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ANTI MALARI ALS FI ELD OF THE | NVENTION This invention relates to conpositions
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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
20 for half of all clinical cases of malaria and 90% of deaths from the disease.

The transmission of malaria begins when a female mosquito bites a human already
infected with the malaria parasite. When the infected mosquito bites another human,
sporozoites in the mosquito's saliva are transferred into the blood, which then trave! to the
liver. In the liver, the sporozoites divide rapidly, then enter the bloodstream where they

25 invade red blood cells. Inside these blood cells, the merozoites multiply rapidly until they
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

30  debris into the blood. This in turn cavses an intense fever that can leave the infected

individual exhausted and bedridden. More severe symptoms associated with repeat



The treatnment of malaria has been especially difficult due to the ability
of malaria parasites to devel op resistance to drugs. Quinine, an

antimal arial conmpound that is 5extracted fromthe bark of the South
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including reeofdesbiaNe therapies in treating malaria has the drawbacks of being inconvenient
and expensive, however.

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

25 thought to be 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.

The discovery of artemisinin (ginghaosu), a naturally ocourring 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,

30 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



neurotoxicity, (Wsche et al., 1994) and netabolic instability (Wite,
1994). A fair 5nunber of these conpounds are quite active in vitro, but
nost suffer fromlow oral activity. (Wite, 1994; van Agtnael et al.,
1999). Al t H8QgMHEasY synthetic antimalarial 1,2,4- tri @CEAASL00BO8IETISI NCce
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into one of follow ng three stru tura asse
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need in the art to identify new peroxide antimalarial agents, especially those which are

easily synthesized, are devoid of neurotoxicity, and which possess improved

10 pharmacokinetic properties, e.g. improved stability, oral absorption, etc.

SUMMARY OF THE INVENTION

The invention describes a method and composition for treating malaria with dispiro
1,2,4-trioxolanes, their prodrugs and analogues. With a few exceptions, preferred
15  trioxolanes of this invention contain a cis-8'-phenyl substituent on the cyclohexyl ring. The

compounds of the invention fall into one of following three structural classes:
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The trioxolanes of this invention possess excellent potency and efficacy
agai nst Pl asnodi um parasites. In addition, in contrast to previously
synt hesi zed trioxol anes, the compounds of this invention denonstrate
pr ophyl act i Woaewiogdssy agai nst mal aria and, in 10many i mstramsems/osiefof er
one-dose effectiveness. Further, several of the trioxolanes are suitable
for oral adm nistration. Mdreover, in conparison to artem sinin
sem synt het i ThedBkd Madst ves, the compounds of this invention are structurally
si npl e, easy and inexpensive to synthesize, and can be used effectively
alone or in conjunction with other antimalarials, 15 DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBCODI MENT eopbesent invention relates to the
devel opnment of spiro and dispire7 OxQl anes for use in the
prophyl axi s and treatnent of nala\pa invention is predicated
upon the unexpected di scovery that trloxolane ving particul ar
substituents on one side of the trioxol ane hetesgcycle provide netabolic
and chem cal stability to the 2 0 trioxolane ringg thereby providing better
in vivo activity, especially with respect to oral adm ni stration. Unlike
previ ously known trioxol anes, the conpoundzf” this invention provide
unexpect edl y good antlnalarlal prqphyla ti Qﬁ%perties, as well as a single
dose cure agai nst the disease in many |nsLances As used herein the teim
"prophyl axi s-effective anmount™ refers to a concentration of WO
2009/ 058859PCT/ US2008/ 081579 conpound of @%f%s invention that is effective
in inhibiting, decreasing the likelihood of, or preventing infection and
subsequent di sease by mal arial parasites. Likemﬁse, the term
"treat neht - effecﬁhw@vanmnmnmnmeﬁmmbgmn ahrd ekl disicoomefs, moapiound that is
effective i eating,malaria in reventing an increase in the
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in order 15?%&8%{a§ra%wknmm”mﬁ%n@@é?vghﬁ‘ﬁ%Pgﬁgpﬁ)m@?ﬁ%?mF?VEYMhaw The
trioxol ane denatuesdithe 0bmphmdpofibie irivehiidnemé staRwed s siulgrehs dhntxpdngie St abl e,
and have be n f und to V|de expectedly good antinmmlarial activity.
Conpounds of® SS1g% P‘Efjc{)aﬂg’ ugdes %Ft!ﬂelyyd gerF econpietiseyithsether eatipdadalt at | ve
conpounds have even been found to be malaria-curative with a single dose.
Furthernore, the oreferred conpounds of this 20|nvent|on have an i nproved
saf ety p? of PECAIREDRESCRINAION O3 BUEAREKERRE BODIMENDG| ane conpounds.
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gener al

trioxolanes for use in the prophylaxis and treatment of malaria. The present invention is
predicated upon the unexpected discovery that trioxolanes having particular substituenis on
one side of the trioxolane heterocycle provide metabolic and chemical stability to the

20 uloxrolane ring, thereby providing better in vivo activity, especially with respect to oral
administration. Unlike previously known trioxolanes, the compounds of this invention
provide unexpectedly good antimalarial prophylactic properties, as well as a single dose
cure against the disease in many instances.

As used herein the term "prophylaxis-effective amount” refers to a concentration of

(931



structure, with the R groups listed below the main structure. "QzZ" (which
stands for "ozonide") is an internal designation for these conpounds that
wi |l be used throughout the 25remai nder of the application for convenience.
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preventing infection and subsequent disease by malarial parasites. Likewise, the term

"treatment-effective amount" refers to a concentration of compound that is effective in
treating malaria in terms of preventing an increase in the concentration of malarial
5  parasites, decreasing the concentration of malarial parasites, and/or "curing" a malaria
infection, i.e. in standard mouse models of malaria, this would equate to survival for 30
days post-infection.
In previous applications, the present inventors disclosed certain novel
tetrasubsiituted trioxolanes having the following structural formula:
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wherein Ry, Ry, R3, and Ry represent combinations of ring systems, acyclic systems, and
functional groups that provide sufficient steric hindrance about the trioxolane ring in order
15 to give the ring chemical and metabolic stability.

The trioxolane compounds of the present invention are surprisingly iron-stable, and
have been found to provide unexpectedly good antimalarial activity. Compounds of this
structure are orally active, and certain representative compounds have even been found to
be malaria-curative with a single dose, Furthermore, the preferred compounds of this

20  invention have an improved safety profile in comparison to previously disclosed trioxolane
compounds.

In one embodiment of the invention, the compounds have the following general
structure, with the R groups listed below the main structure. "QZ" (which stands for
‘ozonide") is an internal designation for these compounds that will be used throughout the

25 remainder of the application for convenience.



\/H 0253407535 In a second enbodi nent of the invention, the conpounds
have the follow ng structure: <D0O-00 0. R/\ -N O -OH 0Z4950Z4990Z508 WO
2009/ 058859PCT/ US2008/ 081579 In a third enbodi nent of the invention, the
conpounds h#weeoavkasstol | om ng structure: (-0 R -0 N--) AGrGZ&E2M81579Pr ef er r ed
conpounds of the present invention identified thus far include:
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In a second embodiment of the invention, the compounds have the following structure:

0-0

/N
R= () —N O e OH
Nt

07495 07499 0Z508



- ci s- Adamant ane- 2-spiro-3'-8'44' 43' - (11- oxi do
-4' -mor phol i nyl) propoxy] phenyl k 151", 2", 4" - hi oxaspi ro[ 4. 51decane mesyl ate

(0z466) ; - ei s- Adanmant ane- 2- splro 3L8' 4443 44" - (et hylsulfonyl)-1'-
pi perazi nyl Mor20purssphenyl i - 1", 2", 4Lti oxaspi r o[ 4. 5] decanupseaspsate
(07, 482); -Ci s- Adanantanc 2-spiro-31-81141-(ci s-

4' - am nocycl ohexyl oxy) phenyl trioxaspiro[4.5]decane nesyl ate (0Z493);

20- ct s- Adamani ahird 2mbiinen 31 8 JnviAior( thé wbRpdins Mve HEIEHARRE ¥enlcturd:
trioxaspiro[4.5]clecanc mesylatc (07, 499);

- Ci s- Adamant anc- 2- spi r o- 31- 8' - (41- hydr oxycycl ohexyl)- | ',2',4"-

tri oxaspiro[4.51decane (0Z508);

- ei s- Adamant anc- 2- spi ro- 31- 814] @ '. phol i nypet hoxy] phenyl i r net hyl k
251', 2", 44ri oxaspi r o[ 4. 5] decanep- et &.(025%27); WO

2009/ 058859PCT/ US2008/ 081579 Q

- ci s- Adamant ane- 2-spi ro-31-8' 44" - (tans-4' - am neex clohexyloxy)phenyll-l , 21,
41- trioxaspiro[4.5]decane nesylate (02Z537);

- Ci s- Adamant ane- 2- spi ro- 31- 8' 44' - (31- am no- 31 nethylbutoxy)phenyl] 11, 21, 4

- trioxaspiro[4.5] decanep-tosylate (02539)ﬁ”ﬂ

5-ci s- Adamant ane- 2- splro 31-8144142¢(tetya _)6 ', 4" -oxazepi n-41(571) -
ypet hoxy] phenyl]-1',2", 4" -trioxaspiro[ 4. SLgecane p-tosylate (0zZ543); and

- Ci s- Adamant ane- 2- splro 31-8' 441-ktrans-41- am nocycl ohexyl ) met hoxyl phenyl ] -
1',2', 4" -trioxaspiro[ 4. 5] decane nesyl at c 8%545) .

-CIS Adanantane 2-spiro-31-8144' 441- (41- nor phol i nyl ) but oxy] phenyl]-1',2',41
- 1 Otrioxaspiro[4.5]decane nesyl ate (0Z555).

- Ci s- Adamant ane- 2-spiro-3'-8"44'[4' _[4'-(11-hydroxy-|"'-nethylethyl)-11-

pi peri di nyli butoxy] phenyl]-1",2",4"-trioxaspiro[4.5]decancp-tosyl ate
(02571). " o .

“ci s- Adamant ane- Stefgied sompounds af the pregos inyention identied thet fayinpludey 1) - 4' -

pl peri di nyl oxy] phenydehmtane2-sfirc-§18- nQirfh tg (02572).
The  nost prefgr?gd g n{hesgkggﬁ%oundéégggﬂg%ggg&ggzggéﬁ 02493,

02527 07. S@W”ﬁ§25®©ﬂd&ﬁﬂ°0@5$%06§9ﬁﬂby have been found to be
nalarlalguratlve i Aé&ﬂﬁfmg%i$P8%Sg 'gﬁé§*§5%9&l Q&%E%%, Hkaéﬂ$gtures of

these spiro and dispiro
20artenisinhmmgammgyﬁMhmnmnmdﬁnaMH@%VBS are thelr structural sinplicity and

ease of synthesis r_exa ] Spir oxol n s may be easi

synt hesi zed by tﬁ@”g ggg?EOg @ﬁﬁé?dﬂ&h@ %ﬁWﬂ?oﬁﬂP@VWUda¥%anones
in the presaﬂﬁﬁqmbptﬂﬁmﬁ@ﬂﬁb@&ﬁ@aﬁy@bpalkanone derivatives according to the
met hod of Giesbaumet al. %§1997a 199 7/b) as illustrated bel ow for the
symetrical di Sp'lcf‘gOA yPPirg B riokdildré-oxxl -4'-morpholinyl)propoxylphenyl}-

15 1'2'4'“trioxaspiro{4.5]decane mesylate (0Z466);
~cis-Adamantane-2-spiro-3"-8'-[4'-[ 3'-[4"-(inethylsulfonyl)-1'-
piperazinyl]propoxylphenyl]-1',2',4"-irioxaspirof4.5]decane p-tosylate (0Z482);
-cis-Adamantane-2-spiro-3"-8'-{4'-(cis- 4-aminocyclohexyloxy)phenyl}-1',2' 4%
trioxaspiro[4.5]decane mesylate (0Z493);
20 -cis-Adamantane-2-spiro-3'-8-[4'-(4morpholinyleyciohexyli-1',2' 4"
trioxaspirol4.5]decanc mesylate (OZ499);
-cis-Adamantane-2-spiro-3'-8'-(4"-hydroxycyclohexyl)-1',2',4'
trioxaspiro[4.5]decane (OZ508);
~cis-Adamantane-2-spiro-3'-8'-[[4'-[2'-(4"-morpholinyljethoxy}phenylmethyl}-
25 1.24'-trioxaspiro[4.5)decane p-tosylate (0Z527),
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0 ,00H3 03 \ AC: KT) If yields are lowin this coozonolysis reaction,
yields can inprove dramatically when the 0- nethyl oxi ne and ketone are
"reversed."” This novel procedure provides a uniquely 3 Oconvenient nethod
t o synt hesi X 8p1/45885and di spiro trioxol anes. Advant agestfusis/oosine WO
2009/ 058859PCT/ US2008/ 081579 et her route over the al kene approach incl ude
conveni ent synthesis of starting materials (oxine ethers vs.

tetrasubstitut ed -alskeheahtand2-ghier328-pi-tr@Rd §6hegkiokblYox9fphbi PRI 4N Of
desired trioxpl anes judi ci gus_sel ection of paired reaction

by . the
substrat es. ?ﬁ%a$WP%&%@%ﬁ@@“ﬁ%@wﬁgzﬁﬁ@ified by crystallization or by flash

col unm_chr 0Nt 0gr- @MY BntHRED Epifh T 18C[4UFE ARG Rl fot: 0pfd.r med by
anal ytical HPLC, 1H and ?SC N l, IR,MngIHPng poiﬁ? aﬁgaépgﬁgﬁfgﬂ!analysis.
For mati on of rgxgspirelgGlldegencirtoslain(@BG3Ak et her and a ketone is presuned to

be a three-step pLAc e, Sequence. begi.n Jthe eleetr, ilic addition
of ozoneqfo t he o%?%gﬁ 8%%?22%gﬁﬁﬁgoﬁf@rﬁ@g%3$¥&ﬁ$fxg§BﬂT%@. Second, the
very unst abl g)efroxpiphsnyledict-tib@ispagiFesidesaicp-@sylaa(dise);ead bonyl oxi de

driven in part by t concom t ant,, sion of the relatively stable methyl
T ite Third,  CHE AR B AT Oes oSSt By b Rbn w t h a

ketone to give 4R xegeonURANR7AMyRE @7545)2, 4-trioxol ane. It remains to be
9CH3CH3ONO CH3 03 N n O czte- 0 0 0
-cis-Adamantane-2-spiro-3-8'-[4'-[4'-(4"-morpholinyl)butoxylphenyl]- 1", 2" 4"
10  trioxaspiro[4.5)decane mesylate (OZ555).
~cis-Adamantane-2-spiro-3'-8'-[4'-[4'-[4"-(1-hydroxy-1"-methylethyl)-1'-
piperidinyljbutoxylphenyl}-1',2',4'-trioxaspiro[4.5]decane p-tosylate (0Z571).
~cis-Adamantane-2-spiro-3'-8'-[4'-[ 1'-(2"-hydroxy-2"-methylpropyl)-4'-
piperidinyloxylphenyl]-1',2',4"-trioxaspiro[4.5]decane p-tosylate (OZ572).
15
The most preferred of these compounds are 0Z439, 02466, 0Z493, 02527,
07537, OZ539, and OZ5SS as they have been found to be malaria-curative in some
instances with a single dose,
Notable features of these spiro and dispiro 1,2,4-trioxolanes in comparison to the
20  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-
methyl oximes of cycloalkanones in the presence of the requisite cycloalkanone derivatives

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

symmetrical dispiro cyclohexyl trioxolane:

O™ o =2 OFO

If yields are low in this coozonolysis reaction, vields can improve dramatically when the O-

methyloxime and ketone are "reversed." This novel procedure provides a uniquely

30 convenient method to synthesize spiro and dispiro trioxolanes. Advantages of the oxime



QzOB3 determ ned whether this is a stepwi se or a concerted reconbi nation
process. Most of the new dispiro trioxol anes contain a spiroadamant ane and
can be 15 synthesized by the coozonol ysis of adamant anone O-net hyl oxinme in
t he presenc®OgPosuhgsst equi site cycl oal kanone deri vati ve.PCEN&S2mesisrr ed
reaction solvents for the coozonolysis reactions are hydrocarbon sol vents
such as pentane or cycl ohexane; nore polar solvents tend to decrease the

yi el d of thecth@agits %er NNBRNKYIpRAES irdh8e &%eﬁxéﬁ@jﬂt}yesﬁ%kkt%ﬁ bfsdpgit ane or
cycl ohexane, a m xed sol vent (pentane/ net hyl ene chl ori de) or nethyl ene

chloride al ofﬁél“Wt}??&“y"sb@tf@%‘éﬁlt“tse%%&ﬁ) highdr gield rgvé\ﬁelrzcrnwtmei foamptionof oxi me
ether to ketfRgeqd ik roxi de
(1,2,4,5-tet raoidgngxaw%&@gd&&&ﬁ Sequgeh(? Eéw hg(%agﬁ(%gbgor%atl on from

di ket ones, ahu lﬁmq@mmﬁsebﬁt heificd by t:nysmlhmttoh or baflashyolpemtcarvenasaraphl, e

synthest & ot 1ok SREEudary b 1St nne WALt S ROV

soluble in pﬁﬂﬁmm@n@eﬂeﬁﬂeﬁke} an@lysigli fficult 25 to renove in the reaction
wor kup, a 1:1 ratjo of k tone to oxime ether may be used. In | arge scale
trioxol ane synt hd§gRatiog ofa Bloxplepe g a8 gxigre e@?fﬁﬁ‘@f%ﬁ%ﬁﬁ“ﬂ@dﬁsw to

achi eve hi ghBfeeSRH YRSk OME : Li,0XQ anes
wi t hout causi r?él 508910%% 5%%@%%%%6%% 9&%{1]({' g)ln(%g??%h%tt%{rhggﬁ ¥s.

The di spi r o dorblgkendtadospnprirsiy peamsdeofSeednd, ipe egennstabimennar@addmg/ be

gener al by USEpkfk i DRRh ORI AXbRal A AL Bl TR B Thedgd oxof ane

corrp03| tions resent entron are ere
phar naceut i (ralbﬂlvgelyammqommylmlm rTibé, thAmtb&gthmﬂﬂHﬁgbesai By Aegapidiaiios

carrier may h nera sed f this pur ose rovided that the carrier
does not si d’ﬂﬁ‘ﬁglﬁﬁ ‘xhﬁ’&s?cé?‘ THPERIeRE 1 <5 oK g d repiegalabe abi lity of
the trioxol ane corrpounds of this i nv%;_‘l on. The " ol anes,a this

i nvention can adnppistesed i fectivel y 3p ar mace at |y .
acceptable f Warrﬁ bl dgde @. ingl udi human and—0t h

ani mal subj ect e.g. in topica ama@e or al sitory, pare alg

i nfusi bl e dosage forms as a topical, buccal, s eP, or nasal spégg or

in any othec1 manne ffe@}ll ve to dellver t he agents. The route of

adni ni st r at CSFRINPE] ViR SHsisaptepuisgast (j‘ﬁ’éf&ﬁ‘idde‘i?ﬁ%bi"}ﬁ‘?’ep’iﬂﬁsﬁvery and/ or
llocalization of Mgt FURYS dishpibodFiG@NanSdnuin 4 §hiRHGnARe b LR active
conmpounds i.e. the trioxolanes, the pharnaceutical 15conpositions of this

i nvent i &h nmayntkesiedbrihe gpazanelesieofedpnenanone Aemethodokinzsr in g prbvende of di | | tate
processi ng s paLat can be .use

phar maceut i Qqu fsﬂ?c%‘f&a?léé&@%#?#g?n%‘h eélrgfgg asgCt ‘asf f’ntméglﬁ Sap&ye y%{ﬁd

granul es. Prﬁeptaarwataredrydrommbmhsod:@ntsbecmmemlsd(&rcedo}reamteaiﬂope pol sbldlents
supp03|tor|e t% g g ar s ncl‘wg U|table solﬁé |ons f.or

adm ni st r at FOH b erceeﬁfet e @"cﬁ PIESFAPPy AR LD 8SInet BREMMIEL et be
admi ni st er edr §ulhalany, ahixsdIIVASGBhthde/methylene chitSdBNE TIBRGEME LEBlde alone _
preparations of the gresent i nvention are manufactured i'n a manner which is
i tsel f Rl MRABGASeHN Seveenl dictors gayerndheinpp ef exime sihar Wﬁf@@w lwabmprepémat i ons
may be mdeiﬂhﬁd&‘%@%l@& G BLME ti@@%t '&ﬁﬂe?ﬁnmgﬁo%nw ’dw%%l%gee maki ng,

di ssol ving, |yophilizi nb processes. H ocesses to e uséd w Il depend
ul timtely Gmnatem fimwélkefaheswpirtopmntqtce'sleoéacmdxm:acﬂea&@ fengnedindint  used.

Sui tabl e ex nts..a reie ch as sugars for exanple,

| act ose or gét}‘ngfcgscew%%%?f"o@ lg ¢* Bt EM Fm"“&"erf’ 8@ &ﬁ?‘eﬁ‘é?yﬁg “Hheegndidor

cal ci um phosspbaiissn oﬁs@ﬁ wlNaRPbEss abd ot daGilEBINOS PaALE:, BXpetdl € bmylindr ogen
as wel | bi nders such as starch, paste, using for exanpl e,

phosph
mai ze 2%%” ch rempwdp ¢ fﬁ?%‘ﬁn workeR, ast:hpatig of 5@9@&&9 ox g giher may be used. In

large scale irioxolane 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
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3 Ogel atin, gumtragacanth, nethyl cellul ose, hydroxypropyl nethyl cellul ose,
sodi um car boxynet hyl cel | ul ose, and/or polyvinyl pyrrolidone. If desired,

di sintegrating agents WD 2009/ 058859PCT/ US2008/ 081579 may be added, such
as the abov®Omgevissiied starches as wel |l as car boxynet hytCrgtsrahgisTy
cross-1linked polyvinyl pyrrolidone, agar, or alginic acid or a salt

t hereof, such as sodium alginate. Auxiliaries are flowregulating agents
and | ubri canp@ifichidn eoaemd. e, such as silica, talc, stearic acid or salts
thereof, such as magnesi um stearate or calciumstearate and/or 5

pol yet hyl ene gl ycoiedispia fricyelengeonirositignyrfyhaquessniguyation wiy be garictalipheed
coati ngs whi i i . stant, . .Gk Ul . For this
ur pose. concant Rt EATEHE S u O ErhaRE! AtubR AR kbl SEBe plsi |
cont ai n gum aretibe pretadingiistgod slongmyitipy praombctotia]ly palepteblavhreae Aglyycol and/ or

titaniumgdio l.acquer lLutions and suitabl e organic sol vents or
sol vent n%j xtﬁlﬁaggﬂ.‘%‘]“ﬁ'%@f%%?ﬁ?%c T S L& gg’l?é%‘ﬁ'ﬁ'@%d 'gé%?sﬁug?ﬂgqtp&"’g‘%gtﬂﬁtc
j ui ces, sol uht ongerafoesiit bighifiearti®lihtblf@s &ith HRRAbLAY @Jﬁo@ﬁﬁa{bilﬁﬁ of the
acetyl cel I ul ose pht hal ate or. _hydroxypropyl nmet hyl eel | ul ose pht hal at e,

dyestuffs a_ntB'O’b(_?l {“gf’?f’éli‘loﬁ@lsdﬁlﬁéﬂ‘“’ro the tablet coatings, for exanple,
for identificati ame@foxoRn® Heilis ﬁﬂelﬁ{@:ﬂ%@?E@J&ltﬁﬁst@l‘eﬁ&ﬁ&@%&fe& (Ri nation of
i

conpound doses. O her pharnaceutical preparations can be used orally
i ncl ude pusHbRpaceEicahsapcentabhaivem &f wepel Hooded animalseinkluding oty asieshed

capsul e : | at i : ichzer such as glycerol .or sorbitol.
The pus%—o;r??a% gg%ssﬂﬁlé@g’ & hﬁg ﬁ%&?é\‘%géig?aé’csﬁ X R/OEH%%%{)GE% it ﬁ@efiS?‘aﬁ? of
granul es whifotmsyaya oeicali Mexdalydublinguel, bersaispeh osis shpothesanmbi RS sUCh as
st ar ches, ane{ior_tl ubritc ts such as talc or. m nesii um st earate and,
optional Iy, StEBihGaEes Thefoulspf aquypstiton wil peeferaly hedssimebiamasmagee
preferably dicisal wefordscabsdps 0E@E apdhtssbidghlals! i qui ds, 20such as fatty
oils, liquid paraffin, or liquid polyethylene glycols. In addition
stabilizers may Bexddifinado thogsliyasrmppings ivrdeairioselineprtbppiraanaeniicaivhi ch can be
used regial | BnihhGd b ex i I i chaconsist, of a
conbi nati on Cg?lb?ﬁdé&ggf %}]E/sgﬁ‘é%ﬁnp&gﬁhggon\?ma?ﬁgﬁa fg%g%%%lgg:ﬁ@o%ﬂ%ﬁgsz&ﬁgﬁi tabl e
supposi t or y fixdlétels pracessinpof theaativel comppatds ired poparstyoms didhaab bé gdeycer i des,

paraffin hy rhon | yet hyl.ene glycols,..or higher glkanols. In

addi tion, 2%?]?&?‘5&%@[ ' g%%isc?)%?gé f?%lsﬁg%%ﬁjé‘fsat?l?lﬁm’rc ngﬁs dé‘ﬁﬁ?ﬁﬂ”@% whi ch

consi st of XrgerdivmavhicincafbetabRindtdred/RcaRrpoMBcSipYb&ibries. TRBG doBQ8 /il e base
material include for exia\rrpl e liquid triglycerides, polyethylene glycols, or
paraf fin hyd‘?"g‘t“gﬁw&?& solutions forspdrpmsirationPaivnicelly onerailpang serapnsisioas which

adm ni spoat icgiibd £elikigierea BUKAMY oSRbiiJuQRs of active conpounds in

wat er-sol ubl e or water-dispersible form In addition, suspensions of 3 Othe
acti ve conpounds Thgpheppraspiidebprepasitiops pfthepresanhinsersive nsd omw favayedoe a

adm ni stere [ l.e..L ilic.sglvents or vehicles include fatty oils
for exanpl e?naggés}é’&rr]@l c}lgft%él#g‘?g%@dﬁglf; 6@8&%@%&‘?}’% m@fglfﬁp%rwarﬁ’@g‘? c
fatty acid esiyérsiadéby mexawpbaveionyllmialngagremutingl drgde¥ GRIkingeSssoRGHLOoUS

i njection sgysgﬁ}sj ons maé% ntai n substances which jncrease the viscosity
of the suspef8PdREPHEFY -ﬁ%‘*#”&%"%&%&ﬁ%f? Bsed SgHdeRane A1msnet g Phser] ul ose,
sor bi t op5 angiperidextihemiveugiedeariesi tions may al so conprise adjuvants such
as preserving, wetting, enulsifying, and 5di spensing agents. They may al so
be sterilized, f&uitablamppientsby, fidatifcatal, letsRn@ighu@rdRE bamhipg, [eload fi N9
filter, or Q&/ _incorF.?rati nﬁ(ﬁtq{ii I i;zi%%_agents into the conpositions. They
can al so be HERGFEEPH 859 WY&y gier gPralpPrranf @ s8rra nEewmisss fifons whi ch
can be di ssetangle, @icafiGPPRAGKA 6 Hlchil hyRrdMah BhospSd, 0 el & biRldiEuch N ect abl e

medi um prior to adm nistration. )
starch, paste, using, for example, maize starch, wheat starch, rice starch, potato starch,

30 gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyleellulose, sodium

carboxymethyleellulose, and/or polyvinyl pyrrolidone. If desired, disintegrating agents

11



In addition to adm nistration with conventional carriers, active

i ngredients may be 10adm ni stered by a variety of specialized delivery drug
t echni ques which are known to those of skill in the art, such as portable
i nf usi on puwPs2009/058859 The tri oxol ane conpositions of thEpresnsisinvention
are adm nistered along with a pharnmaceutically acceptable carrier in an
anount sufficient to prevent malarial infection and/or treat an active
infection. Tieybéida¥@lsaiteasEEdOUNAStIed ftirShdsAY 6Bl hOBRVBdPEXEeTel y | ow
toxicity and a | ow degree of side effects even at high doses. The dosing
range of theSPssiiKed aﬁweﬂm@ﬂon@ﬁgawnallgimauasldGémﬁlidhm'gﬁfowdaawdbm of
factors, suchg; her .t S, : I t . an
active inf ec%]fglg%?'v?gﬁp gﬁegfa}ea%ﬁly h%ggglggéggﬁt?%osb%h'%tﬁé%al@?é’ g?dgas %ﬁfgaa
gener al , t hetaichgemsadidior sdodlerof, sheli oxalgacstumsiyaratangealdeh weenteahdiot

0.1-1000 / it tween about 1-100 kgl da eing 2 Q.preferred.
The 7 or egor n%‘géfg?%"é‘e\@ﬁvﬁ&bgﬁ%l%ﬁ%?z‘%‘%ﬂsé‘&?yggpﬁ’vg’i%ﬂ SRl CSP%P%W%HE‘: i vi ded
into nul ti plasidasanyberesRini Bigadui@fuic@sn. For single dosing, a possible

dosing range is fromabout 0.5-5.0 ng/kg. However, this dosing range nay
ext end rmuch hi ghdior this purposF henctutiatdehgareolotdep asiytbic oss!, whigh bey aptidnallgt er ed

once to seve g gaily. larhba preventio typical. dosing
schedul e coufogl%%wgl?ggxtgﬁﬁowngya er I‘ilqﬁlg 0yéeﬁly%’lnﬁéhlygﬂﬁn%grotét@“%‘ﬁr e),
2. 0- 1000 ny/digxine ddchyer begiinpiand siiaRle\weakie spli-tas ot 0IveRd mikh@ese Xpogurie t aken
up until O1-2 _\A$eks ost - exposure. . . . The spi.ro and dispiro trioxol anes
of this ity ePTHsH ComyeLEsSamth et soiinps Bhaiable sxlbiass preparaiqns sxchy e
salt form  SiiGBetpladifufosd bRthiRle br KR piopyhiteyRENUISR Bkl SRsBY bn Al € not
limted to acetate, adipate, alginate, citrate, aspartate, benzoate,
benzene sul fREBEES may bradded fodhelablsigoptingselor emphrofaidentiieutiph or inoudef tnat e,
di gl uconate, 9}a¥t‘é§£&{?§&§;ﬁ'} [ Mfg%f)ﬁ}ng’do&%pt anoat e, hexanoate,

ori de 4 e, hy

fumarate, hydroch , hydrobrom roi odi de, WO

2009/ 058859PCT/ URRAQ$h kot Sicd phipaiananselianat bl analtllisidingate) ,
| actate, nal eate, nethane sulfonate, nicotinate, 2- naphthalene sulfonate,

oxal at e > Spal FP{smeade pegalativaesevellnasselll seaedcapgilgsiresdy op edpinmnd nelaspéicarat e,
pival ate, prapi ANA Rl SHGHRAL _ thi - hat .

gl ut anat e, bb i car bona%oe, P%%%?u%ﬁ g}lq,l IE ga}qgl%lees cg{rll g&ﬁﬂﬁ g‘%ﬁgﬂﬁ%‘g{h gﬁ@gﬁdg n the
Preferred sdbinsobgrenidésoguch ma beSnimed with @1l sudbias taemist, abvidkis tsychads stalvhes,

tri oxol ane conpopnds.  Thi.s will depend upon a number of factors, including
the cheni cala?l{si;}t8 t E]g) Ciings sgh ?s\f?%]c_f’ﬂ_n Flﬁﬁeg?eafaﬁeeanga? 1|°8‘7fn(§’t e eES‘nSIPf"i?s _
i ncor por at ectapdules, theudtioe 05mBAIMINdrs predidbddisived or suspend ABin3uldNElhids! ul e, it
is pref gor ed to adm njster the conpounds of the present invention, as well

as ot he antSPﬂhfI‘S pityAqls, liggud prarifingr liguid priyethlenoslysoie fapddition sibilgersmoy
10prevent r%'a&&@ﬂ%ssiﬁ@ﬁha%ﬁ%ﬁﬂic%a?px@ arﬁ%@wﬁﬁﬂ@h%%}%@re&ﬁ?%%ﬁdb,%rt reating

mal aria are well known in the art. nbi nation t ant ’'mal ari al

drugs is thexanpol upprsberesuskiclhéonsisoofarcombmetits] ddlk stk comtovodsdailh tHe ugs

w th i ndepe - . tion and.different biochem cal targets in the
parasite. Tﬁgﬁ%%]ﬁ%gg%%bg Llé%?%%“ﬁ%%sﬁ%wbta hef le(fp%n P %gﬁuﬁﬁo%%ﬁg%nergi stic or
addi tive potigglyicakleppartifim hgdronmbas drolig@dhylcho glytils, oy Righfrellapaut incdefibh,cacy
and 15al so del t he, devel opment of resjstance to the individual conponents
of the & nbi“‘rfatg}_y%ﬁ?ss'éﬁ“—éﬁﬁﬁ I redit campleambichaputst of 2 anmbiraionst harsths

i ncl ude art @BnBhiNIR weH LA HLORTe Wisk hhathhohogs @%ﬁﬂ%mﬂiﬁhhﬁ%iy@ﬁu@é}d

gui ni ne based conbi nations with tetracycline and clindanycin. "The

tri oxol anes Pefvetiienpeleednor passfénbydbecadioss.expect ed to be administered in
conbi nati ons wi tlg .va%gair}ous ot her, anti n%g%{i,aj s includjng, but not limted
to, artetnether, >POEHPBPYHIAN & PAEREBL IHmRSUHopdRelyisiaHBcous sriutinps 8har i di ne.

active compounds in water-soluble or water-dispersible form. In addition, suspensions of
30 theactive compounds as appropriate oily injection suspensions may be administered.

Suitable lipophilic solvents or vehicles include fatty oils for example, sesame oil, or
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The Spiro and dispiro trioxolanes of this invention have been found to be
effective in the treatnment of schistosom asis. Schistosom asis ranks second
behind nmalaria in terms of socioeconom c and public health inportance in
tropi cal anWOMP5es3? cal areas. The di sease is endem c HaT/URgo0desi&topi ng
countries, infecting nore than 200 mllion people in 25rural agricul tural
and pen-urban areas. An estinmated 500-600 mllion people worldw de are at

ri sk from t hemdicSeARe acid esters, fdhhamPleOdthyl OTcA® oPfrighidbids Sﬁaile%h@ﬁ)?é%@i?' S are
caused by five species of vvat er borne f| atwor bl ood fl ukes, called

schi st osomesS"Se§RE OB} m%%g“%%’éﬁ%s WE‘CISBWT“@%"%%W&'OWGM suspggkion, has been
reported in pduGahMrck8splt, Rodiiml ERoxfotehyFas it s%ﬂbl}}ﬁﬁfo@@g)&{éﬂr %h?’cont act

OCari bbean, and South Anerica. The parasites enter the bo
with infest e@mwlmwmﬁldm@ﬂs#%}ssmsmng,a@amga@remlsd"}pmg,mai| |y

anong peqpl e r The ar.asites, nor mal |y

i nf ect t%g dlgﬁgﬁﬁ%ﬁhgt he ce&catzlalrélbgs'%nﬂz ag]é’[le géﬁﬂﬁt}%ﬁ%‘ 'de the host,
the cercari da%i&ue}lr@mnmgﬁﬁeradtﬂytiﬁco@psorﬂﬁigls%ﬁ&ﬁg’(ﬁ’@ms@m tieonfpbaas¥e mhsy f or

st hi stosom asi s, h ave f‘%c segl ;‘ g}a g/ & H%)PB,XIS i..e. 5 prevention of
host i nfecti%h alS?/ EBPRYP EURS ORp o Sterdle § ?qq‘g’ ghogssvifighecabe disipledl y used
drug for treatsipeidedin s&hk %Qﬁ@ﬂhﬁsér%thewwéc@ab%rﬁm Bgé: thagmPGRRst r at ed
activity in the prophyl axis of schi stosoniasis, it has not shown any

activity agai nst lagliditicn. to sdmim&hation with conbéntioad cmw:,be&:em npexpe heg by

dscoerdtatthe ro, r rioxol anes, of this invention are
alctl v\é ag}al narsafmrﬂ%?rﬁd Eg% (‘f%rfe%é(gfsfﬂ‘a"E@‘J&E’fﬁe&%&r)’ﬁ%‘é‘ﬁ’fl‘,q“§ W]i“lﬁtb"éflﬁ V‘t’.ﬂﬁ‘? ‘:Rﬁlé‘?felo

adni ni stere¢f|sm11ﬁah&edﬂ5@glessﬁm@ble&{m@(ﬁnMdsl ned above with respect to
treatment of malarial parasites, is also believed the trioxol anes of
this invention wlff Packps ?WO&@&?%@W@%@WW yepdrpinisfesed Behedwdi ng

| evel s Of 1 fiaiaSRidcRnldob M ARETr B on' dchnd SARM Rlbecf ARG 11007,200

ng/ kg/ day orally. Qher drugs besides trioxolanes are conpatible with
the carri er anpggy eahil amactive Srienjionl Bl thexdlmesrppowide df thistiovettion legeri er . Such

mmy i not oo PERA Ik BREEY SR P ek 8PS Rl i Tl Pbigp s The o °11 1

anti i nfl amagmge pf ﬂagmttmlanetmnpdsttmnswum@r gdpaling drad minflRr B REERL subi¥ent i on
cont enpl at es ,t he se of . not g)g )%’(%t he above-stated {rioxol ane corrpounds

t hemsel ves, “ﬂ’ﬁ‘thc‘i EiFepibbon Préreatmepbefopiasievenpoptod, »ulsnpound and t he
anal ogues a'ﬁdmi?hsﬁla@&i @ading/scREduley @tosﬁi denb@l O tﬁé?ﬁfe@@({ dos@af l‘(’i%#;(gl?rfeﬁmgpt i cal
S

i soners which provi de the sane pharmaceutical results.
exanpl es ar &g beipeen abous -1 -h8Gme/kedu Mi&;tbeﬂwem @bwhblﬂmmgfik@idambe:ﬁ'@us t hey

L T T e
within the gpé muttlpdn‘ddsbsd‘oﬁﬁinmsmnonn FolEsxAPldsink, a pmmbmmloang fngdRthiow] ty
about 0.5-5.0 mg/kg. However, this dosing range may extend much higher.

The trioxolane compositions may be administered once to several times daily. For
malaria prevention, a typical dosing schedule could be, for example (other than for single

25 dose cure), 2.0-1000 mpg/kg weekly beginning 1-2 wecks prior to malaria exposure taken up
until 1-2 weeks post-cxposure.

The spiro and dispiro trioxolanes of this invention may be administered as any
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,

30  bisulfate, butyrate, camphorate, camphor sulfonate, digluconate, glycerophosphate,

hemisulfate, heptanoate, hexanoate, fumarate, hydrochloride, hydrobromide, hydroiodide,

13



30Activity of 1,2,4-trioxolanes against P. falciparumin vitro; Each

tri oxol ane was screened agai nst the chl oroqui ne-resi stant K1 and

chl oroqui ne-sensitive NF54 strains of WD 2009/ 058859PCT/ U82008/ 081579

Pl ast nodi umwitedoez(ssdsem in vitro. Activity of 1,2, 4-tri oxXulsnesoagal nst P.
berghei in vivo. In the single dose in vivo screen, NVRI mce infected with
the ANKA strain of P. berghei (groups of five mce) were treated 5one day

post-infecti My&bmﬂtamm@dta(aml&xm ah(R6l nodleafd) FRBBSEG fbihtS haddA%d 2-
suspendi ng vehicl e The SSV consists of either 0.5%w v car boxynet hyl

cel | ul ose, onf?ﬁ%’\?}'eoe B%%E%Iﬁ oxplatsrisymitentcq peolingte, presaliate G PhendroPY9stey v sodi um
chloride in yafer pi%ia@ ﬁoffhm{a@é %ﬂaﬂﬁxhﬁﬁtm}'& neSU{J’W ;gma%'aé% ta¥lape, TWeen 80,

and 0.5% v/ v benzyl alcohol in water. Trloxo nistered as
singl e po 30b1ngbmtqd9§@seneAﬁfqnmlaacﬂ uradecfaloatﬁvaltsmereﬂ@amaismhesb that per cent
rvival tinmes

reduction.in, ree.p ost-1inf
conmpared to lggl%%%ﬁlee% eﬁﬂ‘ﬁﬂ“ '1h Br}oéﬂlp e@lﬂnrpﬁm trk"g "H@@epfﬁhlﬁ%(g’ta’?‘?ﬁb&t i on
i s consi der edf fhi@ognduditg the ncxmlbul strien@ebf the tuoxolaﬁ:@m&aﬁiei wevidat aif or the

[ [ esunate (AS), artenmether (AM, 15chl oroqui ne

antinmal arial, drug confrol s
(CQ, and rre’FlF‘HH%F‘i’?gv E‘Wteé’?@‘s“&lp§gatf%?t&ded Table | Antimalarial activity
G50 (ngi mh) KL/ H7oRr gl ¢ e e sy smativo Fole Py e) 30 o/ kg
SSV po invention, as well as other antimalarials, as part of a combination therapy in order to
10  prevent resistance. The benefits of such combination therapy in treating malaria arec well
known in the art. Combination therapy with antimalarial drugs is the simultaneous use of
two or more blood schizontocidal drugs with independent modes of action and different
biochemical targets in the parasite. The concept of combination therapy is based on the
synergistic or additive potential of two or more drugs, to improve therapeutic efficacy and
15  also delay the development of resistance to the individual components of the combination.
Examples of current antimalarial drug combinations include artemisinin combinations with
chloroquine and mefloguine and quinine based combinations with tetracycline and
clindamycin. The trioxolanes of the present invention are expected to be administered in
combinations with various other antimalarials including, but not limited to, artemether,

20  chlorequine, mefloquine, piperaquine, and pyronaridine.

The spiro and dispiro trioxolanes of this invention have been found to be effective
in the treatment of schistosomiasis. Schistosomiasis ranks second behind malaria in terms
of socioeconomic and public health importance in tropical and subtropical areas. The
disease is endemic in 74 developing countries, infecting more than 200 millien people in

25  rural agricultoral and peri-urban areas. An estimated 500-600 million people worldwide
are at risk from the disease.

The major forms of human schistosomiasis are caused by five species of water-
borne flatworm, or blood flukes, called schistosomes. One of these species is Schistosoma
mansoni, which has been reported in 53 countries in Africa, the Eastern Mediterranean, the

30  Caribbean, and South America. The parasites enter the body through contact with infested

14



Cures 30 ng/ kg SSV po Control O 6-7 0Z429 0.52/1.3 99.97 27.8 4/5
02439 1.5/2.0 98 >30 5/5 0zZ453 0.66/1.1 >99.9
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surface water, primarily among people engaged in agriculture 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
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 S. mansoni, S. japonicum when
administered in the dosages and manner outlined above with respect to treatment of
malarial parasites. It is also believed the trioxolanes of this invention will be active against
S. haematobium. Preferred dosing levels of the dispiro trioxolanes of this invention are
about 100-200 mg/kg/day orally.

Other drugs besides trioxolanes which are compatible with the carrier ingredients
may also be incorporated into the carrier. Such drugs may be readily ascertained by those
of ordinary skill in the art and may include, for instance, antibiotics, other antimalarials,
antiinflammatory agents, etc,

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

The following examples are offered to illustrate but not limit the invention. Thus,
they are presented with the understanding that various formulation modifications as well as
method of delivery modifications may be made and still be within the spirit of the

invention.

EXAMPLE 1

Antimalarial Activity

Activity of 1,2,4-trioxolanes against P. falciparum in vitro. Each trioxolane was

screened against the chloroquine-resistant K1 and chloroguine-sensitive NF54 strains of

15
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Plasmodium falciparum in vitro.

Activity of 1,2,4-trioxolanes against P. berghei in vivo. In the single dose in vivo screen,
NMRI mice infected with the ANKA strain of P. berghei (groups of five mice) were treated
one day post-infection with trioxolanes dissolved or suspended in standard suspending
vehicle (SSV). The SSV consists of either 0.5% w/v carboxymethy! cellulose, 0.5% v/v
benzyl alcohol, 0.4% v/v Tween 80, and 0.9% w/v sodium chloride in water or 0.5%
hydroxypropylmethylceltulose 0.4% v/s Tween 80, and 0.5% v/v benzyl alcohol in water.
‘Trioxolanes were administered as single po 30 mg/kg doses. Antimalarial activity was
measured by percent reduction in parasitemia on day three post-infection and survival times
compared to an untreated control group. Survival to day 30 post-infection is considered to

be a cure in this model.

Comparative data for the antimalarial drug controls artesunate (AS), artemether (AM),

chloroquine (CQ), and mefloquine (MQ) are also included.

Table 1
Antimalarial activity of trioxolanes against P. falciparum in vitro and P, berghei in vivo.

Compd 1Cso (ng/ml) | Activity (%) | Survival (days) Cures
K1/NF54 30 mg/kg 30 mg/kg 30 mgkg
SSV po SSV po SSV po
Control | = =e— 0 L
07429 0.52/1.3 99.97 27.8 4/5
07439 1.5/2.0 08 >30 515
07453 0.66/1.1 »99.9 24.0 35
OZ460 3.5/3.3 99 25.0 3/5
07461 2.8/2.8 99.8 >30 5/5
0Z462 3.2/3.] 99.7 >30 5/5
0Z464 3.5/3.3 99.8 >30 5/5
072466 3.2/2.5 >90.9 >30 5/5
0Z482 4.2/4.3 99.9 >30) 5/5
07485 6.1/5.6 99.9 24.8 2/5

16



>30 5/5 02482 4.2/4.3 99.9 >30 5/5 07485 6.1/5.6 99.9 24.8 2/5 WO
2009/ 058859PCT/ I 1 S2008/ 081579 07493 1.1/2.1 99.7 >30 5/5 072495 1.9/3.8 99.3
26.8 3/5 07498 1.6/2.5

WO 2009/058859 PCTUS2008/081579
07493 1.1/2.1 99.7 >30 5/5
07495 1.9/3.8 99.3 26.8 3/5
07498 1.6/2.5 99.0 24.8 2/5
02499 1.0/1.5 99.8 25.2 1/5
0Z505 2.1/1.9 99.7 274 4/5
QZ508 1.2/1.4 99.8 24.4 3/5
0Z513 1.1/0.82 99.9 21.0 1/5
Q7527 3.6/2.9 99.7 >30 5/5
07534 2.1/1.7 99.8 22.8 1/5
0Z535 1.8/1.6 99.7 26.4 3/5
07537 2.1/24 99.9 >30 5/5
0Z539 1.5/1.4 99.7 25.2 3/5
07,543 1.3/2.2 99.6 >30 5/5
07545 3.3/3.9 99.5 27.6 4/5
02547 3.9/7.9 99.7 24.8 3/5
0Z549 1.3/3.1 99.8 22.4 2/5
QZ555 1.7/1,5 >09.9 =30 5/5
07571 1.7/1.9 99.9 24.0 3/5
0Z572 1.2/14 99.9 30.0 4/5
0Z575 1.2/1.6 99.7 22.2 1/5
02277 1.6/0.91 99.7 8.0 0/5
07401 1.9/1.7 98 237 3/5

AS 1.3/1.6 92 9.0 0/5
AM 0.74/1.2 99.7 5.0 0/5
CQ 62/5.1 99.9 9.6 0/5
MQ 3.0/5.8 89.6 21.8 0/5

The data in Table 1 demonstrate uncxpected single-dose curative properties of these new

trioxolanes in the P, berghei-infected mouse model. In these experiments, compounds were
5  administered orally in the SSV vehicle at single 30 mg/kg doses 24 h after infection.

Compared to OZ277 (described in the inventors' earlier patent) and all of the control

antimalarial drugs, these new trioxolanes cured 1/5 to 5/5 of the infected mice.

0Z439, 07461, 0Z462, 07464, 07466, 02482, 07493, 07527, 07537, and OZ555

17



99.0 24.8 2/5 02499 1.0/1.5 99.8 25.2 1/5 02505 2,1/1.9 99.7 27.4 4/5 02508
1.2/1.4 99.8 24.4 3/5 02513 1.1/0.82 99.9 21.0 1/5 02527 3.6/2.9 99.7
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successfully cured the disease in all five of its recipients.

EXAMPLE 2

Antimalarial Activity

Activity of 1,2,4-trioxolanes against P. falciparum in vitro. Each trioxolane was
screened against the chloroquine-resistant K1 and chloroquine-sensitive NF54 strains of
Plasmodium falciparum in vitro,

10 Activity of 1,2,4-trioxolanes against P. berghei in vivo. In the single dose in vivo screen,
NMRI mice infected with the ANKA strain of P. berghei (groups of five mice) were treated
one day post-infection with trioxolanes dissolved or suspended in standard suspending
vehicle (S8V), The 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, Trioxolanes were administered as

15  single po 10 mg/kg doses. Antimalarial activity was measured by percent reduction in
parasitemia on day three post-infection and survival times compared to an untreated control
group. Survival to day 30 post-infection is considered to be a cure.

Comparative data for the antimalarial drug controls artesunate (AS), artemether (AM),
20  chloroquine (CQ), and mefloguine (MQ) are also inchuded.

Table 2
Antimalarial activity of different salt forms of QZ439 agaiust P. falciparum

in vitro and P, berghei in vivo

25
Compd Salt Form ICsp Activity (%) | Survival (days)
(ng/mi) 10 mg/kg 10 mg/kg
K1/NF54 SSV po SSVY po
Control | = oo | { 6-7
07439 mesylate 1.5/2.0 99.9 14.4
0Z558 {osylate 1.4/1.2 99,7 13.8
07559 hydrogen 1.5/1.4 99.9 14.6
maleate
0Z560 | hydrochloride 1.3/1.2 99.9 14.6

18



>30 5/5 02534 2.1/1.7 99.8 22.8 1/5 02535 1.8/1.6 99.7 26.4 3/5 07537
2.1/2.4 99.9 >30 5/5 02539 1.5/1.4 99.7 25.2 3/5 02543 1.3/2.2 99.6 >30
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02561 isethionate 1.6/1.5 99.9 19.0
07562 hydrogen 1.7/1.6 99.8 24.0

fumarate
07563 dihydrogen 1.8/1.7 99.7 14.4
phosphate
0Z568 hydrogen 1.3/1.2 99.8 14.0
tartrate
AS | e 1.3/1.6 67 7.4
AM 1 e 0.74/1.2 99.4 9.7
CQ | e 62/5.1 99.9 8.9
MQ | e 3.0/5.8 99.8 18.3

0
IOy

00
b 8,00 c00® a®
w70
HyC COOH
02439 02558 02559 GZ560
co0® 0 OH
N\ 2 il
~¥ o JI/ P @ Hoocj/L
HO @] HOOG HO (SHO COO@
OH
02561 QZ562 Q7583 07568
5
Table 3

Antimalarial activity of different salt forms of 0Z493 against P. falciparum

in vitro and P. berghei in vivo

19



5/5 02545 3.3/3.9 99.5 27.6 4/5 02547 3.9/7.9 99.7 24.8 3/5 02549 1.3/3.1
99.8 22.4 2/5 0zZ555 1.7/1.5 >99.9 >30 5/5 02571 1.7/1.9 99.9 24.0 3/5

WO 2009/058859 PCT/US2008/081579
Compd Salt Form ICsp Activity (%) | Survival (days)
(ng/ml} 10 mg/kg 10 mg/kg
KI1/NF54 SSV po SSV po
Control | wwwme | e 0 6-7
07493 mesylate 1.1/2.1 99.8 12,6
0Z556 | hydrochloride 1.7/1.5 99.7 13.0
0Z557 hydrogen 1.7/1.6 99.9 13.6
maleate
AS | e 1.3/1.6 67 7.4
AM | e 0.74/1.2 09.4 9.7
CQ | - 62/5.1 99.9 8.9
MQ | e 3.0/5.8 99.8 18.3

<@ o
()

Q\S,P © coo®
Hoo" S0 © c [
COOH
07493 0Z556 0Z557
5 The data in these tables demonstrate that different salt forms of 0Z439 and 07493

have good antimalarial activities and that activity is independent of salt form.

EXAMPILE 3

Effectiveness of Seiected OZ Compounds in the T'reatment and
10 Prophylaxis of Malarial Infections

Prophylactic activity of 1,2,4-trioxolanes against P. berghet in vivo: Compounds

were dosed orally to mice in the SSV vehicle described in Example 1. Compounds were

20



02572 1.2/1.4 99.9 30.0 4/5 02575 1.2/1.6 99.7 22.2 1/5 02277 1.0/0.91 99.7
8.0 0/5 02401 1.9/1.7 98 23.7 3/5 AS 1.3/1.6 92 9.0 0/5 AM
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administered as a single 100 mg/kg oral dose administered 48, 72 or 96 h prior to infection
or as a single 30 mg/kg oral dose 24 h prior to infection. All groups (n=5 mice per group)
including an untreated control group, were infected at the same time and parasitemia was
determined for each animal on day 3 post-infection and compared with the level of

5  parasiternia in control animals.

Table 4
Prophylactic activity of selected trioxolanes given 24 or 48 h
prior fo infection in P, berghei-infected mice

10
48 h prior to infection 24 h prior to infection
(100 mg/kg) (30 me/ke)
Compound Activity Cures Activity Cures

(%) (%)
02429 09.8 5/5 99.8 2/5
07439 99.6 5/5 99.8 5/5
0ZA453 99.7 5/5 99.9 0/5
0Z460 99.6 5/5 99.8 3/5
0Z461 99.7 5/5 99.9 5/5
07462 99.7 5/5 99.8 5/5
0Z464 99.7 5/5 99.9 3/5
0Z466 99.7 5/5 99.8 5/5
0Z482 >09.9 5/5 >09.9 3/5
07485 >00.9 5/5 >00.9 3/5
07493 99 5/5 >99.9 3/5
0Z495 >09.9 0/5 >99.9 _1/5
0Z498 99.8 5/5 99.8 4/5
07499 99.6 575 99.8 5/5
075065 99.5 5/5 >99.9 2/5
07508 99.8 4/5 09.7 4/5
07513 99.7 5/5 99.9 1/5
02527 9% 5/5 99.4 5/5
072534 >09.9 5/5 >09.9 1/5
0Z535 >99.9 . 5/5 >09.9 0/5
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0.74/1.2 99.7 9.0 0/5 CQ 62/5.1 99.9 9.6 0/5 MQ3.0/5.8 99.6 21.8 0/5

The data in Table | denonstrate unexpected singl e-dose curative properties
of these new trioxolanes in the P. berghei-infected nouse nodel. In these
experi ment s waconpoessels were Sadministered orally in theSa8%wmshsche at
single 30 ng/ kg doses 24 h after infection. Conpared to 0Z277 (described in
the inventors' earlier patent) and all of the control antimalarial drugs,

these new tfi oxol a rled 175 5of t I M ected cel 02439, 07461,
07462, 07464 0744@312 482 ”245%9 )A-—527- rg%“(,?, ﬂan(J@' ,45MWW£W
2009/ 058859pPCT/ USZ@(ZQM)81579 >99.9 3/5 >99.9 4/5
QZ277 0 0/5 13 0/5
07323 99.5 5/5 09,7 0/5
07401 99.6 5/5 99.8 1/5
artesunate 0 0/5 21 0/5
chloroquine 57 0/5 37 0/5
mefloquine 99.9 3/5 > 0699 3/5
Table 5

Prophylactic activity of selected trioxolanes given 72 or 96 h
prior to infection in P. berghei-infected mice

5
72 h prior to infection 96 h prior to infection
(100 mg/kg) (100 mg/kg)
Compound Activity Cures Activity Cures
(%) (%6)
07439 99.6 3/5 99.5 5/
07461 99.6 5/5 99.4 4/5
07462 99.6 5/5 99.6 3/5
0Z466 99.2 5/5 99.1 5/5
07482 99.6 4/5 99.6 3/5
07493 99.9 5/5 99.5 3/5
07323 >99.9 1/5 90 0/5
07401 99.6 3/5 99.5 0/5
mefloguine >09.0 /5 ND NI

As demonstrated by the data in Tables 2 and 3, the present inventors discovered an
10  unexpected prophylaxis potential of these new trioxolanes. Compared to some of the more

active trioxolanes (OZ277, OZ323, 0Z401) described in earlier patent applications, some

22



successfully cured the disease in all five of its recipients. EXAMPLE 2
Antimal arial Activity 5 Activity of 1,2,4-trioxolanes against P. falciparum
in vitro. Each trioxol ane was screened agai nst the chl oroqui ne-resistant Kl
and chl or oqwiorressgessse ti ve NF54 strains of Pl asnodi um f alcazgpasognsisw vitro.
10Activity of 1,2,4-trioxol anes against P. berghei in vivo. In the single
dose in vivo screen, NVMRI mce infected with the ANKA strain of P. berghei
(groups of fj ' - MBI B : : . QRawi.Lh. & ri oxol anes
(5300 ved or ey O SR S e Esp ATl o3y

consi sts of WiiBgdapaldrassven ekeding thoerfzydfloghive helug loodaferits phwedwl 80, and
0. 9% w' v sodi : ;0. water. Tfioxol anes were adm ni stered as 15single
po 10 ng/ kgdﬂdgﬁsH gdmlgﬁrtgﬁ%r% arial activity was neasured by percent reduction
in parasiteni a omBldaystalfiligetptiest -Gonfrecidsonramcutated v YAC it fresh @ispar ed to

an untreated ntrql group. Survival to day 30 posi-ipfection is considered
to be a rerfltcb%‘)dr' At f%?fg%értﬁ?‘i W@tﬂﬁﬁl‘%@@ﬂﬂ%ﬁs %fﬁﬁ? Wé‘?lﬁpli"aﬁgwﬂ?e@@n@@&rt rol s
artesunate (cARifugd hRIBE PREmE AMyed 20GHear Qetion@i /AR-Mend mef Toqui ne (MY
are also included. Table 2 Antimalarial activity of different salt formnms of

0Z439 against P. falciparumin vitro and P. berghei in vivo 25 Conpd Salt

Form 1G5 (n/ ML EAANGRheliebtih Yo i U SRR GHE i Plo A12YS) 10
(=2} at a dose of 10 mg/kg in a suspension formulation containing hydroxypropylmethyl

10 cellulose, Tween 80, benzyl alcohol, and water. Blood samples were taken periodically
over 48 h, centrifuged immediately following collection, and plasma was assayed for parent
compound by LC-MS. Oral bioavailability for each compound was calculated relative to an

IV dose for each compound in a suitable vehicle,

15 Table 6
Pharmacokinetic properties of selected trioxolanes in rats

Compound Stability in In Vivo Oral
Rat Blood Oral ty; at Biocavailabi
(tyn) at 37°C 10 myg'kg lity at 10
(h) mg/kg (%)
0Z209 0.8 1.2 12
QZ277 0.8 1.6 19
07323 7.7 52 100
Q7401 5.7 5.3 80
07429 55 5.3 73
(439 13 15,2 94
07453 6.1 not evaluaied in vivo
07461 »17 14 71
QZ462 =17 1.2 35
QZA466 >17 2.6 90
0Z482 >17 9.6 100
QZA93 >17 7.7 51
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SSV po Contr ol 0 6-7 0Z439 nesylate 1.5/2.0 99.9 14.4 tosylate

1.4/1.2 99.7 13.8 02559 hydrogen naleate 1.5/1.4 99.9

WO 2009/058859 PCT/US2008/081579
02527 5 15.4 66
0Z537 >17 11.8 29

Data in Table 4 show that trioxolanes containing the cis-8'-phenyl substitucent on the
cyclohexyl ring demonstrated surprisingly improved stability in rat blood at 37°C in
5  comparison to the earlier compounds containing a cis-8"-alkyl substituent. With the
excepiion of 02462, which was found to be metabolically unstable, all of the cis-8'-phenyl
compounds tested had considerably longer half-lives in rats following oral administration,
and correspondingly higher oral bicavailabilities, in comparison to compounds containing

the cis-8'-alkyl substituent.

10

0-0Q 0-0
@"O“O‘CHT“XWWMK base functional group @.,o\,o—@mx—weak base functional group
cis-8'-alkyl substituent cis-8'-phenyl substituent

15

EXAMPLE 4
Preferred Procedures for Preparation of Compounds
20

The following describes preferred synthesis methods for the compounds of the
present invention. In some instances, the inventors' previous OZ compounds are
referenced, the subject matter of which is disclosed in one or more of U.S. Patent Nos.
6486199, 6825230, and 6906205, as well as the parent application Serial No. 11/121,451,

25  the disclosures of which are all specifically incorporated by reference.

cis-Adamantane-2-spiro-3'-8'-|4'-(4'-piperidinyloxy)phenyi}-1',2' 4'-
trioxaspirof4.5]decane mesylate (0Z429). To a solution of OZ:288 (1.426 g, 4 mmol), 1-
Boc-4-hydroxypiperidine (0.966 g, 4.8 mmol), and triphenylphosphine (2.10 g, 8 mmol) in

30  THF (50 ml} at rt was added DIPAD (1.618 g, 8 mmol) dropwise. The reaction mixture

24



14. 6 0560 hydrochloride 1.3/1.2 99.9 14.6 0Z561 isethionate 1.6/1.5 99.9
19. 0 02562 hydrogen fumarate 1.7/1.6 99.8 24.0 0Z563 di hydrogen phosphate

1.8/1.7 99.7 14.4 07568
WO 2009/058859 PCT/US2008/081579

was stirred at 1t for 72 h and concentrated. The residue was crystallized from ethanol (30
mi) containing tricthylamine (404 mg) to give the Boc-protected trioxolane intermediate.
To a methanesulfonic acid solution in THF (1.5 M, 12 mi} was added the above
intermediate. The mixture was stirred at 1t for 24 h before it was diluted with ether (100
5  ml). The resulting precipitate was collected by filtration, washed with ether (100 ml) and
EtOAc (50 ml), and dried to give trioxolane OZA429 (0.79 g, 37%) as a white solid. mp
148-150 °C; "H NMR (500 MHz, CDCls) & 1.61-2.29 (m, 26H), 2.44-2.53 (m, 1H), 2.81
(s, 3H), 3.21--3.45 (m, 4H), 4.58 (s, 1H), 6.81 (d, J = 8.8 Hz, 2H), 7.12 (d, J = 8.8 Hz, 2H),
8.65 (brs, 1H), 8.86 (brs, 1H); "C NMR (125.7 MHz, CDCls) § 26.48, 26.68, 26.89, 31,59,
10 34.71, 34.81, 36.41, 36.80, 39.33, 39.96, 42.06, 67.72, 108.36, 111,40, 115,88, 127.54,
139.50, 154.66. Anal. Caled for Co5HyNO4S: C, 62.78; H, 7.71; N, 2.61. Found: C, 62.94;
H,7.63; N, 2.75.
cis-Adamantane-2-spiro-3'-8'-[4'-{2'-(4'-morpholinyl)ethoxy]phenyl]-1',2' 4'-
trioxaspiro[4.5]decane mesylate (0Z439). To a solution of OZ288 (1.0 g, 2.81 mmol) in
15  dry acetonitrile (50 ml) were added powdered NaOH (0.45 g, 11.23 mmol) and
tetrabutylammonium hydrogen sulfate (0.19 g, 0.562 mmol). The mixture was stirred at 25
°C for 30 min before N-(2-chloroethyl)morpholine hydrochloride (1.05 g, 5.62 mmol) was
added. After the addition, it was stirred at 60°C overnight. The inorganic solid was filtered
off and washed with CH,Cl,. After removal of the solvents, the residue was dissolved in
20 EtOAc (50 ml). The organic layer was washed with water and brine and dried over MgSQy.
Removal of the solvent afforded the free base as a colorless solid. To the solution of the
above free base in CH,Cl, (10 ml) at 0°C was added dropwise a solution of
methanesulfonic acid (0.216 g, 2.25 mmol) in ether (10 ml). The solid obtained was
filtered, washed with ether (25 ml), and dried under vacuum at 40 °C to afford trioxolane
25 OZA39 (1.09 g, 78%) as a colorless solid. mp 152-154°C; 'H NMR (500 MHz, CDCly) &
161211 {m, 22H), 2.46-2.56 {m, 11}, 2.81 (s, 3H}, 3.09 (brys, 2H), 3.52-3.56 (in, 2H),
3.61--3.68 (m, 2H), 3.97-4.19 (m, 4H), 4.45-4.50 (in, 2H), 6.84 (d, J = 8.8 Hz, 2H), 7.14
(d,] = 8.8 Hz, 2H), 11.74 (brs, 1H); PC NMR (125.7 MHz, CDCl3) § 26.43, 26.83, 31.54,
34.63, 34.75, 36.36, 36.75, 39.37, 41.98, 52.85, 56.74, 62.81, 63.79, 108.28, 111.38,
30 114.43,127.94, 139.90, 155.34, Anal. Caled for CooHgsNOsS: C, 61.57; H, 7.66; N, 2.48.
Found: C, 61.80; H, 7.48; N, 2.48.
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cis-Adamantane-2-spiro-3'-8'-[4'-(2'-amino-1',1'-dimethylethoxy)phenyl]-
1',2",4'-trioxaspiro[4.5]decane mesylate (0Z453). Step 1. Diisopropyl azodicarboxylate
(0.36 ml, 1.83 mmol) was added dropwise to a mixture of OZ450 (0.31 g, 0.72 mmol),
phthalimide (0.22 g, 1.49 mmol), and triphenylphosphine (0.48 g, 1.83 mmol) in THF (12
5 ml)at 0 °C under N3, The resulting mixture was stirred at rt for 2 d and then quenched with
5% aq. NaHCOs (10 ml). The solid was collected by filtration and washed with water,
THF, and ether to afford the phthalimido intermediate (0.30 g, 75%) as a colorless solid.
mp 162-163 °C. ' NMR (500 Mz, CDCl3) 6 1.31 (s, 6H), 1.60-2.08 (m, 22H), 2.46~
2.56 (m, 1H), 3.94 (s, 2H), 6.92 (d, J = 8.5 Hz, 2H), 7.06 (d, J = 8.5 Hz, 2H), 7.70-7.76 (mm,
10  2H), 7.85-7.91 (m, 2H). Step 2. A mixture of the above phthalimido intermediate (0.21 g,
0.38 mmol) and hydrazine monohydrate (1.0 ml) in chloroform (20 ml) and methanol (3
ml) was heated at 50 °C for 24 h. The reaction mixture was cooled to rt, filtered to remove
the solid by-product, and concentrated. The residue was dissolved in CH,Cly (30 m]),
washed with water and brine, dried over MgSQ,, filtered, and concentrated. The residue
15  was dissolved in CH,Cl; (5 mi) and then the solution of methanesulfonic acid (40 mg, 0,42
munol) in ether (20 ml) was added. The precipitate was coliected by filtration to afford
trioxolane QZA453 (0.15 g, 75%) as a colorless solid. mp 146-148 °C; 'H NMR (500 MHz,
DMSO-dg) 6 1.25 (s, 6H), 1.47-1.62 (m, 2H), 1.63-1.99 (m, 20H), 2.31 (s, 3H), 2.47-2.67
(m, 1H), 3.04 (q, J = 5.8 Hz, 2H), 6.97 (d, } = 8.3 Hz, 2I), 7.17 (d, J = 8.3 Hz, 2H), 7.94
20 (brs, 3H); PC NMR (125.7 MHz, DMSO-ds) 6 23.95, 25.98, 26.39, 31.33, 34.26, 34.43,
35,96, 36.25, 39.94, 40.12, 41.03, 48.07, 77.24, 108.27, 110.73, 123.90, 127.37, 141.70,
151.84. Anal. Caled for Cop7HaNO,S: C, 61.92; H, 7.89; N, 2.67. Found: C, 62.14; H, 7.98;
N, 2.81.
cis-Adamantane-2-gpire-3'-8'-[4"-[2"(4'-thiemorpholinyDethoxylphenyl]-
25 12" 4"-trioxaspiro[4.5)decane mesylate (0Z460). Step 1. To a solution of
thiomorpholine (2.0 g, 19.4 minol) and Z-bromoethanol (2.9 g, 23.3 mimol) in acetonitrile
(50 ml) was added powdered KoCOz (13.4 g, 96.9 mmol). After the reaction mixiure was
refluxed overnight, it was filtered and concentrated. The residue was dissolved in water (50
ml) and extracted with EtOAc (2 x 25 ml). After the aqueous layer was filtered, water was
30  removed in vacuo. The residue was dissolved in 1,2-dichloroethane (50 ml) before thionyl

chloride (5 ml) was added. After the reaction mixture was refluxed for 3 h, the resulting
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precipitate was filtered, washed with ether (3 x 25 ml), and dried at 50 °C to afford 4-(2-
chloroethylthiomorpholine hydrochloride (2.2 g, 87%) as a colorless solid. "H NMR (500
MHz, DMSO-ds)  2.78-2.86 (m, 2H), 3.16-3.30 (m, 4H), 3.49 (t, ] = 6.8 Hz, 2H), 3.70--
3.78 (m, 2H), 4.08 (t, J = 7.1 Hz, 21{), 11.8 (brs, 1H). Step 2. To a solution of 07288 (0.50
5 g 1.40 mmol) in dry acetonitrile (50 ml) were added powdered NaOH (0.225 g, 5.61

mmol) and tetrabutylammonium hydrogensulfate (0.10 g, 0.28 mmol). After the reaction
mixture was stirred at 1t for 30 min, 4-(2-chloroethyl)thiomorpholine hydrochloride (0.25
g, 1.26 mmol) was added. The mixture was stirred at 60°C overnight before the inorganic
solid was filtered off and washed with EtOAc (2 x 25 ml). After removal of the solvents in

1G  vacuo, the residue was dissolved in EtOAc (50 ml), washed with water and brine, and dried
over MgSO,. Removal of the solvent in vacuo afforded OZA460 free base (0.60 g, 88 %) as
a colorless solid. To the solution of OZ460 free base (0.60 g, 1.23 mmol) in EtOAc (10 mi)
at 0°C was added dropwise a solution of methanesulfonic acid (0.14 g, 1.4 mmol) in ether
(10 ml). The resulting solid was filtered, washed with ether (25 ml), and dried under

15 vacuum at 40°C to afford trioxolane OZ460 (0.56 g, 78%) as a colorless solid. mp 155-157
°C; "H NMR (500 MHz, CDCls) § 1.61-2.08 (m, 22H), 2.46-2.55 (m, 1H), 2.70 (d, J =
14.6 Hz, 21}, 2.81 (s, 3H), 3.12-3.24 (m, 2H), 3.44 (t, J = 13.3 Hz, 2H), 3.52-3.60 (m,
2H), 3.95 (d, ] = 12,2 Hz, 2H), 4.42-4.49 (i, 2H), 6.83 (d, ] = 8.8 Hz, 2H), 7.14 (d, ] = 8.8
Hz, 2H), 11.42 (s, 1H); "C NMR (125.7 MHz, CDCls) & 24.98, 26.44, 26.84, 31.55, 34.63,

20 34.76,36.37,36.75, 39.39, 41.98, 54.76, 57.13, 62.58, 108.28, 111.40, 114.42, 127.96,
139.99, 155.33. Anal. Calcd for CooHysNO4S,: C, 59.87; H, 7.45; N, 2.41, Found: C, 60.03;
H, 7.59; N, 2.32.

cis-Adamantane-2-spiro-3'-8'-[4'-[3'-(4'-morpholinyl)propoxy)phenyl}-1',2",4'-
trioxaspiro(4.5)decane mesylate (0Z461). Step 1. To a solution of morpholine (1.0 g,

25 1147 mmol) and 1-chloro-3-iodopropane (2.35 g, 11.5 mumol) in dry THF (30 ml) was
added activated zinc powder (0.75 g, 11.47 mmol). Afier the mixture was stirred at 1t
overnight, it was filtered, washed with BtOAce (20 ml), and concentrated. The residue was
dissolved in EtOAc (50 ml), washed with 10% aq. NaHCO; (10 ml), water (2 x 10 ml),
dried over MgSQOy, and concentrated. The residue was dissolved in ether (20 ml) before a 1

30 M ethereal HC] solation (11.5 ml, 11.5 mmol) was added dropwise at 0°C. The resulting
precipitate was filtered, washed with ether (2 x 10 ml), and dried to afford 4-(3-
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chloropropyl)morpholine hydrochloride (0.70 g, 31%) as a colorless solid. "H NMR (500
MHz, DMSO-d;) 6 2.17-2.28 (i, 2H), 3.01-3.09 (m, 2H), 3.15-3.19 {(m, 2H), 3.39-3.42
(m, 2H), 3.76 (1, ] = 6.4 Hz, 2H), 3.81-3.86 (i, 2H), 3.92--3.96 (1n, 2H), 11.46 (brs, 1H).
Step 2. To a solution of OZ288 (0.50 g, 1.40 mmol)} in dry acetonitrile (50 ml} were added
powdered NaOH (0.225 g, 5.61 mmol) and tetrabutylammonium hydrogensulfate (0.1 g,
0.28 mmol). After the reaction mixture was stirred at rt for 30 min, 4-(3-
chloropropylmoipholine hydrochloride (0.25 g, 1.26 mmel) was added. The mixture was
stirred at 60 °C overnight before the inorganic solid was filtered off and washed with
EtOAc (2 x 25 mi). After removal of the solvents in vacuo, the residue was dissolved in
EtOAc (50 ml). The organic layer was washed with water, brine, dried over MgSQy, and
concenirated. Afier the residue was dissolved in EtOAc (20 ml), a solution of
methanesulfonic acid (0.14 g, 1.40 mmol) in ether (10 ml) was added dropwise at 0 °C.
The resulting precipitate was filtered, washed with ether (25 ml), and dried in vacuo at 40
°C to afford trioxolane OZ461 (0.475 g, 58%) as a colorless solid. mp 158-160°C; 'H
NMR (500 MHz, CDCl;} § 1.61-2.07 (m, 22H), 2.32-2.40 (m, 2H), 2.44-2,55 (m, 1H),
2.79 (s, 3H), 2.88-2.98 (m, 2H), 3.22-3.31 (m, 2H), 3.57 (d, J = 12.2 Hz, 2H), 3.97-4.18
(m, 6H), 6.79 (d, J = 8.8 Hz, 2H), 7.11 (d, J = 8.8 Hz, 2H), 11.39 (brs, 1H); *C NMR
(125.7 MHz, CDCly) 6 23.63, 26.41, 26.80, 31.54, 34.63, 34.73, 36.34, 36.72, 39.37, 41.93,
52.23, 55.81, 63.69, 64.51, 108.29, 111.32, 114.20, 127.71, 139.10, 156.40. Anal. Calcd
for CypH4sNGsS: C, 62.15; H, 7.82; N, 2.42. Found: C, 62.05; H, 7.63; N, 2.51.
cis-Adamantane-2-spiro-3'-8'-{4'-[3'-(4'-thiomorpholinyl}propoxy] phenyl]-
1',2'.4'-trioxaspiro[4.5]decane mesylate (0Z462). Step 1. To a solution of
thiomorpholine (1.0 g, 9.7 mmol) and 1-chloro-3-iodopropane (1.98 g, 9.7 mmol) in dry
THF (30 ml) was added activated zine powder (0.64 g, 9.7 g atom). Afier the mixture was
stirred at rt overnight, it was filtered, washed with EtOAc (20 ml), and concentrated. The
residue was dissolved in BtQAc (50 ml), washed with 10% ag. NaHCO; (10 mi), water (2 x
10 ml), dried over Mg80O,, and concentrated. The residue was dissolved in ether (20 ml)
before a 1 M ethereal HCI sohution (9.7 mi, 9.7 mmol) was added dropwise at 0 °C. The
resulting precipitate was filtered, washed with ether (2 x 10 ml), and dried to afford 4-(3-
chloropropyl)thiomorpholine hydrochloride (0.40 g, 19%) as a colorless solid. '"H NMR
{500 MHz, DMSO-dg) § 2.20-2.25 (m, 2H), 2.78-2.81 (m, 2H), 3.09-3.27 (m, 6H), 3.68~
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3.71 (m, 2H), 3.74 (t, J = 6.4 Hz, 2H), 11.20 (brs, 1H). Step 2. To a solution of OZ288
(0.38 g, 1.07 mmol) in dry acetonitrile (50 ml) were added powdered NaOH (0.09 g, 2.13
mmol) and tetrabutylammonium hydrogensulfate (0.07 g, 0.21 mmol). After the mixture
was stirred at rt for 30 min, 4-(3-chloropropyl}thiomorpholine hydrochloride (0.23 g, 1.07
5  mmol) was added. The mixture was stirred at 60°C overnight before the inorganic solid was

filtered off and washed with EtOAc (2 x 25 ml), After removal of the solvents in vacuo, the
residue was dissolved in EtOAc (50 ml). The organic layer was washed with water, brine,
dried over MgSOs, and concentrated to afford OZ462 free base (0.433 g, 81 %) asa
colorless solid. To a solution of the above free base (0.41 g, 0.82 mimol) in EtOAc (10 ml)

10 at 0°C was added dropwise a solution of methanesulfonic acid (0.08 g, 0.82 mmol) in ether
(10 ml). The resulting precipitate was filtered, washed with ether (25 ml), and dried under
vacuum at 40°C to afford trioxolane OZ462 (0.42 g, 86%) as a colorless solid, mp 156158
°C; '"H NMR (500 MHz, CDCl3) 6 1.64-2.08 (m, 22H), 2.32-2.41 (m, 2H), 2.46-2.54 (m,
1H), 2.70 (d, J = 14.7 Hz, 2H), 2.80 (8, 3H), 2.96-3.07 (m, 211), 3.24-3.34 (m, 2H), 3.45~

15  3.54 (m, 2H), 3.87 (4, J = 11.8 Hz, 2H), 4.06 (t, ] = 5.4 Hz, 2H), 6.79 (d, J = 8.8 Hz, 2H),
7.12 (d, ] = 8.3 Hz, 2H), 11.19 (brs, 1H); °C NMR (125.7 MHz, CDCl3) 6 23.66, 24.86,
26.44, 26.84, 31.57, 34.66, 34.76, 36.37, 36.75, 39.42, 41.97, 54.35, 56.23, 64.61, 108.32,
111.36, 114.22, 127.74, 139.14, 156.40. Anal. Calcd for C3oHssNO;S3: C, 60.48; H, 7.61;
N, 2.35. Found: C, 60.60; I, 7.54; N, 2.17.

20 cis-Adamantane-2-spiro-3'-8'-[4'-[2'-(1'-0xido-4'-
thiomorpholinyl}ethoxy]phenyl]-1',2'.4'-trioxaspiro[4.5]decane mesylate (0Z464).
Step 1. To a solution of ethanolamine (0.54 g, 8 82 mmol} in water (20 ml) was added
divinylsulfoxide (1.0 g, 9.8 mumol). After the reaction mixture was refluxed for 0.5 h, the
mixture was concentrated and dried at 50 °C to afford 4-(2-hydroxyethyl)thiomorpholine 1-

25 oxide (1.50 g, 94%) as a colorless Hquid. "H NMR. (500 MHz, CDCls) 6 2.65 (1, J = 5.4 iz,
2H), 2.75-3.02 (s, 6H), 3.05-3.31 (m, 3H), 3.66 {{, T = 5.4 Hu, 2H). Step 2. To a solution
of Q2288 (0.50 g, 1.4 mmol), 4-(2-hydroxyethylthiomorpholine 1-oxide (0.34 g, 2.1
mmol), triphenylphosphine (0.55 g, 2.1 mmol), and triethylamine (0.29 ml, 2.1 mmol) in
dry THE (50 ml} at 0°C was added dropwise a solution of DIAD (0.43 g, 2.1 mmol) in THF

30 (10 ml). After stirring at rt overnight, the solvent was removed under vacuum. The residue

was dissolved in EtOAc (50 ml), washed with water (3 x 50 ml), dried over MgSQ,, and
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i nfection i nyiBxolBRMEPRI4(DIT §HBH 0h CBodEs sAR. MpRRO-O1 A I MK (500 MHz,

DMBO-ds) 6 1.45-1.98 (m, 22H), 2.37 (s, 3H), 2.53-2.64 (m, 1H), 3.08-3.26 (m, 4H),
3.41-3.92 (m, 6H), 4.36 (brs, 2H), 6.95 (J = 8.8 Hz, 2H}), 7.17 (J = 8.3 Hz, 2H), 10.06 (s,
1H); “C NMR (125.7 MHz, DMSO-ds) 6 26.00, 26.41, 31.47, 34.26, 34.44, 35.97, 36.27,
10 39.90, 40.90, 42.09, 42.46, 55.80, 62.12, 108.29, 110.72, 114.89, 127.72, 139.13, 155.99.
Anal. Caled for CooHasNQgSy: C, 58.27; H, 7.25; N, 2.34. Found: C, 58.46; H, 7.14; N,
2.36.
cis-Adamantane-2-spiro-3'-8'-[4'-[3'-(1"-oxido -4'-
morpholinyl)propoxyjphenyl]-1',2',4'-trioxaspiro[4.5]decane mesylate (0Z466). Step
15 1. To a solution of 3-amino-1-propanol (1.33 g, 17.64 mmol) in water (30 ml) was added
divinylsulfoxide (2.0 g, 19.6 mmot). After the reaction mixture was refluxed for 0.5 b, it
was concentrated and dried in vacuo at 50°C to afford 4-(3-hydroxypropyl)thiomorpholine
1-oxide (3.0 g, 96%) as a colorless liquid. "H NMR (500 MHz, CDCl3) 6 1.71-1.85 (m,
2H), 2.65 (t, ] = 6.4 Hz, 2H), 2.75-2.99 (m, 6H), 3.01-3.27 (m, 2H), 3.73 (t,] = 5.9 Hz,
20 2H), 4.22 (brs, 1H). Step 2. To a solution of OZ288 (0.50 g, 1.4 mmol), 4-(3-
hydroxypropyl)thiomorpholine 1-oxide (0.50 g, 2.8 mmol), triphenylphosphine (0.74 g, 2.8
mmol}, and triethylamine (0.4 ml, 2.8 mmol) in dry THF (50 ml) at 0°C was added
dropwise a solution of DIAD (0.57 g, 2.8 mmol) in THF (10 ml). After stirring at rt
overnight, the solvent was removed in vacuo. The residue was dissolved in EtOAc (50 ml)
25  and washed with water (3 x 50 ml), dried over MgSOy, and concentrated. The residue was
purified by chromatography (silica gel, 50% EtOH in BIOAC) o afford ©OZ2466 free base
(0.47 g, 65%) as a colorless solid. To a solution of OZ466 free base (0.47 g, 0.91 mmol) in
EtOAc (10 ml) at 0 °C was added dropwise a solution of methanesulfonic acid (0.09 g, 0.91
mmol) in ether (10 ml). The resulting precipitate was filtered, washed with ether (25 mi),
30  and dried in vacuo at 40 °C to afford trioxolane OZ466 (0.50 g, 90%) as a colorless solid.
mp 156158 °C; '"H NMR (500 MHz, DMSO-dg) § 1.45--1.98 (m, 22H), 2.12-2.21 (m,
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2H), 2.39 (s, 3H), 2.51~2.61 (m, 1H), 3.04-3.85 (m, 10H), 4.02 (t, ] = 6.1 Hz, 2H), 6.87 (d,
J = 8.8 Hz, 2H), 7.13 (d, J = 8.8 Hz, 2H), 9.78 (brs, 1H); *C NMR (125.7 MHz, DMSO-
ds) 6 23.50, 26,01, 26.42, 31.49, 34.29, 34.45, 35.98, 36.28, 40.89, 42.13, 54.50, 64.91,
108.32, 110.73, 114.63, 127.65, 138.48, 156.68. Anal. Caled for CyoHysNOsS;: C, 58.89;
5 H,7.41;N,2.29. Found: C, 57.47; H, 6.94; N, 2.23.
cis-Adamantane-2-spiro-3'-8'-[4'-{3'-[4'-(methylsulfonyl}-1'-

piperazinyl]propoxy]phenyl]-1',2',4'-trioxaspire[4.5]decane p-tosylate (0Z482). Step
1. To a suspension of 1-(3-chloropropyl)piperazine dihydrochloride (2.0 g, .18 mmol) in
CHyCl; (50 ml) at 0°C was added dropwise triethylamine (11.4 ml, 81.8 mmol) followed

10 by asolution of methanesulfonyl chloride (0.8 ml, 9.81 mmol) in CH;Cl; (10 mi). The
reaction mixture was stirred at it overnight and quenched with water. The organic layer was
washed with water (3 x 25 ml), dried over MgSO,, and filtered. After removal of the
solvent under vacuum, the residue was dissolved in ether (50 mi) and ethereal HC] (6.0 m],
1M in ether, 6.0 mmol) was added dropwise at 0°C. The resulting precipitate was filtered,

15  washed with cther (3 x 10 ml), and dried at 40°C to afford 1-(3-chloropropyl)-4-
(methanesulfonyl)piperazine hydrochloride (1.35 g, 60%). "H NMR (500 MHz, DMSO-dy)
J 2.18-2.26 (m, 2H), 3.00 (s, 3H), 3.04-3.18 (m, 2H), 3.18-3.23 (m, 2H), 3.32 (1, ) = 12.2
Hz, 2H), 3.55-3.58 (m, 2H), 3.67~-3.69 (m, 2H), 3.76 (t, } = 6.4 Hz, 2H), 11.6 (brs, 1H).
Step 2. To a solution of OZ288 (0.50 g, 1.4 mmol) in dry acetonitrile (50 ml) were added

20 powdered NaOH (0.225 g, 5.61 mmol) and tetrabutylammonium hydrogensulfate (0.095 g,
0.28 mmol). After the reaction mixture was stirred at rt for 30 min, I-(3-chloropropyl)-4-
{(methanesulfonyl)piperazine hydrochloride (0.39 g, 1.4 mmol) was added. The reaction
mixture was stirred at 60°C overnight and cooled to rt. The inorganic solid was filtered off
and washed with FtOAc (2 x 25 ml). After removal of the solvents under vacuum, the

25 residue was dissolved in EtOAc (50 ml). The organic layer was washed with water and
bring, diied over Mg30, filtered, and concentraled. The residue was purified by
chromatography (silica gel, 50% EtOH in EtOAc) to afford the free base (0.17 g, 22%) as a
colorless solid. To a solution of the above free base (0.17 g, 0.30 mmol) in EtOAc (10 ml)
at 0°C was added dropwise a solution of p-toluenesulfonic acid monohydrate (0.060 g, 0.30

30  mmol} in ether (10 ml). The resulting precipitate was filtered, washed with ether (25 ml),

and dried under vacuum at 40°C to afford trioxolane OZA482 (0.20 g, 88%) as a colorless

31



99.6 5/5 99.8 5/5 02453 99.7 5/5 99.9 0/5 02460 99.6 5/5 99.8 3/5 07461
99.7 5/5 99.9 5/5 07462 99.7 5/5 99.8 5/5 02464 99.7

10

15

20

25

30

WO 2009/058859 PCT/US2008/081579

solid. mp 148-150°C; "H NMR (500 MHz, DMSO-ds) § 1.48-1.59 (m, 2H), 1.62--1.96 (m,
20H), 2.06-2.15 (m, 2H), 2.29 (s, 3H), 2.51-2.59 (m, 1H), 3.02 (s, 3H), 3.05-3.21 (m, 4H),
3.26-3.36 (m, 2H), 3.59-3.78 (m, 41), 4.01 (t, I = 5.8 Hz, 2H), 6.86 (d, J = 8.8 Hz, 2H),
7.12(d,J= 7.8 Hz, 2H), 7.13 (d, ¥ = 8.3 Hz, 2H), 7.49 (d, ] = 7.8 Hz, 2H), 9.51 (brs, 1H);
BC NMR (125.7 MHz, DMSO-ds) 6 20.95, 23.69, 25.98, 26.39, 31.48, 34.26, 34.43, 35.27,
35.96, 36.25, 40.86, 42.70, 50.77, 53.32, 64.82, 108.30, 110.72, 114.59, 125.66, 127.65,
128.27,137.89, 138.49, 145.72, 156.64. Anal. Caled for Cy7HsoN200Ss: C, 60.63; H, 7.15;
N, 3.82. Found: C, 60.50; H, 7.31; N, 3.40.
cis-Adamantane-2-spiro-3'-8'-[4'-[2'-[4'-(methylsulfonyl)-1'-
piperazinyl]ethoxy]phenyl]-1',2",4'-trioxaspiro[4.5]decane mesylate (OZ485). Step 1,
To a solution of N-(2-hydroxyethylpiperazine (2.00 g, 15.36 mmol) in 1,2-dichloroethane
(50 ml) at 0°C was added dropwise a solution of thionyl chloride (5 ml) in 1,2~
dichloroethane (5 ml). After the addition, the reaction mixture was refluxed for 4 h and
cooled to rt. After the solvent was removed under vacuum, the residue was triturated with
ether (50 mi). The resulting precipitate was filtered, washed with ether (3 x 25 ml), and
dried at 50°C to afford N-(2-chloroethyl)piperazine dihydrochloride (3.20 g, 95%) as a
colorless solid. Step 2. To a solution of N-(2-chloroethyl)piperazine dihydrochloride (1.00
g, 4.54 mmol) and triethylamine (6.3 ml, 45.5 mmol) in 1,2-dichloroethane (25 m]) at 0 °C
was added dropwise a solution of methanesulfonyl chloride (1.04 g, 9.08 mmol) in 1,2~
dichloroethane (10 ml). After the reaction mixture was stirred at rt overnight, it was
quenched with water (25 ml), The organic layer was washed with water (3 x 25 ml) and
dried over MgSO4. Removal of the solvent under vacuum furnished 1-(2-chloroethyl)-4-
(methanesulfonyl)piperazine (0.87 g, 85%) as a viscous oil. 'H NMR (500 MHz, CDCls)
2.63-2.65 (m, 4H), 2.77-2.8 {m, 5H), 3.27 (1, I = 4.9 Hz, 4H), 3.59 (1, I = 6.8 Hz, 2H).
Step 3. To a solution of OZ288 (0.50 g, 1.40 mmol) in dry acetonitrile (50 ml) were added
powdered NaOH (0.17 g, 4.21 minol) and {etrabutylammonium hydrogensulfate (0.10 g,
0.28 minol). After the reaction mixture was stirred at ¢t for 30 min, a solution of 1-(2-
chloroethyl)-4-(methanesulfonyl)piperazine {0.48 g, 2.10 mmol) in acetonitrile (5 ml) was
added. After the reaction mixture was stirred at 60°C overnight and cooled to rt, the
inorganic solid was filtered off and washed with BtOAc¢ (2 x 25 ml). After the filtrate was

concentrated, the residue was dissolved in EtOAc (50 ml). The organic layer was washed
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with water and brine and dried over MgSQy4. Afier removal of the solvent, the residue was
purified by chromatography (silica gel, 50% EtOH in EtOAc) to afford the free base (0.49
g, 64%) as a colorless solid. "H NMR (500 MHz, CDCl3) 8 1.62-2.04 (m, 22H), 2.46-2.54
(m, 1H), 2.69 (t, ) =4.9 Hz, 4H), 2.77 (s, 3H), 2.84 (t, ) = 5.4 Hz, 2H), 3.26 (t, ) = 4.9 Hz,
5 A4H),4.07(t, J=54Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H), 7.11 (d, ] = 8.3 Hz, 2H). To a

solution of the above free base (0.49 g, 0.9 mmol) in EtOAc (10 ml) at 0°C was added
dropwise a solution of methanesulfonic acid (0.08 g, 0.81 mmol) in ether (10 mi). The
resulting precipitate was filtered, washed with ether (3 x 10 ml), and dried under vacoum at
40°C to afford trioxolane QZA85 (0.52 g, 90%) as a colorless solid. myp 140-142°C; 'H

10 NMR (500 MHz, DMSO-dg) 6 1.48-1.59 (m, 2H), 1.61-1.96 (m, 20H), 2.37 (s, 3H), 2.52
2.62 (m, 1H), 3.02 (s, 3H), 3.11-3.34 {m, 4H), 3.57-3.79 (m, 6H), 4.33 (brs, 2H), 6.95 (4, )
= 7.8 Hz, 2H), 7.17 (d, ] = 7.8 Hz, 2H), 9.95 (brs, 1H); *C NMR (125.7 MHz, DMSO-dj)
4 25.99, 26.40, 31.47, 34.26, 34.44, 35.26, 35.97, 36.26, 39.94, 40.89, 42,52, 51.21, 54.73,
62.24, 108.30, 110.74, 114.89, 127.74, 139.14, 155.99. Anal. Calcd for CypHagN2OgS500.3

15 H;0:C, 56.05; H, 7.21; N, 4.36. Found: C, 55.48; H, 7.25; N, 4.04.

cis-Adamantane-2-spiro-3'-8'-[4'-(cis- 4'-aminocyclohexyloxy)phenyl}-1',2',4'-

trioxaspire{4.5]decane mesylate (0Z493). Step 1. Diisopropyl azodicarboxylate (0.69
ml, 3.51 mmol) was added dropwise to a mixture of OZ288 (1.00 g, 2.81 mmol), N-(trans-
4-hydroxycyclohexyl)phthalimide (0.85 g, 3.47 mmol), and triphenylphosphine (0.92 g,

20 3.51 mmol) in THF (50 ml) at 0°C under N. The resulting mixture was stirred at rt for 24
h. After removal of the solvent, the crude product was purified by crystallization from
EtOH to afford the desired phenol ether (0.95 g, 58%) as a colorless solid. mp 145-146°C;
"H NMR (500 MHz, CDCl3) 6 1.51-2.08 (m, 26H), 2.16-2.25 (m, 2H), 2.44-2.54 (m, 1H),
2.66-2.78 (m, 21}, 4.15-4.24 (m, 1H), 4.53--4.58 (1, 1H), 6.90-6.96 (m, 2H), 7.09-7.15

25 (m, 2H), 7.67-7.73 (m, 2H), 7.79-7.86 (m, 2H); *C NMR (125.7 MHz, CDCl3) § 23.95,
26,50, 26.89, 28.27, 31.65, 34.77, 34.81, 36,41, 36.82, 42.10, 50,17, 69.55, 108.48, 111.34,
116.26, 123,03, 127.6%, 132.07, 133.79, 138.40, 155.60, 168.33. Step 2. A mixfure of the
above phenol ether (1,45 g, 2,49 mmol) and hydrazine monohydrate (2 ml) in chloroform
(40 ml) and methanol (6 ml) was heated at 50 °C for 24 h, After the reaction mixture was

3G cooled to rt, filtered to remove the solid by-product, the filtrate was washed with water (2 x

20 ml) and brine (20 ml), and dried over MgSQ, filtered, and concentrated. The residue
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was dissolved in CH,Cly (5 ml} and then a solution of methanesulfonic acid (023 g,24
mmol) in ethyl acetate (20 ml) was added. The precipitate was collected by filtration to
afford trioxolane OZ493 (1.11 g, 81%) as a colorless solid. mp 158-159 °C; '"H NMR (500
MHz, DMSO-dg) d 1.48-1.96 (m, 30H), 2.32 (s, 3H), 2.51-2.60 (m, 1H), 3.04-3.17 {m,
1H), 4.52 (s, 1H), 6.86 (d, J = 8.3 Hz, 2H), 7.12 (d, J = 8.3 Hz, 2H), 7.78 (brs, 3H); *C
NMR (125.7 MHz, DMSQO-ds) 6 24.93, 25.98, 26.39, 27.14, 31.46, 34.28, 34.43, 35.95,
36.25, 40.88, 48.51, 69.73, 108.30, 110.71, 116.11, 127.72, 138.32, 155.31. Anal. Caled
for CooHasNO4S: C, 63.36; H, 7.88; N, 2.55, Found; C, 64.26; H, 7.88; N, 2.26.
cis-Adamantane-2-spiro-3'-8'-(4'-oxocyclohexyl)-1',2' 4"-trioxaspiro[4.5jdecane
(0Z495). A solution of O-methyl 2-adamantanone oxime (2.00 g, 11.2 mmol) and 4,4'-
bicyclohexanone (4.34 g, 22.4 mmmol) in cyclohexane (150 ml) and CH,Cl, (75 ml) was
treated with ozone according to the general procedure. After removal of the solvents, the
crude product was purified by crystallization from EtOH/ H>0 (10:3) to afford trioxolane
02495 (2.50 g, 63%) as a colorless solid. mp 90-91°C; 'H NMR (500 MHz, CDCls) &
1.05-2.11 (m, 28H), 2.21-2.49 (m, 4H); "C NMR (125.7 MHz, CDCl3) § 26.47, 26.87,
27.28,29.87, 34.39, 34.79, 36.39, 36.79, 40.42, 40.84, 41.02, 108.68, 111.34,212.17.
Anal. Caled for CooH3204: C, 73.30; H, 8.95. Found: C, 73.80; H, 8.92.
cis-Adamantane-2-spiro-3'-8'-[4'-(5'-aminopentoxy)phenylj-1',2' 4'-
{rioxaspiro{4.5]decane mesylate (0Z498). Step 1. A mixture of phthalic anhydride (1.48
g, 10 mmol) and 5S-amino-1-pentanol (1.03 g, 10 mmol) in toluene (20 ml) was heated
under reflux overnight. The solvent was removed under vacuum, and the residue was
purified by chromatography to afford N-(5-hydroxypentyl)phthalimide (2.00 g, 88%) as a
colorless oil. '"H NMR (500 MHz, CDClz) 6 1.37-1.48(m, 2H), 1.56-1.67 (m, 2H), 1.67--
1.79 (m, 2H), 3.64 (1, T = 6.5 Hz, 2H), 3.70 (t, J = 7.5 Hz, 2H), 7.66-7.76 (m, 2H), 7.80~
71.99 (m, 2H). Step 2. Diisopropy] azodicarboxylate (0.69 mi, 3.51 mmol) was added
dropwise to a mixture of Z288 (0.50 g, 1.4 mmol), N~(5-hydroxypentylyphihalimide
(0.65 g, 2.79 mmol), {riphenylphosphine (0.92 g, 3.51 mmol), and {riethylamine (0.5
mi,3.51 mmel} in THF (50 ml) at 0°C under N, atmosphere. The resulting mixture was
stirred at rt for 24 h. After removal of the solvent, the crude product was purified by
crystallization from EtOH to afford the desired phenol ether (0.35 g, 44%) as a colorless
solid. mp 115-116°C; "H NMR (500 MHz, CDCl3) & 1.46-2.08 (m, 28H), 2.43-2.53 (m,
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1H), 3.71 (t, Y= 7.0 Hz, 2H), 3.92 (t, J = 6.5 Hz, 2H), 6,79 (d, J = 9.0 Hz, 2H), 7.09 (4, ) =
9.0 Hz, 2H), 7.67-7.75 (m, 2H), 7.80-7.99 (m, 2H); *C NMR (125.7 MHz, CDCly) &
23.42,26.49, 26.89, 28.33, 28.85, 31.65, 34.76, 34.81, 36.41, 36.81, 37.85, 42.05, 67.55,
108.40, 111.34, 114.34, 123.18, 127.56, 132.15, 133.86, 138.20, 157.34, 168.43. Step 3. A
mixture of the above phenol ether (0.30 g, 0.53 mmol) and hydrazine monohydrate (1 m})
in chloroform (30 ml) and methanol (3 ml) was heated at 50 °C for 24 h, After the reaction
mixture was cooled to rt and filtered to the remove a solid by-product, the filtrate was
washed with water (2 x 10 ml) and brine (10 ml), dried over MgSQy, filtered, and
concentrated, The residue was dissolved in CHCl; (5 ml) and a solution of
methanesulfonic acid (0.05 g, 0.52 mmol) in ethyl acetate (20 ml) was added. The
precipitate was collected by filtration to afford trioxolane OZ498 (0.19 g, 68%) as a
colorless solid. mp 155-156°C; "H NMR (500 MHz, DMSO-ds) 6 1.38-1.98 (m, 28H),
2.30 (brs, 3H), 2.50-2.59 (m, 1H), 2.76-2.85 (m, 2H), 3.92 (t, } = 6.3 Hz, 2H), 6.83 (d, ] =
8.8 Hz, 2H), 7.11 (d, = 8.3 Hz, 2H), 7.63 (brs, 3H); *C NMR (125.7 MHz, DMSO-dg) &
2272, 25,98, 26.39, 26.90, 28.35, 31.49, 34.28, 34.44, 35.96, 36.25, 38.97, 40.86, 67.22,
108.32, 110.71, 114.44, 127.58, 138.04, 157.08. Anal. Caled for C3Hs3NO,S: C, 62.54; H,
8.06; N, 2.60, Found: C, 62.55; 14, 7.93; N, 2.76.
cis-Adamantane-2-spiro-3'-8'-[4'-(4"-morpholinyDcyclohexyl]-1',2",4'-
trioxaspiro[4.5)decane mesylate (0Z499). To a solution of OZ495 (0.23 g, 0.64 mmol)
in CH;Cl; (10 ml) and CICH3CH,Cl (10 m!) were added morpholine (1.0 m}, mmol) and
acetic acid (2.5 ml). The resulting mixture was stirred at rt for 2 h before sodium
triacetoxyborohydride (0.22 g, 1.03 mmol) was added. The reaction mixture was stirred
overnight and then quenched with 1 M ag. NaOH (2 ml). The organic layer was separated
and washed with water (10 ml) and brine (10 ml), dried over MgSQOy, and concentrated.
The residue was dissolved in CHyCly (5 ml) and a solution of methanesulfonic acid (0.06 g,
0.63 mumol} in ethyl acetate (20 mly was added. The precipitate was collected by {iftration
to afford trioxolane OZ499 (0.11 g, 32%) as a colorless solid. mp 150-152°C; "H NMR
(500 MHz, CDCl;) & 1.02-1.51 (m, 6H), 1.61--2.08 (m, 26H), 2.82 (s, 3H), 2.83-2.94 (m,
2H), 2.99-3.09 (m, 1H), 3.49 (d, J = 11.2 Hz, 2H), 4.00 (dd, } = 13.2, 2.9 Hz, 2H), 4.23 (i,
¥ =12.0 Hz, 2H), 11.05 (brs, 1H); >C NMR (125.7 MHz, CDCls) § 21.87, 26.15, 26.49,
26.87,27.98, 33.41, 33.99, 34.78, 36.40, 36.51, 36.80, 39.58, 48.99, 63.82, 66.51, 108.59,

35
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111.34. Anal. Caled for Co/HysNO4S: C, 61.45; H, 8.60; N, 2.65. Found: C, 61.53; H, 8.44:
N, 2.57.

cis-Adamantane-2-spiro-3'-8'-[4'-[3'-{(2'-hydroxy-2'-
methylpropyl)amino]propoxy]phenyl]-1',2',4'-trioxaspiro[4.5]decane p-tosylate
(OZ5035). A solution of 1,2-epoxy-2-methylpropane (1 ml, 11 mmol) and the free base of
07401 (620 mg, 1.5 mmol) in ethanel (10 ml) under Ar was stirred at rt for 2 d and then
evaporated to dryness. The residue was dissolved in DCM (30 ml), washed with water (5 x
30 ml), dried over MgSQ4, and evaporated to dryness. The crude product was dissolved in
DCM (10 ml), cooled in ice-water bath, and treated with with a solution of p-
toluenesulfonic acid monohydrate (250 mg, 1.3 mmol) in ethyl ether (30 ml). The resulting
precipitate was collected through filtration, washed with ether, and air dried to give
trioxolane OZ505 (660 mg, 67%) as a yellowish solid. mp 160-162°C; "H NMR (500
MHz, DMSO-dg) 6 1.20 (s, 6H), 1.45-1.61 (m, 2H), 1.62-1.98 (m, 20H), 2.04-2.13 (m,
2H), 2.29 (s, 31), 2.50-2.63 (m, 1H), 2.89-2.95 (m, 2H), 3.02-3.12 (m, 2H), 4.02 {t, } =
5.9 Hz, 2H), 5.17 (s, 1H), 6.85 (d, ] = 8.8 Hz, 2H), 7.11 (d, J = 8.3 Hz, 2H), 7.13 (d, } = 9.3
Hz, 2H), 7.48 (d, J = 7.8 Hz, 2H), 8.20 (brs, 2H); PC NMR (125.7 MHz, DMSO-dy) §
20.95, 25.13, 25.99, 26.39, 27.54, 31.49, 34.27, 34.44, 35.96, 36.26, 40.86, 45.95, 57.15,
64.98, 67.25, 108.31, 110,72, 114.54, 125.66, 127.64, 128.21, 137.75, 138.41, 145.93,
156.67. Anal. Calcd for C3sHs NOgS: C, 65.73; H, 7.81; N, 2.13. Found: C, 65.60; H, 7.63;
N, 2.30.

cis-Adamantane-2-spiro-3'-8'-(4'-hydroxycyclohexyl)-1',2" 4"
trioxaspiro[4.5]decane (0Z508). A solution of NaBH4 (42 mg, 1.1 mmol) in ethanol (10
ml) containing 3 drops of 1.0 M aq NaOH was added to a solution of OZ495 (0.36 g, 1.0
mmol) in THF (5 ml}) at 0°C over a period of 5 min. The reaction was stirred at 1t for 1 h
before being quenched with EtOAc (10 ml). After removal of the solvents, the residue was
dissolved in BiOAc (50 ml) and washed with saturated ag. Nal{COy (10 mi), water (10 ml),
and brine (10 ml). The organic layer was dried over MgSOy, filtered, and concentrated to
afford trioxolane OZ508 (0.30 g, 83%, 10:1 mixture of two diastercomers) as a colorless
solid, mp 138-140°C; '"H NMR (500 MHz, CDCl3) & 0.98-2.05 (m, 33H), 3.48-3.55 (m,
1H); "C NMR (125.7 MHz, CDCly) 6 26.48, 26.88, 27.21, 28.15, 34.52, 34.79, 35.717,
36.38, 30.81, 41.18, 41.35, 71.08, 108.94, 111.18. Anal. Calcd for CyH1404: C, 72.89; B,
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0.45. Found: C, 73.02; H, 9.22.
cis-Adamantane-2-spiro-3'-8'-[4'-[2'-(4'-hydroxy-1'-
piperidinylethoxy]phenyl]-1',2',4'-trioxaspirof4.5]decane (0£513). A mixture of cis-
adamantane-2-spiro-3'-8'-[4'-(2'-bromoethoxy)phenyl]-1',2" 4" -frioxaspirof4.5}decane
5  (0.50 g, 1.08 mmol), 4-hydroxypiperidine (0.25 g, 2.5 mmol), and K,CO3 (2.0 g) in dry
acetonitrile (80 ml) was heated at 60°C for 2 d. After the reaction mixture was cooled to rt
and filtered to remove the solid material, the filtraie was concentrated. The residue was
washed with water (50 ml) and dried in vacuo to afford trioxolane OZ513 (0.46 g, 88%) as
a colorless solid. mp 89-90°C; "H NMR (500 MHz, CDCl3) 6 1.59-2.09 (m, 27H), 2.25~

10 2.35 (m, 2H), 2.44--2.56 (m, 1H), 2.79 (1, ] = 6.1 Hz, 2H), 2.81-2.89 (m, 21}, 3.65-3.77
(m, 1H), 4.07 (t, J = 5.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 7.11 (d, ] = 8.8 Hz, 2H), "’C
NMR (125.7 MHz, CDClL) 6 26.49, 26.89, 31.65, 34.47, 34.75, 34.81, 36,41, 36.82, 42.06,
51.52, 57.10, 66.08, 108.44, 111.37, 114,46, 127.61, 138.49, 157.10. Anal. Caled for
CaoHyg NOs: C, 72.02; H, 8.54; N, 2.90. Found: C, 69.37; H, 8.06; N, 2.58.

15 cis-Adamantane-2-spiro-3'-8'-[{4'-[2'-(4"-morpholinyl)ethoxy] phenyl]methyl}-
1',2' 4'-trioxaspiro[4.5]decane p-tosylate (OZ527). A mixture of OZ514 (780 mg, 1.81
mmol), NaOH (504 mg, 12.6 mmol), and BuyNHSO;, (150 mg, 0.42 mmol) in MeCN (65
ml) was stirred at rt for 30 min before N-(2-chloroethyymorpholine hydrochloride (1.18 g,
6.3 mmol) was added. The resulting solution was stirred at 60°C for 16 h, quenched with

20  ice-water (75 ml), and extracted with DCM (6 x 30 mi). The DCM layers were combined,
washed with 10% aq. EtOH (2 x 30 ml), dried over Na;SOs, and evaporated to dryness.
The residue was crystallized from MeOH to yield the desired free base (510 mg, 58%) as
needles. mp 105-106°C; '"H NMR (500 MHz, CDCly) 6 1,17-1.26 (m, 2H), 1.45-1,98 (im,
21H), 244 (d, J = 6.8 Hz, 21}, 2.58 (1, ) =4.4 Hz, 4H),2.79 (t, =59 Hz,2H), 3.73 (t,J

25 =4.6Hz 4H),4.09 (d, ] = 5.8 Hz, 213) 6.82 (d, ) = 8.3 Hz, 2H), 7.03 (d, J = 8.3 Hz, 21);
BGNMR (125.7 MHz, CDCl3) 6 26.5, 26.9, 29.9, 34.2, 34,775, 34.782, 36.4, 36.8, 38.3,
41.9, 54.1, 57.7, 65.7, 66.9, 109.0, 111.2, 114.3, 125.9, 130.0, 133.2, 156.9. A mixture of
the above free base (310 mg, 0.64 mmol) and p-toluenesulfonic acid monohydrate (123 mg,
0.64 mmol) in DCM (10 ml) and ether (10 ml}) was stirred at rt overnight, The precipitate

30  was collected by filtration, washed with ether (10 ml), and dried under vacuum to afford

trioxolane OZ527 (350 mg, 83%) as a colorless solid. mp 146--147°C; "H NMR (500 MHz,
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CDCly) 6 1.16-1.31 (m, 2H), 1.42-2.06 (m, 21H), 2.38 (s, 3H), 2.46 (d, J = 6.8 Hz, 2H),
3.02-3.16 (m, 2H), 3.52-3.62 (m, 2H), 3.70 (d, J = 12.2 Hz, 2H), 3.92-4.03 (m, 2H), 4.10
(t,J = 12.0 Hz, 2H), 4.39-4.49 (m, 2H), 6.75 (d, J = 8.3 Hz, 2H), 7.04 (d, ] = 8.3 Hz, 2H),
7.21(d, 1= 7.8 Hz, 2I0), 7.79 (d, T = 8.3 Hz, 2H), 11.73 (brs, 1H); *C NMR (125.7 MHz,
5 CDCl)d 21.35, 26.46, 26.85, 29.80, 34.11, 34.77, 36.36, 36.78, 38.20, 41.88, 53.04,
56.97, 62.89, 63.85, 108,90, 111.24, 114.21, 125.88, 128.93, 130.25, 134.50, 140.38,
141.78, 155.21. Anal. Caled for C3gHgoNOgS: C, 65.93; H, 7.53; N, 2.14. Found: C, 65.76;
H, 7.38; N, 2.13,
cis-Adamantane-2-spiro-3'-8'-[4'-[3"-(4'-formyl-1'-

10 piperazinyl)propoxy]phenyl]-1',2',4'-trioxaspiro[4.5]decane mesylate (0Z534). To a
stirred mixture of cis-adamantane-2-spiro-3'-8'-[4'-(3'-bromoprepoxy)phenyi]-1',2',4'-
trioxaspiro[4.5]decane (0.60 g, 1.26 mmol) and potassium carbonate (2.00 g) in
acetonitrile (50 mi) at rt was added 1-piperazinecarboxaldehyde (0.29 g, 2.52 mmol). The
reaction mixture was stirred for 48 h at 60°C and cooled to 1t. The inorganic solid was

15  filtered off and washed with EtOAc (2 x 25 ml). The combined filtrate was evaporated to
dryness under vacuum. The residue was dissolved in EtOAc (50 ml), washed with water (3
X 25 ml), dried over MgSOy, and filtered. Removal of the solvent gave the desired free base
as a colorless solid. To a solution of the above free base in EtOAc (10 ml) at 0°C was
added dropwise a solution of methanesulfonic acid (0.12 g, 1.26 mmol) in ether (10 ml).

20 The resulling precipitate was filtered, washed with ether (3 x 10 ml), and dried under
vacuum at 40°C to afford trioxolane OZ534 (0.65 g, 85%) as a colorless solid. mp 156158
°C; 'H NMR (500 MHz, DMSO-dg) 8 1.45-1.59 (m, 21), 1.61-1.96 (rn, 20H), 2.08-2.17
(m, 2H), 2.34 (s, 3H), 2.48-2.60 (i, 1), 2.91-3.09 (m, 3H), 3.24-3.33 (m, 2H), 3.34-3.44
(m, 1H), 3.51-3.64 (m, 2H), 3.96 (d, Y = 14.1 Hz, 1H), 4.02 (, J = 6.1 Hz, 2H), 4.28 (d, ] =

25 12.2 Hz, 1H), 6.86 (d, J = 8.8 Hz, 2H), 7.14 (d, J = 8.8 Hz, 2H), 8.08 (s, 1H), 9.70 (brs,
TH); PCNMR (125.7 MHz, DMSO-ds) § 23.63, 26.00, 26.40, 31.48, 34.27, 34,44, 35.97,
36.13,36.27, 39.93, 40.87, 41.64, 50.68, 51.51, 53.63, 64.86, 108.31, 110.72, 114.60,
127,65, 138.48, 156.67, 161.30. Anal. Caled for Cy[4sN205S: C, 61.36; H, 7.64; N, 4.62.
Found: C, 59.91; H, 7.43; N, 3.76.

30 cis-Adamantane-2-spiro-3'-8'-[4"-[3"-[(trans-4'-

hydroxycyclohexyl)amino]propoxy|phenyl]-1',2' 4'-trioxaspiro[4.5]decane p-tosylate
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(OZ535). To a stirred mixture of cis-adamantane-2-spiro-3'-8'-[4'-(3'-
bromopropoxy)phenyl]-1',2',4'-frioxaspiro[4.5]decane (0.60 g, 1.26 mmol) and
potassium carbonate (2.00 g) in acetonitrile (50 ml) at rt was added trans-4-
aminocyclohexanol (0.29 g, 2.52 mmol). The reaction mixture was stirred for 48 h at 60°C
and cooled to rt. The inorganic solid was filtered off and washed with EtOAc (2 x 25 ml).
The combined filirate was evaporated to dryness under vacuum. The residue was dissolved
in EtOAc (50 ml), washed with water (3 x 25 m}), dried over MgSQ,, and filtered.
Removal of the solvent gave the desire free base as a colorless solid. To a solution of the
above free base in EtOAc (10 ml) at 0°C was added dropwise a solution of p-
toluenesulfonic acid monohydrate (0.24 g, 1.26 mimol} in ether (10 ml). The resulting
precipitate was filtered, washed with ether (3 x 10 ml), and dried under vacuum at 40°C to
afford trioxolane OZ535 (0.79 g, 92%) as a colorless solid. mp 138-140°C; 'H NMR (500
MHz, DMSO-dg) 4 1.11-1.23 (m, 2H), 1.24-1.38 (m, 2H), 1.45-1.59 (m, 2H), 1.61-1.96
(m, 27H), 2.29 (s, 3H), 2.47-2.60 (m, 1H), 2.91-3.12 (m, 3H), 4.01 (brs, 2H), 4.70 (brs,
1H), 6.85 (d, J = 8.3 Hz, 2H), 7.12 (d, ) = 6.8 Hz, 2H), 7.13 (d, ] = 6.8 Hz, 2H), 749 (d, ] =
7.8 Hz, 2H), 8.32 (brs, 2H); *C NMR (125.7 MHz, DMSO-ds) 6 20.99, 25.93, 26.03,
26.44, 26.87, 31.53, 33.06, 34.31, 34.47, 36.00, 36.29, 40.91, 41,84, 55.48, 64.70, 67.82,
108.34, 110.75, 114.58, 125.68, 127.66, 128.37, 138.13, 138.40, 145.48, 156.73. Anal.
Caled for C3gHssNO3S: C, 66.74; H, 7.81; N, 2.05. Found: C, 66.67; H, 7.92; N, 2.07.

cis-Adamantanc-2-spiro-3'-8'-[4'-(frans- 4'-aminocyclohexyloxy)phenyl]-
1',2',4'-trioxaspiro[4.5]decane mesylate (OZ537). Step 1. To a stirred solution of cis-4-
aminocyclohexanol hydrochloride (1.0 g, 6.6 mmol) and triethylamine (2 ml) in CH,Cl,
(25 ml) was added BocyO (1.44 g, 6.6 mmol). The resulting mixture was stirred at 1t for 3
h. Afier removal of the solvent, the residue was washed with water (30 ml) and dried in
vacuo to give fert-bulyl cis-4-hydroxycyclohexylcarbamate (0.80 g, 56%) as a colorless
solid. mp 85-86°C; 'H NMR (500 MHz, CDCl3) § 1.30-1.74 (m, 8H), 1.45 (s, 9H), 3.48~
3.60 (m, 1H), 3.86-3.94 (1, 1H), 4.46—4.60 (m, 1H). Step 2. Diisopropyl azodicarboxylate
(0.32 ml, 1.68 mmol} was added dropwise to a mixture of 0Z288 (0.5 g, 1.4 mmol), tert-
butyl cis-4-hydroxycyclohexylcarbamate (0.3 g, 1.4 mmot), and triphenylphosphine (0.44
g, 1.68 mmol) in THE (50 ml) at 0°C under N, atmosphere. The resulting mixiure was

stirred at rt for 24 h. After removal of the solvent, the crude product was purified by
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Tocel | ur cse,* Rileat 36 Baenih” Pebrond S8 Fhdend B Bl ERRESTEAE. « aen
peri odi cal | y1ozwer 1 A6 11501 27.641988l54, 19®d4 abRhy, Siq 3.00nDgure of iheGbdven, and
pl asma was assayed for_ parent conpound LC- M5 al bioavailability for

each conpourRieilSthen(%if ;P& mratibendjed %@&&Ni II'IVTHB%‘F\‘)GY&S@&’@W #aifpotid in a
ri oxol anee e RN RR I IRPRTP PRPHFUR S0 B, Y SRUE AR 1
at Bi oavai | abiffofd trib2ylaat OZFITUO. 46 RaGk) a5y catorleB solid. mp 167168 °C; "H NMR (500
10  MHz, DMSO-dg) 8 1.35-1.59 (n, 6H), 1.61-1.96 (m, 22H), 2.02-2.15 (m, 2H), 2.31 (s,
3H), 2.47-2.60 (m, 1H), 3.01-3.15 (m, 1H), 4.17-4.27 (m, 1H), 6.86 (d, J = 8.8 Hz, 2H),
7.10 (d, ) = 8.8 Hz, 2H), 7.78 (brs, 3H); *C NMR (125.7 MHz, DMSO-do) 6 25.99, 26.40,
28.16, 20.31, 31.49, 34.29, 34.45, 35.96, 36.27, 40.88, 48.57, 73.81, 108.34, 110.73,
115.85,127.70, 138.27, 155.60. Anal. Calcd for CooHasNO-S: C, 63.36; H, 7.88; N, 2.55.
15 Found: C, 63.76; H, 7.78; N, 2.31.
cis-Adamantane-2-spiro-3'-8'-[4'-(3'-amino-3'-methylbutoxy)phenyl]-1',2' 4'-
trioxaspiro|4.5]decane p-tosylate (OZ539). Step 1, To a solution of ;804 (60 ml, 98%,
1.10 mol) at -5 °C was added dropwise MeCN (25 ml, 0.48 mol) followed by 3-methyl-
1,3-butanediol (48 ml, 0.40 mol). The resulting solution was stirred at 0°C for 1 h, then
20  poured onto ice (300 ml), and washed with ether (2 x 50 ml), The water layer was alkalized
with 15 M aq. NaOH (150 ml) to pH = 12 and extracted with ether (3 x 150 ml). The ether
layers were combined, washed with saturated NaCl (2 x 50 ml), dried over K;CO;, and
evaporated to dryness to yield 2,4,4-trimethyl-5,6-dihydro-1,3(4H)-oxazine (46.5 g, 91.4%)
as a colorless oil (unstable). 'H NMR (500 MHz, CDCl3) 6 1.18 (s, 6H), 1.69 (t, ] = 5.9 Hz,
25 2H), 1.86 (s, 3H), 4.11 (t, ] = 5.9 Hz, 2H); C NMR (125.7 MHz, CDCl;) § 21.0, 29.7,
33.1,47.2, 61.0, 154.8. Step 2. 2,4,4-trimethyl-5,6-dihydro-1,3(4H)-oxazine (46.0 g, 0.362
mol) was added dropwise to 6 M ag. NaOH (150 ml) at rt. The resulting mixture was
stirred at 80°C for 20 h, then cooled to rt, and extracted with DCM (3 x 100 ml). The DCM
layers were combined, washed with brine (3 x 100 ml), dried over MgSQy, and evaporated
30 o yield 3-amino-3-methyl-1-butanol (11.0 g, 29%) as a brown oil. [Note, the brine solution
was extracted with DCM (5 x 100 ml) to recover 3-amino-3-methyl-1-butanol (10.0 g,
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27%)]. "H NMR (500 MHz, CDCl3) 8 1.20 (s, 6H), 1.59 (&, J = 5.6 Hz, 2H), 2.81 (brs, 3H),
3.83 (t, ] = 5.6 Hz, 2H); C NMR (125.7 MHz, CDCls) 6 30.9, 42.6, 50.6, 60.2. Step 3. To
a solution of 3-amino-3-methyl-1-butanol (7.20 g, 70 mmol) and Et;N (8 ml) in DCM (40
ml) at 0 °C was added dropwise a solution of Boc,O (15.2 g, 70 mmol) in DCM (20 ml).
5  The resulting mixture was stirred at 1t for 2 d, extracted with water (3 x 20 ml), dried over

Na;SOq, and concentrated. The residue was purified by flash chromatography (silica gel, 0-
50% BtOAc in hexane) to yield 3-(feri-butoxycarbonylamino)-3-methyl-1-butanol (2.20 g,
15%) as a colorless oil. 'H NMR (500 MHz, CDCl3) ¢ 1.32 (s, 6H), 1.43 (s, 9H), 1.87 (¢, J
= 0.3 Hz, 2H), 2.33 (brs, 1H), 3.76 (, J = 6.3 Hz, 2H), 4.98 (brs, 1H); "C NMR (125.7

10 MHz, CDCl3) 6 27.7, 28.4, 43.2, 51.8, 59.3, 78.9 (br), 155.0 (br). Step 4. To a solution of
07288 (890 mg, 2.50 mmol), iriphenylphosphine (986 mg, 3.75 mmol), 3-(tert-
butoxycarbonylamino)-3-methyl-1-butano (761 mg, 3.75 mmol), and EtzN (0.83 ml, 6.00
mmol) in DCM (30 ml) at 0°C was added dropwise diisopropyl azodicarboxylate (0.80 ml,
3.75mmoel) in DCM (10 ml). The resulting mixture was stirred overnight, then washed with

15  water (3 x 20 ml), and concentrated. The residue was purified by flash chromatography
(silica gel, 0-9% ether in hexane) to yield the phenol ether (0,77 g, 57%) as a white semi-
solid. 'H NMR (500 MHz, CDCls) & 1.35 (s, 6H), 1.43 (s, 9H), 1.66-2.04 (m, 22H), 2.11
{t, J = 6.1 Hz, 2H), 2.46-2.51 (m, 1H), 4.04 (t, ] = 6.1 Hz, 2H), 4.88 (brs, 111), 6.82 (d, J =
8.3 Hz, 2H), 7.11 (d, J = 8.3 Hz, 2H); >C NMR (125.7 MHz, CDCl;) § 26.4, 26.8, 27.5

20 (br), 28.4,31.6, 34.6, 34.7, 36.3, 36.7, 39.2 (br), 41.9, 51.7, 64.6, 78.5 (br), 108.3, 111,2,
114.2,127.5, 138.3, 154.4 (br), 157.0. Step 5. A mixture of the above phenol ether (410
mg, 0.757 mmol) and p-toluenesulfonic acid monohydrate (3.10 g, 15 mmol) in THE (10
ml) was stirred at rt for 9 h, then cooled to 5°C, and alkalized with 0.5 M aq. NaOH to pH
= 12. After the THF was removed under vacuum, the water suspension was extracted with

25  DCM (3 x 30 ml). The DCM layers were combined, washed with water (2 x 20 ml), dried
over NagSQy, and evaporated to give the desired free base. A mixture of the free base (350
mg, purity 80%, 0.637 mmol} and p-toluenesulfonic acid monohydrate (123 mg, 0,637
mmol) in ether (20 ml) was stirred at rt for 1 h. The precipitate was collected by filtration,
washed with ether, and dried under vacuum to yield trioxolane OZ539 (340 mg, 73%) as a

30  white powder. mp 152-153°C; 'H NMR (500 MHz, CDCly) 6 1.38 (s, 6H), 1.61-2.03 (m,
22H), 2.07 (, J = 6.1 Hz, 2H), 2.32 (s, 3H), 2.41-2.50 (m, 1H), 3.98 (t, ] = 6.1 Hz, 2H),
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6.73 (d, } = 8.8 Hz, 2H), 7.01 (d, I =8.8 Hz, 2H), 7.11 (d, J = 7.8 Hz, 2H), 7.74 (d,] = 7.8
Hz, 2H), 7.86 (brs, 3H); *C NMR (125.7 MHz, CDCl3) 6 21.32, 25.76, 26.50, 26.89,
31.64, 34.74, 34.81, 36.41, 36.82, 38.75, 42.02, 54.25, 63.60, 108.40, 111.33, 114.39,
125.98, 127.51, 128.96, 138.51, 140.45, 141.51, 156.71. Anal. Caled for C34H47NO4S: C,
5  66.53; H, 7.72; N, 2.28. Found: C, 66.73; H, 7.90; N, 2.02.
cis-Adamantane-2-spiro-3'-8'-[4'-[2'-(tetrahydro-1',4'-oxazepin-4'(5' i)~

yhethoxy]phenyl]-1',2',4'-trioxaspiro[4.5]decane p-tosyiate (0Z543). A mixture of cis-
adamantane-2-spiro-3'-8'-[4'-(2"-bromoethoxy)phenyl]-1',2" 4"-trioxaspirof4.5]decane (0.50
g, 1.08 mmol), homomorpholine hydrochloride (0.25 g, 1.82 mmol) and KyCO4 (2,00 g,

10  14.5 mmol) in dry acetonitrile (80 ml) was heated at 60°C for 24 h, After the reaction
mixture was cooled to rt, filtered to remove the solid material, the filtrate was concentrated.
The residue was washed with water (50 ml) and dried in vacuo. The crude product (0.50 g)
was dissolved in CHCl; (5 ml) and then a solution of p-toluenesulfonic acid monohydrate
(0.20 g, 1.1 mmol) in ethyl acetate (20 ml) was added. The precipitate was collected by

15 filtration to afford trioxolane OZ543 (0.51 g, 72%) as a colorless solid. mp 140-141 °C; 'H
NMR (500 MHz, CDCls) 6 1.54-2.16 (m, 23H), 2.37 (s, 31), 2.46-2.54 (m, 1H), 2.56—
2.69 (m, 1H), 3.16-3.26 (m, 1H), 3.32~-3.42 (m, 1H), 3.59-3.68 (m, 2H), 3.72-4.08 (m,
6H), 4.37-4.44 (m, 2H), 6.76 (d, ] = 8.0 Hz, 2H), 7.11 (d, } = 8.0 Hz, 2H), 7.18 (d, ] = 7.5
Hz, 2H), 7.77 (,] = 7.5 Hz, 2H), 11.31 (br, 5, 1H); *C NMR (125.7 MHz, CDCl3) 6

20 21.35,25.35,26.48, 20.88, 31.59, 34.68, 34.80,36.41, 36.79, 42.04, 53.89, 56.68, 58.02,
63.02,63.27,67.28, 108.32, 111.44, 114.42, 125.90, 127,93, 128.89, 139.93, 140.25,
141.93, 155.40.

cis-Adamantane-2-spiro-3'-8'-[4'-{(frans-4'-aminocyclohexylymethoxy]phenyi]-

1,2 4" trioxaspire]4.5]decane mesylate (Q2.545), Step 1. To a stirred solution of frans-

25  4-ammocyclohexanecarboxylic acid methyl ester hiydrochloride (1.0 g, 5.17 mmol) and
teiethylamine (2 miy in CH,Clh (30 ml) was added BocyO (1.20 g, 5.50 mmol). The
resuiting mixture was stirred at rf overnight. After removal of the solvent, the residue wag
washed with water (30 ml) and dried in vacuo to give trans-4-(tert-
butoxycarbonylamino)eyclohexanecarboxylic acid methyl ester (1.10 g, 83%) as a colorless

30 solid. mp 80-81°C; 'H NMR (500 MHz, CDCl3) § 1.05-1.16 (m, 2H), 1.46-1.58 (m, 2H),
1.44 (s, 9H), 1.97-2.11 (m, 4H), 2.18-2.27 (m, 1H), 3.41 (brs, 1H), 3.66 (s, 3H), 4.38 (brs,
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ei s- Adamant dRistue iy weshgl wigh 2 Miag. NeOB @erd e nyaterdy strah gng brine (3'miy’ -

tri oxaspirotg. qg%ﬁ) , . 0 Lon of 02288 (1.426 g,
4 mol), 1- (%lggg) glf:qhy r 6‘%%%‘%)%%&&0%%%% 25063&8{1@%?@&“%@& &and

t ri phenyl phdwptoxyeetid)cyOobgxyBanrmobty as ncd@1e¥d ddlif HO8ME,)0984). mp 1vad258ded DI PAD

(2 1018 53358%%@{48@"%@%)]5 NG CACEH, 38, T A& R, V01,64 (m, 211), 1.79-1.86
(m, 2H), 2.02--2.08 (m, 2H), 3.39 (brs, 1H), 3.46 (d, J = 6.0 Hz, 2H), 4.39 (brs, 1H); °C
NMR (125.7 MHz, CDCls) J 28.18, 28.40, 32.89, 39.58, 49.84, 68.06, 79.07, 155.20. Step
3. Diisopropyl azodicarboxylate (0.69 ml, 3.24 mmol) was added dropwise to a mixture of
0Z288 (1.00 g, 2.80 mmol), fert-butyl trans-(4-hydroxymethyleyclohexylcarbamate (0.64
15 g, 2.80 mmol), and triphenylphosphine (0.85 g, 3.24 mmel) in THF (50 ml) at 0°C under
Ar. The resulting mixture was stirred at 1t for 24 h. After removal of the solvent, the crude
product was purified by crystallization from EtOH to afford the desired BOC derivative
(0.52 g, 33%) as a colorless solid. mp 157-158°C; 'H NMR (500 MHz, CDCl3) § 1.07~
1.20 (m, 2H), 1.44 (s, 9H), 1.64-2.10 (m, 29H), 2.44-2.54 (m, 1H), 3.42 (brs, 1H), 3.72 (4,
20 J=6.0Hz, 2H), 4.39 (brs, 1H), 6.80 (4, J = 9.0 Hz, 2H), 7.10 (d, J = 9.0 Hz, 2H); °C
NMR (125.7 MHz, CDCI;) 6 26.46, 26.87, 28.42, 28.54, 31.65, 32.90, 34,74, 34.79, 36.38,
36.79,36.93, 42.04, 49.79, 72.78, 79.11, 108.45, 111.36, 114,26, 127.58, 138.22, 155.20,
157.43. Step 4. A mixture of the BOC derivative (0.40 g, 0.71 mmol) and MsOH (1.5 M in
THEF, 12 ml, 180 mol) was stirred at 1t for 4 h. The resulting precipitate was filtered off,
25  washed with ether (30 ml), and dried in vacuo to afford trioxolane OZ545 (0.32 g, 81%) as
a colorless solid. mp 168-169 °C; "H NMR (500 MHz, CDCly) 6 1.11-1.27 {m, 2H), 1.45~
1.59 (m, 2H), 1.64-2.25 (m, 27H), 2.44--2.54 (i, 11), 2.80 (s, 3H), 3.04-3.16 (m, 1),
3.73(d, 7= 6.0 Hz, 2H), 6.79 (d, ] = 9.0 Hz, 2H), 7.10 (d, Y = 9.0 Hz, 2H), 7.61 (brs, 3H);
C NMR (125.7 MHz, CDCl;) & 26.48, 26.88, 27.65, 30.20, 31.65, 34.74, 34.80, 36.40,
30  36.80,42.04,72.24,108.44, 111.36, 114.29, 127.62, 138.39, 157.30
cis-Adamantane-2-spiro-3'-8'-[4'-|2'-[4"-(ethoxycarbonyl)-1'-
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was stirred at rt for 72 h and concentrated. The residue was crystallized
fromethanol (30 m) containing triethylamne (404 ng) to give the
Boc-protected trioxol ane internmediate. To a net hanesul fonic acid sol ution
in THE (1. 5wt 20ibdseskg was added the above internedi at e.pcilgemxégfoe wWas
stirred at rt for 24 h before it was diluted wth ether (100 5m ). The
resulting precipitate was collected by filtration, washed with ether (100

21 m{lg Ef) PﬁglpééanlAethoggﬂh&mgd%gﬁgabyﬁpﬁ%g% AEp- g%ﬁ%&z@ rzn% gG 37% as

2. 44- 2. 53 ( nmixtuy of @s-glan(agian@Rppir@3’ ﬁl{%{%rc(rmethy)pheﬁyBﬂ 2g- 1H), 6 81 (d,

13C RiR ( 128 ot e 508 s Bipofghnd Enibh Sl b %35%1”“

36. 41, 36.8%nd3YCB3(2 Y ny acédnific (0 MiY das HARd 3660°C¥dx 244Q1 Thd Ralthn 127. 94,

139. 50 154 66. Anal . I Or C28H41 NO7S: . C, 3‘2 78:; 7.71; N, 2.61.
Found: C 62m§<&1re pias epo oremove the solid, and was concenirated The residue

ci s- Adamant apg-anied E}pcr&stﬁhz']aﬁoﬁﬁoﬂ‘ﬁ%)ﬁm @ﬁ!‘gll') Ehyﬂﬁ)rrchﬁﬁ% kRbEeRY A5 gﬂ]m?css

trioxaspiro[4,5] decane nesyl ate (0Z439 a solution of 0228

2.81 mml ) iwid .4ty é@@ttbmfr@erhaﬁfewesabssmvyd inectlesr Hlddeld apolnter efp- NaOH (o 45 g,
11. 23 | 562 |
e ror s CASELEAUIABTIROLD N ERIA0 BUETIFnh bk data 502 Tl
N- (2- chl or ogtrévyitateorgsivolldoted Uyyidiraoioh tosffwe triokoldbe Q7581 £2 dvhmleds sotié ((ided.

vas 111 0 o oY Bind Valies W HiRceBadt aBER O ar Yo R IabRGanfs,

resi due was (g, 33i0), 78 (4, BHgQ aﬁt@é@(rﬁ&m)ni 34—3-52Qm0121§ﬁ'3|4€}— 3.6)65, D3 s@shed
with water and brine an noval of the solvent afforded

the free bas3684a(§‘5311béll6’r14é§§“5‘“61)r ﬁ33’1’ Sl(lﬁez@oﬁﬁﬁ (‘bﬂl—@fS EneHipblk fee base
in CH2C12(1G, mh) 2@% qﬁaﬁ zﬁﬁ@%(aejﬁsﬁﬂéum 19? gIEh Bgnee YR ¢
acid (0.216 g, o). he50| tdi néd was
filtered, mszfe’awﬂzx Aethsns 62911) 16.460 5 85 1S GEUNGEE 348 00rI0aI6 AT, o

fford |

T5o 15487 19 e Te ot oy B TR B 105 397 8 0 B
bl e ey
7.14 (d, J i’béf}%%?-”}ﬁ?;lsﬁ 3/gf2(brsm 11-1); 13C NMR (125.7 M, CDC 3)
826. 43, 26.83, 3lisXBandthtfd.2-gfrolP.8' -:chd§'6(tetn?’zﬁry§50 1303 4ze 6114'23911)152 85,

56.74, 62.81, 63.79, 108.28, 111.38, 114. 43" 127.94, 15 55. 34.
Anal . Cal cd yi)arommphq_ml\rdes‘i'~moxssrl®f4 S}ﬁbcanwpsesylaﬂe (OZ549). Tocastigred C, 61.80;

oi s adardnt 318G of iRy R R B AN 3105 pemy1 1

1,2", 44ri ox aspiaspirdi. Hlelreaiiesong $ 2b atreolf d4bBsiviBieapordate @0 Hopi@pylirile

azodi car box t 0. m 8 dro W se to a xture of
02a50° (0. x i s et FpmomnhabTom e a0 & £ Ryt oo the
tri phenyl phespidmgixte ¢8s Sirred fSF38MREY°C, ﬂzefﬂﬁgt(nl@soﬁmvﬁas alteda Srrypder N2. The

resulting m xture was stirred at rt for d and then quenched with 5% ag.
NaHCCB (10 Meyhed vad Hepe & was méb il“h@@qr@unqshﬁlmtp pMeaevaperaigd & drdset wiuch

t F 759
%o 5 ol or| angrsBh Rl ol B AILT PR BT AR \UEEET AT ag e &, T
1. 60 2 08 ( MpsO22Tk)ed, aacﬂn@zu@irﬁﬁd (I a sbhipn oBth@4rufie pro@bl) in BICAR ((Wm)hi & 8.5
Hz, in,
D1y st ep g Fopier B el e A TR0 & (6 51,
0.38 Mol ) ansbiiiy@heziinenlyome Rydifiak eoldbvdd ﬂlﬂex)edlxﬂagﬁbd WOEBET &a@nm hndnd
nmet hanol (3 m(%qvvas heated at 50 C for 24 h. The reaction m xture was

cool ed to rtricduyndpiragemp at @e@rﬁwé“fom@%lwedowwm lesszabd (otfo f2¥out ed.
The resigue i68S0! GiRGL2 ) rine,
dried o:{/gr M S%%%G?i Igtlgfreg%ldwasnd con(ﬁlrgtieﬁgw‘?ﬂggréé%{f)?ue 125\5\gnﬁdpssol ved
in CH2C12 (B3hls 3Hh@ 47h2 A2 the3HDod 3236 (of 3Hiat3r8ér(e§ﬁflﬁf%ﬂf,élﬁc3%{7f(tﬂ(3: ng, O0.42
mmol) in ether (20 mM) was added. The preci pltate was col |l ected by
filtration to afford trioxol ane 07A53 (9,15 g, 75% as a colorless solid.
np 146-148 C, 11-1NWR (500 MHz, DVSO-do) 6 1.25 (s, 611), 1.47-1.62 (m
2H), 1.63-1.99 (m 20H), 2.31 (s 3H), 2.47-2.67 (m 1H), 3.04 (g, J = 5.8
Hz, 2H), 6.97 (d, J 8.3 Hz, 2H), 7.17 (d, J = 8.3 Hz, 2H), 7.94 20(brs,
3H); 13C NWR (125.7 Mz, DMSO do) 6 23.95, 25.98, 26.39, 31.33, 34.26,

34. 43,



35.96, 36.25, 39.94, 40.12, 41.03, 48.07, 77.24, 108.27, 110.73, 123.90,
127.37, 141.70, 151.84. Anal. Calcd for C271-141N07S: C, 61.92; 11, 7.89;

N, 2.67. Found: C, 62.14; H, 7.98; N, 2.81.

ei s- Adamar i warmedessgsd r 0- 3L8' 44' 42' 44' -t hi onor phol i nyl ) etdoosgbagheisty| p 2
51',2',44ri oxaspiro[ 4. 5] decane nesylate (0Z460). Step 1. To a solution of
thi onorpholine (2.0 g, 19.4 mmi) and 2-brornoethanoi (2.9 g, 23.3 mml) in
acetoni trilesg30 ai) c¥8%d, qdchesi};eozme'f w(aK?Q@% 142 319, 7 @8 37 TR, QH) After

the reaction mxture was refl uxed over , It was filtered and

concent r at ed?. 7T J Fési duaHald). &il(b@oﬂ@egCNMMi@r? Y51, Gpplshﬁal é&,t2|4ak8t ed with

Et 0OAc (2 x 2 h I r
Orenoved in gsagﬁz)l() 4@??397:9é§1%ugg§\/§§u§2§3§% v%%\%lsﬁfl i)k‘zﬁdl %gr%t(‘)th %V}%é (50 m)
bef or e t hi ong4.56;67.08,i108.3¢ 5 1hi3H) 1 1vds, BEded]1 2747t E18. 83h®389§7a¢40 o) 1a2.81,ure was

fl d , Wt | 1. 009/,058 PCT/ 008/ 5
el e T B oISe e R AR R A 40 50
to afford 4-2r9&hl oroet hyI)thl onor phol i ne hydrochl oride (2.2 g, 87% as a

colorless solid. NVMR (500 MHz 0d6) 2.78- 2. 51, 2I—2p 3.16-3.30 (m
4H), 3.49 (t, J =<isgAdampntane§-spigo-Fe8'-14™ fﬁe("(morpllglmy bp@xylphemylE1'2'4'- Hy

211 11. 8 mol
in %hy acet (()[?n{o? ?Slpwé( (?E%P %lv?éﬁgtegggggﬂ é?féodg%é%% ?)gc%%?ég@%gg%@mml ))
and tetrabutlymahammoumlh!yldarmgér%m ﬂétﬁérr(nﬁ)l)lmp@fpn)dpm&)hmwz gAf2.@r the
react o] tur irr.ed

oSt CnT o ShO P, PRRTHINES (sl 4¢-BA ol By BBES 4D 1 56 WAt
added. The ndrxgivisea Mﬂh&lo&tolfl)ﬂ&ﬂ (:aS6 60 G4 o NindHF Q6hay. &ﬂehﬁuhﬂg)ﬁtgﬁnl c solid
was filtered off and shed with Et0Ac (2. x ter. . renoval of the

5 ml
sol vents i n °MEghb ke sofvgat WasdpraeNed i ¥acp- @sw?ﬁé*aww)ﬁs EsPACI 85y (10hashed
W th water aﬂg vtaersheaewmameﬂralxeﬂ) ﬂyqne%%gﬁ%\d%bn&htrét&? THEkRAL ww vacuo
af forded 07460 free ase@é’e( % as a colorless solid. To th
sol ution of cOERdoed frem li 7@ eﬂ)ate a§f0fd1€152®amﬁﬂl)e PRt BAC(4-60 m ) at OC was

ther (10 o RSy hEAT £ SR AANTRN HRe B Aibfidls b ST s i),

and dried urNMR (i@NMqu@Dé:h) 4066t200%(hf, aﬁﬂ),ar4|792(®] emdl-l)m&)(t(JO: 68Hy, 78% as

S50 5225 AP A%130, N80, 5, TP S
3. 12-3. 24 ( MaiBt miduddt Lhodonginb23phiss Sl (4*3”&30&{&@)& 4yl]21~oz 43.95 (d, J

= 12.2 Hz, 2H),442449€m 255 14 (d, J =
8.8 Hz, 2H) triaxpspm(4.§ldecapg (0.4 3. ] pvtmzlm C@ﬁ@pgy (%@a) lgacet%trmm

5 58, 106 35 PORRRpg ot gnel e 335 fnapfit i Belihe heupindlipe 86 o

C29H4A3N0782 stipd H94BH at ¢4, °C7 theSporhhni@solid wakGlierdd offand@ahad Wl-ﬁh EOB0C2 N, 2. 32.

Ad t ape-,2-Spi 41-131- hol henyl1-1', 21, 4
%11 oxaspitr 0 1B HIRAN RBeGvar &g aaty brer ApteptS TP USE o o
rnor phol i ne d{ste]Peddin 1%2(5,3.6, (397m1mwdemedam1 Waehi3ar 138D, RLe prapagsD,( Aud&, 9, 11.5

inmol) in thy THF was added activated zi nc powder (0.75 g, 11.47
minol ). Aft &Rd ¢aqee aﬁl&? éff%ﬁéhesff‘ierbﬁ%Tﬁf‘ splption ofithy afpye crpge Rraduct mﬂit@
washed whth {d kAP0 (2Qafidded B3 /gwfsQQ%@iﬂﬁ&%ﬁgctha-ﬁ%ltf)ﬁ%'agﬁ?() e 1%%@#31% in
Et OAe (50 m’), washed

dried over wg@@a:{l%méi Ebﬁ@ehwrr%édwaﬂ'hbcw(é@wm Wmﬂdflré%@weﬁ) imi detchier (20

m bef 30|\/| th .5 11. 5. , dded
i Do o ot dpter L AEOR A MO A 220 Pipudd i TR IR R ot her
(2 x 10 n) ,14@«41@18 EEI HCNMG. (add ik, epCB) 6 1\6@42@83@14 QBB{9RCT FR)ER 008, HBI579

Ch o oeropyl) LBl ABe UAIOEL L, ) 10,0 P85 RSBl g a0 |
3. 15 3.18 (gﬂﬂlrliz}% @ﬁ)%ﬁ%d(ﬁﬂs?@z 213} ?@9@1 JJS*SHZGZI? Hezso @H) m?l%l 3.86
(m 2396(|n 0 a sol ution of

01288 (0. SO0NYIR 122G MHe @D"Ph) él?@x%@é@érﬂ&%&l_?&@?ii 30 Sﬁal Y4.6de 2 7hddE8, B. Powder ed
NaOH (0.225 g, 5.61 nmmol) and tetrabutyl ammoni um hydrogensul fate (0.1 g,
0.28 mmol ). After the reaction m xture s stirred at rt for 30 mn, 4-(3-
t hl or opr opyl ) nor phol i ne hydrochloride (0.25 g, 1.26 mmpl) was added. The

m xture was stirred at 60C overni ght before the inorganic solid was
filtered off and washed with EtOAc (2 x 25 nl). After renoval of the
solvents in vacuo, the residue was dissolved in



10 EtOAc (50 ml). The organic |ayer was washed with water, brine, dried
over MgSO4, and concentrated. After the residue was dissolved in Et0Ac (20
m), a solution of methanesulfonic acid (0.14 g, 1.40 muol) in ether (10
m) was added dpopeésse at 0 C. The resulting precipitatrCmEgiRiostser ed,
washed with ether (25 m), and dried in vacuo at 40 Cto afford trioxol ane
01461 (0.475 g, 58% as a colorless solid. np 158-160C, 11-1 15 NWR (500
g/HZ79 (CDClg?_I) §03s, 6}192 ﬁ79 msﬁaﬁ)ss 6%5§2r0% 3401 11, ?—11411)9)127 6’4%1?8(@951(56“75 1H)

S, : in
Hz, 2H), 3. 9J?mai @écctf@fca 7NC63%,%V1 B, %9%1*8 Hs. Fawyl; C.6209; Hd786 % 8. 8 Hz
2H), 11.39 (bgs, 1H); '3C NWR (125.7 MHz, CDCl 3) 5 23.63, 26.41, 26.80,
31.54, 34.63, 34.73, 36.34, 36.72, 39.37, 41.93, 52.23, 55.81, 63.69,
64.51, 108.29, 1Xkis-38amaiit4o@0-spit@3'-F1(4'-B3H" bindcyEodékylodpphenyIpl'¢X,420f or
C30H45NC8S: C, 62 1 5. H 63; N, 2.51.
ei s- Ada taﬁ@oxﬁs%ﬁ‘?g}l&?‘ca@‘e%¥@¥§loﬁ‘ﬂe %‘Pﬁgﬂt’g’?‘*ﬁﬁcﬁ‘%@ﬁﬁei B?SSE)Q)Z@& ny11-
1',2", 4Ltri Omﬁﬁglw&ﬂlsﬁofﬂddﬁeﬂiﬁl&c%ﬂ(ﬁhg (ﬂmz}@%thers%ﬁ @fution (3808, G4 Ut i on of
th| ormrphol i ne g 9.7 nunol) and 1-chloro i odo ro ane ?1 ,
mmol ) in dry® vtase der) Thignsecipig @@ﬁlwwéifitra«tﬂenm@&é@ rogolgae ‘QZS

atom. After I T@Klg er ed
washed with E%J(;%E:égg %ﬁlﬁggg’@?g%@?%%yeﬁg?%tbef The regk%ﬁgh\;}v% |3csfsJ(!‘JF}IE ved in
Et 0/ 33e, (50!.91 §m, B\QHWe% = hn,ol%)aéi 04Nal T @08 H), HoA%dt 6 (matley 6,88 (& 1 £3B.01 ) ,

) et ok a2 Ak Heear SRt 2 e S B05 GiBMRR B iR dng, e 1

dropwi se at 1193, 2808 26@$ul7tllﬁngl m,easpmatsegm 36[28t4®r9&d48 Ay shesl 1083k, et her

(2 x 10 m), and dried to afford 4-(3- 3 Ochl p thlom)rphollne

hydr ochl or1 00t 1615 157088 | 40551 S5t Atk XG0 o AN G0G 2Nt S
(5 2.20-2. 25y,(86, Bhlind: &; 683402188.16M, 22H), 3. 09-3. 27 (m 6H, 3.68-

2009/ 058859PCT/ US2008/ 081579 3. 71 (m_ 211), 3.74 (t, J = 6.4 Hz, 2H)

11.20 (bra, 111) cisSidgmantaneol-gpieP'oit'ildnlces @my(l@h%logy)phemi Hr?-bﬂ} indry

acet oni yri | 0

t et rabut yI aﬁq’%'%’%‘i’%ﬁy%@%%éﬁgwﬁ%em‘?gg%goz‘g 9_|f égerms.&'&% t§ ng{}ué n xture
was sti rred namol) tva§ dissoB&din eﬂ1yllhet(téle 2l rol mohmy)h pf inkleirmacid {010 ped.86 mmol)
hydrochloride (0.23 g,.1.Q07 5 s stirred at
80 over ni gt cbgisraRibin s g e S s P PEBy o sdketed wi ¢ b
Et 0OAe (2 X Z8oiblane OEI5€ ks b BABNAL sdMd (D16 gSHembI 46N 4vas U NNR]sdesidue was
di ssolved in Et OACbéwgg@dnﬁrﬁgé The organic i ayer was washed with water, brine,

dried over ﬁbﬁ%lﬂ)ea“f*o?@f?%rlé‘i{)aof’fo&@?”f(ﬂeéﬂbé'é@‘fr@m g, 81
% as a,gol d h 0 0. 82
n/’?ml) |n6Et g?&’?%oé%l?)’ 'ga-gt’ vvgél a deg2 @ng\?ﬁ%gégg ol ugbg 3}(ﬁ))f v o

met hanesul f VB (H&5. HMH3, DMS@,—d@rSM Ofas. 00, 24k 2A46, 11150, Pl 1, 3FHE, I5&8ul ti ng

precipitate , S i th e i nder vacuum
D300 1o afbards BhehaniBolios et U ed g Tt e €378 Ph eS8 801 o i
156- 158 C; 18130NMRal SRRdNGEC L ICRAI0Z) C,& 74764 2608, Crs. Botil, C,25733; A, Ad3;:(m

2H), 2. 46- 2, 54 m 1H), 2.70 (d, J = 14,7 Hz, 211), 2.80 (s, 3115,
2.96-3.07 (M}:22%1), 3.24-3.34 (m 2H), 345 15354(m211)387(d,J
= 11.8 211) 124 p 7.12
(d, J b’% 3 He, cz"?’A%:rn(ahtam]Z‘ 32121204”5 |'§Z_,I4 %% [Zl%iﬂ:?l_}eﬁl\lﬂo}g Hél) 2%&)2 3. 66,
24. 86, 26. 4&1%0?@%6&)&8@@ 531%@?&&814%& {W$5%1036c)}3ﬁ923 @635 (BRLER (0.¢1g, 97,

i o tor ot Sl abhatinyhig S ddfongitds Sl fadteetifigy. AR
7h54 N, h2I dcid ;T)R)nﬂwdﬁaiad@mh Uazmrﬂol?ﬁmlldlhbr &Dxﬁl}%4%2}tm%$elﬂkwmwhredl

1 |om)rp0|ny oxy en trioxaspiro ecane_ nes ate
(0Z464) . St &pshed ﬁwg w? 613? By dé&eﬁghmcaww&p fgtfwéofg%%%‘i .an wat er

(20 n)zyas c&ét@'&ﬁi sﬁid\/(b r(m |g8811| %)Oiﬂpqels)@%l@cg ' AvR (m@hv)Hz A sig-saaction

m xture was refl uxed he m xture was concentrated and dried at
50 C to aff om c22111)(é3ﬂq(§cﬁlimwéi?+%/fgﬁ(m d i pPiof il A ém] 2H)p B %8 ((fm_ilz 280 34949 as
a colorless liquid. 11-1 NVR (500 MHz, CDC13) 6 2.65 (1,3 = 5.4 Hz, 211),
2.75-3.02 (in, 6H), 3.05-3,31 (in, 31-1)¢ 3,66J 5.4 Hz, 211). Step 2. To a
solution of 02288 (0.50 g, 1.4 mol), fz hydroxyethyl)thionnrpholine
1-oxide (0.34 g, 2.1 mol), triphenylphosphlne (0.55 g, 2.1 mol ), and
triethylamne (0.29 m, 2.1 nmmol) in dry TF1F (50 m) at OC was added
dropwi se a solution of D1AD (0.43 g, 2.1 nmmol) in THF 3 0(10 ml). After
stirring at it overnight, the solvent was renoved under vacuum The residue
was dissolved in Et0Ac (50 mM), washed with water (3 x 50 m ), dried over
MySH, and WD 2009/ 058859PCT/ US2008/ 081579




concentrated. The residue was purified by chromatography (silica gel, 50%
EtOH in EtOAc) to afford 0Z464 free base (0.51 g, 73% as a colorless
solid. To a solution of 0Z464 free base (0.51 g, 1.0 mol) in EtOAc (10 m)
at 0C was aedegowsepwi se a sol ution of nethanesul f oni ¢ ramiwk2(@0814799, 1. 4
mml) in ether (10 m). The resulting 5precipitate was filtered, washed
with ether (25 m), and dried in vacuo at 40C to afford trioxol ane 0Z464

g 015}1591 gg‘ﬁm%gas 9@%:&&%)8@64@12@%%4&&@ 3HH¥%3)( 59@&&"}418%0 H;JIG)
3.41-3.92 (nilH}sflbl (dAJ B%B(Pbr%H) ZIJer 6=975?(EZ-2PBJ8771 tldzJ Zﬂ}iZ) ZHT, 1160 (blrs_ 8.3

54 26, 34, aar 56 copm S P ik ook 385%@8899%%%‘3"%%‘?'23%&231 "

108. 29, 110. 7{269 31141 89,82 12767( 82.69,39.73 310812351 19%B4, Aried3, 13aTa; d21.09, 128.88,

ci s- Aaament kS : L7 4o 158y deel palga grugoanons: €650 sk wlaad = 50

nor phol i nyl ) paepoxysphenyidz; N, 223, 44ri oxaspi ro[ 4. S51decane nesyl ate (0Z466).
Step 151. To a solution of 3- am no- I-pro anol (1.33 g, 17.64 mml) in water

(30 M) was addecrfs‘dﬁéﬁmwtgm%éwmfé' %2[4bl2g(4'wrehwﬁml))ethwlu:é?nsﬂhb,zhéact| on
m xture was (‘(@;3 )t cuo at
50C to affor‘gﬁi’fkg('bgﬁ]ﬁ4 %‘?g&a&si % \Qge??%rpho mE@ Sy 37"%@ ﬂte@s as a
col orl ess | @0, 1 QHIINMIQ) mEKBOAM%ﬂ mlﬁ)@t@)ﬁaBa(ﬁeﬁf ﬂl:ojaww a(snl;uu@H)f mﬂelﬁﬁcl(lt J =

Soar - A5y ©ase 1 25 windiBhanthe s ik Sl wuinstbhsi i o).

4-(3- hydr oxprery k)io mlpmﬁ el vindéx V:hCLQI)KIi aiao(cOmEa@fogs. iridxBarBBLIS 234
triphenyl phos hi ne and triethyl am ne

ol Y R e Toriar sob0 (60 2507 e b2 T N M e Gt B 260 AD (0. 57
g, 2.8 mol )({ﬂ Qzﬁj"h@lﬁsﬁ@ﬂ Hﬁ\fisﬁfma%b'(&%'ﬂﬂ ﬁ&a fily DMQH}J 91@}39%

vent
was renoved in vactio. resi due was di ssol'ved in ﬂf?‘ﬁ% and
washed wi t h %Bté% 3 5(4BG‘IZIT2])1) 6dPi(e dHo\e% (%S@ﬁﬁ HaﬁH)doWdérﬂc? 884t 2Hhe

resi due iy 9 0 OAc) to
afford (} 466 "r}d(la\)(}akgé *}‘8{94‘36%19%%@1?295 col br 2%342%26?2 %daglso ution of
07466 tree bases, §0306297, .89110808, )} 1135, EOX% 127101,183.50t13088 s .3added

dropwi se a sql n.of ne f oni cj.d i n_ether
(10 ni). e‘@é&/ﬁ’ﬁl r{iﬂ%‘rft&%ei%ﬁﬁgpé @a‘gsﬁr%rh %@d? %vésﬁwgﬁi?ﬁo 3&% Hef28:25 ni),
3 Oand dr| edvizgovacuo at 40 Cto afford trioxol ane 074466 (0.50 g, 90% as
a col orless solid. nJ) 156- 158 C; 111 NWR (500 WHz, DMBO- d6£206 1.45-1.98 (m
22H), 2.12-2.21 EinAdanpmignskassssotbdtie plalByDethpyyiperyd-I' 2, 4'3H) |

2. 512, 88 (iodldbipafh fdecinlRub und U o As? olosoln oy e Ga, (¢ 2

DMVBO- d6) 6 128.168pl) 26BN c (3Bt 0F1wdndd8UdrdPyis84 Mi&herdd 18 (1.361 2819 40. 89,

Gai ed for ot} s B ey lspl et VS0 igHRe o BB,

6.94; N, 2. 23d dried under vacyum at 40°C to afford trioxolane OZ560 as a colorless solid (0.59 g,
ei s- Adamant ane- 2- si%ro 31-81-141-V-|4L(met hglsul fou(é

pi per azi nyI IGB/‘@H&B( hehih| HWEﬁQ&MHﬁ ORespi 1614 1&3&8&%6 4oL Gn.e
02482 T

(Feac2) 2 Py IS 0TRSO i In(ToE MRIGEIARAEL RET RN

dr opwi se t r |4€£10Nyzl ait}, |6é§3((<1]3 48 . 2 801)87.imdrtl, )-—f&ﬂf-ﬂ Iéw,véﬁ} 1oby (“m,sidl)u‘t"’Lon of

Feact on-m S0k CREETEPER 480 30 2sda T Bhe e B hctieHe O Rater® The

organi c | ayaee.coeR.soasher] 108.0H 1\4/&132”1@30(122’555[713)9 83@&53&@5 avielr chMed@4, and
filtered. After renoval of the solvent under vacuu the resi due was

di ssol ved i fr2etpfdNQ5e 6045 Bndd&ther €aFound| € 04 & & i74 Mad-i% et her, 6.0
mmol ) added They i {4 fi bt pred,
1T ) 089, £90E0, SRR s Ao T AL M AR BT Lo

1- (3-chl oropﬂ@wn)’oIAS}anMﬁbmbfedﬁ;ﬂsﬁbr Per addivien dyzpthoerhe end (F8%( 8.235 g,
60% . Ili NVR (500 MHz, DVsSO d6) 32.18-2.26 (m 211), 3.00 (s, 311),
3.04-3.18 (m 2H), 3. 18- 3. 23 (m 211), 3432 (t, J = 12.2 Hz, 211),
3.55-3.58 (m 211), 3.67-3.69 (m 21-1), 3.76 (t, 3 = 6.4 Hz, 2H), 11.6
(brs, 1H). Step 2. To a solution of 02288 (0.50 g, 1.4 mmol) in dry
acetonitrile (50 mM) were added



20 powdered NaOH (0.225 g, 5.61 mml) and tetrabutyl anmoni um

hydr ogensul fate (0.095 g, 0.28 mmol). After the reaction m xture was
stirred at rt for 30 inM 1-(3-chloropropyl)-4- (nethanesulfonyl)pi perazine
hydr ochl ori e f00v/a38ssg, 1.4 mmol ) was added. The reacti acmistbighesnas
stirred at 60C overnight and cooled to rt. The inorganic solid was filtered
of f and washed with EtOAc (2 x 25 ml). After renoval of the sol vent s under

vacuum the i ayer
was washed tslhf ﬁ%}ng{j b ri 1?112% ?ﬁ?‘gg@%@g{?&%@égga 5{?1&?0 ter e %E&Sé
concent r at ed(0. SFhB 1r7@ smrdazlbmvﬁ@Ap (¥5i thl).¢dttdo Yheahix e ogtimphor @sczrhnghtathgel 50%

ol 1. To a cartpd BitekSFlatERubRnBIBAL t ot 5 infnify i B onc

(10 M) at o€ waﬁfoaﬁﬁem@lfmm@asac@leﬂa& kolid (0fi Pyt mwemﬁamtilqm@ 'BONRIR
nonohydr at e resultin

. 060 0.30 30mp t
precipitate 6539 “?H‘f g@%ﬁmv@s%@ﬁ(‘wp%f@t%? S%Q‘B #ﬁ))30‘éﬁd18dm,é8)l} 8r vacuum
at 40C to aff tH0X 6l ane leﬂﬁ)?:s@@#&(% 6ﬁ %4461& 58 rﬁoil%r!s%?d VR 5
051056050 P (RAAOKE) 3018 (AEdHRraf 1 VR (R0 DVES d6)
61. 48-1. 59 (M 2Phy7.14(ded= 8.3d%z, £H), 12(391be392”{)§6] QNMR(W;S 72”4)12 @DQE)@@JrBH)

g gé g ?g Errn%é %1;‘%3155” 3% (fcr-:."isg"igs%%g%fzzuz%_éi@s %ééb 53382 ?z?_?’lg%gﬁfz_'rz‘és 1- 1) |
(d, J = 7.8 HB,272H)L,397 11487 d27.98, $4B0B 15£26.2H) , 7. 49 (d, J = 7.8 He,
9.51 (brs

H) :
31.48, 34 2%H) 345%3&@3@%&5 g w%ég\@p(%gz‘%ép“‘ ‘)‘76‘ § “W?l 1323 %’26 >

64.82, 108. 3@10xi&k@m?ﬁ2§]d3@aﬁe ) l‘0é215fu@l§)l atb307862). ’i‘@@ scﬁz?tion]o?z)iﬁgﬂ ﬂ%@t&s@g
145. 72, 156. 64 al. Calcd ror C371152N20982: . 63; N,
Found: C, 600%8:8 H28 Iplrg)j_} in jtOAc @ ml) at 0°C was added dropw1se a solutlon of fumam,

ci s- Adanmant - 1
10pi per azi nf/?{‘} Fi-e(ta 13 gl#f?)jlmiﬁé%%z ﬁi@t %ﬁ%ﬁ%@ﬁgﬁ@[ eet%%seoh%tssy 65 e
(0z485). st erpmt_wed'[mda vg@hmt '"I‘d)cnre@n‘duwe@nhydccbwybB@&mﬁsﬁmlhﬂ‘hnees(llﬁng)ﬁblg

15. 36 I) My 2-di c [ e ). .0 se a

sol ut i o of Vf"ﬁlfé%w %?fp%‘ﬁvgﬁhlﬁw %ﬁm’l a ?CFWIVS?ué)eﬂgHQﬂ: to(agg Af t er

the additi onnoimemmawcmbﬂésus@lm@s rg;eﬂ%yﬁ@ 1491154 °0; ‘s b@pmzo rte.
MRA@

After the saql vg s renmoved_ under vacuu ue was triturated with

15et her (50 MMFO-aphel Al Ao &eil 98 (e @%4%2}5(84%31*) weldKedi =i i Hz.et her
(3 x 25 ni) Zl-ﬁnﬁS@(b'rsedH?M @%@JLCS Pk cngj é\bi (%rscbhprsca@g@w:) Ry RE! H49,

di hydrochl ori de (3. as a colorless solid . To & Zg?utlon
of N-(2-chl cﬁdde‘rtﬁﬂjzl %i‘é)’ aﬂMMRdWS/ﬂMi%WS%s)(ﬁEGGD @64143545 rAdeI%) 344

triethylam d et h 0C was
added d?gpwggegg%@olr“ of 330! J[%g%ggs’]qﬁf%éhi o33, @ré“dgfh?ﬁz( 327% Yl ol )
in 1, 2- 2 0dsghr drSééma&Ql(Aﬁhlmfa)lcd%ft‘gmgNm CoErod2; BN 7 A0, .39, Resndse) rred

at rt overni syl A enched with water (25 m ). The organic |ayer was
washed vmth#\g%’elﬁ ’}(ISZWZ\F%%%m) and dried over MgSH. Renoval of the sol vent

under vacuum f ur picSiRthahtdn=C ,Q,LQQ;'ML i3 (8 PIYNRRLIRG  azi ne
(0.87 g, 85% as a vi scqohs oi | J]h [ g nf&_glﬁﬁl%%g&ﬁb&% 63- 916% 4(3I n, 4H),
2,77-2.8 (mtrx@aaﬁyxrolg Shfecpne dmydmgm shmhamm%@)wwolutmw% 8 Hz, 2H)

258te To Ltrile (50
m ) wlgr%J adgﬁlg]{ﬁj 8?‘2%18%%%;?3252 P‘@g %mﬂ) IWRIR%’%I{dt#e%XB@?Q{ an d& ni um(
hydr ogensul ﬁﬁ)ﬁjem(c,@ shktign omz&%mﬂﬁmm (Mﬂ} eri. 1dhemobac thiyhensehx{2d he), Wﬁﬁn stirred
at rt for 3Q mn, a solution o - i i .

chl or oet hyl § ql‘ﬁm(‘ﬁ‘é‘t WA f’%%?ﬁ?tpﬁi B%}' Fyirraling salgt yos Bteresl, waghed with

acetoni tril gedzend3 )k I\(‘ﬁﬁl) e @fed tﬁf&eﬁ{racbh}ﬁ af £RCHH Qﬂform%x'éraﬁe 2365hd 4 red at
60C overnight and cooled to rt, %ﬁanlc solid was filtered off and

washed wi t hCCEt”(b@&& sqligl (.52, PADS): ﬂmr*f’@ﬂ‘*f‘h@ MRafSe0 Wiz, é&ﬂ\%@ﬁt)rfsait ) 6ﬂhe

residu 50 ( i e S

2009/ 0238859 USiz%%g/go %gﬁ&nytgﬁ%wg%é %ﬂ? gir—?gsg (g]rS]d hﬁgéé"ﬁojv‘é"?ﬁ%

Af t er rem)vélli) éf65t(hé—'ﬂs4tﬂlie,rﬂﬂ) 4.he(ir esb bl Wd} 6pdn(ifli-edl 1 iz, ZHY, 698 (legr aphy
(silica gel, 50% EtOH in Et0OAc) to afford the free base (0.49 g, 64% as a
colorless solid. Ili NVMR (500 MHz, CDClg%3 (3 1.62-2.04 (m 22H), 2.46-2.54
(m 1H), 2.69 (t, J = 4.9 Hz, 4H), 2.77 , 3H), 2.84 (t, J =5.4 Hz, 2H),
3.26 (t, J = 4.9 Hz,

3. 82.



54H), 4.07 (t, J = 5.4 Hz, 2H), 6.82 (d, J = 8.8 Hz, 211), 7.11 (d, J = 8.3
Hz, 211). To a solution of the above free base (0.49 g, 0.9 mol) in Et0Ac
(10 mM) at OC was added dropw se a sol ution of nethanesul fonic acid (0.08
g, 0.81 nmowp doevesseer (10 nl). The resulting precipitata/usamsisikiser ed,
washed with ether (3 x 10 m), and (hied under vacuumat 40C to afford
trioxolane 07,485 (0.52 g, 90% as a colorless solid. np 140-142C, 1H 10
NVR (500 MHz )u 59 9 7 (s,
M (300, 231»1?"/3@(&'@ 81414§'23H£ cﬁdmkl)(l?z'sihnﬁl?,ﬁiméo&)&mkgc?%% 3?14%79(
6H), 4.33 b}4s28 24-512 38. 99536(31,41104;5? 38, 364773, H)3, 67.61,108d3, 110637118447, 2H),
9.95 (brs, 4 1@3‘%%'\/?56( 25.7 MHz, DMBO-d6) 25.99, 26.40, 31.47, 34.26,
34. 44, 35, 26 33 , 39.94, 40.89, 42.52, 51.21, 54.73, 62.24,

108. 30, 110. 74, ]cmaﬁeﬁna:&&?e-ﬂ-épnrdﬂgs'4[4'~{2m615n99phdln@l)eth6‘aﬂpﬁien‘yqu',2',4'~

725 N %383133“%0?42 nesna Bpdrmeinbior “tartele i iofheeh Pfo’fk%r O(FZQSQ free Bise (0015

4' ami noeyel obwmh@maghﬁgmbémh ethg] acdate (idmgwtroﬁ[oﬂta%%wmo syl ate
(0Z2493). Step 1. Diiso azodi car boxyl at e : 51 mol ) was

added dr opw@’@‘)]t)é)“ ‘éh‘m"E@QF@) wes plgek g fien regpvy of esmlvwﬁmﬂ)c repgyet agns 4

-hydroxycycl t yhphgsphi ne
(0.92 g, 203. %?ﬂﬂeb %&@bﬁfﬁqﬁ%@%ﬁ ! gﬁgg?élﬁéesg%ﬁld (g ggg’?gt]l/l B xt ure
was stirred ld#6-146°C0H IQMIRA(S 00NNy Cli)@m))ﬁal%elf 58 (o 280 &Rt .96 Kﬂnesz)uli%—pr oduct

f OH h |
e PV L WS ol s o 0 18y ROy o ELRLERS)
%)13) 45i551(d,21 080 (8 212)6'71)1,1 ((2 Jlmﬁ& QHQSZH)t He Nk (1% 'A}Gﬁaz @Hc&w 2@0@6720;87( TS
S8 ) n 0o, S 340 i A0S 7. 30 0 A Mae 06 SBIANS 21 MR P aB8 Sy
SZDCig) 2(2)3157150 g%@ 5}2% 12266%913821% 29, 8831’332@2€§§1 dlcd %46?’%{?5%@;“4%36223%7ﬁ2
133,79, 138. 74@;N15866®mm1686338 f$t7ef|ﬁr W, 2A7.mi xture of the above phenol et her

(1.45 g,:2.49 mml ) ndhdr Zi.Ne,, dr.a ' prm (40 m)
and net gnol (6 rﬁs) \ﬁ/zi%a'ﬁ%%néafz:?lros%@gw 4 ;ﬁhﬁfgr%y%lemet rietﬁggtcltl on m xture
was 3 0cool gipdrivlisiyljbudxylhicast]1Q2' ;@mspthsmdcdndpﬁopyledqomn)h&ﬁl ltrate
was washed wi.th water (2 x.20 m)_and m.) ried over My804,
T tered,  antrEbHRE PheERmRENS2SPaa S VD SO0urObissB PR L2608 081579
was di ssol veﬁlo;eagpn@[izqdacaﬁé dﬁu)g,qmd Mﬁga@ @@Asyhm%bgﬁat@gtm@nﬁﬁé&Jnﬁmee acid

(0.23 g, 2.4 1) |neh acetate was ad recipitate was

col | ected b)?5q: Dtwasedded 2t panmdvlwtnmm;a@‘l (ﬁﬁé g0zé®mmeEl) af 1. @fierfillﬁ’/!)eaféﬁgna

S0r) ., 5 Bo kI ARG A9 oy I MR bl g YRR i d ofed iR 11

6. 86 (d J B1GAS(Hz25 2H) The?coixﬂm(ed filidatewss Gaplaate® M) dryfesvgdebysyuB e 13C NVR

gé285 36. 25 Eg%"g%d’%%’g e%i“ E@‘%@”“ﬁ 8"33‘%&‘12"%@(1)’%??%} i%g ‘Tilg%“i‘gé" oy 4?38 32,

2.3 2 5. ; g 1. HAn E; lNEIB 8%@%| ﬁiidﬁr&p ﬁn(%%&e}rﬂl@ﬁ@zﬁ a $olutfod oBthe abbve n@B prdiuctdn @%AE@U nd: C

ci sadamant aHBL 3.0 buwaéﬁédﬁdgliomsmo%@éiévé phpristygnpsfonip acid mpanglulsse (053242 51decan
e 3.0 49%) 11 2
ol ) on 4t gD e R e S B A B B W e 0% 5
and CH2d 2 ¢ubamd Jriadas viaueat €4Cw tfioré zonelaae C@5AI moe todortchesoyé ierat,

procedure. B f e le pr s.purified by
crystalli za%/ﬁ“?prg%mé%{)lgﬁ %W%i@oﬁﬁfoc%(?%o‘sr tjgl @o?gz?%éwi 50 g,
63% as a coBoyd,eny, s d4 (;ﬁpu%Qz BQ,Q 7d\{NR2H5Cm74Nt136 (©DED32.943104Q8:, 2HL1 (m
28H) , 221249%5% é I%82647 26. 87, 27.28,
29.87, 34.3%°73Y 259, 1% (t§6“57 HZ4%JH)4§75&®3§§8 2 25, 79008 58831 . 34,
glézﬂ 3d\naby), Gahed if-07 s B2413204q,G = 78180 88 (e 11ova b (126% 80; H,
ci s- Adamant ¥t SDEH) 605 821. 204 24.54, 283 nApEh £6:25,) 1971 56, 34.62: 3440, 36.30,
trioxaspiro[4.51decane nesylate (074498). Step 1. A mixture of phthalic
anhydride (1.48 20 g, 10 mmol) and 5-am,go-1-pentanol (1.03 g, 10 mml) in
toluene (20 mM) was heated under reflux overnight. The solvent was renoved
under vacuum and the residue was purified by chromatography to afford

N (5- hydroxypentyl)phthalimde (2.00 g, 88% as a colorless oil. 114 NWR
(500 MHz, CDC13) 8 1.37-1.480n, 211), 1.56-1.67 (m 2H), 1.67- 1.79 (m
2H), 3.64 (t, J -=6.5 Hz, 214), 3.70 (t, J = 7.5 Hz, 211), 7.66-7.76 (m
214), 7.80 2 57.99 (m 2H). Step 2. Diisopropyl azodicarboxylate (0.69 m,
3.51 mm)) was added dropwisc to a m xture of 02288 (0.50 g, 1.4 nunol),

N (5- hydr oxypentyl) pi nhalim de (0.65 g, 2.79 mol ), triphenyl phosphine



3 Ocrystallization fromEtOH to afford the desired phenol ether (0.35 g,
44% as a colorless solid. np 115-116C, 111 NWR (500 MHz, CDCl13) 81.46-2.08
(m 2814), 2.43-2.53 (m WD 2009/ 058859PCT/ US2008/ 081579 1H), 3.71 (t, J =
7.0 Hz, 2H) wo3o@2sgssy J = 6.5 Hz, 211), 6.79 (d, J = 9.1@1Hm206@kB15797. 09 (d,
J =9.0 Hz, 2H), 7.67-7.75 (m 2H), 7.80-7.99 (m 21-1); 13C NMR (125.7
MHz, CDC1l3) 6 23.42, 26.49, 26.89, 28.33, 28.85, 31.65, 34.76, 34.81,

36.41, 36. 813, @974859 44125405331963756 6636@8714@ 1(181-@2 3141 291144%12@3@ 132856127 56,
132. 15, 133. 86, 7.34, F m xt ure of fhe above

phenol et her1%80723®38948 6)395%I ﬁﬁ%ﬂ? 1%&6@@52 ﬁ@r@%w@x%\t%ﬁz B3;rH, 8. 1%
chl orof or m (Z0; # oM et fgnp! Q%SNH)., was heated at 50 C for 24 h. After
t

t he reaction ?nxture was codl ég and filtered to the renove a solid
by product, the fdd-Adahamiwns2wpishadsvidt-1'@hedr(x2-2-nledhylpopsha'-bri ne (10

dr over e and con trated. The i was
i 250l ved | rPigrutaBor ek Ik %L ERN e oR et fom GRS T8 2 0. 05
g, 0.52 mmls)olutiranerm'n&draw@hemé 200 81 1o ni@sl) aagt@qi{(ﬁhﬂ) Wﬁﬁafélldéﬂ ﬁs&mza@s
col l ected by flltratlon to afford trioxol ane 02498 %8“1680 as a

col orl ess sotiidf (1ypnly K57 PS‘B?@ Thivsyltigpmipee wevsioed @9 ? @r]?4 10‘39@1%%%@814)
2.30 (brs, 3o cﬁﬂ&d?o)é% uézﬂﬂydﬂo'i‘}«z rﬁctgﬁpa%pﬁg; %ﬂhm@'{? ﬁ;é -9, 83]tH NI‘J/IR‘(S@?_';’ .

2H), 6.83 (d, J = 8.8
NMR (125.7 mﬁz,fms@ms @ 6&922547—2 642{313 28), 13689 (2. %128 235),23(’1—24@

157 b, Tag s 2P 1800 B 1A 4 il T Slep R TR s by g,

2.60. Found: (120 gb29 aimol) V& aded (ﬁc)ﬁ\ﬁlse to a mixture of 0Z288 (1.0 g, 2.81 mmol), 4-
ei s- Adamant a}wg 2-spi.ro-31-8' (41- porpholittypeycl ghexyl11l-1', 2", 41-
tri oxaspirol ’?)“&éé&%‘ifﬁé‘é91"%]@’1?9@’4}59?“‘1%(%0%v Simeh, 81 02495 (0. 23 g,

0.64 ol ) %Qpﬂéﬂ#?f&%i%e (119 @5)9 Iﬂﬁ@h)glﬂq@ a(dﬁb Bhder Wfﬁe@&qm

moi pholine (1.0 acetic acid . The resutlng m xture
was stirred mikturg wisotingd htrb@ﬁ@ﬁb Abeiremeval pﬁb@@c&@b@vmv@mﬂ@ peofi@bbyy, 1.03

|
quenched wi th F il REEFIAROTL) 1 BrobPde Be e 8 4Eh Biliths SIRGASET
washed wi t h ghat i tielfBeerhde mcﬂadsolwethm(eﬂt@r ﬂh)nl),drsbmdomqur-tolk@s&&}fmaaﬁlcid
trated, 2 i n. CH2C12 | ut |
o et hnnce B At LY D6% b8 O sTimes it Mo Heaphyt vattdisdi b0 ol 1) vas
added. The mnegioRitd Asd Waskokak DBy e @amérlelsuoﬁh @sns %@o@é)f@ dsinkpxeligne
0Z499 (0, 11 NMVR (500 Mz,

@8\4 %/)q as a colorless solid, 86
CDC13) 6 1. OPMR (B0 MRy, @2¢k) 6 1.45 (s, oHpg. 6(>r%16 R)4H),;2 %52(8(3{) %F-Qm?f@(g@ 2.94
(m 2H N = 13.2,
2.9 Hz, 2811%%?%2@(‘“ ))303”34%%2”{;2{671%%%('5‘2 %?)365 ﬁ%&%@‘l (125. 7
MHz, CDCL3) 4G5, 81), 636 .(87,= &3}&821-1133 1314, 133%.99z, zm 7.89 (36 =480 H3AH1,
36.80, 39. 587618 12% 0 93; A9y, o3 &R 11 HBRMR (1 A fifre, EBR1PT 2134, 26.44,

26.80, 26.84, 29.26, 31.57, 34.66, 34.77, 36.37, 36.76, 42.00, 51,05, 65.96, 68.08, 68.65,

108.30, 111.43, 115.57, 125.91, 128.04, 128.85, 139.60, 140.26, 141.69, 154.45. Anal.

25  Caled for CagHsaNOgS: C, 66.74; H, 7.81; N, 2.05. Found: C, 66.49; H, 7.69; N, 1.88.

C

cis-Adamantane-2-spire-3'-8'-{4'- 4"~ [ (frans-4'-
hydroxycyclohexylaminolbutoxylphenylj-1',2" 4"-trioxaspiro{4.5]decane mesylate
(OZ575). To a stirred mixture of cis-adamantane-2-spiro-3'-8'-]4'-(4'-
bromobutoxy)phenyl]-1',2'4'-trioxaspiro[4.5decane (0.60 g, 1.22 mmol) and potassium
30  carbonate (2.0 g) in acetonitrile (50 ml) was added frans-4-aminocyclohexanol (0.21 g,

1.84 mmol) at rt. After the reaction mixture was stirred for 48 h at 60°C, the inorganic solid

50



WO 20091058859PCT/ US2008/ 081579 111.34. Anal. Calcd for C27H4A5NO7S: C,
61.45; H 8.60; N, 2.65. Found: C, 61.53; H, 8.44; N, 2.57.

ci s- Adamant ane- 2- spi ro-31-81. 141-PL[ (2' - hydr oxy-21-

met hyl pr opy Woeawanskgas opoxyi phenyl1]-1', 2", 4" -t ri oxaspi r afcA/GEaseanep- t osyl at
e 5 (0z505). A solution of 1,2-epoxy-2-nethylpropane (1 m, 11 nmol) and
the free base of 02401 (620 ng, 1.5 mmol) in ethanol (10 m ) under Ar was

stirred at rivaf ﬁmerai dfamdydsmlwmcqmctsm) dmy B&ﬁﬁned-rﬂ'lﬁat%%h dHpoMa
di ssol ved in DCM ( , washed with water m), dried over MgSO4,

and evapor at @&WSWW%‘@%W“TIT@@ Essislye Wy damobie %@t%cs(é%W)eHa$hﬁd BawatD ),
cool ed in ice-wed@n Hakilvedgd,] ﬁﬁ%r@dj ¥ H%Jﬁcc\!ﬂtltal}dal“osﬁolﬁt oﬂréf {(/iagove]clude

Ot ol uenesul foni ¢ aci d nonohydrat e (30
ml). The respiotichi BPei() mbned %was::cﬂdbcb@pmw hsa@utipm off mielthaaesutfm;ac wadhed

ith ethey | 505 (.66 79
\yel I 0\(/3\,1 sh so@g £12 2%@65%85%69%?@@1} ;&8)(0 mg J4 te’fg’ ".‘U%Bed(ﬁ‘gft/ﬁ %g%)(?
35} ] [ ot e oo S bttt st s it g 7
Too o oo oy SOt Yoy Toaioh 61 BV (590 M, Bk ST1 30 bn, 24, L0~ 83
Hz, 2H), 7. 1§0<{Gn 3@1{;“; 291532 iz )(m%ﬂfﬂ%z 45'»243% (ﬁldm)é 2‘1225 %Iﬁy'zz 73%%); gm81 o (br S,

211) : NMR (125, 7 39" 27,
34.27, 34. 442938, Oéém %z %@5—3@6(@631“1)43 99@ 157, 911523 2614 69@ (di7= 85 HZl@E),Bl

110. 72, 125 is

T 67 Rnai PR 2o 8B R ot Cc%gﬁfg%lﬁ% g%?ijrj{l,ééﬁ'.%i&&@bund: c
65.60; H, 7.835, 2088,21380,32.92,34.67, 34.76, 36.35, 36.76, 39.64, 41.94, 44.88, 56.05, 66.92,

ci s- Adamant -31-81-(41- r y¢lohexyl)-1' 2' 41-

trioxaspir o[ar’l}esglg};ggj 21 %%?Z%%%S][%\Jpggl13%%%4%8189r@‘éma%%’fo%%ﬁ%ﬂl\@ﬁ%l ) in
et hanol (10 6374; HoRRAINYI2NG. Bowghd 00 S630d0; 11, ©.0dInag.NaOH was added to a sol ution
of 07,495 (0.36 g, 1.0 nmol) in THE (5 m) at OC over a period of 5 mn.
The reaction was stirred at rt for 1 h 25 before being quenched with Et0Ac
(10 mL) ;sAfter renoval of the sol vengganifitg g€si due was di ssol ved in EtOAc
(50 M) and washed with saturated aq. NaACO3 (10 m), water (10 nml), and
brine (10 m). The organic |ayer asbrgpiogigitpPata \pSH, filtered, and
concentrated to afford trioxolane 02508 (0.30 g, 83% 10:1 m xture of two
di astereoners) as a colorless solid. np 138-140C, NWR (500 MHz, CDC13) (5

0.98-2.05 (m 33%adveral3, 24f8ﬁﬁx515ne(s MOZPRdrE 1g9sted iBthe NYRHoeZmbiyd\Miliure )
526. 48, 26. 88, %@ 21, 21? ]0§ 52, 34,79, 35,77, 36.38, 36.81, 41.18,
41. 35, 71. 0@n0dghigongp et .12 @an seere fopn] to affeqt pvetopmenlmp mesnermia-to 1

20  that of dihydroartemisinin and artemisinin, although the non observed adverse effect levels
(NOAELS) were significantly higher for the newer OZ compounds compared to OZ277.
Embryonic red blood cells (RBCs) were the primary target leading to anemia and
subsequent hypoxia in embryonic tissues. The NOAEL for embryonic RBCs was 0.01
ug/mL for dihydroartemisinin, 0.1 pg/mL for artemisinin, and 0.2 pg/ml. for 0Z277,

25 whereas if was considerably higher for the newer OZ compounds (5 pg/ml for 0Z439, and
1 pgfml. for ©Z493),

Longo, M.; Zanoncelli, S.; Manera, D.; Brughera, M.; Colombo, P.; Lansen J.; Mazué, G.;

Gomes, M.; Taylor W. R. J.; Olliaro, P. Effects of the Antimalarial Drug
30  Dihydreartemisinin (DHA) on Rat Embryos In Vitro, Repro. Tox. 2006, 21, 83-93,
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WO 2009/ 058859Per / US2008/ 081579 9.45. Found: C, 73.02; H, 9.22.

ci s- Adamant ane- 2- spi ro- 3L8L4LI 2' - (4' - hydr oxy-11-

pi peri di nypet hoxyl phenyl ]-11, 21, 4% tri oxaspiro[ 4. 51decane (0zZ513). A

m xture of WO 2009/058859 PCT/US2008/081579

ci sadamant ane- 2-spiro-3' - 8' 44' 42Lbr onpet hoxy) pheny11-1',2', 4ctri oxaspiro[ 4.
5] decane 5(0.50 g, 1.08 mml), 4-hydroxypiperidine (0.25 g, 2.5 mol), and
K2CO3 (2.0 g) in dry acetonitrile (80 m) was heated at 60C for 2 d. After

t he reaction nixt YRS co0 ed t and filter taq nove the solid
material, the fill Sh% gprg%ﬁ%&‘fiﬁ'té? o apg) g”?‘é%?%ﬁé“ﬂﬁﬁ AnGCOMBesIiGns waat er
(50 m) and tdirsueﬂanudm M&}Cmuiirotrﬁfuﬂ@fﬂe@ withirQk©4dpEo GBS bem (s &&cz%ed%&%e & a
colorless soli 89- 90C, NMR (500 MHz, CDC13) 1.59- m 2. 25-
1 02.35 (m Ppfruesorsnalogussof these ppypoundy o 4 facenyc migurp Olﬁlﬁlthe,?f(#ﬁ q 2.89 (m
2H), 3.6% 3_f?)ﬁn(1i“he 1'11179n’i10§190a7s0(1ﬁtend13dro ﬁlcl%dé'gli blgfgggﬂ% é%géé %g ft}x}rg gé}%

7.11 (d, J = 31, 65
34. 47, 34. 7500113:4“@@ Ai?@, mor Q@agﬁaﬂdimtmﬁmogﬁicaﬁmsDﬂthe%mﬁ@moh&ad443

13 0 o Bl it SepeteBnddve fitde s Bhe wih i {oBh SR GO ©

ci s- Adanantanamﬂﬂswmm@n3l 814[ 41421- (41- nor phol i nyi ) et hoxyl phenyl | met hy11-

1 2@&Ltr|oxasp| lde tos lat, 7527 A mixture of 07514 (780
ng, 1.81 ol ), ?ﬁﬁﬂﬁ%ﬁﬁgfam% ﬁﬁggﬁﬁﬂﬂéﬁﬁ NSsemcompeptigs, theos  mp| )
in MeCNz1(65 dﬂeffeMﬁSnc%é lahd &€ 1iRE, ifl WillfuRra: ﬁh@eﬂﬂ&h@@f&%ﬁil in the art that it is not

N-(2-chl oroet hyl ) hol i ne hydrochlorlde (1.18 g, 6.3 nmmol) was added. The
resul ting sdhigeqed ﬁha\k/ﬁ‘s? gentioreRe lpitegde spelyillugrative epukadines eiintashadsmiscandnat er
(75 ), andygxd te conbined,
washed with lo%oggﬁtd%%g\l% i ‘WV&[@ oft &gr i e% ﬁ8§2§‘3 @48%‘5%}4&%%8&%6@5 twgt ed to
dryness. Thesdefsie @Eﬂwnmpﬁﬂytdahmlﬂedummﬁmimmamsuduyhmkdnmhémd@ﬁmmﬁﬂ free

base (510 e 105, | HN 500 . 13) 1
1°37.4°26 (nee B o REGR TR oo by bpen GGG Seligrn igergand (¢
= 4. 4 HZS 4ld)aimg. ”!719:0@&11;13 dre-m@nt&o bﬁver ih'bl:)anm&l &ﬁ]}bhems]anaiﬁpéhn@nly‘%@quéﬂe@ 4.09
(d J - 5.8 Hz, & 6.82 (d 211), 7.03 (d, J = 8.3 Hz, 211);
11C NMVR ( 12587Bhyipst 6318'26”05“1"26*@”0 IQ@H@d wess the?&ntvmsﬁpe%ﬁcaﬁsz 36. 4,
36.8, 38. 3,,Aﬂu&ﬁt§ém%mﬁgﬁ,7 65.7, 66.9, 109.0, 111.2, 114.3, 125.9,
130.0, 133.2, 156.9. A m xture of the above free base (310 my, 0.64 nunol)
and p- toluenesulfonlc aci d nonohydrate (123 ng, 0.64 mmol) in DCM (10 m)
and ether (10 m) was stirred at rt overnight. The precipitate 30was
collected by filtration, washed with ether (10 m), and dried under vacuum
to afford trioxol ane 02527 (350 ng, 83% as a colorless solid. np 146-147C;
1H NWVR (500 MHz, WD 2009/ 058859PCT/ US2008/ 081579 CDC13) 51.16-1.31 (m
211), 1.42-2.06 (m 21H), 2.38 (s, 31-1), 2.46 (d, J = 6.8 Hz, 2H)
3.02-3.16 (in, 2H), 3.52-3.62 (m 21-1), 3.70 (d, J = 12.2 Hz, 21-1),
3.92-4.03 (m 2H), 4.10 (t, J = 12.0 Hz, 2H), 4.39-4.49 (m 2H), 6.75 (d, J
=831Ilz, 211), 7.04 (d, J = 8.3 Hz, 2H), 7.21 (d, J = 7.8 Hz, 2H), 7.79
(d, 3 =8.3 Hz, 211), 11.73 (brs, IH); 13C NWR (125.7 MHz, 5CDC13) 6 21. 35,
26. 46, 26.85, 29.80, 34.11, 34.77, 36.36, 36.78, 38.20, 41.88, 53.04,
56.97, 62.89, 63.85, 108.90, 111.24, 114.21, 125.88, 128.93, 130. 25,
134.50, 140.38, 141.78, 155.21. Anal. Calcd for C36H49NO8S: C, 65.93;7.53;
N, 2.14. Found: C, 65.76; H, 7.38; N, 2.13.
ci s- Adamant ane4- spi ro- 31- 8' 44' 431- (41-fornyl-11- 1
Opi per azi nyl ) propoxy] pheny1]-1',2",4'-tri oxaspirol 4. 5) decane nesyl ate
(0Z534). To a stirred m xture of
ci s- adamant ane- 2- spi r o- 31- 81441- ( 31- br onopr opoxy) pheny11-1',2' ,4" -
trioxaspirof4.5]deeane (0.60 g, 1.26 mmol) and potassium carbonate (2.00 g)
in acetonitrile (50 m) at rt was added 1-pi perazi necarboxal dehyde (0.29 g,
2.52 mmol). The reaction mxture was stirred for 48 h at 60C and cooled to
rt. The inorganic solid was 15 filtered off and washed with Et0Ac (2 x 25
m ). The conbined filtrate was evaporated to dryness under vacuum The
resi due was di ssolved in EtOAc (50 m ), swashed with water (3 x 25 m),
dried over MgSHM, and filtered. Renoval of the solvent gave the desired
free base



as a colorless solid. Tohatdorlamed st the above free base in EtOAc (10 m)

at 0C was added dropw s n Cld 0.12 g, 1.26
nmmol) in ether (10 m) ? lreggf%%W6H§HQ€§§%&§?3? %gﬁﬂ &4 washed
with ether (3 x 10 n1§$U§&@ dried under vacuum at 40C to afford trioxol ane
02534 (0.65 g, 85% as a colorless solid. nmp 156-158 C; NVR (500 MHz,
DVBO-d6) 6 1.45-1.59 (m 2H), 1.61-1.96 (m 20H), 2.08-2.17 (in, 2H), 2.34
(s, 31-1), 2.48-2.60 (m 110, 2 91-3,09 (m 31 1), 3.24-3.33 (in, 2H)
3.34-3.44 (in, 1H), 3.51-3.64 %’ 2H - 1-1), 4.02

(t, J =6,1 Hz, 2H), 4.29 %@Iﬂ,ZHL
7.14 (d, J --- 8.8 Hz, 2 NVR (125. 7
Mz, DMBO-c4) (5 23. 63— . /97, 36.13,
36. 27, 39.93, 40.87. 41.64~ 50.68. 51.51, 53.63, 64.86. 108,31, 110.72,

114. 60 127. 65, 138.48, 156.67, 161.30. Anal Calcd for C3 N208S: C,
61.36; H, 7.64; N, 4.62. Found “tf“? 43;

Oei st Adanmant ane- 2- splro i
hydroxycyclohexyl)anlno
sylate WD 2009/ 05885¢R(] ]
ci s- adamant ane- 2- spi ro- 31- ‘441 3T-
br onopr opoxy) phenyl11-1', 2", 44r|oxasp|ro[4 5] decane (0.60 g, £6 mmol) and
pot assi um car bonate (2. 00 g) i acebpnltrlle (50 m) at rt/ was \added

”51decanep-to
red m xture of

trans-4- anlnocyclohexano 0.49 g, §2 nmol e reacti\on mxture was

stirred for 48 h at 60C pg 0l ed| 3 |c S was filtered
of f and washed wi th Et0Ag 280 e was evapor at ed
to dryness under vac Z residue c (50 mM), washed

with water (3 x 25 m), drt¥ed over N@804 and flltered Renmoval of the
sol vent gave the desire free § er ess solid. To | ution of

t he above free base in OAC~§ 10 C d dro solution
of p- 1 Otol uenesul f oni cLA et \ . 26 Oet her (10
mL). The resulting préc (At e was ——ashe h et (3 x 10 m),

and dried under vacuum at “40C to afford tri oxol ane 02535 (0 79 g, 92% as a

colorless solid. np 138-140C; RVRTBp6—) EMEO- d6) 5 1. 11- (m 2H),
1.24-1.38 (m 2H), 1.45- m 2 . ) 2711 (s, 3H),
2.47-2.60(m 111), 2.9 (‘- Sh g 70%( br S 151H),
6.85 (d, J = 8.3 Hz, 712 (d, .8 Y7 2H) VA3 (d 6.8 Hz,
oH), 7.49 (d, J = 7.8 Hz,“211), 8 32 (brs, 2H): 13C NMR (125.7 Mz,

DVSO- d6) 520.99, 25.93, 26.03, 26.44, 26.87, 31.53, 33.06, 34.31, 34.47,
36. 00, 36.29, 40.91, 41.84, 55.48, 64 70, 67.82, 108.34, 110. g , 114.58,
125.68, 127.66, 128.37, 138.13, 138.40, 145. 48 156. 73. AnAl , | cd for
C38H53N08S: C, 66.74; H, 7.81; Oﬁr_z_ S X X

20ci s- Adanant ane- 2-spiro 4pic(trg




1',2",4Ltri oxaspi rof 4. 51decane nesyl ate (0z537). Step 1. To a stirred
soI ut| on of cis-4- am nocycL@jmmaa@l hydrochloride (1.0 g, 6.6 mvol) and
a4 ) ’

triethyl amne (2 25-m ) was ,added Boc20 (1.44 g, 6.6 nmol).
@ After renoval of the

The resul ti ng 1A |
sol vent, thse dlue Hand dried in 25vacuo to
glvetert- '

col orl ess sol|o.
1.45 (s, 911),
111). Step
dropw se t
ci s-4-hy o ) 1.4 and triphenyl phosphi ne
(0.44 3 0 g, 1.68 nmol) in THE (50 m) at oC un e N2 at nosphere. The

resulting mxture was stirred at rt for 24 h. Afteg,renoval of the solvent,

ycy dte (0.80 g, 56% as a

n|p 85 86C In NI\/R(SOOM—IZ CDC13) 5 1.30-1.74 (m 8H),

i 3.86-3.94 (in, 111), 446-4.60(m

| ate %32 My 1.68 mml) was added
1/4 fen but yl

henol ether (0.60 g, 77%

as a col orl ess solQ-g- R (500 13) 6 1.18-1.30 (m 2H),
1.45 (s, 9H) a8 2. 14 3-2.54 (\m H), 3.45-3.58 (m 1H),
4.07-4.17 -.4..34 an 06,80 Ndr’'J = 9.0 Hz, 211), 7.09 (d,
J=09.0 )51 3CONVR CDCA3)._Ab26, 47, 26.87, 28.40, 30.27,

30.86, 31.62,~84.74, 34. 79 36. 39, 36.79, 42.05, 48.76, 75.07, 108. 44,
162.77. Step 3. A mxture of the
above phenol et-he (0.50 g . gnd 1.5 M MO11 in TI-1F (6 m’) was
stirred a OA.L  The (0 ate was filtered off, washed
with ethe 2 i i 3 fo afford trioxol ane 07, 537 (0.48 g,

96%) as & TONOTIEss sol id. 58—¢; NVR (500 10MHz, DNVBO d6) 6
1.35-1.59 (in,Y6H), 1.61-1.96 (m 2214), 2.02-2.15 (m 2H), 2.31 (s, 3H),

2.47-2.60 (m 1H), 301315(in 1H) 27( 1H), 6.86 (d, J = 8.8
Hz, 2H), 7.10 (d, J = 8,8 Hz, "7d (brs, \3H) //13C NVR (125.7 My,
DVEO- d6) 6 25.99. 26.40. 28016, 31. 49, N37%9, 34.45, 35.96, 36.27,
40. 88, 48.57, 73.81, 108. 34, Mll 85,/127. 138. 27, 155.60. Anal .

Cal cd for C29H43NO7S: C, 63.3 7 88 2. 55, ngound C, 63.76; H,
7.78: N, 2.31. O O,
ci s- Adamant g

0- 31- net hyl but oxy) phenyl bl "’ , 41-

tri oxasp| r gne o 0753 —Step 1. To a solution of 11280,,
(60 ni, mof9™ at #d° dropwi se MeCN (25 nmi, 0.48 nol)

: m, 0.40 nol). The resulting
solution was stirred at OC for 1 h, then 2Q oured onto ice (300 m), and
washed with ether (2 x 50 ml). The water ml kalized with 15 M aq.
NaOH (150 m) to pH = 12 and extracted 'th et fer (3 x 150 m). The ether
| ayers were conbi ned, washed with satugfihned NgCl (2 x 50 m), dried over

K2CO3, and evaporated to—dbyness eId '
2,4,4-trimethyl-5, 6-di hydr ol, 3( H) oXazine (46.5 g, 91.4% as a colorless

oi | (unstable). ¢hlLi_NyR (500 CDClS) 6 1.18 (s, 6H), 1.69 (t, J - 5.9
14z, 25210,4-86f (s, BF), 4. 1J/TT\ J = 5. 8 F, 2H): 13C NVR (125.7 M,
CDC13) 21, K () 5k ) e NEL,

2,4, 4- t L&A hyt- 5,°0- diNaydi X - oxazi #A6.0 g, 0.362 rnol) was added
dropwi se t 06 NaOl | nt it The resulting mxture was stirred

at 80C for 20 h, then cool ed to rt, and extr with DCM (3 x 100 ntl).
The DCM | ayers ware comnbi ned, washed with brj X 100 nl), dried over
MpSH4, and g at'edy30toy\yi el g=3aani no- 3- -butanol (11.0 g, 29%
as a bro » } Not e{ uti.on wa cted with DCM (5 x 100
M) to reég {2110 £ hyR tangl (18 VO

20091 '33‘@-‘-" us2008/ 5 Y. - (500 MHz, CDC13) 6 1.20 (s,
6H), 1.59 (t: Jf_____; : 281(brs 3H), 383(t J 5.6 Hz, 2H);
"C NWR . 7z, G 9 42.6, 50.6, 60.2. Step 3. Toasolution
of 3amn hyl - 0.9, 70 nmmol) and Et3N (8 m) in DCM (40
m) at 0 dded luthon of Bde20 (15.2 g, 70 mml) in DOM

, resul tinmg m xture was=s®™rred)atiNpt, for 2 d, extracted with
wat er (3 x 20 m), dried over Na2SO4, and\concentrated. The resi due was
purified by flash chromatography (silica gel, 0- 50% EtOAc in hexane) to
yield 3-(tert-butoxycarbonyl am no)-3-nethyl -1-butanol (2.20 g, 15% as a
col or brd diasteronidn s3heradflz, CDCI3) 81.32 (s, 611), 1.43 (s, 911), 1.87
(t, J =6.3 Hz, 2H), 2.33 (brs, 1H, 3.76 (t, .1= 6.3 Hz, 2H), 4.98 (brs,
IH); 13C NWR (125.7 51



10MHz, cncio 27.7, 28.4, 43.2, 51.8, 59.3, 78.9 (br), 155.0 (br). Step 4.
To a solution of 02288 (890 ng, 2.50 mmol), tri phenyl phosphi ne (986 ny,

3.75 nunol ), 3- (tertb%qﬁeqﬁsf ﬁﬂymﬂtﬁ@ﬁoﬁne@%lbwﬁke}d@mchin@nﬂﬁ@l my, 3.75
rrunol), and Et3N (0 nsRi gogﬁn in DCM (30 m) at OC was added

dr opwi se dllsopropylggﬁ@d;@arg te (0.80 m, 3.75mol) in DCM (10 nt).
The resulting m xture was stlrred over ni ght, then washed with 15 water (3 x
20 m), and concentrated. The residue was purified by flash chronat ography
(silica gel, 0-9%ether in hexane) to yield t phénol ether (0.77 g, 57%

as a white sennee#wd@ CDC13) §1.35\(s, 6H), 1.43 (s, 9H)
1. 66-2. 04 : 21-1), 2.46-2.51 (m 111), 4.04
(t, ' d. o 6082 (d .3 Hz, 21-1), 7.11 (d, J
=8 - “NMW ) (, /26.4, 26.8, 27.5 20 (br),

28. 42 .36, 5—7 41.9, 51.7, 64.6, 78.5 (br),
108.3, 1112, 114.2, 127.5, 138.3, 154.4 (br), 157.0. Step S. A nixture of

t he above phen@kuefher 57 mol ) and p;?e#uggesulfonic acid
(10 m) was irr at rt for 9 h,

nonohydr 3410 g,
then co 2C &l 05 M a OH toOpH = 12. After the
THE tioder At er usp si oM\ was /extracted with 25DCM
(3 x The DCM |‘ayet s mer oOnbi ned; Washed wi water (2 x 20 m),
dried over”Na2SO4, and evaporated to glve t he deS|red free base. A m xture

. 2 0.637 mmuol) -tol uenesul fonic

of the free ba@ewfﬂam
byl in ether ( m)\was stirred at rt

Yeci pikat e ol eet-Qy fil ¥on, hed with ether
Yactu iely oxoléﬁggg?gggt( 40 gy, 73% as a 30white
152- 153C; 7~ CDCl 3) .38 (s 611), 1.61-2.03 (m

, 2.0 6.1 Hz, 2H), 2.32 (s, 3H), 2.41-2.50 (in, 1H, 3.98 (t,
J=6.1H, 2k . "y 2009/058859PCT/U82008/081579 6.73 (d, J = 8.8 Hz, 2H)
d, J Hey /ZF)N 7. 1 = 7.8 He, 7 74 (d 1=7.8 te,

g%:Z:i?;__ 21. 3 .76, 26.50,
38/75 2.0 54 25 63. 60,
.51 96 £g8w5§{ 140. 45, 141.51,

c34i 142NO2S: C, 566.53: H, 7. 72 N 2.28. Found:

(tetrahydro 1, -d%azepln 4' (571) -

\tizgyaﬁeﬁ tosyﬂ&reSQQZS43) A
' xy)pheny -11, 24641 trioxaspiro
honmonor phol i ne hydrochlorlde (025 g, 1.82
etonitrile (80 m) was

heat ed -e~*@§ cooled to rt,
filterg K s concentrated. The

resieda 18 ) d/in vacuo. The crude product

1.1 mol) in ethyl acetate
J by 15filtration to afford
)LLAESS SO ld,;ﬂg 140-141 C | FT NWR

M e U( /16 3 . 3% /311) 46-2.54 (m 1H),

2. 565269 H, 3.1643. t-m-. . 323342 (m 1H), 3.59-3.68 (m

2H) , 3."*44 08 (m 61-1), 4.37- 4. 44 (m 2H), 6.76 (d, J = 8.0 Hz, 2H), 7.11

(d, J =8.0 Hz, 21-1), 7.18 (d, J = 7.5 Hz, 77 (d, J =7.5 Hz, 2H

11.31 (br, s, 1FD 1SC NVR (125 7 Mz, CDC13 20 1 . 93, a5, 40.

ms/mmmMan§ D1 0 :

(02545) Step )4 To a stirred solutlon
!oxyp'c aC|ﬁ hyl ester hydrochl oride
, ne ( in Cl12Cl12 (30 nil) was added

The resulting nixture was stirred at rt
of the solvent, the residue was washed wi th water

phexane oxylic acid nethyl ester

-nlllN}Iz_



30solid. nap 80-81C, 111 NMR (500 MHz, CDC13) 4 1.05-1.16 (m 2H)
1.46-1.58 (m 2H), 1.44 (s, 9H), L97:2.11 (m 411), 2.18-2.27 (in H1),
3.41 (brs, IH), 3,66 (s, 311), 4.38 (brs, WD 2009/ 058859PCT/ US2008/ 081579
1H); 13C NMWR (12537 lspmd:ﬁé haomlanepfzhna&fﬁﬂwﬁﬁmlﬂx%n% 48.95, 51.63,
79.22, 155.13, &Phaﬂﬁdcaﬂimp]]?acd’@t@b]&@iaﬁﬁé@n of

(1700 g, 3-89 ra) “%ma‘m‘”"%o T IBER B ox deffinbiedar opwi se 2 M
I|th|urr;borohydr| ¢ 95, 5 3. 89 mmol ) foIIowed by 1 MIlithium
tri et hyl borohydri HRUBg @m-'daﬁﬁ lmlwcmmd)lcm‘gher nefdghsi ng m xture was

stirred at rt for Hnewicefactive antog o Paic ifd Perg
washed with 2 Maqm&l@ﬁhim&’c@auﬁanjz g&gﬁ}ﬂ&c o L

(51% The m xture was
%I’I ne (5 m),
dried over MgSHA, Hid C rat ed. 1.0’ ar, -butyI trans-(4-
hydr oxynet hypcycl ohe%ﬁ%ﬁ%@mte g}% BIonpIsLES Iid (0.89 g, 99%. np
124-125 C. Ili 10NWR (500 MHz, CDC13) (S 1.00-1.15 (m 211), 1.44 (s, 9H,
1.50-1.64 (m 2H), 1.79-1.86 (m 2H), 2.02-2.08 (m 211), 3.39 (brs, 1H),
3.46 (d, J = 6.0 Hz, 2H), 4.39 (brs, 11-1); 13C NWR (125.7 MHz, CDCI3) 6
28.18, 28.40, 32.89, 39.58, 49.84, 68.06, 79.07, 155.20. Step 3.

Di i sopropyl azodicar bo@y#at—ei) 1 m dded dropwi se to a

desired BOC derivative (0.52 g, ~onp 157-158C, 1H

NVR (500 MHz, CDCl3) 604670 .64-2.10 (m
20H), 2. 44- ~ . | ,0 Hz, 211),
4.39 (brs, . 80> & 9.0 Jeme 19 (d, ¥.= 90 Hz, 2H); 13C
NVR (125.7 M | ®b. g , 28 54 /31.65, 32.90, 34.74,
34.79, 36.38 . 04, —772. 78, “79-11, 108. 45, 111. 36,

114.26, 127.58, 138.22, 155. 20 157. 43. Step 4. A m xture of the BOC
derivative (0.40 g, 0.71 nmol) and Ms011 (1.5 Min TH~—82 m, 180 nol) was
stirred at rt for 4 h.gThe besultlng precipitate was/filt&red off, 25washed

with ether (30 d dri g vacuo fford tritpxol ang 02545 (0.32 g,
81% as a colorfess 5@ id. X 169 MR (5 , CDC13) S

1.11-1.27 (in ! Kooy ™ 2 2.25 27H) 2.44-2.54
(in, 111), Y 3 (d\1 6.0 Ho. 6.79 (d,

J = 9.0 H, 2110. 10 (d, . 2H), 7.61 (brs, 3H): 50 e (125.7
Mz, CDCL3) J 26.48, 2f.88.,27.65, 30.20, 31.65, 34.74, 34.80, 36.40,

3036. 80, 42.04, 24,1 108. § FEN, 29, 127. 62, 13m157 30.
. xy8ar bonyl)

ci s- Adamant ane-
phenyl1- 1\, 21/ \ OX#Spi ro[M.5 ecanUyl ate

2009/ 058859P
pi per azi nyl +B8tH0xy
(07,547). A m xtw'e of

t hs- adamant ane- 2- spi rg..3_:lm8é441 (21-br ormet hoxy) phenyl ] - 1' , 4" -
trioxaspirth4. ‘.-_4_;. (0.59p/9, X 08 pirot)\ ethyl 1-pi per - car boxyl ate
(0.40 g, mml) 2 tonbtrl | e m heat ed at
60C for 24 h A actign 5m ywled o rt fin 0 renove
the solid, <arelWas7concentrat esi.fue wa ified

crystal lization ™ om Et OH H20 (1 1) to afford pure free base as a colorl ess
solid (0.40 g). After the free base was dissolved in ether (10 M), a
solution of 12 - toluenesul fonic acid nonohydrate (0.15 g) in ethyl acetate
(30 mM) was added. The precipitate was collected by filtration to afford
tri oxol ane 02547 as a colorless solid (0.42 109, 52% . np 154-155C;, I1-1
NMR (500 MHz, CDC13) 81.27 (t, J = 7.5 Hz, 314), 1.56-2.10 (m 22H), 2.37
(s, 3H, 2.46-2.56 (m 1H), 2.84-3.02 (m 211), 3.44-3.64 (in, 411), 3.66-
3.84 (m 211), 4.104.34 (n, 4H), 4.38-4.48 (in, 211), 6.75 (d, J = 8.5 Hz,
2H), 7.11 (d, J --



8.5 Hz, 2H), 7.19 (d, J =8.0 Hz, 2H), 7.76 (d, J = 8,0 Hz, 211), 11.77
(brs, 1H); 13C NWR (125.7 MHz, CDC13) 8 14.54, 21.36, 26.46, 26.85, 31.58,
34.66, 34.79, 36.39, 36.77, 40.72, 15 42.01, 52.78, 56.68, 62.33, 62.85,
108. 32, 111.43, 114.38, 125.84, 127.94, 128.95, 139.97, 140.41, 141.69,
154. 63, 155.26. Anal. Calcd for C381-132N209S: C, 64.02; H, 7.35; N, 3.93.
Found: C, 63.93; H 7.15; N, 3.62.
ci s- Adamant ane- 2-spiro-Y-8L[4' -13' - (tetrahydro-V, 4' - oxazepi n-41(51/) -
yl ) propoxyl phenyl]-1'",2",4"-trioxaspiro[4.51decanep-tosyl ate (0Z549). To a
stirred 20m xture of ~continued
ci s-adamant ane- 2- spi ro- 3' - 81-[41- (3" - bronopr opoxy) pheny11-1',3", 4" -
trioxaspiro[4.5]decane (0.60 g, 1.26 nmol) and potaSS|un1carybnate (2.0 9
in acetonitrile (50 m) was added hononorphol i ne hydroc iSde (0, 345 g,
2.52 Mol ) at rt. After khemLegptlon m xture mas stin-ed for\48 h at 60C,
the inorganic soli ‘, i\t OAc X 25 nml).

[ ' . 25 The residue
m), dried over

was di ssol ved |4‘b
MSH4, filteretd; : Y crude product in
Et OAe (10 m) at 0 was added dropw se a solutlon of p-tol uenesul f oni c
aci d nonohydrate (0.23 go~;w25o nth) in ether (10 mL). The resulting solid
e WYY X and dried under /vacjyum at 40C

to afford trIOXO|~ : y X

C. 111 NMR (50 CDEL 395
(s, 3H), 2.47- .3 ,
3.97 (t, J WD 2009M58859PCT/ US2008/ 081579 5.4 Hz, 411), 6.75 (d, J = 8.8
Hz, 2H), 7.10 (d, Jl-8@&Jﬁ;02m 7.17 (d, J = 7. 8 Hz, 2H), 7.77(d J =
8.3 Hz, 211), 10.8; Hi) g \ X Mz, CDCI3) 21

25.11, 26.40, 26.

55.63, 57.33, 6349 1.5&%76 . 8. & ' 114. £5,
, 17 14201, \515 _ c3

128.83, 138.9

66.34; H, 7.67; N, 2 09. Found: C 66. 57 H 7. 69 N, 1 98.

ei s- Adamaut ane- 2-spiro-31-8"'44' 44" - (4' - nDrphollnyI)butoxyIph yl]-1",
trioxaspiro[4.5]decane nesylate (0zZ555). Step 1. To a sol upj ﬁ of 02288
(3.00 g, 8.42 nmol), 4-brono-l-butanol (1.94 g, 12.64 nnnlf\

triphenyl phosphine (3.32 g, 12.64 10 nmol), and triethylam ne~f76 m,

12.64 mmol) in dry THF (75 m) at 0C was added dropw se | ution of DIAD
(2.56, 12.64 innol) in F (2 |nl) Adter stirring at ot oEernlght, t he

sol vent was renoved in di ssolved in OAc (100 m),
washed wi th water ' 34, and cincenyrated. The
resi due was crysts 0 N

ci s- adamant ang ; : o/
5br onobut oxy) phen -1' , T, 4'r|oxasp|ro[4 5] decane as™a colorless solid
(3.60 g, 87%. 111 NWR 500 NPE CDC13) 1. 66 2.09(m 26H), 2.47-2.51 (m I
H, 3.48 (t, J = 6.4 Hz, Y 96+ 8. 6.81 (d, J = 8.3
Hz, 2H), 7.11 (d F 1284 ﬁ w / - axture of

ci s- adanmant ane- 2¢ g ' - Mot - Dlres
tri oxaspiro[ 4.5] ¢ s . _ F.
in acetonitrile 26(50 m) was aooed mor phi6l i ne (0.533™g;""6. 12 nmol ) at rt.
After the reaction nlxture was stirred for 48 h at 60 C, the inorganic
solid was filtered Qr 3 hee tOAC (2 x 25 ml). The conbi ned
filtrate was eva dito dr The residue
Et 0OAc (50 m), o -4, g, fOed ov S, filtered,
and concent r gi€d/~40.3 for 1 he ; s @ a so\uti he abhd¥f crude
product in Et 0AC™R_} ) ' i of

nmet hanesul fonic acid (0.12 g, 1.22 minol) in ether (10 nl). T esul ting
solid was filtered, washed with ether (3 x 10 m ), and dried under vacuum
at 40C to afford trioxol ane 0Z555 as a colorless solid (0.55 g, 769, inp
146-148 C. 1H NMR (500 MHz, CDCl13) 1.64-2.08 (m 26H), 2.44-2.52 (m 1H),
2.78 (s, 3H), 2.83-2.92 (m 211), 3.12-3.16 (m 214), 3.48-3.54 (in, 2H)
3,94-4.01 (m 4H), 4.11 57

s dissolved in




30(t, J =12.2 Hz, 211), 6.77 (d, J = 8.3 Hz, 211), 7.09 (d, J = 8.8 Hz,
211), 11.30 (b gﬁ' %@) 13C NWR (125. 7 VHz, CDC13) 20. 62, 26. 25, 26 38,
26. 78, 31.55, g 34.71, 36.30, 36.70, WO 2009/ 058859PCT/ U82008/ 081579
39.38, 41.91, 51.90, 57.55, 63.65, 66.63, 108.31, 110»31, 114.19, 127.64,
138.69, 156.75. Anal. Calcd for C311-147NOBS: C, 62/71; H, 7.98; N, 2.36.
Found: C, 62.69; H, 7.80; N, 2.15.
ci s- Adamant ane- 2(§pLLeoY-8'441-(cis-4Laninocyc ohexw oxy) pheny11l-1',2",4L 5
! (02556). Yxfter /02493 free base (0.40

acetate (29 , 1 M HC1 ethereal
7d. e pre¢cipitate was col |l ected by

A }2556 as g\eevgrless solid (0.28 g, 97%.
np 138-139C; 111 NMR (500 MHz, DMBO-d6) 8 1.47- 1.97 (m 3011), 2.46-2.60

g, 0.88 f s di SQ\
sol uti on

(m 114), 4.49-4.56 (m 1H), 6.86 (d, J = 8.0 10Hz,
211), 7.12 (d _: 8. Of ? : , 3H); 1 (128. 7 Mz,
DI\/ISOd6) .' . 0Q 27 , 34 ! 34. 4§, .97, 36.28,
40. 91, 4844 .-i 116. m?%, 155. 33. Anal .
Cal cd #t qu . 62; 8. 23: 86 : C, %8.40; H
8.19; N, 2. B
CIS Adamaut anc- 2-spiro-3' -8t-[4'-(cis-4'-arninoeycl ohexyloxy) phenyl -
,2',4" - 15 tri oy o[ 4. 5|decane hydr ogen nal eate (@735 Q&%er 02493
free base (0. {, 0.8&8 ) sol ved in ethyl e

sol ution o Jo . in et #acetafe (10 n1) mas
added. Thé R \Léiﬁyrﬁagto 2-f0rd trioxol ane
07357 as _aA™eC 46 7C, 1H NMR (500 MHz,
DVSO-d6) 4™.46-1.98 (m 30H) 246260(m 1H), 3.06-3.17 (m 1H),
4.49-4.55 (m 20l H, 6.02 (s, 2H), 6.86 (d, J = 8.5 Hz, 2H), 7.12 (d, J =
8.5 Hz, 211), Q {) : N MHz,, DMVBO- d6) 24.97, 26. 00,

26. 41, 27. ¢0. 91, 48.53, 69.69,

108. 34, 55488, 167. 35. Anal . Cal a!
for C32413 C, 67.25; 11, 7.53; N

2. 56.

25ci s- Adamant ane- 2- spi r o- 31- 8' 441- 121- (41- nor phol i nyf | et hoxy] phenyft-11, 21,
4' - trioxaspirold. 5ldecane p4osylate (0Z558). sol ution of 02439

fl eebase (0.60 g, 1.28 mml) in EtOAc (20 m)/at Ocﬂmas added dropw se a
sol ution ofp t ol eresy .0 i d_npnohydrateg (0.22Yg, 1.15 nmol) in ether

(10 nt). espl ting { ered, waghed w/th ether (3 x 10 m),
and drie 0 at ) oIancN 8 as a 30colorless solid
(0.66 i B9 (5Q0 , CDCI3) 8 1.65-2.05 (m
221-1) 31-1) 11 3.04-3.12 (m 21-1), 3.52-3.58

(in, 211), 3 ’64-3.7 WD 20091058859PCT/U820081081579 (m 2H), 3.94-4.00 (m
2H) , 4.04-4 12 (m2H), 4.40 (t, J 3.7 Hz, 2H), 6.74 (d, J = 8.3 Hz, 2H
7.1 (d, J =8.3 Hz, 2H), 7.18 (d, J::7.8}t, 2H), 7.77 (d, J::7.8}t,
2H), 11.60 (brs Oi#ﬁ*~“ , CDC13) 21.29, 26.38, 26.78, 31.52,
34.59, 34./711>36¢31, 39 \d1. 94 \ 82, 56.67, 62.69, 63.73, 108. 25,
111. 34, 114 25, TGO 127. FOs . 8§ 1 39. ~140. 25, 141.93, 155.31.
Anal . C , S/ ' ) ; . 18. Found: C, 65.72;

1 % -, S ,_._.;:-‘.E '"”N.H'}
CIS Adanantane 2 Spiro-3'-844L12' - (4" - nnrphollﬁ%wlet'oxylphenyll 1',2',4" -
trioxaspiro[ 4. 51ldecane hydrogen nel eate (07559)."To" a sol ution of 07439
free base (0.60 g, 1.28 mmol) in EtOAc (20 m) at OC was added dropw se a
solution of maleic acid

and diasteromeric forms thereof.
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10(0.15 g, 1.28 mmol) in EtOAc (20 nil). The resulting solid was filtered,
washed with EtOAc (3 x 10 m ), and dried under vacuum at 40C to afford
trioxol ane 02559 as a colorless solid (0.60 g, 80%. np 155-157 C, IFI NWR
(500 MHz, CDC13) 5 1.69-2.08 (m 22H), 2.48-2.53 (m 1H), 2.90-3.60 (brs,
4H), 3.48 (t, J = 4.2 Hz, 2H), 3.96-4.04 (m 4H), 4.36 (t, J - 4.2 Hz, 2H),
6.29 (s, 2H), 6.8 (d, J = 8.8 Hz, 211), 7.14 (d, J = 8.3 Hz, 2H); 15DC NMR
(125.7 MHz, CDC13) 526.39, 26.78, 31.51, 34.59, 34.72, 36.32, 36.70, 41.92,
52.45, 56.30, 62.57, 63.89, 108.26, 111.36, 114.29, 127.91, 135.50, 139. 88,
155. 35, 169. 38. An I %%@ﬁh‘%@byﬁe%x%m*‘%aimﬁ@ N, 2.39.
Found: C, 65. 38;

ci s- Adamant ane- 2-@ qd@s;asgg 8€(4' - mor phol i nypet hoxyl phenyl kl', 2", 4" - 2
Otri oxaspi rof 4. 5] déc'ﬁhemw]nmb«:ﬁt]annﬂev}(@zbﬁ the tringolaneds admsdr of 07439

1;: ﬁg?g;ﬁ |(4g18?1 qqea]bléfqﬁdréﬁbr'% Hsuree malrial 0C was adifgl géog\g‘ se &/agfl
Fh%{%%&&{m a’i% e% 8%& ]a-lgi% er&?/lacuum at 40Cto

filtered, washed wi't

afford trioxol andstozgddn asdosing singel 0@@1 % np 150-152 C;
3H NWR (5?0 M_|Z|'|) Cﬂclliﬁénfelﬁocﬁéf(ﬂaﬁﬁ4(vmheréﬁ}lﬂbemx¢m158d1(nmm 251H)
3.11-3.2 (m 2 4.34 (m
21-1), 4.52- 4. 6651‘?1‘ g%‘iﬁméﬂié%é‘ﬁfd@e%%ﬁggfﬁ@géﬁo %q@d J-- 8.24
Hz, 2H), 13.31 (m ); 13C NVR (125.7 Mz, CDC13) 6 26.36, 26.75,
31.48, 34.56, 34,69, TB@nE&O(B@fcﬂﬂuanwlmmbjsﬂwH&Omms admis0, 63. 62,

190,28 ot T ST R 08e 10 dtn c T0r

Oci s- Adamant ane- adspmns‘@r@isl a phanpacquiically efiestive galf demaxy | pheny11-1',2', 4-
tri oxaspiro[ 4. 51cl ¢taThe insethbi @fatieind 1056h¢reb¥dhe salilintselectal i set hi oni ¢

d (80% 0,22 ¢ | th 10
) ai 0C ves adleik BorpiE O MY @?% %ﬂ%b%%‘ﬁg b g, 171
mmol ) in Et0Ac (@spariafe, b@ngaq, %ene srEopate, disyl W erni ght, the
resul ting solid vamphotater eamphes hdfondtehdiglocematg glyeerophps- and dri ed

d t I lid (0.15
g, 15% . mp 112- ﬁ@%‘é R%&?%“?%%é’ AT SIS, ﬂﬁ%%faf‘ﬁﬁ‘?&d%%“ 3°4'8 253

(m 114), 3.06-3,18 (m 5H), 3.52- 3.58 (m 2H), 3.62-3.72

3.98-4.12 m6 4 6..84. {d 8. 714dJ
~'8.3 Hz, b }mﬁédi }’3"1 ‘deg)hﬁd@f?‘ %WZW ’@tﬁ‘éﬁz ‘lize 41, 26(81
31.53, 34. 61 " 34fongte mﬁnona@ 7hctate, gnaaleat:ea gaeﬂmeosulfemte,z 58. 31,

62. 68, 63.79, 108icafinate]lR2-B8phthatendy, suldhals, od4laid)2palkitoas,

10ci s- Adamant an X 3/1] 1,2 ,4" -
trioxaspirol4. 5%&1&8{&{ ﬁjé’émﬁﬁﬁ ?L}{h%ﬁgﬁ;ﬁptgﬂ?%)ﬁﬁ?ﬁg ﬁ‘%ﬁea on of 01439
freebase (0.60 Propiogl ‘?n‘mgluf ingies dadrales Wyocysnalse 3@&%% dropwi se a
sol ution of fun@lummﬂiepblcarbMam, pﬂoh&namlﬂﬁonate andundedadonte) . After
stirring for 0.5y at rt, the solvents were renoved under vacuum The
resi due was tritur W Et,0 50 e |ting solid 15 was
filtered, washed tﬁﬂ}ft gA(‘?thg @C g"'r?i ?ﬁz@ﬁﬁerby tﬁ%ll{f %é’@o“at 40C to
afford trioxol asdngnséeredsvish sppther etimedanial asqpassofa combina-np 148- 150C;
114 NI\/R(500 MHtonOMBRA06) 814816(m 214), 1.64-1.98 (in, 20H),

eI S st oy 1 ity 10

Hz, 13c NI\/Ré pisiere ﬂj‘blvso(ja) (5 26.01, 26.41, 31.45, 34.29, 34 42,
2035 95 36.31, 41.01, 53.69, 57.13, 65.28, 66.21, 108. 18, 110.64, 114.42,
127.50, 134.18, 138.07, 156.83, 166.21. Anal. Cale(' for C32H43N09: C,
65.62; H 7.40; N, 2.39. Found: C, 65.89; H 7.12; N, 2.36.

ci s- Adamant ane- 2- spi ro- 31-81441. 12' - (4' - nor phol i nybet hoxy] pheny1) - 11, 2' , 41-
tri oxaspi rold. 51decane di hydrogen phosphate (01563). To a sol ution of

250r t hophosphorie acid (85% 0.125 g, 1.28 mml) in dry benzene (25 m) at
0C was added
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dropwi se a solution of 0zZ439 fitebase (0.60 g, 1. 28 nnDI) in dry benzene
(25 ni). Afteﬂdthﬁnmﬁnduﬂﬁummﬁxﬁﬁmng&dommesmKQMK) fig: the resulting solid

was filtere o under vacuun1at
5 o o R e s e
142-144 C 18% %SE S 214), 1 64-1. 96
(m 2011), msarial ma@ms mmamﬁz:@mnt-ﬁffecumanppum@ﬁ (t, J 5.1 Hz,

214) 3 65 (hid dispird] 2, 4trioddldne, withd phdrmatesitibaly d{?‘ﬁ 6.84 (d, J

2 13%%%&% R SRR oo, 19 (0

8.1
8.4
43, 34, 28, 34.42,
35. 95 36. 3FONY§ 53.30, 56.73, 64.73, 65.65, 108.13, 110.63, 114. 44,
127.49, 138.21, 156.63.
ci s- Adamant ane- 2- spi r o- 31- 8144' 421- (4' nnrphollnypethoxylphenyll 1',2',4" -

S S k- 4 free base

(0.93 g, 1.98 nnDI) was
tartaric acid (0.30 g,
renmoval of the sol venpt¥s
tri oxol ane 02568 as a cohqufess solid (1 00 g, 81%. np 145-146C, 114 NWR

(500 MHz, CDCI3) 81.46-1.58 (m 2H), 1.62-1.96 (m 2011), 2.46- 1 02.60 (m

5H ., 2.68-2.78 (m 214), 3.54-9-64—{01 4 4.02-4.08 (m 214), (s,
2H), 6.85 (d, J = 8.0 Hz, ' oH): 13C MWR (1%5.7
MHz, CDC13) 826.00, 26.4 Dol 36.28, 40.89, }53. 69,

57. 12 65.21, 66.18, 7 X 127. 4 138N /156. 88,
173.39. Anal. Calcd fe "H45N011: 02, ; .32' 6 Found: C

61.88; H, 7.34; N, 2.17.
pi peri di nyhi but oxyl phenyl]-1", 6r|oxasp|ror4 5j decanep-tpsyl & e
(02571). To a stirred nlxture

4 Kl ', 21, 4'
trioxaspiro[4.5]decane f0 ) , 4 e : carb (2.0 g)
in acetonitrile (50 &) /W ger i .[prop nol £0.41 g, 2.86

15ci s- Adamant ane- 2-spiro-3' -8 441 -}41-141- (11- hydr oxy- r-net:%LeLgyl) 11-
y
ci s-adamant ane- 2-spiro
mol) at rt. After the re ion 20n1xture was stirred for 48 h at 60 C, the

conbined filtrate was evaporat A1 Arres xacuum The re5| S

di ssol ved in Et0Ac (50 $ . R5 n|I), dried pover
MgSO™4, filtered, and co r ‘ef. & e Oabove e prodyct
in Et0OAc (20 n1) at ‘* : : -t ol enes\lfo¢¢:

e resultim
(3 X 10 m), and dried in vaclio at

d(O 79 g, 76%,

wnth et her

152-154 |V; IR NIVIR (500, | : ‘ /"6 )N 62206(m 30H)
2.30 (s, 3H), 2.46-2.54 362- 2. 70~ 074- 2. M 111)s,,
2.96-3.04 (m 2H), 3, (m “at) \ ' , 2 6.5 (

1= 8.8 Hz, 211), 7.709 H) 7 (d, 378 He, ,
7.74 (d, J = 7.8 Hz, 211)79.81 (brs, 140: 13C NMR (125.7 MHz, CDCl3)8
20.95, 21.20, 24.14, 26.33, 26.38, 26.65, 26.77, 31.56, 34.62, 34/11)
36. 30,
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WO 2009/ 058859PCT/ US2008/ 081579 36. 69, 41.89, 44.54, 53.19, 57.00, 66.69,
71.12, 108.32, 111.29, 114.21, 125.76, 127.56, 128.72, 138.48, 139.91,

142. 49, 156.86. Anal. Calcd for C411159NG8S: C, 67.83; H, 8.19; N, 1.93.
Found. C, 67.60; H, 7.96; N, 1.77.

ci s- Adamant ane- 2-spi ro-3' - 81-14' 411- (2' - hydr oxy-2' - met hyl propyl ) - 41-

pi peridi nyl oxyl phenyll-1', 21, 41-trioxaspiro[4.51ldecanep-tosylate (0Z572).
Step 1. To a solution of 4- hydroxyplperldlne g4 10 mol) in EtOH (15
m) was added isobutylene oxypde (}H S i, u) The resulting nlxture
was stirred at rt for ,24 ford

4- hydr oxy- 1- (2- hydro 990 {:r;Rﬁ% 0
MHz, CDC13) nl.15 (s _ ‘3 1 21 2731 §%
21-1), 2.40-2.48 ¥ g/ , .76 (

Step 2. Diisopropyl azo-lcarboxylate (1.20 g, 5. 9 nnDI) was added dropw
to a mxture of 02288 (1.0 g, 2.81 mvol ), 4-

hydr oxy- 1- ( 2- hydr oxy- 2- et hyl propyl ) pi peridine (1.0 g, 5.8 nﬁhﬁ%é and

tri phenyl phosphine (1.55 g, 5.9 nmol) in THF (50 nl) at 0 C und¥g N2. The
resulting mxture was stirred at rt for 24 h. After renoval heMsol vent ,

the residue was purified by 15crystallization from EtOH H2 N1) to afford
the pure free base as a col &t+essQsalid (0.50 g After tifle fre® base was
di ssolved in ether (1(p-fk ia sol gy GT"é'esquonl aci d/nonohydr at e
(0.19 g) in ether (1@ A1 s, adgé 2 at-e0was cQl ted by
filtration to affol affe 02§ No! orf ess kol i ¢/ (0.58 g, 30% .
np 152-153 C. 11- ‘¢Q.’300 MHz, 3 6 1.%¥5(s, 611+1.66-2.16 (m

24H), 2.36 (s, 3H), 2.26-2.54 (m 20114), 2.56-2.67 (m 2H), 3.04-3.10 (m
al), 3.17-3.28 (m 2H), 3.65-3.73 (m 2H), 4,61- 4.65 (m 111), 6.80 (d, J
= 8.5 Hz, 2H), 7.13 (d, J 2 .19 8.0 Hz, 2H), 7.78 (d,
J 8.0 Hz, 211), 9.75 fbrs 1.34, 26. 44,

26.80, 26.84, 29.26, 34, 66 X 2 G EuaelA2.
65.96. 68.08, 68.6 d g1 3 . ; ' 128. 852
139.60, 140, 26, 14343 - 8s/ C, 66. 74

hydroxycyclohexyDam
nmesyl ate (0Z575).
ci s- adamant ane- 2- s{1 ]

,4' -trioxaspiro[4.5]decane (0. g, 1. ) and
pota55|un130carbonate (2 0 g) in acetonitrile (50 mM) was added

trans-4-am nocycl ohexanol (0.21 g, 1.84 mmol) at rt. After the bgactlon

m xture was stin-ed for 48 h at 60C, the inorganic solid WO
20091058859PCT/ US2008/ 081579 was filtered of f and washed w

ml). The conbined filtrate porated to dryness under/ vachum The
resi due was di ssolved in Et} > ze=\W th wat er 5m),
dried over MgSO4, fi )t ered.§ l¢ Natgd. Toya sol uti of /t he above
crude product in Et @A _ Aty as & Y se ution of

met hanesul foni c ael d/ (1Q nly. The resulting
BS and dried under vacuum

at 40C to afford trloxolaneyQZQl@ as_a coIorLess SO|Id (0 60 g, Zgo

SOFD 2.15-2.17 (|n:

IH), 2. 92 3.02 (m

(d, J = 8.3 Hz, LDagr * ‘ -

(125.7 VHz, CDC13) (5" 07 26. 43 26 75 26. 83 31. 60 32. 92 34. 67,

34.76, 36.35, 36.76, 39.64, 41.94, 44.88, 56.05, 66.92, 68.56, 108. 36,

111. 32, 114.25, 127.63, 138.55, 156.95. Anal. Calcd for C33H5I NOBS: C,

63.74; H 8.27; N, 2.25. Found: C, 63.60; H, 8.06; N, 2.15. 15EXAVPLE 5

Enbryotoxicity Data Several 1,2,4-trioxolanes (QZ) were tested in the

rat whol e enbryo culture (WEC) nodel (Longo et al., 2006) and were found to

af fect developnent in a manner simlar to 20that of di hydroartem sinin and

artem sinin, although the non observed adverse effect |evels
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(NOAELs) were significantly higher for the newer OZ conpounds conpared to
0Z277. Enbryonic red blood cells (RBCs) were the prinmary target leading to
anenm a and subsequent hypoxia in enbryonic tissues. The NOAEL for enbryonic
RBCs was 0.01 gg/nmL for dihydroartem sinin, 0.1 gg/nmL for artem sinin, and
0.2 utWrL for 02277, 2 Swhereas it was considerably higher tbr the newer OZ
conpounds (5 g.g/m, 8r.0%§%9, and 1 gg/nL for 0Z493). Longo, M;
Zanoncel li, S.; Maner 5O7 rughera, M ; Col onbo, P.; Lansen J.; Mane, G
Gomes, M; Taylor W R J.; Olliaro, P. Effects of the Antimal arial Drug 30

Di hydroartenlslnln (DHA) on Rat Enbryos In Vitro. Reprp- . 2006, 21,
83-93. WD 2009/ 058859PC] _ It shoul/d be -pgkﬁgiated t hat
the Spiro ang $piro ol 'aRe conpositions gf this/invention may
contain ty NS Wiy e pf—phe for ]S ds bed above, or
prodr ugs af ogti@s o : A\ r a faceHic mXxture of either the
D or tT 6rm The i i s—&1 SO i n ed to include al

bi ol ogi cal |y actjve salt fornB of the conpounds. Also, mnor dosage and

formul ation _rmdlG

herein na
present i/n
parti cul g DEPOSI ;
be appare o those of skill in the art that
invention be limted by such illustrative enbodi

| (hy £6 aRe-t he ranges expressed

i, Ha oan’ Drr it!NHp.ef er ence to

i ivengss, and the like, it wll
“is not intended that the
ts or mechani sns, and

that nodifications can be made wi thout departifg fr the scope or spirit
of the |nvent|omr“a3wde ed by fhe appended ¢lains. It is intended that

all such gbviqud nodi [ And War i ati ons \be incljuded within the scope
of the p Povent e i e appgnde 5 clainms. The clains
are meaft/ Svetiot'he\ cl ai 4\ and Fte S in any sequence which
is effectNyVE/10 neet t ohj ect i'% t hereM nded, unl ess the context
specificall'y indicates to the contrary. Wat is clainmed is: 1. Adispiro

1,2,4-trioxol ang-seleapted fromthe group consisting of o Il 8. M,
-continue

..uuNHz,

v, \ 0
"y ” .‘\\
Io-

..11||NH2,

and diastereomeric forms thereof,
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2. The dispiro 1,2,4-trioxolane of claim1 selected fromthe group

consi sting of 3. The dispiro 1,2, 4-trioxolane of claim1 further

i ncl udi ng a 1phdr madbed idaradycmecdis amidencer of er .ireatihg A method of reduci ng
the iani deghstosbnoasis ceai;iris@gr@dmi’u@tﬁ@i@igra} S¢HiSos@ehad-ni str ?ti “g_ a mal aria
i nci dence s &aii : : Eﬁﬁb : unt of a dispiro
1,2,4-tri§§§h Egﬁgﬁﬁgﬁgﬁhkﬁ%ﬁPﬁgg _§ g?%ﬁg?%gﬁgnﬁgﬁrier, said trioxol ane
bei ng sel eéﬁ% om % ¢ g%%§P§ﬁ%% xolgnmbeiRged O\ . r-N\ /KOH
-cont i nued®¢c Jiﬂpé ?8ﬁgﬁ%?léﬂﬁ‘ 't her eof . 5. The method of claim4
whereby the trioxolane is adm ni stered as a single dose. 6. The net hod of
claim5 whereby the trioxolane is adm ni stered before or after exposure to
mal ari a. 7. The mét+-hod-0 [ ereby the trioxolane is admnistered
in a dosing rangesoff fro . . . e nmethod of claim4
wher eby t ane i gladm niysd 2. ¢ Nip a dose ranging
from about 8 00 mokg/\ay . . et hod O Yym'7 whereby the

tri oxol ané XAM ni stered anging fro ut 1-100 ny/ kg/ day.
10. The method 6f claim7 whereby the trioxolane is admnistered in a
pharmaceutically effective salt form 11. The ni%hbﬂﬁgf cl aim 10 wher eby

the salt is selected consi sting of @Acetatie, adi pate,
al gi nate, citpyate A , bisulfate,

butyrate, - ,, CQ| di.g) uc, ongt e, fycerophosphate,
hem sul f at ahoate 4t at e\ hydro- Thloride,

hydr obr orffdes_hydr oi odi de, ' hansul - ate (isothionate),

| act at e, numl eate, nethane sul fonate, nicotinate, 2-naphthal ene, sulfonate,

oxal ate, palmtoate, pectinate, persulfate, 3-phen pi onate, picrate,
pi val ate, propionat®,. sugginate, tartrate, thiocy nate; phosphat e,

glutamate, bi onpt e, ne syFFeyat e and Wwidecanpate salt.
"y \ - 0 N
t,,lo‘l‘\\




12. The method of claim7 whereby the trioxolane is admnistered with
another antinmalarial as part of a conbination therapy. D. The net hod of

cl ai m 7 wher ebyohtigydd i oxol ane is administered orally, 0 4. A net hod of
manuf acturi ng a conposition conprising: mxing an anount f/ di spiro
1,2,4-trioxol ane sufficient to decrease the |ikehood of igﬁéction and
subsequent di sease by nmalarial parasites or a malaria tregtﬁqq%-effective
anount of said dispiro 1,2,4-trioxolane, with a phar i cal T’y acceptable
carrier, said trioxol ane beihg selected fromthe groEp co;sisting of 0- 20

o svce) 10" 0- ziO'top' - ed 0 ) / \\c\No,Me -continued




and di astereorneric forns thereof 15. A nethod of reducing the incidence
of or treating schistosom asis conprising: adm nistrating a schi stosom asi s
treatnment effective anount of a dispiro 1,2,4-trioxolane in a
pharmaceutically acceptable carrier, said trioxol ane being selected from

t he group consisting of: -continued z4) 01 and diasteroneric forns
thereof -agtinmied dispiro 1,2,4-trioxolane of claim1l as a pharmaceutically
effective salt form 17. The dispiro 1,2,4-trioxol ane of claim 16,
wherein the salt is selected fromthe group consisting of acetate, adipate,
al ginate, citrate¢ ] < 3 benzene sul fonate, bisulfate,

butyrat e, mpher fite, dp di gl uconat e, gl ycerophosphat e,
hem sul f atg Roale) hexahme, a6l e, hygreepl ori de, hydrobrom de,
hydr oi ogi@§._2:Hydr 6Xy A | ' e), Nactate, nuleate,

met hane su ni cotinate, 2-napht hal ene™8S®W f onat £;""d¥&] at e, ‘

pal m toate, pectlnate, persul fate, 3-phenyl propipnatg, picrate, pivalate,

propi onate, succinate, tartrate, thiocyanate, phosphate, gl utanate,
bi carbonat e, p-toluene sul fonate and undecanoate salt. 18. The dispiro
1,2,4-trioxolane of claim17 wherein the dispiro 1,2,4-trioxolane is

C|sAda d8e - -
gorphéﬁpﬁggé r%&(;ﬁ&%grﬁyl]-l',2',4t-trioxaspiro[4.5] decane

rresyl at e.

16. The dispiro 1,2,4-trioxolane of claim 1 as a pharma-
ceutically effective salt form.

17. The dispiro 1,2,4-trioxolane of claim 16, wherein the
salt is selected from the group consisting of acetate, adipate,
alginate, citrate, aspartate, benzoate, benzene sulfonate
bisulfate, butyrate camphorate, camphor sulfonate, diglu-
conate, glycerophosphate, hemisulfate, heptanoate, hex-
anoate, fumarate, hydrochloride, hydrobromide, hydroio-
dide, —hydroxyethansulfonate (isothionate), lactate,
maleate, methane sulfonate, nicotinate, 2-naphthalene sul-

fonate, oxalate, palmitoate, pectinate, persulfate, 3-phenyl-
propionate, picrate, pivalate, propionate, succinate, fartrate,
thiocyanate, phosphate, glutamate, bicarbonate, p—to}uene
sulfonate and undecanoate salt.

18. The dispiro 1,2,4-trioxolane of claim 17 wherein the
dispiro 1,2,4-trioxolane is cisAdamantane-2-spiro-3'-8'-[4'-
[2'- (4'-morphohnyl)ethoxy]phenyl] 1',2',4'trioxaspiro[4.5]
decane mesylate.
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