Attorney's Docket No.: 60015-005001 1, 5- Dl PHENYL- PENTA- 1, 4- DI EN- 3- ONE
COVPOUNDS CROSS REFERENCE TO RELATED APPLI CATI ONS This application clains
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Transducer and Activator of Transcription (STAT) proteins are transcription
factors that nediate cellular responses to growh factors. These proteins
are activated via tyrosi ne phosphorylation by gr GRHYsgskepyo.: 60015-005001
receptor-associ ated tyrosine 10ki nases. Actlvated STAT protelns pronot e
cell survi : per si st ent
activati on-e: : a3 = s pt ast asi s
of both solid and hematopoietic cancers. See, e.g., Expert Opin. Investig.
Drugs, 2009, 18(1)¢cR&SSREFERENEET0 RETHOAED APP1IOATTONS prot eins, e.g.,
STAT3, also nediate cellular 15responses to cytokines, such
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action of e. g., by inducing STAT3 proteins degradation, has
attributed to treatnent of these 20di seases. As such, conpounds t hat
deactivate STAT proteins can belgggﬁxh@otﬁgyt various cancers, inflammatory
di seases, and aut oi mmune di seases. SUMVARY This invention is

based on a d|S;1goaléFrr§'nSdh@€tr and dretivgond! Tremsophas(HaVTngori@abackbone of

1, 5-di ent 0 eactivate STAT .prote t of
Chis i v EHPraRdRapisdnd otaiels R B REP S be Y AR bk ns) S fcker
No. : 600&'@5\/9@59&]{er|§9&rﬂdbs’})h()b)latMnyegrﬂwﬁﬁﬁBtopfecé’pt@flﬁlssé’elaﬂeﬂQ‘ﬁ@ﬁﬁéﬂent ly, is
H, aIkyI or halo, or X and Y together are -CH2-, -(CH2)2

-(CHY m@%yﬁvateq THRY INR&GIGHEWIHO'[@?@”— %WYQI)@@M)&WU@@C ﬁ iphovRaveHand Rb,
| ndependg &tb ith dqg t%fsm’tenell alét}/va’tlﬁr%?%'&gll"g ST(%[%) §1¥18{Sg :&lelgxlo:wt% 0) ggp ?l kyl,

or C(0)- -N cyc eac R4',
and RS’ ,mwm(ﬁpamiﬁmdsmmslo%dﬂh sali& yhd K@ngopoi&lddahcabbStd, &gl atkpatt i0pimal o or
SO2Rd), hal o, 0)2-0-, or (Rd)2P(0)-0-, Re being unsubstituted
al kyl  orlnypstig D§ltﬁ§s¥(?q9uﬂ&(d) \AhStfré hal o,

In normal lymphoid cells, STAT proteins, e.g., STAT3, also mediate cellular
15 responses to cytokines, such as interleukin-6 (IL-6), via cytokine receptor-associated
Janus kinases (JAKSs). See, e.g., Neoplasia 2008, 10; 287-297. 1L-6 is abnormally
elevated in patients suffering from hematopoietic cancers, inflammatory diseases,
autoimmune diseases, and postmenopausal osteoporosis. Inhibiting cellular action of
IL-6, e.g., by inducing STAT3 proteins degradation, has attributed to treatment of these
20  diseases.
As such, compounds that deactivate STAT proteins can be used to treat various

cancers, inflammatory diseases, and autoimmune diseases.

SUMMARY
This invention is based on a discovery that a group of compounds having a
25  backbone of 1,5-diphenyl-penta-1,4-dien-3-one deactivate STAT proteins.

One aspect of this invention relates to a compound of Formula (I):
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OH, al koxy, am no, cycloal kyl, heterocycl oal kyl, aryl, or heteroaryl, and
Rd being H 10 OH, alkyl, al koxy, amno, or aryl; in which R is different
fromRLl WO2RB/024RW2 is different fromR2' or R4', R3 i sPpdirfisesams7shy om R3' ,
R4 is different fromR2" or RA', or RS is different fromRl' or R5'.
Referring to Formula (1), a subset of the conpounds have one or nore of the
followng features: R2 is OHor R2 is RdS(0)2-0-, or (Rd)2P(0) 0 (Rd is H,
OH, al kyl, 15al koxy, am no, or aryl, e.g., Rd is ethy IH?) R2' (Re
is alkyl substituted with anino); each of X and ¥y Pk Ne- 89‘?&15 (\?”f’bget her
are -(CH2)NRa(CH2)-; and Ra is C(0)-R C(O)NRR , or alkyl substituted wth
cycl oal kyl (each of R and R, independently,_,is aI kyl or cycloal kyl).

Anot her aspect of this |nve5|t| on rel Ra ound of Fornmula (I1): 20
R5 XR5' 7r R3' R4R4' Fornul B ALt ; 8 et No.: 60015-005001
wherein each of X and Y, indg al kyl, or halo, or X and Y
toget her are -CH2-, -(CH2)R?Y, “¥(CR “R¥- (CH2) NRa(CH2) -, or
-(CH2)0(CH2) -, each of Ra and ®d, independem!y, being H alkyl,

C(0)-al kyl, C(0)-cycloal kyl, C(0)-NHal kyl, or 5C(0)-NHcycl oal kyl ; and
each of RI,and R5', independent! yyoinsidtn al kyl (e.g., alky substituted with
halo or SO2 Rd), halo, OH R-0-, RdS(0)2-0-, or (Rd)2P(0)-0-, Re being
unsubst i whereis catlkgf Xand &, kndependestly,tiuHealkyl, bhhdla) ar, X @b Yabgethey arearmi no

SYE'y?a' bl OBy TR B PG L ERe ot SeBUr s i, s,

52 andegD indépéRdent anrbémgii alk?yl S)HQidA QJSO)(@@%%%Q)C(@)-qNI‘PfaIkyI or
(RdO)ZP(O ef erring or,mul, bset “of., t hé conmpounds
have oneCk)-Mirasclonliyhang orahswiFgR g6t B 4%, Rea&% RE B andRYis H R IS

oo, e Bia AT g B Bt Bt o DREIE IR ¥ 0 o

is RdS( OM(oazroqror (Hag)Psz)) R; be(n@urls&bi’tﬁtut@lﬂalk@zl iydlkylakgixited a/nmmalo or
15aryl, Rd 1S ethyl): and one of and R4' is RdS(0)2-0-, or

(Rd) 2P( o@Healkem angnqacymlkﬁb kﬁ;ﬁprocmlww arah%bete&aryaar%nd Reeing HRg i s

EE?”O? ‘?f‘r %yﬁg%ﬁa&’}r R X oy i RIS, A G R 67 i OTRRNTG: Oy

SQI‘M 'R 1Rﬁifferd%8‘fronﬂ4 R%llﬂ(dl%ént ﬁdmdﬁf)mdé‘nbe isi diffeten@al kyl
(e ky substgtut ed with halo or SO2 Rd), halo, OH R-0-, RdS(0)2-0-,
or (Rd)2 MR 09" RRe bei ng unsubstituted al kyl or al kyl substituted with
hal o, 250H,  ak&RMihg 18 Tofula ¢ Cd QRSO hd WnFIRRICARRIRY br mBF/dfi thOT
het eroaryl, and Rd bel ng ?%M ° onedrim
followmg features: R* is OH or R* is RdS(O)z-O or (Rg):P(0)-0O- (Rq is H, OH, alkyl,

15 alkoxy, amino, or aryl, e.g., Rq is ethyl); R* is Re-O- (R, is alkyl substituted with amino);
each of X and Y is H or X and Y together are -(CH;)NR,(CH>)-; and R, is C(O)-R,
C(O)NRR’, or alkyl substituted with cycloalkyl (each of R and R’, independently, is alkyl
or cycloalkyl).

Another aspect of this invention relates to a compound of Formula (II):

20

Formula (II)



OH, al kyl, al koxy, amno, or aryl; and R6 is C(0)-Re, C(0)NReRf, or alkyl
(e.g., Attorney's Docket No.: 60015-005001 unstubstituted al kyl or alkyl
substi t utwo 20i2fd24289cl oal kyl ), each of Re and Rf, i ndepemrd@&nisker/opmspng al kyl
or cycl oal kyl . Referring to Formula (I11), a subset of conpounds
have one or nore of the followng features: Xis N R2Zis OHor RO- (Ris
al kyl substituted with amno, e.g., Ris S5CHZH2ZN(C2H5) 2); and R6 is

cycl opropyl carbonyl or cycl opropyl net hyl . The term"al kyl" refers to
a saturated, linear or branched hydrocarbon noi etjeresniogieion g01-080car bon
atons, such as -CH3 or -CH(CH3)2. The term "cycloal kyl" refers to a 3-10
menber ed, saturated, cyclic hydrocarbon noiety, such as cycl ohexyl. The

term "heterocycloalkyl" refers to a, 3-10 nenbered, saturated, cyclic noiety
havi ng St HHBASECYOORENS N RBERRE ST Bl or plosr oy Todsiion ot

4-tet h (. T al ¥ _ 1 ) ket havi
et r ahydr,onyc@agy.! (Cm%%a%g%z% ?/(ICH25I@I‘{3C§I|2} ?T%I?é@Mgm_@ﬂrz*p gﬂgf]ﬁ y havi ng

one or nore aromatic rin es of ar tiés inclu ehyl (Ph),
phenyl ﬁnmd Rbapﬁfwﬂﬁ?thaﬁohmgﬁeﬂeh Cr@r)ﬁlﬂwla,C(&Jitdyclphlkyhmoprh&haﬁnthl : Theh
term "he yl" refers to.a i et Yi3g.,0Nes: Qs M € @matic rings that
contdin ‘;@)ﬁggg%yc@ﬁ@}’ﬁépg%%ﬁ(g_aéf; ﬁN,ﬂ}O},{ 8&2 ’%ﬁ’r@xéﬁ‘gKS of heteroaryl
noi et i esind§len@énigeisiTuratyl (4.1 ¥k REbstitdtetPivRR Khlo WO, R,y lhald, WEERYLQ-, OXazol yl ,
i m dazol yl, thiazolyl, 8 ridyl, pyrimdinyl, quinazolinyl, quinolyl,

i soquin gﬂ(Obrﬁa-,iOhdé)gH(. 31-0-, . belidynisubgipeied alkiyor, alkyd tsebsticyted withioglo, aryl |
and hetexgaryl. nmentione rein._inclu both substitute d. unsubsti tut ed
o et + oo Hulist S T DRy harPEu B8 B bR b B B v oal Kyt
het er ocygHoakyly hlox @l ¥hinodbtarPE et ldaftGng@ER' IRA RAIE ROIR'2G4% Rt ed t o,
C1-CLO al kyl, Rgz C10 al kenéil31 C2-C10 al Mgﬂ? C3- C20 cycl oal kyl, C3-C20
cycl Bal Kenyand Ri1is RaB(WetQsr Gy @uDryar (R -@et er ocycl oal kenyl , Cl1-C10

al koxy, aryl, r i 1.n0 - al kyl am no,
G - 20 di al kﬁ%%*g%@;ﬁﬁg%@%# ‘E’SSP@#tg‘%r]g%%{‘g‘%@&%‘#k"ﬁ@lﬂ?%ﬁ]aem no,

aryl sul ffotlawinpdeatlitey daoh 0OX and W IsrH;RY, ia RSICHEHOR oo (RiyBP(O)aDy(Ryus Honi mi no,

hydroxyl ., halo, thio, C -Cl O 25al kylthio, arylthio,alkylsulfonyl
ar yl sul f@Hy#kylaalkpxyiansno. orardacs | Ko ROk R oadyP: i %lfsﬂé}lb%ya&?é di ne,

ur ei do, GYRRQind)! Hi8: isRS[OFD- ﬁ;@q P(@LHL (R LIBFORAY lallyR Gl &Rr foxyl,
and car boxy i ’ster.lsgwd { é of he ,%a%cg),c,pgsdslpﬁe s’&bgﬁtii tudg(ﬁ/gsmon’ al kyl
i ncl tde ayl, eqf, Ryhecthpbyadroaciof B, Bubstd R Uem S(@xe@pdr (Rp)LL10)-6F KR is

Cycl oal kyl , heterocycl oal kyl, aryl, and heteroaryl can also be fused with
each ot %YQHA%E(A]P?]%P%WHEH‘%&EI?@@’ No: ﬁd ’éd’g’f 005001 The conpounds descri bed
above incl Ud%t}lhﬁq&%%&@@'@f thRG ARG YL felatBStoWRd dmpdaind BEFSmeA4 tifhy): Prodrugs,

and solvates, if applicable. A salt, for exanple, can be fornmed between an
anion and a positively charged group (e.g., amoniumion) on a 1, 5-

di phenyl - pent a- 1, 4- di en- 3- one glonpourgl. Sui trdbl e ani ons i ncl ude chl ori de,

brom de, 5iodide, sulfate, gnitftate S} e, Rp¥trate, methanesul fonate,

trifluoroacetate, acetate, s Rate tosylate, tartrate, funurate,
gl utamat e, gl ucuronate, Ia&g z glg,

20 Formula (IIT)

wherein each of X is N or CH; each ole, R2, R3, R* RS, Rly, Rz’, R3’, R4’, and RS’,
independently, is H, alkyl (e.g., alky substituted with halo or SO, Ry), halo, OH, R¢-O-,
R4S(0),-0-, or (Rg)2P(0)-0O-, R, being unsubstituted alkyl or alkyl substituted with halo,
25  OH, alkoxy, amino, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, and R4 being H,
OH, alkyl, alkoxy, amino, or aryl; and R® is C(0)-Re, C(O)NR(Ry, or alkyl (e.g.,
3



and nmal eate. Likew se, a salt can also be fornmed between a cation and a
negatively charged group (e.g., carboxylate) on a

1, 5-di phew9l20pem2821, 4- di en- 3- one conpound. Suitabl e caPCoOAS20MOUT3dL sodi um
i on, potassiumion, nmagnesiumion, calciumion, and an 10 amoni um cati on.
The conpounds may al so be in prodrug and solvate form Exanples of prodrugs
include esters and other pharnaceutically acceptable derivatives, which,
upon administration to a subject, are capabl e of I‘OVI |kntq\I

compounds. A solvate refers to a conpl ex forned e‘i‘%en"cén °a§({0 gsoglorrpound
and a pharnmaceuti cal |y acceptable solvent. Exanples of pharnmaceutically

accept abl, g HokEAAi Bk %ﬁ\ee@h&{em&%%gg@ RARTROAAPR, ethyl acetale,

acetic acl obunds contal i non-aronatic
doubl e bodmjx:ndéﬁnlusbemglelyykmmyobalkwl as cis-or trans- |sorrer| c forms Such
i soneric for re co ect this

te er
i nvention rel5ggingdo Fo nﬁﬂﬁgﬁf%?‘ubﬁ?té)éf?’ﬁao‘gﬁﬁééw Orferﬁr di sease, or

aut oi m&@ﬁo@h@%@ﬁﬁres TRes NERhQCbH%?RU@eé{ ﬁql'l‘ll}ﬂ"s%sﬁ’fdt&gwh@ aﬁ‘m%p e%uhl get in
need thereof an effecti v?e1 anount of one or riore of the above descri bed
5]

conpdundsLIAN(E1i)phand Rhis csclopepplicatbhiygl qrnv@npnomllmeéhbé corrposu tion
cont ai ni ng o desc

phar maceuti ca %}e%caelg}’ B?ftgrsgglarsgtgfa%?ddﬁn%é)r €é§fy% %cagbé)ﬁélé?lﬂynf | anmat ory

di sease/ @utifEune ditaasens, aich isheHyse @H(@Hg? Bhe2eri OBRISAkYIOReféQr t he
manuf acture of a nedi canent for the just-nmentioned treatnent. The

det ai | s tofa ohemembaisdesaturpisdi ayehe bydipcarben maigsnshdrasayelobexyl She ferin t he
descri pt‘lhe{%rocgﬁfvikygrgfeﬁs to ead vh Erhsgnb%péde Em@eﬁ“&eﬁ@‘ﬁﬁ“&?%%ng ,%\tt lter‘% | nvention

wi || be appar descr | ption an torney's

Docket  Neherirfg(21bo000(0.L., NDIET At SEBuESCRI Ehfdopyranyl. The taoitpednds
descri bed above can be prepared by nethods well known_in the art. Schenes

1, 2, an§fess 19 ydrerammmanoisydhaymgamsor 8ipss Memakic Figes eixamples Afgrdynt hesi ze

gﬁgpwgupglﬁ % leJ BE}%‘HéE &l Ph&f‘# %ﬁleﬁé‘g.aéﬂtf&l) or A{&ﬁﬁlﬁ)&%t e\n%g'b%exr?%}?g:ggelacet one

10under phebaﬁhlg/l cb“lnﬂtetmé‘hetbmagﬂ\/mfas > pheiyyy batin@emnerdnararaoatipaingd, whi ch
5 Condepeed WiN 2 2ece0S, Renzaldelyds comound Lo allord pomaunds of
ot hefs coppRHAARy L furFRAOULRrdny), pyR6l} MRickyl, oxazolyl, imidazolyl, thiazolyl,
pyridyl, pyrimidinyl, quinazolinyl, quinolyl, isoquinolyl and indolyl.
Alkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl mentioned herein include
both substituted and unsubstituted moieties, unless specified otherwise. Possible
substituents on cycloalkyl, heterocycloalkyl, aryl, and heteroaryl include, but are not
20 limited to, C;-Cy alkyl, C,-C)g alkenyl, C,-Cig alkynyl, C3-Cyq cycloalkyl, C3-Cy
cycloalkenyl, C;-Cyg heterocycloalkyl, C;-Cyo heterocycloalkenyl, C;-Cig alkoxy, aryl,
aryloxy, heteroaryl, heteroaryloxy, amino, C;-C)o alkylamino, C;-Cy dialkylamino,
arylamino, diarylamino, C,-C alkylsulfonamino, arylsulfonamino, C,-Ci¢ alkylimino,
arylimino, C;-Cy¢ alkylsulfonimino, arylsulfonimino, hydroxyl, halo, thio, C,-Cyo
25  alkylthio, arylthio, C-C)o alkylsulfonyl, arylsulfonyl, acylamino, aminoacyl,
aminothioacyl, amidino, guanidine, ureido, cyano, nitro, nitroso, azido, acyl, thioacyl,
acyloxy, carboxyl, and carboxylic ester. On the other hand, possible substituents on alkyl
include all of the above-recited substituents except C;-Cy alkyl. Cycloalkyl,

heterocycloalkyl, aryl, and heteroaryl can also be fused with each other.
4



0 Cl-S=0ONEt3 -CH + RCH2C12 / DW 0 OlI-P-RlL or R2 or CI-0-R As shown
I n Scheme 2 above, hydroxyl-substituted 1, 5-di phenyl penta-1, 4-di en-3- one
conmpoundswQwhi2ghi418an be prepared by the method descri be#Cahisoe)/ 041809
condensed with sul fonyl chloride or

chl or ophosphi ne/ phosphor ochl ori dat e/ phosphoryl trichloride or 20acyl
chloride to give conpounds of Forrmula (I1). Simlarly,

3, 5- dlbenzylldeneplperldln- WO 2012/ 024282PCT/ US2011/ 047899 Attorney S
Docket No.: 60015- 005001 4-one conpounds can be EBHEEHEES NRi 61 SR %Bhony!
chloride/chlorophosphlne/acyl chloride to glve conpounds al so covered by

Formula (I1). %Cct&?r{f;%m%dsode critd above @élu F the, h{il)()%({ e[ﬁ@m LasSwell gs

pi peri di n-4- one °S Preact ed W th detor ronDa ane 1o give

N- subst i theit edltspproetfuigsli ahd4oleaRs, 1ﬂ\hppﬂ1habls &Ldaﬁemu exdmple, Qxaﬁ@erﬁ@ad:dvm th 2
equi val ents of benzal dehyde to afford synmet

3, 5- di bér?iquop@r?@mwlaon%ltmkyrr@a@eé BFﬁy@dﬁﬂs a&W‘éﬁ i oprkRd a (111). The
N- subst ' B“(fgl 1-2%15? 2 '4dd15'n§ %oﬁlggurﬁe §dl{a§fe a'hﬁ)%grlrf‘c%dé"cthtbnjdeemﬂn\{@é ent of

benzal de then wt ui val ent of sec
5 iodide, sulfate, nitrate, phosphate, citrate, methancsulfonate, trlﬂuoroacetate, acetate,

succinate, malate, tosylate, tartrate, fumurate, glutamate, glucuronate, lactate, glutarate,
and maleate. Likewise, a salt can also be formed between a cation and a negatively
charged group (e.g., carboxylate) on a 1,5-diphenyl-penta-1,4-dien-3-one compound.
Suitable cations include sodium ion, potassium ion, magnesium ion, calcium ion, and an

10  ammonium cation. The compounds may also be in prodrug and solvate form. Examples
of prodrugs include esters and other pharmaceutically acceptable derivatives, which,
upon administration to a subject, are capable of providing active compounds. A solvate
refers to a complex formed between an active compound and a pharmaceutically
acceptable solvent. Examples of pharmaceutically acceptable solvents include water,

15 ethanol, isopropanol, ethyl acetate, acetic acid, and ethanolamine.

The compounds contain non-aromatic double bonds. Thus, they can occur as cis-
or trans- isomeric forms. Such isomeric forms are contemplated.

Still another aspect of this invention relates to a method for treating cancer,
inflammatory disease, or autoimmune disease. The method includes administering to a

20  subject in need thereof an effective amount of one or more of the above described
compounds.

Also within the scope of this invention is a composition containing one or more of
the compounds described above and a pharmaceutically acceptable carrier for use in
treating cancer/inflammatory disease/autoimmune disease, and the use of such a

25  composition for the manufacture of a medicament for the just-mentioned treatment.

The details of one or more embodiments of the invention are set forth in the

description below. Other features, objects, and advantages of the invention will be

apparent from the description and from the claims.



benzal dehyde to prepare asymetric 3, 5-di benzyli denepi peri di n-4-one
conpounds, which are also covered by Formula (111). Shown bel ow
are exenpwvearyigamseunds of Fornmula (1), (I1), and (111) Pporasaried41399 15t he
above-descri bed nethods: Attorney's Docket No.: 60015- 005001 Conpound
Nos. Structures 1 OHo/ 2 OH)JJOHI ..". 0 3 HO 1

Attorney’s Docket No.: 60015-005001

DETAILED DESCRIPTION
The compounds described above can be prepared by methods well known in the
art. Schemes 1, 2, and 3 below demonstrate general synthetic routes used to synthesize

compounds of formulas (I), (I), and (III), respectively.

Scheme 1

CHO

KN CHO acetone ( excess) A
Oz " Base " Base

As shown in Scheme 1 above, benzaldehyde is condensed with excessive acetone

E

10 under a basic condition to give a 4-phenylbut-3-en-2-one compound, which is condensed
with a second benzaldehyde compound to afford compounds of Formula (I). The thus-

obtained product can be further modified to prepare other compounds of Formula (I).

Scheme 2
0 0 0
I
e Y N Cl-8=0 NEts AN
HO | SOH + | - RO,S0 |/—OSOZR
F Z R CH,Cl, / DMF
o)
9 X Pz
C|_P_R1 i N \—_—
l R,R,0PO— | OPOR4R;
or or = -

Ry
0
i ROCO—L NS | X —ocor
15 or Ci-C—-R or oz =

As shown in Scheme 2 above, hydroxyl-substituted 1,5-diphenylpenta-1,4-dien-3-
one compounds (which can be prepared by the method described above) are condensed
with sulfonyl chloride or chlorophosphine/phosphorochloridate/phosphoryl trichloride or

20  acyl chloride to give compounds of Formula (I). Similarly, 3,5-dibenzylidenepiperidin-



HOo HO1 4 HQJi | HOO HOJ5 02,
c2H5--01101 o 0o Aii,B6, o

WO 2012/024282 PCT/US2011/047899

,., .5, 00s, '"O0 O0s\s,c2H5 o\o 6

Attorney’s Docket No.: 60015-005001

4-one compounds can be condensed with sulphonyl chloride/chlorophosphine/acyl

chloride to give compounds also covered by Formula (II).

Scheme 3
o)
0 N CHO o 3 N
o} X@/ X l o X
Mg ~ |
1 .
C'/’ )N\ HOAc / HCI (g) o)\m
HOS N(CyHs)s / DMF 07 "R
o)
N A~ -
Br” R H
X | X".‘" | "’“X
= P =
K,CO3 / DMF N
N~ HOAc/HCI (g) L
Q A
Rz

As shown in Scheme 3 above, piperidin-4-one is reacted with acyl chloride or
bromoalkane to give N-substituted piperidin-4-one, which is subsequently condensed
with 2 equivalents of benzaldehyde to afford symmetric 3,5-dibenzylidenepiperidin-4-one

10 compounds covered by Formula (IIT). The N-substituted piperidin-4-one can be first
reacted with 1 equivalent of benzaldehyde, and then with 1 equivalent of second
benzaldehyde to prepare asymmetric 3,5-dibenzylidenepiperidin-4-one compounds,
which are also covered by Formula (III).

Shown below are exemplary compounds of Formula (I), (IT), and (III) prepared by

15  the above-described methods:



PCT/US2011/047899
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00, 0OCH ¢c; 37 Attorney's Docket No.:
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The compounds described above deactivate STAT proteins. Thus, this invention

covers a method of administering an effective amount of one or more of the compounds

to a patient having cancer, inflammatory disease, or autoimmune disease.
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The term “treating” or “treatment” refers to administering one or more
compounds to a subject, who has an above-described condition, a symptom of such a
condition, or a predisposition toward such a condition, with the purpose to confer a
therapeutic effect, e.g., to cure, relieve, alter, affect, ameliorate, or prevent the above-

5  described disorder, the symptom of it, or the predisposition toward it. “An effective
amount” refers to the amount of an active compound that is required to confer a
therapeutic effect on the treated subject. Effective doses will vary, as recognized by those
skilled in the art, depending on the types of diseases treated, route of administration,
excipient usage, and the possibility of co-usage with other therapeutic treatment.

10 Cancers that can be treated by the method of the invention include both solid and
haematological tumors of various organs. Examples of solid tumors include pancreatic
cancer, bladder cancer, colon cancer, colorectal cancer, breast cancer (e.g., metastatic
breast cancer), prostate cancer (e.g., androgen-dependent, androgen-independent, or
castrate-resistant prostate cancer), renal cancer (e.g., metastatic renal cell carcinoma),

15  hepatocellular cancer, lung cancer (e.g., non-small cell lung cancer, bronchioloalveolar
carcinoma, or adenocarcinoma of the lung), ovarian cancer (e.g., progressive epithelial or
primary peritoneal cancer), cervical cancer, gastric cancer, esophageal cancer, head and
neck cancer (e.g., squamous cell carcinoma of the head and neck), melanoma,
neuroendocrine cancer (e.g., metastatic neuroendocrine tumors), brain tumors (e.g.,

20  glioma, anaplastic oligodendroglioma, adult glioblastoma multiforme, or adult anaplastic
astrocytoma), bone cancer, and soft tissue sarcoma. Examples of haematological tumors
include various leukemia (e.g., myeloid leukemia, chronic myelogenous leukemia or
CML [accelerated CML and CML blast phase], acute lymphoblastic leukemia, or chronic
lymphocytic leukemia), Hodgkin’s disease, non-Hodgkin’s lymphoma (e.g., follicular

25  lymphoma or mantle cell lymphoma), B-cell lymphoma, T-cell lymphoma, multiple
myeloma, Waldenstrom’s macroglobulinemia, myelodysplastic syndromes (e.g.,
refractory anemia, refractory anemia with ringed siderblasts, refractory anemia with

excess blasts or RAEB, or RAEB in transformation), and myeloproliferative syndromes.
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Inflammatory diseases that can be treated by the method of this invention include,
but are not limited to, asthma, atherosclerosis, rheumatoid arthritis, inflammatory bowel
diseases, Crohn, ulcerative colitis, ischemic heart disease, cardiomyopathy,
glomerulonephritis, nephritic syndrome, hepatitis B or C infection, respiratory syncytial
virus infection (pulmonary), and Guillain-Barré syndrome.

Autoimmune diseases that can be treated by the method of this invention include,
but are not limited to, allergic encephalopathy, chronic obstructive pulmonary disease,
psoriasis, psoriatic arthritis, diabetes mellitus, systemic lupus erythematosus, multiple
sclerosis, polymyositis, dermatomyositis, mixed connective tissue disease, Sjogren's
syndrome, Wegener's granulomatosis, polyarteritis nodosa, rheumatoid arthritis, and
idiopathic thrombocytopenic purpura.

To practice the method of the present invention, a composition having one or
more of the above-described compounds can be administered parenterally, orally, nasally,
rectally, topically, or buccally. The term “parenteral” as used herein refers to
subcutaneous, intracutaneous, intravenous, intramuscular, intraarticular, intraarterial,
intrasynovial, intrasternal, intrathecal, intralesional, or intracranial injection, as well as
any suitable infusion technique.

A sterile injectable composition can be a solution or suspension in a non-toxic
parenterally acceptable diluent or solvent, such as a solution in 1,3-butanediol. Among
the acceptable vehicles and solvents that can be employed are mannitol, water, Ringer’s
solution, and isotonic sodium chloride solution. In addition, fixed oils are conventionally
employed as a solvent or suspending medium (e.g., synthetic mono- or diglycerides).
Fatty acid, such as oleic acid and its glyceride derivatives are useful in the preparation of
injectables, as are natural pharmaceutically acceptable oils, such as olive oil or castor oil,
especially in their polyoxyethylated versions. These oil solutions or suspensions can also
contain a long chain alcohol diluent or dispersant, carboxymethyl cellulose, or similar
dispersing agents. Other commonly used surfactants such as Tweens or Spans or other

similar emulsifying agents or bioavailability enhancers which are commonly used in the
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manufacture of pharmaceutically acceptable solid, liquid, or other dosage forms can also
be used for the purpose of formulation.

A composition for oral administration can be any orally acceptable dosage form
including capsules, tablets, emulsions and aqueous suspensions, dispersions, and
solutions. In the case of tablets, commonly used carriers include lactose and corn starch.
Lubricating agents, such as magnesium stearate, are also typically added. For oral
administration in a capsule form, useful diluents include lactose and dried corn starch.
When aqueous suspensions or emulsions are administered orally, the active ingredient
can be suspended or dissolved in an oily phase combined with emulsifying or suspending
agents. If desired, certain sweetening, flavoring, or coloring agents can be added.

A nasal aerosol or inhalation composition can be prepared according to techniques
well known in the art of pharmaceutical formulation. For example, such a composition
can be prepared as a solution in saline, employing benzyl alcohol or other suitable
preservatives, absorption promoters to enhance bioavailability, fluorocarbons, and/or
other solubilizing or dispersing agents known in the art.

A composition having one or more active compounds can also be administered in
the form of suppositories for rectal administration.

The carrier in the pharmaceutical composition must be “acceptable” in the sense
that it is compatible with the active ingredient of the composition (and preferably, capable
of stabilizing the active ingredient) and not deleterious to the subject to be treated. One
or more solubilizing agents can be utilized as pharmaceutical excipients for delivery of an
active 1,5-diphenyl-penta-1,4-dien-3-one compound. Examples of other carriers include
colloidal silicon oxide, magnesium stearate, cellulose, sodium lauryl sulfate, and D&C
Yellow # 10.

The 1,5-diphenyl-penta-1,4-dien-3-one compounds described above can be
preliminarily screened for their efficacy in deactivating STAT proteins and treating
above-described diseases by an in vitro assay and then confirmed by animal experiments

and clinic trials. Other methods will also be apparent to those of ordinary skill in the art.
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The specific examples below are to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever. Without further
elaboration, it is believed that one skilled in the art can, based on the description herein,
utilize the present invention to its fullest extent. All publications cited herein are hereby

incorporated by reference in their entirety.

CHEMICAL SYNTHESES

Melting points were determined using a Fisher-John melting point apparatus
without calibration. Proton Nuclear Magnetic Resonance (‘"H NMR) and *C NMR
spectra were measured on Varian Gemini 300 or Inova 400 spectrometers with
tetramethylsilane as the internal standard. Chemical shifts were reported in 6 (ppm).
Mass spectra (MS) were obtained on a Shimadzu LCMS-2010. A CombiFlash
chromatographic system was performed over Grace silica gel cartridge for general
separation and purification. Preparative thin layer chromatography using silica gel plates
(Kieselgel 60, F254, 1.00 mm) were also used for separation and purification. Precoated
silica gel plates (Kieselgel 60, F254, 0.25mm) were used for thin layer chromatography
(TLC) analysis. All reagents and solvents were purchased from Aldrich, Fisher, VWR,

or other venders.

Synthesis of Compounds 1-4 and 21

Compounds 1-4 and 21 were prepared as shown in Scheme 4 below:
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Compound 1: 3-OH  Compound 4: 3',4'4"-OH
Compound 2: 2',3"-OH Compoud 21: 3',5',3"-OH
Compound 3: 3',4',3"-OH

To a solution of hydroxyl benzaldehyde in DMF was added K,CO; (2 eq. each
hydroxyl group) at 4°C in an ice-bath and methyl chloromethyl ether (MOM chloride)

5 (1.3 eq. each hydroxyl group). After the solution was stirred at room temperature and
monitored by TLC for 3-5 hours, hexanes/dichloromethane (1:1) was added and allowed
to stir for 30 min. The solid was filtered out and the filtrate was concentrated. The
resulting residue was diluted with EtOAc and washed with H,O twice. The aqueous layer
was extracted with EtOAc. The combined organic layers were dried over Na,SO4 and

10 concentrated. The crude was purified by a CombiFlash chromatography system using a
Grace silica gel column and hexanes/ethyl acetate (as the eluent) to give MOM protected
hydroxylbenzaldehyde. The resulting compound further reacted with excess acetone in
ethanol catalyzed by 10% NaOH (1.2 eq. of NaOH). After stirred at room temperature
and monitored by TLC for 1-5 hours, the reaction mixture was diluted with CH,Cl,,

15 washed with H,O twice, and extracted with CH,Cl, twice. The MOM protected hydroxy-
phenyl-but-3-en-2-one was obtained after purification by a ConmbiFlash system using
hexanes/ethyl acetate as the cluent. The resulting compound reacted with an appropriate
MOM protected hydroxybenaldehyde to afford MOM protected hydroxyl 1,5-diphenyl-
penta-1,4-dien-3-one, which was deprotected by heating in 50% acetic acid aqueous

20  solution to afford the desired product.

Compound 1: yellow crystalline solid; ESI MS m/z: 251.10 [M+H] *; '"H NMR

(300 MHz, CDCl3) 6: 7.75 (d, 1H, J=15.0 Hz, H-1), 7.63 (d, 1H, J= 15.0 Hz, H-5), 7.64
22
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(m, 2H, aromatic ring H), 7.43-7.41 (m, 2H, aromatic ring H), 7.72-7.27 (m, 2H, aromatic
ring H), 7.21-7.19 (d, 1H, J = 6.0 Hz, aromatic ring H), 7.13-7.12 (m, 1H, aromatic ring
H), 7.08 (d, 1H, J= 15.0 Hz, H-2), 7.06 (d, 1H, J= 15.0 Hz, H-4), 6.92-6.83 (m, 1H,
aromatic ring H), 5.38 (br. 1H, OH).

Compound 2: yellow crystalline solid; ESI MS m/z: 267.29 [M+H]*; 'H NMR
(300 MHz, CD;0Ds) 6: 8.10 (d, 1H, J=15.0 Hz, H-1), 7.63 (d, 1H, J= 15.0 Hz, H-5),
7.75-7.62 (m, 1H, aromatic ring H), 7.25 (d, 1H, J=15.0 Hz, H-4), 7.22 (d, IH, J=15.0
Hz, H-2), 7.21-7.11 (m, 4H, aromatic ring H), 6.91-6.84 (m, 3H, aromatic ring H), 3.68
(br. 2H, OH).

Compound 3: yellow crystalline solid; ESI MS m/z: 281.05 [M-H] ; '"H NMR
(300 MHz, CD;0Ds) 6: 7.68 (d, 1H, J=15.9 Hz, H-5), 7.66 (d, 1H, J=15.9 Hz, H-1),
7.27-6.97 (m, SH, aromatic ring H), 6.99 (d, 1H, J=15.9 Hz, H-4), 6.88-6.84 (m, 2H,
aromatic ring H), 6.80 (d, 1H, J=15.9 Hz, H-2), 4.91 (br. 3H, OH).

Compound 4: yellow crystalline solid; ESI MS m/z: 281.05 [M-H] 7 'H NMR
(300 MHz, CD;0Ds) 6: 7.70 (d, 1H, J=15.9 Hz, H-5), 7.65 (d, 1H, J=15.9 Hz, H-1),
7.60-7.56 (dd, 2H, aromatic ring H), 7.15-7.06 (m, 2H, aromatic ring H), 7.12 (d, 1H, J =
15.9 Hz, H-4), 6.98 (d, 1H, J=15.9 Hz, H-2), 6.81 (t, 3H, J= 8.4 Hz, aromatic ring H).

Compound 21: yellow crystalline solid; ESI MS m/z: 281.09 [M-H]; 'HNMR
(300 MHz, CD30Ds) 8: 7.63 (d, 1H, J=15.9 Hz, H-5), 7.56 (d, 1H, J= 15.9 Hz, H-1),
7.21-7.05 (m, 3H, aromatic ring H), 7.12 (d, 1H, J=15.9 Hz, H-4), 7.03 (d, IH, J=15.9
Hz, H-2), 6.82-6.778 (m, 1H, aromatic ring H), 6.57 (d, 2H, J= 2.1 Hz, aromatic ring H),
6.29 (t, 1H, J = 2.1 Hz, aromatic ring H).

Sytheses of Compounds 20, 30, 31, 38, 39. 41, 42, 44, 62-64, 73, and 75
Compound 20, 30, 31, 38, 39, 41, 42, 44, 62-64, 73, and 75 were prepared as

shown in Scheme 5 below:
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Compound 73: 3'-F, 3"-OH
Compound 75: 3'-OCF, 3"-OH

Substituted (£)-4-phenyl
but-3-en-2-one

Methoxy substituted benzaldehyde was reacted with acetone followed by
condensation with second methoxy substituted benzaldehyde in the same manner as
5  described above to afford methoxy substituted 1,5-diphenyl-penta-1,4-dien-3-ones
compounds 30 and 31 or methyl methoxy substituted 1,5-diphenyl-penta-1,4-dien-3-ones.
Demethylation (or partial demethylation) with BBr; (2 eq. each methoxy group) in
CH,Cl, from -78°C to 0°C to room temperature gave the desired phenolic crude products.
The reaction was monitored by TL.C. After completion, the reaction mixture was poured
10 into acidic ice/water and then extracted by ethyl ether. The desired products (i.e.,
compounds 20, 62-64) were obtained after purification over a CombiFlash

chromatography system.
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Compound 20: red crystalline solid; ESI MS m/z: 281.10 [M-H]; "H NMR (300
MHz, CD;0Ds) é: 8.06 (d, 1H, J=15.9 Hz, H-5), 7.63 (d, 1H, J=15.9 Hz, H-1), 7.26-
7.05 (m, SH, aromatic ring H and H-2,4), 6.86-6.62 (m, 4H, aromatic ring H).

Compound 62: Amorphous., ESI MS m/z: 309.0 [M+H]*; 'H NMR (400 MHz,
acetone-ds) : 8.03-7.94 (m, 2H, H-1,5), 7.15-7.00 (m, 3H, aromatic ring H), 6.96-6.87
(m, 3H, aromatic ring H), 6.68 (d, /= 16.0 Hz, 1H, H-2), 6.65 (d, /= 16.0 Hz, 1H, H-

4), 3.85 (s, 3H, OCHj), 2.12 (s, 3H, CH3), 2.10 (s, 3H, CHj).

Compound 63: Bright yellow solid., ESI MS m/z: 295.1 [M+H]"; 'H NMR (400
MHz, CD;0D) &: 8.01 (d, 2H, J = 15.6 Hz, H-1,5), 7.66-7.64 (m, 2H, aromatic ring H),
6.98 (d, 2H, J=15.6 Hz, , H-2,4), 6.66-6.64 (m, 4H, aromatic ring H),), 2.40 (s, 6H,
CH3).

Compound 64: Amorphous, ESIMS m/z: 309.1 [M+H]"; 'H NMR (400 MHz,
acetone-dy) 0: 8.07-7.94 (m, 2H, H-1,5), 7.75-7.67 and 7.08-7.01 (m, 1H, aromatic ring
H), 7.50-7.44 (m, 2H, aromatic ring H), 6.83-6.73 (m, 1H, aromatic ring H), 6.70-6.66
(m, 2H, aromatic ring H),), 6.48 (d, /= 16.0 Hz, 1H, H-2), 6.47 (d, /= 16.0 Hz, 1H, H-4),
3.81 (s, 3H, OCH3), 1.98 (s, 3H, CHs), 1.94 (s, 3H, CHa).

Compounds 38, 39, 41, 42, 44, 73, and 75 were synthesized by reaction of
substituted benzaldehyde with (E)-4-(3-hydroxyphenyl)but-3-en-2-one in ethanol/20%
NaOH aqueous solution at room temperature as shown in Scheme 5 above. The reactions
were monitored by TLC. After completion, the solutions were neutralized by acetic acid,
extracted with ethyl acetate, and concentrated to afford the desired products. To furnish
Compound 44, the THP protecting group, which was introduced to make 3-methoxy-4-
(tetrahydro-pyran-2-yloxy)-benzaldehyde, was removed by treating with 0.1 eq.
pyridinium p-toluenesulfonate in ethanol solution at room temperature.

Compound 38: pale yellow needles; mp 159-160°C; CioH;304, ESI-MS: m/z
311.2 [M+H]"; 'H NMR (300 MHz, DMSO-dg): 7.75, 7.65 (1H each, both d, /= 16.2
Hz, H-1,5), 7.42 (1H, d, J=2.1 Hz, H-2"), 7.34 (1H, dd, /= 2.1, 8.4 Hz, H-6"), 7.25, 7.23
(1H each, both d, J=16.2 Hz, H-2,4), 7.28-7.13 (2H, m, H-4”, 5™), 7.14 (1H, br. t, H-2”),
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7.04 (1H, d, J= 8.4 Hz, H-5"), 6.86 (1H, br. d, 8.4 Hz, H-6"), 3.84, 3.82 (both s, 3H each,
OCH3 X 2).
Compound 39: yellow fine crsytals; mp 152-153°C; CgH 03, ESI-MS: m/z
281.2 [M+H]"; 'H NMR (300 MHz, DMSO-de): 7.76, 7.62 (1H each, both d, J = 16.2
5 Hz,H-1,5),7.72 (2H, d, J=9.0 Hz, H-2", 6°), 7.22 (1H, d, 8.0 Hz, H-6™), 7.18, 7.17 (1H
each, both d, J=16.2 Hz, H-2,4), 7.17 (1H, m, 5”), 7.09 (1H, br. 3, H-2"), 6.98 (2H, d, J
=9.0 Hz, H-3", 5°), 6.81 (1H, br. d, 8.0 Hz, H-4"), 3.77 (s, 3H, OCH3y).
Compound 41: pale yellow needles; mp 138-139°C; CigH;3F30,, ESI-MS: m/z
319.2 [M+H]"; "HNMR (300 MHz, DMSO-dy): 8.14 (1H, br., H-2), 8.07 (1H, br. d,
10 J=17.8 Hz, H-6"), 7.81, 7.50 (1H each, both d, /= 15.9 Hz, H-1, 2), 7.78-7.62 (2H, m,
H-4’,5%),7.69, 7.19 (1H each, both d, /= 16.2 Hz, H-4, 5), 7.22 (2H, ,4”, 5), 7.10 (1H,
br. s, H-2”), 6.83 (1H, br. d, J= 8.7 Hz, H-6").
Compound 42: pale yellow fine crsytals; mp 159-160°C; C;7H3FO,, ESI-MS:
m/z 269.2 [M+H]"; 'H NMR (300 MHz, DMSO-d): 7.92 (1H, dt, , J= 1.8, 7 Hz, H-4"),
15 7.73,7.42 (1H each, both d, /= 16.2 Hz, H-1, 2), 7.69, 7.16 (1H each, both d, /= 16.2,
Hz, H-4, 5), 7.47 (1H, m, H-5-"), 7.30-7.12 (3H, m, 2°, 5°, 6°, 4™), 7.10 (1H, br. s, H-2”),
6.82 (1H, dt,J=1.8, 7.2 Hz, H-6").
Compound 44: yellow fine crsytals; mp 144-145°C; Cy3H26010S3, ESI-MS: m/z
559.1 [M+H]"; '"H NMR (300 MHz, DMSO-dy): 7.63-6.93 (11H, m, aromatic H and
20 vinyl H), 3.81 (2H, s, OCH3).
Compound 73: Off-white solid, ESI MS m/z: 269.5 [M+H]"; 'H NMR (400 MHz,
CDCly) 6: 7.68 (d, J=16.0 Hz, 1H, H-1), 7.67 (d, /= 16.0 Hz, 1H, H-5), 7.37-7.35 (m,
2H, aromatic ring H), 7.29-7.24 (m, 2H, aromatic ring H), 7.18-7.16 (m, 1H, aromatic
ring H), 7.11-7.08 (m, 2H, aromatic ring H)), 7.04 (d, /= 16.0 Hz, 1H, H-4), 7.01 (d, J =
25 16.0 Hz, 1H, H-2), 6.91-6.88 (m, 1H, aromatic ring H).
Compound 75: Light yellow solid, ESI MS m/z: 335.5 [M+H]"; 'H NMR (400
MHz, CDCl3) 6: 7.69 (d, J=15.6 Hz, 1H, H-1), 7.67 (d, J= 15.6 Hz, 1H, H-5), 7.49-7.47
(m, 1H, aromatic ring H), 7.42-7.39 (m, 2H, aromatic ring H), 7.28-7.22 (m, 2H, aromatic
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ring H), 7.16-7.14 (m, 2H, aromatic ring H),), 7.05 (d, /= 16.0 Hz, 1H, H-4), 7.02 (d, J =
16.0 Hz, 1H, H-2), 6.95-6.92 (m, 1H, aromatic ring H).

Syntheses of Compounds 12, 13, and 15-17

5 Compounds 12, 13, and15-17 were synthesized as shown in Scheme 6, by
methods modified based on that described in Roberta Costi, et al., Bioorganic &
Medicinal Chemistry 2004, 12: 199-215.

Scheme 6
O
2R e O
Cl R4 Euj N
N(CyHs)3 / DMF N HOAc / HC! (g) 4‘\
0] 2\ o R1
o R4
Compound 12: Ry = -N(C;H5),
N . = —
H Compound 16: Ry = §—<]
O HO CHO o
Br/\Rz \©/ HO OH
X =
KoCO3 / DMF '\t HOAG / HCI (g) O .
R
: L
Compound 15: Ry = -(CH2)3CHj
0 Compound 17: Ry = -§<

e} HO CHO
NH(C,Hs), / DMF (j HO O \‘/ O OH
EDCI, DMAP HOAc / HCI (g)
07 “COOH
0~ “CON(CjHs),

0]
oxo-(4-oxo-cyclohexyl)- O™ "CON(CzHs)
acetic acid Compound 13

10
To a solution of piperidin-4-one in DMF was added triethylamine (1.5 eq.) and
N, N-diethylacetamide chloride (1.5 eq.). The resulting solution was stirred at room
temperature for 5 hours or until completion observed by TL.C. The solvent was
evaporated and the residue was partitioned in HO and EtOAc. The aqueous layer was
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extracted with EtOAc and the combined organic layers were dried over Na,SO4 and
concentrated. The crude product was purified by a CombiFlash chromatography system
using silica gel cartridge and CH,Cl,/MeOH gradient eluent to afford 4-oxo-piperidine-1-
carboxylic acid diethylamide, which was subsequently reacted with 3-

5 hydroxybenzaldehyde (2.5 eq.) in acetic acid (99.7%) and purged with HCI gas (0.5-1 h).
After stirring at room temperature for 3 hours, the solvent was evaporated and the crude
was purified by a Combiflash chromatography system with hexanes/EtOAc as eluent,
followed by crystallization from MeOH, to afford Compound 12 as a yellow crystalline
solid.

10 Compound 12: yellow crystalline solid; ESI MS m/z: 407.49 [M+H] *; '"H NMR
(300 MHz, CD30D) 6: 7.61 (s. 2H, benzylidene CH=), 7.16 (t, 2H, J= 7.5 Hz, aromatic
ring H), 6.82-6.79 (m, 2H, aromatic ring H), 6.75-6.71 (m, 4H, aromatic ring H), 4.36 (s,
4H, 4-oxo-piperidine-H-2, 6), 2.95 (q, 4H, -NCH,CH3), 0.71 (t, 6H, -NCH,CH3).

Compound 16 was prepared in the same manner as described above except that

15 cyclopropanecarbonyl chloride (1.5 eq.) was used instead of N, N-diethylacetamide
chloride.

Compound 16: yellow solid; ESI MS m/z: 376.16 [M+H] *; 'H NMR (300 MHz,
DMSO-dg) 6: 7.59 (s. 2H, benzylidene CH=), 7.30 (t, 2H, J = 7.5Hz, aromatic ring H ),
6.98-6.93 (m, 4H, aromatic ring H), 6.87-6.85 (m, 2H, aromatic ring H), 3.39 (s, 4H, 4-

20  oxo-piperidine-H-2, 6), 1.69 (m, 1H, cyclopropanecarbonyl CH), 0.62-0.58 (m, 4H,
cyclopropanecarbonyl CH,).

Compounds 15 and 17 were synthesized by reaction of piperidin-4-one with 1-
bromo-butane (1.5 eq.) or bromo methyl-cyclopropane (1.5 eq.) in DMF in the presence
of K,COs. After stirring at room temperature for 24 h or monitored by MS, the reaction

25  solvent was removed by evaporation. The residue was partitioned in H,O and EtOAc,
and the organic layer was washed with H,O twice. The aqueous then was extracted with
EtOAc and the extract was dried over Na,SO4. The crude product was purified by a
Combiflash chromatography system using silica gel cartridge and CH,Cl,/MeOH

gradient eluent. The obtained N-substituted 4-oxo-piperidine compound was condensed
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with 3-hydroxybenzaldehyde (2.5 eq.), following the same procedure described above, to
afford the desired product.

Compound 15: yellow solid; ESI MS m/z: 364.19 [M+H] "; "H NMR (300 MHz,
CD;0D) 6: 7.64 (s. 2H, benzylidene CH=), 7.21 (t, 2H, J= 8.1 Hz, aromatic ring H ),
6.85 (d, br, 2H, J =8.1Hz, aromatic ring H), 6.80-6.76 (m, 4H, aromatic ring H), 3.80 (s,
4H, 4-oxo-piperidine-H-2, 6), 2.50 (t, 2H, J = 8.1Hz, -NCH,CH,-), 1.42-1.30 (m, 2H,
-NCH,CH, CH,-), 1.27-1.14 (m, 2H, -NCH,CH, CH, CHs), 0.81 (t, 3H,
-NCH,CH,CH,CH3).

Compound 17: yellow solid; ESI MS m/z: 362.18 [M+H]; 'H NMR (300 MHz,
DMSO0-d;) 6: 7.66 (s. 2H, benzylidene CH=), 7.21 (t, 2H, J= 7.8 Hz, aromatic ring H ),
6.86 (d, br, 2H, J =7.2 Hz, aromatic ring H), 6.81-6.75 (m, 4H, aromatic ring H), 3.90 (s,
4H, 4-oxo-piperidine-H-2, 6), 2.40 (d, 2H, J = 6.6 Hz, methylene-cyclopropane-CH,),
0.65 (m, 1H, cyclopropane CH), 0.43-0.37 (m, 2H, cyclopropane CHy), 0.11-0.07 (m, 2H,
cyclopropane CHa).

Compound 13 was synthesized starting from treating oxo-(4-oxo-cyclohexy!)-
acetic acid with 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (2 eq.) and
4-dimethylaminopyridine (catalytic amount) in DMF. After stirring at room temperature
for approximately 10 min., the reaction mixture was cooled in an ice-bath and
diethylamine (1.5 eq.) was added. The resulting mixture was stirred at room temperature
for 5 hours with TLC monitoring. The solvent was removed by evaporation. The residue
was diluted with EtOAc and washed with HyO twice. The aqueous then was extracted
with EtOAc and the organic layer was dried over NapSO4. The desired intermediate N,N-
diethyl-2-ox0-2-(4-0x0-cyclohexyl)-acetamide was obtained after purification through a
combiflash chromatography system using a silica gel cartridge and CH,Cl,/MeOH
gradient eluent, which further condensed with 3-hydroxybenzaldehyde (2.5 eq.) by
following the same procedure described above to get the desired product as a yellow solid
ESI MS m/z: 406.51 [M+H] *; '"H NMR (300 MHz, DMSO-dg) §: 7.54 (s. 2H,
benzylidene CH=), 7.25 (t, 2H, J = 7.8Hz, aromatic ring H ), 6.93-6.89 (m, 4H, aromatic
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thi s i nvewmoi2ore/eeser s a nmet hod of adm ni stering an ef f e@CITUS2&@OUTSY9 Of oOne
or nore of the conpounds to a patient having cancer, inflammtory disease,
or autoi mmune di sease. Attorney's Docket No.: 60015-005001 The term
"treating"” or "treatnent" refers to admnisteri ng one or nore conpounds to
a subject, who has an above-described condition, ))(rqg) g such a
condition, or a predisposition toward such a conﬁm’f“e °°‘\‘7\nr’q PRE"8Ur pose to
confer a therapeutic effect, e.g., to cure, relieve, alter, affect,

anel i or gi&. HP% ALEYEh, 1S AR Sing H), 3.23 (q, 4H, J = 7.2 Hz, -NCH,CHj), 2.95
(m, 4H, 4-oxo-cyclohexyl-H-2,6), 2.54 (m, 1H, cyclohexyl-H-1), 0.94 (m, 6H,

“NCH,CHs).
Synthesis of Compounds 5-11, 14, 18, 22-29, 32-34, 37, 40, 43, 53, 65-66, 69-70, 74, 77,
5 and 78
Syntheses of these compounds are shown in Scheme 7.
Scheme 7
O 9 [¢]
Lz 2 R CHCL/DMF & s
R = OH or H or other substituents Compound 5: 4',4"-0S0,C,Hs Compound 69: 2',2"-CHjs, 4',4"-0S0,C,H5
Compound 6: 3',3"-0S0,C;H5 Compound 70: 2'2"-CHj3, 4'-OCHg,
Compound 7:  3-0O80;,C3Hs 4"-0S0,C,H5
Compound 11: 3',4',4"-080,C,Hs Compound 74: 3'-F, 3"-0S0,C,Hs
Compound 26: 2',3',3"-080,C,Hs Compound 77 3-OCF3, 3"-080,C;Hs
Compound 27: 3',5',3"-080,C,Hs Compound 8: 3',3"-0S0,CH,
Compound 40: 3',4'-OCHj, 3"-0S0,C3Hs Compound 9: 3',3"-0S0,C3H7
Compound 43: 3'4',3"-080,C2Hs Compound 10: 3,3"-080,Ph

Compound 85: 3',3"-CH3, 4',4"-080,C2Hs Compound 53: 3',3"-0S0,N(CHz),
Compound 66: 3',3"-CHj, 4'-OCHj,

4"-0S0,C5Hs

o]
R{COCI/ NEt
R N 7 § D on —
A Z CH,Cl / DMF ——R2 Compound78: 3,3"-0COCH3
R = OH or H or other substituents

0]

HO . ” C,H50,80 N 0S0,C,H;5
Y b e
| —— -
C2H5 CH,Cl, / DMF
Compound 17 \7 ‘\7 Compound 22
fo) o}

0

ot X e = I N oH C'_’lID’_R1 NEts @/\)J\/\@
T 5 OH + ————* R,R0PO-- 2 OPOR/R
A # R2  CHuCl,/DMF 2 Z 2 2

Compound 14: 3',3"-OPO{OC;Hs)2 Compound 32: 2'3'-OH, 3"-OPO(CH3),
Compound 18: 3',3"-OPO(CyHs), Compound 33: 3',3"-OPO(CH3),,2'-OH,
Compound 23: 3',3"-OPO(Ph), Compound 34: 3',3"-OPO(CyHs),, 2'-OH
Compound 24: 3',3"-OPO(OCHj3;); Compound 37 3',5',3"-0OPO(CaHs)a,
Compound 25: 3',3"-OPO(CH3),

0 0
x % 1. NEt;/ acetonitrile GFAN Pz \
3 Ny POCLT i R g,
HOC Z l > OH + 3 2 pyridine / H,O Pz =

Compound 28:; 3'-OH, 3"-OPO(OH),
Compound 29: 3', 3"-OPO(OH),
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phar maceuyt i picent s, for | i of an active

1, 5-di ph%@%k’g?g?ﬁf %ﬁ?%ﬁzg%gj%})und Exanpl es of other carriers
i ncl ude col | otg@bosid 16 @fofpHote ESTAGH 857 TSt [8eFIAL e ' H 0@MRUBOSRIHA 0di UM
| auryl sulfate, and D&C Yell ow # 10. 25The o

1, 5- di pheR{l) gehda(d,, 14, dieh-3 Hand-Dopddd ddeldrargradticating/d). dald (de

- di pheR i ei-8Fand- Dohpeiiridl ddodbra tesicabt o
[ et ng it dS GUERTFBkcl i Zea s B MERRHe 0 FA0F A G R S TRIRB O Fret”

by ani maH-Bxpe7 (drabl, I =arsd9 tlzj Hi4, 3.58 &, 2H, DTS HrpiOROEIAH;),8l.450gbe
apparent _to those of ordinary skill in the art. Attorney's Docket No.:
60015- 005004~ Thel 3 pOS bt Eeelanpre da.0dl I\ &P &% OBe2ddridtv vkt ds3er el y
illustratL n H hV the _ 'Hd@Hof the di sclosure in any
way mhat”ys’o\e/?(;ejelfl.g’ gﬁaﬁgﬁitzbg% ?tﬁgrﬁsefg%’oérjgt P§%| T¥ bel i eved that one
skilled in th€ompoursidly; abaghduaE I MS descSPatMH e BNMRYB00 Mz, t he

present LT 9% 18 i 51 b Rt et 78S 0 A RS RS Sitesh el are
SH, aromatic ring H), 7.34-7.25 (m, 2H, aromatic ring H), 7.09 (d, 1H, J = 15.9 Hz, H-2),
7.06 (d, 1H, J=15.9 Hz, H-4), 3.40-3.01 (m, 6H, -OSO,CH,CH3), 1.61-156 (m, 9H,
-OS0O,CH,CHa).
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5incorporated by reference in their entirety. CHEM CAL SYNTHESES Mel ti ng
points were determ ned using a Fisher-John nelting point apparatus w thout
cal i brat iw0.20R/a4832 Nucl ear Magneti c Resonance (1H NVR) Pam@/S2@T0oMSR 10
spectra were neasured on Varian Gemini 300 or Inova 400 spectroneters with
tetramethyl silane as the internal standard. Chem cal shifts were reported
in 8 (ppm. Mass spectra (MS) were obtained on a Shi madzu LCMS- 2010. A
Conbi Fl ash chromat ogr aphi ¢ system was perforned gver Si I{ ﬁ ﬁle
cartridge for general separation and purificati of "B B! 3‘{ i VRUERIH 1 ayer
chromat ography using silica gel plates 15 (Kieselgel 60, F254, 1.00 mm
were al so us a Sifrhgaroel plates
(Ki esel gel 66@01{%@@ %g é?ﬂﬁs\:ﬁd }gzsltgédq Fgfkéﬁ??l/zﬁg?gﬁﬁ%ﬁﬁoha%ography (TLO
anal ysi S30AMHz, @gé@td‘s) anty-6.69 vEIH, sn\masmatmﬁcahdwmyl Hp,3n803dH ¢ach, s, Fi sher,

o ST VAR, U SR SRS, AT R RoRmppns 14

2012/ 024282P 0 - tCNO L H, ZHLS hene 4
ooued 5. ?&ﬁ%@éh@ugﬂg?&ﬁh&m&y EH@@%@ cl\@zH&g% E@pﬁﬁom%unggugﬁgl

3", 5'5, 3"550H [B6MIbund WRZBOQMHQDMSO%%&I&V@&(&H my.dwamgtic Bendal dehyde i n

DU v 5, SRR U SO AR RS eR OB, 46 K g | seppach and

After theHsal 80,0H,@ESXSY)i rred at roomterrper ature and nonitored by TLC for
3-5 hours, hexanes/ di chl or onet hane (1:1) was added qu allowed to stir for

30 min. The sEomppuadP2f yeliosy sidpsl M@dnché“GiﬁHMaHé WHSNMENG8RMHBL.ed. The
resul ti [ d t t Th
(BT e B CARTAICHL B DA Rl DD o, e

aqueous Tay rac orga Iayers wer e

drieth ovAd, osdalaﬁazmm 53,03 8 843¢5(nt, SR dOSDHEH LT 2 4@ &d, REE, /H R6iHRy a
Conbi FI ash chromato raphy system usi nggéa Grace silica col um and

Eeéanes{ S - e bodfm, s G Cléthébﬂ) dngilblecwmrapwgwécpdw -0. 4:

vt one (15 26f EAGHORny FRLL %) 69%?9'@%&9?%95%%&@%“&}2‘%&%>? A'ter otirred
at room t enpeCahpoundadid Yeﬁga_lwtouiﬂ)eESbMSI'ﬂnﬁz #8t. Olwmgutfiml\l(l:\aéﬂhmmera{ﬁzt (r)gct o
W th O AR v e ot pok Bk Syt by (Bnaryobic Sreflzl §e nes

obt ajsned; & §£r1@%Eé$étﬁaﬂﬁ§H) bys3e7. @Pnﬂbulfl AsRadyshem EH' Ao heaRaadpt hy!

acetate as the eluent. The fesulting cormpound reactéd with an appropriate
MOM pr ot @dek &.84y@ B by bEharoeiycieng H),a2.pH (< 1 REMPFQMNEHaH).hydr oxy

L 1 phenyT et g by ded i BuGneEsSCR Yo SO eyl BB 1 n 0%
Conmpoundcpl,y 8! 7. Q:W(d? mqstJaJ 16.008zs@111,33; 7 BS(brMB) rﬂramaaéﬁn o) Mi6dy 43, (ml FI NMVR
(300 MHz, C[%C 5§d 1H, J—150Hz H-lil zz% 1Hf J=15.0 Hz,
H5), 7. 26711, aromatlc rmg H) 7.31(d, 2H, J = 8.4 Hz, aromatic ring H), 6. 99 (d, J=16.0
20 Hz H-2,4),3.36 (q, 4H, J= 7.2 Hz, -OSO,CH,CH3), 2.37 (s, 6H, CH3), 1.57 (t, 6H , J =
7.2 Hz, -OSO,CH,CH3).
Compound 66: Orange-yellowlish solid, ESI MS m/z: 401.6 [M+H] * THNMR
(400 MHz, CDCls) 6: 7.67 (d, 1H, J=16.0 Hz, H-1), 7.63 (d, 1H, J = 16.0 Hz, H-5),
7.48-7.40 (m, 4H, aromatic ring H), 7.30 (d, 1H, J = 8.4 Hz, aromatic ring H), 6.00 (d,
25 1H,J=16.0 Hz, H-2), 5.91 (d, 1H, J=16.0 Hz, H-4), 6.82 (d, 1H, J = 8.4 Hz, aromatic
ring H), 3.86 (s, 3H, OCHj), 3.36 (q, 2H, J = 7.2 Hz, -OSO,CH,CH3), 2.37 (s, 3H, CH3),
2.23 (s, 3H, CH3), 1.57 (t, 3H, , J= 7.2 Hz, -OSO,CH,CHj3).
Compound 69: Brownish solid, ESI MS m/z: 479.6 [M+H] *; "H NMR (400

MHz, CDCl) 8: 7.94 (d, 2H, J=16.0 Hz, H-1,5), 7.65 (d, 2H, J = 8.4 Hz, aromatic ring
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Attorney's Docket No.: 60015-005001 (m 2H, aromatic ring H, 7.43-7.41 (m
2H, aromatic ring H, 7.72-7.27 (m 2H, aromatic ring H, 7.21-7.19 (d, 1H,
J= 6.0 Hzwoarwmmsise ring H), 7.13-7.12 (m 1H, aromati cPCIAF2M)1/0478908 (d,
1H, J= 15.0 Hz, H2), 7.06 (d, 1H, J= 15.0 Hz, H4), 6.92-6.83 (m 1H,
aromatic ring H, 5.38 (br. 1H, OH). 5Conmpound 2: yellow crystalline solid;
ESI M5 mlz: 267.29 [MrH +; NMR (300 MHz, CD30D3) 8: 8.10 (d, 1H, J= 15.0
Hz, H1), 7.63 (d, 1H, J= 15.0 Hz, H5), 7.75-7.62 (m 1H aromatic ring
H. 7.25 (d, 1H J= 15.0 Hz, H4), 7.22 (d, 1H, JfomefsDaskejio: SR 3001
7.21-7.11 (m 4H, aromatic ring H), 6.91-6.84 (m 3H, aromatic ring H)

3.68 (br t 3l |
S81 05 £ ﬂ@mﬁéﬁ%ﬁ%ﬁf%ﬁ%w 23 5d6 ddl% 2 43, @5@4&@ H5)
el dlélgﬂz "gsi'-i@‘}%’) 8“6”5533“(?3§L19“a§tmni?‘i7?”?”’“302?}%%— AT
- i | + 6. , , J=
15.9 Hz, Hz)kgowp@ﬁld(%)r ngﬂgrmsh S@Bép%%hMgz{n/zy@h bw%éﬂiétlﬁllNM@e(‘@Bl id: ES
VS 1 . 7 5.9 Hz,
sy B SO OBt 08 A | RO RENI 1 SR A 637,60 O,
7. 15-57. 060, (24, aRkiatimrrorgd), ¢7. t4-d 2Hm, 31, hforgadic ring, H) 6. 95(&.91}1;,/ =HS54H Hz6. 98 (d,

mnpg;néﬁ?% g%@ %ﬁ di %féﬂ%tfﬁé‘§%77]é 7§|§§| %sarﬁfr@g?té‘lgg 9§1 ?M%H 1HNVR

300 M Ues 9 H 1H= 15.9
200, SOCTERO 011,00, 80008, 2t HELY 50 (LI D115 8,

H-4) 7. H& (QEOzﬂerQH;)lS 9 Hz, H2), 6.82-6.778 (m 1H, aromatlc ring H,

6. 57 (d 2H, 1 ar [ 29 (L., = 2 , aromatic
ring H. Syt amgo %ﬁ%kﬁ%@ﬁ%& Wish's gd%fﬁ%?%i?l lﬁ’l lilz 1'2{3{\‘1\%%2 64, 73,
and ?dS @H0oMLWICRDS: B6b (d32H, 38,1639 2,44-1,59.27.544,50G8r, 6H, arbhatiafide 75 wer e
prepared as shown in Schene 5 bel ow WD 2012/ 024282PCT/ US2011/ 047899

At t or neyHy DheHetl (o, 1H.goongicmmnd) 7stheae (8, @H, aromage ring H), 7.30-7.28
(m, 2H, aromatic ring H), 7.11-7.08 (m, 1H, aromatic ring H), 7.04 (d, 1H, J=16.0 Hz,

H-2),7.03 (d, 1H, J=16.0 Hz, H-4), 3.26 (q, 2H, J= 7.6 Hz, -OSO,CH,CHj3), 1.55 (t,
3H,,J=7.6 Hz, -OSO,CH,CHj3).

15 Compound 77: Yellowish solid, ESI MS m/z: 427.1 [M+H]"; "H NMR (400
MHz, CDCl;) é: 7.68 (d, 2H, J=16.0 Hz, H-1,5), 7.53-7.51 (m, 3H, aromatic ring H),
7.46-7.41 (m, 3H, aromatic ring H), 7.31-7.26 (m, 2H, aromatic ring H), 7.05 (dd, 2H, J
=16.0, 1.6 Hz, H-2,4), 3.31 (q, 2H, J= 7.2 Hz, -OSO,CH,CH3), 1.55 (t, 3H, J= 7.2 Hz,
-OSO,CH,CHj3).

20 Compound 78 was synthesized in the manner similar to that in which 1,5-bis-(3-
hydroxy-phenyl)-penta-1,4-dien-3-one was synthesized. Acetic chloride (3 eq.) was used
instead of ethanesulfonyl chloride After stirring at room temperature for 3-4 h, the
reaction mixture was poured into water, and extracted with CH,Cl,. The combined
organic layers were washed with water and then brine, dried over Na;SOy, filtered and

25  concentrated to give a light yellow solid crude product. Purification with CombFlash
chromatograph using n-hexane / EtOAc as eluent gave the desired compound in
quantitative yield. Light yellowish crystalline solid, ESI MS m/z: 351.1 [M+H]"; 'H
NMR (400 MHz, CDCls) 8: 7.67 (d, 2H, J=16.0 Hz, H-1,5), 7.46-7.38 (m, 4H, aromatic
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Compound 38: 3',4'-0CH3, 3"-CH Conpound 39: 4'-0CH3, 3",-0H Conpound 41:
4'-CF3, 3"-OH Compound 42: 2'-F, 3"-0OH Conpound 44: 3'-0OCH3,4'-OH, 3"-CH
Conmpound wW8:208/022823" - OH Conpound 75: 3'-0CF, 3"-OH Met roXyUSSUbABTSHUL ed
benzal dehyde was reacted with acetone foll owed by condensation with second
met hoxy substituted benzal dehyde in the sane manner as 5descri bed above to
af ford net hoxy substituted 1, 5-di phenyl -penta-1, 4-di en- 3-ones conpounds 30
and 31 or nethyl nmethoxy substituted 1, 5-di phenyl - Penta 1{4-

Demet hyl ation (or partial demethylation) with BBf§"{%° €Y ¥4 8%”%@?ﬁbxy
group) in CH2Cl12 from-78C to OC to roomtenperature gave the desired

phenol i ¢ gﬂgﬁgegmﬁ zHT'aforﬁa%%q Q) VRH1. *ﬂ% %}—eldargéﬁ J&Sn%ﬁ}

conpl etion n mxture boured o Berdien er and
t hen ext (a2tHed= Hﬁ(bﬁhzn)@ﬁﬁabtﬂTh@CﬁHﬁﬂred products (i.e., conmpounds 20,

62- 64 t ft i fi Conbi FI h h
aystem At orhao et 2Raere waRiesnh S TEaRFOURtE 0 BVER st al | i e
solid; Ek.- %(Wro@ﬂh&?l)%ﬂ%1&3ﬁgnms sﬁx@%@%& ﬁhosﬁh&@cl(lgmdlg:H J=
15.9 Hz, H- 5 H, ar onmat icC

ring H aredd %QYM§8t6ﬂ~$@e@ fGQCQmpomd l4a|00p’aaspbonopluigrldi): acﬁaimethmbes&z

A h 400 t d6) 8:

8 037, 1?%%&%@“‘%‘} %?N?%[‘%edg%“?"’rﬂl Ojfﬁjq‘a“&“r“é szqffggﬁ?g&%ﬁgga‘e 87 (m
3H, ar on®ohttefips@td® for® K, (tBe redetichBnX g w&@:‘gouﬂéﬂ Zﬁto “@te@%rﬁi%xtrdcteﬁﬁ 0 Hz,
1H, H4), 3.85 (s, 3H, OCH3), 2.12 (s, 3H, ), 2.10 (s, 3H,

Corrpou ndWek CHaflg Htheyembingd seganis lay@swergovashed withsyater[ani ihen brqumd( 400

g H. 8%8%%@ ghelsland Eorygichgy b oo Yoot abi ol el Or 1 g

H), )10 2. Wﬁh(bm%sharﬁ))natograph usGENEELTIE/ BROHAI0IN w0 Bave thSHedledn z: 309. 1
[MH + 1HNMR (400 MHz, acetone-d6) 8: 8.07-7.94 (m oH H 1,5), 7.75-7.67
and 7. 08"07“16)1‘“(1%“%““&?1%?% ring H, 7.50-7.44 (m 2H, aromatic ring H),

S a5 Cul > LM oo OBl P Pl 8908 (BTN SINMR B b 1 19 )
2943)4 ) 1CD8:13()§d7z7;g+(d ,QHBY = HSS?)HZ(H 1 3H7 scrugg)c gH aromfatlés‘?nng(bl)nﬂ$6-385,9 (ﬁgm géh .
with (E) Zli’@(rgr?lﬁ% “ﬁé,%e%?%%z e%ro afifEng Hgﬁtﬂg?amoﬁz%%l@%% ggueous Y
sol ujd om af, 4rpom eﬁgm CHECRS, @hpmm ﬁzb%nﬁz%@ﬁmj The reactions

d by TLC. A

20wer e noni’tore er ‘conpletion, the sol utlons were neutralized
by acetic acidompsundz224t estophphs, &tSHhMS méet%ﬁ@? [HdTIC o FERIMR 4300Mia, af f or d

e e BRSO RHE L8 2 I (S SUP TIPS Ffhum IE ol T 1. O 1P,
(tetrahym@(raymraramyﬂl@my@ ?@U@dddgﬁyyiels\@aﬁz ey erlo by, tHeetH)y vt h 0.1

eq. pyrl(dl ni uml;?I t ol uenesul fonate in ethanol solution at room tenperature.

S,

20 Compounds 18, 23, 25, 32-34, and 37 were synthesized in the manner similar to
that desccribed above. Diethyl chlorophosphine (~10-15 eq.) was used to prepare
Compounds 18, 35, and 38, diphenyl chlorophosphine (~10 eq.) was used to make
Compound 23, and dimethyl chlorophosphine (~10 eq.) was used to make Compounds
25,32, and 33. _ After stirring at room temperature for 2h, the reaction mixture was

25  poured into water and extracted with CH,Cl,. The organic layer was washed with water
and brine, dried over Na;SOy, filtered, and concentrated to give the crude compound as a
yellow solid. Purification with CombiFlash chromatograph using CH;Cl, /MeOH as the

eluent gave the desired compound in quantitative yield.
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25Compound 38: pal e yell ow needl es; np 159-160C;, C 9H1804, ESI-MS: mz
311.2 [M+H] +; 1HNWR (300 MHz, DWMsO-d6): 7.75, 7.65 (1H each, both d, J=
16.2 Hz, WoR0B®)02428242 (1H, d, J= 2.1 Hz, H2'), 7.34 (1PCTA$2013/04894, 8.4
Hz, H6'), 7.25, 7.23 (1H each, both d, J= 16.2 Hz, H2,64), 7.28-7.13 (2H
m H4", 5"), 7.14 (1H, br. t, H2"), Attorney's Docket No.: 60015-005001
7.04 (1H, d, J= 8.4 Hz, H5'"), 6.86 (111, br. d, 8.4 Hz, H6"), 3.84, 3 82
(both s, 3H each, OCH3 X 2). Compound 39: yel |l ow fine crssyt al s;
152-153C;, C18H1603, ESI-MS: mfz 281.2 [ MeH| + 114%0% Qogsigvo %W@Odes)
7.76, 7 62 (1H each, both d, J=16.2 5 Hz, H1,5), 7.72 (2H, d J= 9.0 Hz,

2150 Ay b hefybls Sl 38 o R GG 17 162

Hz, H 3'CDEL) f: ’B78@d (Zl:HJ =0r5.9 Hz, B-105)H2.52 k8,41, ./ 30.9 HZ( arondtc riagiHiB) .

Corrpound | ow needl 8-139C, Cl181413E302, ESI-M5: nlz

319. 2 [W&fl 1. 29% @W@CWPSDK&T)?%@% Jg 140 BeH-49), 1.99:1186my, 8% 07 (1H

br @ﬁj)slgg“lat(ﬁj )12H7C 50 (1H each, both d, J= 15.9 Hz, H1,
7787262(2 5 69, 7.19 (1H each, both d, J= 16.2 Hz,

H- 4, %), 7. 22Ca§1ﬁpﬁu¢id 235’5'9110\2\70131&21(1111&&011@‘581MS hi/2"657.66 [BB-HITHH DIMRd, J= 8.7

Hz, H-6 4 || ow f 159- 160C;

CL7H13 Foéoo é@*z I@gﬁg n7d2%59;§8 %‘yﬂ%‘”ﬁﬁ% N&%&ﬁé’%@k@%’“ﬁﬁ%@r&]@'ﬂw 7.92 (1H,

dt J= 1r1 1§H4J¥ 155Hz, @11 57 74’:'25 Q@éfmemll' arS9htlc ﬁ'mg IJI'T ( @ Hz, H1,
, 1. 69 each bot h 'd, 5), 77(1H, H- 5-

"),
73071@(&%‘115 H22H25) 6', 4"), 710(1H br s, H-2) 682(1H dt, J=

LS oot Cafohis ARG P R PSSR AREE
7. 6316. 9300 Mk, aDCRY ®atd @, bHand 13OviAM-11),7.50 @l 2021 +,1.5HzQebBhtic

Compound [ 73: Of-white solid, ESI MB mz: 269.5 M+H] +; 114 NMR (400 MHz,
cDc13)  gingHbg 454733 ényprematiaripg H,1430-7.26 fmy 2L, arematic gngl), 208 (dut 5) |

7.37-7. t,i i 7 2 2H, aromatic ring H),
7.18-7. i%{(f& %éhza?’%?m |lcﬂr(|r’néggls;ﬁi)’7l g%?%gBISéw 2H, ar OITB.tI cring H),
7.04 (d, J= 1Gofpdinmd 3]2H11gllrtl-04énge§oﬁ)d, ES M9 7/2586.1a M-I-Na]]T—;l HN®IR (46091- 6. 88
(m 1H, aromatic nd 75; J__ﬂg]gt yel l ow solid, ESI M

' 335Vl mpmmgom 1Hudo MDTEab e oa(d 1 Pag .0 B2 A8)6 26 11

H 1 d.; 5

7. 4)21-57. 3@1’(jm 13 é;ﬁo%étl g(éll-ir%lj )69?{22891_71)225 leHHw agf(?)%rgﬁla% '?gr nH)ey S
Docket Ning HBOOLE?. O&BﬁOﬂH;armgaﬂﬂ) 1ing H),6.§3-6481 ((m 2HHromatereing €1)y 6.7¢ (tH) , ) ,

7 05 (d, 7.02 16.0 Hz, 1H, H2), 6.95-6.92
(m 1I(-| H#Ulrra%%cl% |aFf§m?II)C rl%ﬁ@é@%ﬁ%‘pounds 12, 13, and) 15-17
SConpounds  12¢od30urd319elikiy mrdeEsymmﬁz aﬁﬂmgmmm H ANBR 1B0EMBIZ, DY

met hods nodi fi ed based on that describ rta Costi, et al.
Bi oor gantB:@DMe. i (lall HoAerosh Iy, 12004, 701(21 1H99=16%) Hadhéng. %-7.54 (m,

20 1H, aromatic ring H), 7.44 (t, 1H, J= 8.0 Hz, aromatic ring H), 7.28 (d, 1H, J=16.0 Hz,
H-2), 7.15 (d, 1H, J=16.0 Hz, H-4), 7.28-7.21 (m, 1H, aromatic ring H), 7.15-7.08 (m,
3H, aromatic ring H), 6.84-6.82 (m, 1H, aromatic ring H), 6.70 (t, 1H, J= 8.0 Hz,
aromatic ring H), 1.72 (s, 3H, CHs), 1.68 (s, 3H, CH3), 1.27-1.19 (m, 6H, CHa).

Compound 34: amorphous; ESI MS m/z: 489.08 [M-H]; 'H NMR (400 MHz,

25 CDCls) é: 8.14 (d, 1H, J=15.2 Hz, H-1), 7.73 (d, 1H, J = 15.2 Hz, H-5), 7.58-7.56 (m,
2H, aromatic ring H), 7.48-7.45 (m, 1H, aromatic ring H), 7.33-7.28 (m, 3H, aromatic
ring H), 7.17-7.14 (m, 1H, aromatic ring H), 6.87-6.71 (m, 2H, H-2,4), 2.03-1.98 (m, 4H,
CH,CH3), 1.86-1.66 (m, 4H, CH,CH3), 1.28-1.13 (m, 12H, CH,CH,).
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To a solution of piperidin-4-one in DM was added triethylamne (1.5 eq.)
and /V, N-di ethylacetam de chloride (1.5 eq.). The resulting solution was
stirred avorowm#msaperature for 5 hours or until conpl ePCoUSesmsTsed by
TLC. The sol vent was evaporated and the residue was partitioned in H20 and
Et 0OAc. The aqueous | ayer was Attorney's Docket No.: 60015-005001 extracted
with Et0Ac and the conbined organic |layers were dried over Na2SO4 and
concentrated. The crude product was purified by Conbj F h ch ogr aphy
systemusing silica gel cartridge and CH2C12/ I\/boamg’gr?eéa]:)‘)edl(ef °é|6@é§fl®g(}%t) afford
4- oxo- pi peridine-1- carboxylic acid diethylamde, which was subsequently

reacted wi th Somphufll PXuRSHABLE SN Ags (305 D8 M-A2aeNMR {20IMEED- 7% and
purged with HC1L gas (0.5-1 h). After stirring at roomtenperature for 3

hours, taPGPBvenT (hadl,e\ralod dized-and6? b 1Ek, Udel wablzpldrli)f 7.66 7159 (a,

Conbi f chromat.o te it h hexane s eluent, followed b
cr ys!t al Ia?[ga?frf)%lﬁgﬁa?mpg{fﬁ%@ (@fn?glr Yoes XBH%E{)%QQQ'@ %r‘ﬁge&%ﬁt}gt alline Y
sol i d. 1R&oAReUNE2 N2 7 v26109UnC I MSiBinaii®fng O] Hp2-ES0 éhgmﬁzc:%g@m)@ [ MEH +;
1HNMR (300 MHz, CD30D) 6: 7.61 (s. 2H benzylidene ), 7. () 2H J =
7.5 Hz, heortdio @.18HgCHCHe). 82-6.79 (m 2H, aromatic ring H), 6.75-6.71 (m

4H, aromatic £ . s, 4H .4-.0x I hdine-H2. 6 2, 95 , 4H,
*Norocray. 0. Gl o aigob Sere St AP PURIN UGS Sputls sfrulin e S
nmanner asf 4e&diy (Sledraboptenglpent- L hafenBoencispRhepadesandaeidodchl oride (1.5
eq.) was, used instead of /V,N-diethyl acetam de chl oride. ~ Conpound 16:
yel | ow sibluptaptedy Sqhemgrty (0. Bymmod) ingeedpnitrile progmoeled ey W82C. Drtiosaey 6: 7. 59

6086 oF LT AFORaTne ficdh duliq POEh (10 ed ), B RUNR, e Ko 5 1y

3. 391( s, méhthire4vas20ord api7RYT fadi2nehddrRor dpnitckedBy [IC. WAdftercyaiptypivaphaecar bonyl
wer & oy nRRAITAEGY FE A TEM T O Eh (1 S Aidina (ODFBAS Bt ane (L. 5
ﬁg C)CB ?r A?{d‘éﬁp THE AW king ¥&cRBE BRANR Was shired a? Od(f‘tggyﬁmg%}nh%%uper for EBC e of

er stirring at roomtenperature for nitored by M5, the
react i onh@6s swl acan¢ntweisl toanmess The avdpasraatixture of Rempesnd$l® ond8 wrarti ti oned

in H20 and.EtQAc, an he organi.c | ayer was ed. with 0 ice, The
nqueous. PSR s aoU R Herpaeianh oone Ll rist el Mo Bl ia
Na2SeM.  JiRed ehd@igired pdeaétswas purified by a Conbiflash chronatography
systemusing silica gel cartridge and CH2Cl12/ MeOH gradi ent eluent. The

obt Ei ned N-subGempeundad$: yeltovo s@ids EST M&@é@é%ﬁhhﬁﬁ-ﬂé&de&iﬂaeﬁ@MRﬁﬁ%r ney's
Do - 60 - i 5 2.5 . i
the same o B2 P GERE P s 0E Ml 15 SR B om0 1

Conpound(nd, 9 H, wedrhaw Q171 1d:(d E8I, MS15H 21z, BEA4L9 [ MFH +; 11-1NWR (300 MHz,
CD30D) 6: 7.64 (s. 2H benzylidene CH), 7.21 (t. 2H J= 8 1 Hz, aromatic
ring H, 56.8Gomgouns29: yellovysaids Bl My wtmtee L IMH] By H ¥MBoCE0 MHem 4K,

5 are | REBREN @ 3hgs 3550 i T TR, B ol 7AYot %hiy 7

- NCH2 CH2arGH2tCH3) 6.9D(B 2H( ¥ = 139 Hz,NGEGH2 CH2CH3) .
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Conpound 17: yellow solid; ESI M5 mz: 362.18 [MrH +; 11-1 NVR (300 MHz,
10DMSO-d3) 6: 7.66 (s. 2H, benzylidene CH=), 7.21 (t, 2H, J= 7.8 Hz,
aromat i ¢ Woreg124p4288. 86 (d, br, 2H, J=7.2 Hz, aronatic riPag/UR)1184BI9 6. 75
(m 4H, aromatic ring H, 3.90 (s, 4H, 4-oxo-piperidine-H2, 6), 2.40 (d,
2H, J= 6.6 Hz, nethyl ene-cyclopropane-CH2), 0.65 (m 1H, cycl opropane CH),
0.43-0.37 (m 2H, cyclopropane CL-1 2 ), 0.11-0.07 (m 2H, cycl opropane
CH2). 15Conpound 13 was synthesized starting fromtre

oxo- (4- oxo- cycl ohexyl )- acetic acid with RS FELENo. so015-00500

1-et hyl - 3- (3-di net hyl am nopropyl)car bodiimde (2 eq.) and

4- di met hy|, /i R, I h§4@r@u§ )54.89 DNrgg After stirring at room
t enperature y m xture was cooled in
an ice-bath and diethylamne (1.5 eq. ) was added. The resulting m xture was
stirred g, rogmtenperature 20 for 5 hours with TLC nonitoring. The sol vent
was rem)veae"by evaporation. The residue was diluted with Et 0Ac and washed
with H20 twi ce. The aqueous then was extracted with Et0Ac and the organic

| ayer was dried fover Na2so4. The desi red inter msdl at
N, Ndi et hyﬁ@-/o\x/o‘%x ngyg,l/ohe&t(ym ﬂ%e%—-amR obfali after
purificati t hr ough conbi fl ash chr orPé’fogr ap systemu ng a silica gel

cartridge gﬁﬁ 3@]5;%](&%?’*/@@% LEengeradi et el uebrippunadaisadn sfactherHszondensed wit h
3- hydr oxybef?dl %gog .) by fol | owiSprepounhiis: 253qes3™ ccwwaaume descri bed
above to g@,p,pon 2. 4884 T, uct as a yell g%uﬁooj? §cfi'§§[(j§é$)h‘f 22 406. 51 [I\/H—I]
+; NVR ( 30@midkiz 63: :IWBG}%EHS 7.54 (s. 2H, Cmmzydg|3de@§4@(ﬁ$m ?5 » 2H,
7.8Hz, ar o‘??ﬁ'i’.°P’E‘5"r??1(jH3l-b 68:9%6.89 (m 41-clmpoidd Orrat-dHs, 42>$tH2Atc§r@5m@yHgs Docket
No. : 60015 005001 ring H), 6.81-6.78 (m Zbhpoudd @I7eRt-GHG 4v(aRgLNI)Hs). 8:0B3 (q, 4H,
J= 7.2 Hz, -NCH2CH3), 2.95 (m 4H, 4-oxo- cycIohexMI H26), 2.54 (m 1H,

cyclohexyrho 1) 0, 94 hBH,  NCH2 n\he |§/ of _Cerpounds 5-11, 14,
18, 22-29, 18555 6% 6 RRDHER &t heses
of these co ounds ar e $hown |n91§cherre 7. Scheme 7 onmpourtf*5: Conpound
6: Conpound 7: Conpound 11: Canpotind 26: Corgoowsmds22® R=Coapaund 40: Conpound
43: QWOM@& 4 ,4(V@sozcszpo®doun354 OSORCXHIEPE: 3' - OS2 C2H5

3,4 ,4"-05 2,3 ,3" OZCZF15 , 3" - 0SOPeL H5R 37 RECHEl3, 3" - CSRC2HB
3',4',3"-C5pC2 I—é%&i% e sch 4" - OSOZC2H5 3',3"-CH3, 4'-0CH3, 4"-0SC2H5
Conpound 69°°"3%" il “’2CEOZCZH5 Conpound 70: 2',2"-CH3, 4'-OCH3,

4" - 0802 C2H5 CEBHESEfA” 74 "S- F, 3"- 0SCRC2H5 Conpound 77: 3' - OCF3,
3" - OSCRC21- t&e@orspounc.8! 3', 3"- OSO2CH3 Conpound 9: 3', 3"-0S02C3H7 Conpound

10: 3', 3"- OSRRhsEonpauAll 53: 3', 3"- OSO2N( CH3) 2

0
HO\‘/W\‘/OH B N N(CoHs)2 K2C03
|O |O +
N
o)w 02\7

Compound 45: Ry = OH,

Compound 16
R2 = O(CH2)2N(CoHs),
Compound 46: Ry=Ry= O(CH;)2N(CaHs)2H2)2
o}
HO S = o™ C,H50,S0 SN = [6 RPN
N(CoH
O O (CoHs)2 CISO,CaHs O O N(C2Hs)z
———
Compound 19 EtaN/CH,Cly Compound 48

(0] 0]
HO SN == o™ [\O C,H50,80 S = (O
Sate FRECIFTT e Cass SR
Rt

Compound 59 EtsN/CH,Cl; Compound 76
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R = OH or Hor other substituents Compound 17Conpound 22 0 0 C-P-R1L -COH
+ R2 NEt 3 RRRi OPO4 0O cHd 2/ DWW J- OPOR R2 Conpound 14:

', 3" - OPOWoeRR/2E)82 Conpound 32: 23'-OH, 3"-O0PQ(CH3)2 Ceapaisad1087899

', 3"-0PQ(C21- 15) 2 Compound 33: 3',3"-0PQ(CH3) 2, 2' - CH, Conpound 23:

', 3"- 0P Ph) 2Conmpound 34: 3',3"-0PQ(C2H5) 2, 2'-0OH Conpound 24:

', 3"-OPQ( OCH3) 2 Compound 37 3', 53"- OPQ( C2H5) 2,

WwWwww

Attorney’s Docket No.: 60015-005001

Compounds 19, 35, 36, 67, 68, 71, and 72 were prepared from 1,5-bis-(3-
hydroxy-phenyl)-penta-1,4-dien-3-one or Compounds 20 and 62-64 (Scheme 8). (2-
Bromo-ethyl)-diethyl-amine hydrobromide (1 eq.) in DMF in the presence of K,COj3 (2.5
eq.) was used to prepare Compound 19. The reaction mixture was stirred at room

5  temperature for 24 hours. The solid was filtered out and the filtrate was concentrated.
The resulting residue was diluted with CH,Cl; and washed with water twice. The
aqueous layer was extracted with CH,Cl, twice and dried over Nay;SO4. After
purification by a CombiFlash chromatography system using Grace silica gel cartridge and
CH,Cl,/MeOH, Compound 19 was obtained.

10 Compound 19: amorphous; ESI MS m/z: 366.30 [M+H] ; 'H NMR (300 MHz,
CDs;OD) 6: 7.74 (d, 1H, J=15.9 Hz, H-1), 7.73 (d, 1H, J = 15.9 Hz, H-5), 7.39-7.12 (m,
7H, aromatic H), 7.22 (d, 1H, J=15.9 Hz, H-2), 7.17 (d, 1H, J= 15.9 Hz, H-4), 7.63-
7.02 and 6.89-6.84 (m, 1H, aromatic H), 4.25 (t, 2H, J = 5.4 Hz, OCH,CH,N(CH,CH3),),
3.17 (t, 2H, J= 5.4 Hz, OCH,CH,N(CH,CHs),), 2.93 (q, 4H, J=7.2 Hz,

15 OCH,CH,N(CH,CHjs),), 1.21 (t, 6H, J= 7.2 Hz, OCH,CH,;N(CH,CHj3),).

Compound 35: ESI MS m/z: 382.75 [M+H] "; 'H NMR (400 MHz, CD;0D) §:
8.03 (d, 1H, J=16.0 Hz, H-1), 7.34 (d, 1H, J=16.0 Hz, H-5), 7.17 (d, 1H, J=16.0 Hz,
H-4), 7.10 (d, 1H, J=16.0 Hz, H-2) ,7.23-7.07 (m, 4H, aromatic H), 6.98 (t, l|H, J= 8.0
Hz, aromatic H), 6.87 (dd, 1H, J= 1.6, 8.4 Hz, aromatic H), 6.83 (dd, 1H,J=2.0, 8.4

20  Hz, aromatic H), 4.03 (t, 2H, J=4.8, 9.6 Hz, OCH,CH,N(CH,CH3),), 2.85 (t, 2H, J =
4.8, 9.6 Hz, OCH,CH,N(CH,CHj3 )2), 2.74 (q, 4H, J= 7.2 Hz, OCH,CH,;N(CH,CHj3),),
1.13 (t, 6H, J= 7.2 Hz, OCH,CH,;N(CH,CH3),).

Compound 36: ESI MS m/z: 481.28 [M+H]"; 'H NMR (400 MHz, CD;0D) §:
8.04 (d, 1H,.J=16.0 Hz, H-1), 7.74 (d, 1H, J = 16.0 Hz, H-5), 7.25-7.15 (m, 6H,

25  aromatic H, and H-4, 2), 7.02-6.95 (m, 2H, aromatic H), 6.89-6.85 (m, 1H, aromatic H),
4.20 (dd, 2H, J = 5.2, 4.8 Hz, OCH,CH,N(CH,CH3),), 4.05 (dd, 2H, J = 5.2, 4.8 Hz,
OCH,CH,;N(CH,CH3),), 3.10 (dd, 2H, J=4.8, 4.4 Hz, OCH,CH;N(CH,CH3 ),), 2.92
(dd, 2H, J=4.8, 4.4 Hz, OCH,CH,;N(CH,CHj3),), 2.66 (m, 8H, OCH,CH,N(CH,CHjs),),

1.13 (m, 12H, OCH,CH,N(CH,CHzs),).
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Compound 25: 3',3"-0PQ(CH3)2 HO-* 0 1. NEt3/ acetonitrile -OH + POClI 3 2.
pyridine / H20 Conmpound 28: 3'-0OH, 3"-0OPQ(OH)2 Conpound 29: 3,

3" - OPQl OO 20m2¢a8pey’ s Docket No.: 60015- 005001 To a s®@Cutuisee1047899

1, 5- bi s- (3- hydr oxy- phenyl) - pent a- 1, 4- di en- 3-one (synthesi zed by the nethod
shown in Schenme 4) in CH2Cl12 (containing a snmall anmount of DMF) was slowy
added et hanesul fonyl chloride (-10 eq.) and Et3N (-40 eq.). The resulting
m xture was stirred at roomtenperature for 4-5 hours. The reaction m xture
was diluted 5 with CH2Cl2, washed with water twi GEmeRHRpeksior 8PP ¢
CH2C12. The organic extract was dried over Na2SO4, filtered, and

concentrated kU ed b

gui ck col um ¢8P?&}§}dl%(r)7ﬁ%}@i)ﬁ&é%%§k | Za??%%-mﬁ Tgﬁyﬁé{&q ' Z&t i onyf rom
Et IOAg t oCDedD} &e‘{) d?eaisrszJ prlcsdiﬂdt I(Trorﬁ)p’llﬁlﬂ766£(ﬁl aHI, b@hiatiy eink 6y, Togst al | i ne
sol | Yi %0 _ESI 451, 2 [ Mk +; NVR (300 MHz, CDC13) 6:
7.71 (d, 6%-!?“1 I'? £ zi%a@qr&mawrin%ﬁ) ‘?[lgftl_%HSé (5n% Hey, gil’OfTB.tl c ring Hg
7.47 (t, e r Il rn

5 7( O%%CIJIE‘N(C}%@%)zg ?@&Hﬁ% J4 o 9, ZHi-Iz 6?%%13@6}&2@1{%}5' .2 P OFRLHC ring

- 0S0ZCH24HIY Cll. BB N(CH.6H;3 )2)2.23 &, BH, CH@Bamtl{n)l 3H, CH;), Cddpiodth@ls, 5, 7- 11,

22, 26, , , 5-66, 69-70, 74, and 77 were synthesized in the
manner S%Qéﬁz?é%@ ¥écribed above. 15Conpound 5: a light yellow
crystalline S@Jnh un'é%s w?mpﬁouéﬁ%s&M%Wk!]J@%l%HIgW@HWR @R, 6: 7.72

(d, 2H, J= , aromatic ring H, 7.34
(d, 4H, GBs<8D)75|J7z68éd@Ha¢de5rz Hg HH)1,5).77.02-7 (@4, (n BH, grontebic 9ingid]), HO2, 4), 3. 33

(o, 5 FgS s S RRSHR AT Bl P elom, B By g EREFER),
20( 300 M, HQ@Q_QCI@ZN(@HZ@HQH) 3389, (s 54, J@cﬁgHzoslcf QH;JZ 570 sz 111, J= 15.9

H1l), 7 aromatic rin 2H, aromatlc

Ir_|§zhg H) OfiPMQ_ZN@ﬁz\CﬁHm)zAH 8Qrar i QCHi Gl @Hs,)lz),ﬂ %‘b(S( @H}) af8mat i c
(a2 GRG0 MR8 i quAEbIuT O™ Tosaabar) )
25Conpound 8: Cehpourdi tle liphybloishrielis diSIAVIS RBE: 408. ln[ﬂ\Z+H]42 SHNNRKHDO +; LHNMR
MHz, CD;0D) é: 8.03 (d, 2H, J=16.0 Hz, H-1,5), 7.74 (d, 2H, J= 9.2 Hz, aromatic ring
15 H), 7.07 (d, 2H, J=16.0, H-2,4), 6.81-6.75 (m, 3H, aromatic ring H), 6.64 (br, 1H,
aromatic ring H), 4.11 (t, 2H, J = 5.6, Hz, OCH,CH,N(CH,CHzs),), 3.80 (s, 3H, OCHa),
2.90 (t, 2H, J = 5.6, Hz, OCH,CH,N(CH,CH3),), 2.66 (m, 4H, OCH,CH,N(CH,CH3 ),),
2.45 (s, 6H, CH3), 1.08 (t, 6H, J = 7.2, Hz, OCH,CH,N(CH,CHs),).
Compound 72: yellowish solid, ESI MS m/z: 394.1 [M+H]™; "H NMR (400
20 MHz, CD;0D) 6: 8.02 (dd, 2H, J= 15.6, 4.8 Hz, H-1,5), 7.74-7.65 (m, 2H, aromatic ring
H), 7.03 (d, 1H, J=15.6 Hz, H-2), 7.99 (d, 1H, J=15.6 Hz, H-4), 6.81 (br, 2H,
aromatic ring H), 6.66-6.65 (m, 2H, aromatic ring H), 4.13 (t, 2H, /= 5.6, Hz,
OCH,CH,N(CH,CHs)y), 2.94 (t, 2H, J= 5.5, Hz, OCH,CH,N(CH,CHz3)y), 2.73-2.66 (m,
4H, OCH,CH,N(CH,CHs ),), 2.45 (s, 3H, CH3), 2.40 (s, 3H, CH3), 1.11-1.04 (m, 6H,
25  OCH,CH;N(CH2CHzs),).
Compounds 52, 54, and 58 were derived from 1,5-bis-(3-hydroxy-phenyl)-penta-
1,4-dien-3-one (synthesized by the method shown in Scheme 4) by reacting with 1-
bromobutane (3.0 eq. and 1.2 eq. for compounds 52 and 54, respectively) or 1-bromo-3-

chloropropane (1.2 eq. for compound 58) in DMF in the presence of potassium
40



(300 MHz, CDC13) 6: 7.70 (d, 2H, J= 15.9 Hz, H1,5), 7.58-7.38 (m 4H,
aromatic ring H, 7.48 (t, 2H, J= 7.5Hz, aromatic ring H, 7.36-7.33 (m
2H, ar onmeWwopcorzogese), 7.08 (d, 2H, J= 15.9 Hz, H 2,4), BCIUSLE1/0EHI9
-0S02CH3). Attorney's Docket No.: 60015-005001 Conpound 9: yel |l ow
crystalline solid; ESI M5 miz: 479.2 [MtH +; 11-1NWR (300 MHz, CDCl13) 6:
7.71 (d, 2H, J=15.9 Hz, H1,5), 7.57-7.53 (m 4H, aromatic ring H), 7.47
(t, 2H, J= 7.8Hz, aromatic ring H), 7.34-7.31 (m 2H, aromatic rin H),
7.08 (d, 2H, J= 15.9 Hz, 11-2,4), 3.31-3.26 (m A4™Y Y& 695

2.12-1.99 (m 4H, 5 OSOZCI-|2C11ZCHS) 1.16 (t, 6H, J=7.5 Hz

547, 2 [ ME o e PAGBRIRE s itbootS sl Rololit 447, ™

sul f onat andes8y oRht 80°Ci(fog cbhpouthd7sl) pvernditt opWRRTILCStbhigsraige "lall’e@mbhtc ring H,
7.59 (d, 21-1, J=15.9 Hz, K 1,5), 7.59-7.48 (m 6H phenyl sulfonate
substit ubescevaneratsd pmdenseduged peassure andticysidue, was partitioned in gthylacgtaje |

oo P e onfar TR B PR Y TG g 7 02700
Corrpcwndwélrk -exaadtedyivith eyl aastate waital Afteredrid oves NESIO MBltered,:anB59. 1 | MH—I] +;

1H NWVR (300 VHz 13) 6; 7.73 (d, 1H =.15.9 Hz, H5), 7.72-7.70 (dd,
1H, aron%ﬁfeﬁw%%ggﬂyvméiﬁ was putified by nylb@ﬂﬁg SYfienpjusing nel?exeae/etéw J= 8.7

He, , 0 4, t 7.34 (d,
214, J {a%ﬁérgtoléﬁ’gragsrlr}éhucg F’ééhdgé A rg,gggg, irl(irmJl_Clzrsl ggHzH) H- 4) (7.03

(d, 1H, J— 15C<§Inbh4ndl§22)yell@wzﬂ:?ys(airh1ne6§dlld PEOASHEHR]), 17 BE+HHi; 'HIMR

AR (300 RROIHESAGH B8t Gr20e ~ R0 B T3 160D Ty 24, Goimpibgngug. 1,
ar ongf i CHy,i7NG- 7"15 (rﬁ 271*3 e(r&nat?corlﬂé'ﬁ) J?l@gor92]!’[|2arolﬁa§é rind }@9762%&1 (Om, J6H,
aromatic ring H), d, 114, 1H, J= 15.9 Hz,

H 4), 3.586.002. Oﬁz Ha%4)z 6%—&91 (mm@m rmgsH)l53 b (t 2H, J 36.87HB, -Hz ,

0552 Ry 8 ATl aR. U ARG Biple B . 30 3 T
M5 nl z: @@%@HB &dIHf); 019340 (@@@@H&:Hm ) 6: 7.71 (d, 1H, J=15.9
Hz H1), 7. H 5 54739ﬂ£IJ5H aromatic ring

X 7.34-7. 25C<qmp<>tmd| 54aydl¢a’f1s¥csqlidn53 S m/20§23( @8 M HEMR 490 H2), 7.06
1 0- 1 , Anb (m
9H %ﬁ%@ﬁ%@ 6A%E§8 ?%de;%%sﬁ D01§k62t4 %\k?z %@13% W ar&'@& ound 40:
Oi ly syrHpg;18C216é (rﬂ;m&.‘ﬁomﬁﬁ rifdSH), m’ 21 41&3212 z{rMhbllc ﬂmg Hﬂ\lfY/R4((3@,(2H\/HZ
DMSO-d6): 7. 77-6,. 5 9£_l§aro tic Hand vij %BH each, s,
ocH3), 3 FT6(4h %@n Ay 6. § (mgZhqremgiic pre %@%ﬁ@@%&l 7% T.138. b3z m
SQ2CH2 4 CZ3H2601OS3
=P O?P?"”E’Hme PB Tl QuhestieascIp 102494, Gin 29120010
ar omat i cO8HaGH,@H§GH3)HP,993. 83 (ni AH, OF HETRCHRCHB ). X 2) 3.53 (2H, q, J =7.5
Hz, SO2CH2CH3 9 Qu | | ow
sol it ESI I\/B%?I‘PE"““Si %g}[twﬁﬁwajim%é%’%ézw ﬁ%@lsﬁg %ﬁﬁg (‘};@
benzyl i deme, 600 5?7.%915, A M 6.8z, BLOFRYIA-7.2NEnHH, sfeldid ), 7.22 (d,
1H, J= 8.0 Hz, aromatic ring H), 7.16 (d, 1H, J = 8.0 Hz, aromatic ring H), 7.13 (t, 1H, J
= 2.4 Hz, aromatic ring H), 7.11 (t, 1H, J = 2.0 Hz, aromatic ring H), 7.03 (dd, 2H, J =
16.0, 2.4 Hz, H-2,4), 6.97-6.94 (m, 1H, aromatic ring H), 6.91-6.88 (m, 1H, aromatic
25 ring H), 4.26 (t, 2H, J = 6.0 Hz, - OCH,CH,Cl), 3.82 (t, 2H, J = 6.0 Hz, - OCH,CH,Cl).
Compounds 55-57 and 59 were derived from the compound 58 (for compounds
57 and 59) or the analogues of compound 58, in which the R; group was replaced with a

3-chloropropoxy (Scheme 8). To a solution of compound 58 in DMF was added
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104H, cycl ohexyl-H3,5), 3.35-3.25 (m 6H, -0S02CH2CH3), 2.46 (d, 2H, J=
6.6 Hz, -Cl), 1.59-1.50 (m 9H, -0S02CH2CHa), 0.86 (m 1H, cycl opropanyl
CH), 0.50w0.2412/02m3822H, cycl opropanyl CL-12), 0.15-0.08 @G/UR{)11/047899

cycl opropanecar bonyl CH2). Compound 53: Yellow oilly, ESI M5 m z:

481.0 [M-H +; NWR (400 MHz, CD30D) 8: 7.68 (d, 2H, J= 16.2 Hz, H1,5),

7.63-7.54 (m 2H, aromatic ring H), 7.46- 157.39 (m 1H, aromatic ring H)

7.33-7.01 (m 4H, aromatic ring H, 2H, H 2,4 ben 84-6.81
(m 1H, aromatic ring H), 2.95 (s, 12H, -osozN(céié‘)“?}sg"c“e%“%%%%‘)ﬁhd 65:

Anor phous, ESI Ms mlz: 479.6 [ MtH +; NWVR (400 MHz, CDCl13) 8: 7.65 (d, 2H,

J=16.0 ) m 2H,
aromatic Crl&"ﬁ%—s 50&9 )311?1% ré%ﬁmg?é%cé%&%ﬁg{u&g}wéém |é(§)tP|8§ ég?(?s@%é‘g (d, 2H, J=
16.0 20HZ\;erﬂn|gRt 4A)ﬁer30816d ((ﬂl;ooﬂfi'tﬁmﬂ)aaﬁlré’, thiz solv&ﬁ%&@@d@ted @nd@r redSced61l,

CH3), 1.57 - 0S02CH2CH3 und_66: Orange yell ow i sh
solid, E@‘FS% mdzt e m@ue “[awm]tmonqmml% 4%atmaed W@Ee:ﬁsle grgamicphased, 1H, J=
16.0 Hz omatic
ring H 1w|5§ %v%shz%m@l% \(/é;ler t%\&é'e' an‘é‘thé‘@cgurg(o)%\{vl X 1%)5 ’wez&i_é')ﬁra teé%l%mthglg’ci J= 16. 0
Hz, H 2) twige. %ﬁémﬂneﬂllﬂveﬂNaﬁﬁhDﬁH&ﬂed ldnd pondenBated,dhe drikle dmas Burdfiddzhy @ar omat i

1755 BB S P A i B O

%gyng{n@@an&&&gwe%ta@ehmﬂ57 %%or%dﬂ BSL 141759sz B’M*tﬂ M+HWP%I@12@<HZM*Z

ar omat i c(400 MH3ITDAR o¥: edp) (&, Ddd@tmmcﬂz, H}(DD]ZEW(IGSU@JJ H6.0HA4H-),12 (m 4H,

05000 oERY 223 hal Sonti g 74 | el s3eld, Y pan Gy

gggli%mgz @(?{zghﬂo?ﬁhc Wn@‘&?' 597 %@|1|HjJ=Eﬁ‘J oM, Hiz? 69914, JIH,\l\]ﬂH‘ﬂl%O“Hz'\NB)( 4033 MHz,
7.65-7. 6@8§{6rﬁ4 (2H3Hammlpcmg|fﬁg4+l§(t 2 14= 'ﬁQEIZ(@LHa’@HzIé(@ﬂnﬁHz&zCﬁzhg H),

6.93 (d, 5. Hz, H4 6.77-6.74
1H, a§ oma%yg #llqh% I§I)66 ﬁ%’ %@@WS@%F% 2253 (%? 4%ZH J= 7) 2 Hz, (m
- OSOZmZOHBECHZN@_MCS{z )t1,)CHB3-1.68. (B3 461, OCRHCHIN(CHHg), CHOSO26H243 T3)

Conmpound 74; [owlish solid, ESI M5 mz: 361.1 [I\/H—I] +; HNMR 10
(400 M—Izmébbf%éh N@élz Ho)28H2) 3= 16.0 Hz, H1,5), 7.52-7.50 (m 2H,

ot 6 ringC ﬁ%ﬂ?@?@?ﬁ?ﬁ% (izgfln B SR il ﬁgdﬁ%ﬂb%d %% %bggea%ﬁ%n ™
aromat i coff3- dgoﬁgﬁ)pﬁjgé%t(sdtutéd-ﬂ 5%)?003&dbsﬂr1medl-;bhﬁﬂayl) ieﬂ@-él(_éﬁt?dleliﬂ onqul—izﬂﬁ 0 Hz,
oshoc by imistoyiskl A browbpio RS AS oY 4 a0 e st 1 B O g 1
NMVR (400MT4'2'ZC]£@§3%)752§3 I@J@M @Hz B=1)16.4 (h'ZlH'tb‘iléb thﬁ 773%1 (m 3H,

aromatic ring H), 1, arorratlcrlng H) , 26 (m 2H,
ar omat i c7.25 gy, A, ardmatic (m@lH) 27|—23 :71 21:(m61H arpm@tieing H).27. llé (d 3}131 1,0 2H, J=

12 . AR 25 e Sl ol 0 R SRR 2
Qéd; ogseggﬁé@)(mm drofafic ingH)340Ne L, WaE SYRuhESiGEH, Acetic chloride (3
CH,CH;N(CH,CH3),), 2.99-2.95 (m, 2H, OCH,; CH,CHoN(CH,CHa3),), 2.88 (q,4H, J=
7.2 Hz, OCH,CH, CH,N(CH,CH3),), 2.10-2.03 (m, 2H, OCH,CH, CH,>N(CH>CH3 ),),
1.18 (t, 6H, J= 7.2 Hz, OCH,CH, CH;N(CH,CHj3),).
25 Compound 56 was synthesized in the same manner as described above by reaction
of 3-chloropropoxy substituted 1,5-bis-(3-substituted-phenyl)-penta-1,4-dien-3-one with
piperidine. Amorphous. ESI MS m/z: 392.25 [M+H] *; 'H NMR (400 MHz, CD;0D) §:

7.72 (d, 1H, J=16.0 Hz, H-1), 7.70 (d, 1H, J = 16.0 Hz, H-5), 7.34-7.21 (m, 4H,
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i nstead of ethanesul fonyl chloride After stirring at roomtenperature for
3-4 h, the reaction mxture was poured into water, and extracted with
CH2C12. ™o 202iased organi c | ayers were washed w th waPEm/tsael 10409 bri ne,
dried over Na2SO4, filtered and 25concentrated to give a light yellow solid
crude product. Purification with ConmbFl ash chromat ograph usi ng n- hexane /
Et OAc as eluent gave the desired conpound in quantitative yield. Light

yell owi sh crystalline solid, ESI Ms nfz: 351.1 [Mt;)%)é:l%ock%thk%‘ﬁO%OSQ)gloo VHz

CDC13) 6: 7.67 (d, 211, J= 16.0 Hz, H1,5), 7.46°7 M ar ofat i c

Attorney's Docket No.: 60015-005001 ring H), 7.34-7.33 (m 2H, aromatic
ring H, : ( H;7ar0 IS, Ik dl1927 L ) % 9,1sH 2, 4),
g (S,ar%rﬁ%ﬁk_%?%ﬁé)m3 @ 1H,%:O%FO|I§Z Hﬁg@;s dzlﬁ,J 46.040, 117) 196915 2

ounds 1 4 were synthesized int
manner Sl Haaronatic himg Hn7 8Bi(chH, J = 2.4 Hz, aromatic ring H), 6.99-6.96 (m, 1H,

Phos phor SURN 18k H-ar 541 DY el HEE 15 Sp (1 0. CoRgoThaOLER o

phosphor@nfam%\g@}gcg?jzé?gi oebiyb4 gste, -O0cil @, CcH,N(CEORYLOH,)24sver e used

i nst ead of ethanesul f'on chloride After stirring at roomtenperature for 2
hour ,5 t he9% @acitl.dCi KHICHMEI 6 Gl H) nt.66-heitl dm, 4HnOCddet r act ed with

dri ed_ Vel aBURH R ared b oo Ol s BN SRl sol  d or ude
product . PuriEémadind59MashhthesisdifiRsdanehh et 20da@ibddsboge BHGdiZin MeOH as
el uent gave the desired conpounds in quantitative yield. _Cﬁgp_ound 14:

anor phouss:comppungsS fivith pagoidme. [Yald] 3506, anppuui s3B! n/zcpR ) [M+-HY 569 (d,

aromat 1 o TNRG 0 Seln AP ALy, SRR ind ey 6 A BT T

Hz, & 1853)4).35-4.232md 5B2ar0Mati8Hng GFHR CHR), 2H1 J 411 @ Hz1R43,4)) 209 (2 1Hz.]
OCH2CH3) . Conpound _24: am)rPhous, ESI M mz: 4 3.(%9 [ MFH +; 11-1 NWMR
(300 MHZ; 2807 ayongaticingd); d.0220,9% (m, g, promgatigring Hy &§6-6:834gL +H37 (m 6H,

aromatic, [ . 751257 f i A M- 0p—2%1, J=

15. 9 Hz,ar{aﬁigt%@g Iél.ig‘%ﬁ;( g 2%H] g&% O@%@Wéé%ﬁﬁgf’)ﬂ g’g%io’r{poﬁ'ﬁds 18,
23, 25, B2-G4H,GHNEH,08hp032h281 meH, D CHLHAN(OELCEL D), 261t @, 4Hhak
desccri bed ove ] | orophosphine (- 10-15 eq.) was used to prepare
Corrpound§4-§§%’@§Hmﬁ\QéﬂZ§pﬁ)}?Q§yl chl orophosphine (-10 eq.) was used to
make1@Wpoun%%gpo&@dw%ﬁ%@%bg%d 1B RRARERINMSOUN 18 vth ) cy)R$ (UBRd-0 make

Conmpounds 25, and 33. ter stirring at roomtenperature for 2h, the
r eact i orethylytlietleyl\aasnclty doctwomatici in toViién the ragsdnesxaffatiGad2wiagh CH2C12. The

organic ] ayer washed wi.th water.and brin dri.ed oyer 2 , filtered,
ang clonc@ﬁg?rﬁff 2@51{15 rg?%’«?nvtr\%é&ﬁ? Wﬁ%St%eﬁp?Bﬁ%olﬁn gegnpéer%}%rlelogévmé%@l%ﬁ%%uri :‘ i cation
wi t h Conpi Elngsilikofiis OTRE QUVEHR Wvayl SVapRrdddit MaQktdasedsie ldukniesidaye the

desired conpound in quantitative yield. Attorney's Docket No,:
60015- 00BaoRardiaensd ummetlylengebloside aad weksr. ke eeanic phaseovaswashgd with 1 HNVR (300

MHz,  CDC13 . 1.70 P - J= 0.9 Hz,
aronttic” tfl‘hg“‘?ﬁ)t}meﬁ (Eigt-“f.?’??'?)rﬁnjdgbf?aﬁe8‘rlr§”%%‘aﬁsr%er%’féa?.tegémf%, oH, J= 15.9
Hz, H 2, Apthylen®Ohldri86twioe. Bffer BRHAGVS) Na8BOfilterdd apthcod@bkrateAtt3)ly
5Conpound 23: yellow crystalline solid; ESI| z:, 667,61 | +; 11-1
NVR ( 300ctmie waiprifseyd by: Combgidash %ystemﬁﬂwe@wgﬁagﬁleﬂﬂ?/ﬂlﬁthﬁi)l?l %%107. 67 (m
2H, aro LG .. e Y , T 18H,
ar omat | oot o Pgler30a Yo b FMI niizsa 7 (I MNRIAM
cryst al | Mit, €81,00) SEB75 K 1, 7= B0 Ha7bdnrilene CH+),NVES (sLor,(1300 Mz, CDCL3)

8: 7.70 (d, , J=_15.9 , ,9), 7.50 , =1 Hz romatj.c rin

H, % 451g67‘?3$e(nﬁ’;cﬂﬁ—9,’ 7e?rggzﬁ’alir:_‘l-:&’rqr€’|‘§a@ﬁ nng hg(y %ﬁéﬂéﬁ 7§|—f‘rog’ia§f‘rﬁlf’$ ii)’r ing I%) ,

7.08 (d, 58k 37, pReldiiés-oft)24.91 (s, 207 ipbSdinBbneiHB21 (W, BT, (s, 6H CH3).
OCH,CH,N(CH,CHs)y), 3.14 (m, 2H, OCH,CH,N(CH,CH; ),), 2.87 (m, 4H,
OCH,CH,N(CH,CHs)y), 1.17 (m, 6H, OCH,CH,N(CH,CH),), 0.87 (m, 1H,
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Conpound 32: |ight orange solid; ESI M5 mz: 381.14 [MNa]+; 11-1 NWVR (400
MHz, CD30D) 8: 8.09 (d, 1H, J= 16.0 Hz, H 1), 7.65 (d, 1H, J= 16.0 Hz,
H5), 7.2800d12/0242821H, J= 16.0 Hz, H2), 7.15 (d, 1H, J2CIAISR010478pb 4),
7.23 (t, 1H, J= 8.0 Hz, aromatic ring H, 7.15-7.08 (m 3H, aromatic ring
H, 6.85-6.81 (m 2H, aromatic ring H, 6.70 (t, 1H J= 8.0 Hz, aromatic
ring H, 1.26 (s, 6H CH3). Compound 33: yellow solid; ESI M5 niz:
457. 14 [ M#Na] +; | HNMR (400 MHz, CD30D) 8: 8.11 (d, 1H, J= 16.0 Hz, H 1),
7.70 (d, 1H, J= 16.0 Hz, H5), 7.56-7.54 (m 201Pomgy ofpelci Mo pQOHPOIPL 7. 44
(t, 1H, J= 8.0 Hz, aromatic ring H, 7.28 (d, 1H, J= 16.0 Hz, H2), 7.15

d, 1H, J= 16. 4 1H, ar matl ri .15-7.08
éH aron%Yflomnangcaﬁaonyla&& 06%&?1 (%%ﬂl %@OP@PW? gny} Cﬁ‘g!mé] & Ié%’? (t, 1H, J(:m
8.0 Hz, %"g&ﬁ%ﬁaﬁe&ak%yi‘ﬁH .72 (s, 3H, CH), 1.68 (s, 3H, CH1), 1.27-1.19
(m 6H Conmpound ’32 anor phous; ESI Ms mz: 489.08 [MH,; 114 NWMR

(400 MHz, 25c§Emgc)un@ 468Nalszs'y(1dies14qd in Jhe B BnCT &r»de)scnbedwcbowexctp{ thar 15.2
Hz, H-5) 7. 56 rin 5 1H, aromatic
g vy 2 o g3 bichp R Pl BRATRIASplaie o s & SPIICOR g uilll PO00TT ¢
ring 5H) 6. 87C&n;5’dun(drm6 atybnddv golft), ESMBmlz: 384 0 MMAH] " CHEGvE) (4019 NMbiz1l. 66 (m
4H, CH2CH3) 28- (m 12H, CH2CH3 Attorney's Docket

60015- oo@@@)s 77 @@mﬁo&ndlwzmw mc_ﬂegﬂwwoz IPS%nD@dFMH] 1HNMVR
400 MHz 8; v 15 6 Hz,
L), e SFEIR (o S Arollinic Hilg W7 B, Slomelicaiheldh, sHB e H.2% 0 ©

H, 7. 32p1ﬁerild4n-@mneﬂ|4 91a(s OTFRt pigertdimg-dre g AdiOHnD 22 DCZizQ}IbEI(GHz(CHg)z,BF%
aronat i c r | 18H, CH3) .

Compounds” S 155 G Do Cmk e Glto] ol P C B T S b £49 . Sﬁ| b
1 3 3

et s P%FF R B e RO R R T B 6 1, ORHICIEMEALCE o 1o
-78C. Ta2.6hig 4W\hs’—a7d61ébt ECBMCHZI@(@LI@QHmd 38re$H, di=st.6 Hzed POC13 (10 eq.) in
o or SAChCHOURCEES: LuRg, SO R BRatHoN e Rua RSS! ol rents 00

and wat efyc(optdiahecdithn ?VCH?'(MM &1@ pis r&‘yélo%?@ne%gl@%gyl C-‘:I%@h@i 6suhi2rMg reaction

mixture was stirred at 0Cto room t'enper at ure ours and
concent r@ckgpramnehayvessCHDhe crude as a m xture of Conpounds 28 or 29 was

urified by revered- | unh ¢ C18 'I' el and
PhoH B0 Lo 1CoPoie ARa% I8 eI HaR] BB CoBitR 10 58 S5y b ool | a:
EST M5 Gk hilyR@bly] ¢hloddtNMR. dHz 0 tBg{d, 2H J=
15.9 Hzmelﬁecg‘my 1ﬂ{Af%ﬁ% 38@(%_1“% 6I9I ar orr:fafclpgal—l),BNl@z E@)ZT g%’téH aromatic

H, 7. 11(S@b|em<2§)’ The res:tignpas cprrizd oyt with stirring atregbientpergure el 4-oW sol i d; EST
5 L2 0 U e SRRk Al i B 08 12
2H, J= 1ni&. Hhe dgudoud)laye? vas Atttaetodeyitls CHoCk @Wichlo AftebP@iffed0@BINAL Synt hesi s
of Conpo(lljgnqglﬂ]é?h sy%?err? SSlng4 8H§gfz /l\l/llgOHSe:Zluen?ltorSngpougg L?S ngs obtained in quantity

as light brown solid. ESI MS m/z: 458.21 [M+H]"; 'H NMR (400 MHz, CD;0D) §:

7.72 (d, 1H, J=16.0 Hz, H-1), 7.71 (d, 1H, J = 16.0 Hz, H-5), 7.64 (d, 1H, J= 7.6 Hz,

aromatic ring H), 7.61 (t, 1H, J= 2.0 Hz, aromatic ring H), 7.46 (t, 1H, J = 8.0 Hz,

aromatic ring H), 7.34-7.29 (m, 2H, aromatic ring H), 7.24-7.23 (m, 2H, aromatic ring

25 H),7.24(d, 1H, J=16.0 Hz, H-2), 7.19 (d, 1H, J=16.0 Hz, H-4), 6.99-6.97 (m, 1H,

aromatic ring H), 4.11 (t, 2H, J = 5.6 Hz, OCH,CH,N(CH;CHj3),), 3.40 (q, 2H, J=7.6

Hz, SO,CH,CHj3), 2.91 (t, 2H, J = 5.6 Hz, OCH,CH,N(CH,CHs),), 2.67 (q, 4H, J=7.2

Hz, OCH,CH,N(CH,CHj3 )2), 1.47 (t, 3H, J=7.6 Hz, SO,CH,CHs), 1.08 (t, /= 7.2 Hz,

6H, OCH,CH,N(CH,CHs)o).
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Scheme 8 0, 5) , 2 K2C&B N(C 1| -R2 + Br2H5)2

1, 5-bi s- (3- hydroxy- phenyl) - penta-1, 4-di en-3-one: 3',3"-0H, Conpound 20:

2', 3", 3"-vB20ammsand 62: 3',3"-CH3, 4'-0H, 4"-0CH3 Conpouib2@2647899
3',3"-CH3, 4WO0OH, Conpound 63: 2',2"-CH3, 4',4"-0OH Conmpound 64: 2',2"-CH3,
4'  -OH, 4"-0CH3 Conpound 19: 3'-0H, 3"-O(CHZ)2N(C21 15) 2 Conpound 35:
2',3"-0H, 3"-Q(CH2)2N(C2N5) 2 Compound 36: 2'-COH, , 3" - Q[ CH2) 2N( C2N5) 2
Conpound 67: 3',3"-CH3, 4'-0(CH2)2N(C2H5) 2, 4"-C]—I Corrpound 68: 3',3"-CH3,
'-0(CH2) 2N( C2H5) 2, 4"-0OCH3 Compound 71: 2',2"- GABOFHC!@SDC@'(GM)?@MWE)Z,

4" - OCH3 Conpound 72: 2',2"-CH3, 4'- 0(CHZ)2N(CZH5)2 4" - nmpound 55:

2 = (oSN Eelz omous 56 (5 SmONs o1 12 Sy POV 5

CDCls) 6: 7.67 (dd, 2H, J= 16.0, 4.4 Hz, H-1,5), 7.54-7.50 (m, 2H, aromatic ring H),
7.43 (t, 1H, J= 7.6 Hz, aromatic ring H), 7.32 (m, 2H, aromatic ring H), 7.20-7.15 (m,
2H, aromatic ring H), 7.05 (dd, 2H, J=16.0, 4.4 Hz, H-2,4), 6.95-6.92 (m, 1H, aromatic

5 ring H), 4.30 (t, 2H, J = 4.8 Hz, OCH,CHoN(CH,CH,),CH,), 3.30 (q, 2H, J= 7.6 Hz,
SO,CH,CH3), 3.01 (t, 2H, J = 4.8 Hz, OCH,CH,N(CH,CH,), CH,), 2.78 (br, 4H,
OCH,CH,N(CH,CH, ),CHy), 1.76 (br, 4H, OCH,CH,N(CH,CH, ),CH,), 1.56-1.52 (m,
5H, SO,CH,CHj3;, and OCH2CH2N(CH,CH,),CH,).

Scheme 9
COOH
M V\N(CZHE)Z Co \‘/\)J\/\‘/ \/\N(CzH5)2
COOH
Compound 19 acetone [
Compound 47
P COOH
0 0
C,H50,80 ™ = 0] C,H50,80 ™ = (o]
\/\N(Csz)z CooH 2H502 \/\N(C2H5)2

[ COOH

Compound 48 COOH Compound 49 [
acetone COOH

o]
CoH50,80 X = 0 C,Hs0,80
O O \/\N(Csz)z Zse \/\N(Csz)z

85% H3PO4

Compound 48 acetone Compound 50 H3PO4

o] o]

HO ™ = (o] HO (o]
~ONCoHs) ~ Z " N(CoHs)
85% H3zPO4 .
—_—
Compound 19 acetone Compound 51 H3PO4
0 HCl » 0
C,Hs0,50 S = o\/\N(Csz)2 (2.0M in Et0) C5H50,S0 N = O~ (CoHelo
C ® “weon @ o
10 Compound 48 Compound 79 HCl

Compound 47 was prepared by reacting compound 19 with succinic acid in

acetone. See Scheme 9 above.
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Compounds 19, 35, 36, 67, 68, 71, and 72 were prepared from 1, 5-bi s-(3-
hydr oxy- phenyl) - pent a- 1, 4- di en- 3-one or Conpounds 20 and 62-64 (Schene 8).
(2- Bronowethizde4as2et hyl - am ne hydrobrom de (1 eq.) in PRE/USR01I0E78pY esence
of K2CX3 (2.5 eq.) was used to prepare Conpound 19. The reaction m xture
was stirred at room 5Stenperature for 24 hours. The solid was filtered out
and the filtrate was concentrated. The resulting residue was diluted with
CH2Cl2and washed with water twi ce. The aqueous |ayer was extracted wth
CH2C12 twice and dried over Na2SO4. After purifi 6\\5/ Fron By e8I hsh

chr omat ogr aphy systemusing G ace silica gel cartridge and CH2C12/ MeOH,

IV e 300 Re el a9 o ] e gl s %05 (g

1H, J= 1slded prly With stirrihg3@mipolidd {9(1.72Hg, B3 Gmatalink)4 nil. @acbdne.1H, J= 15.9

Hz, H 2 1 J= 1- 7.63- 2 d 6.89-6, 84 1H,
aromat i Z:D%mg ti‘ %gdlflf’n ]@L}t y?lliLOV*SCW stafjine @ﬁ% @-ﬁ‘glj’rf?lgltgteﬁ pul tAI%?lElm J=
5.4 HZ Lt%}e fog Z%t}feqeac‘ﬂlb‘n m]ixtu¥e %aé'?toreé@n %ﬁ%ﬁ%ﬂ& CH2CGHB) 2)

1.21 6H J— 7.2 npound 35: ESI MS ni z:
382. 75 [ owterflight; ThelviR] (NAS‘)@olMeIEd b&[ﬁ?.@@)or&ndwmec( w;th matonelto ptévide Hz, H-1) |,

i e I N B N O R

aromatic 183 1H, J=
aror 8| ¢ H)20 @ﬁgl,ﬁﬁ%\?fg% Iiln(l:a11041¥061 & ES. Mgﬁz :?1_60{??1@4%@4@ HOGER

OCH2 CH2 NG R GIY;:01D) 8. 7@t|-8d bl /3 ig@ I, Hzrlls T, (do@ﬂzmm@@ma-@) )2), 2.74
o Cront TG By SRR ERb IR P 2 1 iR PR 5 R 1

(4001dVHzaroGRBOD), Bl4 @, OH, (¢, mnﬂzim;t@ 13-1iao (i 21, arammc {19,7.0H7.03= 16.0 Hz,
11-5), 725715 (m. 611, 25aromatic 7.02-6.95 (m 211,

ar onat i c(H)LH, graguatis 1) 6 B#ro. Hmal&b@ﬁ&m@%{) 443729 2Hief 2HHZ3= 5 2, 4. 8 Hz,

?é:'&mé'ﬁ%@ SHAR 53 1% 2PN SBED Sl e STBCIBN RO ) 3,10
S T T O e Y T T
67: Anor %%S:‘ @H@gﬁ@?@aﬁzs[wﬁu e; NVR (400 MHz, CD30D) 8: 7. 217)0?3
2H, J= 15.6 "@omgblilnd%we?s ﬁépa?e&”ﬁo&@on’%b‘unéﬁ@nﬁﬁ'sﬁmwr'Pfgmhgp Sée08- 6.70 (m

4H, H-2,4 and aromatic ri
OCH CH2 NB bl 93a@dye. 2. 99 (t 2H J= 5.2, Hz, OCH2CH/N(CH2CH3)2), 2. 73 2.71

4o e aN G SR By esr s 2 B GO0, 2l

mz: 40 - = Hz,
R S e

|+ 2,4), ®o9gtierio ,rﬁ 696, llé;bﬁatq Kz, rarcngatH)rlngleM 5(1t(t IZHJ J&014. 8, Hz,

%é“*mii fn. Sagg 300 A cabtrpkeradue B 75 803 ¥ o)

2 20 (s,7.36(d, @Hﬁ)f 1]6G-HIZ(HA)&"DSJ%SQmSIHHZr,c)Ir%H&GgIZ{‘)I(@B@MHZJ 52
Corrpound 71: ht _browni sh_sol i H& | FI NIVR (400
Mz, CD3dB)O @J&{M%C}b}ﬂ;3ﬂ4(tléH0/ H252HZ»10@ zClizN@%z@PH W3 434.8 Hy

t I 7

o omt 1 ¢ £ SBCILeR), s @rlnrs b e, GORUNGHER Y20, Y
OCH, CH2N(UCHREHR | PG HEIBCAGH), 349 (OBHBY = 22 91, $0,CHICH3)=1.50 @, 6Hiz.] = 7.2

OCH2 CH2N( CHRCH3) 2)., 2 4H, OCH2CH2N(CH7CH3,)2), 2.45 (s, 6H, CH3),
1.082%,‘(1&4?811@}7‘2%@%%% gaCHchzN( CH2CH3) (2) CorrpZ)uZ]d 72: yfalsl owi sh sol)| d,

ESI M5 Mz 384miodd . g{N}/gﬁé RAAMNEBmp SRR with plbsPRoddgbid @, I=
15.6, 4.8 He, FIP%?S), e prEpE (54 R aronatic i ng o id s
aqueous solution) in acetone. See Scheme 9 above.

To a solution of Compound 48 (0.28 g, 3.36 mmol) in acetone (0.5 mL) was

added slowly with stirring a 85% H3PO4 aqueous solution (1 eq. of H3PO4 0.6 mmol) at
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Hy, 7.03 (d, 1H, J= 15.6 Hz, H2), 7.99 (d, 1H, J= 15.6 Hz, H4), 6.81 (br,
2H, aromatic ring H, 6.66-6.65 (m 2H, aromatic ring H, 4.13 (t, 2H, J=
5.6, Hz, WBMMS@I—IZCI—B)Z) 2.94 (t, 2H, J 5 .5, Hz, eCHACRAMNOECHICH3I)?2),
2.73-2.66 (m 4H, OCH2CH2N(CH2CH3,)2), 2.45 (s, 3H, CH3), 2.40 (s, 3H,
CH3), 1.11-1.04 (m 6H, 25 OCH2CH2N(CH2C1-11)2). Conpounds 52, 54, and 58
were derived from 1, 5-bis-(3-hydroxy-phenyl)-penta- 1, 4-dien-3-one
(synthesi zed by the nethod shown in Schene 4) by reacting with 1-
bromobutane (3.0 eq. and 1.2 eq. for conpounds S52%angs Baket Noe&PENI0el y) or
1- brono-3- chl oropropane (1.2 eq. for conpound 58) in DWVF in the presence

of potassjum40 . Attorne 0015- 005001 bi car bopat The
Ceantt o b e it 2L P BaParatis Sk k B BorAr I CRUE SO RSOTES 52 and 58)

or at 806fi{depiiorCRRRAMI ATR) e@éﬁ%FdﬂﬂoHr&Tt&rsoWehh thelrCsiRWhOlisBved FRE SOl vent
was evaporated under reduced pressure and the residue was partitioned in
et hyl ackmétad Hhithngddher frozEhe Lopphilizaiongpee Cmmomm@ aydlowaysallingi ce and
t he aqueogj }/\&Ish n& ég/\sgre extracted with ethyl acetate twice. After dried
over Na2$ nyeé 8{1 ‘hd concentrated, the oily crude was purified by

Conbigf | ash sy@érﬁﬁaumalsngsrmqa&eA% by [Mapge@Ha] &l HENKR @oginvEzdesi red
conpounds 52, 54, and 58. npound 52: yellow crystalline solid; ESI

MB m z: @1?93@)76 [NA8d, 2H,  F116 )V, (Hr@é)M@( 13y 7606 Hz, gomatc ripgyH)g= 16. 0

Hz, H1 0,7 106 117, 16-7 ,
ar omat i C’Fésl ﬁ ﬁ J= %6‘# %Orgﬂyl-rlﬁ{gar d?r:asﬁl (Ejllr@?r‘{g ,H%?‘%’g“azlﬁé‘?’gm 7%5": 16. 0,
2.0 Hz, 1-82(114,)4H &r&ﬁatﬁ‘,x%g I(Im 7.261(d, atiouret 1600 Hizlg-H) 7.2B(QTH( V= W Hd= 6. 8 Hz,

- OCH2OROH2CHB), 1.79-1.72 (m_ aH OCHZCHZCHZCHS’){ 1.51-1.45 (m 4H,
oCH2 CH g B3 - @é@»éHgﬂromﬁlceng pHpEFd)8 Heonpound 54: yel | owi sh

SOl Igj ﬁ?@“@gﬁ@_ﬁ@@%g?%?ﬂ{w:dfh{ Hééﬁg\lﬂ orfat |3%2 ri n?‘ﬁ?{ J; flsg (dd

(m 2H, AR biraSOCHIGH:) .33 @, 4H, chr722]lziO€H§@thN€C _101@)151)1,497@@41 Jad, 2H, J =

12 5 o 5215 sbutlirecbéta il s Tt IR Gkt ogie) . 1 531, 47
(M 24 OSLGGEALY v 980l 28 { By SXRARGHEGR) sof0Compound 55

| ight yellow solid; ESI 1HNMR (400 MHz, CDCl13) 6:
7.67 (d,C@hpound lﬂen@smuar}malmﬁt) See. %henﬂ@?@b@m 2H, aromatic H) 7.22 (d,

1H )= 8.0 Hz t F 7t i ,

gt o GopgTe g ESLOR e ade bl ndial Pyt agBgR! S TLNe
ring H, c133@13)§d7d74 H1H) 7=16.000Hz,314), HZ7zdz+2H4Jr16 09Hz,61-9% 7(m7 354(marorratl C

S sty i S s SR, SO D il 20 L, 2 e Ot e
59 : f t h

59 ere BREISH, KR B RAPRIG STl 0 uEAIROHICE: PE 16, 38, o Lhe

3-chl or Oepbmawm) (@ChGBE(&)lHTﬁoﬁlaﬁ@Hl)l,m @m(toquoﬁpm&mj 58 in DMF was added
Attorneys eridine ( ul ting

The r

reac?d on ﬁﬁx@ﬂ%(%%éﬁa?é& (Tt 8HBQSC %ﬁﬁps@pwg&lﬁ@?ﬁ 3. 3Af(ﬂe+}%c’ool ed to
roomte t @@(jg essure and the
resi duen?\;\ggﬁbgbrtﬁ t H%ﬁg%ﬂ%%%g% ﬁ%éﬁ?gfreﬁg(g% wat ertHr e org I£ll c phase was
washed wi t h wasdrapoundi Wewanmtepanal @ouedlos ovgsdlling soliddryercactingdbngebunilt h et hyl
acetate 5 tvmc After drie 2S5, filtered, and concentrated, the
crude wa®® Wlﬁllzfol dudipehlosdrs q’P’F%@W g@gp@m usi ng net hyl ene chl ori de/ et hanol
el uent, then % X§$lﬁh$ﬂ 5@@0%%%@11@%%59@ yﬂe&@mya@khﬁﬁmr@r@z phous, ESI
MS nfz: 378.25 [ MtH] 0D) d, 1H_J= 16.0 Hz,
H1)25 7. M?hy(dmchﬂqﬂde@ﬁlylsther sqiuuqﬂr%wc 7AfTE Sirdpe Qtrtpommemmr@m foe 1M, ng H),
71571 ronat i t H, . J aromatic rin

0% orip o SR eyt P iPhigsfydPodgmight Tt Sg e Y Ko™ ]

and the residue was washed w1th t-buty methyl ether three times. Lyophilization gave

Compound 79 as a yellow crystalline solid in quantitative yield.
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6.88-6.84 (m 3H, aromatic ring H), 4.13 (t, 2H, J= 5.6 Hz,

OCH2CH2N( CH2CH2) 2C1-12), 2.82 (t, 2H, J= 5.6 Hz, OCH2CH2N( CH2CH2) 2CH2) ,

2. 58 (br ,WoRp120CHBCH2N( CH2CH2, ) 2CH2), 1.68-1.63 (m 4H, PCT/US2011/047899
OCH2CH2N( CH2C117, ) 2CH2), 1.48-1.45 (m 2H, OCH2CH2N(CH2CH2, ) 2CH2) .
15Conmpound 55 was synthesized in the sanme manner as descri bed above by
reaction of 3-chl oropropoxy substituted

1, 5- bi s- (3-substituted-phenyl)-penta-1, 4-dien-3-gne with diethyl am ne.

Yi el d: 40% anorphous, ESI M mz: 380.25 [ MrH AP 3PKRR'CAVE- Y cosop)
8: 7.72 (d, 1H, J= 16.0 Hz, H1) , 7.71 (d, 1H, J= 16.0 Hz, H5), 7.35-

7.25 (m 4H, iCoL Tre3- e L 7.15 (d,
oH, J= 16.0 2%%H‘§“ %?‘g?‘?%‘ﬁld(ﬁg,%ﬁfﬁt@%’gﬁ%%%?QQW@S{‘?P% 9,

7. 01- 6. 98 HydrochHridaredryhtiher solutipnHy 0°@. BGebstBAng 80 roddn terapaamikd fornibng H),
4.11 (t, 2H, J= 6.4, Hz, OCH7, CH2CH2N( CH2CH3)2), .2.99-2.95 (m 2H, OCH2
CH2 CH7 N( BREREEBY D niXtyregiias stpregjg a @gﬁgﬁﬂﬁowv,ent%ﬂz ailis SN waERpRIrated

2.10- 2. 034 , g - = ., OCH2CH2
GO o 5 tdus Shieled LA CE i Shher Iudtils idpniBatloredle:

descri bedompawe asrgztdwenystdllids ohidon gpansitasive ysaibhsEST MSad/z: 458.21

oy phoul” e e b SMISGERAI B O0)s TR 2o vl reakoBy 171 87 (o
1H J= 16407 +8.0 ik, hlomaftichtho(d), 7X7. (t, IF, ¥6= D4 H, ardniadic riﬁgfigéi-(s%%t, ﬁl ﬁ} J4H,

Attorney's Docket 'No,: 60015-005001 aromatic ring H), : , J=16.0
Hz, H- 2)7 80.H5 atamatichinglt), 761267 4z (mHH)arqmate: rimglB), (7 9-1.8{/ (ay Ydmtic ring H),

7.09 (t, 1H .J= 2 , i L .,99-6. 96 1 icori
R L e B R T R
CHoCRN(GHACHR) R )ing2162-42. (BAHL - £8111:; OCHECOHREANIEH;, GHE)@ORRY ~ 2. 05-
51.98 (m 2H OCH2 CH CHZNI&]) PCH2, ) 2CH2) . 1.66-1.61 izlg]b( 4H, OCH2

CH2CH2 N%ﬁi@l@fﬂz@ﬁz&]ﬂHﬁ 2, B. 48 q( ZRl, oF7 . 6D oz, 817 crdtb el 7) .

Conpoun i i _ I i e by

reacti 027'2?1 Z‘Q@%@ﬁnﬁaﬂ@é‘ﬁ?ﬂzgﬁgﬁ 3}?% %pg{g(ﬁggg/@?h%?@ggﬁgp yESI MS mz:
380. 25 [MHz, Od¥YBIL¥OOHM;), CD30D) 8: 7.72 (d, 1H, J= 16.0 Hz, H 1), 7.70
(d, 1H, J= 16.0 Hz, 10H5), 7.35-7.21 (m 5H, aromatic ring H), 7.14 (d,
2H, J= 16.0 Hz, H2,4), 7.09 (t, 1H, J = 2.0 Hz, aromatic ring H),
7.02;6.9 : JH, i | H, 6.86-6.83 (m 1H, aromatic ring H),

4. 1975?t,%ﬁ@shsyg%{@u@&gﬁ%ﬂgm CH2CH2) 20), 3.71 (t, 4H J= 4.8 Hz,
OCH2CH2N( CH2CH2) 20) , 2.84-2.81(m 2H, OCH2CH7N(CH2CH2)20), 2.61 (t, 4H, J =
4.8 Hz, %(f:HZCH%N( CH2CH2) 20) . 15Conpound 45 was synt hesi zed by reacting
Conpound fB*WG 1% 1 eq. of (2-brono- ethyl)-diethyl-anmi ne hydrobromnide in
DMF in the presence of K2CO8 (2.5 eq) (Schene 7). The regction mxture was
stirred at  room genperat ur verni ght Ofcetddet h nonitojfing. Th ol vent
was evap(?r”%f% : u%hge%ﬂucgﬁ&ﬁ@gﬁ%e—aﬁd—t—he B;r%cg fyE Was par ie?)zﬁred in
met hyl ene chl ofi de agnenat er . e or gdf ¢0%adde was” washed wi 20 wat er
three times (or to pH6-7) and the aqueous washi ngs WeYB*8%%'racted with

met hyl en ride twice. After deied over Na2SO4, filtered, and

concent rgggz@f@t—he»od:zlﬂgpz&w da was pusid i~edCh§o.Combi f | ash syst em usi ng

met hyl enda.60d ¥eHCae/ met hanol ve the desired product as a yell ow
solid. ESMNBrmz: 475.13 [ MH] i dJ6l?< NVR (400 MHz, CD30D) 8: 7.75 (d, 1H,
J= 11.6 Hz, benzylidene CH= ), et s, br, 1H, 25benzylidene CH= ), 7.28

(s, br, 1H, aromatic ring H, 7.11-6.84 (m 7H, aromatic ring H), 5.04 (s,

ol BNy O CierByls 68 and ff st SotRaRrb ke BB el T
OCHZLH2 N e PofBrombrrkthyd -Blufifl (PE52EABINGHTAEHL Y30 mL) wA{ addBa DIBAL-

H in THF (1.0 M, 1.4 eq.) at 0°C within 30 minutes. After stirring at 0°C for 2h, the

reaction mixture was poured into a mixture of 40 mL of methylene chloride and 100 mL
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Attorney's Docket No.: 60015-005001 cycl opropanecarbonyl CH), 0.74 (m 211,
cycl opropanecarbonyl C), 0.62 (m 2H, cycl opropanecarbonyl CH).

Conmpound W6 209024380t hesi zed in the same nmanner as descr POEASabowe78eX cept
that 2 eq. (2-brono-ethyl)-diethyl-amne hydrobrom de and 5 eq. of K2CO3
were used. 5Conpound 46: a yellow solid; ESI M5 mlz: 574.21 [ M+tH +;
11-1NWR (400 Mz, CD30D) 8: 7.75 (d, 1H, J= 11.6 Hz, benzylidene CH), 7.38
(s, br, 111, benzylidene CH= ), 7.28 (s, br, 111, aronatic ring

7.11-6.84 (m 7H, aromatic ri ng H, 5.05 (s, 2H, Aﬁ?ffﬁé?@%ﬁkerw04§@ﬁé>}>50014 91 (s,
2H, piperidin-4-one), 4.49 (m 211, OCH2CH2N(CH2CH3)2, 3.86 (m 2H,

CCLS2CENGRAD) B uiint iskibdi il ¥ 1 SRS SEE S naid® (10 20
OCH2C11 2Wtokiferidnd then Brife, dnd th eowswds &trhted Q@H@Mﬂé&m&m& 38 (t,
611, J= 7.6 Hz, OCH2CH2N(CH2CH3)2, 1.05 (t, J= 7.6 Hz,
OCH2 CH2 N ftprxiriad)op er BaSPs( flteredy and gencspireipdiibe abtbiag sermn—gﬂy poguct (was 2H,

| 7
T ConpouhaRa§Rh RaRksatt b e SoioMonity AL IR SREASERRIE BT el o

respecti M&juﬁntlmﬂw‘zemlelﬁhm&&wnfdmh{d reilting télgpdundl.- witiestejonad ilethb@N (- 1. 5eq.) in
CH2C12 (Scheme 8). reaction was carried out with stirring at room
t enper at {9?‘ @Wfr@rthﬂp@cwurﬁl%ﬁ‘?r@ﬁé i 3ehsmet 4 yislded kommeyed P bas #lightuieHowas pour ed

wth CrocTr s STRGEE MR a0 200 O VR b PP XCReHTS B et =

CH2C12/ \HOH =l 6.6z, Hs b5pauisdy. 68 (mpEH crdmbtiedng H),JUSATISO )(maSHl arghlhtl&) r own

1921, y=etly AT i, 1, et e D0 s A T 48 (1n, 9% 7. 6

Hz, gyomphier,ppg H ., 7.61 (t, 1H J= 2.0 Hz, aromatic ring H, 7.46 (t,
111 J-80“F|“z2 aromatic ring H), 7.34-7.29(m 211, aromatic ring H),
7.24-7.23 (mC@mnqurdrﬁ@maaﬂthaln@@}@ﬁ&{)tingﬂ(ﬁ@((uaid 61111CPH€12126ﬂ£h megtute 2) , 7. 19

d, 111, = 16. O- H, 4.11 (t, 2H,
ety Bl %5. sodig pifled P FoliRy bitpfoo b Bl - 5 o
(t, 211, wgter 516 mltn%%@aﬂe%q—@sa@)@wa &M%ﬁ %4 seoigd o
OCH2CH2N( CHRCHR) 2), 1 47 (t, 3H, J= 7.6 Hz, 8 (t.

He, 611, diDBEHR N(e(hﬂ@ela}@)ldemasrhﬁqhwmwawdk@t brivke, andsmﬁblﬁa\@@BT@ﬁSm

Co h Mt 4 CDC13

o R A0 5 Pt § i Cqtifagh SbfetlshieaberaRe AT St o ring.
H, 7. 43to(atff’orcﬂ-fﬂe désirel- Rodiet afhi HIBENGw %d)lftg ‘ﬁ)eld 7146(2 E(SIIMQ lth/zaromatic ring
H, 7.20-7 (m, 2H, "aromatic ring H), dd, 2H, J = 16.0, 4.4 Hz,

H-2, 4) | BN I HNMHM%M&&:; COs): a@w 2 530160 H2H-1,35 763gbtiz,

OCH7 CH? 2CH2) 2CH2 Q1 (t, 2H, J-
4.8 Hz, tgkf(@:: %:H%)%ZZ% %H 5%%5%@%@%@&?&%&@ Y&p), 1.76
(br, 4H, HP@%QWMQ“Q@Hb HQ(H-IZM) 4s5E; 4H523_H2802@H2Cl$92238i2@'13) (n@iragl, -

OCH2CH2N( CH2CH2) 2CH2) ound 47 was prepared by reacting
conpdun HQSQG C&hbdl%ﬁ@%ﬂf?ﬁ%éﬁ%fﬁ?%@&bhem 9 above. Attorney's
Docket No.: 60015-005001 To a solution of succinic acid (0.397 g, 3.36
mmol) in acetone (9.5 nL) was added slowy with stirring conpound 19 (1.23
g, 3.36 BQGICHI3ASSARS of acetone. During the addition, light yellow
crystalline solid was forned and preC| pltated out . After stirring at room
tenper atmh_mwefkchi Ol'tlh‘ell @J Iy . < 1 10 T-ef r| ger at or

5overni ght. The solid was coll ect ed by il tratl on and washed with acetone
to provide Inhibitory effects of compounds of this invention on the growth of human

J—72

25  Lennert's T cell lymphoma KT-3 cells, an IL-6-dependent cell line, were determined as
described below. Briefly, KT-3 cells were transferred into wells of 96-well plates (2.5 x
10*/well) and cultured in RPMI-1640 medium (GIBCO) containing penicillin (25 U/ml),
streptomycin (25 pg/ml), 10% heat-inactivated fetal bovine serum (FBS), and hIL-6
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conpound 47 as a light yellow crystalline solid in 85 %yield.

Conpound 47: np. 104-106 C, EST Ms nfz: 366.30 [ M C4H604+1] +; 1HNMR (400
MHz, CD30WPp 2812/024282 (d, 1H, J= 16.0 Hz, H 1), 7.70 (d, PHI/UB201184B9Hz,
H5), 7.39-7.32 (m 3H, aromatic H), 7.26 (d, 1H, J= 16.0 Hz, H2), 7.23
(t, 1H, J= 8.0 Hz, 10aromatic H), 7.14 (d, 1H J= 16.0 Hz, 1-1-4),
7.13-7.09 (m 2H, aromatic H), 7.07-7.04 (m 1H, aromatic H), 6.86-6.84 (m
1H, aromatic H), 4.37 (t, 2H, J= 5.2 Hz, OCH2CH2N(CH2CH3)2, 3.50 (t, 2H, J=
5.2 Hz, OCH2CH2N(CH2CH3) 2, 3.23 (g, 4H, J= 7.2 HatorCHI N G2EE3p2, 2. 49
(s, 4H, succinic acid -CH2CH2COOH), 1.32 (t, 6H, J= 7.2 Hz,

OCH2CH2N( CH2CH1) 2. 15C0rrpound 49 was ared from Corrpound 483 in a SI m | ar
manner . ngipthdiksDayaisav k. o experitms Wﬁﬁs 45t coppAMRdy REABIOYS oi | ESI

160 o, TP BioR ey pery hade ARt AT (DM M pifect o fre iﬂ -
2.0 Hz, emoshivelts mnreQudﬂ)mluYnédfx(emcle;LBMSJ@ (@106 ki), \a&aerdaaaat Aeterrl ng H,

738733(m 4 aromatic ring H, 7. (d, 1H J= H2), 7.26 (d,
1H, J— 1161°@bqq£gt o)ls withghe somppungs onin Veaﬁclfnf&f f‘%hwrﬁgceili)‘/labzlhtzzwa@t 2H, J=

5.2 e GRRORMOROIIZ OB titykled oy i IRGRNORAI?. 3 42

2,49 (s, WM\, Tlmn@&llmntluaundcerﬁbim Iqﬁﬁ(ﬂﬂd)i usngMlc(dplate Hpmimontet® IHBQ6V

vas pr epmIGROHIREHHETD) Ssnbitn e fianth bR SohoPre. dFacl BeviviRucous

sol uti onyad @a@é‘a%u%@d b)s&‘%/lcﬁ‘?%"@l@”@urgm@@éﬁ@e value of coEﬁ‘)oﬁn@-ﬁ'eéﬁE& ed1safitconpound
48(0. 28 ) acet one .5 nm) was added slowmy with stirring a

85% H3P amfu@bu@tscﬂtmq:edﬂﬁ (1 eq. of H3PO4, 0.6 mml) at 46 Attorney s

Ere i ori on Al etz el BlebbibipB et &P R EbariREl R L

evaporatpx@nfe@éuanh@omlc\oa{pbundsheer@@ﬂnﬁ@@d@/@smll@sw wed27,357361145091, B0 and
then frozen. Lyophilization gave Conpound 50 as a él el I ow crystal [ine solid

at the ydend f ugspegtediiChaeh mualsc)s (tireglonymitigtign awBick @ cpMpopBPO4+1] +;  1HNVR
(400 = 16.0,Hz 1 1 J= 7.6

Hz, aron%lutppres?esﬁﬁﬁ ﬁﬁom};%gég(‘f) eq‘i‘”i—i 0 gLevendowgr tt%n %%H\% %ﬁ%’gqﬁ)‘l |117°51 (t,

1H, J= 8111Qiabﬁeng§l@i@biﬁ?cdmlﬁgo 0unﬁs397‘9 iAhi®Rcd ROT-3HEb11 roRfsAdti 1ﬁ|a'ﬂlgs€H) 7.30

(d, 111, J= 16 1H, J= 16.0 Hz, H4), 7.11-7.06 (m 1H,

ar ond@ i cdependeniynanacra 3 (t 211, s Hz, 10 OCH2CH2N( CHZCH3)2 3.60 (t,

2H, J= 4.8 Hz, CI:I'|2C|'|2N(CH2CH3)2 3.42 (q, 2H, J= 7.2 Hz, SQ2CH2CH3), 3.33

(9, 4H dz _,“, 3H, J= 7.2 Hz,

S2CH2C1=1] 7 CH2N( CH2CH3) 2. Conpound 51
was prepar ed, Tﬁémﬁxb%bgé}’feci’sedﬁ@%&fu}ié%%éré H&eﬁl%b@as éés%e@%ﬂ%@ﬁ the9 in a

simlar manner. See Schene above. 15Conpound : MsS mz:. 366.30 [ M

H3PO4+1] grewmefmcgamoer de{z(HCDBIﬁDH@‘) swmomd 51\M6201);cq16no Hz, H 1), 7.72

d, 1H, J= 16.Q Hz 28.(d, 1H J=
16 o't 2endSirtinoisy offisHeplghos . phosgs fltngistinBhe TR (g™ pnd ﬁf% 3= 16,0
Hz, 3dl- %mstztelcarcinoh% édMs @M{zma&&t LXCHD), ndn-drhall célﬁluhglcax%tﬂon@r&natl c H,
68768 m 111, arorratlc , 442%‘[ 211, J= 4

OCH2CH2 259, lusg s(inqcarmr@ma @lts GA S Dilarcocet m@wwh BC23 (q, 4H,
Cormpound YT PRRRHER SHebronfotfs L GRS el R R )
48 with Z-971V, byddstaribedréideme tély (MBI hepatodtliwar carcinoma cells (Huh-7 and
HepG2), pancreatic carcinoma cells (PANC-1), cervix adnocarcinoma cells (Hela), IL-6-
25  dependent Lennert’s T-cell lymphoma cells (KT-3), IL-6-dependent multiple myeloma
cells (INA-6), multiple myeloma cells (KMM-1 and U266), myeloid leukemia cells
(HL-60), and T-cell leukemia cells (Jurkat). Briefly, tumor cells were seeded at densities

ranging from 1 x 10° to 4 x 10°/well in 96-well Microtest I1I tissue culture plates (Falcon,
‘ 50



To a solution of Conpound 48 in nmethanol was added slowly with stirring a
2.0 25 M hydrochl oride ethyl ether solution at 0OC. After stirring at room
t enper at We 2b1v02428n, t he reaction m xture was stored i nPATASROLHETSAL OF
overni ght. The solvent was evaporated and the residue was washed wth
t-buty nmethyl ether three tines. Lyophilization gave Conpound 79 as a
yellow crystalline solid in quantitative yield. Attorney s Docket No.
60015- 005001 To a solution of Conpound 48 i hlg was added sI oW y
with stirring a 2.0 M hydrochl oride ethyl ether 28‘?”51‘? Feeaye: 681-Ri%Per
stirring at roomtenperature for 1 h, the reaction m xture was stored in a
refrigergtgor i due was
washed ik Aol ) S R e, S compound
79 as a gebptomycor @2§trmk:fdgm&nsﬂmili1ﬁter)namm%|héatmmvyieélF(ﬂiS el 2 hﬁnﬁj z: 458.21
[M HCl+ ;I HN 400 MHz, CD30D) 6: 7..80 2 160Hz H1,5
7.71 (d,°© %lﬁiwe}ie “e%/e%o‘&’ll& Varé?%r‘ﬁﬁfl?e@trﬁ‘g TP-I}gmgifrg Q‘tol_% &1}40 fgompound § forg, 021'at| c
ring H), 720 58nd {llablyc'}'l ofjthe‘tLg’ﬂ&l c'éﬁs w%ﬁ@ﬁ%és@ss'éﬂ Wging'the tztré&%‘hzm%sédn 2H,
aromatic ring H, 2H, aromatic ring H), 2 (d, 1H, J.-- 16.0
Hz H- 2) qalotira@ri¢ dssaiIEMT\T#a&aemlbtzd inkudt al. 7] Bl @cll@andi)ol( M9815I0 5&76&&“ cring

, 4.44 2H J— A N 2 CH3 4.8 Hz,
OCHZ CH2 I%H’f&ﬁ?ﬁef ingu z?g“{‘%ﬁh %HM&%V& gﬁf/ m%%ﬁ‘@?@l—%‘q h%”r%?T{;‘Eq 4H, J7.2
Hz, mzl@ﬁﬁﬂﬁ%ﬁﬁ%?do%ﬁalﬂvefésol@ﬂizeawﬂi oIz s@@&@’l‘?@b@DMl’ 4PnlNg, 6H, J=
7.2 He OCH2 CH2N( CH2 2. 15 Synthesis of Corrpounds 60 and 61. Schenme 10

Br H2CCN BBAL ABetiAritol deehts) aad thelabgarb@ite@t 595 smpwasamedguzEMSing a HCO3,

(Bu) 4NH nd .60 6 6 the5| .zed fraom

o oot P re R R OARRHE BiRfescr AL e SRR BT, 11 (1.5
nMol Jo i neal@li4ienBy (h3Absdrbante Vakie @€ dorbSMNd=trddtddrtelltis. (Hat @f Mhidledree@d) at 0C
within 30 mnutes. After stirring at OC for 2h, the reaction m xture was

poured i¢l8 a mixture of 40 nL of methyl ene chioride and 100 ni
Compound 6 exhibited dose-dependent inhibitory effects on the growth of all

tumor cells tested and with ICsg values ranging from 0.02 to 5.5 uM.

Western Blot analysis of MRG, STAT1, STAT3. and STATS proteins in KT-3 cells

15 Western Blot analysis was performed as described in Kawashima et al., J.
Immunol. 2001, 167:3652-3660, with minor modifications. Briefly, KT-3 cells were
treated with 1, 5, or 20 pM of compound 6 or vehicle alone in the above described IL-6-
containing medium. At various time points after incubation (i.e., 0.5, 1, 3, and 6 hours
after the treatment), cells were harvested and lysed using a lysis buffer (1.0 % Triton X-

20 100, 50 mM Tris-HCI (pH 7.5), 0.1 mM EDTA, 150 mM NaCl, 200 pM Na3VO,, 50 mM
NaF, 1 mM dithiothreitol, 0.4 mM phenylmethylsulfonyl! fluoride, 3 ng/ml of aprotinin,

2 ug/ml of pepstatin A, 1 pg/ml of leupeptin) at 2x107 cells/ml on ice for 30 min. Cell
lysates were harvested by centrifugation at 12,000xg for 15 min. The samples ( 1x10° cell
equivalent/lane) were subjected to sodium dodecyl sulfate-polyacrylamide gel

25  electrophoresis and subsequently transferred onto Immobilon filters (Millipore). After
blocked with 5 % BSA, the filter was probed with anti-pSTAT3, STAT3, STATS,
STATI1, MRG or Actin Abs. The rabbit polyclonal anti-STAT3, anti-STATS, anti-

STATI, and anti-Actin antibodies (Abs), and mouse monoclonal anti-pSTAT3 Ab (B-7)
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Attorney's Docket No,: 60015-005001 of 10% HCl. The resulting m xture was
stirred for 1 h and the organic |ayer was washed with water and then bri ne,
and the awW0oeor2¢xss extracted with methyl ene chl ori de tWRCTAIS204f10€1899r i ed
over Na2SO4, filtered, and concentrated, the obtained sem -o0ily product was
stored in a refrigerator to give 3-(bromonethyl)benzal dehyde as a white
crystalline solid 5in quantitative yield. Reaction of the resulting
conmpound with acetone in ethanol follow ng the proced ed in
Schene 4 y| el ded Conpound 61 as a light yellow cf srte’éﬁ%?“lﬁggsgqo 5d)t05001 EST M5
mz: 420.9 [M+H +; |IFINWVR (400 MHz, CDC13) 8: 7.71 (d, 2H, J= 16.0 Hz,

H— 1,5 e . ti i

L S0, o4 g sy EPIRULEANDAY Khpid ihfng SR doZth yiy ometi ¢ 11 ng
4 50 ('s,priddd as—débtrBIe)i previously adipsardalgd. Bﬂﬂ; @itﬁrmiZﬁéﬂSby-SB%CTlhmg Compound
61 Cl12 t t h hl . eq. di
sul :=.n te (IFféle\ém)fu“ aeﬂcaﬁ?tgﬁq Wéﬁ&%‘%@g?gﬁ%@{q %gmlgtﬁgp ’S}ﬁlq%gngh?fggl lr:1mxt ure
was Sti rgrseén@twe%évé%z@a%&ﬁg %Enhl.{ﬂ&dr@@e%lmné@céﬁdér(Ecw§ys@énl1 uted with

met hyl ene chl oride, washed With water then brine, and dfi'ed over Na2SO4. 15
The ¢&r udénmrsgoot was purified with a Conbiflash system using

n- hexanes/ Et c eI fford t desire S, el l ow solid.
Yield: 44% éowglﬁci’m}iﬁlcp Sdovrpnw‘?%t%?ﬁm@%@ ¢z, 55 (d, 2H,
J=16.0 é%lutﬂailiarllganseY\fe@%TIbcfse— z?e%%tn@)@ﬁﬁ&hcsmﬁ Janfl STA POpiofBinsZdid ar omati c
ring , (m 4H, aromatic rln% 0 (d, 211, J= 16.0 Hz,

11- 2, 4) ,inkibigd plagsphadrylatiowsy smmm in TSQCQllsno a(trme and dose lgpendent
CH2S02CH, CH3 L ASSAYS
oot by ¢ Rt gt sisaiompdiind hELA e RE R bR ot e S TR IS oo KT- 3
| nhi toK"y3 eélfsagidsr @k txanPesHistsordf this invention on the growh of human 25

Lennert's T cell Iynphoma KT-3 cells, an |IL-6-dependent cell line, were
determ ned as descri bed bel ow. Brlefly, KT-3 cells were transferred into

\(Nal E&S)flnﬂ%gtgﬂ e!ffe@[ 8&% ﬁ&mé;ﬁ%o%oﬁ(%égé{ g%k ! } @%’a glﬁugéj;(&fé)g% é%& 58%4,1 n&? 40 18‘(?/;“ um

heat - i nact i varliednfvitoadxpbonmiemne weed wméd:dﬂﬁ)undamﬂl IhtthuﬁonaAtAhﬂnai@ars afdbcket

No.: 60015-0Q05001 (2.5 ng/m R&Dgostegns i.men wel |'s, test
conpounddset O BmitiestAPPEVRE Brttecat prhiolions 1?%“&“106% ‘§CIW€§ ré?a%aal?%md. ately
aftey, LI I ume of

vehi cI e%gﬁ%}ﬂ‘%@n& %%%glpa S"é&%?gérm%ﬁ%ﬁ%‘%@f?‘ﬁgé gél&: S wWth the
conpoundsurdras¢dfrahihe Herldrok abbBatbiyu rBach o€tightnabivastipjeoted silasmesssly usi ng a

The r esavitant (" dh L6 Enbseminad ierier Mt TaRNg haes P TE Rk it or
LBO6V (Eﬁ%&&iﬁ%ﬁbﬁ%@ almrt@'g?&wrf& 3 &8s ”i?e@ldfpﬁﬁ)taldl'é%fzef(v&hﬁ’k()co' The cel |

survi vi ng rate was cal cul ated by dividing t | um nescence val ue of
conpound~t00eamdxbetet rsatwienh Mzt were rax@lhmeé-mﬁoéwmdo@é (=4 per@ppup) of

or o1 1 er i AT EBHEP Snputas ¢ 2etnSlesRiboRquhe ¢ s IIHSEERAEE, o5
36, 45- 5o 6f)), wﬁlﬂeamexberlmeﬁoap%@hpwcmvh@d dh@ﬁgmbu@sﬂ@mmm@m(mau on at
whi ch a corrpound suppr esses &growth by 50% equal to _or even |ower than

0. 051AM 2 dlose Rd 4P madke bedy weight; dig Y@ﬂg@%@#@%ﬁplemﬁ)tfmhﬁ@ﬁ&déhel 79
inhibite r ner.
i bi ¢ eGP GREb REROD L H3h Al SR 1336 ThPEPGOURRE WRRNT
i nhi bi tomyawfefdawtic& medﬁarsmgww‘dexﬁlemalq)edah@cmmadd asing ésdovllbenhgbel ow on t he
grow h of colon cancer cells (HCT116, HT29 80, a col on
aden%ﬁcar@?rﬁblﬁa eggth%wr(d@ﬂ( Bglght)xoéﬁ&tagfl%%gh@ﬁ&gq%wﬁg lg\gﬁ}?%f (88 and
Dul4s), @g@ft@ 7?507947C| noma cells (CWR22RV and LNCap), non-snall cell
| ung carcinoma’cel s (NCI-H1299), |ung adnocarci noma cells (A549), |arge
cell lung carthawst si@wssthe(tl(l@lmpdaﬁ«ﬂ))’) inltbigedtunmast cadinatancer gaowihriotee cel | s
( VDA- MB- 453% breast gi ft al carcinoma cells (T-47D), breast adnocarci nhoma
cel I's (MEEPBaftinpuse ul ar carcinoma cells (Huh-7 and Hep&), pancreatic
carcinoma cells (PANC-1), cervix adnocarcinoma cells (Hela), IL-6-
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25 dependent Lennert's T-cell |ynphoma cells (KT-3), |L-6-dependent
multiple nyeloma cells (INA-6), multiple nyeloma cells (KMM1 and U266),
nyel oi d Iwokerie428el | s (HL-60), and T-cell |euken a cel IPEST(Uba014AY)899
Briefly, tunor cells were seeded at densities ranging from1l x 103 to 4 X
103/ well in 96-well Mcrotest Il tissue culture plates (Fal con,
Attorney's Docket No.: 60015-005001 NJ). After cultured in DVEM (G BCO
containing penicillin (25 units/mlliliter), streptonycin (25
mcrograns/mlliliter), and 10% heat-i nacti vat edARBS §RyeketR.: pll§ifr08500icel | s
were treated with various concentrations ranging fromO to 5 JAM of
conpound 6 for 72 h. The viahility of the tunor cells was then assessed
using the tetrazoli um based 933“9%&?@?F“@“@§§3§ (MIT) as described in Su et

al., J Ml Cel| rgiol . 1998: 30:587-598. .The cells re.incubated with
the’ MIT dye. (S0 RISl R0t im 4T Go Lol PG BEieOmATER 4 Han or yot al s
wer e sol dohidinRd. WathfeMUfe di¥slbsedit tHieEpechR¥tiéMnay Bé rdpMcelEby ag% Acetic Acid,
5% SDS) and t he absorbance at 595 nm was neasured using a Benchmark

m cr opl aaliemagize EatyrasavRatic saarce equalentr simier piepss. v/ upiepy rat e was
10calcul e b f d- e t hat of
veni & o-EP RS Ll e BT B oot RTBRHIEEHEER! S BRSE ¥ b tory
ef fect s @gMeqliivelegt @Widilef fe@litest unor cells tested and with 1 C50 val ues
ranging from0.02 to 5.511M Western_ Bl ot anal ysis of MG, STAT1, STAT3,
and STAT5 pr dtremyibe phpvrleseriptiopsone skifled inthe ag) (an easily apesrtainiis epptig ned as

descri bed ] i : : : o L th m nor
modi 11 o ERSHRRR b ElerPlrengtn, bTWAR u P ine RO GOSEHERRAGRM |, O
conpoundhéreof, carehiakd earlus okarigas dliemadificetiche of theliedentibn 6o adapnitaé ni ng medi um
At various tinme points after jncubation (j.e., 0.5 1, 3, and 6 urs after
the 1% eatarioht ysageendcopditiont aFhuss ptagr %{ﬂlepdﬂlp@&a a@@?wgfw&vpygq SoBpiiDs (1.0 %
Triton X%H@@h%Q@nmép mM Tris-HCL (pH 7.5), 0.1 nM EDTA, 150 mM NaCl, 20011M
Na3vo4, 50 mM"NaF, 1 nMdithiothreitol, 0.4 nM phenyl nethyl sul f onyl
fluoride, 3 jig/m of aprotinin, 2 jig/m of pepstatin A 11.tg/nl of

| eupeptin) at 2x107 cells/m on ice for 30 mn. Cell |ysates were harvested
by centrifugation at 12,000xg for 15 min. The sanples (1x105 cel

equi val ent/1 ane) were subjected to sodi um dodecyl sulfate-pol yacryl am de
gel 25el ectrophoresis and subsequently transferred onto Immobilon filters
(MIlipore). After blocked with 5 %BSA, the filter was probed with
anti - pSTAT3, STAT3, STAT5, STAT1l, MRG or Actin Abs. The rabbit pol yclonal
anti - STAT3, anti-STAT5, anti STAT1, and anti-Actin anti bodies (Abs), and
nouse nonocl onal anti-pSTAT3 Ab (B-7) Attorney's Docket No.: 60015-005001
were obtained from Santa Cruz Bi otechnol ogy. Affinity purified anti-MG Ab
was prepared as described previously in Hrose et al., J. Biol. Chem

276: 5821-5828. The filter was further incubated w th HRP-conjugated
secondary anti bodies. Finally, the proteins were visualized using the
Enhanced Chem | um nescence (ECL) system 5 (Anmersham. The results
show t hat Conpound 6 down-regul ated MRG (MycRacGAP, an evolutionarily
conserved GIPase- activating) protein, STAT3, and STAT5 proteins and

i nhi bi ted phosphoryl ation of STAT3 protein in KT-3 cells in a tinme and
dose- dependent
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manner. In contrast, this conpound had no effect on the expression of STAT1
in the 10KT3 cells under the testing condition. Inhibitory effect on human
col on carwer0(24C8216) in a nouse xenograft nodel PCTRES2010/0¥7899D
experinents were carried out under an Institutional Animal Care and Use
Comm tt ee-approved protocol and followed Institutional guidelines for
proper and 15 humane use of animals in research. Six- Week old femal e

at hym ¢ nude m ce were purchased fromthe Harl an Labar r C f eight
m ce was injected subcutaneously with 1x106 HCT- ﬁ(’é’l% s”}r:'ﬁ 9(‘5% O\?\fog‘h
Matrigel (BD Bioscience) at the left flank. After injection, tunors were

al | oned WH VA IVE into a pal pable size (volune -100 nmB) before
treat ment. ce were randomi zed into two groups (n=4 per group) 20 The
control group was injected with a vehicle solution only (i.e., 10% DMSO and

90% corn oi | )]. whiAeomheurskyidhd foblnwalg fYroule: r ecei ved a dai | y i nj ection
(i.p.) of compound 6 (at a dose of 40 ng/ kg body wei ght, dissolved in the
vehicle solution) fromdays O (the initiation day of injection) to 4 and
fromdays 7 to 10. The sizes of tunors were nmeasured twice a week using a
Verni er caliper and calcul ated using the follow ng 25fornmula: |ength x

wi dt h x height x 0.5236, as descRi'bed i® RockwBl'l et al., J Natl. Cancer
Inst. 1972; 49:735-747. R2The &2 Conpound 6 inhibited
human col on cancer growh in thj nodel . Attorney's Docket
No.: 60015- 005001 OTHER EMBODRIsWENFS-o - 3 features disclosed in
this specification may be conbingd in any conbipation. Each feature

di sclspsed in this specification nmay be replaced by gn alternative feature
serving the sane, equivalent, or simlar purpose. Thus, unless 5expressly
stated ot herw se, each feature disclosed is only an exanple of a generic
series Qf.Repivalent or simlar features. From t he above descri ption,
one skilled Iin the art can easily ascertain the essential characteristics
of the presentach nf/Eninddf),indepandentihasit, dighot halg, dr’dend Neoggheriare and scope

t her eof , n varl h S ifjcati e inveption to
adapt it 'I@é% ?03§ﬁ@&&@%§ @ﬂfﬂ)ﬁﬁgﬁyz) T?fugaﬁ@?)ﬁgm%ﬁf’ hts are
al s0qgu t figrR £ fbfn@{fﬁ& Qe O PalkyBL {dafiyner(s)-Reckeyl, bp. :
60015 005001” eﬁ'&ﬁ (f g : }Jl @X ggrrgou(gg))oﬁ‘yet heyfo (oz/vl ng f%rrru | a:
-C(O)-NH-cycloalkyl; and
each of R', R, R3, R* R’ R",R*,R*, R*, and R, independently, is H, alkyl,

halo, OH, R¢-O-, R¢S(0),-O-, or (Rg)2P(0)-O-, R, being unsubstituted alkyl or alkyl

substituted with halo, OH, alkoxy, amino, cycloalkyl, heterocycloalkyl, aryl, or
15 heteroaryl, and R4 being H, OH, alkyl, alkoxy, amino or aryl; in which R! is different
from R or R*, R? is different from R* or R¥, R? is different from R*, R? is different

from R® or RY, or R’ is different from R orR’.

2. The compound of claim 1, wherein R* is OH.
20
3. The compound of claim 2, wherein R? is R-O-, R, being alkyl substituted
with amino.
4. The compound of claim 3, wherein each of X and Y is H.
25
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wher ei n each of X and Y, independently, is H alkyl, or halo, or X
and Y together are -CH2-, -(CH2)2-, -(CH2)CRaRb(CH2)-, -(CFl1l2)NRa(CH2)-, or
- (CH2) O( omM@)2012/28a82 of Ra 10and Rb, independently, bei n@CHUSad1kPH7899
-C(0)-al kyl, -C(0)-cycloal kyl, -C(0)-NHal kyl, or -C(0)-NH cycl oal kyl; and
each of R, R2, R3, R4, R5, Rl15, R2:, R35, -4', Kand R5, independently,
is H alkyl, halo, OH R-0-, RdS(0)2-0-, or (Rd)2P(0)-0-, Re being
unsubstituted al kyl or alkyl substituted with halo, OH_  al koxy, am no,

cycl oal kyl, heterocycloal kyl, aryl, or 15 heter oéft?'re,ys’%‘i‘i‘&t’]‘f?d6%éﬁ'%§’°’l—l, OH,

al kyl, al koxy, amno or aryl; in which Rl is different fromRl' or RS', R2

is different fromR2! ' ] | ff.er r R3' . R4 is different
fromR2' or R’il or ?rlfpso ﬁ‘flegrglééé %65%11%&§Qﬁdo§r{t€égﬂma? The conpound of
claim 1, -(GHeINR(CIR)-is OH 3. The conpound of claim2, wherein R2' is
R-0-, Re being al kyl substituted with amno. 4. The conpound of claim 3,
wherein each of X and Yis H Attorney's Docket No.: 60015-005001

5. The compound of j i Y ke A Ra( CH2) - .
6. The corrpoﬂﬂd ofﬂgél g’:”?ﬁ‘)é?d&ﬁ@?@? 2 ‘é&éﬁgﬁg RC(‘%))Q@ ﬁtﬂ) ) S;(;%}(gjl kyl
S5subst i t wbstitutedtwiticyycloaidykydach efR ind R’ RndepdndRntly] edepaidlentcyyloallkgi. ng al kyl
or cycl oal kyl . 7. The compound of claim1l, wherein R2 is RdS(0) 2-0-
or (Rd)2P(0)-0-. 8. The compound of claim7, wherein each of X and Y
is H 10 9. SRR i 2 y is

sel ected fronZ't he Tgl?gt}ﬁ)p congiklg?iafr?l%1’g‘?ﬁéé%dndgs@)%,og??ﬁd?{?g?%} 30- 45,
47-51, 54-59, 62, 64, 67, 68, 70- 77, and 79. 1510. A conpound of the

following f orgul 2 The compound of claim 7, wherein each of X and Y is H.

10
9. The compound of claim 1, wherein the compound is selected from the
group consisting of compounds 1-4, 7, 11, 19-21, 30-45, 47-51, 54-59, 62, 64, 67, 68, 70-
77, and 79.
15 10. A compound of the following formula:
wherein
20 each of X and Y, independently, is H, alkyl, or halo, or X and Y together are

-CHy-, -(CHy);-, -(CH2)CR,Ry(CH>)-, -(CH)NR(CH3)-, or -(CH2)O(CH,)-, each of R,
and Ry, independently, being H, alkyl, -C(O)-alkyl, -C(O)-cycloalkyl, -C(O)-NH-alkyl, or
-C(0)-NH-cycloalkyl; and
each of R', R, R}, R* R, R, R?, R¥ R*, and R®, independently, is H, alkyl,
25  halo, OH, R¢-O-, R4S(0),-0-, (Rg)2P(0)-0-, or (R4O0),P(0)-O-, R being unsubstituted
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wherein 20each of X and Y, independently, is H alkyl, or halo, or X and Y
together are -CH2-, -(CH2)2-, -(CH2)CRaRb(CH2)-, -(CH2)NRa(CH2)-, or

- (CH2) o( oMaR2e12/028a8R of Ra and Rb, independently, bei ng BCTAISR§1/047899
-C(0)-al kyl, -C(0)-cycloal kyl, -C(0)-NHal kyl, or -C(0)-NH cycl oal kyl; and
each of R, R2, R3, R4, R5, RI', R2', R3', R4', and R5', independently, is
H, al kyl, 25halo, OH, R-0-, RdS(0)2-0-, (le)ZP(O) 0-, or (Rd0)2P(0) 0- Re
bei ng unsubst i t ut ed Attorney s Docket No.: 60015-005001 alk

substituted with halo, OH al koxy, amino, cycl oal kY1 HetE %@?H ‘Béqokyl

aryl, or heteroaryl, and Rd being H, OH alkyl, al koxy, amno, or aryl; in

\Ig(; IS((: g) gt %i(ﬁao? Eﬁg %tbggltuﬁd it hazlgs(as-l?é%s%& Bmll:go ’cyﬁgalkleﬁeterowcﬁ_alﬁﬁlg e Rglo rrlp 3 und

of cl ai mr$lor Melfoe:ylh, amdd®y b@fng)H E(DIIEI akaljSalkbxy, amino, or aryl; in dichldéeagonpound of
claim 11

claim 11, henehn 2l $oRaS(0 200 (RL2R(D <08 Orr(F KT

subst i tu(ts eh \p(©§1 o_am no. 14. The conpound of claim 12, wherein
R2 is I'~2al€(‘a 0-, (Ra)2P(0)-0-, or 15(Ra0)2P(0)-0-. 15. The conpound
of cI5a|m14 V\,hereln one of R R3', and R4' is RaS(0)2-0-, (Ra)2P(0)-0-,

or (Ra0)2P(0)- l_é%)lG The coppound of cl.aim 12 wherein R2 is

A ORI Ml AT S A T A S,
10, wherein t he compound i s selected fromthe group consisting of

Conpounds 5-11, 14, 18, 22-30, 32-34, 37, 4Q, 43, 48-51, 53, 60, 65, 2566,
69, 70, 74, 78. 77Thesmnpoand of¢laim hbywhergio & és RIN(O),-60(RD:ROBED1018. A

conpound(lgb)ztpf(lg)_bg.l lowing forrmula: 5 wherein

10
13.  The compound of claim 12, wherein R? is R-O-, R being alkyl substituted

with amino.

14, The compound of claim 12, wherein R” is R,S(0)2-0-, (Ra),P(0)-0O-, or
15 (R,0)P(0)-0O-.

15. The compound of claim 14, wherein one of Rl’, R3’, and R is R,S(0),-O-,
(Ra)2P(0)-0-, or (R,0),P(0)-O-.

20 16.  The compound of claim 12, wherein R? is C;H;S(0),-0-, (C2Hs),P(0)-0-,
' or (C2H50),P(0)-O-.

17.  The compound of claim 10, wherein the compound is selected from the

group consisting of Compounds 5-11, 14, 18, 22-30, 32-34, 37, 40, 43, 48-51, 53, 60, 65,
25 66,69, 70,74, 76,77, and 79.
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each of Xis N or CH each of RI, R2, R3, R4, R5, R', R2', R3'", R4
and R5', independently, is H, alkyl, halo, OH R-0-, RdS(0)2-0-,

(Rd) 2P( 0)WO-201202428Rd0) 2P(0) - 0-, R, bei ng unsubstitut ed &ICHYUS2@n/0&18RY |
substituted with hal o, OH, al koxy, am no, cycloal kyl, heterocycl oal kyl,
10aryl, or heteroaryl, and Rd being H, alkyl, or aryl; and R6 is
C(0)-Re, C(O)NR, Rf, or alkyl; each of Re and Rf, independently, being alkyl
or cycloal kyl. 19. The conpound of claim 18, wherein X is N 20. The
conpound of claim 19, wherein R6 is cycl opropyl catdsnyipocke Mpg 600138508 npound
of claim 20, wherein R2 is R 0-, R being alkyl substituted wth am no. 22.

The conmpound qf cl aim 20 eLn R2 i . 23. The conpounds of claim 18,
wherei n the clggnpo 80@30%\%}%%@%?&'&%@%‘1 roup consisting of conpounds 12,

13, 15-17, 22, 45, and 46. Attorney's Docket No.: 60015-005001 24. A
met hod of treating cancer conprising admnistering to a subject in need
thereof an effective amount of tRé conpQund ofRtlai m 1. 25. The

cadcer, prostate 5cancer,
t cancer, liver cancer,
R ovari an cancer, gliomg,

| ung cancer, kidney cancer, bl
pancreati c cancer, gastric caae v

nmel anoma, | ynphoma, nultiple rryehlg)ma, E M a. 26. A net hod
of treating cancer conprising adm nistering to'a subject in need 10 thereof
an effective amount of the conpound of claim10. ’ 27. The net hod of

cl aim 26, wherein the cancer is colon cancer, prostate cancer, |ung cancer,
ki dney cancer, bl adder cacner, breast cancer, |iver cancer, pancreatic
cancer, YX8t'Pic cancer, cervical cancer, ovarian cancer, glioma, melanoma,

| ynphoma, 15 dauh bf RlieNatratigne, and | eukeni a. 28. A nmethod of treating
cancer conprising admni $tgrip%ltoz,a ubj.ect in need thereof an effective
amount of t hecagbapBumd. BY, R Ri,R'18%, RO2B! mand Riatindsprerdendy ais M, atkylwher ei n

t he cancer i | Qn er o r ' ancer,
AP N RS e G S Al S BT sl
cancer, #geyl\oraidyl adet@ted wividhilaOH adIRExXy, aglino) 8¥clodTeylahaem@cydlydiphona,

mul tiple nyel oma, and | eukem a.
10 aryl, or heteroaryl, and R4 being H, alkyl, or aryl; and

R® is C(O)-R¢, C(O)NR.Ry, or alkyl; each of R, and Ry, independently, being alkyl
or cycloalkyl.

19.  The compound of claim 18, wherein X is N.

15
20.  The compound of claim 19, wherein R® is cyclopropylcarbonyl.
21.  The compound of claim 20, wherein R? is R-O-, R being alkyl substituted
with amino.
20
22.  The compound of claim 20, wherein R? is OH.
23.  The compounds of claim 18, wherein the compound is selected from the
group consisting of compounds 12, 13, 15-17, 22, 45, and 46.
25
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24. A method of treating cancer comprising administering to a subject in need

thereof an effective amount of the compound of claim 1.

25. The method of claim 24, wherein the cancer is colon cancer, prostate
cancer, lung cancer, kidney cancer, bladder cacner, breast cancer, liver cancer, pancreatic
cancer, gastric cancer, cervical cancer, ovarian cancer, glioma, melanoma, lymphoma,

multiple myeloma, and leukemia.

26. A method of treating cancer comprising administering to a subject in need

thereof an effective amount of the compound of claim 10.

27.  The method of claim 26, wherein the cancer is colon cancer, prostate
cancer, lung cancer, kidney cancer, bladder cacner, breast cancer, liver cancer, pancreatic
cancer, gastric cancer, cervical cancer, ovarian cancer, glioma, melanoma, lymphoma,

multiple myeloma, and leukemia.

28. A method of treating cancer comprising administering to a subject in need

thereof an effective amount of the compound of claim 18.

29.  The method of claim 28, wherein the cancer is colon cancer, prostate
cancer, lung cancer, kidney cancer, bladder cacner, breast cancer, liver cancer, pancreatic
cancer, gastric cancer, cervical cancer, ovarian cancer, glioma, melanoma, lymphoma,

multiple myeloma, and leukemia.
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