WO 03/ 000676 PCT/ US02/ 19767 TITLE: SPI RO AND DI SPI RO 1, 2, 4- TRI OXOLANE
ANTI MALARI ALS FIELD OF THE I NVENTION This invention relates to

conposi t iwov3mmd7eret hods for treating nmalaria. 5 Specifi calciopusot/ni7s7
invention relates to pharmaceutical conpositions including spiro and

di spiro trioxol anes, and nethods of their use and manufacture. BACKGROUND
OF THE I NVENTION Mal aria is an acute and often _chronic infectious disease

resul ti ngT¥iddin t he pr SFARGANE DESRERS) d oft-FRAON QEANE ANTIMABABIALS cel | s.
Caused by single-celled parasites of the 10 genus Plasnodium nalaria is
transm’tt=" [ on by the bite of female nosquitos.

Al t hough ® iﬁﬁ&@ﬁfﬁvﬁz&ﬁﬁﬁh Aneri ca and other tenperate regions of the

world, t oday ”ﬁn@Eﬂ@n@&?%&ia‘ie%%%h%oélﬂoﬁsfﬁﬂ'rﬁ&hocﬁrfgr Sednp ARG Lount ri es.
Each year, between 400 mllion and 600 | I'i on people contract the
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mal ari a, g‘lﬁ%‘%ﬂ}%&%ﬁﬁﬁﬁﬁﬁ@ﬁﬁﬁ%?%ﬁﬂ U %&‘WB@?%%%‘F 8l ci parum Pl asmodi um

mal ari ae, gakkGRANBOFTHY aNvENFIoNEe four, Plasnodium fal ciparumis the
nost dangerous, accounting Ttor nart of all cI i nical cases of malaria and

90% of deat hs Malaniati$an ahuﬁeeamle)ﬁeﬁ&hfﬁm@ infeztious dis¢asmrestilting lfimmi the pegems when
a femal e quito bites a.human infected wit he nal afi a
par asi t o, OVNEIRPHEPATFHEE i mrﬁsé algiyt% use By aglerghethparadisdPosi tes in

the .qu'gén%s okii{z% %a@aﬁa{léﬂ%ﬁﬁﬁﬁt@&' o S §Jh% ?EBSH’%W i otfl?éﬂalfsr avel to
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t he € sporozoites IVI rapi dly, then enter the
bl oodst remm;q\mese they invade red blood cells. Inside these bl ood cells,
the merozoites pultiply rapidly until the 5causethe red blood cells to
burst, rel easvﬁﬁh‘?"r&hé’nf?@remlﬁ%tdnh Fhmgn PERRE AemPIRie SeEIons 85%i t es t hat

then infe t ¥{g)st”ﬁ ﬁkﬁl"@ a are
general | y&'glggotgf?%t %%Qbﬁéﬁ%ﬁsghﬂst I-Bﬁ?cag t {em}?lgéégfﬁgg% egciae}qnygg} 2
dest ruct i 400 millibhend & Milbowpespild Gon$r|actl the disesst.emd 1t Diilhion 2002l 7 adillon dielebri s

into the bl ood,. This in turn causes an intense fever that can | eave the
i nf edt%ed o0the A¥E¥Edual exhausted and bedri dden. More severe synpt onms

assoct at ed i {3, [ 8Reals oL SR OB RDALL oI SH Sl RLARAREL s 2! f par um

i ncl ude anem a, ere convu sions sone
i nst ancesmaligaf ﬂﬁcludmg Plasmodium vivax, Plasmodium falciparum, Plasmodium malariae, and

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

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

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

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

30 individual exhausted and bedridden. More severe symptoms associated with repeat
infections and/or infection by Plasmodium falciparum include anemia, severe headaches,

convulsions, delirium and, in some instances, death.



WD 03/ 000676 PCT/US02/ 19767 The treatnent of malaria has been especially
difficult due to the ability of malaria parasites to develop resistance to
drugs. Quwoim@poeaer anti mal ari al conpound that is extractedcrusoe/i4re7 bar k of
the South American cinchona tree, is one of the oldest and nost effective
pharmaceuticals in existence. The downside to quinine is that it is

short-acting, 5 and fails to.prevent disease.rel apses., Furt.her ui.nine is
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in conbi pahihpR, AdGEReA] hokasTsidefe flettd. Mbweven| if thlefewd decades, amidrianat i on

therapies in treating malaria has the drawbacks of being inconvenient and
expeh&i vparakitessn exany20eanpf thewasldavedheepsg mesigtant ito chlgeawingat nent of mal ari a

have i nvol ved use .of the r.oxid . . l'ified by
the drug arteﬁé‘gﬁ’ﬂl‘lme lwoéﬂeréﬁﬁ%{fcns aﬁo%ﬁf' 1&@9@@3&%%@} (l)lgezinlg){ eterocyclic
phar macop@ieent Jiakfhl VBlla{d fkashed hate slfo asvtetipedirétistindes tatmeflédquing, t S

reaction with the iron in free hene nolecules in the nmalaria parasite with

t he genematwiever. Méfldquins is aldd essbeiatedawithyndesirglle cgntzal nege vy tide elfngts in5 The
di scovery of artem.sini.n { nghaosu a. natural |y occurring endoperoxi de
sesqui tersﬁlé‘ﬁé’aﬁl%fﬁi’d?lcéu%‘ éﬂ’ﬂcglgg@fs éﬁ‘d Y‘Vicgﬁlg!:’%{?r%%an et al. 1999; Dhingra
et alg, 2000) Adipbihtedirtsh e @fﬂ&ﬁbaggaﬁkt Bhf6k batadit&@lby mhilsitiggitier mol ecul ar

mechani sm of action (Jetford, 19977 Cunming et al., 1997) and to identify
novel antréepraduntionl Although the paabitesdrayechlsovdavaloped a sensta@Otp) antifplaty dsugst het i ¢
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use of combination therapies in treating mmalaria has the drawbacks of being inconvenient
and expensive, however.

20 More recent developments in the treatment of malaria have involved the use of the
peroxide functional group, as exemplified by the drug artemisinin, which contains a unique
1,2,4-trioxane heterocyclic pharmacophore. The antimalarial action of artemisinin is due to
its reaction with the iron in free heme molecules in the malaria parasite with the generation
of free radicals leading to cellular destruction.

25 The discovery of artemisinin (qinghaosu), a naturally occurring endoperoxide
sesquiterpene lactone (Meshnick et al., 1996; Vroman et al. 1999, Dhingra et al., 2000)
initiated a substantial effort to elucidate its molecular mechanism of action (Jefford, 1997,
Cumming et al., 1997) and to identify novel antimalarial peroxides (IDong and

Vennerstrom, 2001). Many synthetic 1,2,4-trioxanes, 1,2,4,5-tetraox anes, and other

30 endoperoxides have been prepared.



WD 03/ 000676 PCT/ US02/ 19767 Al though the clinically useful sem synthetic
artem sinin derivatives are rapid acting and potent antimalarial drugs,

t hey haveweasmomle di sadvant ages i ncl udi ng recrudescence, POEFISOY/ONHTItY,
(Wesche et al., 1994) and netabolic instability. (Wite, 1994). A fair
nunber of these conpounds are quite active in vitro, but nost suffer from
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synt het i ¢ ant (et b ihis Sy 2Rt etk TaRkm RiniRenack SOk ld AT, 10
et al., &%g;ﬁ;te&%ﬁﬁfachriaia&@,,théyh@we sexéral disalvamages indhdig révhidescencejent i fy
new peroxi de antimal arial agents, especially those which are easily

synt hesi redptoaiciydéVeichie of aln 9940 @ast irapteolicainsabititys H Wit s E2%4)i fiyftisv ed

phar macoki net i roperties, e.q.. inproved.stabili QR etc.
10" Acaor Byt tREEREmpoRRIs Al i TBRRT gt Bibanbiunfhm IR IR Ry
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using Spiro and dispiro 1,2,4-trioxolanes. It is a further objective of
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and treatnment of laria using Spiro and dispiro 1.2 4-trioxal.ane 15 t hat
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a .Corrposgﬁsii}?@%xﬁﬂgﬁizéﬁeﬁﬂé%v&‘arofBE&QMi@iX}i,%é%i&fﬁﬁ&&@ﬂbﬂ@eﬂ' aria using
Spiro an spiro 1,2,4-trioxolanes that is netabolically stable and

oral | y apharumcoKibeticspryperties, figr inhproveod jstebility,erafabssrptipredsent i nvention to

provi de a conposi t.i or11 and 20 nethod..for t?lr oph%taxi s.arld cosi.-effective
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met hods for” prophylaxis and treat'nent of malaria using Spiro and dispiro

1, 2, 4-tril@btraxelanes.hat can be used either as stand-al one nedi canents or in
is still a further ctive of the

conbi nati on w th t%&ar gents. 25 It is g obj

present i nventtiDa i eﬁt"gﬁ’aé‘: ‘t‘fdé%?rqsﬁf‘telflﬁ%‘mo&ttggmvf G S dsup 3¢ g

conposi t d'BF plggﬂﬂlayi:‘s %E ﬁeﬁﬁl@mtcheﬁfam?us o SPRbAR] Gpidd €, 2RkiBRElaged means
of acconpl1shing each of the above objectives as well "as others wll
becone appdisamntdxiom t he detail ed description of the invention which
follows hereafter. 3 0 SUVVARY OF THE | NVENTI ON 3. "

It is a further objective of the present invention to provide acomposition and |
method for prophylaxis and treatment of malaria using spiro and dispiro 1,2,4-trioxolanes
that is metabolically stable and orally active.

It is yet a further objective of the present invention to provide a composition and

20 method for prophylaxis and cost-effective treatment of malaria using spiro and dispiro
1,2,4-trioxolanes.

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

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

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

hereafter.

30 SUMMARY OF THE INVENTION




WO 03/ 000676 PCT/ USO02/ 19767 The invention describes a nethod and
conposition for treating malaria with Spiro and dispiro 1,2, 4-trioxol anes,
t hei r prodougso@ne anal ogues. The trioxol anes of this inveaiwme/aser
sterically hindered on one side of the trioxol ane heterocycle in order to
provi de chem cal and netabolic stability to the trioxolane ring for better

in vivo activity. 5.The spiro_and dispir nes I y
sterically hi t@%’f‘gﬁan Py eﬁﬁ%‘%ﬁ‘ﬁtaﬁlﬁ ecaglphlg@l{ﬁgﬁ(?grgrie&lg g{r]glﬁg{‘s{tlgﬁg{s?{)i tuted
- Cl 2 Sﬁidrcﬁ(s]}ﬁb@i Dal ko Bh&Uheir phidiudsandagilogice! Thedbio langd sf@aglamant ane.
The spiro and dispiro trioxol anes al so preferably include a

spi r ocy cingbrgiopl are stgrically Ipndared erong sidec itlmtaioxolane batereshiels intordeatP at t he

4-position o spiropiperidyl .ring that .is.functionalized.or substituted
2t the npveleRemRahh SRR 1 MR it M PG RS

di astger e’PH@élp?ro A B Pifo HoXdlEiR%re fHe foRibly AN RirdeBrith dnibs@futed,ne
conpounds. The trioxolanes of this invention possess excellent potency and

ef f i cacymagei, ds or fRilpswhstituied PaCasipies cydealky graw, weigrisemeobt preferablyoxi city.
In additiqn, several qf the ri oxol anes are.suitable.faor .both oral and
non- or al s%@&pﬁpﬁt?‘%ﬁ'i@ﬁ SpWBPB‘i)Q‘éPl,rOitﬁlofglaemsao_rl?rg_%ﬁlb@&‘%“flgﬁi sinin

sem synt c9clgﬁ€rx'[y1/ at ¥Giefelabf FENIROHAHRA OF sibdtifutdd WY BOULPSsifin®r a

structur y sinple, easy and’i nexpensive to synthesize, and can be used
ef f ect i velisopiplenidgl ramg thanis dawitionalized noxdubktitotedet themitiogel avanal The iDESMIADED
DESCRI PTI ON COF TEE gR%ﬁE?RED EMBODI MENT The. present invention rg%gtes to

t he ldbvetBprEst acBraksaehitsl dRsfersPsis, Fagemic mixgires, ppYe| & yEenfigperigdorms of e
prophyl ax| tdseatment of nalaria. The present invention is predicated
upon thgéﬁﬁgﬁﬁggtgd di scovery that trioxol anes that are relatively
sterically hiThdaioxalames af thisdawmtionepassess eatellehepdtericysnd effeadyagaimstycl e -
provi de netabolic and che '(ial stabi]ity to the tri.oxolane ri rl%‘r t her eby
provi di n§laswodium pasasiiepaind oy degree &%ger%w’flyltw Inrpddifions e prakd s o

admi ni st {abdofies 48 siftatte & LB G Roh SrMadRRRINLA thorafe s | Ve amount”
refers to a concentration o conmpound of this tnvention that is effective
i N i18i bedrhparison toavereisinimgenisindetico dedvatives tiesementds dif thasweltjonratear i al
parasites. Likew se, the term"treatnent-effectiyve m)uni ) ft‘ézr_ef ers to a

concent r airucsially siegip sanANAHRTXPERsTEP e sYnthesitenand eanbs 15g fively ploner s of
preventi ng. %ﬂlrfc%ﬁ ATt hfifagRAcent ration of malarial parasites,
decreasi ng The )

concentration of nalarial parasites, and/or "curing" a
mal ari a DFEAHIED DESERIBTION Of THI. PREFE EMBODIMENTN.

The present invention relates to the development of spiro and dispiro 1,2,4-

20 trioxolanes for use in the prophylaxis and treatment of malaria. The present invention is
predicated upon the unexpected discovery that trioxolanes that are relatively sterically
hindered on at least one side of the triox ©lane heterocycle provide metabolic and chemical
stability to the trioxolane ring, thereby providing better in vivo activity, especially with
respect to oral administration.

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

30 concentration of malarial parasites, and/or "curing" a malaria infection, i.e. survival for 30

days post-infection.



4 WD 03/ 000676 PCT/US02/ 19767 Tetrasubstituted trioxol anes are relatively
st abl e peroxidic conpounds based on literature precedent (Giesbaumet al.,
| 997a; 1WOMYP006Thi s maybe due, in part, to the |ack of a&chybonysn? at ons.
The present inventors have synthesized new conpounds in the trioxolane

cl ass having both superior antimalarial potency and oral efficacy.

Furthernore, 5 the conpounds of this invention have | ow tofyiibci éﬁ and
hal f-1ives cdrettasibstitutes tripeclanes ate Telativaly sable PARoXidF caPp ARBrs bAPa gy | |

ermt short-termitreatnent reqi ] i . :
Drt e s THFAES Retadenb L or e S FESTERR). hid SUPRAlic fin bR 0 kTack
prophy! a&ﬁﬁ%dﬂ%ﬁ art@%.a?l'rtbﬁteéehtlih?&ﬁdrk QEXL\%J ; 8sigdd rieticenipvvadii the have t he
er Sstr

foll owi ng g uctural formula: 1 OOR3 R2 X~"'X_ R4 15
wher ei n {Rdxol®2e cIR8 haging beth supgrie aatimalendipotentyard Gl effigasys jubermOTacycl i ¢

systens, and functional groups that pr.ovide f.f.icient steri pLndrance
abou® t Hbe comnpswida aé this myention hGYed‘thtgx‘&%én‘il ﬁéf'ﬁli"?ﬁfo %v%tgtrgaérﬂgﬂgg? abol i c
stability.. Rli , ] L 8 daverabbe a

| i near alﬁ?gﬁ’@ﬁ%ﬁ&fgﬁﬁlﬁ} ,gd la?’?‘iﬁé,}}ﬁg?s}gﬁéﬁ%é?gﬂnﬁ% i c% P’gnpfgdg oiaoti onfla?le |y
subst i t UpegherlaRethidgniallikeldRasi These Borapein? ntaglelso be ogdithenalamgiophyRxiand R4

taken together may forman alicyclic group whj ché{lﬁs{ pti.onal ly interrupted
by one or norEhe teitgsybatituted|trienolages @ftthigdryentienhve 01‘())9(?]"&1?5 Hp i s
optional | ituted. In no event my any of Rl, R2, R3 or R4 be

sub t
hydrogenﬁxppg? Y RL and R2 taken together and/or R3 and R4 taken
toggtyer is a nono- or 25 di-substituted C5-Cl2 spirocycloal kyl group
which is optionally interrupted by one or nore oxygen, sulfur, or nitrogen
atons, and which group is optiq?ally ubstituted. Most preferably, Rl and
R2 taken together or R3 and R4 Bane. It is hypothesized
that the sterically demandi ng ada tects the trioxolane ring from
premat ure chem cal or netabolic co rti in situ. 30 The inventors
have further found that in the ndst preferredRéonpounds of this invention,
Rl and R2 taken together is adamantane, and R3 and R4 taken together is a
5

15

wherein Ry, Ry, R, and R4 represent combinations of ring systems, acyclic systems,
and functional groups that provide sufficient steric hindrance about the trioxolane ring in
order to give the ring chemical and metabolic stability. Ry, Ry, R;and R4 maybe the same
or different, and may be a linear or brannched alkyl, aryl, or alkaryl group which is
20  optionally substituted. In the altemative, R; and R; taken together and/or Ry and R4 taken
together may form an alicyclic éroup which is optionally interrupted by one or more
oxygen, sulfur or nitrogen atoms and which group is optionally substituted. Inno event
may any of Ry, R,, R or Rq be hydrogen.
Preferably, R, and R, taken together and/or R3 and Ry taken to gether is a mono- or
55 di-substituted Cs-Cy2 spirocycloalkyl group which is optionally interrurpted by one or more
oxygen, sulfur, or nitrogen atoms, and which group is optionally substituted.
| Most preferably, R, and R, taken together or R3 and Ry is spiroadamantane. Ttis
hypothesized that the sterically demanding adamantane protects the tri oxolane ring from
premature chemical or metabolic decommposition in situ. ‘
30 | The inventors have further found that in the most preferred cormpounds of this

invention, R, and R, taken together is adamantane, and R; and Ry taken together is a



WO 03/ 000676 PCT/ US02/19767 spirocyclohexyl ring that is functionalized or
substituted at the 4-position. The spirocyclohexyl ring may be optionally
i nt erruptwo odypowne or nore oxygen, sulfur or nitrogen at@E/USIHEI767
functional group may be a linear or branched al kyl, ketone, acid, alcohol,
am ne, am de, sulfonam de, guani di ne, et her, ester, oxine, urea, oxine

ether, 5 sul fone | act carbanat e car heny het er ocycl e,
or al i cyerPeyciphexy) tg‘ﬁt lslﬁé“CHﬁ‘théﬁﬂ ‘PV“ HE‘FS ﬁ’@g p“%\@nf I&??Etl onal group

I's pref rggtem REpted R OF BidtelxlBUAS
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phar macoki netics, i.e. rates of absorption, netabolism and elimnation
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Spi oy s FRAGHE Barbhhal B0 Bl i heley ot o SHEPAR A Hnieh®

met abol iig epticalg subRitutbdlr PhsRmctinal hgophRrprefeably mmldwomsnéw besh of this
i nvention, such conpounds are not preferred. O her substituents at the

4- posi t |mxmctqdhefoslpﬂ et peridsheopiainipi ghgibaliwerts sbths dyesitpna Pm\atie 15 fall
thin th | b
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substitu BY posi position nce, the

i nvent orghabBxRkigtS el Aed osewafpmlon caepesligs asd bﬁﬁnhzttidirﬁthaﬁbretrrhﬁt 2-position
of the spirocyclohexyl ring that Er ovi de excellent antimalarial potency.

Pr efl@r r entiteblrpod pdrantrgcons for thep Wﬁ%@d@r@@n}fﬁtaﬁw?@oup connecting the

20 substitue at_.th othes I
group is pr e%b%a}l?/o g?%tfﬁ %‘ gl% Toatom ' sﬁ]%%)%[)& &i Hn&&[% her?@f ceaiﬁrsg% The
al kyl " bt defy o@fdQBﬁn&le%blle@éb@ﬁzé hﬁu@%@?@pb@@'ofﬁe @Mﬂhhdeﬁﬁ/ca(' .e. oral
activity and phar macoki netics) of the antimalarial conpounds of th| S

i nvent i owmmﬂ?élom ef thig inventont sick comvpounde are ot preferkd oral |y active | ead

dispiro-1, 2, oxol apes QWOZOS V
These. tri oxol Qe sl Rab B8 aciEinn 3P e FPuS s ot by 5 Mgl 02 um i n
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evi dence for either conmpound 6
other positions besides the 4-position. For instance, the inventors have synthesized several
compounds substituted at the 2-position of the spirocyclohexyl ring that provide excellent
antimalarial potency.
Preferred compounds of this invention include an alkyl group connecting the
20  substituent at the 4-position to the spirocyclohexyl ring. The alkyl group is preferably
methyl or ethyl, with methyl being most preferred. The alkyl "bridge" group also improves
the metabolically stability (i.e. oral activity and pharmacokinetics) of the antimalarial
compounds of this invention.

The present inventors have identi fied two orally active lead dispiro-1,2,4-

25  trioxolanes, OZ03 and OZ05:

0-0
A Ao
0z03 0Z05
These trioxolanes have ICs)s between 1 and 5 ng/ml against P. falciparum in vitro, and

presumably possess good therapeutic indices as no toxicity is evidence for either compound

6



WO 03/ 000676 PCT/US02/19767 in a neuroblastoma cell line or at single 640
ng/ kg doses in mce in the Rane test. These results contrast with

publ i shedwoaBaodede Al mei da Barbosa et al., 1992; 1996) di #crasong7she weak
invitro antimalarial potency of several tricyclic trioxolanes, the best of
whi ch has an 1C50 of 2000 ng/mm against P. falciparumin vitro. 5 A

not abl e feature of these trioxolanes in conparison to the artemsinin
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10 Below are several dispiro 1,2,4-trioxolanes synthesized in accordance with the
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0Z Series 1 (0Z01-0Z709)

0-0 0-0 0-0
° 0
15 OO AKX
0Z01 0z02 0Z03
MW 212.29 NMW 226.27 MW 264.36

0-0 0-Q O-SO
<K X_)=0 X
0204 0705 0z06
MW 316.43 MW 278.34 MW 230.28

OO Oy O
5 56 OO
20| 5 : ORX K
0zo7 0zo08 0Z09
MW 31240 MW 364.48 MW 340.41




MA 322. 40 MA/364.48 MV 304.38 50 ~O0O~OV 0 OCH3 CZ 13 OZ 14 OZ 15 MWV
318. 41 MW 340.41 MV 307.38 10 ONOH ~Op ~O v OZ16 CQz17 OZ18 MW 293.36 MV
294. 34 MAWB20/0d067€Z Series 3 (OZ19- OZ27) 0-0 0-0 0-0 15 @CTAGHERTEO O
0Z19 Oz20 Qz21 MW 383.48 MN 348.52 MA/310.43 O CO ~O) CN-OCH, v O) CN4Ph
r22 r23 r24 20 MA 266.33 MAN 337.41 MN369.45 OO0 OO OO0 CHZCHZCH3 <\
O QJ( ~-Ph Qz25 \~ y OZ26 Qz27 ~/ . MW 306,44 MV 320.47 MN 340.46 8 WO
03/ 000676 PCT/US02/ 19767 Oz QéYesies2 (OFI8-O£48) <0 N OC(CH3)3 <VOO N, NH
141 NO N, NHCONHPh Q728 Oz29 / NO02 Oz30 MAB49. 46 MMH5S. 46 MM11.49 NO2 5
0-0 Dp Do OOH Qz31 Qz32 QZ33
-0 o ©-0 0 0-Q

<RI <ORIOEX QL0

0z10 OZ11 0Z12

MW 32240 MW 364.48 MW 304.38

O,
0-0 O-0 (o ®]
(- O
0 ) o OCH;,
0z13 0z14 0215
MW 318.41 MW 340.41 MW 307.38

0-0 O-0 o0—-Q
10 2? " C_N‘ 2; ~ )Cok g@ ~O” O g
O OH (0] 0
0zZ16 Ooz17 0zZ18
MW 293.36 MW 2294.34 MW 320.47

OZ Series 3 (0Z219-0727)

0-0 0-0 0-0
— (o]
I5 @OON\OCW @O{S @D%)O:

0zZ19 OzZ20 0zZ21
MW 383.48 MWV 348.52 MW 310.43

0-Q 0-0 0 0-0 o]
0 N N—<
o
© 0 OC,Hs Ph
0z22 0z23 0z24
20 MW 266.33 MW 337.41 MW 369.45

0-0 0-0 0-0
CH,CH,CH Ph
o)<—_—>— St 0 OO'

0225 0226 0z27
MW 306.44 MW 320.47 MW 340.46




MAB98. 49 280.36 292.41 -x::)< 10 ~O Ph Ph 1-6>\10-0 0 OzZ34 Qz35 OZ36
MM16. 55 MAB65. 46 MAB68. 51 OZ Series 5 (QZ37-0z45) 15 0-0 0-o0 0 o-o < NN
\ ON N 3wbosie®76 OCH |t Oz37 OZ38 0 OZ39 MN 333.42 MN 422CATUSMIM9Y46. 56 / \
O\ / FO2 O Qz40 QZ41 Qz42 MN 306.44 MWV 358.45 MN348.43 C FFF FF
/I/I-Nov OF 00O FFC FFF Oz43 QZ44 OZ45 25 MWV 417.32 MN 384. 42

MV 528. 34 9 WD 03/ 000676 PCT/ ZC /197 jes 6 (0Oz46-0z54) CF3 OO
OO0- OO 00Q/ C O/ CF3 é@lﬁ%@%
0-0 O-0 o-0
<€>(0)<:>=N‘OC(CH3)3 @O@N NH @O@N‘NHCONHPh
0z28 0z29 NO, 0230
MW349.46 MW 458.46 MW411.49
NO,
5
0-0 O oO-0 O-0
LD <RI~ KL
0z31 0OZ32 0Z33
MW398.49 280.36 292.41
0-0 Ph O-Q o-0 o]
o | QUOR QL0 DESONX
0234 O2Z35 0OZ36
MW416.55 MW 365.46 MW 368.51

0OZ Series 5 (0Z37-0745)

15 0-0 0—Q o 0-0
X1 = X =, X = g
° oot o i c W
0
0zZ37 Oz38 0Z39
MW 333.42 MWV 42247 MW 446.56
0-0 : i 0—0 : : @—o O
F
@O y e
2 O 0Z40 OzZ41 0Z42
MW 306.44 MWV 358.45 MW 348.43
Cl F
E
e i
Cl -
0z43 Oz44 0z4s
25 MW 417.32 MWV 384.42 MW 528.34




MW 484. 43 MN 374.90 MA/408.45 OGO -~( 0 COOMOO 5 ONCH3 ~S,0 N' O /
CH3 (Oz49 Oz50 Qz51 MW 307.38 MA 314.40 MV 419.54 0 OH 00 O~ OO0 C N
OCHZCH3 <woX0/0M@7CZ52 OZ53 OZ54 MN 376.49 MA 393. 47 MN 3BCTAB0LDIEZ Seri es
7 (0z55-Qz63) NO HN~-/ GO0 0 ~QJ( )=NOC -le, O( No CH3

(c)5CINA_Q C Q55 J QZ566 OZ57 MM 447.95 MA 343. 44 MA439.95 00 O-0 0 O-0
0 ~O-N OH ON O/ OCH3 ON 11 / _Qz58 QZ59. 0760 MV 365.42 MM 435.53 MN 405. 51
15 0000 _ OO O OCH2CH3 &ﬁmﬁ%&@% 63 MW 350.45 MA 364.48 MV
365.47 10 WD 03/ 000676 PCT/ US02/ 19767 OZ Series 8 (QzZ64-QOz72) F ,((O OO

- O_O [/ alle /AN a | OZ6A (ONZeL (ON700
70 \A NA N

~J N VU O UJ UL UV
CF,
-0 0-O 0-0
) o o)
CFy
Oz47 0z48
0246 MW 374.90 MW 408.45

MW 484.43

s | <O, <R XX OF o

0z49 OZ50 0z51
MW 307.38 MW 314.40 MW 419.54

Q,
@ o
0-Q 0-Q 0 Q 0-Q o
O O O

0Z52 0O2Z53 0z54
MW 376.49 MW 393.47 MW 351.39
10 OZ Series 7 (0Z55-07Z63)

O

{72}

0~0 HN +NC/> oO-0 o] —
QIO RSt RO

0Z55 Qz56 Qz57
MW 447.95 MWV 343.44 MW 439.95

[e]

RO I <RI QLD

0z58 0z59 OZ60
MW 365.42 MWV 435.53 MWV 405.51

15

N
CH,CH
(o]

0z61 0Z62 OZ63
MW 350.45 MW 364.48 MWV 365.47
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MN 378.50 MN 382.41 F MW 408.44 0 @C( ~~--OKXOO X OZ67 Oz68 QZ69 F MWV
328.45 MW 352.47 MN416.48 (~0 ~ OH OH v OZ70 QZ71 0272 MW 336.42 MV
308. 37 MWBEB/0867d0 OZ Series 9 (OQZ73-QZ81) %) N/ OO O @CA/B02d60 ~O Cl
~ C QZ73 Z74 OZ75 MW 363.49 MV 384.47 MV 434.35 VOO O / 0 O/ OCH
QZ76 F Qz77 F OZ78 15 MW 374.45 MW 388.47 MV 322.40 GO O/ OO0 O CN

<VO~N-O NH \~ It HCO \~ O Qz79 Q780 (781 MN35§.47 MA 301. 81 MW 350. 41 11
WD 03/ 000676 PCT/ US02/ 19767 6 QZ90) 00 ~O v OX: DNOH <@ 8

Qz82 (OzZ83 NS

N 365, 42 MM-323-38—MA-312 40— 5—6—o—<VO—B—N-S—F—N

0-0 o>< 0-Q Q 0-Q
@Omo @0023340 Q o@_@

q
q

bNa

0z64 0265 0266
MW 378.50 MW 382.41 F MW 408.44
ad
5 @ 0-Q @ 0-0 o:>< @2—0 o
4 < > < > b < >< (o]
0z67 0z68 0z69 F
MW 328.45 MW 352.47 MW 416.48

- —/ - -
<O <O+ LOL

0zZ70 0zZ71 Qz72
MW 336.42 MW 308,37 MW 308.37
10 0Z Series 9 (0Z73-0781

15

0zZ73
MW 363.49

OZ74
MW 384.47

( _
L0~ <L O
o

ROE, @%

0z76
MW 374.45

0-0 o
Ot
o o
0Z79
MW 357.47

oz77 F
MW 388.47

0-0
SO
oHCI

0Z80
MW 301.81

N
0o-0
Cl
@o%
Cl

0z75
MW 434.35

%
O)<:>—>-OH
(o]
0z78
MW 322.40

7\
0-0 =N
2§ O
R
ozs1
MW 350.41
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C O/ \ OC (Oz85 (z86 OZ87 MW 312.40 MWV 423.50 MN341.83 10 pO\ / p
NOZ ~O -OH (c) QH (QZ88 (Qz89 Qz90 MN457.52 MN 308.41 MW 294.39 OZ Series
11 (QZ91-wBIBY0061® 0- 0 -0 0 ~(//~vo-QX~ OO o0 ~/N-S p VRCIUSOX1976D" VN-N
10, 20 OZ91 OZ92 OZ93 0 MW 479.63 MN 385.52 MW 452.50 NO2 CI NO2 _p 0 25
NG2 OZ94 OZ95 QZ96 MW 346.42 MW 393.43 MV507.32 CI 0 30 o o \ o off
Qz97 - (QZ98 (OZ99 MW 499. 60 MW 398.49 MN 384.47 35 12 WD 03/ 000676

PCT/ US02/ 19767 OZ Series 12 QDSeoies 8 O0 ~O~/Np <VO/NO0O 5V
~ HN O 07100 -N OZ101 OZ102

KOy <O,

0z82
MW 365.42

0-0 :
o
0zZ85
MW 312.40

0z83
MW 323.38

0-Q o
K )
(o]
0Z86
MW 423.50

0-0
08
0zZ84
MW 312.40

0-0 o]
X
o cl
0z87
MW 341.83

| QOGO VO <RV

oz88 0289 0290
MW 457.52 MW 308.41 MW 294,39

OZ Series 11 (0791-0799)

15

20 ozot 0z62 0293 o

25

30

35

MW 479.63 MW 386.52
NO,

<@°; <©8;

0zo4 0Z95

MW 346.42 MW 393.43

Q

0z97 0Z88
MW 499.60 MW 398.48

MW 452.50

Cl

o
0-Q
0
Ly,
0296
MW 507.32 cl

Q

U0k

0Z99
MW 384 .47
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MN 370. 44 MN 433.92 MV 384.47 10 OG0 J(/~-N O OG0 0 OGO/ \ NO2

~

p V/--N

~ON NH O O N2 (OZ103 OZ104 OD 05 MW 373.45 MN 462.56 MV 438.43 15 0 OO0

~CANH2  OVH 03/6W6/76>S580. 580\
25 OZ Series 13 (QZ109-QzZ117) 0-0 <vo~c N. NN N O
30 MV 415. 44 MN 363.45 MWV 363.49 00- OH 00~ 0 ~O~ O -

0 0 (OZ113 OZ114 N\ 2112

1.42 4 4

0z109 az1
41, N N N

2 0 O OZ107 OZ108 MN MN 322C3AUSMMM®BRB2. 44 O

10 &Z111
~h35 00

56.56 40 p-p O O-O_

HN-CH VO-OV-% -NH2 NS 11 oD 17
ol
0-0 0 0~ o) 0-0 0
5O 100 3O
5 o 0 o O HN—@
7 N\
02100 =N 0z101 0Z102
MW 370.44 MW 433.92 MW 384.47
10 ars
QO :
N N—-S NH
O)C N o 5_©— o
- & ass
0z103 02104 02105
MW 373,45 MW 462.56 MW 438.43
15 Q 7
o—
K. O QO
o 0 o J—NHa o)
o]
20 02106 o— 02107 oz108
MW 580.58 Q MW 323.38 MW 322.44
25 OZ Series 13 (0Z7109-0Z117)
-0 0 Q 0-0 o @8—36 o]
N OH N
A J&—?’ ° o~ ° «—é
N N
02109 = 0z110 0oz111
30 MW 415.44 MW 363.45 MW 363.49
-0 o) OH -0 o) -Q 0
QLBOL A <EOL -
3 5 OK:/\ o o} (o] o Q !
N 7
02112 02113 0Z114
MW 381.42 MW 337.41 MW 456.56
40
-0 0 0-0 HN-OH O~ NH,
0 N 0" 0
Y ° oHCI
0z115 0z116 0z117
MW 441.63 MW 323.38 MW 405.96
45
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MN 441. 63 MN 323.38 MV 405.96 45 13 WD 03/000676 PCT/ US02/ 19767 OZ Series
14 (Oz1 18-QzZ1 26) 5 Vo,,,--\04 ~OOCCH~O:1 | 0 0 ~- QZ118 OZ119 OZ120 MW
336. 42 MWPIS08B76MV 480.55 10 p OH -0)00 OH --7 ~OXYOXOHCTOOAR/19767 CH
<~YOO ° Br 0 z121 OQz122 OZ123 MN 396.47 MN 424.44 MN357.28 15 NO O
0-0 - OO - 0-O HBr 20 OzZ124 Qz125 OZ126 MW 373.44 MN 492.56 0\- MN 444. 45
0 O&Z Series 15 (Qz127-(QZ135) 00 v-O HN\- Qz127 Q7128
OzZ129 30 MW 323. 38 MN 348. 4 AP S 000 -to 35 ~Op~O OX N's
OO-N OH Oz130 OZ131 Q7132 MN350 41 MN419 54 MV 413.46 O O—I

—
QWO OO~ QuOd);
5 0" o—~( o OH o o~}
o -
0z118 ozi19 0z120
MW 336.42 MW 294.39 MW 480.55
10 o
RLBODC QUL QO
Y o OH 0 o OH o Br
0
0z121 0z122 0z123
MW 396.47 MW 424.44 MW 357.28
15
N o
a
0-0 O 0-0 Q 0-0 *HBr
& &, —
20 0z124 0z125 0z126
MW 373.44 MW 492.56 0 MW 444.45
d —
OZ Series 15 (0Z127-027.135)
25
-0 HN-OH 0-0 o) o-0 HN—K_
O 08 O Ce
o 0 0 o o 0
oz127 02128 oz129
30 MW 323.38 MW 348.43 MW 379.49
0-0 o 0-0 ) -Q 00
35 000}0 O)CN_gb O)CN )
02130 02131 0z132
MW 350.41 MW 419.54 MW 413.46
40
0-0 o} 0-0
X v
0] N— (o]
/
02133 02134 0z1 35
MW 336.43 MW 314,38 MW 436.4
45
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40 o-oo NN O/ \ O/ \ (Z133 OZ134 OD 35 MN 336.43 MN 314. 38 MN 436. 45
OH 45 0 14 WO 03/000676 PCT/US02/19767 OZ Series 16 ((QZ136-0zZ144) 5 O, (
}-N I ~0 woNs#ode7d -HCI v O QZ136 OZ137 OZ138 MWN 409. 47 MOTAKRS2/86MN
406:47 O O Q10 (INHCI O 0-ONOOO- Oop 07140 OZ141 MN489.05 MV
388.46 15 ~o~N FIN\ / <VO-N -le FIN-(. VoN FIN\ / 20 OZ142 OZ143 OZ144

MV 398. 50 MW 364. 48 MW 400.54  OZ Series 17 gOZi%S Qz153) 2 No 5 0-0 0~~
0 N ~N 1 OzZ145 OZ146 O - ie 1 50 MWV 374. 43

Q
s | RBOD L0
[0}

*HCI

02136 0z137 0z138
MW 409.47 MW 315.84 MW 406.47
N e
10 o

0-Q N 0-0 o4
X% X~
Q0zZ140 0zZ141

MW 489.05 MW 388.46

15

O—SC o] O-0 o] 0-Q S
<O <O LA
o HN—@— o HN—é o HN
20

0zZ142 0Z143 0z144
MW 398.50 MW 364.48 MW 400.54

OZ Series 17 (0Z145-0Z153)

0-0
25 <L L3O~
N (o] =N
oOﬂN\“ :l<k o}—N o
0z146

&/N
0z145 oz147
MW 344.45 MW 423.50 MW 374.43
30
)
0-Q o< 0-Q 0O
A N
o' O O o
N
0z148 0z149
35 MW 48261 MW 382.45

0-0Q 0-0 [e} 0-0 o)
40 X O X K XX
O
o HO °© 0 HO o
0z151 0z152 02153
MW 386.44 MW 338.40 MW 338.40

45
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30 0

(c) & 1JN_Q N02 HpO "

0-0 04 -0Oo0

NN 35 (Qz148 MW38 9 MN482.61 0-0 X
C 'p~ H5% K U " p~

40
Oz151 Oz152 OZ153 MW 386. 44 MN

338. 40 MAWB3IB0d@7615 15 WD 03/ 000676 PCT/ US02/ 19767 OZ SercedisiB819767

(OZ154- OZ16 )

-OHN~- -O OO -

N5 o0 o0 <ID 156 QZ154 QZ155 OZ MN 437.57

MN 351. 44 MW 354. 48 10 HCl

-V <, GbNo OZ157 bN\ Oz159 15 MW 391.50 MW

383.95 voo-0 HC HC ~\ 00 2 0 ff( -NH N~ C OhNH OZ160 OzZ161 QZ162 MW
405. 96 MN 406. 56 MW 397. 98 1 -Z171) o-o0 .HCl 00 - o0-0
I\, p.
0-Q N 0~-Q HNT\ @8‘9
0z154 0z155 0z156
MW 437.57 MW 351.44 MW 354.48
10 eHCI
0-0
<@OJ< OO
02157 N\ 02158
15 MW 391.50 MW 383.95
0-0 HCI *HCI
20 @OO NHL@ @OO @ O
07162
M\2241065396 Mv‘ﬁ;?ss MW 397.98
25
QZ Series 19 (0Z163-07171)
0-Q oHCI
o | <O~ QO LLO0<,
02163 oz164 0z165
MW 329.86 MW 412,52 MW 384.47
35 o
0-0 o—< H 0-Q o
@o“@J © @o“" """ N
02166 02167
40 MW 442.54 MW 423.50
0-0 0-0 o-0 «2HG!
45 @O)O%@ @QO)O—E%X
NH
Mv(azazﬁése MV(32419711.53
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30 ~NH2 \ Oo~ O H OZ163 OZ164 OZ165 MN 329.86 MN 412.52 MN 384.47 35 o
z166 OZ167 0 40 MA 442.54 MAN 423.50 0-0 ~Oy0' V ( -NH 2HCI 45 O QZ169
QZ171 ~~NMO ovMéebdel. 56 MV 491. 53 16 WD 03/ 000676 PCT/ US02/ PRTARO2/QZ6Ber i es
20 (OZ172-CZ180) HV O -- HN~- Hy ADO \\ /-0 ~OV 0 HG 11- 5 - <CXO Z172
z173 Oz174 MN 370.87 MAN 441.56 MAN 433.58 0-0 10 OH ,t(//\~J~~ mo ~(~\)~
OHO-0\ / OVOO\J NON-N 175 OZ176 Qz177 MN 337.41 MN 414.49 MA
345.44 15 HG 0-0 O 0-0 00 Serjiesc20 (QZ1 20 Oz1 78 QZI 79 NN |79
Z180 MA 418.55 MA 380.91 MA 474.03 25 OZ Series 21 (OZ181-OZ189) OH O

NH 0, o— o o—
0-Q HN— 0-0 Dl 0-Q Nl
; SO 3O 30
o “Hel o —) O
0z172 0z173 0z174
MW 370.87 MW 44156 MW 433.58
10 OH
0-Q 0-0Q o—@—( 0-Q
RO OO QR0
o ‘<:>~>’N’H (@) o IN\“
o] N N
0zZ175 0Z176 02477
MW 337.41 MW 414.49 MW 345.44
15
oHCI
0-0 Q 0-0 0-0 ’N:|<
° !
20 N
02178 0z179 0z180
MW 418.55 MW 380.91 MW 474.03
25 0OZ Series 21 (0Z2181-07189)
OH
o
0-0 o] 0-0 o /<N 0~Q o
o NH2 OH o o—/— = (o) HN-OH
30 o
0z181 OH 0z182 o0z183
MW 485.52 MW 402.48 MW 399.48
o o—
35 0-Q eHCI 0-0 *HCI 0-Q D
5O 3O+ 3O
o \_4 (o) b (o)
0z184 0z185 0Z186
MW 369.93 MW 355.90 MW 351.44
40
Q 7/
SO RBOL RO~
) NH N
Co I
45 0z187 0z188 © 02189
MW 350.45 MW 378.46 MW 391.50
50
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OV NHZ. HO OH \~ OOF NUJ ~OO HN-OH 30 0 Cz181 OH (182 (183 M\ 485.52
MA 402. 48 MA/399. 48 35 00-HC HO <J° xO NH~ - VOX &\~ VCl . NO Oz184 \~ (Qz185
z186 MAB6I3@B6NEN 355. 90 MA/ 351. 44 40 ,vo-,0  NH N~ ~OpPKNGeD19v67 45
02197 Oz188 ~0 OZ189 M 350.45 MN 378.46 MV 391.50 50 17 WO 03/ 000676
PCT/ US02/ 19767 CZ Series 22 (Cz190-Cz198) Q' ~j[~/' OO ~-~ NH HCXI -O
~ -O'x~JN5 NOMN ONNHZ QO HN./ O Q7190 07191 OZ192 MN 372.48 MN
343.85 MV 418.91 F 10 0 O M@M T- NH <D~0 \ -1\ \~~yy
z193 /| z194 Oz19955 // 15 MN 374.45 MAN 392.53 MV 377.52 0 0 OH O OOH O

0 0-0
0-0 o 0-0 NH *HCI -Q o -
O)CN—‘E'—N\ O)CNJ< o)<3N_<
5 NH, HN—@—CI
0Z190 02191 0z192
MW 372.48 MW 343.85 MW 418.91
F
e o o
0-0 0-0 o) ~Q
ol N \}<:>—NH
<O~ <0 Y L%
02193 02194 ) 0Z195
MW 374.45 MW 392.53 MW 377.52
15
Q
0, OH
0-Q MOH 0-Q 0-Q
\ NH \ % \
o“O o“@N o
(o]
20 ‘
02196 oz19r O 0zZ198
MW 379.45 MW 375.46 MW 384.47
25 OZ Series 23 (0Z2199-07207)
F
0-0 0 -0 0-0 Q
0| <O L0 O
&) NH, (6] K—,ISZ o O
o}
0z199 0z200 0zZ201
MW 308.37 MW 385.52 MW 373.48
QA /
35 o]
Q
0-Q Y o 0-0 _qo 0-Q
NH © )CN
X oK A o
0Z202 02203 0Z204
40 MW 407.50 MW 362.46 MW 41252
OH
<©8—0 OJZOH <©8—0 o @8—0 0=5=0
4 5 o\\" 0\\-~< >ﬁj\/J{NH O\\.-< H NHz ©
02205 oz206 O oz207
MW 336.47 MW 376.45 MW 465.60
50
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~NH 0 ~O'C} ~N ~0~. /

384.47 25 OZ Series 23 ((Qz199-0z207) F 30 <CvC

0Z201 MNB0838006k4N 385. 52 MV 373.46 0 / 35

20 02196 07197 0 0Z198 MW 379. 45 MW 375.46 MWV

NH2 O VO5&NH 0 Gz199 (Oz200

~O V N 0 <VORCWNUN02/07%7 07202

02203 OZ204 40 MW 407.50 MWV 362.46 MN412.52 OH O= O OO OHOQOO0 O 4
5 ~ ~N~ ONH2 NH QZ205 OZ206 0 Oz207 MN336 47 MN 376. 45 MN 465.60 50 18

WO 03/ 000676 PCT/ US02/ 19767

OH OO0- O

850216) 0 /-
210 MWV 412. 52 MV 389. 51

.p.S=p OGO\ 5 <VOO XD - - | NHZ
MV 418. 55
Q Ve
(o] (I)H
5 0-Q @8_0 +0=5=0 <©8-o : Q
O\“ 0\‘l NH, 0\\‘ . s\
0
02208 0z209 0z210
MW 412.52 MW 389.51 MW 418.55
10
0-0 0-Q
o N rlq ) NH
N’J 0=$ o
0z211 0z212 o 0z213
15 MW 344.45 MW 459.56 MW 351.44
0
OH .
7 N
0-0 -Q =
20 o o
0z214 07215 02216
MW 398.49 MW 437.53 MW 356.46
25
OZ Series 25 (0Z7217-07.225)
— AN - —
L0~ 1 O~y O
" O\“ O\‘
30 o 4 NH 4 N N_n
0z217 0z218 oz219
MW 404.52 MW 389,53 MW 358.47
35 0 0
0-0 0-Q MNH; 0-0 NH
50 O 3Ot
0 o' 0
02220 0z221 0z222
MW 355.47 MW 322.40 MW 378.51
40
o) o
& (’N])L“ (/NJ)LOH
0-0 N 0-0 N o—Q N
0“04 AR 0\\04 O“O—J
4 5 0Z223 02224 ©2z225
MW 402.48 MW 402.48 MW 388.46
50
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10 60000 0O ~NN~NHNI OGS :b\ O 0OZ211 OZ212 0 - OZ213 15 MV
344.45 MWN 459.56 MW 351.44 0 OH N ~O/ \ 00 OO-N 20 OZ214 Qz215 0 QZ216
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The prototype trioxolanes of this invention are OZ03 and OZ0S5. Preferred
compounds identified thus far include OZ03, OZ05, OZ11, 0Z25,0Z27, OZ61, OZ71,
0778, 02127, OZ145, OZ156, 02163, OZ175, 0OZ177,02179,0Z181, OZ189, 0Z205,
02207, 07209, 02210, 02219, 02227, 0Z229, 0Z235, OZ255,0Z256, 0Z257, OZ263,
07264, 07265, 02266, 02267, 02268, 0Z269, and 0Z270. The most preferred
compounds are OZ78, 0Z163, 0Z181, OZ207, 0Z209, 0Z255,0Z256, 0Z257, 0Z263,
0Z264, and OZ267. In general, the highest in vitro potency against malarial parasites is
obtained for trioxolanes functionalized or substituted at the 4-position of the
spirocyclohexyl ring. As a general rule, non-symmetrical, achiral trioxolanes are also
preferred.

Notable features of these spiro and dispiro 1,2,4-trioxolanes in comparison to the
artemisinin semisynthetic derivatives are their structural simplicity and ease of synthesis.
For example, dispiro trioxolanes may be 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:
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PCT/ US02/ 19767 OZ Series 30 (QZ262-Qz270) & 5 X14 Q~Q~ OH <M1 10
I\ ONY Cl11 15 Mae NIl 20 <~Volo CL 25 The prototype trioxol anes of this
I nvention are OZ03 and QZ05. Preferred conpounds identified thus far

i ncl ude Qz03, Qz05, Oz 11, Qz25, Qz27, Qz61, Qz71, Qz78, Qz127, QZ145,
Qz156, Qz163, Qz175, Qz177, QzZ179, (QzZ181, (Qz189, 205,

OCH;Z o, 0-0
O O = O

If yields are low in this coozonolysis reaction, yields canimprove dramatically
when the O-methyloxime and ketone are "reversed." This novel procedure provides a

10 uniquely convenient method to synthesize spiro and dispiro trioxolanes. The trioxolanes
may be purified by crystallization or by flash column chromatography. Their structures and
purity may be confirmed by analytical HPLC, 'H and *C NMR, R, melting point and
elemental analysis.

Recently, Griesbaum et al. (1997b) discovered that tetrasubstituited 1,2,4- -

15 trioxolanes are conveniently obtained by ozonolysis of O-alkyl ketone oximes in the
presence of carbonyl compounds. Advantages of the oxime ether route over the alkene
approach include convenient synthesis of starting materials (oxime ethers vs.
tetrasubstituted alkenes), higher yield and selectivity of formation of desired trioxolanes by
the judicious selection of paired reaction substrates.

20 Formation of a trioxolane from an oxime ether and a ketone is presumed to be a
three-step process. The sequence begins by the electrophilic addition of ozone to the oxime
double bond to form a primary ozonide. Second, the very unstable pritmary adduct
fragments to a reactive carbonyl oxide driven in part by the concomitanit expulsion of the
relatively stable methyl nitrite. Third, the carbonyl oxide undergoes a [3 + 2] cycloaddition

25  with a ketone to give the secondary ozonide or 1,2,4-trioxolane. It remains to be

OCH, CH;ONO O:O
N — — — g<:>
o-0 <©e o]
.0®
0 0Z03

determined whether this is a stepwise or a concerted recombination process.
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15  desired product trioxolanes without causing purification problems.

There are several examples of where post-ozonolysis transformations were used to
obtain trioxolane target compounds difficult, or in some cases, impossible to obtain directly

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

0-Q CHslLi 0—0
<@ o — LK
O O

0205 0Z90
(37%)
Oo-Q CHjLi 0—0Q
W Omeoe —2> IO
o o OH
0Z70 0Z108
(62%)

0Z108 can be obtained by methyllithiumm treatment of trioxolane ketone OZ05 and

20 trioxolane ester OZ70, respectively. In other reactions, trioxolane lactone OZ17 and
trioxolane alcohol OZ32 were obtained by treatment of OZ05 with m-CPBA and sodium
borohydride, respectively. In addition, various oxime ethers, hydrazones, ketals, and
amines (reductive amination with sodium triacetoxyborohydride) were also obtained from

trioxolane ketone OZ05 in good to excellent yields. In the examples noted above, it is
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three-step process. The sequence begins by the electrophilic addition of
ozone to the oxinme double bond to forma primary ozoni de. Second, the very
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1.5- fold excess of oxinme ether can be used to achieve higher conversions
of ke onslsolicls ©Z1he afhd QFs9iwithca mixdane of tithioxr dosoedrideiant dithivausi ng

purification problens. Ther re sever exanpl es of where onol ysi s

{ranst or A0 % it BYRBERAT AT o1 SR A SO 111 Lol ¢,
in sone cases, inpossible to obtain directly (Kashima et al., 1987) by

the coozonol ysis nethod. Trioxol ane tertiary al cohols OZ90 and o0-0 CH3LI

Go Aa( ~O )@ __LBHs o0-Q
LIB(C2H5)3H

0z70 0Z119
(96%)
coogt  LiB(CzHs)sH OH
0z61 0z89
(83%)
0
O— 1) NH,NH, O—
—_— NH,
2) HCl
oHCI
0Z136 0 * 0z137
(50%)
OH
1) NH,NH 0-O :
RO~ 335 Q0 &
2) CH3SO3H 0 NH, CH,
0Z146 0Z209 '
(87%)

0Z146 into their corresponding trioxolane amines OZ137 and 0Z2209.
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am nation with sodiumtriacetoxyborohydride) were al so obtained from
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above, it 24 \\D 03/9 @nox ﬁnCTJC$02/ 19767 evident that troxol ane ketone
Qz05 is a“}%%yleﬂrcf"éfF?Pé’l 48 6t one functi onal group provides a
conveni ent means for functlonal group transfornmation. 30 NaBH4 m CPBA CH
-4 <CY-X> 0 0Q <3 £ 00 Qz32 OZ05 Oz17 (89% (35% QOXi e et her s

dAcdlee of
Sun @ g&%gs}i?;hqy\nglby t he r\e%@g EQOH

esters QZ70 andO [{1 into their corresponding trioxol 5 aI cohol s Z119
and QZ89 with a nmixture of lithium borohydride and Ii

triethyl borohydride, and the hydrazinolysis of the trr(ox)a})lmane pht hal i m des
z136 and é@gg@j 1) aq. NaOH . <€>8—0)<:>_1
O COOEt 2) Hel O COOH

0z61 oz78
(93%)

In addition to trioxolane ketone (OZ05, trioxolane amine OZ209, trioxolane ester
5  (Z61 and trioxolane acid OZ78, trioxolane alcohols OZ119 and OZ89 and their
corresponding mesylates (no assigned OZ #s) have and will continue to be key

intermediates for post-ozonolysis synthetic transformations. A recent example is the

O, — <LK, — @?3@

0Z119 0Z177
{61%)
synthesis of trioxolane triazole OZ177 in a reaction between the mesylate derivative of

0Z119 and the sodium salt of 1,2 4-triazole.

10 It has been found that the coozonolysis method using oxime methyl ethers offers a
rapid, flexible, and predictable access to structurally diverse trioxolanes. In fact, several
key trioxolanes that have served as important building blocks have been prepared in large
scale including OZ05 (100 mmol), 0Z61 (100 mmol), and OZ146 (60 mmol), with no
decrease in reaction yields over the usual 5-10 mmol scale. Furthermore, both 0Z61 and

15 (Z146 can be conveniently isolated as white solids by addition of ethanol to the crude
reaction mixtures.

Differential scanning calorimetry (DSC) experiments (Cammenga, and Epple,
1995) reveal that these compounds have good thermal stability, comparable to artemisinin.

The average Tm, dec was 160 £ 15°C compared to a Tm, dec of 181 °C for artemisinin. It
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Since most of the target trioxolanes contain the symmetrical spiroadamantane
structural framework, their stereochemistry is largely a function of the starting material
5 ketone structure or reagents used in post—ozonolysis reactions. For OZ27 and other
similarly 1,4-substituted trioxolanes, two achiral diastereomers are possible. However, as
exemplified by OZ27, the majority of these trioxolanes were isolated as single achiral
diastereomers rather than as mixtures of two achiral diastereomers. For example, in OZ27,
no chirality is present since the trioxolane ring and phenyl substituent are in a 1,4

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

<O <D0 Ot

0z27 0z78 07209
As determined by X-ray crystallography, the assignment ot stereochermastry tor OZ78,

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

15 The following cycloalkanone and cycloalkanedione starting materials can be
obtained from Aldrich Chemical Co. or from TCI American Organic Chemicals:
cyclohexanone, cyclododecanone, 1,4-cyclohexanedione, 2-adamantanone,
bicyclo[3.3.1]nonan-9-one, tetrahydro-4 /-pyran-4-one, 1-carboethoxy-4-piperidone, 1-
benzoyl-4-piperidone, a-tetralone, B-tetralone, bicyclo{3.3.1]nonan-3,7-dione, 1,4-

20  cyclohexanedione-mono-2,2-dimethyltrimethylene ketal, cis-bicyclo[3.3.0}octane-3,7-
dione, and 4-carboethoxycyclohexanone.

The cycloalkanone starting materials may also be synthesized. For instance, the
inventors have synthesized 4,4-dimethylcyclohexanone and 4,4-diphenylcyclohexanone by
catalytic hydrogenation (Augustine, 195 8) of the commercially available enones. Also, 2-

25  carboethoxyethylcyclohexanone was synthesized by treatment of the pyrrolidine enamine
of cyclohexanone with ethyl acrylate (Stork et al., 1963). Persons skilled in the art can
readily ascertain other appropriate means of synthesizing the starting materials and

compounds in accordance with this invention.
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achiral er eoners.
15 facilitate processing of the active compounds into preparations which can be used

pharmaceutically. Oral dosage forms encompass tablets, capsules, and granules.
Preparations which can be administered rectally include suppositories. Other dosage forms
include suitable solutions for administration parenterally or orally, and compositions which
cah be administered buccally or sublingually.

20 The pharmaceutical preparations of the present invention are manufactured in a
manner which is itself well known in the art. For example the pharmaceutical preparations
may be made by means of conventional mixing, granulating, dragee-making, dissolving,
lyophilizing processes. The processes to be used will depend ultimately on the physical

properties of the active ingredient used.

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

30  carboxymethylcellulose, and/or polyviny1 pyrrolidone. If desired, disintegrating agents

may be added, such as the above-mentioned starches as well as carboxymethyl starch,
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a pl ane ovoggmemwtrey. YO-) _ O OH O- C~_~00H (c)csONH2 CHRCTQRBY192878 Q209
As determined by X-ray crystall ography, the assignnent of stereochem stry
for QzZ78, (QZ209 and their derivatives was determ ned to be cis where the

per oxi de ' axl b ; food-& oM £64RG kanone
A L R R i
Chemi cal alginaterAfixibiaridCire Averiegalatie ggerts aichkibticaats sfor examplehaxchas sdica,
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] nonan- 91dfeteaie peigRrFals eﬁfrlls L35 plqgnesium sigarpip af GRAYIVSERRIE AN Ghe, 1-
benzoyl - 4-ni ' = : - : ‘h i

bi cycl of éog)_e%?%gg gﬁféglgqﬁf?gfin%kQ%‘?ﬁls%ﬁfﬁé ﬂo@?&d with suitable coatings which, if

cycl obexadegtidpmay be nesiar? telpavaidijyidesi r net hyl ene ket al ,

ci s-bicycl o[ 3.3.0]octane-3,7- dione, and 4-carboet hoxycycl ohexanone. The
cycl oal kanone Fst thi¢ pmgoseadoaréntiatdrsmganicdatidis sayt heedl] whikh fay optistalijyce, t he

i nventors have synt hesi zed 4, 4-di ne | cycl ohexanone .an L.

4, 4-di phéﬂ@ﬁﬁ%ﬂ%ﬁég&n@iﬁe PB&VVWE&YHP@%&Q?@?EW eRaelye a{lﬁtmmlﬁa, 195 8) of
the commatfid, lata aalhahe afIeRBle dibifle sivéms GALRBRIARAALI Gitgt ghexanone
was synt hesi zé %y treatnment of the pyrrolidine enam ne of cycl ohexanone

Wi t h et hypkodace ydatihgs (Sistark teegasaric.juick3Ssdlutidne o auitabls kéllullest prpiritordrsuck an
readi |y ascertain_ other ?ppropriate means of synthesizing the starting

mat et P al & arylcedylpssphihalaty OYdHé&rmewlwﬂwgquvleseipmhélf%?’d_weswfifs %@ 03/ 000676
B Ll e g i L .
of mal ar icharadtbrézet different esrabiaatignasficonopmindaloséshe present invention are
adm ni stered along with a pharmaceutically acceptable carrier. Any
phar maceut i caldtherphespicabtieal peepatagonsmhidhecagdrasedloratlyunethdequsit-fit s pur pose,
St abi |1 gt eBmse of aBim: v o ong- stiibserauadh op A R Aplgstoizer
L7y L OBy B RS, o (IR A AN SR
i ncl udi ndorhusfbgraranes whithmay be mixed with fillers such as lactose, binders such as starches,
and/or lubricants such as talc or magnesium stearate and, optionally, stabilizers. In soft
capsules, the active compounds are preferably dissolved or suspended in suitable liquids,
such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition stabilizers may
20  beadded. Possible pharmaceutical preparations which can be used rectally include, for
example, suppositories, which consist of a combination of the active compounds with the
suppository base. Suitable suppository bases are, for example, natural or synthetic
triglycerides, paraffin hydrocarbons, polyethylene glycolé., or higher alkanols. In addition,
it is also possible to use gelatin rectal capsules which consist of a combination of the active
25  compounds with a base. Possible base material include for example liquid triglycerides,

polyethylene glycols, or paraffin hydrocarbons.

Suitable formulations for parenteral administration include aqueous solutions of
active compounds in water-soluble or water-dispersible form. In addition, suspensions of
the active compounds as appropriate oily injection suspensions may be administered.

30  Suitable lipophilic solvents or vehicles include fatty oils for example, sesame oil, or

synthetic fatty acid esters, for example, ethyl oleate or triglycerides. Aqueous injection
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ani mal subjects, e.g. in topical, |avage, oral, suppository, parenteral, or
I nfusi bl e dosage 10 forns, as a topical, buccal, sublingual, or nasal spray
or in anywotohesosnanner effective to deliver the agents. TPag/uso1g6pf

adm nistration will preferably be designed to optimze delivery and/or

| ocal i zation of the agents to target cells. In addition to the active

conpounds i.e.. the trioxol anes, the.pharmaceutical. ¢ ositions of this
 nvent | oRUTRSSIOBTIAY OB SBFEnes WRTURpERE e Xy SHHESSmIERT 1
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be used pharmaceutically. Oral dosage fornms enconpass tablets, capsules,

and gr angbmpositiPnsemay atsocampribé ahuvzats fueh asipieperyingvatting cimatlbifyingi@hdide
suppositories.. O her sage fqr i ncl yde suitaple _solutigns for
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admi nk st epedRuGsAllY R, S inB&bating st@A1iZiRg aEQﬁ{i%Qﬁ@Ebﬁ-@Bsi%&Paﬂ‘tﬁ i ons
of the present 1 nvention ar€ manufactured ina  manner which 1s itself well
known i n chhelsabt maanfacexadpi the fére phsteriteselid ¢anpospioepwh bt cande disaglved nade
by means of conyentional m xi ng},&%gra ulatin drggee-,maki ng, . di ssol vi ng,

| yophi | i £F SgFPspdrdaastastie yaterspe. 558 6{’611?%3%1&%{9 Y priog b adiniatiat el y on
th hysi cal ti f.th t [ i ent d. .25 i tabl

exci i ent o ar &R SRR 1T FTiriAARPT P BT g p VP dPEEAHSIERY Yorct ose
or  sucr QagisfeRRUH a %espmpteglamz_eae&eh%@sﬁl%weem@g Whith AREh&n ERleEdM

phosphates, for exanple,” trical ci um phoSphate or cal ci um hydrogen
phosphat ef skl ingliel arg suth agigortabkuinfusem pustpsr ch, paste, using, for exanple,

(Tagacanin, ratapoRH s e bR hitpeeriareslCaerintls
car boxy"?h%é‘c@ﬁtidéh $8ceptdbld OdrriQh ¥M iaMbkn PHIEHAEhORevenk fm MR AliS€etion

disintegrating agents nmy be added, such as the above-nentioned starches
as wel | asdoatrbaeyraetig infedtwnc The triskoliDe@BNMPO0LTGS RESTIhIEORHA Bake 7

cross-linked polyvinyl. pyrrolidone, ar, or alginic.acid or_a_salt
t her eof , %EE‘HQ%@X% 6@%/16“?%&‘{ @‘% g.reeA‘gt%_“{ﬁ g?qcé“se"%‘ é hfghcfg@ﬁeég d P%lf“i’sr\@g agent s
and { gbr 'r%?gho?théctﬁ'bx%ﬂg%ﬁpos?ﬁkﬁﬁ v ik dGRNdink®h G nuib&2SE R, hdifassal ts

t her eof, as magnesium stearate or “calcium’stearate an
pol yet hylvdrehegiticosed for ptoptiplaaiger freatmennefyantetive inficiad routdofsui t abl e

coatings which, if .5.desired, may be resistant to gastrjic.jujces. For this
pur pl);g éeﬁg‘émql’f&flegp%%%éhe@ﬂfaﬁ?gll‘?sgeﬁﬁr?ﬁb]ée @gr@@ﬁuﬂs\ﬂ?wwxgﬁ'm BRIy |
contai n gip.3efhich abba ¢ 1-100b YagQydRY Wil dHPRs: abBR 1 YiBbbARfigbYmg and/ or

titani um
preferred. The foregoing doses may be administered as a single dose or may be divided

20 into multiple doses for administration. The trioxolane compositions may be administered
once to several times daily. For malaria prevention, a typical dosing schedule could be, for
example, 2.0-1000 mg/kg weekly beginning 1-2 weeks prior to malaria exposure taken up
until 1-2 weeks post-exposure.

The spiro and dispiro trioxolanes of this invention have been found to be effective

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

30 The major forms of human schistosomiasis are caused by five species of water-

bome flatworm, or blood flukes, called schistosomes. One of these species is Schistosoma
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di oxi de, | acquer solutions and suitable organic solvents or sol vent

m xtures. In order to produce coatings resistant to gastric juices,
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l'i qui d par af f Oarrent trédtaentd fpoiclistosgmisie hgvy fohsed grimadtdoh peophgtazis i.¢.zer s
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of aleonbl nat ftdws BPWt‘??éné’é‘P}FRFéwé]S dé%?ﬁ%ﬁ‘i‘m&?t thetswirg andh gpirpgaaxolangs phse

mat eri al o i ycoI S,
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admi ni st admhﬁmemmi thdeloaagks @uct nfanhéttoutlined abovewith vepecotREAMSNt T

wat er - sol ubl e or water-dispersible form_ 1In addjtion, suspensions of the
active cOWsighparasitesa s gpseibshevedithg trionplapes Qfﬁh§d%‘1§@h§1 beregivEaagainst

admi ni st g'ri?aema?(%zz%w ti)%}lerqed }:(Hﬂ}gcnfnhé fde ﬁﬁ%ﬂ%&?x t%) nt‘}{eetpea J)fn clude fatty

oi | s for “exanple, Ssesane 0l syn a aci ers for exanpl e,

et hyis ol ediQogimikdié HlcirRrODES 0Z6§©21S, OD] & TZ33) OZZQ O@ﬂ&bzm oK1,
PCT/ US02/ 19767 uspensi ons contai n_subst ances which increase the
Ui scost ¢ PR, OBESSIEHb KL b, OIS O HgOZIPS <SEAGT, 02205043 s SRy et hy!

cel | ul 05%7039! G35 GIHObASK RN Bty GHIROTIALEER IBY (FoBR. 69TBS | o°

adj uvant s"such aspreservin di'spensing dgents.

They nay oz268, b2263, @hd Iozzm M&t pﬁxafaaloamﬂaunds ark 10203, WZL B rozE) GZA,
bact eri a-r et ai ni ng filter, or i ncorgoratl ng sterilizi ng agents i nto the

conposi t QFA8, OZR/YOZtkh Q4 63, @@ 28t yrdeQZL 99t Prefetend dooing favelsiaféhesol i d

ComRoe i Ig)lposanvg'u 1gpr}rocf'li'1%xg?ang§ £r3 %{)mﬁq 00-200 mg/kg/day orally. The prototype

trioxolanes of this invention are OZ03 and OZ05.
The spiro and dispiro trioxolanes of this invention may also have effectiveness in
the treatment of cancer. Compounds having an endoperoxide moiety that is reactive with
heme and iron have shown an ability to kill cancer cells. (Sece.g. U.S. Pat. No. 5,578,637,
25  the disclosure of which is hereby incorporated by reference). Asnoted with respect to
artemisinin, trioxolanes' mechanism of action against malarial parasites is based on the
ability of trioxolane compounds to react with the iron in free heme molecules in malaria
parasites, with the generation of free radicals leading to cellular destruction. Similarly,
trioxolanes are selective against cancer cells due to the higher concentration of transferrin
30 receptors on cancer cell membranes that pick up iron at a higher rate than normal cells. In

the presence of the trioxolanes of this invention, the cancer cells will accumulate high
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or suspended in sterile water, saline, or other injectable nmediumprior to
admnistration. In addition to adm nistration with conventional carriers,
active i /goadioerstée may be administered by a variety of spexior/regdr
delivery drug techni ques which are known to those 10 of skill in the art,
such as portable infusion punps. The trioxol ane conpositions of the present
invention are adm nistered algng. with armaceutical ly acceptabl e
carrier iCANGERTANRASRE fgqffrﬁgleﬁéﬂ@a%mg Wﬁéﬁé‘ﬁ%nﬁ%ﬁ’%? (AR DR TIKENSS ¢ r eat

an acti V%f:t}ﬂg FOEAGSh mhPBe %&ﬂgﬂfi&é@ﬂ‘% {he @Bg%&’hglﬁ g&é&g&h&uﬁidé&va%%.o” have

extrenely low toxicity” an ow degree fects even at high doses.
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of an acthayeliofiedBepparatsbiniaths ramgh npiehdrpgimanbe gadiymsceiarunghosg c. 1n

general , . i - L aX . e t
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The f or egaiiindatiasesymgyntbectadm ni stered as a single dose or nay be divided
20 into nmultiple doses for adm nistration. The trioxol ane_ conpositions nmay

be adni ni st er ddis upderstoed that ke prpsent Wuentipy qoptenmiates e use of mrtenbribeon, a
t ypi cal i | , 0- 1k
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post - expeshipeundldifd theiahdlogid agldl Bivldgicdllyiaonod SINFBTAE therdbS, ds MeBtsiopticdlave
been found to be effective 25 in the treatnent of schistosom asis.
Schi @ os ésamess whichikevide thamamsahpimepcaetical resulth ternms  of soci oecononi c and

blic health i t i i cal _and,.syb i_cal . Th ' i
Pndenc i n 74 WosooRREspdalck AR SRk BTN R BRmE R Byenity i Coop o
in  rurakheydiré prebdidédivithHe PRTekstandbptha@@idus RSt REIGAnSR0VEN hd i on

people worl'dwide are at risk fromthe disease. 30 The major forns of human
schi st os omtherd of delizeryanedifictipns may bepeasie @nd sfill ha vathin the spigit bf tlewor m  or

bl ood flukesf cal |l ed schi stosones. One of these species is Schistosoma 30
WO 03/ 0008 F8"BET/ US02/ 19767 mansoni, which has been reported in 53
counje¢ies in Africa, the Eastern MmpkAisrpianean, the Cari bbean, and South
Anerica. The parasites enter the body through contact with infested
surface water, pri@eneiayProcedyroforthe Peepprgtion ofil2t-Tiiakelanes and fi shing.
The parasites normally infect the host during the cercaria, or |arval
stage. Once inside the host, the 5 cercaria develop into adults or

schi st 0somes. gypthesis of O-methyl 2-adamantanone oxime (representative procedure). To
a solution of 2-adamantanone (4.51 g, 30 mmol) in methanol (30 ml) were added pyridine
20 (4.5 ml) and methoxylamine hydrochloride (3.76 g, 45.0 mmol). The reaction mixture was
stirred at room temperature for 48 h, concentrated in vacuo, and diluted with CH,Cl, (50
ml) and water (50 ml). The organic layer was separated, and the aqueous layer extracted
with CH,Cl; (30 ml). The combined organic extracts were washed with 1 M HCI (30 ml x
2) and saturated aqueous NaCl (30 ml), and dried over MgS Q. Evaporation in vacuo
25  afforded O-methyl 2-adamantanone oxime (4.77 g, 89%) as a colorless solid. mp 70-71 °C;
'H NMR (300 MHz, CDCl;) $1.60-2.10 (m, 12H), 2.54 (s, 1H),3.47 (s, 1H), 3.82 (s, 3H).
Ref: Corey, E. J.; Niimura, K.; Konishi, Y.; Hashimoto, S.; Hamada, Y. A New
Synthetic Route to Prostaglandins. Tetrahedron Lett. 1986, 27,2199—-2202.
0-Methyl cyclohexanone oxime. Yield, 76%; colorless oil; 'l NMR (300 MHz,
30 CDCl) 61.40-1.80 (m, 6H), 2.20 (t, J = 6.0 Hz, 2H), 2.45 (t,J=6.1 Hz, 2H), 3.81 (s, 3H).
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Current treatnents for schistosom asis have focused primarily on

prophyl axis, i.e. prevention of host infection by cercaria. Currently,
prazi quanwelosiosoethe nost wi dely used drug for treatnment ®@CT/US02/19767

schi stosom asis. While artenether has denonstrated activity in the

prophyl axi s of schistosom asis, it has not shown any activity agai nst adult
S. mansoni. 10 It has now been unexpected|y discovered_that th? spiro and
di spiro tri oxMethylgyclodpdesanopegyinag \@P’éﬁ/%%i calorlgsapihs tH HEVR %@Mﬂ%a and
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s, S agsest s i) U s s et
Qz266, O%Gg&é)%gﬁgz Qz269, and Qz270. Most preferred conpounds are QZ05,

Qz23, 78, Qz89, (z119, z163, (Qz205, Oz207, and Oz209.

Preferred dog)/Meths¥ ell-?hafyldybl%hafhnsﬂw oxiamd Yik18 920/ coborlesobalidempt® about
100- 200 ng/ kg/ day orally. The 1prot ot;pe trioxolanes of this invention are
OZ03 andi7eZ0'H NMR ($90NHa(ePdh} gil v/ 1l iodwn 28hek8%1 92 s 1iFhy BAY2d? (ay al so

endoper GiDde ok B e R 5 S UEDbrvR 2 fam: e Han a6 IR A Gun
abi E ty 3?—@ Jéiflb%?:‘gﬁﬁ?sl{ ells. (See e.g. U S. Pat. No. 5,578,637, 25 the

di sCl'osu I's hereby incorporated by reference). As ngoted with
respect to apiMethyil hicycld[3.3djindramed-omeexioei ¥ield D6%¢ tolomlesgeil;nEtNMR ar i al

parasites is based on the abili of trj | ane. co und 0, react with
the iror50MHaLDek ottt Gf 6% %ﬁ)’rréié'r%'gf(g’balroé@i?t-g’};&’r\ﬂ’ti#)’t%%o fer ati on
of free radicgals teading to cellular destruction. Simlarly, trioxolanes
are sel elé'@'r %gaéﬁ’aallfgt cancer cells due to the higher concentration of

transferrin 3Qp-reRpémsalfoiylcapigsrident. Teavlanesofnsiperidoke mpnohydratat a
hi gher rate than normal cells, In _the presence of the trioxolanes_of this

i nvast i diydrachlorle@ &8 &S0mmep in msthylens ghlands G mi) wops dddedeedegtially p-

PCT/ US02/ 19767, . can . i r i i (o} | . For
cancer t¥P Pwmnﬂﬁl@g@éﬁggp}hgéOéoﬁﬂ@ﬁﬁé@%ﬁnﬁ% Ii]?/n Déngmxr%?%?gJ}ed in
the doseg; A%t R BMBehtutd e 16 BdeRoTebdiey qubhclyd wigswates (100 mRoThaes whi ch
are conpatible with the carrier ingredients nmay also be incorporated into

t he car rérganic Syehwas Wpshedayitthd M Hadi (100481 énd brine(d 09 ynl). rgledried over

sodium sulfate. Evaporation of the solvent gave the desired ketone (8.60 g, 68%) as a

20  colorless solid. mp 130-132 °C; '"H NMR (500 MHz, CDCl3) §2.40 (s, 3H), 2.58 (t,] =
6.4 Hz, 4H), 3.38 (t, ] = 6.4 Hz, 4H), 7.3 5 (d, ] = 7.8 Hz, 2H), 7.68 (d, J = 8.3 Hz, 2H).

1-[3-(Ethoxycarbonyl)propiony1]-4-piperidone. To a solution of 4-piperidone

monohydrate hydrochloride (7.68 g, 50 Tmol) and triethylamine (21 ml) in methylene
chloride (100 ml) was added 3-(ethoxycarbonyl)propionyl chloride (9.87 g, 60 mmol) at 0

25  °C over a period of 10 min. The mixture was stirred at room temperature for 16 h before
being quenched with water (100 ml). The organic layer was separated and the aqueous
layer was extracted with methylene chloride (100 ml). The combined organic layers were
washed with 1M HCI (100 ml), saturated aqueous sodium bicarbonate (100 ml), and brine
(100 ml), dried over sodium sulfate, and concentrated. Purification by flash

30 chromatography (silica gel, 30% ether in hexanes) gave the desired ketone (3.80 g, 33%) as
a light yellow oil. 'H NMR (500 MHz, CDCl3) §1.27 (t, J = 7.3 Hz, 3H), 2.48 (t,] =

33



5 of ordinary skill in the art and may include, for instance, antibiotics,
other antimalarials, antiinflanmatory agents, etc. It is understood that
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trioxol ane conpounds thensel ves, but their prodrugs which nmetabolize to the
conpound and the anal ogues and biologically active salt forms thereof, as

e e P A8 CT T B R B T R TS e e S

i nventi 5 hey 7y g, pEgsented with the understanding that various
f or mul a?{&dr%ﬂr}mdll?(%at I ons gs'}?/el | as method of delivery nodifications may

be made and sl,l-Il]nobetewahlydmthiopymu—H-Dn@frotm@lutxonwétﬂmahmdrollﬁomﬁeI

Ge | P d f the P T f

0= ot hy (460 Bt SetS FEMGRE SRFtHa s Cyre0aits atddbayran RO A @t 1083 ot Con o
2- adg”g%nf%’ﬂl%gﬁ %ma; e3(93ggDLd3dﬁuﬁE faﬁa%dl(n%gtnamonwg A48 thniy! |d| ne

20 ( ) "an oxyl am ydrochl ride (3 miol ) .
react i oRy4¥ added @ ssasll poitionetd the abavm‘sd)lemxeo‘adrlarpencﬁcbasf MBmlm ’Hmrshmvtwast ed in

vacuo, and diluted with CH2C12 (50 rﬂ% P‘ ter g )F The .organi c
| ayer wepbirtsdgerranother athefPWé’eH@lﬂé‘Sﬂ§hF Yy ”é?\??ﬂ%ﬂ?tc ridg; The ergaei g‘("S@t m).
The comi n X’gﬁﬁ ) and
sat ur at edf a%ugrggcsﬁ%&@%&ggmuwagé ri geg%}é?th%g%@&jg%%vapor Fltl)czn in vacuo
25 af f ordatbifedarpdnic la’*yeed@éraldhamovna- sodium s(llﬁfatﬂmgconSQ%atm tagieother | ess

lid. 70-71 C 'HN 51. 60- 2 2. 54
ilc—)b I103 L@Sl(f@,d ketepe (0332 ?33/0) aSH)COIOﬂF?e?S SO@ %9 17§17 °¢ (N (1%1'13 H’)@ II’konl g?n

¥et r ahem @09 tﬁ)ﬂH fgg?ﬁg'/z 962(199%%?2 %ﬁf/g' %y(ﬁqcyﬁ h%é E%égfggx el d,

76% COI‘{Dﬂp' ¥S€..0ido, Gl'$ NNRnQ&QOKN%mgrB@f Eibicien) K&oﬂe éatal: s@é)fo& Epmﬁ&ﬁtlonZ 20
(t, J =6.0 Hz, 2H J— O&I-% 1 (s, 3H) 32 WO
03/ oooemmgmphbﬁféqct ,c%%éé aﬂaﬁ@ oxirne. Yield, 98%

col orless of Lo HL IR %fgﬁwgw&gﬂ@g BN e BhaghHrocduuy P9, (™
2H) 153. &bnftion o?lzd)plp&&@{ehﬁdmoﬂ &afe. IBydtiilores (w$xy 8b @hﬁ&gnmmmﬁe(lz\(s el d,
21?3 ?gl r(I)IIrZ :Q;Snimglg an §H221l@5 (SI(;lg/anﬁégg gdcl\l/le_:% bencz:grcl:g-s%&fox?y(l) cl?lgru(ie . 30 g, 30 mmol)( > GH)
The mixture was stirred at 25 °C for 16 h. After evaporation of solvents, the residue was
triturated with water (100 ml), filtered, and further purified by recrystallization from
hexanes/CH,Cl, (3:1) to afford the desired ketone (5.97 g, 83%) as a colorless solid. mp
20 116-118°C; 'H NMR (500 MHz, CDCl3) & 2.54 (t, J = 6.4Hz, 4H), 3.41(t, ] = 6.4Hz, 4H),
7.58 (d, J =7.8 Hz, 2H), 7.63 (t, ] = 7.0 Hz, 1H), 7.81 (d, ] = 7.8 Hz, 2H).
1-(4-Methoxybenzenesulfonyl)-4-piperidone. Yield, 77%; colorless solid; mp
130-132 °C; '"H NMR (500 MHz, CDC13) §2.56 (t, J = 6.4 Hz, 4H), 3.38 (t, ] =6.3 Hz,
4H), 3.95 (s, 3H), 7.00 (d, = 8.2 Hz, 2H), 7.75 (d, ] = 8.2 Hz, 2H).
25 1-(4-Chlorobenzenesulfonyl)-4—-piperidone. Yield, 73%; colorless solid; mp 166—
168 °C; '"H NMR (500 MHz, CDCl;) 6 2.55 (t, J = 6.4 Hz, 4H), 3.41 (t, ] = 6.4 Hz, 4H),
7.54 (d, ] = 8.3 Hz, 2H), 7.81 (d, ] = 8.4 Hz, 2H).
1-Methanesulfonyl-4-piperidome. To a suspension of 4-piperidone monohydrate
hydrochloride (2.0 g, 13 mmol) and K>C O5 (9.0 g, 65.2 mmol) in acetone (40 ml) was
30 added methanesulfonyl chloride (5.96 g, 52.1 mmol) at 0-5 °C. The mixture was stirred at

25 °C for 24 h. The solid material was removed by filtration, and the filtrate was
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2H), 3.80 (s, 311). O Methyl 4-phenyl cycl ohexanone oxinme. Yield, 92%
colorless solid; np 45- 47C, 1H NMR (500 WMHz, CDCl13) 81.57-1.76 (m 2H),
1.82-1. 92w0mp/odddye 1.99-2.13 (m 2H), 2.19-2.30 (m 1H), PRTABOR1667 (M
1H), 2.72-2.81 (m 1H), 3.32-3.42 (m 1H), 3.85 (s, 10 3H), 7.17-7.34 (m
5H). O Met hyl bicycl o[ 3.3.1] nonan-9-one oxine. Yield, 96% colorless oil;

0 R SRt e 5 955 nelhy el ol eest .

one. TO fto 4rBidRRY ddREEK SRRSO Al $2%)lR aRY B REHEAT. 1(02_68 g,
50 nmol )%}}%p#eﬁéﬁ%ﬁéoghl oride (50 m) V\b%regadde%la%éequent i all y{?i)m(p

t ol uenesub# 6@yH NIMRBr(50e MHA) CBT1Y,5 558 @7 J Fringd [z, 4yl 21901 (se3My B&hi(hd (21 m ).
The m xture was stirred at roomtenperature for 16 h before bei ng quenched
with wat &4X208)n ). The organic |ayer was washed with 1 M HJ (100 m)

ol vont gave. toRPn R TpIRRHNR Ol o BT 001 107
130- 132 @lplﬂariyhyk@;ﬂﬁ@@ Mlﬂﬂ,g, m&blﬁﬁlhﬁﬁzélﬁ (ISBI)nl)\Qas%Ide‘d,ethirl 6.4 Hz,

4H), 3.38 5 (d, 8 Hz, 2H), 7.68 (d, J = 8.3
Hz, 2H). brcmn@z@ev(aa 6b6<9@ar1519n9my1b|ab%%n9| Fhangxwwmt atneor tSHPERRIES of

4 pi per i dang. rononudliah ol ash ot 46 iR, GeuR0 il Beob FipbRY ! am ne
3- (et hOX}&ﬁ%& bmyéc)laﬁeﬂbpm}ékolmhwm&e@@@ Y wis abdbERicheq0OmI2Poiloweder a

period of 10 mn. The m xture was stirred at roomtenperature for 16 h
bef ore bdiyr§%eNeQEhsedutian (h0va)e rThe mgamt }ayerm@s sﬁpgaﬁqdcamh@e QUGS Aﬁefpar ated

dth hl ori d Th
conbi ned g gaied yEretipe PR He frbbindT bRt 568 Wer vettdplbed
aqueous Al UMPLPRARCHR]1601AH EGn)cenﬁﬁt@d’EHS(ﬂ‘ﬁﬂ irf Voo, MHnkd oﬂféd‘i‘ﬂxt&Hé(an@Od' um

sul fate, and concent rated. Purification by flash 30 chromat ography (silica
gel , 30%(2e0hmi). The hescipiet) wadileradradididrte dffoed tia des{red ghosphoBBe) (2880 ga

R N e e B M S N T
2H)16 % 6 ; (—S 7 é%éoﬁg‘ymene%%ng?g?%%a#1%%&% %ﬁi}lﬁlgﬁ OA]ffl(?ﬁg 3Tng s<2)|HLt i on
of tetr ahydbbé)&anethyna(ﬁ a0 grd.64(mh6l) g bezehb (M) was added dwiylide {16.35g,m )
as added a urggllé)s Tl}llaeszl[)zture gvas H;ated unci)er reflux for 12 h. After removal of the solvent by
evaporation, the residue was purified by flash chromatography (silica gel, 5% ethyl acetate
in hexanes) to afford the ketone ester (5.80 g, 71%) as a colorless oil. "H NMR (500 MHz,
20 CDCl3) 61.26 (t,J = 6.4 Hz, 3H), 2.42—2.50 (m, 4H,), 2.60-2.66 (m, 2H), 3.12-3.20 (m,
2H), 4.16 (g, J = 6.4 Hz, 2H), 5.86 (s, 1H).
4-Oxocyclohexaneacetic acid ethyl ester. To a solution of the unsaturated ester
(2.50g, 13.74 mmol) in ethanol (25 ml) was added Raney nickel (1.0 g). The mixture was
stirred at room temperature under H, (balloon) for 24 h. After the catalyst was removed by
25 filtration, the filtrate was concentrated to give the alcohol ester, which was used for the
Jones’ oxidation without further purification. To a solution of the above residue in acetone
(20 ml) at 0 °C was added Jones’ reagent (6 ml), prepared by dissolving CrO; (27.20 g) in
concentrated sulfuric acid (25 ml) and further diluting the solution to 100 ml with water.
The reaction was stirred at 0 °C for 2 h before being quenched with isopropanol (3 ml). The

30  organic solvent was removed in vacuo and the residue was diluted with ether (100 ml) and

washed with water (50 ml) and brine (5O ml). The organic layer was dried over MgSO, and
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5 M. A mxture of oxone (6.30 g, 10.30 rrinol) and sodi um bi carbonat e
(2.70, 32 nmol) was added in small portions to the above solution over a
peri od ofwd@3mdes76 The slurry was stirred for another 1 hproafuso®i14r6i ng
guenched with net hyl ene chloride. The organic solvent was decanted and the
solid residue was triturated with ethyl acetate (3 x 25 ml). The conbi ned

ic | ' di o i ' th
10 desi r seoRBEBHEL ol e RIGH SRLULTE o PLE TGS Sy 1 R b ather, 1"
168- 170 Y 0 ; Hg:qqa@x . = . i, J =
6.8 Hz, %Dql%ge% IE%’&\JSOQSW 3Y| P, Y. 1%8 é;?19’\1%}%1)6) 2\1)(?3_1‘21@8) &\F/%I’rll)dé% 2%1 iscgDngi gn of
Ef f i ci enB.3K&t, AR, 3032 M6 (1a, 410), 4EPdayj BabidoHz, 2Hf).Usi ng the Field Effect. J.

Org. Chem 1998, 63, 8952-8956. Synthesis, of 1-benzenesul fonyl - 4- pi peri done
(represent at i $O¥cyclahgxanecarhgxylic aeids oy mxtyR Bethl 4ni peri done nonohydrat e

docts (B hentaltetnaEl g AN BRI (R EE a0 17008 ROUAS D 1, o

M Xt ure Wash&dtéd 4te5b AL o9 . $h.fAer bbinkg: cobfcdas reva patpatanae, e retive ffisturé he
residue was triturated with water (100 rﬂ%, filtered, and further purified

by recryswabtidifigd to pH 3 vith ches Z¢dsyanqputrated ® 10 mi yndgr regiuged pressyess apdd

1 (5T ot SR oL T L, 500 v,
Hz, 2H), Mg, fiftered, mdleddcditratedd afférdthe (esirell Ketohe &ciltif1.30H)), 91%) as a

1- (4- Met hoxybenzenesul fonyl ) - 4- pi peri done. Yield, 77% colorless solid; np
130-132 GploflkssNMRI (189 G20z °C;CHAIER €009 et CDLlp 5624542210 ak) 2HB228—(t, J =

S'Hlf’ %5 4l oS A atongty2 8 ol gk W 9750y ot or ess
30 Py OO Negb gt Bttt iRoxyiiter B aolfigrodd-, 7 T 044 TR AT

2H) . 1- Mekbrokhe dnedyboxylie dorlr(B5Dme, 6 Tamal)stuiphemdihosphihe 4.9 p.ef indwibg
nonohydrate hydrochloride (2.0 g, 13.mmol) and KZ(DBO%O g, 65.2 mmol) in
acet one @adneappniyhaleghold{edfement? REneb it donlHE (b8 Bhat@ *Cowamdded dmpwisenp| )

emova ByoRTet PLORER EERARAVRS @og 81 CahEl Glnrndds b sl Bedbrio er

concent r afagdtik& &y besHighibdore®8ing Ufuentiedibyr dddite obyatiitatédaubsHRMe4rRO0aPhy
(silica gel, 80% ether Iin hexanes) to afford the desired ketone (1.20 g,

529 as &CwhoTheagnesss lase wgs separatedandcextractadurth GoE-1nKE x 3¢mad).3hheg2. 58 (1t

J =64 |E)i%gamﬂc';'_e')xtra<:2t’s E%x(')eré (S:dml%rhgd, d131i3(§5 gvgrt Mg§0f, and concentrated in vacuo. The residue

was diluted with ether (10 ml) and petroleum ether (20 ml) and filtered to remove

20  triphenylphosphine oxide. The solvent was removed in vacuo and the residue was purified
by chromatography (20% ether in petroleum ether) to afford the desired ketone ester (820
mg, 65%) as a colorless oil. '"H NMR (500 MHz, CDCl3) 6 0.96 (s, 9H), 2.04-2.07 (m,
2H), 2.22-2.25 (m, 2H), 2.34-2.40 (m, 2H), 2.46-2.50 (m, 2H), 2.80 (m, 1H), 3.82 (s, 2H).

4-Hydroxy-4-(4-fluorophenyl)cyclohexanone ethylene ketal. To a 500 ml round-

25  bottom flask equipped with a mechanical stirrer, condenser and addition funnel were added
magnesium turnings (3.50 g, 140 mmol) and enough THF to cover the Mg. A solution of 1-
bromo-4-fluorobenzene (12.45 g, 70.43 mmol) in THF (90 ml) was added dropwise at such
a rate that the reaction maintained a gentle reflux following reaction- initiation (the
initiation may be accomplished by warming the flask). After the mixture was refluxed for

30 an additional 2.5 h, a solution of 1,4-cylohexanedione monoethylene ketal (10.00 g, 64.03

mmol) in THF (75 ml) was added dropwise. The mixture was kept at refluxing for an
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6.4 Hz, 4H). 5 Ethoxycarbonyl nethylene trip h enyl phosph orane. To a
solution of triphenyl phosphine (26.20 g, 100 nmmol) in benzene (150 m ) was
added et hwb o3bowwnoacet ate (16.70 g, 100 mmol) at 0-5 C. TIRETAISAY/ 4767 was
kept at roomtenperature for 16 h. The resulting phosphonium salt was
filtered, washed with benzene (100 n1) and dried. To a solution of the

lid 200 dd 200 mi ] 10%
NoOH SLPaﬁ‘&éﬁﬂq& beiord bereagga wih a9 syl ani shr R5RRteAL M eous
| y

ayer wa mngtgé.gq,(%%ﬂ n@g@&gﬁf(}ﬁgé 89%1@4&@ &@%mw%@@&m@ﬁgaea fo UANEsS Were

washed wi rihe m ), concentrated to 50 m in
vacuo, amie pesiduedyasdiosdieedain €H{12 6fd Mashed‘ﬁheh watec andibriate Thasrghnictlareed and
dried to afford the_desired phosphorane (28.0 as_.a colorless
sol i d. yasseparaert, driss! ovepivgsS{ @aéaeyp?rw@%ﬁéia&? reélda%we? BrRfed Bstlash 1o a

vas. abaedtoREgrL (DI ERUAR et lirfio dtond SRl AR e ncler

refl ux f @roghds B coldirless sdlRIMBipal330f34 4@, Hqum(sobMHa\@monm D69 (d,he= 1e%i due
was purified by flash chronmatography (silica gel, 5%ethyl acetate |n

hexanes) Hzp2H),flor%(d: He kb2 blze2 btz&g—@égém,dl‘l), 2198 (mdH), ¢OREHV &s83.AH),
NI\/R(500 5§8{jﬂ 3) 81.26 (t, J = 6.4 Hz, 3H), 2.42-2.50 (m 4H,),
2.60- 2. 684 )12-3.20 (m  2H), 4.16 (q, J = 6.4 Hz, 2H), 5.86 (s,

1H) . 4- Oxocyclyone &P&k‘}aﬁ—?ﬂfﬁmﬁ?ﬂinﬂ)ﬁ‘y’dlomﬁaﬁéne FQm@m&@bﬂhL}@ﬂr@(fy-ét—

unsat ur ated ester in ethanol (25 nm) was added Raney
ni cked (ﬂuﬁrcg:heny‘[)wcluhﬂamae whylengketat (§dZQag 28 SommobpBF 41 %9 ml)andeY”o 4g.

(bal I oon . a st .was .renoved b iltration, the
{11 tr at o Hiados aitkae Fehiige e 9 OB R PR iR B g of, oieRied e or ¢ ne
Jones' oxphgat mm&wﬁﬁ @Hztrsrc mo rfnl)cm &ﬂnbfﬁ@d Gg@ft Myefgrwﬁé dh@@ above
residue in atetone C was "ad Jones' reagent (6
pr epar ed oloyr MigS©phnd ngndenﬁ@teq ZVV@OOgIhﬂ mSldUOWGEDtlmﬁﬂiéﬁd cswtaluzatmneﬁmd (25

ter The

had ot GRS KRl ghe Sepenalapel el alian SN i THPTEBSPib AR (3 )
\-/r\/lht(:ah?gt ﬁré)r@a({lhgﬁﬁg];/ﬁ%r?dvﬁv%\i%ﬁed(yw t i1m1at er %?nﬁmz?gé jé?l neél\??ogﬂq!#l " e'?'he

or gani ¢ hagyez. 33eps3 T (the2H ) 2e87-B9SGH, HY 7.5 MO @a/m%%m(nuaml 19767
concentrated to afford the ketone ester (1.80 "P 7199 as_a colorless oil.
1H NVR (500 M4zAcetgxrz#gy- %uqronbeW)cyslohe!@wn osmlutwp afd-hydrexy-#r(4sH) |

2. 08-2. 1%ug{gpherlf91)cyglo%gxﬁloﬁg' (§2(6 mg, 2.5 mmol), pyridine (2 ml) and 4-

dimethylaminopyridine (46 mg) in CH,Cl, (25 ml) at 0 °C was added dropwise a solution

20  of acetic anhydride (1 ml) in CH,Cl; (5 ml). The mixture was warmed to room temperature
and stirred for 28 h before being quenched with water (30 ml). The organic phase was
washed with 1 M HC1 (2 x 30 ml) and brine (30 ml), dried over MgSOs, and concentrated
in vacuo. The residue was purified by flash chromatography (25% ether in petroleum ether)
to afford the desired ketone (510 mg, 82%) as a colorless solid. mp 113-115 °C. "H NMR

25 (500 MHz, CDCl3) § 2.11 (s, 3H), 2.20 (m, 2H), 2.43 (m, 2H), 2.68 (m, 2H), 2.86 (m, 2H),
7.05 (t, ] = 8.3, 2H), 7.35-7.38 (m, 2H).

General procedure for the preparation of 1,2,4-trioxolanes. Ozone was
produced with an OREC ozone generator (0.6 L/min O, 60 V), passed through an empty
gas washing bottle that was cooled to —78 °C, and bubbled through a solution of an O-
30 methyl ketone oxime and a ketone in pentane/CH,Cl; at 0 °C. O-methyl oximes of

cyclohexanone, 2-adamantanone, and 3,3,5,5-tetramethylcyclohexanone (1 mmol) were
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8.3 Hz, 2H), 2.39-2.40 (m 4H), 4.18 (q, J = 6.4 Hz, 2H).

4- Oxocycl ohexanecarboxylic acid. A mxture of ethyl 4 5

oxocycl ohwowaneewrooxyl ate (1.74 g, 10 nmol ), net hanol (25 Pparjysoamdel7% aq.
KOH (5 M) was heated at 50 C for 1.5 h. After being cooled to room
tenperature, the reaction mxture was acidified to pH 3 with conc. HC,

concentrated to 10 m_ under _reduc&& fssH and. \yﬁt‘ract ed \M%CU

chl or of Otcﬁil-‘(@le)@ withigy 3 min il et bcysiqiodee@npug Rrine FIE’“H} Fegyired @ iny\y sos,
filtered, g, 91%
s a 10 sofepial Al Ehfifehdh, B ioh YalRShBRiI PR PP Sl il T, 1o
(m 2H), bam%?coné’en&&te(dm \&ld)lo aProdm-tempdratune toldife a Rsidfe fhaMae purifitd by
2.80-2.84 (m 1H). Neopentyl 4-oxocyclohexanecarboxylate. To a solution of
4- oxocycﬂaélhél%améwml ic acid (852 ny, 6 mml), triphenyl phosphine (1.59
g, 6 gnol) and neopentyl al cohol (635 ng, 7.2 muol) in dry THE (18 nl) at

0 C uets added sty oSt idhinght S A bl g A GRGURB Gand O 06
bef ore b%k&ﬁh&édﬁ&?é"@ﬂnﬁl(lamg,tlloomnof) agdtydleiexdnARUEOE S, mm) i(fefitanie) . The

aqueous phase was separated and extracted with CH2C12 (2 x 30 nl). The
organi c €x@0 méxwas\tegated withi qieele acgprding tevhe songrbProcadie CHifcERds PrOBUFt ivyas

Th dye di | ut t | ther (20
iy and #irifes bane Fenpvio st kel SR st BBl ARSI o
remoygd 'tﬁoy&&m)zoﬂ al hs g;,%svgusea %l%rlé‘dérohﬁ i‘H@'JMRYGOOMBtGECEPBM 2029%oet her

in petroleum ether) the desired ketone ester (820 ng, 65% as a

col or | esgmQRbH); 1€ NMR((QG(MHZECDCD&EMBE&B D4.96, 34595, 908.84.2. 04- 2. 07 (m 2H)
2.22-2.25 (m L 2H), _ 2.46-2.50 2 2. 80
(s 2H) . 4( Hyeﬁ'g;%‘r741‘(a15'ftﬂ96?‘g§|h‘§?{5?1)§:§r]&’|e %ﬂé@@@?ﬂéﬂ‘é‘“%é To a 500

d- bot I i d
Suai £1 on PARACPHEEMRAGRE CxfHLEEEE 10 hiioh o ngféj‘a%@%xﬁehﬁil%r@-zﬁﬁﬁﬂéer "
enough ThEmbD i€ ind(@@ anAC&QlouztQ40rml§>f;va§trehe@mixhézéxhawcehmﬁg:@rtﬂe (12.45

g, 70.43 rrrml In THE 0 m ) was added dropw se at such a rate that the
reaclfon gentra I@IPW@GI‘% ruée peflvwas puribed hy flagduedrerastogianhy (saliGagsl (t he

ot | uxed e g gREERIR BT Patihoiili ORos (FR Lol Fadelfuat e "
ronoet g s 09,50 SaCSo0mm oL 11 00500, Y, i 1~
PCT/ US02/710® WG 4H)addi3t (t,ahal7.CHp, 48t CNMR (1§ MBenChEH) W37 .81 3297,
ammon um3%h4|1(,)5|7.c7j8e, lso%l.Sth,l lolr(]). ?2592)7 Ref: Griesbaum, K.; Liu, X.; Kassiaris, A.; Scherer,
20 M. Ozonolyses of O-Alkylated Ketoximes in the Presence of Carbonyl Groups: A Facile
Access to Ozonides. Libigs Ann./Recueil 1997, 1381-1390.
Adamantane-2-spiro-3'-1',2',4'-trioxaspiro[4.5]decane (OZ03). A solution of O-
methyl cyclohexanone oxime (1.27 g, 10 mmol) and 2-adamantanone (3.00 g, 20 mmol) in
pentane (200 ml) was treated with ozone according to the general procedure. The crude
25  product was purified by flash chromatography (silica gel, 2% ether in petroleum ether) to
afford trioxolane OZ03 (1.55 g, 46%) as a colorless oil. 'H NMR (300 MHz, CDCl) 6
1.30-2.10 (m, 24H); '*C NMR (75 MHz, CDCls) §23.84, 24.97, 26.48, 26.89, 34.73,
34.77, 34.81, 36.40, 36.79, 108.85, 111.15. Ref: Keul, H. Uber Konstitution und
Entstehung der Ozonide von Bis-adamantyliden und von Bis-bicyclo[3.3.1]non-9-yliden.

30  Chem. Ber. 1975, 108, 1207-1217.
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After renoval of the magnesiumsalts by filtration, the filtrate was
concentrated to dryness. The residue was dissolved in CHC1L3 and washed
wi t h wat ewoandodsré ne. The organic | ayer was separated, drcedSorver7eMySH,
and concentrated. The residue was purified by flash 5 chromatography (30%
ether in petrol eum et her) to afford the desired al cohol (13.50 g, 87°/c) as

| orl i d 33-134. G, 500 MHz
11.7 te, oHA 'ammn pe-Sosntiory T2 -Wpplats- S biror xdathagyane S0ZR% K 71y
7.02 (t, so_q%l?,ﬁ uoro 2%dﬂa&ax§>9e Gmm@h')so g 10.mmol) and 2-adamantanone (3.00

4- Hydr ox enyI cycl ohexanone. m xture of 4-hydroxy-4-(4 10
f1 uor ophgrd mnmglmhmnmr(éO@tthBneeakedtvath ¢zong @ceprdigtbthergehgral THE (125 )

and 5% aq 65 m.) was refl ux or 4 h. The react.j.on m ure was

cool edOtBTOF? m%Jﬁ?@e‘HPQ%PE@“P‘oW %W?’é’@fc’é&pﬁk’ Efﬂi“é—ﬁglé) o gRering

m). Jhe &P&Rinﬁlgt %%&d'tw@em&ars 1 409 edrsalygl dcxﬁﬁqsobeated in
e e rom

vacuo resi S puri by crystalTization exanes to afford

t he deSI a&s(lial 120hpi4 ketdesy; 'HNMR (800 B2, GICl3) 01501, mensmmd”cmwm 114
15 C (lit. 115-117 C). 'H NMR (500 Mz, CDClB% 8 2.17-2.20
2. 23- 2. 2075(MHz, CBC1:)26 3652, %579'(?!14791-94 9% 3@7582 681 (Ihl.19HRef: e@th r(m

2 7.48-7.51 4- Age - 4 h I I . T

ol Ut onR@ns AUy Fhist e A R A BB AT 85 . 2. & mrol )
ridine a 4 n CH2C12 (25 nl) at O

CywistsI adgll(cgdgir 9‘?’34% sg%%hz B}érgqug ggg?fngaﬁ%\%% :je (1 m) l(n CHZ)ClZ (5

m).1dhe m xtAﬂenmﬂamnqﬂra-b'-t}'mmlt'éhﬁ'eﬁmsmraﬁcﬁ]&cmnleéﬂlﬂﬁ) A8 h before
bei ng quenched with 30 m). The grganic phase hed with 1 M
ra Lo sclorian of Cometbi] Zadtmentindne oxted 858 gaeh snd k- Termeiang i

acuo. I 0HBLRAY
\pget lrJoI euﬂz?z{ gero)%oﬁﬁ%ﬁ%{e (ﬁ@H@éasl{dr%? I<1 p'(’)ne (@%6@&@1 V&IZ-B ggggcro(r:%ﬂgrl ess
slell) id. nw tzaé $eretdl proceduirbiVhedBudeg@odidimas PAAQR) bBfldh thrdmatoguphy @ilizd (m
2H), 2.43 (m

2H), .2.68 oH) . 2.86. (m 2H), 7.05 (t, J = 8.3 2H),
7. 35 7. 3861( hQ%zE)Fr l@ﬁ’éﬁlgﬁIT“W@é)a@@férq (BIrgXPI?gDe Q%%Ilaﬁi(g@ﬂ%) as & colorless

1,2,4-t iy t 0.6
L/ m]rl5 0r2| ﬁéé)égg’e(te Ou]/@rd)?lig)eﬁ[ vvas 1 ngégg ?I?gtg{ (
cool ed t @qpy & % (t,3nd 7oupb! gd), tzfsrzqvgfk ‘ﬁzmﬂ I4H9 dla‘CCNMR*U@ ﬁ@[zr@bm)éket one
oxime and a ketone i n"pent ane/ CH2C¢12 at C. 0-net hyl oxi mes of

cycl ohex26.38£26.79, 338a 3o ’n‘é84,a3r6c263336& 384611041941 HZ143y 20D AexAmmfeal¢d
mol) - vege o 30,00 834883540, B Hatnd 2 Ik S 1, 7.97.
1-Fluoro-7,14,15-trioxadispiro[5.1.5.2] pentadecane (0Z06). A solution of O-

20  methyl cyclohexanone oxime (0.64 g, S mmol) and 2-fluorocyclohexanone (0.58 g, 5
mmol) in pentane (50 ml) was treated with ozone according to the general procedure. The
crude product was purified by flash chromatography (silica gel, 4% ether in petroleum
ether) to afford trioxolane 0Z06 (0.68 g, 59%, 2.4:1 mixture of two diastereomers) as a
colorless oil. '"H NMR (300 MHz, CDCl3) §1.30-2.20 (m, 18H), 4.54 (ddd, J = 48.9, 5.6,

25 2.9 Hz, 1H); >C NMR (75 MHz, CDCl3) §19,48 (d, J = 3.9 Hz), 22.67, 23.55, 23.82,
24.78,29.36 (d, ] = 20.4 Hz), 30.97, 33.76, 34.75, 89.86 (d, ] =179.8 Hz), 106.38 (d, J =
20.3 Hz), 110.24 assigned to the major isomer; 19.12 (d, J =3.3 Hz), 22.73, 23.44, 23.93,
24.80, 28.31 (d, J = 20.2 Hz), 29.13, 33.47, 34.91, 88.06 (d, ] =180.0 Hz), 106.45 (d, J =
23.0 Hz), 109.68 assigned to the minor isomer; '°F NMR (282 MHz, CDCl;) 6~19.2 (bs,

30  2.4F) assigned to the major isomer; —13.2 (t, ] = 43.5 Hz, 1F) assigned to the minor isomer.
Anal. Calcd for C;,H9FO;: C, 62.59; H, 8.32. Found: C, 62.59; H, 8.21.

39



consunmed within 3 mn while O-nmethyl cycl ododecanone oxinme (1 nmol)
required 6 mn to disappear. After conpletion, the solution was fl ushed
wi t h oxygeo oBo00636 m n before being concentrated in vacuo Patr/usoum767
tenperature to give a residue that was purified by flash chromatography. 5
7,14, 15-Tri oxadi spi ro[ 5. 1. 5. 2] pent adecane (Qz01). A solution of O nethyl

ey onexenone 98 i3 Pl T S SRy B

procedur e solion I mBhN dd#foh&@ﬁon@wlmfel(@cwgwémm ) &ArRAt ography (silica
gel, 2% ether In petroleumether) to afford“0 trioxol ane OzOL (1.23 g,

58% as zﬁethoﬂ)@adbeayl)euhyl]cyad)hmm@01)96«31220 ObE1Eh @Bitaeq1 206001 wasitreaed) ; 13C
NVR (75 M ’Q?OP‘??‘E}Q%SZS 80, 24.91, 34. 65, .108. 84.
T

3- Oxo- 7, P4t ing i Higasneralpropasiurs. Jhe caids Rregrgioyas porifisdwiflashor o

met hyd c I ()gmg (2.24
g, 20é rrégﬂl()%ll ?? %eﬁt asﬁ?&h%b%% %ﬂég%p%:lgozl% e}}}l% %fo\ll{i/atg%?lr)%gtge vm'ctltl}??%one
accor di ng7vQ 11ihgixtl& @ewercﬁdstewomw}msa coldrzseoillde] KMREB 00 MES, ¢IDCL:) ised by
flash chromat ogra (silica gel, 10%ether in petrol eum et her%ﬂto afford
ool aid ( a3, 2601 5 (e BB} HBsA 2861 28 2422060, B 53

> 5a (1 G Mgtz Nl BT il 323335 233 e Gy 4

34.41, 3%363,2369. 2&980 1311%4058 5208.49732. @f32 63 l3§%f5aslm4 Ka.62L 8468 )84.74,

Kassiaris, A ; Scherer, M~ Ozonol yses of lated Kefoximes in the
Pr esedice 4014082, 0 ro0. 14316&{% 108.Fati0.88, 1A@c’i§sé7?z 63,02'3367 désal. Calod dor
Ann. / Rec

[ 997, - 1390
Adamant aﬁ'ﬂ%ﬂé@.d&é}%ﬁl 19283 Found: Co 9268i Hof45] decane (Qz03). A sol ution of
0 nethyl cycl e-9XipiFo-§'%6' 47'-@th ok c n)hyl ng,l 14+,2dgmant anone (3.00 g,

q
20 mmol ) in pentane ?200 m) was treatéd w ne "adcording to the
general prioxsspinofd.S[deeane (ﬂZO&SArsohniuontof vamethyl Rfademhntandrleaxime (1.80 g,
chr omat oar aphy. (si I i ca 2% e

tri oxol an@ el apd 2qz-(gt OZFB%b%f)%tEXB‘FYG qq@téé‘?‘ll.‘}fear(gn gé’lh i t°§ %gCDCIS) 8
L 52100t i A o V0 A5
Konsti t utpunﬁecahyziﬂaﬁnctlﬁbmhwgglpﬂp (sﬂ@mg‘eﬂ 8% ether Bi setmttamranhgy) tdefordnd von
gg?ogb(é%gl%%r%@%nogﬁg@g I58%, 4:3 m%gtugqgfnt]woBcﬁerlster]éngl?rs) ag-%Bcolg-r%egz 01]1217 38 WO
NMR (300 MHz, CDCl3) 61.26 (t, ] = 7.2 Hz, 3H), 1.20-2.19 (m, 25H), 2.21-2.49 (m,
2H), 4.13 (q, J = 7.2 Hz, 2H); *C NMR (75 MHz, CDCl3) 614.08, 22.93, 23.37, 23.46,
20  23.48,23.65, 23.89,26.29, 26.34,26.71, 28.42, 28.89, 32.46, 32.52, 34.06, 34.20, 34.31,
34.60, 34.67, 35.18, 35.25, 35.74, 35.99, 36.63, 36.80, 41.15, 42.00, 60.01,110.34, 11047,
111.07, 111.13, 173.49, 173.56. Anal. Calcd for C;;H3,0s: C, 69.20; H, 8.85. Found: C,
68.34; H, 8.39.
7,12,19,20,23,24-Hexaoxatetraspiro[S.1.2.1.5.2.2.2]tetracosane (0Z09). A
25  solution of O-methyl cyclohexanone oxime (1.27 g, 10 mmol) and 1,4-cyclohexanedione
(0.37 g, 3.3 mmol) in pentane (40 ml) and CH,Cl, (20 ml) was treated with ozone
according to the general procedure. The crude product was purified by flash
chromatography (silica gel, 4% ether in petroleum ether) to afford trioxolane OZ09 (0.56 g,
50%, 1:1 mixture of two diastereomers) as a colorless solid. mp 83-84 °C (lit. 83.5 °C); '-
30 HNMR (300 MHz, CDCl3) §1.25-1.83 (m, 20H), 1.92 (s, 8H); °C NMR (75 MHz,

CDCls) 623.75, 24.83, 24.86, 31.38, 34.46, 107.50, 107.57, 109.34. Ref: Griesbaum, K.;

40



Adamant ane-2-spiro-3'-1',2',4'-trioxol ane-5"'-spiro-2''-adamantane (Qz04). A
sol ution of O-nethyl 2-adanmantanone oxinme (1.80 g, 10 mml) and

2- adamantwoaa®oie36 00 g, 20 mMmol ) in pentane (200 m) was PCmasb®d76f t h
ozone according to the general procedure. The crude product was purified
by flash chromatography (silica gel, 2%ether in 5 petroleumether) to

o SR A, SR R o B ST on s o

(75 Mz, 2, KRS oBafedian 199799, sadh-3070.34. 95 36.58, 36.81, 111.19. Ref.
er

Keul , onstitution and Entstehung der Ozoni de von

Bi s- adamant yl Ademzaﬂdnacam;ﬁhm'bi';zyél P[12!-pefifannadiSpiyd[d.2eh2] téliradecaBer .
1975, 108, 1207-1217.

Adanant aHRZID)s A SPB*—“IB“’“ ‘Bf Odnghyl 2- %danlﬁmaf‘PP%%’&gﬁl (1 504 1 purabhang bfos) . A

sol utd on qg%et

1, 4- CE%/C| g%%x%nrgﬁf'oxdgcg? g 8%% Il)lm%1 nF(ell Eaaﬁtg m?)g.g m ﬁ@‘é&’aﬁcaf (40
m) was trested @ith wizbhe aZaiding ¢e the gengral [trOcd:dlufB Gheenﬂb pmrdncedwmnﬁléldé:ycr ude
product was purified by flash chromatography (sili gel,. 10% ether in

pet r ol euﬂﬂ%tqlilé?r?atpgr @Ihb’éﬁl@% e¢loke Ieﬁ}?é INpRIED L gum 9@1%} to %ffpli)i tHexqlapeiPédPess 15

(m1athL052 3590y 810805 <ol Sy ey b5 N (S00WE, EDCUIGR 75
Mz, CDC%.%Lﬁngrﬁ §§H) 2359’7 Ps 41321 ‘Q@Nl\@fé (TAMIBA CB5C1, 3526269, 2%680631 68, - 84,

106. 94, 112. 43, Y. 36. for Cl6H2204: 'C, 69.°0 7.97. Found:
C, 6805332.H9], 321@?3411%:%@6036’70,46415)- 107.98%.ad79Fi t bl.4. Ansl. Z]qhawfoadecane

(Qz06). A so I e one oxime (0.64 g, 5 nmol) and
2-fl uorogyﬂﬁ2 %grfg ?b&égs ggu@%%é%% ﬁ é(ggntane (50 M) was treated with
ozone accordi esrsiﬁf A 9¢€ ' 4€ @ product was purified
by fl ash chropn% %%r&z;?)ﬁ ( (?%:aﬁggf dfé‘lﬁ}?g 2? f‘ngggtrol eum ether) to
afford t pemokmgylfﬂﬂ& 5.(2]ﬁ&1tgdec566/¢(0211® A solutiounref a;ﬁ1etlwb2dakimhﬁammmrs) as

a colorless oil. ' 81.30-2.20 (m 18H), 4.54 (ddd, J
48.9, 9Xige (2§02,910H2m01)rﬁnd 31%@“&?&?@/1(1755dm28p1@b§:§1}‘)1d%°@9 %enq d,988.403 g

R L e A S L

to t he mejude ptoﬁiﬁmﬁwas perified ()jdﬂash chr@nd@ogtaphy @Qlciigel 2%.etHer id pe@dleum?24. 80,
28.31 (d, J =20.2 Hz), 29.13, 33.47, 34.91, }g‘g J =180.0 Hz), 106.45
(d, J = ethgr)do pigrd tmome&%ﬁgﬂé@ 8 89Yaas Pncﬂ'SFleFSsiQ map 13- 10RG 282 Mz,

219, byl o oS PSSR ERT B S 2 e, Rl
62.59; HIEBNRiR (5oL, CBCRR52966,46.45, 24.8438 .41, 30.16,30.46, 34.73, 34.82,
20  36.30, 36.75, 70.24, 70.19, 96.67, 108.47, 111.51. Anal. Calcd for C»;H3,0s5: C, 69.20; H,
8.85. Found: C, 69.17; H, 8.97.
Adamantane-2-spiro-3'-1',2',4'-trioxolane-5'-spiro-3"'-7''-0xo-cis-
bicyclo[3.3.0]octane (OZ12). A solution of O-methyl 2-adamantanone oxime (1.80 g, 10
mmol) and cis-bicyclo[3.3.0]octane-3,7-dione (2.76 g, 20 mmol) in pentane (60 ml) and
25  CH,Cl; (40 ml) was treated with ozone according to the general procedure. The crude
product was purified by flash chromatography (silica gel, 15% ether in petroleum ether) to
afford trioxolane OZ12 (0.51 g, 17%) as a colorless solid. mp 122-124 °C (ethanol/H,O
4:1); "H NMR (300 MHz, CDCl3) §1.60-2.05 (m, 16H), 2.13-2.41 (m, 4H), 2.43—2.62 (m,
2H), 2.70-2.93 (m, 2H); *C NMR (75 MHz, CDCl3) §26.43, 26.79, 34.71, 34.84, 35.96,
30 36.72,36.97,41.42,44.15,111.82, 117.66,219.55. Anal. Calcd for C13H2404: C, 71.03; H,
7.95. Found: C, 71.18; H, 7.80.
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1-12- (Et hoxycar bonyl )ethyl]-7, 14, 15-tri oxadi spiro[ 5. 1.5. 2] pent adecane
(Qz07). AveaBuodicon of O-methyl cycl ohexanone oxinme (1.27 @CTAGormob) and
2-[2- (ethoxycarbonyl)ethyl]cycl ohexanone (3.96 g, 20 mml) in pentane (100
m) was treated w th ozone according to the general procedure. The crude

duct ified by flash,5 Gk l, 6% eth i
et of eum ot hadamARtaRF 3o Y AT R S Spheys 1B, 00 1. Ot far e of
:[]WO di ast)%lﬁgﬁ!)ﬁ;[gb @guﬁiaﬁ‘él(grdlgf% l_g?ih'ltlonjd'f Mtﬂﬁ@%d'ﬂﬁb%ltam@%mg (()0 6487 I(-|§

4.14 (q3.55 mmdl) anddici9[3. ﬂamomsesmaowﬂ 0801 BY mb®!)1idh, pbﬁtan22457ml)23 3 5,

23. 48, 23 23. 92, 24.80, .24 84, 28.52, 2 32
32. 65, 331“3%}12{%&4 (gg ‘ml} vagjreatg “6@‘ dzgge acpordipg (pithg gencra) papre %B’@ The crfgg 84,

égBS? En]ogj g@was%%‘ be;ﬁgsgl%orﬁ%ggxgg}g (aMIRh £elCBb9 kifleP in p&eldibinf 8ftrer o

Adamant aafford-teipksland '0313 (02104 @%)cax yic:ardnlmydo)ldt xlmpl IjSBHS,SZ“C ¢&thanol/H,O
trioxaspirol4. decanel\é_l 1% solutio amant anone oxi me
(1.80 g, lliioI’rrNL/Ll}(a% 7L @bhé%?éa?‘ b%ﬁrw 3(81)h9+3]2c E(P %e&%hor%N@\éRw g, 20

gencr al  DREGEi) 7R b BF St o P83 F a9 Bt ogr aphy

(silica g6} 156%3%d)208/12. ARES @h@um&mgﬁg 40, ﬂfmr@ 823r 'F@iiﬂé Ne1980e (2. 10
g, 58% 4:3 nmixturé of two di astereoners) as a colorless oil. 1H RWR (300

MHz,1CDC83p. 81.26 (t, J = 7.2 Hz, 3H), 1.20-2.19 (m 25H), 2.21-2.49 (m

2H) . 4.13 (q, 2H) o, NVR CDC13), 514. 08, 22.93,

250 37, 23. gg %W‘ﬁgyﬁzﬁ”gﬁ @C ‘"‘i’%’zﬁw?@‘%% ﬁs 71, 28.42, 28. 89,
32.46 3 26! (B 74,

35. 99 3§ ‘2‘%’"@% g,gs 443161%15 042 00, ‘gﬁg?%e(}ﬁﬁ} A%éluégnog@‘ﬁmﬁgﬁ 111. 13,
173. 49, waamﬁﬁanoﬁaaixxme:al .86 gf b0 mEBIHB@GENtaCycl6S. 20.07H> 808 undecarmeds, 1 T,
68.34: H_ 8.3

7,12, 19, éwn2é3 35 229 mynal) dn CHefla(1)&m) wastragted with prage ageqdiagdo thez09) . A 25

sol uf4 on : Pwa dby’flasHl h@&?m(ya

1, 4ufcé‘yc ghlerdh pTGclke 0.3,“7%53%i 3.3 mrgm‘?n%eaﬁt ane (4 n%liﬂgﬂl 28bci2 (20
m) was QO%aetﬂ&d 1mpéhokenmrmhe1atmaffaid ngoxtodmtemge@aﬁag 2ptocsdupbrieshsolidr ude
product was %rl fied by chr omat ogr a ééSl lica 4% et her in

pet r ol eumpetd6eiC dQCc(eEhaP@Dd 111 NMR@%M}@Z }646—2 1 o o 16H)12.45-3.0% e of
NVR ( 300 BT GscaafRyTs SahE GBeE P %soh; 25?3 o 5 54,39 10. 3863083075 whiz.
gﬁgﬁaﬁ ?16%3. 3594, 2%4.8B 412%, 8§9834b $384534; 9631, 15@7805@12 041301, 1RG4 Ref:
20  Anal. Calcd for C21H2404: C, 74.09; H, 7.11. Found: C, 74.00; H, 7.29.
Adamantane-2-spiro-3'-8'-methoxyimino-1',2',4'-trioxaspiro[4.5]decane
(OZ15). To a solution of OZ05 (0.557 g, 2.0 mmol) in CH>Cl, (5 ml) and methanol (5 ml)
were added pyridine (0.30 ml) and methoxylamine hydrochloride (0.250 g, 3.0 mmol), and
the reaction was stirred at room temperature for 24 h. The reaction mixture was
25  concentrated in vacuo to provide a crude residue that was purified by recrystallizations
from ethanol/H,O (20 m1l, 1:1) and from ethanol/H,O (15 ml, 2:1) to give trioxolane OZ15
(0.51 g, 83%) as a colorless solid. mp 97-99 °C (ethanol/H,0 2:1); '"H NMR (300 MHz,
CDCl;) 61.60-2.10 (m, 18H), 2.30-2.81 (m, 4H), 3.84 (s, 3H); °C NMR (75 MHz,
CDCl;3) 521.54, 26.40, 26.81, 28.74, 32.59, 33.85, 34.72, 34.77, 34.84, 36.28, 36.70,
30 61.15,107.92,112.00, 156.93. Anal. Calcd for C|7H,sNOy: C, 66.43; H, 8.20; N, 4.56.
Found: C, 66.58; H, 8.29; N, 4.41.
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40 WO 03/000676 PCT/US02/19767 Liu, X.; Dong, Y. Diozonides from
Coozonol yses of Suitable 0-Methyl Oxines and Ketoses. Tetrahedron 1997,
53, 5463-w00/000676 PCT/US02/19767
Adamant ane-2-spiro-3'-1',2',4',9",12' - pent aoxadi spiro[ 4. 2. 4. 2] tetradecane
(OGz10). A solution of O-nethyl 2- adanantanone oxine (1.80 g, 10 mmol) and
1,4 5 dioxaspiro[4.5]decan-8-one (1.56 g, mmol ) in pentane (90 nl) and
CH2C12 (10 mi )Adgamantape-spireidt-8' b‘z‘lfﬁéylav%‘rld? pfb-tmxgw%ﬁl#eapnbrocedure.

Th d | %
ether i n QLRSI AP ERHEY bt DAt G5 20 Buf0L HSRTE D 5B bl muf’)
col or | essyg@hidbd ﬁ%d%@@@n()%b&?@b)(ylmnﬂld\w@rdcﬁﬂﬁld 21 CRALG nnol), an@4- 2. 13
(m 22H), 3.97 (s, 4H); 13C NMR (75 MHz, CDC13) 526,39, 26.80, 31.66, 10

32.01, 34h@3=act3m WIs stwdzza roge tempergyregor 24 b Thegeactpn ngxmrq_ms 49. Anal.

Cal cd f 0 C, 67.06.
it srfeneeniien an yadtpy® yvidg Fentte Fhigue R Sigs fyritla By rectstatrisition from

pent aoxadkigRibl/Ald (2o m12A: @g&i g’id@frﬁﬁ@laﬁm d(oA3sgol7g%o Na 81oAe¥RbHY.lmp

2- adamant anone OXIﬁE (1 g, .10 nmol
3, 3- di netBy+-139, & mmymzoo{ 5); émmda@o MHméJIlGJsDSl gz—zwo (.51 &prn B2i-n
pentane (100 m) was treated w th,;0zone accordi eral procedure.

The or ude-5% GaED, GE8-HAsi(Pt od By @mmzaml@@%bmo?z?mlazg@ﬂ 4%

ether in f g0 oAl ( a
col orl 3552%2}0% 9%'%;3;)3 ?‘izg% ’%"5%%8% § ainol2? §@t€§m B%I&M%M%ﬁ ggﬁgg (s,
6H) , 18. 61fpPCIH,{NO,: 42K, 513-}5,37.S((§N 4Ky, Foulﬁocl\bd?éms Néz N,@DGL3) 822. 66,
26.43, 26.84, 29.41, 30.16, 30.46, 34.73, 34.82, 20 36.30, 36.75, 70.24,
70. 19, 96.67, Ad@naytape-R-spiro-3aRiapxo-t'dystsiragzaspinibolundeganeX9Z17). 3. 85.
Found: C,..69.

e T aiftenst G283 034 g 3.0 sumpl) in CELCl (79 mlywers addod NGHCOs (051 g,

bi cycl of %, %Qﬂmpﬁd%l@hl@%&a,x benso adid gnz@g) @héméalamn wadstateank asyme oxi me
(1.80 g, 10 mmpl) and cis- blcyclo[3 0] oct ane-3, 7-dione (2.76 g, 20 mmol)

in pent artemp@@tum for 48 d lza’otamgzqt(endmwlﬂvﬁz,o (6Qmedhemqueobslaper wascor di ng

h Ll
chr ongt oA PARGEEGE I AT 57) P P TRm Bl SRR et isherytn B, ¢
trioxol angieflolér 5)% dhd é&l&nt?a‘iec?to%weﬁhr érﬁ§§re§1@hé that Wik perficidsy fash
(et hanol / H2O  4:1): 1H NMR (300 MHz,” CDC13) 81.60-2.05 (m 16F), 2.13-2.41

(m 4H), Chrcnﬁatﬁgrﬁﬁllx silicasé)l,, 402/o memn@str()h}unzuﬂ)er) togffordVIRL qx P71 TTOGIL3)
117, 66, 21850 ARalotiegs e my 167bybAolethapony H R 00 Nt CDictys T %
1.62-2.10 (m, 18H), 2.32-2.88 (m, 4H), 8.60-8.95 (br s, 1H); *C NMR (75 MHz, CDCl;)

20  626.25,26.65, 28.54, 31.87, 34.62, 34.64, 34.67, 34.71, 36.19, 36.50, 38.35, 63.86,

107.60, 112.89, 174.63. Anal. Calcd for C;sH,20s: C, 65.29; H, 7.53. Found: C, 65.48; H,
7.80.

cis-Adamantane-2-spiro-3'-8'-s-butyl-1',2',4'-trioxaspiro[4.5]decane (0Z18). A
solution of O-methyl 2-adamantanone oxime (1.80 g, 10 mmol) and 4-tert-

25  butylcyclohexanone (3.09 g, 20 mmol) in pentane (100 ml) was treated with ozone
according to the general procedure. The crude product was purified by flash
chromatography (silica gel, 2% ether in petroleum ether) to afford trioxolane OZ18 (1.68 g,
52%) as a colorless solid. mp 123-124 °C (ethanol); 'H NMR (300 MHz, CDCl3) 60.84 (s,
9H), 0.89-1.10 (m, 1H), 1.14-1.35 (m, 2H), 1.55-1.85 (m, 12H), 1.86—2.10 (m, 8H); "*C

30 NMR (75 MHz, CDCl3) 624.71, 26.49, 26.89, 27.57, 32.27, 3479, 36.38, 36.82, 46.66,
108.95, 111.12. Anal. Calcd for Cy0H3,05: C, 74.96; H, 10.06. Found: C, 75.25; H, 10.06.
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7.95. Found: C, 71.18; H, 7.80. 41 WD 03/000676 PCT/ US02/ 19767

Adamant ane- 2-spiro-3'-1',2',4"'-trioxol ane-5"'-spiro-3"-7"

oxobi cycl wp3ds3®Bomkpeoonane (QZ13). A solution of O-nethyl 2-adareset/aeréene oxi ne
(0.64 g, 3.55 mmol) and bi cycl o[ 3. 3. 1] nonane-3, 7-dione (1.08 g, 7.10 mmuol)
in pentane (45 m) and CH2CI2 (45 m) was treated with ozone according to
t he general procedure. The crydg, roduct . purified by flash

chr omat ogr ap hy‘gé’%‘f'?f‘&i’ebgf?"%'g %§ é?‘ﬁ%ypqxﬁ "B’5“t\l‘¥?l(s)12_e’%}rf1lré°t"|"\%l?')ra/[t“o4 ] 3%1“??8 rd

trioxol ar@%?’l‘&ﬁ’s&ﬁti@m 0P BZ0850.36 ¢0b 0rh@9H i$ CH, A1, (TRl ekt hefatol (5 ml
(ethanol /H20 "1:1); '"H NWR (300 MHz, CDC13) 81.55-2.10 (m 20H), 2.32-2.70
(m 6H); Wae i fyzidindwaz30 8D@En8 0-batyhydraxglagine Rpir@iiloriie. (938 g33.032,
34.80, 36.15, 36,79, 39.94, 45.89, 107.15, 113 6@, 8.12. . Anal. Calcd for
C19H2604: Mol)y gndgthe Tepctign yps S%’Hﬁ%}:m@ terppgratirg for iég‘g}.“f‘i@?"twn mixture was
Adamant ang: 2=.5pk410:.3 =10 solaroGides b ol SN Rat w4 i octallizat]

oxope%t agcs)é’] %?%ke?qg%(g%&o tg%r(g%de%%hﬂé‘?% , 9"tﬁ?tuvf$15d§elf:lgl?{§d ?y})%efi’{“ alll\zaélgfl%t i on of
0- met hyl RemadansliAH a0 ¢20emdXi: eand Froddd ethandIHGMAI5)mBAd) to give trioxolane OZ19
pentacycl o[ 5. 4. 0. 02, 6. 01, 10. 01, 9 ]undecane-8, 11- dione (3. 48 20 mmol ) in
G20 2 1008 ol realor 68 saTimb Samer SodupanoB00 D Rtg s Kb,

pr ocedur e r u h fal h t Kl ica
el 2005 BT AU R B FAmERR2PESY Lhisaps o 200 6 R BR5 3B, B 105,
as a col 05.b9§s?2§§'7.2’5—7.4@(n1,0ﬁ293@ Bavietz) CDU) YR8 306 4 MHe, 8 1ICREY8)
81.45-2.15 (m 16H), 2.45-3.0 (m 8H); 13C NWVR (75 MHz, CDC13) 826. 36,
26. 63,0 343561, 33487584.735341 T4, 3369034.836639, 36.36, 5436,381.94,114990727.41,. 16,

For  Corroio0, &5 3 wbshls3tdn G R calbl 6 2bad, 76k N 3lss. =1 4

Adamant angs24sel 703 1.8 a9y hpxyi m no-1', 2" , 4" -tri oxaspi ro[ 4. 5] decane
(0z15). To a solution of 05 (0.557 g, 2.0 mml) in CH2C12 (5 m) and

met hanol (5 nlAdamentnacdspirg3i-i @' @e-tiox Bpimv[4.1 Bihetxadecdmwe (P22 nA solution
hydrochlorjide (0.250 g,.3.0 mmol), and the reaction was stirred at room
 Simer at (DT £velodideeanantrih ol Lo A ommal 354 Sontantrerea U Wacuo t o
provi c I ok i | om

ot hariol 1 (B0 28 PEFRg ) K RO T R Bl 45hidBE b

t ri oxol angen€il procédurb. IThg, cr8@dProduct avas phnfiedby flssi cldomatpg@php@ilica gel, 2%

(ethanol /H20.2:1);. 1H NUR (300 Mz, 13) 81.60-2 10 (m. 18H), 2.30-2.81
(m 4H), <ghg4n egt,rolswy;etl@womft%r@wlagﬂpﬁlg%éf@ X%) as;a cologesgoliggnp

28. 74, 327295 o33eManoAhdf $:1): 3 MR B1bo31H2EneR) 53018 P60 (m, 181), 1.62-
2.10 (m, 18H); *C NMR (75 MHz, CDCl3) §20.07, 22.05, 22.37, 25.81, 26.07, 26.49,
20  26.88,31.37, 34.76, 34.86, 36.38, 36.79, 111.33, 112.59. Anal. Calcd for C,;H3603: C,
75.82; H, 10.41. Found: C, 75.65; H, 10.69.
3-Ox0-7,20,21-trioxadispiro[5.1.11.2]heneicosane (0Z21). A solution of O-

methyl cyclododecanone oxime (2.11 g, 10 mmol) and 1,4-cyclohexanedione (2.24 g, 20
mmol) in pentane (60 m1) and CH,Cl, (40 ml) was treated with ozone according to the

25  general procedure. The crude product was purified by flash chromatography (silica gel,
10% ether in petroleum ether) to afford trioxolane OZ21 (1.29 g, 42%) as a colorless solid.
mp 78-80 °C; '"H NMR (300 MHz, CDCl3) §1.10-1.65 (m, 18H), 1.70-1.90 (m, 4H), 2.15
(t,J=7.0 Hz, 4H), 2.52 (t,J = 7.1 Hz, 4H); *C NMR (75 MHz, CDCl;) §20.03, 22.04,
22.39,25.76, 26.03, 31.12, 32.92, 37.80, 107.00, 113.73, 209.29. Anal. Calcd for

30 Cy3H3004: C, 69.64; H, 9.74. Found: C, 69.49; H, 9.81.
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30 61.15, 107.92, 112.00, 156.93. Anal. Calcd for CL7H25NO4: C, 66.43; H,
8.20; N, 4.56. Found: C, 66.58; H, 8.29; N, 4.41. 42 WO 03/000676

PCT/ USO02/ W& a8/000676 PCT/US02/19767
Adamant ane- 2-spiro-3' -8 -hydroxyi mno-1',2",4"-tri oxaspiro[ 4. 5] decane
(OZ16). To a solution of QZ05 (0.557 g, 2.0 nml) in CH2Cl12 (5 m) and

hanol (5 n 30 .
vdr oot or + do AdahfarR LSl 1 AEalRrcin ek R SRR, Bolgsion o,
t enper at Wre-tkhy?4-q#ambRRinb©AGime (0. m)?t SaEndRendreGaARP 4 HASyRsh-1dn¥ fLHQ tO

provi de a crude residue that was puri i ed by recrystal lization from
et hanol / 200 g0ol)in péntane (t1©0 gilywag tr¢a§&d)wahezmmceél@mg30 the g‘eB@&ll as a

51, 6o . ROy AP erise paadist i QiR (o SOPEIRETHY (Rl 2 RN (75

cr [+ 0] 710X [0) 4 0
I:\),AZZ 84’ 3@9%2@5%8 I%%B}%})gti’%@‘l’% 0681%51%§)z922?(0§ga %gtyég AR 18E%SrﬁC1}gH23NO4:

C, 65. 51;NMR (B0901Hb, CBCEJ 5 1R204280 (ﬁi ISH) 65550—&L107(n96H) NPC NMR.(75 MHz,
Adamant ane- 2-spiro-3'-9' -oxo-1', 2' ' -tetraoxas 4. 6] undecane

(Qz17). GRCh) §8638i 36 75348H34.68. @445 3633093%%6)5 7n1 GI21(7%0Antl) were

sdded K (9o & L b ATl L By e e 2010 (1,20 )

quenched wi th A@dhaRfanel2)spidd28'- SRSk alBOMN-1%2r54 IPiogxBr-act ed wi th CH2C12
(10 M x 2), and the conbined extracts were washed with H2O, dried over

My SO3 0 arndaspineé:5] denaod (02.23). vesodutmuafe)-mestlind d edatmantanoss qime ((D Baghy fl ash

o ot oA £, a8 M 0 P LA b
( et hanol )GHﬁT%NURn()%@&t Mazed v dzdhe %cco%dlﬁ T@%%%eﬁé?al ure2 TRE cx%d@e’ (m

8.60-8 13C NWR ( 26. 25, 26.65, 28.54,
31 87 3praduct @45 ﬁmﬁ@nbﬁﬂashMImqtogﬁpMSllkﬁgﬁb,10382(35 etl&mrslﬁe;trolélﬁﬂ 60,

éé2 439 Hl h%y)GtgéﬁA rc?1 tnoxc?ane%iﬁr (0?3%':%%8% asga:col%%egsgsoh(li_I ’m}Z '43—346 ‘!:(? und: G,

i s- | ' .
((:Ioglg\sani&hso ut P(s)jr:b if 0- rret ngd%%gl g&?&&gjx?);gi%i%g%ﬁ éd_%e%l) and
4-tert 258Hqt3/h@aec75>bﬁxﬁmm4(@ 10979, HZ,2HWBCONMR @8 MEAALCHEDY s1Tu)ecnas

treated with ozone accordlg‘g to the eneral procedure. The crude product
was puri f2|6é1@ B@WI%W 34htle F&gﬁﬁaﬁhﬁ £8i 41. @936@6512 106088:t112106] 1559331 ol eum

sther) 4 A ANSEE fof GERRE g%ﬁom%%é)ﬁ%g of: ?Sgé).b&r e ts R LY
Adamantane-2-spiro-3'-8'-benzoyl-1',2',4'-trioxa-8'-azaspiro[4.5]decane

20  (0Z24). A solution of O-methyl 2-adamantanone oxime (0.90 g, 5 mmol) and 1-benzoyl-4-
piperidone (2.03 g, 10 mmol) in pentane (60 ml) and CH,Cl; (40 ml) was treated with
ozone according to the general procedure. The crude product was purified by flash
chromatography (silica gel, 30 to 50% ether in petroleum ether) to afford trioxolane OZ24
(0.61 g, 33%) as a colorless solid. mp 130-132 °C (ethanol/H,0 1:1); 'H NMR (300 MHz

25 CDCl;) 61.60-2.15 (m, 18H), 3.51 (br s, 2H), 3.77 (br s, 1H), 3.96 (br s, 1H), 7.30-7.50
(m, 5H); °C NMR (75 MHz, CDCl3) 526.35, 26.75, 34.20 (br), 34.69, 34.77, 35.03 (br),
36.30, 36.62, 40.01 (br), 45.41 (br), 106.75, 112.25, 126.77, 128.49, 129.71, 135.74,
170.39. Anal. Calcd for C22H27NO4: C, 71.52; H, 7.37; N, 3.79. Found: C, 71.63; H, 7.24;
N, 3.95.

2

30 cis-Adamantane-2-spiro-3'-8'-propyl-1',2',4'-trioxaspiro[4.5]decane (0Z25). A

solution of O-methyl 2-adamantanone oxime (0.90 g, 5 mmol) and 4-propylcyclohexanone
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OH), 0.89-1.10 (m 1H), 1.14-1.35 (m 2H), 1.55-1.85 (m 12H), 1.86-2.10
(m 8H); 13C 30 NWR (75 MHz, CDCl13) 624.71, 26.49, 26.89, 27.57, 32.27,
34.79, 36wBd3/08B782, 46.66, 108.95, 111.12. Anal. Cal cd fPam/SBOHIRD3: C,
74.96; H, 10.06. Found: C, 75.25; H, 10.06. 43 WO 03/000676 PCT/ US02/ 19767
Adamant ane- 2-spiro-3'-8' -benzyl oxyimno-1',2",4" -tri oxaspi ro [4.5] decane

(Qz19). T sqQl utiopn.of QOZO5 .96 g,. 2.0 ) in

net hanol (2§%rﬁ’;f RSy ‘%B%@%ngmﬁhagfﬁeﬁ?ﬁw %C?'H’f RV 5‘? thﬁcB%&fam ne
hydr ochl rbEié?iuﬁeO %‘ﬂg cﬂlde%rgducmi Puri &by MR RRGIEPaphR Esifibd 581886 khrGRM

tenperature for h. The reaction m xture was 5 concentrated in vacuo to
provi de getrolahen ¢ther)do effortdationasnepOZi26 (@89 lgy58%e)casyasbiatlesystlidomp 49F-65dm

et hanol /H20 (20 m, 1: 1)1and from et hanol / H20 élS m, 2:.1) to give
Lr1 ool arfé (Heool g0 gel g H 8RR (300 Miro C¢Ieet0 86 (1 I 7 A5 2H1 85145

L

5H) 13C B, 6420 Miz. 78 W§B65331363§2 3%@24109 26.181.,07 2hal 8Cald@ o3&, 60 0033 87,
34.72, 3474 34.79, 34.85, 36.29, 36.70, 75.36, 107.94, 111.99, 127.

127. 90 1(2374341,Iﬂ:97879§pu1165ﬂ57¢44AHaI1002:al cd for C23H29NM4: C, 72.04: H,
7.62;: N, 3.65. Found

72.30,, H. 7.4 A
Adamant ane- 2- sfbﬁimastanf% %mrecgp?pﬁf a@zgremeﬂa[ld b ‘f riciexplegld Sldesans A
| ut
2 adanant Sy F3bition ) AERGEERNANE ST S50 § PR 10 m)
was toeattetamethyicpdohexancwofldidgy 10onmbl in perardll 0pmbcesureatedMich ozare

product was purified by flash_ chrgqmatogra silic eI % ether in
pet r ol eurficeedang)tothe gsrerm! pracedycy %%@ug%@%ggcf%?ﬁ a col orl ess

?gql ! iISH) higlﬁitzgrfﬁi%&?lﬁ%# Qtfgrc I\?Mt-‘erg’( 7% 133"0%3?%%62%8?1&60

22.37, 2%$%) asoolotless Sol mpP1-28. °88(,eth3ﬂolﬂ:fzo 34) 7‘H NMR (860 M8z, I8DCBH 679,
111. 33, 112.59. Anal. Calcd for C22H3603 H, 10.41. Foun
75.65; H,1.09(ss6H), 130Hie06H), da24(s, HH), dx?éc(s,sHi)r é[SB (§, 4111 128 bk @ J4hB; %@221).

A oL S ANBREDS ISSEORR P (Zad by B BB, )

m) was t4sefd 64 491 110.82916. %Cﬁﬁﬁldcaﬁdtf& ¢£H3ZO§5C%WPﬂ 1BIOBCEGHE C, The
crude product was purified by flash chronatography (silica gel, 109 ether

in petrol®Buh;ét,996 to afford trioxolane Oz21 (1.29 g, 42% as a colorless

?(r?]l | ZH) 1 ”12) Ig gg—A%amal;lltaNn'\@Z (sig)g'g-w-’ph%}lsz ',g'lfr}gxa}plss ?4%ecanle_l)(0za >

solution of O-methyl 2-adamantanone oxime (0.90 g, 5 mmol) and 4-phenylcyclohexanone

20  (1.74 g, 10 mmol) in pentane (80 ml) and CH,Cl, (20 ml) was treated with ozone according
to the general procedure. The crude product was purified by flash chromatography (silica
gel, 5% ether in petroleum ether) to afford trioxolane OZ27 (0.83 g, 49%) as a colorless
solid. mp 103—105 °C (ethanol/H,0 2:1); '"H NMR (300 MHz, CDCl3) §1.55-2.20 (m,
22H), 2.45-2.65 (m, 1H), 7.10-7.40 (m, 5H); >C NMR (75 MHz, CDCl;) §26.47, 26.87,

25  31.42,34.58,34.72,34.79, 36.39, 36.79, 42.93, 108.39, 111.37,126.14, 126.75, 128.37,
146.14. Anal. Calcd for C;,H2301: C, 77.61; H, 8.29. Found: C, 77.81; H, 8.17.

Adamantane-2-spiro-3'-8'--butyloxyimino-1',2',4'-trioxaspiro[4.5]decane
(0Z28). To a solution of OZ05 (0.557 g, 2.0 mmol) in CH,Cl, (5 ml) and methanol (5 ml)
were added pyridine (0.30 ml) and O-(fert-butyl)hydroxylamine hydrochloride (0.356 g, 3.0
30 mmol), and the reaction was stirred at room temperature for 24 h. The reaction mixture was

concentrated in vacuo to provide a crude residue that was purified by recrystallizations
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(t, J =7.0 Hz, 4H), 2.52 (t, J = 7.1 Hz, 4H); 13C NWR (75 MHz, CDC13)
520. 03, 22.04, 22.39, 25.76, 26.03, 31.12, 32.92, 37.80, 107.00, 113.73,
209. 29. Awalo3o@sred for 30 C 1 8H3004: C, 69.64; H, 9.74. peaursd2/1967 69. 49;
H 9.81. 44 WO 03/000676 PCT/ US02/ 19767

Adamant ane- 2-spiro-3' -1’ 2 ,4', 8" -tetraoxaspiro[4.5]decane (0z22). A

sol ution of O-net nta ne oxi . , l. nd

E et r?hédlf@nllﬁ Vg%qu i @B&OT%m ‘itga“ﬁ@(bg (?%nﬁe%?éﬂmé&%%‘w PGas Lot
reate rago AR uc

was puri \Tﬂi%B @Z&n?ash c Sﬁgo‘%got%egsr%pﬁy 5 i cacgétﬁ (gZIOOfSHet her(glbg

petrol eumrg I‘(BIDOZU) & lakd @ 9H, M 6(D)XTD|16nen @322 1. @2&7459@1 asny 2. &G—h60:@ﬂ1,oer)ess

oi | 1H NVR (300 Miz, ,CDCL3) 81.20-2. 30 (m_18H), 3.50-4. 10 4H); 13C
NVR (75 BH5-2.76100, IH)8Y6.BIR (185. 73/1}13401@@ 3) 82164, 2680,26,91387.3 283%7 60,

65 615 199,30 g - 07 Ml 0 681551 963 RERRO 5100, 81 it 883 Found
onyl -1", A naf cdidd f&%@zﬁhl%ﬁéa@mﬂ Qi %.9a) de QN })7&1%2@)68 A5;59) 8174, 00 460

O net hy 2- adamant anone oxi ne (0

1- et hoxycar bomdmﬂanape-m-sinrm3'(11,2'7,4'-g;ox38prmiﬂ5]de¢anpﬂé-mr2e4-( 80 n1) and
CH2C12 (20 m) was _ treated e.acgc er al edure.
The crud@‘“‘ﬁ'f"é’&ﬁ’él’ WQE“WK&Z@Q) &,soﬁ W%&%@g éM‘ﬁ) ’I“le(t,}é?‘n@ 10 to
20% et he t f i % as
col %rl esgn 2%? @gm%ﬁg?rﬂg vgﬁfgdé(dce{? %a%g{t%ﬁtgézgxghﬁ%h%dﬁ%a Vel g2?:[?%:13)
81. 270 ('t mnlol? stlfdriblacid3H)s, ml).a6@H20XQ2.3(m}) in &dBkfql (3.5411), and Fhe renctibl)wasd. 14 ( q,
J = 7.1 Hz, ; 13C NWR (75 Mz 814.66, .26.40, 26,79, 34.35,

34. 71, 3&t1179d 33‘80@5tem£>6ra§8fe f%lloégmc% fﬁlzemg(%‘e@@ed ¥ith etfipnol @8 ml) Theans) |
Calcd fo d 73;
N, 4.15. Eﬁgﬁﬁgﬁ%ﬁ- Qévﬁgl}o- ’i‘-agly ﬁletg%% ‘M‘Shéd %ﬁhfﬁ%‘?i %‘i‘ap’e@é%?%s%.'ﬁfé‘z [4. 5]
decane 2@tHaf¥1P4) mmtcsmﬂfmﬂitﬁnxdlineaazw I((y39g Mmrﬁ@nmeohdlmplw—lg@ °g 5

mmol ) and 1-benzoyl| - 4- eri done (2.03 entane (60 nm) and
Goc2 (4190 ol Hmﬁeéom CaNGinbs o0 o 18 Red i, S b BT o

Th d d i3~ 30 t

5096 b8 hel e Beito Rk af by T 2ha D SR PR re oo Tl 8 Y36 as
gg' 85' ES%{%@R' (185 7%@%@:@% a@3(ﬁt tl%ﬂ@'id*!?s?% 8@)32 a4 EDBJUBSMQQ M“!?O 33@1CD013)
7. 30- 7. 506. 3@@6 57-1)36 ’ZKB(L‘ON44R11(2755) WHE.27,00645) 1&58,3139 9&,61377591 345 29 (br)
34.69, 34,

1295 15865 Rnilonalrg o GplapiOe, 5463: . 5. 72 N, 12 Fetindt | $F ba; 4% 7

5.65; N, 12.02.

Q

20 Adamantane-2-spiro-3'-1',2',4'-trioxaspiro[4.5]decan-8'-one 4-
phenylsemicarbazone (OZ30). To a solution of OZ05 (0.28 g, 1.0 mmol) in ethanol (5
ml) and CH,Cl; (1.5 ml) was added a solution of 4-phenylsemicarbazide (0.17 g, 1.1
mmol) in ethanol (5 ml) and CH,Cl; (2 ml), and the reaction was stirred at room
temperature for 1 h before being heated to 50 °C for 30 min. The solution was cooled to

25 room temperature and the resulting precipitate was filtered, washed with ethanol, and dried
to afford trioxolane OZ30 (0.37 g, 90%) as a colorless solid. mp 161—-163 °C dec (ethanol);
'H NMR (500 MHz, CDCl;) 61.62-2.10 (m, 18H), 2.48-2.61 (m, 3H), 2.62-2.69 (m, 1H),
7.02-7.09 (m, 1H), 7.23—7.35 (m, 2H), 7.48-7.54 (m, 2H), 8.24 (s, 1H), 9.11 (s, 1H); 1°C
NMR (125.7 MHz, CDC1;) 623.17, 26.46, 26.87, 31.88, 32.57,33.92, 34.75, 34.79, 34.93,

30 36.35,36.37,36.75,107.75, 112.17, 119.33, 123.10, 128.84, 138.26, 150.83, 154.31. Anal.
Caled for Cy3Ha9N304: C, 67.13; H, 7.10; N, 10.21. Found: C, 66.86; H, 6.92; N, 10.04.
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170.39. Anal. Calcd for C22H27NO4: C, 71.52; H, 7.37; N, 3.79. Found: C,
71.63; H 7.24; N, 3.95. 30

ci s- AdamewpDanee®@Iepi ro- 3' -8' -propyl -1', 2", 4" -tri oxaspi r o[ 2CF]wheza9re7 ( OZ25) .
A solution of O-nethyl 2-adarmantanone oxinme (0.90 g, 5 mmol) and

4- propyl cycl ohexanone 45 WD 03/000676 PCT/US02/19767 (1.40 g, 10 mmol) in

pent ane (100 was, treated . th Qne, age to the general
procedure. ?‘Q@mﬂl‘é‘aﬂféaﬂ’&°'%v&§ f)% FPTeod?b@ Pglg‘h chromat ography (silica
gel, 2% %Hﬁbxhdts m{4 leqzurexsa&am\, (tpzaf)f"pégsélﬁﬁ&e@@os @25o( Dodtngy S58%
as a colorless so 51 C (ethanol/H20 2:1); 1H NWR 530 VHz |

CDC13) 8@n 88- ctlmeﬂ@xyefharze (4 mIBwgpre aﬂd}ﬂ 115-4131y5ro(3memy -2 ﬂ-bmdme@m 20H) ;

13C NWR 4 31, 20..18 34..29, 34.78,
35. 83, 3%@%%%“}?2" %‘15’%"1“3‘%‘“ gic SHipiCRonotie Cime, A fHe cdsign es C
74. 475 HgtifeBdt: ro&ﬁ%@ﬂxpeﬁtur@ for 46 mlﬁi,béereQ?eing quenched b?/ addition of saturated

Adamant ane- 2- spiro-3' - -tetramet hyl - -trioxaspiro [4.5] decane
(Qz26) . NaHﬂQBtspblmw@f(lG)th filyé rezetmjammtua@waeccmmnmateﬁm %cgq toEpmwdh)a and

3,3,5,5- 10 tet t hyl ] oh 154 t 100 m

i PR A it i AL ke
duct

T e e e e

solid. msyie whﬁao(l)gt mammw dﬁIG@MIHzJ,)CDI]ﬁ)M\ﬁ(I—EQO (MHZ2H) CRQIBW &4 (nd, 488, (S,

6H) , 1070% 1.24 (s, %5 1H), 1.59 (s, 4H). 1.61-2.10 (m
14H):0 13¢ 57&R/Rn(2151),|\%&3— @2@1@)2%2 GYMR 61257 MBz, AOC13)16 5953,28.936, 34. 77,

Coora203298: Yl 8 48T ots PratRa. v T feloff o185, 12805465,
ci s- Adamapé a5er3R:(10i188:08. ARl -CHaMor-&;,H%04C; 723401(@5799 r%ﬂn@]@e&%}em Qz27) .

A solution of O-net hyl = 2- adamant anone oxi ne’ (0. 90
4- phenyl @y®l ohexanone 20 (1.74 g, 10 mmol) in pent ane (80 rﬂ) and CH2C12

20 ni treat ed wit di d Th
Crude. br oduct ATRBARE gy AR dr PSP L] s BZS By dr her
| |
ol P | P DREBE, Gk PriiQIpHe BRI A dnfioifh » € 1 AMPEL 05°
(m  22HNaOHN was &ided t(> msolhhbn ofA0Z05 7(04T 72 .0 Tirfjol) i ITINERM{LY & (M€ ov&RC13)

826.47. 26.87. 25 3 34.58, 34.72. 34.79, 36.39, 36.79 42.93, 108.39,
111, 37, 1PgFodOf s eri%lowas stytrgd phroopy tempereturecter § BoOelombang: ¢ 77. 61

H  8.29. (FOiREl with E1OARX10 ). $nd dolvent was removed using rotary evaporation and the
crude product dissolved in EtOAc (50 m1) and washed with saturated aqueous bicarbonate
20 (10 ml), water (10 ml), and brine (10 m1). The organic layer was dried over MgSO,,
filtered, and concentrated to give trioxolane OZ32 (0.25 g, 89%, 1:1 mixture of two
diastereomers) as a colorless solid. mp 1 00-106 °C; 'H NMR (500 MHz, CDCI;) 51.45~
2.20 (m, 22H), 3.70-3.80 (m, 1H); '>’C NMR (125.7 MHz, CDCls) § 26.52, 26.94, 30.76,
31.26, 31.59, 32.07, 34.80, 34.88, 34.92, 36.38, 36.46, 36.83, 67.46, 68.06, 108.09, 108.19,
25 111.50,111.68. Anal. Calcd for C;6H,4004: C, 68.54; H, 8.63. Found: C, 68.36; H, 8.44.
Adamantane-2-spiro-3'-8',8'-dimethyl-1'2'4'-trioxaspiro[4.5]decane (OZ33).
A solution of O-methyl 2-adamantanone oxime (0.90 g, 5 mmol) and 4,4-
dimethylcyclohexanone (1.26 g, 10 mmol) in pentane (100 ml) was treated with ozone
according to the general procedure. The crude product was purified by flash
30  chromatography (silica gel, 2% ether in petroleum ether) to afford trioxolane 0Z33 (0.72 g,
49%) as a colorless solid. mp 125-127 °C (ethanol/H,0 3:1); '"H NMR (500 MHz, CDCls)
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Ad amant ane-2-spiro-3'-8'-t-butyloxyimno-1',2",4"-trioxaspiro [4.5] decane
(Qz28). To a solution of QZ0O5 (0.557 g, 2.0 mml) in CHC12 (5 m) and

met hanol WB oglodos7ever e added pyridine (0.30 m) and PCT/US02/19767

O (tert-butyl)hydroxyl am ne hydrochloride (0.356 g, 3.0 30 mmol ), and the
reaction was stirred at roomtenperature for 24 h. The reaction m xture was

Cacryat apP2des BHe U1 G BhTBoE e ButtadtLerR 0 R L8 PERIRD o0

1:1) a“dlvfﬂp@r%lf;ﬁﬁ%/zﬂ#@é (@(—"orﬁfzﬁs& 988Y (b, B4 30.80,0491 553 838E87( 0. 63 g,
90% as a colorléss solid. np & C (ethanol / H20 2.5: 1) “H NWVR (500

VHz CDC36)3283]6 7%6 109,079H) 1. 1911’6@ 23a10d (nC138+D;: 7393 2H,43. 6(5rrFotmd) C,2.50-2. 60
(m 1H), 1_5[ %5 6 (m 1H); 13C NMWR (125.7 Mz, CDC13) 821.54, 26.50,
26. 91, 2?4%; 98997 5 32.77, 34.13, 34.78, 34.80, 34.86, 34.91, 36.39,

36 8099 477 38, A%J%ﬁlaéﬁﬁﬁéééjsg%gé%gg &Epheé&r?lgi 2 4%4{&%8{196[4@%%25&). 68. 74;

Adarrant aA&oﬂrttmldf(@ -Bethyl, 224dahanthnorox esipier(0[99.¢5) dewapand' 4, dre 2,4 din itroph
enyl hydrazone (QOzZ29). A solution of QZ05 (0.28 1. | ) in ethanol (5
m) and émbmﬁcmo@xmnfv@@g SEwel lapgfagleﬁéaﬁ%b%nd 8% ol was

2, 4-di ni . i

and 120 (B Y RUHE BEcchBnt P RBethsrit ploed R TR dnaSHRHEL Gl Tobin
t enper at fgash dheémato graphy lfsificr gel, 564 am@mepahﬂdmmhér) &t dffond| tripXélamd PZ3Fhe
resul ti n?q preci pitate was i mmedi ate washed wth et hanol and.

recry&t al0-4& a3 p)oas 2 edladsss FOI(dZEPPrﬂ §¥Tlé7apf(5¢lépql)r | B RORAS0028H2,(GDEB) g,

?;%c%lgi"sg%%ﬁ%%‘%“' s 224581 e, 790 42 )‘JEW#WHZ

, 8. 27cbt€i;o) 5]26—5? 2%9123@5|r|234(15 |§)4 7993@%7%45239834245417 Hos. 615111112465 1 H);
130 NVR (12 26. 4 5, 32.40,

34.73, 342809, 125. 8(81,12633 m17352&s370 m%ommv 141;53 mscalcafﬁezzﬂnms 45,
129. 18, 1299 4 5. Anal. Calcd for C22H26N407: C,
57.63: HC 8 gHj;iz&%‘ﬁ éo%ﬁ%s Pé577g1? 74: H 5.65 N 12.02. 20

Adangnt ane- 2 F&'aﬁﬂuﬁ?né zas@m%v.st-f.b%amam&@a 31 ?QP oth-gone 4-

phenyl sem car bazone To a solution o 0.28 g, 1.0 rrm)l) in
et hanol GQZzaspiro]4. ﬁ]ld@cﬂ&Mi)JASohﬂh)aMQ-&t&ﬂ@MﬁdMMbﬂﬂ afime (0.90 g

4- ph | b d .17 g, .1 | i th 5m dCH2C12 2

m')o egﬁdmc%aﬁ%%ﬁumw@q%}%@lla?n%skﬂ '9556 anobﬂépﬁara)nzaf?p wrade b((al ng

heated te 9269{1 s Fefted WA oSG &Pdlwg%o tﬁQgﬁﬁgalkn&cﬁé fiqgerature
§ t% ng %reC|p e

and the re Itate was filter anoF and dried
product was purified by flash chromatography (silica gel, 15% ether in petroleum ether) to

20  afford trioxolane OZ35 (0.73 g, 40%) as a colorless solid. mp 82-84 °C (ethanol/H,0 2:1);
'H NMR (500 MHz, CDCl3) §1.46 (s, 9H), 1.62-2.10 (m, 18H), 3.40—3.70 (m, 4H); '>C
NMR (125.7 MHz, CDCl;) 626.48, 26.88, 28.41, 34.45, 34.76, 34.85, 36.43, 36.76, 41.60
(br), 79.73, 107.07, 112.01, 154.60. Anal. Calcd for C0H3NOs: C, 65.73; H, 8.55; N, 3.83.
Found: C, 65.52; H, 8.39; N, 3.80.

25 2,2,4,4,14,14-Hexamethyl-7,12,16,19,20-pentaoxatrispiro[5.1.2.5.2.2]icosane
(0Z36). A solution of O-methyl 3,3,5,5-tetramethylcyclohexanone oxime (0.92 g, 5 mmol)
and 3,3-dimethyl-1,5-dioxaspiro[5.5]Jundecan-9-one (1.98 g, 10 mmol) in pentane (100 ml)
was treated with ozone according to the general procedure. The crude product was purified
by flash chromatography (silica gel, 4% ether in petroleum ether) to afford trioxolane

30  OZ36 (0.70 g, 38%) as a colorless solid. mp 95-97 °C (ethanol); 'H NMR (500 MHz,
CDCl3) 6§0.97 (s, 6H), 1.03 (s, 6H), 1.04 (s, 6H), 1.20-1.29 (m, 2H), 1.55(d, J = 3.2 Hz,
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to afford trioxolane Oz30 (0.37 g, 90% as a colorless solid. np 161-163 C
dec (ethanol); 'H NWR (500 MHz, CDC13) 61.62-2.10 (m 18H), 2.48-2.61 (m
3H), 2.62wp.8®o0dems 1H), 7.02-7.09 (m 1H), 7.23-7.35 (m PRH)US0Z/19487 7. 54
(m 2H), 8.24 (s, | H, 9.11 (s, 1H); ' 3C NWR (125.7 M1z, CDC13) 823.17,
26.46, 26.87, 31.88, 32.57, 33.92, 34.75, 34.79, 34.93, 30 36.35, 36. 37,

Al - CANDT PRI A3 RRGOID: 8% By T4 F 9k S oA G AR e, B . e

H 6.92; \Wr 1@294M}&70Wé193d%636 490% é@%’zﬂo%@@l 3392188 30k 59, 51.43,

a-2-spiro-3 12" -benzo-1'", 2

pent aoxadio29, Had,. 120’/6943]1hé)ﬁad&nzar(éal(:mjgz.lesaCsﬁsLm Hof.8%. Fanib (0. 28 g,
1.Omol) in 1 % di met hoxyet hane (10 m ) were added

1, 5-di hy(ﬁgé"BHPrgt Qoxy 2, -4-benzodi oxepin (0.20 g, 1.1 mmol)

d ! ' h
R e e T L e L

sat ur at edicyWisfE8B] sclaue |(oz3v)1Te asblutiohhd OZEX(0.399 g @huhal)vxamrmp@r}hnat ed
in '"acuo to g][a'?w de a crude residue that was purified

r ecr yst alang gthenel{s mborsre added pyridine (0.4 3 snlypnd met;byxyémnemydrﬁcétqmﬁdo 1230 )

to give tr e [ 149- 151 C
(ot hanol ¥ 1SS ibH® crsbotudl Pl adiod SRbTRLETE S0, Tup Redirr v "ary

10 7. 02- ‘miQfhré Was dficentratkd in'vatdo (Iprodide a drdde Péidué thdbwas Plkfie 13) 826. 53,
26.94, 29.46, 31.12, 34.81, 34.91, 36.42, 36.84, 64.65, 101.3 108. 42,

111. 68, 1%ywhza1@9 fIgm etfmel/HfQ(lﬁstsﬂ @11) tsngsvmoxmlomﬁl(@az 20966 4HB005:

C, 72.34; 7.5

it aselosedssong. B AR- 1 d Gubporbho 211y Qﬁlmmw%mgaa%éeozga A
15 sol ut

dr o;g gf I2(?’50@;|\1A Nﬁ'ﬁHé Kﬁ%\%ﬁ@gma%lalig @§3_2)a428(1§|1 %?_pg%@%)fx%%onmw g‘?%\é ryfﬂo nmol )

in THE (53GTNME.(115 ’CMHE,rCIaCbpéQ() 49, 26.88 33123, 3218, MeBIc34.80, IS0, F6i 7 ed at
room tenperature for e bei ngéquenched with Et OAc_(10 rr1) The

sol vent \?€/§57 S %ﬂﬁ&% &é@ﬁlé\pa Fafi 0% B d653 4% Angk. Grichfosduct
: t bi car bonat
i g ot B s s

20 ( organic’layer was dried

over MySO4i iAdammanaadsmmemx(Napmalmgo)imiotl'gx,m—ane Gz32 (0.25 g,

89% 1:1 mxture of two diastereoners) as a colorless solid. ng 100- 106 C
R

I H NVR ( mexwo{@b&es)ms@l@) Bo ngwnzﬁéFbZOSa(Oﬁé‘-’r 8. BO3 mamol) ppd N13C N 4R
(125! L0 ey et .0 B iyl Gl P
acetic acid (0.5 ml), and the reaction was heated to 50 °C for 2 h. The reaction mixture was
20  cooled to room temperature, filtered through Celite, washed with CH,Cl,, and the solvent
was removed in vacuo. The residue was purified by recrystallization from ethanol (10 ml)
to give trioxolane OZ38 (0.45 g, 65%) as a colorless solid. mp 146-148 °C (ethanol); 'H
NMR (500 MHz, CDCl;3) 61.65-2.07 (i, 16H), 2.10-2.19 (m, 2H), 2.43-2.58 (m, 2H),
2.78-2.90 (m, 2H), 7.70-7.79 (m, 2H), 7.84-7.90 (m, 2H); C NMR (125.7 MHz, CDCl3)
25 §26.43,26.82, 28.12, 32.41, 33.15, 33.81, 34.72, 34.76, 34.79, 34.88, 36.30, 36.32, 36.70,
107.20, 112.28, 123.54, 131.08, 134.20, 164.32, 180.89. Anal. Calcd for CyH,6N,0s: C,
68.23; H, 6.20; N, 6.63. Found: C, 68.12; H, 6.03; N, 6.57.
Adamantane-2-spiro-3'-1',2',4'-trioxaspiro[4.5]decan-8'-one tosylhydrazone
(0Z39). To a solution of OZ05 (0.28 g, 1.0 mmol) and p-toluenesulfonhydrazide (0.21 g,
30 1.1 mmol) in CH>Cl; (5 ml) and ethanol (5 ml) was added acetic acid (0.5 ml), and the

reaction was heated to 50 °C for 2 h. The reaction mixture was cooled to room temperature
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25 111.50, 111.68. Anal. Calcd for C16H2404: C, 68.54; H, 8.63. Found: C,
68.36; H, 8.44.

Adamant anwo23memicr©- 3' -8' , 8' -di net hyl -1',2' | 4" -tri oxaspi r o[p¢TH]SdBTHERE
(Qz33). A solution of O-nethyl 2-adanmantanone oxinme (0.90 g, 5 muvl) and
4, 4- di met hyl cycl ohexanone (1.26 g, 10 nmol) in pentane (100 n1) was

t ted t.h t th The duct

vaeport tid bRt R RS0 M ik Sl pURER pRIRSSRM S AR RIBLR0C L
et her) to(13fh102.4) i Eﬁé%@aﬂa@@ﬁs«(@ . YR %8%)4@%col@ﬂes§sd}ﬂi 3% °€@ekd. np

125-127 C (et hanol / H NVR (500 Mz, CDC13) 48 03/ 000676
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26 87 brdtih 3gB A% 3 19 Walr 78 Hasaear Tagl a7 18 g, 51 QRN G ARG, O
111. 1% %ﬂk(l%!fﬁﬁz‘?bl\%@ﬂ%ﬁ%@%}237.834,%ﬂszé.?z,@?.os,'i?‘ﬂ%', 33%9, 344716: H

9. 55.

Adarrant angt.29, 395803 8. 97810785& qiiptmnszinm 1%.34'135028,0436Ri ¥ 9§ .643. ﬂxﬁec@ﬂed
(Qz34). A sol ution of rreth 2- adanmant anone oxi ne (0.90 and

5,0 i pHenghhoNahe: GnGhEG(H. S O TRomnai G, G SM At o8, 53 and CLpel2
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i n petr ol g4nEbM6T D-fethdd ﬁ@ﬂﬁnixﬁm@ﬁ@bﬁﬁ@e@zﬁﬂ Jnh§)) 4@ 4- 2399 as a
colorless solid. np 155-157 C (ethanol); "H NVR (500 MHz, CDCL13)

81. 40.02. Zsorapylawighexan@e (2.46%, {Gnmal) in pengoet] Wml) wes tre@g:witdRosR ( 125. 7

4547, oo T generdl phocsdind e GudCipaiesdli puticd by 935 155 46,

ég5gg4 chﬂlgorg&ztogxﬁgﬁﬂr (sifiH gl 2op Eth&%ﬁ'ﬂ%%@ﬁum &therPf-affdrd tHoxbiafi® OZ4U 47 &

Adamant an¥-%2) s pi coborBss 80lid. mmdibﬁl?(i@r(bﬂnmydl) IH EMRZI('SG(I MHzgaCBCb) 60.85(d,J
rof 4. n 3 A tion nt anon
(0.56 g, 56 I BRhATIE T i Wk blychonom, Fb Ipnb st @orchy 0. @53g0 () ﬁm
t d
e’ dener oy SORMEE (fhs (it Crict Ios 238 sl SE8ETe I 42 PEDGASaRTT N0 |
chr omat og3488)86.48] 36. ea, 447, 10994 a1 he0. ARalp Saldd fertniesber T, 104201, 8r d

tri oxol ane Qz35 éﬁ@z 40% as a colorless solid. np 82-84 C (ethanol/H20
2:1); ' ¢5 @ClS) 81.46 (s, 9H), 1.62-2.10 (m 18H), 3.40-3.70

GRELTIp Rl M RN
Cal cd f or((ﬂ?ﬁbﬁ& %ﬁno@of@ﬁmzt%yl Hada#naranoNe oRid(0.36 g, 2 mmol) and 4-(4-

20  fluorophenyl)cyclohexanone (0.38 g, 2 mmol) in pentane (50 ml) was treated with ozone
according to the general procedure. The crude product was purified by flash
chromatography (silica gel, 2% ether in petroleum ether) to afford trioxolane OZ41 (0.36 g,
50%) as a colorless solid. mp 103-106 °C (ethanol/H,O 1:1); 'H NMR NMR (500 MHz,
CDCls) 61.58-2.25 (m, 22H), 2.43-2.70 (m, 1H), 6.90-7.02 (m, 2H), 7.11-7.22 (m, 2H);

25 CNMR (125.7 MHz, CDCly) §26.43, 26.84, 31.57, 34.63, 34.76, 36.36, 36.75, 42.15,
108.24, 111.41, 115.06 (d,J =21.4 Hz), 128.03 (d, J = 7.4 Hz), 141.75 (d, ] = 3.0 Hz),
161.26 (d, ] = 244.1 Hz). Anal. Calcd for C;,H,7FO3: C, 73.72; H, 7.59. Found: C, 73.65;
H, 7.66.

Adamantane-2-spiro-3'-5',5'-diphenyl-1',2',4'-trioxolane (OZ42). A solution of

30  O-methyl 2-adamantanone oxime (0.90 g, 5 mmol) and benzophenone (0.91 g, S mmol) in

pentane (90 ml) and CHCl; (10 ml) was treated with ozone according to the general
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Found: C, 65.52; H 8.39; N, 3.80. 25

2,2,4,4,14, 14- Hexanet hyl -7, 12, 16, 19, 20- pent aoxatri spiro[ 5. 1. 2. 5. 2. 2] i cosane
(Qz36). AveaBmbiconn of O-nmethyl 3, 3,5,5-tetranet hyl cycl ohexamarse2/ovcme (0. 92
g, 5 mol) and 3, 3-dinethyl-I,5-di oxaspiro[5.5]undecan-9-one (1.98 g, 10
mml) in pentane (100 n1) was treated with ozone according to the general
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80. 97 (s, , 29 (m 2H)
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MHz, CDC1ZHD: 5’{'222 %82 '(mo ), 740748, (maé 0,C 11233 Miky, CE)CBDS 268659, 51. 43,
70. 29,5 96,70y % 94 0g L0y B3, s8Rl 1031595, %6 SRHER So, B K, ©- 25

Found C,

Adanant an€aldd $RiC,9H 051, .28 H, 61940 Fehmi €, 39 32pHI 963" - 7" - met hoxyi m no- ci s-
bi cycl o[ 3. 3. 0] octane (QZ37). To a sol ution of Qz12 (0.304 g, 1.0 nmol) in

CH2C12 (5 ) Admniaetm%sspl(r<53hﬁ')5'm$(é' eldde@lmwl)dl,ﬂd' twioxBlame (0ZA43).
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for 2 h. The r&aﬁhhafwmcwmsws@s'aﬁs(mﬂheﬂ)pmnywm',uemiekataué f0Zhi).t gr ed
t hrough Celite, washed wth CH2Cl2, and the solvent was renoved in vacuo.

The resi dipdutigasfQimetindd-aspmentengnstaxime (490 gnS mothasd hdfhol (10 M) to gi ve
:[ ' i oxol ancﬁﬂuorogergz pﬁeno%é (?Bfog, ? %n%lfgllp%{l{ane %9(? l)lagd C%I:Mﬁo nill?wca:s Eé\gtrf]:g nol):;

H
with ozone according to the general procedure. The crude product was purified by flash

20  chromatography (silica gel, 2% ether in petroleum ether) to afford trioxolane OZ44 (0.87 g,
45%) as a colorless solid. mp 8689 °C (ethanol/H,0 1:1); 'H NMR (500 MHz, CDCly) 6
1.60-2.05 (m, 12H), 2.06-2.40 (m, 2H), 6.90—7.20 (m, 4H), 7.35-7.65 (m, 4H); '*C NMR
(125.7 MHz, CDCl;) 626.41, 26.84, 34.77, 34.96, 36.17, 36.71, 108.95, 114.21, 115.06 (d,
J =21.3 Hz), 128.96 (d, J = 8.4 Hz), 135.56, 162.95 (d, ] =248.0 Hz). Anal. Calcd for

25  CyHpF,05: C, 71.86; H, 5.77. Found: C, 71.78; H, 5.87.

Adamantane-2-spiro-3'-5',5'-bis(2',3',4',5',6'-pentafluoroph enyl)-1',2' 4'-
trioxolane (OZ45). A solution of O-methyl 2-adamantanone oxime (0.90 g, 5 mmol) and
decafluorobenzophenone (1.81 g, 5 mmol) in pentane (90 ml) and CH>Cl, (10 ml) was
treated with ozone according to the general procedure. The crude product was purified by

30  flash chromatography (silica gel, 1% ether in petroleum ether) to afford trioxolane OZ45
(0.60 g, 23%) as a colorless solid. mp 92-95 °C (ethanol); 'H NMR (500 MHz, CDCl3) 6
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NVR (500 MHz, CDC13) 51.65-2.07 (m 16H), 2.10-2.19 (m 211), 2.43-2.58 (m
2H), 2.78-2.90 (m 2H), 7.70-7.79 (m 2H), 7.84-7.90 (m 2H): 13C NMR
(125.7 MHEp 0GDBK3) 25 526. 43, 26.82, 28.12, 32.41, 33.15, PEINBI21847 72,
34.76, 34.79, 34.88, 36.30, 36.32, 36.70, 107.20, 112.28, 123.54, 131.08,
134.20, 164.32, 180. 89. Anal Cal cd for C24H26N205: C, 68.23; H, 6.20; N,
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treated W1th ozone according to the general procedure. The crude product was purified by
20  flash chromatography (silica gel, 4% ether in petroleum ether) to_afford trioxolane OZ47
(0.68 g, 36%) as a colorless solid. mp 122-124 °C (ethanol), 'H NMR (500 MHz, CDCl;)
§1.60-2.18 (m, 22H), 2.40-2.60 (m, 1H), 7.05-7.30 (m, 4H); '*C NMR (125.7 MHz,
CDCl3) 626.59, 26.99, 31.43, 34.68, 34.86, 36.53, 36.89, 42.40, 108.22, 111.48, 128.12,
128.52, 131.84, 144.63. Anal. Calcd for Cy,H;7C10;: C, 70.48; H, 7.26. Found: C, 70.50;
25 H,7.38.
cis-Adamantane-2-spiro-3'-8'-[4'-(trifluoromethyl)phenyl]-1',2',4'-
trioxaspiro[4.5]decane (OZ48). A solution of O-methyl 2-adamantanone oxime (0.90 g, 5
mmol) and 4-[4-(trifluoromethyl)phenyl]cyclohexanone (1.21 g, 5 mmol) in pentane (90
ml) and CH,Cl; (10 ml) was treated with ozone according to the general procedure. The
30  crude product was purified by flash chromatography (silica gel, 4% ether in petroleum
ether) to afford trioxolane OZ48 (0.96 g, 47%) as a colorless solid. mp 115-117 °C
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chromat ography (silica gel, 2%ether in petroleumether) to afford
trioxolane QZ41 (0.36 g, 50% as a colorless solid. np 103-106 C

(et hanol /WB@3M0odkye ' H NVR NVR (500 MHz, CDC13) 81.58-2. 2%CTmso24dp7
2.43-2.70 (m 1H), 6.90-7.02 (m 2H), 7.11-7.22 (m 2H); 25 13C NWR (125.7
MHz, CDCl13) 826.43, 26.84, 31.57, 34.63, 34.76, 36.36, 36.75, 42.15,

18 25, ety e Ry opit (80 O Ly & o>
73.72; H, 7765865 (mowHly, ¢ NKR 125.7 MHz/CBE13) §26.60, 27.01, 31.26, 34.64, 34.88,

Adamant ane- 2-spiro-3'-5",5" -di phenyl -1',2"' /4" -tri oxol ane OZ423 . A solution
of 30 O ¥edthy36.99, 42 2haki8aldohel.bkil2d.38 (.90~ §69.5 Hoxd2j.38 6@ bedSdphenone

bzone acclVangtt 67 (na GHARHY. SO DY) Golh R GonrBRob 1876 it Bbedur e
The cruderfiadocd7 wesgugfied by flash chromatography (silica gel, 2%
ether in petroleumether) to afford trioxol ane Oz42 (0.55 g, 32% as a

col orl ess sol i Alddampntas-2t6pire-G'-§'eadetyldl' .2 5R'Srivxa)8 - azhspivia[4. SPikcAdéz(OZAN)1 3)

81. 60-2. 1 C12HL. 2. 16=2.30 2 95.7.42 7.45-7.60
a0 0150 Ruoplion gt brmenyl 2aadinyralloge Bitmie s § misgh aa Dabeigl 4 pisrisgne
36. 88, 1089, 126n .

C23H2403: @8,@ 3%?%} PE" 94?@5% % gmng}% .(gg’;nl)]ﬁ,%et?%teeg%% ozont &SI
Adanmant ante-t2e gquerad pBcedure 5Thdxrsdelprodindt eras phafigd hy flash2hrothatdgraphyolsiiva

oz43). A sol ut f  0-methyl 2- t i 0.90 5 | d
boa 2o cbimuR SR it s OGS0 AP % n SHloresiid. gos ATy ot CpC1 2

20 N [TaNEVY i . Th
Crude br odahOREC B’ K REAELC00T A Nk 2 o, BRE 2ol 81 B0 o T
pet rol eun gg @Ho)t, %nt@.«ssqmt, nHyH&EE %%7 (\/ﬁ{ziég&m“}az 2002 ?%ﬁ, 9Qbgr | ess

solid. np 128-13 et hanol / H20 5:2):"H NMR (5 DG 61. 60- 2. 05
(m 12I—|),3421.4164-Z433)4-é3n3520(l), 3516235.44,80.51n36.80:39.42C4ANR 10675, T1226,, CDCL3)

134 03, 199195458 Calgiior Baita 0510 4Bt AN B0 doind Cot 137 T s
C, 66537:NH.45. 12

Adamant ane- 2-spiro-3'-5",5" -bis(4'-fluorophenyl)-1',2",4"-tri oxol ane
(Qz44). A sol Adimantane-sptrdrdl-1'2' At tmews-8 Rt pivo[ 48ldéareB' §!-dioxido| ) and

e ARS8 i Lacd RS2
02, PRI el D), e TN G CR 1B it e
was treated with ozone according to the general procedure. The crude product was purified
20 by flash chromatography (silica gel, 50% ether in hexanes) to afford trioxolane OZ50 (0.23
g, 15%) as a colorless solid. mp 128-129 °C (ethanol/H,O 1:1); '"H NMR (500 MHz,
CDCl;) §1.60-2.05 (m, 14H), 2.38 (t, ] = 6.3 Hz, 4H), 3.10-3.30 (m, 4H); °C NMR
(125.7 MHz, CDCl3) §26.36, 26.76, 32.31, 34.74, 34.84, 36.31, 36.59, 48.81, 104.97,
113.33. Anal. Calcd for C;5sH2,0sS: C, 57.30; H, 7.05. Found: C, 57.44; H, 6.97.
25 Adamantane-2-spiro-3'-8'-(p-toluenesulfonyl)-1',2' 4'-trioxa-8'-
azaspiro[4.S]decane (OZS51). A solution of O-methyl 2-adamantanone oxime (0.90 g, 5
mmol) and 1-(p-toluenesulfonyl)-4-piperidone (1.30 g, 5 mmol) in pentane (45 ml) and
CH,Cl; (25 ml) was treated with ozone according to the general procedure. The crude
product was purified by flash chromatography (silica gel, 25% ether in hexanes) to afford
30 trioxolane OZ51 (0.33 g, 16%) as a colorless solid. mp 124125 °C (ethanol); 'H NMR

(500 MHz, CDCl;) 6 1.60-2.05 (m, 18H), 2.44 (s, 3H), 2.85-3.02 (m, 2H), 3.27-3.42 (m,

54



45% as a colorless solid. nmp 86-89 C (ethanol/H20 1:1);'H NWR (500 MHz,
CDC13) 8 1.60-2.05 (m 12H), 2.06-2.40 (m 2H), 6.90-7.20 (m 4H),

7. 35-7. 65w0mg/0dddyg 13C NVR (125.7 Mz, CDC13) 826.41, 26pr84/UuSB#197¢7 34. 96,
36.17, 36.71, 108.95, 114.21, 115.06 (d, J = 21.3 Hz), 128.96 (d, J = 8.4
Hz), 135.56, 162.95 (d, J = 248.0 Hz). Anal. Calcd for 2S C23H22F203: C,

arantane 4 261 25 5, 4054 1 53 26, B R (SRS 0214
trioxol al}q zgéogéﬁ% 266‘8 %"4”(56 5‘76’ 34@?@%% 362?%%”56’6'%”?19%@39(% 90 9, 5

mmol ) an ‘uor o enzob enone ‘mol j 1 n pentane and
CH2C12 (1 11Q9:71) 138284, 1435 AglaChlod fardlyeH adNBSCNGR.08; Hl6€97geh8r391| Fpumt:edure
The crude_product was purified by 30 flash chromat ography (silica gel, 1 %
et her i n Q&% Bum8% I11‘£|3) 2%to afford trioxol ane Oz45 (0.60 g, 23% as a

col orLess sol tHan 1 . WO
03/ 005676 PCTMH%%‘%’%“%‘%? : g’.%dgh%er%zy%%v’s g‘ﬁgg“gﬁ%&) %%‘i gl%ﬁl;%t‘?g B\
(125. 7 M@-mefiyCl3Mafimtaddne @Gmé@).90 45 #inolpdndBB3-Bphelacedébnd@.1010)3. 85 (M),
113.07 (m, 115.63, 136.83 (m, 138.84 (m, 140.95 (m, 143.00 (m, 143.54
(m, 145.185mol) sy penkgng (60an)) stes trsptedyitppasmeersordme tothogeneraliprgedwe. Fasund: C,
52.31; H, 0

Adamant arfe- sr%(liur%(t)wf's pyn ﬁgd b)() s[h§'h1 (tntlatogr flaltl%g'lhcfl i%?} )16°h }rlleflli1 hixanﬁs) % _trioxo
lane ( Ca#lid tridxsRhe02sL Af 100, 58S a oldHaERRliANDPBE BRI q@fefﬂQmQQHQKD 151)fmol )
and 3,3 - bis(trifluoronethyl benzophenone (1.59 g, 5 mol) in pentane (80

m) and CHAXOYR (520 Ny, CIREE:) torletk-2d Ovin, h4HZd’nSB (aicdemdzi Tz, 219), 8104 (g,eher al

el 1 o6tk Her 21 TG PP il R 1S Mok 37 M, CROMENS 45 20098162 o -

g:g?ls? 58?.4%@'3 g%g’s%n?@lﬁ%z 3 12§§g %%%H?M%_Q%&J&/ﬁ P;’{bm%@aqu SSI\J/[-'? 75
(M 4H) forfCHPLYGs; c2H)>751HC7w/FFo¢m&Ec779I\MzHoB©13) 826 46 26. 85, 34. 82

34.94, 36.13, 36.71 108.36, 114,99, 123.53 ﬁ ' Q%L 123.93 (q, J
= 272 4 Hz), vdpmantage-23spirasd'sh'-[lfethoxygadwny Baomvnylhw trigxa-$'— 32.8

H2) 1340 00pifES e (0785, PRRBELH nieanyt . :8hndfinolte ohidBio.5OHNS" ©
cis- Adammhalr)anc?1qw(eoroﬁycaabm(yspmpmnmmpb@ea&anel(1 28'g, $arh 1) Weqasl 5]

decane <Z1C A solution of O nethyl 2-adanmantanone oxine (0

mol ) andnlhare HeGladl & pH2 Hips ireafed Wb eaonsmscordinggtoghe snmﬁbpl)ocedﬁrpemeane (80
m d t |
pr z)cggur e cr u%%mﬁg%p; f&g@ °§g°‘¥4t5§8%§&q‘°g %095 Uhdrtn exangsqer 2

afford trioxolane OZ53 (0.60 g, 30%) as a colorless solid. mp 116-117 °C (ethanol/H,O

20  1:1); '"HNMR (500 MHz, CDCl3) §1.26 (t, J = 7.1 Hz, 3H), 1.60-2.10 (m, 18H), 2.55—
2.75.(m, 4H), 3.45-3.70 (m, 3H), 3.72-3.87 (m, 1H), 4.15 (q, ] =7.2 Hz, 2H); '*C NMR
(125.7 MHz, CDCl;) 614.17, 26.50, 26.90, 27.84, 29.45, 34.17,34.74, 34.98, 35.06, 36.48,
36.76, 39.81, 43.10, 60.51, 106.80, 112.26, 169.60, 173.02. Anal. Calcd for C;H3;NOg: C,
64.10; H, 7.94; N, 3.56. Found: C, 63.96; H, 7.81; N, 3.40.

25 Adamantane-2-spiro-3'-8'-carboxymethoxyimino-1'2'4'-
trioxaspiro[4.5]decane (OZ54). To a solution of OZ05 (0.278 g, 1.0 mmol) in methanol
(5 ml) were added pyridine (0.16 g, 2.0 mmol) and carboxymethoxylamine
hemihydrochloride (0.262 g, 1.2 mmol). The reaction was stirred at room temperature for 4
h. After the solvent was removed in vacuo, the crude residue was acidified with 2 M HCI

30 (25 ml) and extracted with CH,Cl; (3 x 20 ml). The combined extracts were dried over

Na,;SO4 and concentrated to give a residue that was triturated in hexanes to afford
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20 flash chromat ography (silica gel, 4%ether in petroleumether) to afford
trioxolane QZz47 (0.68 g, 369 as a colorless solid. np 122-124 C

(et hanol )woO'oBlodéRs (500 MHz, CDC13) 81.60-2.18 (m 22H), 2casB2/@06(m 1H),
7.05-7.30 (m 4H); 13C NWR (125.7 MHz, CDC13) 826.59, 26.99, 31.43, 34.68,
34.86, 36.53, 36.89, 42.40, 108.22, 111.48, 128.12, 128.52, 131. 84,

14493, ARboRfEL R 350 8ot 81t Sop PR N RSO 2
-1',2, 4 (sobrMH%@Dd?m.&i—d%a@& 1(8%?@.23—295@@&,%H)02?599i.% (Rt 11, 2.72—

2- adamant anone oxi ne
4-14-(tri 2!90(mplﬁ) hty@(}shﬁ]ﬂ)gl :jCCMMIbhE%ahMHz CbQAD #22.08 2615R2) 26.92,@85ane (90
m) and ozone acco

rding to the general
pr ocedur e é3%§ éf*t@@é"p%é‘f}é’@ %Ql p3§r795 pRd1 b‘)WfWa]sl?rlg hrléﬁi%ob%a

(51,50 0%t TR LA R 1 38, S0ALS AR 708 (48,00 20

(et hanoI/HZO %d&mah&ﬂmspﬁ@-@' MY 4' CEcldpird 4. S(dedandlon®d 22H), 2.50-2.70
(m 1H), 7.26-7.65 (m 4H); 13C NMR (125.7 MHz, CDCl3) 826.60, 27.01,

31. 26, 34pPyidininacetylhydrgzers chigridg(0%36)o10 a sgiation of G205 €278 me4l ganqlyin J =
269. 3 Hz)

To0 51 hetngtior it tnghoicadis (N w d%efflcé‘é%‘%% rfeait (1 207y ﬁdm’g@ ge 41,

H 6.48. AfQeWaREmRd 325 o Brod I 368 tyverk wal rerfhovddh VA¥R103: an@ﬁﬁ%eéla& [4 5]
decane (QZ49). A solution of O-methyl 2-adanantanone oxine (0 g,

m"rDIG J10andwas mé’tegi|by4repwgeg1zatmneﬁoxp@thzn/n@thaﬁgkfﬁﬁt5)) t4 aﬁfoxﬁetlhaxréar(eéﬂ)ZBS) Snd

2 .

?ﬁg e uacaf %Wﬁ?eﬁﬁw.oém%u?ﬁ@ AR B0 15 oot
1

TUNSe) ¢ il Bicthahbl S15) SMEAR0 MBELI00Br01 5820 (1 RS2 3a5Pb fp [P

2.11 (s, 4B 5.73. (45mn3r7s6n(erm 5 385, ndjdiAs@néf, & 108129 (m, 2EBY; YR (12 71}?42

CDC13) 521,22, 26.51 34.14, 34.74, 34.83, 35.00, 35.16, 36
36.51, 365969 1349(n422H)4401§1Vﬂ§LG@57751\4T¥1§D2@D)82683672451,6%502 2288.128.29,

4 47 A 208 ar AR 30250 B SROMOR S5 A Do o S ddeand?,

8", 8" -di 036613337(2QZ5TD)72 8.8 139102.040. 18, 40: 2tsenhy$ 64+ m;rwmngﬂ)el@sme (0.90 g,
5 rrrml) and 1, 1- dioxot etrahxdrot hi OPXran - one I n pentane
(25 m) a8 B pt3.21 (B8-86,129.00, 129.20 46, 147.66, 157.71,163. 30 167.86, 175 75.

Anal. Calcd for C23H30CIN3;O4°H,0: C, 59.28; H, 6.92; N, 9.02. Found: C, 58.88; H, 7.24;
N, 8.83.

20 Adamantane-2-spiro-3'-8'-methanesulfonyl-1',2',4'-trioxa-8"'-
azaspiro[4.5]decane (OZ56). A solution of O-methyl 2-adamantanone oxime (0.90 g, 5
mmol) and 1-methanesulfonyl-4-piperidone (0.90 g, 5.1 mmol) in pentane (50 ml) and
CH,Cl, (50 ml) was treated with ozone according to the general procedure. The crude
product was purified by flash chromatography (silica gel, 20% ether in hexanes) to afford

25  trioxolane OZ56 (0.33 g, 19%) as a colorless solid. mp 146-148 °C (95% ethanol); 'H
NMR (500 MHz, CDCl3) 61.62-2.08 (m, 18H), 2.81 (s, 3H),3.26-3.34 (m, 2H), 3.38—

" 3.47 (m, 2H); "*C NMR (125.7 MHz, CDCls) §26.50, 26.90, 34.28, 34.79,34.87, 35.56,
36.47, 36.75, 44.07, 106.02, 112.48. Anal. Calcd for C16H2sNOsS: C, 55.95; H, 7.34; N,
4.08. Found: C, 56.06; H, 7.33; N, 3.91. |
30 Adamantane-2-spiro-3'-8'-(4'-chlorobenzenesulfonyl)-1',2 ' ,4'-trioxa-8'-

azaspiro[4.S]decane (OZ57). A solution of O-methyl 2-adamantanone oxime (0.90 g, 5
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was treated wth ozone according to the general procedure. The crude
product was purified 20 by flash chromat ography (silica gel, 50% ether in
hexanes) wo oafbmre tri oxol ane Qz50 (0.23 g, 15% as a colromlseyiwetid. np
128-129 C (et hanol / H20 1:1); 1H NWVR (500 MHz, CDC13) 81.60-2.05 (m 14H),
2.38 (t, J 6.3 Hz, 4H), 3.10-3.30 (m 4H); 13C NVR (125.7 Mz, CDC13)

826. 36, 26. 2 34,74, 34 84, 36.31, 36,5 81...104. 97, . 33.
Anal . Cal IEHIOB&Pg éléF@‘i@@éeﬂzénesﬁlfo@d) Eﬂlpeﬂdeﬁe = u$r§ miaol)di Pﬁlatan%(”én 7. 25
Adamant ang; Q}gﬂ %?&%vas(t{.%aFeﬁlva% E&'&Y&ﬂ%éo thé getfer ?‘rbc@ﬂﬁreBThe crude

azaspiro[ 4. A solution of O amant anone oxi ne
(0.90 g, froduntoks parifiedby ﬁaﬂlrﬂhmnﬁsgﬂaﬁlqn@sil)calgebQﬁ%etmmh@danaﬁ) tg affordmol )
in pentane (45 m.) and CH2C treat gzohe acpordl ng to

t he genertépx‘i?}?’@fc@ (G 1?!?@9%9%%%161?16%&81{1‘1\&&%lf)%rll“fﬁ@&9%§’ qﬂvaaea

751 to. 3900 Wi BDEET 2970289 (S O], 2888122 202 iR OH. TSP R

(500 Mﬂ,—@@@i@kk@h 6@5 .JA58 Rz, 28 ”c&Mﬂ;(?}s 7 Rz, cb@?éz@&s(i@sﬁl)
3.27-3.42 (m 03/°000676 PCT/'US02/ 19767 2H) d, J'= Hz,

oH), 7.684(a5,3d. 74= B4.28,136, 402 B 70,142 BV (19,25274@/&@8 91:@2331)6 §35.59, 139.4526. 48,

150,71, eelei oy Gollo kP G Raa Y by S e edietie o S0 N 7
3. 34, FOLgﬂ(gig C 62.99; H 6.8 N, 3.12. 5

Adamant ane- 2'-spi ro-3'-5',5 -dibenzyl-1',2",4" -trioxol ane (Qz52). A solution
of Qonet hyl 2Addamatanardspreli-8'e3(-0a190xyprdpionyd)-1',248trio-8%-phenyl acet one

1. , 5 | 60 m h d
e generazasprgsiiane ThEb8, haspenan ot ssaaol menl 35 mmol dn ethanci s ©

h t I, 42 ol
LT O] Kom 2 gl 80 AR
1H NWVR ( &G0 NEZor m&)m&]wzﬂsﬁeﬂoﬁ&l 1¢1Macdo4h|)d. the ré%-'ﬁdl(edwas Wwashéd withicH,2H) , 3. 04

(d, J = 4.2 Hz, 2H), 7.10-7.40 (m 1 OH; 13C NVR (125.7 MHz, CDCLi3)
826. 49, 48 xoH) mB4The aquegus byyer s, afsilﬁ%toaﬁi 2 pithod M ags HGI 2nd extpactgl withe. 58

127. 89, 130890 1350191 lubidel fhmid SirabRVRERRic s eSS arld 7 50

Foun

Adamant an®néertiatedan Jacid. Tha rcs(cﬁlbhwsmaﬁs@eykacwsmmwﬁ frohl etBanot to Affbraxa- 8' -
15 azaspiro[ 4. 5] decane (Qz53). A solution of O-net h%-/q - adamant anone oxi me

(0.90 g, tgoxetaas PZ&R (200 M3, $Behepacaderssn §olid mmpl 2y °(21(2ﬁ%@mamimelil 20 g,
5ot o R BN af Ty R T Pl A1 A3 S840, 986
3.72-3.89 (m, 1H); °C NMR (125.7 MHz, CDCl3) §26.51, 26.90, 27.95, 29.57, 34.13,
20  34.75,34.83, 35.00, 36.45, 36.50, 36.76, 40.04, 43.27, 106.62, 112.37, 170.20, 176.15.
Anal. Caled for CiH,7NOg: C, 62.45; H, 7.45; N, 3.83. Found: C, 62.60; H, 7.53; N, 3.70.

Adamantane-2-spiro-3'-8'-(4'-methoxybenzenesulfonyl)-1',2',4'-trioxa-8'-
azaspiro[4.5]decane (OZ59). A solution of O-methyl 2-adamantanone oxime (0.90 g, 5
mmol) and 1-(4-methoxybenzenesulfonyl)-4-piperidone (1.35 g, 5 mmol) in pentane (50

25  ml) and CH,Cl; (50 ml) was treated with ozone according to the general procedure. The
crude product was purified by flash chromatography (silica gel, 20% ether in hexanes) to
afford trioxolane OZ59 (0.40 g, 18%) as a colorless solid. mp 116-118 °C; 'H NMR (500
MHz, CDCls) 6 1.60-2.05 (m, 18H), 2.89-3.01 (m, 2H), 3.28-3.41 (m, 2H), 3.88 (s, 3H),
6.99 (d, ] = 9.3 Hz, 2H), 7.69 (d, J = 8.8 Hz, 2H); '*C NMR (125.7 MHz, CDCl;) 526.46

30 26.85,34.02,34.74,34.78, 36.40, 36.71, 44.27, 55.60, 105.99,112.32, 114.32, 128.45,

Ed
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crude product was purified by flash chromat ography (silica gel, 25% et her
in hexanes) to afford trioxolane QZ53 (0.60 g, 30% as a colorless solid.
np 116- 11wo@3fetsh@nol / H2O 20 1:1); 1H NWVR (500 MHz, CDC13pC3MmsaBHiqm7 J =
7.1 Hz, 3H), 1.60-2.10 (m 18H), 2.55- 275(m 4H), 3.45-3.70 (m 3H),
3.72-3.87 (m 1H), 4.15 (q, J = 7.2 Hz, 13C NWR (1257M—|z CDC13)

36. 76, ' 30 1280848310 sl K fea BE C%‘%za@i@léeégﬁéﬁeﬁf‘ﬁ Pl G Sdilsd 1 or
C21H31NO6y 679: 4310; H, 7.94; N, 3.56. Found: C,_63.96; H, 7. 81 N, 3. 40.

25 Adanant ane- 2- spi ro- 3' - 8' - car boxymet hoxyi mi no-1', 2", 4' -
tri oxaspi r o[ 4. Bjdmantang-23pirp-3' ’Bbbanzeobmlfml-b‘f,Z'GE{iﬁox(dBSZ78 g, 1.0 nmmol) in

car boxymePHRRYP SRt TAol S shbbFr HEOTBe B plarianimepyime 480 fot  on
was Std 1 gthdy aﬂd@%ﬁ&ﬂ@ﬁﬂﬁhﬂtzﬁpfp&ﬁdé}le (.20 g %WBH%% &g{%ggaw@fa,{demved in

vacuo, the crude residue was acidified wth
ext r act edChi,€h (GHad) wag Beate@@ithrioroneTiseordongltb theedgesetat protsdune rfhe@dided over

N Tord caPBNTBauETd e BtEpTeirpny Cailitheh D sher i Geuuies tzg.gggsggsat °
col orl essygobiafle dﬁ&ol(%%]é%gg(ag%él%?é&s Sfﬁ?wp@lég-%g g’g@g% . 60-2.10

(m 18H), 2.33-2.50(m 2H)>2 270 162 (s,

2H); 13C NNH{(SKEBVIHZL\/BDCIQEXILB()—Z&EZnQSSPEGZ 82,3. 359 2H) 28293, 42 612 33.76,
34.80, 34.87, 34,92 41 36.79 71, 107.77, %12 15, 160.04, 174.84. 5
Anal .1%al é40t%7 meiﬁi)sMé@~7é4(@11§27ﬁ ~781(m, 2N); C@MR%%HMI& @AChY; H,

Z 1gyr:\ldl %?%ﬁge%%%%wggg%ggc ‘%dr?é ’(%z’é%)‘m%b (215 gg(;ﬁ‘ﬁf:igg{ﬁf ig§i§278 ;rgn
1 |
e L T

sol vent wHs6.8&mM\B#4.i n vacuo, and the residue 10 was purified by
recrystallizati.o rom.eth 5: ford trioxolane QZ55
(140 ny, 31% ¢ %‘{?F}& gfspﬁké]asgﬁt‘lﬂ&ﬁ%é}oa@%e‘gm Buftsh solid. mp 88-90
C (eﬂﬁer(rmr?r(]tagﬁ?ﬂoh ﬁdé&ane"(m\ﬁ) (RQO1ulYbK of @ﬁg@%lf (aaanﬁﬁfa%oﬁg okiffle %)edfpg,

2.43-2.92 S, mnor |soner) maj or 1 some
8. 10- 8. 285 fnmolpad 4- &tquy@ar'b@nylmethyﬂ):yclol&xﬁﬂerﬁ (1LO0(gyp.4 2idnpl) id perldbit (8025. 7

35 o, aomhond 3bY D48 es S wilges scspidins ol seperaprocpturgb The

?% 631037%%& product vasPRrifidd by Ha@fehrflatbBrapdd (Hivca gl 298 thgﬁn%x&{gs) g2 77

afford trioxolane OZ61 (0.35 g, 20%) as a colorless solid. mp 62-64 °C (95% ethanol); 'H
20 NMR (500 MHz, CDCl3) 61.25 (t,J = 7.1 Hz, 3H), 1.20-1.32 (m, 2H), 1.60-2.10 (m,
21H), 2.20 (d, ] = 6.8 Hz, 2H), 4.12 (q, J = 7.1 Hz, 2H); '*C NMR (125.7 MHz, CDCl3) 6§
14.23, 26.59, 26.99, 29.94, 33.24, 33.99, 34.84, 34.86, 36.50, 36.90, 40.92, 60.16, 108.48,
111.31, 172.67. Anal. Calcd for CyH30s: C, 68.54; H, 8.63. Found: C, 68.63; H, 8.62.
3,11-Diphenyl-7,14,15-trioxadispiro[5.1.5.2]pentadecane (OZ62). A solution of

25  O-methyl 4-phenylcyclohexanone oxime (1.02 g, 5 mmol) and 4-phenylcyclohexanone
(0.87 g, 5 mmol) in pentane (90 ml) and CH,ClI; (10 ml) was treated with ozone according
to the general procedure. The crude product was purified by flash chromatography (silica
gel, 2% ether in hexanes) to afford trioxolane OZ62 (0.45 g, 25%, 1:1 mixture of two
diastereomers) as a colorless solid. mp 136-138 °C (95% ethanol); "H NMR (500 MHz,

30  CDCl;) §1.65-2.20 (m, 16H), 2.52-2.62 (m, 2H), 7.16-7.35 (m, 10H); '>C NMR (125.7
MHz, CDCly) 631.14, 31.46, 34.53, 34.64, 42.99, 43.27, 108.43,108.86, 126.19, 126.79,
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108.92, 113.21, 128.86, 129.00, 129.20, 147.46, 147.66, 157.71, 163. 30,
167.86, 175.75. Anal. Calcd for C23H30C1IN304H20: C, 59.28; H, 6.92; N,
9.02. Fouwo:03@p0638. 88; H, 7.24; N, 8.83. 20 PCT/US02/19767
Adamant ane- 2-spi ro-3' -8' - met hanesul fonyl -1', 2", 4" -tri oxa-8'" -

azaspiro[ 4. 5] decane (Qz56). A solution of 0-nmethyl 2-adanmantanone oxi ne

(0.90 g, n p sul.fonyl - 4; pi.perid (0. , nmol ) in
pent ane (g%? #ﬁ“&%ﬁg WEQ?%‘W}-%@ éﬂggt%roé%ﬁ;@*o(goﬁgog&?r%‘ng to the
gener al ppaﬁﬁdgr@ 27hg £egide product was purified by flash chromatography
(silica gel, 20%ether in hexanes) to afford 25 trioxol ane Oz56 (0.33 g,

19% as a col oAlamansalerZsping-3'H8'ccynns- &t;(leﬁ%ﬁmammxaspnrb[wqmo MHz,

1) Sl 15%hond! i obirationg 3 e Tghoh i gomdss "
36.475 36?\'Heﬁylc§&oﬂezcana1%(2% g,]l@)%uﬂ )mbﬂéi‘ltane%klﬁ‘ﬁ%&gf@g%ﬁwm%asc 55. 95;

H 7.34; 4708. Found: C,~56.06; 33;
Adanant anteealedswitht oz&ie dcordstig-to thecgenbmhpronedurt. fieydridebrodRict Was puriifiedhb B’ -
cane (Qz57), | utjon of O-ne 2- adamant anone oxi ne

azaspiro[ 4.
(0.90 g, B3 &gf%t@gﬁb'@()@lﬁ@a@éTﬁ%%Wi@PBWOleFﬁ%ﬁﬂ)erbtﬁéfford trioxolane OZ63

1- (4-chl A
M) ana WO (e e ets S PEISIARR Cotndu T M ANELERIE R0 1

procedur eMHEbe:D@lgctm 6@xmbugﬁ 2828, N5 52 0n BH)E l@mfmgmmma@mu)sal i ca
gel, 25%ether in hexanes) to afford trioxolane Qz57 (0.19 g, 9 as a

col of0ess26591,126.92nH1.92, 8418 3480306 % PRSI 0f 3 21, IA6NVRL B. 1(45@@1 13)

5.6 ko, 2 1350 B Al Ay b G St . G %ﬁ%%émgzé 5,

26. 83, 3545H,IBIN, 3®6. 78, 36.40, 36.70, 44.26, 105.79, 112.46, 128.93,
129. 46, 135.55, 139.45. Anal . Calcd for CIH26CINGGS: C, 57.33; H, 5.96;
N, 3.18. Found"is-édamalﬁ@e-mspﬁ' ot3(-8'-neopentploxycapbonyl-1'2',4'-

Nt ol HespSEdId sTaePug 0763 R SBRABH by g admionong SSRAY el ) i n
et hangl (ﬁmniﬁl?ad@ﬁ(x%éﬂé%ﬁ#&%&aﬁ?o%?l)é%lolféxﬂ%ﬂe)(o 84S 9 A i peBhei166 ™M) -

The m xture was heat ed or 4 h. Ethanol was renbved in vacuo and
t he resi dub wasdreatediveith edonk aciaeding to (he gendrgl progeduth Fhacude pwoducteas was

m) - The msmsTRdeEh siamed e Pl P A Bt e etiora © T

trioxolane OZ64 (0.70 g, 62%, 4:1 mixture of two diastereomers). Recrystallization from
95% ethanol gave the analytically pure cis-isomer (0.20 g, 18%) as a colorless solid. mp

20  84-86 °C (95% ethanol); '"H NMR (500 MHz, CDCl3) §0.93 (s, 9H), 1.60-2.10 (m, 22H),
2.32-2.44 (m, 1H), 3.76 (s, 2H); °C NMR (125.7 MHz, CDCl;) 626.32, 26.45, 26.57,
26.98, 31.41, 33.42, 34.83, 34.88, 36.50, 36.87, 41.69, 73.70, 107.98, 111.54, 174.76.
Anal. Calcd for C;H340s: C, 69.81; H, 9.05. Found: C, 70.00; H, 8.98.

Adamantane-2-spiro-3'-1',2',4'-trioxaspiro[4.5]decane-8'-yl sodium sulfate

25  (0Z65). A mixture of OZ32 (0.42 g, 1.5 mmol), sulfur trioxide pyridine complex (0.60 g,
3.8 mmol), pyridine (0.75 ml), and acetic anhydride (0.75 ml) was heated at 50 °C with
stirring for 30 min. The reaction mixture was cooled to room temperature, diluted with
petroleum ether (30 ml), and kept at —20 °C overnight. The precipitate was collected by
filtration, washed with petroleum ether/benzene (5:1), and dried in a vacuum oven. The

30  dried solid residue was dissolved in chloroform (12 ml), cooled in an ice bath, and filtered

to remove the insoluble sulfur trioxide pyridine complex. The filtrate was concentrated to
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concentrated in vacuo. The residue was purified by recrystallization from
ethanol to afford trioxolane Oz58 (200 ng, 43% as a colorless solid. np
124-126 OvEIBM@vhanol ); 1H NWVR (500 MHz, CDC13) 81. 60- 2PCa/y(S0p/1978H) ,
2.60-2.80 (m 4H), 3.50-3.70 (m 3H), 3.72-3.89 (m 1H); 13C NWR (125.7
MHz, CDCl13) 826.51, 26.90, 27.95, 29.57, 34.13, 20 34.75, 34.83, 35.00,

0o oo nbnith ST oife 038 Ehpodf oV ebRordr dlRglE 07

N, 3.70. pyridinium salt §0.50 g) in water (6 ml) was added 10 % aqueous sodium carbonate (6 ml)
Adamant ane- 2-spiro-3'-8"-(4' - net hoxybenzenesul fonyl)-1',2"',4"-trioxa-8'

azaspi r o[ whitd shekiageTh&rb@pre Wasdepuati-3A °CffoHd heTlIrmbreﬂpMamn fidtasdewastiede

, I - h | d ,
mol) ' WehPARAISE 0 . T °X&§%§§“§v§3%§wemﬁ RS U e didhe”

i omst ocy by R R At PO RN A col Mo RAE L PAE aclthaly 't‘lfl. e

Qz59 (0. 4800 MHBHMS®-d,) Il S0-2e@2ng QRHY 4. P-4 22Gm] 18);,C3C NMRNR2£. 3 09H Mz ,
CDC13) 81.60-2.05 (m 18H), 2.89-3.01 (m 2H), 3.28-3.41 (m 2H), 3.88 (s
3H) 6. SODCH) 625:88926.28128.84:129.2%, BB2G, 30.68, 34.830,B436, 32T, 3518C3ONR, (125. 7

5560, 1088718, 108 0% 19 08: 1185 13074 Sy e Bis oot e o) 65767

129. 68, 1635 3 6@9ah:0u§pl@d7f6qucggb129NOGS C, 60.67; H 6.71; N, 3.22.
Found: C, 60.81; N, 3.10. Adamant ane- 2-spiro-3'-8' - benzenesu

| f onytlo- 1", 2 433-1315(49&9(8‘0@@&)3&1})&19[\34 152 ddcianaspic]é0)decdnes@ @Z66)0A of

hyl
O e R RIS 4R ouiie T b 9r0 498 4k ) and
CH2C12 t 9,074 t r
The crut(tlgcﬁ ﬂgé»rrgléég%té %@%Sgﬁ?eﬁ by ?ﬁf% ﬁﬁﬁﬁgbodn}%poagggﬁﬁ %?Q?I@égaéglé gO%
et her i n wigianes actardafgftoriet geneiabpokceduee. MHe@n{de. p2odugt wi@ﬁﬁnﬁaailgrﬁashorl ess

lid. 130-132 C (95% et h I 1IH NWR (500 MHz, CDC13) 81.60-2.09
ing) 2npgféﬂr<§n§9grenlily ca éﬁ 233/? gt )arzm(nﬁrolf}lm eﬂlm) tp, as‘@rdrt.rwokw 0%96 (05655- 7m64

(1 39 P Lyl deoth S Ay g0 SefiontfelS, |
132.79, 188156H Mm@ (500Ved, €DCI,E3LHEIZNESm, €H), 622512Q,70|ﬂm GH5,16.9%M,7.09 45.
Found: C, 62.38;, H, 6.88; N 3.44. cis-Ad, aman tan a-2-spiro-3' -8 -eth

oxycar b dmy B hye-7.36 on, $H), 184t 7.53 (mstl); SIANBIRIE25TMEZ €DCl5)A 3oyt i on of
O et hyl ﬁ.ﬁ‘?%@@ff‘z{??& 42985, 75,01 %108%849109.29, 111.20, 11129, 115.15 (d, T = 21.4 Hz),

115.18 (d, J =21.4 Hz), 126.29, 126.33, 126.74, 126.83, 128.47, 128.95 (d, ] = 8.4 Hz),

20  129.01 (d,J=6.1 Hz), 135.33, 135.36, 145.74, 145.79, 163.05 (d, ] = 248.0 Hz). Anal.
Calced for Cp5H,,F>0s: C, 73.52; H, 5.43. Found: C, 73.53; H, 5.51.

cis-Bicyclo[3.3.1]nonane-9-spiro-3'-8'-phenyl-1',2'4'-trioxaspiro[4.5]decane

(0Z67). A solution of O-methyl bicyclo[3.3.1]nonan-9-one oxime (0.84 g, 5 mmol) and 4-
phenylcyclohexanone (0.87 g, 5 mmol) in pentane (80 ml) and CH,Cl, (20 ml) was treated

25  with ozone according to the general procedure. The crude product was purified by flash
chromatography (silica gel, 3% ether in petroleum ether) to afford trioxolane OZ67 (0.54 g,
33%) as a colorless solid. mp 120122 °C (ethanol/H,0 4:1); '"H NMR (500 MHz, CDCly)
51.41-1.60 (m, 2H), 1.61-2.20 (m, 20H), 2.49-2.60 (m, 1H), 7.14-7.35 (m, 5H); '*C
NMR (125.7 MHz, CDCl3) 620.51, 20.93, 29.47, 29.68, 31.49, 34.88, 36.44, 43.05,

30  108.32,111.35, 126.16, 126.78, 128.40, 146.22. Anal. Calcd for CyH,505: C, 76.79; H,
8.59. Found: C, 76.90; H, 8.39.
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5 mol ) and 4- (et hoxycarbonyl met hyl ) cycl ohexanone (1.00 g, 5.4 mol) in
pentane (80 nl) and CH2Cl2 (20 m) was treated wth ozone according to the
general pwoosawieee The crude product was purified by flagcTarsozmespgr aphy
(silica gel, 2% ether in hexanes) to afford trioxolane Qz61 (0.35 g, 20%
as a colorless solid. np 62-64 C (95% ethanol); 1H 20 NVR (500 MHz, CDC13)

S8 (1 sl e T b dinte, 210, 27 €

14. 23, 26ecataoxdfispiro[L.52pentddetdne $OZ68). Axbhirbn o?@-nﬁ@thgga 50, 36. 90,
40.92, 60.16, 108.48, 111.31, 172.67. Anal. Calcd for OH3005: C, 68.54;

H, 8.63. Heyeid3.33 InemneBongpximedd 84 g, 5 mmol) and 3,3-dimethyl-1,5-

3, 11- Di phgnyl -.7 15-trigxadispsrof 5. 1.5. 2] pent cane 62). :A solution
ot 125 b Ao R SR AR KL Ron B e BB L of esied wah one

4- pheayl| %Gétﬁnlg)fé‘wgenef@pﬁ%ecﬁueﬁfm&e prodReWad perifed @y fldshand CH2C12 (10
m) was treated with ozone according to the general procedure. The crude

product whsomatograplk(silicafdeh Sbo etherdmpetogleaplethef)stiol affoal trigmblan® QZ#i8(6172i gy

hexane af f or ri oxo] ane 5 % ..1; ]

di )a(tst ef)eo‘ﬁg/?)ﬁ aég?oiieélﬁ)f%ﬁ' ol Z%Ff%&@ﬁﬁ’a?g@§§ b ka’ EWFIQNR
500 MHz, .16. 21 2 - 1 . . 35

Oy 138 RO 58] g0 En RLTTo T8 o agRB, Fa0 s i, NN (h5 7 0° (M

43.27, 10AH43CDOS,) 0426059, 22175 2990, 2084,90. 83500087 6488 S4ISARA, 9063,

126. 86, 128.39, 128.41, 146.08, 146.11. Anal. Calcd for C24H2803: C, 79.09;
H 7194, 96%@@@.4@,11ﬁgﬁ022\5nahpaipdégr_ Cy0H3,0s: C, 68.15; H, 9.15. Found: C, 68.25; H,
Adamant a 62 spiro-3'-8'-cyano-8' -phenyl-1",2",4"-trioxaspiro [4.5] decane
(Qz63). A'solution of O nethyl 2-adamantanone oxinme (1.79 g, 10 mol) and

4-cyano-4- 5 mhﬁﬂéﬁh-@ﬂ?ﬁﬁ?@-i&t&S’-wM'quﬁfﬁh):n)jl)fl',Qe,m-ane (60 m) and
CH2C12 (20 m) was treated wWith ozone according to the general procedure.
The cr uddrioxashica]4:Mdecpne (QZ69. Hysolition o Cbmﬁtmgﬁtagmaphylms iokineea(Og¥g g, 4%

th [ t r.ol h t ff trj | 3 1.85 g, 519
col or | eodhBoD AT sl anfeonRhinslREtns (6 574 2elhmenos Ul °
COCI3} 8nand CHACTTI0 AR Fealf FithS:4B ocSbtingl SA0L16 BocdabbZTDCL3) 8

10 26.55, 26.92, .92, 34.84, 34.89, 36.53, 36.81, 43.21, 106. 90, 112. 14,
121. 71, X2Elegsoeduct 2@s parifie@by fash chaem@egrapha(silicagel i etherda petadiGs: C,

2. opi 1 ) st Bt YA 044 3960 she Soflef ol et 1 #E145 ccane.
(QZ64) . Aethhdli,oM 9; ' RRIAKMR (SHNRD! DR 596318.18 AnD408), 2.07 (s, 3H),
2.53 (apparent d, J = 12.2 Hz, 2H), 6.96-7.04 (m, 2H), 7.27-7.33 (m, 2H); *C NMR
20 (125.7 MHz, CDCl) 621.93, 26.57, 26.98, 30.31, 33.71, 34.86,34.88, 36.51, 36.87, 80.67,
107.76,111.82, 115.20 (d, ] = 21.4 Hz), 128.30 (d, ] = 8.4 Hz),139.92 (d, J=3.1 Hz),
161.95 (d, J =245.7 Hz), 169.43. Anal. Calcd for C24H29FOs: C,69.21; H, 7.02. Found: C,
68.98; H, 7.09.
Adamantane-2-spiro-3'-8'-ethoxycarbonyl-1',2' ,4'-trioxaspiro[4.5]decane
25  (0Z70). A solution of O-methyl 2-adamantanone oxime (3.58 g, 20 mmol) and 4-
(ethoxycarbonyl)cyclohexanone (3.40 g, 20 mmol) in pentane (160 m1) and CH,Cl, (40 ml)
was treated with ozone according to the general procedure. The crude product was purified
by flash chromatography (silica gel, 5% ether in petroleum ether) to afford trioxolane
0Z70 (3.10 g, 46%, 2.5:1 mixture of two diastereomers) as a colorless oil. Two
30 analytically pure diastereomers were obtained by subsequent flash chromatography (silica

gel, 3% ether in petroleum ether). For the trans-isomer (minor): yield, 9%; colorless oil; 'H
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15 3 mml ) and 4-(neopentyl oxycar bonyl)cycl ohexanone (0.64 g, 3 nmmol) in
pentane (100 mM) was treated with ozone according to the general procedure.
The crudewprosnomtie was purified by flash chronmat ography (®cTicsazegeb7 4%
ether in petroleumether) to afford trioxolane QZz64 (0.70 g, 62% 4:1

m xture of two diastereoners). Recrystallization from 95% et hanol gave t he

5488 &C(@y&@éi@%ﬁébéﬁ?ﬁk/@ (o0 Mate, eaeioy 3005 (2.4 iy 3210 (im

%sz 20 ﬁ“y&l,fd'g(@? 1%),41 @ﬁgSygggkééﬁgﬁf@?zgg%%s@%@i 526. 32,

73. 70, 10_% 334, 3;21345é4 315744 5’679 4Anal 60.08 10793011 CBRHB405; F&:, th@&sssbméﬂ
9. 05. Found: G, . 8.9

Adanant ar(majbr);me‘ld, H%,lCOchlessﬂfsolldrmpﬁésb? PO95% EthaselinH- I’SMJSI(SOQCMH@m sul fate

i&éf’éﬁ?@é‘b%ﬁb‘%&?@%ﬁé’ﬁ%z o o 785322 BhaHicad S I aMe (0°7s
m) was 0 gl gbfdu{)r&dﬂgwf 26 1§% 2655933r§f‘03t4'785“3£“8¥ture was
om tenperature,

cooled to ro ’eum et'her ('3 and kept

at -20 C3pvger, 368} 41.38&0m28 00, at e.4wals74cm lAgal. €xhidayfor € HL 3Gt Cp67.888Khed
W th petrol eum et heri benzene (5:1), and dried in a vacuum oven. The 30

dri ed sol§.3p. E@Sﬂ@lﬁé%'@i 898l ved i n chl oroform(12 m), cooled in an ice

bath, and filtered, ;to_r Eal I I ridine

conpl ex. The fTFrAfaman ng "scper}’t%a e% #&fg?‘ %g’}a@g%élfgglﬂ S02/ 19767
af f ond t hezmy. Akt sEihatezob ((EA2 (Rnf)), ﬁlet}ibﬁ}l@%lo miy, sad KOPE0ign of
the above pyridiniumsalt (0.50 g) In water Levvas added 10 % aqueous

sodi um catifsohatl én patari().2 mihiveehestesldt 39 °Chel mlb@tnsirt neaoleddptt. The r@gtign f or 4
h. The precipitate filtere (2 and dried
ina vach‘rﬁt'g'Gé"ﬁslaﬁl\ggt?s With ?Wdﬁgw&’g}?’ﬁf 13383 we@@r?’?ﬁ[é@?uﬁé of two
d' aster e%‘ﬂ?’ ?& arfiSwashed l\&ﬁ?ﬂhl &ﬁﬁetﬁﬁol/fl{ of(m;%e@ilﬁ% \&éﬁ’ﬁf]@tre)i wit viRand 500

8} 81.50-2.02 (m 4 1 1H); 13C NMVR (125.7 M-z,
CDC13) 8251188 ¢ed 26thahlorgford4?2 XZ@ Iﬂ@ Tl&o:ozrﬁzm@mrealc Mersmerﬁdn@ﬁqve% 78,

35.89, 36.17 70. 66, 1.08, 108. 05, 108.09, ..110.68,,110. Ana Cal cd
for &PeHAYRRORSHEsHEd, 'enc? copeenfgated n Vacum, Regrysfalfizagon gfthggom ne% @94 s fjgm

3, 3-Bi S(%ng-flngm)cpgmyhmﬁre@ land O A- (()US%%??%%@L%@IQ&%H@ &g@@l Y

sol ution eny cycl ohexanone "Oxi and 4

di fl UOFObl@SDZ’Q]OQ@&ﬁﬁGEH{(llQQ 18] NMR(s0i0)MHp, OB . 5@0 1m(r)n apH), leﬁ, (10 m)
was treated vvlth ozone according to the general procedure. The crude
product wd¥); p@}meﬂzgﬁ MHgs £DCl3) 625.84, 26.54, 26.94, 33.02, 34.79, 34.92, 36.46,

36.84, 40.78, 107.86, 111.85, 180.61. Anal. Calcd for Ci7H240s: C, 66.21; H, 7.84. Found:
20 C,66.12; H, 7.60.
cis-Adamantane-2-spiro-3'-8'-carboxy-1',2',4'-trioxaspiro[4.5]decane (OZ72).
A mixture of ¢is-OZ70 (0.40 g, 1.2 mmol), methanol (12 ml), and KOH (0.2 g) dissolved
in water (1.2 ml) was heated at 50 °C for 1.5 h and then cooled to rt. The reaction mixture
was acidified with conc. HCI (0.6 ml) and cooled at —20 °C. The precipitate was filtered
25  and washed with cold ethanol/H,O (1:1). The filtrate was diluted with water and extracted
with chloroform (2 x 10 ml). The combined organic layers were dried over MgSQO,,
filtered, and concentrated in vacuo. Recrystallization of the combined solids from
ethanol/H,0 (1:1) afforded trioxolane OZ72 (0.33 g, 89%) as a colorless solid. mp 148-
150 °C (ethanol/H,0 1:1); '"H NMR (500 MHz, CDCl3) §1.59-2.10 (m, 22H), 2.38 (m,
30  1H); >C NMR (125.7 MHz, CDCl;) §26.00, 26.55, 26.96, 33.25, 34.82, 34.87, 36.47,
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chromat ography (silica gel, 3%ether in petroleumether) to afford
trioxolane QZ66 (0.56 g, 15 27% 3:1 mxture of two diastereoners) as a
col or | essweaBiode76rp 87-90 C (et hanol /H20 2.5:1); 1H NVR (PEQUSktir976TCDCL3)
81.60-2.15 (m 8H), 2.51-2.70 (m 1H), 6.99-7.09 (m 411), 7.16-7.36 (m
5H), 7.44-7.53 (m 4H); 13C NMWR (125.7 M1z, CDC13) 831.23, 31.34, 34.20,

oy 1 1o, ¢ ogter 80 T ag, MU Angr S Sy ¢ B8 ke Ftpd ¢
128 95 (dg, 6b.B3:81,4.4%), 20 129.01 (d, J = 6.1 Hz), 135.33, 135.36, 145.74,

145.79, 163.05 (d, J = 248.0 Hz). Anal. Calcd for C25H22F203: C, 73.52; H,
5.43. Found: @zs—Mamntane-zfsglxo-&‘:ﬂ&dBthsdpnmms)chb@ly.l1‘}2 #'on an

ol ut | on BRxesHER e Bs077S: A SRHER! By rdiEatanent 956 (tdis and
4 pheny! £yelPeuan anegiefi-8-6x8-cysloRdRahdcarbbxaRi 21661 (89 rr%l)l)%'ﬂge h30(20

m) was treated 25 with ozone according to the general procedure. The crude
product wab apd| OH,Céa(26yml) was hreatehwithwezong agoprdinssta thmngeil pr@gedure.iBhe i n

ol mridsprodust vt by PE oh T TR ol 1P 2 s 17 01 41 1 60
(m 2H), ﬂexﬁiéaD?ét fdr@trigHine dz-ﬂﬁcl?o(ﬁé) 3(4%2 i stZ}h%efﬁoX 35 GBRanSHCH ¢gC NVR
(125.7 Mz 820. 51, 20. 29.%7, 29, 31. 49, 34. 88, 36.44,743. 05,

30 108. 329:1) 2av3the amﬁ@tldﬂly pjlﬂiﬁczi-&orrfbﬂa) &Q)g, 211&6) 22:2a colfhrlass sdlal mg 16117

C21H2803: C,  76.79; H 39._ 60 WD 03/ 000676
PCT/ 1802/ “fotheyaneg(Hp{lnP 3) 3HJNI}/IR (500 MHz CDC13) 51001 (t,7="7.3Hz, 3H), 1.19 (t,J

nonane- 9- sphf 1 y

pent aoxadi zg.ffo?@ﬁlg‘% ain%&_(zéégf} Hﬁ o] Lfg |Jon ofHﬁzlr%tanB? Co

bi cycl o] 3=33 Hz bmn‘éwﬁngxlmZ((@D@ﬂ)%13©9nmpl9)s 28139, 368641708, l3&3|s~11 S5-
di oxaspiro[ 5. 5]undecan 9- one é’o 99 5 mol ) ent ane (100 n1) was

treated wWi47,348Ae3G4ac0rdBRd0149. Q&wéldéd@ﬁéﬂ, blrbgleél’iﬁrM Anad. Calediorpr oduct

Sther) tCaHIORY r PoR Ard oot corpud & 1 oF s R as"Sol e mp

122-324 C (et \
1. 40% 56 E(ran hg%ﬁhéi{&ggizaﬁig&ﬁmﬁbﬁgééﬁexw: (MLSP "581 gKll\)&Rﬁzel "Iz,

CDC13) 528 smlanomof Qimethy! Zadarmtai@ne 0ing(1.89%, 19, mBg) @l 430. 64, 36 34,
gg ‘;’g L egzq%oxyi% ﬁh&%&o&%@ @gg,, 819(% ;ilane (9% mﬂ ang CI§2Cqu Ol’?ll) vgas
Adamant angsgdspit 8zche-dcordfgtd me-g%nexﬁﬂproaéd%&é. Qe proHucwadpurified by
flash chromatography (silica gel, 6% ether in petroleum ether) to afford trioxolane OZ74
20  (2.00 g, 52%, 2:1 mixture of two diastereomers) as a colorless solid. mp 103-106 °C (95%
ethanol); 'H NMR (500 MHz, CDCl;) §1.59-2.18 (m, 22H), 5.12-5.21 (m, 1H), 7.40-7.48
(m, 2H), 7.52-7.61 (m, 1H), 8.01-8.09 (m, 2H); *C NMR (125.7 MHz, CDCl3) §26.57,
26.99, 28.23, 28.50, 30.62, 31.01, 34.84, 34.92, 34.94, 36.45,36.53, 36.87, 69.91, 70.45,
107.88, 107.98, 111.74, 111.80, 128.33, 129.57, 130.75, 130.80, 132.83, 165.84, 165.91.
25  Anal. Calcd for Cy3H»30s: C, 71.85; H, 7.34. Found: C, 71.65;H, 7.45.
Adamantane-2-spiro-3'-8'-cyano-8'-(3',4'-dichlorophenyl)-1',2',4'-
trioxaspiro[4.5]decane (OZ75). A solution of O-methyl 2-adamantanone oxime (0.85 g,
4.7 mmol) and 4-cyano-4-(3,4-dichlorophenyl)cyclohexanone (1.30 g, 4.7 mmol) in
pentane (50 ml) and CH,Cl; (70 ml) was treated with ozone according to the general
30 procedure. The crude product was purified by flash chromatography (silica gel, 8% ether in
hexanes) to afford trioxolane OZ75 (0.62 g, 30%) as a colorless solid. mp 143-145 °C
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i rioxaspiro[4.5]decane (QZ69). A solution of O-nethyl 2-adanmantanone oxine
(0.36 g, 2 mol) and 4-acet oxy-4-(4-fluorophenyl)cycl ohexanone (0.50 g, 2
nmol ) i n yensan®7¢ 100 15 m ) and CH2C12 (10 nl) was treat edTViSOlvimaDNE
according to the general procedure. The crude product was purified by
flash chromat ography (silica gel, 5%ether in petroleum ether) to afford

tri | (@Y43) 4 7

(6t hanol T fegronS 45t} %ﬁ%@?ﬂ% nﬁ@%ﬁ@i@f 33ty 330, H)8 3,5 07
E?n g;)i) %Lgc}zﬁf\l&/gg%wﬁdﬂjz%mz 1%%7%’5]2%%5 ﬁﬁs’? 26. 912g:?2) 31, 2;,377?3
34. 8612,34(;}38:,1333&\]65512 2800871. 78?;?3 34. 8’[}36&3 36.7.8, 875, ]]0]554,01 1@(38(1]]2(‘)]:8%12215 ;
). 128 30, {6020 5 it B o0 b0 et i ot ol i

68.98;c H, 47
amant ane- %g?r%Ag228E°““9hox6fc7ar lglény%O I_\LI 3%2 '-trioxaspiro [4.5] decane 25

(Qz70). A sol UAdQﬂnaﬁiad}-IerlhoﬁB'-ﬁ'-(Mﬁﬁfﬂ[ﬂﬂ:ﬁ?ﬂ-&ﬂv)ﬂyﬂﬁ)xﬁ'-:i 2840, 20 rnnol) and
4- (ethoxycarbonyl)cycl ohexanone (3. 40 20 mmol) in pent ane (160 m) and
CH2 c12 ( 4élmqayplr«hlé551tiﬁ@al@éelm i lazwg g&%ﬁ%ﬂrﬂ? %676 n@ngbn@p@an@r(éé edur e.

etner i n ok Pl Ehrd BE AR G b FEh v beadid 2B LRT2 BENE R o el 07

m xture oéootlémoqlt _SHhEMBRHBES10 AS, cﬁlu@é@l‘xﬁ'&ﬂ fakr @0 ml), a8 edadRakiithi cal ly pure
di astereoners were obtai ned by subsequent flash chronatography (silica

gel , 13% etteofarm @Otmbk 8l fhecbrabined brpanichayety wears-drisbover NgB0giltergd, el d, 9%
col orl ess oi 61 WD_03/ 000676 PCT/US02/ 19767 NVMR (500
81.26 (t, cpourinatog i invacuqyl %eiesgglezvafo’upﬁfg' by Fpsta lzsuon(hﬁmﬁﬂyanovﬂz@ﬁ(la J =

:7),30152 Wi Vf’lg?gﬂ/ﬁ 8%257%) &?&%ﬁf?%ﬁ&% 13‘?0“?@8?}‘%@0 06%?) 1 74

For the CNMR 6SQ0VIHz( CBICH))S 1.60-2118, (ml 2081), 0l sotd, 5515 UiI4 HZIPHB $- 2L 7G 4( 95%
ethanol ); 1H NMR (500 MHz, 5 CDC13) 81.25 (t, J = 7.1 Hz, 3H), 1.58-2.10
(m 22H) (@239( ~1.6§ (mA2HR @23.7IMHz, CDE), 6 263¢, R4 1035, BAS4,

CRds M nt n A ang g 8 el T lalfaeedt 2 o8

8. 39. Fourkdw d, $8- DB HZH1168:899d, J = 245.4 Hz). Anal. Caled for CyH,,FO4: C, 70.57; H,
trans- Adarrant3§(ne 2- spi r§-3 - Q-car boxy- 1) 2' 4" -tri OX282.S[§I7I’O4 4.5] dedane 10

(Qz71). AV xfound: Gf 7Q.33d5-7Q270 (0. 34 g, 1 mmol ), methanol ( 10 m), and KOH
((:gblzeg) i Odir f-sol ggralgn Wa%ﬁpmg?{ g‘ {ﬁ' )ﬂuorophen%%d-lgéthgxg- Zf'%r' 1.5 h and then
trioxaspiro[4.5]decane (OZ77). A solution of O-methyl 2-adamantanone oxime (0.63 g,
20 3.5 mmol) and 4-(4-fluorophenyl)-4-methoxycyclohexanone (0.78 g, 3.5 mmol) in pentane
(100 ml) and CH,Cl, (10 ml) was treated with ozone according to the general procedure.
The crude product was purified by flash chromatography (silica gel, 10% ether in hexanes)
to afford trioxolane OZ77 (0.34 g, 25%) as a colorless solid. mp 121-123 °C (95%
ethanol); '"H NMR (500 MHz, CDCl;) §1.60—2.27 (m, 22H), 297 (s, 3H), 6.97-7.14 (m,
25  2H), 7.30-7.45 (m, 2H); °*C NMR (125.7 MHz, CDCl;) §26.58,26.98, 30.04, 32.80,
34.86, 34.88, 36.52, 36.88, 49.89, 75.82, 108.38, 111.51, 115.08 (d, J = 21.1 Hz), 127.66
(d, J=7.8 Hz), 140.33, 161.98 (d, ] = 245.5 Hz). Anal. Calcd for C;3H29FO4: C, 71.11; H,
7.52. Found: C, 70.90; H, 7.50.
cis-Adamantane-2-spiro-3'-8'-carboxymethyl-1',2' 4'-trioxaspiro[4.5]decane
30 (OZ78). To a solution of OZ61 (998 mg, 2.85 mmol) in 95% ethanol (10 ml) was added
15% aq. NaOH (10 ml). The mixture was heated at 60—65 °C for 2 h, cooled to rt, and
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m xture was acidified with conc. HO (0.5 ml) and cooled to -20 C. The
precipitate was filtered and washed with cold ethanol/H20 (1:1). The
filtrate wa3mddeas ed with water and extracted w th chl or @carusog/297%7 10 i ).
The conbi ned organic |ayers were dried over 15 MgSH, filtered, and
concentrated in vacuo. Recrystallization of the conbined solids from

cL e ks e BT 248 S8 el i Bl T B RELSTS
(M 22H) R eyl Mion Hillie HAE AR Lt Mitora BRELRIE 288 (13Pma 63 94

33.02, 3 36.46, 36.84, 40.78, 107.86, 111.85, '180.61. Anal.
Cal cd f orasGléld2i@5solid, nfpbl451148-£C PS84 ethhmly)dH NIIR ()0 MEI4, CDEY;) §1A00-

ci s- Adamant ane- 2-s?i ro-3'-8'-carboxy-1',2', 4" -tripgxaspiro 1541\2}3 decane
(Qz72). IMdhinnt2ibel 60208 (my7 bk 8.24ddg = €. 83HmmbY)y , Cﬁ@ﬁﬁaﬂg TMAzAPClhnd
KOH (Q. 2 | v [ I t f.0 h and
then fool 46162587 et B PERs e ohads st Be il Dok 20’ (0.6
mM) and coehathi@l for €9150TNE, ¢ es: HRigt13t Foms Cf 67 0ef1€d.135 and washed with
cold ethanol/H20 (1: 1§. The filtrate was diluted wth water and extracted
wi t h chl or of orAdai@antan@-2$piro-3he-ethanzsnlfonylrl}a b4 ctricyy-81-aizagpiro[d.S]datanver
MpSH4, filtered, .and concentrated in vacuo.. Re st Il zatjon of the
conb hed O TBhet boidfion 8F DEREYEL 8 amnianons PHmEdaDs Reoxoramalepdd- (0. 33 g,
89% as 545 d s 5IPBme1N e 500
v cocet PR HIEEEe fRontDsy 4, siHionipbdaie (0% S Dot OV
CDC13)p 826asGf:ated6vilibozdie.a0éqrd3g t@ the gdder8proGtingss The Gude’ prodii2t Wi P81 0676

PCT/ US02/.19767 = 36. 85, 40.99, 107 , .111.58, 180.51..Anal. Calcd f
C17H240 5:by(§ash gl}rgggatqg;ra _yﬁﬁlcpgg}n%&g e@,er %rBl_lei(gl?es 1to #os(ht_r?gxolane 6%79 (700r0

ci s- Ada VAR o] L= diat ] Nerhanr v < 4

trioxas gﬁ{r} %@@]2‘182% S’L"gregsoﬁ%ﬁ mpzl li%’ ﬁ%ﬁd;ﬁﬁ%?g%wﬁeﬁw gg%%/ln%zﬁtcgn%lﬁ)e&oxi e
(1.43 g, 1.%7 @, reml3)HaBH)N 242,08 (i) 184H)03.97 ¢y,dl-oNSdaneidrrhosamden, 2H)61 g, 8
mmol ) in pentane (100 gip) and CH2C12 (20 m) was treated with ozone

accor di ng.4%-3t3dmg @hr aC PMEcdd7MHTHeD Cly) @ 192648, 20- 8% 3470y 34.78d by

e okdl and R IR ApRtuh .0 B 85 1050, B3 90 A Sered Br o ERINES: 6Bl (0. 1)
gave the @nas¥iN ajd. Folid:&C,S6D4t BIOMBD; K03 89, 9, 219 as a col orl ess solid.
np 115-117 10 C’(hexanes/ CH2C12 97 1); 1H NMR (500 MHz, CDC13) 81.09 (t, J

7.3 Hz, 3H), JAd#@n{ntang-2-spifo-3-H2',43Hjoxat8'spaspira[4Sidecanpihydehchioridetc (m
). 3. 32080y 10 a doisticE of 6755 (48 388 mihol) in ether (10 mi) was added 1 M

ethereal HC1 (40 ml). The mixture was stirred at rt for 16 h, and the resulting precipitate

20  was filtered and washed with ether (2 x 5 ml) to afford trioxolane OZ80 (400 mg, 34%) as
a colorless solid. mp 138-140 °C (ether); '"H NMR (500 MHz, CDCls) & 1.61-2.05 (m,
14H), 2.19 (br s, 4H), 2.34 (br s, 4H), 9.72 (br s, 2H); *C NMR (125.7 MHz, CDCl;) &
26.37,26.74, 31.35, 34.70, 34.79, 36.32, 36.60, 42.31, 104.12,113.08. Anal. Calcd for
C1sH,4CINO;: C, 59.69; H, 8.02; N, 4.64. Found: C, 59.78; H, 7.89; N, 4.70.

25 Adamantane-2-spiro-3'-5',5'-bis(2'-pyridyl)-1',2',4'-trioxolane (0Z81). A
solution of O-methyl 2-adamantanone oxime (716 g, 4.0 mmol) and di-2-pyridyl ketone
(777 mg, 4.2 mmol) in pentane (70 ml) and CH,Cl, (30 ml) was treated with ozone
according to the general procedure. The crude product was purified by flash
chromatography (silica gel, 4% ethanol in ether) to afford trioxolane OZ81 (620 mg, 44%)

30  as a colorless solid. mp 135-136 °C (ether); "H NMR (500 MHz, CDCl3) 61.60~2.10 (m,
12H), 2.27 (d, ] = 12 Hz, 2H), 7.21 (ddd, J = 8.5, 5.0, 1.0 Hz, 2H), 7.76 (ddd, J = 8.0, 8.0,
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= 7.3 Hz, 2H); 13C NWMR (125.7 MHz, CDC13) 813.09, 14.95, 26.53, 26.96,
27.08, 33.81, 34.78, 34.85, 36.45, 36.85, 39.16, 40.08, 41.74 107.92,

111. 21, 1™ob4i000n@l . Cal cd for C21H33NO4: C, 69.39; H, 9PCI/USHR/18685.
Found: C, 69.17; H 9.03; N, 3.80. 15

Adamant ane- 2-spiro-3'-8' -benzoyl oxy-1',2",4'-trioxaspiro[4.5] decane (QzZ74).

A sol uti 4-
bensoyl ongt bbb T8 B ak, 5328@%@%‘3“6% LR 2 S50 TR G887 G 2
(30 ) mgﬁslz%bm@s?@@@sﬁoﬂogsdwmt% Mﬂqogwqmas@rl@pwqrz@ 16The
crude produ ct was purlfled by fl’ash chromatography (5| i ca gel, 6% ét her

i n petrol €3638t1A212, 158.20.fAmt GatdddeoCa He, NIZAC2D1. QQHJGB@ N5 29%9. PoundhiGst ur e

of two di astereone col orless s 03 10 95% et noI) 1H
R (500 142 )N s epdlipporas i of Beskeions e 1h same GRRdians © ( m

7 52. 13C NVR (125.7 Mt, CDC13
826 57 E%"egée‘(‘g‘]é“%@mﬁgheo%ﬁﬁg%giﬂé 17%1 34. 84, g4. 92, 34.94, 36.215,
36. 53, ' 36. 87, AfQafhhntaiik-25pire-308'-Bdtoxyadet9B]', 2L, Y1 tridxa-8LazaSpiro[4Sd&ne

129.57, 130.75, 130.80, 132.83. 165.84, 165.91. 25 Anal. Calcd for
C23H2805: (QZ8291A§91utwn of Gymethyhpadamantanppe gxima-{1.79 g &) mxaal}em@ an

2- 3 -8
T oxhspi PataveRSbRepigl sl - 20l PRARHARY (o Al Chich Gomb s v
(0.85 g, tréated mmlo)zo@mﬁcérd@n@ta@hedge(nanaﬂ @eedire et hpdyet ahspanfaeby 1. 30

g, 4.7 mmol) in pentane (50 nl) and CH2C12 (70 m ) was treated with ozone
accorldl ngflash ofrmn@tea@pby (s@@a{ﬂeb§@%{ﬂﬂ@?r irheaxangsg éo pifasdiierolns G482 (1.8 by

flash ch | h f f

tr Foxol ant T aiaonet sifetin, FIARE PR IBIRESEDEE) 8163808 (o
03/ ggog@ﬁ@wz}gg/wm_g $3Aml) 5R0-63 ki, B0, PO
1H, 7. 5§ys(ed1 2]1{)':1?32: NMIRZ(IZi 7%13@&1@5@1)’5@ 276 N/EL226 85 Gncme)smsa% 26. 90,
31.78, 34,84, 3487 112.38, 120.85, 125.00,
127. 87, 130456. 7113201% 421éb 64227 !L%%éuﬂxha]l“ 8éa|18%|43r ppakSglederons: C

63. 6 2 d A 22. Ad t
a- 2- Spl roeff}?g@@((g\létzﬁf (g)lr’ 75%“15@?%%;@% h‘gd&%o 51187% ﬁ\? B4 a man tan
tri oxaspirol 4. Ehdﬁmna:e@mgﬁ;..y_&» hydm,y&wﬁ 10269~ {ribud§-zapinddd Siddcane

met hanol £56 m), and 17 % % m ) was heated at 50 C for 2 h.
The react (@83 ke arselqnag of ééOQ 51&%64 sy THE&mY ¥varg adfied wateti{®d wit h

wat er (40, yéna 1%%&‘ e)wﬂrbgg@fe%%smg@t (A48 18h ahddxiral2q WipiTP1 ned

organi c |layers were
CH,Cl; 3x 10 ml) The combmed extracts were dried over MgSO, and concentrated.

20  Crystallization of the residue from methanol to afford trioxolane 0Z83 (360 mg, 68%) as a
colorless solid. mp 152—154 °C (methanol); 'H NMR (500 MHz, CDCl5) §1.61-2.07 (m,
18H), 3.28-3.43 (m, 2H), 3.64-3.79 (m, 1H), 3.80-3.91 (m, 1H),4.18 (d, J =4.4 Hz, 2H);
3C NMR (125.7 MHz, CDCl;) 526.43, 26.83, 33.99, 34.71, 3479, 34.95, 36.38, 36.43,
36.68, 40.39, 41.22, 59.69, 106.37, 112.49, 170.03. Anal. Calcd for C17H2sNOs: C, 63.14;

25 H,7.79; N, 4.33. Found: C, 63.20; H, 7.85; N, 4.26.

Adamantane-2-spiro-3'-1',2' 4'-trioxolane-5'-spiro-1"-3",4 ''-dihydro-2" H-
naphthalene (OZ84). A solution of O-methyl 2-adamantanone oxime (895 mg, 5 mmol)
and a-tetralone (710 mg, 5 mmol) in pentane (90 ml) and CH,Cl, (10 ml) was treated with
ozone according to the general procedure. The crude product was purified by flash

30  chromatography (silica gel, 1% ether in hexanes) to afford trioxolane OZ84 (360 mg, 23%)
as a colorless solid. mp 90-92 °C (methanol/ether 9:1); "H NMR (500 MHz, CDCl3) &
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concentrated in vacuo. The residue was purified by crystallization from

et hanol /H20 (1:1) to give OZ76 (1.87 g, 87% as a colorless solid. np
122-124 GvpaBlersoé / H20 1:1); 1H NWR (500 MHz, CDC13) 81. ®0Taisa81qma1 20H),
2.25 (td, J =13.7, 4.4 Hz, 2H), 6.98-7.14 (m 2H), 7.38-7.56 (m 2H); 13C
NVR (125.7 MHz, CDC13) 526.54, 26.94, 30.25, 34.84, 15 36 49, 36.53, 36. 84,

(5255 1908ty By MG anh 2 s Blap PRl el )

C22H27FO4;, 7 0 5
Adanant ane3g(sp| rg%:’»d_@ 223 e (ﬁnjb eny @2377 l\r@% h(’7D@1 3} £29,63,26.65,
trioxaspi 270691 2]2de34.106, 3(4212173)1 99,6553@0 asnem@ﬁ?, 7008} maz zoadanam 40)0ne oxi ne

(0.63 g, ) and 4-(4-fluorophenyl)-4-net hox cyclohexanone (0.78
g, 3.5 m1b36)23 rl%@ﬁtb%ﬁeﬁ% 1293 1ﬁ1f9ﬁd1‘t§?721: a%ﬁ)*l“rﬂfw 24915+ 46:3% Hh ozone

accordi ng dure. The crude product was purified by
flash%lchr%:zr%t ﬂgﬁnﬁiﬁﬁfc@&ga 10% ether in hexanes) to afford
trioxol ane OZ7,Zd§.Q.aﬁfmg.z-3;ﬁ% 3a15',za,4¢-@h@£dls§@58@ndiz" 314" Idihydro31 ‘G 95%
ethanol); 1H NVR (500 MHz, CDC13) 81.60-2.27 (m 22H), 2. 97 (s, 3H),

6.97-7. 14m(phth2[§nQE§)Z85) A0soMutipR of - n@rmywla@@nwmm%mmmmm% 58,
26.98, 30.04, 32,80, 34.8 88, 36. 5.82, 108..38,
111.51, 13 @réetf(alimeﬂm BIg, g“ﬂ%ﬁ) ta&a% ’a‘% Jlg%Hzég (E@}rﬂ Y3y trgage TG% 08
(78 9‘3_ _H24Z? g Sk&))rdlné‘@@ e ggﬁérﬁﬁrgwdugqhggﬁ%prﬁuct@as bhrified byhaél? Found: C,
Ci s- Adanachramatography (SHE! gcB 2% athboyrerirey) toilaffo2d trrbxelumé OZES{#00uE, BFUYcane
30 (Qz78). To a solution of QZ61 ]%998 ngQ in 95% ethangol (10 m)
was addedas a@dgriags splidomny ab-661°f; Q:Wm&?%éﬂ&?ﬁtl%@n 6H), 286 2 h,

(10 m) . k00 tnon (LA BRI 12T e W A S AMR Bl Miel, M T
Recryst al thedy))igos. 5, 2%*9? @70’72 @11’7803& 9% %uei3haneb, Afdoosaisd 3g.59)38ls3ne OZ78

(700 my, 76%  as a colorless solid. np 146- 148 C (95% et hanol ) ; IH NVR
(500 MHz 38:[1:]13)3 48]112062,128.95( 126.10:41 28.32,6292080531.86, 135164 . Agal2Caled for) = 6. 8

Hz, 2H): 13 7 3 8. 26.97, 29.91, 33.00, 33.95
34. 861@ 362 &2&&%%%20*1&@%1&83% ¢, 7%1'}372%1 5"167‘7 75. Anal. Calcd for
C18H2605: C, GZdQEranHmegz };g‘zlro-EQB'ﬂﬁ flq;’orcfvenggneslﬂfmﬁyl)ll3 2',4'-trioxa-8'-

Adamant ane- 2-spi ro- 3" - hanesul fonyl -1 -tri oka- 8" - -azaspiro[ 4. 5]
decane ( CiZaSpiro. ﬁdbcﬂned@%ﬁ)&n@uﬂnﬂ oﬂ)mﬁhﬂrﬁ-aiamnﬂamnmlmegwi@g 5.0

m’r;)I ;ngnd . g:{ﬁgogﬁﬁ;grggggzéneselfgf}[l)l -%ﬂ)%ri 8§e5 ( lnPZ g, 'rr?mo %)entan (%%t a{'le (50

and CH,Cl; (50 ml) was treated with ozone according to the general procedure. The crude

20  product was purified by flash chromatography (silica gel, 25% ether in hexanes) to afford
trioxolane OZ86 (450 mg, 21%) as a colorless solid. mp 122-124 °C (95% ethanol); 'H
NMR (500 MHz, CDCls) §1.60-2.05 (m, 18H), 2.92-3.06 (m, 2H), 3.25-3.38 (m, 2H),
7.16-7.28 (m, 2H), 7.74-7.84 (m, 2H); *C NMR (125.7 MHz, CDCls) 626.46, 26.85,
34.05, 34.76, 34.80, 36.42, 36.71, 44.29, 105.83, 112.46, 116.39 (d, J = 22.9 Hz), 130.23

25 (d,J=9.2Hz), 133.03, 165.30 (d, ] = 254.8 Hz). Anal. Calcd for C2;H26FNOsS: C, 59.56;
H, 6.19; N, 3.31. Found: C, 59.75; H, 6.40; N, 3.27.

Adamantane-2-spiro-3'-8'-chloroacetyl-1',2',4'-trioxa-8'-azaspiro[4.5]decane

(OZ87). A solution of O-methyl 2-adamantanone oxime (2.01 g, 11.17 mmol) and 1-
chloroacetyl-4-piperidone (3.02 g, 17.09 mmol) in pentane (50 ml) and CH,Cl, (50 ml) was

30 treated with ozone according to the general procedure. The crude product was purified by

flash chromatography (silica gel, 25% ether in heaxanes) to afford trioxolane OZ87 (1.60
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10 was treated with ozone according to the general procedure. The crude
product was purified by flash chromat ography (silica gel, 20%ether in
hexanes) wo oabbémwre tri oxol ane QZ79 (700 ng, 39% as a colramweri1wet i d. np
110-112 C (nethanol); "H NWVR (500 MHz, CDC13) 8 1.37 (t, J = 7.3 Hz, 3H),
1.62-2.08 (m 18H), 2.97 (q, J = 7.5 Hz, 2H), 3.28-3.41 (m 2H), 3.43-3.56

: 13C NVR (125.7 MHz, 3 7.91, 26 ) 34,7 4.78, 15
EQ,T. ng) 36 4870) 852 S?al,orl&%ﬁ odd mg.tl)g ,l)lfgg. (mthaﬂliﬁéﬁ&r(gﬁ% l\éﬁzchFiar) g
: : . ; ) : ; : 2 . .
o220 O Y8R, 51,5 i, M 9.3 BOMIATIEs (PR St P T S 59

Adamant ane-2-spirad ane’ hydrochl ori de

(Qz80). ™MR (325.0tNVBR, CDCDEIR6(4B, 24.92, 33.96; 30170 34.02)3641he36.64 %0P4) 4083, added
1 M ethereal HO (40 ml). The m xture was stirred at rt for 16 h, and the
resul ti ngt0F8ed0.pitt 4t BS, S90730486.43.111 83801 G2B. e h &eplodifr € 1ethefINOR: &, 5 nl) to

ff t rd Qx0 400 4 Gol ess solid. 138-140 C

Cet her)  SOTPSRHRT etk o Py 380 200 e 53515 ™ 200 Cor . by
2.34 (br s, At AQarrantdiie-2s i?b%l-sﬂ-%(ﬂhﬁtﬁoiagﬁuyylﬁﬂg%th 13)4'8 26. 37,
26.74, 31.35, 34.70, 34.79, 36.32, 36.60, 42.31,” 104.12,113.08. Anal. Calcd

for Cl5HPCINII[4.6]desané (0Z8B). 8 soRutionof )-ButhyF3adanant@n o oxBne (895mB9: N,
4.70. 25 Ad t -2-spiro-3' -5 ' - Di ' - ' |)-1'",2" 4" -tri

(s A TEgD d gz BsBhstyiovsiRuliuslo Ariaftico s rrmoR fn aenari@p) "anc
di - 2- pyr iggly En&(gmﬁﬁ (26 fflY waB tredtewitHBLdnd &tcR@MPReheedferal praabilrCHRfel 2 (30

m) was treated wth ozone according to the general” procedure. The crude
produet wasleguodict eas ppyrifiedibh flashmhooredtograpiphigilicsi gel, tio gther idpetatlranol i n

T5ac 156 GUN R QIR R f‘égﬁﬁ’@gi‘é‘%p@%ﬁs’ S 2 PaR 313%22@?‘%
= 12 = B, . 7 =8. 0,
500 65 BRI 647189 %p 2k L s a2 e By,
2H), 8. 55.410d,J 365 Mz, 2H)1 8Q9K, J 28{p;HA3 CHNMRE (2T =78.8 M2 HE, DU RMRB 262561,

26.86, 34.81, 34.88, 35.93, 36.74, 107.92,114.58, 121.16, 123.16, 136.38,
149. 12, MHz2ODCh)126.38a2648+ ¥1-0L33142234203:34@5, 36.5086.88, 64.263108¢1,7. 99.

ot ons urtdbib; P shuraBiednin e, deth7 e 1, Aal CRlkd Rl ostar o0t e o883t B o0
My, 49% .6.83; N, 3,06. Found: C, 65.76; H, 6.90; N, 3.18.

Adanant ane- 2- spi ro- 3' - 8' - acet oxyacet y1 -1',2'",4' -trioxa-8' -azaspiro [4.5]
decane (QZ82)cis-Adawmiantingm2-9pirg-3/m8i-(3/{hydroexjathyl)-2 OArinxaspirp[4.Sldeganel 0

nrnol) by RSl RaCet Slad BIPRE! Sl B2 (DT IR haR T 2" (50

NaOH solution (400 mg, 10 mmol) in water (5 ml). The mixture was stirred at rt for 6 h,

20  concentrated, and extracted with CH,Cl; (2 x 20 ml). The organic layers were combined,
washed with water (10 ml) and brine (10 ml), dried over MgS04, and evaporated. The
residue was recrystallized from ethanol/water (2:1) to give trioxolane OZ89 (220 mg, 54%)
as a colorless solid. mp 88-90 °C (ethanol/water 2:1); '"H NMR (500 MHz, CDCl3) 61.09-
2.15 (m, 25H), 3.61-3.79 (m, 2H); *C NMR (125.7 MHz, CDCL) 6 26.58, 26.97, 30.15,

25  32.72,34.20, 34.84, 34.86, 36.49, 36.89, 39.12, 60.85, 108.89,111.25. Anal. Calcd for
CisH2304: C, 70.10; H, 9.15. Found: C, 70.24; H, 9.24.

Adamantane-2-spiro-3'-8'-hydroxy-8'-methyl-1',2' 4-trioxaspiro[4.5]decane
(0Z90). To a solution of methyllithium (1.85 ml, 1.4 M in ether, 2.4 mmol) and lithium
perchlorate (0.26 g, 2.4 mmol) in THF (2 ml) at —78 °C was added a solution of OZ05 (556
30 mg, 2 mmol)in THF (20 ml). The reaction was stirred at —78 °C for 2 h before being

quenched with methanol (2 ml). The mixture was allowed to warm up to rt and
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treated with ozone according to the general procedure. The crude product
was purified by 10 flash chromatography (silica gel, 80% ether in heaxanes)
to af f or dworisoswhiéane OzZ82 (1.82 g, 50% as a col orl ess sedrdisozm7a12- 114
C, 'H NWR (500 MHz, CDC13) 81.62-2.06 (m 18H), 2.19 (s, 3H), 3.39-3.55
(m 2H), 3.60-3.69 (m 1H), 3.73-3.87 (m 1H), 4.73 (AB system 2H); 13C

NVR (125.7 8 .24 .

D671 acsentesdf vaguo: 8 rtigue ol issifedin G ibwalfed Bttty i 42
15 C 9H2'm§Bwater (263nHDindrbriné (APin)NThSoignic fojentias &ed@?eIQMgS'ﬂh, And8d, N,
3.84. Adanant ane- 2-spiro-3'-8' - - hydr oxyacetyl -1 4' -trioxa-8 -azaspiro

[4. 5] decmd@onc(e@zg@;l ocrade priodidt dves ppri figby ﬂmhmglatogrmhyﬁmcy gelm 25UE (5

m added ya % a t
St rrea diheran paroiggm oo ePRtEd el o780 Hstats T L BT i EES, 1 e
extraegts d&@é’t&e&iﬁérgﬁasoa\/&ﬂoﬂ}&@%uﬁﬁﬁ» ﬁagﬁeeqhéaaﬁels/cﬁ 19 yft‘q{NMmtsm of the

residue fromnethanol to afford trioxol ane QZ83 68% as a
colorles §VIHQJ CDCIW 1132¢s]1 3H),C.q0r211 R dmoR2 I H) angfMto(tEd)ﬁaJMﬂzsomzﬁ (s,
81.61-2. 07 18H), 3.28-3.43 (m 2H), 3.64-3.79 1 3.80-3.91 (m

1H), 4. 18%()@1 6&&124(% FED) aspigned todlee Nmresmz@r,? @@)@1% 26:2G1) 96. 83,

35,92, Shetts gi4q a3, 95 30?0 47,20 HE %0 S 1920 LS o
N, 4.33. F6u§)ds.49, 3(63323@86!468 57,808,96N108152,6.08.57, 111.42, 111.51. Anal. Caled for

Adamant ane- 2- spi ro- 3' - 4" -trioxol ane-5' -spiro- 13" ,4 "-di hydro-2 "H
naphtRal e(ﬁleHé(,QZSQo)@ 3\6%@?9 &auegd: ) OSRAPN 8.82.adanant anone oxime (895 ng, 5

I d t | (,71Q ' t d 2CIZ 10
) s tr eat AR R 2 ER- S AGREN SR p GHEPEST0G G Lide
product Vﬁ%s;ﬁ%[hfs']@&alﬂ)i (b@ﬂmﬁ&hﬁmhm ﬁﬁ&@[’mﬁdﬁﬁhﬂtdn@@egﬁhme {&¥sehpey in
hexanes) to afford trioxol ane OZSNN%M( 2399 as a colorless sol i d. np

90- 92 C (mmphandl/[él$Het0-eamphorshifo dwz(l @E)g:ﬂ@)% mgYed) mzpe@tan@(ﬁime

PCT/ US02/ 1976 4- 6 2.37-3.5 2 27238

7.12 (d, ’5‘8 ;cgalgfz (5%1}5%?“‘(?”%5& “;%130%?8‘3 R ‘“ggnaé%he(lg@erﬁ‘l progedyr h‘31H); 13C
NVR (125. &u&@ﬁodx@@ﬂa@ uBfld Wﬂaﬁ@h@&nato%ﬁp@g(&lﬁﬁ (§31430‘V§ét1§59 in Békah _}t34 99,
35.00, 35.78, 36.43, 37.00, 37.22, 107 112. 4 126. 23, 127.9 128. 69,

129. 36, mmr@monMemwwo mg:éﬁ%d a$ acolotleiszalia: mp:72—7745 °8?9(mdtharsl)7 'Ha.
Found: C,_ _76.77;

Adammant SR () Mbz: CBCI S 088 (5 BHkd e 3D 4 38-bShim. FE LR EL 1 ~ 1
napht hal %%1),(%5).46 GnSirybiem 81 (R 18, BYs @; PIaTRM-219923 9% (% < £P§ MU, S

el Hz, 1H), 3.34-3.59 (m, 4H); >°C NMR (125.7 MHz, CDCl;) §19.72, 19.94,25.12, 26.46,

20  26.84,26.89, 34.49, 34.72, 34.80, 36.40, 36.71, 42.54, 42.91, 43.84, 43 .86, 45.84, 47.82,
58.25,106.16, 112.26, 214.78. Anal. Calcd for CsH37NOegS: C, 62.60; H, 7.78; N, 2.92.
Found: C, 62.80; H, 7.60; N, 2.92.

Adamantane-2-spiro-3'-8'-(1'-butanesulfonyl)-1',2' 4'-triox a-8'-

azaspiro[4.5]decane (OZ92). A solution of O-methyl 2-adamantanone oxime (895 mg, 5

25  mmol) and 1-(1-butanesulfonyl)-4-piperidone (1.12 g, 5.11 mmol) in pentane (50 ml) and
CH,Cl; (50 ml) was treated with ozone according to the general procedure. The crude
product was purified by flash chromatography (silica gel, 30% ether in hexanes) to afford
trioxolane OZ.92 (700 mg, 36%) as a colorless solid. mp 62-64 °C (methanol); 'H NMR
(500 MHz, CDCl3) §0.95 (t,J = 7.6 Hz, 3H), 1.32-1.57 (m, 2H), 1.59—2.21 (m, 20H),

30 2.81-3.02 (m, 2H), 3.22-3.59 (m, 4H); >C NMR (125.7 MHz, CDCl3) &13.48, 21.68,
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and ,Qetralone (710 ng, 5 nmmol) in pentane (90 m) and CH2C12 (10 m ) was
treated with ozone according to the general procedure. The crude product

was puri fwed3slyosié ash 10 chromat ography (silica gel, 2% etragrusomidrexanes)

to afford trioxolane Qz85 (400 ng, 26% as a colorless solid. np 64-66 C
"H NMR (500 MHz, CDC13) 8162218(m 16H) 2. 96 (t J = 6.6 Hz, 2H),

3.12 (AB system I—% eétng 3C NI\/R9( 0%3) 826. 59,
26.97, 27254 28:5078¢ 994347@7 3é28 734563'8 3%215 49, @31%@05151

38.19, 10

anal - cal GO Lo QEHABIORTE P10 B RN DS R € sl FE PRGN 9 O 61,
Adamant ane- 2- sgdamagtar-2-§pire-8!- 8I'G(Iphheﬂmrles¢etj'lb-ﬂnyl4)-trlox£8'—4 -trioxa-8'-
azaspiro[ 4. 5] decane (QZ A sol ution of 0O-methyl 2-adamantanone. oxi ne

(895 ny, #aspirpid)Sidaeane. (@Z‘)ﬁ) J@r%ﬂ?@ﬁ@@&é&@&%&ﬁﬂ)ﬂ%@ﬁéﬂlﬁ%@w ©d0y, 5

2?31)25 glgf)nt angdé(gﬁera% g@% urel(g%%gtrudevl\g@)pro ﬁo%élntﬂ)ﬁﬁg I ed by

flash chrgageddogsepty C S 3|6ChaanﬂQJoolea eteThesolvent kxammse)d b9 eddpbitidn, and
trioxol ane Oz86 (450 ng, 21 % as a colorless solid. 122-124 C (95%

et hanol ) ; the ppsiduerwgsgouraeg withpEta 2@ msmdAlsed. rBecqsﬂqlzatzomﬂtt;e gdid m 2H)

o cerysdhdiol efid Giokoriny 0703 b mi: ¢ s ool 5B mp 7S 4H2S 7
105. 83, ldetfihol 2)1!'1@ hﬁ&k((@ooplﬂfz ébc%)'#]) 59-130; @3 1%%&3045—% A @n %H)*Zé 72133 03,
165.30 (d, J = 25 ). Anal. Calcd for C21 19:

N, 3. 13)1 F@QI(ld lIﬂ:) 4551 (ESZH)—W 66—21@9 (th 218), 782-7.97 (m, 2H); >C NMR (125 7 MHz
Adamant ane- 2-spi r | or.oac azaspiro

decan ( CEBFF SAGH. gor6nF o GB35 Ga AP HGRL LA 0008 BE . 11, 17
50
T And GES Eaen S St AR S R Coltd 8 CotOT T b A RSt o

procedur e6.13 uad U061 DALG.0ME 609t i fied by flash chromatography (silica
gel, 25%ether in heaxanes) to afford trioxol ane 0287 (1.60 67 WO

03/ 000676 PCT/ @g@qmw%sg}ro-&%rés-tﬂowawﬁeﬁyr@m worens (9@411% C

met ol

Sy 3 7l Ot 20 BmadebonBonine fs53ne: 5 Bt huncdiphl 80
826 43, 250 &2(101)3131 fatand48(Al) add CHRC13804d]) waS treded With dfoneddéciding t6QAhS8,
40.94, 44.15, 50.73, 106.43, 112.38, 164.98. Anal. Calcd for Cl17H24C1NO4:

C, 5 59. 7@&ner] poce@ireNTheicrade prodush svas purifed Boflash chrpmperaphyqsiia gel, 1%
ci's- Adanar}h%nlg hgxanbes)r to a%for«? tnog(glané 6Z9QI(B§(? rt%l?g,n 5 Q‘%& as ayc)o%rpéél Lohdlrripzl S(ﬁ
152 °C (methanol/ether 9:1); 'H NMR (500 MHz, CDCls) 61.62-2.25 (m, 12H), 2.47 (s, 2
20 H),7.27(dd,J=7.6,7.6 Hz, 2H), 7.38 (dd, J = 7.6, 7.6 Hz, 2H), 7.53 (d, ] =7.3 Hz, 2H),
7.57 (d, ] = 7.3 Hz, 2H); °*C NMR (125.7 MHz, CDCl;) §26.61, 26.99, 34.89, 35.10,
36.51,36.87,111.76, 112.99, 120.02, 125.22, 128.42, 130.81, 140.29, 140.99. Anal. Calcd
for C23H2,03: C, 79.74; H, 6.40. Found: C, 79.56; H, 6.23.

Adamantane-2-spiro-3'-5'-(4'-nitrophenyl)-5'-phenyl-1',2',4'-trioxolane
25  (0Z95). A solution of O-methyl 2-adamantanone oxime (1.79 g, 10 mmol) and 4-
nitrobenzophenone (2.27 g, 10 mmol) in pentane (70 ml) and CH,Cl, (80 ml) was treated
with ozone according to the general procedure. The crude product was purified by flash
chromatography (silica gel, 10% ether in hexanes) to afford trioxolane OZ95 (1.60 g, 41%)
as a colorless solid. mp 114-116 °C (ether); "H NMR (500 MHz, CDCls) §1.60-2.26 (m,
30 14H), 7.32-7.41 (m, 3H), 7.42-7.49 (m, 2H), 7.75 (d, J = 8.8 Hz, 2H), 8.22(d, J = 8.8 Hz,
2H); *C NMR (125.7 MHz, CDCls) §26.46, 26.88, 34.61,34.78, 34.81, 35.42, 36.04,
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trioxaspiro[4.5]decane (QzZ88). A solution of O nmethyl 2-adamantanone oxi ne
(895 nmg, 5 mmol) and 4-[2-(4-nitrophenyl oxy) et hyl]cycl ohexanone (1.45 g, 5
rnnol ) i nwpasterses (80 mnl) and CH2CLl2 (20 m ) was treat ed PaTiUSOD276
according to the general procedure. The 10 crude product was purified by
flash chromat ography (silica gel, 10%ether in petrol eum ether) to afford
trioxol ane 074 sol i d, 1H NWR

(500 MHz,3 %§)7(18!L0%7gﬂléé (#?3 35&1}560&_60 AIﬁ%i‘S}st(“ﬁ} 12;?1? 6%21‘&8% (m
o oy (e g Talddor Gapitoy B, Kok 5889“£§3§§%£63H? R P

34. 85, 36Np258.36. 89 64.26, 108.61, 15 111.40, 123. 55 130. 67, 135 84,
150. 67, 164.71. Anal. Calcd for C25H31INO7. C, 65. 63, 6.83; N, 3.06.
Found: C, 65. 7@daman@ng@-swo X-5¢'- bls(4'-chloro-3'-mtrophenyl)-l ,2',4'"-trioxolane

Ada 4.5
Gecand (S SRR ot 0 b2 ABRREN RS Birle b o O ABERR - 0L S ST
rt was addieiloroNs®isiidtobtnAphdndae (2109 g,110 mifo]))in behtaR ($rmipamd TH,Jh€781 xt ur e

was stirred at rt for 6 h, 20 concentrated, and extracted with CH2Cl2 (2 x
20 m ). TRB Wsdmated Withegoge moéi%mﬁé@erMm@erﬂlhcm@roqm W@s) and

brine (10 drd. e The,.r

recr ys'g al R‘{Hz%’g b?’ rflé1 Sﬁj anoﬂwﬁ‘f’éﬂﬁ%@ f;ﬁ%%&g%r\}gh PG tgl %ﬁé cﬁfﬁm&%ﬁ%o ny,
549 as 629952)03 gszm%)oz{sl @balmlﬁw&oﬂe xﬁp(wsilarseb/(mér)el*mNMR 409 Mz, ( 500
MHz, CDC13) 81.09- 2.15 (m 25H), 3.61-3.79 (m 2H); 13CNIVR(1257M—|z
CDC13)3 826DE8) 616092,25%M, 15H) 2755032 T12m, 44), 3004 @Al %Z.Q H34 285; "ONMR 36 89,

30.12, 60,85, 108 83 11129 Cal cd for Cl8H2804: C, 70. 10; 9. 15.
Found: C, (1397 MHz;CDg1:) 2630, 5888, 34F3 54193, ¥6.06. 36,45, 1067211630, 12373,

Adamant a S t X iy, ecane
(OZ90) . Tm?ég%t@??r?%l éth filegt%ﬁ‘qg‘h%lg‘%f"r%ﬂ}%"qz%t%n%gghé‘? ﬁzi?qmmn
and it hiNps.5h&oahd:oC a84e44; 01, 26)9gN 254 mml) in THE (2 rﬂ) at -78 C was

added a solution of Oz05 (556 é in THE (20 nml). The reaction
was stirred at dW'BaUaPGTZ'%P'W'%'eﬁ d?h?“hi’e? righthakimidesethyil h%éf-hanol (2 m).

The X m {

PCT/ g'go 3 ‘ﬂo r?i%\%? A )nA\L/L§1C1f51§n °5‘n<.ﬁ““ P%ﬁ&e%vﬁ%%ggggoﬁe@ n®cH2C12
and was hefl2 winidl) ﬁnd\/hlﬂﬁén)(lﬂq:;htliidh)mdm&ﬁ{/lcﬁcﬂ&ldihﬂone 4D Nr4.0enkhdM inbentaddre
organic Iaéer was dried over tered and concentrated. The crude

product wA80 gk ar5d €H2GY (59 @&)hwmemdt%@rww a@@rdmgdatlgegenez@%ocgﬂn@r in
s RS AT T N R RS A Y LN
1H NVR ( 5{¥anes) to afford trioxolane OZ97 (0.62 g, 30%) as a colorless solid. mp 150-152 °C
20  (ethanol); '"H NMR NMR (500 MHz, CDCl3) &1.50—1.99 (m, 20H), 2.40 (app d, J = 14.2

Hz, 2H), 3.63 (s, 2H), 7.18-7.30 (m, 1H), 7.31-7.40 (m, 2H), 7.41-7.50 (m, 2H), 7.65—

7.72 (m, 2H), 7.73-7.85 (m, 2H); °C NMR (125.7 MHz, CDCl;) §26.52, 26.88, 30.80,

30.88, 34.79, 36.43, 36.82, 43.90, 108.57, 111.33, 123.22, 126.67, 127.10, 128.78, 132.02,

. 133.84, 141.13, 168.44. Anal. Calcd for C3;H33NOs: C, 74.53; H, 6.66; N, 2.80. Found: C,

25 74.54;H, 6.71; N, 2.80.

Adamantane-2-spiro-3'-8'-methoxycarbonyl-8'-phenyl-1',2" ,4'-
trioxaspiro[4.5]decane (0Z98). A solution of O-methyl 2-adamantanone oxime (2.15 g,
12 mmol) and 4-methoxycarbonyl-4-phenylcyclohexanone (2.79 g, 12 mmol) in pentane
(100 ml) and CH,Cl; (50 ml) was treated with ozone according to the general procedure.
30  The crude product was purified by flash chromatography (silica gel, 1 0% ether in hexanes)
to afford trioxolane OZ98 (1.07 g, 22%) as a colorless solid. mp 127—129 °C
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MHz, CDC13) 81.29 (s, 3H), 1.60-2.12 (m 22H) assigned to the nmmjor isomer;
1.25 (s, 3H), 1.60-2.12 (m 22H) assigned to the mnor isoner; 13C NWR
(125.7 MO GBDEKL3) 8 26.54, 26.56, 26.95, 26.97, 29.37, ITAH02/306B81,
30.54, 34.79, 34.83, 34.87, 34.96, 36.44, 36.46, 36.49, 36.73, 36.86,

68. 57, 68.96, 108.52, 108.57, 111.42, 111.51. Anal. Calcd for 10 Cl7H2604:

Py 23@%33%@0%@% %W@%@g\;ﬂ*?éﬁﬁﬁ%édrﬁ?owﬁm201’2) 2,53 @pp k=g -
?gggpl ro[g3§ dpégé%lﬁigé 84&'& Ww ZZ-%\f)lﬁper Oﬂe(?%})eyg)(' 0

4.98 nrnobg.o4 rBlp@mBa@e 1482, 3018y, 393\458 @H%@ls?o (662m2) 10833, 11€3BETRSWS, h ozone
according to the eneral procedure ‘The 15 crude roduct vvasaé)urlfl ed by

flash chr éﬁﬁa@@dﬂééﬁylikﬂ,ll&é 8@ehnal. m%ﬁohgmHsoDhék dhé4)H1 659

triox ang gg%{jg ng, 36% as a colorless solid. np 72-74 C (et hanol);
IH N Iy 13) 8 0.88 (s, 3H), 1.13 (s, 3H), 1.38-1.51 (m 1 H,

1.55-2. 21 (M Ad3Mantane3spird8'- 'naar%&y- 2pKefry2163' &Jﬁﬂloxlﬁznro% Zgieésln J =
14.6 Hz, 1H), 3.35 (d, J = 14.6 Hz, 3.34-3.59 ( C NMR (125.7
VHz, CDC19?Z3£!)9 A mixtuge K028 OA2 24. %emmgb ISZQPB@ 00%1’8©5 ka)gqthmlm

34. 80 36. 1,.42.54 4 4, 47,82, . 58. 25,
106, 16, 119 T8 @S aihgnit A (Tuabpsissienalal Iy dhe poncydfimindie 93
2.92.  Fousfled forrt, Q:%n&gltra{éd t<7 1684, duted- with w@t‘ér (20 ml) ac1d1ﬁed with conc. HC1

amant ane- 2-spiro-3' -8 - (1' -butan esul fonyl ) - 2' trioxa-8' -
azaspi® o[ &. (S]Id)n,aaahext(@mlzyuh GHEY! (Gtd 20mmbf Tl mlblyd:d Rtrardavene dneheverxi e

o) T RiasOhBlers, i Fomiehirupd danatizanyn b Pl bamnfetayCRgC
accordi ngg matfﬁ%&ﬁ@l%&@ﬂan@m@@?‘ﬁﬁ%oﬂza %a%forle%%‘ﬁﬂ%g%% Pwdé' ed by

flash chrondt ograp l1ca ge er in hexanes) to afford

trioxol an@e@a&g/ccmmnz 79); 'BAWIRAS 0@ ML, @D@ls)s(ﬂs@m-:dw 1) 2@2{)62 5@(@&1 lyanol ) ;
1H NVR (500 MHz, CDC13) 80.95 (t, J = 7.6 Hz, %132 7 (m 2H),
1. 59- 2. 2111.HHR8H), 7.20-753dm, $Hy7 *¢ NMRy) 25. 3 Midz, L1Hd:) GR6 21&)26 9_I§3@14§WR (125.7

Ve QDCL3) (D13 62430, 9851, 5896V03 8248008 7R T LSIPLINZAT o 28, 34, 26 50,
Anal . Calgols OtnFIOHBINRTSH s 897195, Hl 7.84.10unblC,31 88, HEownd: C 59. 38

H 7.99; N,
Adamant ane- 2- spdamtal&'&-émo-ﬁw r&#-@wdmma)rbgnyl)}l LW 2A,4-tirippa-8.-8' -

et oni L FASPrOGE SRelne (lraolfiaR s RlthonF cHianeRL it i Mol i adagho
mol ) . Theyy @acidded tﬁ&ﬁﬁhh% (msmg, 2.55 mmol). The solution was then cooled to 0—5
20  °C, and isonicotinoyl chloride hydrochloride (180 mg, 1.01 mmol) was added. The
resulting mixture was stirred at 1t for 16 h before evaporation to dryness. The residue was
triturated with water and filtered. Recrystallization of the solid from methanol at —20 °C
gave trioxolane OZ100 (190 mg, 69%) as a colorless solid. mp 140-142 °C (methanol); 'H
NMR (500 MHz, CDCl3) 61.58-2.16 (m, 18H), 3.31-3.58 (m, 2H), 3.68-3.85 (m, 1H),
25  3.86-4.06 (m, 1H), 7.19-7.37 (m, 2H), 8.60-8.80 (m, 2H); *C NMR (125.7 MHz, CDCl;)
026.47,26.87, 34.13, 34.76, 34.87, 35.18, 36.45, 36.71, 40.03, 45.20, 106.47, 112.49,
120.96, 143.47, 150.37, 167.77. Anal. Calcd for C;1Ha6N,04: C, 68.09; H, 7.07; N, 7.56.
Found: C, 68.22; H, 7.06; N, 7.68.
Adamantane-2-spiro-3'-8'-(4'-chlorophenoxyacetyl)-1',2',4"'-trioxa-8'-
30  azaspiro[4.5]decane (OZ101). A solution of O-methyl 2-adamantanone oxime (895 mg, 5
mmol) and 1-(4-chlorophenoxyacetyl)-4-piperidone (1.34 g, 5 mmol) in pentane (50 ml)
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heated at 60-65 C for 36 h and cooled to rt. The sol vent was renoved by
evaporation, and the residue was triturated with water (20 m) and
filtered.wBasnywva@l | i zati on of the solid from nmethanol ga&¢a/tsor/owet ane
Qz93 (379 ng, 84% as a colorless solid. np 152-154 C (nethanol); 1H NWR
(500 MHz, CDC13) 81.59-2.11 (m 18H), 3.45- 3 71 (m 3H), 3.72 10 3.89 (m
1H), 451(s 7.65-7.79 13 (12 7 VHz,
CDC13) 82%1‘14:7{{2%26(5@6“1?3@5 @&ate‘gwlﬂi@zo@‘eacw 1’@60?23 g"@gg’g;é % he 50

108, SanokSaEivas By 438 ooty s e A oR Bl peiphyuGBted 1o

Adamant angoxelaps OZ461 (300, mg, 14%)tas b eslbtlessasohd. mgnil48>-190 °®I(mt}anel);(‘(EZ94) A 15
sol uti on of O- matl\p}i 2- adamant anone oxi ne (895 n? 5 mol) and 9-fl uorenone

(1.80 g, NMR ($R0MHzCEh) dAS9¢89 ) 18hd3 681230112 mA4) 3 72mb§7(meblﬂbd with

by 11 4an Eht ke srh- BSPT BB TS5 Lan B8 S RENE o ety |

t I I 1
(ot hanol TRCREE 2607) 20t e 1500 Mg, “CB%?% PR PRITEE 2 47 (s

2 20 H, 10624, quziss 115.99, mm 629425 136057, 1766383 Gad)]. Calcd far 63Hzs BNR; C2H)

7.53 (d, . 3 5 13C NWR (125.7 WHz,
coc13) 828-%i éeﬁszabl §§§ g@mdsé éﬂggz Jf%é”éﬂg" 5%087 111.76, 112.99, 120.02,
125. 22, 128. 42 he24%iR%y_$4Bh A arhitRkarboRy B 2 FlerfRaR203: C, 79. 74,
H 6. 40. Found“%ﬁghfée H v-84 . a

Adamart am&aﬂnsq’nrsqlde?.:anét(-)moz)n’lfo a oplotoryd1) ©Z80 (F0anmp,-llmmbdl), ahd-ttiethphalinne 25
(0295) A sol ution of damapé anon oxinme (1.79 10 mmzq)(and

- n.trodéﬂkawném@)(rzcﬂv%(lwl) Wapa dedrpbe ﬁ@omn

m t d
prédﬂﬁf uEBhE e Ml B 36 r%d;%{%%rzped‘ﬂﬁgﬁ?ﬁ%%&“?ﬂ%@?’eﬁirC{ﬁ °
hexanes) washed fv@thdvdwrl(w ﬁil);ﬂé%ﬁﬂ;QNaHC(IiQ Ogml) 2™ HGhQOanlc)p\bvmi Q@&n]&)@hﬂ d. np
114-116 C (ether) VHz, CDCl 3) 81.60-2.26 (m

7.32-7. 41 bring,(1@ ). The @ggawczﬂgye(rmas digd ovyer%gs(fas ang conggnigated. Tmmdeez*zs (d, J

34, 51° aagBit gl geyy sk SRER IR tioctR ozt g i, o o,

114. 65, 19b%;)%6, a&?&l&@sol@&g@%—ﬂ@@@ex&%@) 39 NMR(s@MHAEHE,) 5148-26.
Anal . Cal cd for C23H23NCb: 70.21; H 5.89; N, 3.56. Found: C, 70.12; H,
5.66: N,2.Bl 68, 18H), 3.42-3.76 (m, 4H), 6.46 (s, 1H), 7.04 (dd, J =7.3,7.3 Hz, 1H), 7.15-7.44

ﬁgamnt ane; 2iBPEERMR (1253 ML SEBCiS 32859, 2 51134 BPHEY 'ush, 3840 B6.47, 0%°! 2
42.44,106.80, 112.28, 120.13, 123.29, 128.91, 139.00, 154.88. Anal. Calcd for
20 CyHiN,0.: C, 68.73; H, 7.34; N, 7.29. Found: C, 68.78; H, 7.14; N, 7.50.
Adamantane-2-spiro-3'-8'-(1' H-imidazol-1'-ylacetyl)-1',2',4'-trioxa-8'-
azaspiro[4.5]decane (OZ103). To a solution of OZ87 (342 mg, | mmol) in acetonitrile
(10 ml) was added imidazole (201 mg, 3 mmol). The mixture was heated at 60—65 °C for
36 h before evaporation to dryness. The crude product was purified by flash
25  chromatography (silica gel, 5% methanol in dichloromethane) and by subsequent
recrystallization from hexanes/ether (9:1) to give trioxolane OZ103 (132 mg, 35%) as a
colorless solid. mp 138-140 °C (hexanes/ether 9:1); 'H NMR (500 MHz, CDCl;) 61.59-
2.21 (m, 18H), 3.43-3.60 (m, 2H), 3.61-3.72 (m, 1H), 3.73-3.91 (m, 1H), 4.79 (s, 2H),
6.97 (br s, 1H), 7.12 (br s, 1H), 7.52 (br s, 1H), BC NMR (125.7MHz, CDCl5) §26.46,
30 26.86,33.98,34.76, 34.95, 36.44, 36.70, 40.41, 43.02, 48.09, 106.22, 112.54, 120.04 (br s),
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5 (Oz96). A solution of O-nethyl 2-adamantanone oxinme (1.79 g, 10 mmol) and
4,4' - dichloro-3,3 -dinitrobenzophenone (2.09 g, 10 mmol) in pentane (80

m ) and OMP@3A0(676 mM ) was treated with ozone accordi ng traTiUse2/geaer al
procedure. The crude product was purified by flash chromatography (silica
gel, 10%ether in hexanes) to afford trioxolane QZ96 (2.03 g, 40% as a

1. 60, o, 260§ 118p )3 Tt o G NG GREBHE 1% B 104 5 e

(125. 7 MHEquridDCL8).1826. A®: N2G168, 34.75, 34.92, 36.06, 36.49, 106.72,
116. 10, 123.73, 128.27, 131.00, 132.31, 139.19, 148.02. Anal. Calcd for

C23H20C12N207 - AdamBatats:2-4pir33'd-[[4-(cetyipminojphensl]sulfongi)- 12! A Hriokac® N,
5.53. Ad - 2-sQi -3-.-8" - -8' - h alim -1 2' ., 4
15 tri oxagﬂr;?’gf’tﬁﬂ g‘é"@éi@%@ﬁﬁ??s IQIE%%% P%ﬁog%({)mﬁgtwpﬂg‘th none
oxi me g 0. @Zﬁﬁ%dfle@td@mémiﬁ@gkoézﬁ%g%hyﬂrmMtidﬁx@d@@fﬁeh%@éﬁ%@hﬂ@none

(1.40 g, ) in pentan . and CH2C12 (50 ml) was trgafed wth
ozone accardf-acetamidobenzgesedfcnyl griondsd@B@ mg, TRenmol) das pddadudhe vessltingr i f i ed

by flash ch t .aph i1 |, 12% et hyl tate i. h

o 1251 EHI TS SO, (Al RIS PRSPl B BIERAAAc o
th ) wi o d, J

(o4 anc ) yiB RO (Mg g Tl G n G, (o0

7. 41- 7. 50at(-+20 °CHdave Friddlan? OZA 04 (30, 6575 )B-arcoblessigolidHnp 1231 MMT ( 125. 7

Mz, CDC13) 826,52, 26.88_ 30,80 _ 30.88 34 79 36.43 36.82, 43.90
108. 5P, 1methanol/CrhChy, ' HIIMRe(00 Mitz, {PChp@158-2.136n,d8H), 133 (4H)129013,
2o0 s A BB TR Y (25 ST BT (&3 L 8.8, oy, PoBf y Mg EefiDomfoNOEL C
Adamant ang4 82@211&2-‘&: W%)M@CD@W'&&SIQ heay| 26183, 24.04, 34.74, 34.76,

trioxaspiro[ ] decane ( A solution of 0O-nethyl 2-adamantanone oxi ne
(2.15 g, 36.39,6010, 4426, WS5B6t hixd/lc Al HAhI2843phEng].d¢2BoHdBaoAaal Lakal g, 12

Recor di ol ReNARIEa PPt 25 696 B Cu 35 bR Nt Dur 1 ed by
flash gchromat ogaamtmu-%gg%.gey,s%%svqsm%hwyn gXPRCEio 61%@26210'5; A

X
trioxol ane Qz98 (1.07 g, as a col orl ess solid. np 127-129 C 71 WO
03/ 00067 6sc@ian4Fi2/niBing 2-ad it ammie/o€kREX(127 Dg, 1N0; minbl) A3 3500 MHz, CDC13)

7 20-7. 443HOoBROPhEEeNg AL Eh Bkinal)p pedea of D graGHCE A0 Wi epted; op
34.82, 34u&f ozt fc%ord%% 8%he &Qeﬁﬁpro@gdu?ez THA@riHd 7pr3d113t-v5<& purdrd 63 flash
chromatography (silica gel, 90% ether in hexanes) to afford trioxolane OZ105 (0.90 g,
20  21%) as a colorless solid. mp 131-134 °C (ether); 'H NMR (500 MHz, CDCl3) 6 1.60—
2.45 (m, 14H), 7.59 (dd,J = 7.8, 7.8 Hz, 2H), 7.81-7.88 (m, 2H), 8.22—8.28 (m, 2H), 8.41
(dd, T = 2.0, 2.0 Hz, 2H); *C NMR (125.7 MHz, CDCl;) §26.37, 26.76, 34.77, 34.95,
36.09, 36.58, 107.55, 115.64, 121.71, 124.10, 129.67, 132.47,141.33, 148.46. Anal. Calcd
for C;3H2,N,07: C, 63.01; H, 5.06; N, 6.39. Found: C, 63.26; H, 5.00; N, 6.47.
25 Adamantane-2-spiro-3'-5',5'-bis[3',4'-di(methoxycarbonyl) phenyl}-1',2',4'-
trioxolane (0OZ106). A solution of O-methyl 2-adamantanone oxime (1.79 g, 10 mmol)
and 3,3'4,4'-tetra(methoxycarbonyl)benzophenone (4.14 g, 10 mmol) in pentane (70 ml)
and CH,Cl; (80 ml) was treated with ozone according to the general procedure. The crude
product was purified by flash chromatography (silica gel, 80% ether in hexanes) to afford
30 trioxolane OZ106 (2.03 g, 35%) as a colorless solid. mp 52-54 °C (ether); 'H NMR (500
MHz, CDCl3) 6 1.60-2.35 (m, 14H), 3.907 (s, 6H), 3.909 (s, 6H), 7.66 (dd, J = 8.0, 1.5 Hz,
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127.06, 128.59, 142.39, 174.86. Anal. Calcd for C24H3005: C, 72.34; H,
7.59. Found: C, 5 72.12; H, 7.48.

Adamant anwo3emicre- 3' - 8' - car boxy-8' - phenyl -1', 2", 4' -t ri ox@spiUsnp/49767 decane
(Qz99). A mixture of Oz98 (0.42 g, 1.05 nmol), KOH (1.00 g, 17.85 mml),
ethanol (30 m), THE (25 m), and water (10 m) was heated at 50 C for 5

h. The re 1 Xt ur t il ut ed
wi t h wat e?ﬁi g%n@ f‘&fﬁvﬁﬁg gﬂcﬁqcoﬁéﬁz g‘fwt(f#)’} R/Ial-%zgd? Pét ed
with CHC136.68 26.2538%}; 3411635900 i606d 5264 sicées 10288, 1951180 127,60, 120SO4,
filtered, and concentrated. Recr yst allization of the residue from

hexanes/ CHERR 132953)32:F 1 t424Id 167 28x117:55e ADRL Calcd fa1CH s 70n99C. 4. 18; &8l or | ess
solid. np 1 /CH2CL2 7:3); "H NWR (500 Mz, CDC13)

81. 62- 2. 13%?% “?gl—§ 6@@}? ‘%p d, J = 11.7 Hz, 2H), 7.20-7.53 (m 5H): 13C
NVR (£25.7 MzadshahBi g,,5,33._@?3%,“034,&4”1)3,@23112843 34,84, 34.90, 36.51,

36. 88, 49.62, 107. 96, 111 67, 126.04, 127.34 8.%68, 141.44, 180.55.
Anal . Cal trd)x{asplrdlz:ﬂmmﬁe (@Z107). 850lukpn Bf Bithldroacatyl is@yanateqo: 44 id, 2 '2532 Ad

amant an a- 2- ro -8 -(4' -pyridinylcar n 1',2' . 4 a-g' -
azaspir O[W%aqz% &ﬂé)@)l %@i)éﬁpﬁlp&{%d% %’328@1‘(@212% an’t%o@ 43‘5T 1) in
CH2C12 (1 g%nh | ution
was theEl %gc(:)tfﬂ&dm to 0@\%@ Céd'%%?g}rlﬁ%?g% ‘%ﬁg‘? lveﬁar?lﬁ {Hﬁ% E@?oarilgde (180
ng, 1.01 covbdd)towd€. Addedcoolddesolution was iaddedd %tayr Na)ias sshutiong20 aifl). Thef or 16 h

bef ore evaparatiqon to dryness. Th sidue was triturated with water and
filteéfed. rePé&EP%E’clétI“Ffi %ﬁ%tlﬁrﬁ 8ko Fhf§ rd & WarmedyR gt pad sred at hpvemighhy e

(et hanot {e TPt shioffGas Bftea Al (30 oS iy Bldebreg IR ERCLI x50,
2H), 3. 68me aﬁnt(lm;d d.dg)uuc Riyer8 wifbe wadifed (ith wedpr (30.mIPard Bind (B0 2 dried &Rr 8. 80

(m 2H): "C.NWR (125.7 M, g?ﬁ) 826. 47, 26.87, 34.13, 34.76, 34.87,
35. 18, 36Me50.zmdeencantraigd. Regrystajlizatign ofi the rgsigueqiom hgxsmes/ghlonofgrm ¢3:1) 50. 37,

167.77. | 6%%“@%76%&0%%@\@%, 1(91 n*ﬁ§tu9€9 of tu'o dlaSQeZeoxHersYa a6c0101F & "énd C,

68.22; H,
Adarrarst aneiia- 8pi160-82 ] gk)@anegblhlefdf&ﬂﬁ@*l)(ym 50b MHz,, @bl baxsp-9'25 3 0

azaspiro[ 4. 5] decane ((Qz101). A solution of 0-net yl 2- adanant anone oxi ne
(895 ny, Gn, 220 4.72rEO81ME, Mk)hlfsrwﬂe(mb&ya\dﬁzycmcm pRM62] 2eAB 2810033141, 5

was 11 oat B ES636A J o UFhd 075 hO GEar AR APdeehied &7 GrgOmiCs |
product w1 LY |7f-;cviggqlq,t;}g3f Fash: eNEPIRUPI SR 4(Fi | i ca gel, 30%ether in
hexanes) to aff
cis-Adamantane-2-spiro-3'-8'-(1'-hydroxy-1'-methylethyl)-1',2',4'-
20  trioxaspiro[4.5]decane (OZ108). To a solution of methyllithium (3.80 ml, 1.4 M in ether,
5.4 mmol) in ether (5 ml) at —78°C was added a solution of 0Z70 (0.70 g, 2.1 mmol) in
ether (20 ml). The reaction was stirred at —78°C for 3 h before being quenched with
saturated aq. ammonium chloride (20 ml). The mixture was extracted with ether (3 x 30
ml), and the organic layers were washed with water (30 ml) and brine (30 ml), dried over
25  MgSO,, filtered, and concentrated. The crude product was purified by flash
chromatography (silica gel, 20% ether in hexanes) to afford trioxolane OZ108 (0.42 g,
62%) as a colorless solid. mp 126-128 °C (ethanol/H,0 4:1); '"H NMR (500 MHz, CDCly)
51.17 (s, 6H), 1.06-1.55 (m, 3H), 1.58-2.30 (m, 20H); °C NMR (125.7 MHz, CDCl3) §
24.85, 26.59, 26.99, 27.02, 34.50, 34.85, 36.50, 36.90, 47.76, 72.51, 108.70, 111.28. Anal.
30  Caled for Ci9H3004: C, 70.77; H, 9.38. Found: C, 70.64; H, 9.15.
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trioxol ane Oz101 (300 ng, 14% as a colorless solid. np 148-150 C
(methanol); 1H NWR (500 MHz, CDC13) 81.59-2.19 (m 18H), 3.48-3.71 (m
3H), 3.72w®.08Moqemg 1H), 5 4.67 (AB system 2H), 6.80-6.95PCmusaf9767
7.15-7.35 (m 2H); 13C NWR (125.7 MHz, CDC13) 826.47, 26.86, 34.15, 34.75,
34.93, 35.19, 36.43, 36 71, 40.21, 43.13, 68.16, 106.54, 112.38, 115.99,

126. 80, 129.55, 156. 166 03.., Cal cd for H28C1 , 63, 66; H,
6.50; N 3.23. A%ﬂﬂﬂtan@Z-S@gro 38-ﬁ3a6a%xywra§n§' car onyﬁ {\’0254 g‘loxa-g

Adanant ara%agplﬁnu rs?a@c(agg &oiﬂi‘ﬁ% @mlmmm)@oﬁ mg x ﬁhma n%ir%ﬁz@z 5 &g)n g

azaspi ro[ 4. 5] decane To a solution o
triethyl atrDﬁia°C (Wb@é[adrg:d tﬂetlnyrmhme(mlch@mmm)andz3-pyra®}rﬁ':dtcavlm$yladded phenyl

55073 (P Pt o ey s BT B RS o
NaHCC§( 1%V§53rat1&1 dcl}‘(ﬁllegg e 'i]és)due\e@a% ittt Whth vad él (?frf_l_ﬂﬁuf ﬁﬁ’er@& ). The

organic |ayer was over and concentr at e residue was 15

triturat ®kcrystdilizacion o€ the(salid ﬁ‘bl)’l méthalrtoda g, triarollank Oé'ﬂ 09 ¢3@0 gy %)y asox ol ane
Qz102 (370 & 96% as a colorless sql i d. n% 146- 148 C Shexanes 1H NVR

(500 MHz co 1191“6’2128213'91C(W?th§'3}19 09 @il CLAEY3) Bl 352

Coos! ‘Stz Ao A b W aodit 0 44740 i b5 438 @a&“ﬁéo

112. 28, 1ZONMR éi@ﬁﬁ&&z JC:ifCl 152615&9 2@@2 3543833&32%@'78 @B9d34f &, 32@6
C22H28N204: ~ C, 7.29.” Found: C H™7.14; N

Adanbot a36-48; 3p52.BET9,89; 9(1,144ng M)@a&,dn;zmz JH0E6tI¥B )16114(296,41 5178} ¥6303; -

et oni (riop 5 K1 Feied P aRbor s aas & 63aa et 1 b kol o BBt ur e was

heat ed atg @01\65% for 36 h before evaporation to dryness. The crude
product was purified by flash 25 chronmat ography (silica gel, 5% nethanol in
di chl or orret hanaa)ammkahy-zgophgénuemm'-trmo;zmheﬂ'-lspimﬁ"98f' btlnmyloaﬂmnyls—Bé-t her
(9:1) to give trioxolane 3599 as_a .colorless solid. np

138- 140 @Z?Wéxﬁﬂl@s? élqﬁaﬂeé%}w)m Sﬂmowéé? mathy] Zadamantgronzoxime $89 m

2ry. 25 G Gt Mgt hgayiggulnglf (261 g% i) pgps B ufed 5

|sz CDCIEHZCBZ@O%I) Vaf tR6ted e/,nhaaolﬂaeqccmu@m tBd gQferal Phocédure3Ghd Eudd0. 41,
43. 02 48. 09, 106. 22 112 54, 120.04 i 73 WD 03/ 000676
PCT/ US02 Pasttstwas perified by;flash ghyomgiogzap) yiﬁ cygel, 1§vaetherip hexaney) tooffeptznz04:

C 64. 32ibkoldne?Sz11h (3bbrfi 179 24 Mlixtnfre of fwd Giastbeorhiefts as Y cototte@isolid.
mp 98-100 °C; '"H NMR (500 MHz, CDCl3) §1.27 (t, ] = 7.1 Hz, 3H), 1.58-2.39 (m,

20  22H), 4.15 (q, J = 6.8 Hz, 2H), 4.18-4.45 (m, 2H); >°C NMR (125.7 MHz, CDCl;) & 14.67,
26.45, 26.50, 26.86, 26.89, 27.16, 27.60 (br s), 33.22, 34.68, 34.82, 35.06, 36.37,36.41,
36.74, 36.77, 37.05, 40.42 (br s), 52.44, 52.75, 52.78, 60.88, 60.93, 60.96, 106.98, 107.71,
110.39, 112.46, 153.70. Anal. Calcd for C;0H29NOs: C, 66.09; H, 8.04; N, 3.85. Found: C,
66.12; H, 7.90; N, 3.82.

25 Adamantane-2-spiro-3'-8'-(3',3'-dimethylbutanoyl)-1',2',4'-trioxa-8'-
azaspiro[4.5]decane (OZ111). To a solution of OZ80 (302 mg, 1 mmol) in CH,Cl, (10
ml) at 0-5 °C were added triethylamine (303 mg, 3 mmol) and trimethylacetyl chloride
(185 mg, 1.5 mmol). The resulting mixture was stirred at rt for 16 h, then diluted with
CH,Cl; (10 ml), and washed with water (10 ml) and brine (10 ml). The organic phase was

30  separated, dried over MgSQs, and concentrated. Crystallization of the residue from

methanol gave trioxolane OZ111 (140 mg, 39%) as a colorless solid. mp 98-100°C
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Adamant ane- 2-spiro-3'-8'-[[ 4- (acetyl am no) phenyl ] sul fonyl]-1",2",4"-tri oxa-
8' - azaspiro[4.5]decane (0Z104). To a solution of QZ80 (300 ng, 1 mml) in
CH2C12 (1wo93mbge7svas added triet hyl am ne (303 ng, 3 mmol ) PCThsoyod76t i on was
then cooled to 0-5 C, and 4-acetam dobenzenesul fonyl chloride (280 ng, 1.2
mmol ) was added. The resulting mxture was stirred at rt for 16 h before

fz.vﬁpzi 25'8%@%2?[‘ R (T GREL TS (el Reframbin-aBRLZ A ™ 2%
1 0 6 PN 124 C 10

C e R A0 e OB B S H S RS LRIl B, 120

3H), 2. 996.68, %99( B0.84;)3.1.38; 3143373(b33) 6%523*5)34 @?E:&G@? 315 8583584szr spH), 7.68

(d, J = 8.8 Hz, 2H), 7.93- 13C NMVR (1125, ., CDC13) 824.51,
26. 46, 26499(b@¢%753w6m,1@£57 703@ ,Cded g, znﬂaali@q 6;9599%,& 2541,

599712154 H?ng Sé?lFo‘flii‘B‘iLé‘ség éé%uﬁgg’ %%meﬁ' Gngch fgrsszTgONZ%S: ©

Adamant ane- 2- %B'ah?a&an@-%sﬁ:m@ 3t Rgamo&rymtwmaceiyu-ﬂ 24" 'tdeQ->8Q| ane
(Qz105). A solution of 0O-mnet adanant anone OXI e (1 9 g, 10 mmol) and

3,3 - di azaspmoéhilﬂﬂtano(@ZIm)?]z)g$0111t0>m¢fcﬂ)18® @Qieng,dnml(c{iblmﬂil)lz@imﬂl(l}lZC12

40 nm t t di Th
Crude. by Bbees s driet s 0f mis f trden ol i g ?ﬁofcgf%%g&% ot her
n hexan fi I
'so| | dX &d di d%&fgh i£ %bﬂyedﬁﬁigr@m rﬁ%q ﬂ%%gavésoadagd grhe%esu?tiln?:rﬁﬁnl B 1?e2 45 14H)
7.59¢ ddrt for 16 i beforg e8apdza,noﬁlﬂ) dl’yﬁ¢£1TlYa @&d(wrwa@ H)tpra&athB weger((ihg Hﬂ)—hnd 8.41
(dd, J

5a. 05, _hersd, Reseywallizhopn ofghe sl g mpshpnotyeeve Sapiine (9¢144 (2 =% 77
6 50 Eolbeiie &cg‘@ s scffiahp 4531198 -l QicuRBEHPANRTR (S0 10R4£ DL, 5 06: N

Adamant ang922 391 8H),3.2%534bi(s( 3H), 4. 63d43(7mﬁrhoqucmmml frahemy U]22! (s, 2 4 -
trioxol ane (Qz106). A) sol ution of O nethyl 2-adamantanone oxi ne 10

ol ) all),3 42 (sA2HD; t@tNMBr(bZﬂwa&aﬂ&ﬂy)l § BeAdolin®h dh8 1; 3472, 3. §Q,O mml )

o PEEL 23505 B s 040 SOIA 694l e LESREe YedBoonfupesdr oo o

chromat Oaaraaffa{ré%mm@ :a8ls0. 88080 B1AY, 3.67.%AAES)59.67; &f Fr16 N3.46.1 0xol ane
Qz106 (2.03 % as a colorless solid. np 52- 54C(ether) "H NMR (500

I\/Hz CDC13) SAd@m@taBe-@fspnrMHﬂ‘ netlgnyacetyl-bid)',4'-3riggns’ fazamﬂ)0[4 5]c&&a(ndd J
21y 7. atOEhfnad sofhap of QR0 U SmrRaok il sl faacd = B0 T

triethylamine (303 mg, 3 mmol). The solution was then cooled to 0-5 °C, and

20 methoxyacetyl chloride (163 mg, 1.5 mmol) was added. The resulting mixture was stirred
at rt for 16 h and washed with water (5 ml) and brine (5 ml). The organic phase was
separated, dried over MgSQy, and concentrated to give trioxolane OZ113 (325 mg, 96%)
as a colorless solid. mp 76-78 °C; 'H NMR (500 MHz, CDCl3) §1.59—2.17 (m, 18H), 3.42
(s, 3H), 3.43-3.73 (m, 3H), 3.75-3.89 (m, 1H), 4.11 (AB system, 2H); '>C NMR (125.7

25 MHz, CDCl;) 626.57, 26.97, 34.32 (br s), 34.83, 34.92, 35.25 (br s), 36.55, 36.82, 39.98
(br s), 42.87 (br s), 58.96, 72.21, 106.78, 112.30, 167.54. Anal. Calcd for C,3H,7NOs: C,
64.07; H, 8.07; N, 4.15. Found: C, 63.94; H, 8.03; N, 4.30.

Adamantane-2-spiro-3'-8'-(8'-quinolinesulfonyl)-1',2',4'-trioxa-8'-

azaspiro[4.5]decane (OZ114). To a solution of OZ80 (151 mg, 0.5 mmol) in CH,Cl, (5

30 ml) was added triethylamine (150 mg, 1.49 mmol). The solution was then cooled to 0-5
°C, and 8-quinolinesulfonyl chloride (115 mg, 0.5 mmol) was added. The resulting mixture
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26.38, 26.77, 34.75, 34.91, 35.99, 36.62, 52.64, 52.66, 107.85, 115.18,
127.10, 129.03, 129.29, 132.05, 132.71, 142.41, 167.29, 167.55. Anal.
Cal cd forwQ330d®2011: C, 64.13; H, 5.56. Found: C, 64.28PCH/USB2/46G67 5
Adamant ane- 2-spiro-3'-8' -[ (am nocar bonyl )oxy]-1',2",4" -

tri oxaspiro[4.5]decane (02107). A sol ution of trichloroacetyl isocyanate

(0.44 g, a\yascélge%? foFI [119 Jf,ﬁzt%re e(v rat tr%lc;ﬁg smrﬂme)res Ue %Cl]r?tur(aﬁedrqri h \\as

stirred YRR

concent r a4k (5¢hD Sa@lki\méréané@ydfeanmtloﬁ 39 tHd sbhdéffb% m@m@hadgatve tiéxolate thi s
cool ed solution was added 5% ag. Na2CO3 sol ution (20 m{ The 10 resulting

m xt ure VAZ1H (41 5auga94%)Gshcolotless solidrmpd 42l 445°C (methanal)s (HANMB (800 r ¢

extr QL?QEMm GBeinas! o872 2tien nit), SRR il Bt (o €8 égk??l\ﬂg&gdwas hed

W th sal oy (30 irandePdane- 306 pila 16 £60 g9t 7 M0k ansh cnpen st ed

Recrystal |zat| oh o e resi dué from héxane chI oro

tri oxol aries BZ]10H), (&80 (ddg] =33%d.5Hk, 1Hyj k0% (dd, of= 2.9d. dea,sIH) &ETNMR (&25.2
colorless 15 solid. 160- 162 C ghexanes/chl oroform3:1); 1H NMR (500 MHz,
CDC13) 8MHBg. 6DgHs) ci%rg) 5§26107, 3482 348883400, 39194, 36.8% 443, (1065471 » CDC13)

22022 45,1204 G0 3490 AR 06 B o Ay Byed 2

Found: C,C,0@,:800s%1 C/6DH; H\Is 14; 1816 14. Found: C, 62.94; H, 6.16; N, 6.00.
Ci s- AdamantaneZsplroS ydrox-l rrethglethl -1 2',4- 20
tri ok&spirol 4. fsqmeame(mme; 8 ) @stgmsmfpanl)df ittRipKRF i um (3. 80

1.4 M th th dd | ut f
G700 Agtpireia.Siaean (g1, FpSousion 07 200 5e T Miaeafered at - Tac
for 3 _h hgt@yRmed (m)oqﬂ%nod’gqﬂmm)m CHE@I;_L(S%IZ% 6.5 CCONRDA ALl pset%sdﬁoﬁﬁo

The m xture was extracted with ether m), and the organic
Iayer s wehtorided he@dimg, 018 mmblrThezesulting Iandum‘rwasestl('tgd)atmt er t2 hbeforver 25

S, filtered, an con ntr ed. Th r ed by flash
CNEr omat olgf‘P’éIb‘?W L USTEL }‘ee"f"}fé?gﬁr%te g‘g‘@%&ﬁé“ﬁ?%gﬁ tf’rrelfit)xol )a/me >
QZ1085( 0. Iée%n&tamﬁzf’& o@?h@soﬁ@h@ﬁq' rﬁét%a&ﬁ'ghde tﬁaaoﬂa%@okaasgls@hggaeﬁ/og'd@‘a 4:1);
| H NVR (500 ‘MHz, CDC13 51.17 (s, 06-1. 55 30 (m
20H) ; 13GoNVRsq Sitf. 711}1\6&—,56 @DGhahamol); éH }SMR 03@Hz, zeneg) KV8E, ] 34.50,

34.85, 36,50 36,90 47 76 72 51, 108.70 111 28. Anal 30 Calcd for
C19H3004:Hzz 30l ¥7-1.4P (9, KD, EolneR! @, 208D62%90 4, T 5 8115Hz, 3H).\48403, 300676

cdamant Do ki 57 4m: B VR, (1957 MB, COO\ 1095, 2086, 232626554 | o

26.95, 28.49, 28.93, 29.04, 31.71, 34.71, 34.82, 34.91, 36.53, 36.79, 43.97, 50. 46 106.24,

20  112.41. Anal. Calcd for Cy3H39NOsS: C, 62.55; H, 8.90; N, 3.17. Found: C, 62.38; H, 8.76;
N, 3.25.

cis-Adamantane-2-spiro-3'-8'-[(hydroxyamino)carbonyl}-1',2',4'-

trioxaspiro[4.5]decane (0Z116). A solution of ethyl chloroformate (0.26 g, 2.4 mmol),
0772 (0.62 g, 2.0 mmol), and triethylamine (0.27 g, 2.6 mmol) in ether (6 ml) was stirred

25  at 0°C for 10 min. The solid was removed by filtration, and the filtrate was added to a
freshly prepared solution of hydroxylamine. [To a suspension of KOH (168 mg, 3.0 mmol)
in methanol (1 ml) at 0 °C was added a solution of hydroxylamine hydrochloride (0.20 g, 3
mmol) in methanol (3 ml). The reaction mixture was stirred at 0°C for 15 min and filtered
to remove solid by-products. The filtrate was used as such.] The resulting mixture was

30  stirred at rt for 1 h and concentrated. The crude product was purified by flash
chromatography (silica gel, 8% methanol in chloroform) to afford trioxolane 0Z116 (0.23
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azaspiro[ 4. 5] decane (0Z109). To a solution of Qz80 (301 ng, 1 mml) in
CH2C12 (5 mM) at 0-5 C were added triethylamne (101 ng, 1 mmol) and
2, 3- pyr azwoadioemrdoxyl i ¢  anhydride (156 ng, 1 mmol). The PC&AS02/19767 M Xt ur e
was stirred at rt for 16 h before 5 evaporation to dryness. The residue was
triturated with water (10 m) and filtered. Recrystallization of the solid

126 130C G ABLAGRBEPISTER TR TBOCO NS Copbi iy A5 B IR GOy ERfa. ¢

155 ol A dadth o RR e 19, 0 7

34.83, 3DREO-34 5810636, 2850,36. 05234% 3719;0 3988046.1543804, 1@7685?9,10.’6112 42,
140. 16, 143. 16 146. 96, 151.73. 163.03.  165.23. Anal. Calc
C21H25N30161.36, Asal. Crlcdor 6178zsNGy: C163.14; HFB&M‘I 4833. Eguut: CI—W 975H9§ 57y,

9.96. _Ad géane 2-spiro-3'-1",2",4"-trioxol ane-5"-spiro-3"-8"-eth
oxycalsbo azabi cycl of 3. 2. 1] oct ane ((QZ110). A solution of O-nethyl

2- adanant anon%&é&hﬂﬁtz(n%%s iF23'08)-( afmﬂbrﬂ&fﬁ dedyiqaphaet hoxyt r opi none
(1.01 g, 5.2 mol) in pentane (80 and CH 12 (20 rri%) was treated with

ozone acdomdaslgrtﬂé ild@cagehwlallcbbﬂﬂ@éﬁlﬂéﬂ ?h@hémd?é O£56160 g\vdad el f i ed

(1) ol arb O8RS ERle 5 nd b e LBl T AT BBy LS

col or | es%@%ds@eatemﬂt 58°A &2 36:h. The N?(Bldtﬁﬂ@(tﬁﬂéﬁvas @Rﬁé@}o ﬂ]ana?ilt@ied té =
Hz, 3H), 1.58-2.39 (m 20 22H). 4. 15 (q, 6.8 Hz, 2H), 4.18-4 45(m

2H) : 103C mivRv¢ Satfl byy- qulucte:ﬂtbriyltra@waswash@m%wawﬁ(mml)MMne 029 8d), 27. 16,

27.60 (b 34 68 34.82 3
37,05, ' AcHTEd o MEPOusietl, aBd oqgentitedy mediices Bsebied it B0,
é0(73471N t%égég%gloﬁhﬂeﬁﬁreaﬂﬁél @nl)%ﬂ' ﬁlte?é’d %cx%@tblh@@t@d‘x‘?ﬁb'ﬁﬁ C 66.09; H

Adanmant artex2nesfohlopo ®rmg2:1) gave3he7cblamt(w1 b’b(Calﬁ)&lly%) as 2'coforldss soéndanii)
azaspiro[ 4. 5] decane (Qz111) tion of 02 in
Grocy (16 i e ahexes dhigiaaman s S NVBLA0S MR NSBHAG T 201 ’and

tri hyl < g@ t

sti pﬁgd a ;} @yf%}%?g&tjhe#ﬁ%tzg% 258 Ié—éé%7 ?ggﬁhﬁw%a@d&md/afs ed WI th
wat er ( 104H, 78@'0& HBH)"*CNMRI()125. 7 MHAQ TIMBOCdH bas 82y@6.1803Genanaued, dried
over MySA, and concentrated. Crystallization of the residue from methanol

gave tri B5eltA6.08749.37,(10239nH.0. 73)9‘1/86 95 127d4d 628438 8Ri Anahpalgd fanoCc 76 WO
03/000676- PETIRB2/ &% €(ds. 1, 7.95; N, 3.45. Found: C, 67.92; H, 7.69; N, 3.72.

cis-rAdamantane-2-spiro-3'-8'-acetoxymethyl-1',2' 4'-trioxaspiro[4.5]decane
20  (OZ118). A solution of O-methyl 2-adamantanone oxime (1.34 g, 7.5 mmol) and 4-
acetoxymethylcyclohexanone (1.28 g, 7.5 mmol) in pentane (100 ml) and CH,Cl; (20 ml)
was treated with ozone according to the general procedure. The crude product was purified
by flash chromatography (silica gel, 10% ether in hexanes) to afford trioxolane 0Z118
(1.15 g, 46%) as a colorless solid. mp 39-41 °C (ethanol/H,0 7:3); "H NMR (500 MHz,
25 CDCl) §1.18-1.31 (m, 2H), 1.59-2.19 (m, 21H), 2.05 (s, 3H), 3.90 (d, J =6.3 Hz, 2H);
3C NMR (125.7 MHz, CDCl3) §20.77, 26.62, 26.77, 27.02, 33.71, 34.86, 34.88, 35.67,
36.54, 36.91, 68.49, 108.57, 111.40, 170.90. Anal. Calcd for C,9H230s: C, 67.83; H, 8.39.
Found: C, 67.70; H, 8.32.
cis-Adamantane-2-spiro-3'-8'-hydroxymethyl-1',2',4'-trioxaspiro[4.5]decane
30 (0Z119). A solution of OZ70 (0.81 g, 2.4 mmol), lithium borohydride (1.2 ml, 2.4 mmo],
2 M in THF), and lithium triethylborohydride (0.24 ml, 0.24 mmol, 1 M in THF) in ether
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(methanol ); 'H NMR (500 MHz, CDC13) 81.05 (s, 9H), 1.58-2.11 (m 18H), 2.27
(AB system 2H), 3.46-3.69 (m 3H), 3.75-3.90 (m 1H); 13C NMR (125.7 Mz,
CDC13) 8 wpaismige726. 99, 30.06, 31.39, 34.37 (br s), 34.85pCTAIBH1{TBT S),
36.57, 36.85, 39.44 (br s), 44.40 (br s), 44.75, 106.92, 112.25, 170. 30.
Anal . Cal cd for C21I—|33N04 C, 69.39; H 9.15; 5 N, 3.85. Found: C, 69 52;
H, 8.89; N,

Adanant ar{éjznlé rﬂ‘iaﬁ stiged gt o for ddr BB% YA IR tuESaYds diluted with gther Sy o g

azash! oL RLISHAAMUIZKICH (> 1o Apowkis (0f s9h A3 grds swarol ) i

CH2C12 (1 et hy amne (101 The sol ution was

t hen coolMgSOg ftefedCand edidertitagidyin ohduo tankiprtt trd;aol(aﬂelﬁZﬂﬂQ 0.a8mPd%hasaadded.
The resulting m xture was stirred at 10 r for 16 bef or e evai)oration to

dryness. Cﬁmlessesxlldummﬁis% PC (ashanobH2Qilt s vIéﬂ‘BYIR((iQQ MiHz, £42CL ¢ L O08rbd?
R tal 250 ny,
S%yiﬁsaaniéﬁéy'rf& b P 4 TS B S R 7 A 5P 5 ot )
1 9 , 7 1
1 _252626;%’, ég)g ﬁﬁzz Z?%'B%’S?@%ﬁl)%?(gm 3625'9 3639363837 6. darmo%;@ljl}'gz%ﬁ ﬁlai?%(m
33. 91, 34(:a1é’d f03‘€1ﬁ®z6013333@397}1, &eozﬂbpnaﬁcw 581;(H 3&3. 42. 21, 70.94, 72.00,

3 o e abe S B ST © 5
Ad t X y i .5
deggﬁg ?B\%fi%%hffgn%ﬁ wa%zg%irz;o& 'y softtioh Bf%eﬁﬂ/l %ﬁg%{ilgﬁt%ﬁm ;

was addedxihe (B69y) B&Tinnﬁ)IXaBﬁ3 m(eﬂlommirbony‘mb,Sthbxatsplm[S\Aﬂanddamn9mI ed to
0-5 C, and 20 net hoxyacetyl chlorjde %bgg was added. The
resul ti ngd4mbe 4p el I%P‘?marné(ﬂl 004pl)2pd 51‘2 H“élh&’a%\ggﬁéﬁwbﬂ?%t er (5 m)

db 5.m T sS4, d
concont 1 dekaig s HE AR CuPOBE lfdD prafREVA fined bPagh BT MO, B
mp 76- 78 Groméito ¥ G taldel; | Omie'ﬂin Petrod@ng efhér)(tornffd@iHriox3dlade2 OZ120 (316D,

3.43-3.73 (m 3 3.75-3.89 (m 1 4.11 stem_ 2H); 13C NMR (125.7
25 MHz, GDG0%) ag26€oBTleswlid.mp @%E?C((sﬁlagyl), %N@é{ (A iz, §HClp) %.272

36.55, 36.8 r 7 G3 12. 30

T67. 38 ~Aar | Ka b 5P 2cibm pees. A ¢4 la. 1 p R, dos o MR T 70

63.94; H, t [ aki

| fonyl) - 115%9%?1%' Cﬂoﬁz681®%aiz?;555p|2r913[§4?95i§2’ejc(g¢15232(1(8')72’1:(‘6§7 %_#50432 gg?ﬁ%j%fn of

ozso ( 15153095, 60.75, 6a100,)97.54, (8222, 211.56, 130.84. Anah Calod dorChsH 0T, #2148 H( 150
ng, 1.49 mmdﬁ) The sol utj on was then cooled to 0-5 C, and

8- qui nol i hesdouadG: %M dé2( 115 nmy, 0.5 nmol) was added. The resul ting

mxture 77 Adamantane-2-spiro-3'-11',11'-bis(hydroxymethyl-1',2',4',9',13'-

20 pentaoxadispiro[4.2.5.2]pentadecane (0Z121). A solution of 0Z120 (1.00 g, 2.18
mmol), lithium borohydride (2.10 ml, 4.20 mmol, 2 M in THF), and lithium
triethylborohydride (0.42 ml, 0.42 mmol, 1 M in THF) in ether (5 ml) was stirred at rt for 3
h. The reaction mixture was diluted with ether (10 ml) and washed with 3 M aq. NaOH (2
x 10 ml), water (2 x 10 ml), and brine (10 ml). The combined aqueous layers were

25  extracted with CHCl; (3 x 50 ml), and the chloroform extract was washed with water (2 x
50 ml) and brine (50 ml). The ether extract and chloroform extract were combined, dried
over MgSQy, filtered, and concentrated. The residue was purified by flash chromatography
(silica gel, 5% methanol in chloroform) to afford trioxolane 0Z121 (0.40 g, 46%) as a
colorless solid. mp 146-148 °C (ethanol/H,O 3:2); '"H NMR (500 MHz, DMSO-dg) 6

30 1.60-2.15 (m, 22H), 3.36 (d, ] = 4.9 Hz, 4H), 3.61 (s, 2H), 3.62 (s, 2H), 4.49 (t, ] =5.4 Hz,
2H); *C NMR (125.7 MHz, DMSO-ds) §25.86, 26.26, 29.34, 30.21, 34.27, 34.36, 35.77,
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WO 03/ 000676 PCT/US02/ 19767 was stirred at rt for 12 h before evaporation
to dryness. The residue was triturated with water (5 m) and filtered.
Recr yst al woaatwiane of the solid from nmet hanol gave tri oxol @a/UsaZiv7ed (215
ng, 94% as a colorless solid. np 142-144 C (nethanol); 1H NWR (500 MHz,
CDC13) 61.55-2.21 (m 18H), 3.40-3.61 (m 2H), 3.62-3.85 (m 2H), 7.51 (dd,

55 % Bl oot Aol g Ml %2 (50,070

34022”3’%%3203?’%77’@@“% gy 5% Pl 2o 7 ik CB3) 028, 26,07

129.12, 132. 68\dsmantfe-25pfo30:11BI-Bearbbsy-132! 4';95,13';0 Anal Cal cd for
C24HP8N205S: C, 63.14: H, 6.18 N, 6.14. Found: G, 6.16; N._ 6. 00.
10 Adarrarneaﬁ@xzdswrﬂ&ftéﬁk’en@ecm EM22) 14 ﬁ9]|u}191P of QZIZM@ ] ? 8x k> ghmol),

azasp [ ( ) and
a2 D Ol P93 OR e o PRl P F3P B i

1-oct anesrulef tHeyrbactiohlndikiveewbslobdcétrated.t8 SN hidifledevittesdtict HAY, dektractedas
stirred at rt for 12 h before evaporation to dryness. The residue was

triturat edithCHEIne: 250 (ni)on yorghiaed QreaEe &yersrserme\@ﬁ%with WA i(d% S9rmbhe

S0l 1. e Prag CP R bef RISSICA R Dherias 3B RRfenieq By iy RBrqiiRe 021335
Hz, 3H), ®:33%%; 38 éﬁrboléﬂéd)ssoﬁd %2512151%(\3%}), 1I-21\®@R((SOOMI—PZ HMSEd,) 2H) |
3.24-3.39 (m , 3.41-3.57 (m 2H); "C NMR (125.7 Miz, CDC13) 813.95,

22.5860 2351261—2254 66, 22H54.05(s, 213) 4915 (3,213 “CONMR (12517 Mﬁz DMSD-ds3b. 82,

e ¥eadds i Th P A0 s A0S lon g Y0 o o

ci s- Adamegogne ﬁ@afcgf %?Hg)d(@yﬁ@XWWGEO)FSQﬁJD@‘thQlH 6.664 -

tri oxaspirol 4. ecane A sol’ution of ethyl chioroformate (0.26 g,
2.4 mol), OZc'is’_ZA(cﬁnﬁﬂtag;e-Eslﬁrms')broaruimtthybl'I;%}J4almmms(pﬁt0247 Splecané& mol )

i n ether was stlr d 5 at 0OC for 10 mn olid was em)vedb
filtratid Zl&ﬁ Atﬁ‘élui“i"}? 2‘%2 a&a'a@aare%lwlmfﬂé%-ﬂ:? 2 E%@aa?lwds 51 ution o?‘/
hyd I la,nm}i I (1
my) rggyo l%me{ ggpggloa o) 2(?;? g'(;;lz ydrog(rpllgeam ne(¥?|d) roc(?orlé(}e (Oﬁlf%0 (

mmol ) in Wrattmwdlw(tlisozdn): acc'Blmhng twatht gemrahprbcwderez\ﬁhe sttuide pectivat w@sttimﬁedlS m n
and filtered to renove solid b){ roducts. The filtrate was used_as. such.]
Sy

The r esullyiflagh ghsomategraphy (Sbc%g % gthsy iry hexapgs) o ¥ford driexplans 92423 4162 he
et hanol A AFoRSPFEST B0t b6 ; GXERARICHITH (e EBlety
1.21-1.41 (m, 2H), 1.51-2. 21 (m, 21H), 3.28 (d, J = 6.3 Hz, 2H); '*C NMR (125.7 MHz,
20 CDCIs) §26.64,27.04, 28.83, 33.73, 34.88, 34.90, 36.55, 36.93, 38.63, 38.76, 108.41,
111.47. Anal. Calcd for C7H,sBrOs: C, 57.15; H, 7.05. Found: C, 57.20; H, 6.99.

Hﬂ

Adamantane-2-spiro-3'-5'-(4'-cyanophenyl)-5'-phenyl)-1',2',4'-trioxolane

(0Z124). A solution of O-methyl 2-adamantanone oxime (0.86 g, 4.80 mmol) and 4-
cyanobenzophenone (1.00 g, 4.80 mmol) in pentane (50 ml) and CH,Cl; (60 ml) was

25 treated with ozone according to the general procedure. The crude product was purified by
flash chromatography (silica gel, 10% ether in hexanes) to afford trioxolane 0Z124 (0.30
g, 17%) as a colorless solid. mp 136-137 °C (ether); 'H NMR (500 MHz, CDCl3) & 1.60-
2.35 (m, 14H), 7.31-7.39 (m, 3H), 7.40-7.48 (m, 2H), 7.62-7.73 (m, 4H); *C NMR (125.7
MHz, CDCl3) §26.50, 26.92, 34.70, 34.80, 34.84, 35.39, 36.08, 36.25, 36.76, 108.84,

30 112.50,114.57,118.43, 126.85, 127.42, 128.38, 129.27, 131.97, 137.97, 146.30. Anal.
Caled for C;3H;NO;: C, 77.19; H, 6.21; N, 3.75. Found: C, 77.58; H, 6.32; N, 3.76.
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78 WO 03/000676 PCT/ US02/19767 g, 36% as a colorless solid. np 130-132 C
(ethanol /water 1:2); 1H NMR (500 MHz, DMBSO d6) 81.40-2.19 (m 23H), 8.60
(s, 1H), wW0.380@3¢ 1H); 13C NVR (125.7 MHz, DMBSO d6) 825P8T/USBH1967 26. 50,
33.03, 34.28, 34.30, 35.84, 36.15, 39.04, 107.85, 110.64, 171.30. Anal.
Calcd for C17H25NGG: C, 63.14; H, 7 79; N, 4. 33 Found C, 62 97 H 7.57;

5 N 4.26. Adanantane-2-spiro -3 -8' - (am nonet h -8' - phe -
tri oxaspi r of 4./8lamesntaseAyairec oo r'b‘é[“ {-Csthoxycar OWP&FPXH ﬁfz bzf‘-f’r""(’la@o g,

3.2 mmol hydrazi ne form (27
m) and ?{Qtzﬁzg)o A ?%1 f50m q@éat egﬁaﬁé‘@g %lm@ (igggo érﬁllnﬂ @gicl:(?lagn m x§ ure
was cool eskéfoxyc amaﬂyi)tbéntz@;jheﬂbﬂe% 26 gr eomisoly i pehtday (60 AdyaiGCHIOR (40 | trat e
was washed W|th water (20 m) and brine (20 m), dried over MySO4,

fi |t er ed mimds eatedmtithazont acTordingdp the geasralprssdwe Thercrudepodpgovas] ) |

t t ed t. t.h |, HCl . R ] f

22, B T B A TS S 20
lid. I o¢ 1 dé

115 el g sl 14 iy Ut 5

7.26- 7. 3CHGL) A13B,(t,7.<411 HzﬁeH)g i60-216i) (m7134), @330 (epp dsH), mzcﬁum)(izs. 7

110, 70 fae D70 Harta o4 o o 3 Hautrls 8 0ag: P2t e My P IR ERRGS: ¢
68. 05, H, z9éD9i\3'g gﬁﬁgz_%gzégl% 94G34 84 33%6, ktgﬁ 536973 %'1031 188.84, 114.60

ci s- Adamant ahé acet oxyret hyl i dxaspiro[4.5] decane

20 (9€118p6.68, 5331, i119m.10f 1422281 66/06. mummmg{mﬂ me, 10171341 @,557. 5 nmol )
and 4- acet oxyneth I%cl ohexanone (1.28 g, 7.5 mol) in pentane (100 m)

and CH2CFpupdC,M0)52;kb$-32r eat ed with ozone accor ding to the general

procedure. The.cruyde Cl ,| opgat ography (silica
gel, 10% et he”™ ‘%Hﬁ@ﬁﬁa@%ﬁ ipém(ﬁ?f (53 {dr'fg% alrlllé) @tll] 7 ?ﬁl 15 g, 46% as a
col or| es&rﬁﬁﬁd;ﬁlrowm&%aﬁelhﬁr(mmﬁaemmas)Ysaép 1. AdsdlMR)r( 50 0-vkityl 25 CDC13)
8118131(m 2H), 1.59-2.19 (m 21H), 2.05 (s, 3.90 (d J—63Hz

13@ANNRILENES. omw716@nx;ﬁ31ymeb @nd#- (Zﬂsowethz%cwiphezan@z (82@me34 34. 86,
5458 S5y S G0 M Bt S o 6 1
0" ST SR e sl chains 1y rbi et Pl
2. 4 rethok jn hexanes) to afford cts-Adamantane-Z-splro-3' -8'-(2'-bromoethyl)-1',2',4
trioxaspiro[4.5])decane (800 mg, 54%) as a colorless solid. mp 62—64 °C; 'H NMR (500
MHz, CDCl;) 61.18-1.22 (m, 2H), 1.72-2.10 (m, 23H), 3.42 (t, 2H, J = 6.8 Hz). Step 2.
20 To a solution of the above bromide (371 mg, 1 mmol) in acetonitrile (5 ml) were added
diethylamine (140 mg, 2 mmol) and triethylamine (101 mg, 1 mmol). The mixture was
heated at 60—65 °C for 60 h before removal of solvents. The residue was triturated with
water (5 ml) and filtered. Recrystallization of the solid from ethanol gave trioxolane
027126 (170 mg, 43%) as a colorless solid. mp 152—154 °C (ethanol); '"H NMR (500 MHz,
25  CDCl;3) 61.20-1.34 (m, 2H), 1.41 (t, J = 7.3 Hz, 6H), 1.60-2.25 (m, 23H), 2.95-3.04 (m,
2H), 3.05-3.19 (m, 4H), 12.17 (s, 1H); °C NMR (125.7 MHz, CDCl3) §8.69, 26.61,
27.00, 29.13, 29.84, 33.90, 34.34, 34.86, 34.88, 36.54, 36.90, 46.55, 49.51, 108.27, 111.54.
Anal. Calcd for C;,H37NO;3¢0.5HBr: C, 65.41; H, 9.36; N, 3.47. Found: C, 65.24; H, 9.54,
N, 3.46.
30 trans-Adamantane-2-spiro-3'-8'-[(hydroxyamino)carbonyl]-1',2',4'-
trioxaspiro[4.5)decane (0Z127). A solution of ethyl chloroformate (0.13 g, 1.2 mmol),
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2 Min THF), and lithiumtriethyl borohydride (0.24 m, 0.24 nmol, 1 Min
THF) in ether 79 WO 03/000676 PCT/US02/ 19767 (2.5 m) was stirred at rt
for 3 h. Wbasnemeéi on m xture was diluted with ether (5 nprr/usezsdterd with 3
Mag. NaOH (2 x 5 m), water (2 x 5 m) and brine (5 nm), dried over

MySH4, filtered, and concentrat ed in vacuo to afford trioxol ane Qz119 (0.68

969 | 97-9 |4 H 4 MRe 4 500
ot e g S S5t 3 67 B AP Dy o WA 207,

2 H) 13C MyRc(he Po Fmﬁf'#he SIS 18noved i diltrdford fand B MBatc3Rafidedto 57,
34.90, 36.56, 36.93, 38.97, 6/.63, 108.91, 111.32. Anal. Calcd for

Cl7H2604: fre@hly@ﬁep?hﬁed Sdlut&ngﬂ?hydiouyidmuﬁ, ['IBQa %peﬂﬂ;otﬂ)fﬂ@H (84 mg, 1.5 mmol)

Adamant ane- 2- spi 1'-Qhis(eth ox

pent aoxadﬁ‘gtﬁﬂ?"(%f’l;la Qa?fjpgﬁ’faéég ( 5' 5y died i WB?*“BH%@OEM &

2-ada nt 0 o HB tirred at 0 °C for 15 d

3, 3- blgg(e oxycal:hbony%"l;m{éél1 ?gg:;iegpl rno[5 SF%%gégﬁq%-one or(4.n7nlnaén, 15 nmol)
i n pent arfitetedxo raﬁx)yvasuildmylaﬁd@c(ﬁmhﬂﬁ)trarﬁwas needtas duohi. } Phowmsuléng ouptud ng t o
t he general Rr ocedur e. The cr ude urified

f | h ..
chr omat og¥asshired at 1tifer;l hand coye%t ?Wﬂ B PFSuE s f)d‘fygcsrﬁrt?lli?a&mn

tri | et hanol
TH AR (T fRgRetbi o (519 pftSiglnGRiBly Qaa8 | fe. AP4l A dabnd IO )0
4.24 (4, sdlid mip 236421384 (hexbnédcHisrofori)S: 1)1 3C NIMR (500 BBHZ, YMESO- 63)@18),2813 91,
26.55, 26.95, 29.35, 30.45, 34.77, 34,87, 36.43, 36.83, 39.26, 53.095,

61. 710 62230(m%}548 60 (8 192, 10861(s,567); TENBIR (1854 MHzaDMSOeds) 62583609° C,
62.48° H,

iamant 6.2, 3510 P8, 3456, 9040 35 81 A0 15, 39.26,007 84110.95,17535 el Gled

pent aoxa%xs@hm{wozéagllmeﬁtﬁﬁwarm(%&@é-)c e&@@huvlsgnwm 492120 (1.00 g,
.18 hi um’bor ohydr’i de (2. 2 Min THF), and

I i thium tri etAddrbantahny-@rspite-I'A14Mhethylee-1'2" mwr,;s'-l Min THF) in ether (5

T1h W Renagrenainhid: a%@mwec“e 759,808 T At of eisiid ova " ori”
br'nfs(l%l%lé 1?'] o%p rtﬁ%c@zogmf ah@Yfian Wﬁg@:ﬁﬁv%fsﬁﬁ%%}jn%ﬁ’sﬂ"cw (3
X , ext Ct was was

f orm ra water (2 x 50 nl) and
brine (5C[hasir¢act1$h®vastqluemched<wuh¢~tamm; e g)ramﬂcsmrcéfdrraddinomt thbefdre ned,

O o i 0 SOCETL ot D1 5ah 3] S Bl 0
(e | oxol angg gﬁé:&%ﬁeg ﬁﬁ@hg;&s@g?dte@z %{9@69%%@08&%&@ dinf@n}fiad 48 dzos
(1.31 g, 100%) as a colorless oil. "H NMR (500 MHz, CDCl;) § 1.66—2.02 (m, 22H), 3.18
20 (s, 3H), 3.19 (s, 3H). Step 2. A mixture of the above ketal (1.30 g, 4 mmol), 2-methylene-
1,3-propanediol (0.70 g, 8 mmol), and p-TsOH (0.5 g) in CH,Cl; (70 ml) and THF (10 mi)
was stirred at rt for 16 h. The reaction was quenched with NaHCO; (1.0 g), stirred for
additional 1 h, and diluted with water (70 ml). After separation of the organic layer, the
aqueous layer was extracted with CH,Cl, (2 x 50 ml). The combined organic layers were
25  washed with water and brine, dried over MgSQy, filtered, and concentrated. The crude
product was purified by flash chromatography (silica gel, 8% ether in hexanes) to afford
trioxolane 128 (0.87 g, 63%) as a colorless solid. mp 58-59 °C (hexanes); 'H NMR (500
MHz, CDCl3) 61.59-2.21 (m, 22H), 4.31 (s, 4H), 4.86 (s, 2H); ’C NMR (125.7 MHz,
CDCls) 626.60, 27.02, 29.97, 30.69, 34.84, 34.94, 36.49, 36.90, 63.63, 97.60, 107.92,
30 108.38,111.59, 141.15. Anal. Calcd for Cy0H»30s: C, 68.94; H, 8.10. Found: C, 68.77; H,
7.93.

83



30 1.60-2.15 (m 22H), 3.36 (d, J = 4.9 Hz, 4H), 3.61 (s, 2H), 3.62 (s,
2H), 4.49 (t, J = 5.4 Hz, 2H): 13C NMR (125.7 Mz, DMSO-d6) 825.86, 26. 26,
29. 34, 30WRD3/0867Q7, 34.36, 35.77, 80 WD 03/000676 PCT/ UBQZ/Us8T&Ms7 36. 13,
39.07, 60.69, 61.44, 61.48, 96.00, 108.15, 110.84. Anal. Calcd for
C21H3207. 0. 077CHC13: C, 62.40; H, 7.97. Found C, 62.76; H 7.77.

Ad t -2-spi[Q-3'-11',1l"'.-di[ , -1 4',9",13" -
peﬁ?ggxggfspi 28{&82"@“%6' 'fﬁ'é‘ﬁéggg@ ?ééf?’?j -1 }A sol ution of Qz120 (0.73 g,
1.5 mTD' Hime iét‘Y man)Qf& ﬁlmz> 4'Lﬂ?|d}ﬁ§ﬁ]ﬁﬂa|5]éé’cgné¥‘((bz\l@9) heai@sbreéf 50

for Ate bel n O rt the reaction m xture was concentr at ed tO
5 m acmm (®d77vg,t215@:m|nml) BCC (Oamg B SrrampBIHORTE (9.50HC1R78 Busolendi2y . The

corrbl ned organi c | ayers were Wi t 50
m), dri éam%ar%ﬂn% prqnamléQ iﬂwﬂzﬁﬁ@%éﬁ Iﬁ(%wa? E&%@d? ?%3@ gﬁe(
(500 M?“@%d“ggeg%‘é‘g%i&ﬁ fggl%%t%%zdﬁog‘turgm f%%g &ﬁ%ﬁﬁq ,tﬁ W?ﬁ%’t’é?‘ gr?)wVR 13C
NVR (125mil) Mdzextiabta wifh etByl a25ta&f(4 X20. n’zZB T}&Qcohﬁiqmat)extﬁptmexﬂyasﬁeﬁ Bith
35.77, 36.13, 52.89, 61.65, 9 107.99, 110.92 169.11. Anal. Calcd for
C21H2 809 wager aggl) bqge @edg)vnggngther@ cquentﬁite(% T@g crude product was

ci s- Ada 5] decane
(ar123) . DABGT B TR (foparolpll SRR Ao aoarct WXARR) LWl L) e
4 15 br ormeeidiel129ql00iaex agmnes 4 2old3lesy solid miprbb3-164 °@Qéthanel)( HONMR {5G0nd
CH2C12 (50 m was treated wth ozone accordin o the general procedure.
The 16 udMB.AHIED) vis2 b 61, 860 B4 (BRSO ABAYS- (ST 54 (BAED: 306

2&“?8 GBI e i) S S Rt Ohiar 2 ek 348003850 363 1 °°
CDC13) Ség%ézhﬁmsszéé‘%oea R 4sd11 7600 165%3%a12bhkd¥&fcm4§%ﬁé§£t 766Mz§z 20

27.704,7°28.83, 3373, 34.88, 34.90, 36
38. 76, 10B.847b; N, 3LD. FBundG\IG3664GdII;:8156N 3A6/H25Br 3: C, 57.15; H, 7 05

Found: C, 57.20; H 6.99. Ad a RN tan a-2-sp i ro-3'-5-(4'-cyan oph en
yl)-5'-ph enylédai“'a'zta“ﬂ‘z'sﬂmcﬁ(d H’“é'? %dzézi? A sol ution of 0-nethyl

2- adfﬁfﬂﬂh%ﬂ%ﬁa&ﬁim&?gg?prﬁqfa chifle (O72130) 28 doririof YO 2BABRAY ABfrfor O 0.

4. 80 Mo I'n pe (60 M) was 25 treat@d wth ozone
accor di ngn C8l,Che8Q enly aial78Coradrated witleozmme der 1 méhy dlasheabwith ok fgeadob |

L ool MR PP lanor EiphapRHoREE ()b 1L B e HAFPIGIEHE Wt her )
%m Ng/:j) ( %gﬁgp %%ﬁ)sﬂﬁéﬁ %%8’ ﬁ"%/égb( i&}% g%aan 13Hiryness THB crddd produdl- 7- 48
was purified by flash chromatography (silica gel, 10% ether in hexanes) to afford

20 trioxolane OZ130 (0.37 g, 57%) as a colorless solid. mp 76-79 °C (hexanes); 'H NMR
(500 MHz, CDCls) 5 1.61-2.21 (m, 22H), 4.17 (s, 4H); '>’C NMR (125.7 MHz, CDCl;) §

26.61, 27.03, 29.80, 30.81, 34.85, 34.96, 36.52, 36.89, 66.92, 66.94, 99.14, 107.96, 111.82,
207.00. Anal. Calcd for C9H606: C, 65.13; H, 7.48. Found: C, 65.38; H, 7.58.
Adamantane-2-spiro-3'-8'-phenylmethanesulfonyl-1',2',4'-trioxa-8'-

25  azaspiro[4.5]decane (OZ131). To a solution of OZ80 (301 mg, 1.0 mmol) and -
toluenesulfonyl chloride (192 mg, 1.0 mmol) in CH,Cl, (10 ml) at 0—5 °C was added
triethylamine (303 mg, 3.0 mmol). The resulting mixture was stirred at rt for 16 h before
evaporation to dryness. The residue was triturated with water, filtered, and crystallized
from ethanol to give trioxolane 0Z131 (320 mg, 76%) as a colorless solid. mp 148—150 °C

30 (ethanol); 'H NMR (500 MHz, CDCl3) §1.59-2.21 (m, 18H), 3.06-3.24 (m, 2H), 3.25—

3.41 (m, 2H), 4.22 (s, 2H), 7.27-7.60 (m, 5H); '*C NMR (125.7 MHz, CDCl;) §26.53,
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MHz, CDC13) 826.50, 26.92, 34.70, 34.80, 34.84, 35.39, 36.08, 36.25, 36.76,
108.84, 30 112.50, 114.57, 118.43, 126.85, 127.42, 128.38, 129.27, 131.97,
137.97, 1we.:30oo6amal . Calcd for C24H23NG3: C, 77.19; H, @CIigSoM 9787 75.
Found: C, 77.58; H 6.32; N, 3.76. 81 WO 03/000676 PCT/ US02/ 19767

Adamant ane 2- spi ro-3'-5",5-bis [4'-(ethoxycarbonyl)ph

oxi e ( 13y 3470, %39?3%%%5% .15 e 0r L D 4Bl R Lo re A% 306
10 mmol) 44 &eﬁﬁﬁf‘%aﬁ&&o%}%@e u%@gé?%%%"ﬁ 6,57 )N, tFoRRd: Q@' ¢4 s Ho B oRe

according t0 the genera e crude product was 5 purified by
flash chrmrmn@graphy (SI lica gel, 10%ether in hexanes) to afford

tr| oxol ane (Qz125 2g 360 as a colorless solid. 143- 145 C (ether);
'H NMR (500 mdameM) smrteé -§'t(2'-carboyyhenzeyl)4|.3', 41‘"@(’5323 07 (m 12H),

0 20 45 PRagfipitold Siecans 07y, 10 Wibfipr AZRoac 1, ) SihmaBa L9, o O

26 52 261rith; 123fin& @1 0130g 060 mafo)lif CEBE1,/@ 0 o} abd-5 Waﬁaﬁideﬂlbﬁt}ﬁﬂc 10 126. 69,
129. 52, 131.10, 144.22, 166.06. Anal. Calcd for C29H3207; 70.71; H,

6. 55. FcﬁmhddrltE (1#8 nsz:1.Qnme])3Bhe @ﬁ@nmmﬁa&ﬁfea%iszr@éuaﬁ gfor 243h before

[2' - (dlet .NO 2 4-tr

(C126). S Do rgiod wn P AR SN RRRRT haRNS
nol ) an 61e &%xer&mm (28¥ g 0&59%%&%1&&%9 s@ma mp 136’2 57 e (étHalﬁﬂ)"tIHne (72
m) and 2C12 (8 m) was treat ed with ozone according to the general

pr ocadur d\]MR]éSOOrMHe PMEdE) SNas7-Buli(fri, d8Hy3.01-858 (oh26he3 .36raph(m  2H),i ca
gel, 1% ether in

o s Adanehdhib )= gg?fzg‘?ﬁﬁ )78§2°(@§ff %@Nggt}%pﬁ)g 64(ddyT =7.3,7.3 He, 1H), 7.93

t 4. 49 | 6 C 'H
R (500 Cnie PR B4R R IR AR SIS PMB0 A g asmaRe RS O an)
J = 6.8 HR)29,38384, 24.23(B34134, 35.90)35179086.07, 38182, 461 (7. 05y11d@.363726.68y, 1 nmol )
in acetonitrile é)@ wer e added di efao)u/l am ne ( and

triethyl a8, 12 0.03, A3, 1388, 166,80, 1@8 ﬂé@%&algf%tcmﬂzvb?@s& or 60 h

befor f h urated with water (5 nl)
and fi Iteég)%la}hgs(tr (iﬁl[ ﬁbltzalfn-ﬁoﬁ é‘?é% ’he 58‘? %Jrl(%)m et hanol gave tri oon ane
0z126 (170 ny, A&&%ﬁmme& mf@awqmmmﬁamﬁb)&ﬁ%ﬁmlcz(,e't-h-emLs' "H NWR
(500 MHz, 25 CDC13) 81.20-1.34 (m 2H), 1.41 6H), 1.60-2.25

(m 23H),azaspisold.Jideqane (0@93) Zo@solgtiomof ﬁalwbl 111& 1?) r{1§101)13ﬂ§1 13C NMR
(125.7 13 90, 34.34, 34.86,
Sa 55, acneiamnG 601 Rec P Rykhy gt oty oG B adid

dimethylcarbamoyl chlonde (115 mg, 1.07 mmol). The resulting mixture was stirred at rt
20 for 16 h before evaporation to dryness. The residue was triturated, and filtered, and
crystallized from methanol to give trioxolane OZ133 (260 mg, 77%) as a colorless solid.
mp 106-108 °C (methanol); 'H NMR (500 MHz, CDCl3) §1.60-2.11 (m, 18H), 2.82 (s,
6H), 3.21-3.47 (m, 4H); >C NMR (125.7 MHz, CDCls) §26.61, 27.01, 34.52, 34.84,
34.94, 36.59, 36.87, 38.53, 44.69, 107.28, 111.95, 164.66. Anal. Calcd for CigH23N204: C,
25 64.26; H, 8.39; N, 8.33. Found: C, 64.49; H, 8.36; N, 8.42.
Adamantane-2-spiro-3'-1',2",4'-trioxolane-5'-spiro-4'"-2",3" -dihydro-4" H-1"-
benzopyran (OZ134). A solution of O-methyl 2-adamantanone oxime (895 mg, 5 mmol)
and 4-chromanone (740 mg, 5 mmol) in cyclohexane (80 ml) and CH>Cl; (20 ml) was
treated with ozone according to the general procedure. The crude product was purified by
30 flash chromatography (silica gel, 2% ether in hexanes) to afford trioxolane OZ134 (590
mg, 38%) as a colorless solid. mp 136-138 °C (methanol); 'H NMR (500 MHz, CDCl3) 6
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Anal . Calcd for C22H37N03.0.5HBr: C, 65.41; H, 9.36; N, 3.47. Found: C,
65.24; H 9.54; N, 3.46. 30

t r ans- Adaweramsi@- spi ro- 3' - 8' - [ (hydr oxyam no) car bonyl ] - 1'PC2/US42/19767
trioxaspiro[4.5]decane (0zZ127). A solution of ethyl chloroformate (0.13-qg,
1.2 mol), 82 WD 03/000676 PCT/US02/19767 Qz71 (0.31 g, 1.0 mmol), and

mne The s pdvias 12 i PP EHR S o PR () S E e e o o
flfgsh' Y REGPAL 89 g.@'m,'m} P47 (addroxgleagione.6 HA QH}, Bs@EANS=oNgof.6 KA (84 Ny,
.5 mml )" in nethanol’ (1 nf) at’ 0 C was added a solution of hydroxyl ani ne

hydr ochl aH)JECROMEO (1S5 7EMHz5CDEh) ¥ 26161 n2T.03,13.46, 23.87,)34. WS4 Ha85i78n ni xture
was sftirred at 0 Cfor 15 mn and filtereq to renov Sﬁaig 3¥Hr duct s.
The 1111t A%, 0681 (AE08. 59650 LR P, thaOTddili W A i Ionee Libdldor Mednal i
f 1_h t.ed. ified b tallizati
f rom Rox e BB 2 S S e g M T 00 0. 5575, 479 s n

col orl ess  solAdhmaRtahdB=-spa%-L-5 BesBaehdxpheaylyl 52' 4 - triddou (500 MHz,
DVBO d6) 81.42 10 2,23 (m 23H), 8.60 (s, 1H)3_ 10. 36 (s, 1H): 13C NMVR
(125. 7 MHOZIBRBG awixtgesf 07125 (b, 0.8%mmp)), T3FE miand##0%29 460H#. 31

770, 1D s e gt O r Syt e racBf i bR SRR el 5 14

H 7.79;

Adamant aRgitieetBéH (5% 20 m%).l'l"h@‘&}ula&ﬁselﬂﬁér lwas AcidffiedXo pHB= 3 with conc. HCL. The
pent aoxadi spi ro[ 4. 2. 5. 2] pent adecane (0Z128). Step 1. A m xture of QZ05

(1. 1209, rdsultii preeipjtate Praa filtered @ndriecrystatipaaddrqm ethapol/watgr(2abrtaafferd (70 m)
was stirred at r h. e reagctd on S G N 2.0
and stir rt’élaxcﬁ?ﬂe é&I]?% {%ﬁ%& 911.)% 3581“:8&)@1635&? O?lgttiﬁgnat?gt%%%%g% esi %e
di : . g .
v i SSQNEICEE] 21630 0 I, JoRsliegs bt 17 HTLIB O, S, Over
g, 100% Ias 48)Cnd®(d,g958.8iHz, 4H)K WVRMES 02 VHMHCIOTE)) B2AS 66; 26.02 34@5, 22H) |
3.18 20 (s, 3% 3.19 ((43 35?. Step 2. A mxture of the above ketal (1.30
g, 4 moldH42235E6n33.-8hd 0840 1|§r9épb£ﬁa‘ﬂiﬂ’dl?-9(4@a Yol 4> 183 Aol §0-6%rtrab-Gale (0. 5
i n_CH 7051 . . .sticryyed at rt for 16 h. The
?)eac?isonzfg}éézsgﬁ‘g‘)ﬂfrzrpégg{/g\ngt%’%ﬁ%@ﬁﬁq')&’gg&%’%tsi*fed for additional | h, and
diluted with v@tRdamédtide)2-spifd-8r8'splithaBinide 192" 4 heotispirs[d.5|decane t he

aqueous | ayer was extracted with CH2C 2 (2 x 50 M%. The conbi ned organic
| ayers wdO0Z136). dasHutonpt Grmgshyd 2-adamananene oxamedh798el0 mymedland 4 t er ed, and

ConCent | ki L FpoRE CELEL O3B phfhdtbo el e LA

treated with ozone according to the general procedure. The crude product was purified by

20 flash chromatography (silica gel, 80% ether in hexanes) to afford trioxolane OZ136 (1.20
g, 29%) as a colorless solid. mp 156-158 °C (ether); 'H NMR NMR (500 MHz, CDCl;) &
1.60-2.19 (m, 20H), 2.45-2.63 (m, 2H), 4.18 (tt, ] = 12.4, 3.9 Hz, 1H), 7.64-7.76 (m, 2H),
7.77-7.89 (m, 2H); *C NMR (125.7 MHz, CDCl;) §26.60, 26.89, 27.00, 33.81, 34.85,
36.45, 36.89, 49.35, 107.43, 111.50, 123.06, 132.13, 133.75, 168.01. Anal. Calcd for

25  CyH2NOs: C, 70.40; H, 6.65; N, 3.42. Found: C, 70.16; H, 6.43; N, 3.43.

cis-Adamantane-2-spiro-3'-8'-amino-1',2',4'-trioxaspiro[4.S]decane

hydrochloride (0Z137). A solution of 0Z136 (0.81 g, 1.98 mmol) and hydrazine
monohydrate (198 mg, 3.96 mmol) in chloroform (16 ml) and methanol (2 ml) was heated
under nitrogen at 50 °C for 24 h. The reaction mixture was cooled to rt, filtered to remove

30  solid by-products, and concentrated. The solid residue was dissolved in CHCl3, washed

with water and brine, dried over MgSQ,, filtered, and concentrated. The oily amine was
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trioxol ane 128 (0.87 g, 63% as a colorless solid. np 58-59 C (hexanes); 1H
NVR (500 MHz, CDCl3) 81.59-2.21 (m 22H), 4.31 (s, 4H), 4.86 (s, 2H); 13C
NVR (125.woMsimpo67€DCL3) 826. 60, 27.02, 29.97, 30.69, 34.82CTA%K0N497636. 49,
36.90, 63.63, 97.60, 107.92, 30 108.38, 111.59, 141.15. Anal. Calcd for
C20H2805: C, 68.94; H, 8.10. Found: C, 68.77; H 7.93. 83 WO 03/000676

i et ny! akssghaineRes o g | 5 ebRel ACHT 0 R veo100)
sol ution gh 318%;(%%(137 (0385, tgB%s @E'aio}lesé%%@d(&pﬁgz 5c e Ze‘ihé?jolﬂ NMIOBIod 0. 51

g, 3.75 met hyl - | - propanol . 75 mol ) in DW
(20 m) VMHZJTBMG@d@)(SﬁQi-SIOSSQni 2&1)[160*2150{111920}1)33 h@(ln(solléij mzfuxs t he

reaction mxture was acidified with 1 M aqg. ) and extracted

Ha
with et hy‘lH)aEéJtM (257 WBlznPMSOrHe &8, RE@3eR ﬁ@\éﬂé%\éf‘eﬂm%ﬁ%&w% h

oroaust vigel. a1 ¢ 1584 e AR s ieh B ARt FrRES S Saf ey e

acetate |beg§>@i\%@sg 4;'19 sofdf &r 470t ri oxol ane 129 (0.44 g, 46% as a col orI ess
solid. 64 "C’(ethanol); 1H NMR (500 10 MHz, CDC13) 81. 27;12&'»6
“NVR

1.60-2. 24 (m ABhhantnba- s(p$ro-32+$' [44(11&DhQJQ'cam9nyl)§phqﬂyl[-§' p11|e|)1yl 1

125.7 MHz, CDC13) 824.77, .26.62. 2 21, 33.64. 34. 4.90, 36.55,
ge 01, 44"2401355@@1%% 45 polutjopof/3- m"’i@i%"%‘m‘f‘?‘é‘“%‘? °XR??8% 7%85 &gr% y
C21H33NGB, 4G (nfifd ?@c%rbbhylﬁ)ex%h%oré (@9@ ggPGJﬂﬁ'nolﬁn fRhtaftd (4timIParRECHNL, 3. 76.

Ad amant ane- 2-spi
pent aoxadpe pily wheitréatbd Rjth em:m%c‘aﬂmg(tmmmral\pmmlm dihenfrudZir28ugtovsS5 g,

1.9 I CH2C12 (80 -8 C t f 10
1 ashoq vaurifod ey Aol Fspralostaphy Gkchesh A0 EhErOPEPHR AT SR (0. 49
g 1.9 m@{dss (Wﬁ)% )'agqcmo%gws%lmﬁp 144} m%cbgl@thfea rﬁm(gbomg at rt

for 1 h before‘evaporation to ryness.” The cru pr oduct purified by

fl ash chropet,pgn amhy. 2050, i 410), 3811, (s,1300% BBeT.39 (mhEDaAas)- 7152 (af, 2o d7.89 (d,
trioxol ane QZ130 (0.37 g, 57% as a ?ol orless solid. rB) 76-79 C (hexanes);

1H NVR  (J508.3Nz 2HODR03)d, 8 + §31 Hz, 2H); (1§ NMRI( 12547 MH7, £DGl) 52638, (125.7
o6, 035 66103, 3686138855 4e36. £330y, 30865108 (2 M 138 tebeos: o
0513 HigA TNty 6 | ae e ST 16 0. Ana Caleh for . C
azaspi r o[ 28.%]; &5 6atde Foaxit €1 Y4.0T,d 26.8b! ut i on of az80 (301 nyg, 1.0 mmol ) and -
cis-Adamantane-2-spiro-3'-8'-[(4'-phenyl-1'-piperazinyl)carbonyl]-1',2',4'-
trioxaspiro[4.5]decane hydrochloride (0Z140). A solution of 0Z72 (0.31 g, 1.0 mmol),
20 DCC (0.27 g, 1.3 mmol), and HOBT (0.16 g, 1.3 mmol) in CHCI;3 (15 ml) was stirred at 0
°C for 15 min before 1-phenylpiperazine (0.21 g, 1.3 mmol) was added. The mixture was
then warmed to rt, stirred overnight, and concentrated. The residue was purified by flash
chromatography (silica gel, 1% methanol in chloroform) to afford a solid, which was
dissolved in chloroform (20 ml) and filtered. The filtrate was concentrated, redissolved in
25  chloroform (15 ml) and ether (30 ml), and filtered. The filtrate was treated with 1 M
ethereal HCI (1.5 ml) to afford trioxolane OZ140 (0.36 g, 74%) as a colorless solid. mp.
155-158 °C (chloroform/ether, 1:2); '"HNMR (500 MHz, CDCl3) 6 1.42-2.23 (m, 22H),
2.44-2.62 (m, 1H), 3.51 (br s, 4H), 4.28 (br s, 4H), 7.42-7.60 (m, 3H), 7.79-7.95 (m, 2H);
3C NMR (125.7 MHz, CDCl3) §26.59, 26.80, 27.01, 33.54, 34.84, 34.89, 36.54, 36.87,
30 38.53,39.32,55.25,107.61, 111.61, 121.22, 130.05, 130.57, 142.36, 173.49. Anal. Calcd

for Cy7H,,CIN;O4: C, 66.31; H, 7.63; N, 5.73. Found: C, 66.26; H, 7.45; N, 5.83.
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t ol uenesul fonyl chloride (192 ng, 1.0 mmol) in CH2Cl12 (10 ml) at 0-5 C was
added triethylamne (303 ng, 3.0 mmol). The resulting m xture was stirred
at rt forwdBsholwes ore evaporation to dryness. The resi duecmasorne7eur at ed
with water, filtered, and crystallized fromethanol to give trioxol ane
Qz131 (320 ng, 769 as a colorl ess solid. np 148-150 C 30 (et hanol ); "H NMWR
(500 MHz, CDC13) 81.59-2.21 (m {;% ,3..06-3. 24 ém 2H) 25- 3,41 l(

2H), 4.22 (s, qmdmwam-%epl(?rﬁ -£},3'4'-{riexagpiro(4.Silecang:8'- mdb@l&?'d@ze les 3.

o4 10 03 PGS RTIOPRR LRy o720 o 2 ey RO G af.

C22H29NOOBHF @ nfifwa8adddd lﬁ %boerdlﬁmaélzolE(Dmﬁg, 13 nﬁi’ol)l.ﬂ‘,hehhlxﬁlra Q'as N, 3.46.
Adamant ane- 2-spiro-3' -8' - - car boxybenzoyl) - -trioxa-8"-

azaspi r o[ #irspdé edae2 @@Zﬂ%??emgr@ueéw@’éil with deY at@ié@m(lh dhe W“ltmg@r?ﬁﬁl@te and

triethyl 0 C 10 m

pht halr%/ca&w%%%%ﬁ éé’”qﬁﬁéloﬁgm %}Wltﬂ ‘ﬁl—g %‘F} rrleélstﬁ’ A ff)ﬁ%tn%xgl[ ur gfﬁﬁc{g? gr red
at rt forg2dehy ab%fc%qcﬁles§ébﬁe%§t1uM1m etheﬂs‘&HNﬂn@ SEPVBHE OPRY, ft(n byrated,
filtered, and crystallized from et hanol gi ve tr| oxol ane OZ132 (285 ny,

69% as al.6olms2E5d.Holid (mn?.kﬂ)lezzs 1@4 ﬁ@dﬁhaﬁm 97 (SHLHD, RS Hazn A
DVBO- d6) 81, 57-2. 2 354,
(d J 2 7881% e M%@z ‘%’H 4)15‘2§ 617%0%;23 543486 %413§d§6523557 3, 23

e M 1850, 105 T 97”5%1%017“’6 44768015y ey B R AT

38. 82,0 44C264.93 M. 037; N, T1213Bounti2@, 6212; H,2B1 21 N, 71%8 63, 130.03, 132.42,
138.38, 166.90, 168.45. Anal._ Calcd for C23H27NOCG: G 15 66.81; H 6.58; N
3.39. Found: QA gmagganeﬁ-smr%g' S'Mp-tglykqmmocarbonyl)l 2',4'-trioxa-8'-

Szaspt 1 o ARy RBlTadens (97 TT0 POBLY B EPD Ebbe, Syl g bl figie g
triethyl afroneng, 1Qﬂml69,m CHICHTOd nly 4 O@Haﬁés?addk@p%lﬁ'l RBbcynbte¢l¥Bmgatided

di met hyl car ba g chloride (115 rrgv 1. 07 nmol e resulting mxture was
stirred ammol). Zbe fryxturgwhs S@méuﬂbﬂ édbb%fprmm@aldxfyﬁb@@ts Th@reslégewé was

I
tri E%?LF%’%%@@&IP&%%‘?F 0 o i BforE ReehysRltidaligfp e 138 b Po s ffhanol
av i 2
S21 3 O8RS0 gD o8B0 Sbig 6%&’%205@%3"*;2“@"}4 4,

34.94, 36 PBWB&@?M%CMI;)M ®i92.19@m, 28H),12129 (95$H)1641366 71 AmabH) Gadéd f or
C18H28N204: 1}% 7.08 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.3 Hz, 2H); '°C NMR (125.7 MHz, CDCl3) §
20.65, 26.60, 26.99, 34.46, 34.84, 34.94, 36.58, 36.84, 42.46, 106.90, 112.25, 120.44,
20 129.40, 132.85, 136.53, 155.13. Anal. Calcd for C53H3oN,04: C, 69.32; H, 7.59; N, 7.03.

Found: C, 69.10; H, 7.50; N, 7.08.

Adamantane-2-spiro-3'-8'-(+-butylaminocarbonyl)-1',2',4'-trioxa-8'-

azaspiro[4.5)decane (0Z143). To a solution of OZ80 (301 mg, 1 mmol) and triethylamine
(101 mg, 1 mmol) in CH,Cl, (10 ml) at 0 °C was added tert-butyl isocyanate (100 mg, 1

25 mmol). The mixture was stirred at rt for 6 h before removal of solvents. The residue was
triturated with water (10 ml) and filtered. Recrystallization of the solid from 95% ethanol
gave trioxolane 0Z143 (185 mg, 51%) as a colorless solid. mp 142—-144 °C (95% ethanol);
'"H NMR (500 MHz, CDCls) 6 1.35 (s, 9H), 1.62-2.09 (m, 18H), 3.35-3.59 (m, 4H), 4.34
(s, 1H); '*C NMR (125.7 MHz, CDCl3) §26.60, 27.00, 29.51, 34.38, 34.84, 34.93, 36.57,

30 36.86,42.22, 50.82, 107.13, 112.08, 156.72. Anal. Calcd for CyoH3,N204: C, 65.91; H,
8.85; N, 7.69. Found: C, 66.19; H, 8.50; N, 7.62.
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25 64.26; H, 8.39; N, 8.33. Found: C, 64.49; H 8.36; N, 8.42. Ad
amant ane- 2-spiro-3'-1',2"',4'-trioxol ane-5' -spiro-4"-2",3"-di hydro-4 "H 1 "-
benzopyr awo(0GA®4§ . A sol uti on of O0-nethyl 2-adamant anone pegius®2/(895 ny, 5
mmol) and 4-chromanone (740 ng, 5 nmmol) in cycl ohexane (80 m) and CH2Cl12
(20 M) was treated with ozone according to the general procedure. The

crude product urified.b ash ch toqgra y, sill g |, 2% et her
i n hexanes) toﬂgﬁﬂ%f]ga"terzi's (ﬂy%l Ekl Aa'(] H%r?ﬁ'gboé'ﬁ I’ 4-¥r163ag$| ess 0soI id.
np 136- 138zdsp {rBPtS]aeédn):éoﬂrhMNR:é@&QuM-Bfo@@l@b)l &5 Bﬁuﬁ@% 288 T4mine
PCT/ US02/ 19767 1.61-2 m 14 2.39-2.61 (m 3-4.51 (m 2H),

6.83 (d, (10%ngsd mmol)in"H,6l, 9H m()did0°@ \&assadsled@hglymsothmyanate p35madl J =

Cocia)” gohisD: Ty moShreslisgimed s foryibdrerslndt ofsggs: Thg/eiut 483, 1 "

37.08,5 64{rﬁt§ﬁte@%tl@@ater](]@ nﬂ?andlﬁ-ﬂer&ﬂ Re&-r%)@taﬁ?zatﬂ)ﬁ 8f @1@ aséﬁé fA)%l 95@5 Eth%ilol Anal .
5 Cal cd for Cl9H2204: C, . Found: C,

amant ane- gavspiipxpldie GZ] 44 (QM 3(g456%ham®mﬂ®s>sb)ld Ihp 236—4 38t°|(] (85(%| Qilmmol),
Qz135). f Oz125 (0.44 0. 1), THE d 40% a
KoH (4 5 '%TW% 5 Mo G050 5.8 290 @ BEE 5 s 5l PR 97—7?1”& st
| ed t t |
;glodlefl ed ng,e?(% aﬁfﬁglozm &:Wﬁrﬁ‘ﬁ resh@éhb}pre ?@t%g (\%er e

filtered ansiz Bacgzyssgizlamdn 5®mostshana. 45Natzgr59( 22513, t199@f7f mod42,t184.q>sol ane

Qz135 (0.35 g, 90% as a col orl'ess sol i d. 170 C Et OAc) dec;'H NVR (500
|sz 1@Dc:115§1a18€ale®f<2r GaHMO124) 65.9711, '(%FN& 99. Eound: @, G%93;H)7.151 80 (d, J

= 7.98 (d, J = 8.8 Hz, 4H); 13C NMR (125.7 Mz, CDC13)

825 79 26 9 '34.25, 34.42, 35.56, 35.99, 108.40, 113.95, 126.42, 129.46,

131. 47, 143. 44cts4mn§ﬁrtalﬁnﬁkplr@§|-8d(l'ﬂﬂnﬁﬂ’iz JIASNRAGH l)-ci 26&' 80; H 5.54.
Found: C, 68.64; H, 5.34. cis-Adanmantane-2-spiro-3' g

al i m do- 1trlﬂziﬂsmr°h4r5]dmap((ﬂzl‘[5l) Si}?Pde'E‘aneollJ(tl@ZDﬁG)leﬂ(@é?l% ilonmol) agd et hy|

2- adanantan n OXI 1.7 a hth doc cloh xanone

(243 g e [ 14 Bl ot CHCT o B Brc P i d g PR T

OZOHQSaCC&TrﬂétHﬂleE@lfM}@cmﬁﬁ@é @Im%r Q%ﬂh&b?/ m-@EzGl{ Hq{i‘l Pridifgiaumasaddtiriddl ed by
0

20 flash chromatography (silica gel ether 1n hexanes) to afford
t ri oxol ard riet 3é feforbeing quashed withavate|(5 mlés@;ﬁ@csbpadatmpoflﬁeaqmus:la(yet, her);

1R g (o0 M LA, Bl 80 2 A8 L 200 2 5,03 21, 4 10
(125. 7 Mgiterédahd bofefirfd 1?3 theddetRhesdiforble (0.33‘11 B90%) as a colorless solid.
mp 82-84 °C (75% ethanol); '"H NMR (500 MHz, CDCls) §1.25-1.34 (m, 2H), 1.66-2.02
20  (m, 21H), 3.00 (s, 3H), 4.04 (d, ] = 6.3 Hz, 2H). Step 2. To a suspension of 60% NaH (0.08
g, 2 mmol) in DMF (4 ml) under nitrogen at 0°C was added a solution of imidazole (0.14 g,
2 mmol) in DMF (4 ml). The mixture was stirred for 30 min before a solution of the above
methanesulfonate (0.34 g, 0.9 mmol) in DMF (4 ml) was added dropwise. The mixture was
heated at 50 °C for 2 h before being quenched with water (40 ml) and then extracted with
25  ethyl acetate (3 x 30 ml). The combined extracts were washed with brine (3 x 30 ml), dried
over MgSO., filtered, and concentrated. Crystallization of the residue from
hexanes/CH;Cl, (4:1) gave trioxolane OZ145 (0.17 g, 55%) as a colorless solid. mp 125-
128 °C (hexanes/CH,Cl,, 4:1); 'H NMR NMR (500 MHz, CDCl;) 6 1.17-1.39 (m, 2H),
1.55-2.18 (m, 21H), 3.77 (d, J = 7.3 Hz, 2H), 6.86 (s, 1H), 7.05 (s, 1H), 7.42 (s, 1H); 1*C
30 NMR (125.7 MHz, CDCl3) §26.59, 26.99, 27.70, 33.58, 34.85, 34.87, 36.53, 36.88, 37.97,
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36.45, 36.89, 49.35, 107.43, 111.50, 123.06, 132.13, 133.75, 168.01.. Anal.
Cal cd for 25 C24H27NC6: C, 70.40; H, 6.65; N, 3.42. Found: C, 70.16; H,
6.43; N, W043/000676 PCT/US02/19767

ci s- Adamant ane-2-spiro-3'-8 -amno-1',2",4"'-tri oxaspiro[4.5] decane

hydrochl ori de (Qz137). A solution of OZ136 (0.81 g, 1.98 mmol) and

methanol AT aaesl %t S a0 57 Payaheh, CEY & CfriQRo Fiofe i on
m xture Vg6 epked; N 8ok, Fduntt €F68i8 1 o1, BMPXE 736. sol i d by- products, and

concentrated. The solid resi o!ue was di sgol_ved in CHC13, washed w th water
and brine, dricsdAdasranigeespife-3+8'rpithaimidamaetbyhl's2ded. The oily am ne was

86 WO 03/,000676 P S02/ 7 i | i t 2 t t ith 1 M
et her eal tHExagPiroitpldegape &?Z}G‘@é‘g s Slgg‘b‘ivﬂ’e/fejolrﬂ?t?‘?ﬁ%%dﬁ%@" O%gg%?%‘),{mg%%

| | Ot 17 )
51 4155, 20 {hmopPuat pliRaldobe ORISR BRTE RO ER ) )
13C NVR (mi}and CH:AZ), (BVBD) Wy tr&sl, 8Eh o2de 28¢ording46 theRenad3] pBocedire. ‘Blae 30,

2552 Sttt i L S PRI
Adamant a I bR 021 46l(4 0 | - B p,@q@ -1, By, 4' -
trioxol arr%lzfo O%flb?s(g n@p(\) él(ﬁ6l§?’i6g%p§jfn8%%ydagﬂ§?&gf ggg%?a%ggg 0X %frllean%ll’.% g, 10

mol )  aNiMR-XNMR (@O HEPODEL;) Bérzdephé an2Hj,A.49-2@8 ()2l 3.56 (d,denlane (40
m) and CH2C12 10 (90 ml) was treated w tg ozone according to the general
pr océfur &z, 2He, T6Ude’ padibt 7-8k&s/-8Puhi2H)e d MR €2f. 7dHsd i 1dgh e RY-61si | i ca

0ol or | esd ¢l 158, DEAGAIHE T as 38 S NGRA oot s, Ve 8380 %075 5o
(m 14H),133.-2%11:(3'586,3'6}3;477A§41:@al&9f&@25}§§N05:7C430.§'0'5{?, 690: RH.31. FRdd(d, J =
8.3 Hz, 2H), 8.03 (d, J = 8.5 Hz, 2H); 13C NWR (125."7 M¥, CD, C13) 826.58,
26.99, 1513%;BR6.754N88,2134. 88, 35.31, 36.13, 36.31, 36.86, 51.99, 109. 28,

114.26, 126.76,,126.96, . 128.22 128 97, 129 42  130.37. .138.83, 145.73,
166 66, Anal . ATIERRE-2FEREI? ’%,-trl%slélf?f#éﬂ%@ags -rf&awﬁazefé-lm. 07; H,
6.5515  carboxylate (0Z147), To a solution of 0Z32 (0.28 g, 1 mmol) in CH3CN (10 ml) and

ci s- Adamant ane- 2-spiro-3'-8'-[(4' -phenyl-1"'-pi perazi nyl)carbonyl]-1",2",4"-
tri oxaspiTHY @ %])deascaided ¥ achinyldided{0RI@D 1 gA . Iwimel). drheohix@EE vas0. 31 g,

(15 my. whigeds @0 L 62 Bvelic aanroplestiog o stiehyRp ST waRe b1k g
L3 oL TSR LD s S, Wl v, B delitcd O
trioxolane 0Z147 (0.32 g, 90%, 1:1 mixture of two diastereomers) as a colorless solid. mp
20  116-118 °C (water); 'H NMR (500 MHz, CDCl3) & 1.62-2.21 (m, 22H), 5.05-5.22 (m,
1H), 7.07 (s, 0.5H), 7.08 (s, 0.5H), 7.41 (s, 0.5H), 7.43 (s, 0.5H), 8.13 (s, 0.5H), 8.15 (s,
0.5H); *C NMR (125.7 MHz, CDCls) §26.58, 27.00, 28.05, 28.32, 30.53, 30.88, 34.83,
34.94, 36.48, 36.56, 36.85, 74.61, 75.01, 107.24, 107.30, 112.01, 112.11, 117.01, 117.04,
130.74, 137.08, 148.09, 148.14. Anal. Calcd for C20H26N20s: C, 64.15; H, 7.00; N, 7.48.
25 Found: C, 64.22; H, 7.00; N, 7.30.
cis-Adamantane-2-spiro-3'-1',2' 4'-trioxaspiro[4.5]decane-8'-methyl 4-
phenylpiperazine-1-carboxylate (0Z148). To a solution of 0Z141 (310 mg, 0.86 mmol)
in THF (10 ml) at 0 °C was added methyl triflate (142 mg, 0.86 mmol). The mixture was
stirred at 0 °C for 30 min before 1-phenylpiperazine (140 mg, 0.86 mmol) was added. The

30 reaction was stirred at rt for 18 h before removal of solvents. Crystallization of the residue

from ethanol/water (3:1) gave trioxolane OZ148 (323 mg, 83%) as a colorless solid. mp
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chromat ography (silica gel, 1% nmethanol in chloroform to afford a solid,
whi ch was dissolved in chloroform (20 m) and filtered. The filtrate was
concent r awed3/00wsdé ssol ved in 25 chloroform (15 nl) and et rem/ S8R9y, and
filtered. The filtrate was treated with 1 M ethereal HO (1.5 m) to
afford trioxolane OZ140 (0.36 g, 74% as a colorless solid. np. 155-158 C
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4.25 (d, m]mO'I §n<§ (%Clio c%?ﬂ)hexZneoﬁlg fthenZZﬁﬂ&l]@A cﬁdsﬁe,(o%ﬂg 3 fr¥noliLin) ; 130
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stirred at rt for before renoval _of veglté 'gh?e ée5|due was 15
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triturat &ol3bt8- &Nét%ﬁz,@f@ AP (e Filpredad £8¢15A-oHzt Hd): sol i d

1o SO AR)5S O BPREF 2 Ry T8 2 galiigeaaol

2.29 (s, Nk ( 1@5 431Bz,/GDC) 546161, f6917430(73 34,251)3495 0888 36.50=3886), 84297, 2H),
7.21 (d, J = 8.3 Hz, 2H) ;130N|\/Ré125 MHz, CDC13) 8 20.65, 26.60,
26. 99, 340246, BA.G5 126850W4.64612%96,389.84, 13¢00%d 53766169043 1Amal pBalcd for 44 20

N R

Adamantane-2-spiro-3'-8'-(4'-nitrophenyl)-1',2',4'-trioxa-8"-

20  azaspiro[4.5]decane (OZ151). To a solution of OZ80 (301 mg, 1 mmol) and triethylamine
(101 mg, 1 mmol) in CH3CN (10 ml) was added 4-nitrophenyl triflate (271 mg, 1 mmol).
The mixture was stirred at 65 °C for 64 h before removal of solvents. The crude product
was purified by flash chromatography (silica gel, 5% ether in hexanes) and by subsequent
crystallization from methanol to afford trioxolane OZ151 (120 mg, 31%) as a yellowish

25  solid. mp 140-142 °C (methanol); "H NMR (500 MHz, CDCls) §1.61-2.19 (m, 18H),
3.48-3.75 (m, 4H), 6.83 (d, ] = 9.3 Hz, 2H), 8.11 (d, J = 9.3 Hz, 2H); *C NMR (125.7
MHz, CDCl;) &26.54, 26.94, 33.84, 34.82, 34.92, 36.55, 36.79, 45.57, 106.63, 112.40,
112.93, 126.05, 138.63, 154.14. Anal. Calcd for C;;Hy6N20s: C, 65.27; H, 6.78; N, 7.25.
Found: C, 65.40; H, 6.66; N, 7.29.

30 5-Hydroxyadamantane-2-spiro-3'-1',2',4',9',12'-
pentaoxadispiro[4.2.4.2]tetradecane (0Z152). Step 1. A solution of O-methyl 5-acetoxy-
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Adamant ane- 2-spiro-3'-8"'-(t-butyl am nocarbonyl)-1",2",4"-trioxa-8'-
azaspiro[ 4. 5] decane (0Z143). To a solution of Gz80 (301 ny, 1 nmol) and
triethyl awome/00061®1 ng, 1 mol) in CH2C1l2 (10 mM) at 0 C wma3/isddede?
tert-butyl isocyanate (100 ng, 1 25 mmol). The m xture was stirred at rt
for 6 h before renoval of solvents. The residue was ¢triturated with water

(10 M) and filtered. Recr tallizat f the soli rom 95% anol gave
{71 oxol ancdepatanong s (1436 B 501 i SRasol S s 28 om0 0 59

et hanol ) ; Ommoglll\_{ﬁr)(eipagll I)QQ&)@zcgél@@m )S\Nagﬂfgated]\vlﬁgoéoﬂg & dlﬂ%{'&t’hg7 00,

3. 35-3. 58 VR (195, 7 Mz, CDCL3)

29. 51, 34eidial pssbetidire. H%eQBLde@ﬁ)dﬁa wa&(puﬁﬁe&ﬁyﬂéghﬂﬁomaﬁgﬁﬁphyl(@mcigﬁl 112. 08,
156.72. Anal. Calcd for C20H32N204: C, 65.91; H 8 85 N 7. 69 Found: C,
66. 19; H30% &tier impetrolspm Wrmaéf3¥‘bﬁ6@ﬁﬁxﬁé?m%ﬁ%elb%70'3 Ao

rzasptr PR EPRRISRIS4 S PRUGRRRIOR! 2 LT Rk of H MR (Pl
tri et hyl apo9 s 1. 1912 ag(mlzmyokbs (9 48h1Xedp 2 AGniKtgre 8f the a@d&@%cé%ﬁ'@ed phenyl
i sot hi ocyanate (135 ny, mmol ). The m xture was stirred at rt for 6 h

bef ore r ¢mwioddne ¢f .39, Géﬁtnsmomﬁt%@lmheanﬂé@%aq rKOH(amdd wasteatedab b0 £C0 nl )

d fil |l h d %
71 oxol af RN 538 thy Tgoent s o it vecd BT i VaEen S o H8 Gy,
et hanol ) ether. Wh@%zﬁﬁ@f&géﬁks WaAhddBWitl wakP akd Blné, rﬂne&&?gr }/% S (m 4H),

7.07-7.18 (m >U7.32 (s, 1H), 7.28-7.37 (m 2H); 125. 71Vl Hz,
CDC1B) 826nc56trat2<ﬁ i cr@de POduct 34s Smﬁ@tlbygﬂqshmrmatogaﬂm (silid ge@ 80206. 54,

112. 45, 122.59, 125,13, ..129.27, 1 : 4.18, 10 Anal. Ca

C22H28N2 66T Inhex gesy o aﬁfPfg Wlmﬂ%?@%dl&&%§ Vo, BUNQEdSQyer, g g Ii!f?i) N2

7.13. ci ) td 2' 4 -
[, Ot SoloATBIAAA R SO QA UL s YO St tonk W 42

mol ) andolotledsebligt) Bori OZ1520 mikbl 3g-134 K (ahndr); ' HNRIR2GOA MHzn’cD(a;) H1.S6vas
added dropwi se a solution 15 of net hanesulfgﬁ/ chloride (0.14 g, 1.2 muol)
i n CH2C12.10MmyR) H),TheS ¢ 4Hhir &0 DRVER €K25r7 Mz, DCh) 6 3-2% Fl.6516:1d, BaisAg

orene et el B Y e TP SRS I 30 S SR W Bl ot
My SO %Blgbeﬁeﬂ74aln\qlngogcm2rqichlto afford t he nmet hanesul fonate (0.34 g,
92% as a colorless solid. np 82-84 C (75% ethanol); "H NWR (500 MHz,

CDO 3) 81. 25- S:-Eydxoxya@amantané@-spiroB'A0,2(4,9'AR2 , 3. oo ( s, 3H), 4.04 (d, J
=63 pen@oxa«? E;%‘Soﬁ I Q]tgtra%'ecglei‘g féif'sﬁf ch‘ogé)eparglo(n see OZ152 mp 112-114
°C (ether); 'H NMR (500 MHz, CDCl3) § 1.54-2.22 (m, 21H), 3.98 (s, 4H); '°C NMR
20 (125.7 MHz, CDCl;) 628.85, 31.72, 32.09, 33.40, 38.31, 42.11, 44.54, 64.36, 67.37,
107.80, 108.50, 110.36. Anal. Calcd for C;3sH,60¢: C, 63.89; H, 7.74. Found: C, 64.03; H,
7.66.
cis-Adamantane-2-spiro-3'-8'-[4'-(4',5'-dihydro-4'4'-dimethyl-2'-
oxazolyl)phenyl]-1',2',4'-trioxaspiro[4.5]decane (OZ154). A solution of O-methyl 2-
25  adamantanone oxime (1.32 g, 7.4 mmol) and 4-[4-(4,5-dihydro-4,4-dimethyl-2-
oxazolyl)phenyl]cyclohexanone (2.00 g, 7.4 mmol) in pentane (100 m1) and CH,Cl, (50
ml) was treated with ozone according to the general procedure. The crude product was
purified by flash chromatography (silica gel, 10 to 30% ether in hexanes) to afford
trioxolane 0Z154 (0.80 g, 25%) as a colorless solid. mp 138-140 °C (ethanol); '"H NMR
30 (500 MHz, CDCl3) §1.37 (s, 6H), 1.59-2.16 (m, 22H), 2.51-2.68 (m, 1H), 4.08 (s, 2H),
7.24 (d, J = 8.0 Hz, 2H), 7.85 (d, J = 8.0 Hz, 2H); '°C NMR (125.7 MHz, CDCl;) & 26.63,
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g, 2 mol) in DMF (4 m) under nitrogen at 0C was added a sol ution of
imdazole (0.14 g, 2 mol) in DMV (4 mM). The mxture was stirred for 30
m n bef orwoasmaisad i on of the above nethanesul fonate (0. 32cg/usoz/®d7amol ) in
DMF (4 M) was added dropwi se. The mi xture was heated at 50 C for 2 h

bef ore being quenched with water (40 m ) and then extract ed vvith 25 et hyI
acetate (3 x 30 m). The conbi ned extracts were was brine

m), dri@d.0302%38N52 34170 348%d4-9Ani- 20 RO AaPRL- Sép ygtlaﬁ 19&26:i1d ‘tﬁr t he

S S BB S T R R
CDC13) 8377 Fdurf (,m4.334H, 8.08; §55.28.18 (m 21H), 3. 2 (d, J = 7. 3! e,

6.86 (s, iH), 7.05 (s iH), 7.42 (s, 1H); 13C 30 NWVR (125.7 MHz, CDC13)
826.59, 26.99 c:sQAdﬁmanweBBwlBMBS' -[[@4hgdroxystind)anieplcarbayll’,2',459 WO

Anal . SCaREEBITS SIS O(ILE S oo o BB Oy R MR35 Folnd

68. 81, Hdifhethlylarinolp:d 191eﬂry&¢:1ﬁiaﬂﬂﬁmg«ﬂocﬁﬂ¢rﬁ& 629 " 1 Biofol), HOBT
alim dorre(tlh elhilya no?p -gygl‘l oxaspi ro[ 4. 5] decane gn(é A SO|)UtI on of

0- et hyl (Q.Qa(gahﬁnnm@nmcb’&mnmoémam (09 g51 Sanmo ﬁ]d) ml) was stirred at

4- pht hal I | oh t 100
anl LGB S0 hePreHEnE AR St ﬁhﬁ%ﬁé(?ﬂl@&ﬁ“ﬁg)%ﬁy%e sRRbetpe "

d I
SL?Cezé%%g%%aﬁyl.aﬁéﬁﬁi(éﬁiﬁ?ﬂﬁéaﬁ@?e B e At O T e

col orbessnlyahd briner(801Alj; dried o&el( MgRAnanil cond¢ntriaivR. NieRe$i806 wisipuriiBLbg)

o 7 ety hromalograiiy (oiime 0o pigintlia (b itoalord imxolige lii% 61,
27.01, 27 AR
111. 35, £8§§§2§6?%?§§ag(gloﬁésggglg%%zpl%%—}lg@?%ﬁgﬁh %Hfédgﬁé’r xﬁ;cz5H2£S

70.90; HCISCBP51199-3.08%m, Ezmma 17Gor s, TH), 1538 3 4SGTSIN. 73. (1. 4.8 Hz, '2H),’
Adamant ane- 2- sp |r3 3'-1',2",4"-trioxaspiro é@ecane 8' %/ i m dazol e-1- 15
car boxy| # 18 (s0A1y CNMRéIEGﬂ MHzo €D§i;) 28244 6099, 3398,)34 73, SHIEN (10

The Bhxt dbasnl 753 SR 8 B SRl O S ﬂ%&?‘o B Seiing TofurlaNG ¢ an
di 'ut'ed ig. pokd W 8ol Bnil & 64,5181, BESUIN, 3B, pr eci pi tat e vas col | ect ed

by filtration, washed W th water, and dried to afford trioxol ane Oz147
(0.32 g, 90% cis—AdnmamtmE-lermé' §rkenzyk-b'oliet’ dyioxaspirofbSiddécane (Q4156). np 20

g']r'ne- 118 G g ttx(?nr ng th"\ﬁ Sds anorne ox1me%§958mg, gmmo%)largc{rh 22H), 5.05-5.22

benzylcyclohexanone (940 mg, 5 mmol) in cyclohexane (80 ml) and CHCl, (20 ml) was

20 treated with ozone according to the general procedure. The crude product was purified by
flash chromatography (silica gel, 5% ether in hexanes) and by subsequent recrystallization
from ethanol/CH,Cl, (19:1) to afford trioxolane OZ156 (825 mg, 47%) as a colorless solid.
mp 87-89 °C (ethanol/CH,Clz, 19:1); '"H NMR (500 MHz, CDCl;) & 1.18-1.37 (m, 2H),
1.49-2.20 (m, 21H), 2.50 (d, ] = 7.2 Hz, 2H), 7.09-7.40 (m, 5H); °C NMR (125.7 MHz,

25 CDCls) §26.49, 26.88, 29.93, 34.15, 34.78, 34.79, 36.39, 36.81, 38.16, 42.89, 108.94,
111.19, 125.78, 128.16, 129.07, 140.86. Anal. Calcd for C;3H300s: C, 77.93; H, 8.53.
Found: C, 78.17; H, 8.45.

Adamantane-2-spiro-3'-8'-[(4'-methyl-1'-piperazinyl)carbonyl]-1',2',4'-trioxa-

8'-azaspiro[4.5]decane (OZ157). To a solution of OZ80 (301 mg, 1 mmol) and

30 triethylamine (404 mg, 4 mmol) in CH;Cl; (7 ml) at 0 °C was added 4-methyl-1-

piperazinecarbonyl chloride hydrochloride (220 mg, 1.1 mmol). The mixture was stirred at
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1H), 7.07 (s, 0.5H), 7.08 (s, 0.5H), 7.41 (s, 0.5H), 7.43 (s, 0.5H), 8.13
(s, 0.5H), 8.15 (s, 0.5H); 13C NWMR (125.7 MHz, CDCl13) 826.58, 27.00,

28. 05, 28wB23/08B763, 30.88, 34.83, 34.94, 36.48, 36.56, P6TAB02/79661,
75.01, 107.24, 107.30, 112.01, 112.11, 117.01, 117.04, 130.74, 137.08,

148. 09, 148.14. Anal. Calcd for C20H26N205: C, 64.15; H, 7.00; N, 7.48. 25
Found:

c1'5- Adarmth B T Alefigndl CHCYnDy washed i s GproemReang bring (g .

pheny! pi pg{eaZdve Mh%&a&ezé%mzmo@ombwésidaeﬁ@&n@aﬂaﬁ& 340 ny,
0.86 mml) in TH at 0 C was added net hyl trlflate(lgng, 0. 86
mol ) . Thaomlxnaml\ﬁa:{mﬁsmg,r?ﬁé@ aata cologefsosoli@Ompi IHGbHBdCe(eIhmBnﬁNMBr azi ne
(140 ny,

before r J%QW%ﬁéGlﬁ/éﬂt@(‘j:Zeg? QQIS%H r %35?%0;???3?2 \3'?22 ‘?8te ) fzrlo 4T7 18 "

ol 10 mito M (BRURYE L PIERDe T T o i T s HoRn ﬁé{%“% y.
"H NWR (EﬁmMﬂé,mCﬁlﬂgﬁ)Sm 2@724 422, Om163|'®8 Ahab&alcd f80C4 H,:R8J09) C, 8443; ( br

s, 4H), 3.63°(br s, 4H), é,J— 2 Hz, 2H), 6.90 (dd, J =7.5 7.5
Hz, 1H) I@&SO(MIQJB:Fvu@l@zM #)H, 83BN,(d01.0 = 8.6, 7.4 Hz, 2H):13 C NWR

125, 526 61 27.Q 77, 34, 34 36, 03,
ge 55 36 91, C‘g&"gi‘“ 4%’"05%96%%%79“’%@“’@%31 {f %0"“1‘5?!5"41%?"“3“"'
120. 40, 1%%&9cli‘l§ﬁd@§0ﬁ§9)45’o aAbi@tion Qﬁb@_@sf(S’SSS n%zﬁhﬁ%\}bzﬂﬁl 2(dicHiStobthank!

7.94; N, 5.80. Found: C, 69.83; H, 7.98;
amantlane-(20 syl) were3added piperidine (18§7org 2R mallC[I)ﬂfals] acgtic am@(]g) deqpis). dhe réacgioh - oxo-

(o5, T SHHAT ek Futs pon Bhtopsnaius sy roBUBIBOIT B 33" i one
(0.65 9, ArfoRlas adaeéerh@%&ﬁfbewﬁé&rfmoﬁslﬁ b@k&%%an%é@enmd\o@& ftheag.ed wth

ozone accordi'ng to the general procedure. The crude product was purified
by flash NeOBRmdY Ephrysultsignisturgeias exttfdest with CH.E1Li{ék sl syashed withor d

(et nanol PNAEER.x 19 T gl KB ceq Aer TigeDs) g porrataie: fheresido
g H)2 1 1(5dd%?s]dlss‘?]v:l:a if} eth@?(Z%lﬁb%re%teHZ&Vltl?@c?asde ﬁ%etﬁ_lgl‘%gl Hél anél q}léred]té g?\ee 270 ( (';'é

J = 7.5, tiokolkizs OZHF9 (zveoaﬂg (6@%,1 1=m%ct&re|d:fma>|djastemermm a(dcaarle%s Mﬂzd CDClB)

826.61, 26.97, 30.73. 34. 34.88. 36. 60 84.97. 10
112. 05, 19 188 °C fpa (ather); 1121@31‘68 (59%4}@5 CDGly) 94 391@38,71@) 16%$-230 %%3H),Ca| cd

o RS0 i Byl U165, 38 i, G,

13C NMR (125.7 MHz, CDCL;) §22.53,22.69, 22.73, 23.33, 23.43, 26.37, 26.40, 26.78,

20  32.65,32.81, 34.66, 34.69, 34.72, 34.91, 36.28, 36.64, 49.77, 49.98, 63.81, 64.20, 106.50,
106.56, 112.20, 112.37. Anal. Calcd for C;;H34CINO;0.25H,0: C, 64.93; H, 8.95; N,
3.61. Found: C, 64.48; H, 8.59; N, 3.63.

Adamantane-2-spiro-3'-8'-(benzylamino)-1',2',4'-trioxaspiro[4.5]decane

hydrochloride (0Z160). To a solution of OZ0S (555 mg, 2 mmol) in 1,2-dichloroethane

25 (10 ml) were added benzylamine (236 mg, 2.2 mmol) and acetic acid (10 drops). The
reaction mixture was stirred at rt for 15 min before sodium triacetoxyborohydride (677 mg,
3.2 mmol) was added. The mixture was stirred for 5 h before being quenched with 1 M aq.
NaOH (2 ml). The resulting mixture was extracted with CH,Cl, (40 ml), washed with
water (2 x 10 ml) and brine (2 x 10 ml), dried over MgSQO,, and concentrated. The residue

30 was dissolved in ether (2 ml), treated with excess 2 M ethereal HCI, and filtered to give

trioxolane OZ160 (567 mg, 70%, 2:1 mixture of two diastereomers) as a colorless solid.
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20 azaspiro[ 4.5] decane ((Qz151). To a solution of QzZ80 (301 ng, 1 mml) and
triethylamne (101 ng, | nmol) in CH3CN (10 m) was added 4-nitrophenyl
triflate wOO¥0ommg76 1 mmol ). The m xture was stirred at 65PCTfusn2/@6h before
removal of solvents. The crude product was purified by flash

chromat ography (silica gel, 5% ether in hexanes) and by subsequent

S e Fowi B0 168 G R MR SR ML GRS 1. 208 v Babd v st d
81.61-2.1 1 , 3. , Q0> ; = 1 ,
§10 5 il BB hcm, 33786 (i 3y slr 3 (b oy, 10,09 @y SPap o NER L
34. 92, 36(135.7 MHz/@DCE).528.9511551026.89,122.20,34.78] 3493, 36138, 3645, 1881 ,647.82,

154.14. Anal. Calcd for C21H26N205: C, 65.27; H 6.78: N,_7.25. Found: C,
65. 40; H,5%6%8061, W&, 18075 11.d8 obdPLtakahd &nkl980s h24.35,330.25, $30.41, 9' | 12' -

5 acabonyl B dEtb Sl 6 HERTRDS 16757 B 2.3 Skl Sl K bToh 155,

5.0 mol )7.andN B35 di oxaspi ro[ 4. 5] decan-8-one (790 ng, 5.0 mol) in pentane
(20 M) and CH2C12 (100 m) was treated with ozone according to the

general pr oceddd@mantased-spirs-3r&d (344 waorphalinylpgopy] aminoh-162s4mat ogr aphy
(silica gel, 30% er | eum.et her rd .

5 acet oxy SRR S6ept PR I CHRIFHOEH 285 T35%E 2 mmon in12-

pent aoxaddisiboeitng gl‘b ralftv@rré AH8E A8-aliinSProfly)Bétholafe (91139’15%2'2[29;%&04’) dnd ' H
NVR (500 MHz, CDC13) 81.78-2.28 (m 24H), 3.95 (s, 4H). ep 2. A mxture

of tRE abasetc awé(H drops) Themshciion niixtuBOWgs stiatreﬂzatmwf@i)lﬁnﬁ'n@lafqresqdiym and 30%

. KOH (6. m h t 50,C for 2 : | of | vent,
the rosi dag RnaRee (77 enae domafiores alasd rbE iR Va slfed SF3T0: gani ¢
llayer washafgrs hethgWuehchtdwith 12t PRLOR: (29@).3%%%&%1@@1%%@@% Sfracted

concentrated. Thé crude product was purifi y ash chronmat ogr aphy
(silica geith CBR4, (60 hd), washddexitmester (20x 46 frd) ahd brinex(@ xaemODdB&1 ¢UH0 ny, 9%
m nor is elyted firs as a, coloyless soljid and trioxelape OZ153 (414
o 3606 MO Endshasentrati T redisigs dsohed o etier LI obr et Vb exeEt 30: | mp
132-134 Guletered Hel, shdWRrddl iM’ﬂ?iox%@llﬁi—(%m%élS%(m n%}é{{}e Brwe (S
4H); "I3C NWR (125.7 MHz, CDC13) 829.27, 31.65, 32.711, 33.52, 15 38 10,
42.13, A4Aizdere@hiersPas H30lftless Sddid. fivp, 70103 °@ Tethdr) 0 HINMRA(ROI0 MER), COCIey &
C18H2606: C, 63.89; H 7.74. Found: C, 64.02; H 7.81. 3

5- Hydr oxyl et @hel 4D cp4-3.68 (m 7TH); 2.61-2078 (py'2H), 3.62-3.83 (m, 4H); "°C NMR

pent aoxadh 5pynglig: Apt 52846 HR7I8.75 27687 )20.61050 85 S ALY, 3888, $Fdg2 P

112- 114
34.63, 34.70, 36.16, 36.20, 36.61, 43.27, 45.76, 46.00, 53.62, 53.64, 54.62, 54.86, 57.31,

20 57.42,66.80, 108.35, 108.39, 111.05, 111.34. Anal. Calcd for C33H33N,04: C, 67.95; H,

9.42; N, 6.89. Found: C, 67.84; H, 9.30; N, 6.68.
Adamantane-2-spiro-3'-8'-(cyclohexylamino)-1',2',4'-trioxaspiro[4.5]decane

hydrochloride (0Z162). To a solution of OZ05 (555 mg, 2 mmol) in 1,2-dichloroethane
(10 ml) were added cyclohexylamine (218 mg, 2.2 mmol) and acetic acid (10 drops). The

25  reaction mixture was stirred at rt for 15 min before sodium triacetoxyborohydride (677 mg,
3.2 mmol) was added. The mixture was stirred for 5 h before being quenched with 1 M agq.
NaOH (2 ml). The resulting mixture was extracted with CH,Cl, (40 ml), washed with
water (2 x 10 ml) and brine (2 x 10 ml), dried over MgSQy, and concentrated. The residue
was dissolved in ether (2 ml), treated with excess 2 M ethereal HC, and filtered to give

30 OZ162 (516 mg, 65%, 1:1 mixture of two diastereomers) as a colorless solid. mp 240 °C
dec (ether); 'H NMR (500 MHz, CDCl3) 6 1.26 (br s, 2H), 1.55-2.42 (m, 30H), 2.97-3.21

95



C (ether); "HNW (500 MHz, CDC13) 81.54-2.22 (m 21H), 3.98 (s, 4H); 13C
NVMR 20 (125.7 MHz, CDC13) 828.85, 31.72, 32.09, 33.40, 38.31, 42.11, 44.54,
64. 36, 67wWB®M3/000k07. 80, 108.50, 110.36. Anal. Calcd for Cl®6200862/1C67 63. 89;
H 7.74. Found: C, 64.03; H £ 7.66. cis-Adanantan
a-2-spiro-3'-8-[4"-(4",5 -dihydro-4', 4" -di met hyl -

2 _

S v B ik it I LK TR Rt A st
7.4

4-[4-(4, %6%6“%8'58,(%%7 %b%tﬂﬁ%éé.%?% ﬂ%&??ﬁgﬁ,ﬁﬁ?@g?gﬁ?{‘% (5.4 9.

mol ) in péntaneé ) “and h~ozoneé

accor di ngst 2, 108t Al 1p1r@x;edme ArkheCaledifbe QIDGOINONAS, 6689 Hf, DAQ; by
flash chronat ography (silica gl\eI 10 to 30% et her in hexanes) to aff ord
trioxol ar?é 51251 (©. 28 H, B89 NaB54 col or | ess solid. np 138-140 C

57513 68 (m - apanpngiy Lo gigfomethy b 25 ngkal ipiaapling )

8.0 Hz, ZAydrodniériddDZ183). & sbidfion 6D0LZ36 (42328 GBmmcﬂ)ZadH:h VHRAARO676
PCT/ USOZ/ 19767 27.03, 28.38, 31.29, 34. 70 34 88, 34.90, 36.56, 36.93,

42.98, 6m@mhydsteld 50 nms 3zgnol) mChJMOfOHIIZ@ gl and ptippol (1 agl)amas heated 8855

% 223g1 HA obggﬁ]\f H%refglon mlHﬁlre Was coo’led to’ rg' and Htered Po femdve sohg gy—pI'O(HngS

Ci s- Adameriean]@até veddl wahed with whiet g\mﬂﬂw dh@%ae pw ﬂlBWdﬂi’éB] (W’érb@éﬂ(b% ﬁiterea 4'- 5

tri oxaspiro[ 4. 5] decane (0Z155) solution o nt nol )

1- [ 310( diang chydeatrated) ﬁhmwyﬂ}nasdswymareml(lwwetrnm Bt bM e.tber(eai 1@l g, 1 5

oV {10 i hsind e Rep SR ok o BP ER A 0dondse e 3PP

HCO (30 dyenodiih smmtﬁiggw@@ d@é%fh%\(zt 8 NMR{(Boe MY, c@@gﬁkq 2(341 m), and

t he conbi ned extracts re washed th water (2 x 30 1 rine (30

m), dri oH)py.ee-MIGQA, 21&[1);12 86 (reN2HR BES. (bil'bgesH)eé“UiNMR/\alszsvaHzl ebdyy) 5f | ash
chr omat ogr aph g3| I|ca 5% met hanol 1in CH2C12) to afford trioxol ane
r1en " (6B 5o baetg SRaIT 4o PTG, HobT, 0. T 3014 40P, G07 SRnbl . o 2 1) -

f‘r“%w*fﬁw ey G P s R 47 Pouly €L A9 T S,

CDC13) 826. 44,ciﬁﬁdaﬁlan?ﬁle%gnﬁﬁ35§r[43&tﬂ&xyc3ﬂb&@3ph5nﬁ§-13§ 436. 75, 42.27,
43.58, 62.31, 107.77, 111.53, 176.04. Anal. Calcd for C19H29NO5: C, 64.93;
H, 8. 32: trioxzspi®[4Shdecane @ZM) &8 solpfiorgof] @-methylP-gamantanone oxime (1.10 g,

Eloglé(g? % AR Parh 1R FhoScarBSHbhenyje felofexahbA (3, 6% it 55 A Ene

(100 mi) and CH,Cl, (50 ml) was treated with ozone according to the general procedure.

20  The crude product was purified by flash chromatography (silica gel, 10% ether in hexanes)
to afford trioxolane 0Z164 (1.60 g, 63%) as a colorless solid. mp 129-132 °C
(hexanes/ether 9:1); '"H NMR (500 MHz, CDCl3) §1.38 (t, ] = 7.2 Hz, 3H), 1.63-2.22 (m,
22H), 2.56-2.71 (m, 1H), 4.36 (q, J = 7.2 Hz, 2H), 7.27 (d, ] = 7.8 Hz, 2H), 7.96 (d, J = 8.0
Hz, 2H); C NMR (125.7 MHz, CDCl3) 5 14.34, 26.49, 26.89, 31.18, 34.59, 34.80, 36.42,

25  36.80,42.99, 60.76,108.18, 111.51, 126.77, 128.54, 129.74, 151.39, 166.57. Anal. Calcd
for C25H3,0s5: C, 72.79; H, 7.82. Found: C, 72.83; H, 7.90.

cis-Adamantane-2-spiro-3'-8'-(4'-carboxyphenyl)-1',2',4'-

trioxaspiro[4.5]decane (0Z165). A mixture of 0Z164 (1.38 g, 3.35 mmol), KOH (1.13
g), THF (30 ml), methanol (30 ml), and water (6 ml) was heated at 50 °C for 2 h. The

30  mixture was concentrated to 10 ml, diluted with water (50 ml), and extracted with ethyl

acetate. The aqueous layer was acidified with 1 M aq. HCI to pH =2, and the resulting
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A solution of O nethyl 2-adanmantanone oxine (895 ng, 5 mmvol) and 4-

benzyl cycl ohexanone (940 ng, 5 nmmol) in cycl ohexane (80 m ) and CH2C12 (20
m) was WO woemved with ozone according to the general prordtor/e76The
crude product was purified by flash chromat ography (silica gel, 5%ether in
hexanes) and by subsequent recrystal l'ization from et hanol CH2C12 (19: 1) to
afford trioxol ane QZ156 (825 47% as a_col or] (i soli rI'p 87-89
(et hanol sdidwapcollested by ﬂmtmm@eyséﬂwan@éié’ﬁ (184S g4 OB%N?H OTiASF |

1155 7 o cietitfetsp ek Lo 14, 9 Gy BiTn A m i

36 81, 3 3 al
Cai od 1 or st BRh . B 8 G e 3 oMty b 7

amant ana2@48p26.90,3 I B4, 3¢ 58; 34t BE.43, B&&ﬂ B3187108/14, 4t b4, 126.99, 127.23,

b0 5 3015046, O2r3EILT 1 b eLPhG PR CO 20D T 44w K Bl 7

M) at 04Gzwas added 4-methyl-|- piperazinecarbonyl chloride hydrochl or| de
(220 ny, I71 mmol). The mxture was stirred at 93 WO 03/ 000676
PCT/ US02/ 197621s¥Adﬁnranﬂzﬁnen spﬁﬁd—jjtséd[M(ethof}dzﬂBbﬂnyl];ﬂlenbyy]m/atshbrlid'\ZJI' #hk wat er

(2 x 10 m) and brine dr|e ove nd_concent r at ed.
Cryst al | tEi@xaspirols- 51%53%(97&6@ fTPd’rﬁO r?élo’\%gﬁ(o D18 SR 7157 (105 ny,

27% as a. t cDal 3)
51. 61- 2. WW%@@?‘?@%’% & 2% ’%%1?’]3?%%?4‘@ Bgémﬂy)’i%of‘ﬂeg%%lqé%@‘“‘?lma h g 8H) ;
13C NVR (THE5(1Z nilltat 0 OO )ad &QGrGibyis@d sdlitiorBdf BidsoppyBao diehricylaB((565

36.87, 44,77, 46.14, 46.87 84 Ol 107 24 11204, 163 68. Anal. Galcd for

C21H33N3643-2amel) in THF (0.5 D 5hhe WXt‘%WFchePo‘MﬁH‘e @ rtgnd stired, at g far,2 hy

10 S oSN SRR Fre Bl SRl by o SRS
mol ) i ngd, ZO%Ie@wrQﬁ@emas)eo aftétd ¢k oMne ozles e(ddsagl Bepeds sledlerldsd 8dlidy, 2. 2
nmol ) an§ acetic acid (10 drops). The reaction mixture was stirred at rt

for 15 nimp M%°§dh¢w#¢h€a8éﬁo@mmm CBLCh) gl -38.(R T -n?ri)HZ was

Nactt g2 A % FlBnPnl shria s 20l 16 0 S0 BB T dro g

washed WQ%‘Z rJ=(30>Hzl@H Jo7384y bRigng,, OFry¢! 3@Nm}z)e(1z@r7 MHPWC1W§O4 and

concentra e residué 15 was dissolved i'n ether . treatéd with
excess 2 1M3612fe483:2|6 8{:!26 8ar33.72i 84.28,84.80p 3@11\4936 #0,i36xX79), é@émga 10868, Ny,
60% 1:1 m xtu of two di astereonergg3§\ Anal Iorles

d.
111.41, 113 97 122 84, 131.50,162.75, 1 alcdfor 26I§I (5 :C, 70.56; H,
7.74. Found: C, 70.72; H, 7.76.

20 trans-Adamantane-2-spiro-3'-8'-phthalimidomethyl-1',2',4'-

trioxaspiro[4.5]decane (OZ167). For the major isomer (cis), see 0Z146. A solution of O-
methyl 2-adamantanone oxime (2.23 g, 12.4 mmol) and 4-
phthalimidomethylcyclohexanone (3.20 g, 12.4 mmol) in pentane (100 ml) and CH,Cl, (50
ml) was treated with ozone according to the general procedure. The crude product was

25 purified by flash chromatography (silica gel, 25% ether in hexanes and 40% CH,Cl; in
hexanes) to afford trioxolane OZ167 (0.16 g, 3%) as a colorless solid. mp 140-142 °C
(ethanol); "H NMR (500 MHz, CDCls) 6 1.40-2.17 (m, 23H), 3.60 (d, J = 7.5 Hz, 2H),
7.68-7.75 (m, 2H), 7.82-7.88 (m, 2H); °C NMR (125.7 MHz, CDCl3) 626.63, 27.03,
27.69, 33.46, 34.83, 34.99, 35.71, 36.51, 36.93, 42.98, 108.58, 111.74, 123.25, 132.19,

30 133.91, 168.52. Anal. Calcd for C,sH29NOs: C, 70.90; H, 6.90; N, 3.31. Found: C, 70.75;
H, 7.03; N, 3.25.
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np 128 C dec (ether); 'H NWR (500 MHz, CDC13) 8 1.39 (br s, 1H), 1.58-2.20
(m 23H), 2.21-2.60 (m 4H), 2.78 (br s, 2H), 3.11 (br s, 1H), 3.28-3.59
(m 2H), wo.B4oqebé s, 1H); 13C NWR (125.7 MHz, CDCl3) 822CFAJSO229769D,
22.73, 23.33, 23.43, 26.37, 26.40, 26.78, 20 32.65, 32.81, 34.66, 34.69,
34.72, 34.91, 36.28, 36.64, 49.77, 49.98, 63.81, 64.20, 106.50, 106.56,
112. 20 112.37. Anal. Calcd for C21H34C1N03 0. 25H20: C, _64.93;: H 8.95; N,
3.61. Found: @dagqaq@neﬂ-spg'o@-l',ﬂ' 4'9'.40', 12'-hexaoxadispiro[4.2.4.2]tetradecane-

nygr oo SF UFe by ibae AT g nori-fand ™ BBt B obhdceres

1, 2- di chlgor@gitbANend 23-dytBhedahedibie22dds A0 hanal) limpentae (G8Gmlygnd THZORMI )
and acetlc acid (10 drops) The reaction mxture was stirred at rt for 15
mn bef of40 md))dmsmart%wyeh@m@ﬁ%g}mg tQithe(gsrerahgrocedyre; Thgnrypdepredugdreas. The

e st by S RboRekeR B 08 SRR bl Pl (2
vvater (207169 (T44 nf)d 694, 2NEmixur¥ oo didsterdsinem) 8y £E0ldAESS%olidNslp 156-158

concentr at ed. The resi due 30 was dissolved in ether (2 nl), treated with
excess 2°@l(athaeedal HRMMR (500MHZ, CBCi) &1092;qsy&H),t1r 6052 8P ém, 23H)6C(SBR ny,

537"0036%6%%%@%@%#26ﬁ%tz%é%"%“?’ Ses108 RT3 USRS s"t}c%/iig”dfcila) 6

3iy 7 9070 97 - A Calihy i 76?15%”% IEEr)

525 9@ 261§3H gggsg 32.21, 34.78, 34.92. 36.38, 36.45, 36.81, 47. 82
53.65, 106.71, 106.79, 111. 72, 112.33, 129.07, 129 12, 129.30, 129.35,
130. 25, 130. 5 Adamarggne2-spie=i'-8'42] 2 'sh' OintetrametintdipiperkdingBaminols; 7/ 95

N 3 45 2%1&”059?81 @959?%325%1 Zin gflroc%or?(}e @fﬁfﬁmég@g‘? r%(r)’[%zb\;ﬁbf ggge

(02161) nifg)zéinﬁei)uﬁllomd@moﬁéﬂﬁné ﬁmgmeraadnml4)almon26 ,@li chl or oet hane (10
M) were added 4-(3-am no ropy rmrE line (317 2.2 mmol) and 10 acetic

acid (10 t@imlpﬁ;ﬂ)ylpl]’h@dméé )eande@s?etsq 3qid €Y érfw + ThgreagBomimixtyed or e

sodium triacetox dri d 674 T xture was
Si ey P ST g SOrqa%dﬁ%lﬂ%‘aac%t%Hgﬁf%% REER 2ol et

resul t | NGdABAXtrHE thiXBe wus StRfdF6r 5 m&fbre(w@@ua(r&ﬂemmh 1 SR NaOH (2 May er (2
X 10 m) and brine (2 x 10 m), dried over ggsom and concentrated. The

resi due s rchukmlmefdm‘ﬁnvaéleh@actf(dzh’m CHE€hd4Q at),wiashedoxighsuater 25 M siher eal
HC.and B LEST B 160, Fieh b PALSES kel PREa e 1E8dhe biad altieiEd £ OF 11O
ether (2 ml), treated with excess 2 M ethereal HCI, and filtered to give trioxolane OZ171
20 (650 mg, 66%, 1:1 mixture of two diastereomers) as a colorless solid. mp 165 °C dec
(ether); "H NMR (500 MHz, DMSO-ds) 61.43 (s, 6H), 1.45 (s, 6H), 1.46-2.37 (m, 26H),
3.14-3.40 (m, 1H), 3.55-3.79 (m, 1H), 8.28-8.45 (m, 1H), 9.25-9.47 (m, 2H), 9.55-9.72
(m, 1H); *C NMR (125.7 MHz, DMSO-ds) & 24.03, 24.07, 25.96, 26.38, 29.78, 31.70,
34.38,34.43, 34.55, 35.81, 35.88, 36.22, 37.00, 45.66, 45.71, 50.74, 50.93, 56.22, 56.26,
25  107.42,107.46, 111.13, 111.41. Anal. Calcd for C;sH44C1:N20501.5 H,0: C, 57.90; H,
9.14; N, 5.40. Found: C, 57.65; H, 8.74; N, 5.36.
Adamantane-2-spiro-3'-8'-oxo-1',2',4'-trioxaspiro[4.5]decane
amidinohydrazone hydrochloride (OZ172). To a solution of 0Z0S (555 mg, 2 mmol) in
THF (11 ml), water (3 ml), and ethanol (3.5 ml) were added 2 M aq. HCI (1.5 ml) and
30  aminoguanidine bicarbonate (299 mg, 2.2 mmol). The mixture was stirred at rt for 30 h

before removal of solvents. The residue was triturated with ethanol (10 ml) and the
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di astereoners) as a colorless solid. nmp 70-72 C (ether); '"H NWR (500 MHz,
CDCI3) 8 1.31-2.20 (m 24H), 2.32-2.60 (m 7H), 2.61-2.78 (m 2H),

3. 62- 3. 83wOmp/odddy¢ 13C NVR (125.7 MHz, CDCl3) 526.29, 26PC0/USBH19767 26. 81,
29.61, 30.02, 31.97, 32.42, 34.55, 34.59, 34.63, 34.70, 36.16, 36. 20,
36.61, 43.27, 45.76, 46.00, 53.62, 53.64, 54.62, 54.86, 57.31, 20 57.42,

66. 80, 108. 5 108.39, 111.

o7 05! mresuligarenipiigtegtis cpllhieq btntiior s ws‘ﬁgé %ghﬁ%ﬁ: {7 e B Bhane”

anmant ane-gFz $9 (496 n 864%|)%‘é%'c@f&ﬂééé|s6mlﬂﬂb130°@ deé(aﬁahbpx‘ﬁM(B@o MHz#ecane
hydr ochl ori de (2021 % 0o a solution of QZ05 (555 ng, 2 mmol)

1, 2- di chlGDOk) ﬁmé—z(mzc(nml;Hy,\érzlé—aduen 251y 120022288 4w, 2H), (@1$(WH),27 63 throl )

15 mi b 2R 7CEUAHR AR e oN o N8 /08, SBC) 24 g Bk Thaded.

Th f NaCH (2
v, "the Tt i 1R D i SR R IR0 2 M e i 1

Water (2 ps718. Ahdl. @attdaol OBHEZIN,GLH Oyb3.050H] Bd4,aNers. N BO4nda®iss.14; H,

concentrated. The resi due was dissolved in ether (2 M), treated wth

excess 2 MltMhdb8& HCI, and filtered to give 30 QZ162 (516 ny, 65% 1:1

TH VR (200 MadarapfaF Hp iy nfRoRgc R Ayl aiigly €00 055
95 WO 03/t9ﬂ9§%ﬁrdf$§]&§@ﬁé {07 67). Ton scltlion 8 @216®(342.mg,16).84 amﬂ) {tbCHsCL, 1H) ;

13C NMR (125 CDC13) 524.83, 24.87, 26.56, 26.90, 26.97, 29.45,
32.580 3418&11) 34, ?Qweamac@md trpghybaning €2 55 1me, 355 BEmatpanggnetiox gapetyl ghlomde

10682, 108 3% 1 M 100 e Bind kye G bR L RRRGCHR: on 6,88 1
ci s- Adangig aiig agd SRIsh& With &faref AN AR Bdthe (11) mg THe or%ﬁrh@)lé?@ wagkdpatdtegcane

hydr ochl or1 de”'(0Z163). A solution of (QZ146° and hydra2| ne
nmonohydr atried (0¥ &0Mg Os3andreohgenirated.hThe mB@mmW@ tmu)at%wlthﬁhﬁm)glvél rﬂ) was

heated at 55 C {1 t

i1t or ed X EHAL1ZS01 1 g Brbd bt i vp e R o o Tl sa P e er

10 1 t ed.
The 3811 1At PECGIQuEh) 1 AMIEB IR OBRY 41 ) 2 . A A R ©

(1.2 nl),3.480@, leH9639Qi(s RaEN) y4523(s| 0.8H),i4046 (st d)m-k)m&ff (sgéx&H); Aidoxebae, OZ163
(80 nmg, 249% as yellow sh solid. np 146 C dec t her "H_ NMR (500 MHz,

CDC13) 5111@)379974724%@1 SB)) cm41255mcm>5 @62é »20.87187.18. 35 (br

S0 30 AL s 4, M 2 S,

71.54, 72.30, 107.56, 111.65, 125.61, 126.74, 127.10, 127.30, 128.33, 128.78, 137.93,

20  139.04, 169.30, 169.82. Anal. Calcd for C26H3sNOs: C, 70.72; H, 7.99; N, 3.17. Found: C,
70.76; H, 8.02; N, 3.08.

Adamantane-2-spiro-3'-8'-[(methoxyacetyl)cyclohexylamino}-1',2',4'-

trioxaspiro[4.5]decane (0Z174). To a solution of OZ162 (330 mg, 0.83 mmol) in CH,Cl,
(10 ml) at 0 °C were added triethylamine (251 mg, 2.49 mmol) and methoxyacetyl chloride

25 (135 mg, 1.24 mmol). The resulting mixture was stirred at rt for 16 h, diluted with CH,Cl,
(10 ml), and washed with water (10 ml) and brine (10 ml). The organic layer was separated,
dried over MgSOQ,, and concentrated. The residue was triturated with ether to give
trioxolane OZ174 (109 mg, 30%, 4:1 mixture of two diastereomers) as a colorless solid.
mp 140-142 °C (ether); 'H NMR (500 MHz, CDCl;) §1.02-2.20 (m, 30H), 2.32-2.72 (m,

30 2H), 2.81-3.05 (m, 1H), 3.40 (s, 2.4H), 3.42 (s, 0.6H), 3.48-3.69 (m, 1H), 4.02 (s, 1.6H),
4.03 (m, 0.4H); °C NMR (125.7 MHz, CDCl;) §25.25, 26.00, 26.44, 26.84, 27.89, 29.77,
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15 Calcd for C17H28CINO3: C, 61.90; H, 8.56; N, 4.25. Found: C, 59.83; H,
8.21; N, 5.07. <cis-Ad amantane-2-spiro-3' -8 -[4'-(ethoxycarbonyl)phenyl]
-1', 2", 4'wotmioaeaspi r o[ 4. 5] decane (QZ1 64). A sol ution of POTMESIEY767

2- adamant anone oxine (1.10 g, 6.2 mmol) and

4-[ 4- (et hoxycar bonyl ) phenyl ] cycl ohexanone (1.70 g, 6.2 nmol) in pentane

b ocedul &3 S0 TARb B AdOPoiEs Sins: Hurt-road: B9 1Prach: aR7 oRat Eorkon, 2" ™
(silica ggh, szlﬁﬁﬁ h@r{allcuéa%@egﬁ}j%cggg%b%dm bioexel 08, [AHA4C( 8989, 9,

63% as a colo ss solid (hekanes/ether 9:1); H NVR (500
MHz, CDCIR)9.@&1 N38.33%., J:72Hz 3H), 1.63-2.22 (m 22H), 256271(m

1H), 4.36 (q, J =.7.2 He, 2 27.(d, . J = 7., ,96.(d, J =8.0
HZH? 2H) ; '(gccmdemt@ewlr%%céé?(gv‘iwxxa',m% @“Oegé‘/%d gs‘&( 18, 34.59,

120, 73, 1epeughd| e andptrs. Po fRolp iR ol By s, 1ngon i ehepfio
Found: Cmijat B3 whdre ddd2a tnethylamme (202 mg, 2 mmol) and ethyl chloroformate (217 mg,

Ad t 2- -3'-8"- h
tC Ir .Soxaggglra?lgeswéaﬁmre(w)@ae?d atA) %rﬁr%gnglgeé%zrf@zfreelilyafgeaare%soésﬁm ), KOH

Cior 2 hyapigatife oy addf8 (AN Reri i of b argRPGmIfY Brdfciide (470 ml 280 11 2
m ), and nexb)) and sstiutbicaeidnyle (20T Riga2.¢8 mbhel) agmethasoll(Ayal) wastifed di fti ed

with 1 Maqg. HCl to pH = 2, and the resulting A 96 WO 03/ 000676
PCT/ U802/fanifemin. Jheisupaaaan: svas asadcas sugh.+ The respiting mivtugs wes simredeithfd oz165

(1.08 g, 0 , CDC13)
51 63- 5. 23 1 550 fyfioa e fEh, Sl witRydier 1 A ineg W RL 503
(d, J = &odcenfratedHihe drddéprdlildt whe purdfidd&y fl4sBchiomBographyt ¥silicoged 5%31. 14,
34.58, 34.81, 36.43, 36.80, 43.10, 108.14, 111.54, 126.99, 127.23, 5

130. 46, Dsshangl imGh, Q) andby subsegnen recaystatbzatpgdem etharal t9mffopd trpxlpne Found:
C, 71.68; 3

ci s- Ada 0&7 (Bing%i 5 )fs agoloflfslf So}(ldtn‘}}%»l(’;'lsc_alr4 ony S%OI%HFMR(SOOWZ

met hyk] - ngord%)zSOtSl'—QW%Hﬂ BHP‘l fol-daogme 2019 1669 (s 1T1@) aossﬁ (&t IHP af N 19
(0.59 g, 2.0 mml), triphenylphosphine (0.63 g, 2.4 nmol), nd et hyl

4- hydr oxy(bznz Vi DNISBedg) 6 23.89, 2m2f, 29i40, AN6AHS. .‘(5124@’6)3&18103603/;/38 &deed
dropwi se a solution of diisopro azaqdi car bgx mmol) in
THE (0. & 1853, T By ol cARBLCALker et Op s 04 Bt &0 Pt b Fotingigs, % h
before r aly ofi sl ts. The crude product was purified by flash

chr omat o?@éh? ?éﬁ ﬁégga el, 20% ether in hexanes) to afford trioxol ane
Qz166 (0. 65 g,c:s?&%nﬁﬁt@e@@dml‘d-ie%&’-[eblciadboxyphenoxy)methyl]-1',2',4'-

20 trioxaspiro[4.5]decane (0OZ176). A mixture of 0Z166 (0.30 g, 0.68 mmol), KOH (0.38
g), THF (10 ml), methanol (10 ml), and water (2 ml) was heated at 50 °C for 3 h. The

mixture was concentrated to 5 ml, diluted with water (15 ml), and acidified with 1 M agq.
HC1 (1 ml). The resulting solid was collected by filtration to give trioxolane OZ176 (0.21
g, 75%) as a colorless solid. mp 165-168 °C; '"H NMR (500 MHz, DMSO-ds) §1.15-1.27

25 (m,2H), 1.50-2.17 (m, 21H), 3.88 (d, J = 6.2 Hz, 2H), 7.00 (d, ] = 8.8 Hz, 2H), 7.87 (d,J =
8.3 Hz, 2H); *C NMR (125.7 MHz, DMSO-ds) §25.99, 26.40, 26.53, 33.27, 34.45, 35.35,
35.95, 36.26, 72.09, 108.70, 110.71, 114.41, 123.04, 131.50, 162.47, 167.15. Anal. Calcd
for C,4H3006: C, 69.54; H, 7.30. Found: C, 69.67; H, 7.21.

cis-Adamantane-2-spiro-3'-8'-(1'H-1',2',4'-triazol-1'-ylmethyl)-1',2' ,4'-

30 trioxaspiro[4.5]decane (OZ177). To a suspension of 60% NaH (0.08 g, 2 mmol) in DMF

(4 ml) under nitrogen at 0°C was added a solution of 1,2,4-triazole (0.14 g, 2 mmol) in
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np 142-143 C (hexanes/ether 9:1); "H NWR (500 MHz, CDC13) 81.38 (t, J = 7.2
Hz, 15 3H), 1.30-1.58 (m 2H), 1.60-2.21 (m 21H), 3.82 (d, J = 5.9 Hz,
2H), 4. 34W0m3/0006%6 7.2 Hz, 2H), 6.88 (d, J = 9.0 Hz, 2H), pcTARY/HY767 = 8.8

Hz, 2H); 13C NWR (125.7 MHz, CDC13) 8 14.35, 26.48, 26.85, 26.87, 33.72,
34.78, 34.80, 36.14, 36.40, 36.79, 60.58, 72.43, 108.64, 111.41, 113.97,

122. 84, I%IP5@ mé%%n%iw]fg gfag %irr@('}%} 30 {1t Bt d4 sSrafdstahRe niethahdsuBnatd

7.74. Foun
t r ans- AdagreOZ BI%e03 B, |1r0)m§1028n DIMIE (vednt )i skosaied WtopWvise2 Thé mrixture was heated

tri oxaspiro[ 4. 5] decane For the mmjor isomer (cis), see OZ146. A

sol ut i on BFOCC fre? amefoze bclagrasheh iowpise (g thesssccagiod Wy e A- ;
(3.20 10
Grociz (S0u O Aad ol B Biedeuatin s Bateg o td SuTBa el ptadur o

The crsudeM@segiLmtera@%ne&newtfatddedr;kamuaﬁsﬂ oPﬂf&@ﬁHﬁ&ﬁ&iﬁhﬁxﬁ@s)eﬂféﬁ(&?} 25%
ether in héxanes and 40% CH2C12 in hexanes) to afford trioxol ane

(0 16 g, Mtlasmarxedl)m‘ﬂe@@lgoﬁl%) asrmcom@esmehdlmm 8274241°0; (hé)tanwﬂh(asoo

TP 2 B N st Mis D 4 B 8 I A . 2Byt B0 meaIHp 4840 T 25 S6.
fiz“?g S50 B2 Pl 020 Ty, e aR 25 Bt A8l skl 968228 20

3.31. Fourmisg, §3. 4303155 36H5 376 PB36M3, $4.85.109.1901 087,0098 561 510 USQZ/ 19767
Adanmant an_a- 2- Spiro-3'- 4",9' 10", 12' - hexaoxadi spiro

t et r dQec dradcdifor %ﬁﬂnb&@i ol é@ﬁ%ﬂaﬁe N, d21l$oFound: £568860H, ngGONniat 139|

20 ol ) parC ARk sl B phe @il QUECRRELERR A TR Crone

accor di ngrioRaspiFo[dF]cahe (DREBIYK Solutl o COUHENPT LAt R anyBdONe oRithé (0. 5fg bY
flash chromat ographéagnl l1ca gel, 10% ether in hexanes) to afford

trioxol an%mrr@ma@@ 4 Wlsui®wl)ﬂlemylﬂﬁmlqulﬁéar®mel(%5 gi hmléunmr@)nee(éoa

| | 58 . C 13)..81. 92
ey < 1 oomd e CHaET: GRAY Vet SRt oo Motk gt prrcelisg B g o
31. 515 34‘fr|7d7€vpr3d1uc?5vas§ﬂn§é21 bﬁﬂasﬁ‘&hro%@tc%g zpl;iﬁ(Hﬁil:a gel3§0%‘bthy]1013et§é in 107. 71,

111.72. Anal. Calcd for C26H3606: Found: C, 70.18; H,
8.28. Ad Iamms)m ﬁfcﬁrdypnxphneﬂmm (.22, PB%pas ﬁbolbéessaodmd h;lp-132—1;3|5rf’£}|

o e RooneebisChatty: i NME T Vi B 162 4 VG, Bt 605 546, V- T
1H), 3.04 (s, 3H), 7.40 (d, J = 8.3 Hz, 2H), 7.86 (d, ] = 8.0 Hz, 2H); >C NMR (125.7 MHz,
CDCl;) 626.48, 26.88, 31.14, 34.48, 34.80, 36.43, 36.78, 42.94, 44.53, 107.95, 111.64,

20 127.59, 127.80, 138.45, 152.59. Anal. Calcd for Cy3H3005S: C, 66.00; H, 7.22. Found: C,
66.08; H, 7.16.

cis-Adamantane-2-spiro-3'-8'-(1' H-imidazol-1'-ylmethyl)-1',2'4'-

trioxaspiro[4.5]decane hydrochloride (0Z179). To a solution of 0Z145 (1.08 g, 3.1
mmol) in ether (80 ml) was added 1 M ethereal HC1 (3.5 ml). The resulting precipitate was

25  collected by filtration to afford trioxolane OZ179 (1.14 g, 97%) as a colorless solid. mp
153-156 °C; 'H NMR (500 MHz, CDCl;) §1.19-1.46 (m, 2H), 1.50—2.19 (m, 21H), 4.24
(brs, 2H), 7.15 (s, 1H), 7.42 (s, 1H), 9.70 (s, 1H), 15.94 (br s, 1H); >C NMR (125.7 MHz,
CDCl) §26.38, 26.77, 27.26, 33.20, 34.71, 36.29, 36.68, 37.17, 54.75, 107.85, 111.62,
119.72, 121.22, 135.82. Anal. Calcd for CyoH29CIN,Os: C, 63.06; H, 7.67; N, 7.35. Found:

30 C,63.21; H, 7.63; N, 7.30.
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ng, 2 mol) in 1,2-dichloroethane (10 mM ) were added 4-am no-2, 2, 6, 6-
tetranet hyl piperidine (344 ng, 2.2 nmml) and acetic acid (10 drops). The
reacti on wosom7d5 was stirred at rt for 15 mn before sediTurs2/19767
triacet oxyborohydride (677 rng, 3.2 mmol) was added. The m xture was
stirred for 5 h before being quenched with 1 Mag. NaOH (2 m). The

| t t t t.ed,w,t h, Ch go th wat 2
10 m ) and bréa Rt ZERFE N - S e T IRt oo he
resi due VigazeiyhpReNAfL1i, P 4'-Q|tl&ﬂaﬁpi(r3[4n$]llecatn"e%?g‘i‘dcﬂ’lbltlbe OZ280). FoM sehiipheal

HCl, and filtered to glvetrloxolane Qz171 650 66% 1:1 m xture of
two di astdr@bhe ©)2lag, (ed&ooimol) liresthers(@Imly and @Mzmﬁ(lﬁnldmas aldechkM etherdaNVR

5532 5 ag PR, T sstishaanedilat v Solsed BY marsion 1 atrd Goselotd 47 (1

26 387 > TH 10 S gfSHoLE pghe s it ge Ky I Sbg gy TRt 7 O

45. 66, 45.5852.B0nT,R8H2.98.2.80612 2H),566L2@r s 2B, G44A®Br s, 207), 860 (B, 21D,
111.41. Agal. Calcd for C25HA402N203.1.5 H2O C, 57.90; H_9.14; N, 5.40.
Found: C,GNMR:(126.7/Hz, CRCL)50 2644, 26.84, 27.19, 30.87, 34.37, 34.76, 36.39, 36.74,

o i nony 2 BE2narbal 85 U Pokih) 1243 ST ELpfubaa ol SEM by, 2

mol ) InfoF6§H3§lerb)c v&k BrH, (%5N), 2. 98 NEoddI @ ek.263H 7. ab)NM@pe added 2 M
ag. HA (1.5 and 30 am noguam di ne bicarbonate (299 my, 2.2 mml). The

m xt 4Pe was stds-Adamantane-I-spir@y'-8'- (abnﬂmnethyéhb'vﬁﬂ'-uflompvmm §]de1’hme resi due
trit t 10 n h 03/,.000676, PCT/ US02/ 19767

Fesul {1 ndipEdafiEh SERLA sopie 20709 (1) &2 Shmik) SELRUAIS b THE & 0

give tri Qﬁ&lcﬂ@@ratecg)lg(?g (18 HnéWin GA3dIAS (@2 %angrah@%%tlﬁﬁbl .5 'HH) %§9h&téntfc

(ethanol); 1H NMR (500 MHz, (CDC13) 81.46-2.2 42-2.61 ,
2. 62-2. 83nden nlt_?bgqnaﬁzf(‘(fer 251h-1)IheTc®Bo(1mlxms¢ “@Hyoolé’d @1rt(asd filtefied t0.0. 95 (s

. 83, 26. 2, .49,
SR T o iatinhod il
157.93. ApRb. ov Oﬁlt§éd7 bied St itedCThe erfde: r&iuc? w§§1puﬁhed1§y fidsh Found:
. 70-3

C, 55.14; H 15.30. Adamant ane- 2- spi
[ (et hoxy.hmmg;tbgrlaphy@hlwmgaprCh/MeOH/Eth; pontaslite au[fétd&}s}ealanmn(tﬂfeHB) To a

dded ¢ r BT Ak Rong U5 4 Irpi oAl dRsane (Y6t 6i3AVo b LRede 157
1. 26 molshria. TRENRAR (80 Mo Biisd- 8 WS 841122 @] A, 1 501 Pho 4, Ben 46080 Wit
(m, 21H), 2.55 (d, ] = 6.6 Hz, 2H). Step 2. To a solution of the above amine (0.40 g, 1.36
20  mmol) in acetone (10 ml) was added a solution of citric acid (0.25 g, 1.30 mmol) in acetone
(10 ml). The mixture was stirred at rt for 30 min and filtered. The filtrate was concentrated
and treated with ether (25 ml). The resulting precipitate was collected by filtration, re-
dissolved in methanol (5 ml), and concentrated to afford trioxolane OZ181 (0.30 g, 45%)
as a colorless solid. mp 76-77 °C; '"H NMR (500 MHz, DMSO-ds) 6 1.04-1.21 (m, 2H),
25 1.56-2.04 (m, 21H), 2.53 (AB system, 4H), 2.69 (d, J = 7.3 Hz, 2H), 7.78 (br s, 3H), 11.50
(br s, 2H); '>C NMR (125.7 MHz, DMSO-ds) 625.95, 26.37, 27.10, 33.01, 33.88, 34.40,
34.42, 35.90, 36.23, 43.61, 44.43, 71.35, 108.29, 110.81, 171.39. Anal. Calcd for
C23H3sNO°0.4H,0: C, 55.52; H, 7.36; N, 2.82. Found: C, 55.25; H, 7.25; N, 2.66.
Adamantane-2-spiro-3'-8'-[[2'-(1' H-imidazol-1'-yl)ethoxy] carbonyl]-1',2',4'-
30 trioxaspiro[4.5]decane (OZ182). To a solution of OZ72 (0.31 g, 1.0 mmol),
triphenylphosphine (0.26 g, 1.0 mmol), and 1-(2-hydroxyethyl)imidazole (0.11 g, 1.0
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(10 mM), and washed with water (10 m) and brine (10 m ). The organic |ayer
was separated, dried over MgSO, and concentrated. The resi due was
triturat esowsmees her to give trioxolane Qz173 (110 ng, PO¥USB2/P76T Xt ure
of two diastereoners) as a colorless solid. 15 np 132-134 C (ether); '"H NWR
(500 MHz, CDC13) 81.47-2.20 (m 22H), 3.38 (s, 1.8H, 3.48 (s, 1.2H), 3.99

. 1.2H), 4,23 " 8H), 4.46 _2H)., 4.55. . 8H), 4. 42-4.58
(1i|) 7. gbgnmph)en Zfiﬁ% @&)IPBD:E@H(F\IW %‘%2% .]d‘?"ﬂ%ﬁe, a é%@i‘%}sdfég’éf’ﬁ%’yke. 80, 26. ég]
27.11, 033, - 7
25 57, 5 piofitupirydit @20t mfolbtn THE (I he WiruinePtheAy dhedddnnilhd

127.10, X8#edQs rt 128168 befbRGemByal B F0l981its. Ahek3@e(ptodut6 ¥a8 purifie@bg Aashinal .

Calcd for C26H35NOB: C, 70.72; H 7.99; N .3. 1K .Fo)und: C, .70.76; H, 8.02;
N, 3.08. chromatography (silica gel, 1% methanol in methylene chloride) to afford trioxolane

Ad t | 4105 3 708" 7. ' N 1 75476 ©
1 oxds pOBTSE B0k 3728, L ATEre S KA Baled UGS AP H OB IR 8 755 78.5C o
i n CH2Cl2ethbd/Rexahds 81);0 HNMRI(S0@NIEL ODC 1L 8Yl6and. & (nh 2H)) . 252248 (myol ) and

met hoxyacetyl chloride 25 ]({135 ng, 1.24 mol ). The resulting m xture was
stirred at) #.206% J 165.8 Hz2H)uded (il 1o CHZCZH), 4396 B), 7é}ﬂj(5‘«vg§he7d5wsth wat er

VoSO, |) i RN Lt Maree P B8 laeB2 i PR 2B o ChTRet S0 gi v
_ fe Peoy ded |
Col or oo el T4 o Gt Ead e CEER S S B TS0 o™ BB 4705 2. 20

(m 36H),108.1321PL.32, (1613019203, 1223 811333051 T4rp4.| Ald). Caledfor (G HRN4B:, C 3. 42
, 0.6H), 3.48-3.6 4. 6H), . 4. 03 0.4H); 13C NMR
Eizs 7 %;65@&1@;3\5%@%?@@ 60852—%‘%?%1,%58252’2947,8-27. 8(9,m 29, 7?? 99 WO

03/ 000676 PCT/ |\, 50 a1 a2 - 5151 41.56. 10,
58.84, 73.12, %R%]’%}‘%ﬂ%ggp'g‘g% g2[,4 taydfo ,a“'l'g@.‘“‘?'%°“§<ﬁ}£3‘.%“¥:§?c’3 f or
C25H39NCiriokasifu[25]dédan® (OZ183), A tiR@re éidethyl ch@rofoemaiz (0.18, g, 9.206moly, 3. 23.
ci s- Adamant ane- 2-spiro-3'-8"-(2! -h¥dr,ox an no-2'-oxoethyl)-1',2".4'"- 5

tri oxaspi@8les @}ﬂe&a]n@“{m)@ﬂ%; triethyy aém%{(hﬂ &nld ?’Seﬂe%z(é miy THE 65 mbh1 ) in
et he 10 d e | et ] : et hyl
chl oﬁgg orarlrlw(algﬂe&/[z7 2599%&%\@@&&‘%&6) @ %leﬁn?% %ﬂgﬁ%sgrg@tg Y%@%}(’jﬁgﬁ@m{: or 15 ?/n n
bef ore a filreghlas agdedar £fteshdl prepaped wiutionyslitydydxghimiee. \[@s aatsiesisionAdf

suspensi on of hydroxyl am ne hydrochl oride (170 qrég 2.48 mmypl) and sodi um
bi car bond€@H(Bdmard -5 mmpd) inmsithanph(1rah) g o€ Was adfisd elutien pf bylraxylamingg £ or

15 m N IR HRFRRH 30", 1330S th AR 2 Imi] he'rERHb ikl ¥kl e 3t 0

stirred
°C for 15 min and filtered to remove solid by-products. The filtrate was used as such.] The

20 resulting mixture was stirred at rt for 1 h and concentrated. The crude product was
triturated with chloroform (6 ml) at 45 °C for 10 min and cooled to rt. The precipitate was
collected by filtration and recrystallized from chloroform/methanol (2:1) to afford
trioxolane OZ183 (0.13 g, 33%) as a colorless solid. mp 167-168 °C
(chloroform/methanol 2:1); "H NMR (500 MHz, DMSO-ds) 61.40-2.17 (m, 22H), 2.57-

25  2.80 (m, 1H), 7.29 (d, J = 7.8 Hz, 2H), 7.67 (d, J = 7.8 Hz, 2H), 8.95 (s, 1H), 11.14 (s, 1H);
13C NMR (125.7 MHz, DMSO-ds) §26.03, 26.44, 31.06, 34.21, 34.48, 36.01, 36.30, 41.61,
108.26, 110.83, 126.82, 127.25, 130.92, 149.41, 164.47. Anal. Calcd for C;3H,9NOs: C,
69.15; H, 7.32; N, 3.51. Found: C, 68.89; H, 7.30; N, 3.70.

Adamantane-2-spiro-3'-8'-[(cyclopropylmethyl)amino]-1',2",4'-

30 trioxaspiro[4.5]decane hydrochloride (0Z184). To a solution of OZ0S (555 mg, 2

mmol) in 1,2-dichloroethane (10 ml) were added cyclopropanemethylamine (156 mg, 2.2

103



12 h, diluted with ether (10 mM), washed with water (10 m ), dried over
MpSOH, and concentrated. The crude product was purified by flash

chr omat ogwephywodesé | i ca gel, 5% nethanol in CH2C 2) and byc3ulsezagrent
recrystallization fromethanol to afford trioxolane QzZ175 (95 ng, 28% as
a colorless solid. np 138-140 C (ethanol); 111 NVR (500 MHz, 15 DVBO- d6)

oL i S0 ik 32t PG sty o834 g e 135,
36. 13, 38,8fm tn%Q@to%?boréﬁ)Chnﬂé (()67]7§ng,%12 mﬁ‘ﬂﬁj wasceﬁidﬁﬁi f}férmig(]tﬁw&\é%rre@ fob4. 07;

H 8.07; N, 4.15. Folund
ci s- Adanemit beferebespg qoer&hecBw}tlﬁ M aq;é‘idﬂﬂ @)méh (Thy )rmttmg Imhixthte, v2ds eAtradted

t 5 76 8 mol KOH

(0. 98 Dyt e R gAY, Ssteki “etoCnt )6 rilherditie: @ S, ed Bt e at 50

C for 53 hy §§4, mgéhwn?ram&r&qeﬁ@wwst&&omdﬁn Biher @I thtt‘%@at‘,%W?th"@cESsrs A15
and a% fan wth 1 Maq . The résulting solid

coI | ect e Meshekréal HG aahfilterediovgive mmodmhea@@lﬁﬂliﬂﬁ 106, 2%, b1 nitbdre aﬁt\eo

colorless solid. n;) 165-168 C,  1H NWVR %500 Mz, lDI\/[SOdgg 81.15-1.27 25 (m
2H) 1. 5Cligstergomers) gs1#foloresgsolidy mpyl 10 °E decygthen jH NMR)ES 09 MHz, €RCE) pi7,

AP 37 g0 @4nh§§{)3g'€§ &1, 480 PR 4363 alhiso DYBCA 52,09, }26 40,

123. 04, 213@ .3.083 9 (m 1ﬁi), 435 (nabH); Cat MMR (025 LRAB IO CLE 6 4688, 3%7, H
7. 30. Found 7. H 7 21.
cis- Adarra?n@&aﬂel322§s [87r2)5 84,.26'37( 26.78,26.72; 32129,t34.672 3470, 34T Re3a:30, 36128, 2' | 4' - 3

o BB e DA R0 0
1,2, 4-tr I@%ﬁ%z@lﬁ@3 16, 64.94: HI%0) N e} 7§%u¥1‘@ @369‘1"@@63 SENUBR2/ 19767 DVE (4

m). The m xture was stirred for 30 min before a solution of the
met hanesul f onaAdamahtaBgRt i3 '/ - (gycloprﬁpyrlmhpo) - Mtn@dxatplrmmﬁtdnel

i th et diraghrise KO 1BRE A0 et stORISIS S W nﬁﬁéféfﬁ?«'@’lﬁ s The
combi ged ESHIPRER me&cw 1B ( Prslrﬂg,,z(énﬁn ?amaoeus (rlg\ﬂ%ps) STy SO4,

filtered, concentra ystal'll zation of fthe re5| rom
hexanes/ erééamnm dixfire wgavmdzdrdt otfot dhmirOxdfére fodivdd trga,cetﬁit%onﬁaymdbc(mv eSS

?g]l | gH) i lggnojl)zgzgsc eéfr er?l{ﬁlgrggxra(s atlrrgc? forlgﬁll\%@péa%emg)l\gﬁzepcggi 13?1 lﬁ%aérglbgz
6. 35, ﬁ%ﬁ*%lﬁ%ﬁ%ﬁ’m@@?ﬂs S vl FRch AL g fetfiu - 75
water (2 x 10 ml) and brine (2 x 10 ml), dried over MgSQs, and concentrated. The res1due
20  was dissolved in ether (2 ml), treated with excess 2 M ethereal HCI, and filtered to give
trioxolane OZ185 (348 mg, 49%, 1:1 mixture of two diastereomers) as a colorless solid.
mp 102-103 °C dec (ether); 'H NMR (500 MHz, CDCl;) §0.69-1.05 (m, 2H), 1.20-1.45
(m, 2H), 1.59-2.21 (m, 20H), 2.22-2.45 (m, 2H), 2.46-2.69 (m, 1H), 3.01-3.39 (m, 1H),
9.62 (br s, 2H); *C NMR (125.7 MHz, CDCl3) & 3.85, 26.21, 26.24, 26.40, 26.76, 26.80,
25  27.49,27.94,32.35,34.70, 34.73, 34.86, 36.24, 36.32, 36.70, 56.85, 57.19, 106.76, 106.78,
111.84, 112.34. Anal. Calcd for C,gH3,CINO;: C, 64.12; H, 8.50; N, 3.94. Found: C, 64.00;
H, 8.38; N, 3.84.
cis-Adamantane-2-spiro-3'-8'-[(methoxyacetyl)amino]-1',2",4'-
trioxaspiro[4.5]decane (OZ186). To a solution of OZ137 (550 mg, 1.74 mmol) in CH,Cl,
30 (10 ml) at 0 °C were added triethylamine (350 mg, 3.48 mmol) and methoxyacetyl chloride
(198 mg, 1.82 mmol). The resulting mixture was stirred at rt for 16 h, diluted with CH,Cl,
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10 Calcd for C19H27N303: C, 66.06; H, 7.88; N, 12.16. Found: C, 65.86; H,
8.06; N, 11.89. cis-Adamantane-2-spiro-3'-8"-[(4'-nethylsul fonyl)ph

enyl ]-1",W®0,08/000606 i oxaspi ro[ 4. 5] decane (0Z178). A sol uti omcafusoz/ngthyl

2- adamant anone oxine (0.54 g, 3 mmol) and

4-[ 4- (nethylsulfonyl)phenyl]cyclohexanone (0.75 g, 3 mmol) in pentane (50
m) and CH2C12 (50 was treated w ,oz e ccordin o the eneral

pr ocedur d10THk 311‘!3“@5 %WﬁPW&t?EUQ/@Q aB(EJBT‘ @ fﬁ‘%‘gﬁm@(ﬁﬁﬁ}ﬁt"@é Shstgted,

(silica % o%gr@/lg Cof O &B@E;n?ra eﬁ Tﬁk@f@d@_ diQ v@a{sfpﬁﬁﬁledtlﬁycﬂ%hane Qz178

(0.22 ess so 135 C "(hexanes/CH2C12 4:1);

NVR (500 o&ﬂ-&nat@gﬁﬁy (ﬁllcaﬁg’é} 35%93tlﬁeﬂ1n R@dal)ws)zo gﬁfe’im?xble(nnﬁ)llllﬂﬁ (3B mg, (s 3H)
7.40 (d, J = 2H) 5 H() 13C NNR&ZS
CDC13) 82@%9815 azelcagess&hdlmp 1@@ kﬁﬁ C3(4¢t1@9) Iéé\"Mg S8EMH. D 4%%33

107. 95, 111 64, 80, o ke
Co5ioBosd: g’cfm ]&9233 (2341 ks %;65%%& g%ﬁlﬁ, 306 (A, £, 6¥5-6.49

Ad |
R I g

g, 3.1 ms84) 58.047 88, 110833 D1.4vad 6% 6T ekhal (Galed freiCedloNOs: C368983 M, The
resultin recipitate t filtration to affordtrioxolane
az1 79 (%i 2% Ny 3.9974ipug &6(36@&10 régi I‘i’gﬁ% 153-156 C, ' H NMR (500 Mz,

L) 51 15 4 8o M hin e bondpopl .t 19, (=

CDC13) 8&6m38sp112ﬂ4 Bldecanie 2(6Z183/3 ’IZdi)a sc’ﬂdmﬁﬂof GZlZQ,(SS@ﬁn@& 73M61) 1rb@H;61,
107. 85, 111.62, 119.72, 121,22, 135.82. g;aill Cal.cd fdo 0H2 C1N203 C
63. 06; H,(16 mdyat OfC wes%add%m&wlar@@e@ﬂegg, 48 pumo}) g digpethy a@@)i VO

03/ 000676 WIS?,’Z hyd
ro-4',4' C(IJIF%[{ y -é‘l]ggz)?gz y ;@éem&?ﬂ@rgﬁ tspﬁg‘gegsrglf?%iihﬁ‘%é%gﬁgﬂl Y
hydr ochl arH Y, (l@ZihBthd washad sithwatar(10 nil) £idine Q0 211). g"he()opg&uamym) wa et her

(9 mM) and CH2C12 (1 E was added 1 M et hereal 0&! % The
resul ti ngﬁepitré‘@d pifteélt@’ Sk and coperntipted; The rudeAr BCtét‘fanoP‘éP qdltb’xﬂﬁsﬁne 5

CEESSS§ Bl A RO B8 S g @Sl 1

s, 2H), &P fhrcoorledkBolid. #pG4NVRA L2&thérVHA Nmmseolvﬁzﬁ eHC13B 1832~ 27. 19,
30.87, 34.37, 34.76, 36.39, 36.74, 43.21, 63.92, 83.36, 107.83, 11159,

117. 60, 1% 6, 2H)31.6282.21 68, 20H), 288 (96H)Ah62-3 .85 (red H)f brl A2 arikbu’CC,
68. 41, H i ns Y mfiz DS $¥8 42926 58 30%7, S2.86; 58072, ¥6.07, 3828, 36.72, 4791,

107.94, 111.45, 157.69. Anal. Calcd for C,9H30N,04: C, 65.12; H, 8.63; N, 7.99. Found: C,

20  65.30; H, 8.68; N, 8.06.
Adamantane-2-spiro-3'-8'-(4'-morpholinylcarbonyl)-1',2',4'-trioxa-8'-

azaspiro[4.5]decane (OZ188). To a solution of OZ80 (301 mg, 1 mmol) and triethylamine
(202 mg, 2 mmol) in CH,Cl, (7 ml) at 0 °C was added 4-morpholinecarbonyl chloride (170
mg, 1.1 mmol). The mixture was stirred at rt for 16 h, diluted with CH>Cl, (10 ml), washed

25  with water (2 x 10 ml) and brine (10 ml), dried over MgSQOq, and concentrated.
Crystallization of the residue from ethanol gave trioxolane OZ188 (310 mg, 82%) as a
colorless solid. mp 132-134 °C (ethanol); '"H NMR (500 MHz, CDCl3) 61.60-2.21 (m,
18H), 3.18-3.28 (m, 4H), 3.29-3.58 (m, 4H), 3.60-3.82 (m, 4H), >C NMR (125.7 MHz,
CDCls) §26.42, 26.82, 34.37, 34.73, 34.82, 36.39, 36.70, 44.59, 47.41, 66.62, 107.03,

30  112.04, 163.66. Anal. Calcd for CyoH30N,Os: C, 63.47; H, 7.99; N, 7.40. Found: C, 63.24;
H, 7.84; N, 7.44.
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ci s- Adamant ane- 2-spiro-3'-8"-(amnonethyl)-1'",2",4"-tri oxaspiro[ 4. 5] decane
citrate (WBW8M676tep 1. A solution of QZ146 (1.00 g, 2. 3@cmuso)/1ead
hydrazi ne nonohydrate (0.50 g, 10 nmol) in chloroform (22.5 nm) and

met hanol (2.5 m) was heated under nitrogen at 55 C for 25 h. The reaction

m xture was coql to rt (o] ¢ts. The
filtrate was V&% Wﬂ"{tﬁ"%f@fo'%Igrﬁi'f a{Ha" "%Bx%&‘ﬂwu ed over
MySO4i  f 't}io%ﬁﬂm[afsid&qﬂs @02{@% %o akBRILIBA %@Ie)msv(dm:ingws) Mdl)ﬁh%é?)(ld | ash
chromat ogr aphy (silica gel, CHC13/ MeOH Et3N, 90:10:1) to afford

ci s- Adamemb) ah@ °Q-werp |addﬁd3hetayla(nm (@ohmghy In)mQI) and ethyl-chionoferspte @[11 nfg decane

(1 %5 i e ongtfrelal A% M R LSRR Ao RS0y Bndg ',
St eDrﬁ%' TPasthd ggﬂ g‘Heqesd?ﬂ(mé A& B QME sFdIR r{ @Jr‘iQ }gdlhﬂte@@/lt@etﬁéﬁf{ho nil) acetone

(10 was a a solution of citric acid I'n acetone
(10 m ) . Washedrivithwaen@$ nd), idrieddvextMgS04£ end eohqwnmatahd" hfeldruéerwdduc'[m-:as

R T e L)
S0l i a el ] (R I PR BNEHEMI (S MRz PeD 10 5135, PaS 0T | €58
1. 56-2. 042}( m.681H16 (@, 28H) A51$&st=eerp HHRH),23.68-3( 34, (m] 2H)7 33 5H3.82 24l) 6H):. 78

(br s, 3H), 11.50 (br s, © 13C NMR (125.7 MHz, DMSO-d6) 825.95, 26.37,
27 100 33’ONMBZ12%’ MHzAUDC 3BA2G48, 26:86980.2863220, 3495634.7843@39, 361755,

105,20, 101 0114639 600k B 5 SR 8% Crtiedte
amant ane- @T@P'H@ 759); 1\83 5[8 Féund( €, éﬂmeﬂ%Zﬁ N,'3.34,) et hoxy]

carbonyl]-1'",2",4" - frioxaspiro[4.’5]décane (0Z182). To a sol ution of
az72 (0. 31 g, Adzﬁnamaln)e-z-smm{ﬁ#ﬂé-r(giimﬂb}dpmlnest(lﬁm?ﬁ 152'.4'-orioxwe8", and

2- hyd hyl d 0 , ) 02 0676, PCT/.US 6
rrory T o pgpirald ipeage (z8odoto 4 atkeer saurin <L OZBELIT RN BEall FRCHr ey
azodhgar tt‘i’m&h?aﬁn(v@re?&dgaurﬂa 14?%3&104&1@“%&) %adlmEhfylémanéﬁl?oﬁ/ﬁS then

warmed to rt an stirred at before renoval of solvénts. The
crude pr odilortdev@d 3 pui ilﬂlmniol)yTlfeI msdture wlas stimed gt & i3 }(mfbrﬁ:;mngnfhl ofithe

met hanol i hyl e chl o 0 dtirio e (0,2 52%
o olret Thhssauesyas gl eber s 5 Btk iy bel SR rater s 3o my: frick
(et her/ h g&d@qfogn gg}lgr 2.48
(et her | nexaPgRsh. Mg afﬂg%eafa@,gy oA PR « Peydsy 1 7pde 2,
7.09 (s tliblolarte 62106 (301Jrhﬁ,,81%3@s Nwﬁlo(lés%&oﬁdl\/lﬂp 104;51@153‘)(: g&BerhkxaRs. 1210,
26.44, 26,47, 26.84, 26,87 33. "
20 'HNMR (500 MHz, CDCly) § 1. 62—2 17 (m, 18H), 2.82 (s, 6H), 3.29—-3.53 (m, 4H); °C
NMR (125.7 MHz, CDCl;) §26.40, 26.79, 34.24, 34.71, 34.80, 36.36, 36.67, 38.18, 44.51,
106.23, 112.25. Anal. Calcd for Ci7H2sN,OsS: C, 54.82; H, 7.58; N, 7.52. Found: C, 54.70;

H, 7.38; N, 7.50.

Adamantane-2-spiro-3'-8'-amidino-1',2',4'-trioxa-8'-azaspiro[4.5]decane
25  hydrochloride (OZ191). To a stirred solution of OZ80 (301 mg, 1 mmol) and
triethylamine (202 mg, 2 mmol) in DMF (2 ml) and CH;Cl, (2 ml) at rt was added N,N-
diisopropylethylamine (130 mg, 2 mmol). After 1 H-pyrazole-1-carboxamidine
hydrochloride (147 mg, 1 mmol) was added, the reaction mixture became a cloudy
suspension. The stirring was continued for 3 h during which period the reaction mixture
30 turned into a clear solution. Addition of dry ether (15 ml) to the above solution produced a

colorless precipitate, which was then filtered and washed with ether (3 x 5 ml). The
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33.40, 34.75, 34.76, 34.78, 34.81, 36.35, 36.37, 36.75, 36.78, 41.15,

45. 87, 63.06, 107.65, 10 108.11, 111.38, 111.61, 119.02, 129.31, 137.33,
174. 34. Awalo3o@shied for C22H30N205: C, 65.65; H, 7.51; Npcen@6214eund: C,
65.86; H, 7.58; N, 6.78.

ci s- Adamant ane- 2-spiro-3'-8' - [4 [ (hydr oxyam no) car bonyl ] phenyl J-1', 2", 4
trioxaspiro[ 4. 5] decane (0Z183) m xture of ethyl, chloraqforng

A 0.13 g,
1.2 nmol )eolleatt waid waspecrystaliizéd m|e§her/§ﬁhcﬂzﬁ3elr)ﬁ®/glaﬁmf€“( enel‘ézégl &303- m’rgl ),

The sol r A P arasRlftiss pifpB TS e deok HRPLPLL L ENMIR (o 1B,

freshl y DRBS-&Y sSI05 LI mnpﬁsﬂrﬁlxérﬂXY@mnnﬂH),[’ﬂ'm @, %MNMR(QIS 7 KOHz( 84
ng, 1.5 mol) in nethanol at 0 C was added a sol ution of
hydr oxyl DMBE- d@ﬁcﬂﬁcﬁﬂ;%ﬁi;ﬁé 6(1034,08 B4.48, 35M6pBg.15,43 381 haéa@P, (12.7H,) . The

reaction mixture was stirre ter t egpve

sol i d>by- éﬁ@éuéﬂ%l tled f?‘i ¢116§épiN%%?58 éﬁé%}é ?ﬁgfﬁqgﬁ% O%gd%égr{%;%g

m xture 45{'155 d at rt for 1 h and concentrat ed The crude product was
triturated With ¢hloroform (6 m) at 45 C for 10 nmin and cooled to rt. The
precipitate M/adsdamﬂindaﬁeizaqbnbw §'4[ ¢4 -ahlopopleny lamaino)cataon y1}-a42 4" enioxa-8'-

chl or of or m net hanol é to afford trioxol ane Qz183 (0. %3 33% as a
col or | eszasirel4. 5]1‘1‘)“287( B2 Tq & poletics of QZ8E(3YUag. lomimyol) and Wisrylamme vz

DNSO d6) _/(g(é'zdﬁ"*l% gm}% @%ﬁ@%-y %Qsaggf@ @v@a@lﬂ)ﬁmcﬁi }li&rol)ﬁe@ égtyarﬂai% 548 Hz,

( 1251@' Mrizg, 10RO dThe BeAtidhamixBfre s stfﬁied)ﬁ rt 84180, diBted 8;itHBEHANI, (Hﬁnﬁp
41. 61, 108. 26, 110.83, 126.82, 127.25, 130.92, 149, 41 164.47. Anal. Cal cd
f or 023Hzag1i|®slshe@ WItbgfales(Z ¥110 mipend hyne 18 mi). Adigoaeant lager was drigd oveno: N

3.70. Ad 3

tri oxaspi c1°e(§l gg%traﬁfd?‘%%ﬁfl%gﬁ% é’l@é@@’%ﬁ@#@&é&%ﬁﬂﬁ#gﬁngﬁa@& (555
g, 2 mﬁ@ﬂo}d trfbxélaﬂed)ZFﬂZQBmhbm)(al‘Q Jllorlewe kSlid EPEIB2—134 °C (methanol);

cycl opropanenet hyl am ne (156 ng, 2.2 103 WD 03/ 000676 PCT/ US02/ 1976 mml)

and acet iIENaR @SQOIBLE, 69X):) STihel -2elddm, d BHN 2367 Mers 4EDi brddds,dil)s 7.17er 15
m n bef or e od| mt e oh 677 d. The
mi xt Pe wWad é‘?’l qugﬁﬁ{ égﬁ);@{"érégég? %&%qﬂeﬁgg’s(ﬁvaz‘lt W#%@E iﬁ?ﬁl (2
weter (7 3996?’3%?”“’@ b1 532151 95,207 288 [ IR 5E4g pdf Cacidsned v i
concent ra:zgd27cmg)4|: €5 68108, H\ﬁ&S(lessSCGWEdmdl Gt62695; K 26. BB)N, brédated with

excess 2 Methereal HCl, and filtered to give trioxolane Oz184 (401 ny,
54% 1:1 ni xt /hdamantape2-spirgsy 844 rilorpphenoxyddy i dxioxaspirefd.Sifecans c gec

(ether); (H_ZIINWA( ;’oqgtlm O-WQ-aﬁamantanone oxime (895 mg, 5 mmol) and 4-(4-

20  fluorophenoxy)cyclohexanone (950 mg, 5.1 mmol) in cyclohexane (80 ml) and CH,Cl; (20

ml) was treated with ozone according to the general procedure. The crude product was
purified by flash chromatography (silica gel, 5% ether in hexanes) and by subsequent
recrystallization from ethanol/CH,Cl; (19:1) to afford trioxolane OZ193 (250 mg, 13%) as
a colorless solid. mp 102-104 °C (ethanol/CH,Cl, 19:1); 'H NMR (500 MHz, CDCl;) §

25 1.57-2.21 (m, 22H), 4.29-4.41 (m, 1H), 6.79-6.89 (m, 2H), 6.91-7.05 (m, 2H); °C NMR
(125.7 MHz, CDCl3) 626.48, 26.88, 27.82, 30.06, 34.79, 34.85, 36.43, 36.79, 72.54,
108.22, 111.71, 115.87 (d, ] =23.3 Hz), 117.44 (d, ] = 8.2 Hz), 153.44, 157.34 (d, ] =
239.0 Hz). Anal. Calcd for C;H27FO4: C, 70.57; H, 7.27. Found: C, 70.71; H, 7.33.

Adamantane-2-spiro-3'-8'-[(diisopropylamino)carbonyl]-1',2'4'-trioxa-8'-

30 azaspiro[4.5]decane (0Z194). To a solution of OZ80 (301 mg, 1 mmol) and triethylamine

(303 mg, 3 mmol) in CH,Cl; (10 ml) at 0-5 °C was added diisopropylcarbamoyl chloride
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0.39-0.60 (m 2H), 0.61-0.85 (m 2H), 1.22-1.43 (m 1H), 1.59-2.45 (m
22H), 2.76-3.02 (m 2H), 3.08-3.35 (m 1H), 9.65 (br s. 2H): 13C NMR
(125.7 VMo GbEk39 84.83, 4.87, 10 7.06, 7.13, 25.87, 25. 9¢T/\R62/0n67 26. 73,
26.77, 32.29, 34.67, 34.70, 34.79, 36.20, 36.28, 36.66, 48.93, 49. 25,
54.42, 54.60, 106.74, 106.75, 111.77, 112.28. Anal Calcd for C20H32C1NO3:
C, 64.94; H 8.72; N 3.79. Found: C 65..18;

Adanant arfé64mgp] pynel). Hhe. fESé‘yE’lgd%‘?‘BB?W&?rf%ﬁd thrt@r lg?‘ ihﬁ\‘li‘tt?ié%‘g\ Q%{Q}z Yecane

hydr ochl ( I

Do D A b Ty (P S Bk TR i vy
ol ) andvigse; il esicenttatédl. Thogsidue Waepurehiad byorystalivation framn mEthmroédo at rt
for 15 mn before sodiumtri acet ox/yboro dride (677

L ted. Tiedrond irogplmedd e e GoIBRR Stisse st Mp HAEhEREE (TEmRRelT aq

xgﬁe Zwﬁwggf%(i%?@gﬂﬁ g@dJm?(gﬁi} igoﬁ?p(%?%gégé?3$gsm and

concent! ahkdr) 160 (25 (46,649, @ﬁftlétt RABR (95,7 MR TS Clipo 2l )57, b aal eyt th

excess 2 Cl, "and’fil'tered to give trioxolane QZ185 (348 ny,
49% 1:1 3439 64.82034. 81/;/66d0a36t’é’r éﬁ)ﬂéf@}ShSlOﬁZ@QltirT%slﬁ §8! Aahal. Catad]f@ﬂ 103 C

N A5 L SN 15
(2? 4(%H) 26. 76 2”2‘( R@'Sﬁ'afgd%f 5{'3'% g‘l\@d&m?g%wg}ﬁgﬁa&%g’gs534226213622424

36. 320 3&ri39as;5|ﬁ)[85]déi3né.§l)llﬂ5§i Tbﬁa sohﬁﬁon?&" OZ13.1(580 mgl JlZZZBélmo‘mml CH{@l, cd

for CL9H30CINO3: C. 64 Found: C 64.00; "H 8.38 N,
3.84. ci 10mdhatit é%wareza—déﬁﬁ ﬁnéﬂlxlaﬂanc {5(2%%0&%@&0}) andrieridyutylecesyl 4

T or g AR AP A e 19, aa P RRE S BAE B lhgg)

and nmet hayA1et10 mdhir@rw shed ARIB watger (10 @D diidWrne (Thaly. Fhalorganie Byet wise was
stirred at rt for 16 h, diluted with CH2C12 104 WD 03/ 000676
PCT/ US02/S¢errated; dried ovey Mg and sercntipted The @pdg arodwat yvagmurified by flash ) .

o udb® pr ot GRS IRREE B fimer INSHENE el B RO ZEIS RS REES, o e
In hexanegy, ta@a%mlesgscma I\gﬂ@z-@&lg@ (éﬁl% mm&%o Rﬁ{@ COCRY 15@9032 golid.
105- 106 (ether) 13) 51.40 5 61 (m

1 62-2. 2BFDN. mem (na, 2(-1) 4@2—1399 (m208H, 1.96 (QI%)H) 3786.% 66, i, 5:23)-5,28
e 46 ging% '6‘5‘@\4& o A WB A T, 556 453680, 879 300,50 76 3298, $4 7632 °6:
36.31, 36.74, 46.45, 50.69, 107.76, 111.63, 170.97. Anal. Calcd for C22H3sNO,: C, 69.99;
20 H, 9.34; N, 3.71. Found: C, 70.15; H, 9.38; N, 3.65.

cis-Adamantane-2-spiro-3'-8'-[(3'-carboxy-1'-oxopropyl)amino]-1',2',4'-

trioxaspiro[4.5]decane (0Z196). To a solution of OZ137 (550 mg, 1.74 mmol) in CH,Cl,
(10 ml) at 0 °C were added triethylamine (350 mg, 3.48 mmol) and succinic anhydride (176
mg, 1.74 mmol). The resulting mixture was stirred at rt for 24 h, concentrated, and

25  triturated with water (3 x 10 ml), hexanes (2 x 10 ml), and THF (5 ml) to give trioxolane
07196 (350 mg, 53%) as a colorless solid. mp 122-124 °C (THF); "H NMR (500 MHz,
DMSO-dg) §1.33-1.57 (m, 2H), 1.62-2.19 (m, 20H), 2.31-2.41 (m, 2H), 2.42-2.57 (m,
2H), 3.65-3.82 (m, 1H), 7.83-7.87 (m, 1H); >C NMR (125.7 MHz, DMSO-ds) 626.00,
26.39, 29.34,29.43, 32.20, 34.43, 35.88, 36.26, 45.65, 108.07, 110.81, 170.41, 173.99.

30  Anal. Caled for CyoH29NOg: C, 63.31; H, 7.70; N, 3.69. Found: C, 63.46; H, 7.68; N, 3.84.
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45.84, 58.94, 71.83, 107.53, 111.47, 168.65. Anal. Calcd for Cl9H29NGG: C,

64.93; H 8.32; N 3.99. Found: C, 64.81; H 8.31; N, 3.91.

ci s- AdamewbDan®e@Iepi r o- 3' -8' - [ [ (di net hyl am no) car bonyl ] amcmajsed/197¢2' , 4' 10
trioxaspiro[4.5]decane (0Z187). To a solution of Qz137 (550 ng, 1.74 mol)

in CH2C12 (10 m) at 0O C were added triethylam ne (352 ng, 3.48 mmol) and

Gtirred at i Teropptetls Lig3is e PR oa ol DR REAR Y ' Lol er

(10 ) amribxaspir4/5]i@ecahe (OZ1%7) 0T Q28016 drRYPOZIRS (0.3BPAT Ainkl), drl ed over
MySH, and concentrated. The crude product was purified by flash 15
eh ot ogrgbtyRwsRline( 04, sommelhind mcmmgﬂl g0l diromobin SV G oz187

346 , A 4 500 MHz,
Ccra) 5950 yaEadled 8 S8 e BBIAS' 0 T e 1'8idh & AT o st 98T
1H), 4 15w4m74 t6 Manddliired SternibMRARRRmMbVNBS thmé’ﬂt e @it préduct Vas 30. 67,
32.86, 34.72, 36.07, 36.28, 3 72 47.91, 107.94, 111. 45, '157.69. Anal.

Cal cd f orPurifEEby 2k chromawgraphy (silicagel 25%Nsthar, igdhexangahand ty, subs@ues. 300 H,

oi  nyl car BERGRUEARIERO A peSRELEL B ingive bR lPa Q2T (e 2

sol uti on Qfiorfdc8Db1iaSHhb 149148 ERexaRYEH, 153 W"EW (Csbﬁorl g&:]?%: ng‘Dl ) i n

CH2C12 (7 m) at 0O C'was added 4-norp Sl necAr
mol ). ThE3TD3AN(nE z\mm 61+2r3Se(dn MH)12.9D¢s, AH)mssuﬂdL Dt=enl Hz EHW%SMIO m)
washed 25 with water i and brine dried over and

| a

concé®t r dlés7 Midz.\&Pgi) 525{390%5 , 208, 3847, e45§ 36)69é4abh§|4 Yave.2 ,r3|6@7<b ne

CZ188 (3 A0ymas 8391105 oy 501,001 7550981 En ROLL e G oy H R

4H), 3. 6q:031n82c((mlzllﬂ 78138, R (125.7 Mz, CDC13) 826.42, 26.82, 34.37,
34.73, 34.82, 36.39, 36.70, 44.59, 47.41, 66.62, 107.03, 30 112.04, 163.66.

Anal . Cal cd f otis-AdepRot@R2-spiro-3'38'4(3'-carboxypllenyl)-1'2'4). Found: C, 63. 24;

o 5. adanmitoneldng st (L RHA Bisiite 7208 (€5 g, 92 mmen, KoHPR6
-1', 3’5, 4' g)l THPXESRIIY, ﬁ{eﬂlmri])l(t@g @np ab@6HRP)2 miPwas Btddidt30 € fotZ 18 Thé22 Ny

10rrm)|) in ether (10 G0 C were added triethylam ne (202 ng, 2
ol ) andmeitlh‘y wag hd)lmeomicdmltllgte(lmﬂi wajer (12 nﬂhﬁmi acifiifeedvvithur M aanCé torred at

Fesul {1 ngpPhi 2t BPernulng Rp i et d Py yoson B aghed v AP CRABEREMET 69 ).

ml, 2:1) to give trioxolane OZ198 (0.28 g, 79%) as a colorless solid. mp 150~152 °C; 'H
NMR (500 MHz, CDCl;) 61.63-2.22 (m, 22H), 2.58-2.73 (m, 1H), 7.40 (dd4,J =17.7, 7.7

20 Hz, 1H),7.46 (d,J = 7.4 Hz, 1H), 7.95 (d, ] = 7.7 Hz, 1H), 7.97 (s, 1H); C NMR (125.7
MHz, CDCl3) 626.51, 26.91, 31.31, 34.63, 34.82, 36.43, 36.82, 42.72, 108.21, 111.49,
128.13, 128.60, 128.75, 129.46, 132.06, 146.59, 171.58. Anal. Calcd for C;3H,50s: C,
71.85; H, 7.34. Found: C, 71.74; H, 7.30.

Adamantane-2-spiro-3'-8'-carbamoyl-1',2',4'-trioxa-8'-azaspiro[4.5]decane

25  (0Z199). To a solution of OZ80 (450 mg, 1.49 mmol) in CH,Cl, (12 ml) at rt were added
pyridine (1.2 ml, 14.9 mmol), HOAc (0.82 ml, 14.9 mmol), triethylamine (0.4 ml, 2.98
mmol), and potassium cyanate (243 mg, 2.98 mmol). After being stirred for 35 h the
reaction mixture was poured into a mixture of ether (50 ml) and water (50 ml). The organic
layer was separated, washed with brine (15 ml), dried over MgSQ,, and concentrated.

30  Crystallization of the residue from ether/CH,Cl; (3:1) afforded trioxolane 0Z199 (449 mg,
98%) as a colorless solid. mp 140-142 °C (ether/CH,Cl, 3:1); '"H NMR (500 MHz, CDCly)
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washed with water (10 m ), dried over MgJSOH, and concentrated. The crude
product was purified by crystallization fromethanol to afford tri oxol ane
Qz189 (2990mg/000s469 as a colorless solid. np 118-120 C (echarsot/}9761H NVR
(500 M—Iz CDC13) 51.16-1.35 (m 2H), 1.60-2.16 (m 21H), 2.21 (d J =6.9
Hz 3.38-3.54 (m 2H), 3.55-3.82 (m 6H); 10 13C NWR (125.7 Mz,

ff'»fbé? i a3l a0 P o i P Sl

022'*33'\'0%& 26§I §49%7 '3‘3 7§t"354981 'é'gﬁ FBeo, 29! Cl)%@? fﬁz‘bﬁ 15468 A1, (L\hlc&; 34.

Adamant an a- I'am n ‘osul'f 2”4Vt oxa- 8" -

azaspi r offér G]GHIQM @.0H X, .60B9; H, 392 rNeRiS&cFolmdn@,&ﬁ8@ZB,07 GBI, 8R4, 1 mmol )
in CH2A 2 15 (10 m‘) at rt were added triethylam 3 mol) and

di net hyl ani nosid#maplangrspinoqt-§ 42’ 1@“%‘1‘““1’“2”%”)1'szf’%e'tﬁf’&ﬂ‘ﬁre was stirred

at rt for f ted with
ot her 5 18AIroE A EMERDY A0, b MGre PHRRor o (SOLE KRR # 2
concent r @l @wﬁt)aahhmreﬁtammoinu fret wesadtied thethplariiie(0. hﬁﬁaZ]Q&nﬁﬂol)L) gave
tri oxol ane Oz190 (301 rrgl 199 as a colorless _solid. np 104-106

(et her/ hészlé%@@dhyqt}lyl vipy ﬁPIfNWFQO(lé@d WA mmpky Blye rssulting mixtprq yas &tlﬁfffi atp g2

52 2a, 31051 3 et g bt b SSiyo e pESade Ve bt Aiq 9070 101

Cal cd fOfwa@ﬂ;@d’QﬁNMe‘} (2 & 10911) Gftied K‘MgSOQﬁ ,anNcoﬂceEQated:CID@dtallﬁan%oFt(Be H,
7.38; N, 50. Adamant ane-2-spiro-3' -8 -amdino-1',6 2 -trioxa-8' -azaspiro

[4. 5]L0de<s:|amhe prg@qﬁf@m@hfrﬂwms (bk)l@ﬁ.oydedmoasOWP ﬂlé'&ﬂs(é}ﬂémga A2% amsoc]( 301
, 1 20 Z (2
1) at 't eollesmnidR RS- LoiskBRGedtn i AMSeMER. Fhbi 0 ©

1H pyrazglLy b 1eARPOXARY 4 N1, hXFH e 01598, (23ffb7z 69-2.78 (WDLRN), va® @gded, the

reacti on m xture becarre a C ou Yy suspensi on. he stirri ng was conti nued
for 3 h duf Hag2hi3dl (@dr+ 66 Hzn2H), 8adt(noh=rm.4Har 2HB0'Q MMBA1257 MHzc| ear

;SI or| EQ@@E@&%@%&MY @L%@%ﬁénﬁ 7hes Ié% 0 08 3Rt-14.00 0 ALAO( 3 x 5
B e e e R L LR

88% as #,c9RMN,8s65.s0lid. np 144-148 C (et her/CHZClZ 3 1);"H NWVR (500
Mz, DMSO d6) 51.57-2.17 (m_ 18H), 3.41-3.69 (m 7.72 (s, 4H); 13C
NVR (125.7 NHzis-Apppanime-Bspiresd - ﬂ@ﬂuomhe&yl)mns 1':344'43, 35.76. 36. 15,

43.39, 1Q%o§§$plﬂbj[}.57(f'ecane (0Z201). To a solution of OZ0S (555 mg, 2 mmol) in 1,2-

dichloroethane (10 ml) were added 4-fluoroaniline (236 mg, 2.12 mmol) and acetic acid

20 (10 drops). The reaction mixture was stirred at rt for 15 min before sodium
triacetoxyborohydride (677 mg, 3.2 mmol) was added. The mixture was stirred for 5 h
before being quenched with 1 M aq. NaOH (2 ml). The resulting mixture was extracted
with CH;Cl, (40 ml), washed with water (2 x 10 ml) and brine (2 x 10 ml), dried over
MgSO0,, and concentrated to give an oil (517 mg, 69%, 2:1 mixture of two diastereomers).

25  Trituration with ether and hexanes gave trioxolane OZ201 (280 mg, 37%) as a colorless
solid. mp 118-120 °C (hexanes); 'H NMR (500 MHz, CDCl3) 6 1.37—1.52 (m, 2H), 1.53—
2.21 (m, 20H), 3.19-3.27 (m, 1H), 3.28-3.49 (m, 1H), 6.41-6.63 (m, 2H), 6.77-6.99 (m,
2H); *C NMR (125.7 MHz, CDCl3) 626.46, 26.87, 30.10, 32.75, 34.77, 34.81, 36.34,
36.76, 50.92, 108.08, 111.58, 114.14 (d, T = 7.3 Hz), 115.71 (d, J =22.4 Hz), 143.44,

30 155.70 (d, J = 234.9 Hz). Anal. Calcd for C,,H23sFNOs: C, 70.75; H, 7.56; N, 3.75. Found:
C, 70.85; H, 7.42; N, 3.76.
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5 156.36. Anal. Calcd for C16H26CIN303: C, 55.89; H, 7.62; N, 12.22. Found:
C, 55.73; H 7.54; N, 12.23.

Adamant arwo23mmicr®- 3' - 8' - [ (4' - chl or ophenyl am no) car bonyl | PCT/IR02/4¥761 r i 0OXxa- 8
'- azaspiro[4.5]decane ((Qz192). To a solution of QZ80 (301 ng, 1 mml) and
triethylamne (202 ng, 2 mol) in CH2C12 (7 m) at 0-5 C was added

4-chl orophenyl isqcyanate (154 10 nmo,, 1 ), T reaction m xtyre was

stirred at rt cfsﬁgié‘aﬂ?a“&zﬁ?ﬂ@ﬁ} W H&@F&%’% ﬁtﬂ!ﬁs’f0P‘8ﬁé{BM%@a‘ i fh wat er
(2 x 10 . ' i NI 24 @GRy i and
concentr g‘%’é&Bﬂﬁg'?E&cﬁ(%@%ﬁﬁ éiaqelgﬁ)gly&fcdr)%gtygﬁslg\?glag? [ o?jf rom lr?e%?%l to

af ford t (i) a0eCOER2Ad(@MGetylanB3I528 g 5c28 mmohsied 2ohceloxymd 132- 134 C
(et hanol); 1- H NMR

1) 6. 43I orompnY beor e 450 i, 4 A BSOS Wit Siristel (05 06, 41,
26. 81, 34,34 . 821036 : : ) izl 19,
128,20, 198 diteq 9 Chicleq o eyl S oS leRbrde v B 0g 1y

6. 50; N, ofiza@f layep et sefaratéd doisd obbr MgS®,, ad conéehtrated. The crude product was
Adamant ane- 2-spiro-3'-8"-(4'-fluor o_phe,nox;r) -1 2 4 -trio ?@pi rof[ 4. 5]
decane pufiedhy trkussion tithestneingyaifioxslans DEMLAN A% sasslarsss 5

rnnol) and.4-(4 tLuarophenox n [
cycl o%exé&léd'(‘%‘blﬁgngng (%ﬁf‘l g Wﬂ@%ﬁggﬁf f&gg:t?gglvr%?ﬁg%gﬁje%%é@di ng to
the geney@lgr PERAUOE (m,T2061) C2.076, PHRAUTS3ve5S(m,AMW)] §.72S .03 (il 8E)) °C

chromat ography (silica gel, 5% ether in hexanes) and by subsequent
recryst aNMRA125% MHeyCBChpdd1 8THACL 26.49; 20.81 22913 32.681 B#IX03edl 367893

250 ny, 139 | or) i g, 102- 104 |/ CH2CL2 .19:1); 'H
N (500 4615 SRRy 6 565, 36395592 o ApafyCancs et Dl CIoARE H76 6. 80
2H) , 6. 9% 7.495 .20 80: 1BG OWVR 5.7 Mz, CDC13) 826.48, 26. 88,

(2r7n 82,H)3§5§6ﬁ§f975§%4%‘?’8%£’§3, ’36.3(7%2,2' 72.54, 108. 2)2, 111.71, 115.87
(d, J = 23.3 Ha)amanitane-2-spitp-3)-8=(B-prrujdingEarkeny))5,2' dA-tfixa-8'= 239. 0

Hz). Anal. Calcd for C22H27FO4: C, 70.57; H,_ 7.27. Found: C, _70.71; H
7. 23_ azaspiro[4.5]decane (0Z203). To a solut?on of 0Z380 (3(?1 mg, 1 mmol) and tnethyjfamme

Ad t - SPiLO- 3 & di4i ) o da 2o 4 | -8 - 3
R R U e A
triethyl gmamg, [ 8@l TThednikmied wad dirfet2aCitXof 16 hndijutailt with SCH,01a 6l Cadijeand

di i sopropyl carbanmoyl chloride 107 WD _03/ 000676 PCT{ US02/ 19767 @((j16,4 ng, 1
mol ). Theshedswith wager 2 %110md) ardsbring (19 aal) athe eregm; layey Wwas geparatedy diied n

ot (M g 0 AT Bl B el ).

over concentra ue was
purifi ed thyxdlintxdZL03 Q3Lingy) 42y a3 aeslbaes! solid. mp 130-132 °C (methanol); 'H

20 NMR (500 MHz, CDCls) 61.61-2.15 (m, 22H), 3.23-3.57 (m, 8H); '*C NMR (125.7
MHz, CDCl;) 625.53, 26.44, 26.83, 34.51, 34.73, 34.82, 36.40, 36.72, 43.94, 48.38,
107.26, 111.90, 162.56. Anal. Calcd for C;0H30N204: C, 66.27; H, 8.34; N, 7.73. Found: C,
66.33; H, 8.30; N, 7.60.

cis-Adamantane-2-spiro-3'-8'-[(4'-methoxycarbonylphenyl)methyl]-1',2',4'-

25  trioxaspiro[4.5]decane (0Z204). A solution of O-methyl 2-adamantanone oxime (895
mg, 5 mmol) and 4-[(4-methoxycarbonylphenyl)methyl]cyclohexanone (1.27 g, 5 mmol) in
cyclohexane (80 ml) and CH,Cl, (20 ml) was treated with ozone according to the general
procedure. The crude product was purified by flash chromatography (silica gel, 5% ether in
hexanes) and subsequent recrystallization from ethanol/CH;Cl; (19:1) to afford trioxolane

30 0Z204 (950 mg, 46%) as a colorless solid. mp 104—106 °C (ethanol/CH,Cl, 19:1); 'H
NMR (500 MHz, CDCl3) 61.19-1.37 (m, 2H), 1.49-2.07 (m, 21H), 2.56 (d, ] = 6.9 Hz,
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afford trioxolane Oz194 (290 ng, 74% as a colorless solid. np 114-116 C
(methanol); 1 5 HNWR (500 MHz, CDCl13) 81.27 (d, J = 6.8 Hz, 12H),

1.60-2. 2Iwpomg/oamk , 3.11-3.39 (m 4H), 3.60 (sep, J = 6. @CHAISOZH)7p7 13C NWVR
(125.7 MHz, CDC13) 821.57, 26.44, 26.84, 34.39, 34.72, 34.81, 36.40,

36.73, 45.26, 47.52, 107.29, 111.79, 163.59. Anal. Calcd for C22H36N204:

ci 5- Adamaa 6. 30, bAadg Ffs?ﬂér%ﬁba%égg?Wizréﬁxo] < {51257 1z,

trioxa . 5 al 5 74 rmol
[ nI Gﬁzéggb%%ﬂﬁrﬁ?gg?@%& ggvij’/@fge‘t %%gezg’t riet’ ?%Fkﬁggr\g?gzéé ngq%%?ﬁm ) anzzl
tert - but yi pogtph 91Ghbon8dmR o 3044612, 187.28. Anall Lalcd fee Gz&iHL(Dg I0Q 701785 H[ € Was

stirred at rt for 16 h, diluted with CH2Cl2 (10 nl), and washed with water
(10 m) Z@88. bounde G, 78.73% ¥, 7Bhe organic | ayer was separated, dried over

SHAi d T, 1.£l h 15
clvﬁr onI%t ggr agggc'((a ‘%%ﬁ@ﬁgadl I’ﬁgpfg%# er{g{-ﬁ’?&%ﬁ%ﬁ%@ww “@%2‘“ tzﬁ ’| giol ane QZ195
(335 ny, mé,alag,.ra[i: S]d‘e‘éh@é {GER53.010 SsolutionlsfDZE# (350 (e, mmﬁmomﬂ &I 2P0 MHz,

CDC13) S 1.02 (s, 9H), 30151&m2|—|),152199(m20,196&
2H), 3.7983Co%s(@added Hyethylithans(3asl, 16 in |e|1,xher ¥emmpoh). The rezctigwaschueg)
826. 44, 26.

6,31, 36.74, A46.45,
50,60, " 18- HEC oy 2K hetdre pmpaneadinn wit e T CpmiciiredwadSkodgiegoiid' S, 1y
9.34; N 43 afheodsqlyét wis, ex&Qctécﬁwﬁh‘CI-ﬁCﬁQZ xN:O 10 Phe comblned organic layers

ci s- Adamant ane- 2- spi ro- 3' - (3' -carboxy-1'-oxopr )am no]-1"'72",4"-

tri oxespiweod Waﬁl}adlmdhwa(etﬂ androrie (40nal),i ctmed@fve Bé@4( mredgandl 74 ol )
in CH2C12 (10 at 0 C added trieth m ne (350 4 ) and
succi ni ¢ CAHIYERP Tlﬁ%deWﬁ “‘?ﬁp}%ﬁby cl‘Pf%t ﬁ’@gtﬁﬂntjﬁ ?ﬁﬁg‘?qﬁ%a&ﬂgngtl rred
at rt fo OEPGE 0 t t v 19 N )
hexanes Erb&%lﬁ(% m), (gr?g%ﬁds/OzagaQ&Olgéég;lssgat@?g%glga%@ t%%tilfgg IE(I350 ny, 53%
as a col Q3006M$12$0DC¢I;) 217 6HPA. 23 "BHI@n; 2IHI)1, NMR(((, 560. M—Hz, 2HZ)1VB@B£|1661

81.33-1.57 (m 2H) 6221%% 20 (F\]M:\zg 42257(m
o) 3 68ma i BR 1 GA-2 ) (v 2055 BIMR (12517 k2 S0 KRS 1445, 26 8PL30. 0780086
110 58 347304 B 383 Shag S0 82 408 T sl I P & st iR 1675 00

3.69. Foungi;,0.: ©3145; H19.59. ﬁ&mdl\t; BL.&4.H, 988 WO 03/ 000676 PCT/ US02/ 19767
Ci s- Adamantane 2-spiro- 3-8 -[(2 5' - di 0x0- 1' - pyrrolidinyl)nethy I]-1 2', 4

trioxaspi r of 4cstAdemantang2tpino-3'78-[R' 4bidiexood'- 'mldwll!.iglx nethydl- 1'12 ol ) |
Y REs ol dedde zdoef. TPLohucic St G216 WA £ Aadf, O -1 1)

in THE
triphenylphosphlne (0.42 g, 1.6 mmol), and hydantoin (0.11 g, 1.1 mmol) in DMF (6 ml)

20 and THF (6 ml) at 0 °C was added a solution of DIPAD (0.32 g, 1.6 mmol) in THF (1 ml).
The mixture was warmed to rt and stirred overnight. After removal of the solvents, the
crude product was purified by flash chromatography (silica gel, 25% acetone in hexanes)
and subsequent recrystallization from hexanes/CH,Cl; (5:1) to give trioxolane 0Z206
(0.21 g, 56%) as a colorless solid. mp 158-160 °C (hexanes/CH,Cl, 5:1); 'H NMR (500

25 MHz, CDCl;) §1.21-1.41 (m, 2H), 1.58-2.19 (m, 21H), 3.40 (d, ] = 6.9 Hz, 2H), 3.99 (s,
2H), 5.81 (s, 1H); °C NMR (125.7 MHz, CDCl3) §26.47,26.87, 27.69, 33.5‘4, 34.77,
34.79, 35.10, 36.36, 36.79, 43.76, 46.27, 108.43, 111.36, 158.35, 171.31. Anal. Calcd for
C,0H2sN,0s: C, 63.81; H, 7.50; N, 7.44. Found: C, 63.68; H, 7.31; N, 7.39.

cis-Adamantane-2-spiro-3'-8'-(aminomethyl)-1',2',4'-trioxaspiro[4.5]decane p-

30 tosylate (0Z207). To a solution of cis-Adamantane-2-spiro-3'-8'-(aminomethy})-

1',2',4'-trioxaspiro[4.5]decane (1.465 g, 5 mmol) in ether (60 ml) and CH,Cl, (20 ml)
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at 0 C was added a solution of DIPAD (0.32 g, 1.6 mvol) in THE (1 m ). The
mxture was 5 warnmed to rt and stirred overnight. After renoval of the

sol vent, wba3swooasde product was purified by flash chromat egrashyi14sil i ca
gel, 25% ether in hexanes) and by subsequent recrystallization from
hexanes/ CH2C12 (3:1) to gi ve trioxol ane Oz197 (0.30 g, 80% as a colorless

lid. 147- 148 h / CH 500 , 13) 8

i°3'7 | ovag s solaligh 057 TSORI(D 96 2§ oty it ket (D Shsgepimgixigre; 1y
13C 250 7 6,

3 4 5o s X&X‘ﬁla]cgd S% 4§o B%P/g%n g??ﬂ}élolﬁ?\gaé&ueéggﬁz ﬁlt?a%fz Qa2> g%&icge;no%gﬁnénal

Cal cd f or0ZZTH22M0R:96%) o6 8 .cdBrlesd,solld. 1 160—1H478; ‘HmmmsoctMHz nms0=| 7.81;

N, 3.63. cis-Adamant ane-2-spiro-3'-8'-(3'-carhboxyphenyl)-I"

tri oxaspidslof 10511423 &me2Hp 2198307 Rord DB 29U, BDBEY (qppsg Ig 5. 5 Hr 2o ), KOH

50 ¢ For Toe Trd i Sb 7o e st Akt sa PG G AV ARSI IHEY) " ane

aci di fi eghwish ngom 25165 46336, pHog 2.99Ths. 8r66§4Jh(§ '3'21911595|8@ w;zetzléﬁct ed by

filtration an shed’w t h ‘hexanes/’et her (10 : to glvetrloxolane
Qz198 (0.128.28, 110¥A, 125.64, E28.1r, 1 ¥EE7,d45 8. Anpl CEIOd I(BZCzGI'Iss’INO@\sJI@RMEQOOHl}/I-lz
CDC13) 81.63-

o, 1ty 7o 8T bowd Gl A SRS L L ) e L P

13C NVR (125. 7, 4482, 36.43
36.82, 42.72. ﬁfd%ﬁ% El[§k ﬁﬁg‘plzs 326"19%?%}"&'11’2)3%“5@ 12’3 6. 132 06,
146. 58, maxf@.mpmsldecm (QZ108). ARALRROSE OGnethylD-8Bmaktarfnddxiko (068 .C,
71.74° H 7.

g\darrgnt gaeﬁ rzu@& angd-4&1{3- éﬂthce%%%yph@yllgyclahe&aflv%&g Ad g g{z%%?‘?lbffﬂpa.’?}a“%ec ane
Z1
r t5 \(/ver e 2%%@ EmgycfsjﬁdéIl : (t,ﬁ]TB a%%gtfé&g&mmd%flf %cé%& &g%@gﬁé‘?@@g&&@ )

triethyl amnereudePréduct waﬁpﬁﬁiﬁedmmla)sh chrothapodrapisi (mrhmsgelnh@% ¢tRék3In migxa:fés)98
mmol ). After being stirred for 35 h the reaction nmxture was ouredlntoa

mi xt ure & afferddrioxalang:D¥.298 (0. 3he. & /()3 apojorless goligr wpn) 2(773I k8P /W\%tban‘)l)

30 o 5t arER Bl Nkt (RCRE o al Cy ol Heb D It o 220 Pt G °°

trioxol a 44 [ 0
(elt h)ér/ ngl %329%(1 91'1% 2H?§7°0/§05 (SHZ& 0@, qdﬁgsmg 73963?8(—)%%1%41?1{)@ 88

PCT/ US02/d,9767.7 }&1 15%); 282 G, qm ‘i(BN)MR 3123517 Mﬁa QDEL: N6 4.35, 36.5026.904) . 13C
NIR (1251 M, C0CA3) 18 1320 AL 20 Bloo 30620 17 Tn 3% T8l 36 ©°
130.62, 131.21, 146.38, 166.70. Anal. Calcd for C,5H3,0s: C, 72.79; H, 7.82. Found: C,
20 72.61;H,7.60.
cis-Adamantane-2-spiro-3'-8'-(aminomethyl)-1',2',4'-trioxaspiro[4.5]decane
mesylate (0Z209). To a solution of cis-Adamantane-2-spiro-3'-8'-(aminomethyl)-
1',2',4'-trioxaspiro[4.5]decane (0.30 g, 1.02 mmol) in ether (10 ml) and CH,Cl, (5 ml)
was added a solution of methanesulfonic acid (0.10 g, 1.04 mmol) in ether (30 ml). The
25  resulting mixture was concentrated to 10 ml and placed at —20 °C overnight. The solid was
collected by filtration to afford trioxolane 0Z209 (0.34 g, 86%) as a colorless solid. mp
146-148 °C; 'H NMR (500 MHz, DMSO-dg) 6 1.01-1.23 (m, 2H), 1.51-2.07 (m, 21H),
2.34 (s, 3H), 2.69 (app t, ] = 6.0 Hz, 2H), 7.70 (br s, 3H); °C NMR (125.7 MHz, DMSO-
ds) 625.95, 26.36, 27.09, 33.01, 33.85, 34.39, 34.41, 35.89, 36.22,43.61, 108.28, 110.79.
30  Anal. Caled for CigH3NOgS: C, 55.50; H, 8.02; N, 3.60. Found: C, 55.41; H, 7.94; N,
3.58.
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for CL6H24N204.0.4H20: C, 60.89; H, 7.92; N, 8.88. Found: C, 60.86; H,

7.60; N, 8.84.

Adamant anwo23mmicr©- 3' -8' -[2' - (et hyl sul fonyl)ethyl]-1', 2", 2CTtusonxde8’ - 5
azaspiro[ 4. 5] decane (Qz200). To a stirred solution of QzZ80 (450 ng, 1.49
mmol) in CH2C12 (10 m) and nethanol (10 m) at rt was added triethyl am ne
(0.4 m, 2.98 Oy @t 5 .49 mol ).
The resulti ng c%kl %P‘é‘fng%lseoy\fﬁffgd@ @ﬂen&i@fonéﬂﬁ@@&ﬁoﬁ % ’%er*o%}é éof t he

sol vent s.azddjfird[2.5] diétanefQZ2i () LA goluvibi bf Othethyl Zadamantanonasikane (i0ng, i@t er (2
x 10 m), dried é SH), and concentrated Cr()éstalllzatlon of the 10 crude
product  frmal) apd %@aﬂs@@w@mfshyaﬁr%mmm %BRehdo appel) ip pentangy 507209 as

coc‘i% g PH:C1, @B pHEV Ry it B BELRAGR 10 gendih phBoduag e, -
2. 60- 8. 7%rdBprédict “&sganﬁéd bylflash cﬁro’ﬁml‘cb@rarﬂi}f)(sﬂﬁa@a X3% edher ifthéxahts) t@H) ,

3.14 (q, J 7 4 Hz, © 13C NVR (125.7 M4z, CDCl3) 86.59, 26.40, 26.80,
34. 33, 34affmd trpaolpoe Q21940.78 8, 399%4) g ooborless sqlifl. mpol 294122 $Cgherfhexanes 54

éél'QSS' ”f’} %md(séﬁgggl%ﬁ'}%szs G46°0, 24, U605 20(mMas), 830 (oY C
ci s- Adamw Fa%}f)azrcyéﬁz.ﬁ(é (w3 2H§,@4530f7}79'@h ?Wés)-q%ogﬂ%zﬂ{g%@cﬁmazw

trioxaspiro|4 a solution o ng, 2 mol) in

1,2- di cMHz,o@DG@De?Z(&@l pb.33,86r1d, atlded349, BT T4, 13665( 26865, 78. 12 mol )

and acetic acid 20 The reaction mxture was stirre rt for

a0 Bt 588 et 38, OB T En DB S ob e TS

The m xt we xﬁ?ﬁ &std e84 105 1§ h before being quenched with 1 Mag. NaCH (2
u

The F'é€s 'mxturé was extracted wth CH2Cl2 (40 m), washed with

wat er (2 x 10 axLAdaﬂﬂntunemesmﬁ) ¥'-8'Q1H-pyraldlddyhrehyl) B, 2Q4!- and
concentrated to give an oil (517 ng, 69% 2:1 m xture of

t
di asteredhlEK%%Plr $5ﬂqcam(ﬁlm) \/I%S%pmwrwﬁﬁ%&laﬂé@ Oéagxémlgmmm% 0z201

o, ooty B ol (g bd s 0T ] B skl (PFLE 6 Ry, i UAE )™

3.2848. 49n1() le“he]ﬂTDxruI@ ik sBrr&Bfof B0 mirbefofe 7 JolGtiGHPof(tHe meRtdnesdliRatdR ( 125. 7
MHz, CDC 3) 826.46, 26.87, 30.10, 32.75, 34.77, 34.81, 36.34, 36.76,

50. 92, 7,069, (053712, 9¢) map), lle\(IH (4 mi}was agided Yiroppiss. Fhe fepctign miptrewpy )

. 7 5 %ﬁa&g%g&@gm e e Uy B! Sl B s 7

PCT/ US02/(3 973@7ml) CTlse &ﬂn@ﬂ@fﬁxﬁ@cts were washed with brine (3 x 30 ml), dried over MgSQ,,
a-2-spiro-3' -8 ({(2 -acet oxy-2' - met hyl propi onyl )ani no] -1",
filtered, and concentrated. The crude product was purified by flash chromatography (silica

20  gel, 33% ether in hexanes) to afford trioxolane OZ211 (0.28 g, 81%) as a colorless solid.
mp 103-106 °C (hexanes/CH,Cl,, 4:1); 'H NMR (500 MHz, CDCls) §1.19-1.37 (m, 2H),
1.53-2.18 (m, 21H), 3.77 (d, ] = 7.1 Hz, 2H), 6.22 (s, 1H), 7.33 (s, 1H), 7.51 (s, 1H); °C
NMR (125.7 MHz, CDCl3) 626.47, 26.85, 27.63, 33.60, 34.77, 36.37, 36.78, 37.16, 57.46,
105.02, 108.52, 111.43, 129.63, 139.41. Anal. Calcd for CyoH2sN20O3: C, 69.74; H, 8.19; N,

25  8.13. Found: C, 69.88; H, 8.18; N, 8.17.

cis-Adamantane-2-spiro-3'-8'-[(1',1'-dioxid0-3'-0x0-1',2'-benzisothiazol-
2'(3'H)-yl)methyl}-1',2' 4'-trioxaspiro[4.5]decane (0Z212). To a solution of OZ119
(0.29 g, 1 mmol), triphenylphosphine (0.42 g, 1.6 mmol), and saccharin (0.20 g, 1.1 mmol)
in THF (10 ml) at 0 °C was added a solution of DIPAD (0.32 g, 1.6 mmol) in THF (1 ml).
30 The mixture was warmed to rt and stirred overnight. After removal of the solvent, the crude

product was purified by flash chromatography (silica gel, 25% ether in hexanes) and by
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trioxaspiro[4.5]decane (0Z202). To a solution of Qz137 (550 ng, 1.74 mol)
in CH2C12 (10 m) at 0 C were added triethylamne (529 ng, 5.22 mml) and
2- acet oxywp-o3nmedohy | pr opi onyl chloride (430 ng, 2.61 mmol) PCThesoz/esatti ng
m xture was stirred at rt for 5 16 h, diluted wth CHCl12 (10 m ), and
washed with water (10 ml) and. brine (10 m ). The organic |ayer was

pur i ?Eﬁdwgéqbgr?ta‘éééef%taﬁz%?ﬁrﬁq?@ﬁa%é@s B  Borisnaiep it ed e a0
51, 35- 1. 57 P agiyorids R BASSCL QEgRGTH O By H AR o M

3.75-3. 95cDm3) 5H)23-5.48 (m528% 1(5%-2 18, 2BE), BOGINGRI € 72617, Nlﬂz 7. SGDEQB)(mSZl. 87,
24.29, 26.43,°26.81, 29.73, 32.68, 34.75 36,30, 36.73, 46.51, 81 35,
107. 66, 12H), 893 (d.69= 18 H7 1H),3506 @nk.7.4Hizc HH); 0rC SMRHERNOEMIE, (B2CBYS H,

Afrnt ardb ) 26,8800 579,650 34, 30 1 K D IRB 4449, 30843, 1113

azaspiro d 0 T 0 £ §)cand
caesh ! olfaolessas (A8A081 nprsabvloenle KD (AAILTE R 8

1- pyrrol |@Tﬂe¢hl6tﬁﬁnw 361 BoundeC (@13, by 6. 118; NyoL.02. The m xture was stirred at
rt for 16 h, diluted with CH2C12 (10 m and. washed wit 2 x 10
m) and brine §Srddamantage2- Eﬂlﬂﬁ% 'é'?%‘éi‘owg‘ébﬁr%@&]m ﬁﬁnio (er MySO4,
and conc i r nelhangl

i ool angipBaErlg FeRRE: (OZ I Lotk PEO 2 AE PRGN SRR 10

(et hanolmhl) aﬁﬁ?@@eﬁd\dﬁded}ﬁ&thylmlnéjmzmg,%mﬁml)zanﬁ&tl(ydmhlbmibnnﬁe 23 BmEs2 (m
8H); ' 3C NWR é CDC13) &§ 53,.26.44, 26.83,. 34.51, 4,@,
34.82, 36mmY)- efrtéle nl!étugthwa%%lff@é at 0 3G fonky myn, maglpxylagainggvas addsd- TEapcd f or
C20H30N204; d N, 7.60.
ci s- Adaman 95103%5 gr?e}%ﬂglaﬁ%&ﬁty{i}}zch Ymag&é;.ggl%b%ﬁrg? 01}1%%???‘%3 h(g/?(fﬁgvasz 4'- 2

5 triox asgﬂde@NéHEme(a:ammg( DM)) Thénsxtutd wasistifed@t reefonyH rﬂn}ad‘hammmme
oxi me (895,

4-[ ( 4- rretrn@%gre MéﬂW‘bﬁéﬁW)‘%ﬁt FHintedyith Slbakdndfent). tvashed with watey §10;mD),
cycl ghex d<08v9r gé(ﬁ,%d%ﬁ@c%ﬁaa g@orﬂz* )&'ﬁc ; oaﬁ&%&ﬁg?f@g%gég{g@g%&ﬁ%d' ng to

t he géner a procedure e crude pro was pur

chr omat ogiérp metianol tocfop@trioxblme B3 (17 rgemmsé a eolorlesshetdunp72-74 °C
recrystallization fromethanol/CHC12 (19:1) to afford trioxol ane 30 GZ204
(950 ny, @sWhanal; & MMR(309IYHe IPMSO- da)p? 0.82=12b6(ng 288t hddol/AtRCci3H)o: 1) 1H

5.5 te, HibsviTh3Pssds OpCe MBI oL DNiSO4) 68,9630, 3034, (% 7 =

32.64, 33.50, 34.40, 35.91, 36.25, 38.86, 63.34, 108.49, 110.64, 168.09. Anal. Calcd for
20 CygHy9NOs: C, 64.93; H, 8.32; N, 3.99. Found: C, 64.79; H, 8.13; N, 3.76.

cis-Adamantane-2-spiro-3'-8'-[(4'-carboxyphenyl)methyl]-1',2' 4'-
trioxaspiro[4.5]decane (0Z214). A mixture of 0Z204 (412 mg, 1 mmol), NaOH (120
mg, 3 mmol), methanol (10 ml), and water (10 ml) was stirred at rt for 16 h. After removel
of the solvents, the residue was acidified with 6 M aq. HCI (4 ml) to pH =2, and the

25  resulting precipitate was collected by filtration and further crystallized from 95% ethanol to
give trioxolane 0Z.214 (182 mg, 46%) as a colorless solid. mp 160-162 °C (95% ethanol);
"H NMR (500 MHz, CDCl3) §1.09-1.39 (m, 2H), 1.43-2.22 (m, 21H), 2.59 (d, J = 7.1 Hz,
2H), 7.25 (d, J = 7.9 Hz, 2H), 8.04 (d, ] = 7.9 Hz, 2H); *C NMR (125.7 MHz, CDCL3) §
26.49, 26.88, 29.92, 34.08, 34.79, 36.39, 36.80, 38.00, 42.95,108.74, 111.31, 126.98,

30 129.23,130.24, 147.48, 171.61. Anal. Calcd for C;4H300s: C, 72.34; H, 7.59. Found: C,
72.16; H, 7.37.
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2H), 3.90 (s, 3H), 7.20 (d, J = 7.9 Hz, 2H), 7.95 (d, J = 7.9 Hz, 2H); 13C
NVR (125.7 MHz, CDCl13) 826.48, 26.87, 29.90, 34.08, 34.78, 36.38, 36.80,
38. 00, 42wed3obbr®5, 108.76, 111.28, 127.91, 129.08, 129P8T/ustd®n742,
167.12. Anal. Calcd for C251-13205: C, 72.79; H  7.82. Found: C, 72.72; H,
7.85. 5 cis-Adamant ane-2-spiro-3'-8"'-(2'-hydroxy-2'-nethyl propyl)-1',2",4"-

trioxaspiro[4. 5 f il |) in
CHRCL? At -[ %vvas aé‘(ﬁ? g@%‘h @8‘&1“{‘@‘9%’?‘ HQZQM'('%&PFRE“ %]EEQHPe)
The r eact{(lmzm).sA sélutioreef O:mﬁethym eﬁafmmtaﬂoﬂib aeme 89Ny nﬁtﬂ@lm@h@d- Wl th

wat er. The organic |ayer was sz{)arat ed, and the aqueous | ayer wa

ext ract edPWQIHm@ﬁ@ZLIQYCQ@e%a@Ge Thamad s Gyeloherags (82 mihgud @Hi@z (ex e
washed wi ﬁlpt\%\%tte ate(i%ﬁthrgz)oné‘%o%ﬁ ttﬁ%ger{grgl rpréjceglgr%b?ﬂg (r:ru'X? g%uce; t ered,

and conce de pro Crys Y#on from

et hanal tgurfdddydlash chrommatogrph{ i g(ezGz%raherﬁafi@axmspmcd)tb)oﬁdb@&ﬁxeﬁtol id. np
96-98 C (ethanol); 1H NMR (500 MHz, CDC13) 51.23 (s, 6H), 1.21-1.37 (m

2H), 1. 4(crydalligationgram pghanad by afford sgoxplare OLZAS (1143 g,1018%) & 0Wl¢nigss saidy; 13C

34,80, 36700 536555 Chardiy ‘ﬁmsﬁ%g%ﬁ%i%ﬁ% WA g 2470

C20H3204: (nf22203, B (&l -97 §ﬁz ﬁg f?@Z—ﬁs (oh; ), 7119-9.99¢ m 2H); *C C NMR
nmet hyl]-1"

ci s- Adamant ane-2- spi ro- 3" - | OXO- 3 "-1'm dazol r'di nyI)

4' trioxddps ﬂd[[Hz,E(j:H@lg;aﬁ%@@m&’/), 2913d) 333 38134t 04084.06, 34219, B6( 05, 36.38, 36180,

rnrml) tri henﬁé)hosph ne and hydant oi n_ (0. 11
Oin

y . 6 | y 1
T hi 8 58400 fr i b6 33 Apalctiled TormioaNGuIGLS: B | DI PAD
(0 32 g, ﬂ@f}g@% )Fohx‘fh-e'"ﬂz‘}%?ﬁpé9 W%fgxture was warnmed to rt and stlrred

over ni ght renoval ’ he’ so vénts the crude product was purified

by flash chr ormﬂmgﬁmhy-zéﬁ)iﬂomés'-g@'l-pyrﬂﬁi’{yﬂﬁahsil)ﬂ' Bm'hﬁxafhes') and
subsequent recr[%st allization from hexanes/ CH2C12 (5:1 gl ve trioxol ane

Oz206 ( (rzagpigol45pdgeape (QZEHY oFo @ stdrredyiolefiongf Q%%ﬂ ([2@@ r@g(% &amqi) ioH221 2

5 a0 (d YN iher g ed Whedipatuitd ¢ Floy T ooty ‘t(yrﬂzsm)
CDC13% 523fridihecatbobldehsde 69 m@D.6%4mmdh.ahd sodidth Eﬁcet&%bwohﬁﬁxdg f19730 I—E
43.76, 46.27, 108.43, 111.36, 158.35, 171.31. Anal | cd for 8N205

C, 63, 81:0.924 mmeb: The repulting mpguregvasctimsd asg: for hquenched wvthsgurated

Si S 3A8at Ogﬁ%‘%g\?&}@b@ ),.Ia?)ld gg(tg %ﬁt?ff %Eg(lf))\c J(3 XZIO rél) "fﬁé cC:)é(n%ngec{ 01[g4 2] decane
ci s- Adamestracte waresdiiddovdr MESOL Aimtreiehd¥oncenttated Gﬁst?ﬂfz'aﬁéﬁiﬁpﬂhé ehflied] decane

(1.465 g, 5 mmmol) in ether §60 m) and CH2Cl2 (20 n
(3:1) gave trioxolane OZ216 (167 mg, 71%) as a colorless

product from ether/methano
20  solid. mp 124-126 °C (ether/methanol 3:1); 'H NMR (500 MHz, CDCl3) 61.59-2.19 (m,
18H), 2.37-2.51 (m, 4H), 3.52 (s, 2H), 7.27 (d, J = 4.9 Hz, 2H), 8.54 (d, ] = 5.0 Hz, 2H);
C NMR (125.7 MHz, CDCl3) §26.45, 26.87, 34.45, 34.74, 34.83, 36.40, 36.75,51.24,
61.20, 106.94, 111.70, 123.63, 148.00, 149.81. Anal. Calcd for C;;H,sN,0s: C, 70.76; H,
7.92; N, 7.86. Found: C, 70.80; H, 7.77; N, 7.65. ’
25 cis-Adamantane-2-spiro-3'-8'-[[[(2'-thiazolyl)amino]carbonyl]methyl]-1',2',4'-
trioxaspiro[4.5]decane (0Z217). To a solution of OZ78 (322 mg, 1 mmol) in CH,Cl, (10
ml) at 0 °C were added triethylamine (303 mg, 3 mmol) and ethyl chloroformate (217 mg,
2 mmol). The mixture was stirred at 0 °C for 15 min before 2-aminothiazole (100 mg, 1
mmol) was added. The resulting mixture was stirred at rt for 12 h, concentrated, and

30 triturated with water. The crude product was purified by crystallization from ethanol to
afford trioxolane 0Z217 (0.29 g, 72%) as a colorless solid. mp 160-162 °C (ethanol); 'H
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WO 03/ 000676 PCT/ US02/19767 was added a solution ofp-TsOH (0.96 g, 5 nmol)
in ether (80 mM). The resulting mxture was placed at -20 C overnight. The
sol i d waswoaBlewtred by filtration to afford trioxol ane QPROMUS(21947 g, 96%
as a colorless solid. np 162-164 C, 'H NWR (500 MHz, DVsSO d6) 81. 01 1 23

(m 2H), 1.51-2.07 (m 21H), 2.29 (s, 3H) 268(apth 5.7 Hz, 5

(i 1% i 0B sy §a8ck 8, B 1 Bt oudy Bad Bl s S %§C4o
1a5. 57, At BT FE RIS - 2SR D G I I . ¢

61. 78, HMHz36DCN) 52691'6 26.84,30.10, 33.23, 33.91, 34.77, 36.37, 36.77,, 42.81, 108.35,
ci s- Adamant ane- 2-spiro-3' -8' - ﬂ - et hoxycar bonyI II%B

hen 4'- 10
L1 1 oxaap o, brabaAs 100K90® |7l S nal (ened o Eanbs Nyt éw@a&hﬁaﬁe oxi e
0. 65 , I b I h I | oh ne (0.47 g,
6 maol Nt R R s A 5025 P e vt cd wi th ozome °

accordl ng to tdikeAﬂEﬂﬁhﬁdnepI-ﬂﬁﬂdg’fS'-[ljﬁ"iPﬁﬁﬂ aﬁb%ll)iﬂe)eﬁ?;? ptz]g':cm Sd by
er i n hexanes O arror

flash chromat ography (silica gel, 10%e

tri oxol artew@m%@[‘( Sldzoang (Om/I)S)-an asadaiasy ¢fe@Z7§ 0322dng,nipO7amel iCCHICY . 21
th I =7

et ol 5yblig U, RO o SRR 38 4 b Bl G122
7.6 Hz, xﬁm% THe mixtare wab stired d0°C for 88 mlﬁqI)efoxIe %ponalrI'eIz(IOdIﬂf 6§ 89 ( S

1H; 13C 7 MHz, CDC13) 814.35, 26.5 4, 34.81,
36. 430 36ma<_11) waz added. Bbe eBylting mlzwre wa_slsmx?ed an:zvfongz h]@nc@sirated,gnd1,

%33'262i:03§ﬁé{r§%§1 w:It a% "g <:6 06 é) gro@n was pun%edI)y crystaﬁI%I%tZlgISl frocr:n et 221no71%o H

cis- Adam%mo%oﬁﬂé tmfis 824 gam%pmamﬂes; sod. nfp 98-10Rr S Rk, I decane

nmesyl ate (QZ209). To a sol ut|

ci s- Ada 3 - i, = ecane
Ad nﬂfMRr(é@QNﬁiﬁz ICDQGLs) 814 6-anB 9 ety 1)43-2.172¢ 217H)‘,I Dxekpi=H @B HZ] d

(0.30 g, in ether (10 m) apd CH2C12 (5 was added a
sol ution 2&1‘) %%%I?@m?’éoa%ﬁﬁ@ H)o @N.Mléﬁl%rﬁ)Mﬁzi, ﬁﬂéghbﬁzééﬂ, m). The

over hEgnes U 20 8,6\ 8 8T R Ao 5 0 3 o a0 o DR 2P0 a6 8 e
07209 (0.134.79, 11862@ 136.28. mlocdlaisﬁor@;;m mo:rpc 16167, ’Hl&(%( N o0/ dun@0c Mz,

DVBO-d6) 81.01-1.23 (m 2H), 1. 51- 3H), 2.69 (app
t, J = 6.70-8%:H, &99,,N7360 (br s, 130 NVR (125 7 MHz, DVBO- d6) 825. 95,

AN NE X ST TR N 3
C, 55. 41itribkaspirdfd.5decane @%219). Step 1. To a solution of 0Z89 (924 mg, 3 mmol) and
20 triethylamine (606 mg, 6 mmol) in CH,Cl; (30 ml) at 0°C was added methanesulfonyl
chloride (516 mg, 4.5 mmol). The mixture was stirred at rt for 1 h, diluted with CH,Cl, (20
ml), and washed with with water (2 x 10 ml) and brine (10 ml). The organic layer was dried
over MgSQ,, filtered, and concentrated to afford the methanesulfonate (1.16 g, 100%) as a
colorless solid. Step 2. To a solution of imidazole (100 mg, 1.5 mmol) in DMF (5 ml) was
25  added 60% NaH (75 mg, 1.9 mmol). The mixture was stirred for 15 min before a solution
of the above methanesulfonate (0.40 g, | mmol) in DMF (2 ml) was added dropwise. The
mixture was heated at 50 °C for 3 h, quenched with water (15 ml), and then extracted with
ether (3 x 20 ml). The combined extracts were dried over MgSQ,, filtered, and
concentrated. Crystallization of the residue from hexanes/ether (19:1) gave trioxolane
30  0Z219 (0.22 g, 61%) as a colorless solid. mp 116118 °C (hexanes/ether, 19:1); '"H NMR
(500 MHz, CDCl3) 61.11-1.39 (m, 3H), 1.51-2.18 (m, 22H), 3.95 (t, J = 8.0 Hz, 2H), 6.89
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113 WD 03/ 000676 PCT/ US02/ 19767 cis-Ad amant ane-2-spiro-3'-8"-[(phenyl su

| fonyl )methyl] -1',2",4"-trioxa-8" azaspiro[4.5]decane (0Z210). A solution
of 0- net b o20wedasrant anone oxinme (1.79 g, 10 mmol) and PCT/US02/19767

4-[ (phenyl sul f onyl ) met hyl ] cycl ohexanone (1.20 g, 4.76 muol) in pentane (50
m) and CH2A 2 (25 m) was treated wi th ozone according to the general

procedure. The 5 crude product rified flash ¢chronat ography (silica
gel , 33%stlHas7. Wl(f’néiﬁn'g% (st b a H&i‘ﬂ%@&?fﬂ%ﬁagﬁﬁl Q-86:729.8p, 255%6 as a

| orl 1) 1 , CDC13
1. 25 1. 320r? Ty 17468 Tt - ST J 0838 i 118ESTg ShAakss: COELS)
7. 54- 7. 6 naINCatdd) for C,38;:M,050C( 0.36; 11, .8.44; 38-778 D ®olrd: CZHD. 141 BLCRISVRNG 183 7

MHz, CDC13) 826.44, 26.83, 30.11, 31.19, 33.69, 34.75, 34.76, 36.35, 36.75,
61.79, 10 107 Adamantan&2-spirp3'-85benzyb132',4'1@inxeB'-azaxpivo|4.5Mdeclane Cal cd f or

((:3i2 2!43 A@(@) gﬁiﬁ?gﬁ@esg'oooﬁtggdgolﬁggnz ?gﬁzgggzrogggg 6(? 6& Mlﬂ;}l %—%Iichl%.oetﬂane (3 ml)
trioxas p?f@%s%h&'&?ﬁ%yﬁe@rﬁﬁé@z ml, Q. PmEdsIPRIfowA b9 bebAiadiate (1) B8, @662 mml )

i n DMF under ni'trogen at '0C was added a 5ol ution of pyrazol e (0.1
g, 2 mMmokmoélh am,foctmmxﬁaqﬂoyybﬁh@dmdﬁ(mkmga@ 924 mmodld Tihgregdting mixdufeor e a

nas  addedasORH Sat I A Rb R Rt sutous Nffon? (3 niband grtsty (¢
quenc hed %oml @'x {¢R1)Trhe c@mné&%gmﬁzste&ars&@d«ewmd@v@yMrﬁ%mt fitered(3 x 30

The conbi ned extracts were washéd with brine dried over
I\/gSOgo tind tencentratad dCrystaldieatiomantf ¢ht. crifdeeproduckefrgm oﬂiadmeﬂmob(arll)fgasd by flash

w211 (otmogneiizehd DaTng b peaeoerdsas oldpigh 10 LR D C .

415" H R (PORNEoq (18] 511958%2%@18@2387&5@3@ %@3&@( 377
(125. 7 Mo, £ODCA3PHG 2618474526, 86); 'ATNGAR (335 OMHBLDT!:) 306347, 288878, 37. 16,

57. 46, 10%. 02, " 108; 52, 111.43, 129.63, 139.41. Anal. Calcd for C20H28N203:
C, 69. 7434146 8413 34,83, 364086178, 5FOURE:5Q;, 10826881 1.4, 136.99); 138.218.123.96,

2 (3L8) - JP3-Rer AR Crio ot CretNogs Gt H: 2 ST ARE Few S AR B 8ec on
of QZ119y\ (4Q)329 g, 1 mmol), triphenyl phosphine (0.42 g, 1.6 mol ), and

saccharln (020 g, 1.1 mol) in THE (10 M) at 0 C was added a sol ution of
DI PAD (0. 32 gctsElAGamnta)le+2|=spTltdE3 (&-[(ﬂn)inowrmm’l)mtdrlé,% warnmed to rt and

stirred ?%E)Ezpslp E4 Sﬂetcae{e (rOeiB\{f‘ To’ a so uq{eonsc())tJ 6%%7 (StSBEr'\ngC,r U%F mmol) in CH,Cl,
(10 ml) at rt were added pyridine (1.38 g, 17.4 mmol), acetic acid (1.01 g, 16.8 mmol),
20 triethylamine (349 mg, 3.45 mmol), and KOCN (278 mg, 3.45 mmol). The resulting
mixture was stirred at rt for 48 h, diluted with ether (100 ml), and washed with water (100
ml) and brine (25 ml). The organic layer was separated, dried over MgSQ,, and
concentrated to give trioxolane 0Z221 (166 mg, 30%) as a colorless solid. mp 140-142 °C
(ether); '"H NMR (500 MHz, CDCl3) §1.35-1.52 (m, 2H), 1.62-2.21 (m, 20H), 3.51-3.54
25  (m, 1H), 4.70 (s, 2H), 4.58-5.03 (m, 1H); °C NMR (125.7 MHz, CDCl;) §26.43, 26.80,
30.34, 32.61, 34.76, 36.30, 36.73, 47.41, 107.88, 111.66, 158.32. Anal. Calcd for
Ci7H6N,04: C, 63.33; H, 8.13; N, 8.69. Found: C, 63.06; H, 8.29; N, 8.49.
cis-Adamantane-2-spiro-3'-8'-[[(terz-butylamino)carbonyl] amino]-1',2',4'-
trioxaspiro[4.5]decane (0Z222). To a solution of OZ137 (315 mg, 1 mmol) in CH,Cl,
30 (10 ml) at 0 °C were added triethylamine (350 mg, 3.48 mmol) and tert-butyl isocyanate

(100 mg, 1 mmol). The resulting mixture was stirred at rt for 7 h before removal of
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product was purified by flash chromatography (silica gel, 25%ether in
hexanes) and by 114 WD 03/000676 PCT/ US02/ 19767 subsequent

recryst alwoaawomwne f r om hexanes/ CH2C12 (4: 1) to give tri oxecarnsorze?2 (0. 17
g, 37% as a colorless solid. nmp 152-155 C (hexanes/ CH2C12, 4:1);'H NWR
(500 MHz, CDC13) 81.23-1.45 (m 2H), 1.59-2.18 (m 21H), 363(d J=17.4

Hz, 2H), 7.80-7.90 3 7 = 7.4 H,
1H); 13059311@1% 13 r‘?glg{l&wa%&ﬂt)eg ‘é1 %er@(“‘%‘éag%f““%‘g‘)%f ?igb’éo 34. 79,

34. 80, 3?@%]}12%@013%’0@@5 o3 bihafidl-16 vejﬂq&(cﬁéle éiéZﬁ%g H%QQB@ »ash2olotless 127. 33,
134, 31, S15T137. 64,159, 26. Cal cd for C24HZONOGS: C,  62.73: H,

6.36; N, salidpp mﬂ@de@eﬂﬁﬂolﬂﬂ Hﬂ\/]lB(SDB,MHz, GDQ2) §1.32(s, 9Hj, 1.22-2.21 (m,

ci s- Adamant ane- 2- spi r o- [3%HEt hoxyam n o carbonylé net h lgl 1,2 ,4" -

'[c:lr_llz(c):xgspﬂild]ﬁ@](de hézmﬁ.ﬁﬂ s dHF)O'IthNW £5 Oz, @glﬁgglz T“'nml) in
1

ot hy1 S chPBEb o ThPO o7 Shar i s’ Dyt IE ralss R 2 0B D LS AR Gl o

for 15 mgg.c %Ng@yl@mm ¥Bs, 03¢8e 940 Fsund: CS66.68118i9001; af, 7@2 hoxyl ani ne
hydr ochl ori cfe i n_ et hanol (5 rr1) was added NaHCOB (164

ng, 2 mol). tisethamautweﬁawlm-:é 'r§' ¢ 8'-methraxytarbonl- Hithimidazel-1 ximethyl)-

w th wat SR uripinaideetie (B o SEnaRiin P NREL e D™
product Yi?ﬁl\/ﬁ“(s' O)QHlde/mFrBXe%ta%bbC%Eh@dbdJédl’nﬁ‘i‘id{%ﬂh?ém}l 40 afford trioxol ane
Qz213 (0.17 as a colorless solid. np 72-74 C~ (nethanol); '"H NWR

(5001 VHz 1miﬂhﬁﬂ)e@ﬂ)o>6(ﬂat@€) 26 &5 rumol)ARDME (b&%na). The (uixtugBwps stiged®r 88, 3H)

33, 50, 3minbelouss IMGEOHE mepEuIEhIS 9T OFJH018 56 g1 48 EhioDsn TIHF (dh
Cal cd f O(Nggg%cgi 2. THe refRfiod mixfilre @as?’lgeatéﬁ at%59@ ovERHBHE gfenchéd with H

8.13; N cl's- Adamant ane- 2-spiro-3' - 8" - -car boxyphenyl ) met hyl ]
-1, 2 4watetr|(1@0<xa19pamcbt[hén Eimtﬁdnatl( OHz204)3 xﬁ()rmlbt’[he&onibﬁz@eﬂrz(cﬂsl@emg 1

mtTFlr 3 ed I\la&tg:hqdl‘f%& Wg%r gnd &?Dee Fln?‘ge 3&051‘% %‘Stﬁéedsﬁ‘? %P%‘@}; etr%(ﬁ‘g e was

ES(rzlegilgp: ?gf e g&gﬂrﬁggtﬁg%ﬁw c%?a}pglﬁ"(sxhﬁa urﬂ E%cs%tgléﬁgg}g?r om 95%

et hanol ten 59 mtﬁahbbm@HﬂBz)Wﬁﬂférd(tﬁBi’olaig: o203 (@31 8, w@enumdsﬁm) hsd. np
160- 162 C (95% et hanol ): ' H NMR M, CDC13) 81.09-1.39 (m 2H).
1. 43- 2. 22019H1:sszsszhsl ang trgrxofage QJZZZ47(0§6|8247A>2F1)H6<17S€<251¢126F agolorlpspsalid. Fory)

0,03, ol i 4G b RLZRS BT E, CRofPe1 801

(m, 2H), 1.55-2.18 (m, 21H), 3.85 (s, 3H), 4.13 (d, J = 7.0 Hz, 2H), 7.52 (s, 1H), 7.75 (s,

20  1H); '*C NMR (125.7 MHz, CDCl3) §26.43, 26.83, 27.43, 33.45, 34.74,36.34, 36.74,
36.96, 51.43, 52.08, 108.33, 111.48, 122.20, 138.15, 142.54, 160.70. Anal. Calcd for
CH30N,0s: C, 65.65; H, 7.51; N, 6.96. Found: C, 65.78; H, 7.41; N, 6.97.

cis-Adamantane-2-spiro-3'-8'-(4'-methoxycarbonyl-1'H-imidazol-1'-ylmethyl)-

1',2',4'-trioxaspiro[4.5]decane (OZ224). For the preparation of OZ224, see OZ223. mp

25  150-152 °C (ethanol); 'H NMR (500 MHz, CDCl3) §1.15-1.39 (m, 2H), 1.49-2.15 (m,
‘21H), 3.81 (d, J = 7.4 Hz, 2H), 3.89 (s, 3H), 7.44 (s, 1H), 7.57 (s, 1H); C NMR (125.7
MHz, CDCl;) §26.42, 26.81, 27.53, 33.39, 34.75, 36.34, 36.72, 37.73, 51.66, 52.95,
108.01, 111.68, 125.29, 133.99, 138.15, 163.25. Anal. Calcd for C5;H30N,0s: C, 65.65; H,
7.51; N, 6.96. Found: C, 65.79; H, 7.34; N, 6.85.

30 cis-Adamantane-2-spiro-3'-8'-(4'-carboxy-1'H-imidazol-1'-ylmethyl)-1',2' ,4'-
trioxaspiro[4.5]decane (0Z225). A mixture of 0Z224 (0.16 g, 0.4 mmol), 15% KOH (1.5
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30 129.23, 130.24, 147.48, 171.61. Anal. Calcd for C24H3005: C, 72.34; H,
7.59. Found: C, 72.16; H, 7.37. 115 WD 03/000676 PCT/ US02/ 19767 cis-Ad
amant an awd-8pbtede 3' - 8' - pht h al i m doethyl -1', 2", 4" -tri oxa®oirrusop/4976]7 decane
(0zZ215). A solution of O-nethyl 2-adamantanone oxinme (895 ng, 5 nmol) and
4- phthal i m doet hyl cycl ohexanone (1.35 g, 5 mmol) in cyclohexane (85 nl)
and CH2C12 (15 mnl) treat th o ccording to eper.al

pr ocedur éﬂ)'ﬁﬁ‘én&ﬂi?d@mﬁf% C‘Yasﬁ}ﬁ%tm%atpﬁ}r;c??"ééﬂbf‘oéer h%‘ﬁg 8%?5)6539 gtg%prﬂvt‘trgi lica
gel, 1oV iShednid a{éﬂ&%ggx}l)sdx?ﬂlléd Q}ih%’%ﬁ /81T, an@ BB MiBRhiAR affAPBLANO)

to afford Trioxolane as 'a colorless solid. np 136-138
C (et hangl, Yhe ddtidNvis é&mﬁteﬁw ,ﬁltﬁlﬁ@ﬁ&) aﬂdrd]tﬁoz’toldﬂe omzsm} 1 OJg, W/o)z a..O_a (m

22H), 3.70 (d, J = 7.5 Hz, H)762778(nb1\@§|3 né 13C
NVR  ( 125olpriesrsolidDopalo2sEaleas H MBR3(500dHay | 78, B 13Q10h23§m H): 34.79,

Al S Call i PP (o RBIINER ! (O] 277 B 24 759ty TG B SRR,

6.93; N MulbpMsO-d 525 96, 26.37, 27.05, 33.03, 34.42 35, 90 36.25,36.66, 51.32, 108.54,
Adamant ane- 2-spi r o- (4 Tpyridinyl methyl)-1', 2 4'-trioxa-8'

azals ;Z)I ro[141105]sd1;2538g)g 1@@5?1538 632’(1)64&23;tA1:ai @hl@fbfmtﬁéghgﬁfoﬁt&? l@z@@ Oﬁ‘gIEIbO.ZG%
mo in -_dichloro was adde ri et hyl am ne : :
1.2 mol )7440IN Sied B‘s}n‘ﬁ(ggggﬁﬁdﬂé'ﬁrﬁo&al dehyde (71 ng, 0.66 nmmol) and
sodiumtriace r - % 1L ture
was stirred at&d@{ﬁ?fﬁ thp%?uieﬁxjhgg% th gatﬂrdgggtgg%jmmaﬁgggﬁgukg&djm%)x m),

and egt r Sieed. Additiont dMheg@lithidf toiQZ05T e ccstirbidrsebition gD Z05 Ext( g8 were
dried over filtered, d concent stalljzat.i of the crude
pr oduct fm@ggé@ eibeT (AR DT 78  W§s yidedp ?I}ng& é%ﬁ éal%sggﬂ&m?lg% as a
colorles r 1

CDC13) 8?1‘1-%8' %:?1 gﬂzlx{me %/é.f_ﬁlio%ﬁad%(' ﬁ'? du?ﬁ%lﬁalﬁ'%d q?txei]iéhed Wlth"\s/;ﬂufa"{’&pad(vgz ] =
4.9 Hz, 2N,Cl8chfioh @30 thl AfteDthieizthe? Hyer wﬂsB@phh‘aRd( theﬁqﬁecm&l,aydﬁmm) 826. 45,
26. 87, 34.45, 34.74, 34.83, 36.40, 38 3 51.24, 61.20, 106,94, ~111.70,
123 63, Eagaged withsther (3 X4QmD). dhe campined @sgamparRpHets were Mpsheld with brine oo

F
£ 23St aP Mo o o TR s vas pst p it
met hyl | - khradnatdgraphy (stlicasel, 69 BtOB] cla haxemet 624 Tord th'E(lnaxehhut:arbmobf oz78

(322 ng, 1 mmol) in CH2C12 (10 mM) at 0 C were added trlethyl flmn 303
ng, 3 mmohtermediate (333 MEno1eel drmigtuEe phitwe digstereomersy ps a cofnzless gif. i

stirred akoPnud @) 51 3s28506S 2B 10158 4R fiaf 98-80 dn, 21), 7.42-

7.55 (m, 2H); '*C NMR (125.7 MHz, CDCl3) &26.64, 26.66, 27.06, 27.08, 30.36, 30.46,

20 34.84,34.90,34.91, 35.10, 36.45, 36.51, 36.57, 36.63, 36.92, 36.95, 72.08, 72.38, 108.39,
108.41, 111.52, 111.64, 124.41, 124.57, 126.98, 127.07, 128.32, 128.35, 148.11, 148.30.
Step 2. Dehydration of the carbinol intermediate. To a stirred solution of the above
carbinol (550 mg, 1.54 mmol) in CH,Cl, (10 ml) at —10 °C was added triethylamine (1.0
ml, 7.75 mmol) followed by a solution of methanesulfonyl chloride (0.25 ml, 3.10 mmol)

25  in CH,Cl; (5 ml). The resulting mixture was stirred at 0°C for 8 h and poured into water
(10 ml). After separation of the organic layer, the aqueous layer was extracted with CH,Cl,
(3 x 15 ml). The combined organic extracts were dried over MgSO,, filtered, and
concentrated. The crude product was purified by flash chromatography (silica gel, 1% ether
in hexanes) and by subsequent recrystallization from ether/hexanes (1:1) to afford

30 trioxolane 0Z226 (435 mg, 83 %) as a colorless solid. mp 62-64 °C (ether/hexanes, 1:1);
'H NMR (500 MHz, CDCly) §1.42-2.21 (m, 16H), 2.40-2.73 (m, 4H), 5.73-5.99 (m, 1H),
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mol ) was added. The resulting m xture was stirred at rt for 12 h,
concentrated, and 30 triturated with water. The crude product was purified
by cryst awbiczabicon from et hanol to afford trioxol ane QZ2PCTG02®767 729
as a colorless solid. np 160-162 C (et hanol); 1H 116 WD 03/000676

PCT/ US02/ 19767 NWMR (500 MHz, CDC13) 81.19-1.47 (m 2H), 1.51-2.18 (m

RITIRE £ ST S Ozcéi’cé@%%%ﬁ&é%éﬁ 354648555 B4
136, 10, 148550 75 1 35 A I 10 R 0T R0e s PSP 898 67

N, 6.93. 15@95@36%9 62138; Al Gal@Pfor Bp,H07.C CI807AHATAM Bound: C, 78 28; H
a-2-spiro-3' i - pi peridi nyl carbonyl)nethyl]-1",2",4"-

tri oxasp|’7|&1[4 5] decane (0z218). To a solution of az78 (322 ng, 1.0 mmol) in

CH2C12 10 i 0 C dd d hyl
chl or df o$ nat e %’2‘51‘;/3 wer i ?dsrhia(4e}“@¥‘-lfﬁq L\%%M%P’gg%’ a?d%% 156;1 %
before piypgrg: Qh@ﬁaéﬂ:@@[4@dech8(d@zmvtc) a W6latiaa dp0Z78 (322 asyll mmel) if xt ur e

was stirréd’at rt for h, concentrated, and triturated with water. The
crude pr GHEL Mamipat D‘TCE wqrewd@ttylsthalamnzgﬁQinng,rbnm@i)namthylo af ford

tri oxol ang 218 29 IorIe et hanol ) ;
1H NVR CBlotpinmpat 8%12:’@? ) TReixihre Wag Stitged 7 gbdcfgp{ m‘ﬁg 21 (d, ]
= 6.8 Hz e d: BRe fesul thBEwWIMVRRi &éeﬂa'i oz,
CDC13) sﬁ"ft}g’%‘pﬁ%ﬁg (21604 6%33“%‘”280&&56 87, 30“%9“”53 43, 34.11, 34,79
36. 300 362®]dilaed 86th @H,@9(1048])8vashed o@thagater (10 nip dn@d?evstg&ﬁbt andcal cd f or
C23H35NO4: C, N, 3.60.

o o AdaméfmeEssied ophs G brgdic: Mg st o poptalzaiqy oo Sndh & eHford

PO pIOZTTOE 3y Sk S AL TS o,

added neq\}nﬂflquydjgpﬁw 15:h130r(ing 2HY,3 1921 8 (th, 2 1H)3. 31 (d]'lhe iOHz, 2H),\ %29 & i rred
at rt for 1 h, diluted with CH2C12 (20 ? V\ﬁ M@ W water (2
x 10 ) 3EDR-BR-2:8 (mofh), $.407he’ Gp %553%&8 Rt

filt d f t f 1000
(11050, GOnESd o1 o ovsl] Gt Recreidansaul! apsey( 6 4, 100% as
in DVF (35 @4{5»@9? 53 pddede 5A%0MaH (46 AT Ga19d mhmssﬂbauwmm%mas

stirred for 15 m'n before a solution of the above methanesul f onate (0.40
g, 1 nmol8)97; N, BI9R. Found: C, 0887 dddedd;dY.®Bk-se. The m xture was heated at 50

C for 3 h, qU%E‘s(jﬂ amaniane‘-’ﬁsplro-slg (rT1 ! oedtl) il) ihﬁ} & 31[21%5&1@0(?4 gﬁe@ane

(0Z228). For the preparation of the mesylate of OZ89, see 0Z219. To a solution of NaN;

20 (375 mg, 5 mmol) in DMF (5 ml) was added the mesylate (760 mg, 2 mmol) in DMF (2
ml). The mixture was stirred at 50-55 °C for 16 h before being quenched with water (15
ml). After separation of the organic layer, the aqueous layer was extracted with ether (3 x
20 ml). The combined organic layers were dried over MgSOs, filtered, and concentrated.
The residue was purified by crystallization from ethanol to give trioxolane 0Z.228 (618

25  mg, 93%) as a colorless solid. mp 58-60 °C (ethanol); "H NMR (500 MHz, CDCl3) 61.11-
1.37 (m, 2H), 1.38-1.48 (m, 1H), 1.49-1.61 (m, 2H), 1.62-2.18 (m, 20H), 3.29 (t, J = 7.0
Hz, 2H); °C NMR (125.7 MHz, CDCl3) §26.69, 27.10, 29.91, 33.63, 34.13, 34.92, 34.94,
35.02, 36.62, 36.99, 49.44, 108.69, 111.37. Anal. Calcd for C;sH27N3Os: C, 64.84; H, 8.16;
N, 12.60. Found: C, 64.68; H, 7.94; N, 12.47.

30 cis-Adamantane-2-spiro-3'-8'-(aminoethyl)-1',2',4'-trioxaspiro[4.5]decane

hydrochloride (0Z229). To a solution of 0Z228 (333 mg, 1 mmol) in THF (7 ml) were
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ether (3 x 20 m). The conbined extracts were dried over MgSH, filtered,
and concentrated. Crystallization of the residue from hexanes/ether (19:1)
gave tri owoloanec3® Oz219 (0.22 g, 61 %9 as a col orl ess solpca/usopi19rdB- 118 C
(hexanes/ether, 19:1); 1H NWR (500 MHz, CDC13) 81.11-1.39 (m 3H),
1.51-2.18 (m 22H) 395(t J 8.0 Hz, 2H), 6.89 117 V\003/000676

PCT/ US02/ 19767 7. 46 : ; C_NWVR

cDc13) g2éd é@ﬂ S@‘“gn%@% “§3lf6ow§‘§‘§%tef éﬁmlﬁ%mes‘@"‘ggre i ‘fre 3";“35
44.81, 1 LHAPN203:
C 70 3 6?&}_146%‘!3 rgldlciﬂlﬁgd v7vi|tlér§ N3 u%(glg(ﬁgl) ﬂi?erx%élﬁltaté‘%é ﬁlt@?écp gncf Qﬁshga

amant ane-CH,E (10 n3) - Bid-doed chgwatnomladé QZZZ@)(a%mgai‘ﬁzé)aas 8 c{>14r15qs sdbdane 5
(0Z220). To a sti rreg{sol uti on of Qz80 (200 nﬁe‘t r#'gol

1, 2- di chimm b¥-h5%H3CT B NMR (390 MHz, RMSShded 10 Wrra 1(?(5 %O%Km 1.2 ol )

o Lﬁ%‘?ﬁg%&%%—% S0 R Wl RT3 7 B B 42580 26200

stirred gt%m 3.4, 3@[9?%@%4@6 35371 8616 80UOL3E, Nwmx{a'i @digd and

extract e Et OAc n ). The conbi ned or gani c extracts were dried
over MyS@&f,CiiHbCINEY; C,I6.'2 837nHI 8GAcHNd. %tFe;mndCCyéwﬂ H,Za38:0N, 434.t he crude

product from et her/ apol (3:1 av | I ane iy 0) as a
col orl ess sol MY~ Fbsrfg 't(.‘;a % r‘?%‘as_lﬁlo%é(iﬁkﬁ?g )5'8% mlfi
CDClB 8 ; 3.51

) éZ?ﬁe %&Ju.(e o}%dé (ﬁ)wz%%og ng?oh(tmn 3ﬂ)Z126 §i§ ?1274(6206’“%%@”9?4 76, (s,
34 750 3411y8r3zm86104ﬁhy<36te'(800 5,15(Dﬁm06)21n5ﬁ10rdﬁ)hn2(680 mll)lanﬁanethﬂﬁ)wm mlp8. 21,

128. 96, 15 138.63. Anal for 29NO3:. C,. 74. 33; 22; N, 3.94.
Found: CWa$ jpeq;gd u]qiergutiogena ng f@g%%zjgleﬂ(aaqmrgﬁguiwgﬁIcpglegto% anfl( am n

bonyl
oo oy Bldie Aigbiamd b aprgal gl danaas it ioo T it o

(1.38 g, (100 rl)amKd oveadeSQs, Altered, ahd Gdncxgntriﬁ:dSThﬂmhdq praduttrwastpuyifiedibye (349
res Xt ur e was

, 3.45 1), d KOCN . (278 3. 45 | t
”?. Lot o hrbrplogRY (L mqaeb@“qwﬁwef%ﬂ%mw)to ot fehenlac AR et o

100, . m d i pd
Mook B0 B, R0k ule ] dud dORaRMARNG 2. UG- MBS IRy 250 Over
C0| or | esgrigPaspiro[ 4r§]db€£he1(4210§ 71%} kleted secdﬂdbﬂ\ﬂlzmﬂad\blﬁalrﬁﬂ)@éa):o]%ﬂe% 1.52

m 2 1.62-2.21 (m 20 3.51-3.54 25 S 4.58-5.03
§m 1@0; sgmmmfgsﬁc( 1:/etimopk9: mia R:f@oog)uﬁ @@@53 532%139@& 76,

3630, 3619031 58 % flem B EP10 555 &8 ’4}13;,5§7§-6.8§?m, 1) 44997 m, 2m), 7.53-
7.65 (m, 2H); °C NMR (125.7 MHz, CDCl3) &26.48, 26.88,27.81, 33.77, 34.79, 36.29,
20 3639, 36.80, 45.39, 108.54, 111.38, 128.51, 130.27, 134.51, 169.27. Anal. Caled for
C4Hs6N,0g: C, 70.37; H, 7.87; N, 3.91. Found: C, 70.50; H, 7.81; N, 3.99.

cis-Adamantane-2-spiro-3'-8'-(5'-carboxy-1'H-imidazol-1'-ylmethyl)-1',2',4'-

trioxaspiro[4.5]decane (0Z231). A mixture of 0Z223 (0.10 g, 0.25 mmol), 15% KOH

(1.0 ml), methanol (10 ml), and THF (2 ml) was heated at 55 °C for 4 h. After being cooled
25  to room temperature, the mixture was concentrated to 3 ml, diluted with water (15 ml), and

acidified with acetic acid to pH = 5. The solid was collected by filtration to afford

trioxolane 0Z231 (77 mg, 79%) as a colorless solid. mp 164-166 °C; 'H NMR (500 MHz,

DMSO-dg) §1.03-1.37 (m, 2H), 1.38-2.18 (m, 21H), 4.16 (d, ] = 6.7 Hz, 2H), 7.58 (s,

1H), 7.89 (s, 1H); "*C NMR (125.7 MHz, DMSO-ds) 525.86, 26.26, 26.88, 32.92, 34.29,
30  35.81, 36.14, 36.44, 50.38, 108.39, 110.62, 122.87 (br s), 137.04 (br s), 143.25 (br s),
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Cl7H26N204: C, 63.33; H, 8.13; N, 8.69. Found: C, 63.06; H, 8.29; N, 8.49.
ci s- Adamant ane-2-spiro-3'-8-[ [(tert-b utyl am no)carbonyl] am no] -

1',2", 4" -worisos@s@i r o[ 4. 5] decane (0Z222). To a sol uti on ofrCc@AKBY1¢7815 ny, 1
mmol) in CH2C12 30 (10 nl) at 0 C were added triethylam ne (350 ng, 3.48
mmol ) and tert- butyI isocyanate (100 ng, 1 mmol ). The resulting m xture was

stirred at rt for before renoval of 118 WO O /00068§ /U(gélQ?G?
sol vent s.16TH&. Aaali @L?Ed\/fﬂ"scmﬁtd‘b@apéélz% £ 694Pet. T %Nrﬂ dpupg

purified I_E;y,/. 1Fﬁ\)’%t l'ization from 95% et hanol to give trioxolane OzZ222 (300
ng, 79% ‘as ‘a’cdlorl’'ess solid. nmp 130 C dec (ethanol); '"H NVR (500 Mz,

CDC13) 81.32 (cfis,-AaH)nanialiéZZ-ﬁm?dB(—&'l-[(dlﬂ&l‘hylaﬁuﬁél)n{eﬂlyl]]el'b,r41 28 (s, 1H), 4.37
(s, 1H); 13C NWVR (125. 1%) 826.44," 5 26,81, 29.54, 30.64, 32. 83,
34.75, 3@riegasp®] é]dmnemesmtei 239g Agplutiomofzs-Adgmpntang T-epire-g-8'-

LG IRy 2 FuSBinsP  hand P4 SR thoy sl 7, 2,
1,2, 4 nﬁglsol mbﬁﬁlﬁnﬁﬂﬂﬁgnﬁdﬁlﬁx&%ﬁhoxﬁ@or@hm@wmﬂig ofg h¥)Nadi2-( 0. 24
u

g, 6mm| é nitrogen at 0C was add a solution of
met hyl 4 dlﬂmlomtbalzm l$oal) b@xymrmdeat rofor & hdef@eemigquenchevith Styrpted aghe

t d f 30 f t th If t
of 2110 3188 0506 RRarigpaich Sip bafe b udent HspurLatiasg °" °
reacti on yixCHLEL 2% 1088l efhedombmed icmag&ts wedRaHRE Svith Whter ¥ad Bind, 100
m), and then extracted with CH2Cl2 (3 X The conbi ned extracts were

washed widriedwaeravig80d, andi cnn;cenmtﬁ@dl" f@\re&ultmde ﬁlloﬂltlcé veas, disgotvedamcent r at ed.

et hy! - acatrab PReH OBy shd ki oS R SERARTSIBR R GB&erd oxol ane

Qz223 (0. n%:hog’m 0% (ﬂn})t 4513 ﬁb&ﬁf&&w ¥8s @oueefédcw ﬁl?rﬁtlo'iptb' ﬁf&a @n&{dlé}f&O' ane
Qz224 (0.36 g, 47/% eluted second) as a col orl ess solid. For np

148- 150 a)zmaaemg:lazmzsamlm)wss sb{mmp 1 500C et HODGR3|S S IMEZ; H)MSIO (m
2 1.55- 18 13 (d 52
T 3 gt 1801 B, T 1ORe 18 b o 82 T 8B 6amnat, Tots S 57 3,

135, 35, TS Gar i 4Aofte Dy R R o CRMBUAI NS DNISH .57 %5, T

6.96. Fouwbe, ©8.26732/46, 3Bl37734494 3bl50636385, 39.25, 44.35, 64.04, 107.55, 111 77. Anal,
ci s- Adamant ane- 2- SI_E)I ro- - met hoxycar bonyl - 1' H i ni dazol - (&I met hyl ) -

1', 2", 4" -Galedfoa i ﬁN@ﬁSjO(ﬁéb@nQ @mzﬁh) 5FHAY, 3-Be Fenedidr.at3. O Ho 8. see
02223 m;’ 5 150-152 C (ethanol); '"H NWMR (500 MHz, CDC13) 81.15- 1.39 (m
1.4 15 (m
cis-Adamantane-2-spiro-3'-8'-(5'-methoxycarbonyl-1'H-1',2',4'-triazol-1'-

20  ylmethyl)-1',2',4'-trioxaspiro[4.5]decane (0Z233). To a suspension of 60% NaH (0.20 g,
5 mmol) in DMF (5 ml) under nitrogen at 0 °C was added a solution of methyl 1H-1,2,4-
triazole-3-carboxylate (0.64 g, 5 mmol) in DMF (5 ml). The mixture was stirred for 1 h
before a solution of the methanesulfonate of 0Z119 (0.93 g, 2.5 mmol) in DMF (5 ml) was
added dropwise. The reaction mixture was heated at 55 °C overnight, quenched with water

25 (60 ml), and then extracted with CH,Cl, (3 x 40 ml). The combined extracts were washed
with water and brine, dried over MgSQO,, filtered, and concentrated. The crude product was
purified by flash chromatography (silica gel, 33% to 66% ethyl acetate in hexanes) to
afford trioxolane 0Z.233 (0.27 g, 27%, eluted first) as a colorless solid and trioxolane
027234 (0.21 g, 21%, eluted second) as a colorless solid. For 0Z233: mp 120-122 °C; 'H

30 NMR (500 MHz, CDCl3) 61.29-1.49 (m, 2H), 1.52-2.16 (m, 21H), 3.99 (s, 3H), 4.50 (d, J
= 7.1 Hz, 2H), 7.96 (s, 1H); °C NMR (125.7 MHz, CDCl;) 5§26.64, 27.04, 27.46, 33.59,
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21H), 3.81 (d, J =7.4 Hz, 2H), 3.89 (s, 3H), 7.44 (s, 1H), 7.57 (s, 1H);
13C NWR (125.7 M1z, CDCl3) 826.42, 26.81, 27.53, 33.39, 34.75, 36. 34,

36. 72, 3W0330bk766, 52.95, 108.01, 111.68, 125.29, 133. PeI/UKBB1967
163.25. Anal. Calcd for C22H30N205: C, 65.65; H 7.51; N, 6.96. Found: C,
65.79; H 7.34; N, 6.85. 30

ci s- Adamant ane- I r 4' - car box ) 1,2, 4
T or i bR 5] TSR ad 17 25 3 MRl bl 56, (6878411490 ) 500 RakE ot )
15% KOH géalgqfo%gw} SAQgQ?%]?t £ %4U§0¥6]497?3131d”b) 62. ﬁ&f&ﬁ”’?ﬁi‘%@% 415 )

was heat coo e mXxture ‘was

concentrat ed tc@s-ﬁdmmndinbms;ﬁkm't&-(mmthdxgzsamohyl-HM1az'l,mtﬁaed-wt h acetic
acid to pH= 5. The solid was collected by filtration to afford trioxol ane

az225 ( 0.YlmethyDeligd),45triaxaspise(dSldesane (PZa34)For e prepawsion of AGdR4( 50 |sz,

OSO- €5). (i iy P 4 o 0 i b8 3505y 310, 0. AT e

525350 "I P R ITE) 230 3 60F (S ONBB R P B

7.44; N, 26.6927.60,L2W55, @346,2343&37 36150756]55 351 8965865, 55.73, 108 07 111 70
Adamant ane- 2-s "-trioxaspiro[4 -7 -

(226) . 1 1555&5&0& Topaai Kriort 40 B EafO Gambt 51 o5 2419, 0.1 Fomag:
sol ution 0? 211711(} %)%flo mml) in ether (50 m) at -78 C was added
phenyl |'i t Hi um M 4.40 mmol). The reaction m xture was all owed

to reach rt duis-Adamahtane-spiond' k8 1\|H-1 h2S4tttitiazbled-ydmethyW)# ' 430! uti on (30
m). After the ether |ayer was se%arat ed, the aqueous | ayer was extracted

\l/)vlth et hérlowmrolféﬁ}ﬁefanemesywﬁﬂ? 3%ﬁ)oT@ar$pblt@;at0f 217120 g SHemo) inh
1
rine %x&??bd“ki)lw adﬁgc}]gyo%t MR ha%? cl%lgcgsglé @@gfo gfgﬁgS{) g&'gthQ{ Quct

was purifired t Onal 0g ra exanes) to

afford t kgl tThe&&@ilﬁﬁgemﬁaﬁlblv«a@FIacemﬁterzwdl Seenigh2 Bhdgblidowadeollkctbd Biyxt ur e of
two diastereoners) as a colorless oil. 1H NVR (500 M1z, CDC13) 81.58-2.39

(m 22H) filtratian andaRgiedrin vaoeyo torafford rigglansm 02235 (14842 96%0)38 acalorizsy sohﬂsc NVR

Caoont a1 S8yar bt el S, Coehe s Pds it @R, 3822 e

72. 38 1 4 ; 2 mil2 07
[2,°5, 08RG 0890 113 B0 Msb, A ot (28501 g6 Buny §o|

i nt er mediNVIR (1I5)7MH1ZJ (E]D@d) §@6 68, 2ﬂ19b12712|99333.64>v3€4 85ca6Bilnd6.51 %CBG;@S) 65 54

| dded hyl
ol 1 oI hOB2a 1 6P T20i0: S A A4 BN DI (5 4D By 085N, o

mol) 9,52, Found: C, 54.28; H, 6.92; N, 9.33.

20 cis-Adamantane-2-spiro-3'-8'-[[bis(2'-amino-2'-oxoethyl)amino] methyl]-
1',2',4'-trioxaspiro[4.5]decane (OZ236). A mixture of cis-adamantane-2-spiro-3’-8’-
aminomethyl-1°,2’,4’-trioxaspiro[4.5]decane (293 mg, 1 mmol), 2-bromoacetamide (138
mg, 1 mmol), and potassium carbonate (276 mg, 2 mmol) in acetonitrile (18 ml) was
heated at 50 °C for 16 h before being diluted with water (25 ml). The resulting mixture was

25  extracted with chloroform (3 x 18 ml). The combined extracts were washed with water and
brine, dried over MgSQs, and concentrated. The crude product was purified by falsh
chromatography (silica gel, 18% methanol in CH,Cl,) and by recrystallization from CHClI;
to afford trioxolane 0Z236 (180 mg, 44%) as a colorless solid. mp 157-159°C (CHCl,); !-
H NMR (500 MHz, DMSO-ds) 60.89-1.16 (m, 2H), 1.38-2.09 (m, 21H),2.25 (d,J=7.1

30  Hz, 2H),2.97 (s, 4H), 7.13 (s, 2H), 7.50 (s, 2H); '>C NMR (125.7 MHz, DMSO-ds) §
25.96, 26.36, 28.13, 33.51, 33.54, 34.40, 34.42, 35.92, 36.25, 59.21, 61.26, 108.90, 110.57,
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25 in CH2CA 2 (5 mM). The resulting mxture was stirred at OC for 8 h and
poured into water (10 m). After separation of the organic |ayer, the
aqueous |woas/ows3e extracted with CH2Cl2 (3 x 15 nl). Thepcamisonededr gani ¢
extracts were dried over MgSO4, filtered, and concentrated. The crude
product was purified by flash chromatography (silica gel, 1 %ether in

hexanes) and by subseque recrystallization fro exane 1) to
afford 3d7¥r79o #laﬁélcg)ﬁzfééz ﬂné@éﬂ& 6830041, §4 65N g‘}g’i Ia'sér 8%1.84; 62-64 C
(ether/h 88.10421); "H NWR (500 Mz, CDCl3) 81.42- 2. 21 (m 16H),
2.40-2.73° 11 5.73-5.99 (m 1H), 120 WD 03/000676 PCT/ US02/ 19767
7.02-7.45 (m Mdaﬁﬁ@tm {pih3'78'NHamiaolniidpmetyl)amin@finethyl]A7,2',4'9, 31. 36,
34.81, 34.88, 34.95, 35.12, 35.23, 36.64, 36,70, 36,98 107.80, 111.81,
120. 95, 1pigxaspiro[$5]dpsane hydyoctdoride (04337) Amiure afgis-adamantapert-seirrp603:

C, 78_.07, 7..74, ds,

ci s- Aaamfnt aﬁ‘é‘“ﬁ"@ﬁmgqsz ‘g'mf)??%qmr[r)g% ﬁcaﬁ&(zp??éne%’ézrlmr?ﬁla car%yrnylfi net hyl ] -
1", 2", 4' -afdoR¥dfdhe i dHodhl iRl tlLdAkol), MN&iuS@ﬂrupyléﬁhylﬁmi@ZZBl%ﬁg,Zl rrg, 1
mml) in CH2Cl2 (10 m) at OC were added triethyl am ne_ (303 )

and et hylmmpl)én (amd \(J@anrrq@atrzfméﬁybefmé)erﬁg)dlme@ edher r(?(blal)aifhg C
for 15 mn.. efor gded The

resul ting® St paies B A B A lze‘ggn%z"o%{ d, Rl R D o 2 (10
n), was hﬁ@lxdwﬁefbmw(zmggg 6% aélh badrlgésegollwgﬁﬁi4@am9°@qeo%uqr ath@ﬁblyhe

crude product was purifi crystallizati om et hanol to affor
trioxol ar}él\mzwqusaﬂ%d@%d Zﬂo(lm;ZIé)sé 3862. Dﬁ(mr@lHﬁ, B (@py stlranol )

"H NMVR ( 13) 81 15:1 3 g 159218 1H£ 2,21 (d, J
= 6.9 Hz 6%1)1 21@ ééot%S @) G (slé!5( M%Osz) $+%7-00,
325, T o A AE N (it Mg 42 R0 (ﬁ%fB " 54 59
55. 31, 1Q8:BR/CIN;Us: 8258.170H,4613; N)al .30 Pdwist: fCQlSS @a&mmoyﬁ 1696.68. 29; H,

8.97; N, 6.92. Found: C, 6807 H 8.69; N,
ci s- Adamant anélSEAmeﬂétasle'%sm(%é'rﬁfdéfﬁWl}0'I2"°’2°eﬂll&’l)‘i w?'eKaspiro [4.5] decane

Sol uthon EP-RNBIRSGRABLIGHAL 18 & 8208 iR PRI CHCR A o0
(760 ny, mdl)aHoPOl wad :md%/ﬁE(A?ﬁ%Oi Ing, Thendl) fllswee 15l chloedfainateq2 Bbnig, por 16

h before be| ng quenched with water (15 mé After separation of the
or gani ¢ Iramel), Afterel aapire emsnonip(@mMN mgetbmcpla T Hwas adﬁleézmﬂ\estlmngma&n ). The

conbi ned o amd(\foxl ?ﬁlﬁrlshevp\gécei\plgarfe v%gs fi¥szta 'XHE' %éd tfolalftto% 8’1 6’}5}% 62248 (5106‘t ed.
mg, 65%) as a colorless solid. mp 140-142°C; "H NMR (500 MHz, CDCl3) §1.09-1.43
20 (m, 3H), 1.45-2.15 (m, 20H), 2.11 (d, J = 7.1 Hz, 2H), 5.48 (s, 1H), 5.66 (s, 1H); BCNMR
(125.7 MHz, CDCls) §26.47, 26.85, 29.97, 33.32, 33.95, 34.77, 36.38, 36.78, 42.55,
108.50, 111.35, 174.39. Anal. Calcd for C,sH,7NO4: C, 67.26; H, 8.47; N, 4.36. Found: C,
67.40; H, 8.47; N, 4.39.

..!.-

cis-Adamantane-2-spiro-3'-8'-[[(4'-phenyl-1'-piperazinyl)carbonyl] methyl]-
25 1'2'.4'-trioxaspiro[4.5]decane (0Z244). To a solution of 0Z78 (322 mg, 1 mmol) in
CH,CI; (10 ml) at 0 °C was added TEA (202mg, 2mmol) followed by ethyl chloroformate
(217 mg, 2 mmol). After 15 min, 1-phenylpiperazine (162 mg, 1 mmol) was added, and
the stirring was continued for 12 h. The reaction mixture was concentrated, diluted with
water, and filtered. The crude product was purified by recrystallization from ethanol to give
30 trioxolane 0Z244 (280 mg, 60%) as a colorless solid. mp 140-142°C (ethanol); 'H NMR
(500 MHz, CDCl;) 6 1.18-1.38 (m, 2H), 1.55-2.18 (m, 21H), 2.26 (d, J = 6.9 Hz, 2H),
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The residue was purified by crystallization fromethanol to give trioxol ane
Qz228 (618 25 ng, 93% as a colorless solid. np 58-60 C (ethanol); 'H NWR
(500 MHz,wODGL@)6761.11- 1.37 (m 2H), 1.38-1.48 (m 1H), Pcaasb2/éteé{m 2H),
1.62-2.18 (m 20H), 3.29 (t, J =7.0 Hz, 2H); 13C NWR (125.7 MHz, CDC13)
826. 69, 27.10, 29.91, 33.63, 34.13, 34.92, 34.94, 35.02, 36.62, 36.99,

1260, PG 2 TSR Uip Gty L LGP e G b bl Horis N
c1 o Ada gﬁ?(g@g;@agmm%ﬁ@ SRhY A 8wy 13582500 Al Sh.dgcane

hydr ochl s6l ution
m) were 361@139/\4330481/ 9130,515@ RCT/, 4802 10B7HY] 11maema5& nmemn pROcZn HiSAH1( 262
ng, 1 nol) and wat er ( . The mixture was sti rt for 16 _h and

di | ut ed W70502Amla§alqd|@r %HWMOA Tthe 28 e |§»2(1a11‘b6\98sF9l+r44 & 42250 e8-Mshed
W th ﬁ\? 10 n1) and drledto gi ve trioxol ane Qz229 (194 ngy, 56% as a
col or Pes 150-152 C; '"H NWR (500 MHz, DWMSO-d6) 81.00-1.19 (m

2H), 1.25-2. ngdd}haﬁtaaé{'ﬂ)s u%—ﬁ-78‘-31 dfo LB'-(ZH}hlaﬁolS)H-I(S ,4B8H); 13C NWR (125.7
VHz, DMSO d6) 525. 83, 26. 5 3, 32.40, 33.02, 33.37, 34. 24, 34 26,

35.81, 3drivtaspd®[4.5]decase GBZ24ﬂ1{SFmgstlrmdaqolutm ofd-brometheazie (FdoNDa: 1.&,

(i s- { aodnahb ahaDsT B pubBagh, i 7R3 adast bt U bl nghoh Pl

1, 2- benzenedingdy, hneasiutitn g(&éﬂ%loﬁoﬁﬂﬂoﬁtwmmfed@h% af e sdle Tempetatate, oI )
and 10 hydr azi ne nmonohydrate (5.00 g, 50 nmmol) in chloroform (180 m) and

met hanol a@ﬂ(ﬂlama)sqmdﬁ@b@ﬁ (firh&lmg, |5tmmanna:lry B"HE (1@mlpwap addpde Theact | on

t | ed t | tered t od t Th
Fi 117t o MaGTRASREHOTe fo R CIUBRAM SRR Rt (bR Rnd ey or

MySO4, n IoARic ExHdBLsAV AL Wathedapi HHﬁhef (Bdnpy flash
chr omat og‘%lggﬂﬁg’(ﬁpgscgmgg%@%ﬁ%%?I?/e%ﬁif/cEt 3N, ts90 10 )e toltaf f or% trP%xol ane

Qz230 15 dribd @0ergy1g300% and|coneedtrited sthe cauds product was purified by flash

(510 . PpaiagrapRyldics 6] % aD0ds tastasbpafoNayedy sl an | o o

164- 166 | ddriox 1 39 4H),
14398 ST Uy MDA e, PR ibrtzss (1

2H), 7. 53iasterédmém) a%bqlorlﬁﬁ&%@%@mxam@ﬂ&) 94925 HHMRESGBMIRZ . 81,
33.77, 34.79. 36.29, 45.39, 108.54, 111.38. 12851,
130. 27, 13ACkY 6 1@9221? (mA%%I) 3é§l(§>c9 57}&34@424—%éﬁ26828é Y 703@‘7é &5?‘% 87: N

> glAdZ‘r)m“i‘n?o @g:lz@%?fr%oo 5H).7. @91@, J 3% RP:0.5H), 7.72 (¢, 7= 3.0 Hz, 0.5H); "C NMR
oxy- 1" Himpslaagz) CDE|13W2B)4|5)26 46, 26,84 29.98, 30.09, 34.73, 34.77, 34.79, 34.86, 36.34,
20 36.40, 36.48, 36.75,36.77, 72.44, 73.00, 107.91, 107.97, 111.61, 111.84, 119.02, 141.95,
142.16, 177.99, 178.23. Anal. Calcd for C;oH,sNO4S: C, 62.78; H, 6.93; N, 3.85. Found:
C, 62.94; H, 7.01; N, 3.89.
cis-Adamantane-2-spiro-3'-8'-(1'H-imidazol-2'-yl)-1',2' 4'-
trioxaspiro[4.5]decane (OZ251). Step 1. To a solution of oxalyl chloride (0.99 g, 7.8
25  mmol) in CH,Cl, (50 ml) at —78°C was added methyl sulfoxide (1.41 g, 18 mmol)
dropwise. The mixture was stirred at —78°C for 30 min before 0Z119 (1.76 g, 6 mmol) in
CH,CI; (5 ml) was added. After the resulting mixture was stirred for 45 min, triethylamine
(3.03 g, 30 mmol) was added. The mixture was warmed to rt for 2 h and quenched with
water (50 ml). The organic layer was washed with water (2 x 30 ml) and brine, dried over

30  MgSOQy, and concentrated. The crude product (1.80 g) was crystallized from 50% ethanol to
afford the desired aldehyde, cis-Adamantane-2-spiro-3'-8'-formyl-1',2'4'-
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trioxaspiro[4.5]decane (0zZ231). A m xture of Qz223 (0.10 g, 0.25 mml), 15%
KOH (1.0 M), nethanol (10 m), and THE (2 m ) was heated at 55 C for 4 h.
After beiwgQocoaléedl 25 to roomtenperature, the m xture wasTASIL&TET ated to
3m, diluted with water (15 m), and acidified with acetic acid to pH =

5. The solid was collected by filtration to afford trioxol ane QZ231 (77 ny,
79% as a colorless solid. np 164-166 C, 1H NMR (500 Mz, 539/5 dGé |

81. 03- 1. Brioxaspira[4.5]decase, {0.83g, 4H6)2s picologlesgsqlifl. mp 74— FG of%a,no ;58 (s,

32,55, MmOy Cokl o o3 O g F2icdadin iy, 80 35701 °0 )

137.04 ( 52 e HndR13/ah8 46 % glib1all0.
Anai iz THY, S 27Dk hlufidn of B AbIORERBE 7%5; S jg:gund: C,
63.41;  I45mg1; miholPin/mdthanol (12 ml) at 0°C was added ammonia (0.45ml, 7N in

i oxhapmedhaso] To6 Ei e sy MV GRTS i HAVEHT Biabp bapeenrated The crude

ci s- Adamant ane- 2- spi.fo- 34 - 8 . -

(am nome Ry Ly §8GRiEH fimheranes CHaG (3.2) 10 aflgydrigxolane OZES) (240 me,

f or mal delygelg af 468lo¥ss HIith r@pl 13&-Al408C (rexaResiTHLT L, :EZ)drTFHINMR (500 MHz,
triacetoxyborohydride (612 ng, 2.8 mol) in 1,2-_dighl qroet n7e 5 mM) was
stirred &DCh) 65842423 bt 24D, %éﬁr?g%%rﬂ)éh)eé-%@hﬂ@at Grl?ﬂc\é%(g%: co3 (10
m). After_separatio r b Gnl , I xtracted
w ih ooenCebaEsn sidh L SrEPass B Bhe T A RS AU LR L Vet o
and bgin he rAdYD t cabede; H,7e93: aqUs 4. Fpuad.ude
prodgét a/gé']lgi@gé& gseg(y(?n O%%Zflaig?ﬁg?éi‘??%c’ ?Lg m) and treated with a

sol ut i on 69f040ER NAGedLIBHONi ¢ acid (96 ny, 1 mmol) in ether (2 m). The

precipitate was collected by filtratjon to afford tri Qz232 (230
ny, 55% as a céofdamaataner- Pdr.°'11‘rf)§ ilyo‘ %QEY?“‘!!}"N%R"{"Q%?@“? " DVSO dé)

81. 25- 1. . s : 7. ' Fotmyll = 6.2
e “2ry . gl sideciie 2AZA pllile o il dafuanbiter Splh.f ot

VHz, DVBQ@*d6)'-@ifxabpiro[43jd&ane @322Mg, 13Pmal), 23aBinpthBoBA(1586150,5 B31@p,
39.25, 44.35, 64.04, 107.55, 111.77. Apal I r S0. 6H20: C,
55. 925 Hang aseic aqid @40eng, #&dﬁ@?l%@} CeCh{10 H}I%P%g}é}ﬁa@@@.g%w“

ci s- Adamant ane: 2+Spj PO S It oY ) Ho 15 0Pmndd] i -1'- 2
0 yl met hfﬁ)’re‘igt, %fg‘?g ??’?g’§é2ss°8|{“r§%frzft®§‘?8%%°gﬁfé§ t?ozméz%%z) I&g‘r%‘ogm‘slﬁgaiéérfﬁagg&of 60%
NaH (0. 20rHa resubtinpmiigtuierwddfrrédbatrt dvemnigir and then geenched With samsatediapd a
solution of neth 1H-1,2,4- triazole- 3-03r boxyl ﬁt e &0. 64 Ig % mmél_} i n DMF
(5 m). TRaHGOx( ml)yBhe ergam¢ lyerwas sgparated and washed with wate and brine, dried

over MgSOs, and concentrated. The crude prude was purified by flash chromatography

20  (silica gel, 2% CH3;OH in CH,Cl,). The enriched product was dissolved in ether/CH,Cl,
(4:1, 20 ml), treated with methanesulfonic acid (40 mg, 0.4 mmol), and placed at —20°C
overnight. After the solvent was decanted, the residue was washed with ether and dried in
vacuo to afford trioxolane 0Z252 (110 mg, 23%) as a colorless solid. mp 136-138°C; 'H
NMR (500 MHz, CDCls) §1.20-1.41 (m, 2H), 1.50-2.21 (m, 21H), 2.88 (s, 3H), 3.11 (app

25 t,J=6.1Hz, 2H), 6.54 (d,] = 4.1 Hz, 1H), 7.05 (d, ] = 4.1 Hz, 1H), 10.51 (s, 1H), 14.17
(s, 1H); °C NMR (125.7 MHz, CDCl3) 526.46, 26.84, 27.88, 33.44, 34.77, 35.66, 36.38,
36.76, 39.45, 54.26,104.97, 108.18, 111.57, 127.14, 170.79. Anal. Calcd for
C,H3,N,06S:: C, 53.37; H, 6.82; N, 5.93. Found: C, 53.16; H, 6.76; N, 5.91.

cis-Adamantane-2-spiro-3'-8'-[(cyclopropylamino)methyl]-1',2',4'-

30 trioxaspiro[4.5]decane mesylate (0Z253). To a solution cis-adamantane-2-spiro-3'-8'-

formyl-1',2',4'-trioxaspiro[4.5]decane (292 mg, 1.0 mmol), cyclopropylamine (57 mg,
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before a solution of the nethanesul fonate of Oz119 (0.93 g, 2.5 muol) in
DVF (5 mM) was added dropw se. The reaction m xture was heated at 55 C
over ni ghtwogaeomshed with water 25 (60 nl), and then extraecedsee/1416CH2CL2
(3 x 40 m). The conbined extracts were washed wth water and brine, dried
over MgSHA, filtered, and concentrated. The crude product was purified by
flash chromatography (silica gel, 33%to 66% ethyl acetate in hexanes) to
afford tri.oxohal)hendzes® el (99 mg, 1;5moa|1ntle?ddtchlosqe)haa§ (10 pd) a3 addlgd s o] i d

For Qroasoing aeetonpaeohyaidSpoRine t<bpmidty THERRTES 85 S5t G2 fpacyy ' &
1.52-2. 16(%_1%1?1%%%}5% with $tufafed a %"NaHéO'i_’gZ?d . & heo anit 14y%er waklseparat&Pafdsthe1H) ;

13C NMVR ( CDC13) 15 26. 64 6, 33.59, 123 WO 03/ 000676
PCT/ US02/ dQ26i lays w89, ex&ﬁztﬁl?WItliBGPE@h (3% mnl)sfh@@m@saeWgaqlesxgws Were 53,

igo 4185 Fé‘ggﬁgggwt%g%at%%ndﬁ%%%, dflf(ci:% %géi’ %'g%%é\el:%gated CI‘he: crug’ product gt N
ci s- Adaﬁ%]lfﬁﬁ (3 (<iFBE 21,209 hBOMHexdnes H0U mP'theli 0% azol -
yl met hyl) gbﬁﬁeftl?@gﬁlaats%lrarpo%m ecane (02234)e F(S)r t he preparation of

Qz234, S&ﬁet‘hax@lZ@GHzﬁ'h Jm)46 gi®e twmﬁmmr(%mbemﬁa@mlﬁﬁ%]g)m1 41 (m
2 1.52-2.16 21H)

1t|)|) . 13C 9telfiz Cfml\%so}&%@ig @) Febtiord e ie G Iad B mE A g g7
36. 50, 36 esg ?@9 EBg ﬁﬁcgygd frgétloé?(’l 6@-91% Qs dils%élvgl? n etﬂé‘{B %151) aﬂcﬁéea?t@d witﬁo %3

Anal . Cal & Found: C,
H 7.1%7; zi\lsoldxﬂ)xﬁﬁ' méBanesulfonic acid (46 mg) in ether (3 ml). The pre01p1tate was collected by

% ?OQSZ‘??E%[%E&M&@% sdorbmoyeihe P26l scadeires sobd. Sa
3.5
(0.40' o, BT T ﬁ%ﬂ%ﬁ%ﬁ@aﬁ?ﬁf?ﬁé%fé@% R A S

-20 C ovef npua ﬁnThﬁ-I)SPQBdI ABEn COH), €507 19¥m, DMy, 2a0LRB9ANY 1H),i2TB (sn vaccuo
to afford trioxol ane ©z235 (1.48 g, 96% as a colorless solid. 15

139- 142 G3H), R.8IVRO2 SRO2NHB,63CBCID) "SINMR (12447 MHz, GRCL)10 3J0.2614p, (21618521H)

Cbr 45 113189, 38 Dt 0 5er Sl oty 7 o385 bt e U797 1! Aupaf Cpreaz’s 52
36. 21, 36, &6\_@6@6% @%é cH, §§171ih 3%@7Fo%%d &143 69 .H,841%5.30,3.9544. 05. Anal .

Cal cd for 40; N, 9.52. 'Found:’ C, 54.28; H,
6.92; N, 9.33. NZ@-ms(&sAdamantane-z-splro-y 1 2' 4'-trloxasplro[4 5]decane-8'

o B 10525 I0SB%0% e b 250k STtk ozass
ci s- adamapl ang- £:@piEPr,H/EH;Cl, 6:1); 'H NMR (500 MHz, CDCls) 6 0.22-0.35 (m, 2H),
20  0.36-0.48 (m, 2H), 0.97-1.15 (m, 4H), 1.45-2.15 (m, 43H), 2.28 (d, J = 7.1 Hz, 4H); Be
NMR (125.7 MHz, CDCl;) & 6.80, 26.52, 26.92, 28.68, 34.09, 34.43, 34.80, 34.82, 36.42,
36.85, 38.74, 63.12, 109.31, 111.15. Anal. Calcd for C37HssNOg: C, 72.87; H, 9.09; N,
2.30. Found: C, 72.83; H, 8.95; N, 2.33.
cis-Adamantane-2-spiro-3'-8'-[[(4'-pyridinylcarbonyl)amino]methyl]-1',2'4'-
25  trioxaspiro[4.5]decane (OZ255). To a solution of OZ209 (389 mg, 1.0 mmol) and
triethylamine (0.6 g, 6 mmol) in CH,Cl, (10 ml) at 0 °C was added a solution of
isonicotinoyl chloride hydrochloride (267 mg, 1.5 mmol) in CH,Cl; (10 ml). The resulting
mixture was stirred at rt overnight before being quenched with water (20 ml). After
separation of the organic phase, the aqueous layer was extracted with CH,Cl, (20 ml). The
30 combined organic extracts were washed with water and brine, dried over MgSQy,, and

concentrated. The crude product was crystallized from 40% aq. ethanol to afford trioxolane
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am nonet hyl -1',2", 4" -trioxaspiro[4.5]decane (293 ng, 1 mol),
2-bronmoacetam de (138 ng, 1 mml), and potassium carbonate (276 ng, 2
nmol ) in woasomeréile (18 M) was heated at 50 C for 16 mrchrafSor/e97bei ng
diluted with water (25 nml). The resulting m xture was 25 extracted with
chloroform (3 x 18 m ). The conbined extracts were washed with water and
brine, dried over MJSO4, and concentrated. The crude product e urified
by fal shOZISSdAH) o AAH) fssi dolerlesyedlid. mpokddel 4656 dH0Yorma crthanol); Mﬁ%

col of | oW, CRE I 9 eefhy 2557 [ B BBt S Fadlle) 1%6°
(M2 sl 8], {1 @b s gz dsloe e, 20 W ok B oL

28. 13, 3363, 2638,24.8834340,3437, 3221,35.382 36.36, 45541 998.24,, 1 142620808 90,

110.57, 124 WO 63/ 000676 PCT/ US02/'19767 . 172. 79. Anal | cd for
C21H3BN3051.7¢;, 15615790 65463 Anal.d:aled for 628Ny Ge69.82; 1o/ 1% Ny .03 Foypd: Gy

10 12. spiro-3'-8"-[ [(am noi m nonethyl)am no] nethyl]-1
, 2", 4 - 6?71 dﬁnzg ’ro[Z%g] decane hydrochloride (0Z237). A m xture of

ci s- adamant ang;sZA & Mnaftane-23spire-3'B1[[(2VWBinhnd-2'Loxothyhaniin o methyl) 102145 ] decane
(293 nmg, 1 mol), 1H pyrazole-|I carboxam di ne hydrochloride (147 ngy, 1

mol ), NtNextispirof#.Splecene {QZ250he mixtoref 0420989 mg hmoRel@dni ) was

ti d at t f bef b h lid
N T T
ff 46- 149C
o100 VLRI Tl 1 Bt Sy0ht (seng R

1. 39- 2. 05dded, TB&hi)lxtch 98s licapd at 50°JC for 16 hothep dilpteyl with veer(3fgmppgndsH) ;. 13C

NVR (125.7 26.27.. 2.7.00 35,2 35. 83,
36. 14 4§X§§3tedmgyi% e ’ézrlt’ s TRSebip&l ordgaie eRTiy Wﬂ&%iéﬁ%ﬂ%@%te
58. 13, Han8bidige, dN’ed jel'e131015859 WAE corfeentpdled The ldrude ﬁ@duchaé guﬁﬁed BY Hadd

amant ane- 2-spi ro- 3" - am no-2' - oxoet hyl)-1"
trioxas plchMt@ratﬂga(mﬂlce@ElZ&%)CHsﬁHm@le@tz] toraffond tr@szn(%:Qmiﬁg@OInmml ) in

CH2Cl 2 (10 m) at OC was adde (i I b hyl
chl oiéfoﬂﬁeﬁ)@sezmlwr}?@s sopid. mpdp l-gg%; ?Ilﬁ'yﬁgﬁ{)% [ |||U¢P§ )7‘30{1‘6??} %e‘gﬁanol 3
m) was e i o i i ate
web 111t eronr3ha o P RD 499 (8T s 2200, 0 %%8“5 o QU B
col or | ess3aivR (1297 Mz, Je}m) ais. me(sspﬁs V3. &@@43;1 Bﬂ.76936]354362(2 (m
3H), 1.45-2.15 (m 20H), d J=7.1Hz, 2H, 5.4 H)566(s
1H); 13C3EVR, 52.52, 55.72, 108. 73 111 1, 174.84. Anal Calcd for C19H30N2 -0 25H,0: C

63.80; H, 8.68; N, 7.83. Found: C, 63.68; H, 8.25; N, 7.82.

20 cis-Adamantane-2-spiro-3'-8'-[[(methanesulfonyl)amino]methyl]-1',2',4'-

trioxaspiro[4.5]decane (0Z257). To a solution of 0Z209 (389 mg, 1 mmol) and
triethylamine (404 mg, 4 mmol) in CH,Cl, (10 ml) at 0°C was added a solution of
methanesulfonyl chloride (171 mg, 1.5 mmol) in CH,Cl, (1.5 ml). The mixture was stirred
at rt for 16 h, washed with water and brine, dried over MgSO,, and concentrated. The crude
25  product was purified by flash chromatography (silica gel, 5% CH;O0H in CH,Cl,) to afford
trioxolane OZ257 (290 mg, 78%) as a colorless solid. mp 124-126 °C; '"H NMR (500
MHz, CDCls) 61.15-1.33 (m, 2H), 1.45-2.17 (m, 21H), 2.95 (s, 3H), 2.99 (app t, ] = 6.7
Hz, 2H), 4.31 (br s, 1H); °C NMR (125.7 MHz, CDCls) §26.47, 26.86, 27.55, 33.60,
34.78, 34.79, 36.38, 36.77, 40.36, 48.54, 108.40, 111.50. Anal. Calcd for C;gH,0NOsS: C,
30 58.20;H, 7.87; N, 3.77. Found: C, 58.32; H, 7.74; N, 3.83.
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(125.7 MHz, CDC13) 826.47, 26.85, 29.97, 33.32, 33.95, 34.77, 36.38, 36.78,
42.55, 108.50, 111.35, 174.39. Anal. Calcd for CL8H27NO4: C, 67.26; H,
8.47; N, wo3dBwodecend: C, 67.40; H, 8.47; N, 4.39. PCT/US02/19767

ci s- Adamant ane- 2-spiro-3'-8'-[ [(4' -phenyl-1"-piperazinyl)carbonyl]
methyl]- 25 1',2',4'-trioxaspi ro[4 5] decane (0zZ244). To a solution of QZ78
(322 nmg, 1 mmol) in CH2C12 at 0 C was added TEA (202ng,. 2nmol )

f ol | owed by eéﬁymaemmr%th% -1 zlwcwm? Tqmm)lmyh)ﬂmpo hyﬂiﬁmﬂol-

cont i nuehd oy ionipira e Rt (7, I3 MHRE o aRar 02853 7Ste, DOTL 1

wat er, amﬁlofl lht@qz@dz (5B afft UAGerN,OHY GHA MBS - puembtceqiquomgr)ylszal li zation
from et hanol o give 30 trioxolane Oz244 (280 ng, 60% as a colorless

solid. n@ammwenmc(vétmarﬁk%mmm folimved oW ding ,tnmmorghydm}ielﬂ?,gng »m 2H),

1. 55- 2.26 (d..J =6.9 2 .03/ 0 /-

R ig%‘}&}%z' ( UG s stgT &atsf ‘17_"?5 2¢ rlﬁlb g‘iﬁ\/\%’%‘&‘gﬂ’fq’g B8 () |
6.81-7. (30(11?1) "ﬂ@or&%@&y&@% sepdfiated Hried 13{d dMBertiated. Relrigstal(EXtbA)ofBRS. 48,
26. 86, 30.30, 33.3 34706, 34.78, 36. 39 36.79, 39.18, 41.51, 45. 69,

49. 47, 4€mdgprodod.fion ethartol 3ffprded @iG®]ane IZ.BI8 (86208, 26%) BEG @iorless yalid0.

o35, SmR146-bi Ciahariln BB (S s CrieEgadasd 2l S840 s 3
2 brormt nﬁﬁ'@?ﬁ?ﬁggg éh%e}g@)ng 3(‘%254511&?51-9%@!5%( ol %95@qu %%Ha}f II--I)/"8 C was

added n-BAL(dd, 1-38.8) 1.9HapKENeF0 (4, Jrﬁ= 8.8 Hz, AHMDOY (d, 'lIhwel 9 eldm| tH)NE.SBH(d,ght
yel l ow sol ution was stirred for 1 at the sanme tenperature, 10 and then a

sol ut i or~ &f2 zdgl; ZCNMR (125.5 M @DCh) 826-651-27 08, 30R7) 3 Qels. 38635 Qe
oo ol B s PRS00 ROWESe. Tl R TELIBLSS AT oM a8, DL - and

extract anic éxtfracts were

washed w3408)nu4980( 250.00, )52.061ARE Cu¥&r foMISPh,CRNG, COG7e00f Hi BJS; N&68r ude
product was purifi ed by flash chromat ography (silica gel, 10% Et QAc in

hexanes) Féuidi 6wet18yH, B2 P68 i zati on from 15 hexanes/ether (9:1) to

fford t | Cz247, (202w, .37%. f 2 d

ol 91 ess sol AAAmARCRE TSRS HAcey a1 g, S bESEIEETR) o
81. 60- 2. 1598 ’f@ﬁford‘?tnéﬁ)lz{n%’O@ZW’m?é 860%(‘?11 anxﬁl-a of27di2§ste(r@bmérsyas3a 0 Hz,
0.5H), 7.30 , Hz, 0.5H), 7.72 (d, J

3.0 Hzeol@xl&Ghipolidl 36h NAR134 1827 I-IVNMR CleBDHZSZEDQIS 51262438, 23 23, 3BH),29. 98,
30 09, 34257§3 493(4m 7171’-1) %45923?83 ?m 1%?) 6%3—230 (m, 1H), 7.02-7.12 (am, 1H), 7.90-7.96

(m, 1H), 7.98-8.04 (m, 1H); *C NMR (125.7 MHz, CDCl;) §26.40, 26.81, 26.83, 29.40,

20  29.86,32.16, 32.60, 34.69, 34.72, 34.76, 34.87, 36.29, 36.32, 36.71, 49 .54, 49.87, 107.86,
111.60, 111.81, 118.78, 118.85, 123.67, 136.22, 136.45, 138.57, 138.6 1, 143.06. Anal.
Calcd for C;HogN,0;: C, 70.76; H, 7.92; N, 7.86. Found: C, 70.88; H, 7.91; N, 7.84.

cis-Adamantane-2-spiro-3'-8'-[3'-(ethoxycarbonyl)propyl]-1",2',4'-

trioxaspiro[4.5]decane (0Z260). A solution of O-methyl 2-adamantanione oxime (895

25 mg, 5 mmol) and 4-[3-(ethoxycarbonyl)propyl]cyclohexanone (710 mg, 3.35 mmol) in
cyclohexane (85 ml) and CH,Cl; (15 ml) was treated with ozone according to the general
procedure. The crude product was purified by flash chromatography (silica gel, 5% ether in
petroleum ether) and by subsequent crystallization from ethanol to afford trioxolane
07260 (660 mg, 52%) as a colorless solid. mp 52—54°C (ethanol); 'H INMR (500 MHz,

30 CDCl3) 61.01-1.37 (m, 5H), 1.25 (t,J = 7.1 Hz, 3H), 1.47-2.21 (m, 22H), 2.27 (t,] = 7.6

Hz, 2H), 4.12 (q, J = 7.1 Hz, 2H); '>C NMR (125.7 MHz, CDCl;) §14.24, 22.63, 26.51, .

130



20 36.40, 36.48, 36.75, 36.77, 72.44, 73.00, 107.91, 107.97, 111.61,
111.84, 119.02, 141.95, 142.16, 177.99, 178.23. Anal. Calcd for
C19H25NOMNSD 0Gj00®26 78; H, 6.93; N, 3.85. Found: C, 62.94; PaT/tR0Q1976N, 3. 89.
ci s- Adamant ane- 2-spiro-3'-8'-(1'Himdazol-2"-yl)-1",2",4"-
trioxaspiro[4.5] decane (QZ251). Step 1. To a solution of oxalyl chloride

(0.99 g, 7.8 25 mmol) in CHC12 (50 nl) - 78C was addig’d&t Bygblsr#foxide
l(aéf grleg 26.90, rﬁ@cﬂll) ;élr18p3/ﬂ &% 347348 k361106, %\%20 s16-41s 8018360, 1(‘?t ’er t.he,n
resul ti %ﬁn‘%@tj\(ﬁr‘?g ‘?@‘gi for p%ﬁdsf %g‘%@l@O%SFJUPﬁ (Pg% néq@%9 3 g, 30 nmol)

was added. Th@ismaﬂ.m:ﬁaﬁm-spﬁam (y-cmbmrprapy:)anﬂ,menched with water
(50 m). The organic |layer was washed with water (2 x 30 m) and _brine,

dri ed oveioxaspiki3csidecand (0836BnTp atselytioneé OF268d2 @ELQ)@G(T!EIHB]O iR9>%as

tallized.f 50% f | d o
Yo ool O LR s T80 yacftr sLiSE 61 i) TRE R U0 GG 25 °C for
PCT/ USO 2é419 Pefbre ﬁélhgéérﬁ%&éz&ﬂm@] RRGAaEwith 6.M% chﬂg.%ng aThe peaipifatewss sol i d.
np 74-76 C (50% et hanol); H NMR (500 Mz, 4-2.02 (m 22 H),

2b20 2. li%gltﬁmd washid vx@th@@lt@dar}dxrystaﬂlmed from ethyapol tsrge\fs tdoxlang OZRA04t(1 8% of t he
(292 ny, o 4

et hanol MEIBI%) §5 HEolOsHASN AR @mméﬂ@é"ﬁé‘mfmﬁ% FERHDED) . The

TR T G B e S B D AL

product wWas €Ty ) to afford trioxol ane

Q2251 ( 2B, 522733%)26@@ @69@|2919|8€1$4§06§G|411d 34«1811335355149@:7( BexanyssH20 2,
3:2): 1H NVR (500 MHz, CDC13) 81.58-2.23

& 2.75-2.98 g} lllz_f) 6. 96
(s, 2H); 108¢6,NVR 101 PE. 4. Msial. Calondon§20H2é) s 6§é4 , 8.6% Flounds§’, 6941331, g0
34.86, 3 P 3, 36.47, 36.84, 108.00, 111.54, 10 121.10 (br s), 151.00. Anal
Calcd fo 9H26N203: C, 69.06; H 7.93; N, 8.48. Found: C, 69.04; H,

7 93; N, 8. 60.i5sAFarhSRaRELAP ﬁ‘bzfsp-lga@e lan¥ino)héthyl) i 2%41-y| am no) methyl] -1
,2',4" - trioxaspiro[4.5]decane ( A m xture of

cis- Adanamyalsmrdﬁsﬁjdem (0$262biTmaI801U110f12ff 0205 (3% mep! maMeDsPpdecane (292

0 O I i RS 560 T W iy Ry, (220
The resul LR o e aht o han. dquent o ecced
sat ur at etl6 hqwashblzhH@@w@téﬂandib)me,Tdrsd@wg@J}vﬁgSQmmcomtrg@yhr"l}he@wd@mom hed
with vat \E;}vrés ggr(ljﬁe%rl;ynﬁash cEn‘omatography (silica gel, 5% CH;O0H in CH,C1>) and by

crytallization from hexanes/CH,Cl; (3:1) to afford trioxolane 0Z262 (150 mg, 45%) as a

20 colorless solid. mp 102°C dec (hexanes/CH,Cl,, 3:1); 'H NMR (500 MHz, CDCl3) 61.15-

1.37 (m, 2H), 1.41-2.09 (m, 21H), 1.98 (s, 3H), 3.11 (app t, ] = 6.3 Hz, 2H), 5.52 (br s,

1H); *C NMR (125.7 MHz, CDCl3) 623.34, 26.46, 26.85, 27.72, 33.7 3, 34.76, 34.77,

36.16, 36.37, 36.77, 44.87, 108.60, 111.38, 170.03. Anal. Calcd for Cy oH2sNO4: C, 68.03;

H, 8.71; N, 4.18. Found: C, 68.26; H, 8.70; N, 4.18.

25 cis-Adamantane-2-spiro-3'-8'-[[[(1' H-imidazol-4'-yl)carbon yl]amino] methyl]-

1',2',4'-trioxaspiro[4.5]decane mesylate (0Z263). To a solution of 4-imidazolecarboxylic
acid (134 mg, 1.2 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(290 mg, 1.5 mmol), and 1-hydroxybenzotriazole (200 mg, 1.5 mmol) in DMF (40 ml)
under N, was added a solution of 0Z209 (389 mg, 1.0 mmol) and triethylamine (101 mg,
30 1.0 mmol) in DMF (5 ml). The resulting mixture was stirred at r.t. for 48 h before being
quenched with water (120 ml). The mixture was extracted with CH,Cl2 (3 x 40 ml). The
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over MgSO4, and concentrated. The crude prude was purified by flash

chromat ography 20 (silica gel, 2% CH3OH in CH2C 2). The enriched product
was di ssowveadoiwsret her/ CH2CA 2 (4:1, 20 m ), treated w thpegttsazrewat f oni c
acid (40 mg, 0.4 mml), and placed at -20C overnight. After the sol vent
was decanted, the residue was washed with ether and dried in vacuo to
afford tri oon ane (zZ252 (110 ng, 23% as a colorless solid 136-138C, 1H
NVR ( 500covbinedimigasic egractywereqMashed withivater agd bpng driedpvenMeS @ (s 3H),

ﬁz ;11 ( apgq%S@%_dt?cg Bf%u%eﬁo%mi&s cﬁss%ﬁﬁegiqg géizﬁ{é %ﬂ%mﬁﬁgteg % 1 3) 8 2 6. 42 1

26. 84, 2fef@nesadorit acRi90 mg) 3thetBlid 30s 38llecteibby/Miratdsh i reufytalfizedl®dmO7,
108. 18, 111.57, 127.14, 1708 79. Anal. Calcd for C21H32N206S2: C, 53.37; H,

6 82: N, etherdGH, Clo/GHTOH(3: 53) toafford trexglane QZ 2612 rag, 4.5 Kelasehcaleriess

o2 P00 o SR OROD A A RALIELIN D ko o e Ds0d) o

ci s-ada a f o 4 appigr 9 faciang, (292
10 g T B A o A D e A & S ver
1.0 mol )H), &7 @€t IK), 808ds, (190, MHyt7 (br5, ml‘%WM(QSNMHerS@m& 10 m)

was added sodiumtriacet oxyboroh%drl de é295 TI(’1|§ m xture was
stirred 29P6,26:36aAd .64t HodhdddhcHed AP OR> 3aLar4H s 1%68 I\la]:-%ﬁ@ 8lm ). The

organi c S t e g t@dq¥d4.h

Goa 2 (IR PR AR ag B LR A, R EL I DR GOt v
and fy i ng, 6 @8I KU8.69 FoudSCAs4. M, 66 BNBI9@L ed. The crude product was
purified f)y fiash chromat ograp%@(m |ica gel, 20% ether in hexanes, 400 m;

then 10% net bisrslamantapp-gspiro -M[()l o8idi4'e two fractions. The first

fracti 1 ford
{roxol aRETABDRATRSRS Rl ie s BT SfsRe (O2ehOTER L
(160 nO) syRSorbSsivRthid fi@Nukide((36Tng, 2nidoBat €3l dithéthykinidogopyl)-3on of

met hanesul fonic acid (46 ng) in ether (3 mg The precipitate was col |l ected
by fil teibyicalrboémdj:rhyéd)chbﬂda(ﬁ?@ mg la¥ ranel).tang dshayteprab epzattazole0 Qg 37%

as a coIorI s so i.d 144- the 5
CDCI) SO d‘"@% %P“%‘E«?fom gerf‘ﬁm S arﬁdeéﬁ)so °%§E§Z}¥j((§1w?£%? 1.50-2. 19
( m 21H) mn%j%d&n@&y(a%mé%cn% 13 r(lﬁlol) iRIDMFZ5 &), The Zesuming llixtufe Was (s,
13C N 26. 46, 26.86, 15 27.89, 31.23,
33 10 38tird&1 at3ufor 16 h%f@sbelagq\?eﬂch@@WBh waber, (@@ml)mhe precipifate 8@s Anal
8, 72;

6 15, N, clogis byl icraor fielis Hz2b (a Bieaft o SR Gpidniest SRl el
[4.5] degang=§oc. ' NMR (500 MHz, CDCls) §1.21-1.43 (m, 2H), 1.49-2.11 (m, 21H), 3.33
20 (appt,J = 6.2 Hz, 2H), 6.54 (brs, 1H), 7.69 (d, J = 6.3 Hz, 2H), 8.20 (d, J = 6.0 Hz, 2H);

3 NMR (125.7 MHz, CDCl;) 526.44, 26.84, 27.82, 33.69, 34.77, 36.18, 36.37, 36.75,

4556, 108.43, 111.52, 124.32, 131.08, 139.29, 163.52. Anal. Caled for Cy3HaN;Os: C,

66.65; H, 7.30; N, 6.76. Found: C, 66.81; H, 7.18; N, 6.55.

cis-Adamantane-2-spiro-3'-8'-[[(aminocarbonyl)amino]methyl]-1',2',4'-

25  trioxaspiro[4.5]decane (0Z265). A mixture of 0Z209 (389 mg, 1 mmol), pyridine (790
mg, 10 mmol), acetic acid (600 mg, 10 mmol), triethylamine (303 mg, 3 mmol), and
potassium cyanate (164 mg, 2 mmol) in CH,Cl, (10 ml) was stirred at r.t. for 38 h. The
mixture was then washed with water and brine, dried over MgSQO,, and concentrated. The
crude product was recrytallized from 40% ag. ethanol to afford trioxolane 0Z265 (250 mg,

30  74%) as a colorless solid. mp 138-140 °C (40% aq. ethanol), 'HNMR (500 MHz, CDCl;)
61.11-1.33 (m, 2H), 1.41-2.18 (m, 21H), 3.02 (app t, ] = 5.5 Hz, 2H), 4.64 (br s, 2H), 5.09
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met hyl ) cycl opropyl am ne (QzZ254). For the preparation of trioxol ane QzZ254,
see (Z253. np 138-140C (CH3OH CH2C12 6:1); 1H NWR (500 MHz, CDC13)

80. 22- 0. 3®O(oao@H , 20 0.36-0.48 (m 2H), 0.97-1.15 (m 2drUSk2/4Be62. 15 (m
43H), 2.28 (d, J = 7.1 Hz, 4H); 13C NWR (125.7 M1z, CDCl13) 86.80, 26.52,
26.92, 28.68, 34.09, 34.43, 34.80, 34.82, 36.42, 36.85, 38.74, 63.12,

109. 31, 111.15. Anal. Calcd for C37H55NOC6: C, 72.87; H, 9.09; N, 2.30.
Found: Gpr 3,213 CHNMR 9525 NVIH, 8BCL;) 526.45, 26.84, 27.66, 33.75, 34.76, 36.36,

(r:r:sf h;ﬁd? 5%%5338215;2 iérS?(fan é)%ﬁ;sg;ﬁ[i gfhﬁﬁré%glé%iclgigg‘gg&%ﬁlé&m% &h2%r azoo9
(389 ny, {ll%g )3 andat € &4y kegiRen(948. 9, 6 mol) in CH2C12 (10 m) at
Ia %r}g%s()%.alflo nd. . 3. 406,

0 C was ut1on of 13onicotinhoyl chloride hydrochloride (267 ny,

1.5 mol) in GHAGhIn4d@neR)spirbtde-8t-gifdimethylaminsjcarsonydis miro]methydf r t
over ni ght before bei.lfr‘\)g“ uenched with water (20 ﬂﬁ% Afélsr separ at i on. of
the @& gakli2dpricxaspitedd.alfeeaned 07266} Taasolttanpf Q7200 (¢ 82 apadidmmad) 3d - The

30 conbi ne rganj xtragts h N ' ' over
vosor e RolA L0 FadECHRAL D 'S O o, Blldigcabdnity 00
et hanol  49,4dd @56 nig, i10M@InRME Thd 28 W10 vA:3/s66:@6 46rt RETOUSRTLLOBEe wakREs (410

my, 103% as a colorless solid. 145-146C (40% aq. ethanol); 1H NMR (500
MHz, CDGiBh waer 28d brise, drind o¥e) Mg30s 309 canpepprpted. ke crufearadyefvas g = 6. 3

R o srystiiiged B sy gh: esfnghioutorduioxis 2268 B0 g 90s Feghless 13¢
36. 7 3%6,@813:319%@? 1(32519%&% %t_i’%’g’}ﬁLH ngdokgéoﬁ MHZATDE) Sli-§33 (A @H), Cal cd

for 69. 3 , . Found: C, 69. 18;13H, 7.43; N,
7.04. ci pAAdBIRGH,AN] H), 2:99 (5,1651),33.0B (app t,[J(2 6-2H1, 1260 446 aes,HH)) a6 NYIR

thyl]-!1",2",4"- tri ' 4.5]d . L xt f 389
o " oo b A A et S B R e
ti d ] tam d ed. .
ot acer uhsrahale P8 Al ChUBIRAREREB.IE, SS90 e PO IMRGC: g
50C for é@.l&,Htﬁ?ﬁﬂ Nitesed with water (25 nl), and extracted with CH2C12

(3 x 20 m).” The combi ned organi'c'extr'acts were washed with water and
brime dried osérdavmacane3ripiroctidenitl4rmsthylrla crude product was purified

7 oxol aRipeEEaeeboplanolpih A3 2 LG SRR IBA T |, e
200 e oBORe ) (g b e O 10 s CHLCL = 0.5
(10 ml) at 0°C was added 4-methyl-1-piperazinecarbonyl chloride hydrochloride (240 mg,
1.2 mmol). The mixture was stirred at 1t for 16 h before being washed with water and
20 brine, dried over MgSQy, and concentrated. The crude product was crystallized from 60%
aq. ethanol to afford trioxolane 0Z267 (280 mg, 67%) as a colorless solid. mp 82°C dec
(60% aq. ethanol); "H NMR (500 MHz, CDCl;) 61.11-1.30 (m, 2H), 1.43-2.15 (m, 21H),
2.31 (s, 3H), 2.39 (t, J = 5.1 Hz, 4H), 3.09 (app t, ] = 6.2 Hz, 2H), 3.38 (t, ] = 5.1 Hz, 4H),
4.59 (app t, J = 5.5 Hz, 1H); 3C NMR (125.7 MHz, CDCls) §26.45, 26.84,27.77, 33.78,
25  34.76, 36.35, 36.48, 36.76, 43.71, 46.08, 46.18, 54.64, 108.77, 111.29, 157.69. Anal. Calcd
for C,3H37N304: C, 65.84; H, 8.89; N, 10.02. Found: C, 65.91; H, 8.64; N, 10.07.
N-(cis-Adamantane-2-spiro-3'-1',2',4'-trioxaspiro[4.5]decane-8'-
methyl)oxamide (OZ268). To a solution of oxamic acid (107 mg, 1.2 mmol), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (290 mg, 1.5 mmol), and 1-
30 hydroxybenzotriazole (200 mg, 1.5 mmol) in DMF (15 ml) under N, was added a solution

of 0Z209 (389 mg, 1.0 mmol) and triethylamine (101 mg, 1.0 mmol) in DMF (5 ml). The
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13C NWR (125.7 MHz, CDC13) 826.43, 26.83, 28.07, 33.86, 34.74, 34.76,

36.35, 36.52, 36.75, 52.52, 55.72, 108.73, 111.31, 174.84. Anal. Calcd for
C, 9H30N2w0.00/0aBFH20: C, 63.80; H, 8.68; N, 7.83. Found: E@CTABHH76H, 8. 25;
N, 7.82. 20

ci s- Adamant ane- 2-spiro-3'-8' -[[ (net hanesul fonyl )am no] nethyl ]-1',2",4" -
trioxaspiro[4.5] decane (0Z257). To a solution of OZ209 (389 1 mml and
triethyl sssultiag (iQeireyyas dtimeddt xt fon 1 Chibefbze baiog qﬂ@ncmd‘@@lmsera(ggﬁd) 511§0I ut| on

i xt r e AEES PR AREIETER by Gptalgn Y bR OB Is AR SR o o over
MySO4, and gﬁﬁss CSNL A @%2_ gtgegg/ %%%I YRS CWS@%)D&'@ bELEG3ly dlgsh

chrorratogr SI TTca ge fo afford trioxolane Qz257

(290 ny, 1@81@ mgnazcm ,Qr978@pp §0ki6Is Hap2HR 2 m(es 1E1), 18D wﬂm:semwm t, a:ec13)
81.15-1.33 (m 1.45-2.17 4 Is-% app .t .7
Hz, 2%), 6421&3211(11); 35%0%5@&@@%@ 2p3s 7-‘8326334370 32618?55 4%,7 55

8150 el Bl n i Rl B b, 200
174 N 638 1 2ONIREONARIT GIRATHBOR 9763, Adarmnt ane- 2-spiro-3' -8 -[

[(7-ch or’o-4"-'qui nol'i nyl ) am no y1] am noj
1 L, 2" A -t omglArdI{Malﬁ]adeéapB‘o@O-Z}Bﬁl)ﬂnOmtbyl)s-ﬂM’ﬂé@flgﬁamlmiﬂ Stdecapes (75

ND- ((7) gﬁmmﬂ?&)mﬁ /gﬁﬂj‘&?@ ol oz fsd %a opgR %t%g%mﬂﬂ?}?y)draft%l | oved

s 811 ¢ PP b5 9?%@%"%%“?@@%@“%—” ?88?‘23“?‘3?%%?565?@ S e

organi ¢ AR bein@Boslenas af thd solilt byptoduandacinered bffand the fitemteywasvishedt i on of
the crude product from ethanol afforded trioxol ane OZ258 ‘{IEB)%& i 66%) as a
col or | essvithorater. (2 %0 misand boine (24 mhin She combingd paveasdayans W e With_ 2 01

éf"goZ?E? CEfCRly 1 gt The ERRCI BB berp Yasngy bihiep G ho oo By bifc G0, %13

1H), 7. 76h1f.Ghedombhed drgamclsldlutloﬁs %rdmedbmﬁhgsm and tdncedirated( The J 5 2
Hz, 1H): 13C NMR (125.7 CDC13) 826,65, 27 08, so%m 223, 34.86
35. 065 3&iBE waselissalved n QbfzchﬁlQLm)%lé tuggted g thagsolutipn gresglfonig¢o 1 g

L2220 K3t B0 RS SR ARl i ey g |
8.49. 15 and collected by filtration to afford trioxolane 0Z269 (1 80 g, 77%) as a colorless sohd
Adamant ane- 2- spi r o- 3 -8 -(3' -pyridinylanm no)- 2', 4" -trioxaspi ro[é 5] decan
e (0Z25%p 1400141 f@r H NMR X H0MEzZDED) 613771 Séc{nn/@Hi, 11 St %4 Sifre,
diaster eorr%r(g)B’H)’ 2.87 (app t, ] = 6.3 Hz, 2H), 7.60 (s, 3H); BC NMR (125.7 MHz, CDCl3) 6
20 26.44,26.86,27.24,33.23,34.56, 34.71, 34.90, 36.33, 36.74, 39.29, 44.63, 108.06, 111.81.
Anal. Calcd for CigH3NOgS+0.4H,0: C, 53.84; H, 8.12; N, 3.49. Found: C, 53.51; H, 7.64;
N, 3.66.
cis-Adamantane-2-spiro-3'-8'-[[[(1'-oxido-2'-
pyridinyl)carbonyljamino]methyl]-1',2',4'-trioxaspiro[4.5]decane (0Z270). To a
25  solution of picolinic acid N-oxide (167 mg, 1.2 mmol), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (290 mg, 1.5 mmol), and 1-hydroxybenzotriazole (200
mg, 1.5 mmol) in DMF (10 ml) under N, was added a solution of 0Z209 (389 mg, 1.0
mmol) and triethylamine (101 mg, 1.0 mmol) in DMF (5 ml). The resulting mixture was
stirred at r.t. for 16 h before being quenched with water (80 ml). The precipitate was
30  collected by filtration to afford trioxolane OZ270 (338 mg, 82%) as a colorless solid. mp

140-143°C; 'H NMR (500 MHz, CDCls) §1.22-1.45 (m, 2H), 1.46—2.15 (m, 21H), 3.36
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colorless solid. np 132-134 C (?); "H NWR (500 MHz, CDC13) 81.42-2.23 (m
22H), 3.25-3.49 (m 1H), 3.59-3.83 (m 1H), 6.82-6.90 (m 1H), 7.02-7.12
(rn, 1H),w0.80606706 (m 1H), 7.98-8.04 (m 1H); 13C NVR (PLCIAISF2/M4E] CDC13)
826. 40, 26.81, 26.83, 29.40, 20 29.86, 32.16, 32.60, 34.69, 34.72, 34.76,
34.87, 36.29, 36.32, 36.71, 49.54, 49.87, 107.86, 111.60, 111.81, 118.78,
118.85, 123.67, 136,22, 136.45 138.57, 138.61, 143.06. Anal Cal cd for
C21H28N2Gpp td = 6.8, Hs: 2H), 7.35-9243 (N, 1) 8b44-F65han, &), 386 68, J 5o.37Hg lH)N 7. 84.

tCIr;Soﬁgsg gtﬁ‘ip%rdégaﬁg }{)z@%%g)l 35k3 a()e@&c}ﬁ%ﬁ&?rﬁ{lﬁﬁ’l)@?@g)a‘; 6n%%tnone oxi me

(895 25 a ( r I 0 pe (710 ny,
535 ot e (b e B e T S T

ozone actdr.2i,ngs e, 114035@6114@6%159pnoAMu€elchbECgHumbOpr6d6@65vﬁ,s7 PUrNSF i ed
by flash chromato r g %/I%)suica gg 5%ether in petroleumether) and by
subséqueﬁt cE%tia b 094757 ¥ BaPdPhanol to afford trioxol ane QZ260 (660
ng, 52% as a colorless solid. np 52- 54C (ethanol); "H NMR (500 MHz, 30
CDC13) 61.01-1.37 (m 5H), 1.25 (t, J = 7.1 Hz, 3H), 1.47-2.21 (m 22H),
2.27 (t, J =7.6 Hz, 2H, 4.12 (EXAMPIIEDR Hz, 2H); 13C NMR (125.7 Mz,
CDC13) 814.24, 22.63, 26.51, 130 WO 03/000676 PCT/US02/ 19767 26. 90,
30.01, 34.19, 34.55, 34.74ntigwlayial Ativily of 37850733041 36.83, 60. 18,

Found: ¢, 6. 5 totgfie vl Theeptiidifel e MASGHANG rfnap? ¥ find Mgrdale

OXY ProoPYsehsitive NF S4%trains lof @X@fciaranh 4n bilde danke élﬁQB ddge. SToiravismécuéanon of
Qz260 (250 ng},)yo 66 nmmol) in 95%5 ethanol (5 m) was added 15% NaCH

sol uti onM(OI or Man@ctﬁyl@ﬂhqtﬁm&@@ OéPf é?rgh?4(8¥°‘ﬂ’é1°(§ﬂ€e%el ng
concent e and aGk 1y Seb b0 B ol Sl s et ShpRhdata ves

cry e ano

trioxol age, de26ladd 8% TW@n 88 1%03&3&5%@ ﬁﬁ%ﬁst&&ﬂ aslsingle lﬁﬁlgllld'gﬁﬁses sc
(ethanol): *H NVR (500 Mz, CDCL3) 8 1.03.1.89 (m 5H. 1 452 20 (m

22H), 2.aw pa., Trjoxolames wape alspadminigieradir single 19 mgrdke doses pstandargno 33,

105 95, - Spone yeeip ISR S5V eahfiny 40 e30R005: O g BB o

C, 68. 41p 484 v/vErvidn 80, end0loymBNt 88dium chlonde in water. Antimalarial activity was
a-2-spiro-3'-8'- [(acetyl am no)nmethyl]-1",2",4" - trioxaspiro[4.5]decane

( 0Z262) . mEasugedsty prrcei rafuc@mio ga(asmmﬁr@n deyrthres pystanfgctiontapd simiMabHimee (505
", S mmlr%xpellrgd t%H aZnC:L 2tre(c1t]ég cont}ol g%o Surv1v2?ldtd %(ajlygf) Qs\.tN-I t%c?ioﬁ% yo%sf&@red to

be a cure. For comparative analysis, in Table 1 below data is presented for trioxolanes

20 0Z01-0Z270 along with the controls, fenozan, artemisinin, arteether, artemether, and

artesunate:
Table 1
Compd  ICso (ng/ml) Activity (%) Survival (days)
K 1/NF54 po/SSVpo/sc po/SSVpo/sc

NONE 0 5.6+0.3
0Z01 >100/>100 0/NA/0' 5.3/NA/S.3!
0Z02 >100/94 0/NA/0' 5.0/NA/5.0!
0Z03 1.2/1.6 94/NA/100 7.2/NA/11.9
0Z04  >100/>100 0/NA/O' 5.3/NA/5.3!
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of acetyl chloride (140 ng, 1.9 mmol) in CHC12 (5 m). The m xture was
stirred at rt for 16 h, washed with water and brine, dried over MgSO™4, and
concent r awed3/odidses cr ude product was purified by flash chromatSoygraphy
(silica gel, 5% CH30OH in CH2C12) and by crytallization from hexanes/ CH2C12
(3:1) to afford trioxol ane OZ262 (150 ng, 45% as a 20 colorless solid. np
102C dee—hexanestCH2CL2 3 -)i—H-NVR{(E00—MEz—CEDSH3y 81. 15- 1.37 (m

2H), 1.41-2.09 (m 21H), 1.98 (s, 3H), 3.11 (appt, J = 6.3 Hz, 2H), 5.52
(br s, 10¥0513C WWO(BMS 7 M—Ii)4/7(4£‘5@123) 823. 34,1/6H846, 26.85, 27.72. 33.73,
34. 76, 34.77, 36.16, 36.37, 36.77, 44.87, 108.60, 111.38, 170.03. Anal .

Cal cd forQZ0OH2ONO#s»E, 68. 03: THNAA!71; N, 41.08A/Eolnd: C, 68.26: H, 8. 70:
N, 4.18. 25

ci s- Ada e- 2 S 3-8 i m dazol car bonyl ] am no]
met hyl | maqkag &r;/lrgxaspl ro[4b§&ﬁ}d::ane rres ate % Z263). To a solution of

4-i m dazo rboxyli¢c acid (

1-(3-di meé%@?am no%)f‘/gﬁyl) 3- e%ﬁé(ﬁg@ﬁ%l imd gp@r\{ﬁ/gghl oride (290 ny, 1.5
nmol ), and 1-hydroxybenzotriazole (200 ng, 1.5 mmol) in DVF (40 nl) under
N2 was addd@®® a sol 32B8n of OZZO@NI’QB my, 1.05.AMBV$3and triethyl ani ne (101
ng, 30 1.0 mmol) in DMF (5 m). The resulting m xture was stirred at r.t.
for 48 h Oi®re bguog.c7quenchedloMiAlowat er (1IRYNA/)0.5 The m xture was
extracted with CH2C12 (3 x 40 m). The 131 WD 03/000676 PCT/ US02/ 19767

conbi ned nic ts wer ggggHHetogM th way en/7amgk brine, dried over
MySO4i angzggonceﬁﬁ/g?gd Thea)cr udg@pr oduct was dissolved in CH2C12 (10 m)

and treat nesul fo (90 ngy olid was col |l ected by

filtratio 25% reQ:g&pga/Ilzed f?%ﬁcﬂﬁg%ger/mz k?/ﬂ;&éﬁl (3:1:1) to afford

trioxolane OZ 263 (72 15% as a colorless 5 solid. np 161-162C

o5 o ?fﬁ?“”? 5221% ?i&““"’*’?ﬁ’?‘%w S T R
m S, app t, = 0. , , O. S,

1H), 8.730Zb4 s, BiH>100. 03 (s, AHNA/IA. 47 (br 69/NAM)7 13C NVR (125.7 Mz,

DVSO-d6) 8 25.96, 26.36, 27.64, 33.34, 34.41, 35.77, 35.90, 36.23, 44.06,

108. 68, 139166, 1jp%o?ile 120.285 gkdBob3, 128. 27?4/6%52 92, 136.09, 157.40.
Anal . Calcd for C22H33N307S: C, 54.64; 10 H, 6.88; N, 8.69. Found: C,

54.72; H, ; 2- 1 do- 4'
pyri di nyls)gagbon%fgfgrﬁgno] CImf,\t Q&W?Qe 4 -St r6|72§<2/g& rof 4[ 5][ <(1Ieca(r)1)(=§I ((())2264)
To a solution of isonicotinic acid N oxide (167 1.2 mol),

1- ( 3- di ne®BYT ani n8PFIRY1 ) - 3- et RNAABbodi i mi de-3 W‘g’%&hl oride (290 my, 1.5

mrol ), and 1- hydroxybenzotriazol e (200

0Z18 63/84 0/NA/0 5.0/NA/5.3
0z19 1.32.7 98.3/56/99.98 7.5/6.0/13.4
0Z20 15/20 97/14/90 7.4/6.0/7.0
0z21 14/25 0/NA/0 5.0/NA/6.0
0z22 0.32/0.56 35/NA/99.6 6.0/NA/7.7
0Zz23 0.29/0.57 99.5/99.34/99.9 7.7/7.0/8.9
0z24 0.35/0.58 93/66/99.9 7.0/6.8/8.7
0z25 1.1/2.1 99.9/96/99.97 8.4/7.2/16.5
0Z26 3.1/5.0 88/NA/99.9 7.0/NA/9.7
0z27 2.2/4.8 99.97/96/99.92 12.6/8.0/17.1
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15 ng, 1.5 mol) in DMF (10 m) under N2 was added a solution of Oz209 (389
ng, 1.0 nmmol) and triethylamne (101 ng, 1.0 mol) in DM (5 m ). The
resul ti ngwoiosooarees was stirred at rt for 16 h before bei ngcausozigd’ wi t h
water (50 m). The precipitate was collected by filtration to afford
trioxol ane OZ264 (340 ng, 82 % as a colorless solid. np 152-154C, 'H NWR
(500 MHz,_CDC13) 81 21-1.43 (m 2H) 1 .49.2 11 (m 21H) 3.33 20 (app t, J
= 6.2 Hz,022§, 6.5l s, 1H)P/NAH.QM, J =T3/FAR232H), 8.20 (d, J = 6.0
Hz, 2H); 13C NMR (125.7 MHz, CDCl3) 826.44, 26.84, 27.82, 33.69, 34.77,

36. 18, 36p379 36.7§,7/1345.56, 10&/K3d/0 111.52, 48AA3.0 131.08, 139. 29,
163.52. Anal. Calcd for C23H30N205: C, 66.65; H, 7.30; N, 6.76. Found: C,

66.81; H, 8, N, &,H55. cis-Ad - 2-spi L ogr
[ (am noca(?%%) yl )ar?f%éfireﬂnil ]- ?}W&‘géze ZSSFIHS'g;I\iAs/B?)r o% 4. 5] decane (0Z265).

A m xture_ of OZ209 (389 ng, 1 ridine , 10 mmol ), acetic
acid (6000%A 10 3H0 triet RM@’%%sos ng96/§9321r70?)g and potassium
cyanate (164 ng, 2 mol) in CH2C1l2 (10 m) was stirred at r.t. for 38 h.
The m xtQZ32 was 0.B6M0.5dashed wi TH9&Qler and bpi7ed8dri ed over MySO4, and
concentrated. The crude product was recrytallized from40% agq. ethanol to

afford trogxpl ane £EA65 (250 ng/NAB®IBYY as & woIAgrl.Bss solid. np 138-140 C
(40% aqg. ethanol): 'H NMR (500 MHz, CDC13) 81.11-1.33 (m 2H), 1.41-2.18

(m 21H), 2 (ap J=5.5 ., 4.64 H, 5.09 132 WO
03/ 0006760%%% usoz?‘%}&%? (br SI@TW 13C Nmé'?%‘?.s'fw, CDC13) 526. 45,
26.84, 27.66, 33.75, 34.76, 36 w e, 65, 36 85 (br s), 108.69,
111. 35, 188396, Anki’2-lcal cd 7 oA Do c?-ggi‘.‘é, H 8.39; N, 8.33.
Found: C, 64.40; H, 8.15; N, 8.46. cis-Adamantane-2-spiro-3"-8"-[ |

[ (di met hyDZB6 no) ca2BByl ] ani no]0/Mé(thyl] 5 1' SANA/S5.% ri oxaspiro[ 4. 5] decane
(0Z266). To a solution of OZ209 (389 ny, 1.0 mol) and triethylam ne (202
mg, 2.0 ngps) in CH2GIR (10 m §3/HiA/BD8as added/Narst hyl car banoyl  chl ori de
(120 ng, 1.1 mol ). The m xture was stirred at rt for 16 h before being

washed  whhe wat ery @nglsbrine, dsjjedooger MySQhisapss soncentrated. The crude
product was crystallized fromb50% ag. ethanol to afford trioxol ane OZ266

(270 ny, %9 as a lorless 1 ‘#P np 153, (50% ag. ethanol); 'H
NMVR (500 W8S CD01]S§1PIC§1. 14-1.8&’7\? 61%H), 1. -ig&fﬁs(m 21H), 2.91 (s,
6H), 3.09 (app t, J = 6.2 Hz, 2H), 4.46 (br s, | H: "C NWR (125.7 Mz,
CDC13) 520740, 26.88/2.07.77, 3§%>!1f,\/9%§. 79, 367-13@,1%@39, 36.61, 36.80,

46.25, 108.85, 111.30, 158.43. Anal. Calcd for C20H32N204: C, 65.91; H,

8.85; N, (@z6P. Foung/4.& 99.98/81/99.5 12.1/6.8/10.7
0Z42 2.3/2.6 68/NA/92 6.0/NA/7.0
0Z43 11/7.5 99.97/18/97 8.9/5.4/1.3
0Z44 2.5/2.3 99.3/NA/99.9 7.0/NA/8.3
0ZA45 1727 15/NA/16 6.0/NA/5.0
0Z46 22/19 99/NA/62 7.7/NA/6.0
0Z47 7.5/7.4 99.98/NA/99 12.7/NA/8.0
0Z48 11/13 99.8/NA/42 8.7/NA/6.3
0Z49 0.82/0.93 81/NA/85 6.7/NA/7.3
0Z50 1.1/1.2 77/57/97 7.0/5.7/7.3
0Z51 2.5/2.5 89/NA/100 7.0/NA/14
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66.16; H, 8.80; N, 7.90. 15 cis-Adamantane-2-spiro-3' -8 -[[[(4' -nethyl -

pi per azi nyl ) carbonyl Jam no]J methyl]-1",2",4"'-tri oxaspi ro[ 4. 51decane (0Z267).
To a solwbioenomwiiec 02209 (389 ng, 1.0 mml) and tri et hyl anpea/(séd7ay, 4.0
mmol) in CH2C12 (10 m) at O0C was added 4-nethyl -1 -pi perazi necar bonyl

chl oride hydrochloride (240 ng, 1.2 mml). The m xture was stirred at rt
for 16 h before being washed with water and 20 brine_dried over MgS®4, and
concentrated. The crude product was crystallized from 60% aq. ethanol to
af ford trpmspl ane 3)2@_6)7 (280 ngg/Nav99.7as a cob.OMNAE8D solid. np 82C dec
(60% aq. ethanol); '"H NWR (500 MHz, CDC13) 51.11-1.30 (m 2H), 1.43-2.15

m21 31 (s 239 5.1 Hz, 09 (app t, J = 6.2 Hz,
( 3%80%%3 (]‘54/% (Q\D%/Sgapt 66{1& 6%Hz (1E|I)O; 13C NVR

(125 7 13) 45 26 84 77, 33 7 4. 76 36. 35, 36.48,
36.76, 4 él%ga 18, 54. %SAN%{% 77, 05@/@7 7.69. Anal. Calcd for
C23H37N304 C 65 84; H, 8.89; N, 10.02. Found C, 65.91; H 8.64; N,

10. 07. NDZ8F s- AdBABRGEne- 2- spi 4NA9T1 | 2 | 4 69@!@’%&3p| ro [4.5] decane-8'
met hyl ) oxam de (0Z268). To a sol ution of oxamc acid (107 ng, 1.2 mmol),

1- (3- di nezhy! am gepomay! ) - 3- eddgBOBOBodI | m de7bydr0axhl ori de (290 ng, 1.5
nmml ), and 1 30 hydroxybenzotriazole (200 ng, 1.5 mmol) in DVF (15 m)

under N2 adde | ution A%B2Q99 (389 gu/NAsG nmmol ) and
triethyl a(\rj}?n7e (10?3 ?/2880 1.0 mm??/ﬁ\{ n DM (5 m). The 133 WD 03/000676

PCT/ US02/ 7 re ng mxt stirred for 16 h before being
quenched dﬁgi wat e E@N\é‘v?%m pi t at e6&gg‘&}c6c}1 | ected by filtration
to afford trioxol ane 02268 (320 88% as a colorless solid. nip,

152- 155 Z5H NVR zs@@ MHz, DMEANAEO-HD. 95- 1. OYNAHOOH) | 1.39-2.13 (m
21H), 2.97 (app t, J 6.5 Hz, 2H), 7.74 (s, 1H), 7.80 (s, 1H), 8.67 (app
t, J =5 0Z80Hz, 11-J)/,1.21_3C NVR (7126A/100Hz, DVEBABY1®B25. 97, 26. 38, 27.55,
33.30, 34.41, 35.47, 35.91, 36.25, 44.03, 108.70, 110.62, 160.50, 162.38.

Anal . Cal gggf or C33SbiR3N205: C, 9fRAS% H 7. 74,078 69. Found: C, 62. 80;
H 7.55; N, 7.809.

trans-Ad ane- 2- |ro3 -8 met hyl ) - ', trioxaspiro[4.5]
decane ﬁgzg#ate ( §9) A mxt(zﬁeA?(gf 02167 %Qﬂé‘ﬁ/s‘b 6.0 mol ) and
hydr azi ne_nonohydr at e | or of orml et hanol (7:3,

(1.
60 nl) wa9Zhdat ed 55/1555 65C f8? 63/@5499 9After bgrﬂﬁg}ééol ed to rt, the solid

byproduct was filtered off and the filtrate was washed wth water (2 x 40
m ) and bOZ6€ (20 hi5)1.3 The conbPidA/2/ueous | APENA/BMkre extracted with

0Z65 57/65 0/NA/1 5.0/NA/5.0
0Z66 44/36 0/NA/0 5.3/NA/5.7
0267 >100/~100 0/NA/O 5.0/NA/5.0
0Z68 41/49 1/NA/6 5.0/NA/5.3
0Z69 1.6/1.4 56/NA/40 6.3/NA/6.3
0zZ70 1.2/1.1 98/NA/94 7.7/NA/T.T
0oz71 4.5/3.7 98/98/97 7.3/6.7/8.3
0772 15/13 97/NA/95 7.7/NA/6.7
0zZ73 6.5/8.2 27/NA/36 6.0/NA/6.7
0Z74 2.3/3.5 63/NA/99.97 6.3/NA/10.0
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CH2C12 (3 x 30 m). The CH2Cl2 extracts were washed with water (50 m) and
brine (50 m). The conbined organic solutions were dried over MgSO4 and
concent r aweds/0dlses 15 resi due was di ssolved in CH2C12 (10 mCr/iaoi1476eat ed
with a solution of nethanesulfonic acid (0.6 g) in CH2C12 (2 m). The
product was precipitated by addition of ether (40 m) and collected by
filtration to afford trioxolane Oz269 (1.80 g, 77% as a colorless solid.
np 140- 14y715 1H NVR4(H00 MHz, CDEIRS 81. 32- 17.3NA/MO0 2H), 1.54-2.15 (m
21H), 2.76 (s, 3H), 2.87 (app t, J = 6.3 Hz, 2H), 7.60 (s, 3H); 13C NWR

(125.7 13) 26. 44, Qg 27. 24, B3ndB8.034. 56, 34.71, 34.90,
36. 33, 3?21 39. 219,%3%?1. 63, 108. 06,

111.81. Anal. Calcd for
C18H31NO6S0. 4H20: C,,53.84; H 8.12° N, 3.49. F ., C, 53.51; H 7.64; N,
3.66. ci QHanant hd22 Spi r o- 3'9§§]fﬁ/?§[\‘(l ' - OXi 88%;6}%
pyri di nyl)carbonyl]am no] nethyl]-1'" 2", 4'-trioxaspiro[4.5]decane (Qz270).
To a 25 Q&Iti on 3#48i col i nic MOFR oxi de (§é"7?7-&6-,7 1.2 mol ),
1- (3-di net hyl am nopr opyl ) -3 et hyl carbodiim de hydrochloride (290 ng, 1.5
mol ), argiziy hydr@3glesizotri azoB8/99200 ny, 175/NA®I3) in DVF (10 m) under
N2 was added a solution of Qz209 (389 ng, 1.0 nmol) and triethylam ne (101
| ting m yaN@pg7was stirred at r.t. for

ng, 1.0 rapd) in Vel M) . They/Kas
16 h before(%)ei ng 'qu/gh%hed with water (80 ml). The precipitate was 30

collected by filtrat] to affor rl oxol ane 38 ngy, 82% as a

col or | esO%¥ i d. >ﬂr§b)>i§6-143c; fﬂ?“l (500 %‘Z%é(log) 81.22-1.45 (m 2H),
1.46-2.15 (m 21H), 3.36 134 WD 03/000676 PCT/ US02/19767 (app t, J = 6.4
Hz, 2H), QZ&5-7. 49484 21H), 7. 40/WA (m 1H) 73864 d, J = 6.3 Hz, 1H),
8.44 (dd, J = 8.2, 1.9 Hz, 1H), 11.35 (s, 1H); 13C NMR (125.7 MHz, CDC13)
826. 45, @884, 20300,60833. 75, II2/7Q9.84.76, 36.0183/8%6. 34, 36.77, 44.97,
108.64, 111.30, 127.15, 127.26, 128.89, 140.50, 140.69, 159.64. Anal.

Cal cd for g@momﬂﬁb_ﬁ 66. 655/KA/90.80; N,  B7MA7f4.7Found: C, 66.47; H,
7.12; N, . EXAMPLE 2 Antimalarial Activity of QzOL-Qz270 Each

trioxol an S scr agai ns | or oqui istant K1 and

chl or oqui(ﬁ%glo sgfié?f'gve NF545%N‘ZS/P§TZ of P. Bg)p{]:ig%aérsum invitro. In the
single dose STI in vivo screen Moro SPF or NVRI, mjce infected with the
ANKA st r £078@f P. 06%¥3fAei (gr olHNP%nr ee n@%&"‘/ﬂe?e treated on day one
post-infection wth trioxol anes dissol ved or suspended in

0Z87 3.6/4.4 22/NA/53 5.7/NA/6.0
0Z88 5.7/4.2 62/NA/99.1 6.0/NA/11.7
0Z89 0.30/0.75 94/89/99.8 7.3/6.7/8.7
0Z90 0.44/0.84 89/95/99 7.0/7.0/8.0
0291 1.4/0.42 20/0/85 5.7/6.0/7.3
0792 1.6/0.40 81/35/99.98 6.7/6.3/10.0
0793 3.3/0.92 57/3/100 6.7/6.0/13.3
0Z294 57/28 21/0/11 6.0/5.7/5.3
0795 2.8/1.3 31/0/49 6.0/6.0/6.0
0296 8.4/>10 12/14/19 5.7/5.7/5.3
0z97 2.2/1.8 59/2/66 6.7/5.3/7.0
07298 2.3/0.9 72/11/77 6.3/5.3/7.3
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3% et hanol and 7% Tween 80. Trioxol anes were adm ni stered as single 10

ng/ kg doses sc and po. Trioxol anes were al so adm ni stered as single 10

ng/ kg doswe wnoerandard 15 suspendi ng vehicle (SSV). SSV comdiset/s976f 0. 5%

wv CMC, 0.5%v/v benzyl alcohol, 0.4%v/v Tween 80, and 0.9% w v sodi um

chloride in water. Antimalarial activity was mneasured by percent reduction
in parasitem a on day three post-infection and survival tines conpared to

an untreated control group. Survival to day 30 post-infection is considered

to be a@gpse. For sepyparative 3palysi s, in Ta@/£7/6.30el ow data is presented
for tri ox anes 20 QZO 1- Qz270 al ong W|th the controls, fenozan,

artem si arte art enet nd arte Table 1 Conmpd |1 C50
(ng/m) @cﬁp\()l ty ?%I/Bgﬁrw val 2{135658% K1/ NF54%W%2Vpo/ sc po/ SSVpo/sc NONE
--- 05.6 0.3 @Ol >100>100 &}Aég 5. 3/ NA/ 3/53/1 Qz02 > 100/ 94 0/ NA/ O’
5.0/ N/ 5081010703 30416 6 94/ NAYYBBY7. 2/ N 1 éz04 >100/ >100 0/ NA/ O
5.3/ NA/5.3" 135 WD 03/000676 PCT/US02/19767 (Qz05 0.19/0.36 94/74/99.7
7.1/ 6.2/ @A 00206 186/825T/ NA/ T 92/76/99471. 0'  CZ40. 86749 0/ NN O' 6.0/ NA/ 5. 7'
QZ08 2.4/2.8 99.7/NA/99.9" 8.0/NA/9.7" (Z09 32/39 0/NA/ 81" 5.0/ NA/6. 3

Qz10 0. 448087 99 GuNAD9. 98 8. Y6NA/SH0. 5 OZ1Y. 363473 7 99. 99/ 98/ 100
11,4/ 7. 4116 Ocz12 0. 601 0. 77 75/ NA'99. 8 7. 0/NA/ . 3 OZ13 0. 40/ 0. 50

56/ NA/ 99§é®47/ NA/ 9 ﬁ§00214 91/586?‘6)@?%@ NA/ 96 P@W@ 7 (QZ15 0.60/1.0

99. 8/ 88/ 7 4/ 2 @16 .67 79/8 716.7/7.3 Q17
85/ >100 0/NA/18 5. 3/NA/6 3

16/0/28 5.7/5.7/6.3
0Z106 2.2/1.7 0/0/0 5.3/5.05.3
07107 1.0/0.30 70/32/99.74 6.3/6.3/8.0
07108 68/29 - 0/0/0 5.0/5.0/5.7
072109 21/24 2/0/24 5.7/5.7/6.3
0Z110 5.3/2.1 50/0/97.97 6.7/5.3/7.7
0z111 0.92/0.35 98/79/99.94 7.7/6.3/8.3
0Z112 >10/>10 6/0/36 5.7/5.7/6.3
0zZ113 0.95/0.20 92/96/89 7.3/8.0/7.3
0Z114 3.7/2.2 0/0/99.64 5.7/6.0/8.7
0Z115 11/6.9 33/0/97 6.3/5.7/7.3
0Z116 4.2/3.3 97/96/96 7.7/8.3/8.0
0zZ117 2.1/1.2 95/96/99.94 7.0/7.7/8.7
0Z118 1.0/0.24 99.Q/98/99.57 7.0/8.0/8.3
0Z119 0.83/0.20 99.29/99.15/99.66 7.7/8.0/8.3
07120 1.2/0.59 33/8/96 6.0/5.7/8.0
0z121 0.96/0.41 91/98/99.61 7.3/8.0/7.3
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Oz18 63/84 O/NA/O 5.0/ NA/5.3 Qz19 1.3/2.7 98.3/56/99.98 7.5/6.0/13.4 Qz20
15/ 20 97/14/90 7.4/6.0/7.0 Oz21 14/25 O/NAN O 5.0/ NA 6.0 Oz22 0.32/0.56
35/ NA/ 99. 608300042 7. 7 OZ23 0.29/0.57 99.5/99. 34/ 99. 9 7. 7/hTIAIB2W76TZ24
0.35/0.58 93/66/99.9 7.0/6.8/8.7 Qz25 1.1/2.1 99.9/96/99.97 8.4/7.2/16.5
Oz26 3.1/5.0 88/NA/99.9 7.0/NA/ 9.7 QZ27 2.2/ 4.8 99.97/ 96/ 99. 92

12.6/8.0/17. 1 136 \WD 03/000676 PCT/1JS02/ 19767 —COZ28-2-1/2.5 93/ NA/ 99. 97
7.3/ NAV 1DZ320729>9 09/>1800/ NA/ 0 5108/ 5.0 z83/5%3/88/1.3 O NN/ 86 5.3/ NA/ 9.0
Oz31 3.0/3.0 99.95/90/99.95 9.0/7.3/17.7 Qz32 0.25/0.51 79/93/91

6.7/ 7.0/ §74230733 R6B/.B. 5 80/ NH68948D.9%. 7/ NA/ BL/70/1€234 42/ 60 0/ NA/ O
5.3/NA/5.7 0Z3 5 1.7/2.1 74/ NA/99.98 6.3/ NA/9.3 (QZ36 24/ 62 0/ NA/ O
Rt T N RN ey
7.3/ NN/ 9.0 (Cz4l 3, 6 99.98/8 5 12.1/6 Qz42 2.3/2.6 68/ NA/ 92
6. 0/ N/ 7.Q¥126743 §§7>/1 99. 97/18/]’{5‘3 8.9/5.4/7° §5L%§§4 2.5/2.3 99.3/ NA/ 99. 9
7.0/ NA/ 8.3 (45 17/27 15/NA/ 16 6.0/ NA/5.0 OZ46 22/19 99/ NA/ 62 7.7/ NA/ 6.0
Oz47 7.5/0Z12699. 982RA.3D 12. 7/ I9M78/99.44 7.0/6.7/8.5

02127 0.61/1.3 95/98/97 7.0/7.7/7.7

0Z128 0.59/1.1 99.93/99.95/99.98 8.3/8.7/11.7

0Z129 10/>10 0/4/0 5.3/5.7/5.7

0Z130  0.62/0.94 98.8/98.9/98.6 9.0/8.0/7.3

0z131 1.7/4.1 21/41/90 5.7/6.0/8.0

0Z132 9.8/>10 38/0/40 6.3/5.7/6.3

0z133 0.70/1.1 94/97/72 7.0/7.3/7.0

0Z134 0.88/1.1 72/27/99.95 6.3/6.0/15.3

0Z135  >100/>100 1/0/0 5.3/5.3/5.3

0Z136 23/21 0/0/0 6.0/6.0/6.0

0Z137 11/18 0/6/61 5.7/6.3/7.0

0Z138 10/19 0/5/7 5.7/6.3/6.3

0Z140 5.9/8.2 0/8/60 6.0/6.3/1.0

0Z141 1.7/1.9 98/97/99.89 8.0/8.0/8.7

0Z142 2.3/2.3 0/2/99.98 6.0/6.3/14.3

0Z143 0.98/1.8 48/44/99.85 6.7/6.7/9.7

0Z144 1.4/2.1 99.45/92/99.94 7.3/7.3/16.7

0z145  0.50/0.76 99.82/99.21/99.87 8.3/10.7/10.7

0Z146 2.2/2.7 62/40/91 7.0/6.3/9.0
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Qz48 11/13 99.8/ NA/42 8.7/ NA/6.3 Q749 0.82/0.93 81/ NA/85 6.7/ NA/ 7.3 Q750
1.1/1.2 77/57/97 7.0/5.7/7.3 QzZ51 2.5/2.5 89/ NA/100 7.0/ NA/14 137 WO

03/ 0006 76WB@BHOWBOR/ 19767 (Oz52 3.1/3.0 88/ NA/99. 7 6.7/ NA @Co/Qay®747 4/ 1. 7
9/ NA/58 6.0/ NA/6.3 Q754 32/35 85/ NA/97 7.0/ NA/ 7.0 (Qz55 0.49/0.60 45/ NA/ 97
6.0/NA/7.3 Q756 0.59/0.64 93/63/99.97 6.7/5.7/10.3 Q757 3.1/2.8
32/NA/98.4 6.0/NA/ 7.7 Q758 7. 1/7.2 39/NA/K2 6 O/NA/G6.3 Q759 1.4/1.3

51/ NA/99.95 6.0/ NA/10.0 Oz60 1.1/1.2 71/ NA/100 6.0/ NA/10.3 Qz61 0.52/0.53
91/ NA/ 96 0Z1QA NAY 7. B.1/1C&62 33/ 2850119289 6. 0/ N8 .&8®/190763 1.6/ 1.6

99. 62/ 65/99.91 7. 3/6.0/9 3 (Oz64 1.5/1.3 95/NA/98 7.3/ NA/8.0 QZ65 57/65

0/ NA/ 1 5(%1%%% 44/ 36 OhhAB 5. 3/ NA 558,767 >100/>100 0/ NA/ O
5. 0/ NA/ 5 68 41/'49 1/NA/6 5.0/ NA/5.3 026916/1456/NA/4063/NA/63
Qz70 1.2/1.1 98/ NA/ 94

CTINN 7.7 1 4.5/3. 97 7.3/6.7/8.3 QZ72
15/ 13 97/44A85 7. BANE. 7 z73 %4@% 2 27/ NA?%@%P%NA/6 7 Qz74 2.3/3.5
63/ NA/ 99. 97 6.3/ NA/10.0 138 WD 03/ 000676 PCT/ usoz/ 19767 QZ75 2.4/ 4.3

77/ NA/ 5 DZASNA 5. 03.8/4.0 71/71/99.63

0Z152 3.2/7.2 0/12/22 6.3/6.7/6.7
07153 7.7/19 15/23/20 6.3/7.0/6.3
0Z154 5.0/6.1 99.74/81/59 14.7/8.7/1.7
0Z155 12/>10 53/53/73 6.3/7.0/8.3
0Z156 2.12.1 99.98/98.8/99.98 17.0/10.3/19.7
0Z157 0.20/0.22 90/80/97 7.3/8.3/8.3
0Z159 0.70/0.94 34/31/98 6.7/6.7/9.0
07160 0.70/0.87 45/43/99.94 6.3/6.7/12.0
0z161 0.40/0.50 59/46/99.96 7.0/6.7/12.7
0Z162 0.50/0.71 41/22/99.55 6.3/6.3/9.3
0z163 0.2/0.2 99.90/99.94/100 8.0/9.0/9.7
0Z164 59/>10 11/0/7 5.7/5.7/6.3
07165 39/>10 18/3/9 6.3/6.0/5.7
0Z166 28/>10 11/0/4 6.7/6.3/5.7
072167 6.7/>10 0/6/97 6.0/6.0/7.3
072169 15/>10 98/22/99.76 7.7/6.7/9.0
0Z171 1.3/1.4 98/85/99.94 9.0/7.0/9.7
02172 3.5/5.0 68/82/100 8.0/10.3/10.3
0Z173 58/32 15/0/80 7.0/6.7/9.7
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Qz76 1.7/3.0 49/NA/ 94 6.3/ NA/8.0 QOZ77 1.4/2.2 99.9/74/98 9.0/6.0/8.3 QOZ78
24/ 42 94/97/79 8.7/7.0/6.7 OZ79 0.38/0.81 85/99.94 7.0/ NA/ 9.3 (80

.15/ 0. 34WBIBAMIGS# 6. 3NA/ /7.7 OZ81 >100/>100 0/ NA/ O 5. 3/ RATAISO210RB2
.48/1.2 91/NA/ 79 7.3/NA/7.0 (CZ83 0.30/0.60 92/78/99.8 7.0/6.3/8.0 0Oz84
.4/2.1 92/ NA/99.99 7.7/NA/ 14.7 OZ85 0.86/1.8 34/NA/99.7 6.0/ NA/8.3 (OZ86
.80/2.0 77/NAV//99.9 6.7/NA/11.3 Q787 3.6/4 4 22/NA/53 5.7/ NAV/6.0 (88
.71 4. 2 GZINA/ 99. 12830/ NA/ 11. 7 0QOZ3%0 0. 30/ 0. 767/94/®W 99. 8 7.3/6.7/8.7 CZ90
.44/0.84 89/95/99 7.0/7.0/8.0 Oz91 1.4/0.42 20/0/85 5.7/6.0/7.3 QZ92
.6/ 0. 40 $A/735/ 99. P86, 7/ 6. 3/ 189Q 03 3. 3/ QIR 254.3/ 100 6.7/6.0/13. 3

Q794 57/ 28 21/0/11 6.0/5.7/5.3 0795 2.8/1.3 31/0/49 6.0/6.0/6.0 96

8. 4/ >10 /19 5 7/5.3 2/1.8 59 .7/5.3/7.0 QZ98
2.3/0.9 117%/77 62%433 3/7.3 %@%@403/ 000672%/@7%302/ 19767 QZ99 77/ 27
30/40/36 6.3/5.7/6.3 Oz100 1.4/0.34 61/36/80 6,7/6.3/7.0 OZ101 3.0/1.6
44/ 0/ 99. OZGT3/ 5. H-93.7 0z1029%9699.888983) 73/ bB3%- 7 76) 6. 7/ 19. 7 Oz103

0.64/0.17 86/63/87 7.3/6.7/7.3 Q104 1.4/0.50 56/0/99.98 6.3/5.7/12.0
Oz105 5. 9478 16/ 02PAR75. 7/ 5. 7/ 63323/31 7.3/7.3/10.0

RPOUIORFR OO

0Z179 1.3/11 99.91/99.78/99.91 11.3/10.3/11.3
0Z180 3.7/2.8 99.91/97/65 13.7/12.7/10.3
07181 0.58/0.35 99.98/99.91/100 9.0/10.0/11.0
0Z182 4.5/5.5 91/96/95 8.0/7.3/1.7
0Z183 0.80/2.1 65/19/81 6.0/6.0/8.3
0Z184 1.0/1.4 54/59/97 6.7/7.0/8.7
0Z185 1.1/1.4 86/56/99.96 7.7/6.7/10.7
0Z186 >10/>10 87/96/67 8.0/9.0/8.0
07187 4.0/6.8 77/94/77 7.7/10.0/7.0
0Z188 1.5/3.0 93/98/99.87 8.7/10.0/9.0
072189 1.7/3.0 95/99.79/98 9.3/9.0/10.7
07190 0.16/1.0 98/78/2 8.7/1.7/5.7
0Z191 6.0/>10 7/5/17 5.7/5.7/6.0
07192 2.5/4.4 38/45/99.98 6.0/7.0/13.7
0Z193 5.5/8.3 99.75/93/99.92 9.3/8.0/11.0
07194 2.0/6.6 87/73/99.95 8.3/8.0/20.3
07195 2.2/3.7 98/99.02/99.75 9.3/10.7/9.0
0Z196 >10/>10 10/0/17 6.0/5.3/5.7
07197 1.0/2.0 87/90/99.54 7.7/8.7/10.3
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Qz106 2.2/1.7 0/0/0 5.3/5.05.3 Q7107 1.0/0.30 70/32/99.74 6.3/6.3/8.0
0z108 68/29 0/0/0 5.0/5.0/5.7 Oz 109 21/24 2/0/24 5.7/5.7/6.3 OZ110
5.3/2.1 580@300069¢ 6.7/5.3/7.7 Qz111 0.92/0.35 98/ 79/ 99. ®4T1TMSHL/E2787 8. 3
07112 >10>10 6/0/36 5.7/5.7/6.3 07113 0.95/0.20 92/96/89 7.3/8.0/7.3

07114 3.7/2.2 0/0/99.64 5.7/6.0/8.7 07115 11/6.9 33/0/97 6.3/5.7/7.3

oZ116 4.2/3 3 97/9A/96 7. 7/8 3/8 0 (OZ117 2.1/1 2 05/96/99.94 7.0/7.7/8.7
07118 1.0/0.24 99.0/98/99.57 7.0/8.0/8.3 0zZ119 0.83/0.20 99.29/99. 15/ 99. 66
7.7/ 8.0/ B19802126-10/200. 59 33/ 8/49®66. 0/ 5. 7/ 850/6.@8.7121 0. 96/ 0. 41
91/98/99.61 7.3/8.0/7.3 140 WO 03/000676 PCT/US02/ 19767 Oz 122 >100>100

10/ 3/ 0 5.F o3/ 5. @ &Fi23 1.6/ bo9393/966/494/ 99. §6/B7R/77. 0/ 16 (Qz124 2.1/1.7
72/17/86. 6.3/5.3/ 7.0 Oz125 68/ >100 8/0/0 5.3/5.7/6.0 OZ126 0.20/0. 50

55/ 72/ 99, 0/6.7.8.5 Oz127 /1.3 95/ 98 7.7/7.7 Q128
0.59/1. 1%@3/ 99.@8%@. 98 8.3/ 81)%/3?% 7 @ 1237713@% 0/4/0 5.3/5.7/5.7
OZ130 0.62/0.94 98.8/98.9/98.6 9.0/8.0/7.3 Or131 1.7/4.1 21/ 41/ 90

5.7/ 6. 0/ £4201071322.9/38) >10 38/ LWUOUIH) 5. 7/ 6. 33/1824283 0. 70/ 1.1 94/ 97/ 72
7.0/7.3/7.0 OZ134 0.88/1.1 72/27/99.95 6.3/6.0/15.3 Q135 >100/>100 1/0/0

5.3/5. 3/ D202 6.0/7.9 79/51/74 7.0/7.3/7.3
07203 3.9/6.7 87/99.42/99.72 7.3/8.7/9.7
07204 >10/>10 0/0/0 6.0/6.3/6.0
07205 1.5/2.0 99.96/99.94/99.96 10.0/8.7/9.7
072206 1.0/2.7 93/92/91 8.0/8.7/9.7
02207 0.33/0.57 99.96/99.98/99.98 9.3/12.0/11.3
0Z208 6.0/6.5 0/29/10 6.3/6.7/5.7
07209 0.21/0.32 99.94/99.96/99.97 9.5/10.0/12.5
0Z210 1.4/1.6 99.23/77/99.94 9.3/8.0/10.3
0z211 1.0/1.2 82/78/99.90 8.0/7.3/8.7
0z2212 2.712.9 66/25/59 6.7/6.7/8.0
07213 2.3/2.8 83/74/85 8.0/8.0/8.0
02214 >10/>10 44/54/65 6.3/7.3/7.7
07215 6.4/7.3 96/25/39 9.76.3/7.0
0Z216 0.40/0.67 62/69/99.02 6.3/7.7/11.0
07217 2.0/2.0 67/8/98 7.0/6.0/8.0
07218 2.0/3.0 98/99.30/99.68 10.0/14.3/9.0
07219 0.85/1.6 99.89/99.82/99.91 8.7/8.0/9.3
07220 6.9/4.9 40/0/99.95 6.0/5.3/10.0
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Qz136 23/21 0/0/0 6.0/6.0/6.0 Q7137 11/18 0/6/61 5.7/6.3/7.0 0z138 10/19
0/5/7 5.7/6.3/6.3 Q7140 5.9/8.2 0/8/60 6.0/6.3/7.0 Oz141 1.7/1.9

98/ 97/ 99.89 08/06d6 O/ 8. 7 (OZ142 2.3/ 2.3 0/2/99.98 6.0/ 6. 3/ PETAISOLIII4B
0.98/1.8 48/44/99.85 6.7/6.7/9.7 OZ144 1.4/2.1 99.45/92/99.94 7.3/7.3/16.7
Qz145 0.50/0.76 99.82/99.21/99.87 8.3/10.7/10.7 Qz146 2.2/ 2.7 62/40/91
7.0/6.3/9.0 141 WO 03/000676 _PCT/ US02/19767.  (Q7z147.1.1/1.8 85/ 71/ 99. 89
8.0/ 8.0/ 2271 OZ1481(W¥10.6 38/ 58/&W8WOB/ 7. 7/ 6. 36.3(3H89 8.0/ 8.8 64/ 3/ 87
7.7/6.0/14.3 Oz151 3.8/4.0 71/71/99.63 7.3/7.3/11.0 Oz152 3.2/7.2 0/12/22

6.3/6.7/ ? %00 OZ153 g6 3/ 19 15/ 287/26087@! 7. 0/ 6.737/7000kp4 5.0/ 6.1 99. 74/ 81/ 59
14.7/8. 7777 Cz155 13/ >10 53/53/73 6.3/ 7.0/8.3 (Z156 2.1/2. 1

99. 98/ 98 .98 17..0/.10. 3/ 109. 0. 20/ 0, 0/97 7.3/8.3/8.3
Qz159 0.92223.9 94 3 Pﬁ@a 6.7/ 65.29%7%?7 Qz160 %%/381% 45/ 43/ 99. 94
6.3/6.7/12.0 Qz161 0.40/0.50 59/ 46/ 99. 96 7.0/8 74%%.7 Oz162 0.50/0.71
41/ 22/ 9908824 3/ 628)/8.03  oz163 0V/228. 2 99. 90/98/%4P100 8.0/9.0/9.7 Orl64
591>10 11/0/7 5.7/5.7/6.3 Qz165 39/>10 18/3/9 6.3/6.0/5.7 QZ166 28/ >10

11/ 0/ 4 6072853/ 5. 7.3/<1 167 6.7/ >0/0070/ 6/ 97 6.8/16.1063.3 0z169 15/ >10
98/22/99.76 7.7/6.7/9.0

07226 4.0/4.0 0/0/99.92 5.0/5.3/11.0
07227 0.20/0.20 99.68/99.90/99.84 8.3/9.3/10.7
0z2228 2.0/2.1 99.94/28/99.94 10.3/6.0/14.0
0Z229 0.24/0.23 99.96/99.08/99.98 10.0/8.3/12.7
07230 3.9/3.6 0/0/0 5.3/5.7/5.1
07231 >10/>10 0/0/0 5.3/5.7/6.0
0z2232 0.30/0.50 76/74/99.94 8.0/7.3/8.7
0Z233 1.7/1.9 69/76/99.66 7.0/7.7/8.3
07234 3.0/3.6 12/0/0 6.0/6.0/6.3
07235 1.0/2.0 99.92/99.97/97 8.7/9.0/8.0
0Z236 2.0/2.0 89/86/98.61 6.3/7.7/1.7
02237 5.717.1 5/9/52 6.0/6.0/6.7
07243 0.91/1.1 87/97/170 7.3/8.7/6.3
0Z244 4.0/4.2 6/0/18 5.7/5.3/6.3
07247 1.8/2.3 57/27/99.85 6.3/6.0/9.0
0z251 0.60/0.35 29/6/99.87 6.7/6.0/9.0
07252 2.3/2.2 98.91/99.49/99.82 8.3/9.0/9.3
0Z253 0.56/0.45 75/59/99.82 7.0/6.7/9.3
072254 >100/57 27/11/2 6.0/5.7/5.7
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Qz171 1.3/1.4 98/85/99.94 9.0/7.0/9.7 Qz172 3.5/5.0 68/82/ 100
8.0/10.3/10.3 (Oz173 58/32 15/0/80 7.0/6.7/9.7 142 WD 03/000676

PCT/ USO2/ W@ 08/h006@Z174 27/ 34 0/15/90 6.7/7.3/10.3 OZ 175 1Ppr&rAaiso2/eged/ 97/ 92
10.0/12.3/8.7 Qz176 25/35 11/18/24 7.0/7.7/ 7.0 Qz177 0.9/1.7
99.91/99.88/99.91 12.3/12.7/17.7 0z178 21/27 32/23/31 7.3/7.3/10.0 Q7179
1.3/1.1 99.91/99.78/99.91 11.3/10.3/11.3 0Oz180.3.7/2.8 99.91/97/ 65
13.7/12.7/10.3 Q7181 0.58/0.35 99.98/99.91/100 9.0/10.0/11.0 @z182
4.5/5.5 82696/ 95 & 1. 3/ 7. 799.61/9934/09.80/ 2. 1 99BB.7A0I 6.0/6.0/8.3 O 184
1.0/1.4 54/59/97 6.7/7.0/8.7 Q7185 1.1/1.4 86/56/99.96 7.7/6.7/10.7 QZ186

>10/ >10 /67 .0/ 8.0 9k6.8 7ghHR4//g7% 7.7/10.0/7.0 QZ188
1.5/3.0 éé?ggl 99. 3’79/9'.%7/ 10. 0?99. éZW%QSQ 1.7/3.0 95/99.79/98 9.3/9.0/10.7

Qz190 0.16/1.0 98/78/.2 8.7/7.7 16.0 L5/17 5.7/5.7/6.0 OZ192
2.5/4.4 98R3B/ 99. 9%28/6.1 0/ 7.0/ %%6‘?95-&%?@25. 5/ 8é'§’17879{.3-75/ 93/99.92 9.3/8.0/11.0
Oz194 2.0/6.6 87/73/99.95 8.3/8.0/20.3 Cz195 2.2/3.7 98/99. 02/99. 75

9.3/ 10. 709268 Cz1$68/5201>10 107974/99.850/ 5. 3/ $.9/6.064107 1.0/2.0 87/ 90/ 99. 54
7.7/8.7/10.3 143 WD 03/ 000676 PCT/US02/ 19767 CZ 198 >10>10 4/6/6

5.7/6.0/ Bz360 5.6/4.3 72/51/81 6.7/1.0/1.7
0Z261 39/18 61/47/92 7.0/7.0/8.0
07262  0.63/0.84 96/98/99.39 11.7/12.3/10.0
07263 0.84/1.1 - 99.53/99.45/99.92  13.0/13.3/11.0
0Z264 1.2/1.5 99.61/99.92/99.97  11.0/10.3/13.7
07265 0.56/1.6 99/98/99.67 13.0/9.7/11.7
07266 1.1/1.5 99/99.39/99.75 13.7/11.7/11.7
07267  0.20/0.34 99.92/99.89/99.97 8.3/8.7/9.3
07268  0.44/0.71 99.86/99.47/99.92 9.3/13.3/9.7
07269  0.32/0.61 98/86/99.92 10.7/11.3/9.0
027270 0.85/1.3 99.17/99.47/99.81  13.7/12.3/113
Fenozan 3.2/3.0 99.95/NA/100 8.6/NA/13.4
Astemisinin 1.2/1.9 62/NA/69 6.5/NA/6.8
Atecther 0.41/0.54 98/NA/99.99 7.8/NA/9.5
Artemether —0.45/0.36 98/99.2/99.78 7.9/7.4/9.1
Artesunate 1.4/1.5 65/74/65 6.8/6.4/6.8

!data at a single 100 mg/kg dose

As shown above, antimalarial activity falls off both when the trioxolane peroxide
5  bond is too exposed or is sterically inaccessible to iron(Il) species. Other factors

influencing antimalarial activity include the stability of carbon radicals formed by B-
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Oz199 0.69/1.1 99.48/76/99.44 8.3/7.7/8.7 Oz200 1.0/2.9 81/ 78/ 92
7.0/7.3/8.0 z201 2.0/3.1 100/100/100 13/10.3/25 Qz202 6.0/7.9 79/51/ 74
7.0/ 7.3/ 7WB 030EBO8 3.9/ 6.7 87/99.42/99.72 7.3/8.7/9.7 OZ204/vshext7 0/ 0/ 0
6.0/6.3/6.0 Qz205 1.5/2.0 99.96/99.94/99.96 10.0/8.7/9.7 Cz206 1.0/2.7
93/92/91 8.0/8.7/9.7 Qz207 0.33/0.57 99.96/99. 98/99.98 9.3/12.0/11.3
Cz208 6.0/6.5 0/29/10 6.3/6.7/5.7 z209 0.21/0.32 99.94/99. 96/ 99. 97

9. 5/ 10. Q¢kgioR subcEplddt fo thé Inifal¥PecAdh Flnder ©4hOpSoEidebad. and drinfluence/of . 2
82/78/99.90 8.0/7.3/8.7 QZ212 2,7/2.9 66/25/59. 6.7/6 7/8 Oéglel 2.3/2.8
83/ 74/ 85taickict9ranote fiom the psuaxideippnd pndhg greractiong behieca Ca%’fff 1823/ 7. 3

20/, 0 o parakalArgs s e it QS ferisiieg b idioode Sticflost¥ede, |
Q7219 0 1@5&'11%/ 655921 $9 4138 1863 BRArShrtibn ésberDard BydrBAR0a6d OOANSEPRAS0/ 99. 95

6. 0/ 5. 3/ 10. 144 WO 03/ 000676 PCT/US02/ 19767 OZ221 >10/>10 80/ 87/ 97
6.3/ %.0/8.0 Oz222 3.9/6.3 87/75/99.76 7.7/7.0/10.0 Qz223 4.0/ >10

89/79/99.57 7.3/6.3/12.0 Qz224 Z.M/ 20 6.0/5.7/5.7 Qz225 7.3/>10
0/0/17 5.7/5.7/6.3 Q226 4.0/4.0 , 5.0/5.3/11.0 Qz227 0.20/0.20

99. 68/ 99. 90/ 99. 84 8. 3/ 9.A¥tility bf Te¥oxkdRnds Algdinbt PObLIGhd8/ 99. 94 10.3/6.0/14.0
As shown in Table 2 below, the trioxolane compounds possess impressive
antimalarial activity against P. berghei in vivo as determined in the 4-day Peters test.
10 Based on po EDso/EDgg values, OZ23 was the most orally active compound of all of the

trioxolanes and control compounds.

Table 2
Compd P. berghei P. yoelii
ED50/ED90 (mg/kg) ED5()/ED90 (mg/kg)
po sC sC
0703 1.0/2.7 0.6/1.1 1.6/3.1
0Z05 1.5/6.1 0.6/1.0 1.4/2.5
0Z10 1.3/3.0 0.5/0.9 1/2.2
0zZ11 1.8/3.1 0.5/0.9 1.0/2.1
0Z12 6.8/10.5 0.8/1.4 1.1723
0Z15 2.9/6.3 0.7/1.1 1.4/36
0723 0.9/2.0 0.5/0.9 0.7
0Z25 1.2/3.7 2.2/3.7 2.7/43
0Z27 1.3/2.6 0.2/0.9 4.4/102
0732 2.6/5.1 0.6/1.3 1.2/3.5
Fenozan 1.9/2.7 1.1/2.3 1.8/44
Artesunate 2.4/13 1.5/6.3 5.3/63
Chloroquine  1.7/3.1 1.5/3.0 1.6/28.0
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0z229 0.24/0.23 99.96/99.08/99.98 10.0/8.3/12.7 Q230 3.9/3.6 0/0/0
5.3/5.7/5.7 (QZ231 >10/>10 0/0/0 5.3/5.7/6.0 Qz232 0.30/0.50 76/ 74/99. 94
8.0/ 7.3/ 8wo o338 1.7/1.9 69/76/99.66 7.0/7.7/8.3 Qz234pr&1/sB2/&0782/ 0/ O
6.0/6.0/6.3 Qz235 1.0/2.0 99.92/99.97/97 8.7/9.0/8.0 Qz236 2.0/2.0
89/86/98.61 6.3/7.7/7.7 QZ237 5.7/7.1 5/9/52 6.0/6.0/6.7 OZ243 0.91/1.1
87/97/70 7.3/8.7/6.3 QZ244 4.0/4.2 6/0/18 5.7/5.3/6.3 Qz247 1.8/2.3

57/27/99.85 6.3/6.0/9.0 Z251 O. mmvmmm/gg 87 6.7/6.0/9.0 Qz252
2.3/2.2 98.91/99.49/99.82 8.3/9.0/9.3 w253 .0.56/0.45 75/ 59/ 99. 82
7.0/6.7/9.3 02254 >100/ 57 oNeurptoxigityypETripxolgnes) 15" \wo 03/ 000676

PCT/ US02/ 197 201, . ) G256 0.3/ 0. 2
99. 70/ 99. 67/ 99'¢8 %‘g /rﬁp"ifeé %“1%%2’%%’%%8?% 3%(2355?155 ﬁ}ge/ags]aﬂ%egus 3/7.7/9.7
258 5. 845 agesﬁﬁ(?g[/a@m %GneQ{cﬁmﬁéli)Olsﬁ poGERaDIBWBACK, for mtlamlaaal 6.7/7.0/7.7

Qz261 39/ 18 61/ 47192 7.0/7.0/8.0 (262 0. 63@? ?1196/9 ﬁ99
11. 7512, [R4dAd6 of @AY 6Buuigkylass] Againsiihe By csl ligs (Hishwsir ?)1 8 oz264

1.2/1.5 99.61/99 B3ve 5,981 384893167
T3 010, Anyioignes ik OPod 928 JEbd i Tads bRy MR8 R T 1 0. 34
99. 92/ 9 BeseGivelyD 13 thiS¥akSscPeehd by arbaﬁaniaﬁmghezman@a
9.3/13. 3%78%@9%)3%16 c:s;.f)j/e312/ .61 98/86/99. 92 10 7/11.3/9
metabolite of all the semlsynthetlc artemisinins (Titulaer et al., 1991 Whlte 1994), was
quite neurotoxic with an ICso of 0.22 pM. There was no apparent relationship between

10 trioxolane structure and neurotoxicity and these five trioxolanes.

EXAMPLE S

Onset of Action and Recrudescence of 0Z11, 0727, OZ78,
027156,02175, 0Z177, 0Z207, and OZ209

15

Onset of Action and Recrudescence Experiments

The onset of drug action was determined after a single fixed dose of 100 mg/kg
(SSV vehicle) po to groups of five animals on day +3 post- infection (day 0). Parasitemias
at this point are usually between 25-40%. The infected controls do not survive beyond day

20  +6 post-infection. The reduction of parasitemia is monitored 12, 24, and 48 h after
treatment, and the time of recrudescence (> 5% parasitemia) is assessed by daily blood
smears for 14 days, followed by intermittent assessment for up to 60 days.

The onset part of this experiment reveals how rapidly a compound reduces parasite
load; the recrudescence part of the experiment provides information about the efficacy of

25  the compound against the parasite. A long delay in recrudescence can be due to a very
good antiparasitic effect of the compound or to a compound with a long half-life.

Both the trioxolanes and the artemisinins produced a rapid decline in parasitemia,
confirming that they are rapidly acting antimalarial agents. In contrast to both chloroquine
and these peroxidic antimalarials, mefloquine has a slow onset of action. Recrudescence (>

30 5% parasitemia) occurs quite rapidly for artemisinin and artesunate. The time of
recrudescence increased for the more lipophilic artemisinin derivatives artemether and

arteether.
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Qz270 0.85/1.3 99.17/99.47/99.81 13.7/12.3/11.3 Fenozan 3.2/3.0

99. 95/ NA/ 100 8.6/ NA/13.4 Artemisinin 1.2/1.9 62/ NN/ 69 6.5/ NA/ 6.8

Art eet herw0.0800@764 98/ NA/ 99.99 7.8/ NA/ 9.5 Artenether 0.28M0US8519767
98/99.2/99.78 7.9/7.4/9.1 Artesunate 1.4/1.5 65/74/65 6.8/6.4/6.8 'data
at a single 100 ng/ kg dose As shown above, antimalarial activity falls off
both when the trioxolane peroxide 5 bond is too exposed. o i.s sterically
i naccessi bl e It coritrash{d drjemeffwe,ireerudeesnse opgrEedIdich meFq ﬁi‘é}‘@f f?éﬂ}fnt i mal ari al

tivity include t tahil i i b ' WO
03/ 0006 TponeiF b D7 o D22 FETRRMEAEE fs HEOTET ok Sty 0,

transfer,Ip.d Q&ggﬁﬁ% frdeohaatbanst. Hisvdver, retendsscante tisteforthefdlaiety r enot e

from t he peroxi bond on the interactions between carbon radicals and
pot ent i glolaimtigrolarey QA8 A OZIA6 aveas veory giamitaise et ekartemetherr i [Of SMURe

carboxylic acids are || e i h thel ester,
and Ry dritpeahilie tw%%@?%ﬁﬂ‘% 6%%[%“% Bﬁ?cdtn?%/dlrtp € Yg#éé‘%'ﬁég%?anes
Agai nst B, Ber ahei 1,88V eh1é:Bquial) vt Rsdbe weflof@int.r Thx edcaundescamop tureds
possess | npressive ntimalarial activity against P. berghei in vivo as

det er mi nBAOZN71 Weas foudhly datvatent toethat of thloBMpene. on po ED50/ ED90 val ues, 0z23
was the nost orally active conpound of all of .t ri nd control
conmpounds. TaBrkinglicHiestWes nEEFHesceRse ‘\?’5@"? forE&%ﬁ é@@%@?%‘? ED50/ ED90

ot 7 B (FQminohbthyl tfbxdlahe0 1.4/2. 5
o 3b 1 "EriRpr G Bhs i ol 0dah Sudslarcf¥Omidodbthyl tiaaided & T0 s

0. 8hb. 4 @z 16P(hdrochloride). The recrudescence data for these two trioxolanes suggests that

they are either more powerful antimalarial agents or have longer half-lives than any of the

semisynthetic artemisinins.

Table 3
15
Compd Time of Recrudescence (days)

0Z11 ' 22.2

0727 22.0 (3/5),> 60 (2/5)
0Z78 11.2

0Z156 19.0 (4/5), > 60 (1/5)
0Z175 13.0
0Z177 18.5
07207 > 60
07209 > 60
Artemisinin 8.4
Artesunate 8.6
Artemether 12.0
Arteether 11.4
Chloroquine 17.8
Mefloquine 28.0

EXAMPLE 6
Treatment of Schistosomiasis
20 Mice (MORO SPF female 18-20g) were infected with 90 (£10) cecaria of

Schistosoma mansoni subcutaneously. Following infection, three of the animals were

treated with OZ05 p.o., 100 mg/kg on days 7, 14, 21, 28, 35, and 42.
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Oz 15 2.9/6.3 0.7/1.1 1.4/3.6 OZ23 0.9/2.0 0.5/0.9 0.7 Q225 1.2/3.7
2.2/3.7 2.7/4.3 Q27 1.3/2.6 0.2/0.9 4.4/10.2 0zZ3 2 2.6/5.1 0.6/1.3
1.2/ 3.5 Pepesamels 9/2.7 1.1/2.3 1.8/4.4 Artesunate 2.4/ 12CI&051865. 3/ 63

Chloroquine 1.7/3.1 1.5/3.0 1.6/28.0 147 WO 03/000676 PCT/ US02/ 19767
EXAMPLE 4 Neurotoxicity of Trioxol anes Even though reported clinical
neurotoxicity for the sem synthetic artemsinins is very rare § Par k et

al ., 1998), neshpireditctdnyrol i, ot efithe treatdd mitschad afroduciion IRpfTasiasmig

per oxi des of any structural class. .Agai nst t.he a.cell 1in Fishw ck et
al ., 199910004,iap¢ shethizd Hmf,ede&zm,m%% ﬁaﬁﬁ?f%dk&ﬁéaﬂ%&?g’l If‘a‘féuével y

hi gh | C5t0 > %wijtf‘:’ él%ethg’r]showgcz infifAf adRitResMbut 48 QPRS Fdut @inYes Hipher fah thanas
screen, F4 roara{tem st nin, he presuned netabolite of all the

seni synt et0Zn5aRuetics imihe Sarhd hdsay, aceflate (@k600 hog p.ohindefenesodpx1Ghs quite
neurotoxic with an 1C50 of 0.22 M There was no apparent relationship

bet ween m@/kgp-oXvleEhBagVeuct ure and neurotoxicity and these five

trioxol anes. . E LE to) e Y tteat&d 27,
e, Criss, I aon g 1 G705 200 gREg OB CEEE €00 ghle ikdent
Recr udesgeReR dEX IS bF Hedetion vevednseiityodgaitisuaddcs. inomsowis Ieorrast.ned after a
single fixed dose of 100 ng/ kg (SSV vehicle) po to groups of five animals
on day +@temether shaweoe adivily@ggingadulbsy %€ as at this point are usually
bet ween 25-40% The infected controls do not survive beyond day 20 +6
post-infection. The reduction of parasitema is nonitored 12, 24, and 48 h
aftefgtreatnent, and the tinme of mEXAMIsKEEnce (> 5% parasitema) is
assessed by daily blood snears for 14 days, follgwed by intermttent
assessnent for up to 60Effestof Trigxolgneweon Sghistoseme RPECIES peri nent reveal s how
rapi dly a conpound reduces parasite

Effect of Trioxolane OZ207 on Schistosoma japonicum

Table 4
e Comparative effect of 0Z207 and artemether in mice infected with Schistosoma japonicum

Drug Ageof Dose Mice MTWB/ WRR/ MFWB/ FWR

worm  (mpmg/kg Without  x+ SD % xt SD R/ %
X 1) worm

Control - - 0/8 266 +42 - 11.6+£24 -

07207 35 200 4/7 9.1+3.9 66 0.6+07 95
days

07207 35 400 4/6 43+1.2 84 0.7+1.2 94
days

Artemeth 35 400 0/7 10.1+44 62 34116 71

er days

07207 7days 200 0/8 54124 81 21+1.0 82

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

20
Table 4 illustrates that the mean total worm burden and mean female worm burden

in 0Z207 400 mg/kg group was significantly lower than those in artemether 400 mg/kg
group (P<0.01). The mean female worm burden in 07207 200 mg/kg group was also
significantly lower than that in artemether group (P<0.01).

25  Effect of Trioxolanes on 21-day-old schistosomules

Mice were infected with 100 Schistosoma mansoni cercariae on day 21 post-

treatment. Each group was treated per os with trioxolanes at a single dose of 200 mg/kg.
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| oad; the recrudescence part of the experinent provides information about
the efficacy of 25 the conpound against the parasite. A long delay in
recr udescwpag/oemne be due to a very good antiparasitic effect/ush2/191e7
conmpound or to a conpound with a long half-life. Both the trioxol anes and
the artem sinins produced a rapid decline in parasitema, confirmng that
they are rapidly acting antimalarial agents. |In contrast to both

chl or oqlinteated miice sveed agdhenontip Ak eiowRb averakidled Auyqekyritibrepiment adow onset
of action. . Recrudescence (> 30 5%.parasit.eqa). I | pidly for
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mef | 6qui“i‘1§?b]ﬂ(§wever, recrudescence tinmes for the relatively polar

tri oxol S SoxdheS K LpuNRhRtoéEMYs @otadyadldf 0 that of artenether. The
nore 5 ?‘{% 0 fg]ﬁ?ioc ?a?lfoxo%ane (Ufle) of the QZ156/ QZ177 pair produced the
| ongest del ayMica wereimfacteiseitinte), Sdhivagematthasouhtessasiaa pmedayft#PoBess t han

mef | oqui ne. The_recrudescence tinme for 177 rough levyahent to

that of teeRmestbqbadhegrouy Wakirerigd per Of @%%OWBW\A@%%&@%%%@&O fégpved for

Qz207 a 2 - di f f i116d0p W édke aftéZ209 -
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nmesyl at e am nonme tri oxoeane (hydrochl oride).. The
r ect ydespansent dad thefliver abiaestineovere ronovenad sspaygiedt She himer apcbiptestiae o t her

ful antimalarj al have | hal f - | | f th
e synivEe FemacEishaay AlEmaTaRt Beble YEVEsRNe AL Ml oo AR} oy )
X 11 2%t hitocfid QuhSbilyaicd Anéat 1ot artdfethald wérm G6dhef, bl therédfis, > 60

(L att

are set forth in Table 5.
15 Table 5
In Vivo Activity Against Schistosoma Mansoni
Compd % reduction of schistosomule % reduction of adult worm
growth at day 21 growth at day 49
0z 03 74
0Z 05 90 19,70
0Z 10 66
0z 11 85
0z 12 78
0zZ 15 63
0Z 16 78
0Z 19 77
0zZ 22 75
0z 23 90
0OZ 24 65
0Z 25 86
0z 27 63 20
0z 32 73 27
0OZ 56 69
0z 71 91
0Z 78 82
0z 89 86
0Z 90 81
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0z207 > 60 OZz209 > 60 Artemsinin 8.4 Artesunate 8.6 Artenether
Art eet her

12.0
11.4 Chloro uine 17.8 Mefloquine 28.0 EXAMPLE 6 Treat nent of

Schi st osowpasgios620 M ce (MORO SPF fenal e 18-20g) were i nf ecrdasomd7h7 90 (10)

cecaria

of

Schi st osona manson

subcut aneously. Foll ow ng infection,

t hree
21,

m ce,

t he

e

tinmes

(6x600

on,

once

of the animals were treated with OQZ0O5 p.o., 100 ng/kg on days 7, 14,
28, 35, and 42. 149 WD 03/000676 PCT/US02/19767 Conpared-to control
two of [The topgatilgd nmice had a reduction in patasitaem a of 100% and
third CE QDZEH@CIIOH I'n parasitgem a of 53% In the sane assay, md
treat eq thlbzlzsnetne showed Sigplar activi{ies, but at doses four
hi gher Hhat the—E&Z05—Fu Sner M the sane assay, arteflene
ng/ kg { QZH]iknozaﬁ. {6x1+86-5 &,, kg—p—o)—were T nactiTve. T addi ti
the tri oon 2985163705 200 ng/kg p B* and Q711 100 rgikg—p—o—treated
at day [49 of OZr2®ction|showed act84ity agains{ adult S. mansoni— A
contragt, apgemyt her $hows no ac9BV|ty againgt adult S, _mansoni. 1
EXAVPLE ™7 '%&_H@&Eth@xf Trioxol anes og2Schi st osoma Species Effect of

Tri oxol rH stosoma 1aponi cum 15 Tabl e 4 Conparative effect of
Qz207 an ar n%Pﬁér

1) worm Control

in mce infected with Schi stosoma japoni cum Drug Age
of Dose Mce MW/ WRR/ MFWB/ FWR worm (ng/ kg without x SD % x SD R/

0/8 26.6 4.2EXANMIPAE®. 4 -

Activity of Trioxolanes Against P. berghei

In the single dose EDs¢/EDgo/EDgg determinations, Moro SPF or NMRI mice

% X

(group of three) infected with the ANKA strain of Plasmodium berghei were treated on day

one post-infection. Trioxolanes were dissolved or suspended in the standard suspending

vehicle (SSV)* and administered as single 10, 6, 3, 1, 0.3, and 0.1 mg/kg doses po and sc.
The SSV consists of 0.5% w/v CMC, 0.5% v/v benzyl alcohol, 0.4% v/v Tween 80, and

10

reduction in parasitemia on day three post-infection. The EDso/EDgo values were calculated

by nonlinear fitting.

0.9% w/v sodium chloride in water. Antimalarial activity was measured by percent

*Earlier EDso/EDgo data (Example 3, Table 2) was obtained using 0.5%

15

carboxymethylcellulose or 0.2% Tween 80 vehicle.

Table 6
Compd EDso (mg/kg) | EDgo (mg/kg) | EDgo (mg/kg)
0Z05 8.7 12 15
0Z11 44 6.2 8.2
0227 2.9 5.7 9.9
0Z78 4.2 9.1 17
0Z113 3.6 9.0 19
0Z127 2.5 7.6 19
0Z156 1.3 2.6 4.7
0Z175 3.5 6.2 9.9
0Z177 2.1 3.7 5.8
0Z179 1.4 33 6.6
07181 0.63 1.8 4.0
0Z205 1.6 33 6.0
0Z207 0.37 1.2 3.0
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Qz207 35 200 4/7 9.1 3.9 66 0.6 0.7 95 days Qz207 35 400 4/6 4.3 1.2 84
0.7 1.2 94 days Arteneth 35 400 0/7 10.1 4.4 62 3.4t 1.6 71 er days
Qz207 7daw® 0300066 8 5.4 2.4 81 2.1 1.0 82 MIWB, nean t ecalusemiambur den;
VWRR, worm reduction rate MFWB, nean fermale worm burden; FWRR, fenmal e worm
reduction rate. 20 Table 4 illustrates that the nean total worm burden and
nmean femal e worm burden in OZ207 400 ng/kg group was significantly | ower
than tflosegzpoart enet her0.490 ngf kg gdoup (3<0 0B8)Q The frean femal e worm
bur den T &Z2¢ 200 g’ Kg 0T oup] was gloso signifiscantly |ower than that in

art enether o (PO u¢)23 25°F fect 4@ Tr1 ¢oxol angs on 2[L-day-old

schi st gsertEs—M-cewere .:Qm ected—w I7I T60—BchisTpgsoma hansoni cercariae on

day 21_poslgz_zn.315_ea,t_n:bﬁf B0 h grpup treated—persoswih trioxol anes at a
67

Si ngl e dowe@ma@oo /k(147 1"_\() AND n’lwi 006761 PCFH USO2L19767 Untreated m ce
served|as Ardedinatent rpl . AKIS groups werl® kille¢d 4 wsbks affer treatment and
the |iVer ap@gheibBt €sti ne Bre rehoved4@nd separatedl The |iver and intestine
were ¢ ’}%ﬁﬁ;ﬁn@nd alivggmle pnd femal e wprns co@l d be|seen and count ed.
The effre e orrpogrbas Was evaluat ed by neagpgtotal |and fenal e worm
bur den. ’4\? PRULY + sl are—shown T Tabte 5. Effect of Irioxolanes on adult
schi stosones (49-day-old) Mce were |nf ected with 100 Schi stosoma mansoni

cercariae on day 49 post- treatnent. at.e wth Oz
conFouPds at hbblﬁﬁiwsc@%o/@p%’@@%ﬁ’@h talgﬁfﬁ?ﬁ%cffim &EE%O&%BE}T%
contro ally 30 Rrel | ver
and int é’éf}fermqrgmrl%mvggl rélgtq’eéb@%?t gdcair{‘lgﬁgtl i \I/es?lﬁgnd intestine  were
conpeesspsh @Bshod pYRr Bdsana dnd atstinetenwst paralid ileud brealsenidentin feunt ed.  The

effect of the conpounds was eval uated by nd femal e worm
bur den, teoxblaeedata sEorexampleeths dighiylipephilic 52@?@55“& siivve than fis more

polar triazole (OZ177, OZ235) and imidazole (OZ179) analogs, althougzh in this case the

potency difference is rather small. With one significant exception (0Z 1 81, 02207,
0Z209), the relatively polar trioxolanes 0278, OZ113, and OZ127 were less active. In
10  summary, trioxolanes OZ177 and OZ179 were as active and OZ156 and OZ181 were more
active than chloroquine, the most active control drug.
EXAMPLE 9

In Vivo Toxicity Study of 0Z23, 0Z32, and 027 8

15 .
The toxic potential of three lead trioxolanes (OZ23 — trioxolane carbamate, 0732 -

trioxolane alcohol and OZ78 — trioxolane acid) was investigated agains't artesunate in an
exploratory tolerance study in male Wistar rats. The doses administered were 100 or 300
mg/kg/day for OZ23 and 0Z32, and 30 or 100 mg/kg/day for OZ78 ancl artesunate. All

20 compounds were suspended in SSV and administered at a constant voluame of 5 mL/kg/day.
Control animals received the vehicle (SSV) at a volume of 5 mL/kg/day. Six animals per
group were treated for 5 consecutive days and 6 animals per group were kept for an
additional 1-week recovery period. Examinations included clinical obs ervations, body
weight development, clinical laboratory investigations (hematology, cl1 nical chemistry and

25  urine analysis) at the end of the treatment and recovery periods, respectively. At the end of
the scheduled study period the rats were sacrificed and necropsied and  selected organs were

examined histopathologically. Plasma levels of the trioxolanes and art €sunate sodium were
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15 Table 5 In Vivo Activity Against Schistosoma Mansoni Conpd % reducti on
of schistosonule %reduction of adult worm growth at day 21 owh at day 49
QZ 03 74 W 065082 19, 701 OZ 10 66 OZ 11 85 OZ 12 78 QZPL3/U382/19087 16 78
QZ 19 77 2275 Z 2390 Z 2465 OZ 2586 O 27 63 20 QZ 32 73 27
QZ 56 69 OZ 71 91 Oz 78 82 (OZ 89 86 (Z 90 81 151 WD 03/000676

PCT/ US02/ 19767 QZ iii 71 OZ 119 88 OZ 145 80 OZ 157 65 OZ 163 84
205 84 EMyZQ%nfloying validated HPLC/MS assays, and the data examined for evidence of

drug accumulation over the course of the study. Results were compared, where possible, to
data from previously conducted exploratory pharmacokinetic studies in rats.
All animals survived to the end of the scheduled study period. Clinical
5  observations related to treatment were limited to occasional occurrence of pale feces in
animals given the high dose of 0Z23, OZ78 or artesunate. Body weight development was
reduced during the treatment period for animals receiving the high dose of OZ23 or
artesunate, but was mostly compensated during the recovery period. Clinical laboratory
investigations revealed minimal and essentially reversible changes mostly in high dose
10  group animals. Liver weights tended to be minimally or slightly increased in animals
receiving the trioxolanes or artesunate. Histopathological examinations indicated slight
gastric irritation in animals receiving the higher dose of OZ23 or artesunate.
Plasma concentrations of OZ32 and OZ78 observed in the toxicity study in rats
were broadly consistent with those noted in exploratory pharmacokinetic studies. Levels of
15  0Z23 were disproportionately higher in the toxicity study than the levels measured in the
exploratory pharmacokinetic studies, although insufficient data are available at this stage to
confirm the observed non-linearity of OZ23 pharmacokinetics. Importantly, the
toxicokinetic analysis revealed no evidence of accumulation of any of the OZ compounds,
artesunate sodium or the major metabolite of artesunate sodium, dihydroartemisinin.
20 In conclusion, the toxicological profile of the trioxolanes was found to be

comparable to that of artesunate.

Tt should be appreciated that the spiro and dispiro 1,2,4-trioxolane compositions of
this invention may contain trioxolanes within the scope of the formulas described above, or
25  prodrugs or analogues of these compounds or a racemic mixture of eithrer the D or the L.
form. Also, minor dosage and formulation modifications of the compo sition and the ranges
expressed herein may be made and still come within the scope and spirit of the present
invention.
Having described the invention with reference to particular corrapositions, theories
30 of effectiveness, and the like, it will be apparent to those of skill inthe art thatit is not

intended that the invention be limited by such illustrative embodiments or mechanisms, and
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Artemether 82 1 x 600 ng per os EXAMPLE 8 Activity of Trioxol anes Agai nst
P. berghei 5 In the single dose ED50/ ED90/ ED99 determ nations, Mro SPF or
NVRI  mi cewOgBoup7ef three) infected with the ANKA strain @CTRIsazmrdi um
berghei were treated on day one post-infection. Trioxolanes were dissolved
or suspended in the standard suspending vehicle (SSV)* and adm nistered as
single 10, 6, 3, 1, 0.3, and 0.1 ng/ kg doses po and sc. . T SSV consi sts
of 0. 5%thdtynddiiatibnSesmbievmigienvijtous eparting from4be sgope P! 8%‘, CAMENERND. 9%

w v sodi hl ori : 10 ' | WAl Loy :
Feduct o rAmesa eemncd sy Toh aeoare A D RonBRERANGESBY V2] L0
mere cal GHhAbRde iudAY e B Ehld e picbdt ivehibDRICHRA id dicurpbndudpl © 3,

Tabl e 2) "'was obtalned usi ng 15 car boxynet hyl cel | ul ose or 0.2% Tween
80 vehi Qll@msTaht elafinCaomebakilb @oterghdgpinEdIOnpoeneis ndudeps MMAYKEIUeneZos 8. 7

12 15 OZ11 4.4 6.2 8.2 (727.2,9 5.7 9.9 .CZ78 4.2 9. 1 17

19 6Br12vhich i effegtivieto maset i objestivesghere 7“‘6%52%?%%5.%%%‘?“?%5’.&95”%%‘ ‘Z’? g'g
5.8 Oz179 1.4 oz 181 0.63 1.8 4.0 OZ205 1.6 3.3 6.0 QOZ207 0. 37
1.2 3.0‘“%8%‘6%%5%‘83%8‘76 PCT/ US02/ 19767 OZ209 0.55 1.4 3.0 '

All articles cited herein and in the following list are hereby expressly incorporated
in their entirety by reference.
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0z219 1.6 3.0 5.2 Q2227 2.3 4.0 6.2 Q2235 4.0 7.1 11 Artesunate 4.7 19 60
Artelinate 4.8 10 18 Artenether 2.2 4.2 7.1 Chloro uine 1.8 3.5 5.9

Mef | o ui '/@0o4300d761 6. 8 Tabl e 6 shows ED50/ EDOO/ ED99 dat a @btraisazth7by po
adm ni stration of troixolanes in the SSV fornmulation. The relatively

| i pophilic artemether is substantially nore active 5 than the nore pol ar
artesunate and artelinate. A parallel trend is also evident in the

tri oxol ¥Ghigad @. etz0! ORK®IRieef RieMeinheted Hétpopiiles. o/ Gee56héns HfTe24ct i ve
than itgsyApre polar triazole (QZ177, OZ235) and imdazole (QZ179) anal ogs,
although in this case the potency difference is rather small. Wth one

significant exception 181 oot .atg l
tri oxol g\ﬂeesbnévgﬂrr%, %%misr%}h ﬁgz antlm%{egpéndég Qx?)\)l(gc@él tﬁo\{lghésfgﬁf‘l;?}’
trioRol dnEEested che 138y1 pEIC Vi%é:\?g’ g(zld 156 and Oz181 were nore

active than chloroqui ne, the nost active contral drug. JXA%/PEE 9 in Vi vo
Toxi ci t Pafit, . etfal. CPafety AEasmentrd Peporgle Anfinpplariplsy Chinicad apd Chemigel by ee
| ead tr iPexspeeties. BrZ Z3in- Pharioxoll 5908, 46r32dn¥2%, Qz32 - trioxol ane al cohol
and QzZ78 - trioxolane acid) was investigated against artesunate in an

exph gr atgQs ¥, EOked ANEEermiiAY alkatic sd\licslatibn btaborieopeasdadmmest er ed
were 10Qvr, 300 lm/@?ﬁﬁéﬁpr Qz23 and Qz32, and 30 or 100 ng/ kg/ day for

Qz78 and. Mok e’ 2 ISPERASh AcSiSHeRBSf
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153 WD 03/ 000676 PCT/ US02/ 19767 anal yzed enpl oyi ng val i dated HPLC/ M5
assays, and the data exam ned for evidence of drug accunul ation over the
cour se ofwohe/etsocly. Results were conpared, where possi bl ecTiuso2/dgta from
previ ously conducted expl oratory pharmacoki netic studies in rats. Al
animals survived to the end of the schedul ed study period. Clinical 5
observations related to treatment were limted to occasional occurrence of
pal e fecawhdtns claieddd:s gi ven the hi gh dose of Qz23, QZ78 or artesunate.
Body wei ght devel opment was reduced during the treatnent period for
animal s receiving the high dose of OZ23 or artesunate, but was nostly
conpensated dyri i i I 1R4t-is StbtiEH15Hind ePddOdnaH ©OFelist ofeRME SOF gat i ons
revealedLniniﬁﬁ?ﬂgR%H§%é§§?¥gﬁ¥§ﬂ§gvg%§?%%ga% a#gts nostly in high dose 10
group aningR#iexolare\heterowgtight s tended to be nminimally or slightly increased
in animals receiving the trioxolanes or artesunate. Hi stopathol ogi cal
exam®mations indicated slight gastric irritation in animals receiving the
hi gher dgse of, QZ23 qor_.ar | .of QZ32 and Qz78
observedgin tﬁ@pFSQfgpng£§3%€%%ﬁa?£%s &%ngﬂﬁgg sﬁggﬁgfstent with those
noted in exploratory pharmacoki netic studies. Levels of 15 QZ23 were

di sproportionately higher in the toxicity study than the |levels neasured in
the exploratory pharnmacokifpti ¢/’ studi es, 3al t hough insufficient data are
available at this stage to cogfirmt observed non-linearity of Qz23

phar macoki neti cs. | nportant]y oxXi goki netic analysis reveal ed no
evi@gpce of accumul ati on of "any of the 4conpounds, artesunate sodi um or
the major netabolite of artesunate sodium dihydroartem sinin. 20 In
concl usi on, the toxicological profile of the trioxolanes was found to be
conparable to that of artesunate. It oul d be appreciat the Spiro
and di spmherein B¢ Ry, 32 Ragle t %?Fﬁb%?rtqia?@mo?nf?rﬁgge?etﬁélgﬁ)?‘lqg%%n%% contain

t i oxol angss/dl fudfifucipREs Rt IREN0H incHEs Sk b ag, cdd aandiro Litss
prodrugs or anal ogues of these conpounds or a racem c mxture of either the
D or t he ahd fWstitutedl ransubistimtedchdispdie groupsftioat meydeiinterapeddf DYE oI <f t he

conposition and the ranges expressed herein .. he. made a i e

Wit hih t I98y&she pafus qENISIOREN 3ORHP, aelﬁé“‘iﬁ‘&%‘ﬁ?r “‘}S}q@%‘ﬁ‘qu%ﬁ{°“ﬁﬂ%‘ﬁ?%B§%§éé°s‘£‘?ﬁged t he
i nvention_w 0 akt i¢ bl HRARIgkh;UAd furteaOploging Bt &
effectiv nééﬂgé’bwge%%b%{@égﬁfﬁé’,lgi’ ?avc\)n?ﬁ&%agq}aeppar egﬁitl%ﬁo t hose c())f lgiti | iln t he

art that ahd Rj3akeftogeitet amddercR  dnd (R ttideenitogetiringay foam pispistatitedgr such

illustrative enbodi nents or chani sns, .. and
unsubstituted alicyclic group gﬁicﬂ?s optionally interrupted by one or rmore oxygen, sulfur

or nitrogen atoms.

20
3. A spiro or dispiro 1,2,4-trioxolane according to claim 2, wherein R, and R, taken
together and/or R; and Ry taken together is a mono- or di-substituted C s5-C; spirocyclo
group which is optionally'in'terrupted by one or more oxygen, sulfur, or nitrogen atoms,
said sulfur or nitrogen atoms being optionally substituted.

25

4. A spiro or dispiro 1,2,4-trioxolane according to claim 3 whereira R, andR; tak en

together and/or R3 and Ry taken together is spiroadamantane.

5. A spiro or dispiro 1,2,4-trioxolane according to claim 4 whereirn R; andR; tak en

30  together is spiroadamantane and R; and R4 taken together is a spirocyc lohexyl ring.
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154 WD 03/ 000676 PCT/ US02/ 19767 that nodifications can be made w t hout
departing fromthe scope or spirit of the invention, as defined by the
appended wbasoen67dt is intended that all such obvi ous nodipCirasbz/one? and
variations be included within the scope of the present invention as defined
in the appended clains. The clains are nmeant to cover the clai ned
conponents and steps in any sequence 5 which is effective to neet the

obj ecti es t hesmrd ont dispesd],2 drifiexdancriscardingde clagpetvhereim By andRydaleg es to

th t Al articl i.ted i d.i n.the . i 0g .l

hor by AL SpircRtP IR DA F5 Ape i GikPn SRS A it MR bl Bt 6

10 de Nfﬁﬁétﬁﬂal@%ﬁ@%@bsﬁ'ﬁte&ttﬁ‘él}-ﬁbsitioﬁ[he Desi gn, Synthesis and Bi ol ogi cal
a

Eval uation of Sonme St e Ozonides Wth Anti-malarial Activity. J. Chem

Soc. Perkin Trans. |, 1996, 1101- 1105. de Al neida Barbosa, L.-C. et al.,

Synt hesi_s of Sone Stabl.e onides Wth Anti-malarial . 1 i Vi, Ly,
Cherd: ot *petp g duto {23 75uTanetorgiiso ot pisint IndBidfibbiexst

St er eochgmist fi¥mafted BEoteddrahdt beydndsae tiitskealatsmge bicyclic a, 13-
orer £ ok B i® hitnhed BP0 Org_Cherr%,é,ml%& R 856, 20 Cammenga. H K
et al., Basic principles of thernoanalytical techniques and their

applications in preparative chem stry. Angew. .Che Int. Ed..Engl, 1995,

34, 11781187 SPiER A PRI I}Sﬁrtﬂe’EOl%He. %(’C%QE‘?E&&F F’ﬁnwgﬁ?ﬁ%it SPEFEYAPRERE i n

(qi nghagﬁfgj ZE@ '[}ﬂ%ﬁf%thtar LB ANSS or RGBARLEAGEDstRher§dlicied AR\Re Phar macol .
54° 8 . K. et al.

1997. 37, Dhingra, V. , CQurrent Status of Artem sinin
and bt s doeip sva@isisiies ofs likedr orbdanchiedlalkyDrketpme, ddid,el®diol, 2a008, a6, 279- 300.

Dong, Y.; Vennerstrom J.L Peroxidic Antimal arials. ert in. Ther.

Pat eht s StfonAmda EuRRInG? 556m SR, OB HCEOMIIE SHEE. SHONET Ao AT
Artem si 'nﬁgg I d iy cand dial Cells in Culture.
Chem -Bisghlc n 8&%1(??&1%%91&3&8%& %%@éz{hzc% %ga{én esbaum K. et al.,

Di ozoni des from coozonol yses of suitable O-methyl oxines and Kketones.
Tetrahedron 1997a, 53, 5463-5470. Giesbaum K. e | ., onol yses of
O al kyl a-ed kAspiKke rESSPIFP {.84-HPedaniccordingloslaim 4 wiereina B0 #2 taken

15  together is spiroadamantane and R; and Ry are substituted or unsubstiturted phenyl or

heterocylic rings.

10. A spiro or dispiro 1,2,4-trioxolane according to claim 1 whereina the 1,2,4-
trioxolane is selected from the group consisting of: 0Z03, 0Z05, OZ1 1, 0Z25,0227,

20 0Z61,0271,0278, 02127, 0Z145, 0Z156, 0Z163, 0Z175, OZ177, OZ179,0Z181,
0Z189, 0Z205, 02207, 0Z209, 02210, 0Z219, 0Z227, 0Z229, 0Z2 35, 07255, 0Z256,
0Z257, 02263, 02264, 02265, 02266, 02267, 0Z268, 0OZ269, and OZ270.

11. A spiro or dispiro 1,2,4-trioxolane according to claim 10 wherein the 1,2,4-
25 trioxolane is selected from the group consisting of 0Z78, 0Z163, 0Z1 81, 07207, 02209,
07255, 07256, 0Z257,,0Z263, 0Z264, and OZ267.

12. A pharmaceutical composition for prophylaxis and treatment of malaria

comprising: a malaria prophylaxis or malaria treatment-effective amowant of a spiro or

30  dispiro 1,2,4-trioxolane, its prodrugs and optical isomers thereof, and a pharmaceutically
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groups: a facile access to ozonides. Liebigs Ann./Recueil. 1997b, 138
1-1390. 40 Jefford, C. Peroxidic Antimalarials. Adv. Drug Res. 1997, 29,
271- 325. wO33/0MB7€©3/ 000676 PCT/ US02/ 19767 Kashima, C. et palr/usofronDl ysi s
of Five-Menbered Heterocycles. J. Het. Chem 1987, 24, 637-639. Meshnick,
SR et al., Artemsinin and the anti mal ari al endoper oxi des: from herbal

remedy 5 to Ied hera 1-315.

Par k, B. ?Gce%"la{’ eE Sl tn;}o’%é%“&k@ en&a f])?,grn géﬁecé?ﬁ )ét e}&%ﬁa“ al Of;ﬁQCI i ni cal
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20, 199-205. Vennerstrom J.L. et al., Synthesis and Antimalarial Activity
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Substituted 7, 8, 15, 16 20 Tetr drspir 5. 2] hexadecanes. J. Med. Chem
2000, 43, 2753-2758. Vroman, J.A )Xet aI ; Current Progress in the
Chem stry, Medicinal Chem stryganhd 4gn of Artem sinin Based

Antimalarials. Curr. Pharm Des?gn 1999 5, 101-138. 25 Wesche, D.L. et
al ., Neurotoxicity of artem sinin analogs invitro. Antim crob. Agents.
Chenpt her. 1994, 38, 1813-1819. Wi te, Cinical phar macokl netics and

phar macodynami f art n_and ) Trop Med.
Hyg. 199Xhergin 4’1192453’ afgg" %f%’&?}%’ﬁﬁgﬁiﬁ E%%?fgi%g | | ai med is:
1. A spig ens%un%' o?eﬁtssﬁmle@or‘lmfsﬁusﬁmédamai bretranched akkyl, agl,| gmdh Alkethé grethps; at
| east one side of the trioxolane heterocycle. 5
substituted or unsubstituted alicyclic groups that may be interrupted by one or more
oxygen, sulfur or mtrogen atoms, and substituted or unsubstituted arom atic or heterocyclic
15  groups, whereby none of R;, Rz, R3, or Ry may be hydrogen; and further providing that R,
and R, taken together and/or R; and Ry taken together may form a substituted or
unsubstituted alicyclic group which is optionally interrupted by one or 1m0re oxygen, sulfur

or nitrogen atoms.

20 14. A composition according to claim 13, wherein R, and R; taken together and/or R3
and R, taken together is a mono= or di-substituted Cs-C)2 spirocyclo group which is
optionally interrupted by one or more oxygen, sulfur, or nitrogen atoms, said sulfur or

nitrogen atoms being optionally substituted.

25 15, A composition according to claim 14 wherein R; and Ry taken together andlor Rj

and R4 taken together is spiroadamantane.
16. A composition according to claim 15 wherein R; and R; taken together is

spiroadamantane and R; and Ry taken together is a spirocyclohexylrin g that is substituted

30 or functionalized at the 4-position.
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2. Aspiro or dispiro 1,2,4-trioxolane having the follow ng structure: Rl
0-0 R3 10 R2 &'"X R4 wherein RI, R2, R3, and R4 are the sane or different,
and are swbacwew76 romthe group consisting of substituteacarusonsabstituted
| i near or branched al kyl, aryl, and al karyl groups and substituted or
unsubstituted alicyclic groups that may be interrupted by one or nore 15
oxygen, sulfur or nitrogen atons, and substituted or unsubstituted aromatic
or het er Btycl Acomgositios acdnding byclaion &5 wherin Rgnd Rgtakegr tegetisely pe hydr ogen;

Foget hersiaglBTHRe Qb e ot P EEr RSl e RCo et it | 7"

optionally interrupted by one or nore oxygen, sulfur or nitrogen atons. 20
3. A Spiro or dispiro 1,2,4-trioxolane according to claim2, wherein R and
R2 t akenl8.t ogAtchmpositigh eccdrding taiclRm { G rbereinothe spisecyrlghesiybHigis or

di -substjtuted -Cl2 spirocyclo roup.which is optionally interrupted by
one & %Fmggrﬂn%lr&lﬁ,OXéennW&‘Bd)éﬁlt&o[gS%t,omssai d sulfur or nitrogen
atons being optionally substituted. 25 4. A spiro or dispiro
1,2,4-trioxolane according to claim3 wherein R, and R2 taken together

and/ or RBy andAR4mipakitiontaogedingto ¢lains p8 whertemthe spinecyclshex ySpighes beenti spi r o
1,2, 4-trioxol ane accordi n,(t; to cl ac'{g\ 4 wherein R, and R2 taken 30 together
is spi r oxsglesethyith @nrguistituepipardylk en together is a spirocycl ohexyl ring.
157 WD 03/000676 PCT/ US02/ 19767 6. A Spiro or dispiro 1,2,4-trioxol ane
according to claim4 wherein Rl and R2 taken together is spiroadamantane
and 13 apgl R4Atcaltpositiogatimding so claspi 6 ehyeinthesyirogychhexiyhringis
functionalized or substituted at t?ﬁe 4-position. 5 7. ? Spi rﬁgo di spiro

1, 2, 4- t r frogonslicchwatbraguhgfiteeat s¢legted Bomithe &ioHP CARSIEEE PE 3 ST %{/Pl’ ring is

i nterrupted Qn . ni . piro or
di spi r o \}Lnsgb%@/ntxtﬁi gugﬁrtlt%'i gelQ@fé/(%ﬁ&n tﬁéjérBF% Ic?nrfé'sztlﬂ o QUREArAbP BRnched: alRyE)

OX0l'ane according to c erein the spirocyclohexyl
ring i s fatosd,a610241ca10d, athinb, amide)Balforaniidel gnanidineyeher ¢esterdosudheent uent
selected fromthe 10 group consisting of a linear aor, branched al kyl, ..
ket one, exime, ethrcalbfone, lagtphre carhamate, SCTHEATPYRA i REY IGheITH ‘B?X‘fg’,m i‘lﬁé}",’h‘ést er,

oxi me, urea, oxine ether, sulfone, |actone, carbamate,
15 ~group.

21. A composition according to claim 12 wherein the 1,2,4-trioxolane is selected from
the group consisting of: 0Z03, 0Z05, 0Z11, 0225, 0Z27, 0Z61,0Z71, OL18,0Z127,
0Z145, 02156, 0Z163, 0Z175, 02177, 0Z179, OZ181, OZ189, 0Z2 05, 02207, OZ209,

20 027210, 0Z219, 02227, 07229, 02235, 0Z255, 02256, 0Z257, 0Z2 63, 07264, OZ265,
07266, 02267, 02268, OZ269, and OZ270.

22. A composition according to claim 12 wherein the 1,2,4-trioxolane is sclected from
the group consisting of: OZ78, 0Z163, 0Z181, 02207, 0Z209,0Z25 5, 02256, 0Z257,
25  0Z263, 02264, and 0Z267.

23. A composition according to claim 12 that is suitable for administrationby a method
selected from the group consisting of oral, subcutaneous, intravenous, intranasal, rectal,
sublingual, and buccal.

30
24.  Adamantane-2-spiro-3'-8'-carboxymethyl-1',2',4'-trioxaspiro[4 . 5 ]decane.
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sem car bazone, phenyl, heterocycle, and alicyclic group. 9. A Spiro or
dispiro 1,2,4-trioxol ane according to claim4 wherein R and R2 taken 15

t oget her we ospitso@damant ane and R3 and R4 are substitut edrem/usezudgst it ut ed
phenyl or heterocylic rings. 10. A spiro or dispiro 1,2,4-trioxol ane
according to claim1 wherein the 1,2,4- trioxolane is selected fromthe
group consisting of. (QzZ03, (QzZ05, OZ1 1, Qz25, Qz27, 20 Qz61, QZ71, QZ78,
Qz127, Qz145, Qz156, z163, Qz175, Qz177, 0zZ179,0z181, (7189, Qz205, Qz207,

Qz209, 4210, 219 ( , 1 Q2220 .11 542 $51d6%r0 7, OZ263,
oz264, 2654 %ne%%éz?,3 g%glfm@@g@,l ’g’ﬁdéﬁo%g%ﬁll;l A Spiro or dispiro
1,2, 4-t r}{qulhme,accordi ng to claim10 wherein the 1,2,4 25 trioxolane is
sel ected fromthe group consisting of Qz78, (Qz163, QzI 81, Qz207, Qz209,
Qz255, QzZ256, Qz257, Z263, Z264, and QZ267. 12. A pharnmaceuti cal

conpositjon f r ophyd axi S..ak : ti0 @f g i hskhg. a malari a
pr opﬁyl 'S o&éar?gﬁ“g%e'aé'§pﬂré)é% %nnéﬁdtlﬁlé&?é@\}égémﬂﬁdﬁ gﬁol?)[?ig g?éragéd(l)tgbgg(’) dispiro
1,2,4-trioxolane, its prodrugs and optical isoners thereof, and a
pharmaceutically 158 WO 03/000676 PCT/ US02/ 19767 ,azii% table carrier, said
trioxol aife behdmmantaneiZspitoy3'H-frminemedinl) .2 | A-HX gL S géeweﬂ-mylate-

tri oxol ane heterocycle. 13. A conposition according to claim 12, wherein
the Spiro or dispiro 1,2,4-trioxolane 5 has the following structure: R 0-0
R3 Rz &eX RépgdRanthRieigidis ReninBRethghd ' Ry -aiexaspieo s Srideane diskAateent , and
are selected fromthe group consisting of substituted or unsubstituted

| i n@@ar or branched al kyl, aryl, and al karyl groups, substituted or

unsubstituted, alicycli ro at . be | ' or nore
oxygen, il fu‘ﬁgfﬁ? ﬂefz’g-ﬁgﬁ)-g%-ﬁfé?-pgﬁ?réfbcgrgqop%%@%%&g%@ﬁ})g{}ff- tuted aromatic
or heter&gxgggyr&‘;gﬂge&w_ups, whereby none of Rl, R2, R3, or R4 may be

hydr ogen; an [Jr'ther providing that RL and R2 taken together and/or R3

and R4 taken together may form a substituted or wunsubstituted alicyclic

O O oSt onddathantanecd-sphra- B (PR D oR iy andIRE reiPgAT 451 FUr of

15  trioxaspiro[4.5]decane.

31. Adamantane-2-spiro-3'-8'-[[(methanesulfonyl)aminoJmethyl]-1",2',4-

trioxaspiro[4.5]decane.

20 32.  Adamantane-2-spiro-3'-8'-[[[(1'H-imidazol-4"-yl)carbonyl]amino]methyl}-1',2",4'-

trioxaspiro[4.5]decane mesylate.

33.  Adamantane-2-spiro-3'-8'-[[[(1'-oxido-4'-pyridinyl)carbonyl]Jamyino]methyl]-1",2",4"-
trioxaspiro[4.5]decane.

25
34.  Adamantane-2-spiro-3'-8'-[[[(4'-methyl-1'-piperazinyl)carbonyl Jamino]methy1]-
1'2',4'-trioxaspiro[4.5]decane.

35. A method of preventing or treating malaria comprising:
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20 14. A conposition according to claim 13, wherein RL and R2 taken
together and/or R3 and R4 taken together is a nono= or di-substituted

C5- C12 spwoacsyedeéas gr oup which is optionally interrupted IpgTarse2or6nor e
oxygen, sulfur, or nitrogen atonms, said sulfur or nitrogen atons being
optionally substituted. 25, 15. A conposition according to claim 14 wherein
Rl and R2 taken together and/or R3 and R4 taken together i .

spi r oadap@ninisteting 6 malerzagupesticn armastoireitmgntiadfesiivg FOMNGHAROPIRL and R2

taken together is . spjroadamantane.and R3 and R4.{a - 4.S a
spi rocyc 59@&9'12’44%43%1{“‘1 %W?‘?@P’gﬁcep%?eo?é?%hc %ﬁ?@%@g&n t he

4-positign. AR9; 06:ZBorR G\ U30%/ (8% 6iZne Heferoyckonposi ti on according to
claim 155%%%‘& ﬁ‘y%&gélrggm taeen et oget her is spiroadamantane and R3 and R4
are substituted or unsubstituted phenyl or heterocylic rings. 18. A

conposition according to_claim.16 wherein. the spit.ocyclgh l, k] S 5
i ntersupBéd by makOSACGoRHEE YN, ¥ F‘feH}t,heéPlr‘h&i ‘ﬁl%é’rﬁl ’gfgﬁo.mﬁrﬁhﬁﬁé
conposi tion. gccor di Q claim 18 wherein the spirocycl ohexyl ring has been
repl aced G °‘5ng\‘°1kr§g%£e’fi tuted piperidyl. 10 20. A conposition according to
claim 16 wherein the spirocyclohexyl ring is functionalized wth a
substituent selected fromthe group consisting of a substituted or
unsubstituted substituent selgct eq%__@thRn?group consisting of a linear or
I ,
e

fr
branched al kyl, ketone, acid;1al ¢gohol; am de, sul fonam de,
guani di ne, ether, ester, oxi m&*,>ih\;> i me ether, sulfone, |actone,
carb gate, sem car bazone, pheRy , roc ﬂzf’ and alicyclic 15 group. 21.
A coﬁposi tion according to clakm 12 whereinthe 1,2,4-trioxolane is
selected from the group consisting of: Qz03, Qz05, Qz1 1, Qz25, Qz27,

oz61, Oz71, OQz78, OQZ127, (QZ145, Z156, Qz163, 7175, Qz177, Qz179, (z181,
oz189, OZ205, OZ207, OZ209, 20 Oz210, OZ219, QZ227, QZ229, Qz235, QZ255,

07256, OZ257.. Q7263 , : 2 a0
ﬁé’b@g?l{l %hﬁ?ac 3%@% aréthe @%ge ol HifeRont, @éd Gre sefdéidb &rofdiRSHoup an

22. A co ing to claim12 whérein the 1,2,4-trioxolane is
sel ect ed doh&iBting dfaubstivutpd coursilssticuted lideaOz7Branchied aikyl. @l 8 and @i growpsoo,
Qz255, Qz256, Qz257, 25 263, ..Qz264, .and 267, 2 ition
accoidi ngubsituted orpmspbstiyied plicyslie g’é’BP%mlag?‘a%l H'ﬁ?@p?%it@oﬁgggﬁﬁ&etnet hod
oxygen, sulfur or nitrogen atoms, and substituted or unsubstituted arorn atic or heterocyclic
groups, whereby none of R}, Ry, R3, or R4 may be hydrogen; and further providing that R,
and R, taken together and/or Rj and Ry taken together may form a substituted or
unsubstituted alicyclic group which is optionally interrupted by one or 1more oxygen, sulfur

20  or nitrogen atoms.

37. A method according to claim 35 wherein the trioxolane is admimnistered ina dose of

between about 0.1-1000 mg/kg/day.

25  38. A method according to claim 37 wherein the trioxolane is admimnistered ina dose of

between about 1-100 mg/kg/day.

39. A method according to claim 35 wherein the trioxolane is administeredina single

dose.

30
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selected fromthe group consisting of oral, subcutaneous, intravenous,
intranasal, rectal, sublingual, and buccal. 30 24.

Adamant anwo3epicre- 3' - 8' - car boxynet hyl -1' , 2" , 4' -t ri oxaspi rafTAISs}/dweane.
160 WD 03/ 000676 PCT/ US02/ 19767 25.

Adamant ane- 2-spiro-3'-8'-(am nonethyl)-1',2",4"-trioxaspiro[ 4.5 ]decane
hydrochl ori de. 5 26. ) i . ) .. e

Adamant a@fe- 2-4 piethod BtecBding anélaiona$ whereinythe trioxelane s pdminyisterst ip dvidgsk ane
citrate. 27.

Adamant &Q852- spi ro-3' -8' - (ami nomethyl )-1',2',4' -tri oxaspiro[4.5 ] decane
p-tosylate. 28.

Adamant ane- 2-spiro-3' -8 -(am nonethyl)-1',2"',4' -trioxaspiro[ 4.5 ]decane
mesyl at e}1. 10QA Zfkthod accordmg to claim 35 wherem the trioxolane is administeredin a

Ad t 2- 3' -8 4' - dj rb 15,2 ,4
tr?ggnaggg W;Egvgﬁlva(g@%@% 1g %rvbee S nor orr?a"ll%a) &&S‘oéh?é %tdh:}{&nlgl-z’ '
Adamant %@ek% §§I é Ssare. S [[(2' -am no-2' - oxoet hyl)am no] nethyl]-1',2",4"- 15
trioxasplro R cane.

Adamant ane- 2-spiro-3'-8' - [[(rret hanesul fonyl )am no]jmethyl]-1',2",4"- triox
aspiro [4.5 ]decane.

Adament ae- 2- émqﬂapd@cc%dm[g[t? elflméﬁﬁih&aﬁi% he&“‘-’W?‘bedF BTRUPSISINS et hyl -1, 2

4' - t | t
Adamant ;’hg iJ%u{aﬁLe g&k&@gﬁ?m gﬁox?dg 4" - yri di nyl ) carbonyl ] a
hi ngjgret hyI ]- 1' 4: :[I’I OX&SPI ro [4.5] Idecfane 25 34. .
B
treating mal arl a com ax%algga 9rokﬁ§1a¥popﬁ(apa?ﬁ%§tn?&ueﬁ§qgéé%@ﬂlt ofa SplI'O

adm ni st?é‘?ﬁr%nga T on or aria treatnent effective anount
of a spi§igiro H2 anhéﬂaléne?ltﬁpﬁoﬁmgxrahmupnaahlsampnahcra@%mﬂcal ly accept abl e

carrier, said tri oxol ane bei ng steri caLﬂ? hi nder. e% ottl %tf | east, 0 é de of
the tri oultﬂrma@uhealb’r@égmfi@e casngesals&trr%p & beiog stecaly g dersdo 'Bl%a efein
the SSD I rodé) (r)f t‘i!xle o'xro?ane h%tef'oc%lleoxm ane has

44. A method according to claim 43, wherein the spiro or dispiro 1,2,4-trioxolane hhas

the following structure:

O0—0O R3

" X
R4

R,

wherein Ry, R, Rs, and Ry are the same or different, and are selected fi-om the group

25  consisting of substituted or unsubstituted linear or branched alkyl, aryl, and alkaryl groups,
substituted or unsubstituted alicyclic groups that may be interrupted by one or more
oxygen, sulfur or nitrogen atoms, and substituted or unsubstituted aronraatic or heterocyclic
groups, whereby none of Ry, Ry, Rs, or R4 may be hydrogen; and further providing that R,
and R, taken together and/or R3 and Ry taken together may form a subsstituted or

30  unsubstituted alicyclic group which is optionally interrupted by one or 1more oxygen, sulfur

or nitrogen atoms
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the followng structure: R0-0 R3 10 RZ & X R4 wherein RI, R2, R3, and R4
are the sane or different, and are selected fromthe group consisting of
substi t utwo oemoosmesubstituted |inear or branched al kyl, arycr/isogigabkaryl
groups, 15 substituted or unsubstituted alicyclic groups that may be
interrupted by one or nore oxygen, sulfur or nitrogen atons, and
substituted or unsubstituted aromatic or heterocyclic groups, whereby none
of R, R2, R3, or RA may be hydrogen and further providing that R  and R2
t aken toget her F { and R4 tak el together may form a substituted or
unsubst #3-ut ed st Q‘i/e treatige SRS opti onal 1y i nterrupted by one or

nor e OX S8R 2B of Bepirofomdispirodl 24 tioxdlange iw cl ai m
35 Wher 4;Hinsr%r?aﬂﬁ%r'E:a.nchotré?:l'imE‘flt'feffg of Bdpir

I oxolane I's adm nistered in_a dose_of e;tﬁ%\e @ about
0.1- 1009 pharhiegéliayily 2GeRtble damet, lseid m@ecdmb@&%elaqa&wwﬁe WaERS he
trioxolane is admnistered in dose of between about 1-100 ny/kg/day. 39.
A ned hodn%wé@)@ﬁ'ihﬁ&“t@bé’FgFW{O% Cliherein the trioxolane is administered in a
single dose. 30 162 WD 03/000676 PCT/US02/19767 40. A method according to
claim 35 wherein the trioxolane is adm nistered in divided doses. 41. A
met hod @gCcor & Mgthb@ of prophylakis uhtecatenttaf echistpeomiasis cOMEigHHE ni stered in a 5

mal ari a- preventive dose beglnnln 1 2 \Wwee i ure and

endi ng adinistasing a;ﬁ@@’ém%é%ﬁ?rép axis gr Hﬁ%ﬁ’sﬁ{%{g%m%"“ﬁ Pal Q}prgS wher ei n

the triqgxola a Fi uﬂtrq@s@,];@wer 1-10 days.
1P Hgydﬂ ﬁ'f )Wg;r? ﬁﬁ'ﬁila&éhtl@al j@c@ﬁth@ie%h‘ﬁﬁ s ng

10 43. ur|n sition for prophyl axi s and

tr eaf menferiehilyRhdérbdon @tqea%t bsd sﬁ@éoﬁﬂmrrtgcolaannﬂnlemmawr ophyl axis or malaria
treatment - ef f'ecti ve anount of a spiro or dispiro 1,2,4-trioxolane, its

prodrugs and optical isoners thereof, with a pharmaceutically acceptable

carrier, 7sa| C.iA spl}oooxro iPiro 1%&-@:90&5&%ih%@ikx%XhJ‘fdi'ﬂ%t?gjstﬁﬂn@é: | east one’

0—20Q R3

s KX

wherein R; and R; taken together is spiroadamantane and R; and Ry takcen togetheris a
spirocyclohexyl ring that is functionalized or substituted at the 4-position withan alky’1
20  bridge, whereby said spirocyclohexyl ring may be interrupted by one oxr more oxygen,

sulfur, or nitrogen atoms.

48.  The spiro or dispiro 1,2,4-trioxolane of claim 47 wherein the alkyl bridge is methyl

or ethyl.

25
49.  The spiro or dispiro 1,2,4-trioxolane of claim 47 wherein the alky] bridge is

functionalized with a substituent selected from the group consistingof  a linear orbrarached
alkyl, ketone, acid, alcohol, amine, amide, sulfonamide, guanidine, ether, ester, oxime,

urea, oxime ether, sulfone, lactone, carbamate, semicarbazone, phenyl, heterocycle, and

30 alicyclic group.
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15 side of the trioxolane heterocycle. 44. A nethod according to claim43,
wherein the spiro or dispiro 1,2,4-trioxolane has the follow ng structure:
20 R1 0- OWB33/0R®B76&4 wherein Rl, R2, R3, and R4 are the sameTarSoglid7ber ent,
and are selected fromthe group 25 consisting of substituted or
unsubstituted |inear or branched al kyl, aryl, and al karyl groups,
substituted or unsubstituted alicyclic groups that nmay be interrupted by
one or §Ore Ukygd, orsdibiter 1,00-triotolawed chin g, whaneindhgalka brids isor
unsubstituted aromatic or heterocycli roups, whereby none of R, R2, R3,
or R4 nﬁ&nCﬁ@nWQﬂf‘dg‘éri‘;suhﬁHu?‘ﬁlﬂiaﬁbsra‘ﬁ‘?‘%\ha 'ng that R and R2 taken toget her
and/or R3 and R4 taken together may forma substituted or 30 unsubstituted
alicyclic group which is optionally interrupted by one or nore oxygen,

sul fur spr nirhé geRNoEdigHE 1,6.3-H6x (lade0TREIB FOCTHdrSDhd HEEK bageSompridss hod of
treating cancer conprising: admnistrating a cancer treatnent effective
anouhit o amidspi ro or dispiro 1,2,4-trioxolane in a pharnaceutically
acceptable carrier, said trioxolane being sterically hindered on at |east

5 one side of the trioxolane heterocycle. 46. A nethod of prophylaxis or
treat megh of Thekifs os@Bpiasi 3 4cwivRolusd ofglaimatimvhérsinrthe Algyloridgstis mesbihi asi s
prophyl axis or treatnment effective anount of a spiro or dispiro
1,2,4-trioxolane in a pharnaceutically acceptable carrier, said trioxol ane
bei ng 1Q_ster, call i ndered on..af. t i sihde i3%0l ane

het er oc;Q?éi e. M ?‘II‘RXQEF S zg%’?élgl g%% tﬁf-a?ﬂagé(o aﬂfglfrl\%vitﬁegﬁﬂtgﬁe f ol | owi ng
Stryugt ur@sxoldik HavideRfud&ion¥l gridp Sdectdiefieh theRiroap doiStingk efia kevggamer i s

spi r oadamant ane ang R3 and R4 taken together is a spiro Io(gﬁx | ring
that i s afdshydd, emedtérz end aphtbalmide tWithereagent Ffbfoﬁlllp?o“sqntq%b‘ﬁ“ﬁé%te O%f % 20
bri dge, whereby said.spirocyclghexyl ' t i@r nore
oxygen, SR qoﬂ%/lfm@r oﬂﬁ%{f’%eg gﬁ”h@bﬁ%‘?ﬁef@e %%@%8?% e%?’%gi%g%f ?gné’)yncp wRie
1,2,4-trioxolane of claim47 wherein the alkyl bridge is nethyl

54.  The method of claim 53 wherein the trioxolane has a ketone or an aldehyde

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

55 The method of claim 53 wherein the trioxolane has a ketone or an aldehyde

functional group, and is treated with a reducing agent to form an amine or an alcohol.

50 56. Themethod of claim 53 wherein the trioxolane has a ketone or an aldehyde

functional group, and is treated with a hydroxylamine or a hydrazine to forman oxime

ether or a hydrazone, respectively.

57.  The method of claim 53 wherein the trioxolane has a ketone or an aldehyde

25  functional group, and is treated with one or more diols and/or alcohols to form aketal or

acetal.
58.  The method of claim 54 whereby the trioxolane is OZ05.

30 59. The method of claim 58 whereby OZ05 is treated with a heteroaryllithium,
aryllithium, or alkyllithium reagent to form the corresponding tertiary alcohol.
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or ethyl. 25 49. The Spiro or dispiro 1,2,4-trioxol ane of claim47 wherein
the al kyl bridge is functionalized with a substituent selected fromthe
group comwpIBioog7O©f a |inear or branched alkyl, ketone, a&cirdisoaiwehol ,

am ne, am de, sulfonam de, guanidine, ether, ester, oxime, urea, oxine

et her, sulfone, |actone, carbamate, sen carbazone, phenyl, heterocycle, and
30 alicyclic group. 164 WO 03/000676 PCT/US02/ 19767 50. The spiro or
dispiro 1,2,4-trioxolane of claim47 wherein the alkyl bridge is

functionalized with a substituent. that.is a weak b . The spi.ro. or

di spi r o 69, 2, Fhe meghest ofrlatEy S 3yhagreing {Fissplafc fs ﬁ%gg‘“b%i%“alc%ﬁ%’r Rodis®s o
am de. 52. The.spjo. I SR 1,21c4nérr i oxol ane of claim47 wherein the
al kyl b ]ieatﬁgwltsha% E?ﬁéagéggw f;gﬂnne{lhg of synthesizing a dispiro
1,2,4-trioxol ane conprising: treating a 10 trioxol ane having a functi onal

group selected fromthe group consistin f a keton an al dehyde, an
esteb, #&id a Thsmahodelrdaly Q(ﬁwgerg%égm&oganpdsr ?f?eﬁ?%cgﬁ%hﬂ)c‘f & ected from
the group.consi '.R)q f ctone, al cohol, oxinme ether, hydrazone, ketal,
acetal , CQ%lﬁEgoéﬁicFam gOi 4. The method of claim53 wherein the trioxol ane

has a ketone or an al dehyde 15 functional group, and is treated with an
oxi di zing agent to forma |actone or_an. acid. 55, 'I;ﬁg. net ho Pf cl ai m 53
wher ei n @2he tTheonashethef daign 6l wherghre0g/0 hﬁfreé‘lt‘?ﬂle‘ﬁ‘glﬂ%re g PEAP 0GP dup, and
IS trea‘gﬁg \gith a reducing agent to forman amne or an al cohol. 20 56. The
met hod H”ai m 53 wherein the trioxol ane has a ketone or an al dehyde
funggi onal group, and is treated with a hydroxylam ne or a hydrazine to
forman oxime ether or a hydrazone, respectively. 57..The nethod of claim
Vi A

53 wher €83 t HEhetmétbadphelaimmak wheneby D461 &y treake chRE AP OFHAI gr oup,

and is té’g%ed with one or nore diols and/or alcohols to forma ketal or
acet al . >”*The nmet hod of claimb54 whereby the trioxolane is QZ05. 30 59.
The net hod of claim58 whereby QzZ05 is treated with a heteroaryllithium
aryllithium or alkyllithiumreagent to formthe corrfﬁspo_ndi ng tertjary
al cohol . 64.165The method of claim 53 wherein the trioxolane has an ester functional group, and 1s

15 treated with a hydrolyzing agent to form an acid.

65. The method of claim 64 wherein the hydrolyzing agent is aqueous potassium

hydroxide.

250 66. The method of claim 64 wherein OZ61 is treated with a hydrolyzing agent to form
0Z78.

67.  The method of claim 53 wherein the trioxolane has an phthalimide functional
group, and is treated with a deprotecting reagent to form an amine.

25
68.  The method of claim 67 whereby the phthalimide is selected from the group

consisting of 0Z136, 0Z146, and 0Z167.

69. The method of claim 68 whereby OZ136 is treated with a deprotecting reagent to
30 form OZ137.
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WD 03/ 000676 PCT/ US02/ 19767 60. The nethod of claimb53 wherein the

tri oxol ane has an ester functional group, and is treated with a reducing
agent to Wworosioas7@l cohol. 5 61. The net hod of cl ai m 60 whecahysor/inge?
trioxolane is selected fromthe group consisting of OZ70 and Qz61. 62. The
met hod of claim 61 whereby OZ70 is treated with a reducing agent to form
0Z119. 10 63. The nethod of claim6l whereby OZ61 is treated with a

r educi ng7@genThe method of claiBB63 WhdrebT DL 1A@isHarhtasiwith adpRrotecims Feagent the

trioxol ane has an ester functional group, and is 15 treated with a

hydr ol yziong Qé/ddt to forman acid. 65. The nethod of claim 64 wherein the
hydr ol yzi ng agent is aqueous potassium hydroxide. 20 66. The net hod of
claim64 wherein OZ61 is treated with a hydrolyzing agent to form QZ78.

67. The et hothohethbdiofitiatn 6B aheichy OFd 67 is wsatddawish  deprateqiing FagantitQe

functi onal roup, and is treated with a deprotecting reagent to form an
ani né 2BmEOZ29e net hod of claim 67 whereby the phthalinide is sel ected
fromthe group consisting of QZ136, (QZ146, and QZ167. 69. The net hod of
claim 68 whereby OZ136 is treated with a deprotecting reagent to 30 form
Qz137. 165 \OrRsMeHoa b6 cRGH LRISARIehdthe deprplectiiig ecagent hoblydfazisk.ai m 68 wher eby
(QZ146 is treated with a deprotecting reagent to form QZ181. 71. The net hod
of claim 68 whereby QZ167 is treated with a deprotecting reagent to 5 form
Qz269. 72. The method of claim68 wherein the deprotecting reagent is
hydrazi ne. 167
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