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5 This invention relates generally to conpounds usef ul
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i nportant and fundanental processes in biology is the
di vision of cells nediated by the cell cycle. This
process ensures the controlled production of
subgequerfEDPIEF AHPINVENTION s wi t h defi ned

bi ol ogi cal function. It is a highly regul ated
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t he tunnr-suppressing products will lead to

unregul ated cellular proliferation and. the

generation of tunors (Pardee, Science 246:603-608,
10L98H) BAGKGROUNDOH ENVEINHSEEY play a key role in

regul ating the cell cycle machinery. Those compl exes
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regul atory subunits (cyclins A-Il, K, N, and.
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coordi nated acti vi of t.hesge e
20  kinases play a key role 1;111 regulating the ceh cygle ?na%ﬁmgl%rs These complexes

consist of two components: a catalytic subunit (the kinase) and a regulatory subunit
(the cyclin). To date, nine kinase subunits (cyclin-dependent kinase 1-9) have been
identified along with several regulatory subunits (cyclins A-H, K, N, and T). Each
kinase associates with a specific regulatory partner and together make up the active
25  catalytic moiety. Each transition of the cell cycle is regulated by a particular cyclin-
dependent kinase complex: G1/S by cyclin-dependent kinase2/cyclin E, cyclin-
dependent kinase4/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

30 the individual cells through the replication process and ensures the vitality of each



30 the individual cells through the replication

process and ensures the vitality of each subsequent

generation (Sheri, Cell 73:1059-1065, 1993; Draetta,

Trends Biochem Sci. 15:378-382, 1990). An increasing

body of evidence has shown a |ink between tunor

devel opnent and cyclin-dependent ki nase rel at ed

mal f uncti ons. Overexpression of 5 the cycli

r egibsaqienygqmention (Shamn el TBsOqAdR65 KiF9as Faetta, Trends Biochem.
eractjvit e been linked to several types of
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90: 9026- 9030, 1993; V\Ang, Nat ure 343:555-557, 1990).
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1. SUMMARY OF THE INVENTION

The present invention describes compounds that are potent inhibitors of the
class of enzymes known as cyclin-dependent kinases. The present invention
provides methods of treating cancer, or other proliferative or other diseases by

25  administering a therapeutically effective amount of at least one of the compounds 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

30 compounds of the invention and another anti-cancer or anti-proliferative agent.
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acceptable salt, N-oxide or stereoisoineric form
thereof. The present invention further provides

net hods of treating cancer, or other proliferative or
ot her diseases by adm nistering a therapeutically
effective cos :bination of at |east one of the 30

conpoundsy &drtat@nbdtiMBhts Qe pReerd iBich8én prdvvides RBMPOuRLS,
anti-proliferative agent. 1 In certain enbodi ments,

t he igsd

i sonp

accep

%

whinghisomene frqdsng, frwioingre pbampesewtinally aceaptabde suf, N-oxide,

s BogR Wohos L i oIRGB iRl e

t hereof, having the structure of Formula I: 5 0 alt
tti NHO H wherein R represents a substituted or
unsubstituted heterocycle, or substituted or 10

nsubsti tut ed norpholino, substituted or unsubstituted
i perazinyl, or substituted or unsubstituted

cycl ohexyl; F represents (CFl2),,, where n is an
I nteger between 1 and 6.gln certain enbodinments nis

I; Qrepresents a substiffuted or unsubstituted
secondary am no substitugnt, 15 substituted or
unsubstituted tertiar NQO substituent, or

substituted or Reumsufisti t ut &
heterocycle. In certain enb
enbodi nents, Qin Formula I
am no [
enbodi nents Q in Formnul a
substituted or unsubstit
het er ocycl e such as nor ph
pi perazine, or pyrrolidine.
represents a

d nitrogsn-cont ai ni
diments/np is 1. |

substituent, e.g.

Q

wherein

Rg represents a substituted or unsubstituted heterocycle, or substituted or

unsubstituted morpholino, substituted or unsubstituted piperazinyl, or substituted or

unsubstituted cyclohexyl;

F represents (CH3),, where n is an integer between 1 and 6. In certain

embodiments nis 1;

Q represents a substituted or unsubstituted secondary amino substituent,

substituted or unsubstituted tertiary amino substituent, or substituted or

unsubstituted nitrogen-containing heterocycle.

In certain embodiments nis 1.

In certain embodiments, Q in Formula I represents a tertiary amino

substituent, e.g., dialkyl amine. In certain embodiments Q in Formula I represents a

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 am no
substituent, or a substituted or wunsnbstituted
nitrogen-containing heterocycle. In certain

enbodi nents, Its represents: N~ 5n where Zis 0 or
NR'; and R' represents Id or lower alkyl. 10 Ineertain

enbodl ment s, conpounds .having a structur

exc | HegenABaHIngRICEOEY! TiNge2 FHHAHHPRG Sl%)bé ﬁtﬁ%{ﬁtﬁ gl% m}’é%%lded .
f\ a&aﬁﬂ%ﬂé&]ﬂ cle. 20 t cr.? A5l N

a . .@f%sggltedméogéﬂ-.c 82 In certain P
enbodi ment s, corrpounds oERsFonnuI a | include one or

more of tIhée FEHERE N the tabl es. For
exanpl e, the conpounds may i nclude one or nore of
conmpounds Bl to B20 and C2. As noted, in certain

enbodi nents, suitable substituents may i ncl ude,

i ndepende y~kor each occurrence, alkyl, oxo, acyl
am no, hydroxyl ,| carbonyl,

N
5 ™~

where Z is O or NR”’; and

R’ represents H or lower alkyl.

10 In certain embodiments, compounds having a structure of Formula I exclude

one or more of the following compounds:
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srilfonyl, ester, amde, Nit", hydroxy al kyl, alkoxy
al kyl, aryl, heterocyclyl, 10 cycl oal kyl, or

ol i go(ethylene glycol). in certain enbodi nments, where
Q represents a secondary am no substituent, suitable
substit, aents include al kyl, al koxyal kyl,
hydr oxyl al | >y, and hydroxyal koxyal | c-y1l. Those skill ed
inthe art will readily recognize that the |ist of
enuner at ed substitneazts is not exhaustive, and many
ot her suitable substituents may be used. 15 In certain
enbodi nents, the invention contenplates a conpound, or
an isoneric;, prodrug, tautoneric, pharnaceutically
acceptable salt, \-oxide, or stereois oneric form

t her eof, havyggza structure of Formula B. v e | f~f
t R wherein Bs represents 1INInR8; Ar represents an
aril or heteroaryl ring; V represents 0, S, or N CN
W r epr edemesaio empodingmis\Rompourds péBpraata{ Hiclude one or more of the

i ndependent |y .f or. each, occurrenc l;

. OPO A FET B Wbi%k a1 sCung, (1 B EhgEirsy gt o one or
each,Qce¥bapsends B10b B2owee Gl kyl ;.  ft5 represents H,
P(=O€((R‘)2, orl4i"Q 5 P Z6 represents 11, 011, or M

Q provided that only one of R5 and R _represents g
R? repr ebenated,in cerbl egbedimeyigr Bitpple spbsiidrenty ey ngde,

| ower al koxyl; r t Ofvdr:
R pd R or Ry PERLTREN bR TR A bl oPhydroxyl, carbonyl,
hetsQreaylybsters MaideANRY| hydieelegly alkyky altnyl, aryil ieferoqyplng

i ndependently for each occurrence, r gpr esents

gu@qné% th%re Q represents a
(i r]c,%clzol'fl%iarnygarﬁ:l%b :sﬁ%stfrfmaﬂt, %ﬁe@lg subFuentd dncﬁxde%ﬁl@l; alxyalkyl,

hydroxylalky, 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.

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:
v

wherein

B represents MyRs;

Ar represents an aryl or heteroaryl ring;
V represents O, S, or N-CN;

W represents O, S, or NR”’;



St. z; n represents an integer from 1-4 when present

in B, fromO0-6 when present in R5 and from 1-3 when
present in R ; and 15 Q represents a substituted or
unsubstituted: tertiary am no substitutnt, or

ni trogen-cont ai ni ng heterocycle. In certain

enbodi nents Ka represents substituted or unsubstituted

noi phol i no, piperazinyl, or cyei ohexyL In certaip

enbodi n&itrepriRtentsendepndertly-for eanh qeguigaiceaiintower alkyl, or a metal

enbodigent_s R5 represents M Q In certain enbodi nents
t he®JetPPrence of M attached to Q represents CR i,

S(02), ﬁ":%res@ﬁts,@ﬁ&'@knddlﬂyw dagh De@macs, Feot lswehelkyl;
occurrence of Mattached to Qrepresents Cl-12. fir

cert ai nRanbogsamtsl.sP(ERX QR dupr ¥hEe of M attached to Q
S 0 i ' mbadi i
st SO L cor ) T e B Bl crron

enbgdi ments Q represents a substituted or
unsubstituted nitrogen containing heterocycle,

I n
cert ai n Remtpyesentsri. dabogendrdsast.doderalipd of {QyE oyl

unsubstifuted tert] ' : I A1 alk
embod; mieoeee PP Sliled BPLILARR aoL cRgh bOY kg
nor ghphéteardl BRIARMHeteredycby,clrabriexyl . 1 n certain
enbodi nrents R' represents H while in cer

tain
10enbodi mdhtisdenenfesslytionersh geeirenen cePTeTenf ar%%ﬁ%tg@ﬂtog

CH> Stit NR™ .OF 8 B S(0),
r epwgésﬁﬁt%%‘t%(i@ Qﬂc\f&ﬁ% ét orE @c:t(g: ,g))%\lmcérot’g’n( )>or
enmbodj,ents Q represents a substituted or

unsubstituted nitrogen-_ 10 contai ni ng hete oaréll ri n% .
I n cert &IAPIGEHEY 2 & Fremls 1P%B]i'eé%5|‘ﬂ ,éom -6 when present in
subgt ] t.ut. : 1 hut ni t r ogen- cont ai ni ng
het Sr%-léi;ﬁc(ﬁg.l fﬁhgﬁgﬁlt%gél}%gﬂek gg?mnts Q represents a

15subst i t \@§ apreents asulissitittdibrchstisstitited:yerdniyraonige oulpstityent, or

certain .
nitrogen-containing heterocycle.

In certain embodiments Rg represents substituted or unsubstituted

morpholino, piperazinyl, or cyclohexyl.
In certain embodiments R’ represents H.
20 In certain embodiments Rs represents M;Q.

In certain embodiments the occurrence of M attached to Q represents CHy,

S(0,), C(=S), or C(=0).
In certain embodiments the occurrence of M attached to Q represents CHa.
In certain embodiments the occurrence of M attached to Q is C(=O).

25 _ In certain embodiments the occurrence of M attached to Q represents

substituted NR”’.



enbodi ments Qrepresents a substituted or unsubstituted
secondary am no group. In certain embodinents, the

i nvention contenplates a conpound, or an i5 isoneric;
prodrug, tauto:neric, pharmaceutically acceptable

salt, N-oxide, or stereoisorner3.c formthereot,

having a structure of: v' tl 20 d. In certain

enbodi ments, the invention contenplates a cornpound,

or an I]ﬁ%@ﬁﬁl?l%mb@ﬁ%ﬁﬁﬁ) réudeats &%ﬁbﬁhmted or unsubstituted nitrogen-
pharmaceutically acceptable salt,'-oxide, or

st ecroﬁ:lmlmngh.aero«:ycﬂ@rmther eof ; haV| ng a s ructrre of .7
/11U ONZ /1 J, J1i C5. In certain embodil ents,

the in ention contenplates providing one or nore_ of

t he conpaustsindedodineds Qeewesenss S&gwmeﬂ Péﬂn%lbstlmted tertiary
synthetic form in certain enbodi nents the invention
corﬁné‘ﬁﬁlg&t‘l@s a compound, or an; soneric, pros rug,

taut omeric, pharmaceuticall y acceptable salt,

NI - oxi de, or stercoiso-ngerli formth reof
St ruct urla cortaipeahgHEngns Rqrﬁpstwff su ‘@ ediqr u}ﬁlq?‘gyllfutgd a

: epr 6 gﬂﬁ? SIARtaEmidiaite Roakylesents H

Q)t“?é re aznf}‘fl (%‘wéﬁﬁégﬁl\l- CN, ZITr gi)r eseﬁt S 0

S \%1@%21}1 ceffaine@bodBiertS)t, leaSRane woukgice of M represents CHa,
substituted NR’’ or, when attached to Q, represents CH,, S(O,), C(=S), or C(=0).

In certain embodiments Q represents a substituted or unsubstituted nitrogen-
10  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
15  isomeric, prodrug, tautomeric, pharmaceutically acceptable salt, N-oxide, or

stereoisomeric form thereof, having a structure of:

20 ClL

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:
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R represents, independently for each occurrence, H,
lower allcyl, or a netal 15 counterion; R
represents, independently for each occurrence, FlI or

| ower ailcyl; |Zrepresents Il, or optionally
substituted lower alkyl; R represents If, represents
H OH or MQ C R represents H, hal ogen, hydroxyl,
| ower allcyl. or |ower aikoxyl; Rg represents

subsgsyuted. or unsubstituted all byp al kenyl ,
alByilyl, koxy, aryl, heter &MF—\&\I kyl,
het({gﬁ clyll{f or amne; J repre 0), (=5, or
302; pr épent s 8?' T/, HR'1 2, or ' ) SO2R" 0
M i ndependentl|y for/jeach rence, represents a
substituted g ] [ et hyl eneClgr oup

(i ncluding (=0))7 NR", 0, 3, 5(0), or
3(02 ); ;r g an|integer f r o m1 when
present in B, wqen present in 10 Rs and from
1-3 when present in RN and Q represents a substituted
or unsubstitut'ed: nitrogen-containing heteroaryl

ring, secondary am no substituent, tertiary am no
supagtituent, or nitrogen-contain ng heterocycle. In
certain enbodi nents Rg represents substituted or

UnSUDS i 44 ith o dTBAE bt RS irp@ITAZi s pawiding one or more
cycl ohexyl, Tn certain enbodinments R' represents H.

hi of thetcampownis ddsaribad Sereithes sopurifraday suthstic fopmy

attached to O represents CRR2, substitutedNR', S(02),
C(-S), or @=0). I-: certain enbodinents Rs represents
substdrtait @tbaiimennts tsini tnitoadonivmpieies 4 (PR PR IHYICIIC,

% p?o){i?tllg? tc]a?l)t(oynlléﬂc?ghg.r?na%g{t}cgh{) agcrégt%giens%ﬁt ﬁ-o%det §PLERG b theric
form thereof, having a structure of Formula II:
v

wherein

B represents MnRs;

Ar represents an aryl or heteroaryl ring;

V represents O, S, or N-CN;

W represents O, S, S(02), 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;

Rs represents MyJK;

R represents H, OH, or M;Q;



In certain enbodiments RS represents'” Q In [
enbodi nents the occurrence ofIO I A attachgd to certain
Qrepresents CH6, $S(02), C(=S), or (=0 . In certain
enbodi ments the occurrence of Mattached to Q'is Q%
25 In certain enbodi nents the occurrence of M attached
to Qrepresents CR2. In certain enbodi nents the
occurrence of Mattached to Q represents substituted

NR' 1N qerdaidnt HbatighimmsaisyQlowearagént ber alkoxyl
substituted or unsubstituted tertiar am.ng

sugst it Rrgmd:(jpre@lfls sulsitptad Ar W@ﬂitﬁf@gﬁﬁ(ybaﬂggﬁye%%%%l’ alkoxy,
subst ted. ,or 4un St | ' - taini
AL E R i S S

i ncl udey ipdepemiedy] g=SyroreA®h occurrence, akkyl,

oxo, aryl "am no, hydroxyl, carho ., sul fonyl, ester
Sam de, IQ\tRpreSW@IQ&(yN@’{)]J quﬁﬂi’b@% al kyl , Zlna, ’

het er oc)ﬂg’ééﬁ&quﬁ%e%g&?okﬂch o%ur?énicg,gé}ﬁ%ﬂ‘éﬁfs%%bstitﬁted or

gl ycol): odiments 1 nc e a conpound, or

| S OfRGbGitutBd R@fHyGnetoRstipaimitiding CHBAndEEHOBIRT Yy O, S, S(O), or
acceptable salt, N oxide, or stereoisoneric forns

theS@bﬁ, having the structure of Formula Il E f'?;

"1 WAR _f + 15 . n . .
represe ﬁtrgprgﬁenésr%ﬂ l.nteg'éleﬁgl? 21 r )ggrrhsilg b%?ﬁg ?ﬁBVﬁlﬁlgg g s‘,ﬁgﬁ te resentin

100. 1B i frd¥n &N iwhen present in Rg; and
Q represents a substituted or unsubstituted: nitrogen-containing heteroaryl

ring, secondary amino substituent, tertiary amino substituent, or nitrogen-containing

heterocycle.
In certain embodiments Rg represents substituted or unsubstituted

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

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

substituted NR??, S(02), C(=S), or C(=0).

In certain embodiments Rg represents substituted or unsubstituted

morpholino, piperazinyl, or cyclohexyl.
20 In certain embodiments R’’ represents H.
In certain embodiments Rs represents MyQ.

In certain embodiments the occurrence of M attached to Q'represents CH,,

$(0,), C(=S), or C(=0).

In certain embodiments the occurrence of M attached to Q is C(=0).

25 In certain embodiments the occurrence of M attached to Q represents CH,.



20 Wreprese nts 0, S, S(OG), C(=0), C(=S), CYl2, or
NR'; R represents, independently for each occurrence,
IT, lower alkyl, or a Metal counterion; R
represents, independently for each occurrence, |1 or
lower alkyl; R represents Fa, or optionally
substituted lower alkyl; 10 Iss represents H,

" (=0)(OR )u, M 3l , or R6 represents 11, CH, or

pr ovi dedmntdasthin@rebodientnihy conerente GEMaatidclRfd to Q represents
represents H R ?, independently for each occurrence,
epﬁ“@ététﬁ’feél‘ﬁ,t hal ogen, hydroxyl, 5 lower all.yl, or

| oner ahcoxyl; RR represents substituted or

unsubsti tuted al kyl, al kenyl, alkynyl , alkox ryly,, ..
bet er oarkplcertaipEmpodimeats QH@tréf‘reéE%ch“??Ft}m@FI OéHi{#’l@?%}lYed tertiary
representstiﬁieh%), C(=S), or 802; K represents OR,
N(F?‘njuﬁ?sgl?s , R )S2R'; 10 M independently for each
occurrence, represents a substituted or unsubstituted

met hyl e roup (i ncl udi =0)., =9) ). ; : . -
55(0). S )0,%1”‘m&}r‘ﬂ’%i’gi ,e’ﬁs ﬁgﬁgé%"g??tassggﬁ%?eﬁt%ﬁé?ub??tg%d nitrogen
1- 7com§h@t§%5,clgn B, fromO0..6 when present in Rs

and from1-3 when present in Re; and 15 Q represf%nts

a. srubshiceszinembodineiusbsiibentsinclude, indeendently for each

. ) AR : .
u. BEEagnAISh by Sl Ehffor B dtbny g Rionyf SEROER it iR,
ni t NegemyaRRY ALY NMkoxyeligN aeyIchasropydyl, dedodlkd or oligo(ethylene

compounds haVving a structure of Formula Ha are
10exciglydeld: 0 20 N

Certain embodiments include a compound, or isomeric, prodrug, tautomeric,

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

the structure of Formula II
vV
B/{LNH A
Rg
[
= \R7
N\
15 N—""
wherein
B represents M;Rs.

Ar represents an aryl or heteroaryl ring;
V represents O, S, or N-CN; ,
20 W represents O, S, S(Oz), 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;

10



wherein Wand Z, independently, represent 0 or NFL ";

R represents, independently for each occurrence, Fl,

| oner aityl, or anletal counterion; 25 R' represents,

I ndependently for each oceu; rare e, ar or |ower

alkyl; 11 Rs represents H P(=O(OR )2, or M, Q R ;
represents 11, OH, or M"Q provided that one and only
one of R5 and H 5 represents IL H, independently for
each oc s H, BREO em mnwgwm hal ogen, | ower

5 al kylﬁyfeﬁﬁl%omer % o i.ndependent | {}' ?‘i{}a iR
occur r eR@mprmptsééQH,§T§4&@§@ iielﬁlttg%f BF angﬁg b5 T arégt e
met hyl ene group (including C(=S) and C (=0)), NR', O,

TQ(@@“S}% represents an integer from1-5; and 10

r epr es et Sn@epRhddnPgaor €oh baduienge, heprescoiary, |hafdigeg, h}@roxyl
tertiary ‘am no substituent, or a substituted or

5 unslowstdllyds @dower g cont ai ni ng heterocycle. In
certain enbodl 1, eRepFe alkoxy,
Cort: ar s EAAS BpLH L Oy SO Red by BRI, o

cerai Reteah9di oyent sic@, haerboyayl e antiaeir epr esents a
substituted or unsubstjtut e% ni trogen contai ni ng

het er ocy epecssnish-(ES) rﬁ%@‘é% BPYe, 15 piper-dine,

pi perazi.are 5T SegRrtai n enbodi rrents Q
represe??trgp esgr[t régigelﬁ% nt al ﬂk?g heteroaryl ring,

jotertiarw,i éﬁﬁd@mllysibn ¢ach ntqurmncea rmwmsmﬁltmed of

unsubstitute ni t rogen-con et.er 0!

cerulﬁubﬁhéﬁ%me%’h@ EreUp (F?fﬁ &%@1&? %5: r epr es e%’ts(ol) S(02),
2@% represents an aryl or heteroaryl r| ng; \r

rep? ts 0, S, orzv-C N, V represents C . 8

C(=S), §@@sresyntsCinl Rteger from 1-7 when present in B, ﬁom & when present in

Rs and from 1-3 when present in Rg; and
15 Q represents a substituted or unsubstituted: nitro gen—containing heteroaryl

ring, secondary amino substituent, tertiary amino substituent, or nitrogen-contamning

heterocycle;
provided that compounds having a structure of Formula Ila are excluded:

WRs

wherein
W and Z, independently, represent O or NR**;

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

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

11



5

H represents, independently for each occurrence, 1-1,
| ower alkyl, a netal co nterion, or alkaline earth
netal co;unerion; 25 R' represents, independently for
each occurrence, Il or lower alkyl; R' represents H,
or optionally substituted |ower atkyl; R 5 represents
14, P(=O(GR)2,14;,;I1C, or 1;)Q Hb represents 11,
ad, or M,Q provided that only one of Rs and P5

r epr esessepredentsdd, B(=0)(@RNeseM&;H, hal ogen,

hydr oxyl, | ower k or wer | t

ubst 1§ dbeaagveiu it Pt b BBy Rt B phg B oA ERRSRERS foa v,
al kKQXYesent@flyl , heteroaryl, cyclo-alkyl, heterocyclyl,

or arsine; 12 | represents C (=0, C(=S), or S; K

r epr eserRssin@BenddiitRy foz caddy CRIyTEERRPECS§IES hydrogen, halogen, lower
[ ndegende tlﬁ ﬁor each occurrence, represents a

sub®kvk ot QI ebH %M ubst i t ut ed net hyl ene group

(i ncl udiginfefendntB@r CadhdebinencBifeprefentse sulbsButedsr 5
S(02); n represents an integer from 1-4 when present

i n @substituied nethyhene gypes Gneluding C(TH @ﬁ&@pa)nrﬁz 3 Qrem(0);
pr eg&g_ in R6; and Q represents a substituted or

uns ituted; nitrogen-containing heteroaryl ring,
secondanyreafsdds SiidSget BOAL1-5{Mdt i ary anino

substituent, or nitrogen-containing 10 heterocycle.

101 n cer t & repeesbaia e mitregenaonies bte@aryl 8Lt 3 BFNATH AYRY

b3S

30

subst huent,, e. & ..diall L ne.. . ) i
unsTPE e Qcf ?ﬁbf‘ti’tggegnorg%lrg bgﬂ}nu%?gmﬁé%eglr%bclﬁ)?% g&g&%ﬁ)c‘}gg '
mor phol iTA@ert4th BRbbEITALS, N ipSoaniladla 1eprepatts otdrdirgemild
In certain enbodinents, in Formula |I, B,r%presents

| vIsupsitucat, erephielkziamingningeytpingmbedirasinidyin Foppgla La represents

a 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 II,

B represents M;Rs;

Ar represents an aryl or heteroaryl ring;

Vv représents 0, S, or N-CN;

W represents C(=0), C(=S), SO, or CHy;

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

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

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

Rs represents H, P(=0)(OR’),, MuJK, or MyQ;

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

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

Rs represents substituted or unsubstituted alkyl, alkenyl, alkynyl, alkoxy,

aryl, heteroaryl, cyclo-alkyl, heterocyclyl, or amine;
12



V represents 0, S, or NNCN, 'represents 0, S, S(02),
C(=B)), C(=5), CH2 or Nt"; 20 R represents,

i ndependently for each occurrence, 1-1, |ower alkyl,
nmetal counterion, or alkaline earth netal counterion;
R' represer.,ts, independently for each occun.ence, 11

or lower alkyl; R'' represents H or optionally
%;J?g}ltuted Iovver al kyl; 1t5 represents t=., P(-

R )y —Q grfg(fb represents H OH or M
Q provi gepg ?I) Mon_@g of and 126 represents

Iorl I I t7K&F££&ﬁmO£ W(M’éJzo@M FfRo%yl , | ower al kyl
over. al kox
unsubst MGP@‘?P%?EET %Fg’gﬁ‘g’%@%"gu?@% e;‘/’]tjs ae&b Ctgg(e)c/l’or
ar Vbnsukg%ﬁé@ﬁ{eﬁi 1ene>g%® @Adm{ng c@ssa)taad@(y@b)yNR b.o S, S(0), or

u represents (== =S), or SO
SrepS@S@nts OR, NR )2 or N(J ')SC’?ZR"' 13 M

|ndependentl for
substit &]tréale%qn ts Wg%ggliﬁ uﬁg%%@é I sgﬁgﬁ e_ﬁBﬁl (6 when present in

(i nﬁéyﬂiﬂ&n@ﬁhémﬂre%ffﬂiks, @d g, S( 0, O S(0 ) n
repr sents an integer from 1-4 when present in,

B hort preser & w6 ROOLHIPSOHPL TUORE OB R Rl

sec%%é??gﬁéfg’%}lelﬁigét}s ﬁlg ?esfﬁérsr o?%gbsgﬁl%%’tgléﬁ nlgﬁrtk’lééﬂfor?tammg

10FOr Mbdcyele. B represents Tvl R8; 10 Ar represents an
aiyl or heteroaryl ring; V represents 0, S, or NG\
Wrepresents 0, 5, §02), C=0), C=95), (R, or NR';

repres d »
| over aﬁR IL[ ap e ngx%?n 2NN W pedeRls 288 PAEMD sBRERuentc.g.,
dialky! amine, or a substituted or unsubstituted nitrogen containing heterocycle such

as morpholine, piperidine, piperazine, or pyrrolidine.
15 In certain embodiments, in Formula II,

B represents MpRg;
Ar represents an aryl or heteroaryl ring;
V represents O, S, or N-CN;
W represents O, S, S(02), C(=0), C(=S), CHz, or NR”’;
20 R’ represents, independently for each occurrence, H, lower alkyl, a metal
counterion, or alkaline earth metal counterion;
R’’ represents, independently for each occurrence, H or lower alkyl;
R’>’ represents H, or optionally substituted lower alkyl;
Rs represents H, P(=0)(OR’),, MyJK, or MnQ;
25 Re represents H, OH, or M;Q, provided that only one of Rs and R represents

R, represents H, halogen, hydroxyl, lower alkyl or lower alkoxyl;
Rs represents substituted or unsubstituted alkyl, alkenyl, alkynyl, alkoxy,
aryl, heteroaryl, cyclo-alkyl, heterocyclyl, or amine;
30 J represents C(=0), C(=S), or SOy;
K represents OR’, N(R*),, or N(R”)SO.R”’;
13



5

counterion, or alkaline earth netal counterion; 15 R
represents, independently for each occurrence, H or
| oner al kyl; R'' represents H, or Optionally
substituted | ower alkyl; R5 represents 1 Lla',
provided that R5 is not Cl12CO0H;, R6 represents 1:1,
011, 004-,Q R represents H hal ogen, hydroxyl, |ower
al kyl or | ower al koxyl; ?C Its represents substituted
or unsuldt indepedertlykiph gachl deemydnce aeRrieagts a SibsEgked or
aryl, heteroaryl, eyclo-al . 't &r o | »> NN @;
}./.UI_i bstityted ngq%lgylelg«ygrowéépéﬁcbhg ??T: Bdl;ay((e(l‘ﬂ)}gﬁ{ ,NIN8(0), or
repg oﬁ;nts OR, N(R')2, or FI(d2')SX2R'; M
i nd gj;e' dently for each occurrence, represents a

subst i t uf @gresent25n integeb &bint it echenprasghtdn, §ioBL Yo when present in
(including C(=S) and C(=0)),NR'" 0 S S(0), or S(C)); n

r epReakchirgmghy3 i“ﬂleéﬁbqs%t%kﬁ’l@ when present in B, from

0-6 "‘he'%ﬁ’é}ﬁés%ﬁfs o SAbstiRBre @R8I tled sudtatapaasentubbiituent.

R6; and epresents a substituted or unsubstituted:

ni trogen-contai ning heteroaryl 30 ring, secondary

am no substituent, tertiary am no substituent, or

ni trogen- contai nin hetergcycle. 14 In certain
e%@%ﬁﬁ@?hﬁ%enﬁomqrgﬁqﬁ’ Qis a substituted or
unsubstituted nitro earcantaining lteteroaryl ring,

while | iB§te’f@§énfSQ@J1§§ent substituted or unsnbstituted
nonmhol i no, “pi perazinyl, or cyclqhexyl. Tn Fornmr a |1,

10R ' mmy Aeysproseient apfl oshaipagiyl B%o represent Cl - 12.

15

G2 and GeTERER Gris CoSEt ence of M represente
subst i t upyedpMRents O, S, S(0,), C(=0), C(=S), CH, or NR”;

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

counterion, or alkaline earth.metal counterion;

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

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

Rs represents MyJK, provided that Rs is not CH,COOH;

R represents H, OH, or MQ;

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

20 Rg 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’, N(R’*)2, or N(R”)SO,R"’;

M, independently for each occurrence, represents a substituted or

25  unsubstituted methylene group (including C(=S) and C(=0)), NR”, O, S, S(O), or

S(02);
n represents an integer from 1-4 when present in B, from 0-6 when present in
R;s and from 1-3 when present in R¢; and

Q represents a substituted or unsubstituted: nitro gen-containing heteroaryl

30  ring, secondary amino substituent, tertiary amino substituent, or nitrogen-containing

heterocycle.

14
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In certain enbodinents, in Formula IT, Qrepresents a
substituted or unsubstituted secondary am no group. In

certain enbodinents, in Fornula I, Q represents a
substituted or unsubstituted tertiary am no group.In
certain 10 enbodi nents, in Formula Il, Q represents a

substituted or unsubstituted nitrogen- containing
het erocycle. In certain enbodinments, in Forrmula I,
r epr esenhSeais léblbbdiﬁnemsdmﬂommhslﬂi,@us a gitbetituted or unsubstituted

ni trogen-contai ni ng heteroa ng, terti ar
substrpgencentainipg Netrjoprd F8R- ‘@Qﬁ% ng bepﬁ%sfaétr §§}ﬁ}5@58 8&5
In cert ¥R Pl Bohéxyl RA FoBRARIE M Smay
1\, Hseys glﬂg %[S%%%rog{s%%&)?% A subsbll tuted or

unsepstddt Bt ed: nitrogen-containing heteroaryl ring,
tertl ary amno substitutdnt, or nitrogen-containing

het erocycle, In certain enbodinments in Fornula I1, Q
r epr esenisnay fstPepidsetit @H,0M ceP@insshdishentstie Bomeula a My

am no group.” In certain enbodi ne in For
re Wm&ﬁ%ggz g deast @S PCRFTENGR gg}&g{eﬁ%ﬁsggs gn’{)s? tuted NI,

ni t rogen-contai ni ng heter ocycl e. .ln certain
enbodi nents in Fornula I 'r%ﬁresents N , Q and g )
r epr eserhsedainsubsdinaten Eﬂﬂn@} @Senresspisa: %‘Q%‘Bﬁtﬂ Ry

|a|m J]rlf%sgélgu §6§ﬂl’ll(£a¥q(/$1%{3to ﬁpg&{a'ﬂa E E&ﬁm‘eﬁts Fgrf’&ilnﬁla I, Q

stitute

Redrtd &'Etﬁﬁtnﬂtédrd?glﬁﬁrb@@tﬂtealtﬁmag/ dmine rgualpylh ceitmiy, in
cert in enbodinents in Fornmula I res

10s ubstbodiments,on Foumala Bls Q repressnish %’?’5%’1“? %SB%%WF%@H'

15

or cyel.ahe ﬁ%{t SIQa certain embodi nents in Formul a 11,
%l“@gfe §9CYG®" |'n certain enbodiments in Formul a

I I, Wrepresents C12. In certain enbodinments in

(F:? r_gjl aolfnlc'atM m%rc])dl%%etn ﬁlelgorhﬁla%,' ér%?gsené(aosu%gtituted or

unsubstituted: nitro gen—containing heteroaryl ring, tertiary amino substituent, or

nitrogen-containing heterocycle.

In certain embodiments in Formula II, Rs represents MpQ and Q represents a

substituted or unsubstituted: nitrogen-containing heteroaryl ring, tertiary amino

substituent, or nitrogen-containing heterocycle.

In certain embodiments in Formula II, Q represents a substituted or

unsubstituted tertiary amino group.

In certain embodiments in Formula IT, Q represents a substituted or

unsubstituted nitrogen-containing heterocycle.

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

substituted or unsubstituted secondary amino group.

15



In certain enbodinents in Formula TI, M when attached
to Qis CH22 In certain enbodinents, in .Fornula |1,

t hee occurrence of Mattached to Qis CR2, S(02),
C(=S), or C(=0). In certain enbodinents, in Fornul a
11, Vis 0, Mrepresents NR, and Rs has the st

ucture: z where Z represents O or NR'. In certain
enbodi ments, AR represents a phenyl ring and R5 and R7
r epr eseff certain ahbodineutsie Fowsyla 111\1/18 regpapsgeatsMaQ and Qis a

" Sanev R SovPReR LT A P BT oot ab ¢

ﬁﬁl t, N-oxide, or stereoisoneric form thereof,
aving a structure of Formul .16 " N NH /
\ Ok JY \n certain embogymepts in Olma?vﬁ: Ks EEI{I?S&BFSéEgﬂF‘Ee%“ *
subst i g ' . cle; Q
re W%ugéﬁﬁge%anqé@%éw gfﬁg E&W%ﬁ Is% g%lg ??%t ed: secondary
t

am no substituent, tertiary am no substituent, or

substi t ;}t% E(gr_ta% ellﬁgg&igi%ﬁstiﬂ 6 %uid 'If, ROIRPrdsOitk @, ning

5heteroc

In certain embodiments in Formula IT, W represents CH.

Tn certain embodiments in Formula II, M when attached to Q is CHz, S(O2),
C(=S), or C(=0).

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

10
In certain embodiments, in Formula II, the occurrence of M attached to Q is
CH,, S(05), C(=S), or C(=0).
In certain embodiments, in Formula II, V is O, M represents NH, and Rg has
the structure:
z/ﬁ
N
15 I\/ N

where Z represents O or NR”’,

In certain embodiments, AR represents a phenyl ring and Re and R7 represent

H for all occurrences.
Certain embodiments include a compound, or a prodrug, isomeric,

20  tautomeric, pharmaceutically acceptable salt, N-oxide, or stereoisomeric form

thereof, having a structure of Formula V:

16



5

10 As noted above, Rs may represent a norpholino or

pi perazirryl ring in certain enbodinents. In certain
errhodinerits, as noted above, Q may represent

pi perazine, rnorpholine, piperidine, pyridine,
pyrrol o, oxazole, isoxazole, imdazole, or pvrazole.
Certain enbodi nents include conpounds sel ected from
the group of A34, 15 A36, A37, A44, A46, and A76 to
A82, or prodrugs, isoners, tautoners, O
pharmaceutically acceptable salts, N oxides, \or
stereoi someric gorms [{hereof: Certain efho 'neng%

i ncl ude conpoun up of . A7, A49,
A51 and A82, or profrugs, e \omer s,

phar maceuti cal |y acceptabl e oxi des. or

C(-S), S. CHz2, or
S rtain enbodi nents Q

represents a substituted or u tituted: ni
ogen- cont ai ni ge.bet eroaryl ring, tertiary am no
substi tuent, Vg}e B5 ;2 rogez-cont ai ni ng heterocycl e,
17 in cert ai Re8hesnER MBS stitated babhabstitbist httesmlysleray
i ncl ude, inde endently for, each occurrence, 3"&%&h
0x0, ar yI amQesprdsgrts 8 eystitied emgRbstaped: seppypdgry amiho
ester,

%‘%uen&)}%rt%laﬁaégﬁg S g.{&i 0 tﬂﬁ Y %ﬁéubsﬁﬁlyéd

heteroci% > or ene glycol).

I'n cert gifpoAkediafiig Seterdbpie Q represents a
secorudaty am no substituert, 5 sui tabl e subst ituents

i ncl ude al kyl

al koxval kyl
10hydr oxy af}xq(m%zp £, ReTABSEDLGSF! t|aéjamﬂ;\$l moj pg}elrazwy{l ring in certain

15

reaq% @gnlze that the list of enunerated
subs |tue S is not exhaustive, and nany ot her
suitabl e substituents may be used. Certain
enbodlnﬂnbadmnymbnéhuﬂe phaﬁﬁhd@M@MEaMYG@ﬁﬁﬁﬁfP@éﬁ@“ﬁ

bl e R T SR el A SERAARL SR ELRL Y yrazole.

0Sé
while certain errbodl ments i nclude a nethod of treatl ng

a Certain embodiments include compounds selected from the group of A34,
A36, A37, Ad4, Ad6, and AT76 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, AS1 and A82, or prodrugs, isomers, tautomers, pharmaceutically acceptable

salts, N-oxides, or stereoisomeric forms thereof.

20 In certain embodiments W represents O, S(0;), C(=0), C(=S), S, CH, or

25

NR”.

As noted previously, in certain embodiments Q represents a substituted or
unsubstituted: nitrogen-containing heteroaryl ring, tertiary amino substituent, or

nitrogen-containing heterocycle.

17
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10

15

20

hyperproliferative disorder, conrpr si tg;

adm ni stering to an animal a Conpound of any of the
type disclosed herein. in certain enbodinments, the
conpounds di scl osed hereb niay be applied to 15
nethoqs_of inhibiting proliferation of a cell
conprising contacting the cell with a conpound of t he

type disclosed herein, or to methods of treating
viral id em;mmembq@mcmts,asuuahlfeeubStﬁwné%rﬂéiéﬂlcwednﬁ‘iﬂ?ﬂﬁenﬂy for

|nunn|odef Cc
o o8e Tl L5, TR ol L A8
"nl n}{cﬁ%p'gl\ I zﬂk&\}pegﬁyle Hﬂjl %e%ré@cl}@ ds/cfoalkyt, e oli go(ethylene

prevent ion of alopecia 20 induced by
C h egipctcﬂl)e lhapqrtaor emladiimeitermwhére Qﬂgpres ePrp ,sc,ecgpgi@y amiino substituent,

SRl BT, Rl e

t &% ARk A STIRsc SRk R atheniapydilyTee hatrils list of
?@osgﬁﬁﬁeﬁal}ﬁ i;Zea so be used for tyhe i:gl?act P

of annreededabsittentTisaot oxposias 2phipagy ehepgl Jééub%lments may
treat d(hsorders such as 25 hyp3erproliferative
The conpounds nmay be adninistered to humans
or anlnals The conpounds e.an be used to it hibt
cull praliferat,i (F)i} such as.b cont ac

prolif e Cattripembefmaents may {grdu &1}6%?10&3{10#% Bosmons cgmpnsmo

can ?15 cgfftléﬂﬁggcce ﬁbfere%aplﬁt\éhd @'coﬂn?f)ﬁfd (betlﬁybYthe type
adfitn erl n ound to a marma Medi canent s

fo ﬁi}sclme@tl hmemgwhﬂmcemtmp@nh@thma’fﬁ llbéuifsie@efélgd of treating a

p_har rrace L ga\l,esdl%?r% the tn?ée% ed'}ngétggg\ﬁl%ﬂ{a:l 9%0191}) fi'nd of
|nfﬁ§5f@@¢w§$§§mkg@5égﬂr-|nduced al opeci a, disease

assotl at ed th eychn- dependent ki nase activity,
etc.). The nedicanment's use may be in the treatnent of

5 any ofy, Eé}&u?éxﬁgéﬁﬁ&?ta,gtﬁé ebinpsshdiesiRidied Maeinausy be applied to

met hods are al so avai using the conpounds. For
ex amﬁhcels offethlitdtise pmyfemmoamﬁa el ¢anpiising eintachigg the cell with a

cycl in endent | ~i ha m_ni ri 0 .
' cﬁl@aaurtsf ichive PaaPRErertin RoP aput ety b ifgotion
gs ?‘I fo @Y cAsell BF 2 IRFRAUARSIONB SO \&ﬂus CHMAY, doenprising
pte or treating cyclln

admlmstenng to a mammal a compound of the type disclosed herein. Certain
embodiments contemplate methods for the treatment or prevention of alopecia
induced by chemotherapy or radiation therapy, comprising administering to a
mammal a compound of the type disclosed herein conjointly with one or more

chemotherapeutics or radiation therapy. The compounds disclosed herein may also

be used for the manufacture of a medicament.

The compounds may also be used to treat disorders such as
hyperproliferative disorders. The compounds may be administered to humans or
animals. The compounds can be used to inhibit cell proliferation, such as by
contacting proliferative cells with the compounds. The compounds can also be used

to treat a viral infection by administering a compound to a mammal.

18



10 dependent ki nase-associ ated di sorders conpri si ng
adm nistering to a host in need of such treatnent a
therapeutically effective anmount of a compound.

Met hods of treating a human or other aninmal are al so
contenplated herein. In certain enbodinents a hunman
or other animal nmaybe treated using a conposition
containing a therapeutically effective anount of one

or nmore PfeqicheesorRerAdSingfthe ddmpdiings éamtentsedas p}twrmaceutwals
certain enbodi nents, the present i nventi on rOVI gmm%m?a

nov&ir thqotmmau@upre@mnomfmb,mm@ e BoAPYPEPRYLi4VE

phar. tlcaII tale r it lin-
B

f or puegdadrk kirke dctibity, <88.). arbe Bbdiemay sasemay belin the treatment of
di scl'osed herein, or an isoneric, prodrug,

% autmyrefahe disondhrsidnsecibed hersinly  accept abl e sal t,

N-oxi de or st re0|sqgé . 10 éﬂBEQQ éﬁ&uﬁﬂﬁhhﬁéPbr

er nbodi nent, H&OH5 A |nven i on prov es a ‘novel

et §oh dﬂ’é métlﬁ&l@,&ﬂdirg)et‘aﬂalﬁecﬂ fordhhibitingra qgchxi—démnddmt \kénase by
ot her di seases conpr i si ng adni ni steri

necu s ¢ Batienged et BT Caprapb el Feettve amount
t of..a co

o hi iy Gie o CATRANAT (6, %S e Q&%Wﬁfgﬁéé%?g%m

1(PT O8dpefident kitdtcoms@iated dﬁbﬁermqmismgaldimmstcnmg)toeebh(@t in need of
salt, N-oxide or stereoisojaienic Lorj t her q%@bl ¢
anosushireaimoHn H@Fﬁpeuﬁl%@ylﬁég@fﬁ amGRpb ﬂh Ch lﬁﬂ”ﬂa‘a ogs 0
novF i tal'}l%aﬁ oro htrﬁ %hﬂgal%aa%%nteﬁ{ 18t &drein. In certain
pro ?% di seases co rising

ad %Iﬁb@ilmémﬂ g hhﬂlaﬁ or d.ﬂhehmmm mapbetegtkd BHLHA COIEPPH T
a therapeutically

I Ve anoi t of (a

of | V¥R ARG LS e U LIS BB 5 T CoHbunds of

i's rein, or all isoneric, prodrug,
ﬁ @ﬁﬁéfgggﬁpharnaceutlcalIy acceptable salt, N oxide
or stereoi soneric formthereof; and (b) at Ieast one
conpound sel ected fron1anti-cancer agents and
anti-proliferative agents. As described herein, the
inhibitors of this invention are capable of inhibiting
the cell-dycle machinery and consequently woul d be

useful i 1 C%Ptgfilll e%boﬁgnéﬁ% ity }yr%ée?lt invention provides a novel

pharmaceutical composition comprising a pharmaceutically acceptable carrier and a

therapeutically effective amount of a compound of formula (I) or (1), or any other
20  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 c‘omprising administering to a
host in need of such treatment a therapeutically effective amount of a compound of
25  formula (I) or (II), 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
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progrression, which would ultimately control cel
grom h and differentiation. Such conpounds woul d be
useful for treating subjects having disorders
associated with I ~~ excessive cell proliferatio r,
such as cancer, psoriasis, imunological disorders

i nvol vi ng unwant ed | eukocyte proliferation, in the
treatnent of restenosis and other_ snooth nusclﬁécel

di sHstrEmeed ghgrch peaincas 2 UsaaruberhoiradV BBt aF 8 heompound
v rfdbbdla ) BEIDOP #2148t BlngHTE Bis ERMIRAGH &R Bfneric,

Vi rpbdgy, tdbtoindfio; plﬁﬁfﬁadeﬁﬁ&al])y acdéptaVls sal) Nsmndb edistereoisomeric
herein, the cng ds of this |nvent|g be used in
t heformhirmgofcandr(®) #rloast pacisuapaaid selgpied Fomntneangeragenls and

Serrek TR B T DRAW NGS i gure | Shous

ef fects of exposure of conpound Al7 on: (a) cell-cycle
20 anal yA&d desafttddhetel th@iﬂhﬂaitmys &1 tRikGSveatiah ysi capat(lo df inhibiting
|nd ction of PARP cl eayage. ure il lystrates, t.he

F R Rl PSTemaRiusEY e C%ﬁﬁmﬂ Vsl ogeeti i adhlalips cell-cycle
Surp‘fé &sidf Mﬁoﬂ@uftﬂ{%?y%@ﬁthﬁ’ceﬂ%rdv@fﬁraﬁ& ﬁﬁf&&tﬁﬁon Such
(a) dose reésponse; and - codurse Igure 3

depbupsutdsevould baasesil kﬂnetrﬁting ctibjetts hevipg disdrdetsiBsamated with

clon enei c urvi val |-1CT-116.tunor cells
107 SRESERE el B o i s copacGoarans HOn BatsbtSorders

Vi gljolvihy ulbaRéd REkESd MERFeritid, inlthd Hedintat B%reﬁél?&"fsegld other

to conpound A37 conpared to arrésted nor nal
c elsmegotxpaslaelglisonders and thecldvep Suctdcora@uaigworldalso be useful in

prese res ts obtai ne ronwthe 1CT- enot r.

P AL By o et P BE Ay s SaF L T GaReTigien (Wang
Fi guﬂeJGVﬁrbl@\g@ﬁ hess-es1 (@Oq)pt ai ned fr'ona the. 12780
xertograft tumor assay W th conpound A37, repr esent ed

by (a) tine-course of tenor size at various doses; 5

15 and ( b) Adspicscrdred digraim ke ersmpquads pf i nventiongaay, be used in the

20
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manufacture of a medicament, which can be used to treat diseases such as those

discussed herein.

IV. BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 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 (2) 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.

20
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Figure 7 shows the results obtained fromthe PC3
xenograft tunor assay wth conpound A37, represented
by (a) tine-course of tunor size at various doses; and
(b) table of salient netrics fromthe assay. Figure 8
shows the results obtained fromthe .2780 xenogra. 't
tunor assay 10 with conpound Bl 6, represented by (a)
time- course of tunor size at various d§ses

tabl e of PG BAESTRETCPES OfHnd FemAasH( T H@@%@ra% tlmor assay
Shogfﬁh%n@%%@g?ﬁ&&fqﬁeﬁ%&ﬁ S obtained for the

bi nding o cyclinE to the CMB-inhibitor-I oaded.
chip. The KD cal culated fromthese data anpunts to
8,0 1- 2F@ureM shb¥s\the fETAI dbmlmlﬂﬁbTAm&IenﬁgﬁEmaYassay

S Th t | cycl
op BN EPDRITHCY PR MRS (£ LaREyoRget ior SAE af Various doses

spegid V@i, as inhibitors of
cd %9@@2%%%53%%2%?&@ ngggeca‘rg%a)b"ed herein, the

inhibitors of this invention are capable of inhibiting
t he cel | Figys|7eshowa 81si rnsﬂt;s 0@tmlned<ﬁmn @hﬁeﬁ‘@ yenoggafitemor assay with

ﬂlste({oﬁoélfqg Kgg,ﬁ:%g%}s% @) ? Cl o ' esrssme at various doses; and

di f(byfa@[gdf%h@mmeﬁmtﬁ&@m@%g@s vvoul d be wusef.El for
treating subjects having disorders associated with

excessive cell 25 {:)rollferatl on, such as the treatnent

of canc el?lgur9§éhma% he requlnehtainsdi feoan thei &Hrsﬁexﬁsogmft tumor assay

B T I EEM Y, S

d| Smd(db)rtsbleaﬂﬁhliehﬁnbﬂrﬂégfroﬁﬁthéla§s('«‘1ylssed in greater
detai | bel ow In one. enbodiment, the present

i nventi S conpounds |nclud|ng i sonmer
pr odr ug, %“5@1 éih‘?é’i'ﬁ 3 angRAPRICBaTeRks Phtaiged gﬁtt%bléd@ﬁlotf

N- @y, cq%n;%g gget n%%ﬁfﬁhg%[d&ﬁeﬂf @ﬁgﬁge;%@aggula@woﬂ&h@se data

structure
amounts to 8,0 +/- 2,8 nM.
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Y. DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The invention pertains to novel cyclin dependent kinase inhibitors (cdks) and
20  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:
21



wherein Rs represents a substituted or unsubstituted
heterocycl e, or substituted or 5 unsubstituted

nor phol i no, substituted or unsubstituted piperazinyl,
or substituted or unsubstituted cycl ohexyl; F
represents (CH2),,, ivhcre nis an iiiteger between |
and 6. In certain enbodinents nis 1; Qrepresents a
substituted or unsubstituted secondary arnino
substituent, 10 substi®uted or unsubstituted tertiary
am no substituent, or sjubstituted or unsubstituted

ni trogen-contai ni ng hetlerocycle. In certain
enbodi nment s, (%in EQeriul a~frepresents a tertiar
am no substittent, He.g.; d
enbodi nents Qin Fornula | |represe)
or unsubstituted nitrogen-taat ai ni
as naor phol i ne, 15 pipefji di ne
pyrroidiae. In certain [
ni trogen; - cont ai ni ng heteroaryl_ rj tertiary
am no substituent, or a St& nsubsti tuted
ni trogen-contai ning het rocycie. |n\cecthdin

enbodi nents, Rb represents: 20 22 mﬁere Zis O
or-NT."; and K" represents 11 O lower alkyl. 5 1In
certain enbodi nents, conpounds having a structure of
Forrmula T exclude one or More of the foll ow ng
compounds: A47 \N fi CYi 1t1 ~'om 9 A49

wherein

Rg represents a substituted or unsubstituted heterocycle, or substituted or
5  unsubstituted morpholino, substituted or unsubstituted piperazinyl, or substituted or

unsubstituted cyclohexyl;

F represents (CHy)p, where n is an integer between 1 and 6. In certain

embodiments nis 1;

Q represents a substituted or unsubstituted secondary amino substituent,
10  substituted or unsubstituted tertiary amino substituent, or substituted or

unsubstituted nitrogen-containing heterocycle.

In certain embodiments, Q in Formula I represents a tertiary amino
substituent, e.g., dialkyl amine. In certain embodiments Q in Formula I represents a
substituted or unsubstituted nitrogen containing heterocycle such as morpholine,

15  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, Rg represents:

22



5read|Iy1ﬂ¢@§@@ﬁi

15 .A .51 3 ~tea., r; au GVi d~ipp ~b, 1 91 1rF
certain enbodi nents, conpounds of ~' Irrnula include
one or nore of the conpounds set forth in the tables.
For exanpl e, the conmpounds may include one or nore of
conmpounds fi 1 to BB20 and C2. 5 As rioted, in certain
enbodi nents, suitable substituents may incl ude,

i ndependently for each occurrence, al kyl, oxo, acyl

am no, hydroxyl, carbonyl, sulfonyl, ester, aside,

NR', hydroxy aIkyI Ikoxy al kyl , aryl het er opycl yl ,
cyC|oaIWWﬂeZﬂS@PF eBAY| ene egcoI) In certain
enbodi nent s Iy nts a secondary am no
substi t :Fpﬁég%§ﬁbgg&§§b 1" eaxts include al kyl,

al koayal I cyl, 10 hydroxylallcy, and

hydr oxyal koxyal k

subst i gmgg and many ot her
suiP%B{ (gi?éguen e used | zi anot her

enbodlnent, the present invention also provides
compounds, including |soner|c prodrug, tautorneric,
phar xi aaceutical ly acceptaQV’ dal t, N-oxide, 15 or

stere0|sornerug forns thereofh lavpn sLJucture of
Formula Il: a:; o illE ~ Yy~ B represents

101\{nRg. .ter represents an aryl “or M%teﬁﬁaryl ring,

15

20

25

such as a phenyl ring;

/\
A49 t/ra_n,ﬁ\m ? ﬁNC"'“cH
ClH | P 7 -
H,N
A51 0 . j’\ ) CiH
STNeL"
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20 V represents 0, S, or NNCN, preferably O or S; W
represents 0, S, S(02), C(-0), C(::-5), CH2, O NR';
K.' represents, independently for each occurrence,
[l _, lTower alkyl, or a netal counterion, such as an
al kali or alkaline earth netal eounterion; 24 a R
represents, independently for eacll occurrence, H or
lower a '"y'1l, preferably 1-1; R'" represents I-1, or
optionally suigtituted | ower alkyl, preferably with a
substituent selected fromester, am de, acylarnino, or

acyloxy; 5 Rs represents 111, (O

I\/h)é Rgﬁ)r @Igt’,agg%l?gdupem@_@onanpuﬂf (c%[p E;LP ﬁl)l{l%lfl% c}ﬁé?’or rg&g of the

t hat On%dég‘eg f&?llll n ?’i@ €a1dds. FHexamgiRthe; cohﬁjbuﬁ@eﬁmhﬁ nidlude one or
en

R7°°m%dlepen or each occurrence, represents H,
hahﬁgﬂlsfcoh)gd)undg/BltoB@(Nend@Bkyl such as nethyl, or
| ower al koxyl, such as rret hoxy; 10 Rs represents

bstit t d bst t ed . al k.
§|uk§x'y, Rolpt i e e e SR Bl e
MQently fof Bﬁ&l?@d&)hﬁeﬂé(e—%l 65(&3):}'1 'mMn&Gg/dIO)dyl carbonyl

r epr esents R ) SO )gl
i nelefrenl estet, ymﬁ«h I\B%{é,rhy@my @h(%koxyeagljlf syt betgrocyelyl,

bsti t ut ed
2 Eﬁg"‘t <!? 1:9; q‘bg\oteﬁl 4@ llfrﬁ geg'g(agf?gxﬁggfd(}%n%r %E’re((gregn esents a
NOGe &ry§mn§( le)stltu@ﬁt §%ble s(l@itﬁti@it@ilﬁbktd&lﬁkyh ril@kalkyl,
or, attached to Wor Q CII2[ Em% @ &3{[9{
( hydr)n)ylalkyr apreskenyslkenyilkylefegses &1 ¥ AV RE SR v

ér ge;ggt{lzqe % é}ﬁhvﬁl Wﬁ?lg%g\?\}%beslﬁ{h&lg s, %%)to%@rl]lgth VW% o other

Q LERLRSEBLHuS HhStbetudédd or unsubsti tut ed:
nitrogen-containing heteroaryl ring, e.g., pynol e,

tetrazol o, oxazol e, oxadi azole, .i s.oxazol rr(} ol e d
or pyr azbt @nother embodlment the present invention also provides componn s,
including isomeric, prodrug, tautomeric, pharmaceuhcally acceptable salt, N-oxide,

or stereoisomeric forms thereof, having a structure of Formula II:

v

wherein

B represents MyRs.

Ar represents an aryl or heteroaryl ring, such as a phenyl ring;

V represents O, S, or N-CN, preferably O or S;

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

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

counterion, such as an alkali or alkaline earth metal counterion;
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secondary am no substitutnt, e.g., nsonoal cyl am ne,
arylal kyl amne, heteroarylalkyl amne; tertiary

am no substituent, e.g., a diallcylanine; or nitrogen-
cont ai ni ng heterocycle such as nlorphol ne,

pi peridine, piperazine, pyridine, or 25 pyrrolidine.
1n certain eraboodi nents, when K represents 1°

(R )802R', R' represents |lower alkyl. h; certain

enb ?dl m:%e gd@a{te, iREepesdddiy . fokeaciRBedusrenes, Hopplomenalkyl n
certain enbodi nents, appropriate substituents include,
i ndepmbéntlty fixr 30 each occurrence, alkyl, oxo,

hydr oxyl »»:al lrg%éyg l%@%ﬂﬂgl dﬁee%ueawmmyl SetfOnykith a

ester, 't de, acyl am no, or
su bﬁiblsﬂitu&xﬁ@el@litedl lﬁ@ub&tali am]dd eayl,ammo mea@rl@gy;y |

het erocycl yl , cl qal et ne glycol) etc.
S{th ¥w||)ﬁéemsis‘ﬁ PSR el ehfog P the art

at ar 18T GR1 o, (TBe RPN PYroRited St bad el onl
substltué’n%ﬂ ?engs%d(?%goral ngl%/ret hos)fe)lyrlol gt%ed above. %Igyonwf

;:elrll@mlemepfia:smr]m Rs represents any of the

ol owi ng se t | k

at | : oxy. 7h PRFi‘aFntg’l fgg Q%th og?wéﬁcg, rﬁeéljege%gsﬁ{h}é nH}'{/c}roxyl,
In log?ve AlireRtedh TRt SweRilKo8/, duble agetemgnt i oned

substl &t’s may, in turn, opti onal 'y be substjtuted
10by any cﬁg relhesammmbmt@dgubnwbsttta@ﬁtaﬁwl stkeaybk allgpyl, alkoxy,

hal o,
sub&d} PG@WI@S;FO‘%&@O ﬁﬁtg{ol%@yf%b?m} Ieg(g%l : ui tabl e
oyl onexyhyretis CRIAOOKS), addonyl, carboxyl,

sul fox_yl, : het e,r,ocycl e, ester, or et her 10 In
cert ai nIérdpo@emmlt N Leas N BEWOBEGur rence of Mis

Th RS, edrare e e e R TG S RERE
15€ ”b&%hgﬁﬁﬁ’éd akevBencorlpa@. g hebstitated Omlhrlgwémlhyl a@xo, hiydroxyl,
etc.), NR’*, O, S, S(0), or S(0,), preferably NR”’ or CHo, or, wilen attached to W or
Q, CHz, 8(02), C(=S), or C(=0);

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
20 Q represents a substituted or unsubstituted: nitro gen-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
25  pyrmolidine.

Tn certain embodiments, when K represents N(R”)SO,R™”, R’ represents
lower alkyl.

Tn certain embodiments where Rs is MnJK, Rs is not CH;COOH.

In certain embodiments, appropriate substituents include, independently for
30  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
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15 where Z represents O or NR'. in certain enbodi nents
R5 represents norpholino or cyclohexyl. hr certain
such (nbodiments, N, is NR', preferably NH in
certain enbodinents Vis C. in certain enbodi nents, W
represents CH2. In, certain such enbodi ments, at
| east one occurrence of M is substituted NR'. 20 in
certai n enbodi nments t}ﬁ'h R resent1 and is Sabl
sublstthesgtskdlleddndie ary ‘tfwl and@@terqymfmg}’ Rypropy gny sttable
subs It d. ly 1) substituents
i) tétgf&% 111‘€'iutdtﬂ gf %Bgrgfhﬂ%e Fl%?gﬁv\(lge‘%bhal oal I cyl, NRSRsa,

NR" X O)IB%ertenﬁ ,elmen@CRBsepl dshhiRuhy 6BtheZellowing substituents:
( C) NRSRRa NS c (Q) NRSRsa, I\NV % sg NI ZsRRa

o KR F\gydro ﬁﬁ%ﬁhg%{ceroaryl In
SOt ghel;)&h%er&l;gﬁ%@@ ggni,%%ﬂeo ﬁgﬁféé( desubé’tﬁuéru@ﬁxtaytmtt@ﬂ

e re eter ocy cle
co ndspaiornang bé Eubstiftet] lt;emrocfameauemlmd subsithentsoay eenyy halo, -

and_S, substituted t Rs

S wiPb e B ahe E e y DRESERA

i t 1, amide,

%\ch%%ﬂﬁ@@%?xyh H(S N%la%égﬂ VRZamhek Zlﬁzglzlalfox &12R54,

ClL. ltﬂeterabjrcls,lestepmenmer bcnzyl C5-1c al kyl substituted

wth 02.15 alk t bstitute | - ”
10R | 03 T16°RHR PYRIGtMS: Pt pROGr o oo Al iim

(Qﬁ%aﬁa@hg&o%@nﬁ GATRAENGH Rs 26 substi tut ed with

menbered heterocycle containing fro
1- 4 hetlecenahembodiments;, ouludingrany,of #ie ergheiligents above, Rg has the

sub |tute with. 0-3 R"', and R ,, is dependently for
I8WEE 108Hce, represents a group sel ected from H,
I ower_ allc phenyl, and beazrt. In certain

conprises an ainii?o0 acid residue,
such as [a valike or glycine residue, e.g., Ris a

| ower allkyl re due substituted with all amno acid
residue t an_anmi de or ester linkage. In
preferred enbod|n7ents 12; Wand Rc, are adjacen

15(ort1 m) whereZatpresanisrO enNRA In&ﬁlaalare@lbﬁfilé?@}t%%s ?Pﬁf'éfmts
=0 58055k Sl I RO Y P g
S Y nﬁH.eﬁp@éi"taﬁFéﬁlﬁodﬂnVnts VisO.
In certain embodiments, W represents CH,. In certain such embodiments, at
least one occurrence of M is substituted NR”’.

20 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, NRgRg,, NR”’C(O)Rs, =0, CORg, CO,Rs3,
NR’’CO,Rg, C(O)NRgRs,, NR”’C(O)NRgRg,, NR”’C(S)NRsRsa, C(S)NRgRga,
NR’’SO,NRgRg,, SO;NRgRga, NR? SORg,, SO;Rg,, NR”’SO2Rs4, C3.10 carbocycle

25  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)_s haloalkyl, NRgsRss, NR”’C(O)ORga, NR”’C(O)Rgs, CORsa,
CO,Rgs, CONRg, Rsa, NHC(O)NRgaRgq, NHC(S)NRszRsa, SO2NRgaRsa, SO2Rgs, Ci.4
alkyl, phenyl, benzyl, Cs.jo alkyl substituted with Cp.10 alkenyl optionally substituted

30  with 0-3 R*”, Cz.10 alkynyl substituted with 0-3 R**’, -(CF2)mCF3, Cs.10 carbocycle
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represents a heteroar-yl ring. In certain enbodinents
of Formula 11, Wrepresents 0, Sor \ ". In certain
enbodi ments R5 represents a, P(=C))(0R )2, or M,Q 1In
certain. enbodinments 12; represents, independently

for each occurrence, hal ogen, hydroxyl, |ower alkyl,
such 15 as nethyl, or lower allcoxyl, such as nethoxy.
In certain enbodinents n represents an integer. from

0- BubginetevithlOy5 R 0 rand-55] 0-mnubersd @e@rwekep@pganﬂ%ﬁp@-w

11 Rewpresaal e 6.8, it o by FIREI 0 a5 RE 2

cert ai ' JeEreptR8ah b grodp delatedMirdr H, ower alkyl,
ceﬁla}k’%l(%ghg%{)%%éﬁug?n Réregnd R7 r%éprﬂesente H In

cerphaiy, sidiedrytents, N represents C(=L)) or CH2. In
certain enbodinents, Ti is preferably I, while in

Ti
ot her enbodi nent ybhs, Lo :
Seaai bodilFreetan e@%@“}?ﬂ@f%r ag(fn)}ﬂr%B;iS%}é’%&dd] 194 residpg such as a
N( ?%%ﬁlycﬂa@réeﬁﬁk,aé. ) RbRdilowat skyNeRd)SaPRtutel with an
- 71I'n certain enbodi nents, Q represents a
substind adié ssidne tunoygiban dmide eHCK¢ [HEGER- 25 cont ai ni ng
| :eteroaryl i rig. In certain enbodinents, Q

represe fita %m?%{;%)%{éggﬁ;é{ﬁ%ﬂs, (W Wid RY Ql%td;%ég%gtgoﬁﬁé)ecﬁ Q&dhYdther on

ring, e. ered or six-ne ring,

cont ik 48 padfedaBBalot hayacent (orihgeto the bomd td the ergyehé pore.
enbodi nents, Q maybe substituted, or Fansubsiit ited

occur ences of tetrazole, or oxadia gle n certain.27
10enbodi mepcertan FapodiEmestsn Y FRIGIEE D PT ﬁh@ﬂb@tﬁ"f%e 3’0'&1“16““’ Ar

occurrence .dine, piperidine, or piperazixie.

|n18%esgelﬂf]s azl}ﬁg%a%{r}?%, Q represents a secondary am no

substituent. In certain such enbodi nnents, the ., .
si bsti t Ueketainembhéinsatsarddarmula M, V8 reprpssnis Qener NB . B certain

lected f | kyl L h Lkyl. and: .
S EO e YA e
Tl e L SR E}%l%g%gleggy_'@ cacBQRcurdéncE M gen, Rodraxyl, Bwer alkyl, such

represent epresents M Q whore n .
151 e pis esstinfl sordowndalpxyl spelesamethosy. Julseiain gbgdigients n represents

N nsalilltigtteigér o?g Opfj;, tpge %%{}13,%%% ?—'59 LR ﬁreﬁ%ﬁib floh84 Wikn
present in Rs.

Tn certain embodiments of Formula II, W represents O, CHa, C(=0), C(=5),
or SO,. In certain embodiments, Rs represents MyJK or M;Q. In certain
20  embodiments, Rg and R; represent H. In certain embodiments, M represents C(=0)
or CH,. 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")SO2R” is NHSO.R”’.
In certain embodiments, Q represents a substituted or unsubstituted nitrogen-
25  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
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certain emmbodi nents, Wrepresents CHa, R, and R
represent H, and R5 represents 10 MQ where n
represents 0 and Q represents a substituted or
unsubstituted nitrogen- containing heteroaryl ring. In
certain enbodi nents, \ ' represents S, 0, or NI R', R
and ? represent H and t5 represents M J'K, where n
is an integer from1l-3, Sis G=0, and Kis OR or

N( Rupo&ERRts Q Byl tre substitaied oe HhvdRiarloCCmronept elsumdine,

S, 0, or NR',, R and Ra represent H and R;
reBtP@%léWtesor]RlR@aZ%ere nis an integer from 1-3, and Q
is a substituted or wunsubstituted five-inenibered ni
ogen- co resdtsS€ddon axﬂmmmbst;tuent In
Is pref 211} gﬁhﬂ%ﬁ@%ﬁ%ﬁe&fﬁ’%rﬁp enbodi rrent(?ﬂ% cont ai at

| eastaih wich emlbcrdmgemtsaha suhstitup qnihe spqoafefy amino su Stltuent is

mbod S
" cpredeh o dcdnpi R A B eigRand oot Bitetta.

integer from1-3, and Qis a substituted or
unsubst it Ut eeh SinkodiRkesTadrmilk Th GF nepresents G, SO, or C(=S),

het erocycle. In certain of such enbodi nents, n |sdds

2, Ramdd Ry répresept Bs et Bs cpaags MnQ, Piced} fegrgrents 0
?Ieggpggslgﬁ{s]em tggtﬁg{?g %ﬁ%%gpﬁl?edqqntr enﬁion%ﬁn V\% B@teﬁﬁ%ﬂ R, ’ .In

represen ere
, Reftsin @b MnRGeY, W repésents-GH,, Rpdnd Ry sepacseﬁmﬂisandtRstregresents
or unsubstituted nitrogen-con talnlgﬂ&%h terocycl e

10 c e VA, whenbo dhipwesens 0 EDCFSPRIS ASY Ok} Ftltﬂftegaﬂtmgen‘
ni trogen- nt a heterocycle, e.g., piperazine,
naBP‘H gr#ée%lﬁfuﬁlgbﬁgl pyridi ne, thiazole,
oxadi azol e, tetrazole, pyTr ole, etc., suitable
substi t ggpétsn bm@bdudﬁ:nmb\étdptasbmd SoO 8ONBA's Roond Ratengesent H,

occurrences of alk am no-al k y rall cyle . )
(e.apd, Rsk;@nr@yqrg[s, Maﬂ%i wh?r@ ngsan 1|n|tqvge1é ,—§ai1i(§ &L@l), 4K is OR’ or
het »e.g., oxazyl, plperazyl, p,TidyI

yrﬁ@fi? ]i{n certain 28 such embodi ments ‘v’ here Q

15cont ai nsnaenﬁnEMgmmm; Warapmsmeta St@ M NRA; RmmiRo@@ﬁesentH
is substituted

4 ye
corueitis temsoanmits Vueral s ) e s O e N G g8 ypstituted or
CONPRHIN1128 £9B-membered nitrogen-containing heterocycle. In such

embodiments, n is preferably 1. In certain embodiments Q contains at least two

wn

nitrogen atoms.
20 In certain embodiments, W represents S, O, or NR’’, R and R7 represent H,

and Rs represents M, Q, where n represents an integer from 1-3,and Qis 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”’, R¢ and R7 represent H,

25  and Rs represents M, Q, where M is CHy, n is an integer from 1-3,and Qis 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

30  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
28



5

i soneric, prodrug, tautonae?i c, pharmaceutically
acceptable salt, -\~T oxide, or 5 stereoisor?.eric
formthereof, having a structure of. v o d. 10 In
certain enbodi nents, the invention contenplates a
conmpound, or an isoneric, prodrug, tautoneric,

phar maceutically acceptable salt, N -oxide, or

st ereoi sonneric formthereof; haV|ng a struct of., 0 .
0 QuiHembodines /WhtreFQ cuntains anitzogep 1o aitghed fodl fratnitrogen is
certain enbodlnent = | a IT t he present
|n@6hﬁmgﬁiﬁ%nh%ﬁg ‘W%gﬁ ci udi ng i soneric,
prodr-ug, tautomeric, annaceutleally acceptable

Salt, N-oxide, or Stere0|sonT9 no f
haV|ng éﬂ§€¢%%?%@@IHFnﬁoﬂWﬁWﬁmﬁP%co @mphfx% Sﬁ%gpgioran

W and [ acepthbletsali, NRoxide, or
re %%g%i% g%ﬁﬁ%%&%&éﬁ& ﬁﬁggaﬁiggu}gocc%r rence, |1,

| oweredddaydric fbfmahanmf,diavu@ agaetiee P6n, such as an

al kali or alkaline earth netal counterion; R

represents, independently for each occurrence, H or

| ower al kyl,

N7 N
\N"N
Cl.

10 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:

I
Cs.
15

Tn certain embodiments of Formula TI, the present invention provides
compounds, including isomeric, prodrug, tautomeric, pharmaceutically acceptable

salt, N-oxide, or stereoisomeric forms thereof, having a structure of Formula Ila:
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preferably H, P.5 represents H P(=0O(ON2, or MQ

| ss represents ii, OH 'or 1,,Q preferably provided
that one and only one of -.0 R5 and R6 represents H;
[1'l, independently for each occurrence, represents
hydr ogen, hal ogen, [ower alkyl, such as nethyl, or

| ower ai koxyl, such as nzethoxy; M independently for
each occurrence, represents a substituted or

unsubsti t ut ed h ne group (e.g., substituted with

| ower al kyl, oxo, hydroxyll, 1-5 etc.), NR'g O, S

S(O, or S(OZ)Xi\prse( rabl Yy dln, or, when atlf ached to
S P

Vo 0, CT--' 02) NC(=SNH or

represents an integer from 145, pr --a
when present i n |t5 azud. in
ltd; and Q represents a ni eter oaryl

zing, e.g., pyrrole, oxazo e, 1 mfazole,

or pyrazole, a tertiary ans . tn g zt, e.g., a
di al kyl arnine, or a substituted orNupswbstituted.

ni trogen-conntair_ing heterocycle suth as no phol i ne,
pi peri zine, piperazine, or py'rrolidine. in. certain
enbodi mpAE&D represents a tertiary amno substitutnt,
e.g., dialkyl amne. In certain enbodiments Q
represeﬁYgthQmﬂgﬁmﬂ@FbﬁﬁﬁﬁﬁgﬁéﬁB%?@%uted 25 ni trogen

cont ai n ]kg]? h gstsﬁ ggdézlp%hgelﬁwl @&h%%ché &, lower alkyl, or a metal

pi perid py.rolidinc. 1n certain.

5 enhaghERHH, Suckdd ﬁpﬂmmﬁeﬂkamueammm contteriori; ng
het er oaryl 30 r g, atertiary amno subs ent E
H aatiel

subst i t B er@p@ﬁef&hémfﬂl%flﬁéorrﬁaﬁ BN PRIk
hetegg %5, In certain enbodiia ents, conpounds mnth
W tufe of Forrmula ii do not include conmpounds

with thR5&ﬁﬁa%hwE£Im¥0ﬁﬁmﬁnLarMMQ 5 Exenpl ary
Cp O o o a0 b B TR B o
0 ha‘ﬁ{&%d%ﬁ%fé?&%ﬁ; sel ected from
R, independently for each occurrence, represents hydrogen, 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,

15 etc.), NR”’, O, S, S(0), or S(Oz), preferably CHo, or, when attached to W or Q,
CH,, S(Oy), C(=8S), 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 R¢; and
Q represents a nitrogen-containing heteroaryl ring, e.g., pyrrole, oxazole,

20  isoxazole, imidazole, or pyrazole, a tertiary amino substituent, e.g., a dialkylamine,
or a substituted or unsubstituted nitrogen-containing heterocycle such as
morpholine, piperidine, piperazine, or pyrrolidine.

Tn certain embodiments Q represents a tertiary amino substituent, e.g.,
dialkyl amine. In certain embodiments Q represents a substituted or unsubstituted

25  nitrogen containing heterocycle such as morpholine, piperidine, piperazine, or
pyrrolidine. In certain embodiments, Q represents a nitrogen-containing heteroaryl
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A3, A7 to A29, A31l, A3 ) to A37, A40, A4l, A44 to A47,
A49, AS 1, A56, A57, A65, A69 to A82, d, C2, and CS,
i ncludi ng isoneric, prodrug, tautoneric, 10
pharmaceutically acceptable salt, N oxide, or
stereoisoni.cric fornms thereof. In a certain
embodirtients, the invention rov es _
havingga teréary geting aibagient, prid aﬂﬂtf g ?TLE?D%I c, pr oggen,
taut oneri c ceut| cally accept abI e salt,
I\I-G%ltﬁglmblaﬁtel%tszd; &oi sorneric forms thereof. In an
alterative enbodi nent, the present invention pro

for an I]ﬁ@b@ﬁlﬁ@nlbﬂ)ﬁnmlm ceripoumds Eh@%rthﬁé@mﬁﬂféé)lf 9nmﬂa ?I do not

accept abl e salt of mata ol i ound A37. A
pr efidpdeeprapRR %W‘BB gﬁ%r%udér: iﬁgpor

phar rraceutl cally accept abl e salt of conpound A68 or

sC S Ing@y I#])ﬁﬁ BBt FRITForrile Iirgiseninclude ¢indse shown in Table
pr ovi des co nds having a structure selected fromB

1 tm 1320, and A, C2 and CS, including isoneric,
prodrug, 20 taut oui cric, pharmaceutically acceptable

salt, N-oxide, tere Rcted fr
i e

CONPOULHl NAYH NO3 18 A3S!tH UGTUAE0,BIAL PER AATN@HAdARY AS6, AST,
i soneric, prodrug, tantomeric, phar maceut | gal l%t‘ meric,

ac cefl, bl etosss2, CINCxardel.s, dicluding semepfdPdrug

t hereof. In ot her NTER, &ﬁtﬂoﬁﬁ thereof. Ina
10pr dthaaégceatleﬁ %ﬁ%a@ggﬁﬁg a g% rqrtgjtegbr%éé%% i ncl ?Jdleﬁg

s O&?traixﬁ?m@&lﬁéﬂt@ rtig mvtaﬂﬂithqwemdes @htanpmmeidtavm asstructure A37,

acceptable salt, 1C -oxide, t er eoi.soperic
t heinelmfling 151019@'1(3@{(@[@3 t%orgc%a %}ﬂseut{c:ﬁﬂe 6?068 %f staitSN oxide,

i nvention provi n isolated prodrug or
pha‘?lnséecrg?hsg %%gfgge% gbl e salt of a metabolite of

eei npoand B16. A 31 preferred such enbodi nment_is d
prodr ug Bf apdiasatheentbiodahdny, th@wpmm@naam proyfdes for am isolate

d
153?2&%3& g%@%@%g{géa rac%len‘ga?)g%srr%ﬁ rpétgl?olitg Xf“'&}rﬁﬁﬁﬁnd A37. A

! AUl ABEd R BRALBRERY! isG@rbotu@6ESRiraRbatieally acchblebledelf of

or BYYEGISonreric formthereof, having a structure
of Eanpadm ALS 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;
20  tautomeric, pharmaceutically acceptable salt, N-oxide, or stereoisomeric forms
thercof, In a preferred embodiment, the invention provides a compound having a
structure B16 or C5, 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,

25  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 2 metabolite of compound B16. A
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10

15

20

0O 3 x+3 01 ~ NHNH N- 10 wherein It represents a
substituted or unsubstituted heterocycle; and Q
represents a substituted or unsubstituted: tertiary

am no substituent, or nitrogen-containing

het erocycle. 15 In other enbodi nents of the invention,

t he conpounds shown in Tables C, D and B are

exenpl ary, and the invention includes isaneric,

prgefHed siciundieliment is p berdmes euplizcaneoptistlbelseapiptle salt of
salt, N-oxide, or stereoisoneric forns of the

c ovppaonidé Bdepi ct ed therein. in another enbodi ment, the
present invention provides a novel 20 pharnmaceutica
ConpOS| 1 AflyHURIJdhAs, nPMIEIREANYICE d yorapmail @i prodrug,
car'r'ier and a therapeutically effectjve anmount of a .
copasn taforferenpharnictutjcably ab¢eptabéy sakin)i-0Xigmep SigFRgsomeric
di scl osed herejn such as 0 n i soneric, prodnug,
taﬁ*@ﬁ@ﬂ?%@1”%W§FH%%@E??%@ﬁ#?mkggéptabIe salt,

N-oxi de, or stereoisorneric formthereof. In a
preferred enbodi nent, such pharnaceuti cal cdpposition
conprises a therapeuigcally 25 effective anoynt g a
conmpound sel ected fr Al to A82, BI to{§20 n to
Cs, or an isonerigc lrtg, tautoneriC,
phar maceutical |y agcept'abl e $2

st ereoi sorneric formthereof ive

er abodi enent, such pher mag sonposi tion
conprises a therapeut egti ve amount of a
prodnrg or 32 pharnace acceptable salt of a

net abol ite of conpound A37 or 16\H preferably a
net abolite having the structure . A63 or CS. In certain
embodi NEHESIN t he i nvention contenpl ates providi ng one

or norég, represénts a substituted or unsubstituted heterocycle; and

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

nitrogen-containing heterocycle.

Tn other embodiments of the invention, the compounds shown in Tables C, D
and E are exemplary, and the invention includes isomeric, prodrug, tautomeric,
pharmaceutically acceptable salt, N-oxide, or stereoisomeric forms of the
compounds depicted therein.

In another embodiment, the present invention provides a novel
pharmaceutical composition comprising a pharmaceutically acceptable carrier and a
therapeutically effective amount of a compound of Formula I, 11, or Ila, or any
compound disclosed herein such as C5, or an isomeric, prodrug, tautomeric,
pharmaceutically acceptable salt, N-oxide, or stereoisomeric form thereof. Ina
preferred embodiment, such pharmaceutical composition comprises a therapeutically
effective amount of a compound selected from Al to A82, Bl to B20 and C1 to C5,
or an isomeric, prodrug, tautomeric, pharmaceutically acceptable salt, N-oxide, or
stereoisomeric form thereof. In alterative embodiement, such pharmaceutical

composition comprises a therapeutically effective amount of a prodrug or
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of the conpounds described herein in a purified or
synthetic form 5 In another enbodi nent, the present

i nvention provides a novel nethod of treating cancer,
or other proliferative or other diseases, including
any di sease or condition discussed belom1 conpri sing
adm nistering to a host in need of such gﬁége %ﬂ%
t h%hmbmtmallyycceplrabbtsawf amataholissy 0 OBB’F?BB St
Formul a 1, co di scl osed
hemesfarabbra @ﬁta}?glgﬁh?\hgg a’ﬁr >r( %?gﬂt@gl neiic, 10
phar maceutically acceptable salt ‘N oxi de, or

stereoi sonmeric farmther

at | eastingpigaie 6%6@1%1?“@8&@&?@&“9 ]% g :ﬁﬁt%p late% n ce r 3’ ter:lﬁ P s o
and s ¢ Tp%ﬁqggh&e%&%ed\&ﬁ?elﬁmbﬁnmom&ém i € S0

corf] a compound of Formula L or { OF 1 of
sany conpaunsthet anﬂngﬁdqth@g@rqspntdpvmopg)&fgqlqscg novel method o

rodni g, tautoineric, &at
galttea!ugg gz;prcg]é or aihe @r@h@%&%&%%ﬁg& P%?J?FJF%{ ﬁ@‘? fl %ﬁi{ ﬁlsease or

ﬁ o rd?sg sesg?ggb 1$46adiBinedEigab athostah lmecd of such
"%P s Mo st ation of a ther(gg% 3{1 I
ef fiegbhve a&HﬁupHutlozﬂlyaef&@trp@@mqu@a @@pg@op@ or Ila,
A82, Bl to

pr o@trang CP@B?‘@ 1?@ Sesﬁglreﬁh(%ﬁw APy é\igg@(ﬁlﬁ %%ﬁoén ens? alt,

88 ce?tpcacl c@ésﬂtﬁ%@aﬂﬂ N-baaedr h&raﬁs‘omeﬁarfpmn rthereof. In certain
f% &t the tent is used here

e n CanpaRBBests,tdl @aatmnes;ompem@d seleoppsl froma ,agB é}a]theé asgptgand anti-
28 nm?r:q{]lgg@;vg@ glgg gla§'/ b %ﬁmuﬁst%%ﬁr %ﬂ?ﬁﬁll'y Viia compound of Formula I,

aneous di fferent

ti MRS, I't[e[]or %?/%ﬁ bEnddieflaseatticedis, oran 1sammrmt produigs automeric,
adnihistere

patient as part of a ther
r egplivemacduticalhyotchentaBerbalt iNrewde, Qrﬁéel‘?%%ﬁqcoﬁgﬂ#% f’ocfe
a met hod for for | atin mp,q)@admm{stt
15conﬁ'ief§'¥eﬁge“§’°fl pggﬁlﬂrgt}}%lds Bf‘?g ective m)saﬁ]tg of a e

f léaﬁigutﬁzfallf effBatve amoudflof a)aﬁorﬂlpcamd(scleetn@ froard @%ASZ Blto
dISC osed hereih, or an_ isoneric,

t a: BROmneCl ¢ Céh@tramﬁ@@@tl% aqqrg}g,g@g Ig@pglgg%chutlcaﬂy acceptable
opt )ﬁ(élggg{ |D§,1df§Jt % ﬁ%Fe%?goﬁl ?E 1]‘13? firrart benRaft admfdstration, as the term is

maceu y acceptable carrier.

a ppgieefdr&al &U&ﬁﬁasmﬁherapﬂﬂe whptear twoeibewpettics pre combmed in a
conposition conprises, a t apeut| cal |

’>(am) smglequemrajm@p@g AEMEH$ g+ Flamlt&}le l%(ly Agf?& e\f?ﬂ tlérgzs, in
t gﬁg@ﬁ%} P Brepgxﬁﬁorgs or &k 0 ﬂk/ﬁ@ DBhifistef®l @A Batient as part of a

armaceutically acceptabl e
therapeutic regimen.

In another embodiment, the invention provides a method for formulating a

pharmaceutical composition comprising a therapeutically effective amount of a

25  compound of Formula I, 1L, or ITa, or any compound disclosed herein, or an
isomeric, prodrug, tautomeric, pharmaceutipally acceptable salt, N-oxide, or
stereoisomeric form thereof, and optionally a pharmaceutically acceptable carrier.
In a preferred embodiment, such pharmaceutical composition comprises a
therapeutically effective amount of a compound selected from Al to A82, Blto

30  B20, and Cl to C5, or an isomeric, prodrug, tautomeric, pharmaceutically acceptable

salt, N-oxide, or stereoisomeric form thereof. In alterative embodiment, such
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salt, ail-oxide, or stereoisoneric formthereof In
alterative enbodi nent, such 33 pharnmaceutica
conposition conprises a tlierapeutically effective
anmount of a proerug or phanrraceuticaliy acceptable
salt of a netabolite of conmpound A37 or 316,
preferably a rn- tabolite having the structure A68 or

CS. In further enbodinments, the harmaﬁeu i%al "
copi;mmawu’mgl wmpoRkion somtiFes R harBeisAl Y SEeqiye APouR: gt

h
bl S

di §g4S% @f&Qﬁm%gﬁietdbﬂhﬁé%ak/ﬁigﬁh@ﬁthwﬂhH@{@S)l(QS t he present
i nvent1 on ere substituted groups are used,

sui tabl e substituents can inclu

hal ogenIn &irthgy f;rgmqlmegts the pb@ﬁwelttlgagcomqggﬂg)ﬁg gf fhe invention
al dehy dlﬁﬁ: 1{1&1%%!1 ir S%X hﬁeasgssﬁ%‘éﬁ Ss cALY 8ad offet proliealve@nyther

(e¥y X oacetaté, a thioformate), an

al Hfé@&%)éé in@uPiRg s disydse bm@d,lthﬁmsqylsmddzeéow

phosphi nate) a phosphate, a phosphonate, a

22 |O|S 3 |h In g?f;%;m ﬁgh(gcllmgnté)? ﬁ%rgrgs%ﬁﬁllly%uiogh ex% dsm) HPuted Broups

suif u\ég(ﬁ %kntgl?? sf%s'ﬁﬁ{ehﬁ'cgn mcﬁldéefo? ex % a Hilkg’é@ a hydroxyl a

al Féen cycl oal é sily
S Ub&ﬁﬂﬂ}l'l (6g.,&etones, aldehyedee,, cashﬁx{y ngﬁ’mg,oacy Q”aftg%%bonyl (e.g.,

sul fonate),. a heteracycl an..ar
ks aiof -t HSRELA AR e
| sfRhaeyh phtyphingte] an ampitor yd ammo -alkyl,
gﬁossphgﬁféj l%rr%(y}el palll%s%%t hgrrgel %eél E)e subst i ﬁTut e
0 I ablbingdd) ahlahﬂdlﬂct an iinine, Def4no; & NS aMEZide s Whkydiyh an alkylthio,

 Getben s Akt BemDn AHIE b R, AR DLt EREE.,
”%ul%%@tsglfenﬁﬁgass)ﬁmb?l galfdnate) salRatiotydlgidaic ambigyh (e.g., benzyl),

elsoaed|nopt|callyact|veor idyl,
r aoeamamrrtabncms hetetoardmsatisanoieki{en PhANK!HE<agYs PRGTHZY o PYTIAY

| t f
g][ %glggg Tﬁfcéll s §tﬂ;§eng§(_: m& %E?/ﬁ[‘%%%?@éé?‘?% %‘fbgfi’t%ﬁi‘[e{: gﬁ%lnéﬁﬁsﬁfﬁted

active starting materials...Al chiral,

di astereonieric, racernic fornms and al I geonetric

I seneri ¢, ftﬁiﬁt'ilﬁls‘)f a structure are 25 intended, unless
the specific stereochemistry or isoner formis

speci f i g@ s%d hﬁr‘ghf: teSdioin tRERCRIRFrebsiOth e piecipdiceted

conpounds present lnventlon and
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. All processes used to prepare compounds of the present invention and

intermediates made therein are considered to be part of the present invention.

The present invention is intended to include all isotopes of atoms occurring
on the present compounds. Isotopes include those atoms having the same atomic

number but different mass numbers. By way of general example and without
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i nternedi ates made therein are considered to be part

of the present invention. The present invention is
intended to include all isotopes of atones occurring

on the present conpounds. |sotopes include those atons
havi ng the same atom c 30 nunber but different nmass
nunbers. By way of general exanple and w thout 34
limtation, isotopes of hydrogen include tritium and
deyt, gt 1sbt%9&§ﬁﬂ§/dﬂf e atchae trifinm land deatrdurndsotphes of carbon
tern "al yI " 15 intended to include both branched and

st mmllgctﬁt Ehailn C.saturat ed al i phati c hydrocarbon groups
havi ng the specified nunber of carbon 5 atonmns.

Exanpl e | K¥lq Efhdts@aight-chain
nmet hyl , S%{eﬁerﬁ M 1%15%?1&?%61}%%%%%&3%%, S- butgyl

P- hudted Aipant yxydloamﬁorsglpepn hyeving the skt fiddommbenef ¢asban
is intended to Include g th un

d
Ssutam’l& Gecewplss 10§ alky ]f’é‘ﬁb‘é‘ Bhtee TattiRted PefEnpls I ki g-propyl, -
Eyg?p))tifﬁn— 1{19%? ace o tglnﬁ-pgﬁtymaﬁ@s%)éﬂﬂypﬁ'ﬁddltlon the term is

but not limted to
h aljgtgeded tb yﬁlﬂ@d@lbqth uasubstrty’ded and kabstifuteskallyl or@;me‘qhe latter
cyano, .10 phosphgn

u m@ﬂﬁ:gy&tmalky&pw;t?% gla\?i{q]g‘ S’&%@R Igprer]gfgfqggﬁﬁ}qgmﬁuepts replaced by,

r |, alkdxly] estdrS@hdd
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The term “aryl” is intended to mean an aromatic moiety such as, but not

20  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).

25 As used herein, “carbocycle” or “carbocyclic residue” is intended to mean
any stable 3- to 7-membered monocyclic or bicyclic or 7- to 13-membered bicyclic
or tricyclic, any of which may be saturated, partially unsaturated, or aromatic.
Examples of such carbocycles include, but are not limited to, cyclopropyl,

cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, adamantyl, cyclooctyl,
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desompbedi ketabien Iffepycifieal yutasdd, b uitexbenin tharhstnorleanay

nitrogen atoll: if the resultin conmpound i s stahl e.
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i n ohfendtidrelt ocyefared s dltbstoth] ntuhber dftfegembat the dateommycle is not

need ngt he adjacent. t one, another. 1t j.s preferred
¢ natort e dopSbaEmer B EheedRete et bt abeyCidticaded t
NOineaflBis@ibid Ko ¥ ~mé§bé%§<?ﬂloﬁ§£y§li8 or bidGeiictd™- t@1 @Jgil?énhﬂ‘e_red

heterocyclic systent is intended to "nean a stable 5
20t o bitysleniveredyativrioayatid mngowhibh cguedisteoforartion atams and from 1 to 4

1Oilﬁlﬁ%gsegldependenﬂy selected from N, O and S. It is preferred that the total
number of S and 0 atoms in the aromatic heterocycle is not more than 1. Examples
of heterocycles include, but are not limited to, 1H-indazole, 2-pyrr01idonyl; 2H16H
dithiazinyl, 2H-pyrrolyl, 3H-indolyl, 4-piperidonyl, 4aH-carbazole, 4H-quinolizinyl,

25  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, furanyl, furazanyl,

30  imidazolidinyl, imidazolinyl, imidazolyl, 1H-indazolyl, indolenyl, indolinyl,
indolizinyl, indolyl, isobenzofuranyl, isochromanyl, isoindazolyl, isoindolinyl,
isoindolyl, isoquinolinyl, isothiazolyl, isoxazolyl, morpholinyl, naphthyridinyl,
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quaternary ammonium salts of the parent compound formed, for example, from non-

25  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,

30  maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic, sulfanilic, 2-
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known to enhance numerous desirable qualities of pharmaceuticals (i.e., solubility,

bioavailability, manufacturing, etc.) the compounds of the present invention may be
delivered in prodrug 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 vivo, to the parent
compound. Prodrugs include compounds of the present invention wherein a
hydroxy, amino, or sulthydryl 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
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10 Sciences, 18'i' ed., Mack Publishing Conpany,
Easton, PA, 1990, p. 1445, the disclosure of which is
hereby i ncorporated by reference. The phrase
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sulfonate, a sulfamoyl, a sulfonanndo a sulfonyl a carbocyclyl, a heterocyclyl, an
aralkyl, a heteroaralkyl, or an aromatic or heteroaromatic moiety. It will be

understood by those skilled in the art that substituents, such as heterocyclyl, aryl,

alkyl, etc., can themselves be substituted, if appropriate.

25 The term “therapeutically effective amount” of a compound of this invention
means an amount effective to inhibit the class of enzymes known as cyclin-
dependent kinases or treat the symptoms of cancer or other proliferative or other

diseases in a host.

As used herein, the term "anti-cancer” or "anti-proliferative" agent includes,

30 but is not limited to, altretamine, busulfan, chlorambucil, cyclophosphamide,
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25

30

suitable for administration as intravenous formulations, topical formulations, oral
formulations, and others as discussed in greater detail below. They can be
administered alone, but preferably are administered with a pharmaceutical carrier
selected on the basis of the chosen route of administration and standard
pharmaceutical practice. Suitable vehicles and their formulation are described, for
example, in the book Remington's Pharmaceutical Sciences (Remington's

Pharmaceutical Sciences. Mack Publishing Company, Easton, Pa., USA 1985).

In another aspect, the present invention provides pharmaceutically acceptable
compositions which comprise a therapeutically effective amount of one or more
compounds of the subject invention, such as described above, formulated together

with one or more pharmaceutically acceptable carriers (additives) and/or diluents.
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nprise a therapeutically effective anmount o
onecleiatimp rgents, such as citric acid, ethylenediamine tetraacetic acid (EDTA),

sorbitol, tartaric acid, phosphoric acid, and the like.

The dosage administered will, of course, vary depending upon known
factors, such as the pharmacodynamic characteristics of the particular agent and its
25  mode and route of administration; the age, health and weight of the recipient; the
nature and extent of the symptoms; the kind of concurrent treatment; the frequency
of treatment; and the effect desired. A daily dosage of active ingredient can be
expected to be about 0.001 to about 1000 milligrams per kilogram of body weiglht,
with the preferred dose being about 0.1 to about 30 mg/kg.
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30 conpounds of the subject invention, such as

descri bed above, formulated together with one or nore
pham aceutically acceptable carriers (additives)
and/or diluents. 40 As described in detail below the
pharmaceuti cal conpositions of the present invention
may be specially fornulated for ad.w nistrration in

solid | d f | udi
f oI : ovv|0 [ﬁ@s;g(ﬂa%lmaﬁfgq@uw:qﬂq%pg gllpn Eﬁhqlp ngr@?lgsggléﬁ% p%ﬁgmté]om about
n : hgsa&ﬁgt;‘fb%%g% P e% th/%ﬁn QUYED Lbseg ol ;%'ﬂ%é pﬁ£m1aceut1ca1

uses ers, "gr anul es,

pa%ﬁﬁoﬁﬁ)&ns ARPACtiTatiRedibs vtlﬂlfbr&lﬁﬁlglyﬁhe p(r®)3nnaraﬁrammuat of about
istration, for exanpl e subcutaneo

' n’()r%%js}cwblght bﬂsed i FIM%W@ghh? £ CORPLion. Jie active ingredient
apﬁg{) hea:iiqr%l 3 eire orgll}zl?ﬂ %Jot do(ﬂ)sg% ¢ BHEL SRS fba Pgu?lés Ea‘BﬂEté:Qﬁd

créam oin

?éﬁrdélr@ er'u‘if fqiie dbb'@e&*émﬁls s@h z(slb)lxusgtsympa@n&\allldpynmns It can

rarectally, for exanple, as_a pessary, cream or
foa}sp b adminidtercd parBisH e H Herile #fam&rfi’ﬁ efQHP$ -eal 10

preparati ons nmay be non-pyrogenic, i.e., do not

el evat eFé%ﬁfl &er g{%?eﬁ't'{)%&fon%wlﬁéé fesd suﬁﬁéietfbﬁgral nasal,

agent s, ricants, such as sodi um
I aFU’pW:al gibbifiding bacal andagliegnal)yrstdavagiel aadonedrenters]
10 ga,ggtilggﬁ gl’? P’J}lé\;fgﬁlhgg%%dg e(?(%l]é’ﬁ]‘llc O?y ‘éeeﬁrte th in'unit dosage form
T e o 5 s

ac a@ptistdfectvtihgetidantvhichrah be eombinpd wather carge mdseal to
anti oxi dants, such as asgor bi

hy qusl(\;lﬁﬁp %)Flpglé d0§qgg| o gl ypsy. egendlg%ld}?cé)r#e hoser being treated, the
{11@%*1 Whad & acﬁ[‘ﬁg 1sHai S |Tfh%taﬁloﬂﬁﬁoﬂ R8vé iﬂﬁ'?édiélﬁ Wwhich can be
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20 Methods of preparing these formulations or compositions include the step of

bringing into association a compound of the present invention with the carrier and,
optionally, one or more accessory ingredients. In general, the formulations are
prepared by uniformly and intimately bringing into association an inhibitor of the
present invention with liquid carriers, or finely divided solid carriers, or both, and

25  then, if necessary, shaping the product.

Formulations of the invention suitable for oral administration may be in the
form of capsules, cachets, pills, tablets, lozenges (using a flavored basis, usually
sucrose and acacia 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

30 liquid emulsion, or as an elixir or syrup, or as pastilles (using an inert base, such as

gelatin and glycerin, or sucrose and acacia) and/or as mouth washes and the like,
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25 node and route of admi nistration; the age, health
and wei ght of the recipient; the nature and extent of
the synptons; the kind of concurrent treatnent; the
frequency of t reat.,ent; and the. effect desired. A
dai ly dosage of active ingredient can be expected. to
be about 0.001 to about 1000 mlligrans per kil ogram
of body weight, wth the preferred dose bei ng about
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molccular weight polyethylene glycols and the like.

A tablet may be made by compression or molding, optionally with one or
more accessory ingredients. Compressed tablets may be prepared using binder (for
example, gelatin or hydroxypropylmethyl cellulose), lubricant, inert diluent,

25  preservative, disintegrant (for example, sodium starch glycolate or cross-linked
sodium carboxymethyl cellulose), surface-active or dispersing agent. Molded tablets
may be made by molding in a suitable machine a mixture of the powdered inhibitor

moistened with an inert liquid diluent.

The tablets, and other solid dosage forms of the pharmaceutical compositions
30  ofthe present invention, such as dragees, capsules, pills and granules, may

optionally be scored or prepared with coaan;gs and shells, such as enteric coatings
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optionally, one or nore accessory ingredients. In
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t hesetl ohdlodd pjymedy sibistahesssnd wasss. did éetéve iggrerlegtean also be in

starches, |actaqose, sucrose | ugose, ' g .
S SR EEP51 UG AP Ghove esrived
ex?gyhgﬁ&carboxyanethylcelIulose, al gi nates, gelatin,
pol'yvi nyl pyrrolidone, 10 sucrose and/or acacia; (3)

hunmect ants, such as glycerol; (4) disintegratin
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mopcst Sarale: b iz S WS figRdsuch as
be 8%’1?‘?%1%&%@ §% %t;llgrl Sﬁ r ?%h%%bﬁhzslﬁ% %Eea t %{ c, cal 1ci um
st gayafl@holag s Alcsheiasaylcartmmbicgethyl aoetatsy bemryl alcohol,
gl ycol s, sodium lauryl sul fa%e, and o .
enzyl benzoate, propylene glycol, 1,3-butylene glycol, oils (in particular,
cottonseed, groundnut, corn, germ, olive, castor and sesame oils), glycerol,
tetrahydrofuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and

mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants such
as wetting agents, emulsifying and suspending agents, sweetening, flavoring,

coloring, perfuming and preservative agents.

Suspensions, in addition to the active inhibitor(s) of the present invention,
may contain suspending agents as, for example, cthoxylated isostearyl alcohols,
polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose, aluminum

metahydroxide, bentonite, agar-agar and tragacanth, and mixtures thereof.
44



m xtures thereof; and (10) coloring agents. In the
case of capsules, tablets and pills, the
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buffering agents. Solid conpositions of a simlar
type may al so be enployed as fillers in soft and
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20 Powders and sprays can contain, in addition to a compound of this invention,
excipients such as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates
and polyamide powder, or mixtures of these substances. Sprays can additionally
contain customary propellants, such as chlorofluorohydrocarbons and volatile

unsubstituted hydrocarbons, such as butane and propane.

25 Transdermal patches have the added advantage of providing controlled
delivery of a compound of the present invention to the body. Such dosage forms can’
be made by dissolving or dispersing an inhibitor of the present invention in the
proper medium. Absorption enhancers can also be used to increase the flux of the

drug across the skin. The rate of such flux can be controlled by either providing a
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used i nclude polyneric substances and waxes. The
active ingredient can also be in mcro-encapsul at ed
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particle size in the case of dispersions, and by the use of surfactants.

20 These compositions may also contain adjuvants such as preservatives,
wetting agents, emulsifying agents and dispersing agents. Prevention of the action of
microorganisms may be ensured by the inclusion of various antibacterial and
antifungal agents, for example, paraben, chlorobutanol, phenol sorbi\c acid, and the
like. It may also be desirable to include isotonic agents, such as sugars, sodium

25  chloride, and the like into the compositions. In addition, prolonged absorption of the
injectable pharmaceutical form may be brought about by the inclusion of agents that

delay absorption such as aluminum monostearate and gelatin.

In some cases, in order to prolong the therapeutic effect of an inhibitor, it is

desirable to slow the absorption of the inhibitor from subcutaneous or intramuscular
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vagi nal cavity and rel ease the active inhibitor,

Formul ati ons of the present invention which are

suitable for vaginal admnistration also include

pessaries, tanpons, creans, gels, pastes, foans or

splay 10 formrul ations containing such carriers as

are known in the art to be appropriate. Dosage forns
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The preparations of the present invention may be given orally, parenterally,
20  topically, or rectally. They are of course given by forms suitable for each
administration route. For example, they are administered in tablets or capsule form,
by injection, inhalation, eye lotion, ointment, suppository, etc. administration by

injection, infusion or inhalation; topical by lotion or ointment; and rectal by

suppositories. Oral administration is preferred.

25 The phrases "parenteral administration" and "administered parenterally" as
used herein means modes of administration other than enteral and topical
administration, usually by injection, and includes, without limitation, intravenous,
intramuscular, intraarterial, intrathecal, intracapsular, intraorbital, intracardiac,

intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular,
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Oohtl almc formul ati ons, eye ointnents, powders,
solutions and the like, are also contenplated as
being within the scope of this invention. S

Phar maceuti cal conpositions of this invention suitable
for parenteral admnistration Conprise one or nore
inhibitors of the invention in conbination with one

or nore pharnmaceutically acce table.s le | kG

B0 icalor SRR S OFeF BAG Brigtaay S ap bl PR ition and

susﬁgnglons or enul sions, or sterile powders which
Feconstituted into sterile injectable solutions
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a9 Bris mgHBE Q%or%otﬁfd' Hﬁ@lo@ oBfH BT A BtheNDAR dﬂexﬂt}uﬁto the
i C

carriers enpl oyed in the pharnaceuti cal
cooqnsl hérooss sy‘stetm euohrﬂzent erdersithepaiisat' wasem anfgthus, is subject to

pompepalnBied gt BFE BigrerSen b gy, sieRLL TR Sy Siion.

m Xt ures thereof vegetable oils, such as olive oil,

and i nj etARle8s oiochg?dﬂt&oﬂﬁinﬁhﬁstraﬁmkblﬁSecEtHa:ﬂDKlmiaonrs useful
Proper tluidity can be nuaintained, for

t hin ths eulgjectanethodwpayrhe asdddn & suselp h&érareéZ?P%aﬁd/ h g%/et he

o EOER A A B Gt B dnoee

OHRREILY heRFtabRModdgeFo bRt shvadiionshnicthogdskhovars to those
pr servatives, wetting agents, enulsifying agents and

di ebﬁnﬁum‘gleag’fents Prevention of the action of

m croorgani sns may be ensured by the inclusion of

various RNt wd écpéamers such as
exanpl eélgag acbgél]%s C%}] ?‘F@Stag‘%l pherl1lo sor ble(r: acid

anghctdig, stdrtly eelllilosadyivalies, negossin sishmte; aema%@ and the like.

I sotoni c_agents,_ such as ar s, m ride
analmm GRS o b ViR (BB SRpisReed qi”ﬂ“ﬁé@ﬁ‘tﬁ pistid/capsulcs
o g e[ata's Qﬁ‘stﬁfl%& ﬁgeasé Ploaata ?roﬂf&le for contmuous release

aceutl ca arm may rought about by the
i nsfmsdmmtmf oegenesod bitiourd €leaypraisd tq@detaw@@cﬂuo@rscoated or

ot BRrcpe s omaR B reRa et £ eSOy R e ol
It Egﬂ- %ﬂt{;lr‘?{)coa'téd $ scl685k Rl 8orhfoi® IiPthe bhGroatiewmpl ﬂrzwﬂ Sftid

rtor r om subcut aneous or i nat xanuscul
compositions of a similar type are also employed as fillers in soft and hard-filled

gelatin capsules; preferred materials in this connection also include lactose or milk
sugar as well as high molecular weight polyethylene glycols. A preferred

formulation is a solution or suspension in an oil, for example olive oil, Miglyol, or
Capmul, in a soft gelatin capsule. Antioxidants may be added to prevent long-term

degradation as appropriate.

Liquid dosage forms for oral administration can contain coloring and
flavoring to increase patient acceptance. In general, water, a suitable oil, saline,
ethanol, aqueous dextrose (glucose), and related sugar solutjons, glycols such as
propylene glycol or polyethylene glycols, or mixtures of these are suitable carriers
for parenteral solutions.
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46 injection. This may be acconplished by the use of a
i quid suspension of crystalline or anorphous

mat eri al Navin; poor water solubility. The rate of
absorption of the inhibitor then depends upon its

rare of dissolution which, in tam nmay depend upon
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10c arusbellyyiengsitprirabget 2y mgksdo apd LA &S cal
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nore preferabl ] 9 j W aTel¥=Ta | i

e T Ty
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151 Nj @Giciaoid, anidrikablad, bad sodiyre BIBEA dn additiotypementeral solutions can
suppository, etc. ad injstrat:.ion .. in_gction,
i nfagBlAEhPISRETY HIVAP SV RS ﬂ“’tna i 8’&%‘“‘6&%&% ﬁﬁ&%t' BPHEERED
an rd%ﬁfo%blg%mjrs‘éﬁﬂ Sl R8uti &lrrisdiddeatindd i Rehfington's
preferred. he p rgges parenteral adm nistration”
ancPhzadmientist] Scedegsat $hedy Magk BeblishingCamenraoynEastamBA, 1990, a

mo ds?fndgrfd rg errrénrgzle %efxrt ?I} tlh‘i)snﬁéi{i,hcﬁé dltscr:]lggurg %% \%ﬁll%!h isaﬂgrew Hlic&%lorated

20  Dbyreference.

Formulations, solutions, and other preparations using compounds of Tables
A, B, and/or C can be prepared as described in PCT applications WO 03/033499
and/or WO 04/092139, the teachings of which are incorporated herein by reference.

25  iv. Therapeutic Applications

Due to the key role of cdks in the regulation of cellular proliferation in
general, the compounds disclosed herein may act as reversible cytostatic agents
which may be useful in the treatment of any disease process which features
abnormal cellular proliferation, such as hyperproliferative diseases, including

30  cancer, benign prostate hyperplasia, familial adenomatosis polyposis,

neurofibromatosis, psoriasis, fungal infections, endotoxic shock, hypertrophic scar
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adm ni stration, usually by injection, and incl udes,

without limtation, intravenous, intranitiscul ar,
intraar-terial, intrathecal, intracapsul ar,
intraorbital, intracardiac, intradernnl,

i ntraperitoneal, transtracheal, subcutaneous,

subcuticular, 47 intraarticul ase, subcapsular,

subarachnoi d, intraspinal and in--sternal inj ection
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f or PFPLLEFRIIVS T hiieerprpdifesplaverdiscasdsi sueh acHnpY s petpBRIBuRT discases,
f :
phg‘?ir)rdrr}\ ggsg%kte 5, ﬁﬁ?gigg%ef Q{)ﬁwdg‘;%glagfv? %sbﬂfe% and cardiovascular
condissaté.onal net hods knovvn to those of Skl [l in the
art. Gelatin capsules contain ,he active ingredient

and powdered carri such ct starch
10ce| | ul gﬂ\é%?eﬂmgw eghe W@%ﬁ%ﬁfﬁ?@%ﬁiﬁf@@ argiiggiil Hdhe treatment

an of
corresneh Feppess, FAE (A bRk Ae BT ST O TR e
manuoélading thed ofithe blsidar, bechst, eblen,dadimyp vt hmg,omphdmgdzmall cell
for, continuous. rele nmedi cati on over peri. o

o i OB LSt G e A DURGRHS- HioREd o Shoid,
filmenated ke, %ﬁﬁl%%ghse@e?%hlﬁﬁﬁi %eﬁﬁg) hors of

the tabl’et fromthe atnbsphere or enteric ate

15 s e Ilﬂnplnmé lideagennelydang lowkannia,t dcetegmphamynt éaikiemad, acute
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%]ﬁ% Pisyi ”%gl%?% o%ql B’i}))l?? F&%Eﬁ%&%& %H%Qghns lymphoma,

9 e |n@ﬁJHbd“gﬁﬁ‘1§ ll‘}lllﬁﬁlonﬁ’i %Eﬁif cad l)ﬂﬁ;h%ﬁiaaﬁl?d Bﬂktetlﬁ'b $ymphoma;
connection al'so include | actose or m | su gar as wel
agmty

as haingtepaistie suners ofivgleid pedagetingliding shropic myelogenous

pr ? ﬁ%&?%owygg%?ag ig Fﬂﬁzorge fﬁd%}élﬁ?@gﬁﬁlcgeﬂmla fiMots bf
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.

Compounds disclosed herein may also be useful in the treatment of
Alzheimer's disease, as suggested by the recent finding that cdk5 is involved in the

phosphorylation of tau protein (J. Biochem, 117, 741-749 (1995)).

Compounds disclosed herein may induce or inhibit apoptosis. The apoptotic
response is aberrant in a variety of human diseases. Compounds described herein, as

modulators of apoptosis, will be useful in the treatment of cancer (including but not
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Capnmul, in a soft gelatin capsule. Antioxidants may be
added to prevent long-terns 15 degradation as
appropriate. Liquid dosage foroas for ora

adm ni stration can contain coloring and flavoring to

i ncrease patient acceptance. In general, water, a
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(glucose), and related sugar solutions, glycols such
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L1 S e SR BT 0t o
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the di sclosure of which is hereby incorporated

20 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.

25 Compounds disclosed herein may also be useful in inhibiting tumor

angiogenesis and metastasis.

Compounds disclosed herein may also be employed in the prevention of hair
loss that ordinarily accompanies many traditional chemotherapeutie regimens. For

example, a CDK inhibitor of the invention may be used to inhibit proliferation of
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20 by reference. Fornulations, solutions, and other
preparati ons using conpounds of Tables A, B, and/or C
can be prepared as described in PCT applications WO
003/ (c) 33499 and/or txe%) 04/092139, the teachings

of which are incorporated herein by reference. 25 iv,
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O

If formulated as a fixed dose, such combination products employ the

compounds of this invention within the dosage range described below and the other

20  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

25  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 cytotoxic agent. For example, the cytotoxic activity of the cyclin-
dependent kinase inhibitor flavopiridol is affected by the sequence of administration
with anticancer agents. Cancer Research, 57, 3375 (1997).

30 It is contemplated that all embodiments described herein are applicable to all
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TS, psoriasi s,
i nfehsbodiharnty obfaelred Sthaskimadescribed demrii saavidiiakiet ®8pe of the
mellitus), neurodegenerative disorders (including but
not™9fiiit ed to Al zhei nmer's di sease, A DS-rel ated
denentia, Parkinson's disease, asr yotroplric |latera
sclvePpaihesis retinitis pigineiatosa, Spinal nusciul ar
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methods described below, together with synthetic methods known in the art of
synthetic organic chemistry, or variations thereon as appreciated by those skilled in
the art. Preferred methods include, but are not limited to, those methods described
below. Each of the references cited below is hereby incorporated herein by

reference.

Key intermediates preparing certain compounds disclosed herein, including
pyrazole aminonitriles, aminocarboxamides, and aminoesters. The preparation of
these intermediates has precedence in the chemical literature, and several methods
are summarized in Schemes A (A. O. Abdelhamid, et al., J. Heterocycl. Chem. 1984,
21,1049), B (C. C. Cheng and R. K. Robins, J. Org. Chem. 1956, 21, 1240.), C (P.
Schmidt and J. Druey, Helv. Chem. Acta 1956, 39, 986.). See also Tominaga et al.,
J. Heterocycl. Chem. 1990, 27, 775, and PCT Applications Nos. WO 00/21926 and
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The conpounds of this invention may al so be useful in
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agents, such as tanoxifen; thymdilate syntthase

t opot ecan.
pacddhtax€l ,

nhi bitors such as CPT-11. or

inhibitors, such as 5- ||uorouraC|I and
anti-netabolites, such as niethotre In sucg 15
conbi nati ons, the conpounds and t hnnul at iNons the
present invention may 460 NOSRLHR for the ention or

reducti on of

f

-t

i nduced by radi ati on?

nce of_.al opecia, whic
y or chemattier

formul ated as a fixed dose, such conbi nati product s
enpl oy the co npowids of this inventionyw thin the
dosage range descri bed bel ow and t he ot her A20
pharmaceutically active agent or treatnent mﬁthin its
5approved dosage range, For exanple, the cdc

i nhi bi t ckmulooitriles ﬂ]acae emsnissisd t¢ BrREClP, ‘hélpynmldmes of the
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sequentially with

known anticancer_ or c

ag éntteeathen vsathca)ﬁmﬁah]@thagﬁn suchraninethylgpine ¥01? wed by an acid halide
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I on; oun
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af f'ec
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mni stration
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thqhésg\éﬁfglteh Wihe o
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descr

is al so conterrpl ated that any of the
I ments can be freely conbined with one

or nore ot her such enbodi nent s

Scheme D

NC,

HaN

Il

/

N
s

Ar

i-Pr NG i-Pr
base, ArCH,COCI / \ ROM, H,0,
> N Formula I
or AICH,CO,H+  ATCH2CON N or i
coupling agent G I

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.
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whenever appropriate. In particular, various ernbodi m
ents of tl:e conpounds of the invention, various
enbodi ments of the disorders suitable for treatnent

wi th such 5 conmpounds, and various enbodi nents of
treatment nmethods using or uses of the conpounds nay
be h-eely conbined with one another. Specific
enbodine s of Hhe inventjon .are de crlbe i n nore

det ai | ginativel yyGgroxfmidoguies ¥ eani4q tiansfogped éo the compounds
enb&%@ﬁfgsm lmﬁn&m&é Qatﬁag e;#@f‘er ?&rra%séﬁ Ahouk hm&ﬂc@&rated

i n any respect al va ose led In
ar tstwinglacidepegmildy 85 YR abttenteE sswer araalte:mmvn glelans for

h | e
o Rt e e e S ourbrgon; RUL sappranass H in o

sdesgithbie q,oﬁ@ﬁtebﬂéferﬁlg B 1&M a‘ﬂ@in@ﬂ b #ddfed YR‘I&TS Ql? Egﬁetshgogiﬁm ester of

enconpassed cl al ms ose ski |
wi Ithe ﬁbrsmlaédﬂ@zﬁ@z@ wilate R &, Iforcemamphaiovwrsall@ﬂ and an excess ofa

t.h d h
o o PR A e E BT R ee g b e SRR pEthe
TheoRRAP Y %ﬁé c&hpbis BF ﬁﬁ%‘&sehﬂ‘ﬁ%ﬂtio%ﬂ\%? aﬂﬁacetlc esters are

syntheS|ze using the 20 nethods descri bed
t ogermesrcially hvaslyhkt%pmbmpwé itk onmanstep fromhmnanmcmﬂy available

1037 BdRiehf aBiaB Y s Sbion it e a B o bR ERE HefRty a
et bdswith elhytes mbwil Aol Rlsed hsreotl@e%t hpthe&at&éﬁce'@fah%ﬁi

descri bed beéelow. Each of the references cited bel ow
is Chfé]r}’éb?mhlﬂ& blpOr ait e d's@Br élmnbyvely,eef eyuphiog reagﬁntmayh as DCC

o PETRE B SR BT RAL LATR S PL e O LSS Q35S D,

am nocar boxanrl des, and am i oesters. The preparation
of SchdmesE 1 nter medi ates has precedence in the chem cal
literature, and several methods are summarized in
Schenes A (A ,00. Ahdel hamd, et al., ,f. Fieterocyci.
Chem 1984, 049), f3 (C. C. Cheng and R K.

Robi ns, Chep™ 1956, 21, 1240.1, C (P.

base

> Formula

ArCH,CO,R

Phenylacetic‘acids may be prepared by acid or base hydrolysis 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 Amdt-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.
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30 Schmdt and J. Drury, Reliv. Chem Mta 1.956, 39,
986.). See also Tomnaga et al., Feterrcyci. Choir..
1990, 7. 775, and PCT Applications Nos. WD 00/ 2, 1926
and 53 WD O 99/54308. A "aide variety of starting
hydrazi nes and al dehydes are commerci ally avail abl e or
can he prepared by standard organic

trarrsformations.’' The substituent Ar, as used bel ow,

i ndj.gahes an aryl ring, substituted to conformto or
to be converted to a corresponding aryl substitutent
of certain coppounds disclosed 5 herein. Certain
conmpounds c al so be prepared by treating PrCOCl Wth
C1l 2(c_t|‘°~ n the'fresence of base, treating the
resulting co wi t ldiR€l s, and reacting the

product with ,&_ri\ N NE—scheme A | o™i A NeINy T 2))
br onosucgjpiiai den- 1t MCEANCHO i) 1, t9sll-_ \. tr' .,
i]f% A}NIU”\IH? J N-iRS33i7~i i.}P tII1LfIf "1" 1 A r

[ - acild or hat ' h:dialysk 11 A~

B 1) Ac20, '‘Nco# con H, rt d 10 Seheme

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 reactions can be performed on the Ar group to introduce substituents.
Such reactions include, but are not limited to, nitration, acylation (Friedel-Crafts),
halogenation, alkylation (Friedel-Crafts), chloromethylation, sulfonation, and
aminomethylation (Mannich reaction). Conditions for performing these reactions are
familiar to those skilled in th;a art of organié synthesis, generally involving reaction
of the electrophile with the aryl or heteroaryl substrate in the presence of a catalyst.
In the case of nitrations or Mannich reactions, the catalyst is preferably a protic acid
that may serve as solvent, where the electrophile is generated in situ from saltpeter,
or an amine and a carbonyl component, respectively. For other electrophilic
aromatic substitution reactions, preferred catalysts are Lewis acids, including, but

not limited to, FeXs, AlXs, and ZnX,, where X is halogen.

The compounds prepared above which have an amino group can be
derivatized by reaction with electrophiles including, but not limited to acyl halides,
anhydrides, isocyanates, chloroformates, sulfonyl halides, alkyl halides, lactones, or
esters. Conditions for performing these addition reactions are familiar to those
skilled in the art of organic synthesis, generally involving addition of the
electrophile to the nucleophile, preferably in solution 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
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rNH'I ,.; Kt GiC," : ,r Il { i<MNIY 6 Ar 54
) Ac20, NCCH2CO2R i-PrC(OR)a If ArNNEls { D-~vy
~_Etar Tyr Al, <Vnirontnles Il can be converted to
pyrazol o[ 3, 4-d?pyri m di nes of the present invention
as shown in Schenme D. in. summary, the

am nocar boxaride is acylated, optionally in the

presence of .a suitable solvent, such as )
di cHrblednbetinhndolysisythar badasiet apiling- ar alinbetip Bwupsaesl can be

o Char RS R WPIRR BENSE DG chi ori e

onnul a. prefera

to give carboxanm donitriles V. Alternately

car boxar Regtaivintaficb@podhdsdsariie; P LAt @eopywER BRinksWich as haloacyl
amnonitriles Il wth carboxylic acids of the general

f or hHIES, rnsaeerA Aok handes, peldawiiony] kalidsyipivabintermediates
P aS@PﬁHQ;aﬁ: ?éée{ i nﬁ@l@%ﬁﬁfes Elgbg)a(a)? %ﬁh{a Le sé%ﬁ%%a%ﬁ tg%l}{l-lég,edi amnines,

coup

Ing Oor am nes an car I'C ati ds

r evilbmades Kinintsaiestods)dr Bdslansky, Synthesis 19 J°?, 453
15 463)), and the variety of reagents available for

[ it ) i ated. those skilled in
Che- o t P 4EmE BB RRE 00 er WP iyE & SRPORBICEERND, Gi e
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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 Groups in Organic Synthesis" Second Edition, John Wiley & Sons,
1991) to mask reactive functionality can be appreciated by those skilled in the art.
The preparation of esters from acids has been described above. Reduction of these
amides and esters to amines and alcohols can be performed using a suitable hydride

reducing agent.

The compounds prepared above which have an amino group can be
derivatized by conversion to an electrophilic species by activation with phosgene or
a phosgene equivalent (Tetrahedron: Asymmetry 1995, 61, 745; J. Org. Chem. 1994,
59, 1937), preferably in the presence of a base, and reaction with nucleophiles
including, but not limited to, amines, alcohols, and sulfonamides to give,
respectively, ureas, carbamates, and sulfonylureas. Conditions for performing these
reactions and the hazards associated with handling phosgene and phosgene
equivalents are familiar to those skilled in the art of organic synthesis, and all

appropriate precautions should be taken.

Further transformations which may be required to prepare compounds of the
present invention include reductions of ketones, aldehydes, esters, acids, amides or
reductive aminations by alumino- and borohydride reagents (J. Seyden-Penne,
"Reductions by the Alumino and Borohydrides in Organic Synthesis" VCH
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©, Formulas NJ', ""~~ ~~rh or rir®..HCC |I-1+ Fro':
"yCON ~\ \ or Fti. eoupiing agent 20 Transfornmation

of carboxam donitriles V to the conpounds of the

present invention can be acconplished by treatnent w

tI'l an. excess of hydrogen peroxide in t e presence

of a suitable base, preferably a netal hydroxide or

al koxi de base in a solvent, preferably water, an

al Pﬁblﬁdhprsohlca 19a1 )emdadxidatiohs of geoursaneltidiag behperlaitaddo

in _ther eof out. 0 oC u 0.100 "C. , 55 .
Al lspheles 0Ty deso alebas WP aBRSt Sfogideq dpd FelsBoeryt eroups (Milos
tr . " 0
by%%?w?ﬁg?% S
taated, strong acid, preferably a5% H3PO4. Schene E
shovvs aRediidtien of dtioliensteaerpsorh asplleyas.ialigmen aitrogen, nitro, or

d f ot
5 ¥ R st P R B bty TR ubPh AR R haR ettt meta
a' f&ﬁe@én Fﬁftﬁextélﬁfﬁﬁﬂm"&fﬁﬁteﬁﬁbd@a)@&%ﬁt@ﬁm@Bleeﬁélﬁﬁh@iltes to
the formula ArCH2 R, where Ris, for exarrg 3 | ower
18p

al kyrthpounds oﬁﬂleepstsm@cnt@n chabe acqonuhisheshyy displaesnzgnt with

AR ST eRlo 5 B BR0L o

'VhaafbﬁﬁaﬁsaSﬁn lofhe Sb@pSurk Of tHeQRERhCInaédtionada bk akdparediby
can be prepared in one step from comrercially

10 avedupdipg ef 2071 aalydea@etm&at%som&sthwpm@p@ﬂefhoecaw idsypriskpnnanes

an e b
S en A TR e E AT T U DU N T
Pr exencessf 5an 7ag). Che campburslh psapatedabott Sddclohave-alkatBdnyl
Al ternativel ,. a_ coup I|n% reagent such as, DC C . can be
Oy &¢RC

usB@uppreatbedapyatized farthes| Ry Bthgicleppbiftes o gjveegpndary
Eg%lal 1?% S?lg}l"f Hugfz‘?ﬂ%ﬁf‘ *_J,Jﬁleuﬁ%r}glgglteﬁ:& élg}l’gfd't%?n %gard reagents, alkyl-,

15 pr gRadyed ahy agehdl-lthivhatagdygaad ydylstanhanes, silanes, and the like.

Compounds prepared as described above can be further elaborated by

rearrangements such as the Beckmann (Gawley in Org. React. 1988, 35, 1) or other

rearrangements.

Further elaboration of the compounds prepared above can be'accomplisi'led
20 by generation of an organomagnesium or organolithium species by directed
metallation (Beak and Meyers, Adcc. Chem. Res. 1986, 19, 356-363; Beak and
énieckus, Acc. Chem. Res. 1982, 15, 306-312; Katritzky, Lam, and Sengupta, Prog.
Heterocycl. Chem. 1989, 11, 1-29) or from an aryl halide by lithium-halogen
exchange (Parham and Bradsher, Adcc. Chem. Res. 1982, 15, 300-305).

25 An approach to preparing compounds of Formula II, ITa and certain other
compounds disclosed herein is presented in Scheme 1 and can be used to prepare
compounds of the present invention. The substituents Z, Rs, Rs, and Ry represent
substituents as set forth in Formula II, or substituents that can be converted to those
substituents using standard organic transformations. P represents a suitable

30  protecting group. Examples of protecting groups include esters of carboxylic acids,

silyl ethers of alcohols, and acetals and ketals of aldehydes and ketones,
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aryl acetonitriles, which in turn may be prepared by
treatnment of aryl halides with CN, preferably in
solvents such as DMV. McOH, EtA I, water, DMSO, or

m xtures thereof. Farther exanples of arylacetic

esters may be prepared fromaryl carboxylic 2(c) acids
under _Arndt-Eistert Meier and Zeiler, AngeY.. Gthm
Int.. E:d. EnglL 1975, _%l, 32) or related ]
honfespessely ohiiclipld of Profiestingiexdupsbsmésiey hos beanerevismied| (Greene,

TV . It . mpounds, of 1t [eSeRt .. v
T SO 4 CPIBBITED S AP i
t heybsy, 9919, PhidGHEENr@dbf GodinyitrophtbslbrRashediced to the amine

Tanryla | | t4.. ArCH2C N 1T Ar Is reaction is
pr efsERggstaly itk ¥dse ganatiere Jthewniline meaepylgted using acetic anhydride and

Pyraz. el ol 3,,4-d" pyti.nai di.nones.. fut her

o g e DU AR PR R el b sigphenone vere
conpengidsitod strdigy ke feat agpioreiitd @iventhedévagddtemperature to give
aromat i ¢ substitution reactions can be performed on

t hethdesgied Gpkateone; 3y yddifinnal mganstafprrnstiag trikstaes are known to one

re ' ' . t . Lim i itrati.on "
ey Tled et ol 8168 et ol BBy Bk B pemisry
( Fridetbal490; 29465 The ofiitensramedshtydagddivith hgdthdignatdl@nteddBfiperature
am.nonet hyl ati on Mairnjch reaction). Conditions .for

10pe i g1 APHEPEHE S Vi 42 Eivsnle Wdanol b 2fodpaTriclena g st
skilled in the art of organic synthesis, generally
i nvol vi ] j el 1] '
or et er AL s @ prtiifng b AT Epfrabbioled 48 Kb o one
i n skilled cathe aofasdiesarived anberake dhni.cere@agd/icaiiseyn. 1961 335-1340,

t t bl t] id _that
e B REL B Bi bl Rt s B R
Si iS%aiyo@th, S@ILPLEEoh. CHEMBB AN S PIE 481 (0 %%ﬂ Mle amide was
conporient, respectively. For other "el’ectfophi’lic 8

15 ar draylatedshiblstaling wiithre steagbridris an ppmbpriate doleartab wtesaniline 4.

are,Lewi,s acids,, jncluding,, but . . : . .
his aniline was acyla{eg tnder stegxdarciJ conditions using an acid chloride in an

appropriate solvent to give the desired product 5.
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not limted to, FexX3, Al X' and ZnX2, where X is

hal ogen. The conpounds prepared above whi ch have an
am no group can be derivatized by reaction udth

el ectrophiles includ ng, but not Iimted to acyi
hal i des, anhydrides, isoc fanates, chloroformates, si
| fonyl halides, alkyl halides, |a stones, or ?0
esters. Cbnditions for perform ng these addition
reaglj.prg are famliar to those skilled in the art of
organi c synthe5|s general ly involving addition of the
el ectrophile to the nucl eophile, preferalgly in
solution at a tenperature between 0 C /iﬁgoltT.
Addi ti on of a basentyay be necessary. It d be
noted that the products %%W these realtions may react
further with sone-ekec Files at the pyrinridisuen
25 nitrogen (i V! hle resultﬁﬂﬂ‘*ﬁgct|o al gxoups ¥
(arni des, caha etc.) argal,ess. 57 S g to
basi ¢ hydrol ysi s tN#&n .@uﬂp5|red ani ' <nd

al i phatic groups and can be cleaved back to the®H"
i mi di nonc having I on N5. Reaction of conpounds

hal i des, cz [/ 3- unsaturated acid h
halosulfonyl hal i des gi ves i nternedi at
react with nucleophil-s such as prlnangsor Fegondary oP
am nes, diaaines, al Koxides, am no gl cohols, or
t hi ol s. nEhe cqppounds orep.“ed abovesswhi ch have a

car boxyll group, can e 1er|vat|z%ﬂ by fdcti vabi on

reacti s bhigiNidi ng, i mYed \\m
to c ool Y respe

and aﬂ%upllnoRof%aﬁ?nes 1q

aci ds catbodi fini des has been ré ME

and Bodarsky, \Sylit hedi's 1972, 453- 463)%
variety of additional reagents available fory
effecting it anﬂewNma@MWhe potential need for
protecting gro een and Wits, "Protective G oups
in Organic Hes g Second Edition, John' iley &
Sons, >ntzeactive functionality can be
appreﬁri?galby those skilled in the all. 15 The
preparatioqﬁof e&ters from aci ds faas been descri bed
above. CHy, Nchese anm des| and gsters to am nes
and al cohol s @an be a suifyahb&: hydride

Formula I

2) Rs-Br

e

An alternative method for making compounds of the present invention 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 ring system using the same conditions described previously in Scheme

1.
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reduci ng agent. The conpounds prepared above which
have an airline group can be derivatized by
conversion to an electrophilic species by activation
wi th phosgene or 20 a phosgene. equivalent ( etrF

| 7edron: tts r72s72F J7n71995, 61, 745; J. O g. 1994,
.591937), preferably in the presence of a base, and
reaction with nucl eophiles including, but not limted
to, am nes. al cohols, and sul fonam des to give,
respggtivel y, ureas. carbasnates, and sulfor.ylureas.
Conditions for performng these reactions and the

hazards assqci ated wi th hangting phos and ,phosgene -
25 eqU|v?g§ﬁL;}are fam hiaf to those Skl| ed i|n the

art of or Hsynt.esué A dall ap ¥ia - J/ \
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am nati ons by alun1 0-, and bor oh "de, reagent s~ J. <
Seyden. - Penne, "Reducti ons by the Al um no and o 6

Bor ohydri des |n Crganlc Synt hesi s" VCIl 58
Publ i shers, "unc., 1991) and oxi dati ons of groups
including but not limted to alcohols, aldehydes, s

ol efins, thioethers, sulfoxides, and heteroaryl groups
(Mlos Hudliclcy, "Oxidations in Or=panic Chenm stry"
Ameri can Chem cal Society, 1990). Red LQn of

f unct i ondinofiespsthod deprepsige kg dketongs fujé’%; hé@mel% iy Ahe

N 11 BndQfsat n%f%ﬁ(lj SLOHRS6LAM PRIRGRAARI dlﬂ"akl@iiiekﬁ described in
cata ytic hydrogénation or by dissolving nme

r eduRatbeya and-Qshlags, Z4| QWﬂaﬁ%h B8-S nt R el |0a3@§ Khim. 9:2548
cont f’k‘sp' 193 ef %Clté‘ Me{oh%sj Snsl A %?ﬁ%rWQM&G§ ofn teh&adily

pr esen | nven can & acconp di Sp acenent
Wi t hprepued tyoie lskld!]sd imtie ard bn the abeiylatiait ot mﬂvqxe@ety@twmf the
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\(MS: Ptrqtagx?en?\%%r oqurg:ﬁ)g tgglg e g?[clp ict%gllug%o }e%%ggglsﬂl %tger reducing
508; 552 bikch.as fodinrfdltBiofitddr-stankbi@mhlcHAB KubehhientlyXHedniline 6¢

The conpounds prepared above, which have a carbonyl
can be converted to the indeno[1, 2-c]pyrazolones of this invention by acylation

| 1n
J H,NNH,

followed by treatment with hydrazine as described previously in Scheme 2.

15 Another method for making the indeno[1,2-c]pyrazolone ring system is
shown in Scheme 3. Dimethyl 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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group, can be derivatized further by reaction with
nucl eophiles to give secondary al cohols. Such

nucl eophi |l es i nclude, but are not limted to, Gignard
reagents, al kyl-, 15 al kenyl-, and al kynyl -1ithium
reagents, and ally] stannanes, silanes, and the |ike..
Conpounds prepared as descri bed above can be. further
el aborated by rearrangenents such as the Beckmann
(CAHdheyedn Or?. React. 1988, 35, 1) or other
rearrangenents. Further el aboration of the conpounds
pr epar edPabove fan be acconpl i ‘
of an orgaRomagnesi um or or ganol
directed jynetdal | ati arokiBaak an
Res. 1986, (19, 3 6-363#*Beak*aqK/S
Res. 19827\ .

Prog, 1 etercot cl. éM 1989, 11,\ 1-2 or fromaf
aryl halide: by/tithi um hal ogen ge (Parham and.
Bradsher, Ace.#(7ietn. Res. 1982, , 300- 305" |. 25
Airy approach to preparing conpounds of Forrnyl g acon,Et,N
11, 11a and certain other conpounds di scl osed |h®kiction
is presented in Schene 1 and can be used to prlepare
conmpounds of Cho present invention. The substityents op
Z, B5, B5, and R7 re resep}.asqbstitueuts as set\fort
in Formula If, or subStTPLElt€that can be converjed
to those substitueut's iMmg st ai ndar gHor ganj c
transf,ririations. P represgnts a suitable 30 DA

protecting group. Exanpl OfNHpr ot ectT™NRg g
i ncl ude esters ofgarboxyttc—acids,

al cohol s, and acetals and ketal s of e :
ket ones, 59 respectively. The field o”brot
group chem stry has been reviewed (G eene, ‘\TM; Wats,
P.GM Protective Goups init panc j'rs eit, 2C
ed.; Wley: New York, 1991). The nitro group of

di met hyl nitrophthal ate was reduced to the amne
usi ng catltanydtivelyh 6b cair byeerdtd with pn activatedeacylitdd INeming s

acyl at ed. usi ng aceti c_anhydri de, and ridin .

b ag@rpl}gﬂme}&r@ 137416 L, F'é‘éllﬂstai Iﬁgo%él?]a(%%aénaée gxﬁlgﬁlaO%al means of
ac %&%@Hﬁg QG 1MBrm ddi RA! 26 IkMb R tPorlskiiltg iR @Seeart £ @Rcribed in
appropriate solvent at el evated terglper_ature to give

t hadpaiored. Orgd. Kdteon49:3943309 3, i18%h| Thisiatrmediafsr Epsaaarig

tr Iﬂil(l‘g{:lg e sgcrp?enléer:] it 2 P€hion 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
to 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(O2), C(=0), C(=S), CHa,
and NR”’.

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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Leme et al,, "? Heterocyclic Chem 19:1335-1340

1982; Mosher and Seeder, J. Heterocyclic Chem ’

3: 89 kchlifit@ivh; htruciar and Svanygova, Coll ect.
Czech. Chem Comun. 59:2734-40, 1994, The ani S
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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:

Assay 1. Inhibition of cell-cycle progression by the compounds of the
invention using propidium iodide and BrdU assays (results

shown in Figure 1 and Table 2).

Assay 2. Reduced viability of a broad range of 60 cell-lines derived
from various human tumors as represented by the NCI panel,

on exposure to compounds of the invention (results shown in

Table 3).

Assay 3. Trreversible effect of compounds of the invention on cells in a
clonogenic survival assay (vesults shown in Table 3, Figure 2

and Figure 3).

Assay 4. Reduced viability of HCT-116 and IMR90 cells exposed to
compounds of the invention as estimated using a Calcein AM

assay (results shown in Tables 3 and 6).

Assay 5. Tnhibition of viability in arrested tumor cells but not in
arrested normal cells exposed to compounds of the invention

(results shown in Table 4 and Figure 4).

Assay 6. Tnhibitory activity of compounds of the invention in certain

kinase biochemical assays (results shown in Tables 5 and 6).
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An alternative nethod for neking conpounds of the
present invention is 5 shown in Schene 2. The
internedi ate tri ketone 3 can be deacylated with strong
acid and reacylated with an appropriate acid chloride
usi ng net hods known to those skilled inr the art,
Subsequently, triketone 6 can the be converted to the

i rdeno[ As@y Tc] pyr Aalidtieofrdongposydstietenogsafn gihdransddly @esults
condi tions descrihed pr vious%y LN ?gffne .. 61

Scheme 2 E3 yr Ch' SROWOIR FEGRrRs BiQy/ apd ¥y 1. WN

Anot her nethod for preparing the triketones u of

Schene | oys i t1d pastei

oa wi { T T LT ophL R oy RO A e Ot ek plons
Rot ber g and Oshkaspawn.in Figu@e 8an. him 8..84-87, 1972;
?h. Organ. Khim 9:2548 2550, 1973. The |

, 3-dil cet ones, when.not co rci al | vai.l able, .can b
eadi | yoB epar ey AERART I Eaiopin iR et o gestl
aeetyl ation or tnhbwarnpdeaslyhati on of the requisite
nmet hyl ketone. Reduction of the resulting nitro
derivative to the omline 10 can be acconplished in a
vari ety of ways including catalytic hydrogenation,
treatment with zinc or iron under acidic conditions,

ordssexht Gelhevold anelysiswith peenidiinigiodide and BrdU
The percentage of cells in the G1, S and G2/M phases of the cell cycle was
determined by staining DNA with propidium iodide and quantifying the number of
cells with a 2N or 4N DNA complement by flow cytometry. Alterations in the
distribution of cells across the cell cycle in response to exposure to the Cdk

inhibitors was evaluated in this manner.

Method for staining cells with propidium iodide

3 sets of HCT-116 cells (100,000 cells/set) were cultured in the presence of a
test compound in T-25 flasks according to Table 1 below. Analysis was performed
at 24, 48 and 72 hours. Adherent cells were collected by trypsinization, combined
with floating cells in Falcon 12 x 75 flow cytometric tubes, and harvested by
centrifugation. The media was decanted from the cell pellet, 100 ul of PI stain was

added and the cells were incubated at 37 °C for 20-25 minutes. The cell count was
preferably no greater than 2x10 6—4}(106/m1. An equal volume (100 ul) 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
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agents such as sodiumdithionite or stannous chloride.
Subsequently the aniline Ge can be converted to the

i ndeno[ 1, 2- el pyrazol ones of this invention by
acy:ation followed by treatnment with hydrazi ne as
descri bed previously in Scheme 2. 15 Anot her nethod
for nmeking the indeno[1, 2-cj ayrazolone ring systemis
shown in Scheme 3. Dinethyl hydrazine was reacted with
3- acet y|Thsaiedion seasured His besshizen of edlsghaf énqopeorated the

DLEEESEE fp AU S BN B

' nttﬁé Sgﬁﬁ@tdf {1 cefiZ2y8e MEEinBibation ofBdU 1nEcbrpora’t1on was used as a
1*1CNz fr i r EtOH _r 1 vM ~j L

Ac orpasEeNf agjdkriaibiser oeffer) or §rp@émroaﬁeﬁwra%r%13@%rep cation.

INN,. NNNH2 6 ~~ G It Alternatively, 6b can be

{1 eat o by AR AL IRIAE acylaed I an no 5

nmor phol i'ne or perazine’ring, such as a nitrophenyl
car bam%tsets%%é’f-? P@Lelﬂ‘ﬁ‘@&oé’é 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 uM and the cells were incubated for an additional 16-18 hours at
37 °C. The cells were then prepared for flow cytometric analysis according to
manufacturer’s protocol (BrdU Flow kit, BD-Pharmingen catalogue # 2354KK) as

follows:

Cells were harvested (adherent and floating) from the T25 flasks directly into
Falcon 12 x 75 flow cytometric tubes as above followed by fixation and
permeabilization with the addition of 100 pl Cytofix /Cytoperm buffer (30 minutes,
room temperature). The cells were then washed with 1 ml of Perm Wash buffer and
the cell pellets were resuspended in 100 pl Cytoperm Plus buffer and incubated on
ice for 10 minutes. The cells were then washed again with 1 ml of Perm Wash buffer
| and the fixation was repeated in 100 pl of Cytofix/Cyto Perm buffer for 10 minutes
at room temperature. The cells were then washed with 1 ml of Perm Wash buffer.
The cells were next treated for one hour at 37 °C with 100 pl DNase to expose
incorporated BrdU followed by another wash step with 1 ml of Perm Wash buffer.
The presence of incorporated BrdU was revealed with an o-BrdU-FITC antibody
(50 pl of a 1:50 dilution of the antibody in Perm Wash buffer). Cells were protected
from light and incubated at room temperature for 20-30 minutes. Following the
incubation, the cells were washed with 1 ml of Perm Wash buffer, resuspended in
300 pl of 2% FBS in PBS, and analyzed on the flow cytometer. Results are
presented in Table 2 as the concentration of compound (M) that inhibits of BrdU

incorporation by 50%.
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Assay 1.7 inhibitio cyc e progression by t
cowpednpleundt. t he i nvention using propidiumiodide and
BrdU assays (results shown in Figure 1 and Table 2.).
Assay 2. Reduced VI

br oad f
o1 | | ReSHiiurt b CT prasheiart BRSTGTRAT LHNes SNGd panc)
r g% Fole Eﬁ%ﬁogﬁﬁnﬁﬁve%&ﬁbs (a)\tBe PIEaSXRESNIBAIBint - the

oun he i nvention (results shown-in abl e
3) avéagelCsd. ovier thewetrods &:ﬂlbpaafer ectptdhateodb60 mdl‘sl) of lesprthan 10 nM

invention on cells in
15  is calculated as being equal to 10 nM for this estimate; and (b) thc IC50 (uM) of the

inhibitory activity of the compound against an adriamycin resistant cell line (ADR-

res).

Additional compounds of the invention showed the following activity in the
NCI assay: (i) compound A37: Mean-Graph Mid-point < 50 nM and I\CSO of
20  inhibition of growth of ADR-res cells < 100 pM; (ii) compound B16: Mean-Graph
Mid-point < 50 1M and IC50 of inhibition of growth of ADR-res cells < 10 uM.

Methodology of the in vitro cancer screen

Cells were grown in RPMI-1640 10% FCS and plated in 96 well micro-titer
plates at densities ranging from 5,000 to 40,000 cells/well. The plates were
25  incubated for 24 hours at 37 °C, 5% CO, for 24 hours. Media containing twice the
desired final concentration of the compound (5 doses spanning 4 logs) was prepared
and 100 pl was added to each well containing 100 pl media plus cells to yield the
desired final concentration. The plates were then incubated for an additional 48

hours.
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an estimate of the number of surviving cells.

Results of such survival assays for various compounds of the invention are
presented in Table 3 (clonogenic) as the concentration (M) of compound that
inhibits colony recovery by 50% (IC50). Figure 2 displays irreversible inhibition of
cellular activity in HCT-116 cells, and the time-course of such inhibition by
compound A37, with an IC50 of < 50 nM with 24 hour compound exposure.
Compound B16 shows an IC50 of < 100 nM in the same assay, and IC50 reached
within 30 to 60 min at 100 nM (Figure 3).

Method to measure cell survival after exposure to compound

Media (RPMI-1640, 10% FCS, pen/strep) was pre-warmed to 37 °Cin a
water bath. Cells were incubated and grown at 37 °C, 5% CO,. Cells were recovered
by trypsinization from sub-confluent plates and counted using a hemocytometer. 1 X
10* cells were plated in 25 mls of media in a 15 cm tissue culture dish. 14 plates
were set up for each test compound, and were incubated overnight at 37 °C. The
compound was diluted into media at 7 concentrations and the media on the cells was

replaced with that containing the test compound. Two plates were set up for each
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mi riaehakty in such assay.

Cellular ICsy’s were determined in the human colorectal carcinoma cell line,

20 HCT-116, and the normal human fibroblast, IMR90. Protein adjusted ICso’s were

25

also determined in HCT-116.

Results of such viability assays are presented in Table 3 (HCT-116
(viability/protein adjusted) and IMR-90). IC50s (UM, non-protein adjusted) for the
viability assay against HCT-116 cells are shown for further compounds of the

invention in Table 6.

Analogous cell viability assays against other cell lines were conducted as
above. The IC50 (uM) for other compounds of the invention were found to be: (i)
compound A37: HCT-116 (<50 nM), HCT-116 protein-adjusted (< 500 nM), A2780
(<10 nM), IMR90 (<50 nM); (ii) compound B16: HCT-116 (<10 nM), HCT-116

69



roomtenperature). The cells were then washed with |

m of Penn Wash buffer and the cell pellets were
resuspended in 100 ul Cytopermm Plus buffer and

i ncubated on ice .for 10 mnutes. The cells were then
washed again with 1 n-il of Perm Wash buffer and the
fixation was repeated in 100 pl of Cytofix/Cyto Penn

cel R0 siPl T RSP AP0 LRl SRR FanlFaspoot for the

The @a@idlnsAm@mgblﬁey(gssayeat ed for one hour at 37.C with
100 1 DNase to expose incorporated BrdU foll owed by
anot her wash step with 1. nil of Perin Wash buffer.

The preséHcklbf o H\és%s@lé&\é%re B?cet@rﬁﬁﬁorrwbaaoaﬂumttp&atamby

o SRR ELTR AL BRI 4 (Rfechf BBkt bHLAGR o8fve distes

ﬁJr oted iredba&d CB\fe@IIiilghl G137 *ansksi CoU BRI U] Gdells 9 cultured in RPMI-
enperature fo 0- 30 nai nutcs. Fol | owi ng the

| GO0 F hnd MO s i W Fsorgish Mediu
Lo il 9% pCSRHBPSRARIN iRourdfich b Bon/3hEREC, i Baia was

Iyzed 0 e fe
pr essitaesd fiom Tahl veemara‘srepheemm@ ﬁreﬁfaaiohﬁﬁuﬁ)é a @é@ﬂ&ﬁﬂﬁtﬁmd ata
Qt M) that jnhibits of BrdU, aEoratlon 50% 30
66 &epiration fomy 8 de 2o niyh epaonigi aytﬁt pf Llaserrhermdates wore

10 Y rehfinkd {ortﬁ§ inclib&or artdMifukdd ot tﬂgﬁdﬂai ‘zgﬁourg-t?days) The media

eva uat lon of conpounds at the
| nstietlforthe deteheinatigaoprotein-tutel 1Csh%s mas RE’IMI!I@@;" 18% FCS,

b 1 e M BB IR A et SR GRS Mgl human
| nclrdgdinnih tﬁﬁgﬁ'@my A R¥8. 108t 1né:4b@ﬁ§n {vﬁpqger fegtec%mpound

from Il eukem a | anoma an cancers
col tbn celbwém washet twice Witb A3t PBrtddb@aspecahchrk tajrb&}ovelaﬁsl&emdual

15of t hi.s panel provides a neasure of the efficacy of

ds in cells with alterations in many genes that
are associated wth neoplastic transformation
i ncl udi ng sppg canditang ch'ﬁHoﬁ SfvinBUYV8 atiquot of
in et aboﬁ'?\sm and thoge whi c coﬂf’f]fr %ruﬁlilgtl‘-ng ug }?éjalquo ©

r esCatandoletiier Babas geaep #¢3d 00nin 501 DMSe. A(fﬂeir tHel C¥&ein had
with the prot ocol described bel ow can be used t

ev Aci ey pissalyed (4G jpnudgs a¢ sepoierpsrature), it was d11uted into 10 ml
PBS. Calcein/PBS (0.5 ml) was added to each well. The plates were incubated for 75

20  minutes at 37 °C (protected from light) and the fluorescent signal was read on a
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fluorescent plate reader (excitation 485/20 and emission 530/25).

Assay 5: Arrested Cell Assay

Cyclin-dependent kinase (Cdk) activity is required to promote the
progression of cells through distinct phases of the cell division cycle. The
proliferation of normal, non-transformed, cells in culture requires the presence of
growth factors, the removal of which, through serum deprivation, leads to a loss of
Cdk activity and consequent exit from the cell cycle as cells enter the quiescent
phase, Go. Therefore, from a mechanistic standpoint but without being bound by
theory, Cdk inhibitors should have greatly reduced potency in arrested normal cells

relative to their transformed counterparts.
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tested in MEM-ovmedia containing 10% fetal calf serum at a density of either 2,000
20 or 20,000 cells per well in 24-well dishes and incubated overnight at 37 °C, 5% COs,.
The media was removed from the 20,000 cell-per-well dish, cells were washed once
with serum-free media, and serum-free media was placed on cells. The plates
containing cells both in the presence and absence of serum were incubated for 3

additional days.

25 Assessing the cell-cycle arrest of HCT-116 and IMR90 cells by serum
Starvation

To ensure that the cells had indeed exited the cell cycle upon serum
withdrawal, the percentage of BrdU positive cells, indicative of those progressing

through S phase, was determined in each experiment. For the purpose of this

30 experiment, cellular viability was evaluated simultancously with the use of SNARF-
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from su?_{@p_qig uppg 1@b%g%gﬁ{d count ed usi ng

ti eni ocytonaeter. 1 ells were plated in 25 rnls
of nmedi AMR90a- EGS A0 OD8selds cul ture dish. 14 plates

were se f est. conpound, and were incubated
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nedi a atrp/ ngevoeefs %feﬁ@@wﬂrigr éxbzﬁi_dﬁfdﬂaﬁs' afyd 8 theBOITS116 cells

was 30 replaced with that containing the test”conpaur
15 d. weEwogtohatfosametditiona 6 dpys aforsgutsing®ith Budent 58tuemtiquot of

o1 SNSRI TRBHR I Broffs siilogi g 222 Epe iR ST DRSO at
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20  hours. The cells were incubated at 37 °C for 30 minutes and then washed with 3 ml
of PBS.

These cells were then fixed and prepared for the measurement of BrdU
incorporation as described above. The percentage of viable (FL-2) and BrdU

positive (FL-1) cells was determined on a FACScan flow cytometer..

23 Assessing the viability of arrested HCT-116 and IMR90 cells after exposure

to compounds of the invention

The cells are incubated in the presence of the compounds for 72 hours (3
days) at 37 °C 5% CO, as follows to determine the potency of compounds on the
cycling and arrested cells. Cycling and arrested HCT-116 cells as well as cycling
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Assay 6: Inhibition of Biochemical Kinase Assay

Enzymes: Cdc2 / cyclin B was obtained from commercial sources. Cdk2/
his-cyelin Egnor Was expressed in S9 cells. Cdk2 / cyclin A, cdk4 / cyelin D1, and
cdk6 / cyclin D2 were expressed in Sf9 cells. Protein kinase A (catalytic subunit,
from bovine heart) and protein kinase C (mixed isozymes from rat brain) were

obtained from commercial sources.

Substrates: Histone H1 was from commercial sources. GST-Rb is

glutathione-S-transferase fused to the N-terminal of residues 379-928 of the Rb

protein.

Assays: Cdc2/cyclinB activity was determined by measuring incorporation of

radioactivity from adenosine [y->’P]triphosphate into Histone H1 using a TCA
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activity and consequent exit fromthe cell cycle a
c elchutaimaat0 mye ERT A scrlpge ofisrapeund, 3es sqbtraéée@eégp @ﬁ results

L; Q2 IRGAAU R e S3ARAPRIR Q&Bpg‘dﬁmygo%qmgitfbﬂl{ﬂo) was

determined by fitting the data to the standard equation:

P = min + (max — min) (1/(1 + (IC50 / [I])*)) (1)

where P = 1 —relative activity is relative inhibition, /1] 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.

Cdk2/cyclin E, Cdk2/cyclin A, Cdk4/cyclin D1, and Cdké/cyclin D2 activity
was determined using a glutathione-sepharose capture assay. The enzymes were
expressed in Sf9 insect cells as heterodimers, and the substrate (GST-Rb) was
glutathione-S-transferase fused to residues 379 to 928 of Rb retinoblastoma protein,
expressed in E. coli. The assay solution contained 50 mM Tris.HCL, 10 mM MgCla,
1 mM dithiothreitol, 50 pM adenosine triphosphate, 2 pCi [y-**P]adenosine
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Figure 4 shows (lie enhanced activity of conmpound A37

on {ripRodphbiepl 0% «ihneihylvﬁlﬁb&idié (Lﬁ;pnotompcmmds)egHrVoi 8l g GST-Rb,
(IMR 90,) and tunor (HT- cells. g The 1050 for
conpuiandyns i 6480 £b lYﬁblmf‘o 0@@13@%@ BHF PefedA vadpysFoncentrations

LS 2l U B AR P

ar r o (087 b disodi
I NL ce?dpg b%r%%eagitﬁlhnogl &I—géém 162)f23ét %ﬂ %jlhgﬂ I eel ésot 1ru31/n

Ser aﬁylsﬁeaiﬁamiab &etrancetaté,or0Sexnil adahosare toiphospbatePH €' QJ~The GST-Rb
rl dpote c -116 cel Iated n, t.ripl.icat :
eac‘f%%‘@ﬁﬁ%%ﬁy E@ﬁl@gﬁ artﬁﬁn? -§°PhgEesE 8 é*ldeéfuﬂll‘%sﬁﬁlﬁigﬁ(ﬁ)mm’

m t tﬁé’%gbﬁylaiﬂw&sof’fﬁérsd Aol 1§s%‘ﬂHéPﬁRér AfdeRaitiNg afe

or 2,000 cells per me | in 24 well dishes,
an dretamsdhmh@ﬁm/tﬁnﬂ imithtphasphaR-t@ffebed SaII@B Contalnélgrﬁeﬁ Va(wiv)

]; ;g";}n‘y%f (g lél% %ﬂ(glgln fgghgll{?\sg)gjﬁcggtog W@g dl%sé ng%pe ﬁglpﬁ\i\@%uon counting
178 it itk 106 L1 SLinBREUIREEER, LRI AR BoBIAFEILy AViding the

es containing cells”both in th
pr esenee oﬂfudlabﬁﬁat}mm@@ommdumhmesencmcﬁmm;@dnd by tiee amount of

addi tj onal. days. MOXQ.cells vvere pl ated in.tr a1
f orraé@eﬁwekyﬁﬁ%ﬂma@éﬁ%éﬁw&% e fachs eonteiginegafiss Hofe but no
MVEM {j i ﬁ%ﬁhghlggrgag&ﬁ\ﬁfyahetﬁﬂﬁle@ﬁf 48x@briMent containing

den5|ty 0 20, 000 cells per well
| n %Mﬂﬂsodiuml"e@wlaredlmnnmtma‘ath/mpia@mf campsand @as 5ohtracted

r enov fromth 0
1506 OB AL AGRE DDAl 1D OB RO B RS Rg g for S0%
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presence and absence of serum were incubated for 3

addi t i orfabtetiakinasedbanbpiotain h@asehfé weesd psseyed|using a TCA
ar rpergglpltatlog%lssay w1gh ﬁls%‘o I—h as a%%@st?aetl For wotélgrléﬂmse A, the final

assay contained 50 mM Tris, 10 mM MgCl,, 1 mM dithiothreitol, pH 7.5, 12 uM

20  adenosine triphosphate, 10% (v/v) dimethylsulfoxide (from compounds), 20 ug
Histone H1, 2 pCi [y->2P] adenosine triphosphate, 0.2 U protein kinase A in a 100
uL 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 pg Histone H1, 2 pCi [y->*P] adenosine

25  triphosphate, 0.01 U protein kinase C in a 50 pL assay. The assays were started by
the addition of enzyme, allowed to react for 10 min at 30 °C, and stopped by adding
0.4 volumes of 237 mM disodium ethylenediamine tetraacetate, 105 mM adenosine
triphosphate, pH 8.0. The protein was precipitated from the stopped reaction by
adding 0.5 volume 75 % (w/v) trichloroacetic acid and captured by filtering through

30  a96-well glass fiber filtration apparatus (Millipore). The filters were washed ten

times with 25% (w/v) trichloroacetic acid, and the amount of incorporated
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starvation To ensure that the cells had indeed exited
the cell cycle upon serum w thdrawal, the percentage
of BrdU positive cells, indicative of those
progressing through S phase, was determnined in each
experinment. For the purpose of this 30 experinent,
cellular viability was eval uated sinultaneously wth
tine use of S ARF- 71 1, a fluorescent subpstrate {
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After 2 "H%‘% ﬁ? ?/ﬁtﬂe mtv%uon%ere %@erq%%@iove(}* %pared feris

af ta@rhm‘{‘ﬁfa]ﬁ'oﬁ% abﬂ)@o Cghtﬁ‘tﬁe vEIEele aCPT- Mi (Campeasart, Phamama) was
media. 10 HOT-116 FCS 5,000 cells HCT--11

100bt@mad(ae thesphavmcemical dresmdoresquepaed ingd% |dréﬁ©‘€fe'wﬁi@s§]35 Ww).

000 cel.l s The C
B ShR SapETRr oy S By BMRp Ly agsted o
10 gf 9&6‘&3/\5&1 he. 280bicanalsep days before pul sing W|th
BrdU,” x150 pg aliquot of SNARF-1 (Mol ecul ar Probes

t al #01272 d
{ ZnSefgm@/hm&w&’?f FEPaIeaw B CHT GPREEd Fh CO90 T
Fgl}sgg %E) g\a% 111&0150 &gﬁ% and| bf JVededHd Mhiagh Jv1tﬁ4>anQ‘Q1nd an irradiated

to"each tube of cell

hadtaﬁw& rédint myee@unnal?tne -IprbeR@tent Dot 2@bsence of ser um
and p:.rlsed with BrdlI T for 20 20 hours. "1'lie cells

xetr ﬁ én,cé)lge?}@?an%tgg? Ziaxz%mfmo z[ole:% (a)terdna%se ?J\SJTB) q\/hc%%? 8 we%ﬁse cgf age
15  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

20  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 (fumor brie) or alternatively, 5-10
x 106 tissue culture-derived cells into the flank. Animals were initially monitored
25  twice weekly for tumor growth and then daily as the implants approached the
desired size of approximately 100 mm3. When the tumors grew to between 62-221
mg in calculated tumor weight, the animals were pair-matched into appropriate
experimental treatment groups (8-10 animals/group) and treatﬁent with test

compounds was initiated. A positive control was dosed according to historical
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These cells were then fixed and prepared .for the
nmeasurenent of B-rd C7 incorporation as described
above. The percentage of viable ("FL 2) and Brill"
positive (FL-1) cells was determined on it FACScan
flow cytoneter.. 25 Assessing the viability of a
rester AACT' 110'6 and IR f90 cells qffer exposure
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on cellular viability was 5 assessed in the Caicein

AlA4 assay. Cal cein Bhmor3Vaight uages etk )substrate of
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vi abl e cehhbfs wd wR¥AGER lglgﬁ%ﬂ?l s HRS bF ﬁltﬁ%mgf. "ARse values can also
provi des a neasure of viabiTity, which 1s proportlona(i

to eeptprassadar volm@ak meitn(mdmB). st ock sol ution was

prepared by dissolving a 50 g aliquot (Mlecular

1 Cubat o By e sk e et Fo B b ol

m NigeRSsibe (@I%E of @mloRRPH RevKeat aRIthkoh&de g ﬁﬁ/%}?’l@% o§ the starting
conpl etely. e calcein was diluted into 10 nil PBS to
pr efdar &) siae bet giaater the APinemfor e honsasutpreckpcdwingfthooourse of

li di s aspirated off the cel]ls, which

wer SepllAERAS: CRREREPHR el bled hpletrdor three
PBSonerqutiet ghys. Cueputaldisedys atmialsafhaB tuhoshRiks 8f0 mg and
the 15 Cal cei ni PBS solution was transferred by pi pett%

15 ntigmaipsghateyay, unith e spaiptesionef the axpetipatted at 37 t for

20

25

75 mnutes (protected fromlight) and read on a

fl uoresq 3 e ' i 5120 and
1S5RS BTS20, 8t oo
chesclls ilet gle killedartir tHedsinition of treatment and can be used as a quantitative

measure of efficacy:

Log Cell Kill (LCK) = (T-C) / (3.32)(Td)

where T = is the mean time required for the treatment group of micé 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-lo g10
unit. Bach LCK unit represents 1-log10 unit of cell killing (e.g. 1 LCK = 90% kill, 2
LCK =99% kill, etc.). We consider compounds to be significantly active when they
have LCK values >1, which corresponds to >90% tumor cell kill.
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Enzymes: Cdc2 / cyclin B was obtained from conmercia
sources. Cdk 2 / 20 his-cyclin E he ; was expressed
in SP) cells. Cdk2 / cyclin A cdk4 / cyclin D, and
cdk6 ; cyclin D2 were e wpressed in Sf ? cells.
Protein Itinase _A (catalytic subunit, from bovine
heart) and protein kinase C (m xed isoznes fromrat
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an experinent _
xenograft 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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cont ai ning 50 nil4M EDT A in place of conpound, was
subtracted ;nono all results before calculations. The
concentration of conmpound for 50%inhibition (1Q o)

was 20 determned by fitting the data to the standard
equation: P =rnis + (rnax ruin) (11(1 + (1C50 ,"' [i

)3)} (1-) where ' =l - relative activity is relative
inhibition, /11 is concentration of conpound, razax

nd grai mhgﬁgirﬁ@%f@ﬁeﬁhmMmoﬁqﬂmﬂsrtonhﬂm cazteaponding binding partners

i nhibition (1 and respectlve
soralbddicrbiedsiospenriss toe Ay IR AR e SesabBtess Ghineone AB.

S LS PP Sk g

as §@¥npl INBo RNy BB By affirtyFeasae CambiSie, Uy ewil wakhdly
as het erodi rners and the substrate (CST-Rb) was

5 gl apwardit énthose slelesMdha®e fused to residues 379 to 928

of Rb retinoblasto:na protein, expressed in E. coil.

oo, 25 LA AR BARE M ConpRuh o RO,

tr bﬁﬂﬁ@ﬁh@ﬁlers CDORTcy¢linE3v# aldkymgd;ﬂﬂn anzlysis was performed on a

i phospliate, 10% di aneth 1 foxi de
coﬁgﬁ Q%@ : P,R—@?losg@'sojr byo 1n§ﬁ?8hg%czo§1%mno 20 mM
10 GU5Y Tb@LIB0 (prot d
%E?éﬁr%ﬂl 7;232 13 et vvewéi;@fl %ﬁ}%@lo I/yuM The PRERESCE

10 r e@ltbi@heud.sA ADldbeclution gf Gerepeinddk wasconlad apHaHO ¢ the

15

S OetirR SpaLe SR OB SDCRay s Fadr Ly fpiaeBPing
t e%ﬁ%%%rd&@@ M RG BRI mdﬁlglowm&@aaﬁ@lz tp birdBeif, for

was captured by binding t
gl etatiic G Fcphiabos eurbfée;kpremﬁgﬁmﬁ)qu&ﬂu@gn Fyipung buffer to

and. t he su nsi on was f| r ed

£ T Phiapning pBingeneligoRar PREarhR g s lIBasg o RS over the

W\A}élssemﬁﬁla@%&ls@é{{tfv%rﬁar 5 alih BeckS @lloaledibyg RirSofinrifg buffer at
Tween- 2 tl:e arnomrt of 33p incorpor } a 1

det}mmeftbvb;atcs a‘hmassomatwmncb@asﬂcm@n Péthﬁf(ﬁéﬁﬁbﬂ }‘if%omp ex

100, p tili Rel V.

dooueRnEAPEEBleo Kokl Rl bty p fow rate of 30

i pﬁ%ﬁ&g r@ﬁ&?abl{hteiﬂéﬁn&ﬁ@ ﬁ%rtihtg) gﬁs fagamatadi bbywcb hcmsambwnt

0 radi oactivity incorporated.in _a co

com]entwnﬁ of M@%ﬂ@ﬁ@%ﬁl’ drpehloridmp8 R %r%uﬂglgﬂ% li‘th

rad| Oﬁ%%&a‘é'lo%ed.det erm ned in an experinment containing

The data were analyzed using the Bioevaluation software version 3.1
(Biacore AB, Uppsala, SE). The curves were normalized to the injection start, and
the background 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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50 mw disodium ethyl enedi arnine tetraacetate in

pl ace of conmpound, was subtracted o 15 from all
results before cal cul ations. The concentration of
compound for 50% inhibition (1Csc) was determ nedby
fitting the data to. equation (1). Protein Erase C and
protein kinase A were assayed using a TCA
precipitation assay with Historic 1-11 as a substrate.
For pr otiigmelishawe adan txeenifle telresudis S)b&almdnﬁoath@édn@@g of

"5 Citkeplag B b GO B SIS T purt B A B these

pOdéI[tJ%%‘%@ s fof g, @7).00gREUNdS) , 20 ug Histone 111, 2

adénosi ne tzi phosphate, 0.2 U protein
kinase Ain a 100 L assay, A protein kinase C assay
contained 50 MM Iris, 10 nM Tv. 1gCl 2, 1 niba
di'flaiothreitol, 0.8 sr 1 CaCl2, pHT5, 5tiM

Saden05| etlr Posphte 10/; (v,'v) dimethyl sulioxide
(fr%ﬁﬂégﬁ%éé#MJlg Hlstonelll 2 UG [y3P]

2“281' 38y 8RR cofePb R RS ATHE Falhed n

gﬂ&apglo@d‘ﬁﬁﬂgnuc?éa} @é’l’féctPBM(Eﬁ aefectt® sz1t11Qhchﬂzv %ﬁssﬁé& clinical
stopped by adding 0.4 volunmes of 237 nn-

d i ssxdata HI&t O tegimmtne nteasuraatide &fﬁcac‘l@@ thesgrompounds in
adenosi osphat e, he
o Rt festr Bl TRONs o R duay ARG R ESh U/ ostimate of

10V Ol iHoBerpedid iYYﬁé’)a of ﬁhb&moﬁfpé@ﬁd%ttb GeReddd. @i‘é’shCRBIM@@ &bnDivo

20

filtering through 30 a 96-wel | I_g'ﬁass fiber filtration
appd@nanswsere woled pad simulzied with RiGA S {Rert8-TRelurier Thacells were

svvlth25° chl or i he

o g B e E 2 BROEER . A0 vigdp i py the
by LGS %}ﬁl gThdWitis0s ddﬁediﬁtdl aoltiplitity af indsetion of 0.1. The
count i ng e concentration of conpound for 50%

i nisells wesreultmesdyr hdaysawsidnfasiipmador ieyhe pyalpatignigiefficacy.

1557 &g BaRREH PR fetelh Fobl ek IS ERRKERRS PRy in e
r alsuﬁé’}ﬁatﬂiw"ﬁﬁﬂ cyM@(ﬁhﬁtySWB me&ureﬁoniﬂotmdﬂTSfasstalye The results of
i nvention were synthesized and I]%lrcepar ed for |

adiupliente detergrnations of Biegel kbRt sibicecy %F@OM@\P&/‘ of fhese
( C%H&BB&I’?(% % ﬂreséﬂ?&f ﬂalea'b?e)7 was

All references, patents, and publications cited herein are hereby incorporated

by reference in their entirety.
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Swth. a digital caliper. Tunor weight was estimated
using the following forrmula: Tunmor Weight (ng) = (w
X t) 12 where w.:: width and I=length ira nmof the

t unor.

t hese val ues can al so

be expressed in

volunetric units (mMm®B). 10 Experinental treatnment nmay
cause partial regression (PR) or co aplete regression
(CR) of tunors. PR is where the tunor size is 50% or
eg the starting (day 1) size but greater than
0 nag for three consec . tive days during the course
of ddYor c\éﬁﬁﬁ%@ﬁlp@m% &Qﬁélﬁﬁeﬁﬂlﬁlrfof e rfelld8inddn-vitro
rreasura e tunor amass for three consecutive days i
cltcrexﬂsalaaoavdgmsamklmntm abvave iiobe andebmogeie AR abasgays with
and 15 that the
Ao HertelS Ca e i TR0 pl s BB A St iy
REE GhpH MIDIpoisieint SCEhagaigt @n
ki%%%{e@ gﬁ‘%ﬁg@ﬂgﬁ?ﬁﬁl ation %f trepat ment anda%an be
usaﬂiaawcmnqustanﬁqeﬂthnv)e measure of efficacy: Log Cell
Kill (LCK) (T © 43.32)(1W 20 where T =is the
nmean tine reqwred for the treatrrent group of mce to

I‘eaCh 1000 n ' A S l || freat LI re fUI 1
cont r dEOHPEHITt anp AFRAEAL AR ION o NEanel
= is the tumtydeul iRygteln freCloapas lvf)rcMﬁQﬁB PPRE
regression anal ysi s | 2@ ﬁ*ﬁ?’;aﬂ:'&\ h B igr ond i ot d¢ )
the cgntral grfouygpqtunoks dur<i1ngoe<<pxmeﬁ0.h al <grioymt h <5
and 3.32—the—nurber—of—doubHngs—regutred—forta
popul gtioB to|i ndrease 1-1 (gglo unjt. [Ea€h [LCK. unit
represents+= Ugluunlt of [cet T KiTTin e. CCK
90% kill I, C2 L 9905°ki | | <Tekc. ). Ve Rbisi e | 0
conpounds to Je gni f1 cant Lé’1 act|ve they |have
LCK. values > OjaLh corr ds!to >90%f tunpr cell
kill. |7 Tgnmor | ge@yt h i rhi bi Eo on (9.9 ke1a calicul atkon
t hat describes—thearpunt—of G owt-h—that+s
i nhi bilt edFbytreahni ent<Oovii t h <4 conp®uhd<eder <@.1defi n€d
perio of —tT e 1t TS eXpressed _as.
<0.1 <1 <0.1{<0.1 <0.1 | <0.1 <1

H <0.1 <1 <1 |<0.1 <0.1| <0.1 >10

| <0.1 <1 <0.1/<0.1 <0.1 | <0.1 <1
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M <0.1 <1 <0.1 <0.1

N <1 <1 >0.1

@) <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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%rGF =100(1-T,/C) where T is the nmean tunor size of a
conpound treated group on a given day, and Cis the
nmean, tunor size of the vehicle control group on the
sanme day. Toxic deaths are defined as deaths caused by
conmpound treatnent and not by advanced di sease state,
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exanpl e,

bridge, UK), wi ||
skilled in the art.
t he.

be readily 5 apparent to those

t hose devel oped by Affinity Sensors (Can;

in a representative procedure,
bi ndi ng of Conpound Rto its known binding

partners CDK2!cyclinE was anal yzed. The anal ysis was

perfornmed on a BlIACORE 2000 SPR-1niosensor at 22 Cin
runni ng buffer containing 20 nil vl

15004V NaCl1, |

(protein grade.
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dext r ane- sur

gr asleghextiieal antiibieion asqaw dperibdieaboye.r y .
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ﬁ)r%@HEl hed
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r(r:?b

A TO |
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f5 sensor-chip (research

In order to

characterize the binding of Conpound R to proteins,

for exanple CUK2(cyclinE, a. purified protein
fraction was diluted—iHR—+unnri-pg—buf todier lfrbtai. e
di stinct ;[prookei N Cdk2tenCdiat/ i jo€slc2/whi e r hegn .
al || SRR 8qyaB|$Eo®mlintA16ydlBl l%é}ys’dnB:u%zg}é\i; BGNPKC | Al
conseectt+vety—fot—51mt eg] tr; lU<iIi vvea Dy 51 nrri of
nt Nni_nfy buf 121 af <9'Iiﬁ safft "l oW rate.’ The
associgti on «apd di ssacijat4¢ion of<the CDK2/cyci' ng
Cor‘pi—eg—_wmu he -donppun -1 oaded chi urit
was mesurpdo .af%' r:P= 3 ?6 rin- %‘féar ?agh —
experibent| <he chikpiwds régenerdat ed by two
corfsecgtive <qc Oqj €CLJ &NS Qé‘oﬁ I'vig pu ar<d @l Nl ufg <10 <10 .
- hy | (20—see; ) before—the—rext—24
sarnpl eFvvas‘ | 8htied. <The |da0-8! wer @ hnal P [usi ng |t he
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The—abovepr UOL,—‘u'me ca b<§ PErTY red anal ggouslTy wth
other target™proteins | for exanplel Cdk9, Cdkd—ete—Ar
i nhi bimor [of<aCdk9, for |exanplle, may|be usgeful i|n the
t reatment or _pyophylaxijs of H \gard]/or AlDS. r4

o) <0.1

P <0.1

Q <0.01 <0.1 <0.01 <0.1 <0.1
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Figure 9 shows as an exanple the results obtained for

the binding of CDK2/cyclin to the CV5 Conpound

R-|1 oaded chip. The KD cal cul ated fromthese data

amounts to 8,0 +l- 2,8 i. 5 Assay 9 Antiviral activi

The activity of the certain conpounds of the invention

was eval uated in peripheral bl ood nononuclear cells

(PBMCs) infected with the | ow passage, clinical

i solate I EV-ARQJIO to generate a nmeasure of the

efficacy of these conmpounds in acutely infected

cells. The use of these normal human cells allows an

estTapa® of 10 the therapeutic index of these

conmpounds to be nade. Fresh PBMCs fromtwo. .donars

wer e podtasultafed additipual gowgovidsan pIaRies Wcaﬁgg*ﬁ?tl% e CT-

The eIIs wer e he L nce of IL-2
VERAVESOC ftneolnlpr {lé\I/rlE 7 g%eq %e%cl!?ig)te g : y the

mtogem c signal. The virus was added at a

sntltiplicity of infection of 0.1. The cells were

cul tured for 7 days post infecti esogampr to the
eval uation|of efficamak2l5 Vi rq‘l rep(L& %qtl JypI-t
K 16
measur ed bycbmgolhreielcyofin re ‘%?ﬁé tr g,néﬁrg pt a§gbm§y
activity in the superBatan £D1 0X1 i
measured with fhe MIiSg@gsay, The, tsu;b_t13 of dpplicate
det er mi nat Lons_of the antil-lily efficacy—and—
cyt ot oxi ci { y 0oA2 t hese<0. monbom@s are s‘r esent ed0iln
Tabl e 7, —referepces,—patents,Jand pUDI rcations
cited herein ah® hereb$1i ncorPer atled <°Jo hy r &Pdrence
in their entitery. [Tab R%beoc ound. ¢
0.1 L

ncentrat urns ed n<d.'(issav n‘ dnceéntratli on Of 0
10 25 1 50(100,250 | Copround LM MM nM NnM{nM ro NI
Table 2. 5 quu ts for certain conpounds—gf—the
i nvention for Aade Brdid.omclor porfatijon<o.assay deddri bed
above. - - : - :

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

A1 <0.1 <0.1 <0.1 <0.1

Al2 <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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BrdU ' Compound, M T 24h 48h 72h A <Ql C <0.1 <0.1
<1 D<0.1<0.1<0.1 E<0.011<0.1<0.1 F<0.1<1

<0.01 <0.1 _54W- H<l <1<l C<0.01<01<0.1 K
<0.1<0.1<0.1 L' <p1<0.1<01i <0.1<01<0.1 N-
0<0.1 <L AN <L P oomemmmmaaaaaaaaaaaas - .-~ Q72

<0.1 <0.1 81 Table 3. Results for certal n conpounds
of the nver tion for the followin in-vitro ceiluar

activity agssays described above: |¢/50 |ty and
Tonogen sy val ey i, s T
activity S ggalﬁ%st t rﬁgm %é Dﬂangyc AeanV el ph
M D poi nt and 5250 aggl pst| ang 4 <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 <0.01 <0.1
A36 <0.1 <0.1 <0.1 <0.01
A37 <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
Ad41 <0.1 <0.1 <1 <0.1
A42 <0.1 <1 <1 <0.1
A43 <0.1 <1 <1 <0.1
Ad4 <0.1 <0.1 <0.01 <0.1
A45 <0.1 <0.1 <0.01 <0.01
A46 <0.1 <1 <0.01 <0.1
A4T <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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adriarnycisi resistant cell line) Conpound HCf-116 950
(pM NCI panel Protein D onogenic | M>MD ADR-res

Viability adjusted 24 h 48 h 72 hgm | i tM (jM A
0 <1 <1<0.1<0.1, <0.1<0.1<1 B<1<l1C«x0.1¢<x1¢<x1
<0.1, <0.1 <0.1 D<0.01 <0.2: I " <001

----------------------- E<0.1<11<0.1<0.1101 {
<0.1 <1 F <0.1<0.1 <1 j<0 1 <0 1 <0.1 <1 G <0.1 <1

<0.1<0.1 0TI OT T ------ “1dso(um H <0.1 <I'] {1
<0.1 <0.1 0.1 >10 “Cdkz7 <0C1 <1 <OC¢::ILc2<IO' 1 ﬁgT-]116<0' 1
<l - - - qCompound- -cyclin--- dkddy o(Cdez’. ..t il
--------- K<0.1ii <ip<l >®velin®d: pvelipg . Vviability
Vo1 <1 dor A | NS SF P 208 21t |
<1 <1 >0.1| as2 <0.1 <1 <1 <0.1
Ab53 <1 <10 | <1 <0.01
A54 <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
AB0 <0.1 <10 <1 <0.1
A61 <0.1 <1 <0.1 <0.1
AB2 <0.1 <10~ <0.1 <0.1
AB3 <0.1 <1 <0.1 <0.1
AB4 <0.1 <1 <0.1 <0.1
AB5 <01 | <0.1 <0.01 <0.1
AB6 <0.1 <10 <0.1 <0.1
AB7 <0.01 <0.1 <0.1
AB8 <0.01 <0.1 <0.1 <1
AT4 <0.1 <0.1 >0.25
A76 <0.1 <0.1 <0.1 <0.1
A77 <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
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<0.1. -- P <0.01

0 <0.1 <1 <O, 01!

m F------- y.oo-

82 Table 4. Results for certain conpounds of the

invention (IC 50 as nNl) for the an.-Ostec ccii assay
descri bed above. Arrested cell assay ! Conpound (nM
| 6MROO WCT A -- B Cf >1.0<0.01 .. >1.0 <001
~----E>01 £0.1 F. >10 <01 H>IC®E®)1 | >1.0 <0.1
K ->10 <O. )%:omtomcfl'gﬁ? 1 CW/ O >@J?2701 HCT-116
E cyclin D1 cyclin B viability

B3 <0.1 <0.01 <0.1

B4 <0.1 <0.1

B5 <0.1 <0.1

B6 <0.1 <0.1

B7 <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 <0.01 <0.01

B17 <0.01

C1 <0.1

C3 <0.1 <0.1

C4 <0.01 <0.1

Ch <0.25

Table 7.

Results for antiviral activity for certain compounds of the invention. IC50:
50% inhibition of virus replication measured by reverse transcriptase levels in the

supernatant; TC50: 50% cytoxicity (MTS); T1: TC50/IC50.

Compound 1C50 (uM) TC50 (LM) TI
A32 <0.01 <0.1 >10
Ab61 <0.01 <0.1 >10
Ab4 <0.01 <0.1 >10
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PQ>0.1_  -;<01 83 Table 5. Results for certain

conxpc~unds of the invention. (TCSO as riM for

bi ochem cal ir-hibition assays descri bed above. ---

---- CdkSl Cdk21 dk2l Cdk4l Cdc2l Cyclin |I~KI~ RKC
Conmpound Rta] Cycles E Cycles A CycEin (r) Cycles B

t02 A <0.1<0.1<1<1<1 _----$%$<0.01<0.1<10<0.1

<01 <0.9 <1 <1 >10 >10 >10 -- ---- -.. D<0.1<0.1
<1l ®1 E <0.01 <0./01 <0<0D01<0.1 x0.01 <00 <10 =z <10 :HO
<O @, <fT T <0.01 <0. L. 0L -[- —--=pi----- <01 <0.1
PP &9 01 <01 >10 510 -<Q.-Ol--- -r----- >10" - "~ |~°- |_|>IOO
<O1-20-1<0—1—<B-1—<B—F <Ot <BBL—<O t———rmrrm e
-------------- I T R
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<0.1, N[ 1<0.00 -1 Oj-<(0O1-------- _{ Q<o
01 <0.1 <001 <0.1<01 - -M--------------------- k
A B84 Table 6. Results for additional conpounds in
the bi ochem cal inhibition and HCT 116 viability
assays (non-pr(tein adjusted) described above. |C50
(jiM Cdk2/ Cdk4/ Cdc2/ HCT-116 Conpound cyclin
cyclide® cycllin B viability A <0.01 <1 <01
------------ A2 <0.01 <10 <1 <0.1 A3 <0.1 <0.1 <0.1

<O0. I A4 <0.01 <0, i <0.1 <0.1 A5 <0:1 <10 <1 <0.1
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<0.01 <01 CS <0,25 'T able 7. Results for antiviral
activity for certain conpounds of the invention. |C50:
50% i nhibition of virus replication neasured by
reverse transcriptase levels in the 5 suncrntant;

C50: 50% cytoxicity(MrS);'1'l. TCSO 1CS0. Cora pound
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yl -CDCHI(Ct ~}-pipera::irte-.{s;~13. 5 Left-hared
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hG gr oar Wdonfigahtr e CA-43 no pl t3iyctwearyl OCl 12 NHM
al kyl isopropyl| pi perazi ne thiopere OCH2[ CO) NWM

al koxy CH3CH2(([CO) CH2 SO2 nporphoi i no alcohol none
OCH2 CO OCH2 pi perazi ne subst.i tlued aeJ!\(pl peri di ne
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CH7CHOOH CiiNH2| CH2NI - |
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Est her conpounds of the invention result from

sel ecting appropr
possi bl e features

fromthe table o
compound B3

iate features
bel ow. For exanpl e,

results from 10 the foll ow ng sel ecti ons:

none- nor pt ot i no-a
Lett-hand_Left-ha

ry<-Cl | Z-piper tine-C ~I,CH t3H
nd Ary or Nitogere Quhqtlnjpnt rang

ubst it uent fpatﬁﬂucmeht-hand

hat ar oar yCoRangn<s
substituent OH3
I sopropyl Piperr

CH3CH20( CQ) CH2 CHRCH2CH.

CH2CH2CH2CH2 pi pse
aci d pyrazol @5 est
CH NH,, CH2NHCH
CFl 3 CHCHaCFf a.

urrsubstitutsd ar
unsubs% ed_ar onat

rnor pholino aryl CH2 NHI M al kyl

irie thiophene CF12Cl-12 NMW sl koxy
2 norgphol no al cohol stone
razi ne subﬁhl it ed amione  pi peri di ne
er pyrro?i OCH3 CH, CH20H
CH2CH3  CHZNHEH™, 4;4 NHCHC: H3CH,
CO0CH; CH3 subst'ituted or

omati ¢ carbocycle substitrLrtad or
Ic heterocycle None
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Cainms. 1. A conpound having the structure of Fornula
t, or a tautoneric or pharnmaceutically acceptable
salt formthereof. Th Ii P3 ° 10 2. The conpound of
claim1, wherein the pharnaceutically acceptable salt
formhas the structure: 15 0r. Y ~..<._ljci HC\

H : A pharmaceutical conposition conprising a
pharmaceutically acceptable excipient 20 and a
conpound of any of clains 1-2. 4. A conpound of any of
claims 1-2 for use as a rnedicanment. 5. A conpound of
any of clains 1-2 for the treatnent of a

hyper prigbifer at i ve di sorder 6. A conpound of any of
clains 1-2 or the t

11=.} 7. Us Eff;ow%nc{,‘sgﬁ%&%ﬁm%result\ﬁomfsel ‘itmo ?Pgof%e fe?thles

naanuf | feml tietaigf ofaonibtedehcaibxliewntFof ormplerceapiungiAd’ results from

hyper pr @'foﬁo%é‘t !e1¥c%oy‘tf£l 2L %‘8 olﬁo 88 cef chhg cpmmaund of

any of ¢ T he nan ac ure of “a rnedi carnent

for _inhibiting proliferation of a cell. 5 9. Use of

the To nd of a fqCliamas 1-2 in thegmagufacture

of ar r;r[pgﬁgggtne t ri-u fgt)rand Aé,@t%br gRingsupptitgnt P&Iﬂ ect i offght-hand substituent

10. ThesHgse of cl aw&m&m>@here|no¢M£ vi ral Ninnf ectiahyl i s

caused idyro@ human pipkraamandtbedrieci @RHACAL r uSNIIH V), Akpxy

Use of arieHao¢i@iind of any of cP@ ne 1-2 @prhgino  alohol

conposi"ion contai ning a 10 t hePAFERPEH Py’ ?Fef ec‘i”f’%ed el

anount of stuch. conpound in the manufact Jef ao

medi canm pyrrolodine  CH,CH,OCH;
CH,CH,OH
CH,NH,
CHoNHCH,CH,CH;
CH,NHCH,
CH,NHCHCH;CH,
CH
CHCH,CHs
COOCH,CH,
none

Table E

Other compounds of the invention result from selecting appropriate features
from the table of possible features below. For example, compound B3 resulis from

10  the following selections: none-morpholino-aryl-CH;-piperazine-CH,CH,OH.

- Left-hand Aryl or . e Nitogen . .
:ﬁgstt\;tiﬂgnt ring h?t,eroaryl Ring substituent feature Right-hand substituent
CH3 morpholino aryl CH2 NHM alkyl
isopropyl piperazine thiophene CH2CH2 NMM alkoxy
CH3CH20(CO)CH2 CH2CH2CH2 morpholino  alcohol
none CH2CH2CH2CH2 piperazine  substituted amine

piperidine  acid

pyrazole ester

pyrrolidine  CH,CH,0CH3
CH,CH,OH
CH NH,
CH,NHCH,CH2CHs
CH,NHCH;
CH,NHCHCH3CH3
CH,
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for inhibiting cyclin-dependent 1--inase in a hest in
need of such treatnent. 12. Ilse of the conpound of
any of claiins 1-2 or a conposition containing a
therapeutically effective anmount of such conpound in
t he manufacture of a nedicament for treating
cycl.in-de. pendcat ki.n.ase associated disorders in a
host in need of such 15 treatnent. 120

CHCH3CH,
COOCH,CH;,4
substituted or
unsubstituted aromatic
carbocycle
substituted or
unsubstituted aromatic
heterocycle

None
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Claims:

1. A compound having the structure of Formula I, or a tautomeric or pharmaceutically

acceptable salt form thereof:

5
Y
10
2. The compound of claim 1, wherein the pharmaceutically acceptable salt form has the
structure:
15

3. A pharmaceutical composition comprising a pharmaceutically acceptable excipient

20 and a compound of any of claims 1-2.
4. A compound of any of claims 1-2 for use as a medicament.
5. A compound of any of claims 1-2 for the treatment of a hyperproliferative disorder

6. A compound of any of claims 1-2 for the treatment of a viral infection.
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7. Use of the compound of any of claims 1-2 in the manufacture of a medicament for

treating a hyperproliferative disorder.

8. Use of the compound of any of claims 1-2 in the manufacture of a medicament for

inhibiting proliferation of a cell.

5 9. Use of the compound of any of claims 1-2 in the manufacture of a medicament for

treating a viral infection.

10. The use of claim 9, wherein the viral infection is caused by a human

immunodeficiency virus (HIV).

11. Use of the compound of any of claims 1-2 or a composition containing a
10 therapeutically effective amount of such compound in the manufacture of a medicament

for inhibiting cyclin-dependent kinase in a host in need of such treatment.

12. Use of the compound of any of claims 1-2 or a composition containing a
therapeutically effective amount of such compound in the manufacture of a medicament
for treating cyclin-dependent kinase associated disorders in a host in need of such

15 treatment.
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