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terpenoids have received considerable attention due to the broad spectrum of their

biological activities, to the plants which produce them, and most importantly,

25 because of their pharmacological effects in humans, About 4,000 of these
terpenoids have been isolated and identified, most of them in Asteraceae
(Compositae, sunflower family) (Schmidt, Curr. Org. Chem. 1999, 3, 577-608).
Some of these plants have been used for centuries in indigenous medical practices in
different cultures worldwide.

30 Parthenolide (1) is a Germacrane sesquiterpene lactone with a unique
structure. .It has been isolated from several different species in Asteraceae
(Compositae) family. The well-known Feverfew (Tanacetum parthenium) is one of

them.
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molecule may cause loss of biological activity. Unfortunately, derivatives obtained
from the modification of parthenolide (1) molecule at the 14-methyl group and at the

1,10-carbon-carbon double bond result in loss of antileukemic activity.

SUMMARY OF THE INVENTION
_ In accordance with the present invention, a novel class of nitrogen-
containing parthenolide derivatives with antileukemic activity is presented.

The compounds of the invention are capable of killing leukemia cells.
Therapeutic indications include leukemia and all human parental and/or multi-drug
resistant cancers; compounds for treating migraine and compounds for the treatment
of inflammation.

The invention also provides a pharmaceutical composition comprising an

‘effective amount of a parthenolide derivative compound, or a pharmaceutically
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BRIEF DESCRIPTION OF THE FIGURES
Figure 1 shows the effectiveness of parthenolide and derivatives of the
present invention against prostate cancer cell lines.
Figure 2 shows the effectiveness of parthenolide and derivatives of the
present invention against lung cancer cell lines.
Figure 3 shows the effectiveness of parthenolide and derivatives of the

present invention against breast cancer cell lines.
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present invention against breast cancer cell lines. 3
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substi.fuents as, set, forth above; ™"arylal kenyl" refers
t o8 %"‘-eg{ﬁﬂéfs?ttfﬁ'iﬂéab%ekenyl groups and "substituted

aryl al keﬂﬁ%l'érﬂ’efe?éﬁ 16 QS MRk ?J&ydﬁy%g%?&db%ﬁﬁétﬂ&e& Wkyiaryr”
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N T O TR N
aSreFé to Ar9TallBy BRANS further bearing one or more substituents as set forth above;
“arylalkenyl” refers to aryl-substituted alkenyl groups and “substituted
arylalkenyl” refers to arylalkenyl further bearing one or more substituents as set

- forth above;

“arylalkynyl” refers to aryl-substituted alkynyl groups and “substituted
arylalkynyl” refers to arylalkynyl further bearing one or more substituents as set
forth above;

| “aroyl” refers to aryl-carbonyl moiety such as benzoyl and “substituted
aroyl” refers to aroyl groups further bearing one or more substituents as set forth

above;
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"aroyl" refers to aryl-carbonyl noiety such as benzoyl
and "substituted aroyl" refers to aroyl groups
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substituted aryl, al kylt ituted al ki/l aryl,
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wherein:

Ry, Ry and R3 may be the same or different;

R, is selected from hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, hydroxyalkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl,
aryl, substituted aryl, alkylaryl, substituted alkylaryl, arylalkyl, substituted arylatkyl,
arylalkenyl, substituted arylalkenyl, arylalkynyl, substituted arylalkyny],

‘heterocyclic, substituted heterocyclic, trifluoromethyl, perfluoroalkyl, cyano,



aryl al kenyl, substituted aryl al kenyl, aryl al kynyl,
substituted arylal kynyl, heterocyclic, substituted
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'1- naphthalensulfonlc acid, 2- naphthalensulfonlc aci d,
phmalap@c aeidd oxelig peidj mehanesulfonivandid, walewc apid. méﬂw ecid, lauric
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ar iyl Stibstithiel ' AEy12 6YdloalRYK ¥iiMitlied cycloalkyl, hydroxyalkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, alkylaryl,
substituted alkylaryl, arylalkyl, substituted arylalkyl, arylalkenyl, substituted
arylalkenyl, arylalkynyl, substituted arylalkynyl, heterocyclic, substituied

heterocyclic, trifluoromethyl, perfluoroalkyl, cyano, cyanomethyl, carboxyl,
“carbamate, sulfonyl, sulfonamide and aryloxyalkyl, or —OX and -SX.



30 substituted al kylaryl, arylal kyl, substituted
aryl al kyl, aryl al kenyl, substituted aryl al kenyl,
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PSR SRiBly o uPd O Pt oo B Ro Ab RSonAlly Substitted
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hgiliﬂggen as setIr fe%arrt hSabove 20 Th| S c\rlltﬁgugﬂ)?st er#ngmﬂuomalkyl

al @@neecyaep@@m)ca@qm, cagblamate, zulfensda subfonSmideSiarylexyalkyl and
CQialo e§%s Setf?% ?“éj and - CH2( CHZ) CH2- are the

_grou as se
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with one Zgévo%?y o 6 % %gﬂtllnt tien %&2 (eﬁrﬁj > R e pgnd b are
cahe am@ohdxf&rmuandmmﬁmm Istobd tantl PERLG, NOSF@&tS@CPt-@O- -S0-, -

(I}re%éar Sl9<3 a,h#] and/ or Z £2e substituent is
o |Syste@@e% glsp e @gmragiking and s derivajives with one

25 SURShbleWuBStita%RS. OAMEY rind ¥PNANY ik ¥lso 1AVEYRY or more substituents

30

connected to the carbon atom(s) and/or Z. The substituent is selected from alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, hydroxyalkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, alkylaryl,
substituted alkylaryl, arylatkyl, substituted arylalkyl, arylalkenyl, substituted
arylalkenyl, arylalkynyl, substituted arylalkynyl, heterocyclic, substituted
heterocyclic, {trifluoromethyl, perfluorcalkyl, cyano, cyanomethyl, carboxyl,
carbamate, sulfonyl, sulfonamide, aryloxyalkyl and halogen as set forth above.
These ring systems can also be aromatic, such as pyrrole, imidazole, purine,

and pyrazole and substituted derivative of these heterocyclics listed above with one
7



substituted al kenyl , al kynyl, substituted al kynyl,
aryl, substituted aryI al kyl aryl, substituted

W 0034483 aryl al kyl , substi t ut ed aryl al kyl , PCT/US2004/022015

aryl al kenyl , substituted 30 aryl al kenyl , arylalkynyl
S u bt e éd)sbmmal skleptpdl frdme taﬂisd,cglﬂnbﬁmtedsalhglt icyyelbaltlyl, substituted

e S R A T T R S R
sul drgn amsﬁmte@aryt qzwdry}y butatithtdpdien ﬁfyl ARyl sﬁﬁédguted arylalkyl,

above. These ring systens can al so aroma
as Pylalsnd, sweliuste, anylnlkenal mbaﬂgmyhzomd)sahxﬂed arylalkynyl,

SZ gggegéréméﬂ{cﬁgogsgﬁéﬁ?% %8%&9 éjéﬁcsje hﬁﬁg}r oc:éjé(h)l C;%%gﬁﬂgr cyano,
rmrcgramrbethylt ueabcxyh e abbedatel wartaixkideh %;@J bedrbdxnfidle, carbamate,

cycloal kyl , substituted cycloalk
W RYspxY, dFqearamate, 1sqibigeyanatee aitin, I@t!mﬁpa, mﬁﬁt@y Agifate, sulfonyl,

Z U&?ffglﬁﬁﬁgs S%qi‘it%h]kg théf(ix aﬁﬁ%’ ’ ﬁé‘i{)ge%l 51% sr\é forth above.
substit tﬁlsdoﬁﬂlw@bk@/hng swtvmﬂlcmmhmg sulb.stzl faw;t eptionally be fused

LT A oAU e o o,

t r Ieﬁél:uef lop tﬁﬁéﬂ e ?ﬂé oatg % orecar%i'gﬂgﬁfshWreferred ring

car boxyl , - car oxyI ate e oxam d
calsb?ti?»mﬁ e inclydedr w&ldlnall kbxw,zem(hndyydn apgrrolidin-1-yl,  piperidin-1-yl,

t rosq, .ni.trate, sylfate
bSoBREARGH P R peftemethyBRelmitt iy e belte ARuRpalbgpbstitted
andumain@@em@és@ﬁﬁméﬂt@tass@mﬁeabwey of the above ring
syst ens corrprl sing NRLR2 may optionally be fused 10

15 wi th anBkemplary ¢ranpasnfisefithe presentiioyeativy imlistet i t ut ed

20

30

bi cycl i I lLe rin each of the rings
opt | onaﬁ@gé%ﬁﬁﬁa@mgﬂgﬁﬂ}eﬁﬂﬁcfee het er oat ons.
PreferretBmiind BhB aziridin-1-yl,

azetidi nq?t yI 183%0 ﬁ%a&atﬁ%ﬁdly@% pi peridin-1-yl,

honopi pélBIdl,ﬁﬁ{tbrtyButghﬂ:ﬂnﬁpﬂﬂmbﬁ&é enei m n-1-yl, each
' jonally substituted w th one or nore

bei ng optj o
subs?i tﬁleﬂﬁé 3-4Byrelidin- éﬂt)ﬁ’aﬁb@‘tﬂéldf%lS Exenpl ary

1250 10BN G e iR e, "

11( 3H, 18w, es
11(3H, 13 ﬂ(hterJtm"ﬂgut yﬂgﬁna%ﬁ) part‘%tﬁeﬁr?ol i de;

11( 3H, 1BBERI3-(oMathyipipeydinfiayeetonolii; 20

11(3H, 13- (Pi 1 di n-1-yl)parthenolide,

11(3H, 1 ﬁ%%f g‘h stiylpipgRzina-yhesthenolide;

11(3H, [ thenolide;, 11 f

3H( 13- (I}Bﬁ}g %@%ﬁ%@?g‘}qlﬂqiﬂiﬂﬁ% Ao de;  11(3H, 13

- ( Honopi 1igeY, 1 8i(HeptanettyldditilanehpHenolide;

11BH,13-(Azetidin-1-yDparthenolidé; and
11pH,13-Diallylaminoparthenolide.

Those of skill in the art recognize that invention comprises compounds that

may contain one or more chiral centers on the -NR;R; group, and thus can exist as
-racemic mixtures as pure diastereomers, or as pure enantiomers. For many
applications, it is preferred to carry out stereoselective synthesis and/or to subject the
reaction product to appropriate purification steps so as to produce substantially
stercochemically pure or optically pure materials. Suitable stereoselective synthetic

8



25 110H, 13- (Heptanethyl enei m n-1-yl)parthenolide;
11(3H, 13- (Azeti din-1-yl ) parthenolide; and

WOR0800Y830; al | yl ami nopart henol i de. Those of EWUSA022015

5

the art recognize that invention conprises conmpounds
t h qtrocﬁyras diot pioducing stercocheraically pmie areptieally purctibdterials are well
ro and thus can exis 30 racenjc
Fiords - i, e 28 SIS (PG o for gRsol §mgu¥aeenq'm mixtutes into their
en%bﬂ[ﬁﬁﬁe ehfiofRRy appli cat i ons, it is preferred
to carry out stereoselective synt heS| s and/or to
subj ect Thﬁe—NR@zcgﬂoup 1pap disotbet » prippry pmint er part of another anti-

urjfication steps so.a r.oduc.e st aII
P e A e rbicBind o HG op 03 - bbleR grdinoparthenolide
Suigdnaid ?tﬁicﬁ&%@' A SotRnfeyI Rk )Cor tBe mﬁ%ﬁﬁﬁ)&i 4P Barthenolide
PCT/ US2004/ 022015 procedures_ for producing

st éﬂﬂbbh@ﬁn%%ey-q@aéa@u@g samrgtsamaptlemc@r deigemad¢aylesr such as 5-

\rNglsﬂo IRl facéfﬂifn c ?1131{%#0@1% It o zﬁgﬁ)ﬂg o aIllg(é'flempJﬁgheme I,

endotnndasl $elowhes -aNRpFRRegatiep emupla) Sesietivelpr | Thisy the present
am.ne qr part of a ot her anti - cancer dr ug noi ety,

10 ¢ o Aention fyrgher provi Fﬁ%P%‘FPdéP gle fauppla£3):

am nopar t-henol i de anal ogue (Structure 3 and Schene ||
bel ow)- or the -covalent union of parthenolide with

basi ¢ nitrogen-containing synergistic antigcancer drug
nmol ecul’es such as 5- fluorguracil, cyt arane

nmyt omyci n C, Doxor ubi ¢/ I Dau orub| cin/ (SCheme 111,
formula 4 bel ow as a Ngxesenyati g exrrple-\:‘==
respectively. Thus, the¢ prese J,{IO I nwentt onifurther
provi des conpounds of e R3 OO
3 wherein R3 is selected frof hydrogen

substituted al kyl, cycloal kyly, substi t4

cycl oal kyl , hydroxyal kyl , alkenyl substituted
al kenyl , al kynyl, substituted aI%ynyI , aryl,

bstit . I | r it kvl
SEVT L PERERY s 8L MR nyBBSL | k1 Sl b, cycloaticr,
suklﬂist1mlaﬁdelclc}&lqaltﬂqﬂkelmdrl oxﬁllwl gl e?k?wg[l, d@lﬁﬁ?ﬁteﬂma@lfbnyl alkynyl,
a erocyclilc, supstitute et er oc | C
SRS A, ATyl s BT alkyiwm Sspler cHdipylh arylalkyl,

5 SR B il LA B, i

20

p hawytiicayl, i letdrbyyclic c apistitites] hetbtosydlivy meflusrbirathyl, perfluoroalkyl,
| ng; g,néfangge{hy‘l’ carboxyl, carbamate, sulfonyl, sulfonamide and aryloxyalkyl,
or ORy, wherein O is an oxygen;

and its pharmaceutically acceptable salts formed with inorganic andfor

organic acids, and its quaternary ammonium salts formed with RyY. Preferred R;

'groups include H, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, alkylaryl, alkenylaryl and alkynylaryl.

| In accordance with another embodiment of the invention, the methods for the

preparation of the amino analogs described in this invention are disclosed in

Schemes I and II.



20 organic acids, and its quaternary anmoniumsalts
formed with RAY. Preferred R3 groups include H,

WwaI298/007W8al kyl , al kenyl, al kynyl, cycl oal kyl, PCT/US2004/022015

10

15

20

cycl oal kenyl, cycl oal kynyl, alkylaryl, alkenylaryl
and al kenylaryl. In accordance w th another embodi ment
of the invention, S@kemetnods for the preparation of
the am no analogs descrlbed in this invention are

xed WQ 2005/ 007103
D sol vent, base
0 N O R3NH2

previous{y; awd the solvent is selgct eofrom a | ow
al kyl al=eohol ,” such as net hanol, et#nhanol;} propanol,

i sopropanol, n-butanol, tert-butanol, and chl oroform
nmet hyl ene chl ori de, beSek#ife IJ ol uene, o
t et rahydr of uran, di oxane, 1, 2-di nmet hoxyet hane,
pyridi ne, carbon tetrachloride, diethyl ether,
tort-butyl nethyl ether and/or the m xtur@.of
nore of the 10 solvents |isted above. Ehe b%ﬁ
suc

sel ected froma low trialkyl am ne,
ne, triethyl am ne,

triQ e, and gy, di ne, 2-, |

2- ‘and 4- dlmeli{hi.yLam_n.opyrl digpes—, The tenp_‘gerature
i Ie&eofromsm{énthnsaS A/r e 6h tiTe
requi t o ef f ect temheraitegsi| !red .co pling reaction can
varyvvi ly, typically falling in the PHREEXANALOG n
to 24 15 hours. Purification can be ach| eved by a

vari et ] chr omat ogr aph .
t hr ougﬁnﬁfeluth?cg{yycﬂ %SI?“IC S :«1} dﬁ@f%& HATGEQULYS f?ﬂ%ﬁg é%/lvent 15
pregleddiomn adsw alkyl alcohol, such as methanol, ethanol, propanol, isopropanol,

n-butanol, tert-butanol, and chloroform, methylene chloride, benzene, toluene,
tetrahydrofuran, dioxane, 1,2-dimethoxysthane, pyridine, carbon tetrachloride,
dicthyl ether, tert-butyl methyl ether and/or the mixture of two or more of the
solvents listed above. The base is selected from a low trialkylamine, such as
trimethylamine, triethylamine, tripropylamine, and tributylamine, and pyridine, 2-,
3-, and 4-picolines, 2-, 3-, and 4-dimethylaminopyridines. The temperature is
selected from —20°C to 130°C. The reaction time required to effect the desired
coupling reaction can vary widely, typically falling in the range of 30 min to 24
hours. Purification can be achieved by a variety of techniques, such és, liquid
chromatography through neutral or basic silica gel, bonded silica gel phases such as
octadecylsilica, octylsilica and the like, cellulose or alumina with the solvent such
as, for example, the mixiure of chloroform and methanol or ethanol, the mixture of
methylene chloride and methanol or ethanol, the mixture of hexane and acetone or
acetonitrile or methanol or ethanol or isopropanol, the mixture of diethyl ether and
acetone or acetonitrile or methanol or ethanol or isopropanol; and recrystallization
using normal organic solvent or solvent mixture, such as methanol, ethanol,

propanol, isopropanol, tert-butancl, acetonitrile, diethyl etﬁer, chloroform,
' 10



10

15

octadecyl silica, octylsilica and the |like, cellulose
or alumna with the solvent such as, for exanple, the

WO 2803898103f chl or of or m and net hanol or et hanol ,PGTHES2004/022015

m xture of methylene chloride and nethanol or

et hasiblylene bielonilx amit the afiixvex afieveamdnerebbratsdsiedGbove. The purity
aceotf(r)@i?t.ri I el nmet hanol or ethanol or_ i sopropanol,

t he” g RV EUGE RTINS propated 8 fssessest Braness spectrometry, nuclear

- acahggiiet fesbitan@é spRi-BRABRY afd el@&@ﬁtﬁp{;oﬂﬁus.\:iﬁﬂ Rhapapol

and recrystallization 7using normal organic solvent or

sol vent m xture, such as nethanol, ethanol, propanol,
i sopropanol, tert-butanol, t oni ﬁ)tlgl e, diethyl
ether, chloroform 10 WO Nelohd

PCT/ US2004/ 022015 net hyl ene chloride and the m xture
of two or nore sol vents~4iAtég above. The purity of
the invention corrpounded i syassessed by nass
spectronetry, nucl ear Jragnetreson spectronetry
and el enental conbustion a S S+ A SCh 11 04 F

5- Fl uorouaci | - Part henol i de "Cgdr ug urt’hernore, in
accordance with still anothersenbodi ment of the
present invention, the methods4for the preparation of

the invention salts are disclosed in Schemes |V and
V. Scheme IV Acid HX sol VERP™ g NRIR2

Stenperature OO0 NRRR2 HX 2 O5 0 \4Y Q~ i~ Rl yE)

6 O R3 Rurth@mors, tihemeosiohewith dtitl asothe! eabedimbar 6F the present

hydrochl orj de, hydrobrom de,  hydrojodi de,, )
pe?lé’ﬁﬁ%%t © methqds far hropreatietion of tﬁ%weaﬁ@q salts are disclosed in
t oftienesTi/faagate, benzenesul fonate, succi nate,

hem succi nate, fumarate, acetate, hem funarate,

Scheme IV
Acid HX
solvent
NR{R, temperature Nﬁsz

R.Y

In these schemes, HX is selected form hydrochloride, hydrobromide,
hydroiodide, perchlorate, sulfate, hemisulfate, mesylate, toluenesulfonate,
benzenesulfonate, succinate, hemisuccinate, fumarate, acetate, hemifumarate,
maleate, citrate, oxalate, malonate, propionate and benzoate; YO is selected from

ha]ide (fluoride, chloride, bromide, iodide), methylsulfonate, toluenesulfonate,

Il



15 nmal eate, citrate, oxal ate, mal onate, propionate and
benzoate; YE) is selected from halide (fluoride,

WERBYPR03 br omi de, iodide), methylsul fonate, PCT/US2004/022015

15

t ol uenesul fonate, 11 WD 2005/007103 PCT/ US2004/ 022015
ber@anemamhﬁmaw mchmiifam,l Iaﬁdﬂﬂm scdveht ti eelecmédlﬁotn 4 $ow alkyl alcohol,

sel ec a,lowa aI cohol , h, as di et hyl
et rPé‘P &ﬁ@%e‘heétwa oL, (sH5Bah d?TOP&}B@ pasaaga@ol n-butanol, tert-

N- ikt a0) and @nlorofBih, aﬂfath viR ettt

chlori de, benzene, tol uene tetra ygég?uran
1, Adiexamet H@cﬁmdﬂa}xe'ethpm i plyrivine, cearbom teteachintdep rtextentyl methyl

ter u cet one an r the xt
Sof i SPprbdly i BUER TS Frivde:dbuven sied bove. The
t ermp@pabtre is seRele@Ched L2000 1230°¢.0Palfcatiur bdd "E)@t dcibved by
can be achieved by recrystallization using nornal

or gestvetalligetionsing noymal, eiganieispivientbor solisint auxturs, lsachods, methanol,
t | L-hu
0y 868y BBy CRANE MRS et s

c hichloraferra chethydonei eﬁﬂoui@ ahd HN® niktub® o€ &6 Meﬁio‘{?e solvents listed
listed 10 above. Schenre VO O ORO R \N/O\ Oo

10
0
Al so part of the invention are anal ogues of the sane
type as above for the followng structurally related
parthenolide-like constitggRéme VOstunolide, 15
dehydr ocost usl act one, al ant ol act one, i soal ant ol act one,
am no- 3- oxo i soal ant ol actone, hel enalin,

11, 13- di hydr ohel enal i n,
desacyl cyanar opi gri
am nosant amari n, \afm nog
ani noi sot el eki nstSee Sc

e, LY, gdrofuran
I oXan

°%-"/0 0 7 DUPLEXANALOG O \R3\NY O Ra 00 8

°an1nocyanarop|cr|n am ng
: nor eyonosi n,

“hgi anol i de, and g
). 12 ﬁﬁ\m

3 HX

o0 =2 — 7, S

DUFLEX ANALOG

Also part of the invention are analogues of the same type as above for the
following  structurally related parthenolide-like constituents: costunolide,
dehydrocostuslactone, alantolactone, isoalantolactone, amino-3-oxo-
isoalantolactone,  helenalin, 11, 13-dihydrdhelenalin, aminocyanaropicrin,
aminodesacylcyanaropicrin, (+)-aminoreyonosin, aminosantamarin,

aminosoulangianolide, and aminoisotelekin (see Scheme VI).

12



WO 2005/ 007103 PCT/ US2004/ 022015 HHO O OHOHO
O Dehydr ocost usl act one Al ant ol actone Hel enal i n FI. ~

| N
WO 0390103 H O | soal ant ol act one Cost unol i de 11,PCT/US2004/022015

10

15

adm ni ster

13-Dihydrohe|ena|in Hx\ ~OHOROH HOnO HO'QOH H
H ,"nu "viol in NRR2 nl\NRR2Z ONRRa NRRZ OOO
Anmi nocynarophp \i ns Ani nodesacyl cynar opi crins

(+) - Am nor eyRpstns A nosa ta@rarlns H H_i g OO0 RR

treating cancer. Cancers treatable by ﬁ}é* nt
t her apy ]5 %ude tthe solid and henat ol ogi cal tum)rs,
such as %‘?’ eqosfpslactons, c o r Alamiolagiongn cancBelenalipeast
cancer, brain cancer and hepatic cancer 0 conpri sing
manmalh-afdl i cted wiAli_$ai d cancer

i i i #ve to

e manmal .

i nhibit the-thapity o N s&

The parthehdlidé deriva 1 be admi, 1&% d as
primary therapy, or as atjunct ‘iherapy, et here

f ol | owi ng lHoglerddladiant er ventdstanolids ur ger y1, 13-Bokiy@bleRalin

| ocal chenotherapy) or in conjunction with at | east
one ot her chenot herapeutic agent.

i} HO

Mgy

Pt it

NR4R, NRyRz

NR1R2

o] o}

Aminocynarepicting Aminodesacylcynaropicring (+)-Aminoreynosins Aminosantamaring

B

H 0\\\\\“‘

NRyR,

Aminosoulangianolides Amino-3-oxo-iscalantolactones Aminoisoteleking

Scheme VI

The compounds described herein are useful for treating cancer. Cancers
treatable by the present therapy include the solid and hematological tumors, such as
prostate cancer, ovarian cancer, breast cancer, brain cancer and hepatic cancer,
comprising administering to a mammal afflicted with said cancer an amount of
parthenolide derivative effective to inhibit the viability of cancer cells of said
mammal. The parthenolide derivative may be administered as primary therapy, or as
adjunct therapy, either following local intervention (surgery, radiation, local
chemotherapy) or in conjunction with at least oﬁe other chemofherapeutic agent.

. discussed hereinabove, as well as the solid tumors disclosed in TU.S. Pat, No.

i3



15 , di scussed herei nabove, as well as the solid
tunors disclosed in U S. Pat. No. 13 WO 2005/ 007103

WRCOBPO®4/ 022015 5, 514, 555. Hemat ol ogi cal capCRUS2004/022015

10

15

20

25

30

such as the | eukem as are disclosed in the Mayo

A 5,514, 55 Hexatddadiéd cBaeks, sidh 4s.thé bukemiasaes dishbidd iarthe Mayo
Morrow, N.Y. (1990) and _include CLL, ALL, CM and the

| | CEnicViankbnHaaigh Bepk.apBelasenoe WikliganMarioye Ni¥oK1990) and
me g€ ARFOVH =51 nhi biting angi ogenesis in
pa@?gﬂgg”vrﬁ’ﬁﬁ%?r@?%nnéﬁeg%%f c, angi ogenesi s-dependent

di seaseWithimapothei agpeaidof thespresdnh doeentiber aypthotds aad pyovided for
ef fective anount ,of, a _.conposition conprisi n%i .
palRFEYRE PREICRRIEHL AR RALORS KIth, Bop-SHmorjpqnic, sansiogenesis-dependent
NOgistA4BDT LERAGng AL RSSIRS S IRREPIRBAIF SBR%Se aM6Ent of a
that the formation of new bl ood vessels’is inhibited.
W ¢dmpostionerongeisingt mrthealidedisrizativepoavpatiedt With ai mon-fuitorigenic

reactive 10.proliferation of thelial cells ar .
copiataRsstr feRnens Firs omeh (G dRfhon St néw Flood vessels is
anghgenes i WitHRb e Nhspdbis £ 358BodsS Wed prbdled NRr DB reactive
vessel is effectively occluded. Wthin one o
enprotifaiation, of hendsithdliah rglls genicapilsmp oormatinn danper-dyragrigenic,
part henol i d I vial | ' iy e I .
Vel Eene oG RS 5Pl R EEREY VL 8 BRBuiygly goctuded
a ‘Wit onel bmbadiai, tthe Bnti-angiop@iis compoatien somplising parthenolide
non-t unori geni c angi ogenesi.s- dependent di seases, _. ,
whiestyaliye ig rigligered  joz @qblopdt vesseloWhichals §eBvely pyoliferating and
bl 'shi)ﬂgﬁﬁﬁlﬁr may al so be treated with the
ant1 - angfogeni ¢ parthenolide derivative conpositions,
or ant ilnandditigenfoc thmaoctsp rmunefrodsh ethpt eaentumorigenid @ngiogenesis-
Ant i - apgi ogeni c artheno]ide deriyvatjve, co sitions
oféﬁpﬁ%&% ssises; A5 characteizsdi by (1he Anoral, Buawd \f blood
ef | gge ' et Si- [ ; Fvati
it Pay 08 PRGRERKE RIR e el B Serapmoljde dervative
c edompoisidions, i arrantisangiogamiaifactory aflthe prasesti inyerdiont hénti-angiogenic
proteol ytic. enzynes secteted t he endat hel i um
Rl Aot ABYar oS o o oY il can block the
angGnIRNESbSecie BE @Hﬁﬁ%eﬁhﬁ%ﬁéﬁ%tdrﬂ Geletens ‘éﬁ&kﬁﬁ{:ﬁaﬂ cell division,
yp

neovascul ari zati on, ertrophic scars and kel oi ds,

prdsciepsing ehdatheliad isell ineigrationnanshivhyairing ther sctiviiighe proteolytic

mal f or At | at heraosel.erotic plaqgues.. de e
neaeTE? Sedfiba il RE Eforfutio.” ReARERpECoQt RSt Mot non
Csh@ibriYéhe rangiogeliivedepaidbnt altdetses PMOBES| dorial HeboaBularization,
scl eroderma, trachoma, nenorrhagia,_ retrolental

f ihypesionBicascar apdideolnids, prolifsatiies diabatice refinopaihyg artarigvenous

| (Ao, JIEREIFARDRLR d iyt SEHAEREL, HiBbhitc joins,
O51chBhidh) fraeturgsngOsle2®¥der dnpireae, Qsoldkis)i peogede granuloma,

local adm nistration of the present_conpgsitions is
ofSe m@g@a,&a@h@mg,@aem@g{]a, rdtro enfal ﬁbrolr)rlgsia and vascular adhesions.

=

=

The pathology and treatment of these conditions is disclosed in detail in published
PCT application PCT/CA94/00373 (WO 95/03036), at pages 26-36. Topical or
directed local administration of the present compositions is often the preferred mode
of administration of therapeutically effective amounts of parthenolide derivative,
i.e., in depot or other controlled release forms. |

Anti-angiogenic compositions of the present invention may also be utilized

in a variety of other manners. For example, they may be incorporated into surgical
14



of administration of therapeutically effective anmounts

of parthenolide derivative, 1i.e., in depot or other
WORMT@7108d rel ease forns. Anti-angi ogeni ¢ conpPREiU$003022015

of the present invention may also be utilized in a

varsuetrgs inf ordeher prevén atitch gm{ul@ﬁ@dmhlglan‘éeﬂ%i tHBYatd?8s (in the same
i ncorporated_in rgical 14 WO 2005/007103

0.S
PCHAESH 8% 79 JVb) Ffor the teasmentpfgpenarrhagiapgreased form pf &male birth

o : tod iy . ho same _
e L A e —
as iﬁpfaﬂtaﬁﬂnﬁ:flﬂhwmleian‘lmht oh endnlu’xmtﬂgmis, af&dd‘:ﬁeﬂi tsltﬁﬁjbﬂoiéwnal antibody
ei ther eritone ayage. or for peritonea

7 mieared ABgRet 45Y Rld epdelp colby ases, 8?;%9? PYsanaic chemotherapy, or
at ufitiberint @aghodBe ﬁﬁ&%‘iﬁ%grlh@z@ hitRpdy fto":‘a géﬁ?&gi?glgggmﬁégﬁﬁtmonoclonal

activated endothelial Cells as a formo
c h@nhadervelpioh resogniges dotive endothadiabeplisst i ¢ i magi ng when

attache 0 r-adji oagtivel ahel | ed, nonoc) onal .
ant i bod?h%h}ncﬁm?ledgoﬁ i"zé’§°1§9’hff § o, dasThRmiis) dass of parthenolide
Thdetiwgive] g @nafogathereap ity £ebinbindfiot hﬁér@él?;iﬁitﬁe dRsfe & chronic

part henolide derivative, an analog thereof or a
10 ¢ o FsNAZRIRSH, Of REICEh fi-S-» DFeStatR Onbligass cancerwidinvary with the stage of the

ma : [ .8 rostate,or breast.cancer,,

i PRRE R0 & € BDEEbymr 6 5p i3 Bk BpPhoBoERR e fERS or other

sohntitcaneepthetapyhsed, laad tiechouteht a0R&IBEARA MR 1stdo8e, and perhaps the

aggnt (%gq or ot hﬁr anti-cancer therapy used, and the

r oY% 1599UERG AT ials Y4 acqardingdedhe aghi hody tegight mrd response of

do s | (o) e ot e .

ocyy TORGGN AU dn redfal ¥, BB DA Mo ik, RE erthenotice
15 | ndgsativeand ith enagogsatfordhé kyndiibeas de@a‘rﬂ:eldfl@fein,fis ﬁron}1 about 0.5 m

parthenplide 15, deri.vative and its anal ogs,_ for_ the :

e oRAERE A Eimcin Hhele Ab ABTIR doses. PariPapbue dily dege range should

abigy ibodb O g abiotlt B il ¥i .

e g aolt PO Yinglt Y] S5 BES, itz abouc -

ngP0 mg per dgy.e Tomadiging dle pasivat thertistapyrshbeldaly nittdaliat a lower

5- er_day., In nagi the patient, the therapy
sh%oggaz_{%e E}cﬁ?atg?%tdgﬁeﬁ% ol Pg}tf’é‘g% g&?lllf‘tlili?&?qé‘égedlt 15" further
20 depenfinegdedrthitiarnes Cildres Iﬁﬁ&h@bvér%gﬁes;ﬁg 33% ¥hds8 with impaired

further 20 recommended that infants, [
pdena or Yeppiis fpdiopdaitielly serdivetiower dases) andrpimit theay bertdratdd based

or i ' initially receive | ower, doses, and .
T R N L g L
bithesd faaped in kbmeBashe TREBSS At Ms trdtddS thall ARE WiRician or treating

og}ajz’i,d,e t‘l}ese ranges in sone cases. Further, it is
ndXECIeR WL kBow | hay @pdvlsn tor Buerrung, adibgts piciterminte Itherapy in
25 K . | adpust or 4term nate "
¢ RO R B MG tfinsel T ort " hE e amount or
r dspeffsaiveTieasitieingraniamt eikantonpassed bptibe @hove-@fcribed dosage

effectjve,sensitizin unt" are enconpassed by the
aﬂﬂl?@pkéggﬁo e‘ﬂﬁgﬁg%f’%gg‘%unt s and dose frequency
schedulghy suitable route of administration may be employed for providing the

patient with an effective dosage of parthenolide derivative (e.g., oral, sublingual,
30 rectal, intravenous, epidural, intrethecal, subcutaneous, transcutaneous,
intramuscular, intraperitoneal, intracutaneous, inhalation, transdermal, nasal spray,
nasal gel or drop, and the like). While it is possible that, for use in therapy,
parthenolide derivative or its analogs may be administered as the pure chemicals, as

~ by inhalation of a fine powder via an insufflator, it is préferable to present the active
15



Any suitable route of adm nistration may be enpl oyed
for providing the patient with an effective dosage of

WO HUTH3 de derivative (e.g., oral, sublinguatGT/US004/022015

10:

rectal, intravenous, epidural, intrethecal,

s uhbingicdieadas a. phamnmenican Gatiflation! MBI BAEN thus further provides a
I ntraperi ton?%I , _i.ntracutaneous, inhal ation, _

tr d:ﬂ]gg-gqx%p?a %@g}latgofgrcgwpnswgﬁrth@@hd@,degmjp(e ardd anhleg thereof,
i kglethdhii® Lhel PSS : 0 et hera '
part ?enol i de gfé? i%atﬂflasée p%%ﬁ?%cge%cr%]&oé%&éﬁ%yebgsm%m WHerefor and,
adraptiosally; etheasherdrevtic anl/aheoplodidic iagredieytsi Ml Aki@R) must be
5of a fi%ﬁ povugtﬁr Vi a a{l insufflator, it is preferable

to PSR le”an S\@Fﬁ?eo Eg.n%omg}o owithsthe othc?r ingredients of the
PCToMR2 8 87261 eldtd}fbus 96 ﬂ:{btre@@%&t JTR&GRH s CPhuman patient or
formul ati on. The invention thus further provi dés &
phalemgetécaimal. fornul ati on conpri sing parthenolide

derivati L og' t hereof, oget her . wi,t h one or
nor e phellj‘rﬁ_grr%’ggecﬁﬁﬁ%ailr}s?n%@&@ﬁt %{“ge _ctg? | @Pgali’l% fqregrg} or parenteral
andincludfriel an@lrhisculad, NEHoHARLAP QHE | intrBRGo]s) actlmlgl(iestrsation. Forms

prophyl atqﬂti c ingredients. The carrier(s) rust
aé@@é’ﬂ% rargnicreladnypistratios alpe inedn & sitablevfaradntimistration

ot Ret. 1 ' t ul ati on,..and.no .
oot el B Bl BB . v
patid sublimguatjo adatnistration. MaThe RoaRWMBEES h%d where appropriate, be
formul ati qns [ ncléjde those suitable for oral or '

paPEREBICAILY PYoseripd i) Hecrpiqnifosaasl farms sy b powperedriy any of
| NfeanaRoUSWe 8 RbHh $h R érPQf g]ga?ﬁ%.u ggctf iﬂetch%tc)llg Etllc{hgc[ﬁ the step of

parenteral adm nistration a or s

15 f obringing ite tassaciaiontiire iactiad edrigsundrwithn $iqfifd edriiew, &lid matrices,

20 | i spuiablegasdchesdntai®ial i 0p¥BétEiiRsd areli of Phd dethR' fl

for _nasal,, or tapical. .i ncl.udi ng buccal, rectal,
v P REEP et e i SR corder 8 Fopbimiens théreof, and then, i
f ofigPebsaty, SRpiiBihe pPPOREEInRPRE aeéifeat@iv%g syfgaven! ently

presented in discrete unit dosage for my be
pr epar eBhaspaeenficalf fornmuativesh suitable| for kombnadminidvation t may be

f - Sych hods i ncl ud h .15
AP N TR oS b 2R ke, cches

finely divided solid carriers or conbinations theggecr)d?e:m; s a
arRPWAsE (9L 35 graplesis s pysolutivapianspspénsiqn odwstan amolstdre or in a

desgy | S . Phar maceutical. for.nmul ations

S aeeEe “Pe) by Bl Pt SERRHS R ans ot of Histpsgat fom o

dichewatgegumi The asigeinbrdivht B1491dHREsEnd 501 bolus, electuary or
el aftgl n,.capsul es, cachets 20 or tablets each

Pt nilaplels pud sapeiles fudomhwdminigiratione mayt ¢adain conventional

o NIy’ | es: . | ution,
25 RAERSR buch 35 bihdB A KndhE 100N iin e i i S aent.

30

s e tablets myy beeaohtedraesirding toahbthbas well knos@Si ©8 0f i.c., with
thet gl.fgent .froma chewing gum The active ingredi ent
e HF £83 S esented as a bol us, el ectuary or paste.

Igglt :it z)lglgﬁt\lllgﬁgfégrﬁgaﬁioﬁﬂna? b8lin A PRL Y R iegﬁnﬂi%,y aqueous or oily
sqspensions, solutions, emulsions, syrups or elixirs, or may be presented as a dry
product for constitution with water or other suitable vehicle before use. Such liquid

‘ preparations may contain conventional additives such as suspending agents,
emulsifying agents, non-aqueous vehicles (which may include edible oils), or

preservatives.
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25 exci pients such as binding agents, fillers,
| ubricants, disintegrants, or wetting agents. The

WRBNE 19y be coated accordi ng to met hods wel PCKESR04/622015
inthe art, i.e., with enteric coatings. Oal liquid
pr epar at Thms:on@ymms adeotdheg fi@rthe dhvention @xAMNoEbe formulated for
agueous of suspen3|ons sol.utiaons, emul sions,
syrRAFenig eﬁ@%ﬁ?ﬁtl%’r (#gy b iglestiemt & sxampler \bohwo injection or

pr [ t.er.  qr u
e nbans) s ntR B ol e A po s
corgyainges; smak Nblummhﬁmmm mntaatersmmh mﬂusiosepﬁmﬂamgs with an added

geng%er%@w' U%/)Ig{] Pg’aﬁ%gﬁg%wg‘; @ﬁut%%gé §% Fel%r;slaglgl%@ solgtions, or
V\D 2RUBIRAO MLEPy BCAqueSEORd Qe Add mamn%?%‘rﬁ%uﬂ’mog agents such as

according to the invention may al so
pars@ﬂfeé'ﬂﬁlg: éﬁéhﬂhﬁmgtané/lﬂl‘ disp¢reing agendy. Aﬂi]ematw@ipl,, thé active ingredient

qﬁ%&a%pr glg ot d Un&fqal%% eb%?g‘%‘%ﬂ%ogg ﬁ’i‘g% Stetie”Bkia or by

pr dyépHilizion Sﬁfdm %@Rﬁlon ST6r| donMBLHEE Wit & $hRdblE QehRleN @S, sterile,
in nmulti-dose containers with an added 5

mprePé’B‘?&‘F&t qpevalqth BelerHSsi ti ons may take such forns as

suspensi pis I’t%;fi&huﬁ%ﬂ%@fs’tragf)n SIS egﬂi%u a&% (%D@.J’lpgs may be

agueous veh contarn
sudbrundated meennmﬂgs, steainis | d1Z IdtipnaNdt is dies aﬁhfél edient of a

O SBhSirunet GRRR. o1 ibleq SByscasE Aelvece) sisei g diselosed, for
st @f{éﬂlﬁesﬂﬂ AdFﬁflerth al. aETAtI Kall 9?‘8 B@%nblsﬁl %%.{N%r%'( QU.s. Pat.

constitution with a sui e vehi’

151 oNgy;lb@%hZ’fQ; deb 0806 rand Eéﬂéﬂééﬂj Hntnients ﬁndmreméils may, for example,
ounds

t to th d
£ o Pk LorEiuidled, i i B orerliivge oidh e pliGon oF sibiaickening
ac b/ 6r gdlﬂﬁg?%&&bt IftioAs midyaesdah {ed%ﬁ‘PQn &#Johéﬁi Gily base and

transdermal el ivery systéns are disclosed,
With e geperaj alspi eoméain @ne it m@td% Qnumd’ymgl\hgents, stablhzmg agents,

4 wa et al.. (U.S. Pa
@fg@e@g)ag%q%éﬁgpgg W anyS fhigheing age S PE D Epgpats.
20 cr eans Roynulitivhs 4kt For tdpfeal Qﬂﬂﬁhﬁa&ﬂm%t fhe 3outh include unit
aq eous or oi | base with the addition of swtalfe
Qspghforgs / @ logenges rf@n@g@mgsactwgt mewélenayz} lkaleﬂgvored base,
f base a .in, .
98%%?5?%5%3%@ b8 PR Y R0 Moty e g ol i
stiaksinl mzrtﬂgasagmht 85 gelstis pal glyoerinof BhdoseSMRPRAGIAN $hucoadherent

k | 20
F o P TGS P P SE bt alingredbont 1 erutitin Liwid carrier,
25 the mougfeh fekide P dbovd a&éﬁﬁe& % gtyoqﬂ d‘?%alg 290558 10 give

conprising activé 1ngredi ent avore
uﬁuaﬂahlfdsnﬁptﬂams @f ghel sative |11@red1eﬁﬂr amptngveﬂ he.ghast chin@ﬁaatlon with
conpris n Hﬁl active i ngredl ent

cettain op ¢ polymer matrices, ¢.g., comprising natural gels, synthetic

polymer gels or mixtures thereof. The polymer matrix can be coated onto, or used to

E..

form, a medical prosthesis, such as a stent, valve, shunt, graft, or the like.

30 Pharmaceutical formulations suitable for rectal administration wherein the
carrier is a solid are most preferably presented as unit dose suppositories. Suitable
carriers include cocoa butter and other materials commonly used in the art, and the
suppositories may be conveniently formed by admixture of the active compound

with the softened or melted carrier(s) followed by chilling and shapmg in moolds,
17



in an inert base such as gelatin and glycerin or
sucrose and acaci a; nucoadherent gels, and

Wb WORMHE¥es conprising the active ingredient iRCEHUS2004/022015

suitable liquid carrier. 25 Wen desired, the
above- deBarmubatibnf osuitablet fanyagiasl hemadapiiod h@yJIbYepresented as
sustai ned rel ease of the active _ingredient enp P(

e. GPOSBIFSCHMBORA T St P@Bﬁs{ &anlsmmpeprﬁ .cpm@lqyag yAddition to
mat this G8gve ﬁg&dzenf Qﬁﬂ?fda&&é}l 9{‘1} X%%Eﬁg Srigte.

pol ymer gelS or m xtures th er eo he po

can be cbatadthinistrationdby irdektion, the @bnmomdsmébmﬂing to the invention

5Pr ost hesi s uch..as t ent , ve, t raft, or
P ot B Eveing R bR e ik d iSO U Bt i Bregsuplged pack or
r ecéthdr eshiveticst fn@hﬂlsoﬁf \S@E&e@in% H%erogd?lr%iéif IBe@uifld Packs may

are nost preferablg presented as unit
supiBtiser | és. Sutablebl epropellant er su¢hncl esle daddta'oﬂﬂhlbmmethane
an I use in the art

BRI PR ey S RTROATHTFGarS; o o ot giter suitable

suppositories na

of gdabe Iaqhé w&eC@ﬂT@ @tﬁsﬂmz}éﬂtd@rdsbp B HbRBE IR mAP |bEQﬁtermmed by
| owed by chilling and shapi ng in nol

carrier(s)
1077 Wé%@/‘@gfmteéeb@mwg@dmy@tls For mul ati ons

15

sui t abl %ﬁéi’ﬁaﬁ‘(z@% ﬁﬁ‘ladﬂlmﬁt?étﬂnr %tlhﬁzﬁah aosrs.ﬁssﬁfl?, ioih@ dcipmpounds

as pessari es ons, cCreans, “ge

spraagm'dmgrtbalhmmmntmm mmbdtdlde(the tform tdf & @6t pdRder composition, for
redllg ch caréf%{:s as are _known in the art to
be APPP 6t P%‘P’ er i of dhgpomraungdiand ¢ syijablp pawder base sedheas lactose

COIBP QRIS @H@ 95@&@0&%)(%%11‘ BYFBE I u%ﬂlé%l 3; %mte%osrlge form in, for

conveniently delivered froman in
or e&azpp]@,s gapsu];ednpaﬁkldgﬂ:s ox;td‘g; gelamwmﬂllﬂmter eks o Whlch the

deliverin aer 0sol ssu ed packs,k may
conplieany BepPSaRiet S Meai obae mnaor o Hsufnaioy
di chl or ggf fiﬁtb@ﬁ@sﬁ?“aﬁﬁﬁlﬁstraﬂoﬁ' Ghd 9;5131 ot OHFttﬁEa entlon may be

di chl orotetrafl uoroethane, car bon e or ot
suﬂ‘ihabll%ere@ i a liquicheprey swichfas wip agdssici bogide ammserl , Typical of

v a Ve %%g%ew%}%m&gym gg} ?rﬁ?w th%@é‘?‘ﬁgf w&%}

20 adm ni sFeedopieal fiminfiatiéd i0Me @ke, tAS dbhpatiddeRen bE %drmmstered as

25

30

ound accordl ng to the invention may take the

B8 - Bewdier 4201:948), taums, (s¢eol).S. dlahiio.e4,136,177) or via a
p%\%%nﬁmggsetogﬁa% und and a suitabl e powder base

actose or starch. The powder conposition may

be pres&h¢ atvehtioniMill 1bas 8 Aebaibail i, gréfér ddtaif b3 RE®ence to the
capsul es or cariridges or, e.g., gelatin or blister

p %ngt%@npbéwder may be adnministered with

the aid of an inhalator or insufflator. For

intra-nasal adm nistration, the conpounds of the

i nvent iEKAhﬁ?/LE& admi ni stered via a |liquid spray,

such as_vi a stic hottle atom zer. Typical of

these JPEmEHe Ty Gepsrak Synthata Progediire 5y theriroparation of 11BH, 13-
Mestithahugia ﬂ'}ﬂop%éﬁ%ﬁ)les

A mixture of parthenolide (100mg, 0.4mmol), the appropriate primary amine
or secondary amine (2mmol), and triethylamine (1 to 2 ml) in 30 ml of anhydrous
cthanol was stirred at a specific temperature ranging from ambient temperature to

| the temperature of the refluxing solvent utilized, or was left to stand in the
refrigerator (-20°C to 4°C) overnight for 24 hours. Ethanol, triethylamine and/or the

t ]
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20 For topical admnistration to the eye, the

conpounds can be adm nistered as drops, gels (U S
Wioh005/0851034, 255, 415), guns (see U S. Pat. No. PCT/US2004/022015

4,136,177) or via a prolonged-rel ease ocular insert.

Theapmemieie volatilel dminewde tiassapdrendivader @b HS Altdvapor. The

by ref rencedto the followng non-limting exanples. ~ .

5 FERANpE Eesidue, was subigeted ¢ suicagebgalumey Fromatageanlie purification

f orudifie cRoRIBRR M And] of et L PG iy

Am néﬁ%rt henol i des A moxt%gérfheﬁg?e %\ipﬁ{jwéeﬁb 1 81 ﬂ)&ﬁinac’)lvent as the

0. 9 phast NMBo(Vauian a3 GONGHE ead YO@MIFaP anBQOMIS (Agilent, 6390GC

ec e (.2nmol dtriethylgmpe (1 to 2 m) .
S R Rl ot enduodbe s belteddp Gesws the Tty end
spemirfty 6f the Apehefidédngowagi.ng from ambi ent tenperature
to the tenperature of the refluxing solvent utilized,

or was left to stand in the refrigerator (-20C to 40
overni ght_for 24 IS~ Et ol , triethylam ne and/ or
the 18 5?)%/'62@#&%"@&%8@’%? e appropri ate
vol at i | ePapilibmeidee(190LRE D AHABD! ABch '
{190k2e B! g‘agﬁ‘éﬁ X%?Ig gi“tngéih&ol, 1mi),

rotavapor. The resulti n% residue wa

105; |trigthylgerine Rk ethaental3mbpwiers peflictsdc atviemi]ghtulsAﬂ@r column
hl_or.of - anol or nethyle r.j de- met hano .
::n' g’fbﬁgo o\rzl% ni lCiSaéng HE P?Jﬁ'b?’%% ﬁﬁ&@ﬂi%ﬁﬁq prgpparthenolide was

300y id@0ddg). and GO/ M5 (Agilent, 6890GC 5 and

5973MSD) anal ysi s net hodol ogies were utilized to
assure the identity and purity of the synthetic

conpoungs. | . . .
11(3H, %%%WM%&%WWW&EGWFMM i de

15(100ny, partkenaats . (@oomRENY bamiAs),( 2¥ei a L, ),
10 trj et hyl ani a4 ((g%m?%, /0 P, 3 ﬁwla\%g?g 800me b 7mmo,
ov Bigtigaminea(2mh), chanoh (30ml) fwewmt irefinxed OBvergight. peftee column
{s}nl%ﬁci)t\é\é_a ég,sél f‘t?’ g?% |tyh llg\%[nl M,%ﬂ%%%aﬁ&p%enﬁ%e%vgse Cébtained
11(Biekdl §84g).et hyl ami nopart henol i de 15 Parthenol i de

(100ng, O.4mmol), diethylam ne (200ng, 2. 7ninol),
triethylamne (2m), ethanol (30nml) were refl uxed

i ft I i fication, 114 fo.
20 0P v Bhasmte 4 e aestiOh s bt REhesmburbelide Drtresies
(Yi el d: TESHhinopRrikesdiRé AedtvativeeRATIRIIAY B arfidlilohs Yher and to

Am nopart henol i de Derivatives
this solution was added the corresponding acid in sther or ethanol. The mixture was

kept in the refrigerator (4°C) overnight. The crystals formed was filtered and dried

under vacuum, or submitted to further recrystallization, if needed.
25
Example 5 -~ Preparation of 11BH,13-(piperidin-1-yl)parthenolide
hydrochloride
11BH, 13-(piperidin-1-yl)parthenclide (Smg) was dissolved in 2 ml of dry
ether. Hydrochloride in ether (1M, 0.015ml) was added to the ether solution until the
30  solution became cloudy; then more ether was added and the mixtﬁi‘e was heated to
| | pbtain a clear solution. The mixture was left in refrigerator (4°C) for more than 24
hours. The white crystals that formed were filtered through filter paper, and dried
under vacuum overnight (Yield: 18%). '
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The am noparthenol i de derivative was dissolved in
anhydrous ether and to this solution was added the

WORMWHWEEAdI ng acid in ether or ethanol. The mBOTWR004/022015

Lh

was kept in the refrigerator (4C) overnight. The
crystals formed was filtered and dried under vacuum

or submtted to further recrystallization, if needed.
25 Exa }éang;) e opFaeparationsd 16PEL, 13-dimethylaminoparthenolide maleate

11(3H, 1 L)” no hl ot.i de

110H, 13- p@(ﬁ d§j n{}’i&f;}y‘)”" ﬂlﬁ Lﬁ% (5’8{% Q?\,‘g}gm ) $ anhydrous
di sehdnob (Ghi) wis wtidef molleit acel (18fmg, bM QSN §O3

et her éqllﬁ Ig OiSrrfl I\1/\1/as aa(glzde%l1 tg; P%}le et?:er I?%S{Jérﬁlgdrous sthenol.

unt ongyyas; &aéi@m wrellpad fittered tuongh 2 megulardilter epapm The clear

wa h
o G SRt B0 o Ror ¥ HeBh TR QYR Fvtale) Bied were
f orobfainad by diitraibn, hltmed dn alB&ioshiol emdery $iculi Wi‘tﬁt anhydrous CaCl,
ggeci \Qg@r:lltered through filter paper, and drieéd
elg overnight (Yield: 18%. 19 WO 2005/ 007103
PCT/ US2004/ 022015 Exanple 6 -Preparation of
11( 3H, 13- di net hyl am nopart henol i de nmal eate To

1011( 3H, 1¥xdinpi hy Prptatipaof NEPH 3-D8meBtmninOpdrineBblidd Methiodide

hanol, (5m ) was added maleic acid (12

%”Fﬁé?;i%. H?éflai?’oém’&ma%ma%af@m@m (30f5g,Tﬁlénsantlr;g|anhydrous
bR Tl avasYoled JddoBiHfinb A0 BrE ) i Toelians D The

f orclear weistion Tas shhkemeami yoral st foormeshpMRstare. qme%l Reg  days, the
by f| I tr t| on, drlgeﬁ(iléijn a desi ccator under vacuum w t

an W wa% @i@or%t ¢ palg 5@;10\&'11@51@%%5 @lripd -1 -na desmcator under

15 Pr oRahal 1098 Snydddis éa?lD'IfE% Yal%gg %n{n ﬁg ﬁg tatgler afforded pale

met hi odide To-110H, 1 am nopar
( 3pelpw orystatsdYjeldrB& ANy dr ous met hanol (5nl) was added

" i odonet hane (90ng, 0.6mmol) in nethanol (Im). The

'20
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30

cl ear solution was shaken and stored at room

cuapor ot e B S Ca0AR

ek

lnm\l‘\?%mgt}ﬁodide To
d eBIPFE A3 -(4- mﬂ@&pxp&ﬁmamwmhmtdeaqu$0®1%? in anhydrous
Recr C@X ation_from acetone-ether a forded pal e

%ﬁ? Was pdded) igdorgehgne E0mep 0bm@mol) in methanc! (Imi). The

11&13&?‘ sbfii (}(oﬁ \¥§§ Bideh RRG' §5r3a 1x X&glﬁatrefn%gr%%re Rfter three days, the

met hi odi

1 @Rk - vm avepdrpted] fherpate pellovy rosidiet wanglisd ﬁ%ﬁscator under
OIrrrmI) hydrous . 20 net hanol (5m ) was ad

SASHR OV us §aghnBresrystallizatiomfom qoetany- ethamfforded pale

C|ﬁﬂ6w%@}dﬁlé?ﬁeléﬁ$9§'zaken and stored at room
tenperature. After three days, the

Example 9 - Assay for Antileukemic Activity

For apoptosis analysis, one million primary acute myelogenous leukemia
cells were washed with cold PBS and resuspended in 200 microliters of Annexin
binding buffer (10 mM HEPES/NaOH pH 7.4; 140 mM NaCl; 2.5 mM CaCly).
Anuexin V-FITC (Pharmingen) and 0.25 mg/ml 7-AAD (7-aminoactinomycin D,
Molecular Probes, CA) were added and the tubes were incubated at room
temperature in the dark for 15 minutes, Cells were then diluted with 200 microliters
of Annexin binding buffer and analyzed immediately by flow cytometry. Viable

20



nmet hanol was evaporated, the pale yell ow residue was

dried in a desiccator under vacuum over anhydrous
wWo23007R3cryst al | i zati on from acet one- et her afHGIVE2004/022015
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di met hyl am ne (2M ovef200gig] 2.92%d1)) jret hanol , jim ), 20
AM triethylamine (2m),
ethanol (30m})
Parthenolide
11BH,13-(tert- (20mg), tert- Refluxing | 39 | 10uM, 20%
Butylamino)parthenolide | butylamine (0.2ml), | 10 houss
triethylamine
(0.4ml), ethanol
(5ml)
Parthenolide 5 uM, 23%
11BH,13-(Pyrrolidin-1- | (30mg), pyrrolidine | Refluxing 80 10 pM,
yD)parthenolide (0.2mD), 12 hours 85%
triethylamine 20 pM,
(0.2ml), ethanol (5 95%
mi)
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Part henol i de 5 M 5% 1 {iRpllG0Ybr phol i n-1 - (100nd) ,
RefTuximgrd-@0 M lyl) pashdietiae | dej mor phol i ne
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4)% 1 yl)parthenol i de (100ng), over n| ght R8etion . Antileukemic:
hormopi péomgrid (500 )ReacmteﬂMMhe ( Qonditionset Waeddl]  activity
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10(3H 13- (Azetidin-1+ Part hedshiyde Stirred at
y| ) dapE/AR@yriotidin{11 00Ty ) 1B (Hytkolidini10 0 N ¥0RigefAQ0 )
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hydrochloride in ether (1M, 0.015ml)
11BH,13-(4- 11B8H,13-(4~
Methylpiperidin-1- Methylpiperidin-1- Refrigerator, | 38.3 | 10uM, 62%
yl)parthenolide yl)parthenolide (50mg), 4 days
hydrochloride HCl in ether (1M, 0.15ml)
11BH,13- 11BH,13- Room
Dimethylaminoparthenolide | Dimethylaminoparthenolide | temperature | 55
maleate (30mg), maleic acid for 1 week
(12mg), ethanol (8ml)
118H,13- 113H,13- Room
Dimethylaminoparthenolide D1methy1ammoparthen011de temperature | 86
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Example 10 - Analysis of parthenolide and dimethylaminoparthenolide
(DMAPT) using human-mouse xenografts

To assess the effect of parthenolide on primary human stem cell populations,

experiments were conducted using fransplantation into immune deficient
NOD/SCID mice. Successful engraftment of NOD/SCID bone marrow at 6-8 weeks
post-transplant has been shown to be a measure of stem cell content for human
hematopoietic cell populations (Lapidot et al., J Mol Med. 1997;75:664-673; Dick,

Curr Opin Hematol. 1996;

3:405-409).

For each experiment, cryo-preserved

mononuclear cell specimens from normal or AML donors were thawed, and ireated

in vitro with 7.5 micromolar parthenolide for 12-18 hours. Following culture, 5-10

million cells/animal were injected intravenously into sub-lethally irradiated (300
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11(311, 13- Room Di net hyl'am nopart henol i
: : n‘pgméiﬂﬂyaéi @nentwl VIS cells with 7.5

Syl 3o Al KRpd el AR B ngratmens
Di whildrbanienafaotnainells deovalmaigiifesi 8fectsret hi odi de

(30ng), added iodonethane for 3 days -(90m g),
met hanol 6m 11(3H, 13-(4- 1113H, 13-(4- Room

Met hyl pgperdidh p-_1 TE:?P | piperidin-1- tenperature 79

yl) par?’%enoq ?ge ITII‘E% [ olgggdgés ) part henol i de (70ng), for

3 days Dedidsref MFS:PMEassay - 96neelhihbdtichiutlplate (Becton Dickinson
Labware, Franklin Lakes, NJ) at a concentration of 5,000 cells per 50 microliters
(mL) of media and incubated in 5% CO, at 37°C for 24 hours. Varying compound

‘concentrations in 50 mL of media were added to the media 24 hours later.

Colorimetric readings were obtained using the MTS/PMS system and an ELISA
plate reader, afier 48 hours of exposure to DMAPT, The readings obtained for each
concentration tested were from an average of eight wells. Each experiment was
expressed as a percentage of the solvent control and completed at least three times
with consistent results, The resulls presented are an average of three experiments.
The hormone refractory prostate cancer cell line CWR22Rv1 was treated with
increasing concenirations of parthenolide and derivatives for three hours (Figure 1).
Cellular proliferation was reduced by 50% by 5pm in the MTS-PMS assay.

Example 12 — Clonogenic Assay

Initially, 100 cells growing in log phase are plated per 3 ml of media in each
well of six well plate. After 24 hrs of plating of the cells DMPAT was added at
varying concentrations. At 24 and 96 hours after addition of drug, the media is
changed. Hence, the cells are only exposed to the drug for 24 hrs only. When cell
colonies appear at Day 15 they are stained by Sure Stain Dye for 15 and counted.
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_transcnp‘uon of tumor necrosis factor (TNF), released in septic shock, is increased
by 3 fold (298%) when treated with LPS. Pretreatment with DMAPT however

prevents transcription of LPS and in fact decreases its production to 2% of control.

Similarly, transcription of cyclo-oxygenase-2, the target of classical non-steroidal
anti-inflammatory agents, was increased 1.5 fold (150%). In the presence of
DMAPT, the gene expression not only prevented the increase by LPS but decreased

- it1o 30% (0.7) of solvent control.
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Example 14 — Parthenolide and Derivative Assay Activity

Presented herein is data demonstrating that: compounds of the present

invention reduce the viability of and increases sensitivity to chemotherapy of lung

cancer, prostate, and breast cancer cell lines as well as decrease inflammation by

decreasing cytokines as evidenced by decreased genes in human monocytes.
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Ry is hydrogen, alkyl, substituted alkyl, hydroxyalkyl, alkenyl, substituted alkenyl,
alkynyl, or substituted alkynyl; and

Ry is hydrogen, alkyl, substituted alkyl, hydroxyalkyl, alkenyl, substituted alkenyl,
alkynyl, or substituted alkynyl; or

R; and R; are together -CH,(CH3),CHy- whete nis 0 to 5; and together with N form an
- optionally substituted ring, said ring optionally fused to a cycloalkyl or aryl group to form a

bxcychc or tricyclic system, said system optionally substituted and optlonally comprising one or
mote heteroatoms; or

Ry and R; are together ~CHy(CH2)oCHaZ-; where Z is O, S, Se, Si, P, -CO-, -80-, -80;-,
~or -PO-; and n is 0 to 5; and together with N form an optionally substituted ring, said ring
optionally fused to a cycloalkyl or aryl group to form a bicyclic or tricyclic ring system, said
system optionally substituted and optionally comprising one or more heteroatoms; or

Ryand Ry are together —(CHy)p-Z-(CHa)p-; where Z is O, 8, Se, 8i, P, -CO-, -80-~, -80,-,
 or-PO-; and aand b are independently 1 to 4; and together with N form an optionally
' substltuted nng, said ring opnonally fused to a cycloalkyl or aryl group to form a blcyclw or
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MAPT. Parthenolide and its derivatives inhibited
cellular proliferation in a dose dependent manner
between 2 and 10 pMwith 70% inhibition at 10 pMin
A549, 10 50% in H460,40%in H 23 and 40%in H522
(Figure 2). The breast cancer cell |ine clonogenic
assay wth hbl-100, ndl-231 and 436 cells showed

al nost conplete inhibition of proliferation with DVAPT
at 2m concentration. Simlarly, parthenolide reduced
proliferation with sim|ar dosage ranges. 15 27 A
compound of the forrmula: "0 w ONRIRZ 2 0 wherein:

Ricyalis ring dystege Baid afsteyd optisatS hsty i |
@l kyl', al kenyl, b subzt i tut gegagtjf@ﬁﬁrﬁu,y COmPRIAB, Jue or more

or. Substituted al kynyl and R2 is hydrogen, alkyl,

substart ut ed al kyI hydr oxyal kyl , al kenyl, substituted

al kenﬁI ql%ﬂ or substituted al kynyl or RI and
"ﬂ?@ Yﬂ@m@ﬁyfhe@f where nis 0 to 5; and

2.0gether witfy Qt Y tituted o
sai d ring pt i ?ﬁg?f‘m t%ﬁégg}%iﬁl %WFH gt OBi'PWI{;’ substituted
gr oui?“feb ke qpd Ra WcﬂP@&"@ﬂY Bllbsirtutbdlowui!lm; syst em said
Bystem opti n

gn’prl si ﬁg 'Inohﬁ gblg%ﬁ?m&fbyl g%@g%?%ﬁ%g‘ thﬁ %yl mﬂ:@ isgputyl.

oget her -@@G@E’}m@ﬂl@m3mrem%mﬁetﬂylo&thﬁe Si P,

© 5.CO, -SO,

t oget her w ih Wgog?%&g%augg)t'\}vhgﬁg}d]ﬁwg Bbfg‘f %)uql‘hgwmfe nis0
sai dfor% ?«Fﬁ‘f‘osfﬂwr wiaN| fgraf @S:Epdoﬁaﬂy subStitate®ahds Yid ﬂﬁ &}Mﬁauy fused to
gr Opr 0 Jc.rin
gr ou c)fscy gtkg{n & ﬁ‘j(l (ﬁ}g% u%bl‘f}' #‘ﬁ%’é{ﬁm%ﬁlfﬂ sggam @ﬂgpys;em optionally
conprPEitued and @pmnamphsngommmhe&foaﬁlnsand R2 ar e
-6t th -
| 6Poge er  Th §éd(o%}n?l wlgaem lﬁﬂéi Igz ares E)%CC‘&{%CHQZ— where Z is
.o g ??%i;; Jertii By g;;d IoSQ-t: qu(bn .Gb; tl’d@eﬁdﬂgﬁs itd ﬂoaglg Iftdgﬁl%ﬁ:laﬁth N form an

if}
f us@;(p t oa Z\ Sg&g | "oal LA).% gao(} 5’5 P noé‘?lb' ‘?dgt%fao?yﬁ’loélkﬁll eyl group to
or g I|C 16 |oF Ericy¢lisging ymeamsalé ajrstbrrsqﬁzbﬁmy@ﬂishﬂfba'ahd/ optionally

SUb%bmbﬁilﬁéjoxﬂ%gmg&thcﬁ{bﬂﬂoLﬁ conprising one or nore
het er oat ons; or armaceutically acceptable salt

7. 't her eof . The compound of claim 1 wherein R, and R, are —(CHay),-Z-
. (CHz)y; where Z is O, 8, Se, 8i, P, -CO-, -SO-, -80;-, or -PO-; and aand b
are independently 1 to 4; and together with N form an optionally substituted ring, said
ring optionally fused to a cycloalkjl or aryl group to form a bicyclic or tricyclic ring
System, said system optionally substituted and optionally comprising one or more

. heteroatoms,

- 8. The compound of claim 1 wherein NR;R; form a ring selected
from optionally substituted aziridin-1 1-yl, azetidin-1-yl, pyrrolidin-1-yl, piperidin-1-yl,
homopiperidyn-1-yl and heptamcthylenelmm- 1-yl.

9. The compound of claim 1:
11BH,13-Dimethylaminoparthenolide;
11pH,1 3-Diethylaminoparthenolide;
11BH,1 3-(tert-Butylamine)parthenolide;
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2. The conmpound of claiml| wherein R, is hydrogen or
optionally substituted Iower alkyl; and R2 is
optionally substituted | ower alkyl. 3. The conpound of
claim2 wherein R is nethyl, ethyl, propyl or

i sobutyl. 4. The conpound of claim3 wherein R2 is
met hyl or ethyl. 5.. The conpound of claim| wherein
R, and R2 are -CH2(CH2)0 CH2- where nis 0O to 5; and
together with N forman optionally substituted ring,
said ring optionally fused to a cycloal kyl or aryl

grou farma bicyclic or tricyclic system said
syst Qﬁ%&@% Iﬂy‘"y%%hqnphdﬁ ed and optionally

CONpPripH, RGN - Hgé@ eroatons. 6. The conpound of
cl ai m%%greiﬁ R,y n elE@Eleare -CH2(CH2) " CH2Z-; where

Z i s11P8L13gMogeolirS] -ylyfartherBde; - SO-, -S2-, or -PO-;.and
nis nand. together with Nforman optionally
subs{ﬁg{ﬂ@ég"welﬁﬁg’}pegg‘ﬂd”XI)PH@I%?itdB;onaI ly fused to a

cy ¢l DIBHMBLA4 Motk pierSmAUR) figf,m a bicyclic or

tri c%/‘li(l:}I iC ring system s:fi%ghegys‘{tem optionally

substiPH8d¢Homenipetigin leyipetthenoltlanpr i si ng one or nore

het engat AE; Jhe compound of claiml wherein R and
R orb ’-%@E‘}‘é”?“ﬁ%@@ﬁ- Perfhnglidesz is 0, S, Se, Si,

P, -188H,13(&Btidin-180RarthepslideRP ; and a and b are

i nd 1y |, to 4; and together with N form an

opt ﬁgﬁgﬁ?@t‘@%‘ﬂ?{m&’ﬂé’é@lﬁd?-ng, said ring optionally
1G.used to aTieWEmPAn K ¥ 1@k @7yl group to forma bicyclic

or trj lic ring system said systemoptionally
subéﬁbﬁﬁ%‘@@%@‘ﬁ?ﬁﬁmbﬁ#h@dmpiﬂc’»ri;iieﬂg one or nore

het ik : un f,claiml wherein NR R2
f or ?nqgﬂ’rl?%nggqugg}ggﬁ&g}r?og@ﬁ g’ﬁ‘?‘?%ﬁﬂﬁgﬁy substit Iut ed
azi [1ilf_éﬁl’ﬂﬁ"[PJBﬂHﬁﬁndZ)ﬁlpiaxﬂie_ﬁelidey&gdroﬁlﬂdﬁdleﬂ i didn-l -yl
| b7l .. noj | Rer | n-1 - an
ﬁeS? yﬁlgtl %&%@%@Y‘Pﬁlﬁ!ﬁ%ﬁpwe@@? }é;Y)éFﬂSb‘@ﬁéb;of claim1:
Ilé( 3!-'3&33-3;?%}'%&;” hengﬁfdgtgﬁi{b‘%{e{ de; AL PR
(i HH_@ ?%F‘%eﬁslﬂméamméglﬁan&eﬁmwei de; 29
B e el A e
1(3H, 13- ( MoApetriaseutical - gnyppaitioh eanprisi; a Ldmp@idd of claim 1 or &
)5 AR BEEL Dyt et B2 el el il

13-(4- Met hy[ pi perazi n- APt $pLbitefion, . with a pharmaceutically
effective diluent or carrier. .
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i 1(iH 13- (Honopiperidin-1-yl)parthenolide; 11$3H,

13- (Hept anet hyl enei m n- 1-yl ) part henol i de;

11(3H, 13- (Azetidin-1-yl)parthenolide; or

11(3H, 13- Di al | yl am nopart henol i de. 10. The conpound of

cl @.M 1The dsb(o3th chfduf® hbek A j -
hydrochl ori de; 11(@&, 13- ( Py{ri% gtfﬁgﬁ]KP?@)ﬁﬂe')%%}%f%c&]rgﬂf&emedwament
hydr oc hios fribghating dabg@tdelllgBowt®i peri di n- 1-yl ) part henol i de

h ochlaride, e

1)1/ H, 13-9¢ H%YC}{WI}SH& inhibifing. %ﬂnﬁ%ﬂe{l HEGYBh; hyecontacting said cancer cell
hydr oc hnaitdi@ith b GRIBuSofll R bnha BARRAL QAR t fective to inhibi

mal eate; 11(3H, 13- Di et hyl am nopart heﬁéol iﬁe ctive to inhibit the
met hi odgrewth gfisaid cancer cell.

1(3H, 13-(4- Met h L peridin.l-yl)parthenolide .

me%ﬁ i pglfl’% e ompy uXAAg%pcﬁ%iF‘ng clg A {1—5’ ])c%éi) RE%E&B%WPWGM%-

COMRT i STHY SufyRERBHN GO c16infl M1 lerBn the. compound is 11BH,13-
pharmaceuti cal'ly accept a% e salt thereof, in ?
conbi ndRimethyhniinoparthhaslideceut i cal |y effective dil uent

orl carrjer. 30 %éh The use of a conpound according to,
c1¥r m hentsenef die gpmepwnd obelaimnddi wherei thef ggmpound is 11BH,13-
i nhi bi tp; g,ﬁ% rowth. 13. A nmethod conpri sing
i nhi bi t[?lﬁlgth ancgépag@HOI%Fbvw h by contacting said
cancer cell in vitro wth an anount of a conpound
according to claimleffective to inhibit the growth
of said cancer cell. 14. The conmpound of claim9:
11(3H, 13- Di net hyl am nopart henol i de. 15. The

conposi tion of claim 11 wherein the conpound is

11(3H, 13- Di et hyl am nopart henol i de. 16. The use of

t he compound of claim 12 wherein the compound is
11(3H, 13- D net hyl am nopart henol i de. 31
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