PHOSPHORQOUS CONTAI NI NG COVPOUNDS | NCLUDI NG

TRI PHENYLMETHYLPHOSPHONATE ESTERS FOR THE TREATMENT OF
WORIANDRB AND OTHER CANCERS BACKGROUND OF THE PENESEDDTINI307

[001] Cancer is a nultifaceted di sease that strikes

mi |l eHOSPRIORGEY cONTAIRGNE COMPBONDS INEL UiNG
TW%‘M%ME?FW@% NATE I?EE s I*Bﬁrﬂ-lEsl'I@E*\fl‘mT OF
i "ol 3

proportion o LR §?‘N§§ﬁ§: 2' mel anoma

|
i mportant in humans anéé\ﬁlﬁng
is a particularly devastating type of cancer with a
five-year survival rate projected to be |l ess than 5%

There is only BACKGROUNDOITHE WY ENWPIONed for the
treatment of nelanomm; its rate of effectiveness is

estinmated at as | ow as about 10% [002] In contrast,
001} he bABEET 2 PWHIAGSICR sveaes thakstBkasmilioRieavery ygar. As there

ro ORI ARy Pl ofronc
abnocmsiites thatrpecords dihially indpertardpo pucsins drelishineds. For example,
A T R A G L e e
projeefiPRUKlIcse than Bodi Tharal ik bnisehdikingle-h§emdrih @lord V& for the

this apoptotic induction be 'selective Tor cancer
treatyient okme idtsrrateepl effedtivapess isi astimated aé ag dowiascabout 10%.
compounds that have the selectivity needed to nerit

eri iderati r | C ent.S.. .
ooz DLy (' S ABRLM Er l yss
apopGstitpsigyal (82histone [RORB].; Rpefllit AsAs,Lowe, 19. &Yr @aredoeel 08, 153-
is a hi conserved process used by

deat h, ghl \ .
164) i 1NeseFasEPar TBPEHIIS et tsluce ARORERRiR (S8 a5t eloRaaieed
concfinEATBas athiheLf le bt 3 SRt el
agents.; Hpeeyes dor- A/coingoungto Gelrhedioidally Lgefu) it48&rit0 that this

Huyan . em, Bj.ol 2002, 9, 1059- 1072). Il mar ks, .
apopili o) 05 PHEFH(R I CANGP LIS R BPRENGEb BB gndeed. 1t is rare
to fin@l dAYRAMIRTthat have the selectivity needed to merit serious consideration as
chemotherapeutic agents (Haskell, C. M. Cancer Treatment Ed.; W.B. Saunders
Company, 62-87).

[003] Apoptosis, or programmed cell death, is a highly conserved process used
by multi-cellular organisms to rid themselves of unwanted or damaged cells (Blatt, N.
B., Glick, G. D. Bioorg. Med. Chem. Lett. 2001, 9, 1371-1384; Newmeyer, D. D;
Ferguson-Miller, S. Cell 2003, 112, 481-490; Huang, Z. Chem. Biol. 2002, 9, 1059-
1072). Hallmarks of apoptosis include cellular membrane blebbing, cleavage of
certain nucleases and polymerases, and activation of cysteine proteases known as
caspases. From a medicinal perspective, small molecules that either inhibit or
induce apoptosis have significant therapeutic potential (Reed, J. C. Nat. Rev. Drug
Dis. 2002, 1, 111-121; Makin, G.; Dive, C. Trends Mol. Med. 2003, 9, 251-255).
Besides cancer, degenerative disorders such as Alzheimer’s and Parkinson’s
diseases are thought to result from an aberrant increase in apoptosis (Hartmann, A.
et al. Proc. Natl. Acad. Sci. 2000, 97, 2875-2880; Mattson, M. P. Nat. Rev. Mol. Cell

1 of 94



certain nucl eases and pol ynerases, and activation of
cystei ne proteases known as caspases. From a nedi ci nal

w@ergperetd ve, small nol ecul es that either inhiBCT/US2007/069307
i nduce apoptosis have significant therapeutic

. nt i I A ) \Y; ' 0 ,
o RN o (P8t Srdlt a g R e By Ry chases
apopfoticZibhibitdbShold Bemisitiesalslemiedicindbpgeneisat i ve di sorders
such as Al zhei ner's and Par ki nson's di seases are

004 oo Brk R i R Pl Pl RS ang metnoss
bettef @B t0%ddrésd eandste; THatitisRiFicalbn Bf ch’éﬁricéﬂgl’oas%ll’rbraries of
CellBiol. 2000, 1, 120-129; Marx, J. ScienCe 2001 ,
comagds? ingividua £pmpavnsisc bombietiona eb pomipoondsang mettods for
ho). d. ¢ i derabl e nmedigcinal, prom se 004 ear | ,
applifichs PRk TRRERefSTE STl Pr BhER A precaipbBBR sl epantpsis
are ofeigmitanbealuer able to address cancers. The
identification of chem cally-based |ibraries of

conpounds, individual conpounds, conbi nations of

[005, o npbkihcatenisdd & §66a1c0s./4RpB 12 faqthiy Brigderesk, lliopulos and
. | at i oo
wiedk LTRSS REFARER o 20red ol 1 Moy or
relat@ ®Afripa66yleredh@pioghhddizde ebterr kompobned aneakethods af uhaldng and
wsin QAT STHEERTIER S o B o
tri phenyl met hyl phosphonat e ester conpounds and net hods

of making and ugumYMARY e THE INNMERTIONI Si ng cont ext
of applications to cancer cells. SUMVARY OF THE

VI ] . . . .
006} \VERT: kPRl Res S4Aplals B 0 FRIRHONS BBl
modulatien aedthefreatmenrtrofasinicer callse Theyewention alsegrprides desthods

for cqgrrﬁé%i%ﬂ@B&ﬁérgﬁ%&?\}éﬂggﬁgﬁn{t‘)ﬁﬂ@(ﬁ I 8 gh\ghdﬁ{zérlmt%ncgrgpuos%%dv%iﬂ?gne or
moreCiRImbiABFARRHitiggeptent s. [007] Wthout wishing to be
bound by a particular theory, it is believed that

conpounds of the invention may act via the nmechani sm
[007hf n¥ditnoat wishing tabe pogsd $y a particular theory, it is believed that

compounds of the invention may act via the mechanism of modulation of apoptosis
or programmed cell death to be effective in the treatment of cancer cells. Itis
envisioned that compounds and methods of the invention can be effective in the
treatment of cancer without necessarily involving the mechanism of apoptosis. In a
preferred embodiment, the modulation of apoptosis is by induction of apoptosis. In

another embodiment, the modulation of apoptosis is by inhibition of apoptosis.

[008] In an embodiment, a compound of the invention is an inducer of cell death
in a cancer cell. In another embodiment, a compound herein is an inducer of cell
death in a plurality of cancer cells. In an embodiment, induction of cell death occurs
in vitro, in vivo, or ex vivo. In an embodiment, a compound of the invention is

capable of regulating cell development, differentiation, and/or viability.

[009] In a particular embodiment, a compound of the invention is an inducer of

cell death in at least one of a lymphoma cell, leukemia cell, non-small cell lung
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or programmed cell death to be effective in the
treatnent of cancer cells. It is envisioned that
w@oopasmos and nmet hods of the invention can bePCT/US2007/069307
effective in the treatnent of cancer w thout
[
cancBFERESBIU Lol RN LI W QRcaE AR Y RRERS) Sanbl o
melabymamhlbbvammtammpieﬁsnemal banmmi&eprostdiednaneer( cell, aed
ul ati o of apoptosis is by inhibition of apoptosis.
breaftd@@]ce[ﬁegn enbodi ment, a conpound of the invention is
an i nducer of cell death in a cancer cell. In another
[001€DOM apaticubarePRBEYRE NN EbMpbSnd@Bf tHRGHGERtIGH isC Inducer of
eath in a plurality of cancer cells. In an
cell daatoil abmEPhemaudn amrmular@mbq@mento@@gmound\ﬂfttm@mventlon

is an IHdLYéG¥%’f cgﬁ dgéthv 'nvaoreukg - egu+ g?ﬁl%‘,ulaq q%%BDCﬁHI%ﬂt OJ

com;ﬁtﬂmdl |9@mﬂé mv@hfléreéﬁnrﬁd@er(@mceladdémrln\él ﬁbldndrlya cEN0M a
In a partjcular enbodi nent, a conpound of th
Part'CFqﬁre@mP@ﬂ'm%ﬂtaﬁ CORpEL B Qﬁﬁh% é’lvﬁnﬁ%t%a” fﬂdéﬂlcef eheell gerth in a

brea% ca%clayeglhoma? F)Sl'tlcu dr ee%t%ﬂuﬁﬁeﬁ?'% clcorﬂgﬁ‘uﬁ‘dre{t heclﬁl/{znthn is an
ungcancer ce on cancer ¢ nor ce
mdumrof«xett degtt iem CENSpecdacareermihy pamel andrenerebérs used by the
ﬁ an Cﬁ %:er cell, renal cancer cell, prostate

Nat'Qf‘é’ Capcerinstitery breast cancer cell. [001 0] In a

particul ar enbodi ment, a conpound of the invention is
[001€N | P& mbRidirRehd, ac&ﬁ‘ﬁﬂibdrm & lIBrARNGMBe idverdion is useful in

particul ar enbodi ment, a conpound "of the invention is
screefing trlidestifyod cempoude heNingraciivite ageinshacencer ¢ell. a

particul ar enbodi ment, a conpound is of the invention

[
10013 | SRy SbbafRled b nIRLANRBBhhos ading
compouridscieseribed geebfangl%tﬁhosphanbﬁeeeﬁermmoseejdscnbed as
rticul ar, enpodi ment, a c ound of the inventi

phosﬁﬁon%ﬂewlc@fs'd@eﬁ%@@mw'@@ OEaMIY el apaly stRgttuted
triph r?’ SBGuiys eNRid Al a r@%!;"eﬁﬁl for example,
P W tﬁt}f gRQT 001 (I:n gnuersbo |r?ent a compound P
for iri_diubhm pf oéll déathi rin@attuomman@nbm;mﬂnts of beripeentiay, mﬁ induction
of ce@ gﬁ%gttﬁ fogcua}s ?/Pangpo&gsgavlj egcoarﬁééﬁlﬁotsy of tHE' upvsetnt%ncaell'gc?so useful
for therapeutic benefit in the clinical treatment of cancer. Compounds of the
invention are also useful in particular for therapeutic benefit in the clinical treatment
of cancers that are highly metastatic, including melanoma. Certain compounds of
the invention have been tested in one or more cancer cell lines and can exhibit

selective ability to kill cancer cells.

[0013] Phosphonate esters of this invention include those of formula FX1:
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[0012] This invention broadly relates to chem ca
conposi tions including conpounds descri bed generally
wa@soophazphonat e esters and those descri bed as PCT/US2007/069307
phosphonochl oridic acids, and particularly those which
contain optionally suﬁ;tituted tri phenyl met hyl groups.
Such conpounds of the Tyvention are useful, for
exanpl e, for induction 0 2l | death. In particular
enbodi nents of the invg t he i nduction of cel
he conpounds of the
invention are al so usefu or therapeutic benefit in
the clinical treg \¢ of | cancer. Cq ounds of the
i nvention are a{soBusefuHi (gﬂrz;nuj -arORAr
t herapeutic e it e clinical Freatnent of
cancers that “&re ghl y pktastatic, OREl ading
nmel anoma. Certai n conpganhds™pf the invention have been
tested in one or nore ¢an€er|/cell lines and can
exhi bit selective abili t o ki | ForoaEX1cel |'s. [ 001
3] Phosphonate esters of is invention include those
of formula FX1 : FormuP& FX1 wherei n: [0014] Aryl rings
A, B and C, independently of one another, are selected
fromthe group consisting of phenyl rings or
si x-menber aromatic ringermilarfXbne or two carbon
Wh@%kﬁns are replaced with nitrogens and which are
ionally substituted on one or nore ring carbons;
[0014001AkyI XAgs ¥B.B %kd IC pricsIMd el 00 bn8RhetHEY daRosNscted from the
non- hydrogen ring substituents independently sel ected
group censittiRg gf BN RSP SF ishgmemheiiasg@asic riRgamiigraese or two
I o F=Y ol n Vo | O .
carbodh s Ble Eibtacs i Rioaghi i Wich 6 Sptignally subsiituted on
one orNOKEANINg casbmnadt 0, | socyanat o, thi ocyano,
i sot hi ocyano, anmne (-N(R)2) , R-CO, R OCO,

R ) 2N RO COO,, (R)2N , (R)2N R R SC2-
10015] %&X@mﬁﬁmm&ﬁ 'H?Eeaélﬁﬁﬂgéfﬂ%?’r%%'ﬁ' yAERgen ring
subsfituentd ihd8PEnEERNRSTISEEd PR ﬂ’f@?r‘q‘ﬂp%bb%‘é,tih@&ﬂ%a%g‘e‘ﬁs?ne

or nore hal ogens, hydroxides, thiols, nitro groups,
hydrexjdes alkyl, alkenyl, alkynyl, alkoxide, thiol, thioalkoxide, ether, thioether,
nitro, cyano, isocyano, cyanato, isocyanato, thiocyano, isothiocyano, amine (-N(R’),),
R’-CO-, R'0-CO-, (R');N-CO-, R'0O-COO-, (R')2N-COO-, (R')o2N-CONR’, R’SO»-,

R’>2NSO.- groups, wherein carbon atoms of these substituent groups are optionally

substituted with one or more halogens, hydroxides, thiols, nitro groups, cyano
groups, isocyano groups, cyanato groups, isocyanato groups, thiocyanato groups, or
isothiocyano groups, wherein R’, independent of other R’ in the molecule, are
selected from H, alkyl, alkenyl, alkynyl, heterocyclic, aryl, heteroaryl, all of which can
in turn be optionally substituted with one or more halogens, hydroxides, alkyl,
alkenyl, alkynyl, alkoxide, thiol, thioalkoxide, ether, thioether, nitro, cyano, isocyano,
cyanato, isocyanato, thiocyano, isothiocyano, amine (-N(R’).), R’CO-, R”"O-CO-,
(R”)2N-CO-, R”0O-COO-, (R”)2N-COO-, (R")2N-CONR”, R”SO5-, or R";NSO,-
groups, where R”, independently of other R” in the molecule, are selected from the
group consisting of hydrogen, alkyl, alkenyl, alkynyl, heterocyclic, aryl, or heteroaryl

groups optionally substituted with one or more halogens, alkyls, alkenyls, alkynyls,
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groups, isocyano groups, cyanato groups, isocyanato
groups, thiocyanato groups, or isothiocyano groups,

wob@ra3noR , i ndependent of other R in the noP@DUBMNT/069307
are sel ected fromH, alkyl, alkenyl, alkynyl,

aryls RfRRIES tols b ot SR oo, ey B S chlnato
groupsy|isgs@s atdybups| tﬂﬁ_scyaalatwgrou@bk@rnu};bthu@dy;eyibxdroups,
aIkOX|de t hi ol , thI0a|kOXIde ether t hi oet her,

[001 gﬁ,agg%%gog.&sﬁ @é}{bthe @ng ?I%%%Q%t ?q@ @@udeF@ linking
mme? EQWee(\Fwa c?f'\h@@ryl anng \%Q‘elr] H;’é} m%@‘b %tpl cfarh’ Be a _=0~-, =S-,
~NH+ rmreﬁélﬁd’éﬂmqetgfwimrmerea?:h RH, mdepenmﬂenthylcrf araroiher R”, is

selodiq BRThegrRoh,onsRURL BEECH 2 R iy neinh o6 oy kXtoms;
groups optionally substituted with one or nore

[0011R! 0Q®*Ss optibivalR, repldeeaydith Yalkiymyd & halages, preferably chloride or
hydroxides, thiols, nitro groups, cyano groups,

fluoridgocyano groups, cyanato groups, isocyanato groups,
thi ocyanato groups, or isothiocyano groups; [0016] XA,

[001 Qf’ P@EaﬁHtﬁz 'lrf(dé&ﬂe%eﬁf\{ {){Pﬁneb‘an&h%?darg sre'lélﬁéd %Hf HeSGroup

clude a | et ween two of e ary
consisting ®f awyemkenyﬂ hﬂkynyhka'th@ troether, duﬂerhneyallc a®yl,orheteroaryl
-NH. . .or -CR 2"' - npiet rein each R "
groups WalshReRRUPNEHY QH*BIS‘EE'%&W' one oL mare dgqgens, Bydraxides, alkyl,
alkerf!, Oélk‘yrﬁfprbﬂk&&djé‘&hfbfl thioRlkosddey | etﬁépl!ﬁléeﬂﬁa\f' AQink @N(R nitro,
car bon "atoms; [0 OR2 Is optionally replaced \(

Cyanmhnsonyarp @yaaat@gmcy@m@bet’rmy,anomsethl@le/acmo R'@@‘I, dEReQ -CO-,

RN een BP R o b O C RN RGeS PRy Pr RN grour.

wher@|FkM§)ab,de¢|hB@ra,bot/B lapatvitesreinnRt ahe@ ®Fabgethedtsth férin an optionally
het er oar groups which are optionally substituted

subsiie alkatene BrAlETBTSIUP iyihs CaEre 4Ry akis hynded
betw?%r@fﬁl%hﬂ/o Bkgg%ﬂnsgﬁ (fgﬁq?ﬂg)F)g; Q/hﬂ;"rl}: a%?r%)gh ngrgr/'nab;(%rlﬁ%ﬁ to Cphosghorous

(herecthariavo oxygerty askre fo the @qm&nmtohsaidmunect;e@rto,prﬁspﬁ&ous by a
. R ogo (R)2N-CO, RO-COO, (R)2N COO,
single Ropdi- CONR\ ' R SO2- ,  or R 2NSO2- group, where R is

as defined above and wherein R1L and R2 together can

[0016PT Meadh RPtdEpRhH¥Nt of other R in the molecule, are selected from the
group consisting of hydrogen, hydroxide, halogen, alkyl, alkoxide wherein carbon
atoms of these substituent groups are optionally substituted with one or more
halogens, hydroxides, thiols, nitro groups, cyano groups, isocyano groups, cyanato

groups, isocyanato groups, thiocyanato groups, or isothiocyano groups;
[0020] andnis0,1,2,3,4,50r6.

[0021] In an embodiment of formula FX1, all of the A, B and C aryl rings are
phenyl rings and the compounds contain optionally substituted triphenylmethyl
groups. In an embodiment of FX1, R, is H, and therefore (CR3), is (CH2),, In an

embodiment of FX1, nis 0 so (CR2) is absent. In an embodiment of FX1, all of the
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substituted al kyl ene or al kenyl ene group having 2 or
nore carbon atons bonded between the two oxygens in
WO 200MaBR0FX1 whi ch are in turn bonded to phospPOF/U8X07/069307
(here the "two oxygens" refers to the oxygen atons
.S
A, B BB RN inbg SR REBIMGRS Y i) BRERS RBfMBayn S e gtonaty
subthe:Itezi:trmeﬁylormthtnlﬁhgsphmwaiemsi sting of hydrogen,
hydr oxi de, hal ogen, al kyl, alkoxide mherein carbon

10028}, 5 SRAcHF SirbRCE S r ity 8 'RAPEMED My HRBMURLEXT and Y i a

haloddH #h@in ParttiEQa8 YAy FSer @yano groups, i _socyano groups,
cyanat o groups, isocyanato groups, thiocyanato groups,

or isothiocyano groups; [0020] and nis O, 1, 2, 3, 4
[0023] 5 Wysmecifiq @omamentaﬁvmam ¥enXes,ofc SWhstititionoa the A, B and

C nn@%1 lcalqglsto 'ﬁﬁ@]gecomi g@%&o%eé\ﬂgén g&gg“‘f{%é& Flhagsthg lﬂklng

monetwsplr@tnyl met hyl groups. In an enbodi nent of FX1 ,
and therefore (CR2)n is (CH2)n, In an enbodi ment
absent. I n an, enbodi rrent
[002‘& Fz}g&more‘aﬁpe% CFW@& "Be'étﬁd”‘@ IBVSNLIGN PrRYIdESLQIRRANS Of
formilh&@nd n is 0 and the conpounds are optionally
substituted triphenyl net hyl phosphonates. [0022] In
speci fic enbodinments -CR 2 is replaced with Y in
formula FX1 and Y is a halfgen and in particular Y is
For . [0023] In specific enbodi mnents where the XA,
XB, XCsubstitution on the B and C rings can also
i nclude a linking noiet) een two of the aryl
rings, the linking noie -O . [0024] In nore
speci fic enbodi nents, the vention ppovides conpounds

of formula FX3C W Ql N: is chl orlne or OR1.
X, C—(CHy); T———OR2

Y

wherein:
Y is chlorine or OR":
nisOor1;

R"and R?, independently of one another, are selected from the group consisting of

unsubstituted alkyl, alkenyl or alkynyl groups having 1 to 6 carbon atoms;

X1, X2 and X3, independently of one another, are H, alkyl groups having 1-6 carbon

atoms or alkoxide groups having 1-6 carbon atoms.

[0025] In specific embodiments of FX3C, Y is chlorine and nis 0. In other

specific embodiments, Y is OR" and n is 0.
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nis O0or 1; RL and R2, independently of one another,
are selected fromthe group consisting of

wae®ahbsia ut ed al kyl, al kenyl or al kynyl gr oupBCTIES2007069307
1 to 6 carbon atons; X-i, X2 and X3, independently of

e J } .
100261 BT oAbl b XECO RSB 18, BnfREHARs naing 2.6
carbcﬁrog%ﬂ\s bnalkpleyjig‘rbu%sehmjdg Zeftarboin #XBES, W additibhalr i ne

a nis 0 . ot her specifi¢c enbadinents, Y is ORL
emb%fﬂ'd“%*%i*@“ﬁ{ g?@ a'ﬁﬁ“%‘pﬁé’@FP? galé'ﬁﬁ@dﬁ ﬁéﬂ%@ gmsacalkey!

grou;zﬁnﬂa\ﬁg? e céfdﬁﬁﬂéﬁbr&r SWPX, ,%V%rﬁgxg'a@e ﬁ%rt%ﬁ@ggg?tgﬁggglgroups

ynyl' groups having 2-6 carbon atons.
havirgnb3diarean storRl. kmaddttionalerlbddimentsy R e Raareglkengl groups

navingf g BhrBoRstarty ok P Py BRreta Barh QMg pad X3 Re and
X3 arBWidRghehrsSorcRERXy 3frQlis. | N addi ti onal enbodi nents, Rl
and R2" are al kenyP/ groups having 2-6 carbon atons or

al kynyl groups hayi nq%éZ-G carbon atons and X-i, X2 and
[0023]3 alesngfdficogahedigrenie ohbXg CgrYdsshlornecand Rf i apabsenykgroup
navir PEBN S0 Sl AhrariP o AW ctooh Suffs i additional
emb@ﬂgmgtsljwis@k%r@ and lRénB ah aikany! groagichdvirenalé carbon atoms or
enbodi nents,. Y .is chlorine and is an_al kepyl group
an alkyw! ggouR bowagiof caf atemsaaﬁdaﬁyﬁw%@abe Riiogns s
alko%rBGES ALY} ﬁﬁ%a}'bdn atbfneNG AR BRHRORBAEOY is chlorine
I'koxy groups having 1-3 carbon atons. |In additional
and Ririodn mieny| groupshating?itnearhad akorhs ios aarallkyriyé grdupgihadipg 2-6

carb A 20836 KRBt BV B S " 7 O

nmet hoxy groups. [0028] In specific enbodi nents of
[00287X3Cn $¥eciisiémboliinerits oP FXBID, R'kurcydr, R3eimé Yromy, eyl bentyl or

roups including all isoners thereof. |n nore specific
hexybgrovas irdledingfallps@oersiberrad/ o MRre speciicmnapdiments of FX3C,

R a8 PR BN T iy PR BT, -
pentydut yhethtbatyhy2-mmtoyputyl, r8-imettylibutytl, 1-ethylpropyl, n-hexyl, 1-
methylpentyl, 2-methylpentyl, 3-methylpentyl, 1-ethylbutyl, 2-ethylbutyl, 3-ethylbutyl,
1, 2-dimethylbutyl, 2, 3-dimethylbutyl, 1, 1-dimethylbutyl, 2, 2-dimethylbutyl or 3, 3-
dimehtyl butyl groups. In specific embodiments, R' and/or R? are groups other than

methyl, ethyl, iso-propyl or neopentyl groups.

[0029] In specific embodiments of the compounds herein, R' and/or R? are
groups other than methyl, ethyl, iso-propyl or neopentyl groups. In specific
embodiments of the compounds herein, when R’ is a methyl, ethyl, iso-propyl or
neopentyl group, Y is a halogen, particularly a chlorine. In specific embodiments
herein when both of R' or R? are methyl, ethyl, iso-propyl or neopentyl groups, at
least one of X4, Xz or X3 is a substituent other than H, OH or OCH3;. In specific
embodiments of the compounds herein, when both of R" and R? are alkyl groups, at
least one of X4, X5 or X3 is a substituent other than H, OH or OCHs.
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nmet hyl pentyl, 2-nethyl pentyl, 3-nethyl pentyl,
1-ethyl butyl, 2-ethylbutyl, 3-ethylbutyl, 1,

wQ2arneebhy | butyl, 2, 3-dinethyl butyl, 1, PCT/US2007/069307
1- dinethylbutyl 2, 2-dinmethyl butyl or 3, 3- dinehtyl
ty f
[003@;‘ , rﬁgpd;ﬁrﬁ%ﬁé n@%ﬂﬁf@ﬂ@nﬁﬁbﬁﬁgﬁmﬁg dMormulas

FX2, rFexzmrﬁ)gaB,glFXS&pEX:}AOBXQB FD(4$ B XAAS, IFX Se RGN, TRXEB, E)X5C and/or
t he conmpounds  he S othe

one QBRI ERPPLTGS Hy SCHEETS br Sbgboshe RabRERnSTBgHspLentan

prov.asgﬁboén%&ﬁmmd%ﬁaﬁwf thB?or‘FﬂﬁTEQ%BF’énher ein, when Rl
iIs a nethyl, ethyl, I'so-propyl or neopentyl group, Y

is a halogen, particularly a chlorine. In specific
[003 Hrbot aspesilic emsiadimaeh thdirtvestiomprayideepharenanstigal,

comfieegs. 5 SpBERBrny o PRARRY o e OdinaRbino R EpnspRes

compdund. whigh $peddés m@a‘p@@mdméﬂ@ntosfhdrém tﬁ@m@mbtdmdh@fséld@ted
when both of Rl and are al kyl _groups, | east one

fromippngjor m@re@om@owsé\ofs‘eﬂgwﬁ @@ﬁfi”%@%aﬁrqﬂhawqqlf'c@ﬁv tyrmulas

Fxt, S8 OIS ERSCHEOR FRIBIERSCL Txd a0 i, s
FX5C 484 or BX8R)r o, cd??(ﬂ@und@@f Séhéhe 1B Bha%@emm;dl ommposmon
nor.e conpounds

Schene 1,
can (BBRIAMBRTSE SORGY & FosA Brb AP ERToRBTTe Sl gSRuI Pe
unde?s%o@fm frieeart. Ofﬂyb@éfl@gﬁ\%bﬂlmé&@?’% BHbrehaRRaaEd cceptable

nbodi nent, the 1 nvention provides pharnaceuti
carrlefom@mmem@er tharawaterios dinragueous q@hﬁrormadam Irwahtlon further
.conmposition.copprises.a cq [ QVi
providRE PR P N B rBESHErE A RH S Mo peir i E i aceaptable
carriér, ef8., AtPoRé ofRice CORMIBUMAS oPfthd Mvemtias pAesEHt i e’ composition
her ei n, specifically formulas FX1 , FX2, FX2A, FX2B,

in anmExRoUNtE A0NIRe amaun! tptprovisesa desyedihermpepiic benefit. The

mverf) ﬁﬁ%r@@n@ P Caﬂﬁac%utm%r? g)gg%ﬂg B{Préﬁ@oﬁ oﬁnd described

FTB.CEU can one or

hereimadissadfedincat Eq@eousemmniati’mh Iblafnf@rhbo@mtentﬁa pWetthdcebﬁlcal
understood in the_art. In specific enbodi nents,
COMPASAIGTEEANPTIRES 7Y eﬁ@@*@fﬁ %’ES‘PH”E gsrqedinedeseipapt éP”tROIH'@P of the
mverf[tfc‘)ﬂn wat er or an aqueous sol ution. The invention
urther

[0032] The invention provides compounds, as described herein, for use in
medical therapy. Such therapy can include, for example, use in inducing apoptosis,
modulating caspase activity, inducing cell death, or treating cancer, preferably for
use in treating lung cancer, breast cancer, prostate cancer, other forms of cancer,
lymphoma, and leukemia, such as, for example, acute lymphocytic leukemia (ALL),
acute myelogenous leukemia (AML), chronic myelogenous leukemia (CML), and
other diseases of proliferation. Such therapy can include as well the use of such
compounds for the manufacture of a medicament for inducing apoptosis, modulating
caspase activity, inducing cell death, or treating cancer, preferably for use in treating
lung cancer, breast cancer, prostate cancer, CML, ALL, AML, other forms of cancer
or leukemia, and other diseases of proliferation, in a mammal, such as a human. The

compounds of the invention are also useful for treatment in diseases in which
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provi des pharnmaceuti cal conpositions conprising a
phar maceutically acceptable carrier, etc., and one or
worerg/1guspounds of the invention present in theCT/US2007/069307
conposition in an amount or combined anount that
ﬂ%se e [ i on

apo"ﬁsg%!s es ?thtgrgﬁéﬁ%@ﬂ?%%a &gﬁﬁ%o@f%l on@’ecgr?%ﬁec&n%%gg
Parkineop'e ulisbaides didheadeiedsensdianddhe éikei N an agqueous

formul ation. In an enbodi ment, a pharnaceuti cal

Ssition, conpri an e ectlve anount def i ned

1003510, o e InyErR SHpU RN S4sG RUWGR PBRPIOBBES o & cel
comdr&ﬁﬁ:{‘&élﬂﬁcﬂi’r@me‘j&‘ﬂ iR UROBRAGv0, 3% i 0%e! WRBMEfi&itie drRbunt of

use 1n medi cal therapy. Such therapy can include, for
a corapawm ef th@sevemlqm@mdemlbagdmrem In anprefereed agwbodgpa@tea cell
tobeCtiiicﬁdﬁ |ndu0|n n r g}gci 1,,[hortr atin gancer f

3?%9@“? V7 qpoestor F]f’ iy F’d%e Nt B A¥ Lype of cancer
cell, W@Qﬁhpl@é@é&i@rﬁa%ﬂcﬁfnpr@m‘@éelf QInAEceNE FaBAGIS tissue types

| ynphorma, and | eukem a, such as, for exanpl e, acute
and atmlﬁuéystagﬁa of lidereatiation.) | acute nyel ogenous | eukeni a

(AM.), chronic nyel ogenous | eukema (CWM), and ot her

S foti I

(00341, FPIE InntBhRlec BioRidelrh el o dibartcalpl A LS SpBPtosis
in a raameahl ganmead of such tmiatmag cararisisy adnmisteriagitoghe mammal, an

caspase i vit [ ce dea reatin
effecfgi agiounh ke sPatiopAGH (he hhtion S5 ats iSembetdhcer
breast cancer, prostate cancer, CWM., ALL, AM., other

[00351°T " &4 eRREIRhe At theeinlyBAtich p@wé%t@ebw@bﬁﬁaw&ngvfof formulas
proliferation, in a manmal, such as a hu The

FX1, Fotd A E%ZBhEXhE/)é%; BX38r EXd| EX4AsEP(t5I, FP((5|A FX5B, FX5C

cana 3 R e W PR Bl R 0G0 o

cytotB’ﬁbe Bs&dy, wHrepasieh |8hpheliueis’ léssitrfaeﬁscm aNd Thhepldf&eed
[ 0033] The i nventi on provi des net hods to I nduce

emb@xpnimn_tm@thSGe@dUﬁ isrless theinl 10 pvibr ilrsamgor@ome&ftedwgnbhdlment
such3fstvells sHSss e st Tonet miverretsescibadimasiy such value
is Ies@%ﬁh QO cjh@r&nefa‘?f & ﬁ%ﬂl)ﬁﬁé@&’réﬂagﬁrbgalrﬁ@ﬁtg L@cH$alue is less than

conposition or f the 1 nvention
10 mmorrbtaramd/mrypes tifanchnmdienromolar. In specific embodiments, IC50 values

are determined employing_ the sulphorhodamine B assay for assessing cell death.

[0036] The invention also provides a method to activate a caspase in a cell
comprising contacting the cell, in vitro or in vivo, with an effective amount of a

compound of the invention as described herein.

[0037] The invention also provides a method for preventing or treating a

pathological condition or symptom in a mammal, such as a human, associated with
caspase (for example, caspase 3) activation comprising administering to a mammal
in need of such therapy, an effective caspase-modulating amount of a compound of

the invention as described herein.

[0038] The invention also provides a therapeutic method to induce cell death

comprising contacting a cell, in vivo, ex vivo, or in vitro, with an effective amount of a
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cell, for exanple a |l eukemi a cell, |ynphoma cell, and

cells of various tissue types and at various stages of
waledofasemi i ati on. [0034] The invention al so previ/tisz0z069307

nmethod to treat cancer or induce apoptosis in a mamal

com BRIy LSRR SRR 358 AR by in o
cell dentteist atdeastpatsiyrsdtectiviesfoetancdra@ds] | n an

enbodi nent, the invention provides a conpound of any

f faormulas FX1 , FX2, FX2A F ,. FX3, FX3A, . FX3B, )
10038, PRRHNERESE ald0@ RV dessmmathat i inguet ceh HeaEhiney Magnmal in
need®f\sRicH re AR cAPpAsing AdriRiskiriry 16 thanssmiiat 49 Bffective

(1C50) in a cytotoxicity assay, wherein such IC50

amoyrtlai@ ¢ampewyd ohthe iBoantion ag descripedf@red enbodi ment
such 1C50 value is less than 100mMM In a nore

o0afl " A0 Ry PA R L8 L 5 15y B

breastasmcehprodatartamcsrpABRY . AMD, Bokthtumarisebitier skms of cancer or
enbodi nents, such value is |ess than 10 m cronol ar
leukesRigy 8Pd they dispases GhincPi¥RtAtian) in 4 nagrBMA jncneed of such treatment

com R T erih Y e k! S R AT S G of the
inver[tiod3s dddwibedvreméinon al so provides a nethod to
activate a caspase in a cell conprising contacting the

1004 o bR s BBt bt e m Bt Fa bR
contdliPd daid Bell Witk @Nfhiepdb éltRallpeffttilesao0Rt sfafcdMbination of a

preventing or treating a pathol ogical condition or

compgauTst dithe inventienrand a shemotherapeutiaagerts 4o @i Rietadred t h

¢ _ . : o

emb iR Sné ProffASRbEunc AIBATE otk ALY R AR AT dihe

pres&itfieedrition. daspgseifimembatiinngntateustienadtharamutiowyenothat is
the inventi on as descri bed herein.

combiRge MithahcameauRH %F@%?Vﬁm%ﬂ%ﬁ@%ﬂ%%% hggemﬁcmfmi%éhat is
el FolERaDoF SEBFIG AR AR 5 0 2, 8ldpcp oy, o
chenaatherapentic afjenhhthat isveorhbioedasittde sonipoeiddod tieis nnvdmioaris one
that zaegg %?/ic%g}n’g éellqn%aci;g %J BNA’.”Inoé specific embodiments, the
chemotherapeutic agent that is combined with a compound of this invention is one
which affect mitosis and ultimately result in G2/M arrest. The invention provides
methods of treating cancer in a subject comprising administration of an amount of a
chemotherapeutic agent and an amount of a compound of the invention, wherein the
combined amounts of chemotherapeutic agent and said compound are effective to
treat cancer in the subject. In an embodiment, the agent comprises dacarbazine,
etoposide, doxorubicin, camptothecin, or analogs or derivatives thereof or other
chemotherapeutic agent. In an embodiment, the components of a combination
therapy have an additive effect. In another embodiment, the components of a
combination therapy have a synergistic or potentiating effect. In an embodiment, a
compound of the invention and a chemotherapeutic agent are administered
sequentially, or simultaneously, wherein the administration including the order of

components is optionally selected for optimal clinical results.
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cell death is at least partially selective for cancer
cells. [0039] The invention also provides a nethod to

W0 pwacs72eel | death in a manmmal in need of suchPCT/US2007/069307
treatnment conprising admnistering to the mammal, an

10042 o o R EPH o A pARRLAY cblocith o BNENhaR, Alant which

whemedrhbithetiawithr @atantiaarcesr therageutid sggntdaoeases bpeptisis in cancer
cancer, prostate cancer, ALL, AM, solid tunors, other
cellss AR emfm@@t, e masluiatindzadelid BiRaIPQUNdn{dag inyention. The
inverfiof! éI&?P?H\)i miethdtis'f8 Frgﬁjeehﬁwné?ﬁ@a%?rst‘ﬁ%ha ddRRldgeits suitable
conprising adm nistering to the nanmal, an 'effect’ve
for cembimation therapy rptiwan dowpoting of theeinveotioras descri bed
herein. [0041] The invention provides nethods of

onal 25 RGFDUREh  SRTRLL R A

compURdisnas iadrerabo@neMipaeNidrat, is bembiegsidion and a
chenot herapeutic agent. In a preferred enbodi nent, the
chenpt herapeutic agent i s one other than the conpound
[0044) ¢ hbe Jrvendiap Araviess msihodsfog sypitesis; @f comrptingsmf the
inverlfd® chenot herapeutic agent that is conbined with a
conpound of this invention is one that acts by a
mechanismthat is different fromthat of a conpound of
[0045he Imameetribodiméent, a cpepddridcofehb dalientionds prdwided in purified

che her apeuti ¢ agent that i,Ss cqnbi ne i t
and/ Sty fits BrfthyBian SibetFed Basitleirbdus anst i ng
pharfhabBgecd eoRINOsitioRs ainSRRIMJ hEssiTh adits®avesorotided in connection
chenot herapeutic agent that is conbined with a

with eempeunds of thetingenti®ent i on is one which affect nitosis
and ultimately result in G/ Marrest. The invention

[004@;)0\/&)9?5} JE?)tegﬂadgncﬁ) mtb'bﬁ%éﬁ]tg oF N flvel {?org? @g%@‘ébparent on

Vv
nMprising adm ni stration of an anbun

consideeativrhef tapdigiures , agpeailedadubcaptiamand the Examptesoronidedfherein.
the invention, wherein the conbi ned anpbunts of

h h . : .
Co treat cantBiroeRe | aROr THERBES nont -t he.
[004?]gen}:ig%?gq rillll]c’se’:t?atgsa (r:naertr?gdzsl gfeéynthesis for compounds, including

schemes that can be used for synthesis of TPMP compounds of particular potency
such as CX1, CX2, and CX4.

[0048] Figure 2 illustrates methods of synthesis for compounds, including

schemes for synthesis of various hydroxy derivatives.

[0049] Figure 3 illustrates methods of synthesis including schemes for further
TPMP derivatives.

[0050] Figure 4 illustrates additional methods of synthesis including schemes for

further para-trihydroxy TPMP derivatives.

DETAILED DESCRIPTION OF THE INVENTION

[0051] In general the terms and phrases used herein have their art-recognized

meaning, which can be found by reference to standard texts, journal references and
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et oposi de, doxorubicin, canptothecin, or anal ogs or
derivatives thereof or other chenotherapeutic agent.

w0 pooan3eabodi ment, the conponents of a conbi naREDHS2007/069307
t herapy have an additive effect. In another

e, t .i t her .
contGEERHEER, n e AR, She o RATBPA AR Mk Whice
clarife tisids pesific use mmcnmﬁeﬁfof&th@mv@me@m on and a

chenot her apeuti c agent are adm ni stered sequentially,

r s' | t aneousl wherein the adninjstration
10058}, . 5 f T FReBPHisraRF UGG Bis @i retespiq BRUSHYstance capable

of reé@éiﬁ%b? ré\)‘éhtlﬁ @erov&h Bhﬁlféraﬁ@ﬁ%rt rE8982EL ¢ gheer cell, a

I nve n prov desmet hods for scree ing a nodul atlng
popukadientofwdancer edlksn turoom ionethexi roalignanatisswantke term is intended
her apeuti c agent, i ncreases optosis_in cancer cells. .
also {o SRSt iroE oF Anrartten BoankrExPubliry cheftisapeuti
agen®y inchrlel AWERG bfers, TAISplatiy estbpOsidal Fifoicani 8smpiRtA0tspotecan,
for screening anticancer therapeutlc agent s SU|tabIe

paclitegel, clonpiaxat iepethilbaeapiaxaiere. taxeb tampoxiteroB-lursouraci,

mettht‘FS%t{eo{éméé% ﬁide-rgfclf)p%ggﬁﬂawldg Xr;pkfjéé tF?ﬁdsszﬁf 1778,123,

ener a em ca oun

BMSeZﬂh@&Qn‘&?ESSAhT@ (g dfitiaiby), 1 TAR@E‘W\ nag QHrlloahLb rﬁﬁﬁééﬂloff@@)
ention érow des net hods for synthesis of conpounds

antlbefileﬁrt@ REVBnEL6RY FoUagmalinbanngaodfenentdriamighpaisean,
gemd bee ur Fr?lhb%‘?d':ﬁ}l&rnﬁ’é@h dlfbg‘faprﬂaéfﬁwgﬂ%h%m{ Q:Hob?gwbucn,

st anti a ure form an enbodi ne dssi
pipotpmnmnug'sethyidnpmnatammeutrienttaﬁemethmxpmosersamme,cH)MIfag,

carm gt RS e (el SR i Ao B S P Ca ARG

merc@Bﬁ%‘nﬁBnéf’thl@@uéﬁ‘lﬂe' fﬂu&é}bb%sph’ﬁé haﬂ,f pRPRt8iHe, Yhblastine,
consi deration of the figures, det ai | ed descri ption and

vincristise eviadgsies, hieomydied dxereibicin, BRIGHROMESORARTNGNbEHN,THE
epin bl R i alai oo kTG  WROABE Fak-Aspergginase.
Tenipssade fipralshaniEtRRy R stadioPNBietogdbesifpol Olestttdroas] glednisone,
ﬂuoxyr/)r?wtegtne?())/ne, dromostanolone propionate, testolactone, megestrolacetate,
methylprednisolone, methyltestosterone, prednisolone, triamcinolone,
chlorotrianisene, hydroxyprogesterone, aminoglutethimide, estramustine,
medroxyprogesteroneacetate, leuprolide, flutamide, toremifene, goserelin,
carboplatin, hydroxyurea, amsacrine, procarbazine, mitotane, mitoxantrone,
levamisole, navelbene, anastrazole, letrazole, capecitabine, reloxafine, droloxafine,
hexamethylmelamine, Avastin, herceptin, Bexxar, Velcade, Zevalin, Trisenox,
Xeloda, Vinorelbine, Porfimer, Erbitux ™(cetuximab), Liposomal, Thiotepa,
Altretamine, Melphalan, Trastuzumab, Lerozole, Fulvestrant, Exemestane,
Fulvestrant, Ifosfomide, Rituximab, C225, and Campath and more generally any art-
recognized cytostatic agent. Chemotherapeutic agents include analogs and
derivatives of the chemotherapeutic agents specifically listed above which exhibit
function for reducing or preventing the growth, proliferation, or spread of a cancer
cell, a population of cancer cells, tumor, or other malignant tissue, including, for

example, analogs and derivatives of dacarbazine, etoposide, doxorubicin and
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such as CX1 , CX2, and Cx4. [0048] Figure 2
illustrates nethods of synthesis for conpounds,

WO p@l7aslizdg schenmes for synthesis of various hyREDK§2007/069307
derivatives. [0049] Figure 3 illustrates nethods of

Sj i . f rther. e
camiUReRY | § 6y G5LBREETENENS P orbitehifi Mg ang g mtencec
hereifethaotie tofm shatrivtiserapeatid agemty refehe tesudroagéntrthbesre presently

par a- tr| hydr oxy TPMP deri vatives, DETAILED DESCRI PTI ON
art-regpomiaed audEnsP cnthasesagents Whishowillibe arRProxesHorsHeh uses in the
futur@nrases used herein have their art-recognized meaning,

whi ch can be found by reference to standard texts,

journal references andcontexts known to those ski | ed
[0053]n t negenaral, Theecompbundisof thésf inveniiansambe gploye@dh t o

comifiyian ¥igh 37y BB SoieCo T rictanoPAUPaRERY: A, treatment

of anNB8RIdual &R Iahylhe2OyYmdHDsE MR R HIsSOIAhisiBEBHIOAICHT be
preventing thée growh, proliferation, or S{)read of a

combjaed withasny art-aecmme&t ¢hamethemnaidic tge@tqngn t in ppegific
embc% 91% 1 rg?'!e' WBFe {:&‘?@Hﬁnds-r E]eth gghﬁoﬁ Qér? Bgeeqn@)bzﬁ% M}Pyone or

enconpass any ncer —agent

morwmthermmblagea@ewmhlmlssdm\mmangag?d |$GCB as, for example,
ci spl atin, etoposide, irinotecan,

cisplg iy BioReRIbcip &t IOy b aRBPSPRASEGP A6 ANaIegs DR PPUNEeS thereof). Ina
spec@ﬁ%@écﬁm&-@ﬂe ot ﬁ%g&ﬁgouﬁcycf‘m%ﬁ@@ﬁﬁén can bg §ployed

xtrexate, teno phospham de,
with 616886 mdre thefotherapéstid 2agentBMRI 4% 681 e*éﬁESISAe(ctpo)sjde, taxol,

AT RO i 1, Y o 80

ara-C, adrianycin, Cytoxan, gentitabine, uracil

[005‘401;1St Fhe terﬁhbﬁé@ﬂ&érﬂ@unﬂ Wﬁnﬂiﬁe@%er&ﬁi mﬂltémjed to encompass
| oranmbuci |, pi pobrorran triethyl enenel ani n

contevms Suety pe r%@'?ﬁfﬁtﬁﬁ?@slbﬁ@ﬂr%ﬁ*ﬁ%ve BIRAH T &R th@apw@ﬁallrﬁ@ﬁecﬂve
amoyl @ﬂﬁ ébc?‘bﬁ‘g(’:lf‘l%f Q%Lp(r?)@a EWBE %@)ﬁ@ﬂ%& tﬁ%ﬁi‘igrdoﬂ'té}@ will allow
one &fl ardmaapEkig t@i’élﬁdynlﬁﬂe? dep@n’tu@@tcﬁteslt@hswernbéf&@ttlveeamount For
example, an effective amount in the context of inducing cell death or otherwise
regulating cell development, differentiation, and/or viability will have a functional
impact on one or more measurable parameters. A therapeutically effective amount
will be understood, for example, to beneficially affect a clinical condition such as the
disease of cancer and its progression; such an amount may provide at least

temporary and/or partial amelioration of the condition.

[0055] The invention provides embodiments of medicaments and methods of
making medicaments comprising one or more compounds of the invention. The
invention provides compositions comprising one or more compounds for use in the
manufacture of medicaments. The invention provides methods of use of one or
more compounds of the invention in a cell. In an embodiment such use is in vitro, in

vivo, or ex vivo.
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vincristine, vindesine, bleonycin, doxorubicin,
dacti nonyci n, daunorubi cin, epirubicin, idarubicin,
wWoraonnsmyci n, deoxycof ormycin, Mtonycin-C, PCT/US2007/069307
L- Aspar agi nase, Teni poside 17. al pha.
Et hixpyd r adi L et hyl st Ae S
10056}~ JESEefHitrBlry Mok Bty shoaP Rk of I L P RecBass

definftionpiagrabadlytuesiepdtacd dmthe amgasbn @nas@tidieat, the term refers to an
met hyl predni sol one, et hyl t est ost erone, predni sol one,

abnofrpalyrtagwiated cell dhptdian Fararbwere a ¢iireb copdibige of epper,in a

hum:ﬁ{rgpgﬁﬁh%tl.embme%oo(?ﬁ%[\fquﬂ%lﬂ?can Irefgr to a cultured OI<:ell line or a
nmedr OXyprogest er oneacet dte, Ieuprolide, flutam de,

cell viithvire ot Hermesd fyosea BLMaN araariopl body, Aloathicer gell ean be of a wide

iR AR ESS, L T L0 s LTS o .

cancEPEALERBE Bfond £Lemaidurs or peb@@f dfRRvelopment or differentiation
hexanet hyl mel am ne, Avastin, herceptin, Bexxar,

and oas ipglide areeaily stag@ifore thnt,is Xehgidaredprecartdrone,
Porfimer, Erbitux (tm(cetuximab), Li posomnal,

ous) o588 5 PG ARLRLELARY o ST HEHRRR wnrancned

(straighpsiigimotéinest) tsaxiratddl hyetdbarbandhricainprides aydioaikyEgroups
_generally any artrecogni zed cytostatic agent.
having e he1osp 8095 cUnlgen otharwisaingicated Bipfedpd alkyl groups have 1

to 30%&8@%\%&&? aﬂ{j ke d&@%’?@&ﬁeﬁﬂﬁé‘é itr?at%ﬂf%iﬁ 1-22 carbon atoms.

specl y Tisted above which exhibit tunctrion
Short allyicgrogpe arethoserttavingg 1 he 6grasiwm atgeindweting nwthylpethyl,
pread of cancer cell, a popul atj on of cancer cells,
propylchEd enodeRd e GigHan ReReRmAl isRietaitfgect or g alki
grouS 8B se MAYIGS 3BNA B bitRhd YRS pPéfefRARIRAE Mfing 12-22
et oposi de, doXorubicin andcanptothecin.” It wll Dbe
carbeippioms as aelias tbaee bbvingdi2130 andikthpse havingel Gah@ catbarsatoms.

The tenaPYaBARE, £oBut By R B E oD G d AR Ca D goon

atomaavrgs® singld bystie rﬁ*@ecbﬁrﬁumgié?ﬁng@.|(Iydltﬁal|%ﬂ@"r@t‘:’[%jinﬁﬂfde, by way
such uses in the future. [0053] In general, the

of exaBlpiR piae SINStAUStYrRS SHED @8 slPPFRPBApICsitYli Ayclopentyl,

crocSEER 0 b 25 SERAPEe O£ S RRARSH A o e

one or nore of the conpounds of this invention can be
[0058] The term "alkenyl" refers to a monoradical of a branched or unbranched

unsaturated hydrocarbon group and to cycloalkenyl groups having one or more rings
wherein at least one ring contains a double bond. Unless otherwise indicated
preferred alkyl groups have 1 to 30 carbon atoms and more preferred are those that
contain 1-22 carbon atoms. Alkenyl groups may contain one or more double bonds
(C=C) which may be conjugated or unconjugated. Preferred alkenyl groups are
those having 1 or 2 double bonds and include omega-alkenyl groups. Short alkenyl
groups are those having 2 to 6 carbon atoms including ethylene (vinyl), propylene,
butylene, pentylene and hexylene groups, including all isomers thereof. Long
alkenyl groups are those having 8-30 carbon atoms and preferably those having 12-
22 carbon atoms as well as those having 12-20 carbon atoms and those having 16-

18 carbon atoms. The term "cycloalkenyl" refers to cyclic alkenyl groups of from 3 to
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conmbined with any art-recogni zed chenot herapeutic
treatnent. In a specific enbodi nent, one or nore

W@ ovpasmos of this invention can be enpl oyed wa&hus2we7/069307
or nore chenot herapeutic agents whi ch cause DNA

0 9N SHED R e, SR o S ABbEL PaBLEHEATh hricn o

leasttdmer iraf gonthimsaa dpeisle fiondg@s@i rytloalkere/l groupy iiclude, by way of
c?npo_unds, of this invention can be enpl oyed with one
example g @le FRENBIUFAY TS SHCh @Sy SIRREOPRME HCYAOb UtRRY eSygigRentenyl,
%‘Pﬂ@i e (or anal ogs or
cycloggrl Vétc?/\f;oggEt errgé%ﬁq“ég/g%%%a‘fq_ﬁgl.t ermeffective
anmount, when used herein, is intended to enconpass

[0058)ont Ehe sersutaikyny'argierartorcmanpaglica) obanh emisatusataiduserocarbon
B e e R St L R
grouds have 91§ 30f cRbeh Bidis kb rhorlepreRFRANAESho 88 R4t HoRtain 1-22

or establish an effective amount. For exanple, an
carbet ateens . Ak greupsninchide sty et propargyt iridrigedikiel SHertatkynyl

or otherwi.se.regul ati cel | devel opment.
grougs ARLIMOSENAVING? 10 R sREFo o mgudiRg aiisqraers thereof. Long
alkyriyW §€dupenab thodRhviAg 8OPE cafboMatemsERfb@iérably those having 12-
paraneters. A therapeutical Ié@ﬁffect ive amount will be

22 carhae@evs@s Wl agihass kaving 18ef«garbprptgmaanddhoge having 16-
18 ¢ Bﬂia({&]nsconditi on such as the disease of cancer and
I'TS progression; such an anount may provide at | east
tenporary and/or partial anelioration of the
[006@PbndAtkyhralkdr§0%=bid dlkenyl gveups may freosu bdétutedioo dnewlvdtduted.

of nmedi canent nd nmet hods of .makjn i.camen , .
AlkyICEBRTs F G AR BITOHBE S Eb i RHEA I SUHTG ) @8 ClessrbahBerein
and Y BRSSPI OB EOBABEN! AN Moo T croon

ofpounds for “use in the nmanufacture of nedicanents.
atomshie thengeaup and theodegres afenhattisatisin ofstbe gfrovme Untessootberwise

... conpoun of _the invention.in ell. | i
indic§FIRUARE0 AROE AR BhE HYBy g Ples o Bty BERRMER, and
moreliseferaBlei-8, ahd endrerprefeealgdr 2ce1d ron-BydigeRdebstients.
enconpass definitions as broadly understood in the
art._In an enbodinment, the termrefers to, an ,
[0061] The general term hydrocarbon is used herein as it is understood in the art
to refer to a compound or group that consists only of the elements carbon (C) and

hydrogen (H).

[0062] The term alkoxy (or alkoxide) refers to a —O-alkyl group, where alkyl
groups are as defined above. The term alkeneoxy (alkenoxide) refers to a —O-
alkenyl group where alkenyl groups are as defined above and wherein a double
bond is preferably not positioned at the carbon bonded to the oxygen. The term
alkyneoxy (alkynoxide) refers to a —O-alkynyl group where alkynyl groups are as
defined above and wherein a triple bond is not positioned at the carbon bonded to

the oxygen.

[0063] The term "alkylene" refers to a diradical of a branched or unbranched
saturated hydrocarbon chain, which unless otherwise indicated can have 1 to 10

carbon atoms, or 1-6 carbon atoms, or 2-4 carbon atoms. This term is exemplified
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abnormal |y regul ated cell that can contribute to a
clinical condition of cancer in a human or animal. In
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atons. The term"cycloal kyl" refers to cyclic alkyl

[0064Y OUPfe '@Yﬁ HLtOIRlE Mﬁéragg%@nsafnbgé&&%%?@% I A%IRy

i ngle cyclic ring-or
grou;gooab@lenleogrudp (| élya\mhmdafal)exeepdacmvew niglvehich oge or more CH,,
stryctures. suc

CHRE G iges e Bab T cgen Supsiishishare replaced with O,
NR', N @gpstﬁwcmc@s o$ambr%na@érﬁaﬂta%m§ (. @nﬁeféasatbh&swhere R is

8] The term "al kenyl " refers to a nonoradi cal
hydrngn@n@a aptionally amedtitdted radlat ualkeryl, hWMmyﬁmHﬁyirgrgupuﬂ he term

"netefrdeiy 454 PRleE oYy e bRt SlieY Sl 4R aroups.
respéeniv@rg/s iroWARhVrieor mete aCed—PLEHR! ®O-GRKY molstewHE R is a

to 30 carbon atonms and nore preferred are those that
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Onj ugat e groups are

[0065] The term “heterocyclic” refers generally to a cyclic alkane, alkene, alkyne
or aryl compound in which one or more ~-CH— (or—CHR- or —CRx—) groups or aryl
ring —CH= (or —CR=) groups are replaced with a heteroatom or group of heteroatoms
(e.g., -N=, -NR’-, -O—, -S—, —P—, -PR’—, or —-PO3-). Exemplary heterocyclic rings
are illustrated in the exemplary heterocyclic diradicals Mb-Mp (above). Exemplary
heterocyclic monoradicals include those in which one of the open bonds of the Mb-

Mp diradicals is bonded to H or a non-hydrogen substituent.

[0066] The term “aryl” refers to a radical derived formally by removal of a
hydrogen from an aromatic molecule. An aromatic molecule is a molecule that
contains at least one aromatic ring, which is typically a 5- or 6-member ring. The
term “aromatic” is used as broadly as it is understood in the art. An aromatic ring is

typically described as a planar ring (of carbons or heteroatoms) in which 4n+2 pi
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those having 1 or 2 double bonds and incl ude

onega- al kenyl groups. Short al kenyl groups are those
whanorngg2@0 t o 6 carbon atons i ncl udi ng et hyl enePCU/U8200)/069307

propyl ene, butyl ene, pentylene and hexyl ene groups,
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atonms. Al kynyl groups _i nclude et hynyl, propargyl,

phenyhsubstifted sh%thvl @nowpmf hegtﬁanpalka\aéylt FRie® RN Ayl grqu@ fbat is
subsgﬁ']&%oo\ﬂlftﬁ onePor rlnBFé éﬂ?klﬁgehg éssé’ﬁf%{\élg car Qfmetbgl%bstlg.lted

groups are avin on a

phengr gfoeipaklgy, pdir@smeh@wph’ey\yllgrouaa carbon atons as well as
those havi ng 12-20 car bon atons and those having 16-

1006 0,68 R tRVERSS (LR e OF oG REDFIN P ERebHoval of o

hydr@ééﬁ%nf)‘é)m éiﬂéiro%éﬁ(:nr}hblé&[}ﬂ# P8O aPRe MR eIl Itb ¥ diradical formally
substituted as described herein and may contain

derivad bytredravgéaf BubBydrogens §odep detkraaramatic mekeovigrseheteroaryl
mole& ggon atons in the group and the degree of
GH€at uration of the group. Unl ess ot herw se indicated
substituted al kyl, al kenyl and al kynyl groups

[0068) ef Ehaléwn Cétﬁéﬂgfbuib- Ao ambeQM(?l pefetetabh kit Grougnd which
nore preferably 1, 2 or non- h dro en substituents,

one PIOMENY ~Fhie— GERIArer r@.p#ﬁqegdfwﬁta nlgsg,kgrwisesineciied
prefdried SkSRRkT 5P Ravd ol 3 to 30 carbon atoms and more preferably
have 6 to 22 carbon atoms. Ether groups include groups of the formula: —[(CH2),—
O-]p—CH3 where a is 1-10 and b is 1-6. More specifically, a can be 2, 3 or4 and b
can be 1, 2 or 3. The term “thioether group” or “thioalkoxyalkyl” refers to an alkyl
group in which one or more —~CH,— groups are replaced with —S—. Unless otherwise
specified preferred thioalkoxyalkyl groups have from 3 to 30 carbon atoms and more
preferably have 6 to 22 carbon atoms. Thioalkoxylalkyl groups include groups of the
formula: —=[(CH2),—S-],—CH3z where ais 1-10 and b is 1-6. The term thioether also
includes “dithioalkoxyalkyl” groups which refers to an alkyl group in which one or
more —CH,— groups are replaced with —S—S- (or two adjacent —CH.- groups are
each replaced with —S-). Unless otherwise specified preferred dithioalkoxyalkyl
groups have from 3 to 30 carbon atoms and more preferably have 3 to 22 carbon

atoms. Dithioalkoxylalkyl groups include groups of the formula: —(CH3),~S~S-(CH,),
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to refer to a conmpound or group that consists only of
the el enments carbon (C) and hydrogen (H). [0062] The

W@ eoomit3ii2zkioxy (or al koxide) refers to a - O al KyPCHDS20p7/069307
where al kyl groups are as defined above. The term
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carbon bonded to the oxygen. The term al kyneoxy
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al kynyl groups are as defined above and wherein a
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sonebiff IR Or BRI, iS5 Mg N SISO b 15 an

¢ is1d0ou g lpsticratdntasand kyd éneagd bUPS -3l kexyalRyienealrbips may
substituted as descri bed herein. Al kylene groups may
be brgagRed -8 by\RYIDSHRIRY Y BRIKYIQIBYP iSHBEHUENSe r ThestasEN
“thioé]k%[?sai kyT& r?é”%pé?g tS H%qﬁa'dklbé'i Bfla B AR MBIBRCHAY Sathratéd
, or "4 non- hydrogen substi tuents.
hydrégetbox ghainkis which ede alr kydrer<CHy-qrpspaae tdpbemd with —S-, which

eSS St 2 ey T B0 GEtrOAB s, oo 246 carbon atoms, o
2-4 cBHRSH Ao TN tBrr REe RImPIRIcR BIRGRARRSUCR- 85 -CHYSTIL-, -
nore fluorines. The terns "al Kenyl ene" and

CH:ClRi¥KylryC Hre*CHef HeSCHgEH CeCylat and nanreagtinesallyof((@R"2)a-S-]o-

(CrR 2 RUTRR S RN AR 407 Gl ey P o &l i me
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[ 0064] The term "heteroal kyl"™ or "heteroal kyl ene"™ in

brangfathiea- Py spstitubonwita atyl g5ewupulstitagity| dhe t§foup
“dithi%}kéx@&lghé’a%@%l th a dif SR HriGhkhchéd QY"UhBrtén%Hsd Gturated
hydrocarbon chain in which one or more —CHa- groups are replaced with —S-S-,
which unless otherwise indicated can have 1 to 10 carbon atoms, or 1-6 carbon
atoms, or 2-4 carbon atoms. This term is exemplified by groups such as -CH,S-
SCH;-, -CH,CH,S-SCH,CH,-, -CH2CH2CH,-S-S-CH,CH,CH»- and more generally —
(CR"2)a-S-S-(CR";)., where R” is hydrogen or alkyl, a is 1-15, and c is 1-15 or more
preferably a and c are 1-6. Dithioalkoxyalkylene groups may be branched, e.g., by
substitution with alkyl group substituents. Preferable dithioalkoxyalkylene groups

have one —S-S- group.

[0070] The term "amino"” refers to the group -NH; or to the group —-NR’'R’ where
each R’ is independently selected from the group consisting of hydrogen, alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heteroaryl and heterocyclic all of which

are optionally substituted provided that both R's are not hydrogen.
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CHR or CR2 noieties (where Ris a non-hydrogen
substituents) are replaced with O NR, N S P ,PR,

WO R©07337200 ot her non-carbon atons (i.e., heterPCI/UNIP7/069307
where R is hydrogen, or an optionally substituted

[007ﬁqkyﬁ'hegr%@ye%mm%tﬁﬁyIan%ogikéb)ﬁ’gefrf&’ RumifBSik gﬁ)(l”}efer g alkyl,

etero Yy et'ereoa Yy er a 0] OUS

alkertyd) aad Ieﬂ(yﬁlyl @nmd:pal Ieswbtngsﬂp m;ymgaep)eot magkamino smbsttthents
CR 2- noieties (where R

Ther? éerén%%'ﬁo W@l‘yo@eﬂ k‘é‘u%&?ﬂif’@e’lﬁ ?”%’FY% HF A% cRRPEAtIVRlYain which
= t eppE. ‘HPerg -0 | , ,
one (Sﬁgtserog}%n%né r ef eF Fg{tﬁﬂdﬁfjgﬁrggg%ﬁgm;wnh ~NRR', -NR-,
—N—, dir N, velegse R'0965]defihed abowe.” het er ocycl i c" refers
generally to a cyclic al kane, al kene, al kyne or aryl
[007@ rrp?ﬁ?g n%p”n?%w neqf%r& toaq:arélgdo%'eﬁg@rsggg%%y%ro@?or more
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ring. An aryl group may contain two or nore fused _
becaasggw re;swtmgg%u itwtnd sheeiesds pastabler tocdgagspasition or reaction or
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et efoatomin t he ar ona ring aré desi
Substihetoesagydu psgwﬂhp&onﬁmurrdsejfttlamlw\&ammanmede Ohl}ahsbbe
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ro k
SUbS?W'EEﬁé’?‘ﬁ‘itscanp% PEﬁH@é“‘sﬂ) PPWNITR 3;959 ,biydgggy]@aaptahon of
knovﬁyh%ﬁ%q%sand R8Pt it n"i‘%dsdb\éfl éd‘@ mp Pﬁﬁmmlﬁ%ﬁ% bfactically

fused ring aromatic qumo sed ring
useful lifetime.

[0074] “Haloalkyl" refers to alkyl, as defined herein, substituted by one or more
halides (e.g., F-, Cl-, I-, Br-) as defined herein, which may be the same or different.
A haloalkyl group may be perhalogenated in which all hydrogens are replaced with
halides. A haloalkyl group may, for example, contain 1-10 halide substituents.
Haloalkyl groups also include those containing 1-5 halides, those containing 1-3
halide and those containing 1 halide. Representative haloalkyl groups include, by
way of example, trifluoromethyl, pentafluoroethyl, 3-fluorododecyl, 12,12,12-
trifluorododecyl, 2-bromooctyl, fluorocyclohexyl, 3-bromo-6-chloroheptyl, and the
like. Haloalky! groups include fluoroalkyl groups and perfluoroalkyl groups. Similarly
“haloalkenyl” and “haloalkynyl”, respectively refer to alkenyl groups and alkynyl

groups carrying one or more halide substituents. These groups may, for example

19 of 94



het erocyclic aromatic) are additional exanples. The
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generally the alkyl group can carry additional
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[0068] Thé term "ether group” also "al koxyal kyl ™
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thosé havingl1k® xghdds thosechaviag t1e3 haliddkyhd gfasemawmg\,ihmm halides.
s are re aced - S-

one or nopre - 2- gr
Halogpy %E,C&‘pétlﬂék‘%cwéowg)ﬁ'igr RS BPE PEFUIORRY S%ﬂ%éxﬁ&lpk‘iﬁentatlve
Bt R s AR TR K O

difluagoplgrsyli metay Wr@vdmhxhyophemweoﬁm ruthe, paf4-CHluyapiseryl.
b-CH 3 where a is 1-10 and b is 1-6. The term

oo SR PEhehRll BT R TR 8 R

a|kenbelnaan@/nw@%u@eerers@@bwﬁ subtshtut&i &th(cme émoaéihmatdes
- rous@@ar e each replaced w -S-)

(hydr@megr@p@@) sp8ese JEHRS @ererdaingl 11H|fw§rw6&§ubk@tuents These
groups also include those containing 1-5 hydroxides, those containing 1-3

hydroxides and those containing 1 or 2 hydroxides. Representative “Hydroxylalkyl”,
“hydroxylalkenyl” and “hydroxylalkynyl” groups include among many others, 3-
hydroxypropyl, 2, 3-dihydroxypropyl, 2, 4-dihydroxybutyl, 3, 4-dihydroxy-3-
methylbutyl, 4-hydroxoxy-2, 3-butenyl, 2-hydroxy-4, 5-pentenyl, and 5-hydroxy-2, 3-
pentynyl.

[0077]1 “Hydroxyaryl” refers to aryl groups as defined herein, substituted by one or
more hydroxides, which may be the same or different. Any one or more of the
hydrogens in an aryl group can be replaced with a hydroxide. A phenyl ring can, for
example, have up to five hydroxide substituents on the ring. Hydroxyaryl groups
include those which have 1-10 hydroxides, those having 1-5 hydroxides, those
having 1-3 hydroxides and those having 1 or 2 hydroxides. Representative
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groups have from3 to 30 carbon atons and nore
preferably have 3 to 22 carbon atons.

wordonigabkoxyl al kyl groups include groups of tPE&I/US2007/069307
formula: -(CH 2)a-S-S-(CH 2)b-CH 3 where a can be 1-1
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N.Y. SIEETAIEGR. Bt bivd 2bisie o ReSolBG ACRNnaNd BN 62l ReTRILESTS p. 268
(E. LEEROPELT (&Sl Dyr 19608 BRntd PRe RS NoHASHAE, Ind. 1972).

[0080] The invention relates generally to compounds of formula FX1, above,
where formula variables are defined above. The invention further relates to
pharmaceutical compositions containing a therapeutic amount of one or more
compounds of formula FX1 in combination with a pharmaceutically acceptable
carrier or excipient. The invention relates to the use of one or more compounds of
formula FX1 alone or in combination with one another for modulation of cell death
and/or apoptosis in a target cell. The invention use of one or more compounds of
formula FX1 alone or in combination with one or more chemotherapeutic agents

other than a compound of formula FX1.
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2- , -CH2CH2S- SCH 2CH2- , -CH 2CH2C H2-S-S-CH 2C H2C

H2- and nore generally - (CR'2)a-S-S- (CR' 2)c, where
w@2007839@r ogen or alkyl, ais 1-1 5, and c i SPAFUSHOTH69307

nore preferably a and ¢ are 1-6. Dithioal koxyal kyl ene

[008‘g||r fﬁ’% ﬂ:ﬁléaggﬁ Bél?ﬂst h@qu%s%rdéfogr}é ac%qﬁ&te é&%b(?un&d BthFX1 alone

or in doinbireabkamisabiy be rforglchupwtierapeonieagentS-otBeoan a compound
[0070] The term "am no" refers to the group -NH2 or to

of forfrnéa ufer inteiting i gl @ndper mgtarthﬁﬁéi)@ﬁa@aﬁqrwe"s
sel ected fromthe group consisting of hydrogen, alkyl,
(0083 P e T SRRt ERp A profi Rhgep it esters,
inclu«bipgitbmm Mnesaﬂﬁss athal@@brprpavﬁimlwly tzfaonlb@tdf f&®rsularfX‘*hathere the
‘ani noa

A. B B8R, 15 sbBiBie BRI rhip 1 MFE SaR TR e A B

and (grri‘hgﬁsare bﬂéﬁﬂq{dg‘é% PoheFd Fiid é"@ar‘?ﬂﬁ %rne"@rrﬁo%y&oxyl groups
subStituents. There terfns also apgyto al kyl , enyl
halogemdatemey synallglied gsoupsediaving 161 Garoom atmn&rpr@fmabty 1 -3 carbon

atom B if small oo decps (v 1-8/oqrbSh a8 Braflifly4-3,carbon

atom@p defined above. [0072] The term "am noaryl" refers
to an aryl group substituted Wi th one or nore am no

o R S N e e
lncluﬁﬂg tH5de ‘?q§?thét' 1t u%]lél‘f‘y ShiokiRE, Bf formut YA where

e pre era rom sti‘tuent groups.
one @ubstd ofuthed\, & tayd @riogpare pyridydl eéngd edech bptiorsalyroartdy are or
bstltuent 1 to 5 substit ents 0 3
more RO ST, Halper Pt STl sipurs (Byina,t g3 carbon
atom@?e AR ANRkONidE Yesdpd ﬁ'{a@ﬁwg\/\/l thoaB katborphteeis)lortiing carbon
kynyl groups and al kyl, “al’kenyl and al kynyl groups

atomsan be optionally substituted with aryl groups. It is
wel | understood in the art that substitution of

[oosljafLéﬁt&%&?ﬁ%@p&%ﬁltgﬁhﬁ%&&h?&ncp%@l%@? %&gg@%@@'é@(érs,

roups 1s no
inclubipgahsse where ¥ss lathalggen ptriiculabydcisipane e of farmuts FX4l ehere

to decopposjtion or reaction, or
one or more ofntpt)te A, B and C rings are pyrlmldyl rings which optionally carry one or
more hydroxyl groups, halogen atoms, small alkyl groups (having 1, 2 or 3 carbon
atoms), or small alkoxide groups (having 1, 2 or 3 carbon atoms) on ring carbon

atoms.

[0085] In specific embodiments, the invention provides phosphonate esters,
including those where Y is a halogen, particularly chlorine, of formula FX1 where
one or more of the A, B and C rings are pyridazyl rings which optionally carry one or
more hydroxyl groups, halogen atoms, small alkyl groups (having 1, 2 or 3 carbon
atoms), or small alkoxide groups (having 1, 2 or 3 carbon atoms) on ring carbon

atoms.

[0086] In specific embodiments, the invention provides phosphonate esters,
including those where Y is a halogen, particularly chlorine, of formula FX1 where

one or more of the A, B and C rings are pyrazyl rings which optionally carry one or
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sinply because there is no useful nethod for synthesis

of the substituted species. Substitutions of groups in
W@ b@7asnpounds of this invention include only RPEDES2007/069307

substitutions that can be prepared by known nethods or

morebﬁe/y W &g?sgm% ({q%'nu%t)gﬁgg%gﬁﬁ&n@ﬂ@ﬁﬁq&abmﬁH Y bt 3 carbon

atompy, ac tsheal dlikoxidefgubups (retwngm 3 603 £brbdriadtoed K yin"ringetanben
to al kyl, as defined herein, substituted by one or

atoM§pre hal i des (e.g., F-, d-, I-, Br-) as defined
herein, which may be the sane or different. A

[oosnal Oy é.%lc.fw EMBolMYerlls AT hanReeBAKRIXd Br Wiafd haldgen atoms,
Hydr ogens are replaced with halides. A hal 6al kyl group

hydroxide gfaipsesanalliadkyl govps or smalbalkakideegreupst i t uent s.
Hal oal kyl groups al so include those containing 1-5

[008@al | ﬁll ecgfrbgé bﬁ&%&h ordf %EJ@;%% at%m hydroxyl

ont al epr eserft att

group,rerhaltielkylbyrouwploraimatkalkpkige groug.| uor orret hyl ,
pentafluoroethyl 3- quorododecyI 12,12,1 2-

trif] uorodgodec 2- bro t quoroc cl ohexy
[008%]- br &1?'8%814 QD %ﬂ %rh)éc rweserv%qr@awppreg%n
hydrdsc{Ht ?igc?ﬁtlfkdéfﬁé ﬁﬁzﬂéyken chg/ﬁaﬁQ%a it I(%( 6r‘?f‘Hé‘K| BYr&'HAgs.

respectlvely refer to al kenyl groups and aIkynyI
[009Q)r oulrsspexifio/émbodineerds, eatheofiéd, iXdbeandips Xt represent ahigge non-

nydr et Bisfient Mg B8 RIS 3BeB gy, Kol B Xar xe andor Xc represent

a sin§leriaogem hytirdxide| drigis alkyhersemsip alkakidienibbtitiehebh desng. |
and those containing 1 halide. Represent ative

morengesiicemnbedimantsaash Myl XegnslipisXe rRpregent aayln@t@yswsﬂtuent
in th%é?fr};f)rijrl?%g{nélhén léﬂg‘?ﬁﬁ)g}’t!ecﬁlgaer reh s‘e'ﬂ ?I 7 I%é%o %n ﬁydro§rde
smal(alkiyd(br@?ﬁ%éll alkbﬂnbeadulbemyulenamnb hielta@bkmoyllongmeumg In more

j.ncl ude r oal rfl uoroal ken
SPR SRR, GO REGTEIo X Rega 4 GRS PslEpt in the
[ [ [ n r
meta%r&‘@éslﬁén gﬁ& lﬁ‘Egrtf%ﬁ £ erre%HHfsé strgq@ﬁgl%pﬁgdﬁ#é’%llﬁg 8mall alkyl
or snydii a:lhomtg sbbstlthentsmmarrmta oosmen @rmtthemﬂgal oaryl group
may be perhal ogenated in which all hydrogens are

[0091] In specific embodiments, nis O.

[0092] In specific embodiments, phosphonate esters of this invention are those of
formula FX1 where Y is OR’, but exclude those in which one or two of Xa, Xg and/or

Xc represent a single OH group in the para-position on the ring.

[0093] In specific embodiments, phosphonate esters of this invention where Y is
OR" are those of formula FX1 where Y is OR1, but exclude those in which one or two

of Xa, Xg and/or X¢ represent a single alkoxide group in the para-position on the ring.

[0094] In specific embodiments, phosphonate esters of this invention are those of
formula FX1 where Y is OR", but exclude those in which one or two of Xa, Xg and/or

Xc represent a single methoxide or ethoxide group in the para-position on the ring.
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replaced with halides. Any one or nore of the

hydrogens in an aryl group can be replaced with a
wh2007d&720A phenyl ring can, for exanple, have REI/US2007/069307

five hal ogen substituents on the ring. Hal oaryl groups

1009415’ WXl GBS iy e 183 b RudB e gose of
formL]Ja (PrX12wheie' vje@o%boaeydlu@é phesSpHometeldeters irpwahyh is 0, R' and
ups and perfluoroaryl groups. Representative

afﬁah%'&#?ﬁul@%w&g Q'ngu@éosp%@%oeﬂl%ﬁ\ﬁawéﬁ‘w Xg and/or Xc represent
a Sm@@r@HiﬁrHﬁ*or i henylﬁsqtmkomﬁéqﬁﬁ%ﬂ uor ophenyl met a,

para-trifl uorophenyl [0076] "Hydroxyl al kyl ™,
[0096]hy dmosgdcélck@nyodmmds "thospbgybtal dofensl df thisfirventiom are those of

L k | k I : tively,
form g 41, ot 5N e ARGAEh oA A PRI 1 PSR’ are both
unsuBSRURR) alkIREEpIBAY RHRIWB AITDAI, X Emil ﬁféb*é%t a single

substituents. These groups al so include those

alkoxidm@miupi ingha perarpasitian @aghe ringse cont ai ning 1-3
hydr oxi des and those containing 1 or 2 hydroxides.

I
[OOQﬁﬁpgﬁo%cﬁf yny n%(%dl‘?cjs:é}ﬁb %te é@fgfso&‘%g lh\?f%}%tlon %ghose of
formllgag-'rxﬁb;)b}mlt ep%m?e &hosﬁhdndtycﬁﬁwfym am}dh. n Bstcr)] F|a1band R? are both
| u u
U“SUESWH%O@JBQ;H@Ue’/%aB&Pé‘ﬁ;ﬂfqW y‘%)?&r &;@nﬂrfm%@'@wﬁnt a gingle
methéxﬂécgr@fbfoﬁde %rOQSnﬁ WbaraLWtde oIk ﬂﬁ%} aryl" refers

to aryl groups as ed herein, substituted by one
or nore herOX|de§ whi ch may be the same or
[0098]i f érmﬂC.IﬂCAembodlmemsth@pbbnail@eeSW@erqmsgnwwtm areythose of

form e 504 G° RGP B8R R BelbrP LGy i £ R BRI R drBbon

meth§ RSyl LHBRSS/| groddecanid 6% o @f()@rxé aft/ok DS repRisedea single
? osey ?chpi/hgve FJ%ealo hydr oxi des, those havi ngpl-s ?

OH QHWI? Wﬁh@é@fat%@“th'GQS hydr oxi des and t hose
having 1 or 2 hydrOX| des. Representativehydroxyaryl

ou t
0008 015 R8O35t BIRRURBRE ccfs s vty e those o
formualatf¥1, boit ehdudpmfmsphomqtdreske,rph@mmlch {10)5008!]2 AedtR? aeyboth
metth @imﬁp‘agfél@l 8H)uurf% ar¥241 Ol’(l:eh o(r: nt a% QA,OQB and/om%(; represent a single

alkoxide group in the para-position on the ring.

[00100] In specific embodiments, phosphonate esters of this invention are those of
formula FX1, but exclude phosphonate esters in which n is 0, R" and R? are both
methyl, ethyl or propyl groups and one or two of Xa, Xg and/or X¢ represent a single

methoxide or ethoxide in the para-position on the ring.

[00101] In specific embodiments, phosphonate esters of this invention are those of
formula FX1, but exclude phosphonate esters in which n is 0, R' and R? are both

unsubstituted alkyl groups and each of Xa, Xg and/or X¢ are hydrogens.

[00102] In specific embodiments, OR? is not replaced with a halogen.
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under stood that such groups do not contain any

substitution or substitution patterns which are
waee@riigabdy i npractical and/or synthetically PCT/US2007/069307

non-feasible. In addition, the conpounds of this

o011 RS U e SHREREEHSI A R BB{ A o o
formaiarmoy naserefR 't dnics RP ave gtdups dthgr thantethyl crnaetbyl groues.

chiral centers. Accordingly, this invention IS
de racenic mx ures sterorre rs,

[001(izﬁte dquﬁézﬁf&é\rﬁ OGNS P heRa }Slﬁwrglon are those of
form@h WARFBIR' dMERS PR Er&pstdth iﬂm‘é‘ﬁrﬁlk drshRé RES carb
ormangf)@\oal med enconpassegr > ragem C foﬁ%&gﬁg t he § carbon
atomsonpounds as well as the |nd| vi dual enantionmers and

non- racem' c mxtures thereof. Preferred enantioners

[001@3/\,& §%e }%oé@%g{é{"g%é ﬁo%gﬁ‘gﬁ é'gtgﬁs (?fytafgniév BZEW éjre those of
formuareor, vesre rl isaiedch ot ogaxg Ginaid X { :Jai%.@dr@?dné bﬁd R"and R?
formation and crystallization of chiral ts or

are gEPRsaPEer BiemalkWairsuae evinge3ivarematosae, for
exanpl e, Jacques, et al., Enantionmers, Racemates and
o] \{
[001%’]5 IW&%&% é%b@ﬂnéﬁ}g%@@ﬁ%@?gené%grsz%@s(1%8 idn are those of
formlE[blFé(l vihere.n 1Stz re@ebiug s X yandifor Ok amhmagemmaed R' and R?
a 1 Wlen, S. H Tables of
aregﬁf@ Qﬁ#ﬁétmﬁ?‘é" %’?ﬁ%”ﬁg% | QPURE sl utions p. 268 (E. L.
Eliel, Ed., Univ. of Notre Dane Press, Notre Dane,
[oo1d)md lnléw&ﬁc é%&@imérrhg )Jbrﬁb‘ﬁihbhgfé s6tbRs eBthaEReEMdYatethose of
ouns of formula FX1 above, where fornul a
formular gblveerarR akd RA@ee SFasins oAb iNamETaUDSHUtes Bhenyl groups.
relates to pharnaceutical conpositions containing a
r 0
o0 . Bl e o o B P et e Pose of
formalarfFX grwingreaxisi pardR’ a‘ﬁdeR anegrioups atedrahes meubi;tﬁutmiephenyl
of one or nore conpounds of fornula FX1 alone or in
grouBdmbi nati on with one another for nodul ati on of cell
deat h and/or apoptosis in a target cell. The invention

[00109F A sSut8HCEMPREERBPENEE hoPhte esters of this invention are those of
formula FX1, where n is 0, each of X, Xg and/or Xc are hydrogens, and R" and R?

are groups other than unsubstituted phenyl groups.

[00110] Ring positions on the A, B and C rings of formula FX1 are defined as
ortho, meta or para ring positions relative to the bond connecting the ring to the

carbon atom as illustrated for ring A:

X5 X4
| O
X3 P—O—g—
’\I\IN\J ‘O
]
X4 X5 fuivv\,

where substituents X4 and Xs are ortho substituents, substituents X; and X4 are meta

substituents and substituent X; is the para substituent. It will be appreciated that

250f 94



formula FX1 al one or in conbination with one or nore
chenot her apeutic agents other than a conpound of

WO 200maB20X1 . [ 0081] The invention relates to PCEHUSN7/069307
of one or nore conpounds of FX1 alone or in

othercﬁimin@ac;]dnggn%ﬁyc&pBg%gr?ﬂp @8@@@?&%%8 ILﬂ)trc])' Iﬁi ﬂ?%@t S

an a conpoun
subst:ﬂmenga“mmigi\mrdmmg nmet at heS|s of cancer cells. [0082]
In specific enbodi nents, the invention provides

001 2 SBUSFEE P e UL G il oo
hydrddih fing BulBstiuénts |ﬂ9§p§fﬁc§-‘erﬂlt§/tééPé@Eb yrowhfet g%r@mmz;'of

rings.” More specifically, are

alkyl pﬁﬂé@vyde rthigthisalshéstey lamine g\ (Bak), R f@OerFéOef:OmfFé )2N CO-,

0 B Ot 150482 c 8 558081 ety B8 st o

the gebuEsdan 66 opﬂ@héuyaédmm@d KQVRS x(;fgaa«;uwcér]n@.rc E&4Tbon

atons, preferably 1-3 car bon atorrs)
atomgp i okher S@ﬁﬁ@élﬂ?@bﬁ@meﬂfﬁe R’ 19§ eHen sHbpitaentd@rgups are selected

rom RQTERR R A=LE0E proAE M BB AT ol G pay ve

optionaky subsgtitutedofin specific eBhbaaiméntsi XgsXarandiyr Xgydpresagtsnon-

e Sk il épfgeﬁn°f%a°@;u%(¢asﬁﬁq%@éaofgazfyé,ralgox.de 3
| , .

cO- g?bg@?a?%%%ﬁ;eﬁgﬁ érul( ng?K car g'}]glggwm?] r&l[l 0084%re1R

hydrcmmrnorfmmncmlﬂpeuhetututad alkyg drovest Imspe\g,\];]fm/emlbsdlments carbon
e ere

t t . Lnclydi , h
atomR A SRR SR S ol kol AR oA Sl e or more
halogdtfatemdBi@oPbné BE mdre Byarskide pidigps. are pyri m dyl
rings which optionally carry one or nore hydroxyl

hal ogen atons, small al kyl groups (haV|ng

1001841”3lrcinassle ATBRGMENS?. Xrmach SBRIGSSRISRITS4 (10 hhgroup
consigtméo@ﬁuénﬁ@r %} ﬁegﬁsox%rﬂhgﬂngt%ﬁbﬂ@lbrov té@gﬁ’(@(y

ecrfic’e rnventio
ﬂuonphtmirﬁibe’laﬂ,eﬂmmnaj alkynyl, chlorinated alkyl, chlorinated alkoxy,

chlorinated alkenyl, and/or chlorinated alkynyl groups.

[00113] In specific embodiments, Xa, Xg, and/or X¢ are selected from the group
consisting of alkyl groups, alkenyl groups and/or alkynyl groups and particularly
those having 1-6 carbon atoms and particularly those in which the alkyl, alkenyl or

alkynyl groups is substituted with one or more hydroxide groups.

[00114] In specific embodiments, Xa, Xg, and/or X¢ are selected from the group
consisting of hydrogen, hydroxide and/or alkyl groups which are substituted with one

or more hydroxide groups.

[00115] In specific embodiments, Xa, Xg, and/or Xc groups contain from 1 to 6
carbon atoms. In other specific embodiments, Xa, Xg, and/or X groups contain from
3 to 8 carbon atoms. In other specific embodiments, Xa, Xg, and/or X¢ groups
contain from 8 to 12 carbon atoms. In yet other specific embodiments, X4, Xg, and/or

Xc¢ groups contain more than 10 carbon atoms.
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i ncluding those where Y is a hal ogen, particularly
chlorine, of fornmula FX1 where one or nore of the A B
w@ee7M3dngs are pyridazyl rings which opti onabCTUSHNT/H69307

one or nore hydroxyl groups hal ogen atons, snall

[001 ﬂ#]kyin %d’e%‘:’f%se&i}éiﬂrq%t& X >@BZ aRdf X Utalho gfé se 8&te%|“f?c.'>rjn the

kox Foups avi n

group togsisiridponamiren®N( FRU)Qﬁ(Ei”CIO? RpeeCO-c Ré'l)iN}(DCDFerRSQ aG®e-, and
o | nvg ntion argw des hos honat e est ers, includi n% t hose
(R™)2(neL-ywh Y of e apPihesnpse Alfy! graups optionally

subsfitidBvith %ﬁ% MR5R @ﬂ@%ﬁﬁs prlﬁdrgﬁdbg.e Iﬁotf%r%@%c@crén'ﬁ%dlments

are pyrazyl rings optionally carry one ornore
Xa, Xaydnd/oy D(c@r@u;pﬁsarehsaéletg;ed fectno s grogl donsiikiplg cgrammpe N(R").),

R i S O o S o

mdep’ﬁr@l@ﬁtly bPBRElanbtherPafd AdyFgRBRHPIBAESY s@hRit@ed WfHEoMd or more

XB or Xc are hal ogen atons, hydroxide groups,
halomwrtmdkcymdgaa oups or small al koxi de groups. [0088] In
specific errbodl ments, one of XA, XB or Xc is a

oge T 2S I
00t {7}, e BLSE RN 88U RS Rlbe R S 3HPaBiner. are
seled@dbfrkirrﬂh@rgrﬁoprcepas&a@bfQneulﬁsrtltmtedalkwrmmlm)dgahynyl ether,
substituents in the ar osijions on t
thioefher IRy CInaURgs. 'n[see ﬂﬂoos@@en% ! 5 %end@a?}ﬁofone
I
R
optioXally artnﬁtmuteXMntrepmasemora haioggine, hmir@g@ae arkyurooﬂll@aqde
smal | al kyl or small al koxi de substituent on a ring.

9'0URS nore specific enbodi nents, each of XA, XB and/or Xc
represent a single substituent in the para ring

[001P8)Si Iri wboﬁnﬁemboamﬁénts URaENE RFrpsent sank groups hal een specific
hydr oxi de, small alk or small al koxi de substituent
embogimentistth %J’b?’th e di r‘P’F‘FéﬁPPﬁ@ In nore specific
enbodi ments, each of XA, XB and/or Xc represent a

ng IRe, té PRGN DKMyl
001 SF AR NSl s Re o 2 1 W 85t 281G ey or
alkyreyhgfdupal Kplspecific embodlments R’ and R are fluorinated alkyl alkenyl or
alkynyl groups. In specific embodiments, R" and R? are fluorinated alkyl groups. In
specific embodiments, R" and R? are fluorinated alkyl groups comprising a -CF3

moiety.
[00120] In specific embodiments, at least one of R" or R? is [(-CH2)m-M-R3]:

—(CH2)yi—M—R3
Where m is 0 or an integer ranging from 1 to 6 (preferably 1 or 2), M is a cyclic
alkylene, cyclic alkenylene, heterocyclic alkylene, arylene or heteroarylene and Rj is
an optionally substituted alkyl, alkenyl, alkynyl or aryl group having from 2-20 carbon
atoms. Rjis optionally substituted with one or more non-hydrogen substituents
selected from the group consisting of optionally substituted with one or more
halogens, hydroxides, thiols, amine (-N(R”),), R"O-CO-, (R”"),N-CO-, R"0O-COO-,

(R”)2N-COO-, nitro, cyano, and/or isocyano groups where R”, independently of one
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or small al koxi de substituent in a nmeta position on
the ring. [0091] In specific enbodinents, nis O.

WO 0®923720in speci fi c enbodi ments, phosphonat e eR€EDS2001/069307
this invention are those of formula FX1 where Y is

anothg?éa[%?@éeaﬁl%psfgs Il%};{?w%g @ggﬂh@% %n% IY E‘lﬂ‘?ﬁtﬂﬁteép‘witﬁ(@ne or

moref@eggrss hiyt@xides, tHi@Isrnm@, c{/éﬁlﬁ?aihd/bn lsmgzalncﬁ geoups. In specific
enbodi nment s, ho phaonate esters of this inventiaon

embqgipeptsyR; i Rr)leCHdRegm0 Pf‘%'i“?Fﬁ’l r4s PRINIGEEF EAnging from 1 to

I t
20 (|%ln§'4)%el>r(g fggeﬁtm):\%g? n OXI dgg g upr)gé n%téhgﬁ(%ptlonally

subsiitates alkpl taikenyloalklyhgl ariargl. gl{00994] In speci fic
enbodi nents, phosphonate esters of this invention are
those of fornmula FX1 where Y is ORl, but exclude those

[00121] Wi SHdcRtCerRbodier®d, %a%@nér&/ﬂﬂrorﬁz i"s%ﬁf 8&k¢Ngrodp

si'ngl e met hoxi de or et hoxi de

in
substitated Witk iani RR-6R)-t (R)2N-G-| @%5 O, Qpé%u)zN -600- where R is

o TS DRIP40 o

or R’ esioN gréurestisstButied with ah RIOLGO0whBte &1(k IR2iragen lboth alkyl
unsubstituted al kyl groups and one or two of XA XB

groupind/ or Xc represent a single OH group in the
para-position on the ring. [0096] In specific

o trgt f
00 R o PO R S ST B mﬁ“&‘sﬁf”ﬁlﬁﬂbé’?&eﬁmps n
specmn enbadimentsRO an&R%and iyl @r@uimmtheummethmhgmMps In
n XB d/
specffigrandifeRis Rngnd 1 6,408 St A il HRVLABHEP i on
on the ring. [0097] In specific enbodinents,
[001 ZI0S PhEitRifRe &hbeditndts LRT and R e iatkyl grcﬁjptshmgnfs to 6 carbon

formula FXL , but exclude phosphonate esters in which
atomg whjclp arereptignaligsulstitutes With 9ogItMeR RAACAERS  PagHGUREY

r 2

oS, 15858 Sl I SRS TS B2 S aroums
havirig@-10i dzgboih @883 whictspecigtionadyrbobistitetedsyitip boe o onaree

esters of thi nvention are those of forpula FX1 , 1
naloggifts: PREIUR TS BRENGH BSGLIEE IToRPH SHORNE S thodimegi R
and RZaf 8kPYBups having more than 10 carbon atoms which are optionally
substituted with one or more halogens, particularly fluorines, or hydroxide groups. In
specific embodiments, R' and R? are branched alkyl groups optionally substituted

with one or more hydroxide groups.

[00124] In specific embodiments, R' and R? are alkenyl groups containing a single
double bond which are optionally substituted with one or more halogens, particularly

fluorine, or one or more hydroxide groups.

[00125] In specific embodiments, R" and R? are alkynyl groups containing a single
triple bond which are optionally substituted with one or more halogens, particularly

fluorine, or one or more hydroxide groups.

[00126] In specific embodiments, R' and R? together form an optionally substituted

alkylene, or alkenylene diradical having 2 carbon atoms. In specific embodiments,
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met hyl , ethyl or propyl groups and one or two of XA,

XB and/or Xc represent a single OH group in the
W@araapned ti on on the ring. [0099] In specifi cPCT/US2007/069307

enbodi nents, phosphonate esters of this invention are

R RS ftind AP ol BLLEHGLHE SRR ARIAG GrBoh Shoims
whlcrprscm)Ustlgnedl pathegrte ongvedR’-O@0-0frokps vs)heﬁem\/ ers)@drogen or an
resent a single al koxide gr g in the para- p05|t|on
alky! g ja2

Urh @3FHGHAMY @'ﬁ)i‘b@] 9oy PSEving nhEUP By atoms.

phosphonate esters of this invention are those of

[001i7‘]r nrl‘rhI s?be’:c?ﬁk: emBH&m?é%ﬁé Y BhASRNERRGEL0 8PUGH Dihét é’i’ﬁb&mments
are both nethyl, ethyl or propyl

n|s1groups and one or two of XA, X and/or Xc represent a
si ngl e net hoxi de or ethoxide in the para-position on

1001487 st Biaipldhep Rites 8 RTBEE B oo ARpRHeEEbSice. In

otherspectixcdribedipteras haitice of R oF R2iig onbbstairs ars amindécidrat a
R2 are both unsubstituted al kyl groups and each of XA,
peptifeand/ or Xc are hydr ogens. [00102] In specific
enbodi ments, OR2 is not replaced with a

[00159;]' o%eébéc%%bo& e oRT bid WQ lﬁp&&owguﬂﬁge@gﬁt n

rs of thls |nvent|on are those o
specifit @nebdrliments, IRV aleeR aceupet athethyl lgroues. Hylspecnfm@inhtgﬂdlments

wherBGPE g OF Raaks ADURE Keris B aRMR e DBty hIRGEREE cannot be
methgh %%tﬁéf nfi%ZeI%b@dGﬁé?ﬂﬁswﬁérh BheldiaRo aiflwl xg PRST Xcis a
avi ng car bon at ons. 00105 4n speci

paraéwﬂfsmdes\westltwasﬁmrmtb Soth @} Bt apa iR qaﬁm@hbecﬁrﬁetavle In

orec kLTl o ARSEER o 26 Bl e, o

both bhR" aalk3A cgimatbe diayli ng othét sp@thr@rerﬁb@cﬂimerit@%&ﬁ'] oh@or two
%SCIfI c enbodi nent s, phosphonate esters of th ]
of X Xe@ndiaseipiare Roaaadiydrerige sabatiuent, i Both q’fstéh of R" and
R2 Caeﬁ.'%lgbgf , X B and/or X are hydrogens and Rl and R2
are group ot her than ethyl and nethyl groups.

[00130] In specific embodiments, Y is chlorine.

[00131] In specific embodiments, the invention provides compounds of formula

FX2:
I 0
Sanne
T——OR
OR?
! Formula FX2

where R" and R? are as defined above and in particular are alkyl, alkenyl or alkynyl
groups having 1-3, 2-6, 4-10, 8-12, or greater than 10 carbon atoms. In specific
embodiments, the invention provides compounds of formula FX2 where R1 and R2

are groups other than methyl, ethyl or propyl groups. In specific embodiments R’
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[00107] In specific enbodi ments, phosphonate esters of
this invention are those of formula FX1 , where Rl and
WQER200a1187200 oups ot her than unsubstituted phenyl PGr/os3987/069307

[00108] In specific enbodi nents, phosphonate esters of

his Loventi
and %nérse:élﬂg nc_ﬁbkﬁ@ g?é&ltme ;\@ﬂg%mé%? ?Még h@@% eQr Hn%re
hydr@idey/| groups. [00109] In specific enbodi rrents,
phosphonate esters of this invention are those of
formula FX1 , where nis 0, each of XA, X B and/or X
1001521 BB CBmoprAats Fhe it py iR com b of
formulbdFX¥2AB and C rings of formula FX1 are defined as
ortho, neta or para ring positions relative to the
bond connecting the fing to the carbon atom as
illustrated for ri A] where substituents Xi and X5
are ortho substit substituents X2 and X are neta
substituents and subgtituent X3 is the para substitue
pt . It wll /A premated hat ot her nam ng
conventions he enpl(eydd T o Wesi gnate t he positions
of substituentFs=0n 3 g| ven rdgrg. [001 11] In specific
enbodi nents, wher ef A, XB, and/or Xc represent
nonhydr ogen ring tuents, independently selected
fromthe group consSkstl ng of aI KyFormi k@YX, thiol,
t hi oal koxi de, amne (-N(R) 2) , R-CO, R OCO,
(R”)ZN-CO R O COO, (R”)ZN-COO, et her, thioether,

wherglrh‘? 'i%y pﬂeﬁéﬁq%ﬂ %%r iR u@%ﬁ%@é%@%ﬂ% épg\ﬂ%éﬂwﬁ particular

3,

be o subs

are auqm,takenyloﬁ aD@hbbg‘roabglhiavmbm -8f @, 4sP®@- 2 cor greater than 10
enbodi nenpt s, ach suﬁtltu nt grﬁups are
Carb%@m%d'rmaﬁﬁ 8@ imente y’%”d t AR alkyhrBRYPS syhgyfpted with

one HERbY hé’l'bggﬁél‘* oHé%FPr??r\nggﬂwgo%@é(nebe optional Iy

substi t ut I'n speci nts, XA, XB, and/or
Xc represent nonhydrogen ring substituents, selected

O S T I o

form@agyzBWwhere R is

0
Oes=

(] Y
Formula FX2B

wherein Y is a halogen, particularly Cl or F; n is 1-6, preferably 1-2; and R is as
defined above and in particular is an alkyl, alkenyl or alkynyl group having 1-3, 2-6,
4-10, 8-12, or greater than 10 carbon atoms. In specific embodiments R is an alkyl

group substituted with one or more halogens or one or more hydroxides.
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hydrogen or optionally substituted al kyl groups. In
speci fic enbodi nents, carbon atons of one or nore XA,
wXBl7asmtdor Xc substituents are substituted w RET/OR0TD069307
nore hal ogen atons and/or one or nore hydroxide
0 : ;
100133 3R SpeL L ErisogirRaEa e s AR BIATEES Somplunds of formuia
FX3:fluorine, chlorine, hydroxide, fluorinated al kyl,
fluorinated al koxy, fluorinated al kenyl, fluorinated
al kynyl, chlorinated alkyl, chlorinated al koxy,
chlorinated al kenyl, and/tr chlorinated al kynyl
groups. [001 13] In specific enbodi nents, XA XB,
and/ or Xc are sel ected Afromythe group consisting of
al kyl groups, al kenyl and/ or al kynyl groups and
particularly those hav 6 carbon atons and
particul arly those— h ¢he al kyl, al kenyl or

al kynyl groups 4 tel with one or nore
hydr oxi de gretp B—sPEci fic enbodi nents,
XA, XB, and/or Xo-a&£ 5

consi sting of hydrogen

ggfron1the gr oup

i de and/or al kyl groups
whi ch are substituted

groups. [001 15] In spe

@gne or nore hydroxide
) enbodi nents, XA, XB,
and/ or Xc groups contafﬁ\ om1l to 6 carbon atons. In
ot her specific enbodi mentp, XA, XB, and/or Xc groups
contain from3 to 8 carboxs atons. IgyeteExspeci fic
enbodi nents, XA, XB, and/or Xc groups contain frqn18 5
where X131 gragrsbvay dtecarsy, of theygroups heied apeve fforcX eaisodi RreandsR” are
XA, XB, and/or Xc arou contain nmore than carhon
as deifstatpusn 1 spegfic ST E Bl R S ORRT & cale Hlogens
particilfHyouohed PRe hytRERdLaiEthd FePRaihitg Jof QiR (%drogens. In
consisting of amne (-N(FT) 2) , RCO, RO , (R
otheramigpiimertatiobX1.die hargensnpato-afydluerires, or all of X,.; are
I A endently of one another, are al kyl groups
hyd“%%%%%nally substituted with one or nore hal ogens or
In otH¥rdpexifidesnbddimente R'spelcR? ae alklpdikeapltsr, alkihyl gous having
and/ or Xc groups are selected fromthe %{0¥p : 1
1-3, Z6ndi16: Bnly. o SaRteE than! kegropp atome. apysperifigafbodignts R
and RNy Br& S RibstRM d Wit ordoFXdre A5 gen8 or one or more

hydroxides.

[00135] In specific embodiments, the invention provides compounds of formula
FX3, wherein R" and R? are groups other than alkyl groups. In specific
embodiments, the invention provides compounds of formula FX3, wherein R'and R?
are groups other than methyl ethyl or propyl groups. In specific embodiments, the
invention provides compounds of formula FX3, wherein two or three of X4, X; and X3
are groups other than OH, or alkoxy groups. In specific embodiments, the invention
provides compounds of formula FX3, wherein two or three of X4, X; and X3 are
groups other than OH, methoxy or ethoxy groups. In specific embodiments, one or
two of X3 are OH groups and the others of X4_3 are groups other than hydrogens. In
specific embodiments, one or two of X4.3 are OH groups and the others of X;_3 are

groups other than halogens. In specific embodiments, one or two of X3 are OH
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i ndependently of one another, are aryl groups
optionally substituted with one or nore hal ogens or
\N@;@bend@s [00117] In specific enbodi nents, RIT/EAWH07/069307
R2, independently of one another, are selected from

oo o BLEROR! L B8 ARupOT DS Bl g sPASEEY)

embafipedisyend hveRliompebvttas tardpoendiest foymafa Ems irnwaidmesll of X3
are al kyl al kenyl, al kynyl, ether, thioether, or ary

I
are Qfi §IRIP ST AkOat @robps; érhapwf'% aERodineRts. e invemiorpprovides

come g PR E2 LR oo oro O SIS SRR ibps o

ethyoxgrgrogpsu psspdcmﬁcodaﬂmbod mpards fthe ne\vmmdxnrmnmsies RbngodinB2 of

er ent S. o1 1 I n ecifi
formiadl WaRFESh Ond C O Xas &t ulr JBARDSH okl pkBAGNd R
and F@?a@#r 1@55 o@ﬁé}l{%n rr\éth?lP@nyf pr@WP?HdT%Qt $n spé uﬁ@d R2
are flTuorinated al kyl,” al kényl " or kynyl groups. In
embagh@ents.c enbodi ments, R1 and R2 are fluorinated al kyl
groups In specific errbodi ments, Rl and R2 are

[001 1{(%; O%Baei i %s%té@x{d m%arngé" p‘§8 ﬁrﬁfe%loﬁ | pggwﬁg gg%gﬁg'ng% %&ormula

FX3&2 is [(-CH2ZImMR3] : (CH2)m MR3 Wiere mis 0 or an
integer ranging froml1l to 6 (preferably 1 or 2), Mis
a cyclic alkylene, cyglic al kenyl ene, heterocyclic
al kyl ene, arylene or Peteroarylene and Ris an
optionally substituted al ky!, al kenyl, alkynyl or aryl
group having from sarbon atons. Ris optionally
substituted with oi nor e non- hydrogen substituents
sel ected fromthe g pconsi sting of optionally

substituted hone pr nore haDogens, hydr oxi des,
thiols, ani nR Jp) (R J2N-CO-, R

O COO-, 2R JRN-COp, i tl'(8!Ele 2)eyano, Oand/ or i socyano
groups where ®==/I ndependent|y g2 oneanot her are

al kyl, al kenyl , al
Substituted with o

or aryl groups optionally

X3 Formula FX3A
where n is 1-6 or particularly 1 or 2; X4.3groups may be any of the groups listed
above for Xa.c; and R' and R? are as defined above. In specific embodiments, any
one or more of X4.3 are halogens, particularly fluorines or are hydroxides and the
remaining X4.3 are hydrogens. In other embodiments, all of X,.3 are halogens,
particularly fluorines, or all of Xy.3 are hydroxides. In other specific embodiments, R’
and R? are alkyl, alkenyl or alkynyl groups having 1-3, 2-6, 4-10, 8-12, or greater
than 10 carbon atoms. In specific embodiments R' and R? are alkyl groups

substituted with one or more halogens or one or more hydroxides.

[00137] In specific embodiments, the invention provides compounds of formula
FX3B:
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nor e hal ogens, hydroxides, thiols, nitro, cyano and/or
i socyano groups. In specific enbodinents R3 is a -(CH
WQWICTER8Gr oup where r i s an integer rangi ng fPONMUS2000069307
20 (including 1-3, 1-6, 1-10, 8-20, anong others) and
R5 i s hydrogen or an yptionally substituted al kyl,
al kenyl, al kynyl or aryl group. [00121] In specific
enbodi ments, at |eastione of RL or R2 is an al kyl
group substituted an RO CO, (R2NCO, R
O COO, or (R 2N-QPO ere Ris defined above and is
in particular an a gr oup. More specifically at
| east one of R X“I's an al kg group substituted
with an R Oy’o R i s hydrdigen or an al kyl group.
[ 00122]Xorm4 bodChehtsPRORNd R2 are net hyl,
et hyl or prog In specﬂfic enbodi nents R1 and
R2 are al kyl her t han ﬁ%thyl groups. In
speci fic enbodi nenf’s Rljland R2 are al kyl groups ot her
than et hyl groups. 3] In specific enbodi nents, Rl
and R2 are al kyl gr
whi ch are optionally pubstituted with one or nore
hal ogens, particularly fluorines, or hydroxide groups.
In specific enbodimerts, Rl and R2 ar eFaimyle ”if¢Bps
1 - C [ e _optl gnall :
wherd fstfodpdan HHedeDy Sbrtie SuPlBerfis BIFk ¥ parieytary O or
or 2; K, ygroupssmapbehyrr efxhed groummisted labos@éan X4 ¢ and R'is as defined
enmbodi nents, Rl and R2 are al kyl grqQups having nore .
above i SReciia eBRPTHTeNS: ARY ORe & éngﬁtqf%al qrﬁaﬁ'ﬂ&tﬂ% Redigularly
A I ; ' ri or
fuorif} Br JRENATOTRES R (RGOl A0 K ot hLdrogHgy hBher
embatimebtsaad lof K1 3lakg halpgenpspartitilaryfluprised siriallafed adreh

one or e hydroxid roups. o} 00124] |In, specifi
nyarRst IpcHID” SRECTIR P Reiyin gikst AKERGFora Ry csoup
havirg) 18| -6lauph e3-hongr %Wé'afé"t tAAR 10RIdredRbtoms usspddified

W th one or nore halogens, particularly fluorine, or
embashi@ents Roiseam abkybgioge sybstifpged with one or more halogens or one or

more hydroxides.

[00138] The invention further provides phosphonate esters of formula FX3D:

XAz
XA, N XAy
| >
XAg XA
XB, XB4
(¢
[ ;
XBj —(CRz)n—T—OR
OR?Z orY
XB, XBs
XC4 - XCs
c |
XC2 \ XC4
XCs Formula FX3D
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[00125] In specific enbodinents, RL and R2 are al kynyl

groups containing a single triple bond which are
W@pio7ashl y substituted with one or nore hal ogeeES2007/069307

particularly fluorine, or one or nore hydroxide

wherng@UrPSR} 51?04‘2ﬁb4 'ri'ﬁg§9?cé Hu;}/ C‘;“ﬁgcg%e@m e tﬁéyqae'?ﬂltﬁ%s as above

t oget’he orm ti dna Itute ene
or arg/ dcmlmhatmw df aboledéfiditonngn@wbardin X AatspXB1.5land XC4.5 are

i f [ R1 d R2 together form
R ST R
struc‘MTdeT thé AS BbcﬁtCtrMbeﬂ@Mlﬁd‘ %d&bﬂrﬂ@dﬂe 1556k tr%rnoﬁt)‘? b?tituents.
wherein R is hydfogen or 2 group, particularly

In spanlflalelaybocgmutssalhaﬁ/XAgs XBrp, and %Oa 5mnuamhwmgsns so that the
00127 t in f rnu a EX1 i
ringsigtd Yrbs RuRRE TR ARE ¢, FRES Srayf e Bubtiudn 08 saie way or
differefai sEsdtituted eiptdearofodA RLxe, s Fhd RCOL , ARLEE the dame
nucl eosi de. In other specific enbodi ment's,” neit her of

substittiegt oRdiffesenssubstitugntss Iargwaioea@? af 8A1-8 FBpt iage. XCi.5 can
f
take Y RF s SSmRE fu6d BEBGEII, docthosainuie, Bt o may

contain @nleotw@dhfeeatfdnw orgrveuwh hymogeeshbémuentscdﬁdmdbat upon the
ne or t XA, XB and/or Xc is hydroxide, then
struchigro! She FR0 AR IRPAEAAIRS ARETREERYPON 1Ne BAHBST ShArbPRE OF

hete@m]‘%wmesmn e Hh é‘érr\{ %uﬁgtltﬁé‘nt )?Bre?é‘r‘f‘é@%u%%n@d‘%, B

par a- hydr oxi de substitue bot h bot
and @mohgRhaverovst, tle armlmbylsubtstntuepbcinfa specibodmimairaentwhen

subsfiife iy B G rigorsags g B aayPsiuRnh bk, Keatr e n
specﬂi&@ﬁbé@ﬁ%ts BRE W6 thfed M\PXR{ )%@3 orSEC2B8h Bk H%roxnde e groups

is/are a para- hydrOX| de substituent, then both
or alkgxig® genpsRAN saraiHt apebadiments anmiwo]orlthrmma é<83 or XCs

eci
can HGRBR! w7 ROARE et B0 theL A BR5E 8 Spana .
group®bamigehyidX@gens. In specific embodiments, one, two or three of XAs, XB3 or
XCj can be halogens. In specific embodiments one, two or three of XA3;, XB; or XCs

can be halogens with other of XA1.5, XB1.5 and XC1.5 groups being hydrogens.

[00139] In specific embodiments of formula FX3D, when nis 0 and two of XA3, XB3
or XC3 are OH, the other of XA3, XB3 or XC; is a substituent other than a halogen or
hydrocarbon group. In specific embodiments of formula FX3D, when nis 0 and two
of XAs, XB3 or XC3 are OH groups, then R and R? are groups other than
unsubstituted alkyl, arylalkyl or aryl groups and groups other than alkyl, arylalkyl or
aryl groups substituted with halogens, or hydrocarbon groups. In specific
embodiments of formula FX3D, when n is 0 all three of XA3;, XB3 and XC5 are OH
groups. In specific embodiments of formula FX3D, when n is 0 and two of XAs, XB;
or XC; are OH, OR? is replaced with Y. In specific embodiments of formula FX3D,
when n is 0 and two of XAz, XB3 or XC; are OH, then one or more of the A, Bor C
aryl rings contains one or more heteroatoms, particularly one or more N atoms. In
specific embodiments of formula FX3D, when nis 0 and XAz, and XC; are both OH,

then neither of XA, or XA4is a halogen or methyl group. In specific embodiments of
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where R1 and R2 are as defined above and in particul ar

are al kyl, al kenyl or al kynyl groups having 1-3, 2-6,
wWa2M0/138002, or greater than 10 carbon atons. PEI/US2007/069307

speci fic enbodi nents, the invention provides conpounds

form PO % BEOCE, Lo iy QO s LA, o
XA, i€ atizdogenosa RidrndaRbrageual kyth speoifip enshdiliniehts efdfonnila

one or nore hal ogens or one or nore hydroxides.
FX3DY G0 18 1 a0, S580TEs Brechib efes) oty SRstionpsf (yre, XAds

pkevi d : : [ b - 6,
R ol e T R S G
hydracartpen groagl. ar are al kyl, al kenyl or al kynyl groups

having 1-3, 2-6, 4-10, 8-12, or greater than 10 carbon

ons._ ln.specifi.c enbodirments RL and R2 are alkyl

10014410, FB:seeRRFRboreie ne T ohohay Vet GoBRbulre ¥ orgpie
FX4:nore hydroxi des. [00133] In other specific

enbodi nents, the invention provides conmpounds of

formul a FX2B: Fornula FX2B wherein Y is a hal ogen,

particularly d or F& '\§§ 1-6, preferably 1-2; and Rl

is as defined above § particular is an al kyl,

al kenyl or al kynyl aving 1-3, 2-6, 4-1 0 ,

8-12, or greater than carbon atons. In specific

enbodi ments R1 S ﬁfgroup substituted with one

or nore hal oge ong orp-nofe hydroxi des. [00134] In

specific e dikfren
of fornul angg%:

.g X1-3 groups may be
any of the groups Ii abov ? XA-c and Rl and R2
are as defined above gpeci fi c enbodi nents, any one
or nore of Xi -3 are“halsgens, particularly fluorines
or are hydroxi des and the”cemni ni nffoMnutaB3FX4de
§$rogens. ot her enbodi nents, al

| ) of Xi -3 ar
ASgRFAS %%#pﬁqdc%@%’ﬁ fingepenant o pthgn "){(d’f‘ the moge%H‘% are
hydrogen, or optionally substituted alkyl, alkenyl, alkynyl or aryl groups and p is an

h
wherg,

integer ranging from 2 to 6 and p is preferably 2, 3 or 4. R’ are optionally substituted
with groups selected from halogens, hydroxides, thiols, amine (-N(R")2), R"O-CO-,
(R”):N-CO-, R”0-COO-, (R");N-COO-, nitro, cyano, and/or isocyano groups where
R”, independently of one another are alkyl, alkenyl, alkynyl or aryl groups optionally
substituted with one or more halogens, hydroxides, thiols, nitro, cyano and/or
isocyano groups. In specific embodiments one or more R’ is a R"O-CO- group

where R” is hydrogen or an alky! group.

[00141] In specific embodiments, the invention provides compounds of formula
FX4A:
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hydr oxi des. I n other specific enbodinents, RL and R2
are al kyl, al kenyl or al kynyl groups having 1-3, 2-6,
wWa2M0/138002, or greater than 10 carbon atons. PEI/US2007/069307
speci fic enbodi nents R1 and R2 are al kyl groups
substituted witlh one or nore hal ogens or one or nore
hydr oxi des. [0013% speci fic enbodi nents, the
i nvention provi dg pounds of fornula FX3, wherein
Rl and R2 are gr )t her than al kyl groups. In
i fi [ g, the |nw§nt|on provi des conpounds
of forml a/FX3\\ whegrein Rl anfl R2 are groups ot her
than meth pICbRY—eP-otPs. I n specific
enbodi <._the invention prpvid s conpounds of
f or nul a "EX3, wher gim two or thre Xi, X2 and X3 are
groups other thafpi CH, jor al koxy groﬁps In specific
enbodi ments, the|inyefjti on provi des conpounds of
formul a FX3, wherawn &gg or three of Xi, X2 and X3 are
groups other than OH, t hoxy or et hoXyorgwudaipX4A n

e SBEE LB, 0B gl 5 e v
hydrd’%éi';r e%g_'onélﬂl sumsinftb aﬁi}b@kéﬁlﬂtékyr@lﬂ@r afyl gysupdf and p is an

roups and the others of Xi° -3 are groups
mteg@t mglmgw&ﬂrrhalt@@@m p |smr§p‘ﬁ§blry|% ZorbdRnera eptianadly substituted

r b 5
wit i Blllcted rRREn SRR RY O ol g oy 1 26 co-
(R”):NIE€C-N\RIT-CPORI(RY gwesorﬂnnpmnmdgzam Efrﬂf/@ﬂjbac@(iﬁ) gr@ups where
V\,hl ch all of Xi -3 are OH groups or al koxy groups.

I’%ﬂfjﬁeﬂ)é%%%@ ABAther af%@lkyh@gﬁnyb@llﬁypd{,prd@rgl HW&HH@M”Y
subsﬁfcut%1 P! heFoBmb e H‘Qﬁggn@' dPbxids, tlghoiasr ‘?ntﬂ" cgéﬁH%%d/or

oxy groups or ethyoxy roups I'n spec
|socyamrb<gjoup$1t n spdufic embotinoentpooei aesomoRpie @nlds0«3O- group
far, a FX3 wherei ne or two of Xi -3 are OH,
Wherﬁ@%h’émdﬁ?geé\‘%?@ EV 958Pand R1L and R2 are groups
other than methyl, ethyl or propyl groups. In specific
enbodi nent s. [00136] In specific enbodi nents, the
[00142) et $pecify embadinentapberineerdiontproridea compounds of formula

FX5:

AN
| A
0
/\/ B\\ I
) (CHy)m—P—0—(CHy)m—M—R
XB/— 2 é 2 3
C | CH,)y—M—R;
X

Xc Formula FX5
where Xa.c and n are as defined above and mis 0 or an integer ranging from 1 to 6
(preferably 1 or 2), M is an alkylene, alkenylene, cyclic alkylene, cyclic alkenylene,
alkoxyalkyl, alkoxyalkylene, aminoalkyl, aminoalkylene, heterocyclic alkylene,
arylene or heteroarylene and Rj is an optionally substituted alkyl, alkenyl, alkynyl or

aryl group having from 2-20 carbon atoms. Rj is optionally substituted with one or
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FX3A. Formul a FX3A where n is 1-6 or particularly 1 or
2; Xi -3 groups nmay be any of the groups |isted above
W0 o007X32@ and Rland R2 are as defined above. PEI/US2007/069307
speci fic enbodi nents, any one or nore of Xi -3 are
I 0) [
more{?\1 ] enagenrﬁ’ %BB%{RH&@% as}rééefc{qéjcgfréﬂiﬁwse érp%%o%&ﬂé o@lgﬁt@ﬁ’gly

substﬁnté@dmﬂ’enhsora:hdredfaldgens?:hgdﬁ)xhidsogﬁols amdrte ( Nt(lR‘f]l)“z) JIR"0-CO-,
I n ot her

fl uor r -3 .are h 0
<R”>z@p;e@rfﬁc5e9§ IR EN-Co- o oy Ao SREI 1SoPRB g pus Where
2
R, iU G BhOark Gy Zafondh Aynf oy rclbs ehbnally
substmte@rwutmbhglor maref®|cyds, hydioxdasi, thiolsneitror, cyaneand/or

ens or one..or xi. des 00
isocyda SRS SRR AESOT RN Rarm £ oHCHP b IRE S hgEe T s
| [
an mt‘éareltc' @%@frg%gﬁcg??g@cg}dﬁﬁﬁg\ﬁﬁgﬁ :1(0I 2 -2, bﬂ{d?%%thers) and Rs
is hycgagem ou aamw|ooa6y subsjituted aufylealbe@ylp@lkww B@rdrgroups.
the groups |isted above for XA-c; and RlL is as defined
above. In specific enbodi nents, any one or nore of

[00149]_3nadtReheperifenémbpainteris| taelerfritiamrproeasieercomm)unds of

hydr oxi des and the remaining X -i-3 are hydrogens. In
formua f&5Anmbodi nents, all of X -i-3 are hal ogens,
partlcularlyfluorlnes, or all of X -i-3 are

hydr oxi des. Inther specific enbodinents, Rl is an
al kyl, al kenyl jor al kynyl group having 1-3, 2-6, 4-10,

8-12, or greaterythan 10 carbon atons. In specific
enbodi ments H an al kyl group substituted with one
or nore hal oge or one or nore hydroxides. [00138]

The i nvep rther pr@vi des phosphonate esters of
f or prul Rly B Yo frylgrings A B
and'<C | h(a th defl n|t2| ons as ‘above or any
conbi nat _JAbove def@nitions and wherein XAl-5 ,

C B are su stltuents on the A, B and C

U
XBi -5, and
V. Note tHE-adfenBent upon the

ri ngs respect

X3 Formula FX5A
where Xi.3 groups are those defined for Xa.c and n, m, M and R3 are as defined

above in formula FX5.

[00144] In other specific embodiments, the invention provides compounds of
formula FX5B:

xA\\
| A
=
7\ i
B (CHy)r— P—0~—(CHy);—M—R
] |
c
\\|
Xe Formula FX5B
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structure of the A) Bor Cring, the ring may

accommodate fewer than 5 substituents. In specific
wenodszent s all of XA -5, XBi -5, and XC -BCTHBRDE069307

hydrogens, so that the rings are unsubstituted. The A

wherf P ol Ay T TR Y EafpioferliaTeREyilorge or

fluoriaedmX€i0 oban rmr@gerhengi‘mg fRETE U reielrI@tblS/ 106r 2, M reesyclic
substi tuents. %ener al, each o XBi -5, and

alkylegs, QYS"%aneﬂﬁ'l@éea stespcychie alkytang en@me pr betemoamisne and Ry is
r r

an oétﬂfn ﬁ}ré%tﬁﬂ e(c)fu(ér?lkg 9#&'@@@ ﬂ(ﬁ/HKI d b ln@suﬁbst r&{r\gz -20 carbon

atomde feyid eptionplonsubstitiged wathuoree of mioine non+ydesgen substituents

selodigh kg onh cenartinda! onlieimlbombeiioe SR emem
halod8rRf AYERSKdELD BibsUbRhdY-NERAA KOG C@ﬁg’é‘?&’ﬁ ©0e, RFHCOO-,

hfee substituent. In a specific e
(R”)zgljﬁﬁ@-t, mtmj cxan® and/or |spng@'1q;gwqupsarvrmreg=k erndependently of one

ara-substituent (XA3, XB3 or XC3),. l,n s .
anot R e kSR, 2 oy Y] B Shionan stBE g gre or
mordlﬁalb@é’rﬁ@ﬁydﬁoﬂcﬂéélﬂﬁrow nittdk @yhAe a8l iPsoc bﬂofy@ eepd.1 | specific
enbodi nents one, two or three of XA3, X 3 or X can

embedimeyts Bxitia 4 balrE QP RaOrn Wheks bis) iager sanging dfom 1 to
[ n
20 ( rﬁ%ﬂrdrn§1 3%0351%%?256(%%%#9 ?{r%lr‘gfarf%ﬁ eseswg%% (%E}ajl BPtronaIIy
subsmectarkybemmiybww bnaypg@upsc enmbodi ments one,
or three of XA3, XB3 or XC3 can be hal ogens with ot her
of XAl -5, XBi -5 and XC -5 groups bei ng hydrogens.
1 en
S P e e T R P S
XA3, XB3 or XC3 is a substltuent ot her than a hal ogen
or hydrocarbon group. In specific enbodi nents of
[ wo OF XA3, NXB3 O XC3
then Rl and /R2 ake groups t han
% oups

substi t ut ed wi t h hal ogens or hydrocarbon grolps. In
speci fic enbtsdi nents of fornllba FX3D, when nmMcs 0 all
three of XA3, XB3 and XC3 are C]—|

\E// \_/>— ﬂ\

N
Md Mf

38 of 94



groups. In specific enbodi nents of fornula FX3D, when

nis 0 and two of XA3, XB3 or XC3 are OH, OR2 is
woepraged with Y. In specific enbodi nents of fRECPLEA07/069307

FX3D, when n is 0 and two of XA3, XB3 or XC3 are OH,

t hen one re of the A, Bogy C aryl rings contains

one or noy/e heteroatons, pdarticularly qQne gNgpnore N

atoms. | nxspeen{ic enbodi t st f or mul 'F/XS\W/V\hen n

is Gand XA3NHand XC3 are botW'OH, then neilthey/ of XA2
or XAA is a halogen or nethyl group. In speC|Wic
enbodi ments @6f ornmul a FX3D, Mhen n is 0 anduyXA3, and
XC3 are both OH then neither of XA2 or XA is a

hal ogen or hydr ocar bon ggowp. I n specific=—N
enbodiﬁ{%v/or mul a FXBD, when n is 0 dnd %and
XC3 are bbth t hen astN-ene of )@(l’x%\l/, -5 |

XB -5, MIN2  and XC4-51s a substituent ot her
than a hal ogen, hydroxide ormkydrocarbon grop.
[00140] In specific enbodi nents, the invention

Y
provi des co nds of fornu gX4: Formul a 4 where
def\i ned above, ,\i ndependée Zof er R
are hyd n,)w\opti onal\l y /

substituted ®kyl,> al kenyl, &kynyl or ary? gNoups and
pis an integer ranging from2 to 6 and p is
preferably 2Mm 3 or 4 . R aWe optionally sMbstituted
with groups sel ected from hal ogens, hydroxides,

thiols, amne (-N(R') 2) , ROCO, (R')2N CO,

R O COO, (R')2NCOO, nitroN cyano, and/ or isocyano
groups where R', i ndepend%?l of one another are
al kyl, al kenyl, al kynylk—o roups optionally

substituted wth one or nore hal ogens, hydroxides,
thiols, nitro, cyano and/ omMp socyano groups. In
speci fic enbodi nents one or nore R is a R O CO group
[0014éier @ speaifs ¢pbedigrantsrMas adiatgrocyelisupkylpoe P4 g hetgroarylene
- LRI G € [ S 4t [ i i de
navirP Bl birae MBS SFEiSh 1t By Rl 88e LBt FRPBLBGRC
embodiments, M is a 1, 2, 3-triazolene diradical or a 1, 2, 4 triazolene diradical.

[00147] In specific embodiments, the invention provides compounds of formula
FX5C:

X
‘i\\
¢ ) (CHy)5 P—o——<CHz>m—§/N\R3
XB/\::/ é N:—_N\

=
| \CH»m—K/N\Rs

X
Xc Formula FX5C

where Xa.c and n are as defined above and m is an integer ranging from 1 to 6

(preferably 1 or 2) and Rj is an optionally substituted alkyl, alkenyl, alkynyl or aryl
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where XA-c are as defined above, R, independent of

other R in the nolecule, are hydrogen, or optionally
wauwsusm ed al kyl, al kenyl, al kynyl or aryl groups20ameb9307

pis an integer ranging from2 to 6 and p is

grou%ﬁ?&%&qmrﬁ 1220 §rb%rn déf)r s %ﬁs%&@%bﬁﬂﬂ?@%ﬁ%gzﬁﬂ YHh&EBr more

foups Selecte
non- Ih)bdrogen sahsmael(utsl‘d(eﬂéote@from fhng@Op cohBsjing sf GtionaRy
nitro, d/ or, i
subsﬁw&fbw'tmﬁeoworq  TRIRBRR TGRS T AGRB I NFa, R"O-CO-,
b r
RO RSO0 (RSO il Cyihd Gt S0 dfoups where
R”, irtdnap@_hdenw of one apather anzialkyl, eﬂmvyhradkyg\ryb@rparyl groups optionally

subsERLWE oFE GaPBoesiogPve ThaPRy e bRl niso Evano FRale?
.socy@h@cgrbuﬁs erm%amémboamm@mné 'aOJ;SACFH w@@@%@w@@wme ris

formula F For mul a FX5 where n are as

an mtmarm@@glagéﬂ%n arig 29 (incla@bipg dm.i hbeddo, B%.an@or’fq eihers) and
.t ,
Re AL BBl Ml undh BB fqrens oroups
aI koxyal kyl , al koxyal kyl ene am noal kyl ,

m noal k Iene het er ocyclic al kyl ene, arylene or
[00111\%]t e?Bﬁﬂ@Meé\ﬁ'@”éH@hWei%e%FP BBW”E)@F&N“?a's‘EPdEWQ'ER%CO”ta'”'”9 a
thera?elﬁg& an%dﬁ?%YB e dr Iﬁ(&ﬁ'co?ﬁ cf’U cgra‘?l%bfl'f‘&’ﬁ'uﬂgs EW”F?(Z&O
arbon at ons. is op substituted wth one
FX2By X3 aF XA HXHBQEXBCSIEM ﬁ)@jﬂ%(%lﬁxﬁ FXFA,dX 3B eor FX5C in

comiiaRtihiith gemia st Hea hCEpiabiE Eara o eXE Pl BF nvigtion
relatés fdthe ddeTordme S moPe @):ﬁ@@undé B forittdsEX2, FX2AOFX2B, FX3,

cyano, and/or isoc u s where R', independently
FX3AfFX3B, BX3CHEX3EY, N& mYNSA, HIXSBwar Iaﬁsﬁle}one orin

e e o P

targdt s:@ny Jne u@\ve'mm usienofScn%:off mere obddourds 6f ﬂBBmuBasani GFX2A

%g up where r_is an jnte er_r an e_&gfrom

FXZQOF X3 X3 RY3B. BX3E. £X3D, X4, & ng( HeX2B %rnﬁxsc
a'°”§?kg‘?ﬁé}¥g@?%ﬂ ;/A[‘Wh Qﬁangltané‘éhéMowéﬁédﬂ&é‘&rﬁ% KWer than a
compound of formulas FX2, FX2A, FX2B, FX3, FX3A, FX3B, FX3C, FX3D, FX4,

FX4A, FX5, FX5A, FX5B, or FX5C.

[00149] The invention relates to the use of one or more compounds of formulas
FX2, FX2A, FX2B, FX3, FX3A, FX3B, FX3C, FX3D, FX4, FX4A, FX5, FX5A, FX5B,
or FX5C alone or in combination with one or more chemotherapeutic agents other
than a compound of formulas FX2, FX2A, FX2B, FX3, FX3A, FX3B, FX3C, FX3D,
FX4, FX4A, FX5, FX5A, FX5B, or FX5C for inhibiting the growth and/or metathesis

of cancer cells.

[00150] In specific embodiments, the invention provides compounds as illustrated
in Scheme 1, including compounds CX1-CX17 as well as CX 20, CX40,
RPhos2,and RPhos4, RPhos5, RPhos6, RPhos7, and RPhos8.
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[00143] In other specific enbodi nents, the invention

provi des conpounds of fornmula FX5A: Fornmula FX5A where
WXR00733gpups are those defined for XA-c and nPCHUS7/069307

and R3 are as defined above in fornmula FX5. [00144] In

tHh [ [ '
1001541360 REBE By FRENGLATEL e ] SHRDALPR SO e f any
type of caneeas Caethimesmpbonds ofthesnvertienageibit gffichey abainst a variety
chl ori ne c%cfl uorine, mis 0 or %Rﬁl nte er ran

of diffeyeihtiPeo0ECN5eE CalRbEPMPayNds f ngegt ey are egefﬂ?general for
the tr@bt‘fﬂérﬁrﬂﬁ mélﬁﬁé)r‘n‘é %L'ﬂ@é?ﬁllaeB? aﬁbﬁk‘?ﬁx&bgén&ﬁ‘?@uﬁeﬁﬂa (CML),
I'ene or heteroarylene a IS a tionally
Acuteslybg:thdbiﬂseld lalikerhia AILkagr&;nd AalteyMyelogenausylegjresoip (AML);
ympIEHa; T4k G54 Ph0 BB CBRCSto v SRRy ar BOURD IR Ui iymors
and &b EfInssksf rom t he group consisting of optionally
substituted with one or nor e hal ogens, hydroxi des,
t hiol s, am'ne;\‘ ROCO, (FTI)2NCO, R
[001583] cagpmpperngs 2 h@om/entmrt exnibig parisulaiaiiicacyiis seglanema cells.
This G YRR ot DA0E BB 1B s RO DAY i tho o

to besubistant td eldethEr@m\@Jtmfagmﬁs h’hdla)gr:rna is highhomietissatic. The
thiols, nitro, cyano and/

efficagy &t CPMPOoNRE® @f Fshinyepdon C@C@“ gfﬁ@@?%aome?eéls
|ndlc;it_eé%s?fﬂj{h%gse&gﬁ%%@egm%uﬁﬂg ﬂﬁettPea%Fheﬁw't BFHé‘i'éﬁQtléc§ncers

ng ot her and R5 1 s hydrogen or
suchas melanomal. | y substituted al kyI al kenyl , al kynyl or
aryl groups. [00145] Non-limiting exanples of the M

c ne anon
[001%0?3 ?qlqu'wg%ggﬁriee/@wgg %%R?QC% wgréY't?het otycl iC
triphe b8y HdispRohateassiarsy | @ einhibitory concentration at the 50% activity

level.
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having 5 or 6 ring atons of which 1, 2 or 3 are
nitrogen atons. In nore specific enbodinents, Mis a
w@2002/1330G ri azol ene diradical or a 1, 2, 4 triBZDUsIwe7/069307
diradical. [00147] In specific enbodi nents, the
i nvention provides conpounds of fornula FX5C. Fornul a
FX5C where XA-c and n are as defined above and mis an
integer ranging from1l to 6 (preferably 1 or 2) and R3
is an optional lyssHbsid §uted al kyl, al kenyl, al kynyl
or aryl group having from 1-20 carbon atonms. R3 is
Dr e non- hydr ogen

substituted with
.Xide§?§j aiol's, amne (

re ogens, ©
R, (R 2N- COO- ' E— o %’\JE\RI/SLOH
: = no, and/ or
gr'daps where R', indepég tf??%f\one affot her
) , al kenyl, al kynyl or gréﬁ&&Nepr$¢n%ﬂdHy
subst ituted @Kth one or nore hal ogens, hydroxi d€X2
t hi ol nitro, cyano and/or isocyanQ groups. In
[ enbodi ments R3 is a -(( r COOR5 group

1ot0 20 (duncl udi ng
dng R571 s hydrogen

116,01 1-405¢ 8-20, anong /L
donal l'y substituted al kenyl=-oal kynyl
gr s. [00148] The inv=' gn further relates
pceuti cal conpositions cantdini a
s0tic Sfdunt of one or nore ConPoudds of &X¢ of
formulas FX2, FX2A, FX2B, FX3, FX3A, FX3B, E&?C, FX3D,

A, FX5, FX5A, FX5B, or K in conmbynation
darrier oroH
6 the of"sone or
pr e/ conpounds of formul as
i nvention use of one or_gore conpounds of

rmaceuti cal ly accept abl
P—EX2B, FX3, FX3A,
F;C, FX3D, FX4, FX4A, @
[ ination with one d
§9§2|| deat h and/ or
FX2, FX2A, FX2B, FX3, E@ FX3B, FX3C, FX3D,
R—E§Qb;ﬂX5A, FX5B, or

':htg_JhéC%nvention rel g
QA,/SE%? or FX5C
ther f
nodul ation o apopt 0si s i wHa ngget
\ﬂ| CX8
CH
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al one or in conbination with one or nore
chenot her apeutic agents other than a conpound of

WO o0oraBas0 FX2, FX2A, FX2B, FX3, FX3A, FX3B, FXSO/Us281X69307
FX4, FX4A, FX5, FX5A, FX5B, or FX5C. [00149] The
invention relate oth se of one or nore conpounds
of formul as FX2,§I§£1?'R,9 ﬁﬁé@?“@%’? FX3A, FX3B, FX3C,

FX4, FMA, FX5, FEX5A, FX5B, or alone or in

ation/ th one or nore chenot hg
(ghai/é conpound of formul a
3] BX3A. /FX3B, FX3C, FX3D, FXx4 A
5B, ®r FX5C for inhibiting the & H amd‘/\@{/\
3 esi-s=ofcrgancer cells. [00150] eci fic ,
dl meng.g,, the invention provides und%&i
strated 1 n Schenme 1, including conmpounds -CX1 7
., RPhos7, and RPhosd .[00151] tonpbunds of fhe
véntfon are useful generally fo et rgat ment/ of
' ERE T Aventi on
fi cacy against a variety of ferent types

.i
cerC¥& |'s. Conpounds of the inon &*d4usef ul
for the treatnment of nelanoma>teukem a, e.g.,

rwe\l ogenous | eukenm a (CWM), A’g- CH,
astyeCHseukem a (ALL), and Ac el ogen%s
); lynmphoma; | ung, /. L orObrain
cancer; neurobl astong et and
.-dqH90152] Conpounds >dnvent i on
t partil cular efficacy in nelang cells. This is

chgnother apeutic agents. Ml anoma is highly

atic. The efficacy of conmpounds of the invention
nd?uci/n@ngl | death in nelanoma cells indicates
sfuress of these conpounds in the treatnent of
tasté&\HC cancers, such as nel anona.

HsC
CX17
o =y
O CF | Q
@—c———alal—o/— 3 @—C—iﬂ—o \ N\/\/“\
: g o
b
CF3
CX20 CX40
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[00153] The foll ow ng abbreviations are applicable
herein: TPMP, tri phenyl net hyl phosphonate esters; |1C50
WQ 200mh3120@ ory concentration at the 50% acti vi t pCT/US2007/069307
| evel . Schenme 1Schene 1 (Continued) CX17 20 CX40Schene
1 (Continued) RPhos [ 4] Fhe compounds of
this invention can ggﬁgﬁﬁ?iéggﬁgﬁu%ﬁﬁﬂ oyi ng net hods as
descri bed herein in view of what is generally known in
the art ofPCtheni cal synthesis using r@dgents and
starting nmaterials that are commercially avail able or
pr epar ed by known net hogd Addi tionally
pe enpl oyed as descri bef U S. patents
3, 847, 866 ‘wq33,702, 879 (both by B ck, Iliopulos
ef erences:

der) ap well as inthe ow hg
CH3O 2 PA—Kocand Thyagar G-C 83+-gcHlhe
M v Rearrangene Zhe Rév. 8 1:41
4

(1933) The ConstiputiQRS™of Some

Phospho rivatives of Triphen ane, J. Chem
Soc, 776 * I'liopulos, MI. and , H Angew,
Chemie ( I965) 77: 618-619; Lecouvey,[M (2005)
Synlett.,cézg25-428; Sher nol ovi ch, Yu, , G et al.

(1980) J . Chem USSR (Engl. Transl ation)
50(4): 649%=@ez Tetradedron (1997) 53RPAIsal 2691-12698.
Boi ssell e, P. and Meinhardt NA (1962 hd- Og. Chem

27(5):1 ©28-1 833; and Anderson, G \W {1956) J. Am
Chem Sog. 78:2126-2131 . Each of these references is
I ncor pg ed by reference herein []s entirety to
provid ditional information fo g synt hesi s of

ar several of

conpounds”of this invention. par cﬁ
t fless I
HO @ C——T—OCH3 CH30 c—i|°———OCH20H3

OH OCH;
RPhos5 RPhos8
OH OH

C—P——O0CH;

OCHs — OCH3

RPhos6 RPhos7
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references provide details for the synthesis of
phosphite starting materials useful in the
WOL®MAag206G- Ar buzov reaction. [00155] U S. pat er@BUS2007/069307
3,702,879 and 3,847,866 relate to
o)
o0t R BB TR e o P e s S PR mthods
as de(ejmmldedimtemrnn p@lv\yamwlaat is.g@nefdl 1800vraindthd RS /chemigal
escri.be certain sphonat e .est er, compounds., _
YN SSTRSHR S Th @l Dy ShetEE R daP B merEialy avalieklp or
that éeh{ftﬁé pF%BEréd ‘B?%%W?a rﬁétﬁo%%r Qﬁo%l 't'ioﬁna’ﬂp rﬁéﬁt@ﬂpg 5H>b%fé’r9812yyed as

descriegd asgrf. $aientat3o&46866ya@d63gé®2 &9 Mmggrﬁireée@ckahppulos
| oal kyl , aryl al kyl,

and @.rlédfrfg/ﬁs “(fall %”ﬁ@?%%’ﬂ%%ﬁ ¥ ubst | tut ed wi t h

Bhatﬁa@héwawwtaﬁdlwa@akméﬁret g©8q9wﬂthi@n§e|4§ -Arbuzov
preparation, e. , or hydrocarbon

Rearsarmmweﬁhgnmﬁ@m@%ﬂﬁ@ 48D:are al kyl, cycl oal kyl ,

e 35, L TR oM T ARl p b e

Tnpmmgmtabh@ru. CGhdam. Sbe., BV6- 7186 or I , or hydrocar bon
stituents Egrt edl Y, and/ or R4
liopude® I\Aﬂ b ieder @%'@51%@77 r618 -619;

@O@ n substituted or contain
Lecogg ’tl't ent%zlsgﬂlgﬁt gss al42§en the radicals Rl, R2, R3,

Sheramiowreh, iy, Geettdie( 19868 0Bedi Cheme USSR (ENglaT eattslatiosy)

) edly relates to a nethod for naking the
50 4%‘%@?’@5 of the above formula in which a diester of

Tetré‘o%%ﬁ pod?) @3@/’#\12@@1 jZpggeacted with a conpound of
formula: in the presence of a non-protonlc Lew s-aci d,

Boisselieh PagndiMzighazit . 2, (1662) 4, O1y.GHlaemsZE(5) d828- Kisisoand
Andegﬁclz)irlp ?ng}_l}u&%%gﬂ % nven%é ?gn#{a#éqﬂ%{ elE%Eﬁ%f tfese references
is incorporated by reference herein in its entirety to provide additional information for
the synthesis of compounds of this invention. In particular several of these
references provide details for the synthesis of phosphite starting materials useful in

the Michaelis-Arbuzov reaction.

[00155] U.S. patents 3,702,879 and 3,847,866 relate to bis-(p-hydroxyphenyl)
alkylphosphonic acid diesters which are reported to be useful for the preparation of
condensation polymers. U.S. 3847866 and 3702879 may describe certain
phosphonate ester compounds. Compounds of the invention are said to be those

having the formula:
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t herapeutic amount of one or nore of the conpounds of
Schene 1 in conbination wth a pharmaceutically
wa@ewepsa e carrier, excipient or diluent The PCIES00TNI307
relates to the use of one or nore of the conpounds of
Schenme 1 al one ag,in conbinationw th ogﬁ anot her for
nodul ation of ce deat h &Ed/or apopt od¥’s in a target
cell. The invent use o bne or nore of t he
conpounds_of Sc 2 ‘ [
or nore c
of Schene 1. The . L use of one
or nore of ""nl pr in
conbi nati on with onepaL ﬁ ﬁgem)t her apeu i c agents
ot her than a conpound o che 1 for inhibiting the
grow h and/or netathesis of cancer cells. [00157]
t { I(Se tie
e e e 2t o e SRy Bkt Ty~
R* reprasents anréoromfiydratenobr hhlogenne Gl ddr, &, oal, hydroxy alkyl

cyeloB{iSh SRRy oh o VR ey Gh T RSy Bh BT U pents

inert &ﬁ@é# thieCcopiRRfs BT Hr&parafien COBPCUMIS Fandr WH’RS?:%'rEérQﬁ@bstltuents
reln ;are useful for the treatment of cancer and t

and I% a@@am%e ahy!, cccyﬁts@ﬂiw i kel eargld mhighsinaly el neay Bot be

subsfi i 4, B9RRERE LA BHF D PORie rkBaHIER, Shred e
orl, @1 omﬁ@ndsﬂ‘tiubhtsd%@ﬁm@jlyhﬂmﬁ R'NRPaRY, angwr.Rt dre
of adm nistration, any carrier or vehicle

aliphad, HbPYMaYEIR PLERIGAt- astganchadehajiaend ﬁ@ysqﬁeémtfst&utég or contain
subs%x%ﬂfsdﬁj chPs ﬁQIB%B‘ PR radl let Fse RS bh§ R( e)ybglﬂ?é ﬁ%l?le or
age, welg ,

e conpou isto m ni'st er ed
differeohdThe patend eiso mlrpobtedﬂ]heladimtma method femaakisgrbedidsbers of
chi ve t he " i C ffective anount" vary
the a&PY rﬁ?é"?)éﬂ\” lful% &ﬁﬁﬁﬁ ﬂs enpl oyed, the route
of admi nistration, the s @ tym@f the synptoms
presented and the particuj an subject being treated.
Based on the results d¥tedPndyd i n standard
phar macol ogi cal test pr ocedur\ea {oroj ected daily
dosages of active conpound can be determned as is

is redtids WithPerhBolihg offdrmula:

B
l

X

R

in the presence of a non-protonic Lewis-acid, such as AICI3, ZnCl,, SnCl,, TiCl,

SO, or a boron halide.

[00156] The invention further relates to pharmaceutical compositions containing a
therapeutic amount of one or more of the compounds of Scheme 1 in combination
with a pharmaceutically acceptable carrier, excipient or diluent The invention relates

to the use of one or more of the compounds of Scheme 1 alone or in combination
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[ 00158] The pharmaceutical conposition of this

invention can be in unit dosage form e.g. as tablets
wW@eroocagRm es. In such form the conposition i sSPEUES2007/069307

divided in unit dose containing appropriate quantities

with e %\HStr%‘F%rVrﬁoH@l%SH IO?E%H d&h% éHq/ér 915’925’1%53 "3 58y \%@'&eﬁ’eThe

package tions exa
inventioal se Qfmnﬁ esmope ef thiel doenbmmdsrrg‘&:rmmes acam@or in combination

cont ai ni n e formcan be, .for

with G2 RRBre nemithirsnts agpb AN Ao ot oRtme 1.

The ARBKIIN Icdites W IRELsObf BRY of Hfd?e“o‘?ﬂ’ﬂ@éd)r‘nb@ﬁﬁdé Bf Bé‘ﬁé‘fﬁ@el alone
form [00159] The dosage enployed to a Qgiven patient

orin f:@mbmajiome/wtfme@@smaie chieswitiienapestic agelytswthem thaniadeompound

oSBT oI AR el

particul ar case.[00160] Any suitable form of

[0015\Z!m Niedtment oreticads dfethisninleytith camphise thet sted dfi@tiministering a
nds of this invention can be adninistered in

thera@neat'cajb(sed‘gﬂét%ﬁqum BB 195 MBI PRSI tRis, InyAntiog,or a
pharfALEEtcal cBFRRYIBR odtitdifinhbnd dAbH EPsucHIERAPS!ISIo an

Syrups an osage forns may I nclude
patieptist redateof tredtewsd dn speniid endbashiments) rtmmbcampoueds ahe
so be adnjni stered

comiaRsdiEad) a7e yspruidaeihet bt 3t Sauer ARauhB P Miginds and

compsdsutrcﬁm@@doamhhstereblto @%&@n@aw@sé@w MR cdfieard) e is
t hose of ordi nar i n the pharmaceutical arts.

undefgi00d ir the @bripe d%@f@p@ﬂtwéﬂb efm@m aowowdef a@ivareeorppound will

depefffi Ml BrtaRhnRle Hethhs BhiRsPRASS MbFrery \dide e.q.
solutidne efrilgsibeste. ) @msikyed, apaspecifip disorged G dQndr‘t&irﬁ@ﬂG‘&he specific
00162 Cogtgounds of this I nvention can al so

mdw@gﬁ{ m\gh@m e.%mwgﬁaﬁbe@@mmﬁyer@%@wW@gat gpndition, sex,
etc.) Is’mw %@J %EIE ﬁs‘f?e'é'dctbea%hlé:\fért bnfﬁe?gﬁ'&ﬁlcaﬂ%effectw

ation or 1nsu atl on oun
amouft” t/hnysmrtmt}fmpantinulaayOMOfsﬁionﬂIem;ﬂdyedjttlme avutaa adm;mstration,

the sgﬁé%t&gf:@t%q %ﬁrgp Q:J{ﬁs qujsnggl ocp anme par%%ﬂlatrheBJeCF bg|tr1lg|t}e%?ed
Based on the results obtained in standard pharmacological test procedures,
projected daily dosages of active compound can be determined as is understood in
the art.

[00158] The pharmaceutical composition of this invention can be in unit dosage
form, e.g. as tablets or capsules. In such form, the composition is sub- divided in unit
dose containing appropriate quantities of the active ingredient; the unit dosage forms
can be packaged compositions, for example, packaged powders, vials, ampules,
pre-filled syringes or sachets containing liquids. The unit dosage form can be, for
example, a capsule or tablet itself, or it can be the appropriate number of any such

compositions in package form.

[00159] The dosage employed to a given patient for a given disease or disorder
can vary within wide limits and as is understood in the art will have to be adjusted to

the individual requirements in each particular case.
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[00163] The conpounds of this invention can al so be
adm nistered to the eye, preferrably as a topical
wopionasmde fornmul ati on. The conmpounds of this PE/ESI0DTNY307
can al so be conbined with a preservative and an
r il :
[001(ffggof?ﬁ]b&ttﬁolggé\}‘lngéﬁgﬁrﬂﬁhst drﬁ %ﬁ{o?%tenedlo%drhéﬂ@ flethod herein.
The ammpmlmh‘,sofdhlstlhvmtlamvcemt b@admiyisteeed dnoral sbeaga forms including
ect al or, va Ily in the f of, a conventi.onal
tablefsy BRI 1S, HREsR SRS oP e HGHG HBRE g S YguPs and
emul§iBng.dtd) 'd%"sS@@?’orHsar"r‘@?@ﬁéTﬁéé ¥ubfiriioRide éﬁﬁm&ﬁ rélease
transdernal patch contfaining the active conpound and a
formwationserThe aompguneh@ of trtIs)lrMsetl@mmayeale@ rlv@oaﬂmwateredon

L f th t
ntraeBL Sy PiapBri g s larteRe ob Bl & ety 3 fhlngeosage
form$we knbAA 16 MhosEher ey B8R ivthd pRainfiiiticanart@y be

adm ni stered enpl oyi ng an occlusive device. A variety

of occl usive devices can be used to rel ease an
[001‘?ng edi én®MPRYBAS REths! iByentian ehiusthen bgadministered topically

em pI?ﬁgb %‘?@ﬁ%@t@ Hﬁ??é a%%cﬁ%ﬁ%hbélﬂ:r@m‘é‘g%%r Hﬁu&ulﬁﬂ?%ﬁg@@%te for

I 'ngr edi ent W t ho a carri
the treatment of shiracaniasg, pdrécalatly veslamgmadi ent . Ot her
occl usive devices are known in the literature.[00165]
It will be apparent to one of ordinary skill in the

[0016123t t h@orh U rRNBraHRAs Ve tiondah él%%é&ﬂm"@i&re@qn intranasal
mnistered to a given patient for treatnent of a

form gy epicali usearfslitableontranasal vehislésor ngr istrgnasarailintrabronchial

e8] 6 BB 8BRS eyt o ar
aquebQ¥br padiall aluebas selutibt WhakARWSthad Benitfizedtin @b form of an
such cases, the dosage appl ied in one formnay be

aerosgdj usted in view of the dosage adnministered in another
form [00166] The therapeutically active conpounds of
the invention can be adm ni stered al one, but generally
[00168] | b& hedsanmpeuretseof tbustlhv@tmimamamaleuttiecaﬂmmmteﬁefeirto the eye,
di | uent eIe t ed on the basi

t f

prefe ﬁ:@ | egég[ﬁrgaloqpt%lmlﬁ U %tll%ugli)fc‘] cgmﬁ)&ga fﬁus lnv%ntlon can
also B@gb%ﬁ%?é& WiRla ;ﬂb@ér‘v‘aﬁ@e ahd3RGsiHbtisR! veqﬁé@%ﬁbﬁ 'a@riﬁlneral oil

and nedi canents of this invention are prepared
or liqaiddendimtvepravide arcopibbhibiceipiveniateecoowounds of thls invention
may be administered rectally or vaginally in the form of a conventional suppository.
The compounds of this invention may also be administered transdermally through
the use of a transdermal patch containing the active compound and a carrier that is
inert to the active compound, is non toxic to the skin, and allows delivery of the agent

for systemic absorption into the blood stream via the skin.

[00164] The compounds of the invention may be administered employing an
occlusive device. A variety of occlusive devices can be used to release an
ingredient into the blood stream such as a semipermeable membrane covering a
reservoir containing the active ingredient with or without a carrier, or a matrix

containing the active ingredient. Other occlusive devices are known in the literature.
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procedures, such as, for exanple, those described in

Rem ngt ons Phar naceuti cal Sciences, 17th edition, ed.
WORGoNgRe0 R. Cennaro, Mack Publi shing Conpany, PEEES2907/069307

Pa. (1985), which is incorporated herein by reference

[001&(33571r i ts |epf E@EEpar[eQiW@gﬂme BP8F WidiGa'thy a?tctﬁﬁptth%tgq‘:mpounds

arriers are those carriers that are conp
of thishevesttioermay geeatineinisteried to legiven patient fontraatdnente)f a given

bi accept abl e. rr ers can be
diseqied oI PTEA PR T e RS U PRI Mgy Shscanbined with
lntra@érhﬁﬁsaétﬁﬁﬁnéthnQﬁﬂo@bﬂ%/ é‘@ﬁnrﬁéirétloﬂVrﬁéy () c’éﬁr%]héd with oral or
| ubricants, solubilizers, SUSﬁen ing agents, fillers,

lntra\gqnqy@rﬁ@mnmmp@sgm @ncrapages Bhederage apphed in one form may be

aclo @ a7 Vi o1 eRlsa0k MR 2P BoSHEERH, "o coar i ng

solutlons suspensi ons, enul sions, syrups and elixirs.
he active ingredjent can be di ssol ved or suspended in

[001§6bh3Pﬁé'&%F@PPHB¢€F'&V afdive seamand Qlithe tryentien candr as
adml\“/%tt@rred(é?énc—fa%{t%%hb?él vl ble té’d fhisd redeEk?Q?ﬁaF%gge%tlctehcarrier

steri gani c SOIVent la m xture e
excippentaorphilaentsaatiedaljon thedegzisadl the@hlosen réate.of Baeninistration and

standsid tzegaeriiial %’g%‘?ti%gcte;g‘legﬂgqggécaﬁf%IStFnaFg’lb?gI?ﬁIS@“d medicaments

of thig GhidtlonZRe re faReluSh fcebRiankl Wil §cce§{t éFrh¥&§Jtlcal

sweet eners, flavoring agents, suspending gen S, .
procedmressmcmga&dem@mplel thase dﬂat;cbsduryRueegugtane&armaceutncal

: bi,Lj : I
sciedifi bt oS e B 3 vl RERR b 0Bl ool
Eastb® RS8N 98hE wiHiets RThcoipoestet trerein®y 1éesreRBs RS effirety.

treatl ng di sorders, diseases conditions and synptons

' atient which can be a mammal and particularly is
[00167}q AMaceutigRinpseRtrhly casrierscaredhpse aamlers hal@edl of

coméétﬁﬁé W?:Htthé? t@r%@%@f’éﬂﬁ 1r}1ﬁ1§ehf8ﬁﬁ8fé%h %%%e %‘7&8@}3%?{% .

anmount a co I'S Invention
acceptabdd. r@amecsanambe atid icaliqyidorSalidngare¢ms| ganaihtlede atnienay, more

sovl e 1540 i 5250 8o BB EAGL B SAE, 2  bbonaing

agen‘t@ﬁfﬂléﬁg gllé‘é’ﬁﬁsnb%b?é%% 4igs! Mﬂéérsa@blétocﬂ@n@gratmg agents, or
dm ni stration th is known in the art to be

encaas\ﬂleb 0g meteaaISaL@u@@a migpsecari beliused de prapatingsodigionsi s
suspené Sngedmh%o%ncg%%% and elixirs. The active ingredient can be dissolved
or suspended in a pharmaceutically acceptable liquid carrier such as water (of
appropriate purity, e.g., pyrogen-free, sterile, etc.), an organic solvent, a mixture of
both, or a pharmaceutically acceptable oil or fat. The liquid carrier can contain other
suitable pharmaceutical additives such as, for example, solubilizers, emulsifiers,
buffers, preservatives, sweeteners, flavoring agents, suspending agents, thickening
agents, colors, viscosity regulators, stabilizers or osmo-regulators. Compositions for

oral administration can be in either liquid or solid form.

[00168] The present invention provides methods of treating disorders, diseases
conditions and symptoms in a patient which can be a mammal and particularly is a

human, by administering to the individual in need of treatment or prophylaxis, a
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adm ni stration in any appropriate dosage form and
further is intended to enconpass adm nistration of a

W@ o9pasmo) phar maceutically acceptable salt, sSPCTHSEOD069307
ester thereof alone or in a phar maceutical ly

therag‘réﬁggélgbéﬁrcﬁgé @”&E?Q%ﬁ“ gd&]tﬂ%% %ﬁ@% fﬂ{%ﬁegult of

treatineviecdn ba paftiatly orMdomgletem arevﬁzcthvaimmtm@,rmenénmf t he
active é&n})ound or substance within the body [00169

amelipralingh 3R Pl BRlieNingrtbe isordgn Iconddion %ﬁaqrrm@myreatqr@ﬁ
a . 3
erot S 48l R AR SR Bk 1N, v ar
be eftdutiseifova giveortypanf Diseast vatisdrder, gs lmgniaiesd tmlen@mpass
on _can_occur our se ?f t he r

[ f
admifRlEfen et AnPieatets fatade BFY 3¢ Ruthels dgaanad pntopass

admiRKeaass @pb%ompmht bRSmR4ceafichily 5&@édt5blér§md5@w§te or ester
ound of the invention (hydration). 70]
there@ég&m

erafdn gf phaimacieptiesilyi mesmlma@@nthﬁrgoéore@d mmlﬁrgtlon of

a progglgdaégﬁ\fagr\%soqo%%{)f) % g{%g@f)&{@ of i@%irlmaebilgn Mrh"ﬁ% WI” form an

equiziswiemsourdiciithe astiveetoniposnd bt BGhdtarce wWitHFDIRBICAYS,
syrups and emul sions. Oral dosage fornms may incl ude

sust_gl ned release or tined rel ease fornul ati ons.

[0016Yp blp v epfion eXRrassiyaREUERS RRY %agma@@utéﬁﬁh'ﬁ/MS@PLer %vates of
comﬂdqﬂdg\é%'éet&ﬁ QO{H%t q?fb%%'fbﬁﬂ@l@lslh%relﬁ %tﬁﬁf%‘iLom o

I ntramusc usi ng dosage
comndw\sie afﬂhlenmuemloyl cali b solmaibhee@w@yd&dedllt iTbalsohration can occur

. %OO Phar mac:(futl ca accept ab a]rrl ers are those
i the, SOUTSE L Uiy AENQTAE U GTR BIGCRS CLEER HHPIgEer 3 86 & Consequence
of hybﬂﬂ;%@?ic%}bﬁeﬂi%std?%nflﬁi’umﬂ} th@o@@@oﬁfp%uhti@f@l% Frﬁ'eh}ion

acce le. Carriers can be solid or liquid. Solid
(hydresien).ers can include one or nore substances that can
al so act as flavoring agents, | ubr| cants,

[0017"\’(8|I u?h}—: 05 %ungg%?grﬂg dp\%nﬂgﬁ%%ﬁ d&rjnﬁ'lr ere‘aiI ib%@\&tasppropriate

npr ess| o ers egra
dosaggdotnss and pertbapslyl latdralgdd@gerfoahsmdlwdlp@wtﬂe& chpsules, pills,

carrier is a finely divided sqolid that is in
powders, granules, elixirs, tinCtures, suspensions, syrups and emulsions. Oral
dosage forms may include sustained release or timed release formulations. The
compounds of this invention may also be administered intravenously,
intraperitoneally, subcutaneously, or intramuscularly, all using dosage forms well

known to those of ordinary skill in the pharmaceutical arts.

[00171] Pharmaceutically acceptable carriers are those carriers that are
compatible with the other ingredients in the formulation and are biologically
acceptable. Carriers can be solid or liquid. Solid carriers can include one or more
substances that can also act as flavoring agents, lubricants, solubilizers, suspending
agents, fillers, glidants, compression aids, binders, tablet-disintegrating agents, or
encapsulating materials. In powders, the carrier is a finely divided solid that is in
admixture with the finely divided active ingredient. In tablets, the active ingredient is
mixed with a carrier having the necessary compression properties in suitable

proportions and compacted in the shape and size desired. The powders and tablets
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adm xture wth the finely divided active ingredient.
In tablets, the active ingredient is mxed with a
w@20riigrohavi ng t he necessary conpressi on propRCT/UER07/669307
sui tabl e proportions and conpacted in the shape and
t r . .
prefefAh SPRRIABRL0 397 BPMATIRIgLARA SISO Yorjers include.
for exarhplé, calciune phospfazitadm,agﬁeif snemasqelaeatepmlc;lsugars, lactose, dextrin,

starcfl G808, LR MetBY HRHoSBeraim CarBprinede cofbias
polyVER)ibSIRhe, smlménlﬁ@méx%wh eXBhANIOFRRins.
poI yvi nyl pyrrol idine, low nelting waxes and ion
change resins. [00172] Liquid carriers can be used
[001724 pkigpigh ¢argesoran bensed du pprapsingres]utians, sUSPRNSIGNS, ups
emul@%ﬂse%%ﬁgé %ndmﬁ ?C'FﬁeVSC’c'\)%glhﬁféo? tc%%rb%ﬁlsg{;ﬁlgelo\f%ﬂs%nded

har meceutica acce
ina p)‘wrmaeeu’ﬂ;ctaﬂly a&:sepwbﬁ liquidl camt&r(mrchdsaNQWr i(dfyapopriate purity,
en-fre sterlle etc.), an organic solvent, a
e.g., %sag%f‘eff%ﬁ Sg%ﬂﬁ elgy). an ;%@%é@ly@nba mixtareceffIoibi @ i |
pharrﬂécéuﬁtﬁcalli'&%cé BYioif Bf fdt efh&ﬁ(ﬁhl@%%%ﬁérrba‘?ltwtalﬁ%tﬁ@%lﬁtable

armaceuti ca ditives suc
pharmebethiudal add'&nveenutls abj iarsxamwné ao@bllmeese&malslfm buffers,

oros B Bol ey oA S s EhRRY% BhePES idhening agents,
color§t\¢l§’d:d§|t§ff€ifé§uI@Eor@sﬂﬁbﬂ@&h’sI cﬁt&frﬁo rel I hRRS. %@Wbﬁém?fes of
iquid carriers for oral and parenteral adm nistration

liquidi easTiasefonaral angf paippiespracinivighiation ynclade vater Gfainpropiaie

purt BRS04 0P B D SRR R oy Bl sl
derivalad, isedium aheaixghetiyl @@IIM@S@@olﬂﬁﬁﬁh)@ﬁédf@l@hﬁ@lh@in@ and

pol yhydri c al cohols e. ycol s) and their
mondTaigTanalS aaa@obYaric plspHale @4t ebaplshant heit dagvasives, and

oils. Ifﬁliep&@ﬁfér ad}ﬁfﬁlﬁ}aiﬁnbﬁwea&rﬂb Xa@?fs%rt?eséfﬁlallg‘%afétr@ﬁlch as ethyl

ean I soprop hyristate
oleate andi lemgsroaylemysstdte rStenIerhdued tanqlersjatfeomsed:mrqiesletllqumsform

for. ntera m,ni str tlo The uid_ carrier. faor
compsRiichR P bl Rtarab AT SHEA ok The IRSichgaAat af pressurized
[
S R AL SRS o

propeilaat. shl@tmdlmasmlaqeum composiions dhatrarecerilpesolutions or
susp%ﬁ:ﬂ) §%r‘$ Engd inj fé)rred%xa?gr eXamaE—:‘ri%%?nCuuslcalra’r, intraperitoneal or
subcutaneous injection. Stenle solutions can also be administered intravenously.

Compositions for oral administration can be in either liquid or solid form.

[00173] Compounds of the invention can have prodrug forms. Prodrugs of the
compounds of the invention are useful in the methods of this invention. Any
compound that can be converted in vivo to provide a biologically, pharmaceutically or
therapeutically active form of a compound of the invention is a prodrug. Various
examples and forms of prodrugs are well known in the art. Examples of prodrugs
are found, inter alia, in Design of Prodrugs, edited by H. Bundgaard, (Elsevier,

1985), Methods in Enzymology, Vol. 42, at pp. 309-396, edited by K. Widder, et. al.
(Academic Press, 1985); A Textbook of Drug Design and Development, edited by
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subcut aneous injection. Sterile solutions can also be

adm ni stered intravenously. Conpositions for oral
WQ@ev7N3R0r ati on can be in either liquid or solPdI/i820n1/069307

[00173] Cbnpounds of the invention can have prodrug

Krosh B8 ELRSHS Slod DR RS e AT AR TEE
Prodiuyst” inaH. Bendgaarel, aedp.i 13196, 19919y HyBdadgaard, Advanced Drug
L G e e
Pharﬁ{a%éﬁﬁ’éhl Q@édc@éSV%Kngggﬁ_gf%;@g?ﬁ%%)g {(1485) ?leedl%‘nal

known in the art s are’foun
ChemnstrerA qucaemuralme:mrgacmfomwuugsrsntgd?reesl IdgwhY ork, pages 388-
392)Bundgaard (El sevier, 1985), Methods in Enzynol ogy,
Vol . 42, at pp. 309- 396 edited by K Wdder, et. al.
(Academ c Press, 1985); A Textbook of Drug Design and

[001 mveComhdsQﬁtﬁ@d\vbmfﬁbmégaabdwdo@hagﬁhs@ﬂﬁ irthe methods of this
Bundgaar d, d Application of

mvermoadwgge thcrﬁye <Pi thelﬁﬂla@taaﬁ @iesgrﬂbqsﬂpherﬂrean@ pharmagautically-

acce@abﬁé*%%%cg%@%@f@ﬁ%ggaar é)%'d%yga){tsaiéglﬁ%\%pyggits Brived
from Bieaaoids ef the flrmBéa seimeresn wivich. aré'é,ccpbfab&ﬁfo(r 1388) huatath or
veterkaRY BRLIEAtERE o AECBH &ALy BEPRREOIAGH YIS asaenown in the
art ar‘?@gan %8%rlsf30@>lé%nmié'ﬂﬁr§céutléah9 dcR¥BRblCAniBAY and/or

ounds useful in the nethods of "this | nvention
catlon&c haemadrigically-acheptablencatimnsdedude botbrigeotbers, alidli metal

catiofg i Nesak; L BETRh 328 Bt o B Brg ol o tzf"ﬁiwn toxic

heav§¢hétal @étnddseaﬁdoarmmicﬂﬁurhem% ad §tﬁbs}iﬁl§te§%¢1¢rﬁbﬁ@|n¢ (N@R),*
use i n hunan or veteri nar]%@ %g\:’l cations.

whereiRiisBy&@grBanikyl, o€ sepstdy ltise.ainelugéngl rasthith ettivli or
hydr(5>ﬂ/ét ltSé%{Z‘,ﬂIC%W RO Sa?’nmf)ﬁirun?)iﬁgﬂﬂgﬁ%mmomumr and triethanol

-acceptabl e ani’'ons or ca

ammmamraamrts c&?Haymceemalela:ceatabwambnshmﬂ@d@,rmn@ng others,
ot hers, alk tal cations

. Lj +
halidgs k@it - &5?@' % ACELRAER 6P Y- (E@egate trﬂymoawgtaty } ascorbates,
aspaRatyd BEhLod88VaitrAR2hn G MRS 1A &ﬂH@&H&HthHEanentlon

provides a therapeutic composition comprising one or more compounds and for each
compound a pharmaceutically acceptable salt or ester thereof; wherein the
compounds are present in the composition in an amount or in a combined amount
effective for obtaining the desired therapeutic benefit. The therapeutic compositions
of this invention optionally further comprise a pharmaceutically acceptable carrier as

known in the art.

[00175] Without wishing to be bound by any particular theory, there can be
discussion herein of beliefs or understandings of underlying principles relating to the
invention. It is recognized that regardless of the ultimate correctness of any
mechanistic explanation or hypothesis, an embodiment of the invention can

nonetheless be operative and useful.
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+) and substituted ammonium (N(R )4 +, where Rl is
hydr ogen, al kyl, or substituted al kyl, i.e.,

w0 p@aglizog, met hyl, ethyl, or hydroxyethyl, PCT/US2007/069307
specifically, trinmethyl amonium triethyl amoni um
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descpbed individualtdréo ayy cohdrigatioan Additiosallys ahessighawis®bpecified,
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td t
by thﬁe‘ﬁgﬁcﬂégﬁé.s Fr e&?@ Wl Gl Rt ﬁﬁ&ér@ﬁ%ﬂ?ﬁgﬁt Sy Bﬂ% or more

ani stic explanatiion or hypot an” enbodi nent
hydragertshie a motouiedisclased caetheeieptrcedevitip deaterriven antditium.

sotof QA BBt haPIAIRELTE are JoGHALY Bl SerahaAs 1M apsasar the
moleBBERMSINAhehhaal AHPHIBIRYshI AbdeaTeiy 9518185t thE GhalELINE GR1tE use.
i sonmers, enantioners, and di astereoners of the group

Methpgaiter makingesughdsotopied asiepts atecknownvinethezarivapresific names of

comifufitl, SheleRbrale SR SaiEantAGEIES At un@daly8e YéiBlary, as
it is kpslagaivat 08¢ cPORIImAF Sk ia thé areddrenamefthé Ramer coimpadss,
intended to be individually included in the

groupg eeMmedaties. difigrentl: conpound is described herein such
that a particular isonmer, enantioner or diastereoner

[001ﬁ] t K}%ny of the molecules disclosed herein contain one or more ionizable
groups [i.e., groups from which a proton can be removed (e.g., -COOH) or added
(e.g., amines) or which can be quaternized (e.g., amines)]. All possible ionic forms
of such molecules and salts thereof are intended to be included individually in the
disclosure herein. With regard to salts of the compounds herein, one of ordinary skill
in the art can select from among a wide variety of available counterions those that
are appropriate for preparation of salts of this invention for a given application. In
specific applications, the selection of a given anion or cation for preparation of a salt

may result in increased or decreased solubility of that salt.

[00178] Every formulation or combination of components described or exemplified

herein can be used to practice the invention, unless otherwise stated.

[00179] All references mentioned throughout this application, for example patent

documents including issued or granted patents or equivalents; patent application
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compound is not specified, for exanple, in a formula
or in a chemcal nane, that description is intended to

W0 p@ageoeach i somer and enantioner of the conpOUOsR007/069307
descri bed individual or in any conbi nation.

publitdfbhd: %h#)“shé@b&%ﬁt Qﬁﬂﬁ:ra%ﬁg ﬁﬁﬁﬁ%’?‘hsg@ﬁé ﬁlerq?fgﬁ%@gewﬁents

vari ants' o ounds”di sCl ose&
or other mwoamweadl Iaye hbeebyiiscorpsrated byoefepaacepherein tn thielr!

b d hyd n a
et d Bous 1 B oo Byaaraibuee dELher v of any
mcor‘isﬁétbhé‘%befﬁégrpé}té“d NAEICABES aRf tﬁe H%Icﬁﬁﬁ fihe St Q@ﬁtaédr{}ﬁcatlon,

useful” as standards in assays f ecul and
the disndesuralhesgid takeﬂ prgicedence s Sametreferkatesiptaviddteherein are

noolBHAEHLS Blesbh ot B ARS8, B3 e R EbhdeihSRirces o
startie@ mateniess, a@hﬁlﬁhﬁﬁétaﬁrr@lmété?falsﬁ hewitonkl F&ig%htse%ldaft%nal
i ntended to be exenp as it is known tthat one of

methgdgiat a"b’?ﬂ"@t‘élsl, pdd ﬁ'OﬂH'efn§¥ft0d§e€ﬁ angiisis, lnddiionmel iolagical asaterials,
addifiRH B8 r@?’éo"c{:ﬂcﬁ?‘ai% Eé%?ﬁﬂetiw ni@P177] Many of the
ol ecul €és di scC

0350 "REF &I R CORT AN one” or nore
i oni zabl e groups [i.e., groups fromwhich a proton can
[001 803] r ReferedcéedigclosingXdfain phagdpleshdte cgmpoaln‘ds @slude:

t possi bl e
Hormpir B. 1oy KENRETRTER Koo ScbBidhdk s AR ¢fartsrdiavisiear
di
oSS e AR AN, S o
Chervistryof1 B¥7di H@@b s1157l-167fn the art can sel ect from anong

shi, St Oanal, TrSp; TR, Sefiel PhotaBsiaPEdiaNnt | on

tnphﬁaﬁylrﬁemehoﬁpﬁbhﬁfﬂs OrBuIléﬁmiﬂQﬁé Ohenaenl Ssaéty A IaphR€1990),
selection of a given anion or cation for preparation

63(4hf 126%40¢ may result in increased or decreased

s, Bkl b, FbshRRTAaH el SRR Bbiankr gyl at i on or

i on o onen e€scrib _ lified
(tr.aﬂymethylnmnmamechduas anacthietreestbes.i NBeNdtinosf, the G Hesiaical

SocigtgdgRgc (ORDS Bai G018, for example patent

Min, Shi; Okamoto, Yoshiki; Takamuku, Setsuo. Photolysis of
triphenylmethylphosphonic acid and its dimethyl esters: a novel
photochemical generation of dimethoxyphosphinyl(phenyl)carbene by a ,a-
elimination of phenyl groups. Journal of the Chemical Society, Chemical
Communications (1989), (3), 151-3;

Hatt, Harold H. Constitution of some phosphorus derivatives of
triphenylmethane. Journal of the Chemical Society (1933), 776-86;
Johansson, Tommy; Stawinski, Jacek. Studies on the synthesis of
picolylphosphonate diesters. Collection Symposium Series (2002),
5(Chemistry of Nucleic Acid Components), 81-86;

Kondo, Akihiro; Obata, Takashi. Electrophotographic photoreceptor containing
benzofuran-styryl compound and method of preparing ther compound.
Published Japanese Patent application 2002-123013:
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docunent s including issued or granted patents or
equi val ents; patent applicationpublications;

waapabsizeéhed patent applications; and non- pat eP€T/US2007/069307
literature docunments or other source material; are

Zhod] VPl MIRIARS t&r‘i’d:?lé ECRRL @é‘t&fﬁ%ﬂﬁ% n hé‘aétﬁ‘c?ﬁdé gf 4-alkyl-1-

ent i es, hou R ncor por ate
trltyll‘-‘B-bbbspha-Z Bﬁ-trlm(abieyttlom Zmactmicaisémm bﬁd!ﬁen

cited references. and t di.scl osure of ese
Phospliris, SIHDhan RGN B RO RISEEEIeraia o 15PBh GHEA CL33-206;
Kers Sﬂﬁﬁnkéeé%rvﬁHQGSJéHe‘RVD@ KoW K], Le358k; 'me%a{ag@f ggamz Aryl H-

reference to provide information,
phosphwatesng Studies ondhefoamatiog ofmimsmim'usadaiiudmbahd in the

t terials,, additi . t dd
roacofraERa T oAb et AR Sl ST on B anonates
Tetratddrdd qnad7 i 24 9@) cepogmieosl s, additional cells, and

addi ti onal ‘Uses of the invention. [00180 References

Witt, fHasitisgsRagh@s rieansz pReagtivitit of thenpeidsaef trivalenteqphosphorus

anct 3Bt o 0 ORIy of v S AT s S

arylrhethig IblﬁgnﬁdwsgbmkDFhrtgéﬂdelddbhﬂerfo@théD( Mﬁtlﬁi substltutlonlSET
Chem stry, (1997), 20(3) 157-167;  Shi,

tandegymechanismamiihesprerus. Sulfenand Bilisps aad fbﬁa?%)ﬁted Elements

yl phosphonat es. Bulletin of the Cheni cal
199gcﬂefgﬁlgpﬁé]d;pan ( 1990), 63(4), 1269-71 ; Shi, Mn;

Shi, Kk r@kamotoYbskiki; TekkamkliySetes uBhokblgsis 9Bi s of

(riaryle Byl pTasHide e anddBelrasserr. Japlaindgbpy:hemica

So0ci& A Uapd1680) Mai) Siss-g@kamot 0, Yoshi ki ; Takamuku,
Séet suo. Phot ol yS| s of trip henkgl met hyl phosphoni ¢ aci d

Gramgtdd, ThordiT jassag, Kiglt e Studies, dnogendediredingal Part XXVIII.

iy GRS AR a8 BENERSEO s RS 30E03 2 2

diox&pRosphbritanesand dIBEHYIpAbs PhEHEESC atAGATHeMBA)Scand)navica,
SenelsSé_ %rganlc Chemistry and Biochemistry (1977), B31(5), 345-53;
Malatesta, P. Phosphoric acid esters with high anticholinesterase activity. Il.
Paroxon analogs. Farmaco, Edizione Scientifica (1963), 18(10), 714-20;
Arbuzov, A. E.; Chang, Ching-Ling. Reaction of some substituted
triarylhalomethanes with salts of dialkyl phosphonates. lll. Reaction of
crystalline triphenylchloromethane with sodium diethyl phosphonate.
lzvestiya Akademii Nauk SSSR, Seriya Khimicheskaya (1963), (11), 1945-6;
Arbuzov, A. E.; Chang, Ching-Ling. Reaction of some substituted triarylchloro-
and -bromo- methanes with salts of dialkyl phosphonates. Doklady Akademii
Nauk SSSR (1962), 144 1039-41;

Arbuzov, A. E.; Abramov, V. S. Action of halo-substituted ethers on salts of
dialkyl phosphites. |zvestiya Akademii Nauk SSSR, Seriya Khimicheskaya
(1959), 35-40; and

Kopel'tsiv, Yu. A.; Kolesnikov, V. T.; Shermolovich, Yu. G.; Trotsenko, S. |.; Klep, V.

Z. Phosphorylation of methylenequinones. IV. Reaction of fuchsone and

55 of 94



Hatt, Harold H Constitution of some phosphorus
derivatives of triphenyl nmethane. Journal of the

w@h@nigabo Soci ety (1933), 776-86; Johansson, TREMS2007/069307
St awi nski, Jacek. Studies on the synthesis of

naptGhERASRERING! it EEHEL SRS A PYEPOBLHDhl i
(1986 NBIAENH83-9281- 86; Kondo, Aki hiro; Obata, Takashi .

Sher ST O YRR e Kbt ot Kooy T
Readih of AU WML P AfRABREEoFRLEL 2RO RehEfr i

(198WeriHds, 81bi6. EaCR@émémfeTbndesalsHybemoratedtnyitsbntirety herein
t ane, cati.ons wth

. -phaspha- 2 ablc clo[2.2.,2
for itg, {8BRRUR Sthesron S FortibSutis afe ShBfhedRin ot anitty or
moreEbfane phds pAGRE cobfbuh@d d?é@osé&einsanf@rﬁé BﬁﬁheSQePé’VeH&‘é listed

Jacek; Denbkowski, Leszek; KraszewsKi,
can hpexalpteshioesanyof heudaims lereime formatl on of

phosphorus-carbon bond in the reaction of trityl and

[001 gﬁph oh Bﬁg%ﬁég gﬁd %@T F%mr%ﬁnﬁqwgbg %@ﬂudlcatlve of the levels of
skill 3f2R8de $RAGSin Wet drt tdahichSthe iMASTIOR, pelits ZRefReakEd I Eited

of the acids of trivalent phosphorus and their
hereigeganadicatsstherdate ofithe artRa@@t tiheirtrgpbdwawbonsfmr@date and itis

lntenﬁgﬁ ltﬁémnfs ifRrn3NBh %aﬁrt%eerﬁs q%b &W gﬁﬁgé%&gﬁfeéﬁude specific

er evidence for t i C sub

embcb(ﬂnmts et bedinstine ﬂ?lmwhﬁaﬁexaﬁh&blé UWhan@oﬁ?idoisﬁ@Iﬁu ﬁﬁdatter are
the Re| ated E| enents (19962 117 149-165; Shi,

claimed:Araiet, tehonldde undristondthabepgiRgungh sperpsng @\ra"able in the

ot o A EEhY BB RELB BRIy A i paoing
disclél(8)is pAbsdaaDin tGeaafrancesititad hél'r]eesmnotqrmmdedsmmb eeluded

: of hydr. Part XXVI11. Hydrogen bond
in the e BPRIE Y SrSEIMSHAANS, 5. df et hyl 2 oxo 1 . 3, 2-
[00182] Any appendix or appendices hereto are incorporated by reference as part

of the specification and/or drawings.

[00183] Where the terms “comprise”, “comprises”, “comprised”, or “comprising” are
used herein, they are to be interpreted as specifying the presence of the stated
features, integers, steps, or components referred to, but not to preclude the
presence or addition of one or more other feature, integer, step, component, or
group thereof. Thus as used herein, comprising is synonymous with including,
containing, having, or characterized by, and is inclusive or open-ended. As used
herein, "consisting of" excludes any element, step, or ingredient, etc. not specified in
the claim description. As used herein, "consisting essentially of" does not exclude
materials or steps that do not materially affect the basic and novel characteristics of
the claim (e.g., relating to the active ingredient). In each instance herein any of the

terms "comprising", "consisting essentially of" and "consisting of" may be replaced
with either of the other two terms, thereby disclosing separate embodiments and/or

scope which is not necessarily coextensive. The invention illustratively described
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di oxaphosphori nanes and di et hyl phosphonates. Acta

Chem ca Scandi navica, Series B: Organic Chem stry and
w@eewechegniestry (1977), B31 (5), 345-53; Mal at esP@r/Us2007/069307

Phosphoric acid esters with high anticholinesterase

rre Lol o, 0500 R AR 1 TG B O pons o

limitaClomnay, linGtatiogs lnat gpe &éealtyi disclo$ed hereis.ubst i t ut ed
triaryl hal omet hanes with salts of dialkyl

11 f !
[001 8?]0 E onaeté/ﬁfarraﬁgwrsa Igglt%sga hgaeaﬁ ' :j?aettqlmyqerature range, time
| y
enal ety tor T badervio e S ReSI Y
intermiediage rargasgnd ﬁ@braﬂsaetaswelbas a!brreh\ed;wtwatuﬁsem!uded in the

anohf Y B REBREN o BE T KRGt bes e lpon s ot

be lirgit&® By thd émbbiddedts disdossts avcludingBny Mﬂﬂiﬂ\fthe\dra\ﬁmgs or
Action of hal o-substituted ethers on salts of dialk

exenyHiiegn thes spegtieaiiony whigharrediyeNayivagsRxagule pamus%/ratlon and
ot SRSl TR 038 K RELe bl g

rangé or sdbegmge\thaZareRholsidbadrity thad descriptiontichyih eaedis M@@ed from
kﬂ. Reacti on of fuchsone andnapht hof uchsone with di

the clgi@siiareinky| phosphites. Zhurnal Obshchei Khini |
(1986), 56(3), 588-92; Shernolovich, Yu. G

[0018@] koue kiventibn by bé%m@rhertlﬁmerst&d bg-the Kol RRRY BY-linYiting

T.” Reaction of fuchsone wth di-

examplesl kyl phosphi tes. Zhurnal Obshchei Khimi ( 1980),
50(4), 8 11-1 5. Each of these references is
incorporated in its entirety herein for its disclosure
of phosphonate conpounds and synthesis thereof. Any
one or nore of the phosphonate conmpounds disclosed in
any one of the references |listed can be excluded from
any of the clainms herein. [00181] Al patents and
publ i cati ons nentioned herein are indicative of the
| evel s of
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skill of those skilled in the art to which the
i nvention pertains. References cited herein can
W0 pi7a3me0 t he state of the art as of their pubPCTEHS100T1069307
or filing date, and it is intended that this
informati on can be e 8, if needed, to
excl ude specific emgﬁ:%ﬁ%ﬁlﬁgtggare in the prior
art. For exanple, when conposition of natter are

EXAMIPAETEd Setheisis, ofi corgpaurid$ be under st ood that conpounds
known and available in the art prior to Applicant's

paveation, including c ounds for which, an abl.i
1001461, CBIRRUNKE S U5 i UPR Con el BY i Micharusdithuzov
react®reinkelvirigthendastidrrobigityl BAlodedribrofitte §8dRAHAIKYPh&phite.
matter clains herein. [00182] Any appendix or
See aphiABides hereto are incorporated by reference as
part of the specification and/or draw ngs. [00183]
Where the ternms "conprisgpgr "conprises", "conprised",

or "conprising" are used/herein, they are to b

i nter prets speci f yROIg "ORe presence of thé at ed
features,\igt egers, steps, or conmponents ref to,
but no precl ude the presencegor addi gines or
nor e \Q &ature, | LRt lifD: conmponeat, DI gk oup
t hereof. JZhus as use% gv(/gjerkﬁo&gw"guésng i s synpnynous
with incl @ g, contalnrng, having, or charad i zed
by, and i s> 'nclusive or open-ended. As used herein,

"consi sting of excludes any el enent, step, or

i ngredcept, etc. not specified in the claim
description. As used herein, "consisting essentially
of does not exclude materials or steps that do not

[00184k epPralalSP. £19-eEhethmRayad081a8l 4480, cHatrabedianstV@ls53, No.
ai B G g I [ t ' : :

37, 12091050850y S o, Ceth 9 PSR Serme - 6
MarkbeskipLi Ni.;ﬂgdp?cl'tsjw,n‘ﬂigstk.i; K@llmﬂgm Varhrl;w.@fﬁnﬂhﬁm.uhSSR

"consjstin e replaced with either of the
(Engbf'i?@ﬂ-}:\ﬁ&gé?%@i él%g@%y di scl osi ng separate

enbodi ments and/ or scope which is not necessarily
[00189EXTREM¥RacliERHLRYE P a&Idnl ddriSd BATIINR Yusing various

descri bedherein suitably may be practiced in"the
substifbiterhtridyl dfaliday ast evittnselectian efnapnrepaatel stattingtphespbites to

prep&r‘e”&&n%éuon”d% ot spegifical Iy disclosed herein.

[00189] Para-hydroxy derivatives, as exemplified by the derivative shown below

can be synthesized by the following Scheme 3:

58 of 94



[00184] Whenever a range is disclosed herein, e.g., a
tenperature range, tine range, conposition or

w@omcasmo@t i on range, or other val ue range, etRBCT/US1007/069307
i nternedi ate ranges and subranges as well as all

i i WAl I [ | ud n the ven are.
100198’ ¥eEiHerBUid YIf 5" er Rl oo Kiipettotita
Kolesmkentvcin USOMR4:thGkA. GhdmﬁBSFb)(EhEETr%ﬁbpﬂlE!Wrﬁos4 1980; 649-

di scl osed, inclu e draw ngs or

652; SRR O KImaONY: BaE GHROuAT 418 B e g1 ven by

way of exanple or illustration and not of limtation.
' : j i dual
00133} BRSO Sl A Rk BBRE L .

description herein can be excl uded fromthe clains
Schemeg i n. [00185] The invention may be further

u erstood by t he f/&8FNowi ng non-limting exaqpl es. THE

) ; S- 7‘Tb“20v

tr(Pty chl oride or~brog QS g,
See Schenme 2 : X=d, Br [00187] See al so, @p Chem
Rev. 1981 , 81, 415-430; Tetrahedron., Vol. 53, No.
2698, 1997; Hatt; J. Chem Soc; 1933; 776;
e Yu. G ; Markovskii, L. N ;

tSI OMe; Kol esni kov, V. T.; J.Gen.Chem USSR
(Engl . TransT . ; 4; 1980; 649-652. [00188] The

M chael Ar bz oy reactl on can be enpl oyed usi ng

vari ous subﬁltuted trityl halides and with sel ection

100188} 8GR BB BRSSP e By Mttt lgaadag two phenyl
rlngs‘1§ LOR*B'—VEQHQE‘S RKeBl LE-edhnye phgaied by an #falsi¥é method

bel ow
with appropriate choice of starting material.

[00193] Compounds CX8 and CX14 are prepared as illustrated in Scheme 5.

Scheme 5:

O QO 2.1 eq NaH O
PCI 2.4 eq Propargy! alcohol O =
Q oM 3 7 N\ B q Propargyl alcohol Q i/

Acetonitrile — él THF, Microwave 150W,

P
1
O Room Temperature @ 110 °C 40 min CI
CX14

88% 30%

60%
Cx8
Compounds CX8 and CX14 are separated and purified employing techniques that

are well-known in the art.
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can be synthesized by the follow ng Scheme 3 :[00190]
See Shernol ovich, Yu. G; Mirkovskii, L. N.;

wEemel131280 v, Yu. A.; Kol esni kov V. T.:; JGCHA4PCT/US2007/069307
J. Gen. Chem USSR (Engl . Transl . ; EN;, 50; 4; 1980; 649-

oS, PR eI 0 ot b Wl o

ilustrdted 1 Hiapakbsi andSdthedas; Ange\[vOOIhgr’zH ; Ahal 98%s 608. conpound
RPhos6 wherein the noiety |inking the two phenyl rings
is -CR" 2- , -CH 2- , -NH, -S- can be prepared by
an anal ogous nethod with apprppri ate choi ce of
starting material. [00193] Comipounds CX8 and CX14 are
prepared as illustrated in me 5. Scheme 5: 88% 30%
60% CX8 Conpounds CX8 an 1T ape separated and
purified enpl oying teoh rﬁammare wel | - known in
the art.[00194] D -hydro
bel ow) can be synthesized ag | ustrated in Iliopulos
and W eder; Angew. Chem ; 77 965; 6 18. [00195]
ecific _exanples as shown in Figures 1-4 can be used _
00195 pPepafie eXpaiehas FBeWRimFguree 1uticar bersegHp peeparedtarting
[ rLal
g et 200 O S, TURISP RO FELAN b8'stari
mategiatenfier siaihiegisanf avohgivumde rof ¢ram|r1venpore peg edmb)ermatljw adailable or
wel | kno rt, part.i n view o .
can 8 biarePed By ishads Bl BBl b Agh Petulasty eSiawetine specific
exanfsle€ pravided FNFlggﬁésVLH_y’ apoptotic properties, and
toxicity. 6] A single or multi-tiered system can
be used to identify conpounds that selectively induce
EXAMBYE &5 SsTeaning frr éctiviéy, [apoptaticspropartiesc ang taxiclty. can be
screened at a selected concentration, e.g., 100 nM in

[001961" AMsiAdIE A HNRHLie PR St nClart & Lgeg% |dehn¥ify compounds that

selectively induce apoptosis in cancer cells. First, all compounds can be screened at

a selected concentration, e.g., 100 M, in a high-throughput manner for their ability
to induce death in one or more cancer cell lines such as HL-60 (leukemia) and U-937
(lymphoma). Those molecules exhibiting cytotoxicity in one or more cell lines are
then evaluated for their apoptotic versus necrotic properties. Those compounds that
induce apoptosis can then have their toxicity to non-cancerous cells, e.g., white
blood cells, assessed. Potent compounds can be re-synthesized, purified, and
tested at multiple concentrations to determine ICsy values in the context of one or

more cell lines, cells, or tissues.

[00197] Further experiments can assess whether the observed death from test
compounds is due to apoptosis or necrosis. Cells exposed to the test compound are
examined for one or several hallmarks of apoptotic cell death including strong
induction of caspase-3 activity, staining with the apoptotic-specific dye JC-9 as
assessed by flow cytometry, or other aspects. It is understood that JC-9 provides a
sensitive readout on mitochondrial depolarization, and dyes of this class are

commonly used to quantitate apoptosis (Cossarizza, A.; Salvioli, S. Methods Cell
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to induce death in one or nore cancer cell lines such

as HL-60 (|l eukem a) and U-937 (I|ynphona). Those
worplozasi2es exhi biting cytotoxicity in one or nRCEHUSHMDT/069307

lines are then evaluated for their apoptotic versus

Biol. @@@ﬁ Ofk CAGH. Q@@{ UEGS nJ@Bfﬁp&&B?@%#Q%{ Br?)tglde%dw fhicroscopy, for

popt 0osi s can hen Rave t RRTT “t oxi ci
exann@ebtyahxtmtmmemdrane élepbinghand eelbshidokazgd. | s,
assessed. Potent conpounds can be re-synthesi zed,

00188 LT G ek BB SR S Aot cver

non-E&derblid@pite BRddPeelRis detsHated. [ POLHVE ekberhight, the spleen from
experiments can assess whet her the observed death

a eufthégtzeddﬁ@@%mtwarse%iaé and Hpoprlesocytes isvdatedsiMouseedplenocytes

oro YA 19 E5L pTRRIR BHEUFHORBIRY. FileCAFeS see

Pratérthng Gogak R. on; Biayl@d@@&&- a_cﬁ@tstr\étﬁ X0, Hélﬁdd’alyns W. Food
apoptotic-speci f C-9 as assessed by fl ow

Chereyfem@@l b808AQ PG e doxBlake. CoAdbair-Sessa. bk Campbell,
Tgéug?&rn%wgbeﬁ aazgg.?ag.y@%rﬁgg&w Galh Okh%%kapva T.

ari zati on, ar e”’conmon
Nakamlmh ﬁ'q \qauunts IHEBO,&K)dBIbDSRI’Br(rOM&P@@Z?:Q5 R01-205. (d) Li, Q

S, .Meth Cel | Bi o 0 3, 467- 486). '
HiratGy{ e S MRt 88 SoXerione 230Gy e d 18y 1840 B8 dals are then
st.mm@tted%@m@m) »secé%mnl FLIRAREAIR R f@%&g @ﬁ@éllsa e
shrinkage. [00198] The selectivity of a te
purlflﬁdrfrqcraadmten@gem/aou@sbneoodyteemimrevsumulamd:mwgremowsh

bl o | s For, th
concffiadiph it fiaSot TR AR SR bty aace of a
seledtée contanetivhas the e2icethpdupdse.¢p1 M‘&Pﬂ@@ﬁl\/ﬂr &hus we are
commonly used to assess the toxicity of

able %qd@@ﬁiyegnaltapl@ué@ﬁﬂr@g sglestivelyjndercgt apoptm;ls [m ca:@ﬁggm white

viooell b 3@k xiepurd bBR9RGEB R yie bR RIS 2

C. A; Nair-Menon, J. U ; Canpbell, G T. Endocrine
EXAMSQE, 3.68ic2dg§eé’14#95386/s) Yarraur a, K; Ogavva K. ;
Yonekawa, T.; Nakanura, T Yano, S.; Ueno, K. Bi oI

[001 @‘ﬁ?rgeggpall gellz(?h%ﬁ,gﬁq?(?d gﬁ)é éé—bﬂgogfgémes are grown in
RPMﬂ?@4(1§8ppl€hfénTedlﬁﬂlthS1O‘%@Bﬁ‘ﬁﬁd incubated at 37 °C in a 5% CO», 95%
air atmosphere and are split as necessary, e.g., every two to three days. According
to the American Type Culture Collection (ATCC), U-937 is a human cell line of
histiocytic lymphoma tissue with monocyte morphology. See Sundstrom C, Nilsson
K, Int. J. Cancer 17: 565-577, 1976. Also according to ATCC, HL-60 is a human cell
line of a tissue type described as peripheral blood, promyeloblast, and acute
promyelocytic leukemia, with myeloblastic morphology. See Gallagher R, et al.,
Blood 54: 713-733, 1979.

[00200] High-throughput Cell Death Assay | on Test Compounds: U-937 and HL-
60 cells from cell culture are harvested by centrifugation at 250 x g for 5 min. Cells
are then resuspended in RPMI 1640 + 10% FBS, counted using a hemocytometer

and diluted so that 20,000 cells are seeded into each well of a Corning 96-well flat
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stimulated to grow by the addition of concanavalin A

For exanple, T-cells are purified froma heterogeneous
waploensyt e m xture, stinulated to grow with PCT/US2007/069307

concanaval i n A, and assessed for death after 72 h in

bott&rﬂ?nief R&55te0 Fisgﬁfe@ﬁ%a%db) Eggdgwor‘gﬁ%@{%h%‘ﬁ total
volurel af dachlvwhtd 100 phalTestredrapalinds afatrarsstbred lrM@'tNe wells using
pt OSi nceroRs white blood cells

a 96475 TgRfer dRperanay & Bses Cerainne (4 Shatmnsdpisd 2 bl of
comBeMELEne coRipRuAgs &R m’g%%%ay @]nggﬂ st@Fl?g{)I% oS il 100% EtOH,

Culture Condi'tions: ines ar
SO oe ansfen gRelsla ﬁM&wupptr&hrmnbfebD@rmﬂrhoND%Eﬁﬁolaralie perfo&med in
at 37.0Cin a 5% 5% ai.r atnosphere and .
which PEHOEITH (BantAiuadnb Rpabtipa) RuyBiAnaieI et M el ggp Bining
cellsATHY ¢hIRGrb tndUMtAIRIith GRS cEM%quétrcw 21 (Blidseshy %n cell death

CO, U-937 is a human cell Tine of histiocyt

is quéyﬁ@@ﬁmThrsthtm rmmd@gmed By raslalditicogyf. 2C8rmcroL of the
Ca 17:. 56
TSRS e PR bl sy SRR P e 8o wh o
eachl walg tbis reayésisis S-(ypairdethyithiaed- zuyr)rﬁra 6@%@9m’ékrﬂﬁ@Phenyl )-2-
| ast, and acute pro el ocytic | eukem a
(4- Sﬁ{?@h@ﬁylkgﬁt%@ﬁemower salé (\35) ayiban Rlectonagouplisy eeapent,

Phe e et P88l otnae e g8 <ehn AP BBl E by aSPRA,

200%ell culture are harvested by centrifugation at 250 x
g for 5 mn. Cells are then resuspended in RPM 1640 +

% \ d t t
o0z 755 r§BYaL Bl 8L BB S5 86 S P e
coloredrgtb8gct96rmied hnbllthé BBs6 Aot W&tthbﬁrm@ésﬁr@d GaF h@b‘?\rm ina
Chicago IL Media is then added to bring the total

Speajs Mﬁé Fligs é&é wlateIreader (Mmeenlar Dedises,counpatisCa) e

transferred into the wells using a 96-pin transfer

00208 0RYgh B 20 S 61 SRR EBRIC 8P bga g0 ot

from upell @slto@ anid IEroedned ddytﬂermnif&gafbriéﬂ%CEk@'for SanipNeCells are then
resut L anst er F%Igl?i@?@ ﬂ;g’% F ncc%ﬁtnge%t LI,ISOIHQ %fhelncw)gcytner%re(t)el\rland diluted
so that 10,000 cells are seeded in to each well of a Corning 96-well flat bottom
microtiter plate (Fisher, Chicago IL). Media is then added to bring the total volume of
each well to 100 pL. Each compound is weighed and then diluted with EtOH to
make a 100 mM stock solution. The compounds are added at 9 or more different
concentration in 1 pL of EtOH. After a 72 h incubation (37 °C in a 5% CO,, 95% air
atmosphere) cell death is quantitated by addition of 20 pL of the MTS/PMS CellTiter
96 Cell Proliferation Assay reagent (Promega, Madison W) to each well. The plates
are incubated at 37 °C for approximately 1 hour until the colored product is formed
and the absorbance is then measured at 490 nm in a Spectra Max Plus 384 plate
reader (Molecular Devices, Sunnyvale CA). The ICsx is taken as the concentration
that caused 50% cell death.

[00203] Caspase-3 Activity Assay: The amount of caspase-3 like protease activity

can be determined by the amount of Ac-DEVD-pNA (N-acetyl-Asp-Glu-Val-Asp p-
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whi ch only Et OH (contai ning no conpound) is
pin-transferred into wells containing cells. The cells

wae@7iisieobat ed with the conpounds for 24 hour SPCHES2007/069307
then cell death is quantitated. This quantitation is

mtro%rz {1&;}’ By p%ﬁn'{iﬁd& P/i‘?;ffellzf}%a%scr a%oﬁgﬁswrﬁé PN microm of

ter 96 eration say r
test ¢anpowhis AddtidstorcelVultuce Basks owithiningb® mieafgthnk 108 U-937

celisinly &t {3 48140 o g e FOUBETors TP icr GO P14 RATpsted by

centf@f aﬁéh Qh@ﬁbb@ﬁte@% diffAed GRASEREM| ﬁhﬁﬁﬁ‘ﬁr}i}dj@ Ip 2 gancentration of
4X1%E hosul fate (PMS). See Promega Technica

E@@S/TTApHOO pRodthe diboed thlisaee aldadk meeNelfscmﬂmQdeell plate

T N T TR TR S

The 881B avévasHedSPgEH 08 Veof FﬂkS%@ﬁﬂwM'l@é(ﬂ Qefamm KCl, 4.3 mM
Mol ecul ar Devi ces, Sunnyval e CA).

Na:HRD o rind AalYikdmeRs94. IDEG0. 4\)/@ndé§8l#5‘cner1d@§tm déﬁpdu@ﬁj@e colb@aspase

s AR LS S NG L RIS o
CHAPSsarsh ¢0%eGlyicardRAMH 71464 (Eachl et isBBenconidaeed usiyee the cells. 90

to er nd di luted sothat 10, 000 cells are
L oL GIRGAR T brgnaaiivcieam sgehaveiong a@e%pl@éq | Capease Assay

Buﬁé?% E@Héd]”t&!}v%ﬂé ta§ra &grﬁﬁ & 6L W)L magyﬂe’ac . L\(RENFFN/I?& i$ added

hen added to bring the tota
into aam wel] taegivh actimg) condentsationi @‘tﬁ)ﬂ) pid THeeplats isuthed read bvery 2

minufschl At RTBr 2 i B SoReka M PlaSiad o rler aipleqular
Devi€ds, E_Slﬂdyvéffat@A%al'ﬁéz sfbp'ertﬁl{'ﬁ@hh@é‘r kcHioR for! dhach é'_b(‘h&%nd is then

95% ai r at nosphere) cell death is quantitated
determgiard iaod a5ty Geavagend! thasuhFisaeNs th:@ICDﬂ'tr@lewel%lscselbltracted out.

The BEBHH{ AL R SAY LS00 AT B NGB Bt

approximately 1 hour until the col ored product is

[002M]r mAdalayerst afmmt@ﬂmdharmm)olisnztdmen bvgﬁswz(ﬁ/gklometﬁﬁq heam
a MVax Pl 384 ate reader ecul ar
depOiﬁé{ﬂaBe ?gwﬁgﬁ@ﬁh%n eFRbranestsn ke aasHrarLby K fluorescence

emttt%@'b%ﬁ(HEU@Q Qe ( Molecular Probes, Eugene OR). 100 uM of test compound
or 10 yM etoposide in 1 L of EtOH is added to cell culture flasks containing 50 mL
of 10 x 10° U-937 cells/mL. After growth for 72 hours (37 °C in a 5% CO,, 95% air
atmosphere) the cells are harvested by centrifugation, counted, and diluted to 1 x 10°
cells/mL in RPMI 1640 media. 10 microg of the JC-9 dye is added to 1 x 10° cells in

1 mL and incubated at room temperature for 10 min. Cells are washed twice with

PBS and resuspended in a final volume of 500 uL PBS. The fluorescence intensity
of each cell is determined by flow cytometry at 525nm (channel 1 green) and 675nm
(channel 4 red). 50,000 cells are analyzed in each experiment. The data is then
analyzed using Summit Software (Cytomation, Fort Collins CO) and the number of

cells within the upper left region, viable cells, is determined.

[00205] _Splenocyte Toxicity Assay: Splenocytes are isolated from the spleen of a
7-month old male C57Black/6 mouse and suspended in 1 mL RPMI 1640 + 10%
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t hat caused 50% cel|l death. [00203] Caspase-3 Activity
Assay : The anount of caspase-3 |ike protease activity
w@27hg720et er m ned by the anount of Ac- DEVD- pNACT/US2007/069307

(L/-acetyl - Asp-3 u-Val -Asp pnitroanilide) cleaved per

FBSW @%trﬁic'Pé(%/FrPL éor{d;\é%%bsrgn dATGl'hae%% 3 a$$ chOht l%&?gilﬂté& Wihat
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re et M) TS 5 Cor ot Ol i, g o

EtOH\maSSactﬁtedatoss@meate qeinérobweielts. qhfter i lhoue ef inﬁhbatmraﬁé uL of the

sl R AR et o BBl Aol PO A T pBSaBbe gy i
addelajl\fom wall. 7TThdplEbs afe hclyhiSaiZAtR¥249C Torda Yo iRdtEN twBlhours
and resusgended in 150 nL of ice cold Caspaseé

until I&%WOW preductieinmpewbesd the ehseriacre isithem measuredat 490 nm
2 el ShERSH AR RAEELR) oot tlopril e

| ysate is transferred from each well into a new plate.
[00208k paseellAsslatioBahfefoxictyatistay: tSplambddesaraisotatéd om the

M4 oy TR TN M
+ 109 PBS. iEythh6eytesark §<¥I§Eﬁve3y Ws@Htaﬁ‘ﬁ Ak el g’%ﬁ@lrerﬁ'lched by

hours in"a Spectra Max Plus 384 plate rea
using ynewss arryﬂ[beoytedwnglkﬁmyrdaa EnO(DA)E T &’éibesm@memtfcdhhmn (R&D

A T T
the pufﬁltyS@fOT capd Rbreuand Part-88RH s&hps: DERET REAs aleaMBched from

pnol/mn is then cal cul at ed and plotted. [002

appr%m%}dv@% to PP uceidhartotal celbpppulption.i ahewnﬁedw celﬂs are then
coun@d n_%ﬂ@ﬁgé(tgdngbgthg?ﬁ‘g fﬁbz 8%"80 Jaqdlé% nqltcr) gﬁg rlncﬁ‘t e%ﬁ -well

neasur ed uor esc
platelgortaieing@@ dly ef (TMdlacmhase Eeldzba& eithegetienuliRed td gowlby

addifayefC ook S PICOTGRT 1RO Phé Py Ko B ioh et Bireatep. Msrious

concéﬂﬁaﬁbr%gdf te6t é&ﬁ/ﬁ%und"fﬁ £ 'iJLQHfCE’ib'H 604 pl%f@@rl-ﬁaé 3trol are
added and the plates incubated at 37 °C in a 5% CO,, 95% air atmosphere for 72
hours. After the 72 hours of incubation, 200 uL of cells are diluted in 300 uL PBS.

Propidium iodide is then added to a concentration of 1microg/mL. Cells are then

incubated at room temperature for 5 minutes and analyzed by flow cytometry. The
fluorescence intensity of each cell is determined at 620 nm (channel 3) and at least
50,000 cells are analyzed for each experiment. The data is then analyzed using
Summit Software (Cytomation, Fort Collins CO) and the number of viable cells
determined. Non-concanavalin A stimulated T cells are also treated with test
compound, and viable cells in these samples are determined by Pl staining (as
above). FITC labeled anti-TCR antibodies are used to determine the purity of T cells

before and after purification.
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at nosphere) the cells are harvested by centrifugation,

counted, and diluted to 1 x 106 cells/nL in RPM 1640
wore@i7a3720® m crog of the JC-9 dye is added to RCRUSDB7/069307

cells in 1 nL and incubated at roomtenperature for 10
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OH are added and the plates are then

i ncubated at 37 0Cin a 5% C2, 95%air atnosphere for
[00208] hAwasnmanntait an‘mesthﬂn@aEs iadﬂedabtlity ‘sne@aarcm theamttimabell

[ Af h th
ceatpegcie Aifovef oRoUG edlis hafa e o Ble Remaeristiefo
apop@cgﬁ@'ﬁ?@bﬁ‘o r’%@hé@'&er)eatHS c@ﬂ@@r@)u‘s%eﬂ@%’ﬂeﬁméve rﬁ'&‘lﬁ{)le means by

| ates are incubated at C for approxi natel
Whlclmtim)sshuﬁtdqwrtme @@ﬂhwaafcar&@due\te ismpoakityd hamect tvértually every

o BBl HIBa TS a2l A GREG Br
supp%sorkm%@ﬁbegmm Hahﬁ@baéndolﬁ igdnstivaeed 0l $50% 93 &iman cancers,
Spl enocvtes are isolated fromthe spleen of a 3-nonth

to CaéP@SQﬁa‘lh@t eemlatw@%ﬂ%amog@gma@wndnawuw in certain
circu ﬂrﬁ‘@nlc 1O B Eré‘ftrﬂér‘i’)‘? fr’% AL PElthfhty R the!r¥SOatRINof
ell's hlaﬁ By usi ng a nouse

y enri c

proper gpdptosigt and gsigrafidart narr(bem ofrant&ancered tugsfunctiomety inducing
olum (R. & D Systens, M nneapolis MN). FITC | abel ed

apopgcmq Qeﬁé@aéﬁti bodi es are used to determine the purity

of T cells in pre- and post-colum sanples. The T
[00209] | $halcell eReleadafidddimto four phases, G1, S (DNA synthesis), G2, and

M (mitosis). Anti-cancer agents typically target the propensity of cancer cells to
rapidly replicate their DNA and divide, and thus arrest cell growth in the synthesis (S)
or mitosis (M) phase of the cell cycle. For instance, cisplatin, doxorubicin, and
cyclophosphamide cause DNA damage and S phase arrest, while etoposide, taxol,
and cholchicine all target operations that affect mitosis and ultimately result in G2/M

arrest.

[00210] Currently, 75% of cancer deaths are due to epithelial cancers; some of
these forms of cancer, such as advanced malignant melanoma, are largely
incurable. The lethality of melanoma is due to the intrinsic resistance of malignant
melanocytes to mechanisms of apoptotic death as induced by common anti-cancer

drugs. The five-year survival rates for disseminated melanoma is <5% with an
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approximately 35%to 90% of the total cell popul ation.
The purified T cells are then counted and diluted so

W@ b@v/127280 x 105 cells are seeded in to each wePdT/U82087/069307
96-wel | plate containing 200 mM _ of nedia. These cells
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e T S P S EAGRE (R KG1 P BB el caking and
now %Wnat%'b@iy‘t iNF®37 cells fromcell culture are
harvested by centrifugation at 250xg for 5 m nutes.
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melaV\eCﬁeS%QBdeardiéd @t wight, of pcle MO MR darphgihg- agMﬁd' Thus, it
is then added to bring the total volune of each

is not gurpping thatr@etancsig selifdanesexsnirie!\ esiniret ta themles targetmg
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en at various mes usin

lines wf evideoop éndiCatel thaies s, tr@étmenm odu%el@é%‘v&’bléllsdrto %rollferate
1. Ml I t hat Pot ent I nduce
msteﬁg? tg}qf In %}1%% m?)pgtotlc a%%uce?lscheckpoint protein% has explored

how melanoma cells evade cell death and continue to proliferate. Certain
melanomas have a methylation-inactivated Apaf-1 signaling complex, and/or up-
regulation of the caspase-inhibiting surviving protein. In addition, a common
chromosomal defect in melanoma cells is a deletion in the 9p21 region, resulting in

the inactivation of the G1/S checkpoint through ablation of the p16INK4A protein.

[00212] Given the poor long-term survival prospects for late stage melanoma
cancers and the lack of any effective treatments, the compounds we have
discovered can provide important chemotherapeutic agents and further insights into

combating melanoma and other cancers.

[00213] Several compounds described herein were synthesized and tested for
activity in connection with the induction of cell death in cancer cells using the high-
throughput cell death assay | described above. The cell line UACC-62 was used as

an example of a melanoma cell line (source: National Cancer Institute; see, e.g.,
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[00208] A common trait of nobst cancers is the ability
to evade the natural cell death process. Although
woheatibxeocel | s have tightly regul ated nechani sPG&I/D82007/069307
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[00215] Structures of compounds CX1-CX17 are given in Scheme 1.
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[00216] Compound CX5 was further tested using the same high-throughput cell
death assay | for activity in inducing death in multiple cell lines representing a variety
of cancer types. This TPMP compound demonstrated considerable potency across

a range of cancerous cells. See Table 2.
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in large random zed trials, and even popul ar

conbi nation therapies have provided little benefits in
woredoangmeo pati ents. This |ack of clinical effiRaDysi087/069307

supported by in vitro studies testing drugs agai nst
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pot ent DNA damagi ng agent. Thus, it is not surprising
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nmel anonmsécel | s t o prielisher @trean) nst ead of.1di e.
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regi onAChiNesul ti ng i nrenfiéhimeact i vati on 869t he G1/ S
checkpoi nt through abl ation of the pl6l NK4A protein.
[ 00212%K-tiSren t he poraurdblgpigme éwumesiur vi V&P pr ospect s
for |late stage nel anoma cancers and the | ack of any
effective treatnments, the conmpounds we have di scovered
can provide inportant chenotherapeutic agents and
further insights into

Example 5: Additional Assays of the Efficacy of Induction of Cell Death

Scheme 6 reports ICs; values for induction of cell death in certain melanoma
cell lines for exemplary compounds of this invention. Cell death was assessed after
72hr by measurement of cell density using the sulphorhodamine B assay. (V. Vichai
and K. Kirtikara (2006) Nature Protocols Vol. 1(3): 1112-1116.. The values listed
under the structures given in Scheme 6 are the ranges of values for the efficacy of

the compounds against the UACC-62 and SK-MEL-5 melanoma cell lines.
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conbati ng nel anoma and ot her cancers. [00213] Severa
conpounds descri bed herein were synthesized and tested
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death in cancer cells using the highthroughput cel
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ACC- 62 _cens, see Tabl e Sevef al
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pounds i n [OAQCY62 cel | s @sin |ghthroug

eat h Assay | 15] Struck
VN?Xa?Ze gi ven iww_8aheme 1. [0Qg16}; Conpound QKS( _vas
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I nduction of Cell Death Schene 6 reports |IC50 val ues
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irtikara (2006) Na Protocol s Vol .
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nst the UACC- 62
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w@QOOBsMIcr oM The plates are incubated in a 3FCDTSHNG/069307

COX2 incubator for 72 hours. [00220] The mediumis

0024 8T Y58 SLERBHAR AL 2| R EB5HEbbe Lo NESATE S9Bbbo o

follow00ni crol ) is added and the plat es are placed in the
4 OCfridge for one hour. The trichloroacetic acid is

o021 B8 B BT Bl SR Blggvonr

96 wémbtaté 2DR1drelitks f cOnfiolhd ‘sfbck%bﬂﬁ%tn's%@ﬁﬂ\ﬁ' SAVRAHAd. 0.5mM,
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ff d,.T b
m 208 S TRty RELY SRSl PR O et
suchrteattae f@ﬂowiné@n@ﬂ@@fd@traﬁ@n@bf&é@ﬁevé@%ncm 50microM,
i nventi on has been described with reference to vari ous

10migradd; ImisreM a1 vicrpMe Orpiser M n® d migioM <0.adaniarelyh 9i QjlreisroM,
O-OOﬁMQP fo:og gﬁ&%ﬂ)l ) @@o%ﬂ%ﬁ%@é‘?aﬁ i 4185 a@%uléa{éo%' L7 °C 5%

Ions na PIE°Y éha
CO; incabator fort 72hduscope of the invention. It w II be
apparent to one of ordinary skill in the art that

hods, .d d |
100258 2P PR ERiILD SRE FECAIS A Sah T i shadsenty

with 30®fickoICaf PBSIEd Hbed tr"@ﬂ&*o%cé@@a@i@ (SO0 RY8L) ?sréotdé% and the
practice of the invention as broadly dlsclosed herein

plategjare placedds the 41°6 fﬂdﬁaéOl'leIﬁahQDlmeFﬁhattrldﬁiOFQaﬂeﬁccaami is removed

te t.] ol ogi cal
and tﬁé aﬁ*ggﬁég(”ragﬁggﬁ@ 2@% é@#?'gn%@gﬁ@g thPF?bj cation
SulpmmhbdalmmeaBa;loyﬂUrﬁ@blt eotraseoL a0 ARt hl%jécetm;d is added and
bi ol ogi cal net hods ot her than those specifically

the piatesala allewed 1Q sit at loorm P ergtieifonald n@ﬂﬁb@p@ﬁ@% agg then
wash%lae%/wﬁ?ﬁ 8 é’éél&l; 4&d % tmfé%gﬂﬁ’ﬁtﬂdrﬁeggé Jn@‘ﬂa‘%%d(gogﬂ@"drﬁﬁ/ﬁ g added

evi ce e enent s, eri ures and teéchn
and thequleteslas@redﬂsdn keradisorizaree platenadadet at 5€0 ancoftga33 atinutes.
by this invention. The terns and

[00221] The invention has been described with reference to various specific and/or
preferred embodiments and techniques. However, it should be understood that
many variations and modifications may be made while remaining within the spirit and
scope of the invention. It will be apparent to one of ordinary skill in the art that
compositions, methods, devices, device elements, materials, procedures and
techniques other than those specifically described herein can be employed in the
practice of the invention as broadly disclosed herein without resort to undue
experimentation; this can extend, for example, to starting materials, biological
materials, reagents, synthetic methods, purification methods, analytical methods,
assay methods, and biological methods other than those specifically exemplified. All
art-known functional equivalents of the foregoing (e.g., compositions, methods,
devices, device elements, materials, procedures and techniques, etc.) described
herein are intended to be encompassed by this invention. The terms and

expressions which have been employed are used as terms of description and not of
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{,e X3akegepsent one or more hydrogens or non-hydrogen ring

substituents independently selected from the group consisting of halogens,
hydroxides, alkyl, alkenyl, alkynyl, alkoxide, thiol, thioalkoxide, ether,
thioether, nitro, cyano, isocyano, cyanato, isocyanato, thiocyano,
isothiocyano, amine (-N(R’),), R-CO-, R'O-CO-, (R'),N-CO-, R'0O-COO0O-,
(R’)2N-COO-, (R')2N-CONR’, R'SO-, R'2NSO,- groups, wherein carbon atoms
of these substituent groups are optionally substituted with one or more
halogens, hydroxides, thiols, nitro groups, cyano groups, isocyano groups,
cyanato groups, isocyanato groups, thiocyanato groups, or isothiocyano
groups, wherein R’, independent of other R’ in the molecule, are selected
from H, alkyl, alkenyl, alkynyl, heterocyclic, aryl, heteroaryl, all of which can in
turn be optionally substituted with one or more halogens, hydroxides, alkyl,
alkenyl, alkynyl, alkoxide, thiol, thioalkoxide, ether, thioether, nitro, cyano,
isocyano, cyanato, isocyanato, thiocyano, isothiocyano, amine (-N(R’),),
R"CO-, R"0-CO-, (R")2N-CO-, R"0O-COO-, (R"),N-COO-, (R"),N-CONR”",
R”S0O,-, or R"2NSO,- groups, where R”, independently of other R” in the
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hydr oxi des, al kyl, al kenyl, al kynyl, al koxi de, thiol,

t hi oal koxi de, ether, thioether, amne (-N(R)?2)
WoRaor@372e/ano, i socyano, cyanat 0, isocyanato, PCT/US2007/069307

t hi ocyano, i sothi ocyano, - R O COo, (R)2NCO,

n%l@%}e S'E%J%Ig v\,heroemé?rli{e P?d\%) g ; 3 aBO\EOeé%]ﬁglkyl’ alkenyl,
wiadieyiyh heieragyicliR? atyb,gert Hederazayl g‘roups aptm?lliycsu@lsl tituted with one

bstit d al k k i C 0 )
oo ot SH BOier o AR BaRda b D RESHE ¢ dnRp nitro
0@‘@@;5? dyBnb @@ou;% @Hc@aﬁ@'g‘?&h %yéﬁatb%ﬁuﬁ@ﬂgg&aﬁ%to groups,
phosphor ous; "each 'R, i ndependent ~of ot Rin

nﬁhl@émreatogr@ur@mﬁcémow@m greipgi 80% consi sting of
hydr ogen, hydroxi de, hal ogen, al kyl, al koxi de wherein

¢ %\?P@Bmﬁ*ﬁg %Sgu g(fgtstupgﬁt% o|8H %@Lbﬁé’lgﬁﬁc@lﬁgg %Slhn@]'in%grg%gty between

optiona nor €
hyWDm)flthla%aryl PHBobIsC rimgb whgredifise lirgkiag ﬁncﬂét@d@@elected from

cYanAto groups, isgcyanato groups
""""" %ro‘ﬂfpségér (YHRRINR3N % 'ginggpendenly ¢f any other

\%hR”lus gelegted“fr@mﬁhégr&va tg%nst ﬁ@&&fﬁmw 'réﬂ(ﬁﬂ)phat IHHV:IT\%E -6

erein ORZ2 is not exceptio bot h
Rragvah &msinnot be al kyl groups. 3. The conpound of
claim1l wherein OR2 is not Y, with the exceptionthat

T R N T

\Mﬂabﬁde both of RlL and R2 cannot be al kyl groups. 5 .
The corrpound of claim1 wherein the A B and Crings

ar e rlngs or. suybstituted phenyl rings carrying
% %}d r' deRendsaily of opaEhothe) atreselasierdron ieg proup

2'& ﬁg'ﬁgg WPa k@h%ﬂle’ﬁ%ﬁﬂ I?E et éﬁhé’%ﬁers@{ ?ér%%ﬁ&lo‘/ éyl%r

c dncbemant gmpspwbrbhmblophdné!lmbmtutad wmh)one or more halogens,
hydroxides, alkyl, alkenyl, alkynyl, alkoxide, thiol, thioalkoxide, ether,
thioether, amine (-N(R’),), nitro, cyano, isocyano, cyanato, isocyanato,
thiocyano, isothiocyano, R-CO-, R'O-CO-, (R'),N-CO-, R'0-COO-, (R’).N-
COO-, (R')2N-CONR’, R’SO,-, or R',2NSO,- group, where R’ is as defined
above and wherein R" and R? together can form an optionally substituted
alkylene or alkenylene (biradical) group having 2 or more carbon atoms
bonded between the two oxygens in the formula which are in turn bonded to

phosphorous;

each R, independent of other R in the molecule, are selected from the group
consisting of hydrogen, hydroxide, halogen, alkyl, alkoxide wherein carbon
atoms of these substituent groups are optionally substituted with one or more
halogens, hydroxides, thiols, nitro groups, cyano groups, isocyano groups,
cyanato groups, isocyanato groups, thiocyanato groups, or isothiocyano

groups;

andnis0,1,2, 3,4, 50r6.
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10.

6. The conpound of claim1l where the A, B and C rings
are pyridyl rings which optionally carry one or nore

whyarasxeho gr oups, hal ogen atons, small al kyl grPEUPS2007/069307

(having 1, 2 or 3 carbon atons), or snall al koxide

gr - .

T eReorh R B cairt 1 Winele ORI FbOPEbIATE ERSeritiH both o
r iRlganchRé cppnotbelglkyt gnogeswhi ch optional |y carry one

or nore hydroxyl groups, hal ogen atons, small alkyl

gr.oups_( havi . 2.0r 3 carhoen at ops) r smal l

TR p g e i e e ORE BOCT Wi s EResmtion that both of
r iRTdareRRBeANn RIS methyl, A1, tTPRINYAoOhe SPHtM dFoliper e

the A, B and C rings %re gyridaggp rindgimh?gﬁ p
optionally carry one or nore hydroxyl agoups, hal ogen
at'descorspeund af @gim drwheyein bethiafR 1anRoeasnethhoralky! groups.

atons), or small al koxi de groups (having 1, 2 or 3

c qfﬂéoébrﬁﬁél’lﬁmop&aﬁﬁ W%ﬁ@r%pgfﬁga}%%nd% riné@%ré: gggllqﬁ hgs or

of clal ere the A rings are pyr

r isupstitwieccphempt iriagalchayrymar one onmone hyroxyhgrdupsyhalogen
groups, hal ogen atons, small _al kyl groups avin ,
orag sl SSL el Peahatia o Seiien ot suiergiieyhgaibon
L.atém8y, o3 shHIPARoAE € FPdus¥(Hal My 8! PoRbRims, f‘r@ferﬂi‘l 1-3
conpound of claim 1l where one or nore of XA, XB or X

aric@rben agers)at ons, hydroxi de groups, small al kyl
groups or small al koxi de groups.11l. The conpound of

clai . or, R 0 . .
R i S e S G
groptipnalbZcarinens empsrachyafoxsd graupk, Warigen domX, Bmall gl
represent one or nopre nonhydrqQgen substituents in the
merQURhAIAY NG hr 4 Cp 8 SR BYhatosms it Aesmall glkexide growgs (hagng 1, 2
T C ' ch of XA, X B and/or
xgﬁr3eﬁrg§§%?°@£%%ghg°%6%§§’%en substituent on a
ring.
The compound of claim 1 where the A, B and C rings are pyrimidyl rings
which optionally carry one or more hydroxyl groups, halogen atoms, small
alkyl groups (having 1, 2 or 3 carbon atoms), or small alkoxide groups (having

1, 2 or 3 carbon atoms) on ring carbon atoms.

The compound of claim 1 where the A, B and C rings are pyridazyl rings
which optionally carry one or more hydroxyl groups, halogen atoms, small
alkyl groups (having 1, 2 or 3 carbon atoms), or small alkoxide groups (having

1, 2 or 3 carbon atoms) on ring carbon atoms.

The compound of claim 1 where the A, B and C rings are pyrazyl rings which
optionally carry one or more hydroxyl groups, halogen atoms, small alkyl
groups (having 1, 2 or 3 carbon atoms), or small alkoxide groups (having 1, 2

or 3 carbon atoms) on ring carbon atoms.

The compound of claim 1 where one or more of X, Xg or X¢ are halogen

atoms, hydroxide groups, small alkyl groups or small alkoxide groups.
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14. The conpound of claim 1l where each of XA, X B
and/ or Xc represent a single hal ogen, hydroxide, small

wa@bkdogh3nno smal | al koxi de substituent on a ri ngPCLBS2001€69307

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

compound of claim1 where each of XA, XB and/or Xc

r efﬁ{eemboﬁwﬁbpéigﬁn %Hpﬁ%rjeto%enéf X NS Rarsa, f\él%%e atom,
position and rn particular repré8éit d single aPogen,
hyydoxiytl grouprahialiadikyl igroup smamiall alkoxidedgrosipbst i t uent

in a neta position on the ring. 16. The conpound of
cl.aim1 vvhercf ﬁgch qf XA, XB and/or Xc represent a

ST @reeeied pUIRM Tt ot GrtryrepseratoReAmpEe non-
Py HFSJErAsuBSBRIARE TH th ,ﬁbfagéﬁd/laa}é%%b_ SitHY S LA B or C
smal | "al kyl or small al koxi de substituent in a neta

pa¥igsi on on the ring. 17. The conpound of claim1
where n is 0. 18. The conpound of claim1 excluding

OB Gk St G 0SSPy lonHsont Fongi

paoa-pasogémsubstituéet o agingl9. The conpound of claim1
excl uding one or nore structures in which one or two

TR Bk aina WITe IR Al gie 20 Al Ko RSESAINGT Sngle
clriidgeh, %ﬁy%d%@%n%ﬁangg dr%rneanﬁénk&ﬁ&érsassﬁtuemr?a e

or two o B and/ Xc represent a single
net hoxi de or ethoxide group in the para-position on

t idergamgpaund offelaine drystrracash of i e Bneae! Xtdi’&fgf)@ﬁ!fﬁ avsingle
oo BbPHEPUBE e Y B ol Bosfieis g

amaiagenX hyeroxeds Bimal Skylgrentdil gkoxge isabstit@ent in a meta position
para-position on the ring. 22. The conpound of claiml
eX¥1t8i"Mg- one or nore structures in which nis 0, RL

and R2 are both unsubstituted al kyl groups and one or

t W eQdorfourtt B @B 9'whEre each of Xa, Xs and/or X¢ represent a single
substituent in the meta ring position and in particular represent a single
halogen, hydroxide, small alkyl or small alkoxide substituent in a meta position

on the ring.
The compound of claim 1 where n is O.

The compound of claim 1 excluding one or more structures in which one or
two of Xa, Xg and/or X¢ represent a single OH group in the para-position on

the ring.

The compound of claim 1 excluding one or more structures in which one or
two of Xa, Xg and/or Xc represent a single alkoxide group in the para-position

on the ring.

The compound of claim 1 excluding one or more structures in which one or
two of Xa, Xg and/or Xc represent a single methoxide or ethoxide group in the

para-position on the ring.
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represent a single al koxide group in the para-position
on the ring. 23. The conpound of claim1 excluding one

w@eromD3R0Gt ructures in which nis 0, RL and R2PGEr/ESHOT/69307

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

unsubstituted al kyl groups and one or two of XA, XB

Sﬁg{uegéolrﬁpéﬁrpd gg@gﬁn gsc?%!tc?lginﬁ%gﬁ% '6?’9\(98 s?rru Efrgg)% dRich nis 0, R

ccandd@?‘ldreotbothlmsmb%teted alﬁylrg;oupe aod omrcer taitor afcX Ay p@sand/or X¢
Rﬁ re both neth et hyl or

pFSBSﬂSGBPWB@'%Pd* SFRé‘po'P fubab-PRatIoREN 8/"6}9 Xc

represent a single OH group in the para-position on

t liehe ¢dipodr®d of 18in§ AMBRNUIHh P& loriniBre stxetites W\Aﬁ% ®fs 0, R’
nmore structures in which nis 0, Rl and R2 are

manelR. aket bgth usubsidipiad alkplgreupsandmaeqer twmf@ﬁA,%% and/or Xc

oo BB o S ERIERER] oryB S wle AR A T B m 1

excl udi ng one or nore structures in which nis 0, Rl
aerweRibrap@w’nbbhcla’em h}éxcllﬁilﬂig/bnebr mma)dtru@tmeps‘n ahithome 0, R’

or t of XA XB c.represent a single nethoxide
0@k R oRiesR0thHinsH S ?ef b¥i &PHHS 6H tqv@qrgtwgom Xprand/or Xc
c f;

QQH:‘%{égﬁtﬁsljr@é‘!ﬂEtﬂoﬁ&&'o\é%f are % mb Spﬂl t}itaggfﬁon the

alriegl  groups and each of XA, XB and/or X0 are
hydrogens. 28. The conpound of claim1 V\,here OR2 is

TneisEnas s bt ik 6 RETL oBF e FRSTTBRHES iivnfenh o, r'
MeinayiR? greodts. mSbyl, Bw@@ @rdﬁpscéli?d Hhé oMAgs ®f RL, Xg and/or

and R2 are groups other than alkyl groups having 1-3
caryERrepeHs . sndle Gt grawhifdtiaPas-pesiiom an hedind.n i s
0, each of XA, XB and/or Xc are hydrogens and Rl and

RZy {)Wof’élgﬁ'ﬁ 1B/ KY¥he OF Aithe BR%tHEs I *hich nis 0, R’

carbon_a
and R? are both methyl, ethyl or propy! groups and one or two of Xa, Xg and/or

Xc represent a single alkoxide group in the para-position on the ring.

The compound of claim 1 excluding one or more structures in which nis 0, R’
and R? are both methyl, ethyl or propyl groups and one or two of Xa, Xg and/or

Xc represent a single methoxide or ethoxide in the para-position on the ring.

The compound of claim 1 excluding one or more structures in which nis 0, R
and R? are both unsubstituted alky! groups and each of Xa, Xg and/or X are

hydrogens.
The compound of claim 1 where OR? is not replaced with a halogen.

The compound of claim 1 where R' and R? are groups other than ethyl or

methyl groups.

The compound of claim 1 where R' and R? are groups other than alkyl groups

having 1-3 carbon atoms.
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32. The conpound of claim1 where nis 0, each of XA

XB and/or Xc are hydrogens and R1L and R2 are groups
w@rden3han et hyl and nmet hyl groups. 33. The cRepUs9d7/069307

of claim1l where RL and R2 are groups other than

a| m
31, RS oPOR MRS O bachtl s X ordle Bt
urlrfydtxssg‘,ertsmr&:DIRE)Iatsml)Fl{2 Fearpeps BEherTlhmw emlypgxmds ¢favaiga1-m
ere is 0, each of XA, XB and/or Xc are
hf@ ﬁ@m%nd Rl and R2 are groups other than
unsubstituted phenyl groups. 36. The conpound of claim

32. 1 W&ngéuﬁ&aﬁénamq merBJn Rro %%ch%fb%\ S R3hre

(CH2)/ rm-M R V3 where mis or an integer
r dygragerisrand R aodeR (Peagrevpdbihet than gihy! and snathylyarbips.
al kyl ene, cyclic alkenylene het erocyclic al kyl ene,

33. glr?ﬁst u?éﬁbﬁé’?% %&ﬁgda@Rlz%rgg&g)tryﬁ%gr 0%8
hawnsogstituten Eheiyl gamjm;n atons. 37. The conpound of

cI aiml wherein OR2 is repl aced vvith chlorine. 38. The
34. eoéjpnrﬁgg@%/ctpqua%l vg{hqggg gel?d‘@n%é Sregglloglﬁlé%(teheorrthan
a%gnggtitu@@p%ﬁ@p&q)sf romt he group consisting of
unsubstituted al’kyl, "al kenyl or al kynyl groups havi ng
1 to 6 carbon atons; and X -1 , X2 and X3,
35. i Adepeardeslnd obelaignd vieretteis, 0 mhmaf Xal, Kglangiarugsare

hi&gnc%; i} Oﬁégrr\ho%oah@gf’e SFou%lsk t%aﬁr %%B%sﬂ%}/edq gheny?groups
36.  The compound of claim 1 where at least one of R" or R? is [(-CHz)m-M-R3]:
—(CH2)yy—™M—R;
where m is O or an integer ranging from 1 to 6 (preferably 1 or 2), M is a cyclic
alkylene, cyclic alkenylene, heterocyclic alkylene, arylene or heteroarylene

and Rj is an optionally substituted alkyl, alkenyl, alkynyl or aryl group having

from 2-20 carbon atoms.
37. The compound of claim 1 wherein OR? is replaced with chlorine.

38.  The compound having formula FX3C:

i
Xz‘@" —(CHa); F|>—0F<2

Y
X2
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39. A conpound of claim38 wherein Y is chlorine and n
is 0. 40. A conmpound of claim38 wherein Y is ORL and

w»m2003/1872000 1. A conpound of cl ai m 38 wherei n RICHES20R2069307

39.

40.

41.

42.

43.

44,

45.

46.

are alkenyl groups having 2-6 carbon atons or al kynyl
gijhaving 2-6 carbon atoms. 42. A conpound of
cIa|n1§% wherein R1L and R2 are al kenyl groups havi ng
2-6 carbon atons or al kynyl groups having 2-6 carbon
atYoisschdorihexei ORX2 and X3 are hydrogens or al koxy
groups having 1-3 carbon atons. 43. A conpound of
clalg} 8, wherein R1L and R2 are al kenyl groups havi ng
a7 n atons or al kynyl groups having 2-6 carbon
at ons and X-i, X2 and X3 are hydrogens or nethoxy

giRIupR RMndé}amﬂy@ﬁoﬁé othdn 3% sdestet Trom itise group
chl orine and is an al keng@nﬁr ou havi ng 2-6 carbon

atC@ii‘ﬁ'SBﬂQ aﬁuaﬁwwtegradm A §r 2 wnyb@r@yﬁs deying. 1 156

%E%}P f,.ql aim 38 wherein RL, R2 or both are
propy ’g%msoa %pentyl or hexyl groups including all

i soners thereof. 46. A conpound of claim 38 wherein Rl
, AR Xeandofshiralependertiit efdoria anothke, aye diEskyd gneu st hagng 1-6

el ABFbsot SRaBERRbun S5 Qb B oRPY
2-nmet hyl butyl, 3-nethyl butyl, 1-ethylpropyl, n-hexyl,

1-A 6&nPBLRE B Yiaim 28NRhérsin P8 EMlorind-drethiy pent yl ,
1-ethyl butyl, 2-ethylbutyl, 3-ethylbutyl, 1,

2- di met hyl butly , 2, 3-d inmethylbutyl, 1,
1ﬁdP@|@Pﬁ9P%9f9a'mz3,8‘Qhe@if}ﬁ?t'% Fouand nés 03, 3-di neht yl
butyl groups. 47. A conpound of formula FX2: where

iy kg@’mﬁéy@g 61 BirfoBaheth ReLRIRNA JIRAGH Y Rividg 2-6

or al kynyl' groups having
4-cathorgatbns oar algymdtgroupshbaviag 2e@ codonadtons. 48. A
compound of for mul a FX2A: wherein n is 1-6, preferably

L A@Cor‘%Bgun clalm \’S%rwheremdﬁﬁ ch are aﬁkeny‘?groups having 2-6
carbon atoms or alkynyl groups having 2-6 carbon atoms and X4, X, and X3

are hydrogens or alkoxy groups having 1-3 carbon atoms.

A compound of claim 38 wherein R and R? are alkenyl groups having 2-6
carbon atoms or alkynyl groups having 2-6 carbon atoms and X4, X, and X3

are hydrogens or methoxy groups.

A compound of claim 38 wherein Y is chlorine and R" is an alkenyl group

having 2-6 carbon atoms or an alkynyl group having 2-6 carbon atoms.

A compound of claim 38 wherein R, R? or both are propyl, butyl, pentyl or

hexyl groups including all isomers thereof.

A compound of claim 38 wherein R', R? or both are selected from the groups
consisting of n-propyl, iso-propyl, n-butyl, 1-methylpropyl, 2-methylpropyl, n-
pentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, 1-ethylpropyl, n-hexyl, 1-
methylpentyl, 2-methylpentyl, 3-methylpentyl, 1-ethylbutyl, 2-ethylbutyl, 3-
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particul ar are al kyl, alkenyl or al kynyl groups having

1-3, 2-6, 4-1 0, 8-12, or greater than 10 carbon
w@etong372d®. A conpound of fornula FX2B: For mul BCT/US2007/069307

FXZvaherein Y is a hal ogen, particularly d or F, nis

L B 25ty 19, kA A BB R0E2 2

hauVmemyllbLBylda}$3 @nﬂéhtyl&aulﬁ grotpgr eater than 10 carbon
atons. 50. A conpound of forrmula FX3: Formula FX3

ere X1-3 ups be any of the groups listed
47. 2%09@“?8?”@(%& rg}%engi(%nd R2 are as defined above. 5
1. A conpound of fornula FX3A: Forrmula FX3A where n is
1-6 or particularly 1 o2 ; X1-3 groups may be any of
r XA-c; and R1 and R2 are as

the groups listed abo
defi ned above. 52. A pound of fornmul a FX3B: For nul a

FX3B where Y is ahal ogeén,poparticularly chlorine or
fluorine; nis @ 6, Or |_q_rti1cularly00r 1 or 2;
Xi -3 groups nmay any of Fh roups |listed above for
XA-c; and Rl is a—definedmrtbove. 53. A conmpound of
formul a FX3C. where R R1, R2, Y, Aryl rings A B
and C in general have definitions as above or any
conbi nati on of above d&iiniti ongogndiawiez ein XA -5,
XBi -5, XC -5 are substituents on the A B and C
w@ge ,%@@@CR, 96 9s dascribegdhgigimandn pajtiguiag are alkyl, alkenyl or

n@g{;gL@@n?S% r g{:%e )%Aéf:@r@@spp@fﬁ'a?&dthgﬂq\() carBon atoms.

48. A compound of formula FX2A:

i
Oaniam

OR?
‘ Formula FX2A

wherein n is 1-6, preferably 1-2; and R" and R? are as defined above and in
particular are alkyl, alkenyl! or alkynyl groups having 1-3, 2-6, 4-10, 8-12, or

greater than 10 carbon atoms.

49. A compound of formula FX2B:

i
Q (CH,)—P—OR"

|
(] Y
Formula FX2B
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are hydrogen, or optionally substituted al kyl,
al kenyl, al kynyl or aryl groups and p is an integer

WO 200g/181306 rom 2 to 6 and p is preferably 2, 3 BCT/WS2007/069307

50.

91.

52.

55. A conpound of formula FX4A: Formul a FX4A where

XA-c are as defined above, R, independent of other R

in the nolecule, are hydrogen, or optionally

swmstreim‘t’maaiallcgen phktizujdrly @l dmﬁtyd |30‘r-6apsdfergalbwp9 and R'is
ninte rangi ng from

ﬁ@@ﬂ;ﬁb? eqngtingpa %arﬁaéb#bwuﬁ@eavl ARV IFk having
F I Xee d above and m
|g gq%? gn |ntg§é%éygﬁgﬁﬂé ?gﬁ??i¥g %hgireferably 1
or 2), Mis an al kyl ene, al kenylene, cyclic al kyl ene,
thD@manR@@&RHnEWaENBOxyaIkyI, al koxyal kyl ene,
am noal kyl , am noal kyl ene, heterocyclic al kyl ene,
aryl ene or heteroaryl ene ﬁnd R3 is an optionally
substituted al kyl, al keny ! al kynyl or aryl group
havi ng from 2-20 carbon .\st. 57. A conpound of
formul a FX5A: Formul a KX where X1-3 groups are those
defined for XA-c and n, and R3 are as defined
above in formula FX5. & pgeconpound of fornmul a FX5B:
Formul a FX5B wherg—%A-C afid 0 are as defined above, Y
is a hal oge | Lngvor fluorine, mis O
or an integer rangi ng /A | (preferably 1 or 2),
Mis a cyclic al kyene, cycl jgeal kenyl ene,
heterocyclic al kyl ene, a#ylMhene or heteroaryl ene and R3
al kyl, al kenyl, al kynyl

is an optionally substi
or aryl

X3 Formula FX3
where X1.3 groups may be any of the groups listed above for Xa.c and R" and

R? are as defined above.

A compound of formula FX3A:

X3 Formula FX3A
where n is 1-6 or particularly 1 or 2; X4.3 groups may be any of the groups

listed above for Xa.c; and R'and R? are as defined above.

A compound of formula FX3B:
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53.

54.

group having from 2-20 carbon atons.59. A conpound of
formul a FX5C. Formul a FX5C where XA-c¢c and n are as

waledorngto@bove and mis an integer rangi ng froPCILUSH0B069307

(preferably 1 or 2) and R3 is an optionally
substituted al kyl, alkenyl, alkynyl or aryl group
having from 1-20 carbpn atons. 60. A conpound sel ected
fromthe group consisting of conpounds CX1-CX1 7. 6 1.
A conpound sel ect eg oW t he group consisting of
conmpounds CX2 and 2. A conmpound sel ected from
the group consisti conpounds CX1 , CX5, CX7, CX8,
and RPhog d . 63. A nethod of

t in nded of treatment
conpoumnth—o (&Hs—1H62@Epabl e of inducing

cell death. ¥ pt hod of cl|ai m 63 wherein said
conpound has an |1 C50Axal ue in aYcancer cell |ine of
| ess than 50 m cro 65. The nmet hod of claim63

adm ni steri

wherei n said conpo an |1 C50 value in a cancer
cell line of |ess than-10 m cronolar. 66. The net hod
of claim63 wherein spid conpound has an | C50 value in
a cancer cell line ofyless than 1 mcronolar. 67. A
met hod of treating a ‘Cancer cell conprFeimgladofdBcting

sai ' t : ticall f Lve. t of a

o ssE Rt sfhalRoB PARPRGHY ofBnt F BRhe RiPHo, P

t maetiduterlye0 oanagr2; 06lslgrewppiayibegamyoot etdrogps dstédetiove for
with a therapeutically effective amount of a

cawis RREiR s ¢¢ defivg 8- of any of clains 1-62 and a
chenot herapeuti c agent other than said conmpound. 69.
Thecombb@sd of frhrildTFR8cwher ei n t he chenot her apeuti ¢

agent other than said conpound is one that causes

damage to DNA. 70. The nethod of claim68 wherein the
chenot her apeuti ¢ agent it62 one whi ch

XAy AN XAy
| A
XA 7 XAq
XBy XB4
0
1
XBj —(CRz)n—T—OR
OR?2 orY
XBy XBs
XCin__~ XCs
c |
XCy N Xcy
XCs Formula FX3C

where R, n, R', R? Y, Aryl rings A, B and C in general have the definitions as
above or any combination of above definitions and wherein XA45, XB+.5, and

XC+.5 are substituents on the A, B and C rings respectively

A compound of formula FX4:
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affects mtosis and ultimately results in G/ M arrest.
7 1. The nethod of claim68 wherein said agent is

waelogasao f rom t he group consi sting of cispl atPeif/US2007/069307

55.

56.

et oposi de, irinotecan, canptostar, topotecan,
paclitaxel, docetaxgl, epothilones, taxotere, taxol,
tanmoxi fen, 5-fl uoroura met hoxt r exat e,

t enozol omi de, cycl opf qmi de, SCH 66336, R 115777,
L778.1 23, BM5 214660 SSA (tm). (gefitinib),
TARCEVA (tm). (erlotinNg drochl oride), antibodies to
EGFR, GLEEVEC(t ' ip), intron, ara-C,

adri anyci n, ‘ genciR-abdne, uracil nustard,

chl or met hi ne; de, helﬁh@lan, chl or anbuci |

pi pobroman, triethyl egene i '

tri et hyl enet hi ophosppor anjlne, busul fan, carnusti ne,
| onusti ne, streptozotgin, facarbazi ne, floxuridine,
cyt ar abi ne, 6-nercapf>s‘ Lne, 6-thioguanine,

f1 udar abi ne phosphat e, penFostatin&OTulaFX4t i ne,

VLI e 34 BERRIC S0 . ROHALDon AN & BLGH i the molecule,

cin, daunorubicin, epir in, ar ubi cin,
miaré hgdsogen, odeptigrealy autmgtiiuted Mkl akaingt, @lkynyl or aryl groups

L- Aspar agi nase, Teni pasi de 17, al pha.

- BPRiR %%P?%ﬂﬁrdﬁf‘g' éfqml%stpiq %’é‘gpr'%lp,r eferallvt 8 obfle,
predni sone, fluoxynesterone, dronostanol one
PrAOBbAPBLRd of RYhRIAFXAAE, nmegestrol acetate,

met hyl predni sol one, net hyltestosterone, prednisol one,
trianci nol one, chlorotriani sene, hydroxyprogesterone,
am nogl ut et hi mi 8 stramnusti ne,

medr oxypr ogest er tate, leuprolide, flutam de,
torem fene, goselfelinf carboplatin, hydroxyurea,
ansacrine, proca Fhe, mtotane, nmtoxantrone,

| evam sol e el bgne, anastrzole, letrazole,
capecitab( e, Kelo aqu@¥\dr Lgx@fine,

hexanet hyDael af ne,| Avasti’™n, herceptin, Bexxar,

Vel cade/'8Z n, | senox, X&ng%% Vi nor el bi ne,
Porfimer, Erbitu (cetuxinab¥? QPposonaI,
Thi ot epa, Altretjam nej Mel phal an, Trastuzumab,
Lerozol e,

Xc Formula FX4A
where Xac are as defined above, R', independent of other R’ in the molecule,
are hydrogen, or optionally substituted alkyl, alkenyl, alkynyl or aryl groups

and p is an integer ranging from 2 to 6 and p is preferably 2, 3 or 4.

A compound of formula FX5:

X
| A
Z
/ \ i
B (CHo)5 P—0—(CHjy)j7—™M—R;
xg‘;==// é
=
c | CHy)i—M—R;
NN
Xe Formula FX5
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57.

58.

Ful vestrant, Exenestane, Ful vestrant, |fosfonm de,
Ri t uxi mab, C225, and Canpath.72. The nethod of claim

W@ 0rhened n t he chenot herapeutic agent i s dacaP@EHEEIW7/069307

et oposi de, doxorubicin canptothecin or an analog, or

der t 0 ul of cel |
%vr{ \@X %’ﬁ@gpog de he g'gtrkdgﬁlorca%hlﬂ c?g;rﬁanglng from
canfoag {preteraayd bz M caaHalk hb ameRyltas! ¢ @Wg«&ﬁ I
of a cgpnrpodndyof an)g o:‘s cl ai \r’;as? 1- 62e 24 Ayntg?h fe yee

nstkandanss aiioxyakyl, ég‘&%ﬁalgﬁléﬂér ariAiedi aminealkyleneg et

[ [ I
eﬁ (lte%r;él fc é‘lkqgn&%%ﬁ%od;rrg'neﬁ%{o? Ié’ﬁ Shd‘?? i aW'cfdﬂlo?\Q
ofsubbﬁt'umzj alkgl? alkedyla atldyeybcbr‘rmyla@eupl hzava@fmbmcﬂ-lze rcarﬂsmn
sai,d compound. 75. The method of any one of clains 73
o9 RS wherei n said modul ation is by induction. 76. The
net hod of any one of clains 73 or 74 wherein said
mMpdebAbbaRd bSfdihuld\PxBiat i on. 77. The nethod of any one
of clainms 73 or 74 wherein the target cell is a
mel anoma cell of colon cancer cell. 78. A
phar maceuti cal tlonposition conprising a
t herapeutical |l yieffective amount of one or nore

compound of ome of clainms 1-62 and a
acceptable carrier or excipient. 79.

phar maceut i cg
The phar maceubhg conpasition of claim78 further
] nntherapputlc agent whi ch damages DNA.
=trt-(CHals ST tGHelR—oM—TtRei m 78 furt her
nnthera utic agent which affects
8 1. medi cament conpri sing one or

nds of Y,) eRav-ofrel ai ns

X3 Formula FX5A
where Xi.3 groups are those defined for Xa.c and n, m, M and R; are as

defined above in formula FX5.

A compound of formula FX5B:

N
| A
~ 0
|
ﬁB\ (CH)5 |I|3_O”‘(CH2)m"—'M"—R3
Y
c %

Formula FX5B
where Xa.c and n are as defined above, Y is a halogen, preferably chlorine or
fluorine, m is 0 or an integer ranging from 1 to 6 (preferably 1 or 2), M is a
cyclic alkylene, cyclic alkenylene, heterocyclic alkylene, arylene or
heteroarylene and Rz is an optionally substituted alkyl, alkenyl, alkynyl or aryl

group having from 2-20 carbon atoms.
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1-62. 82. A nethod for manufacturing a nedi canent for
i nduci ng apoptosi s, nodul ati ng caspase activity,

WO pdaasm2g0 cel | death, or treating cancer whi chPCT/US2007/069307

59.

60.

61.

62.

63.

64.

65.

66.

67.

conpri sesi ntroduci ng an therapeutically effective
ar)gpb;&%pq& (ggpfoqhqu)pgs&f t he conpounds of any one of
clarns % Into a pharnmaceutically acceptable

formul ation. 83. A nethod of treating a patient in
need of X#axeatnent for cancer, conprising adm nistering

to the p a therapeutically effective anount of
one or re conmpounds of any one of clains 1-62 or a
phar maceutd |y acceptabl e formul atl’o“ t hereof . 84.
The f claim 8@ wherei n the Type of cancer is
sej/ect e arogp gonskstin f skincancer,

br ,w;a‘\'(?n%n CO|on60a3%§?)f" 85, e mifhod of

&Fai 3 rein the gype of c is selected from
the grou “Zonyj st ng ok |lung cancery_prostate cancer,
| ynphora,| | euklem a, br ai%i2br ¢ | 8 vous system

“c’neur obl ast omm, ovarian cancer, renal
cancer, solidXaunors and bl ood tunors. 86. ThHeriRiAPX5C
of claim83 wherein the type of cancer is selected

fromthe group consisting of non-small cell 1ung
, | it | ia ( :
R ST YRR e o B Rl e ke8Pt lging from 1 to 6

| ¢pitcdariably( Tt D) aBd RiAs satdpdidnally sutestituted akydadlkemyl, alkynyl or

need of treatnent for_ nelano conprisin
G e oue PERBOTE Hel® AR Aamnar apeut L cal | y

ef fective anount of one or nore conpounds of any one

ofa ebRApBENd sERcRd RoRtAE FREEY EbRALTiING SCESRPSBhE® CX1-CX17.
formul ati on thereof. 88. "A pharmaceuti cal conposition

conprising a therapeutically effective anount
A compound selected from the group consisting of compounds CX2 and CX4.

A compound selected from the group consisting of compounds CX1, CX5,
CX7,CX8, CX14, RPhos1, Rphos2, and RPhos8.

A method of administering to a patient in need of treatment compound of any

one of claims 1-62 capable of inducing cell death.

The method of claim 63 wherein said compound has an I1Csg value in a cancer

cell line of less than 50 micromolar.

The method of claim 63 wherein said compound has an I1Csg value in a cancer

cell line of less than 10 micromolar.

The method of claim 63 wherein said compound has an ICs value in a cancer

cell line of less than 1 micromolar.

A method of treating a cancer cell comprising contacting said cell with a

therapeutically effective amount of a compound of any one of claims 1-62.
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of one or nore conpounds sel ected fromthe group
consi sting of conpounds CX1 , CX5, CX7, CX8, CX14,

WERRWGA37200 Rphos2, and RPhosd and a phar maceut i REil/U§2007/069307

68.

69.

70.

71.

acceptable carrier or excipient. 89. A nmethod for

mH‘{e"{‘%&H {}8ath Q:'aﬁ %II éc%pﬁ %bﬂ%eﬂﬁé’ gé@ts%eﬁl vgilth a

atlrng casp e ac ng ce

t rtbaﬂaplegtlcaiiwaeot\rhe Gjm@.mnmlf lasegnbindtiedota sgmpound of any of
tg%j eutlcal effecti ve appunt of one or nore of the

ntr§20deL CREMPHSHTARSIEICRIRTY Attepihan isal! eamesund.
CX5, CX7, CX8, CX14, RPhosi , Rphos2, and RPhosd into a

Phafdmeditd 6@dihin 88 GRirah tﬁefcﬁbmﬂtﬁéﬂaﬁﬁutlgggerﬁ other than said
conpound selected fromthe group consisting o

c aepmousl I€Xne txBcauses daxndge ® DNAA phar rraceutl cal ly
conposition conprising a therapeutically effective

oMl eSied OFofin BPV T ATIAL R BB, SO Reag gt
phtferaceitbsis ardyultitaesy aEutsdnG2/RY a®éstexci pi ent 92. A
nmet hod for manufacturing a nedi canent for i nduci ng

adteliod Sdeim b s saw edoemseliciad A Bl owe
A G A
Cxraclitaxs|, dacdtaREl £pottioneas ptaaotese cakolc Erhyxiteo &pileadrberacil,
f Orﬁggﬁogttrlegﬁé, temozolomide, cyclophosphamide, SCH 66336, R115777,
L778,123, BMS 214662, IRESSA ™. (gefitinib), TARCEVA ™. (erlotinib
hydrochloride), antibodies to EGFR, GLEEVEC™ (imatinib), intron, ara-C,
adriamycin, cytoxan, gemcitabine, uracil mustard, chlormethine, ifosfamide,
melphalan, chlorambucil, pipobroman, triethylenemelamine,
triethylenethiophosphoramine, busulfan, carmustine, lomustine, streptozocin,
dacarbazine, floxuridine, cytarabine, 6-mercaptopurine, 6-thioguanine,
fludarabine phosphate, pentostatine, vinblastine, vincristine, vindesine,
bleomycin, doxorubicin, dactinomycin, daunorubicin, epirubicin, idarubicin,
mithramycin, deoxycoformycin, Mitomycin-C, L-Asparaginase, Teniposide
17.alpha.-Ethinylestradiol, Diethylstilbestrol, testosterone, prednisone,
fluoxymesterone, dromostanolone propionate, testolactone, megestrolacetate,
methylprednisolone, methyltestosterone, prednisolone, triamcinolone,
chlorotrianisene, hydroxyprogesterone, aminoglutethimide, estramustine,
medroxyprogesteroneacetate, leuprolide, flutamide, toremifene, goserelin,
carboplatin, hydroxyurea, amsacrine, procarbazine, mitotane, mitoxantrone,
levamisole, navelbene, anastrazole, letrazole, capecitabine, reloxafine,
droloxafine, hexamethylmelamine, Avastin, herceptin, Bexxar, Velcade,
Zevalin, Trisenox, Xeloda, Vinorelbine, Porfimer, Erbitux ™(cetuximab),
Liposomal, Thiotepa, Altretamine, Melphalan, Trastuzumab, Lerozole,
Fulvestrant, Exemestane, Fulvestrant, [fosfomide, Rituximab, C225, and

Campath.
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72.  The method of claim 68 wherein the chemotherapeutic agent is dacarbazine,

etoposide, doxorubicin, camptothecin or an analog, or derivative thereof.

73. A method of modulation of cell death and/or apoptosis in a target cell
comprising contacting said target cell with an effective amount of a compound

of any of claims 1-62.

74. A method of modulation of cell death and/or apoptosis in a target cell
comprising contacting said target cell with an effective amount of a
combination of a compound of any of claims 1-62 and a chemotherapeutic

agent other than said compound.

75.  The method of any one of claims 73 or 74 wherein said modulation is by

induction.

76.  The method of any one of claims 73 or 74 wherein said modulation is by
inhibition.
77.  The method of any one of claims 73 or 74 wherein the target cell is a

melanoma cell or colon cancer cell.

78. A pharmaceutical composition comprising a therapeutically effective amount
of one or more compound of any one of claims 1-62 and a pharmaceutically

acceptable carrier or excipient.

79.  The pharmaceutical composition of claim 78 further comprising a

chemotherapeutic agent which damages DNA.

80.  The pharmaceutical composition of claim 78 further comprising a

chemotherapeutic agent which affects mitosis of a cell.

81. A medicament comprising one or more of the compounds of any one of claims
1-62.

82. A method for manufacturing a medicament for inducing apoptosis, modulating

caspase activity, inducing cell death, or treating cancer which comprises
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83.

84.

85.

86.

87.

88.

89.

introducing an therapeutically effective amount of one or more of the
compounds of any one of claims 1-62 into a pharmaceutically acceptable

formulation.

A method of treating a patient in need of treatment for cancer, comprising
administering to the patient a therapeutically effective amount of one or more
compounds of any one of claims 1-62 or a pharmaceutically acceptable

formulation thereof.

The method of claim 83 wherein the type of cancer is selected from the group

consisting of skin cancer, breast cancer, and colon cancer.

The method of claim 83 wherein the type of cancer is selected from the group
consisting of lung cancer, prostate cancer, lymphoma, leukemia, brain or
central nervous system (CNS) cancer, neuroblastoma, ovarian cancer, renal

cancer, solid tumors and blood tumors.

The method of claim 83 wherein the type of cancer is selected from the group
consisting of non-small cell lung cancer, acute lymphocytic leukemia (ALL),
acute myelogenous leukemia (AML), and chronic myelogenous leukemia
(CML).

A method of treating a patient in need of treatment for melanoma comprising
administering to the patient a therapeutically effective amount of one or more
compounds of any one of claims 1-62 or a pharmaceutically acceptable

formulation thereof.

A pharmaceutical composition comprising a therapeutically effective amount
of one or more compounds selected from the group consisting of compounds
CX1, CX5, CX7, CX8, CX14, RPhos1, Rphos2, and RPhos8 and a

pharmaceutically acceptable carrier or excipient.

A method for manufacturing a medicament for inducing apoptosis, modulating
caspase activity, inducing cell death, or treating cancer which comprises
introducing an therapeutically effective amount of one or more of the

compounds selected from the group consisting of CX1, CX5, CX7, CX8,
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92.
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CX14, RPhos1, Rphos2, and RPhos8 into a pharmaceutically acceptable
formulation.

A compound selected from the group consisting of compounds CX7, CX8,
and CX14.

A pharmaceutically composition comprising a therapeutically effective amount
of one or more compounds selected from the group consisting of compounds

CX7, CX8, and CX14 and a pharmaceutically acceptable carrier or excipient

A method for manufacturing a medicament for inducing apoptosis, modulating
caspase activity, inducing cell death, or treating cancer which comprises
introducing an therapeutically effective amount of one or more of the
compounds selected from the group consisting of CX7, CX8, and CX14 into a
pharmaceutically acceptable formulation.
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