TI TLE: SPI RO AND DI SPI RO 1, 2, 4- TRI OXOLANE ANTI MALARI ALS FI ELD OF THE

| NVENTI ON This invention relates to conpositions and nethods for treating
malaria. 5 Specifically, this invention relates to pharnaceuti cal
conpositions including Spiro and dispiro trioxolanes, and nethods of their
use and manufacture. BACKGROUND OF THE | NVENTI ON Mal aria is an. acute and
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di vi de magjuitby,, then enter the bl oodstream where they invade red bl ood
cells. Inside these blood cells, the nerozoites nmultiply rapidly until
they. causediliughoncopissaenidn NorthoAmgries andratherdempeyaienegionsef tht ood st ream

a new ! . i en_infect other red blood cells. The
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malaria, 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
mfected with the malaria parasite. When the infected mosquito bites another human,
sporozoites n 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 bioodstream where they
invade 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  mdividual 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 sone instances, death. 1 The treatnent of

mal ari a has been especially difficult due to the ability of malaria
parasites to devel op resistance to drugs. Quinine, an antinmalarial conpound
that is extracted froth the bark of the South American cinchona tree, is
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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 to 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 endoperoxi des have been prepared. Although the clinically useful
sem synthetic artem sinin derivatives are rapid acting and potent

antimal arial drugs, they have several disadvantages including
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treatnment of malaria using Spiro and dispiro 1,2,4-trioxolanes that is
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|, 241-t 1 2okeloxbRaecd. hat do not involve a treatnent regi nen of nore than
three days. It is a further objective of the present invention to provide
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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




hereafter. 0 SUMVARY OF THE, | NVENTION The invention describes a nmethod and
conposition for treating malaria with Spiro and dispiro 1,2, 4-trioxol anes,
their prodrugs and anal ogues. The trioxol anes of this invention are
sterically hindered on one side of the trioxolane heterocycle in order to
provide chem cal and metabolic stability to the trioxolane ring for better
in vivo acti viiejnvengios d@mbemwthmdmmd compoSpon for aimelting mplarie with pxol anes
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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, especially with
- 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  refers to a concentration of compound that is effective in treating malaria in terms of

preventing an increase in the concentration of malarial parasites, decreasing the



subsequent di sease by nal arial parasites. Likew se, the term
"treatnent-effective anount” 10 refers to a concentration of conpound that
is effective in treating malaria in ternms of preventing an increase in the
concentration of malarial parasites, decreasing the concentration of

mal ari a parasites, and/or "curing" a. malaria infection, i.e. survival for
10 day s:Opmratim elCmilarialerasites) sd/ot Unueidg! 2 noderladniestion, é.er eiraivhMet §0 st abl e
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structural fornmula: where (#1 R3, and R4 represent conbi nati ons of
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the ri ng@é em ca 512%1391@@*9&' I'C sf&ﬂﬁ?&{dls%%%fmqﬁ% gﬁbmglo R rl?ﬁg? Be the
saneoor di ff(Er[ﬁn&tn.ouaapbltm’giorb&hcﬁpﬂe&;d’me&fve@ﬁ)rdim@d’lﬁdéﬁ@eﬂilkhbvelar yl, or alkaryl
group is optiagnally substituted. hi the al ternatl ve, R and R~ t aken

t oget hef® irgaeysHuied rignelapes haykigthe &llomneg strueiyrakformvian al i cyclic group which
is optionally interrupted by one or nore oxygen sul fur or nitrogen atons
and which group is optionall Rbe sl 9,30 event may any of R 20 Rz,
R, or P.4 be hydrogen. In one, conpounds i ncl ude those
whereby, R, and R, taken toget hg and R4 taken together is a
nmono- or di-substituted C5-C; R/I group which is optionally
interrupted by one or nore oXxVygen, '4itrogen atons. and which
group is optionally substituted. In another enbodinent, Rl and R2 taken
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functional groups that provide sufficient steric hindrance about the trioxolane ring in order

15  to give the ring chemical and metabolic stability. R;, R, R; 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 R, 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 R,

20 Ry, R3or R, be hydrogen.

In one embodiment, the compounds include those whereby R, and R, taken together
and/or R; and R4 taken together is a mono- or di-substituted Cs-Cs; spirocycloalkyl group
which is optionally interrupted by one or more oxygen, sulfur, or nitrogen atoms, and
which group is optionally substituted. In another embodiment, R; and R, taken together or

25 Ry and R, is spiroadamantane.

The present invention discloses a new embodiment of trioxolane compounds having

the following structure:



The spirocycl ohexyl ring may be optionally interrupted by one or Mre
oxygen, sulfur or 5 nitrogen atons. In this regard, R and R ) nay be the
same or different, and may be hydrogen. substituted or unsubstituted |inear
or branched al kyl, aryl, and al karyl groups and substituted or un
substituted alicyclic groups that may he interrupted by one or nore

oxygen, sul fur /0 ro _ggqgg. substituted or unsubstituted aromatic or
het er ocyclic 7S \hav/may iAterr upt ed one or nore oxygen, sul fur
or nitroges X ofMs., a Rydroxy 1§ fgen. In one enbodi ment. Rl
or R, i"Ssqn ANjde. It Ras beenX found that am de-contai ni ng
substituent s\ e 4- | i ial conmpounds w th good
oral absorpti OY e/ ant i ari al activfty, good phar macoki neti cs,

i.e. rates of &BgOrption, metabol mand elimnation that are suitable

and advant ageous for the prophylaxis and treatnment of malaria. 1 In another
enbodi nent, the conpounds of this invention have the followng structural
formula: whereby R, is (CH)11-Y. In this formula, Y represents a
functional group that. in one enbodinent, is non-acidic, and in another
enbodi mehe spogyclobaxylsmgenayTheeoptionglicinteasngted byropa pr maye beygan, silfiybr, ket one,

aci d; al.cohol,. amne,, .am de ul f gnam de, . guani di pe, ether, ester, oxine,
urea’ o%:ﬁpo CRIEr: q{%iﬁ lfﬁﬁgd’lkz\@f%%éfn g’reﬁlé .Orsdgﬁ*?r_ﬁ’étr BAELC phenyl . or
het er ocigd@ged, BubdtieutedbOdisiBituted lineak-or bR dakyl i, g&fﬁlk&??é}%u@%cpeen
found to inprove the netabolically stability (1. e.” oral actiVvity and

phar nmac sbshigtted ey usibstiteied alityiche keoupsthat wap be nderugfied by end orvemei on. | n
anot her _enbodi nent oft t he t' nven ion,[ t he tri oxol.anes are weak bases, which
or ovi de OBl L S BHUoSER BRMSs SRS W ad A SRS RO AERg ot P lER oS
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) e
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havkl ongrogp, etrvehalegano i aae embodiments RupaR: isfaoramillask haOb&nQinerpdetddhs e

functi opal up..k - weak base, functi | ,graut O 09, .weak pbase am des OZ_7
8 weak oauggqgeﬁﬁagqési -conqammg substi cntcs aiife 4-%051H0n provide antlmaﬁlrlapcompounds -
with good oral absorption, good antimalarial activity, and good pharmacokinetics, i.e. rates
of absorption, metabolism, 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 (CHz)y-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, ketone, acid, alcohol, amine, amide, sulfonamide, guanidine, ether,

6



NH 15 Ot her substituents at the 4-position of the spirocyclohexyl ring are
al so possible that fall within the scope of this invention. The

spi rocycl ohexyl ring may al so be substituted at other positions besides
the 4-position. For instance, the inventors have synthesizéed several
conmpounds substituted at the 2-position of the spirocycl ohexyl ring that
provi de esteseli¥impturea pximatthen, sulfonet lectoye, cabainateasomibebazmbostienglnor of t hi's
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not abl e feature of these trioxolanes in conparison to the artem sinin
sen-8ynthetic derivatives is their structural sinplicity. A potential

advant age of trioxol anes over both trioxanes (Jefford, 1997; Cunm ng et

al ., 19 aoxanes ﬁg(Vet mer strom et is a nore convenient
access to\s#f aetural Ly di VE &&= gmaAtet ric a@ nﬁ/_d’ifé"e@?e fepetong erpur
conpounds. Bel ow are sewgral dispiro 1,2,4-trioxol anes syt Bsized in

accor dancgzh bk bhemilgachi ngs of this inventign., ..Q. 15 an internal

. : K d .
designation for these conpounds that will be used t sfeoalrjnb out the remainder

of the application [or conveni ence. The structures of QZOLl-(QZ270 have been
previously- disclosed in prior applications U S. Serial No. 09' 886.666
E gpjes%lt Egt eﬂép’é\ﬁér sgg'étﬁe%%s- a:% %‘196) 4-%qutic|?ncc-)r t%g /sélgoz:?fZIbhgxr;/? rig;g gretarl]s(:aor }?(Is(s)ili)?e t?lé(l)tt
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
compounds substituted at the 2-position of the spirocyclohexyl ring that provide excellent
antimalanal potency.
20 In another embodiment of this invention, the compounds include an alkyl 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
methyl. The substituent may also 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-

frioxolanes, OZ03 and OZ05:
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QZ Series 31 (Qz271-Qz279) , 7271 02272 07279 M N 46.56 MN 406.52 MN g9$ SJ
07..275 class 411"i 355.11E "Al 3"1.4 7 OZ Series 32 (Oz280-(Qz288 _ NH2
HNC OH HN-( 02260 072131 02282 r.RN 113..°..1 M A 378.51 MWV 414.49 NH Ha
NH O>Z83 07284 0225 1/W40 46 ,MN509.62 MV375 9 O .-.--i HNl 10 Z281,
MV 412 52 0728E Mn' 372 46 07287 MW 556.74 OZ Series 33 Qz289-0z297 0. 1
789 ; 17 AhikdeltrisR@Bbes leaviMGik) Btwdén Ratd5s nd/hl aGfind; P. ViiB3DarABinh2R3, /E293 r 2

MV 5 > 7p:;)esltl/llrff:Al\’lt)ly?i:ZO(s)sG:Asfsg £00 tﬁerageu%% n%zlcessearslngstoﬁgfltjg gzca%?d%nccf):z f%(r) gl)ther compound
in a neuroblastoma cell line or at single 640 mg/kg doses in mice in the Rane test. These
results contrast with published data (de Almeida Barbosa et al., 1992; 1996) disclosing the

5  weak in vitro antimalarial potency of several tricyclic trioxolanes, the best of which has an
ICsp of 2000 ng/mi against P. falciparum in vitro.

A notable feature of these trioxolanes in comparison to the artemisinin
semisynthetic derivatives is their structural simplicity. A potential advantage of trioxolanes
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-OZ270 have been previously disclosed in prior applications U.S. Serial No.
09/886,606 (U.S. Patent No. 6,486,199) and PCT/02/19767, and are therefore not repeated

here.
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MM 549, 69 N H J c=2=0 07.: 5)) MN13071 Ile prototype Irioxolanes of this
i nvention are 0703 and QZ05. Preferred conpounds identified thus far

i nclude 0703, Qz05. Oz 11. Qz25, 0727. Qz61, 0771 _ QZ78. Qz127, 0zZ145,
0zZ156. 07163, 07175, 07177. 02179, z181, 07189, (Qz205, 0z207, 07209.
02210, 0(0219. 02227, 0'/2.9, Qz235, Qz255, Z. 256, 0Z 257. (1172263, OH S-
-J 07264. 07265, 02266, 072814 Seriee3s (QFIRL-O0ZLII2Y0, (Qz271, Qr277, 07281,
07279, ' 0288, 07289, 07290, 07296, Qz297, 0Z298, 0z301, Qz305, 0z309,
07315, Qz31-T. Q7319 Q7320 Q7323 Qz 329 _(Qz333 (7335 073 36, 07337,

0Z3 38, 07339, 07343, C2349 C2351 07353, 07354, QZ357, 7358, tr359,

Oz365, and (Z@gs' e mRsd 55 oun e 07278, i) 07151
DO Zﬁg}_5®2256 ozg§§3ﬁ3{§§aﬁi %zb2277
7338 Qz339,

02207, 022( Q226 7:w-0227
Qz279, Qz301, 04a305, 07315, OZ-) 1%z:s073 39 02323 02329, 0
0z349, Qz3%1, 2884, 0z357, 0z359,™&HH 07368, with 027277 and Oz279 being
the best of those conpounds identified thus far. In general, the|highest

invitro potency against mal arial parasites is obtalned for tricexol anes 10

functionallcggg tuted at -p05|;i9n splrocﬁ W ohexyl
fea 4l e, non-s s |
Notagge fediures of theggmsﬁiro ﬁnd dlsplrgz3 [ 4- tr|o

ring. As a e al so
preferred. xol at res
i n conpari $on tM*t*he artem sinin“&i synthetic deri vatives are t heir
structural [sinplicity and ease of synthesis. For exanple, dispirp

5 may be easily synthesized by the coozonolysis of the
nones in the presenca,of the reguisite cycl oal
o‘mmq a,

tri oxol ane D 5 net hyl
CY
5‘%§§gg§§hpﬁmto t he @ i esbau

oxi mes of Kanone
illustrated bel gy for the symmetrical °dispiro cyclohexyIOtﬁrb%olane:

derivative 1997b) as
MW 336.43

MW 363 45
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The prototype trioxolanes of this invention are OZ03 and OZ05. Preferred

compounds identified thus far include OZ03, OZ05, 0211, 0Z25, 0Z27, 0Z61, OZ71,

0778, 02127, 0Z145, 02156, 02163, OZ175, 0Z177, 0Z179, 0Z181, 07189, 02205,
50 0Z207,072209, 02210, 0Z219, 02227, 07229, OZ235, 07255, 02256, 07257, 07263,
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(1,2,4,5-tetraoxane)formati on, to preclude diozonide formation from

di ketones, and to pronote the reaction with readily pentane sol uble

ket ones, excess ketone (2: |) is used. Mst comonly in the discovery
synthesis stage, and especially in cases where ketones are not readily
sol uble in pentane, expensive, or difficult to renmove in the reaction
wor kup, @Z20#, 72461 QZ16 E17068, DB20% Q%2681 OER70)Z27a, 0Z2d7, 0Zrdlange7scal e

hoht eve DEaDZEa Iz, bitte. Qalal LR 870l acS: OB pf 35S, D201 anes
Wi t hout ©z3IS), 0Z3ROrOFIERUN PO2Y £ 7335Nerss@ iy 39Verats mgé%&?i wher e

post -ozonol ysis transformati ons were used to obtain trid target
conpoundeZ#% Z301.tQZB3, DA356/0Z3%TE €35BnPB3IY, 0366 pamnbDZAB68. ditieaabdty- 2 5

. Y . . ona! .
b coftol Priteurd casppanfl el AR YD I 5 02000 0 % RS0 AN { 3794
Qz108 OHARB, oancheyziayed: et bybid, 623‘0‘1'!'025213}9%[1%, ékﬁief,i(%ﬂba”e

ket one QZ05 and trioxol ane ester QZ/70, respectiv n’ ot reacti ons,
tri oxol &MB323a0K32 @IB3B7 04339, DL£345% 61730 ¢, QZEBHAIZ3GZ3QZIEY, andltzabed by

treatnment. .o S5 w CPBA and sodi um borohydride, respectively. In
addi t | oﬁ"flﬂ\/é\?%%“d\&% %%?’c thoss fempounds Adentifigd ghus fas e geqaraduct i ve
am nat i N j | X WROER I - : i.ned from
trioxol gl%e 2%%5?@%%%%@%ﬁg%%%¥t o} ex!:]%%?éel%? )Syqig{lggﬁo?%@ﬁg&éeganpl es noted

abo¥@, ifundtionalizeil destbstituied 4t tioxédpasidon kithe apirddXthbhesy] @inkeWsiantcatmedi at e as
rovi des conveni ent neans for functional

Its ketone functional .group p
gr oup tr“glﬁ’srfo&i‘FW ?alcfggg]otﬁlpﬁ%la’é‘fsﬁé‘? SO RiFdTE S ones

Notable features of these spiro and dispiro 1,2,4-trioxelanes in comparison to the

artemisinin semisynthetic derivatives are their structural simplicity and ease of synthesis.
For example, dispiro trioxolanes may be easily synthesized by the coozonolysis of the O-

15 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:

20 If yields are low in this coozonolysis reaction, yields can improve dramatically
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

25  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.
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ketal s am nes QZ17 (35% 10 Further evidence of the stability of these
trioxol anes to reducing; agents is shown by the. reduction of trioxol ane
esters QZ70 and QZ61 into their corresponding trioxol ane alcohols Oz 119
“and Oz89 with a mixture of |ithium borohydride and |ithium )

tricthyl borohydride, and the hydrazinolysis of the trioxol ane phthalim des
QZ 136 and COeEation 84 trlokBla62 ASM) SbxiiAé @thHer fik zlfkiﬁie i@%iéls&mg(%&?%@% 0283

83% OH Oz 146 into ei r corresponpding. trioxol ane am nes , _an

(oz- '/%9. CSHBRIOTHS t %%3‘?&9%@815% lswegeéﬁ’rCFfeRlallﬁﬁ'édIE@Iﬂ ef ezopg o Hie oxime

conveni eRbk HARIEkIEh ik dEkE. SALRESROVLYNGubbL Rl ANg ALl ds. CZ61

Qz-78 (93% In addition to trioxol ane ketone ( ane: am ne
nr esy| atfeag@€BBGIp a reacitiox ohrameyl @siderdrivél in byt the 0XWoBNGNBSipd] /S, the
19 and _0789 have and will continue to be key ™

' | .al.coh )
| nt opmedfatigdy g@ﬁ@%ﬁ%ﬁd&%@ Tairds thesarasy| @xide wngdeegoss aht g syclpaddéteant
exanpl e yigh § RAosY 3 IESIhE sQonbibdy V50LiB06r 1 214228184 11t tdifains to be

OCH, CH,ONO o:<:>
@: OCH; 0, N- + 0-0
N —> A —
> O o & OO
0Z03
determined whether this is a stepwise or a concerted recombination process.
As illustrated above by the synthesis of OZ03, most of the new dispiro trioxolanes
contain a spiroadamantane and can be synthesized by the coozonolysis of adamantanone O-
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, 2 mixed sotvent
(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 stage, and especially in cases where ketones are
not readily soluble in pentane, 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 0Z90 and

o-Q CHali 0—0 o
O~ = QO
O 0

0Z05 0Z90
15 (37%)

C-Q CHali o-Q
e —m O
© O OH

0zZ70 0Z108

2t i VA



in a reaction between the nesylate derivative of OZI 19 and the sodium
salt of I.2,4-triazole. 0-0/ 0-O OZ119 0Z1 7 61t) OH S=O L H COON It
has been found that the coozonol ysis nethod using oxi ne nethyl ethers
offers a rapid, flexible, and predictable access to structurally diverse
trioxolanes. In fact, several key trioxolanes that have served as
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inal 42 O0relationship in a six nmenbered ring. Such conmpounds possess a

chirality is present since the trioxol ane %‘I ng and phenyl substltuéf’ﬁ"’are
pl ane of symretry CH

Y

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 corresponding trioxolane
alcohols OZ119 and OZ89 with a mixture of lithium borohydride and lithium
triethylborohydride, and the hydrazinolysis of the trioxolane phthalimides OZ136 and
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i O=S=( O\ [/ \\ [/ <1\ / 'n" \/ C _J ~y OOON NH2 CH Qz27 Qz78
Qz209 As deternined by X-ray crystal | ography, the assignment

ol "stereoch.ernistry for Qz;'8. Z 209 and their derivatives was
determned to be cis where the peroxide oxvicens are in an axial position.
The starti ng mat eri al 2-adamant anonc nmay he obt ai ned fromAI drich

Cherrii cal r0+® TCI Aneri can @'Hganl C G-, y al so he
synt hesi zed d)Et t fre—art—=¢] as n ot her
appropriate ne theS| zi ng 4% QZ@)ﬁlrtl ng- erda andHconmpounds

in accordance Wlttozﬂol s invention. 18 The Spiro and dygpgro tri oxol ane
conposi tions of the present invention nmay be generalbgspused for the
prophyl axi s ang treat ment of malaria. The trioxol ane corrp05| tions of the
present i nve S i ni stered alLihg v:lrth a@ accept abl e
carrier. An 3 WHCE cahl y accepg gli arri he peral |y used for
thi s purpose, S ovi thactg? e ?‘ar(tél es(r?3 does nobsi gi ant 'y-Qthterfere
with the stabilityoZ bioavailability of the trioxol@r® conpounds of this
invention. The trioxolanes of this invention can be ad##ni stered in any

effectively pharmaceutically acceptable formto warm bl ooded ani mal s,
i ncl udi ng human and ot hecD ani mal subjects, e.g. in topi cal, lavage, oral,

supposi tor o S aI fu3|1 NB sage ~. s a t opi cal ,
buccal , s 2r\ﬁ% potive to
del i ver th e ¥ he of QdHChl st rat| on GPre rabI he desi gned

to optim ze gery arml /or | ocal i zation of the a%ei%?s to t"a lget cel | s.
In addition to the active conpounds i.e. the trioxolaigs,
phar maceut i cal corrp05| tions of this invention may ont ai n sw t abl e

exci pi ent Ox6 aries @hi ch 1LEH5|\&£2| | tat 00e® ol 'the a
conmpound ‘@ ong{ whi ch—Tambe—s @——\ _O
2) CH3S03H

0Z146 5 07209
(87%)

0Z146 into their corresponding trioxolane amines OZ137 and OZ209.
As shown in the examples below, trioxolane esters can be conveniently converted

into their corresponding trioxolane acids.

t — ]
2) HCl OO—@ COOH

0z164 0Z165
(84%) .
@8“032 1)ag. NaOH _ 2; - :
O COOEt 2) HC! COOH
0z61 0Z78
: (93%)

In addition to trioxolane ketone OZ05, trioxolane amine mesylate 0Z209,
trioxolane ester OZ61 and trioxolane acid OZ78, trioxolane alcohols OZ119 and Q0789
have and will continue to be key intermediates for post-ozonolysis synthetic
transformations. A recent example is the synthesis of trioxolane triazole 07177 in a
10  reaction between the mesylate derivative of OZ119 and the sodium salt of 1,2,4-triazole.
0-0 <©z)_
OO, — IO — 0O,
O

0Z119 0z177
(61%)



pharmaceutically. Oral dosage forns enconpass tablets, capsules, and

granul es. Preparations .s -which can be adm nistered rectally include
suppositories. O her dosage fornms include suitable solutions for

adm nistration parenterally or orally, and conpositions which can be

adm ni stered buccally or sublingually. C The pharnaceutical preparations of
the present |Ihb@rheie@ﬁmmdéh¢féhmm@pmlms mathad umgmrrn@\metﬂyl etherstodfetsfa wel |
known i

| e the i cal arati be made
by oand 2 A8Hible et R eSS (P RRBR G verie uB Rt Rt edeH vi no.
| yophi | i@l figox£1es $5€ Bave e chl20 GRS &Mt bldiSs HREKs Mivk 'beétﬁs&%g&e&' i fafg%t ely on
t he phyS|caI properties of the active ingredient used Suil t

exci pi erseale m@udlﬂmoﬁﬁﬁ (1@ urnano]), Ol 1% muoh), aisl QGHée GOfromoBxwithne, | act ose

ucrpse nmann or bi [l ul os e tions a cal ci um
o BhattafPiR Raghon SR E by St mERF bl BB brata otk Do ot
ph_OSphat@ll@%aﬂfbe%bﬁveﬂ&nﬂz%ﬁtéﬂ Mﬁ‘it@s%hﬁB?Ex&hnorpéisétﬁano‘l‘ﬁi gcnld@r exarrpl e,
mai ze starch, wheat starc rice starch ato starch gelatin guns

t r agacanmédetiopgikiarescel | ul ose, hvdr oxypr opyI mct hyl cel | ul ose, sodi um o

b t hyl d | d,
st sorat | ATgEAE it Bl M BEhSs oR0GeREnerdRakes: ar ches as
wel | as 1995p@¥mahﬂes§é@ﬂﬁhnd§h§%obﬂ 'ﬁi%@ﬂapé%ﬁ{ﬂﬂyné’dmﬂétﬂ@td é}%ﬁsmﬁgar or

alginic acid or a salt thereof as sodium alginate. Auxiliaries are
f 1 oo r edilicavemge Bnedecwantbl :t:bﬁcbmm,red tora Badgel of 188 d€EHomatesiikinga, It t al c,

St oar at & RO R SmiaN JramuogTipBar Deef BIONaORUEST BIHEC Ry LA Hed
with SU'ltﬂfﬁJ&Pﬁddﬂgﬁ W driblytid cleaﬁrag@&" ﬂh@gero'ﬂ@é HeRd B?ﬁfestﬁg%ﬁlaﬁeon stric

juices. For this purpose concentrated sugar solutions may use V\:hl ch
may opt i onal Synce gt af tﬂ‘iegcugq‘»téznamlmesmahtal,n tb@BymmnMcpMptmhdaﬁmﬂne

| th tit | ut nd
Do ¥ o1 S aP S Boled sushedBPily if ooy e 6 e SR e Bt
coat & Ng§etoRS bBlcditt of Feag@fit fidcd ih %%%ona%y}éaeﬁbﬁlso lror &Y 3Rk Beree! | Ul ose

preparations such 10 as acetyl cellul ose” phthal ate or
hydr oxy pirgylyriet- h!wsumtftctﬂnoselapm tva:b atheral diygsteaits annpossiblg nidowsvemess be

added to t ti or,, exa for identificatjon or in order
e T E s e A A TR %88%?%?%%’3@%m&qfﬁala%@éémg&%a}ral

phar mac gisblcfdnepy QRRF Blah A9 MmivtGEHLERH a&}ﬁrawaﬁgke%ﬁiew M%&A&H iﬁgi

capsul es made of gelatin, as well as soft, seal ed capsul es gel atin
and a phashiraity érpresent 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.

<00 <L O, oF

0Z27 0Z78 . 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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15 such as glycerol or sorbitol. The push-fit capsules can contain the
active conpounds in the fora of granules which my be mxed with fillers
such as | actose, hinders such as starches, and/or lubricants such as talc
or magnesi um stearate and, optionally, stabilizers. In soft capsules, the
active conpounds are preferably dissolved or suspended in suitable |iquids,
such as fat t yTls $pito audlispiropeip¥dlpiecompositionsiptithe prepetthyteation glaydel s. | n

addi tion il he added. Possi bl e pharmaceuti cal preparations
2 Lok AB WL AFES Mg R RO, PR S B R
consi st @fthap&@éﬂnﬁmhﬁ@mm@fadmﬁs@fewav@quﬁmmgpﬂﬁﬁm&l&i@aﬁmcceﬁtg&eemﬁer y
base. Suitable suppository bases are, for exanple, natural or synthetic

trig |ycanyplesmagmtiselly srchtablo carisomey bp gbnesallyyised éorghis potmse, provtidgher

al kanol I Ltkon.. . It .S SQ ssible t se gel ati.n rectal capsul es

whi c% cgﬂﬁlgtltg? @zgﬁ%%d%eg%lt ﬁr‘{%‘fliﬁfﬁ?{l% fige Srea%ﬁ&gS?afgltXB AYRYEDY Pﬁﬁe base.

Possi bl eribesiend@ingduatis bN@lsudedidh, exanple liquid tri glycerides,

pol yet hyl ene gl ycols, or paraffin hydrocarbons. Suitable fornulations for
dh

parent er al adraeritiexolansser thip &nvgtéomendwusingnisigtddan snpéffectictiyve conpounds in
wat er - s - ter-di rsible form, ILn addition, suspensions of the
active ?ggn%%%ﬁgécaa aﬁ%eﬁ?%%{)ﬁ)ﬁlem &W%ll?ﬁdgélafngﬁg% 12§ Banaid qfher
adni ni staated subeets Sk tiawRcd) 1B0AB] drakC sWoﬁ@é]??p&ént&%ﬂan%iﬁlgﬁb ¢ fatty

c

oils for exanple, sesanme oil, or syntheti atty acid esters, r exanpl e,
et hyP olfedtse ani tapical Bueesl; wdingyados oasal spriag ot incmyitiep ermshansfeotye wont ai n

subst an i ch_i.ncrgase th iscosity of the suspension, including for
exanpl efa%g‘é i%emg‘%?ggb(ﬁlfrrﬂ%ttﬁIﬁ’sl"drgg'llﬁqﬁf18§é‘flﬁ §’53?%rf‘]§1éfl%eélﬁﬂ laeRiMES. Such
conposi tdehvigy BRYoRlosAliHBBROT 8R Bty ¥AREgkt 84N as preserving, wetting,

emul si fying, and ~dispensing agents. They may also be sterilized, for
exanpl e, by fi pdditien tnthe etdagempoundsics. drd tioxelpmisnibe phfindcenticabr by

it borarRigh i s SO ERY o Bl e BB REh P AR iFR iR bo
di 5391 vestilitate fEocRENE O8tHeRcS+EEdnhRuNaS Blfo poBhhiiths WHicIPLHeSe Bk ect abl e

medium prior to admnistration. I'n addition to admnistration with
convent Po#alacedicallisr Oralslesdsgdoimrpgedinpassdalitety, dapsuleimdgratdeed by a variety

f ibal i i dr yg. t.echni whi ch Kk to th 10 of
oki 11T BRpaepd Shich e b bl ed MR RO o Ol doran gorms ©
conposi krichn sftabi®olRfieedl adM@Mation paeRieANNIR bRIS! £/ @hRyadindht Infth

pharmaceutical |y acceptable carrier in an anmbunt sufficient to prevent
mal ar i afan bif adopinisterechpancally er adlinguallsict i ve i nfection. The trioxol ane

conpou nds of T}lQ i)ﬁarhlré\égu%cia%]rega%gt?ons 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 mannito! or sorbitol, cellulose preparations 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, hydroxypropylmethylcellulose, 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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extrenely low toxicity and a | ow degree of side effects even at high doses.
The dosing range of the trioxol ane conpositions wll vary depending on a
nunber of factors, such as whether it is used for prophylaxis or treatnent
of an active infection, route of admnistration, dosing schedule, etc. In
general, the therapeutic dose of trioxolane may range between about

0. 1- 1000°TAEs kaked aolyvigyl pymrelidasernsat etialgmica 8dd muyd ki Wengof eucips spdifier r ed.

The foregoi / adm ni.stered a singl e cl ose or be divided
2 0 int oﬁ%ﬁttgi %%%ﬁ%igggére]&golﬁf 5%?‘?@3?%??%‘?5 %’rs‘il.lu En r&’c‘i%?‘&ﬂ]@’ %H%%%lihﬁ%ons may
be admi rakf segit acidorsale tHefeoS,aMEK & mbn¥Bmntabd e oFOAIcHE Qbdrite RLEYENT I ON, a
typi cal dosing schedule could be, for exanple, 0- 1000 ng, kg weekly

begi nni rRplyeiylsseatecobr Dal dpsagadormsimaydhqprevided witkhenitalje coatings which, ifeeks

post +expps: i and .di spiro trioxol anes of this invention nay be
adm r51i sltf%fe%?lgé ’aqsayai)%ﬁ‘?ﬁ%ﬁgrt?‘rﬁ%%ﬂﬂ At y effective salt form Such salts are

vel | known i s o rfc@rﬁl'a't'é%iesuggrgsfohg%ﬁs? m%eg&? L egévzlﬁc&trgwa&gf?g%

adi pate, alginate, citrate, aspart enzoa

bi sul f atcentabugum atabic, mbgwatyq)yn@aﬂmwpowhgl@ﬂ@g@cm%a}ouﬁ%ﬁ{rﬁ:,
gl ycer op_os&g?t c, hemsulfate, heptanoate, hexanoate, furnarate,
hydr ochlidfe lachyerrsebrtionprebsuifalleoseasin wivents or splviegignisiyres. g dérftonat e

L. el o LR BRI 5 o
3- phenylapaapylosihl@se phitialat@bdehydpo:iptodlyBnetRyloRiudite hBthafS Cl ARl s adqar trat e,

t hi ocyanate, phosphate, glutamate, bicarbonate, p-toluenée sulfonate and
undecan®seenéamey be pidedds thefaklal qogtingse farleyamplientar idantifeasipertimerder to

bi oavai L.ahi, L.t i ds. This will depend upon a nunber
of fact cc)?%?&}ﬁtrl% c&%ﬁg&ﬁ@@ﬁg&gﬁ%P&g’?@ﬁ% Urs of the trioxolane, the carrier

Lo which It GhherlpRSRARALALP rephiifiofWhith Oln BAICR bBHAANIAR pihGy [! - The

Spiro and dispiro trioxolan i's 1Tnvention hav een ¥6Unt to he
ef f ect i vapsules niade of pelatimen twelifas softj sshled oapsu ks intade S€ BtlatOSOM plabtfireanks

second behind,malaria jn terns of socioeconom ¢ and public health
oy t AP B EFIPE ShroHoks KiSs i ERusy eacomiaie hegr enermpaindnitahi c i n 74

aar ol Lo S Enich ey e e TR IR ot B RRF sl
wor | dwi ged/or lubricants such as talc or magnesium stearate 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
cxample, suppositories, which consist of a combination of the active compounds with the
suppository base. Suitable suppository bases are, for example, natural or synthetic
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 addition, suspensions of
the active compounds as appropriate oily injection suspensions may be administered.

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 injection
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10 are at risk fromthe disease. The major forns of human schi stosom asi s
are caused by five species of water- borne flatworm or blood flukes,
cal |l ed schi stosornes. One of these species is Schistosonna mnansoni, which
has been reported in 5 countries in Africa, the Eastern Mediterranean, the
Cari bbean, and South America. The parasites enter the body through contact
wi t h i nfsspandiohSnmychatein snhstences phidiEntreysea®vigedsitp pf e ngresen,i n

agricul ture and fishi The parasites, normally infect the host during the

g. .
cercari ahciyfing4p G gediu oxpaphel ¢ilaspseibitohand/eredextran aSedvel op i nt o

adul ts i L . - . I ni:asl s _have
Focused rEeShORAP RS coit Rl bBMER I Al dling WAASAMANS 00,
cer cari alisp@usingagdnys. Thregzhayuds e stérilized eforesimpié, delfittratiddhroul adr ug f or
treatment of. schjstosorniasis. Wile artenether has denonstrated activity
in tRe PROSHETHRINIE] L bytigeyneptiag seriiping agenifgntodhe spmpesitionst TRy y

agal nst %93155 bg'mﬁﬁﬁ%ﬂﬂéc? inl the Iflﬁ?l m#rﬁggd]id% ?1?158%}{“:?'0%8(\3/ QlsSS vtdq at the
spiro an Ispiro trioxolanes of this inventiron are active against both
cer car i aranspeadhd in sBrilé wates @aline, S othapiajtcable medilg Prioathadaiaiset@sh. i n t he
dosages and manner outlined above. wth respect to treatnent of 2 5

mal ari al par dsiaddiion ¢ adnsingslreorbwith eveckntibien] kadiersohaive Sngédithts snayrbeent i on

w |l be acti.ve ai nst. . S.. haenmal ohium Preferred conpounds identified for
Do i o R AR AR Vet ARG e RUREY M A o Op BT SEp RO these. 7. 55,

QZ28¢ O%321ilIGK telart, SudtlekDor(aB R InfusiGk PmpeZ 119, 2145, Qzlv9, Oz205, Qr207,
and ()Z209. Most preferred conpounds aPe Qz78, Qz207, and QZ209. Preferred

dosi ng | evel dheftrigrvdargmiompositidngioSthe prestm oxantioe sre 30 matisterd ailtingk0ith 200 H

dav-orally. The. pr.otot trioxolaries oi'hi.s invention are OZ03 and
o, 28 imeaieRhY e Bt th Rogapuoultiient 1n BT EATGRHE 98 5o have
ef fect | 4Aa8sfelilin atli HIRALICTh Hlox6ANE SompERITRAHRISDANIdAGn endoper oxi de

noi ety that is reactive with henme and iro wn an ability to kill
cancer cgirérsely (@eéoxacity and. aowRbegreeNd sidb e5é@s 68, at highadodess cltesdasimgof whi ch

is reby incqgrparated by reference). noted with respect to 5
art §1 si %ﬁﬁ ,O?ﬂ}fﬁptBQ’@?lﬁ'?Fe I?PéH’r?&ﬁiwéﬁ\l'Wﬁ;E‘?‘}d&g %%P?@l?err?g!f%‘?%l SUpBRGsi tes is
based ORHchRr it@héeﬂtﬁr&Bpffﬂhﬂ§9ﬂ ROBMERTIAH BESveliRFL AL rot L the iron in

free heme nolecules in nmallaria parasites, wth the generation of free
r adi cal sdingnstiatigntdosoeg schddate, dtes thn gendrainthe Shamageati¢ gose of trioxolane may

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 administered 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 sulfonate,
bisulfate, butyrate, camphorate, camphor sulfonate, digluconate, glycerophosphate,
hemisulfate, heptanoate, 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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tri oxol anes are sel ective against cancer cells clue to the higher
concentration of transferrin receptors on cancer cell nenbranes that pick
up iron at a higher rate than normal cells. In 10 the presence of the
trioxol anes of this invention, the cancer cells will accunul ate high
concentrations of free radicals, leading to cell death. For cancer

t r eat merlicarbonate, Prtgh@nfaméﬁma’r@fand mihdechmagngalton Prefiyrrdikesalis aferthsdeahatd i n t he

doses and rrganqﬁ out | fﬁpﬁg atbtﬁ Oiher dr ugs be i des tr| oon anes which are
conpat i b€ “Hi® ¢ biravailapiitgs ﬁg?‘@‘& 0F campiRds 4 Tats vl depend wrana mumbast o t he
carrier.of$ugbrs SnbRigingale Qﬁsnﬁ@cﬁgirhéfuﬁ%?%ettﬁbﬁﬁgn@lfhet & to Whidf it ﬁsr di nary

skill in the art and may include, for instance, ant&gﬁot I CS,
ant i rral dn¢aaperatedathe irouté bﬁMthmgetct s, etc. It is underst ood that the

pres i nve on. con es Qf not only the above-stated

trio oI ane c%@ﬂﬁﬂ §m{l ﬁ'gﬁ’é%hf@‘é’ anB%? éPYenBPB PURgReeiP N tReealistiee to the
conpoundy adrdaiife MRLQHMESONARs. DY @l Qe shlsyrai'il‘{\st d¥EnPMHind I%%fgﬁa LPgLger. as
wel | as optical 0 isomers which provi e samne armaceut i car resul ts.

The f ol lodwbnrgecoremisl ad pabbce héaitérimqiottmce lith trspucaitaadlsubtrm&al lidak.t Thére

I nvention. Thus t.he resented with the understanding that various
f or nul atdﬂ%ﬁseﬂﬁaﬁqu“&lﬁfl%/g‘ﬂge@g"% gougtries,ipfestpe orgBen @0 Wllﬁlﬁﬂlpﬁ@ltlam ons may

b d
it ey e A iy o horbiubah IR ERR T hed R pATHER BB SR o

conpdundss ateisk fopsthedlidegset he seni aut omat ed microdilurion assay agai nst

I ntraerythrocytic.fo f1' ‘i’ﬁt' Pl as I um fal ci parum der| ved from asynchronous
stock cul t ur 4 MR fetms Oﬁ%@s\ﬂ/&? GRBAAA Y lﬂweglﬁbﬁf%(ﬁﬁeént ed with

10C o R fafybeiRr HcRAMRes, SR EMoRERS 2 TDROS NBHQREciL P! o SEh FogohfTan.

type At+erythrocytes served as host cel e cu was ke
an at nogphers, whiclWhobédn repbia GOBB cowamdesdR A Ricd\Zhe Eastdit Mdilif@ﬂ@ﬁlaM@' ar

Bt s OO LT R XM I LN
di | Y& 1 OBSrR¥SFatd, priimArifyQnfbn PROSe LRgadBd Whddriculture and fishing. The parasites
normally infect the host during the cercaria, or larval stage. Once inside the host, the
cercaria develop into adults or schistosomes.

Current treatments for schistosomiasis have focused primarily on prophylaxis, i.e.
prevention of host infection by cercaria. Currently, praziquantel is the most widely used

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. mansoni.

It has now been unexpectedly discovered that the spiro and dispiro trioxolanes of
this invention are active against both cercaria and adult §. 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. haematobium. Preferred compounds identified for use in the treatment of
schistosomiasis include OZ05, OZ11, 0223, 0Z25, 0728, 0732, 0Z71, 0Z78, 0Z89,
0290, OZ119, OZ145, OZ179, 0Z205, 0Z207, and OZ209. Most preferred compounds
are OZ78, OZ207, and OZ209. Preferred dosing levels of the spiro and dispiro trioxolanes

30  are about 100-200-meg/kg/dayerally. The prototype trioxolanes of this invention are OZ03
and OZ05.
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mcrotiter plates. After addition of the parasite cultures with an initial
parasitema (expressed as the percentage of erythrocytes infected) of 0.75%
inaz25!-%erythrocytes suspension, the |lest plates were incubated under
the conditions described above for i2 h. Gowh of the parasites cultures
was neasured by the incorporation of radiolabelled [1-1J 10 hypoxant hi ne

added 16 h. (Theapird and eispirdaidxemned oflthis ibesition Mayfalds HAGE eFedtivienddk i t ory
concentration (1Cc(,) were estimated by Logit regression analysis.
Conpoundle Fgatpentodcarper. oGampeynds dpwng ga ndoperqxidecinpietiithat is reagiivewitkl st rai n

ompol : | rers NEE4 . . > e
nknown Homeaid BbRBave Shobl BB, RPLAReer TERE (Rbd Bl Pal NP Ists B2 0
dose S’ Ithddibdlosure/of whick éherdtyriacdpbracd iYRlerdicOp AdHdied Rih Yespbetihe 1:J

ANKA strain, of P. berghei (groups_ of 3-5_nice} were used. Trioxol anes were
adni hi sPEFBIIHES, EpRefpEesongshapise) ofxckon pgainsh mplarpl pargyitey ivlased on thest andar d

21 conol B YERRFE Qiluncl CASIH Gofion B4 Hind kbt wimi e o1

Ant i el puiasitespwith e geneasioneasss edidals [pRKNEeItcel IR Bttt rBiﬂ@lhﬁ?,i tem a on
day three post-infection and survival tines conpared to an 20 untreated
cont r ol ExelaRes mgselegtiye againghsanger qss tug tertbe higher doncerdrativd ef wensfarine a

cure. | ' ed datg.f.or tri,oxol anes 01- Qz270

al ong w Cﬁﬁ%"%‘!@ﬁ%‘%&@gé‘?ééﬁ%%é%,&%g‘%ﬁé’ ¢ %iaﬂflghff f%t%h}?@rn?nﬁ? c@%t er, and
ar t Bs undiegpresthe: ckaheridxow@eds i iis invdtitionBthatartbr els il @ik h@ff bot h when
the trioxol ane peroxi de bond is too exgosed or is sterically inaccessible

to ironpoepniEgwas esfreqxradicals lradisgdo relt deatincFargarger invatiment, dhe tiokolangsy 2 5
i ncl ude th Iig%gﬁfgbg% ]%fa BQ%Pedri%qheC cIhssS %ﬁiﬁiﬁﬁgxgﬂfﬁéﬁ%ss' on subsequent

to the Ini ron transter to ® he infl uence of

steric effecOshdr drmsdctideribRelandyerish e coaipativle withaht BirgieAtblansbet ween
carbon radicals and potential drug targets. The data al so denonstrated

that trPex8lsaRe irearpassigd irto dhe qazrierr Suels daies yay bs scaddly insesriinad by Huise
T2 PP 1 00 BB SE o ST BRI oA
(99 Sur vamah{l{rokAy®}y agents, etc.

It is understood that the present invention contemplates the use of not only the
above-stated trioxolane compounds themselves, but their prodrugs which metabolize to the
compound and the analogues and biologically active salt forms thereof, as well as optical

20  1somers 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  against 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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Kl ; NF5410/ 3 ng /kgl013 ng/ kg NONE---05.6 + 0.3

0Z2710. 3610. 2999. 9- 31/ 99, 528. 718. 6 022721.1 /1.398/4910.3/6.6
022730.9711. 099. 5816411.7;' 7.2 QZ2745.1;"' 5. 711/ ND7. 0/ ND

022750. 66/ 0. 7468/ ND7. 3; ' NI ) 0Z2760. 8610. 9417/ ND7. 3; Nl) 0Z2 7 70.5 7/0.5
899-98/99. 289. 3/9.6 Oz278231 3956. 1' ND7. 31ND OZ 2

790. 211CypetAd s@8995 410 FERFES) 26 2dNaFXIO 1 (pAD7 BIDFH i type A* erythrocytes

Qz2810. 50/ 0. 3099. 871" 96 (Oz2822. (02. 498 5/538. 3/ 7.2 022831. 7/2. 099. 81
/ 56b. 3r gerved ey g%&iﬁ%/%@@%‘m%‘w kspbaisiy "G n an aipsphary 9§3%: 057 4% §22860. 941

1. 699. 73(,6080/N1 7 MuE2eandal s 9%688.3." 7.2
Cross1 T FG0NG I HBeeh 0, 0. 0&6?%@5%5{40/ 0.5699. 94; ' 9213. 4/ 7. 4

022900, 42. / 0.GE8EGAS 958 disph@d2s DRERO 100 Hig/l), 12991348 iDéEmBiete culture
Qz2920. 19/ (. 26741467. 0/ 6, 6. (z2930. 25/ 0. 3499. 58/ 778. 8/ 7. 4 ,
07292 ( 1389BBeY titgtedyn dupticaie tysetighwolold distensaer phidfold range in 96-well

072960. qg{cfbtﬁ&%at@sz./ ARG} Rnof W&it@ LURuréERfn ggérﬁézﬂ'p%}’gsitgmia
(expressed as the percentage of erythrocytes infected) of 0.75% in a 2.5% erythrocytes
suspension, the test plates were incubated under the conditions described above for 72 h.
Growth of the parasites cultures was measured by the incorporation of radiolabelled [*H]-

10  hypoxanthine added 16 h prior to termination of the test. Fifty percent inhibitory
concentration (ICsp) were estimated by Logit regression analysis. Compounds were tested
against reference P. falciparum strains, K1 strain (Thailand resistant to chloroquine) and
NF54 strain (an airport strain of unknown origin that is sensitive to standard antimalarials).

In the single dose STI in vivo screen, Moro SPF or NMRI mice infected with the

15  ANKA strain of P. berghei (groups of 3-5 mice) were used. Trioxolanes were
administered as single oral (po) 3 mg/kg and 10 mg/kg doses in standard suspending
vehicle (SSV). SSV consists of 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. Antimalarial activity was measured by percent
reduction in parasitemia on day three post-infection and survival 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 OZ01-OZ270 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 activity data for 0Z271-0Z369.
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Qz2982. 0/ 3. 099, 951989. 4/ 9. 0 OZ2996. 8/ 6. 336/ 06. 6/ 6. 4 Oz30071/ 976/ 06.8/ 7.0
Oz3012. 1/ 2. 8100/ 9711. 8/ 8. 4 Oz3021. 9/ 2. 999. 60, /889.0/9.0

Oz3031. 6/ 2. 499. 01/ 698. 6/ 7. 6 Oz3041. 6/ 2. 398/ 618. 2/ 8. 8 OZ3051. 8/

1. 99493MB9. 2/ 9. 6 Oz3063. 9/ 3. 699. 58/ 879. 2/ 8.2 Qz3070. 62/ 0. 88981749.4/7.8
0z3081.2/1. ,86/307.8/6.6 Oz30911/1799. 80/ 868.8/7.8

Oz3100. 8211. 181/ 387.8/8.2 Oz31 11. 2/ Ta®8Q/ 408. 6/ 7.0 Oz31219/ 2743/ 137. 2/ 6. 2
07313 0.-55+0—F6—98—0—58-—02344-14/ 1713141 10 Al 7 A & 6/6.6 26

az31. 52. &/omnsho. Yondogmlp/ 9. 6 ARGYEL(6) 1. 769%uryiyabiday

0Z3170. 33/.0. 3699, §3/NB5909. 8/ 1I8/Dm@/ke31. 80. 560/0 ndIBG/ 2912. 4/ 7. 6

Oz3190. 41/ 0. 9199. 92/ 99. 1410. 6/ 10. 8 Oz3200. 68/ 1. 3099, 767/ 9210. 4/ 11. 8
Qz3210. 58(ONB799. 77/6414. 0/ 9. 8 0Z3820. 90/ 1. 5984 4130/ 9. 4 Qz32

30.8511. 199. 98/ 99. 9215. 6/ 9. 2 OZ3242. 4/ 3. 4601269. 4/ 7. 4

0Z271 0.36/0.29 99.93/99.52 8.7/8.6
02272 1.1/1.3 98/49 10.3/6.6
07273 0.97/1.0 99.58/64 11.7/7.2
02274 5.1/5.7 11/ND 7.0/ND
0Z275 0.66/0.74 68/ND 7.3/ND
07276 0.86/0.94 17/ND 7.3/ND
07277 0.57/0.58 99.98/99.28 9.3/9.6
07278 23/39 56/ND 7.3/ND
07279 0.21/0.24 99.98/99.42 9.3/8.4
0Z280 1.2/1.4 0/ND 5.7ND
0Z281 0.50/0.30 99.87/96 8.7/10.2
07282 2.0/2.4 98.5/53 8.3/7.2
0Z283 1.7/2.0 99.81/56 8.3/8.2
07284 1.0/1.4 97/61 9.0/7.8
0Z285 1.3/1.8 99.81/72 8.7/7.6
0Z286 0.94/1.6 99.73/60 8.7/7.0
0Z287 0.49/0.83 95/68 8.3/7.2
07288 1.7/2.7 99.96/82 11.0/8.0
0Z289 0.40/0.56 99.94/92 13.4/7.4
07290 0.42/0.45 99.64/95 9.0/7.0
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OZ. 3250.62/1.499.431308. 8/6.2 00260.65;'1 .280/77.4/6.0
073270.8511.197/729.8/ 7.0 073281.4/3.099.77/758,6/7.6 07.3290. 4

3/ 0.6899.97/99. 5011, 2/9. 2 0030}.55/1.299. 96.182122/7.2
Oz331C1503, 299. 471669. 0/ 7. 0 0Z3321. 8106. 0' 6. 0 (03330. 24944499. 86/ 969. 2/ 8.0
0Z33428/ 2047136. 8/ 6. 6 OZ3350. 29/ 0. 2899. 951979. 2/ 10. 0 OZ3 361. 4/0. 91. 99. 93;
' 989. 2, 9.0420k3 370.520/712. 2599. 92/ 98846/ 11. 6 7 OB-0/6.8 380.38/"0. 459
3/99. 809. 8/ 8.0 (Oz3390. 35/ 0. 3999. 95/ 99. 6510. 2/9. 2 Oz3404. 9/ 2. 993/ 369. 2/ 6. 4

Qz341. 2. 4729997/ 3889/0/26. 0 073430 ,74f4s0. 4999. 94/ 99%_%24110. 0
Qz3441.2/2.117/07.5/ 7. 4 Qz3451.91, 22. 475/ 09. 2/ 6.6 3463. 8/ 4. 785/ 518.

033450, 7871 300 SR Ho11 ;0. 001 100.17/861H 410 6

3510. 40/ Q, 9. 90 .699.4/9.0 OZ35219' 2099. 661778. 2%. 2 0Z35
0248”0 b8

3x1. 35/ 0! 96/ 9.2/ 9. 6 23340055/ 0. 829988774 99. 63' 96/ " 10. 0
07295  0.44/0.75 47/35 7.0/6.4
07296  0.60/0.89 99.22/90 10.0/9.2
07297  0.49/0.76 99.69/83 9.8/7.6
07298 2.0/3.0 99.95/98 9.4/9.0
07299 6.8/6.3 36/0 6.6/6.4
0Z300 71/97 6/0 6.8/7.0
02301 2.172.8 100/97 11.8/3.4
0Z302 1.9/2.9 99.60/88 9.0/9.0
0Z303 1.6/2.4 © 99.01/69 8.6/7.6
0Z304 1.6/2.3 98/61 8.2/8.8
02305 1.8/1.9 99.93/96 9.2/9.6
07306 3.9/3.6 99.58/87 9.2/8.2
0Z307  0.62/0.88 98/74 9.4/7.8
07308 1.211.7 86/30 7.8/6.6
0Z309 11/17 99.80/86 8.8/7.8
07310 0.82/1.1 81/38 7.8/8.2
0z311 1.2/1.8 80/40 8.6/7.0
0Z312 19/27 43/13 7.2/6.2
07313 0.55/0.76 98.9/58 10.4/7.4
0Z314 1117 13/11 6.6/6.6
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Qz3550, 29,/0, 4271 /07.0/ 6.2 Oz3561. 41. 199. 64/ 87

0z3570. 56/ 0. 7999. 99, 199, 81. 10. 2/ 8. 8 073580. 2210. 3699. 96/ 99. 0210.4;'9.6

0z3590. 40/ 0, 5299. 94/ 969. 4' 8. 8 (Z36058/ 5938106. 8/ 6.2 (Qz3613. 5;

21.399.90/858.4/7.8 073620.8110.3198/589.8/ 7.0 Oz3 6346. %5401. 1106.8/6.0

Qz3648. 496263' 807. 01, 17. 3 Qz3650. 79/ 0. 2599. 57/ 928. 0111' 8.0

07, 3661. 4/ 0. 7484/ 628.2/ 7.0 Qz36 70.661/0-259611/598.6/6.8

0Z3680. 60Z018399. 248/3999. 0/ 9. 2 @¥8%90Q. 69; 0. 5499.90%1"08. 4/ 5. 8

AMD. 45/ 0. 3699. 75/ 799.418.7 1.4/ 1.587%60/8. 0 CQr6; 4.499.921"829.0/8.0

I IMVFQ2. @731899. 1% @174/ 6. 3 For cqugparative anaf(%/@m, data is al so presented
)

for the control antinmalarial drugs artenether artesunate (AS),

chl or oguj CQ, f I oqui ew activj ata denonstrates that

tri oxol atr?gg}:gr boxoyﬁ)gsggi ds argeﬁ?égglzﬁy | ess c%/i)fgg than their

hydrocargzn ester, amde, and hydroxam c acid counterparts. The position
of ioni2%BI% furke/BRal groups 8%8% as carboxy4/é6aci ds and amines is al so
critical to activity. i; The best conbination of high intrinsic potency and
good or aDZ3 i vi t041/691 ound WhEh9Z994ak baselfgriotd onal group i s present.
EXAMPLE 2 Onset of .action and Recrudescence of 0711, 0z27, 0778, (QZ156,

Qz175, @x3x OZ205%/1.88- 209, OhR7ge92 and OZ2799@nged of Action and
Recrudescence Experinents

07321 0.58/0.97 99.77/64 14.0/9.8
07322 0.90/1.5 98/61 10.0/9.4
0Z323 0.85/1.1 995.98/99.92 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
0Z326 0.65/1.2 80/7 7.4/6.0
07327 0.85/1.1 97/72 9.8/7.0
07328 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 99.96/82 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
0Z333 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
02336 1.4/0.91 99.93/98 9.2/9.6
0Z337 0.29/0.25 99.92/97 8.6/11.6
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The onset of drug action was determned after a single fixed dose of 1(() m
(SSV vehicle) po to groups of live animals on day 13' post- infection (day
0). Parasitemias at this point are usually between 25-40% The infected
controls do not survive beyond day +6 post-infection. The reduction of
parasitema is nonitored 12, 24, and 48 h after treatnent, and the tine of
recrudesé¥iB8 (> 93kt asi t er ni%)9WW.&bsessed BY8/ME4Ai |y bl ood smears for 14
days, followed by intermttent assessnment for up to 60 days. 5 The onset

part of tOH339%9expe0i3Ed9 reveal 9olByeaepi dly a ¢gnupound reduces parasite
| oad; the recrudescence part of the experinent provides information about

the ef fi ¢gepmpof tngmgpnpound agajshyt the parasj4gy A long delay in
recrudescence can be due to a very " good antiparasitic effect of the

conpound 0ac ound with a |.ang half-life, th the trioxol anes and

t he arteﬁﬁ%ﬁ%ins ﬁ?%@éﬁed a rapi§7g@%Iine in p%ﬂggﬁtenia, 10 confirm ng
that they are rapidly acting antimal arial agents. In contrast to both

chl or oqu)ﬁlﬂé%‘and Q-H@ée@per oxi di?8-9%4M%Hal ari al s9-4M0Q oqui ne has a sl oe-
onset of action. Recrudescence { 5% parasitem a) occurs quite rapidly for
artem si AiZ34and arL2Qunate. The tiT@ of recrudgsypace increased for the
nore |lipophilic artenisinin derivatives artenether and artenether, 1.5 in
contrast gjza48rt emet §ory recrudescepge occured ruchsmore slowy for the
lipoplilic trioxolanes OZ1 | and QZ27; the recrudescence tinme for 07.27 was
especi al rke erior to of mefl oqui)e. However, recrudescence
tines fokﬁ?ﬁgarelg¥%§§fy pol ar S?ﬁxolanes 07%@??621175, and QZ277 were
very simlar _to that of artenether. The nore hpophilic trioxolane (07156)
of the OPTB87' czI 7¥1/hdir produced2fohe | ongest @&V&9 o in recrudescence,

| onger than chl oroqui ne, but |ess than. nefloquine. The recrudescence
times foOZGEA77 arsd2/@52 7 9 were97@Qdghly equi valxat to that of chl oroquine.
Strikingly, there was no recrudescence observed for 07207 and 0Z209. two

differenpzsadt fopme/ (7. 207 -ghosybakc, OZ- 20§ y9esyl ate) of ammi nonet hyl
tri oxol ane 0216) (hydrochloride). The recrudescence data for these two

trioxol uggest hat they,ar i ther nor rful antimalari al
agents ggﬁagie Ioﬁ@gghhalf-livegagﬁgﬁ any of tﬁ%ggggnisynthetic
arternisinins. Table 2 Coi npdTi e of Recrudescggﬁfo(days)

0Z351 407054 99.90/99.69

02352 19/20 99.66/77 8.2/7.2
0Z353  0.35/0.56 99.96/99.91 19.2/9.6
0Z354  0.55/0.82 99.97/99.63 9.6/10.0
0Z355  0.29/0.42 71/0 7.0/6.2

0Z356 1.4/1.1 99.64/87 8.6/8.0
0Z357  0.56/0.79 99.99/99.81 10.2/8.8
07358  0.22/0.36 99.96/99.02 10.4/9.6
07359  0.40/0.52 99.94/96 9.4/8.8

0Z360 58/59 38/0 6.8/6.2

07361 3.5/2.3 99.90/85 8.4/7.8

07362  0.81/0.3] 98/58 9.8/7.0
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Qz 1122.2 07222.0 (1'5), > 60 (2;5) Qz7811.2 30 Z15619.0 (4/5), .> 60
(1./5) QZ17513.0 Z17718.5 Qz207:> 60 OZ209> 60 Qz2771 3.0 (Qz27915.0

Artem sialial 8.4 Artesunate8.6 Artenether12.0 Arteether11.4 Chloroc
ninel7.8 Mefl.o q uine2 8.0 EXAMPLE 3 Effect of Trioxol anes on Schi st osorna
Species.1Q Effect of Trioxolane QZ207 on Schistosonsj aponi cum Table 3
Conparative effect of QZ207 and artenether in mce infected with

Schi st os@®&Es6B3aponi @sts6r r Dr ugAge 40fioDose M ce MRWB/ WRR MFW B/ | F WR

0Z364 8.4/6.2 63/80 7.0/7.3
07365 0.79/0.25 99.57/92 8.0/8.0
0Z366 1.4/0.74 84/62 8.2/7.0
07367 0.66/0.25 96/59 8.6/6.8
07368 0.63/0.43 99.94/99 9.0/9.2
07369 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 control antimalarial drugs
artemether (AM), artesunate (AS), chloroquine (CQ), and mefloquine (MFQ).

The new activity data demonstrates that trioxolane carboxylic acids are usually less activ‘e

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

lonizable functional groups such as carboxylic acids and amines is also critical to activity.
16 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 OZ11, 0727, OZ78,
15 07156, 07175, 02177, OZ207, 07209, 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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wor m( ng/ kgwi t houtx SD'nx SDRI % x 1)/ worm Control--0/826.6 4.2-11.6 2.4
0z20735 2004. 79.1 3.9660.6+(-- days 0 Z20735 40041'64.3 1.2840.7 T 1.294
days .Arteneth 3 5 4000/710.1 4.4623.4 1 1.6 Crdays Qz2077day. 2000;
'S5.4+2.4812.1. 1.{-18 MIVWB, nean total worm burden; WRR, worm reduction
rate MFWB, nean fenmale worn burden; F'RR fenale wormreduction rate.
Table 3 atlﬂﬁapomawsmuﬁmbdtﬂqanrﬁam%om infeoteshcboirele do antsureiaa béyemelday wor m

burd [k f tLy | - th th '
ar't ermet ek POBHTRGIR JP A OO BB Sna BHGPHSA et MGy den T |
Q2207 20Qeet; £hd 95 AHR d@@@cr@de%&nc@ g>f 5“% rﬂai‘e%ﬁ?rglﬁl is &%%efflgg%ﬂé{bzéod' il

artenether group (P<"0.01). Effect I 0XO0 S on
schi st oswngatd fos 13 dayy, todlowed dyiimEraittent aamdshnérﬂ@’oﬁqi‘tbsﬁt)@hpé na nansoni

cercariac on . day 21 post- treatnent ch group, was treated per os with
tri oxol anes aﬂ‘%\o trfg'fte‘)fd]&@ SXIEﬁmmrfﬁ‘ﬁ% ow rEFHEIr @eﬁoé‘tl’oﬁﬁl‘é@dé‘éﬁ‘waasﬁ t he
control .14 |th@fe@fﬁﬂ§sc\éﬁée§)a¥ﬂdf{tﬁéje }‘iﬁq%ht_sr%r@‘:rhgg 111"fc5 Bi? ot ik efﬁ@fc ! |fver and
intestine were renoved and separate rver estine

conpr es shecanpoaldi ageinstethe pamsitef edﬁrtmg dakay rim racmdesbebee meh’ee duedo a&u@t ed. The

ef fect of e. nds s eval uated by nean_t ot aI and femal e worm
bur den. PR aPté%’F‘St“gP%#eét %%ﬁompﬂ 1R 2gomppyndoyithe long halfohignes on adul t

schi st osones B4R thedB¥zQhtbs and the artemisinins produced a rapid decline in parasitemia,

1.0 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 OZ27; the recrudescence time for OZ27 was especially
marked, superior to that of mefloquine. However, recrudescence times for the relatively
polar trioxolanes OZ78, OZ175, and OZ277 were very similar to that of artemether. The
more lipophilic trioxolane (OZ156) of the OZ156/0Z177 pair produced the longest delay

20  inrecrudescence, longer than chloroquine, but less than mefloquine. The recrudescence
times for OZ177 and OZ279 were roughly equivalent to that of chloroquine.

Strikingly, there was no recrudescence observed for 0Z207 and 0Z209, two
different salt forms (OZ207 — tosylate, OZ209 — mesylate) of aminomethyl trioxolane
02163 (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)
0711 22.2
07227 22.0 (3/5), > 60 (2/5)
0Z78 11.2
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EXAMPLE 3
Effect of Trioxolanes on Schistosoma Species
5
Effect of Trioxolane OZ207 on Schistosoma japonicum
Table 3
Comparative effect of Q7207 and artemether in mice infected with Schistosoma japonicum
10
Drug Ageof  Dose Mice MTWB/ WRR/ MFWB/ FWR
worm — (mg/kg without x4 Qp % xt SD R/ %
x 1) ¢ worm
Control - - 0/8 266142 - 116+£24 -
07207 35 200 4/7 9.1x39 66 06+07 95
days
02207 35 400 4/6 43+1.2 84 0712 %4
days
Artemeth 35 400 0/7 10.1+£44 62 34+16 71
er days
0Z207 7days 200 0/8 54+24 81 21+1.0 82

MTWB, mean total worm burden; WRR, worm reduction rate MFWB, mean female worm
burden, FWRR, female worm reduction rate.

Table 3 illustrates that the mean total worm burden and mean female worm burden

15 in 0Z207 400 mg/kg group was significantly lower than those in artemether 400 mg/kg

group (£<0.01). The mean female worm burden in 0Z207 200 mg/kg group was also

significantly lower than that in artemether group (P<0.01).

Effect of Trioxolanes on 21-dav-old schistosomules
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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. Bach 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
0Z COMPOUNDS at day 21 after per os at day 49 after per os
TESTED application of 200 mp/kg application of ..... mg/kg
200 400 600
TWR (% )/
DEAD WORM (%)
TWR (%) FWR (%)
0Z 271 88 86 0/6
0z 277 0 92 0/0 17/14 | 30011
| % 600 sc.
0z 2719 86 88 0/12 33720 |2
0Z 281 21 90 12/15
07 285 liquid 86 85 17/22
OZ 288 95 96 52/45
0Z 296 85 85 1/13
0Z 309 97 100 19/17
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In the single dose EDsy/EDgy/EDge determinations, Moro SPF or NMRI mice

EXAMPLE 4

Activity of Trioxolanes Against P. berghei

y pol ar

0z209 Based
t he

the sang conpdunds in

/2

0 m nnot
not donel

(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/EDg, values were calculated

by nonlinear fitting.

15

Table 5

Compd EDs (mg/kg) EDyy (mg/kg) EDg (mg/kg)
07277 0.78 2.0 44
0Z279 0.63 1.8 3.9
Artesunate 4.7 19 60
Artelinate 4.8 10 18
Artemether 2.2 4.2 7.1
Chloroquine 1.8 3.5 5.9
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Oral Bioavail ability>30%20%0t done32.8 (V)87.942.0 (V)245 ff) 10

ng/ kg>30%20% 0t doneb5.7 (V)96.138.3 (V)15.9 (N 2-5 nl g./kg Oal tl/2
(1018(..60 m nnot donel95.3148.182.812.7,3 ng/ kg) m n Hunan Data Projected
dai | y150 ng300 m g150- 300105- 15428-5691-1 3335-70 dose(actual )(30% )(1
/10;) (—(20;"20;0) lllg/day ("'D BA) EXAMPLE 6 Effectiveness of Sel ected
Oz. Conpouvieodumet h¢ TreatOrent dnd P5.dphyl axi s ob.8Val arjal Infections Mro
NVRI male mce (1,4i Al bino specific pathogen free) weighing 18 t 2 g were
infected intravenously (IN.) with 2 x 10" P. berghei ANKA strain-infected
eryt hrocytes } L1ent .. Fr donor m ce
W ih oiroa 30 s paracr FRAVEDRE alls Shindd b BRI tuie S B F et ed 1 n
physi ol oy thaBS¥abimmeatian. i Tix phtiadi libasidlic etehdhady hetstapahllyinoreARtiad | quot
(0.2 m) _of this suspension was injected i.v. into experinental and

cont rol ~ GrBHsnere pRiaE artequgaig apd éﬁ?llﬁ'ﬂltf‘e dRcpairashitiamoppechss rswpRnevse.

regul arl 4 ) - i d 70. to, 80 :0 by day 4
post - | ni O, G0 - Yerchy RAEk P! Bile B ik P ey

Thr oughoartd anfide erioetaneeOZ377 sndOZMRT, @re tebpivellyPpolii 0tlRFo@{dst hr ee or five.
animals in Makrolon type 11 cages in an air-conditioned animl roomat 22
to 21C. A diet with p-am nobenzoic acid (PABA.) of 45 ng (NAF AG FUTTER
food N' 9009 PAB-45) per kg of bomﬁn& and tap water is avail able act
QZ conpounds were prepared at an a'p'p'l-o-p-l-l—a'?-e concentration, either as a
sol uwi on 0 or a suspeDssiag of OLFINOTL7RDX244) ad%00¥200 CMC. 0.5"; % v/ v
benzyl al cohol, 0.4%vlv Tween 80. and 0.90'L" wv sodiumchloride in
water). They were adm nistered per os (P.O in a total volune of 0.01 m

per gram of rEUSLon IRG1AGE dobldeY0 2179 B2 BN s 7209 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 Ideal { Accept | Artes |OZ 279|0Z 277|0Z 256|0Z 209

Rat Data
IV t1/2 (10 180 | 60 min 40 100.5 | 77.2 94.0 | 150.0
mg/kg) | min (DHA)
Oral

Bioavailability § >30% | >20% |not done| 37.2 36.9 18.6 12.4
W0 mgkg [>30%| >20% 21 71.1 44.1 51.9 | 224

25 mg/kg (DHA)
Oral t1/2 (25 180 | 60 min |not done| 166.8 | 90.5 733 | 1015
mg/kg) min
Dog Data

IV t1/2 (10 180 | 60 min |notdone| 177.5 | 95.0 | 854 | 182.8
mg/kg) min
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determ ned by a variety of nethods outlined in subsequent sections.

Survival tinme was also recorded, and survival to day 30 post-infection was
considered to be a cure. The first experinent conducted consisted of

adm nistration of a divided 3 x 10 nng/kg p.o. dose adm nistered on days
1, 2, and 3 post-infectiop vs, a single 1 x 30 no/kg po dose adm ni stered
on day I{ postOrahfectfi on. [n day|4 post}infecfion, plood pnears of all

ani mal s re r 4d stal ngd wjthj G . _Parpsitenf a wag det erm ned
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group (tlakenoagend 4%3W; P8dosh95& Rhe Yo eREA A oURTMas |
cal cul atled and exprgssed ps perg¢ent r n. npoun adm ni stered
orally ijn tRé ng8kegvghicle] The fjesultsfare shown |in Table 7 Hel ow. Table 7
1x30 3x1 M VIREVERS TEVIRVETE ctivilty Surlvival Cures

og days) (PRI 0ap 180 [s8/pin | natdone 61 J160:30312723

27199. 9'140@;@@_ 4 2%@2 p7 ?99]9210. 4 )7 .|64'5
27999. 9914. 002%. 301NANANA100= 315NANA. N4100>3(Q5' , 5

C®9. 949, FWBAPDIRLS. 3078 N T F{00. 922p 307599 9243 3015

Projected daily J150 mg] 300 mg | 150-300 {105-154] 28-56 [91-133 ] 35-70

dose (actual) | (30%) | (30%) | (20%) | (20%)
mg/day (% BA)
EXAMPLE 6
Effectiveness of Selected OZ Compounds in the Treatment and
5 Prophylaxis of Malarial Infections

Moro NMRI male mice (Fii Albino specific pathogen free) 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 11 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

20  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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AS83. 8390%%98. 621. 10; 5 As shown by Table 7, a 3 x 10 ng/ kg dose of these
tri oxol anes cured between 3/5 and 5/5 of the infected mce. At this sane
dose, none of the standard antimalarial drugs aired any of the infected
trice. At the 1 x 30 ng/k.g dose, all tested trioxol anes showed activities
99.9% on day 3 post-treatnent. The second experinent consists of

admi ni stdetennored bfy adiavietyed nBethodd outjined immubs8quent sentidrisy Spovivhd Sias was also
ailnm.n.iste eddon .dalysrgé, é and_3 post-infection, On day 4

post - i nf & gnand giryyal @ dax A4 pest-infection Massisigered ipPep&HEd and stained with
G ensa. | ar gsjtieem 1 N&Hsideq - cal : hEference
bet ween t he ?gﬂgrfﬁélpaeﬁgé@ﬁglll&ﬁl%ﬂcont ?10 eaé’?%‘%% Sﬁ%&éﬁoggaﬁl&eﬁ%gg@]d t hose of
t he expeng/keppadosgraduyisstesd onalagsll &2, @edd apdsteixfectsis ed a saglperGehg/keduct i on.
Conpounds wer e, adm n%cftered orallle’eé in the SSV vehicle. The results are

shown i WOFRQRT alnginisieref en dayd pegirnfectign. Qydasd pestenfeciion, bigod smears ofgll kg

AC i Vi t Yir U W rop sk APYR) sthedh OSAO0BE 401 539,

27100, SRR ST Frepdk AR setine Sty Sl 2%%%&%5%8'%%&5’3‘5@8

281t 001 20140sdpd21ly 3nd3BOQifer20 b9 e t1RAdMOATic20\thldohird] 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 i Table 7 below:

15

Table 7
1x30 3x10
mg/kg mg/kg
Activit Survival Activi Survival
o y (days) Cures (% )ty (days) Cures
0Z p.o. SSV p.o. SSV
209 100 >30 0/5 100 >30 33
271 99.97 14 0/5 100 27.8 45
277 99.92 10.4 0/5 100 27.6 A3
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 5\5
CQ 99.94 9.5 0/5 99.99 14.3 0/5
MFQ 95.94 20.3 0/5 99.92 233 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 1 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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34900, oS5 S lop SEBI% 185 dgnais U BaNGSS shicle. The results

are shown in Table 8.

Table 8
3x3 mg/kg 3x1 mg/kg
Activity Survival Cures Activity Survival
(%e) (days) (%o} (days)

0Z p.o. S8V p.o. S5V
209 100 16.4 5 99.51 9.4
271 99.99 16.2 0\5 87 8.8
277 100 14 M5 83 9.4
279 100 14.8 0\5 83 8.8
281 100 12.4 03 92 13
288 99 10.2 0\5 49 8.4
289 100 17.2 O\5 41 7.4
290 93 10.6 0\5 14 6.8
296 94 9.4 "5 49 7.8
297 89 9.4 0\5 22 6.4
298 99.99 16.4 05 93 11
301 100 23 I\5 58 8.8
302 99.51 134 5 87 13.4
305 99.91 12,2 0\5 87 9.6
306 99.75 7.6 0\5 85 11
309 99 9.2 0\5 66 9.4
315 99.99 22 05 81 12,2
317 100 16.8 05 73 11.4
319 99.97 11.2 0\5 02 13
320 96 9.6 0\S 50 8.6
323 99.95 14.4 NS 66 14.4
329 100 27 25 99.86 11
330 99 12.6 0\S 45 9.2
333 99 10.2 O\S 64 9.4
335 99.99 154 0 98 10
336 100 20.8 M5 99.14 10.4
337 99.98 14.4 0\5 96 9.4
338 100 25.6 0\5 98 9.4
339 100 27 315 97 9.2
343 100 22.2 87 9.4
349 96.98 252 PAR] 98 9.4
351 100 22.8 99 9.6
343 100 22.2 87 9.4
349 99.98 25.2 25 98 9.4
351 100 22.8 99 9.6
353 99.99 164 91 10
354 99.99 244 95 8
357 100 22.4 1\5 98 9.2

JJO Z7T0 2.0 77 P
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34999. 9825. 227 . 5989. 4 35110022. 8999. 6 35399. 9916. 49110 35499. 9924. 4958
35710 i 2.2.41159h9.2 ?9 95 3x3 ng/ kg Activity . 79 35999. 658. 6798

36599. 9612798. 4 36899. 9922, 2918. 6 C®V9. 5410257. 2 MF®81226.2 A NI 869. 4517.2
AS789. 4396.8 As shown by Table 8, at the 3 x 3 ng' kg dose, fourteen

trioxof anes had activities of 00% and produced high survival nunmbers. O

these, (z308B390z3Ra99.67330 86 7 [349 { an® aF357 &ured 1/5, 2/5, 3i5, 215,

and 1/5 0S| mcE rdspectiv@y At &he 3|x 1 ng/ kg dose, nost

of the t rmr%i'?pntnnf hadl : te antimal arial  drugs;

si xt een il tlgcs =90 %5 329, and OZ336 were the

only troxghames—w .a,t.‘guti s—greatgr tﬁan%%at the 3 x 1 ng/kg dose.

Al of C t—ygreJtested igre uu.6eaabtive than the reference
L

anti mal arial drugs. Prophytactit activities of—the—conpounds were conpar ed
after adm nistering po single dose of 100 nig/kg to different groups of
five animals at various tines before infection. Al groups including an

unt r eat ed cog%rol grou»E were then infected at the sane tinme. Parasitem a
was det er mi nedS FRAVIERE hals B itheohx daye/Be doses fquitper trioaalanemitndstivisies obf

5  100% and produced high survival numbers. Of these, OZ301, 0Z329, 0Z339, 0Z349, and
0Z357 cured 1/5, 2/5, 3/5, 2/5, and 1/5 of the infected mice, respectively, Atthe 3 x 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 0Z336 wefe the only
trioxolanes with activities greater than 99% at the 3 x 1 mg/kg dose. All of 0Z343-0Z368

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 (%)
AM AS CQ | MFQ | 209 | 256 | 271 | 277 | 279 | 281

72h - 99.97 199921 13 (9989 | 9 14 8
48 h - 5749 199921 999 | 29 {9998 | 7 27 45
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i reduction of the level of parasitema conpared to levels for aninmals
given no drug is determned. The results are shown in Table 9. Table 9 Pro
h lactic Activity (% AN ASCQWQ@0925627127779281 72 h
-99. 9799, 921399. 899148 48 h -57.4999. 9294. 42999. 981127 145 24 h
- 06, 2899 921001008211 100259799, 23 0 h 10092.44100100100100100100100100 9
The uni qui pf oply| pca.2e peapernt Yoof | Q00209 83-/dagopy opedt iggn, 9@@13!9 as MFO
w vas Ilbtuic 1S9 for. [OZ 271 EXAVPLE 71 Chemnical Jrogniea Qz277
Salts Tke(ﬁbl d&p 9G4yl 08, Ti AGY cht H0 HydPbdhil8P | tai@hraﬂ@) and
succinate salts of the base orm of QZ277 were Syntnesi zed: ci

-[[[(.2" -am no-2' -

s- Aci at xt ant ane- 2-spiro-3' - metl |yl propyl)amtio] carbonv
IJtncth% 1° tos 15 ci s- nan.tane 2

spiro-s s (ot (@lq&errﬁff?ﬁéﬁiﬁw st OEOPP Rl iReH e B ot yrTene S0 s

1', 2", 4'fotuid slx@&pi0ZH74. 5] decane hydrogen rral eate

ci, c-Adamanti ne-2-spiro-3'-8 -[[[(2" -am no-2' - net hyl propyl ) arni no] carbonyl
]meflryl] 1',2',4' -trioxaspi.ro[4.5]decarte hydrochloride cis

Adamant ane-2-spiro--3'-S -[[[ (2 Wt hyl propyl ) am no] car honyl J net | i
4' -trioxaspiro[4.5] deca n tartarate cis Adamantine 2

yi] 1',2".

spiro 3" 8 [[[(2'-am no- ThematAHreperics baDZ7nghRar bonyl I methyl]- 5
1,2, 4 -t| -i . oxaspiro[ 4. 5] decane hydrogen succinate Their properties are
shown in 'fable 10: Table 10

The following tosylate, maleate, hydrochloride, tartarate, and succinate salts of the

10  base form of OZ277 were synthesized:

cis-Adamantane-2-spiro-3'-8'-[[[(2"-amino-2'-methylpropyl)amino]carbonyl jmethyi]-
1,2 4'-trioxaspiro[4.5]decane p-tosylate

15  cis-Adamantane-2-spiro-3'-8'-[[[(2'-amino-2"-methylpropyl)amino}carbonyl jmethyl]-
1',2",4"-trioxaspiro[4.5]decane hydrogen maleate

cis-Adamantane-2-spiro-3'-8'-{[[(2'-amino-2"-methylpropyl)amino]carbonylJmethyl]-
1',2",4"-trioxaspiro[4.5]decane hydrochloride

20
cis-Adamantane-2-spiro-3'-8'-[[[(2'-amino-2"-methylpropyl)amino]carbonyl Jmethyl]-
1',2" 4'-trioxaspiro[4.5]decane hydrogen tartarate

cis-Adamantane-2-spiro-3-8'-[[[(2'-amino-2'-methylpropyl)aminoJcarbonylmethyl]-
25 1',2'4-trioxaspiro[4.5]decane hydrogen succinate

Their properties are shown in Table 10:

30
Table 10
Selection .Maleate Tosylate HCl Tartarate Succinate
criteria
Water 5 mg/mL 0.4 mg/mL 2.5 mg/mL 2 mg/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




Sel ecti onMal eat eTosyl at eHC Tart ar at esucci nate criteria Waterng/ ni |

nmg/ mL2.5 1111(/111L? ng 111, 1.4 u solubility,
Crystallinity/CrystallineCystallineCrystallineMre towardsCrystalline
anror 3hom Hygroscopi cityNon- Non- Non-hygroscopi eNon-

.0.4

hygrosc a¥all !"h\l.ﬂl‘ nQr'nnl r-h\/nr Qs nm ("hV(‘lI’ OQ(‘ODI C
Cheni cal | oSt abl eCo parati vel YStahl e 3 St afdstitabks $t abl e
Physi ca| St E%be;‘é%t aljl eSEEBF eSt hbl S8bkbl st abtld ty [Par Stabke si ze-SWBO pri 50
pm-230 14t 015011 (90%of particles less than) Stability
i NSt abl p “f” f’atl e St St hibl &04al yi i c2#30881 utl o 2PUm t o] 24~HPgin
| . ast. eNol;mee %ZNOt bitterNot billerNpt bitterNgt hitter EXAMPLE 8
Prepar af i onthgi 77 Mal eate] Salt Raw Material s: |DescriptiopQuantitMlle
Equi val PN, e i (Dasg 8107 M0 i ot PO gtgrcgeai /5466198 -
analytical
solution (up to
24 hrs)
Taste Not bitter Not bitter Not bitter Not bitter Not bitter
EXAMPLE 8
Preparation of 0Z277 Maleate Salt
5

Raw Materials:

Description

Mole Equivalent

0Z277 (base form)

1.00

Maleic acid

0.98

Ethanol

Heptane

Process:
-Charge ethanol (150 ml}) at 20-25°C;
-Charge OZ277 (60 gm) at 20-25°C under stirring;

10

-Stir at 20-25°C for 10 min to get clear solution;

-Add the solution of maleic acid (17.4 g in 90 m! ethanol) drop wise at 20-25°C

under stirring in 1 hr.;

15

20

~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 mli );

-Suck dry the product;

-Dry the product under vacuum at 20-25°C,
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Et hanol 240 nil Heptane780 m Process: 1. 0 -Charge ethanol (150 nil) at
20-25C, -Charge ()2)77 (60 gnm) at 20-25C wunder-stirring, -Stir at 20-25C
for 10 mn to get clear solution; -Add the .solution of naleic acid (.1 7.4
g. in 90 nil ethanol) drop wise at 20-25 wunder stiTti.ng in i hr.; -Charge
Heptanef?ZO nil) at 20-25C under stirring; -Stir for 4 hr at 20-25C

-Fi | t er Theeregdilingipreductbas h weiight of6p{78igeangs. 60 ml ); - Suck dry the product;
-Dry the product tinder vacuum at 20-25C. 40 The resulting product has a
wei ght of 65-70 granms. It should he appreciated that the spiro and dispiro
1, .4-trioxolpaRutdsPairédiRes il thelsPirs ahd¥EHES 9,9,4'3@1'36)(@%% @6&9 ddidpanes

w thin the scope of the formulas described above, or pr o r%gs or

anal ogudhisdfiventies maysopeimtdioxolanegs witive thescopaoithe fafnubistdesiribie @b epbr t he L

form5 The inventi op IS gﬂjﬁo intendeffl to include all biologically active
sal t ~f oPIRTEES PR CEYRHYUATTS compepnds Ar dgpcegue JyeuesRf athemiie &t rghe L

modi f1 CabipNPhoinyERorCRAROShhAR BALIAE BGRERIUFIRNESTEHAR PR By De
made and still come within the scope and spirft of the present T nvention.
i Havi ngoupsundshe’dse, meinbndasagé aml farmilatied ewdifcatiérs qfalid doenpoatioaaResd ti ons,
t heories of effec%'hveness and .t he e, it.w be apparent to those of

, | i BN AL

ski || i AARETE CXRressed herem mpy be made png silleame withinthgscopg avd st ¢fehe i mi t ed by
such il LustAahi&fiogmbodi ments or mechani sms, and that nodifications can be
made wi thout departing fromthe scope or spirit of the invention, as
defifed by t lavagpdndstddhainventidt witls rifereasede gattieatar adthpsditdhsOhebigass
nmodi ficatigns. and > variations. he included within the scope of the present
i nvent i 8&; eﬁgc%gglﬁsmdﬁhe ﬁ'&% “a‘f% garent to those o slgll in the art t%at it is not P

intended that the invention be limited by such iflustrative 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
claims. The claims are meant to cover the claimed components and steps in any sequence
which is effective to meet the objectives there intended, unless the context specifically

indicates to the contrary.
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clainms. The clains are nmeant to cover the claimed.conponents and steps in
any sequence which is effective to neet the objectives there intended,

unl ess the context specifically indicates to the contrary. Wat is clainmed
is: L Aspiro or dispiro 1,1,4-ti I I | Is rioxolane, wherein thespiro or
dispiro | .2,4-trioxokule Y7 7-~-7 selected ftomthe group consisting of.
Oz271, CWhapss clippedls; oz 74, Oz 15, 0 -16, 5 Qz277, Oz2178, O7/ 2719,
Qz280,, Qz281, Qz, 282, (Qz283, (Qz284, (Qz285, 07286, Qz287, (Qz-289, (Qz289.,

Qz' 290, 07291, 2292, Q7293, OZ-294, Qz296, , Qz297, Qz298,
72299, ‘ar300? sepaey dispo g%ﬁ‘zm%zlaew%r%zﬁmplrmd@plr@%tncezlape@ / .

317, ST ek of PRI O DT G, 20070 0y,

R e
, t n - n

Qz345, %ﬁ%ﬁ 9%%34%29%23@% CF2%% 07é2§5@Z2%§z§)522£’5 @Zé%ﬁz 0732359Y.298,07354,

oz- 3155 , , 6 364,

T A A S e A R A T s U AR T

1,2, 4- tr(DZBdm)L é)ZélbeZBEﬂ mZ3IBh®Z3145 OZBHS;:@EB!IG I(XZ}1)7I®Z3ISTQ)MIQUOZ320
consi st Qz354, Oz357, Oz359, and Q7' 168. 2 F)

1 A phar uprzé% Q%?%%ta?’lzﬁrpZ%%S %Bﬁy@a%’ﬂs O%3d8: 94329, @@ﬁt?’oo@Zﬁﬁ‘al aiia

COI’I ri
SoTLEL L 0L, 07333, 07334, 07335, 07336, 07337, 07338, (7339, 07340, Q7341 OF34% 1 [ oor

di spi r 0 QZR3, BZBAL,IBI4H OZ3HE somztmozgs,sammmgozzab ozmm@stzh@zgsjf

selecte%f}:romthe gOC]_IP cons_sti-n Gg% '~ -7), Qz2-3, Az~ - 74,
Qz?7~ Wy L3em V& 6y 073y 7, @23 5@2%59 Q%3 9236132@%&92 C@Z@Qr(?,236©22184

Qz285, QZ, m OZ291, OZ-292, 072193, OZ294,
Qz2195, 98%%§2 %36785)?%@% ang%%%%g Qz300, OQz301, Qz-") Q , -, @Z303,1
02304 Qz- 105 Qz306, Qz'-)'07,1 Qz-3)08, Qz309, OZ 310, Oz-) | It

--,1,), Oz3013, (Qz314, Oz315, Qz316, Q7 }I R Qz-3 18, OZ31.9, Qz320,

023%5 12 oz- Fpespipo orgigpive §,2,4-tpsolane efclyips] ﬂ@mzsslmed)fmvwe groqy328,

SR G R R e A L i

3. A pharmaceutical composition for prophylaxis and treatment of malaria
comprising: a malaria prophylaxis or malaria treatment-cffective amount of a spiro or

20  dispiro 1,2,4-trioxolane, its prodrugs and optical isomers thereof, selected from the group
consisting of 02271, 02272, 0Z273, 02274, OZ275, 02276, 0Z277, 07278, 0Z279,
07280, 07281, 0Z282, 0Z283, 02284, 0Z285, 02286, 0Z287, 07288, 0Z289, 0Z290,
07291, 07292, 07293, 02294, 0Z295, 02296, 0Z297, 0Z298, 07299, OZ300, 0Z301,
07302, 0Z303, 02304, 0Z305, 0OZ306, 02307, 0Z308, 0Z309, 07310, 0Z311, 0Z312,

25  0QZ313,0Z314, 07315, 02316, 072317, OZ318, 0Z319, 0Z320, 0Z321, 0Z322, 0Z323,
02324, 0Z325, 02326, 02327, 0Z328, 02329, 02330, 0Z331, 07332, 07333, 07334,
0Z335, 0Z336, 02337, OZ338, 0Z339, 0Z340, 0Z341, 0Z342, 07343, 0Z344, 07345,
0Z346, 0Z347, 02348, 0Z349, 0Z350, 02351, 0Z352, 0Z353, 07354, 0Z355, 07356,
0Z357, 0Z338, 0Z359, OZ360, 07361, 02362, 0Z363, 0Z364, 07365, 0Z366, 02367,

30  0Z368, and OZ369, and a pharmaceutically acceptable carrier.
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Qz346, Qz347, (Qz348, Qz-)49, z3)50, Qz35 |, Qz352, (Qz353, (Qz354, (QZ- 355,
Qoz356, @3 57, (k3 58, (3 ) 59, (Z-360, Q3 6 1, QZ' 62, Z 63, Q7' 64,
z3 6 5. CZ 366, (Z3 6 7 (QZ36S, and Qz369, and a pharmaceutically
acceptable carrier, 4. The conposition of claim3 wherein the trioxolane
conprises a. salt selected from the group consisting of acetate, adipate,
al gi nat & ci tFhetceempgsitian ofeleim Bevhein dic thenolarecomriston saleseldsieslfidmt e,

b h h | f I h h
nor i cuntbs EBUBEITs AFACEAE, b ATk it SPRIS el o= ©

hydr obr qifggate, lbyﬁn@teogu te, lcmbm@@aéa@npﬂoagﬁlﬁirﬁte, aehR8h&e, Met hane
sul fonate, nicoti nate, napht hal ene sul fonate, oxal ate, paltnitoate,

pect i natabycepnphesrhpte: bem@ukfﬁeﬁwptﬁmﬁﬂdwmate fiaateehydsostddrades, pr opi onat e,

succi.nat.e artrat.e,, t.hi hos | ut ama bi car bonat e,

Lol Bond iR R S eSS fogr L G Ak ahver i
the trixepiflehSsiiRhee! Seh1dte Cﬁ”ﬂﬂﬂ?@atcﬂ pREthate; g&%hﬁé’cb rQpﬁlafnylprop1()nate
crs-adamatitanc-2-spiro-3' -8 -[[[(2"-am no-

rret hyl pmdj}jgm)larﬁlln@] prapivoatl Juseinhigl factrate, 2hiodyanatej phosplpite, gflwtarbitdecanep- t osyl a
Ci S- arr n 2' -am no-2' - net hyl propyl
)am nlo] é)écraﬁ Oﬁ'ﬁ{ej?h@* ﬁUﬁ%natFIaP%%%eﬁH%%% 5] decane hydr oéeg ng%/cat e;

ci s-adamant ane- 2-spiro-3' - 8 [[[(2-an| i no-2' -

net hyl pr opyl } am no] car bonyl ] met hvl ] - "', 4" -trioxaspiro[4.5]decane
hydt 6c hiSer i ddhe @p@posmon of claim 4 wherem the tnxolane 1s selected from the group

adamant al | & 2-S i iyl propyl)am no] carbonyl]nre
t hvl - nsisfing eisg ardgg%% "&6%)5053] g)e@ﬁ%e ﬁogen tartara.tc; and cis
adar nar 'rﬁsglg}lﬂfgrapﬁl 190 arl%n%][]ﬁlhfh%l lamﬂ-@nc%(asplro[fl 5]decane Op—tosylate c

met hyl pro no| ca. r bonyl -tr| X. aspi rof4 5] decane
hydr ogerd&n@tinead- g)qua3'68' -[[[(2"-amino-2' -methylpropyl)ammo]carbonyl]methyl] 1,2'.4'-

@] d t t t
o honyTPHeHELE SheRSs Bdsseey it Haoleh G fos Pty pﬂﬁ%%@% leate. 7.
A net hoﬂqeﬂfyhﬁ’bﬁyd%ﬁlhﬂﬂaﬂibn}lﬂlﬁ%yﬂgl' W—ﬁidﬁs&ﬂf[@@ﬂc&bﬁ}% hyRfPh B! 461 ng a

mal ari a prevention or nmalaria treatnent effective anount of a spiro or-

di spi r o adanpandaner3-spitst-Arie-[ i (2-amyitra?’ ﬁacibufprml)mytltmd@etpnraljhethdﬂﬂjzeen' sai d
)79, BRpamiotg sibEifogsh MRS MG Dabiblsde s B g T o 7 e2,

07283, Gthy Ro]cBBd QE2B841 2 LR Bspi c&¥%ARAro 292,
07293, Q72 O%'Gzl%gg lezggﬁ%zz 07298 Sz%ggﬁjc%zsoo of%%%bnf%z

02303, 02304 Qz305, O Z306, OZ)( -)-,", 07308, Oz 109, @Qz310, Oz 3I 1,
023% g)Z 313C1 c?am%hta%g irogz-%;l:ﬁ[Z'%%&gZ'—nqléth%]ﬁrdpyB%%}r% ca?ggn%f met

hyt]-1',2',4'-trioxaspiro[ 4.5]decane hydrogen maleate.

7. A method of preventing or treating malaria comprising:
administrating a malaria prevention or malaria treatment effective amount of a spiro or
25  dispiro 1,2,4-trioxolane in a pharmaceutically acceptable carrier, said trioxolane being
selected from the group consisting of QZ271, 0Z272, 0Z273, 02274; 07275, 07270,
0Z277, 02278, 0Z279, OZ280, 0Z281, 0Z282, 07283, 0Z284, 07285, 07286, OZ287,
0Z288, 02289, 02290, 0Z291, 07292, 0Z293, 0Z294, 0Z295, 07296, 07297, 07298,
02299, 02300, 02301, OZ302, 0Z303, OZ304, OZ305, 0Z306, 0Z307, OZ308, 0Z309,
30 0Z310,0Z311, 07312, 0Z313, 0Z314, 0Z315, 0Z316, 0Z317, 0Z318, 0Z319, 0Z320,
07321, 02322, 07323, 07324, 02325, 072326, 0Z327, 02328, 0Z329, 07330, 0Z331,
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02321. 02322, Qz32 3, Z 24, 07325, (Qz326, (Qz327, 07328, 0zZ329, Qz') 30,
0z331. (Qz332, 0z3 33, (334, (Qz335, (Qz336, (Qz337, (338, 0z3 39, 0z340,
02341, 0z342, 0z343, Qz344, Qz345, Qz346, Qz347, 0.7348, 0Z349, QZ350,
Qz351, Qz352, 0z.353, (z354, (Qz355, 0z356, Qz357, 0z358, 0z359, 0Z360,
Qz361, Qz362, Qz363, (Qz364, (Qz365, Z-166, QZ367, OZ368, and OZ369. 8. A
met hod &Z338n0F3A%3, 0Z133g, OZ3dFEesd 36, OL3BBrOHI IR 3a%, QZ2HY (1 A3das OBERM2, of
mal aria_ €0 LSl ng.,. m_xj i o) axi r nalaria

ot el ar et Dz SR PAG b8R8 Batpast, of B 0l aras3. ¢ s
prodrug3d, 6R85£ 17358009857, (GIEIRODZ4ES, fb@gebh@fmf U3 ERI2863°628LAD. ©
carrier, said trioxolane being sel écted fromthe grioup 1°consisting’ of
Qz271, MBZ OEFX, 8) 2306722024 368)433 82382276, Qz277, O 78, 07279, (QZ280,

02281, 02282, 028 3, (2284, (7285, 07286, 0Z287, (OZ288, (OZ289, (02290,
02291, 07292, Oz293, (294, OZ295, 296, OZ297, 07298, OZ299, OZ-300, Z

1, Gratd ooFn gl il aspiipiitey RPNyt e st 0

027322, 6FB@3sing: MiTxiBE4 maAltia3RbphyakiSabmalBnis AeamRAB2Bectiol ARun0RAIAPir002331
02332 07.333, 07334, OZ 33.5, (7336, 07337, (Oz338, (339, OZ 340, Oz341,
r342, 67dgaio b%§4t£1°x@32ﬂ94§ pro¢pgmand qypsalisorests Miereafzmiba’ oz350, oz351,

Croes BRAco eI ac B calibrai il véPRhociidl the odR0. SESCT
met :h:md odrisiseiag bﬁgozamt,@zmcr@mgs,r(gzzw mZiﬁS;(DZETGJ@H?GaOZETS igEELent
effective armébmt of a sg(bzo or_di spir 4-trioxol anc

phannac&4ep% Z%ﬁla@g@ég %83@5}2@8& OZ%%? @ZWOQ@P%%@%@%@@@?&ZM from

B e o I S o O o

02287, 0732635, OZBKB89),23OZ,ZQE3OS QZ298, OZEZRY2)Z308202 3090923 100023295021012, 296,
oz302,  Oz303, 07304, OZ305, (7306,

307, OF3bh, 0%%3%%@3@%3163@@ 17, 08§t 07315004130, QaiaOZp3 0 7316,
T ey oSy, oI
07, 337, Od33338,336/0F397, @ZBW) O340 L34V, 8341002382, W2BB40O7Z0ZBAN7345,
0Z346, 0Z347, 07348, 07349, 02350, OZ351, OZ352, 0Z353, OZ354, 07355, 07356,
02357, 02358, 02359, OZ360, OZ361, 0Z362, 02363, 0Z364, 02365, 0Z366, 0Z367,
0Z368, and OZ369.
20
9. A method of treating cancer comprising: f
administrating a cancer treatment effective amount of a spiro or dispiro 1,2,4-trioxolane in
a pharmaceutically acceptable carrier, said trioxolane being selected from the group
consisting of: OZ271, 0Z272, OZ273, 02274, 0Z275, 02276, 02277, OZ278, 07279,
25 0Z280,0Z281, OZ282, 0Z283, 07284, 07285, OZ286, 0Z287, 07288, 07289, 0Z290,
0Z291, 02292, 02293, 02294, OZ295, OZ29%6, 0Z297, 0Z298, 07299, OZ300, 07301,
072302, 0Z303, 0Z304, OZ305, OZ306, 02307, OZ308, 0Z309, 02310, 0OZ311, 0Z312,
07313, 02314, OZ315, 0Z316, 02317, OZ318, 0Z319, 0Z320, 07321, 0Z322, 0Z323,
0272324, 07325, 02326, 0Z327, 02328, 02329, 0Z330, 0Z331, 07332, 0Z333, 0Z334,
30 0Z335,02336, 02337, 02338, OZ339, 02340, 02341, 0Z342, 07343, 0Z344, 07345,
0Z346, 072347, 02348, 02349, OZ350, OZ351, 0Z352, 07353, 0Z354, 0Z355, 07356,
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Qz346, 0z34 , (Qz348. 0z349, (Qz350, Qz351, Qz352, 0z35 3. Qz354, 07355.
0Z356. 44 02357, (Qz358, 0z359, (Oz360, OZ 361, (Qz362. (Qz363, 0Z364, QZ365,
Qz 366, (Qz367, 02368, and 02369. 10. A nethod of prophylaxis or treatnent
of schistosom asis conprising: 5 adm nistrating a schistosom asi s

prophyl axis or treatnent effective amount of a Spiro or dispiro

1, 2, 4- t (0436G| QFE5 88,1043 Ph AZ3a0QT3 @lal0AB6Ac0BPE R 0173 64 ADF B 6, OZ3Hi6dOFZB6MxX 0l ane

bei ng ect ed the group consisting of Qz271, Qz272, Qz273, QZ274.
07275, @gp@m&é@@é Qz278, Qz279, Qz280, Qr281., 07282, Qr283, Qr284.

Qz285, 7286, Q7287, Qz288, z289, (Q7290, Oz291, (Oz292, (O7293, 7294,
Qz295, 07296, 07297, (Qz298, 10 O7299. (Oz300, Oz 301, Qz302, 0Oz303, Qz304,
Qz305, @8. 306\ meR’d bf pfﬁﬂ@&xis&i%@ﬁnen@ﬂﬂéb@istd@ﬂ&iasﬂs,comﬁﬁ;g: oz313, 7 314,
Oz315, 0731 .6, Oz317,. 0z318,. Qz319, 07320, 023%1, . Qz322, Q) Z323, 07324.
z325 iy stiagipg - pchigipgomiasis-promhylasgs05 dreappes gilectip agpuhpolanspiro qiy334,

VTG 2 s 2 M A o W A S LAY

(7355, GHIAE6] fFGHRE sroipabasisGRRER OZYA60720, 3273003824, (RZB63 76 364,
2365, FA08: 0P850 z0R° 8988 BT 29282, 07283, 07284, 07285, 02286, 02287,
07288, 07289, 07290, 07291, 0292, 07293, 02294, 07295, 0296, 07297, 0Z298,
10 07299, 0300, 0Z301, 0Z302, 07303, 0Z304, 07305, 0Z306, 0Z307, 0Z308, OZ309,
07310, 07311, 0Z312, 0Z313, 0Z314, 0Z315, 0Z316, 0Z317, 0Z318, 0Z319, 0320,
07321, 07322, 07323, 0Z324, 07325, 07326, 07327, 0Z328, 07329, 0Z330, 0Z331,
07332, 02333, 0Z334, 0Z335, 0Z336, 07337, 07338, 0Z339, 0Z340, 07341, 0Z342,
07343, 07344, 07345, 07346, 0Z347, 07348, 07349, 0Z350, 0Z351, 02352, 0Z353,
15 0Z354, 02355, 07356, 0Z357, 0Z358, 07359, 0Z360, 0Z361, 07362, 0Z363, OZ364,
07365, 02366, 07367, 0Z368, and OZ369.
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