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| NHI Bl TORS OF CYCLI N- DEPENDENT Kl NASES, COWPCSI TI ONS
AND USES RELATED THERETO |. FIELD OF THE | NVENTION 5
This invention relates generally to conmpounds usef ul
as cyclin-dependent kinase (cdk) inhibitors,

phar maceuti cal conpositions conprising the sane,

met hods for fornmulating or using the sanme for

treati ng dANHBITORS QBCVCIIN-DEPENDENTKINASESses,
and i nt er@@MPOSITIONS AND $SESREVATEB THERETG ane.
10 1'1. BACKGROUND OF THE | NVENTI ON One of the nost

i nportant and fundanental processes in biology is the
division of cells nediated by the cell cycle. This

T OCEIEISVOF THE IVENTION | ed production of
subsequent generations of cells with defined

bi ol oLHi€ Rlvehtidifiel 8¢y gehbrall§ tdcdihiiinis gl Rlcgelin-dependent
phenonenon and responds to a diverse set of cellular

kgn@n o) irdribitons tohiarnaceuticad Fomperitians comprisiagtthe sasme, methods for
I

@ﬂﬁulgﬁé%?&gs?ngge %?ﬁng ?ctp Vﬁ% nggancglmaf Eﬁﬁl?%gtté%e{"% og]F@tdl;]segses, and

iaRhhediates smcgpt@bes@as mr ﬁﬁiﬁﬁ@th@;l@ﬂe expressi on of the

tunor - pronoting conponents or the subsequent |oss of

the tunor-suppressing products wll lead to

unrequl ated cellular proli feratl on and the generation

BiBA BQ%D&ETH%E 1 603- 608, 1989).

Cycli n-dependent ki nases pl ag a key role in regulatin

t he 2Oneef the mpst impeatent angkfjindappental peestepics kiebiolegyds the division
t
B L T4 R e

dabsmentpeheraiibms dfegls with ddﬁ@@hbiemgldal fumsttor, 1075 atidgldy regulated
been identified along wth seve

regul atory .subunit
phepemenen andigesnend o Gdiyersy Seteée#ﬁ}éﬁrrﬁa%%lsz%’é%“ Bgrete céifand
C Al
B B BGUE S Al AL AlkoREU ior R iR SESprERIEE gene
medictcyrelkey bsmﬁ&lenegnﬂthlsedlhldyr sigmﬂmg ipoedess. Over expression of the
cycl i n-dependent ki nas Xx: . d/S.b .
HPHTBIBE RBTRONOR AE Chs SRBLFaRS! 1655 oF P8 tRmoF SeeRsing products
\lﬂlﬂ@&?fy Lﬁ%%ﬂllﬁe@éelﬁfm ?fefa'ﬁbﬂ' ﬁﬂ&ﬂﬁ%@heratlon of tumors (Pardee,

ki nase6/ c nt2; S/0 b cycl i n- dependent
Sdierme @26 :@9&4&05 msahd:wmdepembpblnu@m playi ari@ye*plfeey g¢guipting the
endent Kki.

TRl biroE e Rk Pttt R KampiRassl AEaigtytio subunit
(tieitiMAsdy add & RlguBatdri) s@meht (ikecycBR). Toaate) AingkaeRs Subaitts (cyclin-

ensures 30 the vitality of _each subsequent generati on
depredant kigasq 1-93hag3gen okstifisdeiong mitiseyeal reglatomssubunits

(B y&?n*&%, i:, N, agié ‘1§7§acﬁ%nasé g%%lates with a specific regulatory partner

and together make up the active catalytic moiety. Each transition of the cell cycle is

regulated by a particular cyclin-dependent kinase complex: G1/8 by cyclin-dependent
kinase2/cyclin E, cyclin-dependent kinased/cyclin D1 and cyclin-dependent
kinase6/cyclinD2; S/G2 by cyclin-dependent kinase2/cyclin A and cyclin-dependent
kinasel/cyclin A; G2/M by cyclin-dependent kinasel/cyclinD. The coordinated activity
of these kinases guides the individual cells through the replication process and ensures
the vitality of each subsequent generation (Sherr, Cell 73:1059-1065, 1993; Draetta,
Trends Biochem. Sci. 15:378-382, 1990).
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-1 An increasing body of evidence has shown a |ink

bet ween tunor devel opnent and cyclin-dependent ki nase

rel ated mal functions. Overexpression of the cyclin

regul atory proteins and subsequent ki nase

hyperactivity have been linked to several types of
cancers (Jiang, Proc. Natl. Acad. Sci. USA

90: 9026 ii&RingtREg of Widgnceliat showviba Bl bétsse Gitnorke9elppment

el S rRngi e Pn gl Biauilont; CRSEwaid o fvatip
B@icRy FRAGHS Ad SBLodBnaShist h3perdeinlify RN abERNinke A Reveral

., Science 264:436-440, 1 Béach, Nature
(386 JfEamces(JiangoRioc. Watbscadi Htii BEAR:9G26e3030e1 9136 Wang, Nature

I NhiDpi lin-d dent, Ki 4.0l 2 pP1
YETSs5aanay 4P Mlord e SRR R R E E g cRpbltos of
Behildeperldentiifgsct WercCfahd f KR RMIGOE affélt kh BB/ groliferation
inhibitor). A recent crystal structure of boun

27 dt
(R0 912 e 6443610 B9 Prooan Natirn 3ap 7HizZ04, 1993). These
Gpon G4:4dridde 7R Peadu =
@ﬁ@gtﬁgsﬁﬁclﬁg{ ﬁlférgqg&l tn lxrﬁﬁﬁl?dr of‘c?&nﬁé}:@ﬂ@mﬁﬁiﬂa&ifﬁl), p21CIP1 (2

eractions’ w

gyetal bydlispdsperdent kinassiahibiior)| end f278IP e (a specifidatyalis-dependent

382: 325-331, 1996). These proteins_help to regul ate
Resedd De MRS S E@ewwe of 2t E?la@ttpaﬁglngi?n?ndem

. I - - - I 3

hR e A B EERRRRY ke DK cAEAREAGRAIDN PR Y Biough

mnltiptpuntradiogs withthaeytlinwiependeot kimgseaompléx (Pavieticly Nature

BAERFD. 18500 Hhese ordlpins Relbda reetfilihe o evilR Braperegific
REeHdNs With thedDYRRyoriding &felih ef\iAfse depIERS.THlls

i nvention describes conpounds that are potent . '
deficidt inthesedhhibiters ag¢ proye & ugngylated d sumor formation. This

S BRSPS OSE B AR o

Rl dkekabpeutc agerté.her di seases by adninistering a
therapeutically effective anount of at |east one of

t he conpounds of the present invention or an
i soneric, rodrq&m taut oneric, pharmaceutically

HEAPVIMAR Y THE RNVBNTEONor st er eoi someric form

thereof. The present invention further provides
met hollse present mysntierydesaripesrcompoundsithat ase potentanbibitors ofthe

t her. di seases. by adm ni,stering. t her i.cal | .
e er RSN s Aoyt firses, R PREH Bl pisyices
@Ethbleof thRaEAL icriter, R dtHRP pfdiEErafivd dr stB¢tlideasds by administering a
anti-proliferative agent. hi certajin enbodinents, the
thexppeuticaly eHeetiviepmauat okat deashensrf thegorgppunds of the present

invention or an isomeric, prodrug, tautomeric, pharmaceutically acceptable salt, N-
oxide or stereoisomeric form thereof. The present invention further provides methods
of treating cancer, or other proliferative or other diseases by administering a
therapeutically effective combination of at least one of the compounds of the invention

and another anti-cancer or anti-proliferative agent.

In certain embodiments, the invention contemplates a compound, or an
isomeric, prodrug, tautomeric, pharmaceutically acceptable salt, N-oxide, or

stereoisomeric form thereof, having a structure of Formula II:

-2.-
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30 isoneric, prodrug, tautoneric, pharmaceutically
acceptable salt, N oxide, or stereoisoneric form
thereof, having a structure of Formula Il: -2 vJI\
B'/1 "NHRs 6NL" N wherein B represents MR8; Ar
represents an aryl or heteroaryl ring; 5 V represents
O S or NCN, Wrepresents O S, or NR'; R
represents, independentjly for each occurrence, H,

| ower al kyl, or a netal| counterion; R' represents,

i ndependently for e ocgyrrence, H or |ower alkyl;
10 R5 represents H, P(=0 (|JOR )2,for MQ R6 represents
H OH or MQ provided tHat onljy one R, and R6

represents H, R7 repre rH" Xal oger)~hydr oxyl

| ower al kyl or |ower al epr 2SNt
substituted or unsubsti gal kgl , al kenyl, al kynyl,
al koxy, aryl, heteroaryl,” cycl onal kyl;, heterocyclyl,
or amine; 15 M independently f orNdach occurrence,
represents a substituted or unsubstituted nethylene
@hetemh (i ncluding C(=0) and C(=S)), NR', O S, SO, or

S(A2); n regresents an integer from 1-4 when present
Bremesanto¥ns:6 when present in R5 and from 1-3 when

resent J : [ sents a substituted or
&gﬁ%@{skgﬁlo@?ﬁ%@% no substituent, or

Wi repregetits 028, srQMGN;Ni ng heterocycle. In certain
enmbodi nents R8 represents substituted or unsubstituted
NorepraEnta ), S, gt PBrazi nyl , or cycl ohexyl .

R’ represents, independently for each occurrence, H, lower alkyl, or a metal

S

counterion,

R’ represents, independently for each occurrence, H or lower alkyl;

R;s represents H, P(=0)(OR’),, or M,,Q;

R, represents H, OH, or M,,Q, provided that only one of Rs and R¢ represents H;
R7 represents H, halogen, hydroxyl, lower alkyl or lower alkoxyl;

Rg represents substituted or unsubstituted alkyl, alkenyl, alkynyl, alkoxy, aryl,
heteroaryl, cyclo-alkyl, heterocyclyl, or amine;

M, independently for each occurrence, represents a substituted or unsubstituted
methylene group (including C(=0) and C(=S)), NR**, O, S, S(0), or S(02);

n represents an integer from 1-4 when present in B, from 0-6 when present in Rs and
from 1-3 when present in Rg; and

Q represents a substituted or unsubstituted: tertiary amino substituent, or nitrogen-

containing heterocycle.

In certain embodiments Rg represents substituted or unsubstituted morpholino,

piperazinyl, or cyclohexyl.
In certain embodiments R’’ represents H.

In certain embodiments R represents M Q.

-3-
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In certain enbodi nents R' represents H In certain
enbodi nents R5 represents MQ -3 In certain
enbodi nents the occurrence of Mattached to Q
represents CH2, S(2), C(=S), or C(=0). In certain
enbodi nents the occurrence of Mattached to Q
represents CH2. I n certain enbodi nents the occurrence
of MIatctagihethbodinigntsth€pe@irrende bAiMcattarbédtoePrbapriésents tCGH:,
égg)g)s&cc_: rrer&&_csgof M attached to Q represents

(T2 8 ) I'n certain enmbodi nents Q represents a
substituted or unsubstituted nitrogen- containing
het erocycle. I n certain enbodi ments Q{le resents a
substIncgr#Ea cgrbodiaststhe cGEuEIce P{n Mgatiac Oéif%esgwa §He
In certain enbodi nents R$ represents substituted or
unsubstituted norpholino, piperazinyl, or cycl ohe)xyl .
I'n cdpeantanemhodiments herecyrrssce et §¥ar=bedmi Qs ¢70)-
certain enbodinents at |east one occurrence of M
represents CH2, substituted NR' or, when attached to
Q r dpreexaintembopimenty the pcourrensy of b attacher) to Q gepresents
sc:ﬁrt}tati? odi nents Q represents a substituted or
URSUBSE it ut ed ni trogen- containing heteroaryl ring. In
certain other enbodiments Q represents a substituted

tituted nit - t alnj. het :
N R R R
donfkiag hétetRgclkertiary amno group. In certain

enbodi nents Q represents a substituted or
unsubstituted secondary am no group. 20 In certain

enbodinRfthin R AIMMRNT BPreSH £EVAURR ot vaaIBREAHNEH teftfary

an isoneric, prodrug, tautoneric, pharmaceutically
apwegraupt e salt, N-oxide, or stereoisoneric form
thereof, having a structure of Formula Il: -4 v~I\
B*/JI NH R6
In certain embodiments Rg represents substituted or unsubstituted morpholino,

piperazinyl, or cyclohexyl. In certain embodiments R’’ represents H, while in certain
embodiments at least one occurrence of M represents CHp, substituted NR*’ or, when
attached to Q, represents CH,, S(03), C(=S), or C(=0).

In certain embodiments Q represents a substituted or unsubstituted nitrogen-
containing heteroaryl ring. In certain other embodiments Q represents a substituted or
unsubstituted nitrogen-containing heterocycle. In certain embodiments Q represents a
substituted or unsubstituted tertiary amino group. In certain embodiments Q represents

a substituted or unsubstituted secondary amino group.

In certain embodiments the invention contemplates a compound, or an isomeric,
prodrug, tautomeric, pharmaceutically acceptable salt, N-oxide, or stereoisomeric form

thereof, having a structure of Formula II:
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Il r/wRs 6CNR N wherein B represents MR3; Ar
represents an aryl or heteroaryl ring; 5 V represents
O S, or NCN, Wrepresents O S, S(02), C(=0), C(=9),
CH2, or NR'; R represents, independently for each
occurrence, H, lower alkyl, or a nmetal counterion; R
represents, independently for each occurrence, H or

| ower al kyl; 10 R' represents H, or optionally
substituted | ower al kyl|] R5 represents MJK; R6
represents H OH, or ~uR7 represents H, hal ogen,
hydr oxyl, |ower al kyl or ljower aPkoxyl;
substituted or unsubstitutled alk R
al koxy, aryl, 15 heterg 1
het er ocycl yl, or am ne; 0 : =0k, C(=S), or
S2; Krepresents OR, RNR o R)YBPOR2R'; M

i ndependently for each ocCurrence, rgpresents a
substituted or unsubstituted methyTene group
(including C(=S) and C(=0)), NR', O S, S(O, or
whERin 20 n represents an integer from 1-7 when
present in B, fromO0-6 when present in R5 and from
B-reprebests MrBsent in R6i and Q represents a substituted

r_unsubstituted: nitrqgen-containing heteroaryl ring,
8L LHEEPS A YIS 2B g “fertiary am no
YubsiebdnteO! S, #NIMIN;r ogen- cont ai ning heterocycle. 25
In certain enmbodi mrents R8 represents substituted or

Wnzpresents (b 8o St fRGIDn6(=S)pt-Per®Ahyl , or cycl ohexyl .
k® re%?és%ﬁ]ﬂs,ninﬁgg%ﬂgéﬂ{ﬁnfﬁ edth Jc@ﬂji&ﬁz@,nﬁ,sloWer élﬁyl, or a metal

counterion;

R$ represents

’

R’’ represents, independently for each occurrence, H or lower alkyl;

R’’’ represents H, or optionally substituted lower alkyl;

R; represents M,JK;

R represents H, OH, or M,Q;

R represents H, halogen, hydroxyl, lower alkyl or lower alkoxyl;

Rg reprcsents'substituted or unsubstituted alkyl, alkenyl, alkynyl, alkoxy, aryl,
heteroaryl, cyclo-alkyl, heterocyclyl, or amine;

J represents C(=0), C(=8), or SOy;

K represents OR’, NR”’, or N(R")SO;R”’;

M, independently for each occurrence, represents a substituted or unsubstituted
methylene group (including C(=S) and C(=0)), NR"”*, O, §, 8(0), or 8(0O2);

n represents an integer from 1-7 when present in B, from 0-6 when present in Rs and
from 1-3 when present in Rg; and

Q represents a substituted or unsubstituted: nitrogen-containing heteroaryl ring,
secondary amino substituent, tertiary amino substituent, or nitrogen-containing
hetefocycle.

In certain embodiments Rg represents substituted or unsubstituted morpholino,

piperazinyl, or ¢cyclohexyl. In certain embodiments R’’ represents H.

-5-
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In certain enbodi nents, the occurrence of M attached
to Qrepresents CH2, substituted NR', S(Q2), C(=9),

or C(=0). In certain enbodi nents RS represents
substituted or unsubstituted norpholino, piperazinyl,
or cyclohexyl. 5 In certain enbodi nents R' represents
H In certain enbodinents R5 represents MQ In

cer t digertaih enibodiments, ke avcomrencend d oftackkdita Qabprdsents CHa,

res S, , (2) =S), or C(=0). In certain
Wm s%é)’ ggﬁﬁ?’éﬁgé))of M attached to Qis
C(=0). 10 In certain enbodi ments the occurrence of M

attached to presents CH2. In ai n_enbodi
t he JdBEgHaip ﬁg@ogmqgtsah LePFRSENLS 51.1@1]1@ (gg@ﬁ?lgstltutefe orpshohno

p'?]ﬂt?ﬂlhl F%cﬁﬁe I n certain enbodi nents Q represents a
subst | substituted tertiary amno
substituent. 15 In certain enbodiments Q represents a
substyj, t.ut8d Bfbodisdsk gﬁ; Qi ffr ogen- contai ni ng
heterocyc? H‘{rol certain enbodi ents substituents

i ncl ude, independently for each occurrence, alkyl,

ore. Rl Rau Qe by oul Toryi | ester,

het er ocycl yl , cycloalkyl or oligo(ethylene glycol).

20 rtain e ment i ncl ude_a

20  Cap oSBT e SR B RERENE, Qs o
(95 gr(ggl:@) N-OXI de, or ster eoi soneric form

%he)reggfgj having a structure of Formula I: -6 Me 0O Me

REHNRwAI I | /NRZ "vim\N N X
In certain embodiments the occurrence of M attached to Q is C(=0).

In certain embodiments the occurrence of M attached to Q represents CHa.

In certain embodiments the occurrence of M attached to Q represents

substituted NR”’.

In certain embodiments Q represents a substituted or unsubstituted tertiary

amino substituent.

In certain embodiments Q represents a substituted or unsubstituted nitrogen-
containing heterocycle.
In certain embodiments substituents include, independently for each occurrence, alkyl,
0x0, acyl amino, hydroxyl, carbonyl, sulfonyl, ester, amide, NR”’, hydroxy alkyl,
alkoxy alkyl, aryl, heterocyclyl, cycloalkyl, or oligo(ethylene glycol).

Certain embodiments include a compound, or an isomeric, prodrug, tautomeric,
pharmaceutically acceptable salt, N-oxide, or stereoisomeric form thereof, having a

structure of Formula I:



X/ Y wherein Ar represents an aryl or heteroaryl
ring; Wrepresents O or NR'; 5 X represents,
i ndependently for each occurrence, nethyl or hal ogen;
Y represents H, X, or a sulfonam de; R represents,
i ndependently for each occurrence, H, |ower alkyl, or
a netal counterion; R' represents, independently for
each occurrence, H or lower alkyl; "0 Rt represents
H P(=O(OR )2, or MQ RZ représentsy+™H or MQ
wherein one and only one of R dgnd RZ/represents H, R3
represents fromO to 3 sybst hi-lien the ring to
which it is attached&wsgiecte fr | ogen, | ower
al kyl, lower al koxy, hydraxyb xa "Y2; M
i ndependent |y for each occurrence, refresefts a
substituted or unsubstituted 15 nethytere group
(including C(S) and C(=0)), NR', , S(02); n
represents an integer from1l to 5;
nitrogen-containing heteroaryl ring, atertiary am no
substituent, or a substituted or unsubstituted
nitrogen-containing heterocycle. In certain
enbodi nents, Q represents a substituted or
whenehsti t uted nitrogen- 20 containing heteroaryl ring.
Ln certain enjodinents .RIWand Rz are ortho to each
B Frprese ﬁaﬁ@%ﬂhﬁﬁﬂ?aﬁﬂt‘m&t ho to the methyl ene
hptdskme @, opNRached to the bicyclic core. In certain
enbodi nents Ar represents a heteroaryl ring. -7 In
5 Xerpmbonteiplsgendsntly forrach eprussaes, sethyd os balegersuent s on
e rin o Whi ch kt | ,attached. In certain
YR §gibeblies S 0o N R ) 2 wher i n R
Repipe&ends sindéptiiaaandontich deoirr@re/Holoowr &k er a hietal
| ower _al koxyl, or lower alkyl while, in sone
edHIERIIOMeNt s, both occurrences of R' taken together

lr%'.:’ ’H%B}ggén% 'Ec?egén@eﬂg@ E&I SR gc&‘i‘rgwe? YOS otk Qﬂiyl;

gen-contal ni ng” heterocyc
10 R, represents H, P(=0){OR’);, or MQ;

R; represents H, OH, or M,,Q, wherein one and only one of R; and R, represents H;

R; represents from 0 to 3 substituents on the ring to which it is attached, selected from
halogen, lower alkyl, lower alkoxy, hydroxyl, and N(R'*),;
M, independently for each occurrence, represents a substituted or unsubstituted
15 methylene group (including C(=S) and C(=0)), NR**, O, S, S(0), $(0Oy);
n represents an integer from 1 to 5; and
Q represents a nitrogen-containing heteroaryl ring, a tertiary amino substituent, or a

substituted or unsubstituted nitrogen-containing heterocycle.

In certain embodiments, Q represents a substituted or unsubstituted nitrogen-
20 containing heteroaryl ring. In certain embodiments RiW and R; are ortho to each other
on Ar but are not ortho to the methylene substituent attached to the bicyclic core. In

certain embodiments Ar represents a heteroaryl ring.
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Certain enbodi nents include a conpound, or isoneric,
prodrug, tautoneric, pharmaceutically acceptable

salt, N oxide, or stereoisoneric forns thereof, having
the structure of Formula Il v B~NH o RN 10 wherein

B represents M R8. Ar represents an aryl or heteroaryl
ring; Vrepresents O S, or NCN, Wrepresents O S,

S( O2)In cEftaf )emboinmnts, Bs2epresentyR-3 sdlstiRientsayrths eing 9 which it is

i ndependent |y for,_each gccurren L ower .al kyl_,,,or
R B AR A AR T (D e A
rgé‘l‘élé\er@& %e?@ﬁlﬁ:ﬁtl% EbrQacth SVRIrefb Yié lilow«ff alkoXRT, F Wt allkyl while,

optionally substituted | ower kyl; R5°represents

ihlsome embodiments, bhXiccumencks ¢f R1Y taienrtegetherawithy NHormmey,
' ided. t.hat d. f R5 d R6
S%f}?{lggg R? égg/”llq?t%ﬂtﬁd I}??i%éeﬁg‘i?ﬁgwﬁg h¥t8$)%§%l h occﬁpr ence,

represents H, hal ogen, hydroxyl, |ower alkyl, or

| onerCétdiw¥mbodiffEnisdntledentempoting] ort isdraeriq prodrug, tautomeric,
unsubstituted al kyl, al kenyl, al kynyl, al koxy, ar gl -
piBrmeceatiendivaccepighle salh Nepxide prstareisamsyic fopps Bigreoh; havipg the

=0), C(=S), or SM2; K represents OR ,
ﬁ!\ﬁE&'?%?&Wﬁ]&ZR M independently for each
occurrence, represents a substituted or unsubstituted
nmet hyl ene group (including C(=0), C(=S)), NR', O S,
S(O, S(02), or CH2; 5 represents an integer from
1-7 when present in B f 0-6 when present in R5 and
from 1-3 when present in R6; and?

T e
Ar<

S Ry

wherein

B represents MyRs.

Ar represents an aryl or heteroaryl ring;

V represents O, S, or N-CN;

W represents O, S, S(0,), C(=0), C(=S), CH,, or NR’’;

R’ represents, independently for each occurrence, H, lower alkyl, or a metal
counterion;

R’’ represents, independently for each occurrence, H or lower alkyl;

R’”’ represents H, or optionally substituted lower alkyl;

R; represents H, P(=0)(OR");, MJK, or M, Q;

R, represents H, OH, or M,Q, provided that one and only one of Rs and R¢ represents
H;

R, independently for each occurrence, represents H, halogen, hydroxyl, lower alkyl, or
lower alkoxyl;

R; represents substituted or unsubstituted alkyl, alkenyl, alkynyl, alkoxy, aryl,

heteroaryl, cyclo-alkyl, heterocyclyl, or amine;

-8-
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Q represents a substituted or unsubstituted:

ni trogen-contai ning heteroaryl ring, secondary am no
substituent, tertiary am no substituent, or

ni trogen-contai ning heterocycle; 10 provided that
conmpounds having a structure of Formula ha are
excluded: z~ o N~HNH~ W6 / I [/ \ /NHN wherein
Wepratents O(ROg(rB8E L SY,; represent O or NR'; 15 R

represents. i ndependent f,or each occurrence, H,
Fd'?\]érFseé’It%éR,’I‘gg aorr}g&aPég?%dnteri on; R' represents,
M) %ﬁﬁg&gﬁhﬂﬂ Yorldbh ?&fﬁli’reﬁ&c, %éﬁ'&@ﬁ@’a sib&itute@ OE tndibktithied
R5 represents H P(=O (OR’)Z, or MQ R6 represents H,
Dethybme gr@p (robndioe G(tORC(BBR, MRY, OnBySENeSER).RE G

R6 represents H, R7. independent]| r .each .

B ESHFRBR B pes B LW HSRMGHEN I Ror e MEERfEsgptdg R and
f6m 1-9\Bfen prdsentdih RsMnd ndependently for each

occurrence, represents a substituted or unsubstituted

Reeprgsantea gpbstifnted erainadhstiried: sjtragen-coptanyng hetgroarybring,
S(O, 5(02): 25. ' . 1-5° .ad
55k TPk R B Rl s i

Betb@Eydlary am no substituent, or a substituted or
unsubstituted nitrogen-containing heterocycle. In
provided that pmapwrdsthaying 3 strueyra.el Bormala Ha piscapiuded;
tertiary am no substituent, e.g., dialkyl amne. In
certain enbodinents Qin Fornmula ha represents a 5
substituted or unsubstituted nitrogen containing

het erocycl e sgpﬁ\&j nor pgol i ne,

N

wherein

W and Z, independently, represent O or NR’’;

R’ represents, independently for each occurrence, H, lower alkyl, or a metal
counterion;

R’ represents, independently for each occurrence, H or lower alkyl;

Rs represents H, P(=O)(OR’),, or My Q;

R represents H, OH, or M;Q, provided that one and only one of Rs and R¢ represents
H,

R,, independently for each occurrence, represents hydrogen, halogen, lower alkyl, or
lower alkoxyl;

M, independently for each occurrence, represents a substituted or unsubstituted
methylene group (including C(=8) and C(=0)), NR”’, O, S, S(0), S(02);

n represents an integer from 1-5; and
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pi peridine, piperazine, or pyrrolidine. In certain

enbodi nents, Q represents a nitrogen- contai ning

heteroaryl ring, a tertiary am no substituent, or a

substituted or unsubstituted nitrogen-containing

het erocycle. In certain enbodinents, in Forrmula II,

10 B represents MR8; Ar represents an aryl or
Ratpreemntyd mtnogg;—cor\laumg}mwmrgl fing, 3, texvipryNan@iNp sybstituent, or a

PO I A T A o RIS

et al 1y GeHAhRbRRiments Pin Rirkald H@re%?ésbﬂs BBérfikry amino
counterion; R represents i ndependent|y for each

S(ubsmim,rﬁ;g,, dllallkcyi amiwen cgirtain embadimertp Qdipraulg Haprepresents a

R IR AT S
ﬂﬁ:@du@d g}}deﬂﬁﬂle‘; Bapyresl dine e céfaiRbmbadimleds, Qappresone Snitrogen-

represents H, hal ogen, hydroxyl, | ower

OntAIHHE hetg;qawly']ng Rertiay ,agg@ﬁ@sgmggtt P¥ ml@‘gtlmed or ulnlél)ll‘tl:stltuted
Iﬂg?%& édnEaffnﬁg ei_(c}ggf]ﬁal kenyl, al kynyl, al koxy, aryl,

roary heterocyclyl, or amne; J
represents C( O) ( S) or SO2; K represents OR,
IhertaiarenYoRIm &M R Fouldll, i ndependently for each
occurrence, represents a substituted or unsubstituted
met hﬁé??éﬂsgpfé%%&nd uding C(=S) and C(=0)), NR', O

S S( » FHsen?éQ? IPIB&%(E@@H@ an integer from 1-4
r

when pre ent 1 n B, omO whéh present in R5 and
Nrmme&erﬁs@h&mrmié%nt in R6; and Q represents a

bstit ut : nitrogen-containing
ﬁ@f‘%’ﬁfﬁ?@a ﬁﬁrgélpggme {;gg’ry ami no substituent,
Re kdpreetits2imdesng bl bit fob e@ihtocc@irerive] HOGORT IRRT, alrﬂ&tﬁlg:ountenon
heterocycle. -10 In certain enbodi nent s Q represents a

pealkplinecagthimaialogbaierionient, e.g., dialkyl amne, or a
wbstit uted | h0f.NQ
ot rgpreg rtt? y@eggﬁ@e%@?%ﬂ dadh %gcﬂc‘hf:é), 9FDr foRRE aik;

R’”’ represents H, or optionally substituted lower alkyl;

Rs represents H, P(=0)(OR’),, M, JK, or M;Q;

R represents H, OH, or M,;Q, provided that only one of Rs and R¢ represents H;

R represents H, halogen, hydroxyl, lower alkyl or lower alkoxyl;

R; represents substituted or unsubstituted alkyl, alkenyl, alkynyl, alkoxy, aryl,
heteroaryl, cyclo-alkyl, heterocyclyl, or amine;

J represents C(=0), C(=8), or SO»;

K represents OR’, NR”?, or N(R’.)SO;R”;

M, independently for each occurrence, represents a substituted or unsubstituted
methylene group (including C(=S) and C(=0)), NR”’, O, S, S(O), or S(0y);

n represents an integer from 1-4 when present in B, from 0-6 when present in Rs and
from 1-3 when present in Rg; and

Q represents a substituted or unsubstituted: nitrogen-containing heteroaryl ring,
secondary amino substituent, tertiary amino substituent, or nitrogen-containing

heterocycle.
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nor phol i ne, piperidine, piperazine, or pyrrolidine. In
certain enbodi nents, in Formula Il, 5 B represents
MRs; Ar represents an aryl or heteroaryl ring; V
represents O, S, or NNCN, Wrepresents O, S, S(02),
C(=0), C(=S), CH2, or NR'; R represents,
i ndependently for each occurrence, H, |ower alkyl, a
met allnceraih embodimentOQwepraseits 4 tasiarpamimorsubstituent, e.g., dialkyl
caunterion;. R' represents, independently for each
BE % o &rSOEingjed pr RS LY ptroschcontaming hesgrocidle dioh as
h AEme] pi de| ?WetroRMikY! ;. RS represents H,
I‘g‘??o??%éﬁzbgbf,&whh%é%? M'QW'EG represents H OH or M
Q provided that only one of R5 and R6 represents H
Ingentgin epbodiseantss inFomaldHen, hydroxyl, |ower al kyl or
| ower al koxyl; R$ represents substituted or

i & d al kyl, al kenyl, alkynyl, al koxy, aryl,
Eggéjrg%etglrtsy f‘ﬁ%ycl o- al kyl, heterocyclyl, or am ne; J

Aepspessenits an G Q) hetefoaB)lringy SO2; K represents OR ,
NR', or NéRS)S E%% 20 M independently for each
YdEprerRtRe, sr%ré%'_ nts a substituted or unsubstituted
WFngés%QE(ﬂ‘SO?g)ZQ?,' BENIEpB) CRD)orde A(=0)), NR', O
S, or 5 ;

(O, h represents an i nteger from 1-4 .
Rheapresents cndegend@itlyf fon pach-ogcyrhence gl downr alkyl, RBnesz ¢ounterion,

fr 1-3 when present. in R6; and Q represents a

ghaggélme&a\ggnbe[t (FRUMBEPRt ut ed secondary ani no

%U’Q%f)feﬁéiﬂ]‘inden‘%glehﬂy’&r ®QAEh BERRhEE M &r lotver diRyul a 11,
g;

represents represents an aryl or heteroaryl
Rihagepresgnisdhras spherally substiteted fevergallesd W r epresents Q

Ry réprciehts ESPTOON ORI M. T My, N7 - 11

R, represents H, OH, or M,,Q, provided that only one of Rs and R¢ represents H;
R, represents H, halogen, hydroxyl, lower alkyl or lower alkoxyl;

R; represents substituted or unsubstituted alkyl, alkenyl, alkynyl, alkoxy, aryl,
heteroaryl, cyclo-alkyl, heterocyclyl, or amine;

J represents C(=0), C(=S), or SO;;

K represents OR’, NR”’, or N(R”)SO.R”’;

M, independently for each occurrence, represents a substituted or unsubstituted
methylene group (including C(=8) and C(=0)), NR”’, O, 8, 8(0), or $(0»);

n represents an integer from 1-4 when present in B, from 0-6 when present in Rs and
from 1-3 when present in Rg; and

Q represents a substituted or unsubstituted secondary amino substituent.

In other embodiments, in Formula II,

B represents M;Rs;

Ar represents an aryl or heteroaryl ring;

V represents Q, S, or N-CN;

W represents O, S, S(0»), C(=0), C(=S), CHz, or NR”’;

-11-
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R represents, independently for each occurrence, H,

| oner al kyl, a netal counterion, or alkaline earth

netal counterion; R' represents, independently for

each occurrence, H or lower alkyl; R' represents H,

or optionally substituted |ower alkyl; 5 R5 represents

M JK, provided that R5 is not CH2000H, R6 represents

R, represents, ivMlependhtlydpr eshocsurkénce,dil,dgwer alkylda oefd] counterion,

| ower.. al k | ower .al koxyl; RS represents
wAing &Pé%“lﬁalﬁﬂwﬁ‘%?’hut ed al kyl, alkenyl, alkynyl,
R* kepésenty, Yﬂdegeﬂ!ﬁhﬁj’r f¥eMéh o&dﬁﬁleeceamﬂ 1oweleam§ylocycl yl,

am ne; represents C(=0), ,
R’e’bre@sesnntsmmpmallycsubwwet}m YM i ndependent |y

t tituted
Srisaierne dras. PR ARCI B ng o(Zs) " and
R tosenthR, OMQor M, (O, or S(Q2); n represents an
i nteger from1-4 when present in B, from 0-6 when

Ry wpeasents H, helogemy hydmxy, inwer alkyhpelowsr akeryl i n Re: and
QF {eﬁ)?és@f?t@ Qﬁl?suﬁltédjﬁﬁhﬁhig‘%‘?&e@ 5\1& sHREN! Eﬂé a]kox;g aryl,

ogen-contail n roaryr-ring, ondary
Ret@hiyl,Wgdlo-alk @ hdetabyyciym, opaminkst i t uent or
ni trogen-cont ai ni_.ng I&;t erocycle. In certain

LrprEeHs SO G =R 05 Qis a substituted or
&q@*@g%ﬁg@f{eq\]ﬁﬁ &JNI@ -K}ont ai ni ng heteroaryl ring,

may repteseht subst’ituted or unsubstituted
M iplepkndeotly forpackecauyience reprgsehis asabstituted oF unsnbktztuted,

@Sﬂ%% sercmansive CoT PIRERN R ST st ans oo

Réhrédents@@Shte d}ﬁ GLY WRAFSrefint M BERERILN When present in Rs and
subst ituted ". In certain enbodi rrents in Fornul a

from @Mm%@nﬂ@n&SMt ituted or 25 unsubstit uted

DFRAN' AR By Do SEL R REDR P ekt i
SHROHBEY binidEshbbBubntafertia P aftnOsudstitubit, Geitragen-containing
enbodi nents, in Fornmula Il, Qrepresents a

Befproeyelet ed or unsubst it ut ed ni t rogen- cont ai ni ng
het erocycle. - 12

In certain embodiments, in Formula II, Q is a substituted or unsubstituted
nitrogen-containing heteroaryl ring, while Ry may represent substituted or unsubstituted

morpholino, piperazinyl, or cyclohexyl, In Formula I, R’ may represent H.

M may also represent CH,. In certain embodiments, in Formula II, W represents

CH; and at least one occurrence of M represents substituted NR”.

In certain embodiments, in Formula II, Q represents a substituted or
unsubstituted secondary amino group. In certain embodiments, in Formula II, Q
represents a substituted or unsubstituted tertiary amino group.In certain embodiments,
in Formula II, Q represents a substituted or unsubstituted nitrogen-containing

heterocycle.

-12 -
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In certain enbodinents, in Fornmula Il, Qrepresents a
substituted or wunsubstituted: nitrogen-containing
heteroaryl ring, tertiary am no substituent, or
nitrogen-containing heterocycle. 5 In certain

enbodi nents in Fornmula I, R5 represents M Q and Q
represents a substituted or unsubstituted:

ni t r dgeertainrtrbodinmmtd) ét Eormarly 11, € napresdnts 4 substitused oto

suhst.i tuent, or nitragen-containing heterocycle. In
RS Herahtnia e RSP P, Cir b aTopSitent, or
sl dontBfing hetettRglRst i tuted tertiary anmino group. 10

In Certain enbodinénts in Fornula I, Qrepresents a
substituted or unsubstituted nitrogen-containing
het erocycle. In certain enbodinents in Fornula I, R5

represents MhQ and Q represents a substituted or
uns uldstcettainethbedmentsinyF ik LgR ongpresénts MafXandQ represents a

e dinents in.Fornula |1, RS ts.M d Q.i
S0l of bkt ettt RpleRe R Y i RO AP g
ﬁsgtﬁﬁaﬁ,rwniﬁége&coln&ilﬁﬁ%haciefbcwe.odi nments in Formula I,
Rs represents substitufed or unsubstituted

mor phol i no, piperazinyl, or cyclohexyl. In certain
enbodi eAbis enfbodRhEAM Fdrmufﬁlﬂ,r? F’élﬁés%ﬁfssa dulbstithfdd or

certain enbodi nents in Fornul a Wrepresents
@Rubstituted textiary emivaxignoupt s in Fornula |1, M when

attached to Qis CHz, S(Qz), C(=S), or C(=0). In
certain enbodinents in Formula I, Mwhen attached to

Q i s I@idértain-enft@dinhents by EainmlaciiifQ dépresenits,a substRotedhor a

1, the occurrence of I\(I[ ttached to Qis CH2, S(Q2),
yaubgyituted nigroggy-conptpingg eg‘?rﬂcytg odi nents, in Fornul a

I1, Vis O Mrepresents NH, and Its has the

St uCltnb(I:{al(?tétinzemb0e:h[}'\ments5 in Formula II, Rs represents M,Q and Q represents a

substituted or unsubstituted secondary amino group.

In certain embodiments in Formula II, Rs represents M,,Q and Q is a substituted

or unsubstituted nitrogen-containing heteroaryl ring.

In certain embodiments in Formula II, R represents substituted or unsubstituted

morpholino, piperazinyl, or cyclohexyl.
In certain embodiments in Formula II, R’ represents H.
In certain embodiments in Formula II, W represents CH;.

In certain embodiments in Formula II, M when attached to Q is CHz, S(Oy),
C(=8), or C(=0).

In certain embodiments in Formula II, M when attached to Q is CH,.

213 -



where Z represents Oor NR'. In certain enbodi nents,

AR represents a phenyl ring and R6 and R7 represent H
for all occurrences. Certain enbodi nents include a
compound, or a prodrug, isoneric, tautomeric, 10
pharmaceutically acceptable salt, N oxide, or

stereoi soneric formthereof, having a structure of
Focaraimeerwbodiments, i@ FoomBR 1D th oceurmshto@ /M htthghd to  is CHo,

e 8 r sents a substituted or unsubstituted
ﬁ@ﬁéﬁ3%§$ éﬁgﬁepresents a substituted or
HSHAR érhbddifhents SaEAAGM [RNY RO SMEShrcbehWH, ahERE hay the

am no substltuent or substituted or unsubstit uted
piructwgen- contalnlng het erocycle. 10 As noted above,

R8 represent a norpholino or piperazinyl ring in
Qéf??%hi enbodi ments. In certain enbodi nents, as noted
bove

may represent piperazine, norpholine,
|per|d|ne pyri di ne, pyrrole, oxazole, isoxazole,
or pyrazole. Certain enbodi nents include
5 conpounds |l ected fromthe group of A34, A36, 15 A37,

Whére Pépresaind OAGIONRY. A82, or prodr ugs i soners,
tautomers, pharnaceuti cal | acc sal
%ﬁ%@nb%f mgpis, ABTCRRERLE PhRD ﬁﬁg dic% fegresent H for all

nts include conpounds sel ected fron1the gr oup
AL7"A49, A5l and A82, or prodrugs, isoners,
t aut o@etaan embadlrrwntsumludﬂ 4 yompmmdt aibd produig ssomiic, tautomeric,

Xi or. ster S orns, thereof,
10 BB TROTOE S CBBa I Sbro sgirisghep (redh, Raving a
JhRerMef Fdiilloyeri ¢, pharnmaceutically acceptable
salt, N-oxide, or stereoisoneric forns thereof, having

a
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structure of Formula I: -15 M O M R3 HNR WAI | |
INRzZ "viMMA\NNX X/ Y wherein Ar represents an
aryl or heteroaryl ring; Wrepresents O S(Qz), C(=0),
C(=S), S, CH2, or NR'; 5 X represents, independently
for each occurrence, nethyl or halogen; Y represents
H X, or a sulfonam de; R represents, independently
for each occurrence, H, |ower alkyl, or aQretal
counterion; R' repDesents, independently fgr each
occurrence, Rlaor | pwer al kyl; 10 Rl regpresSénts H,
P(=0)(OR )2, or~ ) MhQ,
wher ei n one and @nly jone o¥ R
represents fromO tg-g_substitue
which it is attaché g '
al kyl, | ower al koxy
i ndependent|ly for eask 4 gs represents a
substituted or unsubstitutegy” nmet hyl ene group

(i ncludingyfdzg) and C(=0)), NR', O S S(O, $(02); n
represents an I nteger froml to 5 and Q represents a
subst i t ut Rk epresersuib sukistitutetor wmubmuaecyhetmonmle;
substituen tertjar '

bst i
ni trogen-c ﬁqp‘;?srf;pﬁg'l %1@@1;3?@3)% fngsu E)tlltB%%d%e&O?‘i%Y amino substifuent,

g)‘z ”lp Qgﬁ%%r Bﬁiﬂo%ﬂb&ﬂﬁen‘ﬁ tLdrWGbsHRe®br MRLB3Itatel AitAdgRn-containing
cl ude -

heterocycle

5" hal ogen, | ower
and N(R" )Z; M

As noted above, Rg may represent a morpholino or piperazinyl ring in certain

embodiments.

In certain embodiments, as noted above, Q may represent piperazine,

morpholine, piperidine, pyridine, pyrrole, oxazole, isoxazole, imidazole, or pyrazole.

Certain embodiments include compounds selected from the group of A34, A36,
A37, A44, A46, and A76 to A82, or prodrugs, isomers, tautomers, pharmaceutically

acceptable salts, N-oxides, or stereoisomeric forms thereof.

Certain embodiments include compounds selected from the group of A47, A49,
A51 and A82, or prodrugs, isomers, tautomers, pharmaceutically acceptable salts, N-

oxides, or stereoisomeric forms thereof,

Certain embodiments include a compound, or an isomeric, prodrug, tautomeric,
pharmaceutically acceptable salt, N-oxide, or stereoisomeric forms thereof, having a

structure of Formula I:

-15-
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OM RWHNI \' N RV \NN z X x v whherein W
represents O or NR'; X represents, independently for
each occurrence, a halogen; 5 Y represents Hor X, R
represents, independently for each occurrence, H,

| ower al kyl, or a netal counterion; R' represents,

i ndependently for each occurrence, H or |ower alkyl;
Rl represents H P(=O)(OR )2, or. M 10 R2 represents
H OH or MQ provided that ong and Ve one of R
and R2 represents H, M indepemdently for each
occurrence, represents agsubsfitu r unsubstituted
met hyl ene group (inckwdihg C(F) ar‘ C(#0)), NR', O S,
S(O, or S(QZ); n repreéent ' r from1 to 5;
and 15 Q represents Y tert ary"arri no\substXi tuent. In
certain enmbodinments, Qin Forrmula la .
tertiary amno substituent, e.g.,* 6
certain enbodinents Qin Fornula'la esents a
substituted or wunsubstituted nitrogen tontaining

het erocycl e such as norpholi ne, piperidiYe, 20

pi perazine, or pyrrolidine. In certain enbodinments, Q
represents a nitrogen-containing heteroaryl ring, a
t ertiwhgremm no substituent, or a substituted or

ReFebE b bt e e EoA B i 1

W represents O, S(02), C(=0), C(=S), S, CH;, or NR”’;

X represents, independently for each occurrence, methyl or halogen;

Y represents H, X, or a sulfonamide;

R’ represents, independently for each occurrence, H, lower alkyl, or a metal
counterion;

R’ represents, independently for each occurrence, H or lower alkyl;

R; represents H, P(=0)(OR’),, or M,Q;

R; represents H, OH, or M;,Q, wherein one and only one of R and R; represents H;
R; represents from 0 to 3 substituents on the ring to which it is attached, selected from
halogen, lower alkyl, lower alkoxy, hydroxyl, and N(R"*)2;

M, independently for each occurrence, represents a substituted or unsubstituted
methylene group (including C(=S) and C(=0)), NR*, O, S, 5(0), 5(0z);

n represents an integer from 1 to 5; and

Q represents a substituted or unsubstituted: secondary amino substituent, tertiary
amino substituent, or nitrogen-containing heterocycie;

provided that compounds having the structure of Formula Ia are excluded:

-16 -
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25 Ar represents an aryl or heteroaryl ring; -17 W
represents O, S§(02), C(=0), C(=S), CH, S, or NR'; X
represents, independently for each occurrence, nethyl
or halogen; Y represents H, X, or a sulfonam de; R
represents, independently for each occurrence, H,

| ower alkyl, or a netal 5 counterion; R' represents,
i ndependently for each occurrence, H ol over al kyl ;
Rl represents H, P(=0)(OR )2, or R2 e'ﬁeresents H,
OH, or M Q whereigwone _and only gle of /Rl and R2
represents H R3 repr ubstituents

b4

on the ring to which i ¥ted from 10
hal ogen, | ower alkél xyl, and
N(R')2; M independént

represents a substituted or unsubstituted—ygethyl ene
group (including C(=S) and C(=0)), NRS 8, S(O),
S(02); n represents an integer from1l tyg and Q

represents a substituted or unsubstituted secondary
am no substituent, or nitrogen- 15 contai ni
heteroaryl ring. In certain enbodinments, in Fornula I,
Ar represents an aryl or heteroaryl ring; Wrepresents
@beﬁjn C( 0) C(=S), or CH2; 20 X represents,
endeﬁ @r each occurrence, nethyl or hal ogen;
F%’S‘?SS% %Iy X, or a sulfonam de; R represents,

NYEpiResHI€ ey eﬁdbﬁﬂl??@ﬂ”ba@l@@é&&&ﬁ@@a Halogegwer al kyl, or
a netal counterion; R' represents, independently for

aepreseduHragdce, H or lower alkyl; 25 R represents

R P nokep B foRkacheb BREERTH BB il o P

cepi@fats fromO to 3 substituents on the ring to
which it is attached, selected from haI ogen, . | ower

Ry kigpresensmandeppndsially fonaaeh 2pqureaegy Hproyst alkyl;

R, represents H, P(=0)(OR’), or M,,Q;

R represents H, OH, or M;,Q, provided that one and only one of Ry and R; represents
H;

M, independently for each occurrence, represents a substituted or unsubstituted
methylene group (including C(=S) and C(=0)), NR™*, O, S, S(0), or 8(Oz);

n represents an integer from 1 to 5; and

Q represents a tertiary amino substituent.

In certain embodiments, Q in Formula Ia represents a tertiary amino substituent, e.g.,
dialkyl amine. In certain embodiments Q in Formula Ia represents z substituted or
unsubstituted nitrogen containing heterocycle such as morpholine, piperidine,
piperazine, or pyrrolidine. In certain embodiments, Q represents a nitrogen-containing
heteroaryl ring, a tertiary amino substituent, or a substituted or unsubstituted nitrogen-

containing heterocycle.

In certain embodiments, in Formula 1,

Ar represents an aryl or heteroaryl ring;
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M independently for each occurrence, represents a
substituted or unsubstituted 30 nethylene group
(including C(=S) and C(=0)), NR', O 'S, S(O, or
S(02); n represents an integer from1l to 5; and -18 Q
represents a substituted or unsubstituted:

ni trogen-contai ning heteroaryl ring, tertiary am no
Wieprdstute A, S(OHcO (), (a8, bl sBibmtNR’ u,e nt , or

gntﬁ ?en co tald;’-ﬁﬁg§het rocdvl“g(e% ﬁ%?’&%)’ s

%re@éntd\ﬁx oba hilfdhekidd n_enbodi ments in Formula I,
in"certain enmbodi ments, in Forrrula I, R1 W

Bn cbpmeatlsemdmmdelttb/ foncaehorcherenss, By lowsualksk er Atetal
ortho to the nmethyl ene substituent attached to the
"E’y%ﬂﬁ core. In certain enbodi nents, in Formula I,

R’ fepREEEE Mdepandifil FQadayh oedmnce;l,@{ biloGer Alain
enbodi ments, in Formula I, R3 represents 1-3

Ry iepresenie AL PGRNOR)z PAMaQt 0 which it is attached. In

R PRPRR IR R0, oA bty br 3P R U BORdthesents 1

Ro repeasehts gt 0 te B eabstithentsoxethe aink ox whichdt islattaetred pdckgcked from
while in certain of such enbodg (2 2$ bot h occurrences
B@log@n ﬂ%ﬁiﬂfyég‘@’t"ﬁ"e@ kot ysroxyk ap NER 3 ks ubsti t ut ed or

Eﬁ&éﬁh aEfl Bgﬁﬂreﬁ&!‘ trﬁir@én?g& dgfk%%@t‘itﬁ&)i@r GinsubStituted

ndte preV| in certai iments Q represents
methybstei grml}:e@ncdudmgl C§eB)sandt CEE), NRf,rQ.g% S(Ohfi(8khi ng

heteroaryl rin tert,i m no substituent, or
Rt ERTERTEI- aéldﬂtteggrrfir?fﬁ 1ﬁ8ge¥‘&€ycl e. 20 In certain

PrkEROS Substittitd PR hsabititbd: 4eEndariBamind ehbstituent, or nitrogen-
i ndependently for each occurrence, "al kyl, oxo, acyl

eontaipinghetironyl ting ar bonyl , sul fonyl, ester, amide,
NR', hydroxy al kyl, al koxy al kyl , aryI , het er ocycl yl,
cycloalkyl, or oligo(ethylene glycol). In certain

anbedinenbsdimehel @ FIrmapriesent s a secondary ami no
substituent, suitable 25 substituents include al kyl,

Al ReptgsEnisn, arﬂﬂ'*’@@?"éﬂl}ngsand hydr oxyal koxyal kyl .
di | h
T

Xxfepresérity, dndepond ey forodablke bcammaéglrmethjdhnshahgemt S may
k\)’eregrse%grits H, X, or a sulfonamide;

R’ represents, independently for each occurrence, H, lower alkyl, or a metal
counterion;

R’ represents, independently for each occurrence, H or lower alkyl;

R, represents H, P(=0)(OR),, or M,Q;

R; represents H, OH, or M,,Q, wherein one and only one of R; and R, represents H;
Ra represents from 0 to 3 substituents on the ring to which it is attached, selected from
halogen, lower alkyl, lower alkoxy, hydroxyl, and N(R’*)z;

M, independently for each occurrence, represents a substituted or unsubstituted
methylene group (including C(=S) and C(=0)), NR"*, O, S, S(0Q), or S(0Oz);

n represents an integer from 1 to 5; and
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-19 Certain enbodi nents may include pharnmaceuti cal

conpositions conprising a pharnmaceutically acceptable

exci pient and a conpound of any of the type disclosed

herein, while certain enbodi nents include a nethod of

treating a hyperproliferative disorder, conprising

adm ni stering to an ani mal a conpound of any of t he i
QyppreSentld 5 substetkderasuhstituteds euttcmen-cemamm eroaryl Rag, tertiary

ST EHES I T A R

contacting the cell with a corrpound of the type

di sclosed herein, or to nethods of treating a viral
Img¢estein enbqdiments W senreseaistQ, oHOchbée@) Kyf= ﬁ),%ul%h, or NR™.
I mmunodeficiency virus (HV)), conprising 10

adm nistering to a mammal a conpound of the type

ti salagsabiments, inGairhalaT, Weisttidlj. ment s cont enpl at e

met hods for the treatnent or prevention of al opecia

IC gﬂg fﬁg;e g%géﬁq%ﬁfégrgé, ,152 é lg?%&z_&pg Lhe :J(H:Beél}ﬂ &ag} other on Ar
tiiGrd a 8rilb SE 1R IREINBA LS FABOUAIHA Wt biORic@brdIOr ©

enDt erapeutics or radiation therapy. The conmpounds
di scl osed herein may al so be used for the 15
manuf acture of a medicanment. In certain enbodi nents,
the pinsesain anthedimenss, inFeviaad, Ar ieptesentpp heternsayltingal
conmposition conprising a pharmaceutically acceptable
carrier and a therapeutically effective anmount of a
COnMpoy i) 3 T ®r r
Componardty GRsng it Fobilh © Rxcpichints L suBRuIHEH thering
foavtiickn®ris attachédir maceuti cal |y acceptable salt, N oxide
or stereoisoneric formthereof. In another enbodinent

L1 cat IS AR rpp G A B T SPal Ve SRNGR " wherein

ﬂ"s%ﬁr‘%&rﬁé’ ebéﬁd’éﬁtl ¢H datis b&fukrficd, P1, fowdtaBitoxiyl) on &Aekr alkyl,
of such tréatment a therapeutically ef fect i ve anount

whilaincesspmefdud eIBBOdlmem;l botb IOFCUI‘{EIHP?S ofd}™™’( faken togsther with N
[, C oun oneric,

Bt s R RR et AR PRGN fifing R8O &

N- oxi de or stereoisomeric form thereof I n anot her

FioudlPSnRERSHARMboBMERHE QReptE@YisdesubatitaRd
nmet hod of treating cancer, or other proliferative or

anfibstititede ampgen-@n'ptmngngq@etqgwhngg,éemﬁ@l gmping substituent, or

nitrogen-containing heterocycle.

In certain embodiments, suitable substituents may include, independently for each
occurrence, alkyl, oxo, acyl amino, hydroxyl, carbonyl, sulfonyl, ester, amide, NR”’,
hydroxy alkyl, alkoxy alkyl, aryl, heterocyclyl, cycloalkyl, or oligo(ethylene glycol).
In certain embodiments, where Q represents a secondary amino substituent, suitable
substituents include alkyl, alkoxyalkyl, hydroxylakly, and hydroxyalkoxyalkyl. Those
skilled in the art will readily recognize that the list of enumerated substituents is not

exhaustive, and many other suitable substituents may be used.
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30 host in need of such treatnent a therapeutically
effective anount of: (a) a conpound of - 20 formula

(r)y, (1), or (11l), or any other conpound discl osed
herein, or an isomeric, prodrug, tautomeric,
pharmaceutically acceptable salt, N-oxide or
stereoisoneric form thereof; and (b) at |east one .

c onp dlerthirs etnbodiednfsmoay iaclide pbarmacewigeihtomppsitions coémprising a

liferati ts. .5 i bed, h ' t .
e sscE ity o fe Birieied o Sxpamauia B BT o g disclpgec
Helkin, Whild ceftdfil EnbREALAS incliieth HORSE SPREdtng aV}E}lbbﬁ)inglﬁferative

useful in nodulating cell-cycle progression,

disuilet, comprisingadmivintering| to enahingal @wempawei of any of the type

(ﬁiffer ntiation. Such conpounds woul d be useful for
f‘cé%ﬁefi areélbbj ects having disorders associated with
excessive cell proliferation, such as cancer,

(v eatie R FRCHHy R B OR GsriRsca Vel fadihe gpligd t
hE&Bb& GShEibAHE ggglhh@fatioﬁwthbn,rmﬁﬁri@mg&iohtaeﬁﬁgnme QB with a

and the like. . conpounds woul d al'so be useful jin,
qomepoun pf tettyrsrdistlosed herein, primBgtrde pEeajingjariieal inferdion (such

HL V- . i i . . e : .
S5l 0760 B R hiAGcBiefby i S S fiting
ATARteRAS tOh midihali avoaiound offthy thse disdobet heteire Cetfain
manuf acture of a nedicament, which can be used

o . .
ambagiments seremplatrmetheds 10p e refraentos BEFVRBY QN 9 algagoia induced
e e T Py e P Rphe R el o
@napopad of theftypdTisddseddetdis cimjoiftly RABrerainyge shenidtherapeutics
I nduction of PARP cl eavage. 20 Figure 2 i|lustrate
aradiationherpy T enmRande fiselgrRddisRen e A ‘a%ﬁ%@%

‘? MhMele dfa dikdledmel® tunmor cells, as represented by
a

dose response; and (b) tinme- course. Figure 3
depicts the irreversible effect of conmpound 1316 on
cl ongeneic survival of HCT-116 tunor cells, as

d by tine- . i . .
U o Tyl tish 4 Rpenf Redeh i frogiod 8 Wy iRt utcal
COMPRIE cARPreRERHAEMARUACA S Hceshtatle tatief drdROMrapentically

exposed to the sane COﬁPOUhd.
effective amount of a compound of formula (1), (II), or (III), or any other compound

disclosed herein, or an isomeric, prodrug, tautomeric, pharmaceutically acceptable salt,

N-oxide or stereoisomeric form thereof.

In another embodiment, the present invention provides a novel method of
treating cancer, or other proliferative or other diseases comprising administering to a
host in need of such treatment a therapeutically effective amount of a compound of
formula (I), (IT), or (III), or any other compound disclosed herein, or an isomeric,
prodrug, tautomeric, pharmaceutically acceptable salt, N-oxide or stereoisomeric form

thereof.

In another embodiment, the present invention provides a novel method of
treating cancer, or other proliferative or other diseases comprising administering to a

host in need of such treatment a therapeutically effective amount of: (a) a compound of
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-21 Figure 5 presents results obtained fromthe

HCT- 116 xenograft tunmor assay w th various conpounds
of the invention. Figure 6 shows the results obtained
fromthe A2780 xenograft tunor assay with conpound
A37, represented by (a) tine-course of tunor size at
various doses; and (b) 5 table of salient netrics
fbnmtﬂat(f)e(IBsma()Iﬂ) feir goiy ethEr eﬂmpmmﬂ kigsclosedihersinpbt ati iseuieric,

m t he PC3 X r af ay W
‘g‘?‘gs‘éﬁtf’@c?ﬂﬁ ett"’ﬁ'io{a‘i‘?“ %‘85@? ¥’l‘lb Px’éiP?gE‘Sfems"me“b form
tl-ié}%bp Wad ADSE fastiie co ouﬁ@&mt&f fr&dlahBand@ bk Sald 8-
t he assay Figure 8 shows the results obtained from

nrplfer@ive@gsmniogr aft tunor assay with 10 compound B16,
represented by (a) tine- course of tunor size at

vari o L Sall.ent i : o

t he aHSQ‘ dggﬁﬁfd he%gﬂ &Q%nhlﬁl Sf ﬁlflse@g%mﬂ{tﬁ)@ atrﬂgip:atéféafﬁlilﬁﬂi‘tmg the
&ht@bl’e&ﬁa&m{erj‘r hed hun@équ&gtlﬁﬁvoum%@ﬁﬂ lin lodulatihgeell-cycle

CMVB- i nhi bi tor-1oaded chjp. The JD cal cul a _%grfrom
nrﬁér%sl%{af“én%wewlﬁﬂ%tl%teky qnirplcell gowfh aﬂﬂsi epfiaton; fpch

.
A S e R e

dxcelisble callgroldBrasipe,cuth estdnger, psnnamsi ingnaialiegivad [djsordess

i bitors of cdk/cycli exes. As descri bed.

lﬁ‘é&&nﬁ R AR PO DT o O 6 ol Festegsigand other
oot RHuBLIE 09 disBRicrehhd ¥ Gk, mﬁf&bﬂﬁbundsav&m also be useful in the
consequently may be’ useful in nmodulating c ell-cycle
iphibgicesefihumanimmumadefiojency yirus typei I{HI¥ d) tragacoiption 6Wang et al.,

. conpounds woul d be useful for
flr\/{é???gr}’g %ﬁcﬁﬁg&?ﬂ@@ng di sorders associated with
excessive cell proliferation, such as 25 the treatnent

of CamRedesdpibed hagirs the mmhmmms i eneiofl efa¥ be used in the
i nvol vi ng unwanted | eukocyte proliferation, in the

mpagagtaneol smediermeamb sy uchnpin b whed 1o RS diseatss epeh asdhpse
‘ggﬁi‘%ﬁm’{?ﬁl and the like, as discussed in greater
al

I n one enbodi nent, the present invention
provi des conpounds, i ncluding isoneric, prodrug,
NaBRIEY DESGRIEPTTON OF THE DRAWENGSbl e salt, N oxide,
or 30 stereoisoneric fornms thereof, having a structure

of FoFigutea shows effects of exposure of compound A37 on: (a) cell-cycle analysis
of HCT-116 cells by PI FACS analysis; (b) induction of PARP cleavage.

Figure 2 illustrates the irreversible effect of compound A37 on clongeneic
survival of HCT-116 tumor cells, as represented by (a) dose response; and (b) time-

Course,

Figure 3 depicts the irreversible effect of compound B16 on clongeneic survival

of HCT-116 tumor cells, as represented by time-course.

Figure 4 shows reduced viability of arrested tumor (HCT-116) cells exposed to
compound A37 compared to arrested normal (IMR90) cells exposed to the same

compound.
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- 22 M OM RBBHN RCAI v NI NNs\ X X/Y
wherein Ar represents an aryl or heteroaryl ring, such
as a phenyl or pyrrole ring; Wrepresents O $S(02),
C(=0), C(=S), CH2, S, or NR'; 5 X represents,

i ndependently for each occurrence, nethyl or hal ogen,
such as-F, d, Br, or |, preferably d; Y represents
H X,Figure 8 psedehsmesults ebtaRiedrfmm dedbCE-1 16 ndpgrail b éryassay
f.Qr each occurrengg1 | ower al kyl, or a netal

VAELYATIONS GAMPRYNds © eJAVeti®Y | or alkaline earth netal

counterion; 10 R' represents, independently for each

OCCUTH; &6 & shbwg EheI r@ﬂﬁfs oﬁdfﬂeld, fnﬁfl SleeA 278 WxMBgraftflmor assay with
represents H, P(=0)(OR) 2, R2 represents H,

compound ABT) represdnie wga) prrwt of remornsiee atrvarigws dosesiand (b)
ents H, R3 represents fromO to 3

t@ﬂ%%f’aﬁlﬁgwgmgﬁﬁ?’ Flaﬁsﬁ‘yt o which it is attached,

preferably 15 selected from hal ogen, |ower al kyI

| owerFighr Mefiowh Y resilts, obsaitedNidt Xl POS xérmteafetmdmniabgay with
for each_ogccurrence, represents substituted or

compapad AdYreareseried .y () Smsrequpse(ad tymor sizgativapgrsdpsss:epd (b)
I t NR', O S, SO,
tLlﬁX‘“é aﬁeﬁyﬁleu@eraﬁ%@&%¥ ore \(/:\hzen attached to V\soz Q

CH2, §(02), C(=S), or 20 n represents an integer from
1 t o Bgup Beshewa ﬂiqpesultsmbzaim&d ﬂomm%?%hmmpgm% tRmonasgay with

from 1-3_when R2: ent.s
rppunt B GReE Lo Bsart it bR A SRR poses: and ®)
18318895 Biend ﬁ@%@@@oﬁl the'agda‘}aZO' e, or pyrazole, a

Secondary am no substit uent, a terti ary am no

substi tuent,
Figure 9 shows as an example the results obtained for the binding of

CDK2/cyclinE to the CM5-inhibitor-loaded chip. The Kp calculated from these data
amounts to 8,0 +/- 2,8 nM.

V.DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The invention pertains to novel cyclin dependent kinase inhibitors (cdks) and
specifically, but not exclusively, as inhibitors of cdk/cyclin complexes. As described
herein, the inhibitors of this invention are capable of inhibiting the cell-cycle machinery
and consequently may be useful in modulating cell-cycle progression, ultimately
controlling cell growth and differentiation. Such compounds would be useful for
treating subjects having disorders associated with excessive cell proliferation, such as
the treatment of cancer, psoriasis, immunological disorders involving unwanted
leukocyte proliferation, in the treatment of restenosis and other smooth muscle cell

disorders, and the like, as discussed in greater detail below.

In one embodiment, the present invention provides compounds, including
isomeric, prodrug, tautomeric, pharmaceutically acceptable salt, N-oxide, or

stereoisomeric forms thereof, having a structure of Formula I:
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e.g., a dialkylamne, or a substituted or
unsubstituted nitrogen-containing heterocycle 25 such
as nor pholine, piperidine, piperazine, or pyrrolidine.
- 23 In certain enbodinents, Qrepresents a
nitrogen-containing heteroaryl ring, e.g., pyrrole,
oxazol e, isoxazole, imdazole, or pyrazole, a tertiary
am no substituent, e.g., a dialkyl'dayne, or a
substituted or unsubstituted ni
het erocycl e such as nDrphollne
pi perazine, or pyrrolidim k¥l cer
represents a substlt%Wed|or unsubsti t ufed secondary
am no substituent. | [
substituent on the seéondary am no pstitdent is
sel ected from al kyl, al koxyal kyl, hyg

1

hydr oxyal koxyal kyl . In preferred Astr ts, R1Wand
R2 are adjacent (ortho) to each othe , and are
preferably not adjacent (ortho) to the TRt hyl ene
substituent attached to the 10 bicyclic gore.In

certain enbodi nents, Ar represents a hetroaryl ring.
In sone enbodlnents R3 represents 1-3 substituents on
wherei ng to which it is attached. In certain

R R A R ORI g Aok by 1cf BYH G ring,

curren

iy ehpeosihts Cﬁ'SK@ﬂYCGW}}'O{HS& ats oS Yor bmﬂ’bonyl sul f onyl ,

ester, am de, al kyl halide, acyl am no,

Seremrchants caicopndngi st ol PRAFTARSA, mq%flé’r balpgin, Sy as F, C1, Br,
Pff g,n&iq?r)ég b, cycloalkyl, oligo(ethylene glycol) etc.

apparent to those skilled in the art that
Irrgpreseits HeKeooasulfonamydeenpl oy any suitabl e

substituent, incl udi any of thase |isted above,
Rerepasssnisnibden g"g’%\??‘:@ﬁs‘é‘éﬂt‘@ lgweRgkyl, ﬁaB%eF"c‘m n

EEBR I Rich SWag? g)ﬂ% C%l&lm@@a[r&?ﬂn@ta?&&@ﬁer%bom ments, W

represents NR'. 20 In
BeT repieseresyimdtpamiently fof each peaerenss, H enlepenalkt, pieferably Me;

ach occur such as F, d, Br, or I,
g‘ﬂé‘?pé?sé?msﬁ gz—si’(r@@%n@’gg‘;godl ments Y represents H or

réﬂﬂes@ﬁfstmlcmemﬂ rﬁefefﬁablyfpﬂom@dwt baeand 6ifly ofe 6f Ry and Ry
F the form S(02) N 2, Wwherein R' represents,

repdesgntsdint |y for each occurrence H, | ower aIkoxyI

o O s B 03, il
Bél&(ft@fg AmAdgehNoR@r BRYE @estellldoxychgiroxy) @ e,

M, 1gge%|chge?1tlypfvlorp§arci1 %Iccr:]u?'rence, represents a substituted or unsubstituted
methylene group (e.g., substituted with lower alkyl, oxo, hydroxyl, etc.), NR™, O, S,
S(0), or $(0Oy), preferably CH;, or, when attached to W or Q, CHa, 8(0;), C(=8), or
C(=0);

n represents an integer from 1 to 5, preferably from 2 to 4 when present in R; and from
1-3 when present in R;; and

Q represents a nitrogen-containing heteroaryl ring, e.g., pyrrole, oxazole, isoxazole,
imidazole, or pyrazole, a secondary amino substituent, a tertiary amino substituent,
e.g., a dialkylamine, or a substituted or unsubstituted nitrogen-containing heterocycle

such as morpholine, piperidine, piperazine, or pyrrolidine.
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pyridine, etc. In such enbodinents, suitable
substituents include substituted or unsubstituted
occurrences of al kyl, al koxyl, am no-al kyl, aryl

(e.g., phenyl), aralkyl (e.g., benzyl), and
heteroaryl. -24 In certain enbodi nents of conpounds
having a structure of Fornula I, the present

Inroeetaini enibogirentsl €3 repoesents addtrogenadonthimgg hetervaryleing, €.g.,

TR S S
@ﬁkﬁa&ﬁffi&%% s?ﬁ%EﬁY%E&THf ansuBstitied nftd¥en-coiialiing héﬁgﬂpyd;e Such as

. . : Y wherein Wrepresents O or
merpheline tpiperidinge pipatheing) gr arolidinshIroesrigin emipagdimgnts Q

hal F . . ef I ©10.Y
PRI aTE A PR o unaTosriira e@itpdiry ol SlRRlFR G I cohtlin'such
aAkdHiMeRtd] the BeItitddnt bPiRIse@nd)ty: anfiho SubBtitint is selected from
counterion, such as an alkali or alkaline earth netal

dbyln alkoxmikyl fydrexieadiadrand hydrgzplkamedeyly for each

occurrence, H or |ower alkyl, preferably M;

R
repr it : 1%5%91& Bthler on Ar,
OH, gﬁ%ﬁ%g&p‘? e%%r a%ﬁ{?y’ %’ﬁgvalﬁggéﬂ a&aédﬁécgﬁé(oglﬁgj only one on
antl aR prefetatR? notr #ipacest(otthoHp the miethyime salestituent fttacheditothe
Qccurrence, represents a substitut edhor unf,ubst i tuted
bicyclic core.In certain embodiments, Ar represents a heteroaryl ring. In some

embodiments Rj represents 1-3 substituents on the ring to which it is attached.

In certain embodiments, appropriate substituents include, independently for each
occurrence, alkyl, oxo, hydroxyl, alkoxy, hydroxy-alkoxy, carbonyl, sulfonyl, ester,
amide, NR”’, alkyl halide, acyl amino, or substituted or unsubstituted aryl, heteroaryl,
heterocyclyl, cycloalkyl, oligo(ethylene glycol) etc. It will be apparent to those skilled
in the art that aryl and heteroaryl may employ any suitable substituent, including any
of those listed above.
In certain embodiments, W represents O or NR”’. In certain embodiments W is CH;. In
certain other embodiments, W represents O, S(0;), C(=0), C(=S5), S, or NR”".

In certain embodiments, X represents, independently for each occurrence,
halogen, such as F, Cl, Br, or I, preferably Cl. In some embodiments Y represents H or

X.

In certain embodiments, Y is a sulfonamide, e.g., of the form S(O2)N(R’**’)s,
wherein R**”’ represents, independently for each occurrence, H, lower alkoxyl, or lower
alkyl, or both occurrences of R’’*’ taken together with N form a substituted or
unsubstituted nitrogen-containing heterocycle, e.g., piperazine, morpholine, piperidine,
pyridine, etc. In such embodiments, suitable substituents include substituted or
unsubstituted occurrences of alkyl, alkoxyl, amino-alkyl, aryl (e.g., phenyl), aralkyl
(e.g., benzyl), and heteroaryl.

-24 -



10

15

20

nmet hyl ene group (e.g., substituted with | ower alkyl,

oxo, hydroxyl, etc.), NR', O S  S(0), or S02),
preferably CH2, or, when attached to Wor Q CH,

S(02), C(=S), or 20 C(=0); n represents an integer
from1l to 5 preferably from2 to 4 when present in R
and from 1-3 when present in R2; and Q represents a

ni t r dyeertain nnﬁbdiimmtsfm‘toenmuyds ltaivilg, a ﬂrugture pf/Foroiwdg I, the
oxazol e, Jsoxaz %{3\ i ‘ETH a}ﬂ

PreseRs 18?"3}1“%%%"1 me “ddng ‘SB F&l%} B ARIOMSTIC,
pharraceSHRY ab sppblOfally Bﬁ&ﬁ&é ok WeRediddinterio I8 Bledf, Miavitlg a
het erqc;&ycl e such as norpholine, piperidine,

spugtaresofi imemubxlapyrrol i dine. In certain enbodi ments, Q
represents a tertiary am no substituent, e.g., dialkyl
amne. In certain enbodinents Q represgnts a

substituted or unsubstituted nitr
het erocycl e such as nor phol i ne, pi
pi perazine, or pyrrblig
represents a nitrogen i
tertiary am no substj g tifuted or

enbodi ments, Q

certai n enbodi nent s,

conpounds according to Fornmula | anea | a

i nclude those 10 shown in Table A In bodi nent
t he present invention provides conpoundss=ha¥ing a
structure selected fromAl, A2, A4, AS, A3(Q, A32, A38,

A39, A42, A48, A50, A52 to A55, A58 to A64Y A66, A67,
C3 and ¢4, including isomeric, prodrug, tautoneric,
&?glreﬂpceuti cally acceptable salt, N oxide, or

stereoi soneric forns thereof. 15 In certain
Bhiepekisemts Osor WRipounds with the structure of Fornula |

0 not incjude c vvlththesructure
FRRGFER BIepANEHY L CoChBUATRRH & FBIAEe bR P CL Br, or L
F&Y&%‘%IP’@ al s0 provi des conpounds, including
soner prodrug, tautoneric, pharmaceutically

doepyesats H gd;t, N-oxide, or stereoisoneric forns

k ?erp?é)s];hts 11 \c/lepe%dentrc'y of gettcﬂroeccgrfren%g r}qullo%e} altlkyl\/ or ?MEMT' O

counterion, such as an alkali or alkaline earth metal counterion;

R represents, independently for each occurrence, H or lower alkyl, preferably Me;
R, represents H, P(=0)(OR’}),, or M;Q;

R; represents H, OH, or M,,Q, preferably provided that one and only one of R; and R,
represents H,

M, independently for each occurrence, represents a substituted or unsubstituted
methylene group (e.g., substituted with lower alkyl, oxo, hydroxyl, etc.), NR”’, O, §,
S(0), or S(0y), preferably CH,, or, when attached to W or Q, CHz, S(02), C(=5), or
C(=0);

n represents an integer from 1 to 5, preferably from 2 to 4 when present in R; and from

1-3 when present in R;; and
Q represents a nitrogen-containing heteroaryl ring, e.g., pyrrole, oxazole, isoxazole,

imidazole, or pyrazole, a tertiary amino substituent, e.g., a dialkylamine, or a
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R6 | ~/wRs 20/ \ /NH wherein B represents MRS. Ar
represents an aryl or heteroaryl ring, such as a
phenyl ring; - 26 V represents O S, or N CN,
preferably Oor S; Wrepresents O, S, S(Q2), C(=0),
C(=S), CH2, or NR'; R represents, independently for
each occurrence, H, lower alkyl, or a netal

substituedd @unsshstibutabniabgal-kaltainmg hetdiadyclesuelans morphiodihe,
counterign; 5 R' repregsents, independently for each
Bl@élaﬁim@rm@era@%wrﬂomk iBekyl, preferably H R

repr e[ﬁ%@ftﬁn"elm leﬂé}ﬁ%g‘&ﬂéﬁexﬁygﬁél‘r ér?ia?ﬂnb QWRkinRhK¥lg., dialkyl

preferably Wlt a su uent ed from ester,
amneldn caﬂg«hambndl,mfmts chgpresems REIbstiptedvrpnsubstituted nitrogen
res

5 CoRBTPEBYY Y e PR TR TS, BR O P BiraoEP: A5yl itiag 1o
ckRameRiRAEALfs, 1O rdpfesehid @Qﬁ)@é%éﬁ%hyalﬁlﬁ & hewefiaryl ring, a tertiary

occurrence, represents H, hal ogen, hydroxyl, | ower
ahikg Isubstisiesh cag swestityted onunsubswuteé mmw-cogtawwtemcycle
met hoxy; R$ represents substituted or unsubstituted

al kyI acl%{}léﬁwhb {lﬁ']rwé}fyy‘h’r é‘eﬁéyo aryl, heteroaryl,

cycl o- ocycly or am ne; 15 J represents
C(=0), C(=S), or SO Krepresents OR, NR', or
N(R )E@rﬁlaryl\dorﬂpbdﬁdmu‘»daﬂiﬂg/to%mehdhnd Formuleria &clude those
represen S a substituted or unsubstituted nethylene

10 showodnd@blg A substituted with | ower alkyl, oxo,
hydroxyl, etc.), NR', O S, S(O, or S(Q2),

pr ef Qﬁﬂe%nfﬂ%dnﬂént Qﬁ@pre@ént 1Wbﬁﬂoﬁ1f)foarfdé§ dotnpoiddhatdng a
CH2, S(Q2), 0 C(=S), C(=0); resents an

stmwgeselecqtemfr@mml A, e%ﬁébmmm 0413 Vi, 242, A A50, AS2to

RS 1o MsCadles AB, Ga nd 08 B8RS WorkdiclBrodAfh, 1ufheric

pharmaceutically acceptable salt, N-oxide, or stereoisomeric forms thereof.

15 In certain embodiments, compounds with the structure of Formula I do not

include compounds with the structure of Formula Ia.

In another embodiment, the present invention also provides compounds,
including isomeric, prodrug, tautomeric, pharmaceutically acceptable salt, N-oxide, or

stereoisomeric forms thereof, having a structure of Formula II:

v

P

B NH

1
Ar/

\

20 N1

wherein
B represents MRs.

Ar represents an aryl or heteroaryl ring, such as a phenyl ring;
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Q represents a substituted or unsubstituted:

ni trogen-contai ning heteroaryl ring, e.g., pyrrole,
tetrazol e, oxazol e, oxadi azole, isoxazole, imdazole,
or pyrazole; secondary 25 am no substituent, e.g.,
nonoal kyl am ne, arylal kyl am ne, heteroaryl al kyl
amne; tertiary amno substituent, e.g., a
YirgpriegenésOn®, orgv-CN, tprefgmhlyc@m Si ni ng heterocycle such

nor phol{ ne e, pyridine, or
gﬁwa*% eg ﬁﬁ’é ¢{ gﬂnegr% when K represents
R RprsehiK' 1ndé%enﬂ&ﬁ F\fﬁﬁéﬁcﬁ dc@Wnc@' FI,Ylbwer AIRVIC6F 4 Bietul
errbodl nments where is MJK, R5 is not COOH. 30 In

eaintexion, suebodiamahel or alkehppearty meisleppnierioant s i ncl ude,

I
RS kab e oD U068 s SN Yottty
RSt espreseaRiH@r opffonalis s&lyétltﬁlaﬂ llchecr alloy,| prefistabdy with a substituent
subst ituted or unsubstituted aryl, heteroaryl, - 27

sedecdechizgmyeyter. a8yde. G8YIRIINO, 6 AP hy | ene gl ycol ) etc.

t 0 illed in the art that
t{F y%ﬂr%ashlgl@g{é?gr oa@;% )Zhglyhgrr%lq\g;(bany sui table
R beprrésents i, OHL oo M, noefaraply mbvided slet bivs srebordp oneof Rnand Re

certai n_enbodi ments, R8 represents any of the
FeQFqSSW substituents: alkyl, 5 alkenyl, alkynyl,

m‘iBﬁ@llryQ'&N J:acﬁ |0l’583i‘yenc@rr¥ﬁrese%f§ H ehaléﬁenh&tcﬁﬁ}%ﬁr]bbver alkyl,
In certain “enbodi nents, any of the af or enent i oned

su:bmmanbm@rlmralkmxlmmha@pmﬂmally be substituted

Ryt ts et of GG RURd blovhabedy, R MYy, W
Betbhil L@BIOSalHWhQE&QyM?p bi:léiﬁmef or exanpl e,

cycl ofexyl, =0, carbonyl, sulfonyl car boxyl ,
Empﬁmmsc(a@c@(-sh@tf&(bcycle ester, or ether. 10 In

st one occurrence of Mis
sugért%lk’{hﬁgg‘ ’%ﬁ#ﬂméen@;§¢§§ﬁed to R8 and when present
M) ifkfepehdentl® Téredadh Gw@ﬁhw RérRescntscd sublititgted vy unsubstimted
enbodi nents above the foll ow nﬁ_{ygf or

5 oot i essltedogh IRBr Ak b koYL eic), R, O, ,
SIOPY) S0 3y BegpacriDi Nk ety Y gty S{ob

Cé&+aonC=Mhodi nents Vis O

n represents an integer from 0-10, preferably 1-7 or even 1-4 when present in B, from

0-6 when present in Rs and from 1-3 when present in Rg; and

Q represents a substituted or unsubstituted: nitrogen-containing heteroaryl ring, e.g.,

pyrrole, tetrazole, oxazole, oxadiazole, isoxazole, imidazole, or pyrazole; secondary

amino substituent, e.g., monoalkyl amine, arylalkyl amine, heteroarylalkyl amine;

tertiary amino substituent, e.g., a dialkylamine; or nitrogen-containing heterocycle

such as morpholine, piperidine, piperazine, pyridine, or pyrrolidine.

In certain embodiments, when K represents N(R’)SO,R’’, R’’ represents lower alkyl.

In certain embodiments where Rs is M,JK, Rs is not CH;COOH.

In certain embodiments, appropriate substituents include, independently for each

occurrence, alkyl, oxo, hydroxyl, alkoxy, hydroxy-alkoxy, carbonyl, sulfonyl, ester,

amide, NR ", alkyl halide, acyl amino, or substituted or unsubstituted aryl, heteroaryl,
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In certain enbodi nents, Wrepresents CH2. In certain
such enbodi nents, at | east one occurrence of Mis
substituted NR'. 20 In certain enbodi nrents wherein R

is present and is substituted |ower alkyl, the |ower
al kyl is substituted with from1-3 (preferably 1)
substituents selected from |ower alkyl, |ower

hettroaydyl, s:ydﬂﬂﬂk@aqligd(etﬁyle)n@glycodm etcCORE1] I8CRMRBrent to those skilled

s g T o SR bR oo S BT o any

m&‘@lwtéﬁb%quSZ C3 Io car bocycl e substituted with
0-5 25 R', and 5-10-menbered heterocycl e cont ai ni gﬂ(i
Y

by esitain embastimenta Revsprsssnis anseo fithe fallowing subsitresss:

AP A gk B ol B BT, ok P BRRAN et
£BRBMenC RS tiRs afordNidiatiohNRa AR @ents MG 1) thifg aW@lally be
SO2NR8aR8a, SCR2R8a, Cl14 al kyl, phenyl, benzyl

st futedhptany; of themenfionsd egbatléue&ra( ewfen&)mha&a a¢NyN_ NO, or
t A
Rkt gt e G CRRE R0 e, P PR Sl -0
warbényQ; sﬁlfﬂhyl eartlony, suﬁ?foﬂlOaxrr&i&sbhe‘ta@bcMé @smc,)orlether
ont ajning from1- ieheteroatorrs selecte froglN(P{,,
rtgm e prgta,taé asf e qg:cgn'@ce 0 1Sp3Uas stitute when

[{}1]@ Ul r@&ﬁf‘m‘l@ urrence represents a group
ecte rom H, ovver phenyl, and benzyl. In

Izecreummembﬂmmnmnnslpdmg auE nﬁthewﬂaodnnam ahovacRghas the following
esi due, such as a valine 5 or glycine residue, e.g.
M s a | ower alkyl residue substituted with an ani no

acj resi due through an am de or ester linkage. In

preferrgd enbodi nents, R5Wand R6 are adjacent (ortho)
o each|other on Ar, and are preferably not adjacent
ortho) yto the bond to the tricyclic core. In certain

e nts, Vrepresents Sor NNCN. In sone

enbodi nent s, 10”represents a heteroaryl rin
whete A FePETBIY iOn%rrNB ofin P%TF%PIH bpdimenjsRag, l%e'phghno or

S .5 A ST S0 7

embochﬂentssvls(hdependently for each occurrence,

r ox | ower such a
A RO n e T SaREs i CPHATD ShetL DS <AL st one
BeduSRhE&SSINISs albshRitddWreer from 0-5, preferably from

1-5, and nore preferably from2-4 when present in

In certain embodiments wherein R’”’ is present and is substituted lower alkyl,
the lower alkyl is substituted with from 1-3 (preferably 1) substituents selected from
lower alkyl, lower haloalkyl, NRgRs,, NR’C(O)Rg, =0, CORg, CO:Rg, NR”’CO;Rg,
C(O)NR3Rg,, NR’C(O)NR3Rgs, NR**C(S)NR3gRsa, C(S)NRsRg,, NR’’SO;:NR3gRg,,
SO,NRgRg,, NR’’SOsRg,, SOyRg., NR”’SO;Rg,, Cs.10 carbocycle substituted with 0-5
R’”’, and 5-10-membered heterocycle containing from 1-4 heteroatoms selected from
O, N, and S, substituted with 0-3 Rg, wherein Rg represents H, C, haloalkyl, NRg.Rg,,
NR”’C(O)YORg,, NR”’C(O)Rsa, CORgs, CO2R3s, CONRga Rga, NHC(O)NR3:Rga,
NHC(S)NRgzRga, SO;NRgRga, SO;Rg,, C1.4 alkyl, phenyl, benzyl, Cs_;p alkyl
substituted with C;.1 alkenyl optionally substituted with 0-3 R’*’, Cy.1p alkynyl
substituted with 0-3 R*”’, -(CF»),,CF3, Cs.1 carbocycle substituted with 0-5 R*”’, and 5-
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R5. In certain enbodiments of Formula Il, Wrepresents

O CH2, C(am, C(=S), or S2. In certain enbodi nents,

R5 represents M~JK or MQ In certain enbodi nents, R6

and R7 represent H In certain enbodi nents, M

represents C(=0) or CH2. In certain 20 enbodi nents, n

is preferably 1, while in other enbodi nents n may be
10-mémbered heierocyeigisontaining SomJl -4 betoroafamesdslertad(fr@h O, dhand S,

i.s OR .or R, S "... ln certai enbaodi nent s
Sﬁ(’@‘)“%@’ﬁ% qgl%NHgsiﬁ%z lpﬂepeeﬁ?rﬁ@ﬁa% QEREHES®, Tepresents a
SR RIRISren 31 DSHért iR dpltinyl Bedb&IZyL. ut ed ni trogen-
contai ning heteroaryl ring. In certain enbodi nents, Q

represents a substituted or 25 unsubstituted .
het erlB&exjpinembgdingens, R 3 cpmpEsepcamsniog agid residucy iphas @ aline

i C [ ni " I j : . .
iU Y 2 BRI A5 o cid
regidudbidughta@ dnide o esendiakagef t et razol e or oxadi azol e.

In certain enbodiments Q may be substituted or

unsubstituted occyrrenc of ridipe, pjper{dine r

o perAZrofEired emBsdimes e W 1 epprpdimisnb oo} et efeson Ar
cli ,

By e o e o

substituent is selected from alkyl, al koxyal kyl,

hydr dreattiiglembedindnjs Nosepeﬂsmﬁiﬁar%&CN- hsaee @lagedlments, Ar

enboditma tts of .Formula Il, Wrepresents C(0), SO, or

TEpICRSts FPCICROAY INgy '\ onresent H, and R5 represents

MQ where n represents 0 and Q represents a

substntceitsie eatbodiinettsdf Fotinath 1 Wirepesemo0O! SionNRJ’. In certain
heteroaryl ring. In_certain enbodi mepnts, Wre resentsi
.

coppedipents R rRreseais b Jém)(QR dnfr MsQr Wreatainfrabagisent
ropYeSénts, E}g{eﬁ@ﬁcﬁﬁgi}‘ st AcROculdeh&? h%ﬁgﬁ, %ﬁ&roiyﬂ %W%r%l,@ﬂi, such as

or unsu tuted’ nitrogen-contai ni etefoaryl ring.
1hé&thy oc wtea ozl axchihras methoXw freqarageemhbodinems noepriRnts an

R6 and R7 represent_H .and RS represent -J where .
IAteger oM Ont-GBeeTabPofioe. 35, apd puore plfsra k2w Bigent in
R) SO2R'. In certain enbodinments, Wrepresents S,

), or NR', R6 and R7 represent H and R5 represents

MQ where nis an_integer from1-3, and Qis a
butsstain embatliments of Gomila &k 8 represents b T@Y C(=5), or 50;. In

R0 SRR SRR, R PBrQEhE MR5K Y 1,0 Tn Bl SHBBHRIERR, Ry and R,

represent H. In certain embodiments, M represents C(=0) or CHa. In certain

embodiments, n is preferably 1, while in other embodiments n may be 0. In certain
embodiments, J is preferably C(=0), and K is OR’ or N(R”)SO;R’*. In certain
embodiments, N(R")SO,R’’ is NHSO,R ",

In certain embodiments, Q represents a substituted or unsubstituted nitrogen-
containing heteroaryl ring. In certain embodiments, Q represents a substituted or
unsubstituted heteroaryl ring, e.g., a five-membered or six-membered ring, containing
at least two nitrogen atoms. In certain embodiments, Q may be substituted or
unsubstituted occurrences of tetrazole or oxadiazole. In certain embodiments Q may be

substituted or unsubstituted occurrences of pyridine, piperidine, or piperazine.
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1. In certain enbodiments Q contains at |east two
nitrogen atons. In certain enbodi nents, Wrepresents

S, O or NR', R6 and R7 represent H, and R5

represents M Q where n represents an integer from

1-3, and Qis a substituted or wunsubstituted

si x-nmenbered ni trogen-containi ng heterocycle. In

cer t dhrexdin embodRientsyipetpreserts a sevondar® amanalsutdstituent. In certain

bR, et of Ry SRR FUBPOLEILSH isgelseied fom
dilﬁg,raq}g(ﬁgfaﬁ(ywh%.r%ﬂk 1, Yhd BydrbRyalRoxiyalldn i nt eger from

Q'is"a slUbsfituted or" unsubStituted
ni trogen-cont ai ni ng heterocycle. In certain
bl g

enbodheeriaig emhidinesnts oidirey epghents €@ SOy, or C(=5), Re
dh ' el _ _
S P AT R 14 ol TS il

suk&ftied of nsubbtetuicd 2itkrsuenphlaiiifg h@tbwaryl siug! nldeetain
substituents include substituted or unsubstituted

eboditrenis Y represanis A Hz2, £eiand Rarepresen Hy apd Rs represpnty MaQ, where
A gt S0 O p et oy B oo BB Sthin
Isteevarghtiogdi ment s where Q contains a nitrogen not

attached to M that nitrogen is substituted, e.g., by

Syt Pk SOV R R Sna
PREMB NS IK] WRET] {8 6n FRBFR Totn 18! P OG-0)! M RAPORE or N(R)

phar maceutically acceptable salt, N-oxide, or
§0eR80i soneric forns thereof, having a structure of

P eb s W iesem iy N pr Rl ReBiSias . o Rs
FePRdsOSe Mn?, whesep andanteyr fréh 163 GRd W substiteted ldr unsubstituted
lﬁge\:-\en'[en‘ﬁ)lelke){i riitrg éen?cor;?;igilng heterocycle. In such embodiments, n is preferably
1. In certain embodiments Q contains at least two nitrogen atoms.

In certain embodiments, W represents S, O, or NR”’, Rg and Ry represent H, and Rs
represents M,Q, where n represents an integer from 1-3, and Q is a substituted or
unsubstituted six-membered nitrogen-containing heterocycle. In certain of such
embodiments, n is 2, and M, represents CH,C(=0).

In certain embodiments, W represents O, S, or NR’’, Rg and R; represent H, and Rs
represents M,Q, where M is CHy, n is an integer from 1-3, and Q is a substituted or
unsubstituted nitrogen-containing heterocycle.

In certain embodiments, where Q represents a substituted nitrogen-containing
heterocycle, e.g., piperazine, morpholine, piperidine, pyridine, thiazole, oxadiazole,
tetrazole, pyrrole, etc., suitable substituents include substituted or unsubstituted
occurrences of alkyl, amino-alkyl, alkoxyl, aralkyl (e.g., benzyl), aryl (e.g., phenyl),
and heteroaryl, e.g., oxazyl, piperazyl, pyridyl, pyrrolyl. In certain such embodiments
where Q contains a nitrogen not attached to M, that nitrogen is substituted, e.g., by such

a substituent.
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counterion, such as an alkali or alkaline earth netal
counterion; R' represents, independently for each
occurrence, H or lower alkyl, preferably H 10 R5
represents H P(=0 (OR )2, or M-Q R6 represents H,
OH, or MQ preferably provided that one and only one
of R5 and R6 represents H R7, independently for each
occurlneaxtain entyodzsaind of Fornhutgléthe pedserd emventionvprovadelsy | |

RO HE, RS pomsrie eI SE Mo araprulRSekeptdblc sa
NoRRfe! 6&&&%@@&&8%& 'tﬁér'écﬁ%avﬁ?gt DithRAge 8F PHﬂ%nﬁEIIQ

substituted with [ ower al kyl, oxo, hydroxyl, etc.),
NR', O S, S(O) or S(02), preferably CH2, or, when
attached to CHz 8(02) c(=S), or 0) n
represents an i nt eger fr 5, preferabl Ye from2-4
when present in RSpanl m 1 3 20 when p Resent in
R6; and Q repre ni tragen- cont ai ni ng lhet epwmr yl

ring, e.g., pyrrole, azol-, |soIazoIe ‘-zole

or pyrazole, a tertiary anifQ subgtituen ., a

di al kyl am ne, or a subst d yed

ni trogen-containing hete g’ Mo o ne,

pi peri di ne, piperazine, . ineg. -31 In certain

enbodi ments Q represents a tert|ar _amHno substi tuent,
e.g., dialkyl amne. In certain ertbodi ment s Q
represents a substituted or unsubstituted nitrogen
whefelri ni ng heterocycl e such as norpholine, piperidine,

perazi ne, yrrolidi certain enbodi nents, Q
ﬁé %%fe‘ﬂfl@eég‘?ﬂtg’r Be@é‘?? P‘éN{% ng heteroaryl ring, a
re fe?r&%ﬂtsg’in eﬂeelﬁg}’ﬁgf' bR burr@lce AT SIBRRE hﬁ(&‘lt 8fla ﬁ{etal

uns bstltut ntr n-cont ai ni ng heterocyc e.
ccs.mtmam snbadianaikab or(aﬂuhnmmth metahcauméersng uct ur e of

ormula Ll .d oun ith t .
kP, sideptidrany Hrei R o GHRArS) Photlbbn sl preferably B
ROFePHbsRnis IH, qarqéo;‘(@n ﬁcb,up?Qt hose shown in Table B. The
i nvéntion al so prOV|de or conpounds havi ng a
Bs repeesante s M cardd.Qurroeferdly prp@ldAd thag opeand grdy onagBR; and Re
A37es 4%%, A41 A44 to A7, A49, A51, A56, A57, AG65,

AEEFE As2, and C5 i ncludi ng isoneric,

RE,Qﬂdéiﬁndélﬁllg}'thf%h @cc@f@b&&e@‘éﬁdmﬁh}@o gen, halogen, lower alkyl, such
as methyl, or lower alkoxyl, such as methoxy;

M, independently for each occurrence, represents a substituted or unsubstituted
methylene group (e.g., substituted with lower alkyl, oxo, hydroxyl, etc.), NR”’, O, S,
S(0), or S(0;), preferably CH,, or, when attached to W or Q, CH;, S(05), C(=S), or
C(=0);

n represents an integer from 1-5, preferably from 2-4 when present in Rs and from 1-3
when present in Rg; and

Q represents a nitrogen-containing heteroaryl ring, e.g., pyrrole, oxazole, isoxazole,
imidazole, or pyrazole, a tertiary é_m1ino substituent, e.g., a dialkylamine, or a
substituted or unsubstituted nitrogen-containing heterocycle such as morpholine,

piperidine, piperazine, or pyrrolidine.
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acceptable salt, N oxide, or stereoisoneric forns
thereof. In a certain enbodi nents, the invention

provi des a conpound having a structure A37, including

i sonmeric, prodrug, tautoneric, pharmaceutically
acceptable salt, N-oxide, or stereoisoneric forns 15
thereof. In an alterative enbodi nent, the present

i nverinioottaipremhodimerfth represed ateetthry pmandy smstituent, e.g., dialkyl

t. II t abl | t  of. t ab
BB el Bl PRkl Hirogen
d%&ﬁ’ﬁlﬁg héterdRhae @ﬁ&'?éétﬂl&?hbﬂnea? ﬁ‘l@ ﬁp@r@kﬁ‘re Qr p%m‘ohdme In
conpound A68 or C5. 20 I'n andther enbodi nent

qsrtaigembadiments.i @ reppesents @eg'trqgmpr@umm\ heteregryd ring, a tertiary
qsﬁfl]lé# %lgl?s'rrjlg.lelng (S)Eréh.l stlftli)tgcg1 gr Wbsugst{ étﬁfl Bﬁgoigm& cbntammgnlgetc%gCycle

pharmaceutically acceptable salt, N oxi de or

st er elaiceaamrentboldim¢tss, cbmpoaids wikhthe sprugtierafddrmula 11 do not
enbodi ment, the invention provides a conmpound having a
igglude pempovds gyithdhe siuctyrg of Eammya 8omeri ¢, prodr ug,

tautomeric, pharmaceutically acceptable sal t, N 25

oxi d x&{rﬁléﬁ%ﬁﬁbﬁﬂmfﬁrﬁﬁfa@ aﬁdrggﬁ ﬁﬁfludeltﬁ‘os%@ﬁ&@ﬁ fn Table B.

enbo the“invention provi a conpound havi ng
a structure B3, including isoneric, prodrug,

t aut obher meentlopra&ormo‘edcs ﬂ)am)ma@tmiprhabhe a§§u¢turel\$etmtedeﬁ0m A3,

BhistaThants Tcop s o, MR ot BhogasTr & 57, Acs, A

tbsrsquat:e dC2 p4rAdT 3] SncdidiRg ROIREE, Lﬁrb&@rh' MuRaReR! sintacatitally
a metabolite of conpound, B16. - 32 preferred

@e@malé%@tr iNvexide, o sterepiganeris f@rmﬁaﬂerw&cbm pertpin gmbodiments,
tggr@gg{uﬁ%{ﬂn rg}??cft %}a% 98%@%%% aPEhughﬂe aght i%bfﬁdm isomeric,

en ovli des a cbnp
odaELigutonicsio EiarMacduivAlbnaiceptablp balt mgiale; @raitéryolsomenc forms
acceptable salt, N-oxide, or stereoisoneric form 5
theféPof , having a structure of Fornula V: O OQ RB -~
O~HNHO/ 1 10

In an alterative embodiment, the present invention provides for an isolated
prodrug or pharmaceutically acceptable salt of a metabolite of compound A37. A
preferred such embodiment is a prodrug or pharmaceutically acceptable salt of

compound A68 or C5.

In another embodiment, the present invention provides compounds having a
structure selected from B1 to B20, and C1, C2 and C5, including isomeric, prodrug,
tautomeric, pharmaceutically acceptable salt, N-oxide, or stereoisomeric forms thereof.
In a preferred embodiment, the invention provides a compound having a structure B16
or C3, including isomeric, prodrug, tautomeric, pharmaceutically acceptable salt, N-
oxide, or stereoisomeric forms thereof. In another embodiment, the invention provides
a compound having a structure B3, including isomeric, prodrug, tautomeric,

pharmaceuticaly acceptable salt, N-oxide, or stereoisomeric forms thereof.

In an alterative embodiment, the present invention provides for an isolated

prodrug or pharmaceutically acceptable salt of a metabolite of compound B16. A
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N~NH wherein R8 represents a substituted or
unsubstituted heterocycle; and Q represents a
substituted or unsubstituted: tertiary am no
substituent, or nitrogen-containing heterocycle. 15

I n one enbodi ment, the present invention provides
conpounds, including isoneric, prodrug, tautoneric,
podfaredoehtendaidinyera ¢ce podhigeor phibtmackhigoal ly @c captable salt of
sterquﬁsnerlc forms thereof, having a structure of
“REPRLT M O M R3HNRWI~1 /N A~\ NN X
X/ Y wherein 20 Ar represents an aryl or heteroaryl
ri NY,In $&€dIn dMbBIRADIEY kh&ﬁvérﬁbﬁ%ﬁiﬁdds@t@mpoun@ or a\prbdrug,
absent or represents O S, S), or
lmerlc:pta@f@nm phmawm@pﬂnemp@ leusmy,el}i@m;bnm sperpejsomeric form

currenc haI ogen, such as F, d, Br,
‘?’re(f %ﬁylggearsé%ﬁ}uﬁ #lﬂugapr esents H X, or a
sulfonam de, preferably d; 5 R represents,
i ndependently for each occurrence, H, |ower alkyl, or
a netal counterion, such as an alkali or alkaline
earth metal counterion; R' represents, independently
for each occurrencg, Hor |lower alkyl, preierably M;
Rl represents | owey al kyl or ROO- | ower al kWl
represents fIR@m 0 tlo 3 substituents oD

which it is atta¢hedNHref grably
e

ring to

10 \N M
wherein
Rg represents a substituted or unsubstituted heterocycle; and
Q represents a substituted or unsubstituted: tertiary amino substituent, or
nitrogen-containing heterocycle.
15 In one embodiment, the present invention provides compounds, including

isomeric, prodrug, tautomeric, pharmaceutically acceptable salt, N-oxide, or

stereoisomeric forms thereof, having a structure of Formula III:

wherein

20  Arrepresents an aryl or heteroaryl ring, such as a phenyl or thiazole ring;
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10 selected from hal ogen, |ower alkyl, |ower al koxy,
hydroxyl, and N(R')Z, and RO represents H, | ower

al kyl, P(=O (OR )2, al koxyal kyl, hydroxyal kyl,

hydr oxyal koxyal kyl , nonoal kyl am ne, aryl al kyl am ne,
heteroaryl al kyl am ne, oligo ethylene glycol, or an
am no acid residue, such as an al pha-am no acid
Weisiathsmnt od feptasente L, &) E((Qr),t@(elviomﬁ(ﬂ) drNR Bppreteatily Oy

ve- nenber ed het r referab a thiazol
K risraat, gidepentipndis ' chem hecafhencd ek oppipgen, Muck s 1 c1, Br,
@[nfo&cgf ?,% Wis absent, and R represents | ower
al kyl, optfionally substituted with R90. In certain
¥rrbpresenti sX, mgawébnweiﬂ preférablydr al kyl

B ST oo SRS BBk WP h o2

écﬁﬁte@ﬁﬁn&&h% Eﬁ&M@h oy hlkahﬂéié@wﬂktlavéountemn
ydroxyal koxyal (éml nonoal kyl am ne, aryl al kyl am ne
¥

Retrépr@mn;q ) éor cgeh awumen@a HeQIHQWéh@kﬂL plefarably Me;

ents a phenyl ring, W
é eﬁjgéssg%gw a@f‘to?}{?éﬁ%&;%p{ erably 0), and Rt
R?fﬁpﬁésem"s $roho0ves 3 slisyituentin theeihf Yo whivhtif ik uttehewdy priferably
In certain such enbodi nents,. the IowaéN Kyl

g fr%mé@loee&éa“'ﬁ dkvletorner alloxpdngpyL 2, and

1 S
Ry Bptkents 1 60 il DR B¢ aﬂ@?ﬂk*"?%eﬁ%ﬁ#‘ the
hyﬂmx)yaﬂdscyantgl@momarkgbdtmmeﬁrghﬂcymamue, hetemaptlakyl anging, oligo
e inventjon inc|udes, isqneri ro ru t aut oper.i,c
RIenR EOEPh OoR RIng A KERONG Suh 18 A D pinogEid residte
stereoi soneric fornms of the conpounds depicted

therein. - 34 In another enbodi nent, the present
i nverhicertaipreobiodissents, mwreﬁm&raﬁ%wn@aﬁd hetengroyli ingn

s RArhCt M PR B i Oealt RSBl Syl bbblinPAS. # 1

do9ednd Ky reprsentd lowpalklyl, bp@éna?ﬂ@)éuﬁaﬂﬁl@@ Rathd®Ex | osed

herein, or an isoneric, pr odr ug, taut oner i C

pharmaceutically, acceptable salt, N oxjde ?r ,
ster eleu%ﬁém!mmﬁt&, rrazfﬁsentSrH,aloWFréqdbﬂr B(:'FO) OR’)y, or an

R 460 RO R i AR o,

spiesaitedkdxyaikyl Alydtaxyalk3]l, thrdxyalefyadak)d mbndatkyCamimg, arylalkyl

an i someric, prodrug, taut 0 i.C, rmaceutically
aspiaedeiaeay iy amiges o Heolighy e'éﬂs%%l?%@ner ic form

thereof. In alterative enbodi ement, such

pp?r rttacc%ﬁslhfeﬁ{boaﬁﬂmss | Ari 1Oy SRS pIFeR§] Ang, IV @R 83éhntsa@I N, or
effective

S (preferably O), and R, represents lower alkyl, optionally substituted with RyO. In
certain such embodiments, the lower alkyl group is selected from ethyl, isopropyl, and

t-butyl.
In certain preferred embodiments, R; is absent.

In other embodiements of the invention, the compounds shown in Tables C and D are
exemplary, and the invention includes isomeric, prodrug, tautomeric, pharmaceutically

acceptable salt, N-oxide, or sterecisomeric forms of the compounds depicted therein.
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10 amount of a prodrug or pharmaceutically acceptabl e
salt of a netabolite of conpound A37 or B16,

preferably a netabolite having the structure A68 or

C5. In another enbodi ment, the present invention

provi des a novel nethod of treating cancer, or other
proliferative or other diseases, including any disease

or do ladothemmbbchmalstsﬁm mmemumvcmmpm@m@ anovel phannaceutlcal
adm ni.sterin . fuch 15 tr

COEP AL EPERFE 8 PRSI SRl ePiab IS B A P pbeLticAly
JFREHRH @Andunt b&a chipolrddorf l:lolrllrn.llr:tqr 121Ny 16 ONPOUAE dhipelias gidclosed

herein, or an isoneric, pro rug, taut oneri c,
lprmm rea @B isanasaicl prodoige puisherics harmareusierliip accgptable salt, N-oxide,

Lo E SRR ol i 1A PR e Sk, - AR R

cdfthosifibh coﬁbﬁbdsfa&h&hp@lﬁlca%lﬁélﬂ'é‘ctﬁeﬁnbﬁnﬁiﬂﬂ doinfioané eelected from
conjointly wwth a co nd of Forpula |, ha, 20 11,

Ahto A$2, Bl topdp @@r%bt?r@idﬁ@mlf&é%wh@ﬁo drug, tagjomgric,
hﬁﬁﬂ&rehg?au@ra%?%ptﬂ% LAUNRORAL Gr stePSONIIRER YT fﬂekébf In alterative
accept a oxPde,” or stereol soneric form

énftxitaient |sﬁc@phmﬁémmelwmmmembmnmpHMhmapﬁﬂrd:allxoéffective

treatngnt conpri sui tabl e adm ion of. a,
AL B4 PTOREIE OF ROATBEGCH L AERPLAR St W Bgabite of compound

£%] OB 6] Hf@t%ly a tBtabSidte h%n% ‘?ne%%ﬁcuﬁé‘ﬂﬁﬁjortg &, or a
i soner | d prodrug, tautoneri armaceutically

accept abl e salt, N 25 oxide, or stereoisoneric form

t her dufanoﬂiong:mbmmlanlmlm psesent inyenticaprevides anowel methodof

RaE BinsEhen ST 0TS i ShsPap Aregryesy nelpipt iRy AREM!

Refitioh W Ra&dd belod:, compfitihi alaRitéringto atostinfeed ef\such
tIﬁES in Separate preparatlons or are otherw

tmﬁtmt@ttbmpiemaléy pligatiy ﬁtimayntm;{}atcompogn@ H%F%IMQ I ga 1L, Ia, I
nﬁmgo?xﬂir 3?%?%@{115 e%?ﬁr)f;b‘ii 'aH?%ﬁ')nen{ﬁ ﬁoh&ée %{&F&&r ovi des

;ﬂﬂﬂﬁmutmany ROEHEH1S bdlg Nrokide rcﬁrs&amémsmﬂlér;c fefrfi ebhérevt In certain
anount of a_ conpound of I1, ha, 1]l

GRPUB RS IPah %csg@e%?eg?%e‘i GpmigptiSanger spehand !
R fe abBiHS BIE e GumlGERCBHOIRB) it A E6ARLAR &"mﬁlma I Ia,

reol SONeric her eof
Afl4, dHakr layy acmppauriatislidsed hblte;n, aceer pzbm@he, m‘adlrugeﬁautomﬂa,

RECI T R e
ﬁr@fEB‘éH BEbe&InRat, &tlcH fifRof) of ReBént BhpriRe E\ﬁ@hbl@ﬂﬂmfﬂstdt@n of a

CS, or S an isonmeric, prodrug, tautoneric
tbhtapctamelly effedtivy aawebefaﬁﬂménmmd selsetesk fr@m Abfo A82, Bl to B20

e(?]le&q(gf ﬁél %ﬂrﬁg%gzrmplto ?automenc pﬁmtcél}‘cﬁ:aﬁ%&%&ﬁféts’alt N-

oxide, or stereoisomeric form thereof. Conjoint administration, as the term is used

herein, encompasses therapies wherein two therapeutics are combined in a single
preparation, are administered, e.g., simultaneously or at different times, in separate

preparations, or are otherwise administered to a patient as part of a therapeutic regimen.

In another embodiment, the invention provides a method for formulating a
pharmaceutical composition comprising a therapeutically effective amount of a

compound of Formula I, Ta, I1, ITa, III or any compound disclosed herein, or an
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conposition conprises a therapeutically effective
anount of a prodrug or pharnaceutically acceptable
salt of a netabolite of conpound A37 or B16,
preferably a netabolite having the structure A68 or
CS. 10 In further enbodi nents, the pharmaceuti cal
conpositions of the invention are for use in treating
isprarEe podrugs taniboraeric; phareraceutivadlly amptapbcﬂaltf Mrogtidey er or

t her di sease di.n |seas condi
stretibouterty TaT Tpreqtyand STt plareR sty SRRelbl Hmigr ma
préféRed bﬂBodﬁM&ﬁf @ucmhﬁhhaéalﬁehl %ﬁxﬁé@ﬁtlaﬁ @om}iﬁ@d a therapeutically
suitabl e substituents can include, for exa

effatidepeamount b a covpoundeselssted dropn Allts A%, Bl to tngépml to C5, or

LGRSt AP T LB Ao

sbdréaqiotheri oo Qﬁeﬁ&ﬁﬂ Mh alt€rative erfibsaiinben aiok, pharmaceutlcai

phosphi nate), hosphate, a phosphonat e,

HAPSHHPR ae@pn%ﬁs adherapeutispll v pfersy 8 FIPHNL of 3 Hiﬁ‘ihih‘é Or an
@%ceg : yal?l? ag%@p@'ﬁv&e %hﬁé/f%r}ﬁettaﬁoel?g bf & aéﬂ}fﬂrr 6, preferably a
mdtitenitd Bavimg Kwsprhctunwﬁﬁ&an‘ €yl , al koxyl si | yI

sul fonyl (e.g., sul fate sul fonarri do, 20 sul farmyl ,

Sl e ot 5 Aaimp e e ot of REMYhedon are
BPGIRMh treRRAZY Hrseé%b{%%&ﬁéy tancly hﬁ&jb{ﬂher prolifertive oplEer diseases,

substituent's may al so hensel ves, be substituted or
ineludibg iy diseae o condién discusepkbed®v.As used herein, the
fol |l owi ng terrrs and expressions have the indicat ed

cont AN AR S bresH SRR ¥ Bl e bups are
wed sﬁﬂa’olb mﬂsﬁﬁjeﬁtsezdn inithofe} foe @kinipleci halegen, a hgdeuyk a carbonyl
forns. well known in the_ art how. to epar.e
(sﬂmke@mpay algehy s, ¢aBPoRYls, SelENs, 2yIghya A0y the ot thioester, a
tﬁlt%ﬁgéﬂtg | ﬁ“dfﬁm?e[t )bXn il?’(ﬂﬁﬂeé Pﬁ?siaﬁgtgl %0% ]??H g Norffd EHS‘sphinate), a

mat eri a omer |
phasiate afphDS]ﬂloﬂatd aaj)liosghmutelm anmspmemmof&ytsammdo an

structure .are intended, unl eC|f

ag%lém@o@h@mgtwam A8 Bitean i sUASRR o lidyio, others, -CFs,

a'l eggls ?1k¥?°15ﬁ cydldalii Qﬂl?o%c%r?%ﬂyﬁ etlfdry1 QY. g panfite, sulfonamido,
rrpoun e pr esent | nventl on and’i nternedi at es

srubfdmoyh sul@mateds aehewnsyd}alr sjaatkyb ée. pabanzyh), artea ageraaténer

i nventi o

PR oy g o B G 19Reey IRk BV Such

s%a&aéﬁts ﬁﬁ?‘ﬁﬁe@%@mséw@i B@Slﬂ)shﬂﬁédkﬂﬁnkhmmt&l oms havi ng
he sane atom c nunb

i, Definitions

As used herein, the following terms and expressions have the indicated
meanings. The compounds of the present invention may contain an asymmetrically
substituted carbon atom, and may be isolated in optically active or racemic forms. It is
well known in the art how to prepare optically active forms, such as by resolution of
racemic forms or by synthesis from optically active starting materials. All chiral,
diastereomeric, racemic forms and all geometric isomeric forms of a structure are

intended, unless the specific stereochemistry or isomer form is specifically indicated.
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5 but different mass nunbers. By way of general

exanple and without limtation, isotopes of hydrogen
include tritiumand deuterium |sotopes of carbon

i nclude 12C and 14C. The term"alkyl"™ is intended to

i ncl ude both branched and straight-chain saturated

al i phati ¢ hydrocarbon groups having the specified
Aihmmeesscsf used it prepatecospoudds cExmlpdee@t ofveatitay ind intsrmddiates

rpads B85S 0, copttoped o v melffor e nygf ivpotiay 0PV

s-pentyl. In addition, the termis intended to

i ncl ude fhedeht inbenttdntis ir#érRidd 2 thohiidd allii§dtéed of bioytls occurring on
oups, the latter referring to alkyl _noieties having

tgmreaq*nt aempoundsr splenesinplde fhose plomsdgringdie same gomigymber
‘tJu't {Hffe?&t %r% s mﬁﬁté}g e@y \nﬁ% g[‘ gé%kql eﬁ%ﬂ?@%ﬁ wﬁ!ohpfﬁiﬁgatmn

cyano, i'mno
mm;da@ of hydhh@yxd hl)clude a:hikmh Iancb deﬁtbmms]se!bpe&hﬂ datboplinclude 2C and
piitro, heterocyclo, aryl or heteroaryl. It wll also

understood by those skilled in the art that the
substituted noieties thenmselves can be substituted as

vel | mhqBmaPAKAPL{ Atdded RENERESboth®Mchad kid strdi @ft@hgin
to those al kyl” groups having from1l to 6 carbon atonmns,

sptueetted aliphati€ hpdnotarbon groups bmng thiespesifiethaumbes of gatipon atoms.

ExapNgeat oL oot ok frsoe BRGRR A S, SO, feprpryt -
BRHY3-betyh bty emb&ltﬂr fnd¥- E&ﬁylam ¥ diGoE theteiy s intended to

substituents. terns " oor halo en" as used

inelpds poth @ﬂ@rbStltbltfﬂ andrsybstiteicd alkyl govps ﬂﬁh]etter refeeringrigealkyl
0
s B0, s P R By BSR4 AR TR Pttt o
Hadugleh [ hyldroxhilecattRinyl alkoxe) et kether, cyand, phosphorylo a:lninol fmino,
are intended to nmean any stable rin systf E
mg‘o,tf@ fydnyl, &uﬁ@lﬁfﬂ%ﬁtﬁ’ élllff%ﬂygﬁ%"&? %ﬁaﬁgr geppryl. It
‘21;1/11 cl openty &‘%"?Etfy tHexy n&ﬁéb %@nﬁ@a t@g 5‘9‘?@ %ér?g‘?]e,
thetasaivis\cbn be sulistitutedhysdwethavhen hpﬂroﬁlﬁaie r’IéHeltmn “loweBE'lky]Ais'efers
used h ar.bocycl e" " car bocycl e' Is
19 on Al BB R BV B OISt Gardn s, el £rom 1o 4 arbon
HENO NG i Lreh “RowkeY ﬁildoﬁy’ofeﬁ,]rs th Qlcﬂ %\Uﬁ*ﬂl’i@ﬁ %901@5 Gitsdhed to an

or ‘tricyclic, any of whi be saturated
qxagen abiny Ineestainuembatiments, @lkrirsabstttuel@(mrdsrably lower alkyl

substituents.

The terms “halo” or “halogen” as used herein refer to fluoro, chloro, bromo and

iodo.

The term “aryl” is intended to mean an aromatic moiety such as, but not limited

to phenyl, indanyl or naphthyl.

The terms “cycloalkyl”, and "bicycloalkyl" are intended to mean any stable ring
system, which may be saturated or partially unsaturated. Examples of such include, but
are not limited to, cyclopropyl, cyclopentyl, cyclohexyl, norbornyl, bicyclo[2
21nonane, adamantyl, or tetrahydronaphthyl (tetralin).
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of such carbocycles include, but are not limted to,

cycl opropyl, cyclobutyl, 5 cyclopentyl, cycl ohexyl,

cycl oheptyl, adamantyl, cycl ooctyl,

[ 3.0] bi cycl ooctane, [4.0]bicyclononane,

[ 4. 0] bi cycl odecane (decalin), [2.2]bicyclooctane,

fluorenyl, phenyl, naphthyl, indanyl, adamantyl, or

t et r akwabed hayeid, I‘fydrbédyete’ alr “ogrboddslic sesitlue®? isantend¢dhid mean any
het et oc ch

"h
St d RO Mopogyclk k BisTel Gor T rrery}éé?eab%%w@r‘i ¢
tﬁEyé?i'cCéfy sif‘:wlﬂ{:h frial Be %quf@&p gﬁﬁigll? uRdBlrhted, Jroaromatlc Examples

etero ic ring” which aturated, partia
afisselt earbaaydles urcludeshutwan@dlmmddnmycwmmﬁ,r%’a&lwl and

SHEloBrL briion s syIRRET) R e dof i i iyapgsrane

[a%ibﬁélbﬁwm@é [NO]lﬁey%lﬁhe&r%r(ﬂedaﬁﬁ} peiTec Jembctahe Cdrényl,
in which any of the above-defined heterocyclic
rgncnﬁsnar&lthylllsedlartyé adampetyk on tetrahydronaphéhyd i(ictralidn ™ and
sul fur heteroatons may optlonally be oxidi zed. The 15
het er [ « 2 b
oty Wb Ok (N BGRELAE TG Herbd, BUE RGN, isdhRHdha o

il falslé SuRt Brembeteed rh@tceyciwmi Bieyclic rmg§ ehelemicimbetred bicyclic
herein_may be substituted Oﬂ car bon on a ni t(f ogen
|

hetespryiclic ring whidhis SpivEAtec RRBIGHY Ul | @ insgturate
ﬁ&%ﬂmﬁ%ﬁe‘r&%{gﬁ Ofrdvhith B dc.fs?@&"baiﬁ?mtatﬂ@mé‘ Sl ERGRYICoS KERtoatoms

uaterni ze In certal n enbodi nents,
mﬂmmnﬂdmlytsetealedrfrmtbﬁre grdurScasistiay af Nn® and Stdnd including any

NGt GO e 41 e Abnyererined Belprotfi i s PE G
ﬁe!aseﬁe%@é Tﬁe' anageﬂsnéslﬁh@ 'ﬁ&tei‘dht&rﬂ@mﬁ?bﬁﬁ&ﬁaﬂ?'b% Jx§diFedt The

nmore than 1. used herein, he term "aronmatic
hﬂ@ﬂmw‘by a:ingcmwm aftarhddsto ntstp@nm Zroyprab any beteroatsmorzarbon

Sy TSR B 55 R Rt TBE bRTRES A it dBserluld herein may be

BB e DnQartoard? 0a a&ﬁ@&?enaiﬁﬁnﬁf therdsultin gleoh@b&ﬁdnisa[ﬁﬂe If
i ndependently selected fromN, O 25 and S. IS

qpp@ﬁealhe@pt@cba*tnltrmemmtt@ﬁ heteraecie may aphipnelly bStqaﬁ‘g“}'%Pd In
PT%.}]Zrnan%rhg # %}?Jnc{ﬁ}! ijetg nou@ep 0F s R4 & £8ADinlthe Iﬁéﬁfﬂ%&@ﬁ

erocyc €s inc e not Timted to,
éxeeedsdl, ehenZhgy hetdatiany heedidl beadinteni ttzmreydnpther It 1s preferred

2H lyl, 3Hjndolyl,. 4- i d
{habbe gtgld%@!‘@f Oﬁégﬁl%ﬂ%althezh%fgg%?-&ﬂ% org than d; 4s s herein,
8'&&9{ ¥ at?czlﬁe%rpé’ylc%lc s ﬁ féﬁ@‘%d/ﬂo mOAZREBIE 30 7érélembered

@enzot hio | I rany | opheny benzoxazol yl ,
tenadyblia@aobiyclicheryz to l@mmln;hereddum;a:ﬂlethet;mﬁyyhc aromatic ring which

bt sgraaol | berel s 340U BERELIAASLAN o
£ QTERYreferrGd (HAPIHYal mARKR RY 82080l Ai6ths Hithe arbrhaid heterocycle

dithiazinyl, dihydrofuro[2,3-b]tetrahydrofuran,
is not more than 1. Examples of hetcrocycles include, but are not limited to, 1H-

indazole, 2-pyrrolidonyl, 2H16H dithiazinyl, 2H-pyrrolyl, 3H-indolyl, 4-piperidonyl,
4aH-carbazole, 4H-quinolizinyl, 6H-1,2,5-thiadiazinyl, acridinyl, azocinyl,
benzimidazolyl, benzofuranyl, benzothiofuranyl, benzothiophenyl, benzoxazolyl,
benzthiazolyl, benztriazolyl, benztetrazolyl, benzisoxazolyl, benzisothiazolyl,
benzimidazalonyl, carbazolyl, 4aH-carbazolyl, P-carbolinyl, chromanyl, chromenyl,
cinnolinyl, decahydroquinolinyl, 2H,6H dithiazinyl, dihydrofuro[2,3-b]tetrahydrofuran,
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- 38 furanyl, furazanyl, imdazolidinyl,

i m dazolinyl, imdazolyl, 1Hindazolyl, indolenyl,

i ndolinyl, indolizinyl, indolyl, isobenzofuranyl,

i sochromanyl , isoindazolyl, isoindolinyl, isoindolyl,
I soqui nolinyl, isothiazolyl, isoxazolyl, norpholinyl,

napht hyri di nyl, octahydroi soqui nolinyl, oxadiazolyl, 1
fuﬁnﬁl— furathingy, @dn)dazolidﬁylmrﬁdm(ﬂldybmidﬁkolyl 1H—1ndazoly1 indolenyl,
I az ad| z,oI xazol.i

igeling) jado Boghittileh isp wyb rietindard 4
igﬂg&ﬁﬁ‘ﬁ 'ié?.)'lﬁ(fb‘f),zl 1sﬁ@ﬁ%ﬁ§rﬁ@%&ﬁazolzp %ﬁﬁd?ﬁ'l' morphohnyl

not hi'azi n xat'hi 1 n henoxazi

n
r;aphthahdmyhpbtahyﬂrpsoqmnoimyl, Qiagierelyl, Ay2,3- Oxgﬁm)d;lgggﬂ-

BB s g OBl
%?@%%ngﬂgiﬂeﬂ G}ﬁieﬁéﬂghrrulﬁgf'ollt ﬁ%ﬁmﬁhp; rplhglraésazxnyl , phenazinyl,

g@ymtmmmybyohmnxatmwl phemoxaring pythalapipyt mnerpﬂnyl piperidinyl,

‘g%ﬂcﬁ PlPﬁ’g} iy, wg'gﬁ%@y},%%ﬂlﬁ@%% F;Ly{la@.g,p Yy,
pyedzon e, @wzanwl, pﬁ@zmghyﬁm@ﬁ@q wiyridbéxayble, pyridoimidazole,

t et rahydr oqui nol i ny 6W 2, 5-t hi adi azi nyl
éowutmleaﬂyra%ylypynéy@mmﬂaama(irellglmy . pytrolinyl, pyrrolyl,

AT e RO s e,
o ot icdt?ahydx‘bianmhe]mrw} otr:&ﬁ'l}tfmcpm}c?mliyla, 6R-L2.- ) hladiazinyl,
AU N R T TR
thﬁ%lxg ?lneﬂHtﬂl?éiﬁ }ﬁ% I'tﬂ]ch@&alzel lﬁHl’éhﬁhﬁﬂzohfl %ﬁ)@ﬂényl

yrazolyl, |m dazol yl, i'ndol
tbemylml ﬁa’iz-triayblyl ]1L—2 Atmizeobilyl2,5-triazebil 143 Asttiazolyl, xanthenyl

%s s BRRables e, SR e i o R b s iy

Az T, Enidarapl malﬁm WehnRiniliaveiylf TH-iede20B, oxatdiinyl,
above terocycles 20 used herein,
bepmmnradnlubemﬂop@zoéﬂc@pné@iwb bergoxgzolingt, o isainoyl. Also included

?’i;“ﬁ tnb\g/%ﬁ%%lag ?031‘1]%90 lggl%m(‘g F&:E%%Hgle 8 %ﬁéﬂ&ocycles

saI ts thereof. Exanples of phar maceutical |y accept abl e
sal t sA$ nssduResin Diphardiageutivally lamebmﬂle datts” referdo derivatives of the

organic acid salts of basic resid
Gpaleser cempe%ﬁmer%}mﬂa%par@# cREPAFE Pai Loy fekmggeid or base
%@ Mttt & t éSof ]ﬁﬁﬂﬂﬁ%@ﬁ%&dﬂ?’%&%l@% RRAFAH, bdrk Yot limited

Al ts 1 NG vent i onal non-toxic
Sahireralror bkgancqmicbsahtarofbmﬂum sushlas emirfes; #kalperr arganic salts

kR iraidus Senas cuper sy end B8 e HinAerafaiedy ©
RRBpthR sAitsSiatiude tHeCoHMtioRASRNABKic\s8%k drtREYuaternary ammonium

salts of the parent compound formed, for example, from non-toxic inorganic or organic

acids.

For example, such conventional non-toxic salts include those derived from
inorganic acids such as hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric,
nitric and the like; and the salts prepared from organic acids such as acetic, propionic,

succinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, pamoic, maleic,
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i norgani ¢ acids such as hydrochl oric, hydrobrom c,

sul furic, sulfamc, phosphoric, 30 nitric and the

like; and the salts prepared from organi c acids such

as acetic, propionic, succinic, glycolic, stearic,

| actic, malic, tartaric, citric, ascorbic, panoic,

mal eic, - 39 hydroxynal eic, phenylacetlc | utam c, _
Hydroxgimaeis phenyladetic, gutafragibenzic, 3alaaénos¢9iaei%1202-@pet0xybenzows

umaric, tolyenesulfonic,. nethanes ne: .

gt ShyecsulREE s eIy ARG ARl Rl pry Rionic, and the
1ear maceutical |y acceptable salts of the present

invention can be 5 synthesized fromthe parent

conmpound whi ch contains a basic or acidic noiety %@
conveks Rhﬂrﬁnac@ﬁté?ﬁudfeﬂ“%@h% gpdts ofthraprgsany, invenfin %ag
Fbedfe b RITE B LEAORAT BrlATonl bR ALl BbicRmBicy by
wohvérivnalagbpinigl tra:t}&)dbﬁmewlly@lmdﬁ salts umtlﬁrprepared]bﬁreactmg the
organjc solvent, or in a mxture of t

fegergichon Base FRIFRa @ 58S corBeRupds P acteig mmg{rm;noum of the
agxﬁaﬁﬁn?ﬁ{e’ bd'45§ QPM?@ ﬂf‘?htﬁr o 1naa?1‘%;r§e[ihé §divé&n, 3d'r€n i@mxture of the two;
erre i sts b

suitable 3alts are found In
gaannaﬂg,t ramagudelas rediadlikei etter, BE) A ethepol] Bopropanpl, orMgetienitrile are

FERERT P ERTRAR 5% e b S 10

é@fM£m1lsmBg R8RS, Ea‘%%r PRAC €940, pal 445, BRcEIeHRIE0f wisich is
enpl oyed herefn to refer to those conpounds

heagborinegrporatedipyosferénsas, and/or dosage fornms which
are, within the scope 15 of sound nedi cal judgnent,
SUi t | e f i E1] j f h
bei n gffh a;gggsg nj"ﬁ ace cﬁhggée Caieagsfxggm%foié&'ﬁ?reﬁ to PBRLS those

doiigoufdd, @ihtertild, ebﬂpcsmmsp anber dozagofohas wyhlcnhtﬂre,rmdnn the scope
COITp| i cation comTensurat e Wt h a reaso,

ofsaund medicalgud gmens, sultp]algcfpﬁgg in cg%taq.tﬁgr]} &eﬁﬁsi‘%cs Q£ hyman beings
A Sl Rals ¥ \Aﬁlo{.\ﬂé %ﬁ% tbicit] %&Q&‘orﬁ PL | R:V@%ﬁiﬂﬁé %or oﬁfé{:‘ﬁl%@lem or

carriers ease an’’actlve pa
@hegsieation coremensweate withi aroa@@abib benefittisk pattmlr ug i s

adm ni stered to a manmal i an subj ect. Since prodrugs

are K| H e nce, nu ous desir

Phar e bOeR S e e is WHF RSPy £ e dhitid 4n5ikp Pently
BBHALd @&h\z‘fs'\ﬂﬂch ?élé’as% aﬁ b&i Al offthé Presdt Qﬁz@ﬁﬁon in vivo

I nvention may delivered in prodrug form Thus, the

Wﬁ@swh prcrdrfbgn& MIH@terﬂ@wd@mh@bmecp rSefre Rgedrygs are known
t t
itan Bl SR e PR ER RS R, ORlpE ! N0

Bbg\difiluﬂﬁtﬁfmdrﬂﬁacﬂ.ﬁ'ﬁ@?ﬂb ) itiveipoandaofthe pm@artenivdn;aon may be
nmodi
dehvcre)c/i in %rodrug form. Thus, the present invention is intended to cover prodrugs of

the presently claimed compounds, methods of delivering the same, and compositions
containing the same. Prodrugs of the present invention are prepared by modifying
functional groups present in the compound in such a way that the modifications are
cleaved, either in routine manipulation or in vive, to the parent compound. Prodrugs
include compounds of the present invention wherein a hydroxy, amino, or sulfhydryl
group is bonded to any group that, when the prodrug of the present invention is
administered to a mammalian subject, it cleaves to form a free hydroxyl, free amino, or

free sulfydryl group, respectively. Examples of prodrugs include, but are not limited to,
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functional groups present in the conpound in such a

way that the nodifications are cleaved, either in

routi ne mani pulation or in vivo, to the parent

conmpound. Prodrugs include conpounds of the present

I nvention wherein a hydroxy, amno, or sulthydryl

group is bonded to any group that, when the prodrug of
acératepfoemer) andiverbdato detiwatiz®s aflatcoliod md aminediunctional groups in the
manmal | an, subject, it .cleaves to forma free hydroxyl,
COPPRUDHF Hdhe B‘PSG“F IBETEN f ydryl group, respectively.

Exanpl es of prodrugs include, but are not limted to,

- 40 ageb@lifed? RlifRhGed BHHUIEAS ARAbEe &%bféq{ydy@%n@én the atom
al cohol and am ne functional grou ps in the conpounds

indicatbdinpthe sepression/esing Gubstit@igd’s isireptaead witks a sd@@tméaom the

A b o RSe 0 B ARSI s cxcestd

ah@ RhaA fecubbtithtion fhieCinl 2Ostatilé esthpdimdoWhad agabeituent i is keto or oxo
grou (s), prow ded that the indicated atom s nornma

(e © &grqug, then 2 dydwagesion thgatpm pretreplpesds K@@‘{%qmbsﬁﬂents are
@?ﬁfélsérﬁ oh%r@m% caﬁ%i%ng%@%gga yl*iﬁﬂtuﬁﬁé%% dd ﬂ‘ﬁ'ré&aﬁlﬁle an

eto or oxo rogens on

alityda perflusreplkaredch h@ﬁ'ﬂuﬁmeihbﬂ;tal Hal@h,sa lydeoxylod carbonyl
present qn aromatic nojeties stituen

(yedy agdearosyl. @R atkorucaraanyl.f pryl o %#wl)aaﬁ afaEpqny 3 fouch s a
L L e e
rhosphohnatepa plosphiwte) an amirioj amamtdony!ll atfislind; anémine, a cyano, a

G AR T ECNIE NG o

sﬁﬁgﬁﬁﬁ‘ﬂdﬁaé ﬁllf(ﬁ‘l 1 %‘E‘aﬂﬁcyﬁﬁl ﬁ‘ﬁ’bﬂéﬁ)cy@l?i %maﬂillﬂ)ﬂ; a Béteﬂoﬁiaﬂl%&l or an
a cyano, an azido, a sul

ryl,
wbmytlut b1 Iteteraargniatlanm,letﬁ It wiill be gud,erstgocgby f}m §killechm the art that

Ifo m d u fo cycl

PSR eheh aheltran g 4yl b HBE i ey ive be gibspred. if
@p fateC Or heteroaromati c noi ety It WI|| be
understood by those skilled in the art that

substituents, such as heterocyclyl, a efc

can tHigen v@@r%u%ceﬂgteff?w@oﬁ\{nqu{ﬂ %fﬁp%mq 5 f thig,igverition
f ]

e e

Kindsedot trédn ehecdyagsoms ofeunyeres okhreo rolieratiye o1 othetaignasksiin a host.
20 ki nases or treat the synptorrs of cancer or other
pr ol i%erat ve . or her, di seases

" ' used
her ei S uﬁeﬂé‘efeé?’ﬁha AL a@éﬁ%@ren Br antémq(ﬁglagm ragPI Ipgiudes, but
@ﬂsﬂhnit&?{ou dRStankibé, bukSIfROEhibiambued, dyelophbiphainidd, esfamide,
busul fan, ¢hl oranbuci | cycl ophospham de, ifosfam de,

mechlorethamine, melphalan, thlotepa cladribine, fluorouracil, floxuridine,
gemcitabine, thioguanine, pentostatin, methotrexate, 6-mercaptopurine, cytarabine,
carmustine, lomustine, streptozotocin, carboplatin, cisplatin, oxaliplatin, iproplatin,
tetraplatin, lobaplatin, IM216, JM335, fludarabine, aminoglutethimide, flutamide,
goserelin, leuprolide, megestrol acetate, cyproterone acetate, tamoxifen, anastrozole,
bicalutamide, dexamethasone, diethylstilbestrol, prednisone, bleomycin, dactinomycin,
daunorubicin, doxirubicin, idarubicin, mitoxantrone, losoxantrone, mitomycin-c,
plicamycin, paclitaxel, docetaxel, topotecan, irinotecan, 9-amino camptothecan,9-nitro

camptothecan, GS-211, JM 118, etoposide, teniposide, vinblastine, vincristine,
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mechl or et ham ne, nel phal an, thiotepa, cladribine,
fluorouracil, floxuridine, gentitabine, thioguanine,
pentostatin, nethotrexate, 6-nercaptopurine,
cytarabi ne, 25 carnustine, |onustine, streptozotocin,
carboplatin, cisplatin, oxaliplatin, iproplatin,
tetraplatin, |obaplatin, JM16, JMB35, fl udarabi ne,
vanorelb el prot ixbatitde aspdraginse dpegasmogse, alcimotideg egiraphisting, and
megestrol acetate, cyproterone acetate, tanoxifen
B?ol e, bical utani de, dexanethasone,
di ethyl stil bestrol, prednisone, bleonycin,
dacti nonycin, daunorubicin, doxirubicin, idarubicin,

i{]}']bggg%ytaﬁ@f}gmdlmantrone, m t onycin-c, 30
plTc

cin I taxel , docetaxel, topotecan,

irin b tered
o D PR B oncan b i
trdatibéra $ori dagcer\or pealifetatineor othdr disaasesdytrinyeneans that produces

C@rggagg é ng{gie a%s rﬁ%h{égfgglg,sggg a? g&m% ?&g@%ir Otrﬁ Orlr(?r’nal
ﬁ%ﬁ/@ﬁh 8L b@Rinistdiad bgléﬁﬂf onHARSHH Ban kA NAIEBle fHidRIiA @61Function

IS i nventlon adm ni stered as treatnent
itk phaamaeeutmals,pmﬂder ﬁsemdtvudml mermm ag¢ntsay d 8 cpmbiaiion of

1:{233 trr%l%gg %gi?qagtﬁ'm?ﬁ{'lﬁ dg)ctl sc%g‘&nigl?rﬁtlngtegow
fIb@rxble aalulaﬁltﬁgmpeh&% Qh 2Kk QMMFIIASE, @éﬁd‘éﬁhg el suteBlesfor

avai | for use in conigunctl on wth
qdnanm;@tmn asdniravenes fosmulationss tpniead frmmulationgsaek fpgmulations, and

t
G affueift P APHRBRL S8 THd it B A ErcB 3ot
prefegibly hresiifiinistersdoridbh phzﬁ'ﬁiauémic al garmieraplectei ea thnbdsiseof the

conpounds, rendering them suitable for  adm.ni
e SATHIORR S ATEIF AN adeondet areaRe s AECES. SHsble Yehicles

%d%elF R ﬁ%h%ﬁédes@ﬁge gsﬁlﬁﬁsuﬁhésaaéﬁgningwseat er
tai e I stered al one, ~“but
Phatrealicg! Sdiences (Rmmg@ntsd’hatmiceathzﬂh ScivacmsuMack Publishing

carrier_sel ected basis of the 15 chosen route
CPMBYH BRHoRAta: d‘fﬁ’gr}iégét andard phar maceuti cal

practice. Suitable vehicles and their fornulation are
descrigdihel Qdpetit &ErEsent MvédiRnR6¥dEXpHaRBh@Atically acceptable

Phar maceut i cal S¢i ences (Rem ngton's arnmaceuti cal
Suipmsiions wWilchicompylse ghhmgnemafgaﬁf%ﬂl&ém@%m obgne opyugre

PR ps SRR PR AP pobf B AEEIFR! b B Bl ogeher with

WY sinére qsaam%emdany agEptiblcairtists @icfdﬁb\teis)/mdaimiﬂubntszs
one or nore
described in detail below, the pharmaceutical compositions of the present invention

may be specially formulated for administration in solid or liquid form, including those
adapted for the following: (1) oral administration, for example, drenches (aqueous or
non-aqueous solutions or suspensions), tablets, boluses, powders, granules, pastes for
application to the tongue; (2) parenteral administration, for example, by subcutaneous,
intramuscular or intravenous injection as, for example, a sterile solution or suspension;
(3) topical application, for example, as a cream, ointment or spray applied to the skin;

or (4) intravaginally or intrarectally, for example, as a pessary, cream or foam. In
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conmpounds of the subject invention, such as described
above, fornul ated together with one or nore
pharmaceutically acceptable carriers (additives)

and/or diluents. As described in detail below the

phar maceuti cal conpositions of the present invention

may be specially fornulated for admnistration in

cBih @knﬂbbdhm&mq mefpirarmaoeunbaj prepgrations ma be adaiplysgehioy i.c., do
the fol | ow oral adm ni stration, for exanple,

ng} elpyaie the by Mé ¢ ofdPati§leous sol utions or

suspensi ons), tablets, boluses powders, granul es,
past ageiaf agéﬁ@'ehﬁ%ﬁé}@ aﬁ&hﬂaﬁ@aﬂt@ RAMLas dodiund Bfueylis@lfate and
admini stratron, for exanple, by subcutaneous,
magnesinmsstaarase, a@mallruswahmmgmsentm rebﬁsecageatg,, copting agents,
a sterile ution or SUsp
SEsRrRnE: fsPreans Brtpie B rEdhEnE! Bl andotans ean piso be
pRéseitinalye @pdshibnkO t he skin; 30 or (4) i ntravagi nal ly
or intrarectally, for exanple, as a pessary, cream or
foam_1In -42 certain, enbodi nents, the phar c&ok}tl cal
pr epdampisLLphgrnsewisally geespabieantioxidants e 1) water

b 1fat
ShErRoL DGR MR L8, ShhR plr il i
sb&uﬁyﬂne&hisﬁkﬁte saditm mguaaﬂd tha 1iktee () allesolutde midxulmts such as

égéﬁ%@@?m@%eﬁuz%@ﬁ % eaa s fﬁﬁ%ﬁ%‘b@%?@ ge : SytoFuene (BHT),
:S’ nﬂ{% ﬂﬁt@%@blﬁrfbbn%ﬂiglgﬁgﬁﬁ thfik& 8@ (j)%etﬁ?lr&ﬁ@.ﬁhg laPents,

t1ons phar maceut i cal |
sadc aptittsl aeidy ethiytenediamins tetredogtie acid ﬁDMe&orbltﬁb,l tagharéc acid,

nti.oxi dant s as ascorbic acid, cysteine
Hi‘%ﬁ}i%lﬁl tiﬁi‘%?um bisulfate, sodium
metablsulflte sodiumsulfite and the |ike; (2)
oi | - Sﬂielﬂﬂs@% cadiotiasiesil, of tsiltse variQlepemimbiypon known factors,
pal mtate Iat ed hydroxyam sole (BHA), butyl ated
ok a%shymbam@ charpeserigtigs AL the rpamwlag agenh aid fis mode and
|
g'htg F)g &8‘&8&&%0?5% @g (?tﬁglg'lsﬁtgfﬁ?ﬁgﬁf %3 Ctlﬁe;’?ec{ﬂ?érﬁ, the nature and
etahy bemedymmdm tietkindoftdncureait dregfmizhif)the froqurnty bf treatment;

o bt frsiied: ARBYY fpraee %sgééfgavgsgleﬁ%'béggeﬁdﬁ@ be about
é@ﬁntol%gﬁ‘f‘l 0P Thif gamﬁ éé’ 11 Sr by ?ﬁﬁ%ﬁ%@ﬁ‘ﬁf&md dose

racteristics parti cul ar agent and its node
teirey abooud.é tohbad 3D mgkg.at i on; the age, health and
wei ght of the recipient; the nature and extent of the

P ol e BBt RS R o R R i fom about 1
H2kd Aol $3OWRAS adhivd MBradRat SH iy mesmmmtm cbMpositions

be about
the active ingredient will ordinarily be present in an amount of about 0.95% by weight

based on the total weight of the composition. The active ingredient can be administered
orally in solid dosage forms, such as capsules, tablets and powders, or in liquid dosage
forms, such as elixirs, syrups and suspensions. It can also be administered parenterally,

in sterile liquid dosage forms.

Formulations of the present invention include those suitable for oral, nasal,
topical (including buccal and sublingual), rectal, vaginal and/or parenteral

administration. The formulations may conveniently be presented in unit dosage form
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0.001 to about 1000 mlligranms per kil ogram of body
weight, with the preferred dose 20 being about 0.1 to
about 30 ng/kg. Dosage forms of conpositions suitable

for admi nistration contain fromabout 1 ng to about

100 ng of active ingredient per unit. In these

phar maceuti cal conpositions the active ingredient
aﬂﬁlrﬂla}(hecbraparéd vy ey metedntvell knovn durtherart c:ﬁphabmuy DheO&%eunt

y wei, based. on het i al ght .of
03 ¥ PBiedient WRiehet bg Gom RLed o Bt A "BRIceh P Arechucy g ginele
b%ye‘?*;*‘ﬁ‘ﬁ% o g B hhER bR, SRRy mode of
admmbim(uans Ths gmopt ofadtieingredisinbwbichican banombined iwath a carrier

TP PR Remareores Hom il iy G el ShOwRar o

wiies groaubésamh@raf)amccambt Geagnlly, ovt ePbichurldrétiChdiebntghis amount
buccal and sublingual), rectal, vaginal and/or

Wilrrapgechrem aoutdldparesns to &q%nme%ta@ mrﬁfznt@@f pefie lﬁ&rydlent

I
p‘}Qfgk’aﬁgb&g& %P{gtp% E&g&b A g%o)}llt ?r%pﬁllog fePJ 4:%0\1t 10
pfdendio dboar Idgatcenthe am)unt of acti ve i ngr ed| ent
whi ch can be conbined with a carrier material to
produce_a _ sipgle e. formw Il var en
t he HJsthodep efmtﬁ?f% fomanlatigns;or aplapg%ﬂ@ lefﬁudeg the'3iep of
R 1Al BkocHion 4 VorTRlld ot e AGEY R LSNP cRIE Bnd,
csptmgdtllay dos agmofﬂﬁmesmm ingredientsl Inygdneral,tbe¢ foamplationsfre prepared
i nhi. roducesm?%t her.a eutl

E) &’andda 1ma$e Pranging, fFSpErdh 1npﬁ1t§r gf‘r@ﬁ Rpresent

M dritioh 3NEELdUI @ BarRBRUE: ﬁndl’?ﬂﬁr‘i‘déﬁ sbd aleiets, bF BSthyandithén, if
percent of active ingredient, preferably from about 5

nseessamyt shapinggbeprodoctper cent, nost preferably from
about 10 percent to about 30 percent. 10 Met hods of

pr epaﬁ&r%lﬁ&i%ﬁgz‘?fﬁlgﬁﬂ%hﬁ&% QR fof GHP AR iAo Rfdy #lh the
t he st 0 ringing rpto assoclation a conpoun

fohft of ek, daoh@s) ipilds) tabildtd) loageusing a ﬂandx:ed bas1s, usually
optlonally,_one or npre accessor |ngred|e

Yerver and aerig or drageteath) IRV ders SHIBISEr S 359 Wﬁpf%ﬁﬁvipenswn in
ﬁ’fnéél[ ubAlls! TR afu s ng‘gﬂﬂ of M ﬁﬁ?{?%ht%} bPRatRfLid-B1 1iGhid¥mulsion,

e present I nventron wt QUId carriers, or
drlasahyhxhtr ot shadp,surlas gastHles (wsug argineth base, sm:hcastg.bhmn ahfl glycerin,
15 necessary,, shapi ng t he praodu rrulalon of the
AR BRI R R g‘b%aﬂii S K o m&g} affing

ﬁr@(fetermined amount of a compound of the present invention as an active ingredient.

An inhibitor of the present invention may also be administered as a bolus, electuary or

paste.

In solid dosage forms of the invention for oral administration (capsules, tablets,
pills, dragees, powders, granules and the like), the active ingredient is mixed with one
or more pharmaceutically acceptable carriers, such as sodium citrate or dicalcium
phosphate, and/or any of the following: (1) fillers or extenders, such as starches,
lactose, sucrose, glucose, mannitol, and/or silicic acid; (2) binders, such as, for
example, carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose

and/or acacia; (3) humectants, such as glycerol; (4) disintegrating agents, such as agar-
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form of capsul es, cachets, pills, tablets, |ozenges
(using a flavored basis, usually sucrose and acaci a

or tragacanth), powders, granules, or as a solution or
a suspension in an aqueous or non-aqueous liquid, or
as an oil-in-water or water-in-oil liquid enulsion, 20
or as an elixir or syrup, or as pastilles (using an
agag chlcinasearbenatd) patut@ed tapiora stmthgdlyinar acid, cepainsilrats.and

and acaci a d/ as nmoyut h washes_ and t ik each
SeERTLEA, %?rsrﬁogﬁ’é‘f‘éﬁﬂﬂ%a%u?ﬁm&ﬁ Pﬁfﬂgﬁmﬂéhﬁtfowm
ﬁﬁ?xg’lfot?s; r%ﬂék% éi%ﬁ{&hﬁg aﬁﬁncﬁﬁhﬁ%fr%@uﬂdgg(ﬁ %&B{g agef¥, such as, for

ent inventi
caelmplu sttyl adebhmd amd gigbezrel meh@d:etamie,)(SbabSOMtsesuchﬂs kaolin and

f f ti
tERienie CBYA00 biobBip rha folt dcatnt SRaigfh mllefegiu iserste, solid
oS/ éne gy@my se@iumNeuryNsulfatdl @hd nfikt@red Chdr¥sT, AD(10JL61Bting
is mxed Wwth one or nore phar maceutical ly acceptabl e
agemts i lartke casa ohcapsulsadhblats énd pillsethg phamaspetiqghrompositions may

3?430 %Bg)?ltsg bu@%}%}éﬁoﬁa%e%&ys&g &Hﬁpgsﬁ An? WngImlia]' )t)aj rhﬁ)%h?o Be

extenaers starc

etplonsas iR intsoft and hdt/dofﬁlle‘d gdlaﬁinmagﬂlléb us(r@ such I@ﬂ@p&ms as
such as,. for 30 exanp car boxynet hyl cel | ul ose,

lagtpserpimeilk sugarsags el ﬁ%h‘ﬁb img)ecular reiglit pohethylenerghycols and the
d/ or acacia; (3) hunectants, such as glycerol; (4)

i Sintegrating agents, such as agar- -44 agar, cal ci um

carbonate, potato or tapioca starch, alginic acid,

cert ah trbidtmaydicanadedrydconsprdssion eramdldingt eptichslly sdthiomie on more

L en S B AR e,
g(efa)tmvéﬁth&lifbﬁlyﬁx%ﬁ%ﬁethﬂ eiuleso), uBFcan®XAdPiRuent, Prafervative,

al cohol "and ycerol” nonost éar at e; (8) absorbent s,
disintegrast (fam)qampém godiutyestarom gtyeol@teay crqsgjhnlkgqb sociumt s,

stearate
cg%holxameggf:l {ﬁg ui%egﬁgrr% &8kl gor glga?r geit y]?lto fi?&lﬁets may be
i BY mbMiSintahRitewt ma%ﬁﬁlxe @¥iknge bﬂﬂiel”pgwda@ﬁ nhlsibitdmoistened
the case of ca sules, tablets and pills, the
WAk eE iquich hposn tions may also conprise
bufferl ng agents Solid conpositions of a simlar type

i .

har daif.l&]qﬁﬁgts el a%tﬁéﬁ%gggéﬁ%déé fﬁi%ndgﬂgﬁgwﬁggéz@ 8 |c %lrﬁorsnpggltlons of
th®pteaatt ansxe:ntmn rsutk asdrggﬂ:es capsules pillsand rgrzgimlespineg aptaenally be

wei ght pol yet h Iene cols.,and the |iKke. t ahl et :
svatsd0G phRateany S B SrCihens Hhel o cnencietint Ty patings
@aﬁkﬁwﬁ%rtﬁe Pﬁeﬁﬁﬁééﬁfcﬁl fo@ﬂhﬁﬁh EHSThé?}HW ﬁ§§ B8l fdraml#lo8s so as

may be prepafred using binder exanpl’e,
to provide slow or controlled release of the actlve ingredient therein using, for example,

hydroxypropylmethyl cellulose in varying proportions to provide the desired release
profile, other polymer matrices, liposomes and/or microspheres. They may be sterilized
by, for example, filtration through a bacteria-retaining filter, or by incorporating
sterilizing agents in the form of sterile solid compositions which can be dissolved in
sterile water, or some other sterile injectable medium immediately before use. These
compositions may also optionally contain opacifying agents and may be of a
composition that they release the active ingredient(s) only, or preferentially, in a certain

portion of the gastrointestinal tract, optionally, in a delayed manner. Examples of
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gelatin or hydroxypropyl methyl cellulose), |ubricant,
inert diluent, preservative, 15 disintegrant (for

exanpl e, sodium starch glycolate or cross-Ilinked

sodi um carboxynet hyl cellul ose), surface-active or

di spersing agent. Mol ded tablets may be nmade by

nmol ding in a suitable machine a m xture of the

anthetd ding doimpbsitivhowhichicsd beestd ineltde polymede sublstagogeschnd waxes.

i luent, The tablets, and, other sqglid _dosage for of,
theCpHRingEdm P@bﬂ%%ﬁb@mﬁﬂ%@sﬁﬂegéO%éPWé%ﬁ?& with one
dr WG E bE B abBHE BeRbEd f&ﬁ:ﬁﬁ%gs_capsul es, pills and

granul es, may optiona scored or prepared with
coatings and shells, such as enteric coatings and _
ot herLigaidtdosags fomas for jered wimimstratien of the compounds of the invention

. i cal - | at | t  Th .
e A S SR e
siSpeRaivgs, @fruph en@elitive Ir AWitst ©nhe ddiveehgredishtthe liquid dosage

exanpl e, hydroxypropyl methyl cel]ulose in varying
forapmey confainginerh didvaniecamorly snedin the prd.sueh 9s; o5 Gample, water

‘ ¢ L . .
5 T B e PR AT P B S
diduholigthyd cirbotae, ethyl atatite] begz{l didcdiol, benzyd penzoate, propylene

incorporating _sterilizing, agents in the form of .
glycali 1.3 buiyleng &Lm%d%kt(mdﬁwﬁﬂfcwt@aﬁﬁeeeﬂmé%ﬁ@migﬁm olive,

. o . ol 4R
AL HIEHE DL ESA0E TR I I Holfu e
fotyy kaid &ktess of sotbitan, andagixfuresthegbnt s and may be of a

30 conposition that they rel ease the active

i ngregdi ent (s I r preferent.ially, . in ert.ai

por't o e Sficbts, e PHEPFRE o cab atdgdpRufigidifiahys such as
wetflf ayefs, SRR ingraTRbREdDE apdits,axeeddinggflavoring, coloring,
conmposi tions which can be used include polyneric

reufysting aebprgsadvale@gentsThe active ingredi ent can al so

be in mcro-encapsulated form if appropriate, with

one of Lhe. ) : L s
dosageusp Siidherl Ao 18 KRS ARG GF e BRieEns (bl may

ahtdih suspending hgents 43, fon ekardplepdthoxyiatediisostadrlyl/alcohols,
ons, .ni croenul si ons ol ut

accept abl e enmul s;j , i.Qns, .

ReleqyeROw e sombyp | sarttsgi s Ecrprryaalineicsfilpss alygninum
idg" »agarlGgdr! f.

g S B Bl e TR

as, for exanple, water or other solvents, . _

sol ubFdrinuiatigns gEthe phamencewtidat fehpasitions of thedgventign for rectal or

al cohol , . i.sopropyl . al cohol,, ethyl carbo I

Shelipl Basnimi RS0 Ry 5 oo G s § e By SRR e rewaye by
18x¥€Hbne drrdore ¥biipsteisd NkdinveritionSwih Sndoéhoreshsble nonirritating
cottonseed, groundnut, corn, %er m olive,

excipients or carriers comprising, for example, cocoa butter, polyethylene glycol, a
suppository wax or a salicylate, and which is solid at room temperature, but liquid at
body temperature and, therefore, will melt in the rectum or vaginal cavity and release

the active inhibitor.

Formulations of the present invention which are suitable for vaginal
administration also include pessaries, tampons, creams, gels, pastes, foams or spray

formulations containing such carriers as are known in the art to be appropriate.
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castor and sesane oils), glycerol, tetrahydrofuryl

al cohol, polyethylene glycols and fatty acid esters

of sorbitan, and m xtures thereof. Besides inert

di l uents, the oral conpositions can al so include

adj uvants such as wetting agents, enulsifying and

suspendi ng agents, sweetening, flavoring, coloring,

15 pédsage fcgmatﬁoi- the epdoal at irmsdagmimémirﬁlmﬁensvife nempbumd of
dditign to . the active |nh|b|tor% Pl&Sentq
tis RYeR P Incligy PoRgRtsaFRTASy STURER aﬁﬁ%r‘?{?“&s ° ’PB? ge 5

s@ﬁﬁgﬁé %atcﬁ&@ﬁf@ﬁhﬁél%’cs "ﬁ{ésicﬁaé Uém%hﬁ'ﬁriﬂé}sbe mixed under sterile
pol yoxXyet hyl ene sorbitol and sorbitan éesters,
conditions wish alpharmeaceetidallly asesptabl e earrierrandrwith ﬁsm pEsseryatives,

w0 Ppe R R AmANe R Dhar maceut i cal

conpositions of the invention for rectal or vaginal

adm rMtetdiRineat, pRyesPerepns s gelisinay cantalip no@dcmmytp an actlve
whi ch may be prepared by m xing one or % fo T
peenylfransfarese iRibHORAPXHDISHIS, Wich %?@H@h?@datﬁgét ¢ fats, oils, waxes,

ar an‘p{ sfa?%lfo Hg%acgléfgif Qélﬁﬂ%sg |d§é WeE rp%ﬁy%tl‘?@éffy 154019 silicBhes,

tettoniss, siicic avhk tale and siat loxgdleam:emxmds thkreoh i s solid at
roomtenperature, but | iqui d at 25 body tenperature

and, therefore, will nel . rectum or vagi.nal. .

o (PR s can Faneie Paddtioh T e SBDow o B invsagon.

éilt",l idhes SR 36 MetdsBSIRL diRflc WhidCAlumitin HydroRide, daldium silicates and
inal admnistration also include pessaries,

m!wqmds powdaaosmixgetes of hasst wbstancsanprays egpagdgitionally contain

ch
e R S e T S
HydRicafon8,suthk m@ﬁdmidrad]mrﬁj stration of a conpound of

this invention include powders, sprays, ointnments,
astes, creans, |ot]j ons el s, . solutions, patch
P g i%g gllead ddellvery

i nhal HAnslernipatebes havedbepdisaadxapagsoflradding souy
osf{aeJo!rA %un& 8f‘]ﬁ’1'etp¥%gﬁt Wedibioft 8 ﬁ%ﬁﬂﬁg %dgqgﬁbé f@ﬁﬁ?@&ﬁ% ifade by

carri preservativ ers,
cbmhehg amlepeMlng an n'mjrbltm of dmppiresedt mvemicmi inttlmarrppc;r medmm

ast es, eans and cont ai d on to
ARsorRiion cahancery ARG R A R 8?81 @ acrQh e skin.
Pife Al JTRlci ek 3%?% &)@1'&%11&@5? eitiRir lp?ovn&!ﬁé @Yate cBAtalfihg Afembrane

starch, tragaca | ul ose derivati ves,
qrailgperdn}g the eogupymui @fths presens ireesntionsna pelymesmatrix gregeh
acid, talc and zinc oxide, or m xtures thereof.

Ophthalmic formulations, eye ointments, powders, solutions and the like, are

also contemplated as being within the scope of this invention.

Pharmaceutical compositions of this invention suitable for parenteral
administration comprise one or more inhibitors of the invention in combination with
one or more pharmaceutically acceptable sterile isotonic aqueous or nonaqueous
solutions, dispersions, suspensions or emulsions, or sterile powders which may be
reconstituted into sterile injectable solutions or dispersions just prior to use, which may
contain antioxidants, buffers, bacteriostats, solutes which render the formulation

isotonic with the blood of the intended recipient or suspending or thickening agents.
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10 Powders and sprays can contain, in addition to a
conpound of this invention, excipients such as

| actose, talc, silicic acid, alum num hydroxide,
calciumsilicates and polyam de powder, or m xtures

of these substances. Sprays can additionally contain
customary propellants, such as

chl orExampesorfisuitatla pfpmons ambinarehaedus eamesNwhich maydyt employed

hydr qcar bon uch as butane.and.pro e. 15

e A el o SRaP SERE i adH SRR il gpancl,polyols
(@ﬁ&lvascgly&r&%p%h@glyeﬁl pd@émyleﬁé g@c@lo BRPUe dikef, ahd Suitable
present” invention to'the Such dosage forns can
me&tmﬁ@lempf \@ggtgwle\mln,gsu@h aﬁog i5 jand iriertatie prgapig esigrs, such as

ve 15 )
1B P BRbneh AURRY R p e %P%n B 3B ol 89 the wse of oppfine
Iﬁhteﬂalﬁfsut:lil @s Reigindey e SndiMenaice bf the tbquitedtpartile siven the case
flux can be controlled by either providing a rate

shpesionsnincinnibe apeobyrigetanissper si ng the conpound of

the present invention in a polyner matrix or gel.

Opht EAfRaif £ Such bfvatives, wetti
sol uth}ﬂ%)ér%{%Eo g{’gﬁ&ﬁ%ﬁﬁ& are alagjgﬂ%gnt ecnppﬁggg%d gs}ves werng
dgentsgenmilsifiying hpents anadispetsing agentsy Peavention of the action of

LI g AT T
dgBhis bk eksnME ﬂd?:?nehn&ﬁﬁ%bﬁ’t@néln KREPEdIBLciatt, Wid ﬂ‘le 1#%e. It may

one or nore pharmaceutically accept able steril
alsrobadsistrabiq te nebiderisoterria aganty su@mswuga:ﬁbssodwmgidmsql% 8¢ the

e R0RE RRT PN R It BN PloicePh b pESTaly Wieiibne oY

pHasR&eatiof Joinv fifa %/ BE besughDabbue by W 1ﬁ51u§iaijl of aguntstht delay
anti oxi dant s, fers, bacteriostats, solutes which

ghepigtipn SR arsalmmam ppnosteprate AEESAh the bl ood of the
i nt ended reC|p|ent or suspending or thickening agents.
- 47 A ¢
carr i BFOTAR RS, Blordt (b PRl n Al AN oA AT IR Mt it
desiTpids td slowshe)ﬁbsbtp&mmmf dhret mhlb1tnnfrbmckabmarmous et inframiscular

.S&JC%)(OI Sy g? 9?,‘6’?"!}{15 ?rjiollf)h@ Wﬁ%é ep%g quﬁe{l%%tp gf crystalline or

iﬁl&i’bHélﬁ%ﬁtEﬁﬁl%@tng\fﬁgl‘a%ﬁk SolQbilisy, THe ‘f'ah;e 6? a@ofﬁtﬁn@f lthe inhibitor

and i nj ectabl e organi c esters, such eth ol eate.
thcmémenﬂs upah mgfrateanf dmompnmmiem ummw@ppmbupwrvml size
e of as,.l ecithin
rRE LBy AR Far AR ooty dinistered
iBhibetb s RSk abdompisheddy iR IHEE oPfusperdiReihe Mildbitdi 1898 oil
conposi tions may al so contai n adj uvants such as
@rvatives, wetting

Injectable depot forms are made by forming microencapsuled matrices of the
subject inhibitors in biodegradable polymers such as polylactide-polyglycolide.
Depending on the ratio of drug to polymer, and the nature of the particular polymer
employed, the rate of drug release can be controlled. Examples of other biodegradable
polymers include poly(orthoesters) and poly(anhydrides). Depot injectable formulations
are also prepared by entrapping the drug in liposomes or microemulsions which are

compatible with body tissue.
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agents, enulsifying agents and di spersing agents.
Prevention of the action of 10 m croorgani snms may be
ensured by the inclusion of various antibacterial and
antifungal agents, for exanple, paraben,
chl or obut anol , phenol sorbic acid, and the like. It
may al so be desirable to include isotonic agents,
s u ch Whes &g@omposndﬁ ofithe hteserit dieventionl atetadministeredi ast o
he co iti n additjio ed absorption of
AR p B sheCimpls ey Binbe s ebadt s 3F Bt
ﬁlﬁ%ﬁce‘ﬁﬁc;ﬂ Q@nﬂpﬁﬁhyﬁ b&ﬁmﬁfngaﬂﬁ%kﬁn B2y, 1@@ bas%%, (—lrs"fbre preferably,
tion such as al um num nonost earate and gel ati n.
0 5. tcs ) ebantive ingredientdn combivatiowvifhtrrharnaseutiealiyiagceptable
effect of an inhibitor, it is desirable to slowthe
St ption of the inhi b| tor from subcut aneous or
i ntramuscular injection. This nay be acconplished by
t he lIBl@a mepaatiowithspregeaniiventief mey s gaveh oredlypparenterally,
arr_orlo ous material having poor ter sol ubi I [ The
topica bfora?fé%}ypthehar@fofpﬂ'érS? BeR oy dermspuftalls f é%‘é‘?*.
Hlsgaﬁ%{) ﬁ)hger 3&1{ %iaﬁgﬂé Lﬂﬁé)geﬁ'% ‘ﬁ%&#lgg%tgﬂle I11?1 feéb?:ts d¥psule form, by
1Ajdceomanhawiop, eytelotiyr,digtheat, suppasitordy, acpmirranlsufamn By injection,

‘H mgqrﬂ Qsﬂt ﬁfgﬁ’{‘}}o %b%lhhy Lﬂﬁfog;pém 0# ac <3 rq)l‘q(:ﬁlli] E}g sg#qosnones Oral

MRNh&hSHod Ripp&tabd e depot forms are made by form ng
m croencapsul ed matrices of the 25 subject inhibitors

in bi ode%dadabl e po@gmer.s_suc,h as . ,
pol yl Hea esepopa}rgmy dmmistrapiep cand "agministered pacaniezally” as used

A A B B 5 By B o

wsuBlly by hgebtloﬁxmmhelsd@‘ withber lirhitatibeg intdadions, mﬁhmnmumr

|ncI ude_ poly téorthoesters) and I (anhydri des) . ot
Hpwtatigh|iatrg gel B ACaPRIArcE agib ely g, Y hiermnal
it i

gubarachmpd lintaspafal hinkinmasterat injartien tnd mfesien.
adm ni stered as pharmaceuticals, to humans and

il DR TR T p——
Sirdints@afSh oMy (TR miRERE %ﬁll.%el‘all)@ a8 ubddl 1% ntfan 3 dd¢inistration

i ngredi ent in conbination W th a phannaceuti cal |

efcrcequpiing, drgg @aﬂthﬁematenhbotbﬁretbw directlysnigfthe prartigh peyueHs
syré%/e?rp ts1|1c thnp)( etiersthe 851[16% & é);SYB’m B, ?I{Hsefs%un%ct to metabolism and

other like processes, for example, subcutaneous administration.

Regardless of the route of administration selected, the CDK inhibitors useful in
the subject method may be used in a suitable hydrated form, and/or the pharmaceutical
compositions of the present invention, are formulated into pharmaceutically acceptable

dosage forms by conventional methods known to those of skill in the art.

Gelatin capsules contain the active ingredient and powdered carriers, such as
lactose, starch, cellulose derivatives, magnesium stearate, stearic acid, and the like.
Similar diluents can be used to make compressed tablets. Both tablets and capsules can

be manufactured as sustained release products to provide for continuous release of
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topically, or rectally. They are of course given by
forms suitable for each admnistration route. For
exanple, they are adm nistered in tablets or capsule
form by injection, inhalation, eye |lotion, ointnent,
suppository, etc. admnistration by injection, 10

i nfusion or inhalation; topical by lotion or ointnent;
medicatontover dpersedhpiisuro Oomrcsﬁbchiablewohmmsumdoeteadios film-

B b PRSPty RS B LR Wi
AR oafedFIMIMEVE aisir@égr%cﬁﬁh tﬁ@@a{&n@ﬁ&@s‘hﬁhl tedeel goqal c al

adnlnlstratlon usua y y |nJect|on and i ncl udes
compesitions pfia siatilap typeuam alsyemployed asfilerainssaft and hazd; filled gelatin
1 ntr

ﬁaﬁ%lilga&atfﬁ ?1'5?& fnﬁﬁ lﬁg% gécrme?tmnr %%Jaﬁlﬁ@fig lactose or milk sugar as

wéll §9Hiek kﬂ&é&@dr,wdiglﬂ tyeasierglycolh auyirafeaed $ormulation is a
subcut i cul ar, i ntraart| cul are, subcag@gl ar ,
SOUBIONAE ISARICESION i :rra%lbufﬁwxamme plieraib Mighyel, or Gagawi.dn 2 soft

aglﬂ J&%&iﬁer Dy %lgatn %?ﬁ?s ad Y34 Ef@vg?]ﬂglg% Pl de@ld9fon as

@pphasd. r ati on" and "adm ni st ered peri pheral ly" as
used herein nean the adm nistration 20 of a conpound,

drug or ot he terlal t er. than directly into th .

cent rﬁ‘ﬂ Wecl:}\? pERstomps fr éﬂ&%‘ﬁ%ﬂ"fﬁ%ﬂ&ﬂ‘& @%’s’“’? an?l flavoring

tB%ér@abe pﬁtléif%&'ﬂﬁx@g Intggh@'al bt L@itﬁ‘t%letdi’l sRirab@har®dN aqueous

and ot her ke processes, for exanple, subcutaneous

decterosd (sglucam)omd 1ebagek mligelswltafons,r@ym;wh@s propylene glycol or
|st sele he CDK.inhibitors usef

R BB Bhedla R ST o2t atf o Ble chiriR e PR AR, ffuions.

form and/or t he phar maceutl cal 25 conpositions of

t he pPreSARivendYLitinhiaiitrafdrg coMmpoundatdestldsad @bovc may be formulated
phar maceut i cal Iénaccept abl e dosage .forns

BarRiaile souten petreatvadngdiond eitherss igiregier F?lt fomms e
@ﬁémlﬁﬁ LSRR IE Srafel @@ap leoflG aa&?erufe,qm@gg&ﬁtas Ringer's
ere carriers, sucC actrose starc

]eahtgubmgelo%mc?sagr dearosaa@n&a:jsm ltrambeawedtlﬁdesrrbda,qnmdded that the
aci and the like Sim [ can ed t
tofal 8ugap ApRtERiclags pattﬂaéﬁesuan fqd 19&63 f %%l&f&b% i‘ﬂ@é’e’&"&ﬁ
Akt @Wéﬁ%é&ﬁgr ﬂ‘)?o@%%sﬂﬁﬂcﬁ&{ @?&@ra@f VéraBtithes per day),
provi cont I nuous Tel ease of i cati on over

@ theugh doxtinvoos mfusi@ooyar eassusi:dmbdipbm(tofdgne Peotal preferred dosages

caated or. film coated.,to kan unpl easant

P B3ls FRE R R infhtioR gwtyafﬁrréfubﬂas rEq Battpys physical
EIMARIInS irCRMERY thef wiPhREHY ¥ lﬁ%h[‘itﬁﬂﬂt L3 h@k% 1 dbbet 250 mg/kg.

gastr0|ntest|nal tract. O COﬁpOSItIOﬂS o

simlar type are also enpl oyed as fillers in soft and
har d- $olntiens fgeparentaral administration preferably contain a water-soluble salt of

the active ingredient, suitable stabilizing agents, and if necessary, buffer substances,
Antioxidizing agents such as sedium bisulfite, sodium sulfite, or ascorbic acid, either
alone or combined, are suitable stabilizing agents. Also used are citric acid and its salts,
and sodium EDTA. In addition, parenteral solutions can contain preservatives, such as
benzalkonium chloride, methyl- or propyl-paraben, and chlorobutanol. Suitable
pharmaceutical carriers are described in Remington's Pharmaceutical Sciences, 18% ed.,
Mack Publishing Company, Easton, PA, 1990, a standard reference text in this field,

the disclosure of which is hereby incorporated by reference.
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5 capsules; preferred materials in this connection

al so include | actose or mlk sugar as well as high
nol ecul ar wei ght pol yet hyl ene glycols. A preferred
fornmulation is a solution or suspension in an oil

for exanple olive oil, Mglyol, or Capnul, in a soft
gel atin capsule. Antioxidants may be added to prevent
| ong-term degradati on as appropriate. 10 Liquid
dosage forns for oral adm nistration can contain
soThérapenti@ntplicav@rsi ng to increase patient
acceptance. In general, water, a suitable oil, saline,
et hanDhe tatid &ey Sole d€xdisdf ehe(rgbulesedf cellthr pﬁilﬂ‘élﬁﬂon 1n general,

sugar sol utjons, glycols such as propyl ene glyco
{heICompRYIdS liscipssd gﬁ@m HRY ATHAE GFESSIRIE cYRatglic agents Whih may be
r
FANITNR (FALhERICR oh PlisPRE BRIBLANER bkl @D ShnonO8l celular
prai fdvatidng mmhl at}mierpﬂcmfastme diseased, enchwdling camex;bemge prostate
elther inijts free or,salt form

ﬁi{;l Vlqu% } B opatgsis ROl YAsiSNeHLe omatosis, psoriasis, fungal

RHERONE %H&&b{c‘ﬂc@ﬁocq@hw&&oﬁﬂlg ezl ffoﬁrﬁa%ﬁ iAfarABRY béwel disease,
lactat &, or other glucose or dextrose solutions) can

wansplotirejdetigasvaseular smavih twacle pell pmhéeramm assodigigdwith

t does not. ca se undesired ..l vel | ac
%ﬁ?f&&é‘?@% PRt e RlEsadh ERels Fteflsme DRyl Ghiifi restenosis
Qingharpdpissty B ﬁ@bmm&@éﬁfsﬁﬂ%ﬂw p&ﬁvﬁtglbaltstdﬁﬁﬁs Red
20 or through continuous infusSion ove

éﬂ&ﬁlh&?e,pf@f pxsanpde, W .SpBatentd¥en 6414865 ﬁ@djﬁd%é@%s f or
bolus injection or infusion may vary substantially,
depend . , . Lt ien: |
goncr A1 SRARBLOHA SrBRAS Eecto AR bieflin U thyrapy of
pmhﬁmtu&te dt3pergtdliferathod diseasessuchras paicen tetoahmune diseases, viral
m nistration prefer ny cont gj n wat.er - sol ubllae“ﬁalt

eas?ﬁa fiyeasph grwg EWIWQ Ry SRTGIOY i ar discase.

agents, and if necessary, buffer substances. 25

Ant i oxicflé ZheREicRAEhS cHHEGUAS | dfsewsémhé%lﬁ%é hdeful i S th¥¥tment of
sulfite, or ascorbic acid, either alone or conbined,

aiv@n@]a of edsicerssingbidirigAbnicnad disrited to)the éollweug arcingma, fiecluding
al t.s and, s um EDTA

) & BRPrab, BRpiSseloR MorkSs v 1ot Sneth @nB $iah <8 jung cancer,

&phiiel llMﬂddem&vhlLS)Q e bllimh ervi) IRYid; prsale and skin,

ang % ig?dobut anol u?t ab?agn?har nageutvf}clgﬁ ca?l?lse{r%g :

Bebdingssappmars ¢l qresinerdivmatopeigtisdenodsiod ymphqid Haeage,

[
%gg.@}rfgdle%]%egﬁg ;Mgfeklgﬁgﬂbé 1|3 l%lﬂcxfrp 9{&% lgﬁﬁﬁc}bl(l’%uc ?é%il](emla, B-cell
ljmxhlon&ul“e:enflymphmha |Hz)dgkme bymplmmu mon-doeigking lymphoma, hairy
r?{ere ce. 50 Th tic pllcatlonf e
cell lymphoma, and Burkett‘s lymp o a, ematopoietic fumors of myeloid lineage,
including acute and chronic myelogenous leukemias, myelodysplastic syndrome, and
promyelocytic leukemia; tumors of mesenchymal origin, including fibrosarcoma and
rhabdomyosarcoma; tumors of the central and peripheral nervous system, including
astrocytoma, neuroblastoma, glioma, and schwannomas; and other tumors, including
melanoma, seminoma, teratocarcinoma, osteosarcoma, xenoderoma pigmentosum,

keratoctanthoma, thyroid follicular cancer, and Kaposi's sarcoma.
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Due to the key role of cdks in the regulation of

cellular proliferation in general, the conpounds

di scl osed herein may act as reversible cytostatic

agents which may be 5 useful in the treatnment of any

di sease process which features abnormal cellul ar
proliferation, such as hyperproliferative di seases,

i ncl ugbmgowmaisckyclosbé hergin ipapslsabe usefylintipd @etment ofAlzhelmers
famlial adenqnatosis po] yposis, neurofib

r
fhseer-a8susgesied ) the regent dindigsthatdd dpumvel iveq 81:&)6 phoiphorylation
SABEpHAAR]. Bi50R—M, 197,73 AB. 1 bes)} ammat ory bove

i se transpl dnt rejection ascul ar snooth nuscl e
cell proliferation associated with 10 atheroscl erosis,
psor i Gempourpisidissised hérelrrosy induer orinhibitsipoptosis. The apoptotic

Rt bR a i gD B 5eR eept: CElp R Ao BrEBintin, o
ﬁﬁdulafoﬁssﬁedj‘ﬁﬁto‘éts WHEbe hsRFul 8 mf&tméﬁt of calRee(ihiclNifig but not
114, 365 and 6, 107, 305. The conpounds di sc| osed
h@tteql ip hipte REFBERSPNEG hiveingbeva) virah infhetions Ginglydingbut not
i f
B Kb VA, B B TR sl et

prevgaiondif S’ﬁ%&ﬁwebpﬂﬁﬂdﬁ&ﬁ%fnﬁdﬁtﬁnﬁiv@faﬁe mstoAmslune diseases
cardi ovascul ar di sease. Myre specifically, the

aeslpding dut ant disitsdda syericluppsecrythematosys, auppimppias madiated
PlnePy SR PAESE el IR Sy ) i e, ot
aiteiddeune dmlm;a;tmelhms); meuﬂoﬂelgﬁ&lﬁratﬂve dsnrdeks{ﬂng:ludimg butdioh timited

| || dde
SV eeinsandisene, KBRS and SEERU P anipns deReotnippoptic
ﬁ@al%ﬁlefbsxsz%tinﬂﬁ Qﬂn&%w 'éﬁﬁﬁ’ltiﬁuéﬁcﬁiak a@SpHy zﬂﬂ'&rebe]lar

hemat op 0|e|cturmrs of l'ynphoid |ineage,” including
dm@n@mlm) mo'alodysmsph epydromes, @plaetm anemyg,uschemic injury associated

}V%}ﬁ%lf ) % 6@8&5 % a5 eI l no naﬁgrh&ﬁgh%%emsclerosm,

foin- Mdu@eell dr alcoRBIRIHed sl d&@ﬁé@@tﬂenﬁatémgm&lm%es including but
henmat opoi etic tunors of nyel oi dli neage, _includin

mtdtr@t%ﬁm cbmmmar@mw em%yémgmpmw,edﬁga@eratwe diseases of the
d n
ugoms‘igg a? §#6&n f%gﬁld& i nt ﬁ 1%%6()(&080%%’6%%)1%01% agd arthritis) aspirin-
idnblltms eliifiediu st cystio dlbekevigy mﬂﬁp‘l@ ﬁﬂerotsisnhﬂﬁepcﬂlséds& and cancer
central and peripheral nervous system including
B&Rr ocyt oma, neurobl astoma, gliom, and schwannonas;
and other tunors, including nelanom, sem nong,

terat @Sﬁg%@@sclc%& ﬁ&%ﬁf §§)imxb1?6?§1&%£ eas, E’drﬁﬁﬁéi\h%lﬂﬁe level of
ker at oct ant homa, thyroid i cular cancer,

&dku&wiRI‘sEA sad &0 smmlmhmagdsts avosubd tbsmdomécelsefuhm;ﬁhe
geaﬁment o wra{ mfeclurc]ms mc]udmgtan ot hmlteﬁl to Iiﬁj\/nﬁuman papilloma virus,

herpesvirus, poxvirus, Epstein-Barr virus, Sindbis virus, and adenovirus).

Compounds disclosed herein may also be useful in the chemoprevention of
cancer. Chemoprevention is defined as inhibiting the development of invasive cancer
by either blocking the initiating mutagenic event or by blocking the progression of pre-

malignant cells that have already suffered an insult or inhibiting tumor relapse.
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di sease, as suggested by the recent finding that cdk5
is involved in the phosphorylation of tau protein (J.
Bi ochem 117, 741-749 (1995)). Conpounds di scl osed
herein may induce or inhibit apoptosis. The apoptotic
5 response is aberrant in a variety of human di seases.
Conpounds descri bed herein, as nodul ators of

apopt Qsmpountisldischsedikertin mayalkdibe hsefaltiminttibidhig qanarer
(including but not limted to those types nentioned
HGQEHBHHIY MEPFASF. | nfections (incl udi ng but not
l[imted to herpesvirus, poxvirus, Epstein-Barr virus,

Si ndbg§m bﬁﬂ!ﬁ RRthsBdRGAMN rﬁ%‘yﬁlso bPESYRALH RNt retefifon of hair
devel op I'n H'V-infected individual's, autoi nmune

ldsséla‘smdlrmﬁls( aaeoinpethingymuy traditionsl whcrgqthpxgpg;tg regiens. For

l uagmi‘% lme‘%lﬁféﬁﬁp“ﬁtwsoﬁ%ﬁﬁtﬁﬁtioﬁggp? H§ed"%? élﬂn%lggx}ohferfltlon of cells
inn{ahﬁmmléarme&@y@barﬁig&ﬁaﬁq&onaawackwmmwm agérthidtesrgets

litus), neurodegeneratlve di sorders (including but
Pf@llfdrﬁltmaws to Al zheimer's di sease, AlDS-rel ated
denmentia, Parkinson's di sease, anyotrophic |I|ateral

scl er ﬁﬁfng %Jcﬁtdﬁl%c}sh‘f h&ie%gﬁg% 236 act38 'uﬁﬁtmcqy SEHMEf protein kinases,

atrop cere enerati on

ﬁgebmﬂ@iﬁ kirasé Cohagnaf d)J’MEKIaMzaB kmase;lm}ﬁ @repten lﬁ‘BﬁR:receptor
ury associated w car di a [ nf ons, ?

B?ﬁjrqcetpte& I3 ks, peg} naa% d thys elr‘f&lail?fstfea ment

Paibdis M%e@fvltﬁloﬁ%ﬁot&ﬁ'k%a@& i ver d' seases,

enat o og di seases " (including but not limted to
chronic anem a and aplastic aneni a degenerative
di seafhscahpainds ofithiciovoxiosinawalse wﬁu (in pembimetien but

Eliiribrg es st soarian) QyBT lfcebd ERpAT o8 ac

faqia@lbﬁ%&ap)lwkﬂﬂycﬁm@tﬁs@&y@dtdmea ans, suﬂﬁdtsﬂfor Eimmel,rhiﬁ not
di scl osed herein, as inhibitors o the cdks,  can

Fmited to, ONAdntewmotye tgentSc gich a5 g1splabin on dexampicisy, taneisemerase 11
15%%3 rsagﬁ % e\f\@p%l fél 51%{)19151%5@% ﬂfftfoﬁ sdcﬂg.ﬁ a‘@T—ll or topotecan;

rea men Vi'ra i ons
tubulih dderactitg Agenﬁumh appmlitbmtcaiouetm&l or ﬂﬁe dpetlpbse/s hosnonal

POXVi rus ;Egrggel n- Barrglv%;g%’%g S‘g\ﬁlvlrf’r“hj]&ﬁs %qlélgr%aﬂl and
@?ﬁ%&abbﬂteg N&ick Q?%g{e fﬂéﬁ&& IRRud %Qngﬁﬁé‘tﬁfns the compounds and

enoprevention 1s ned ‘as In tin
ﬂ:enmlaanprmuf thefpresaMasvarﬁonatuEl‘re usbfnl ﬁ)rtth@prebenjm angedusgion of

Liiati nmut ageni.c, ent_or l,o
itutsnée of Wopestar SR T E ndibed Ry ReRRn Aty or shematigrepy
suffered an insult or inhibiting tunor relapse. - 52

If formulated as a fixed dose, such combination products employ the

compounds of this invention within the dosage range described below and the other
pharmaceutically active agent or treatment within its approved dosage range. For
example, the cdc2 inhibitor olomucine has been found to act synergistically with
known cytotoxic agents in inducing apoptosis (J. Cell Sci., 108, 2897 (1995)).
Compounds described herein may also be administered sequentially with known
anticancer or cytotoxic agents when a combination formulation is inappropriate. The
invention is not limited in the sequence of administration; compounds described herein

may be administered either prior to or after administration of the known anticancer or
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Compounds di scl osed herein may al so be useful in
inhibiting tunor angi ogenesi s and net astasi s.
Conmpounds di scl osed herein nay al so be enployed in the
prevention of hair |oss that ordinarily acconpanies
many traditional chenotherapeutic reginens. For 5
exanple, a CDK inhibitor of the invention may be used
dytotbxibiagerit. Porcxaimplea thiearytatbxic attixsty dfrthdneg'rcﬂinfdspblidahtek;inase

teby s em fromattack t oxi ¢ aqgent

ioRBHST frgiado! i arfserea i goobfvect Bttt e B Gheer
;{g@ﬁ@l OahBY RBtSRcRSY, $575i(M99Ri tors of other protein

ki nases, e.g., protein k|nase C, her2, raf 1, MEKI,

MAP klnase EGF receptor PDGF receptor, 10 I GF
receptor, P13 kinase, weel kinase, Src, Abl and thus
beyofhksisti ve in the treatment of di seases associ at ed

with other protein kinases. The conpounds of this
i nventheoronmpopnds efithb prasemfiovention cambe spathasized using the methods

deierbed el PpcuBt il omise Fkdod ol e s R st organic
dMehf‘stﬁb{ bPS4rdtioRs E!fer&)}itaQ ?ﬁfx‘e@m&ﬁ thoseSHiRd a8 tHeQirt. Preferred
exanpl'e, but not 15 Iim interactive

Iagféndsmctpdg,rbtagremcé ;hmatedrto dhosganashedsi deseribed below. Each of the

(AR B RERERDow s Pl BporBbRunaPitice BB 150G °°

topotecan; tubulin interacting agents such as

pacl i Kax ﬁitemﬂsﬁtaeasqxqiarmg the@ngahds bthﬁﬁ‘rulahD Ea‘[dHaJnd certain
ents, such as tanoxifen; thymdilate fyq
G QSARONBOS §ERlASeAdIOREIN. 4%,PIAFOIE Anogiigi1eS 1 amitiocarboxamides
S\ th
O FE R R 2 palig oL e Bl bt itecgenge l the
¢itearient litdraves b severs) nisthads efelﬂmrfmanzdien BelenmstA Oh. Or

AR5t ock A G et BB, M BAG, G ChrEahd R K.
R@&Hylﬁb%g @hrenp 1956, ?@ﬂﬁ) S BelaRiab hits. '].'ﬁﬂejp'mﬂ\hl@}ﬁm Acta

npl oy t conmpounds this invention within the
lzﬂ:&ﬁa@%, %ér)g%emlaégci"@mmgbeﬂ dww aldererdercloChen. 1990 27,775, and PCT

B BDEE NhE LAt Spf 0 o0Ruabh 2R IR fartt) Ot farkih

hymaﬁhés%dqlm&ésm@e bREmBRENy A4ilsblé 6r éditbe prepared by standard
synergistically with known cytotoxic agents in

orgamie Mﬁgsfapb?n@@ Ehe(spbstitpent iy as used feloyg ydigatespyayryl ring,
|

A R b T

Bgenls]. \Mmipoamdmﬁmﬁﬁulwhcaﬁmlmheqﬁemed By treating PrCOCI with

|na roprlate The _inventjion is n limted,in
& e PaeRInes efthask, MSAtnE WREEY 615 GEPORNY ¥, mﬁ’gﬁéland

reactmg the product with ArNHNH,.
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30 may be adm nistered either prior to or after

adm ni stration of the known anticancer or - 53
cytotoxic agent. For exanple, the cytotoxic activity
of the cyclin-dependent kinase inhibitor flavopiridol
is affected by the sequence of administration with
anti cancer agents. Cancer Research, 57, 3375 (1997).
SchemeSynt hesi s The conmpounds of the present invention
can be synthesi zed using the nethods described bel ow,
together with synthetic methods known in thg art of
synthetic organic chemstry, or variationg/thereon as
appreci ated by those skjddg@ai n the areN j-Pr
nmet hods i ncl ude, but anﬁqmﬁ,oghdcmn{‘&d t o,
descri bed bel oviePrEHE h—of —thre—10—Tef®r ences
i s hereby incorpor gt ed3fteeceViCCHONES er g
i nternme JAa prepaN ng the conpounds o

la, 111 2 or%gstlécﬁt nrl]de

are pyr 3zl enedm,pani t
and ami noesters IV. Th

i nt er medi ates has preceldenc

literature, and several net re sunmari zed in
Schenes A (A. O 15 Abq%l ' . . Heterocycl.
Chem 1984, 21, 1049), K.

Robins, J. Org. Chem 1956, 2 1240.), C (P. Schm dt
and J. Druey, Helv. ChemmActar 1956, 39, 986.). See
al so Tom naga et al., J. Heterocycl. Chem 1990, 27,
775, and PCT Applications Nos. WO 00/21926 and WO
99/54308. A wide variety of starting hydrazines and
sddalrygles are conmercially avail able or can be
prepared by standard 20 organic transformations. The
substituent Ar, as used bel ow, indicates ancaryl ring,
substituted to conformto or to be convertgd to a
correspondi ng aryl substitutent of PF&N I,
Compounds of Fornul a | ac@nneéseokfl, prepare
treating PrCC:ﬁlrc(aRtj3 —th(—GN)-il—n—f-he pr esefice

base, treating the resutaNg Corrpound W|t C15} and
reacting the produgt with ArNHNH2. - $N" Sc

HzN i - Pr
acid or base
hydrolysis

1} Ac,0, NCCH,CN
I Ar

i-Pr

2) AINHNH,

Scheme C

RO i-Pr

1) Ac,0, NCCH,CO,R
i-PrC(OR), - / \
2) ArNHNH,
HzN P
N
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1) ArNHNH2 2) N-bronmosuccinimde i-PrCHO - / 1 3)

base, NCCH2CONH2 HZN N N 1) ArNHNH2 2)
N-bromosuccinimde | 111 3) base, NCCHZCN NC Ar

| K/-P//acid or base hydrolysis HZN/ N7 Il Ar Schene
BOHNIi-Pr 1) Ac20, NCCH2CONH2 i-PrC(OR)3 2)

ArNHNH2 N H2ZN N~ 1) Ac20, NCCHZCN i r 11l 2) BNH2

NC i-Pr acid or base hydrolysis HZN N7 5 11 Ir
SchenAnfindhitrfRé Il ¢iii be converted to pyrazolo[3,4-d]pyrimidines of the present

invention as shown in Scheme D. In summary, the aminocarboxamide is acylated,
optionally in the presence of a suitable solvent, such as dichloromethane, by treatment
with a suitable base, such as triethylamine, followed by an acid halide of the formula
ArCH,COX, preferably an acid chloride to give carboxamidonitriles V. Alternately
carboxamidonitriles V can be prepared by coupling aminonitriles II with carboxylic
acids of the general formula ArCH,CO;H in the presence of a suitable base and
coupling reagent in a suitable solvent. The coupling of amines and carboxylic acids has
been reviewed (Klausnew and Bodansky, Synthesis 1972, 453-463), and the variety of
reagents available for effecting it can be appreciated by those skilled in the art.

Scheme D
NG, P NG, LEr
/ \ base, ArCH,COCI / \ ROM, H,0,
——
HaN AN ArCH,CON AN Formula I

N or ArCH,CO,H + 2 N or H'
l coupling agent l

i v
Ar Ar

Transformation of carboxamidonitriles V to the compounds of the present
invention can be accomplished by treatment with an excess of hydrogen peroxide in the
presence of a suitable base, preferably a metal hydroxide or alkoxide base in a solvent,
preferably water, an alcohol, or a water-alcohol mixture at a temperature in the range of

about 0 °C up to 100 °C.

Alternatively, carboxamidonitriles V can be transformed to the compounds of
the present invention by heating, preferably for about an hour in concentrated, strong
acid, preferably 85% H3;PQ,. Scheme E shows an alternative means for preparing the
compounds of the present invention. Amino carboximides III in a suitable solvent,
preferably a lower alkanol, are treated with an excess of an ester of the formula
ArCH,CO:R, where R is, for example, lower alkyl, and an excess of a base, preferably
a metal lower alkoxide, preferably at the boiling point of the solvent, to give
compounds of the present invention. Many arylacetic esters are commercially available

or can be prepared in one step from commercially available arylacetic acids by
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) Ac20, NCCH2CR2R i-PrC(OR)3 2) ArNHNH2 N H2N ~ N
IVIir - 55 Amnonitriles H can be converted to

pyrazol o[ 3, 4-d] pyri m di nes of the present invention

as shown in Schene D. In sunmary, the am nocarboxam de

Is acylated, optionally in the presence of a suitable

sol vent, such as dichloronethane, by treatnent 5 with
estaificetin withanexcass ofiamslcoliol R OH, ardferablyfat bdflumewitibgthplor
acid halide of the formyla ArCH2COX, . preferabl

et el s e Sl 8 epusesre RipnEid cadelgp suci as Fs0s or p-

r r

B Ryl £ X QOB RAPL SRS DOET BE PRI in

sctreeng) ewcdira| CHE T I wtith o'caGHip<Eeadh asDMAP.pr esence of a

suitabl e base and coupling reagent in a suitable

%%Igcve . The coupling of am nes and carboxylic acids
f0" been revi ewed (Kl ausnew and Bodansky, Synthesis

1972, 453-43), and the variety of reagents avail able

for effectyhg it can be appreciated by those skilled

[ Schege D NCi-Pr Nc i-Pr Dbase, ArCH2000I

ROM H202 -\ Fopiul a | H2N N/ N or Ar CHZCOZH+ Ar cH2coN

N/ N or (ng agffit L1 ' VoAr révuidb
Tr ansf or on Gf carbexaoirdonitriles V to the
conmpoutiy

,{:h’e present 1nvention can be
acconpl i shed I y treatment with an excess of hydrogen
per oxi de In tde presence of a suitable base,
preferably a netal hydroxi de or al koxide base in a

vt or EhrysReRe gk me b preped B e Pats Riasflusie afge of
arylacetonitriles, which in turn may be prepared by treatment of aryl halides with CN-,
preferably in solvents such as DMF, MeOH, EtOH, water, DMSO, or mixtures thereof.
Further examples of arylacetic esters may be prepared from aryl carboxylic acids under
Arndt-Eistert (Meier and Zeller, Angew. Chem. Int. Ed. Engl. 1975, 14, 32) or related

homologation conditions.

Aminoesters of the formula IV can be converted to compounds of the present

invention by reaction with an excess of a nitrile of the formula ArCH,CN and sodium.

Scheme F
o]
RO i-Pr
sodium
/ \ » Formulal
-, P ArCH,CN
N
v /Lr

This reaction is preferably performed neat with heating,

Pyrazolo[3,4-d]pyrimidinones may be further elaborated as described below to

give additional compounds of the present invention. Electrophilic aromatic substitution

20 reactions can be performed on the Ar group to introduce substituents. Such reactions
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about 0 Cup to 100 C. 20 Alternatively,

carboxam donitriles V can be transfornmed to the
compounds of the present invention by heating,
preferably for about an hour in concentrated, strong
acid, preferably 85% H3P04 Schenme E shows an
alternative neans for preparing the conpounds of the
ipckde ut arevesn lintdred tﬁl’ﬂllmﬂlcﬁl@l a@@a&tl(mi (Haedd“(]!raﬁs) halogenation,

[ tabl sal v r ef er al k ar .
%lFLélé‘é’tl‘é‘d Tedrl-Gre ﬂé)eegkogore?t l%tslé ORtiopH %msﬁlz@tm
Q‘Iﬁm&u% Q‘ftg‘ldﬁldrﬁs fol ?t{?lh@se rlaé)c‘ﬁ@ﬁf Rlekihilia® Wthose

n excess ase, pre era netal | ower
wiRaiindlg amp pEomgraiolsynthesis, lpendrelly invglving reactiin afltbe electrophile

so] vent e ounds of th t

ith iy chethrgarul SBRRE et e o L €25 BF
RGOS AR @FrebftidMREhe Eﬁﬁlyfstf@ méf&amyracmaﬁé Ycid that may serve as
avai |l abl e aryl acetic acids by eSterification

salvent,avharx thesdectophite algsmreled IIRE]BI frpmesabpﬁm gr 2t amine and a

oS bk depe Sy S ea s RGP RS0 pRE R

Ractlcic)} prefiried cRRlysiéiry TewisGRids) 1Iandfr%@'§Jl§tﬁiot Hinitad && FaRG; AlXs,
can be used,_preferably in a solvent such as CH2C12

g0k A%, ovherd X49 halogaw. as DVAP. 5 Schene E O HZN i - Pr
base Formula I HZN /N ArCHRZCO2R N |1l A'r

Pheny

nyar of 1oy iyl ol oBEvH ERAHEM B arhiotrfily RATR depivarized
by eepeticdwiily elecwragplites inobiding, Pt hetllintiésl toiatyl Hakides, anhydndes,

referably. in, sol vent h,. . McOH, Et CH, ter,
SRBEns. Horpormacy ruitonyl halide S rikythaliogs %%E?ﬂ@é Qfesters.

ébﬁ’dlﬁ&?st fo'P p@r%rﬁﬁ e fRYe RRIBSERAGRAS Efeoﬂﬁirﬁliéé"to ARsORiMeEd F the
aci ds under Ei stert (Meier and Zel Angew.

@h efiorghnic syIEhemErggneralmiiﬁ'pl\'lﬂg adgitjoncef th@elacte@hﬂe to the
nuc eop%ﬁe prgt%ra%?y in soiu%on at a temperature between 0 °C and RT. Addition of a

base may be necessary. It should be noted that the products of these reactions may react
further with some electrophiles at the pyrimidinone nitrogen (N5). The resulting
functional groups (amides, carbamates, etc.) are less stable to basic hydrolysis than the
desired anilino- or aliphatic groups and can be cleaved back to the pyrimidinone having
H on N5.

Reaction of compounds bearing an amine group with agents such as haloacyl
halides, a,B-unsaturated acid halides, or halosulfonyl halides gives intermediates which
can react with nucleophiles such as primary or secondary amines, diamines, alkoxides,

amino alcohols, or thiols.

The compounds prepared above, which have a carboxyl group, can be
derivatized by activation and reaction with nucleophiles including, but not limited to
amines and alcohols to give, respectively, amides and esters. The coupling of amines
and carboxylic acids with carbodiimides has been reviewed (Klausnew and Bodansky,
Synthesis 1972, 453-463), and the variety of additional reagents available for effecting

it as well as the potential need for protecting groups (Green and Wuts, "Protective
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Am noesters of the formula IV can be converted to
conpounds of the present invention by reaction with

an excess of a nitrile of the formula ArCHZCN and
sodium 15 Scheme F O RO i-Pr sodiumForrmula I H2N
~N ArCH2ZCN N IV Ir This reaction is preferably
perfornmed neat with heating.

Gyoupz @b OF ghndc Slyesis'hiSdcominEditiom ) olneWilewt&J Song 188 br tatmetk

?ﬁ@g‘%&éfﬂ%gllg\%@ﬁgp &Hpre%aé:gtbry&g«pﬁq sf(ﬂﬁleg iB ﬂtgﬁp et %g ploefparation of
S8 FotH 4 did had BebiPA&EHBABaORE. I@&lu@t%ﬂ Of thBd a‘ﬁﬁd&shﬁ'ld@sters to

group to introduce substituents. Such reactions -
amiziesi aied alooholaican begrerformed wsing o suitable hydrishe retﬁ@;rlgaﬁgenh
(Friedel-Crafts), hal ogenation, alkylation

CFr A o BT bl S By hvain

Pecdiversidigtotanasetiophitic Ispéﬁesafyeachamdn with pRosbmser a phosgene
skilled in the art of organic synthesis, (%gnerally
PANALEAL e trahgdrans dspmetne 199% 6¢ r i) @& Gliern 199 T8, 1837),
r [ t
PR OB Hhost N e i SR BRI s ARHE ot o
Livited ysmnnsespalecﬁlﬁdsa lahg swlfomantides tagive, telapetctmdy, weasy earagmates,

so)] v vvhe the el ectrophile. is enerat

f av drondifions forpr hese 1 %ﬁtwaw&j s ﬁlﬁ%ﬂﬁéwsomated
Wi Bﬁﬁ&lin‘g%ﬁés e%@ ran@F) §eﬁé ?cgﬁ&a‘?ﬁﬂé El‘ecfalﬁﬂl%?& fhse skllled in the art
substitution “react ferred catal ysts are Lew s
efdrganic syrthesik, agd alb auoprnpmate precawibns showlé K@ faken X3, 10

and ZnX2, where X is hal ogen The conpounds prepared

above |ch h n_ani can deri vat | z

oot PG an S adipS Wi 87 HR r<GlRRg f HShark Ebnpiithds Blne
hresét deeﬁﬁéﬂ fRRude Rt Hon s ketones QTdéhE@és?ésters, acids, amides or
chl orof ormat es, sul fonyl halides hal i d

reéwtafﬁ:eﬂgnlnmonébw@ﬂ@mnocmddqumdpéeags@fm(b rSW@@ Perose
?ﬁ%ﬁl’:ﬁ&& Hyetﬁg %lﬁﬂ&o%ﬁ ﬁo‘%ﬂ)thﬂEs &%}é&&% %yﬁ{ﬂeglge*J'CQPubhshers,

Inc., 1991) and oxidations of groups including but not limited to alcohols, aldehydes,
olefins, thioethers, sulfoxides, and heteroaryl groups (Milos Hudlicky, "Oxidations in
Organic Chemistry" American Chemical Society, 1990).

Reduction of functional groups such as alkenes, alkynes, nitrogen, nitro, or
cyano groups can be accomplished by catalytic hydrogenation or by dissolving metal
reduction. Further elaboration of intermediates containing electrophilic sites to
compounds of the present invention can be accomplished by displacement with
nucleophiles including, but not limited to, CN-, amines, alkoxides, mercaptans, or
carbanions. Still other compounds of the present invention can be prepared by coupling
of aryl halides or triflates with the appropriate boronic acids or stannanes (Stille, J.K.,
Angew. Chem. Int, Ed. Engl. 1986, 25, 508; Suzuki, A. Pure Appl. Chem. 1985, 57,
1749). The compounds prepared above, which have a carbonyl group, can be
derivatized further by reaction with nucleophiles to give secondary alcohols. Such
nucleophiles include, but are not limited to, Grignard reagents, alkyl-, alkenyl-, and

alkynyl-lithium reagents, and allyl stannanes, silanes, and the like. Compounds
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15 art of organic synthesis, generally involving
addition of the electrophile to the nucleophile,
preferably in solution at a tenperature between 0 C
and RT. Addition of a base may be necessary. It
shoul d be noted that the products of these reactions
may react further with sonme el ectrophiles at the

pypired d$ desoabed 4hoorg ean bd\Birthetlaborated Ibw:rwgwngmogmt@ magh as the
B Gl an S2 B TR . duty PG RTmmabRRly |

al i phatic groups and can be cl eaved back to the

pyr i nighie BRbBAYIbA of tHd compdindsheasdredabeyt cabP mdﬁahshed by
beari ng an am ne group with agents such as hal o acy

ganieragien of an grasnemagnosayoneganiishinpespecigy by diresserd %W%JPUOH
(12l 453 NVERS AP Ko R11686 1Y) 555368 A5 S, ce. Chem

such as mary ‘of “secornidary am ne
Resai98%:9 5, 306<0K; dmmtzkﬁ,iaamma Sahgupitg [Prog. O‘Ietderbb'_ya:ll SChem. 1989,

JRG45 B Siannen RyChalidethy J0RMByhaloeskae hatee TR bRBeY Espdsher,
Wed ErBHCREO ﬂPgiqg 3Gebeyi ng, but not linited to

am nes an cohols to give, respectively, anides and
esters. The coupling of am nes and carboxylic acids
wi t h Aamppwatitoduepdrag doapoundsdfdeenulakldisansdweraig other

Bod h dth
CRRRY pisriRr VR GER Sredeplfain SeHeiis g LY M ¥F plegine
Yehpoudds bidie PedseitlindéntidB CThd Qibsttbets ) RYR HawlRrepresent
(Green and ts, "Protective - 58 Goups In Oganic

Wﬁnm@?ﬁ s setdernin Farmulaol, orﬁ@hwtwutse?latepasdwonlmto fthpse

FueAE B Sl E POBESRLA Sl provccing
froopn Me%rheﬁmgjgeﬁﬁs incldd abxesre of Retowtlicaicidsf silyl ethers of
t hese am des and esters to amn and al cohol s ?i
Heehaly. #ad acrialp gndyktals ok ldehyps @52@%%&8?@“&5%% ¢ field of

%:‘B?ec‘éﬁ@’g%ﬁ?%ﬁmﬁf grgfhrag BeaRVRwil g@&eﬁé“’le\hﬁ‘%'@ ggﬁ U Qf%tecnve

erfvati z y conversion to an electr
Epagis érs OmgaracSyntMsm B™\eidt; W e Npen ¥ ork, 189 hEbeypite group of

%%tfl V)@:ﬁlg?ﬂph 53@39&%@7@ Mm’ret : é}%?cgta]bﬁlcthygmgenamn The

BIBSEREEa até’d B aceﬁ@ %ﬁﬁﬁﬁfe'aﬁﬂ pWHidide A4's bERDAI hBSure of the
i ncl udi ng,” but no [iTmted to, am nes, alcohols, and

eailfing apdtatuiletZoangi ansicetopbenone merd tycatesk witk 2 stengbasairen

d l,f d f f
eprfttg e HarRL riperahivk S Bive He RGroq Refithe 31 A28itional
PBASITHeepaRd g BHICIGRSE AreleHowho &M Skitle€ i tglalti a8 desc@ibed in

t hose ski IIed in the art
Kilgore et al, Industrial and Engineering Chemistry 34:494-497, 1946. The triketone

was treated with hydrazine at elevated temperature in an appropriate solvent to give the

D.

indeno[1,2-c]pyrazolone ring system.

Additional means of preparing indeno[1,2-c]pyrazolones are known to one
skilled in the art as described in Lemke et al., J. Heterocyclic Chem. 19:1335-1340,
1982; Mosher and Soeder, J. Heterocyclic Chem. 8:855-59, 1971; Hrnciar and
Svanygova, Collect. Czech. Chem. Commun. 59:2734-40, 1994, The amide was

deacylated by heating with a strong acid in an appropriate solvent to give aniline 4.
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of organic synthesis, and all appropriate precautions

shoul d be taken. Further transformati ons which may be

required to prepare conpounds of the present

i nvention include reductions of ketones, al dehydes,

esters, acids, am des or 15 reductive am nations by

al um no- and borohydri de reagents (J. Seyden-Penne,

THe duiline ovas abylatet andérustandardaroddifions bsidg axl esid ichlofdg amarc

Synt hesi s” VCH Publ.i shers Inc., 1991) and oxi dations
PTORTIASOY 1K Q, 8iVA, éhfb"fﬂﬂr%l’rqd}‘?ﬁst ed to al cohol s,

al dehydes, ol efins, thioethers, sulfoxides, and

S&esfcomr yl groups (Ml os Hudlicky, "Oxidations in

Organic Chem stry” Anerican Chem cal Society, 1990).

20 Reduction of functional groups such as al kenes,

al kynes, nitrogen, nitro, or cyano grolips can be

acconpl i shed by o&tal ytic hydrogenati by

di ssol ving metal | reduction. Further'®el abdation of

i nter medi at es cortal pFTRY%l ect rophi li ¢ sitles t Ogoocu
conpounds of t gsent inﬁghffﬁn,can .onplighed
by di spl acenen nucleapﬁkiﬁa i ncl but not
limted to, CN &M nespocl koxi des, ner CapLs or 25
carbanions. Still other compounds of the presgnt?®s

i nvention can be prepared by couplbng of aryl halides
or triflates with the appropriate horopic gaclds or
stannanes (Stille, J.K , AngewMe .
1986, 25, 508; Suzuki, A. Pure Appl. ﬁh 1985, 57,
1749). The conpoundsgprepared aboveg r i ciPPhave m OP
carbonyl group, can be derivatized||further by

reactifn wité nucl o8Fto giv condary alc

Such 3 | ude, bd¥ are'fflot limite

Gi 1 B NRENy | - Ry
al k Apd ally

sil gonpounds - H

described aiaveh&an pe further elab5

rearrangenent® such as the Beckmann
React. 1988, 35, 1) or other rearrangenents.oFusther

el abor ati on é““#ﬁ@mﬁﬂﬁﬁﬁunds prepared above can be
acconpl i she neration of an organomagnesi um or

or ganol i t hi H1ZQ§9.§S by directed netallation 5 (Beak
and , Ace, “Cheffe Res. 1986, 19, 356-363; Beak
and Bni eckus, e. Chem Res. 1982, 15, 306-312;

Katriit zkyn_La and Sengupt a, beg. Het er ocycl . Chem
1989, 1,\1H 9) “sw frorgan aryl Jeke by
l'ithium hal ogen exchangg (Par Br apehesy Ace.
Chem Res. 1982 —_— Formula IT

An alternative method for making compounds of the present invéntion is shown
in Scheme 2. The intermediate triketone 3 can be deacylated with strong acid and
reacylated with an appropriate acid chloride using methods known to those skilled in
the art. Subsequently, triketone 6 can the be converted to the indeno[1,2-c]pyrazolone

10 ring system using the same conditions described previously in Scheme 1.
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An approach to preparing conmpounds of Fornula Il, ha
and certain other 10 conpounds disclosed herein is
presented in Scheme 1 and can be used to prepare
conmpounds of the present invention. The substituents
Z, R5i R6, and R7 represent substituents as set forth
in Formula Il, or substituents that can be converted
fchehtedse substituents using standard organic
transformations. P represents a suitable protecting

group. Exanpl es of frote¢¥ing grou clude esters of _ op
carboxyl‘c acids, si et hers of 15 al ¢ohol|s, and

acet aks™ andg ehydes ana~ke ®Q§§JE\

respectively. T RLOt ecting gr dup clemi

has been

€ T—¥+——¥GP%—+P G M
Protecti Crgan|§° ifpislagples 2nd
W ey: The fiftro] group of

‘ 1'&;
n|trophthalate as reduced to @y ne usi ng

catal ytic hydrogenation. The aniline was acylated Y,
usi ng acetic anhydride and pyridine as a base. A
m xture of the 20 resulting acetam de 2 and an lﬂﬁmu
acet ophenone were treated with a strong base in an
appropriate solvent at elevated tenperature to givé
the desired triketone 3. Additional neans of
preparing triketones are known to one skilled in the
ar t  agnéBeLmeided forprepiringah&triketoRks 6 bR Htlsdmd 2EmBIRYs the
I neering Chem stry 34:494-497, 1946. The triketone
cRYaEgR ega W%ﬁkﬁym 62 with 3amtrep1@hdt0e%ﬂwéﬂéﬁaﬁd%eae®qdnn

n@%ﬁ@h@%gyr azé‘f‘%ne r |"%I§(§4 %?ewﬁgzdl Bona hl%g'r%g“

P350p1eTRmMhed I-diketaats, whén @bpwmeﬂctm\@&vmﬂablég cambe teadily
one skilled in the art as descri bed |§ Lenke et a
prepaugd By gug elrilled mniGaart by theasstylation or tifjgeroaggidation ofrthe

éﬂ‘gﬂﬁé\r}lgﬂl 1 lE'SJoﬁé Glidh @Q}eﬁ&t%g %t?@%ori‘v%ﬁ% to B Ghiline 6b can

ova, ect
waaaﬂl@imﬁw it @94rieffivd vaays delmiisg Glalgeabydragaitiby, treatment with

525t U g idoR i o ety AR R it o
WHReh dithRRAbHstaRRAL thiehde. L&ib@&;u%&l?ﬂie%ﬂﬂﬂe%'cﬁﬁbb Borfrted to

appropriate solvent to give t desired product
®e hedenofll , D¢ Epazhtonsi-of t\h1s@mt{gn by acylation followed by treatment with

hydrazine as described previously in Scheme 2.

Another method for making the indeno[1,2-c]pyrazolone ring system is shown
in Scheme 3. Dimethy] hydrazine was reacted with 3-acetylpyridine with no solvent to
give the hydrazone 7. This was treated in a similar fashion as described in Scheme 1 to

give the desired intermediate 8.
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\ COOCH3 1) Hz, Pd/C 2) AezO PYr COOCH3 / COOCH3 2
O\ Rs M| base Rg O RT OP RBOP NHZ OOP / IIXI" M
NHO/ \ 1) H2ZNNHz ~\ Rr \ \ 2) acid/ Rr\ /NH 4 ~
O O3 1) carbonyl diimdazole 2) N N w~NHZ Z~
ORa N~HNHOOPI 1) deprotect

PO, Re
RCO;Et, NaOEK / \
R
EtOH +
(R=Me or CFy) 0
6a o)

1y AcOH, Et;N
2) reduction

Scheme 3

Rs OP
1) carbonyl diimidazole

: 2 v /_\\ R,

N
“NH;

Alternatively, 6b can be treated with an activated acylated N-amino morpholine
or piperazine ring, such as a nitrophenyl carbamate Additional means of preparing
similar intermediates are known to one skilled in the art as described in Rappoport, J.
Org. Chem. 49:2948-2953, 1984, This intermediate was carried through the sequence in

a similar fashion as described in Scheme 1.

Although the foregoing schemes describe general synthesis routes where W is
oxygen, following such general disclosure, a person skilled in the art will be able fo
envision and practice the synthesis of other compounds of the invention where W is not
oxygen, For example, where W is selected from S, S(0O»), C(=0), C(=S), CHz, and

Other features of the invention will become apparent in the course of the
following descriptions of exemplary embodiments that are given for illustration of the

invention and are not intended to be limiting thereof.
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Formula Il 2) R5-Br g\ / R\ NHN 5 An

al ternative nethod for making conpounds of the present
invention is shown in Schenme 2. The internediate

tri ketone 3 can be deacylated with strong acid and
reacyl ated with an appropriate acid chloride using

met hods known to those skilled in the art.
Subsequently, triketone 6 can the be converted to the
i ndeno[ 1, 2-c] pyrazol one 10 ring systemusing the sane
gdfwkmpldivatickescri bed previously in Schenme 1. -61
Schene 2 ORy OP Z~ }1O~ Ra OP NNH\qgv 1l)acid HO
Formul)l, E@nhd cartaifl iothardenpboands diycldsed herein - Syhifesis Plocedures
O 6 HzNNHx 115 Another method for preparing the
triketones 6 of Schenme 2 enploys the 5 condensation
of a 1, 3-di ketone 6a w th 3-nH@roplfhal i ¢ anhydri de as
described in Rotberg and OGshkayz{ Zzh. Organ. Khim
8:84-87, 1972; Vi. Ogan. Khi 9: 2848 2550, 1973.
The 1, 3-di ket ones, when not co rcially avail abl e,
can be readily

Synthesis of (1-hydroxy-2-methylpropylidene)methane-1,1-dicarbonitrile:

A solution of malononitrile (4.0 g, 60 mmol) in THF (30 mL) was added
dropwise over 1 h to a suspension of NaH (95%, 3.0 g, 120 mmol) in THF (75 mL) at 0
°C. The reaction was then warmed to room temp and stirred for 1 h. The suspension
was then cooled to 0 °C and treated dropwise with a solution of isobutyryl chloride (6.3
mL, 60 mmol) in THF (25 mL). The addition was controlled so that the internal temp
does not rise above 10 °C. Upon completion of the addition the reaction was warmed to
room temp and stirred for 24 h. The reaction was then quenched with HO (10 mL) and
evaporated. The residue was then partitioned between EtOAc (100 mL) and 1 N HCI
(75 mL). The aqueous layer was extracted again with EtOAc (50 mL) and the
combined organic layers were washed with brine (100 mL), dried (c), filtered, and

evaporated to yield the desired product (7.95 g, 96%).

Synthesis of (1-chloro-2-methylpropylidene)methane-1,1-dicarbonitrile:

To a solution of (1-hydroxy-2-methylpropylidene)methane-1,1-dicarbonitrile
(5.1 g, 37 mmol) in CH>Cl, (50 mL) was added phosphorous pentachloride (8.6 g, 41
mmol). The reaction was stirred at room temp for 16 h. The reaction was then poured
onto ice (50 g) and partitioned between CH,Cl; (50 mL) and H,O (75 mL). The

aqueous layer was extracted again with CH,Cl,, and the combined organic layers were
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prepared by one skilled in the art by the acetyl ation
or trifluoroacetylation of the requisite nethyl

ket one. Reduction of the resulting nitro derivative to
the aniline 6b can 10 be acconplished in a variety of
ways i ncluding catalytic hydrogenation, treatnment with
zinc or iron under acidic conditions, or treatnent
wighed otithesat. NedHCOn (FOagEnarsl Isine(78 :l)s Ghie omgadiictliyeo mias then

I s.chl oride. Subsequentl he anjli.ne C
GheCOReHR cateted il vanatno o 1weis. s piovesd Shgrde (£65 Efieo.
i nvention by acylation followed by treatnent with
hydrazi ne as described previously in Schenme 2. 15
Anot her net hod for nmaking the indeno[ 1,2-c]pyrazol one
ring systemis shown in Schene 3. D nethyl hydrazine
was reacted with 3-acetyl pyrigine Wth no solvent to
gi ve the hydrazone 7. This was gated in a simlar
fashion as described in Scheme /i i,p gi ve the desired
intermediate 8. - 62 Schem#"3 P@ Ra PO Re NOp O
RCOZEt, NaOEt R Rr~ Et OH Rr ~¢iQ cR=Me or CF3) O +
M O 0 6a 0 1) AcOH, Et3N 2) ctionRGO3 1)
carbonyl diimdazole 2) 1Z Nz Q¥ N-NFi Z \ \Rr

5 Synthesis of S-amino-1-(2,6-dichlorophenyl)-3-isopropyl-1H-pyrazole-4-
carbonitrile:
A solution of (1-chloro-2-methylpropylidene)methane-1,1-dicarbonitrile (9.4 g,

61 mmol) in THF (250 mL) was treated with 2,6-dichlorophenylhydrazine
hydrochloride (13.0 g, 61 mmol) followed by triethylamine (12.3 g, 122 mmol). The

10 reaction was then heated to reflux for 18 h. The reaction was then cooled to room temp
and partitioned between EtQAc (150 mL) and 1N NaOH (100 mL). The aqueous layer
was extracted with EtQOAc (2 x 150 mL) and the combined organic layers were washed
with 10% aq. citric acid (150 mL), sat. ag. NaHCO; (150 mL), and brine (150 mL). The
organic layer was dried (MgSQ4), filtered, and evaporated. The crude product was

15 recrystallized from EtOAc/hexane to yield the desired pyrazole (11.2 g, 62%).

0
HsN
/N
HoN N
cl cl

Synthesis of 5-amino-1-(2,6-dichlorophenyl)-3-isopropyl-1H-pyrazole-4-carboxylic
20 acid amide:
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6 EO6b O Aternatively, 6b can be treated with an
activated acyl ated N-am no norpholine or piperazine

ring, such as a nitrophenyl carbanate Additional neans

of preparing 5 simlar internmediates are known to one
skilled in the art as described in Rappoport, J. Og.
Chem 49:2948-2953, 1984. This internedi ate was

car r i 8drhinbauEhs-divhleesheanl)-S-isopropylsi HAplymzoleadstarbonitrile (15 g,
escribed in Schene 1. Although the foregoing sche
g‘é%ﬂ%‘@ﬁfg@#@f up l%gﬂwhléé@ (A3 Higendsiired yrogth fswyéjéﬁﬁ h. The

R BB B S BR NTH BRL) R T R s las

thyn filtexsid sind fwashdvewitl Bl li A sThxf prothect ivras dlmni driedwinderevagnum to

1.5, .not . oxygen r le, where Wis selected from
g?ldégﬁgis}reé%ﬂ’r’rﬁl?ﬁ%(&gé%’%ﬂ, and NR'. Other features
of the invention will beconme apparent in the course of
the follow ng descriptions of exenplary enbodi nents
that are given for illustration of the 15 invention
and are not intended to be limting thereof. - 63 .
Exenplification Formula |I. la and9cerdatn ot her
conmpounds di scl osed henaj Sy|_pM si.§ Procedures HO
CN CN 5 Synthesis of

(1- hydr oxy- 2- net hyl pr opm
ile: A solution of mal ononitrile\é4.
THE (30 nlL) was added dropw se o to a

suspensi on of NaH (95% 3.0 g, 120 in THE (75
m.) at 0 C. The reaction was then warned to roomtenp

. s ' . | ed
SpityEid B £ lhofopnBi SRRl b i 28,
dibydvépyrarolofdd]eimfli®s-4-one; 60 nmol ) in THE (25 nl).
The addition was controlled so that the internal tenp

/-1,&-di carbonitr
/60 mMml) in

To a suspension of 5-amino-1-(2,6-dichlorophenyl)-3-isopropyl-1H-pyrazole-4-
carboxylic acid amide (5.0 g, 16 mmol) in EtOH (20 mL) was added ethyl 4-
hydroxyphenylacetate (8.6 g, 48 mmol) followed by NaOEt (2.66M in EtOH, 36 mL,
96 mmol). The reaction was then heated to reflux for 3 h. The reaction was then cooled
to room temp and poured onto 10% aq. HOAc (100 mL). The resulting suspension was
then cooled to 0 °C and filtered. The precipitate was then washed with 1:1 MeOH/ H,O
(100 mL) and 1:1 Et,O/hexane (75 mL). The solid was then dried under vacuum to
yield the desired product (5.2 g, 76%).

\}/0\\',/0
g
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does not rise above 10 C. Upon conpletion of the
addition the reaction was warned to roomtenp and
stirred for 24 h. The reaction was then quenched wth
H20O (10 mL) and evaporated. The residue was then
partitioned between EtOAc (100 nL) and 1 N HO 15 (75
nmL). The aqueous | ayer was extracted again with Et OAc

Sgdthetiy oftedt-baeyl 4(-:{([tdﬁZ,ﬁaﬁchingﬁenyl)éfmahmﬂwlM&ke{s-

i t h 0 t
E"x@ww%%@iol? e Pl sl benznniaenbos: o oo

~CN 20 Synthesis of
( 1- Ch|1"6ra%ﬁrtﬁﬁtolﬂl(arMMhlbﬁ)%ﬁ@ﬂﬁPEQM@’dﬁox}béﬂzﬁfﬂ@ﬁﬁphbyl-1 5-
le: To a solution of

dwd:o@x;azgloﬁaewpmmgm-mﬁ@ St Hi&memol) jn DMF (15 mL) was added

Al RN b iprng hoRnofdniE 4.4 ot g O pfack i Thgzole (182

g1 mert) The raeton vas st@eedadt ré® lﬁrﬁ;ﬂfﬂ F1othed Grebited With a solution
reactjon was then poured onto ice

aawhlmm&ﬁnz@l@m@ﬁa&@%ﬁ 2250 -5mm Jéll Cgéz@lg { L) The reaction
TR srel 15 R ek he Ko BRSOt Wiy Qw0
W StihL}y dithe oh@:rl@ﬂiyéﬁ@aslh&n wasileﬂnvlﬂel([% agqMN,S,FhEO mL), sat.

BB dsbatBoss aing @’ﬁéﬂﬂeiﬁ et e s teneite (FAES0,

S, aﬂ&v‘e’%&'a{eﬁl Thery op eny? Wb %ﬂ% ?fash column

5-am no- 1 3- |sopro
thrpyatogodpby4silica OGN EtQ Ad/bexane)iol yield the @Slr@d[phosphate (2.7g,
7§pgoro-2-nethylpropylidene)nethane- 1

°di carbonitrile (9.4 g, 61 mmol) in THE (250 nl)
was treated with 2, 6-di chl orophenyl hydrazi ne
hydrochl oride (13.0 g, 61 mol) foll owed by
triethylamne (12.3 g, 122 mmol). The 10 reaction was
then heated to reflux for 18 h. The regction was then

cooled to roomtenp gpd partitione betyween Et CAc

(150 nL) and i N NaCHHeL00(] T*L?. aqueQus | ayer was
extracted with Et OAc (2||x @ ) |and t?’}e conbi ned
organic |ayers were wasfed R-1IDRe"aty cigric acid

(150 nL), sat. aq. NaHCO3 (150 ni), and ne (150

m.). The

Synthesis of 1-(2,6-dichlorophenyl)-3-(methylethyl)-6-{[4-
(phosphonooxy)phenyljmethyl}-5-hydropyrazolo[5,4-d]pyrimidin-4-one:

tert-Butyl 4- {[1-(2,6-dichlorophenyl)-3-(methylethyl)-4-0x0-5-
hydropyrazolo[5,4-d]pyrimidin-6-ylJmethyl} benzenephosphate (2.7 g, 4.3 mmol) was
dissolved in 90% aq. trifluoroacetic acid (25 mL). The reaction was stirred at room
temp for 1 h then evaporated and azeotroped with toluene (3 x 50 mL) to yield the free
phosphate (2.15 g, 97%).
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organic layer was dried (MgSO™4), filtered, and
evaporated. The crude product was 15 recrystallized
from Et OAc/ hexane to yield the desired pyrazole (11.2
g, 62%9. 0 H/N HyN/N N C~C Synthesis of

5-am no- 1- (2, 6-di chl or ophenyl ) - 3-i sopropyl - 1H pyrazol e
-4-carboxylic 20 acid amde: - 65

Borvinmuladl) H4 and-certain aethepbempbind-di diherein theesis| e
Procediikgni trile (15 g, 50 nmol) was taken up in conc.
H2SO4 (45 nmL) and stirred at roomtenp for 16 h. The
reacti on was then poured onto 3 N NaOH (850 nmL) at O
C. The resulting solid was th f it ered and washed

with H20 (1 L). The product enMri ed under
vacuumto 5 yield thésdesk ide (14 g, 88%. O
kﬁtiﬂé&ns b 1-[4-tNchIordbtiois)ph&yliet gesis of

1- (2, 6-di c%l girgophenyl ﬁlp(4yh]31/5droxybenzyl) 3-i sopropyl

-1, 5-14 'a@é‘ﬂﬁ@ﬁ%f @Zﬁ’y&rgxiaéctﬂpﬁénoﬁé( (107 diotr44AnSRFin akBtoh® (800

a suspensi on of

BLawas edded( Rbomti-2ichiorenthene (638 8-4.4omob) follavwedhyr BAeD=(307 g,

73w Sheacudthy s AR renoReas RARB e R GG

meh Wit dceid (PY) ek f{1i#atl GMs leagfoirdekll. 13 rBdidue \95% then

The reaction was then heated to reflux for

mn@@aqemn@@m@ao oddieed 1 N HaObb@50ank). The orgmwe\ayer was

RO AT BEu Y 90 g SR ISP

ddstred piddate9esyitldgn washed with 1: 1 MOH H0

[+] o}
CF;
o] \/\O

Synthesis of 1-[4-(2-chloroethoxy)phenyl]-4,4,4-trifluorobutane-1,3-dione:

To a solution of 1-[4-(2-chloroethoxy)phenyl]ethanone (40.5 g, 204 mmol) in
THF (400 mL) at 0 °C was added ethyl 2,2,2-trifluoroacetate (34.8 g, 245 mmol). A 21
wt. % solution of NaQEt in EtOH (77 mL, 204 mmol) was added dropwise via addition
funnel over 1 h. The ice bath was removed and the reaction was allowed to warm to
room temp overnight. H;O (400 mL) was added and the pH was adjusted to 2 by the
addition of conc. HCIL. The mixture was extracted with EtOAc (2 X 250 mL). The
combined organic layers were washed with brine (200 mL), dried (MgSQ;) then
concentrated under reduced pressure to give the diketone as a tan solid (59.3 g, 98 %

yield).
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(100 mL) and 1:1 Et 20/ hexane (75 nL). The solid was
then dried under vacuumto vyield the desired product
(5.2 g, 76%9. - 1 /0 1 0\PPO~HNNNC C~ 20 -66
Synthesis of tert-butyl

4-{[ 1- (2, 6-di chl orophenyl ) -3-(net hyl et hyl ) - 4- oxo- 5-
hydr opyrazol o[ 5, 4-d] pyri m di n- 6-yt ]

met hyl } benzenephosphat e: b

1- (2, 6-di chl orophenyl ) - 6«4

-1,5- di hydropyrazol of @
5.8 mol) in DVF (15 nl) e 5 di-tert-butyl

N, N- di i sopr opy!| phosphor ani di t% m., 10.7 nmol) and
tetrazole (1.82 g, 26 nmol). The reaction was stirred
at roomtenp for 3 h then treated wth_g,sol ution of
3-chl oroperbenzoic acid (57-80% 2.2 g, /7.2 mmol) in
CH2C12 (15 mL). The reaction was stirred for 15 mn
Sy esis pt 214-ChEdlproethosy benzeyl|-f-aitrgind apny3-dipne; o
Na2S203 (75 nL). The organi c layer was then_ washed

wi t h Togsuspensign b bed(39 hmthcgia(%/phe&nllﬁé&rt@gﬂl{cmbm%lﬁ-

FRfe B8 Ao b nd I5iREHARNE oRYRiq B8 9 4301 Hih@fat0oCin
aeetic phliydiide d1 bymL) aab adddduriathylahtinergitl ag 46 mmdlyi Thearixture
0% Et OAc/ hexane) to yield the desj

5 ed phosphat 2. 7
Yowlyryped depp 199 qud beegses kpmogengoys. [The reacfign ps alfﬂvsﬂﬂéo warm
. i i i to 0 °C and 2N HCI (600
DDRTSP Plemigh, The [5tion mixtpts s sopied o prgand N HCL(
) vsip hddmsicslgyy lyh Ehy iriix toeet waadl Jigdrohslyl stinpgd: foz @5 anih5at4oeth temp.
&Ytlrllargrg\w lgf'zfn?lpa(re ppt formed. The brown solid was collected by filtration, re-
suspended in H,O (250 mL) and stirred for 20 min. The brown solid was filtered and

pxybenzyl ) - 3-1 sopr opyl
m di n-4-one (2.5 g,

dried under vacuum. The crude reaction product was suspended in EtOH (500 mL) and
then heated to boiling. The solution slowly turned deep red and the solid became bright
yellow. The suspension was allowed to cool to room temp. The product was collected
by filtration and dried under vacuum to give the triketone as a bright yellow solid (45 g,
60% yield).

Synthesis of 4-Amino-2-[4-(2-chloroethoxy)benzoyl]indan-1,3-dione:

To a suspension of 2-[4-(2-chloroethoxy)benzoyl]-4-nitroindan-1,3-dione (27 g,

20 72 mmol) in THF (1200 mL) under argon was added 10 % Pd/C (2 g, 1.9 mmol). The

argon was evacuated and replaced by a balloon of H,. The reaction was stirred
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tert-Butyl 4- { [1

-(2, 6-di chl orophenyl) - 3- (net hyl et hyl ) - 4- oxo-5

hydr opyrazol o[ 5, 4-d] pyri m di n-6-yl ] net hyl } benzenephosp
hate (2.7 g, 4.3 mmol) was 20 dissolved in 90% aq.
trifluoroacetic acid (25 nL). The reaction was stirred
at room tenp for 1 h then evaporated and azeotroped
widrhightandahe c4talyst refhontd by ﬁltydtlehdl“hmmwmeas prapepttiad ender

7, Formula I1 and tai th
Qi G0 deirediamiihe s Ronder S0 68 shveuRD.
% Me O Synthesis of 1-[4-(2-chloroethoxy)phenyl]
et hanone: 5 To a solution of 4'-hydroxyacet ophenone
(101 g, 0.74 nole) in acetone (800 nl) was added
1- br ono- 2- chl or oet hane (638 g, 4.45 nmole) followed by

K2C03 (307 g, 2.22 nole on was heated to
reflux for 48 h then fillter} TEEEK%:% was washed
with acetone (1 L) and |It°r at ngvapor at ed.

The residue was then partiti oned betvveen Et OAc (800

Setats of mrﬁﬁp%&ﬁw?ﬁmﬂ AdHitapheny '?F% Fovapor ot ed

o’ Y %?g‘ sdefio %T“S%}'E?em@g?@ oAt (3).8462 8 o mdies hrcid,cl,
éasb%ﬁﬁat@ﬂ@wsesa&wsetiﬁexIohﬂanﬁn&nwhs lﬁ@a@@g mbic} and

di one: 15 To a sol ution of

ﬂ'*e[thb‘lf(lﬂmciﬁl@? @ef Iiomﬂ):bhél’ﬁi(}le(‘l@anbh@a(ad@msn dunrepaver 1 h. A

T¥5e bot Srmed Bliae Kididh, Aacr hE SRR GaS Eolfplsts, thgice hath was

fephdiel and efe idch W sﬁh&*aﬁ 4dditTbnal R4THIRIN WRToBedetby

dropwi se via addition funnel over 1 h. The ice bath .
{ikeatioarsvuepended ithh© aad filteved i givalthe desired praguciastagwhite solid

g\ﬂ%osénsg%}r& cﬂﬁerm ghtby {-Iﬁg) (400 ni) was added and the pH

Synthesis of 1-{2-[4-(2-chloroethoxy)benzoyl]-1,3-dioxo-indan-4-yl}-3-morpholin-
4-yl-urea:

To a suspension of 4-amino-2-[4-(2-chloroethoxy)benzoyl]indan-1,3-dione (36
g, 105 mmol) in CH3CN (600 mL) was added morpholin-4-ylcarbamic acid 4-
nitrophenyl ester (40 g, 120 mmol) followed by 4-dimethylaminopyridine (640 mg, 5.2
mmol). The reaction was heated at reflux for 4 hours then cooled to room temp. and
stirred overnight. The bright yellow solid is collected by filtration, rinsed with Et,O and
dried under vacuum to give the desired semicarbazide (40.5 g, 82 % yield).
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20 addition of conc. HO The m xture was extracted
wth EtOQAc (2 X 250 nL). The conbined organic |ayers
were washed with brine (200 nL), dried (MJSO) then
concentrated under reduced pressure to give the

di ketone as a tan solid (59.3 g, 98 % yield). - 68
N2 O ~00/ \ O-~C Synthesis of

2-[4-(2-Chl oroet hoxyTbFnzoyl ]-4-nitroi ndan- 1, 3-di one:
To a suspensi on of N.

1- [ 4- (2- chl or oet hoxy)Yphdhy ™" 4, a, 4- tref 61Ut ane- 1
, 3- dione (59.3 g, 201 afid 3- ophthalic
anhydride (38.9 g, 201 5 acetic

anhydride (114 nL) was added trhejhyl amne (41 g, 403
mmol ). The m xture slowy turned” deep red and becane
honogeneous. The reaction was allowed to warm to room
S:mliaesmoél-|1B-QHZ-cliha;roethax:g)phenyﬂ-ﬂ{uxné,mmyﬂwoinddnold,Za

s added slowy. The m xture
¥“ﬁ°§ YEEQT‘{"’@{%"PP 'b'ie 45 nin. at roomtenp.

until a brown granul ar ppt fornmed. The brown solid was

col | eTh adu@énélbh bf M{Qc{ﬂf(chﬁlo}@etﬁM{%B‘@diﬁﬁﬂ 4155-&12)%(112&9 4-yl}-3-
m.) and stirred f mn. The bro
mprphetiadt-dritrea (F9 &&Lﬁrmmol)\ﬂacﬁmﬂ (4’#1 @Iam@dﬁl@cbléxdr%ne

ga%gﬁ?tg@dl gi W ﬁll@&%ggﬁw ? ur nedllﬂg{b e) Thet el action

miictuteheasdehied abathwegob4d BThe Wﬁitioﬂ\lm:cﬁhemm qucﬂeﬂstoabom temp.

the Yék’lt"g\iﬂfﬁ%b‘{jasf lfwtais Py %ﬁ%ﬁ%&%ﬁuﬁﬁ% ﬁl&f&ﬁ?ﬁtf ypder vacuum.

g%e%soyxfdgﬁaas; ﬁbmie%ﬁl fﬁFmUd lfa@j a® mms(@bo Fh1f) %25 Added! The

resulting suspension was stlrred for 90 min, Brine (500 mL) was added and the pH was

adjusted to 13 with 50% NaOH. The layers were separated and the aqueous layer was
washed with THF (2 X 300 mL). The combined organic layers were washed with IN
HCl/brine (1 X 250 mL, 1:1), then brine (1 X 250 mL), dried (MgSO,), and
concentrated under reduced pressure. The yellow solid was triturated with Et,O then

dried under vacuum to give the desired pyrazole (23.5 g, 61 % yield).

o

N\Jk °

kv

Synthesis of 1-(3-{4-[2-(cyclopropylmethyl-propylamino)ethoxy]phenyl}-4-0x0-2,4-
dihydroindeno[1,2-c]pyrazol-5-yl)-3-morpholin-4-yl urea:

To a solution of 1-{2-[4-(2-chloroethoxy)benzoyl]-1,3-dioxo-indan-4-yl}-3-
morpholin-4-yl-urea (36 g, 77 mmol) in DMSO (200 mL) was added
(cyclopropylmethyl)propylamine (33 mL, 231 mmol). The reaction was heated to 70 °C
for 6 days then cooled to room temp and poured onto H,O (1 L). The resulting
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Synt hesi s of

4- Am no- 2- [ 4- (2- Chl or oet hoxy) benzoyl ] i ndan- 1, 3- di one:

To a suspensi on of

2-[ 4- (2- Chl or oet hoxy) benzoyl ] - 4-ni troi ndan-1, 3-di one

(27 g, 20 72 mmol) in THE (1200 mL) under argon was

added 10% Pd/C (2g, 1.9 mmol ). The argon was

preaipitateachsdiltredepidacasticd ywith Hy8). The eruale pr&ducivas then taken up in
[ s stirred - rnj d e cat al yst

SEHCLA S ot e witnaaze SR IEh5, LEE 58 6udk%s tayer

Wasffen niRILWaGE (P SSBY WAt d1id 'N’a?)ﬁ.hﬂle%ﬁilﬁ%&ghht@ Sval¥hen

a yellow solid (24 g, 98%yield). H oNcL

Slterchosashed ithdigh ahd driad yhdeavhermine toadeld 39-hg of beldesiyad

est.er.: a | ution of 4-nitrophenyl chloroformate

proguet (ég‘%d“ilafnm e) in CH2Cl2 (350 nl) at O C was

added a sol ution of 4-am nonorpholine (10.2 g, 0.1

nole) and triethylamne (10.2 g, 0.1 nole) in CH2Cl2

(40 nL) via addition funnel over 1 h. A white ppt

formed during the addition. After the additjon_was .

Formula I, lp gad;csetayothey gampounds diselased hereige Further ynthesis

Regrceduresr ed an additional Ih. The solid was collected

by filtration, re-suspended in Et20 and filtered to ]

gi ve AHarthersgenexdl progersde saxhesiagriompoynds of the nyepfiongig ghown in

%#I%lnge) 4 becljow, 194i1|1g {he_ s\y/nt't}'egirs of M_nllp%und QE»Q asca%I sp%d?ﬁ%ﬁrgﬁé.' S
1-{2-[4-(2-chl oroet hoxy) benzoyl ] - 1, 3- di oxo-i ndan-4-yl}
-3-norpholin- 4-yl-urea: To a suspension of

4- am no- 2-[ 4- (2- chl or oet hoxy) benzoyl ]i ndan-1 , 3-di one
(36 g, 105 mml) in CH3CN (600 nL) was added

nor phol i n-4-yl carbam ¢ acid 4- nitrophenyl ester (40
g, 120 mmol) foll owed by 4-di net hyl am nopyri di ne (640
ng, 5.2 20 nmol). The reaction was heated at refl ux
for 4 hours then cooled to roomtenp. and
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stirred overnight. The bright yellow solid is
collected by filtration, rinsed with Et20 and dried
under vacuumto give the desired sem carbazide (40.5
g, 82 %yield). - 70 Vh A ~N~H NH ~ ~ C~~~Cl N~NH
Synt hesi s of Scheme 4
1-{3-[4- (2-chl or oet hoxy) phenyl | - 4- oxo- 2, 4bdi hydr oi nden
o[ 1, 2- ||c] pyr azol - 5-yl }- 3- gllFin-4-yI ufjea: To a
suspepstop-af 1- {2- [4-T" tt)ethox%)
-4-yl} -3- lin-4Y§| -
82. 6 mmol gnEt OH (425 nl) was added hydra P
nonohydrat & (209 g, 413 mvol) fol | oned by AcTH (9909 “COEt
g, 165.3 nmmol ). The reaction mxture was heated at
reflux for 48 h. The reaction m xture was copled to
roomtenp. The yellow solid was coll ected blyl.CF;CO,Et, NaOEt
filtration, rinsed with EtOH and dri ed under| ¥-asp@sBt:N
The solid was suspended in THE (1000 nlL) andl 1N NG o
(500 nL) was added. The 10 resulting suspensj on
stirred for 90 mn. Brine (500 nL) was added an e
pH was adjusted to 13 with 50% NaCH. The | ayers r
separated and the aqueous |ayer was washed M th TH

X 300 nmL). The conbi/mgrergani c | ayers were washed

Qwilh N HCl/brine (1 XmdAppl, 1:1), then g, ne (1 X
kzst%,.m!}w dried (MgSOH4), Qaﬁq cncenty M®d under duced
predsurk. e yellow solll\ngvatht ed ’t 20 9
t hen U

\egunder vacudm¥o @i Ve the d
. .

pyraza 61 ¢ ~
N~NH Synt h )
1-(3-{4-[2-(cy pr ktet hyl - pr opyl am no) et hoxy] ph
| } - 4- oxo- 2, 4- e _/cozEf
di hydr oi pdeno[ 1, 2- c] pyr azol - 5-yl ) - 3- nor phol i n- 4-yl o
urea: 20| FNa®Ho| ution of
1-{ 2- [ 4- [ > HAN36Phoxy) benzoyl ] - 1, 3- di oxo-i ndan- 4-yl }
o™ o 1.CDL HN"
n A N ™ 9 o
S @ 0.C0H ~ j/ LN HJLNH 0 N
e - J My
T pol
N NN HCI
A37

o 0
J\O\ BrCH,CO,Et )K©\
. o
oH K,CO; acetone 0/\[0r
D1
Step 1. To a solution of 4- hydroxyacetophenone (13.6 g, 100 mmol) in acetone

(200 mL) was added K»CO; (16.6 g, 120 mmol) followed by ethyl bromoacetate (11.1
mL, 100 mmol). The reaction mixture was stirred at room temp, for 18 hours. The
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nmor pholin-4-yl-urea (36 g, 77 mml) in DVSO (200 nl)

was added (cycl opropyl net hyl) propyl am ne (33 niL, 231
nmol ). The reaction was heated to 70 C for 6 days

then cooled to roomtenp and poured onto HZO (1 L).

The resulting -71 precipitate was filtered and washed

with HZO. The crude product was then taken up in 3N
mixtufelws doncentcitesiktohalitthel voliumie udesh ith@idd Qr3OIR aad the shspension

L). The. aqueous | r S basi ¢ = 12 .
s el Reten BiGAe A 1Y N e dfsi Faptc JEr g Pashed with
biihd, Aried, andashemtrdted intPedwiRd piéss@e 1o mwmmﬁn 100% yield).
yield 30.7 g of the desired 5 product (73% yield).
Forrmula 11, ha and certain other conpounds discl osed
herein - Further Synthesis Procedures A further

’ process to synthesi ze conpounds of & heOQ
| pPuention is shown in 1Ccigchepe 4 bel ow, i t
s of compound A3Z-as-a-specific b(;(anpl e. 2
: BrCH2 COREL , THAVRabEK2C03 Me /| OH / 0/\rf0\/
O "CZEt 1. \CF3CO2Et, NaCEt 2. Ac20, EtSN N2 O O o
O- O1 Hpy Pd 2. DVA?, NO2 L_ NNANH NpZ O O | Oy~ N

Step 2. A 21 wt.% solution of NaOEt in EtOH (204 mL, 542 mmol) was added
dropwise via addition funnel over 40 min to a solution of D1 (110 g, 493 mmol) and
ethyl trifluoroacetate (84.1 g, 592 mmol) in THF (1000 mL) at 0°C. The ice bath was
removed and the reaction was allowed to warm to room temp. overnight. 2N HCI (300
mL) and brine (300 mL) were added and the layers separated. The aq layer was
extracted with EtOAc (2 X 250 mL). The combined organic layers were washed with
brine (2 X 200 mL), dried (MgSO;), and concentrated under reduced pressure to give
D2 as a tan solid (155 g, 99% yield).

0O 0O NO20
FsC% C::O
oY O~ © |
D3 0 Ac,0, TEA D3 °—>_ o
O
Step 3. Triethylamine (280 mL, 2.01 mol) was added to a suspension of D2 (160

g, 503 mmol) and 3-nitrophthalic anhydride (97.1 g, 503 mmol) in acetic anhydride
(332 mL) at 0°C. The reaction mixture was allowed to warm to room temp. overnight
and slowly turned deep red, becoming homogeneous after 30 minutes. The reaction
mixture was cooled to 0°C and 1.5N HCI (4000 mL) was added. The mixture was

mechanically stirred for 1 hour at room temp. until a brown granular ppt formed. The
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HI\ OLNAOQZ | O- COREt - COREt O 1. NaCH j 2.
H2NNH2H20 O~ O 1. CDI, HN~t% N.NA\ O/ | O-CO2H
~Ny ANHO/ FI 2. HI HN N HG A37 0 O BrCH2CO2Et
OH K2C03 acetone ' O( -" 5 0O D Step 1. To a
solution of 4- hydroxyacet ophenone (13.6 g, 100 nmol)
in acetone (200 nL) was added K2C03 (16.6 g, 120

bagodn)solid Iwaswellediyd by fijtrationosusparied e HeQX2000 mill) addtirred for 20
mml ). The reaction mixture was,stirred at _roomte

mit The browmssoligipeas Qollvqed by ltionyginsed it Fod 4e00umi g, and dried
el Vab&uni % Wgﬁ’e ‘k}rB&lf&S Uife gl gﬁctwn Ngroduct was
art | one I'N

suspensi on et ween OAC an
ﬁﬁspermiegémiE@OHa@Bf) miasandalsdated mlidﬂlngarThesoluitmresipw&nwmed deep

SAIS80hE Shepsnder, L sauesdl Pressure Lo, ey 22:30 (0 room
Qﬁ%then p@é&l ni‘a Breedet oWmight. The product was collected by filtration, rinsed
with cold EtOH (300 mL), and dried under vacuum to give D3 as a bright yellow solid
(126 g, 63% yield).

NO;
Pd/C, H,
THF
Step 4. To a solution of D3 (108 g, 273 mmol) in THF (3000 mL) under argon

was added 10 % Pd/C (17.0 g, 16.0 mmol). The argon was exchanged for H, under
balloon pressure and the reaction mixture was stirred overnight. The catalyst was
removed by filtration through a plug of celite and the solvent was evaporated under

reduced pressure to give D4 as a yellow solid (90.3 g, 90% yield).

o™
o NO, LNy oY o NO:
: 2
NS AL
cI” o N° O
H
CH,Cl,, TEA
5 D5
Step S. A solution of aminomorpholine (116 g, 1.14 mol) and triethylamine (174

mL, 1.25 mol) in CH,Cl; (210 mL) was added via addition funnel over 2 hours to a
solution of 4-nitrophenyl chloroformate (275 g, 1.36 mol) in CH>Cl; (3000 mL) at 0°C
under mechanical stirring. A white ppt formed during the addition. The reaction was
stirred for 1 hour after the addition was complete. The product was collected by

filtration, re-suspended in CH,Cl, (1000 mL), stirred for 20 min, and collected by
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Step 2. A 21 w.%solution of NaOEt in EtOH (204 ni,
542 mmol ) was added 10 dropwi se via addition funnel
over 40 min to a solution of D (110 g, 493 mol) and
ethyl trifluoroacetate (84.1 g, 592 nmmol) in THE (1000
m.) at 0OC. The ice bath was renoved and the reaction

11 qued t tem. i ght. 2N HQ
d ol 2o niald. (Brsombjnenris e Blitedivere Messhedywits IN HC!
JERE iy ad0Brifild RS0 B thefhtel SRRSO A ClrBfeaa, The off-
Yehiter solid ¥25 uspefiediin, EGOi @00¢ MSO8iredifor 20 mierdnidataiideted by

11tger r uclgdopressure to give, D2 as tan solid (155 o
: ?§51_T/_’dy O Hgsp WS drRsa alv? pecong.cipp of mpfuct (81 g, 27%
. i R ' -

$54D. Tk Qe Bahe T nhER 2 v Ve 1T Yol SRR oy of p

mitoipheneld 3-nitrophthalic anhydride (97.1 g, 503

nunol-) in acetic anhydride (332 nL) at OC. The

reaction mxture was allowed to warmto roomtenp.

Igerni ght 25 and slowy turned deep remecﬁj'i ng

omggeneous after 30 ninutes. The reactiom., m.xture

s cooPed to OC and N ARQ0 ) wasyadged.? The
was mechani c;?\l, lgded for 1 hour @—n

a brown granuﬂ ppt forned. The Q’

oki’d was colle N | tion, suspendedy

H20 (2000 and storedH,@f, opde M n. The brown soli

was col | ecte D%/__l‘/iltration, rinsed with H20 (509¢nL), ©

alfd dried hde acuumto give 224 g of crude o

product. The crude reaction product was suspended in 0

Et OH (800 nL) and heated to boiling. The solution

slowy turned deep 5 red and the solid becane bright

BERE", | on DIRSIRRRShAR IR 330U 02 R vad Badsfidfls sospension
v D4o@0|3egt B Myndl) aid BSI(09.0 g,i295admol) in CH;CN (850 mL) at room

temp. The reaction mixture was heated at reflux for 4 hours. The reaction mixture

5

became homogeneous upon heating forming a yellow ppt after 1.5 hours. Afier cooling
to 0°C, the bright yellow solid was collected by filtration, rinsed with cold CHsCN (150
mL), followed by Et;O (2 x 200 mL), and dried under vacuum to give D6 (84.5 g, 69 %

yield) as a yellow solid.

O o

0 0
l\/N‘NJ\NH o K/N‘EJJ\NH o

NaOH O.

dioxane

Step 7. IN NaOH (375 mL, 375 mmol) was added to a suspension of D6 (84.5
g, 171 mmol) in dioxane (1750 mL) at room temp. The reaction mixture became

homogeneous forming a yellow ppt after 15 min. The reaction mixture was stirred for
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with cold EtOH (300 nmL), and dried under vacuumto
give 03 as a bright yellow solid (126 g, 63%yield).
NO2 ONH2 O Pd/C, H2 1 / O- THE - O 10 D3 04 O ~
Step 4. To a solution of D3 (108 g, 273 mmol) in THE
(3000 nL) under argon was added 10 % Pd/C (17.0 g,

; . Th d.f 5
o0 Bl e oL BRI b SRRBTE e LRutB6R %500 m,
Gvspendedin lﬂmlcgl)@'nﬁgtanﬁ%ﬁn‘eﬂ FHOMPRRYAftkr dIRENS the product by
t hrough a plug of celite and the solvent was

dilrpliom Ghwesh wee thpeatad pThe selidewascafievted by figation, rinsed with

I SO 0q:90%vield). O- NO ol [NO2
150 Qe R & 3y i gl Sl reign s 7355 Sty B7 (774 &,
5 A7%bYield)@s agkliewisoador phol i ne (116 g, 1.14 nol) and
triethylamne (174 nlL, 1.25 nol) in CH2Cl2 (210 nl)
was added via addition funnel over 2 hours to a
sol ution of 4-nitrophenyl chloroformate (275 g, 1.36
ozm;\l) on CH2C12 (3000 nL) at OC 25 under nechani cal
Krs/t,(yrUiLng. A white ppt forned during the addition. The
eallti & was stirred for 1 hour aftep ej\ddition o
R & O'he product was col | ect ed Ry
- suspended Mdiezoepc12 (1000 ) Ntia o Hom
65% yi el d) ©

ol | ect ed =1 filtrati-on
orrbi ned pﬁé%l%?l trates @
with 1IN HCl o
D7 oH |
e D8

o

10
Step 8. Hydrazine monohydrate (12.2 mL, 252 mmol) was added to a solution

of D7 (23.5 g, 50.4 mmol) and p-TsOH (479 mg, 2.52 mmol) in DMAC (150 mL). The
reaction mixture darkened and was heated at 50 °C overnight forming a yellow ppt
after 1.5 hours. The reaction mixture was cooled to room temp. The yellow solid was

15 collected by filtration, rinsed with EtOH (150 mL), then Et,0 (150 mL), and dried
under vacuum to give the hydrazine salt of D8 (21 g, 84 % yield). The hydrazine salt
was suspended in 1N HCI (200 mL), stirred for 20 min, and collected by filtration. The
yellow solid was rinsed with H;O (150 mL), EtOH (150 mL), and Et;0 (150 mL) to
give D8 (17.2 g, 74 % yield) as the free acid.

20
0
o™y o o ™ o
, DMAC N,
k/NWJLNH o 0 \)LOH col ~ NJ!\NH 8
H H 0 o\)LN
A J Y @
HN._J T/
-NH
D8 DY

25 Step 9. N, N’-carbonyldiimidazole (11.0g, 67.5 mmol) was added to a solution

of D8 (14.9 g, 32.2 mmol) in DMAC (100 mL) at room temp. Vigorous gas evolution
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KLSN\m . The reaction mixture was stirged?for

(2 X 500 nL) and brine (2 X 350 nL), then dried
(MgS™) and concentrated. The off- white solid was
suspended in Et20 (1000 mL), stirred for 20 mn and
collected by filtration. The Et20 rinse was repeated
to give a second crop of product (81.2 g, 27%5

i el h i ned . h tain,2 % TEA
A dent P RASUIF BN ERA AL nogtformting 2yellsy ot after 15
INGR Addlitibidt DMAU (S9GhE) Was afledGhiasa\sti .P‘i-Pr@ﬁrlﬂBérazine (95 g,
06 0 10 Step 6. D nethylam nopyridine (1.50 g, 12.3
it Jel) wag added andaths sentiesi mixture hecrmg bomegeneouy 6 The reaction

T S0 G0y, AT RGP GRA A oo m)

fie sblidowas collbrted g ciltration] stispended 4R CRUDE B0 GEAIEMMS heated to
poln heaéi ng form.ng. a yellow ppt after 1.5 hours. )
tlne. coBen sppling stighthc the selidowagpallepter by filyation ringed with EtOH

h TR . . ' o
2% LD it B [1doit g ol Bfflrtabilaf) B IR0 b4 %6 vieto)
waayelivwsolidve 06 (84.5 g, 69 % yield) as a yellow

solid. HNH ~NH O 5 OO~ O NaOH O/ \ di oxane O D6

T - o007 o~j-oH 20 Step 7. 1IN NaOH (375 nmL, 375

mol ) was added to a suspension of 06 (84.5 g, 171

mmol ) in dioxane (1750 nL) at roomtenp. The reaction
ﬁ?*tube becanme honobgeneous form ng yell ow ppt after

NH 9 MeOH 0
H 0 O\)L o H o)
OReew: A
< = K/NT .
N-NH \—NH H~Cl
D9 D10

Step 10. A suspension of D9 (11.5 g, 20.0 mmol) in MeOH (400 mL) was heated
to near boiling and a solution of 4N HCI in dioxane (5.50 mL, 22.0 mmol) was added.
The mixture became homogeneous forming a yellow ppt within 5 min. After cooling to
room temp. overnight, the solid was collected by filtration, rinsed with EtOH (100 mL)
then Et;O (200 ml), and dried in a vacuum oven (75 °C, 48 hours) to give compound
A37 (D10) (11.4 g, 91 % yield) as a yellow solid.

An alterative general process to synthesize certain compounds of the invention

is shown in Scheme 5 below, using the synthesis of compound B16 as a specific

example:
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-76 3 hours. The ppt was collected by filtration,
rinsed with EtQAc (2 x 500 nL), suspended in 1N HC
(500 nm.) and stirred for 20 mn. After collecting the
product by filtration, the HO wash was repeated. The
solid was collected by filtrgéHepit5rinsed wth H2O (2

X 400 nmL) and dried in a vacuum oven overni ght at 75C "
e

to give D7 (77.4 g, 5 97%yield) as a yellow solid

0~ 0 NHo 0" 0 0 H 1 nebpentfiG@o}rNH D7 -OH o D8 910 Me
. ABeH%he nonaydesdr,cab2 2 i, 252 BPUELS

added tlp a kol uti OWWOA nd ©

p- Tsgk 9 ng, 2.52 ml) 1n DVAC (1500l

reacti on m xture darkened and was heated it C

overnight formng a yellow ppt after 1.5ghours. The

reaction m xture was cooled to roomtenp. The yell ow

solid was 15 collected by filtration, rinsgd with Et OH

(150 nL), then Et20 (150 ni), and dried urdefF:¢QelitMaOEL

to give the hydrazine salt of D8 (21 g, 84 %XNQ'PE)‘)“.‘“““““Y‘*”"%

The hydrazine salt was suspended in i N HO| ( %B’lf‘fﬂ,

stirred for 20 min, and collected by filtrdtion. The
yell ow solid was rinsed with H20O (150 L), EtOH (150

yl%:q ) Bs the free aci g.yiégi 0 '~NH O cDl fC LY N) j
NOH' G WHO ¢ ~ H O : HNJ O

NO,
D80
H
o o]
0 i
Q
\_MéMe Me Me

1. HzNNHz'HzO
2. TFA, acetone, H,O

2 s "CL 2
k/N..ﬂ NH o H “~"OMe N,E NH o N/\
OQ ‘ NaB(OAc);H @Q Q L MN~"ome
| then HC] 1
N‘N N‘N '2 HCI
H
H
Bi16
5 Procedures:
Me
CHO HO OH
Br p-TsOH ©

93%
Br
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N,NH~ -NH D8 D9 25 Step 9. N,

N -carbonyl diimdazole (11.0Cg, 67.5 nmmol) was added to
a solution of (14.9 g, 32.2 mmol) in DVAC (100 ni)
at roomtenp. Vigorous gas evolution -77 was evident.
The reaction m xture was stirred for 1 hour formng a
yell ow ppt after 15 mn. Additional DMAC (50 nmlL) was
added to aid stirring. i-Propylpiperazine (9.5 g,
Syntfiesivrof J-(vbsomdphehyd) 8, 5idimetlnddi3-divxanet ur e becane
honobgeneous. The reaction mxture was stirred

?\1/8 B BAghbcturg og gibmmlal_agnehlﬂawdafqlloo g,fﬁgmbmolq),leﬁopmtpl giip€al (115
. SOl 1 WwWas . C ecte I, rati o,
%Js’é%’ﬁ‘gkél’ qnd Al ne%gnmmda&go _Fi%%t“éam%(’l’fs nb%?nzwrg&oo mL) was
r a .
Rk 100 S¥ings DA Sl PR o 1) ThO el gy cooled
wirpomaempehatvee anduest ofdloe benzere wasremo9ed. The4endueOwtag)

i el.d as a | 1.ow sol j ~N HsNH o ~ ~. C~ M~
e ey fon ! AFesie (50D g and soldbiaee (150 mb) e onfaric
SIRP a8 Wath wilPwhikt (Px 150 A1) AndWHhe (1 2 150 &L)( heR dfikd
was heated to near boiling and a solution of 4N HO in
NafQnendzoscenitated 20 giverthedgsingd pradudeld 36 gT9¥ok xt ure
becane honpbgeneous formng a yellow ppt within 5 mn.
After cooling tg, roomtenp. overnight, the solid yas
col | ected iAtration, rinsed with EtOH (1Q
then Et 20%%@4(:%, an F'eﬁd in a vacuum ovgn ( L[]
48 houys) X0 ve con‘pééi{ozo A37 (D1Q 11°4 91 %
yi e s a 9el |l ow sok~&= terati
prao to synt hesi ze cef®i n conpoung

synt hesi s of conpound B16 as a specbpi’c exanple: 25 -

Synthesis of 1-[4-(5,5-dimethyl-1,3-dioxan-2-yl)phenyl]ethan-1-ol:

To a suspension of Mg (14.4 g, 0.59 mole) in THF (1400 mL) was added 1,2-
dibromoethane (0.4 mL). The suspension was then heated to 30 °C. After 10 minutes a
solution of the aryl bromide (146.4 g, 0.54 mole) in THF (500 mL) was added dropwise
and the reaction was stirred at 35 °C overnight. The resulting dark gray solution was
cooled to -5 °C in an ice/salt bath, and was treated with acetaldehyde (45.4 mL, 0.81
mole). The reaction was stirred at 0 °C for 1h, then poured onto ice. The reaction
mixture was then extracted with MTBE (7 50 mL), and the aqueous layer was extracted
with MTBE (2 x 500 mL). The organic layers were combined, washed with sat.
NaHCO; (750 mL.), brine (750 mL), dried (Na,SQO,), and concentrated to give the
desired product as a red oil (128 g, contains ~25% reduced product by wt.; corrected
yield is 96 g, 75%).
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Schene 5 M 1. neopentyl glycol, r O-Me CHO 2. My
then CH3CHO O 3. SO pyr, DvsO Et3N Br / O 1.
CF3CO2Et, NaOEt 2.3-nitrophthalic anhydride, Ac20,
Et3N OTh O1l. H2, Pd NO2 O L. NMNANH ~2. DVAI', O H
O\ O/ OO0 - ONR2/ ""NNAO. vil O ~HO OOO
Me Mee Me 1. H2NNH2 H20 2. TFA, acetone, H2O ~ O H
T~ ~0we o' . X QH NaB(~ HI1 \ \ ~ N~/ ~Owe epe

HC1 O o]
Me SOy pyr Me

(&) DMSO o]
Et;N
97%
OH 0

Synthesis of 1-{4-(5,5-dimethyl-1,3-dioxan-2-yl)phenyl]ethan-1-one:

To a solution of the alcohol (54 g, 0.228 mole) in dichloromethane (1100 mL) at 0 °C
was added triethylamine (95 mL, 0.684 mole), followed by a suspension of sulfur
trioxide pyridine complex {72.6 g, 0.456 mole) in DMSO (160 mL), keeping the
temperature below 5 °C. The reaction was allowed to warm up to room temperature,
and was stirred at room temperature for 16h. The reaction mixture was diluted with
dichloromethane (400 mL) and washed with 1N HCI (500 mL), sat. NaHCO; (500mL),
and brine (500 mL). The organic phase was then dried (Na;SO4) and concentrated to
give 52g (97%) of the desired product.

Me Me
&)
/jLMe (o) Me
o CF;CO4Et
NaOEt O
92% FsC
0 o O

Synthesis of 1-[4-(5,5-dimethyl(1,3-dioxan-2-yl))phenyl]-4,4,4-trifluorobutane-1,3-
dione:

To a solution of the ketone (147.6 g, 0.63 mole) and ethyl trifluoroacetate (90.2 mL,
0.76 mole) in THF (1250 mL) at -4 °C was added a 21% solution of NaOEt in EtOH
(308 mL, 0.82 mole) over 45 min. The resulting solution was kept at 0 °C for 1h then
warmed to room temp and stirred for 2.5h. The reaction was then diluted with MTBE
(1500 mL) and treated with 1N HCI (700 mL) and brine (500 mL). The layers were
then separated and the organic phase was washed with brine (2 x 500 mL) then dried
over Na;SOy, and concentrated in vacuo, to afford the B-diketone (191.3 g, 92%) as a

brown solid.
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Synt hesi s of

2- (4- bronmophenyl ) -5, 5-di met hyl - 1, 3-di oxane: A mi xture
of 4-Dbronobenzal dehyde (100 g, 0.54 nole), neopentyl
glycol (115 g, 1.10 nole), andp-toluenesulfonic acid
(800 my, 4 nmmole) in benzene (800 nL) W& ™ heated to
reflux using a Dean Stark apmas g us fq
Bl ed room
most of the benzefle whswms e © The I~
partitioned |} X hyl aceta (500 )

The®or gani ¢ gHase was washed

wat er (150
wafFée z ) and brine g€4Nx 150 nl), then drined

(Na2S@¥4) 4nd concentrated to §%e the desired prod ct 2
(136 & 99%. 10 M0 M OO- Me My then M\ O CHO

"\ O Br Me
Me

Synthesis of 2-{[4-(5,5-dimethyl(1,3-dioxan-2-yI))phenyl]carbonyl}-4-nitro-2-

hydrocyclopentafl,2-a]benzene-1,3-dione:

To a suspension of B-diketone (191.3 g, 0.58 mole) and 3-nitrophthalic anhydride
(111.8 g, 0.58 mole) in acetic anhydride (383 mL, 4.1 mole) at 0 °C was added
triethylamine (323 mL, 2.3 mole) over 15 min. The resulting dark red solution was
stirred at 0 °C for 1.5h then warmed to room temp and stirred for 16h. The reaction
was then cooled to 0 °C and treated with 1N HCI (2500 mL). The brown tarry solid
was then stirred vigorously for 30 min. The liquid was then decanted and the resulting
sticky brown solid was suspended in H;O (~4 L) and stirred vigorously at room temp
for 45 min. The decanting/resuspension sequence was repeated twice more and the
resulting brown granular solid was dried under vacuum to yield 249 g of crude product.
The crude product was then suspended in MTBE (750 mL) and heated to boiling. The
resulting suspension was then placed in a 4 °C refrigerator for 16h then filtered. The
solid was then ﬁlteréd, washed with cold MTBE (500 mL), and dried under vacuum to
yield the desired nitrotriketone (136 g, 58%).
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OH Synthesis of

1-[4- (5, 5-di net hyl -1, 3-di oxan- 2-yl ) phenyl ] et han- 1- ol :
To a suspension of My (14.4 g, 0.59 nole) in THE (1400
m.) was added 1,2 15 di bronoethane (0.4 nmL). The
suspensi on was then heated to 30 C. After 10 mnutes a
solution of the aryl bromde (146.4 g, 0.54 nole) in

S¥ithesio 0f 4daminad- H4¢8S-dimetvyl8e3-dinxdni2ag))phenyl] cwrbomg}-2-

rred at 3 ernig The resulting dark gray
E% aHPWé§ﬁ’7CGﬂ?e§ae'{°6Pgéi'@‘? n an ice/salt bath, and
was treated with acetal dehyde (45.4 ni, 0.81 rml e).
ARSIt RAGH (IR iBSikStonk @pls@g 0%33GmbRY il THF(Bs00 lﬁgwasi

onto ice. The reaction m xture was then extracte

hydragoure 1\3111501 hﬁdrogearhallommatqg 9@@@%@? ép%ldgson C (2. Sg) for 18h.

T EbropthyLoakbn B pot i 1931y WA

bsfdpﬂfate(d7t5@1ﬂﬂ)he dbsiredlarthi¥eq SIX , 9%9tchseoypliont fomhed to
give the desired product as a red oiI (128 g,

contains -25% reduced product by w.; corrected yield
|s9Gg 759%) . 25 80 I\/bl\/b oIl I\/bSOSpyr O I\/E~O

0?2 Et 3N Sy tl,pesn S @ NO;
10[ 5 5- di net |oxa phe ég‘\
To™& sol uti op, e aI cohol 4( g, O. 2 rrbk

d| chl oronet hane (1100 ni) at O C 5 was addel

St pER-BFrinmlali- v ﬂ?t?ﬁpﬁgnoab)ﬁaa "%‘@ﬁpf’éxa( 72.6
& sebisioR o FRimpesh e U 16 e 1 Lhiriolel 2of gichay ains 174 mL, 1.25

MBIV OHL O, (2 POl ¢ Z%‘é‘ ra&&é& Ha adfifign ﬁ@ﬁeﬁ&&e& D @RuAito a@8Mkion of
tenperaturefor The reaction mxture was dil uted

$initrophaind lvhinrofeemate{e?Y 2,003 hmple) i CllaShd 3000 mb) aN Gamder
%%%%né%ﬁtggnéh &%F%pt ﬁ%i@%%é%%% r@hearggc%omas stirred
foRnaRnt hAdraBe hddition was complete. The product was collected by filtration, re-
suspended in CH;Cl; (1000 mL), stirred for 20 min, and collected by filtration (198 g,
65% yield). The combined CH,Cl, filtrates were washed with 1N HCI (2 x 500 mL)
and brine (2 x 350 mL), then dried (MgSO4) and concentrated. The off-white solid was
suspended in Et;O (1000 mL), stirred for 20 min and collected by filtration. The Et;O
rinse was repeated to give a second crop of product (81.2 g, 27% yield). The combined
batches contain ~ 2 wt % triethylamine hydrochloride and a small amount of p-

nitrophenol.
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Synt hesi s of

1-[4- (5, 5-di net hyl (1, 3-di oxan-2-yl))phenyl ]-4,4,4-trif
| uor obut ane-1, 3- dione: To a solution of the ketone
(147.6 g, 0.63 nole) and et hyl trlfluoroacetate (90. 2
Myy, 0,76 nole) ing (825 t was added a
cfutlc'on of Nadgt TH% nﬁtmo (308 %L 82 m)I e)
n. The resultﬂng sol ution N 0 C

n_war med™TO Toom I enp and stlrrad for
was the@M%ﬁ 8Nwith MTBE (1
treated IN HO (700™ML) and brine (500
| ayers were \then separated and the organi c phas
washed withprige (2 x 500 n>L) then dried over
Na2SO4, and gontentrated in vacuo, to afford the

The r -.‘;. j

B-di ketone (1918sg, 92% as a 25 brown solid. -81 4 O
N2 O Noy p ~© M M ~i Ol / AczO- Fs~ / Et31V
58%00 00O M moMe

Synthesis of N-(2-{[4-(5,5-dimethyl(1,3-dioxan-2-yl))phenyl]carbonyl}-1,3-dioxo(2-
hydrocyclopenta|2,1-b]benzen-4-yI))(morpholin-4-ylamino)carboxamide:

The aminotriketone (17g, 0.045 mole), N-morpholin-4-yl(4-nitrophenoxy)carboxamide
(15.6g, 0.058 mole), and DMAP (0.27g) were suspended in CH3CN (200mL) and
heated to reflux for 18 h. The reaction mixture was then placed in a 4 °C refrigerator for
12h. The grayish yellow solid was isolated by filtration and dried under vacuum to give
the desired product (16.7g, 73%).

Me
o™ o
0O Me
maNEp 0, LN /j_
_pmom, N - :
DMAC
o
N’
o\_z H
MeMe

Synthesis of N-{3-[4-(5,5-dimethyl(1,3-dioxan-2-yl))phenyl]-4-oxoindeno|2,3-

d]pyrazol-5-yl}(morpholin-4-ylamino)carboxamide:

Hydrazine hydrate (56.5 mL, 1.2 mole) was added to a suspension of the triketone (118
g, 0.23 mole) and p-toluenesulfonic acid (2.2 g, 12 mmole) in DMAC (750 mL). The

reaction darkens and becomes homogeneous. The reaction was then heated to 50 °C for

-84 -



10

15

20

25

Me Synt hesi s of

2-{[4- (5, 5-di nethyl (1, 3-di oxan-2-yl)) phenyl ] car bonyl } -
4-nitro-2- hydrocycl opental 1, 2-a] benzene-1, 3-dione: 5

To a suspension of (3-diketone (191.3 g, 0.58 nole)

and 3-nitrophthalic anhydride (111.8 g, 0.58 nole) in
acetic anhydride (383 nL, 4.1 nole) at 0 C was added

18h. eAfigd ahoirtnizh ¢f3R3ting 2 thicklyetinveprecipitate formmidrand Bdditional DMAC

|t d. i rred . C .
ORI et BT S an 5 wplerpl af heticgeS raaption was
]?_%é’éﬁtlh QY C"\i%j?n s@br F&QBEdThQr&uﬁnggﬁllé‘ﬁ/ %cﬂﬁta% Whs thbh filtered

The brown tang sol | 10 was

and waSéldd WI@mO&Jsthgmﬂ 650030L)rand Hi® 500 mly. dThmplldHéw then dried

SREE DGRy B] SSled PR F Y Pt TR

pepacy.enp  for 45 min. The decant i ng/ resuspensi on

sequence was repeated twice nore and the resulting
brown granul ar solid was dried under vacuumto yield
249 g of crude product. The crude product was then

q,ed in MIBE (75Q and heatedg t/ojbmdl ng. The
%f/ esyl ting suspenskon then pl ac o
r erltlorofor Qb tgen fi TFeted. The H ivaasg H
then Ti L4 ed Wit h coacetoddTBE (500 ni
dri ed a0rrto yield tdies desired

nitrotri ek(136 g, 58%. NOZ ONHZ O 13 Kl
OO 20 OO-N~Me Me Me Me - 82 Synthesis of N

4- am no- 2- {[4 (5, 5-di net hyl (1, 3-di oxan-2-yl)) phenyl }ca
rbonyl } - 2- hydrocycl opent al[ 1, 2-a} benzene-1, 3-di one: A

is frat , -
SRl RaEb b B RSt B p B brphoti
bgrldmim)dal'rboimnidleesence of 10% Pd on C (2.5g) for 18h.
5 The catal yst was renoved by filtration through a

£ Sy BRSr RI bV (P50 R LR bR N sl
acetone (75 mL) followed by water (12 mL). Solid product precipitated out of the red
clear solution. The reaction mixture was stirred vigorously for 20h, then diluted with
acetone/water (100 mL, 1:1) mixture and placed in a 4 °C refrigerator for 16h. The
solid was collected by filtration and washed with water (100 mL), and acetone (50 mL).
The solid was then dried under vacuum to give the desired product (9.8 g, 91%).

o™y o o HNT™Y

H ~ - NH 0
OQ Q NaB(OAc);H \\,N\/\oMo
I the HC S

Synthesis of N-[3-(4-{[4-(2-methoxyethyl)piperazinyl]methyl}phenyl)-4-
oxoindeno[2,3-d]pyrazol-5-yl](morpholin-4-ylamino)carboxamide dihydrochloride

(compound B16):
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N~NHs ~ O-CI OO~ N2 oV OzHI ~'0O y2 ~0 ~ ~ ~N-O
~ H 10 + Synthesis of

N- nor phol i n-4-yl (4-ni trophenoxy) car boxanm de: A
solution of am nonorpholine (116 g, 1.14 nole) and
triethylamne (174 nL, 1.25 nole) in CHZC12 (210 nl)
was added via addition funnel over 2 hours to a
Acdtictacn(5076 g, 46mmolephangddedib arsodpensian ef §ldelyydg, (10 g3234

‘g'f%*l"f‘)%ahg P%’gfz%%il‘w‘?zet@goo“glé?‘ t)%ﬁﬁ#ﬁ’gﬁ?ﬂé&&d SRk ﬁowé'*s stirred

4t886th 'té?ﬂ]f Y6391 6B lthdr! t‘?é!lte fQfth Naﬁ@@hc !2 7@;%0 @Sﬂbl@) OPhe reaction

was co ete. The uct was col y filtration,
was strm:simemabemwnp fﬁHZCm ﬁm@ngwmch@me &tmrtacadn beqon®s veiynyiscous.

R SERLAEL S D L bR 20 B Ry Fisptin
WAOhBA pourdd dnddH (r7(5© L3R filtered. th@dtsoqialve& wa¥B&ROHith H,0 (2 x

and concentrate he off-white solid was 20 suspended

350 LR ELQHO000 mi)), alsd Fu9da09 L) Dhenoidaares then dreasiuadonyacuum
B e 5 59851558 LR oy Pt e

qepdtideé th FIGH QIGIBme E)ﬁdiheﬁated 18 bollin}h WheRuspentios was then treated
hydr ochl ori de and a smal| anount of p- nltrophenol 25

witg 4N R ingiexane(Noply. dhesyepension clesrgthen-aftery \pmés, 4thick
%ﬁltatm. \AHitiSaPetdH %O(MBWWQS YBdedE facilitate stirring. Once the

suspension cooled to room temp, it was filtered and the solid was washed with EtOH
(200 mL) and Et,0 (200 mL). The solid was then dried under vacuum to yield the
desired bis-hydrochloride salt (10.3 g) designated compound B16.

o o 9 o 0
et s A NSO
> ¢ B ——————————
N N 5 > ¢
Cl N~ N cl

Ns/\f/o\d;\NHz c cl

Synthesis of Compound R

To a solution of acid (1.4 g, 2.5 mmol) and amine (0.8 g, 2.6 mmol) in DMF (10
mL) was added DIEA (0.8 mL, 4.6 mmol) followed by HBTU (1.5 g, 4 mmol). The
reaction mixture was stirred at room temperature for 24 h, poured into an ethyl acetate /
1 N NaOH partition, Aqueous layer extracted with ethyl acetate. Organic extracts
washed with 1 N HCI, dried and concentrated to give an oil. The crude oil was purified
by silica gel chromatography to give the product azide as a colorless o1l (0.9 g).
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5 Synt hesis of

N-(2-{[4-(5, 5-di net hyl (1, 3-di oxan- 2-yl)) phenyl ] car bony
}-1, 3-di oxo(2- hydrocycl openta [2, 1-Db]

benzen-4-yl)) (nmorphol i n-4-yl am no) car boxam de: The

am notri ketone (17g, 0.045 nvole),

N- nmor phol i n-4-yl (4-ni trophenoxy) car boxam de (15. 69,

0. 058 nol e), and DVAP (0 279) were suspende

h
[

(200nmL) an heat ed t ux f e 3

i A | 3R a4H%[refr|geﬁato 1\ | |\\1'N
12h. The r ayi el o %Ié‘l |'d_v\‘/a’s i sol ated by N
filtration and dried dhder_y&cuumto give the desire#
product (16.7g, 73%. @ | \ O HZNNHZH2O, ~N, N"
"NHOO15 NHNH OO JO<O-Me [/ p-TsOH, _ H/ I O cl

DMVAC I \ HEN O Me Me Syntthesi s of

N-{3-[4- (5, 5-di net hyl (1, 3-di oxan- 2-yl)) phenyl] - 4- oxoi n
deno[ 2, 3- d] pyrazol -5-yl}

( nor phid azidelcOy? g,ni majod pwisodissolchd: in A waien €l 048 mdt)ePhsP (0.45

5 dded f
el kBT wgs #8150 s8R Fod b e ot BraigBhehpPoni
Rfipdratige 211 reﬂ@cwﬁ'}ﬁ xBure Was Phed (8 G0 NaORNButioR anl i E%acted

darkens and becones honogeneous. The reaction was
wWithethyl aazctsse) Thefayganic gxtracgweraidried andoencentated. ﬁhbﬁdrpﬂgonde

athlck el | Lpitate forped addi t i

Do riadeuR $aEBET b Boprcd T oA R bR Avalilsrice
wadket bph MeOPEald pifeipitdied wWith @t ThEDlid a8 fidrddind déied to
Crefrigerator for 16h. The resulting yell ow

give thereduct (WA 8k-hen filtered and washed with cold

et hanol (500 nL) and HzZO (500 niL). The solid was then
dried 5 under vacuumto yield the desired pyrazole

(83.4 g, 71% contains -8% by wt. DMAC)

Boc™ \
Ny N’

Synthesis of 2-(4-{[1-(2,6-dichlorophenyl)-3-(methylethyl)-4-0x0-5-
hydropyrazolo[5,4-d]pyrimidin-6-yljmethyl}phenoxy)ethyl (25)-2-[(tert-

butoxy)carbonylamino]-3-methylbutanoate:

To a solution of 1-(2,6-dichlorophenyl)-6-{[4-(2-
hydroxyethoxy)phenyllmethyl}-3-(methylethyl)-5-hydropyrazolo[5,4-d]pyrimidin-4-
one (4.1 g, 8.7 mmol) in DMF (40 mL) at room temp was added Boc-Val-OH (2.82 g,
13 mmol), EDC (2.5 g, 13 mmol), 1-hydroxybenzotriazole (2.0 g, 13 mmol), and
diisopropylethylamine (2.3 mL, 13 mmol). The resulting solution was then stirred at
ambient temp for 24h then partitioned between EtOAc (250 mL) and 1 N HC1 (200
mL). The organic layer was then washed with sat. aq. NaHCQOj; (200 mL}), H,O (200
mL), and brine (200 mL). The organic layer was then dried (MgS0Oy), filtered, and
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OTh O v ~N-NH O O j_Me TFA H2O ~ ~N~-NH O O H acetone

H91%1 Q 10 H NON NON H H Synthesis of

N-[ 3- (4- car bonyl phenyl ) - 4- oxoi ndeno[ 2, 3-d] pyrazol - 5-yl

] (nmor phol i n- 4-yl am no) car boxam de: To a solution of

t he i ndenopyrazole (13.1g, 0.026 nole) in TFA (160nl)

was added 15 acetone (75 m,) followed by water (12

¢vlaporatedl iThepnaibiprddunt 8@k fHenaueified by flath tdlemnelrontdtegraphy
|l ution. The reactiqn mxture was stgred_vyi sly

@ émc/hﬁ@ﬁew vt qiveeld Giedesetp P@KS% 85,

1:1) mxture and placed in a 4 Crefrigerator for 16h.

The solid was collected by filtration and washed with
water (100 nmi), andjacetone (50 n)., Tqe solid was

then dried undef vaduumto_give the [desifred product
(9.8 g, 919%. 2{'1"114(‘1—{%«%? Hisw HANH O/ N |

NaB( QAC) 3H | ~ ~ . ~N~/ ~OMe LAY HO < /NN 2
HO HH 25 SyntRests e

of N-[ 3- (4-{[ 4- (2¥Ret hoxyet hyl ) pi per ami t hyl } pheny
1) - 4-

oxoi ndeno[ 2, 3-d] pyrazol -5-yl ] (nmorphol i n-4-yl am no) carb

SHABLAEo1- W df1oe - Richlioph AP RRRIGh 4 S0 S Acet |
, 96 Mol e)

acid (5.76 ¢ was "added to a suspensi on of

hydropytazolo] Sidedl primidines-yl] methy jphenozylethyl (23)2ramin3-
mr&lﬁt} i n NW (150 nmL.). The reaction was stirred at
PSEIEIPUARO#SEE 16h then treated with NaB(OAc)3H (12.7
g, 60 mmvle). The reaction was stirred at roomtenp
for 206 adoltiog ofPi(441[ 1-(218-didhiorosiaali)Ba(thshdetyl)wboyo-5-

vi scous. 5 _ 1N NaCH (200 nli) was then added and the
hydaenyrarelola - dipyrimidintoylmpthyh phenoxylethyd 425)-2-amino-3-
methylbutanoate in dioxane (50 mL) was added 4 N HCl in dioxane (10 mL). The
reaction was then stirred at ambient temp for 48 h then evaporated. The crude product
was then suspended in boiling EtOAc (50 mL) and brought into solution with a
minimum of THF, The product was then crystallized by adding hexanes and cooling to
0 °C. The solid was then filtered, washed with hexane, and dried under vacuum to

yield the desired HCI salt (4.6 g, 92%).

Synthesis of tert-butyl [2-(4-{[1-(2,6-dichlorophenyl)-3-(methylethyl)-4-ox0-5-
hydropyrazolo[5,4-d]pyrimidin-6-ylJmethyl} phenoxy)ethyl]phosphate:

To a solution of 1-(2,6-dichlorophenyl)-6- {[4-(2-
hydroxyethoxy)phenyllmethyl}-3-(methylethyl)-5-hydropyrazolo[5,4-d]pyrimidin-4-
one (4.0 g, 8.4 mmol) in DMF (25 mL) was added di-tert-butyl
diisopropylphosphoramidite (4.8 mL, 15 mmol) followed by 1H-tetrazole (2.65 g, 38
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was then poured onto H20 (750 nL) and filtered. The

solid was washed with H2O (2 x 350 nmL), EtOH (100

m.), and Et20 (200 nmL). The solid was then dried under
vacuum to yield the desired anmine as the free base

(9.98 g, 76% . The free base was then suspended in

EtOH (200 nmlL) and heated to boiling. The suspension

a1} HER reactidhachsthenstirfed4amblent teng fox dthethérl oaltd to 0 °C and

7 BB dualuan AL SR (1 far O Eresnol OB THER (i g reacton
b8s Liftdd ot 03CER B0 i i fAiorke Berntdd RROAL @OSC°HL) 81 1% aq

roomtenp, vvas1 the soli1d was was
WeiShOE(234 mL)z ODhendrganindayet #0s wagt@drwiih 100 eqsi¥aiSdOneH0 mL),

04SSR0 £ Pl B E5SHF B8 ot
ﬁ&%so%%%& aﬂ@é@aﬂo:ﬁ%ﬂ\ jNhé\Bm@eblchuét Whs dﬂ%ben\iéh iﬂ bchhn@x'EtOAc

Sprmhkandbronghtantp sohitioRrwithe mmlmu@mfﬂHBnTm p@éu@i vas then

Srste TRt EHe AR nd otinf g6 R8st Reelen s

astd gvitlthaxand, land dFHed uhdRehéuun o yelditke desdred phogphateds.1 g,
roomtenperature for 24 h, poured into an ethyl

8%@late / 1 N NaOH partltl on. Aqueous | ayer extracted
with ethyl acetate. Organic extracts 25 washed with 1

N HCl, dried and concentrated to give an oil. The
crude oil was purified by silica gel ¢hronmatography
to give the product azide as a coldfless oil (0.9 Q).
- 86 'Joj X 0 j Kok N Y HN I ~N N3 1"
15 H/ \ HN~\N5\ \NN N a1

o

Synthesis of 1-(2,6-dichlorophenyl)-3-(methylethyl)-6-({4-|2-
(phosphonooxy)ethoxy]phenyl}methyl)-5-hydropyrazolo[5,4-d}pyrimidin-4-one:

Tert-butyl [2-(4-{[1-(2,6-dichlorophenyl)-3-(methylethyl)-4-oxo-5-
hydropyrazolo{5,4-d]pyrimidin-6-ylJmethyl} phenoxy)ethyl]phosphate was dissolved in
90% TFA/H,0 (50 mL) and stirred at ambient temp for 1 h then evaporated. The
residue was azeotroped with toluene (2 x 100 mL) then dried under vacuum. The crude
product was then triturated with boiling EtOAc (200 mL) and filtered. The solid was
washed with hexanes (250 mL) and dried under vacuum to yield the desired product
(4.2 g, 99%).

Assay Protocols and Results

The biological activity and utility of the compounds of the invention are

demonstrated by one or more assays including those described in more detail below:
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cl /A A d The azide (0.9 g, 1 mmol) was dissol ved

in THEfwater (10/0.5 nL). Ph3P (0.45 5 g, 1.7 nnnol)
was added and reaction was allowed to stir overnight

at room tenperature. The reaction m xture was poured
into 50% NaOH sol ution and extracted wth ethyl
acetate. The organic extracts were dried and
conceAssaytled. Alnhysitioebf celi-ciele majtessiasbyrtigeomipobnds df the

HO in isopropanol..The, solid,

hydr ochl or 1 dey  THEAIQMISERE Qfﬁpﬁ%@%ﬁ'ﬂﬁﬂ%@&%ﬁ%ﬁ%&lw

W th ether. Thes]wﬂjq}q@%eflldnaqragg nd drl ed to

give the product (0.79 g). HO ~Nv "'O'"~C | HN \'N

/I\ A \NNOC C Synthesis of

2 (4 ApsEy (22, 6- dReqfuCdebdﬁy lof a brqagwangg afttfyell-lines deyived from

hydr opyrazol o[ 5, %‘%’fé’;‘}lﬁ ‘Hnorsétsﬁqr?reeﬁw Ib}yp eelﬁg)l(%met

| (2S)-2-[(tertexposure to compounds of the invention (results shown i 1n Table
but oxy) car bonyl am no] - 3- met hyl but anoate: To a

sol ution of | -(Q) 6-di chl orophenyl )-6-{[4-(2

hydr oxyet hoxy) phenyl ] met hyl

- 3- (mgLhylset hyl iné/ermge eﬁm%%eézﬁ bityds bt ot drtoflloR s in o
one (4.1°g, 8.7 into! 8 (S roomtenp wa

added Boc- Val - Celofi@gedit: gprvivaGisddy (nasnlty shoBffdn(mbfﬁ @,FlglﬁeZ and
nmol ), 1-hydr oxiébenerz{gt riazole (2.0 g, 13 mml), and

di i sopropyl et hyf ¥ (2.3 nL, 13 nmol). The resulting
solution was then stirred at anbient tenp for 24h

then Aadalyi4 i oneHedelcabilky GAFICI2 DM sd IMRID dellN disbsed to
(200 nL The organic | ayer was then washed with sat.

aq. NaHOO3 ( 200¢empounds of theduveniioy as esigndted wsing »Ealcem AM
mL). The organi SO4)

filtered, and _gsgl}?&géué%égﬁg\%ﬁ%ﬁ%ése%% product was

then purified by flash col um chromat ography (40%

Et OAcAbsmydnes amhiditiembd] vikbiliyy il atrekted tiner detld bpt o e brrested

5.7 g, 98%. . .
( g " normal cells exposed to compounds of the invention (results

shown in Table 4 and Figure 4).

Assay 6. Inhibitory activity of compounds of the invention in certain

kinase biochemical assays (results shown in Tables 5 and 6).

Assay 7. Activity of compounds in xenograft tumor models (results shown

in Figures 5, 6, 7 and 8).

Assay 8. Affinity of compounds to certain target proteins (results shown
in Figure 9).

Assay 9. Antiviral activity of compounds of the invention (results shown
in Table 7).

Assay 1: Cell cycle analysis with propidium iodide and BrdU
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00 HZv ' 'O~-O\ Il HW I N ~-NNC BC. Cd 5
Synt hesi s of
2-(4-{[1- (2, 6-dichl orophenyl)-3-(net hyl et hyl ) - 4- oxo- 5-
hydr opyrazol o[ 5, 4-d] pyri m di n-6-yl ] met hyl } phenoxy) et by
| (2S)-2-am no-3- nethyl butanoate: To a sol ution of
2-(4- {[ 1

- ( 2, 6Thie¢ pércentagenefivglly in3th¢ Gt Byahé G2YM) phdsemad tlie cellcycle was

A AE R RSl RO T

VAR wASINDr AN A &b l%@ﬂ%ty(fi&v Btbmett)! eA]térﬁﬁ&{s' ififhe

was then stirred at anbient tenp for 48 h the _
distibution eficellfacross theeell cpela in respense ﬁ:mgxposumpteﬁwe@dk mhibitors

b0|I 0 nL) and brought into solution with a
'fﬁf%tg (r?-%ﬁﬁ(maﬂqg ‘product was then crystallized by

addl ng hexanes and cooling to 15 0 C. The solid was

t hen MebHoritfehlstainarh@dls Withtprogidameiodaded dried under

vacuumto vyield the desired HO salt (4.6 g, 92%. O

0 (tByektdPRCT=116 éellb'(i()d 000 cetibsetNwbirddultuédd idQhe presence of a
Synt hesi s oftert-but

fest qompppnd (rzTééﬁoﬂa@hs aﬂcemsﬂ Table | helowy Aaakyyis was peidorraed at
%%ﬁ‘% %61%1 Rdha‘eét (%rhg ?)eé{'é tﬁgé%c{%d %P'X{)%psﬁﬁta ?Xlll,}combmed with

e noxy) et
ﬂoa(tﬁxgﬁ:eﬂs ﬁthﬂédlpth YB Ylo6- iftainétric tubes, and harvested by centrifugation.
h%gr oxyet hoxy) phenyl ] e

RS AL BomhY EA1LPeleb 199 81 af B siginiAsaedsand the cells
891% 15@11b91 e‘a at ?7 4CTR10-24 MhiddlVEs. The b o va@ PR ably no greater

than 2x10 -4x106/ml. An equal volume (100 pl) of PI salt was then added to the cells,

which were then incubated at 4 °C for 1-2 hours. The stained cells were analyzed on a
Becton Dickinson FACScan flow cytometer. Samples were protected from light.
Figure 1 shows that on exposure to compound A37, cells are terminally arrested in G1
and G2, with evidence of apoptosis and endo-reduplication. Analogous results are seen

for certain other compounds of the invention including compound B16.

Determination of BrdU incorporation into DNA

This method measured the percentage of cells that incorporated the nucleotide
analog, BrdU, into newly synthesized DNA as cells progressed through the S phase of
the cell cycle. The inhibition of BrdU incorporation was used as a measure of a Cdk

inhibitor’s effect on S phase progression and DNA replication.

Method for BrdU labeling

3 sets of HCT-116 cells (100,000 cells/set) were plated in T25 flasks and
incubated with a test compound as above. Analysis was done at 24, 48, and 72 hours.
BrdU was added to each T-25 flask from a stock of 10 mg/ml to a final concentration of
10 pM and the cells were incubated for an additional 16-18 hours at 37 °C. The cells
were then prepared for flow éytometric analysis according to manufacturer’s protocol
(BrdU Flow kit, BD-Pharmingen catalogue # 2354KK) as follows:
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25 dii sopropyl phosphoram dite (4.8 nL, 15 mol)

followed by 1Htetrazole (2.65 g, 38 - 88 mol). The
reaction was then stirred at anbient tenp for 1 h then
cooled to 0 Cand treated with a solution of nCPBA

(3.2 g, 10.5 mmol) in CH2C12 (25 nlL). The reaction

was stirred at O C for 30 mn then partitioned between

Et QAcCéltb@eriNarastdd {Sdheamt and\HaBRER froRbihe AR flagksedirectly into

RRTET L 28 Mo $ oSt debonss sPaolp PhLY B3GR The
BUARAAAH R R U100 1 CYRRTyichbhd 5L 10BSImucs

evaporat ed. The crude pro S sus ded 1 n boiling
Eofemperunel. Tharedlldwereghdn wadthed sothuk mbof RerdhWash buffer and the

crlliigrests FRssnane Bol (] GaboReres e LI ang IGaie g e for
10 LG T SRSt Mot AT Ao AR, i) GARAGH st Bty T e
e Gl Rl o ophenTL )~ (Bt TN LY 6o (12 15
TR S 5 5 G DY BRI Wl e hors e O s Bl

B IRE r R  B SEH) Y00 R e ey npompegeigd B

followed by another wash step with 1 ml of Perm Wash buffer. The presence of
hydr opyrazol o[ 5, 4-d] pyri m di n-6-yl ] net hyl } phenoxy) et ?ﬁy
incompergiechBed Uveres rivealed with anrp- ”ﬁ&/am@cgsféomlpf anel

Slfopie Rt ERuEH BB Mt ke sl SY BRI gm i and
hcilbded N85 m\iaapetature fof 20+30dRindtes PFdllbndihg Wdndédbation, the cells
triturated with boiling EtOAc (200 nlL) and filtered.

Whes washpd withd mhesReam Wiashbwféstareswsp if3P0 sthaf 2o FES in

RS Ind BRI e s B el 2 o e
adiicktrdtiondTdombbhnd &MY thhfiQhbREBOBAAS iRbrgofRidnb4esus.on

are

Assay 2: Evaluation of Cdk inhibitors in the NCI panel of human tumor cell lines

The evaluation of compounds at the National Cancer Institute in their panel of

60 cell lines provides a wealth of information regarding efficacy in a wide range of
tumor types and genetic backgrounds. Included within this panel are cell lines derived
from leukemia, melanoma and cancers of the lung, colon, brain, ovary, breast, prostate
and kidney. Use of this panel provides a measure of the efficacy of compounds in cells
with alterations in many genes that are associated with neoplastic transformation
including p53 and Her2/Neu as well as those involved in metabolism and those which
confer multi-drug resistance. The data generated in these cell lines with the protocol

described below can be used to evaluate the activity of compounds.

Results of the NCI panel assays are presented in Table 3 (NCI panel)
represented by two informative metrics: (a) the Mean-Graph Mid-point — the average
IC50 over the whole cell panel except that an IC50 (uM) of less than 10 nM is
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25 denonstrated by one or nore assays including those
described in nore detail below. - 89 Assay 1.
Inhibition of cell-cycle progression by the conpounds
of the invention using propidiumiodide and BrdU
assays (results shown in Figure 1 and Table 2). Assay
2. Reduced viability of a broad range of 60 cell-lines

sieailmed af Béiﬂ% equal & 1 HSL K g estiviles; %n@ﬂ))ftﬁ@l(eﬂﬁ(ﬂpﬁ\@ﬂoﬂlﬁe

t he NCI on exposure to conpounds of
inhibatery amwetwﬁ thetcompiopugh against ap adriamgycin p@wsynt seﬂ line (ADR-res).

Irreversi ble effect of conpounds of the invention on

1S i . . _

o ol SRSGR G (Y 35584 GRS AR in e

Retussag: (i) abiporind A37:NEdanlGfaph Mid-pdRu0< ﬁ@h}&m@dﬁﬁﬁeﬁd inhibition
conpounds of the inventjion as estinated usin

‘tzéigre\yrlhowRa@g gells 5 é%;% (@ rsmpound BI6I aB'CH%F M)ld-pomt <

A ST Py BLably A bE AR AR BILT IO R 0000 1o

conpounds of the |nvention (results shown in Table 4
and FAgHiodolbky of #edy vitro danbéri¥ckény activity of
compounds of the invention in certain kinase
bi och n1ca| assays results shown in, Tables 5

AssayColls Wekeigpwy 1 Minlﬁég H% FnS zadBigredrin 9p m&!}rmwro -titer
ﬂgfég ?‘%&1@12??‘&' i tr?‘lgc}{m S o9 tb ré‘rg P8 YEBSwelt. The p]at@an‘@e@mcubated

dnpounds to certain targ
ﬁnlr dﬂ élloms at B280) 3% Chofon 24 hoursi edie cgmtalnmagacr@the desired final

Antiviral activity of cqnpounds,K of the inventio
‘("r"@%‘&ﬁ%t@né’g frcomnpund b} 30% spIging.Alogs wascgr:mare%rdeloo pl was

AL YS ban Wl e R ORg'1807h RRfS1A1IB E Weld thdQesired final

concentration. The plates were then incubated for an additional 48 hours.

The effect of the compound on cellular viability was determined with the
Sulforhodamine B (SRB) assay, which measures total protein. Cells were fixed with
cold TCA to a final concentration of 10% and incubated at 4 °C for 60 minutes. The
supernatant was discarded and the plates were washed five times with water and air-
dried. SRB solution at 4% (w/v) in 1% acetic acid was added to each well and the
plates were incubated for 10 minutes at room temperature. The plates were washed five
times with 1% acetic acid and air-dried. The bound stain was solubilized with 10 mM

trizma base and the absorbance was read on a plate reader at 515 nM.

Assay 3: Protocol for Clonogenic survival assay with HCT-116 cells

This assay was used to determine the conceniration of a compound that results
irreversible loss of viability after a specified period of exposure. Essentially, cells are
exposed to compound for a period of 1, 2 or § days, and are then transferred to
compound-free growth medium. After continued incubation in the compound-free
medium for a number of days, the number of colonies recovered is counted as an

estimate of the number of surviving cells.
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The percentage of cells in the A, S and &G/ M phases

of the cell cycle was determ ned by staining DNA with
propi di um i odi de and quantifying the nunber of <cells
with a 2N or 4N DNA conpl enent by flow cytonetry.
Alterations in the distribution of cells across the
cell cycle in response to exposure to the Cdk

i nhi bRegults of Sucheshirvdval|assalye fori varibtd eonmmds of thktilvesltiboare

staining cells with propidiumiodide 3 sets of HCT-116
prepgnied MAabisph(cdenogenighes) the goncentiation (i) of copwound that inhibits

BARERER 40 80O TIRHRS TS ung s Bl

mdﬂt?&'x HOT-$16 Mhﬁﬁm’fthe gﬁicl-cbll:mroe’ fmlmi inhibitéth l}%’compound A37,
th 10 t
:%85(5 a£< %g M&M}&%MF?IPEO ogs%gg %%PQ@@E{ glﬁ WWS an
o 1 e 5, ey S S0 ok 91 s o

(Heglareﬁhcubat ed at 37 C for 20-25 minutes. The cell

count vvas preferably no greater than 2x10 6-4x106/ni .

An eq al, tlurre 1OOII2 of F} sal t lsthenadedto

the c f§ o A GeY S REh S BRI OO R S or 1-2

hours. The stained cells were analyzed on a 15 Becton

Di cki Nedia (RREHSBMOE IIOMJF(S'S PeRfsREp) vaRMde-83rmed & 37 °C in a water

rot ected fromli Figure 1 shows that on exposure
derlisateie mszsl?ateg anq §r°éi“rﬂeﬂtt38r i 721G92. SeHewersrepoyergd by

Qﬁ%gﬁ?a& 1din S G En0p1aRR AR Eotintodilng a hemocytometer. 1 X 10°

mlstvm'mplatddan 26 onip ofinatdiadh atlem tissantciulureidishl 14plags were set
coppou B16. Determ_nation of BrdU. rporatjon into
VRGO S8° F‘s""HE’PHB pd e @&u‘?%f VsTight. @&Q &E%F?rgpound was
&ﬁ\ﬁéd & erﬁﬁrﬁﬁ%gnééﬁ?raﬁb’rfsl a?lﬁtthé'ﬁedﬁrbﬁl tRccl BrveHd rc]%lﬁééa with that

w'y synthesi zed DNA as cell's progressed throug
®qb¢1amg thof testtdmmp@ehcﬂ Tye plates Preze sat rup ot ¢aoh colﬁceBtraMn of the

' nco%%ﬁgg I)g %gﬁﬁa d n & g’EgP g ngs} oghcomuﬁm&)lates were

m@hdtEPAd Ddve K204 61074 ﬁisu}s hédd flab REncdRd And edplacell with fresh
HCT- 116 cells (100 000 ceIIs/set) were plated in T25

mediskandithe platescvaseinsubaied an additienal 7 m@wwe@ mothe’BS.
égl%g}qg lwc'eré/\@gllg}g$ tgach/s%aﬂ Vléﬁ?tosr%ﬂg%g t(8 4% gr&?tilowgfef %OV@%thanol)
for 3ahinoReceished twee with distllc¥veanet, iﬂthdﬁﬁteldS wer e

i ncubated for an additional 16-18 hours at 37 C The

ceIIs were then preared.for flow cytonetric analy g
4 ssay 4 Lise of the feulcein AM viability gssqy feu-glie evaluation o Cdk inhibitors in

the presence and absence of serum proteins

The potency of Cdk inhibitors, as measured by loss of cellular viability, was
determined with the Calcein AM assay (Molecular Probes). Calcein AM is a substrate
of intracellular esterases, which is cleaved only in viable cells to generate a fluorescent
product that can be quantified with a fluorescent plate reader. The fluorescent signal is
proportional to the number of viable cells, and thus loss of signal in response to the
exposure of cells to Cdk inhibitors correlates with a loss of viability, This assay can

distinguish cell cycle arrest, in which cells may still by viable, from loss of viability
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30 (BrdU Flow kit, BD- Pharm ngen catal ogue # 23541(K)
as follows: - 91 Cells were harvested (adherent and
floating) fromthe T25 flasks directly into Falcon 12
x 75 flow cytonetric tubes as above foll owed by
fixation and perneabilization with the addition of

100 | Cytofix /Cytopermbuffer (30 m nutes, room

arahip elivastwel P3uited Her the bvaluatiohe ftQdkrinkibitied Avdrnipohindithadfis a
Per m WAsh buffer and, t 5 cell_ pellets were
PRISRIGEReRIE, TAY q86° Flge{}f?aﬁépﬁ il Vbylftgn spich assay.

i ncubated on ice for 10 mnutes. The cells were then

was hegepgal 1T tWerd d&tbmBhed @ the KéSbn BolbfcRtal 8410inbhi cell line,

fixation was repeated in 100 | of Cytofix/Cyto Penn
BGITF £Y6, And thegromnal hwesanafibroblest, IMBAD.diratein adjustedl(sels were also

re .then with 1 m of Perm Wash buffer. The
@%Fﬁme‘gg‘r}ieigj?'treat ed for one hour at 37 Cwth 100
. Xl DNase to expose incorporated BrdU 10 fol | owed by
anot hResuloif sedhedabilityasiaydlareopresiansd iMazbldBI(HET-118he
g}gesence of incorporated BrdU was reveal ed with an

widymeteo adivstesh apd 4151@-?0)0 ficéoslﬂtlé\é, nogi-proteimbadjested)er the
' in P . .
LI R FCE s Pl 8 oot it S QLS venion

#0Faide 81 Nnutes. Fol |l ow ng the incubation, the cells

were washed with 1 nml of Perm Wash buffer, resuspended

in 300 | of 2% FBS.in 15 PBS,. and anal vzed on the flow

cyt orrgf’é]rogo‘ﬁe%eﬂl wabilipyaspys sesingpthen colhfjnes werg gondpsted as above.

TROKIL 0] 58 ofer ERIPAUE of Me 1Rk N Lok 8 bEH Yompound

AEM:' H'Ctl‘lorlss (<80 hhfﬁ), HGF-DEﬂﬁlﬁ‘od teﬁxf-adijﬁﬁam Ngt HO0NnMY,LA2780i (586 nM),

T val uat i on. of compounds_at t tion cer . )

RS {2y (i rmp oo o C o0 1 <o) s 1R Payriguagiusted
[ |

FoSRuhie) 247807 <80 HRE. PIROGELIMD Bl PR i Ctetth ot

Viabilingedayi t hin this panel are cell lines derived

froml eukem a, nelanoma and cancers of the |ung,

col on ' r east rost.ate ,and ki dney. Use

o ¢ nCT:Elibor TRIRE calS T neafirdd P "Bt fites o9
&gpamataﬁa dnd 16600 &t 4,000t de118) re&Heafive Swdrd plddinPADRel ] dishes and
that are associated with neoplastic transformati on 25

ingubated ecernight ai3d °Fep% CRu FHET U6 cellswern sybuted i RYM-1640,

RS AR RSB G BRI MRS il el MciBgatphe, 103

RCEhAibEowRmtimcatubaties ¢ alladadivtdice,ahe madiausschspivated from each
eval uate the activity of conpounds. Results of the IngI 0t
om 0 to

psHend seplacpd wathamedia seaiaing hiestpomponnd ajg congpiration

250 nM, spanning a total of 7 doses. The plates were returned to the incubator and

cultured for an additional 72 hours (3 days). The media used for the determination of
protein-adjusted ICsp’s was RPMI-1640, 10% FCS, plus 1 mg/ml alpha acidic
glycoprotein (Sigma G-9885), and 45 mg/ml human serum albumin (Sigma A3782).
After 72-hours incubation with the test compound, the cells were washed twice with 1X

PBS, taking special care to remove all residual buffer.

A 5 uM Calcein AM solution was prepared by dissolving a 50 pg aliquot of
Calcein (Molecular Probes catalog # C3100) in 50 ul DMSO. After the Calcein had
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represented by two informative netrics: (a) the
Mean- G aph M d-point - the average 30 |IC50 over the

whol e cell panel except that an 1C50 (M of |ess than

10 nMis - 92 calculated as being equal to 10 nM for
this estimate; and (b) the 1C50 (M of the inhibitory
activity of the conpound agai nst an adrianycin
camplstebndissobted (10 nengteDit-roems)tempetafurd)oit aas donted intdd Oaill PBS.

RN TN IR IVEEN) I —

ﬁM?aECtpl'c@iQed)ﬁ'oinrl W eﬁ‘lﬁ%b ﬂﬁ’or@éceﬁf Al wak re‘é@%nrd?ﬁuorescent plate
cells < 100 npound an- G aph M d- poi nt
readay (emaitation H&S’ Oemd emxsmbntSBwsbf growth of ADR-res
cells <10 M Methodol ogy of the in vitro cancer
screen Cells were grown in RPM-1640 10% FCS and
Iat%dln? ) mcrotlter pl ates at densities
o 40,000 cells/well. The pl at es

wer e t ed for ou at 37 5% for 24
vere Houbal et dRtar S houss 2 AT Do SR 2ision
SIQRAS Birb@gH @IBink phises 591159 @em dw&sﬁoﬁ@ﬁ@é mewifeﬁuén of normal,
| ogs) was prepared and ded t0 each

mtrmsmrmjdlmlsun peléiire repluugs mlﬂr@en@ ofi geowitht ﬁaewdse &erremoval of
\&h&ﬁ' thrdil celng:]at 'n‘jfgtl?] ?agg ltoi.'ﬁ ?osg?fggl[( r}fevr}Ey' arﬁﬁ%%%e Uen exit

an a e he™“conp

f6maRe bdll @fclerdsadelil bhtgr i Juitednit ztse AGyVThereifére, ﬁ&n a mechamstic
Sul f or hodam ne B ( SRB) assay, i ch measures tota

HAnAPEITH bub@lth%ut\bémé blome@ay Hieory. (e lahﬂr@rStSBmad #lﬁvfagreaﬂy
ﬁﬁﬂ&ﬁgﬁﬁ&%k%aﬁéﬁé‘&){ r?ﬂ.fj%élfg%‘l gléeeg filir g’arﬁﬂf) ﬁ%ig:%upterparts

m nut super na scar at'es
wer e Washedflvetlrres with water and air- drled. SRB
sol ut Resultanf #2b{lity egsayacobdncted bn arrestédinavam] 8ER2))tand arrested

S gﬁs é—{'la:l]rg \ hg}gﬁg’tg{lfﬁ%@mﬁo%ﬁgsl (E)F lﬁ‘? @@%&%&g&ﬁéﬁg@d in Table
4 b¥Bw2 & flrEBSshidvs meleﬁmalaeuﬂsy & c%?rﬁ)oﬁhd ABMicAdhe iHAfbition of

bound stain was solubilized w th tri zma base

wabilithef atestedimarned (WAR90pandd twmoa (Rﬂ‘altlé) eadlsd é‘rhe 6165@ i@

e o7 e oo <ot BPaBERCBR Hesriiio wna o

AR&RIANERIY Eeis! RnipouRd BRERRMWAH éﬂ‘@sor&%bw for arrested HCT-

irreversible oss of viability after a specified

blfr dedld and >&6 pds forerresied 8VIROAICEYs. cells are 25 exposed
to conmpound for a period of 1, 2 or 5 days, and are
then transferred to conpound-free growh nedium After
conti nued incubation in the conpound-free

Arresting HCT-116 and IMR90 cells by serum starvation for evaluation of
compound potency

HCT-116 cells were plated in triplicate for each compound concentration to be
tested in RPMI 1640 media containing 10% fetal calf serum at a density of either 200
or 2,000 cells per well in 24 well dishes, and incubated overnight at 37 °C, 5% CO,.
The media from the plate containing 2,000 cells per well was removed, cells were
washed once with serum free media and 1 ml of serum free media was placed on cells.
The plates containing cells both in the presence and absence of serum were incubated

for 6 additional days.
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medi um for a nunber of days, the nunber of col onies
recovered is counted as an estimte of the nunber of
surviving cells. - 93 Results of such survival assays

for various conmpounds of the invention are presented

in Table 3 (clonogenic) as the concentration (M of
conpound that inhibits colony recovery by 50% (1 C50).

Fi gur H\/IR9CI icekid \ {5~ ﬁlité@ltﬂh@l I llbdtg fdrhrebblbédrhpbluﬂfcoﬁﬁnkﬂahm to be
acti Vi -116 ce nd, t ti me-cqQurse

fesisriin MM BPIERiS FIBHRIE s el galsegpm Pt:sger&ftye s@hﬁﬁwm or

%0.000 e4isHY weAQHBAN & EXROSHE ﬁlcus‘ﬁ%%gﬁllg% 5 ffh@Aﬁ/a@oz The

I G50 of 100 nMin the sane assa eached
meﬂial was3empwedbHomithe 26 OQ@@eihMr-\(réll dish el weivbwhshdd bncc with

RS St sl SRR i RHAE,

bélls%o‘ﬂiiinqglfﬁﬂege&@tahd abRhbS o"\Rhen Wi PRL APl 3%9%n§1t days
C 5% I's were recovered by tryp5| ni zation

from sub-confl uent plates and counted using
henocylesshrgihe cellxyale 4rresicdfilCTdd é apd AYBHO pdlszis} Setgn gfarvation

media in a 15 cmtissue culture dish. 14 f)l ates were
set  Uip enwire gt hetcels habingendwexited the eollrcycleripen aemimn withdrawal,

e leRbeflie BE By R oo AR v i3t profrefini ol S phase,
wamae:mhme@ﬁl oich Bxpdtidhent Fop @il lairpmsreguf&lhg eiwﬁnent celtular
npound. Two plates were set up for_ea

Eléh@émvﬂa@wéwt%# sippltaneogplhy stiHtthe gspel $IééB§d1 afluogscent
a?bs&%\fg g{l}acé’l'l 1R e%l %&%}@e Sﬂﬁgé{ﬂégm VKt &glsv“% cther, the

I NCU as a ove urs,
eatmvied oéﬂddwe:mdoamrduam ikl SNARR-1 aedxage bgm]de dwométay povided

were i ncuba addltl on days, shed Wi
B sessESPLoH B8 VTSHA ot A oriel Gl B eieel Ragicor this analysis,
alceild @r@re(s@alﬂeﬁ’ i Shalr P Qb %110\%0111 J@@g&a £} deRimmation of
t and

m nutes, washed twice wth dis
Baﬂﬁtr@drpowmyasdesdrﬁ:edabmtehe Cal cein AMviability
assay for the evaluation of Cdk inhibitors in the

Pk A PIEeE DG dls et PR SUE Shoifl et bolowin 125
RagkRiin bérifm-obAtinidg hitdii (REIMIM 440 drMERRLGRR N0YFES Sré&pectlvely)
Mol ecul ar Probes Calcein AMis a substrate 25

¥ %t boyrs ph grosdh.chemiedia wisiremoved andealieravashing the, cells replaced

SnEfkl 9 generate a fluorescent product that
Mtﬁg%e qfé‘gnﬁle ed with a fluorescent plate reader. The

fluorescent signal is
HCT-116 + FCS 5,000 cells

HCT-116 - FCS 100,000 cells

IMR90 + FCS 100,000 cells

IMR90 - FCS 200,000 cells

The IMR90 cells were grown for an additional 3 days and the HCT-116 cells
were grown for an additional 6 days before pulsing with BrdU. A 50 pg aliquot of
SNARF-1 (Molecular Probes catalog #C1272) was dissolved in 50 pul DMSO at room
temperature for 10 minutes and then diluted into 10 ml PBS. The SNARF-1 was further
diluted 1:64,000 before 200 pl was added to each tube of cells which had been cultured
in the presence or absence of serum and pulsed with BrdU for 20 hours. The cells were
incubated at 37 °C for 30 minutes and then washed with 3 ml of PBS.
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proportional to the nunber of viable cells, and thus

| oss of signal in response to the exposure of cells
to Cdk inhibitors correlates with a loss of viability.
This assay can distinguish cell cycle arrest, in
which cells may still by viable, fromloss of
viability - 94 and is thus well suited for the

eval udthesmcedls weak thien ixied tind prepared doqthe ntasurementof BrdU

tg‘%gtﬁ'“t‘%tag tﬂgicﬂ’g’ﬁd g@"&y%‘g’:&? Efliﬂq N Ifcc‘,%?g’tlg (lﬁe ?Lﬂnd B positive

fﬁl -€Y éElB%s'd@tehBﬁer‘éHWF&@Sc%%v@b 6Akfey.noma cel |
ine, HCT-116, and the nor nal hurran fi br obl ast,

| MROO. Protein adjusted 1C50's were also 5 determ' ned

i n HCtssessng the yiability of axested WCdbi 16 and AERY eells afier exposure to
3 (HCT- 116 viability/protein
PJJS ?ﬂhgcf;(%%’b ( | C50s (I\/l( non- pr o%/egon adj ust ed)

for the viability assay agai nst HCT-116 cells are
s h ownTh@celrsLaté henbamhimctha presafcelolfi thel covguhdafor 72 hdadsl(® days)

G SRBSLR 0 oS S hiBls £ aeos o
Q8 &QHP%WM@ afli ?}]I-' ed ﬁiﬁnf wu%ﬁicﬁ %H Bek1in@ Ao delis were

compound
enrose fo-auiinebefadd dses ﬁﬂ@mgl\t)qm A27 360 oMl Fonifrested dRBA! cells, the

<50 I co 116 (<10 n HCT- 116
8¢ 8f 3385&}*@% %%Cag%@@g%’ r% fo 25@'@60 EQI!}B‘?I}?W%I thretpected
8s000Qe %ﬁ;{qt ocol for the Calcein AM 15 viability

assay. 6 or IMROO cells were recovered from
sub-confluent plates by trypsinization and 1,000 or
4, 000Thetlfet of €3 belus iof edppowndresppduat eul cellul@axigtglity was assessed

i BECRERCAM SSHE bl KRl Bt Morbrat vt Siigaceular

@yteias;bmﬂ@ afefdrll$ attRieGn wibibldWefld. C1RavgB lofiHY SEBRAN ihak provides a
Medi um al pha, 10% 20 FCS. After overni ght incubation

weasurg ofyiakilibs which is praportismiabtosell nagber.at ed from each

wel | and replaced with nedia containing a test

. f . .
S onp o &lin A SBEE S s bieRied bk Riss el 0 pg pligyet
ﬂ\@ol’é&ﬂaﬂ Prob&Adafdlo _{%Jéd# CIHIH b sl pf DMS@ RS bl 9B linclBated at

ours (3 days) nmedi a’used for the determ nation
Tom tompekure fofj apprasimpteiot csmvmesm@msm@ma; the@#lde@shad

B Sl TR ffeshinin Ao 1P D RURES s the fina

@htivd) which was protected from light.

The media was aspirated off the cells, which were then washed twice with 1 ml
PBS to remove the PBS completely from cells by aspiration. 0.5 ml of the Calcein/PBS
solution was transferred by pipette into each well. The plates were incubated at 37 °C
for 75 minutes (protected from light) and read on a fluorescent plate reader (excitation
485/20 and emission 530/25).

Assay 6: Inhibition of Biochemical Kinase Assay

Enzymes: Cdc2 / cyclin B was obtained from commercial sources. Cdk2 / his-
cyclin Egnore was expressed in Sf9 cells. Cdk2 / cyclin A, cdk4 / cyclin D1, and cdk6 /

cyclin D2 were expressed in Sf9 cells. Protein kinase A (catalytic subunit, from bovine
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After 72-hours incubation with the test conpound, the
cells were washed twice with 1X PBS, taking special
care to renove all residual buffer. A5 MCalcein AM
sol ution was prepared by dissolving a 50 g aliquot of
Cal cein (Mol ecul ar Probes catal og # C3100) in 50 pl
DVBSO. After the Calcein had - 95 conpletely

hi¢asty ahd prbtéit Girmser Gt (atixad iso0omast{rnp et Bt din)eyere iobtaivas from
diluted into 10 mMl PBS. Calcein/PBS (0.5 m) was
CRIRMEICid) SQWERS wel | . The pl ates were incubated for 75
mnutes at 37 C (protected fromlight) and the

fluor St e i
e ale SRR HESM 10 G QSASSEDS TRl tations

Bdrngiesse fused to e Notdrinined ofisesiOpes 3710-M2efte Rb froteis e
(Cdk) activity is required to pronote the progression

of cel . i.sti.nGt of .the cell. division
eyl oot VA E bt PR R e sy R hing i gt of
fadidabtivify SomtadefosiRAYI P IgEighospHatEina M Rtdie 1T @iidla TCA
factors, the renoval of 10 which, through serum

prepipitetann apay. ((sigdsyelin B kinse awd HGiknedE! weretgbtaineil from

t ' f th | |
CRARERT bR The Sof MV sBionBl@a D8 1A 0
Mgﬁnﬁpqhm diféthwitol) 30tNI l&bshie Wishdiphdth 0LE; R 0%
i nhibitors should have greatly reduced potency in
dinregiystl s dfodertfionoeinipounds)apH Ves, 20 pgidistont Hep § flbemrmydhe in a

S LS BLBE e it oon B § o8 and
(D B RO 5 BP0 oot o
PO gET) T tahd stopp&d %yiﬂﬁ'&@ﬂﬁi@nfﬁ@ 20 3;& dffieop SRRt INmM

viability of arrested normal (I MRO and "t unor

dispdinmephylenadiamine tetra@state, oi05 solMrsienesinedriphesphiicupld 8@. The

b 50 nM f HCT- d 0O Mf )
1ein Pan PSR by iEe S ora nE T L B rqaba s, and
(5 Profilen wa e@irhllon D701 S48 BRk ot e TMINNES ne,), which

loasl hoon iet sathudd s (vaivy trichdnrodastic avid! Tibe filter veds wasbedptsartignes with

BYr O it sl T oS PRelERr inSarbblalie 57 s pilfmined by
hift01a084 bamﬁﬁlrgtaﬁeﬂg%tgnglw& fE k&intifal {vEabstmat0, Rackard

density of either
Instruments). Relative activity was determined by dividing the amount of radioactivity

incorporated in the presence of compound by the amount of radioactivity incorporated
in a control experiment containing DMSO alone but no compound. The background
radioactivity, determined in an experiment containing 50 mM EDTA in place of
compound, was subtracted from all results before calculations, The concentration of
compound for 50% inhibition (ICso) was determined by fitting the data to the standard

equation:
P =min + (max — min) (1/(1 + (IC50 / [1])*})) (1)

where P =1 - relative activity is relative inhibition, [IJ is concentration of
compound, max and min are the maximum and minimum relative inhibition (1 and 0,

respectively) and s is the so-called Hill slope.
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or 2,000 cells per well in 24 well dishes, and

i ncubat ed overnight at 37 C, 5% CO2. The nedia from

the plate containing 2,000 cells per well was renoved,

cells were washed once with serumfree nedia and 1 i

of serumfree nedia was placed on cells. The plates

containing cells both in the presence and absence of

S er unCdie2/eydlind|adketyc B Al Qdk4&/calihi D1 ,cmd|Cdkéysclin DA6ctivity
0 cells were plated in triplicate for_each

RERnebRRsRE 8 19nE-SCRIGTOSE GIRTULF ASIAYMERR SZYES Jvere

I t fR
5’858%%&%%@%9#{ R R R

glntathianee 8-tomeferdsg Iﬁusedtto f&:‘s'ldlﬁrs B9 1GO28 of b retimalilastams protein,
f ] 20, 00
CETRET i £ 00 The sdagiinicn conbiicdSD myb RRSECIC]q Rt

el ithRhR]iSC 86 8N adRbbife m;ah%s;ma?é Q?cﬁg?ﬂ@gmeﬂgsme

cells both in the presence d abseén Serum wer e
iriphodydiated 1 0%rdidiethgiiuifoxida (fretaxompodsdsy 381 Ag, 4hpg GST-Rb, and
cell-cycle arrest of HCT-116 and | MROO cells by serum
@tza(man 2dR0 HEovalvimar omprynds ﬁ@r%@deé ah¥aTioup geRiEnERiansd

SRt pEER fo 80 dpf ot i i rriGeR 1 B ThiA 30 -
MOPECASHIRE by thOEHiion HIARPEL of #6p ‘é@lﬁtlgx? Eﬁﬁmsd&m ethylene-

each experinment. For the pur ose of this experinent
dieinfing tatraacetawa i1D5 trM\ndsnoemltuphcsﬂhiﬁe rpH Bﬁhéﬂws(ES'T-\Ebt\has cap-

h f -1, fl trat f.
o S e 2 el ion seotARIsE Rest ABRFSAaLPT §L i, and the
WispEtlsfonGRAd BlterdaRs '__glhsﬁfﬁbeﬁ Yiftb alfied W aflin Bt Yetained beads
incor poration and SNARF-1 cl eavage by flow Cytonetry

Pyoling adth phesphatebafierad sdinetchataining0.Bi% ywhi) avqee@eﬁle amount

FEP edfheord) B fetbined By hotusiligon eOuRiftief 3iding 400 L

§oR1aRf. FRARA aE@ﬁtydﬁasedéierﬁﬁﬁé &iﬁadug el aiﬂ%ﬁﬁf PhdbhANity
as descri bed above. HCT-116 an s were

iprerpethtes intthepitsense of cotapaumdisdhe smownti qf rafgactivity sneorporated

ta PM - 0 or i t 0%
AR Ghr RGBS A R R ROl Tt Radkibuna
fﬁﬁﬁia&tM%@ deerivied irtditlexpafiRht Wehtdihing 50 MEMCREIdPum
repl ace 20 wth serumfree nedia. HCT-116 + FCS

ghylguediaming tetpgagetatedn placeef aupend. wes subtragtibom,al rssults
ﬂé%Qre%QféuFa% hsc’ The concentration of compound for 50% inhibition (ICsp) was

determined by fitting the data to equation (1).

Protein kinase C and protein kinase A were assayed using a TCA precipitation
assay with Histone H1 as a substrate. For protein kinase A, the final assay contained 50
mM Tris, 10 mM MgCl,, 1 mM dithiothreitol, pH 7.5, 12 uM adenosine triphosphate,
10% (v/v) dimethylsulfoxide (from compounds), 20 pg Histone H1, 2 pCi [y-**P]
adenosine triphosphate, 0.2 U protein kinase A in a 100 pL assay. A protein kinase C
assay contained 50 mM Tris, 10 mM MgCl,, 1 mM dithiothreitol, 0.8 mM CaCl,, pH
7.5, 5 uM adenosine triphosphate, 10% (v/v) dimethylsulfoxide (from compounds), 20
ug Histone H1, 2 uCi [y-**P] adenosine triphosphate, 0.01 U protein kinase C in a 50
uL assay. The assays were started by the addition of enzyme, allowed to react for 10
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| MROO - FCS 200,000 cells 25 The I MRO0 cells were

grown for an additional 3 days and the HCT-116 cells

were grown for an additional 6 days before pul sing

with BrdU. A 50 g aliquot of SNARE-1 (Mol ecul ar

Probes catal og #C1272) was di ssolved in 50 .tl DMSO at
room tenperature for 10 mnutes and then diluted into

ftn i 30PES.and bopHedbiraddinge.4fvehinierof 247 mNeisoliivid, 000

before 200 | was added to each tube of cells which had,
gbulenedipminedetragetate, 1 Gbmbl adagsiae Hiphosplaie PHHS. OsEhqprotein was

. i , s . .
PROpRUCS Moty opl réofiont by HRUAZ 0 SYRRREE 2 20 WEA Fricjoronceic
&idnd tapiided by féring liessgicedt-sveligylsss tfibenfikiation apputatus
BUSERS E.h50bhwReohia s A5 RSl 3, an

o 1 b

e O bl rpotcd [ sy d8%, BLARLOBE pfing 100 !
MierostintchnkdGTintill6tiemcbuniRE. (T healohserdifation o&xgrusound fo50%

c oun f the inventi .Th el l.s are. incubated in
PRI s e ctermired s lini e it eRiion U "ays)

at 37 C5% CO2 as follows to determ ne the potency of
CONPORBEIBtsFront 1 db¥G¢ hdddysoire preaértebireTatdes had TEMe bl ng
and arrested HCT-116 cells as well as cycling | MROO

of 6 doses ranging from
P¢€8d normal cells, the 10 range

of doses was increased to 50 nMto 25 M to conpensate
for tRHeugsypempetndspfthemyeantion were syithesizedrpad renagad for i.v.

miiafiof ln FBERAHAIIL PATUE GO 1T Rt e PRty was
thtaimed a¢ thetpharhaentidad dafg dandtwapetpanddin 5% dearasemtdri(DEW).

e only, active in yiable cells, K Ceavage of the,,
sehasgtions ise Peey reghoweekda fign yplupes pyerq adjusted to body

waj 0.5 9 i@pal to cell nunber. A Calcein AM
st (%E( sofnz/?i %ﬁﬁ%sg?prepared by dissolving a 50 g
al i quot (Mol ecul ar Probes catal ogue # C3100) in 50 pl

DVBO. Mi¢ndHusHoednva Eemaleutiatvonicatwere obtained dper Ghanlas Riwer, housed

appr.oxi nat.el,y 10 m nut es ,t nsure.that the Cal gein

RER PP, BRLPIOVIRY adHRR AT 0L VA, AR o} Fisliied standard
ottt diék (PLriftBBichbq aprRdRhEDIR0Y. i nal 20 sol ution,

whi ch was protected fromlight.

/s

Determination of maximum tolerated dose (MTD). Mice at 8§ weeks of age were
pair-matched into groups of 5-8 animals and preliminary toxicity studies were
performed with unknown test compounds. Animals were treated i.v. daily for 10
consecutive days with test compound and were weighed twice weekly. Mice were
examined frequently for clinical signs of any adverse drug-related effects. Acceptable
toxicity for anti-cancer drugs in mice is defined by the NCI as no mean group weight

loss of over 20% and not more than 10% toxic death in treated animals.

Standard Protocol. Athymic nude mice (male or female, 6-7 weeks) were
implanted s.c. with single 1 mm3 tumor fragments (tumor brie) or alternatively, 5-10 x
106 tissue culture-derived cells into the flank. Animals were initially monitored twice

weekly for tumor growth and then daily as the implants approached the desired size of
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The nedia was aspirated off the cells, which were then
washed twice with 1 m  PBS to renove the PBS

conpletely fromcells by aspiration. 0.5 m of the

Cal cein/PBS solution was transferred by pipette into
each well. The plates were incubated at 37 C for 75

m nutes (protected fromlight) and read on a
approxiestani0phane When dre tharoed gratvito betwian 63222 nginccalculated

m ssi on 530/ 25)., Assay.6: |Iphjbition of Biochem cal
Sttty aBiamaee Raicmeiched Y] FPREOHRAS GHRIUG weatment
) . i . o

oA (IRl OO iRrealehed Wit e cofbBlibdh IAMalaD A

pasitivawpngok &ag dosed @b¢ardipg tovbistorisaioatrolsd Tumogiveeights wWsre

Pr.ot.ei n ki hase A at al i ¢.subuni fr,om bqgvine .- 98

RAGHER aife DR v Biehfoy i e opiee Ybskty.algh SMugely Wafe qbiprved

Bequdhily 6y RiveRk dipesttdctso Whe?ﬁ&’ﬁ&ﬁl@aﬂéd foR Wh¢ 88imal whose tumor

Substrates: Hi stone HL was from commerci al ~ sour ces.

wass Rached 1§00 ma tojbsrimmediately guthanized f used to the

N-term nal of residues 379-928 of the Ro protein. 5

Assay gy mGACE R YL RBd %ﬁtd@éh{lﬂn ¢ q‘%@{ %Hd\?ﬁlﬂp Jf the tumor with a
nmeasur i ng | ncorporati on o radi oact vity from

digenlosiliper. [TundatRYdightphasptimbrediusing the followingdormealang a

TCA precipitation assay. Cdc2/cyclin B kinase and

Hi stone Hl were obtaineq.fr conmes ci.al, sources. The
final assay sol uti H“PSS?E\%E&‘“%%’T@?& HC1, 10 nM

MA 2, 1 mMdithiothreitol, 50 M adenosine

t ri phydpieay & widthgnddrplengthgn mon af thettwyps uThess ivalaeg ¢anglso be

7.5 ) H stone HL, 6 U enzyne in a
gg .tg&ﬁ"d“n‘g%“%ﬁ%ﬁ%@)'we added at vari ous

concentrations between 1 nMand 10 M The reaction
was sEapdramentalttieatohent adicaiiserpandal eegrysyion (@R) oneanplete

roceed 20 m t 30 C. and stopped by the .
Ergeretion .@5 0_56“’}8"%1?}’@11%?58%‘”8 ItR BIRr §128 78 it °f lesgif pstarting
(e lh SEEPLOGLAE, hEh DIAREKR Hhoe SmeE i RS BUARY the couise of the
gydy, vehenehd iatGCR ncairs $hen tHEGis ymeastnabletimpomess for three
acid, an t reci,pitate was . captured on a.96-wel |
SistweRP . £irfar® pPhned'sf s PRI SRose el Sruf e g ang
ReGnsYRAt Wyt ihtd P06 doMipldtid dfahd expRasRht.c acid. The
filter was washed ten tines with 25% (wv)
trichl oroacetic acid, and the ampunt of incorporated

32P whas el BilliLhd in g calselption thabdsterminenthe pergentrgecef tumor
iR 2dOG11kd SRt [difon( Y rRh@sEt Ma & beRRGKAS Qquantitative

measure of efficacy:

Log Cell Kill (LCK) = (T-C) / (3.32)(Td)

where T = is the mean time required for the treatment group of mice to reach
1000 mg in size, C = the mean time for the control group tumors to reach 1000 mg in
size, Td = is the tumor doubling time estimated from the linear regression analysis from
a semi-log growth plot of the control group tumors during exponential growth and 3.32
= the number of doublings required for a population to increase 1-logl10 unit. Each
LCK unit represents 1-logl0 unit of cell killing (e.g, 1 LCK = 90% kill, 2 LCK = 99%
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20 Instruments). Relative activity was determ ned by

di viding the anount of radioactivity incorporated in

the presence of conmpound by the anount of

radi oactivity incorporated in a control experinent

cont ai ni ng DVMSO al one but no conmpound. The background

radi oactivity, determ ned in an experinent containing

EPI &), E&ffe%dngidf]ef aﬁﬁpcmlfnds lﬂ:olﬂms)gmﬁcama&cﬁub%m@ thegt hﬁve)]szK

a resu { efore cal cul ations concentration o

MWWF%H ttﬁuaﬂr?qﬂdgﬁ) was det er ni ned

by flttlng the data to the standard equation: P = mn

+ (MBFumofEdvth inkibktign (Téﬁ@s 4 cdléd13tfon thbtldestifs %éDamo&n of

- relative activity is refative inhibition, [I

wore gmwﬂatthaj s iwhibited oy dreatinentrmsithaampmronnd péelt ﬁned period of
gu rr(lin mumrelative inhibition (1 and 0, 30

E”@g'p G?F’\(Péﬁff 8%d s is the so-called Hill sl ope. - 99

Cdk2/ cyclin E, Cdk2/cyclin A, Cdk4/cyclin D1, and

Cdk6/ cyclin D2 activit wTEs- tE(eMCped using a

gl ut at hi one- sepharose capture assay. The enzynes were

expre j I

Subst Tare R g ARk SF o OmpEI R PRI BOBp o Aerienay,

dnds@dk the meas itwinessiz7ef thovégde contRd greup orothe samoday.

protein, 5 expressed in E coll. The assay solution

cont ned 5

Gty ORI apttal e stiRed rarat sANeN BT B mppiRd Hbagment and not by

1dvaRd] BEAROShBe A aéaupia@sﬁhaéred tokwpfdhmﬁlhul died évﬁxindﬁweek
(from corrpounds) pH 7.5, 40 g GST-Rbh, and enz

aiter loe final compowad tr@éwﬁ@tmdéhwr sq das Bet rmhie‘éiQOO mg. Non-
R A R S

st opped by the addltlon of 70 L of stop solution (237
MM di Sosdbtiregedskiph Hﬂbﬁnﬂﬂ acdonding éter faHowingtconvddionsM regression

adega edone tri I%Eg) Bh H 8 0) egré%%g%g é@%ec\ggﬁe stal%ng weight
ﬁafw amreér%sm?]rflﬁ d@ﬁﬂed z%%rﬁdl@e (ORpH FISRSHuRidr WRSght decreases

ered t hfou a glass fiber f After washi ng
bdlewmatasinable mg:o:sdunhg (e c’mpnnmmahpqﬁﬂds Fheure iHddfingd aga tumor-

al i ne cont 0.3 % Tween- 20, the anount 15
Fe aal e oh Mg atS B ned by Sci nti |l ation
counting after adding 100 L scintillant. Relative

R&suilty. Figuve6 stileisaresiiradhidyedifor sélieid chipoandsfthoivention in a
radi oactivit i ncor orat ed in the presence of

B bowenagyaft manog Bigureishonesithe rasylts olcasy p i xsgograft

tumor model achieved from compound A37. Figure 7 shows the results of a PC3
xenograft tumor model achieved from compound A37. Figure 8 shows the results of a

A2780 xenograft tumor model achieved from compound B16.

Assay 8: Measurement of affinities between target molecules and compounds

In order to confirm the suitability of a given chemical compound for the uses
proposed herein, it may be helpful to characterize the binding properties of such
compound to its known binding partners, if any. This, however, should not be

interpreted as limiting the scope of the invention.
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in a control experinment containing DMSO al one but no
conpound. The background radioactivity, determned in
an experinment containing 50 mM di sodi um 20

et hyl enedi am ne tetraacetate in place of conpound, was
subtracted fromall results before calculations. The
concentration of conpound for 50% i nhibition (1C50)

was The effifitned chymital dompguhdetodhéincdreesponding bindink)partners
Protei.n kinase, C and profein_Kkin A were assayed

way adstemeirfeﬁﬁmpéﬁ%wg aa%%“&ﬁgﬁ&’ﬂ a35p¥% 1an (RiagareAB,
Sppsid, 885 Ofef syRfesS;A il liftivENSihl 3B SN as, f

Cc ﬁst%azl[’nez 50 ng{ nﬂ%brélﬂjglgqi@%rh\/lll‘\l/ggﬁ{ll 1 R as, for
chianiyilg tthoseidevelppqutby7A Einity S dubard é0anbmdze, DI)hwipbateadily
10% (y/v) di | sul f oxi de (from conpounds), 20 g
ﬁl’é{%’x@‘%ﬁf’ée %ﬁylf‘jﬁj%ﬁgll adenosi ne tri phosphate, 0.2
U protein kinase Ain a 100 L assay. A protein kinase

C asERYrepRRbbIprofedidd, Tid indihp of olipeildd R Yo Myknown binding
di t hi ot hregi tol, 0.8 mM CaCl2, pHQ 7.5, 5 M adenosi ne

parinsrrdsBRatcaclink veas analyzedi Feg enalysin wespariormed gpp BIACORE

%I‘I pﬁos'ﬁ%%eré,goq&?gzl%mp?oi elﬁlrg &I %gggltéhl}ﬁr% a %ﬁfﬁ%ﬁﬁg'({}ﬁ 74)

bsaM NaOE 1aabaDT Tvund €. (0584 Tedeb0 (proterdgtadle, @altibchem). A 10

enzyne, owed tq_react for - 100 mn at 30 C,
%lﬁgpqm{ a CM5

'] 10
%%W?&f&%@p%a Rnyapcarpladi b RESS-B fo s Aexiansr
ool G e A Grb g9 PR cGup S O YO BOGBo chargotrise the
bindimgtof €osipoppe & to pacteine fobyxantde OPKL/EyclioEpapurificdprotein

e b OG5S o B SOEHISE Bl hERene
wWichWetRh -alla_ﬂ'l@d td ﬂ)&s@ bPer'thé &g@@sﬁgﬂcé @dhs&éd@ﬁély\%ﬁ B min each,

25% (W v) trichloroacetic acid, an the amount o
followed by Strath gf3zmlipg beiferat thesamedaverate. ¢ absociation syd

00 | .. M erosgi a cintillation ting. 1 .
dhelaiol st ICRR2e3RBT PP ox oBloube CRR Boinpdind Rigied chip
NRface Qa8 hivafifted Rya flow ratb af BOQL/HRG. ARG caeii@igetithent the chip was
Results fromthe above assays are presented in Table 5

reaencraipd by bvo campepiivayinipetions od P reuanidiniim fydeschloride (20 sec,
525gﬂr?ﬂngﬁ%fﬂw‘d{éol%ex%mﬁo&ﬂgvda@!o%ﬁ{ed.on were synt hesi zed and
pr epar or 1.v. ~a |

m ni stration in a bioconpatible
vehicle. CPT-11 (Canptosar(r), Pharnmacia) was

obt ai Theldas wiehearpharduasiay thecBioedhlugioarsdfiwase yarsmad ddBiacore
[ % dextrose-water (1)5W. .. Al preparations re
AP IS o i Sk oth npimalized i FRe o SR Mg dite g

bRkBRUMA obtained with a control surface. The association and dissociation rates were

determined separately or globally using a Langmuir 1:1 binding model. The affinities

(Kp) were calculated using the equation:
Kp= kdiss/ kass

The above procedure can be performed analogously with other target proteins,
for example Cdk9, Cdk4 etc. An inhibitor of Cdk9, for example, may be useful in the
treatment or prophylaxis of HIV and/or AIDS.
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5

10

15

15 weight (0.2 ml120 g nouse). M ce/ Husbandry. Fenal e
nu/ nu mce were obtained from Charles River, housed
in static mcroisolators, and provided ad libitumw th
water and an irradi ated standard rodent diet (Purina
Pi co-Lab Rodent Diet 20). Determ nation of maxinmm
tolerated dose (MID). Mce at 8 weeks of age were 20
pai r - Rigurd®eshowitas aglerumpleahe fesBltsobtaintd foaiek binding of
relimpary toxjicity studies re..perforne i th
ChkatsisiE do thesisirmazoua Brloaded ehib. Thiedke stloylatgd from these
gah bvoh@s 1080 9oNgeapt i ve days with test conpound and
wer e wel gﬁeo’ twice weekly. Mce were exan ned
frequently for clinical signs of any adverse

drug-rel ated effects. Acceptable toxicity for
anti-cancer drugs in mce is defined by the NCI as no

an ar,oup. Wwei ght, 25 | oss of over 20% and not nore
Jisin 93 ”V\ch” th in treated animals. Standard
Protocol . Athyni.c nude m ce le, or femal e, 6- .
reok o5 s 6T ue GG BrioufiForif ki FianSafiige in
HrpheRD blbod nbTidhudledrek11 9 (PBNUS) ddctadelith tHe-18€ péssaélé),@ﬁnical

tissue culture-derived cells into the flank. Aninmals

iselete HI - RQVOytogsngratsragneasrecad thewedtieagy afdhese campounds in

n-dai | j

Faluth Tyt LI 198 oF et RN Ao R RIIARE BE Rt of he
mul_‘@ﬁﬁicgihﬁm 6ﬁhb@|tmmuﬁtfs- 32t magle Er%sthIBM@b @idm twondunors
wei ght, the animals were pair-matched into ropriate
@ﬁrﬁgmﬁérwlawuw&mf@ﬁh PR BT 42 RoUTEN Wﬁsfglfsgwg ghen cultured
ANfle Pfe@éﬁc%ﬁb‘ﬁ' th 'i‘naﬁﬁ%& GO BRPER o AR iabdd dy b Sflto §€nic signal.
positive control was dosed according to hi'stori cdl
Thnving was abded et amutsipisityef mféctionlof 0l latBe calisiwbmdynltured for 7

i ght s rre taken tw ce weekl nd apj.mpl s .were
divs dpvdntectionbrihip e FvsTuatay of Eanyq VaR) plicehonyyas measured
BY HeQ6R] of ANERE trhRdcripiiée BRIVIR in NORPeinbiiBI and BeStoxicity was
reached 1000 ng to be i nmedi ately euthanized. "Tunors
measarvewisiy thedMB$ adsstye (Tiie mesudfs ofiduplisatgtdetemminations of e anti-HIV

ith hgital | | . . Wei.gh
e R e T g A T AR
(m) = (W2 x 1) /2 where w=width and 1= length in nm

of t halitref@dnces] peestsyaldyablicaibns ched haeinexPh@sbeihcorporated by
volunetric units (mMmB). Experinental treatnment may

wigrencedn theigntiretyr essi on (PR) or conpl ete
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15 regression (CR) of tunors. PR is where the tunor
size is 50%or less of the starting (day 1) size but
greater than 0.0 ng for three consecutive days during
the course of the study, whereas a CR occurs when
there is no neasurable tunor mass for three
consecutive days. Cures are defined as ani mal s whose
Tabtel. shrinks to O ng and remains that way until the
conpl etion of the experinment. 20 Log cell kill (LCK)

i s a Ratgeldfbinpouhdi@dncemistions 0eal ihPesper.cent age of
tunor cells that are killed after the initiation of

n—be used tive astre

—treatment—and-can

Gpn'éqmmwf Log Cel || ®{PI (L&R) =|@¥-o|P0(3. BHQ Td)|250
= is the neap ii qui fo he

%re nent group of mpge|to reac ngg QBP% S ?gi C gﬂd

the nean tinme for the| controlf group tunors to feach

1000 ng in size, Td F iis the tunof doubling t|nme

esti mat ed fron1the i pear regressi on ana ysis from 4

h

’\

£ + bao antr
= LILI IJI UL 1 CriC  vulitrnT U yl UUJ lUIIU
during exponential growmh and 3.32 = the nunber of
doubl i ngs required for a population to increase
1-10g10 unit. Each 30 LCK unit represents 1-10gl0 unit

of cell killing (e.g. 1 LCK = 90%Kkill, 2 LCK = 99% -
102 kill, etc.). W consider conpounds to be
significantly active when they have LCK val ues >1,
whi ch corresponds to >90% tunor cell kill. Tunor

gromh inhibition (TA@) is a calculation that

descri bes the amount of tunor growth that is
inhibited by treatnment with a conpound over a defined
period of 5 tinme. It is expressed as: WA =
100(1-T/C) where T is the nmean tunor size of a
compound treated group on a given day, and Cis the
mean tunor size of the vehicle control group on the
sanme day. 10 Toxic deaths are defined as deaths caused
by conpound treatnent and not by advanced di sease
state. A death is considered toxic if the animal dies
within 1 week after the final conpound treatnent and
the tunor size has not reached 1000 ng. Non- tunor

rel ated deaths after this point are recorded, but not
consi dered toxic deaths. Tunor regression is defined
according the followi ng conventions: a regression
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15 is defined as partia

decreases to <50% of the starting wei ght
regression is defined as conplete (CR)

bel ow nmeasur abl e wei ght during the
period. A cure is defined as a tunor-

at end of the observation period. Results.

wei ght decrease
experi nment al
free ani mal

S

(PR)

if the tunor weight

TFatgeiee 6 shows results achi eved for severa
of the invention in a 20 HCT116 xenograft tunor

nmodel Redulig foreceftainivontpouids dfabelnventidn fonthdBHU incorporation assay
achi eved from conpound A37.

xenqgraft tuno

r nodel

gssgribed aPo¥Biows the results of a PC3

nodel
results of a A
from conpound B
bet ween t ar get
confirmthe sui
for the uses p
characterize th
to its known bi
shoul d not be
the invention.
conpounds to th
be determ ned,
system (Bi acore
yi el ding a qual
exanpl e, those

(<50 np).
if the tunor

A

compounds

xenograft tunor

achi eved from conpound A37. Figure 8 shows the

(Canbri dge, UK)

skilled in the

bi ndi ng of Conp

CDK2/ cycl i nE waga

on a Bl ACORE 2

buf f er cont ai ni
1 mM DTT and O.

Cal bi ochem. A

2780 Xenpgrart tg@y nodel aghi eved
Idompdundssay 8: Mgagurenent of amties
nol ecul els aggl donpgiinds 4K ornder to
Fabi{TTy[ of a given chemgal jconpound
opQ§eo ererm [Tt may be nefipful to
lﬂduﬂll By YPEr tLES of %wgh conpound
veh—t 8! tIEID, i 1Ty~ 7S, hovvever,
e Ao b S0 |i<'f|v‘ﬂ <0 4co f
IIL\,IPI\, \,u .AQIII_ITLII!_.’LI \ peo
138 The U ini t9  of cHohigal
irforr spondi ng< 1 ndi nc‘”‘ aitners may
for @xanpl¥.0di nfP-4 Bl AFXRETM assay
ABH Upbsaila, |SE)<1 Qijhercisyst ens
itativel y €0.0% ||ar<¢.¢sdl t<0.5ugh as, for
devel oped by Afffinity |Sensor g
. WK | be keadi|l y<®1appasent |[to those
art..I'n b wgpr gserd at I{ve«ps ogedure, the
PUNGu R TP k§ KnNoyw4 bijndigyy |partners
'yZgd. Thg anal y3i s was|perforned
- 1Bi TSjoT—_gt— 242 rTrja running
92D i n%g‘xoo \pifiq_/_. ),k<115( nmM NaCl ,
p O 1 Yi T
1019 Mk 65 a1 cdpn@hd IR was

coupled at pH 8.0 to the dextrane surface of a CWvb
sensor-chip (research grade) via am de coupling

chem stry
Conpound Rto p
purified protei

r ot ei ns,
n

In order to characterize the

bi ndi ng of

for exanple CDK2/cyclinE, a

fraction was diluted in running

buffer to obtain nine distinct protein concentrations,
whi ch were then allowed to pass over the sensor
surface consecutively for 5 mn each
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15 followed by 5 mn of running buffer at the sane

flow rate. The association and dissociation of the

CDK2/ cycl i nE conpl ex onto the CMVb- Conpound R-1oaded

chip surface was neasured at a flowrate of 30 |/ mn.
After each experinent, the chip was regenerated by

two consecutive injections of 3 M
DakdeBdi ni um hydrochl oride (20 sec, 30 |/min) before

t he next sanple was | oaded. 20 The data were anal yzed

usi ngRédudts Bj:mmbmhip@un@scrfﬂmhﬁem&rrsfoo theFollowigae-otieo celluar

AB, . Uppsal a, The curves were nornmaliz ‘ﬁlg to the

GV EY BTN é?savlbed ghoye viabilifyand lonogenis SHmyavaé assars Wﬂé HCT-116

SRR iBMEARSHith MR IG SO &id ﬁ@&uﬂ%s%ggﬁlﬂw st the NCI
rates were determ ned separately or globally~ using a
¢edirmnel (FMead-Griapd MID-padiednd ITHE agdihstrintadesmy¢ikDysistanteell line)
cal cul ated using the equation: 25 KD= kdi ss/ kass The
above procedure can be perforned anal ogously vvith

ot hertargetproteins—for exanple—Cdko; f"* \_t\,
i nhi HEPBPOWNY] ci g 11545%9@!!&__}@% oful PP'\BLQ
treatyrent or | pragimey & RBrefein NOYINE/ o)Al MG-MID| ADR-res

f
Fi gurle_9 shoys as B’ﬂfﬁr Peh4Bb 720 |)| t 5 oM hediMh,

t he bi ndiang of <o¢DI<2/C<ycI iing 1<0.1t &tm Chb4 Comqmound <t
R- | oaged—ehip—Fhe+—DB—ecalett-pteg—Frpmtese—gata
anounts to 8,0 +- |2,8 nM| 5 Assay 9 #htji vir al

acti vVitTy _The [acliVi[ty of  [Ng fertain| conpounds|or 1 he
i nventi off wag &9dl Jat ea i1 <1p=ri bher al<8‘5I oo <°'q

nmononjucl ¢ek PBMCs) |Lpfected Wi he | oy
passage, %il i i (‘é}@ i sol at 6 {ﬂﬁ /- 1RAO1IA tdr']'umtgpnpr ate a
measure @ the<ghfijcacy ofl<p.hese|emnpepnds 4om |acukel
i nf ectet—ecetts—Frhe—tse—of—thesetnoral—hHuran—¢etHs

al | ows aff est|i riAtle |of <@ he |19 [ hef ghtutPd |i mdPelk | of <1

t hesecomnpounds _to [be nmadg. _Frfesh PBNVCS from I WO
donorls re|poBiled ard st <(§t1ed W :ﬁk’ rBF’ for <1
48-72 hoyys. Ti}§1cel | sqverieqt ngnicul tupgd gy the 549
presence of Wl -2 maintain thelcel division
initilat ed by the1m togani g<gigoal . [TRe.1vi r<s1 Was <1
adde at—a—rHp pl et t_y efi—nfeet+on—of—6G—3—Fhe—cetts
were jcul ured fot 7 days |post i pfecti<®d |prior to t he
eval uati ofeffigacy, Vi ra11 repri cat)'égn S asq|
15 byl the' | eyel Odf Irevdrsd trAnséri pt &S acth 9
t he supernnat dntgand cygjot axi clgyiwas| so4 | »10 =10

M <0.1 <1 <0.1 <0.1

<1 <1 >0.1

O <0.1 <1 <0.01 <0.1

P <0.01 <0.1 <0.1

Q <0.1 <1 <0.1 <0.1| <0.1 <0.1 <10
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measured with the MIS assay. The results of duplicate
determ nations of the anti-HV efficacy and
cytotoxicity of these compounds are presented in Table
7. Al references, patents, and publications cited
herein are hereby incorporated by reference in their
entirety. - 105 Table 1. Range of conpound
Tahicéntrations used in Assay 1. Concentration of 0 5
10 25 50 100 250 Compound nM nM nM nM nM nM - 106
Tabl eR&sultRésdettainfoompoandsaefithe mvpmicCHO ad i) for the arrested
[ ventic%g f.ordd%he BrdU i ncorporation assay described
calssay deseribe Adund uM 24h 48h 72h A <0.1 B C <0.1
<0.1 <1 D<0.1<0.1<0.1 E<0.01<0.1<0.1 F<0.1

<1 G <0.01 <0.1 <0 T H <[Arrdstedcellassby|01 <0.1 <0.1
J K<0.1 <0.1 <0.1 |Cémpéuntl| <O0. 1 s@)1 M[<0.1 <0.1 <0.1

IMR90 HCT

A

B

c >1.0 <0.01

D >1.0 <(.01

E >0.1 <0.1

F >1.0 <0.1

G >0.1 <0.1

H >1.0 <0.1

| >1.0 <0.1

J

K >1.0 <0.01

L

M >1.0 <0.1

N

8] >0.1 <0.1

P

Q >0.1 <0.1

- 109 -



NO<0.1<1<1 PQ<0.1<0.1<0.1 5- 107 Table 3.
Results for certain conpounds of the invention for the
following in-vitro celluar activity assays descri bed
above: viability and cl onogenic survival assays with
HCT- 116 cells, viability assays with 1 MROO cells, and
two neasures of activity against the NCI 5 cell panel
Tdedn- G aph M D-point and |1 C50 agai nst an adri anmycin
resistant cell line) Conmpound HCT-116 IC50 (pM | MR9O
NCl  pResilts Yorederthint donipoahdd of the orveqsori GCH adfiMYIfer biochemical
ADR-res adj usted 24h 48h 72h (M (M A <0.1 <1 <1
ighibjtiorpassayspleseribgd pbave. B <1 <1 C <0.1 <1 <1 <0.1 <0.1
<0.1 D <0.01 <0.1 <0.01 E<0.1 <1 <0.1<0.1<0.1<0.1
<1 F<01<01<1<01<01<01<1 G<01<1<01

4 1

<01-<0 l'ﬁyli ok '\g AI l&?tﬂ\\ dapey- L <0 17>10
nioury A pcadlol Lt o5ty Sy 1 wosO) Loge 1o
<O. A <O T J4<T <% 01 O 0. k4<I[<0.p1 0.1

B <0.01 <0.1 <10 <0.1

c <0.1 <0.1 <1 <1 >10 >10 >10

D <0.1 <0.1 <1 <1

E <0.01 <0.01 <0.01 <0.1 <0.01 <10 <10 <10

F <0.1 <0.1 <0.01 <0.1 <0.01

G <0.1 <0.1 <0.01 <0.1 =10 >10

H <0.1 <0.1 <0.1 <0.1

[ <0.1 <04 | <0.01 | <0.

J <0.1

K <0.1

L <0.1 <0.1 <0.1

M <0.1

N <0.1 <0.01

o) <0.1

P <0.1

Q <0.01 <0.1 <0.01 <0.1 <0.1
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P <0.01 <0.1 <0.1 Q<0.1<1<0.1<0.1<0.1<0.1c<10 -
108 Table 4. Results for certain conpounds of the
invention (1C50 as nM for the arrested cell assay
descri bed above. Arrested cell assay Conpound (nM
IMRRO HCT A B C>1.0<0.01 D >1.0<0.01 E >0.1
<0.1 F >1.0<0.1 G>0.1<0.1 H>1.0<0.1 1| >1.0
<0.1 JK=>2.0<0.01 LM>2.0<0.1 NO>0.1¢<0.1 P
Q>0.1<0.1 5 - 109 Table 5.

Table 6.

Results for additional compounds in the biochemical inhibition and HCT-116

viability assays (non-protein adjusted) described above,

IC50 (1M)
Compound cyein  CIAL - Cue2l Mo
A1l <0.01 <1 <0.1 <0.1
A2 <0.01 <10 <1 <0.1
A3 <0.1 <0.1 <0.1 <0.1
Ad <0.01 <0.1 <0.1 <0.1
A5 <0.1 <10 <1 <0.1
AB <0.01 <0.1 <0.01 <0.1
A7 <0.1 <0.1 <0.1 <0.1
A8 <0.1 <0.1 <0.1 <0.1
A9 <0.1 <0.1 <0.01 <0.1
A10 <0.1 <1 <0.01 <0.1
A11 <0.1 <0.1 <0.1 <0.1
Al12 <0.1 <0.1 <0.1 <0.1
A13 <0.1 <0.1 <0.1 <0.01
Al4 <0.1 <0.1 <0.1 <0.1
A15 <0.1 <0.1 <0.01 <0.1
A16 <0.1 <1 <0.1 <0.1
A17 <0.1 <0.1 <0.01 <0.1
A18 <0.1 <0.1 <0.1 <0.1
A19 <0.1 <1 <0.1 <0.1
A20 <0.01 <0.1 <0.01 <0.1
A21 <0.01 <1 <0.1 <0.1
A22 <0.01 <0.1 <0.1 <0.1
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Results for certain conmpounds of the invention (1C50
as M for biochemcal inhibition assays descri bed
above. Cdk2/ Cdk2/ Cdk4/ Cdc2/ Cdk61 Conpound Cyclin E
Cyclin A Cyclin D Cyclin B Cyclin PKA PKC c-Abl D2 A
<0.1 <0.1 <1 <1 <1 B<0.01 <0.1 <10 <0.1 C<0.1 <0.1
<1 <1 >10 >10 >10 D <0.1 <0.1 <1 <1 E <0.01 <0.01

<0.01 <0.41 <0.01 <10 <10 <10 Hcs®EM)<0.1 <0.01 <O. 1
<0.01 G 40.1 <0.1 <odkzt¥ <0 10 >Lg <O pbrs <0.1
<0.1 1 < Commuad <Oeylin<0_ i éﬁgo 1‘,1,abﬁ <0. 1
<0.1 M40 1 N<01 &0 <01 Q<0 0.1
<0.01 <01 <fp3l 4 %464 Tabl:(e16 Resgi{ t s for<o,1
addi t i ongt—eoenpouhds—rA—the—btochem—ecal—nhi-bitioen and
HCT- 116 {viabd ity &a88ays (rfbh- prot€i adj usP8d)
descri bedq—above. % TC50 (WM CodkzZ|7 Cdk4d| Cdt 21
HCT- 776 A25 <0.1 <0.1 <0.1 <0.01

A26 <0.1 <0.1 <0.1 <0.01

A27 <0.1 <0.1 <0.01 <0.1

A28 <0.1 <1 <0.1 <0.1

A29 <0.01 <0.1 <0.1 <0.1

A30 <0.1 <1 <1 <0.1

A31 <0.1 <0.1 <0.1 <0.1

A32 <0.1 <0.1 <1 <0.1

A33 <0.1 <0.1 <0.1 <0.1

A34 <0.01 <0.1 <0.1 <0.1

A35 <0.1 <0.1 <0.01 <0.1

A36 <0.1 <0.1 <0.1 <0.01

A7 <0.1 <0.1 <0.1 <0.1

A38 <0.1 <1 <1 <0.1

A39 <0.1 <1 <1 <0.1

A40 <0.1 <0.1 <0.1 <0.1

Ad1 <0.1 <(0.1 <1 <0.1

Ad42 <0.1 <1 <1 <0.1

A43 <0.1 <1 <1 <0.1

Ad4 <0.1 <0.1 <0.01 <0.1

Ad5 <0.1 <0.1 <0.01 <0.01

A4S <0.1 <1 <0.01 <0.1

Ad47 <0.1 <0.1 <0.01

A48 <0.1 <1 <0.1

A49 <0.1 <0.1 <0.1

A50 <0.1 <1 <0.1
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Compound cyclin cyclin D7 cyclin B viability E Al
<0.01 <1 <0.1 <0.1 A2 <0.01 <10 <1 <0.1 A3 <0.1 <0.1
<0.1 <0.1 A4 <0.01 <0.1 <0.1 <0.1 A5 <0.1 <10 <1
<0.1 A6 <0.01 <0.1 <0.01 <0.1 A7 <0.1 <0.1 <0.1 <0.1
A8 <0.1 <0.1 <0.1 <0.1 A9 <0.1 <0.1 <0.01 <0.1 A0

<0.1 <1 <0.01 <0.1 Al <0.1 <0.1 <0.1 <0.1 Al2 <0.1
<0.1 <0.1<0.1 A13 <0.1 <0.1 <40sd(um). 01 Al4 <O.1
<0.1 <0.1 <0.1 A1CdK2/1 < FO. 0&4sh; .ﬁ <1
<0.1 <0. ] Comwpurd. lcyelinl ¢ & cihn“éb ﬂ%
<0.1 <O0. Al9 <0 1 & <0 200120 0.01
<0.1 A21 <0a%1 <]l <& 0.1 A22 <0.01 0. 1«00.1 [<0.1
-111 | C50—(-M)—Cek—+—ECdk#——ECede 2r+—HEF—H6—Eerpotnd
cyclin cycli®2Dl ¢yc¥0iln B vidbil ity <1E <01

A53 <1 <10 <1 <0.01

Ab4 <0.01 < <0.01 <0.1

ABS <0.1 <10 <0.1 <0.1

A58 <0.1 <1 <0.1 <0.1

AB7 <0.01 <0.1 <0.01 <0.1

A58 <0.01 <10 <10 <0.1

A59 <0.1 <1 <0.1 <0.1

ABO <0.1 <10 <1 <0.1

AB1 <0.1 <1 <0.1 <0.1

Ag2 <0.1 <10 <0.1 <0.1

AB3 <0.1 <1 <0.1 <0.1

AG4 <0.1 <1 <0.1 <0.1

AGH <0.1 <0.1 <0.01 <0.1

A6 <0.1 <10 <0.1 <0.1

AB7 <0.01 <0.1 <0.1

AG8 <0.01 <0.1 <01 <1

AT74 <0.1 <0.1 >0.26

AT6 <0.1 <01 <0.1 <0.1

ATT <0.1

AT8 <0.01

AT9 <0.1

A80 <0.1

A81 <0.1

AB2 <0.1 <0.1

B1 <0.01 <1

B2 <0.1 <0.01 <0.1

-113 -



A23 <0.01 <0.1 <0.1 <0.1 A24 <0.01 <0.1 <0.01 <0.01
A25 <0.1 <0.1 <0.1 <0.01 A26 <0.1 <0.1 <0.1 <0.01
A27 <0.1 <0.1 <0.01 <0.1 A28 <0.1 <1 <0.1 <0.1 A29
<0.01 <0.1 <0.1 <0.1 A30 <0.1 <1 <1 <0.1 A31 <0.1
<0.1 <0.1 <0.1 A32 <0.1 <0.1 <1 <0.1 A33 <0.1 <0.1
<0.1 <0.1 A34 <0.01 <0.1 <0.1 <0.1 A35 <0.1<0.1

A49

<0.01 <0./]1 A36 <0.1 <0.1 <0.11e60QM) A37 <0.1 <0.2
A0 <0. 1| Compound 1 eysiin  pgdoh, 1 Skt S5
<0.1 <1 91..<0.1__AM3E0. 121 <1 <0°1 _.Ad4 <0 1 <01
<0.01 <0.]1 A45 <0. 100. 1 <0.01 0.1 A6 <t 1 <
<0. 01 <0.H—A4F——<—1—<61—<601+1A48—<0H—<1—<06—%
<0.1 <0.1 <0B% A%0<@d 1|<1 <0.1] - 112 <0.1

BS <0.1 <0.1

B6 <0.1 <0.1

BY <0.1 <1

B8 <0.1 <0.1

B9 <0.1 <0.1

B10 <0.1 <0.1

B11 <0.1 <1

B12 <0.1 <0.1

B13 <0.1 <0.01

B14 <0.01

B15 <0.01

B16 <0.01 <0.1 <0.01

B17 <0.01

C1 <0.1

C3 <0.1 <0.1

C4 <0.01 <0.1

Cb <0.25
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IC50 (M Cdk2l Cdk4l1l Cdc2/ HCT-116 Conpound cyclin

cyclin D1 cyclin Bviability E A51 <0.1 <0.1 A52

<0.1 <1 <1 <0.1 A53 <1 <10 <1 <0.01 AM<0.01 <1

<0.01 <0.1 A55 <0.1 <10 <0.1 <0.1 A56 <0.1 <1 <0.1

<0.1 A57 <0.01 <0.1 <0.01 <0.1 A58 <0.01 <10 <10

<0.1 A59 <0.1 <1 <0.1 <0.1 A60 <0.1 <10 <1 <0.1 Ae1

Fibld7<1 <0.1 <0.1 A62 <0.1 <10 <0.1 <0.1 A63 <0.1 <1

<0.1 <0.1 A64 <0.1 <1 <0.1 <0.1 A65 <0.1 <0.1 <0.01

<0. 1 R&sGls £df.ahtivitdl acfivity &0 cértaif@dmpOurtls of thelinvéntibn. HES®: 50%
<]l A74 <0.1 <0.1 >0.25  A76 <0.1 <0.1

i;gibm <0, 1 <O. JI .
bitiagpfyirug seplication megsyredpyypversey ansgriptaseasyels i the
MPdmafind TC50: 50% cytoxicity (MTS); TL: TC50/IC50.

Compound IC50 (uM) TC50 (uM) TI
A32 <0.01 <0.1 >10
AB1 <0.01 <0.1 >10
AB4 <0.01 <0.1 >10
C3 <0.01 <0.1 >1()
C4 <0.1 <0.1 >1

AZT <0.01 >1,0 >100




AB2 <0.1 <0.1 B1 <0.01 <1 B2 <0.1 <0.01 <0.1 - 113
I G50 (M Cdk21 Cdk4/ Cdc2/ HCT-116 Conpound cyclin

cyclin D cyclin B
<0.1 <0.1 B5 <0.1
<0.1 <0.1 B9 <0.1
Bl12 <0.1 <0.1 813
Bakle 20. 01 <0. 01 <O.

viability E B3 <0.1 <0.01 <0.1 B4
<0.1 B6 <0.1 <0.1 B7 <0.1 <1 B8
<0.1 B10 <0.1 <0.1 B1l1l <0.1 <1
<0.1 <0.01 B14 <0.01 B15 <0.01

01 817 <0.01 d <0.1 C3 <0.1

<0.1 4 <0.01 <0.1 C5 <0.25 - 114 Table 7.
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Results for antiviral activity for certain conmpounds
of the invention. 1C50: 50% inhibition of virus
replication nmeasured by reverse transcriptase | evels
in the supematant; TC50: 50%cytoxicity (MIS); TI:
TC50/ 1 C50. Conpound 1C50 (M TC50 (M TI A32 <0.01
<0.1 >10 A61 <0.01 <0.1 >10 AM<0.01 <0.1 >10 C3
<0. 01 <Corhpoddfi| C4 <0.1 <0.1 >Strugkdre <0.01 >1.0 >10(¢
5 - 113 Table A Conpound Structure CHCCH [1)i~0Q ~
Il HNI \NANNa OHa Na HSCCH O4 -ONa, P~ H\ I
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NC G/ 1 OHOtHHI3C., CH3 ODCHNOC d /
Cl HCCH ~N~al HNI \NA CNa 7C-al aH ON a
- 116 Conmpound Structure HBC CHI A2 O~NC GH q /
1 HNCCH3 HOoc M \/\NNC C 41 HCH3 A5 Q/
I~N HC HN \ N
Compound Structure
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Cl CHCOd / 1 H QH A0 rN6601 NI NNcl a/
-Cl Il HBCCH3 /~0\Nqg A32/ N | HNHOANJ a -b
- 117 Conpound Structure H, C CHs .p SHN\ A38 CIH
f\CZNNcl NG/ 1UC OHCCH OO/ ~ H\M (
~N ~ N A39
Compound Structure
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CHCNDCOHO / 1 NCO HCCH3 Hs HNGC-~N CIH HsC
CHs M2 HHNCIHNNNC HCC / C HCH NHN\
aN OHAM3 N-~ry NCI HCOC / C 11,0 HCHs A48 v
v NOHA od , A - 118 Conmpound Structure H HyC
H WhJ) ~COH\ HW ~N
Compound Structure
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AS0O NC ~H CdHC / 1 HOcH r N~~—~Cg ~ 1 HW ~N
A52 JNO C / 1 CHN% \ NN~NA53 all CIN Ce _~
GCND OHsC CH3 A54 OtiOl HNNI NG dHCOC OH

0%$0 CHNR HCCFlI., ON OHNI ~NNC A55 CIH
cl r OH OCH- HO - 119 Conpound Structure H3C
~~3CrCli3 ~=N _HN
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A58 SS~N NN C C / H CH A59 HO-~-C\ H\\ ~N N N C
Cl/ 1 PHCH 0 A0CH SHWNI NNC c Id (y. H2N
Cl COHCCH HO-—~O/ Il ' I'I ,NABIN~I C 4 C
RHCCH FIRO~0"NC~HN\ A62 NNNa clI d- 120
Compound Structure HOH HNC QH C-CH3 \ |
M ~~JI\\/\N

Compound Structure
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A3 CHN/ G d /

HO Fly CHa C HN H C A64 HsC \ N

cl aa Hc,~0FI'CCH3 A66 ¢c \\ NNNC ca /  CH3
OFi3CCH3 O~ HN\NA67 I ~N1I NC cl -~ ~ C3 &GN
"~,NNNC Ca d / 1 - 121 Conpound Structure cl
NC ol a, 1
Table B
Compound Structure
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Cl -

122 Table B Conmpound Structure ANH O "N 1

E I

Il clH NNHCHCH OCMCM ~/" NANHH\ ON F NNH
SOH 0/ ' NO " GCOH~ " CH COH ~NNINH/ O~~H
CCHHCOHOH i NNH CIH C'N "NHOrOH~~JJ CIH ~
1 GdH N-NH
Compound Structure
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CIH - 123 Conpound Structure CNJP~ QH J N’
O-p,OC" (J HO1 N NH Hy GC N NIN(C

NHO/ 1

~\' N0 KCM~ aH

NNHCHCH CHHGCi(\ L CCHNC NNHCH CH

ISC, N RMO" / NclHI. off NNHCHCHCH
rrrr------- ~,, nNNJ f NHOMQHO CIHI ~ ry-NH
Compound Structure
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- 124 Conpound Structure CTH NJ~ H3CI\N, NHQ CH
OO CH~NNH QNOC~1/~) ~N~O [/ pJ\NV P
GH~1 CH CCHHaC~-Ni JQ-o/ CIH'NHO-./~-N'D Q
CIH4-NH Q xOIl v NN "NH/ O-~N~ A3 cw N NH ~p

N~NCIHR ~N N A7 CCHHp" 0 NNH~ CH- 125 Conpound
Structure CIH "

Compound Structure
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AB CTHM/ CH NNHC CH H3Cy 1IN, A~~ NNNHCH
"-NH CHa CCR1 ~N. hNH CHO Al10 CIH

A9 CH H ~\\JN_CH-

1CH NNH CH?MAHPHO. N IINH~ N Al CHCCk
NHC H-C-N‘pl CCHCIH ~-NNH ' A12 H\ ~ ~I NN
F - 126 Conpound Structure ~p N* fp~ " "NH p p~~N |
Al3 gH N NoS OHgH NN ~p N " ~N NJ40-~
Compound Structure
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v .ON' "NHp pJ\(~ A4 NI FNN HCN I /1 ~OH
AI5 NHNHO1 CHNH CIHA16 aHL H H NN NF aH H
CCHHCW~ N, - Al? CTHg NNNH - 127 Conpound
Structure CH H, Cryl~JQ- G N4H AIB NN'"NN o N~ H i
MCIN~~CHCIH \ ' a NNH Nt .~NlI.Nl O-.I~-N1I11Y CH
HNHO / 1 C
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Al9 OH" CHANGN N A-1 ™ JQ- ryl

'NHO O/SIN M~
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-GN

~ O/ \ ANNCIH OGN -
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HIib A24 CH CIH N-NH v N~-~NH p A25 occro qH N_NH
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o~ 10l 11 ~cH, A65 c 1 | N.NH A68 N (jam ~~ H ..N
"~ AN ,,,,yyy\\\11TH - 133 Conpound Structure p p H
A69 lu H t N'~ N NHZ A70 Atl1 NH ~xCHsCNy \N
A71 0~ ~n N'NH,CH3 f'~-N a-,,,j GNP A72 N,~J~ a D
&T2
Compound Structure
H
/\l '1
AB9 T\/N\Ej\ o o "
9
- "
"
9 '
ATO i/"‘wﬁ-j\m o o\Ju.ol
Al
HH
A71
AT2
AT73

-134 -




NNNM NH dla
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~\V V10X NNB2OCNN "NO/ N v OX\ 11 / aX
~NUNNXN O/ CL ~~ NON- 140 Conpound Structure
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NON - 141 Table C Conmpound Structure 6 + 01 0 w
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N NNpo O3 NNNnw-~"" p~y 04 HNH, O
- 142 Conpound Structure p'"~ o0 +~. (6
Tabl e D Gt her conmpounds of the invention

result fromselecting appropriate features fromthe
tabl e of possible features below For exanple,
ound A77 results fromthe follow ng selections:

conp

noneCompphuod

i no-aryl - OCH2( CO) - (Btnetwei ne- CH3. 5

Left
Ri gh
f eat
pi pe

-hand Left-hand Aryl or R ng substituent N togen
t - hand subst tuent substituent ring hgteroaryl

ure CH3

razi ne t
Cc2

ol i aryl OCH2 NHM al lg Nsopr opyl
hlggeﬂé gﬁh&(cg» N . Mﬂf\

C5
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CH3CH2Q( CO) CH2 S02 nor phol i no al cohol none
OCH2( CO) OOH2 pi perazi ne substitued am ne piperidine
acid pyrazole ester pyrrolodine CH2CH2OCH3 CH2CH2OH
CH2NH2 CH2NHCH2CH2CH3 CH2NHCH3  CH2NHCHCH3CH3  CH3

CHCH3CH3 COOCH2CH3 none - 144 Clainms: 1. A
conpound, a prodrug, or isoneric, tautoneric,
phbler@iceutical |y acceptable salt, N-oxide, or

stereoi soneric formthereof, having a structure of
Formula (V\): O O5 Ra ~0OQ~HNHOCj:JIIjTh/SII5

N~NH - wWitehiond?

represents a SStAgtdrbut ed or

unsubstituted h
substituted or
heteroaryl ring
ni trogen-cont ai
claim1l, waérei
unsubsti t ut ed

eterocycle; and 10 Q represents a
unsubsti t ut eg:
, tertiary %
ni ng het er ogl

7 Fosbund  of
T a-Swist it uted or
.1 perazinyl .ring.

G2
P
o 0 9 {M: W

G3 W ""\'::) “rrsﬁim.

o E; N

)
G4
G5
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3. A conpound of claim1l1 or claim2, wherein Q
represents substituted or 15 unsubstituted:

pi perazi ne, norpholine, piperidine, pyridine, pyrrole,
oxazol e, isoxazole, imdazole, or pyrazole. 4. A
conmpound of claim1l, selected fromthe group of A34,

A36, A37._ A44,

A46,

and A76 to A81. 5. A conpound of

any oneCompouadis 1 to 3, havi rStrichgestructure O- OO
~HINH O/ OO NN I~ ~ NON 20 Hor a
pharmaceutically acceptable salt thereof. - 145 6. A

conpound of any
substituents ar
occur renceGb6al k
hydr oxy- al koxy,
NR'R' (wherein

occurrence, H o

one of chaime 1 to 3, wherein
e sel ect etM40m 4 ndepandently for ea
yl, oxo, hydFPexyK B&lkoxy,

car bonyl , ~egnyl , ester, am de,
R' represents, ‘independently for each
r | ower alkyl), alkyl halide, acyl

am no, Or supstituted or

unsubstituted 5 aryl,

het eroaryl, heterocyclyl, cycloal kyl, or

ol i go(et hyl ene glycol). 7. A pharmaceutica
conmposition conprising a pharnmaceutically acceptable
exi pient and a conpound of any one of clains 1 to 6.
8. Use of a conpound according to any one of clains 1
to 6 in the manufacture of a nedicanent for treating
a hyperproliferative disorder. 10 9. Use of a compound
according to any one of clainms 1 to 6 in the
manufacture of a nedicanment for inhibiting
proliferation of a cell. 10. Use of a conpound
according to any one of claims 1 to 6 in the
manufacture of a nedicanment for treating a vira
infection. 11. The use of claim 10, wherein the vira
infection is caused by a human 15 i nmunodefi ci ency
virus (H V).
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12. Use of a conmpound according to any one of clainms 1
to 6 in the manufacture of a nedicanent for treating
or preventing al opecia induced by chenot herapy or

radi ati on therapy. - 146

Table D

Other compounds of the invention result from selecting appropriate features
from the table of possible features below. For example, compound A77 results from the

following selections: none-morpholino-aryl-OCH,(CO)-piperazine-CH;.

Left-hand 'r'i:f; hand oo ryi Ring substituent foogen  Right-hand substituent
CH3 morphalino aryl OCH2 NHM alkyl
isopropyl piperazine thiopene  OCH2(CO) NMM alkoxy
CH3CH20(CO)CH2 502 morpholino  alcohol
none QCH2(CO)YOCH2 piperazine substitued amine
piperidine acid
pyrazole ester
pyrrolodine  CHCH,OCH;
CH.CHOH
CHzNH;
CH;NHCH,CH,CH;
CHzNHCH;
CH;NHCHCH3CH,3
CH,
CHCH3CH,
COOCHCH;
none
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Claims:

1. A compound, a prodrug, or isomeric, tautomeric, pharmaceutically acceptable salt,

N-oxide, or stereoisomeric form thereof, having a structure of Formula (V):

O
O
5 Rs _ J\ 0)\ Q

\Y
N,NH

V)

wherein
Ry represents a substituted or unsubstituted heterocycle; and
10 Q represents a substituted or unsubstituted: nitrogen-containing heteroaryl ring, tertiary

amino substituent, or nitrogen-containing heterocycle.

2. A compound of claim 1, wherein Rg represents a substituted or unsubstituted

morpholino or piperazinyl ring.

3. A compound of claim 1 or claim 2, wherein Q represents substituted or
15 unsubstituted: piperazine, morpholine, piperidine, pyridine, pyrrole, oxazole, isoxazole,

imidazole, or pyrazole,

4, A compound of claim 1, selected from the group of A34, A36, A37, Ad4, A46, and
A76 to A8,

5. A compound of any one of claims 1 to 3, having the structure
o/ﬁ 0
l\/N ~ J'L
H NH o

N—N
N

°\)°LN©N—<

20

or a pharmaceutically acceptable salt thereof.

- 145 -




10

15

6. A compound of any one of claims 1 to 3, wherein substituents are selected from
independently for each occurrence, alkyl, oxo, hydroxyl, alkoxy, hydroxy-alkoxy,
carbonyl, sulfonyl, ester, amide, NR”’R” (wherein R” represents, independently for each
occurrence, H or lower alkyl), alkyl halide, acyl amino, or substituted or unsubstituted

aryl, heteroaryl, heterocyclyl, cycloalkyl, or oligo(ethylene glycol).

7. A pharmaceutical composition comprising a pharmaceutically acceptable exipient

and a compound of any one of claims 1 to 6.

8. Use of a compound according to any one of claims 1 to 6 in the manufacture of a

medicament for treating a hyperproliferative disorder.

9. Use of a compound according to any one of claims 1 to 6 in the manufacture of a

medicament for inhibiting proliferation of a cell.

10.  Use of a compound according to any one of claims 1 to 6 in the manufacture of a

medicament for treating a viral infection.

11.  The use of claim 10, wherein the viral infection is caused by a human

immunodeficiency virus (HIV).

12, Use of a compound according to any one of claims 1 to 6 in the manufacture of a

medicament for treating or preventing alopecia induced by chemotherapy or radiation

therapy.
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