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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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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.
25  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

2



growt h of said cancer cells. The invention al so
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Such disorders include allergic responses, transplant rejection, blood transfusion

25  reaction, and autoimmune disorders such as systemic lupus erythematosus and

rheumatoid arthritis.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 shows the effectiveness of parthenolide and derivatives of the
30 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.
3



al kyl groups further bearing one or. nore substituents
such as hydroxy, al koxy, nercapto, aryl, heterocyclic,

woaabwgenost ri fl uoronet hyl, cyano, nitro, am noPCT/US2004/022015
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car boxyl, carbamate, sul fonyl, sulfonam de and the
l'ike; "lower alkyl" neans 1 to 8 carbons; "cycl oal kyl "
refers to cyclic ring-containing groups containing in

the range of abddETAILED DEXCRIZITHON Qlf dHE, INNENTION

"substityted cycl.oalkyl., refers cvycloal kyl gr S

fur ther el iefie BB sFHEbER Peacfl il A eroups
abQié@ing"ialthe ke of @bAItS GPt5L0 84rB6h aRinsDFARHRELICARYIN refers to
hydr ocar bon groups having at | east one carbon-carbon

dodbng grews, g’éﬁhér hedringg oha Of fmeore Aubitedntnsedt a9 hygroxy, alkoxy,
20 o . " [ nyl" r rs i

20 LRI oMol B A AL Mol B! b caorsy,
S uleatbatnaen tid fas1, selfordantitdd aabibe dike; “ b wstiiktyl” by Btd ®carbons;
straight_ or qupched chai n hydrocar hbon groups havi ng

at | east cynerledr Beiisciarayshe FingisPRaBwRs STORAY CoRIIY Mrfhe range
t heer u " d

S RPFCa o B R et Rol, &6 CRLRAMEY OFouHS refers oycloaliyl
be groupy fanleer beany enesu lnsire substittenta ais settfoftioabdveabove;

"aryl" refers,to. aronat]j rou aying in the range i

of & up Bk e Heisht A hohe R Ry Koy &r0ups having at
I efl&isf ohcabdil-c4bOY BSuLIY bbhE ran@%‘izin{éﬁn‘%ﬂ@ rdfge "B2aBout 2 up to 20
substituents as set forth above, "alkylaryl™ refers to

al legiboy @tnsns, and Esibstitptedpllenpl’ rafeds tosalostyl puonpsi further bearing one
al kyl aryl’ refers to_.al.kyl aryl groups further bearing
ongglror%r%]fbé{@ﬁ at fegé?ﬁ}gbé’ge’set forth above;

"aryl al kyikynylefrefes tb Qtraight osbiagdhetl wheid BAk0dartdh0i#Sps having at

and "substituted arylal kyl" refers to arylal kyl groups
f udeasepny eyborrgarbere tdple hond andokaving inthe rangeef abwit tZhup to 20

baye: " v f s - i tut .
a1 o ot Sad Akl Byt 3oRll R o tbf B byaging one
ar yi alokesupktifusiits heset s sbogeone or nore substituents

as set f“ori,h{??bove; “aryl al kyngl " refers to
aryl - sub¥®t t IRl tQRr3MarIc gPuRfBavARE I theyapgs af §qup to 14 carbon

ar YoM Y FsutlsGiuldS alyP’ ?éﬂllsaﬂ]pgér&?K lgg l}g\%teifaﬁhelbﬁgﬂﬂ%goﬁéq Br more

or nore substituents-as set ar oy’
r ebabrstitientsaus pot-fodh bloowel noi ety such as benzoyl and

"substi t, oyl " refers.to aroyl. groups further .
beari ng g‘iﬁglda@ax F%?ré LY {'F‘{bﬁ@i‘ﬁ?@ %&d %8?1’ i, ﬁ“ésé’&\‘rtéﬁi alkylary
" hedfersqs ¥klyiagyl grQfRerthe? beMfld dheldr nfore substituents as set forth above;
ri ng-contai ni'ng) groups contai ning one or

“arylalkyl” refers to aryl-substituted alkyl groups and “substituted arylalkyl”

refers to arylalkyl groups 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;



nore heteroatons (e.g., N, O S, or the like) as part
of the ring structures, and having in the range of 3

waposwolws car bon at ons and "substituted heter oegeiuised4/022015
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refers to heterocyclic groups further bearing one or

nor e subgttetddgelicd raRrsSileylay ﬁﬁqb., ding\eBitaindig) grouRic8hitini®s one or
al kyl - car bony roups; and "hal ogen" refers to
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soluhility. Thus, a _novel class of npre water-soluble .
pariHeR dnj wedwiseesg dagteneg de e Hewturglhe madiigsobn dichssl addition
thiggue i)ff"h?)% 4 %(ﬁoﬁ\é@éﬁﬁaﬁﬁdarﬁi%s %‘dtfbljn‘? %?é}}-sg)}]@‘rfé aMliddY derivatives.
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10 e q M gbifienttonasf, the partinnelige (Bnhoketida biyhtkispaecthodology, affords amine

co und arthenolide, .Mayre joportantly, these. novel

c ARG b i SR b SBtais o AATRRE, Apsatic SR TAIS fo forther
Celidcvedsb avhtéronmitiBty N ThiR! 2 56Vl Tlasd WHSmorlehRatBE-838HE parthenolide
i nvention provides a new class of parthenolide’

deenalagy viesdesctibedpot dvhenasdmpelmist iy ethisniclassinyere evaluated for
act vt . ln.accordance,w the present invention,
£ habillebieitic atBriRE H AR et thebt RerRb RS aresf iR ipotent as,

15 st bHi@id#e Pofed) thad Wb aind boﬂ%ound?p&ﬂ?éﬁ@li@ IBre Bfipbitently, these
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same or different; R is selected from hydrogen,
al Rgvel anglogsishowed sieaten cyteipxicdy eMardssigbkemiaueadly than towards

cy 0 . I St i .
B L R T B —
sulstivativeedith pyplent aldksgleativé antisiet hdtivitged. al kyl aryl ,
arylalkﬁi, substituted arylal kyl, aryl al kenyl, .

subst i t it @8c0xdapes ighyphe pEgsent nremion, thenp #r¢ pravided compounds
ary&@hgﬁﬁﬁ%nagﬁ&ﬁkgﬁ? ic, substituted heterocyclic,
trifluorormethyl, per or oal kyl, cyano, cyanonet hyl,
carboxyl, carbamate, sulfonyl, sulfonam de and

aryl oxyal kyl, or ORi er el Ois an oxygen; R2 is

sel ected from hydrogen, y ybstituted al kyl,
cycl oal kyl, substitutedg I, hydroxyal kyl ,

al kenyl, substituted al% R\(nyl , substituted

al kynyl ,

NR{Rj

wherein:

Ry, R; 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 arylalkyl,
arylalkenyl, substituted arylalkenyl, arylalkynyl, substituted arylalkynyl,

heterocyclic, substituted heterocyclic, trifluoromethyl, perfluoroalkyl, cyano,



aryl, substituted aryl, alkylaryl, substituted
al kyl aryl, arylal kyl, substituted aryl al kyl,

wanylsaokesyl , substituted aryl al kenyl, aryl al kpayius2004/022015
substituted aryl al kynyl, heterocyclic, substituted
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accepta 0
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phegphomeihanksalfagdté and RS BRE MISRAGE Jeledttd HronPUlkyl, substituted
acid, citric acid, naleic aC|d D-malic acid, L- | actic

aciakyl, Deyaealkyd, eﬁ@bsjltum allaydt |hydmzqyalkybxdkercyl,a@ubstltuted alkenyl,

mat g@ﬂgg?tégs?ﬂitﬁde%lg aﬁg}g,csluggtlt%ted%r ﬁ’tﬂgglla g%l}tl a rs&t%s‘u’cuted
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thi ogl ygglicyc '1ﬂclu@% 0\ ?kuoﬁ@'é&ﬁch %cohti(l%f{ %&%g}}@%b%mic acid,

ni cotinic acl Ic acld,
be hydiiadiaacid, sﬂﬂxrlstdoﬁl; inftrit edtdbphusphmcﬁa:didi cafbhomlic add,esadic acid,

to the benzepe rin bear | ng 0 or nore
suBEERPER ,aé}’é@gfﬂ} oﬁ’”ﬁa&b ePlé%p ﬁ%@oﬂﬁ% phagghogous  acid,
201 s spgkBad 8ddaf &g hﬁdsﬁllaﬁ:?é Egdfﬁ%lw Si@IENactR! %%Y ’Ilz-;?ctlc acid,

substituted al kyl, cycloal kyl’, substituted cyc
hy dslegti¢ lagid, oahliceagitl, metiagesulfoniedacid, kvaiugric acitikyleyd acid, lauric

ngélfdlat u% e al g%qi]%)lﬂi[c géi 5: M%’?@t etnglggzl @?/}d 2-naphthalensulfonic
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aryI al , al kynyf, substi t ut ed aryl al k

he: Oﬁ.lyxgqqc(pmds gb@p]l@ mt@,dh@gb@pb@y@m glycine, sarcocme ' sulfonic acid,
5tr Léoldﬂjlrcoa apﬁzlohr# cfcf H3 1%8 {{1}5 ab1 }5%}@ le aé:l A subs'é{tuted benzoic

car su ony

ar ytbtdxvylﬁblkbdfers @ the lﬂizéii&dmgﬁiirﬂ?ﬁﬁ&@ﬂhé Mnepbtetfnefef Slstituents as set
conpounds of the_invention are those wherein R is

Hyeelowy 2aheidAQH Yherass i is seleated dipn insrgsted diom Rydrogen,

1S Afk0H, | QB&EaSHIRAL bhbARY), substituted cycloalkyl, hydroxyalkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, alkylaryl,

30 substituted alkylaryl, arylalkyl, substituted arylalkyl, arylalkenyl, substituted
arylalkenyl, arylalkynyl, substituted arylalkynyl, heterocyclic, substituted
heterocyclic, trifluoromethyl, perfluoroalkyl, cyano, cyanomethyl, carboxyl,

carbamate, sulfonyl, sulfonamide and aryloxyalkyl, or -OX and -SX.



| ower al kyl. According to one enbodi nent of the

invention, R and R2 are each - CH3. In another
wenhwdom®at, R and R2 are each - CH2CH3. hi aprEumushms/ 022015

enbodinment, R is - CH2CH3 and R2 is - CH3. hi yet
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Se, Si, P, Cco SO S2-, -PO; and

" CPpY e subsiwents o Selpcerh o gltcyl f sibstitugadoridkyl, cycloalkyl,

A' sﬂﬁ%éd’ g%)l%atllwls tgtd?&ja}t%e i, hgt)%utﬁgd alkenyl,  alkynyl,

15 d| ﬁlihstlmnetd alkghydy &yi, rsobstituted alﬁiy,l z&hjﬂa@l | stib&Rituddd aﬁ;ylzﬁ?l arylalkyl,
This ring

caﬁ“bé l%eﬁboéfY&ﬂW emlalf‘?% %Watltuteél %}aﬂkﬁaﬂ Vgl %i}’tllﬁl SHbstituted
OF a1y DR drbARITE S subbRRR&! hitBQc b u&@ﬂle%opd?ﬁty&oalkyl,

one or nore substituents connected to the car
at oyane) cyamdinethyk,. caitreexyh ieehtantates stlforsyl seilfoat@itlef andoxyalkyl and

al kyl subst't d al kyl, cycloal kyl, substituted
ﬁ%ggi '%95@@9?%Ikyl al kenyl , substituted
20 al kenyl Thlalﬂﬁg@yktem%ﬁ%téotw @Iitzéi z af¥bre is O, S, Se, 51, P, -
substituted aryl subs ed al kylaryl,

ar {0zl R, -SEahsP @t,u‘mé dCHneﬁ/]PbDn@'Iz- alartlyﬁb grlokpssd set forth above.

Z:JSIS;: L%/{Lty?’ ﬁ{té{{'er ocyl}c/% ﬁyéfang‘lﬁﬁ%lls,tFl R@%&%Z@gﬂg%@ﬁ%a and b are

t r ihklsu@e @meifferent ape rafd ﬂ@ﬁlolatdqﬁ'and%/ﬁr@ NCS’ 0metmyvLo-, -so-, -
carboxyl ., carbamate, sulfon sul f onam de,

ar YPoFaP Ry Thisdingsysigarsan Ysgéqe arwpeihring andsits derivatives with one

25  or more substituents. These ring systems can also have one or more substituents

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, arylalkyl, substituted arylalkyl, arylalkenyl, substituted
30 arylalkenyl, arylalkynyl, substituted arylalkynyl, heterocyclic, substituted
heterocyclic, trifluoromethyl, perfluoroalkyl, 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



These ring systens can al so be aromatic, such as
pyrrole, imdazole, purine, and pyrazol e and

weoeubstootws ed derivative of these heterocycli csPCTAISe®4/022015
above with oneor nore substituents selected from

+ al loylmors udbstithetite deledtkd front NIk D alikstituted WRSA, é}lélc%ﬁ{yl substituted
cycloalk |, hydroxyal kyl , al kenyl, substi t ut ed

al r@é(ﬁlw Ylaﬂlp(glwvakxlu Bﬂ‘@ﬂﬂuﬁ‘éﬁtlﬁlﬁﬁ@ﬁ&@nyl,aauﬁ}’nyl substituted alkynyl,

B3P ROt S AR Y e

sukasyla]ken}é,d aubdtmitkda nydrylaﬂcbyjllal kayyiyiikynsly bssubttithed arylalkynyl
&Fw&gﬁ% hl?t ero(iylcjl iC, subst ituted het erocyclic,
ri t I5ybstityged ¢ heterosugliey | triflupseracthyly a nexktiorpplkyl, cyano,
Carc hoflethy ardafexl At @arb QX%I%SQMg&nga BRSRIAR: carbamate,

&@ne{%
car bamat e, ’hydroxy al k I socyana
is dwﬁuow,yaalh@(}e ;lsonyematﬁ mﬂtwmnate niitro ahierpsc wlith#te,esulfate, sulfonyl,

S e L DR, b Ao e SRR U
Syst ens AGQTGT thé lab&ve A dy s l}:)@snr'i’é NR; ?nﬁégﬁ(ﬁﬁloﬁ’bﬁ}hbe fused

another ring to form an optl onally substi
10 pj E‘V@I quethsr ring ite Jarm an eptingally substifuiebbieydic artecydlivging system

T N A

e b, SRRNEAD e B oo, g
pi peridyn- 1.y yl'enel

be HGOBPETGal Y Ang bEplaeiRYenaimith oheade being @ptlonally substituted

SURRH SR hdraSub el Q4L by RAVS,q Ex el ary compounds

e present 1nvention
15 11bH, 13ERempintyydcmnponagast the prbém éivention include:
11bH, 13- ﬁlgt hyl.am nopart henol i de; | |
bH, 13- (1 lmeﬁ}ﬁl%}lﬁaqﬁh%@kﬂeb de; | |

bH, 13- t henol i d

11bH, 1% @?é#éﬁ?{ ‘mﬁ‘l‘%ﬂ*’?ﬁr ‘ﬁg’go: [ de:

11bH, 131 {f¥p1 pltektiButyfhmihd)paticsh@l; i de;

11bH, 13- (4- Met hyl pi peri di'h- 1-yl ) parthenol i de;

11bH, 1311BH, 1B« Pyrrolidied a2 )parthénoliid;par t henol i de;
11bH, 13- per.i di n- | ) part henol i de; H 3H,

20 13- (I—Iep%é%ﬁ?ﬁ@?@ﬁ‘é@lﬁ‘rlnymmy%)? ’lfdlehenol i ge I 1l
bH, 13- 1
bH, 13- ‘f‘iﬁifﬁ?z@’f k%ﬁég‘%tlh@w%%no"l hose of skill in the

art recp@H, m(uﬂ@éthylpfpeﬁamqny EASIRR; conpounds t hat
may contain one or nore chiral centers on the - NRLIR2

group, BHALL (4 Methylpipesrinalk yl)parthenolide;
11BH,13-(Homopiperidin-1-yl)parthenolide;
25 118H, 13-(Heptamethyleneimin-1-yl)parthenolide;
11BH,13-(Azetidin-1-yl)parthenolide; and
11BH,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

30  racemic mixtures as pure diastercomers, 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
stereochemically pure or optically pure materials. Suitable stereoselective synthetic

8



racem ¢ m xtures as pure diastereoners, or as pure
enantioners. For many applications, it is preferred to

woanusyooiws st er eosel ective synthesi s and/ or toPeDhjSe®Y/022015

5

the reaction product to appropriate purification steps

SO pascelireP fR¥i6Qucinb st RBEHR it TySHuRE 0P 6Pl kY mRtH8ls are well
or optically pure materials. Suitable stereoselective )
sy kDAwE| Bpiscadupe 91§ proosdyas dph gesoivang gageans cmixturpyiato their
or Ogﬂ&{lg/?du[fé/ﬁ" e terials are well known in the art,

as are ocedures Tor resolving racem c mxtures into

their offtheGNRR,pgivep engnils® BeraSprichae amMN816¥2p@t 6fAnother anti-
may al so be a primary amne or part of angther anti )
cafeer divg meipl: wongtiswing thet forgatione of o ndplen agrneparthenolide

" d 5 1 .
oAl e SR TRy B LI Sy g gyt

ent “union o
wi ththbhasic nitrdgengentaming aymergigtics ynicagcat dimgamblecales @uch as 5-
dr mol ecul es such as 5- flyorouracil., t ar ahi ne,
oy CRPREHICY BRI SR EPRY B in GRRBRGIHE cify {Scheme T,
forspdhide 4 BELAVARS RpFSHIARRNEANINIS), SPERER]y. Th
respectively. T?}us, Phe pr esent imnt?énti on furt herus’ the present

10 pr snmetden Buigopresisles tomprantle pfilie dorprdila (3): " " 111i | 11/ .

15

20

25

wherein R3 is selected from hydrogen, alkyl,
substituted alkyl, cycloal kyl, substituted cycl oal kyl,
hydr oxyal kyl , al kenyl, substituted al kenyl, al kynyl,
substituted al kynyl, aryl,
al kyl aryl, substituted s
substituted aryl al kyl {
aryl al kenyl , aryl al kyny
het erocyclic, substit 3
trifluoronmethyl, perfluorodiNyl, cyanoN-<§anonethyl,
carboxyl, carbamate, sulfony sul f onam de and

aryl oxyal kyl, or ORi , wherein O, s an oxygen; and its
pharmaceutically acceptable saltg'forned Wi th

amon; WA £ 1 - RIFOEBE G BIPSRA S Ssps cycloaliy

| nelbddaidd  @lckomllleylar @fdedityalld, K eilivdnyl, 8l ds¥@hted alkenyl, alkynyl,
cycl oal kyl, ‘cycl oal kenyl,” cycl oal kynyl, al kyl aryl,

al Réwtitutad alkamd, ayk gnhdtigeted arylralladenyt, dahstguisid tafikylaryl, arylalkyl,

' f-the inventi h t f :
AR E RO bl O, VLR B TR IRSAY st
| NS Mllyaiy], dicterdt ytic 0 sedtitutedSEReRR Selic, AifudrbmeMye R fluoroalkyl,

HNRIR 2 sol vent, base H | _
cyano, cyanomethyl, carboxyl, carbamate, sulfonyl, sulfonamide and aryloxyalkyl,

or OR;, wherein O is an oxygen;

and its pharmaceutically acceptable salts formed with inorganic and/or
organic acids, and its quaternary ammonium salts formed with R4Y. Preferred Rs
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.



\ tenperature NRIR2 Schene R3 R3NH2 sol vent, base
t enper at ure DUPLEXANALOG I n the above schene, R and R

waneosdefioned as previously; and the sol vent i sPeelusedoed22015

10

15

20

froma | ow al kyl al cohol, such as nethanol, ethanol,
propanol , isopropanol, n-butanol, tert-butanol, and
chloroform net hyl eggepplfor i de, benzene, tol uene,
tetrahydrofuran, dioxane; 1, 2-dinethoxyethane,

: arbon tetrachl oridg ethyl et her,

et her and/o ure of two or
ol ven-t-s}_nl%‘_é&a& \\base is

t r i tebdephueem ne,

oyl am naR1Faznd

ﬁm ney, and pyridine, 2-, 3-, any_4-picolines,
2-, 3-, -and 4- d| met hyl am nopyri d| nés. THe tenperature
is selected from- 200C to 13Q0C. The reaction tine
required to effect theSelaghé g coupling reaction cagn
vary widely, typically falling in the range of 30 myn
to 24 hours. Purification can be achieved by a varij etg
of techni ques, such as, l|iquid chromat ogrphy A hroigh
neutral or basic S|I|ca gel, bonded silica yg
such as octadecylsilica, octyl silica and [
0se of, alum na with the so

) 3 hboriide and
met\&A0! ‘BT 6t hanokalvehiBasai xt ur . &f h&Xan® and- acet one
or acto itrile ortemptritareol or et hapol or i sopropanol,
the mixt@re of diethyl ether and acet cREPBEXANALOG
acetonitrile or nethanol or ethanol or isopropanol;

and rec zation nor ani c. sql vent or'

sol ventﬁl?/rq%xtah?ve Scil Ig'salﬁtgel% gt?hn%{ al?’fSYlO“%Yﬂaﬁ’QrfB? solvent is
| ssebscnlaeth a 1b&Tdlk talo@n@ﬂ ACRURShAOL &h éﬁﬁb

et her, chi oraofor nl}lq eﬁ% chlori de andant@%@E ok ISOPIOPanOI

ofn-pW@n@],; tegrhaitang sv@hi g:hlorcgfpmg, amﬂ%éeneThhlopdc; 'bynzwhe toluene,
Sgtgc%ﬁwéﬁnglilﬂrra%? 8189%}1(5;?9%1%%: g)gyee §,n 2ps Ssg? %%Wgﬁachlonde
andicthlyk ethiet, afertchuinf usibthoh e&@ﬁ'aﬁ&’ioﬁ -thes‘ﬁﬁﬁtlﬁﬁe b¥ltwo 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 as, 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 mixture 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-butanol, acetonitrile, diethyl ether, chloroform,
10



NH ""m 5-Fl uorouracil-Parthenolide Coding
Furthernore, in accordance with still another

wenhsdomesat of the present invention, the met heds/uSe4/022015

the preparation of the invention salts are discl osed
I n nisthylemschldtidyhd\the SRR fItWo AR ntbrElXo 15ty B5Ed hbd%elﬁﬁe purity
tem Perature NRIR2 . HX R3 R2 In these schenes,
seloddhe doveghion wpmpeendsapieprsed fis asssened rtigass spectrometry, nuclear
hy Sy fate
e el B bk e i A col T A e s
su00|nate hen1su00|nate funarate acetate
hem fumarate, nal eate, ci t r Cil ate, mal onate,
propi onate and benzoat e; egy; ted from halide
(fluoride, chloride, bron1 e, I odi de) ,
nmet hyl sul f onate, toluene opat e, benzenesul f onat e and
sul fate; and the sol ve Iecte froma | ow al kyl
al cohol, such as diethy : gl , ethano
propanol I sopropanol, /n- b@ta ij/ ert utanol and
chl or oform met hyl ene chl ofis¢e, be e, °t ol uene,
t et rahydrof uran, di oxane, 1,2 di met hoxyet hane,
pyridi ne, car bon tetrachloride,4tert -Butyl nmet hyl
et her, acetone and/or the m xture of two or nore of
the solvents |isted above ™ THe{dfgécdraure is sel ected

s5from- 200C to 5Q0C. Purification can be achi eved by

10

15

recryst &bitherfiorQrin UskchdamRr Wath i0ANEerSEhRIdhe of the present
solvent m xture, such as nethanol, ethanol, acetone,

pr BYAREeD, the gstindaer the pisparatien of sheinyention kalts are disclosed in

di SEMesq}/%ﬁ’V chloroform net hyI ene chloride and the
m xture of two or nore solvents |isted above. Schene V

8 Also part of the mvSahemwe anal ogues of the sane

Acid HX
solvent
NR{R, temperature NE 1)( R,
RsY

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

halide (fluoride, chloride, bromide, iodide), methylsulfonate, toluenesulfonate,

11



walarstoofmat one, i soal ant ol act one, PCT/US2004/022015

5 NRfﬂ?er -aqpiongandipy thedpixtues Of & or groge of the solvents listed above. The
Amtéiﬁpe?’atﬁféo ééuﬁﬂéét@(f‘tﬁgrﬁwt%wgsto%@' PRk 5111 rl:?grs&b %8Kieved by

followi ng structurally related parthenolide-like
constituents: costunolide, dehydrocosrusl actone,

am no- 3- oxoi soal ant ol act one, hel enal i n,

11 btazetbditfonaeeheralthts; aihd QeKARRSQRietfell Trom a low alkyl alcohol,

am nodesagyl cyanar opi crin, (+)-am noreyonosin,
| &

aniShes antdigthyl ethers thetbansl

(+) - Ami nor eynosi ns Ani nosantamarins -OH H =o I'RLR2

The conp s describ erern are usefu

t r eecrystajlizaioo asing @anoel ergnie adlabiter bylvbhlanb;mﬁ%eﬂtch as methanol,

t hefa i nclude the splid and hemat ol ogi cal tupors
sUETHAREL GGy ProanEhr 1soRRoRRIal thuEh. AHtQHENe, dicthyl cther,

Caﬁﬁl%fofoﬁﬁ ain@th?fﬁﬂ@ ShiR ARPale mikARCES tw& b} Bfvents listed

adm ni stering a mamual afflicted wth said cancer

10 anabensunt of parthenolide derivative effective to

15

inhibit the viability of cancer cells of said mammal .
The parthenolide derivative nmay be adm ni stered as
primary therapy, or as adgif eh@erapy, ei t her
followi ng Iocal intervention (surgery, radiation,

| ocal chenotherapy) or in conjunction with at | east
one ot her chenotherapeuti c agent. discussed Q
her ei nabove, as wel |
U.S. Pat. No.5, 5N,

gt ol ogi cal c

the | eukeni as are Wiscie n the Mayo CLil cxFal
Heal t h BogK, \D./ E. Larson, ., W 3 yrb\w N.

(1990) ang i nclhude L, ALL,_ CM
anot her ect”of the prese%%—fﬂv 3 ds are
provided for ippRiRiskkiE angi ogenes in patieAts with
non-tunori geni c, angi ogenesi s-dependent di seases,

conprising adm nisteN ng a therapestically effective
amount of a

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-3-0x0-
isoalantolactone, helenalin, 11,13-dihydrohelenalin, aminocyanaropicrin,

aminodesacylcyanaropicrin, (+)-aminoreyonosin, aminosantamarin,

aminosoulangianolide, and aminoisotelekin (see Scheme V).

12

gmqi,n prdpaeol, agepropanol, n-butanol, tert-

T —

Amdrm«ayaaﬂ,@ailﬁfethoﬂyetﬂdﬁen @Qﬁﬁ&}"démf Qfaclilofige, tert-butyl methyl



conposition conprising parthenolide derivative to a
patient with a non-tunorigeni c angi ogenesi s- dependent

wdiesaee3such that the formati on of new bl oodpgeasaiog/ 022015

10

15

is inhibited. Wthin other aspects, nethods are
provided for inhibit reactive proliferation of

endot hel i al Ge I's or capillary formation in

non-t unori gel qsSi & dependent Hdl seases, such

that the b ed, \Nthln
one enbodi @

conpri si ng pargh S ver dtoa
bl ood vessel whith is actively proli f emét ) d

nourlshlng a tunmdbr. In addition to tunors, nunerous
ot her ndiBydiepsisheintce ardintsionsi s depelicanlin di seases,
whi ch are characterized by t he abnor mal 49 owt h of

bl ood vessells :

ant i -ang| 7 I i vel conpdsi ti ons,
gregem 2 vent i on.

or anti- y i
peni CHp % @%o/%ti ons
an bl dck the" stl | abory

Ant i - angi of

of the present i nvention

ef fect s olsodngiloganesi s qeamnter s, 1@ duchiRgiohelenalin
endot helial cell division, decreasing endothelial cell
mgration, and inpairing the activity of the

proteol ytic enzynes secreted by the endothelium
Representative exanples of such nontunorigenic

angi ogeE i s- q,ependent d| seases incl yde corneal

heal i fHepophilic joinf*so

Gsi er - Weber sf/\gkdzr one, psoriagi sNR1progen| [
scl eroder me® trachoma, menor Phagi a, retrol ehtal
fibr Oplﬁﬁh@naﬁﬂ&nsv aSCUL\ﬁ\ﬁlod&dl]l@ﬁakoQ&ﬁs T'('@-Aﬂﬁ&MLany @cggosantamarins
treatnment of these conditions is disclosed in detai
i n publish®d PCT applicatio P(BT/ CA94/ 00373 (WO H

95/ 03 at pages 26- 3@ or directe o
adni i on xek, the pre o8i tions
the prEf err ddwfrode of of AR,

cal |y effective anounts o?k part henol'i de
derivative, P.e., in depot or other controlled rel ease
f or ns. AM‘PSP“‘“%‘?Q‘F‘@Qem c tomposiitilonstos t he pr dgagprelekins
i nvention may al so be Ut'léﬁgd |,21a variety of other

manners. For exanple, they i ncorporated into

surgical sutures in order to prevent stitch granul omas,
inplanted in the uterus (in the same manner as an | UD)

; or theTHd esthpdimds AesdRRO HRAR % Qlefl 1@ t%%ﬂgoé‘ancer Cancers

emal e birth control, adm nistered as eit

pefsatablfely thepresgat fhexapy instudedhe pelid ashieanhatological 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 one other chemotherapeutic agent.

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

13



inmpl antation in the treatnent of endonetriosis,
attached to a nonocl onal anti body directed agai nst

waaebiswates endot helial cells as a form of syst eairasS2004/022015

10

15

20

25

30

chenot herapy, or utilized in diagnostic imaging when

ats aehes, l}%r@atbl@@ic@p@hbaﬁl Mch abgilell@dkermmoat disglosed in the Mayo
anf i bod whi ch recoogﬁsl zes active endothelial cells

Tr@mghmﬂmdéeaaih Boqks &by 11eetone odr WiHema Moro HoRd(1990) and

COMIRREC b Hher MiT e iRE 2008701 chroni ¢ -

rmn agerFithinodnotifen c8pect iofethe ppesomstt mventnn, nehsts ararprrevided for
will vary with the, stage of T1ﬁ}he cancey, such .as th

sdnhlaltmamglqg@nw in Badeats Wi uH B RISy SNgip gonesis-dependent
() e e t

"SELLS) SRR ARHhRCAEES HESGARLMESLANG Wi of o

d o:ampfomeqm eomyprising phrikdnetide derjvative 6o dipagent ovitthe newrgymorigenic

Foﬁ%g@\lggtlg }s-depﬁxécije% eg%zgp(%f g)tgg gher gq%la:\é 1813?0'1‘ rf?:%vt Bﬁ)oh vessels is

Pahh; Bﬁ&?' ' ‘iﬁltﬂﬁr bitRt | dBedd) dnefRd@Nak Offovidedr féthenhibit reactive
conltlons scribed hérei'n, is from about 0.5 ng to

aljwolife@$i00 nf), enidathsiialglcello rord pWIH@ra derseasion Pire f ranalymprigenic,

a dall dos shoul d ut

i eioatatRofea B bR Sl uBP B0y SR AERIS o goctudea
S5- Wﬁﬁm”&laoéiﬁb&ﬁfx‘lenﬂ ﬂldmﬂﬁgigr@gehfwcdi@dsﬁnﬁl cdnfigrisiryepaienolide
should be initiated at a | ower dose and i ncreased

delseinativeg ivdelivaed dpi anbload gresishl whish pisnaeivefst preliferating and
furtuplglgnrgggmnded that infants, children, patients
ears, "and those with inpaired renal or

hﬁpat l ;Inf u%liihbmntol pirhdd) lnynteenni vthet onertudesigsnic ameiogenesis-
that the e titrated based on, gI obal  response and
bl dspendeat éfscases, Wby arenghgadiariard by e @ E’g%rﬁﬁ’gﬁmwm of blood
OLU6§§ fe LBeShsd PRIRFatbd WABKE AREiSan ngs artl'lénoh&e derivative
noted ¢ hat” the clinician or treatm& physician w |
k iomplositions) chr wintirengiv gemit daaterptof the present gnvangion néatteanglogemc
t her J)n gonjunction wth individual atlen

- GRS NS s coovhions £ i iisnf hisiloncan block the
efsftl‘ﬁﬁltlé.t&‘%l 8883 bF 2h 58 &H¥BY Promstess, %%ﬂ?@ﬁ(ﬁﬁh&ﬁél B¢ division,

dose

above-descri bed dosage anmounts and requency
saleedtasing endythelial tcal naigration cansk inzphiring ﬁleraa‘«ﬂmm Oﬁﬁbe pwteolytic

ed for rOV|d|n atl nt WI t
dg%é}jlée%fs casliﬁ h@h 61in ggd%g?el %prfsen atlve eI)(?Jn s Bf” Such non-
S%ﬁh‘ﬂoﬁﬁé&ﬂ& ,ankRBEMdsis-depEAdne Ql@dé&ses eiptkide adorneal neovascularization,
i ntrethecal, subcutaneous, transcutaneous,

i riyparepbiel Bears jand rispeids.t prelifrativendichetin astinonathy, arteriovenous

B, SRR, S0l RIS ol s

u Slibnluﬁlohh dragyes, p@slchaVieter deyriiesrne,atpsusasiy, ipysgamival grgsuloma,

may_ be_ adm ni stered as the pur emcals, a .
s)éleroderma trachoma, menorrhag?a retro entiu tlgro&asﬁa ang 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



by inhal ation of a fine powder via an insufflator, it
is preferable to present the activeingredient as a

woheosmatesit i cal fornul ati on. The invention thusCtmstdeen22015

provi des a pharmaceutical formulation conprising

pakiiieRdhidigerderprydt ¥igicR igraailonial ReplhMed $9the G188 I(1HLMe same
with one or nore pharnmaceutically acceptable carri ers

t h&raene as [UBY forotha troptment loé imanhehagia wr iag aaforhonf female birth
h
D SO ok OB e T BeAREL b DHGH, 28, o gesone

ot vaplantagoe di et Seatetithel dndbntetrivisisp ttavhed B@% monoclonal antibody
deI eter ous to thee‘{em pi ent thereof, such as_a human

patdfrﬁ‘ﬁ? BEaLpRs Astivated gpfothalial enllsragercfomm efzgystemic chemotherapy, or
f ot QR 'oE‘t?(! igx?a%ﬁ%j@ﬁ& &fﬁcﬁ&f{o a I‘aﬁf {1 ?Jbelled | monoclonal

par ent er al (| nclu tranmusc é eous
i nentshodyovigsh mdngmzatalcaw mulotﬂéhalrrmllsw tabl e for

parentetIﬁF adm.ni tion o i ncl de fornms suitable
S

for PAEH 3 rli’ﬁ B‘h Ir hepansrtie adqsgnob parthenolide
f Olervagiab, aRranhlB! t‘h@ﬂeof 0P G BehBiGafdHE G@reof’ GEYRY acute or chronic

vagi nal and subl i ngual ) adm nistration. The

10 f oPynRgemeanh of panger, Wae postappedpeash canceh evilomvewithrihd stage of the
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of amhainﬁaﬁﬂlera?yﬁlbedfﬁh@ edsoltd G ddRidiittivhe H‘h@fdo@' 'aﬂ(gbélﬁaps the
into associ at i on t he active conpound with liquid

cafPsedyaqueney), gl pdsor varg siccosding -te dhe @Igfl; &ody aveightf andeteyponse of
d' %Hedf?&i vidddl g)a‘t\i@ﬁtr i agae?lérai: ot?lg {08 | élu &%ﬁ[ %%fg% et‘gr parthenolide

necessary, e pro

dedemdvei ehd ite ayalsg& fcﬁ'ﬁfhe Eﬁ&ﬁlﬁﬁf&@&l@ﬁdﬂb@ﬂ he@inTé BbhOdbdut 0.5 mg
su t%bl oral ,adm nistration nay be presented as
ot 22 mEqsingle b Aaded ARt Srofaiblpp dagy ose range should

geﬂ)@&ﬂdﬁt t3RSH &Rt FEFR tahe gld BPESIR AWM ; en?t[ﬁlef&gﬁgy Sbout 5-

predet er m ned anount o active 1 ngre
poﬁﬁimg oar das gn armbgiag taspaient |t tmmpy&hswﬂmnaitmdcut a lower
n.a che bIe base su

syﬁlﬂsﬁeil r% Hacégﬁshd d‘{ep?m“&g &0 beé‘fs? i 9P freﬁl?s?é‘g%g efitis further

f r eovBme e that iaeHks, Shitiras faMéntt BO& Y Qﬁ% 1S Qlltlﬂglmpalred
presented as a bol us, el ect uary or pas T ets

c aligsell s drepaic ﬁun@umlammﬂy seaetveilowemndoses; (and than they be titrated based

cony XCli en h.as bindin ents,

(ﬁ? gﬁ%hlo{@% ¢d ﬁ o%qsgevﬁﬁegrlgﬂ}' © %P%%‘g'tﬁon‘bsea‘&éi’ﬁ? outside
Tht!heieahingésS nliTES)bniéec_:a’S@ﬁt emhrkef; O db 1o R tERO Qﬁni’(‘ﬂn or treating
known in the art, i.e., with enteric coatings.

| | RiYSig1asr whhkaowohew r?eigl weert §p @erripsy ﬁdJ@St of @errmmate therapy in

%t (0) Mt Q "

R LU N I —

dr'anpaffedirod sénsrtlzmgﬁamoltnﬂ't RNenobinPassed B thE aBdvedescribed dosage

sui tabl e vehicl e beforeg Such liquid
amounts and dose frequency schedule.

Any suitable route of administration may be employed for providing the
patient with an effective dosage of parthenolide derivative (e.g., oral, sublingual,
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 preferable to present the active
15



preparati ons may contain conventional additives such

as suspendi ng agents, enul sifying agents, non-aqueous
woehismoe®3 (whi ch may i nclude edible oils), or PCT/US2004/022015

preservatives. The conpounds according to the invention

MmayngbdenttR 4 phdiiasdiRal RtmBRLIEN Tg@:in@éﬁffbﬂ sl ﬁ%%’rbrovides a

t
(e@g. , by i nLectl on, for exanpl e, bolus I nj ection
c o PhimpsoRiidah formnlatipn gomprisiyg parthpmeidnderivalive onart ardibegcthereof,

fo [ | es re-fill]ed syringes, snall volune
| iRt B, G P o phimaReoc AL eaiilp PR, opror and
an opticedlypothsethéabbmt and/ie pesyRyRtit iREdidBY. TREBarfib®s) must be
fornms as suspensions, solutions, or emulsions in oily

Sor GeRiabls Ve pese ofnbringgompatitle rwith thau btheo iygredients of the
ag ol I zhn nd/.or .
o SR ARG RGO 18 s tbieh B bR s « human patient or
i ndomdsterdnimmaly be in powder form obtained by aseptic
i sol ati%ﬂ of sterjle soljd ar bg | yophilization from
sol ut i onhaggcertical formpations in¢lRde, thqse tsuipkic\loRiagaleor parenteral
€. Gincluding’ i 8muBdiR9 86t RN LE] "ntl?ﬁfeﬁ&?sl) UsfhinfsRhtion., Forms
topical admnistration to t?]e epl derm s, the conmpounds

10 mayuiteble for pateatesal admigismativendlsy inchedafernay suitableofs ad@inistration

as,.th tive.in di ent, of t ransdey. mal . paf ch. .
oo PV Meltbn aF oo G fordiesd) /2P RAClarifg biscal sestal, vaginal
f obn® @b gRial)i AdrfiniskaBHer i : i

4 788 B0 et The (ﬁ%g‘@zﬁ%é"?@“ appropriate, be
4, ogweniegtly presggedipalisarete 4nit 185422 ArmCindt menbs papared by any of

f ) , f | atged . wi t .
SRl TR B DL, S B W v o
15 anttfigging éhtb i g cgivAtibe attblel @gpouAY Wieh fighibasi®d Milimmatrices,

an agueous or oily base and will in general also _
c offrselid sarrises, ipely dividedssalid astriens eneambigatinmis|therpofgand then, if

ag i i ; i agents,

e eEar AEEe I ARE0 R S UBREIU R IIE at 1 ons

sui t abl Bhdrovacduipalc dbrnaudatiotis S uiiddbled ot Nofah eadiidishation may be

i ncl ude uni‘é dosage forns such as | ozenges conpri si ng

ackTeRRRIqd a5 iR ikt dosper flormsrsueh pykard of SofhBelytin pansilss, cachets
20 angt BGRE Badr cc;nrteﬁﬂiﬁ% acﬁ%lt%ﬂetgﬁﬁihgél laGoufiP Eprtﬂesbaﬁletiggredie t; as a

active ingredient IR ah 1 nert base such as gelati gra-

gl paveder roroas grannbs,eamadsohtnn a; suspesadher @stangehsisiodaN@r in a

noyt h es conprising the active.ingredient in.a
8 e SRP I R B BB S50 b2 agent o

abeheqristesemni ed af:@&é"iﬁgﬁédﬁéﬁ@ fa§alsose AdaRtRst Lol ég:lectuary or

I
sustai ned rel ease of the active ingredient enploy
e. Rpste. pylablsibiandtdapsnles for oxal tadiministyaticophialyi conpaih yeomventional

' < CRNMOr i sj ng. natural gels, synthetic, .
25 parisiiets s b {eels AP b oanfic iy Rt R ovettne agents.
cafhdablepainag lendoateddccdt@ft fo0methods well known in the art, i.e., with

enteric coatings.

Oral liquid preparations may be in the form of, for example, aqueous or oily

suspensions, solutions, emulsions, syrups or elixirs, or may be presented as a dry

30 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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form a nedical prosthesis, such as a stent, valve,

shunt, graft, or the like. Pharmaceutical fornulations
weuidsabtw3f or rectal adm nistration wherein theCctTasei0an22015

is a solid are nost preferably presented as unit dose

supposi tThiel &smposdilé AbERding! fol BleSinvBiRidAdthaGOoReR 1t)*éufotn%ﬁlla’ced for

and other materials comonly used in the art, and t

suppEsiardr pAwinisptipe Eagw i dneqtipns cfm’refdam}bl@dmlm unEctlon or

g;r E)F@}L%ﬁ% ll]%’fgl?l @n&gurggy %%%Fqs&ﬂgd giolélslg ﬁ%s& qﬁ a}n%%les pre-filled

molsgidngesy smdlbvolmns irsflsidbmbdaihas ol/ a0in0Rd- d@@ Eohtafilefsa it Bn added
na be resenhed as pessaries npons, creans, gels,
paé’rﬁgrva‘f%%n%" %FO@B?S&WSCI%Y aﬁkﬁ.%h forps agdusnegpions sohwions, or
ac t I

oy CESpRAD St U au HE R GBI BEmEY oGl aloby bis such as
i nisadpebdiog,, stztl:inhazmg)ambwrmpemng)aghmsg Aleerhdtively) viedctioa ingredient

are_co venlent el i red oman insyfflatqr, . .
e DEopouiss, 6, Pibted, baspic amditias o) ripysolid or by

?{bﬁhﬁfzaﬁ@ﬂ IRORT 5O f@?% SRRutfR @ff PERBBIY Ve, e.g., sterile,
pac may conprise a suitable propellant such as

10 di phtogerdiet Mataropaderisase, tri chl or of | uor onet hane,
ot her

di chl or af | on di,oxi.de or

sui t abl géoéa pl(iﬁ (ﬁ%‘ &gtédrbfo H’ﬁr ERdEiS o the, gPBPGHnds may be
t héorgRgaed &dnbintid@is, Dereslaé elrMotiefls, byr RE Ok dAdlide AingRId%SL of a
to deljver a netered anount. Alternatlvely, for

ad ﬁ%ﬁ@fm%lt pafshpy SuiAblE atrarsderstal | deliveryt svitoms atsedisclosed, for
n y 1 t he f or
Uy L 0 N 100 Lo R Bl LIS o
15 of Nolse4 93)1112)19,1 Agb68/506 and Yj7132D4). p)imﬂﬁhts%&Qr@ﬁﬁhn@S for example,

or S SR v J9BSS O PG By ik dhe adeHiph o sutable thickening
ca o 0 e
paglzdg&fr éﬁ]ﬁ%?cﬁh el%ﬁs \%{gg be: nfgy rrnul g?ﬁ\hjhhnaémt £qrt}3éﬁssgsr <¥111y base and
t hwilhiial g@ﬁerah alsn Imlmﬂlm fonerori metef éhalstfying Fgyents, rs]tablhzmg agents,
i ntr a- nasal ration, e conmpounds of the

| nOBRTPEE des] Bushening et e RS

20 as Vi a Bophastd 1

e oToAg A Jor LR Stk ol SR e i
(quxs@gg Jormas suchpasc bizengdsi coimpirisbugi antive angﬂ&élemym at ﬂmred base,

F.Rl%ﬂg %8%8%\5? ﬁc%?fra{] ogll}%}@g{aglg% p@stg Isg{np%mg tfle active ingredient

4 ih34h Inért)bae siidhadigdlittl ONDEHcER) B8R SEcrO Al adaeﬁeh{ucoadherent
The .invention wi |l now be described in greater detail

byg#lerad sxuithwashes rontrsisingthe activeingredicntiin g saitehip liguid carrier.
25 EXAVPLER e desired, the above-described formulations can be adapted to give

sustained release of the active ingredient employed, e.g., by combination with
certain hydrophilic polymer matrices, e.g., comprising natural gels, synthetic
polymer gels or mixtures thereof. The polymer matrix can be coated onto, or used to
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 shaping in molds.
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Exanple 1 - General Synthetic Procedure for the
Preparation of | | bH, 13- Substituted

waesgpais henol i des A mi xture of parthenol i de PCT/US2004/022015
(100, 0. 4mmol ), the appropriate primry anm ne or
secondarpsrilafiéns 201819 , foR Nehgtral SidmyihRFhth (day Be? pfdsénted as
in 30 ml of anhydrous ethanol was stirred at a | N
s pdepsaries, tERPASacIGRASr Sehy iPAgieS, foamaabSIsRYs ¢ambgirings i asldition to

to g r f refluxing. splvent, utilize
or hefh EMENE, Sef onti b S MM ISP IR KT s ite
40C) ov@oniadininidteitior byhiab4lstion tae@hpounts e¢ddydingité ehe invention

and/ or the_ap&ropr,i ate volatile anmne were then )
S ev Ao FRRvERCnY Selivesed, fiom an inspélaierapehulizener paesstsizeg pack or

r el ©oihicH BhER &gt Eivelih G &%soﬁ l%gllrﬁg? oPressurized packs may

chromat ographi ¢ purification using c r'm e
or coephiyd ene clduitablde- meopediand niuchd s@l vedichsodifi@oromethane,

GCnD %Ri.@l ??&Bﬁgrgmet Nagg(gr}é%ljo%ﬁr og aagq?glgcgas%%(id%noq other suitable
ot hod ; . il 3 ) : _

P by b e e e Bt it 50 p ot@ffined by

10 hHptB4dihngre tvhlye dorilelosa r tietered adeur®ar t henol i de (1 OOny,

0. 4mol ),,., di net.hyl am,ne.(2M i Tet ol , .l e

Cri ot ny PR HET T B SPn P GHEAB o5 Bl:tigacfhe compornds
OV @Eddrdifil -to Ahé SiveaBbnl MbyPtak fthe &rhPBf a1 pBvRE RflpBsition, for
yel | ow | bH, 13- di met hyl am nopart henol i de was

I
obC¥IHRlE, ¢ Rl migapythe Eeunoyned asd a spitgble powder base such as lactose

b ] ' ' h i. d | ) .
SR LA PEERRSIAN B ST LB T . o

15( 2|Bkample,t b@if@@]lesé1 t(0'13 gﬁiﬁddg@r &, leed.| bedgh oV &liBie packs b which the
col umm purification,

) 114 ng of vyellow | | |

bHPEWdeyTaRNRS afminisisaed with dig %Og\ﬁsmbblﬁ@r aeinspffagry:

889 . 4 -1 P ion f . .

A popa Ehonoy sl GUARAAIOAT o b of fhe ipveption may be

derdministered wirs a digegbsprey] such asvyadln plsstietbotite atothized. Typical of

thi,s sol ution was e cQrrespanding acid in,

et e e g WirgereT R R it d Hecleciier Rat. ik
20refrigegat fébic&ﬂ&ﬁ;ﬁinﬁﬁﬁﬁ& @hthe ey8nE LSRR RS E‘:gﬂ tﬁ%ﬁdl’ﬁ’ﬁﬁstered as

filtered and dried under vacuuim or submtt

f udtoper gele V. Ps Patt Noz 4125641 5), fgums dseedU. SEPatiNe 4136,177) or via a
Pr ration of | | bH 13-(piperidin-I-yl)parthenolide
hyﬁfﬁi‘%ﬂ%e%-ﬁiaaé%OCWasﬂs - (pi peridin-1-yl)parthenolide

(5my) wahe Ginenfby @1l ddw2 bB1deSdribdd Vin greater detail by reference to the

following non-limiting examples.

25
EXAMPLES
Example 1 - General Synthetic Procedure for the Preparation of 11BH,13-
Substituted Aminoparthenolides
A mixture of parthenolide (100mg, 0.4mmol), the appropriate primary amine
30  or secondary amine (2mmol), and triethylamine (1 to 2 ml) in 30 ml of anhydrous
ethanol 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
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ether. Hydrochloride in ether (IM 0.015m) was added
to the ether solution until the solution becane

wohousdg7108 hen nore et her was added and the m XPATAISAE/022015

heated to obtain a clear solution. The m xture was

| efdpproprief vol&@Re aine wéRGher SFaptRAi&l &R vgéhuBPH{ £ rotdWpor. The

white crystals that forned weré filtered through

fi Iresytingapssidue ayas snbjesteduiedwlicay ged Laalnmow ehrvingdtographiie Ipurification

189
bH, gl@d(?}{rr@t E r'f%arrnn'eﬁcr)par altnl %llyledg #anélgtr@eﬂ?‘?}mll mixed solvent as the
b H,mildipimseh WMRi(Watia, tsbemmzr £ 4080z) £2d!camis &Aéllent 6890GC

anh anol (5m ) was added maleic acid 2ny,
5O Iaﬁgoﬁog)%}\&g Slsa L%leétwaﬁ@outﬂlzﬁﬁetos%ﬂsmel ®a Mentity and

BRIk s )fmﬁjetf‘c'clo begdht hrough a regular filter
cl ear

paper The tion was left in the refrigerator
for a week. The V\,hlte crystals forned were obtained by
filtration, a_desi ccator under_ vacuum w th

anhydr o@%‘a@&g%\( H}}&B*?S%et Yisrinppagthenalider epar at i on of
11bH, 13p0y; opagﬁghﬁﬁ«ﬁ‘&g &?y@%ﬁh@%‘ -I;?l ngthanol, 1mi),

bH, 13- di net a eno

10an myerhyianmneet(mmpr eth) (aﬂaﬂ) alered réfisedebhiahiphl. OAfr column

thanol (I'm The cl ear sol uti on was

ShiRefCasied S8 B o PUbiNy i Bl dedaisiamiphpatienotide was
da% H{ea&g@&@ggl was evaporated, the pale yellow

resr s dried in a desiccator under vacuum over
anhydrous CaCk. Recrystallization from acetone-ether
afforded pal e ellow crystals (Yield: 86%. Exanple 8

- bHXample m)ek%i%r hylaminopasfhenelifle henol i de

5neth| odpgen
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bH, 13- (ﬁ enllw;ﬁfi 6@99%%’n-?'4’§’1“}°p)art‘ﬁ%% e (4200ps,  2.7mmol),
O. trinthglljmine @Ih},)d r@h&ohﬁ@bﬁﬂhﬂwé@ nteflunes @&Bﬂﬁ@ht After column

[ odorrfet hane_ (90ng, nol ) in nethanol (Inl).
cI Byriicagipny 1 bh npgof SW?HRWé’nl l%ﬂetbmla@anqudh@nohde was obtained
gﬁgfdaggl After three days, the nethanol was
ated” the pal e yell ow residue was dried in a
deS| ccat or under vacuum over anhydrous CaC .
Recrystal li a n from acetone-ether afforded pale

yel | ow E¥3raplgt (“%ﬁ’aé?tdm of Gwjts oA awnpartbenolids Deyivatéves
Anti | eukgdhi taftHéronidg QE?@aQRIQtVQaSs' sAMAYH a?thli?x%lel\s,\g},hgr and to

mllion primary acute nyel ogenous T'eukem a Cce
wathifesplwiioniwasoddde®BS @naspordingpreitimether 02@€hanol. The mixture was
(10 n

PRSI Fofflearalp? () of ARG SySalspiensd s fltered and dried
Anivedel Pacvufr, Eﬁsdbﬁhﬁédﬁd‘ﬁﬁﬁér 8RYstAHiZ ity ‘ifrﬁeegedA‘AD

(7-am noact i nomyci n D,

Example 5 - Preparation of 11BH,13-(piperidin-1-yl)parthenolide
hydrochloride

11BH,13-(piperidin-1-yl)parthenolide (5mg) was dissolved in 2 ml of dry
ether. Hydrochloride in ether (1M, 0.015m1) was added to the ether solution until the
solution became cloudy; then more ether was added and the mixture was heated to
obtain 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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Mol ecul ar Probes, CA) were added and the tubes were
i ncubated at roomtenperature in the dark for 15

wai2ostes103Cel | s were then diluted with 200 ni cporiuszig/022015

wn

of Annexin binding buffer and anal yzed inmedi ately by
flow cytonmetry. Viablecells were identified as failing
to label_wth Annexin V or 7-AAD. Cells beginning to
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10human b@xemipts 7 OPteptation OB m%-%%%%tanﬁnoparthanoelisde me hiodide
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Co tants .and Conditi Yield ic activity
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( 2@€lhayy c¥statn@ligld: 86%et hyl ami ne (2nml ), ethanol (30nl)
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Example 8 - 11BH,13-(4-Methylpiperidin-1-yl)parthenolide methiodide: To
11BH,13-(4-methylpiperidin-1-yl)parthenolide (35mg, 0.lmmol) in anhydrous
methanol (5ml) was added iodomethane (90mg, 0.6mmol) in methanol (1ml). The
clear solution was shaken and stored at room temperature. After three days, the
methanol was evaporated, the pale yellow residue was dried in a desiccator under
vacuum, over anhydrous CaCl,. Recrystallization from acetone-ether afforded pale
yellow crystals (Yield: 79%).

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 CaCl,).
Annexin 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
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I | bH 13-(tert- (20ng), tert- Refluxing 39 | OMM 20%

But yl am no) part henol i de butyl am ne (0.2n1), 10 hours
wonrestdeyioan ne (0.4 ), ethanol (5m) ParthenoPCuaS2004/022015

mv 23% 1 | bH, 13-(Pyrrolidin-1- (30ng), pyrrolidine

Refdellx infege ﬁﬁntlﬁ)ed\/bs Rihrzao i ithd&nk ik W v 7- 1@\15‘0@51&% beginning
85% triethylamne 20 M (O. Zmﬂ)ﬂ; et hanol (5 95% m
1th Agyegxin| V| angHs rgeng a@@mt@nﬁy hs logt2 50lg)so label with

Partp Hléth‘F’F
gi/g;renl : telg(gn&;}cﬂx erﬁlglé%%(fﬁ Qtﬁzg % en?rlcle%fl%éﬁg |v121BIe cells was

( 1GRternRadt dfen Q4| 1011&1r§3 of bﬂere VP (Ohiddmoierddhednitiatibn. Data are
) part henol i de

1 20 |
S o RHBRIZEE (0 BieHed o R pfaeb e 1 | Bhdydoiniare in2feble 1 for
|
T e B SN g s
yl ) par t Atsabhy demaetboyt piapewi cklisevay elséti fhthe(ddoberhgsay to test the

tr| bH 13 (4-

Par®

74

of p@t%noﬂ%f%y P\

over ni ght
parthenohde 1 e the survival rate of healthy human bone marrow cells was over

10

(30m)

85% at a concentration of 10uM.

Table 1. Aminoparthenolides and their antileukemic activity

ée’{?é%%?lp]d%te W&&‘ﬁ%lmeeé@nxothperegﬁ ) )the nornpé pelipqungved 10uM
l;ﬁﬁé BRI e SRELY SRS P40 ed similar results to

Reaction Antileukem
Compound Reactants and Conditions | Yield | ic activity
Solvent (%)
Parthenolide 5uM, 31%
118H,13- (100mg), Refluxing | 93 10 uM,
Dimethylaminoparthenolide | dimethylamine (2M | overnight 90%
in methanol, 1ml), 20 uM,
triethylamine(2mt), 95%
ethanol (30ml)
Parthenolide
11pH,13- (100mg), Refluxing 88 | 10uM, 60%
Diethylaminoparthenolide diethylamine overnight
(200mg, 2.7mmol),
triethylamine (2ml),
ethanol (30ml)
Parthenolide
11PH,13-(tert- (20mg), tert- Refluxing 39 | 10uM, 20%
Butylamino)parthenolide | butylamine (0.2ml), | 10 hours
triethylamine
(0.4ml), ethanol
(5ml)
Parthenolide 5 uM, 23%
11BH,13-(Pyrrolidin-1- | (30mg), pyrrolidine | Refluxing 80 10 uM,
yDparthenolide (0.2ml), 12 hours 85%
triethylamine 20 uM,
(0.2ml), ethanol (5 95%
ml)
Parthenolide 2.5uM,
11BH,13-(Piperidin-1- (250mg), piperidine | Refluxing 86 71%
yl)parthenolide (1 ml), overnight 5uM, 91%
triethylamine (5ml),
ethanol (100mI)
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riethylamne (Im),

et hanol (20m)

1bH, 1

3- (Honopi peri din- Parthenolide Refluxing 10nM 40%
wa-2¢isjopas henol i de (1 QOng), overni ght 82 honopPEemIS2iome22015
(500mg), triethylam ne (2n1 )., et hanol (30m ) 11/3H,
15- Parthenoi 1 de He[| Uxp I ) th)}lenel nfn-1-T 5 uM, 5%
14 1603 yl) nagRgaak! deoy 20 pM,
hep % ﬂg(j’l% 500 1 il&zsgx{l yl R%%g% ? 2(1;%
ett hanof? - ehol i de
Stirred at yl)parthe *,| azetiding room?9
nn ( 2m \ 2 f*lay I
et hanoll1BHIAX%- | | HH, 1Bartimaplideenol|i de
O al INéthytpipaitr-t-henql | délQOn@ndy) , ReRelwxing 5789 | 10uM, 83%
di al | yyDpaitiresoladeer ni ghtmé¢tRAPipedidingr i {eohydnighi np (2m)) ,
et hanol (30m ) Tabl e (2. ArDsapnrthenolide salfs and
their antil eukenic al%bmyMnIE&@ﬁﬂ) an Antil eukenic
Conpound React ant s and cahyBOmBoNdi tions Yield
activit Bﬂle“ RefTigeraror,
O rag\éd 1 ergzuP?rt hﬁno' I(%% th l a@eﬁﬁﬁﬁﬁt ne%-)l : dﬁ)uM, 7%
24 holf & 72 i
yDparthenolide methylplperazme overnight
(0.2ml),
triethylamine (1ml),
ethanol (20ml)
11BH,13-(Homopiperidin- Parthenolide Refluxing 10puM, 40%
1-yDparthenolide (100mg), overnight 82
homopiperidine
(500mg),
triethylamine (2ml),
ethanol (30ml)
1184, 13- Parthenolide Refluxing
(Heptamethyleneimin-1- (100mg), overnight 74 | 10uM,10%
yDparthenolide heptamethyleneimin
(500mg),
triethylamine (2ml),
ethanol (30ml)
11pH,13-(Azetidin-1- Parthenolide Stirred at
yl)parthenolide (100mg), azetidine room 93
(100mg), temperature
triethylamine (2ml), 2 days
ethanol (20ml)
11pH,13- Parthenolide
Diallylaminoparthenolide (100mg), Refluxing 57
diallylamine overnight
(200myg),
triethylamine (2ml),
ethanol (30ml)
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Eifegﬁ;ﬁﬂcga%ﬁ/grity
4- |

hydr ochl ori de | n et Her (IM 0.015m ) | || Rehttid8- ( | Antileukemic
bH, 13- (Gempdemnfiy| pi par i Reactanis-ant/Bolvgrtpi peComditions 1-Yield activity
Refrigerator, 38.3 I OM_62% yl ) part hénol i de (%)
yl ) part népm)idde (50rMm), 4 dy3is1Rydr ochl BefrgeratdEl]| i n
et hiadethylaMindparitablidel | DimbihylddinoparthedidHdd 3- 2Rhowmns 72
O net hiydasshiveidar t herjo(loag), ROt diyk @0¥L,Nppar t henol|i de
tenperature 55 mal egte (30my)3miyal eic acid for 1 week
([12mePH, 1 BtRaoRknd8M]) 1180, BHPESolidin-1- DHREBigem0eM
O et hyjpaensiaRr t henofijpaenchbiniiChug)aHTnopa@atbesol i de | 10uM, 85%
tlenper ByduscbloBide et hi odhﬁe@le(a@,{[@)ms@@edpl i odonet hane
flor 13pdayspibatmml- T h3-(P@;SE'n)1mL1 I PRefBedktr, I T
bH, 13- ﬁ)?:an}i%ﬁ&mel\/bt hy! p%[ehsiid@(s t hyloping@si di nel-| 10uM, 88%
tlenper gfddBilofde ¥/ ) pclr:t iwa@m dg o8 Jm)o de
vy parTl qk] ge ( /U : T%?}ﬁfglys | oaq metrtane
(|20018); i[?érfaﬂﬁp' {2ni i\t indi Aﬁgﬁ'ﬁééﬂa‘ﬁrqf;&?) 10uM, 62%
par t hemL {foiad )f i
Usi ng HRAroERLS e xe gef g {h%r( R/I@Si§ the effeqt of
ar Iﬂen ? o prirmiary II'Uﬁ ETII L,l:rl dll Ullb‘,:
€ I q
i%@%@gﬁg{%ﬁmﬁ&ﬁ@g& mogﬁtg%ngz‘gs iablation, ol
af NOD/ Bone narro ? al‘l’\c'ﬁ?
118H,13- \ 11BH,13- Room
Dimethylaminoparthenolide | Dimethylaminoparthenolide | temperature | 86
methiodide (30mg), added iodomethane | for 3 days
(90mg), methanol (6ml)
11BH, 13-(4- 11BH,13-(4- Room
Methylpiperidin-1- Methylpiperidin-1- temperature 79
yl)parthenolide methiodide | yl)parthenolide (70mg), for 3 days
iodomethane (200mg),
methanol (12ml)

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 transplantation 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 treated

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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Curr Opin Hematol. 1996; 3: 405-409). For each

eXREL) NODISCIEY MieP IAEHR 618 G daRS) ARiAed1 & VereCsablifi 6daeid RS marrow
fromnormal or AML donors were thawed, and treated in

vi Ve anglysed 705 thyi pressmes of hpmen isehonsing fopt cytomelgy as previously
NORSuibd (GO YL L B S Iz\%ﬂlﬂ &8 st o 58! %qifzady {Bho-162253).

were inje ravenous O Su

I rHﬁﬁhaﬂt @ﬁm(tﬁoﬁ)ﬂﬂ@mem SEBWJBH Were &éddeto &sse@s whekisvel of total
ani rral s were sacrificed and bone marrow was anal yzed
f otnFHENGesence of human cells using flow cytometry

T R

antreabald AOEL telts Ci¥idranmtieallysreduded, vhdhsiadichtes belrett effect on the
to engraftnment. In three i ndependent .experjnents,
t ra el i SRGPHRERlerlf PBFIShAIA RAHOIP B FPEATBEDAVRS detected

Cefok PaMBhoBia RS Abial 'PEUREHs, tHEY %leﬁ@ﬂﬁ:aﬁa?ﬁeﬁohde does not
direct effect on the AML stem Cell conparft ment.

c ohlargehsormal biemewpoietio steinmncedlng Safiilanky treatmzent of é:MIe delﬂsnwﬂh 7.5

th i de- t.ed t.h '
PRSPt AR HEE AT SPBEE HERer RN QDARIL fperaiment
st @M€ etdtmentd Molaall oglls §HovRH IRMgficatbifédd. | s With 7.5
m cronol ar DVAPT al so yielded a strong reduction in

NODY SCI D engraftment while treatnment of normal cells

showed fi t f Exanpl e 11- MIS- PMS

Assay [%?%ﬁlgm m%@g‘%&%y - 96-well U bottoned

pl at e (Bewailoof MTSPREOasshypbwarvwecll Brisottonied ﬂlﬂﬂeE(B,ectNﬂ)Dickinson
at_a concentratiqn of 5,000 cells per 50 mcrolit

( nk3bvere, r%alﬂ%llna%%eﬁn@b)o@&eeoraqtn@a;ew 500G pelis pes; Shmicroliters
ey of $REN Bk ERABAUN SATCONALH6E24 Bomtd. Varfihg compound

Codomcd:mmtiohs: m e‘ji)jlmigsofv\meélaob'bm nédkduso rihe trhealidDg/ BMEs later.
t.em and an_ ELI SA te r.eader r hours o
Y GUCTET T, RRIRET Worhg taegélwge i MISEME oo RN an ELISA
C %’151@ REddRE, I er ASALGS oF@i}%SﬁFGQHWAPTe r8R&eMind didined for each
I's. Each experinment was expressed as a percent age

ofcmh@tm@bn dgestedc water fbmagd ammgﬂ ef exghewelleaéiach tﬂxpenment was

h consi tent ts. t
b FEerdd & £ BERLRA S e B pbHBL AT st Rl of B8k e times
r editiR ebiister rOsulltal e FBRME pedkhted la&ﬁ‘arpdm of 8% experiments.
treated with increasing concentrations of gart henol i de

anthelBpimjene; (edigctony prosase crasr scellFlign (EVRP2R G wag| tipated with
g;iggﬂ);l.;ﬁﬁf&r&@n%fbng %fl H&rﬁ%ﬂgﬂdes&d’ (?éﬁvgﬁv&' f0r {h?ge M@s Ffwgure 1).

Cellular proliferation was reduced by 50% by 5um 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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of the cells DWMPAT was added at varying

concentEanif1e$3 - SONMAARY AQ@lyBRuUr s after addition of
drug, the nedia is changed. Hence, the cells are only

exposedletal qehulag RINA e e@gackadsirem|the hwhammeonoddyte cell line THP-1

c ' Iy hey. are stained by Sure
et e RRRE S HRS sk LR Al & 15 cONA At ay
Anal ysiy Tot@bnitthlasbadedkNTAMBS extracted fromthe
human nmgpnocyte cell |ine THP-I under three conditions

2 hour sPaf t dripqpatpsagehrde (En} wes geided atHisae plos PReel) dour

2) Li ol ysacehr | | I one-

(D) o) 3) BT &g R McI 05 BRASST Bhy dHR g therFime +
addEeBS érithMvess aldedli ne + | LPS (1OnM was added. RNA

was ext ted usi ng RNea Mn Kjt | agen, __USA) i

accor di @82& ¥ T’?‘éraﬁ%ﬁ GEHEt @Syé\’ﬁ“n@& ?Q&geg,nggA}ﬁ@cordmg to the
HupR i e : r lFAIRB] | :
Im’runcf)‘rmdullr gtaiih%ﬁk%o{slééri?sﬁé@ arrg/m%??gﬁﬁ%-%%{n{%nmﬁgn and
o Branyrecthofdubatiosu Qe rsfriesa\GIBI arsayi duitc € HSe04801 2t mas obtained from

(Rrederick,.Maryland). The kit .deterrm nes expression .
orS R Eb Bioighed oot Shisgerily AR imal o R Rfgpmines
f repressi6NBE D6 LenczaARR! £ 23481 ated S tHARBMERABh RWAL Bom respective
generate biotin | abel ed cDNA probes usi ng GEArray

ArspBPEBevVas REpdrES RitempBiper Aenayte Bpoe dilmtere cDBWp probes using
u ding t.o the nR
ooty e EIRT AR TShoR RS A0 B e ¥ heBhe cDNA

C grobesd cottbsponditzHyd thel WiRIOA tpepillien WeRDBEELSdenatured and
Sﬁ&gt_e,d wi th gene specific fragnments. Menbranes were _
t HeRTidigaiEIYWah cared gut i G Bk spljfien t9 sylongnembrgnessspotted with

eaefle s e%iﬂcoj‘#féi%ﬁief% Onfenetnies Werd dtRhwdsik & S} b PRgEd 1% SDS twice

mnut es eac um nescence was used t0 visu

t Her &k mriestss oach, doltdveedoby 64cSSE,r ABBCSDPttwadedfor 16 minutes each.
regul t.Is were quantified wth the GEArray Analyzer. The |
c HITPRITHRGICHICE atpsyuste t Vitialiss e sxRtessonilpvaleal pych transcript
- . . . . . o] L _
déﬁ???'ééd%? 8 éplglq/%imaitnﬂdﬁdww% BSGEAGSy %&5&% o he Shtige in a given
s\gbne frendcont wAs estimatbd by eemmaliviig Heesignal tintansties with dhe signal
of, 25

e R A DA S e Bh L BRBMIERL, P

E'F)gnt Eg}stdehgaﬂe%iééerﬁﬁxtsﬁaeﬂl@ 3 A8 F RMSHTIS R ch O whé e difter pre-
treatment with rIT,II%S. ' More importantly pretreatment with DMAPT prevented or
blunted the increase in gene transcription induced by LPS. For example, the
transcription 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-Z, 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

it to 30% (0.7) of solvent control.
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transcription of tunor necrosis f

in septic shock,

act or

(TNF),
is increased by 3 fold (298% when
wonremsioetiosi t h LPS. Pretreatnent with DVAPT howeQEfUS2004/022015

rel eased

prevents transcription of LPS and in fact decreases
its production to 2% ofraklent chJNA&lrfﬁ!yU@[ales;s

transcription of cyclo-oxygenase-2 the target of
cllassi cal non-steroidal anti-infllammatory apPMAPT Bees
increased 1.5 fold (150%. In thg sence piregteptifor 2 hours
the gene express®®® not only preyekredmenhe then dagur b
LRS but decreased it to 30% (0. 7) fex1Beiryent Treatment of LPS
control . Table 3. cDNA Array Anal ysis DVAPTPre- LPS
trieat mentfor 2 hours Gene Tr eat nerte Ghiaage of hpEhange off Genes
h ngeof %|@sB8geof Genes Gene
aentegen (CIFE4) 23 0.814 cD3G23ntigen, &Rhh
pol §P2@Etantigern, gamhBalpblypeptideoffiTEx)| 180l ony st @bl ati ng
f aladopiplek)26 0. 926 (granul ocyt e- ngcr ophage)
| NtEsiehy stthahtinghesron Mol ecul e 17857 58 Tnfgph@ukin
13 (%%n([llo@f}te'lﬁ&&&ﬁ}%%gj n 1 recept or ,Mt ngLl UlO 0.33 .
LR ARG, AT T o
C/ eL 'Ell3f‘ 14046 Dhnenh_od_l es rase /IrB’ 0 i
c A;\theﬁlﬁlé]ﬂpfl TECEpI, Wpﬁiphmnhal igdfe A2 grighd3 1B
( pderdendiin 1 racepteyy typeddphol i pase 326, gr oup| -0 350
0. |Nitib osidesynthase2 AZindgeible) VI | [226 0.05 |48
Phd%iospliddiatease 4Ag aAIVEP-dpediie 0. 24 1Ber oxi Sone0.46
PriPHossHcidsueasd B, ¥ANFdsdeBERPT Or || 298 0. 48 | (.59
Phospholipase A2, group IB (pancreas) 114 0.57
Phospholipase A2, group IVC 350 0.89
Phospholipase A2, group VII 129 0.05
Phospholipase C, gamma 1 342 0.24
Peroxisome proliferative activated receptor, | 49 0.48
gamma
Platelet-activating factor receptor 32 0.002
Prostaglandin D2 receptor (DP) 35 0.17
Prostaglandin F receptor (FP) 879 1.46
Cyclooxygenase 1 176 0.731
Cyclooxygenase 2 152 0.7
Thromboxane A synthase 1 283 0.07
Tumor necrosis factor 298 0.02
(TNF superfamily, member 2)
Tumor necrosis factor (ligand) 217 0.89
superfamily, member 13b
Tumor necrosis factor (ligand) 692 23
superfamily, member 5
Vascular cell adhesion molecule 1 154 0.02

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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MAHT CBRIERSHS aikos Anv s dratan con pabfautn g o dose
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oIS Ae, R Ba § 468%l0 A WRE 7% LitaRUCATRCT0 Wit & ASH,
r e¥096 edHUBG0, 40% m 18Q3aad 40UnmiHP 221 Eigukeodogeni ¢ assay

d by 50%by 5 m | S- PVS (Fi 1
oot o aFie bt Ratisr foh b SoRatd SRR ibiotiRG. mijest and 436
asgRy DbwhealmBsr cdmiplBteCRRMBtion: 8F [Frbliifeféﬁoh Owith DMAPT at 2um
parthenol i de and derivatives Pi pPT ((H bR

1 3copipérpeationi nSimplaylyr aethrsabide deduced: prgifpration Mt similar dosage
13-(4-methylriperidin-1-yl) rarthenolide") and MAPT.
PaPt¥Ehol i de and its derivatives inhibited cellular
proliferation in a dose dependent manner between 2 and

10 Mwith 70% inhibition at 10 nMin A549, 50%in

H460, 40% in H 23 and 40%in H522 (Figure 2). The

breast cancer cell line clonogenic assay with hbl-100,

mdl - 231 and 436 cells showed al nbost conpl ete

inhibition of proliferation with DVAPT at 2mm
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concentration. Simlarly, parthenolide reduced
proliferation with simlar dosage ranges. W claim 1.

wé 2ermpowad of the formula: wherein: R is hydpPogais2004/022015
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gﬁsgﬁggmfaép eﬁ{yﬁ y%l@gsy ! C&b%ﬁ u Qﬁtx&frylc 6‘?:{’1%%1 ‘“Att%'ét%fédthylalkyl

t oagglamenytwi t dubMitfried m mylaﬂmlybnaﬁﬂylaﬂgmlylst i t;uhsmﬂttefdl ngrylalkynyl

o TistEsOes Hpor DS Bed defeEy i, REgiTPRetyL: a gkl cyano,
SYShBShARYI OBk, SbiEidil %ﬁﬁ&lﬁnﬂlfgﬁﬁrhﬂ@%t b¥loxyalkyl:

conprising’one or nore heteroatoms. 6. The conpound of
cl ai m Rarerkiyh sRbstitnigd Rakydr eyclmlcmbmalkylmby@o@alkyl,

alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, arylalkyl, substituted

arylalkyl, arylalkenyl, substituted arylalkenyl, arylalkynyl, substituted arylalkynyl
cyanomethyl, alkyloxyalkyl or aryloxyalkyl; or

a pharmaceutically acceptable salt thereof.

2. The compound of claim 1 wherein R; is hydrogen or optionally substituted

lower alkyl; and R; is optionally substituted lower alkyl.
3. The compound of claim 2 wherein R; is methyl, ethyl, propyl or isobutyl.
4. The compound of claim 3 wherein R, is methyl or ethyl.
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isO S Se, S, P -CO, -SO, -SQ2-, or -PO; and n
is o 5; and together with N form an optionally

weubstootwsed ring, said ring optionally fused POTAS2004/022015
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cycl oal kyl or aryl group to forma bicyclic or

tricycl Tige édnibudd oF smmqamraﬁ R, QA P bic0 T, OH,),CH,- where n is
substituted and opti onal lé}]ﬂ) nprising one or nore
Tif

het er oa® derd; and ttheccmﬁb altpaﬁuma_i.l}'vﬁubﬁ*téuﬁ@d Ringa§eid ring

E:Z are b logafﬁzé%? (:g&z%].g& Qr arﬁl(rjgro%]? &Qm % b1c§glac o tricyclic

t oget hes!ystéhi Raily sfyﬁtéﬂ@ io@ gy be@hfuﬁ’edsaﬂdsdptibﬂhlﬁd cérhpdsing one or
said ring optionally fused to a cycloalkyl or aryl
group toredietareatmeyclic or tricyclic ring system
sal d systemoptionally substituted and optionally

ri L -0
oo m ST peoutl of ity 1R AR AR K are Lo QRS here 2
opt i onaisl@, $ Wles 8i, (R +-E€D-a80-] H0p-,lory-PO- amﬂmds 0id Syhnd together
pyrrolidin-1-yl, pi er| honopi.peri dyn- 1-
and hepWﬁMﬁ?v}'Féﬁ’g' ailyﬁubg‘rgt\éteemgageg JifoRtfor] lé figged to a
1: 11 bfciodni detday Qx%‘ﬁ?ﬁ@rfbﬂﬁ NPbicY8lic or tricyclic ring system, said
11bH, 13-'Di et hyI am nopart henol i d

11bH, 13systesr tOPBQna,llyarsubﬂﬁ)ftptadtm@n@pn@l@llyl comprising one or more
bH, 13- (Pyrrolidin-l1-yl) rarthenolide;

11bH, 13hF¥?59?t8?’| >di n- 1-yl ) parthenolide;

11bH, 13- (Mor phol i n- 1-yl ) parthenoli de;

11pH, 13Tied cMﬁde\)ﬁdpr ehaidi N-whireth JRyadridhRpakd de —(CHz)a-Z (CHz)p~;
11bH, 13- (4- Met gg g erazin-| -y art henol i de;
bH, 13- (VB8 5P | ly'ff ) §9m§éﬁor5% 0r11P10§+randnls 0to 5; and

éf_’l gg‘e?lkggﬁl&gﬁ]tﬁrﬁ' ﬁnqart Eﬁ&?‘aﬂg%ﬂ%thﬁﬁ llmé said ring optionally
1bH, 13- flsad foyd @maanmm mhgdoupleo fotfh. a Bibgclicampoeyatic oig system,
claim 1: bH, 13- thyl am t henol.i de

Py dr oG] PR oioB SR R PRTAYY BPF g egey more
hydr ochl Q& bdems1! bH 13- (Piperidin-|-yl)parthenolide

hydr ochl ori de; :

8. The compound of claim 5 wherein NR;R; form a ring selected from
optionally substituted aziridin-1-yl, azetidin-1-yl, pyrrolidin-1-yl, piperidin-
1-y1, homopiperidyn-1-yl and heptamethyleneimin-1-yl.

9. The compound of claim 1:
11BH,13-Dimethylaminoparthenolide;
11pH,13-Diethylaminoparthenolide;
11BH,13-(tert-Butylamino)parthenolide;
11BH,13-(Pyrrolidin-1-yl)parthenolide;
11pH,13-(Piperidin-1-yl)parthenolide;
11BH,13-(Morpholin-1-yl)parthenolide;
11pH,13-(4-Methylpiperidin-1-yl)parthenolide;
118H,13-(4-Methylpiperazin-1-yl)parthenolide;
11BH,13-(Homopiperidin-1-yl)parthenolide;

118H, 13-(Heptamethyleneimin-1-yl)parthenolide;
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11 bH, 13- (4- Met hyl pi peri din-1-yl)parthenolide
hydr ochl ori de; 11 bH, 13- D net hyl am nopart henol i de

worb@sane3| | bH 13- Di net hyl am nopart henol i de PCT/US2004/022015

10

15

20

met hi odi de; or

bH, 13- (ﬁ@lﬂ;\w A&ltﬁ 13,9g‘patlthéﬁbh@@r()}henol i de et hi odi de.

11. A ut| ca osition conprising a conpound

of cl ai mﬁH 03-Ddalpitaninepathichelidel y accept abl e sal t
thereof; in conbination with a pharmaceutically
effectlve di | uent carrier. 12. A nmethod of

i nH- bi tT]?‘Fgc g%lﬂm growt h, conpri si ng

adri ni s H Pﬁﬂ]&e Xg;ﬁﬂ?@artgléﬁglff% gmmhdsancer an

anmount o d ‘conpou ective to inhibit

t he gr oypH,of-(Batdlideansdpatiidnbide Birodulomddiod
conprising inhibiting cancer cell gr@owt h by contacting

sai d cahdét,12-EPiperidinali-ylypartbendlide nyduochliotrile;an anount  of
a Conpoijlz‘b%[‘gé—l(f-b&tﬂ;ﬂgipglcfhreﬁ—yl}lpart enolmryg hydrochﬂ)ndg;r owt h

of said
11BH,13-Dimethylaminoparthenolide maleate;
11BH,13-Dimethylaminoparthenolide methiodide; or

11BH,13-(4-Methylpiperidin-1-yDparthenolide methiodide.

11. A pharmaceutical composition comprising a compound of claim 1 or a
pharmaceutically acceptable salt thereof, in combination with a

pharmaceutically effective diluent or carrier.

12. A method of inhibiting cancer cell growth, comprising administering to a
mammal afflicted with cancer, an amount of a compound of claim 1 effective

to inhibit the growth of said cancer cells.

13. A method comprising inhibiting cancer cell growth by contacting said cancer
cell in vitro or in vivo with an amount of a compound of claim 1 effective to

inhibit the growth of said cancer cell.
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