TRANSI TI ON METAL COVPLEXES OF BI S[ THI OCHYDRAZI DE AM DE] COVPOUNDS RELATED
APPLI CATI ONS Thi s application clains the benefit of U S. Provisional

Appl i cat iwo 2bim/048284196, 932, filed October 22, 2008 and iPsTiusc@vporsat ed
herein by reference in its entirety. BACKGROUND OF THE I NVENTION It has
been reported in U S. Patent Nos. 6,800,660, 6,762,204; 7,037, 940;

7,001, 923; and 6,924,312 that certain bis [thiohydrazide am de] conpounds
significantly enhance the anti-cancer activity of paclitaxel and paclitaxel
anal ogs. In particular, N-malonyl-bis(N -methyl-N -thiobenzoyl hydrazide) in

conbi nation wi TRAp&ITIOENEETARSCORET ISIOWYH O PAIGATD LS i B9
progression of patients suffering f@m@b@%gv netastatic ne noma

relative to patients treated with paclitaxel alone. It would be _
advant ageous to have still nore active bis[thiohydrazi de am de] anticancer

conmpounds. SRINMARY.TORPPHEC AMNMENET ON The present invention is directed to a
conpound conprising a bis[thiohydrazide am de] represented by Structural

Formula (1): or ar ﬁ’l@@?&l%ﬂoh SRIEE the%ﬁ%t’ofiﬁkthmﬁgf rdf ggﬂﬁ ol¥ate, Ppolymorph
or deprotonated form thereof | exed, coordinate Tated to a

transition nel/496,8%% ifder Oﬂﬂ@éﬂéﬁn%@&alﬂ ianecorpotetpé hdent by reftdena@ninapt i onal |y
substituted ?J Pat ic group, an optionally substituted aryl group, or Rl
and R taken oge her with the carbon and nitrogen atonms to which they are
bonded, and/or R2 and R taken together with the carbon and nitrogen atoms
to whi ch t hepAaKe; oo O oM VIFMF[@nomat i ¢
It has been reported in U.S. Patent Nos. 6,800,660; 6,762.204; 7,037,940;
7,001,923; and 6,924,312 that certain bis [thiohydrazide amide] compounds
10 significantly enhance the anti-cancer activity of paclitaxel and paclitaxel analogs. In
particular, N-malonyl-bis(N'-methyl-N'-thiobenzoylhydrazide) in combination with
paclitaxel has been shown to increase the time to progression of patients suffering
from stage IV metastatic melanoma relative to patients treated with paclitaxel alone.

It would be advantageous to have still more active bis[thiohydrazide amide] anti-

15 cancer compounds.

SUMMARY OF THE INVENTION

The present invention is directed to a compound comprising a

bis[thiohydrazide amide] represented by Structural Formula (I):

3 4
! |
R N )k /lk N Re
N Y N
R’ R®

20 oraprodrug, isomer, ester, salt, hydrate, solvate, polymorph or deprotonated form

thereof complexed, coordinated or chelated to a transition metal cation, wherein:

R;-R4 are independently -H, an optionally substituted aliphatic group, an
optionally substituted aryl group, or R; and Rj; taken together with the carbon and
nitrogen atoms to which they are bonded, and/or R, and Ry taken together with the

25 carbon and nitrogen atoms to which they are bonded, form a non-aromatic

heterocyclic ring optionally fused to an aryl group;



heterocyclic ring optionally fused t p;Y is a covalent bond or a
substituted or unsubstituted straight chained hydrocarb ﬂ{ou
t aken t og¥PREIABIBA both >C=Z groups to which it is bon%@@ SP@”QGPBO
substituted or unsubstituted aryl group; R7 and R are independently -H, an
optionally substituted aliphatic group, or an optionally substituted aryl
group; and Zis Oor S. One exanple of a conpound of this type is
represented by Structural Formula (I11): or a prodrug, isoner, ester, salt,
hydrate, solvate, or polynorph thereof, wherein; R and R are each

i ndependently -H, Ya!ﬁ aglowv pliaatt hamd o wulmgttmwbedns&bsmbaﬂ|scra1ghouplm@r RS is -H

and R6 is o naI ubstl and R ken together,
are an opti ghﬁ r C‘” P gF ?%%fn@%iﬂ%%lwéﬂ@x@]? OG ~BOVRS g thr‘ghglmtl on net al

cation wth aom&dpisaar@emtamd ok hgsubeimida Ig@&uﬁ he variables are as
descri bed above for Structural Fornula (I Anot her enbodi nent is a
phar maceuti cal conposition conprising a conpound of the invention and a

phar naceutical |y é%%ﬁéﬁﬁén€§WP¢@be?iéﬂP9 softally RIS thWaH Frpleatici csaip, or
conp05|t|pnsm§ggxggh sebkiinied P ga exanple, as an anti proliferative
agent (e.g., cer agent n ag'ltlon the pharnaceutica
conpositions can be used in therapy to treat disorders responsive to Hsp70
i nduction, or theZph&remdteutical conpositions can be used in therapy to

treat disorders responsive to natural killer cell induction such as
bacteri al infectlﬁps fung@ |nfect|§£ viral. infectio para5|t|c
i nfections. The phdafiace f%&ﬁeﬁﬁﬂﬁ ?ﬁ@ﬁﬁﬁp%ﬁﬁqéFgﬁt Xé%ﬁ”Wﬁ t herapy to

treat, reduceo@ﬁmgUM)blt angi ogenesis in a subject in need thereof. The
present invention also provides for a nmethod of treating a subject with

R® RS
Z?sz
R, _N N. _R*
N~ N 7/ °N

JVANP |

R’ S S R? (1),

10 oraprodrug, isomer, ester, salt, hydrate, solvate, or polymorph thereof, wherein:

Rs and Rg are each independently -H, an aliphatic or substituted aliphatic
group, or Rs is -H and Re is optionally substituted aryl group, or Rs and R, taken
together, are an optionally substituted C,-C alkylene group;

X 1s a transition metal cation with a +2 charge; and the remainder of the

15 wvariables are as described above for Structural Formula (I).

Another embodiment is a pharmaceutical composition comprising a
compound of the invention and a pharmaceutically acceptable carrier or diluent.
The pharmaceutical compositions can be used in therapy, for example, as an anti-
proliferative agent (e.g., anti-cancer agent). In addition, the pharmaceutical
20 compositions can be used in therapy to treat disorders responsive to Hsp70
induction, or the pharmaceutical compositions can be used in therapy to treat

disorders responsive to natural killer cell induction, such as bacterial infections,

-



cancer, treating a subject with an Hsp70-responsive disorder, treating a
subject with a disorder responsive to natural killer cell induction or
treating, WP2AWA4BB4or i nhibiting angi ogenesis in a subj EET/USA03QEHSY her eof .
The net hod conprises adm nistering to the subject an effective anount of a
conpound of the invention or a pharmaceutical conposition of the invention.
I n one enbodi nent, the conpound of the invention is admnistered with
paclitaxel (Taxol(r)) or a paclitaxel analog. The use of a conpound of the
invention for the manufacture of a nedicanent for treating a subject with
cancer, for tyeat indertiansupjeboeaiionn canaldsip?Orficespondibe@hdinsordera) f or

treating a supj.e6&i:;md dirsorder responsjve tq natural killer cell
i nduction or Pﬂgﬁg‘}ltr&é\ﬂést%ﬁ%}b%rbzegﬁgﬁ?ﬁ]gi or ?/ﬁ%{lbzﬁtlieﬁ‘écea(ﬁdillblbér‘i‘B%‘iogu?WSd“§ubj ect
i n need ther eddjedtsn ababthpreo¥i ded in the present invention. The present
invention is also directed to the use of a conpound of the invention for

treating a subject_w th cancer, f?r treating a su(g ect with an Hsp70-
responsi ve di sor déP® PFSFILIPEAToRgss nepiBfesdier aiathad ofitssrden svkisgonsi ve to
natural kil ef,eeldeafinducty: eat i ng, .r ing.or inhibiti

angi ogenesi s iﬂht a seﬁgf%ct 1[%JSF::&rY\g{ehdJnt S;r@g'?.ﬂog%’vﬁé?%g%&&?ﬁpéﬁs i"l‘l—\ﬁﬁg

DRAW NGS Fi gardesolder sesphesist touctwrlekibér édhducaxelor (Faxl, (ddu}inglirgure 2 is
the structure of. docet.axol .%Taxot eg\eQr)). !:i QU{ es 3-23 are each the
structure of ”g‘%b‘g&é PRERETICHR S B P i BCP4hegok hehegppilied GpPBscsa pol ymer
conpri si ng aa@ashitt@xel BOlHa: 9h eHpcRendent & oMt 1118%'%1%5'5%’&?{?0 bgne. The
polymer is a terpolymer of the three nonomer units shown. Figure shows

t he cyt ot oxi eharpagtutsehpourggionfoftiheinyvavent iloone ambodiflenenie Mmgdouseldrs.

10 the invention is administered with paclitaxel (Taxol®) or a paclitaxel analog.

The use of a compound of the invention for the manufacture of a medicament
for treating a subject with cancer, for treating a subject with an Hsp70-responsive
disorder, for treating a subject with a disorder responsive to natural killer cell
induction or for treating, reducing or inhibiting angiogenesis in a subject in need

15 thereofis also provided in the present invention.

The present invention is also directed to the use of a compound of the
invention for treating a subject with cancer, for treating a subject with an Hsp70-
responsive disorder, for treating a subject with a disorder responsive to natural killer
cell induction or for treating, reducing or inhibiting angiogenesis in a subject in need

20 thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is the structure of paclitaxel (Taxol®).
Figure 2 is the structure of docetaxol (Taxotere®).

Figures 3-23 are each the structure of a paclitaxel analog.



Figure 26 is an ORTEP diagram of conpound 1 showi ng 50% thermal ellipsoids.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is directed to
transiti oNORBIA8Bdnpl exes (coordinates or chel ates) of PETEPRMPOAER azi de
am de] represented by Structural Fornula (1) or a prodrug, isoner, ester,
salt, hydrate, solvate, polynorph or deprotonated formthereof. One exanple
of a conplex of this type is represented by Structural Fornmula (I1)

descri bed above. As used herein, "conplexed" neans that the

bi s[thi ohydrazi de am de] or a prodrug, isomer, ester, salt, hydrate,

sol vate, pol ynor phigiedépt beonatied dormmlyher @ofpratieaciesitaxol ithéod gransi ti on

i h di | ent bonds or .coordination
bonas. a6 usddidt B35 & oSy SRR RAEHR R atar Bnetny e abicae. am de)

or a prodrugmdimserennitesiodn. salt, hydrate, solvate, polynorph or
deprotonated formthereof binds to the tr?nsitlbondrret al |ond_at Ewo o[) rrgre
attachnment points _through coordinate coval ent bonds or coordination bonds.
As used hergi n, " gé%frﬁiggé}ﬁ‘é”’s, the cxwidFiat @dromposodst of thaire codwairennflberd” and
"coordi nati onshongi; have the neanings that are commonly known to one of
ordinary skill in the art.As used herein, a "deprotonated fornt of

bi s[t hi ohydrazi de am de] refers to a nol ecul e wherein one or nore protons
from the bis[thioffyginrazb dears@RAEP ddagrampif odihpgund BOr®Ying 86V ehernsal t,
hydrate, solvate 40T pol ymor ph thereof were renoved. For exanple, a

depr ot onat ed® ’&S% of a bi s[thi ohydrazi de am de] of Structural Fornula (1),
wherein R7 and R are both -H, is represented by the follow ng Structural

For mul a: DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to transition metal complexes (coordinates
10 or chelates) of bis[thiohydrazide amide] represented by Structural Formula (Dora
prodrug, isomer, ester, salt, hydrate, solvate, polymorph or deprotonated form
thereof. One example of a complex of this type is represented by Structural Formula
(II) described above.

As used herein, “complexed” means that the bis[thiohydrazide amide] or a
15 prodrug, isomer, ester, salt, hydrate, solvate, polymorph or deprotonated form
thereof attaches to the transition metal ion through one or more coordinate covalent

bonds or coordination bonds.

As used herein, “chelated” means that the bis[thiohydrazide amide] or a
prodrug, isomer, ester, salt, hydrate, solvate, polymorph or deprotonated form
20 thereof binds to the transition metal ion at two or more attachment points through

coordinate covalent bonds or coordination bonds.

LEREN 24

As used herein, “coordinate”, “coordinated”, “coordinate covalent bond” and
“coordination bond” have the meanings that are commonly known to one of

ordinary skill in the art.



A "transition nmetal cation" refers to a positively charged ion of a netal
in Goups 3-12 of the periodic table. Exanples include N 2+, Cu+, Cu2+,
Co2+, CodWO 28283t Zn2+, Pt2+, Pd2+, V4+, V5+, Cr2RCTESZ090GZG  \vn2+,
WMnh3+, M4+ and WMh5+ . In a specific enbodinent, the transition netal
cations have a +2 charge. Exanples include N 2+, Cu2+, Co2+, Fe2+, Zn2+,

Pt 2+ and Pd2+. In a specific enbodinent, the transition netal cation is
Cu+, Cu2+ or Nl 2+. In a nore specific enbodinent, the transition netal
cation is Cu2+. The nolar ratio of bis[thiohydrazide am de] or a prodrug,

i somer, ester, salAs ushytemainep “datrvaneted paky it thoshyardepr 0 0apteads for m

thereof to t@@gﬁiéion metal cation recited |ﬁ%€his,garagraph”is, for
exanpl e, equal g WEFTEH U1 HRTC §rEOBH OB JhaPiskBioBydrads amii 0pa0 (i . e.

0.5 < ratio fralir@), imek; ested, @ﬁ?ﬁf@ﬁteﬁm@ﬂ&@:ﬂkly ﬁ&?h grmeynd. of., Lhe present
invention is represented by Structural Fornula zll :or a prodrug, 1soner,
ester, salt, Fayefame, ssbspvaivetedforpal iy gholtykdersds amidbpo S trictdrel vari abl es

are as descrizhed ve, EX I of L nclude Ni 2+,  Cu2+, o2+, Fe2+, Zn2+,
Pt 2+ and dzﬁsﬁ?ﬁgiﬁbvﬁ%w?ﬂﬁ%ﬁﬁmf ,%(Otthh" ! CoipEartcd &y %‘éﬁ?lg%)%%ed by the
fol |l ow ng St BuatwuradlFoferlaul a: or a prodrug, isomer, ester, salt, hydrate,
sol vate, or polynorph thereof. Variables are_as descri bed above for

Structural Formula (11). In anothet enbpdi nent, the conpound is represented

by the follow ng Structural rRFormuha: orlla pradrug,nisongr, ester, salt,
hydrate, solvate, or ponnnrﬁﬁEF%er of . i ab sé/a?ﬁ/és descri bed above
for Structural Formula (I1). In one enbodiment, "the his[thiohydrazide
am de] of Structural Formula (F5 is represented by St uctdnal ~ For nul a

[11): d il ; ter, . t,. hydrat | vat. I .ph
((jepr Z)t glr’la?egr ]90; lrjng thaASHBh mdta ‘&lion sl%lfers to W pors%weely a%r%/e% i5h oP et iR O

Groups 3-12 of the periodic table. Examples include Ni**, Cu*, Cu®*, Co®", Co™",

10 Fe*', Fe®', Zn®', PY, pd*, V¥, Vv o, cr'’, o, Mn®', Mo®", Mn*" and Mn™*.
In a specific embodiment, the transition metal cations have a +2 charge. Examples
include Ni**, Cu**, Co*", Fe*', Zn*", P**" and Pd*". Ina specific embodiment, the
transition metal cation is Cu’, Cu” or Ni*". In a more specific embodiment, the
transition metal cation is Cu”". The molar ratio of bis[thiohydrazide amide] or a

15 prodrug, isomer, ester, salt, hydrate, solvate, polymorph or a deprotonated form

thereof to transition metal cation recited in this paragraph is, for example, equal to or

greater than 0.5 and equal to or less than 2.0 (i.e. 0.5 < ratio < 2.0) or 1.

In another embodiment, the compound of the present invention is represented

by Structural Formula (11):

20 R’ S S R? (1D,



thereof. The variables in Structural Formula (l111) are as defined for
Structural Forrmula (11). Preferably for Structural Formnul as g‘lﬁ)? [11),

i ncl udi ngVePWBIBAl Forrmulas (Ha) and (lib), Zis O RPCARFHI/0HE ¢ he
same and R3 and R4 are the sane. |In another enbodi nent, the conpound is
represented by Structural Fornmula (1V): or a prodrug, isomer, ester, salt,
hydrate, solvate, or polynorph thereof. Variables are as descri bed above
for Structural Formula (I1), provided that when Rl and R are both phenyl,
both Z atons are O, and R3 and R4 are both nethyl, then R5 and R are not
both -H | n anepheirugnbodirnetdr, oft, Brdraet wiedte, Fopolynaorph MereoX whergBtth&u2+ or
Ni 2+. In anot her, .enbodi nent. e bis[thiohydrazi de am,de], of .Structural
Formula (1) ivgmf‘bé%sraé‘éé%g‘gsﬁﬂ%vi %Qﬁﬁcf%%?r&Plel"ZS?Fﬁ}P%lu?Wgo@“zaa %‘f’%d*f'ﬁﬁg, i somer,
ester, salt, zhYdpéat ead s@'vate, pol ynorph or deprotonated formthereof. The
variables in Structural Formula (V) are as defined for Structural Formula
(1), provided that when Rl and R2 are both phenyl, both Z atons are O and
R3 and R are bot hIhetdilsr enttipdins. thadoRBoEIddS retressoted byrhe Alltoerinat i vel y f or
Structurai Far.nu .(Ha), (lib), (111), (I'v) and (I1V), RL and R2 are
each an o%)ti gﬁgﬁ}%‘%gé nls“%iia't uted aryl group; R3 and R4 are each anoptionally
substituted aliphatic group; RS andg® aig each independently -H, an

al i phatic or substituted aliphatidz gr , ozR is -Hand R6 is optionally
substituted aryl group, or R5 an "t a oget her, are an optionally
substituted C2-C6 al kyl ene group; and eac Zis O Suitable substituents
for an aryl and aliphatic groug areNMroviNed Jﬁf'ow. In another alternative
for Structural Formulas (11), ( . ( b'j NII), (Irv) and (FV), Rl and R2
are each an optionally substituted,ph I pjgup; R3 and R are each

R’ S S R? (1la),
or a prodrug, isomer, ester, salt, hydrate, solvate, or polymorph thereof. Variables

are as described above for Structural Formula (II).

In another embodiment, the compound is represented by the following

10 Structural Formula:
RS RS
ZWZ
R, _N N._ _R4
N

Y
N~ \ 7
-
R’ S S R? (1b),
or a prodrug, isomer, ester, salt, hydrate, solvate, or polymorph thereof. Variables

are as described above for Structural Formula (II).

In one embodiment, the bis[thiohydrazide amide] of Structural Formula (I) is

15 represented by Structural Formula (I1I):

Rs Z Z Ry
| |
R1 N N R2
H H
g Rs Rg

S (I1I),



an optionally substituted alkyl group; RS is -H R6 is -H an alkyl or
substituted al kyl group; and each Z is O Suitable substituents for an aryl
and al i ph‘é{f)izﬁl"di‘/‘wg are provided bel ow. In another altePREUSIY0pH80
Structural Formulas (11), (Ha), (lib), (1l11), (1V) and (1V), the phenyl
groups represented by R] and R2 are optionally substituted with one or nore
(e.g. two, three, four, five, etc.) groups independently selected fromthe
group consisting of Cl1-C al kyl, Cl-C4 al koxy, Cl-C4 hal oal kyl, Cl1-C

hal oal koxy, phenyl, benzyl, pyrldyl -O—I, -NH2, -F, -d, -Br, -1, -NO2 and
-CN, wherei not héméﬁ%yﬂonmﬁdbsmn‘z%w hglist SOﬂ‘wé@tpsl)amce*pbpt ﬂmﬂiohlytbsmﬁml t ut ed

h
hdependent | TAS e a8y i B bretS et bonki U F5 SoheRigor HEGa Ky
Cl1-C4 al koxy Foﬁiiul%[m &’h’ﬁ@iak:w for 8Rdcttdd C4rhakoa)- K@Pﬁ)’mcﬁuﬂﬁl oAk )hyrgr oups

represented b are tionally substituted with one or nore (e.qg.
two, three, f aﬂwlasr {Hﬁé a@@ ¢lly), sﬁtﬁs(f’»llhﬁéﬁtl@ darpthepemdent Ry aséRecredetnom t he
group consisting of -OH hal ogen, phenyl, benzyl, pyridyl, and Cl1-C8

al koxy, ereint Rhes o i I

subst i tur\gd with kc}ﬁ% or %@@“‘Qﬁ’%?&%@ﬂ{?ﬂ@ép%n&%n%d% Pve %thu(“ mgl fofmuta

substi t uent s(iidependent|ly sel ected fromthe group consi stl ng of hal o,
Cl-C4 al kyl, Cl1-C4 al koxy, Cl-C4 hal gal k and Cl-C4 hal oal koxy; R5 is H,
R6 is -Hor nethyl; and each Z is OR i%other alternative for Structural
Formulas (I1), (Ha), (lib), (111)Z andZ(1V), RL and R are each an
optionally substituted aliphatic gr and R4 are each an optionally
substituted aliphatic group; and ar 4i ndependently -H, an
aliphatic or substituted alip QuUps o is -Hand R6 is optionally
substituted aryl group, or R5 an )(aken ogether, are an optionally
substituted C2- C6 al kyl ene gro p'k |§ O Swtable substituents
for an aliphatic group are prodti ded Soel ovS (1),

or a prodrug, isomer, ester, salt, hydrate, solvate, or polymorph thereof. Variables

are as described above for Structural Formula (I1), provided that when R, and R, are
10 both phenyl, both Z atoms are O, and R; and Ry are both methyl, then Rs and Ry are

not both -H. In another embodiment of Structural Formula (IV), X is not Cu*" or

2+
NiZ",

In another embodiment, the bis[thiohydrazide amide] of Structural Formula

(1) is represented by Structural Formula (V):

Sy

15 S W),
or a prodrug, isomer, ester, salt, hydrate, solvate, polymorph or deprotonated form
thereof. The variables in Structural Formula (V) are as defined for Structural
Formula (II), provided that when Ry and R, are both phenyl, both Z atoms are O, and
R and R4 are both methyl, then Rs and Ry are not both -H.

20 Alternatively for Structural Formulas (I1), (I1a), (IIb), (II1), (IV) and (IV), R4

and R; are each an optionally substituted aryl group; Rs and Ry are each an



In another alternative for Structural Formnul Fts I(LII) (Ha), (lib), ll(III),

I and (I Rl and R2 are both a C -C cycl oal kyl grou ti ona

guE)/)stl t ut Q\QWW‘H”&(‘ | east one al kyl group; R and R are EE(T,H’F)%WS’@&“?%MI ly
substituted alkyl group; RS is -H R6 is -H an alkyl or substituted al kyl
group; and each Zis O In another alternative for Structural Fornul as
(rry, (Ha, (lib), (11r), (1v) and (1V), RL and R2 are both a C -C8

cycl oal kyl group optionally substituted with at |east one al kyl group; the
al kyl groups represented by R3 and R4 are optionally substituted with one
or nore (e. goptlwﬂ}’t‘shb%éuted @h}vhdtlfclngpeR@ ahd Rub&taabhﬁf&epeﬂd@d&pemd@m ly

| ected f n stl hen benzyl
Bsr?gyf aag%ha& u(%t (%e %ﬁhé gfoﬁ‘g O#E%’)?I iaﬁ%gqjtﬁég 3@&%&‘?%@&1@3 are
optional |y sui@&tgrdtmt &dRMﬁcmm&c@& dgmree e(r@agop@mgayfsb&%@meé eyIG, aflll})‘f?n £tc.)
substituents independently selected fromthe group consisting o o0,

Cl-C4 al kyI é@fpdpdaff%%yls Cehueablnarisareyts, 10&%&1 a® Hahotit koxy:ar®5 is H R
is -Hor gb’dwdeﬂ%kﬁ@cr‘ Zis O Rl and R2 are preferably cycl opropyl or
1- met hyl cycl opropyl. 1n the enbodi nents descri bed above, preferably Rl and
R2 are the sane and R and R4 are the sane. Specific exanples of values for

variables in Str ubt m@ﬂxerlééiemhafsfo(rISItﬂlptufzﬁl@bnn(ﬂlals b)), oma)( PIIH)% (HI\M(W hiy each Z
is O and the % of the vari ables are defined as fol 1 and
are both phe@ Rrea‘“r‘aé HBPH“@M%}W%W@ R]f‘@?r}félgﬂ)@s & b@ﬂ Rs ate; qamh and R2

are both phepyh, tldﬁﬂg sﬁlbéaffut@& ka?pérgugtfbyg - PF%qliﬁkﬁ%?&?%ElPutecﬁ ] 551 and

R2 are both 4-cyanophenyl
-H; group; and each Z i is O Suitable substxtumts for an aryl and aliphatic group are

10 provided below.

In another alternative for Structural Formulas (1), (I1a), (1Ib), (111), (IV) and
(1V), the phenyl groups represented by R, and R, are optionally substituted with one
or more (e.g. two, three, four, five, etc.) groups independently selected from the
group consisting of Ci-C4 alkyl, C;-Cy4 alkoxy, C;-Cy4 haloalkyl, C;-Cy4 haloalkoxy,

15 phenyl, benzyl, pyridyl, -OH, -NHa, -F, -Cl, -Br, -1, -NO, and —CN, wherein the
phenyl and benzyl substituents are optionally substituted with one or more (e.g. two,
three, four, five etc.) substituents independently selected from the group consisting
of halo, C;-C4 alkyl, C,-C4 alkoxy, C;-Cy4 haloalkyl, and C;-Cy4 haloalkoxy; the alkyl
groups represented by R3 and Ry are optionally substituted with one or more (e.g.

20 two, three, four, five etc.) substituents independently selected from the group
consisting of -OH, halogen, phenyl, benzyl, pyridyl, and C;-Cg alkoxy, wherein the
phenyl and benzyl substituents are optionally substituted with one or more (e.g. two,
three, four, five etc.) substituents independently selected from the group consisting
of halo, C;-C; alkyl, C;-C4 alkoxy, Cy-Cy4 haloalkyl, and C-Cy haloalkoxy; R’ is H;

25  Rgis -H or methyl; and each Z is O.

In another alternative for Structural Formulas (I1), (Ila), (IIb), (IIT), (IV) and
(IV), Ry and R; are each an optionally substituted aliphatic group; R; and R, are

each an optionally substituted aliphatic group; Rs and Ry are each independently -H,



Rl and R are both 4-nethoxyphenyl, R and R4 are both rrEt hﬁl’ aRdI RSRgnpl R6
are both -H Rl and R2 are both phenyl, R3 and R4 are both net , IS
met hyl , aN@2R%48284 R1 and R2 are both phenyl, R3 and R@Téﬁsé‘mﬁ%?’r‘fs‘ét hyl ,
R5 is nmethyl, and Ris -H Rl and R2 are both 4-cyanophenyl, R3 and R4 are
both nethyl, and R and R6 are both -H, Rl and R2 are both

2, 5-di met hoxyphenyl, R3 and R4 are both nmethyl, and R5 and R Gare both -H,
R1 and R2 are both 2, 5-di nmet hoxyphenyl, R3 and R4 are both nethyl, R5 is
nethyl, and R6 is -H Rl and R2 are both 3-cyanophenyl, R3 and R4 are both
methyl, and RS aHARET sekstibsehalintatiRgramdor®s arl dodthy i8optiwntlgphenyl , R3

d R4 are b ' n re both -H R and are both
2[] chl or opheng‘lg'}%m@&g% lﬁﬁggvdeﬁﬁg%“% %EH%W LOBREICT QT @}Qﬂaﬁaﬁwf%@é HRL and
R2 are both 2y mityhox ythd eRhantd R4S 1aaBlebabhiti@ihir an aNgh e &1 are
both -H Rl a;(ld, a)rgghgj;?h g- met hoxyphgnil, R] and Réli’agr eg}ﬁ)ot hé’ n%%ﬁgl and

R5 and R6 ar 8PN 99w R and R2 are both 2, 3-di met hoxyphenyl, R3 and R are
both nethyl, and R5 and R are both -H, RlL and R2 are both

2, 3-di met hoxyphenyl ., J3..and Ry a5 8 ROLR-TBLIN ras %ﬁ), i(ﬁa), (11b), (I1D), (1V) and

(IV), Ry and R; are both a C3-Cy cycloalkyl group optionally substituted with at least
one alkyl group; R3 and Ry are each an optionally substituted alkyl group; Rs is —H;
R¢ 1s -H, an alkyl or substituted alkyl group; and each Z is O.

In another alternative for Structural Formulas (I1), (ITa), (IIb), (I1I), (IV) and

10 (IV), Ry and R; are both a C3-Cy cycloalkyl group optionally substituted with at least
one alkyl group; the alkyl groups represented by R3 and Ry are optionally substituted
with one or more (e.g. two, three, four, five etc.) substituents independently selected
from the group consisting of -OH, halogen, phenyl, benzyl, pyridyl, and C,-C
alkoxy, wherein the phenyl and benzyl substituents are optionally substituted with

15 one or more (e.g. two, three, four, five etc.) substituents independently selected from
the group consisting of halo, C-C, alkyl, C;-C4 alkoxy, C;-Cy4 haloalkyl, and C;-C,
haloalkoxy; R’ is H; Rg 1s -H or methyl; and each Z is O. R and R, are preferably
cyclopropyl or 1-methylcyclopropyl.

In the embodiments described above, preferably R, and R, are the same and

20 Rsand Ry are the same.

Specific examples of values for variables in Structural Formulas (II), (Ila),
(IIb) or (III), wherein each Z is O and the remainder of the variables are defined as

follows:

Ry and R; are both phenyl, R; and R4 are both methyl, and Rs and R are
25  both -H;



methyl, and R6 is -H Rl and R2 are both 2, 5- difluorophenyl R and R4 are
bot h rreth and R and R6 are both -H RlandRZare bot

2,5-difl u‘&P&BWéﬂ‘l%s“ R3 and R are both methyl, Ris net hyFT/I@H‘H”ﬁﬂ‘@O H Rl
and R are both 2,5-dichl orophenyl, R3 and R4 are both nethyl, and R and R
are both -H, Rl and R2 are both 2, 5-dinethyl phenyl, R3 and R are both
nethyl, and R5 and R are both -H, Rl and R2 are both cyclopropyl, R and R4
are both methyl, and R and R6 are both -H, RlL and R2 are both cycl opropyl,
R3 and R4 are both ethyl, and R5 and R are both -H, R and R2 are both

cycl opropyl, R3 arid aRd Rare: bah phest iy andRB, drs bowtdiyl, arinel; R6! R Sare HoRL and
R2 are both 1-methyl cyclopropyl, R3 and R4 are both nethyl, and R5 and R
are both -H "Rl and R2 are both 1-nethylcyclopropyl, R3 and R4 are both
methyl, R5 is nethyl and Ris -H Rl and R2 are both 1-nethyl cycl opropyl, R
and R are both meghyhd rRR&rd Sot8Y norR H

1-met hyl cycl opropyl, R3 and R4 gygn%%t ﬁleﬁ dt%dmm@%é@ﬁgd 5 ﬁfﬂﬁ%ﬁ(}d% i's
-H. Rl and R’zﬂ(éRelsbéih 1- net hyl cycl opr opyl , R3 and R4 are both met hyl , and
R5 and R are both nethyl;

5 R; and R, are both 4-methoxyphenyl, R; and Ry are both methyl, and R5 and
R are both -H;

R, and R; are both phenyl, R3 and R4 are both methyl, Rs is methyl, and Ry is

,.H,
Ry and Ry are both phenyl, R; and Ry are both ethyl, Rs is methyl, and R is
10 -H;
Ry and R; are both 4-cyanophenyl, R; and Ry are both methyl, and Rs and Ry
are both -H;

Ry and R, are both 2,5-dimethoxyphenyl, R; and R4 are both methyl, and Rs
and R are both -H;

15 R and R; are both 2,5-dimethoxyphenyl, Rs and Ry are both methyl, Rs is
methyl, and Rg 1s -H;

R; and R, are both 3-cyanophenyl, R; and Ry are both methyl, and Rs and Re
are both -H;

Ry and R, are both 3-fluorophenyl, R; and R4 are both methyl, and Rs and Rg
20 are both -H;

Ry and Ry are both 4-chlorophenyl, R3 and R4 are both methyl, Rs is methyl,
and Rg 1s -H;

10—



R1 and R2 are both 1-nethylcyclopropyl, R3 and R4 are both ethyl, and RS
and R are both -H Rl and R2 are both 1-nethyl cycloprop¥)l, R3 is nethyl, R4
is ethyl ,WARAI¥Y8¥4d R6 are both -H Rl and R2 are bot hPCT/US2009/061480

2-met hyl cycl opropyl, R3 and R4 are both nethyl, and R5 and R6 are both -H;
R1 and R2 are both 2-phenyl cycl opropyl, R3 and R are both nethyl, and R5
and R are both -H Rl and R2 are both 1-phenyl cycl opropyl, R3 and R4 are
both nethyl, and R5 and R6 are both -H, Rl and R2 are both cycl obutyl, R3
and R4 are both nethyl, and R5 and R are both -H, Rl and R2 are both

cycl opentyl, R an&iRnéRe atsdhdih gendtydxyphndy] R8s antR Recaneh hothl], ahtl RRaand R2
are both cyc ohex,[ylt }Iiﬁ?, and R4 are both nethyl, and R and R are both -H Rl
and R2 are bo ﬁrecyocllllbh’exyl, R3 and R4 are both phenyl, and R5 and R are
both -H, RL and R2 are both nethyl, R and R4 are both nethyl, and R5 and R
are both -H Rl ardafR2Raee: ©ek B-h@hWphelR aRdadiR 248 bt Aethybubyk, .a0d RS
and R are both -H Rl and R2 are both nethyl, R3 and R4 are” both phenyl,
and R5 and RRafe B¥E i H RL and R2 are both t-butyl, R3 and R4 are both
met hyl, and R5 and R6 are both

5 R and R; are both 2,3-dimethoxyphenyl, R; and Ry are both methyl, and R
and Ry are both -H;

R, and R; are both 2,3-dimethoxyphenyl, R; and R4 are both methyl, Ry is
methyl, and Rg is -H;

Ry and R; are both 2,5-difluorophenyl, R; and R4 are both methyl, and R
10 and Ry are both -H:

R, and R, are both 2,5-difluorophenyl, R; and Ry are both methyl, Rs is
methyl, and Re is -H;

R; and R; are both 2,5-dichlorophenyl, R3 and Ry are both methyl, and Rs
and Rg are both -H;

15 Ry and R; are both 2,5-dimethylphenyl, R and Ry are both methyl, and Rs
and Rg are both -H;
Ry and R, are both cyclopropyl, R; and Ry are both methyl, and Rs and R,
are both -H;
R; and R; are both cyclopropyl, R3 and Ry are both ethyl, and Rs and R, are
20 both -H;

Ry and R; are both cyclopropyl, R; and Ry are both methyl, Rs is methyl, and
Rg is -H; |

11 -



-H Rl and R are ethyl, R3 and R are both nethyl, and R5 and R are both -H;
or Rl and R2 are both n-propyl, R3 and R4 are both nethyl, and R and R6 are
both -H. ¥QReMWUPEIP4bi s[t hi ohydrazi de ami des] are represéﬁ?@§2%?“¥¥ﬁ@

foll owi ng structural formulas: andor a prodrug, isoner, ester, salt,
hydrate, solvate, or polynorph thereof. Exenplary conmpounds of the
invention are represented by the followi ng Structural Formulas: and or a
prodrug, isoner, ester, salt, hydrate, solvate, or polynorph thereof. The
conpounds of the invention are advantageously in substantially pure form
e.g., greater thaRiB0dR60%0tlT0%ctBOCIONWYIIBYanORYarcdD% mthy5%nam99. 9%
pure by weig &ing%rc%nHTpurity by wei ght" nmeans the wei ght of the conpound
di vi ded by the mélgﬁ¥’bT 't he conpound plus inpurities tinmes 100% The
conpounds of the present invention can be prepared by reacting a

bi s[t hi ohydr azi deRamhdiB} a@rbogh Pr@dhygycldSOFR! R 8%f BRI are3Rk melydratie,

sol vate, or gﬁl{gnr h thereof, described herein with a transition netal
sal t. The tr3WdM P¥hRemstdl salt can be any inorganic or organic salts of
the transition netal cation. Forexanple, chloride salt, nitrate salt,

sul fate salt, aceRabgd Rahie wad1 NS IEKS 10§, t ' is
bi s[ t hi ohydr azi de gnide? or a prodr%g%“gggﬁ%$§3ég?g?%gghI{?mﬁv%}%f%,
sol vate, or pbyymotBhitHhereof described herein to afford the conpounds of

the present invention. In one enbodinent, the transition netal salt is a
copper(11) salt, such,as a2, | not her odi pent, the transition netal
pper(11) Rf ?H%QF ?r%é’é‘f}b Hn}fghﬁf@tl%p& , K5 and Ry are both methyﬂ Rsis

salt is a nickel(
n-propyl, and Rg is -H;

Ry and R, are both 1-methylcyclopropyl, R; and Ry are both methyl, and Rs
10 and Rg are both methyl;

R and R; are both 1-methylcyclopropyl, R3 and Ry are both ethyl, and Rs
and R are both -H;

Ry and R; are both 1-methylcyclopropyl, Rj is methyl, Ry is ethyl, and R;
and R are both -H;

15 R and R; are both 2-methylcyclopropyl, R3; and Ry are both methyl, and Rs
and R¢ are both -H;

Ry and R; are both 2-phenylcyclopropyl, Rs and R4 are both methyl, and R
and Ry are both -H:

R; and R; are both 1-phenylcyclopropyl, R; and Ry are both methyl, and Rs
20 and Ry are both -H;

R, and R; are both cyclobutyl, R; and R4 are both methyl, and Rs and R, are
both -H;

-12 -



The ratio of the bis[thiohydrazide am de] or a prodrug, isoner, ester,
salt, hydrate, solvate, or polynorph thereof and the transition netal

cati on soVP2BIWME®4i s typically in the range of 0.5 to FCHUSR0G/08148%| 2.
In one enbodi nent, the ratio is about 1. Solvents, such as nethyl ene
chloride, acetonitrile, acetone, alcohols (such as nethanol, ethanol),

t et rahydrof uran and water can be used in the reaction of the

bi s[t hi ohydrazi de am de] or a prodrug, isoner, ester, salt, hydrate,

sol vate, or polynorph thereof with the transition netal salts. In one
enbodi ment, the s&vedR: s withanddpenTHeR birs] Rhirobydrazihge aafirdesd Rused t o
prepare the gﬁiq¥psed conpounds can be prepared according to nethods
described in U'S ’'Patent No. 6,800,660, 6,762,204, and 6, 825,235 and U. S.
Publ i cati on No. 2008/ 0146842. The entire teachings of these patents and
publications are Rnanid poratiedh beneisybRr,nell @ enceoth GritAl acerpupds. of the
i nvention nagtge obtained as different isoners (e.g., stereoisoners,
coor di nat i on®?'Soker s, | i nkage i soners, hydrate isonmers, and the |ike). The
invention includes isonmeric forns of the disclosed conpounds and both pure
i soners and m xt upes 1 LN ' r m, ' S. .| r.s, can be
separate&pand is052?3%hﬁéﬁﬂg”%%@ﬁgﬁgkggﬁéﬁﬁgfﬁ%ﬁghéggﬁ%§§m€§§%§§§BﬁV&phy.
The conpoundbotbf-Ht he i nvention nmay contain one or nore chiral centers
and/ or doubl e bonds and, therefore, exist as stereoisoners, such as

doubl e-bond i sonmegs (i e. OnMetric, i sqners nantioners, o

di ast er eomer s. Acgé)l’“gi(;1 Ry a‘feob%?}h%ﬁﬁ’kfjiﬁdi“g , al‘%@"tgﬁ‘é?ﬁﬁaf‘“‘g% %}t‘{lﬁw &8 depi ct ed
herein, incluygthng;the conpounds of this invention, enconpass all of the
correspondi ng conpounds' enantioners, diastereoners and geonetric isoners,

that is, both the stereochem cally pure form(e.g., geonetrically pure,
enantionerical |y Puped Roprediodsmetebrieranddlslaye pathépugndind Rs and R are both
10 -H;
R; and R; are both methyl, R; and R4 are both phenyl, and Rs and Ry are
both -H;
Ry and R; are both r-butyl, R and Ry are both methyl, and Rs and Ry are both
-H)
15 Ry and R; are ethyl, R; and Ry are both methyl, and Rs and R¢ are both -H; or
R, and R; are both #-propyl, R; and R4 are both methyl, and Rs and R are
both -H.

Exemplary bis[thiohydrazide amides] are represented by the following

structural formulas:

.
%N\NMN/N%
H H
S S ; and

20



isoneric mxtures (e.g., enantioneric, diastereoneric and geonetric
isoneric mxtures). In sone cases, one enantiomer, diastereoner or
georet ri WP2BHEHSI/H| | possess superior activity or an i RETSPEYOERBLity or
ki netic profile conpared to other isoners. In those cases, such
enantionmers, diastereonmers and geonetric isonmers of conpounds of this
invention are preferred. As used herein, the term "pol ynorph" neans solid
crystalline forms of a conpound of the present invention described herein.
D fferent polynorphs of the sane conpound can exhibit different physical,

cheni cal and/or spectroscopic prqperties. ffeant physi cal properties
i nclude, but are not limAed to tablllty( to he or light),
conpressibility and density (hmportg 1Nti ort and pr oduct

manuf acturing), and dissolutiop raties (mhich gan afjf ect bioavailability).
Differences in stability can result fromchanges iB chem cal reactivity
(e.g., differential oxidation, such that a dosage form di scol ors nore

rapi dl'y whenCtbRigfiugeoster.grierpeltynsksh sohate, ahpalyoonpr hsedfof anot her

pol ynor ph) or nechani cal characteristics (e.qg., tablets crunbl e on storage
as a kinetically r her

st abl e pol ynor ph) L%ﬁ%ﬁg/h&?ﬁe}%é%?&t%gln’)ét%n% hig %prﬁ%ﬁi tﬂ] galio%ﬁ

suscepti bl e Boubinedkdonwiaat hi gh hum dity). D fferent phyS| cal properties
of pol ynorphs can affect their pr&fessing. For exanpl e, one pol ynorph m ght
be nore likely to formsol vates o ] Grore difficult to filter or
wash free of inpurities than anotherjdue fo, for exanple, the shape or size

distribution of particles of ity As ysed Rerein, the term "solvate" neans a
conpound of the present |nventlonhﬂeshrubedhhereln that further includes a
stoi chionetric or nonstoichiongtriic a nt spl vent bound by non-coval ent
i nternol ecul ar forces. As used "hydrate" nmeans a conpound
of the prsesent

OWc)

»\/xN

A

or a prodrug, isomer, ester, salt, hydrate, solvate, or polymorph thereof.

The compounds of the invention are advantageously in substantially pure
10 form, e.g., greater than 50%, 60%, 70%, 80%, 90%., 95%, 97%, 99%, 99.5% or
99.9% pure by weight. “Percent purity by weight” means the weight of the

compound divided by the weight of the compound plus impurities times 100%.

The compounds of the present invention can be prepared by reacting a
bis|thiohydrazide amide] or a prodrug, isomer, ester, salt, hydrate, solvate, or
15 polymorph thereof, described herein with a transition metal salt. The transition

metal salt can be any inorganic or organic salts of the transition metal cation. For



i nvention described herein, that further includes a stoichi orretlri o Ior
nonst oi chi onetri c amount of water bound by non-coval ent internol ecul ar
forces. A¥OZUYPHEdei n and unl ess ot herwise indicated, FREPAIRHEGAr ug"
nmeans a derivative of a conpound that can hydrolyze, oxidize, or otherw se
react under biological conditions (in vitro or in vivo) to provide a
compound of this invention. Prodrugs may become active upon such reaction
under biological conditions, or they may have activity in their unreacted
forms. The conpounds of the invention or bis[thiohydrazide anide] described
herein may beéxpnelsertoiide saHenifrorerabf susfatetslt, dmtaonerlienidabi Meatan isélwle salts of
the conpounds_of .the invention refer . non-t oxi ¢ "pha[mpgutlca 'y

accept abl e sg & %dW3ﬁha gﬁ%ﬂﬁb?&@ﬁgbd £r a@ﬁ@“é%l’icgm’él ST} FiéY hpeate,

non- phar maceudlived| diypoGEERh A8, ISRLErhed Hfdh RS tlUQL2CEHAE B
Phar maceutically aclzpep%gb e salt for m§ i ncIl ugf,\d pﬁar r%acgﬁ% ca?fy “étccept abl e
aci di ¢/ ani onPEeseirt ibeiienc &t doninebslahtis, thehansaoe utdtdablk s acgept abket,

aci di ¢/ ani onj.¢c,sal i ncl ud th cet ate, benzenesul f onate, benzoat e,

bi car bonat e, Is‘lgclhtagr uf%%‘e‘,“ %9@{5;{ 8’3;%‘:’(@5168?% EHstndnelalizdyt anekelkdr tohat e,
chloride, citudta Nidijwgiochl oride, edetate, edisylate, estolate, esylate,
fumarate, glyceptate, gluconate, glutamate, glycollylarsanilate,
hexyl resor ci nat e, drochl ori de, hydroxynapht hoate, i odide,

dr obrom de, h _ .
i set hi onate, | act ggéfﬂtioa%ftt ‘b’i”éh%‘f’éydfﬁﬁﬁ‘éﬁ@}deﬂrﬁf garelrugrsidedragsecr. syl at e,
met hyl sul fatg cali€ate NRARS 1 tH& DaLS mAgntarhenate, .
phosphat e/ di p %g@géﬁ, %ol g)g?lnac u}%%f%ﬁ@ghgﬁ ?aémgﬁ’gﬁ éné@{l élggrnég%‘fmsmﬁzgé%p ate,
succi nate, sbipfatlein thennegef L ard 2.ave(.sttebel b enc tiobydiates:, tandtibrd et hi odi de
salts. Tma cobrrp?lllnds of the invention include pharnmaceutically acceptable
L about 1.
ani oni c
Solvents, such as methylene chloride, acetonitrile, acetone, alcohols (such as

methanol, ethanol), tetrahydrofuran and water can be used in the reaction of the

bis[thiohydrazide amide] or a prodrug, isomer, ester, salt, hydrate, solvate, or

polymorph thereof with the transition metal salts. In one embodiment, the solvent is

15 ethanol.

The bis[thiohydrazide amides] used to prepare the disclosed compounds can
be prepared according to methods described in U.S. Patent No. 6,800,660,
0,762,204, and 6,825,235 and U.S. Publication No. 2008/0146842. The entire

teachings of these patents and publications are incorporated herein by reference.

20 Certain compounds of the invention may be obtained as different isomers
(e.g., stereoisomers, coordination isomers, linkage isomers, hydrate isomers, and the
like). The invention includes isomeric forms of the disclosed compounds and both
pure isomers and mixtures thereof, including racemic mixtures. Isomers can be

separated and isolated using any suitable method, such as chromatography.

25 The compounds of the invention may contain one or more chiral centers
and/or double bonds and, therefore, exist as stereoisomers, such as double-bond

1somers (7.e., geometric isomers), enantiomers, or diastereomers. According to this

- 15—



salt fornms, wherein the anionic salts include the aceLate_, 4 ol
benzenesul fonate, benzoate, bicarbonate, bitartrate, brom de, cal cium
edet at e, WAPBWMBX4 carbonate, chloride,citrate, di hydr SER{WPI8Q61480 et at e,
edi syl ate, estolate, esylate, fumarate, glyceptate, gluconate, glutanate,
glycol 'yl arsanilate, hexylresorcinate, hydrobrom de, hydrochloride,

hydr oxynapht hoate, iodide, isethionate, lactate, |actobionate, nalate,

mal eat e, nmandel ate, nesylate, nmethylsul fate, nucate, napsylate, nitrate,
panpat e, pantot henate, phosphat e/ di phospate, polygal acturonate, salicylate,
stearate, Sub&@eﬂ@t,éb@‘ @ummaiatrac;tusﬂldtmtm 'ﬁefmnahceudihglt}td@ﬁ@ouh@@@if @te,

tosylate, and trj.ethiodide Sﬁ %ﬁ ‘ g%ﬁ group" i.s saturated straight or
br anched chalrﬁjeﬁl%a??c%?pqéi’lé © t}‘rﬂ:?F’fS ‘@FTB’@H“ dSTYRIEBIMGS. a strai ght

chai ned or bhaschetad ki o @HRUR: H@z%ufsr ﬂ’m iL, 58 Wérag&eﬁﬁ Mr}m% RUIE;

preferably from1l to ab bout 10, and a cyclic al kyl group from to about
10 carbon at m;g%}f’éﬁt@?@b’lEPI“f,rﬁ@mt@rmfmcaﬁbmlreBOi” (Amtademyxbrlgﬂmm:re)smzir eferably

a strai c hed n- propyl ,
so- propyl , - hobRRS R uBEARE ST Mo DR Preoficle pnd Eredigie Sl "o o6ty
or a cycl oal kyktugsp uip Mﬁeha@esﬁ @n@@ﬁﬁﬁoxﬁaﬁ@f&@@ﬁoﬂi@@ﬁﬁe(ﬁngﬂm Gostdradight

chai ned or branched al kyl group or a C -C8 cyclic al group is also

referred to BESSESSHBHEN agiikiy o @YWW@G%E&’&Y er kigbise p@@é&mcsnmwd srothdky|
aroup v Chagaapichdo aok surskaicll v dlarie £ n D Se AL cancer

activity of the scl osed oun € Su
bel ow for al anhmurﬁsgfquo&vuﬁr(eﬁeee pedersabsti t uents on al kyl groups include,
-OH, -NH2 -NO2, -CN, -COCH, hal ogen, aryl, Cl1-C8 al koxy, Cl-C8 hal oal koxy

and - 1- 08 al kyl Mor e referre substituents on al kyl groups include
- OH, ﬁgl( phe “)S“dolé‘ﬁ?’ﬁl Co¥H d’;ﬂym‘éﬁg Eraepsoiidiceyssalivp Fams véfer r ed

substit uent Su&ﬂpéﬂn@)@f e QURSt {NehisledesQibednak-Qge BirraRth }gtyr%z p"}’lls KPR
same compound can exhibit different physical, chemical and/or spectroscopic
properties. Different physical properties include, but are not limited to stability
(e.g., to heat or light), compressibility and density (important in formulation and

15 product manufacturing), and dissolution rates (which can affect bioavailability).
Differences in stability can result from changes in chemical reactivity (e.g.,
differential oxidation, such that a dosage form discolors more rapidly when
comprised of one polymorph than when comprised of another polymorph) or
mechanical characteristics (e.g., tablets crumble on storage as a kinetically favored

20 polymorph converts to thermodynamically more stable polymorph) or both (e.g.,
tablets of one polymorph are more susceptible to breakdown at high humidity).
Different physical properties of polymorphs can affect their processing. For
example, one polymorph might be more likely to form solvates or might be more
difficult to filter or wash free of impurities than another due to, for example, the

25 shape or size distribution of particles of it.

As used herein, the term “solvate” means a compound of the present
invention described herein, that further includes a stoichiometric or non-

stoichiometric amount of solvent bound by non-covalent intermolecular forces.
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A "straight chained hydrocarbyl group” is an alkylene grgulo, i.e.,

-(CH2)y-, with one or nore (preferably one) internal net ene groups

opti onal IYOPZBWMBEd with a |inkage group, y is a positi \‘/’@EW@@@P“@@. g.,
between 1 and 10), preferably between 1 and 6 and nore preferably 1 or 2. A
“l'inkage group” refers to a functional group which replaces a nethylene in
a straight chained hydrocarbyl. Exanples of suitable |inkage groups include
a ketone (-C(O-), alkene, alkyne, phenylene, ether (-O), thioether (-S-),
or amine (-N(Ra)-), wherein Ra is defined below A preferred |inkage group
is -C(R5R6) -, whersiusciRBeramd tiRGemar ghydiedte hedamxowenpGuidtodiitepsupst i t uent s
for an al kyl ene group and a hydrocarbyl. grqup are those which do not
substanti al | 3&?3 er ?%F 1e}Q(Vﬁ l?cﬁe%hté‘araﬁ‘p?‘grg:‘&g!@g?sp LEPIHARFUSE OF HE-di scl osed
conpounds. Rs@nthidha@rie aploaheshedersidast bl Wenlcs Aokt iaRrabkyliene Q%

hydrocar byl group represented by Y. An aliphatic group is a straight

chai ned, branched or cyclic non-aromatic hydrocarbon which is conpletely
saturated or whi cﬁsd}é?g%ﬁrﬁg BPHagEs Aveavighindicagst, thedamuiaoios "Rypi eal |y, a

strai ght ¢haj QF I t up, . r 1t o about .20 carbon
at oms,g pr%f e?g&agd;;/}%’ r g%@?ﬁp gﬂ}i Oﬁf&?&yﬁgﬂ%& 38%13%%1 %:r Ogﬂ%rﬁvﬁsaetrf’%cqélpgﬂp has from
3 to about 1Biotaditdroativomss (iprieberablyof frmadbﬁcamgluﬁmf%@ftm ialdrpldat i
group is preferably a straight chained or branched alkyl group, e.g.,

met hyl , et hy%@%ﬁ?‘d}%@f I?“P@-%FBWP?O%UBM%0?0%é’éd%@*l%}?gm%lé@ﬂd%@ﬂ%ﬁl@}” %ﬁemt yl,

hexyl, pent yhn,9mhaChdtvityh ufiCHFERAKYImgroup with 3 to about 8 carbon
atons. A Cl-C8 straight chalined or branched al kyl group or a C -C cyclic

al kyl group is also referred to as a "lower alkyl" group. The term
"aromatic group" rhychepuseld of Hteencdrdging@ablsjthwihtytiraZaleymide] dasytibetli ng, "

"aromatic,ri "o taryl o gro "aﬁd “aromatic group.’ Aronati oups incl ude

car bocycf(l) c gr St %X%P%ﬁ%’g%§ﬁ’(? O Qt)%tﬁy:h? "‘ﬂ‘aifﬂ?‘l’ﬂ}?‘?“‘a Sé‘ﬁf ﬁﬁ‘%&w , and

heteroaryl  compounds of the invention refer to non-toxic “pharmaceutically acceptable salts.”
In another embodiment, the salts also include non-pharmaceutically acceptable salts

3

such as trifluoroacetate,

Pharmaceutically acceptable salt forms include pharmaceutically acceptable

15 acidic/anionic or basic/cationic salts,

Pharmaceutically acceptable acidic/anionic salts include, the acetate,
benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide, calcium edetate,
camsylate, carbonate, chloride, citrate, dihydrochloride, edetate, edisylate, estolate,
esylate, fumarate, glyceptate, gluconate, glutamate, glycollylarsanilate,

20 hexylresorcinate, hydrobromide, hydrochloride, hydroxynaphthoate, iodide,
isethionate, lactate, lactobionate, malate, maleate, mandelate, mesylate,
methylsulfate, mucate, napsylate, nitrate, pamoate, pantothenate,
phosphate/diphospate, polygalacturonate, salicylate, stearate, subacetate, succinate,

sulfate, tannate, tartrate, teoclate, tosylate, and triethiodide salts.

25 The compounds of the invention include pharmaceutically acceptable anionic
salt forms, wherein the anionic salts include the acetate, benzenesulfonate, benzoate,

bicarbonate, bitartrate, bromide, calcium edetate, camsylate, carbonate, chloride,
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groups such as i m' dazolyl, thienyl, furanyl, pyridyl, pyrimdyl, pyranyl,

pyrazol yl, pyrro pyrazinyl, thiazole, oxazol yl, and tetrazole. The term
"het er oar¥} é’f%ﬁ ‘may be used i nt er changeabl y with hepg,’rgglzgpplmmso
"het er oaryl ring," "heteroaromatic ring" and "heteroaromatic group.

Het eroaryl groups are aromatic groups that conprise one or nore heteroatom
such as sulfur, oxygen and nitrogen, in the ring structure. Preferably,
het er oaryl groups conprise fromone to four heteroatons. Aromatic groups

al so include fused polycyclic aromatic ring systenms in which a carbocyclic
aromatic ri ngiteie, Héwér(bé ayider ¢degpte, sdfsybied cttolagnesyatenfonerat heévcdpeser oar yl

aui moi i my1- DRSO %‘?@?%éﬁ%%%ﬁa% PRIt 09 Rbiteny

i soqui nol i ny hyamndhlbsoe,ndatoklynaphigoat idnidanetigneite N2LAE Sld&t@bxéﬂdt@rﬁ’lhlag:r oup
which is conne?t ed to the renmai nder of the nolecule by two ot her bonds. By

way of exanplElcahaaedelgie; mesylae. methylsulipenyhene ngrodie) stratsopmndret,ow.
Substi tueat s for.an,a é?ﬁ gﬂ%&gcﬁzgff&rﬁ{e %cﬁ?%gg&&rongt%dsa 1%%1%%]%{%% fa n aryl group.

Non- ar onmat i ¢ et erocy rmn romatic T “ncl ude one or

mor e het er oasdnBetauchucaman Ml&g@manrmeyg@ﬂﬂdtertewét%utbqylé\tetzh@ithk,ﬂx%dla'é"e ring
can be five, seven or eight-nenbered. Preferably, heterocyclic groups

conpri se froﬁgﬁﬁne to about four heteroatons. Exanples include _
tetrahydrofuranyl, tetrahydrothiophenyl, norpholino, thionorpholino,

pyrrolidi nyI pi p%'ha%!l@y ouB" 1'tu8at@3f lst’rmgﬂtdri tb%rﬁé@g&% iRy, 1edr-5h%F<§l rms | over

al koxy", "I ower ower oxy) ne ower al ky "hi omet hyl "
mean to - O(hmﬁdrétbrkg%)lp Tegpoyply, Imrghauhwshe)d, Qr-lﬁnli&h@i alklybwenp abkgb) and

RS L SRR e TSI T kLA SRl aB e
has from 3 to about 10 carbon atoms, preferably from 3 to about 8. An alkyl group is
preferably a straight chained or branched alkyl group, e.g., methyl, ethyl, n-propyl,
iso-propyl, n-butyl, sec-butyl, rer-butyl, pentyl, hexyl, pentyl or octyl, or a
cycloalkyl group with 3 to about 8 carbon atoms. A C;-Cg straight chained or

15 branched alkyl group or a C3-Cy cyclic alkyl group is also referred to as a “lower
alkyl” group. Suitable substituents for an alkyl group are those which do not
substantially interfere with the anti-cancer activity of the disclosed compounds.
Suitable substituents are as described below for aliphatic groups. Preferred
substituents on alkyl groups include, -OH, -NH, -NO,, -CN, -COOH, halogen, aryl,

20 Cy-Cy alkoxy, C-Cy haloalkoxy and —~CO(C;-Cy alkyl). More preferred substituents
on alkyl groups include -OH, halogen, phenyl, benzyl, pyridyl, and C;-Cg alkoxy.
More preferred substituents on alkyl groups include -OH, halogen, and C-C,
alkoxy.

A “straight chained hydrocarbyl group” is an alkylene group, i.e., -(CHy),-,
25 with one or more (preferably one) internal methylene groups optionally replaced
with a linkage group. y is a positive integer (e.g., between 1 and 10), preferably
between 1 and 6 and more preferably 1 or 2. A “linkage group” refers to a
functional group which replaces a methylene in a straight chained hydrocarbyl.

Examples of suitable linkage groups include a ketone (-C(0)-), alkene, alkyne,
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(substituted | ower alkyl), respectively. Suitable substituent iskf Ior an aryl

roup, non-aromatic heterocyclic group, an aliphatic group, a ene group

gr a hydr¥€2PYH8Boup represented by the variables in EHE/I%SP‘?O@%?U?%I

formul as described herein are those which do not significantly reduce the

bi ol ogi cal activity of the conpound. Exanples include -Ra, -OH -Br,

-d,-1, -F, -ORa, -OCORa, -CORa, -CN, -NCS, -NO2, -COCH, -SOBH, -NH2,

-NHRa, -N(R8R1 , -COOR', -CHO -CONH2, -CONHR8, -CON(RaRb), -NHCCRa,

-NRCCOR a, -NHCONH2, - NHCONR8H, - NHCON(R8R'), - NRCONHZ, - NRCONRSH,

- NRCON( RaRb) phergfeng-pthiH20- ), i esifr-(NHRar an@@cc(l\lNIRNoR@zm)emef_D‘G(s @Eig)éed\le,

- C(=NR) - NHRa,_ . =NR Q) - N(R ,8R' - NH C(=NH) - NH2, . - NH- C( =NH) - :

- ﬁ(H- ( ):NH) - NFh@%)&I pf‘i%r@x‘ W ?ﬁﬁ&‘}) 13 ﬁﬁ%@@%‘ﬁﬁﬁéﬂ aﬂ%&&@(*‘: YR RaRb)

- NRd- C( =NH) - M. SNRb1 SfahureNRas o O 2K B R MRA G 5RE) s NH2,
e R P T

- NRd- C(=NRc) - NHRa, - NRd- C( =NRc) - N( R8Rb
- S Nﬁ(Z, . S)ngbpq]ﬂ@c,io n@@gﬁxﬁicq(gma}lyzi@péf@qmggh therrCRER s actCRy=CRaRiselcCRe=CHRa,

- CR=CR8Rb; - - s s orn ke b o d O%ﬂ?; wherein Ra-Rd are each

i ndependeSnt ly aﬁe%qd%?l{ ] dgnr%? e §%‘“(?2r¥a |S§b§§t8 %ﬁ&ﬁ-@?ﬁ%‘%yﬁa@@f%&ym ic
group; or, -NdEBRE)resdnakiesy Yoget her, form an optional ly substituted _
non-aromati c heterocyclic group, wherein the alkyl, aryl and non-aromatic

heterocyclic group represented by Ra-Rd and the non-aromatic heterocyclic
group represented %BV‘%%ENI(“F?S’F?")‘? A StEugH copprd RarchchAtCcHE spamaentiisy

A1l o W 00 A gty ISP Dl BN T
- NHNHC( O) R+, UniHCH@)N(IRpic2l]y,-aNHINHOE Op NidRH)rhrandNHNHGPRRYG group has from | to
10 about 20 carbon atoms, preferably from 1 to about 10, and a cyclic aliphatic group
has from 3 to about 10 carbon atoms, preferably from 3 to about 8. An aliphatic
group is preferably a straight chained or branched alkyl group, e.g., methyl, ethyl, -
propyl, iso-propyl, n-butyl, sec-butyl, fert-butyl, pentyl, hexyl, pentyl or octyl, or a
cycloalkyl group with 3 to about 8 carbon atoms. A C;-Cy straight chained or
15 branched alkyl group or a C3-Cs cyclic alkyl group is also referred to as a “lower

alkyl” group.

The term “aromatic group” may be used interchangeably with “aryl,” “aryl

2 6 2 04,

ring,” “aromatic ring,” “aryl group” and “aromatic group.” Aromatic groups include
carbocyclic aromatic groups such as phenyl, naphthyl, and anthracyl, and heteroaryl
20 groups such as imidazolyl, thienyl, furanyl, pyridyl, pyrimidyl, pyranyl, pyrazolyl,
pyrroyl, pyrazinyl, thiazole, oxazolyl, and tetrazole. The term “heteroaryl group”
may be used interchangeably with “heteroaryl,” “heteroaryl ring,” “heteroaromatic
ring” and “heteroaromatic group.” Heteroaryl groups are aromatic groups that
comprise one or more heteroatom, such as sulfur, oxygen and nitrogen, in the ring

25 structure. Preferably, heteroaryl groups comprise from one to four heteroatoms.

Aromatic groups also include fused polycyclic aromatic ring systems in
which a carbocyclic aromatic ring or heteroaryl ring is fused to one or more other

heteroaryl rings. Examples include benzothienyl, benzofuranyl, indolyl, quinolinyl,
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-C(OCOR+, -C(OCHRCOR+, -CRR+, -C(OR+, C(ONR+)2, -0CO R+,
-OC(ON(Rt) , -S(O 2R+, -S@E2N(R+)2, -S(O R+, -NHSO2N( R+)P2, - NHSO2R+,

- C(=S) N( RYD201041828¢ =NH) - N(R+) z; wherein R+ is -H a C1PEXURW06HYEGup, a
nonocycl i c heteroaryl group, a non-aromatic heterocyclic group or a phenyl
group optionally substituted with al kyl, hal oal kyl, al koxy, hal oal koxy,
hal o, -CN, -NO2, am ne, alkylamne or dialkylamne;, or -N(R + is a
non-aromati ¢ heterocyclic group, provided that non-aromatic heterocyclic
groups represented by R+ and -N(R + 2 that conprise a secondary ring am ne
are optional bynzagykzatedeorocahkyt dredmiContmnlipolisgdissybsslidtyient s for an
aryl group r%gﬁﬁ%?qted by the variables in the structural fornmulas

descri bed herein i’ncl ude Cl-C4 al kyl, Cl1-C4 al koxy, Cl-C4 hal oal kyl, Ci1-C4
hal oal koxy, phenyl (optionally substituted with halo Cl-C4 al kyl, Cl1-C4

al koxy, C1- C4 hal oahkydrm ‘Glyledehat@alok@¥)l crb@naslch(oBs i epal iy rgubst i t ut ed
with halo C1-C4 al kyl, Cl-C4 al koxy, Q C 4 hal oal kyl, Cl1-C4 hal oal koxy),
pyridyl, -OHemagger of e mejecule gy two pther RopdsaRel waene! eGammisnthy stsetdre of a
substi t ueat s {f40 - Taft i rocyclic group, an aliphatic group,
aIkyIeneegro6€qgfﬁgkﬁ§g?%%%?%%kﬁgg%%g'represented by the variables in the
structural fornulas described herein inthMfde - OH, hal ogen, phenyl
(optionally substituted with halo G -C aljkyl, Cl-C4 al koxy, Cl-C4
hal oal kyl , Cl1-C4 hal oal koxy), benzyl (optionally substituted with halo
Cl-C4 al kyl, Cl-C4 al koxy, Cl-C4 hal oalk Cl- 4 hal oal koxy), pyridyl, and
C -C al koxy. Preferred substituents f cl oal kyl group, including

cycl oal kyl groups represented by Rl a are al kyl groups, such as a
met hyl or ethyl group. The compounds of ™% i nvention are adm ni stered by
any suitable route, including, for exanplie, orally in capsul es, suspensions
or tablets or by parenteral adm nistration. Parenteral adm nistration can
i ncl ude, for exanple, systemc A

Substituents for an arylene group are as described below for an aryl group.

Non-aromatic heterocyclic rings are non-aromatic rings which include one or
more heteroatoms such as nitrogen, oxygen or sulfur in the ring. The ring can be
10 five, six, seven or eight-membered. Preferably, heterocyclic groups comprise from
one to about four heteroatoms. Examples include tetrahydrofuranyl,
tetrahydrothiophenyl, morpholino, thiomorpholino, pyrrolidinyl, piperazinyl,
piperidinyl, and thiazolidinyl.

The terms “lower alkoxy”, “lower acyl”, “(lower alkoxy)methyl” and
15 “(lower alkyl)thiomethyl” mean to -O-(lower alkyl), -C(O)-(lower alkyl), -CH,-O-
(lower alkyl) and -CH»-S-(lower alkyl), respectively. The terms “substituted lower
alkoxy” and “substituted lower acyl” mean -O-(substituted lower alkyl) and -C(O)-

(substituted lower alkyl), respectively.

Suitable substituents for an aryl group, non-aromatic heterocyclic group, an
20 aliphatic group, alkylene group or a hydrocarbyl group represented by the variables
in the structural formulas described herein are those which do not significantly

reduce the biological activity of the compound. Examples include -R*, -OH, -Br, -Cl,
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adm ni stration, such as by intranuscular, intravenous, subcut an:aousb or

i ntraperi toneal i njection. The conpounds of the invention can al so be

adni nPst eVOIOWUPBISY (e.g., dietary), topically, by inhaP&T{USA00P@61#80

i ntrabronchial, intranasal, oral inhalation or intranasal drops), or

rectal Iy, depending on the type of cancer to be treated. Oral and
parenteral adm nistrations are preferred nodes of adm nistration. One
enbodi ment of the present invention is a nethod of treating a subject with
a proliferative disorder corrprl sing adm nistering to the subject an
effective armhnf ®iR a—@@@i@uF{dOB? -@NpHECARAED, HCADI: 08PYS| NN - trher eof .

Ca Iu is_one type of prollferatlve
di gg(ra(rjerl '? (k:lat g:tﬁ(g (ﬁé%%té g%‘g{}ndgoé‘f(&%% ieRt on.

Non- mal i gnant.NRmd:)Rf‘e_n\aI@@mmlm@@m‘ﬁr ﬁ}\n@t@@q (Rnehudad ddpyhe i nvention.
"Treating a subject with a ca ncer" i ncl udes ach| eV| ng, partlélly or

substanti al | y! Roﬁ%@l\%?if{nﬂ}‘% EPINEHR % oq:fIMhinzaﬁ(’eEﬁ)ﬁ\giRhe growt h or spread

of acancr,_qu&q t a~ r ag S|ze of a
tunor or ?edugl ng %ﬁ}g% er o@ﬂ flﬁf{& & aI{shlc{\t e§’§‘ﬁ “hhi Iﬁﬁq%ﬁg{l gromh rate
of a cancer, -BhieC{=0¥id}-Nig, NHiGPNOVIMGRY -SIH-a(-0aH) m(mqti m or indicator
associ ated wi serum co ent s) and/or

tﬂg %53\1} (suchcz%§ tissue or
reduci ng t he TiiKel o ~t'He bé\%&mi{%euw{r@@“ﬂhéé\f fas been renoved or
gone into remﬁslcqugjl tN}qas\;p\e@Eﬂs} )NHI%‘ ycfcgg ﬁ\i@ nthe transition

metal chel ates, coordinat@s or conplexes ’di scl show sufficient
anti - cancer aNf{?J@(FMbeth,k%Jde@(mW)Mﬁk“e -NRf- O@NM)%(X&W}‘JSMN% vell as in

h oth Li f t 't
her ap; b0 1 A pAREECarARAORE SRQe o R OrS UG SRR an6 iR et al _chel at s,
coor di nat es orgeorpkexeg - frGonpaundsyof gghﬂggi r%@% %g\EJ?%é%E@I ent

Nos. 6,800, 660; 6, 762, 204; 7 037, 940: have
sufficient ant(Qdineéercacki-wi nye dach n&ilepertdhem sruahkgbgtemf) afromatic group,

non-aromatic heterocyclic group; or, -N(R’R"), taken together, form an optionally
substituted non-aromatic heterocyclic group, wherein the alkyl, aryl and

15 non-aromatic heterocyclic group represented by RR® and the non-aromatic
heterocyclic group represented by -N(R*R) are each optionally and independently
substituted with one or more groups represented by R”, wherein R” is R”, -OR”,
-O(haloalkyl), -SR”, -NO,, -CN, -NCS, -N(R"),, -NHCO,R", -NHC(O)R",
-NHNHC(O)R", -NHC(O)N(R"),, -NHNHC(O)N(R"),, -NHNHCO,R",

20 -C(O)C(O)R", -C(O)CH,C(O)R, -CO,R”, -C(O)R", C(OIN(R™),, -OC(O)R",
-OC(O)N(R"),, -S(0)2R", -SON(R "), -S(O)R”, -NHSO,N(R™),, -NHSO,R ",
-C(=8)N(R"),, or -C(=NH)-N(R"),; wherein R" is —H, a C1-C4 alkyl group, a
monocyclic heteroaryl group, a non-aromatic heterocyclic group or a phenyl group
optionally substituted with alkyl, haloalkyl, alkoxy, haloalkoxy, halo, -CN, -NO»,

25 amine, alkylamine or dialkylamine; or -N(R "), is a non-aromatic heterocyclic group,
provided that non-aromatic heterocyclic groups represented by R* and ~N(R"), that
comprise a secondary ring amine are optionally acylated or alkylated. Commonly
used substituents for an aryl group represented by the variables in the structural
formulas described herein include C,-Cy alkyl, C;-Cy alkoxy, C;-Cq halealkyl, C,-Cy

30 haloalkoxy, phenyl (optionally substituted with halo C,-Cy4 alkyl, C;-Cy alkoxy,

-21 —



nonot herapi es, as well as in conbination or in co-therapies with other anti
proliferative or anticancer therapies such as paclitaxel. O her

anti prol iWe28tW4&284r anticancer therapies may be conbi n@ET(HSEHoLAs0

conmpounds or the pharmaceutical conpositions of this invention to treat
proliferative diseases and cancer. Exanples include combination therapy
with other anti-cancer drugs, surgery, radiotherapy (including, but not
limted to, gammaradi ati on, neutron beam radi ot herapy, electron beam

radi ot herapy, proton therapy, brachytherapy, and systemc radioactive

i sot opes), t kerrlalaaied apy Ci sadealkpay), ocamplogiotdls. suﬁuhhic‘da\tltm 1N, -(2008/ 01

b f )
and. ohdoor | na P har sy CLRGY e EARY - GeBACRRE it DY) DO Mol R

conbi nati on wi'thBt, hl’e -SORRAURdS. omoﬁaﬂl@n@h@tmqueﬁﬁlfopmb Hh RIS Of the
present invention include biologic response nodifiers (including, but not

limted to, H@W@P‘bﬁé)uf’ﬂ%’t%ﬁphmgfﬂpa adlfpdenegronp mhnhosarbﬂ(‘groma (TNF)),
hypert her g a &eﬁge}f%gqgé 92? ol RIE eS¢ gmg%g%g%l és?céeggx g %§1§§§L uc egitﬁs,f i o

(e.qg., antle tics er approve

exanpl es of ampg@a@haﬁyliﬁ@&ﬂiﬁﬂ%@agd&ﬁwwhﬁﬂa%nﬂ det a1, @?Jc%ﬂ“Pszeé erably,
the co-adm n stgl%ed anti-cancer drug is an agent that stabilizes

m cr ot ubul es 'HERD - Cpdeiqatkore, %W%ﬁ‘?}&h@pﬁgb‘éﬁﬂm@ ithkelo, Gaticeks!, t hat
can be treat @qthra]wx@vemﬂa;%x I, ELNAARARL) [P S3e ! cﬁﬁlle”“ on

include, but are not limted t n sarco CarC|
fi brosarcoma, nyxosarcons, Ilposarcoma chondrosarcoma ost eogeni c sarcorra,

chordoma, angi osaPtuerecd shdoubel fosanchntkyl gwﬁg?xlaxg@lﬁﬁ@arycmgl 1?%)#8?
I h nme, Mes
I grgnsgga(?ggﬂegﬁ% tlﬁ%% c?‘ggr?éo‘%ﬁ ﬁ%'g%’;’fp%asf‘ ?‘f’oan‘é‘eg‘sg%%éltgr@uléancer

breast cancer, ovarian cancer, prostate cancer, squanbus cell carcinonm,
basal cell The compounds of the invention are administered by any suitable route,

including, for example, orally in capsules, suspensions or tablets or by parenteral
administration. Parenteral administration can include, for example, systemic
administration, such as by intramuscular, intravenous, subcutaneous, or

15 intraperitoneal injection. The compounds of the invention can also be administered
orally (e.g., dietary), topically, by inhalation (e.g., intrabronchial, intranasal, oral
inhalation or intranasal drops), or rectally, depending on the type of cancer to be

treated. Oral and parenteral administrations are preferred modes of administration.

One embodiment of the present invention is a method of treating a sub ject
20 with a proliferative disorder comprising administering to the subject an effective
amount of a compound or a pharmaceutical composition thereof. Cancer, includin g
multidrug resistant cancer, is one type of proliferative disorder that can be treated
with the compounds of the invention. Non-malignant proliferative disorders are also

included in the invention.

25 “Treating a subject with a cancer” includes achieving, partially or
substantially, one or more of the following: arresting the growth or spread of a

cancer, reducing the extent of a cancer (e.g., reducing size of a tumor or reducing the
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carci noma, adenocarci noma, sweat gl and carci noma, sebaceous gl and
carcinome, papillary carcinoma, papillary adenocarcinomas

cystadené@QF@‘WHﬁ§4 medul | ary carci none, bronchogeni c cREEUSSHOSHENal cel |

carci noma, hepatoma, bile duct carcinone, choriocarcinona, semni noma,
enbryonal carcinoma, WIms' tunor, cervical cancer, testicular tumor, |ung
carcinoma, snall cell lung carcinoma, bladder carcinone, epithelial
carcinoma, glioma, astrocytoma, nedulloblastoma, craniopharyngi ong,
ependynonma, pineal ona, henmangi obl astoma, acoustic neurong,
oI|godendrogmpﬁﬁﬂrﬁﬁﬁﬁwﬁéwd HmémwmQMBgﬂnehnabmasmamnxgﬁ@ﬂkﬁ&b@&&tOﬁa

| eukem as ukenla and .acyte nyel ocytic | eukem a

(nyeloblastlh%p%wggu ﬁn%%? hOC %ﬁﬁf ’ﬁ%@??ﬁemaﬁﬂﬁ%’&Q?%“%h@“dﬁa@ﬁﬁm@Of
eryt hr ol eukegérah L(ﬁlﬂf(ﬁ@ﬁt@) izﬁi%?%@&l @n( e %Rbl@ld&%f%@dﬂ%&t@&ﬁﬂ&l é QfYd J; C)

| eukem a and_chronic | ynphocytic | em a) d polycythem a Vera,
(Hodgki n' s dhaebesa ramav QQQGQKPmﬂBBﬂpsease) mul tiple nyel oma,
Wal denstrobm s nacroglobullnenla and heavy chain di sease. O her exanpl es

o eukentas el g seut &, andh o el ouL UK S5y LRIRGHLL

| eukem a (e.g., as exenp | nur i

granul ar Iynphonypmxmmhukanﬂamﬁanﬂmhmnwﬁﬁaha&hk@nhﬁu&ﬁﬁﬂﬁmsﬂﬁwﬁ%hm
| eukem as, ]8{ T-cell | eukem a ( ., as exenplified by the CEM Jurkat,

and HSB-2 (actta®)e VAN erARSSn) W%M iny HOH%I)MW oF WS@W’% wzé*wélm* a, and

T- 1 ynphobl ashﬁtﬁ }(ﬁi‘f&@m@or ﬁm@%du {HRpem StiBular %ha%g)% H b y the SB
(acute) cell |ne) , and B-lynphocytic Ieu em a; ‘m xed ce eu enlas,

e.g., B and Tagelitn ineuuk emldeandoBirand ochzyxpmbaamﬁaom;ioau&cﬁ@ﬁ tag nyel oi d

Ieukenla ranu uke 0 |cI kenla . 9., as
exenpl i f ?Oed B@r %ﬁ%%“ﬂﬂ%@cﬁﬁg% 8¢ @6(% 76?&:%) 84%7@(5%9%% aiad
| eukem a (e. 8.9243$2 exeABlel shifGedd¥int 8ndtp82iiGhb %k‘é)théh? kﬁlntalbll@ﬁ)}
neut rophilic I eukeni a; eosi nophilic | eukem a; nmonocytic |leukema (e.g., as
monotheraples as well as in combination or in co-therapies with other anti-

proliferative or anticancer therapies such as paclitaxel.

Other anti-proliferative or anticancer therapies may be combined with the

15 compounds or the pharmaceutical compositions of this invention to treat
proliferative diseases and cancer. Examples include combination therapy with other
anti-cancer drugs, surgery, radiotherapy (including, but not limited to, gamma-
radiation, neutron beam radiotherapy, electron beam radiotherapy, proton therapy,
brachytherapy, and systemic radioactive isotopes), thermal therapy (see, for

20 example, U.S. Publication No. 2008/0119440, the entire teachings of which are
incorporated herein by reference) and endocrine therapy. Other anticancer agents
that may be used in combination with the compounds or the pharmaceutical
compositions of the present invention include biologic response modifiers
(including, but not limited to, interferons, interleukins, and tumor necrosis factor

25 (TNF)), hyperthermia and cryotherapy, agents to attenuate any adverse effects (e. 2.,
antiemetics), and other approved chemotherapeutic drugs. Specific examples of
anticancer agents are described in detail below. Preferably, the co-administered
anti-cancer drug is an agent that stabilizes microtubules, such as paclitaxel or an

analog of paclitaxel.



exenplified by the THP-1 (acute) cell line); nyel omonocytic |eukem a;
litype el oid | eukem a; and nonl ynphocytic | eukem a. O her exanpl es

y?eﬁgukeﬁgé%%sﬁéscri bed in Chapter 60 of The Chenot h&F3f{p288{Ft8book,

M chael C. Perry Ed., Wllianms & WIllians (1992) and Section 36 of Holl and
FHe Cancer Medicine 5th Ed., Bast et al. Eds., B.C Decker Inc. (2000). The
entire teachings of the preceding references are incorporated herein by
reference. Additional cancers that can be treated or prevented by the

met hods of the present invention include, but are not limted to oral
cavity and phar ynxc%@ﬁ@éh%t,caﬂrbém@lﬁedgrpmgmedbmﬂtﬁihﬁthpdil@ﬁﬁf[mgpr@@,ag ot her

i : - dl.gest]ve syst ncers, including esophagus, small
i est i ne, ' r ot e andh@E 3L 8 oY 0 CIRER Citreivand aamoRtahBpat | ¢ bi | ¢

duct, gal | bl atidesaramth, ot h@karbbhh AfssaPENE! @881 OhD &l BLOaS ik ¥EmS rgans,
r espi rgt ory system cancers, including |larynx and br onchus?’grgone and j oi nt

cancers; sof t“'P¥8 e P AT ¢IRh g febeltosaicameelysiphgegiptaatorsy st em cancer s,

i i hB.: UXshed L1 vary...vul va . vagi na and ot her
goni tal | 7 ol DR BRI SER, COR e ARt S Qi D Syt em
cancers, i ncI1@ﬂ’dim’gw(ixdn%thwmy@naboxpe,lcfbic_ﬁu, caddiflortfi §la@Ereainelc ALBEhrMLi Nary
organs; eye %nd orbit. cancers; |eukem a, incl Udllﬂg acute rryel 0|]d | eukem a
and chroni c nyeroi @4 8ukEHTh Prosip A cenedimmtitcell Chsinginge bagédelhet hod i s

| i dt ' ehfeetbMerin & ' ject. with non-solid
amor s such ag Bl (T o e yel o 1o anat kar TSRl il kol 8o

met hod i s belfeBNI8W taocibemparapiltuy addnvca‘biﬁﬂenfak,\tﬁstlaéﬁif@&?cinﬁzﬂe@kﬂéﬁﬂmy( €9,
e i - B- as
as exempl jfi by Jur kat apd. CEM.cel | | ines), B-leukema (e.g., as
exenpl i 11 8d %gme%gws%m@gwmwfsmwwﬁm e F%W&%WEW@)@WU? hed by
the HL-60 celchrelriong) bhé&i&*afdﬁ%xﬁ@;rs%%nﬁa?crgbreyoﬁ?l c%%‘(gg@]gé fWﬁg’lS%E}tOlr,e ,E
cell line); nonocytic |eukema (e.g., as exenplifie yte_ -1 (acut e)
cell line): &Ryical cancer, testicular tumor, lung carcinoma, small cell lung carcinoma, bladder
carcinoma, epithelial carcinoma, glioma, astrocytoma, medulloblastoma,
craniopharyngioma, ependymoma, pinealoma, hemangioblastoma, acoustic
15 neuroma, oligodendroglioma, meningioma, melanoma, neuroblastoma,
retinoblastoma; leukemias, e.g., acute lymphocytic leukemia and acute myelocytic
leukemia (myeloblastic, promyelocytic, myelomonocytic, monocytic and
erythroleukemia); chronic leukemia (chronic myelocytic (granulocytic) leukemia
and chronic lymphocytic leukemia); and polycythemia vera, lymphoma (Hodgkin's
20 disease and non-Hodgkin's disease), multiple myeloma, Waldenstrobm's

macroglobulinemia, and heavy chain disease.

Other examples of leukemias include acute and/or chronic leukemias, e.g.,
lymphocytic leukemia (e.g., as exemplified by the p388 (murine) cell line), large
granular lymphocytic leukemia, and lymphoblastic leukemia; T-cell leukemias, e.g.,

25 T-cell leukemia (e.g., as exemplified by the CEM, Jurkat, and HSB-2 (acute), YAC-
1(murine) cell lines), T-lymphocytic leukemia, and T-lymphoblastic leukemia: B
cell leukemia (e.g., as exemplified by the SB (acute) cell line) , and B-lymphocytic
leukemia; mixed cell leukemias, e.g., B and T cell leukemia and B and T

lymphocytic leukemia; myeloid leukemias, e. g., granulocytic leukemia, myelocytic
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| ynphoma (e.g., as exenplified by the U937 cell line).In another _
enbodi nent, the disclosed nethod is believed to be parti cul ar(lﬁé effective
in treatiWg281%WeBdct with nelanoma. In another enbodi mBRTUSEHR/OGIHEL| osed
nmethod is believed to be particularly effective in treating a subject with
renal cell carcinonma. The disclosed method is particularly effective at
treating subjects whose cancer has become "drug resistant”. A cancer which
initially responded to an anti cancer drug becones resistant to the
anti-cancer drug when the anti-cancer drug is no longer effective in
treating thelaibinette s asrexemplifehbethe HovOdpanpletycyrmnyl] tinaprsd Wi | |

initially re treatnent with an.anti-cancer drug .by decreasing in
IsimzeI gr )e/venﬂg%lib%ge}lﬁ?unstlgﬁ(regﬁla sPon° e’iﬂﬂp}l ‘Fglbéié@%ﬁgsz Ec_é‘é‘?rg?b)afﬁ‘gé“f&) t he drug.
Drug resi st antuttapiicslcakeniahassawheilicdetkea;ansRIWIPIduREMAS (clhekr growt h
and/ or reappearance after having seemingly gone into rem ssion, despite the
admi ni strat i 8%@*8@@%@@@3@%&%@ celf lipple mawtamaranrier ledkayia; E‘acgiélg s t hgt
h devef oped, 85 S; we r Li-cancer, drugs are.said to be
"arruvleti -edr%gpr Si's éﬁ‘?%ﬁ‘%%%{?&é%@rﬁﬁf}@?@? g%/tgq%%kel 1o} &:I)l?ei 65%881?3(’{0 become
resi stant tolddheeesore dorebanhiCleane én oﬁg’ﬁ@mem@ifh%@})yfﬂoié@?e@écimiﬁlhae}
nti-cancer nts and at tines ten or nore anti-cancer agents. Numerous
ﬁon- cancer d.ﬁgggggg%h%@hxw VSN 61 BR) AypeeqpsBordr anlinud Fc’:g’! (Farq‘govw h,
termed hyper i; ef et n, N iferative, di sorder"”,
" ﬁyper pr)cl)loi fg{%%%e&???ér or %}"dr]'gin "‘%Qﬁ’%‘g{% 0% gi;o(ae}lt() ?'oﬁﬂ%l&gg? Eéfﬁmg? EF used
i nt er changeabBlepre@dmpanfeacdics easeccoporaedihealtn sondéthan i nvol vi ng
pat hol ogi cal growth of cells. Such disorders include cancer. Non-cancerous

prol e ve O sqflgl RS RIBO THRELS CoLl Al Tergt o et em e
I di opat hi ¢ cpfedimrapabihclldePbis 8¢ Y§tNBRBI0S Wsal chety RAPAMNYnx &mnbers,
including tongue, mouth, pharynx, and other oral cavity cancers; digestive system
cancers, including esophagus, small intestine, rectum, anus, anal canal, anorectum,
liver and intrahepatic bile duct, gallbladder and other biliary, pancreas and other
15 digestive organs; respiratory system cancers, including larynx and bronchus; bone
and joint cancers; soft tissue (including heart) cancers; genital system cancers,
including uterine cervix, uterine corpus, ovary, vulva, vagina and other genital,
female, testis, penis and other genital, male; urinary system cancers, including
kidney and renal pelvis, and ureter and other urinary organs; eye and orbit cancers;

?

20 leukemia, including acute myeloid leukemia and chronic myeloid leukemia.

In one embodiment, the disclosed method is believed to be particularly
effective in treating a subject with non-solid tumors such as multiple myeloma. In
another embodiment, the disclosed method is believed to be particularly effective
against T-leukemia (e.g., as exemplified by Jurkat and CEM cell lines); B-leukemia

25 (e.g., as exemplified by the SB cell line); promyelocytes (e.g., as exemplified by the
HL-60 cell line); uterine sarcoma (e.g., as exemplified by the MES-SA cell line);
monocytic leukemia (e.g., as exemplified by the THP-1(acute) cell line): and

lymphoma (e.g., as exemplified by the U937 cell line).
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di abetic retinopathy or other retinopathies, cardiac hyperplasia,
reproductive system associ ated di sorders such as benign Erostati C
hyper pl asVQ 28H@483%4ri an cysts, pul nonary fibrosis, endon®fA{l5d90/061480
fi bromat osi s, harnmatonas, |ynphangi omatosis, sarcoi dosis, desnoid tunors
and the like. Smooth nuscle cell proliferation includes proliferative
vascul ar disorders, for exanple, intimal snooth nuscle cell hyperplasia,
restenosi s and vascul ar occlusion, particularly stenosis follow ng
bi ol ogi cal l y- or nechani cal | y-nedi ated vascular injury, e.g., vascular
injury associ at ed niapathpagmrshimantg hoplisstspd oretlvalsie bblasved te bopiusiculvay eover ,
intimal snootda.pusc er.pl.asi a can include hyperplasia in snooth
muscl e ot her than tllf‘%gre\%g’!éé)%h%tgﬁé#e‘”‘flgbmgl.a?mﬂ?rper plasia in bile duct blockage,
in bronchial airways of the lung in asthma patients, in the kidneys of
patients with rendhahmhershbddiabnf iloriesised aRethddhebtliked (NoD» GRARGEN OUS
proliferative_disorders al so include hyperproliferation of c%l s inthe
skin such as ‘pSorica8iteatipge pelics) sy ihegndicehiceminoney s, Reiter's syndrone,
pityriasis rubra pilaris, and hyperproliferative variants of disorders of
keratini zation (e.ge.diR€skDhfkakerab9s L& e Sl cleroder ma,
and the |like. Drugs that can be ulsgﬁ :Cﬁlarégggilcéntgﬁl%g%%%\tﬁ?%hﬁ%%%g’@b%&nds of
t he inventi ol besdacomepdtigensiswit’ hA aapreo it @riaitiaVie reippaa e sueh- as
cancer, or to redyce the likel {?h?tod of the reoccurrence of a proliferative
di sorder such A8 Carcar MPhEPIRa! oghie at-sanest diugiyheadhe snti-ogicepiinig, 95
di hydr oxyvi t aoiléhdadefreetet iy B¥htuloagh bibjaiwiat 8L 0NGer a0k 8L URL I 0,
acyl ful vene; adecypenol ; adozel eg’s%i n; él desl euki n; elALL- %{Hg%fg’arg%% sts;
al tret ani ne; "HRYAVGIE tRiHaHY espensikio teninios tiithe st qaobeviulid hy deacisthg in
anrubicipy a LNne; agrel i de. anastrozol.e; andrographolide;
angi ogenesi sg?%%f E\fq“t%o%ogx?é’ %Eﬁ %é%%ﬁ!%l%’ OEJ,%’ tﬁ%ég%f%"fﬁ’? “g&h{?‘érdé%%j,m%
anti - dor sal i zéshganmonphegeneiai@dized 8 Breskinp@dhio@ R 0g6RH ROSt ati c
carci nonma; antiestrogen; antineoplaston; antisense

reappearance after having seemingly gone into remission, despite the administration

of increased dosages of the anti-cancer drug. Cancers that have developed resistance

to two or more anti-cancer drugs are said to be “multi-drug resistant”. For example,

15 itis common for cancers to become resistant to three or more anti-cancer agents,

often five or more anti-cancer agents and at times ten or more anti-cancer agents.

Numerous non-cancer diseases involve excessive or hyperproliferative cell
growth, termed hyperplasia. As used herein, the terms “proliferative disorder”,
“hyperproliferative disorder,” and “cell proliferation disorder” are used

20 interchangeably to mean a disease or medical condition involving pathological

growth of cells. Such disorders include cancer.

Non-cancerous proliferative disorders include smooth muscle cell
proliferation, systemic sclerosis, cirrhosis of the liver, adult respiratory distress
syndrome, idiopathic cardiomyopathy, lupus erythematosus, retinopathy, ¢.g.,

25  diabetic retinopathy or other retinopathies, cardiac hyperplasia, reproductive system

associated disorders such as benign prostatic hyperplasia and ovarian cysts,
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ol i gonucl eotides; aphidicolin glycinate; apoptosis gene nodul ators;
apopt osi s re ul at ors; apurinic acid; ara-CDP-DL-PTBA;, ar gl ni ne deam nase;

asul acri N0 2B104HBBH ane: atrinustine: axinastatin 1: axi B&IfUsge0g/061480

axi nastatin 3; azasetron; azatoxin; azatyrosine; baccatin Ill derivatives;
bal anol ; batimastat; BCR/ ABL antagoni sts; benzochl orins;

benzoyl staurosporine; beta | actam derivatives; betaal ethine; betaclanycin
B; betulinic acid; bFGF inhibitor; bicalutamde; bisantrene;
blsa2|r|d|nylspern1ne bi snafide; bistratene A; bizelesin; breflate;

bropi ri mi ne; pbhmmar)t Gbrosis buidhinehiave, §biohoxésis, hermaahe, E)jahplwxlgxon@@b@h%tl n

C, canptot hec er.ivati v canary | L-2; capeci t abi ne;
car boxam de- ?ff’hc% ¥ i’5787 th@&‘fqbagﬁlﬁg‘?mﬁfbt riazol e; CaRest MB; CARN 700;
cartilage derived inhibitor; carzelesin; casein kinase inhibitors (I COS) ;

cast anosper m ne; smz)bepﬂnas& ueﬁﬁjﬁxbﬁfe@hlc}ﬁ,m@lb&&rﬂr%feizﬁﬂ%%&%%@@%@éér
sul fonam de; _cicaprost;. cis-porphyrin; cladribine; clomfene anal ogs;

cl ot ri mazol eforEspnpEnipsinl W‘O@@I‘W%WW)’B@YPMWrfétea§$latdmhvmular _
conbr et as{ at b&hﬁ’sg&ggr | 1@9%@%?@ '0555 i&ﬂ?qug\ﬁfzokgépai%« m%{.l'ha?ng%diyﬁ%%cﬁg%g tophycin

8; cryptophycin vatives, curaci

cycl apl at am vayplemyginy; egyvasrcahsr gugchkasiatewita pudbot igid@ek Pb: vaytiast at i n;
dacl i xi mab; decitabi ne; deh%/drodl demmin B; deslorelin; dexanethasone;

dexi f osf ami d&<NYLR MFEXGHNIRELRIY a}HSPle il Aypplonia cauigdmsi pBplaiadox
di et hyl nor spgr g ngﬂsﬂwacjpér ﬁqaxﬁﬁ@@é& f’e Lﬁ? hﬂ rgff%g&'ﬁ' e, cﬁxcpg%&yag@
OXI

spi ronusti ne; docosanol asetron; ol oXi T ene;
dr onabi nol ; ﬂxhromhm@nuwasApf éiaée‘ngeim;asémmmﬁknmﬂn teeleidh o oTeiatiedr ecol omab;
eflornit el enene; rubicin; epristeride; estranustine

anal og; tr@é‘é‘rfn%%ﬁ ‘%F mi"’é’s‘r[“}do%éﬁk%nt agoni sts; etani dazol e; etoposide

phosphat e; exenestane; fadrozole; fazarabine; fenreti nide; filgrastim

finasteride; flavephldafi@rousifregetastiingrqdd &E%h}%ﬁﬂ@@w?@ﬁpwﬁéﬁgbﬁ‘@i cells

fl uor odaunoruni ci n hydrochl oride; forfenirnex; fornestane; fostriecin;

f ot enust i ne: mgtggélpp fH¢ihgs psoriasis and its varied clinical forms, Reiter's syndrome,
pityriasis rubra pilaris, and hyperproliferative variants of disorders of keratinization

(e.g., actinic keratosis, senile keratosis), scleroderma, and the like.

15 Drugs that can be used in combination with the compounds of the invention
to treat a patient with a proliferative disorder such as cancer, or to reduce the
likelihood of the reoccurrence of a proliferative disorder such as cancer, include, but
are not limited to: 20-epi-1,25 dihydroxyvitamin D3; 5-ethynyluracil; abiraterone;
aclarubicin; acylfulvene; adecypenol; adozelesin; aldesleukin; ALL-TK antagonists;

20 altretamine; ambamustine; amidox; amifostine; aminolevulinic acid; amrubicin;
amsacrine; anagrelide; anastrozole; andrographolide; angiogenesis inhibitors;
antagonist D; antagonist G; antarelix; anti-dorsalizing morphogenetic protein-1;
antiandrogen, prostatic carcinoma; antiestrogen; antineoplaston; antisense
oligonucleotides; aphidicolin glycinate; apoptosis gene modulators; apoptosis

25 regulators; apurinic acid; ara-CDP-DL-PTBA; arginine deaminase; asulacrine;
atamestane; atrimustine; axinastatin 1; axinastatin 2; axinastatin 3; azasetron;
azatoxin; azatyrosine; baccatin I1I derivatives; balanol; batimastat; BCR/ABL

antagonists; benzochlorins; benzoylstaurosporine; beta lactam derivatives; beta-
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texaphyrin; galliumnitrate; gal ocitabine; ganirelix; gelatinase _

i nhibitors; gentitabine; glutathione inhibitors; hepsulfam heregulln;
hexanethﬁwgﬂg“wﬂ§%%etanlde hypericin: ibandronic acid: PLAASAYPEPHI0

i doxi fene; idramantone; il nofosine; ilonastat; |n1dazoacr|dones i m qui mod;
i mmunost i nul ant peptides; insulin-like growth factor- 1 receptor inhibitor;
interferon agonists; interferons; interleukins; iobenguane;

i ododoxor ubi ci n; iporneanol, 4-; iroplact; irsogladine; isobengazole;

i sohonohal i condrin B; itasetron; jasplakinolide; kahalalide F;, lanellarin-N
triacetate; ﬁ@ﬁv%ﬂw@@élaﬂh@lmﬁnWMmm h@dd@?(é&tnmmtdrﬂmamamwIbﬁﬁh@cnc

| eptol statin ) I ctor eukocyt e al pha

i n!to erferon; Flesﬁ%élg ydsgg 19 ’r%ﬁ? géﬂ? ofgga” ‘Tq%%‘brbé? @rﬂ?‘é‘\‘}&ﬂ‘t soI e:
liarozol e; | bmnm %M(ﬂ@@éﬁ%@ﬁmnlld@&ﬂmthbﬁ cgb§@s@l%@r@d%t(ﬁﬁ

| i pophilic plarinum conpounds; |issoclinanide 7; |ob apl atin; onbr|C|ne

| oret rexol :  PehadARAS: ﬁ@drym%htqﬂ@ﬁéfabm@vg@gb@taﬂmsie hoxor irtauzule | urt ot ecan;

utet | um { exaphye ol ysolixl Cufe Y GupoRbides.. i Lapsine,  mennost at

A; mari mast a maspi n

met al | opr ot etarasiesih; rtfwsé)hkﬁ’raSe 11171137653@@@@(‘08) r@&i@ﬁé%@ﬁmn@%&fﬂﬁ Bi cetrorelix;
nmet hi oni nase; net ocl opram de;. M F _inhibitor epri stone; ftef osi ne;

mrinostim A §ﬁ’é%€ﬁ@60cﬁ%8ﬂabn%ﬂi&%@@@mapfﬁﬁ& @’gﬂ@ﬂ@m@m plagobiact ol :
m tonyci n angl,Qgfne %&19%@‘210@%&8 QLA r{gzcjn }Qf ob; %1%%% bg‘%}?hﬁ% r{éﬁ? porin;

m t oxantrone; nof ar ot ené; nol gra%%stlnl monoc

chorionic gon@dmtemphnmnalng;mmhg)mnhwqmbdsuﬂuﬂwﬁwgkh&m erﬁ/pw@my@hl& wal I sk;

nopi dam)i)(' mul t he dru ¢ §| stance. gene nhl blég mul tiple tunor

suppr essof 1“88%% y?ﬂé* d‘%ﬁsf%?&“éhﬁﬂt REEAD §€H§T€ﬁ?gﬁﬁ@ﬁ Kide B;
cobacteri al i rd

N subst i tut eg%ﬁ*#;;%’éwés%%i&i“;gédt% D B R, Sh R dechsbine

napavi n: naphtherpiddennzn fogedsteling davedaplaatriendenitntumibe:cicntaznericdr oni ¢

acid; neutr adexevgga?agmﬂt Idg%sngnen Id& c%nanrlrxl} gechdo;( Sc? g%y no;rspgxl'r;[xlrrxle Cdlg))/(clirge&
azacytidine; 9- dioxamycin; diphenyl spiromustine; docosanol; dolasetron;

15 doxifluridine; droloxifene; dronabinol; duocarmycin SA; ebselen; ecomustine;
edelfosine; edrecolomab; eflornithine; elemene; emitefur; epirubicin; epristeride;
estramustine analog; estrogen agonists; estrogen antagonists; etanidazole; etoposide
phosphate; exemestane; fadrozole; fazarabine; fenretinide; filgrastim; finasteride;
flavopiridol; tlezelastine; fluasterone; fludarabine; fluorodaunorunicin

20 hydrochloride; forfenimex; formestane; fostriecin; fotemustine; gadolinium
texaphyrin; gallium nitrate; galocitabine; ganirelix; gelatinase inhibitors;
gemcitabine; glutathione inhibitors; hepsulfam; heregulin; hexamethylene
bisacetamide; hypericin; ibandronic acid; idarubicin; idoxifene; idramantone:
ilmofosine; ilomastat; imidazoacridones; imiquimod; immunostimulant peptides;

25 insulin-like growth factor-1 receptor inhibitor; interferon agonists; interferons;
interleukins; iobenguane; iododoxorubicin; ipomeanol, 4-; iroplact; irsogladine;
isobengazole; isohomohalicondrin B; itasetron; jasplakinolide; kahalalide F;
lamellarin-N triacetate; lanreotide; leinamycin; lenograstim; lentinan sulfate;
leptolstatin; letrozole; leukemia inhibiting factor; leukocyte alpha interferon;

30 leuprolide+estrogen+progesterone; leuprorelin; levamisole; liarozole; linear
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nodul ators; nitroxide antioxidant; nitrullyn; O6-benzyl gugni neé octreotide;
oki cenone; ol igonucl eotides; onapristone; ondansetron; ondansetron: oracin;
oral cyt oRPHIWHEer; ormaplatin; osaterone; oxalipl at PRIIGXHINBHFL n;
pal auam ne; pal m toylrhizoxin; pamdronic acid; panaxytriol; panom fene;
parabactin; pazelliptine; pegaspargase; peldesine; pentosan polysulfate
sodi um pentostatin; pentrozole; perflubron; perfosfamde; perillyl .
al cohol ; phenazi nonyci n; phenyl acetate; phosphatase inhibitors; picibanil;
pi | ocarpi ne hydrochl oride; pirarubicin; piritrexim placetin A placetin B
pl asni nogen &€t yapEne andlagiiliopbitic dplaattiandepaidet B phplli el Ak @gﬁﬁp@&mﬁ,&

lati numtriagm.ne compl.ex; riiner. sodium porfironycin; prednisone;
Br opyl bis- agﬁ%’rﬁ’g;&‘r‘%ﬁé%@@%&‘ﬁq@%&}‘%f%@%_@{é@%ﬁw@ﬁ brerangpetei n
A-based i munevasodul Rikefibinps l@h@ie@arﬁ'lﬂ%ﬁn%ﬁa@ﬂ ;tlgo;fylﬂh&tlﬁp?c 41@%%56 C
inhibitors, mcroalgal; protein tyrosine phosphatase 1nhi b tors, ptjrl ne
nucl eosi de pHB&EFRHFY] @%@mis‘ﬁhﬂkﬁ‘i;tIWS"{laSmﬁ;rlp@mpwpl;pyersamllcnml'l[yminm;ab}[tors;

ri doxyl ate ahi 0 |l ene conjugate; raf antagonists;

Pal it oxad: oAb N Bt P Rer P BB SR 1 as
i nhi bi tors;  mase@ARNiOMGTinhibebe nhifgtisnac daMRtdWahefin b HaN WM 8,186
etidronate; rhizoxin; ribozymes; RII retinam de; rogletimde;, rohitukine;
ronurtide; rdqH ﬁiS%%éeergﬁnH@ﬁ'éazsm;;mm}b@s@ymltmmgaﬂqgssmmdmm;
Sar CNU; sarc ro A @,ﬁg%& ‘ i PLICS; Semustine; senescence
derived i nhi g@?ﬁéﬁ%;%g%bﬁ%é%ﬁ)l I gonﬁg}fgggé%’eg?&%?xgﬁ%?’ T?fgﬂ(}éﬂ}fe_tl on
i nhi bitors; siggamostimnswuctibod anobludyahomsn ci&}ritgﬂi@g{ﬁﬁag@o;ﬂﬁlﬁ;lh genl- bi n;:h ?g

rotein;  sizoflran, sobuzoxane, sodi um boroc tate; .sodi um phenyl acetate;
Eol ver ol ;léso qngprﬂtaqpﬁo ?’ﬁaﬁ@ﬂﬁ?/%%mu%%lewéf AT EC R ﬁﬂ@lﬁmglo: canycin
D spi ronust ir&i@startRloBRORAMiIR: mSRANALSLAb T rds o SANAAM NSy SLEM. G ©
i nhi Ei tor; strée}%r?:lel Ig@di Vi silgn’ nilnh:ﬂbi tors; @f?sg? am %é’a .s({}rpoyr’rz] 5 sﬁ“ﬁ
i nhi bitors; sulifanpgsicaet; myuperadts Bemyasioattial ecli whiestirna) mpePoree:; N-

ant agoni st ; %gc[t%%%n%&lgé, I\Shlgzrﬂ%rtrllnﬂéd gf\:,\xglarrlll?c%)ersl,l l?a%reﬁx;nigagésltig;
naloxonet+pentazocine; napavin; naphterpin; nartograstim; nedaplatin; nemorubicin;

15 neridronic acid; neutral endopeptidase; nilutamide; nisamycin; nitric oxide
modulators; nitroxide antioxidant; nitrullyn; O6-benzyl guanine; octreotide;
okicenone; oligonucleotides; onapristone; ondansetron; ondansetron; oracin; oral
cytokine inducer; ormaplatin; osaterone; oxaliplatin; oxaunomycin; palauamine;
palmitoylrhizoxin; pamidronic acid; panaxytriol; panomifene; parabactin;

20 pazelliptine; pegaspargase; peldesine; pentosan polysulfate sodium; pentostatin;
pentrozole; perflubron; perfosfamide; perillyl alcohol; phenazinomyein;
phenylacetate; phosphatase inhibitors; picibanil; pilocarpine hydrochloride;
pirarubicin; piritrexim; placetin A; placetin B; plasminogen activator inhibitor;
platinum complex; platinum compounds; platinum-triamine complex; porfimer

25 sodium; porfiromycin; prednisone; propyl bis-acridone: prostaglandin J2;
proteasome inhibitors; protein A-based immune modulator; protein kinase C
inhibitor; protein kinase C inhibitors, microalgal; protein tyrosine phosphatase
inhibitors; purine nucleoside phosphorylase inhibitors; purpurins; pyrazoloacridine;

pyridoxylated hemoglobin polyoxyethylene conjugate; raf antagonists; raltitrexed:

30 ramosetron; ras farnesyl protein transferase inhibitors; ras inhibitors; ras-GAP
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gl ycosam nogl ycans; tallinustine; tanoxifen nethi o::li de; ta:Jr onust i ne;
tazarotene; tecogal an sodium tegafur; tellurapyrylium telonerase
i nhi bi t or'¥O WP m t enpzol omgde t eni posi de: t et r ac RCSABSAWAEIPYe:
tetrazom ne; thaliblastine; thiocoraline; thronmbopoietin; thronbopoietin
mnetic; thymal fasin; thynopoietin receptor agonist; thyrmt rinan; thyroid
stinulating hornone; tin ethyl etiopurpurin; tirapazam ne; titanocene .
bi chl oride; topsentin; toremifene; totipotent stemcell factor; translation
inhibitors; tretinoin; triacetyluridine; triciribine; trinmetrexate,;
triptorelin; lﬁmbmrs@tqﬂmﬁnetdﬁmﬁtyéﬂwd@hemlymd@l 116 dtidnase:; irnhb it O & ymes;

nital sinus-derived growh

ooy bitory 1 AEer R Ve ERNE B s aRR e BuinGag dutipenc Baf' ol i n B
vector systemboeyly biiQoytseinggine JaheNapyircMeyasesQhiorMBE AT NG 1MEHALRS;
verteporfin; vinorelbine; vinxaltine; vitaxin; vorozol e; zanot erone;

zeniplatin:; HNMEEEErENCKAFCACHYSd BNTTHLos | sraramégonuPeetidast @dnééddl ti onal
ant i - cancer gﬁﬁ!ﬁ%c neinﬁl tlQHOE éi%'ngdl, an hﬁ)lﬁ%%&gl{]ﬂ lgx ﬁa ﬁntggheé} %BW]%UH ds

t her apeutic antlbo les that’ c be used in co

of the i nvenpmmmn'twdfnaatsommtha kediaini bogo db &0y d@cﬁmﬁi{ﬂi&nﬁl&c&@t@cﬁﬂvezm to
reduce the I|ikelihood of the reoccurrence of a proliferative disorder such
as cancer, i MEndgECHROBHRE AROC SeneEHNY %’aﬁERQEP‘l}I N(eAMYCTR Bst uzurrab)

(Genent ech : ?EB‘?U nocl o i bod r the
treatnent of %Qé)t%ﬁtﬁg Sﬁm Phet ég g a%gr éa cgﬁgeﬁg%lﬁﬁ%gﬁ&&}r tt %c? @l mab)
(Cent ocor) whiveshori mhantoantiighyatprodredinsih Inbiﬂblkdra, suefoepiner spardetiee pl at el et s
for the eventlgn of clot formation;. ZENAPAX(r) (daclizumab) (Roche

Phar macelit i ¢ 41828t drAhREA ARk oSt Wafhﬁ%%é@ﬁbﬁé’é%’iﬁ@@m»hﬂﬁﬁﬁﬁi ed
anti - CD25 ”D%%@O%éégl(ﬂih@r?%ahg’qgﬂmﬁﬁ{mé henprieventih ;i Rf tﬁ?&ﬁ@sﬂn@ﬂ? barBlchograft

rej ection; is anurine anti-1 /-1 ace antigen
| gQRa anti bo@?ﬂééa@l“a%@lwl tegdwe fdamaroed rim; tBE@@lwhmdhblltfs‘Saempwﬁ"a,

anti -idiot yp%n{o%melgé ttgrgge)gsulicg %tracflfopood%}{a()&tyo tc?razms}/ne ﬁlnzlb]asune 25

thiocoraline; thrombopoietin; thrombopoietin mimetic; thymalfasin; thymopoietin

15 receptor agonist; thymotrinan; thyroid stimulating hormone; tin ethyl etiopurpurin;
tirapazamine; titanocene bichloride; topsentin; toremifene; totipotent stem cell
factor; translation inhibitors; tretinoin; triacetyluridine; triciribine; trimetrexate;
triptorelin; tropisetron; turosteride; tyrosine kinase inhibitors; tyrphostins; UBC
inhibitors; ubenimex; urogenital sinus-derived growth inhibitory factor; urokinase

20 receptor antagonists; vapreotide; variolin B; vector system, erythrocyte gene
therapy; velaresol; veramine; verdins; verteporfin; vinorelbine; vinxaltine; vitaxin;
vorozole; zanoterone; zeniplatin; zilascorb; and zinostatin stimalamer. Preferred

additional anti-cancer drugs are 5-fluorouracil and leucovorin.

Examples of therapeutic antibodies that can be used in combination with the
25 compounds of the invention to treat a proliferative disorder such as cancer, or to
reduce the likelihood of the reoccurrence of a proliferative disorder such as cancer,
include but are not limited to HERCEPTIN® (Trastuzumab) (Genentech, CA) which
is a humanized anti-HER2 monoclonal antibody for the treatment of patients with

metastatic breast cancer; REOPRO® (abciximab) (Centocor) which is an anti-
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which is a chineric anti-EG-R |1 gG anti body (Lné:l o?ipslystgnjwbl Vi TiAXI N(tm
which is a humanized anti- Vb3 integrin antibody plie ecul ar

Evol uti onVREAI¥MEFE) ; Canpath 1H LDP-03 which is a humaRCFa2¥a0p148bs52 | gd
anti body (Leukosite); Smart ML95 which is a humani zed anti-CD33 |9gG _
anti body (Protein Design Lab/Kanebo); RI TUXAN(tnm) which is a chineric anti-
CD20 1gd antibody (IDEC Pharni Genentech, Roche/Zettyaku); LYMPHOC DE(tm)
which is a humani zed anti-CD22 |1gG anti body (I nmunonedi cs); LYMPHOCI DE(tm)
Y-90 (I mTUI’lOITEdI CS); hoscan (Tc-99m | abel ed; radi oi magi ng;

| munonedi cs)gl YUt eiA 1{1:&38 ki 19s¢pt@D8: thPpbt@eta fDebi gmvhxatm) of dBotrSatdon;

Pha i tied anti-
R T RENE o e P
anti - CD20 antliﬂlﬁﬁﬁl%&ﬁp%@v@ﬂhﬂﬁéxﬂﬂ:d’%@z@ ﬂ)LDvEgo%oaoxjral antifo me ?%/ gﬁt - CD40L

Q
anti bod IDEC/Eisai); IDECG15 1 is a primatized anti - ant %IDEC);
| DEC- 1%2(| s %4 apiHp fieited Qléftg’féﬁﬁmi@m% PM@BEH}?MM}EEGISS@MW}W S?LAART
anti-CD3 ks Pr. Is a
humani zedBanglnlc}g U%elg %y ?@oﬂ}( Vﬁi’ ‘é&#ﬁ%a’ﬂ?}‘ SBRE7 is a
humani zed antrmurm'EMlﬁﬂ 1&1‘&)&311&&((@1)3( @Qﬂ?@%ﬁ) aml@w’ﬁzﬁnl:&nés @sl - TNF-
Fab fragnent It | DEC- 1 is a primtized anti - gGI antl body
(1 DEC Phar m %th% ?ﬁé%@ﬁaﬁﬁkw OBhofs (HﬁﬁmﬁﬁﬁY%ﬁﬁ)me@GN&ntl body

(Medar ex/ Ei saiif;eRnBnantd0ns raﬁvfgaq gh gntgbcgqu%\eg %,((% %/{:%3%”} 90; NeoRx)

CDP571 is a humani zed anti - TNF-a ant| aIfDP-OZ is a
humani zed antﬁwﬂtﬂlbﬁ/l\étdinbmdy) ((meﬁisméﬂmemmﬁhi)s,a ntdodione (FIAA is a

o RS S0 L SRR ATl b T 34
anti body ( E| anibo@Nd6RTr Bedeh SaKRHERY. @A X AR, anki Pedy.Canpr i dge
CD20 IgG1 antibody (IDEC Pharm/Genentech, Roche/Zettyaku);
LYMPHOCIDE™ which is a humanized anti-CD22 IgG antibody (Immunomedics);
LYMPHOCIDE™ Y-90 (Immunomedics); Lymphoscan (Tc-99m-labeled:

15 radioimaging; Immunomedics); Nuvion (against CD3; Protein Design Labs); CM3
is a humanized anti-ICAM3 antibody (ICOS Pharm); IDEC-114 is a primatied anti-
CD80 antibody (IDEC Pharm/Mitsubishi); ZEVALIN™ is a radiolabelled murine
anti-CD20 antibody (IDEC/Schering AG); IDEC-131 is a humanized anti-CD40L
antibody (IDEC/Eisai); IDEC-151 is a primatized anti-CD4 antibody (IDEC); IDEC-

20 152 1is a primatized anti-CD23 antibody (IDEC/Seikagaku); SMART anti-CD3 is a
humanized anti-CD3 IgG (Protein Design Lab); 5G1.1 is a humanized anti-
complement factor 5 (C5) antibody (Alexion Pharm); D2E7 is a humanized anti-
TNF-wantibody (CAT/BASF); CDP870 is a humanized anti-TNF-« Fab fragment
(Celltech); IDEC-151 is a primatized anti-CD4 IgG1 antibody (IDEC

25 Pharm/SmithKline Beecham); MDX-CD4 is a human anti-CD4 IgG antibody
(Medarex/Eisai/Genmab); CD20-sreptdavidin (+biotin-yttrium 90; NeoRx);

CDP571 is a humanized anti-TNF-« [gG4 antibody (Celltech); LDP-02 is a
humanized anti-o4437 antibody (LeukoSite/Genentech); OrthoClone OKT4A is a
humanized anti-CD4 IgG antibody (Ortho Biotech); ANTOVA™ is a humanized

30 anti-CD40L IgG antibody (Biogen); ANTEGREN™ is a humanized anti-VLA-4
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Ab Tech). Chenotherapeutic agents that can be used in conbination with the
conmpounds of the invention to treat a patient with a proliferative disorder

such as cHRACBKO4EI84t 5 reduce the |ikelihood of the reoc®GIUSAWEOHH8Y

proliferative disorder such as cancer, include but are not limted to

al kyl ati ng agents, antinetabolites, nat ur al products, or hornones. Exanples
of al kylating agents useful for the treatnent or prevention (reduction in
the |ikelihood of developing or the likelihood of reoccurrence) of a
proliferative disorder such as cancer in the methods and conpositions of

t he i nventi okl mgibede (Blah); ané CAdi-151 ivilednanoyntiAl GF gijemtibudt ardsbr(deg.
nechloroethaﬂhﬂet cycl ophospham de, chlorambucil, mel phalan, etc.),

et hyl eni m ne d t hyl nel am nes (e.g., hexanethlynelanine, t hi ot epa),

al kyl sul fonates (e.g., busulfan), nitrosoureas (e.g., carnustine,

| onusi tne, senustCh@noBtRBRAIRZYER thRLE e uRk ih LhiRABBARSH (H8GRE bazi ne,
etc.). Exanples of antinetabolites useful for the treatnent or prevention

(reduction iPrEnsengs Rethp AaGation todesa P opiieny vorh a prelifdriteld dtwdercsmh as
reoccur r ence),,of, 8%%@&;56"{%5 ?%el?ﬁgf)?ggﬁlc?‘g 088”190 '(f p?cr)]hfera rative {slg yention

include but are not limt aci d ana éte) or
pyrimi di ne anahaegsar(cer, gncludd bionouradiniedftb emwmgmgem @ﬁtxﬁfe@%&bﬁ@;}g, purine
anal ogs (e.qg. r’rF 3{3 opurine, thioguanine, pentostatin). Exanples of

nat ur al prodﬁ%W? ?CFéP”?Wﬁﬁtreatnent or prevention (reduction in the
l'i kel i hood of developing or the |ikelihood of reoccurrence) of cancer in

the methods and CQWwmomyxaﬁng@%m%@m FRnd 1@5—%{%& &3% dopﬁyllrlll Ot' imted

to vinca al kaloids (e.g., vinblastin, vincristin epl oxi ns
(e.g., etoposidefion eniihpdﬁ;ﬁl@ie)od <ﬁrdtivebmmng osthedikglihoiodfi ramn:gmemdppf a

((jgugor Ubll 2:021? gg&ﬁaggzé)dlser&r Suchea%n%fi%heg' in ?hel 1%&%53 and crgzgp%n%l%lng of thenzy mes

invention include but are not limited to, nitrogen mustards (e.g., mechloroethamine,
cyclophosphamide, chlorambucil, melphalan, etc.), ethylenimine and
methylmelamines (e.g., hexamethlymelamine, thiotepa), alkyl sulfonates (e.g.,
busulfan), nitrosoureas (e.g., carmustine, lomusitne, semustine, streptozocin, etc.), or
15 triazenes (decarbazine, etc.). Examples of antimetabolites useful for the treatment
or prevention (reduction in the likelihood of developing or the likelihood of
reoccurrence) of cancer in the methods and compositions of the invention include
but are not limited to folic acid analog (e.g., methotrexate), or pyrimidine analogs
(e.g., fluorouracil, floxouridine, Cytarabine), purine analogs (e.g., mercaptopurine,
20 thioguanine, pentostatin). Examples of natural products useful for the treatment or
prevention (reduction in the likelihood of developing or the likelihood of
reoccurrence) of cancer in the methods and compositions of the invention include
but are not limited to vinca alkaloids (e.g., vinblastin, vincristine),
epipodophyllotoxins (e.g., etoposide, teniposide), antibiotics (e.g., actinomyein D,
25 daunorubicin, doxorubicin, bleomycin, plicamycin, mitomycin), enzymes (e.g., L-
asparaginase), or biological response modifiers (e.g., interferon alpha). Examples
of hormones and antagonists useful for the treatment or prevention (reduction in the
likelihood of developing or the likelihood of reoccurrence) of cancer in the methods

and compositions of the invention include but are not limited to
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or biological response nodifiers (e.g., interferon al pha). Exanples of

hor nones and ant agoni sts useful for the treatnent or prevention (reduction
in the | i‘R’QIZPWW%(Bf devel opi ng or the likelihood of re8ETMHSEUAOYSYT
cancer in the nethods and conpositions of the invention include but are not
limted toadrenocorticosteroids (e.g., prednisone), progestins (e.g.,

hydr oxypr ogest erone caproate, negestrol acetate, nmedroxyprogesterone
acetate), estrogens (e.g., diethlystilbestrol, ethinyl estradiol),
antiestrogen (e.g., tanoxifen), androgens (e.g., testosterone propionate,

f | uoxynest er gheyocodmosanddogen [redrgsonef, Ipmg:aﬁixdse():,g.,gxydad@prc@ei;mr%qel eas |h ng
hor mone anal g ..keyprolide) . O her ents that can be used in the
net hods and %/)\n‘%tr%a%?’%%é*cmg%c?g?t?{eo}ﬁ%d%)ﬁwrﬁgeﬁ%%@%%?‘ieg)aﬁaf BYTUERRS rfeat nment or
prevention (diegdugtiit@Brbinethhs] kitkald)aneesabgdenel. ORindgi o), 5&@0&%?&.&9000‘ of
reoccurrence) of cancer include platinum coordination conplexes (e g.,

ci splatin, c&pegproaeirrpionate Hliasenedeone, geiagdrogan (ogafttaond)), substit ut ed

‘ _methyl _hydrazjne derivat.i bazi ne),
ir enocort | I Sl TTMn OXSIBELOE. REROEG Mt Redtiuehl Sibone

enbodi ment, 4dee icaRPALNES B WilletheRuePLEABN CANLOBIVUSESsh fon (eoRbAaLien Wi th
an i nmmunot her apeutic agent for the treatnent of a Prql i ferative disorder
such as canc@fVerenterdpeice thhbkgliged phev¢lafing pehe Ebeldnodeiice of a
proliferativ I S0 I . : her I cal |

bi ol ogi cal r%ggdéﬁgégﬁgé?% Je%f ﬁlt%h%ir%g}gﬁfmg# %@?@%%6%&%?5? %Jebpgigl?’, i Mmune
t herapy, or bGirledpdgimgainthhemapype (sgt meakaenine}, habstinged upant.g.,of the i mmune

systemto fight disease. | ot herapy .can hel p the .i mmupe system recogni ze
cgncer clgﬁ I s}?yd%?x ﬁ@‘éﬂ’é%%‘i‘%‘i“%ﬁ}’%&tg*c@ﬂﬁf’épazd’é@i TCRGERIIHSE her api es
i nclude acti é{@gﬁggmp?@jgg MeolamEuRehhaLRRifSde)ACt | ve | mmunot herapi es

stinul ate the body's own i mune system whil é passive i munot her api es

general ly use i mune system . , ~
In one embodiment, the compounds of the invention can be used in

combination with an immunotherapeutic agent for the treatment of a proliferative
disorder such as cancer, or to reduce the likelihood of the reoccurrence of a

15 proliferative disorder such as cancer. Immunotherapy (also called biological
response modifier therapy, biologic therapy, biotherapy, immune therapy, or
biological therapy) is treatment that uses parts of the immune system to fight
disease. Immunotherapy can help the immune system recognize cancer cells, or
enhance a response against cancer cells. Immunotherapies include active and

20 passive immunotherapies. Active immunotherapies stimulate the body's own
immune system while passive immunotherapies generally use immune system

components created outside of the body.

Examples of active immunotherapies include: cancer vaccines, tumor cell
vaccines (autologous or allogeneic), dendritic cell vaccines, antigen vaccines, anti-
25 idiotype vaccines, DNA vaccines, Lymphokine-Activated Killer (LAK) Cell
Therapy, or Tumor-Infiltrating Lymphocyte (TIL) Vaccine with Interleukin-2 (IL-
2). Active immunotherapies are currently being used to treat or being tested to treat
various types of cancers, including melanoma, kidney (renal) cancer, bladder cancer,

prostate cancer, ovarian cancer, breast cancer, colorectal cancer, lung cancer,
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conponents created outside of the body. Exanpl ((as oflacti ve irm}Jlnot her api) es
i ncl ude: cancer vaccines, tunor cell vaccines (autol ogous or all ogeneic),
dendriti cWO2P1Y/448%8¢i nes, antigen vaccines, antiidiot ypeWQ@ESPWé‘@?g‘Eﬂ\IA

vacci nes, Lynphokine-Activated Killer (LAK) Cell Therapy, or
Tunor-Infiltrating Lynphocyte (TIL) Vaccine with Interleukin-2 (IL- 2).
Active i nmunot herapies are currently being used to treat or being tested to
treat various types of cancers, including nmelanoma, kidney (renal) cancer,
bl adder cancer, prostate cancer, ovarian cancer, breast cancer, col orectal
cancer, | ungleobesier plosiakerinesr, priosivdglen’s anogroms panddadgkiants, lyympbene,

pancreatic cancer, |ynphona, ltiple | oma, head .and neck cancer, liver
cancer, nal iﬁlﬁg}ﬂlé ’Bﬁygllg%dt H‘ﬁaﬁsirag‘g 5 "%[ﬁg%ﬁcv,%rd“aﬁﬁ‘?raﬁ“@}?ﬁ‘?d HAbIE B Hassi ve
i mrunot her api®snédachsidgsmaonocl onal anti bodi es and targeted th_er api es

cont ai ni ng toxins. Mnoclonal antibodies include naked antibodi es and

conj ugated antibodies (also called tagged, |abeled, or |oaded antibodies).
Naked monocl onal SRTPHEYPERISHC HBMUARNEagicd fisddsi moaasload tenteodrat @ al

att ached L j o i i re j,0ined to a

chenot heréggstr : u‘iﬁ*ct gdﬁggrrg}c%g%]l e%ﬁ?&%@%{ﬁ?&&%&g&?%}gﬂ%& i’i“é%lgaei ?%&dol abel ed), or
a toxin (i Mmaunidbdxka)d céjmgadeantibbdisa ke cmﬁ@@ig(ga@,ll:al&ﬂid, l(@@_dmdéd u?s have
been approved for. treating cancer, including: Rituxim Ri tuxan), an

ant i body aga?’ﬁ&?d’t’aﬁ)eﬁ‘@b%{gmﬁﬂ??@%aﬁ% 1S Fd v é]éllglofr’i%ﬂ“iomc}f@%ﬂ%@“al_

| ynphoma;  Tr agtHaLiRG eAHRIGRR M on R ROEY Rh o BendiipCRpot el n
used to treat advanceg %@é@g{a fJcan(?iner; ﬂAFein’[ uguﬁag%%%%arrpat hsl, anfnglh?l body
agai nst the @DZclentdlgetediseddicoctivegatti@e Gelllolabhiedpioe altytiplioeyticotieykeni a

B-CLL);, Cet yxi mab ' , ant.i body agai nst the EGFR protein used in
((:onbi n;t%oon ﬁl‘t“g%lef éﬁ%@%}?ﬂp@%{q@ ‘Eﬁ&é‘ﬁéggﬁ %eﬁ?éﬁ?@l"e HhéErtighd to

treat head cancer, including:

Rituximab (Rituxan), an antibody against the CD20 antigen used to treat B
cell non-Hodgkin lymphoma; Trastuzumab (Herceptin), an antibody against the
HER?2 protein used to treat advanced breast cancer; Alemtuzumab (Campath), an

15 antibody against the CD52 antigen used to treat B cell chronic lymphocytic
leukemia (B-CLL); Cetuximab (Erbitux), an antibody against the EGFR protein used
in combination with irinotecan to treat advanced colorectal cancer and to treat head
and neck cancers; and Bevacizumab (Avastin) which is an antiangiogenesis therapy
that works against the VEGF protein and is used in combination with chemotherapy

20 to treat metastatic colorectal cancer. A number of conjugated monoclonal antibodies
have been approved for treating cancer, including: Radiolabeled antibody
Ibritumomab tiuxetan (Zevalin) which delivers radioactivity directly to cancerous B
lymphocytes and is used to treat B cell non-Hodgkin lymphoma; radiolabeled
antibody Tositumomab (Bexxar) which is used to treat certain types of non-Hodgkin

25 lymphoma; and immunotoxin Gemtuzumab ozogamicin (Mylotarg) which contains
calicheamicin and is used to treat acute myelogenous leukemia (AML). BL22 is a
conjugated monoclonal antibody currently in testing for treating hairy cell leukemia
and there are several immunotoxin clinical trials in progress for treating leukemias,

lymphomas, and brain tumors. There are also approved radiolabeled antibodies used
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and neck cancers; and Bevaci zumab (Avastin) which is an antiangi ogenesis

t herapy t hat vvorks agai nst the VEGF protein and is used in conbination with
cherot her¥B019P48384at netastatic col orectal cancer. A nBRBES2YPOEYEY ugat ed
nonocl onal anti bodi es have been approved for treating cancer, including:
Radi ol abel ed anti body Ibritunmomab tiuxetan (Zevalin) which deI ivers
radioactivity directly to cancerous B | ynphocytes and is used to treat B
cel |l non-Hodgki n | ynphonma; radi ol abel ed anti body Tositunmomab (Bexxar) which
is used to treat certain types of non-Hodgkin | ynphoma; and i nmunot oxin
CGent uzumab o@d&é@ﬁt @fiu"ﬁ:@( Myl mf ag Q?}“xcm%mmrfocdwtecamgs:okakatmlhmamvﬁndih andeiss used

to treat acu e eukem a conj ugat ed nonocl onal
ant i body cur‘lrmedn St& % F@g?fﬁ@tzq@m?’@%ﬁp% ﬁg‘f F‘iap eél‘iR’étﬁ‘l“én«%aWé’}mcsher e
are several armmmm BXitdd t6 lgtdWiBhctbisiaali 9o inbt &f&ﬁﬁ%ﬁébcfcﬁés P\'h%"a 1?9: Jeeykem as,
| ynphomas, and brain tunors. There are al so approved radi ol abe

anti bodi es ud¥dewddetested tecapiserontainigk tel ingisGeoidsdimeifiox (Qetast wihng is

col orect Prost.asSci nt. f ectl ng prostate
cancers. %Ta?ur%fl g%?r% rzé‘?gﬁﬁ{%%l% Hf’“ﬁ?g‘c%%‘“@”ﬁ‘é Lo 1?"6’)’?}‘ }inked to growh
factors and do not contain antibodies. An exanple of an approved targeted
t her apy cont ai ni ngxaroplenst idgudeninh@ukitherdpits idcilxic(@%ldkés widihcy is used to

treat a type of skin |ynphoma (cutaneous T cell hona). Exanpl es of
adj uvant i nm#Ad ‘Elﬁﬁftﬁﬁi‘%@ﬂhﬁ&? eeleny-gyppleipg fictag LG@M F@réﬁﬁwl@‘c\w“éﬂﬁﬁm ophage

col ony- st i mughilfehd AP G GRRd o p AN QAR E+E RLEDY (Sb YL AL, NG Tact or
gmmtg?y prg éQ‘I% % -P;-al p%g |mj

(G CSF), macrophage 1 nfl éuki ns
(i ncl udi ng |intdrleukips Pipcllulling ILHL 1652, HL47]L-b1 H12, 11H2 15,15] 11-- 18,,11}:1,1- 214 and

| L-27 t f act d nd i nterferons
(i ncl Ld.lr?;n?%\r rmgrsﬁeﬁ%rg‘ﬁg?é‘”g i “ﬁﬁi&ng%%ﬁ %é‘Pah@%ﬁ% FORY HROXidE (al um;
Bacill e Cal n@N@p@JQFNnbe(tm@ JFKE%ET& hiAReIm H%Qﬁa@%lam()@mm' nconpl ete

Freund' s adj uvant (I FA) ; Levam sol e; and Dinitrophenyl
(DNP). d i nie@mette- Gucrm (B G) Keyhole limpet hemocyanin (KLH):; Incomplete Freund's

adjuvant (IFA); QS-21; DETOX; Levamisole; and Dinitrophenyl (DNP). Clinical

studies have shown that combining IL-2 with other cytokines, such as IFN-alpha,

15 can lead to a synergistic response.

Several types of immunotherapies are being used to treat melanoma patients.

IFN-alpha and IL-2 are approved for treatment of people with metastatic melanoma.
BCG is being tested in combination with melanoma vaccines and other
immunotherapies. Tumor-infiltrating lymphocytes have been shown to shrink

20 melanoma tumors in a phase 1 clinical trial. Human monoclonal antibodies to
ganglioside antigens have been shown to regress cutaneous recurrent melanoma
tumors. Some autologous and allogeneic tumor cell vaccines, antigen vaccines
(including polyvalent antigen vaccines), viral vaccines, and dendritic cell vaccines
have also been shown to shrink tumors. Clinical trials continue for these and other

25 melanoma immunotherapies. Melanoma patients with a high IgM response often
survive better than those who elicit no or low IgM antibodies (Morton et al., 1992).
Combined IL-12/TNF-alpha immunotherapy has been shown to significantly retard
tumor growth in three tumor models in mice (B16F10 melanoma, Lewis lung (LL/2)

carcinoma and L1 sarcoma) as compared with controls and mice treated with either
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studi es have shown that combining IL-2 with other cytokines such as

| FN-al pha, can lead to a synergistic response. Several \é;}es of
i munot heVapRPHYO48I84 heing used to treat nel anoma pati enfPST/USRNOASYRY and
IL-2 are approved for treatnment of people with netastatic nmelanoma. BCGis

being tested in conbination wth nelanoma vacci nes and ot her

i munot herapies. Tunor-infiltrating | ynphocytes have been shown to shrink
mel anoma tunors in a phase 1 clinical trial. Human nonocl onal antibodies to
gangl i osi de anti gens have been shown to regress cutaneous recurrent

mel anoma tunnmédmsdnncdENﬂﬂp@w@spgndwhﬁkdgemakmeMMﬁbmﬂ@ﬁmm1ﬂd6mhﬂ@s,

anti gen vacci.nes | udi n v ant i acci ne viral vacci nes,
and dendri t i ¢ ¥Bf y\?&’é@’i‘(ﬁ@g Lﬁ‘é’{}é g(lf%/@s Cgﬁg PH-$h mo%‘MF@m‘fﬂ i ni cal
trials continue for these and ot her nel anoma i mrunot her api es. Mel anoma
patients with a highrd gMcE espRRsSoRELSRS §1lérb‘éln\geusg§w ﬁ"éat%oﬁéht@ hgsgawho

elicit no or low IgMantibodies (Mrton et al nbi ned

| L- 12/ TNF- ahﬁﬁé<ﬁﬁﬁﬁh@?ﬁép@pwﬁhas°b@@ngh@ﬂﬁbmmﬁ&QMQMKﬁmc@ﬁtWytretard t unor
growth in thre m (LL/ 2)

carci norrg arr}é ‘%ftw‘%“d%?‘%@g) Can“%][étrg‘e(ﬁ) gn%n%%og%ﬁ(tl?@f ‘ém%g ‘élé‘“rfcf‘"élh with
ei t her cyt okidgtematianey ik EHﬂgh@‘l&ai fos tracﬂﬁfeﬁt\/@d"etﬁcﬂ lcai ¥ Tl‘éﬁﬁidﬁﬁﬂith@ftmﬁial i gnant
mel anoma, chronic nyelo enous | eukem hairy cell |eukem a, and

Kaposi's sar€onécc'8ey %¥W€§13?(ﬂ#ﬁﬁﬁb@Hé%ﬁb“@@makéﬂﬁ@ﬁﬁﬁbﬂg%d to treat
patients that; have rw%%]n&@ Ghts, DR @d&p%E%ﬁg nﬂﬁ@gﬁg@g@&ﬂgﬁ%&r

treatment of people wt astatic rena I'nation
t her apy u3|ngewheangnvanhsnﬁmnnanmﬁnmanmCMErapynmwnbbmpgnﬁeéﬁéd@ﬁ@w

treat ment  of nal cancer.. Tre with a tunpr cell vaccine plus the
adjuvantOBCﬁ;ﬁ§§“H@8 é@géﬁﬁ Rﬂﬁﬁﬁﬁ}gﬂﬁgy 1&@#&ﬁ€éﬁiﬁéﬂal cancer

patients. DNANMAGRK Bﬁﬁhﬁ&%ytc, aHuRahl b d‘?f gyl ¥ ﬂ%ts ?@&@ QeI Ng

tested as treatnents for rena cancer. I neric speC| nti -
blood lymphocytes.

As used herein, a "microtubulin stabilizer" means an anti-cancer agent which
acts by arresting cells in the G2-M phases due to stabilization of microtubules.

15 Agents which are microtubulin stabilizers can be used in combination with the
compounds of the invention to treat patients having a proliferative disorder such as
cancer, or to reduce the likelihood of the reoccurrence of a proliferative disorder
such as cancer. Examples of microtubulin stabilizers include paclitaxel and
paclitaxel analogs. Additional examples of microtubulin stabilizers included

20 without limitation the following marketed drugs and drugs in development:
Discodermolide (also known as NVP-XX-A-296); Epothilones (such as Epothilone
A, Epothilone B, Epothilone C (also known as desoxyepothilone A or dEpoA);
Epothilone D (also referred to as KOS-862, dEpoB, and desoxyepothilone B);
Epothilone E; Epothilone F; Epothilone B N-oxide; Epothilone A N-oxide;

25  16-aza-epothilone B; 21-aminoepothilone B (also known as BMS-310705);
21-hydroxyepothilone D (also known as Desoxyepothilone F and dEpoF),
26-fluoroepothilone); FR-182877 (Fujisawa, also known as WS-9885B), BSF-
223651 (BASF, also known as 11.X-651 and LU-223651); AC-7739 (Ajinomoto,
also known as AVE-8063A and CS-39.HCI); AC-7700 (Ajinomoto, also known as
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CD3 nonocl onal anti bodi es have been shown to nediate cell lysis of renal
cell carcinoma cell |lines by cloned human CD8+ T cells or %y | L-2

sti mul at MO YPRAStal bl ood | ynphocytes. As used her ei nPCA/USRREO6HEHUI i n
stabilizer" means an anti-cancer agent which acts by arresting cells in the
&2- M phases due to stabilization of mcrotubules. Agents which are

m crotubulin stabilizers can be used in conbination with the conpounds of
the invention to treat patients having a proliferative disorder such as
cancer, or to reduce the |ikelihood of the reoccurrence of a proliferative
di sorder suchVasSldansdt-8Elanleso-of SarikkClotwbBPRASDADA); iFérslidad ude

paclitaxel and,pacl.itaxel analogs. Additional anpl es of. m.crotubulin
stabilizer sali‘%'gﬁfﬁg& %IWS%?&T’?%FPQW lgn& f“f‘?@@@ﬁ%‘b\ﬁ?ﬁ‘&ﬁﬂﬁ{)‘?&@&%‘ﬁw& and
drugs in devielOpmgat; DHSERHBI ML B afE5@s kRAWAadSs NIy @98} reof,

Epot hi |l ones (such as Epothilone A Epothilone B, Epothilone C (also known
as desoxyepothilone A or dEpoA); Epothilone D (also referred to as KGS-862,
dEpoB, and deSBe)esERIA GHEB)bUliERRE RIS eeaEs AEMS-Rilceneea! WEEsbtasis bhe B

N- oxi de; <E bl A i SR T - i].on ; - aum hi | B
(al o known ooty Bt By AegnGe &Rk RSmsl BBl SRR es
Desoxyepot hithengubulandhibEporan b2@séd wavaspotibhlvatdehs cbRpdu@RTThd Fuj | sawa,

al so known as W5-9885B), BSF- 223651 (BASF, al so known as |LX-651 and
LU-223651) ; TAEP390 (TA]GRDE 62VIAE § 5" WHBWH VR ST SAVEL 8563A AR CS13%dHe ) ;
AC-7700 (A I I . - : 1 GO39 - , and
RPR- 258062A)t?92?1&?l§r?§| ‘?18g@%ﬁ%ﬁ{%pﬁﬁﬁf@m&@%ﬁ%é%@% g‘?ﬁe aggigrf‘ﬁ%
Taccal onol i d€;miktcguitthiariohibriprs Sagl gddivabait dimitagioh itheafoi ldeindDnetkgastdatgsn- 1;

Jat ophale ot s Anth anaLenecand er L alives Uetagl, 5 uces,ber . o

i nhi bi ting tiypuli 3 Pod-Y 0B 3@@»%19'8);%R@Q&lﬂbﬁbﬁi&é&e{%b%no@\g%Qt(ﬁ— which are
980); Vincristine; NSC-639829; ABT-751 (Abbot, also known as E-7010);
Altorhyrtins (such as Altorhyrtin A and Altorhyrtin C); Spongistatins (such as
Spongistatin 1, Spongistatin 2, Spongistatin 3, Spongistatin 4, Spongistatin 5,

15 Spongistatin 6, Spongistatin 7, Spongistatin 8, and Spongistatin 9); Cemadotin
hydrochloride (also known as LU-103793 and NSC-D-669356); Auristatin PE (also
known as NSC-654663); Soblidotin (also known as TZT-1027), LS-4559-P
(Pharmacia, also known as L.S-4577); L.S-4578 (Pharmacia, also known as L.S-477-

P); LS-4477 (Pharmacia), LS-4559 (Pharmacia); RPR-112378 (Aventis); Vincristine

20 sulfate; DZ-3358 (Daiichi); GS-164 (Takeda); GS-198 (Takeda); KAR-2 (Hungarian
Academy of Sciences); SAH-49960 (Lilly/Novartis); SDZ-268970 (Lilly/Novartis);
AM-97 (Armad/Kyowa Hakko); AM-132 (Armad); AM-138 (Armad/Kyowa
Hakko); IDN-5005 (Indena); Cryptophycin 52 (also known as LY-355703);
Vitilevuamide; Tubulysin A; Canadensol; Centaureidin (also known as NSC-

25 106969); T-138067 (Tularik, also known as T-67, TL-138067 and TI-138067),

COBRA-1 (Parker Hughes Institute, also known as DDE-261 and WHI-261); H10
(Kansas State University); H16 (Kansas State University); Oncocidin Al (also
known as BTO-956 and DIME); DDE-313 (Parker Hughes Institute); SPA-2
(Parker Hughes Institute); SPA-1 (Parker Hughes Institute, also known as SPIKET-
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m crotubulin inhibitors can be used in conmbination with the conpounds of
the invention to treat patients having a proliferative disorder such as
cancer, oVOBlWiEte the |ikelihood the reoccurrence of PRTERSAIPOEHER i ve

di sor der such as cancer. Exanples of mcrotubulin inhibitors include
without Iimtation the foll ow ng marketed drugs and drugs in devel opnent:

Er bul ozol e (al so known as R-55104); Dol astatin 10 (also known as DLS-10 and
NSC-376128); M vobulin isethionate (al so known as Cl- 980); Vincristine;
NSC- 639829; ABT-751 (Abbot, al so known as E-7010); Altorhyrtins (such as

Al torhyrtin B addABY 6rysitalaio@Mt. Spengitedhoefi Msdi@ﬁmc&ismn@ﬂomg}vmﬁtf;i)n 1,

S istati 2, S istati t 4

spongi ot at | V6o Seligodv e RS GRSRG: SedrpiicaD-2Ra! Shngtebui A o)
Cemadot i n hydrsoehl Qxids; Kléhfa@teklﬂpwﬂB@%IMCJtQ&%%@W NRG P169356) ;
Auristatin PE (al so known as NSC- 654663 Soblidotin (also known as TZT-

1027), LS- 4599dipincPHag kewvmas MIFst bW N rLzsnaSW) Unber45 1.8V {rRHa¢amaci a,

| so kno 477-, P Ph RPR- 1
12378 ( AtentieyReghie! LR PEE S Ay N B 64 rakeda)
GS-1 98 (Takeda)s); KARABK Hﬂﬁ@@feﬁa%h/maﬁﬁﬁli%d%oﬁﬁl}@&ﬁ@ﬁl ASAbk 48960
(Lilly/Novartis); SDzZ-268970 (Lilly/Novartis); AV 97tﬁ%8r Ar mad/ Kyowa Hakko) ;

AM 1 32 (Ar fd@potalFa0 g ummﬁkw k%wa apARIOPO ) BRESH dl(ﬁd@ﬁa&?
Crypt ophyci Tubul ysin A
Canadensol : %ﬂgﬁpéﬁi’gﬁ & ‘\(,Xgngeg“”lcgFl %E&;@e%%&%%%é@@?{&%&l‘ﬁsom (Tul arik,
al so known asocleifgromin-A 38067 Eantheldbid)3 8QGT) ondCOBRAS- b4(ﬂaQ’Aks®d’ Mddg:lags
I nstitut 61 and VHI -2 sas
Uni ver sﬂﬁy) aﬁﬂ%%fg%ﬁg/g‘éi[@?aﬁ ZURIET 8 éy%9]3)6€i%&6%‘?<m)nNKi‘ 2@5@ %“R‘hsdvm as
BTO- 956 and RliyB)s (%}&%BAQ%@'%@ A ?%m/&sﬁth{ () Shen kA dn Fﬁ&f Wiﬁthes
Institute); SPA-1 (Parker Hughes nstitute, also known as SPIKETP -1 AABU
(Cyt oskel et onn/MECL-Sbh@i7) SORBEBE oA stvide e -EI8s6 (kﬁ@%ﬁcch&sa)j\ﬂ-yﬁﬁ%arm

B; D-43411 (Zentaris, also known as D-81862); A-289099 (Abbott); A-318315

(Abbott); HTI-286 (also known as SPA-110, trifluoroacetate salt) (Wyeth); D-82317

15 (Zentaris); D-82318 (Zentaris); SC-12983 (NCI); Resverastatin phosphate sodium;
BPR-0Y-007 (National Health Research Institutes); SSR-250411 (Sanofi);

Combretastatin A4; and analogs and derivatives thereof.

Paclitaxel, also referred to as “Taxol®”, is a well-known anti-cancer drug

which acts by enhancing and stabilizing microtubule formation. The structure of

20 paclitaxel is shown in Figure 1. Many analogs of paclitaxel are known, including
Taxotere®, the structure of which is shown in Figure 2. Docetaxol is also referred to
as “Taxotere®”. The structures of other paclitaxel analogs are shown in Figures 3-
23. These compounds have the basic taxane skeleton as a common structure feature
and have also been shown to have the ability to arrest cells in the G2-M phases due

25 to stabilization of microtubules. Thus, it is apparent from Figures 3-23 that a wide
variety of substituents can decorate the taxane skeleton without adversely affecting
biological activity. It is also apparent that zero, one or both of the cyclohexane rings
of a paclitaxel analog can have a double bond at the indicated positions. For clarity

purposes, the basic taxane skeleton is shown below in Structural Formula (VI):
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Nar cosi ne (also known as NSC-5366); Nascapine, D-24851 (Asta Medica), A-
105972 (Abbot t Hem asterlin; 3-BAABU (Cytoskel eton/M. Sinai School of
Medi ci ne, WQI28 /q{‘?ﬂ%m as MF- 191): TMPN (Arizona State URCTAIS209{9§1480
Vanadocene acetyl acetonate; T-138026 (Tul arik); Mnsatrol; Inanocine (also
known as NSC- 698666); 3-1AABE (Cytoskel eton/M. Sinai School of Medi cine);
A- 204197 (Abbott); T-607 (Tularik, also known as T-900607); RPR-1 15781
(Aventis); Eleutherobins (such as Desnet hyl el eut her obi n,
Desaet yl el eut herobi n, |soel eutherobin A, and Z-El eutherobin); Halichondrin
B, D-64131 (Asta Medica); D-68144 (Asta Medica); Diazonapi de A, A-293620
(Abbott); NPI-2350 (Nereus); TUB-245 (Aventi§); A4259754g( Abbott);

Di ozostatin; (-)-Phenylahistin (also known asy\NSCl- 96F03¥); D 68838 (Asta
Medi ca); D 68836 (Asta Medica); Myoseverin entari s, al so
known as D-81862); A-289099 (Abbott); A-318 1t); HIT286 (al so
known as SPA-1 10, trifluoroacetate sa ) ; D-82317 (¥entaris);

D823 18 (Zentaris); (NCl); n hosphat e sodi um
BPR- OY- 007 ( Nati onal alth Research Iinstitut ; (Sanofi);
Conbretastatin A4; an nalpg and dgr'vativ-. X "-C|It6X€| al so

referred to as "T Y 2] g whi'ch acts by

enhanci ng and st abi |2|ng fi cr ot ubul e formati df. Tﬁg strocture of

paclitaxel is shown in Figare 1. Many anal ogs of paclitaxel are known,

i ncludi ng Taxotere(r), theOstructure of which is shown in Figure 2.

Docetaxol is also referred to as "Taxotere(r)". The structures of other

pacl i taxel anal ogs are shown in Figures 3- 23. These\ggnpounds have the

basi c taxane skeleton as a common structure feature %n have al so been
shown to have the ability to arrest cells in the G2-M phases due to
stabilization of idobublsilese bdusniticd fliosn d@ppaclehtxahe omefFinghe &saBe 23 t hat

a wide 5  skeleton represented by Structural Formula (VI). The basic taxane skeleton can
include zero or one double bond in one or both cyclohexane rings, as indicated in
Figures 3-23 and Structural Formulas (VII) and (VIII) below. A number of atoms
have also been omitted from Structural Formula (V) to indicate sites in which
structural variation commonly occurs among paclitaxel analogs. For example,

10 substitution on the taxane skeleton with simply an oxygen atom indicates that
hydroxyl, acyl, alkoxy or another oxygen-bearing substituent is commonly found at
the site. These and other substitutions on the taxane skeleton can be made without
losing the ability to enhance and stabilize microtubule formation. Thus, the term
“paclitaxel analog” is defined herein to mean a compound which has the basic

15  taxane skeleton and which promotes microtubule formation. paclitaxel analogs may
be formulated as a nanoparticle colloidal composition to improve the infusion time
and to eliminate the need to deliver the drug with Cremophor which causes
hypersensitivity reactions in some patients. An example of a paclitaxel analog
formulated as a nanoparticle colloidal composition is Abraxane which is a

20  nanoparticle colloidal composition of protein-stabilized paclitaxel that is

reconstituted in saline.



variety of substituents can decorate the taxane skel eton w thout adversely
affecting biological activity. It is also apparent that zero, one or both
of the c%@p&ﬂgwﬁﬁ§4rings of a paclitaxel anal og can hav@CEFUWB0e4Bbnd at
the indicated positions. For clarity purposes, the basic taxane skeleton is
shown below in Structural Formula (VI):(VlI). Double bonds have been omtted
fromthe cycl ohexane rings in the taxane skel eton represented by Structural
Formula (VI). The basic taxane skel eton can include zero or one doubl e bond
in one or both cycl ohexane rings, as indicated in Figures 3-23 and
Structural For nul Bei¢alyl theandlitexgllanilopehow hervimanbepreadntat lonstriave! al so
been onitted%&%ﬁﬁgé?ﬁ}gﬁgﬁﬁﬂ: Formula (VI) to indicate sites in which
structural variation’co nl'y occurs anong paclitaxel anal ogs. For exanpl e,
substitution on the taxane skeleton with sinply an oxygen atom i ndi cates

t hat hydroxyl, acyl, al koxy or another oxygenibeariag substituent is
comonly found at the site. These and ot h&r subski;t @i ons on the taxane

skel eton can be nade wi t hout | osing the abi y §jo énhance, and stabilize

m crotubul e formation. Thus, the term "pdcli anatog™ i’ defined herein
to mean a conpound which has the basi aghe skel et on fand whi ch pronotes

m crotubul e fornBtion, paclit@xel ray_be|formulfated as a

nanoparti cl e col lloi dal fonposjiti on tio i npr 3 gsion time and to
elimnate the n to [ he dr PaumS K ' l,ch causes
[ ‘ ' ‘ F ple” of a paclitaxel
3 tsion i s Abraxane which
is a nanoparticle coll oi dabr,conpositi om,0f proteikn-stabilized paclitaxel
that is reconstituted in saline. Typically, the clitaxel anal ogs used
herein are represented by Structural Formula (M) or (MII): (V).

5 (VID).

10

Ry is a lower alkyl group, a substituted lower alkyl group, a phenyl group, a

substituted phenyl group, -SR ¢, -NHR 1 or -OR 5.
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(VIT'1). R10 is a lower alkyl group, a substituted |ower alkyl group, a
phenyl group, a substituted phenyl group, -SR19, -NHR19 or -OR19. is a
| over al k‘ypla%%%zf“a substituted |l ower al kyl group, an gp"qusgqogi%mgq a
substituted aryl group. R12 is -H, -OH |ower alkyl, substituted | ower

al kyl, I ower al koxy, substituted |ower al koxy, -O-CXO)-(Iomer al kyl),
-OC(O-(substituted | ower alkyl), -0-CH 2-0-(lower al kyl) -S-CH2-O (| ower
al kyl). R13 is -H -CH3, or, taken together with R14 , -CH2- . Rl4 is -H,
-OH, | ower al koxy, -OC(O) - (Iomer al kyl), substituted | ower al koxy,

-O-C(O - (substituteds & bwer alilykygtoup, a wb@ﬁuzcdaeﬁ?(e())l((ﬂ-groﬁp, an@rHRe @ ¢ ower

al kyl ), O% %Utlfeldow; al kyl) or, taken together with R20 , a doubl e bond.
R15 -H, |ower §e owErPal kyl , substituted | ower al kyl, al koxynet hyl,

al kt hi omet hyl , OC(O) Q' | owner aI kyl), -OC(O-Q(substituted | ower alkyl),

- OC( O) - NH( | ower ahkysl JH,GOH, W@d%(ﬁlﬂﬁ&meﬂ%\e@l dipyelovat Kby, R16 i's phenyl
or substituted phen acyl, substituted | ower acyl | ower

o oS et bultaay o b h-CO)arer AAbi: EOh{AubBHu(er Goiger alky),
| kyl)th th th R17 d the carbon
e e R

atons to V\:hl ch or six menbered a non-aromatic
heterocyclic ring. R19 is a |lower al kyl group, a substituted |ower alkyl
group, a phenyl dtoeupH,aCsubst iaket egeppbenyth Rgy,0UpL-.R20 is -H or a hal ogen.
R2 1is -H |ower aI kyI substitut ed | ower al kyl, | ower acyl or substituted

I r | . Prefer r ctur or VIl) and

(S/\INFI ) a;?’ e d el? i ﬁ ’H t B?I Y(?wc!:raa o?gz, | C%b owlélar glk(y{: surggututed x)
alkoxy, -O-C(O)-(substituted lower alkyl), -O-CH,-O-P(O)(OH)s, -O-CH,-O-(lower
alkyl), -O-CH,-S-(lower alkyl) or, taken together with Ry, a double bond.

10 Rs -H, lower acyl, lower alkyl, substituted lower alkyl, alkoxymethyl,
alkthiomethyl, -OC(O)-O(lower alkyl), -OC(O)-O(substituted lower alkyl),
-OC(O)-NH(lower alkyl) or -OC(O)-NH(substituted lower alkyl).

R is phenyl or substituted phenyl.

Ry71s -H, lower acyl, substituted lower acyl, lower alkyl, substituted, lower

15 alkyl, (lower alkoxy)methyl or (lower alkyl)thiomethyl.

Ryg -H, -CHj or, taken together with R;7 and the carbon atoms to which Ry5

and Rz are bonded, a five or six membered a non-aromatic heterocyclic ring.

Rio is a lower alkyl group, a substituted lower alkyl group, a phenyl group, a
substituted phenyl group.

20 Ry 1s -H or a halogen.

R,; 1s -H, lower alkyl, substituted lower alkyl, lower acyl or substituted

lower acyl.

<41 —



as follows: R10 is phenyl, tert-butoxy, -S-CH2-CH (CH3)2, -S-CH(CH3)3, -S-
(CH2) 3G, - O CH( CH3) 3, -NH-CH(CH )3, -CH=C(CH3)2 orpara -chlorophenyl; Rn
i s phenylWOREWBEED- . - 2-furanyl cycl opropyl or paraPCTSISEYPOSRES s - H,
- OH CH3CO or -(CH- |V-nnrpholino R13 is nethyl, or, R13 and R H

taken together, are -CH2-; R14 is -H, -CH2SCH3 or -CH2-C>P(C»(CH)2; R15 is
CH3CO; R16 is phenyl; R -H, or, RL7 and RL , taken together, are -0-C0-0-;
R18 is -H R20is -Hor -F, and R2 1 is -H -C(O-CHBr-(CH 2) i3-CH3 or
-C(O-(CH2)14-CH3; -C(O -CH2- CH( OH) - COCH,

-C(O-CHR2-0C(O P@iﬂ@ﬁ(}f\lﬂﬂﬁ)vm\lﬁin SO @Q)yra CH2OI GH VAOH2AQCH3I [ psire defined

0O-0CO acllta anal og can al so be bonded to or be
D O A s A e i (I N a e (M S
pol yacryl amide;.), g, @s@m@bﬁg{af maw(z:m,, CﬁHL@%@Hg‘g%’QPerE & eég?i Figure

24. The tern1"pacI|taer ana IS use rei'n, inc such
pol yners. |ﬁh50m@eeﬁbﬁﬂﬂﬂﬁﬁigﬁfpébhuma&ﬁhmémahn@sxhaweohwié%ane+$keleton

anail ogs. T haioaoi et Reme Sl o SRBUE RIS GRS P4 R 2 1 X can”

have vari ousogdhstdrt uent-s attached to the taxane skel eton and can have a
doubl e bond in zero one or both of the cyclohexane rings as shown, for

exanple in Figures 3- &é;% Vari ous cI i taxel anal ogs and pacli t axel
f or mul ati ons arefﬁe§b¢ib RHaeR felf- ?«%KOEW»R@@@ 3CAtrhal s of Oncol ogy
[ 7:735-749; G adishar (2006) Expert Opin. Pharnmacother. 7(8): 1041 -53;

Net hods Enzymol - (567 00M 0 fr R i A9 £ Bfken RYBP QRO - 1209)

Rys is -H; Ryg is -H or -F; and Ry, is -H, -C(O)-CHBr-(CHa),3-CHs or
10 -C(O)~(CHa)14-CH;; -C(0)-CH,-CH(OH)-COOH,
-C(0)-CH»-0-C(0)-CH,CH(NH,)-CONH,, -C(0)-CH,-0--CH,CH,OCH; or
-C(0)-0-C(0)-CH,CHs.

A paclitaxel analog can also be bonded to or be pendent from a
pharmaceutically acceptable polymer, such as a polyacrylamide. One example of a
15 polymer of this type is shown in Figure 24. The term “paclitaxel analog”, as it is

used herein, includes such polymers.

In some embodiments, paclitaxel analogs have a taxane skeleton represented
by Structural Formula IX, wherein W is O, S, or NR. Paclitaxel analogs that have
the taxane skeleton shown in Structural Formula IX can have various substituents

20 attached to the taxane skeleton and can have a double bond in zero, one or both of

the cyclohexane rings as shown, for example in Figures 3-23.
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Phar macoki net. 42(7):665-85; and Nuijen et al. (2001) Invest New Drugs.
79(2):143-53, the entire teachings of which are incorporated herein by

ref er enceVO2A104Y8Ber apy i n conbi nation with one or nor ECHUIOREEYpeut i ¢
agents (e.g., paclitaxel or paclitaxel anal ogs), the conpound or the

phar maceuti cal conposition disclosed herein can be adm ni stered

simul taneously or separately with the other therapeutic agent(s). The exact
details of the adm nistration will depend on the pharmacoki netics of the
two substances in the presence of each other, and can include adm nistering
two substances substantially at the same tine, and one substance within a
certain tine period (e.g., within 24 Jhours) of admnistration of the other,
i f the pharmacokinetics are suitablég. ui t abl e dosi ng regi nens
are routine for one skilled in theart. ) ar enbodi ments, two
substances will be adm ni stered_ -+ ant i aneously, i.e. within
m nutes of each other, or in a at conprises both
substances. I n one enbodi nent, is directed to a

nmet hod of treating a subject w espon
conprises adm nistering to the subj ffecti anount of a conpound or
a pharmaceutical conposition describe herein.As used herein, "Hsp70"

i ncl udes each nenber of the fam |y of heatl*dhock proteins having a mass of
about 70-kilobDaltons, including fornms such as constituitive, cognate,
cell-specific, glucose-regul ated, inducible, etc. Exanples of specific

Hsp70 prdteins i ncrgde PhEpPE] alspromemeciised dorng prgsBrPiesatihah 0/ G p75,

and the like). Typicall g di scl.osed nethods -increase e ssi on, of
P R R b L e R
chaper ones tdhyat. /ssingtohey. V8. 1001 dBnYitaddraans pRods) Fand/ dssewtl)y/2of4;pr ot ei ns

in the cytoplasm mtochondria, and endoplasmc reticulum |In humans, the
Hsp70 fanil @traubmger et al. (2005) Methods Enzymol. 391:97-117; Ten Tije et al. (2003) Clin

Pharmacokinet. 42(7):665-85; and Nuijen et al. (2001) Invest New Drugs.

10 19(2):143-53, the entire teachings of which are incorporated herein by reference.

In co-therapy in combination with one or more other therapeutic agents (e.g.,
paclitaxel or paclitaxel analogs), the compound or the pharmaceutical composition
disclosed herein can be administered simultaneously or separately with the other
therapeutic agent(s). The exact details of the administration will depend on the

15  pharmacokinetics of the two substances in the presence of each other, and can
include administering two substances substantially at the same time, and one
substance within a certain time period (e.g., within 24 hours) of administration of the
other, if the pharmacokinetics are suitable. Designs of suitable dosing regimens are
routine for one skilled in the art. In particular embodiments, two substances will be

20 administered substantially simultaneously, i.e. within minutes of each other, orin a

single composition that comprises both substances.

In one embodiment, the present invention is directed to a method of treating
a subject with a Hsp70-responsive disorder. The method comprises administering to
the subject an effective amount of a compound or a pharmaceutical composition

25 describe herein.
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enconpasses at |east 11 genes encoding a group of highly related proteins.
See, for exanP Tavaria, et al, Cell Stress Chaperones, 1996;1(I):23-28;
Todryk, eVOZMUMEBAnol ogy. 2003, 110(1): 1-9; and Geor gBEBHSEWIRRHSNeI ch,
Annu Rev Cell Biol. 1993;9:601-634; the entire teachings of these docunents
are incorporated herein by reference. As used herein, an "Hsp70-responsive
di sorder” is a nedical condition wherein stressed cells can be treated by
i ncreased Hsp70 expression. Such disorders can be caused by a wide variety
of cellular stressors, including, but not limted to Al zheiner's' disease;
Hunti ngt on' s di seaseed Rarcki, (iElep’ (8’ idilséasech spinbat o bk hanilymusieesk aliocat r ophy

(e.g., Kenned i sease spi.noc e|ll ar ataxic disorders, and other
neur onuscul é’l’"‘%a‘qu‘ gf)ﬂf’%&‘)‘ffséﬁf?t?"é‘lt gé?fﬁi%bf‘@ffﬁr E‘Crugf%%ﬁnéé‘i‘(@raém s: ischenia;
sei zure; hypLARLIL&;coBYRErdNanBlife, é@ﬁ'&d&e%ﬁﬂ’a{f@d ﬁd@%@%@é ep‘;@am% g@adiation

exposure; glaucoma; toXin exposure; hechanical i'njury; inflammation;
aut oi nmune dp@eﬁcsblSp"l’m}ﬁreB%tlmwnd@é@h%pé’ﬂl IaSIp70thahsc7(ﬂ UmpdR/BiBrmpar asi tic); and

the like n s p e disorder is

neur odegéne@é?%rﬁgb htkﬁk {Péoé‘iflﬁa’e &dF‘FCFOge 3&5&@#&?@8@5&%%@ der

i nvol ves degr@agdaiié oRpAS. Iﬂ@iéfx@ﬁh’fﬂvsﬂfémﬂ&&ﬁgﬁllﬂ@woﬁﬂ%ﬂ@lma%ﬂ%pﬂﬁr' pher al

neurons (e.g., at neurormscul ar iunctl ons), nore tg pi cally degradation of

cerebral an@héﬁﬁfwg thyd @psoisn therfo dﬂ‘%a tenworieandbifsod h‘éﬁtPSOt%@lég‘? é“@at i on of
|
cer ebra by ‘é?%ﬁ?atmeﬁH{ogﬂé?&ﬁﬂe& ) Epﬂktﬁ%ﬂgﬁéﬁu&a% H}l% Qgrébl’b ! E‘rﬂscul ar

di sease; on"s di seaseé: nson | Sease; n
atrophy and eﬁt:chﬂpas@eeswt demuSClug s axﬁdodmy eegpulaﬁﬂhﬂigam riela&imm:hrsosbu dod at er al
sclerosis or other diseases asislom ated w 1ggerom de_di smut ase (SCD

mut ati on8. REEPBGederEratide’d é@ﬁﬁ%@%ﬂ%ﬁﬁmél 61&9Pﬁd@3&é6ﬁéaéf?on o%
neurons caius[ x{%ldﬁcm ?10 '1Z§”cﬁxd (%J&E%dﬁ%blo%%@%elcﬁ agdi Atk QNeett BXIIN

exposure, rnjary, and t
1993:9:601-634; the entire teachings of these documents are incorporated herein by

reference.

As used herein, an “Hsp70-responsive disorder” is a medical condition

15 wherein stressed cells can be treated by increased Hsp70 expression. Such disorders
can be caused by a wide variety of cellular stressors, including, but not limited to
Alzheimer’s’ disease; Huntington’s disease; Parkinson’s disease; spinal/bulbar
muscular atrophy (e.g., Kennedy’s disease), spinocerebellar ataxic disorders, and
other neuromuscular atrophies; familial amyotrophic lateral sclerosis; ischemia;

20 seizure; hypothermia; hyperthermia; burn trauma; atherosclerosis; radiation
exposure; glaucoma; toxin exposure; mechanical injury; inflammation; autoimmune

disease; infection (bacterial, viral, fungal, or parasitic); and the like.

In some embodiments, the Hsp70-responsive disorder is a neurodegenerative
disorder. As used herein, a neurodegenerative disorder involves degradation of
25 neurons such as cerebral, spinal, and peripheral neurons (e.g., at neuromuscular
junctions), more typically degradation of cerebral and spinal neurons, or in preferred
embodiments, degradation of cerebral neurons. Neurodegenerative disorders can
include Alzheimer’s’ disease; Huntington’s disease; Parkinson’s disease;

spinal/bulbar muscular atrophy and other neuromuscular atrophies; and familial
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In sonme enbodi ments, the Hsp70-responsive disorder is a disorder of protein
aggregati on/ m sfol di ng, such as Al zhei ner's' disease; Huntington's di sease;
Par ki nsonV® 281%U884: spongi f or m encephal opat hi es; and t RET{USKY0pH8Knot her
enbodi ment the Hsp70-responsive disorder is a treatnment or condition which
causes or may cause nerve damage. The conpounds for use in the nethods of
the present invention can be used to reduce or prevent (inhibit the onset
of) nerve danmge (i.e., provide neuroprotection) in a subject i) suffering
froma condition which causes or may cause nerve danmage or ii) receiving
treat ment whitshoteabselsteor! spgyoscausehangiseesed asmagated witlone casPécdismtinge

treat nent whj causes Or. may, cause. nerve, damage is diation therapy. In
anot her aspe B{ta.b)t Iﬁgt%flP%SaN%ﬁ deg%neﬁ‘ﬁ Vﬁﬁiﬁ%‘?eﬁ)%n aﬁ?f} oh %agfi@@ge}qu

chenot her apyn&osprdasesl BdRtHNS 4, eeiz0e, Rr@mtdtd e1difiRg8Mn é)@:vogure)
vincristine,, vinorel bine, paclitaxel, or a paclitaxel analog). In one
aspect, the %ﬁ%ﬁﬁ?ﬁéﬂﬁbfmééﬁ%¥k%es adni ni stering paclitaxel. In another
aspect, the chenotherapy conprises adm nistering a platinumderivative

(e.g. cisplatin, ﬁ?gopr%oén%dd‘fmelﬁg, tﬂ?ﬁlsg’mfets Msive P FELLRL Blb%%?%lt pn;%rt]é[l% the
conpounds for use in the nethods of the present 1 nvention can be

adm ni st er edaggirepaliba/nesliosliyg, asclaascoirhéinat isddistherapyinstds heastr eat ment

whi ch causes of . My, cause nerve damage, In ot her enbodi nents the conpounds
for use in t%@‘ﬁﬁ?%ég?eﬁﬁ;ﬂﬁ@gﬁ?%%%W%mEHQ%ﬁ?Wﬁﬁmééﬁ3W@ladninistered bef ore

or after the treatnment which causes may cause nerve damage. In certain

embodi nents the C&rﬂ?@ﬂﬁg§mt>9<§ilﬂé§?thie@isﬂah@—r%%ﬂﬁ%di@&rd&{)‘@ aRFEREDH oL nventi on

can be adm nistered between 30 nminutes and 12 hours, between 1 hour and 6
bef ore or aft@ditihevhicleaausener mhy chise agsesaongnaihcauseunds te udaimage. Nerve

darm Y, cHRMPGE 8,147l LSRR S OFLSSL05y Bt Bt Lim
oxal i pl ati n, o Retve ShinAges (i, PBbast haiRopr¥icd0s®liRiREpjeMi N HESirRe, frdh @sf am de,
met hotrexat e, cl adri bi ne, .. ..
condition which causes or may cause nerve damage or ii) receiving treatment which
causes or may cause nerve damage. In one aspect, the treatment which causes or
may cause nerve damage is radiation therapy. In another aspect, the treatment is
15 chemotherapy. In one aspect, the chemotherapy comprises administering an
antimitotic agent (e.g. vincristine, vinorelbine, paclitaxel, or a paclitaxel analog). In
one aspect, the chemotherapy comprises administering paclitaxel. In another aspect,
the chemotherapy comprises administering a platinum derivative (e.g. cisplatin,
carboplatin, or oxaliplatin). In certain embodiments, the compounds for use in the
20 methods of the present invention can be administered simultaneously as a
combination therapy with the treatment which causes or may cause nerve damage.
In other embodiments the compounds for use in the methods of the present invention
can be administered before or after the treatment which causes may cause nerve
damage. In certain embodiments the compounds for use in the methods of the

25 present invention can be administered between 30 minutes and 12 hours, between 1

hour and 6 before or after the treatment which causes or may cause nerve damage.

Nerve damage may be caused by a number of treatments including, but not

limited to, radiation therapy; chemotherapy, e.g. cisplatin, carboplatin, oxaliplatin,
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altretam ne, fludarabine, procarbazine, thiotepa, teniposide, arsenic
trioxide, alentuzumab, capecitabine, dacarbazine, denileukin diftitox,

i nt er f er ONOZPIB284i posonml daunorubicin, tretinoin, et 86GSAWPHPLIEE,

cyt arabi ne, hexanet hyl nel am ne, suram n, paclitaxel, docetaxel,

genctitibine, thalidom de, and bortezom b; heart or bl ood pressure

nedi cations, e.g. am odarone, hydral azi ne, digoxin,and perhxiline;

medi cations to fight infection, e.g. netroni dazole, nitrofurantoin,

thalidom de, and INH, nedications to treat skin conditions, e.g. dapsone;

ant i convul samisistiee, gintpisenyonaplbant ivindbgoh ofosfmedilc atdtonssxae, gaddbisul firam
di daponsi ne, udi ne, zal citabi ne,

H V nmedi cat i , .0 ovudi ne, v
ritonavir, ﬁﬁet‘fa ﬂ%‘fﬂr A U e@hﬁ“&?@@ﬁo"}m%ﬂ?r% ‘ns, e.g.

| ovastatin, dwn@t\éﬁﬁh@ft 'o edt%tﬁ@%Qbaﬁhé“ﬁ%&tl@c&hpdlfﬁtbk'Vﬁ’}@rﬁ%rﬂa plf orvastatin,
cerivastati n, and genfibrozil; antirheumatics, e.g. chloroquihe,

chol chi ci ne hp@mgaﬁuiaug@ubxmran@hmm @oidsate YiR:1 6néstarebiscoxi de; |t hi um and
ergots. Ln 1 iments, the nsive disord chem a.

T her a5 oal Rane e BRRE B D R TP B S FRRS T aBotidS Jeh

depl etion, goueRseibIBRIElI Fed Sbdad i@ cldeSSe URRDJABRE HyHSil Qe and/ or
glutamate toxicity, and the like. Ischema can result from an endogenous

condi tion ( é‘lﬁg)xm a1 pkbyilineanediegtioas ko, g dntepieon, k@e%bﬁﬂfi@m’ @eci dent al
mechani cal (%Ya’nta ih Q{H@il? Emﬁd&%nk HQ% ed u%m?nsvtgltﬁc%pa{s ?ku!ij %éx?dn ti Skl ggs on

transpl ant e(f organs erna i'sstes ' {hat *can be

damaged by mpmm @ticnﬁwdﬁtmegr plﬁ’l&yt(ﬁﬁl’dﬂh&ﬂcn‘.fm5ﬁie@xcadnéﬂé@& ot dissltigamskel et al
nmuscl e, Ki dnex/ £i‘sue pul nonary . tl%sue pancreatic tissue, and the |ike.
C

In one pPef ét SIS et 214 e iNgs frrpntraElsoHa Y e FAsHaRRe. irdoeditebr al  or
spinal i schqma dd ’H(ﬁsé?x]t%irﬁ%pl a]‘?f eEﬁ&&t&Hﬂ%ﬁ%gﬁmﬂs é%%#%?a?%é%x%%‘?&ﬁl ve

di sorder is caF iac | em-a. n varil ous e I ment resp0n3| ve
di sorder i s is&ipzui® sirevgtatin, fluvastatin, atorvastatin, cerivastatin, and gemfibrozil;
antitheumatics, e.g. chloroquine, cholchicine, organic gold, and penicillamine;

nitrous oxide; lithium; and ergots.

15 In some embodiments, the Hsp70-responsive disorder is ischemia. Ischemia
can damage tissue through multiple routes, including oxygen depletion, glucose
depletion, oxidative stress upon reperfusion, and/or glutamate toxicity, and the like.
Ischemia can result from an endogenous condition (e.g., stroke, heart attack, and the
like), from accidental mechanical injury, from surgical injury (e.g., reperfusion

20 stress on transplanted organs), and the like. Alternatively, tissues that can be
damaged by ischemia include neurons, cardiac muscle, liver tissue, skeletal muscle,
kidney tissue, pulmonary tissue, pancreatic tissue, and the like. In one preferred
embodiment, the Hsp70-responsive disorder 1s cerebral or spinal ischemia. In

another preferred embodiment, the Hsp70-responsive disorder is cardiac ischemia.

25 In various embodiments, the Hsp70-responsive disorder is seizure, e.g.,

epileptic seizure, injury-induced seizure, chemically-induced seizure, and the like.

In some embodiments, the Hsp70-responsive disorder is due to thermal

stress. Thermal stress includes hyperthermia (e.g., from fever, heat stroke, burns,
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epileptic seizure, injury-induced seizure, chemnically-induced seizure, and
the like. In sonme enbodi nents, the Hsp70-responsive disorder is due to

thermal sWP28WO04§R4r mal stress includes hypertherm a (eP§T/USRRSRIHEYer

heat stroke, burns,and the |like) and hypotherma. In a preferred enbodi nent
the disorder is hyperthernia. I n anot her preferred enbodi nent, the
Hsp70-responsi ve disorder is burn trauma. In preferred enbodi nents, the
Hsp70-responsi ve disorder is atherosclerosis. In various enbodinents, the
Hsp70-responsi ve di sorder is radiation damage, e.g., due to visible Ilght
ul traviol et RigHE, mﬁi@KUW&W@Eﬂn&o§anwﬂay&imabah&wnadmammmmmxbeta

radi ation, g radi ation For exanple, the damage

coul d be radi ST oNT algn,;@gﬂqt{}erﬁg%gfgﬁg@ggﬁgm% é%%fésxﬂrﬂ) LESRUBVECHsHdBat ed f or

cancer by radu@Mngﬁmgherapy In a preferred enbodi nent, the
Hsp70-responsi ve disorder is radiation danmage from visi bl e l'ight or
ultraviolet light. In various enbodi ments, the Hsp70-responsive disorder is
mechani cal i nj uryln grefprred t“ﬂ&lﬁ’ﬁﬁ“‘fﬂﬂbﬂ%ﬂﬁﬂ@rl&%?@@@’ﬁd@w@r icghtabrcidbisease
conditions (e.g., pressure damage in glaucoma) and the like. In a preferred

embodi nend, the HﬁP\?éQlouE%%QH‘%c\ﬁ% Qlcsl@s BlrelRnSieL ggélacfcr% a&@ 101‘?41111%15«9“”& In

anot her preferred enbodi nent, the “responsi ve disordi
(leading to Qge§9@KEW@@ﬁdgéﬁﬂdﬁﬁebknbgngmngbwmns)umhﬂaMﬁ@;@yﬁnaﬂnﬂdhnents

t he Hsp70-responsj.ve disorder.is exposure to oxin preferred
enbodi nment s, %@ ?BE%S%EWV@‘§$@%§§@ﬁt?%ﬁ%&d%§dﬁ@“?ﬁfﬁmﬁ@ﬁﬁ%?OX|n

selected fr Omtﬂ@bbmﬁﬁ%ﬁ?e tARS-ERIEQUL liddye Y st)e \{tgﬁﬁf@:&i'f&sca@l%er%ry

nucl eosi de reverse transcriptase inhibitors; heavy
| ead, ar seni mdia@ad iharmy. dorpodiedsd thbpdofent, alijk}ﬁé) lebkeivealidonderaci d

:2?: &gzt I(ggerad 0{1 )éz}n%gﬂéom V%JQPQ%M mgul%Jra\%nEzt ﬁgh met abol i ¢ i nhibitors,

In various embodiments, the Hsp70-responsive disorder is mechanical injury,
e.g., trauma from surgery, accidents, certain disease conditions (e.g., pressure
damage in glaucoma) and the like. In a preferred embodiment, the Hsp70-
responsive disorder is cerebral or spinal trauma. In another preferred embodiment,
15 the Hsp70-responsive disorder is glaucoma (leading to pressure damage to retinal

ganglions).

In various embodiments, the Hsp70-responsive disorder is exposure to a
toxin. In preferred embodiments, the Hsp70-responsive disorder is exposure to a
neurotoxin selected from methamphetamine; antiretroviral HIV therapeutics (e.g.,
20 nucleoside reverse transcriptase inhibitors; heavy metals (e.g., mercury, lead,
arsenic, cadmium, compounds thereof, and the like), amino acid analogs, chemical

oxidants, ethanol, glutamate, metabolic inhibitors, antibiotics, and the like,

The present invention also provides a method of treating a subject with a
natural killer cell-responsive disorder, wherein the method comprises administering

25 to the subject an effective amount of a compound or a pharmaceutical composition

describe herein.
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The present invention also provides a nethod of treating a subject with a
natural killer cell-responsive disorder, wherein the nethod conprises

adni ni st eVPRGIYYSBhe subject an effective ampunt of a cBRPAFAYIGP1480
pharmaceutical conposition describe herein.Certain conpounds of the
invention also increase Natural Killer (NK) cell activity. As used herein,
a "NK cell-responsive disorder” is a nmedical condition which is inproved by
an increased in NK cell activity. For exanple, a subject with a NK

cel |l -responsi ve di sorder nmay need i mmune system augnentati on because of

i nfection or the (yossi birhpdunds hethe afiventinn slomencesdso dianeait ISilles (¢K) eclsubj ect

can have an iﬁf%gp%on ggg hascq§2n xgosed tg ag i,nfectious enyironment
wher e pat hogéns “are® Bieseht’ . 'y el AORVEPITErT" t'hé 8‘?%3“6‘?? whi ch may
be al | evi at aghibyistiira®ingds ifi:sKeaselKal RidivitFOFoLXAMM € a sabSUbIBEL i N
need of treatnent can have an infection (bacterial, viral, fungal, or

par asi ti cal aIpKocbzenopsiedisamics may mecdingohosvdtemettmastafondetivsani ng NK
cells can be a treatnent. .l me enbodi ments,. a subj ect having an NK
celI-resgon§p§8§ﬂ]?aggg?ﬁﬂﬁgwéﬁm?_ ASdEfic 8%5?#%§ﬁ%ﬁ1 S &%?8%fﬁP§ in need
of or can benehicttifif @B BRAWKAELIGo b etfa@bus EaVir@namPh@ercbsitlege et hat
has i nconpl ete, damaged or ot herw se conprom sed def enses agai nst

i nfection, o¥escst §gbjleathosptabihe Afreptenget ity Bardatllcverted he the kethogor
exampl e, 2 shbi&eh neal By lcRa ARl MLASL: gt AN ILONTERL MIRLE,ARLNRgENS are
present, e.g., In a hospital; tah have an open wound or burn injury; can
have an i nhe&badt@thl ovirdciugdl ed pamyitival @edtbeddnoy whechghe dselesdEmetdiotls oed

i mrunodef.i ci ency. or. "bubbl e boy" syndrome, variabl e i nmunodefi ci ency

syndr ong CacdGiyEdei RS eerhcd ey ndrone (AIDS), or the like): can have
a depressed i mune system due to physical condition, age, toxin exposure,

drug effect (I MYRQSURRAADIRMSs, aGulect Halind dnNAVLLN AR ECE BisERL) hQr Si de

effect (e.g., due to an
an immunodeficiency. Such a subject is in need of or can benefit from prophylactic

therapy, for example, a subject that has incomplete, damaged or otherwise
compromised defenses against infection, or is subject to an infective environment, or

15  thelike. For example, a subject can be in an infectious environment where
pathogens are present, €.g., in a hospital; can have an open wound or burn injury;
can have an inherited or acquired immune deficiency (e.g., severe combined
immunodeficiency or “bubble boy” syndrome, variable immunodeficiency
syndrome acquired immune deficiency syndrome (AIDS), or the like); can have a

20 depressed immune system due to physical condition, age, toxin exposure, drug effect
(immunosuppressants, e.g., in a transplant recipient) or side effect (e.g., due to an

anticancer agent); or the like.

In some embodiments, NK cell activity can be increased in subjects that have
decreased or deficient NK cell activity, in conditions such as chronic fatigue
25  syndrome (chronic fatigue immune dysfunction syndrome) or Epstein-Barr virus
infection, post viral fatigue syndrome, post-transplantation syndrome (especially
allogeneic transplants) or host-graft disease, exposure to drugs such as anticancer

agents or nitric oxide synthase inhibitors, natural aging, and various
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anticancer agent); or the like. In sonme enbodi nents, NK cell activity can

be increased in subjects that have decreased or deficient NK cell activity,
in condi tY8R81%148¥¥4as chronic fatigue syndrone (chroni c PEFAUSGYWE P HEUNe
dysfunction syndrome) or Epstein-Barr virus infection, post viral fatigue

syndronme, post-transplantation syndrone (especially allogeneic transplants)
or host-graft disease, exposure to drugs such as anticancer agents or
nitric oxide synthase inhibitors, natural aging, and variousi munodefi ci ent
condi tions such as severe conbi ned i munodefici ency, variable

i mrunodef i ci emoynaeAdiconendis sheh dsiskecre combone ienbadilsfendsy, @rsibhi ect

having an NK cel | -r esponsi ve disorder .is in need of treatnent for
bact er eni a. é%?%%%ﬁ?%nﬁéﬂpﬁg”@%ﬁagﬁﬁgﬁ“bf bacterial infection in the

bl oodstream Septic shock includes serious |ocalized or bacteremc

i nfection acconpani ®ehdymisyishets G dubfdcarmvatd QONK a0 RRIns MR ES [ GERSIS Wi th
hypoper fusi on and hypotension refractory to fluid therapy. Sepsis, or
system ¢ i nf IEmPATERY e dasieresyind Pasraieniing the eenditar oluzceevkbindeationdi t i ons

such as inf egti. ¢ b iS,. CLraum) ot hat .can cause.acute
i nfl anmats?oﬁl.% t’égg}?i()gﬁg{%g%§%ﬁsé !fhsl)ﬁif ?%F%s F’ée Og]?g%’ Wt %Ifbea&{]eir%’éf Ipyyeton

gr am negat i vecomganis hg systmpliyiloooeton, i0btheEROABEEREEith BeptpEhshack can
be characterized by acute circulﬁtor failure, typically wth hypotension

and rnul tiorg¥ 3@8%Pﬁ?8?#¥?3ﬁ¥ﬁ% tidghEERr enfRelse AR aUEEEBYOBUN gi cal or
trauma woundgsydak@bReaht MeclRaGtrem %V@%}[bé)gtﬁiti'oﬂg QI s 6 ek GRd

opportuni stic; although it may have no e on a healthy petrson, it may
be seri ousl ypdnpetitiamtrisntriumajriboonp comsesiede paft inentsonniSthtidehick i at i ng
The. | i ekt ONPEAR [GHELL Y Ham i ERE MMOSE ofei e YNDIBAFTLBTy (G or
\Q/Jmfits';]r giegbgﬂ}:r}gﬂhg&c@ch BERRLsho cdbSHatactd S8YET acBe Giren1 Al Pat i ent's
typically with hypotension, and multiorgan failure.
Transient bacteremia can be caused by surgical or trauma wounds. Gram-
negative bacteremia can be intermittent and opportunistic; although it may have no
15 effect on a healthy person, it may be seriously important in immunocompromised
patients with debilitating underlying diseases, after chemotherapy, and in settings of
malnutrition. The infection can typically be in the lungs, in the genitouritory (GU) or
gastrointestinal (GI) tract, or in soft tissues, e.g., skin in patients with decubitus
ulcer, oral ulcers in patients at risk, and patients with valvular heart discase,

20 prosthetic heart valves, or other implanted prostheses.

Typically, gram-negative bacteremia can manifest in chronically ill and
immunocompromised patients. Also in such patients, bloodstream infections can be
caused by aerobic bacilli, anaerobes, and fungi. Bacteroides can lead to abdominal
and pelvic infective complications, especially in females. Transient or sustained

25  bacteremia can typically result in metastatic infection of the meninges or serous
cavities, such as the pericardium or larger joints. Enterococcus, staphylococcus, or

fungus can lead to endocarditis, but is less common with gram-negative bacteremia.
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can be caused by aerobic bacilli, anaerobes, and fungi. Bacteroides can

| ead to abdom nal and pelvic infective conplications, especially in
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metastatic infection of the mneni ng}es or serous cavities, such as the
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hospi talization, wer ue. t coses; see Sternberg et. al, Science, Vol.

266|,O (1994), ¢ ‘gt.“a%@%??l%%%, Oq’tylﬂ}éméms}lm@%SéV&ch%ﬁg sdypown thrtebpnctlpor at ed

herein by rebei@ngaiorh %%@fdn@%@qﬁma%hgg 'ﬂ%ﬁaitahgﬁio%%pérgﬁhe poax%;/xgg “eg;nsey K

cel |l -responsi ve disorder can be in need of ‘treatnent or a .ngal

i nfection, simbess el pathegenivol deonEPOPhyD.¢6320 1%, agenire tdhthiapent ous

fungus, d/ %m%apg}ﬂ@gﬁ)g%{gqg%&-g}iﬁlrlgﬁgqnt ous fungus, e.g., a yeast, or the

| i ke. Pathogénic derna ile, e.g., species of the genera
Tri chophyton, Tinea, M crosporum Epidernophyton, or the |ike. Pathogenic
filamentous funguk caivus Bebudiesene, the,subject having an NK cell-responsive disorder

can be in need of treatment for a fungal infection, such as a pathogenic
dermatophyte, a pathogenic filamentous fungus, and/or a patho genic
non-filamentous fungus, e.g., a yeast, or the like. Pathogenic dermatophytes can

15 include, e.g., species of the genera Trichophyton, Tinea, Microsporum,
Epidermophyton, or the like. Pathogenic filamentous fungus can include, e. g,
species of genera such as Aspergillus, Histoplasma, Cryptococcus, Microsporum, or
the like. Pathogenic non-filamentous fungus, e.g., yeasts, can include, for example,
species of the genera Candida, Malassezia, Tri chosporon, Rhodotorula, Torulopsis,

20 Blastomyces, Paracoccidioides, Coccidioides, or the like. In various embodiments,
the subject can be treated for a fungal infection from a species of the genera
Aspergillus or Trichophyton. Species of Trichophyton can include, for example,
Trichophyton mentagrophytes, Trichophyton rubrum, Trichophyton schoenleinii,
Trichophyton tonsurans, Trichophyton verrucosum, and Trichophyton violaceum.

25 Species of Aspergillus can include, for example, Aspergillus fumigatus, Aspergitlus
flavus, Aspergillus niger, Aspergillus amstelodami, Aspergillus candidus,
Aspergillus carneus, Aspergillus nidulans, A oryzae, Aspergillus restrictus,
Aspergillus sydowi, Aspergillus terreus, Aspergillus ustus, Aspergillus versicolor,

Aspergillus caesiellus, Aspergillus clavatus, Aspergillus avenaceus, and Aspergillus
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avat us, . ;As ena , \
e g boar AP R B i o B S R P ARG MRS L e Pon 7 om '
pat hogeni ¢ deraleRMHBim@tg the stibehapE @Rtddefoa funbfal GiRaRRY M, r ubrum ,
Ti nea, Mcrosporum or Epi der nophyton; or Cryptococcus (e.g., Cryptococcus

neof or mans) “Caarson ebgum, Camdicaac I nsveansys, (Parddeséticdisoi des (e.g.,
Par acocci di %ﬂﬁ?gc@aﬁfzd&' ﬁr@zﬂ%‘l%)m gc%‘?{;ﬁlogd’e? zg%?t (e.g., Coccidioides

immMtis). In particular e & sub can be treated for a
fungal infection from Trichophyton rubrum Crypt ococcus neof or mans, Candi da
al bi cans Par acocidiud] iivdesuberasidimens] ssubfrct Cocleivdiaaiigiestiomedubédshby Thus, in

vari ous i ment g subj.ect ca )a%veJ an infectjon caused by a fungus
sel ect ed H?Wée%&'ﬁ Ay eca‘?Bﬁﬁ;}tli& ophpiiefed N CHESPS UM  Epi der nophyt on,
Asper gil | us,L P hOBh AS B Y RO FOGEHS M L ARORIMMMIANBL . d\éﬁi{zgéseﬂ a,
Tri chosporon, Rhodotorula, Torulopsis, Bl'astomyces, Paracoccidi oi des

Madassezza Trlchospox on, Rhodotor ula Torulopsis, Blastomyces, Paracoccidioides,

and Coccidioides. In some embodiments, the subject can have an infection caused

by a fungus selected from the genera Trichophyton, Tinea, Microsporum,

15 Epidermophyton; Cryptococcus, Candida, Paracoccidioides, and Coccidioides. In
certain embodiments, the subject can have an infection caused by a fungus selected

from Trichophyton rubrum, Cryptococcus neoformans, Candida albicans,

Paracoccidioides brasiliensis, and Coccidioides immitis.

In various embodiments, the subject having an NK cell-responsive disorder

20 can be in need of treatment for a bacterial infection caused, for example, by a
bacteria of a genus selected from Allochromatium, Acinetobacter, Bacillus,
Campylobacter, Chlamydia, Chlamydophila, Clostridium, Citrobacter, Escherichia,
Enterobacter, Enterococcus, Francisella, Haemophilus, Helicobacter, Klebsiella,
Listeria, Moraxella, Mycobacterium, Micrococcus, Neisseria, Proteus,

25  Pseudomonas, Salmonella, Serratia, Shigella, Stenotrophomonas, Staphyloccocus,
Streptococcus, Synechococcus, Vibrio, and Yersina; or anerobic bacterial genera
such as Peptostreptococcei, Porphyromonas, Actinomyces, Clostridium, Bacteroides,
Prevotella, Anaerobiospirillum, Fusobacterium, and Bilophila. In some

embodiments, the subject having an NK cell-responsive disorder can be in need of
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and Cocci di oi des. In sone enbodi nents, the subject can have an infection
caused by a fungus selected fromthe genera Trichophyton, Tinea,
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I n sone enbodl ment s, N]e subj ect havi ng an NK cel | -responsi ve di sorder can
be in need offfFBIH'AEN ‘Ffﬁ”‘hg"d?é’é’f”é?lg‘iwalf”Wﬁf%@f”ﬂéﬁmf?WWW&?‘M%OHM| um

vi nosum Acm%@mgfwaeb@ﬁum Kalm3Chd § @P}c%ﬁ%g%f%ggﬂ%l obacter jejuni,

Chl anydi a trachomati s anydi a pneu ~Gitrobacter
spp., Escher¥ l‘e»hmaomwmanaﬁmuéwdbm tmpishmcqc ukRtene Cﬁ@p]\ﬁocfc&&@&lﬁufermzdm
Ent er oco cus faeC| um Francisel]a tul arensis, Haenophilus i an uenzae,

Hel i cobaCct er > PG KIMEBEPRIOP a0 GBI CO TS SRR SS MOFfEEIFOEgETEs acbe axel | a
catarrhal i s yMz%%@f;seawmr%MQ%%&ﬁ S, d%'%ém@é 'oﬁglﬁ P%JD&AO%LF Nei sseria
gonorr hoeae, Proteus mrabilis, Proteus vul garl 3 O nas aer Ugl nosa,
Sal nonel | a S@}gcchage@fzgm ergfpgrepfmpgekdgcas,p’f}zp{oszr eptococc micros,
Peptostreptococci prevotii, Porphyromonas asaccharolytica, Porphyromonas
canoris, Porphyromonas gingivalis, Porphyromonas macaccae, Actinomyces
15 israelii, Actinomyces odontolyticus, Clostridium innocuum, Clostridium
clostridioforme, Clostridium difficile, Bacteroides tectum, Bacteroides ureolyticus,
Bacteroides gracilis (Campylobacter gracilis), Prevotella intermedia, Prevotella
heparinolytica, Prevotella oris-buccae, Prevotella bivia, Prevotella melaninogenica,
Fusobacterium naviforme, Fusobacterium necrophorum, Fusobacterium varium,
20 Fusobacterium ulcerans, Fusobacterium russii, Bilophila wadsworthia,

Haemophilus ducreyi; Calymmatobacterium granulomatis,or the like.

Compounds or pharmaceutical compositions of the invention can be
particularly useful for treating a subject with an intracellular infection. It is
generally believed in the art that NK cells are particularly effective against

25  intracellular infections. Intracellular infections are those wherein a portion of the

infecting pathogen resides within cells of the subject.

For example, intracellular infections can be caused by one or more bacteria
selected from: Ehrlichia (e.g., obligate, intracellular bacteria that can appear as small

cytoplasmic inclusions in lymphocytes and neutrophils such as Ehrlichia sennetsu,
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| i ke; or Peptostreptococci asaccharol yticus, Peptostreptococci magnus,

Pept ost rept ococci m cros, Peptostreptococci prevotii, Porphyrononas
asaccharol yti ca, Porphyrononas canoris, Porphyrononas gingivalis,
Por phyr ononas macaccae, Actinomyces israelii, Actinomyces odontol yticus,

A ostridiuminnocuum Costridiumclostridioforme, Costridiumdifficile,
Bact er oi des ff}ééz‘t/timcaﬁaoiﬁieﬂighide:é%ﬁr@wbyEfmﬁuéig MBagterqiidés ogttadile);s

( Campy!l obact Prevotel | a ternedi a, evot I a heparinol ytica,
Prevotel | a orlls%lq‘f) c% Lm)el’grae %fo&)zpﬁé%fLi&gmg%g%%t?e 1B HE Wﬁ”ﬁ%‘gﬁi }6’&
Fusobact er i uuicinami e g8 RiFUBaDBASE LI LIM, mmm@ M (1 %F Q%Q%E)wm Varl um
Fusobact eri um ul cerans, Fusobacteriumrussii, | a wadswort h

Haenophi | us fiteriee rickarsyintiolbaet févﬁvmﬁng@éh@z@ﬁmw@szbmcq llfec/wkee
Co d t t] |
I’TpOUI"I % or MQPQ{M&%;A ?9001?(9@%?6'/’(51‘2‘99&10 cfl/ CU‘Z (ﬁ(@"ig}g{}egltt}”rngélé1 ?B ag}vd. chf ect | on.

partlcularly use an'in

I't is generdablky diglneledsimcit b"@l(@fytq‘ld ﬁ@bnﬂ&lﬁm@et’%ﬁm@ﬂ@z PAS Holn s 3k tie
effective against intracellular infections. Intracellular infections are
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Li steria nonggyl/Raenes)senkegbRReh (e (Eoleia b@%me&ﬂ tBe RREUMRRNE &) c
Rickettsiae (e.g., R ckettsiae prowazekii, Rickettsiae typhi (Rl ckettsiae
nmooseri), Ricoketliaéne the oibetct sin havRiao ketacsilder batarsligdaushicauRiddket t si ae
sibirica; R'b%clft%ltmm Bfected from the genera Ehrlichia; Listeria; Legionella; Rickettsiae;

Chlamydia; Mycobacterium, Brucella; and Coxiella.

15 In various embodiments, the subject having an NK cell-responsive disorder
can be in need of treatment for a bacterial infection from one or more upper
respiratory tract bacteria. Examples of upper respiratory tract bacteria include those
belonging genera such as Legionella, Pseudomonas, and the like. In some
embodiments, the bacteria can be Pseudomonas aeruginosa. In particular

20 embodiments, the bacteria can be Legionella pneumophila (e.g., including
serogroups 1, 2, 3,4, 5, 6, 7, 8, and the like), Legionella dumoffli, Legionella
longbeacheae, Legionella micdadei, Legionella oakridgensis, Legionella feelei,
Legionella anisa, Legionella sainthelensi, Legionella bozemanii, Legionella

gormanii, Legionella wadsworthii, Legionella jordanis, or Legionella gormanii.

25 In some embodiments, the subject having an NK cell-responsive disorder can
be in need of treatment for a bacterial infection from one that causes acute bacterial
exacerbation of chronic bronchitis (ABECB) in the subject. Typically, ABECB can
be caused by Streptococcus pneumoniae, Haemophilus influenzae, Haemophilus

parainfluenzae, or Moraxella catarrhalis.
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austrahs; Rickettsiae conorii; Rickettsiae akari; Rickettsiae burnetii);
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having an NKogehlnifyeRRORSI Yeeuti2@f @etp Gamd&nidd. negd af, tngatnenpt for a
bacterial infection fromone or nore upper respiratory tract acteri a.
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in need of tmeatnented ditratrbat terd aictirnf adtdtion fanom omecddaat ;?m&uﬁﬁz&wacut e
bacterial, exagcerbat,ion of ch nic hronchitis (ABECB) in the subject.
Typi cal ﬁ)() A@E@E’@é{ﬁ* H@B{é’é@é dasyersiie prsd G‘s‘%@@ﬂ%ﬁﬂ&é‘a? F@@fﬁophl | us
i nfluenzae, ¥R MSumoniae, Chiamydia pneumoniae, Kiebsiella pneumoniae,

Staphylococcus aureus, Streptococcus pyogenes, Acinetobacter lwoffi, Klebsiella

oxytoca, Legionella pneumophila, or Proteus vulgaris.

In various embodiments, the subject having an NK cell-responsive disorder

15 can be in need of treatment for a bacterial infection from maxillary sinus pathogenic
bacteria. As used herein, maxillary sinus pathogenic bacteria is a bacterial strain
isolated from acute or chronic maxillary sinusitis, or, for example, a maxillary sinus
isolate of Staphylococcus aureus, Streptococcus pneumoniae, Haemophilus spp.,
Moraxella catarrhalis, an anaerobic strain of non-fermentative Gram negative

20 bacilli, Neisseria meningitides or ~haemolytic Streptococcus. In various
embodiments, maxillary sinus pathogenic bacteria can include a bacterial strain
isolated from acute or chronic maxillary sinusitis; a maxillary sinus isolate of
Staphylococcus aureus, Streptococcus pneumoniae, Haemophilus spp., Moraxella
catarrhalis, an anaerobic strain of non-fermentative Gram negative bacilli, Neisseria

25 meningitidis, 8 -haemolytic Streptococcus, Haemophilus influenzae, an
Enterobacteriaceae, a non-fermentative Gram negative bacilli, Streptococcus
pneumoniae, Streptococcus pyogenes, a methicillin-resistant Staphylococcus spp.,

Legionella pneumophila, Mycoplasma spp. and Chlamydia spp., Haemophilus
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par ai nfl uenzae, or Mraxella catarrhalis.ln some enbodi nents, the subject

having an NK cel | -responsive disorder can be in need of treatnment for a
bact eri alWPRHPHMPSFA from one that causes acute conmuni t YCAAFHIPAHBNheunoni a

(CAP) in the subject. Typically, CAP can be caused by Streptococcus
pneunoni ae, Haenophilus influenzae, Mraxella catarrhalis, Mycoplasma
pneunoni ae, Chl anydi a pneunoni ae, or Klebsiella pneunpniae. In a particular
enbodi nent, the CAP can be caused by drug resistant bacteria, e.g., a

mul ti-drug resistant strain of Streptococcus pneunoniae. In various _
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bacteria. As used herein, maxillary sinus pathogenic bac _ S
bacterial st paisntiiisglyatcedplritoriratetebranic, ahd emithograxilbiaroyssnisi tis, or,
for exanpl e, aphyl ococcus aureus,

il S| i sol ate of St ,
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meni ngi ti des or /3-haenolytic Streptococcus.” I'n various e ment s,
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from acufe op.chroni Ll bary sinusitis, a maxillary sinus isolate o
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taphylococcus sp (e.g., Staphylococcus saprophyticus, Staphylococcus aureus, and
the like); Mycobacterium tuberculosis; and sexually transmitted bacterial infections

(e.g., Chlamydia trachomatis, Neisseria gonorrhoeae, and the like).

15 In certain embodiments, the subject having an NK cell-responsive disorder
can be in need of treatment for infections from microorganisms that cause sexually
transmitted diseases, for example, Treponema pallidum; Trichomonas vaginalis;
Candidia (Candida albicans); Neisseria gonorrhoeae; Chlamydia trachomatis,
Mycoplasma genitalium, Ureaplasma urealyticum; Haemophilus ducreyi;

20 Calymmatobacterium granulomatis (formerly Donovania granulomatis); herpes
simplex viruses (HSV-1 or HSV-2); human papillomavirus [HPV]; human
immunodeficiency virus (HIV);various bacterial (Shigella, Campylobacter, or
Salmonella), viral (hepatitis A), or parasitic (Giardia or amoeba, e g., Entamoeba

dispar (previously Entamoeba histolytica); or the like.

25 Thus, in various embodiments, the subject having an NK cell-responsive
disorder can be in need of treatment for an infection resulting in upper respiratory

tract bacterial infection, acute bacterial exacerbation of chronic bronchitis; acute
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nmeningitidis, b -haenolytic Streptococcus, Haenophilus influenzae, an

Ent erobact eri aceae, a non-fernentative Gramnegative bacilli, Streptococcus
pneunoni a¥0 28t¥icoccus pyogenes, a methicillin-resi sPARUSRBPAIPYcoccus
spp., Legionella pneunophila, Mcoplasna spp. and Chlanydia spp.,

Haenophi | usi nfl uenzae, Haenophilus parainfluenzae, Peptostreptococcus,
Bacteroi des spp., and Bacteroides urealyticus. In various enbodinments, the
subj ect having an NK cel | -responsive disorder can be in need of treatment
for a bacterial infection that causes a urinary tract infection (UTl) in

t he subj ect. EREMPIEScHfiradmnsuinaeiautiexilinet imistiaghogeyisthiaticsa; Puoshathtd s,

el onephri ti.se. u roni.c, and. xant hogranul omat ous), and hemat ogenous
EJ¥I (e. 8 , frngfﬁ(%tggg\é%g? 3%1&58%%%“]\]}:&%? R%aci I 1i such as Sal nonel | a,

St aphyl ococcus aureus, and the like). Typically, UTls can be caused by

gram negat i ve aer Gbicobactilsizad phaghace BTGNS ER Bk the prESENELLGRIA cOli),
Kl ebsi el l a, Proteus, Entergbacter, Pseudononas, and Serratia; gram negative

anaer obi ¢ batt® ‘?%?m@:ﬁaﬂi( pdsithiever racingrisabicet, ith aEh‘Eébim&tﬁdon.i THwe, . ,
Ent er ococgus (fagcalish; St \ C e g St 0CcOoCCcus

sapr ophyti§cs,V£ St agéﬁl%bligggg(g:&g%jsg %B etlga%%%wﬁewﬁlrﬁ _O?mﬁf/ﬁ?gqfigf{?f 8?‘?% n

t uber cul osi speahd tsexoait|fyr ihf@tism%btmdmﬂam@hlaawédoh%@ﬁﬁl Mk% %g(,lq’-cﬁo’ L ai
Chl dia trachomatis, Neisseria gonorrhoeae, and the like). In certain
errbggiy n':aﬁt s, %t%i‘féﬂ “Hﬁi"gb‘?ﬁsr?&aicﬁ‘ama CIRICE N sepoRkievisunr s Srderiéan be in
need of treatm®@iin PARolinlLL1)ONSHIiRM O Ci-0Q(08 §g¥ep5{?§§ Bﬁ%gv%%{gal 'y
transmtted di seases, for exanple, Treponemapalli d nt Tri chonbnas .
vagi nal i s; CHWNdYdra: pdamuiida (Hhibie anshovie); deepisairgoqor. r Hoeaepalchlranydi a

rachormi s CAR) 3208, ORL L L U gepLSsm v selyticum pmerppniTue
herpes sinpl eXamtihyvas cd B ster Vrirds@Mriddon MATBNRAPY I QTRMINLHS), [IHEQ@% human
Simplex Virus (Oral Herpes, Genital Herpes)), Poxvirus (Smallpox); Calicivirus
(Norwalk Virus), Arbovirus (e.g., Togavirus (Rubella virus, Dengue virus),
Flavivirus (Yellow Fever virus), Bunyavirus (California Encephalitis Virus),
15 Reovirus (Rotavirus)); Coronavirus (Coronavirus); Retrovirus (Human
Immunodeficiency Virus 1, Human Immunodeficiency Virus 2); Rhabdovirus
(Rabies Virus), Filovirus (Marburg Virus, Ebola virus, other hemorrhagic viral
diseases); Paramyxovirus (Measles Virus, Mumps Virus); Orthomyxovirus
(Influenza Virus);Arenavirus (Lassa Fever); human T-cell Lymphotrophic virus type
20 Tand I (HTLV-I, HTLV II); human papillomavirus [HPV]; or the like. Thus, in
various embodiments, the subject can have an infection caused by a virus selected
from Picornavirus; Parvoviridae; Hepatitis virus; Papovavirus; Adenovirus;
Herpesvirus, Poxvirus; Calicivirus; Arbovirus; Coronavirus; a Retrovirus;
Rhabdovirus; Paramyxovirus; Orthomyxovirus; Arenavirus; human T-cell

25 Lymphotrophic virus; human papillomavirus; and human immunodeficiency virus.

In some embodiments, a subject having an NK cell-responsive disorder can
be in need of treatment for an infection from a virus or an infection thereof such as

human immunodeficiency virus-1, human immunodeficiency virus-2,
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i mrunodeficiency virus (HV);various bacterial (Shigella, Canmpylobact er or
Sal nonell &), viral (hepatitis A), or parasitic (Gardia or ampeba, e.

Ent aroebaVRiZ8PAHSBAr evi ousl y Ent anpeba hi stol ytica): or PFW@JSIZ‘?OQ@““%US in
vari ous enbodi ments, the subject having an NK cell-responsive di sorder can

be in need of treatnent for an infection resulting in upper respiratory
tract bacterial infection, acute bacterial exacerbation of chronic
bronchitis; acutecomunity acquired pneunonia, maxillary sinus pathogenic
bacteria; a urinary tract infection; or a sexually transmtted infection.
The conpound@ﬁam@gﬁhWﬂwaEeﬂemdﬁkr&anpdéomnmnboaﬁInhebpﬁbsﬁauammvantlon can
be partlculqrzx ctl e for reat ral infection.

ef f
Thus, in various" e nf)zgd’ HBAPser né‘htﬁl{ é@?q % Oe?ﬁr }g”&ﬁ%\ﬁ@@‘é‘f Ivlrﬁ‘é*s(ﬁé“r‘rgi‘l%}é‘

di sorder can be in need of treatnment for infection fromviruses such as

Pi cor navi r uses (elxg;behlé‘@éd haMhe usthddbicROv p&iﬁ@@iaﬂﬂ@iﬂé@f\h&bf\tr%ﬁ@\@ ruses and
coxsacki eviru {) tf’arvow ri.dae (Human Parvovirus B19); ati t| s, e.g.
At

Hepadnavi r u§” ldlpé‘m%m ‘P%?B%Wh\f HBEn (/3O eRofimes FoVPIGsh Mt En
Adenovi r ys) ; NkRERS oﬁéﬁ (8ofrer ﬁ%ﬁcﬂg‘?@@& gVt enﬁgfﬁzﬂxﬂ? Exrfr ofhrus

(Mononucl eosis), M onuc eosl s- drone, Roseo um Varicella
Zoster Vi ruﬁl&mmkefb fpﬁ?/)asmblémgfelszpzm ez‘iala(rﬁbﬂzmghas)}’lakmscbes»v&enazﬂaéx Vi rus

Oral Herpe Geni tal Her Poxvi ru Smal | Calicivirus (Norwal k
S/r us), A b i gagpria #&gﬁ%ﬂ%@ﬂmﬁé %ﬂ@iﬂ? dge Ht%ﬁ@%fw Lyepdyrania

Flravi virus (ehdi@Welr8Y 8indfli &l caRURNAVILT YR e ( SRk fi OLNH A ER PE alitis
e b

Virus), Reovirus (Rotavirus)); Coronaviru Coronavi r ‘ovirus (Human
| mmunodef i cdemizwa\zﬂcr drmayqzmHOemlmmmdwem éeze/amzynn&’cmggmz)!ﬁemﬁhzabdzow rus
(Rabi es Virus Fi I Mar bu ol a virus, ther henor r hagi c

\/ i r
viral di'deadhs “‘"’5 75’(% Fﬁ’é"‘(’ u%(ﬁ“f?éf‘s"e”ﬁﬂﬁff?“&? r Uy {RBIxovi r us
(Infl uenza \ﬁeﬁﬂz%)cm'ﬁ\f ,%ij‘r“ I&%%&%é&h@%@r did MBS chus 8ldnnky MPRRLERBNI C

virus type Viannia braziliensis, Leishmania Viannia guyanensis, Leishmania Viannia
panamensis, and Leishmania Viannia peruviana); Trypanosoma (e.g., sleeping
sickness caused by Trypanosoma brucei gambiense, and Trypanosoma brucei

15 rhodesiense); amoebas of the genera Naegleria or Acanthamoeba; pathogens such as

genus Entamoeba (Entamoeba histolytica and Entamoeba dispar); Giardia lamblia;
Cryptosporidium; Isospora; Cyclospora; Microsporidia; Ascaris lumbricoides;
infection with blood flukes of the genus Schistosoma (e.g.; S. haematobium; S.
mansoni; S. japonicum; S. mekongi; S. intercalatum); Toxoplasmosis (e.g.,

20 Toxoplasma gondii), Treponema pallidum; Trichomonas vaginalis; or the like.

In some embodiments, the subject having an NK cell-responsive disorder can
have an infection caused by a protozoa selected from Toxoplasma gondii,
Trypanosoma brucei gambiense, Trypanosoma brucei rhodesiense, Leishmania
donovani, Leishmania infantum, Leishmania chagasi, Leishmania mexicana,

25 Leishmania amazonensis, Leishmania venezuelensis, Leishmania tropica;
Leishmania major; Leishmania aethiopica; and the subgenus Viannia, Leishmania
Viannia braziliensis, Leishmania Viannia guyanensis, Leishmania Viannia
panamensis, Leishmania Viannia peruviana, Plasmodia falciparum, Plasmodia

vivax, Plasmodia ovale, and Plasmodia malariae,
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| and Il (HTLV-1, HTLV I1); human papillomavirus [HPV]; or the like. Thus,
in various enbodi nents, the subject can have an |nfect|on caused by a virus
sel ect ed WPEMB48Br navi rus: Parvoviridae; Hepatitis vir BSTUSZHSHEMBS us:
Adenovi rus; Her pesvirus, Poxvirus; Calicivirus; Arbovirus; Coronavirus; a
Retrovirus; Rhabdovi rus; Paranyxovi rus; CXthonyXOV|rus; Arenavi rus; human
T-cell Lynphotrophic virus; human papillomavirus; and human

i mrunodefi ciency virus. In sone enbodi nents, a subject having an NK

cell -responsive disorder can be in need of treatnment for an infection from
a virus or an |nfé&ﬂﬁﬂﬁﬁﬁﬁ@WQOﬁﬂBMchC%wmhuhmdopmhmm@déﬁjQ@@ﬁcMnVIruS- 1

|rus in Barr Virus,
Vononuc! eoo St BLRERRIANS Gy GHPTEPR TR waee Bita THoteat! Vi T us
Her pes Zost eramllHeﬁ@&SnsSlnlfrbiuﬁéﬁ‘@flergUSmet@frumﬁpc%ﬁs'tédt Stcm%}lak%)cla? &;%Y?d that the

net hods can rticularly effective for treating a subject wt
parasitic m?%%‘%l Va“PHH’é’C“’lrﬁﬁlvt&Ftif’(?%%’ofé?ﬁé‘bﬂf%hta pa’n&ﬂb] eaststalnaw ng an NK

- N reat rrent an infection from
AP R e T e U e R R S W SO
and PlasnDdlanmmbamﬁeg Eymnﬁafkgf&mﬁﬂﬁﬂmih@@@b&m%ﬁ@ﬁﬂ@&hﬁ%ﬂ&?ﬁ&ﬂg t0es);

Lei shmani a (t{h% T ;t ed by sandflies and caused by ob ate ‘intracel | ul ar

pr ot ozoa, gt rﬁ*ﬁﬁ‘i‘)&“y&% slIamifekaparaydia %dﬂ"émlmm In gidsthomami a
Sgﬁggﬁgiehg:ig Le|gﬁ%@ﬁ?gagégg%%gégfﬁggﬁhgﬁ?% ﬁ%go?ubi%?IShnﬁg %§§Wﬁiopica;
and the subgénusy Manmiays. Beilshmani dehd anni trdar iaﬁbdcgcﬁigsdcg;mslh%gﬁjrgam a

Vi anni aper ol SRS TS BRDEBhaey 2ogpe ClEEETAG o cxfibSs ohtsEe by
Trypanosonma brucei ganbi ense, and Trypanosonma brucei rhodesi ense); anpebas
of the genera Naeghe bcbxﬁp@a’ndé@aﬂiehﬂaﬁﬁﬁ@.%uh@@%@ﬁ%@ﬁﬁe&%ﬂh V%%Scaﬁq;[ anoeba

{Ent amoeba hijgr%xalﬂglgf %gec?hnv% fgrn grgartrgiggasugjl egtpt%; c]rug--reslstailnf1 pat}?o gens, fOr example,
drug resistant bacteria, or pathogens for which no drugs are available, e.g., many
viruses. Without wishing to be bound by theory, it is believed that because the

IS compounds of the invention can act by increasing NK cell activity, and thus the NK
cells can kill infective microorganisms or infected cells separately from any direct
action of the compounds on the pathogen or infected cells. Thus, it is believed that
the compounds of the invention can have at least one mode of action that is separate
from typical anti-infective drugs such as antibiotics which can typically act directly

20 on the bacteria themselves.

Drug resistant pathogens can be resistant to at least one and typically
multiple agents, for example, drug resistant bacteria can be resistant to one
antibiotic, or typically at least two antibiotics such as penicillin, Methicillin, second
generation cephalosporins (e.g., cefuroxime, and the like), macrolides, tetracyclines,
25 trimethoprim/methoxazole, vancomycin, or the like. For example, in some

embodiments, a subject can be treated for bacteria selected from a strain of multiple
drug resistant Streptococcus pneumoniae (MDRSP, previously known as penicillin

resistant Streptococcus pneumoniae, PRSP), vancomycin resistant Enterococcus,

methicillin resistant Staphylococcus Aureus, penicillin resistant Pneumococcus,
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Cryptosporidium |sospora; Cyclospora; Mcrosporidia; Ascaris |unbricoides;
infection with bl ood flukes of the genus Schistosoma ( S. haenmat obi um
S. mansonVO 2810/048384ni cum S. nekongi; S. |ntercalatun) P%@Q@%Wﬁ@ﬁﬂ§?s
(e.g., Toxoplasma gondii); Treponema pallidum Trichononas vaginalis; or
the like. In sone enbodi nents, the subject having an NK cell-responsive

di sorder can have an infection caused by a protozoa selected from

Toxopl asnma gondi i, Trypanosona brucei ganbi ense, Trypanosoma brucei

rhodesi ense, Lei shmani a donovani, Lei shmania infantum Lei shmani a chagasi,
Lei shmani a ﬁmﬁbm@nawﬂlen§hhamuﬁaamwzmnen@nsmUUemshnaNMa%venéﬁueH@ms|s

Lei shmani a tropica;, ma| or elsrnanlagqﬁth opi ca; .and the

subgenus Vi afifi>aSit #E%ﬁﬁ%%go ﬁ?% A PedsTsiig %ﬁﬁﬁﬁ“&OQfﬁnnla
guyanensi s, defhaNpRALE VAR (R@E@Mﬁ{)sd‘%xdﬂ% égbﬁﬁﬁ'j %z\(‘nﬁﬁ'ﬂé&c"i’fp% W ana,

Pl asnodi a faIC|parun1 Pl asnodi a vi vax, Pl asnodi a oval e Pl 'asnodi a

mal ari ae. | n 4§ andsesideritand Vlu“aﬂ%tii%@lﬁtﬁéswubﬁlé (@lévﬁb@@%ﬁ tq prat. thvedrt o
significant f re d use has |ed
fothe rse Breanti Engid RiFRLRE b ) S RRh Y A SRR e ot ant
Staphylococdﬂgwammﬁu@(bpﬁﬁ%&amuamﬁ@nyﬁigmﬁﬁhms&ﬁnCy@ﬂkemem&ﬁﬁkmﬁN@ED, and
penicillin-resistant St[eptococcuspneunnnlae (PRSP). Sone bacteria are
resi stant t @ PAHGEIEYISALITIST 615 €) e. g., strains o Mycobacterium
tubercul osis resist isoniazid, rifanpin, ethanbutol, streptonycin,

et hi onam de, kanamygig ’urﬁ)%gm'iénft@w k&) adiRi9ddh Bé %réa@e ﬁ%uﬁ}c@@qgat global
travel has spread relatively unknown bacteria fromisol ated areas to new
popul ati ons. aniuanh@ﬂHMeqsyt Hewar:fw& dnffedithereatthiofcalbbac tes ioalcascabidodrogi cal

weapons., The bact i be easily treated with exjstin
antibiotlcsds " @h" %ﬁﬁﬁgﬂf? daF MUBHPYSTICIBRS %*m?ﬂg’
i nvention camohe 1191%&110@%@51&0\& @\fﬁfxﬁﬁééc\{ﬁatfd%rnott bealilythAcSRI 8L Hi8fhout
drug-resi stant pathogens, for exanple,

wishing to be bound by theory, it is believed that boosting NK cell activity can

augment immune function in many immunodeficiency conditions to “make-up” at
least in part, for aspects of immunodeficiency separate from those aspects directly

15 concerned with NK cell activity.

In various embodiments, immunodeficiency disorders can include disorders
with increased susceptibility to infection, for example, one or more disorders
selected from: circulatory and systemic disorders (sickle cell disease, diabetes
mellitus, nephrosis, varicose veins, congenital cardiac defects); obstructive disorders

20 (ureteral or urethral stenosis, bronchial asthma, bronchiectasis, allergic rhinitis,
blocked Eustachian tubes); integumentary defects (eczema, burns, skull fractures,
midline sinus tracts, ciliary abnormalities); primary immunodeficiencies (X-linked
agammaglobulinemia, DiGeorge anomaly, chronic granulomatous disease, C3
deficiency); secondary immunodeficiencies (malnutrition, prematurity, lymphoma,

25  splenectomy, uremia, immunosuppressive therapy, protein-losing enteropathy,
chronic viral diseases);unusual microbiologic factors (antibiotic overgrowth, chronic
infections with resistant organism, continuous reinfection (contaminated water
supply, infectious contact, contaminated inhalation therapy equipment)); foreign

bodies, trauma (ventricular shunts, central venous catheter, artificial heart valves,
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drug resistant bacteria, or pathogens for which no drugs are avail able,
e.g., many viruses. Wthout wi shing to be bound by theoy\é, it is tz‘elleved
t hat beca‘&@é“’f%s@énpounds of the invention can act by PREASAYPREURK cel |
activity, and thus the NK cells can kill infective m croorganisnms or
infected cells separately fromany direct action of the conpounds on the
pathogen or infected cells. Thus, it is believed that the conpounds of the
invention can have at |east one node of action that is separate from
typical anti-infective drugs such as antibiotics which can typically act
directly on thdpactiisraasheies dbpes. bobraspali@shsit anhspatthag@nsreamobe

resi st ant todzysteageg%;mgggsfﬂggiotn%gi%g%Ifllg(y%%lél()ékﬂrgpgﬁ?pts, for exanple, drug

resi stant bacteria can resi st _ sl _‘c, or typically at
| east two antibiotics such as penicillin, Methicillin, second generation

cephal ospori ns ( e.lgvaricefamnteximnets,amhindeetidike),dismesoLidRsidt 8t acycl i nes,
trimethoprim et hoxazol e, vanconycin, or the |ike. For exanple, in some
enbodi ment s, AVE0; BESI WA RYearE dylingpianfdeienia sdlebtect lgd dafmmnaygls?w E.I n
of multipke d ¥ ik @ﬁ\g, ni;ae. (VDR pr.eyi ously known
as peni CPIBI i nﬁlggﬂs?%tﬂaﬁﬁ%gg% 12%{!%2% cu§ﬁ§2’§m@§r%%%%"é‘fﬁﬁ§§bﬁy ,%‘D)\lfllﬁg‘lf cin

resi stant Entexocogtuslinoeid) @inkthomvaresisnaninSeaplyocaeensd Aur eus,
penicillin rg\si st antl Pn.eunogﬁo}?cusggggti bi oti c_resistant Sal nonell a,

resi stant and S0P ¢EnET A DT rEEORTEY g (68 gibclapedifsiany. to one,

two or nmore ofirohfihacyelanBsys EERIGidid, h&nbfn‘e&!%R%Hb&%%%i’ \)\/‘@%H?A@g@g“ ns,

ceftriaxone (Rocephin), Cefixine (Suprax), Azit ronycin, - or el €) and

resi st ant anéyfﬁﬁiﬁmlf»‘raf{@@%@mﬁl@cwm%hhilcmii1sm(ob0;golif‘erzg&e&%?h@ﬁ)gﬁ?h%%&%%m or
L.azi j i t hanbut ol , Pyrazi nam de, / ,

o o AFOM Ry R ATRId Sy’ oy Y szbaaT de, ool ycos

Et hi onani de, afiasanateivese) (MR- ¢/ & 0/ dcfi@ie‘nl:}]ﬁ)ﬁ))r thkigome embodi ments, NK

cell activity can be increased in subjects that 'have

In various embodiments, immunodeficiency disorders can include primary
immunodeficiency disorders for example: B-cell (antibody) deficiencies (X-linked
agammaglobulinemia; Ig deficiency with hyper-IgM (XL): IgA deficiency); 1gG

15 subclass deficiencies, Antibody deficiency with normal or elevated Igs,
Immunodeficiency with theymoma, Common variable immunodefici ency, Transient
hypogammaglobulinemia of infancy); T-cell (cellular) deficiencies (Predominant T-
cell deficiency: DiGeorge anomaly, Chronic mucocutaneous candidiasis, Combined
immunodeficiency with Igs (Nezelof syndrome), Nucleoside phosphorylase

20 deficiency (AR), Natural killer cell deficiency, Idiopathic CD4 lymphocytopenia,
Combined T- and B-cell deficiencies: Severe combined immunodeficiency (AR or
XL), Adenosine deaminase deficiency (AR), Reticular dysgenesis, Bare lymphocyte
syndrome, Ataxia-telangiectasia (AR), Wiskott-Aldrich syndrome (XL), Short-
limbed dwarfism, XL lymphoproliferative syndrome); Phagocytic disorders (Defects

25 of cell movement: Hyperimmunoglobulinemia E syndrome, Leukocyte adhesion
defect type 1 (AR), Defects of microbicidal activity: Chronic granulomatous disease
(XL or AR), Neutrophil G6PD deficiency, Myeloperoxidase deficiency (AR),
Chediak-Higashi syndrome (AR)); Complement disorders (Defects of complement

components: Clq deficiency, Defects of control proteins: C1 inhibitor deficiency
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an i nmunodeficiency. In various enbodinents, this can be due to decreased
or deficient NK cell activity. In sonme enbodi nents, the i mrunodeficiency
can be anYORAWMHSItrunodefici ency, even those that do nEETHSPYWEOPIASY npact
NK cells. Wthout wi shing to be bound by theory, it is believed that
boosting NK cell activity can augnment immune function in many

i mmunodefi ciency conditions to "make-up" at least in part, for aspects of
i mrunodefi ci ency separate fromthose aspects directly concerned with NK
cell activity. In various enbodi nents, imunodeficiency disorders can

i ncl ude di soiltlerisaohirtiiCBnoreasedr) slubcieptsi GiTD1, Yattor Hnfedictdnon( A€ on, exanpl e,

one or nore disorders .sel rom,. circul at and _system c disorders
(sickle cel I]‘“d "&?Oéégg%f?a%ﬂ%{gg‘t%@ %‘%ﬂpﬁdt“hg?mﬁ"é}%?gii))s or %rrﬁ%ose vei ns,
congenital cardiac defects); obstructive disorders (ureteral or urethral

stenosi s, bronchi@lvagistiabodfRAshingstdsicscicAly @EQEs'Rh Hidid seBlReked
Eustachi an tubes); integunmentary defects (eczemm, burns, skull fractwures,
m dl i ne si nugmpdescicesy disgrderabion pxmnnle @s)or npr perditinerglrottdfianenci es

(X-1inked agam 0 ' Qﬁ({}' D [ n I hr oni.c .gr anul onmat ous

di sease, %@gﬁgpﬁ?‘gj‘:ﬂé%éﬁy ; sé@%)rh‘ ét%ﬂi‘ygnﬁ% 1%@?%?%%@%“@’516}( ﬂ% %JW{I}?%W,

premat uri ty,ofliymphengstesipl leaeditomind mreem}})ma dis@ﬂ’ﬁﬂsﬂ@ﬂ@@b@ﬁﬁ% mamm@g@&?/, _

protein-losing enteropathy, chronic viral diseases);unusual m crobiologic

factors (ant@tﬁ'?o{?ﬁ"%ﬂ SVEFGROWE RS @hPEREES (i eridikalionst i dgbsteantciorgani sm

conti nuous rgi.pfLectiopn; ; nat.ed . , Y. infecti.ous contact,
déee;ing&ﬁe LiQia(LOMRPL AR cwﬁxaE)nggg{r&ge wﬁgguggg

contam nate nhal ati on thera y]l equi pnent) elgn b trauma
(ventri cul arMshutrits)n, Yemtimhndeneus dehtihetiey, Praeinilbsiog abtehparities,

oraf - vasus g edised NHPr R R iSE R Gcl dlgroe) SRBORT ISR, or 1§ he
i ke. In varj, i I .G € - i EhSy;C i for
exanmpl 6 11 A oI o At T e AERRUAPAph A1 6

defi ci ency, tithkedcyte globulin, Anti-T-cell monoclonal antibodies); Infectious diseases

(Congenital rubella, Viral exanthems (e.g., measles, varicella), HIV infection,
Cytomegalovirus infection, Infectious mononucleosis, Acute bacterial disease,

15 Severe mycobacterial or fungal disease); Infiltrative and hematologic diseases
(Histiocytosis, Sarcoidosis, Hodgkin’s disease and lymphoma, Leukemia, Myeloma,
Agranulocytosis and aplastic anemia); Surgery and trauma (Burns, Splenectomy,
Anesthesia, wounds); and Miscellaneous (SLE, Chronic active hepatitis, Alcoholic

cirrhosis, Aging, Anticonvulsive drugs, Graft-vs.-host disease); or the like.

20 In certain embodiments, the subject having an NK cell-responsive disorder
can be in need of treatment for burns or wounds. Typically, such a wound or burn is
a severe injury that places a significant burden on the subject’s immune defenses.
For example, in some embodiments, the subject is treated for a second or third
degree burn covering at least about 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%,

25 75%, or more of the surface area of the subject’s body. Also, in some embodiments,

the subject is treated for a wound or wounds, e.g., an open wound of at least about 1

c1}12, 2 cmz, 5 cmz, 10 cmz, 20 C‘mQ} 50 em? or larger, or 1%, 2%, 3%, 4%, 5%, 10%,

15%, or more of the surface area of the subject’s body; or one or more incisions
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agammagl obul i nem an (Bruton's Aganmmagl obul i nem a; Congenit al
Agammegl obul i nem a), common vari abl e i munodefi ci ency (ACEUIrgd .
Agammagl oBM2PHERPRY, hyper - 1 gM i munodefi ci ency, |gG suBETAS30@F1489 ency,
chroni ¢ nucocut aneous Candi di asi s, combined i mmunodefi ciency,

W skott-Aldrich syndrone, ataxia-tel angi ectasia, X-linked

| ynphoproliferative syndrone, hyper-1gE syndrome (Job-Buckley Syndromne),
chroni c granul omat ous di sease, |eukocyte adhesion deficiency (MACG I /LFA
1/ CR3 deficiency), or the like. In various enbodi nents, imunodeficiency
di sorders caRcigyelngéepkimataingatsagdedn,cl encycdi $ omdércs, o, examploe:

B-cell (antihod ethciencies (X-1inked agam obulinema; |g deficiency
with hyger-lg %iﬁ%f&?%hiaé?% »%H@§¥FE$8&;§gﬁgaggg deficiencies, Antibody
deficiency with normal or elevated Igs, |nmmunodeficiency wth theynona,
Common vari abl e i imuradefeimbbéimeyss, Trcansjeenta garRTRalefidnkine i3 ok _
infancy); T-cell %ceLl | ar) dgf C|eane§’(Ere onlnapt Tcel | defyC|eqcy.

Di Geor ge anofill §Y* EARBIFE i %ﬂé%i%%ﬂﬁm%il%@- _@@)smn?smgbom?;e;a:,se

i nmmunodef4 ci A\f I i f | €0Ss Y/ as
deficiené@ (§%§¥b¥g§%?§%§ii:Iegﬁgéf% %%F&t.éﬁ%yﬁﬁvﬁgﬁﬁgﬁﬁﬁB &b?”%

| ynphocyt operisajanCombpined cils preanthoBiceeldncdel tioi renahEntSeveles, GaARIcNad
innunodeficien0é1§QB %@ XL), Aden95|ne,dean1qase deflcngnpy (AR)i Ret i cul ar
dysgenesi s, BAFEF VB 89?@“%9%@?bﬁ€??ﬁbé%ﬁ&ﬁﬁéf&ﬁ@ﬁ@@ﬂa@maﬂw¢$@g _ _
W skot t - Al dr fe@maﬁvggm%m(,Mstarﬁe}(}%g;il&mgﬁ BLLL ool yiRNOPT Ol Tferative

syndrone); Phagocytic disorders ects of cel

37| oot el -8 oy oo rmtiter e vy 4
Neut rophil CRpDTBL I B leRas iy ap G e gt FereRey oA e |
Chedi ak- H gastihisyingseived @ArhtiorfRpRAIBSRMs dhsQb H&LsSiclDefggts of conpl ement
trimethoprim/methoxazole, vancomycin, tetracycline, fluoroquinolones, ceftriaxone,
Cefixime, Azithromycin, Isoniazid, Rifampin, Ethambutol, Pyrazinamide,
Aminoglycoside, Capreomycin, Ciprofloxacin, Ofloxacin, gemifloxacin,

15 Cycloserine, Ethionamide, and para-aminosalicylic acid.

Thus, various embodiments, the subject having an NK cell responsive
disorder can have an immunodeficiency disorder. In some embodiments, the subject
can have a primary immunodeficiency disorder. In some embodiments, the subject

can have a secondary immunodeficiency disorder.

20 In some embodiments, immunodeficiency disorders can include uremia,
diabetes (infective complications thereof, malnutrition, vitamin and mineral
deficiencies, protein-losing enteropathies, nephrotic syndrome, myotonic dystrophy,

sickle cell disease; or the like.

In some embodiments, immunodeficiency disorders can be cause or be
25 partially caused by immunosuppressive agents, e.g., radiation, immunosuppressive
drugs, corticosteroids, anti-lymphocyte or anti-thymocyte globulin, anti-T-cell

monoclonal antibodies; or the like.

-62 ~



conponent s: Clq deficiency, Defects of control proteins: O inhibitor

defi ci enc Factor | (C3b inactivator) deficiency (ACD? Fact or

defi ci enc‘é 828tact or D deficiency (ACD), Properdin &&f I@P@ﬁ@@“&%)) or
the like In various enbodi ments, inmunodeficiency disorders can include
secondary i mmunodefici ency di sorders, for exanple, one or nore conditions
selected from Premature and newborn infants (Physiol ogic inmunodeficiency
due to immaturity of imune system); Hereditary and netabolic di seases
(Chronosone abnormalities (e.g., Down syndrone), Uremia, Diabetes (i.e.
conplications fro mia‘ibenle(shl@a@th; la“sntg@dgheme:ya:hsmdceratadcmstmoxp;ermznin,er al
circul atory nut i tion, m.n and m ner al

rve d nctlon
defi ci enci eséi Uﬁ?ﬂ? ’?‘ﬁg?% éragwtae% %pg/arﬁr Ped eane‘BWryo?rieét YAV EHES: Myot oni ¢
dystrophy, Sigkh@edgleticdi &Ra%e)sr thomrposuppr essi ve agents (Radiati on,
| munosuppr essive drugs, Corticosteroids, Anti-|ynphocyte or anti-t hyrmcyt e

gl obulin, Anti-T-cell nobnoclonal anti bod| es); Infectious di seases
(Congeni tal rubel h)a?omﬁ GaodaReRs, Hewu@éefgcwnmmré@s cyminichdk |chx)omcH| v

i nfecti Onj %hg ?M’hé @rdr{] < dcél 9 th‘)}lgé 8§#ﬁﬁ?{}[’1§) 1 Sl IQH’}%L%%)S tILII Acute

3 T
bacterial dise ever nycoba er| a unga i seas Ft'r ative

and henat ol ogne, ldfesealsmsl(ﬁaﬁﬁdtig@yBQ&lISmeSﬁchﬁmd@&infatwl’ﬂ@@l@dﬁbﬂles ;Jh sgase and
| ynphong, Le em a ma, Agranul ocytosis and aplastic anem a urgery
and trauma ( Ftr@aﬂ%é%éﬂc‘tx@ﬁi}“e Khl@&%@%ﬂ@%%ﬁ&&ubﬁ%d%mgs teFraneous

(SLE, Chroni @onﬁﬁhéd/ﬁm{a@[%cﬁweﬁe %ﬁ?{hﬁ th uﬁbcfeﬁx@%h? syf9b g, négfn, goovulsi ve

drugs, Gaft-vs. -host disease) I'n certain € I nments, the
subj ect having an NK cel |l -responsive di sorder can be in need of treatment
for burns or mun@greawgﬂ\aém Eactemmcaﬂ&\@la@ue bendbigrah fmrmﬁgm}wg njitlr y

Mol R R RN TR L
degree burn @Mb(ﬁd@n@fb@:ﬁ@@%rdé{b&%h&/Qeglﬁ%lml@%w&@% suéBR % 30881, 40% S50%
spinal, and peripheral neurons (e.g., at neuromuscular junctions), more typically
degradation of cerebral and spinal neurons. Neurodegenerative disorders can
include Alzheimer’s’ disease; Huntington’s disease; Parkinson’s disease;
15 spinal/bulbar muscular atrophy (e.g., Kennedy’s disease), spinocerebellar ataxic
disorders, and other neuromuscular atrophies; familial amyotrophic lateral sclerosis;
ischemia; seizure; hypothermia; hyperthermia; burn trauma; atherosclerosis;
radiation exposure; glaucoma; toxin exposure; mechanical injury; inflammation;
epileptic seizure, injury-induced seizure, chemically-induced seizure, or other
20 diseases associated with superoxide dismutase (SOD) mutations; and the like.
Neurodegenerative disorders can also include degradation of neurons caused by
ischemia, seizure, thermal stress, radiation, toxin exposure, infection, injury, and the
like. Ischemia can damage tissue through multiple routes, including oxygen
depletion, glucose depletion, oxidative stress upon reperfusion, and/or glutamate
25 toxicity, and the like. Ischemia can result from an endogenous condition (e.g.,
stroke, heart attack, and the like), from accidental mechanical injury, from surgical
injury (e.g., reperfusion stress on transplanted organs), and the like. Alternatively,

tissues that can be damaged by ischemia include neurons, cardiac muscle, liver
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75% or nore of the surface area of the subject's body. dAI so, in sone
enbodi nents, the subject is treated for a wound or wounds ., an open
wound of ‘ﬁpng’ék‘?zséb]out 1 cn2, 2 cn2, 5 cn2, 10 cn®, ZOPEWSZ‘%@/OEHQO or
larger, or 1% 2% 3% 4% 5% 10% 15% or nore of the surface area of the
subj ect's body; or one or nore incisionspenetrating the skin totaling at
least 1cm 2 cm 3 cm 4cm 5cm 7cm 10cm 20 cm 25 cm 50 cmin

| engt h; an anputation; and the like. In various enbodi nents, the subject
havi ng an NK cel | -responsi ve di sorder can have an infection caused by

anti biotic rigsistshelttabaesde.iladndyrnissonpuenbadi ent Santiketistubjecindean have an
i nfection caﬂged by a bacteriumselected fromnmultiple drug resistant
Streptococcus pneum)nl ae, vanconycin resistant Enterococcus, nethicillin
resi stant Staphylococcus Aureus, penicillin resistant Pneunpcoccus,

antibiotic resist@mtr Sabmpnah kit ©5ieai AN NKHIL dctiv B ntfudNbe Nelcsisal | a
Gonorrhea, and resjstant/multi-resistant Tubercul osis. I n some enbodi nents,

the subject B&HIhdverdsrsyhetie thegmal %‘feéﬁl(‘ihéﬁmﬂé§?ﬁ“§tla¢ivd<tbdlya??ﬂh@§8@ (one
I ner ation
anti bi otisc sehected ﬁcrapg}o@(%nﬂnﬁh& ahd 1 a&#@;&o@mprogﬁmﬁe G

cephal ospori ns, macr ol | tet racyc I ne
vanconyci n, ¢gt dla:cty)o/hsmle light, undirmueﬂi(glmnﬁ&mmfet rdoaxane@ys, Gafhiaxhd®tion,
Azi t hrony0| rb}él sgni.azid, Rif 1 n, . Et hanbut ol P&r azi nam de,

i

Armi nogl ycos PROFEIHIE 'ﬁf‘o?(r%%aép thedyheg a’"c?‘ﬁ‘mﬂj%rﬁ“f flaRessi n,
Cycl oseri ne, Bt onaniids 4.0 Rala- cdﬁ{f@}Q st?éshé\'%l 4 scubj}ﬁ't gaat-[@ &di\{&

enbodi nents, the subject having an responsi |sor can ave an

i nmunodef i C|reﬁl@yomﬂ"@mpdégmlcdhamsdnmueyw; trmm’tzsﬁrorhherg&tgbjae@ﬂexﬁamh&%e a

primary odefl Ci e% di sorder. I n sone _enbodi ments, the subject can
J0Cortsy 4

have a §-Be PEREYC dRupydarelaychmay %‘ﬁﬁ’&&_ Hrfpgosure to
i munodef i ci; aet@szm glgs QA& ©AMduRGb A MERITERM %&Qﬁ@ﬁ&aﬁﬁm ective
conplications thereof, malnutrition, vitamn and
antiretroviral HIV ther apeutics (e.g., nucleoside reverse transcriptase inhibitors;
heavy metals (e.g., mercury, lead, arsenic, cadmium, compounds thereof, and the
like), amino acid analogs, chemical oxidants, ethanol, glutamate, metabolic

15 inhibitors, antibiotics, and the like.

In some embodiments, the invention provides a method for treating or
inhibiting angiogenesis in a subject in need thereof, comprising administering to the
subject an effective amount of a compound as described herein. As used herein, the
term “angiogenesis” refers to a fundamental process of generating new blood vessels

20  intissues or organs. Angiogenesis is involved with or associated with many
diseases or conditions, inctuding, but not limited to: cancer; ocular neovascular
disease; age-related macular degeneration; diabetic retinopathy, retinopathy of
prematurity; corneal graft rejection; neovascular glaucoma; retrolental fibroplasias;
epidemic keratoconjunctivitis; Vitamin A deficiency; contact lens overwear; atopic

25 keratitis; superior limbic keratitis; pterygium keratitis sicca; sjogrens; acne rosacea;

warts; eczema; phylectenulosis; syphilis; Mycobacteria infections; lipid
degeneration; chemical burns; bacterial ulcers; fungal ulcers; Herpes simplex
infections; Herpes zoster infections; protozoan infections; Kaposi's sarcoma;

Mooren's ulcer; Terrien's marginal degeneration; mariginal keratolysis; rheumatoid
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deficiencies, protein-Ilosing enteropath:ei, n?phrotic rs%ngronei nyot oni ¢
dyst roph sickle cell disease; or the like. In sone enbodi nents,
|%nunoge%weﬁgHﬂvgﬁﬂsorders can be cause or be partlaIIyPEQGg%ﬁ”HQPBO

i mrunosuppr essi ve agents, e.g., radiation, inmnosuppressive drugs,
corticosteroids, anti-Ilynphocyte or anti-thynDcyte gl obulin, anti-T-cel
nonocl onal anti bodies; or the like.ln sonme enbodi nents, i nmunodeficiency
di sorders can caused or partially caused by surgery and trauma, e.g.,
burns, splenectony, anesthesia, wounds, inplanted nedical devices; or the
like. In sonéﬂ@ﬁﬁiéYﬁ@ﬁK@UPWhﬁﬂh@@%ﬁ&chemoyyW%g@wﬂemsum&mﬂsmckude chronic

fatigue syndgome,d (ﬁﬁﬁl? 13&1%(5 p%yné)t?uggxr%' éfldi? %Q@E' 0281?8% r&&? fejection;

Epstein-Barr virus 1n I on,

post -t r anspl diabedd mﬂn&;ydﬂldy @ﬂi@:u(ah@&ém@faﬁ%ﬁ H18€88LInenfXPARY;E &ghlﬂbt ric
oxi de synthase inhibitors, agin severe conbi ned |nnunodef|0| ncy,

variabl e i mbtfoderandieme slagirray Saget's drdatehecin iokdusipncireas bagudik; cetdtid

tivit u treatin ubj, e W th disorders
?ﬁc:ud|%§¥obhgﬂﬁ%t9? Em%@&%%gﬁ%ﬁk%d%oﬁ%u ?%3%“&??%%&%? ¥&%sed herei n,
a neurodegenemamewg&dnﬁOHQﬁEcnﬂwﬁkMﬁﬁsd&ﬁh@@ﬂkb@@uﬁ&ﬁﬁ%§r9H§5%%%aﬁﬂs
cerebral, Spﬁ%ﬁﬁ? and peripheral neurons (e.g., at neuronuscul ar

j unct i ons) f?ﬁ?&ﬁ‘PV”H@@T%H&@B@ﬁUQﬁ“téY@6F@ﬂﬁ§nﬁmgwnﬁhbuheurons
Neur odegener ﬁi@!o}ﬁﬁ@.&;ﬁ“&@r gdans akdhel A {)I;ﬂgu?@ ?J'tn;usc Rt bdhseg@chgar(sHlIl nxtztli ngt on’s

di sease; Parkinson's disease; spin uar “att ol
Kennedy' s di sﬁerasl@)retzrsqb ﬂﬁ@den@he‘fh}tparwmm s,ymlrcsmsSd ernsplagndsiol thefina dnd
neur onmusgul ar

\t r opk . i al otro %teral scl erosis; ischem a;
sei zure; yp%%%i 5””%96&?W%gwﬁ?§sg%ﬁpﬁ&5 ah% e%%%%ﬁ%§@?@?6§#§“>ﬂb@|atlon
exposure; gl ﬂig@@”ﬁa,seds@%bdhs&i(g@%ra%mm Bﬁﬂii&%{ioﬁ Bi %vaécgfak BFHBRLLS
epi l eptic seizure, injur uced sei zure, chem cally-1nduced sei zur e, or
ot her tissue mdudmg all forms of proliferative vitreoretinopathy; rheumatoid arthritis;
osteoarthritis; ulcerative colitis; Crohn's disease; Bartonellosis; atherosclerosis;
Osler-Weber-Rendu disease; hereditary hemorrhagic telangiectasia; pulmonary
15 hemangiomatosis; pre-eclampsia; endometriosis; fibrosis of the liver and of the
kidney; developmental abnormalities (organogenesis); skin disclolorations (e.g.,
hemangioma, nevus flammeus, or nevus simplex); wound healing; hypertrophic
scars, i.e., keloids; wound granulation; vascular adhesions; cat scratch disease
(Rochele ninalia quintosa); ulcers (Helicobacter pylori); keratoconjunctivitis;
20 gingivitis; periodontal disease; epulis; hepatitis; tonsillitis; obesity; rhinitis;
laryngitis; tracheitis; bronchitis; bronchiolitis; pneumonia; interstitial pulmonary
fibrosis; pulmonary edema; neurodermitis; thyroiditis; thyroid enlargement;
endometriosis; glomerulonephritis; gastritis; inflammatory bone and cartilage
destruction; thromboembolic disease; and Buerger's disease. Anti-angiogenesis can
25 be demonstrated by any method known to those skilled in the art, such as the method

described herein in Examples 10 and 11.

A “subject” is a mammal, preferably a human, but can also be an animal in

need of veterinary treatment, e.g., companion animals (e.g., dogs, cats, and the like),
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di seases associated with superoxide dismutase (SOD) nutations; and the
like. Neurodeﬂen erative disorders can al so include degradati on of neurons

caused byWP2# B4 seizure, thermal stress, radiation, PESUSRVRYAHEYr e,

infection, injury, and the |ike. Ischem a can danmage tlssue_through _

mul tiple routes, including oxygen depletion, glucose depletion, oxidative
stress upon reperfusion, and/or glutamate toxicity, and the like. |Ischem a
can result froman endogenous condition (e.g., stroke, heart attack, and
the like), from accidental mechanical injury, fromsurgical injury (e g.
reper fusion gﬁﬁ@%@néh(@gaﬁQW$ah@€dpmﬁgans$,mahﬂehh@zhﬁhﬁxwﬂbbﬁ@ﬂﬂhkyely,

t! ssues t hat (ecgéﬁapb gerrag}eld%lg %ﬁt'%gn}?%)l ncl ude neurons, cardi ac nuscl e,

livertissue, sue, puInDnary_tlssue, pancreatic
tissue, and the like. Qther disorders in which increasing NK cell activity

woul d be benefi ci ﬁhitzﬂ:ﬂkﬁ:bhtdﬁladmﬁl@m@)eﬁ&eﬂt\dﬂek@rﬁe‘ﬁ@ém uefls" i8S Seontdin el Rl
stress includes h ;]h%rm a fromfever, heat stroKe, burns, and the
j16}

li ke) and hyb“@f% rdéem%m%t@lﬁr%d@gm@ agtivitderethe @ompsmb:lsgicmrgmﬁ
ul travi ol et t T PR AR I di.at eta
radi at i onﬁ g!’}fl:rrngrmi%x adi atd i on\é§§<eaﬂgo&%{:ﬂ(’p?d éﬁa ?%T e (’Egﬁu‘fiﬁq PO (gﬁ%l t he damage
coul d be radb@t@np&d@@ayenbm%moaﬂmmnﬂﬁmﬁﬂﬁﬁkyS&M&nﬁﬁx&g&ﬂbhﬂ@ﬂc%ﬁ@%Eed for

cancer by radi atl t her a anical. injury ., trauma from surgery,
aCC|dentZ c® Wﬁl %gﬁééx%BHHW?qﬁ @“@“m”ﬁ?é§§Wﬂ@ dersged i n glaucona)
and the |i keph%@c&%@&%ﬁﬁulﬁ@o@teﬁ%hlﬁbs &n @Lmn‘:f)?%‘ﬁ [ &€h a?th%sggelfg ?Egd( n

sel ected from net hanphetam ne; antiretrovi ra t her apeutri cs

nucl eosi de r%@@ﬂ%’ﬂt$Bh@”0wp@ttasb3¢1ﬁhﬁblwmis?ummmg (etpahs, Kst@h, PATEr CUry,
and .the like), am no acid

| ead, arseni oun eof
anal ogs, ﬁghefﬁ:m@ %{10 ‘f%o gfﬁ%f” érf*ﬁ’t‘%?fﬁ? &/l b AsepIdeng b o &
antibiotics, a(ﬁlﬁhﬁmhﬁﬁoﬂ kd&ted (2. é%ﬁnﬁ)ﬂbéiﬂbl%ﬁt Swpshibf 319%{1%@}5}1%911&0%}%29(35 a
nmet hod for treating or

carriers for parenteral administration include, for example, sterile water,

physiological saline, bacteriostatic saline (saline containing about 0.9% mg/ml

benzyl alcohol), phosphate-buffered saline, Hank's solution, Ringer's-lactate and the
15 like. Methods for encapsulating compositions (such as in a coating of hard gelatin

or cyclodextrins) are known in the art (Baker, ef al., "Controlled Release of

Biological Active Agents", John Wiley and Sons, 1986).

An “effective amount” is the quantity of compound in which a beneficial

clinical outcome is achieved when the compound is administered to a subject. For

20 example, when a compound of the invention is administered to a subject with a
cancer, a “beneficial clinical outcome” includes a reduction in tumor mass, a
reduction in metastasis, a reduction in the severity of the symptoms associated with
the cancer and/or an increase in the longevity of the subject compared with the
absence of the treatment. When a compound of the invention is administered to a

25 subject with a an Hsp70-responsive disorder or an NK cell-responsive disorder, a
“beneficial clinical outcome” includes reduction in the severity or number of
symptoms associated with the disorder, elimination of an infection, or increase in the

longevity of the subject compared with the absence of the treatment.
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i nhi biting angi ogenesis in a subject in need thereof, conprising _
adm ni steri ng to the subject an effective anount of a cog‘;%ound as descri bed

herein. AYO8WYPEtei n, the term "angi ogenesis" refers TETASPWAGHENt al

process of generating new blood vessels in tissues or organs. Angiogenesis
is involved with or associated with many di seases or conditions, including,
but not limted to: cancer; ocul ar neovascul ar di sease; age-related macul ar
degeneration; diabetic retinopathy, retinopathy of prematurity; corneal
graft rejection; neovascular glaucoma; retrolental fibroplasias; epidenc
ker at oconj unct i vi Theprevist ambnntAfdemipoiehaiminsontdota dubitst aviedyear onat opi ¢

Kk titis; rior linbic ratitis: pterygiumkeratitis sicca; . Sjogrens;
acno. 1 osacea C IR LS UhAl TS teas Al G STy pie fraracp ubHaLer | a
infections; dubpict sdeg@n@natal BELIthC RITE&Aho@HGREht RACHLE AR 14 Ll%s.s It &y}pgal

ul cers; Herpes sinplex infections; Herpes zoster infections; protozoan
i nfections; Kepdaieng os drcdngsce. Mysribnans thpeef canTer rlibenkslerrmrtgianatill be

degener atd on; ri Qi keratolysis: rheunptoidarthritis, stem c | upus;
pol yart erS: t ia'sl);l%rdé%érrrgﬁkv_g” e er%dtéslg%sgg%séﬂ%@gg, R Y ) f“i’cf %t,?‘f“rs‘tsa\éﬂ_%%s- Johnson
di sease; pen@ﬁé@i@bdinoluﬁdlﬁkhd@g@&&ti%mﬁ)oﬁmm?ﬁhalw ARRe h&le6A Lo 1di abeti c
retinopathy; macul ar degeneration; sickle cell anem a; sarcoid; syphilis;
pseudoxant hofs/ &R agtri urnd Paget! gsmnyé@s aer déﬁg’,r&ﬂé@&fﬁls\bf;yrﬁctt\a??}_eﬁy

occl usi on; ot i.d_obstr i ve dj sease:» chronic uveitis/vitritis;,
nycobact er i gﬁ%?e’é‘??%%éggtﬁ%g%‘%ﬁ?ﬁ“ﬁ‘%e?‘”é‘%ﬂ eefﬁ%c‘:)gﬁ“ﬁ%ﬁ%“ PY PRI BS s

retinopat hy a@fthpdistiatardonyoubad esluddinseageim Behlpilas dheeasesthibnfections
causi ng 1% retinitis or choroiditis; presuned ocular histoplasnosis; Best's

di sease; ! Uy CPPEOUBHPFICKIRIE AN O5F g4 PHEARD!eEHY &2 g palbat I ki Togtboghr onijc
retinal detagiymgpi; ' kd ) ' 11S, n
post -1 aser conpl %%3[ %ﬁ§§md?%g%s%§)oz%g%§:@ t da%m&%{g%%gggi%%m%@m(g
(neovascul ardbati bhmgfkgthebartfllehg/kdi sddbebkgat¥beh dyadrhieiadng il

proliferation of fibrovascul ar f%%r ous tissue i“néudi, ng all forms of
proliferati valoa}e{ PUS SR cg? F@%c}“ Wﬁ?toqf&a%eﬂﬁq te? ctive amount of the
second anti-cancer agent will depend on the type of drug used. Suitable dosages are
15 known for approved anti-cancer agents and can be adjusted by the skilled artisan
according to the condition of the subject, the type of cancer being treated and the

compound of the invention being used.

The compounds and pharmaceutical compositions disclosed herein is
administered by any suitable route, including, for example, orally in capsules,

20 suspensions or tablets or by parenteral administration. Parenteral administration can
include, for example, systemic administration, such as by intramuscular,
intravenous, subcutaneous, or intraperitoneal injection. The compound and
pharmaceutical composition disclosed herein can also be administered orally (e.g.,
dietary), topically, by inhalation (e.g., intrabronchial, intranasal, oral inhalation or

25 intranasal drops), or rectally, depending on the type of cancer to be treated. Oral and

parenteral administrations are preferred modes of administration.

The present invention is illustrated by the following examples, which are not

intended to be limiting in any way.
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osteoarthritis; ulcerative colitis; Crohn's disease; Bartonell osis;

at heroscl erosi s; Osl er-Wber-Rendu di sease; hereditary henorrhagic

t el angi ecWaPW/ 04388t nronary hemangi onat osi s; pre-eclanpsigFT@ﬁ@%Wg?¥$%sis;
fibrosis of the liver and of the kidney; devel opnental abnormalities
(organogenesi s); skin disclolorations (e.g., hemangi oma, nevus flammeus, or
nevus sinpl ex); wound healing; hypertrophic scars, i.e., keloids; wound
granul ati on; vascul ar adhesions; cat scratch di sease (Rochele ninalia

qui ntosa); ulcers (Helicobacter pylori); keratoconjunctivitis; gingivitis;
peri odontal disease; epulis; hepatitis; tonsillitis; obesity; rhinitis;

| aryngitis; itls; nchitis; bronchiolitis; pneunonia; interstitial
pul nonary fi%%ggﬂgﬁigaﬁﬁgﬁgry edema; neurodermtis; thyroiditis; thyroid
enl ar gement ; gendpnet. 9, ashSis (H'tﬁ@@&ﬂlg@ﬁ}ﬂﬁh” tis; gastritis; inflammatory
bone and cartilage destruction; thronboenbolic disease; and Buerger's

di sease. Antgugmg"qgggﬁﬁyﬁlgqn be denonstrated by any nethod known to those
skilled in tﬁe arﬁ, suc g e nmet hod described herein in Exanples 10 and
11. A "subject” is a mammal, preferably a human, byt can abso be an ani na

in need of veteri ment, e.g., conpanion an I e.g., dogs, cats,
and the like),farmaninmdls (e.g., cows, sheep, pigs,nhor esk,and the like)
and | aboratory a‘himsﬂ% H(NeNg’ rat sCuflce, gui nea pNgs)..4ndNthe |ike).
Sui t abl e pharmaceutical | y Jaccept able=carri¥®rs i SP: ontain inert
i ngredients Ry NOts™T Ny By, tih® i ol ogi cti@itySof onpounds
descri bed he . The phar @ cal ly accept carriers o uents
shoul d be bi otonpati ble, i.e>~*non-toxic, non-inflammatory, noh-inmunogenic

and devoisd of ot her undesired reactions upon the adninistration to a
subj ect. Standard pharmaceutical fornulation techni ques can be enpl oyed,
such as those deslotd beduiion BnitigtlonrsiRhaniiet AUBD@ak, 5¢nences Fivkck

Publ i shing %%%ﬁ%’we?saésd%ggl ’COp%gf‘(ﬂ) chloride (277mg, 2.0mmol). The mixture was
stirred at room temperature for 20 minutes, Water was added. The solid was
collected by filtration. The solid was taken up in methylene chloride. The resulting

10 solution was washed with water (2X), dried (Na;SOy), filtered and concentrated to
give crude solid. The solid was washed with acetone to give the pure compound 1
(600mg). Single crystal solid can be obtained by recrystallization from acetonitrile.
MS (ESD [M+H']: 462. MP: 198-202°C (decomposed). Anal. calc. For
CioHsCuN4O,S2: C, 49.39; H, 3.93; N, 12.13; found: C, 49.36; H, 3.68; N, 11.92.

15
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Forrmul ati on of the conmpound to be adm nistered wll vary according to the
route of adm nistration selected (e.g., solution, emulsion, capsule

Sui t abl e WAZPHAUEHi cal carriers for parenteral adnlnlsfpgﬂﬁ&H”WﬁHﬁ de, for
exanple, sterile water, physiological saline, bacteriostatic saline (saline
cont ai ni ng about 0.9% ng/ M benzyl al cohol), phosphate-buffered saline,
Hank's solution, R nger's-lactate and the |ike. Methods for encapsul ating
conpositions (such as in a coating of hard gelatin or cyclodextrins) are
known in the art (Baker, et al, "Controlled Release of Biological Active
Agents", John Wl ey and Sons, 1986) An "effective anount” is the quantity
of conpound in which a beneflglal cll-f%al outgone is achi eved when the
conpound is admnistered to a subj ect&&or exanple, when a conpound of the
invention is adnministered to a subipéct Wt a cancer, a "beneficial

clinical outcone" |ncluq;~ & reduction in xunDr ¥Sx: @ reduction in
metastasis, a reduction ig+he 9ew~r|ty of £ hei§ ons associated with the
cancer and/or an increase in B | Orgevi tilie subject conpared with the
absence of the treatneat. Wien a co : e invention is adm nistered
to a subject wth ac“gm Hsp70 Lesponsix Wi E ~NK cel | -responsi ve
di sorder, a "benefircT al~gh+miCal i des- redictien n the
severity or numbef” of symptons al ‘€l i mi nation of

an infection, or gncrea.ﬁ in theslongevity of the supj bypared with the
absence of th-;““g.ﬂ% T%he preci se anmount of conpethgd wnlstered to a
subject wll depend‘lg the type and severity of theﬁﬁ|5a¢;e or condition

and on the charactefistics of the subject, such as general health, age,

sex, body wei gh t I [t may,. ] n the degr ee,

severity and tyggﬁgfptﬁA agp&ﬁﬁ%&gﬁl 3“3??$§ é’k#f?mﬁgﬁgﬁpg ‘to deternine

appropriate dosa es dgggndln on these and other factors. Effective anounts
HELDEY

of the discl oseE BisiRd HREAT Ppridhgwep deneempmegt 1 1

Atom 1 Atom 7 Dhstance Arom | Atom 2 Dhstance
Cul N7 1.944023 12 H12 G950
Cul N3 C13 Cl4 L3894
Cul 51 13 H13 0950
Cul 59 14 <15 13884
51 1 Cl4 Hi4 0950
50 co 15 16 138404y
04 4 Cis Hi3 0.950
OB {6 18 Hie 0.950
N2 o o HZ14 0880
N2 W3 21 H21B 0.980
N2 (3! 21 H2IC 0980
N3 4 81 H81A 0980
N7 6 81 HE1B (980
N7 ™NE . 81 HEI1C 0.980
NE 9 i ‘3}{1{:)\5 91 o2 L3914
NE 81 148103 91 96 L4033
1 il 14794 <92 93 1388043
C4 {5 1310(4) 9z Hgz 0850
3 e 13194y {875 o 138204y
3 H31 0.94(4) 83 H93 0950
<3 H32 IRETEY] <94 €95 1.393(4)
9 <ot 14810y g He4 0.950
cil c12 1.392(3) 93 C96 1.384(4)
C1t Ci6 3 o5 H95 0.950
C12 13 13834 96 Hos 0550

Numbers m parentheses are estimated standard deviartons o the least significant digits

- 69 —



ng/ mm per day and about 10 grans/nnm per day, and preferably between 10
ng/ 2 per day and about 5 grans/mm2. I n sone enbodi nents, effective
amount s OVOPAW/MRB4| osed conpounds i ncl ude m crogr am t o PRTUSRPAM4E8%ount s
of the compound per kil ogram of subject or sanple weight (e.g., about 1
ng/ kg to about 500 rng/ kg, about 500 ng/kg to about 250 ng/ kg, about 1
ng/ kg to about 100 ng/ kg, about 10 ng/ kg to about 50 ng/ kg, and the |ike).
When co-adnmi ni stered with another anti-cancer agent for the treatnent of
cancer, an "effective amobunt” of the second anti-cancer agent will depend
on the type of drimplesetiBosud tahiles dndageseer & k@ounpbemdappr oved
anti-cancer agents and can be adjusted by the skilled artisan according to
the condition of the,subject, .the,type of canggrhbeng treated and the
conpound of the—lnve@;f"L @érﬁg ysed; The conpﬁﬁﬁd trt
conposi tions dirscl osed herein i s adms)
i ncl udi ng, for\exanﬁhe orally |ﬁnta@sules SGSpen$|®ns onztablet
par ent er al adnlnlstrﬁ%lon iParent%a I admi ni stfatidn’can iHcl udél? & or
exanpl e, systepjc adﬁ%nlstf@tlonéﬂg‘ch as by f tra@y%cula& |ﬂchV¢nous
subcut aneous, er |nt¢aper|ggnealQ;ﬂ$@ct|on Thg cormpeound @pd phé? ’
conposi tion di stl osed her ein cansai’se be admi nisst ered oratily (eig.s
dietary), topictally,Xby |nhélat|éﬁ“~e.g i nt £dbr oriéhi al , %lntramagal ora
i nhal ation or fhtranésal dEpps), | ﬁﬁgctally,,ﬁepe@d ng dﬁ/the yge. of
ent er al adntplstnaflonsﬁgre p gﬁérred
:nventiongi s m]iustr@ged byyghe
tended toxbe |imitingiiia anys.
hesi's of tééjco@ﬁ?undsﬁg nt hési-e

modes of admi nEstratiwon. The prese
fol |l ow ng exanpl es, Which %Me not
way. EXEVPLI FI CATI ON Exanpl €1 L Sy

6 Lul 2 H2iB
Conpound 1 N8 N7 Cul e I

9 M8 7 col HIIC

9 s 81 £ 10

N7 W8 s 3 H31A

N2 c1 C11 5l H31B

N2 c1 51 H31B

Cil 1 51 sl HIIC

04 c4 N1 81 HIC

04 Cs I sl H81C

ca s sl 96

c4 s ct col o

c4 3 F51 s o3

6 cs B4

c4 s E3

s s F32

H51 ci 42

08 & N7

06 s s

N7 8 s

W8 o ol

NE s 39

o1 o 59

C12 ci Cis

€13 ci c1

Cig c1l o1

13 c1z ct

13 c12 H1

Phumbers i parentheses ave evtimsted standard deviationy v the lesst sipmificant digits
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Into a solution of bis[thiohydrazide am de] A (800nmy, 2.0 mml) in EtCH
(10. Om.) was added copper(l1) chloride (277ng, 2.0mmol). The m xture was
stirred aVOr8WABdperature for 20 minutes. Water was af§&VS290886K80 i d was
collected by filtration. The solid was taken up in nethylene chloride. The
resulting solution was washed with water (2X), dried (Na2SO ), filtered and
concentrated to give crude solid. The solid was washed with acetone to give
t he pure conpound 1 (600ngy). Single crystal solid can be obtained by
recrystallization fromacetonitrile. M5 (ESI) [MrH+] : 462. MP: 198-202 C

( deconposed) Symthedis oc@dmpowrdr2 G 9H 8CuNARS2: C, 49.39; H, 3.93; N, 12.13;

found: C, 49.36; Ky 3.68; N 11.92. ORTEP di agram of od 1 show ng 50%
thermal ellipsoids. | e0f Bond Angles in Degrees faqr anound 1Synt hesi s
of Conpound 2 Conpoupd HhWas prepa il arly as crNeed- for the
preparation of cgp ounds /ﬁsi ng blﬁsi f’%l’r{’:ﬁ%gr azi deNgi's\,d{é’] A and ni ckel (I1)
chl ori de hexapbydr . M8 M+Ei+é 45 00 \NWrs_epgl 3) d
7.58-7.44 ( . B.68 (s, , B1@Y (s, 2 ynt hesi s of pound 3
Compound 3 epared sim y as descri be r the preparat¥on of

conmpounds 1 usl ng cjgrrpound 3a. M5 (ESI) [MrH+] : 470 2Synt hesi s of Conpound

comonnds 1 us, ng R RSLE 2 VA bR S dep b o e R  compound 5
Cormpound 5 wesnpregan edingibi[thasHyirasicddesds] Radd hakel NEcb SRR 0.

conpounds_ 1 using conmpound 5a. MS (ESI) [MH+] @ 442 Synthesis of Conpound
6 Conpound N%ﬁ%%@éb’éﬂéd’ﬁgi mlarly as described for the preparation of

compounds iy NMR (300 MHz, CDCly) § 7.58-7.44 (m, 10H), 3.61 (s, 6H), 3.59 (s, 2H).

Svynthesis of Compound 3

i ad

_NH HN. .
~N N~ CuCl, N N\C Non~
/4 S S N EtOH /72 \s/ u\s/ N
N™ | | N N™ | | N
N ‘ N N N
/ 3a \ / 3 \

10
Compound 3 was prepared similarly as described for the preparation of compounds

1 using compound 3a. MS (ESI) [M+H']: 470
Synthesis of Compound 4

POYLLLL NP2 Cucl, /\N«—N\C PN
— XYY & X
s ST mon ] S S
N, = =N N.# N
4a 4

15 Compound 4 was prepared similarly as described for the preparation of compounds

1 using compound 4a. MS (ESI) [M+H']: 492
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1 using conmpound 6a. M5 (ESI) [MH+] : 477 Synthesis of Conpound 7 Conpound
7 was prepared simlarly as described for the preparation of conmpounds 1
usi ng con¥BIAY/O#8284\s (ESI) [M+H+] : 366Exanple 2 : Bi oIPSa{[ESé‘?”{&é’f“?Qn ty of
Compounds of the Invention M4 nel anoma cells were seeded at 50,000 cells
per well of 96-well plate in 100 M of Dul becco s m nimum essential nmedi um
(DVMEM suppl enented with 10% fetal bovine serum Cells were cultured at 37
C under 5% CO2-95% air. After 16 hours of incubation, the test conpound was
added to the cell culture. The conpound was first diluted in 100% di net hyl
sul f oxi de (E&Eﬂ&iﬁtjﬁﬁﬂlﬁmﬂﬂjbf final concentrations actually used in the
assay. The DVBSO SO?J'[I 0 next diluted 20 fold with bhe cul tupe nedi um
and then finally a e assay wells at anot her 20- fiﬁkd\dffr ion. The
assay nedlunllnclude ;3“; test conmpound with concentrations as |nd|cated

wi th 0. 25% DVBO. “Ggf Np'»{ywasme r with a Cokg-Bksa

described in the T chnlcal nual for unting Kity8, e odu #CKO4- |
1, CKO04-13 an Eg Iecu t() noIo . antyl ar,
LS. et al. TKopl dic ne ayid tern Hegl th 8(@ 595 . R003)

inthe last 1 n after a 48hpkdCubati on mnth th gpt conpound. at a
for conpounds 1-7 are &@npared with that of compound A showg in Figure 25.
Each bar of the figure expresses average percent inhibition against vehicle
(0.25% DVMSO) control (n=4). Error bars indicate standard devi ation. The

| C50 val ues for conmpounds 1-7 are listed in Table 1. Exanples 3-7 Heat shock
proteins g Hsm)m?&@qd ﬂm%egﬂ; HE QI m BurMals REWRE 5T hepseparidh irens ﬁ %b' nd to
ot her proteins reven Fhelr denaturation. Hsps can protect the cel
fron1apoptotléﬂa@a@ﬁpom@%ﬁt§W§HéﬁDdhﬁﬂéé the production of Hsp70 can have

Synthesis of Compound 6

0 0 0 O

,N
Sy NH AN A~ CuCl, N NS

o o

Compound 6 was prepared similarly as described for the preparation of compounds

10 1 using compound 6a. MS (ESI) [M+H"]: 477

/:\\

Synthesis of Compound 7

0 0 0 0
_NH HN. . .
Y N~ CuCl, Y N\CL.‘/N N
M
\/gs sé\/ EtOH \)“\‘S/ \S’)\/
Ta 7

Compound 7 was prepared similarly as described for the preparation of compounds

1 using compound 7a. MS (ESD) [M+H']: 366
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protective activity against a wi de range of insults, and may have
particular utility in neurol ogical disorders. The neuroprotectant activity
of Hsp70 VAMWHE8¢onpounds of the invention can be ass&§IAF29M/0614§% ety
of ani mal neurol ogi cal di sease nodels. Specifically, animl nodels of
stroke, amyotrophic lateral sclerosis, Huntington's disease, Parkinson's
di sease, and Al zheiner's di sease are appropriate settings for testing
ef fi cacy. Sone exanpl e animal nodels are provi ded bel ow. Exanple 3:
Cerebral Ischem a (Stroke) The benefit of the disclosed treatnment with
Hsp70 i nduci HgaowipduBdogiéal tAreivitmwé itdngrousals obeheBseaEee i n rodent nodel s
descri bed in Longa, et al. (Longa,

f strok F t rok d
E 2. Ve nstein. BRI PRGH Gt i el He s R e st v sios

mi ddi e cerebnad uast BEBCGE! MsiOAMLHOM! HeIAR ﬁg@@ !
20: 84-91) can be utilized. Rats arg anes?%etlz ﬁﬁﬁ?ﬁg§$£ ﬁﬁkhen

i nfarction i LRligyEEdenyn s aer %ﬁliﬂalred/as”ﬁdﬁarnd@c6%@@@95%/&114%(11@)1bon

intralum aI a n e cerv n I otid artery and
o pdvancad ot 9E By 6o PhRpO IR SR ¥Rl Il Alwe e Cufibra
artery. Col | atefiait éﬁhmddnﬂd)@%/dm&etﬁ;gﬂsu@i@ﬁadla)(m{ﬁfz!tull@t)lfﬂgi &lflnabr anches of
the external carotid artery and all extracrani al branches of the internal

carotid art eF?}‘ceﬂrﬁ&?ﬁéﬁﬁ y Bfedtinéhg as5nt he PNSR sbhitigo sed nesdilyed lﬁf to or
just after |ngygﬁ§g% ¢ r, ] [ examp 10 to
100 ng/ kg body melg d%?ﬁ??g%?e gﬁ%éHMHsamgaﬁqu%?%8§¥|ﬂ% ﬁ%?‘ﬁeek or
dai ly by anyZQdﬂdeiniunoméﬂ‘hemm r@éd:@dﬁhﬂu&édrtﬁi t®Ncor@p@nd VARt e @Fations
|ntravenﬁﬁs % ra} glc deficit, nDrtallty, gr oss atholog} (infarction
si ze), “slf“élfﬁ% YoH) 028 %I IAVING - & Virdilitarap Zeenstisd ag dess Céff dssachs of t he
conmpounds. ShaeBbEdnSh $edinY 8l )(/szi’iﬁlﬂﬂt @ﬁ@ou i, geat I?’r$ {,PL{?E&L served by
three days after infarction, the nD nsi st i ngle
admi ni st r at i 6R068f13dmddg.K04- 20 Dojindo Molec,ular T@chnologles Inc. MD Tantular, 1.S. er

al. Tropical Medicine and International Health, 8(6), 569-574, 2003) in the last 15

min after a 48h incubation with the test compound. The data for compounds 1-7 are

15 compared with that of compound A, shown in Figure 25. Each bar of the figure
expresses average percent inhibition against vehicle (0.25% DMSO) control (n=4).

Error bars indicate standard deviation. The ICs, values for compounds 1-7 are listed

in Table 1.
Compound 1Cs0 (LM)

A >12.5

1 0.8

2 >12.5

3 4.9

4 1.1 i
5 1.5

6 1.1

7 1.6
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Exanple 4 : Fam lial Anyotrophic Lateral Sclerosis (ALS) The efficacy of

conpounds of the invention in the treatnent of ALS can be nopdel ed using the

SOD tran¥§eAll04EFdse nodel (Gurney, ME., Pu, H., Chi uPCRUS200986}48¢nt o,

M C., Polchow, CY. , Alexander, D.D., Caliendo, J., Hentati, A, Kwon,

Y.W, and Deng, H X (1994) M¢tor neuron degeneration in mce that express

a human CuZn superoxide di snutase nutation. Science 264:1772-1775).

Mit ati ons of human CuZn superoxi de disnutase (SOD) are found in patients

with famlial ALS. Expression of the human SOD gene containing a

substituti onEéf’m@Il%Sc@- e-to-alanine at amno acid 93 | eads to notor neuron
neuron.|l oss fromthe

di sease in transgeni.c..m resul.t . of notor on. | os: ]

spinal cord, the %%%teSIlg%%gfﬁé&%%_ gp‘;%‘gd“%%ﬁd&f‘ Crtﬁ/va@iefyoef@“iﬁﬁh‘for‘l‘éftﬁmbage. To
test the effebsiyidof othbepddsdiOoippdieai MeircleARoMRds. gfsp§@ﬁﬂr3t\é@tnt L Qb
transgenic m.ce having the SOD nutation (SODLX3A) are treated wth the

g 2 ) ,
conpounds, af8mtarePEicssnthomagnsdba enduse tsrprodrasion of ksp2y npt lorve ar e

clinically a . LN i mal t 2.5.t0 3 nonths of  age. . ounds
can be do%ed%%’?? |é ﬁgﬂa}‘@h‘éﬁﬁgﬁﬁf %_r%q%eofﬁ% N E?V(?_rpaétk%‘?f'ﬁﬂ@%?% to 100
ng/ kg body wedgblbogadhdinirgter &lic obgepRedctaie ekiafy dfTHBe0 ildRmPMmpNesks by the
oral or intravenous route. Endpoints include functional inpairnment of notor
function as 9\% P IRENRPE tB) Rgtseape Wangesty aiieimal tearol egigp olisease ’xin?éfﬁﬁlde

hi st opat hol ogy. e L pal;, r j ati on of ot or
neur OIEI)S and ?%c%cggg%ﬂ;ﬁggﬂg;é&%gﬁé% |l%nnggztﬁ)ﬁ?dclﬁgf%%?lggsghgugﬁmgﬁ? Aal notor
neurons. |f fewmgetierkmemrs disstseatidoxizhampes filoeaedye tifigopimacd:i0n mpuse

i val be EX le 5: ntington's Di sease (HD) A transgenic
mouse molbl S DS SO SR T Re P G TP

Example 3: Cerebral Ischemia (Stroke)
The benefit of the disclosed treatment with Hsp70 inducing compounds of
the invention can be assessed in rodent models of stroke. For example the stroke
15 model described in Longa, ef al. (Longa, E.Z., Weinstein, P.R., Carlson, S., and
Cummins, R. (1989) Reversible middle cerebral artery occlusion without

craniectomy in rats. Stroke 20:84-91) can be utilized.

Rats are anesthetized with ketamine, and then infarction is induced by
extracranial vascular occlusion. A 4-0 nylon intraluminal suture is placed into the
20 cervical internal carotid artery and is advanced intracranially to block blood flow
into the middle cerebral artery. Collateral blood flow is reduced by interrupting all
branches of the external carotid artery and all extracranial branches of the internal
carotid artery. A compounds of the invention can be dosed just prior to or just after
induction of the infarction. The dose may be, for example, 10 to 100 mg/kg body
25 weight administered once per week, three times per week, or daily by any
conventional mode of administration, e.g., orally or intravenously. Neurologic
deficit, mortality, gross pathology (infarction size), and histochemical staining can

be analyzed to assess efficacy of the compounds. Since this is a very acute model,
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i nduci ng conpounds of the invention for efficacy in this disease setting
(Mangiarini,L., Sathasivam K., Seller, M, Cozens, B., Harper, ,66\. o
Het heri ngV8r019@4828¢ant on, M, Trottier, Y., Lehrach, H PCBAPPUQ06K3Yy — and
Bates, G P. (1996) Exon 1 of the HD gene with an expanded CAG repeat is
sufficient to cause a progressive neurol ogi cal phenotype in transgenic
mce. Cell 87:493-506; Carter, R J., Lione, L.A, Hunby, T., Mngiarini,
L., Mahal, A, Bates, GP., Dunnett, S.B., and Mrton, A J. (1999)
Characterization of progressive motor deficits in mce transgenic for the
human Hunt i ngtdfeash o wasbseruedby tmee days Near imﬁmbt?gg ehchQo 324826 nsi SHD( |RZ /2
caused by a G,pol yal ut am ne r.epe expansi on. ese transgenic m ce
transgen%/cs)g{;\%r\lll 4 i%iﬁﬁﬁl%‘fﬂ{”{”ﬁgﬁfﬂﬁan HD gene with (CAG 1 15-(CAG 150
repeat expansi ons. The m ce exhibit progressive neurol ogi cal pathol ogi es
simlar to HD, including abnormal and involuntary novements, trenors, and
epileptic seizures. These transgenic mce show overt behavioral changes at
appr oxi mat el ¥xamplckst yniliahd mysdrapdyi¢ ;aaarsaﬁsttl@;‘gmwgéﬁ_s of age, tgey ](cjl fﬁleay
re subtd e deficirencies.d e r id}s. - i cing co nds. o
imr)wenti onfi can be gg?ng{lfﬁg%}é&e y uin§1 éﬁ%\k}ghnovﬁislg%x} motﬂgkjre%‘taﬁnﬁ?ggﬁgtc%he at
doses of 10 mol@i0d neinpéire s«gchftmbwimb@gagn@tea(@%mgy,gm.fygw&,qu§?¥1ﬂuﬁfs (for
exanpl e, at 0.6 weeks of age). Conpounds can be given on nultiple
dif;ne)r ent dogi\z‘g[)é‘l:ﬁ@aﬁi %’sé'é g.g]éj.?‘?wo%gle{ %Wa%@%f‘gﬁseﬂﬁﬁf%é*?ﬂf%ﬁpert )
week). Perfo c n. o { SISV S ng tank,
boam nal ki ng 1ot o od aopar St e g faor e ee” FEhaIHE I AR "G
1999) can becpersserhvetintGuZasspssxidralianttiaw mytadbn therncoppounds 1 77s).

RN T RN Y T L
whi ch di seasgiifall AAYCEInRYsion of the human SOD gene containing a substitution of
glycine-to-alanine at amino acid 93 leads to motor neuron disease in transgenic
mice. As aresult of motor neuron loss from the spinal cord, the mice became

paralyzed and die by 5 to 6 months of age.

15 To test the efficacy of the Hsp70 inducing compounds of the invention,
transgenic mice having the SOD1 mutation (SOD % ) are treated with the
compounds, and the effect on disease is monitored. The symptoms are clinically
apparent in these animals at 2.5 to 3 months of age. Compounds can be dosed
starting at this time. The dose may be, for example, 10 to 100 mg/kg body weight

20 administered once per week or three times per week by the oral or intravenous route.
Endpoints include functional impairment of motor function as well as histological
changes. The latter endpoints include histopathology of brain and spinal cord
assessing degeneration of motor neurons and the appearance of neurofilament-rich
inclusions in spinal motor neurons. If long-term administration is performed, the

25 impact on mouse survival can be assessed.

Example 5: Huntington’s Disease (HD)
A transgenic mouse model of HD exists, allowing the testing of Hsp70

inducing compounds of the invention for efficacy in this disease setting (Mangiarini,
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chemcal treatnent. These are the 6-OHDA (Zignond, MJ. and Strieker, E. M
(1984) Parkinson's disease: studies with an animal nodel. Life Sci. 35:5-1
8; Sauer WAZOMMWSBArtel, WH (1994) Progressive degeneP&f{lGAR08{061480
nigrostriatal dopam ne neurons following intrastriatal termnal |esions

wi th 6-hydroxydopam ne: aconbi ned retrograde tracing and i rmunocyt ochem cal
study in the rat. Neuroscience 59:401-415) and the MPTP (Langston, J. W,
Forno, L.S., Rebert, CS. , and Irwin, |I. (1984) Selective nigral toxicity
after system c admnistration of 1- , _ ! _

net hyl - 4- phehy|Sathapivemg Kt et lghyMir Opyarisnig., (NEXR) A i, hictiheinggui €1, élawn@nkey .

Brain Res. 292: ~4) n-exanmpl e, of test . of 70 1 nduci ng
conmpounds of %h@gﬁq‘h‘éeﬁﬁgﬁﬁﬁé& }ﬁ\'gD?l t %m&at%&%(ﬂ% I?t’%ﬂﬁln}_g@fa‘&izul t male
rats are inj éid gehewvitthadbyned 0N (ehat iDMfBEBROOLAGKI Corb Blc8GEd On into the

striatumin the brain in order to facilitate visualization of the neurons
in the subst ARFPRESHRAGPRENOLRE 18 jrersgeRic PDce. et 7 43 80 é5irtar, FOJ.2Lmheof a 4%

luti f [ i red otaciic jnjection ( 1 nmanterior
From brogna, (3 ha 0o an PaRgny s WD GO Pty Do VRS Reb: BoUOKH at a).
One week aft érl. FG9OMCRetab@nzatidienipad Geds8Gah¥er AeffliRneatiact ik okl eGtd,on of
6- OHDA (20 dissolved in 4 ml saline; Sigma) into the striatumon one
side of the BFEMhIURINgIHRS é’éﬁfﬁeé%?tﬂifhét%@ragwﬁé1P62ﬁ&j3éé?)_. g iHsp70
i nduci ng co ' ofc ' ' injstered by intr ous or
| nduct g, cormauats, 94 6ol NG AR SAD AN ) SLereg, by, LOLI@yenous
conpounds cahalpgcgivenvathaHiend pirde diimén CHDAci Rl (CAG) OF5-gone) tsome (2 - 4
weeks, fp()r exa Iae%y subsequent. to 6-OHDA treat mantj. .Rats are sacrificed 8
and 16 weeks BT SFPEIGBA INRTUET FOR0I R SHIp 8PP W eir! pHhelogisa simik éo 1)

behavi oral chana@Suasy BRUHAr &l hfolbhh® bviAlLQRnldIBRq BY1gRgessment of
turning (rotational) behavior using classical neurological read-out, and 2)

the brain isS#@neved after sacrifice, thin sections are nmade using a
cryostat, and

These transgenic mice show overt behavioral changes at approximately 8
weeks of age. As early as 5 to 6 weeks of age, they display more subtle deficiencies
15 in motor skills. Hsp70-inducing compounds of the invention can be administered by
intravenous or oral administration at doses of 10 — 100 mg per kg of body weight
starting at various times (for example, at 5 to 6 weeks of age). Compounds can be
given on multiple different dosing schedules (e.g., once per week versus three times
per week). Performance on one or more rodent motor tests such as swimming tank,
20 beam walking, rotarod apparatus, and footprint test (see Carter, et al., 1999) can be
performed to assess the activity of the compounds in preventing loss of neurological

function in HD mice.

Example 6: Parkinson’s Disease (PD)

25 There are two widely employed models of PD in which disease is induced by
chemical treatment. These are the 6-OHDA (Zigmond, M.J. and Stricker, E.M.
(1984) Parkinson's disease: studies with an animal model. Life Sci. 35:5-18: Sauer,
H. and Oertel, W.H. (1994) Progressive degeneration of nigrostriatal dopamine

neurons following intrastriatal terminal lesions with 6-hydroxydopamine: a
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i mmunohi stochemi stry is perforned as descri beddi n fZi tghrmnd andt Stri gals(er
1984). Efficacy of the Hsp70 i nducing conpounds o e invention is .
((jem)n)st raWQ&OW{ix‘ézsﬂecreasepi n rotational behavior as wePCTAS2W0eHEti on in

the | oss of nigral dopam nergic neurons. Exanple 7 : Al zheiner's D sease
(AD) There are several transgenic nouse nodels of AD. One such nodel that
is wdely used to test the efficacy of drugs in AD was descri bed by .

Hol comb, et al.(Hol conmb, L., Gordon, M N, MGowan, E., Yu, X , Benkovic,
S., Jantzen, P., Wight, K, Saad, L, Mieller, R, Mrgan, D, Sanders, S.,
Zehr, C, O campsicdretrogradadyaciug andimadiaioc@MtherEckinmnly i6 the Mounki n, S.

i K., f . Accel ed Al zhei mer-type phenotype in
'It_lf :aﬁgi;eni c ﬁ?%’é"%{g{%%%g‘%gtg ﬁg)rﬁ?ggﬁ?w @iaag%%édﬁv sdPTKE btei Retang C.S.,

presenilin 1ahdansgen @@-84}\8&3&@?@'\@%‘.&%8&%&%:a,%_zf &s0%ic a‘a}mrﬁstfﬁ?ﬂﬁ L(I)f‘cfﬁ)nt ai ns

two different genes associated wt e is’a nmutation in e anyl oid

precursor pr GtERA-4 pEmyl- 1 Pret-teitaldropping REI7ON), inNBT dquiyeltmarisgeria. | i ne,

Tg2576, has el, a,gyf: ¢l beta-protein |evels at an early age, and,

Igt er, degel géégv%%%? acel (8616%' ‘%ﬁ)—éf‘gnppge l%gef’ggf‘c}éﬁggli?%‘f% tHePBrar Al ththe
other gene i smantiut atied preeEID A ifdesdrifddSl ) gene. The doubly transgenic
progeny froma cross between Tg2576 and the PSI nutant PSIML46L transgenic
| ine develop larg nunb&rs oI fibrillar A beta deposits in cerebral cortex

and hi ppocanpus f arr 8affilema TR FhEY I Wb YInoraksieri@ brgesPeaniice. Hsp70
i nduci ng conpgenes ifh tﬁ@ﬁrih@xﬁ?@tthé’ﬂmﬁgﬂl &3@&8%@&%&{% mtfagléﬁg Ve Qus tines.

The age of mce at the start of drug dosing nay be var or é?arrpl e, a

treatment starwrpnginttheeubsaytibeigas, Be NoNifED. o nageneahtsiaTe a1 whish t he
brain de gsit are 'ést etectabl e. The dose may be, for exanple, 10 to
100 ny/ kg Uikt ﬁﬁf AUMTHNS{EP LY SRicatashe Inigsdlond nihpeieripf frew lpegmmeek by

the oral or BriHaueRPUSAd UG ventral from dura into both striata). One week after FG

injection, the rats receive a stereotactic injection of 6-OHDA (20 pg dissolved in 4
ul saline; Sigma) into the striatum on one side of the brain, at the same coordinates
as the FG injection. Hsp70 inducing compounds of the invention can be

15 administered by intravenous or oral administration at doses of 10 — 100 m g per kg of
body weight. The compounds can be given at the time of 6-OHDA injection or
some time (2 - 4 weeks, for example) subsequent to 6-OHDA treatment. Rats are
sacrificed 8 and 16 weeks after 6-OHDA injection. The endpoints of this model are
1) behavioral changes as monitored in-life at various times by assessment of turning

20 (rotational) behavior using classical neurological read-out, and 2) the brain is
removed after sacrifice, thin sections are made using a cryostat, and
immunohistochemistry is performed as described in Zigmond and Stricker (1984).
Efficacy of the Hsp70 inducing compounds of the invention is demonstrated bya
decrease in rotational behavior as well as a reduction in the loss of ni gral

25  dopaminergic neurons.
Example 7: Alzheimer’s Disease (AD)

There are several transgenic mouse models of AD. One such model that is

widely used to test the efficacy of drugs in AD was described by Holcomb, er al.
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The effect of drug treatnent can be assessed byf rreﬁsuri ng AD-type de{)os;ts
in the brain as well as by assessing function of the mce in a maze tes
Exanpl e 8VONBHEUEBAent of Heat Shock Protein 70 (Hsp70) PPTASAYEHIO can be
nmeasured by a sandwi ch ELISA kit (Stressgen Bioreagents Victoria, British
Col unmbi a, CANADA) according to a nodified protocol in house. In brief,
Hsp70 in plasma speci mens and serial concentrations of Hsp70 standard are
captured onto 96-well plate on which anti-Hsp70 anti body was coated. Then
captured Hsp70 is detected with a biotinylated anti-Hsp70 antibody foll owed
by i ncubat i oftHakcombelir, 6jsirdom, M)h;i UdeGedasth.ept.axi tenkovAs tSerJdﬁ@elhl, f.ncubation

d t in F| nal I ant i bod p?OcorrpI ex
:/nggo?rgasﬂ?egwgélﬁi o P”Sa%cggo:l% “Fflm y OfSag@ﬁr U ConEERd PRt ifon of
Hsp70 i s cal (mk@x, ed piddanra/ s Eendar, & Cub¥ikin @mh@ 19: alYBBSH ﬁ”ﬁ@bs?f
Natural Killer totoxic Activi ty The fol | ow ng procedure can

enpl oyed to %é@?famgfé)éwm}fé‘ttym rRhyngippainsibiseetic I‘rfmecdplry@@mh e’xutmtad apt ed

ar cen 1 ior cengnr BreseorArRELRRPbettsnil DR ADRBRCIATE® dbiiider Tor Bhour ng
gat ural kill ém(xmel ceﬂnhmew@ﬁdﬁjrm@em«,vabw;atéd WDl OMBthogs141¥A03 Jan
15; 272:189- the entire teachi ngs of which are |ncorﬁ)®€at ed herein by

ref erence. "tceal"%\?”éi PAFFAT P8 PR IS (AR e hhemptant SPBUK&SMNc Mg L) 1’{“&%@1‘1&!&562
i s obtained firomARes 'P&@@le&(i@&vﬁ;‘/ &&'E%a{&? tcﬁquéqu' at(a%@f%%%% 48'3‘\ |.can Type

Cul ture Col | ect'i on, Nanassas ture Hitum (Cat#
11875- 093 e amidmmnm@mmr@@-mype@aibbtsbaﬂom@éa tieupphemepbet: Weidis k0% heat

i nactiva cal f .ser G bco L-glutamn, 100 nmg/ m
strept ong/ "é‘:‘ﬂﬁe B %g%ff?gf’i“f“l i)rhe é%@a\}égﬁﬁl%%w frogpgprasel |s are
transduced WolikveERUEOYIF Ad MEPE Pinutant PSTIM146L transgenic line develop large

numbers of fibrillar A beta deposits in cerebral cortex and hippocampus far earlier

than their singly transgenic Tg2576 mice.

Hsp70 inducing compounds of the invention can be dosed in mice at various
15 times. The age of mice at the start of drug dosing may be varied. For example, a
treatment starting time may be at 3 months of age, a time at which the brain deposits
are first detectable. The dose may be, for example, 10 to 100 mg/kg body weight
administered once per week or three times per week by the oral or intravenous route.
The effect of drug treatment can be assessed by measuring AD-type deposits in the

20 brain as well as by assessing function of the mice in a maze test.

Example 8: Measurement of Heat Shock Protein 70 (Hsp70)
Plasma Hsp70 can be measured by a sandwich ELISA kit (Stressgen
Bioreagents Victoria, British Columbia, CANADA) according to a modified
25 protocol in house. In brief, Hsp70 in plasma specimens and serial concentrations of
Hsp70 standard are captured onto 96-well plate on which anti-Hsp70 antibody was
coated. Then captured Hsp70 is detected with a biotinylated anti-Hsp70 antibody
followed by incubation with europium-conjugated streptavidin. After each

incubation unbound materials are removed by washing. Finally, antibody-Hsp70
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whi ch encode green fluorescent protein (eG-P). Stable cell line is selected
with antibiotic, (418. About 99.6% (418 resistant cells are eGP §OSI tive

after secWPINVURS4subj ect' s peripheral bl ood nononucl eRFTESPIRO6BEACS) are
prepared by clinical study sites and received in BD Vacutainer Cell

Preparation Tube w th sodium heparin (Product Nunber: 362753, Becton

Di ckinson, Franklin Lakes, NJ). Two-fold serial dilution of 800 m effector
cells (patient's PBMC) starting at concentration of I XIO6 cells/nL are put
into four individual polystyrene 12x75-nmm tubes. Log phase grow ng target
cells (K562/ é@m}e}ia\w mejsusddy tithe mgirvgd\@nommwmf(emam1@4@;@&@1@ of

concentratio S 00 m. targets then added into the
tubes to prO\% }%( }&?%g(fhomg%d? I5UV%t i os of 80: 1, 40: 1, 20: 1, 10

1. Effector cel I's alone and target cells alone are used as controls. All
tubes are incubated at 37 Cwth 5% CO2 for about 3.5 _hr. Ten mcroliters
of propi di unifodingde P pMeagureamend vk datwra Kgherof el Cytytnkicisctadided to each tube

b ted at om
tomperat e for sataIOREISta Gl R oL HBGR 25 oD s TR S e sl 1 bur

fl ow cyt onet enbjeBethoprobedki Hsenpted lt;;to:itle&@ntallmhmlmﬁt/l Q’ﬂo&lfploélltﬂe f?r war df and
d tter SC/ SSC al s we as logarithmc anplification o
SGrP and PI GHIGEPER R TG didheal 10 B ReHEE DI 0BE B REASOT

t housand eVe'&Sfﬁmpﬁﬁc SR Gort MQ@SU}%% Hat'a ﬁf%ﬂl(&?éalhgftg{f& d,oz%clng{]%af €

collected for analysis. Data anal t's for eGFP
versus Pl ispenf Mei@?OdsQﬁ@B @ELL@@EIISQB@@I@B@M@I{@MQ@ Bfo&theﬁI@eS)
softvvare 0 enuner I|v dead target cells. Debris and dead cells are
excl uded' By se‘toftfoﬁ% ‘ghf’rﬁf'ne ‘H“%Cre forward |ight scatter. Exanple 10:
I nhibition of HUVEC cell mgration To exam ne if the conmpounds of the

invention affect endetdiehh@ne@8lit: HURGE &QMrol@kdehiY AT R WRB. uhi i cal
vein endothelial cell (HUVEC) migration
from American Type Culture Collection (CCL-243, American Type Culture
Collection, Manassas, VA), and cultured in RPMI-1640 medium (Cat# 11875-093
Gibeo Invitrogen Corp, Carlsbad, CA) supplemented with 10% heat inactivated fetal
15 calf serum (Gibeo), 2mM L-glutamin, 100 pg/ml streptomycin and 100 1U/m]
penicillin at 37° C with 5% CO,. K562 cells are transduced with retroviral vector
which encode green fluorescent protein (eGFP). Stable cell line is selected with

antibiotic, G418. About 99.6% G418 resistant cells are eGFP positive after section.

The subject’s peripheral blood mononuclear cells (PBMCs) are prepared by
20 clinical study sites and received in BD Vacutainer Cell Preparation Tube with

sodium heparin (Product Number: 362753, Becton Dickinson, Franklin Lakes, NJ).

Two-fold serial dilution of 800 ul effector cells (patient’s PBMC) starting at
concentration of 1X10° cells/mL are put into four individual polystyrene 12x75-mm
tubes. Log phase growing target cells (K562/eGFP) are adjusted with growth

25 medium (RPMI-1640) to a concentration of 1x10° cells/mL and 100 ul targets then
added into the tubes to provide effector/target (E/T) ratios of 80:1, 40:1, 20:1, 10:1.
Effector cells alone and target cells alone are used as controls. All tubes are

incubated at 37° C with 5% CO, for about 3.5 hr. Ten microliters of propidium
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assay is perfornmed in the presence OI:I a C(i)rzrpoulnfl o:‘ Ehe In\éetr]itlrr;)niaHggEC
cells assage nunber 4) are cultured on - we pl at es an -

i magi népi‘gor}g’fﬂf’%?%d with the live cell imaging system SRTAR2IWPEKERA

m croscope supplied with 6-7% CO2. The tenperature is kept at 37C. |mages
are taken every 30 minutes using the 2X objective for up to 106 hr or every
60 seconds using the 20X objective for 30 mn. Confluent HUVEC cul tures are
scraped sinmlarly to make a blank area, followed by culturing in HUVEC

medi um for 15 hr wi thout treatment. The migration areas, which are inmaged
as time- | apse©digg RN ks conseniaiith ol ihg/nal & addled tasch tm?sfnslhamg eﬁgctc}r

st andar di ze/ cQryr ] | rates. Then, mgration of cells under

di ff erent trgaa?lltd e %E@gomggﬁﬁg}e’f W«Su{g@g%dttrf’ yPEaies fird Stpiwe- | apse

i mge sequences for each well. Tinme-|apse novies are further analyzed by

measuring areas tHagtomxe @aviey achnlyz6d gi@dtd MOCSehlisy AW i AG,EXPEEIIERNE S,
HUVEC celgl S e, acti vited by the presence of VEG- and bas)?chGF;% Conpounds
of the i nvent?'ShipEg. “16@()3‘??@{@?&31011 omfihe @F‘éal‘é%ﬁéétd@dcmﬁrébﬁqgﬁéﬁéIs;ggblsp;:k )
m gr at i onsof / o 3 indicating that co ounds of the
i ngenti onsposagggge%sqg%{rglﬁ%gzi %\ﬂ?gﬂag%gfe e}z:% Haghpgﬂlg&ﬁpﬂ?%’tele%ﬁ%fe%apt| vat ed
HUVEC cel | i rlupir¢scencendoigetethy TMEGBusmd doasts gelrdanpld tubbSvi?ll rﬁﬁ%ﬁﬁ%%ﬂv Ect 0
t k HUVEC behavi.or durin ove treatnents. It is expecte at Hl

cre?ICs will beaﬁfiWSItuSn§her(ferlull?gt§$?%ran? SKr %%%%mftwwwp@r@wmﬁgspblfs f@hi

i nvention. Exampl @rdb:P1ERaAEEAd Weng aNATGRsI WNELNANZ AL IVEG SEL) S An

: R’Ymnofl uorescenc\?r%%udy IS perf\(g{r ﬁ%d by (‘:)]siS{n grﬂnﬁﬂl\)@ E:%A(;%}elorl o (éeﬁkl bodi es
to exam ne VEOH®AKdpicAupamtt ivrandbndeeget MNED deld sid ddulVECIscet bsclad®l

treated %thr?glgﬁg%g%t%eg&qgnﬁgﬁ%%%% X:H%qﬁjédq’i\éﬁ/gtl on (e.g. 10, 100 and 100OnM

for 24 hrs a or O concentration is 1:100 for
all treatnents. To boost the i mmunofl uorescence signal, cells are stained
with a mxture

Example 10: Inhibition of HUVEC cell migration
To examine if the compounds of the invention affect endothelial cell

function, an in vitro human umbilical vein endothelial cell (HUVEC) migration

15 assay is performed in the presence of a compound of the invention. HUVEC cells
(passage number 4) are cultured on 12-well plates and time-lapse imaging is
performed with the live cell imaging system on an inverted microscope supplied
with 6-7% CO,. The temperature is kept at 37°C, Images are taken every 30 minutes
using the 2X objective for up to 106 hr or every 60 seconds using the 20X objective

20 for 30 min. Confluent HUVEC cultures are scraped similarly to make a blank area,
followed by culturing in HUVEC medium for 15 hr without treatment. The
migration areas, which are imaged as time-lapse sequences for each well, are used as
a basis to standardize/correct migration rates. Then, mi gration of cells under
different treatments is imaged at the same time to generate time-lapse image

25 sequences for each well. Time-lapse movies are further analyzed by measuring areas
that are covered by migrating cells. During experiments, HUVEC cells are activated
by the presence of VEGF and basic FGF. Compounds of the invention (e.g. 100 nM
and 1 uM) are expected to completely block migration of HUVEC cells to the blank
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of 2 polyclonal anti-human VE-cadherin Abs followed by staining with a

m xture of fluorescent secondary antibodies. It |s.expecEed t hat m%th
compoundsWB20tHESIBAvent i on, VE-cadherin staining will bECHUSPUREALIB rong
in cell-cell junction regions, but not the non-contacted regions conpared
to that in DMSO treated cultures. Conpounds of the invention are expected
to enhance the assenbly of cellcell junctions of activated human
endot hel ial cells, likely through induction of the accunul ation of o
VE-cadherin nol ecul es at the junctions. This effect could result in limted
notility of tHeddeliFgingribatrcetpoinds Qeéhomabitidnt yosedssdsh@tan dafibielr, emect hus

i i i i,an inhjbiti the potential anti-angio
genesi s ef fect BF g SRR TEU VR cit it et v S satogn Ao, been
particularly shown and described with references to exanpl e enbodi nents

thereof, it will beiuddesstioadobyck hnserskichi e d'Lﬁ‘intr%Ql%O% &eétﬁéktsvﬁgé ous

changes in forman be made therein wthout departing fromthe

¥.de£ails rrai [ ( reir . “ .
scope of the TREERAT BhHENCTnpatsEd hngin wehapbefidett ol taiatserCWAIIVE What i s

clainmed ig: v apound; | sing a bis[thiohydrazide am de] or a _
depr ot ona?edk?g?r%g?her eggnﬁjg?r% déxed to a transition nmetal cation, wherein
the bi s[thiohydrazide am de] is represented by the foll ﬂM ng gt[y;:ttjrgl
Formul a: whergin: Rl-R are i endently -H, an optionally substitute

ali phatic gr od‘ba,m%{ﬁ]I(SEFP{}%?W&fBg{e‘?‘PM‘é‘WWIOf OVBC wHsRL and R taken
together with the carbon and nitrogen atoms to which they are bqnded, _
and/or R and R4 t dkeHRBHtHEescHRaerttcthas perferoreddndishig amogeR-atibmn t o whi ch

ggegr ;‘lr eg:)gnglﬁgg%%% {0 RN AL QIR 5, jt}gcttﬁ")ql(s)%gt(\%\f!eieg P{ﬂ\pgcggﬁé%a{/li%‘ J@ﬁged to

10 are treated with DMSO or a compound of the invention (e.g. 10, 100 and 1000nM)
for 24 hrs and fixed for immunostaining. DMSO concentration is 1:100 for all
treatments. To boost the immunofluorescence signal, cells are stained with a mixture
of 2 polyclonal anti-human VE-cadherin Abs followed by staining with a mixture of
fluorescent secondary antibodies. It is expected that with compounds of the

15 invention, VE-cadherin staining will be extremely strong in cell-cell junction
regions, but not the non-contacted regions compared to that in DMSO treated
cultures. Compounds of the invention are expected to enhance the assembly of cell-
cell junctions of activated human endothelial cells, likely through induction of the
accumulation of VE-cadherin molecules at the junctions. This effect could result in

20 limited motility of the cells and reducing permeability of the endothelium, thus
contributing to the cell migration inhibition and the potential anti-angiogenesis

effect of compounds of the invention.

While this invention has been particularly shown and described with
25 references to example embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.
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Y is a covalent bond of a substituted or unsubstituted straight chained
hydrocargxl groug, or Y, taken together with both >C=Z %rou S to which it

i s bonded¥0i28109483$dst i t ut ed or unsubstituted aryl groupFPCRUSAHG RS e

i ndependently -H, an optionally substituted aliphatic group, or an
optionally substituted aryl group; and each Z is independently Oor S. 2.
The conmpound of Caiml1, wherein the conpound is greater than 50% pure by
wei ght. 3. The conpound of Claim1l1l, wherein the conpound is greater than
90% pure by wei ght. The conpound of Claim1, wherein the transition netal
cation is N, Cu , Co2+, Fe2+, Zn2+, Pt2+ or Pd2+. The conpound of O aim
4, wherein the transition netal cation is Cu2 . The conpound of any one of
Clainms 1-6, wherein the nolar ratio of bis[thiohydrazide am de] or
deprotonated formthereof to transiti@pAldbal cation is equal to or greater
than 0.5 and equal to or less than 2.0. The conmpound of Claim8, wherein
the nolar ratio of bis[thiohydrazide am de] or deprotonated formthereof to
transition metals datmahisis 1: 1. The conpound of Caim9, wherein the
conpound is represented by the following Structural Formula: wherein R5 and

R6 are each.independently -H, .an aliphatic or,s j tut I phat| roup,
or R5 is -H'and ?@%W’ﬁ&ﬂ%@ngﬁﬁéﬁm%}fyg&d Zé(%eyﬁ%ggo%% &%g@c%ﬁg(ﬁgir%? taEen
together, are anueptdreBalphekes ubs takditi@omeRt Gatahkywhene Qe oipthicleraeapound

of Claim8, wherein: Rl and R2 are each an optionally substituted phenyl
group; 95 amide] 1S represented by the following Structural Foriula:

Ra z z R4
NP
Ry N N R»
Y \\? v T/ T
s R R® ° :

wherein:
R-R4 are independently -H, an optionally substituted aliphatic group,
an optionally substituted aryl group, or R; and Rj taken together with the
10 carbon and nitrogen atoms to which they are bonded, and/or R, and R4 taken
together with the carbon and nitrogen atoms to which they are bonded, form
a non-aromatic heterocyclic ring optionally fused to an aryl group; and
Y is a covalent bond of a substituted or unsubstituted straight chained
hydrocarbyl group, or Y, taken together with both >C=Z groups to which it
15 is bonded, is a substituted or unsubstituted aryl group;
R; and Ry are independently -H, an optionally substituted aliphatic
group, or an optionally substituted aryl group; and
each Z is independently O or S.

20

o

The compound of Claim 1, wherein the compound is greater than 50% pure

by weight.

3. The compound of Claim 1, wherein the compound is greater than 90% pure

by weight.
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R3 and R4 are each an optionally substituted al kyl group; and Ris -H and R
is -H an alkyl or substituted al kyl group. The conpound of C aim 8,

wher ei n: RYOZAW/ 328t e each an optionally substituted ali BREUSEVGOBUEY and R
and R are each an optionally substituted aliphatic group. 11. The conpound
of Claim 10, wherein: R and R2 are both a C -C8 cycl oal kyl group optionally
substituted with at | east one alkyl group. R and R are each an optionally
substituted al kyl group; and RS is -Hand R6 is -H an al kyl or substituted
al kyl group. 12. The conpound of Caim 11, wherein RlL and R2 are both

cycl opropyl or 1-nethylcyclopropyl . 13. The conpound of any one of C ains

1-12, wherein the bis[thioh azide amde] is represented by a.structural
formul a sel &ct ed [P¥ GAHPHHY ‘%/ifgfim}i‘ ’o‘?%ﬂﬁﬂgl?ré?i"rgéé‘g‘rf?%){ap@iopﬁghf ol T'Owi ng
structural fornulgrwherep it peis transition nmetal cation with a +2
charge; Rl-R4 are independently -H, an optionally substituted aliphatic
group, an optionally substituted aryl group, or RL and R taken together

with the carbon d nitrogen..ato to which they are bonded, ~and/ or R2 and
R4 t aker t oget he&RW?lﬁp‘f‘f@ O?a(ﬁﬁlghng’a%}gmﬁ‘i‘lttﬁ%ré%%l%qno%taf Ghith t hey are
bonded, forma non-aromatic heterocyclic ring optionally fused to an aryl

group; Rs and R are each independently -H_an aliphatic or substituted
al i phatic gboup, Toe cRBppwnd ¢ caridnref C&imp | dptihsran g BeBsttioed aryl

g[ E;Ipéngr i;]r Sﬁp?ngisﬁgio%%gz%gidte%%%eq o ’de&g)?on%d?&% %%Jﬂ(o ?r%’s%ttujmt Hed €2-C
cation is equal to or greater than 0.5 and equal to or less than 2.0.
10
7. The compound of Claim 8, wherein the molar ratio of bis[thiohydrazide

amide] or deprotonated form thereof to transition metal cation is 1:1.

8. The compound of Claim 9, wherein the compound is represented by the

15 following Structural Formula:
Rg O O R4

S Rs  Re S
wherein Rs and Rg are each independently -H, an aliphatic or substituted
aliphatic group, or Rs is -H and R is optionally substituted aryl group, or Rs
and R, taken together, are an optionally substituted C,-Cg alkylene group.

20
9. The compound of Claim 8, wherein:
R, and R; are each an optionally substituted phenyl group;
R; and R4 are each an optionally substituted alkyl group; and

Rs is -H and Re is -H, an alkyl or substituted alkyl group.

P2
L2

10.  The compound of Claim 8, wherein:
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and each Z is independently O or S. 15. The conpound of C aim 14, wherein
the conmpound is great er than 50% pure by weight. 16. The con‘gound of Claim

14, wher eVR XH&4EBApound is greater than 90% pure by welP§RtUS2407/06THR
conmpound of any one of Clains 14-16, wherein X is N 2+, Cu2+, Co2+, Fe2+,
Zn2+, Pt2+ or Pd2+. 18. The conpound of O aim 14, wher ei n X is Cu2+. The
conmpound of Claim 14 wherein X is Ni 2+. The conpound of C aim 14, wherein:
R1 and R are each an optionally substituted phenyl group; R3 and R are each
an optionally substituted al kyl group; and Ris -Hand R6 is -H, an al kyl
or substituted alkyl @ﬁ@ﬂ@Rw'ﬁhecaCbﬁpopﬂimhaﬁfvsﬁl)ﬂitmdél,iph/aﬂtielgedup, alRl and R2
are each an optionally substituted alip |c group; a R and R4 are each
an optionally substi téﬂéﬂ &?%a%bé“@? ny‘éSt’é‘&ﬁ%élﬁﬂH‘“bf&“é}pal m 21,
wherein: RL and R2 are both a C -C8 cycl oal kyl group optionally substituted
with at |east one al kyl group. R3 and R are each an optionally substituted
al kyl group;landTR6 compethdarfd’IRen i, widreian al kyl or substituted al kyl

group. The conpound of, C aijm 14 wh in RL and R2 ar | opr opyl or
1- met hyl tycl opr opyl . %hémgk)\%ﬁbq.dﬁ%h 8?{32(:’{5,@3*5{1?6&3 EGURiY Foﬂcﬁfyzsé‘g&ﬁ lgfeel n the
conpound is with at least one alkyl group.

R, and Ry are each an optionally substituted alkyl group; and

Rsis -H and Rg is -H, an alkyl or substituted alkyl group.

10 12.  The compound of Claim 11, wherein R, and R» are both cyclopropyl or
1-methylcyclopropyl.

13.  The compound of any one of Claims 1-12, wherein the bis[thiohydrazide

amide] is represented by a structural formula selected from:

15
71
LI
% . g W/é
H H
S S »and
T
YW
A\W . g W/A
H H
S 5
20 14 A compound represented by the following structural formula:
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represented by a structural fornula selected from25. A pharnmaceuti cal
conposition conprising a conpound and a pharnmaceutically acceptable carrier
or dil uen¥o W?g‘ﬁé?sﬂ the conpound i s selected from any o%@”ﬂsz APHBY 1- 24.
26. A nethod of treating a subject with cancer, said nethod conprising

adm nistering to the subject an effective armunt of a compound of any one
Clains 1-24 or a pharmaceutical conposition of Caim25. 27. The nethod of
Claim 26, further conprising adm nistering to the subject an additional
anticancer drug. 28. The nethod of Caim 27, wherein the additional
anticancer agent is a mcrotubul gSstafilizer selected fromthe group

consi sting of paclitaxel, paclytax anajogs, Di scodernolide, Epothilone A

Epot hil one B, Epothilone C, EpotRrl on Epot hil one E, Epothilone F,
Epot hi | one B N-oxi de, Epothi &one A N oi de 46-aza-epot hil one B,

21- ani noepot hi | one B, 21- hyR otP R, FR- 182877, BSF- 223651,

AC- 7739, AC-7700, Fijianoli d i malh de, Cari bae05| de, Cari baeolin,

Taccal onol i de, El eut herobi n, .r\co I gt y), Laulimalide, Dictyostatin- 1,
Jatrophane esters, or anal qg% gderl thereof. 29. The nethod of
Claim 28, wherein the paclitaxel anal og | s dotet axol . 30. The method of any
one of Clains 26-29, wherehn the cancer is nel anomsa.

X is a transition metal cation with a +2 charge;
Ri-Ry are independently -H, an optionally substituted aliphatic group,
5 an optionally substituted aryl group, or R; and Rj taken together with the

carbon and nitrogen atoms to which they are bonded, and/or R; and Ry taken
together with the carbon and nitrogen atoms to which they are bonded, form
a non-aromatic heterocyclic ring optionally fused to an aryl group;

Rs and Ry are each independently -H, an aliphatic or substituted

10 aliphatic group, or Rs is -H and Ry is an optionally substituted aryl group, or,

Rs and R, taken together, are an optionally substituted C,-Cy alkylene group;

and
each Z is independently O or S.
1s. The compound of Claim 14, wherein the compound is greater than 50% pure
15 by weight.
16.  The compound of Claim 14, wherein the compound is greater than 90% pure
by weight.
20 17. The compound of any one of Claims 14-16, wherein X is NiZ*, cu?t, Co™,

- 2 2+ 2+ 24
1*@2,Zn , Pt™ or Pd™.

18.  The compound of Claim 14, wherein X is Cu”".
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19.  The compound of Claim 14 wherein X is Ni*"

20.  The compound of Claim 14, wherein:
R, and R, are each an optionally substituted phenyl group;
5 R; and Ry are each an optionally substituted alkyl group; and
Rs is -H and Rg 1s -H, an alkyl or substituted alkyl group.

21. The compound of Claim 14, wherein:

R, and R, are each an optionally substituted aliphatic group; and

10 R; and Ry are each an optionally substituted aliphatic group.

22.  The compound of Claim 21, wherein:
R, and R, are both a C3-Cy cycloalkyl group optionally substituted
with at least one alkyl group.
15 Rs and Ry are each an optionally substituted alkyl group; and

Rsis -H and R is -H, an alkyl or substituted alkyl group.

23. The compound of Claim 14, wherein R; and R; are both cyclopropyl or
I-methylcyclopropyl.
20
24.  The compound of any one of Claims 14-23, wherein the compound is

represented by a structural formula selected from:

\N"N\X/N”N/
~ /7 N\ Zz
S S

; and
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25.

26.

28.

29.

N'N\X/N“N/
>~ /7 \ =
S S

\

A pharmaceutical composition comprising a compound and a
pharmaceutically acceptable carrier or diluent, wherein the compound is

selected from any one of claims 1-24.

A method of treating a subject with cancer, said method comprising
administering to the subject an effective amount of a compound of any one

Claims 1-24 or a pharmaceutical composition of Claim 25.

The method of Claim 26, further comprising administering to the subject an

additional anticancer drug.

The method of Claim 27, wherein the additional anticancer agent is a
microtubule stabilizer selected from the group consisting of paclitaxel,
paclitaxel analogs, Discodermolide, Epothilone A, Epothilone B, Epothilone
C, Epothilone D, Epothilone E, Epothilone F, Epothilone B N-oxide,
Epothilone A N-oxide, 16-aza-epothilone B, 21-aminoepothilone B,
21-hydroxyepothilone D, FR-182877, BSF-223651, AC-7739, AC-7700,
Fijianolide B, Laulimalide, Caribacoside, Caribaeolin, Taccalonolide,
Eleutherobin, Sarcodictyin; Laulimalide, Dictyostatin-1, Jatrophane esters, or

analogs and derivatives thereof.

The method of Claim 28, wherein the paclitaxel analog is docetaxol.
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30.  The method of any one of Claims 26-29, wherein the cancer is melanoma.
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