
INHIBITORS OF CYCLIN DEPENDENT KINASES,  COMPOSITIONS
AND USES RELATED THERETO  1. FIELD OF THE IN `ELATION
5 This invention relates generally to compounds useful
as cyclin-dependent  Idnase (cdk) inhibitors,
pharmaceutical compositions comprising the same,
methods  for formulating or using the same for
treating cancer, or proliferative or other  diseases,
and intermediates and processes for making the same.
10 IL BACKGROUND OF THE INVENTION One of the most
important and fundamental processes in biology is the
division of cells mediated by the cell cycle. This
process ensures the controlled  production of
subsequent generations of cells with defined
biological function. It is a  highly regulated
phenomenon and responds to a diverse set of cellular
signals both 15 within the cell and from external
sources. A complex network of tumor promoting  and
suppressing gene products are key components of this
cellular signaling process.  Over expression of the
tumor-promoting components or the subsequent loss of
the  tumor-suppressing products will lead to
unregulated cellular proliferation and. the
generation of tumors (Pardee, Science 246:603-608,
1989). Cyclin-dependent 20 kinases play a key role in
regulating the cell cycle machinery. Those complexes
consist of two components: a catalytic subunit (the
hinase) and a regulatory subunit  (the cyclist). To
date, nine kinase subunits (cyclin-dependent kinase
1_q) have been  identified along with several
regulatory subunits (cyclins A-II, 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 cyciin- dependent. hinase complex: U 1/S by
cyclin-dependent kinase2/cyclin E, cyclin- dependent
ld:oase4/cyclin Dl and cyclin-dependent
kinase6/cychnD2; S/G2 by  cyclin-dependent
kinase2/cyclin A and cyclin-dependent inaseL''c.~relin
A; G2'M by  cyc lin-dependent kinaseL'cychr . The
coordinated activity of these kinases guides 



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 link between tumor
development and cyclin-dependent kinase related
malfunctions. Overexpression of  5 the cyclin
regulatory proteins and subsequent kinase
hyperactivity have been linked to several types of
cancers (Jiang, Proc. Natl. Acad. Sci. USA
90:9026-9030, 1993;  Wang, Nature 343:555-557, 1990).
More recently, endogenous, highly specific  protein
inhibitors of cyclin-dependent kinases were found to
have a major affect on  cellular proliferation (Kanb
et al., Science 264..436-440, 1994; Beach, Nature 10
336:701-704, 1993). These inhibitors include p161NK4
(an inhibitor of cyclin- dependent kinase4/Dl),
p21CIP1 (a general cyclin-dependent kinase inhibitor),
and  p27KIPl (a specific, cyclin-dependent linase2/E
inhibitor). A recent crystal structure.  of p27 bound
to cyclin-dependent kinase2/A revealed how these
proteins effectively  inhibit the kinase activity
through multiple interactions with the
cyclin-dependent 15 kinase complex (Pavletich, Nature
382:325-331, 1996). These proteins help to  regulate
the cell cycle trough specific interactions with their
corresponding cyclin- dependent kinase complexes.
Cells deficient in these inhibitors are prone to
unregulated growth and tumor formation. This body of
evidence has lee to an  intense search for small
molecule inhibitors of the cdlc family as therapeutic
agents.  20 III, SUICY.TMARY 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
isoinerie, prodrug, tautomerie, pharmaceutically  



acceptable salt, N-oxide or stereoisoineric form
thereof. The present invention  further provides
methods of treating cancer, or other proliferative or
other diseases  by administering a therapeutically
effective cos :bination of at least one of the 30
compounds of the invention and another anti-cancer or
anti-proliferative agent.  i In certain embodiments,
the present invention provides compounds,  including
isomeric, prodrug, tautomerie, pharmaceutically
acceptable salt, N-oxide,  or stercoisomeric forms
thereof, having the structure of Formula I: 5 0 alt
tti NH 0 H  wherein R represents a substituted or
unsubstituted heterocycle, or substituted or 10
unsubstituted morpholino, substituted or unsubstituted
piperazinyl, or substituted or  unsubstituted
cyclohexyl; F represents (CFI2),,, where n is an
integer between 1 and 6. In certain  embodiments n is
I; Q represents a substituted or unsubstituted
secondary amino substituent,  15 substituted or
unsubstituted tertiary amino substituent, or
substituted or  unsubstituted nitrogen-containing
heterocycle. In certain embodiments n is 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  20
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  unsnbstituted
nitrogen-containing heterocycle. In certain
embodiments, Its represents:  N.~ 5 n  where Z is 0 or
NR"; and R" represents Id or lower alkyl. 10 Ineertain
embodiments, compounds having a structure of Formula I
exclude  one or more of the following compounds; KIM
f \ r a` N .  1,41 15 A49 ^k tt'l  20 t cr.? A5I N.p `
a ..Z~  25 ...f '..` ,t4.~  4 A82  In certain
embodiments, compounds of Fonnula I include one or
more of the compounds set forth in the tables. For
example, the compounds may include one or  more of
compounds B1 to B20 and C2. As noted, in certain
embodiments, suitable substituents may include,
independently for each occurrence, alkyl, oxo, acyl
amino, hydroxyl, carbonyl,  



srilfonyl, ester, amide, Nit", hydroxy alkyl, alkoxy
alkyl, aryl, heterocyclyl, 10 cycloalkyl, or
oligo(ethylene glycol). in certain embodiments, where
Q represents a  secondary amino substituent, suitable
substit,aents include alkyl, alkoxyalkyl,
hydroxylall>y, and hydroxyalkoxyallc-y1. Those skilled
in the art will readily  recognize that the list of
enumerated substitneazts is not exhaustive, and many
other suitable substituents may be used. 15 In certain
embodiments, the invention contemplates a compound, or
an  isomeric;, prodrug, tautomeric, pharmaceutically
acceptable salt, \-oxide, or  stereois omeric form
thereof, having a structure of Formula B. v  e I f~ f
t R  wherein 20 Bs represents 1NInR8; Ar represents an
aril or heteroaryl ring;  V represents 0, S, or N-CN;
W represents 0, y,, or NR."; R' represents,
independently for each occurrence, H, lower alkyl, or
a metal  counterion; R" represents, independently for
each occurence,11 or lower alkyl;  ft5 represents H,
P(=0)(OR')2, or14i"Q; 5 P Z6 represents 11, 011, or M"
Q, provided that only one of R5 and R, represents  H;
R? represents 11, halogen, hydroxyl, lower alkyl or
lower alkoxyl; Rs represents substituted or
unsubstituted alkyl, aikenyl, alkynyl, alkoxy,  aryl,
heteroaryl, cycioaikyl, heterocyclyl, or amine; I() M,
independently for each occurrence, represents a
substituted or  unsubstituted methylene group
(including C(-=O) and C(=S)), NR", 0, S, S(O), or  



St. z; n represents an integer from 1-4 when present
in B, from 0-6 when present in  R5 and from 1-3 when
present in R,; and 15 Q represents a substituted or
unsubstituted: tertiary amino substitutnt, or
nitrogen-containing heterocycle. In certain
embodiments Ka represents substituted or unsubstituted
moipholino, piperazinyl, or cyeiohexyL In certain
embodiments R" represents H.  20 In certain
embodiments R5 represents M,Q. In certain embodiments
the occurrence of M attached to Q represents CR.i,
S(02), C(=S), or C(=0). In certain embodiments the
occurrence of M attached to Q represents CI-12.  fir
certain embodiments the occurrence of M attached to Q
is C(0). in certain embodiments the occurrence of M
attached to Q represents  substituted NR". hn certain
embodiments Q represents a substituted or
unsubstituted nitrogen  containing heterocycle. In
certain embodiments Q represents a substituted or
unsubstituted tertiary  amino group. 5 In certain
embodiments Rs represents substituted or unsubstituted
morpholino, piperazinyl, or cyclolrexyl. In certain
embodiments R" represents H,  while in certain
embodiments at least one occurrence of M represents
CH>,  substituted NR" or, when attached to Q,
represents CHz, S(O> ), C(:::S), or C(=O), In certain
embodiments Q represents a substituted or
unsubstituted nitrogen- 10 containing heteroaryl ring.
In certain other embodiments Q represents a
substituted  or unnsubstituted nitrogen-containing
heterocycle. In certain embodiments Q  represents a
substituted or unsubstituted tertiary amino group. In
certain  



embodiments Qrepresents a substituted or unsubstituted
secondary amino group. In certain embodiments, the
invention contemplates a compound, or an  i5 isomeric;
prodrug, tauto:neric, pharmaceutically acceptable
salt, N-oxide, or  stereoisorner3.c form thereot,
having a structure of: v'  tl 20 Cl. In certain
embodiments, the invention contemplates a cornpound,
or an  isomeric, prods g, tautorneric,
pharmaceutically acceptable salt,'-oxide, or
stercoisorleric form thereof; having a s ructrre of .7
/1 U  O N Zi / I  J, J1 i C5. In certain embodil ents,
the in ention contemplates providing one or more  of
the compounds described herein as a purified or
synthetic form. in certain embodiments the invention
contemplates a compound, or an; someric,  pros rug,
tautomeric, pharmaceutically acceptable salt,
NI-oxide, or stercoiso-merlic  form thereof, having a
structure of Formula II: 1+ o Wil  wherein 10 B
represents M0Rs, Ar represents an aryl or heteroaryl
zing;  V represents 0, S, or N-CN; ZIT represents 0,
S, S(02), C;(=O), C(==S), CRa, or NR"; 



R' represents, independently for each occurrence, H,
lower allcyl, or a metal  15 counterion; R"
represents, independently for each occurrence, FI or
lower ailcyl;  IZrepresents Il, or optionally
substituted lower alkyl; R; represents If, represents
H, OH, or MrQ; C' Ri represents H, halogen, hydroxyl,
lower allcyl. or lower aikoxyl; Rg represents
substituted. or unsubstituted allbyl, alkenyl,
a11:yilyl, alkoxy,  aryl, heteroaryl, cyclo-alkyl,
heterocyclyl, or amine; J represents C(=0), C(=S), or
302; 5 K represents OR', T''1(R"l2, or N(i ' )SO2R"o
M, independently for each occurrence, represents a
substituted or  unsubstituted methylene group
(including C(=3) and C(=:0)), NR.", 0, 3, 5(0), or
3(02 ); ;r represents an integer f r o m 1 when
present in B, from 0-6 when present in  10 Rs and from
1-3 when present in Rs; and Q represents a substituted
or unsubstitut'ed: nitrogen-containing heteroaryl
ring, secondary amino substituent, tertiary amino
subatituent, or nitrogen-contain ng  heterocycle. In
certain embodiments Rg represents substituted or
unsubstituted 15 moiptrolino, piperazinyl, or
cyclohexyl, In certain embodiments R" represents H.
hi certain embodiments, the occurrence of .Iv.[
attached to 0 represents CRR2,  substitutedNR", S(02),
C(-S), or Q=0). I-: certain embodiments Rs represents
substituted or unsubstituted  morpholino, piperaziny],
or eyclohexyl. 20 In certain embodiments R" represents
1d.  



In certain embodiments RS represents'" Q. In certain
embodiments the occurrence of IA attached to
Qrepresents CH6,  S(02), C(=S), or C(=O). In certain
embodiments the occurrence of M attached to Q 'is Q-%
25 In certain embodiments the occurrence of M attached
to Q represents CR2. In certain embodiments the
occurrence of M attached to Q represents  substituted
NR" In certain e nbodiimments Q represents a
substituted or unsubstituted tertiary  am no
substitutnt. 5 In certain embodiments Q represents a
substituted. or unsubstituted nitrogen- containing
heterocycle. In certain embodiments substituents
include, independently for each  occurrence, aEkyl,
oxo, aryl amino, hydroxyl, carbonyl, sulfonyl, ester,
amide,  NR", hydroxy alkyl, ahlcoxy alkyl, and,
heterocyclyl, cycloalkyl, or oligo(ethylene  10
glycol). Certain embodiments include a compound, or
isomeric, prodrug, tautomeric,  phannaceutically
acceptable salt, N-oxide, or stereoisomeric forms
thereof, having  the structure of Formula II E f'?;
I`1 WAR'  f + 15 ,  wherein B represents 1vI,Rs. Ar
represents an aryl. or heteroaryl ring;  V represents
0. S, or N-CN7; 



20 W represe nts 0, S, S(O:), C(=0), C(=S), CYI2, or
NR"; R' represents, independently for each occurrence,
IT, lower alkyl, or a Metal  counterion; R"
represents, independently for each occurrence, lI or
lower alkyl;  R'` represents Fa, or optionally
substituted lower alkyl; 10 lss represents H,
l'(=0)(OR')u, M" 3I , or R6 represents 11, OH, or
provided that one and only one of R5 and Rf
represents H; R.?, independently for each occurrence,
represents H, halogen, hydroxyl,  5 lower all.yl, or
lower ahcoxyl; RR represents substituted or
unsubstituted alkyl, alkenyl, alkynyl, alkoxy,  aryl,
beteroaryl, cyclo-alkyl, heterocyclyl, or amine; J
represents C(-0), C(=S), or 802; K represents OR',
N(R")2, or N(,R')SO2R"; 10 M, independently for each
occurrence, represents a substituted or  unsubstituted
methylene group (including C(=0), C(=S)), NR", 0, S,
S(0). SPa),  or C11z; n represents an, integer from
1-7 when present in B, from 0..6 when present in  Rs
and from 1-3 when present in Re; and 15 Q represents
a. srubstita ted or unsubstituted:
nitrogen-contaiuring heteroaryl  ring, secondary amino
su.batituent, tertiary amino sullstituent, or
nitrogen-containing  heterocycle; provided that
compounds having a structure of Formula Ha are
excluded:  0 20 N  



wherein W and Z, independently, represent 0 or NFL ";
R' represents, independently for each occurrence, Fl,
lower aityl, or anletal  counterion; 25 R" represents,
i ndependently for each oceu; rare e, ar or lower
alkyl;  11 Rs represents H, P(=O)(OR')2, or M,,Q; R;;
represents 11, OH, or MI"Q, provided that one and only
one of R5 and H.5  represents IL Hr, independently for
each occurrence, represents hydrogen, halogen, lower
5 alkyl, or lower alkoxyl; M, independently for each
occurrence, represents a substituted or  unsubstitated
methylene group (including C(=S) and C'(=0)), NR", 0,
S, S(O),  n represents an integer from 1-5; and 10 Q
represents a nitrogen-containing heteroaryl ring, a
tertiary amino  substituent, or a substituted or
unsubstituted nitrogen-containing heterocycle.  In
certain embodiments, Q in Formula Ila represents a
tertiary amino substituent, e.a., diallcyl amine. In
certain embodiments Q in Formula IIa represents  a
substituted or unsubstituted nitrogen containing
heterocycle such as morph olive,  15 piper-dine,
piperaziare, or pyrrolidine. In certain embodiments, Q
represents a nitrogen-containing heteroaryl ring, a
tertiary, amino substitutnt, or a substituted or
unsubstituted nitrogen-containing heterocycle. In
certain embodiments, in Foi -nula 11,  B represents l
Rs; 20 Ar represents an aryl or heteroaryl ring;  \r
represents 0, S, orZv-C N; V represents C`.(=O),
C(=S), SO2, or CII2; 



H' represents, independently for each occurrence, 1-1,
lower alkyl, a metal  co nterion, or alkaline earth
metal co;unerion; 25 R" represents, independently for
each occurrence, II or lower alkyl;  R"' represents H,
or optionally substituted lower atkyl; R, 5 represents
14, P(=O)(O:R')2,14;,;IC, or I;)Q; Hb represents 11,
Old, or M;,Q, provided that only one of Rs and P5
represents  I1. 30 1,; represents H, halogen,
hydroxyl, lower alkyl or lower alkoxyl; Re, represents
substituted or unsubstituted alkyl, alkenyl, alkynyl,
alkoxy,  aryl, heteroaryl, cyclo-alkyl, heterocyclyl,
or arsine; 12 I represents C'(=O), C(=S), or SO2; K
represents OR', N(R")z, OrN(R')SO2R": \I,
independently for each occurrence, represents a
substituted or  unsubstituted methylene group
(including C`(=S) and Ci(=C))), NR"' 0, S, S(0), or  5
S(02); n represents an integer from 1-4 when present
in B, from 0.6 when present in  Its and from 1-3 when
present in R6; and Q represents a substituted or
unsubstituted; nitrogen-containing heteroaryl  ring,
secondary amino substituent, tertiary amino
substituent, or nitrogen-containing  10 heterocycle.
In certain embodiments Q represents a tertiary amino
substhuent, e.&,  diallcyl 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
IvI Rs; Ar represents an aryl or heteroaryl ring;  



V represents 0, S, or N-CN; 'represents 0, S, S(02),
C'(=E)), C (=S), CH 2, or Nit"; 20 R' represents,
independently for each occurrence, 1-1, lower alkyl,
metal  counterion, or alkaline earth metal counterion;
R" represer.,ts, independently for each occun.ence, I1
or lower alkyl;  R''' represents H, or optionally
substituted lower alkyl; 1t5 represents t=., P(-
O)(C?R')2, M;;JX, or M Q; 25 Pb represents H, OH, or M
Q, provided that only one of Rs and 126 represents
I1. lt7 represents H, halogen, hydroxyl, lower alkyl
or lower alkoxyl; R8 represents substituted cr
unsubstituted allcyl, allcenyl, ailcynyl, ailcoxy,
aryl, heteroaryl, cyolo-alley':, heterocyclyl, or
amine; 30 u represents C(==O), C;(=S), or SO>; K
represents OR', N(R' )2, or N(J;')SC?2R";  13 M,
independently for each occurrence, represents a
substituted or  unsubstituted methylene 01-1p
(including Q=S) and C(=0)), 0, g, S(0), Or  S(0 ); n
represents an integer from 1-4 when present in B, from
0-6 when present in  5 R9 and from 1 3 when present in
Rr; and. Q represents a substituted or unsubstituted
secondary amino substituent.  In other embodiments, in
Formula 11, B represents Tvl R8; 10 Ar represents an
aiyi or heteroaryl ring;  V represents 0, S, or N-GN;
W represents 0, 5_, S(02), C(=0), C(=S), (R2, or NR";
R' represents, independently for each occurrence, H,
lower alkyl, a metal  



counterion, or alkaline earth metal counterion; 15 R"
represents, independently for each occurrence, H or
lower alkyl;  R"' represents H, or Optionally
substituted lower alkyl; R5 represents 1 LIa',
provided that R5 is not CII2COOH;  R6 represents 1:1,
011, o04-,Q; R, represents H. halogen, hydroxyl, lower
alkyl or lower alkoxyl; ?C Its represents substituted
or unsubstituted alkyl, alkenyl, alkynyl, allcoxy,
aryl, heteroaryl, eyclo-alkyl, heterocyclyl, or amine;
, ~-:y ''J)" :JL' &'  represents c(-0) ( , IC
represents OR', N(R")2, or Fl(d2')SO2R"; M,
independently for each occurrence, represents a
substituted er 25 unsubstituted methylene group
(including C(=S) and C(=0)),NR" 0 S S(0), or  S(C)); n
represents an integer from 1-4 when present in B, from
0-6 when present in  R5 and from 1-3 when present in
R6; and Q represents a substituted or unsubstituted:
nitrogen-containing heteroaryl 30 ring, secondary
amino substituent, tertiary amino substituent, or
nitrogen-containing  heterocycle. 14 In certain
embodiments, in Formula II, Q is a substituted or
unsubstituted  nitro earcantaining lteteroaryl ring,
while Ii.s may represent substituted or  unsnbstituted
momholino, piperazinyl, or cyclohexyl. Tn Formr a II,
R'' may rep. resent H. 5 M may also represent CI-12.
Ira. certain embodiments, in Formula 11, W  represents
CH2 and at least one occurrence of M represents
substituted NR".  



In certain embodiments, in Formula IT, Q represents a
substituted or unsubstituted secondary amino group. In
certain embodiments, in Formula II, Q  represents a
substituted or unsubstituted tertiary amino group.In
certain 10 embodiments, in Formula II, Q represents a
substituted or unsubstituted nitrogen- containing
heterocycle. In certain embodiments, in Formula II, Q
represents a substituted or  unsubstituted:
nitrogen-containing heteroaryl ring, tertiary amino
substit-cent, or  nitrogen-containing heterocycle. 15
In certain embodiments in Formula II, R5 represents
1\,I Q and Q represents a  substituted or
unsubstituted: nitrogen-containing heteroaryl ring,
tertiary amino  substitutdnt, or nitrogen-containing
heterocycle, In certain embodiments in Formula II, Q
represents a substituted or  20 unsubstituted tertiary
amino group. In certain embodiments in Formula II, Q
represents a substituted or  unsubstnated
nitrogen-containing heterocycle. .In certain
embodiments in Formula II, R5 represents N ,Q and Q
represents a  substituted or unstibstituted secondary
amino group. 15 In certain embocln tints in Formula
II, R5 represents M,;Q and Q is a  substituted or
.unsubstituted nitrogen-containing heteroaryl ring, in
certain embodiments in Formula Il, Rs represents
substituted or  unsubstituted niorpholino, piperazmyl,
or cyelohexyl. 5 ha certain embodiments in Formula 11,
R" represents I:I.  In certain embodiments in Formula
II, W represents CII2. In certain embodiments in
Formula II, M when attached to Q is CR2, S(0 z),
C(=S), or C(=C?). 



In certain embodiments in Formula TI, M when attached
to Q is CH22 In certain embodiments, in .Formula ll,
thee occurrence of M attached to Q is  CR2, S(02),
C(=S), or C(=0). In certain embodiments, in Fornula
11, V is 0, M represents NR, and Rs has  the st
ucture: z  where Z represents 0 or NR". In certain
embodiments, AR represents a phenyl ring and R5 and R7
represent.  r all occurrences. -110 Certain
embodiments include a compound, or a prod-rug,
isomeric, 20 tautomieric, pharmaceutically acceptable
salt, N-oxide, or stereoisomeric form  thereof,
hhaving a structure of Formula V: 16 r  ` N NH H  / Ok
\Ok JY \ ,  r  ;? N Ari  5 wherein Hs represents a
substituted or trnsubstituted heterocycle; Q
represents a substituted or unsubstituted: secondary
amino  substituent, tertiary amino substituent, or
substituted or unsubstituted  nitrogen-containing
heterocycle. 



10 As noted above, Rs may represent a morpholino or
piperazirryl ring in certain  embodiments. In certain
errhodimerits, as noted above, Q may represent
piperazine,  rnorpholine, piperidine, pyridine,
pyrrolo, oxazole, isoxazole, imidazole, or pvrazole.
Certain embodiments include compounds selected from
the group of A34, 15 A36, A37, A44, A46, and A76 to
A82, or prodrugs, isomers, tautomers,
pharmaceutically acceptable salts, N-oxides, or
stereoisomeric forms thereof:  Certain embodiments
include compounds selected from the d oup of.A47, A49,
A51 and A82, or prodrugs, isomers, tautomers,
pharmaceutically acceptable  salts, N-oxides. or
stereoisomcric forms thereof 20 in certain embodiments
V represents 0, S 07.), C( :::O)' C(-S), S. CH2, or
ZzT1~". As noted previously, in certain embodiments Q
represents a substituted or  unsubstituted: ni
ogen-containi ng beteroaryl ring, tertiary amino
substituent, or  25 r;z'rogez-containing heterocycle,
17 in certain embodiments, suitable substituents may
include, independently for  each occurrence, allryi,
oxo, aryl amino, hydroxyl, carbonyl, st Ifany 1,
ester, amide,  NR", hydroxy alkyl, alkoxy alkyl, aryl,
heterocyclyl, cycioalkyi, or oligo(ethylene  glycol).
In certain embodiments, Where Q represents a
secorudaty amino substituert,  5 suitable substituents
include alkyl, alkoxvalkyl, hydroxylakly, and
hydroxyalkoxyalkyl. Those skilled irr the art will
readily recognize that the list of  enumerated
substituents is not exhaustive, and many other
suitable substituents may  be used. Certain
embodiments may include pharmaceutical compositions
comprising  10 a pharmaceutically acceptable excipient
and a compound of any of the type  disclosed herein,
while certain embodiments include a method of treating
a  



hyperproliferative disorder, conrpr si tg;
administering to an animal a Compound of  any of the
type disclosed herein. in certain embodiments, the
compounds disclosed hereb niay be applied to  15
methods of inhibiting proliferation of a cell,
comprising contacting the cell with a  compound of the
type disclosed herein, or to methods of treating a
viral infection  (such as infection caused by a human
inumniodeficiency virus comprising  achninistering to
a mammal a compound of the type disclosed herein.
Certain  embodiments contemplate methods for the
treatment or prevention of alopecia 20 induced by
chemotherapy or radiation therapy, comprising
administering to a  mammal a cons pound of the type
disclosed herein conjointly with one or more
chemotherapeuties 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 25 hyp3erproliferative
disorders. The compounds may be administered to humans
or  animals. The compounds e.an be used to it hib t
cull 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 marmnal. ld Medicaments
forn ued using the compounds can be used as
pharmaceuticals  ihr the, treatment or prevention of a
disorder (e.g., a hypexproifiative disorder, a.  viral
infection, chemotherapy--induced alopecia, disease
associated with eychn- dependent kinase activity,
etc.). The medicament's use may be in the treatment of
5 any of the disorders described herein. Various
methods are also available using the compounds. For
example, methods may be adapted for inhibiting, a
cyclin-dependent l~inase by  administering to a host
in need of such treatment a therapeutically effective
amount  of any of the compounds. Methods also may be
adapted for treating cyclin 



10 dependent kinase-associated disorders comprising
administering to a host in need of  such treatment a
therapeutically effective amount of a compound.
Methods of  treating a human or other animal are also
contemplated herein. In certain  embodiments a human
or other animal maybe treated using a composition
containing a therapeutically effective amount of one
or more of the compounds of  15 this invention. hr
certain embodiments, the present invention provides a
novel  pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a
therapeutically effective amount of a compound of
formula (I) or (II), or any other 20 compound
disclosed herein, or an isomeric, prodrug,
tautcrncric, pharmaceutically  acceptable salt,
N-oxide or stereoisonteric form thereof. in another
ernbodinent, the present invention provides a novel
method of  treating cancer; or other proliferative or
other diseases comprising administering to a  host in
need of such treatment a therapeutically effective
amount of a compound of 25 formula (I) or (tI), or any
other compound disclosed herein, or an isomeric,
prodrug,  tautonieric, pharinaceuticaily acceptable
salt, N-oxide or stereoisojaienic Lorin  thereof In
another embodiment, the present invention provides a
novel method of  treating cancer, or other
prolifarative or other diseases comprising
administering to a  19 host in need of such treatment
a therapeutically effective anoint of (a) a compound
of formula (I) or (Ii), or any other compound
disclosed herein, or all isomeric,  prodrug,
tautomeric, pharmaceutically acceptable salt, N-oxide
or stereoisomeric  form thereof; and (b) at least one
compound selected from anti-cancer agents and
anti-proliferative agents. As described herein, the
inhibitors of this invention are capable of inhibiting
the cell-dycle machinery and consequently would be
useful in modulating cell-cycle  



progrression, which would ultimately control cell
growth and differentiation. Such  compounds would be
useful for treating subjects having disorders
associated with I ~~ excessive cell proliferatio r,
such as cancer, psoriasis, immunological disorders
involving unwanted leukocyte proliferation, in the
treatment of restenosis and other  smooth muscle cell
disorders, and the lice. Such compounds would also be
useful in  the inhibition of human immunodeficiency
virus type I (HIV-1) transcription (Wang  et al., J.
Virology 75:7266-7279 (2001), 15 Also described
herein, the compounds of this invention may be used in
the  manufacture of a medicament, which can be used to
treat diseases such as those  discussed herein. IV.
BRIEF DESCRIPTION OF THE DRAWINGS Figure I shows
effects of exposure of compound A17 on: (a) cell-cycle
20 analysis ofHCT-116 cells by PIFACS analysis; (b)
induction ofPARP cleavage.  Figure 2 illustrates the
irreversible effect of compound A31! oil clonSeneic
survival of HCT-1 16 tumor cells, as represented by
(a) dose response; and (b) time- course. Figure 3
depicts the irreversible effect of compound ll16 on
clongeneic  25 survival of I-ICT-116 tumor cells, as
represented by time-course. Figure 4 shows reduced
viability of arrested tumor (HC.-T-116) cells exposed
to compound A37 compared to arrested normal (Ilb[R90)
cells exposed to the same  compound. 20 Figure 5
presents results obtained from the 11CT-116 xenotraft
manor assay  with various compounds of the invention.
Figure 6 shows the results obtained fr'ona the. :12780
xertograft tumor assay  with compound A37, represented
by (a) time-course of tenor size at various doses;  5
and (b) table of salient metrics from the assay. 



Figure 7 shows the results obtained from the PC3
xenograft tumor assay with  compound A37, represented
by (a) time-course of tumor size at various doses; and
(b) table of salient metrics from the assay. Figure 8
shows the results obtained from the .2780 xenogra.`t
tumor assay  10 with compound BI 6, represented by (a)
time-course of tumor size at various doses;  and (b)
table of salient metrics from the assay. Figure. 9
shows as an example the results obtained for the
binding of  CDK2/cyclinE to the CMS-inhibitor-loaded.
chip. The KD calculated from these data  amounts to
8,0 1- 2,8 nM. 15 V. DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS The invention pertains to novel cyclin
dependent kiuase inhibitors (edks) and  20
specifically, but not exclusively, as inhibitors of
cdlu%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  usef.El for
treating subjects having disorders associated with
excessive cell 25 proliferation, such as the treatment
of cancer, psoriasis, immunological disorders
involving unwanted leukocyte proliferation, in the
treatment ofrestenosis 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 30 stercoisoineric forms thereof, having a
structure of Formula I:  21 0  it r ~raia H  



wherein Rs represents a substituted or unsubstituted
heterocycle, or substituted or 5 unsubstituted
morpholino, substituted or unsubstituted piperazinyl,
or substituted or  unsubstituted cyclohexyl; F
represents (CH2),,, ivhcre n is an iiiteger between I
and 6. In certain  embodiments n is 1; Q represents a
substituted or unsubstituted secondary arnino
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 naorpholine, 15 piperidine, piperazine, or
pyrroidiae. In certain embodiments, Q represe its a
nitrogen;-containing heteroaryl: ring, a tertiary
amino substituent, or a substituted or  unsubstituted
nitrogen-containing het rocycie. In certain
embodiments, Rb represents:  20 22 where Z is 0
or-NT."; and K" represents 11 Or lower alkyl. 5 In
certain embodiments, compounds having a structure of
Formula T exclude  one or More of the following
compounds: A47 \N fi CYi  1t1 ~ 'om' 9  A49 



15 .A,.51 3 ~ tea.,  r; au  GeV i d~ipp ~ b, 1 9 i 1rF
certain embodiments, compounds of ~' lrrnula include
one or more of the compounds set forth in the tables.
For example, the compounds may include one or  more of
compounds fi 1 to BB20 and C2. 5 As rioted, in certain
embodiments, suitable substituents may include,
independently for each occurrence, alkyl, oxo, acyl
amino, hydroxyl, carbonyl,  sulfonyl, ester, aside,
NR", hydroxy alkyl, alkoxy alkyl, aryl, heteropyclyl,
cycioalkyl, or oligo(ethylene glycol). In certain
embodiments, where Q represents a  secondary amino
substituent, suitable substi eaxts include alkyl,
alkoayallcyl, 10 hydroxylallcy, and
hydroxyalkoxyalkyl. Those skilled in the art will
readily  recognize that the list of enumerated
substituents is not exhaustive, and many other
suitable substituents maybe used. lzi another
embodiment, the present invention also provides
compounds,  including isomeric, prodrug, tautorneric,
pharxiaaceutically acceptable salt, N-oxide,  15 or
stereoisorneric forms thereof, having a structure of
Formula Il: a :; o  illE ~`Yy~  wherein B represents
1\{nRg. .ter represents an aryl or heteroaryl ring,
such as a phenyl ring;  



20 V represents 0, S, or N-CN, preferably 0 or S; W
represents 0, S, S(02), C(-0), C(::-S), CH2, Or NR";
K.' represents, independently for each occurrence,
ll_, lower alkyl, or a metal  counterion, such as an
alkali or alkaline earth metal eounterion; 24 a R"
represents, independently for eac11 occurrence, H or
lower a 'y'1,  preferably 1-I; R"' represents I-I, or
optionally substituted lower alkyl, preferably with a
substituent selected from ester, amide, acylarnino, or
acyloxy; 5 Rs represents 111, P(=0)(C>R')r, M JIB, or
MnQ; Rs represents H, OH, or M,,Q, preferably provided
that one and only one of  R5 and R~,; represents H;
R7, independently for each occurrence, represents H,
halogen, hydroxyl,  lower alkyl, such as methyl, or
lower alkoxyl, such as methoxy; 10 Rs represents
substituted or unsubstituted alkyl, alkenyl, alkynyl,
alkoxy,  aryl, heteroaryl, cyclo-alkyl, heterocyclyl,
or amine; J represents C(=O), C(&S), or S02;; K
represents OR', N(R")z, or N(R')SO R"; M,
independently for each occurrence, represents a
substituted or 15 unsubstituted methylene group (e.g.,
substituted with lower alkyl, oxo, hydroxyl,  -etc-),
Nog", 0, S, S(0 ), or SO2), (preferably NR" or CH2,
or, when attached to W or Q, CII2., S(O2), C(=S), or
C(=i )); n represents an integer from 0-10, preferably
1-77 or even 1-4 when present in  B, from 0-6 when
present in Rs and from i-3 when present in R(,; and 20
Q represents a substituted or unsubstituted:
nitrogen-containing heteroaryl  ring, e.g., pynole,
tetrazolo, oxazole, oxadiazole, isoxazole, imidazole,
orpyrazole;  



secondary amino substitutnt, e.g., msonoalcyl amine,
arylalkyl amine,  heteroarylalkyl amine; tertiary
amino substituent, e.g., a diallcylamine; or nitrogen-
containing heterocycle such as nlorphol ne,
piperidine, piperazine, pyridine, or 25 pyrrolidine.
1n certain eraboodiments, when K represents 1`
(R')802R", R" represents  lower alkyl. h; certain
embodiments where R5 is Dv1.JK, R5 is not CH2CO011. In
certain embodiments, appropriate substituents include,
independently fixr  30 each occurrence, alkyl, oxo,
hydroxyl, allcoxy, hydroxynalkoxy, carbonyl, sulfonyl,
ester, amide, NR", ailcyl halide, acyl amino, or
substituted or unsubstitnted aryl,  heteroaryl,
heterocyclyl, cycloalkyl, oli_o(ethylene glycol) etc.
It will be apparent  25 to those skilled in the art
that aryl and heteroai yi may employ any suitable
substituent, including aiy of those listed above. do
certain embodiments, Rs represents any of the
following sell stihients:  alkyl, allcenyl, aikynyl,
atl:oxy. hydroxyl-alkoxy, aryl, amine, or heteroaryl.
In  5 certain embodiments, any of the aforementioned
substituents may, in turn, optionally be substituted
by any of the mentioned sub stitaents, or even by
halo, - CN, N3, NO2, or haloalkyl. tither suitable
substituents may also include, for  example,
cyclohexyl, =0, carbonyl, sulfonyl, carboxyl,
sulfox_yl, amide,  heterocycle, ester, or ether, 10 In
certain embodiments, at least one occurrence of M is
substituted NR"  when attached to R8 and when present
in Rs. In certain embodiments, including any of the
embodiments above, Rs has the  following form: z  4  



15 where Z represents 0 or NR". in certain embodiments
R5 represents morpholino or cyclohexyl. hr certain
such (mbodiments, NI, is NR", preferably  NH. in
certain embodiments V is C. in certain embodiments, W
represents CH2. In, certain such embodimments, at
least one occurrence of M is substituted NR". 20 in
certain embodiments wherein R"' is present and is
substituted lower  allcyl, the lower alkyl is
substituted with from 1-3 (preferably 1) substituents
selected  from .lower alkyl, lower haloallcyl, NRSRsa,
NR" C(O)Rs, =0, CORE, CO2Rs, IN R"L'C3 12s,
C(C)NR5RRa, NR" C.(O)NRsRsa, NW'C(S)NIZsRRa,
C(S)NR.sRRa,  NR"SO2NRRR5 , S02NR5Rsa, NR"S02Rsa,
S0,tRS,, NR"SO2Rsa, C3.10 carbocycie  25 substituted
with 0-5 R"' and 5-1 t)-membered heterocycle
containing from 1-4 heteroatou_s selected from 0, N,
and S, substituted with 0-3 R5, wherein Rs  represents
H, C1-4 haloaikyl, N]R5aRsa, i\1R"C(O)ORsa,, NR "C(O
)itsa, C'C)i .;;,  C02Rsa, C ONRsa R sa,
NHC(o)NNRs2Rsa, N.HC(S)NRsaRRa, SO2NRsaR5a, SC12R5a,
C1.4  all sl, pheny, bcnzyl, C5-lc alkyl substituted
with 02.15 alkenyl optionally substituted 30 with 0-3
R"'. 02.10 alk wwiyl substituted with 0-3 R"',
-(CF2),:,C F3, C3_10 carbocvcl"  26 substituted with
0-512"", and 5-10-membered heterocycle containing from
1-4  heter-oatoms selected from 0, ?J, and S,
substituted with. 0-3 R"', and R,,, is dependently for
each occurrence, represents a group selected from H,
lower allcyl,  phenyl, and beazrt. In certain
embodiments. R' comprises an ainii?o acid residue,
such as a  valise or glycine residue, e.g., R is a
lower alkyl residue substituted with all  amino acid
residue through an amide or ester linkage. In
preferred embodin?ents,12;W and Rc, are adjacent
(ortlm) to each other on  Ar, and are preferably not
adjacent (ortho) to the bond to the tricyclic core. 10
In certain embodiments, V represents S or N-CN. In
some embodiments, IV.  



represents a heteroar-yl ring. In certain embodiments
of Formula 11, W represents 0, S or \ ". In certain
embodiments R5 represents a, P(=C))(0R')2, or M:,Q. In
certain. embodiments 12;  represents, independently
for each occurrence, halogen, hydroxyl, lower alkyl,
such 15 as methyl, or lower allcoxyl, such as methoxy.
In certain embodiments n represents  an integer from
0-5, preferably from 1-5, and more preferably from 2-4
when  present in Rs. In certain embodiments of Formula
II, W represents 0, CH2, {."(-0), C(=S),  or .502. In
certain embodiments, R5 re ?resents M"IK or M Q. In
certain 20 embodiments, R5 and R7 represent H. In
certain embodiments, Ni represents C(=L))  or CH2. In
certain embodiments, Ti is preferably I, while in
other embodiments n  maybe 0. Ian certain
eaaibodime?is, J is preferably C&0), and IC is OR' or
N(R')S02R". In certain embodiments, N(R')S02R" is
-ITHSO2R". In certain embodiments, Q represents a
substitutes; or unsubstituted nitrogen- 25 containing
l:eteroaryl i rig. In certain embodiments, Q
represents a substituted or  uilsubstitutcd heteroaryl
ring, e.g., a live-membered or six-membered ring,
containing at least two nitrogen atoms. In certain
embodiments, Q maybe  substituted, or Fansubsiit ited
occur ences of tetrazole, or oxadia ole. In certain 27
embodiments Q may be substituted or unsubstituted
occurrences of pyridine,  piperidine, or piperazixie.
In ce gin embodiments, Q represents a secondary amino
substituent. In  certain such embodinnents, the
sibstituerit on the secondary amino substituent is  5
selected from alkyl, alkoxyalkyL hydroxyalkyl, and
hydroxyaikoxyalkyl. in certain embodiments of Formula
TI, W represents C(=O), S02, or C(=S),  R5 and Rx
represent H. and R5, epresents M, Q, whore n
represents 0 and Q  represents a substituted or
unsubstituted nitrogen-containing heteroaryl ring. In



certain emnbodiments, W represents CHa, Rt, and R.;
represent H, and R5 represents 10 M"Q, where n
represents 0 and Q represents a substituted or
unsubstituted nitrogen- containing heteroaryl ring. In
certain embodiments, \ ' represents S, 0, or NI R", R,
and ? represent H,  and t5 represents M" J'K, where n
is an integer from 1-3, S is Ci=O), and K is OR' or
N(R') SO2R". 15 In certain embodiments, W represents
S, 0, or NR", R, and Ra represent H,  and R-;
represents 1iMQ, where n is an integer from 1-3, and Q
is a substituted or  unsubstituted five-inenibered ni
ogen-contain ng heterocycle. In such  embodiments, n
is preferably 1. In certain embodiments Q contains at
least two  nitrogen atonms. 2C In certain
enmbodiments, W represents S, 0, or NR", R, and R-,
represent H,  and Rs represents where n represents an
integer from 1-3, and Q is a  substituted or
unsubstituted six-nmembered nitrogen-containing
heterocycle. In  certain of such embodiments, n is :is
2, and l!l" represents CI32C& 0). In certain
einbodinnents, sT represents 0, S. or NR", R6 and R7
represent H,  25 and R5 represents M,,Q, where' is CH;
, n is an integer f; oin 1-3, and Q is a  substituted
or unsubstituted nitrogen-con tainia g heterocycle. In
certain embodiments, where Q represents a substituted
nitrogen- containing heterocycle, e.g., piperazine,
naorpholine, piperidine, pyridine, thiazole,
oxadiazole, tetrazole, pyTrole, etc., suitable
substituentts include substituted or 30 unsubstituted
occurrences of alkyl, amino-alkyl, alkoxyl, arallcyl
(e.g., benzyl), aryl  (e.g., lilienyl), and
heteroaryl, e.g., oxazyl, piperazyl, p,Tidyl,
pyrrolyl. In certain  28 such embodiments ;v'here Q
contains a. nitrogen not attached to M, that nitrogen
is  substituted, e.g., by such a substituent. In
certain embodiments, the invention contemplates a
compound, or an  



isomeric, prodrug, tautonae?ic, pharmaceutically
acceptable salt, -\~T oxide, or 5 stereoisor?.eric
form thereof, having a structure of.  v o Cl.  10 In
certain embodiments, the invention contemplates a
compound, or an  isomeric, prodrug, tautomeric,
pharmaceutically acceptable salt, N -oxide, or
stereoisonneric form thereof; having a structure of. 0
0 0 \1 m  N 'N /'1 F ~\  J 1/ ~- F  r Cs.  lS In
certain embodiments of Formula IT, the present
invention provides  compounds, ii ciuding isomeric,
prodr-ug, tautomeric, pl.annaceutieally acceptable
Salt, N-oxide, or StereoisonT?eno forms thereot,
having a structure of Formula Ila: 2U f.~  l wherein
W and Z, independently, represent 0 or N'It"; R'
represents, independently for each occurrence, II,
lower alkyl, or a metal  S coanterion, such as an
alkali or alkaline earth metal counterion; R"
represents, independently for each occurrence, H or
lower alkyl,  



preferably H; P.5 represents H, P(=O)(OW)2, or M"Q;
lss represents ii, OH,'or 1,,Q, preferably provided
that one and only one of  -.0 R5 and R6 represents H;
Ill, independently for each occurrence, represents
hydrogen, halogen, lower  alkyl, such as methyl, or
lower aikoxyl, such as nzethoxy; M, independently for
each occurrence, represents a substituted or
unsubstituted methylene group (e.g., substituted with
lower alkyl, oxo, hydroxyl,  1-5 etc.), NR", 0, S,
S(O), or S(02), preferably Clln, or, when attached to
V or 0,  CT--'.; S(02), C(=S), or Q .::O); n
represents an integer from 1-5, preferably from'--a
when present i n lt5 azud.  from 1-3 when present in
ltd; and Q represents a nitrogen-containing heteroaryl
zing, e.g., pyrrole, oxazole, 20 isoxazole, imidazole,
or pyrazole, a tertiary amino substitn e zt, e.g., a
dialkylarnine,  or a substituted or unsubstituted.
nitrogen-conntair_ing heterocycle such as mo pholine,
piperizine, piperazine, or py'rrolidine. in. certain
embodiments 0 represents a tertiary amino substitutnt,
e.g.,  dialkyl amine. In certain embodiments Q
represents a substituted or unsubstituted  25 nitrogen
containing heteroe ycie such as norpholine,
piperidisie, piperazine., or py.rolidinc. In certain.
embodiments, Q represents a nitrogen-containing
heteroaryl  30 r g, a tertiary amino substituent, or a
substituted or unsubstituted nitrogen  containing
heterocycle. In certain embodiia ents, compounds with
the structure of Formula ii do not  include compounds
with the structure of Formula Ila. 5 Exemplary
compounds of Formula It and IIa include those shown in
Table  The invention also provides for compounds
having a structure selected from  



A3, A7 to A29, A31, A3_) to A37, A40, A41, A44 to A47,
A49, AS 1, A56, A57,  A65, A69 to A82, Cl, C2, and CS,
including isomeric, prodrug, tautomeric, 10
pharmaceutically acceptable salt, N-oxide, or
stereoisoni.cric forms thereof. In a  certain
embodirtients, the invention provides a compound
having a structure A37,  including, isomeric, prodrug,
tautomeric., pharmaceutically acceptable salt,
N-oxide,  or stereoisorneric forms thereof. In an
alterative embodiment, the present invention provides
for an isolated  1S prodrtig or pharmaceutically
acceptable salt of a metabolite of compound A37. A
preferred such embodiment is a prodrig or
pharmaceutically acceptable salt of  compound A68 or
C:S. In another embodiment, the present invention
provides compounds having a  structure selected from B
1 to 1320, and Cl, C2 and CS, including isomeric,
prodrug,  20 tautoui.cric, pharmaceutically acceptable
salt, N-oxide, or stereoisomeric forms thereof. In a
preferred embodiment, the invention provides a
compound having a  structure B16 or C5, including
isomeric, prodrug, tantomeric, pharmaceutically
acceptable salt, N-oxide, or stercoisomeric fonts
thereof. In another embodiment,  tine invention
provides a compound having a stricture B3, including
isomeric, 25 prodrug, tantomenc, phannaceuticaly
acceptable salt, ICI-oxide, or stereoisomeric  fortis
thereof. In an alterative embodiment, the present
invention provides for an isolated  prodrug or
pharmaceutically acceptable salt of a metabolite of
eeinpoand B16. A  31 preferred such embodiment is a
prodrug or pharmaceutically acceptable salt of
compound B3. In certain embodiments, the invention
provides a compound, or a prodnig,  isomeric,
tautomeric, pharmaceutically acceptable salt, N-oxide,
or stereoisonreric  5 form thereof, having a structure
of Formula V: 



0  3'x+3 01 ~ NH NH  N~ 10 wherein It represents a
substituted or unsubstituted heterocycle; and Q
represents a substituted or unsubstituted: tertiary
amino substituent, or  nitrogen-containing
heterocycle. 15 In other embodiments of the invention,
the compounds shown in Tables C, D  and B 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 20 pharmaceutical
composition comprising a pharmaceutically acceptable
car'r'ier and a  therapeutically effective amount of a
compound of Formula 1,11, or Ila, or any  com=pound
disclosed herein such as C5, or an isomeric, prodnug,
tautomeric,  pharmaceutically acceptable salt,
N-oxide, or stereoisorneric form thereof. In a
preferred embodiment, such pharmaceutical composition
comprises a therapeutically 25 effective amount of a
compound selected from Al to A82, BI to B20 and Cl to
Cs,  or an isomeric, proelrtg, tautomeric,
pharmaceutically acceptable salt, N-oxide, or
stereoisorneric form thereof. In alterative
erabodiement, such pharmaceutical  composition
comprises a therapeutically effective amount of a
prodnrg or 32 pharmaceutically acceptable salt of a
metabolite of compound A37 or' 16,  preferably a
metabolite having the structure .A63 or CS. In certain
embodiments, the invention contemplates providing one
or more  



of the compounds described herein in a purified or
synthetic form. 5 In another embodiment, the present
invention provides a novel method of  treating cancer,
or other proliferative or other diseases, including
any disease or  condition discussed below, comprising
administering to a host in need of such  treatment a
therapeutically effective amount of a compound of
Formula 1,1I, or Ila,  or any compound disclosed
herein, or an isomeric, prodr ig, tautoineiic, 10
pharmaceutically acceptable salt, N-oxide, or
stereoisomeric farm thereof, hi certain  embodiments;
at least one compound selected from anti-cancer agents
and anti- proliferativee agents may be administered
conjointly with a compound of Formula L  II, or Ila or
any compound disclosed herein, or an isomeric,
prodnig, tautoineric,  pharmaceutically acceptable
salt, N-oxide, or stereoisomeric form thereof. In. a
15 preferred embodiment, such methods of treatment
comprise suitable administation  of a therapeutically
effective amount of a compound selected from Al to
A82, BI to  1320 and C. to CS, or a isomeric,
prodrig,tautomeric, pharmaceutically acceptable  salt,
N-oxide, or stereoisomeric form thereof. Conjoint
administration, as the tent is  used herein,
encompasses therapies wherein two therapeutics are
combined in, a 20 single preparation, are
administered, e.g., simultaneously or at different
times, in  separate preparations, or are otherwise
administered to a patient as part of a  therapeutic
regimen. In another embodiment, the invention provides
a method for formulating a  pharmaceutical composition
comprising a therapeutically effective amount of a 2
5. compound of Formula I, 11, or Ila, or any compound
disclosed herein, or an  isomeric, prodrug,
ta:atonieric, pharmaceutically acceptable salt,
N-oxide, or  stereoisomeric fora thereof, and
optionally a pharmaceutically acceptable carrier.  In
a preferred embodiment, such pharniac.eutical
composition comprises a  therapeutically effective
amount of a compound selected from Al to A82, BI to 30
'320, and Cl to C5, or an isomeric, prodrug,
tautomeric, pharmaceutically acceptable  



salt, ail-oxide, or stereoisomeric form thereof In
alterative embodiment, such 33 pharmaceutical
composition comprises a tlierapeutically effective
amount of a  proerug or phanrraceuticaliy acceptable
salt of a metabolite of compound A37 or  316,
preferably a rn- taboIite having the structure A68 or
CS. In further embodiments, the pharmaceutical
compositions of the invention  are for use in treating
a disease, such as cancer, and other proliferative or
other  diseases, including any disease or condition
discussed below. In certain embodiments of the present
invention, where substituted groups  are used,
suitable substituents can include, for example, a
halogen, a hydroxyl, a  carbonyl (e.g., ketones,
aldehydes, carhoxyls, esters, aryls), a th-ioearbonyl
(e.g., 10 thioester, a thioacetate, a thioformate), an
allcoxyl, a phosphoryl (e.g., phosphonate,
phosphinate), a phosphate, a phosphonate, a
phosphinate, an amino, an amino-alkyl,  an aFnido, an
aniidine, an inane, a cyano, a nitro, an azido, a
suifhydryl, an alkylthio,  ethers, -CE3, alkyls,
allcenyls, all ;aryl, cycloallcyl, alkoxyl, silyl,
sulfonyl (e.g..,  sulfate, sulfonamido, sulfamoyl,
sulfonate),. a heterocyclyl, an aralkyl (e.g.,
benzyl), 15 or an aromatic or heteroaromatic moiety
(e.g., phenyl, oxazyl, piperazyl, pyridyl,  pyrryl).
Such substituents may also, themselves, be substituted
or urisubstituted.  ii. Definitions As used herein,
the following terns and expressions have the indicated
2G meanings. The compounds of the present invention
may contain an asymmetrically  substituted carbon
atom, and may be isolated in optically active or
racernic forms. It  is well known in the art how to
prepare optically active forms, such as by resolution
of racernic forms or by synthesis from optically
active starting materials...All chiral,
diastereonieric, racernic forms and all geometric
isomeric forms of a structure are  25 intended, unless
the specific stereochemnistry 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 atones occurring
on the present compounds. Isotopes include those atoms
having the same atomic  30 number but different mass
numbers. By way of general example and without 34
limitation, isotopes of hydrogen include tritium and
deuterium. Isotopes of carbon  include and "C. The
tern "alkyl" is intended to include both branched and
straight-chain  saturated aliphatic hydrocarbon groups
having the specified number of carbon 5 atoms.
Examples of alkyl include but are not limited to,
methyl, ethyl, n-propyi, i- propyl, n-butyl, s-butyl.,
P-butyl, n-pentyl, and s-pentyl, In addition, the term
is  intended to include both unsubstituted and
substituted alkyd groups, the latter  referring to
alkyl moieties having one or more hydrogen
substituents replaced by,  but not limited to,
halogen, hydroxyl, carbonyl, alkoxy, ester, ether,
cyano, 10 phosphonyl, amino, i_nino, anaido,
suitlaydryl, alkythio, thioester, sulfonyl, nitro,
heterocyclo, aryl or heteroaryl. It will also be
understood by those skilled in the art  that the
substituted moieties themselves can be substituted as
well when appropriate.  The term "lower allcyl" refers
to those alkyl groups having front l to 6 carbon
atoms,  preferably from 1 to 4 carbon atoms, and the
term "lower allcoxy" refers to such 15 lower alkyl
groups attached to an oxygen atom. In certain
embodiments, alkyl  substituents are preferably lower
allcyl substituents. The terns "halo" or "halogen" as
used herein refer to fluoro, chioro, bronco  and iodo.
The terra "aryl" is intended to mean an aromatic
moiety such as, but not  20 limited to phenyl, indanyl
or naphthyl. The terms "cycioalkyi",
and'bieycloalicyl" are intended to mean any stable
ring system, which may be saturated or partially
unsaturated. Examples of such  



include, but are not limited to, cycloprop_yl,
cyclopentyl, cyclohexyl, norbozn yl,  bicyclo[2 ` 1
nonane, adanaantyl, or tetrahydronaphthyl (tetralin).
25 As used herein, "carbocycle" or "carhocychc
residue" is intended to mean  any stable 3- to
7-nacnrbered monocyclic or bicyclic or 7 to
15-membered bicyclic  or tricyclic, any of which may
be saturated, partially unsaturated, or aromatic.
Examples of such c<arbocycles include, but are not
limited to, cyclopropyl,  cyclobutyl, cycloperntyi,
eyciohexyl, cycloheptyi, adamantyl, cyclooctyl, 35
[3.0-ibicyclooctane, [4.0]bicyclononane, [4.O]bicy
clodeeane (decalin),  [222]bicyclooctane. fnorenyl,
phenyl, naphthyl, indanyl, adamantyl, or
teh-ahydronaphthyl (tetralin). As used herein, the
term "heterocycle" or "heterocyclic system" is
intended  5 to mean a stable 5- to 7-membered
monocyciic or bicyclic or "- to 10-membered  bicyclic
heterocyclic ring which is saturated, partially
unsaturated, or unsaturated  (aromaticdheteroarsrl),
and which consists of carbon atoms and from 1, to 4
heteroatoms independently selected from the group
consisting of N, 0 and S and  including any bicyclic
group in, which any of the above-defined heterocyclic
rings is  1.0 fused to a benzene ring. The nitrogen
and sulfur heteroatorns may optionally be oxidized.
The heterocyclic ring may be attached to its pendant
group at any  heteroatom or carbon atom that results
in a stable structure, The heterocyclic rings
described herein may be substituted on carbon or on a
nitrogen atoll: if the resulting  compound is stable.
If specifically noted, a nitrogen in the heterocycle
ma.y 15 optionally be quaternized. in certain
embodiments, when, the total number of S and  0 atoms
in the heterocycle exceeds 1, then these heteroatoms
need not be adjacent to  one another. It is preferred
that the total number of S atoms in the heterocycle is
not  more than 1. As used herein, the term "aromatic
heterocyclic system" is intended to  mean a stable 5-
to 7-membered monocyclic or bicyclic or i- to
10-membered 



20 bicyclic heterocyclic aromatic ring which consists
of carbon atoms and from I to 4  heterotams
independently selected from 1\r, 0 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,
11-I-irdazole, 2-pyrrolidonyl, 2I-116H  dithiazinyl,
213-pyrrolyl, 31-indolyl, 4-piperidonyl,
4a11-carbazole, 411-quillolizinyl. 25
61I-1,2,5-thiadiazinyl, acv dinyl, azocinyl,
benzimidazolyl, benzoturanyl,  beuzothiofuranyI,
benzothiophenyl, benzoxazolyl, benzthiazolyl,
benztriazoly1,  benztetrazolyl, benzisoxazolyl,
benzisothiazolyl, beaizimidazalonyl, carbazolyl, 4a:E-
cearbazolyi, P-carbolinyl, chromanyl, elnomenyl,
cinnolinyl, decahydroq.;iaolinyl,  2H,61-I
dithiazinyl, dihydrofu o[2,3-b]tetrahydrothran,
furanyl, furazanyl, 30 inlidazolidinyl, imidazolinyl,
iinidazoiyl, 11-1-indazolyl, indolenyl, indolinyl,
indolizinyl, indolyl, isobenzofuranyi, isochromdnryl,
isoindazolyl, isoindolinyl,  isois:dolyl,
isoquinolinyl, isotlriazolyl, isoxazolyl, morpholinyl,
naphthyridinyl,  36 octahydroisoquinolinvl,
oxadiazolyl, 1,2,3-oxadiazoly1,1,2,4-oxadiazolyl,
1,15- oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidiny 1,
oxazolyl, oxazoli dinylpcrimidinyl,  phenanthridinyl,
pl enantlirolinyl, phenarsazinyl, phenazinyl,
phenothiazinryl,  phenoxathiinyl, phenoxazinyl,
phthalazinyl, piperazinyl, piperidinyl, pteridinyl, S
piperidonyl, 4-piperidonyl, pteridinyl, purinyl,
pyranyl, pyrazinyl, pyrazolldinyl,  pyrazolinyl,
pyrazonyl, pyridazinyl, pyridooxazole,
pyridoiraidazole, pyridothiazole,  pyridinyl, pyridyl,
pytiinidinyl, pyrrolidinyl, pyrrolinyl, py'rrolyl,
quinazolinyl,  quinolinyl, 411-quinoliziriyl,
quinoxalinyl, quinuclidinyl, carbolinyl,
tetrahydrothrauyl, tetrahydroisoquinolirry],
tetrahydroquibiolinyl, dl -l 10 thiadiazinyl,
1,2,3-thiadiazolyl, 1,2,4-thiadi.azolyl,
1,2,5-trriadiazolyl,1,3,4- thiadiazolyl, thianthrenyl,
triazolyl, thienyl, thienothiazolyl, thienooxazolyl,
thienoimidazolyl, thiophenyl, triazinyl,
1,2,3-triazolyl, 1,2,4-tr-iazolyl,1,1,5-triazolyl,
1,3,4- riazolyl, xanthenyl. Preferred heterocycles
include, but are not limited to,  



pyridinyl, furanyl, thienyl, pyrrolyl, pyrazinyl,
inaidazolyl, indolyl, benzirnidazolyl, 15
111-indazolyl, oxazolidinyl, benzotriazolyl,
benzisoxazolyl, oxindolyl,  benzoxazohnyyi, or
isatinoyl. Also included are fused ring and spiro
compounds  containing, for example, the above
heterocycles. As used herein, "} haraaraec,utically
abccptal7le salts" refer to derivatives of  the
disclosed compounds wherein the parent compound is
modified by making acid  20 or base salts thereof,
Examples of pharmaceutically acceptable salts include,
but are not limited to, mineral or organic acid salts
of basic residues such as amines; alkali  or organic
salts of acidic residues such as carboxylic acids; and
the bike. The  phanrnaceutically acceptable salts
include the con ontional non-toxic salts or the
quaternary anrrnonium 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,
sulfarnic, phosphoric,  nitric and the like ; and the,
salts prepared from organic acids such as aceticn,
propionic, succinnic, glycolic, stearic, lactic, mahc,
tartaric, citric, ascorbic, pamoic,  30 maleic,
hydroxymaleic, phenylacetic, glutamic, benzoic,
salicylic, sulfanilic, 2 37 acetoxyberizoic,
fiznraric, toluenesuifonic, inethanesulfbliic, ethane
disulfonic,  oxalic, isethionic, and the like. The
pharmaceutically acceptable salts of the present
invention can be  synthesized t]'Snl the parent
compound which contains a basic, or acidic moicty by
5 conventional chemical methods. Generally, such salts
can be prepared by reacting the free acid or base
forams of these compounds with a stoichiometric amount
of the  appropriate base or acid in water or in an
organic solvent, or in a mixture of the two;
generally, nonaqueous media like: ether, EtOAc,
ethanol, isopropanol, or acetonitrile  are preferred.
Lists of suitable salts are found in Tdeniir mcta_
rarmaceutical 



10 Sciences, 18`i' ed., Mack Publishing Company,
Easton, PA, 1990, p. 1445, the  disclosure of which is
hereby incorporated by reference. The phrase
"pharmaceutically acceptable" is employed herein to
refer to  those compounds, materials, compositions,
and or dosage forins which are, within  the scope of
sound medical. Judgment, suitable for use in contact
with the tissues of 15 human beings and animals
without excessive toxicity, irritation, allergic
response, or  other problem or complication
commensurate with a reasonable benefit/risk ratio.
"Prodrugs", as the terra is used herein, are intended
to include any covalently bonded carriers which
release an active parent drug of the present invention
in vivo  when such prodrug is administered to a
mammalian subject. Since prodrngs are 20 known to
enhance numerous desirable qualities of
pharmaceuticals (i.e., solubility,  bioavailability,
manufacturing, etc.; the compounds of the present
invention may be  delivered in prodrag 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  25
modifiying functional groups present in the compound
in such a way that the  modifications are cleaved,
either in routine manipulation Or iii vivo, to the
parent  compound. Prodrugs include compounds of the
present invention wherein a  hydroxy, amino, or
sulfhydryl group is bonded to any group that, when the
prodrug  of the present invention is administered to a
mammalian subject, it cleaves to form a 30 free
hydroxyl, free amino, or free sulfydryi group,
respectively. Examples of  38 prodrugs include, but
are not limited to, acetate, formate, and benzoate
derivatives of  al ohol and. amine functional groups
in the compounds ofthe present invention. I'lz term
"pure" or "purified";;weans that the indicated
molecule is present in  the substantial absence of
other organic molecules, especially impurities such as
by- products or products of a degradation pathway, In
certain embodiments, a "pure" or  



"purified" compound is at least g0% by dry weight,
more preferably in the range of  95-99% by weight, and
most preferably at least 99.8% by weight of organic
compounds in the composition (e.g,, excluding water,
buffers, exeipients, and like  molecules that may be
present in a pharmaceutical preparation of a
compound). 10 "Substituted" is intended to indicate
that one or more hydrogens on the atom  indicated in
the expression using "substituted" is replaced with a
selection from the  indicated group(s), provided that
the indicated atom's normal valency is not  exceeded,
and that the substitution results in a stable
compound. Then a substituent  is keto or oxo (i.e.,
=0) group, then hydrogens on the atom are replaced.
Keto/oxo 15 substituents are not present on aromatic
moieties. Exemplary substituents include,  for
example, an alkyl, a pe fiuoroalkyi (such as
trifluoromethyl), a halogen, a  hydroxyl, a. carbonyl
(such as a carboxyl, an alkoxycarbonyl, a for myl, or
an. acyl), a  thiocarbonyl (such as athioestcr, a
thioacetate, or a thioformate), an alkoxvl, a
phosphoryl, a phosphate, a phosphonate, a phosphinate,
an amino, an amino, an 20 amidine, an inane, a cyan, a
nitro, an azido, a sulfhydryl, an alkylthio, a
sulfate, a  sulfonate, a sultannoyl, a sulfonarnrdo, a
sulfonyi, a carbocyelyl, a heteroeyclyl, an  aralkyl,
a hcteroarsalfiyl, or an aromatic or heteroarontatic
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 tern "therapeutically effective
amount" of a compound of this invention  means an
amount effective to inhibit the class of enzymes known
as cycli_lw- dependent kinases or treat the symptoms
of cancer or other proliferative or other  diseases in
a host. As used herein, the t- r" "ant.-Cancer" or
"anti-proliferaative" agent includes,  30 but is not
li rdted to, altretamine, busuifau, chioranhucil,
cyclophosphamide, 39 ifosfarnide, nmechloretha_xline,
melphalan, thiotepa, cladribine, fluorouracil,  



lloxuridine, gerrxcitabine, thioguanine, pentostatin,
metl:otrexate, 6-inercaptopurine,  cytarabine,
carnkustine, lomustine, streptozotocini, carboplatin,
cisplatin, oxaliplatin,  ip-op.latin, tetraplatin,
lobaplatin, Tf,7216, JM335, fludarabine,
anrinogiutethimide, 5 flutamide, goserelin,
leuprolide, megestrol acetate, cyproterone acetate,
tarnoxifen,  anastrozole, bicalutbarnide,
dexamethasone, diethylstilbestrol, prednisone,
bleomycin,  dactinomycin, daunorubicirr.,
doxnnikbicin, idarubicin, mitoxantrone, losoxantrone,
miton=ycin-c, plicamycin, paclitaxel, docetaxel,
topotecan, irinotecan, 9-amino  camptothecan,9-nitro
camptothecau, 05-211, IM 118, etoposide, teniposide,
10 v inblastine, vincristine, vinorelbine,
procarbazine, asparaa ease, pegaspargase,  octreotide,
estrainustine, and hydroxyurca. iii. Dosage and
Formulation The cyclic dependent kinase inhibitors of
this invention can be administered  15 as treatment
for cancer or proliferative or other diseases by any
ro.cans that produces  contact of the active agent
with the agent's site of action in the body of a
mammal.  They can be administered by any conventional
means available for use in conjunction with
pharmaceuticals, either as individual therapeutic
agents or in a  combination of therapeutic agents. The
chemical features of the inhibitors desclibed  20
herein bestow favorable solubility properties on the
compounds, rendering there 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 25 pharmaceutical
practice. Suitable vehicles and their formulation are
described, for  example, in the book Remington.'_?
Pharmaceutical Sciences (Remington's  Pharmaceutical
Sciences, Mack Publishing Company, Easton, Pa., USA
19851,. 111 another ripe t, tl c. present invention
provides pharmaceutically acceptable  compositions
which comprise a therapeutically effective amount of
one or more 



30 compounds of the subject invention, such as
described above, formulated together  with one or more
phamiaceutically acceptable carriers (additives)
and/or diluents.  40 As described in detail below, the
pharmaceutical compositions of the present  invention
may be specially formulated for ad.w nistrration in
solid or liquid form,  including those adapted for the
following: (1) rural administration, for example,
drenches (aqueous or non-aqueous solutions or
suspensions), tablets, boluses, 5 powders, granules,
pastes for application to the tongue; (2) parenteral
ad rinistration,  for example, by subcutaneous,
intramuscular or intravenous injection as, for
example, a sterile solution or suspension; (3) topical
application, for example, as a  cream, ointment or
spray applied to the skin; or (4) intravag Wally or
intrarectally, for  example, as a pessary, cream or
foam. In certain embodiments, the phannaeeatieal 10
preparations may be non-pyrogenic, i.e., do not
elevate the body temperature of a  patient. Wetting
agents, emulsifiers and lubricants, such as sodium
lauryl sulfate and  ;naguesium stcarate, as well as
coloring agents, release agents, coating agents,
sweetening, flavoring and perfuming agents,
preservatives and antioxidants can also  15 be present
in the compositions. Examples of pharmaceutically
acceptable antioxidants include: (1) water  soluble
antioxidants, such as ascorbic acid, cysteine
hydrochloride, sodium oisulfate,  sodium
tnetabisulfate, sodium sulfate and the like; (2)
oil-soluble antioxidants, such  as ascorbyl
palmtitate, hutylated hydroxyanisole (BHA),
butylated'hydroxytoluene 20 (BHT), lecithin, propyl
gallate, alpha-tocopherol, and the like; and (3) metal
chelating agents, such as citric acid,
ethy'lenediamine 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 phaanxacody,samic
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 t reat.,ent; 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 weight,  with the preferred dose being about
0.1 to about 30 msg/kg. 41 Dosage forms of
compositions suitable for administration contain from
about  I rt:g to about 100 mg of active ingredient per
unit. In these pharmaceutical  compositions the active
ingredient will ordinarily be present in an amount of
about  0.35% by weight based on the total weight of
the composition. The active ingredient 5 can be
administered orally in solid dosage forms, such as
capsules, tablets and  powders, or in liquid dosage
forms, such as elixirs, syrups and suspensions. It can
also be administered parenterally, in sterile liquid
dosage forms. Formulations of the present invention
include those suitable for oral, nasal,  topical
(including buccal and sublingual), rectal, vaginal
and/or parenterai 10 administration. The formulations
may conveniently be presented in unit dosage form  and
may be prepared by any methods well known in the art
of pharmacy. The  amount of active ingredient which
can be combined with a carrier material to  produce a
single dosage form will vary depending upon the host
being treated, the  particular mode of administration.
The amount of active ingredient which can be 15
combined with a carrier material to produce a single
dosage form will generally be  that amount of
inhibitor which produces a therapeutic effect.
Generally, out of one  hundred percent, this amount
will range from about I percent to about ninety-nine
percent of active ingredient, preferably from about 5
percent to about 70 percent,  most preferably from
about 10 percent to about 30 percent. 20 Methods of
preparing these formulations or compositions include
the step of  bringing into association a compound of
the present inventionwith 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. Fommlations 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, 42 each containing a
predetermined amount of a compound of the present
invention as  an active ingre lieut. rani hibitor of
the present invention may also be administered  as a
bolus, elecix:ary or paste. In solid dosage forms of
the invention for oral administration (capsules, 5
tablets, pills, drapes, powders, granules and the
like), the active ingredient is mixed  a fh one or
more pharmaceutically acceptable carriers, such as
sodium citrate or  dicalcium phosphate, and/or any of
the following: (1) fillers or extenders, such as
starches, lactose, sucrose, glucose, malannitol,
and/or silicic acid; (2) binders, such as,  for
example, carboxyanethylcellulose, alginates, gelatin,
polyvinyl pyrrolidone, 10 sucrose and/or acacia; (3)
humectants, such as glycerol; (4) disintegrating
agents,  such as agar-aga3-, calcium carbonate, potato
or tapioca starch, alginic acid, certain  silicates,
and sodium carbonate; (5) solution retarding agents,
such as paraffin; (6)  absorption accelerators, such
as quatemary ammonium compounds; (7) wetting  agents,
such as, for example, eetyl alcohol and glycerol
moncstearate; (8) 15 absorbents, such as kaolin and
bentonite clay; (9) lubricants, such a talc, calcium
stearate, magnesium stearate, solid polyethylene
glycols, sodium lauryl sulfate, and  



mixtures thereof; and (10) coloring agents. In the
case of capsules, tablets and pills,  the
pharmaceutical compositions may also comprise
buffering agents. Solid  compositions of a similar
type may also be employed as fillers in soft and
hard-filled 20 gelatin capsules using such excipients
as lactose or milk sugars, as swell as high  molecular
weight polyethylene glycols and the like. A tablet
maybe made by compression or molding, optionally with
one or  more accessory ingredients. Compressed tablets
may be prepared using, binder (for  example, gelatin
or hydroxypropyhrmethyl 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  maybe 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 of the present invention, such as
dragees, capsules, pills and granules, may  optionally
be scored or prepared with coatings and shells, such
as enteric coatings 43 and other coatings well1nmown
in the pharmaceutical.fonuulating art. They may also
be formulations so as to provide slow or controlled
release of the active ingredient  therein using, for
example, hydroxypropylmethyl cellulose in varying
proportions to  provide the desired release profile,
other polymer matrices, liposonies and/or 5
microspheres. They may be sterilized by, for example,
filtration throug a bacteria- retaining filter, or by
incorporating sterilizing agents in the form of
sterile solid  compositions which can be dissolved in
sterile water, or some other sterile injectable
medium immediately before use. These compositions may
also optionally contain  opacifying agents and may be
of a composition that they release the active 10
ingredient(s) only, or preferentially, in a certain
portion of the gastrointestinal tract,  optionally, in
a delayed manner. Examples of embedding compositions
which can be  



used include polymeric substances and waxes. The
active ingredient can also be in  micro-encapsulated
f?nn, if appropriate, with one or more of the
above-described  excip rents. 15 Liquid dosage forms
for oral. administration of the, compounds of the
invention include pharmaceutically acceptable
emulsions, niiicroeiriulsions,  solutions,
suspensions, syrups and elixirs. In addition to the
active ingredient, the  liquid dosage fonts may
contain inert diluents commonly used in the art, such
as,  for example, water or other solvents,
sohibilizing agents aand. emulsifiers, such as 20
ethyl alcohol, isopropyl alcohol, ethyl carbonate,
ethyl. acetate, berzyl alcohol,  benzyrl benzoate,
propylene glycol, 13-butylene glycol, oils (in
particular,  cottonseed, groundnut, com, gene; olive,
castor and sesame oils), glycerol,  tetrahydrofiryl
alcohol, polyethylene glycols and fatty acid esters of
soruitan, and mixtures thereof 25 Besides inert
diluents, the oral compositions can also include
adjuvants such  as welting agents, emulsifying and
suspending agents, sweetening, flavoring,  coloring,
perfuming and presentative agents. Suspensions, in
addition to the active inhibitor(s) of the present
invention,  may contain suspending age ats as, for
example, ethoxy'lated isostearyl alcohols, 30
polyoxyethylene sorbitol and sorbitan esters,
microcrystalline cellulose, aluminum  r,
tetahydroxicle, bentonite, agar-agar and tragacanth,
and mixtures thereof. 44 -formulations of the
pharmaceutical compositions of the invention for
rectal  or vaginal administration. maybe presented as
a suppository, which play be prepared  by mixing one
or more compounds of the invention with one or more
suitable  nonirritating excipients or carriers
comprising, for example, cocoa butter, 5 polyethylene
glycol, a suppository wax or a sahcylate, and which is
solid at room  temperature, but liquid at body
temperature and, therefore, will melt in the rectum or



vaginal cavity and release the active inhibitor,
Formulations of the present invention which are
suitable for vaginal  administration also include
pessaries, tampons, creams, gels, pastes, foams or
splay  10 form=ulations containing such carriers as
are known in the art to be appropriate. Dosage forms
for the topical or transderaxal administration of a
compound of  this invention include powders, sprays,
ointments, pastes, creams, lotions, gels,  solutions;
patches and inhalants. The active compound maybe mixed
under sterile  conditiouss with a pharmaceutically
acceptable carrier, and with any preservatives, 15
buffers, or propellants which may be required. The
ointments, pastes, creams and gels may contain, in
addition to an active  prenyltransferase inhibitor,
excipients, such as animal and vegetable fats, oils,
., paraffins, starch, tragacanth, cellulose
derivatives, polyethylene glycols;  waxes silicones,
hentonitcs, silicas acid, talc and zinc oxide, or
mixtures thereof. 20 Powders and sprays can contain,
in addition to a compound of this invention,
excioients such as lactose, talc, silicic acid,
aluminum hydroxide, calcium silicates  and polyanride
powder, or mixtures of these substances. Sprays can
additionally  contain customary propellants, such as
chlorofluorohychrcarhons and volatile u nsubstituted
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 45 rate
controlling membrane or dispersing the compound of the
present invention in a  polymer nlat;ix or gel. 



Ophtl almic formulations, eye ointments, powders,
solutions and the like, are  also contemplated as
being within the scope of this invention. S
Pharmaceutical compositions of this invention suitable
for parenteral  administration Comprise one or more
inhibitors of the invention in combination with  one
or more pharmaceutically acceptable sterile isotonic
aqueous or nonaqueous  solutions, dispersions,
suspensions or emulsions, or sterile powders which
maybe  reconstituted into sterile injectable solutions
or dispersions just prior to use, which 10 may contain
antioxidants, buffers, bacteriostats, solutes which
render the  formulation isotonic with the blood of the
intended recipient or suspending or  thickening
agents. Examples of suitable aqueous and nona.queous
carriers which may be  employed in the pharmaceutical
compositions of the invention include water, 15
ethanol, polyois (suc': as glycerol, propylene glycol,
polyethylene glycol, and the  like}, and suitable
mixtures thereof, vegetable oils, such as olive oil,
and injectable  organic esters, such as ethyl oleate,
Proper fluidity can be maintained, for example,  by
the use of coating materials, such as lecithin, by the
maintenance of the required  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 sorbic 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 ph
armaaceutical farm may be brought about by the
inclusion of agents that  delay absorption such as
alunminum 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 inatxamuscul r  



46 injection. This may be accomplished by the use of a
liquid suspension of crystalline  or amorphous
material Navin; poor water solubility. The rate of
absorption of the  inhibitor then depends upon its
rare of dissolution which, in tam, may depend upon
crystal size and crystalline form. Alternatively,
delayed absorption of a parenteraily 5 administered
inhibitor form is accomplished by dissolving or
suspending the  inhibitor in an oil vehicle.
Injectable depot forms are made by forming
mic:oencapsuied matrices of the  subject inhibitors in
biodegradable polymers such as
polylactide-poiygiycolide.  Depending on the ratio of
drag to polymer, and the nature of the particular
polymer 1() employed, the rate of drug release can be
controlled. Examples of other  biodegradable polymers
include poly(orthoesters) and poly(anhydrides). Depot
injectable formulations are also prepared by
entrapping the drug in liposomes or  microernulsions
which are compatible with body tissue. When the
cornpouurds. of the present invention are administered
as  i5 pharmaceuticals, to, humans and animals, they
can be given per se or as a  pharmaceutical
composition containing, for example, 0e1 to 99.5%
(more preferably, 0.5 to 90%) of active ingredient in
combination with a pharmaceutically acceptable
carrier. 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. ad inistrat:ion 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 parentera y as  used heroin means
modes of administration other than enteral and topical



administration, usually by injection, and includes,
without limitation, intravenous,  intranitiscular,
intraar-terial, intrathecal, intracapsular,
intraorbital, intracardiac,  intradernml,
intraperitoneal, transtracheal, subcutaneous,
subcuticular, 47 intraarticulase, subcapsular,
subarachnoid, intraspinal and in--sternal injection
and  infusion. The phrases "systemic administration,"
"administered systemically ,,  "peripheral
administration" and "administered peripherally" as
used herein mean the  5 administration of a compound,
drug or other material other than directly into the
central nervous system, such that it enters the
patient's system and, thus, is subject to  metabolism
and other like processes, for example, subcutaneous
administration.  Regardless of the route of
administration selected, the CDK inhibitors useful in
the subject method may be used in a suitable hydrated
form, and/or the  10 pharmaceutical compositions of
the present invention, are formulated into
pharmaceutically acceptable dosage forms by
conventional methods known to those  of skill in the
art. Gelatin capsules contain ,he active ingredient
and powdered carriers, such as  lactose, starch,
cellulose derivatives, magnesium stearate, steak acid,
and the like.  15 Similar diluents can be used to make
compressed tablets. Both tablets and capsules can be
manufactured as sustained release products to provide
for continuous release  of medication over a period of
hours. Compressed tablets can be sugar-coated or
film-coated to mask any unpleasant taste and protect
the tablet from the atmosphere,  or enteric coated for
selective disintegration in the gastrointestinal
tract. Solid 20 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, Nfiglyol, or  



Capmul, in a soft gelatin capsule. Antioxidants may be
added to prevent long-terns  15 degradation as
appropriate. Liquid dosage foroas 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 solutions, glycols such
as  propylene glycol or polyethylene glycols, or
mixtures of these are suitable callers  30 for
parenteral solutions. 48 For intravenous
administration, compounds disclosed above may be
formulated as a sterile solution of the active
ingredient, either in its free or salt form,  in
physiological buffer or sterile water.
Sugar-contaia:ing carrier liquids (such as  Ringer's
lactate, or other glucose or dextrose solutions) can
be used if desired, s provided that the total sugar
content does not cause undesired levels of lactic
acidosis. Intravenous administration can be either
through bolus injection  (preferably several tunes per
day), or through continuous infusion over a sustained
period of time. Total preferred dosages for bolus
injection or infusion may vary  substantially,
depending on a patient's physical condition; in
general, they will 10 usually range from about 25
mg/kg to about 250 mg/kg. Solutions for aarenteral
administration preferably contain a water-soluble
salt of the active ingredient; suitable stabilizing
agents, and if necessary, buffer  Substances.
Antioxidizmg agents such as sodium bisulfitc, sodiriru
sulfite, or  ascorbic acid, either alone or combined,
are suitable stabilizing agents. Also used are 15
citric acid and its salts, and sodium EDTA.n addition,
parenteral solutions can  contain preservatives, such
as benzalkoniunr chloride, methyl- or propyl-paraben,
and chlorobutanol.. Suitable pharmaceutical carriers
are described in Remrnngton's  Pbartnaceuticai
Sciences, 18`x' ed., Mack Publishing Company, Easton.
PA, 1990, a  standard reference text in. this field,
the disclosure of which is hereby incorporated  



20 by reference. Formulations, solutions, and other
preparations using compounds of Tables  A, B, and/or C
can be prepared as described in PCT applications WO
003/(c)33499  and/or txe%C) 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 proli feration in
general, the compounds disclosed herein in ay act as
reversible cytostatic, agents  which may be useful in
the treatment of any disease process which features
abnormal cellular prolif ration, such as
hylperproliferative diseases, including 30 cancer,
benign prostate hyperplasia, familial adenornatosis
polyposis,  neurofibroniatosis, psoriasis, fungal
infections, endotox. shark, lz pera ophic scar  49
formation, inflammatorybowel disease, transplant
rejection, vascular smooth muscle  cell proliferation
associated with atherosclerosis, psoriasis, pulmonary
fibrosis,  arthritis, glorner-uloneph itis, restenosis
following angioplasty or vascular surgery,  and other
post-sur,t,ical sterosis and restenosis. See, for
example, U.S. Patent Nos. 5 6,114,365 and 6,107,305.
The cornpourrds disclosed. herein are expected to be
useful in the therapy of  proliferative or
hyperproliferative diseases such as cancer,
autoinuriune diseases,  viral diseases, fbngaI
diseases, neurodegenerative disorders and
cardiovascular  disease. 10 More specifically, time
cornpounds disclosed herein are useful in the
treatment  of a variety of cancers, including (but not
limited to) the following: carcinoma,  including that
of the bladder, breast, colon, kidney, liver, lung,
including small cell  lung cancer, esophagus, gall
bladder, ovary, pancreas, stomach, cervix, thyroid,
prostate, and skin, including squamous cell.carcinoma;
hematopoietic tumors of 15 Iv I 



lineage, including leukemia, acute lymphocytic
leukemia, acute  lyrnphoblastic leukemia., l3-cell
lymphoma, T-cell lymphoma, Hodgkins lymphoma,
non-Hodgkins lymphoma, hairy cell lymphoma, and
Burkett`s lylnrphc' ma;  hematopoietie tumors of
myeloid lineage, including acute and chronic
mnyelogenous  leukemias, myeiodyspiastic. syndrome,
and promyelocytic leukemia; tumors of 20 mesenehynral
origin, including .tabrosarcoaxa and rhabdomyosr
reorna; tumors of tike  central and peripheral nervous
systenm, including astrocytonia, a reurobIastoma,
glroma, and schwarinornas; and other tumors, ineludin
melanoma, sermnoma,  teratocarcinonna, osteosarcoma,
xenoderointa plgmenttosunn, keratoctaathoma,  thyroid
follicular cancer, and Kaposi's sarcoma. 25 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 gala protein (J. Biochern, 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  30 modulators of apoptosis, will he useful in the
treatment of cancer (including but not  50 bove),
viral infections (including but not  limited to those
types mentioned herein, limited to her)esvirus,
poxvirus, Epstein-Barr virus, Sindhis virus and
adenovirus),  prevention of AIDS development in
Illy-infected individuals, autoinirnune diseases
(including but not limited to systemic lupus,
ery'theinatosus, autoinirnune mediated 5
glonmernlonephritis, rheumatoid arthritis, psoriasis,
inflammatory bowel disease, and  autoimnirne diabetes
mellitus), neurodegenerative disorders (including but
not  limited to Alzheimer's disease, A DS-related
dementia, Parkinson's disease, asr yotroplric lateral
sclerosis, retinitis pigineiatosa, Spinal musciular
atrophy and  cerebellar degeneration),
nryelodysplastic syndromes, aplastic anemia, isehemic



10 injury associated with myocardial infarctions,
stroke and reperfusion injury, arrhythmia,
atherosclerosis, toxin-induced or alcohol related
liver diseases,  hematological diseases (including
but. not limited to chronic anemia and aplastic
anemia), degenerative diseases of the m usculoskeletal
system (including 'taut not  limited to osteoporosis
and arthritis) aspirin-sensitive rhinosinusitis.,
cystic fibrosis, 15 multiple sclerosis, kidney
diseases and cancer pain. Compounds disclosed herein,
as inhibitors of the cdlcs, can modulate the  level of
cellular RNA and DNA synthesis, These agents would
therefore be useful in  the treatment of viral
infections (including but not limited to ITIV, human
papilloma  virus, her; esvirus, poxvnns, Epstein-Barr"
virus, Sindbis virus, and adenovirus). 20 Compounds
disclosed herein may also be useful in the
chernoprevention of  cancer. Cheiropreventiorz is
defined as inhibiting the development of invasive
cancer by either blocking the initiating inutagenic
event or by blocking the  progression of pre-malignant
cells that have already suffered an insult or
inhibiting  turner relapse. 25 Con pounds disclosed
herein may also be useful in inhibiting tumor
angiogeriesis and metastasis. Compounds disclosed
herein may also be employed in the prevention of hair
11 loss that ordinarily accompanies many traditional
chemotherapeutic regimens. For example, a CDIC
inhibitor of the invention may he used to inhibit
proliferation of  51 cells in hair f.'ollicles,
thereby sparing them from attack by a cytotoxic agent
that  targets proliferating cells. Compounds disclosed
herein may also act as inhibitors of other protein
kinases, e.g., protein kinase C, her2, raf 1, MEK1,
TvLakP kinase, FGF receptor,  PDGF receptor, IOF
receptor, PT3 kinase, wool kinase, fire, Abi and thus
be  effective in the treatment of diseases associated
with other protein .kinases. 



The compounds of this invention may also be useful in
combination  (administered together or sequentially)
with known anticancer treatments such as  radiation
therapy or with cytostatic or cytotoxic agents, such
as for example, but not 10 limited to, DNA interactive
agents, such as cisplatin or doxonibicin;
topoisomerase  TT inhibitors, such as etoposide;
topoisomerase I inhibitors such as CPT-1l. or
topotecan.; tubulin interacting agents, such as
paclitaxel, docetaxel or the  epothilones; hormonal
agents, such as tamoxifen; thymidilate syntthase
inhibitors,  such as 5-iiuorouracil; and
anti-metabolites, such as niethotrexate, In such 15
combinations, the compounds and thnnulations of the
present invention may be  useful for the prevention or
reduction of incidence of alopecia, which is often
induced by radiation therapy or chemotherapy. If
formulated as a fixed dose, such combination products
employ the co npowids 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 oloinucia e has been found to act
synergistically with  known cytotoxic agents in
inducing apoptosis (J. Cell Set,, 108, 2897 (1995)).
Compounds described herein may also be administered
sequentially with known  anticancer or cytotoxic
agents when a combination formulation is
miappropriate. 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 (199?).
30 It is contemplated that all embodiments described
herein are applicable to all  52 different aspects of
the invention. It is also contemplated that any of the
described  embodiments can be freely combined with one
or more other such embodiments  



whenever appropriate. In particular, various ernbodim
ents of tl:e compounds of the  invention, various
embodiments of the disorders suitable for treatment
with such 5 compounds, and various embodiments of
treatment methods using or uses of the  compounds may
be h-eely combined with one another. Specific
embodiments of the invention are described in more
detail herein.  However, these are illustrative
embodiments, and should not be construed as  limiting
in any respect. 1.0 Ealvalents  Those Billed in the
art will recognize, or he able to ascertain using no
more  than routine experimentation, many equivalents
to the specific embodiments of the  invention
described herein. Such equivalents are intended to be
encompassed by the 15 claims. Those skilled in the at
will also recognize that .all combinations of
embodiments or feat res of the claims described herein
are within the scope of the  invention, v. Synthesis
The compounds of the present invention can be
synthesized using the  20 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. n5 Key
i-temriediates preparing certain compounds disclosed
herein, including  pyrole arninonitrles,
aminocarboxanrides, and amiioesters. The preparation
of  these intermediates has precedence in the chemical
literature, and several methods  are summarized in
Schemes A (A. 0. Ahdelhamid, et al., ,f. Fieterocyci.
Chem. 1984, 1, 049), f3 (C. C. Cheng and R. K..
Robins, Or g,. Cher:. 1956, 21, 1240.1, C (P.  



30 Schmidt and J. Drury, Reliv. Chem. Meta 1.956, 39,
986.). See also Tominaga et al.,  Feterrcyci. Choir..
1990, 7. 775, and PCT Applications Nos. WO 00/2,1926
and  53 WO O 99/54308. A `aide variety of starting
hydrazines and aldehydes are commercially available or
can he prepared by standard organic
trarrsformations.'The  substituent Ar, as used below,
indicates an aryl ring, substituted to conform to or
to  be converted to a corresponding aryl substitutent
of certain compounds disclosed 5 herein. Certain
compounds can also be prepared by treating PrCOCI With
C1I2(cti 2  in the presence of base, treating the
resulting compound with PCIs, and reacting the
product with A_r1 N NH2. Scheme A Ir  1) A NtIN)I 2)\
bromosuccininaide -1t  i-PrCHO i) 1,  t9sll-_ \. t''.,
J') AINIUINH7 2) N-iRS33i7~i i.}P tII1LfIf '1' 1 Ai r
tit  /'- // acid or hat ' h:dialysk  1 I A~  10 Scheme
B 1) Ac20, NCCH;CON'H, rt  



rNH 'I ,.; Kt C-iC`," : ,r Ill  { `i< M N IY 6 Ar 54
I) Ac2O, NCCH2CO2R  i-PrC(OR)a If ArNlEIs { D -~ y
~_Etar  Tyr Al,  <Vniromtnles II can be converted to
pyrazolo[3,4-d?pyrimidines of the  present invention
as shown in Scheme D. in. summary, the
aminocarboxaride is  acylated, optionally in the
presence of a suitable solvent, such as
dichloronsethane,  by treatment with a suitable base,
such as triethylamine, followed by an acid halide 10
of the fonnula.ArCII2COX, preferably an acid chloride
to give carboxamidonitriles  V. Alternately
carboxarnidonitriles V can be prepared by coupling
aminonitriles II  with carboxylic acids of the general
formula rVCI-l2CO2H in the presence of a  suitable
base and coupling reagent in a suitable solvent, The
coupling of amines and  carboxylic acids has been
reviewed (Klausnew and Bodansky, Synthesis 19 J`?, 453
15 463)), and the variety of reagents available for
effecting it can be. appreciated by  those skilled in
the art. Scheme D Rom: R20~  fit. base, AxCH2CGCI G `1



` , Formulas  N-J', '"~~ ~~rh or rir^..H2CC,I-I+ Fro':
"yCON ~\ \ or Fti.  eoupiing agent 20 Transformation
of carboxamidonitriles V to the compounds of the
present  invention can be accomplished by treatment w
tll an. excess of hydrogen peroxide in  t e 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 oC up to 100 "C. 55
Alternatively, carboxamidonitriles V can be
transformed to the compounds  of the present invention
by heating, preferably for about an hour in conce;
taated,  strong acid, preferably a5% H3PO4. Scheme E
shows an alter native means for  preparing the
compounds of the present invention. Amino carboximides
III in a 5 suitable solvent, preferably a lower
alicanol, are treated with an excess of an ester of
the formula ArCH2CO2R, where R is, for example, lower
alkyl, and an excess of a  base, preferably a metal
lower alkoxide, preferably at the boiling point of the
solvent, to give compounds of the present invention.
Many arylacetic esters are  commercially available or
can be prepared in one step from commercially
available 10 arylacetic acids by estefification with
an excess of an alcohol, Tl.OH, preferably at  retluA
with ethyl or moth yl alcohol, used as solvent in the
presence of an acid  catalyst such as H2S04 or p-TsOH.
Alternatively, a coupling reagent such as DC C  can be
used, preferably it a solvent such as CI12C12 with a
catalyst such as DM.?,  Scheme E } ..~_..,..-a.
Formula I  la 3tt AT 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. McOH, EtOll, water, DMS0, or
mixtures  thereof. Farther examples of arylacetic
esters may be prepared from aryl carboxylic 2(c) acids
under _Arndt-Eistert Meier and Zeiler, AngeY.. Githm.
Int.. E:d. EngL 1975, _%4,  32) or related
honlo`ogation conditions. Arxinoesters of the formula
TV can be converted to compounds of the present
invention by reaction with an excess of a nitrite of
the formula AtCH2CN and  sodium. 56 Scheme F rI
Tanrula I  I t4.. ArCH2C;N 1T Ar This reaction is
preferably performed neat with heating.
Pyraz,olo[3,4-d'pyrinaidinones may be further
elaborated as described below  5 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, allcylation
(Friedel-Crafts), chloromethylation, suifonation, and
aminonethylation Mairnich reaction). Conditions .for
performing these reactions are 10 familiar to those
skilled in the art of organic 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 15
aromatic substitution reactions, preferred catalysts
are Lewis acids, including, but  



not limited to, FeX3, AIX" and ZnX2, where X is
halogen. The compounds prepared above which have an
amino group can be  derivatized by reaction udth
electrophiles includ ng, but not limited to acyi
halides,  anhydrides, isoc fanates, chloroformates, si
lfonyl halides, alkyl halides, la stones, or ?0
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 ltT.
Addition of a base may be necessary. It should be
noted that the products of  these reactions may react
further with some electroplriles at the pyrinridinone
25 nitrogen (iV5). The resulting functional groups
(arnides, cahamates, etc.) are less  57 stable to
basic hydrolysis than the desired ani'<no- or
aliphatic groups and can be  cleaved back to the py r
imidinonc having I on N5. Reaction of compounds
bearing an amine g o-ap with agents such as haloacyl
halides, cz /3-unsaturated acid halides, or
halosulfonyl halides gives intermediates 5 which can
react with nucleophiles such as primary or secondary
amines, diaaines,  alkoxides, amino alcohols, or
thiols. The compounds prepared above, which have a.
carboxyl group, can be  derivatized by activation and
reaction with nucleophiles including, but not limited
to  amines and alcohols to give, respectively, amides
and esters. The coupling of amines 10 and carboxylic
acids with carbodifinides has been reviewed (Iclausnew
and  Bodarsky, 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' iley &
Sons,  1991) to mask- reactive functionality can be
appreciated by those skilled in the all. 15 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 airline group can be  derivatized by
conversion to an electrophilic species by activation
with phosgene or  20 a phosgene. equivalent ( etrF
l7edron: tts r72s72F`J7n71995, 61, 745; J. Or g. 1994,
.591937), preferably in the presence of a base, and
reaction with nucleophiles  including, but not limited
to, amines. alcohols, and sulfonamides to give,
respectively, ureas. carbasnates, and sulfor.ylureas.
Conditions for performing these  reactions and the
hazards associated with handling phosgene and phosgene
25 equivalents are familiar to those skilled in the
art of organic synthesis, and all  appropriate,
precautions should be take?,. Further transformations
which may be required to prepare compounds of the
present invention include reductions ofketones,
aldehydes, esters, acids, amides or  reductive
aminations by alumino- and borohydride reagents (J.
Seyden.-Penne, 30 "Reductions by the Alumino and
Borohydri des in Organic Synthesis" VCII  58
Publishers, 'unc., 1991) and oxidations of groups
including but not limited to  alcohols, aldehydes,
olefins, thioethers, sulfoxides, and heteroaryl groups
(Milos  Hudliclcy, "Oxidations in Or=panic Chenmistry"
American Chemical Society, 1990). Reduction of
functional groups such as alkenes, allcynes, nitrogen,
nitro, or 5 cyano groups can be accomplished by
catalytic hydrogenation or by dissolving metal
reduction. Further elaboration of intermediates
containing electropirilic sites to  compounds of the
present invention can be accomplished by displacement
with  nucleoplules including, but not limited to, CN-,
amines, alkoxides, mercaptans, or  earbanions. Still
other compounds of the present invention can be
prepared by 10 coupling of aryl halides or triflates
with the appropriate horonic acids or stannanes
(Stille, J.K., Angeut Chem I t. Ed. Engl. 1986, 25,
508; Suzuki, A, .Pure A pL.  Chem. 1985, 51" 1;x49).
The compounds prepared above, which have a carbonyl  



group, can be derivatized further by reaction with
nucleophiles to give secondary  alcohols. Such
nucleophiles include, but are not limited to, Grignard
reagents, alkyl-, 15 alkenyl-, and alkynyl-lithium
reagents, and ally] stannanes, silanes, and the like..
Compounds prepared as described above can be. further
elaborated by  rearrangements such as the Beckmann
(Galley in Or?. React. 1988, 35, 1) or other
rearrangements. Further elaboration of the compounds
prepared above can be accomplished  20 by generation
of an organomagnesium or organolithium species by
directed  inetallation (Beak and Meyers, Ace. C/win,
Res.1986, 19, 356-363; Beak and Sn iec cus, Ace. Chem,
Res. 1982, 15, 306-312; Katdtzky, Lam, and Sengupta,
Prog,  i etercct cl. Chem. 1989, 11, 1-29) or from an
aryl halide: by lithium-halogen  exchange (Parham and.
Bradsher, Ace. (7ietn. Res. 1982, 15,300-305' . 25
Airy approach to preparing compounds of Forrnula
11,11a and certain other  compounds disclosed herein
is presented in Scheme 1 and can be used to prepare
compounds of Cho present invention. The substituents
Z, B5, B5, and R7 represent  substitueuts as set forth
in Formula If, or substitueuts that can be converted
to those  substitueuts using staindard organic
transf,ririations. P represents a suitable 30
protecting group. Examples of protecting groups
include esters ofcarboxylic acids,  silyl et~zers of
alcohols, and acetals and ketals of aldehydes and
ketones, 59 respectively. The field of protecting
group chemistry has been reviewed (Greene,  TM.; Wats,
P.G.M. Protective Groups in it pan c j'rs e it, 2C
ed.; Wiley: New  York, 1991). The nitro group of
dimethyl nitrophthalate was reduced to the amine
using catalytic h.} drogenatir rr. 'F'ire aniline ; as
acylated using acetic anhydride and 5 pyridine as a
base. A mixture of the resulting acetamide 2 and an
acetophenone were  treated with a strong base in an
appropriate solvent at elevated temperature to give
the desired triketone 3. Additional means of preparing
triketones are known to one  



skilled in the art as described in Kilgore et al,
.Industrial and Engineering, Chemistry  34:494-497,
1946. The triketone was treated with hydrazine at
elevated temperature  10 in an appropriate solvent to
give the indeno(i,2-c]pyrazolone ring system.
Additional means of preparing indeno[1,2-c]pyrazolones
are known to one  skilled in the art as described in
Lem e et al,, "? Heterocyclic Chem. 19:1335-1340,
1982; Mosher and Seeder, J. Heterocyclic Chem.
3:855-59, 1971; htruciar and  Svanygova, Collect.
Czech. Chem. Commun. 59:2734-40, 1994, The amide was
15 deacylated by heating with a strong acid in an
appropriate solvent to give aniline 4,  Ili aniline
was aoylated under standard conditions using an acid
chloride in an  appropriate solvent to give the
desired product 5. 60 Scheme 1 Tkd ~ ~~:?'''~ a l II
Pt C' + JG'irtig  d  V Ac2f3gy. CJuC3Ey  ussc t t pp
NHz /0? ~.. tll Y%~\ 1) H,NNH2  2) acid tv' 0 3  ii 



u IE .4'^ t  1)deprute st ____  Formula If  ,; RS-Br
An alternative method for making compounds of the
present invention is 5 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 inr the art,
Subsequently, triketone 6 can the be converted to the
irdeno[1,2- c]pyraalone ring systetr using the salve
conditions described previously in Scheme  .. 61
Scheme 2 E3 yrCh'. ' r^ to N 3NH, i- U  };W\N  y
Another method for preparing the triketones u of
Scheme 2 employs the  5 condensation of a 1,3-diketone
6a with 3-rritrophthalia anhydride as described in
Rotberg and Oshkaya, .r., Organ. him. 8..84-87, 1972;
?h. Organ. Khim. 9:2548  2550, 1973. The I
,3-dilcetones, when not commercially available, can be
readily  prepared. by one skilled in the art by the
aeetylation or tnfluoroacetylation of the  requisite
methyl ketone. Reduction of the resulting nitro
derivative to the omiline 10 can be accomplished in a
variety of ways including catalytic hydrogenation,
treatment with zinc or iron under acidic conditions,
or treatment with other reducing  



agents such as sodium dithionite or stannous chloride.
Subsequently the aniline Ge  can be converted to the
indeno[1,2-eIpyrazolones of this invention by
acy:ation  followed by treatment with hydrazine as
described previously in Scheme 2. 15 Another method
for making the indeno[1,2-cj ayrazolone ring system is
shown in Scheme 3. Dimethyl hydrazine was reacted with
3-acetyllpydidine 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. 62 Scheme 3 a  \ C f:  Fir `\~
1~.CezEt,1*1CNz fr i  r EtOH _r 1 v^ ~j  3 6; s I 1)
AcOH, E(N  2) reduction 1) carbonyl diimidazo:e n  4
INN,. N NIH2  6 ~~ Cilt Alternatively, 6b can be
treated with an activated acylated N-amino 5
morpholine or piperazine ring, such as a nitrophenyl
carbamnate Additional means of  



preparing similar intermediates are known to o:e
skilled in the art as described in  Rappoport, J >ag.
Chc n, 49:2948-2953, 1984. This intermediate was
carried  through the sequence in a sinrilar fashion as
described in Scheme 1. Although the foregoing schemes
describe gencral synthesis routes where Ud  10 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 V
is selected from S, S(O2), C(=0), C(=S), CFI"  and
NIt". Other features of the invention will become
apparent in the course of the  15 following
descriptions of exemplary embodiments that are given
for illustration of  the invention and are not
intended to be limiting thereof 63 v. Exemplification
Compounds of Tables A, B, and C can be synthesized as
shown ira PCT applications  WO 03, 033499 andior WO
041092139, the teachings of which are incorporated 5:
herein by reference. Assay Protocols and Results T.he
biological activity and utility of the compounds of
the invention are  demonstrated by one or more assays
including those described in more detail below:  10
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 turners as
represented by the NCI panel,  Is on exposure to
compounds of the invention (results shown in  Table
3). Assay 3. Irreversible effect of compounds of the
invention on cells in a  



clonogenic survival assay (results shown in Table 3,
Figure 2  and Figure 3). 20 Assay 4. Reduced viability
of HCT-l 16 and'INIR9O cells exposed to  compounds of
the invention as estimated using a Ca coin AN I  assay
(results shown in Tables 3 and 6). Assay 5. Inhibition
of viability in arrested tumor cells but not in
arrested normal cells exposed to compounds of the
invention  25 (resuls shown is Table 4 and Figure 4).
Assay 6, Inhibitory activity of compounds of the
invention in certain  kinase biochemical assays
(results shown in Tables 5 and 6).  64 Assay 7.
Activity of compounds in xer:ograft tumor models
(results  shown in Figures 5, 6, 7 and 8), Assay 8.
Affinity of compounds to certain target proteins
(results  shown in Figure 9). 5 Assay 9. Antiviral
activity of compounds of the invention (results  shown
in Table 7). Assay 7: Cell cycle analysis with
propaclhim iodide and BrdU The percentage of cells in
the GI, S and G-2/M phases of the cell cycle was  10
determined by staining D TA with propidiurn iodide and
quantifying the number of  cells with a 2N or 4N DNA
complement by flow cytometry-Alterations in tile
distribution of cells across the cell cycle in
response to exposure to the C:dlc  inhibitors was
evaluated in this manner. hfethod.for'staining cols
with propidiians iodide 15 3 sets of I-ICT-116 cells
(100,000 cells/set) were cultured n, the presence of a
test compound in T-25 flasks according to Fable 1
below. Analysis was performed  at 24, 48 and 72 hours.
Adherent cells were collected by trylsinization,
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 stair: was
20 added and the cells were incubated at 37 C for
20-25 minutes, The Celt count was  preferably no
llf-eater than 2x10 6-4x1 O /ml. An equal volume (100
Irl j of PI salt was  then added to the cells, which
were then incubated at 4 `C". for 1-2 hours, '1'be
stained  cells were analyzed on a Becton Dickinson
FACScan flow cytonreter. Samples were  protected from
light. Figure 1 shows that on exposure to compound
A37, cells are  25 terminally arrested in (i1 and (i2,
with evidence of apoptosis and endo reduplication,
Analogous results are seen for certain other compounds
of the  invention including compound B16.
Determination, qf -IY'rcl ii?~'ol: ora: ti0 into
f)!'~'.'4 65 This method measured the percentage of
cells that incorporated the  nucleotide analog , k
rd1J, into newly synthesized DN as cells progressed
through  the S phase of the cell cycle. The inhibition
of Brd1J incorporation was used as a  measure of a
Cdtc inhibitor's effect on S phase progression and D
NIA replication. 5 Met hod f 2r BrdU labeling 3 sets
of HCT-1116 cells (100,000 cells/set) were plated in
T25 flasks and  incubated with a test compound as
above. Analysis was done at 24, 48, and 72  hours.
BrdU was added to each T-25 flask from a stock of 10
nng/nil to a final  concentration of 10 L M and the
cells were incubated foram additional 16-1 S hours at
10 37 C. The cells were then prepared for flow
cytometric analysis according to  manufacturer's
protocol (BrdtJ Flow kit, BD-Phan-nningen catalogue #
2354KK) as  follows: Cells were harvested (adherent
and floating) from the T25 flasks directly into
Falcon 12 x 715 flow cytometiic tubes as above
followed by fixation and 15 permeabilization with the
addition of 100 1 Cytofix /Cytoperm buffer (30
minutes,  



room temperature). The cells were then washed with I
ml of Penn Wash buffer and  the cell pellets were
resuspended in 100 u1 Cytopermn Plus buffer and
incubated on  ice .for 10 minutes. The cells were then
washed again with 1 n-il of Perm Wash buffer  and the
fixation was repeated in 100 p1 of Cytofix/Cyto Penn
buffer for 10 minutes 20 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 1 DNase to expose  incorporated BrdU followed by
another wash step with 1. nil of Perin Wash buffer..
The presence of incorporated BrdU was revealed with an
a-BrdUU-FTTC antibody  (50 11 of a 1:50 dilution of
the antibody in Perin Wash. buffer). Cells were
protected 25 from light and incubated at room
temperature for 20-30 nainutcs. Following the
incubation, the cells were washed with 1 in' of Perm
Wash buffer, resuspended in  300 1 of 2% PBS in PBS,
and analyzed on the few cytometer. Results are
presented in Table 2 as the concentration of compound
Q.t M1) that inhibits of BrdU  .corporation by 50%. 30
66 sszit 1 = ilveditit ofc'rlk iyhibiters rn the
.yf.T7 trrrc>i r.a .-towiilrr min oremiirKe  The
evaluation of compounds at the National Cancer
Institute in their panel of 60 cell lines provides a
wealth of information regarding efficacy in a wide
range  of tumor types and genetic backgrounds.
Included within this panel are cell lines fs derived
from leukemia, melanoma and cancers of t=xe lung,
colon, brain, ovary,  breast, prostate and kidney. Use
of this panel provides a measure of the efficacy of
compounds in cells with alterations in many genes that
are associated with  neoplastic transformation
including p53 and Her2,Neu as well as those involved
in  metabolism and those which confer multi-drug
resistance. The data generated in 1.0 these cell lines
with the protocol described below can be used to
evaluate the activity  of compounds. 



Results of the NO panel assays are presented in Table
3 (NCI panel)  represented by two informative _
etrics: (a) the Mean-Graph Mid-point - the  average
IC50 over the whole cell panel except that an IC50
(,Ad) of less than 10 nN1 15 is calculated as being
equal to 1.0 nI4_ for this estimate; and (b) tine IC50
(ttlvl) of the  inhibitory activity of the compound
against an adriamycin resistant cell line (A DR- res).
Additional compounds of the invention showed the
following activity in the  NCI assay: (i) compound
A37: Mean-Graph Mid-point < 50 nNI and ICSO of 20
inhibition of growth of_A.DR-res cells < 100 1z.A!1;
(ii) compound B16: Mean-Graph  Iblid-point < 50 u M
and IC50 of inhibition of growth of ADR-res cells < 10
M.  Meth ocdo1op of the arr. 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. 'T'he plates were 25
incubated for 24 hours at 37 C, 5% CO2 for 24 hours.
Media containing twice the  desired final
concentration of the compound (5 doses spanning 4
logs) was prepared  and 100 Ed was added to each well
containing 100 p.l media plus cells to yield the
desired final concentration. The plates were then
incubated for an additional 48  hours. 67 The effect
of the compound on cellular viability was determined
with the  Sulforhodanrine B (SRB) assay, which
measures total protein. Cells were fixed with  cold
TCA to a final concentration of 10% and incubated at 4
C for 60 minutes. The  supernatant was discarded and
the plates were washed five times with water and air 5
dried. SRB solution at 4% (w/v) in 1% acetic acid was
added to each well and the  plates were incubated for
10 minutes at room temperature. The plates were washed
five times with 1% acetic, acid and air-dried. The
bound stain was so.lubilized with  10 mM trizrna base
and the absorbance was read on a plate reader at 515
DIM, 



fsseu is P otleof <Dra lcT73tfThU srrt silo/d rtssal,
witty 111(1--116 nulls 10 This assay was used to
determine the concentration of a compound that
results irreversible loss of viability after a
specified period of exposure. Essentially,  cells are
exposed to compound for a period of 1, 2 or 5 days,
and are (her, transferred  to compound-free growth
medium. After, continued incubation in the compound-
free medium for a number of days, the number of
colonies recovered is counted as 15 an estimate of the
number of surviving cells. Results of such survival
assays for various compounds of the invention are
presented inTable 3 (clonogenic) as the concentration
(1t14t) of compound that  inhibits colony recovery by
50% (IC50). Figure 2 displays irreversible inhibition
of  cellular activity in kICT-116 cells, and tho
time-course of such inhibition by 20 compound A37,
with an IC50 of< 50 rLN- I with 24 hour compound
exposure.  Compound B16 shows an IC50 of < 100 ntvl in
the sane assay, and IC50 reached  within 30 to 60 ruin
at 100 ruff (Figure 3). A-4-et od to measure cell
survZ'al after ea:posure to connwounn.d Media (I
PMI-1640, 10% FCS, pen/strep) was pre-warmed to 37 C:
in a 25 water bath, Cells were incubated and grown at
37"C, 5% CO2. Cells were recovered  by trypsini-zation
from sub-confluent plates and counted using
tieniocytonaeter. 1  104 cells were plated in 25 rnls
of media in a 15 cm tissue culture dish. 14 plates
were set up for each test compound, and were incubated
overnight at .31 C. The  compound was diluted into
media at 7 concentrations and the media on the. cells
was 30 replaced with that containing the test compaur
d. Two plates were set up for each  68 concentration
of the compound to be tested, as well as two control
plates without  compound. Piates were incubated as
above for 24, 48 or 74 hours, media was  removed and
replaced witth fresh media, and the plates were
incubated an additional  7 days and washed with PBS.
Colonies were stained with crystal violet solution 



5 (0.4% crystal violet, 20 % ethanol) for 5 minutes,
washed twice with distilled. water,  and counted. is
ri f b'se of the, ixtc+vrt nio. , ihP assvar f'rr the
evaluation a Cdt nkibfor e  era the presence and
rahsenee o 'serrrrn proteins The potency of Cdk
inhibitors, as measured by loss of cellular viability,
was  10 determined with the Calcein AM assay
(Molecular Probes). Calceini AM is a  substrate of
intracellular esterases, Which is cleaved only in
viable cells to generate a  fluorescent product that
can be quantified with a fluorescent plate reader. The
fluorescent signal is proportional to the minfber of
viable cells, and thus loss of  signal in response to
the exposure of cells to Cdk inhibitors correlates
with a loss of 15 viability, This assay can
distinguish cell, cycle arrest, in which cells may
still by  viable, from loss of viability and is thus
well suited for the evaluation of Cdk  inhibitors, A
compound that is a potent cytotoxic, may cause
significant loss of cell  viability in such assay.
Cellular 1C5;;'s were determined in the human
colorectal carcinoma cell line,  20 HCT-116, and the
normal human fibroblast, RNIR9O. Protein adjusted
IC59's were  also determined in IICT-116. Results of
such viability assays are presented in Table 3
(I-1CT-116  (viability /protein adjusted) and
IMIR-90). IC50s (ltM, non-protein adjusted) for the.
viability assay against HCT-11.6 cells are shown for
further compounds of the 25 invention in Table 6.
Analogous cell viability assays against other cell
lines were conducted as  above. The IC50 (PM) for
other compounds of the invention were found to be: (i)
compound A37: HCT--l16 (<50 mM), HCT-116
protein-adjusted (< 500 mM), .2780  (<10 n1vi), IM-R90
(<50 mMM); (ii) compound 1316: IICT-116 (<10 nN.ii),
HCT-i 16 69 protein-adjusted (< 500 ni41), A2780 (<10
nM),1MR9O (<100 nlrl).Protoc+.zl for the  



Calcei;a JI, M1 viability assay, HCCT-116 or 1-1MR90
cells were recovered from sub-confluent plates by
trypsinrization and 1,000 or 4,000 cells,
respectively, were plated in 24-well dishes  S and
incubated overnight at 37 C, 5% CO2. HCT-116 cells
were cultured in RPMI 1640, 10% FCS, and I IR90 cells
were cultured in Minimum Essential Mediurn- alpha, 10%
FCS. After overnight incubation to allow adherence,
the media was  aspirated from each well and replaced
with media containing a test compound at a
concentration from, 0 to 250 n:I, spanning a total of
7 doses. The plates were 10 returned to the incubator
and cultured for an additional 72 hours (3 days). The
media  used for the deternnination of protein-adjusted
ICsc,'s was RPItMI-1640, 10% FCS,  plus I q glw' alpha
acidic glycoprotein (Sigma 0-9885), and 45 rag/ml
human  serum albumin (Si ina A3782). After 72-hours
incubation with. the test compound,  the cells were
washed twice with IX PBS, taking special care to
remove all residual  15 buffer. A 5 pNIT Calcein AM
solution was prepared by dissolving a 50 ig aliquot of
Calcein (Molecular Probes catalog # 03100) in 501<.l
DISC. After the Calcein had  completely dissolved (10
minutes at room temperature), it was diluted into 10
ml  PBS. Caicein/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  fluorescent plate reader (excitation 485/20
and emission 530/25). Assay 5. Arrested CellAssat
Cyciin-dependent kinase (Cdk) activity is required to
promote the  25 progression of cells through distinct
phases of the cell division cycle. The  proliferation
ofnornal, 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, t3o. T'laerefore,
from a mechanistic standpoint but without being bound
by 



30 theory, Cdk inhibitors should have greatly reduced
potency in arrested normal cells  relative to their
transformed counterparts. 70 Results of viability
assays conducted on arrested normal (11LMR90) and
arrested tumor cells (HT-116) using certain compounds
of the invention are  presented in Table 4 below.
Figure 4 shows (lie enhanced activity of compound A37
on the inhibition of viability of arrested normal
(IMR.90,) and tumor (HT- 116) cells.  5 The 1050 for
compound A37 was found to be < 50 aM for arrested
1(21-116 cells,  and '>' 0 uAf for arrested IA/I.90
cells. Compound BI6 showed an 1050 of <50 nM  for
arrested I-ICT-116 cells and >101iM for arrested
INLMC90 cells. Arresting HC'3 126 a rid IMRQC eels try
serum star vata~rrr. for evaluat on of  10 CC>rt'd~ Y;
rldpote cy HCT-116 cells were plated in triplicate for
each compound concentration to  be tested in ItPM11640
media containing 10% fetal calf se-tun at a density of
either  200 or 2,000 cells per well in 24 well dishes,
and incubated overnight at 37 C, 5%  CO,,. The media
from the plate containing 2,000 cells per well was
removed, cells 15 were washed once with serum free
media and I nil of serum free media was placed  on
cells. The plates containing cells both in the
presence and absence of serum were  incubated for 6
additional days. MOO cells were plated in triplicate
for each compound concentration to be  tested in
MEM-a:media 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%
o CO2. 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,ff.UCI' ..116 and IIVfR9O eel's 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 simultaneously with
tine use of S ARF- 71 1, a fluorescent substrate of
intracellular esterases which are only active in
viable  cells. `together, the evaluation ofBrdl?
incorporation and SN,,\RF-1 cleavage by  flow
cytometry provided an assessment of the viability of
arrested cells on a single  cell basis, For this
analysis, the cells were stained with SNARF-1 as
follows and 5 then prepared for determination of
brill; incorporation as described above. HCT-I 16 and
1141.890 cells were plated at the density described
below in'1'25  flasks in serum-containing media
(RduMI-1640 or MBM-awith 10% F CS.  respectively).
After 24 hours of growth, the media was removed and,
after washing  the cells, replaced with serum-free
media. 10 HOT-I16 FCS 5,000 cells  HCT--116 - FCS
100,000 cells  MM-QO -+ FCS 100,000 cells  IMR90 - FCS
200,000 cells The lMR90 cells were grown for
an.additional 3 days and the HCT-116 cells  15 were
grown for an additional 6 days before pulsing with
BrdU, x150 pg aliquot of  SNARF-1 (Molecular Probes
catalog #01272) was dissolved in 5001 DMSO at  room
temperature for 10 minutes and then diluted into 10 ml
PBS. The S\A.IiF-I  was Thither diluted 1:64,000
before 200 td was added to each tube of cells which
had been cultured in the presence or absence of serum
and p:.rlsed with BrdIT for 20 20 hours. '1'lie cells
were incubated at 37 'C for 30 minutes and then washed
with 3 n.l  of PBS. 



These cells were then fixed and prepared .for the
measurement of B-rd C7  incorporation as described
above. The percentage of viable ('FL 2) and Brill'
positive (FL-I) cells was determined on it FACScan
flow cytometer.. 25 Assessing the viability of a
rester A'CT' 110'6 and IIR.f90 cells qffer exposure
lO co;npoundc of the invention The cells are incubated
in the presence of the compounds for 72 hours (3
days) at 37 C 5% , C02 as follows to determine the
potency of compounds on the  cycling and arrested
cells. Cycling and arrested HOT-116 cells as well as
cycling  72 INI 90 cells were exposed to a panel of 6
doses ranging from 5 to 250 n M. For  crested normal
cells, the range of doses was increased to 50 ru?dI to
25 liA7, to  compensate for the expected decrease in
activity. The effect of 72 hours of compound exposure
on cellular viability was  5 assessed in the Caicein
A1A4 assay. Calcein ANI is a fluorescent substrate of
intracellular estera ses that are only active in
viable cells. Cleavage of the substrate  tiros
provides a measure of viability, which is proportional
to cell number. A Calcein A_NI stock solution was
prepared by dissolving a 50 g aliquot  (Molecular
Probes catalogue # 03100) in 50 -d DMS0. The tube was
incubated at  10 room temperature for approximately 10
minutes to ensure that the Calceirt had dissolved
completely. The calcein was diluted into 10 nil PBS to
prepare the final  solution, which was protected from
light. The media was aspirated off the cells, which
were then washed twice with I  nnl PBS to remove the
PBS completely from cells by aspiration. 0.5 nil of
the 15 CalceiniPBS solution was transferred by pipette
into each well. The plates were  incubated at 37 t for
75 minutes (protected from light) and read on a
fluorescent  plate reader (excitation 485/20 and
emission 530125). fssi & ItataJF)itj(w r) T3a"
cheiiiiergl Kinasarrlcsnr 



Enzymes: Cdc2 / cyclin B was obtained from commercial
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 ltinase _A (catalytic subunit,  from bovine
heart) and protein kinase C (mixed isozmes from rat
brain) were  obtained from commercial sources.
Substrates: Historic HI was from commercial sources.
GST-Rb is 25 glutathione-S- reursferase fused to the
N-terminal of residues 379-928 of the Rb  protein.
Assz vs: Cdc2/eyclinB activity was determined by
measuring incorporation of  radioactivit;, Tana
adenosine [y-'`PJtriphosphate into Histone Ill using a
TCA precipitation assay. Cdc2/eyclin B kinase and
Histone Hl were obtained from  commercial sources. The
final assay solution contained 50 rr~lvi 'ris.HC1, 10
;r!thi  MgC'12, 1, mM dit iothreitol, 50 &I adenosine
triphosphate, 2 txCi 32P, 10%  dinLethylsulfoxide
(from compounds), pH 7.5, 20 lfg Histone HI, 6 U
enzyme in a 5 50 iL volume. Compounds were added at
various concentrations between I nNI and  10 p1. The
reaction was started with the addition of enzyme,
allowed to proceed. for  20 min at 30 C, and stopped
by the addition of 20 pL of stop solution (237 niAl
disodiurm ethylenediamine tetxaacetate, 105 mNI
adenosine triphosphate, pII 8.0).  The protein was
precipitated by the addition of 35 L 70% (w/v) tricl;
loroacetic 10 acid, and the precipitate was captured
on a 96-well glass fiber filter plate (tali lipore,
Inc.), which had been wet with 25% (w/v)
trichloroacetie acid. The filter was  washed ten times
with 25% (wlv) trichloroacetic acid, and the amount of
incorporated 32P was determined by scintillation
couniug after adding 1100 l;.I,  scintillas[
(tMrlicroscint 20, Packard Instruments). Relative
activity was determined by i5 dividing the amount of
radioactivity incorporated in the presence of compound
by  the amount of radioactivity incorporated in a
control experiment containing DMSO  alone but no
compound. The background radioactivity, determined in
an experiment  



containing 50 m14M EDT A in place of compound, was
subtracted ;mono all results  before calculations. The
concentration of compound for 50% inhibition (ICjo)
was 20 determined by fitting the data to the standard
equation: P = rnis + (rnax ruin) (11(1 + (IC50 ,' [i
)3)} (1-) where ' =I - relative activity is relative
inhibition, /11 is concentration of  compound, razax
nd grain are the maximum and minimum relative
inhibition (1 and  respectively) and s is the
so-called Hill slope. 25 Cdlc2/cyclin E, Cdk2ieychn A,
Cdlk4/cyclin DI, and Cdk6/cyclin D2 activity  was
determined using a glutathione-sepharose capture
assay, The enzymes were  expressed in Sf9 insect cells
as heterodirners,, and the substrate (CST-Rb) was
glutathione-S-transferase fused to residues 379 to 928
of Rb retinoblasto:na protein,  expressed in E. coil.
The assay solution contained 50 rnTNIT'r s.HCI, 10 rnM
MgCla, 30 1 mM dithiotlrreitol, 50 hlMM adenosine
triphosphate, 2 pCi [y-3 P]adenosina  74
triphospliate, 10% dianethylsulfoxide (from
compounds), pH 7,5, 40 jig CiST-Rb,  and enzyme in a
100 p,L volume. Compounds Were added at various
concentrations  between I ni5.1 and 10 luM. The
reaction was allowed to proceed for 15 nrin at 30 C
and was stopped by the addition of 70 l:,L of stop
solution (237 mM disodium 5 etlaylenediarnine
tetraacetate, 105 mM adenosine triphosphate, pH 8.0).
The GST-Rb  was captured by binding to
glutatbione-scpharose bead (Amersham) for 110 min,
and the suspension was filtered through a glass fiber
filter. After washing the  retained beads five time
with phosphate-buffered saline containing 0.3 11,10
(w/v)  Tween-20, tl:e arnomrt of 33p incorporated was
determined by scintillation counting 10 after adding
100, p.I, scintiliarat. Relative activity was
determined by dividing the  amount of radioactivity
incorporated in the presence of compound by the amount
of  radioactivity incorporated in a control experiment
containing DMSO alone but no  compound. The background
radioactivity, determined in an experiment containing



50 mIwl disodium ethylenediarnine tetraacetate in
place of compound, was subtracted o  15 from all
results before calculations. The concentration of
compound for 50%  inhibition (ICsc) was determinedby
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 protein kinase A, the final  assay contained 50
nmM Tris, 10 mAI MgCl , 1 rnNI dithiothreitol, pH 7
.5, 12 jM 20 adenosine triphosphate, 10% (v/v) dinaeth
vlsulfoxide (from compounds), 20 ug  Histone 111, 2
pCi ['-'2Y] adenosine tziphosphate, 0.2 U protein
kinase A in a 100  L assay, A protein kinase C assay
contained 50 mM'Iris, 10 mM Tv.1gCI2, 1 mMba
di'flaiothreitol, 0.8 sr 1 CaCI2, pH T5, 5 tiM
adenosine triphosphate, 10/; (v,!v)  dimethylsulioxide
(from compounds), 20 jig Histone 1-11, 2 UCi [y-3`P]
adenosine 25 triphosphate, 0,01 U proteinkinase C in
a, 50 jL 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 nn-1
disodium ethyierrediamine tetraacetate, 105 niM
adenosine  trip] osphate, pH 8.0. The protein was
precipitated ricm the stopped reaction by  adding 0.5
volume 75 % (w/v) trichloroacetic acid and captured by
filtering through 30 a 96-well glass fiber filtration
apparatus (Millipore). The filters were washed ten
times with 25%% (w/v) trichloroacetie acid, and the
amount of incorporated 75 "P]phosphate was determined
by adding 100 gl Microscint and scintillation
counting. The concentration of compound for 50%
inhibition (ICSo) was deterrninned  by fitting the
data to equation (1). Results from the above assays
are presented in Table 5 and Table 6.  5 Assajt %?Ceno
raL-13g Tumor iVoelels Drugs. Compounds of the
invention were synthesized and prepared for i,v.
administration in .a biocompatible vehicle, CWT-1I
(Camnptosar(r), Pharmaeia) was  



obtained as the pharmaceutical drug and was prepared
in 5% dextrose-;eater (D5W).  All preparations were
made fresh weekly and infection volumes were adjusted
to 10 body weight (0.2 mml/20 g mousse). Ivfice
Husbandry. Female nu/nu mice were obtained from.
Charles River,  housed in static a microisolators, and
provided ad libituin with water and an. irradiated
standard rodent diet (Purina Pico-Lab Rodent Diet 20).
Determination of maximum tolerated rose ('111D). Mice
at 8 weeks of age  15 were pair-matched into groups of
5-8 animals and preliminary toxicity studies were
performed with urltnown 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 drags in ;race is defined by the NO as no
;near 20 gzoup weight loss of over 20% and not more
than 10% toxic death in treated  animals. Standard Pr
otocol. Aer yarde made' mice (male or female, 6-7
weeks) were  implanted s.c. with single I mm-6 tumor
liagmments (tumor brie) or alternatively, 5-1.0  x 106
tissue culture-derived cells into the flank. Animals
were initially monitored 25 twice weekly for tmnor
growth and then. daily as the implants approached the
desired size of approximately 100 nnm3. When the
tumors grew to between. 62-221  mg in calculated
t,rmor weight, the animals were pair-matched into
appropriate  experimental treatment groups (8-10
animals/group) and treatment with test  compounds was
initiated. A positive control. was dosed according to
historical. 76 controls. Tumor weights were calculated
and body weights were talon twice weekly  and annuals
were observed frequently for adverse drug effects. The
protocol called  for any aaaimal whose tumor rams
reached 1000 nag to be immediately euthanized.
't'umors were measured by deternainiaag the length and
width of the tumor  



S with. a digital caliper. Tumor weight was estimated
using the following formula:  Tumor Weight (mg) = (w`
x t) 12 where w::: width and I= length ira mm of the
tumor. '"these values can also  be expressed in
volumetric units (mm3). 10 Experimental treatment may
cause partial regression (PR) or co aplete  regression
(CR) of tumors. PR is where the tumor size is 50% or
less of the starting  (day 1) size but greater than
0.0 nag for three consec . tive days during the course
of  the study, whereas a CR occurs when there is no
measurable tumor amass for three  consecutive days.
Cures are defined as animals whose tumor shrinks to 0
mg and 15 remains that way until the completion of the
experiment. Log cell kill (LCK) is a calculation that
determines the percentage of tumor  cells that are
killed after ,he initiation of treatment and can be
used as a quantitative  measure of efficacy: Log Cell
Kill (LCK) = (T' C) 43.32)(1W  20 where T = is the
mean time required for the treatment group of mice to
reach  1000 mg in size, C = the mean time for the
control group t amors to reach 1000 nag in size, '1'd
= 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  25
and 3.32 - the number of doublings required for a
population to increase 1-log10 unit. Each LCK. unit
represents I-IoglO 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% f tumor cell
kill. 7 Tumor growth inhibition (TGI) is a calculation
that describes the amount of  tumor growth that is
inhibited bytreahrient with a compound over a defined
period  of time. It is expressed as: 



%TGF =100(1-T,/C) where T is the mean tumor size of a
compound treated group on a given day,  and C is the
mean, tumor size of the vehicle control group on the
same day. Toxic deaths are defined as deaths caused by
compound treatment and not by  advanced disease state,
A death is considered toxic if the animal dies within
l week  10 after the final compound treatment and the
tumor size has not reached 1000 rag. Nonatuenor
related deaths after this point are recorded, but not
considered toxic  deaths. Tumor regression is defined
according the following conventions: a  regression is
defined as partial (13R) if the ttxi~aor weight
decreases to 50% of the  15 starting weight (< 50
rig). A regression is defined as complete (CR) if the
tumor weight decreases below measurable weight during
the experimental period. A cure  is defined as a
tumor-fee animal at end of the observation period.
Results. Figure 6 shows results achieved for several
compounds of the invention in  a.HCTI16 xenog aft
tumor model, Figure 6 shows the results of an A2780 20
xenograft tumor model achieved from compound 437.
Figure 7 shows the, esults of  a PC3 xenograf tumor
model achieved from compound A371 . Figure 8 shows the
results of a A2780 xenograft tumor model achieved from
compound 1316. Assaly 8"ifs?trcn alien t . a f tnitie
s t etween lcdr&t molecules and com #?(JP'ttS' 25 In
order to confine the suitability of a given chemical
compound for the use's  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' he invention. 78 The affinity of chemical
compounds to their corresponding binding partners  may
be determined, for example, using a BIAC()RETM assay
system (Eiacor AB,  Uppsala, SE). Other systems
yielding a qualitatively similar result, such as, for



example, those developed by Affinity Sensors (Can;
bridge,UK), will be readily 5 apparent to those
skilled in the art. in a representative procedure,
the. binding of Compound R to its known  binding
partners CDK2!cyclinE was analyzed. The analysis was
performed on a  BIACORE 2000 SPR-Iniosensor at 22 C in
a. running buffer containing 20 nilvl  HEPES (pH 7.4),
150 ruM NaC1, I mM DT. T and 0.005 Yo Tween 20
(protein grade. 10 Calbiochenn). A TO  l solution of
Compound R was coupled at pH 8.0 to the
dextrane-surface of a CI~f5 sensor-chip (research
grade) via amide coupling  chemistry. In order to
characterize the binding of Compound R to proteins,
for  example CUK2(cyclinE, a. purified protein
fraction was diluted in running buffr to  obtain nine
distinct ;protein concentrations, which were then
allowed to pass over the 15 sensor surface
consecutively for 5 min each; tolllowed by 5 inrrl of
ntnning buffer at  the same `flow rate. The
association and dissociation of the CDK2/cyci'nE
complex  onto the CM5-Compound R-loaded chip surface
was measured at a flow rate of 30  lririn. After each
experiment, the chip was regenerated by two
consecutive  injections of 3 lvi guar idiniun
-hydtochloride (20 see, 30 p.1/min) before the next 20
sample was loaded. 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.  25 The affinities (KD)
Were calculated using the equation: ICo:: kdiss/ kiss
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. r4 



Figure 9 shows as an example the results obtained for
the binding of  CDK2/cyclin to the CMS-Compound
R-loaded chip. The KD calculated from these  data
amounts to 8,0 +l- 2,8 i. 5 Assay 9 Antiviral activi
The activity of the certain compounds of the invention
was evaluated in  peripheral blood mononuclear cells
(PBMCs) infected with the low passage, clinical
isolate IEV-AROJO to generate a measure of the
efficacy of these compounds in  acutely infected
cells. The use of these normal human cells allows an
estimate of 10 the therapeutic index of these
compounds to be made. Fresh PBMCs from two  donors
were pooled and stimulated with PHA-P for 49-72 hours.
The cells were  then cultured in the presence of IL-2
to maintain the cell division initiated by the
mitogenic signal. The virus was added at a
mtltiplicity of infection of 0.1. The  cells were
cultured for 7 days post infection prior to the
evaluation of efficacy, 15 Viral replication was
measured by the level of reverse transcriptase
activity in the  supernatant and cytotoxicity was
measured with the MTS assay, The, tsults of  duplicate
determinations of the anti-lily efficacy and
cytotoxicity of these  compounds are presented in
Table 7, All references, patents, and publications
cited herein are hereby incorporated  20 by reference
in their entirety. Table 1. Ranbe o`co ound. c,
ncentrat urns used in .Assay 1. concentration of 0 5
10 25 1 50 100 250  Compound 11M nM nM nM nM n NI
Table 2. 5 Results for certain compounds of the
invention for the BrdU incorporation  assay described
above. - -- -------- 



BrdU 'Compound, M T _  24h 48h 72h  A <Q1  C <0.1 <0.1
<1  D <0.1 <0.1 <0.1  E <0.01 1 <0.1 <0.1  F <0.1 <1
<0.01 <0.1 _54W~ __  H <1 <1 <1  C <0.01 <01 <0.1  K
<0.1 <0.1 <0.1  L <p 1 <0.1 <0 1 i <0.1 <0 1 <0.1  N ~
O <0.1 <1 ^ <1  P --------------------', - --- ~ Q ?
<0.1 <0.1  81 Table 3. Results for certain compounds
of the nver tion for the followin in-vitro  ceiluar
activity assays described above: viability and
clonogenic survival assays with  1.16 cells, viability
assays with. DA-R-90 cells, and two measures of
activity S against the NCI cell panel ("Mean-G=raph
MID-point and IC50 against an  



adriarnycisi resistant cell line) Compound HCf-116 950
(pM) NCI panel  Protein Dlonogenic I MG-MID ADR-res
Viability adjusted 24 h 48 h 72 h gm) I i tM) (jM)  A
0 <1 <1 <0.1 <0.1 , <0.1 <0.1 <1  B <1 <1 C <0.1 <1 <1
<0.1 , <0.1 <0.1  D <0.01 <0.1: I ' <001'
----------------------- E <0.1 <1 1 <0.1 <0.1 10 1 {
<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 <0 1 <0.1 <1  ------ - 1 - - H <0.1 <1 j <1
<0.1 <0.1 <0.1 >10  ----- <0.1 <1 <0 1 <0.1 <0.1 <0.1
<1  - - - --- ------- - ---- J <1 0( - ------
--------- K <0.1 ii <1 <1 >0.1 <0` 1 <10  - - -
------- ----------- L <0.1 }I <1 <0.1 >0.1 >10 >10  I
M <0.1 <1 <01 <0.1 - - ---------- - ---- ------ -  N
<1 <1 >0.1 



_m- F ------- ;. - 0 <0.1 <1 <0,01! <0.1 . -- P <0.01
<0.1 <0.1 - ------- - - -------- - --------
-------------- - 02 <0.1 <1 <0 11 <0 1 <0,1 <0 1 <10
82 Table 4. Results for certain compounds of the
invention (IC 50 as nNI) for the an.-Ostec  ccii assay
described above. Arrested cell assay  !Compound (nM)
I 6MR90 WCT  A -- B  C f >1.0 <0.01  .. >1.0 <001
~----E>01 <0.1  F . >10 <01  H >1.0 <0.1 l >1.0 <0.1
K_->10 <0.01  L M >1.0 <D 1  M1J O >01 <01  



P Q >0.1 ___-;<0 1  83 Table 5. Results for certain
conxpc~unds of the invention. (TCSO as riM) for
biochemical ir-hibition assays described above. ---
---- CdkSl  Cdk21 dk2l Cdk4l Cdc2l Cyclin I~KI~ RKC
Compound 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
<1 <1 E <0.01 <0.01 <0.01 <0.1 <0.01 <10 <10 = <10  F
<0.1 ; <fl 1 <0.01 <0.1 <0.01 - - ----------- <01 <0.1
pp <0.01 <01 >10 >10  - - --- ------- --- - - --- H
<01 <0.1 <0.1 <0.1  <0.1 <0.1 <0 01 <0.1 -------------
-------------- - ----- - J 0.1 ---- - - - --------- -
- - 



< K <0 1 --------- <0.1 <0.1  <0.1 - - ------ -----
<0.1 , N [ 1 <0.01 - I  0 j-< ( 01 -------- _ {  Q <0
01 <0.1 <0 01 <0.1 <0 1 -_-m---------------------- k
__ A  84 Table 6. Results for additional compounds in
the biochemical inhibition and HCT  116 viability
assays (non-pr(tein adjusted) described above. IC50
(jiM) Cdk2/ Cdk4/ Cdc2/ HCT-116  Compound cyclin
cyclin Dl cyclln B viability  Al <0.01 <1 <01
------------ A2 <0.01 <10 <1 <0.1 A3 <0.1 <0.1 <0.1
<0. I  A4 <0.01 <0. i <0.1 <0.1  A5 <0:1 <10 <1 <0.1  



- ----------- ------- - - -- - ------  <0.01 <0.1
<0.01 <0.1  A6 - - - ---- --------- <0.1  AT <0.1 <0.1
- - - - - - ---------------- AS <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  ---------------- All <0.1 <0.1 <01
<0.1  A12 <0.1 <0.1 <0.1 <0.1
------------------------- - ----- - ------- - --------
<Ml  A13 <0,1 <0.1 <0. I - - - - - ------- --------
<0.1 <0.1 <0.1  A14 <0.1 - ----------------- A15 <0.1
<0.1 i <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 <0.1
<D 01 r ',  A20 <0.01 0.1  -------------------- A21
<0.01 <1 <0.1 <0,1  A22 <0.01 <0.1 <0.1 <0.1 85
--._._----_-:-_--------- icO (Rnn) Cdk2 ( Cdk4/ Cdc21
HCT-116 Compound cyclin cycuin D1 cyclin B viability
E A23 <0.01 <0.1 <0.1 J <0.1  ... ..T -------------
-------- 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 <01  A30 <0.1
<1 <1 <0.1  ------------ - ------- - - ------------
A31 <0.1 <0.1 <01 <0.1  - ----------------- A32 <0.1
<0.1 <1 <0.1  



A33 <01 <0.1 <01 <0.1  A34 ( <0.01 <0.1 <0.1 <0.1
--------- A35 <0.1 <0.1 <0.01 <0.1  A36 <0.1 <D.1 <0.1
<0.01  A37 <0.1 <0.1 <0.1 i <0.1  A38 <0.1 <1 <1 <01
--------------- <0.1 <1 <1 <0.1  A39 . ------- ---i
--- ------- A40 <0.1 <0.1 I <01 <0.1  A41 <0.1---a
<0.1 .a-.. <1 A42 <0.1 E <1 <1 <0.1  t - , A43 <01 <1
1 <01  ------------- - ------ <0.1 <0.01 <0 1  A44
<0.1 ------------ - - ------------ <0 01  A45 <0.1
<0.1 <0.0 I - - - ------------ ------ - --- A46 <0.1
<1 <0.01 <0.1  -------------- ---------- -.----- _ - -
----- --------- A47 <0.1 <0.1 <0.01  A48 <0.1 <1 <0.1 



--------------- ------- A49 ` <0.1 <01 <0.1  -- A50
<0.1 <1 <0.1  86 - - - - --------------- - --- - - -
---------- - -  1050 (M) Cdk2/ Cdk4/ Cdc21 HCT-116
Compound cyclin cyclin D1 cyclin B viability
--------------- -------- ------  A51 <0.1 <0.1  -
-------------- A52 <0.1 <1 <1 <0.1  A53 <1 <10 <1
<0.01  ----------------- _----- ...__.._..-.._ A54
<0.01 <1 <0.01 <0.1  A55 <0.1 <10 <0.1 <01  ---- T
------- A56 <0.1 <1 <0.1 <0.1  ----- A57 ... <0.01
<0.1 <0.01 <0.1  A58 <0.01 <10 <10 <0.1  A59 <0.1 <1
<0.1 <0.1  A60 <0.1 <10 <1 <0.1  ------- A61 <0.1 <1
<0.1 <0.1  



"""""_--.------- A62 <0.1 ."10- <0.1 <0.1  A63 <0.1 <1
<0.1 <0.1 l 1. A64 <0.1 <1 <01 <0.1  A65 <0.1 <0.1
<0.01 <0.1 - -- A66 <0.1 <10 <0.1 <0.1  A67 <0.01 <0.1
<0.1  - ------------------ -- ---------------- -
------- ------------------------ -  A68 <0.01 <0.1
<0.1 <1  ttt , - ---------- ---------  :......._A74
<0.1 <Q 1 >0.25 ...  - - ---------------
----------------- ------- A76 <0.1 <0.1 <0.1 ; <0.1
--------- A77 <0.1  A78 <0.01  -- -------- ----- -----
A79 <0.1  ----------------------------- <0.1
------------=----------------- --------- A81 <0.1  - -
- -- --- - ------------------- A82 <0.1 <0.1  



BI <0.01 ! <1_  B2 <0.1 <0.01 <0.1 - 87 Compound Cdk2
Cdk4 F Cdc2 i HCT-116  cyclin Dl cyciln B viability
}....._......--__--------------------------------
------ ___._._.._......,...___----------- -I B3 <0.01
<f}-1  -- - ---------------- <0.1  B4 <0.1 B5 <0.1 9
<0.1  ---------------------- B6 <0.1 ----- --
---------- 8$ <0.1 <0.1  B9 <0.1 <0.1  B10 <0.1 <0.1
811 3 <0.1 j <1 ------ ----------- -------- -
------------ ----- --------- B12 12 <0.1 1 <0 1 813
<0.1 <0.01  814 f .0.01  B15 1 ....._... <0.ES1  616
<0.01 <0.01 <0.01  --- - - - ------ - --------- B17  



C1 <0,1  C3 <0.1 ----- ---------------- --------- C4
<0.01 <01  CS <0,25  'T'able 7. Results for antiviral
activity for certain compounds of the invention. IC50:
50% inhibition of virus replication measured by
reverse transcriptase levels in the  5 suncrmtant;
C50: 50%o cytoxicity(MTS);'I'I. TCSO/1CS0. Cora pound
,_ IC50 11~ b) TCSO (p ) Il -j  ; a i 1 <0.01 }.1 10
A64 <:0.01 <0.1 10  88 - - - ------------------- t, t,
I 10  f._  ------------------ ------------ - [ -----
a}. ] 2  - - - ---------- ------ 89 ble A 



----- C an ~u~d - Ste l-.ttar - ---- - - ----
------------ --- ------- - --------------- - --------
- - --- - --------------- - Ny e att..  - - - - ------
- ---- B u Li L~ `Zt` - - - ------------- - ----------
----------- - -------- - --------- - - - - - - - -
------------   v  t((tt.
-------------------------------- ...............
..__...._.........._.............:T..__._  Al ~ to ---
------------- - ---- - - ------------------
----------------- 9` -- ---- ----- --- - ---- Cc i
wand Structure - - - ----------------- A4 y Cd 3a. ~.
.N  A5 I t E r to I ~ Y  i 4fi3  



A30 { \ ~ l - -- - - ------------------------- - - -
----------------------------------------------- A;3?
91 ;Compound Structure  cc  3 C8 ~7 \ \ jf  \ f tc;..l
t. - --------------------------- \ A39 ICK  A42 r" t N
c: ..  13  F9e  . A43 N o  - - ---------- -
------------ - ----- - - - --------- aa~;  }
---------- - ----------------- 92 -- ---- A5C C y\ V4{
61  



A52 t[ll  -- - --------- - --------  t y,~  ~ h 1, [
A53 h ------------------------------ ---
---------------------- o"z ~ 5}yam ~~ ti ~ ----------
- ------------ - -------------------- s  a t  oil 93 -
------------- - --- - -- - ----------------- -
--------------- compound _.m Structure I" t t xr \ Ci
1,  i,t A - - - - ------------------ - A59 - - -------
- --- p1  A60 xid cr-~: z ~ ---- - ------------------
- --- - -------- - ---- -----------------------------
- -- - ------------------------------ 



Nb;:  Ao9 kx E 3 - -- - ----------------------- - -
--- - ----- - -- - ---- - -- - ----- 44 - - - --------
- Compound ; Structure  ----------- -------------
----- A63  A64  fV H A66 - -----------------------
------- E l E ~ I E  %67 t f'" !t Ilk  q IA
......................._L____.._._'------------.......
.._................:......_..._ 95 -
------------------- Compound Structure --- --
-------------------- C4 , f  "f able B 



"< ------ t4E1IC(r)mpoundj Structure ,..__~...  91 ;8
CA;E f.~  - - - - - - --- - ------------ C~p; f  F E
'~>>sat  E ~ 1  - ------- -- - -- - --------- -
------------ --------- - -------- c e ~~  Nix  G ~.r
pP ~) E 3 } v e'er 3  H 'Jv --- - -------- 96 -
----------------- - - - - - - - - - ---
---------------------- - Compounds Structure 1 " t {:~
^kJ  ftY --------------- 



'~ cx \ l? t  E ~ s I ~sv f c{K  H H L ciw ~v v E  A h
T.NN (+f  - ------ - - - - ----------- - ----- - -
---- p V .. ~rLV`l 1 \ o,r :a  -------------------
-_________  97 ----- ~apcu n uiiructi3a ----------
---- - ------ 2v IdN  7. LSrC ,y}, v  a 3 - ----
------- - - -- - ----------- - ----------------- a U
Eir^' .a, '.c - - ----------------------- - P y ~W 



S ----------- - ---------- - ---------- - ----- A:3
GA: ~nY -------- - -------------- ------ - -----------
------- - - - - 98 -- - ------------- - - -
----------------------- ------------------------ - -
------ - ----- 1Cormound Structure ---- - - - - --
------------- - - - - - - ---- - --------- - A7
------- - -------- - - ------ r f l  AS AS t"ly  i
---------------- - -- - -------------- - E 1 :3k_% -"N
A 1 O Sit  ^;k - - -- - - - ----------- -
------------------------ - - - - All 99 



-- - - ------ ------ g p - ---- - - ------ - - - -
----------- ~g ca tii A14 - ------------- - -
--------- - - A15 i  H JjJ t  Eit - ------------- .416
I a .n,. vr, --------- --- -- -------- - ---- 1 00 ---
------- - --- - ------- Steu--tore ------------- -
---- ----------- --------------- --------------- -
------- -- - ---- - - ---------- - - ------------ Alb
- --- - --- - --------------------- - ---------------
---- - - Al9 1 \ Al `.an  i 44E: ------ -- - ------ i 



A20 \vt  t iYr - ---------------------- - ------ --
---- -- -------- TAG 1 F  ------------- --------------
- - ---------- - --------------- - - -----------------
101 Structure  ------------------- ------ - ---- ;az
CM K  !I1 1 i37 i7  A23 J S t)\, \ y 1 \\.Ylti'~~~I. Y
- --------------- .- VX~  e :a  A24 e - -- -
----------- (( t ~Ni v~ E  



{ Nth) t\\L NN krt[E   - - ---- -
------------------------- dY  A26 4, ,Y3
---------------- - 102 - -------- - ----------- -
------- CQmooud3C$ bcru CfilT' .4----. - -- - - - -
----------- ----- - - ---- 2  A?'! A23 t% y  A29 i
I.Ct j - -- - - - ---------------- -------------- ----
@1' . M nit r \ '_. i  A31 v c'
----------------------------- - - - ------- A33 - -
-------------------------- - ----------- - - 103
Connoour-- Structu3 e .- ~ ~ CND  A34 



ryj{ - - - - --- - -------------------- { t3 E ~\  A35
3 r - -- - --- - --------------- - ---  j  A36 A37 1 J
GN ~ ppE -------- - --- - ---- - 9\V A4s,
------------------ --------- 104 ----------- ------ -
- -----  iCompoupid, Structure  - - - - - ------------
- - --- A F'3 -------- - --- - --------- a D. n  ( ! R
a~fl yti  AM5 



it  I 6At l't. 1.., I ~ \ - ---- - - --- -
-------------------- - - - ------- - ---- fI  e S c
A46 -- - -------- ----- ------------------------ -
-----  t .:i.C L\H C: y\  A47 ----------- - -- -------
------- -- - -- - --------- - 105 --- - -----
---------- - i221!Structure `.tae ~ `u "~;^:,z  A49 wh
G'  f Y F A51 A56 - - - - --------------------- -
----------- ~' to r } , A57 A65 (  - -- - ------ - - -
--- 106 `-- -------------------------------
------..:....:.  



a ~sr A 9und Structure
------------------------------------- -- - ----- i e
AJO All.  ' \t~r,tF jj33  - -------------------
----------- Et ..k 1  r'\ A6M". N' t 4 . a N" - - -- -
------------ - ----- - ----- - ------ ------ A70  t r,
, -------------------------------------- `DES  A71
~itM f~tf A ?12  p k, - ---------------- 10" Compound
Structure 4a i't r,` ` ~iVy  S ~ }Fj ,y  A73 



- --------- N` r e ~N  A74  ~r W-N  - - - ---------
-------- - - --- -1 ~1 o f  NH A75 a-;- A76 - -------
---- A77 ~~rt  F. ---- - ----- - - - - ----- 108 cod
........... S------ are  A78 -- - --------- ------ - -
------ ---------------------------
------------------------------ - --------- A79 -
---------------------- A80 `~~~E \ fft asn {  t j
---------- - -------- ------ frr 0 'u" NH  



A81 F  H r 33 A82.~-~ S \ r ti Nkk  -----------------
109 --- - ---- - ------- ---- - ------- - ------ - -
Compaund Structure ---- r _  B1 i Zi  B2 i f  B4 r
_pp,~ i   B5 E y n i t   ~ E  11 0
--------------------- - Comp(r)und Structure B7 1 i B8
\\_`r a. ,15  2. A O iB9 



B1Q }~, E  f+_6 111 -- - Structure - ------ -
------------- - --------- B1T i i S v t,. it ig. n
B13 z  BI 5 V `ftt ` 112 Ccronnpound Structure  816 __
---- .------------------ ----- ------ ------- ---- 618
p n B17 ------ - --- --------------- --------------- E
819 -------------------------------Ilk  62Q { -- - - -
----------- 113 -------------------------- ------- -
--- - ---------------------- 



Compound ------_8----- - Cl f i - - ------------- -
---------------- - - - ------- - ----------- -
------------ - C2 N3 N Cb - ------------- - ----------
114 Table C, - -------------------- - ----- -
---------- - ------ Cti npaiaa d ---- ------ fire ...
i .rte.. a  eE 4 .____- ----- .- - ------------------
___.._...--- j fl: t ad 'x: 1  14.  - - - - - -
--------------- - E r iiSU .. \  ~ `' }Sf - - -----
----- - - - ------ - ----------  ` Sp1 `i't!  -
------- - ---- ~i N Q ` 4.~ C:il E \,~ ~, rte ti"y,~ A
115 



-------------------------  Go,tz ~tctxt! 5-t--cts t
-------- --- - ------------- --------- ------- -
------------------- 116 Table 1) Other comp u ads of
the invention result from selecting appropriate
1natures  f'ion: the table of possible features
beloww. For exa:rrple, compound A77/ results from  the
following seection : ttane moap'_iolit o-a
yl-CDCHJ(Ct~}-pipera::irte-.{s;~13. 5 Left-hared
Lett-hand .>xrya or Nitcgen  substitucnt ring
hGtgroaryl feature  CA-43 mo pltoir:o aryl OCI12 NHM
alkyl  isopropyl piperazine thiopere OCH2[CO) NMM
alkoxy  CH3CH2O(CO)CH2 SO2 nmorphoiino alcohol none
OCH2 COIOCH2 piperazine substitued amine  piperidine
acid  pyrazole ester  pyrroilod::ie CH2CH_.OCH3
CH7CH0OH  CH.NH2  CH2NI-ICHZCH2CH,  GH_NHCHCHCH,  CH3
CHCH3CH3  C60CH;CH,  none Table E 



Esther compounds of the invention result from
selecting appropriate features  from the table o
possible features below. For example, compound B3
results from  10 the following selections:
none-morptotino-ary<-CIIZ-piper tine-C ~I,C;H t3H.
Lett-hand Left-hand Ary or Nitogere Substinlent rang
hataroaryl Rang substituent feature Hight-hand
substituent  0H3 rnorpholino aryl CH2 NHIM alkyl
isopropyl Piperru irie thiophene CF12CI-12 NMMM slkoxy
CH3CH2O(CQ)CH2 CH2CH2CH. 2 morpholno alcohol stone
CH2CH2CH2CH2 piperazine substituted amine  piperidine
acid pyrazole ester  pyrro?idine CH2CH2OCH3  CH,CH2OH
CH NH,,  CH2NHCH.CH2CH3  CHZNHCH,  CH,NHCHC:H3CH,
CFI3 CHCHaCFfa.  C00CH; CH3  substituted or
urrsubstitutsd aromatic carbocycle  substitrLrtad or
unsubs%ted aromatic heterocycle  None 



Claims.  1. A compound having the structure of Formula
t, or a tautomeric or pharmaceutically  acceptable
salt form thereof. Th li P3 `  10 2. The compound of
claim 1, wherein the pharmaceutically acceptable salt
form has the  structure: 15 0r. Y ~..< ._ ljci HC \
H:: 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 rnedicament. 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.
11=.} 7. Use of the compound of any of claims 1 in the
naanufle-lue of a n tcdicarxent for  treating a
hyperproliferative disorder. 8. Use of the compound of
any of claims 1 in the manufacture of a rnedicarnent
for  inhibiting proliferation of a cell. 5 9. Use of
the compound of any of clam as 1-2 in the manufacture
of a rnedicarnent 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 stuch. compound in the manufacture of a
medicamm  



for inhibiting cyclin-dependent 1--inase in a hest in
need of such treatment. 12. Ilse of the compound of
any of claiins 1-2 or a composition containing a
therapeutically effective amount of such compound in
the manufacture of a medicament  for treating
cycl.in-de.pendcat ki.n.ase associated disorders in a
host in need of such 15 treatment. 120 
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