) and
adm ni sterecBiaavzéliah'rthye £00%4, >R1% Unobdche @rgj(\q 137’@ QOQ §5§@ and sc.
The SSV COI‘SI S of 0.p%w\ CMC [0.5% vqv berigyl alfohol v/v Tween
80, and 100 éﬁ%%‘%o?ﬁ%hﬂ’%%g éoidpnﬂ@iSe?(V) 6. hePasi(Efiae (V)i ty was
measur ed by peggﬁ%}/ksg bduct ijon i njparasifem a pn day] thre post I nfection.

The ED50/ EP90 va pre cdl cul atled byfnonlipear flitting. 5 Table 5 Cog1
d EDS0 (my/k 39 ol hETone lz’-“’?gg T
3.9 Artesuf tellnte4 .2 7.1

Chl or oqui n¢ fable 5
shows ED50 ol anes in
the SSV fo I pstantial ly
nore activ APETIERE £ . contrast,

t he npbst a‘ﬁb\J/% tri o Ian g . &111f3§(=3én7t0 balt forns

of the sanp amdoeetri ¢gxol ang, and @ﬁhﬁg @@gl;,)ar’(iggg%)tr(g@%j) Y% 07277 and
Qz279, are g)datlvelﬁl pol ar{ conpopnds.

EXAMPLE 6

Effectiveness of Selected OZ Compounds in the Treatment and
5 Prophylaxis of Malarial Infections

Moro NMRI male mice (Fit Albino specific pathogen fres) weighing 18 + 2 g were
infected intravenously (i.v.) with 2 x 107 P, berghei ANKA strain-infected erythrocytes
from donor mice on day 0 of the experiment. From donor mice with circa 30% parasitemia,

10 . heparinized blood was taken and diluted in physiological saline to 10 parasitized
erythrocytes per ml. An aliquot (0.2 ml) of this suspension was injected i.v. into
experimental and control groups of mice. In untreated control mice, parasitemia rose
regularly to 40 to 50% by day 3 post-infection and 70 to 80% by day 4 post-infection. The
mice died between days 5 and 7 post-infection. Throughout the experiments, mice were

15  keptin groups of three or five animals in Makrolon type II cages in an air-conditioned
animal room at 22 to 23°C. A diet with p-aminobenzoic acid (PABA) of 45 mg (NAFAG
FUTTER® food N° 9009 PAB-45) per kg of body weight, and tap water is available ad
libitum.

OZ compounds were prepared at an appropriate concentration, either as a solution
2G - or asuspension containing SSV (0.5% w/v CMC, 0.5% v/v benzyl alcohol, 0.4% v/v
- Tween 80, and 0.9% w/v sodium chloride in water). They were administered per os (p.o. )
' in a total volume of 0.01 ml per gram of mouse. The activity of the compound was
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EXAMPLE 5 10 Dosing of Qz279, QzZ277, (QZ256, and OZ209 Based on results of

dosing Gz279, OZ277, QZ256, and QZ209 in rats and dogs, the inv§i1y9572007
determ ned projected optinmal dosing of the sane conpounds in hunans.
Artesunate is listed as a reference conmpound. 15 Table 6 Paraneter |deal

. . 209. | /2 (10 180 60 min 40
1005, 77. 2 Sl Ve el bIRMY iy iploallP kb, Shritd) Gscusabisns ot

100. 5
done 37.2 36c@d4B afid didvidal 18 AayTB0 Sebt-n308onaR cdsiddkediodd-aleydl. 9 22.4 25

my/ kg (DHA) Oral_tl/2 (25 F18 60 min not done 166.8 90.5 73.3 101.5 ny/kg)

t 0. © : :
mn Dog Data N tibefirstrapgiment gondycted saesistadofadognish@ionof 2 @vided Tyl g) 4r2n(r)1

' ' I )i % 220% « d 32. 87.
(v 10,5 (9088 BBIR A8 b sl T d AT S0 TopoRat £ mela! e (0
Fkg 30 220% Ho -6 _ v
7 Punan Dol & Proj oot 6d dai Ty 190 m 300 ob 1507300 Kokt by SRl 53

35-70 dosdéMmals Wsteprerstashand sired wdthoficapadBarasitemia was determined

microscopically, and the difference between the mean value of the control group (taken as
100%} and those of the experimental groups was calculated and expressed as percent
reduction. Compounds were administered orally in the SSV vehicle. The results are shown

10  in Table 7 below:

i5

Table 7
1x30 3x10
mg/kg mg/kg
Activity | Survival Activity | Survival
% (days) Cures (%) (days) Cures
0z p.o. S8V p.0. SSV
209 100 >30 0/5 100 >30 3
271 99.97 14 /5 100 27.8 45
277 99.92 10.4 0/5 160 27.6 45
279 99.95 14.8 0/5 100 25.4 35
301 NA NA NA 100 >30 5\5
315 NA NA NA 100 >30 NS
CQ 99.94 9.5 0/5 95.99 14.3 0/5
MEQ 99.94 20.3 0/5 99.92 23.3 0/5
AS 83.83 9 0/5 98.62 11 0/5

As shown by Table 7, a 3 x 10 mg/kg dose of these trioxolanes cured between 3/5 and 5/5
of the infected mice. At this same dose, none of the standard antimalarial drugs cured any
of the infected mice. At the I x 30 mg/kg dose, all tested trioxolanes showed activities >

20  99.9% on day 3 post-treatment.

The second experiment consists of administration of divided 3 x 3 mg/kg and 3 x 1
- mg/kg po doses administered on days 1, 2, and 3 post-infection. On day 4 post-infection,
blood smears of all animals were prepared and stained with Giemsa. Parasitemia was

determined microscopically, and the difference between the mean value of the control
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. ) 87 13.4
305 99.91 12.2 0\s 87 9.6
306 - 99.75 7.6 0\S 85 11
309 99 9.2 0\5 66 9.4
315 99.99 22 0\s 81 12.2
317 100 16.8 0\s 73 11.4
319 99.97 1.2 0\S 92 13
320 96 9.6 0\s 50 8.6
323 99.95 14.4 0\s 66 14.4
329 100 27 25 99.86 It
330 99 12.6 ] 45 9.2
333 99 10.2 0\s 64 9.4
335 99.99 15.4 0\s 98 10
336 100 20.8 O\5 99.14 10.4
337 99.98 14.4 o\s 96 9.4
338 100 25.6 0\s 98 9.4
339 100 27 3\5 97 9.2
343 100 22.2 87 9.4
349 99.98 25.2 25 98 9.4
351 100 22.8 99 9.6
343 100 22.2 87 94
349 99.98 25.2 25 98 9.4
351 100 22.8 99 9.6
353 99.99 16.4 91 10
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10 in Table 7 below Table 7 1x30 3x10 mg ng/ kg Activity Survival
Activity Survival 0 (days) Cures ("o0) (days) Cures OZ P.O SSV A Bh299\07
209 100 >30 0/5 100 >30 3\3 271 99.97 14 0/5 100 27.8 4\5 277 99.92 10.4
0/5 100 27.6 _4\5 279 99.95 14.8 0/5 100 25.4 3\5 301 NA NA NA 100 >30 5\5
315 NA NA NA 1339 >30] 59965 CD 99694 79.5]J0I 5999199 143 §/5 MF 99.94 20.3
0/5 99.92 2R .3 355 SIBB®. 88 920/ 5(98. 42 T 015 g» AS [shown by Table 7, a
3 x 10 ng/ kg_dc$& of! t PE¥e 1riasxol anes [cured Het wesn 37i5 a_nd 5/5_ of the
infected mce_9@ tHi s9%%me| dos®. fone |of 2she [standard Janti mal ari al dr ugs

cured an g.f__wg_j_n_f_er‘?&:d 1cé2 Al the 1 X 30 _nuobkg ddse, all tested

second expe. et w..o.@tq ot 28nihistdat38n of _déi de 3 x 3 ng/kg and 3 x
| mg/ kg po doses administered on days 1, 2, and 3 post-infection. On day 4
post-infection, blood snmears of all animals were prepared and stained with
G ensa. Parasitem a was determ ned mcroscopically, and the difference

bet ween t he nmeanAvstova btyfTaﬂJhﬁ adiht 3o 3 Bg/kg oS falRén trﬂfx@léﬁes(ﬁﬁka%ﬁwﬁés J00%
and tho% e ex groups was cal cul ated and expressed as
percent r ed{%)t)] G pr@%ﬁﬁ% §“%‘faén%h¢fﬁl Of theessl OFBRLIQZ329, O3 BIZ348hircll e.
The resul t oz3yRusROME /8 3IBYE 84 1 5k Brectea mice, respectively. Atthe3x 1

mg/kg dose, most of the trioxolanes were more potent than the reference antimalarial

drugs; sixteen of these had activities > 90%. 0Z209, 0Z329, and 0OZ336 were the only

trioxolanes with activities greater than 99% at the 3 x 1 mg/kg dose. All of 0Z343-07368

10  that were tested were more active than the reference antimalarial drugs.

Prophylactic activities of the compounds were compared after administering po
single dose of 100 mg/kg to different groups of five animals at various times before
infection. All groups including an untreated control group, were then infected at the same
time. Parasitemia was determined for each animal on day 3 post-infection, and percent of

15  reduction of the level of parasitemia compared to levels for animals given no drug is

determined. The results are shown in Table 9.

20

25 Table 9

Prophylactic Activity (%) q4-
AM | AS | CQ | MFQ | 209 j 256 | 271 |277| 279 | 281

| 72h- 99.97 19992 ] 13 [99.89 ] ¢ 14 8
48h- - 5749 [ 9992 1 999 | 29 [99.98 | 7 27 45
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3x3 nmg/ kg 3x1 ng/kg Activity Survival Activity Survival (% (days) Cures

% (days) oz P.O. SSV P.Q SSV 209 100 16.4 0\5 99.51 9.4 27159909Y 46¢7
E)\/% 537 é.é 277 100 14 0\5 83 9.4 279 100 14.8 O\5 83 8.8 281 100°12.4
O\5 92 13 288 99 10.2 0\5 49 8.4 289 100 17.2 0\5 41 7.4 290 93 }obssogg
] 7 g7 A OT5 22T 41296999 16-
11 °301 100F 25 tis belel s LnoRh LB 15 BOGIS8Z7T 100, | 38l o opnE b o5
87 9.6 306 dbh7% 1006|ORB485 100 | 3080 ﬂ9 1902 OMdd 616D 4 10915 198- 29944 0\ 5 81
12.2 317 100 J_O.8_@‘\_é 73444815 00 97 11 2 0l5 92113 B20 06 Q'8 0\5 50
8.6 323 99.95 14.4 0\5 66 14.4 329 100 27 2\5 99.86 11 330 99 12.6 0\5

45 9.2 333 99 10.2 O\5 64 9.4 335 99.99 15.4 0\5 98 10 336 100 20.8 0\5
99.14 10.4 337 5% wadueprophylastiopropedy of 07209 (3-day protection, same as MFQ) was

found also for.0Z2271.
5
EXAMPLE 7
Chemical Properties of OZ277 Salts

The following tosylate, maleate, hydrochloride, tartarate, and succinate salts of the
10  base form of OZ277 were synthesized:

cz’s~Adamantane—2-spiro-3'—8'-[[[(2'—amino-2'-methylpropyl)amino]carbonyl]methyl]—
1',2'4"-trioxaspiro[4.5]decane p-tosylate

15 cis-Adamantane—Z-spiro-3'—8'-[[[(2'-amjno-2'—methylpropyl)amino]carbonyl]methyl]—
1',2',4'-trioxaspiro[ 4.5 ]decane hydrogen maleate

cis-Adamantane—Z-spiro—3'-8’-[[[(2'—amino-2'-methylpropyl)amino]carbonyI]methyl]-
1'.2" 4'-trioxaspiro{4.5]decane hydrochloride

20
cis-Adamantane—2-spiro-3'-8'-[[[(2'-amino-Z'-methylpropyl)amino]carbonyl}methyl]-
1',2" 4'-trioxaspiro[4.5]decane hydrogen tartarate '
cis-Adamantane-2-spiro-3'-8'-[ [[(2’-amino~2'-methy1propyl)a.mino}carbonyl]methyl]-
25 1.2 4-trioxaspiro[4.5]decane hydrogen succinate
Their properties are shown in Table 10:
30
Table 10
Selection ‘Maleate Tosvlate HCI Tartargte Succinate
criteria
Water 5 mg/mL 0.4 mg/mL 2.5 mg/mL 2 mp/ml. 1.4 mg/ml
solubility
Crystallinity Crystalline Crystalline Crystalline More towards Crystalline
amorphous
| Hygroscopicity Non- Non- Non- Hygroscopic Non-
hygroscopic hygroscopic hygroscopic - hygroscopic
Chemical Stable Stable Stable Comparatively Stable
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338 100 25.6 0\5 98 9.4 39 100 27 3\5 97 9.2 343 100 22.2 87 9.4 349
99.98 25.2 2\5 98 9.4 351 100 22.8 99 9.6 343 100 22.2 87 9.4 lgflg 9%?3@7
25.2 2\5 98 9.4 351 100 22.8 99 9.6 353 99.99 16.4 91 10 - 35429 5

95 8 357 100 22.4 1\5 98 9.2 37 21/02/2007 359 99.65 8 6 79 8 365 99. 96

12 79 8.4 | 368u98y99;22. 2 91 86 T Y9 5410 25 7. 2] | le 2—6—2—AM; 86
9.4 51 7.2 AByii&l 9. 4 39sthie8 A3 Shemsle DY [TabISELS, try{-:d .‘ O g dose,

fourteen t[ioxdgilanes|had activijties of 5§ 100% and produced h gh survi val

nunbers. O Pdwekeize GF304100@4329, GAB@A, Q34930 ,and | OZ3B0 £ UT €0 s5,m27 3,

3/5, 2/5, RndOw&fof [the infecled nice, rlespectivelly. At the B x 1 nmy/ kg

dose, nost| drrElEdestr { oxol anes \were nore fotent thar the reference

anti mal arila- g‘.a-g IS 5i xteen of [t hese hadjactivities > 90% Qzp09, O7329

and Oz336 mePBoiY E‘ ohl y S@blej ox ¢l an¥bleni t | acBebliti ds gSebiter | harsBR% a
héﬂl %‘ip Al'l of Or343-0z368| 10 that wvere tested{ were nore

e

the 3 x 1 JngfKi
active thgn thb I ence anti mal ari al drqugs. Prophylactic activities o
ef—adm-ni-$terina po!l sinale dose. of 100

the COI’TpO ”Ub 'I\Qg\'t'é € U Il}m c1 agrTrmn 4 P - -
nmy/ kg to different g Uupiﬁﬁ? Hove it o Nothler ol Nothier ol o Notbitter
infection. Al groups including an untreated control group, were then

infected at the sane tinme. Parasitem a was determ ned for each ani mal on
day 3 post-infection, and percent OfEXAMPLEs '

Preparation of OZ277 Maleate Salt

5

Raw Materials:

Description nanti ' Mole Equivalent
0Z277 (base form) 60.00 g 1.00

Maleic acid 1740 g 0.98

Ethanol 240 ml

Heptane 780 mi

Process:

10 -Charge ethanol (150 m]) at 20-25°C;

-Charge OZ277 (60 gm) at 20-25°C under stirring;
-Stir at 20-25°C for 10 min to get clear solution;
-Add the solution of maleic acid (17.4 g in 90 ml ethanol) drop wise at 20-25°C
under stirring in 1 hr.;
15 -Charge Heptane (720 ml) at 20-25°C under stirring;
-Stir for 4 hr at 20-25°C;
-Filter the solid and wash with heptane ( 60 ml1);
-Suck dry the product;
| -Dry the product under vacuum at 20-25°C.,
20 |
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15 reduction of the level of parasitem a conpared.to levels for animals
given no drug is determned. The results are shown in Table 9. zzp/qgg%o(w
Table 9 F Prophylactic Activi % AM AS CQ MFQ 209 256 271 277 279 28 2
- 99.97 99.92 13 99.89 9 14 8 48 h - 57.49 99.92 99.9 29 99.98 7 27 45 38

21/ 02/ 2007 THABsuléh rggu@gasggwgiggtg%_ﬁg Q 25 97 99.23 Loh 100 92.44 100
100 100 100 100 100 100 100 The uni que prophylactic property of OZ209

(3-day protection, same as MFQ was found also for, QZ271. 5 EXAMPLE 7

Chemi cal Propertjes of OZ277. Salis The foll ow ng tosy|late, nuleate, '
hydr ochl or i dg, Jﬁ@P&ﬁaﬁe&P%eﬁ’&teg&éﬁi%ﬁl&f%@ﬂ@sﬁpm lizls‘i’egwlglab%twpﬁﬁmn@ﬁf oz277

Ol 5. AGAITENt A 5™ o may songin twigholagies i th scope of e Bl b sy | me
thyl]- 3', Prodrugstariapalagypisobthiede Gimptamdner Pratasiy hﬁktiﬁrel&f eitlher the D tir theIB ayl ] e
i 5- ' - am no-2' - met am no] car bo
o T A o s AT s o A e o

i 5- Adamant.as AQ- 3= 8 1o : ] No- 2" - r | ) ami nol] car bonyl | me
o 1T AodeB TG, s b M RS S ShP

ci s- Adamantanges @psgiedohedtin Blaylbe n{idfe-andistid cdine Withidythdscopy hPepimairem bonyl ] me
thyl]- 1',2' ,4' -trioxaspiro[4.5]decane hydrogen tartarate

cis- Adanan{z’]é?’ﬁ%l-t?!‘?ﬁl?‘b- 3'-8'-[[[(2' -anino-2'-nethyl propyl)anino] carbonyl ] ne
thyl] 5 1", 2 Hﬁ\'/iné Héé%ﬁ%hé ﬁ{ivgnt%lg%ﬁ @&elté}{cgertg %gﬁicﬁfﬂfgdrg&}sﬁion-smﬁéorﬂes
propertl esot{Jl erft?ectsiveczl\gs, Ia;nd the like, it will be apparent to those of skill in the art that it is not

intended that the invention be limited by such illustrative embodiments or mechanisms, and

that modifications can be made without departing from the scope or spirit of the invention,

as defined by the appended claims. It is intended that all such obvious modifications and

15  variations be included within the scope of the present invention as defined in the appended
clai'ms. The claims are meant to cover the claimed components and steps 1n any sequence

which is effective to meet the objectives there intended, unless the context specifically

indicates to the contrary.
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30 Table 10 Sel ection Mal eate Tosylate HCl Tartarate Succinate criteria
Water 5 ng/nmL 0.4 ng/nL 2.5 ng/nL 2 ng/nL 1.4 ng/nL sol ubi li Crzlfygbl/lzﬂmgy
Crystalline Crystalline Crystalline More towards Crystalline anp hous
Hygroscopi city Non- Non- Non- Hygroscopi ¢ Non- hygroscopi ¢ hygroscopic

hygr oscopi ¢ hygroscopic Chem cal Stable Stable Stable Conparatively Stable
39 21/02/ 2007 Stabili |less stable Physical Stable Stable Stable Stable

St abl e  Whatldk blainkRari-i cl e size -100 m50 m-230 m-200 pm-150 M (90% of
particles less than Stability in Stable Stable Stable Stable Stable

anal ytical solution (up to 24 hrs Taste Not bitter Not bitter Not bitter

Not bltter t 8 ara . 277 Naleate Salt 5 Raw
Mat er i al's: N% I!O({T HW%% g‘g‘fl{}%hg&%"w& czlbrﬁzse forn) 60.00 g

1.00

Wherein R; and R are the same or different, and are selected from the group consisting of
hydrogen, substituted or unsubstituted linear or branched alkyl, aryl, and alkaryl groups and
substituted or unsubstituted alicyclic groups that are optionally interrupted by one or more
oxygen, sulfur or nitrogen atoms, substituted or unsubstituted aromatic or heterocyclic groups
that may be interrupted by one or more oxygen, sulfur or nitrogen atoms, a hydroxy group,
and a halogen, and further providing that the spirocyclohexyl ring attaching R; and R, are

optionally interrupted by one or more oxygen, sulfur, or nitrogen atoms.

C 2. The trioxolane of claim 1 whereby R, is hydrogen and R, is (CHz), ~—Y; whereby Y
is a functional group selected from the group consisting of an alkyl, ketone, acid, alcohol,
amine, amide, sulfonamide, guanidine, ether, ester, oxime, urea, oxime ether, sulfone,

lactone, carbamate, semicarbazone, phenyl, and heterocycle; and n is an integer.

3. The trioxolane of claim 2 whereby Y is a non-acidic functional group.
4. - The trioxolane of claim 3 whereby Y is a weak base.
5. The trioxolane of claim 2 whereby n=1.
6. The spiro or dispiro 1,2,4-trioxolane of claim 1 wherein the 1,2,4-trioxolane is

selected from the group consisting of 07271, 0Z277, 07281, 0Z279, 0Z288, 0Z289,
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Mal eic acid 17.40 g 0.98 Ethanol 240 ml Heptane 780 ml  Process:

-Charge ethanol (150 m) at 20-25C, -Charge Qz277 (60 gnm) at 20

stirring; -Stir at 20-25C for 10 min to get clear solution; B%LSQW%O?
solution of maleic acid (17.4 gin 90 m ethanol) drop wi se at 20-25C under
stirring in 1 hr.; 15 -Charge Heptane (720 ml) at 20-25C under stirring;
-Stir for 4 hr at 20-25C, -Filter the solid and wash with heptane ( 60 m
); - Suaiszatiy otzhes, mz@m@)zw@rozﬁo@eoﬂﬁ@iwz%oy@@515@%%@2313002% 20 40
21/ 02/ 2007 The resulting product has a weil ght 65- 70 'grans. It Shoul d be
appr eci £26H3t 4829, KEL33pi @333951@7@%;@23)371OZﬁaS,tanld@ZdBane conposi tions of
this invention may contain trioxolanes within the scope of the formul as
descri bed above, or 5 prodrugs or anal ogues of these conpounds or a

raceni ¢ 7 xt ame sgifo & difififo 1,0e-tBoklardeRf clairh @Wherdih thel 1NV 2Rd:@Mink $s al SO
intended to include all b|oIo |callﬁbact|ve salt forms of the conpounds.

Al so, nispl§stediBemghe aiogp rorsitiingel OF2hb %37 2P @A30d HeZ&bnp¥si 8 on and t he
ranges ‘?%‘Z%ﬁ?%ﬁ?ld‘?fz%{z@ 6?3’29b?)23§§ 36& 3§5| |1 come within the scope and
he T

spirit o résen nvention: Vi'hg described the invention with
reference to part| cul ar conpositions, theories of effectiveness, and the
i ke, é be apparent to _those of skill in the art that it is not

i nt ende thaplst qﬁgmaﬂ\ggﬁgrsaﬁog@ 1A r@énony-mgikdpiopyhaninglcspenyd fmeiylirent s or
mechani $08 4+ @ad ts1anghE bsadApns can be nmade without departing fromthe
scope or spiri taS mveh %’! as defined by the appended clainms. It is
i ntended that all such obvi ous m)dl fications and 15 varl ations be included
wi thin bhe S&ls—a%am];nt%rrllgz %{)Eg %né -[(1 -\Ila?pré}alz?nr)]dc%rsb IIIIQ yI] I 2‘tﬁp e appended

trioxaspirof4.5]decane p-tosylate.

10.  Cis-Adamantane-2-spiro-3'-8'-[[(1-piperazinylcarbonyl)amino]methyl]-1',2", 4'-

trioxaspiro[4.5]decane p-tosylate.

11. Cis-Adamantane-2spiro-3'-8'-[[(4'-amino-1-piperidinyl)carbonyl[methyl}-1' ,2',4'-
trioxaspirof4.5]decane p-tosylate.

12. A pharmaceutical composition for prophylaxis and treatment of malaria comprising: a
malaria prophylaxis or malaria treatment-effective amount of a spire or dispiro 1,2,4-
 trioxolane, its prodrugs and optical isomers thereof, and a pharmaceutically acceptable

carrier, said trioxolane having the following structure:

wherein Ry and R; are the same or different, and are sclected from the group consisting of
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clainms. The clains are nmeant to cover the clainmed conponents and steps in
any sequence which is effective to neet the objectives there |r2121fpg?g¢ 07
unl ess the context specifically indicates to the contrary. 41 02007
What is claimed is: 1. A spiro or dispiro 1,2,4-trioxol ane having the
followi ng structure: 0-0 O wherein RI and R2 are the sane or different,
and are selected fromthe group consisting of hydrogen substi tut ed or

unsubst i Rydk@n| dub@fite@or BARANGREEd Bh&¥ br bAhYed BN A IR kaDy

substitut'ed or unsubstituted alicyclic groups tHhat -are optr o y
interr urﬂub&tlfbtyd ohensybstifpicé allmygglr@upsthhif are optiomily r@gelptaitl:ofrme osuiost i t ut ed

bst et | t ted

by one. orhel st At i SiSRR 5p i BrGHES i bR UB EoRG o

hal ogen,thzﬁﬂﬁhyfwlh Fraﬂ@yloﬁe Bﬂmbﬁaixggéiﬁsﬁﬂirrd?%g@@@%ME arﬁya&m? gt;@fﬂrl ng R
u

and R2 are é}ﬁg}tr onal ly interrupted one or nore oxygen,
ni t r ogerind edpiogen and figther P&Ytﬂl%@aﬁhe spimcmlmhmémwta@nng& aydiRogen and R

is (_CHZ) th an a Et)é?gy oram&lér?) B,%e%ng}%oﬁ Iptrgggeh_le ted fromthe group

consrstr one R am de, sul fonam de,
guanidine ether ester oxi nme, urea oxi me ether, sulfone, |[|actone,
yl, and heterocycle; and n is an integer. 3.

car bamat rbazone phen
The tri 6§o| aﬁg‘]e Bﬁaleraarlmcz | carpaogitign of ¢lainy 1 wheighy Bi is tydrogen wiskiz §r oup. 4.
The tri ?@Hba—eY %h&iel?fﬂ?‘éﬁ‘ﬁﬁh%ﬁ&%\r gl%ub el@ct@@%ﬁéﬁmu? cons ?’in%of %fﬁi(?ine of

claim 2 whére =1. 6 e spiro~or |srro I 0OX0 aiml
wher ei nkethae, ﬂplﬁ zﬂlcmhql,cmmhe,rmms sulf@lamidee g‘uzimdlm: tekteer, gsieL) Ppxihed) Sieat dxigicof
Qz271, 77,..Qz281, Qz279, Qz288, (7289, 42 21/02/2007 Qz290, QZ296,
07297, %ﬁ@éﬁlf%fsgim BFSpsinalg sy carbgzene, Pheprds and hejesaayclepngis agy 323,
QZ329, (Hg38, OZ335, 02336 Qz337, (z338, and (Oz339. 7. The Spiro or
dispiro 1,2,4-trioxolane of claim6 wherein the 1,2,4-trioxolane is
selected fromthe group consisting of Qz271, Qz277, (Qz279, (Qz301, Qz305,

Qz315, 14, The pharmaceutical composition of claim 13 whereby Y is a non-acidic functional

group,

15.  The pharmaceutical composition of claim 13 whereby Y is a weak base.

16.  The pharmaceutical composition of claim 15 whereby Y is an amide.

17.  The pharmaceutical composition of claim 13 whereby n=1.

18.  The pharmaceutical composition of claim 12 wherein the trioxolane is selected from

the group consisting of 0Z271, OZ277, 0Z281, 07279, OZ288, 0Z289, 07290, 0Z296,

07297, 0Z298, 0Z301, 0Z305, 0Z309, 0Z315, 0Z317, 0Z319, 0Z320, 0Z323, 0Z329,
02333, 04335, 02336, 0Z337, 02338, and 0Z339.
'19.  The pharmaceutical composition of claim 18 wherein the trioxolane is selected from

the group consisting of OZ271, 0Z277, 0Z279, 0Z301, 0Z305, 0Z315, 0Z317, 0Z319,
1 0Z323, 0Z329, 0Z338, and 0Z339.
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Qz317, Qz319, Qz323, Qz329, (z338, and Qz339. 8.

Ci s-adamant ane-2-spiro-3-8"-[[[(2' -am no-2' - et hyl propyl ) am no] ¢ I
hyl]- 1',2",4"'-trioxaspiro[4.5]decane p-tosylate. 9. 21 P92Y 0T
C s- adamant ane- 2-spiro-3'-8'-[(1' - pi perazi nyl carbonyl )methyl]-1",2",4"-
trioxaspiro[4.5]decane p-tosylate. 10.

G s- Adanmant ane- 2-spiro-3' -8' -[[ (1- pi perazi nyl carbonyl )am no] methyl]-1', 2",
4' - triagyas plmgﬁaﬁﬂlﬂ@ﬁﬁ:@?edﬂiﬁc@ﬁ%h%f@lairﬁh wherein the 1,2 4-trioxolane is cis-

G s- Adamant ane- 2spi ro-3' -8' -[[(4' -am no- 1" - pi peridi nyl )carbonyl [nethyl]-1'

, 2", 4" - adppgtarp?spirer3 5y dH Gamie-2'assthdpepyhaninglcpthaxyhin ethyl IR, 4-onposi t i on
for pro ] ea nt of malaria conprising: a malaria prophylaxis
or nal a?xﬁ%}la? 'S 4%%%{:51{&3 é)éha e anount of a spire or dispiro 1,2, 4-

trioxol ane, its prodrugs and optical isoners thereof, and a

pharmaceutical |y acceptable carrier, said trioxolane having the follow ng
struct ufd: wHéedhamrecuical mpapison REclgiamb? wherginfthe .3t trioxglancis sissel ect ed

fromth consk stidg pf - - A o) [ r
nsubst o RO B i B e Y BRSPS Bl

subst i t tisghiteor unsubstituted alicyclic groups that are optionally
interrupted by one or nore oxygen, sulfur or nitrogen atons, substituted
or unsubstituted aromatic or heterocyclic groups that may be interrupted
by one 95 nOTRe XHBREeutiSA! : o] . e and a
hal ogen‘,Qj andeﬁ?th herQem:l)lrﬁgé\t/liCEIﬂi'111 ag%%rgat)f(Elﬁgle?p@%@gglgfagﬁg%g{dﬁéﬁ%{ﬁgﬁtg#&gc%i ng Rl
and R2 mecthodsplected dlohythe gtoep copdetighy ooheubcutnees, mtypganus,Sotrdnasal, or

ni t rogen %Lon'ﬁr 13I T(Pg armaceuti cal conposition of claim 12 whereby R

i s hydr 5§ “BREER3 P O%ER—PY " - v: whereby Y is a functional group sel ected
fromthe group consisting of an alkyl, ketone, acid, alcohol, am ne,

am de, sul fonam de, guanidine, ether, ester, oxine, urea, oxime ether,

sul f one23.| acVemnel a sipiva dispieo | dehvirvaobaeoaid triptdanglhaviag thefotlewgycl e; and n
is an | % r. 14. The pharmaceutical conposition of claim13 whereby Y is
a non-aci dic functional group. 15. The pharnmaceutical conposition of claim
13 whereby Y is a weak base. 16. The pharnaceutical conposition of claim
15 whereby Y is an am de.

wherein Ry and R; are the same or different, and are selected from the group consisting of
hydrogen, substituted or unsubstituted linear or branched alkyl, aryl, and alkaryl groups and
-substituted or unsubstituted alicyclic groups that are optionally interrupted by one or more
oxygen, sulfur or nitrogen atoms, substituted or unsubstituted aromatic or heterocyclic groups
that are optionally interrupted by one or more oxygen, sulfur or nitrogen atoms, a hydroxy
group, and a halogen, and further providing that the spirocyclohexyl ring attaching R; and R,
may be interrupted by one or more oxygen, sulfur, or nitrogen atoms, in the manufacture of a

medicament for preventing or treating malaria.

24.  The use of claim 23 whereby R, is hydrogen and Ry is (CHy), —Y; whereby Y is a
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17. The pharmaceutical conposition of claim 13 whereby n=1. 18. The

phar maceutical conposition of claim 12 wherein the trioxol ane i sszebggtza@o7
from the group consisting of Qz271, Qz277, (Qz281, Qz279, (Qz288, Qz28
Qz290, Qz296, (Qz297, (Qz298, (Qz301, Qz305, Qz309, Qz315, Qz317, Qz319, _
Qz320, Qz323, Qz329, (Qz333, (Qz335, (z336, (Qz337, (Qz338, and (Oz339. 19. The
phar maceuti cal conposition of claim 18 wherein the trioxolane is selected
from trfan@mulpgrs Selletdd Tebn@he O%@%é‘-@on%ﬁﬂ of B4 kefdhd Oitid, SHedRor, arkifs 1o,
Qz317, Qz319, 23 Qz329, and Oz339. 44 21/02/2007 20. The

phar mac @tifle shlfensmids gpamdin@fethﬂr,aﬁsmr,lozumher@, nxmmzﬂrpr,zsukfomer, lagtookane is cis

d 2! b I
ctnyr]- e Regiine hent el R RTINS Tht Phar maceut i cal

conposi tion of cIa|m12 whereln the 1,2, 4- trloxol ane is ci s-

adamant ane- 2- 0-3' -8 -[- - pi per azi nyI car bonyl ) met hyl ] - 2' 4" -tr

i oxaspi #8[ 4. 5 élé%‘i,ﬁ@am %3o\§lgqr@zpéhe pipxohmeis sHminigerad i %@nse@éhﬁ@@m homt of
clalmlg,lt %@ ablefor adm nistration by a nethod selected fromthe
group consi sti n%/k oral, subcutaneous, intravenous, intranasal, rectal,

subl i ngual , and buccal . 23 Use of a spiro or di spi ro 1 2, 4 tri oxol ane,

said tr on e havj t followng structure: O- rein RL
and R2 2?9 uShS gﬁgmc%@f“rhﬁ@ﬂﬁ he tgggolaneis g@P@eﬁt%ﬁd F’rf’o‘?ﬁsﬁ Hgb‘ﬁ'r’VS‘?}ba out

consi st {n@o qﬁ g/kgyysy ogen, substituted or unsubstituted |inear or branched

al kyl, aryl, and al karyl groups and substituted or unsubstituted alicyclic
groups that are optionally interrupted by one or nDre oxygen, sulfur or

ni t r ogen, at r. substl tuted aromafl c or het erocyclic
gr oups ﬁ'h If:ﬁ?'éeé’ tcagﬂg I"aief‘?n’? fip¥denedy 2 SBGFG g‘égﬁ; sul fur or
nitrogen atoms, a hydroxy group, and a hal ogen, and further provi di ng that

the spirocycl ohexyl ri ng attaching R and R2 may be interrupted by one or
nore ox3yen, Thawsewf claim 23 whersije tedtioxadanei in adrhigistraei ih alétidededasts. a

29.  The use of claim 23 wherein the trioxolane is administered in a malaria-preventive

dose beginning 1-2 weeks prior to malaria exposure and ending 1-2 weeks post exposure.

30. A use of claim 23 wherein the trioxolane is administered in a malaria-curative dose

over 1-10 days.

31. A method of manufacturing a composition for prophylaxis and treatment of malaria
comprising: mixing a malaria prophylaxis or malaria treatment-effective amount of a spiro or
dispiro 1,2,4-trioxolane, its prodrugs and optical isomers thereof, with a pharmaceutically

acceptable carrier, said trioxolane having the following structure:
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medi cament for preventing or treating malaria. 24. The use of claim 23
whereby R is hydrogen and R2 is (CH2)" -Y; whereby Y is a 45 2ly pgH20Qyo7
functional group selected fromthe group consisting of an al kyl, Kketone,
acid, al cohol, am ne, am de, sulfonam de, guanidine, ether, ester, oxineg,
urea, oxine ether, sulfone, |actone, carbanmate, sem carbazone, phenyl, and
heterocycle; and n is an integer. 25. The use of claim 23 wherein the
trioxolane is admnistered in a dose of between about 0.1-1000 ng/ kg/ day.
26. The yse of claim25 wherein the trioxolane is admnistered in a dose of
bet ween VaIs&iR R sud Bpargdfiqsgmey differentand agesselasteddiom the 2Bouprensistingafe

trioxol loSn. 3GWE:R i I LT of claim.,23

wher ei n%? ﬁrg'gtél}’i 0X0 eﬁ&e&ir@gléﬁ(f Eluﬁ?@%?%% bﬁl%%g%?l gdqg&ggﬁﬁi EPHE® 2ﬂﬂéle of

cl ai m 23ubshiarted or unkebstitut@alicaele: groudhataisdpioadly intetrupRl 8% iofe PrAVYRNt i ve
dose begi nni ngﬂf}‘éz weeks prior to malaria exposure and ending 1-2 weeks
post ex g&égﬁ‘e. Br nigogRAterns, sphstitodon s plsiimted womatiquidictsrecyckic groups

adm ni s j Bz ' % - : hod of
ranut aot i Eo PRORIFINGSE Yy She nb SRyt Rldof Hulmontia NIRYT2

conpr i sgrgp, anidxd adpgan ek ditleer propding thet he apiramtiahéxy] ting attavhinig-Rafahé®ki ve
anount of Spiro. o dispiro 1,2 4-trioxol ane, its prodrugs and opti cal

i somer snjtaﬁgFérg?rf‘uRﬁc{W%fl 5‘?%8@(&‘?’0%@“9 or JHO8H ABME carrier, said

trioxol ane having the follow ng structure: 46 21/02/ 2007 wherein R and R2
are the same or different, and are selected fromthe group consisting of
hydr oge??- subst eftagpird oo dispine l2st-irionplade, spid daexadanethaving edoHowing, aryl, and
al karyl tﬁfcﬂx‘t’@s and substituted or unsubstituted alicyclic groups that are
opti onal y Ifiterrupted by one or nore oxygen, sulfur or nitrogen atons,
substituted or unsubstituted aromatic or heterocyclic groups that are
optionally interrupted by one or nore oxygen, sulfur or nitrogen atons, a
hydroxy group, and a hal Qg provi ding that the

spi rocycl ohexyl ring at _ R - may_be interrupted by one or nore
oxygen, sulfur, or nit of a\spi ng’_r di spiro

1,2, 4-trioxol ane, ‘_

wherein R; and R; arc the same or different, and are selected from the group consisting of
hydrogen, substituted or unsubstituted linear or branched alkyl, aryl, and alkaryl groups and
substituted or unsubstituted alicyclic groups that are optionally interrupted by one or more
oxygen, sulfur or nitrogen atoms, substituted or unsubstituted aromatic or heterocyclic groups
that are 6ptiona11y interrupted by one or more oxygen, sulfur or nitrogen atoms, a hydroxy
group, and a halogen, and further providing that the spirocyclohexyl ring attaching R and Ry
may be interrupted by one or more oxygen, sulfur, or nitrogen atoms, in the manufacture of a

medicament for preventing or treating schistosomiasis.

33. A method of synthesizing a dispiro 1,2,4-trioxolane comprising: treating a trioxolane

having the following structure:
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structure: R wherein Rl and R2 are the same or different, and are sel ected
fromthe group consisting of hydrogen, substituted or unsubstlgyﬁpgzyuﬂﬁyﬁ
or branched al kyl, aryl, and al karyl groups and substituted or
unsubstituted alicyclic groups that are optionally interrupted by one or
nore oxygen, sulfur or nitrogen atons, substituted or unsubstituted
aromati c or heterocyclic groups that are optionally interrupted by one or
nore oxygen, sulfur or nitrogen atons, a hydroxy group, and a hal ogen, and
further providing that the spirocyclohexyl ring attaching R and R2 may be
interrupted by one or no Ul ey, or nitrogen atons, in the

manuf acture of a . nedi eve eati schi st osom asi s.
33. A nethod of syn e |,_pi ro j, /2 a@ conpri si ng:
treatlngatrloxol 8 g follo truchdre: 47 21/02/2007 0.0 O

\ “&3ﬁ§? ket one, an
al dehyde, an ester, and-§ n%dj ‘nor &3 reagents sel ected

fromthe group consisting%o ‘an oxi dr zi ng agent, reducing agent,

hydr oxyl am ne, hydrazi ne, diol, alcohol, heteroaryllithium aryllithium
al kyl'l'i t hium hydrol yzi ng agent and deprotecting agent to forma conpound
sel ected fromthe group consisting of |actone, alcohol, oxine ether,

hydr az oWBereieeh xis selgeted gpm the grion consisting ef alketaar, arrhléelmekh@ues@r, agidai m 33

yvher ei g;gﬁtgﬁmtud Wfﬁlo%@%r%% %age%s E:cf%d " @il deoh nmsuchtof%ﬂ daz%ar oup, and

is tre an oxidizin orm g S 4RGeS 6E 85. The
met hod adent kﬁumn@ég&ﬂtﬂl[;&irdikﬂdﬂﬁné I‘Hyﬁ?ﬁ@ina,rlﬁolhal&olﬁ)l Kexaogaylithiaq, al dehyde
function s treated with a reducing agent to forman am ne or
an al coRallthid, L‘gﬂgﬁmw@@weg ago3nd depspleriing agent toiforrbe sorePad a ket one
or an d r Y, ne or a
hydraz|6grﬁ:gﬂfé?%)iqfﬁ)g:l %ﬁ%% X1 m%lsgﬂti mad@l{é Cﬁh&é’r%@%‘%gﬁy blad pec ﬁ%i AC%{%I

met hod apfiing|zai@mcid3 wher ei n the tr| oon ane has a ketone or an aI dehyde

functional group, and is treated with one or nore diols and/or al cohols to
forma ketal or acetal

34. The method of claim 33 wherein the trioxolane has a ketone or an aldehyde functional

group, and is treated with an oxidizing agent to form a lactone or an acid.

35.  The method of claim 34 wherein the trioxolane has a ketone or an aldehyde functional

group and is treated with a reducing agent to form an amine or an alcohol.
36.  The method of claim 34 wherein the trioxolane has a ketone or an aldehyde functional
group, and is treated with a hydroxylamine or a hydrazine to form an oxime ether or a

hydrazone, respectively.

37.  The method of claim 33 wherein the trioxolane has a ketone or an aldehyde functional

group, and is treated with one or more diols and/or alcohols to form a ketal or acetal.
38.  The method of claim 34 whereby the trioxolane is OZ05.
39.  The method of claim 38 whereby OZ05 is treated with a heteroaryllithium,

aryllithium, or alkyllithium reagent to form the corresponding tertiary alcohol.
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38. The nethod of claim 34 whereby the trioxolane is OQZ05. 39. The net hod
of claim38 whereby OZ05 is treated with a heteroaryllithium azpbizt ) Y
or alkyllithiumreagent to formthe corresponding tertiary al cohol. 4

21/ 02/ 2007 40. The nethod of claim 35 wherein the trioxolane has an ester
functional group, and is treated with a reducing agent to forman al cohol .-
41. The nethod of claim40 whereby the trioxolane is selected fromthe
group consisting of OQZ70 and QzZ61. 42. The nmethod of claim41 whereby QZ70

is treated with a reducing g;ent to form 0Z 119. 43. The nmethod of claim
41 wher ey o7bhc methed ebelaim §f wherainrtheitrvxplgnabpsan ester fupctiona@e9p, atd is The

nmet hod iajgﬂ I rioxol ane has an ester functional group,
and is ?ag%ate \%\nzﬁdﬁtsgé%%}t%?%z@naa%agﬁl[ to forman acid. 45. The method of
cl ai m 44 wherein the hydrolyzing agent is aqueous potassium hydroxide. 46.
The rrEto%id of_claim 44 wherein OZ61 is treated wth a hydrolyzing agent to
form 5. AT meIkod kol 4t wherahnibs biqsalane i selehied fiomoMe lezw RASSE

pht hal i ngradezfupatdmnal group, and is treated with a deprotecting reagent
to forman amne. 48. The nethod of claim47 whereby the phthalimde is
selected fromthe group consisting of QZ136, (QzZ146, and QzZ167. 49. The

nmet hod of, claim 4 ereb 36 is treated with a deprotecting reagent to
form ozf37. eﬂ%@f%%&?% %Nlhefﬂw Nethis drepied prthiatedisRgAgeRlf) fopm 46 | s
treated oytilp. a deprotecting reagent to form QZ 181. 51. The nmethod of claim
50 whereby QZ167 is treated with a deprotecting reagent to form QZ2609.

43.  The method of claim 41 whereby OZ61 is treated with a reducing agent to form
0Z89.

44.  The method of claim 37 wherein the trioxolane has an ester functional group, and is

treated with a hydrolyzing agent to form an acid.

45.  The method of claim 44 wherein the hydrolyzing agent is aqueous potassium

hydroxide.

46.  The method of claim 44 wherein OZ61 is treated with a hydrolyzing agent to form
0Z78.

47.  The method of claim 33 wherein the trioxolane has a phthalimide functional group,

and is treated with a deprotecting reagent to form an amine.

48.  The method of claim 47 whereby the phthalimide is selected from the group
consisting of 02136, OZ146, and OZ167.

49.  The method of claim 48 whereby OZ136 is treated with a deprotecting reagent to
form OZ137. ' '
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52. The nmethod of claim51 wherein the deprotecting reagent is hydrazine.
53. A spire, or dispiro 1,2,4-trioxolane having the follow ng StZPFE)EV%OO?
0-a K)< H o whereby R3 is (CH2)" -Y, and further providing that I'S
weak base am de; and n is an integer. 54. The trioxol ane of cIa|n153

whereby n=1. 50

50.  The method of claim 48 whereby OZ146 is treated with a deprotecting reagent to
form OZ181.

51.  The method of claim 50 whereby OZ167 is treated with a deprotecting reagent to
form 0Z269.

52.  The method of claim 51 wherein the deprotecting reagent is hydrazine.

53. A spiro or dispiro 1,2,4-trioxolane having the following structure:

whereby R; is (CH), —Y, and further providing that Y is a weak base amide; and n is an

integer.

54.  The trioxolane of claim 53 whereby n=1.
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