STEREQ SOVERS OF TRI CYCLODECAN- 9- VL- XANTHOGENATE CROSS REFERENCE TO RELATED
APPLI CATI ON [ 0001] This application clainms the benefit of the priority of
U.S. Provi $iOREEdbI i cati on No. 60/958,370, filed JLHC;TI’%’?U‘%E%‘?’ t he

di scl osure of which is incorporated herein by reference inits entirety.

FI ELD [ 0002] Provi ded herein are optically active stereoi soners of
tricyl cl odecan-9-yl xant hogenate, processes of preparation, and

phar maceuti cal OMREHISOANERS OETRICY CADDECANOY-VISHARTHOGENIKES of their use
for treating, preventing, or anmelitorating viral infections and di seases
caused by such infections. BACKGROUND &gPOSITriC cl odecan- 9-yl - xant hogenat e
is a conpl ex nol ecul eCRR&E REFHREONGSE T¢ EDAPIIdRAEAGN which nay lead to
32 theoretical stereoisoners. Due to its constrained ring structure,
however, theootpl eculmisaphison dhithenebensitof 0 bsaEsRU 5 ITasvididial t heor eti cal

possibility, Sonme stereq] r in Sch . | .bel ow,  i.ncl udi ng four
enant i omer i ¢P 8??%&06@%§§2ﬂg5&383y53%??¥gd§§3mF§§gEThF'6?5§3w%&8ﬁ80,

(9R) - 1B andby(r&Erenct Idits ddtiendo/ C-exo, (9R)-1C and (95)-1C; and 0-endo/ C endo,
(9R)- 1D and (95)-1D. [0004]British Patent GB 2,091, 244; and U. S. Patent
Nos. 4,602,037 and 4,981, 869 descri bgpg.y xture of stereoi soners of

tricycl odecan-9-yl - xant hogenate, which is known as D609. As characterized
in US. Application Publication . +2005/ 0085448 09 cont ai ns 83% of
racenic O- e‘JQé)OIS% exo TP eggfrglb‘ﬁ?rog%agy% e efﬁ%’%)Pe?Sé’Etg’ﬁﬁﬁiO%P ae";é}‘l'()'nlc- endo 18, O-
endolC- exo dafthogamtk, Proencke o Cpreprtition, Bod HHE0GEJuUDEH) Soryasitiredirreoé plsd ed t o
exhibit a varilety of .hi.o I [EVA i i I ; . Pat ent
No. 4, 602, 03k e ARG, PRGN bibeorlE b TR AR

Fur st enber gtiseaset capged by such infectigbincer 1989, 43, 508-512; Schick etal., Cancer
Lett, 1989, 46, 143-147; Schick etal.. Cancer Lett. 1989, 46, 149-152;
Sauer etal., Cancer Len. 1990, 53pABKGHI)NIPOrn-Ares et at, Exp. Cell.
Res. 1997, 235. 48-54), antiviral (Sauer et at, Pro. Natl. Aced, Set USA

1984, 8/,3 2[9&)_3 IQ’ 267: ﬁ%cﬁ%@&n@tyl-ﬁhthogga@qw&npB,Q RGO {hat c%géizs fi @6 , 1545-

chiral centers, which may lead to 32 theoretical stereoisomers. Due 1o its constrained ring

structure, however, the molecule exists in fewer stereoisomers than the theoretical possibility.
Some stereoisomers are shown in Scheme 1 below, including four enantiomeric pairs, O-
exo/C-exo, (SR-1A and (95)-1A; O-exo/C-endo, (9R)-1B and (95)-1B; O-endo/C-exo, (9R)-
1C and (95)-1C; and O-endo/C-endo, (9K)-1D and {95)-1D.

[0004] British Patent GB 2,091,244; and U.S. Patent Nos. 4,602,037 and 4,981,869
describe a mixture of stereoisomers of tricyclodecan-9-yl-xanthogenate, which is known as
D609. As characterized in U.S. Application Publication No., 2005/0085448, D609 contains
83% of racemic O-exo/C-exo sterevisomers 1A and 17% of racemic O-exo/C-endo 1B, O-

endo/C-exe 1C, and (-endo/C-endo 1D.

[0005] D609 has been reported to exhibit a variety of biological activity, including
aniitumor (U.S. Patent No. 4,602,037; Amtmann and Sauer, Cancer Lent. 1987, 35, 237-244,;
Furstenberger ef al., Int. J. Cancer 1989, 43, 508-512; Schick et al., Cancer Lett. 1989, 46,
143-147: Schick er al.. Cancer Lett. 1989, 46, 149-152: Sauer e/ al., Cancer Leit, 1990, 53,
§7-102; Porn-Ares ef al., Exp. Cell. Res. 1997, 235. 48-54), antiviral (Sauer ¢f al., Pro. Natl.
Acad. Sci. USA 1984, 81, 3263-3267; Amtmann ef al., Biochem. Pharmacol, 1987, 36, 1545-



1549; Villanueva et at, Virology 1991, 181, 101-108; Walro and Rosent hal ,
Antiviral Res. 1997, 36, 63-72), and anti-inflanmmtory activity (Machl ei dt
et at, J. BH2WEH11 1996, 184, 725-733; Tschai kowsky EETAP2089054@har macol .
1998, 285, 800-804). [0006] D609 has al so been reported as a specific

i nhi bi tor of phosphatidyl choline- specific phospholipase C (PC PLC)
(Amtmarm Drugs Exp. O an. Res. 1996, 22, 287-294; Mill er-Decker, Bi ochem
Bi ophys. Reg49,Ganmmdva ¢ 8Pir0id8A991L I8, 205)08; ¥yiely okl Robeathall Antiviral Res.

phosphatldylch | i C..P ener at.e C yl gl ycerol,
whi ch actlvg?égéﬁgg?ggﬂﬁ?Pﬂ %Y%éﬁﬁag?&édﬁg?é§ggﬁ g}%ﬁﬁnase
(aSMase) . Pnbﬂb3ﬂk@@mo®¢yeﬂm‘Pwﬁmbmamﬂﬁgih&ssmbﬁn)suggested to be useful to
suppress the activities of PKC and aSvase (Schutze et at, Cell 1992, 71,
765-776; Wegmann et at, Cell 1994, S€Bme}005- 1015; G fone et at, EMBO J.
1995, 14, 5859-5868; Antnann Engs Exp. din. Res. 1996, 22, 287- 294;
Machl eidt et al., J. Exp. .d 1996, 184, 725-733; Ya\=d6to etal , Biochem
J. 1997, 325, 2235228) oms ession of PKCugay pPavdl sCcaunt for the
antiproliferative Eqﬁ/ant't lﬂ!i;ylty of ( »-%ker et al.

Exp. Cell Res. 1988,ll 177 7% Mul | er - Decker etaf/.;—Bffochem Biophys.
Res. Conmun. 1989, 162, 168-205; Antnann Drugs Expsu G . Res. 1996, 22,
287-294). Suppression of asSvadk’ by D609 may | ead tQ[5H§ reduction in
cerani de production, thus®®ifibiting ceram de-nedi atéed signal transduction
(Schutze etal ., Cell 1992, /,H765 776; Wegnman et at NG 1994, 78,
1005-1015; WMachleidt el at,] gz Med. 1996, 184, 725 sch as
activation of PKCz (Slnar | mmygol . 5299 49-5155) ,

m t ogen- acti vat & P/ kinak cher et ., M lol. 1995, 15,
466- 475; Moni ck et |., " bt 1999, 162,|| 30057 3 \
factor-kB (NF-kB) (sCell 1992, H1l, 765-776; VW%gnan >Cel | 1994, 78,
1005-1015). [0007] Addi ti of#i'ty, U.S. Patent No. 4, gg% 435 WD 96/ 14841; and
U.S. Application Publication hbs 2004/ 0122086 and 2005/ 0085448 descri be
the use of adjuvants, such ag *onlc det er gent, Iipi‘ssﬁand steroids, to
enhance the therapeutic ef§| D609 as an antsi
agent. [0008] Gonzal ez- quy. (%,
Pat ent Application Publi ceg g 7
racem c 0-exo/ G-exo | A 5xo/¢-ndo 1B, 0-endo -exo IlC,\and 0-endo/ C-endo
10 stereoisoners. Howevdr, Gon¥al ezRoura et at ep ed v significant

di fferences between theSe d¥xi¢ ereoners in theit i %ltory activities
agai nst PC-specific phospholipase C. [0009] The above-nentioned bi ol ogi cal
studi es were conducted usingaDG@9, a conpl ex distereongric mxture, or

4406) and U.S.
2 the synthesis of

racem c m xtures of trlcyIC|-aécqp 9-y1l xant hogenat ~It5mqyld be
particularly desirable to ically pure Somer of
tricylcl odecan-9-yl xant hdgenatg-fravimng a COMpowy fhe therapeutic
advant ages of D609, but i“ﬁ a Blds or reduces undesi r ed,

ral s.

unwant ed, adverse o#s.Sid oeffecis of D609 ews.ot
[0010]Citat|on of ani‘“é?er@ap@;hereln i s not Jan a@w-®si on thaz such

reference is prior \

{0006 D609 has also been reported as a specific inhibitor of phosphatidylcholine-
specific phospholipase C (PC-PLC) (Amtmann, Drugs Exp. Clin. Res. 1996, 22, 287-294;
Muller-Decker, Biochem. Biophys. Res. Commun. 1989, 162, 198-205). Hydrolysis of
phosphatidylcholine by PC-PLC generates a second messenger, diacylglycerol, which

activates protein kinase C (PKC) and/or acidic sphingomyelinase (aSMase). Inhibition of
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art to the present application. SUVWARY OF THE DI SCLOSURE [ 0011] Provi ded
herein is tlcaII active (+0-exo/ G exo-tricyclo[5.2.1.02' 61-dec-9-

yl - xant hi c éh%"&"’“ﬁby a pharmaceutical |y acceptabl e sal {FCTVRUES or prodrug
thereof In one enbodi nent, provided herein is a pharnaceutically acceptable

salt of the optically active (-)-
0-exo/ CG-exo-tricycl o[ 5.2. 1. 021-dec-9-yl -xanthic acid, including, but not

limted to, ptimbiuymaomr&e@isuggestaabeémfui B QEHHEHA thp iasiss mkcand zinc salt.

bhar mceut | SVE GBHT Fhte S e 7 e Pisemane mg Wl B8 S on. 7o
the know edgéomfer 47hEMBOWEDASST 5/, 5838-58&8 Amtmaen) Biugs Dip. Clire Resy IMSRER] 28701
separ at i on 954@3&1{?&% :e[?aa*}%'n%l}ebdsrﬁ?‘ﬂ??ﬁ’a;%@éﬁn&é?zoﬂ?%ch%.J.1997,

tricyl cl odeca tnogenate or f
0- exo/ G ex0=¥i’5r QByZ‘ZISD[%pIZrcSiw@QﬂPf%@maJQPmW acooantt i the angipmiligrativeaniivat i ves

t her eof . %F (5%%31,&%{{,%%6%2@«@&; BLclIF) BP%; f@fz Rpﬁ%mgfﬁ% 3BRhGRLl y active

enant i omer. I'n one e I ment tica active
(-) - 0- exo/ CDeske-4 ph. Sashey] Fiophysohes- CWH&? 1 §BhtHEQ®: Ariranngprugs Exp.
phar maceut i ea) lzys. aepeept 8L B4 @uﬁpresﬁ@h YIS Rias<Hy mi'()@q{ay'!}a& QQE&@JU’:Ud!ﬁn
synt hesi zed t hr.ough asynnetrlc X

ydr osi | ylatlonoa%g kene 5: 5 in the
presence of Ceéa“ﬂ’?%iﬁ%‘%“’f?%nthﬁse‘fﬂéﬂ”t‘%‘te m SERAY ?%O%{SSPH“?C& 2lypnodent at e
|toh_osph: n[e5 Ceniodd | m, EISCU&]EWIEMB@I di‘eaé1£199h9'8(]p05 C(HEJMac&&ﬁdttwezl (#Brexol C- exo-
ricyclo rogaceut |
accept abl e éﬁ%tlg% g% %5%3?)0%/“%?3 a&r“l]aao af?}(g:oﬁ‘&maémﬁ’% &g ?%Clgugh enzymati c
resol uti on of2, sl4p-ateinctogendctivaedgfotan kinsa{bsdted absWarCdll Biol. 1995, 15,
466-475; Monick et al., J. Immuneol. 1999, 162, 3005-3012), and nuclear factor-kB (NF-kB)

(Cell 1992, 71, 765-776; Wiegmann ef al., Cell 1994, 78, 1005-1015).

[0007) Additionally, U.S. Patent No. 4,851,435; WO 96/14841; and U.S. Application
Publication Nos. 2004/0122086 and 2005/0085448 describe the use of adjuvants, such as
ionic detergent, lipids, and steroids, to enhance the therapeutic efficacy of D609 as an

antiviral or antitumor agent.

10008} Gonzalez-Roura ef al. (Lipid 2002, 37, 401-406) and U.S. Patent Application
Publication Ne, 2005/0085448 describe the synthesis of racemic O-exo/C-exo 1A, O-exo/C-
endo 1B, O-endo/C-exo 1C, and O-endo/C-endo 1D stereoisomers. However, Gonzalez-
Roura et al. reported no significant differences between these diastereomers in their

inhibitory activities against PC-specific phospholipase C.

[6009] The above-mentioned biological studies were conducted using D609, a
complex distereomeric mixture, or racemic mixtures of tricylclodecan-9-y! xanthogenate. [t
would be particularly desirable to find an optically pure stereoisomer of tricylclodecan-9-yl
xanthogenate having a compound having the therapeutic advantages of D609, but which
avoids or reduces unintended, undesired, unwanted, adverse or side effects of D609 or other

antivirals.

[0010] Citation of any reference herein is not an admission that such reference is prior



WO 2009/ 003711PCT/ EP2008/ 005460 R90 0 11 [0015]In still another

enbodi nent . the optically active (-)-0-exo/C exo-

tricyclof 5 T‘.}W.%ﬂ -dec-9-yl-xanthic acid, or a pharPrgéFga(fﬁ?’goé;f’ﬁﬂy

acceptabl e salt, solvate, or prodrug thereof, is prepared through enzymatic
resolution of a racemc mxture of a saturated ester 13:

art to the present application.

SUMMARY OF THE DISCLOSURE

[0011] Provided herein is optically active (-)-O-exo/C-exo-tricyclo[5.2.1.0%%]-dec-9-
yl-xanthic acid, or a pharmaceutically acceptable salt, solvate, or prodrug thereof. Inone

embodiment, provided herein is a pharmaceutically acceptable salt of the optically active {-)-
O-exo/C-exo-tricyclo[5.2. 1.0°%)-dec-9-y)-xanthic acid, including, but not limited to, lithium,

magnesium, calcium, sodium, potassium, and zine salt,

[0012] This optically active single sterecisomer has utility in pharmaceutical
compositions and methods for treating viral infection. To the knowledge of the inventors, no
report exists of the synthesis or separation of a single enantiomer from many stereocisomers of
tricylclodecan-9-yl xanthogenate or from the racemic O-exo/C-exo-tricyclo{5.2.1 0*%]-dec-9-

yl-xanthic acid or derivatives thereof. Provided herein are three methods for making such

optically active enantiomer.

[0013] In one embodiment, the optically active (-)-U-exo/C-exo-tricyclo[5.2.1 075
dec-9-yl-xanthic acid, or a pharmaceutically acceptable salt, solvate, or prodrug thereof, is

synthesized through asymmetric hydrosilylation of an alkene 5:

in the presence of a transition metal caialyst complexed with a chiral monodentate phosphine.

[0014) In another embodiment, the opticaily active (-)-O-exo/C-exo-
tricyclo[5.2.1.0%%}-dec-9-yl-xanthic acid, or a pharmaceutically acceptable salt, solvate, or
prodrug thereof, is produced through enzymatic resolution of a racemic mixture of a

unsaturated ester 11:



[ 0016] Al so provided herein are pharnmaceutical conpositions conprising
optlcally active é L 0-exo/ C-exo-tricycl o[ 5.2.1.02: 6] -dec- 98§P-xanthic
acid, or. ﬁﬁ B tically acceptable salt, solvate PQ?Eﬁ%P d@ t her eof ;
in conbinatlon wi th one or nore pharnaceutically accept abl e exci pients or
carriers. In certain enbodi nents, the pharmaceutical conpositions conprise
a pharmaceutically acceptable salt of optically active

(-)-0-exo/ Gexo-tricyclo[5.2.1,02: 6] -dec-8-yl -xanthic acid, such as
l'ithium magnesium cal cium sodlun1 pQ assiun1 or zinc salt In certain
enbodi nents, the pharmaceuti naQS‘ i C prOV|ded as a dosage form
for topical admnistration. [O ] Futt) /P¥OV f-d herein is a nethod for
treating, preventing, or anello ati ngfone{dt nore synptoms of a disease
caused by a virus, which conpri $es ag1 mniBtering to a subject a

t herapeutically ef fective amount of optitcal Iy active

(-)-0-exo/ CG-exotricyclo[5.2.1.021-dec-9-yl -xanthic acid, or a

pharnaceutlcally accept.abl e salt ate u ereof. In one
enbodi nent , (‘Pid dlseﬁ§@lW§%ﬁ ?@?ﬁﬁFWﬁ'?W&ﬁ?&l'ﬁ@gg %@ S¥% I'n anot her

enbodi nent , trs‘cheo[s'lzn 0¥)-ids-an- xﬁﬂtﬁ;@gﬁdﬂloﬁa yhal‘mm:eutibﬂly)aecteptam@kdhefohewb@di ment, the
virus is pal odi nment V|r IS herpes
i ot ex i r e R b e e B0 S0 o RS B T A5 R e 5

met hod for eshithiting the replication of a virus, which conprises
contacting the virus with an effective anount of optically active

(-)-0-exo/ Cexotricyclo[5.2.1.02"6]- de--9HyI xanthic acid, or a
pharmaceutical Iy acceptable salt, sol VAL &, ~or_prodrug thereof. In one
enmbodi nent, the virus is a sexuallyhkr. ' Rl e. | n anot her enbodi ment,
the virus is an oncogenic vir n/ Gr—-apotR enbodi nent, the virus is
pal l'ipoma virus. In still anothe i ngHt, the virus is herpes sinplex
virus. 10019] Provi ded herein is a)nethodlior inhibiting the activity of
phosphat i dyl chol i ne- specific phosphotii pase C, which conprises contacting
t he phospholipase C with optically active

bhar maceut (EITy st BT s i S S m e fricetle er
DESCRI PTI ONee@Fe (THE e/ GoRESc{cDRD].F1° Edecaé’-MHxarmIst aﬂact, etsa ;thhaxaeefuft@éit/ of optically
active (+0- %éﬁ%{ag'egﬁip so!\;afe' grgpgc%dﬂ.[gﬁ e%eo%' 1192011‘&)%80119'\/%! oné@x%gl'l:c acid, or a

phar maceuti cal accept ab ereo he growth of HPV-3 1-infected
Cl N612 9E Idé’ﬂ@t@?\’@é‘}"ﬂé@eﬁﬁ%bl%exglpﬁgﬁ@%’é@@aﬁbﬂeﬂ?‘ﬁ%‘éﬂ%‘éﬂn}ss‘éﬁ with the effect

of INF-7. pharmaceutical compositions comprise a pharmaceutically acceptabie salt of optically active

(-}-O-exo/C-exo-tricyclo]5.2.1,0%¢]-dec-9-yl-xanthic acid, such as lithium, magnesium,
calcium, sodium, potassium, or zinc salt. In certain embodiments, the pharmaceutical

compositions are provided as a dosage form for topical administration,

[0017] Further provided herein is a method for treating, preventing, or ameliorating
one or more symptoms of a disease caused by a virus, which comprises adminisiering to a
subject a therapeutically effective amount of optically active (-)-O-exo/C-exo-
tricyclo[5.2.1.0*%}-dec-9-yl-xanthic acid, or a pharmaceutically acceptable salt, soivate, or
prodrug thereof. In one embodiment, the disease is a sexually transmitted disease. In another
embodiment, the virus is an oncogenic virus. In yet another embodiment, the virus is

pallipoma virus. In still another embodiment, the virus is herpes simplex virus,



[0021]FIG 2 iIIustrates the effect of optically active (-)-0- exo/C—exo-
tricyclo[5,2. -dec-9-yl- xanthic acid, or a phar accept abl e
sal t there&fom%’ﬁﬂ“ -3 1l-specific RNA and DNA | evel s, m&%%(’gﬁ pach
proliferation in HPV-31-infected CIN612 9E keratinocytes. [0022]FIG 3
illustrates the effect of optically active (-)-0-exo/C exo-
tricyclo[5.2.1.021-dec-9-yl-xanthic acid, or a pharmaceutical acceptable
salt thereofgoigin t hergridid kereaf is iR%thad tbr inmﬁemgeﬁr@ﬂxédﬁ&ﬁof&li:rkgmtch nocytes in
rates the

mul ti pl e passa son [

ifect of PoptTEaraeoRater 18 raghe b teebiimepm L gRrupae et

xant hi ¢ aci mcym{sa 1mﬁ‘a{data@@lﬁmthalama@mepmmmceutg:aﬂigtactdpmb!eesm, sabvetet e gr omt h of
A431 cells | i S I 241 FIGS. 5
illustrate E'thl%rmrreg g g%f%%g&?%t %Pﬁfagg%sg gﬁe"c %ﬂg}tﬁg éa@%‘% eratinocytes
bei ng tr eat edbodirednt, gistviresib bryongegeniy girus. In yet another embodiment, the virus is

(-)-0-exol C'ﬁ?ﬁf?m;a lr&sycfrlx ﬁﬁi@n&h&ex@%rﬁ&ﬁﬁ% v1ru§/s|shd'§é@myie§ vﬂﬁg dor a

phar maceut i caI accept ab e salt thereot (A); (B) 'untreated CI-W 2 9E
cells. [002 stratesthg efgfec; opticall

(%) 0- exof CRBKIC ¢ 1 byt e e ioniatbiay e Bl pinbo- B Sipions

phar maceut i Qﬁt:faﬂmambabkeec Sathdh cbrhmseaafoma@mg HiE\Ah&ﬂ:hcsapsecfmmoB\w yevel in
HPV- 31-infe Nol,2 ] ti.pl i n conparison
W th I NELy. SFOOEPERE ST APk R de s B P BERRARRS LT Ve

(-) - 0- exo/ Cacesuabletspit, g§tedto poprodrds HAL@] - dec 9- yI xant hi ¢ aci d or a

phar maceuti cal acceptable salt thereof, on HPV-31l-specific RNA level in

HPV- 31-i nfected CLN612 9E keratinocytes in multiple passages, in conparison
with I NF-vy. BRIEF DESCRIPTION OF THE FIGURES

[0020] FIG. 1 illustrates the effect of aptically active (-)-O-exo/C-exo-
tricyclof5.2.1.0%]-dec-9-yl-xanthic acid, or a pharmaceutical acceptable salt thereof, on the
growth of HPV-31-infected CIN612 9E keratinocytes in a single passage, in comparison with
the effect of INF~y,

{00213 FIG. 2 illustrates the effect of optically active (-)-O-exo/C-ex0-
tricyclo{5.2.1.02‘6]—dec-9‘y1- xanthic acid, or a pharmaceutical acceptable salt thereof, on
HPV-31-specific RNA and DNA levels, and cell proliferation in HPV-31-infected CIN612

9E keratinocytes.

[0022] FiG. 3 illustrates the effect of optically active (-)-O-exo/C-exo-
tricyelo[5.2.1.0%%]-dec-9-yl-xanthic acid, or a pharmaceutical acceptable salt thereof, on the
growth of HPV-31-infected CING12 9E keratinocytes in multiple passage, in companson
with INF-v.

{0023} F1G. 4 illustrates the effect of optically active (<)-0-exo/C-exo-
tricyclo]5.2.1 .0%*]-dec-9-yl- xanthic acid, or a pharmaceutical acceptable salt thereof, on the

growth of A431 cells in multiple passages, in comparison with INF-y.

[0024] FIGS. 5 illustraie cell morphology of (A) HPV-31-infected CIN6i2 9E

keratinocytes being treated with optically active (-)-O-exo/C-exo-tricyclo[5.2,1.07°]-dec-9-
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DETAI LED DESCRI PTI ON [0027] To facilitate understanding of the disclosure
set forth herein, a nunber of terns are defined below [0028]As used
herein, th&&PHJ#at forns "a,” "an,” and "the" nay r&fEPAF S al
articles unless specifically stated otherw se. Generally, the nonmencl ature
used herein and the | aboratory procedures in organic chem stry, nedicinal
chem stry, and pharnmacol ogy descri bed herein are those well known and
comonl y enpl-eyeidc acit drlagh@mbceutidal £sprable bdinBdedd{ AR it (BRunt@ittd CRRIGII¥Ecal and
scientific t { s used herein generally have the sane neaning as commonly
under st ood BY~one of ordinary skill in the art to which this disclosure
bel ongs. [0029]The term"subject"” refers to an animal, including, but not
limted to, [®2Yri mat B élf@s’iatﬂﬁdmfﬁwtOmﬁa"sh@épﬁ)QG@E?/C #or se, dog, cat,

rabbit, rat tnc?zflo{@li'%e& -dI(h@ yf; %n'ﬁﬁc ac&lug] a%& @e'ﬂgcal Q:%Eﬂta%ﬂtsalt @E:@ofuéxed
|nterchangeab herein _in reference to a marmmal | an subj ect,

such as a hb‘ﬂﬁ{ﬁ lpsjflediNA F@@Sﬂﬁﬁ‘ﬁél‘tl’&cﬁé Cﬂ’fﬁrléaﬁ k“fa""t"ﬂé%ﬁt P piyltipleand

"treat ment" paf@esNRABMpdRod Wil tre, al | evi ating or abrogating a disorder,
di sease, or condition; or one or nore of the synptons associated with the

disorder, digaggse.  OCOPRLION Rl BlULRKIRRIAGQpREAdLGAL I no the cause(s)

of the dISO di sease, con
2009/ 00371 1?@'940EP2 @0@&-@@5%@0%@@%]“%@ phamagutiqsl aseapreble salt thereafernt i ng, " and

" preventi onppy 8l §heci RAARN AP 3 dfakavs BiiRs 9@&&&1&8&&3% hitgpenset of a
di sorder, disease, or condition; and/or one or nore of the synptons

associ at ed WiS¥EestiReoBRasGEm NEisease, or condition; barring a subject from
acquiring a disease or reducing a subject's risk of acquiring a disorder,
di sease, or condition. [0032] The term "therapeutically effective anmount™

refers to the amount of a DETAILED DESCRIPTION
10027] To facilitate understanding of the disciosure set forth herein, a number of

terms are defined below,

[0028] As used herein, the singular forms “a,” “an,” and “the” may refer to plural
ariicles unless specifically stated otherwise. Generally, the nomenclature used herein and the
laboratory procedures in organic chemistry, medicinal chemistry, and pharmacology
described herein are those well known and commonly employed in the art. Unless defined
otherwise, all technical and scientific terms used herein generally have the same meaning as

commonly understood by one of ordinary skili in the art to which this discliosure belongs.

[0029] The term *subject” refers to an animal, including, but not limited to, a primate
{e.g., human), cow, sheep, goat, horse, dog, cat, rabbit, rat, or mouse. The terms “subject”
and “patient” are used interchangeably herein in reference, for example, to a mammalian

subject, such as a human subject.

[0030] The terms “treat,” “treating,” and “treatment™ are meant to include alleviating
or abrogating a disorder, disease, or condition; or one or more of the symptoms associated
with the disorder, disease, or condition; or alleviating or eradicating the cause(s) of the

disorder, disease. or condition itself.



compound that, when adm nistered, is sufficient to prevent devel opnent of,
or alleviate to sone extent, one or nore of the synptons of the disorder,
di sease, oM &BNE on being treated. The term "ther agédtf e8I %8s fective
anount” also refers to the amount of a conpound that is sufficient to
elicit the biological or nedical response of a cell, tissue, system
animal, or human that is being sought by a researcher, veterinarian,

medi cal doct{{ﬁﬁm} or clri:ertiemisapreve{n()t)‘?,@e]ﬁdmgt’ardn‘npi’ephm)mmefemiammoyoﬁccept abl e
carrier, p ta I |y

accept abI e cgf%rl %r Ty r%lug’% %O%Fﬁ?%@é}h% ﬁgggslgcdég&g&og ag%?én?é)g%br%r%gf ers to a
phar maceut i @alsyryptam:@mabﬁeﬂthﬁteérsmdbr d!mpwgpmdltmn, bao'rng\mhmmt #omsuch as a
liquid or S%du%ggh.ke%e orGidutiGng subﬁ&%‘ri@i 6l quichRl eBder, BEe8N 6ARAMLAL | N9
material . |I'n one enbodi ment, each conponent is "phar maceut i cal ly

accept abl e t he sense of. bein atible with the other .ingredients of
a phar maceut{éoé‘g forﬁ?ﬂ‘%ﬁ’] 6?‘?””8%‘%@&%?%‘? ?émf”Bﬁ' rdeaiothy PUHELLE with the

ti ssue or ot@mumfthdimnsdmdw&mtmxem th peudnt @xelesBdny ef, brabwdatt v,
Lo Lo, S SLE 6RO AT, o AT PR SL
Rem ngt on: Th@elﬁc‘id@rﬂpaﬁaaﬂw dfeciot et falsPredarnache, an@ g tof &chimpownd, thd_nSppl ncot t
Exci pi ant s, i e ot B e o B B o5 “and the
Ameri can Phhvmradhsiiisibeiag sonstdy p seaher, wUBariaaerdisakiepen kT dhicBhar maceut i cal
Additives, 3rd Edition, Ash and Ash Eds., Gower Publishing Conpany: 2007,
Phar maceut i gmb3] Pr ef oTHaubrat: ipmmdicwmﬂpabﬂe emierﬁ“blﬁaﬁﬂacEdican}%pBbie_s s LLC
e oo et By A bl iRer AT LN LR S UL AT Ve

conbi nat i onre\fﬂrstthapm@tutrm}i)eawmm@mh calpbyitiacoophicdblsechex eligiiémt s, to a
subj ect O ol k! diery REEYEA! o, QEnATELY ALY BB SbolBEE, aYPL oS of 2
di sorder or I sease. erein, "active Ingredient and "active

subst ance" sgyweRdn *éaIPHaWaIC@#’éEP“Y&?F%&f‘? diatbp gengecal |b¢feg fospaighie m*h e edefpound
described hgpediths Jf(a%a‘i)nl&@naa%mmdﬁ tagd smtahﬂfht%f &P QltohtEct 398 e tissu@ BF

"chenot herapeuti ¢ agent” refer to or a ghar nmaceut i cal

conposi t i on°EHer 8‘8?3‘“5Wﬁ%Wﬁl%w’g’ﬂ}‘ﬁeﬁ?eésf"ér"é‘&“é’dméa*@i’,rtﬁ‘ Bt PR % r eat i ng,
preventi ng, :nﬁxﬁunagm:kitﬁbﬁﬁthdﬂgm@iaﬁs &Tcomﬁfﬁc@tuﬁsy,rfbmmuﬁfe vathdirsanselele or di sease.

[ 0036] The t ga ontr | 1,ng exci ers t Xxci pi ent whose
pri mary fun%t“%%msﬁ? ?zﬁﬁ‘o f"" %{’ hm {iFs f”gdnﬁgcrme?aé’grmoaf ’alﬁgglggn ‘of an active
subst ance ftmmcatt%ﬁage&fwmaghlbmm 84, 290§; Waad!mdmfé’hmrr@naducqlm*redl ate

rel ease dospge: ol ehRASELING of Hall THRPRLBLEARS HAYLAA ARGGXCT PIent ©

refers to an XCIp ent ose @rﬁlmar uncti1on do not 1nclu nodi fyi ng the
durati on orPigimpeentiof Assoriatane 2096: aan Haedbpale Btmswecsivéie! 49d8iveasdddilige form as

compared W &{) 184 KHWENELGPubiisHE Sbasay: rz@bveawmd%@g@p,feﬂrrmwm%gl The term
"al kyl" refers to a |inear saturated nonoval drocarbon radical or a

h
branched safqir#eéy %Fﬂ?\ﬁé‘f&gpﬁﬁfﬂ%ﬁ%ﬁoﬁ%ﬁa‘?“aﬁggﬂ The term"al kyl" al so

enconpasses both linear and branched al kyl, unless otherw se specified. In
certai n enb@tidrent s, Tht kematakyple ingsedant’ iamdéactivsawbataaieédfemmwwmbmﬂ hydr ocar bon

radical t h%hl&%?&dr&;&tgrgd (ﬂg;]xe grqg nlblr}aﬁ)onlﬁt gfgé‘or]ra)re }lan%a%ﬁ;tgai cﬂ’ceé&bieor 1to6

(C1.6) carbon atons, Branched saturated ronoval ent carbon radi cal
of 3 to 20 f(X@BwaE))OﬂSfblﬂ@ fargrepte, PI&pting, of amalPpratiaBaG)or mgre SEmtﬁemBOf(aCS 6)

carbon at ONgsordBSor disease. As used herein, “active ingredient™ and “active substance™ specificaily

refer an optically active isomer of a compound described herein.

[0035) The terms “drug,” “therapeutic agent,” and “chemotherapeutic agent” refer to



used herein, |irnear Cl.6 and branched C3.6 al kyl groups are also referred

as "lower alkyl." Exanples of alkyl groups include, but are not limted to,
met hyl , et hyl ropyl (including all isoneric forns), n-pro , i sopropyl,
but yl (|n¥MMWWW§EHFI i someric forms), n-butyl, |sobutfﬂﬂﬂﬁﬁﬂﬁﬁﬂﬁﬂbentyl
(including all isoneric forns), and hexyl (includlng all isomeric forms).

For exanple, G ..6 alkyl refers to a |linear saturated nonoval ent

hydr ocarbon radical of | to 6 carbon atons or a branched saturated

monoval ent, biydkaea Paa;fhaﬁ@aqmeh | Rfapdsitidh Rerb@ i I

enbodi rrentas t he aF may be sub tlltu te &\pﬂ&oﬁé&g&m%%eﬁguggwgﬁents Q
as descri Béeemlrgepewwtmg @0 39} IFHaiing @ngror mayre byowdtbays of ardifoedes ot disasgycl i ¢
saturated bridged or non-bridged nonoval ent hydrocar bon radl cal, which may
be opt i ongbhas] SUbSt THULEHOBRe Onit¥BIHE eRUPSH: 4GNS Gk erein.

I n certalﬁlI enbodi nent s, tr:e cflc ria nge l!ﬁérc‘)amS tg 205} %B%Ea:ng to
15 ( C3. 15)fundipp i tgmegiiy e éeshwpiae¢ offrelgppe @1 proactivg @@star)cecfmb@@sageorrs
Exanpl es qamcagcclof;@!u&ylmgs@Mmaaﬁ&xhh&%ma&%; Eﬁos?géf lhm ted to, cyclopropyl,
cycl obutyl, cyclopentyl, cycl ohexyl, cycl oh epty 3eca||ny| and adamantyl .
[ 0040] The ﬂ]o ‘aryl" refers to a rmnocycl ic aromatic group and/or

mul ti cycl il8%7ronov al Eritma MBTFEIERSE CoN B ienapienio Fia i aueXFi@iEst whnse ar omati ¢
hydr ocar befmkiyBactibf d6 86t Re QAT TBR S ratibMN6: O;ﬁéd lof RASsd o800 20
(C6.20), from6 to 15 (C6,15), or from®6 to Co-10) ring atons. Exanpl es
of aryl grbuFpEcs iy a&eagﬂo@ﬂw empafedw%atceavepbonab jate Felgpertdoyase

fl uorenyl gmzul enyl, anthryl, phenanthryl, pyrenyl, bi phenyl and
terphenyl. Aryl also refers to bicyclic or tricyclic car bon rings wher e
one of th gs i rom‘gt ,,a d the others of whic be saturat ed,
partial | y?({pﬁgf;t ur at'e: t"’"Egr £7F L0 @ ingar saurated ’Bonod?*ﬁVdW%Wéﬁﬁ?rh‘Wma}l ndeny! ,

i ndanyl , ora bzemdhamgedmmhmmﬂent(nyeioaebmmdil);ax IrRe €&t takN” epbadbrpats, aryl
ted with one or nore substituents Q as

may al so tio

descr | bedg%?gﬁr’aﬁ mﬁ%‘%ﬁ‘_ﬁ#@ﬁ@ 1E15T OTREPEF SReelied TerERis epgodimapiadbsakylc
aromatic graqmearamd{acw nmdb{fdi@Yﬁﬂrdr&aﬂfoﬁH@Edapthﬂriﬁyptdi@ﬁ(tl oent@itigcat), | east one
aronatic | east one aromatic lrﬂ!éng contalns one or nore

het er oat o[?rs{bqﬁﬁé‘ &h E’nq 6)s°é‘TbQEP‘€H“S*f‘F(9Fﬁ“E’PedSa‘ 176 TNROYRdET hydrogarhep o

het er oar ytadgaiaup I@M(@Qﬁtﬁbﬂﬂ@@ﬁgspﬁ tcd WO 0., AP BT 6 @NE) QFbdnWibns, afsons, and/ or
one to four lr\‘latoms rovi e total nunber of het er oat ons in each

ring is fouF"gry g ﬁ&n‘eg hﬁi ﬁgﬁ‘é EHURsarg plsp ghdted gheloyar o "at om  The

het er oar yﬁxmesmaiayitgaﬁipedmtuee tbb&arﬂﬁétmmﬁ&e& HE trléih®l, 8thyRBYp Rt ARL QN Or
carbon atom which éesult? in the creation of a stab re conpound. In certain

embodi menPEPEHET R R OPHRREL PYSHns eme ol ‘SOWBHOST“E)Q““PB"Y‘ sebetylom 5 to 10
ring atonﬁuylﬁaeafyphmucm{g mmﬁIﬁbrensheﬁ@meaw(wchﬁrnglan%o&ﬂaﬁt wilfs), Byl are not

limted to, raz pyrazolin i mdazolyl, oxazolyl,

i soxazol yi &’“B%/il(é W m?% éalnﬁiréini}’fawdlr%‘tﬁ’f’ ¥%‘£B¥4}‘P°a"bloﬁrﬁﬁih%ﬁi lttI*"nﬁenyI
oxadi azol gatbon pkis@Y b braPdbe@ Zdriited mBYGalthOhyaWcarbBY fal ARZIrAY) 6 cﬁ—&% triazinyl.
Exanpl es of bi c%cl e eteroar%%ggrou ps include, but are not Iimted to,

i ndol yl , B¥R R RTEYGIRARCdinsatsy Y, beﬁé'?f%‘f%"eﬂwm of TR batijdents Q
t et rahydraeldsgaﬁbudr}meiimyl i soqui nolinyl, benzim dazolyl, benzopyranyl,
i ndol i zi nyl , benzofuranyl isobenzofuranyl chr ononyl , counarinyl,

ci nnol i ny ui no i.n i.ndazol yl, purinyt, rrolo yr|d|n ,

fur opyrl b?’?y T@ﬁéﬁ% l?ﬂjlfy,% 'Ef%leﬁi/tﬁt"‘c?r %‘iflsﬁ‘éff?l?%jl br‘d& r non- b“Xged
tetrahydlrmmmvmﬂithﬂybcartﬁxaamﬂaesmﬂfg :ﬁdylb@wgdmﬁlmeﬁem@aﬁ:he {?[Mpf i ncl uge Put
are not |im car 0 enzin enanthrollin acridin
phenant hrsflkff’“hw Sbaaﬁg““'%?ﬁ %ﬁ@ﬁ% In eortaung %ﬁdﬁ“eé‘ﬁgg‘af:m‘% ha%@?%?é‘é?@/l mayyal o)
be opti omaj Ly fromt3sbils w64, Mbrhb t@m(@rm)rmrﬁemmlaszt(cg UeRtsn Qos. descri bed

her ei n. 2,% %e terq[n heterocg B’/ﬁ "heterocyclic" refers to a
monocycl | ARERS HreHBI Y erURy neyds ""é‘?ﬂ’/‘ SRt o $YEperapE! PYSRPusrst em t hat
cont ai ns cadlogeRY bydstRx NOd REGIAL deCalfyNgnd MAQEALIN one or nore of the
non-aronatic ring atons are heteroatons i ndependent I y seI ected fromO. S,

or 1\1: mbq]the r nln Yr ALoms are }caro an me. In cer aln

embodi ne the "erocycryl® 'of "Reter sy Egé?”&ﬁB ﬁé@“?‘f% 3 to 20,
from3 to 15, from3 to 10 from3 to 8, from4 to 7, or from5 to 6 ring
atons. In certain enbodi nents, the hetgrocyclyl is a nonocyclic, bicyclic,
tricyclic, or tetracyclic ring system which may includes a fused or
bridged ring system and in which the nitrogen or sul fur atons may be
optionally oxidized, the nitrogen atons nmay be optionally quatem zed, and
sonme rings may be partially or fully saturated, or aromatic. The

het er ocycl yt nay be attached to the main structure at any heteroatom or
carbon atom which results in the creation of a stable conmpound. Exanpl es of



al kenyl . heterocyclyl, aryl, or heteroaryt, each as defined herein.
Exanpl es of acyl groups include, but are not limted to, acetyl,

propi onyl, butano I i sobut anoyl, pentanoyl, hexanoyl, heptanoyl, octanoyl,
nonanoyl , W8S dodecanoyl, tetradecanoyl, hexaded4iddf20088838tecanoyl
eicosanoyl, docosanoyl, nyristol eoyl, painitoleoyl, ol eoyl, 1inol eoyl,

ar achi donoyl, benzoyl, pyridinylcarbonyl, and furoyl. 100441The term

"hal ogen", "halide" or "halo" refers to fluorine, chlorine, bromne, or

| odi re. S&gﬁ&gasmaaﬁ[ G oA R Bl BLIDRE Ui b bALERTRS hocARRD That @
het er oar yl emhﬂdlm@@%meevbmfm@r (’)wp'lo (Fay). lﬁemsﬁjﬂgsltﬁl(@utsbdr fmmhi tone ((b.rm)m)r e

a0ty AT R A IR o€y e )
% (Ng???N reny DRBleny ) @ty L phenag@t;0)pyCRal, bkpﬁﬁ(yl))md\naqﬁggl agy( al\slare)f%dg%REe

- NI VC( 0) Olzitﬁ(%§9% %ﬁﬁb%ﬁb% Nﬁ%a%?‘ﬁﬁ%%%& ﬁ%““gsr{iiia" 6‘}%R%Wge§t ) 2Rh,

- NRaS( 0) RoRech mey beNaS(03d2 p2hiitly; unvdiened ror Ramakl, forR&amﬁlB Ciifdir@faphtRAC h

net or ocyol piet} Bl Ao R gD St Pt e B RO s 28 mean
that a gr owppn@futszlrtgsatstealwkwone oyoboatsyitueniaQys deseibealrieasy | , heterocyclyl, or
acyl, may be substituted with one or nore substituents Q in one

enbodi mentgoQne, Wy Lhr %@terJa BBt inItolllS cfic ngay‘c?% gnc Q1S

i ndependent |y sel ected fromthe group consi t| ng al o, and nitro;
Cl- 6 al ky|mulgche %ZP%@W)QIOUP@QE@OI&WW%WMC@Batzvmychmal\akryte;n Dbeatvbnar y| |

hg er O)ar Ylaroriid nlﬂgt:&ftz%fyc? Xg'mo%g;?gfogr%@ Rg%mﬁ(ﬁ%ﬁe%%y)@% aﬁgg 0)2R .

-0S(0) NVIR. HjCh nwf@)hzwml groNRea) @NRID, one NReQ( O JORE, one NRWE( mtma&ndmz
-NRe(( = NR@:@‘B' RGN at ?&oQ/)c}% tha'z\j\%l ‘%tg)n%gber (ﬁ‘ ﬁé@:%gt%érs im ﬁﬁh r1 %é#{ EeRf RO,

-SR, -S(0)Re, and - in eac

i ndependem‘lql 9ﬁchyld$ eypeams aClEas ond %y&on a@. GFIazlhcem;kyI n@g b6 a@dckgmgulthe fedn 7
cycl oal kyl t Rg toget her
with the Iglméct%(? grt4@?‘\/\%1{&“0?ltt}'(?l X E{gg‘?%&% ?@ 1%%%% t?%xg%é/r%dnon E’f ;tﬂe [ 0047] The
terms opt cembdupd alntcegat crah@ﬁlmgnamq hotreraing &bd fynna&tq XHa'froalrfetoLl§Bﬁi‘ froer £i n

xcoss. of gt B s b o AP B B Sh e b SRR LA R R r e

rot at es plram@ylppireaciykaolrazilgivt. imilheplyl, oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl,
isothiazolyl, furanyl, thienyl, oxadiazolyl, pyridyl, pyrazinyl, pyrimidiny!, pyridazinyl, and
triazinyl. Examples of bicyclic heteroaryl groups include, but are not limited to, indolyl,
benzothiazolyl, benzoxazolyl, benzothienyl, quinolinyl, tetrahydroisoquinolinyl,
tsoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl, benzofuranyl, isobenzofuranyl,
chromonyl, _couman'nyi, cinnolinyl, quinoxalinyl, indazolyl, purinyl, pyrrolopyridinyl,
furopyridinyl, thienopyridinyl, dihydroisoindolyl, and tetrahydroquinolinyl. Exampies of
tricyclic heteroary! groups include, but are not limited to, carbazolyl, benzindolyl,
phenanthrollinyl, acridinyl, phenanthridinyl, and xanthenyl. In certain embodiments,
heteroaryl may also be optionally substituted with one or more substituents Q as described

herein.

[0042] The term “heterocycly!” or “heterocyclic™ refers to a monocyclic non-aromatic
ring system and/or multicyclic ring system that contains at least one non-aromatic ring,
wherein one or more of the non-aromatic ring atoms are heteroatoms independently selected

from 0. S, or N; and the remaining ring atoms are carbon atoms. In certain embodiments, the

-10 -



optical activity of an enantioner is typically expressed as enantioneric =
excess (e.e.). In certain enbodinents, "optically active" and
"enantionerically active" refer to a collection of nolecules, which has an
enant i oneWPc?"Qé’%’@éé% of no less than about 50% no | esPGIHERUIABUEC 70% no

| ess than about 80% no | ess than about 90% no |ess than about 91% no

| ess than about 92% no | ess than about 93% or no | ess than about 94% no

| ess than about 95% no | ess than about 96% no |ess than about 97% no

| ess than r@&%gc@ﬁo{%e@gc}&é?&umgs 88040 99 Yol 1012 éﬁ &35 14 t@@mg,b%ts 99. 5%

no | ess than about certai n enbodi ments, e conpound conpri ses
about 95%fmm #isr b cofrompdo § ring atamat Incaegtpin smdodmeus, t@))éewroqyeésflsls@f the (+)

enant i Onermc?l%t?ﬁ:ﬂc g&:h@ tﬁcgEii”cj ot\Bk ng{:)lhc%fd)g s?ﬁerﬂ%ﬁ %@eﬁ@r [0048] I n

descri bing an ‘op tive co e pre are used to
denote th ﬂéwcrmatsesimrﬁﬁiﬂ eruwhich tha nofogerher Sniﬂlremmsemafﬁmwptwrta@y okidizad,

cont or () i Thfefcithd b o866l Sk AP0 B4 05 OBL Gl LN 34 1) Of L he

conpound, tion rn 18T 2 is
r ot at ed b)ﬁathdotprtarmtllcy Th@*ﬁﬂtmecysbhpenh@aﬁam tg thy npmesftnuxtura’nﬂ amat es t hat the

conpound 'H%telo@é&r &t %}&?8{1 Xﬁom \ﬂ%h Ileﬁfltsﬁ e gr%zgp ua?g szaﬁ%_ﬁcgr%?o%nhe l anc% ) f

pol ari zed count ef L ock IR Ndi cat es
t hat the (smirdwtmetyq:is: reaixaly :aﬂocﬁfabmra% ndt hedted ®; adridmyb axapouhdbemaamyu he

oot cal  r GFRdsh behdoHaherhf bl i Rep Bt QSIMSB T RORR.. Cont 1 gur at i on
of the rmlbmﬁleecarﬂl ameﬁpquﬂomm:ﬂrgﬁ riveﬁzsaﬁlrmart eénmmfpemﬁirmya conpound
b “ron- st o ey SRk 2y E BRI el PRt B Ry " O
i nt er nol ebetzathidioralgs berﬂmbraeol'ffihbensmhwgmzyi benmmezqiyliﬂtezcsmbm_aﬁmﬂi s a
R B R S e e Sk
?n assay thaslinye asuhiLmhys Hﬁﬂahy’d@(ﬁﬁﬁiﬂﬁﬁhm{l Qb kok@n i afilBirobenzisothiazinyl,
RAERE - SRR T TV ORI e,
sol vat e. dihydropyridinyl, dihydropyrazolyl, dihydropyrimidinyl, dihydropyrrolyl, dioxolanyl, 1,4

dithianyl, furanonyl, furanyl, imidazolidinyl, imidazolinyl, imidazolyl, imidazopyridinyl,

imidazothiazolyl, indazoly!, indolinyl, indolizinyl, indolyl, isobenzotetrahydrofurany!,

1sobenzotetrahydrothienyl, isobenzothienyl, isochromanyl, isocoumarinyl, isoindolinyl,

isoindolyl, isoquinolinyl, isothiazolidinyl, isothiazolyl, isoxazolidinyl, isoxazolyl,

morpholinyl, naphthyridinyl, octahydroindoiyl, octahydroiseindolyl, oxadiazolyl,

oxazolidinonyl, oxazolidinyl, oxazolopyridinyi, oxazolyl, oxiranyl, perimidinyl,

phenanthridinyl, phenathrolinyl, phenarsazinyl, phenazinyl, phenothiazinyl, phenoxazinyl,

phthalazinyl, piperazinyl, piperidinyl, 4 piperidonyl, pteridinyl, purinyl, pyrazinyl,

pyrazolidinyl, pyrazolyl, pyridazinyl, pyridinyl, pyridopyridinyl, pyrimidinyl, pyrrolidinyl,

pyrrolinyl, pyrrolyl, quinazolinyl, quinolinyl, quinoxalinyl, quinuclidinyt, tetrahydrofuryl,

tetrahydrofurany!, tetrahydroisoquinolinyl, tetrahydropyranyl, tetrahydrothienyl, tetrazolyl,

thiadiazolopyrimidinyl, thiadiazolyl, thiamorpholinyl, thiazolidinyl, thiazolyl, thienyl,

triazinyl, triazolyl and 1,3.5 trithianyl. In certain embodiments, heterocyclic may also be

optionally substituted with one or more substituents Q as described herein,

[0043] The term “acyl” refers to a -C(O)R radical, wherein R is alkyl, cycloalkyl,

alkenyl. heterocyclyl, aryl, or heteroaryl, each as defined herein. Exampies of acyl groups

-] -



Tricyclo[5.2.1.02"'61-dec-9-yl-xanthic Acid -

[0052] Tricycl o[ 5.2.1.02. 6] -dec-9-yl-xanthic acid is a conpl ex nolecul e that
contains five chiral centers, which may lead to 32 theoretical

st er eoi soONBPEOB}Idl t 0 its constrained ring structure, BSENVUFYe ol ecul e
exists in fewer siereoisoners than the theoretical possibility. Sone
stereoi soners are shown in Schene |, including four enantioneric pairs,
0-exo/ C-exo, (9R)-1A and (98)-1A; 0-exo/ C-endo, (9R)-1B and (98)-1B;

0-endo/ C- ¢ 8 95)-1D.
(0083} T < ec P ostr & Ren ot Sy A, Pl g uflie

optical | y kegtenes, ocfangy eW@Yéﬁecmm’ich@P@I2&&&@@@]}?@%%9%&105/54ant h| c acid

| A over a 0J; e gent. First,
the opti ol ane (B SEGRIRHL Tkl et e D S RE G0 o i
acid I A |sarmhginmf)lldnmd}’yPp@dl@)ﬁtarbmmlano@rqyitt| ng the use of |ower dose or
concentration to achieve the sane benefit in conparison with either a
racenic orpgisst ere@%ﬁﬁ“magw ShaliBf AP flio ! AR o HELARIE A AR EHRIA! €9
reduci ng or avoi di ng unwant e eS|red adverse or side effects

associ at edP™itdi1§- t he use of a diastereoneric or racenic mixture. In fact,
the optically pure (-)-0-exo/ Cexo-tricyclo[5.2.1.024]-dec-9-ylxanthic acid

| A has an emth@nced Tﬁt&&@p%hbfany@&iﬁﬁmtea ﬁ%@@dehwaeewtma 6u|aesfuc@asf Acem ¢ or
di astereo ic.mxture (see, di scl osed herein her benefits

cont enpl at a B&ky{eﬁ% aH‘l‘“’%?tll %’éﬁ‘ﬁb %‘fio"i}@d r"i‘@’ E:th?éefwii & &Pt]egpcwy!g@@gm bgjescri bed

herei n or sGeMRAsH Jnt}pdhetohQfo%hbstﬁf?eﬁts':ﬁlﬁbéiﬂ@ntﬁﬂ s@ié!:ﬂeci ﬁ&%g%@é cyano (~
phar macoki netic profile, reduction of undesirab rug lé%al nt eractions,

and r eductGhonnige (P eﬂ$§‘t—§1% iSfPhRarRarCEng, -F@@ R y, provided

herein is RGARMY, a@&ﬂ M@cfo')ﬁa exR)&y @ROWOCAO) NRRS, ~oc:( =NROINR'R®,
tricyclo[5.2.1.016]-de é xanthlc aci d §§ har nac utlcally
accept abl eOSEPR’. (the“{) FOIBIRIRT ogS(HeNRYE . TOR B HNR® @@)Raa n enbodi ment s,

the opti CaN'R‘?C@E@R"’/eNﬁt”@((ﬂNﬁW CREXINR® )N'i{“l@%hﬁ{s?oﬁzbl @2grsige- 9- yl - xant hic

acid IA or E? grmaeceutically acceptabl e sal ate, or prfodrug
t her eof , I’Tﬁ@ KRR Rark FNWPéRe&Cé@%W’@fR 10> Regad Rfrneash dndepsdentiynozt ess t han

about O(V%k?palkgrﬁés ?&a@kﬁbé?ﬂthemc@ryln&ﬂe?e?& E‘;Rﬁ“ about 80% no |ess than
about 85% no | ess than about 90% | ess"t han about 91% no | ess than
about 92% | ess .t han about 93 |.ess than about 94% no | ess than
about 95‘V Ogﬁg’ | ess Tﬁ‘ﬁéeﬁma%tﬁﬁ"a@%% StHBte‘i! g8 Mgndethtodpan thaby greum sughedss t han
about 98%ilkniocycRB@ikyl, ham pakawtyl 320%ochayll 852yl hapbahesin®9walbnd@ hess than
about 99.9% .no | ess than about 99. 950 no, | ess than _about 99.99% or about
100% [ O0BBYYHEEE 1 AR HPFREAS, e e fapsrewierts Qo xbes s he

opticall y:rﬁéﬁeh&dﬁtl{/ éé)cctedefmﬁ ﬁic%&ﬁlptcﬁrhsﬂsﬁﬁ% @f[c@az?o §2i0 24 @lﬁ&r &; g'alnzyi thic acid
| A, or aﬁg uﬁ< ?(j%aﬁ)gf)tale salt, sol vate rw ereof

no | ess t O Jt?ﬁy *e%ba‘?*ﬁpéﬁftyé a“‘i‘l’f‘éef%%fé {Q®Rexcess
no | ess th@(m))an@ut:(@mfaﬁ ACQEX AR RE, emedicrm@w,, @b@)@@aﬂbc?ammfﬁg excess

I t t
no | eve tTaH-MBONREBoD SIS PP AR EnB S B —OR (RN B MBREr | ¢ excoss
no | ess thﬁiﬂ“(:@(bﬂﬁtwbﬁﬁ%())bkrcm @{@NR@OQHMLﬁR“)NRQ{gQWEt(%W“ C excess

no | ess than about 90% cer t he enantiomeric excess

i
i
i
i
i
i

no | ess tH%hSEHaRt @&@JO)W EerNglsfoéﬁ’ﬁﬂ% n%*ﬁtsg(oﬁ%eaf@ﬁ@h%wﬂ‘?r@mexcess :

no | ess thaprakdue 92%" i .mdﬁﬁﬁae%whﬁﬁ@gam@eﬁrmgyi d.henenant,i Qnghiiccexcess i

i
:
i
i
i
i

no | ess than about 93% In certain enmbodi ment the enanti omeri c excess
no | ess tHalkalkpotie 1 gRdohelerpapdrr &F‘ﬁ""é}’%o‘?f%ﬁ'ﬁ%Rg opthes pithithedeiomctoexcess
no | ess th@th @bout a@R%ed doin GQLLBIMNy eMbodi ments, the enantioneric excess
no | ess than about 96% In certain enbodi nents, the enantioneric excess i
no | ess ﬂ@ about _.97% In ceital n enbqdi nent s, {he enanti omeri c excess

no | ess Jabout TE86EmS " WPYSAHY AFUYC o0 BRamEAPEricalinactixs 241¢ PSHBEEE excess

no | ess tzht&fd:hﬁkg@atﬁy R etdr o SIMRILA] @MPRIGInERNES: a blTRci@N3Rdeb OARLE C eXCess
no | ess than. about gF 3@ g}tﬁﬂ certal n e odl nments, the enantioneric excess
is no | eSS Q155 thapth 8@?’?%‘?”:‘1 BB tRiRt Rianenolarigslight oy i ¢
excess is no less than about 99.95% I|In certain enbodi nents, the
enantioneric excess is no less than about 99.99% I|In certain enbodi nents,
the enantioneric excess is about 100% {{0057j1n certain enbodi nents, the
optically active (+0-exo/ C exo-

N OLuuunuumuunmuunmunmunmuumoonmuumunmuoumuon



tricyclo[5.2.1.021-dec-9-yl-xanthic acid 1A, or a pharnmaceutically

acceptabl e salt, solvate, or prodrug thereof, contains no | ess than about
60% no | ess than about 70% no | ess than about 80% no | ess than about

90% no |'¥9X0EAFIRbout 95% no | ess than about 96% METRPIYSHHG about

97% no | ess than about 98% no | ess than about 99% no | ess than about
99.5% or no |l ess than about 99.8% no | ess than about 99.9% or about 100%
by wei ght of the (-)- WD 2009/ 003711PCT/ EP2008/ 005460 enanti oner. [0058]1n

et h of e h i cal |
active (o EChACyof b el TREH oRbabd otk UMM A B TR o o

phar maceutdecah Iembechmem's abbtm:aﬂjahanve’Smki\fataeuomasncpnmbmug rehenaablledtisn 8D | ess
t han about rtain e content of the
(-)-enant |n6%grlﬁelss %Bhﬁaessag ef]aﬁ‘gﬁmgﬂ) out 70 %\7 S\Kgqngaﬁ?m@ﬁﬁ“ 2 fsa{}‘?{’ aé’ﬁjﬁodl ments,
t he contenl{}"/ohotdseth@n IboRNBI,in0NEE thas alfudt DS Snctlba thad bdil 9 BAMJIYssWRinght . I'n
certain e ont of 1the n is no | ess than
about 90%"%03& Y 2tes D % b RO B e ercAoRi . o

(-)- enantilemﬁranlabouneﬁ%eﬁcsieishm aa&ﬂ@v%%%whmbgmt%%l Ao R6Y thad dboiidodi nent s,
the content o nti IS no N t han. ab ut 96% by wei ght. In
certain er%B&I ﬁ%ﬁﬁ%gbo%‘hgd]géﬁp 'Fff"kﬁ"fl a?‘ﬁ’ég)é %o dnesiel dimentsdh¢ ess t han
about 97%cbmpmﬁgbmpndeu alSeil D& Br R6RQE B! kBantibAer £@Rb&AE%Y: 1SS the
(-)-enanti Qner s n about  98% by weight. In certain enbodi nents,

) gss thag

t he conteﬁ )Wni%r?asf B HGET R RS of e rapalae IRsi8Bout 99% by wei ght. In
certain enbodi nents, the content of the (-)-enantioner is no |l ess than
about 99. 30048y wei ghtds:schbmgenbpncal endiodiommusd, ticheefbenRand S afe vsklio(-) -

enant i oner th bou i.ght.. . In certain e i ments,
the cont enf m?ﬁth?ﬁbsgﬁe)con?%m? Ogr?tethe ”%CQECSE 2BRy “?ﬁéﬁd 5‘5‘6?5&‘ 9@5‘33@%@?‘ ight. In
certain emdcdmrdtmte thlaeptmhtomubn of th¢ I:tenp(ou)nd elixa 3] the desctibib inalioeH a JIAR% by

wei ght. [ r Brov
phar malceut(3 ? q%ffze t'S Ia tﬁa‘fpt%c% at;tl%e 85’["?'&‘% q&?‘e géi’mg’é"’d’ca‘es that
(-) - 0- exohE- cempetmdnsl;edwm{aﬁmz tHat Btha]:erﬁm«a&royaltesxad‘;ﬂhuemfp@la@heﬁ RAghtSuitHeabl e

bases for S r.e har,nmaceut i accept gbl e salt,
Chot ude. IR b el B8 BReef g Hies R PO SR RG OBt o
limted tme cbinprind mothydthe pladeof wbudizetidhy drtheciighe or flodiass wawbwlrtﬂal de,
cal ci um hydr dr oxi zi,nc h dr oxi de, anmoni um
hydr oxi degﬁéi gf)c;opglFaiéérﬁgo g népgﬂfc’}?tﬁ?a%&*? ﬁﬁﬂ?‘s e EaRRgon (%él?etl ary, and
guat er nar ynpleadie, rfhmdlﬁt and aronmatic am nes, including, but not limted to,
L-argi ni ne, benetham ne, benzathi ne, N, Mdi benzyl et hyl enedi am ne,
N- benzyl p thyl a G m ne, l.am ne,
di net hyl a&)@ﬁ'@ di ppqgg% amgtﬁlédtﬁg?ﬁgrgg@?géﬁn th&%]l% §A e(‘ed? ehﬁ?? %% ) et hanol ,
et hanol antvhigh f@@ﬁyh@lnﬁ*me Stowwrieerwecdmammehlomsmpraoqoyxhtapmmnt bound by
Nmret hyl - gl 1c i hol i ne,
& (2 bydr Sy e HEIERErTRE:. Sk MBr s g an i "RBER ne.
propylam ne, pyrrolidine, 1-(2- hydroxyet hyl ) - pyrrol i di ne, pyridine,
qui nucl i di’B¥] qui ndhe ¥sem IS eferen kmeunts oneenbiativy} errdosegs of ¥ éameohyd ami ne,
triethyl afh€me am no- 2-
(hydr oxynet hyl ;I@%hgsﬁyggg%g}gﬁg OI[[35 9‘%%18%??5}%!- Q%Lssg %Ltgﬁe%gﬂrr%oufrgl n- |

' -yl met hy™*§POnschenzi m dazol e, tri s(hydroxynet hyDam nonet hane and
tromet ham ne. For reviews on additional pharmaceutically acceptabl e bases,
see, Bergeost al ., TR “thGloloddhl-viGEnt .
Phar ITB.CeqI cgl Sal ts Pr opf?ltll es an}él hgge%&f alzm:gtgntgtV‘g(‘jllaBOj(1 oL %Idec
W | ey- VOH-4rd@ gl of fipraa | mezﬁ%@ebqaﬂlm agcspiellF pelerriseldeterent s, t he
pharmaceutically acceptable salt of optically active
(+0-exo/ C-exo-tricyclo[5.2.1.021-dec-9-yl-xanthic acid A is an inorganic
salt, including, but not limted to, alkali netal, such as lithium sodium
and potassium alkali earth nmetal, such as cal cium and magnesi um zinc; and
anmonium salts. In certain enbodi nents, the pharmaceutically acceptabl e
salt is an alkali netal salt. In certain enbodinents, the pharnmaceutically
acceptable salt is an alkali earth nmetal salt. In certain enbodi nents, the
pharmaceutically acceptable salt is lithiumsalt. In certain enbodi nents,
t he pharmaceutically acceptable salt is, magnesiumsalt. In certain
embodi ments, the pharnmaceutically acceptable salt is calciumsalt. In
certain enbodl ments, the pharmaceutically acceptable salt is sodiumsalt.
In certain enbodi nents, the pharnmaceutically acceptable salt is potassium
salt. In certain enbodi nents, the pharnaceutically acceptable salt is zinc
salt. In certain enbodi nents, the pharnaceutically acceptable salt is
ammoni um sal t. [0061] I n anot her enbodi nent, the pharmaceutically acceptable



[0062] I n still another enbodi nent, provided herein is a prodrug of
optically active (-)-0-exo/ CGexo-tricyclo[5.2.1.02"6]-dec-9-yl-xanthic acid
1A, including, but not limted to, those disclosed in WO 2005/ 032492.

[ 0063] A pWEIPWPIHR! a conpound is a functional derivat iREE/EFROBASpAr ent
conmpound which is readily convertible into the parent conmpound in vivo.
Prodrugs are often useful because, in sone situations, they nay be easier
to admi nister than the parent conpound. They may, for instance, be

bi oavail abl e by oral adm nistration whergas the parent conpound is not. The
prodrug may al so have enhanced solubilit n pharmaceuti cal conpositions
over the parent conpound. ﬁ prodr cQnverted into the parent drug
by vari ous mechani sms, & ses and netabolic

enzy
hydrol ysis. See Har per, Progrgﬁén?n Dy 962, 4, 221-294;
Morozow ch etal!, in "Design of |opharnaceut| Properties through
Prodrugs and Anal ogs," Roche Ed., APT-1A Acad.

Pharm Sci. 1977,
"Bi oreversible Carriers in Drug in Dru Desi gn, Theory and Application,”
Roche Ed., API-LA Acad. Pharrn, Sci. 1987; "Design of Prodrugs,"” Bundgaard,
El sevi er, 1985 wanqﬁet at, CUrr Pharm Design 1999, 5,265-287; Pauletti
etal ., Advircgslo lesryviRauthicudd 27, 235-256: M zen etal ., Pharm

Bi ot ech. 1998 11 345 365; Galgnault et al. , Pract. Med. ('hem

1996, 671- G8652] Asghanimyams N1.6P-ABS PO kanBh OLRS1S § Som PlehRIHIRE 4t dtins
Systens, " Anldon et at, Mar cel | Dekker, 185-218, 2000; Bal ant et at,
Eur. J. Driirgchet aﬁlterpﬁ\aﬁlmﬁmﬂ%ﬁ) 34 gpretiops sterpoisomers. Bag o SRISEABES] nko,
Adv. Drug daglsirve@iry, iBe¥ver 1898 0ledfe exif3maBQer sBFRWIRcrs@hdnthe hiEMERRNAr macol .
1997, 20, 1-12; Bundg aard, Arch. Pharm Chem 1979, 86, 1-39; Bundgaard,
Control | ed’oﬁﬁ'[ﬁ'éfy D@?’F?/%?’?O‘RWS &fi?ho“@?‘g SoEmegy HE@&@S&OWAWHOW’LFQP%I ivery

Rev, 1992,0-&0/@&8(9@1@4 aSJaQGS)eLtA -exo/ Ao, Rglﬁmllzt%%&n CMdo/d298, 19,

115-130; Fleisher et at, hods Enzynot 1 0-381; Farquhar et
al ., Phar AfR09& and{883¢; ?Qd 93‘32@@25"10 P peh#ndd J. Chem Soc., Chem
Commun. 1991, 875-877; Friis and Bundgaard, Eur. I. Pharm Set 1996, 4,

49-59; Gamgywsar et aIIh,is diesosuBicopbmplaies R epl adpﬁrﬁig’eblg&%ﬂ’l@:%@ncﬂlgﬁawe‘log 421,

Nat hwani and, Wood, Dru 9 4 ; hababu and Thakker, Adv. Drug
Del i very %é%{"”fgfgé’fo"‘i@?‘a‘z{ﬁ:l 3 gf’éﬁeﬁl"é‘“&? a&‘fﬁf‘tﬁ"ﬁb%fai%’s Of 59, 455- 73; Tan
et | at, Ad\aixastal’ebhgerﬁ&hixbtﬁ&’as ﬁﬁ&?&peﬁﬂ&@gsnﬁ@trsﬂﬂh@og%}iy-ﬁa&'(gf(?-e)ﬁﬁ(‘]—ex@r ug
De R 31-1 V, t B t, Dr Di
G L R S DT e
63- 80; Waldvet d@E oRtoncerBiation)to aChibve. thd¥adke WBGefit #OBRparddhn Wi €ithd G.radeRR64) I N One
enbodi nent, .t he prodru tically activ - exo/ C- exo-
tricyclof BF dasjerepinest "B%Breg S)‘?&“Q’afﬁ? ﬁ‘%@osﬁfﬁcﬂmf p?ages FIYRHBLMEIHE Fornul a (1):

, 14 ft'S (dyangd, @dp&‘i&ﬂ rRieetd drGalefeas seniadl wits@t bsedt aSRksabRANGr eof

mherein Wis al S titute th one. or re heteroat se| ected from
S. 0 N gﬁﬁnﬁg_mlwture l]J ?act the opgca y pure (-}~ O—exo/([}r?zxo ~tricyclof5.2.1.0 Oﬂ]sdec -9-yl-

xanthic acid 1A has an enhanced therapeutic index in comparison with either a racemic or
diastereomeric mixture {see, Examples as disclosed hereinj. Other benefits contemplated by
the disciosure of using the optically pure isomer described herein or composition thereof,
may include simplification of pharmacokinetic profile, reduction of undesirable drug-drug

interactions, and reduction of patient-to-patient variations.

[0054] Accordingly, provided herein is opticaily active (-}-O-exo/C-exo-
iricyclof3 .2.1.02'6]—deé-9-yi—xanthic acid 1A, or a pharmaceutically acceptable salt, solvate, or

prodrug thereof.

[0055] In certain embodiments, the opticaily active (-)-0O-exo/C-eXo-
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-A\O 2009/ 003711PCT/ EP2008/ 005460 [ 0065] I n anot her enbodi nent, the prodrug is
a conpound of Fornmula (H): (Il) or a pharmaceutically acceptable salt or
sol vate thereof, wherein Rb, Re, and Rd are each independently H or al kyl

[ 0066] TheWHAHMWEIIE of the prodrug of Fornmula (I1) is REESMBHNEE i n Schene
2 (Krise et al., | Pharm Set 1999, 88, 922-927; and ICrise et at, J.
Pharm Set 1999, 88, 928- '932). Substitution reaction of conmpound 2 with
potassium salt of optically active (+0-

| G B ' el
corr cspondi SRy E 200y fcs AERRCda YL 3Pl AL BERRTH Sk
enbodi mentgsgdrighthérsofthas lan ecantivabnr exvtrodi nelststharRboa @Y Rdo tcs&etheaaﬁqu!

i ndepende %lyy %smgm’ aby th)l%i n{) e %gX !étlbqoclj)l %%R;rfr%gélslg 1haﬂ agouE Xg %, n 3193{3 A I, or

(bt.InCe ain end ndepe ’nenlyrrethl
n- propyl , about@@%umcylhss tikam abemtgaefmeremﬂammuwzw@omathmmu@mmh lewet hyl . I'n

certain e e d Rd 5] I n ceJ |ne di ment s,

Re and Rd aarn e21 %1(? ncge%sq an ﬁbou@resr/ ess tﬁgpaoboﬁrsdrﬁ/ 1 mﬁﬁs han ﬁ’wé ({(“)’ﬁg and Rd
ar ebeaclh |Iﬂde?eghimn98°/y msv\gtslayﬂap ag%myD%PCT?fEsgmnl ab;;uggegggpyle,ss uhaxbz;ttog[;% 667] I

I sobutyl, ar,.1-butyl. enme n

ot anot hdP 2B ErTibin 20O B R Tt e Ao o SOOI & (1) . (111)

or a pharmaceutically acceptable salt or solvate thereof, wherein Rb and Re
are each i[®¥€penderit ksrtakt anbaithgrts, thepngdipmeinexeeb ofthreptelly Rbive §)-8- | n

certain e@&g ' rl'E 10@% 6?‘3&6*%% xa%hhcyelcid 1% %;ggﬁrm %ﬁﬁ&ln%{ eptaﬂeb utyl,
| sobutyl, or tQE ?/f , Af n-certain
enbodi mantS@‘;, sibiatd, ot Hodrag@th@f usnmmr»hyan abnut@%ﬁpyh cerGn ¢mtlmdtnwnts {h6068] The
synthesi s erQanuBrggncpeXQqu H%oqgss 't:l%r IIH(LL@ 66)"'/0' llx) cert?un% %rr@ll ' Ilt's qge enant?cf'ne ic

excess is no fess than about 70%. In certain embodiments, the enanticmeric excess is no Jess

than about 80%. In certain embodiments, the enantiomeric excess is no less than about §5%.

In certain embodiments, the enantiomeric excess is no less than about 90%. In certain

embodiments, the enantiomeric excess is no less than about 91%. In certain embodiments,

the enantiomeric excess is no less than about 92%. In certain embodiments, the enantiomeric

excess is no less than about 93%. In certain embodiments, the enantiomeric excess is no less

than about 94%. In certain embodiments, the enantiomeric excess is no less than about 95%.

In certain embodiments, the enantiomeric excess is no less than about 96%. In certain

embodiments, the enantiomeric excess is no less than about 97%. In certain embodiments,

the enantiomeric excess is no less than about 98%. In certain embodiments, the enantiomeric

excess is no less than about 99%. In certain embodiments, the enantiomeric excess is no less

than about 99.5%. In certain embodiments, the enantiomeric excess 18 no less than about

99.9%. In certain embodiments, the enantiomeric excess is no iess than about 99.95%. In

certain embodim'ents, the enantiomeric excess is no less than about 99.99%. In certain

embodiments, the enantiomeric excess is about 100%.

[0057] in certain embodiments, the optically active (-)}-O-exo/C-exo-
tricyelo[5.2.1.0%%)-dec-9-yl-xanthic acid 1A, or a pharmaceutically acceptable salt, soivate, or
prodrug thereof, contains no less than about 60%, no less than about 70%, no .less than about
80%, no less than about 90%, no less than about 95%. no less than about 96%, no less than
about 97%, no less than about 98%. no less than about 99%, no less than about 99.5%. or no

less than about 99.8%, no less than about 99.9%, or about 100% by weight of the (-)-
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Chl oromet hyl acetate 3, which is synthesized according to Bodor et al.Og.
Chem 1983, 48, 5280-5284), reacts with potassiumsalt of optically active
(0-exo/ C-exotricyclo[5.2.1.02. 6] -dec-9-yl-xanthic acid 1A to generate the
cor r espondr?§ophEireal |y active prodrug 4 of Fornula (IRITP2M@pEsh Rb is H.
Schene 3. (1+ or (-)-1A Preparation of Optically Active _
(-)-0-exo/ C-exo-Tricyclof5.2.1.0241-dec-9-vl-xanthic Acid |I. Asymmetric

Hydrosil yl ati on:

enantiomer.

{0058} In certain embodiments, the content of the (-)-enantiomer in the optically
active (-}-O-exof/C-exo-tricyclo[5.2.1 .02'6}-dec-9-yl-xamhic acid LA, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof, is no less than about 60% by weight, In certain
embodiments, the content of the (-)-enantiomer is no less than about 70% by weight. In
certain embodiments, the content of the (-)-enantiomer is no less than about 80% by weight,
In certain embodiments, the content of the (-)-enantiomer is no less than about 90% by
weight. [n certain embodiments, the content of the (-)-enantiomer is no less than about 95%
by weight. in certain embodiments, the content of the (-)-enantiomer is no less than about
96% by weight. In certain embodiments, the content of the (-)-enantiomer is no less than
about 97% by weight. In certain embodiments, the content of the (-)-enantiomer is no less
than about 98% by weight. In certain embodiments, the content of the (-)-enantiomer is no
less than about 99% by weight. In certain embodiments, the content of the (-)-enantiomer is
no less than about 99.5% by weight, In certain embodiments, the content of the {-)-
enantiomer is no less than about 99.8% by weight. In certain embodiments, the content of the
(-)-enantiomer is no less than about 99.9% by weight. In certain embodiments, the content of

the (-)-enantiomer is about 100% by weight.

[0059] in yet another embodiment, provided herein is a pharmaceutically acceptable
salt of the optically active (-}-O-exo/C-exo-tricyclo[5.2.1 .02'6}-dec~9—yi~xanthic acid 1A.
Suitable bases for use in the preparation of the pharmaceutically acceptable salt, include, but
are not limited 1o, inorganic bases, including, but not limited to, lithium hydroxide, sodium
hydroxide, potassium hydroxide, calcium hydroxide, magnesium hydroxide, zinc hydroxide,
and ammonium hydroxide; and organic bases, such as primary, secondary, tertiary, and
quaternary, aliphatic and aromatic amines, including, but not limited to, L-arginine,
benethamine, benzathine, N,N-dibenzylethylenediamine, N-benzylphenethylamine, choline,
deanol, diethanolamine, diethylamine, dimethylamine, dipropylamine, diisopropylamine, 2-
{diethylamino)-ethanol, ethanolamine, ethylamine, ethylenediamine, isopropylamine, M-
methyl-glucamine, hydrabamine, | H-imidazole, L-lysine, morpholine, 4-(2-hydroxyethyi)-
morphaline, methylamine, piperidine, piperazine, propylamine, pyrrolidine, 1-(2-
hydroxyethyl)-pyrrolidine, pyridine, quinuclidine, quinoline. isoquinoline, triethanolamine,
trimethylamine, triethylamine, chioroprocaine, procaine, N-methyl-D-glucamine, 2-amino-2-

(hydroxymethyl)-1.3-propanediol., i-pura-chlorobenzyl-2-pyrrolidin-1 -vimethyl-
p
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[ 0069] Provi ded herein is an asymetric hydrosilylation nethod for the

synthesis of optically active

(+0-exo/ C-exo-tricyclo[5.2.1.0243-dec-9-yi-xanthic acid I A, or a
pharmaceutically acceptable salt, solvate, or, prodrug thereof (Schenme 4).
As used herein, the star synbol "*" in a structure indicates the possible
attachnent positions for a group so that, when the group is attached to the
desirabl e position, the resulting optically active conpound will have an

tical L hRer .
[6070] The. tectiridheb® HfyBRBEMDRRREARNER, RiftdRbenflc BoteuBhaBl L)1
active (+0Oadddivod! Ghewecautitally etasptable Dasks,Gee, Bﬂcgdecafgufyﬂ'hax:an%hﬂ&ﬂaéﬁd 194, or a

phar mceut 62k AGCEtahl £ Rl sl sPgLYBl od L eal ol wigal 8, the method

is equal ly appli e synt éS| calTy act
(+)-0- exo/@ﬂegeb'CHrandeiCb{ﬂuﬁcmzm dec-9-yl -xanth| c acid IA or a
phar maceutical ly acceptable salt or solvate thereof. Schene 4 RI\

R2--Si HR {Bg’é@’ Si t air;'c'é:ﬁaiﬁ‘géllm&xéﬂtﬁ tl@aﬁh%ln}'a%&ﬁ{caibﬁacceptable salt of optically
active (-)-O-exo/C-exo-tricyclo[5.2.1 .02‘6]-dec-9~yl-xanthic acid 1A 1s an inorganic salt,
including, but not limited to, alkali metal, such as lithium, sodium, and potassium; alkali
earth metal, such as calcium and magnesium,; zinc; and ammonium salts. In certain
embodiments, the pharmaceutically acceptable salf is an alkali metal salt. In certain
embodiments, the pharmaceutically acceptable sal( is an alkali earth metal salt. In certain
embodiments, the pharmaceutically acceptable salt is lithium salt. In certain embodiments,
the pharmaceutically acceptable salt is magnesium salt. In certain embodiments, the
pharmaceutically acceptable salt is calcium salt. In certain embodiments, the
pharmaceutically acceptable salt is sodium salt. In certain embodiments, the
pharmaceutically acceptable salt is potassium sait. In certain embodiments, the
pharmaceutically acceptable salt is zinc salt. In certain embodiments, the pharmaceutically

acceptable salt is ammonium salt.

[0061] In another embodiment, the pharmaceutically acceptable salt of optically
active (-)}-O-exo/C-exo-tricyclo[5 .2.1.02‘61-dec-9-y1-xanthic acid 1A is an organic salt,
Suitable organic bases for use in the preparation of the pharmaceutically acceptable salt are

those as described herein.

[0062] In still another embodiment, provided herein is a prodrug of optically active
(-)-0-ex0/C-exo-tricyclo[5.2.1.0%)-dec-9-yl-xanthic acid 1A, including, but not limited to,
those disclosed in WO 2005/032492.

[0063] A prodrug of a compound is a functional derivative of the parent compound
which is readily convertible into the parent compound in vive. Prodrugs are often useful
because, in some situations, they may be easier to administer than the parent compound.
They may, for instance, be bicavailable by oral administration whereas the parent compound
is not. The prodrug may also have enhanced solubility in pharmaceutical compositions over

the parent compound. A prodrug may be converted into the parent drug by various
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7 1A [0071] I n one enbodi nent, the nethod conprises reacting achiral GC exo
alkene 5 with a silane in the presence of a transition netal catalyst

conpl exed with a chiral nonodentate phosphine to produce optically active
or ganosi I‘gﬁé"@"“"f"’ébn] In another enbodi nent, the met hd§FPEHREEbnpri ses
oxi dizing the optically active organosilane 6 with an oxidant to produce
optically active alkanol 7 with the retention of stereochem stry. [0073]1In
yet anot her enbodi nent, the nethod further conprises converting the

opti cal | ymaghahiv@s, arlldﬁﬁﬂ% enfyrhRicPRIck G dnY n€dboMEhydrolysis. See Harper, Progress
(+0- exo/C—exotrlc clo % 9-yl xant'hic acid 1A, or, a

phar maceut’if¥4g IRff“’ﬁ%FééB Lfl glsé’l“tM]B?oz%‘é?Fh/%t’t‘é ip Ne¢sissro! Bopharreeesieal| | anot her

enbodi Mengpdrh@ HRLAOE&ABPIISGRIckNCRSERER . APH A\ cdeCRGHh NG Aok al C— exo
al kene 5 vv|{J a silane in the presence of a transition metal cat al

conpl exed BPErFrabie fiarriers irdtiveiaminag Besttodpramendapnbesivnc Koo Ebatf act i ve
organosi | g, ﬁ;anQ)Sc@xl@g‘l’ Z0RM g mr%@e’%dnﬁ%ﬁ&; 'E}é@vx [ 9RR0G1h@ng 6 W th an

oxi dant to produce op ally active al kano fhe retention of

st er eochefirstiihgrm. a@?ﬂ#g@)w% ﬁv%@t?igﬁgpaﬁlﬁél et it Dyuga@f'wa) Rk 277 to
opticall Yza%cztsbVﬁ:z@ﬁ@rﬁx%ﬁm%ﬁ?&ﬁ '1@¥§'191[355%6% é’% Bl 064 Prayl MR hic acid

1A, or harmaceut i cal |y acceptabl e 'salt or Vate thereof:

2009/ 003_ APCTP AP0 008100 0528 Oe[20 07 Sr@ispartibyoesssis |uaﬁ%@sm4cgwt1qals@stemsx he
asymvet ri g hivgleosi EM', Rk RN DeRAC 8981 Q,ngéf%%lanpéﬂzl., Eur. J. Drug Metab.

Pharmacokinet. 1990, 15, 143-53; Balimane and Sinko, Adv. Drug Delivery Rev. 1999, 39,
183-20%; Browne, Clin. Neuropharmacol. 1997, 20, 1-12; Bundgaard, 4rch. Pharm. Chem.
1979, 86, 1-39; Bundgaard, Controlled Drug Delivery 1987, 17, 179-96; Bundgaard, Adv.
Drug Delivery Rev. 1992, 8, 1-38; Fleisher et al., Adv. Drug Delivery Rev. 1996, 19, 115-130;
Fleisher et al., Methods Enzymol. 1988, 112, 360-381; Farquhar et al., J. Pharm. Sci. 1983,
72, 324-325; Freeman et al., J. Chem. Soc., Chem. Commun. 1991, 875-877; Friis and
Bundgaard, Eur. J. Pharm. Sci. 1996, 4, 49-59; Gangwar et al., Des. Biopharm. Prop.
Prodrugs Analogs, 1977, 409-421; Nathwani and Wood, Drugs 1993, 45, 866-94; Sinhababu
and Thakker, Adv. Drug Delivery Rev. 1996, 19, 241-273; Stella et al., Drugs 1985, 29, 455-
73; Tanet al., Adv. Drug Delivé?y Rev. 1999, 39, 117-151; Taylor, Adv. Drug Delivery Rev.
1996, /9, 131-148; Valentino and Borchardt, Drug Discovery Today 1997, 2, 148-155;
Wiebe and Knaus, Adv. Drug Delivery Rev. 1999, 39, 63-80; Waller ef a/., Br. J. Clin.
Pharmac. 1989, 28, 457-507.

[0064) In one embodiment, the prodrug of optically active (-}-0-exo/C-exo-
tricyclof5.2.1.0%%)-dec-9-yi-xanthic acid 1A is 2 compound of Formula (I):

or a pharmaceutically acceptable salt or solvate thereof, wherein R" is alkyl substituted with

one or more heleroatoms setected from S, O, N, and P.

- 18-



are not limted to, conmpounds of Fornula (1V): wherein RI, R2, and R3 are
each independently H halogen; C ..5 alkyl, optionally substituted with one
or nore substituents Q in one enbodinent, one, two, or three substituents
Q or -ORYORWAVEIRA is Cl1-6 al kyl, C3.7 cycloal kyi, CGICTERIO00§460 each
optionally substituted with one or nore substituents Q in one enbodi nent,
one, two, or three substituents Q [0076] Exanpl es of suitable silanes

i nclude, but are not limted to, trichlorosilane, nethyldichlorosilane,

di et hyl chdgaspsi | ang endikd ReXYaneR! @ BREAENE: cdnlfobid WS HLARAD):

pent anet hyl di si | oxane (HSi Me2OTMS), and
1,1-dinethy1-3,3-dipheny1-3-tertbutyldisiIo&a@é (HSI Me20TBDPS). In certain
embodi ments, the silane is trichlorosilane,_|bM _certain enbodi nents, the

silane is nethyldichlorosilane. In_cer ahﬁ.- oYt s, the silane is
di et hyl chl orosilane. In rtain i menys,tfe silane is
enb

met hoxydi chi orosil ane. In certai Sinﬂnts,-the silane is
triethylsilane. In certajn”egybodigents, the sifarze is

pent anet hyl di si | oxane (H%PNEZ@WNB). In certain enbodi nents, the sline is
1, 1-di met hyl- 3,3-dipheny1-3-tert-butwhdisionane ( HSi Me20TBDPS)

[0077] Suitable transition nmetals for use as a catalyst indthe asymetric
hydr osi | yPat fhgrnacagiceiosecenitilanl or sinatetheeqfowhdrgimiR &, and R preasatinum
iridium paldagiHy &hggi.um and ruthenium The transition netal catalyst
can be heterogeneous or "honobgeneous. In certain enbodinents, the transition
net al catflgst is platinum In certain_enbodinents, the transition netal
cat al yst 1%85§lri di urthe PRteds pLihe PRABE AF I (I sexeprifsdds ¥shemedal cat al yst
is pal | adikiie eddd, g HaAh 5cE BB RABNE 927 bhektisan sl Ll PAIELA! 1908t yjt 1S
rhodium | n certain enbodinmgnts, the transition nmetal catalyst Is

rut heni u 32)’@%@5@?@6@’7‘?’1g‘éﬂ"@@?’ﬁb@%&@@‘“{"@é‘%f‘Sﬁ’i“ﬁféﬁché"ec(h} al

monodent age/@hRSEBY I 5 ki 1gAMdEcIongxudRic 208t ARERAGE thé EdHSdhE opianpounds  of

Formul a (V).: wher ein , ) b
active prodrug of Formula (II). In certain embodiments, R” is H. In certain embodiments, R®

and RY are each independently methyl, ethyl, n-propyl, isopropyl, »-butyl, isobutyl, or -butyl.
In certain embodiments, R® and R9 are each independently methyl, n-propyl, or -butyl. In
certain embodiments, R° and R® are both methyl. Tn certain embodiments, R® and RY are both
n-propyl. In certain embodiments, R and R are both t-butyl. In certain embodiments, R%is
H, and R® and R¢ are each independently methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
or {~butyl.



R5 is H G..6 alkyl, optionally substituted with one or nore substituents
Q 1in one enbodi nent, one, two, or three substituents Q or -ORR, where R3
is C.6 alkyl, C3 7 cycloal kyl, or C6.10 aryl, each optionally substituted
with one B MW dUbstituents Q in one enbodi ment, orRECTRR}IBOBT46R hr ee
substituents Q and R6 and R7 each are independently C6.10
aryl, optionally substituted with one or nore substituents Q 1in one
enbodi ment, one, two, three, four, or five substituents Q [0079]In certain
enbodi nents, R5 is alky, including, but not Iimted to, nmethyl, ethyl,
n-propyl, isopropyl, n-butyl, isobugWemetr-butyl, pentyl, and hexyl. In
certain enbodinents, R5 is nethyl, ethyl, n-propyl, isopropyl, n-butyl,

i sobutyl, or t-butyl. In certain enbodinments, R5 is -0R8, where R8 is Cl4,
al kyl, C3.7 cycloal kyl, or cqﬂ.o aryl. In certaif gﬁbodinents, R8 is

met hyl, ethyl, n-propyl o_i sppropyl, n-butyl, isoht utyl, pentyl, or
hexyl . In certain embodi nents, R5+is met hyl ,Cwfhy ] Ryl , i1sopropyl,
n- butyl, isobutyl, P\T\-but l. In cer't ai mbéeh; g, RO and R7 each are
i ndependent |y pheR{fl; oPRhono-, di-, tri-,\tetgH pent ahal ogenat ed

phenyl. In certain enbqdi nents, R6 and R7 &re phenyk, In certain

enmbodi nents, R5 is -ORé, where R8 is nethyl. Ig}%ggg in enbodinents Rs is
-0R8, where R8 is nmethyl; and R6 and R7 are phenyl.” [ 0080] The chirality of
0-exo/ C-exo-tricyclo[5.2.1.02.6]-deg-9-yl-xanthic acid IA or a
pharmaceutically acceptable salt, sqlvate, or prodrug thereof, is

determ ned primarily by the chirality of the ghiral nonodentate phosphine
used. For exanpl e, palladium conplexed w th\fR)-()-nonodentate phosphine

ligand of Fornula Il, wherein Rs is mafb.t;“_w RS, and R7 are phenyl,

| eads to the formation of opticald Ct jAve, ,
(+0-exo/C—exo-tricycloFth/?TG%rg]- ecanf9-of H7), which leads to the
formati on of optically ackjve S H
(+0-exo/C—exotricycIok@;ZfIOQQ'S1-dec-9-y|-xanthic acid 1A or a
pharmaceutically acceptable salt, solvate, or prodrug thereof, with the
retention of stereochemistry. [0084%}Suitable oxidants for use in the

oxi dation of the optically active organosilane 6 include, but are not
limted {@s7hydr ogere: pasihoticaBodidoa, MepRahESs 2 SIS 6. acid
(Ac001-1) and m chl oroper benzoic acid? I%%certainugﬁ%o ?ﬁgﬁggﬁ'the oxi dant
i s hydrogen peroxide. In certain enbodi nen @ythe oxidant is a peracid. In
certain embodi nents, the oxidant is perace i d. or mchl oroperbenzoic
acid. [0082] The optically active Ol
readily converted

(-)-0-exo/ C-exo-tricyclo[5.2. 1. 02 ec
into optically activeQ-0-€Xxor¢-exo-§ric .1.02. 6] -dec-9-yl -xanthic

acid 1A, or a pharnmaceutical |y \acceptabl e sal¥, solvate, or prodrug

t hereof, using the nethod§. knowh to those skilled in the art, see

"Xant hat es and Rel ated Conpounds,” Rao Ed., Marcel Dekker, Inc., New York,
1971, pgs. 7-31; U S. Patent No. 4, GOR, 037; and CGonzal ez-Roura et at,

Li pi ds zﬁg%harﬁgxeuﬂp&%}%&%mable salt or solvate thereof, wherein R and R are each
independently H or alkyl. In certain embodiments, R® is H. In certain embodiments, R° is
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, or -butyl. R®is methyl, #-propyl, or ¢~

butyl. In certain embodiments, R® is H, and R® is methyl, n-propyl, or 1-butyl.

[0068] The synthesis of the prodrug of Formula (111} is exemplified in Scheme 3.
Chloromethyl acetate 3, which is synthesized according to Bodor ef al. (J. Org. Chem. 1983,
48, 5280-5284), reacts with potassium salt of optically active (-)-O-exo/C-exo-

tricycio[5.2.1 .02'6}-dec—9-yl-xamhic acid 1A 1o generate the corresponding optically active
prodrug 4 of Formula (11}, wherein R” is H.



[ 0083] The starting material, achiral C-exo alkene 5 is prepared from

di cycl opent adi ene 8 as shown in Schene 5. Dicyclopentadiene 8 is first
treated with hydrobromic acid to generate C exo-bronoal kene 9 through
wagner-N@@pﬁ@ﬁﬁwpéhrrangenent (Brunson et al.,J. Am dKdBP248005440945 67,
1178-1180). C-exoBronval kene 9 is hydrogenated to provi de C exo bronoal kane
10, which is then dehydrobromated to formachiral C exo al kene 5
(Youngbl ood et al., J. Og. Chem 1956, 21, 1436-1438; Osawa et at, |I. Ogqg.
Chem 1982, 47, 1923-1932). Schenegd.n. 3189 2. Enzymatic Resol ution:

Met hod | [0084] Provi ded herein also 1s a nethod for the synthesis of
optically active (+0- exo/ Cexo-tricyclo[5.2.1.08 &f-dec-9-yl-xanthic acid
A, or a pharnaceutiiELfy acceptabl e salt, solvat® or_prodrug thereof,

t hr ough enzymatic respl ution of unsaturated estée
PN K “S\\( i

R¢ O Cl
H
3 s H
{+)or (-*1A

H
>
s

O..\f_/
] ‘/
O

RC

Preparation of Optically Active (-)-O-exo/C-exo-Tricvelo[5.2.1.0°%]-dec-S-vl-xanthic Acid

1. Asymmetric Hydrosilylation:

{0069] Provided herein is an asymmeitric hydrosilylation method for the synthesis of
optically active (-)-O-exo/C-exo-tricyclo[5.2.1 .(}2'6}-dec-9~yi—xanthic acid 1A, ora
pharmaceutically acceptable salt, solvate, or prodrug thereof {Scheme 4). As used herein, the
star symbol “*” in a structure indicates the possible attachment positions for a group so that,
when the group is attached to the desirable position, the resulting optically active compound

wili have an optical activity in the same direction as desired, either (+) or (-).

{0070) The method is illustrated herein with the synthesis of optically active (~)-O-
exo/C-exo-tricyclo]5.2.1 .02‘°]-dec-9-yl-xanthic acid 1A, or a pharmaceutically acceptable salt
or solvate thereof. If desired, the method is equally applicabie to the synthesis of optically
active (+)-O-exo/C-exo-tricyclo{5.2.1 .Oz'é]wdec@—yl-xanthic acid 1A, or a pharmaceutically

acceptable salt or solvate thereof,
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wherein ROC(0)- is Cl -24 acyl. [0085] The structure of Fornula II
represents two pairs of enantioners, (R)-11A and (5)-11A and (R)-11B and
(S)-1 18. In certain enbodi nents, ester 11 used in the enzymatic resol ution
is a mxture of all four stereoisoners, (R-1. 1A (S)-11A (R-11B, and
(5)-11B. In certain enbodi nents, ester 11 used in the enzymatic resolution
is a mxture of (R -11A and (5)-1.1A such as a racemic mxture thereof. In
certain enbodi nents, ester it used in the enzymatic resolution is a mxture
of (R -11B and (5)-11B, such as a racem c mxture thereof WD
20091003711PCT/ EP2008/ 005460 (S) sdete A R -11B [0086] I n certain

enbodi ments, the acyl is acetyl, propionyl, butanoyl, isobutanoyl,

pent anoyl, Rexanoyl, hept anoyi®\_oct anoyl , nonanoyl, decanoyl, dodecanoyl,

t et radecanoyh & hexadecanoyl , rdetagiecanoyl, eigiosanoyl Jocosanoyt

nyri stol egy pal-Ar ol eoyl , ol 6y|, Iinoleoxﬁflgr ar- hi~dgroy,. I n certain
enbodi ne / jﬁlglalhis aee%éfvfﬁ?mﬁebtain enboaﬁne_ Gyl is

propi onyf~ A n¥ekt ai n embod WAL “RRE acyl iR butadyT~FTin certain

enbodi ments, the acyl is isobutanoyl. In certain enbodi nents, the acyl is
pent anoyl . In Bertai n enbodi ments, the acyl is hexanoglf*ln certain

enbodi nents,5the acyl is heptanoyl. In certain enbodinents, the acyl is
octanoyl. In certain enbodi nents, the acyl is nonanoyl. In certain

enbodi nents, the acyl is decanoyl. In certain enbodi nents, the acyl is
dodecanoyl . In certain e@Bodinents, the acyl is tetradecsa |. In certain
enbodi nents, the acyl 5" hexadecanoyl . In certain enbodijs acyl is
oct adecanoyidant | NHORLL D nts, the acyl is eibeqsa gertain
enbodi meENTS, The ac! S ;ﬁ osamdy| T Ter t af odirgm e actyl is
nyristol eoyl. In cer i wbodi ments, the acyl is\palnj In certain
enbodi ments, the ac pl eoyl . I n certain enbodigrents, thg acyl is
linoleoyl. In certain enbodinents, the acyl is arachidonoyl. In certain
embodi nents, the acyl i% a natural fatty acyl, i ncl udi ng, ;put not limted

to, butanoyl, hexanoyl, octanoyl, decanoyl, dodecanoyl, tetradecanoyl,
hexadeca&gyl, oct adecanoyl , eicosanoyl, docosanoyl, nyristol eoyl,
pal mi t ol ¥yl , ol elBypne emppdimenlythe mpthodcomerisas sersting achiral C-exo alkene 5

with a silane in the presence of a transition metal catalyst complexed with a chiral

monodentate phosphine to produce optically active organosilane 6.

[0072] In another embodiment, the method further comprises oxidizing the optically
active organosilane 6 with an oxidant to produce optically active alkanol 7 with the retention

of stereochemistry.

[0073} In yet another embodiment, the method further comprises converting the
optically active alkanol 7 to optically active (-)-O-exo/C-exo-tricyclo[5.2.1.0%%]-dec-9-y1-

xanthic acid 1A, or a pharmaceutically acceptable salt or solvate thereof,

[0074] In still another embodiment, the method comprises the steps of: a) reacting
achiral C-exo alkene 5 with a silane in the presence of a transition metal catalyst complexed
with a chiral monodentate phosphine to produce optically active organosilane 6; b} oxidizing
the optically active organosiiane 6 with an oxidant to produce optically active alkanol 7 with
the retention of stereochemistry; and c) converting the optically active alkanol 7 to optically
active (-)-O-exo/C-exo-tricyclo[5.2.1.0%%]-dec-9-yl-xanthic acid 1A, or a pharmaceutically

acceptable salt or solvate thereof.
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[0087] I n one enbodi ment, the nethod conprises the step of selectively
hydr ol yzi ng unsaturated ester Il with a hydrolytic enzyne to produce
optically active (+)- or (-)-alkenol 12, depending on the specificity of
the enzynWO 24P @avi ng the ot her enantioner as opti cABIWERZEBSUNr eact ed
ester 11 with an opposite optical activity (Schenme 6). If the desired
enantioner is in ester form the nethod nay al so conprise the step of
separating the optically active alkenol 12 fromthe optically active

unr eact ed r 11 conve ntio met hods,
such as chg(?)?trsrgto raﬁl&agvﬁayﬂﬁggc esl re@l ‘%ﬁ’é‘ﬁ‘%’i“ﬁ%’éﬂ hicg S e m%ﬁ‘td?l? bfl&/ active
unr eact ed aé?sltoehmmdtotwelpﬁmd&@ﬁ%rmutaﬁé\’} conprises the step of converting the
optically active ester 11 to the corresponding optically active al cohol 12,
whi ch can be acconplished using conventional methods known to those skiIIed
in the art, for exanple, treating th \o\ptlcally active ester 11 with a
base, such as |ithium hydroxi de, soﬂizu-msm/drom de, or potassi um hydroxi de.

[ 0088) As used herein, the term"hydr%I3 tic enzyne" refers to a hydrolytic
enzyme or a mcroorganismthat contains the hydrolytic enzyne. The

hydrol yti c enzyme nmay be obtained frogwvany sources, including, but not
limted to, aninmals, plants, and m croorgani SNEs. The enzyne may be enpl oyed

in any copygpi, 3 rifie rm

ni cr obi al %er nel%r)l’?}gjt ?%a(r)lé b%% a%ﬁ n]dg?selflmrrél %C“bemaﬂky’ d’rpt‘%”aﬁi?/ F‘%F%‘P@dof

f er ment at Wih oby @rtopre substitoehits ©.Gn ond hmboequmn@mmaemrsg&m&ms Ryr be

i mmobi | i zegg+ tlc sfo ) the enzymatic
resol ution incl 8‘%%%’ %mtyg dr?%?yﬁ? eotrj ef)‘é{'soé’gonag]é[tsg?sﬁ@é@ wilept i dases,
am dases, ongrad W@SEQPES[@&Q&)ewwmhieet, bmepﬁ»&ﬂ&r thite kutdguehbl). are not [im t ed
to Amano PS-30 (Pseudonopnas cepacla), Amano GC-20 (Geotrichum candi dum,

Amano APFppAgper gi ks gycggm)able%n%%g rﬁédé Peeydonmnas fop,[r?&%? eudom)nas

fluorescens lipase, Amano Lipase om)nas sp
(Pseudormfﬁ%f@yff'wewe%%r@ryethﬂniﬁmmhm wtKommldasﬂayd Itrlfuﬂ}ﬁ)&lﬁﬁﬂc«) Arrano N

( Rnhi zopuspeRizMemsi ;g,[‘gﬁg R FAP ( Rhi zopus oryzae),
Amano AP-Spr éAje’rSl ugﬂr?{\/{e @ng ahd Wﬁ‘ﬁ%“f%%@ﬁw éel éj Amano GC-4
(Geot ri cHuH! %El?e}wdﬁ*ﬁ'M@paﬁQP& 08 8ertadmeiniodBhed6, (hpeuianb BerippoosiRaseh, Li pase

OF, Li paserit tRPEARUS eat
( Candi da Cgtl ndr acea) t}%f&ﬂlne ;%g{ﬂggk %ﬁgéar?%l\;% g?ﬁ %?Eﬁg%ma%no K- 30
( Asper gi I'f @eﬂvbé’mosﬂ%dfmﬁenmdmbammamsnm:ihmqoamemmmmm&@@uﬁomnas

f 1 uor escensih ér@@oﬁﬁnen%uthfe@mn% Pl R8s ydey,Dut are limted to,
Rhi zopus oryzae pepti dase. ésotﬁ ”% %ﬁ% nc@ﬁ.Jamembo tments, the si ane I8
pentémethyldisiioxane (HSiMe;OTMS). In certain embodiments, the silane is | ,1-dimethyl-

3,3-diphenyi-3-rert-butyldisiloxane (HSiMe,OTBDPS),

[0077) Suitable transition metals for use as a catalyst in the asymmetric
hydrosilylation reaction include, but are not limited to, platinum, iridium, palladium,
rhodium, and ruthenium. The transition metal catalyst can be heterogeneous or
homogeneous. In certain embodiments, the transition metal catalyst is platinum. In certain
embodiments, the transition metal catalyst is iridium. In certain embodiments, the transition
metal catalyst is palladium. In certain embodiments, the transition metal catalyst is rhodium.

In certain embodiments, the transition metal catalyst is ruthenium.
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[0091] I n certain enbodi nents, the enzymatic resolution is perforned in a
buffer solution, including inorganic acid salt buffers, such as potassium
di hydr ogen phosphate or sodi um di hydrogen phosphate; and organic acid salt
buf fers, W@cH%W3Eaodi umcitrate. The concentrati on of RUIWERNBeFI6HRY vary
from about 0.005 to about 2 M or about 0.005 to about 0.5 M and depend on
the specific enzynes or m croorgani smused. [00921Dependi ng on the
solubility of ester 1 1, a surfactant nay be added to the reaction mxture
to solubilize the substrate. Suitable surfactants include, but are not

limted t ni oni al .k I ethe al cohol s
octylphengfgﬂ%olyetﬁgéegfﬁg%o Bde Eﬂﬁnla%ﬁ %5€I%F€g3§¥%ﬁ 8I§Qﬁwémsolvent
may al so #Heeuss otarmelavdit to faC|I|tate the enzymatic resol ution.
Suitabl e sol vents include, but are not |limted to, acetonitrile, t-butyl
met hyl ether, THE, DMSO, DWVF, : [ 0094] I n anot her enbodi nent,
the method is for preparing (+Q

acceptabl e salt, solvate, or proth fereqf, as shown in Schenme 6, which
conprises the steps of: a) selectlvely hydroly2|ng ester 11 with a
hydrol yti c enzyne to produce op : ‘E;R( )-ester El and optically
active (+)-al kenol 12; b) hydrg rically active (-)-ester 1110
produce optically active (-)-alkeng c) reducing the optically active
(-)-al kenol 12 to produce opticalTy attive (-)-alkanol 7 with the retention
of stereochem stry, and d) converting(¥he optically active (-)-alkanol 7 to
optically active (-)-0Oexol/ Cexo-tricyclo[5.2.1.026]-dec-9-yl xanthic acid
1A, or a phatsaceutically acceptable salt, solvate, or prodrug thereof
[0095] I n the nmethod provided herein, the hydrolyzing reaction (step b) and
reducti on reacti on Rl stiéCiapliat, epmtali}l subitin@ed tvﬂh aityor pethd fubbtiiddni 0 dgr . | f
desi red.  Lheneatehy on. LAASH kAR GRRES GALTIRE, Sk, RFLLSY L9, the hydrol yzing
(+) - 0- exofvcioak W@@y@lb’bP@hb@u@ﬁﬂﬁ}uhdﬁme@wythnX@éHrﬁHr@s@@!xtdcrﬂéf? 19

can al so be

phar maceugcally (SR RRL Ak Wl SidigeRghaLe, of prodrug there

prepared sinml ar is of the (+) enantioner
conprises the stepB @ﬂlla%ﬁsnéeMﬁmuﬁﬁyyhygmgh LGS SERliukd Wihtde 8,

hydr ol yt )-ester 11 and opti cal
agtlvey(k?mgaﬁgﬁg?kggpg%ﬁygg%hd?%%(Tﬁéw%ﬁ@FEEWFyxék?FW@UW¢¥5@Ikeno: 12 ¥o

produce gﬁélcally active (+)-alkanol 7 with the retention of
st er eochdHy’st ry; éﬁ&ﬂéyﬂﬁﬁhv@nwﬁmg-sh&yapMWmaganamnmwaj@+%@@yyaﬂ | 7 to

oL i 9O i B Sl i ™
t her eof . 'S methyl, ethyl, n-propyl, isopropyl, n- butyl, isobutyl, or t-butyl. In certain embodiments, RS
is —ORg where R is Cis alkyl, C37 eyeloalkyl, or Cs-1p aryl. In certain embodiments, R® is
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, pentyl, or hexyl. In certain
embodiments, R is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, or t-butyl. In certain
embodiments, R® and R’ each are independently phenyl; or mono-, di-, tri-, tetra-, or penta-
halogenated phenyl. In certain embodiments, R® and R are phenyl. In certain embodiments,

R®is ~OR®, where R® is methyl In certain embodiments R® is ~OR®, where R® is methyl; and
R®and R are phenyl,

[0080] The chirality of O-exo/C-exo-tricyclof5.2.1.0%%]-dec-9-yl-xanthic acid 1A, or
a pharmaceutically acceptable salt, solvate, or prodrug thereof, is determined primarily by the
chirality of the chiral monodentate phosphine used. For example, palladium complexed with

(R3-(+)-monodentaie phosphine ligand of Formula II, wherein R is methoxy, and R® and R’
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[ 0097] I n=certain enbodi nents, the hydrolytic enzyne is a |ipase, esterase,
pepti dase am i dase, or acylase. In certain enbodinments, the hydrol yt| C

enzyme i pase. In certain enbodiments, the hydrolytic enz me is
pept i dasewolzﬁo%’@?""tlbl n embodi ments, the hydrol ytic enz r@"?@‘"‘éﬁ ¥et er ase I n
certain enbodi nents, the hydrolytic enzynme is an am dase. In - certain

enbodi nents, the hydrolytic enzyne is an acylase. In certain enbodi nents,
the hydrolytic enzyne is Rhi zopus oryzae peptidase Candi da antactica

i pase A ,Qn,Bseqdarn HRh BPGRRR deRASE)- 08RG ORLEQRRYLY ™D | | zed.
In certain ng d|rns\ntgﬁksfoﬁnll g @ﬁ Ptcenz ne%%s |£0%Bs oryzae peptidase,
Candi da afécanfiat &) Wipesleada to ﬁﬁp fqrmmym dfiopealiCasitye da-Chenodcekea | i pase A | n
certain e t ) e ' tjdase. In
cortai n onBodrfnt S D Y Bled S BEy MRk AP RS A SRR BEASE,
In certalmnémbd&mmﬁn@éﬁhﬁhanmydﬂck¥EM¢nanmyne is imobilized Candi da
antactica lipase A [0098]In certain enbodinents, the enzyne used in the
enzymati ¢y ﬁgm Ut i QDirdite dxiafhs G0AL MlthEoBEHRbf tht Bﬁfcaf!ﬁact;@b&‘ﬁm% ¢of the
enzyne in't enzymati c resolution reaction is no gréater than about 50%
no great emchxharlvuta@bomt lipgieg tonhydyessnperpxigtiand atratids, ABb@s prsacghiesdier t han about
15% OF N\ BARGE nf- DA oAROML0id 444, DY Ml Ol ndim GRL Bhe obiandiDhfifedefl I
enbodlnen S, e enzyne used In t e enzymatic resolution is no greater than
bout 50% woxméq dhtertsin @sfitodiments, the axident isg neragivh del FevemanbodimentsntPyme used in
t he enzyng%hﬁ%&gégéa&%gg h&cm%r BRL&N dngn bout 25% by wei ght of ester 11.
In certain e enzyne used 1 n the enzymatic resolution is no

greater than bout 20% by weight of ester 11. In ceriain enbodinents, the
enzyme usE@83ln t he Téngniivally Y bPGEP/Erexpdrinisiogt- a0 -de3ar-Bé 0t 15% by

wei ght of re@@ﬂﬁon@&t&d Ifo SRR Ri@TORiRB B S 0- tltlé%%lowyn@]-'d&eayl -Rarkih®

enzymatic resolution is no greater than bout % by wei ght of ester 11.
[0099] | n et 14ion 2 ehtsmasaviertiz acoepiable pally it At Of %‘"§6‘I‘3&t‘t}e&?ﬁ|"§m&§?"-‘ﬁ?e&?d§ut at a

tenperat uﬁrﬁ)vjnrt(g Mo@DQtfed H 4O 2RROUX ABGres bAORIAROOImARnED RROM., Marc&, from

about 15 to 60 C, from about 20 to about 50C, from about 25 to about 40 C,
or from aBddker 86..Nswarwkit! 94b pes- 7134 Bk PatpH NonthEeR-fnend Cemalet-BRparat ure i s
from aboug, ?,butwc%ﬁ Wyt 9006 N certain enbodinents, the tenperature is
from about ”’ to about 75C. In certain enbodinents, the tenperature is from
about 15 to about 60C. In certain enbodi the t erature is from
about 20 ¥88Hbout gbe@W“V%mé%?%éﬁh"%ﬁ%%ﬁrﬁﬁﬁﬁg“FWﬁ@mggﬁﬁbrature is from

about 2518 AREbtadtbhe@ asshovaBh SalkchesTIn el citpBhtadiedesas igtpetatwice is from
about 30 to about 40 C. [00100] I n certal n&gfr)rlfb%gdl ments, the enzymatic

resol ut i OFYArebTmiE pIG &P BTl Sreurarealitie? VR MEF¥aer t han about 48

hrs, no gready C%Emér@gﬁ'uﬁéaﬁ'éﬁaﬁﬁ AW SheRISHI01935 &7 er7stiham. abewt 24 hrs. WO
2009/ 003711PCT/ EP2008/ 005460
Bromoalkene 9 is hydrogenated to provide C-exo bromoalkane 10, which is then
dehydrobromated to form achiral C-exo alkene 5 {Youngblood e/ al., J. Org. Chem. 1956,

21,1436-1438; Osawa ef al., J. Org. Chem. 1982, 47, 1923-1932).
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[ 00101) The starting material, O-exo/C exo-ester 11, is prepared from

di cycl opent adi ene 8 as shown in Schene 7. Dicyclopentadiene 8 is first
treated with sulfuric acid to form 0-exo/ C-exo-al kenol 12 (Brunson and

Ri ener, JWOAMY%Hamm Soc. 1945, 67, 723- 728), fol | ondFIHEI2HEPPHET on to
yield the starting material O exo/ C-exo-ester 11. Schenme 7 3. Enzymatic
Resol ution: Method 11 [00102) I n yet another enbodi nent, optically active
(-) O-exo/ Cexo- tricyclo[5.2.1.02" 6]-dec-9-yl-xanthic acid IA, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof, is prepared
t hrough enzymatic resol ution of esterpll:s wherein RIC(0)- is as described
herein. The structure of Formula 13 represents two enantioners, (R)-13 and
(8)43. 0 (R-13(S)"13 WD 2009/ 003711PCT/.EP2008/ 005460 [00103]In one

enbodi ment, the ne hodiconprlses the step Q¥ | ectively hydrolyzing ester
13 with a hydrol yU*enzyrre to produce opti y active (+)- or (-)-alkanol
7, dependi ng on th¢ Spe Ci t hér avi nd®t he ot her

enanti omer as 00/ €3 | ve unreact ed—ez 3" W Th anPdpposite optical
activity. The netgod may_also conprise the gp Hof separating the optically
active alkanol 7Hromthe optically active urtreacted ester 13 after
enzymati c hydrol ysis, 8susi ng conventional nethods, such as chromat ography.
When the desired enantioner is the optically active unreacted ester 13, the
met hod further conprises the step of converting the optically active ester
13 to the correspondi nghoptii cal Iy active al cohol \7,Hwhi ch can be
acconpl i shed using conveby | nmet hods known to hose skilled in the art,
for exanpl e, treatmhg{f ; base, such as

| i t hi um hydroxi de, sadi eroxXitde—and—pot agsi; droxtdde. Suitable
reacti on conditions ap® , such as th-fhyd'diytlc enzynme, sol vent,
and buffer are those as degcri bed herein. H

10 5

2. Enzymatic Resoiution: Method |

[0084] Provided herein also is a method for the synthesis of optically active (-)-O-
exo/C-exo-tricyclo[5.2.1 0%%)-dec-9-yl-xanthic acid LA, or a pharmaceutically acceptable

salt, solvate, or prodrug thereof, through enzymatic resolution of unsaturated ester 11:

wherein R°C{0)- is C,.24 acyl.

{O0E5] The structure of Formula 11 represents two pairs of enantiomers, {(R)-11A and
(5)-11A, and (R}-11B and (S)-11B. In certain embodiments, ester 11 used in the enzymatic
resolution is a mixture of all four stereoisomers, (R11A4, (S)-11A, (R)-11B, and (S)-11B. In
certain embodiments, ester 11 used in the enzymatic resolution is a mixture of (R)-11A and
(S)-11A, such as a racemic mixture thereof. In certain embodiments, ester E1 used in the

enzymatic resolution is a mixture of (R)-11B and (8)-11B, such as a racemic mixture thereof.
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[ 00104] I n anot her enbodi nent, the nethod for preparing (+0-exo/ C exo- -
tricyclo[5.2.1.024]-dec-9-yl-xanthic acid 1A, or a pharmaceutically
acceptabl e salt, solvate, or prodrug thereof, conprises the steps of: a)

sel ecti veVQ 2pp@PBIYzi ng ester 13 with a hydrol ytic enZfIfErR@sgIdduce
optically active (-)-ester 13 and optically active (+)-al kanol 7; b)

hydrol yzing the optically active (-)-ester 13 to produce optically active
(-)-al kanol 7; and c) converting the optically active (-)-alkanol 7 to
optically active (+0-exo/C eng[ri cyclo[5.2.1.021-dec- le -xanthic acid I A
or a pharmaceutically accep~ e salt, solvate, or prodrug thereof.

[ 00105] I f desiredw (+)PBmexpreexe=tricycl o[ 5. 2102. 6 e o | -xanthic acid
1A, or a phar naceuﬁ‘él I A ptlabl e\sal t, sol ya _Wiu i t her eof , . can
al so be prepared simYy ar V4 s et hod f oget symthgsisfaf the (+)

enanti omer conpri ses T he dteps;of: a) selecthvely hydrolyzing ester 13 wth
a hydrolytic enzyne to produce optically actiyye (-)-ester 13 and optically
active (+)-al kanol 7; and b) converting the optically active (+)-al kanol 7
to optically active (+)-0-e5/® exo-tricyclo[5.2.1.027%t-dec-9-yl-xanthic
acid 1A, or a pharmaceutically acceptable salt, solvate, or prodrug
thereof. [00106] I n certainpen@odi ments, the hydrol ytic @nzyme i s Rhi zopus
oryzae peptidase, Candida ahfactica |ipase A op,Pseydghonasf| uorescens

| i pase, each optionally 7zexh, | n certaiA e
enzyme is Rhi zopus Omyzae-pepti-dase; C andi da \ant attjecz - e A or
Pseudanonas fl fiare fpase.’ In certain enbodi med hydrol ytic
enzyme i s Rhi zopus) oryzae peptidase. In certain enbodi nents, the hydrolytic
enzyne is Candida @ntactica |lipase A In certain enbodinents, the

hydrol yti c enzyne i s Pseud®rOBas. fl uorescens |i pase®H{®107] The starting
material, ester 13 is prepared from 0-exo/ C exo-al kenol 12 as shown in
Schene 8. o/ C b KE Mk [ at ed: z - -al kanol 7,

f ol | owed E@B%y| at ?ﬁéﬁmt%i) yi elhaﬂet%ﬁ’e&g? %@ﬂsﬁg&yl}ﬁg?glro itqgi ﬂlé%%/g %%%S?Ilést er 13.
Schene 8 p#@aeyl, hexgnoyl, heptanoyl, octanoyl, nonanoyl, decanoyl, dodecanoyl, tetradecanoyi,

hexadecanoyl, octadecanoyl, eicosanocyl, docosanoyl, myristoleoyl, palmitoleoyl, oleoyl,
linoleoyl, or arachidonoyl. In certain embodiments, the acy! is acetyl. In certain
embodiments, the acyl is propionyl. In certain embodiments, the acyl is butanoyl. In certain
embodiments, the acyl is isobutanoy!l. In certain embodiments, the acyl is pentanoyl. In
certain embodiments, the acyl is hexanoyl. In certain embodiments, the acyl is heptanoyl. In
cerfain embodiments, the acyl is octanoyl. In certain embodiments, the acyl is nonanoyl. In
certain embodiments, the acyl is decanoyl. In certain embodiments, the acyl is dodecanoyl.
In certain embodiments, the acyl is tetradecanoyl. In certain embodiments, the acyl is
hexadecanoyl. In certain embodiments, the acyl is octadecanoyl. In certain embodiments,
the acy! is eicosanoyl. In certain embodiments, the acyl is docosanoyl. In certain
embodiments, the acyl is myristoleoyl. In certain embodiments, the acy! is paimitoleoyl. In
certain embodiments, the acyl is oleoyl. In certain embodiments, the acyl is linoleoyl. In
certain embodiments, the acyl is arachidonoyl. In certain embodiments, the acyl is a natural
fatty acyl, including, but not limited to, butanoyl, hexanoy!, octanoyl, decanoyl, dodecanoyl,
tetradecanoyl, hexadecanoyl, octadecanoyl, eicosanoyl, docosanoyl, myristoleoyl,

palmitoleoyl, oleoyl, linoleoyl, and arachidonoyl.

[0087] In one embodiment, the method comprises the step of selectively hydrolyzing

unsaturated ester 11 with a hydrolytic enzyme to produce optically active (+)- or {-)-alkenol
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13 (001081The optically active ~
0-exo/ CG-exo-tricycl o[ 5.2.1.021-dec-9-yl-xanthic acid 1A, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof, may al so be
prepar ed WoXY/WBEHer conventi onal nethods and techni quRSS/ERRAG03460 t hose
skilled in the art. For exanple, racemc
0-exo/ CG-exo-tricycl o[ 5.2.1.024)j-dec-9-yl-xanthic acid | A may be resol ved by
reacting with an optically active base to form di astereoners, followed by
chr omat 0gnaRf¥eralng foh @tsp MRy O ¥R lebynteZ Al I%mgqmotﬁﬁ'gﬁﬂﬁiro%@ é%rbpgftal iyhe free
acid or conversion into a pharnaceutlcally acceptabl e salt, solvate, or
prodrug t heiveghreaq@icBo] Iavite pmenposits optical sdiwity Echeme 6). If the desired
0-exo/ C-e

%Qantl &X?in%[st@r % tggm@ﬂm&jﬁlﬁ s/ éorﬁiﬁ@é !E% 3 gé‘gfg QF%]rgi?neggp @pncai

pharnaceutlca y acceptable salt, solvate, or p
resol ved etivertensyl hfbindld ¢ryicallyi aqgvealr@ﬁqptpeétst@dﬂ afier eoryItc. hy&tamsl@us ch| ral

col umms and, el AeOLSnd HetrdGE shdh o 'Eﬁrfoﬁst%?r'agrw Pnfind @e%u@d"é{a{%ﬁo%@ sIndl ©
s for the's

avai |l abl e an %éSUIta e condition eparation can be enpirically
det er mi nedptppllnmetivousederdwnict B, trnencdfoddiihet campristsghasten oftrayrpingrthe chi r al

| . ¢ . i e
her i n i nomisaliPacs er 475 b0 pbnBpERR oBhlP aitve ST A AT PEVY )8 1
CHI RAL CEL gecpm@IisheOhifRAGEIntip)al @Rthies KolavRAL BEte(skille O, thOptt. e GBple) O,

O RALOEL {03 iy SHBARGEH" Yo Hond QRMIORANA i B0R) Ui igcls and

t echnol ogi es I onmers cenunies and Resol utions.
Jacques ehwhmmqeVVMEthmﬁ@&SsMence New York, 1981; Wlen, Collet, and
Jacques, Tetrahedron 1977, 2725-2736; Stereochem stty of Carbon Conpounds,

Eliel, (@ Hi Tl 1ASIN§%' h fkr YakK ’the]t%z"hyWolﬁ@ el'zﬁm-ga@fﬁétooef hﬁ%ﬁﬁlc%ﬂgnﬁgent s and

Cptlcal utions, Elie Notre Dane,
| ndi anapoa mscroomwsm tb@tfrontz@st@@‘sérosve F%@He F»?h%wdyo!ﬁfc f@zxga%mey Bonpounds,

El el W necaath M BNAHNL! 0t 5003 . by, 90 nd Ster cosel ect i ve

SyntheS|s A Bract i foach, Nogra bl'i'sher's, Inc., New York,
1995. [ 00micrgoTeraising eiiil::q anzymnahap pe P@BJPW@GJF pycopyentipnad fﬁrmew(:h ¢S et ve

st er eol Sogﬁ[ﬁcg ffoan ?3(196 C%'orm ee?(xﬁlc}crbﬁab?%gr[téfog%m% ’a%rrneg\%ﬁoxgbrwh 6&%%9&19 acid

1A, or armaceutically acceptable salt, sol'vate, or prodrug thereof; and
chiral i noffemediatiorelyoths i tdditonebapeaymd ot Bicrapreaniso: may om®bilggh be
determined by polarinmetry, NVR or other analytical nmethods known in the

art. Pharpgguti Cabm%wﬂ@&oﬁw%z}[&g Ik 2kPn o degndirelolutioh deRBaIaCceut i cal
conpositions, which conprise the

are not limited to, Itpases esterases, peptidases, amidases, and acylases,

[0090] Suitable lipases include, but are not limited to Amano PS-30 (Pseudomonas
cepacla), Amano GC-20 (Geotrichum candidum), Amano APF (4spergillus niger), Amano
AK (Pseudomonas sp.), Pseudomonas fluorescens lipase, Amano Lipase P30 (Pseudomonas
sp.), Amano P (Pseudomonas fluorescens), Amano AY-30 (Candida cylindracea), Amano N
{Rhizopus niveus), Amano R {Penicillium sp.}, Amano FAP (Rhizopus oryzae), Amano AP-
12 (Aspergillus niger), Amano MAP (Mucor melhef), Amano GC-4 (Geotrichum candidum),
Sigma L-0382 and 1.-3126 (porcine pancrease), Lipase OF, Lipase R (Rhizopus sp.), Sigma
L-3001 (Wheat germ), Sigma L-1754 (Candida cytindracea), Sigma L-0763
(Chromobacterlum viscosum), Amano K-30 (Aspergilius niger}, and Candida antactica
lipase A. or Pseudomonas fluorescens lipase. Suitable peptidases include, but are not limited

to, Rhizopus oryzae peptidase.
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optically active (-)-0-exo/ Cexo-tricyclo[5.2.1.02.6]-dec-9-yl-xanthic acid
1A, or a pharmaceutically acceptable salt, solvate, or prodrug thereof, as
an active ingredient, in conbination with one or nore pharnaceutically
accept abl Woexe¥ a8t s or carriers. In certain enbodi NeTREP2(Fa65460
pharmaceutical conposition conprises at |east one release controlling
excipient or carrier. In certain enbodi nents, the pharmaceutica

conposition conprises at | east one nonrel ease controlling excipient or
carrier. In certain enbodinents, the pharnmaceutical conposition conprises
at | east one release controlling angﬁg%%ggast one nonrel ease controlling
excipients or carriers. [00113] The eutical conpositions provided
herein may be provided in unit- dosage forns or nultiple-dosage forns.

Uni t -dosage forns, as used herein, referytd physically discrete units
suitable for adm nistration to human and &ni mal. subj ects, and packaged
individually as is known in thegartané? ‘ gdQse contains a

predet ernmined quantity of the &ctiwe Lagredient(s) sufficient to produce
the desired therapeutic effect, i assdci at|i’dn with the required

phar maceutical carriers or excipiefts. Exafmples of unit-dosage forns

i ncl ude anpoul s, syringes, and individudlly packaged tablets and capsul es.
Uni t -dosage forns may be administered in fractions or nultiples thereof. A
mul tipl e-dosage formis a plurality of wéehtical uni t - dosage forns packaged
in a single container to bejagdhinistered in segre
Exanpl es of nultiple-dosage ¥orns_include vials,

capsul es, or bottles ofosgin ons. [060&d]"
(+0- exo/ C-exo-tri [ 5427 T—048T - dec- 9- yI - xantthiy 7 > and a
pharmaceutical ly accept ablie s , solvate, and prfodrug thereof, may be

admi ni stered al one, of in gopthination with one of,mte other active
i ngredi ents. The pharnaceutijél conpositions proviEed herein may be

yated unit-dosage form
hef tl es of tablets or
i 1y active

formul ated in various dosage fforns for oral, parenteral, and topical

adm ni stration. The pharmaceutical conpositions may also be fornulated as a
nodi fi ed rel ease dosage form 4 ncl udi ng del ayed-, extended-, prolonged-,
sust ai ned-, pul satile-, con}s5lled-, accel erat ed®\ &nd fast-, targeted-,

pr ogr ammed-r el ease, an,g}).g_gs e i hese dosage forns
can be prepared accordi ng ‘ ‘ ] jﬁ echni ques known to
those skilled in the art (&ee,; Rem ngton. The ;ﬁie ceé and Practice of

Phar macy, supra; Modified-Rel gase Drug Deliver Technol ogy, Rathbone et al.,
Eds., Drugs and the Pharnaéelitical Science, MardéB8 Dekker, Inc.: New York,
NY, 2002; Vol. 126). [00115]Ijn one enbodi nent, the pharnaceuti cal
conpositions are provided as!g dosage formfor oral admnistration to a
subj ect, which conprise optically active (-)-0-exo/Cexo- [5.2. t .02.6,
tricyclo] dec-9-yl-xanthicyagid I A, or a pharnmaceutically acceptable salt,
solvate, or prodrug therepfs and one or nore pharnmaceutically acceptable
excipients or carriergogJhE ceutical conpositions nay al so conprise
one or nore adjuvants tdg# pe hance their pharnmacol ogi cal properties.
Sui tabl e adj uvants inclugé, but are not linmited to, ionic detergents,

| i pids, and steroids. Exanples of ionic detergents include C6.19 fatty
acids and salts thereof, stdéh as decanoic, undecanoic, latric acid,

pot assi um decanat e, potassi um undecanate, potassiumlaurate, sodium
dec?ngt e,[asqagli um :Jlﬂideﬁzlﬁﬁla;fx?odixa&ds, g&cﬁnﬂjmdtialdd’safuﬁén lﬁ@érlﬁfﬁ&w&& bt Isul f a]E e,

i ncluding sodium | auryl sulfate an otassium |l aryl sul fate. Exanples o
lipids i rel4iaR PHEEsHoT e ofsd %E@Hff§§ Sb‘a’cf’é68@%%‘%%?‘3’%‘?%’%‘??&“05“3‘5 or

phosphat isdyhmefitydfge PpidsHaes pltiadrpayd dcfiagi bofifers, ghahGe kédvirdl SitragUThe as

gangl i soi de; and sphinggli pids, such as hi ngo lin. Exanples of steroids
i ncl ude sCP%%FWEHPE@? bE‘ﬁ%l"@%t"éWcﬁ‘%m ol %é‘%&ﬁ@%“%ﬁ%f’%&‘ Da@%d? about

chondf i | lgaste s dep@id@n &eQpycifid Skehed or nliQ0drklidnugaaot her enbodi nent, the
pharmaceutical conpositions are provided as a dosage formfor parenta

har maceut i i provided as a dosage formfor par
ool O xR oyl pereo s oo oAty 6 TR AR G ¥ RS R b

phar maceutically acceptable salt, solvate, or prodrug thereof, and one or
nore pharmaceutically acceptabl e excip&;nts or




carriers. The pharmaceutical conpositions may al so conpri se one or nore

adj uvants as described herein to further enhance their pharmacol ogi cal
characteristics. [00117]1n yet another enbodi nent, the pharnmaceuti cal
conposi t i WRSHYWIPE ovi ded as a dosage form for topicalPASH2HESHTEE i on to a
subj ect, which conprise an optically active (+0-

exo/ C-exo-tricyclo[5.2.1.021-dec-9-yl-xanthic acid 1A, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof, and one or
nor e pharnaceutlcall pt abl EXCI r .carriers. The armaceuti ca
conposi ti &t ‘?‘Pd?’x&’rr%%’s ﬁﬁ'?‘f@ B2y 'fﬁﬁplé Sy Cﬁﬁ?&‘fd’f@“désmﬁé@d}o E‘é‘ﬁedher ein to
further emdaosienit El&faétaﬂh,&ﬁdim(hll@gik)ﬂ pblyetarBehek,| celyifhenody00118] The
pharnaceutlc%£ conp |§ §¥OVIded herein may be adm ni stered at once, or
mul tiple PPHE m%Fm g Arongy- 194 ne i s understood that the precise
dosage and duration of treat ment may vary with the age, weight, and

condi ti on[@%31 he patd @Q&mcbﬁﬁ\mgt Iﬁzty&aftoeﬁldedadad:OWerbm ﬂa‘lh&termaa&yﬂmin rically

usi ng known testi rotoco 0 extrapol ati on invitro
test or dfagHELt |5rc}%?fg‘f solvepgs ‘?@“‘%u‘?‘%{ﬁ‘@r‘ml}r‘fg'ﬁ@?%ﬁo?‘ "T"BWYQ’H y‘p"é}i‘efl cul ar

i ndi vi dualrHFspRisicf, D04 asdgenhbrgi mens shoul d be adj usted over tinme according
to the individual need and the professional judgnent of the person

adm ni ste or supe sin m.n gfion of Iatlons A

O al Adﬁlﬁkﬁgiatloﬁpf%%f %ﬁ% tz&%%%%ﬁ%Fcaﬁ”?ﬁﬁﬁ%@??ﬁ%ﬁs Bi°ovi ded herein
may be pr oicydeld. 21 no §}3¢iace9-yl ﬂmﬂncsaoim 1ah, oo# pHairrejatiedticd By ageptﬁtdaf sat, §odvateQoal

adm ni str a!t()l l%n reof as 5 dOerl}er che kllCﬁggn nI‘IIS%E at tIGOSnO a) ge(litqfcll ude bUCC8.|

| i ngual , an 8 S Ub1 i mgua DR RIS ratlon |ta ral aosabgyforns |nclude
but are nbﬁk&ynngemnﬁbwnhamWQbsmcem@smkeﬁmdmxbbmmnyanmbeseﬁhdAemges
pastilles het.s ted che ran ul k powders,
effervescgﬁfaﬁ mzw%“ﬁ?k@ lzgcgﬁikﬁgﬁﬂéﬂw()ﬁaﬁggﬁ eég S% Sﬁg emul si ons,
suspensi ongicalhodetivé @Ralkennbl 2 sredwiiig thkbesall ﬁcnx& (r}salkmodmwpmce I n addition

to the actiyVv eutl €9 contain
one or ol RS CHARRT T it B P Risrar S FEpis e AL BT ERPE T nol udi no,
but not Iomchlgchctxoa(bau&dxer‘s;o cfpnd:dll@rznsuvecdjf)lmem/@ex@l{rmmb{égl am5$demp1t| ng
agents, | ubri.can orln i nhi bitors,
oot oni nPHICRILEA gha rhTR S Hrenre® STbu Tt B AR Msr¥h, anul at or s

i npart cohesiveness to a tablet to ensure the tablet remaining intact after
conpr essi BA5]Sui t abl e bicthdé povided ereinuhaboirgyiinciegdion (aptb) andreduttioni i t ed
to, starc t ed
st ar oh (eegion HEERRFOERHS! BailherPRIRLOE EaTe MR AAECC
dext r ose, bemtried Sespricaitht Ackdzeng wattioral and synt hetic guns, such as
acacia, alginic acid, alginates, extract of Irish npss, Panwar gum ghatti
gum muci lage of i gapge vshyéi@of@%bmymsbxloeéaldebtlggﬁaamm@famlxge&l aul ose,
pol yvi nyl pyrrolidone ( Veegum | arch arabogal act an, powder ed

t r agacant #hamasentigaiit acgmﬁqbleo%n | 591"6@6‘8‘ pregeerhergofeeanyafso e preptred gmiledy | ul ose
acetate, HANDOXVTELBY LynaRkis Hmé@)@aalnﬁbmpacoﬁ%qgegrﬂaecs@erppmmséem}cel | ul ose,

met hyl cel | ul ose, hydroxyeth | cel'l ul ose hydr oxypropyl cel’l ul ose

(HPO) , hyfd'lde?g@pﬁyi lirrwltt?hg/hy ditiaanggac (omm@):e OlfrﬁCéiir}’d?@Fly%(t-mSItqwﬁéa@bl | ul oses,
such as ¥lt1% a@(}[g%@éaﬁtﬁ\é} }P Hhcjrpg?the @Q(Ic%l‘acﬁce églalkenbb\{ll% 1%!11]{:%05 (FMC

Cor p. , cus . m xtures thereof Suitable fil ers I ncl ude, but
are not ldptikaldctvs, (ti-akanol ?:afﬂbThﬁﬁ?*é’éﬁb@ﬁﬁ?@‘i’c}lﬁmﬁ%@ﬂ?gi%ﬂﬂb’ﬁh% ®el | ul ose,

wd d . | J bi t ol
powder € po‘li}ﬂ!:zi fglagtfxlfe (4—93 dof¥ & ﬁxgag‘)g éll;tr\'e (W@@x&%—exo%b%)e%&fZ @%ng de29r D1 1O

starch, nized starch, m xtures thereo e bi nder or f|IIer
may be priésenibic figid MadyauthamBiesusicallyoutergdhoshly, sakyiighr pradrughiberpiar maceut i cal
conpositions provided herein. [00121] Suitable diluents include, but are not

limted tiggonli cal ci,umhpheselih&us, @RIKGHMEMic enzyme is a lipase, esterase, peptidase,
amidase, or acylase. In certain embodiments, the hydrolytic enzyme is a lipase. In certain
embodiments, the hydrolytic enzyme is a peptidase. In certain embodiments, the hydrolvtic

enzyme is an esterase. In cerfain embodiments, the hydrolytic enzyme is an amidase. In
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sulfate, lactose, sorbitol, sucrose, inositol, cellulose, kaolin, marmtol,
sodium chl oride, dry starch, and powdered sugar. Certain diluents, such as
marmtol, |actose, sorbitol, sucrose, and inositol, when present in

suf fici enWOIO3TY, can inpart properties to sone confsit&ersesooalt et s t hat
permt disintegration in the nouth by chew ng. Such conpressed tablets can
be used as chewabl e tablets. [00122] Suitable disintegrants include, but are
not lim ted to, agar bentonite; cellul oses, such as nethyl cel |l ul ose and

car boxynet h Ice r.oducts;. natu sponge; cati on-exchange
resins; aICS %m%g i ggm\%g’ygré’ﬁélﬁ S M s Bﬁﬁ{?feaﬂﬂcwwoﬁwqen& teus pul p;
Ccross-|i nlhgﬁi-otyeb hnﬂyﬁﬁ%&h:ﬁd@eho@&e%ﬁm&r OBhdi@SBitabitOBSasé hNked pol ymers,
such as crost{) VI dog,e cros -1 nk %hches cal ci um car bonat e;

m cr ocr yst AfFEPREE I“f”iff%gse PaSGE7F é’é’“ Y UrmehiBsedn Ingepain cmbedimsats bt i | i n
pot assi Unhy&bBHEBeFme S lzadss &9fa@ psﬁtmﬁ&hcam&aa&@a&&@ﬁﬁa@e Al GRRRBISEAT Ch,
and pre- g?gﬁ%l ni zed starch; clays; alig and m xtures thereof The am)unt

of disint Ag antertich UPash Ay HRE ’}?!%fTOdE*Eﬁﬁ‘ﬁog’FW‘Bﬂ’ém?)?Wmﬂésd?Wéﬁ n varies

upon the byper wbiides Niilcatkdif BnbaMdert$ tﬂeﬂﬁéﬂol}bﬁcgh@%ﬁﬁ@t‘@:’:ﬁd&@u&eh&?gnagé _
ordinary skill in the art. Theécghar maceut i cal conposi tions provided herein

may cont afn IF FSRIARRAAITSNES. the hydselytic ausyme s immehilaebaendida ayiastenlivasss by

wei ght of aa disintegrant. [00123] Suitable lubricants include, but are not
limted to, calciumstearate; nmagnesiumstearate; mneral oil; Iight

m neral ol .0l ycerin i t.ol nn| t ol l.ycols, such as glycerol

behenat e E‘i‘?@ Jool yet‘%yﬁfrﬁ‘ﬁ’ee“&ogﬁ’belm E@)Zym&‘é% ip he gppygnatig grgpighon ’éu‘WI

sul fate; tadigic dﬁyﬂhﬁgﬁn&ttﬁdarﬂ@@ebﬁm enzQink in thOAAERMNOreRARMtreRidn is GOt t ONSECd
oi I, sunfl ower olive oil, corn oil, and soybean oil; zinc

stearate; g‘"éi‘tﬁvpmb"‘lb%ttsz’ °ap ﬁVf“ef (i BhopEl> % 54 erealer BipR Abouf SRV sil i ca or
silica gelhay aluchsoasr AEB%L@MZQQU( A4 b}Gﬁréi@ﬁ o€8ster 1BAlE ée@fn@mb@neﬁ@d

CAB- 0- Sl L&‘ &fA%‘, m xt ures thereof
phar maceutf Wméé‘ﬁf‘g@%uﬂle "’8%“*15‘1“6??? ﬁé‘P@f"ﬁ“’h‘é‘?ﬂ E%tsgﬂi’“r‘?)’éﬁﬂﬁﬁ‘% Of(FStffto about

5% by wei phtin@értatn érhidieain, the[e@%k&ﬂﬂnttf@tﬂn@yrﬂéﬂcd@sﬂtuﬁoh l%chlo (e6 Blah OI dal
silicon dj ox W CAB- 0- Sl Le gﬁbot . of Boston, , asbest os-free
talc. Col ¥ Qwﬁtgét rePutle dhsrria eﬁﬁ%d‘%b‘ﬁd%ﬂw*&%l*%eﬁﬂ @8en@eRs sl ubl e
FD&C dyeSr,escﬂ\m%nwﬁcﬁgredtﬁ%ﬁnbﬂ@h@zmwétgﬁ%f§$J§F1Qn@%&rtﬁiﬂ edlodBilRashydr ate, and
col or | akes and m_x%ur es thereof A color |ake is the conbination by

adsor pt i oTFZYRe Wegdt 1BF ewymant EsAyPnipnerettndoski Sdebyreghtis as57 et al |

resul ti ngnicBriaferhBs@hedd, ehefcarymOfsed MehdbiRym itlcaVRNIBE isaBeMat: tHAR bbgle nat ur al
flavors emact ed fromplants, such as fruits, and synthetic bl ends of
conpounds! MhPCHEBHGEEYE 1d- pl easant taste sensation, such as peppermnt and
met hyl salicylate. Sweetening agents include sucrose, |actose, nmannitol,
syrups, dJbgaerin, a;rudnafnteinbbdzina:hts Smtﬁm&fc%soﬁluﬁrhrsaﬁrrﬁ&ﬁﬁh{aéi n and

asparta Sui.t abl e emul ts incl t ragacant h,
beﬁt oni trrgem%eﬁﬁurggﬂpf“a%f’%rf }é%‘ﬂgﬂ(?%g?%ﬁ%‘iwg §}% gst §OPB Sﬁ’“ﬁéfﬂ)‘éﬂ gat e

( T}/\EErl:Ie 2Q) fro:p@bmxgye)tdwhtemecsmm hbcan2 D66k eaP(e B@ofmT2bERNe (@8hout #nd
triethanq

mne o t endi ng and_di s er incl ude sodi um
car boxyrre#hﬂ Ce&?‘l“ﬁf“%@‘g‘meﬁté F ﬁmpffl%%fbﬁdégﬂ'ﬁ% gi?ﬂ“%,g@a%r & ce8ti um
car borret feybedihlentk CtBet,cmlpMdfuﬁ'le ﬁﬁ@@&sbutrrettmaﬂoﬁeﬁsl °al @&&.rtaﬁx%bodlmems the

pol yvi nyl ol i do Pr es ude gl ycerin, nmethyl and

pr opy! parl%%‘«’i’f:fm‘rﬁé'g ?:boéffj % gﬁn éje’rcﬁ‘zc(‘.’)ﬁ%‘%g‘&% "H‘Fr%ﬁ"t?l‘em%?‘?‘iehb agent s

i ncl ude  proapabbarm® 1ghbawobo TONasteat aﬁ&mmrsbthte@danmﬁ@tsmeabodt Bthyl ene

gl ycol m ol aug and | yoxyet hyl ene | aur et her. Sol vents include

gl ycerin? ?@ Cflolln Cﬂ%?%vﬁgﬁ%ﬁwﬁ PR ¢ LFH%IOW%?%@ aBtutidri-aqueous

i quids uti I ized in enulsions include mneral oil and cottonseed oil.
Organi ¢ &&11d€] | nclindetadi ¢mbogtingants, thartamadce &mldﬂonSﬁ)tHrﬁt&Sotmforﬁﬁtfab@ﬂefdl oxi de

| ud bi d d 00125].1t h
ngelrjs'?aﬁg‘gl mgrleae”%na;%rlte@ aﬁgg#gutgtim%toggr@'ﬁ} efee ‘ér\}%q%aﬁ %ﬁctlons

even wi thisn the sane fornul ation. [00126] The pharnaceutical conpositions
provi ded herein nay be provided as conpressed tablets, tablet triturates,
chewabl e | ozenges, rapidly dissolving tablets, nultiple
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conpressed tablets, or enteric-coating tablets, sugar-coated, or -
filmcoated tablets. Enteric-coated tablets are conpressed tablets coat ed
wi th substances that resist the action of stomach acid but dissolve or

di si nt egr@¥PSMP3HEe i ntestine, thus protecting the actRCRERMR§LOEHHents from
the acidic environnent of the stomach. Enteric-coatings include, but are
not limted to, fatty acids, fats, phenylsalicylate, waxes, shellac,
anmoni at ed shel | ac, and cel lul ose acetate phthal ates. Sugar-coated tablets

are conpr t abl s surro nd oatin ich may be
beneficiaﬁﬁﬁﬁ coveri %E$ ﬁ%ﬁ?@ §§?& ’BPmBﬁﬁﬂéqﬁnd in protecting
t he tabl e'ﬁ&yeﬂt&&ﬁi&ﬂ%htd&hd s}iﬂwnlﬁt Sanemodt exkytRpirideena8es ﬁr@tﬁfbﬁﬁ&&&(ﬂ stidbicet s t hat

are covered,w thin |ayer i1 mof wat e |...Film
oat i nge. Rt En Sutio e HBinof T3 detuior it chapee wpresed SPERET 231 um
car boxynmethg)] oBbldd WsRylape ¥6idlyhe Berk Yitehia0QWs/Canecael 11Ul ose acetate
phthal ate. Filmcoating inparts the sane general characteristics as sugar
coating. Miltiple conpressed tabIet§ fonpressed tabl ets nade by nore

t han one conpression cycle, includi ?% ered tabl ets, and press-coated or
dry-coated tablets. [00127] The tablet dosage forns may be prepared fromthe
active ingredignt in powdered, cr_snalllne or granul ar fofng; alone or in
combi nati on t'fh one or nore carr ex0|p|engs descr|s:

i ncl udi ng b i s|,Rf egr acd.g ed-rel i cants,
di l uents, - Fl ang smeetenln age £ especially
usef ul in ati on of chewgbl e t%blets and | ozengeskt [00128] The

pharnaceutlcalaconpositions provi ded herein may be provideq as soft or hard
capsul es, which can be nade from d&l atin, nethylcellulose, starch, or
calcium al ginate. The hard gelatin capsule, also known as the dry-filled

capsul e (PFEymaRORESLRRIMENR gections, one slipping over the other, thus
conpl etely encI05|ng the active |ngred|ent The soft el astic capsule (SEC

is a soft bul ar shel | h.as a ge e ich is plasticized by
the addit (O 8%028]: gl }/‘E%‘?‘F’F\"th@(ﬁf‘%f"f geat, Bﬁwﬁlﬁ’sffcﬂt"? Q)rbﬁﬁ‘i’/%xo The soft gelatin
shel | s nayicgarb alin’4 wc@sﬁrmaztﬂc\ae;dttot pF £pieRhadetiealy aukhatdd sall] @@L gani sis.
Sui t abl e preservatlves are ose as descrlbed Eerelg i ncluding nmethyl- and
propyl - paPafraRderegnds RERassd! 8%“21‘%“‘1 TeRlten °5&WiTddi i d, and solid dosage
forms provided herein may be encapsulated in a capsule. Suitable Iiquid and
sem sol id dosage forms include sol utiops Jand suspensi ons in propyl ene
carbonate, vegetable oils, or triglycefl

sol utions can be prepared as descrdaRed
be coated as known by those

4,409, 239; and 4, 410, 545. The" sul.egnay
of skill in the art in order to di {4 or §hstaln di ssol ution of the active

ingredient. WD 2009/ 003711PCT/ EB2008/ 005460 [00129] The pharnaceutica
conpositions provided herein may be prievided in liquid and sem solid dosage
forms, including enulsions sol utions, suspensions, elixirs, and syrups. An

oo i B B B e P T BB | o

or wat er -dngntiders, BMU3Sn@NS-13ay i ncl ude a pharmaceutical ly acceptable

non- aqueous quuids or solvent, enulsifying agent, and preservative.
Suspensi ons may i ncl ude a pharmaceutical |y acceptabl e syspendi ng agent and
preservative. Agueous aI hollc solutions may include a>pharnaceut|cally
accept abl e acgt al Vg wer al kyl) acetal 5 wey  al kyl

al dehyde (th& tegm al kyl “havi ng bg A\6 car bon
atons), e.g., acetal detyde—¢ acet &l 0 el T -"C|ble sol vent
havi ng one or nore hydﬁbxyl groups, such\“gigropyl.' g and et hanol .
Elixirs are clear, sweetened, and hydroal coholic solutibns. Syrups are
concentrated aqueous solutions of a sugar, Por exanple, sucrose, and may
al so contain a preserv?t ye. For al quid dosage form for exanple, a
solution in a polyethy gne gl ycol may be diluted wit® % sufficient quantity
of a pharmaceutically acceptable liquid carrier, e.g., water, to be
measured conveniently for adm nistration. [00130]C1her usef ul liquid and
sem solid dosage forns include, but are not limted to, those containing
the active ingredient(s) provided hera'%Ei and a di al kyl at ed nono- or

pol yal kyl ene gl ycol, including, 1,2-dinethoxynethane, diglyme, triglyne,
tetragl yne, polyethylene glycol-350-dinmethyl ether, polyethylene

gl ycol - 550-di net hyl ether, polyethyl ene glycol-750-di nethyl ether, wherein
350, 550, and 750 refer to the approxi nate average nol ecul ar wei ght of the
pol yet hyl ene glycol. These fornul ations may further conprise one or nore
anti oxi dants, such as butyl ated hydroxytol uene (BHT), butyl ated

Pat . Nos. 4, 328, 245;




be also provided in the forns of |iposones, mcelles, mcrospheres, or
nanosystens. M ccel |l ar dosage forns can be prepared as described in U S
Pat. No. 6, 350,458. [00132] The pharnaceutical conpositions provided herein
may be pr@¥idesdodglnon- effervescent or effervescent, rEEmb@geand powders,
to be reconstituted into a liquid dosage form Pharmaceutically acceptable
carriers and excipients used in the non-effervescent granul es or powders
may include diluents, sweeteners, and wetting agents. Pharmaceutically

accept abl gy36d)r i er $n REnRN@inftin€ MHeSnddfREoinPridel ereQich U VA& RNY h@kAPiihEs or
powders may include organic acids and a squrce of carban djoxi de

[ 00133] CoPss¥ilA g ithadyaiofye enngncde pivduce oaticalls agiusdr A7 a4kl T Hereatisee dosage

forms. [0Q134kJdagichiar MBeS e Cali GORRARIckicP BinRbAM! Hegticafy Riike My be

fornul ated as 1 nmedi ate or "nodified rel ease dosage forns, including

del ayed- , ursepstedicsiedl3 ywith aeepposie gRtGebictivily. Thermppskadduay AeEOBPOYr¥nHed- r el ease
forms. [0 RNRERE SR Ll anGOMPAS ik PRSP AW A8 A&T QieN1 IERE, DE
co-fornulgéggképﬁﬁ otﬁg?&activezﬁggredienfglmhfgh do not ingair the desired
t her apeut ¢rzymetid odrolysis, wiirgrosutniipeah meiodsh schgp pispepiesrerivh dVifadhier ed acti on,

such as apifel danidddtafe Bgf{mw &fib@&&&&éa @09 3H2e LRABREheARNBHRRI StS. B,

Parentera mnistration [00136] The phar maceut i cal conpositions provided
her ei n maghelsep atirionirirethe dpipalleprtiar eftdr §3 bythi apresspanging ophdally pENE or

| mplant at 01, fi,%hséhoc%ﬁhe g&:o %éﬁ&%'h& A eRkiSid fHelrBs kBah 8HEakilled in

adm ni stration,” as used herefn, include intravenous, intraarterial,

i nt raper i thepsabr exampleatrdntiogthe opieatneadive esterdParith 4 bese auphas KB i ntrast emal |

| Nt ract an Gl dAAIIBE Ale, add W ASURN b Bhice Ak SIURGUEABRYROs and
adm ni stratton. e pharmaceuti cal conpositions provided herein may
be f or nul paredetérn, saﬁyas the hydrolytic enzyme, solvent, and buffer are those as described herein.

[60104] * In another embodiment, the method for preparing (-)-O-exo/C-exo-
tricyclo{5.2.1,02'6j-dec-9—yi-xanthic acid 1A, or a pharmaceutically acceptable salt, solvate, or
prodrug thereof, comprises the steps of; a) selectively hydrolyzing ester 13 with a hydrolytic
enzyme to produce optically active (-}-ester 13 and optically active (+}-alkanol 7, b)
hydrolyzing the optically active (-)-ester 13 to produce optically active (-}-alkano! 7; and c)
converting the optically active (-)-alkanol 7 to optically active (-)-U-exo/C-exo-

tricyclo{S.Z.l.Oz'Gj—dec-G)—yimxanthic acid 1A, or a pharmaceutically acceptable salt, solvate, or

prodrug thereof.

[00105] If desired, (+)-O-exo/C-exo-tricyclof5.2.1.0%°]-dec-9-yl-xanthic acid 1A, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof, can also be prepared similarly.
The method for the synthesis of the (+) enantiomer comprises the steps of: a) selectively
hydrolyzing ester 13 with a hydrolytic enzyme to produce optically active (-)-ester 13 and
optically active (+)—alkaho} 7, and b) converting the optically active {-+)-alkanoi 7 to optically
active {(+)-O-exo/C-exo-mricyclo[5.2.1 .0%%}-dec-9-yl-xanthic acid 1A, or a pharmaceutically

acceptable salt, solvate, or prodrug thereof,

[00106] In certain embodiments, the hydrolytic enzyme 1s Rhizopus oryzae peptidase,
Candida antactica lipase A, or Pseudomonas fluorescens lipase, each optionally
immobilized. In certain embodiments, the hydrolytic enzyme is Rhizopus oryzae peptidase,

Candida antactica lipase A, or Pseudomonas fluorescens lipase. In certain embodiments, the

233 .



dosage forns that are suitable for parenteral adm nistration, including
sol utions, suspensions, enulsions, mcelles, |iposones, mcrospheres,
nanosystens, and solid forns suitable for solutions or suspensions in
liquid prV&2'¥d%3Hf ecti on. Such dosage fornms can be prREg&TEHsAYH ding to
conventional nethods known to those skilled in the art of pharnmaceuti cal
science (see, Rem ngton: The Science and Practice of Pharmacy, supra).

[ 00138] The pharnmaceutical conpositions intended for parenteral

adm ni stration.m i nclude one or re pharmaceuti.cal |y, accept abl e
carriers BHSBILREROAA R R gePRaE Mot PR AR e ) BEEIE R e ol es,
wat er - m serdie iveMdddeasyacionisleo itscentainiedbedimet ithehyadfcdhicahzyaggent s or
preservatives agai nst the %;omkh of m croorgani snms, stabilizers, solubility
enhancer s /5§44gt UYERETPAR5f f eri ng agents, antioxidants, |ocal

anest hetics, suspending and di spersing agents, wetting or enulsifying

agents, c@ifpbExi ng ThgenttBig neeqidb stteriidngpreparedciied taxn{ -ageitenpl 12 as
cryoprotect ant.s,. | yoprotectants, .thi.ckeni Jagent s H adj usti ng, agents,
and i nert “f3%8 Scﬁ%ﬁ%ﬁﬁ‘fﬁf ?”55?"@1%5?}%&%”@%?#%% 40 Pﬁgo d%%o ag'tfﬁmg?re not

limted tdgliowad By acy®libh Reyielp fheStaaimghaalal Salkbideexoresphiisphat e buf f er ed
saline (PBS), sodiumchloride injection, Ringers injection, isotonic

dextrose injection, sterile water i rgjc%%teigon, dextrose and | actated Ri ngers
i njection. Non-aqueous vehicles include but are not limted to, fixed oils

of vegetable ofigin, castor oil, cqrmuoil, cottonseed oil, politve oil,
peanut oil, pepgermint oil, saffl oss oi | , sesane oil, soybean o,

hydr ogenatieese . hyoak 07 oybean o % hai n
triglyceridesy ,  an oirT—"Wat kr-ri gci bl'e vehi cl es

include, but rare not limted to, &€ , 1, 3-but anedi ol ," i qui d

pol yet hyl ene glyycol (e.g., polyethy] éhe gl ycol 300 and pol yiet hyl ene gl ycol
400), propylene glycol, glycerin, N et hyl - 2- pyrrol i done,

di met hyl acet am de, and di net hyl sul f oxi de. [00140] Séui tabl e antim crobi al
agent s~ or [46i @ er vatlihe egtickiic hatitle O-dxatC-anoariensiol§. 2.hi0t Bdiee-8-yi-tndriorsid cresol s,
mercuri al | I r I d

phydr oxybg’%z%’?u(:’?l g)éiynqaﬁéaﬁgir}@sagﬁ?’%fe%nsglgllg{?g%?’l? i %ﬁﬁ%ﬁ%@ﬁ%‘g{%&ﬁﬁgﬁpﬁ% chl ori de,
met hyl -  angdnguthpybrveaticibensthodsndd oriuss bsivd: to Sigbe &illed it BowonFY agent s
include, but are not |jimted [ chl.Qr.i gl y.ceni trose.
Suit abl e BlifFer %ﬁ%n%géje%@éé ?ﬁocfn‘&&cel%%l};ﬁ’?r%c% thiﬁ?ﬂ#lgtaégqfl o@aypb%ggsgﬁg%(e and
citrate. Buichaipkevithntoptkiatipattss dase t¢ foos diasisredw srs.rfphbeedivwchiomatogrighudi ng
bisulfite d..sodi abi sul fi . Suli - I hetj cs include, but
are not I?rmmtué%f’a? %&%I{%ﬂt@g?ﬁg&' ﬁcfééeg%ﬁﬁgirr %ggj.eggﬁfﬁgﬂ% ?Sgﬁi]gg)nadi ng and

di sper si nphaageatsaby ectihgdesaiissotiese pi fsettuhdewef, | ncl udi ng sodi um

car boxynet hyl cel | uose, hydroxypropyl methylcellul ose, and _

pol yvi nyl ﬁ%?éﬁ! | dONGermilelALEm RIBILRIE ¥k NGic3dembS (2rchdddeyithagg .sgscr i bed
herein, including polyoxyethylene sorbitan fonol aurate, pol yog%et hyl ene
sorbi t an hbroelpbamecegicallynecepiablesithseVatrionarodive ficecol, Qudyibsbtselveequest eri ng
or cheati JalIE L F coinn S1OHLd, IVl BSihed R s aSbibald 8 PH

adj ust i ngag%%igéggﬁ?’h"jépﬁgg%e %ﬂ?‘]_dacre not 1imted to, sodium hydroxide,

hydr ochl owsecan the babaratipn ofithe ereihmaetnete Pepdielle andsutiableSwingdigiprseloedapl exi ng agent s
I ncl ude, Lk A6 GefeFninGY G AR kh&Won toloRE bHGHING the art

al pha- cyc%%g%gtic{nﬁaﬁ?é f)rlé%]g%%gc’leognelgt rtlgjn, ydr oxyptr?gpyl - bet a- ceyacl.odext rin,

sul f obut yEetnipéry Gétaheadymisaaebabici far usainths eprioten of ke anantiomerspsevadegy ¢l odext ri n
(CAPTI SCL{L dip m@(.@é?’éubdrggﬁmﬁje@, fgﬁﬂéééiﬂbﬁ, ehaAmegeheal conpositions
provi ded herein nay be formnm ate or single or mul tiple dosage

adni ni st r GHIRY.CEIREOR GigiRe LdGE AP 4 CAIR ALT B SOBr@HIBAd KEEe PG.n an  anpul e,

a vial, O@Hﬁ(@@ﬁm&gj_’ aJc{@ngd@I%,g.osage parenteral fornulations mnust

contain an antimcroblial agent at bacteriostatic or fungistatic
concentrations. Al parenteral formulations nust be sterile, as known and

practi cedOPhi% he ardditipmomatpdsandeheteriticapbr louttie. phefifatettt cal
CoNposi ti PNSHAL LRI RV IREH s B Ju€BAYit.. Wiley-Interscience, New York, 1981; Wilen,
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to-use sterile sokutions. In another enbodi nent, the pharnmaceuti cal
conpositions are provided as sterile dry soluble products, including

| yophili zed powders and hypodermi c tablets, to be reconstituted with a
vehi cl e pPl9%Y@W3Use. In yet anot her enbodi ment, the pPHIERREBHPT6EI
conpositions are provided as ready-to-use sterile suspensions. In yet

anot her enbodi nent, the pharnaceutical conpositions are provided as sterile
dry insoluble products to be reconstituted with a vehicle prior to use. In

still anotbge, &Hb&qhaemnahmgn Pve RS ENtd; GakoeAMAS) &/ iCARSurT RpRiRN] ded as
ready-to-use sterile enulsions, %%0014 The pharmaceutical conpositions

provi ded ksl eMRCrayHieNew Noth 4PEa YWalenithfrods &f Besgpingaigier’s @er YRGhse dosage

forms, inglygiBes, dﬁélary@ctjnw ottt Pake PRY, SBH: Daﬁ@%aﬁkapsﬁh 19argat ed-, and
progranned rel ease forns. ﬁ}00144 ] The pharnaceutlca conposi tions may be

f or mul at ed6%28aSErssefsmetryn/ Orsicd ompewics Jdiel. fVilegy andrylanseriopr ¥iky &ui d, for
admi ni strafiof, a§99§n d@ér@d}Ez@QwQ@%em HWrQB%aﬁWQdcﬂ%gm& hecphar maceut i cal
conposi ti ons provided herein are dispersed in a solid inner matrix, which
is surrouﬁd@dmbyﬁ@nP@Bf%ﬁkd&99nerlc menbrane that is insoluble in body
fluids but allows the active ingredient in the pharmaceutical conpositions
di ffuse tiyweugh. [ Qﬂéfh@ﬂl@}l‘ hﬁ@{kﬂtl@al'p’ﬂﬂﬁ}rof ARG ticXBSacti RE4 8@ somer of O-exo/C-

pol ymet hy nethacr¥ at?“cf ybut yl net hacryl ate, plastjcized or unplasticized
pol yvi nyl e¥rEFy<RE 2p1%sdt e«?zvéaawp &Hid 1y %tﬁh@i%ﬂmca“y acceplable sall,

poi yet hyl gnehebenbidialnless aRdiiiabintetHbRRs, suPhydonRRiRRe, 7,004 Yi oUt Y| ene,
pol ybut adi ene, pol yetf hyl ene, et hyl ene-vi nyl acet at e copolyners si | icone

rubbers, §oIbgdF *ﬁﬁqﬁﬂhﬁﬁoﬁ%ﬁﬁgﬁ}Q§R+W6@ﬁéa@§F%§ﬁ%ﬂ€’éBﬁBWVH@F@“ hydr ophi | i c
polyners, such as hydrogels of esters of acrylic and nethacrylic acid,

col | agen, pr@ssulidank@eh3Bloyy i nyt al cohol , and cross-1linked partially
hydr ol yzed pol yvinyl acetate. [00146] Suitabl e outer polyneric nmenbranes

i ncl ude p hyl e ene Iene/ o) ner s
ethylene/@?%@ﬁ acrgﬁwf Qgég_aﬁﬁgmnn&mﬁﬁﬁlen J?ﬁyﬂﬁ%% F@ggg%%lyners
silicone dspﬂakiq/re&uvqxe)l &dkdifé‘tdxyimaﬁlo{ﬁ(hhé }-dene%phanmcrambbm,,orahl orinated

pol yet hyl ene n vinyl c i co ner s Vi nyl

acet at e, ;h ar %EZ'V %?ﬂ%g) § 5’3 Ogaﬁi Iy éer%%b BE%CQ{ Ve m%%#nr%:] pol yet hyl ene
t er epht hadeaﬁﬁ;anbmtvyh omadmtnmre ﬁmnﬁdfdew@l’wﬂhcc:mahiamWems oebdrryiéxenh#ommyl al cohol

copol yner, eth at e/ vi.n Icoh r

et hyl ene/ STHR We a‘@%ﬁ?ﬁ& CWDS]“&X er'(fl preal eﬂcfmn%?% Iht(z;(?}iﬂ?g 00147JThe
phar nacemﬁctpadm mmﬁsuhlcaim mmdurdeﬁls haerpban‘mamycakbemmahmmnsmepﬁreds dtopical ly

L e S ootk o TR Bien B P U AN DAL i@n, as used

her ei n, ﬁ%‘ﬁﬁ@mﬁF F%éfﬁgpﬁﬁex%ﬂf PR aIT TR SR SR Rt r aocul ar, -

opht hal m mmémtﬁhﬂl campoﬂiﬂi(ﬂxrmd'@hﬁmtat Iemmlr¢iea,sagomli;ngmnéazheasa¢ne r espi r at or Y,

and rectal m ni str ?
non:e ease controtling excxp:ents or carriers.

[60113]} The pharmaceutical compositions provided herein may be provided in unit-
dosage forms or multiple-dosage forms. Unit-dosage forms, as used herein, refer to
physically discrete units suitable for administration to human and animal subjects, and
packaged individually as is known in the art. Each unit-dose contains a predetermined
quantity of the active ingredient(s) sufficient to produce the desired therapeutic effect, in
association with the required pharmaceutical carriers or excipients. Examples of unit-dosage
forms include ampouls, syringes, and individually packaged tablets and capsules. Unit-
dosage forms may be administered in fractions or multiples thereof. A multiple-dosage form
is a plurality of identical unit-dosage forms packaged in a single container 1o be administered

in segregated unit-dosage form. Exampies of multiple-dosage forms include vials, bottles of
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- [ 00148] The pharmaceuti cal conpositions provided herein may be fornmul ated in
any dosage forns that are suitable for topical admnistration for |ocal or

system c effect, including emulsions, solutions, suspensions, creans, gels,
hydrogels“mﬁm%MWﬁﬂ%s dusting powders, dressings, eli dAGEPHEOPYAS,

suspensi ons, tinctures, pastes, foans, filnms, aerosols, irrigations,
sprays, suppositories, bandages, dernmal patches. The topical formul ati on of
t he pharnaceuti cal conpositions provided herein may al so conprise

| i pOSONES tableits lchRSles, B BstOSRIARIMBSr glBAOSYSt ens, and ni xtures t her eof
[ 00149] Phar maceutical |y acceptable carriers and excipients suitable for use

{0, aqueol Tt of o Siusely =Rl B acferpet o ebad St kret |

ant|nlcrobna&magmmhﬁcaﬁmmnemeﬁmakmmasmagamnspmﬁh@t@ﬁ&mwdmyﬂb m cr oor gani sns,

stabilizer ity.enhancers sotoni c agents,

St T oxi daRTnRRIaons At ARG ik BBt B irge A MR B G anc e et ti ng
or enul si byamgceag@n&@npoeaﬁmlmxm haganhsy, beste@m&damvmgmrdo@@efo@hkng agent s,
penetration, enhanc retectant 685 oprot tants, thchﬁnlng agents,

Bnd i ner t *§h8ERpLAIbET BT ARYe B PTRR L ORI ST S e

adm ni st er@ﬂuta@plagainbmﬁ@d/reﬁlamioﬁagﬁ%@t irﬁﬁdmlg@@ltaﬁaah(é}kﬁﬁde&, pRligipe@hor esi s,
sonophor esi needl e-free injection, s POADERJECTTm

s.and oneedl.e or
(Chiron o?JFBmedEPREF%}'\Eﬁ JopRiroliedy accglgrated; gfeesty Pﬁ‘éﬁﬁdoﬁ’é‘@?% ’i?gPseT@Eihnol ogi es
| nc. b Tuagﬁtdgr}gtemh dﬁ{&l@@ﬂdﬁﬂa} Thesphasgeeeitdas 4 pﬁmg&ﬁ@@& prS ovi dgfl her ei n
may € provi de In t I nt nen an g ul .a e
oi nt ment  (RMNHFRUCRY nieH*eEﬁ tgﬁ‘?@%ﬁ a&m&r&walﬁ@e@%wrbﬁé%eegmﬁ"ﬁferu@] °ng | ard,
blenZOI Bat s&ledcaaftf P?k&cﬁ?fﬁhdrma@@&dp@ﬁWﬁg@ﬂeleam&g Demetfmﬂnamag;m and
P astl1 bas emnul si abl e or ptIOI’l sSes S
petrol atu hﬁ’ﬂf‘ar"%ﬂygﬁ%’a{?{ﬂgﬁ? Fha?t% ﬁlt’ﬁatﬁﬂﬁ‘fﬁj &f’cﬁﬂﬁi"‘ikﬁi rem)vabl e

bases, sugbrkasyhymhoophi 1466, 0|ntnent wat er - sol ubl e oi nt nent bases,
i ncl udi ng polyethylene glycols of varying nmol ecul ar wei ght ; emul si on bases,

ei t her mul sj.on

el udi nolo L o) It embafibu U PRl it Ve aci o
(Sﬁe lRenkﬂgmﬂmnﬂmhmnSQMEmaeaanﬁmPP&&mmeﬁpﬁﬁcﬁg&Myaay¢(supeﬁWC@I?ese .
vehicles are enera requi re addi oxi dants an
 osorvar e Re 0 Eoke i atrae hd k. SE Rk At R Cp bl L SR

wat er - i n- mb&mgEﬁ&aﬁhmﬁhkmke@mﬂﬁ&nﬁﬁmmﬁmgnwmﬁ&h&bk&pma@drﬂmﬂﬁﬂfﬁman oi
phase an _.enul si f |erhl an ag eous hase The @ g @% |sgglso call ed
the "i nt SHRAT2CYifales! p&iﬁﬁ"’d‘ﬁ mag 5@ RAPRIF GO HMYT AU 28 ' DRIPHISBIANE and a

f?t L y aLC@hﬁbhaﬁHﬁdﬁEo@&alQﬁbgﬁhm@r Stgtaeal‘ayjuvz&itﬁﬁﬂﬂdie, bukhae: raqmaﬂustopxl@axse us u?: ly,
al t houg ot necessari eds ase. |n a neral ly
cont ai ns ¥HEFEC R Al%eémgﬁ‘r%e IeéPte’lo?lm getg EninF 8? %ﬁcﬁﬁﬁ

noni on: Casaﬁd’mh%m&sqcﬁaide@diﬁom uﬁecﬁﬂmhkgtuﬁf detl, §Ml§sfsﬁ:ﬁi<&|ﬂinate[ PRdsBCel s ar e

sem sol i suspensi on-type in els c taln n|c

macr onol fdFe fﬁlpgia?si‘%%gﬁ ”%etcf"?ﬂtq gﬁddﬁ?’f"&é?ﬁ“gt Pﬁ‘i’fg%d"”ﬁ%é’ i quid
car [1 ier. Sui maﬂahefagellnl:ihmgg ecgllam &utylfb@lf&td@n&pfdﬂtgﬁhm lmdggduzaadeer )Hxﬁmlpﬁﬁbﬁ Iool yners,
such as car ox po ne o} rophilic polyners,
such as dﬁwgégﬁﬁfgh “m I?%%@@Nﬁngﬁg SW@Q@% 5By 1e8he copol yners,
ﬁng pol y;ﬁﬁawhakﬁ;fa}&%ho @l?t}dliﬁld@%& @Cﬁab@ﬁdﬁﬁ% alsaxgjlmlir@ls iflydaexypr opyl cel | ul ose,
ydr oxye cel l.ul gse, r oXypr o ee 0S ypr.op
nethylceFPéP@?@*BﬁtﬁﬁWﬁ“ﬁP %ﬁ@“ﬁﬁ?ﬁéF@@?T%% % ?CQQ%Wi E ? ﬁ&gcanth

and xant haf, eHendriIReeiol Fhdk ghatpsl. and gelatln In order to prepare a
uni form gel, dispersing agents such as al cohol or glycerin can be added, or

the gel li ent can be dispersed by trituration,..mechanic m Xi ng,

and/ or St{ﬁ(?lljgﬂ in anotper em orleent, tg)e pp{annaceunca compositions are prowged as a
dosage form for parental administration to a subject, which comprise optically active (-)-O-
exo/(-exo-tricyclof{5.2.1 .0%*}-dec-9-yl-xanthic acid 1A, or a pharmaceutically acceptable

saft, solvate, or prodrug thereof, and one or more pharmaceuticaliy acceptable excipients or
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[ 00154] The pharmaceuti cal conpositions provided herein nmay be adm ni stered
rectally, urethrally, vaginally, or perivaginally in the forns of
suppositories, pessaries, bougies, poultices or cataplasm pastes, powders,
dr essi ngsWOegh@&n¥’11 pl asters, contraceptives, o0i ntnent LCTERA2M8{00318G
enul si ons, suspensions, tanpons, gels, foanms, sprays, or enemas. These
dosage forns can be manufactured using conventional processes as described
in Rem ngton: The Science and Practice of Pharmacy, supra. WO

2009/ 003711PCT/ EP2008/ 005460 [ 00155] Rectal , urethral, and vagi nal

supposi t of FEESaf B¢ RIGIMageEisal @mPPFHons Haa Alsp GHMPIE YO8 AURTABESS whi ch are
solid at @edHBRAMbrelRTBEERE HhBSce Bhtli: fRItacObgitAlchgRot@lslody tenperature to
rel ease the active ingredient(s) inside the orifices. Pharmaceutically
accept abl riers utilized in rectal and vaginal suppositories include
vehi cl es, F@Eiﬁ as ’E‘V‘Ttﬁﬁ?fﬁ‘ﬁﬁmg&@ﬂ‘tegt:t F‘I%Wa g%&‘ﬁ“‘&"*‘r‘r‘@l‘%?’ﬁ@‘%’é?%ﬁ n the
proxi m ty dedagdRety fdr@sHel lmibBiratitieda E@da halcadombiide ah bpidaNRkIRE eYd.- cal
conposi tions_provided herein; and antioxidants as descri bed herein,

i ncl udi ng®BHYSEreEclgnd- S dltrsr e raphidridi e o SPRABIFEWIGRRICERYN nel ude,
but are nedi, kdivid, 66prb@ug BREGR alibdetr n{dkRRREREMicBIlY deceNCELIphn@RE at i N,
carbowax (pol yoxyethyl ene col ), spernaceti, paraffin, white and yell ow

.gly , . .
wax, and %ﬁﬁﬁ?répﬁ'eaﬁhémiﬁci‘(‘ttﬁi%&ma?“ﬁ‘ﬁ?ﬁ&a? algp comprise PR YIYUerPHEEISEF fatty

acids, hygss09ekSereMmUs Rurdsr POAICY ki phadnfah Odical BYALR¥¥EIhy! nmet hacryl at e,
pol yacrylic acid; glycerinated gelatin.. nbi nati ons of the various

vehi cl es e used. Rectal _.and vagi.nal su sitories .be prepared by
t he conpr@géﬁ met ﬁgﬁpW“%Fmaﬂﬁ?mp?ﬁlé‘O?W?vd YRty Wfaggg’?%?ffﬁgiﬁ and
vagi nal supRpOsinfudipte firfesad) Midrvals dfinge. Jt is pEIH@EK The tiehadcimeaedipd 4l

conposi tions. provided herein n be adm pni stered.o almcally in the
forms of SHRIAMCOHEHMENIRENEVOHE PoPst HER ‘s?“deﬁ?ﬁ‘ﬂg?’g%té,efﬁél’:m%&’f‘ i ng
sol ut i ONSyreaRAVEHRINSay R Ide@ Bhivéd @RSricali@Sing BWnAEstinh 5Rtdels oAbexitERdlathS .
[00157]Th§ har maceut j cal coppositions. provi ded hergLn may be adm ni stered
i ntranasa ?'5 PPV RIS Piotegnesteatay BdpiuraeomgeriiPeitat 9y BLFHefceut i cal
g olrrposi ti i@ﬂ&idﬁﬁlysﬂ@aﬁaﬁ&\dg&@%ﬂeﬂs nogicToe ha9éd evar RaE &R0kl to aﬁlimﬁmrl] for
elivery usin ressuriz cont.ai ner, punp, Spray, atom zer, such as an
at omi zer &R ﬁ%d ‘g? E@?@%‘i’l‘}?&”ﬁ%‘?%ﬁ} p‘?‘"&”’ﬁdﬂg@&tg‘ TR ™ or nebul i zer,
al one or jdmigiewdsonaf hofrinulalio. sui t abl e propel l ant, such as 1,1,1, 2-
tetrafluoroethane or | ,1,1,2,3,3, 3-heptafl uoropropane. The pharnmaceuti cal
conposi tipn al.so,.be provided as a dry powder for insufflation, alone
or in coﬁgiﬁgggﬁﬁnﬂﬁ?ﬂmén inert carrier such as |actose or phosphol i pids;
and nasal drops. For intranasal use, the powder may conprise a bi oadhesive
agent, iriébuding chiapiearrcorticghrompdanensiprevide® b8 8o batprayitisd oy sobdispensi ons
for use i y i Spr i zer,, 10F . i zer may
be £ or mul S a §F il AR BR ARt acbiTBrm ) 2 noRhaEH 1 sy RN
al t er nat ialse ingjeistbuécel, lidiusp end subfngusbidubiibtrationgSuible oxal derdgnlgrmel ease of the
active i i r o I r ope I X or a
surfactaﬂggﬁghgggggmg%?%%ﬁggg}gﬁg?%gFgfﬂ%fg%%Q%gﬁgﬁggfxﬁﬂﬁ%f%§%$actic aci d.
WO 2009/ 8B4, IRGTAEP28O8I0DBY @tnules, bulk powders, effervescent or non-effervescent

powders or granules, solutions, emuisions, suspensions, solutions, wafers, sprinkies, elixirs,

and syrups. In addition to the active ingredient(s), the pharmaceutical compositions may
contain one or more pharmaceutically acceptable carriers or excipients, including, but not
limited to, binders, fillers, diluents, disintegrants, wefting agents, lubricants, glidants,

coloring agents, dye-migration inhibitors, sweetening agents, and flavoring agents.

[00120] Binders or granulators impart cohesiveness to a tablet to ensure the tablet
remaining intact after compression. Suitable binders or granulators include, but are not

limited to, starches, such as corn starch, potato starch, and pre-gelatinized starch (e.g.,
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[ 00159] The pharmaceuti cal conpositions provided herein nmay be m cronized to
a size suitable for delivery by inhalation, such as 50 mcroneters or |ess,
or 10 mcrometers or less. Particles of such sizes nmay be prepared using a
comi nut i WG 2/GH0¥FA1 known to those skilled in the art, XUHP2eH8/08Wt al | et
mlling, fluid bed jet mlling, supercritical fluid processing to form
nanoparticles, high pressure honogeni zation, or spray drying.

[00160] Capsul es, blisters and cartridges for use in an inhaler or

i nsuf fl at for rrul ated to, contain m x of the pharmaceuti cal
conposi ti g‘ﬁé@h&’%@eée AT SpeRrs. el At g gE’égﬁﬁV\g "H%em"]éﬁﬁ%aféisla?‘%t ose or
starch; angual persharaRneesieudh {:iL4cia, Slgﬁ:fb A%, biplr@is ieR@act FBINE hods, O

magnesi unkbstearate The Iactg%gg é}g e an ydrous or in the formof the
monohydr af &SRBy Ehatl; gk e Pgﬁ PEhuSky FHBR YAy ICEHI0sE ucose, nal t ose,
sor bi t ol , meyyictiBliose f folhGiBSBToBHE OBER), RBGuin! RAAIAS6zalaEhE, RRAERBRCEUt i cal
conposi t| ons $rOV|éjed herein for inhaied/intranasal adm nistration may

further cBRFFIR a0 g Bwp) llvipsseobch assiy! ediuloshesibiosapgtalevonent hol , or

sweet ener arbdxysbtheSce S AIGS A, @6d1§@@&9@!y¥d%tk@%yliuﬁke{, QRIGLITRe,Dhar mceut i cal
conposi ti ons(ag/ét%w ded herein for topical admnistrati on may be formul at ed

to be i nBH" vigsibose (%?Chﬁifﬂf?’iyéﬂ’??lé?f%é (HPGe hydemrproad eajiesd - |

sust ai nedealiuRW GBMG): ﬁ%&ér?:kil@ﬁi cel iﬁiasreﬂ%&&c!as A@ﬂ@EEfE@QE@WKWCE@Ibﬁa D.
Modi fied Rel ease [ 00 har maceut i cal rﬁ)ﬁom tions provided her ei n may

be for nul 4t é%aagcasgrlm‘élﬂql:édp ﬁép%é@éc E@%@ém ok A ugnslomixbwas thereethe t er m

"modi fi edsgigbrasiers ifidel st bR ndt H9SAIE ﬁl@rcmcluﬁu Ahioplle tJﬁ@roE@&%%d?é place of
rel ease of the active mqredl ent(s) is different fromthat of an i mrediate
¥

dosage f ofiRbfe ROMRsdfictt e dexbyict, I‘i@@aﬁé‘”ﬁ@bﬁ'@cw Reidi sprbitel, preicease dosage
forms i nclduimidelim¢Rdngd nBxhRDGedos. THE ‘Bln@&gﬁ%lcr rﬁé&sﬁeﬁir%@ﬂ frorPdbbiolih €- or

pul sed-, controlled-, accelerated- and fast-, targete
prograr‘r‘r‘reﬁ’oi’”e(’]ge/h%’/ewe‘&fﬁdn tha Sharmacepiicab rampssitigasripeddddierin. The phar maceut i cal
conpositions in nodified rel ease dosage fornms can be prepared using a

variety qfoormph fi esuitaelecmiaentOiamigee SutaRchodBiREHS, &KB0Mn hRoshRAS Baisikh! | ed in
the art, 31«1&@8 SPgﬂ ut not limted to, matrj X control [ ed rel ease devi ces,

osmotic 058 gk SUresgninesaal, cebigfoss, banies BEdee sedott Poeidsddv el ease

devi ces, stk @d}ﬁ@uﬂgﬁd GGt NCerta@iREALS; sERA nlAGSitol MAbhdsk | sB¥RbEChcfRAtLNTS,
m cr ospher h‘%)osorres %rf] d combinations thereof, The release rate of the

active i gt é@r WHTY RE§SSRER SHFICENFRaTHEY 47 1 SWat Propeiies 1A Gomheompasseiddpietsi zes and

pol ynor phﬁd’tl Sﬂfﬁ:ﬂ:ﬁsmt’éi}@mﬁﬁh igheendutgsyedhe @1 ( Shich coMpressed tablets can be used as
2009/ 0037 /ELEPZOOB/ 005460 ) 00163) Exarrpl es of nodified reI ease | ncl ude,
but are B to, those described in U S. Pat. Nos.: 3,845, 770;
3, 916, 899, 3, 536, 809; 3,598, 123; 4,008, 719; 5,674,533; 5, 059, 595;
[00122] Suitable disintegrants include, but are not limited to, agar; bentonite;

celluloses, such as methylcellulose and carboxymethylcellulose; wood products; natural
sponge; cation-exchange resins; alginic acid; gums, such as guar gum and Veegum HV; citrus
pulp; cross-linked celluloses, such as croscarmellose; cross-linked polymers, such as
crospovidone; cross-linked starches; calcium carbonate; microcrystaliine celtulose, such as
sodium starch glycolate; polacrilin potassium; starches, such as corn starch, potato starch,
tapioca starch, and pre-gelatinized starch; clays; aligns; and mixtures thereof. The amount of
- disintegrant in the pharmaceutical compositions provided herein varies upon the type of
formuiation, and is readily discernible to those of ordinary skill in the art. The
pharmaceutical compositions provided herein may contain from about 0.5 to about 15% or

from about | to about 5% by weight of a disintegrant.

100123] Suitable lubricants include, but are not limited to, calcium stearate;
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5,591, 767; 5,120,548; 5,073,543; 5,639, 476; 5, 354,556; 5, 639, 480;
5, 733,566; 5,739,108; 5,891, 474; 5,922,356; 5,972,891; 5,980, 945;

5, 993, 855; 6, 045, 830;
WO 2009/003711 PCT/EP2008/005460

magnesium stearate; mineral oil; light mineral oil; glycerin; sorbitol; mannitol; giycols, such
as glycerol behenate and polyethylene glycol (PEG); stearic acid; sodium laury! sulfate: talc;
hydrogenated vegetable oil, including peanut oil, cottonseed oil, sunflower oil, sesame oil,
olive oil, com oil, and soybean oil; zinc stearate; ethyl oleate; ethyl laureate; agar; starch;
lycopodium; silica or silica gels, such as AEROSIL® 200 {(W.R. Grace Co., Baltimoere, MD)
and CAB-0O-SIL¥ (Cabot Co. of Boston, MA); and mixtures thereof. The pharmaceutical

compositions provided herein may contain about 0.1 to about 5% by weight of a lubricant.

[00124] Suitable glidants include colloidal silicon dioxide, CAB-0O-SIL® (Cabot Co. of
Boston, MA), and asbestos-free taic. Coloring agents include any of the approved, certified,
water soluble FD&C dyes, and water insoluble FD&C dyes suspended on aiumina hydrate,
and color lakes and mixtures thereof. A color lake is the combination by adsorption of a
water-soluble dye to a hydrous oxide of a heavy metal, resulting in an insolﬁble form of the
dye. Flavoring agents include natural flavors extracted from plants, such as fruits, and
synthetic blends of compounds which produce a pleasant taste sensation, such as peppermint
and methy! salicylate. Sweetening agents include sucrose, lactose, mannitol, syrups, glycerin,
and artificial sweeieners, such as saccharin and aspartame. Suitable emulsifying agents
include gelatin, acacia, tragacanth, bentonite, and surfactants, such as polyoxyethylene
sorbitan monooleate (TWEEN® 20), polyoxyethylene sorbitan monooleate 80 (TWEEN® 80),
and triethanolamine oleate. Suspending and dispersing agents nclude sodium
carboxymethylcelluiose, pectin, tragacanth, Veegum, acacia, sodium carbomethyicellulose,
hydroxypropy! methylcelluiose, and polyvinylpyrolidone. Preservatives include giveerin,
methyl and propylparaben, benzoic add, sodium benzoate and alcohol. Wetting agents
include propylene glycol monostearate, sorbitan monooleate, diethylene glycol monolaurate,
and polyoxyethylene lauryl ether. Solvents include glycerin, sorbitol, ethyl alcohol, and
syrup. Exampies of non-aqueous liquids utilized in emulsions include mineral oil and
cottonseed oil. Organic acids inciude citric and tartaric acid. Sources of carbon dioxide

inciude sodium bicarbonate and sodium carbonate.

[00125] It should be understand that many carriers and excipients may serve several

functions, even within the same formulation.

[0B126] The pharmaceutical compositions provided herein may be provided as

compressed tablets, tablet triturates, chewable lozenges, rapidiy dissolving tablets, muitiple

-39,



6, 087, 324; 6, 113, 943; -6, 197, 350; 6, 248, 363; 6, 264, 970; 6, 267, 981,

6, 376, 461; 6,419,961; 6,589,548; 6,613,358, and 6,699,500. 1. Matrix
Control | ed Rel ease Devi ces [00164] The pharnaceuti cal conpositions provided
herein i nV& ZR9@P17led rel ease dosage form may be fabri F&TER2WE0MY% matri x
controlled rel ease device known to those skilled in the art (see, Takada et
al in "Encyclopedia of Controlled Drug Delivery,"” Vol. 2, Mathiowtz ed.,

Wley, 1999),
compressed tablets, or enteric-coating tablets, sugar-coated, or film-coated tablets. Enteric-

coated tablets are compressed tablets coated with substances that resist the action of stomach
acid but dissolve or disintegrate in the intestine, thus protecting the active ingredients from
the acidic environment of the stomach. Enteric-coatings include, but are not limited 1o, fatty
acids, fats, phenylsalicylate, waxes, shellac, ammoniated sheliac, and cellulose acetate
phthalates. Sugar-coated tablets are compressed tablets surrounded by a sugar coating, which
may be beneficial in covering up objectionable tastes or odors and in protecting the tablets
from oxidation. Film-coated tablets are compressed tablets that are covered with a thin layer
or film of a water-soluble material. Film coatings include, but are not limited to,
hydroxyethylceliulose, sodium carboxymethyleellulose, polyethylene glycol 4000, and
cellulose acetate phthalate. Film coating imparts the same general characieristics as sugar
coating. Multiple compressed tablets are compressed tablets made by more than one

compression cycle, including layered tablets, and press-coated or dry-coated tablets.

[00127] The tablet dosage forms may be prepared from the active ingredient in
powdered, crystalline, or granular forms, alone or in combination with one or more carriers or
excipients described herein, including binders, disintegrants, controlied-release polymers,
lubricants, diluents, and/or colorants. Flavoring and sweetening agents are especially useful

in the formation of chewable tablets and lozenges.

[00128] The pharmaceutical compositions provided herein may be provided as soft or
hard capsules, which can be made from gelatin, methylcelluiose, starch, or calcium alginate.
The hard gelatin capsule, also known as the dry-filled capsule (DFC), consists of two sections,
one slipping over the other, thus completely enclosing the active ingredient. The soft elastic
capsule {(SEC) is a soft, globular shell, such as a gelatin shell, which is plasticized by the
addition of glycerin, sorbitol, or a similar polyol. The soft gelatin shells may contain a
preservative to prevent the growth of microorganisms. Suitable preservatives are those as
described herein, including methyl- and propyl-parabens, and sorbic acid. The liquid,
semisoiid, and solid dosage forms provided herein may be encapsulated in a capsule.
Suitable liquid and semisolid dosagé forms include solutions and suspensions in propylene
carbonate, vegetable oils, or triglycerides. Capsuies containing such solutions can be
prepared as described in U.S. Pat. Nos. 4,328,245, 4,409,239, and 4,410,545, The capsules
may also be coated as known by those of skill in the art in order to modify or sustain

dissolution of the active ingredient.
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[ 06165] I n one enbodi nent, the pharmaceutical conpositions provided herein
ina nodified release dosage formis fornulated using an erodible matrix
device, which is waterswel |l able, erodible, or soluble polyners, including
synt het i cWSAMAHPE]! and natural ly occurring pol yners aHE/EREMH3PETVes, such
as pol ysaccharides and proteins. [00166] Materials useful in formng an
erodi ble matrix include, but are not limted to, chitin, chitosan, dextran,
and pul lul an; gum agar, gum arabic, gum karaya, |ocust bean gum gum

t ragacant rrag BikSm 3 kit : 3h@eﬂz ; :
scl erogl ulcr:ba?ril?ﬂst ar gﬁgs, sﬁ% !ggg%;eﬁftgip?r%%gé\v &Hrrarﬁ}ertegﬁg%(t ri HQH{%@%?EI I?I iC
col | oi ds, ardremisghd frsege farmspineloging eimdlsions, selutipnassubnsnsiensi ¢itxiralagil aabess ;

propyl ene ,gl iLhatke: t:l Qe ; Lyl s uch as
byl col (i bs ep Rsagige sHSR  Viiihy RERY: R E0h i 08 Bl el Tl ose
(CVC), CvEshultpthonshpet daytherdajuidibise cdHEQ)L inhyadir ok ypienmydil. dahiisibmseey( HPC) ,

cel | ul ose; : r.opi e . rate (CB),

cel | ul osemgglg% g%@nﬁaugtg%cgt)gééf %&%??n%&%?éoﬁg%\ﬂ%{/%%?@%étﬁ)d;%lgﬁr%taﬁﬁtya@% I ul( os)e

(HPMC) , HP#iRRyatiPNTABsibysdnoxy@ ndepyphametcényicalbedct aptabbesugeediag egetrandel | i t at e
HPMCAT) , _a hyl hydr t hyl cel | ul o EHEC) : | vivi nyl rrol,jdone;

E)ol yVi ng/l prae%cgﬁgﬁ'?/ACB%&I?\%?%Vﬁlcaﬁégﬁg{fsen;yaydﬁcy%d(gra %a%ﬂéitc %31 C%ﬁé’: aagegéa{g}eérag?tail’

pol yacr yl suzh deg difiolgratiayi)lataal @b i thhwee alpplajdekyds @lfc tetrh'dowyt!” ineamcind iyt

met hacryl | ¢.aGi T(r)., Rohm Anerica,_ knc.. Piscata ,NT) ;

ol y (- hy s et eiee By B s B asef SRR mi bl it i
aci d and stiteyl haking bt @nmedre hydiegt adaty, sich acpriogylaei givegl andethiagolaEligirs

copol yners; | y- -) - 3-hydr.ox tviric id. and other .acrylic acid
Gorvat vt B8 KTt st s R s DS P P b o1 e,

met hyl et $vheiopd ataspgagtibydxmppia aancybq gl met disd @ori afreservative. For a liquid

(2-di nmet hyl am_naet.hyl thacryl ate, an tri.et hyl am.noet hyl hacryl ate
chl ori de.‘y‘f'%fﬁ?’]’ For#rg)nmga? 1ér Ogn%nolaiar'?é}ﬁf: t?]y l% 'I’"leeg%ﬁ?grrn% gce%'?“?%dta‘rl¥l}:%%§%°§?r{%i ons arc
f or mul at eghamity hf a ghamomewicalth dakeptabdd liquid ceier,ees., Widne, @bk imeesuralgr edi ent (s) i s
di ssol vedw%rendé ﬁfﬁ)r s(g_gl i an inert matrix and is released primarily by

di ffusion tIﬁrbf}g f A€ " PREF 1 at ri x once administered. Materials suitable
for use as a non-erodi ble matri x device included, but are not Ilimted to,

i nsol ubl e0pIZ6t i csOhsushivhisqupbingdethisblihdosagsdbppringydecing arepot ymioidirene,

pol yi sob i ' CL: N )

pol ybut yﬁ%{eﬁgﬁxvpﬁhﬁ&t@gﬁﬁﬁ I neéltt(g)glr%\gﬁ%%% JI%{}:F Eeu%:? 5‘%%%@3?#9? AP 8in i de, nethyl
acryl at e-alietdny klynet indeding. dt?ediweothox ywttage, digtiyngd, ergymd, taptaglymeat e copol yners,
et hyl ene/ R Y: I e | ymers,

vi nyl chl cI:;r;‘)J ?)ggl}f%gé;%w%?rg?i&&? Pﬁg ?/tﬁéﬁ Dl}ge?géeg% EXLC\)}?%?/%I["%%(%%@E{)OH de, ethyl ene
and pr opydogmtylehogimee? S{dingttyhsthaneharan eht falad €50 rbist sl thy aplphysimate

epi chl or i I i I et hyl ene/ vi nyl
acet at e/ \%bﬁgée rg?lécgﬁdgﬁé@étrogg%ﬁgé ?[y%hgé’%%ﬂyfg%g}“o\# %ﬁ%@%&gﬁy%‘%’(ﬁ copol yner,
pol yvi nylcomphgroneer, mrk astoxgiagedurtydsdmtylgdddgtiiosyteene (BHT), butylated

pol yet hyl h . Gl ru I

pol ydi mtﬁ%ﬁ%ﬁ%@gkﬁ%‘f %?OP?;E%E%E’?&IF %%ﬁ gdrggdﬁ%%n%%g'r%gxy ggr?f a';%mnydr ophilic
pol ymer s etleudimias letthiy) ceplsilinidsogbic acid] thalic asid, detoh phospberasplybiskdfie, and
cross-1i I hydrol.yvzed . pol wvi nyl tate.. and fatty conpounds,
stch as CSaiRAELER NEEEAE PRMEYS AL Ml gee.  {00166] I
matrix controlled rel ease system the desired release kinetics can be
control | éé13tlor exdapbasmaseupeal pampssitignerrovigasdieesimlopgratiadminiarasio yrer

Vi scosity, ?Itg%jgrotp@&; ih ?ﬂe%o%s?o??iﬁ&gmtcg%i&%@{ Hﬁgr%s%ﬂgjeso '65 ﬁﬂgsﬁ@hls.ve

i ngredi ent he ratio o e active ingredient(s) versus the polyner,
and ot heMiesedirgiosage frinpeantie peapafsd 94 ddsonfsd 1] 0189 Nhé.39hd4Phaceut i cal
conpositions provided herein in a nodified rel ease dosage form may be

pr epar ed dqay 33et hodse kiewhteli®tal BRSRsiBKhs! r&tkel Mt REmAT Be prbvidaudhii@ di rect
conpressign, dry or_wet granulation followed by conpression
mel t - gr aRtiETHESPOh OFTeIVEtHER . BYNUE I 8RNI o be requaRBNIPE Intnligw fseesRel ease

Devi CeS form. Pharmaceuticaliy acceptable carriers and excipients used in the non-effervescent
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[ 00170] The pharmaceutical conpositions provided herein in a nodified

rel ease dosage formmay be fabricated using an osnotic controlled rel ease
devi ce, including one- chanber system two-chanber system asynmetric
menbr ane VESHHON&EY (AMT), and extrudi ng core system (FEGGP2048KR0Feher al ,
such devices have at | east two conmponents: (a) the core which contains the
active ingredient(s); and (b) a sem perneable nenbrane with at | east one
delivery port, which encapsul ates the core. The sem perneabl e nmenbrane
controls the nflux of water to.the core froman aqueous environnment of use
so as to c%ﬂ’é’lfs B?Wdre@”é’é@'é"iw{? dIPEHS, SYEIFIER BT IR SS Y | RParspcpiceis) |

[00171] I n aagtgiable @ArrikM ahd@xcifidrtdiBed MAREHTRRELS) grad il of P5RdRE mhRCIRESDL i C
device optionally includes_an ospotic agent, which creates a driving force

for trans B¥PIcEridhader sopres AT taRONEIRN Y onment of use into the core of the
device, One class of osnotic agents waterswel | abl e hydrophilic pol yners,
whi ch ar e {@d1$8] r ef erdl@thgt:ad Asvorng ARG WTRE Gsed amgl] ofiyedtRgeldage foRdd. udi ng,
but not limted to, hydrophilic vinyl and acrylic polynmers, polysaccharides

such as c i.wm al gi.nate. poal.yethyl ene oxid EOQ | yet h ne gl ycol
(PEG) - poltiirehy e b ahemsP et b ERot Hoh Bed Kb ma P HEPIAERIF ot o)
pol y( acr ylimepdiate iotlmogiibd/ (ehpichiveagy [fores, iadbding pobyedd, mystanety ilsedione ( PVP) ,
crosslinked t'o'nVEa %EQOCLyvi nyol al ce%bol S(SQVA , PVA/ PVP copol yners, PVA/ PVP
copol yner SR M8 SoHSB PRI e r S5 [ ™as net hyl methacryl ate and vi nyl
acetate, hydrophilic pol yurethanes containing | arge PEO bl ocks, sodium

croscar nellfBss, carlhagbamarcutiba dprgpisionyproeidéd kfros may BER)-forhyldiedswyibr opy |

el | 4 058 ol Edive Ryl 0y QAR wIEhIRK: 1 Akl ARBL AN dor, 6L RPLKIEALY

cel | ul ose ) and car boxyethyl, cellulose . sodi um al gi nat e,

pol ycar bopisi fuppigmksttthadesixairachem seplres antaridss poitonmuspanhithitogl, ysof ateesptor

[00172] Th%m?%ﬂ%(s class of osnotic agents is osnobgens, which are capabl e of
i mbi bi ng water 10 affect an osnotic pressure gradient across the barrier of
the surroundi ng coating. Suitable osnogens include, but are not limted to,
i nor gani ¢ Bsdktegieras demingdrafiignesi um sul fate, magnesi um chl ori de, cal ci um
chloride, sodiumchloride, lithiumchloride, potassiumsulfate, potassium

phosphat egpo186di UMTEALREMBEQiicaS OsthpbisHE frbtiBed HetdiMinbybSadnfi@bBrea POt assi um
chl oride, and sodium sul fate; sugars, such as dextrose, fructose, glucose,

h
i nosi t ol , PREREBEDY iRKFYEs BIUsipRNi Palentaliors f9riesaker sktisnyi pgpinisigiiqiose,
t r ehal osepaaneakildidiQlation, Ak 9R0iLereaE dfde HHENNBS, AGEARRIC indEhFitor@RANZ0I C
acid, fumaric acid, citric acid, maleic acid, sebacic acid, sorbic acid,
adi pi ¢ acitrathedeift@vetiglarghipussiiel fipgemy. PEpuHER UPFURSEYaei d, succinic
aci d, andifasharikiCarAGlkbutadER@ adinthtdfiont ur es thereof. [00173] Csnotic agents
of different dissolution rates nmay be enployed to influence how rapidly

the active ingredient(s) is injtially delivered fromt dosage form For
examor e, DT Bhous 1Bt gt oriPoniaR s B B tEritefE e " Can
be used t gospdeavinthahdt actiseiabitefol yREnterglitiimirgstiatien, inciBlingGolufib®, Qispdhsivhs t O
pronptly produce the desired therapeutic effect, and gradually_ and

cont i nual W”lflgﬁse?écéﬁ?ff“Roﬁ%m?se??éﬁr?‘fpﬁ S ARE S Wﬂisﬁfdafgﬂnstsr‘féa%%g}f red | evel

of t her apgjiitioss &fsufpeidiy irndui€ predrieBlecderSuandRxicloatactapoE pegaref tine. In

this case, the active ingredient(s) Is released at such a rate to repl ace
the anmpunfcedfingfReaetin? mﬁwﬁarw PPSLBTI SPRAR o REFBIEYica] 00174] The

core may aheme: (58 keeRg@n W Sc¥adel RE PraticOdfiretrxsisppent s and carriers as
descri bed herein to enhance the performance of the dosage formor to

pr onot e S{ng’i jity ?éen[g’ll;ioca%SSi nigv{?g{poov'%gn@in B8 bR RreMBS] Mmih i Qh W9 the
seni per medBl &) nenb RESRITL: PBUY P y

include one or more pharmaceutically acceptable carriers and excipients, including, but not

limited to, aqueous vehicles, water-miscible vehicles, non-aqueous vehicles, antimicrobial

agents or preservatives against the growth of microorganisms, stabilizers, solubility

enhancers, isotonic agents, buffering agents, antioxidants, local anesthetics, suspending and

dispersing agents, wetting or emulsifying agents, complexing agents, sequestering or
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grades of acrylics, vinyls, ethers, polyam des, polyesters, and <cellulosic
derivatives that are water-perneable and water-insoluble at physiologically
rel evant pHs, or are susceptible to being rendered water-insoluble by
chem cal WOt28#94030h, such as crosslinking. Exanpl es ofP&ikR2805I0854p0] yrer s
useful in formng the coating, include plasticized, unplasticized, and
reinforced cellul ose acetate (CA), cellulose diacetate, cellulose
triacetate, CA propionate, cellulose nitrate, cellul ose acetate butyrate
(CAB), CA ethyl carbamate, CAP, CA nethyl carbamate, CA succi nate,

cel | ul ose che@ingagens icpreploiacknes Iy QaTyclanta thickening ygenisi pid adiatrar agenGaarst hy |

car bonateme@g[aggg! oroacetate, CA ethyl oxalate, CA nethyl sulfonate, CA
butyl sul fonate, CA p-toluene sulfonate, agar acetate, anylose triacetate,
beta gl ucan acet ate, beta glucan triacetate, acetal dehyde di methyl acetate,
triacet at é/88% ocusgt““B‘é‘Sﬁq‘&%%"eH‘)‘?Hﬁ ieluge.dut e AgulisHied (0. wpleacalingt e, EC, PEG
PPG,  PEG BRGiASRO) YAIBE 85 pRYhaicteGerciBiine GYS), %&I chkﬂ% in éd?h/;@'ﬁméél%NCAS
HPMCAT, poI y(acrylic) acids and esters and pol y(meth acr){ acids and
esters andniedipbl §niRisdaxfasedpifction: HirdhWatdidniceiay, darErterang | aC@FﬁthQS%ﬁS

col l agen, jg&kidhi Ron- 9@.‘&55@5' WERRRS incRAL Y&t LR lmﬂﬁlﬂY& 'f'i!xécpcﬂg%f vegetable origin,

pol yet her sul fones, pol ystyrenes, polyvinyl ha pol nyl estérs and
ethers, n&estrall cexes CorgRiees Pt vlveiod, Ranbsil 1{690?1*71611 SR mels%ﬁammrane
may al so gg @ mgmn@ EnalBdGEQRMVIOME, H%F@E@é&%soyﬁ/&’%&@'aﬂd tRGiuRQES are
substantlallyfll tg a gas and aré not wetted t he aqueous nmedi um
but are p&igieantaes Of @oc\ﬂmté’ri @ peim segd o %’@wmmlwe@w s ipdyde, tNbareHo798, 119.
Such hydr aphebicC Bl W@Lﬁfm\éa@phqmwfgap}t]@ncrwm{@@e o Bink KR gféolz Yo onposed
of hydrophobic polymers such as al kenes, pol yét hylene, ypropyl ene,
pol yt er r aed e étviape ghveo! 40Bh PWElﬁi}q &llémé@imerde#\‘i mﬁhrlwﬂesyﬁ%épivet her s,

pol ysul f0Hﬁ%{hMthl%;dge‘ﬁlﬁlaliJl&W&Ifoggéyst yrenes, polyvinyl halides,

pol yvi nyl i 'uor i de, pol yvinyl esters and ethers, natural waxes, and

synt hetic_waxes. [Q0177] The delivery port(s) on the sem perneabl e menbrane
may be folifedPlpost Subiehit HHigiE)LIRA@pHhPTaFsFl e defudeibut 37 AL linpiediter v

port(s) WENen@i'sS&esQl% ek, béhz?'éld«bh&}’ckﬂér@&h% %feth’?f Rdygomh pwat er - sol ubl e
mat eri al by rupture of a thinner portion of the nenbrane over an

i ndent at i W’?’ﬁ’ tﬂﬁ’é‘e&é‘?l@emﬁﬁ beaetanbn clﬂ@}fﬁev@ﬂ?tfﬁ@r%cwebféethﬂr A during

coating pfn@ﬁﬁ%ﬁrab@rﬁ Ada sbivk: &&ﬁ%uﬁib}@ébft@ﬂi@% dns mmr&m@re%at;ann&ﬁmof the type
di scl osed Pat . Nos 612, 059 and 698, 220. [00178] The total

amount of sadhn éﬂ%wd?eglmgﬁe@#émoga Justplg Sulderag qeeiont e BdeT i e can

subst ant i ghlisa BYp Hggﬂx‘d‘!eéh@gtr}!ﬂeaSﬁﬂ%ietalﬂh&hdﬁﬁsar@tﬂgseQQH&%t‘lﬁeﬁ nefeirt, he
sem per neabl e rrenbr ane, the composition of the core, and the nunber, size,

and posi t BHdGE DIHEERSR sl tsalfite. Giyitgtdg fpral %&Fﬁﬁdéﬁt“i%%t aggWhosi t i ons

in an osnphjkd 6 osHbdattle!n ?Q’m&ﬁbxﬁﬁs@:uﬂ&m ch@n PN sdeHidcReEnt AT RIS R
addi ti onal conventional excipients as descri bed her ein toéﬁgr onot e

per f or mantsEctord pereideigsiudigs sFciym earpemgihyiclgese. hpBTsTToPbmeishpt!|uose,

control | eguneheRsRpyHORREE $R1PR mARIPRe Rf-ARANRH ACROIAL NG HeregONVeENt i onal
nmet hods and 't échni ques known to those Skilled in the art (see. Rem ngton.

The Sci enéeludipgpeyaveihglenoioripign menelyuralg aelwxy Sangng SO Banasjeate 80,
Controll ezﬁildR@éi%%ﬁm%%%aﬁeﬁa%wtgb'kzsjeque\f{%ﬁ ofdhe@ling Q@Mgm%‘dglbgpﬂg R4 and

| ndustri al Phar ma%y errna et al Control [ ed Rel ease
2002, 79, linpitegizy EDf @oﬁ@myhiwléefﬂwainaamﬁﬁdmlw@nm af@tﬂ‘i‘é*”ﬁﬁ%ﬁ‘ﬁa‘t@é@ﬁ cal

conposi t i RRRHONaARHIcRE 184 NiAL Eeid, and lactic acid. Suitable complexing agents include,

but are not limited to, cyclodextrins, including alpha-cyclodexirin, beta-cyclodextrin,
hydroxypropyl-beta-cyclodextrin, sulfobutylether-beta-cyclodextrin, and sulfobutyiether 7-
beta-cyciodextrin (CAPTISOL‘W, CyDex, Lenexa, K8).

[00141] The pharmaceutical compositions provided herein may be formulated for

single or multiple dosage administration. The single dosage formulations are packaged in an
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formul ated as AMI control |l ed-rel ease dosage f-orm which conprises an
asymetric osnotic nenbrane that coats a core conprising the active

i ngredi ent (s) and ot her pharmaceutically acceptabl e excipients. See, U S.
Pat. No. WO®/9801and WO 2002/ 17918. The AMI contr ol | Kg/FrRapsaeEstiosage
forns can be prepared according to conventional nethods and techni ques
known to those skilled in the art, including direct conpression, dry

granul ati on, wet granul ation, and a di p-coating nmethod. [00182]In certain
enbodi nents, the pharnmaceutical conpositions provided herein are fornul ated
as ESC corffiPyle} eels @ fegrsed dda galiindt dpsadsieenicrd fpmpisbensanushenmtdil @ nenbr ane

that coat $ndmeAIbG SRAPHIbEIbstalleoBh MR c'aﬂée%%%nﬁﬁk&( R pard¥@aOryh Qhibak

cel lul ose, and other pharmaceutically acceptable excipients. 3.
Mul ti par t ineust ket séertoat komnaad raricsd & Pewit.ces [ 00183] The phar maceut i cal
conpositions provided herein in a nodified rel ease dosage form may be

fabri cat edp@amul ti pabhé ehiboiRert WY SHAhREuIE] @8DEsi AN afSroMdGh (&LAPT i ses a
multiplicity o articles, granules ets, ranging fromabout 10 gm

T , ~or pell r )
to about 30-hifSeEbFatutises f ARather B lm%tsgﬁ?ﬁana?wﬁﬁw@h?wmqw umto | mm

in di amet gfovideladsisnit axiygaru_biegwdaétasnmnéqugsm{%d BywidrearROpERRRE know to
those skilled in the art, including wet-and dry-granul ati on,

ext r usi onf&jtetcdifirseensidricd WEh p dshid o ppce PSn Io 1 pRothes sEbadimey; thand by

spray- coabhfighaRfchi ERHRRitionSRe pr%@iﬁe@é%@%&ﬁo—ug%térhPﬁfs%én@i‘dh@tlﬁ yEXa@btnd ug
Delivery, Marcel Dekker: 1994:" and Pharmaceutical Pelletization Technol ogy;
Mar cel Dekibpdimsmgbe phagnagugcel sraposisierssierpydekasgissieardrp sdolhile siodutiny be

bl ended wid f tORsRRE TRE §YEHiIQRbri&GABRRS 1A LifiNSolner ShbdinknRiRCessi ng and
formng the nmultiparticulates.” The resulting particles may thensel ves

const i t ut @harmaceiiital FqIRFosTiend g RIoYiEw Facasly -ttt Ssileyalgansy vari ous
filmformng materials, such as enteric polyners, water-swellable, and

wat er - sol pioli£3)p0l y MRE SharhB@uiisl Ednpktibeiralied et Rey bdfthakepiocessed as a
capsule or a tablet. 4. Targeted Deliver [00185% The pharnaceuti cal

g9 /[ELY ..
conposi t i SHBediHee; metifefurerss dazege Hred BRliding dRAvst e ERCh @B get ed to a
parti cul agordiloB& RirgelRAC ARE Plografineirhiefse &ir@@ Oof the body of the subject to be
treated, including |iposone-, reseal ed erythrocyte-, and anti body-based

delivery ns. anpl es imcgude hut ar t limted to, U S. Pat. Nos.
6. 316, 6520051574, 585¢ PRmpsepubebreposdiheg g muun ks S rbusions g
6, 120, 751 senf;sOidl odBboteopiO GouiDA2r: admifldByidB ey anGmPBAted d&ot. In one

embodiment, the pharmaceutical compositions provided herein are dispersed in a solid inner

matrix, which is surrounded by an outer polymeric membrane that is insoluble in body fluids

but allows the active ingredient in the pharmaceutical compositions diffuse through.

[00145] Suitable inner matrixes include polymethylmethacrylate,
polybutylmethacrylate, plasticized or unplasticized polyvinylchloride, plasticized nylon,
plasticized polyethyleneterephthalate, natural rubber, polyisoprene, polyisobutylene,
polybutadiene, polyethylene, ethylene-vinylacetate copolymers, silicone rubbers,
polydimethylsiloxanes, silicone carbonate copolymers, hydrophilic polymers, such as
hydrogels of esters of acrylic and methacrylic acid, collagen, cross-linked polyvinylalcohol,

and cross-linked partially hydrolyzed poiyvinyl acetate.

[00146] Suitable outer polymeric membranes include polyethylene, polypropylene,
ethylene/propylene copolymers, ethylene/ethy! acrylate copolymers, ethylene/vinylacetate
copolymers, silicone rubbers, polydimethyl siloxanes, neoprene rubber, chiorinated

polyethylene, polyvinylichloride, vinylchloride copolymers with viny! acetate, vinylidene
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6, 004, 534; 5,985, 307; 5,972, 366; 5,900, 252; 5, 840,674; 5,759,542; and
5,709,874, Methods of Use [00186] Provided herein is a nethod for treating,
preventing, or aneliorating a disease caused by a virus, which conprises
admi ni st eMOPgO¥§3d1lsubj ect a therapeutical ly ef fecti ver@ERIss/08F46bptical |y
active (-)-0-exo/Cexo-tricyclo[5.2.1.024]-dec-9-yl-xanthic acid IA, or a
phar maceutical |y acceptable salt, solvate, or prodrug thereof Exanples of
t he di seases caused by a virus include, but are not |limted to, nolluscum
cont agi osum i nfection, HILV infection, HTLV-1 infection, HV infection
(A DS), hﬁhlﬁﬁdepaﬁm’ﬂepw\nrmémﬁ rieroser prlyethdensarophtidals, bitebmubesn, geni t al

her pes | nfeﬁi@ﬁ!bﬁ’:ﬁ el rﬁ@iersd&ﬁ?l@ﬁ@\m{yl a ct)ﬁjcg c%%%&sethyri%%rl ﬁace&@hﬁ&ﬁnpox

munps, poli o, i es, nmononucl eosi s res |ratory syncyti-al virus
|nfectlonakﬂ@ﬁ@m%ﬂﬂ@VdeeyykmgvﬁwéwﬁﬂmnMassdymewer arena virus infection
bunyavins infection, filovirus infection, flavivirus infection, hantavirus
i nfectiong, n@b@mu&yﬁngﬁa@ﬁtlon vi ral neningitis, west Nile fever,
arbovirus infection, parainfluenza, small pox, epstein-barr virus infection,

dengue henyy.rhagic t.onegal ovirus infection, infant cytonegalic
virus inf g@t 4ﬂ prid§ PEW?%’“%F?Q‘WO&E’QPS PreYikeskhredn pay Bpathyisieipdr al

gast r oent &rpic'fa] 3St.o t]h‘fﬁs}kﬁi, biifices, & M udosaO MBS topREIUHIBIni RKIRE S5 udBRALRG! htSde
encephall nce halitjs, california serogroup virus |nfect|on

shi n
St. Louis 8%@%35‘?? i(’J “i’@“"zﬁl P c\?&’leFleW‘F%@F ophihpigic, pgiulan gensdgmpt agils ease,
hendra Vi kafsnal, nfe@itehd] QBspireidthe bVictiSsdbinfiggtib@n, astrovirus infection,
adenovirus infection, Japanese encephalitis, |ynphocytic chorioneningitis,
roseol a i nde feve SARS mart cat scratch i sease,
sl ap- cheeLbT ?&Edr 0 ?‘iﬁ[ foé’%‘i%mp‘?f?é%f” d))‘é??éﬂ/‘i“%@" PHFEHES BIRNY HENL
virus inf é@hgecfnm(sbhdtdrefsluuéhle Ryﬂd}pftuirmiﬂmﬁaﬁabﬁ)fm 1LY a4y i i€ effdc® Mcluding
[00187]ExarrlHSons the viruses that a& h% ﬁble to the nethod for
t reat ment pr]oviﬁ)&mﬂ%ts'é‘cipﬁm’f%élcﬂﬁgs g5t VAR SornimeRist BgtingPOYEiEnovi r uses,

arbOV|rusmeﬁn@ﬂauxmwsnmasmmpammuseﬁmu@umwﬁwlﬁm&@SHmﬁQk@aﬁyh&ﬁﬁﬂﬁs

Coxsacki evi rus Vi n rus, ebolavirus, enteroviruses,
Epst ei n- BAF P Wi ng&or’fef g\gpq%g gemﬂ Ffabc\%‘ §°p‘%§wul@ﬁ‘?ﬂ&ff Behendr avi r us,
human T- Ighahmicélﬂtnhi(bompbﬁﬁtﬁs PravitEd RertinmanR QS fch &b R ApodbneH SBSallciUMaN
papi | | omavi ruses antaviruses, hepatitis viruses, hepadnavirus,
herpeSV|rﬂ§5§peﬁﬁﬂﬁ@?”§ﬁﬁﬁ@@§“WFWEQ@??ﬁ; her pes sinpl ex virus-2, infant
cytonegalic virus, influenza viruses, Japanese encephalitis virus, JC
virus, | d98&5ir usl;’hahyaqahmyy hephioe cmmn@xtnp&mslsmmne fbyiss amthe US,

mol | uscu [ Vi J: aralnfluenza Vi ruses,
par anyx O\r/q) @9&1%&%5@3&{9 rova&%,hemmﬁ%u%r %‘%Lsg ate noé L’f%{%{ ¥ u%qu PENFULIFS Hater-

pol yonavimiggble vetiiles nar-aqusqusvihitley anhtlrmyrobﬂl/@enm iof ptsscnladste@gﬁmz £H4S,

rotaviru r i ruses e I|t|s Vi rus,
var poel | o PR Retl b CagohRls, A LtiRre Bbions Rriale Pl Pa een

[00188] [ mm:@%dchmﬁsghemdsesuvpmdnsg s dagxu&igl agextif arsiig $6édbigfyidg) anot her
enbodi nmen h S, 1S an._onco Vi rus n certain enbodi nents, the
virus is g’ﬁ%v(gn Huét Egremﬁase?)ucgte“ © gﬁiat{ﬂgﬁﬁi"“ PRCEBY SN AESHBodi ment s, t he
papovavi ruspicgc@antpdyyromectons, ga¢kehihg agente) anddnerd gasgert ai n enbodi ments, the
papovavirus is a polyona virus. In certain enbodi nents, the papovavirus IS

papi | | omagisgius. n%ﬁ@%%bé&u@ﬂ*@@ﬂ%&!ﬁf&%ma} Q§%t\’@ Jdl:{islnistered pica \)%}P HH Orm‘

virus, in certalne I ments vVIirus 1 s nerpes

2009/ 003'FtEEBPRDWaEFTB@@Wﬂb@@ﬁ@@@@@hwyPlsmhthﬁaé@on!hlersmdl& drSceﬁEenfﬁiehod for

treating i Qr y t .a di sease
mj&lﬁgygmh aQQO\%Eﬁ@I'TV\A(' 1 0@% eErRé adm iégt%eéﬁ%eﬁo :

caused by an oncogenic virus rise a subj ect
havi ng oKE@BﬁﬁQﬂbmtE@@ﬁ@d@:@mhavmﬂ%mcﬁRh di sease, a therapeutically
effective anmount of optically active

(-) - 0- expios gxo-t Wh@}f@n%géugca%c&%}ﬁxgﬁcpr&/ﬂéd k?é?crﬁ nﬂkfbeapq%ﬂdéd’a? el @

pharmaceutically acceptable salt, solvate, or rug t
forms of ointments, creams, and gels Suitable ointment vehlctes include oleaginous or

hydrocarbon bases, including lard, benzoinated lard, olive oil, cottonseed oil, white
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[ 00190)1 n certain enbodi nents, the oncogenic virus is sexually
transmssible. In certain enbodinents, the oncogenic virus is papovavirus.
In certain enbodi nents, the oncogenic virus is a polyoma or papill oma
virus. | nWOSM4H1knbodi nents, t he oncogeni ¢ virus is KTHORYSHE400 rus. In
certain enbodi ments, the oncogenic virus is papilloma virus. In certain
enbodi nents, the oncogenic virus is human or bovine papillonma virus.
[00191]In certain enbodi nents, the di sease caused by an oncogenic virus is
a wart, incl ng, bEt,nop IipL;gg to, a,gl ntar wart and genital wart;
cervical &% Og?t‘a\’g’iag Sthars EREisBRIGIoF asaPy ‘bg‘aﬁﬁ PEat B%qr%?’h”i%ﬂfff%i“ﬁ’g but
not |i m t egdrbOsstehrat $017818 2dnd RARdkd @ NS [in; Afatc?-rEAGVGBIE baRS QG S 2dx‘6bﬂilhc

papi | | omavirus infectjon, |nclg%%?qm§nogenltal cancers, such as cervica

anal and pEFPEizatersoinbiscintRey Hineehielwleng glyetls of eeues melgcHiEC k

cancers, swih; 85ulbioR ba) it GRak-if-80 (WD) LSRRP FUUS wERNERHS emBRdnsKi N
cancers, such as basal cel | carcinonma and squanous cell carcinona,

[00192] | n "EBFIECHY Eio60)h AETRTY, m%{’&ﬁ‘?fﬁ?‘%’tl?@élmﬂd steanse ackblpegp Bertringlarn Lhe

ef f ecti vesapRubhs Plcidaer P@&ﬁrﬁ%’ ls%j)r@Ct"ﬂhUs% vehicles are emollient but generally require
(+0-exo/ C-exo-tricyclo[5,2 2' dec-9-yl -xanthic acid % or a
pharnaceu?ﬁwﬁmﬁﬁaﬁEﬁ@ﬁWéHﬁ@”?ﬁF@“w§olvate or prodrug thereof or a
pharmaceutical conposition thereof, results in a 10% 20% 3096 40% 50%
60% 70% [@0%%] 90¥Euidhi crOWbE CATDeilRMNAGK bOWattRintdie Treddt vedalds@mnyof the
Vi rus relgtlve to isub ect . w t hout adnlnls ratlon of the conPound as
det er ni ne ftefrwfafa?jj ¢ 3n in an gyLphase, 3N ¢y er5 angApaquepys ghass Theilyays, or
30 days aphes isahe cadatmeirhdradll ﬂrasebwha;hnﬁgehadnjkmwhswgftﬁa@oi%h anB &0 ,
determ nation of viral titer. éﬁﬁ%B ]1ln certain enbodj nents, adnlnlstratlon
of a ther Eﬁéaw&)éfﬂc a%?ﬂﬁ!@@ff LAhohRt T8F 2qeusabrrecarall, dibpyghe

(+0- exo/ Cn&¥®art!y,ieRdEelOhS0i? pHasd AAWGRE afl deherkiBNdoRtabnsatuthedbht. The @
| y acceptable salt, solvate, or prodrug thereof; or a

phar maceut i k

phar maceutTs *efdﬁﬁﬁagviqrawiaflﬁwewaewﬂwmpwc&aﬁomcz or gmpheteris 10, 15, 20,
25, 50, 78yfad80-fold or nore reduction in the replication of the virus
relative to a subject wi thout adm nistration of the conpound as

det erm ne 15 days, or

0 Gays OB o M dr Y e sh B on e B SRS P RS S T 001 54] 1

certain eusfgnﬁﬁ mmmxsqleca&mimrﬂmfeaku!ﬁmnﬁzf !yamifbl&rlﬁpmugh@&h&e}hqafdfcﬁﬁterve anmount

of the opti.c active rng 021-dec-9-yl -xanthic
RPING T e e e A R s RS e

t her eof ; @rbo&ymh&ﬂ@ﬁﬂ&ufhrﬁ@ﬂ:o]@ﬂ[ﬂdﬁ&hﬂﬂc(pﬂlytnhﬁrs&xﬁ]ﬁ as podgtticsie bidas, 10% 20%
309% 40W 70% 80W W 95W % or, tion in the viral
S ter T ol PR pE AR R B R VP TOF Nt GBRA.  as

det er m netclads hid@aybrop?] etdyse, $y&iayﬁxhy{lcmllame, hpdraysopylBetialydiulckh days, or
30 days ter the adm trat y nown in the art 00195]In
cortaln dhiStiem SRR S bR MO Bt Do st 98 ampunt
of the optahbad dum; aedivnd @lginate; and gelatin, In order to prepare a uniform gel, dxspersmg
(-)-0-exo/ C-exo-tric xant hi ¢ .acj.

phar mac e fBPESTFY A% é?)'t"é%ﬁ’ée%‘hqa?%e%%ﬂ gaotr&e I" “ﬁra%?i‘lt £Rg he "f% b3’or a

phar maceufiiueaibn, GoRB&al kg heveefirngesul ts in a 1, 2, 3, 4 5, 10, 15, 20,
25, 50, 75, 100 or nor e fold reduction in the viral titer relative to a

subj ect t a stratlo of t ternmned . at 1 day, 2
days. 3 q/ey Gk PhERGEHEN simaty B HEPR e f et RRPEREST e
adm ni St rredrally nurl:‘ijlraﬁy,%glhﬂd’ kin@vmagimlly lvethafdrms of suppositories, pessaries,

bougies, poultices or cataplasm, pastes, powders, dressings, creams, plasters, contraceptives,

ointments, solutions, emulsions, suspensions, tampons, gels, foams, sprays, or enemas,

These dosage forms can be manufactured using conventional processes as described in

Remington: The Science and Practice of Pharmacy, supra.
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[ 00196] Furt her provided herein is a nethod for inhibiting the replication
of a virus, which conprises contacting the virus with an effective anount
of optically active (+0- exo/ C-exo-tricyclo[5.2.1.02" 6]-dec-9-yl-xanthic
acid I A YO XY HWEhaceutical ly acceptabl e salt, sol vatRCT/ER0SM06T g
thereof. [00197] 1 n one enbodi ment, the virus is sexually transm ssible. In
anot her enbodi nent, the virus is an oncogenic virus. In certain

enbodi ments, the virus is papovavirus or herpes sinplex virus. In certain
enbodi nment s the papovavirus is a polyonma or papilloma virus. In certain

embodi ment®@15¢he pdiss@hyrethyal, pad "ég‘ﬁéllsyﬁ??é“‘?ﬂeﬁﬁ’@Soil%b%’éfi’-‘tf‘é”ﬁseéi?ﬁé‘mrrents

t he papovayiy dHicks wiRRlatel QIR aMdrditsry tén{beﬁaeir&s%@n@niapsmﬁa@b%dy fe@eMtdrllS 1S
human papilloma virus. In certain enbodiments, the virus is’ herpes sinplex
virus. [OLSBpeihcashYainaredispéinmisdsis oriiies. Fhatmaceytisy hocceprblaarrisss with a

t her apeut iyg@leh Yo €fdiegl 'vgé?mﬁ@ﬁ’%ﬂahto?lfes E@l@d@%k@e@l du¥h Qscgt:'fﬁéﬁn agents, which

(+0-exo/ CG-exo-tricyclo -yl -xanthic acid %\ or a

phar naceupfﬂéaqelayn@%@e‘mfém e @éqxemuss@”lb@éx @mpéfrﬂmp@r @@F%@Wh’éﬁé@fﬁth ther a

phar maceu 5:89f 0 50%
60% 70% tphzgzg%% gg&&m /5%“ OFHER nerd R blckflafts KMot beritithartlil POV Ve
to the vi Pusifiigantsedium gekrbisblitea ctuitalie veledasrindlydgdbuirrenoglampited@odeyey, 3 days,
4 days, 5 [Nk ontact, by
a net hod E%’%\},‘ﬁhﬁoﬁgnﬁ%§ gtbjéf‘gg%éﬁ ?%b&é\gﬁj( igogjﬁﬁggf}%gﬁ%dsm E%ehﬂi cl(q)nt acting of
t he vi rus pawffin, whitehiad st W@alan@/a;wfcfpelefteurrvemmﬁmpmofdltamsftngiweelmslgf active

(-)-0-exo CRIrYdve i i ; '
o Smsoh s USSR oy 08, Bl Al AN AR Dol ot
phar rraceug’iyminafc@mi@m t€@nbm$temegﬁthe vamus vehidles ngaylbe uded. Rectgl ang vagdigel 15, 20,

25’ 50, 7 %B%s(?tgnés%agf H2pr aﬂﬂ{e@ bé Fﬁ%e Pc@se'dg}\eg:%ﬁ QY oﬂ'ﬁn 'Ttéxgbgal;c%g@%}g (&t 0 1 he

virus wt such term ne 4 days,
5 days, 1®reday®dvaﬁndayﬁnosmmbd'ay?sméfgter t he |n| tial cont act, by a met hod
known in the art. [00200]In certain enbodi nents, the contacting of the

virus wtfyopsdyher a@ﬁ%ﬁa&%deﬁtma@é&‘n&%&h&% W&H&the&fxn hhevopilisakly active
(-)-0-exo C-exotrlcy dec-9-yl-xanthic acid IA or a

phar maceuphegimigaliyde %tf@m@f§@mon$s&9m¢aﬁt@s @P‘"ﬁﬂfﬁd@‘m‘ﬁs‘?ﬁ‘feﬁé@?m‘@r a

phar ”ace%dhﬁl%hs BQ\H&%M'sc%t:én@egeﬁ()&ouia'%ﬁﬁéﬂst%dx& Pan%o% 20% 30% 40% 50%
60% 70% 80% 90% 95% 99% or nore reduction in the viral tlter rel ative

to the vi rus wi t hout such contact, as determg‘?d at %\ﬁﬁ . ys, 3 days,
4 days, S5O8EYS, 107 Braphermacsuticsl compgsitars Rpegided feé*rm%%e% iniftege cont act by a
met hod knmﬁhabdmytoh@y Ahbiatidr00 2@k dpaer taai, nn@rﬁamhamtc@,wﬁ]m;tmmmptu ng of
the virus with at erapeutlcally effective iarmunt of the optically active

(+0- exo/ d’%%i?)"’@erdﬂ%ﬁﬁél fgpsotan pegl 6] Od%‘lf’“@orﬂe IVETHEHPEE BEfSHTICA cogpingy:
phar naceu[sllnq;al;ﬂr% 3eE0RE a3k essa kiomise LMad ﬁecti@hyd?éd}dﬁ:ﬁ@s tmds@eé afigF a
phar maceutical conposi tion thereof, results 4, 5, 10, 15, 20,

25, 50, 7Bist ﬂowbakzewb@epbwowéw%% %‘FP?W“PW%PKHF’F%“‘ tsswthéf fdi%tive to the

Virus wi t@eytuofkihel@Ntiact, 3, 38Shef@NOsopofthe AlThd pHdaKacedicdBdmpositistatsay 4 days,
5 days, 10 days, 15 days, or 30 days after the initial contact, by a nethod
known i n &§ee @quded as a dry powder for insufflation, alone or in combination with an inert

© carrier such as lactose or phospholipids; and nasal drops. For intranasal use, the powder may

comprise a bicadhesive agent, inciuding chitosan or cyclodextrin.

[00158] Solutions or suspensions for use in a pressurized container, pump, spray,
atomizer, or nebulizer may be formulated to contain ¢thanol, aqueous ethanol, or a suitable
alternative agent for dispersing, solubilizing, or extending reiease of the active ingredient
provided herein, a propellant as solvent; and/or a surfactant, such as sorbitan trioleate, oleic

acid, or an oligolactic acid.

- 47 -



[ 00202] Provi ded al so herein is a nethod for treating, preventing, or-

aneliorating one or nore synptons of a disease in a subject, which

conprises adm nistering to the subject having or being suspected to have

such a di ¥&2889/0087 her apeutically effective anount of RPVEREIINPS4EEL i ve

(+0-exo/ CG-exo-tricyclo[5.2.1.02-6]-dec-9-yl-xanthic acid IA or a

phar maceutically acceptable salt, solvate, or prodrug thereof. [00203]In

one enbodi nent, the disease is cancer, including, but not limted to,

br east | u ancer , pr.ost at e canceyr, ovarian cancer, Dbrain cancer,
OISO o v T

liver can ?:‘5‘6‘8%%"03188’1"8??“6"%8‘8?”"34 Relp M Re BYCroniigdio d it er |

head & ne@iﬁta@arf@;&re livdI0 BR it alaGE, suchSO Ph AgLShe 6 BLIBEs, ol(aRidRIMeGRNG 8dss. uterine
cancer, yrphah c cancer, Ieukema .Sstomach cancer, pancreatic gﬁncer

testi cul ar 2IGeHAOHEN 5268 aniF Preprisd HyRg drAnmingizRoRytsddpram i herskiled s a

met hod f ofy sham RidH RGpiked) et @kﬁ!hh%lﬂxﬂd 8dd jehaspRbobRafRaGiuid Yht&hnganpri ses
cont acti n% phosphol ipase Cwith optically active

(-) - 0- exofCPRBYRRICVE W@TQSSEF‘?@?TO%’&”WWP’ sestrieeaci d 1A, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof.
[002051De|gm16® ng omabhecsdﬁlma;dtc@mb@et fof ateafl amimlalt @ issubja&etmas beondi ti on,

t he optic ﬁ tive % xo/C—tﬁgotrlc clo{521021 de I-xanthic
acid 1A, Eﬁ’ﬁ pRufer {PraRiBpPREPE LRt comPEHi &rovE ‘%F otr tig
thereof , piiQvi@eedieagi fhcﬁ&ylab@sea(d'rﬁkalﬁih$hﬁﬁﬁ&rﬁbﬁn@bﬁhodlﬁl&r ekt aleudige, g. |

i ntrarruscul ar, i ntrgrﬁ:erl t oneal Etraveno S, I%V, intraci stemal injection
or infusi SWPLIOLIE BE é‘&i?smiafﬁteecme frtosgpay Bri)f“ﬁ’ﬁ ipus ot e AP TN, Phasal |

vagi nal , Rk sateS UhhdrAGitdle exOibich@Phdhdle dbarag, gludoka ARtlese @bl xhiaeRl ) routes
of adm ni stration, and ng%‘ be fornul ated, al one or to eth n suitable

dosage unfrectaier Heiosn ARGE "is%aﬁefha‘?@éﬁ{"éﬁl%mﬁ%sﬁf‘i“é?? ‘GE\%IF‘H?/‘% s and

vehi cl es apREORMihaika aﬁﬂfnzﬁx&ﬁ&x m@yﬁ@ch@;fcoa@mem sl 100r, shdlRQahthbesndose may
be in the form of one, hree, four, five, six, or nore sub- doses that

are adm ni%‘?‘é‘i"\é‘&?ié’t”‘é?ffb‘inﬁﬁr?‘ﬁ?és?aﬁ‘fhé“ﬁ’(}a‘lséccﬁé‘i‘“%?gi}m The dose or sub-doses

can be adm nistered in the formof dosage units containing fromO0.1 to 10
m | I'igranoofigigm O. Tht phdvmudebiidal c@nmositions froddeddedeit for ﬂ)pn:iail ddidmistrtiact | ve

i ngredient (s e.unit, and if th atient

Foqu r es. mepte BEEUSEL R eGP Cat e bR Bt Mulre ERPL oo

conti nuouslsianiedﬂ&pxﬂfbd [cORR0¢§-| rrgeexlt aidrprezndrodédrelrtss, an appropri ate dosage
| evel is about 0.001 to about 10 ng per kg patient body wei ght per day

(my/ kg pef, g,g;é edektg%g 0.01 to about 10 rrg/ kg per day, about 0.01 to about
| ng/ kg per , or a jout 0.05 to about 1 nmg/ kg per day, which may be

adm nistered in single or nultiple doses. A suitable dosage | evel may be
about 0.009142 25 Rgvt Ragrpeseuidng) compssitionsproidedthgreronigradgmpistedit  or  about

0.001 to r t I & to
0. 005, 0. &5@%&;@%&% doga%l‘ fordlY tAY Red Rirdin [BNG8n MIM%EWSF&)% BCHOQ%%O& I n

certain efebodi yeiak e ffaﬁoraﬁfﬂe@ﬁ?qlgﬁégfdb%gﬁgﬁol“gﬂ?é‘lerT‘? ébfgﬁgm gf%!l!* thaiéut 0. 2,
an immediate dosage form when administered by the same route. Modified release dosage
forms include delayed-, extended-, prolonged-, sustained-, pulsatile- or pulsed-, controlled-,
accelerated- and fasi-, targeted-, programmed-release, and gastric retention dosage forms.
The pharmaceutical compositions in modified release dosage forms can be prepared using a
variety of modified release devices and methods known to those skilled in the art, including,
but not limited to, matrix controiled release devices, osmotic controlied release devices,
multiparticulate controlled release devices, ion-exchange resins, enteric coatings,
multilayered coatings, microspheres, lipesomes, and combinations thereof. The release rate
of the active ingredient(s) can also be modified by varying the particle sizes and

polymorphorism of the active ingredient(s).
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about 0.3, about 0.4, about 0.5, about 0.6, about~ 0.7, about 0.8, about
0.9, about |, about 2, about 3, about 4, about 5, about 6, about 7, about
8, about 9, about 10 ny/ kg per day. Kits/Articles of Manufacture (%00209] The
opti cal | yYWRAINE3140- exol G exo-tricycl o[ 5. 2. 1. 021- dec-BWER2MEAPHPE acid | A,
or a pharmaceutically acceptable salt, solvate, or prodrug thereof, can

al so provided as an article of manufacture using packaging materials well

known to those of skill in the art. See, e.g., US. Pat. Nos. 5,323, 907;
5, 052, 558; 5,0 Wl &81.0F ; I . I erials
i ncl ude, Lot??ggre no%%alﬁﬁrﬁ ?‘Eﬁ@o{ﬁ@ q'gIa?séf@@%’@ﬁ%ﬁétt}%ﬁlfe@g&i?ﬁ%g%,c‘qfwrc\lhaI ers,

punps, baigsy.SvRaalNgs.: SGAS,ATE1946,88%3i536,:889; 398, 1 ahy.008TKaGi6T4.5hmt er i al

sui tabl e sel f | at.i , ! wdrd.ni.st.rati on and
Creat nent CODOILOP AT St Rt Sl S8 A Rr SR S BER Gt by t he

medi cal pf.a8%108; 6ARY.474; CARR. 3IPOVE.HOI; hOSGMA, )98, BEE I6OHS5,830; 41987.0bt i at e
anmounts o .ve .l edi i 1hj N t ai n 0dl s, the kit
provi ded HeFarR” PR THEE E b rReR BRE be Bt Bl S BRATS R a1y
active (+06BXHBCaredoso0rsi0eycl o[ 5. 2. 1. 02' 6] -dec-9-yl -xanthic acid | A or a
pharmaceutically acceptable salt, solvate, or prodrug thereof [00211]In

certain ewg{{i%hgflf%'ﬁ}eg%#%ew active (+0-exo/ G exo-

tricyclo[5. -xanthic acid I A, or a pharnaceutically
acceptabl e salt, solvate, or prodrug thereof, is admnistered in
conbi nat i BAl&H t h offhepharheniraltamposiyersrsoadeddessy ip BatpdHisd é¢lerse The ot her

t her apeut Jicﬁa%g&% DafTBY faBicat@YisiPh nler AR MALAEAE al\ReednB@h kEMbseat the sane
time or by the sane route of adm nistration. [00212]In certain enbodi nents,

the kit i¥dleddedheartéuatiakeac: eonpricrlagdi ofSeatelled Belivere” ¥pit #-cal |y

active (ﬁgﬁﬁﬁgﬁ&éggqﬁkgh@ygﬂ0[5.2.1.021-dec-9-y|-xanthic acid IA or a
phar maceutical ly acceptable salt, solvate, or prodrug thereof, in a

cont ai ner congrising one or, nore o%her t her apeutjc agent(s) descri bed
herein. [BBYP3] Ki t & PrSTPEEBHel e PREITPATTUNEA FIRROSUIAR) RTEEIFEIeRd & hat are
used to adgdifddtREseliBfgagdrinvefomgibRduant & erbislepla8& Rbicsualicrdewkees

i nclude, but are not Iimted to, syringes, needle-less jnjectors drip bags,

pat ches, a4l KERCE S o sphidIqR e 433, ARAIYES SR POl a PePddll*ude condons

for adm nicsirfias %)&Pmélffs ahd\@ridgiveY Qud@pERsRMSided HIBAAdiS t s provi ded herein
can further include pharmaceutically acceptabl e vehicles

[00166] Materials useful in forming an erodible matrix include, but are not limited to,
chitin, chitosan, dextran, and pullulan; gum agar, gum arabic, gum karaya, locust bean gum,
gum tragacanth, carrageenans, gum ghatti, guar gum, xanthan gum, and scleroglucan;
starches, such as dextrin and maltodextrin; hydrophilic coiloids, such as pectin; phosphatides,
such as tecithin; alginates; propylene glycol aiginate; gelatin; collagen; and cellulosics, such
as ethyl cellulose (EC), methylethyl cellulose (MEC), carboxymethyl cellulose (CMC),
CMEC, hydroxyethyl cellulose (HEC), hydroxypropyl cellulose (HPC}, cellulose acetaie
(CA), celiulose propionate (CP), cellulose butyrate (CB), cellulose acetate butyrate (CAB),
CAP, CAT, hydroxypropyl methyi celivlose (HPMC), HPMCP, HPMCAS, hydroxypropyl
methyi cellulose acetate trimellitate (HPMCAT), and ethylhydroxy ethylceliulose (EHEC),
polyvinyl pyrrolidone; polyvinyl alcohol; polyvinyl acetate; glycerol fatty acid esters;
polyacrylamide; polyacrylic acid; copoiymers of ethacrylic acid or methacrylic acid
(EUDRAGIT®, Rohm America, Inc., Piscataway, NJI); poly(2-hydroxyethyl-methacrylate);
polylactides; copolymers of L-glutamic acid and ethyl-L-glutamate; degradable lactic acid-

glycolic acid copolymers; poly-D-(-)-3-hydroxybutyric acid; and other acrylic acid
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that can be used to adm nister~one or nore active ingredients. For exanple,
if an active ingredient is provided in a solid formthat nust be
reconstituted for parenteral adm nistration, the kit can conprise a seal ed
cont ai ner W&f208/%¢i abl e vehicle in which the active i ri§iTEEMeH0Tah be

di ssolved to forma particulate-free sterile solution that is suitable for
parenteral adm nistration. Exanples of pharnaceutically acceptable vehicles
i ncl ude, but are not Ii m' ted to: aqueous vehi cl es, including, but not
limted £Q,. V¥ uch roy egltmgrrg Pino merso?bg or| %ie | nj ection, Ringer's

I nj ecti on, rBex‘frose? G SPPOm; Iﬁe?rpog an odi }F%'ahﬁc)rlde I nj ection, and

Lact at ed E&eﬁg&xﬁet}mciyﬂqteemym;thammam ethylaciyhteeQvdihkibylesinoethglhmethavgylatbut  not
limted to t hyl .al cohol ol yet hyl.ene gl ycol, and pol ypropyl ene glycol;
and non-a @TEQQ{}%W%‘P@EXUW%W{%%%” t not limted to, corn oil,

cottonseed oil, peanut oil, sesane oil, ethyl oleate, isopropyl nyristate,
and benzyKMbéﬁzoaténmENAWEhE&hp@@thpmmmusedmhﬂmebﬁﬁmﬁh@fbymﬂﬂhtWth
conventions_use n_these. ? | ess of
whet her aaﬁﬁ%?.%ﬁeé?“” ?%5|a |6% |?g§%gc F WQ g Migfbt%%%5|stent

W t h t hosmauizedd isneledsed plmmaxdyrppdﬁfuymsduerghnﬁa mert mawﬁanuraémtdxacreéxarrpl e, the
Jour nal OF\A Bi. 0

e _An gi cal
Cheni stry' aéﬁlglé isﬁ?aip S/use 6 %n?/\/l_fir?lou n}aRr¥x. evice mc u‘gl%ch' 'E)Qtaé:? ot inmte(lj %
abbr evi at inesisblerpigstize, sused potyetthhbneepalry]mioaﬁera:npbl;nmmgmumlsdbh@ esqaeCI fication:

it
ot O( pounbt it Rty pePhTR kg B b Rbyry PPt Tl ool VS Gl ar) .
{—Iz (Her ': Zﬁyolwaerci-(lcmlgaﬂnahylza):tyianaaﬁe@pr?hah@crylamnﬂm(ymel’sl ethyjbxes\%:nylmia(er oomh ,.
enper at ur m nu r_chromat ogra
o (el 1 SG0 BT SRR e o ot Pl SR A 0
(trifl uorﬁaﬁeﬁib@deampﬁ)meﬁliﬁch(vhryl sietayd, aimy idepe cﬂwﬁc(mmﬂwrahydpmbyleian) TFAA

(trifl uoroacetl C anh ut er (deut er at ed
chl or of or RO EHERF '(héi ﬂ% eﬁ"‘y %’ﬁl ’Oi:gIE dbc!’%e%cpff% N YEE%"J?Qer Vmgipher e);
Et OAc ( et diydhobepbiine), ,eth@ld&‘é/@in{z!@h&tamm@r mqhol—i@po(yhydmmd:hl or| c aci d) Ac

(acetyl); | fo mamd C

car bonat e?‘BI’YF 6814‘3’ ‘E(tyH%WlﬂYfOPO e é‘f)ﬁ)v W%‘%@E‘(ﬁ% %lk%idlyﬁccxim{\t)é ( rret hanol ) .

[ 00216] FopolpdityldtretpRehbiate] murﬂgutmxa@ﬁhbm,mmanﬂﬂydﬂnwiklwmea,mdmpw| fication
nmet hods known to those ski n the art c | ze, Unl 835, Ot herw se

i ndi cat ed®2 P CORPHETET: 4P shygfoé’h’é‘ﬁﬁf}lég?%‘suic lﬂ(y(!iéed nlose CEFSFAlE) . Al
react i ONScr6PARUGHpshdirosk diaRRd pRAREY apcuci@zaarﬁoe@mymchmrewascefanpt@dpouswt heti c

met hodol ogies illustrated in Zﬁlhemss 2 9,8 ane intended to exenplify the
appl i cabl CR AeRme R VP PRTRHY E eu"é%‘%f’fd ?%é%er‘fjl ¢ exanpl es and are not
i ndi cative of the scope of the disclosure. Exanple I Synthesis of

opti cal | y[oams]ve (lr)amateixobﬁoéx@meratwetbxo{lﬁc Q@Sﬂ:@@@le@afﬁ-kdwécgaylbe xant hi ¢ acid
I A [00217 theS| opt i cal i i
(+0[ exo/ C,J ggg‘ E%y oF & oe[’?é epq?ﬁyq%]rk%’égﬁl i-c%/?d-’ )%ghotg ﬁﬁgyg%ﬁ%% it Kl(glpém I ust r at ed

i n Scheneszed oﬂnhel p&lymer and/or the active ingredient(s), the ratio of the active mgredlent(s) versus

the polymer, and other excipients in the compositions.

[00169] The pharmaceutical compositions provided herein in a modified release
dosage form may be prepared by methods known te those skilled in the art, including direct
compression, dry or wet granulation followed by compression, melt-granulation followed by

compression.
2. Osmotic Controlied Release Devices

{00170} The phammaceutical compositions provided herein in 2 modified release

dosage form may be fabricated using an osmotic controlled release device, including one-
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[00218] Step~l. A m xture of dicyclopentadiene 8 (132.2 g, 1 nol) and 48%
hydrobrom ¢ acid (227 nm.) was stirred at 70 C for 3 hrs. The precipitates
were filtered and washed with hexane. The organic | ayer was separated from
the aqueoW® 2®P&H! and the aqueous |ayer was further EXTFEEHEQ WY h hexane.
The conbi ned organic | ayers were washed wth water, dried over anhydrous
MpSO4, and concentrated. The residual oil was di sti | led at 105-113 C under
vacuum (12 mrHg) to provi de C-exo brom)al kene 9 as coI orless oil (199.3 g,

05590, LSO oo AR08 oMl 5 g B 2

[ 00219] St eﬂnﬂlngfﬁreaysm (E@S}n hoéen&-aemmh EaeEaakken tal tivb cehfyreniaqefat e (200

nL.) was added,10% Pd/ C re was . hydr ogenat ed at, 50
ov)er ni ght SOTGRAEC 5%'3?‘9% e?’@ﬁg{fzggg‘) f(P)ﬁsrsg‘t“?%'ﬁ %d“?rﬁlﬁaqﬁé‘é&ﬁt&?S‘sol ution

was concenﬁercaneﬁly pﬂfh@vhﬁ@sdnéﬂpaﬁlatés :hem& THestinlgeffeadle ndchdradnk86nikiid@E vacuum
(12 nmbg uég{ ovi de ,CG exo br onoal kane 10 as %ol orless oil, (196.53 g, 98%.

NMVR (CDCI WRteE0 e gre((OpHAN qge0us SRETORMEE of 15 SO o PRI reeass b3 To a
suspensi ogki@biok Biakdsh (HeSelider@porfls)675 nol ) in dry tBuOH (400 nl) was added
dropwise with stirring a solution of C exo bronoal kane 10 (96.81 g, 0.45

nol) ind L-1F (1 t roomte ure. e mxture was refluxed

over ni ght foﬁhﬁér ar &b?‘ij%“}&f’ %&‘eéggfsllwd@ﬁ Eﬁﬁ?i(’gﬂwﬁfﬂ?‘fﬁ “W@as diluted with

wat er ( 80&ptivhyilydndudex b awdiceid ag\ﬂn’t khitexcesaes a §Heing eortd foedamdp@estivatdrayers were
[ tered, and oi |

dried ove dr.ous concentrat.ed. The residual

Cas i of TR S heE pitate e B poE sk o Pt S ek B & kene 5 as
col orl Er,‘dSSsvmtlhblé Bﬁh@ﬂx;hcﬁﬂ%ners Wiich aeadsp raepkd 12 94 smbdolimerddlhfz, 1325, 693( VB
APO z 1,05 1.30-2.00 (8H,
( , ) é‘é ‘iié ‘“"Wi’ “gﬁb%g"tgl‘l\”%ﬁ Efg%ﬁh%‘c[%@g?‘idﬁf% P&Y")ré?‘%’n xture of

tr| S- (d| bmydchdmeamehomc)mrdlalg&iaieaﬂj wH(ylbhe oRd2 (HECB) pcﬁfﬁﬁyg@d@&&c&dduct ( 41
ng, 0.04

T oat o PP sahe e T i Hoh BT mAie R B P b Bidoar | ane (1
m., 9];_65 nmy(memdrhncsgm rpof}glﬂylwﬁbhc&hga’fvatcr%&ﬁ?eg enpe;lsoaﬁvuﬂll yeaieé(f)jho(D C. h_The
specific ent at e n and o or mul a use nthis
reaction (ﬁg %’Vc‘g’ﬁp?&ﬁo ’?%ﬁe&% l?’m%ﬁf‘dqg‘ hy&ﬁﬁ’i‘?%cﬁ’ﬁao’??fs %Lﬁﬁenyl The
m xture Wﬁ{&h)g h&ﬂ}asﬁéflaléd@d vyl &daﬁzesmﬂéuﬂmeryaiemaﬁeswetram;ghhg% mbe L egctl OE

m Xt ure s. dilyute exane .dr,0 washed wit
hexane. THEXES Prﬁéﬂ’séﬂ'@qﬂqsﬁ‘:ga*\_}\iﬁ?@“&dﬁé‘é’gﬁﬂé}?éﬁ uiese 3‘55& B)‘C[g?ﬁé’pf?ﬁﬁ cally

act i Xe Si ceBX0deQERO), @&@‘aﬂ%cbﬂyaﬂethﬁ cdBul ?@kHPm&aﬁokymWMHhﬂ‘%S (glsietjl directly
in the nex er purification 0 a mxture
of cr ude 26 cRhapelih BT Blgn | R e B SO ek e, 28 ) 1
THF (10 nbdivantrddoledd nml), cooled with an ice bath, was added 30%
aqueous H202 (5.1 nl) dropvvi se with stirring. After stirred overnight, the

reaction re ) d with CHClB The ¢ i ned organic..l ayers were
washed V\n[%lxlv\gt er, a9 e@lcéaﬁ/seo OHRHV AR B R8N VPh AL Rl i%‘%ﬁ"‘ﬁ&ﬂ“@entrat ed.

The cr udevaprr adafittt anasmptic prkssed gradieht &irdst ta belieosfahogiapiiidgeoptqvi de
optical | )étlitéﬁi)tle osmoger?s tnclucféogu(fjarex Ot hamxit%% o, moZgaar'nSc S%P | (s)tgclh%grsnagrlmsxu suAfate . 19%.
magnesium chloride, calcium chloride, sodium chloride, lithium chloride, potassium sulfate,
potassium phosphates, sodium carbonate, sodium suifite, lithium sulfate, potassium chioride,

and sodium sulfate; sugars, such as dextrose, fructose, glucose, inositol, lactose, maltose,
mannitol, raffinose, sorbitol, sucrose, trehalose, and xylitol,; organic acids, such as ascorbic
acid, benzoic acid, fumaric acid, eitric acid, maleic acid, sebacic acid, sorbic acid, adipic acid,
edetic acid, glutamic acid, p-tolunesulfonic acid, succinic acid, and tartaric acid; urea; and

mixtures thereof.

[00173] Osmotic agents of different dissolution rates may be empioyed to influence
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IR (neat) cnd: 3347, 2941, 2861; M5 (APCI) miz: 135 (M+ 1 - H20); H NWR
(CDC13) 8: 0.85-1,05 (2H, m, 1.15-1.40 (5H, m, 1.50-2.00 (8H, m,
3.70-3.75 (I H, m. [00223] The enantioneric excess (e.e.) and exo/ endo
rati o of GPYWANIN1 active (-)-0- exo/ Cexo al kanol 7 vig/ERst@sHmidned by
converting the nolecule into a carbamate as follows. To a sol ution of
optically active (-)-0-exo/ CGexo alkanol 7 (91 ng, 0.6 mmmol) in THF (5 nl)
was added 3, 5-di nitrophenyl isocyanate (150 ng, 0.72 mmol ). The reaction

m Xt ure s sti d at roo erat hrs. After repoving .the
Corvent . "B bl 66 et bR G ittt S PRl Bl bt A o T O S PIE 4 ¢ he
cor r espongifghaRsharsnakck adsapilgemy BF [(Sry P&é]fﬂfapb&bl@ Dﬁﬂcam): usddiid frot@bem cal

purity): 99.2%. HP C_(ot'cal ur i 83% e )m.z: 360 (M- 1);
Exo/ endo ?aétﬁ ‘g%“’@’i’ éﬁ‘?'@rtﬁ? hfih" %th%%b‘??&‘]r‘?ﬂ@% FP%IEWHF’B%H Xyl atio
reacti on west ahd@adRlly Bkl adsbder ttﬁehemelatr@aﬁﬁ)hma@ ghalkdethe B&R6L 1 ON

conditions. The results are sunmarized in Table 1. Table 1. The

Opt i mi zat [e5# 5 PABSHRAET POBIRFAYF 6459 gYes R Bicnesd aefryagtof HoEodrissesedbtr e (O
(5-16) Yighide (n%@edl@ﬁfs\ﬂs) released at such a rate to replace the amount of the active ingredient

metabolized and excreted.

[60174] The core may atso include a wide variety of other excipients and carriers as
described herein to enhance the performance of the dosage form or to promote stability or

processing.

[00175] Materials useful in forming the semipermeable membrane include various
grades of acrylics, vinyls, ethers, polyamides, polyesters, and cellulosic derivatives that are
water-permeable and water-insolubie at physiologically relevant pHs, or are susceptibie to
being rendered water-insoluble by chemical alieration, such as crossiinking. Examples of
suitable polymers useful in forming the coating, include piasticized, unplasticized, and
reinforced cellulose acetate (CA), cellulose diacetate, cellulose triacetate, CA propionate,
celiulose nitrate, cellulose acetate butyrate (CAB), CA ethyl carbamate, CAP, CA methyl
carbamate, CA succinate, cellulose acetate trimellitate (CAT), CA dimethylaminoacetate, CA
ethyl carbonate, CA chloroacetate, CA ethyl oxalate, CA methy! sulfonate, CA buty!
sulfonate, CA p-toluene sulfonate, agar acefate, amylose triacetate, beta glucan acetate, beta
glucan triacetate, acetaldehyde dimethyl acetate, triacetate of locust bean gum, hydroxiated
ethylene-vinylacetate, EC, PEG, PPG, PEG/PPG copolymers, PVP, HEC, HPC, CMC,
CMEC, HPMC, HPMCP, HPMCAS, HPMCAT, poly(acrylic) acids and esters and poly-
{methacrylic) acids and esters and copolymers thereot, starch, dextran, dextrin, chitosan,
collagen, gelatin, polyalkenes, polyethers, polysulfones, polyethersulfones, polystyrenes,

polyvinyl halides, polyviny! esters and ethers, natural waxes, and synthetic waxes,

[G0176] Semipermeable membrane may also be a hydrophobic microporous membrane,
wherein the pores are substantially filled with a gas and are not wetted by the aqueous

medium but are permeable to water vapor, as disclosed in U.S. Pat. No. 5,798,119, Such
hydrophobic but water-vapor permeable membrane are typically composed of hydrophobic

potymers such as polyalkenes, polyethylene, polypropylene, polytetrafluoroetiylene,
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polyacrylic acid derivatives, polyethers, polysulfones, polyethersulfones, polystyrenes,
polyvinyl halides, polyvinylidene fluoride, polyviny! esters and ethers, natural waxes, and

synthetic waxes.

[00177] The delivery port(s) on the semipermeable membrane may be formed post-
coating by mechanical or laser drilling. Delivery port(s) may also be formed in situ by
erosion of a plug of water-soluble material or by rupture of a thinner portion of the membrane
over an indentation in the core. In addition, delivery ports may be formed during coating
process, as in the case of asymmetric membrane coatings of the type disclosed in U.S. Pat.

Nos, 5,612,059 and 5,698,220,

[00178] The total amount of the active ingredient(s) released and the release rate can
substantially by modulated via the thickness and porosity of the semipermeable membrane,

the composition of the core, and the number, size, and position of the delivery ports.

[00179] The pharmaceutical compositions in an osmotic controlled-release dosage
form may further comprise additional conventional excipients as described herein to promote

performance or processing of the formulation.

{00180} The osmotic controlled-release dosage forms can be prepared according to
conventional methods and techniques known to those skilled in the art (see. Remington. The
Science and Practice of Pharmacy, supra; Santus and Baker, /. Controlled Release 1995, 35,
i-21; Verma er ai., Drug Development and Industrial Pharmacy 2000, 26, 695-708; Verma e/

al.,J Controlled Release 2802, 79,7-27).

{00181} In certain embodiments, the pharmaceutical compositions provided herein are
formulated as AMT controlled-release dosage form, which comprises an asymmetric osmotic
membrane that coats & core comprising the active ingredient{s) and other pharmaceutically
acceptable excipients. See, U.S. Pat. No. 5,612,059 and WO 2002/17918. The AMT
controlied-release dosage forms can be prepared according to conventional methods and
techniques known to those skilled in the art, including direct compression, dry granulation,

wet granulation, and a dip-coating method.

{00182] In certain embodiments, the pharmaceutical compositions provided herein are

formulated as ESC controlled-release dosage form, which comprises an osmotic membrane
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that coats a core comprising the active ingredient(s), hydroxylethy! cellulose, and other

pharmaceutically acceptable excipients.
3. Multiparticulate Controlled Release Devices

[00183] The pharmaceutical compositions provided herein in a modified reiease
dosage form may be fabricated a multiparticulate controlled release device, which comprises
& multiplicity of particles, granuies, or peliets, ranging from about 10 pm to about 3 mm,
about 50 wm to about 2.5 mm, or from about 100 pm to | mm in diameter. Such
multiparticulates may be made by the processes know to those skilled in the art, including
wet-and dry-granulation, extrusion/spheronization, roller-compaction, melt-congealing, and
by spray-coating seed cores. See, for example, Multiparticulate Oral Drug Delivery, Marcel

Dekker: 1994; and Pharmaceutical Pelletization Technology, Marcel Dekker: 1989,

[00184] Other excipients as described herein may be blended with the pharmaceutical
compositions to aid in processing and forming the muitiparticulates. The resulting particles
may themselves constitute the multiparticulate device or may be coated by various fiim-
forming materials, such as enteric polymers, water-swellable, and water-soluble polymers.

The multiparticulates can be further processed as a capsule or a tablet.

4. Targeted Delivery

[00185] The pharmaceutical compositions provided herein may also be formulated to
be targetéd to a particuiar tissue, receptor, or other area of the body of the subject to be
treated, including liposome-, resealed erythrocyte-, and antibody-based delivery systems.
Examples include, but are not limited to, U.S. Pat. Nos. 6,316,652; 6,274,552, 6,271,359;
6,253,872; 6,139,865; 6,131,570; 6,120,751, 6,071,495, 6,060,082; 6,048,736, 6,039,975:
6,004,534; 5,985,307 3,972,366; 5,900,252; 5,840,674, 5,759,542; and 5,709,874,

Methods of Use

[00186] Provided herein is a method for treating, preventing, or ameliorating a disease
caused by a virus, which comprises administering to a subject a therapeutically effective
amount of optically active (<)~O-exo/C-exo-tricycio[5.2.1 .02‘6}-dec-9-yl-—xanthic acid 1A, ora
pharmaceutically acceptable salt, solvate, or prodrug thereof. Examples of the diseases

caused by a virus include, but are not iimited to, moliuscum contagiosum infection, HTLV
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infection, HTLV-1 infection, HIV infection (AIDS), human papiliomavirus infection,
herpesvirus infection, genital herpes infection, viral dysentery, flu, measles, rubella,
chickenpox, mumps, polic, rabies, mononucleosis, ebola, respiratory syneytial virus
infection, .dengue fever, yeilow fever, lassa fever, arena virus infection, bunyavirus infection,
filovirus infection, flavivirus infection, hantavirus infection, rotavirus infection, viral
meningitis, west Nile fever, arbovirus infection, parainfluenza, smallpox, epstein-barr virus
infection, dengue hemorrhagic fever, cytomegalovirus infection, infant cytomegalic virus
infection, progressive multifoca) leukoencephalopathy, viral gastroenteritis, hepatitis, cold
sores, ocular herpes, meningitis, encephalitis, shingles, encephalitis, california serogroup
virus infection, St. Louis encephalitis, rift valley fever, hand, foot, & mouth disease, hendra
virus infection, enterovirus infection, astrovirus infection, adenovirus infection, Japanese
encephalitis, iymphocytic choriomeningitis, roseola infantum, sandfly fever, SARS, warts,
cat scratch disease, slap-cheek syndrome, orf, pityriasis rosea, lyssavirus infection, H5SN1

virus infection (bird flu), and human papaloma virus infection.

[00187] Examples of the viruses that are amenabie to the method for treatment
provided herein include, but are not limited to, adenoviruses, arbovirus, arenavirus,
astroviruses, bunyaviruses, coronaviruses, Coxsackievirus, cytomegalovirus, dengue virus,
ebolavirus, enteroviruses, Epstein-Barr virus, flavivirus, filoviruses, HSN1 virus, hendravirus,
human T-lyphotropic viruses, human immunodeficiency viruses, human papiliomaviruses,
hantaviruses, hepatitis viruses, hepadnavirus, herpesviruses, herpes simplex viruses-1, herpes
simplex virus-2, infant cytomegalic virus, influsnza viruses, Japanese encephalitis virus, JC
virus, lassa virus, lymphocytic choriomeningitis virus, lyssavirus, molluscum contagiosum
virus, mumps virus, orf virus, parainfluenza viruses, paramyxovirus, parapoxvirus,
parvovirus, picornavirus, poliovirus, polyomavirus, rabies virus, rift valley fever virus,
Roseolovirus, rotaviruses, rubella virus, smallpox viruses, St. Louis encephalitis virus,

varicella zoster virus, West Nile virus, and yellow fever virus,

[00188] In one embodiment, the virus is sexually transmissible. In another
embodiment, the virus is an oncogenic virus. In certain embodiments, the virus is
papovavirus or herpes simplex virus. In certain embodiments, the papovavirus is a polyoma
or papilloma virus. In certain embodiments, the papovavirus is a polyoma virus. In certain
embodiments, the papovavirus is papilloma virus. In certain embodiments, the virus is

human papilloma virus. In certain embodiments, the virus is herpes simplex virus.
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Pd2dba3. CHCI 3 075 0 163 60 a. Prior to the addition of trichlorosilane, a
m xture of Pd2dba3CHCI 3 adduct, (R)-MOP, and conpound 5 was sonicated for 5

mn. b. Prior to the addition of conpound 5, a m xture of Pd2dbar CHCl 3
adduct, (BP2R937Ahd trichl orosilane was soni cated forPGERYEMPS46PHrjor to

the addition of compound 5 and trichlorosilane, a mxture of Pd2dba3' CHO i
adduct and (R)-MOP in CHCI 3 was sonicated for 5 mm and the sol vent was
renoved. d. After the addition of trichlorosilane, the inner tenperature

rose to ”g{;oﬁf %han tph&i &Q'alsbfﬂgrfmg ﬂnel‘ﬁf) o?'tr&h {;ﬁédekﬁag;orinogézaah§bseo 6, To a

sol ution tically active - -exo C- exo ano 0.52 mol ,
78% e. e. ) oi modsymTthiBs 0a ditepse wosH ot awmqqgwp Yige, »biac?monwa!gesadm@dst@@gm (53

ol ut on 57 BbeySh b Saiihysnclg R0 0 bR JUSRGREL LT, Vs
stirred owsoumit gm;maatllvragmm (t)efﬁwewfﬁteuoeﬂcyﬂb[@i 6eirdm-9’rgl~>tahéucs@id/bht0r at he
resi due X t%c'e&#x’cra?y %qﬁg}naglp t?o?va?engr f%d"ﬁg%’%ﬂfyl eld optically active

pot assi unt §4 eX0 C 8X0-T T 1.021-dec-9-yl-xanthic acid
|A as pale yellow solid (99 ng, 71%. MS (ESI) m's: 227 (M- K); iff NWR
(CD30D) 5{0009@0- 1. 10¢Kin embodimen.the qx@ogen;c qqqs isrppxually ygnsmisiplq ]_Ip.| n,

5. 05-5. 10 e(rl,:!ip'l n{egt]s%goncoégn ik i 13 gékﬂawll:!?so)m cg‘?ﬁglr%b%d%e%n&xge& s of

optically ac exo exo-tricycl 0161-dec-9-yl-xanthic acid I A
oncogemc virus is a polyoma or papilloma virus. In certain embodiments, the oncogenic

virus is a polyoma virus. In certain embodiments, the oncogenic virus is papilloma virus. In

certain embodiments, the oncogenic virus is human or bovine papilloma virus.

100191} In certain embodiments, the disease caused by an oncogenic virus is a wart,
including, but not limited to, a plantar wart and genital wart; cervical dysplasia; recurrent
respiratory papillomatosis, including, but not limited to, laryngeal papillomas; or a cancer
associated with papillomavirus infection, inciuding anogenital cancers, such as cervical, anal
and perianal, vulvar, vaginal, and penile cancers; head and neck cancers, such as oral
pharyngeal region and esophagus cancers; and skin cancers, such as basal cell carcinoma and

squamous cell carcinoma.

L [00192] In certain embodiments, administration of a therapeutically effective amount
of the optically active (-)-O-exo/C-exo~tricyclo[S.2.1.02'6}-dec-9-yl-xanthic acid 1A, ora
pharmaceutically acceptable salt, solvate, or prodrug thereof; or a pharmaceutical
composition thereof, results in a 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 35%,
99% or more reduction in the replication of the virus relative to a subject without
administration of the compound, as determined at 1 day, 2 days, 3 days, 4 days, 5 days, 10
days, 15 days, or 30 days afier the administration by a method known in the art, e.g.,

determination of viral titer.

{00193] In certain embodiments, administration of a therapeutically effective amount
of the optically active (-)-O-exo/C-exo-tricyclo[5.2.1 0*%}-dec-9-yl-xanthic acid 1A, ora
pharmaceutically acceptable salt, solvate, or prodrug thereof; or a pharmaceutical
composition thereof, resultsina 1, 2, 3, 4.5, 10, 15, 20, 25, 50, 75, 100-fold or more

reduction in the replication of the virus relative to a subject without administration of the
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[ 002261The syntheses of optically active potassiumsalt of (+)- and
(-)-0-exo/ Cexo- tricyclo[5.2.1.021-dec-9-yl-xanthic acid | A are
illustrated in Schenmes 6 to 8. [00227] Step |I. Cycl opentadiene 8 (50 g) in
H2SO4 ( 2598309%N@17dht , 150 nl) was stirred nmechani cal | YPQIFFe0s8pitpbgen at
107C for 5 hrs. After cooled to roomtenperature, the reaction mxture was
separated into an aqueous and organic |ayer. The organic | ayer was
separated fromthe aqgueous | ayer, washed with water, diluted with J.-butyl

met hyl ether (250 ni), .an oncentrated in vacua to provide al kenol 12 as
Col of | eas Copoags ekimaue: S LBb Ty oo 6t A Seud Ogkyal KeHsi oF (200 o)

and Pd/ C (dys5%% Y aMeh@hition By n@Xhddrkn8ivhanes 4600 m) was charged to an
autocl ave. The mixture was stirred at roomtenperature overni ght under

hydr ogen rs). .The reaction was, nonjtore 1. . After the
reaction \(Xgos@%orrpl P &gta1] FROAEAES 641“‘?1153{?‘{?%’?ﬁ/ﬁé‘aﬁ’i"ﬁ‘t"g%sﬁfef‘ﬁ‘fe@ﬂwnbeI ite
2400 g) andtheoptany ﬁca:tved)iaqemacm-ﬁrieycimds[o.\zi1cté-6]fadek«|=9?mxarlﬁmaaciaql«§>6dzess oiLI
200 g, 10099 . [0Q0229] Step 3., Tq a sol ution of .alkapol 7 (2 g) in pyridine
(L) werPH MAGRUIR ALt e e O PSS e APHBTRSA nopyr i o ne. ( 590
mg) under cBhpds@ Mherebh@esitXinlr 1@%)a6%S10%, 140k, 80%; XDC 709l 8B4, B0k, 95%Af t er
neutraliz%ﬁﬁ/w’th hydr och] o ic_Wgcid gZ N!Q 30, L), the reaction rgixture was
ext ract ed "W°t%h ustionrRd G Wi ISR A0V § R biedydinem admdnigrafieriotdher

anhydr ous cHageal, »aBéleameant dat edaysN3 YACUDIdye, I0¥ 1108, ST Blayd, 3:36 pal e
yellow oil, (2 %) 002‘30]_St%p 4. Ester 13 ézo ng) in a mxture of 1-butyl
met hyl et R&YS afify the gmynistriiop by a grephad BeomhigrtRet™ sol ution at pH 7 (1 nl) in
the presence of one of the three enzynes (2 ng) listed in Table 2 was

agi tated @ridsS}shakeén comaiyamighimenAl ddniihistesios b2y tespasciyvefeaivaasobstom Mann
Associ at es enz (+) ester 13,

London K hes e l,eet.i vel.y, hydr.ol
Chus prodltl P Gan €l §-Gae Te PR R O S e S pdf PAp e
opti cal pphdrinaestioatty eccapmsbly zalsdiyate; bt fradrufXBeas’: des piarmadutal Hol scher et al .
(Helv. Chim Acta 2004, 87,. 1666-.1 r ts are nmrari zed in
Thbl o 2. SABETS MR R Adear it ohO D s LertLi SRSt B
reduction in the viral titer relative o a subject without administration of the compound, as
determined at 1 day, 2 days, 3 days, 4 days, 5 days, 10 days, 15 days, or 30 days after the

administration by a method known in the art.

[00196] Further provided herein is a method for inhibiting the repiication of a virus,
which comprises contacting the virus with an effective amount of optically active (~)-O-
exo/C-exo-tricyclof5.2.1.0°%)-dec-9-yl-xanthic acid 1A, or a pharmaceutically acceptable

salt, solvate, or prodrug thereof.

[00197] In one embediment, the virus is sexunally transmissible. In another
embodiment, the virus is an oncogenic virus. In certain embodiments, the virus is
papovavirus or herpes simplex virus. In certain embodiments, the papovavirus is a polyoma
or papilloma virus, In certain embodiments, the papovavirus is a polyoma virus. In certain
embodiments, the papovavirus is papilloma virus. in cerfain embodiments, the virus is

human papilioma virus. In certain embodiments, the virus is herpes simplex virus,

{00198} In certain embodiments, the contacting of the virus with a therapeutically
effective amount of the optically active (-)-O-exo/C-exo-tricyclo[5.2.1.0%%]-dec-9-yl-xanthic
acid 1A, or a pharmaceutically acceptable salt, solvate, or predrug thereof; or a

pharmaceutical compaosition thereof, results in a 10%, 20%, 30%, 40%, 50%, 60%, 70%,
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Optical Purity Peptidase Rhizopus oryzae 92% e.e. Lipase Pseudononas
fluorecens 40% e.e. Lipase A Candida Antarctica 40%e.e. [0023]]Step 5.
(-)-Ester 13 (25 g) was dissolved in nmethanol (150 nL). An aqueous NaCH
sol ution V& 2965 1m L) was added and the m xture stir rRG/EROBROBF or 60
mn. The reaction m xture was concentrated under reduced pressure and the
resi due was partitioned between water (100 nmL) and nethyl tert-butyl ether
(100 nlL). The aqueous | ayer was extracted with nethyl ten-butyl ether (100
mL) and the conbi ned organic extracts were dried over Na2SO4. The sol vent
was renmpv&8%utfier?s e 8t o8 mereasdustien ndhsNimk dtef refatiyk katho Vir® WitQugsug)) |

contact, as determined at | day, 2 days, 3 days, 4 days, 5 days, 10 days, 15 days, or 30 days

after the initial contact, by a method known ir the art.

[00199] in certain embodiments, the contacting of the virus with a therapeutically
effective amount of the optically active (-}-O-exo/C-exo-tricyclof5.2.1.0%¢]-dec-9-yl-xanthic
acid 1A, or a pharmaceutically acceptable salt, solvate, or prodrug thereof; or a
pharmaceutical composition thereof, resultsina 1, 2, 3, 4, 5, 10, 15, 20, 25, 50, 75, 100-fold
or more reduction in the virus titer relative to the virus without such contact, as determined at
1 day, 2 days, 3 days, 4 days, 5 days, 10 days, 15 days, or 30 days after the initia] contact, by

a method known in the art.

[00200] In certain embodiments, the contacting of the virus with a therapeutically
effective amount of the optically active (-)-0-exo/C-exo-tricyclo[5.2.1.0%%]-dec-9-yl-xanthic
acid IA, or a pharmaceutically acceptable sali, solvate, or prodrug thereof; or a
pharmaceutical compaosition thereof, results in a 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 95%, 99% or more reduction in the viral titer relative to the virus without such
contact, as determined at | day, 2 days, 3 days, 4 days, 5 days, 10 days, 15 days, or 30 days

after the initial contact by a method known in the art.

1002013 In certain embodiments, the contacting of the virus with a therapeutically
effective amount of the optically active (-)-O-exo/C-exo-tricyclo[5.2.1.0%%]-dec-9-yi-xanthic
acid 1A, or a pharmaceutically acceptable salt, solvate, or prodrug thereof; or a
pharmaceutical composition thereof, results in a [, 2, 3, 4, 5, 10, 15, 20, 25, 50, 75, 100 or
more fold reduction in the viral titer relative to the virus without such contact, as determined
at 1 day, 2 days, 3 days, 4 days, 5 days, 10 days, 15 days, or 30 days after the initial contact,

by a method known in the art,

(00262} Provided also herein is a method for treating, preventing, or ameliorating one
or more symptoms of a disease in a subject, which comprises administering to the subject
having or being suspected to have such a disease, a therapeuticaliy effective amount of
optically active {-)}-O-exo/C-exo-tricyclo[5.2.1 .02'6]-dec—9-yl-xanthic acid 1A, ora

pharmaceutically acceptable salt, solvate, or prodrug thereof.

[00203] In one embodiment, the disease is cancer, including, but not limited to, breast
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[00232] Step 6. To a solution of sodiumt-butoxide (1.6 g) ~in THF (10 ni)
was added optically acti ve (-)-al kanol 7, followed by dropw se addition of
carbon disulfide (1 . The reaction m xture was then held at room

t enper at u¥@ BP&PH; bht The reaction mixture was filterf&d/HRYsRAYd with
di ethylether to provide optically active potassiumsalt of (+0-

exo/ C-exo-tricyclo[5.2.1.0241-dec-9-yl-xanthic acid 1A [00233] Using the
sanme procedure, optically active (+)-al kanol 7 was al so converted to

opti cal | yeedsi M RBEASHbIR Sakdr, Sfarian cancer, brain cancer, liver cancer, cervical
(+)-0-exo/ C-exo-tricyclo[5.2.1.02" 6] -dee-9-yl -xanthic acid LA Exanple 3
Synt hesi sCagferoiptaneardey reet fapeser. skin cancer, head & neck cancer, bone cancer, esophageal

0- exo/ C- exfed:T h15die! Qhdr Anekin® 24hked SampRatk! car’f&p tléﬂk@:&ni&f ktgmlzc‘% %9&?34] The

synt heses of optl cal [y 'active potassium sal ) - 0- exo/ C- exo-
tri cycl o] Bngreaticeaneg], IesEeulgymphesiit #ﬁdemé@?l@lmwﬂ%ﬁe il ust rated in Schemes 6
and 7. [00235]Step |I. To a solution of alkenol 12 (2 g) in pyridine (8 nl)

wer e addegbomwl C BfRdd heleinlsla BBhsd for aqm,tmgrmsmkmmawhbﬁba@@c(wo ng)

under nitrogen. The m xture was stirred at Cfor 3.5 hrs. After
neut r al i Z¥HCHFRHP “ﬁ‘iﬁcfPB‘éﬁF’@rﬁh%sPa%‘iHﬂse(céWW opigrally §ive fra-G-e@R&F¥h mi xture was

extract edy ctl% ?d-ec SR xeARB NS UA 08 BHRhEnaANREIS ABLR W JaBLoRYR! or
anhydr ous o4 an concentrated in vacuo to provide unsaturated ester 11

as pal e yRIP{TB&HSIEPL (2 g). [00236] Step 2. Ester 11 (20 ng) in a nixture of
t-butyl nethyl ether (0.2 nL) and 0.1 M KH2PO4 buffer solution at pH 7 (1

m) in tHeomﬁgsencee;&hdmg\ent}ifedtsbﬂeltwlslart&:awiaﬁd €8 ZYHIRS s Cendifihh, the Et ed i 3 fTabl e
3 was agitat on overnight. Akl ,three enzynes were obtaine rom
Vi Ao O ST e Ada A R RO D ke L I g of v (5 - o o1
11,  thusphph@@ugicaly @pdiptadl! saly, salhie e p(ca)ugah&ecffp,bm&zecamh@may gal ly active

(- ) ester 11. Th optical purities were anal zedb chi r al
descri be&dW‘WFﬁ%‘é‘P‘ B?TE'ﬁffa’(Elgiel’"}mmﬁﬁ“[aﬁ InTRPERLonRsH A “’%‘7““&(%?01680) and

the resulihSacRtcthabinfloRdd &ethuiitn, Takb@nedus injection, or implant), inhalation, nasal,
vaginal, rectal, sublingual, or topical (e.g., transdermal or local) routes of adminisiration, and
may be formulated, alone or together, in suitable dosage unit with pharmaceutically

acceptable carriers, adjuvants and vehicles appropriate for each route of administration.

[00206] The dose may be in the form of one, two, three, four, five, six, or more sub-
doses that are administered at appropriate intervals per day. The dose or sub-doses can be
administered in the form of dosage units containing from 0.1 to 10 milligram, from ¢.1 to 5
milligrams, or from 0.1 to 2 milligram active ingredient(s) per dosage unit, and if the
condition of the patient requires, the dose can, by way of aliernative, be administered as a

continuous infusion.

[00207] In certain embodiments, an appropriate dosage level is about 0.001 to about 10
mg per kg patient body weight per day (mg/kg per day), about 0.01 to about 10 mg/kg per
day, about 0.01 to about | mg/kg per day, or about 0.05 to about | mg/kg per day, which may
be administered in single or multiple doses. A suitable dosage level may be about 0.001 to
25 mg/kg per day, about 0.001 to 10 mg/kg per day, or about 0.001 to 5 mg/kg per day.
Within this range the dosage may be 0.001 to 0.005, 0.005 10 0.05, 0.05 0 0.5 0r 0.5 10 5.0
mg/kg per day.

{00208] In certain embodiments, an appropriate dosage level is about Q.1 about 0.2,
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[ 00237] Step 3. Potassium carbonate (21.-6g) was added to a solution of (-)
ester 11 (10 g) in methanol (50 nlL) under nitrogen. The m xture was stirred
at room tenperature overni ght and nonitored by TLC (CH2C12, PMA stain)
until di sSUPFERYHEHEE of acetate. Water (30 nl) and net RATERPBOMIEY | et her
(30 nmL) were added. The aqueous |ayer was extracted with methyl tert-butyl
ether (3 x 20 nL) and the conbi ned organic |ayers were dried over Na2SO4
and evaporat ed to dryness to give (-) alkenol 12 (7.6 g, 98% . [00238] Step

4. A sol th f n_ et han 40 nl) was charged into an

aut oc?avg P% %@L%&a&? %@I Fr%? %a?d(&@éft%t)fbf’ﬁz %W%%Fe&bﬁ)ész stirred

at room t ebpeBadbdiiter, Qb(ﬁfﬂlagmt gusHdar 7, blowt & BakS) abollne &?@g%@g{ms moni t or ed
g9

by 1H NWVR until corrpl etion, then filtered t hrough Cel i and
concentr at td/t f) 7 (7 8 g) as a dark oil. [00239] Step 5. Optically
active (+)J= 7 were convened into optically active

pot assi um sal t of (+) and
(+0- exo/ C{1@326%t r i cyldk optically 4cti32 (ﬁ-p—d@@-exoﬂmxcam{ﬁm 100 Sjeded-S3yAsxanthicngidt he

et er 11, ‘onyr A e MR e B ol o BT Peshe R sp o Sry 748 18000 o. .
Li pase B article of manufacture using packaging materials well known to those of skill in the art. See,

e.g.. U.S. Pal. Nos. 5,323,907, 5,052,558; and 5,033,252, Examples of pharmaceutical

packaging materials include, but are not limited to, blister packs, bottles, tubes, inhalers,

pumps, bags, vials, containers, syringes, and any packaging material suitable for a selected

formulation and intended mode of administration and treatment.

[00210] Provided herein also are kits which, when used by the medical practitioner,
can simplify the administration of appropriate amounts of active ingredients to a subject. In
certain embodiments, the kit provided herein includes a container and a dosage form of the
optically active (-)-O-exo/C-exo-tricyclo{5.2.1.0%%}-dec-9-yl-xanthic acid 1A, or a

pharmaceutically acceptable salt, solvate, or prodrug thereof,

[00211] In certain embodiments, the optically active (-)-O-exo/C-exo-
tricyclof5.2.1.0*%)-dec-9-yl-xanthic acid 1A, or a pharmaceutically acceptable salt, solvate, or
prodrug thereof, is administered in combination with other therapeutic agents as described
herein. The other therapeutic agents may or may not be administered to a patient at the same

time or by the same route of administration.

[00212] In certain embodiments, the kit includes a container comprising a dosage form
of the optically active (-)-O-exo/C-exo-tricyclo[5.2.1 .02‘6}-dec—9-yl~xamhic acid 1A, ora
pharmaceutically acceptable salt, solvate, or prodrug thereof, in a container comprising one

or more other therapeutic agent(s) described herein.

[00213] Kits provided herein can further include devices that are used 1o administer the
active ingredients. Examples of such devices include, but are not limited to, syringes, needle-
less ipjectors drip bags, patches, and inhalers. The kits provided herein can also include

condoms for administration of the active ingredients.

[00214] Kits provided herein can further include pharmaceutically acceptable vehicles
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Candi da Antarctica 100% e.e. Lipase B (I mmobilized) Candida Antarctica 100%
e.e. Exanple 4 Synthesis of optically active

0-exo/ C-exo-tricyclof5.2.1.02" 61-dec-9-yl-xanthic acid I A [00240] Step |I.
Synt hesi sWEf2LY®eR6l +/ - 12. Cycl opent adi ene 8 (50 g) RAASEMREBEHSY n 25% w w
112504 (1SO nmL) at 107 t for 5 hrs under nitrogen. The reaction was cool ed
and the | ayers were separated. Organic |ayer was washed with water and
diluted with tert-butyl nmethyl ether (250 nmL). The tert-butyl methyl ether

was then reduced in vacua to provide alcohal +/- 12 (55qg, 100%.
[ 00241] St 83 21 P8y R nisEr ?Reé?tf Htoge agfive T@TSGWS—FWMH!& BEKEHE  + - 12

(537 0) WafgRdretie ol inG ANNYSHIBR n{u3AR Bohsticlibd B B%éﬁé&nﬁaﬁﬁapm%) and
N-mathyllmdazole (2,5 m_Z% The m xture was stirred at 50C for 2.5 hrs, and
F

then t ert SR Rt 2 Eeled Fommng ofe puikthis veliFls in which e @ctime)ingredient atded. The

| ayers wepedis@pas af B apméme.@;gy&%é shIRYE hMASsuliaiid RebatibkAct ed twice
with tert-butyl nethyl ether (540 niL), Conbi ned organl ¢ phases were washed

with 5% NadHoeRtretmro Examelesnl phemesaticaly poceatabie sehidesinelude futaes —iitve acet at e
+- 11 (Rifue ﬂy@quéé@%igcles? ﬁl@udmg, but not limited to, Water for Injection USP, Sodium

Chioride Injection, Ringer’s Injection, Dextrose Injection, Dextrose and Sodium Chloride
Injection, and Lactated Ringer’s Injection; water-miscible vehicles, including, but not limited
to, ethyl alcohol, polyethylene glycol, and polypropylene glycol; and non-aqueous vehicles
including, but not limited to, corn oil, cottonseed oil, peanut oil, sesame oil, ethy] oleate,

isopropy! myristate, and benzyl benzoate.
EXAMPLES

[00215] As used herein, the symbels and conventions used in these processes, schemes
and examples, regardiess of whether a particular abbreviation is specifically defined, are
consistent with those used in the contemporary scientific literature, for example, the Journal
of the American Chemical Society or the Journal of Biological Chemistry. Specifically, but
without limitation, the following abbreviations may be used in the examples and throughout
the specification: g (grams); mg (miliigrams); L (liters); mL (milliliters); pL (microliters); psi
{pounds per square inch); M (molar); mM (millimolar); uM (micromolar); Hz (Hertz); MHz
{megahertz); mol (moles); mmol (millimoles); RT {room temperature); hr (hours); min
(minutes);, TLC (thin layer chromatography); mp (melting point); RP (reverse phase); T,
(retention time); TFA (trifluoroacetic acid); TEA (triethylamine); THF (tetrahydrofuran);
TFAA (trifluoroacetic anhydride); CD3;0D (deuterated methanol); CDCl; (deuterated
chloroform); DMSO (dimethylsulfoxide); 5i0; (silica); atm (atmosphere); EtOAc (ethyl
acetate); CHCls (chloroform); HCI (hydrochloric acid); Ac (acetyl); DMF (N, N-
dimethyifdnnamide); Me (methyl}), Cs;CO; (cesium carbonate); EtOH (ethanol); Et (ethyl);
fBu (tert-butyl); MeOH (methanol). '

{00216} For all of the following examples, standard work-up and purification methods
known to those skilled in the art can be utilized. Unless otherwise indicated, all temperatures
are expressed in °C (degrees Centigrade). All reactions conducted at room temperature

unless otherwise noted. Synthetic methodologies illustrated in Schemes 2 to 6 are intended to
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[00242] Step 3. Synthesis of acetate +/- 13 (R9 = Me). Acetate +/- 11 (R9 =
Me) (600 g) in ethanol (1500 nL) was hydrogenated at 3-bar using Pd/C (20
g) for 2 hrs at 25 C. On conpletion (as judged by GC), the reaction medi um
was filteWe8d&igh Celite and concentrated to yiel d REGSRAPW/047460 13 (R 9 =
Me) (606 g). [00243]Step 4. Bioresolution of acetate +/- 13 (RO = Me).

Pot assi um phosphate dibasic (82.5 g) was added to water (6 L), stirred for
30 min, and then the pH was adjusted to pH 7 with 2M NaCH. The sol uti on was
warned to 35 /- 13 (R9 -= Me) (500qg). was_ added i n one portion,

fol | owed W@ﬁ%ﬁl@ apgis e e’afﬁbstasthfgﬁéﬂ é&? i %‘d?%”gi RPPROIHE %0 di basi ¢

buf fer (I Ljdicate 6QRPIcEEd sTRhedisdidiarer €eacti on, as judged by GC, sodium
chloride (50 g) and toluene (2.5 L) were added. The m xture was stirred for
5 mn, allowed to separate and the ?jue@u? extracted into toluene (2 x 2.5
L). Conbi ned organi cs were washed w ne (2.5 L) then filtered through
Celite (40GyghesiCompandlyatthen-)af-etdie-cRo-aantie[d. Ry ersdsi-eldeaiss agel gt eri al
(480 g) contai ning acetate - 13 (R 9 = M) (96 g) and al kanol + 7 (197 g).

4 [ 00244 halate+ dlsolatlon of
acet ate ﬁh? %] 0‘579 }%Sgﬁgro?tcfa e Sumwa?g %add dextoﬁ(‘g W xture (107 g)
of unwant edtyalofsahnd® "}I-de?c Bylek ot zc&ﬂl;ﬁcsen\atreted in&héRS 4arkils) fromthe
bi oresol ution step. Phthalic anhydride (65 g) and N, N

di net hyl di 4, t 0N heated at 60
C for 5 2B Ol e P AR 0 e PR Vi e
mai nt ai ni hgdmtbremlcrﬂceir(%’fl mewmtm@mfe?OB@Ifmv@ 2eCl heTlevmplbtﬂswerer@temﬂ angt her

214 mL ted and
washed wi {ESRIERCBHE Fhe dh IRl o i R B S R 2 F e it o
t ert - but yhqueetsiyter eahfurth¢r2ivaadd) wittGreyarei. he cormbinohagmer leyanawkre dvagiicth 1M
NaCOH (2 | d
ncetate - T el ereRhyeP Byt Vel 304 sHRPRERY TERABy MNAERRARQLAL <
cont ai ni ng05-$Brf€runderiviagurm (Y mnBdg)iteprovide C-exo bromealkene 9 as colorless oil

(199.3 g, 93.5%).

'H NMR (CDCl;) 8: 1.30-1.65 (2H, m), 1.75-2.15 (SH, m), 2.25-2.35 (1H, m), 2.40-2.70 (2H,
m), 3.95-4.05 (1H, m), 5.60-5.75 (1H, m).

[60219] Step 2. To a solution of C-exo bromoalkene 9 in ethy! acetate (200 mL} was
added 10% Pd/C (2 g). The mixture was hydrogenated at 50 psi overnight. The catalyst was
removed by filtration and the reaction solution was concentrated. The residual oil was
distilled at 112-118 °C under vacuum (12 mmHg) to provide C-gxo bromoalkane 16 as

colorless oil (196.53 g, 98%).
"H NMR (CDCl,) 8: 0.85-0.21 (14H, m), 3.85-3.95 (1H, m).

[00220] Step 3. To a suspension of tBuQOK (75.74 g, 0.675 mol) in dry fBuQH (400
mL) was added dropwise with stirring a solution of C-exo bromoalkane 10 (96.81 g, .45
mol) in dry THF (100 mL) at room temperature. The mixture was refluxed ovemight under
argon. After cooling, the reaction mixture was dituted with water (8§00 mL) and éxtracted
with hexane, The combined organic layers were dried over anhydrous MgSQOyq, filtered, and
concentrated. The residual oil was distilied at 58-63 °C under vacuum (15 mmiig) to provide

C-exo alkene § as coloriess 0il (38.62, 64%:).
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hydr oxi de (11.8 g) was added to acetate -13 (RO = Me) (52 g) in nethanol
(260 L) under nitrogen atnosphere. The reaction was stirred at 25 C for 2
hrs, methanol was distilled out of the reaction, and then tert-butyl nethyl
et her (75WRLZPANH hat er (75 nlL) were added. The m xt urRCEMEROESIGOF46Rd for 5
mn. The | ayers were separated and further water (2x 75 nL) was added.
Brine (75 nm.) was added and the m xture was stirred for 5 mm and then
anmoni um chloride (75 nL) was added and stirred for 5 min. The layers were
separated and orggnic |ayer was concentrated to yield al kanol - 7(37.1 g).

02N - 13R[wepas] sts. 71 SAS6 NG 569é¢qasmeewwéaﬂ~é+fnwm@m)- 7
(39.8 0, %Oﬁ'b@mo@%éz@qn)bhg o@r{axﬂqﬁ)t§4agc£o(<§msf B34S @lisapl ved in 130 nt

pyridine (130 nmL). pNft enzoyl chl ori % w w solution in
di chl oronet hane was_ added dropwi se while cooling the mxture in an ice

bath. Stid42RY was F@ht i hodgumof E?Cfdfbé’i*zy&@e"ﬁ?%m“@?qu eyladigm( @ i(Rhde®) wat er

(130 nb), ahdeHOGHBICE( ¥oHe S0 04 hRel) N+ BAOM (M4 mi/es, thmb?rénﬂllué%lalléﬁu@?r (110
was added and the m xture washed w th 2M aqueols he organl C

phase was Wrasteategdifeny naHotswedey, l}le éfi?awm P%tlorwfdanr@%iamwﬁm

Evapor at i Qiin&f wiRbitard udﬂ@%%oﬂﬁ@hkﬁ%ﬁ%h@% Wf @ umy sﬁ&% {8t REMEEhtate
p- ni trobenzoate ester - g) as a brown solid ude, p-ni trobenzoate

ester - 1Bh¢sphingligandggEormaiin lbysed ip ihgpregpahisiR m@ewmgn wigh R'efs|-@CHThe
m xture wWags ROQl:ed at Qhe%gl thWn{tJﬁbQ whs e 13t1@@at$@%qglg te%peéﬁlrgoveéft i1r

additional 2 Firs at C, the m xture was ltered. The wet cake was

washed wi fThe I’%@W@pé‘ﬁ@l W%SS‘G}“WQPY advena ﬂ%wehié%a’ﬁ%?, fikgedriand wighedwithi r - dryi ng,

cheni cal | Yy di. aﬁﬁe%'&ﬁz@me@@x%aﬁ@sa@érh ORHLEGratedts g Snide gaucmsacabéﬁ Lgf. A second
crop of pure - &1 6 6&? was obtained by recrystallizing the nother
A ﬁ?

| i quor r egicfd%ar@g Tlesopi Gperioras 3ottty inphanest ssepreithernfyeher

[ 00247] St E&tﬁauoﬁ‘ym hesis of pure - 7. Purified p-nitrobenzoate ester - 15
(142 g) was heated in nethanol (1.4L) to 60C. 4M aqueous NaOH (360 nL) was
added and the m xture was stirred for 60 m.n at en nost_of the

met hanol ¥324i st i ISfe@d- dfera faﬁaié?ofrc@aiﬁéé@‘%%é%aﬁgénosw ﬁr BECHu & e
par titi onggh lpetveen mﬁeradl%ﬁs)amemehmLm&o;é@mﬁ BULYbatetaghaded50 nl).

The aqueous | ayer was extracted with methyl tert-butyl ether (150 nL) once
nore. The %{5ﬁﬁﬁeﬁéﬂ*zﬂ?é%W)éiﬂpﬂé%t‘@*i’\/ﬁéﬁé‘gdﬁﬁéHSfWéP"%’ggﬁi‘e TSPRECTS ol vent was

removed Uupg@hre Ra@@lb;&ﬁ@ke@waﬁ ;. I hebBbHe @b ANOlayers Wede WasHedd)ittASat&O! Or | ess
oi . [00248] Step 9 ically active (+)- and (-)-al kanols 7 were converted

into opti €@ cgveraaé%w%usd%@é@s,. fifi¢red afnd CB‘P“("-FS@C‘ crude product was purified

(-) - 0- exolfeh exer éhrrarﬁay@gra{hﬁo %mLuQ%pt@daﬂQ@&W@'{¥JO-¥>§JV@J8k&al%bﬂ7 APooiddRisNg the
procedur e descrlbed her ei n.

oil (954 mg, 79%).
IR {neat) cm™": 3347, 2941, 2861; MS (APCD) m/z: 135 (M + 1 — H,0); H NMR (CDCly) &:
0.85-1,05 (2H, m), 1.15-1.40 (SH, m), 1.50-2.00 (8H, m}, 3.70-3.75 (1H, m).

[00223] The enantiomeric excess (e.e.) and exo/endo ratio of optically active (-)-O-
exo/C-exo alkanol 7 was determined by converting the molecule into a carbamate as follows,
To a solution of optically active (-)-O-exo/C-exo alkanol 7 (91 mg, 6.6 mmol) in THF (5 mL)
was added 3,5-dinitropheny! isocyanate (150 mg, 0.72 mmol). The reaction mixture was
stirred at room temperature for 3 hrs. After removing the solvent, the residue was purified
with silica chromatography to yield the corresponding carbamate as pale yellow amorphous

{84 mg).

HPLC (chemical purity): 99.2%; HPLC (optical purity): 83% e.c.. MS (ES]) mvz: 360 (M -

). Exo/fendo ratio: greater than 99%.

-63 -



Exanple 5 |Inhibition of Phosphatidvlcholine-specific Phospholipase C
[00249] The inhibitory activities of optically active potassi um sal ts of
(+)- \g‘+0- exo/ C-exo-tricyclo[5.2.1.024] -dec-9-yl -xant hi c A ((+)-
and (- ) eWaHPOENE 1A) agai nst phosphati dyl ehol i ne- sﬁ’&:r(Efm@Sﬁ?r‘Gé‘bhol i pase
C were eval uated, together with D609 and potassiumsalt of racemc

0- exo/ G- exo xant hi c acid 1A (racemc 1A), using Ampl ex Red

phosphat i dyl chol i ne-speci fi ¢ phosphol i pase C (PC-PLC) assay kit, vvhi ch was

obt ai ned I nvi n was_obt ai n romsSig

Al dri ch. E{@g%O] Antlr&ﬁg é’ﬂ’(%a‘bﬁ@f‘ﬁgk’a%%ﬂ ’ﬁ‘icf‘Shw(“S e QAvnize gg’\MFTR’i”ﬁ(j he eaction
buf fer, abgalgsbar@braeicatn pREosIae retece aohnHianin(128R 1/ nL), a H202
wor ki ng solution (20 mM, a choline oxidate stock solution (20 UnL), an

al kal i ne phosphat as Lo 4 cereus PC-PLC
stock solution (10 Sﬁﬂ_ Fmk/rel}egﬂpg]ﬁneﬁagf’éapfgggg?n%ﬁ)‘?18“?85‘@ I#99% nstruction of the
assay kit. The?%ﬁ?Ck SO l 2BPerminlC)T orviaach) { axfeicaopmaynd7 Yas al so

prepared by di (?cnpoun(:s-h@ wat er  2s5hy7y prii or tw ddye start of the

ex erirrent. rkl Ampl ex Red/ HRP/Tecid hin sol ut4:on was’| pr epar ed

bypaddi ng 2 ﬁ&ﬁ]@é};ﬁp Pﬁjg P'Td) read;ent st-oek fssfa' LN, 110 pL—of IoHRIIg

st ock sol ut |Pérfﬁ’aiz@d pf lal kal i ne phosphat ase 2ft ock sol ut§%n, 100 M. of

chol i ne oxiiga splutign, and /8 'AL of thge Tecithimsolution to 9.32

pL of the \,"rgiﬁ)ﬁié?ggct U:L".! bufer- DOZ‘ PL-C-s6i uﬁnn 02 "%ﬂ\ was- pr epar ed

by dil uti nd PearédPLC st dek jsol uti h with {he 3br ki ng reddtion buffer to

t he desired pggggg}eﬂt;@gtl on.; [00252] Th;e t est ,orr@eund (25 p.dg) at ajserious

of concent rrattons—was—prpetted—i-nte—g-96—weH—prate;—Fer—uni-rhi-bi{ ed PC PLC

control s anddnBm@EChLA cdntrol s, 2" pi - of | watldr was addeéd. After the

addi ti on of p‘égibﬁg.c;@(f;bt he Arrpl ex Red.lgt;IRP/ I eci t hign= wor ki ng s@l utionj the

reaction r-tated—by—adttng—25—M—of PcPLEC-set-ut+on—to—eachi wel | . To

t he non- PCPI?é?dE@rﬁI?%‘Ps 281. 11, of Whter was adted instead“f PC PLC

sol ution. 'Ilpazdeg@pm@grent OVELS perfor rged intr |p|153cat . The tgrgeacti ons were

protect ed e agiamA i Rhiohme Aot &rk Frolan e ri, I Oflsﬂet (RAOF ank BplufRCL I ONS

wer e measur eelwsénbtarad bd s escence m croplate rea using excitation at 550

am and em SisPontoche badtivt gronabund 90 mixngre o ripdbé, lQHOT, emice pt-Mibaf &d Obt al ned wer e

correct ed f orichaeshay ?WM!C#‘#M@IrSeetence by subtracting the val ues obtai ned

fromthe nohIss ?’ EoIEhR FIPaend THE T4 %Fﬁ‘@‘@’e\ﬁ%?dedbi“ﬁéﬁ‘ié’é‘l‘%ﬁﬂ%ﬁed for each
Was somca for 5 min an solvenz Was FEmoye

test COWDOUA“E&@R b

o n in oo A fmT S 4.
| nhi bi tion Oﬁ-[c%m?h@(?p?]% Il pagaegrhgc%ﬁpoungéq loth Iﬂ“?‘l o ‘-‘?” <Rl #

[00225] Step 6. To a solution of optically active (-)-O-exo/C-exo alkanoi 7 {79.5 mg,
0.52 mmol, 78% ¢.¢.) in dry THF (2 mL), cooled with an ice bath, was added tBuOK {53 mg,
0.47 mmotl) with stirring, followed by the dropwise addition of a solution of CS; (40 mg, 0.53
mmol) in dry THF (3 mL). The mixture was stirred overnight at room temperature. After
removing the solvent, the residue was triturated with Et;O and dried to yieid optically active
potassium salt of (-}-O-exo/C-exo-tricyclof3.2.1 .Oz'ﬁ}wdec—9'yl~xamhic acid 1A as pale yellow
solid (99 mg, 71%).

MS (ESI) m/s: 227 (M ~ K); "H NMR (CD;OD) &: 0.80-1.10 (2H, m), 1.10-2.10 (1 1H, m),
2.15-2.20 {1H, m), 5.05-5.10 (1H, m); [a]Dzs: -12.5 °(c 1.04, H,0).

Example 2
Synthesis of optically active (-exo/C-exo-tricyclol5.2.1.0°%1-dec-9-vi-xanthic acid 1A

(00226} The syntheses of optically active polassium salt of (+)- and {-)-O-exo/C-exo-



D609 20.49 1.99 Racemc IA 10.05 0.77 ()-Enantionmer 1A 13.88 0.85
(-)-Enantioner 1A 3.62 0.17 Exanple 6

WO 2009/003711 BPCT/EP2008/005460

tricycio[S.z.1.02'6]—dec-9-yl-xanthic acid 1A are illustrated in Schemes 6 to 8.

[00227] Step !. Cyclopentadiene 8 (50 g) in H;SO;4 (25% by weight, 150 mL) was
stirred mechanically under nitrogen at 107 °C for 5 hrs. Afer cooled to room temperature,
the reaction mixture was separated into an agueous and organic iayer. The organic layer was
separated from the aqueous layer, washed with water, diluted with r-butyl methyl ether (250

mL), and concentrated in vacuo to provide atkenol 12 as colorless oil (55 g, 100%).

[00228] Step 2. A mixture of alkenol 12 (200 g) and Pd/C (3.75% by weight, 7.5 g) in
ethano! (600 mL) was charged to an autoclave. The mixture was stirred at room temperature
overnight under hydrogen (5 bars). The reaction was monitored by 'H NMR. Afier the
reaction was completed, the reaction mixture was filtered through Celite (400 g) and

concentrated in vacuo to provide alkanol 7 as colorless oil (200 g, 100%;).

[00229] Step 3. To a solution of atkanol 7 (2 g) in pyridine (8 mL) were added acetic
anhydride (1.35 mL) and dimethylaminopyridine (290 mg) under nitrogen. The mixture was
stirred at 50 °C for 3.5 hrs. Afler neutralized with hydrochloric acid (2 M, 30 mL), the
reaction mixture was extracted with CH,Cl;. The combined organic layers were dried over

anhydrous Na, SOy and concentrated in vacuo 1o provide ester 13 as pale yellow oil (2 g).

100230} Step 4. Ester 13 (20 mg) in a mixture of t-butyl methyl ether (0.2 mL) and 0.1
M KH,POy buffer sotution at pH 7 (1 mL) in the presence of one of the three enzymes (2 mg)
listed in Table 2 was agitated on a shaker overnight. All three enzymes were obtained from
Mann Associates (London, UK). These enzymes selectively hydrolyze (+) ester 13, thus
producing optically active (+) alkanol 7 and (-) ester 13. Their optical purities were analyzed

by chiral GC as described by Holscher et al. (Helv. Chim. Acta 2004, 87, 1666-1680), and the

results are summarized in Table 2.

Table 2. Enzymatic Resolution of Ester 13,

Enzyme Source Optical Purity
Peptidase | Rhizopus oryzae 2% e.e
Lipase Pseudomonas fluorecens 40% z.e,
Lipase A | Candida Amarctica 40% e.e.
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I nhi bition of Bovine Papillom Virus (BPV) [00253] The inhibitory activities
of optically active (+)- and (-)-enantioners | A against bovine pap |l oma
virus were evaluated along with D609 and potassiumsalt of racem c |IA using
inviiro BPV-infected hanster enbryo fibroblasts (HEF) cell proliferation
assay, as described (Amtrmann et al., Exp. Cell. Res. 1985, 161, 541-550).
The results are summarized in Table 5. WO 2009/ 003711PCT/ EP2008/ 005460
[00254] Briefly, hanster enbryo fibroblasts and bovine papilloma virus type

1 (BPV- 1) nsf opne F- BP. I own i n e, asal medi um
srbrer at R o T e et B R i B hBo TR G0 87
106 cel | s We&IH phlatica (it M, BVEN) ek kdded khdithe miedic giran 2P0 ifng0 ks Tet al cal f
serum at 8. .The wer.e t hen, i ncubat edﬁfiiﬁﬁ%&g%flgresence of 5% CO2

pH 6. 8. . | at es

in 100% hufifgre Pragre ?@&F"“ﬂ"f‘l“@iﬁdé'“ 7 CPRE R 8 YFLAAT R e pl at es
was EXChaﬂgaﬁEfewinai&r(flloem)_ﬁ)hﬁﬂhm?llhtbrr&:jﬂﬁuh@(mﬁdh' wnmglam&igm ig::r),t?e%t conpounds
at a series of concentrations tes re incubated at 0

addi ti ona|ex?§°‘$ﬁ‘¥‘gt%ﬁf’%‘ ’f’ﬁ"gi“ﬁ(eﬂ%ﬂfz&‘g’sfﬂalvw%%ﬁeﬁ Wﬁ@?fééf“&ﬂ‘ﬁ“@%’gfe ‘L‘Fied with
3% f or mal debyNS8sen! THe soReRRE Antive@uiticDPaidiaEhrekfie b yiEld)-) MRSBED by wat er

for 10 sec, and dried overnight. For detection, the plates were stained
wth cryst(é?-g\g?'ol et solution for 5 mn at roomtenperature, washed 5 tines

with water, and dried at roomtenperature overnight. After adding
et hanol / ageti3e} aci ds:98: 1o a swimtionbDEodidn) t-bwoxdach .aglid THF KB plabvaadiwr e

measured at .595 rimusin L1SA reader. Table 5. nggiu%i [ f..Bovi ne
Papi |1 oma WIS RSO B TEFe P M g5 Siorgiudide S o5 | e
reaction mixture was then held at room temperature overnight. The reaction mixture was
filiered and washed with diethylether to provide optically active potassium salt of {-}-0-
exo/C-exo-tricyclo]5.2.1.07°]-dec-9-yl-xanthic acid 1A.

[00233] Using the same procedure, optically active (+)-alkanol 7 was also converted to
optically active potassium salt of (+)-O-exo/C-exo-tricyclof5.2,1.0%*)-dec-9-yl-xanthic acid
1A,

Example 3
Synthesis of optically active O-exo/C-exo-tricvelol5.2.1.0%%1-dec-9-y1-xanthic acid 1A

[00234] The syntheses of optically active potassium salt of (+}- and (-)-O-exo/C-ex0-
tricyclof5.2.1.0*¢]-dec-9-yl-xanthic acid TA are illustrated in Schemes 6 and 7.

[00235] Step 1. To a solution of alkenol 12 (2 g) in pyridine (8 ml.) were added acetic
anhydride (1.35 mL) and dimethylaminopyridine (290 mg) under nitrogen. The mixture was
stirred at 50 °C for 3.5 hrs. Afier neutralized with hydrochloric acid (2 M, 30 mL), the
reaction mixture was extracted with CH;Cly. The combined organic layers were dried over

anhydrous Na;S04 and concentrated in vacuo to provide unsaturated ester 11 as pale yellow

oil (2 g).

[00236] Srep 2. Ester 1T (20 mg) in a mixture of ~butyl methyl ether (0.2 mL) and 0.1
M KH,POy buffer solution at pH 7 (1 mL) in the presence of one of the hydrolytic enzymes
(2 mg) listed in Table 3 was agitated on a shaker overnight. All three enzymes were obtained

from Mann Associates (London, UK). These enzymes selectively hydrolyze {+)-ester 11,
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14.55= 0.07 (+)-Enantioner 1A 19.89 2.52 (-)-Enantioner IA 11.07 0.18
Exanple 7 Inhibition of Human Papilloma Virus (HPV) [00255] The inhibitory
activities of optically active (-)-enantionmer |A against human papill oma
vi rus wer W08V Qatiéd usi ng HPV-31-infected CIN612 9E KROTERABENTES (Meyers
et al., Science 1992, 257, 971-973). a. Short-term Study

thus producing optically active () alkenol 12 and optically active (-) ester 11, Their optical
purities were analyzed by chiral GC as described by Holscher e/ al. (Helv. Chim. Acia 2604,
87, 1666-1680), and the resuits are summarized in Table 3.

{00237} Step 3. Potassium carbonate (21.6g) was added to a solution of (~) ester 11 (10
g in methanol {50 mL) under nitrogen. The mixture was stirred at room temperature
overnight and monitored by TLC (CHaClz, PMA stain) until disappearance of acetate, Water
(30 mL) and methy! tert-butyl ether (30 mL) were added. The aqueous layer was extracted
with methyi reri-butyl ether (3 x 20 mL) and the combined organic layers were dried over

Na2S04 and evaporated to dryness to give (-) alkenol 12 (7.6 g. 98%).

[00238] Step 4. A solution of (-} 12 (7.6 g) in ethanol (40 mL) was charged into an
avfoclave. Pd/C (3.75% w/w, 285 mg) was added and the mixture was stirred at room
temperature overnight under H; (5 bars). The reaction was monitored by 'H NMR unti]
completion, then filtered through Celite (5 g}, and concentrated to give (-) 7 (7.8 g) as a dark

oil.

[00239} Step 5. Optically active (+)- and {-)-alkanols 7 were converted into optically
_active potassium salt of (+)- and (-)-O-exo/C-exo-tricycio[5.2. 1.02'6]-dcc-9-yl-xanthic acid

1A, using the procedure described herein.

Table 3. Enzymatic Resolution of Unsaturated Ester 11,

Enzyme Seurce Optical Purity
Peptidase Rhizopus oryzae [00% e.e.
Lipase B Candida Antarctica 100% e.e.
Lipase B (Immobilized) | Candida Antarctica 100% e.c.

Example 4

Svnthesis of optically active O»exo/C-exo-tricvclo[5.2.1.02'6}-dec-9«-yl-xanthic acid 1A

100240} Step 1. Synthesis of alcohol +/- 2. Cyclopentadiene 8 (50 g) was heated in
25% w/w HaSQO;y (150 mL) at 107 °C for 5 hrs under nitrogen. The reaction was cooled and
the layers were separated. Organic layer was washed with water and diluted with terr-butyl

methyi ether {250 mL)., The tert-butyl methy! ether was then reduced in vacuo to provide
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[ 00256] Effect on cell proliferation. HPV-31 infected cells were seeded in
96-wel |l plates containing 1 x 106 mtonycin Ctreated 3T3 cells (I x 104
cells/well), at a density of 0.5 x 106 cells per plate (0.5 x 104

cel | s/ wel WP 20¢p/@3%edi um After the plates were i ncubatRF/ERIGOGEE i ncubat or
under 5% CO, at 37 Cin 100% humdity for six hrs, the cell culture

medi um was renoved and fresh E nmedium containing 0.85 g/L NaHCO3 and a test
conpound at a series of concentrations (0, 0.5, 1, 2, 4, 8, 16, 32, 64, and
128 pg/nL), or positive control (interferon y at 200 IWnl) was added. A
stock sol {58 *6112dpt8 d4¥0Y active (-)-enantionmer 1A at 100 ng/nl in doubl e
distilled H20 was prepared not earlier than 1 hr before the assay and kept
on ice prijor4p usesSeAb| Syamopt efacweree:/t ESREE Mey. quanenphi-aates gtweaach

concentration. One 96 wel|l plate wth, untreated |1s was, fixed at the sane
tinme poi ntad‘g% AHE aeg’(qrggﬁﬂgg'f[édm\ﬁ Rming #%ﬁﬁrbaﬁﬁﬁmsﬁwwaﬂﬁ%%? (2o1RE) pl at es
wer e i ncubra afxifi@rwat 2tidddsat 89 °Stor € 5iHas, and36n jeABuBAtRIhy| Ahdr@ssothe cel |
culture ne\ﬁgl&éws renDVELe?g %{ de%g’nti ng, fibroblast feeders were renoved by
washi ng t PR ML) T dAsh ThedRyeBOITIRsPry e 8t BT FAVAYFSARST VR RHThSEDTA i n
PBS, and wkidtiddBRict 108 l-bulchdthy! E@ENBLGIRNY deortiRfed cERRiMeaiee)e Was added

to the plates. After 5 mm the formal dehyde was decanted and the plates
were dri ed2hsdivde dblaHeh: BBy p Aoy g1 fioptpiraied egdinscenperddure. The
cel I s wer erst fepedoRyo@ddding 0.1 nmL of crystal violet solution to each
well. After incubation for 5 mmat roomtenperature, the crystal violet

sol ution ecanted the pl ates e washed 5 ti 5 S ionin 3
Ot esh wilRsd"The S LS e P e GBIt 1O ool deui b P RoP s

di ssol vi ng) pregtahall( 1 S00ahletwashy&iohanel af Doa ve@peantLak) on2 afs alf9tcarch t hen
diluting the eth no.Ids%I utc} nhvvith.doub.e dis illeg H%g €%11: 20). After the
pl ates wePRPRIFFBVd* ORI (G Hghp EBETOIBEI e “AOMIF SVEPRFLHTE ™ 8191 L of

et hanol / agetck@rateit6 yieRRicdthe wast 3qHtiedid) ososagh wel | and optical density at
595 run was determned in an ELI SA reader. [00257] Dose response curves were
est abli sh pl otii ng growh. agai nst nt ifons._.of the test conpound
or cont roftt2Hle’r estirt AR et (LT TELL IR PRl PR e 6

det er m nedibhriofSRi5he vwao sdied aspaagé Lo srivredsiof BOmic nobthemie pHiwes sdjofted the dose
response curyve i [i.ne rallel to,t oX- axi or_espondi ng to 50% of
uni nhi bi t & 79‘1‘!@‘\,#6%‘8%‘['ifé’ﬁﬁ?lgg%lc‘%’?sv"é“(‘?‘i o L a2 1S ERRAI L 0 D00 %L
16 pg/ L, aduae ireas pbhienploBowddie copyta SEOISI(BFG g))and hoWeatabomtphd(¥ste nhi bi t i on

of the growth of.. HPV-31-infected Cl N61 E_kerati yt es 0
[ 00258] Ef e i 307 ogmalgdn of o e 4R SR el (3 x
106) wer eardi isperg2d Li)mee dided Tmndiksiregascontdion’ min, hll@esdd tesapatatetané nmedi um

and 1 x 106 mto i -treated.J 3 fibhrohl ast. feeders. ,Al.ter. 6 hrs,
Frosh wodieaniesntcrfated il GRbE e xR oo i ofdhie! S50 S Wi Hine M o1 o
concent r afd. PnsthdriteBedThrohigh Qelited(408 g). 1Ggncamati@Pofplyf arkanioneyses weldetcruddl |

57 1oress TR bl ¥Rt s P SRRLOF AREORIR TNk EDra “ana DA

and RNA was then isolated. The isol at'@
Sout hern and Northern Blot gels for HPV- gci fic sequences. Human A43l
epithelial canceg _celds were used as HPV+uni nflect ed pegative control. X-ray
films were scanne nd optical densiti scific DNA and maj or

eSS 8
nFt NA speci es were |i ntegfat ed. 00259!Dos'e r esponsg-etrves Wer e establ i shed
2 . ai nst theoncent ‘ﬂw he test
&S D in FIG™~Z" The | C50 valtues~were determ ned

by plotting integrated
conpound. The resul t's/z

fromthe dose response curves fromcrossing points of the dose response
curves with a line paraliBel to the x-axis corregponding to 50% of
uninhibited integrals. Optically active (-)-enantiomer |A exhibited an 1050
of 10.7 u§pid]on t Brep PnRitbikieon! bformpigB 1ind eletibn o arRNe eXpri€ssivh. ToThe

expr essi an,. ?}ﬁ I i L ected at the
hi ghest ﬁ‘gg‘ﬁwgtﬁ?%rr}uos%h% tté&ﬂ&ﬂgﬁﬁgﬁ%@?@@g@ﬁgg - e-sg%gnti onmer |A
On the i rdstbietH I3riROF MéPoBLhapeshdlittonDA, Phipeliccahydyidatisiarend ¥)MNenant i oner

| A showed 37.5% inhibition at 32 pg/nL. b. Long-term Study [00260] HPV- 31
infected cells (3 x 106) were dispensed into 14.5 cm di shes contai ni ng
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fresh E mediumand 1 x 106 cells of mtonycin Ctreated 3T3 fi broblast
feeders. The dishes were incubated in a CO2 incubator under 5% CO>2 at 37 C
in 100% hum dity. Hunman A431 epithelial cancer cells were used as

HPV- uni nf¥EPEY/HEGht i ve controls. After 6 hr incubati G T/ERESERHPC cul ture
medi um was renoved and fresh E nedium containing 0.85 g/L NaHCO3 and a test
conpound at concentrations of 10 and 3.3 ttg/nlL, or control (interferon y
at 200 1U/ nlL) were added For each concentration, 4 dishes were prepared.

The di shes. wer |ncu t. 37 ncuba or LUl tyre medi um
was repl a‘i‘@}\%ﬁ} gamr‘n’é%y "'586‘?1%5? ?ﬁdﬁ%(ﬁéﬁr‘e&df?&? ALt ggngg?r Sﬂﬁ% t est
conpound Oh cEiRE tO10 90) zmcy(zwmmn S/as d%fd'&:@ﬂrogﬁiée Mmafh@ySng @€ intdigd unt r eat ed

cell s becane confl uen roup. was harv st ed for DNA/ RNA
extract i ofiPFBI%f% %ﬁ/ ngﬁf’%éﬂ’ﬂ f ﬁg‘?‘rﬁg ﬁ) ‘a??a?ld%"é‘ sufd BBhe ™ sh was

t rypsi ni zeghanic @ykr WaEBRIrat¥RArR vilSheRI WAt BN €2 106A11)S CORbRS8RLEE 1 N three new
di shes, téeat ed and cultured as descri bed above. This lIprocedure was

repeat ed FRHOE e SxRcted it fernlytyl msty! pag SalaaLl) 5RHIG rHggnorereel |'s and

cel I densiigedWRite 1 OMO[06214 A0 BAdED f £6L), GRd ERkintB@td 19kl i0QReiq Cel |
nunbers in the dishes harvested were determ ned in a Neubauer

hemat ocyt%ﬁ@ieérlz‘(ﬁfhew?ﬂlf“trpﬂi cation factor was determ ned at every step of
passage. The cell nunber of each culture at the end of the passage was

di vi ded bpo1dse nunBep 6o‘sy;s/aedeﬂaze@401f S 7abm&zhagsstoaa@;tzc pipueiacisopiamsage. The end
oi nt wa reac tinocyte th a test ound st opped
grovm' ng. fjf%’ 8?91(:% w@graggﬁadﬁo\ﬁag’xﬁe?? h{ed” §) @ ﬁﬂ‘l“t’?eﬁlfainﬁla(?ﬁgoo‘g&' Yder o1l‘o IOno
great er tifi@sged atnfd3pie6] THe eeagtioviy stifredimt2s eatfedd 12k NGEtRnSEva aldied@s r at her

const ant t r oughout e 9 passa The, factor, of tiplication_varied
constant SGuanattd he, 2 PRSS ISR, pino L art o Sf AL Pl cat L an v e
oblsFr vat n@lﬁm(aemmma for 6 @ik TR laydrf fak @@ﬁiﬂﬁé& ahld fddhbr \I/aﬁci&t(Z)C mﬁmw? ﬁf fected
ce gr owt Fi g. . 002 TIr ment wit y result in a high rate
of corl - dittd Bl P B Rt ond G e TR bR R0 BeRGPEOBTCat | on
factor behwdd(18.,8)) wdlauedand st B hinp|Tihe adyb@WefaepLited HRIe@sRd sharply
in the second asseé% é . é %{ﬁlg dw:t that |l evel for further 3 passages
and somev4f VaRResTald {0 gd glkp &We®n 1.9 and 1.5 during the last four
passages. However, the decrelse was not cunul ative. [00264] Tr eat nent of
UN612 9E cells with optically aetiwve (-)-enantionmer | A at a concentration

of 3.3 pg/nL resulted in a red gn of the growh rate. The multiplication
factor decreased from 2.9 (passagef{l) 40 1.1 (passage 9), that is, the

cells al nost stopped growi ng after 8 ages. [00265] Tr eat ment of Cl N612
9E cells with optically active (-)-e anuEi
r

at a concentration of
cell proliferation. The
mul ti plication factor decreased from eated cells to a val ue of
2-2.5 during the first five passages. Af t,ser passage 5, a steep and
cumul ative reduction of the multiplication factor was observed (passage 5:
2.4, passa@ged: 1.9 PagAALS, &tpomzlgmﬁfaam PASHRAR) 77 @958 ot BshedBihdib P! | Cation

factor was <1, indicatin s were dyi
by by- products and isomers was dissoived in 130 mL pyrldme (130 mL). p-

Nitrobenzoylchloride (231 g) 25% w/w solution in dichloromethane was added dropwise
while cooling the mixture in an ice bath. Stirring was continued at 22 °C for 18 hrs. Afier
addition of water (130 mL), the mixture was stirred for 60 min. Methyl fers-butyl ether {1 L)
was added and the mixture washed with 2M aqueous HC1 (1 L). The organic phase was
washed with NaHCO; (aq.) and brine, and dried (Na,S0O4). Evaporation of solvent under
reduced pressure furnished the crude p-nitrobenzoate ester — 15 (84.4 g) as a brown solid,
Crude p-nitrobenzoate ester - 15 (84.4 g) was heated in isopropano! (400 mL) to reflux. The

mixture was cooled to 22 °C within § hrs, and seeded at 45 °C. After additional 2 hrs at 22

-69 -



[ 00266] I n conparison, the growh of control A43% cells (epithelial cancer
cells) was rather constant or reduced snmall extent conpared with those of
CIN 9E cells throughout the 9 passages (Fig. 4). The factor of

mul ti pl i cHPiZH %11 tontrol A431 cell untreated with neiRHEF2YBIEH |y active
(-)-enantiomer 1A nor IFN-y were between 3.5 and 4.7. Treatnent of A431
cells with 200 U nL of 1INF-y had no significant effect on cell growh. The
factor of nultiplication was between 3.7 and 4.6 throughout the 9 passages.

Tr eat nent ,pof optically active.(-)-enan had only

m nor eff egttg%ﬁ&%gﬂas élrt%vé ke eﬂcé%ﬂ%ﬁ&y?f Waitkﬁe%{ ﬁ"tgb‘%"f’%’ﬁﬂ"gf 535%1)\?8‘7{ then

(- %} Enant lhemzfec (SIO,@nIa)t A&teﬁﬂﬂd@flﬁtg[ atehmngfd;a&e&lopg{dr’dnamfbgmktwad (431:(;1 g)lbwght
inhibition_o Wt The of multiplicati vari e etween 3.1
ona 4 5 CTrane® VA st Ehma o b G s %t@a?%ﬁfcwwﬂzam BRIy active

(-) - enant tigueeresidAe adairafre0 MRERPaRL (100 mf) inlfle Girfdmains0 resulted in slight

i nhibiti on of ceI I growth The factor of mul tiplication varied between 2.8
and 3.5. Iatlv 0267 After .fjve. passages, a
notable ¢ ang in tsﬂeg rymﬁecs mél i CI %‘idgp §'|§I°géllz?a§ ?sfeéatlgéid\\%nggﬁ’aio ug/
of opti cahéagedaxztmeuhenc(l{l)ﬁne}naﬁﬂ PO adukousaiSaid 30 veld) wak bddBd alfkhamikib®) . Cel |'s

were grow,n an d e un sforne kerat 0 ead of
the cri s\é%vcg%lrsrgg ?Or% glr"r}la%{z Sh!ﬁg a’P%Sfﬁ %@%W&P’P%} cd ?ﬁl\‘f”gﬁfz‘e‘l{}’ ctel |'s
treated V\pztehumpﬂixcaclsidye wead paws;;o@e@ bmntWamﬁEISOlmﬁ,)\bﬁdi mehONbaduyi &ahébi t ed when

cultures gr o] nfluenc reat 61 s were piling
up and di% n(r)ntLB p% AR yél;"(‘) r%%fﬁﬂi hl'ét%%’?eﬂgir?&?’uloﬁc addi ti on,
CIN 612 QonceWhSCmmteMdexﬂgamctdmrmwaabhqd cavethvzeoé Thean AadtiveedmdvAd acqui red a
flat round shape.  whereas re 6 eIIs kept the spindle form

[ 00268] Ef ?néigliregnéws@fe gﬁlem#kagobmggﬁé} BRL"and RNA were anal yzed in
Sout hern and Northern Blot gels for HPV-31 speC|f| c sequences. X-ray filns
wer e scani§e8and oPteb aPptetisiattive §+)o ind{PvalBhok Jowird ci:omv@NAnamdpt‘rm]ipr mMRNA
speci es r I|

i ntegrate We%%?%%%?ﬁ%@ 2 éé‘%%é%)stgi C% gr 022 [E?CBY "% Fmdose The
T50 (tinmet4, @qugﬂ@@rchdmedv@ebedhereinevel to 50% of control) vvas det er m ned
fromthe time curves fromcrossing points of tinme curves with a line
parallel to the x-axis correspondi ng.},9.30% of integrals of untreated
control sanple. [00269] The results are s own |n FIGS 6 and 7, and
summari zed in Tabl els sofdlpspbatidyicheli :

(-)-enantiomer I A at 3. 3p g/m_ or 10 ttg/m_ or vvlth 1NF y at 200 U nL all

showed cqogdsppous T@dmﬁbhw§ctmfnebwp3&au§«raemefgo€as@Ms@ﬂ@f%ﬁqmc@ntS (Tabl e
6). The nost effectjye trgatment was wth g mL._of optically active

(-) - enantFYhEFOREYC Zﬁﬂnﬁch ovI-x¥Anthig acgdeh%&é aB‘éUE’é’*F’P"W%Mb@G@é‘d by more

t han 50%paésr,pa&ndgicﬁdamelsged@@c%ﬁﬁgmo(ﬂa‘é@cWA. vhiudRé ([JRGFWh S6ddaand to <5%
after 6 passa es. After 9 passages, viral DNA and RNA were al nost

undet ect aBie& ‘t”b%ﬁ Mgl rageppic ‘?’é%???x%xa”i‘lﬁﬁ?%q 14 gAceatic Hipvugne Apelerfeé DNA and
RNA expr @&&dpRilidylcholine-specific phospholipase C (PC-PLC) assay kit, which was obtained from

Invitrogen (Calsbad, CA). D609 was obtained from Sigma Aldrich.

[00250] An Amplex Red stock solution (~20 mM), a working reaction buffer, and a
horseradish peroxidase stock solution (200 U/mL.), a H;O- working solution (20 mM), a
choline oxidate stock solution (20 U/mL}), an alkaline phosphatase stock solution (400
U/mL), and a B. cereus PC-PLC stock solution (10 U/mL) were prepared according to the
instruction of the assay kit. The stock solution (100 mg/mL) for each test compound was also

prepared by dissolving the compound in water 2 hr prior to the start of the experiment.

{00251] A working Amplex Red/HRP/iecithin sotution was prepared by adding 200 uL
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Treatment T50 DNA" T50 RNA2 €ontrol (No cnpd or Ctrl) No effect No effect
(-) Enantioner 1A at 10 ug/nL <1 <1 (-) Enantioner A at 3.3 gginL 2.23

3.28 INF-7 at 200 U nL (Ctrl) 2.7

WO 2009/003711 PCT/EP2008/005460

of Amplex Red reagent stock solution, 100 pL, of HRP stock solution, 200 uL of alkaline
phosphatase stock solution, 100 uL of choline oxidase stock solution, and 78 ul of the
lecithin solution to 9.32 pL of the working reaction buffer. PC-PLC solution (0.2 U/mL) was
prepared by diluting the PC-PLC stock solution with the working reaction buffer to the

desired concentration.

100252] The test compound (25 pL) at a serious of concentrations was pipetted into a
96 well plate. For uninhibited PC-PLC controls and non-PC-PLC controls, 25 uL of water
was added. After the addition of 50 pL of the Amplex Red/HRP/lecithin working solution,
the reaction was initiated by adding 25 uL of PC-PLC solution to each well. To the non-PC-
PLC controls, 25 pL of water was added instead of PC-PLC solution. The experiment was
performed in triplicate. The reactions were protected from light. After incubated for 30 min
at 37 °C, the reactions were measured with a fluorescence microplate reader using excitation
at 550 nm and emission detection at 590 nm. The fluorescent data obtained were correctad
for background fluorescence by subtracting the values obtained from the non-PC-PLC
controls. The ICso values were then calculated for each test compound and the results are

summarized in Table 4.

Table 4. Inhibition of PC-Phospholipase C

Compound ICs0 (ng/mL)

3609 20.49 + 1,99

Racemic 1A 10,05+ 0.77

(+)-Enantiomer FA 13.88 £ 0.85

{(-}-Enantiomer [A 362017

Example §
Inhibition of Bovine Papilioma Virus (BPV)

[00253] The inhibitory activities of optically active (+)- and (-)-enantiomers 1A against
bovine papilloma virus were evaluated along with D609 and potassium salt of racemic 1A
using in vitro BPV-infected hamster embryo fibrobiasts (HEF) cell proliferation assay, as

described (Amtmann ef al., Exp. Cell. Res. 1985, 161, 341-550). The results are summarized
in Table 5.
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3.36 Nunter of passages required to reduce the anount of HPV-31 specific
RNA by 50 % 2 Nunber of passages required to reduce the anpunt of HPV-31
specific DNA by 50 % Exanple 8 Inhibition of Herpes Sinplex Virus Type-2
(HSV-2) [WOZOFHal i nhibitory activities and cyt ot oxi GUNERSPSHHHEEST um
salts of optically active (+)- and (-)-enantioners 1A agai nst herpes
sinplex virus type 2 were evaluated along wth D609, potassiumsalt of
racem c 1A, and acielovir. The results are sunmarized in Table 7.

[00271] Cal u-6 cells_and R TA cells were grown in DVEM cel |l culture nmedium
cont ai ni ngdYB%K f et aPrict harRYsTSRPDR fw*qsgéa%?w: Rapidiema soycpe HBP37 C with

100% humi dnrtﬁansfm{aa?@lrﬁﬁmcmhqtv% EolM iASSRYs bdSA tbufint SRPRHIRLE fppded in
96 well plates at a density of x 106 cells per plate in the DVEM cel |

cul ture meHUMITTREIH ey %eslahééﬁﬁﬂbﬁf%ixé cells pen platen PMERd el of 5% CO2
for 24 hr..ukire nfoMEM etelniUcb et PREHM 4 BHE BlifS %@ém&%ﬁ;@@d}&.ﬁ%w th

fresh DVEM cel |l cul ture nmedi um cont ai ni n% t est cormpoun at a series of
concent r at'NoPEsencrind S GReis 1R edumpbiyBaled . a3 ar.itke cchoulprenedion inf 5% CO2

(ol B o i ARePh A LB O DAL M Br TRl bRt L B gl Cefyde

sol ution contai ning O. for 1 mn, washe wat er sec, and
dried overahp gaes OfP@FCEd@Qt@e‘ilﬁ i BWPIQ{WGNW meehstedar 27 ‘§3tfar Fraiiongl t7ﬁ her Getsah vi ol et

sol ution ftf?er [BesTde Abn (VAGRY Wﬂ%@aﬁwd%nth%sﬁ&gaiéﬂhﬁigﬁ%‘u }Qntm{n Brge2nd

dried at room tenperat ure overni After I ng et ano acetl acid
(99:1, v/ WNaCibolmiy. Vtaéh@dh’h'f%lfqlf 10tskre apy dried ovemizbt. fvadusatidn,dbe B@8s nm usi ng

an ELI SA "R ineiflOS Rrd @%&?grﬁﬁno%%r\’?mﬁ%?ro%m T

tested by plotting the nmean val ues of optical densities agal ns
conpound ceEang dagd ab roomTismpeBBO: qraimight maﬁmemetharmmcteheacdﬂ)@éz 1, viv,

100 mL}) to each well, the plates were measured at 595 nm using an ELISA reader.

Table 5. Inhibition of Bovine Papilloma Virus

Compound ICso (ng/mL)

D60Y ) 2164+ 1.85

Racemic 1A 14.55 +0.07

(+)-Enantiomer 1A 19.89 +2.52

{-}-Enantiomer 1A 11.07£0.18

Example 7
Inhibition of Human Papilloma Virus (HPV)

[00255] The inhibitory activities of optically active (-)-enantiomer 1A against human
papilloma virus were evaluated using HPV-31-infected CIN612 9E keratinocytes (Meyers et
al., Science 1992, 257, 971-%73).

& Shori-term Study

[00256] Effect on cell proliferation. HPV-31 infected cells were seeded in 96-well
plates containing I x 108 mitomycin C treated 3T3 cells (1 x 10" cells/well), at a density of
0.5 x 10° cells per plate (0.5 x 10° cells/well) in E medium. After the plates were incubated
in a CO; incubator under 5% CO» at 37 °C in 100% humidity for six firs, the cell culture

273



responses curves are sunmarized in Table 7. [00273] For HSV-2 i nhi biti on,
Calu-6 cells were seeded in 96 well plates at a density of 3 x 106 cells
per plate in the DVEM cell culture nmedium The plates were incubated at 37
C in the YO8 BE1IHf 50 CO2 for 24 hr. The DVEM cel | CIHERSHEFHIUM in t he
pl ates was renoved and the cells were infected with Herpes sinplex virus
type-2 at 50 plaque formng units per well. After incubation at 37 C for 60
mn, test conpounds in DVEM cell culture mediumat a series of

concentrati ons were added, . The ge\gt es were incubated at 37C in the presence
of 5% COR TeGrmaaspmoveR andfreshdsmeginma copiapian 04 ellotjekCEr ndra 6% f urt her

anal ysi s. c&ﬁpﬁfndhmét%f@bndemh@mpﬁaﬁ ure g, %J@ﬂéﬁaén@rl%p @M)adrn' ng
i nfectious virus particles were prepared by centrlf&%9 ff«ﬁte super nat ant
? alrftPu

fr om each PG&{Ye Célfl"‘ﬂé‘“@éer"@ Y&t 2W I8/t wes agdgd. Phaodyg Rl 3Fh‘fet her

di | ut ed b@-ﬁ-@ﬁeﬁln@ém at[100 e RIaTRuse il sS4 @%‘%ﬁ%re‘d@m%rﬁ’@manl}'wbr a
pl at es at density of 4 x 106 cells per plate in 2 nL of DMEM cell culture

medi um Tﬁéfﬂﬁlf%ft%%ab’m? Kent A8 ifs Rrieyoape- %Wi@@wrﬁptﬁ%%‘ﬁ@éa@phs%w for 24
hr. After eidiQofc@HPNBh. Ohe cﬁch@eu:abde vkl dnbRed TR WD £ixQd &e ks e th.hkepo%' ut ed

supernat ants was added and the plates were incubated at 37 Ctor 1 hr. DVEM
cel | nedi anmhe sHs&esEhyit gohopapapndes conteob r Tha DA WerS i vhatcyor 72Ky 4i3dse was

added andoéhﬁa@b%%awﬁﬁmﬁ@mtc@ﬂu@tm&zmws réﬁodaab d0sni aﬁﬁfébmre then
washed with PBS, fixed with 3% formnal deh K‘ée sol utlon contal ning 0.9% Nad

for | ninfecpsned rapovahpberahog rpiresvth 2 sqhborf 0B e Léved pingining 5 mMet ect i on,
the pl at eEDWHEPE@%d%@'F@%ChMU&D%I y%?rhaié(éh%@(tzﬂ/s@éd’ﬁw%nf ds agddli @ at room

terrperature washed times wth wat ) roomtenpera ure

over ni ght the?iﬁé‘ﬁsnéﬁ%@rmmﬁ *hﬁlf%q@@hmyaéléfcémﬁﬁi wé’dhfndéﬁeb%f@[ﬁlﬂédwnssﬂe The nunber
of pl aqueg,iesn Wskihe YRS SRERLHM I%brnkenﬁsimmr& hnm% rrﬁ%l‘?:”s#a bacdaa, fz0. Pose

response curves were obtained by plotting the nu aques
agai nst colpdonsalooveisatuion fopach welb Afesingplation éoriSrmeiest wam tehpoetera) cuI ated

f h f HSV-2
o BESRBI B L0 s wIoEL iy B

105. 18 23 Ldresh water. The crystal violet solution used was prepared by first dissolving crystal
violet in ethanol to a concentration of 10% and then diluting the ethanol solution with double
distilled H,O (1:20). After the plates were dried on blotting paper upside down overnight, 0,1
mL of ethanol/acetic acid (99:1) was added to each well and optical density at 595 nm was

determined in an ELISA reader.

[00257] Dose response curves were established by plotting growth against
concentrations of the test compound or contrel. The results are shown in FIGS. 1and 2. ICy
values were determined from the dose response curves from crossing points of the dose
response curves with a line parallel to the x-axis corresponding to 50% of uninhibited growth,
Optically active (-)-enantiomer 1A exhibifed an ECg of 16 pg/mL, whereas the positive
control (INF-y) showed about 50% inhibition of the growth of HPV-3 i-infected CING12 9E
keratinocytes at 200 Ul/mL.

[60258] Effect on HPV-3 [ specific DNA and RNA. HPV-31 infected cells (3 x 10°)
were dispensed into 14.5 cm dishes containing fresh E culture medium and 1 x 10°
mitomycin C-treated J2 3T3 fibroblast feeders. Afier 6 hrs, fresh medium containing 0.85
g/l NaHCO; and a test compound at a series of concentrations (0, 0.5, 1, 2, 4, 8, 16, and
32 ng/ml) were added. All samples were tested in duplicates at each concentration, Afler

incubation at 37 °C for 72 hrs, the feeder cells were removed with 4 mM EDTA, and DNA
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3.5 Racemc IA 17.18 5.95 96.93 + 7.12 5.6 (+)-Enantioner

A 20.97 4.-06

81.29 + 4.53 3.9 (-)-Enantionmer A 9.08 3.40 94.32 7.33 10.4 Aciclovir

WO 2009/003711 PCT/EP2008/005460

and RNA was then isolated. The isolated DNA and RNA were analyzed in Southern and
Northern Blot gels for HPV-31 specific sequences. Human A431 epithelial cancer cells were
used as HPV-uninfected negative control. X-ray fiims were scanned and optica! densities of

HPV-31 specific DNA and major mRNA species were integrated.

[00259] Dose response curves were established by plotting integrated values against
the concentrations of the test compound. The results are shown in FIG. 2. The 1Cs; values
were determined from the dose response curves from crossing points of the dose response
curves with a line parallel to the x-axis correspending to 50% of uninhibited integrals.
Optically active (-)-enantiomer 1A exhibited an ICs; of 10.7 ug/mL on the inhibition of HPV-
31 specific RNA expression. The expression of the control RNA {(actin specific RNA) was
only affected at the highest concentration of 32 ug/mL of optically active (-)-enantiomer 1A.
On the inhibition of HPV-31 specific DNA, optically active (~)-enantiomer 1A showed 37.5%
inhibition at 32 pg/mL.

b. Long-term Study

[00260] HPV-31 infected cells (3 x 10°) were dispensed into 14.5 cm dishes containing
fresh E medium and 1 x 10° cells of mitomycin C-treated 3T3 fibroblast feeders. The dishes
were incubated in a CO; incubator under 5% CO; at 37 °C in 100% humidity. Human A43]
epithelial cancer cells were used as HPV -uninfected negative controls. After 6 hr incubation,
the cell culture medium was removed and fresh E medium containing 0.85 /I NaHCO; and
a test compound at concentrations of 10 and 3.3 pg/mL., or contro} {interferon v at 200
[U/mL) were added. For each concentration, 4 dishes were prepared. The dishes were
incubated at 37 °C in a CO; incubator. The culture medium was replaced to new E medium
containing each concentration of the test compound or control in every 72 hrs. Afier seven
days, or when untreated cells became confluent, one dish of each group was harvested for
DNA/RNA extraction, followed by Southern/Northern Blot analysis; and one dish was
trypsinized, cell number were determined and cells were seeded in three new dishes, treated
and cultured as described above. This procedure was repeated for 9 passages. During these

passages, morphology of ceils and cell density were monitored.

{00261} Effect on cell proliferation. Cell numbers in the dishes harvested were

determined in a Neubauer hematocytometer. The multiplication factor was determined at
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1.21 0.81 65.45 6.21 54.1 Exanple 9 Topical Formul ation
[00275] G ntnent: Formula Quantity Per 100 g Active I ngredient

=) - i 0 !
(-) Enant\'xf%nz%gwolosp%zg 98%e.e.) 0.1 g 10 g Vas' ne PCT/EP2008/005460

every step of passage. The cell number of each culture at the end of the passage was divided
by the number of seeded cells at the start of each passage. The end point was reached when
keratinocytes treated with a test compound stopped growing. Stop of celf growth was defined

as a multiplication factor of no greater than 1.

{00262} The growth of untreated CIN612 9E cells was rather constant throughout the 9
passages. The factor of multiplication varied between 2.7 and 3.9. There was no obvious
loss of viability during the observation period. In contrast, treatment with all test compounds

affected cell growth (Fig. 3).

{00263] Treatment with INF-y resulted in a high rate of cell death during the first cell
passage, leading to a multiplication factor below 1 (0.8). However, the multiplication factor
increased sharply in the second passage (2.4}, remained at that level for further 3 passages
and somewhat decreased to a value between 1.9 and 1.5 during the last four passages.

However, the decrease was not cumuliative.

[00264] Treatment of CIN612 9E cells with optically active (-)-enantiomer 1A ata
concentration of 3.3 ug/ml resulted in a reduction of the growth rate. The multiplication
factor decreased from 2.9 (passage 1) to 1.1 (passage 9), that is, the cells almost stopped

growing after 9 passages.

[00265] Treatment of CIN612 9E cells with optically active (-)-enantiomer 1A ata
concentration of 10 pg/mL resulted in a significant reduction of cell proliferation. The
multiplication factor decreased from 3 for untreated cells to a vaiue of 2-2.5 during the first
five passages. Afier passage 5, a steep and cumulative reduction of the multiplication factor
was observed (passage 5: 2.4, passage 6: 1.3, passage 9: 0.1). From passage 7 on, the

multiplication factor was < 1, indicating that cells were dying.

[00266] In comparison, the growth of control A431 cells (epithelial cancer cells) was
rather constant or reduced small extent compared with those of CIN 9E cells throughout the 9
passages (Iig. 4). The factor of multiplication of control A431 cell untreated with neither
optically active (-)-enantiomer 1A nor IFN-y were between 3.5 and 4.7. Treatment of A43)
cells with 200 TU/mL of INF-vy had no significant effect on cell growth. The factor of
multiplication was between 3.7 and 4.6 throughout the 9 passages. Treatment of A431 cells

with optically active (-}-enanfiomer 1 A had only minor effects on cell growth. Treatment
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99.9 g 90 g [00276] The active ingredient,
(+0-exo/ C-exo-tricyclo[5.2.1.02' 6] -dec-9-yl-xanthic acid 1A, or a

pharmaceutical |l y acceptable salt or solvate thereof, and vasline are
bl ended uWPiZPQQ(I%f-’f[br m Exanpl e 10 Topi cal Fornmul ati on JG6Z79%¥EHehent :
Formul a Quantity Per 100 g Active Ingredient (-)-Enantioner IA (98%e.e.)

0.1 g 10 ¢

with optically active {(-)-enantiomer 1A at a concentration of 3.3 ug/mL resuited in slight

inhibition of cell growth. The factor of multiplication varied between 3.1 and 4.2. There was
no cumulative effect. Treatment with optically active (-)-enantiomer 1A at a concentration of
10 pg/mL alseo resulted in slight inhibition of cell growth. The factor of multiplication varied

between 2.8 and 3.5. There was also no cumulative effect.

{00267] After five passages, a notable change in the morphoiogy of CIN 612 9E celis
treated with 10 pg/mL of optically active (-}-enantiomer 1A was observed (FIGS. 5A and
5B). Celis were growing more organized like untransformed keratinocytes, instead of the
criss-cross pattern of untreated CIN 612 9E cells. CIN 612 9E cells treated with optically
active (-)-enantiomer 1A were contact inhibited when cultures grew to confluency, while
untreated CIN 612 9E celis were piling up and did not stop their growth after reaching
confluency. In addition, CIN 612 SE cells treated with optically active (-)-enantiomer 1A

acquired a flat round shape, whereas untreated CIN 612 9E cells kept the spindie form.

[00268] Effect on HPV-31 specific DNA and RNA: DNA and RNA were analyzed in
Southern and Northern Blot gels for HPV-31 specific sequences. X-ray films were scanned
and optical densities of HPV-31 specific DNA and major mRNA species were integrated.
Time curves were established by plotting integrated values against number of passages for
each treatment dose. The Tse (time required to reduce the level to 50% of control) was
determined from the time curves from crossing points of time curves with a line paraliel to

the x-axis corresponding to 50% of integrals of untreated control sample,

[00269] The results are shown in FIGS. 6 and 7, and summarized in Table 6. The cells
treated with optically active (-)-enantiomer 1A at 3.3pg/mL or 10 pg/ml or with INF-y at
200 TU/mL al] showed continuous reductions of HPV-31 specific DNA and RNA contents
(Table 6). The most effective treatment was with 10 ug/mL of optically active (-}-enantiomer
IA. The number of viral genomes per cell was reduced by more than 50% after a single
passage {Ts; DNA <1 and Tsp RNA < 1) and to < 5% after 6 passages. Afler 9 passages, viral
DNA and RNA were almost undetectable (below 1%3).
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Vasline 99.5 g 50 g Cholesterol 0.4 g 40 g [002781The active ingredient,
(-)-0-exo/ Gexo-tricyclo[5.2.1.021-dec-9-yl -xanthic acid |A or a
pharmaceutical ly acceptable salt or solvate thereof, and vasline and

chol esterol are blended until uniform Exanple 11 Topical Fornul ation
[00279] G ntnent: Fornula Quantity Per 100 g

Table 6. Inhibition of HPV-31 specific DNA and RNA expression

Treatment Tse DNA! Tso RNAZ
Control (No cmpd or Ctr]) No effect No effect
(-) Enantiomer 1A at 10 pg/mL <1 <1
(-) Enantiomer 1A at 3.3 pg/mL 2.23 3.28
INF-y at 200 IU/mL (Ctzl) 2.7 3.36
' Number of passages required to reduce the amount of HPV-31 specific
RNA by 50 %
? Number of passages required fo reduce the amount of HPV-31 specific
DNA by 50 %

Example 8
Inhibition of Herpes Simplex Virus Type-2 (HSV-2)

[00270] The inhibitory activities and cytotoxicity of potassium salts of optically active
(+)- and (-)-enantiomers LA against herpes simplex virus type 2 were evaluated along with

D609, potassium salt of racemic 1A, and aciclovir. The results are summarized in Table 7.

ro0271) Calu-6 cells and RITA cells were grown in DMEM cell culture medium
containing 10% fetal calf serum in CO, incubator under 5% CO» at 37 °C with 100%
humaidity.

[00272] For cytotoxicity assay, Calu-6 cells were seeded in 96 well plates at a density

of 3 x 10° cells per plate in the DMEM cell culture medium. The plates were incubated at 37
°C in the presence of 5% CO; for 24 hr. The DMEM cell culture medium in the plates was
exchanged with fresh DMEM cell culture medium containing test compounds at a series of
concentrations. The plates were incubated at 37 °C in the presence of 5% CO, for 48 hr. The
plates were then washed with PBS, fixed with 3% formaldehyde solution containing 0.9%
Na(l for 1 min, washed by water for 10 sec, and dried overnight. For detection, the plates
were stained with crystal viclet solution for 5 min at room temperature, washed 5 times with
water, and dried at room temperature overnight. After adding ethanol/acetic acid (99:1, v/v,
100 mL) to each well, the plates were measured at 595 nm using an ELISA reader. A dose
response curve was obtained for each compound tested by plotting the mean values of the

optical densities against compound concentration. The LDs, values obtained from the dose
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Active Ingredients (-)-Enantiomer IA (98%cc.) 0.1 g 10 g Acicovir 0.01 g 5
g Vasline 99.89 g 85 g [00280] The active ingredients, . .
(+0-exo/ Gexo-tricyclo[5.2.1.016)-dec-9-yl -xanthic acid I A and acicovir, or
a pharmaceutically acceptable salt or solvate thereof, and vasline are

bl ended until uniform [00281) The exanples set forth above are provided to
give those of ordinary skill in the art with a conplete disclosure and
description of how to make and use the enbodi nents. ©Modifications of the

above- despphdeechrmBdessubonarizad fyTabl: Dut t he di scl osure that are obvious to
persons of skill in the art are intended to be within the scope of the

Fol oW ngofhl M kor HSV.2 inhibition, Calu-6 cells were seeded in 96 well plates at a density
of 3 x 10° cells per plate in the DMEM cell culture medium. The plates were incubated at 37
°C in the presence of 5% CO; for 24 hr. The DMEM cell culture medium in the plates was
removed and the cells were infected with Herpes simplex virus type-2 at 50 plaque forming
units per well. After incubation at 37 °C for 60 min, test compounds in DMEM cell culture
medium at a series of concentrations were added. The plates were incubated at 37 °C in the
presence of 5% CO, for 48 hr. The plates were frozen at -20 °C prior to further analysis.
After thawing at room temperature, supernatants containing infectious virus particles were
prepared by centrifuging the supernatant from each well at 18,000 g at 4 °C for 5 min. The

supernatant was further diluted before assay.

[00274] RITA cells were seeded in 24 well Linbra plates at a density of 4 x 10° cells
per plate in 2 mL of DMEM cell culture medium. The plates were incubated at 37 °C in the
presence of 5% CO; for 24 hr. After the removal of the cell culture medium, 0.1 mL of the
diluted supernatants was added and the plates were incubated at 37 C for 1 hr. DMEM cell
medium containing 10% fetal calf serum and 0.5% methyl cellulose was added and the plates
were incubated at 37 for 48 hr. The plates were then washed with PBS, fixed with 3%
formaldchyde solution containing 0.9% NaCl for 1 min, washed by water for 10 sec, and
dried overnight. For detection, the plates were then stained with crystal violet solution for 5
min at room temperature, washed 5 times with water, and dried at room temperature
overnight. The number of plaques was determined macroscopically. The number of plaques
per well was then multiplied with the dilution factor. Dose response curves were obtained by
plotting the number of plaques/0.1 mL against compound concentration. The therapeutic

index was also calculated for each compound by dividing LDsp with ICs;.
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The active ingredient, (-)-0-exo/C-exo-tricyclo[5.2.1.0°%}-dec-9-yi-xanthic

acid 1A, or a pharmaceutically acceptable salt or solvate thereof, and vasline are blended

unti} uniform.

[00277]

Exampie 10

Topical Formulation

Ointment:
Formula Quantity Per 100 g
Active ingredient G.lg 10g
(-)-Enantiomer 1A (98% e.¢.)
Vasline 995¢g 50g
Cholesterol O4g 40¢g
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11. The use of claim9. wherein the disease is a wart, cervical dysplasia;
recurrent respiratory papillornatosis, or a cancer associated with

papi | i omavirus infection. 12. The use of claim9, wherein the

di sease is cervical, anal and perianal, vulvar, vaginal, or penile cancer.
13. The use of claim9, wherein the disease is an anogenital cancer, head
and neck cancer, or skin cancer. 14. The use of claim 13, wherein

t he head and neck cancer is oral pharyngeal region or esophagus cancer.
15. Use of co und..of. . Qf ' t it hes f £ of a
o SanentOPER1 COmr Sy v inBdicll (PRI b Bloftid 521 By RRS AShAE conpound
of any of aiddiayer 4dphatmateutivatineccaptabit sadt asalvat tharent did easbmt antd@holedtdrddi t i ng
the replicatij,on, of Vi.r us. 17. The use of any of clains 9, 15,
and 16 mhé?%#ﬂ“?ﬁémsﬁPﬁ§“Ts sel ected fromthe group consisting of

adenovi ruses, arbovirus, arenavirus, astroviruses, bunyaviruses,
coronaviruses, Coxsackievirus, cytobirgaplavlrus, dengue virus, eboiavirus,
ent erovi ruses, Epstein-Barr viru%10 &Lﬁ¥%¥&m%m_filoviruses, H5N1 vi rus,
hendr avi rus, human T-IyphotropiC"vPrusesT“ﬁunan i mmunodefi ci ency viruses,
human papi | | omavi ruses, hantaviruses, hepatitis viruses, hepacinavirus,
her pesvi r U8&59] her pewtmsdntrpl ex viruses-1, herpes sinplex virus-2, infant

cytonegal i ¢ virugy—inftuenza—viruses;—Jgapanese €T ph%' tTsvirus. JC
virus, |lassa virys, |ynph&€PP®iachorionerli nui PngWSﬁE, 4%ssavirus,

nol | uscum cont a UM VT US;,  NUNPST VT T US| or f—yirusy paranftgenza viruses,
par anmyxovi r us, paf&ﬂﬁk@gF§§,“parvovinis, pico¥ﬂ§virus, pol& oVi rus,

pol yomavi rus, rabi es(-vEnag8omeriix (¥ 4@y |f ever virug, Roseol oVirus,
rotaviruses, rubella virus, smallpox virjuses, St. kouis encephalitis virus,

varicell a zoster [(viros—Yest—Nte viTus i and -ow-fever,viTus. 18.
The use of any of cl4¥%&"9 and 15 to 17, mhepéiﬁ the vird€ I4 a sexual |y
transm ssi bl e Vil%? . T9—The useof any ¢t ciains,g angd 15 to 18,
wherein the virug i#8i%n oncogenic virus. 978 &

[00280] The active ingredients, (~)-O-exo/C-exo-tricyclo[5.2.1 0%%]-dec-9-yl-xanthic
acid 1A and acicovir, or a pharmaceutically acceptable salt or solvate thereof, and vasline are

blended until uniform.

d & % %k K

[00281] The exampies set forth above are provided to give those of ordinary skill in the

art with a complete disclosure and description of how to make and use the embodiments.
Modifications of the above-described modes for carrying out the disclosure that are obvious to

persons of skill in the art are intended to be within the scope of the foliowing claims.
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20. The use of any of clainms 9 and 15 to 19, wherein the virus is

papovavi r us. 21. The use of any of clainms 9 and 15 to 19, wherein
the virus is polyoma or papilloma virus. 22. The use of claim 21
wherein the virus is papilloma virus. 23, The use of claim 22, wherein the
papilloma virus is human papillo a virus. 24. The use of any of

clains 9 and 15 to 19, wherein the virus is herpes sinplex virus.

25. Use of the conpound of any of clains 1 to 4 in the manufacture of a
medi canment for inhibiting the activity of phospholipase C. 26.A nethod for
preparing the conpound of any of clains | to 4, conprising the steps of:
a)reacting achiral C-exo alkene 5 5 with a silane (HSi 12:12 2R3) in the
presence of a transition netal catalyst conpiexed with a chiral nonodentate
phosphi ne to produce optically active orzanosilane 6 R

Claims

1. Optically active (-)—O-EXOfC—eXU-tricyclo[S.2.1.{)2'6}~dec—9—y1-x3nthic acid, or
pharmaceutically acceptable sait or solvate thereof, wherein the compound has an enantiomeric

excess of no less than 98%.

2. The compound of claim 1, wherein the compound is a salt.

3. 'The compound of claim 1, wherein the compound is potassium, sodium, or
lithiwm salt.

4. The compound of claim !, wherein the compound is potassium sait.

5. A pharmaceutical composition comprising the compound of any of claims | 1o 4,

and one or more pharmaceurically acceptable excipients.

6. The pharmaceutical composition of claim 5,wherein the composition is

formuiated for oral, topical, or parental administration. '

7. The pharmaceutical composition of claim 5 or 6, wherein the composition is

formulated as a capsule or tabief.

8. The pharmaceutical composition of any of claims 5 10 7, wherein the composition

1s provided as unit dosage.

9. Use of the compound of any of claims | to 4 in the manufacture of a medicament

for treating a disease caused by a virus,

10, The use of claim 9, wherein the disease is selecied from the group consisting of
moliuscum contagiosum infection, HTLV infection, HTLV-I infection, AIDS, human

papillomavirus infection, herpesvirus infection, genital herpes infection, viral dysentery, flu,
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. Ra-Si R 6 wherein the chiral nmonodentate phosphine is a conpound
Formula (V): RS rh R6 "7 R (V) b)oxidizing the optically active
organoshane 6 with an oxi dant to produce optically active al kanol 7

meastes, rubella, chickenpox, mumps, polio, rabies, mononucieosis, ebola, respiratory syncytial
virus infection, dengue fever, vellow fever, lassa fever, arena virus infection, bunyavirus
infection. filovirus infection, flavivirus infection, hantavirus infection, rotavirus infection, viral
meningitis, west Nile fever, arbovirus infection, parainfluenza. smalipox, epstein-barr virus
nfection, dengue hemorrhagic fever, cytomegalovirus infection, infant cytomegalic virus
infection, progressive multifocal leukoencephalopathy, viral gastroenteritis, hepatitis, cold sores,
ocular herpes, meningitis, encephalitis, shingles, encephalitis, California serogroup virus
infection. St. Louls encephalitis, rift valley fever, hand, foot, & mouth disease, hendra virus
infection, enterovirus infection, astrovirus infection, adenovirus infection, Japanese encephalitis,
lymphocyuc choriomeningitis, roseola infantum, sandfly fever, SARS, warts, cat seratch disease,

slap-cheek syndrome, orf, pityriasis rosea, lyssavirus infection. H3N1 virus infection, and human

papaloma virus infection.

11. The use of claim 9. wherein the disease is a wart, cervical dysplasia; recurrent

respiratory papillomatosis, or a cancer associated with papillomavirus infection.

12, The use of claim 9, wherein the disease is cervical, anal and perianal, vulvar,

vaginal, or penile cancer.

15, The use of claim 9, wherein the disease is an anogenital cancer, head and neck

cancer, or skin cancer.

14, The use of claim 13, wherein the head and neck cancer is oral pharyngeal region

or esophagus cancer.

15, Use of the compound of any of claims 1 to 4 in the manufacture of a medicament

for inhibiting a viral infection.

16. Use of the compound of any of claims | 1o 4 in the manufacture of a medicament

for inhibiting the repiication of a virus.
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. '"th the retention of stereochem sny: and c)convening the optically active
al kanol 7 to optically active (-)-0-exo/C exo-
tricyclol5.2.1.021-dec-9-yl-xanthic acid I A, or a pharnaceutically
acceptabl e salt, solvate, or prodrue. thereof: wherein: R, Rz,
and R3 are each independently H, halogen; C .6 alkyl; or -OR4, where R4 is
Cl-6 alkyl, C3.7 cycloalkyl. or C6.10 aryl; R5 is H, Cl-6 alkyl; or -O0RS8,
where R8 is Cl.6 alkyl, C3.7 cycloalkyl., or C6.10 aryl.; and R6 and R7
each are independently C6.10 aryl; wherein each al kyl,
cycloal kyl. and aryl is independently, optionally substituted with one or
nore substituents Q each of which is independently selected fromthe group
consi sting of cyan. halo, or nitro; Cl4, alkyl, C2.6 al kenyl, C2.6 al kynyl,
C3.7 cycloal kyl, Co.i4 aryl, heteroaryl, or heterocyciyi; or -C(0)Re,
- C(0) ORe, 0) Ri kg,
- 02=NRe) NR % I\ioﬁg("% i ﬁfg NR& QIMB%% 00% 8%’%%“&89%%@% N%%%Q%%\INMRQ
- Nr C( 0)gRgup CDINR@(% Qf)QGF%IOVWNR@@(@}TM@TGMN%@ENM)WVMNR@S( O)Rt,
- NRe §( | S( 0) 2Re;
wher ei %bgg%vﬁm%%&gmar&?dﬁ E&éélals%%?%gé%gﬁdgﬁﬁ’ yﬂ?‘ g%g%g%asgé al , C2.6
al |l cenydpstfr@zBa@‘ aukyfayivirnCilavireses| Fa kyitus, [@Bdjatingr lmantibtyphompil | or

hetero he t N. ato to whic are

at t ache % or m&h fﬁg’%‘%‘g’gt‘%@?”f“?g‘?&é‘* é?’ gw%m b Eﬁgn}m&v \Rﬂ% %us%p?papﬁ{ 6 al kyl ;
prefer abﬂuyesriepa’myhwrua,ridt;mwﬂﬁesazMeR?xmwmma i, hd@mﬁrdﬁa;t hyusf:ﬂ‘l&ﬁ@ﬂt

opt i onal galjl stltutfed vmth Qne or 27. The net hod

of cl ai |¥1 Wherel e ﬁ%aagﬁ%teﬁfe@bgﬁgé‘"brﬂf ﬁ‘ggln‘"g“ 13353 %Snt | gur at i on.

28. Th ayﬂfrpktobﬂd: ohénmﬁmmt&&lm 1R Tavirud) edciuftuld contagios @RBirusVa@mes Reusl & Cl. 6

al kyl . The method of .any of clains 26 to 28, wherejn R8 is
met hy| VII‘LIS param uenza VIIUses, Daramyxovsrus Arapoxvirus, parvovirus, picoma\flrus pghowrus

polvomavirus, rabies virus, rift valley fever virus, Roseolovirus, rotaviruses, rubella virus,
smallpox viruses, St. Louis encephalitis virus, varicella zoster virus, West Nile virus, and yellow

fever virus.

18, The use of any of claims 9 and 15 to 17, wherein the virus is a sexually

transmissible virus.
19, The use of any of claims 9 and 15 to 18, wherein the virus 1s an oncogenic virus.
20 The use of any of claims 9 and 15 to 19, wherein the virus is papovavirus.

2t. The use of any of claims 9 and 15 to 19, wherein the virus is polyoma or

papilioma virus.
22, The use of claim 21, wherein the virus is papilioma virus.
23, The use of claim 22, wherein the papilloma virus is human papilioma virus.

24, The use of any of claims 9 and 15 to 19, wherein the virus is herpes simplex virus.

[

3. Use of the compound of any of claims 1 to 4 in the manufacture of a medicament

for inhibiting the activity of phospholipase C.
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. 30. The nethod of any of clains 26 to 29, wherein R6 and R7 each are

i ndependently phenyl, optionally substituted with one or nore hal o groups.
31. The nethod of any of clains 26 to 30, wherein the siiane is
trichlorosilane, nethyl dichlorosilane, dinethylchlorosilane,

met hoxydi chl orosil ane, triethylsilane, pentanethyldisiloxane (HS Me20TMS),
or 1,1-dinethyl-3, 3-di phenyl-3-tert-butyldis oxane (FI SIMe20TBDPS).

32. The nethod of any of clains 26 to 31, wherein the slinme is

trichl osil ane. 33. The nethod of any of clains 26 to 32, wherein the
transition metal is platinum iridium palladium rhodium or ruthenium

34. A nethod for preparing the conpound of any of clains 1 to 4, conprising
the steps of: a)selectively hydrolyzing ester 11 r 9 HHO 11 with a

hydrol yti c enzynme to produce optically active (-)-ester 11

26, A method for preparing the compound of any of claims 1 to 4. comprising the

H
M
;H

I

5

with a silane (HSIR'R*R’) in the presence of a transition metal catatyst complexed

steps of’

a) reacting achiral C-gxo alkene 5

with a chiral monodentate phosphine to produce optically active organosilane é

b) oxidizing the optically active organosilane 6 with an oxidant to produce optically

active alkano] 7

with the retention of stereochemistry, and

-84 .-



(-1 11 and optically active -')-al kenol 12 H Eti NO 12 wherein R9C(0)-
is Cl-24 acyl; and wherein the hydrolytic enzyne is Rhizopiis otyzae
peptidase or Candicia antactjca |ipase B; b)hydrolyzing the optically
active (-)-ester 11 to produce optically active (-)-al kenol 12 Ho

c) convering the optically active alkanol 7 to optically active {-}-O-exo/C-gxo-
tricyclo{S.Z.1.02'6]ndec~9-yi-xa§thic acid LA, or a pharmaceutically acceptabie
salt, solvate, or prodrug thereof;
wherein:

R', R?, and R’ are each independently H; halogen; C;4 alkyl: or —OR*, where R
is Ci alkyl, Cs7 eycloalkyl, or Cqyp aryl;

R™is i Cy alkyl; or ~ORE, where R®is Crs alkyl, Car oveloalkyl, or Cop aryl;
and

R®and R’ each are independently Ce.10 aryl;

whereln each alkyl, cycloalkyl, and aryl is indepéndenﬁy, optionally substituted
with one or more substituents Q, each of which is independently selected from the group
consisting of cyane, hale, or nitro: C, alkyl, Cy.4 alkenyl, Cag alkynyl, Cs.7 cycloalkyl, Carg
aryl, heteroaryl, or heterocyeiyi; or —C(OYR', ~C(O)YOR®, ~C(OINR'RE, ~C(NRONRRE, —OR®,
~OC(OYRS, ~OC(OYORY, ~OC(OINRIRE, —~OC(=NRINRRE, ~0S(0)R, ~OS(0ORRS,
~OS(OMNR'RE, ~OS(0)NRRE, -NR'RE, -NR°C(O)R, -NR*C(O)OR’, -NR°C(O)NR'R?,
~NR*C(=NRNR'RE, -NR‘S{OIR', -NR*S(O}R", -NR*S{OINR'R’, ~NR*S(O},NR'R®, ~SR",
~S(OIR, or —S(0RR®: wherein each R®, R, RE and R" i independently hivdrogen: C, ¢ alkyl,
Ca.s alkenyl, Cyg alkynyl, Csy cycloalkyl, Co.14 aryl, heteroaryl, or heterocyelyl; or R and R®
together with the N atom to which they are attached form heterocyclyl; preferably R” is-OR®,
where R¥ is C ¢ alky!; preferably methyt: and/or R® and R7 each are independently phenyl,

optionally substituted with one or more halo groups.

27, The method of claim 26, wherein chiral monodentate phosphine is in R-

configuration.
28.  The method of claim 26 or 27, wherein B’ is ~ORY, where R® is Ci alkyl.

29.  The method of any of claims 26 to 28, wherein R is methyl.
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HH(-) 12 reducing the optically active (-)-alkenol 12 to produce
optically active (-)- alkanol 7 HH and (-) 7 d)convening the optically
active (+oilcan& 7 to optically active (-)-0-exo/ C exo-
tricyclo[5.2.1.02"1-dec-9-yl-xanthic acid I A, or a pharmaceutically
acceptabl e salt, solvate. or prodrug thereof. 35. The nethod of
claim34, wherein the hydrolytic enzynme is Rhi zopus otyzae pepti dase.

36. The nethod of claim 34, wherein the hydrolytic enzyne is Candicia
antactica |ipase E. 37. The nethod of any of clains 34 to 36,
wherein R9 is nethyl. 38. A nethod for preparing the conpound of any
of clains 1 to 4, conprising the steps of: a)sel ectively hydrol yzing ester
13

30.  The method of any of claims 26 to 29, wherein R® and R’ each are independentty

phenyl, optionatly substituted with one or more halo groups.

31. The method of any of claims 26 1o 30, wherein the silane is trichlorosilane.
methyldichiorosilane, dimethyichlorosilane, methoxydichiorosilane, triethyisilane,
pentamethyldisiloxane (HSiMe,OTMS). or 1,1-dimethyl-3 ,3-diphenyi-3-rers-butyldisiioxane
(HSiMe,OTBDPS).

32, The method of any of claims 26 to 31, wherein the silane is trichlosilane.

33.  The method of any of claims 26 to 32, wherein the transition metal is platinum,

iridium, palladiuvm, rhodium, or ruthenium.

34, A method for preparing the compound of anv of claims 1 to 4, comprising the

steps of:
a) selectively hydrotyzing esier 11
B
Oml” F =
o Hom
11

with a hydrolyiic enzyme to produce optically active (-)-ester 11

H
F’!\? -
R? {O%
\O H H

-} 11

and optically active {(+}-alkenol 12
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' i ive (-)- 13 \P
| ic enzynme to produce optically active (-)-ester
g a &ﬁ wth a hydrotytic y (-) 93 and optically active ()-al kanol 7

[ [ ; [ hydrol ytic enzyne is
in RIC(0),- is C[,24 acyl; and wherein the
g?nZogﬂgrgn.,zagxpéptidasa, Canciida antactica |lipase A or Pseudonobnas

fluoresceins |ipase;

wherein R’C(O)- is Cy.34 acyl; and
wherein the hydrolytic enzyme is Rhizopiis oryzae peptidase or Candida antactica
lipase B;

b} hydroiyzing the opticaliy active (-)-ester 11 10 produce optically active (-}-alkeno!
12

H
|
Hon

{-)12
¢ reducing the optically active (-)-alkenol 12 to produce optically active {-}- alkanel
7’

E]

H

[\\?

HOhﬁ?i;Z::l
; H
H o4  and
37
d) converting the optically active (-}-alkano] 7 1o optically active (-}-C-exo/C- exo-

tricyclof3.2., l.Oz'éj-dec-C)-ybxanthj‘c acid [A, ora pharmaceutically acceptable

salt. soivate. or prodrug thereof,

35, The method of claim 34, wherein the hydrolytic enzyvme is Rhizopus orviae

peptidase,

36.  The method of claim 34, wherein the hydrotvtic enzyme is Candida anractica

lipase B

Lot
-1

The method of any of claims 34 to 36, wherein R® is methyl,

38 A method for preparing the compound of any of ¢laims 1 to 4, comprising the
steps of:

a) selectively hydrolyzing ester 13
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b) hydrol yzing the optically active (-)-ester 13 to produce optically active
(-)-alkanol 7 HOH ; and (-) converting the optically active (-)-al kanol 7
to optically active (-)-0-exo/ C exo- tricyclo[5.2.1.026]-dec-9-yl-xanthic
acid IA or a pharmaceutically acceptable salt, solvate, or prodrug thereof
39. The method of claim38 herein the hydrolytic enzyne is Ritizopus or ne

pepti dase. 40. The nethod of claim 38 or 39, wherein R9 is nethyl.
41. The nethod of any of clainms 34 to 40, wherein the hydrolytic enzyne is
in a catal ytic anount. 42. Use of the conpound of any of clains |I to

4 in the manufacture of a nedicanent for treating, preventing, or
aneliorating a disease selected fromthe group consisting of cancer,
aut oi nmune di seases, inflammatory di seases, neurodeaenerative di seases, and
di seases associated with ischem a, reperfusion injury, trauma

at heroscl erosi s, and agi ng. .
OMJWA\T/\
H
H i

R‘)\\< W

0 H
i3

with a hydrolytic enzyme 1o produce optically active (-)-ester 13

[\_ﬁ

O--..f—l.
R %

LOH

{-) 13
and optically active {+)-alkano! 7

Y

&
H-O"ébﬁ—\
H

N
(+3 7
wherein R*C{O}- is Cine acyl: and
wherein the hydrolytic enzyme is Rhizopiis oryzae peptidase, Candida antacrica
lipase A. or Pseudomonas fluoresceins iipase;
b) hydrolyzing the optically active (-)-ester 13 to produce optically active (-)-alkanol
7

o) converting the opticaliy active (-)-alkanol 7 w0 opucally active {-}-0-exo/C- exo-
~ : 269 o .
tricyclof3.2.1.07"j-dec-%-yi-xanthic acid 1A, or a pharmaceutically acceptable

salt, soivate, or prodrug thereof.

39, The method of claim 38, wherein the hydrolytic enzyme is Riizopus orvzae

peptidase.
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43. The use of claim42, wherein the cancer is breast cancer, Iung cancer,
prostate cancer, ovarian cancer, brain cancer, l|iver cancer, cervical
cancer, colon cancer, renal cancer, skin cancer, head & neck cancer, bone
cancer, esophageal cancer, bladder cancer, uterine cancer. |ynphatic
cancer, |eukem a, stomach cancer, pancreatic cancer, testicular |ynphons,
or nmultiple nyel ona.

40.  The method of claim 38 or 39, wherein R is methyl.

41.  The method of any of claims 34 to 40, wherein the hydroiytic enzyme isin a

catalytic amount.

42, Use of the compound of any of claims 1 to 4 in the manufacture of a medicament
ior treating, preventing, or ameliorating a disease selected from the group consisting of cancer,
autoimmune diseases, inflammatory diseases, neurodegenerative diseases, and diseases

associated with ischernia, reperfusion injury, trauma, atherosclerosis, and aging.

43. The use of claim 42, wherein the cancer is breast cancer, lung cancer, prosiate
cancer, ovarian cancer. brain cancer. liver cancer, cervical cancer, colon cancer. renal cancer,
skin cancer, head & neck cancer, bone cancer, esophagea] cancer, bladder cancer. uterine cancer,

lymphatic cancer, leukemia, siomach cancer, pancreatic cancer, testicular lymphoma, or multipie

myeloma.
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