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I NHI Bl TORS OF CYCLI N- DEPENDENT KI NASES, COWPOSI TI ONS

AND USES RELATED THERETO 1. FIELD OF THE | NVENTION 5

This invention relates generally to conmpounds usef ul

as cyclin-dependent kinase (cdk) inhibitors,

phar maceuti cal conpositions conprising the sane,

nmet hods for fornulating or using the sane for

treati ng ANHEBITORS BCYGLIN-DEPENDENIEKINASESs e,

and i nt er@OVMPOSFTHONS AND ¢SESREVATER THEREBIG ane.

10 1'1. BACKGROUND OF THE | NVENTI ON One of the nost

i nportant and fundanental processes in biology is the
division of cells nediated by the cell cycle. This
IDr OCESIEIMOF THE IRVENTION | ed producti on of

subsequent generations of cells with defined

bi ol o€ flvehtibitfclAdl gehbrall§ télcdthSdiinds LSl AlcSelin-dependent
phenonmenon and responds to a diverse set of cellular
kinaga 4¢dk) dribitags.hiarmadestiesd cpmpegitians qomprising:the pagne, methods for

p | ex . .

SRR o 5 P B Rl g bt eI R gfronses, and
iaRthediates shdpakeses P etk thévarne.expressi on of the
tunor - pronoti ng conponents or the subsequent | oss of

the tunor-suppressing products will lead to

unrequl ated cellular proliferation and the generation
BiBA BQWD&EIH%ENWM: 603- 608, 1989).
Cyclin-dgﬁendent_kinases lay a key role in regulating ,

t he Z0ngef the mpst inproaiaht ansr findarnenial prenesses i biodegydp the division

. L i it i .
sl BeBATRTIARE et Sl rhiqrbbiest Witdhls' o EbEqIIE Bk of
d’élbfb'q&aldt%’ﬁﬂ?ﬁb? dflli:ﬂlé intith dﬁﬁﬂﬁﬂﬁel’dfgidal ﬁﬁxlﬁﬂorl 1005 ahrgglﬁy regulated

een identified along with several regulatory subunit
Rhepemenen gndiesnendpfo pdiyersy setod cpllylpragnalaral i e cell and

C Al egu .

Hch B Blrk S ol B AlthoRRSE il pRPLIR SEFprERR gone
mreddctcare key comdnenesonfl thisedl lidyr sigedingipcedeas. Over expression of the
cycl i n-dependent Kki nasg)gco lex: & /? b . duct
tROTPFRRY BRonents QL the Spp3Fgpen 1gss o ﬁlg oy SRS products

WHINRsEd ﬂ%lﬂe@éﬂ%&?ﬂe}aﬁbﬂ SRE ﬂiéeg?:hgration of tumors (Pardee,

ki nase6/ cy D2; by cyclin-dependent

Scierme @46:6031608, 1988hCyslintdepentieptinideses playiakeyabledy e¢gubating the
A:; M by. cyclin-d dent ki | / i nD, . Th . :
Bl e B e P gt e Bt gt Aty suburi
(tHdinAsSYad £ Riguatdrd sobiatit (fhecycBR), Toatate) Rink ks Sutaimels (cyclin-

ensures 30 the vitality of each subsequent generation,
deprrdent kigasq 1-9havgdgen ghptifiabagng pithseveal regulatong subunits

(%&faﬁllge}ﬂh, i‘f iN, and ﬁ?ﬁécﬁ Kiifse %98891)3135 with a specific regulatory partner

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

regulated by a particular cyclin-dependent kinase complex: G1/S by cyclin-dependent
kinase2/cyclin E, cyclin-dependent kinase4/cyclin D1 and cyclin-dependent
kinase6/cyclinD2; S/G2 by cyclin-dependent kinase2/cyclin A and cyclin-dependent
kinasel/cyclin A; G2/M by cyclin-dependent kinasel/cyclinD. The coordinated activity
of these kinases guides the individual cells through the replication process and ensures
the vitality of each subsequent generation (Sherr, Cell 73:1059-1065, 1993; Dractta,
Trends Biochem. Sci. 15:378-382, 1990).
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-1 An increasing body of evidence has shown a |ink

bet ween tunor devel opnent and cyclin-dependent ki nase
rel ated mal functions. Overexpression of the cyclin

regul atory proteins and subsequent ki nase

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

90: 906irefR8ing bB8S pf Widence Mas showrba BdiBb&EEerbBiMmor ee¢ippment

tly, d , .hi ghl ific. ' .
Ao eTdsenggnt kigrer Feltad matadtiont; GleRwrssid ot i
r@?.\i@toﬂ' Pratedhs Adfs@B8eqBnt &ehdss h%erﬁtﬁ'it&flﬁ{rélbééﬁﬂmké&mveral _
et al.”,” Science 264:436-440, 94: Béach, Nature

936 0f @anceox(Jiang OBype. Niath cadi i BB AS9026<20381 3936 Yamg. Nature

Mgl THle] lip-d d Ki 4/.Dl . -
{3ISSSE 9, B RSB AP R g bs ot
PRIt endantIfedsts werediGhd 1o 0P RGe o affddt bh BElRAa proliferation
inhibitor). A recent crystal structure_of

27 b dt
(1hi 0§ 2cSsirnge 264- 436 1SL994; PeachaNatire 3367 9izde4, 1993). These
it BlsEsie1fide FIBINKR G LRl ot bR hepRifenf kinbddd i), p21CIP1 (o
goneral eydlipizpeitithnt kinassiahibitor)] &id (278IP e(d specifisatyolie-dependent

382: 325-331, 1996). These proteins_help to regul ate
kipase2/E) iphibifen) eAretegtighysiahetriciyre of p2ii bounditp sHaiysignendent

. hei C i 1 N- . i
A S ARPARES: ASRB R R o
maltip ptiherastions with theagyatlinwiependent kinasegomp¥xi (Pavietiely Noture

Y505, P o RO T3S Dy e
ia@eRidns With theR OdMREDodm gléPelih MY fl\iREke ToOmpRixRS. aTHl1s

i nvention describes conpounds that are potent ) .
defibiept inghesedfihibiters ard prose tf unspgulated & &mor formation. This

cycl i.n-dependent, ki nases. The, prese i t 1,00:

55t QUERGEER e O iR o Bl s BB fBteons of the ook
Bimdllyiak edddevic @ger@d. her di seases by administering a
therapeutically effective anount of at |east one of

t he conpounds of the present invention or an

I soneri c, g{rodr uI_g[, taut oneric, pharmaceutically
HEMPYIMARYsQFt THE IYENTEONor st er eoi soneric form
thereof. The present invention further provides |

net hobhke profent myantiongdaserizasicomppurdstibat ase potentdpbibitors ofthe

t her. di seases by admi ni,stering. t her i cal | .
N P L e
Béthbdeof tRiaEnE cter, Jp BthRP PEdliErafivy dr gtRerekieasts by administering a
anti-proliferative agent. In certajn enbodinents, the
therapenitically eeatvasmenBtotat deasirne thepomappunds of the present

invention or an isomeric, prodrug, tautomeric, pharmaceutically acceptable salt, N-

Lah

oxide or stereoisomeric form thereof. The present invention further provides methods
of treating cancer, or other proliferative or other diseases by administering a
therapeutically effective combination of at least one of the compounds of the invention

and another anti-cancer or anti-proliferative agent.

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

stereoisomeric form thereof, having a structure of Formula II:

-2
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30 isoneric, prodrug, tautoneric, pharmaceutically
acceptable salt, N oxide, or stereoisoneric form

t hereof, having a structure of Formula Il: -2 V B"
LNH QRs W5 R /NH N wherein B represents MR3; Ar
represents an aryl or heteroaryl ring; 5 V represents
0O, S, or NCN;, Wrepresents 0, S, or NR'; R
represents, independent)yy for each occurrence, H,

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

i ndependently for ea 0 rrence, H or |ower alkyl;
10 R5 represents H, P(=0 (lOR )s, for MQ R6 represents
H OH or MQ provided tpat onljy one RR, and R6

represents H R7 repre St 1alogeqv/hydroxyl
| ower al kyl or |ower al QI S EMtrG
alkyl, al kenyl, al kynyl,
, heterocyclyl

substituted or unsubsti

al koxy, aryl, heteroaryl,

or amine; 15 M mdependently f or Ndach occurrence,
represents a substituted or unsubstituted nethylene
gherih (including C(=0 and C(=S)), NR', 0, S, S(O, or
S(02); n represents an integer from 1- 4 when pr esent
Brre}BeSﬁnt&)mgsﬁ when present in R5 and from 1-3 when

resent sents a substituted or
§?P5§stef1{slf’f'§agyl cfrglﬂe%aﬁ@%n ‘no substituent, or

Wi fepregéils 028, &raMG;ni ng het erocycl e.

W represents O, S, or NR’’;

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

P

counterion;

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

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

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

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

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

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

from 1-3 when present in Re; and
Q represents a substituted or unsubstituted: tertiary amino substituent, or nitrogen-

containing heterocycle.

In certain embodiments Rg represents substituted or unsubstituted morpholino,

piperazinyl, or cyclohexyl.

In certain embodiments R’’ represents H.

In certain embodiments Rs represents MyQ.

-3
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In certain enbodi nents R8 represents substituted or
unsubstituted norpholino, piperazinyl, or cyclohexyl.
In certain enbodinents R' represents H In certain
enbodi ments R5 represents MQ -3 In certain

enbodi nents the occurrence of Mattached to Q
represents CH2, S(02), C(=S), or C(=0. In certain
enbodhreniia ehtbedmas the nceaurndncd/bAM atiobet] todQ @presents CHy,
[ epresent s In certain enbodi nents the occurrence
%&g@?@a%g@g@b Qis C(=0. 5 In certain enbodi nents
the occurrence of Mattached to Q represents
substituted NR'. In certain enbodj rrentls1 %[(Spr esent s 1?
substIncgrtan sodimenss e ogewtense of Nhakchedio @ renregnts CH,.
heterocycle. In certain enbodinents Q represents a
substituted or unsubstituted tertiar 10 am, no, group.
I n cdpteartpinembodiments hergeyregnea sEM d@b%ﬁ Q ig €Fr
unsubstituted norpholino, piperazinyl, or cycl ohexyl.
In certain enbodi ments R' represents H while in

cer t dnreertainstiodiments the oceursance AEMoettashediad@ remresgnts
erﬁ{tet%gﬁkhg’CW' substituted NR' or, when attached to
O BpFesents CH2, S(02), C(=S), or C(0). 15 In
certain enbodi nents Q represents a substituted or

unsubstitut ed.ni.trogen- containing.heteroarwl .ri .
cor t aPreetRnamBHATH O e AL PR Bt P arolen-
@htaitiAg Heetdcheleed nitrogen-containing heterocycle. In
certain enbodi nents Q represents a substituted or
unsubstituted tertiary amno group. In certain
embodinRRLS éRHARNERE O rSprefenSd P SilbistithtRbrnsubstituted tertiary
unsubstituted secondary am no group. 20 In certain
ampodrawpnt s the i nvention contenplates a conpound, or

an isoneric, prodrug, tautoneric, pharmaceutically
acceptabl e salt, N-oxide, or stereoisoneric form )
t her dofcertiavdmigdimerits Be tapresents sEatitatedion ynsubistiguted morpholino,

piperazinyl, or cyclohexyl. 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 CHy, S$(03), C(=S), or C(=0).

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

a substituted or unsubstituted secondary amino group.

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

thereof, having a structure of Formula II:
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R\ I"."WR ,. R 1 NH wherein B represents M, RS;
Ar represents an aryl or heteroaryl ring; 5V
represents 0, S, or NCN, Wrepresents 0, S, S(02),
C(=0, C(=S), CH2, or NR'; R represents,

i ndependently for each occurrence, H, |ower alkyl, or
a netal counterion; R' represents, independently for
each occurrence, Hor Iipwer alkyl; 10 R'' represents
H, or optionally substijffuted |ower alkyl; R5
represents MIK; R6 rgpresguts H OH or MQ R7

2l ower _al kyl or | ower

d or syhsti t ut ed
, AAD heteroaryl,

T.

represents H, hal ogen, hydroxyl,
al koxyl; R8 represents supst
al kyl, al kenyl, al kynyl »
cycl o-al kyl, heterocycl | r'em, esent s
C(=0, C(=S), or S DEESE , NR', or

N(R )SO02R'; M independently for\eacHoccurrence,
represents a substituted or unsub¥tituted net hyl ene
group (including C(=S) and C(=0O)), NR', 0, S, S(O, or
wh&Rin 20 n represents an integer from 1-7 when
Eresent in B, fromO0-6 when present in R5 and from
reprgpeaiEs MrBsent in R6; and Q represents a substituted
r tit heddl L -containing heteroaryl ring,
&5%2%%?‘}3% 1(;%9515{%@{@%@@( tertiary am no
VubpiebdnteO] S, @N4ON;r ogen-cont ai ning heterocycle. 25
In certain enbodi nents R8 represents, substituted or

VhecpErsents & 8a SR pHGIInG(S), CHz, or NR™;

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

counterion;

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

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

Rs represents MpJK;

Rg represents H, OH, or M,,(Q;

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

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

J represents C(=0), C(=8), or SO3;

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

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

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

from 1-3 when present in Rg; and

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

In certain embodiments Ry represents substituted or unsubstituted morpholino,

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



pi perazinyl, or cyclohexyl. In certain enbodi nents R
represents H -5 In certain enbodi nents, the

occurrence of Mattached to Q represents CH,
substituted NR', S(02), C(=S), or C(=0. In certain
enbodi nents Rs represents substituted or unsubstituted
nmor phol i no, piperazinyl, or cyclohexyl. 5 1In certain
enbodnreniia eRibodipenes et cectitrenderof M attadhed corRQadpresmtsCHo,
RS represent "9 In certain enbodi nents the

syRHPrEd NG »oiom’ggf%}zﬂéégf@'Q represents CH2, S(02),
C(=S), or C(=0. In certain enbodi nents the occurrence

of Mattached tg Qis_C(=0. 10 In certain enbodinents..
the dBcarripsmbogimentsRe pFaants é“'lén?%?f{ prupsHiastizied morphotino,
: ' 91”33_% ' ts the occurrence of Mattached to Q
pﬁg%%%{gghts gdu s?lftut ed NR'. In certain enbodinents Q
represents a substituted or unsubstituted tertiary
am n i bs |3 enbodi nents Q

3 repr g‘é‘?ﬁ{@ha&g’g’@g ?rﬂsa%(ege%‘r%gélﬁésﬁbst ituted nitrogen-
containing heterocycle. In certain enbodi nents
substd tuent s _i.ngl [ y for each
cccurPuiiEh ey g FRERERSRRAY 1O PO
carbonyl, sulfonyl, ester, am de, NR', hydroxy al kyl,

| k | kyl |,  het | yl I

ol i gdb sBro smuRgirymt e SoBikaeY af NFUsBBl (retbesais i
SYOSRTWeSNEr CREORN i soneric, prodrug, tautoneric,
pharmaceutically acceptable salt, N oxide, or

stereoi soneric formthereof, having a structure of

For MilnehtaindBn¥iméhtdhe JRSdrdddBlof M attached to Q is C(=0).

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

In certain embodiments the occurrence of M attached to Q represents

substituted NR’’.

In certain embodiments Q represents a substituted or unsubstituted tertiary

amino substituent.

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

20

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

pharmaceutically acceptable salt, N-oxide, or stereoisomeric form thereof, having a

structure of Formula I:



‘R/AL ' Y'NI1 /Nz N\ X XY wherein Ar represents an
aryl or heteroaryl ring; Wrepresents O, or NR'; 5 X
represents, independently for each occurrence, nethyl
or halogen; Y represents H, X, or a sulfonam de; R
represents, independently for each occurrence, H

| ower alkyl, or a netal counterion; R' represents,

i ndependently for each occur rence, r hpmer al kyl ;
10 R1 represents H, P(=0) (OR )2, or i R2
represents H OH or M Q ' and only one of
Rl and R2 represents H; romO to 3
substituents on the FWhgT?o i g attached,

sel ected from hal ogepn, ~i’ower al koxy,
hydroxyl, and N(R')2; M independently for each
occurrence, represents a substituted gr substi tuted
15 net hyl ene group (including C(= 7 =0)), NR',
0, S, S(O, S(02); n represents an i from1l to
5; and Q represents a nitrogen-contai ning heteroaryl
ring, a tertiary am no substituent, or a\ substituted
or unsubstituted nitrogen-containing heterocycle. In
certain enbodi ments, Qrepresents a substituted or
whetgirst i t ut ed nitrogen- 20 containing heteroaryl ring.

l,n certa{?n eaggodihnfnts RlWand R2 are ortho to each
élrﬁfarese RAHH geéo%ltm’(%‘tho to the methyl ene
Whpkdsete D, oaNFaghed to the bicyclic core. In certain
enbodi nents Ar represents a heteroarﬁll ring. -7 In

Saeprghents indspendently foreach eprustrapy, snethy o BRlOEPRuent s on

' | kL. b Sq..at tached. | t ai
gt PG £ Qihelrides S 52) N ) - “whr o n R

Re pepessentssindepreaidpthdfon tach doourramenHplosuer skt er ahetal
Iom$r_alkoxyl, or lower al kyl while,
counterion;

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

R represents H, P(=O)(OR’),, or M;Q;

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

M, independently for each occurrence, represents a substituted or unsubstituted
methylene group (including C(=S) and C(=0)), NR”’, O, S, S(0), S(03);

n represents an integer from 1 to 5; and

Q represents a nitrogen-containing heteroaryl ring, a tertiary amino substituent, or a

substituted or unsubstituted nitrogen-containing heterocycle.

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

certain embodiments Ar represents a heteroaryl ring.
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in some enbodi nents, both occurrences of R'" taken
together with Nforma 5 substituted or unsubstituted

ni trogen-contai ni ng heterocycle. Certain enbodi nents

i nclude a conpound, or isoneric, prodrug, tautoneric,
pharmaceutically acceptable salt, N-oxide, or

stereoi soneric forns thereof, haV| ng the structure of

For mllna:etthm&hlboﬂhhﬁltﬂﬁ{;;\reprems R3 substitients drotheimag ¢ whh it is

LR W e e
rebrebants, S de ?):ndegggrﬁr’ cabirideculfendéXH, lé@erglkdﬁp ro*?ffdidﬁéré‘azlkyl while,

|ndependen each occurrence, H |ower 1qu
in spme atnbodmnmﬁ% botroccmrenceppEBERteken tﬁﬂ@ib@frfﬂléh] fyrffl@r

currence | ower K R''. represents H,
SRS R SR s Rlros Bl bperiyoles P orr coent o
H P(=Q(OR)2, MK, or M Q 20 R6 represents H OH
or MCé&raipembbdiadnisiatiudang canpound| yr vomend, plf{ﬁrag,cta%menc,

represents. H, R7, independently faqr each OCCLiE ch
nhepResstricallnacceniate s, Nq%lﬂsms ereQigsrerin fogms thepeot, having the

ﬁgﬁ}ﬂ [R8 represents substituted or

uﬁgﬁgsﬁt ute aI kyl, al kenyl, al kynyl, al koxy, aryl,
25 heteroaryl, cyclo-alkyl, heterocyclyl, or amne; -8
J represents C(=0, C(=p), or S02;

B NH

wherein

B represents MRs.

Ar represents an aryl or heteroaryl ring;

V represents O, S, or N-CN;

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

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

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

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

Rs represents H, P(=0)(OR’)2, M,JK, or M,,Q;

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

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

R; represents substituted or unsubstituted alkyl, alkenyl, alkynyl, alkoxy, aryl,
heteroaryl, cyclo-alkyl, heterocyclyl, or amine;
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K represents OR, NR', or N(R )SO02R'; M independently
for each occurrence, represents a substituted or
unsubstituted nethylene group (including C(=0),
c(=S)), NR', 0, S, S(O, S(O), or C112; 5 n
represents an integer from1l-7 when present in B, from
0-6 when present in R5 and from 1-3 when present in
Rﬁepr@edts(@(#ep,rce(sﬂmt@ SO,substituted or unsubstituted:

ni trogen-caontainin he&ﬁéoa,ryl ring, secondary amnino

K spiesentieR 1’i@rt? b substituent, or
M trﬁd%@ﬁhe‘ﬁﬁgtf&‘ QLR Qccﬁﬁeh@é Qg&gieﬂts é&b@ﬁtﬁf@d‘& dnfuitRtituted

conpounds ving a structur Formula Ila are

enctiylmhecr OuIZ(*ﬂCdUd?Bg O=0) C=SPOENRF, O5 S| SE3), S(Q2)Nt CHy;

wh dent | t .0

R aeTpEsei AdBERPETo o RERMBAEFEY 1 Br DRSO Sl BrRidn Rs and
Hord pwheﬁlﬂfygem@m@aﬁ@t al counterion; R' represents,

i ndependent|y for each occurrence, H or Iower al kyl ;

Breprpnise m@tlmtedlémmﬁ(lmted r@tifo gﬁﬂ(gonta@mn & heternarl ging,

r a
icopdiyy i) wltBefl ehal? nE R uB, ¥ FH6eGpoaifhg
RestceBce, represents hydrogen halogen | ower al kyl ,
or |ower alkoxyl; i ndependent|ly for each

a@w}eﬂémr@onwebm@éwﬁ@ astaighae pt Feragla Ha gressrsidediut ed
nmet hyl ene group (including C(=S) and C(=0 ), NR', O,
S, S(O, S(02); 25 n represents an integer from 1-5;
and -9

wherein

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

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

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

R; represents H, P(=0){OR’), or M (Q;

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

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

M, independently for each occurrence, represents a substituted or unsubstituted
methylene group (including C(=8) and C(=0)), NR"’, O, S, 5(0), S(Oz),

n represents an integer from 1-5; and
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Q represents a nitrogen-containing heteroaryl ring, a
tertiary am no substituent, or a substituted or
unsubstituted nitrogen-contai ning heterocycle. In
certain enbodinents, Qin Fornula Ila represents a
tertiary amno substituent, e.g., dialkyl amne. In
certain enbodinents Qin Fornula Ila represents a 5
Qu’epﬁeisénﬁ sdxtmgemmsmtbfmiﬁg heterdarnyl hng;gaetartxaqnﬁmmi sabstituent, or a
erocycl e such phol i ne, eri di
%ﬁ F-‘é%y?{ém%‘?mﬁ&}?‘f mtroa%eontwﬁl APHC odi ments, Q
' ePr 6RRBHSindnflokiRERN Q MM DU rBFLERRA 1M iaf Mino?
tertiary am no su Stlt ent, or stituted or
aubsntbsttl ¢.gt didlkyhamireg Emeartaitt anbodigrents Qximdtormiuéa 114 represents a
rta enbo Lepresen t.s
sl a7 URSiEE R uragp o fitife hetbrortcle Sy g0 phe ne
pi S}?&[cﬁ‘ﬁé? ;B ([Jfﬁzﬁmesor Fyrrdtidahd. LY érfp 89Bodimefdsareprebent a nitrogen-
represents, independently for each
qootAiing heteroary! ringwe teraarwmlmasubétlmeme oun substitiited ornmsestituted

counterion; R' represents,

d%én %?%P%%F%F"‘%gch occurrence, H or |ower alkyl;

R'' represents H or optionally substituted | ower
Iﬁlcki;thmeﬂﬂJoﬂﬁmmsemFsmlrhlaH( =O(OR )2, MIK, or MQ R6
represents H, or M,Q provided that only one of
R5 ar%r%eﬁeéﬁll\és%hts H, 20 R7 represents H, hal ogen,
hydr o al koxyl; R8 represents
subst‘ﬁﬁle?régém@ﬁna%%glt]?%rg%@“mﬁkyl . alkenyl, alkynyl,
¥ tepreyentaOy 8, or Mi€iNr oaryl , cycl o-al kyl, heterocyclyl,

B s RS TSERENGE, SRRy sobr) o8 2%

RNEPPRBAIE Nnbi¥pehBéntBARP e RRCHE MRS, HI BRLIRHE, & rdetal counterion,
substituted or unsubstituted h l'ene group

01 slkalingi eagh Gfetd)conntgrio=0) ) , NR 0 S, S(O, or

RO bres it SRIGEGAY T LB SOGIhEO TR &ty BT eoent

Rres@itéschi’s FGr opfindly sebstReRA IS afikast i tuted or
unsubstituted: nj trogen-contai ning heteroaryl ring,
R;s represents H, P(=0)(OR’);, M, JK, or M;,Q;

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

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

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

] represents C(=0), C(=8), or SO»;

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

M, independently for each occurrence, represents a substituted or unsubstituted
methylene group (including C(=8) and C(=0)), NR”’, O, S, S(O), or S(O3);

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

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

heterocycle.
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30 secondary am no substituent, tertiary am no
substituent, or nitrogen-containing heterocycle. -10

In certain enbodinents Q represents a tertiary am no
substituent, e.g., dialkyl amne, or a substituted or
unsubstituted nitrogen containing heterocycle such as

nmor phol i ne, piperidine, piperazine, or pyrrolidine. In
cert dnmeﬂaih@dihmdhnents Qmrepresemty aterjary smiha sibstituentt ¢.g., dialkyl

M.R8; Ar re ents ar or heteropar ring, V
B @n"}‘é Ute or BPSU& eﬁw?%q;pé:ggﬁpgn%ﬁetgocgd(lwqh as

; din a%inBRrpyfoliigler esents,
[ nlgepg}}ecgﬁé}l l%pgaclﬁ ocrcurroelnce H, |ower alkyl, a

metal counterion, 10 or alkaline earth netal
Ipsertrinreimbodin®enty, épFeseule 8, i ndependently for each
occurrence, Hor lower alkyl; R'' represents H or

ybstituted | ower alkyl; R5 represents H,
%R_&%%'E%Q%IZI‘ESMJK or MQ R6 represents H OH, or
Wi @préventsiagedlylidhdibteesdryl rirge of RS and R6 represents H,

15 R7 represents H_ hal ogen, hydroxyl, |ower alkyl or
Vd\ﬁ%ﬁesﬁt%@x%"rWaepresents substituted or

I 1, al koxy, aryl,
fegroafrlt%/rj %dsgq))gyt @fbﬁ[seéierocé)?%l or amne; J
Ré papeesemssmdtépa@)ient@( foSgacharcc@@ice KHy lgpnee glimt o niﬁal counterion,
or 20 M independently for each
BE@E?IFTQF@éE“?‘Eé% CQUBYFMN, substituted or unsubstit uted
gﬁtg%{%)ﬁﬁﬁs, Qﬁd%?@mfd_nﬂ?'férﬁdéal?ﬂ obduriRhed Mlolowel dkyhR', 0,

: ; @wgresents an integer froml 4
Rivé meppessatsii, qrmpsonaﬂly gitatedtesrermliedent in R5 and

et DU R M M& oy y amino

Ry BpréselRIH, - OH 26 MIQ Qirbeide@tHapshlyRnt of Rk And Ry rapragenth H;
R represents H, halogen, hydroxyl, lower alkyl or lower alkoxyl,

nQ

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

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

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

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

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

Q represents a substituted or unsubstituted secondary amino substituent,

In other embodiments, in Formula II,

B represents M;Rg;

Ar represents an aryl or heteroaryl ring;

V represents O, S, or N-CN;

W represents O, S, 8(0,), C(=0), C(=8), CH,, or NR"’;

-11 -
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B represents M' R8; Ar represents an aryl or
heteroaryl ring; V represents 0, S, or NCN, 30 W
represents 0, S, S(2), C=0, C=5), CH2, or NR';
-11 R represents, independently for each occurrence,
H, lower alkyl, a netal counterion, or alkaline earth
metal counterion; R' represents, independently for
Raedpresents) independentlyofor bavherccairénce, H, IBWer alikyl, @3settlsokinterion,
or Eﬁ %‘% substltut ed lower alkyl; 5 R5 represents

3 {OQURteR8MN s not CH2COOH:  R6 represents

R’ ephes&fs, %&Peﬁgenﬂ B5528R becurenb @ IHPIERwWP YRGB Y|

| owel al ky al koxyl; R$ represents
B&’bs@prea@mcﬂ,mr Opngmaib’tsubstttetﬁdé@wwaik)di kenyl, al kynyl,

| koxy, aryl het heterocyclyl,
Re 1o My, pRSifRadRieRs I&X‘cﬁyﬁz@ebﬁy or S2: K
RE BépR&Rifs H, O, orMR,Q; or N(R ) SG2R’; i ndependent |y
for each occurrence, represents a substltuted or

Bnzepbesents b, dalogem thygiraxy lw@mkxhomvmaﬂ@mr_ﬁ and
Rt Fine s S Bg BS e Be L SO BFE R b

nétemant, dyeldalkanteteddeyélyh Br dmtephen present in R6; and
%re presents a substituted or unsubstituted:
r

Presgats (0 S AL Brgj)rlﬂ%beroaryl ring, secondary amno
?1[ L HERR BN b@ﬁ@@%@q@,subst ituent, or
nit

ogen- contal ni ng focycle. In certain
Mrmmihpamtmﬂy fomneakb ooaureentd, refPesentsan subbtstuted or adsubstituted

Aisashie e, e Sk St b S o OB isebah
H‘i’éﬂ?@é@h’cs"h% infel &eﬁ'@}ﬁ'IW{vheﬂf)regé’lﬁ LR Kphn 0- valEﬁrp%‘s'eﬁ‘t ih/Rs and

may represént H. M may al so repfesent CH2.
&entchrwlmrtpmcherrbmt&s,, apch Formula 11, Wrepresents CH2

Clbitherit R R ed G ah g mibbA AR RREHRE netgroppy! gine.
kdcondariy QRILES QibsGtuentS thGdrl tatHiRslsu®stituent, or nitrogen-containing

heterocycle.

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

morpholino, piperazinyl, or cyclohexyl. In Formula II, R”* may represent H.

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

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

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

heterocycle.

-12-



25 unsubstituted secondary am no group. In certain

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

substituted or unsubstituted nitrogen-containing
heterocycle. -12 In certain enbodi nents, in Formula
I, Qnroemmmnioﬁuﬂelﬁs;bs[?bhmmm Q represantds ulistitited or
mtro en- cont ai ni ng. het er oar ring, .tertiary amno
iSRS R A trogs-oo aelnuegg ??&%9@.1 pYfucT, o1,
AL ébn?zﬂﬂﬂg'h@?%%@d en Fornmul a II R5 represents MQ
and- Q represénts a- substituted or unsubstituted:
nitrogen-containing heteroaryl ring, tertiary amno
substituent, or nitrogen-containing heterocycle. In
certain enbodinents in Fornmula Il, Qrepresents a

5 substIntcetteit embodimembiat Farmuddllf Ry tepeasgntas v, Qoanglr @ ngprestfts a
sIgB certain e nts in Farmu

\ t
BiFe0 G Bap oS D OePE GPRRIE IURHTL B 4R gmino
HSLAORYGAroldh GREiAE eGRRGLENt S [0 Formula 1T, 5

represents M d Qrepresénts a substituted or
unsubsti t ut ed secondary am no group. In certain

enbo r S
o U S B e e &R i g
instlestibated terfiarpgmincmgmept ai n enbodi ments in Fornula 11,
R8 represents substituted or unsubstituted
nmor phol i no, piperazinyl, or cyclohexyl. In certain

10 enbodinrerthis enbodonentt m Fdrmul' [Ty Qpepmmntsa dribstituted or
certajin enpodi nents, in Formul Wrepresents CH2.
wsubstEted PIOBCRRBRIAINRELETPRY r nul a ll, M when
attached to Qis CH2, S$(02), C( =S), or C(=0. In
certain enpodinents in Formula M when &)t ached to

Qs lygeriain ombodiments tthWﬁ%HdRh@ﬁfeéentﬁ M Fenrpsents a
%?g-gg&a# h@g@glﬁted'\ée@&&da&hﬁﬂmb%ﬂ_s o2, S(02),

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

15 or unsubstituted nitrogen-containing heteroaryl ring.

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

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

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

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

-13-



In certain enbodinents, in Formula Il, Vis 0, M
represents NH, and R8 has the structure: Z'~~) N 5

where Z represents 0 or NR'. In certain enbodi nents,
AR represents a phenyl ring and R6 and R7 represent H
for all occurrences. Certain enbodi nents include a

conpound, or a prodrug, isoneric, tautoneric, 10
hheartabcanbodimiehty, indoenpupdl ¢hs addurrehbeoofi Mattachied to Q is CH,,
g&iéﬁﬁéiﬁfenég(éorn1thereof, having a structure of
O%rGZH o QR8O HNHO VNH 5 wherein RS
LPARPahBodmEHRSHFhErh 19V WO UISEhleUbRENRE LRI REHE] e
Qrepresents a substituted or unsubstituted’ secondary
simiotwresubstituent, tertiary am no substituent, or
substituted or unsubstituted nitrogen-containing
erocycle. 10 As noted above, R8 may represent a
rphol iflno or piperazinyl ring in certain
nbodi mBnts. I n certain enbodi nents, as noted above, Q
ent pi perazine, norpholine, piperidine,
5 pyridine, pyrrole, oxazole, isoxazole, imdazole, or
PUERZDIepreschie J & NREbodi ments i ncl ude conpounds
selected frgmthe group of A34, A36, 15 A37, A44, A46
&h@rmsembommwﬂgmamw phepyhirgand ReanshRy eepresent H for all
?ﬁﬁgﬁ utically acceptable salts, N oxides, or
g ereo?%bneric fornms thereof.
Certain embodiments include a compound, or a prodrug, isomeric, tautomeric,

10 pharmaceutically acceptable salt, N-oxide, or stereoisomeric form thereof, having a

structure of Formula V:
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Certain enbodi nents include conpounds sel ected from
the group of A47, A49, A51 and A82, or prodrugs,

i soners, tautoners, pharnmaceutically acceptable salts,
N- oxides, or stereoisoneric fornms thereof. 20 Certain
enbodi nents include a conmpound, or an isoneric,
prodrug, tautonmeric, pharmaceutically acceptable
salt, N oxide, or stereoisoneric forns thdpeof, having

a structure of FoQmula I: -15 M 0 Me HNRIWN
R/A v N|R§|ZX X Y wherein Ar r%r

aryl or heteroafN I’[I‘Iq Wrepresg S(OZ) C( =0,

C(=S), S, CH2, o§ NR" Q 8, independently

for each occurrence,
H, X, or a sulfona , i ndependently
for each occurrencs 3 or a netal
counterion; R' represef dnendent |y for each
occurrence, H or |ower alkyly 0 Rl represents H,

P(=0 (OR )Zhertin M Q@ R2 represents H OH or MQ
wherein one and only one of Rl and R2 represents H R3
r epr esent sR§ reprasénts o sGbstiized ot wresnbstitatad hblterqcbfcig, to

whi ch |t i attached, .sel ected fro al ogen

al kyl FERIFSEY éq]@tatp%r ung}pa% nﬂﬁry atitio substituent,
I ndeﬁ%ﬂﬁ?ﬁ&hﬁwfs‘&bstﬁ:ﬁ&ﬁ SGRBEItRRE Or uﬁ@%ﬁﬁ&atxﬁu@gen-comammg
substituteed or unsubstituted 15 methylene group

(i nclheigragye.=S) and C(=0)), NR', 0, S, S(O, S(02);

Sn: Y represents

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

embodiments,

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

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

Certain embodiments include compounds selected from the group of A34, A36,
A37, Ad4, A46, and A76 to A82, or prodrugs, isomers, tautomers, pharmaceutically

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

Certain embodiments include compounds selected from the group of A47, A49,
AS51 and A82, or prodrugs, isomers, tautomers, pharmaceutically acceptable salts, N-

oxides, or stereoisomeric forms thereof,

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

structure of Formula I;
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n represents an integer from1l to 5; and Q represents
a substituted or unsubstituted: secondary am no
substituent, tertiary am no substituent, or

ni trogen-cont ai ni ng heterocycle; provided that
conmpounds having the structure of Fornmula la are
excluded: -16 M OM R WHM I N Rz NX XY
wherein Wrepresents 0 or NR'; % r efiesent s,

i ndependently for each occurrenge, a ha 6§en; 5Y
represents Hor X; R representgl indgpendently for
each occurrence, H, |oweq, alk 0 et al

counterion; R' repre8dntp, ind dent |JNy for each
occurrence, H or |ower Af R -Tepyesent s H,
P(=O(OR )2, or M,Q ™10 R2 represent§ H, @H, or MQ
provi ded that one and only one of R3 ght~R2 represents
H, M independently for each occufTe
substituted or unsubstituted nethyl gr oup
(including C(=S) and C(0)), NR', 0, S, § O, or S(02);
n represents an integer from1l to 5; and) 15 Q
represents a tertiary am no substituent. In certain
enbodi ments, Qin Fornula la represents a tertiary

am nowhbergst i t uent, e.g.,

Ar represents an aryl or heteroaryl ring;
W represents O, S(0,), C(=0), C(=8), S, CH,, or NR”’;

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

Y represents H, X, or a sulfonamide;

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

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

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

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

R; represents from 0 to 3 substituents on the ring to which it is attached, selected from

halogen, lower alkyl, lower alkoxy, hydroxyl, and N(R"’),;

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

n represents an integer from 1 to 5; and

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

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

-16 -



di al kyl am ne. In certain enbodinents Qin Fornula la
represents a substituted or wunsubstituted nitrogen
cont ai ni ng heterocycl e such as norpholine, piperidine,
20 piperazine, or pyrrolidine. In certain enbodi nents,
Q represents a nitrogen-containing heteroaryl ring, a
tertiary am no substituent, or a substituted or
unsubstituted nitrogen- containing het™xocycle. In
certain enbodinents, in Fornula I,]] 25 dbresent s
an aryl or heteroayyl ts O S(Q2),

C(=0, C=S), CH2, S, S,
i ndependently for eac I’Nor hal ogen;
Y represents H X _Q e, Nf/epr esents,

i ndependently for &ach occurrence, "H, gkkyl, or
a netal 5 counterion; R' represents, ingepghdently
for each occurrence, H or |ower alkyTs epresents
H P(-O(OR)2, or M,Q R2 represents OA or MQ
wherein one and only one of R and R2 reprgsents H, R3
represents fromO to 3 substituents on the Ying to
which it is attached, selected from 10 hal ogen, | ower
al kyl, I ower al koxy, hydroxyl, and N(R')2; M
whelrependent |y for each occurrence, represents a

bstitut bstituted nethyl
O RO &8 Tand Glam ), NR, 0. S %O S(2): n

KeepRE&TH, Indpehdtng9 Ebr dabR Btduricfceda AlMkeR) I epresents a
substituted or unsubstituted: secondary am no
JuspresenfeHior Xr ni trogen- 15 contai ni ng het eroaryl

- PbrechiecbroRity B kBt Burtfter Bl Mok, o meta
&grions(=0), C(=S), or CH2; 20 X represents,

i ndependent |y for each occurrence, nethyl or Qal ogen;
R\ rgpresendh prdependently forcagh peqimeenr e dl oRoweppk¥kient s,

g@ﬁ?gﬁgﬂ@ﬁlﬂ:&ﬁbl@%& REEYT T ence, H, |ower alkyl, or

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

M, independently for each occurrence, represents a substituted or unsubstituted
methylene group (including C(=8) and C(=0)), NR”*, O, S, S(Q), or $(03);

n represents an integer from 1 to 5; and

Q represents a tertiary amino substituent.

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

containing heterocycle.

In certain embodiments, in Formula I,

Ar represents an aryl or heteroaryl ring;
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counterion; R' represents, independently for each
occurrence, Hor lower alkyl; 25 R represents H,
P(=O (OR )2, or MQ R2 represents H OH or M,Q
wherein one and only one of R and R2 represents H, R3
represents fromO to 3 substituents on the ring to
which it is attached, selected from hal ogen, |ower

W fepresento €8 1S(@h)k Q¥50), YEE )0 CH:, S;md\TN(’R') 2 M
|nde endeg&l f(&ﬁg gch occurrence, re ts a
seris: dRdeppndsatly et gach peyrrengs, g |°é é°§F‘bup
(Y'%%ek'éﬁté‘ﬁ & ol sffafdid) ). NR°. 0, S, S(O), or
T n represents an I nteger from1 to 5; and 18 Q
Ré papessemssmde}mmldenﬂ)t for eatharccumencbstj loweealkyl, or a metal
nitro r_1 contai ning heteroaryl ring, tertiary am no
nent, secondary am no substituent, or
RP kﬁﬂ:@éht&%ﬂ eRddnfly F6it QER e¥&irRncd, H SElowat alkyl;
enbodi nment s re esents 0, S(02), C(=0, S) S,
&h—IEGPTQﬁenNﬁ, P(=8)(AR "Lept MiuR; enbodi rrents | n Fornula I,

FI oor e "0 Itqﬁgc}‘t@bd e‘gﬂ%g %& bnf aﬁd h %’]’ GS\‘%’ES H;

Y, Fdpedetitstthen ORé B)éh@d‘ﬂ@ueiltﬂlﬁi I!hta lmgtto @micmhﬁchtthmeﬂh&lected from
bi cyclic core. In certain enbodinents, in Fornula I,

NIOS% levearralleyl doyet ekensy yiydioxih and BR Rz er t ai n
RTR sl epthd ?lg fblnea’éﬁ LBMlrfente, x m%eﬁ&Laeﬁl%%ﬁteh o unﬁubgtltuted

substituen e ring IS attac

aetltydene g‘mﬂm@nmng C(FSI) ﬁﬂr@(ﬁ@) INR'Y, B8 (09 S(Oem
S(02) N(R"™" rein represents, independently
P SFPTESERIS 36'68‘&9?5? E 1 ipS5; P’Eﬂz\er al koxyl, or lower alkyl,

E‘{\‘ Efé,géﬂ?s ﬁ@ﬁﬂsﬁhﬁ‘ed’ r GHeGE REDP dbdR arHiﬂB Ry OGiREnE, @R a8 Fogen-
0 taken together wth N 15 forma substituted or
oorsainsig letareatyhiing.ogen- cont ai ni ng heterocycle. As

noted previously, in certain enbodinents Q represents

a substituted or unsubstituted: nitrogen-containing

Reé@tabpEnbodimefts, InSdrin@la)l, am no substituent, or
ni trogen- contalnlng heterocycle 20 I'n certaln

Anpauesentstas arglgrthgisrearsling i t uent s may i ncl ude,
Wge%?csegtg @(b}’) E?—OfahS) or CH3;

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

Y represents H, X, or a sulfonamide;

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

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

R represents H, P(=0)(OR’)2, or M;,Q;

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

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

n represents an integer from 1 to 5; and
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occurrence, al kyl, oxo, acyl am no, hydroxyl,

carbonyl, sulfonyl, ester, amde, NR', hydroxy al kyl,
al koxy al kyl, aryl, heterocyclyl, cycloal kyl, or
ol i go(ethylene glycol). In certain enbodi nents, where

Q represents a secondary am no substituent, suitable
25 substituents include al kyl, al koxyal kyl,

Qyepresgtitak kgqutlameﬂ dryuhisobspisdtkdatab gentconfiviag hemkiai’yl eihg, tertiary
in.the art wll adi ly re% gni ze that the |ist

aRinAcRkpent trspRdans g SibHpent o iTegoroniaiRiae Eﬁﬁgpcwle-
ot her suitable substituents nay be used. -19 Certain
enbodi ments may i ncl ude pharmaceutical conpositions
boegriais embodimepts 3F mepresentsdd) $(P: h €(eP),dE(=8).6% €HY, enNR ™.
and a conpound of any of the type disclosed herein,

whil e certain enbodi nents include a nethod of treating
™ ERET ABOdiARAR! InVFRrmelaSIOMIRIGHEONPr i si ng

adnini stering to an ani mal a conpound of any of the
type 5 disclosed herein. In certain enbodinents, the

conpd@rvega:@ eghiodiBenthdp Eprnyay. RséNapéRu &t artho tewaehyether on Ar
r [

'@{%n b 'B!rrhb ?&%tl@ ﬁ%tb{l@ﬁf%db@ﬂugﬁt a?tggtgé to fﬂ?et‘*ﬁ%{u% cofe.

di scl osed herein, or to net hods of treating a viral

infection (such as infection caused by a human

i mrunlodeftaini centeyinents;sn Fbiiv)1} I, Aorepresents g hé@roaryl ring.

adm nistering to a mammal a conpound of the type

di scl osed herei n Cert ain enbodi ments contenpl ate

Fﬁgnglg&e;tg{l}et 301&;11@2, Vrt%gl%lﬁgt{‘]c%g-f l)&ﬂuents on the ring
t@@ﬂﬁehﬁhsﬂgtaaﬁm ni sterl ng to a mamal a conpound of
the type disclosed herein conjointly with one or rmre

chermt her apeutl cs or radiatiogn therap he comg

di sclBsegamsmhodi fﬁ%ﬁ}s an Fgrmyga LB has the ?msﬁ@)N( b Sherein
n

Fhe’ eiéé#?l. R e T

wlnlmms:crtammf suctpemhmdlgneatsp‘rbmh mmmcesadfw acakep tagetter with N
arrier and.a therapeuticall effectjve amg unt of a

‘gﬁﬁﬁéﬁﬁﬂl%‘r@d%wﬁ’é‘? fefl nitrqgej-co ?alrmh terogyel &ny ot her
conpound 20 dlsclosed hereln or an isoneric, prodrug,

QUG foud]ah hlh%n?s%‘ ogalhe assﬁiagt%teglb?x' de

or stereoi soneric ormt er eo anot her e
tihsmbptitated nhitiogere ndntainingrhetdrobas! dng) dart hryramtino dulsstituent, or

treating canc ther proliferative or other
’it@gﬁgég“t el?eé‘?" Ztam nistering to a

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

exhaustive, and many other suitable substituents may be used.
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host in need of such treatnment a therapeutically

ef fective anount of a conpound of 25 fornmula (1), (U,

or (IIl), or any other conpound discl osed herein, or

an isoneric, prodrug, tautomeric, pharmaceutically
acceptabl e salt, N-oxide or stereoisoneric form

thereof. In another enbodi nent, the present invention

pr ovi Getimembudimenstrhadinclude phaatacegice benmpasitipns oomprising a

T AT—"
}férélﬂ e\ﬁﬁl’@é&'ﬂaﬁ?&h‘bf cﬁfn@ﬁt@ Eﬂdl@d%b‘f%d of trez{tﬁﬁg @hﬁﬁfﬁ?@lﬂ%ﬁhﬂve
of a 3

0 fornul (I'11), or any ot
chsm@@uminpmsmg mmmn@n@ in an@nmaai aicovpernd pf armcd’dh@gfpe
(ﬁ r| c pharmaceutically acceptable salt, N oxide

TOLF 8’5’? omeric form thereof; and (b) at |east one

compound sel ected fromanti - cancer agents and anti -

| t t As d t .
Pt U CERan S aRRRert, B TaR e SSIpt) Herh taahegppliF
ﬁl&ﬁods‘:@f' Mlﬁ%ﬁigﬁﬂ@ﬁ&fﬂtﬁﬁroy a?Bl, &)ﬂﬂ}?ﬁﬁi@%ﬁiaﬁﬂﬁ‘@ﬂi\lﬁen §vith a

useful in noddlating cel | -cycle pr ogr essi on,
sempound bf thedyprd disdosedihsteinair to methedh ofifrenting a viral infection (such

Frusidiaudi] SFs bIaS imGRaREIRiseL el Siitivi®’

G AEENNE t6 8 anithall d Jodipduh@ Bf theUgpe discléskddRtein. Certain
psoriasis, inmmunol ogical disorders 10 involvin

qiRfesiments centrp lptempthors mmwwemtmrmr@enﬁ@h@ﬁ%m%@f induced

e A el e AR Rl e 10 Piimal o
dohfpounﬂl bf thiettiwendiedloded herein mmgmdyfmm cmecny mvore uBerhgtherapeutics
(HV-1) transcription (\\an |roIo

0753622 fhgrpgw”él@mampow%d@@gﬁfﬂ%%n Hé% 39, beyed for the

nd%ram %dﬁé&nén@ventl on may be used in the 15
manufacture of a medi cament, which can be used to

treat di seases such as those di scussed herein. |V.
BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1 shows

o oo Al RS8P BB S e
doRthéatiiof RofpriBARR Iﬁllaﬁﬁmmcal%c&p@ame cadribt drdSd thafaputically

the irreversible effect of rngund A37 on cl ongeneic

affhe e amowtt HeFompeBnd efrmyel( (IDagr ¢Hprossaythgr pgmpound
4193103%8 %%reﬁne,%p%%s%me%cgpr()@ugf {aﬂ%mcnc, pharmaceutically acceptable salt,

N-oxide or stereoisomeric form thereof

In another embodiment, the present invention provides a novel method of
treating cancer, or other proliferative or other diseases comprising administering to a
host in need of such treatment a therapeutically effective amount of a compound of
formula (T), (1), or (IIT), or any other compound disclosed herein, or an isomeric,
prodrug, tautomeric, pharmaceutically acceptable salt, N-oxide or stereoisomeric form
thereof.

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

host in need of such treatment a therapeutically effective amount of: (a) a compound of
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course. Figure 3 depicts the irreversible effect of
conpound B16 on clongeneic survival of HCT-1 16 tunor
cells, as represented by tine-course. 25 Figure 4
shows reduced viability of arrested tunmor (HCT-1 16)
cell s exposed to conpound A37 conpared to arrested
normal (1 MRO0) cells exposed to the sane conpound.
foptulgi(GuP), br dlpsenny othes udrmpowididisabesdd hersin, bhen jdGietic,

16,xenoqgraft. tunor assa wth vari coypounds .of
ARG GROISSS: PHATEEF A tsA Ly AP EHE SPbaV R REsaTopigpmetic form
thér‘éﬂff; the (1452&? %s’?‘&ﬁ%ﬁ%&nd Wte@ﬁ&%ﬁnﬂéaﬁcer%@@ﬂ@ uidlanti-
A37, represented by (a) tine-course of tunor size at

mreliferaiyedgemis; and (b) 5 table of salient netrics
fromthe assay. Figure 7 shows the results obtained

from Ap S?S(E%g%d;ﬁ%%f Fatinﬁjgﬂ@l!s o?ﬁﬁ?ﬁ’ﬁ[vé\ﬁnt%c;r?l asrg g%ﬁgt&noq‘ iﬁ%giting the

represen ne-course o

dstirdyolesmahimsy and orsbjuentlgabicrldbe s@fildn modalating sell-cpdte
the assay. Figure 8 shows the results obtained from

RIAgreppars OV high g drultimaieht coatrehgellgroprth and diffsrrtipdors Bych

SORRIOTAGSEAIDE eBh For TRt fdFech! hadvifPdiscHias af¥ociaged with
exdoessazeall prélifgration Sush as\sanaer, prorisanimmutdiegicadisorders

obtaj ned for .the bindi of. /cyclinE to the.
WF}%M@WF@@&M pr Faﬂ%gl)% %%qt@ama&féast?l}oam and other
IR AR 18 celR BRERIeSs, bl Belike/ Such cd dsowuld RESAeludEHul in the
DESCRI PTI ON" OF EXEMPLARY EMBODI MENTS The i nvention

iphibitainn humancmeaunogefidiencyempma tgpst] (KW &3 transenipbipn (Weng et al.,

k ] 0, fically, but not exclusively, as
#ﬁﬁﬁi‘%ﬁyﬂp"@'@@ﬁgg@)i n conpl exes. As descri bed
herein, the inhibitors of this invention are capable

of i nAisBidesotibell Rereif ke @ygioanddehthizdhyentidfithay be used in the
conse&uent Iy may be useful in nodulating cell-cycle
BayHpadusiod e, medieament.aviich eamle wied ity eat sligeasps sugthasthese

j [.ation. Such conmpounds woul d be useful for
@%@ggdﬁig&éslﬁbj ects having disorders associated with

excessive cell proliferation, such as
1V. BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows effects of exposure of compound A37 on: (a) cell-cycle analysis

of HCT-116 cells by PI FACS analysis; (b) induction of PARP cleavage.

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

Course.

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

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

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

compound.
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25 the treatnent of cancer, psoriasis, immunol ogica

di sorders involving unwanted | eukocyte proliferation,

in the treatnment of restenosis and other snooth nuscle

cell disorders, and the |ike, as discussed in greater

detail below. In one enbodinent, the present invention

provi des conpounds, including isoneric, prodrug,

t aut Ofigutec profutsmeadtstdbtzhdd/framdepHal El 6ednbgrali-tomorassay

or 30. stere0|soner|c forns thereof, having a structure

Bith periohs cqmpoundsyof thgmventiqne  R3 HN RWAI | | ~N Rz/
V-\A\NN X X Y wherein Ar represents an aryl or

het ergahpl6 §HoRg: théfé@@lt@@otﬁnéﬂ‘ﬁﬂ%‘ th&A2P%6 kéﬂcfgra[ﬁ fﬁtﬁmr a!(é{ay with
represents O S(Q2), C=0, C=S), CH2, S

Qoelmoasémﬁ rapmielpteﬁ b lﬁa)ltymf-muremﬂtum@c size ’ehwoupréom;l and (b)
as ,F, ¥ or I, preferably d; Y
&é‘ﬁP@é@%ﬂ‘ghﬁ oé?&'a?aﬁﬁ fonam de; R represents,

i ndependent |y for each occurrence, H, |ower alkyl, or

a netFigureChdhdisthofesults sHainsd #Omah&BRCB xefografk dlrhdreassay with
earth netal counterion; 10 R' represents,

qomwaéﬁ St reprasepted By ﬁa)d%w%ﬁrc%f tuop iz atearions dgses; and (b)
t@g% ?EQ%YH{XE]sf%&I&%%&;fmS H P(=Q(R)2, or MQ

represen Q preferably provided that
one and only one of R and R2 represents H R3
r epr eEigutes8 showmtle tesulls shidined fromrthe ASASE kenagrafytuler assay with

o B16ouaiesaed by (P tliieas i SrEg farionh do%es; and ()
1R oF Zalidift micBEtRARIMI BRidsyayf Or each occurrence,

represents a substituted or unsubstituted

Figure 9 shows as an example the results obtained for the binding of
CDK2/cyclinE to the CMS5-inhibitor-loaded chip. The Kp calculated from these data
amounts to 8,0 +/- 2,8 nM.

V. DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

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

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

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

stereoisomeric forms thereof, having a structure of Formula I:
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nmet hyl ene group (e.g., substituted with | ower alkyl,
oxo, hydroxyl, etc.), NR', 0, S, SO, or S(),
preferably CH2, or, when attached to Wor Q CH,
S(02), C(=S), or C(=0; 20 n represents an integer
from1l to 5 preferably from2 to 4 when present in R
and from 1-3 when present in R2; and Q represents a
ni t rogen-contai ni ng het eroaryl rlngVee.g. pyrrol e,
oxazol e, isoxazole, imdazole, dke, a
secondary am no substituent, a tlertiayy am no
substituent, e.g., a dlalkym i n a substituted
or unsubstit uted nltﬁﬁggh con a|n| erocycle 25
such as norpholi ne, plpé zi ne, or
pyrrolidine. -23 In cértaln enbodlnen s, QXepresents
a nitrogen-containi ng heteroaryl S pyrrol e,
oxazol e, isoxazole, inidazole, or*py R, atertiary
am no substituent, e.g., a dialkyla or a

het erocycl e such as norpholine, piperidine,

pi perazine, or pyrrolidine. In certain enbodinments Q5
represents a substituted or unsubstituted secondary
wiherem substituent. In certain such enbodinents t he

ubsti tuent on e ndar no.,su tltue

BE PerstiS gt SR RoRr o i Yoy PR ey P B anc

W%@é@yﬁh@w@)kmt-oj E(PS)?U{ZFSdoxﬂﬂmﬁdl ment s, Rl Wand
are adjacent (ortho) to each other on Ar and

Eﬁ’fép@ﬁ%fi yndependenjly ferrmach epqurtsnce, anathyd orbalegen r$t§°h as F Cl, Br,

§ ??’Hé}dgﬁb 1attached to the 10 bicyclic core.In

arn otli mrents, Ar represents a heteroaryl ring.

Yneﬁl@%tsHUHodtﬂaﬂf@aﬁﬁdd epresents 1-3 substituents on
the ring to which it is attached. ln certain

Bnrpeseats: | 1@ depgagenshr for earhpsamrencg et ower alkylyor a metal

h&gﬁ‘ d aﬁ‘%ikaﬁacgfalkaﬁﬁs Rkt cﬁkﬁéﬂc{ ; 0X0,

ydr oxyrl, a oxy, y roxy-a oxy, carbon sul fonyl ,

B3t represerasyiintepeidehtly doikgach bedvrrtace, &Lyt loam mlkyl, preferably Me;
bstl t ut stl ed aryl, heteroaryl, 15
f@r?ﬁ??té?glp?"@%i% Mbol i go( et hyl ene glycol) etc.

RL réﬂrééen@?l Waér%tQtlﬁ'e pr¥idel Skht oh® aﬁJ‘Snl?rohe bPR} and R,

aryl" and heteroary enpl oy any suitab
mb@ﬂmmﬁﬁnt i ncl udi ng any of t hose I|i st ed above.

In

A O S T A N e
EQedtEB fBIhalbge( 18Rkr alkVE BwerGlicoR)y, hydroBA, MI'NR’),;
M, independently for each occurrence, represents a substituted or unsubstituted
methylene group (e.g., substituted with lower alkyl, oxo, hydroxyl, etc.), NR”’, O, S,
S(O), or S(03), preferably CH,, or, when attached to W or Q, CH;, S(0,), C(=8), or
C=0);
n represents an integer from 1 to 5, preferably from 2 to 4 when present in R, and from
1-3 when present in R;; and
Q represents a nitrogen-containing heteroaryl ring, e.g., pyrrole, oxazole, isoxazole,
imidazole, or pyrazole, a secondary amino substituent, a tertiary amino substituent,
€.g., a dialkylamine, or a substituted or unsubstituted nitrogen-containing heterocycle

such as morpholine, piperidine, piperazine, or pyrrolidine.
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20 In certain enbodi nents, X represents, independently

for each occurrence, halogen, such as F, d, Br, or

I, preferably d. In some enbodinents Y represents H

or X. In certain enbodinents, Y is a sulfonam de,

e.g., of the formS(02)N(R" ")2, wherein R'"

represents, independently for each occurrence, H,
Imretaimérkbodimentsy Qlrepresents2bnierb ggﬂ-c;ommnjmgtli&temmwlrm@; €Es

of R'" taken together, with N forma substituted

ans s?’?atzﬁ]Fe’GO oa@ﬂ%ﬁ@smw@ehéf%ﬁ%m@ S@Sﬁmem c.g.,a
HiaﬁS‘iﬁﬁi‘n@ or TRl unfﬂb@ﬁ*ﬁxtéi‘l' fifogenPoontAhiAs hefdeyclkRuch as
such embodi ment's, suitable substltuents I ncl ude

swingitoline;t peradine, ummnmna, puppvolitine dn eertais embOdmc;ats Q

h
(eé)re&eth Béﬁﬁ%ﬂt}}teg oF ﬁn%@?t&ﬁig &Wo%dhafp@ni%ﬂg 8@?5{1 lil){ certain such
embBedinERi! fheQlbARIRP oA dfe Jtadidagy Amfilo/suBétithént @s‘ sefetditrem

I, the resent i nvention provides conpounds
PRl @,ngalkslohﬁdrp&yaﬂpﬂowdmmﬂ@m ¥,

phar maceutically acceptable salt, N oxi de or

gg f [melﬁ ﬁ?ﬂ%ﬁé{bgmﬁ?&. ents) f@g’m&ﬁ& gg a%%&ggmb;&%é@h%ﬁher on Ar,
atideatreprefardsle poesdiadent driho) ddrhe méthydareasibstitaent attached to the

i.nd pendently for each occurrence, a halo such as
ticyclie cors.In osftain om EHnpiroResegR W@ﬁ% Siage S Py

dfabodiments R; represents 1-3 substituents on the ring to which it is attached.

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

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

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

| oner al kyl, or a netal counterion, such as an al kal
or alkaline earth netal counterion; R' represents,

i ndependently for each occurrence, H or |ower alkyl,
preferably Me; Rt represents H P(=O (OR )2, or WQ
15 R2 represents H OH or M Q preferably provided

t hat Iarertaincdniiddimaneodéonipovadsihd¥ing 4 stpuctme vf FortulM, the
inde?endentl y for each occurrence, represents a

RIGISSH iP ERUAR RIPVIdRS eRIRUNds-dBclugiag FPISHS, P8, (autageric,

A Edehﬂéﬁﬂr é&@aﬂl@@ﬁ%ﬁ;%&ﬁ or‘% e?oa{%r%—%%mor, ,ehﬁavmg a
stutmohefFdrmuly b Q CH2, S(02) C(=S), or 20 C(=0O; n
represents an integer from1l to 5, preferably from2

to 4 when present in R and from 1-3 ,hen present in
R2; and Q represents a nitrogen-coat ai ni het er oar yl

ring, e.g., pyrrole, oxazole, isoxgzole,/ imdazole,
or pyrazole, a t erfte i e.g., a
di al kylam ne, or a -2 ybstituted

nitrogen-containing h Y s por phol i ne,
pi peri di ne, piperazj f 'ne. N i
enbodi nents, Q represents a tertiary am
substituent, e.g., dialkyl amne. lyacg

unsubstituted nitrogen 5 containing hete
as nor pholine, piperidine, piperazine, pyr rol idine.
In certain enbodinents, Q represents a Y
nitrogen-containing heteroaryl ring, a tertiary amno
3%? | tuent, or a substituted or unsubstituted
itTrogen-containing heterocycle. 1In certain

Srapedseme Bor MRf'epr esents 0. Exenpl ary conpounds
according .to Formula | and Fornula |a |nclude t

Korepussains; imfepgndeatly fon gach pecuareperiiaaingen syeh s Eséﬁ %rs or I,

VS provi des conpounds having a structure
ErectggﬁfromAl, A2, A4, A5, A30, A32, A38, A39, A42,

Ka@preséifls Ha2(;t 0 AS5, A58 to A64, A66, A67, C3 and
TINTES, NS T T
SHBRRERIS AR ds G aBalFor aN@NiRO barth metal counterion;

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

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

M, independently for each occurrence, represents a substituted or unsubstituted
methylene group (e.g., substituted with lower alkyl, oxo, hydroxyl, etc.), NR”’, O, S,
S(O), or S(0y), preferably CH,, or, when attached to W or Q, CH,, S(O2), C(=S), or
C=0);

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

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

imidazole, or pyrazole, a tertiary amino substituent, e.g., a dialkylamine, or a
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15 In certain enbodi nents, conpounds with the

structure of Formula | do not include conpounds wth
the structure of Formula la. In another enbodi nment,

the present invention also provides conpounds,

i ncluding isonmeric, prodrug, tautoneric,

phar maceutically acceptable salt, N oxide, or
sitstiemedamsusstibnedBitiogen-eaitainiaietgoeycht such tasi merpifoline,
Formyla Il: vul\ B NH.O R6 WRS R7 20 /NH wherein B
PR ESERIBEIRFIRG O RYTIP ﬂ)‘l“ésents an aryl or heteroaryl
ring, In%@ﬁlci‘m dgflﬁﬁé' ! épF&ents a%éﬁ%gfﬁﬁh@%ﬁ&ttﬁuegt 5% dialkyl
or N-CN, pre era S, Wrepresents 0, S,

aBfin®)In o@(tmﬁ)embﬁﬂﬁncm Qmﬁimseﬁts 7 Sibstintadt s, unsubstltuted nitrogen
[ ently for .each o ence,.. H .| ower al

5 CoRENGE NelEiRaNEIE SO TBRBROLS, BIPeEick) PIPGREF I pgliae. I
RAEI LB dRh RO UD téprésehts aﬁnt?ogéh%&%ﬁﬁk SetetASARRIBAL Rrtidty

for each occurrence, H or |ower alkyl, preferably H
#mtino supsticssahios ajsyubssituted of wrbstifuted birdgentcentainingheterocycle.
al kyl, preferably with a substituent selected from

ester ] 1 RG, oxy; R5 represents H,
P(z@?%@%ﬁ%&%ﬁé’&ﬁ&&%ﬁﬂ%%resents H OH or MQ
preferably provided that one and only one of R5 and R6
10 r efwengdatyssohipotiids dcookdjigytd dokhylafland dFaahula Ta include those
ccurr nce represents H, hal ogen, hydroxyl, | ower

10 SE‘PWIIH aBlgch as met hyl, or |ower alkoxyl, such as
nmet hoxy; R8 represents substituted or unsubstituted

al kylmn dk kRIbSHImeH HE PlesertliRhlon povides cBRPSMRAMAVing a

cycl o-al kyl, heterocyclyl, or am ne;

structure selected from Al, A2, A4, A5 A30, A32, A38, A39, A42, A48, A50, A52to
A55, A58 to A64, A66, A67, C3 and C4, including isomeric, prodrug, tautomeric,

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

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

include compounds with the structure of Formula Ia.

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

stereoisomeric forms thereof, having a structure of Formula II:

v

20 . , _—NH

wherein
B represents M;Rg.

Ar represents an aryl or heteroaryl ring, such as a phenyl ring;
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15 J represents C(=0, C(=S), or SO2; K represents
OR, NR', or N(R)SO2R'; M independently for each
occurrence, represents a substituted or unsubstituted
nmet hyl ene group (e.g., substituted with | ower al kyl,
oxo, hydroxyl, etc.), NR', 0, S, S(O, or S(O2),
preferably NR' or CH2, or, when attached to Wor Q
CH2presd2)), S, @AN-CN, PreferabyOD0OS; n represents an

W bbirents 5.8 OB CE e Chrn CHR ik " n R5 and 17 om
R % ts{’{nﬁﬁ?ﬁﬂ‘lﬂ@ﬁt&& 136 cachSbcldriRR! SRR afkyB WP inhetalt ed
or tuted: i

nsubs trogen-contai ni ng hetefoaryl ring,
eounterionpyuahaisean ajleliraratiadine eatlrmieta] condeticaz ol e,

LSsoxazol .I m dazol.e,. or razol e: .secondar 25 j .
RgEpiesenisndipedently forcack beitienes, G lopar aliyl. Rrafiably b
Ret egRadentsa kot opBBhdl B subfitiiied lowaHlIngA, Srefepdbly Wethta substituent
e.g., a dialkylam ne; or nitrogen-containing
priededb ior ester.aumide, s ylaprnh o 2eidoxysi peri di ne,

i ' hAdine, jdine. In certain
R PERAERRL DA MBI R Y sore -~
Re pépesseiifs 3, | OMesr Ml Gypreferdbly pvidad tha she dhdeily ©nebERE and Re

R5 is M_JK, R5 is not CH2COOH. 30 In certain
its, appropriate substituents include,

EPEEaN
R0 Y :
R dragusal ol e eelzaBe bl e By Rt g s,
axthars methyl] oielowiRiikorylksuchhahiettxyacyl am no, or
ubstituted or unsubstitute ryl ., heteroaryl - 27
Eefeéa_r%sepasybstlt@g@ PbUA ftatu@ﬁiaﬁﬁ_iﬁ@ﬂwt _ﬁﬁwavi abexyerd:
hireMiabyl, BRIGBRI 68rd:0cli 185 fimile) | 1 ed 1 the art that
aryl dnd “het eroaryl y enpl oy any suitable

$ oipsesenigdi(=0) OEShdird§:any of those |isted above. In

rtain.ephodigent resents any of the
%‘FP‘E‘P&?%B&M t B@H@Séﬁﬁy’l .5 alkenyl, alkynyl,
M, kdependindly FxvdacRbk@irdencé riprescAll \ibs@tutddr ehQdshtuted
In certain enbodi ments, an he af orenenti oned

:
mﬁgﬂw@mg(myqubstﬁuteawﬁthb%m%r @ltkal, pyo.dwdrasiybeta. ) MRea O, S,
SIGE B SRR PSS, U B Ben YR PN,

S¢HB), bt @0 may al so include, for exanple,

cycl ohexyl, =0, _carbonyl, sulfonyl, carboxyl, )
g GenTesepts, andpieger, frere Ot pyedtrablydst eF evepy1-d plisp presgntjig B, from

g-u %?%%r?é%?%%ﬁtﬁoﬁtl-é §RSh pfUE G RY dance of Mis

Q represents a substituted or unsubstituted: nitrogen-containing heteroaryl ring, e.g.,
pyrrole, tetrazole, oxazole, oxadiazole, isoxazole, imidazole, or pyrazole; secondary
amino substituent, e.g., monoalkyl amine, arylalkyl amine, heteroarylalkyl amine;
tertiary amino substituent, e.g., a dialkylamine; or nitrogen-containing heterocycle
such as morpholine, piperidine, piperazine, pyridine, or pyrrolidine.

In certain embodiments, when K represents N(R")SO,R”’, R’ represents lower alkyl.
In certain embodiments where Rs is M,JK, Rs is not CH,COOH.

In certain embodiments, appropriate substituents include, independently for each
occurrence, alkyl, oxo, hydroxyl, alkoxy, hydroxy-alkoxy, carbonyl, sulfonyl, ester,
amide, NR”’, alkyl halide, acyl amino, or substituted or unsubstituted aryl, heteroaryl,
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attached to R8 and when present in R5. In certain

enbodi nents, including any of the enbodi nents above,

Rs has the following form ZN 15 where Z represents

O or NR'. In certain enbodi nents R8 represents

nmor pholino or cyclohexyl. In certain such

enbodi nents, Mh is NR', preferably NH 1In certain
ha:tbmdydyh tgcldalkyl, Oligd(ethgkent glyook etrodt wihbs appatent to those skilled

rese In certain s ch e
S St rYa EfRrry  Cnds, RRID At Iae SAbgtpAt o faing any
gf@%%ﬁ@f}f%o\@@erel n R is present and i s substituted

I ower the lower alkyl is substituted with from
In @riapy @ﬁbachimbgrts AR5 repteserts aw,snoﬁths &llmmegi sibstitmentsowwtieyl,

%‘é@ *ﬂ‘%@%"l Oﬁ%ﬂ alfq,!y i % %Esg&ego:a%l P Btain

Bib6dimehiss f thé %Mﬁne&ﬁb@%%ﬁ&@ in 2R Np8&KsAly be
NR" 802R8a 02R8a, NR'S02R5a, C3.1lo car Eocicl e

sibstituted hyeanymfithe meatigsdmubstiteanss, or & BN, N3, NO, or

| - 0 —
REGRIE St SRR shftBucnt i 3o BENRSC B AfnRfe, Sty -,
tapoed sl fontd, cﬁbmélylmﬂmykyimdel,\ﬂ?&aﬁ@gcle, J5ter,r@Kars a,
NR'C(O) Rsa, .COR8a, COZRsa, CONRaa NHC( O).NR5aR8a,
R-eriajmr badiments rkmh%%pccm&f 1\@15 subgiftuipd NISH shep

DAY + %aid&gwge?eﬁﬂpﬁt ituted with C2-10 al kenyl

opti ona ed wth 0-3 R'', C2_10 al kynyl 30
Budestaint ermieatlimients, ifelddiRy' any-of Gembdidanents atidvec Ry hascthe Felowing
ﬁubstituted with 0-5 R, and 5- -28 10-nenbered

rocycl e containing from 1-4 heteroatons sel ected

fr , N, and S, substituted with 0-3 R''; and Rsa,

ghdepengently for each occurrence, represents a group
el ected fromH, |ower alkyl, phenyl, and benzyl. In
ertai nyenbodi nents, R'* conprises an amino acid

r , sych as a valine 5 or glycine residue, e.g.,
R'' 1s a | ower '§é resi due substituted wth an am no

wbewg Z repeasanfe G o NBGh [ aertain gmbodimentsds teprerejemorpholino or
A A A, P Sy, 5L
éiabddimentso/ i®. bond to the tricyclic core.

In certain embodiments, W represents CHj. In certain such embodiments, at least one
occurrence of M is substituted NR"’.

In certain embodiments wherein R**’ is present and is substituted lower alkyl,
the lower alkyl is substituted with from 1-3 (preferably 1) substituents selected from
lower alkyl, lower haloalkyl, NRgRg,, NR*’C(O)Rs, =0, CORg, CO;Rg, NR’’CO;Rs,
C(O)NRsRgs, NR”’C(O)NRgRgs, NR”’C(S)NR3Rsga, C(S)NRsRga, NR”SO2NRsRsa,
SO;NRsRg,, NR’’SO;Rg,, SO;Rs,, NR*’SO;R3,, Cs.1p carbocycle substituted with 0-5
R*’, and 5-10-membered heterocycle containing from 1-4 heteroatoms selected from
O, N, and S, substituted with 0-3 Rg, wherein Ry represents H, C,.4 haloalkyl, NRg,Rga,
NR’’C(O)ORsa, NR”’C(O)Rs,, CORg,, CO3R3., CONRg, Rga, NHC(O)NR3:Rs,,
NHC(S)NRgaRga, SO2NRg:Rsa, SO2Rs,, Ci4 alkyl, phenyl, benzyl, Cs.ig alkyl
substituted with C;.;o alkenyl optionally substituted with 0-3 R’*’, Cz.1¢ alkynyl
substituted with 0-3 R’**, -(CF2)yCF3, Cs.10 carbocycle substituted with 0-5 R*”’, and 5-
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In certain enbodi nents, V represents S or NNCN. In

sone enbodi nents, Ar 10 represents a heteroaryl ring.

In certain enbodi nents of Formula Il, Wrepresents 0,

Sor NR'. In certain enbodinments R5 represents H,

P(=O (OR )2, or MQ In certain enbodinents R7

represents, independently for each occurrence,

Hemeg®eared higbearyyle, contaneing fbinyl-4 heteedat@mns salatidd/fromd®, N, and S,

N e
%}oﬁ) sdQ4ed BES 1P O}S\fv@{ ﬁpilly?ﬁéeg’r’ ﬁeﬂwn present in R5.

n-certali n embodi ments aII Wrepresents O,
CH2, C(am, C(=S), or SQ2. In certaln enbodi nents, R5
repr eb@nttsmwmbodnnthR Preogwprises an anivodicidersidue, Rachasc valine

R7 .epresent rtai resents
YGRS e 4R e oiso S g e Gt Y R o BRoacia

rléﬁ&ﬁ@ﬁ@&ig‘iﬁahmﬂi’ﬁé bEedtét 1RikBES. enbodi nents n may be 0.

In certain enbodinents, J is preferably C(=0, and K

is OR or N(R)SZR'. In certain enbodi menti
N(R ) IBapeterred eipestipmnts, RaWeandiRs ave adipesat (athod to egeh other on Ar,

SRR BRSO Pl BRI S bsaer

represents a substituted or 25 unsubstituted
het erlnaesthinremigpdiraergs,,V eepiésonts Seore-CaNI Insorsé embredibentsgd At

ring, .containin at | east two nitrogen atons. In
r@@??e&ﬁt% E Hﬂg‘n’?ﬁ Q may be substituted or
unsubsti t ut ed occurrences of tetrazol e or oxadi azol e.

I n cemtRithin@MitditiEé of RriRla HEW eplstnts ¢ @t 8GbrNR”’. In certain
unsubstituted occurrences of pyridine, perldlne or

grbnsdiments Bs reresents BE(ENOR Ms@ﬂMt&q lrscert@m apbadimgnts Ry

AR S e b . s

lﬁbth§1, bt 1R alkexse ls@htsﬁdnéth@m hatdfidin elﬁb&fdim)eﬁislfmlepresents an

dr oxyal kyl , and roxyal koxyal kyl . 1 n certain
@?%B@rdfr%rﬁ)ré poef em@imépla r%’ angperg pesfenrbly frqm@y4 wheppreggnt in

=S), R6 5 and R7 represent H, and R5 represents

‘Q vvhere n represents 0 and Q represents a
substituted or unsubstituted nitrogen-containing
heteatraomenbodiments of Fomaula al, (W eeprestntsedt GH;, WFOPrE(sShtos SO;. In

i SRS B P a S TR I B GR Ee h o ma
RlprésB st St deHthiRbritddiRERE M 9&radeltsT(=0) or CH,. In certain
embodiments, n is preferably 1, while in other embodiments n may be 0. In certain
embodiments, J is preferably C(=0), and K is OR’ or N(R’)SO,R’’. In certain
embodiments, N(R)SO;R*’ is NHSO;R”’.

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

substituted or unsubstituted occurrences of pyridine, piperidine, or piperazine.
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heteroaryl ring. 10 In certain enbodi nents, W
represents S, 0, or NR', R6 and R7 represent H, and R5
represents M JK, where nis an integer from1-3, J is
C(=0, and Kis OR or N(R) SOZR'. In certain
enbodi nents, Wrepresents S, 0, or NR', R6 and R7
represent H and R5 represents MQ where nis an
i nt egIarceftamrmﬂboaJ,mami Qrdpsesants alssd¢antatyenhino substituent. In certain
unsubstituted 15 fjve-nenbered nitrogen-gontainin
R EPBegiIeat. e ShRHNEH BB dretsn iy A Ehor s Bt s efected from
AR CARE Rl ETRRANTRIGE o0l BORCRYARoRalEAS! L WO

trogeri atons. In cértai n enbodi ments, Wrepresents
S 0, or NR', R6 and R7 represent H, and R5
repr ely@mtgmrﬂrrcpodsm@ﬁ%OﬁFcrrapﬁ@Eem@pwsentﬁﬁég@} Shooh C(=S), Rs

R aBRSaLe bt RSt g R TR bt Elha @ represens a
suBstitaied o iinSilbetituid REBQML ORI Sing Retefoaryl rﬁigdld\d:ertam
represents CH2C(=0O). In certain enbodi nents,

qrehndiments,.sWaeprssenys CRrRs and Ryrgpiesent & p@ggngepppsegqq M where

| SRR Ol o tiaBhe s Mt or b Guted HHEeh-<bflfing

letdromgering.ont ai ni ng heterocycle. In certain
enbodi nents, where Q represents a substituted

R SN L AT
%?&bﬁ't%@h% whele 2% Qh Snte P FRh €3, ?tiss?C(—@%ﬁcﬁKh@ow or N(R")

substituents include substituted or unsubstituted
86eRi’rences of al kyl, ami no-al kyl, al koxyl, aralkyl

i SRy epet , BT e BRERPESRRR g

Epedt e RIT DM, SN itz £OMI123, AT ¥ 4 SudERILed unsubsututed
attached to M that nitrogen is substltuted e.g

§M%-ﬁlenwr%d wtrpger-eanning hetprogycleen wich e@]b@é@ﬁl% nds Blfeferably
(l']tgml «meodﬂﬁe&{; Qsc%‘i’&aéﬁs% ‘f&%{ Iﬂﬁgg%ndﬁéms,c onmpounds,

I soneri

Bheerrtwt:eﬂbd»cﬁﬂiehw, m&pﬁaﬁ& B, Gad)ﬁNR ‘NRgundIR; represent H, and R;
stereoi soneric forns thereof havi nq a structure of
FEpresants M4Q,- Where p renresenis agipteg ,and Qisa substinuted or

unsubstituted six-membered nitrogen-containing heterocycle. In certain of such

embodiments, n is 2, and M, represents CH,C(=0).

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

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

a substituent.
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R7 /INH 5 wherein Wand Z, independently, represent 0O

or NR'; R represents, independently for each

occurrence, H, lower alkyl, or a nmetal counterion,

such as an al kali or alkaline earth nmetal counterion;

R' represents, independently for each occurrence, H or

| oner al kyl, preferably H 10 R5 represents H,

P( =0 Ia@e¥taia, entbodiviégts 6BForamieHethe prdsent@hivention providles

prefer bLy ovj ded t hat . one and onl e of.

qogmo@gis» imgsormeritBeaBriengmegr: RuBRacsa b Retgetable salt,

&nét Shes QO MV Strdink | fFSHﬁﬁl RS
aepxmer g koxq* sué% @%ﬁnﬁthoxy 15 1
|ndependently for each occurrence, represents a
substituted og bstityted nethylene group (e.g

substltuted vvlth | omer aI kyl , oxo, hydroxyl, etc. )
NR", bﬁ@%& preferably CHZR‘i when

attached to W
represents an |nteger rom

when present in R5 and fraom In
R6; and Q represents a ni roaryl
ring, e.g., pyrrole, oxaz Bzol e,
or pyrazole, a tertiary am e.g., a

di al kyl am ne, or a substituted orN\unsastituted

ni trogen-containing heterocycle such as norphol i ne,

pi peri di ne, piperazine, or pyrrolidine. 31 In certain

@haadinents Q represents a tertiary am no substituent,
ne. In_certain enbodi nents Q

%B‘?‘Ege‘ﬁfl@eﬁd@ﬂ%ﬁpﬁﬁﬁﬁbo@i' NRisubstituted nitrogen
h 3
P%p%s@hﬂ %nﬁ%&e%ﬁ@t‘ftﬁgﬁo? gﬁﬁ%cﬁlﬁe&@ MRkl Elll%'p 3? ghidiine o

razi ne pyr I ne. certain e I ments,
cmnﬁmsmhmsmhtaﬂa@mr-aﬂmﬁhabmmmetakcmm ri ng a

B ieBEbons, FaAFRR Y a0 R OSeenGE AEPE Py BIEh pfypably

R?Eép%é@n@@qiihéﬁ@l@)z, ePRREUNds Wi th t he structure of
Formula 11

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

represents H;

R5, independently for each occurrence, represents hydrogen, halogen, lower alkyl, such

as methyl, or lower alkoxyl, such as methoxy;

M, independently for each occurrence, represents a substituted or unsubstituted

methylene group (e.g., substituted with lower alkyl, oxo, hydroxyl, etc.), NR”*, O, S,

S(0), or S(0,), preferably CH,, or, when attached to W or Q, CH,, 8(0;), C(=S), or

C(=0);

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

when present in Rg; and

Q represents a nitrogen-containing heteroaryl ring, e.g., pyrrole, oxazole, isoxazole,

imidazole, or pyrazole, a tertiary amino substituent, e.g., a dialkylamine, or a

substituted or unsubstituted nitrogen-containing heterocycle such as morpholine,

piperidine, piperazine, or pyrrolidine.
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i ncl ude conmpounds with the structure of Fornula Ha.

Exenpl ary conpounds of Formula Il and Ila include

those shown in Table B. The invention also provides

for conpounds having a structure selected fromA3, 10
A7 to A29, A31, A33 to A37, A40, A4l, Ad4 to A47, A49,
A51, A56, A57, A65, A69 to A82, d, C2, and C5,

i ncl ddimgaiin&mb@dhnenthcrdpnegﬁnts atetttargpingno substituent, e.g., dialkyl

B TR S Pl RS GRS s foutRbited nitogen
onhadhfrekfocycle BcH as\aﬁ&ﬁoharh@ pReHERS, ﬁp@n@ﬂiﬁ@ Wit yhra¥iiing. In

a structure A37, including isoneric,
qeaammmhqdvnerphé@ meas@msaanmgmpﬁnang etgeqaw Tingox feydary

oS aftaERlene K sl or duhiihEE ot Bn b flbrtyele.

i sol at ed prodr ug or pharmaceutically acceptable salt

of a Inrkab@ldnitddiherts) TpMpdandd3vith the spuether ofdbrmulzl do not
enbodi nent is a prodru or lp:har maceutically acceptabl e
inglude gampousds yithdhogmuciyre of Foppulp Mag ot her * enbodi ment ,

the present invention provides conpounds having a

Str UCE:H:‘h?pl;ﬁ? ﬁlltp%qn&sr S Pothutadl Bed1la #tude thode4hdw it Table B.

i ncl udi ng prodrug, tautomeric,
phar maceutically acceptable salt, N—OXIde or
st er eBiesiorention alsorprevideseios gbmpounds éaavmsfa@ﬂu@ure selected from A3,

ATROALTA L AN g AYE oD RAD QU %47, ARTRSETASEHITAGS, Aco
th 820 M| C2, ard'ES, iRdedihj; (Rheyic Asre@migpah®nseict phaNndeutically
oxi de, or stereoi someric forns thereof. In another

aspenseltleraalt, N-pride; onssreqispmesicoiprme therepfc Bhpetitan pabpdigents,

CBVSHEDH 56 o BRSPSy,

modigelagpnoiREpliambeuniBsallhascesthble sait,dN-oaldepomastéreaisomeric forms
enbodi nent, the present invention provides for an

thetsphit ed prodrug or pharmaceutically acceptable salt

of a netabolite of conpound B16. A -32 preferred such

enbodiy B Nite}=5ive e%@&ilhi&t Fhe ﬁ%@éﬂﬁ%ﬂﬁb&ﬁ'ﬂo‘ﬂﬁe@?&%ﬁﬁﬂh@d
salt of conpound B3. I'n certai n enbodi ents, the

prndaagtqr phalpraovmtweﬁy acesptablasalt, of emetahmliseio{epmpound A37. A

RrBfR{Fel o, RO RRERS p PR RO A Sontito B R B ERe Satt of
db%ﬁougdgﬁgtdr@_ure of Formula V:

In another embodiment, the present invention provides compounds having a
structure selected from B1 to B20, and C1, C2 and CS, including isomeric, prodrug,
tautomeric, pharmaceutically acceptable salt, N-oxide, or stereoisomeric forms thereof.
In a preferred embodiment, the invention provides a compound having a structure B16
or C35, including isomeric, prodrug, tautomeric, pharmaceutically acceptable salt, N-
oxide, or stereoisomeric forms thereof. In another embodiment, the invention provides
a compound having a structure B3, including isomeric, prodrug, tautomeric,

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

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

prodrug or pharmaceutically acceptable salt of a metabolite of compound B16, A
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0O RROOQ HNHOI10 N' NH wherein Rg represents a
substituted or unsubstituted heterocycle; and Q
represents a substituted or unsubstituted: tertiary
am no substituent, or nitrogen-containing
heterocycle. 15 In one enbodi nent, the present
i nvention provides conpounds, including isoneric,
mpefoded gucht amitaipentds a phadrugeephtarmadeuyicacaspeptbble saladt |
N- oxi d stereoi sonmeric forns thereof, having a
@FPHS’BPEPQ of Formula Il11: Me OMe R3 HNRIW" | | Ar
\ NNX XY wherein 20 Ar represents an aryl or
het erjgaehinfembddingsifis) tRSindemitaprbvigés 4 Jsmﬂgahﬂ &1 d¥erodrug,
-33 Wis absent or represents By S, S(02), )Ef‘l‘i &
lﬁqmg}c tagytongric, pharataspetivally @ccemqb@pﬁagsgm@de, ot stereoisomeric form
t rence, nethyl or hal ogen,

> ‘%‘%g @%W@ﬁegﬁﬁ&‘&%g{ eferably C; Y represents
H X or a sul fonam de, preferably d; 5 R
represents, independently for each occurrence, H,
| oner al kyl, or a netal

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

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

stereoisomeric forms thereof, having a structure of Formula III:

wherein

20  Ar represents an aryl or heteroaryl ring, such as a pheny! or thiazole ring;

-33.



10

15

20

25

counterion, such as an alkali or alkaline earth netal
counterion; R' represents, independently for each
occurrence, H or lower alkyl, preferably Me; Rt
represents | ower alkyl or R90-lower alkyl; R3
represents fromO to 3 substituents on the ring to
which it is attached, preferably 10 selected from

Malscadpeent of mcsenﬂs@ 1S, S(OeC(=DX 0XFS), byNROX preferably O;

SR AT o B bR

BN Rdfkablyant ne, arylal kyl am ne, heteroarylal kyl
am ne, oligo ethylene glycol, or_ an am no acid

Xe@p@a@ts Hu¥hong sulfp peaferablyAdl d resi due. 15 In

b
REreaPistn Ao o SR TR et AR R g,
Ediriierzad, Sudhl a3Gn alltalick fallalife aamhmefsb Sﬁhﬂmﬂirﬁ Wi's
absent, -and Rt represents | ower al Ir% optionally

R{/Feprosent® dndgperdarty fon geck epeustonce khatiomen alkyl, Rgeferably Me;
ggli’éﬁés%ﬁ{sgo#er rll]?l)\/l%l} Rabk%{wvef 5%10) (OR)2, or an amno

Fesi an a am no acid residue. In
h@.‘reseﬂis debinmoné 3 subitidity @‘plthe siagits whidhdkisaittegtied, preferably

B
b A A S Ak
k’%ﬁenyﬁtsgﬂ HGRLe alk, Pg—fdggd)ﬁ )%’Hﬂ%%dyﬁﬁ(gf %ydsﬁ&gi]ﬁ resent s

ring, Wrepr (pre erably
bydroayedkcﬁtyaﬂq’brrwmaﬂwl hxmives; aia'ﬂallwl almm, ihetezdarylatkyl amine, oligo

t|t W th cert n su enbodi nent
Eiba et oSt ok gh s iiq ©sidhF P s 7 FRREFRD e residue
i sopropyl, and 25 t-butyl. In certain preferred
enbodi ments, R3 is absent. In other enbodi enents of
t he ilmveneinembodiments risoaprescniho five-memberdeeteroamibiring,

e A e LR ) A5 AR s i

gbabit, ald Rydefeseis 1ovep bHkgl, DpHBRdILY ﬁmgﬁtﬁtedﬁmﬂhlego
conpounds depicted therein. -34 In another

enbodi nent, the present invention provjdes a navel
phar n@cETizineEab oders?ﬁsw%rmﬁse@&% Toweralkyl, PEONOR), or an

é?lElefJ %ﬁ%gglﬁﬁf‘ Hlé'h %fca?lea?;%lﬁbitﬁm‘a 3E{d! r@&?@@‘i’n Bther emboch%nents Re

rapeut | I've anount of a conpound
IEplreBeﬂtsaalkoxyaﬂcyIJ Hydréxyalkyl, Iliydmfxya}kyx:mlhyimnnpdozlk}dcahmne cirylalkyl

her ei.n, I,SOneri c, meric,

S testy Bl 50 b B eifen A% e 5 or

stereoi someric formthereof. In a preferred

enbodinRithin eMBDAiIRARE, PAGEPTebdhd a phenyl ring, W represents O, NR”’, or

S (preferably O), and R; represents lower alkyl, optionally substituted with R¢O, In

certain such embodiments, the lower alkyl group is selected from ethyl, isopropyl, and

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

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

acceptable salt, N-oxide, or stereoisomeric forms of the compounds depicted therein.
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conposition conprises a therapeutically effective

anount of a conpound selected from A to A82, 131 to

B20 and C to C5, or an isonmeric, prodrug, tautoneric,

pharmmaceutically acceptable salt, N oxide, or

stereoi soneric formthereof. In alterative

enbodi enent, such pharnaceutical conposition conprises

a t heinapetier embbdimehf, ¢t present ivemtionrprovidesa pooal phamaceutical
har maceuti cally acceptabl.e . salt of .a netab

BOsEtnG CompRsib bRt A SR EBE RIS fEpPryically

dfftRti%4 AEhnt R a/‘é@&p@{m@éf Fdrihu® Q4] QI IF&”JI?IQ Gf ﬂﬁﬂéom}id%ﬁd disclosed

pr esent invention ovi des a novel I’TEt od treati ng
hezginegr, andsorngrive prqgﬁzug, itdudemeric; phanmasewtically |a§@&@bb salt, N-oxide,

drresieliier R BEERT 18 prgeRe HaBOyifleRE i Ghabactlical

dongkitRAlcompheey aametabmuiﬂally effedtBetamRmboDadmefund selected from
compound of Forrmula I, la, Il, Ila, Il or any

2bipO8ABUIRIGIUHChie 65 rPr arisaperics Bradrig ta%?@@ﬁl%g,

;%\ll'@% é(;é‘ﬁﬁbﬁlry ?%ﬁﬁlﬁ@gﬁptl\ﬁ 6ld %:yoras&-t(fﬁ&gcﬁ}?% I]%%ttherfoﬁ In alterative

reolr sorferic rormthereo n certarn
enbaiiémn®&n) sich pharnesiticahcommyjtiundnipeisecs th‘érdpewtmally effective
antl - ﬁé;mcer agents and ant prolifera

APERdEpERr F@HHPB?CHPP%ﬂMCP?P%bIE éﬂbﬁ@e S ot G Hpound
A37 o I@gwréﬂerabﬁﬂa nietabofife Iﬁ@%lg%’é@:ﬂiéﬁge A resed

herei n an i'soneric, prodrug, tautomeric,
pharmaceutically acceptable salt, N-oxide, or
st er loiagother pwbédiment, hleermgsent inventionprevides @ dovel method of
tnent. c

SRR oL o e PR TR B S othfriRielied, i e G diseass 7,

MHIvh d¥cussct DRI REGmpakLiag ta&ﬁ’mﬁét@xﬂi’aﬂo 4 osffivneeBlof Eﬁth
B20 and O to C5, or a isoneric, prodrug, tautone

trraineRi edberapaticelly effegitvammeuskefia compong of Farmyp L Ia II 1a, 11
og'ga%&he}niﬁ{ﬁ?c{ &EclEé’erd e&{llx“:f ro“?’% 1809%}1(:“% tgngfgt rﬁérﬁc.at' on,

ermis us €rein, enco er apl es

pifaemnadentitalty ztcbé;it@ble gilt, 0&-oRide, erawdresissmeric formi thgieof. In certain
preparation, are adm nistered,

g Si mul t aneous Jléq
%FbQﬁllf’F‘étF’earﬁi]eaﬁ oRecomnouad pelecied from ant-ganesr 3gents gpd dntls
Eie}rﬁg%iev% tirc reg :ysbte i nlgtg%égtcﬁg‘tdug%ggﬁ ﬁg g{nbogide@f Formulal, Ia,
g Ailicwanp covpoles disclexet heirefimg ror fo ismreaic] prgdaig, GOtomeric,
h t I i ti
EREP Ao gD aNE 8b N eRKeuRTHeraRi s dhgreqs In
f@fe@éh @mibodinfent, Is'uc:h ftholds bf Héatﬁﬁ@ﬂt GO RGitfb1S sdrRffhtion of a

herein, or an - i soneri c, pro rug, t aut oneri c,
tbhrapmimeljy effedtivg aampofaﬂodzcenmamﬂ selectost fiom Adito A82, Bl to B20

neri.c formthere and option
T PR adfaryHise bisdish Faripfy BRampi Ao acceptable sat, N-
oxide, or stereoisomeric form thereof. Conjoint administration, as the term is used
herein, encompasses therapies wherein two therapeutics are combined in a single
preparation, are administered, e.g., simultaneously or at different times, in separate

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

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

compound of Formula I, Ia, II, ITa, I or any compound disciosed herein, or an
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preferred enbodi nent, such pharnaceutical conposition
conprises a therapeutically effective anount of a
conmpound selected fromA to A82, Bl to B20, and d to
C5, or 5 an isoneric, prodrug, tautoneric,
pharmaceutically acceptable salt, N oxide, or

stereoi soneric formthereof. In alterative enbodi nent,

isoraériq Ip&rchﬁg,eambmahc ;mammhﬁéadmy acc:amrtiles@t N-oxide, or
t herapeuti cal | "Ez ive a unt of a drug
T EiRrReniR form thereah ap opimally & alalf-acau Iy eeeptablegarrier. Ina

(PR QB3 BLPonBRESHRR pfhosIRHABAIHLS dBMBrically

tructure A68 o odi nent
difaetlphanmmalwmpommb@'tetd foors Polf um&z |B1vterBZ(b andaCé to C5, or
for use in freati.n sease ch as
B ardri Jot0BeRs. BiaRar Sl Belp GG M-
SlreSiI8S e forRNHEeb O NnAlEaHSS BAbLBENRY, shéh Sifitnaddutical
enbodi ments of the present invention, where

wmltmtcempgls@aﬂo@eap@mqaklﬁ affectivietamsiuat s{aprodmugert s

an_incl.u for

el fiscs Frgfie SRb BB AR SouBo MERRE Y BIE. preferablya
186tBslfte hawy Me stdiciuié A68LEOSYI (€. g, thi oester, a

th| oacetate, a thioformate), an al koxyl a phosphoryl

hosphanat e, phosphl nate), hos hat
phos pfﬁdﬂah%r embodimaenhi thapharmaseutisal ﬁ@mpgﬁluam abhg ixpption are

igg Iu%gi’hqgeatl@? ﬁﬁgﬁéy ﬁﬁ:g rﬁi@gﬂc@}' r&ﬁ}i gﬂaei: %ﬁﬁﬂ? raﬁ‘vé"dL_lt dtRer ddkases,

iabﬂu;ling,analdisemelcsr coacﬂlhymylispussyabbdakal al koxyl, silyl,
sul fonyl (e.g., sulfate, sulfonam do, 20 sul fam)yl ,

sul f ate ter [, an .aral k e.g.. ..benzyl
o Lol hin e b EiE presmi R hov héie SunstRI8F Hobps are
BBE ktable XaEituenky RBHAANde, fdPekhfiple, a BXIOEM, Ja- hydHHd1, a carbonyl
substit uents may al so, t hensel ves, be substituted or

ﬁ@rﬁsd@sfmes dslhydés, carbexylwesﬁerﬁng%é@ athioesghpriybtesg.n thipesier, 2

0O BB b ONEE S EIBRN B B, Hggprinaco.
SlRHIRItE) adthogshonaR] ipﬁ@pmatesubsmiﬁoumedmwm ai ﬁl’ﬁido an

and may be isolated in optically active or_rac
spyding, an fmine, a GyEng, MERNAY #idha salrfby%luatl alkaithwaﬁ@ers, -CF3,

aﬁg%lls Cikd lsaﬁﬁ(wo)?, W&;@(Msﬂﬁ& g}’ sﬁﬁ‘ 1 ({. ogulﬁfte, sulfonamido,

€m C on‘rrs hesi y active
sl fanioyh) gulfieriate)] ahaterodiydlyk n amllkyl 8g dbamyBr eayearomatic or

racem ¢ fornms and al orretr|C|so ric, forns, o
haterprremiatic é‘?%etY??rSeH{a%g’ PAFdsRIPEREY m&s@,. ryrryl). Sudh

SbSEARE %%is’oéth@fnsbl%%& sttt S oSRRabdtieRd| ¥

i ndi cat ed

ii. Definitions

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

intended, unless the specific stereochemistry or isomer form is specifically indicated.
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Al'l processes used to prepare conpounds of the present
invention and internmediates nade therein are
considered to be part of the present invention. The
present invention is intended to include all isotopes
of atonms occurring on the present conpounds. |sotopes
i ncl ude those atons having the sane atom c nunber 5

A)l]l prai:ieﬁsbenmdtto @mremummusds «ﬁij/ﬂawpyesait 1gmaba land kaenplediates
thout |sof[&E€es of ro en include

‘1“ &h aﬁ%ﬂ-‘aca%% eé? Iﬂﬁel?%? Ereé?nt&%u ‘include 12C
and 14C The term "alkyl" is intended to i ncl ude both

br anchigdnraash: slveRid s isbAded to %ﬂﬁﬁﬂ'&"ﬂﬁ%t@bés@ﬁtdrﬁs occurring on

hydrocarbon groups having the specified nunber of
the present gompounds] Bopasic eélﬂosalams having ie syne atgpic number

imted to I Q
W ey e e B Y ey i Bt B Ang g BB,
is6tdhés oThydidpen iiwtel thitiinht @ dedtetiom. [soepesief &@béh include '*C and
Mnsubstituted and substituted al kyl groups, the latter

referri ng to al kyl noieties having one or nore
hydr ogen substituents repl aced by, but not limted to,

hal P .
c;l a(rjlo pth 0s phﬁ{?y 8 Hg‘?n{ér%gw |Hr%hjr?% ‘BB?%braﬁ&%ﬁ nd 9{1??“ o
nhk;&eﬁ] abphatib |hgéﬁicenbpn grdups lhyhng thet specifieé nembcxycn:ﬂ cxarbon atoms.
11 b t ood
SR i e SRS AR Lprpt -
5lﬂﬁ”§-§{1f§?5t b(ﬁ?ﬂ_h}g ‘facﬁt?p $hd 5 &Bﬁ% 3 a&dﬁhbn Whefrm is intended to

appropriate refers to those
iatlgée bgmomp@snauem@cr mlbmtmted@llﬁfl gmubs,rthata@tnsrefemng to alkyl

f 1t b t
Ro ey Pt oy e et e g e oo, P o iiced o,
lﬁﬂ&g’tﬁhﬁ}dirb}@yl SEhrBshyDVIERY, aft@Methér) cf;ﬁbt ﬁlhd%r)ﬂa’??p ) dinfid) tifhino,
al Kyl substituents are preferabl y lower a
aige: yutthudiyt alkprthior @imter,walf@nyldnmhbﬁt@gmlo &Y 93 dgteroaryl. It
\tblzl: fﬁmécp‘%ér ﬁd%ﬁtcgsoq t?# éﬁ%ﬁe%ﬂlgé& ﬁrtﬂe axJ? {h%%e%ﬂ?stltﬁt% 8101;{[}9
the1fbel a5, call bk sobstithtedd well when tanfpbﬁwJ The teeta fdeweB Ialkyl” refers
na ht hyl . The terns "cycl oal k and "bicycl oal k
@ﬁ%mpﬁ bavipg foghl tase 56%@1 AloRY> Prefesallinfropnt X‘h‘f carbon
k
T g e e

ayygem pient. \th certaie Embediyentsn alkplosupbtitutnts wel préfrabhnloman elkyl
s%%gtxtuentxl or tetrahydronaphthyl (tetralin).

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

iodo.

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

to phenyl, indanyl or naphthyl.

The terms “cycloalkyl”, and "bicycloalkyl" are intended to mean any stable ring
system, which may be saturated or partially unsaturated, Examples of such include, but
are not limited to, cyclopropyl, cyclopentyl, cyclohexyl, norbornyl, bicyclo[2
21nonane, adamantyl, or tetrahydronaphthyl (tetralin).
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-37 As used herein, "carbocycle" or "carbocyclic

residue" is intended to nean any stable 3- to

7- menber ed nonocyclic or bicyclic or 7- to 13-nenbered

bicyclic or tricyclic, any of which may be saturated,

partially unsaturated, or aromatic. Exanples of such

carbocycles include, but are not limted to,

cycl ofs nged heraiy,Clcatbotyile” ér “leanbbogmeintrydiduec’ys Intdreled ko mean any
mant y cycl oo

91%%3%%)?-gﬁ%&;%ﬁ:eg@g{egﬁ)éonocthc(ﬂrml @p élﬁ ghté)n]é-membered bicyclic or
R ARG WA et S

ctfestxclamr’dmwhephmdhyde btiedre abf lir)ntedﬁm ugé@brhpyle@yclomltud

t "het [ e" " het [ t,end .l

EloBmah croohd Ay Obenml alananty. svoiiur Lo hEslogerns,

[ﬁ@]ﬂ%?&l@ﬁdrﬁn@rmzﬂbl V\ﬁblé&tﬁ%@%ﬁﬁ k{QQ)]ﬁE&&ooolQle, fluorenyl,
eterocyclic rin ichis saturated artia

Rhenylk umhﬂesd, indanylyasamantyl,eu t@nhad@m@lﬁgﬂt(mhn 1), and
whi ch consists of carbon atons and from1 to 4

het . .
consi ¢ i herdif R RRHEAeloc3 8D 6t SihCbOMUE Uy ifintended to

1geaLPstalile Shic N nesmbesdd mbmoaybwer sieydlivant 7hed B0-amynblersd bicyclic
rings |s fused to a benzene ring. The nitrogen and

rogyclis singrgueh issarsied pertmlyungatpatedy primsairaisde 15
@ﬂrﬂtﬁﬂﬁ%rbﬁ'gg' 48 WH¥h QS%M S aﬁoﬂn& %ncPFrBHPP{o @ﬁ&%atoms

at any tom or car atom't results in
mdmhéemtyaem:tedeﬁ'orﬂ" te dgretecasisting of N, Ogmddeany mbkadmg any
on or .on.a ni

itrowe THSRFE) MhE SHPGIRPS herbpete ifes s Rised &

l§e?1§é:riefﬁr¥%amh¥ nitRIRA and shllrmeeedhtdhs HAg oBEERI x&diF& The
optionally be uaternl zed. In certain enbodi nents,

lwdh@mcstcme ringtady bmattaehect)tro i pendam grouprad ahy heterpatom or carbon

15 T8 SRS 1 B S, ThR Bt TR s S et oy e
duBStith R AHBARK offa rtrake Horhif 1hB PeddRinR RMBUAM isSstatdé. If

more than 1. As used herein, the term"aronmatic
specifieally aetrd asyitregeninithe heterepyrbeimey optienally beroaiceniged. In

B R RRERGHs JRAEY Rt G BosbFY Sh © Bpmdin R peterocypte
ExeBsdssl, sheifthesa heFoatdmBeedr bt be adiadent o dndmio&rentlar@referred
I ndependent|y selected fromN, 0 25 and S.

thaidhe fqtelnumber of B atones inthebeierarycls 183105 erﬁﬂ%dnés juged herein,
DAl Ui RSERR gg&erg" & ﬂ&haé&%foeqxéﬁ%%ﬂe 5X@/RhRfbered

eterocy es | ut are not limte
monazolieer liiemlrcrmfl’ﬁ- diDhQ«-inenﬂjdﬂﬁl-lbldydhhlmmcrqybhc aromat1c ring which

2 H- r rol yl, i ndo Der i
St Sarbo atomms a9 ApFerotais dsbendenily arlggspd fom N, O
ﬁ{&rS. 4 3 ¥prefeREPHalhe total number of S and O atoms in the aromatic heterocycle

is not more than 1. Examples of heterocycles include, but are not limited to, 1H-

indazole, 2-pyrrolidonyl, 2H16H dithiazinyl, 2H-pyrrolyl, 3H-indolyl, 4-piperidonyl,
4aH-carbazole, 4H-quinolizinyl, 6H-1,2,5-thiadiazinyl, acridinyl, azocinyl,
benzimidazolyl, benzofuranyl, benzothiofuranyl, benzothiophenyl, benzoxazolyl,
benzthiazolyl, benztriazolyl, benztetrazolyl, benzisoxazolyl, benzisothiazolyl,
benzimidazalonyl, carbazolyl, 4aH-carbazolyl, P-carbolinyl, chromanyl, chromenyl,
cinnolinyl, decahydroquinolinyl, 2H,6H dithiazinyl, dihydrofuro[2,3-b]tetrahydrofuran,
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benzi m dazol yl, benzof iranyl, benzot hi of uranyl,
benzot hi ophenyl , benzoxazol yl, 30 benzthi azol yl,
benztriazolyl, benztetrazolyl, benzisoxazolyl,
benzi sot hi azol yl, benzi m dazal onyl, carbazolyl,

4aH- car bazol yl, P-carbolinyl, chromanyl, chronenyl,

ci nnol i nyl, decahydroquinolinyl, 2H, 6H dithiazinyl,

fltdnyt] rfmfaumg[l erﬁddzbh&i&lﬁfﬂ hﬁﬂiaﬁcﬁlufy@,nnud&&yﬂ ulﬂ-h-mdazolyl mdolenyl
furazanyl , . im azolldln |, imdazolinyl, imdaz l%

lmﬁplﬂwé,a%q’ lizinyl; idelyb AsA enzqfwaaylp WFhIOWﬁHﬂb 1591

I,
giisbtl, RROE RHiEB I, hIREIERTAIpol OIRERIBNY] |
napbiharidingl, octahydnlmdoqnmbhnylnevmdidzph/ﬂ di hwo,xadlazolyl 1,2, 4

P IR Ch——
éﬁa%@ﬁﬁlﬂ:fﬂﬁ%lﬂmﬁw heﬁaﬁhﬁdﬁ&ﬁ%héﬁaﬁikm&mﬂxﬁfeﬁhﬂsﬂixﬂw ?henazmyl

oxazol oxazol i di nyl perimi di n henant hridin
Iphmm’ﬂmzhryrb,lphquaﬂphghaﬂlgmaﬁwl pgﬂ@}pamyhymperazmyl plpcndmyl
SRRV LRy GRRESHAL P AR PRl S,
[Wr%hldﬁ@'ﬂ )ﬂyrazﬂ)hﬂylf)ﬁyﬂagﬂw brn@dz@@l Ghyidooxdreld, B?ﬁhdmmldazole,

pyranyl, pyrazin razol i di nyl, yrazollnY
mmdaﬁumle PyLiding znmgiyl, PYsyinidirsdypsiliginyl, pyrrolinyl, pyrrolyl,

yr | gﬁbﬁ' g@ﬂ?ﬂn@ 4 41! ‘&umég}rhr gf *213%9%1%3«1 %ﬁlﬁhlﬁ%’bl carbolinyl,
t[el_stall}t?!llro'ﬁlranytl lﬂd:tﬁﬂn;?@iollsmy]hmoﬁuylnah‘a]wdro quﬁhbltmﬂ rﬁH~|1 2, 5vitliadiazinyl,
i orieataom r1aﬂ§1tﬂ‘1lé&'@';cﬁgﬂ§g,% Haaszoh 3¢ thiadiazolyl, thianthrenyl,

%%BI%TX%EH%I (i y olylgfﬂ%relltoﬁx Il)g Ztﬂ.ﬂa'n@ﬁﬁﬂé(éolyl thiophenyl,
ﬁ:l,aﬁn'jl- ﬂtﬁ,:ﬁd‘laznbfﬂ,y]l,Z 3-tBazblylHi, Zaﬁm:amﬂy;lj 1,3 fktrianalil, ﬂﬂl}ﬂwnyl

b iRl g BleRRh 228 mRhTIoRERR oy,
ﬂyr%lﬁ ?Wa?&l?i yrhnda%ol’ﬁ ‘f'ndol)rlal?é?l.lztﬂud&zcﬁ 121 HLihdd@l ] oxazolidinyl,

riazolyl, xantheny Preferred heterocycl es

qucbtméqub bcnzamamiyl bmdokyh benzoxpyelind, rwllsatmqylaﬁiqo included
%E h%%ﬁflggfg%‘ )§P1’r0 %@P@%’g‘%ﬁ 1njq%tg1 ge%ﬁlglp}éype BI9L Metérocycles

benzotri azol yl, benzi soxazol yl, oxindolyl,

benzoxgazsdd Heyém “DhamSatitiayly acéﬁpmle stk Ticidet to devitlieeof the
ring and spiro conpounds contai ning, for exanple, the
GadowdiremprarRdicy kTNl PYCRISOETRRER Isrmodified by making acid or base

eEI va% | vesdn@134 %fe[ gl g%aﬁgéag%%%%%%bdé SJJ&V\E@?%E;’ r? u 6 ot limited
qoammdralcr.m mpglmrmlacm saisaif basicrdsidusmkichgs annnbspalkhiaeeorgamc salts
t hey eof . I es of .phar cce
%taélct TS “S%I%‘C ti‘éf: PEYlitoAciqs; an ‘?&'8?%? %é’i“ E‘Fﬁ
5&9@9151@ A cRak i1 BhvaAdhS! AR INasHSHole dSatBHaAenmonium

al Kal'it or organic salts of acidic residues suchas
sadts b6 shel piavend comdpoursirfdrmeds fori dxampki Erophomtasisinprganicyor organic

acids.

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

succinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, pamoic, maleic,
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25 acceptabl e salts include the conventional non-toxic
salts or the quaternary ammoni um salts of the parent
compound forned, for exanple, fromnon-toxic inorganic

or organic acids. For exanple, such conventi onal
non-toxic salts include those derived from inorganic

aci ds such as hydrochloric, hydrobromc, sulfuric,
Md)@ﬂl’la’relc mimﬂyihcntlcc gluBitnio, Henraic amaticylive silfdadic, Aragetolgbenzoic,

alts from,or | C, ds asaet C
%F@Br-ofﬁ Bics Rean g totie ¢thare Ggifontt, oRife isethionic, and the
mel ic, tartarlc citric, ascorbic, parmlc mal ei c,
- 39 hydroxyrral ei c, phenyl acetic, glutamc, benzoic,

sal i C%b% sul fam lic, 2-acet oxybenzm c, fumaric,
t ol uée phatmme@ncalbt araerisble 5ot of thepiesens invieation ean be

s&ﬁ%xreﬁl% ll%gtgl%: ?gﬂe@é e g&doug{? gvhééﬂ %o%ta Qz%e P]asu: or acldl(f‘ moiety by

ddﬁ\laﬂtdnﬁhclfeﬁﬁcdl endtha¢ NGBESAILE Gudll ffvs bhebqapmpn’ed by reactmg the
compound whi ch contains a basic _or acidic noiety

o1 basaforasetithese componis Wl@em%tm&moywt@,wﬁ%awf the
@gpoléﬁtéf%at%g oF 8dd l?ﬁ/wﬁ%‘? nnﬂl cﬁEﬁ‘uc %619 ta&" ifl 23hixBRS Bf the two;

ese conpoun ionetric anmoun
grhetallg, nappueaius neddea ]hiaesethm Ed@Ac etlmnoRiseprapaneln mam:etomtnle are

e ggéf@@%lo\ég%% a.Fpef@m g e of tI;]ePtWO utlcal Sciences, 18

é?it R4 pu lt%ﬁﬁ’l Eést(ﬁ{: W\O‘TQ@G ipl, ?4495 @he]fﬁsclosure of which is
preferre wtable dalts are found in

Im«:hmgcmmbmtdéfwmmm cal Sciences, 18th ed., Mck
Publ i shi ng Conpany, Easton, PA, 1990, p. 1445, the

di scl ure. of. Wwhich is .hereb RGO

oS R e R S SRR AT bt et o hos
@i oyies nlih%rﬁim cbmpbeifies, bAd/bh@sage PP Shigisare, within the scope
materi al s, conp03|t|ons and/ or dosage faormnms which

efseundymerlical judgmetopitablesforpsedn apptapiouily the qswgﬁéhuman beings
3?)1 ni ng“é uPe%& és'i]va ?ﬁfcﬁ tln)f%ﬁ&l taﬁgrgid 1%5156‘?1%&3 otﬂé%fbblem or

el ngs an ani rm excessive OXI'ClI
ddiﬂ}ilicaﬁmrofbmmbhﬁi‘@e mmmmable benefithizk rmcobl em or

conpl i cation comTensurat e wth a reasonabl e

benef i isk ratig. "Prod as th s used

her ei r’f'; & At B den {S&Sﬁiﬁ?gra@eargﬁvee 1P<?F any soyaignily
BoMdEd BhPieM BN FRLRE SR aawegfa&én\f QriAdfaRd p fégaﬁ ifentibi€in vivo

present 1 nvention In vivo when “such prodrug IS
wibleni svick perdrag tscadammatmal toarmautabat subﬁcmﬁ;nmmddmgs are known

%%ﬁpﬁg\g&m%o s lirﬁ)i. q %Fﬁ%gfl ﬁa?@%éeﬁx 19:':11? (1C13u ohubllet

bioavailability, manufacturing, etc.) the compounds of the present invention may be

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

free sulfydryl group, respectively. Examples of prodrugs include, but are not limited to,
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bi oavai l ability, manufacturing, etc.) the conpounds of

the present invention may be delivered in prodrug

form Thus, the present invention is intended to cover
prodrugs of the presently clained conpounds, nethods

of delivering the sane, and conpositions 25 contai ning

the sane. Prodrugs of the present invention are

geang (@thaky and derfzpateglerifathes o alebha) rand pminge fasetidnal groups in the
t he conppound in sych g way that the nodifications are
Ompoyads O*SmF REESERtARYBHPRne nani pul ation or in vivo, to

t he parent conpound. Prodrugs include conpounds of

the prep@tited” Veitdn@8d WIRARAR tRatlb¥EbPHbre Bftirdgons @h the atom
sul fhydryl group i's bonded to any group that, when

inflieated duithegxplessibre uging Sowbstituteds ig teplaced wih a selection from the

adni ni, st er to | i.an. subject,, it cleaves to

oG Bt Py Rl A R bEEfs g EREGi i exceedea
#dabdtheé ﬁ;bl@ﬁﬁﬁi'bﬁ pdsilts EXaEmble sombolid Whidsa dubstituéle. is et or oxo
are not limted to, -40 acetate, formate, and

(ben 76 geoupe Hien 2thydeagens omfhedtion apiepkiaeth Kote/aee subskiuents are

. _ f _ f ] .
RSB e SRR sl SR ERER ipl I T Slmple, an
iyl 9 getfisomaliiyh uah amrifluoebrmeth ¢l 4 imléden, £kpdrosgl @varbonyl
using "substituted" is replaced with a selection fraom
Eveh 35 5 el @8 allryprbnyl; pmyber amasyl), Adhiopabenyl depich as a
g R G
phosphdntates a phosphk@tey an amingg an @imide, an af)idige,conpmindeyaho, a

hyd . t repl d. /

BBt e SRS e S5y Bulant SGRE AP e LERey
feXBHRhAoY a %W,ta%fﬂo%rél £ laud@rodyelyl 3k, a ﬁBtleroaraékyl, or an

al kyl, a perfl uoroal ky such astrifl uoroneth .
dramotyeor heternguonetig moiety Mol g nd@rstoed bl thase gkilled in the art that

SRPERA b sHPY LR O oy e 88 BB, 6

dpptdpriteor mat e), an al koxyl, a phosphoryl, a phosphate,
a phosphonate, a phosphinate, an amino, an amdo, an

am dine, an _imne, a cyano, a nitro, an azido, a . :
sul t hks tgrm “therapeitjeallyietfectivesameugtt eof acampqund of ghis ipvention

s A ounfonr ey O R e 1S bf @¥inos pdil ROk B Mpendent
lanasen b tea thdwmeytoms ofredncer oraitldriproliferative br bther diseases in a host.
understood by those skilled in the art that
subst i tuents, .such _as heterocygelyl . .aryl | Kyl 1c.,
can t e HESINFERJhe teEs A Grisgt orr et rolifbraRyp gageptfpStudes, but
fg ?bfflﬁﬁlgté&ﬁc@gﬁ%&dn@iﬁb,' Bhs@litde ehlo¥AnBHERUEclophbsphaffd o8fAmide,

I's Invention
mechlorethamine, melphalan, thiotepa, cladribine, fluorouracil, floxuridine,

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

camptothecan, GS-211, JM 118, etoposide, teniposide, vinblastine, vincristine,
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means an anmount effective to inhibit the class of
enzynes known as cyclin-dependent 20 kinases or treat
the synptons of cancer or other proliferative or other
di seases in a host. As used herein, the term
"anti-cancer"” or "anti-proliferative" agent includes,
but is not limted to, altretam ne, busulfan,
vihbreltdud) pedciarbacine| aplragiphsoypegaspirpasef actredede, estramustine, and
mechl or et ham ne, nel phal an, thiotepa, cladribine,
YROORaci |, floxuridine, gentitabine, thioguanine,
pentostatin, nethotrexate, 6-mnercaptopurine,

cytarabi ne, 25 carnustine, |onustine, streptozotocin,

HapBeReahi T Rhatin, oxaliplatin, iproplatin,
1t etra eatlhn‘orrfﬂl]%ap atin, JM216, JMB35, fl udarabi ne,

am n é’l“%}%ilgl ?% ﬁentfﬂlﬂffsg ﬁitors 8? 1?1%1{1 jon | GHI %%Jnﬂﬁstered as
nmeges ace cyproterone ac PanoX| ,
tagaatntdantancer doi ptra]hﬂ‘etmve de othdedmmtd‘nbgs m)aneans that produces

di eth tilbestrol, edn sone, Ieo
ﬁtﬂi‘?@f"iﬁ"e ageat iish s ‘iﬁeﬂ‘% %‘8 %&ge bodyr fi5 apmmal.
T‘Eéy@&ﬂ e raﬁﬂl‘?msﬂefé%@éia??ﬁc@ﬂ@entﬁhzﬂqm’ﬁh BydilabROfor use in conjunction

pl i"canyci n, pac docet axel , topotecan,
with pbarewaeyticglsacitheo ag ndptiduah genapestio agem@s or in a combination of

t hecan, .GS-,21 .1, JM 118 ni Posi
GPBr e eeat: Teemica! featurts ot F ORENeR Aeschbld R asiow
RV&eBIRBRibN Y p?cﬁi%ﬁiéginﬁﬁé SomPRHRAS FRAEANE tha bhibdld fie,
estranustine, and hydroxyurea. iii. Dosage and
Renipistrationss istravenons Kirmulatiops terieal fkmmd@teonsmrabfomnbtmns and

s B sk G BB, P 8 b GRRLIBHL
prefefsbly hladpiifiguesaiwitl @ phaedacaiticahearfien seletedgfithe basﬁshof the
the agent's site of action in the body of a nanma

chossn ik Headminstintionendstandamhapgassetieal @Fﬁépc‘ﬁe%‘ﬂféble vehicles
BhoE Rufpdloplr i LribANNRRRBL, it Bopk Reminerans
B@Bﬂmemfcaf .ﬁc:anaem (Rémimizionfs Rifarmfceutienl Spatesc Maglk Publishing

he cheni cal me@ f the inhibitors described

RPRMK, é%tP’&v?a’ BPe sol ubility properties on the

conpounds, rendering themsuitable for admnistration

as I Ny bGP Hspeb O EH@ﬂr@eiehPHﬁenﬁdi’ﬁir@ﬁHeJ PatbedutieslBy acceptable
oral formul atl ons, ot hers as discussed in greater
@:emmsttwme weieh coimepyise arthmpmmlm effestize ampunicof opgor more

Bifif? e PR TRt & AftoRng HoVRBHRNERY pesther with
&ie A8 phhrmRick@tically deSdpBibiaE i £ LIUNDES Artiddr diluents. As

%éactl ce. Suitable vehicles —and their fornulation are
grhadiadetaildqielaythpplarmppeutial gosmesitions phthe present invention

may be specially formulated for administration in solid or liquid form, including those

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

or (4) intravaginally or intrarectally, for example, as a pessary, cream or foam. In
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Phar maceuti cal Sciences (Rem ngton's Pharnmaceuti cal

Sci ences. Mack Publishing Conpany, Easton, Pa., USA
1985). In another aspect, the present invention

provi des pharnmaceutically acceptable 20 conpositions

whi ch conprise a therapeutically effective anount of

one or nore conpounds of the subject invention, such
&stathegubodmmentatbe phazfnmmﬂcal Erdpdrage@tsheay bé ndn-pymeeroe, i.e., do

a utical table carriers (additives)
’ﬁ&f%’g‘e&f'?ﬁ%ﬁi@mpﬁ?“}%@g g‘bfé‘g in detail below, the
phar maceuti cal conpositions of the present invention

Yy  bweRRRCdg@hisYerh@isfetPdr@dubrdanRdSichi a8 sbdilrmIABuryDsulfate and
solid or Iiquid form including t hose 25 adapted for

mAgNESHM Soaralg; ag will as enloriegragents; release Agents CoatinEAgLBLS,

ches eo 0 e t
HERTIE ShERELR) B fE G BHSeT Rt oRY hnfibrigants can also be
Pasdneth thekcomppgitiomat i on to the tongue; (2) parenteral
adm ni stration, for exanple, by subcut aneous
|ntranrusc | ar |ntrav ous i njection, as
exanpF wmples pipharacsies F&?c@tr@a%ﬁlw mcl@éf (1) water
dAR1€ Qllltl(ﬁiﬁﬁgn;té: 24JHoR. as{I bice¥ einé'h &08{1@1@&3 s@dlﬂﬁﬂﬁmlfate
or spray applied to t skin? 30 or Intravagl nal l'y
sodivion trregabésail fitke) sodivinp suléixeaarnl tbc,a liks; (2) qnbsslab}y: antioxidantgrsuch as

LB 1A PR R b, B RO R o
l%blﬂﬁﬁtﬁoﬁﬁ%aﬁ%}’alf)mbﬁﬂé%leaﬁ th@ like{ dn%r(B) méél Ehél&mg agents,
agent s fiers and | ubficants, such as sodi um

mhlay bltlswamé,t@h:slmdlmgn tntiaapntictacis (RIS A)a soriipl, tagteric acid,

ri el ease agents, coating agents, 5
@m@i‘e’h@%@ 1531701? ng and perfum ng agents,
preservatives and anti oxi dants can also be present in
the cOnpdssage adiinisradilesof Qﬁulﬁaafa@mhﬂmglubyn known factors,
accept abl e antioxidants include: (1) water soluhble
acodypamigsharasisriphcs %&@”@%Féigﬁ’ét and 1ts mode and

%%@?ﬂ?‘&%@@? r2 8488 R ahd " Zight B igient o matur and

aitént ©F I:lwbiympamm'; abe kindtof pommbntﬁseaﬁﬁeﬁsdmrﬁmhency of treatment;

1%?1&% ﬁ&?t‘(ﬂdﬁ@%‘gy (5‘8541']9' cf&ggégq %ﬁn{lpsl?llﬁeg%ﬁm%hlyq %{pélzt%é ?0 be about

@b@f‘ﬁ‘) 4RGP PoUY Al lllg‘aﬂl‘é g@hﬁil&éxﬁﬁ of 808y Gv%)ghfr%lﬁl the preferred dose

chel ati ng agents, as citric aci
mlhg/aleweﬂlletmabeutt?@tmykgetl c acid (EDTA) sorbi tol,

tartaric acid, phosphoric acid, and the |ike. The

dosa m.ni st er ed i

upon g@ﬂ%%g f?lgla gmposﬁlons smtaﬁl%%ts admx\ﬁ%%tlgt? Qc?rﬂgh "Hbm about 1
mg 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 0.95% by weight
based on the total weight of the composition. The active ingredient can be administered
orally in solid dosage forms, such as capsules, tablets and powders, or in liquid dosage
forms, such as elixirs, syrups and suspensions. It can also be administered parenterally,

in sterile liquid dosage forms.

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

administration. The formulations may conveniently be presented in unit dosage form
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15 such as the pharmacodynam c characteristics of the
particul ar agent and its node and route of

adm ni stration; the age, health and wei ght of the
recipient; the nature and extent of the synptons; the

ki nd of concurrent treatnment; the frequency of

treatnent; and the effect desired. A daily dosage of
a]dtmaoebé prgpaed bpny methivds svefldmbwd in thetrt afputmady. ¢ amount

bout II| rans per .kil.ogram of bady wei ght, .
Wersgiant i £ b ForBiteg S HER Skt mareitabtg Pradife = singte
&R kd. &e 24 bn FHRMRESHdih &&U&ﬁ@%ﬂrﬁtﬁ&f de of
ad?ng.%{ost r“z{altl on cor?t allﬁg ?r%m about g)ﬁ ) to a ou(t: 10%0 °0
adgninistration. The amghaiiactvepingradient whnqh Qané@ezombmed with a carrier

T e N e K

Wiichpt@iites DsRPedit éfftrt. iGEnatal WEMGIV 08 hiulired percent, this amount

conposition. The active ingredient can be adm nj stered
will igpgg fromiahonlol peroers daakout sinety-nigg peregat f AgHYR iwgredient,

I
IR OB RO SRES b ab Tt RO et P ropE it 10
Eatennicsibenedl patcant eral ly, in sterile |liquid dosage
forms. Formul ati ons of the present invention include
t hos tab for oral topi cal..(inc i
buccaMeltings SmEpinEh e foRRYRlons frgPivapsitifg igptode 1 seep of
By ﬁfcﬁéssg\ﬁat?&m SirdpdimbiioPthe prB&nt ﬁfv@i&ﬁcﬁi WHR theBalrier and,
conveniently be presented in unit dosage form -43 and
Qrﬁljbnbléy pne pam@de angessayy matadistis. Wegenekal.ohn formudationg are prepared

S P BRTR o bt Rtbing o Bfopiafiah AZfARRRbEkrtbhent

ﬁvaﬁioa wn&pﬁepg@ chi®iets, Vi fihely AW deieRed Gaitibrd) e Bothhendwhed, if
being treated, the partl cul ar node of adm nistration.

rieessaiyp haping tha praduet. i ngr edi ent whi ch can be conbi ned
with a carrier 5 material to produce a single dosage
form i

pr odulscf:\éerlsﬂuzl:iﬁ@ﬁg nggﬁ?&?néﬁgﬁ %'I@%g%ga?fgﬁngﬁ é‘:E:Jylﬁlitbf-lo a))’l%' filthe
form af eapspies canchets,tills tebiesbzenged Qusmgmglavbradrbaaisommmy

ercent .to about ni y- ni percent of ac
e ard pacta qsrt@@é?eaﬁr)ypw@w 655°rp@rac5é>ﬁ+tﬂ°e1&raﬁaﬁnen5*°n in

Jr@atﬁ@&&ed}tm)n AkoRNiAuS, %E hyad 6 -3 br Water REoAuid Gnulsion,
t 30 perc t. 10 Mdt hods o preparing these

drows mulelikironsyrap, erasypastilies diuﬂmg m:inm:tebasd; euclt asrgetatln and glycerin,

t t th
FAVERET O BPE) EPGoL PR SuREes ang e Beaerip C5RERgS o
ﬁf@d&eﬁﬁﬁ&ﬁﬁﬁéﬁ(m lofgl "cﬁﬁllbﬁﬁﬁcﬁof the pﬂ:@&ﬁ lirﬂfeantlbﬂ @s an active ingredient.

formul ati ons are prepared
An inhibitor of the present invention may also be administered as a bolus, electuary or

paste.

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

and/or acacia; (3) humectants, such as glycerol; (4) disintegrating agents, such as agar-
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by uniformly and intimately bringing into association
an inhibitor of the present invention with liquid -
carriers, or finely divided solid carriers, or both,
and then, if 15 necessary, shaping the product.
Formul ati ons of the invention suitable for oral
admnistration may be in the form of capsul es,
a:@c,matcmm earbbaate, itdteos tapicra styels algimc agidaceaivsliexdes, and
Si s, %sual Ir{g giiucrose nd acacia or tr C tgg .
Farbopaie{n) salutios refar ‘ag%ﬁ“‘diu%ﬂ“ Hypag2 S%Sﬁ BRHe,
Y Fl@ﬂi’d@r@ Usick 'és érfl Oflllllqﬁ oﬁﬁdsaW)asﬂettmg a%ents such as, for

I n-wat er wat er-1 n- derruson
exangllé, xEtyl alpohglraup gl;@ero&mqmastearmee@)(ahmrh@ta rsuﬂn@rkaolm and

lg%i%’ig)c @j}l@ril a cﬁnd @ W?%%E’I rﬁ%é{eglsélg}: earate solid
PRI Qler@ols,@'oﬁﬂﬁi RHAY REat8 i HhixBfretheREE aHA @ugfcolonng

the presenf invention as an active |ngred|ent
agtmtSbIlt tbe case aflvapswlesstahlets andaills, dhe mwnmeyacaa@omposmons may

m.ni stered.as a
%5? ?cgn%rése b fcf'lgg ﬁggng% %%Hg %01%@55 H?{;%snoq';aosrnﬂﬁﬁll tSzpe ﬁély atbo be
afplonédis ﬁ‘lﬂér@ﬁl doreiRiHaes fille@ Eél@ﬁ@ capspiek bsing ductgeipients as
fomders ranul es and the |i , the active ingredient

agtopg QEEmilksugars #s welras mghemahavlﬁﬁwwm Relysthylsee gypelsppd the
%Jrlers such as sodiumcitrate or dicalcium

phosphate, and/or any of the following: (1) fillers or
extenders, such as starches, |actose, sucrose,

gl uc ertablaﬁnaljr be)tn,adabyl bmnp&isiibn pcmabding, opdynddiyrwigh ene or more

T O P S,
SAIMPbr BRIRG roﬂyﬁletﬁyf%@ﬁlﬁﬁ&)s Jubbieait, f-h%rt%ll’l@ﬁr Plesertdive,

di si nt egratl ng agents, such as agar- -44 agar, calcium

dlammgumt éfor pmmplc sodivna plarsbaglysodate br crabsylinked sadivan
ST o0 B0 B R D B A be

ﬁﬁ@@biﬁ hidldih § in £ S\ bRSM Sdheed m@fture&imlwpd%s?ﬁmmﬁ inoistened
% wetting ents, such as, for exanple, cetyl
: (]

@nélllel’hhﬂillé Belol nonostearate; (8) absorbents,
such as kaolln and 5 bentonite clay; (9) lubricants,

zgf Pd%é 5{’ %ﬂ g%‘g% o sé’é,eefggg?g{;‘nﬁ?? ?ﬁ‘xﬁcgﬂfc?g Eompositions of

mﬁdzrﬂbmi 1uvaﬁlohharchaﬁ drageek, cdmyleshitls hntggraa@}es;tnsay dp’monally be
the case of cap t abl et i1ls,

ul es, an th
mﬁ’ dgﬁﬁqrgdawﬁg 5 &S @p ﬁlgelﬁai}lcﬂ &E grgexag) Fﬁﬂtﬁng% and other coatings
R fkﬁ{)\g’g g%ﬂﬁ‘ﬁeﬁfanlg?ac%%éa@f&%m&ﬁirgtdrp "I’ﬁe?fna? a?éoﬂ?e' fBfmil¥féhs so as

may a oyed as ftil I n soft”and
toeprrdviide slosdorymintrolled igpsubfthe astivegnguedientthergn vsing fasexample,

hydroxypropylmethyl cellulose in varying proportions to provide the desired release

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

portion of the gastrointestinal tract, optionally, in a delayed manner. Examples of
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10 lactose or m |k sugars, as well as high nol ecul ar
wei ght pol yet hyl ene glycols and the 1like. A tablet
may be nmade by conpression or nolding, optionally with
one or nore accessory ingredients. Conpressed tablets
may be prepared using binder (for exanple, gelatin or
hydr oxypr opyl net hyl cel lul ose), lubricant, inert
eihbaddirig copippsitionavhicd, cahbedisad inchde potynidriorsubstanmes end waxes.
odium starch gl ycol ate or, cross-1jnked sodi um | .
Hivy ﬁ%&rﬁ@rmtcc@p |a§;r>3>§é151 migrQrangaRsHated Bemo aPPOPEE; Yigh one
. t : made by nolding in a
ggﬁgggﬁggiggﬁfﬁgggﬁﬁgfgﬁ gﬁgf t he powdered i nhi bitor
moi stened W th an inert liquid diluent. The tablets, _
and oligeid doshgeifotms fercoralmdmynisfratidneofgthe cermpends ehithe invention

cojmosjitions .of .. 20 t resent invention, sugh.as

i e Bt fpiy Sosp I i S, e DR Ronso RS, |,
Hperiots Smes 40 RS dn Wildifios eRthic AESveingreahal, Ithe liguié dosage
as enteric coatings and other coatings well kpnown in

fomas prexrcenteiuined slilues pemenonligisad n theimely suphps ofos exaseple, water
S . :

SR NSRS e S 5B, B UL soprops

slxehnd) hyl chsbdhansyghdictiart bytzyt slcbhdlgsshzirbevasate, pgopylene

proportions to prqvide . the desired rel ease 25 profile,

gyerlr Ladupnene ghied!; eibs(in parfigdlaneationiesds eTonndR s Ry g, olive,
ey e

PR ol eelthe ST el cE R, ety th  ARORG ool eh3 oAl LRl and

fatty acdassters oftportsitanr and mixtgresitherdod. i n t he f or m of

sterile solid conpositions which can be dissolved in

sterile.wat.er r so other sterile injectahl e nmedium

e Sy S PG 0 ST o 6l Tk g A eyt e as

RBkinSAgknty, cafiMifink ARPGsHHINE ABRR! SveafchinB ¥laberiky, caloring,

30 conposition that they rel ease the active

parfineiag end preperyative agsntspref erentially, in a certain

portion of the gastrointestinal tract, optionally, in

a del TN ﬁ}gﬁﬁgl £ .- ' : :

corrpogix fq%ns WE{ & g can kgggﬂcglfé’g lé}ﬁ%]l?%gsz%gg{é&ﬁgsre%mvemmn’ may

Sonisih sispendiag dganx &5 for ekamphe tihueylated isdicend alvaholal so

be in mcro-encapsulated form if appropriate, with .

BN TRe SoURIOF Rl SASUAER AT IR PBIALITH CHRose Ay
o) g1 e ' . nds

R e e B R

accept abl e enmul si ons, m croenul sions, sol utions,

sus peheiinoratjons pf thepharmacehiisal cempositienbdiftthoimvertianhfer rectal or

\%:g"irlla\f Gdministra fogrllﬁeiy lgehperesleln&lc)ll ag a%ggg&?tory, which may 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, polyethylene glycol, a
suppository wax or a salicylate, and which is solid at room temperature, but liquid at
body temperature and, therefore, will melt in the rectum or vaginal cavity and release

the active inhibitor.

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

formulations containing such carriers as are known in the art to be appropriate.
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forms may contain inert diluents commonly used in the
art, such as, for exanple, water or other solvents,

sol ubilizing agents and enulsifiers, such as ethyl

al cohol , isopropyl alcohol, ethyl carbonate, ethyl
acetate, benzyl al cohol, benzyl benzoate, propylene 10

gl ycol, 1,3-butylene glycol, oils (in particular,

cot t cDeeRd fomrmﬂdreubplcﬂmr trangiefiia] gdininietraticrasitaosongpotind of

esame 0il s rol, tetrahydrofuryl al cohol
%b?li}lé?r’rﬁ’;?lﬂé%“‘éq imf €3S, SPIFYS, {ORFIPIPE PAfIcS s TTERTES, g?tlons gels,
s}@tftﬁiél%ta%rtclﬁﬁe L Hﬁﬁsﬁgﬁd’tﬁ/@fco ?Sﬁﬁc{j § '09 ﬁ{l{(ed under sterile

conposi tions so I nc
coditions Msthsupﬂarmaceuwealty atge;aglda arrieg rant svifhyanygpresedvatives,

S endi n en|n flavoring, col ori ng,
H@feg%ﬁafﬂ%ﬁgg'ﬁw @F fayEedgent s. Suspensions, in
addition to the active inhi b| tor(s) of the present

i nVGnTh@ﬁnuﬂ&its pasBd, 3rdansuHA QBRI GBI, Sn A8ditibR ko an active
exan‘g et hoxy /Tated i sost earyl alcohol s,

penyl Rysserasa @hdmtgbrersprptﬂnmamhsa@rammdranéypgq@le fats, oils, waxes,

é;géntiﬁ% rs)fﬁgl?lt}'a Dénfit chl‘l“lgss‘ den@g'ﬁ%s tngl%ﬁ@ é&&&é' sqlﬁcones

mte, r-a ar tra acant

benesraes,. snlimc Enﬁd rwlcaahd eire cm‘idet bEmmstta;re@r&mdﬂ cal
conposi tions of the invention for rectal or vagi nal

adm njstratiopn may be presented. as a suppository, ., ,
Whl c P PREYeTs B SRERY 8 CHtRIN i3I IIHE afonpRepE E’Bﬁ’bﬁﬂ‘?ﬁ’@gwn’

r{ﬁ.l:‘i*ﬁs SURRER A8 e Wald sx‘%f‘c A8d, TRmBndH HyBRIxRe, calcium sfilicates and

irritating excipients or carriers-conprising, for
lmlwmﬂde powdenar bk tiees of f;hﬁlsq s;tHsSﬂhefrse Sprtays cdn additionally contain

B L RRPLT- e i prpfibervars o rinitid P fhued

I%Flﬁocaiﬁt%e{u‘éhﬁs bifahé aktBpropare. t he rectum or vagi nal
cavity and rel ease the act ive inhibitor. For rrul ations

of the present invention which are suitable fo

vagi nafansdegmplpaiehea hronthaadded adypatage @%ersmdir@scontrolled delivery
(% tund of s%ﬁ i%wﬁ?o%ttﬁ The lgootﬂfrrgu&{ dossgééa%ﬁms can be made by

oF fruat 1 ons PA i ng such carrréers as a
dibsvlving of d)lsbﬁsmg h dittibitdredf thekfresens ﬁg’enﬂicﬂf m’i&hé pfopéﬂhﬁedmm
opi cal or transder mal adminjstration C(?Fg t%
glagross e skin.

PrrosPUoR/EmRnGsES Farcalane %Me}@reagﬁhafgm of
‘f’ﬁeﬁ& of suCir filX can B b&lﬂf@lle@% 2 ﬁbt}ﬁin% %hg—ﬂﬁﬁg ¥rbrane

al ants. active conp
atdspereng therrdipoond ofithe preaemhavemuoe ma pa]lthcr amtreporgdl.e
carrier, and with any preservatives 5 buffers, or

PT OpG&ﬁﬂ%fmiE‘i‘éﬂ‘ulﬁ%s be%re ro?nqmcnts powders, solutions and the like, are

also contemplated as being within the scope of this invention.

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

isotonic with the blood of the intended recipient or suspending or thickening agents.
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The oi ntnents, pastes, creans and gels may contain, in
addition to an active prenyltransferase inhibitor,

exci pients, such as animal and vegetable fats, oils,

waxes, paraffins, starch, tragacanth, cellul ose
derivatives, polyethylene glycols, silicones,

bentonites, silicic acid, talc and zinc oxide, or

m Xt UEesnplbeofsuftabld @qﬁknmd and namedusqusapariccawhivhmiay b employed
in addition to a co un this ipvention,

Bty phasmaceutigalFomposity Bgé&eﬂ%‘f@é“"% inchideovais gfhanol, polyols
LRI PP e 25206 pUITyleE 2R, 30 hofle) A Sitcblc
mddurtes theaddfyvegebli ails, sebtas nﬁvg/omrampl ahjectabls ormuhesws such as

g}lﬁl(r) :}%{ﬁ ot m@gfﬁc A %%ﬂ%m\é )b%ﬁg,sbyltgle use ofe coating
thaRABKES R las RRIBRESBY n@\aﬁalhiéﬁa@édﬁ@h@é&[@?émlaé size in the case

prOV|d|ng controlfed delivery of a conmpound of the
pfrdispergionsn erchby the use of sisfastadis. Such dosage forns can
be nmade by dissolving or dispersing an inhibitor of

the ?essg %:mhﬁé’iﬁ@ﬁs' ﬁﬁ‘y 5190 Ecﬂﬁaﬂﬂ aﬁfh%t%@ﬁéﬁjﬁ rpgeservatlv?iﬁ é;vetting

Absor ption enhancers can O be use Fease
dgdetits, aﬁulsifgmgragmtaambdspérbmg algéms. Prdeatiombethefactiarcof

flux can be controlled b elther providing.a rat )
BEFOTEMNFRY MR P caMEeDbY Yie 1BFIupen of Fayiau égaleﬂﬁmﬁ and,gntifungal
%%ﬁtspfo‘?%ﬁ% % dnOBnibfbbatans], ?SHS{OI BEbid d&l Wgn@ 8le like. It may

thalmc attons, eye of ntnents,
aled b demirablana irchedel 1sd¢emc agmts ahdnamgmmudm dhlaside, and the

ein thin the sco of t venti on. -
i GomBat b S JoR o ereirnge FEShGehf A ieRtebls o
HimASHERAIEHAh ma@‘ii@ﬁ%@%}ﬁ abhi By SRORE ISR OTag&its (HAf @elay
i nhibitors of thé inv ion in"conbination with

drserpsion sucheasgiaminmioemoneséarste avd gglatibl e steril e
i sot oni ¢ aqueous or nonaqueous sol utions, dispersions,

2P B WPl P B RS Al

QHsE6IE 36 6166/ thel Sbsopstic oftte Wihithitorofhsuliitan&s bairamuscular
antioxidants, buffers, bacteriostats, sol utes, which
nggstien. Themey bgareamplished Ry thsiise ot‘«ﬁ ilﬂmflwesnﬁpaea of erygtatline or

At BROEA RS e flor SRR SObHAY. OfnclHe S SBUAOHI AARTLS inbibitor

I'e "aqueous an nonaqueo
than degends ujmmins rapeyofhdisseiqiionyedch, iim turhem ghdeprad epon c:az’stal size

Wﬁ %ﬁl ]}ééelljrgq 15’81&?@%15}9&&%8&&%& oga tyge;rsptemtlly agmlﬂlstered
Ralorek Mnelg %c&ixﬂﬂ%hg% 9%" ﬂls.tnfl@mh'olf SuspeRdiflg d ﬂ]HllBitSr in an oil

m Xt ures thereof e oifls, such as olive oil,
waldcle.nj ect abl e organic esters, such as

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

compatible with body tissue.
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5 ethyl oleate. Proper fluidity can be maintained, for
exanpl e, by the use of coating materials, such as

| ecithin, by the mai ntenance of the required particle

size in the case of dispersions, and by the use of
surfactants. These conpositions may al so contain

adj uvants such as preservatives, wetting agents,

enul sWheh i copepriuadaofithe psgsentanveytiag are almiRistevahds on

f the action_of 10 njcrooygani sms nmay be ensured by
R ARRUEUS R BImapS AL AUmal: PB4 ERLPS SV AE SEAF P ingal
AOeRbSoutit A cofpBSIRLE coMBmARE Por BBIOBY1t899!50, BRER Yreferably,
sorbic acid, and the like.” It may also be desirable
9.5 t¢ AeYo) dbadtivetingredicrtgn sombiration with asphgemaceutieallyaeceptable
chl.oride, and the like into the conpositions. In

tion, prolonged absorption of the injectable

pharmaceutical form nay be brought about by the

i ncl UShoprepirafi@@rifihé prebend ahaltion Magbe ghrhiondllis panfelly,

al umi num nonost earate and gelatin. In sone cases, in
topisally s restlho dgey A afisentsp given by fomagquitgblefor each
R Rk . P51 cEEE AR ok B el ARRRL B CoiPorm, by
injgction,iinkmlatidn, sysidyiohsinteanpipsdsacrypyict ddministratidn By injection,
I'i.qui d suspensi on of crystalline or nor phous L
RbIAR of R Qi byt < SiBIePF @93 reril By vpagitories. Oral
Qﬁﬁﬁkgﬁﬁ&pmgﬁaﬁﬁgdinhibitor 20 then depends upon its

rate of dissolution which, in turn, may depend upon
crystal size and crystalline form Alternatively,

del ayEle phygses Jparentersl admjnasteation’ and (adoudmisteredinarengerally” as used
i nhibitor farmis, acc | i shed. b i ssolvin [ o . .
W Endifh rofreo] S fBEon GG g eleGlfhd |opaPhaministation,
st BE bakjectidapatd helfss, MitolEliaition aitflvetbus, intramuscular,
m croencapsul ed matrices of the, 25 subject inhibitors

infragicsiabdntzaibenab infmoppatlar, Bitreprbial, intracardiac, intradermal,

J i de- COhli ' O i

G RSN e CRBU A Db el Akl
subbankrioid, dnpaspyied and fierastainal dicctibhgnd fifedisie can be
control | ed. Exanpl es of other biodegradable polyners

i ncl ude pol rthoesters) and pql y(anhydri des), t .

i nj ect? oS, ST &E@l _%FFBélOHP g aﬁfﬁﬂrgﬁéeéayqs ?caﬁ)?»pqpenpheral
3 H r & | , e P
AP AABEI0 00 4 AORAT 2 SSRGS

efongampetisd odrug beotieesetetial otherthamdirently intdrthecettal servass
BRETISG bR bers!Re BHRPS SRR 20 TlsSis sy S Heckbotom and

other like processes, for example, subcutaneous administration.

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

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

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

be manufactured as sustained release products to provide for continuous release of
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phar maceuti cal conposition containing, for exanple,

0.1 to 99.5% (nore preferably, 0.5 to 90% of active

i ngredient in conbination with a pharmaceutically
acceptable 5 carrier. The preparations of the present

i nvention may be given orally, parenterally,

topically, or rectally. They are of course given by
medinuicmmteab periédof karh Compressed tabluts can trecsuger-cdapad or film-

ex | e ar.e ad nlst red in tahlets capsul e
SOST Bopsk agY wibiEeAnl il andpieet sy Bl Sl he SRRRHASTe, or
SHEROS aié?lrﬁﬂr séldGive %iyiﬂtggrﬁﬁé@iﬂ tﬁé‘ g@étrdlﬂtbﬁﬁlbl @4bt. Sdhid

i nfusion or inhalation; topical | oti on or oi ntment;

emmapasisioma of byingilas tpsi areplse smptgyad as ftlensin soft and krdifilled gelatin

e e R e

welles hrgh n&ﬂmlmarawlgﬁtlp@lyeﬂtymﬁfe dlicdls. ehpreferted doenilaiirciala

adm nistration, , usually by injection, and includes,
sRlUtiRA AT sEsRensian i an ofl rfpf mag livg oil,MViallygr4rapmud, in a soft

#@%t[rgcgaﬁjglﬁ[: ﬁhﬂoﬂx{l‘z&g 3 ar Iﬁgéddéd% &;géé/gﬁtsnlgb?-rterm degradation as

appropmised.i t oneal , transtracheal, subcutaneous,
subcuticul ar, i ntraarti cul are, subcapsul ar,
and. i ntrasternal

Subar el i d L 2o AUt Al 0 Navoring

toqg%ﬁe%ﬁélﬁcﬁcéé{ﬁ&ﬁ@ Iﬁ?ehé’ml wal&! 4 E*\h?abﬂal oil, saline, ethanol aqueous
adm ni stration” ni sStered peripherally”

@msmégimone)nmhredaﬁeﬂ sumr silationst glyeols swrhots paonxl»frmglml or
r_other nate

LY B PG apeh i el ot 2Pl Bl € Ppol M soluions.

patient's systemand, thus, is subject to netabolism

and PBdritraventsés RiMiRRHAE6N, cofbotidiniiictosed dbsw mmebei formulated
adm ni stration. Regard|ess_ of the raoute of
aciniterils selutipn af el vemgradirat.oitker inrisdreesr salt &amuin | n

él@ﬁm%’gﬁéag jahff@f#k%l}}g%té?es ?ﬁt%@gs&é&ﬁ&lﬂqﬁuﬁx%ﬁta‘% Ringer's

arnaceu conpositions
labtatep vesthet glumse ot dentrosa lselufloms)uhmbedsednf desired, provided that the

8 et popian dnet RO RO ENOS BF BRLC Reifgsy. fripaygnous
&frﬁmlsﬁ:‘%&{ beﬁl bARgt ﬁﬁoxfé?lrﬂo%sﬂ @ﬁéﬂéﬁabl)n&rv@ﬂl s per day),

wder e carrlers, such ose, starch
omzhrumgb sentitgony itfusies pvmgmetamadpsmedaoﬁtumﬁ Tatalgreferred dosages

id d the Ij Si dj t b t .
fokobtus Sfiog s vty Vet pybelanliFily, SefinicpL s Pt phsica
&hdRPITBNSERREN, Uh &P waBuRMA %@@tﬁd&ﬁh&ﬂﬁ 5 PRI ff fooliP250 mg/kg.

provi de for continuous release of -

Solutions for parenteral administration preferably contain a water-soluble salt of
the active ingredient, suitable stabilizing agents, and if necessary, buffer substances.
Antioxidizing agents such as sodium bisulfite, sodium sulfite, or ascorbic acid, either
alone or combined, are suitable stabilizing agents. Also used are citric acid and its salts,
and sodium EDTA. In addition, parenteral solutions can contain preservatives, such as
benzalkonium chloride, methyl- or propyl-paraben, and chlorobutanol. Suitable
pharmaceutical carriers are described in Remington's Pharmaceutical Sciences, 18T ed.,
Mack Publishing Company, Easton, PA, 1990, a standard reference text in this field,

the disclosure of which is hereby incorporated by reference.
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medi cati on over a period of hours. Conpressed tablets
can be sugar-coated or film coated to mask any

unpl easant taste and protect the tablet fromthe

at nosphere, or enteric coated for selective
disintegration in the gastrointestinal tract. Solid
conpositions of a simlar type are also enpl oyed as
fillers in soft and hard-filled gelatin 5 capsul es;
preferred materials in this connection also include
ivaThaapewdic Applicattatgar as well as hi gh nol ecul ar

wei ght pol yethyl ene glycols. A preferred formulation

is a Dﬁ@kdlﬂhb(ke %le S0641E 16 iy repillatith 6f dellufad protiferdibiein general,
or Capnul, in a soft . gelatin

olive oil y
thy ﬁgweundmlscge@ﬁ ¢ hpren way a@éts seisesible syiortatie agents which may be
4306134 SR ARALA SR s pRRREARHH Ifbeurt et ellular
proliferative, sucd dslhapeproliferative dmeasesamlmng earfcer, benign prostate
acceptance. .| n general, ter, su tabl e oil, sali
Hﬁ?ﬁla fapgilied adenogesast sy brogytpsisepsoriags, fungal
I

ﬁl Bni %pggﬁgﬁe%rylgg{ gﬁ%r&o%ugg%ﬁ%ﬁg B%ihlgggmgirag@ boRkl disease,

ansphbt Ejection, wseuliramaquéh HmscElc atll pmlhdi@ratmrsass@jated with

travenaus adm.ni stratio i scl.osed .abov .
B Bcéerpwraﬁpaﬁ%a bl Sty Bowehy Rt s, EigegHO B s Festenosis
Atlbivy lﬁ&t vasSulhh\/F ér? alfd%tﬁér%stosrurgaﬂtste‘newhna n
physi o oglca fer or s erile waté

Beigaesis dee.donexanpery SePatentdiosd é,l(lé,@éﬁ and 6 R0RGeP s

| actate, or other glucose or dextrose sol utions) can

be UShl LdmBstiil 8ot P ER%rd BidloteB T bé BBl ift WiAherapy of

cont en cause un eve
poliftostihg. orlhypér@wﬂffauﬁve didedses Siichab catter, antoﬁxﬁnmne Idﬁseases viral
éhrou bolus I njectiagn (preferab several, ti nes per
gk disepsey; gRuTedegenaiabye disprdsts ag cgyaipvageular disease.

sust ai ned period of tinme. Total preferred dosages for

bol us r
Sopes i ARSI Bl IRUCKAI e BB BN o woatmens of

geareatybf caneng, ncludingsbual dop lindteddo) the fielltvdng: c@&:m:gﬁkgncludmg

P bladiero g Socuidred v in EIRIRE Styellspk tung ancer,

&ophiddis, atHINRiek, WaBH pBitreasSstbinadl, @eiia Hhyrbid, gﬂlstate, and skin,

agents, and if necessary, buf f er substances.
inatuding sqpamens @@laat@n@ummemtqp@m rwppesf fymphoid facags

SR SR B i IR s B o pRT R B, B
BéiphomadTided Igaplidina, Fulgkie tyrtiphdehil Aon{Hodglihs 1yraphoma, hairy
par enteral solutions can contaln preservati ves such

eedl lypphomp s Burkeths bmm@manh@rn@tppo@c sy pf paplekklineage,
L e T
f8ttyeldytic leukemia; tumors of mesenchymal origin, including fibrosarcoma and
rhabdomyosarcoma; tumors of the central and peripheral nervous system, including
astrocytoma, neuroblastoma, glioma, and schwannomas; and other tumors, including
melanoma, seminoma, teratocarcinoma, osteosarcoma, xenoderoma pigmentosum,

keratoctanthoma, thyroid follicular cancer, and Kaposi's sarcoma.
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standard reference text in this field, the disclosure

of which is hereby incorporated by reference. -50 iv.

Ther apeutic Applications Due to the key role of cdks

in the regulation of cellular proliferation in

general, the conpounds disclosed herein may act as

r ever €bmmpeundstdisicsed beminanbyp alabbe hsefalinlke tréatmsetf ofl Aleheimer's

h%a? S Rl iy B fesPritiin Bat o s M ofiaa i e phSSphorytation

?EHtéih'(f %aéﬂe\&? 1@'73%3‘%9(1995)5[1‘1' ng cancer, benign
prostate yperplasia, famlial ‘adenonatosis

pol yposi's, neurofibromatosis, psoriasis, fungal
i nf ecEpmReundsiiissiased berehomry indyprer inbIbH; @OB’@QMS The apoptotlc

f. bowel
RS e AR/ R bR o B0 i, o
madoiaiond elthpopiosis ! Wilbbdradenisl¢h eeadatmed o cinket fncluding but not
I;)ul monary fibrosis, arthritis, gl onerul onephr| tis,

e HLdPss tyPe NBHiaTgd rgimse v yiral infoetans ((aeludinedayt ot

PRIy B0R, QU LS Epak RBa Sl Spd B AR us).
ﬂ'ﬂeeemmrrmf WS ctbvsbbnmadnlfﬂ?\/buﬁemcbmdwmmls dutboninene diseases

t h f, lif t
W50t b acd Tiifefad B mic B, emeatosis dioimpge meed
HofRAIESephHtis, Fheuntatofdl #BRHS ot %ﬂﬁhﬁ%ﬁ?ﬁowd disease, and
neurodegeneratlve di sorders ‘and car di ovascul ar
ditsisumene dishetesspeltis), amhitogeganemtivo disoudeds(intileding bathot limited

fu t t t f f ..

SAEAPLREF (ErEe NPT EUREASRERRR Panhon af@ice iyfironpic
ot &lisBR PR, tdﬂﬁﬁtitcﬂlgﬁentb&@fsmﬁﬁ] thii®uitk a8y anldr Resbellar

col on, kidney, liver, lung, including small cell lung
MB@ﬁtlon)emphégmasng syndrpmas aplastioanamyia, ipehemiemdury associated

ﬁg&;ﬁard‘fag rlﬁ/uflg%gusy %&191%6: ag: Prrg i rraO% H_@lﬁﬂtag‘lglb{ﬁg?la atherosclerosis,

foum;maucb‘d drwmhm @ldted g discades, Henthtdlggic sluliase, (intuding but
ynphocytic | eukem a, acut e. | ynmphobl asti c | eukem a,

@tdlémted tp phiomimanemia ard #plasjicshemie), dsgaraeative digasspscfhe
AP T B 1R o NIRRT i) spivn

$ensitiag ehinosimehtisd cystic dibudsts, andtiglh sdmoslsnhdhqualmses and cancer
| eukem as, nyel odyspl astic syndrone, and 25

M%nyel ocytic | eukemi a; tunors of mesenchymal origin,

i ncluding fibrosarcoma and rhabdonyosarcoma; tunors

of t heomBoind!didied REreH) 88 BhitiREVEG e SHE! 84 modulate the level of
[ ncI udi n astrocyt ong, neur obl ast ona, gl i omm, and

d DA smth@sns Thessragents mu@;uthn@fore be useful in the
treatment of viral infections (including but not limited to HIV, human papilloma virus,

herpesvirus, poxvirus, Epstein-Barr virus, Sindbis virus, and adenovirus).

Compounds disclosed herein may also be useful in the chemoprevention of
cancer. Chemoprevention is defined as inhibiting the development of invasive cancer
by either blocking the initiating mutagenic event or by blocking the progression of pre-

malignant cells that have already suffered an insult or inhibiting tumor relapse.
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mel anoma, sem nomm, teratocarci noma, 0steosarcons,
xenoder oma pi gnentosum  kerat oct ant homa, thyroid
follicular cancer, and Kaposi's sarconma. -51 Conpounds
di scl osed herein may al so be useful in the treatnent
of Alzheimer's disease, as suggested by the recent
finding that cdk5 is involved in the phosphoryl ation
of t aﬂompomuisrdi:@osaﬂ berearmayl 4l¥0 b 4defTlaf iiHiBRIRE fumor

ounds Iosed herein may induce or inhibit
%n%e%ﬁl%an a8l3¥¥t otic 5 response is aberrant in a
vari ety of hurmn di seases. Conpounds described herein,
as b aiuRls diglose® RS sy aldb bt ePPldiee inHheipheviehion of hair
treatman of cancer (including but not I|imted to
lonviet erginasibneasompawias meng iradibonal chewptharaprwticaiegineans. For

I {

et ¥ Gk b or cat Mbor Ry 66 BT 0 PERfirbtSn of et
nreiebilicts, hbrebl Dfartipvabm o httack byl deiitotbictagent that targets
|nd|V|duaIs aut ol nmune di seases 10 (i ncluding but not
prokfaraing el §yst em c | upus, erythematosus, autoi nmmune
medi ated gl omerul onephritis, rheumatoid arthritis,
psori f
20 | €5hpoutdyd SIB AEIOAP SS9 of T Rinass,
¢.gnptateln kipabeC, her®, tiaf i MEK 1, MAPRKisiass, BGF ecepton REGF receptor,

- 1 el d t P
(e PpR LY inge pie C ioe Su &b Al PR e SFgptiyed th geatment
StdiSabesRdSTidtad wﬁhroq&wrcﬁaﬁ kpgkgbel lar 15 _
degeneration), myel odysplastic syndrones, aplastic

anem a, ischem c injury associated wth nyocardi al
i nf ar The eampounds efdisinventopanay asabe nseielriy combination

ks foadhet R SRR AR it i PHE el Bl Gk s
faidiacibil thengh yhottwitlnoftodtatis dragtdtoxic hgﬁﬂs @u&nmﬁoaemlable but not

apl asti c_anem a), degenerative djseases of th
hpiged; top S1NBA @ttsqw%xﬁs%g@m sush ag aisw@tlwf d%tmbl% tapgispgrerase 11

BrBRO 51% Iﬂ%@b}%b@&a@f)ﬂnﬂ ulﬁﬁ%b VA or topotecan,
|n03|nu3| Vst Fosi s tiple sclerosi
ﬂubdhuemteia&tamnﬂr@champmhta:qehldocetéjwrpotlwchpotlnlsnés;hednonal
her ei n, nhi.hitqQrs .of the cdks, .can
RO Sish 35 T o R NGRS L RSP i P b pRell and
Wh@tabﬁ%? [ adRethofErtte. TH sﬁ&lﬁ:orﬁﬁlﬁe?ddﬁﬁ the @dmyburds and
I nf ectlons(lncumg but not limted to HV, human

f@a:pulatlgmaoﬁ/thc pg:selgsnmnpa gmyrhgpslseifgb ﬁmtheu}g-eventlon ot reduction of
el n- arr Vit de Vi us enov r
Rt e gty Bt e it Wireq Bitn FERRGIO- cHepperapy
chenopreventi on of
If formulated as a fixed dose, such combination products employ the

compounds of this invention within the dosage range described below and the other
pharmaceutically active agent or treatment within its approved dosage range. For
example, the cdc2 inhibitor olomucine has been found to act synergistically with
known cytotoxic agents in inducing apoptosis (/. Cell Sci., 108, 2897 (1995)).
Compounds described herein may also be administered sequentially with known
anticancer or cytotoxic agents when a combination formulation is inappropriate. The
invention is not limited in the sequence of administration; compounds described herein

may be administered either prior to or after administration of the known anticancer or
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cancer. Chenoprevention is defined as inhibiting the
devel opnent of invasive cancer by either bl ocking the
initiating nmutagenic event or by bl ocking the
progression of pre- malignant cells that have already
suffered an insult or inhibiting tunor relapse. -52
Conpounds di scl osed herein may al so be useful in
cytbtoRictagent. Foneampdd) glnme«stexlcsacavndy ofthe syaii-dependent kinase

ounds d| cl.osed herein enpl.oyed. i n.the
PO (S TR0l ecte b e s egPeip LB O R Amcancer
AR, tﬁﬁ&@rt}éegé}{:}l;h oheapifighgpeut i c regi mens. For 5

exarrp e, a CDK 1nhibitor of the invention nay be used

to inhibit proliferation of cells in hair follicles,

t hereby sparing themfromattack by a cytotoxic agent
viinthearsget s proliferating cells. Conpounds disclosed
herein may al so act as inhibitors of other protein

ki nas®B¢ cormpannds pf thieqiresehi inaseiod,cah be Rynthesizedl usivighthe methods

deserbed I S RHRET sharicgreads ITgMg! i b otk pfPHlggc organic
S}?enﬁgtﬁe Ok b¥Satidhs ttlth?e(&d’ aesgagﬂfe@fatecﬂfy tﬂb&eﬁﬁfeﬁ 1ﬂ$ﬁé’a§i{ 3 fdrred

other protein kina The conpounds of th
mntheds inghudeplyut atsmtﬂemt@dmﬂlommethmm dracriled below Each of the

d t t tiall th k
P ShET S SO ARL bR R e oo
with cytostatic or cytotoxic agents, such as for

exanpKey nhetﬁnddiﬁtes]iﬁe;]barﬁigttﬁéicd outid\of PéRnAL LI €Il and certain
tgents such _as cisplatin or xor ubi ¢i n;
14

pofcsenfEnas eistlosadrierein. a5 pyragele graronitrigsdLapinocarboxamides
P Qﬁft'i ﬁﬂ%e@t% ]IG’ 'T'ih'é' pé faPitfon Y %s@ﬁlt%% dilaielj;c as gléecedence in the

t Gpot ecan; teractlng agen
¢imeeicdl avt&hturej ané tsabeedl nwthddRarepoimatizedds Schamesoh §A. O.

RRibRig ol s dokeaeoonch oo i1 0gfy B € heng anar .
Ralt)lhs 'ygtﬁ'g Qt'hetn? S1955 ugh 1850 el Sﬁﬁﬁﬁft &nd ]t DREE Helv. Chem. Acta

mbi nat i he” conmpounds and formul ati ons of the
lﬁﬁs éﬂ,t9&6r)v8¢ﬁ alrmeu;nage eUaiefquezfemcytm Chpmnelf 231776y and PCT

%lﬁ‘p% S+ P S35 od ) P EhE s hias gy O giting

Rirahé! a&d aldehgdds ef@ eloxﬂﬂéﬁnawwaﬂmm aﬁﬁaﬂeﬁr@& b$ tandard

oyt ecorrpounso his invention with

@r@@@géranefngnatd:mg cThdm@smbm\mamjuseﬂévem emdlcates an aryl ring,
E85 DS b EBh Y BEl S RPER S a SRl Y bRl of

Forfiuda 1. aa'onqidlmlim%ﬂle%rhﬁﬁa bearldcnestepared by treating PrCOC1 with
synergi sti ca t

¥I I\%y_ in the presence of base, treating the resulting compound with PCls, and
reacting the product with ArNHNH,;.
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known cytotoxic agents in inducing apoptosis (J. Cell
Sci., 108, 2897 (1995)). Conpounds described herein
may al so be adm ni stered sequentially with known

anti cancer or cytotoxic agents when a conbi nation
fornmulation is inappropriate. The invention is not
limted in the sequence of adm ni stration; conpounds
Selmare Aed herein 30 maybe administered either prior to
or after adm nistration of the known anticancer or

-53 cytotoxic agent. For exanple, the cytotgXi
activity of the cyclin-dependent kinase i
flavopiridol is affectepRunithe sequeri®&o
adm nistration with anﬁjp@a{;ﬁ&ﬁccm@g&nt S.
Research, 57, 33fHA 1997 —5v—Synthesis T
corrpounds of the presealbaserwtmﬁzcomzcan nt hewi zed
usi ng the ods escri bed bel ow, toge her "W

synt het nlmldeWn in the art of synthetilc
or gani c3 kﬁ 0

variations there as Ar
appr eci ate by those ski | M int €T apfaeiqd Bueker r ed
met hods include, but ar& not 't et aydrdiRRSE net hods
descri bed bel ow. Each of th eferences cited bel ow
I's hereby incorporated he bynr ef erence. Key
i nternmedi ates preparing®the ﬁﬁounds of Formula I,
la, Ill and certain other corfpounds disclosed herein,
are pyrazole aminonitrileg H, aam nocarboxam des |11,
and am noesters |IV. The preparation of these
i nternmedi ates has precedence in the chem cal
literature, and several nethods are summarized in

A (A O 15 Abdelham d, et al., J. Heterocycl.
Chem 1984, 21, 1049), B (C. C Cheng and R K
Robins, J. O g. Chem 1956, 21, 1240.), C (& Schm dt
and J. Druey, Helv. Chem Acta 1956, 39,
al so Tom naga et al., J Heterocycl. Chd
775, and PCT Appli cafyixgRsndeg,col, 00/ 21926 and
99/54308. A W.EEORAS |_et_)L_o.f_s.t_a.r_t_|_rig hydr aZi n
al dehydes are conmer chaktmnegvai |l able or ¢ N
prepared by standakd 20 organic transfehnati . The
substituent Ar, as Nsed below, indicates an aryl ring,
substltut)egdgcgg mto or to be cony rted 0 al
correspo:r)ohrlﬂllgNI@ry sulst iNCut ent  ofpr .
Compounds of Fornul a | \can \al so Ae eﬁﬁgu
treating PrCOCl with CH2( { N re ence of
base, treating the resulti conpound with PCls, and
reacting the product &N

II Ar

Scheme C

RO i-Pr

1) ACzO, NCCH2COZR
i-PrC(OR), » / \
2) ArNHNH,
HzN /
N
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-54 Schemre A0 1) ArNHNH2 H2N i -Pr  2)

N- br onmosucci nim de i-PrCHO 3) base, NCCH2CONH2 H2N N

1) ArNHNH2 N 2) N-bronmosuccinimde | 111 3) base,

NCCH2CN NC Ar i-Pr acid or base hydrolysis H2N 7N N

Il Ar Scheme BO H2Ni-Pr 1) Ac20, NCCH2CONH2
i-PrC(OR)3 2) ArNHNH2 N H2N N 1) Ac20, NCCH2CN Ir

1l 2) Ac H2 NCi-Pr acid or base hydrolysis N H2N

N 5 Ammihdnitriles IT can be converted to pyrazolo[3,4-d]pyrimidines of the present

invention as shown in Scheme D. In summary, the aminocarboxamide is acylated,
optionally in the presence of a suitable solvent, such as dichloromethane, by treatment
with a suitable base, such as triethylamine, followed by an acid halide of the formula
ArCH,COX, preferably an acid chloride to give carboxamidonitriles V. Alternately
carboxamidonitriles V can be prepared by coupling aminonitriles IT with carboxylic
acids of the general formula ArCH,CO;H in the presence of a suitable base and
coupling reagent in a suitable solvent. The coupling of amines and carboxylic acids has
been reviewed (Klausnew and Bodansky, Synthesis 1972, 453-463), and the variety of
reagents available for effecting it can be appreciated by those skilled in the art.

Scheme D

NC iPr NG, -Pr

/ \ base, ArCH,COCI / | ROMEO,

N - N
HN v~ OrAICH,COH+  ArCHCON 2 ol
! coupling agent

Formula I

>—=Z

II v

Transformation of carboxamidonitriles V to the compounds of the present
invention can be accomplished by treatment with an excess of hydrogen peroxide in the
presence of a suitable base, preferably a metal hydroxide or alkoxide base in a solvent,
preferably water, an alcohol, or a water-alcohol mixture at a temperature in the range of

about 0 °C up to 100 °C.

Alternatively, carboxamidonitriles V can be transformed to the compounds of
the present invention by heating, preferably for about an hour in concentrated, strong
acid, preferably 85% H;PQ,. Scheme E shows an alternative means for preparing the
compounds of the present invention. Amino carboximides III in a suitable solvent,
preferably a lower alkanol, are treated with an excess of an ester of the formula
ArCH,CO:R, where R is, for example, lower alkyl, and an excess of a base, preferably
a metal lower alkoxide, preferably at the boiling point of the solvent, to give
compounds of the present invention. Many arylacetic esters are commercially available

or can be prepared in one step from commercially available arylacetic acids by
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Scheme C 0 RO 1-Pr 1) Ac20, NCCH2COZ2R i-PrC(OR) 3 2)
ArNHNH2 HZN N IV Ir -55 Amnonitriles Il can be
converted to pyrazol o[ 3,4-d] pyri m di nes of the present
i nvention as shown in Scheme D. In summary, the

am nocar boxam de is acylated, optionally in the
presence of a suitable solvent, such as

ehterificatiomwithanexcesy of e alcakelt ROHyprdferablyt refhixewigasthyl or
such. as triethylam ne,. f.ollowed by an.aci al i.de of
BHEY) BPobitaieetbe 0uaRR in RareliEes oP i etunt R s or -
VOB, AREMRNEN, O bﬁi\lﬁ Raght sttt &/DETaM be used, Freferably ina
car boxam donitril es can be prepared by coupling

sy ond anchras (.G 1, with scatalygoush acDMR.ds of the general
formula ArCH2CO2H in the presence of a suitable base
§<ﬁﬂ: aq@upl ing reagent in a suitable solvent. The
coupling of am nes and carboxylic acids has 10 been
revi ewed (Kpausnew and Bodansky, Synthesis 1972,

453- 463) , nd the variety of reagents available for
ef f ectiNmg={t can ipe appreci ated by those skilled in
the art. cheme” D NG, 1-Pr NC i-Pr be, ArCH20001 ROM

H202 10 Forl H2N-NON-orAr SH2@Golda #+ Ar CHRCON N N/
or It Il l 1 ng agegO,RY Ar Ar 15 Transformation
of carBdxamgefiitriles V to the conmpounds of the
present invention can be acconplished by treatnent

with an éfcess of hydrogen peroxide in the presence
of a suitable base, preferably a netal hydroxide or

a1 conerenviRele idofpag by BppregBy oot Mt R 2

hriyl deB@nitAlRE.6wiEh in turn may be prepared by treatment of aryl halides with CN-,
preferably in solvents such as DMF, MeOH, EtOH, water, DMSQ, or mixtures thereof.
Further examples of arylacetic esters may be prepared from aryl carboxylic acids under
Arndt-Eistert (Meier and Zeller, Angew. Chem. Int. Ed. Engl. 1975, 14, 32) or related

homologation conditions.

Aminoesters of the formula IV can be converted to compounds of the present

invention by reaction with an excess of a nitrile of the formula ArCH,CN and sodium.

Scheme F
o)
RO i-Pr
sodium
/ \ » Formulal
N P ArCH,CN
N
v ,L

This reaction is preferably performed neat with heating,

Pyrazolo[3,4-d]pyrimidinones may be further elaborated as described below to

give additional compounds of the present invention. Electrophilic aromatic substitution

20 reactions can be performed on the Ar group to introduce substituents. Such reactions

-57-



10

15

20

25

30

about 0 "Cup to 100 C. 20 Alternatively,

carboxam donitriles V can be transfornmed to the
compounds of the present invention by heating,
preferably for about an hour in concentrated, strong
acid, preferably 85% H3PO4. Schene E shows an
alternative neans for preparing the conpounds of the
mcklestiut arevem dindted téymitraticrg a@datloﬁ ((H"e:sdéll(l?raﬁsl) halogenation,

kR Cirfede Gty chloborrihglatioR suftoeAtion, oud Grisggtiyistion
Mm%tldm%&ldﬁlérﬁ fmfe rf Ese ﬂeQéM%!’ns el ihnili @RS those

an excess of "a base, preferabl a nmetal [ ower
%khlleﬂamdh@ arppébrgaablsyn&esm tgentrolly mvghpng reactidn ofithe electrophile

en e . C ounds of the ntion
Nyt & etk SBPRAE i the Bhostic &l a Gl TR fF s B
RiGALOR RV B Erch &idHREthe LORIYET 1@ gsk £pratit ¥cid that may serve as
avai |l abl e aryl acetic aci ds b 6 esterlflcatlon W th

soivesk.celare e @wtrapblémmgenﬂqu ip g Epaisalipeter, oesn grine and a

sistchRthoty, Reliielf 15 St RS, ABPHET bydstolilh

Rt pfrefegrell caalyetupt LogisraeRieintlvdlighbasmobiird o, FRX;, AlX;,

used, preferably in a solvent such as CH2Cl12 with a
ek 2 X WhsTECK 1%Baleg@P. 5 Schene E 0 H2N 1-Pr base
Formula I H2 N/N ArCH2ZCOZR N 111 | r Phenyl acetic

aci dsThBy, r{f?}?ol.ﬁ]ﬁ?g&‘b\%% ofEhflich ma@@é?gg%fﬁbuﬁée% t%fdenvatlzcd

aryl aceto In turn may prep

by mcumnwltbbleatryﬂahlhaImcdmhngyibuhnﬁl‘limiteqdn at@riabiys, anhydndes
sol vents ch.as DVF, . MeOH, . Et er, .DVMBO, or
ROGBEMES R ERateh Gy alicis, ol Tdhs, 1aaiones resters.
€6hdHiSnd BY pLeorRiiSP HeSSadditin Rhdtons aféosamlarceo fifos6 Skilled in the
under Arndt-Eistert (Meier and Zelle Angew. Chem

arhof organic Ewgthesm geseral mvgmng)addntmrmféue clhetmphilg 40 then
Te%'phllc preferably in solution at a temperature between 0 °C and RT. Addition of a

base may be necessary. It should be noted that the products of these reactions may react
further with some electrophiles at the pyrimidinone nitrogen (N5). The resulting
functional groups (amides, carbamates, etc.) are less stable to basic hydrolysis than the
desired anilino- or aliphatic groups and can be cleaved back to the pyrimidinone having
H on N5.

Reaction of compounds bearing an amine group with agents such as haloacyl
halides, o,B-unsaturated acid halides, or halosulfonyl halides gives intermediates which
can react with nucleophiles such as primary or secondary amines, diamines, alkoxides,

amino alcohols, or thiols.

The compounds prepared above, which have a carboxyl group, can be
derivatized by activation and reaction with nucleophiles including, but not limited to
amines and alcohols to give, respectively, amides and esters. The coupling of amines
and carboxylic acids with carbodiimides has been reviewed (Klausnew and Bodansky,
Synthesis 1972, 453-463), and the variety of additional reagents available for effecting

it as well as the potential need for protecting groups (Green and Wuts, "Protective
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Am noesters of the forrmula IV can be converted to
conpounds of the present invention by reaction with

an excess of a nitrile of the forrmula ArCH2CN and
sodium 15 Schene F O RO i-Pr sodiumFornula | H2N
N ArCHZCN N IV Ir This reaction is preferably
perfornmed neat with heating.

Gyoudz i Of gande SiymlyesistiSdeamiEditiomohe Wllayt& Sonsl188 D)“ mtr&ad;k

B AL R oS A R 5 rsion o
&428 ot e @hag gye&?a&E iBFatodE. 1@&1119&61{19!‘ e a?xﬁd&é“&d@sters to

group to introduce su st|tuents reactions -
aminks eied alboliolpican beagerformied esing o suitdbie hydrmie,rechwmgagenh
(Friedel-Crafts), haI ogenati on, alkylation

Fri |-Craft t hyl | t d ..

S no bR FOTBITONPrPRETAPETE P HiSa B n SRR S hegferivatized
Peedrveitiditotaf IR rOPRIGE sPétFesHyeactiafidn With bﬁ’osﬁg@l‘i&& a phosgene
skilled in the art of organic synthesis,

SO K raagtamorsanmena 895 601 Ty Orés et 19946 58 1837),
efe?%otelﬁ E:Ig%é)f%?sghl&s(% at%ag%:,?ﬂdﬁ'&% 3 %@h%%r%lggélpfesqgéﬁ#lﬁ%tbut not

ratted 35 amirfespaledinig bhy swfinanides taglved, tebpdctively, ﬁeasg eanBSmates
sol vent, where the el ectrophile_is generat ed | n sit

%Dfdo%wfgaylp{f@ﬁ drondifjong forparipemapgthese reagtignsgnd #ﬁ%ﬁﬁémssoclated
W EBE&&I npHh¥sgend ran&’%) §e§é 9[@#1&&&1?& hle Garil IM fhbse S]ﬁ_léf\’,fnl in the art

stltU|on react erred catalysts are
alorgaic symthesdh, agy all)alpprnpluaté prachwibng eho&féxatakén.XS 10
and ZnX2, where X is hal ogen. The conpounds prepared

abov i ch have n am, n ro can derivatized , b

o oo el Rentdudtitn Wi Bay R r et o digbart Somprinds Y the
presche Hveh@dd eRide A bt ketonks AfdeAPAdsESsters, acids, amides or
chl orof ormat es, sul f onyl halldes al kyl halldes

Tedeetysaminagions bwhgmnomdobqrclmlsldﬁ ovageeis (b Seydey-Perce
?ﬂeglhgt'xﬁﬂ bry%ﬁg kl&rﬂﬁmaanﬁ I;o dhidbs 1ncbrtgg19%%y%hwys’eg’(ﬁPPubhshers,

Inc., 1991) and oxidations of groups including but not limited to alcohols, aldehydes,

olefins, thioethers, sulfoxides, and heteroaryl groups (Milos Hudlicky, "Oxidations in
Organic Chemistry" American Chemical Society, 1990).

Reduction of functional groups such as alkenes, alkynes, nitrogen, nitro, or
cyano groups can be accomplished by catalytic hydrogenation or by dissolving metal
reduction. Further elaboration of intermediates containing electrophilic sites to
compounds of the present invention can be accomplished by displacement with
nucleophiles including, but not limited to, CN-, amines, alkoxides, mercaptans, or
carbanions. Still other compounds of the present invention can be prepared by coupling
of aryl halides or triflates with the appropriate boronic acids or stannanes (Stille, J.K.,
Angew. Chem. Int. Ed. Engl. 1986, 25, 508; Suzuki, A. Pure Appl. Chem. 19885, 57,
1749). The compounds prepared above, which have a carbonyl group, can be
derivatized further by reaction with nucleophiles to give secondary alcohols. Such
nucleophiles include, but are not limited to, Grignard reagents, alkyl-, alkenyl-, and

alkynyl-lithium reagents, and allyl stannanes, silanes, and the like. Compounds
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15 art of organic synthesis, generally involving

addition of the electrophile to the nucleophile,
preferably in solution at a tenperature between 0 C

and RT. Addition of a base may be necessary. It

shoul d be noted that the products of these reactions

may react further with sonme el ectrophiles at the

mypared ds deporibed ab“o@'g ean b&fjrthed hlebasratedl!iyi regrdngements sadh as the

Hedkmiang &@?&f%ﬁﬁ "8h ?qu?h:"%gag dégr olbgr %ﬁ?;iﬁ%&%‘gﬁ to

al i phatic groups and can be cleaved back to the

pyr i NighIe REILBAYILASS e BhpdandSepdrtP bk cﬁﬁ’B@%%%ﬁ)hshed by
bearing an am ne group W th agent's such as hal oacy

graleration of an p@aunmagmqsameqr ergreplithiningspeciep by directed metallatlon

CRaR B Mn APecifh Red 338k VLS RFRRE S A BB oo Chem.

Rep. 1982, /9] 306-BER KawhitzRy i I48S, and 3en @ptd) Prag. qd1eroeycl OChem. 1989,
t hi oI S. The conpounds prepared above, which have a
Earlnther frgmpparyt hlidsdy lﬂgwwhalpa@uewbarg@t(waﬁm@daﬁradsher

n t es including, but not Iimted
‘?gé?%%&h}eeg'allgdfal Co‘???bbt 0 give, respectively, am des
and esters. The coupling of am nes and carboxylic
aci dsAwiapproach toosteparimgesnipeandsosfiFormuladfdia 41 ceotaimether

d h dth
PGS Brcibies herghat PRsminSchere | a6 x4 B Deadn Brerae
wmposmn@bf (S BrisR, BOLBRA The GBS ERS ZDROUEE LN, RRUER

G'een and Protective - G oups in Oganic
&bﬁnﬁuests 98 sﬁefmmlnm Edmu’.laaﬂ ormhﬁlwntsﬂlaepmontm totthhose
reacti v ctiona a reC|ated
%{ﬁsﬁ%ﬂ%ﬁﬁ g sEniaD e A rinfor i BRaRS PABRESLE SilaBle protecting
e FproReThLas6pd 1h€1@dé1951¥x€ of Eﬁ-ﬁ@faﬁiml@f silyl ethers of
these am des and esters to ani nes and al cohols can be

geplials, sad acpsaln gndikesals 0f pidehyres end ketoaer taspestivglynThe eld of
A SRR IR A BB M GRARLEVED AR B M

SRaps @6 ORYarfle Simthésin B Vddt; hﬂﬂhﬁlmlfoﬁ{ 189@h0‘h@ﬁm group of
equi val ent ( Tetrahedron: mretry 1995, 61, 745; J
dimgthybmitraph e wggre ]}gqiytp e gpgqeé;sgq& cyfa,l)ﬁlcthygrogenatlon The

FARCRRE Sy P E T RARE U U D S s v

=silfiog acdtaleile 2oangi anacetopbgeat meed tycated widks a strang)hmtmaau

10 and sul fonyl ureas, Conditions, for erf

?@a?ﬁrr%golm at ﬁquﬁ%ﬁzfgmgraggs&slg?@ae &mr{e édﬁmonal
REARHTHe ém&%@%ﬁ%ﬂvﬁﬁﬂo%te%kﬁi%& il Biakd aardes&lbed in
those ski'lletl in the art

Kilgore et al, Industrial and Engineering Chemistry 34:494-497, 1946. The triketone
was treated with hydrazine at elevated temperature in an appropriate solvent to give the

indeno[1,2-c]pyrazolone ring system.

Additional means of preparing indeno{1,2-c]pyrazolones are known to one
skilled in the art as described in Lemke et al., J. Heterocyclic Chem. 19:1335-1340,
1982; Mosher and Soeder, J. Heterocyclic Chem. 8:855-59, 1971; Hrnciar and
Svanygova, Collect. Czech. Chem. Commun. 59:2734-40, 1994, The amide was

deacylated by heating with a strong acid in an appropriate solvent to give aniline 4.
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of organic synthesis, and all appropriate precautions

shoul d be taken. Further transformati ons which may be

required to prepare conpounds of the present

i nvention include reductions of ketones, al dehydes,

esters, acids, am des or 15 reductive am nations by

al um no- and borohydri de reagents Q Seyden-Penne,

THis dndine oves abylatetlemébnsﬁndanhrmhdﬁmn yidg ianl esidichioride dm e
Synt hesi s" ers I.nc 1991) and oxi dations
PRIl S0 Y%It%&’i"ﬁéh‘b bpradptited to al cohol s,

al dehydes, ol efins, thioethers, sulfoxides, and

Retemteopr yl groups (Nllos Hudlicky, "Oxi dations in

Organic Chem stry” Anerican Chem cal Society, 1990).

20 Reduction of functional groups such as al kenes,

al kynes, nitrogen, nitro, or cyano grofips can be

acconpl i shed by ocstal ytic hydrogenatlgnﬁs{

di ssol ving netal | reduction, Furt her™®l abo

i nt er nedi at es corvgi pFYEl ect rophilic sitles tocoaew,
conpounds of t§ g@sent |hi§ﬁﬂf§n,can b€ adgonpl i shed

by di spl acenen nucIera<iﬁ§ i ncl but not
limted to, CN 2 NocQ|kOXIdeS nmer capLa or 25
carbanions. Still other conpounds of the presgnt®octs

i nvention can be prepared by couplpbng of aryl halides
or triflates with the appropriate horo |C,@C|ds or

stannanes (Stille, J.K , AngewMe Ed... Engl .
1986, 25, 508; Suzuki, A. Pure Appl. 1985, 57,
1749) . The conpoundsgpprepared abovep riwhi cHPPhave g op

car bonyl group, can be derlvatlzed further by
react ifdn witdh nucl egphj | Pto giv

Such 30 nucl/eophi | g€ i gl ude, bute are'W

Gig ~ -,DH?@@myl- R,
al k| aFaN’s, Apg ally

Si | th. l'ike. Fﬁbnpounds - f

descrrbed abgve ,gan pe further el abs
rearrangenent%’%uch as the Beckmann .
React. 1988 1) or other rearrangenents.oFusther
el abor ati on éthﬂ EWsBunds prepared above can be
acconpl i she 7 eneration of an organonmagnesi um or
or ganol i t hi n1: es by directed netallation 5 (Beak

and Ché¥r Res. 1986, 19, 356-363; Beak
and Bni ec us cc Chem Res. 1982, 15, 306-312;
Kat r Lt zk N La and Sengupt a, PFbg. Het er ocycl . Chem
1989, 9) jare by

I|th|un}halogen exchang Br apished;  Acc.
Chem Res. 1982 Formula II

w froman aryl
g ( Par

2) Rg'BT

An alternative method for making compounds of the present invention is shown
in Scheme 2. The intermediate triketone 3 can be deacylated with strong acid and
reacylated with an appropriate acid chloride using methods known to those skilled in
the art. Subsequently, triketone 6 can the be converted to the indeno[1,2-c]pyrazolone

10 ring system using the same conditions described previously in Scheme 1.
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An approach to preparing conmpounds of Fornmula Il, Ila
and certain other 10 conpounds disclosed herein is
presented in Scheme 1 and can be used to prepare
conmpounds of the present invention. The substituents
Z, R5, R6, and R7 represent substituents as set forth
in Formula Il, or substituents that can be converted
Schetledse substituents using standard organic
transfornations P represents a suitable protecting

group. Eganples of ftoteg¥ing grou clude esters of
car boxyl c acids, sil ethers of 15 al ,
acet aks™ anmg- ket a!,s ehydes and\ke _

respectivelly. The fi rchtectl ng grdup

has been _rew.ewdd (G/e€ e

Prot ect i S— Organi g) %ﬁﬁ@ﬂlg 2i d
W1 ey: The i group of
ni t ropht haI at e Was reduced to g1 ne usin

catal ytic hydrognation. The aniline was acylated %
usi ng acetic anhydride and pyridine as a base. A

m xture of the 20 resulting acetam de 2 and an lHﬁN&
acet ophenone were treated with a strong base in an
appropriate solvent at elevated tenperature to givé

the desired triketone 3. Additional neans of

preparing triketones are known to one skilled in t he

art asne@schiiisd forprefdringAhStriketonks 6 bR Sblfdnid 2bm the
Engi neeri ng Chemistry 34:494-497, 1946. The tr| one
w@g a

ensation @ \h3t¢1th9m 6 with 3autrepl§hdtcealllwémfea5adea¢r@qdnn
RALEREARSIRE R, O Srlh KB G R o072 Qrean Jevim. 7348

zﬁsomemmheg ,3-dittetongs] when hwamab@faﬂy afhitablid) QM bé Ebaﬂﬂy':‘
ski | Iqe)g in the art as described in Lenke et al
y

RERBFGRY eng ekillerbin the ort py4he chtbdatwnl@slzﬂwsmlawf the
éﬁ@gﬁ methyl KBbAL %%ﬂ‘finl:ﬁ(ﬁl oq‘gg eﬁ&tlﬁg gjr%?og%%r&n@ma%e to B Ghifihe 6b can

Svanygova, ect
'&93.026’1&91131@;1 1l 8 Ydriet¥ o€ ways teludisg Galgdakydragedtiby, treatment with

heatin a.,strong. acid in an appro riaesolvent

35t i et pfiaRiponaitions, i rsatmant 1B inggagans such as
JSAHRN dFhiBRRAStaRRHS EhiBAge. ‘&%bgéllu@& Sf" g.nﬁf‘ﬁle E'cgﬁbé Borfdrted to
appropriate solvent to give pro .

the hsleno{l,25c]phGzolvbed\f this 1nvent10n by acylation followed by treatment with

hydrazine as described previously in Scheme 2.

Another method for making the indeno[1,2-c]pyrazolone ring system is shown
in Scheme 3. Dimethyl hydrazine was reacted with 3-acetylpyridine with no solvent to
give the hydrazone 7. This was treated in a similar fashion as described in Scheme 1 to

give the desired intermediate 8.
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COOCH3 1) H2, Pd/C COOCH3 2) Ac2Q pyr. COOCH3 2
COOCH3 O Re Ml base Re OR7 OP Re OP NH2 0 OP

[TIXITY M NHO/ \ 1) H2ZNNH2 ~\ \ 2) acid R Rr \
INH4 0 O3 1) carbonyl diimdazole 2) N~NH2 O Re
O NNHOOP H1) deprotect Formula 11 5 2) RS-Br Rr
Scheme 3

PO Re PG Rg NO, o

RCO,Et, NaOE
7\ b/ N
RN EtOH f + 0
7 (R=Meor CF;) ' Q
Me
0
0 6a o]

1) AcOH, Et;N
2) reduction

1} carbonyl diimidazole

2 Z/ﬁ NH; o / \

Alternatively, 6b can be treated with an activated acylated N-amino morpholine
Or piperazine ring, such as a nitrophenyl carbamate Additional means of preparing
similar intermediates are known to one skilled in the art as described in Rappoport, J.
Org. Chem. 49:2948-2953, 1984. This intermediate was carried through the sequence in

a similar fashion as described in Scheme 1.

Although the foregoing schemes describe general synthesis routes where W is
oxygen, following such general disclosure, a person skilled in the art will be able to
envision and practice the synthesis of other compounds of the invention where W is not
oxygen. For example, where W is selected from S, S(O;), C(=0), C(=S), CH,, and
NR™.

Other features of the invention will become apparent in the course of the
following descriptions of exemplary embodiments that are given for illustration of the

invention and are not intended to be limiting thereof.
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\ /NH5 An alternative nmethod for maki ng conpounds of

the present invention is shown in Schene 2. The
internediate tri ketone 3 can be deacylated with strong
acid and reacylated with an appropriate acid chloride

usi ng nmet hods known to those skilled in the art.
Subsequently, triketone 6 can the be converted to the

i ndeno[ 1, 2-c] pyrazol one 10 ring system using the sane
condi tions described previously in Schene 1. -61

SdixemplificAdidtg OP 22 ORe OP Me NHO / \ 11-~ N~/

~XIl NNHR, |) acid HO\ R 2) c:0 O6 H2NNB2 5

Bonkia'l, Iekid certaii oHiee Rokpbandsidisdldseld dlerdir S SPpnhksis Procedures
Schenme 2 enploys the 5 condensation of a 1, 3-di ketone

6a with 3-nitrophthalic anhydride as described in

Rot berg and OGshkaya, Zh. OrgaH® Kheh 8:84-87, 1972;

Zh. Organ. Khim 9:2548 2550, 3. The

1, 3-di ket ones, when not co i al ey avail abl e, can be
readily prepared by one skilled in the art by the
acetylation or trifluoroacetylation of the requisite

?—ﬂthb‘iis Bﬁélqlﬁlro@d%kt@lb&ggﬁﬂﬁlé)ﬁétﬂahbﬂgl-ﬁictaf_ﬁonitriie;
erivative to the aniline can 10 be acconplished in

a var Aebltidh ofeatorionftiledi400s, GAiAyL e TRFIB 0 $ENAAsClded
treatment with zinc or iron under acidic conditions,

depvissavaehh toi suspensien of NalddPHg, Z8en 120 swad) msTHF (75 mL) at 0

j it hi oni . st.annous.chl orj de. b nt | .

‘t%ggfhgglk%lnhlé v&gaé ﬂée%‘?%tgleggﬂ 199 éeanl% %nd %ﬂléed%r P RO susffenswn

wadhee bdoled &) PIC aAd tre@ed dRpwid with B ¥6ltib®Of Bybutyryl chloride (6.3

SRR bR LS
does not rise above 10 °C, Upon completion of the addition the reaction was warmed to
room temp and stirred for 24 h. The reaction was then quenched with H,O (10 mL) and
evaporated. The residue was then partitioned between EtOAc (100 mL) and 1 N HC1

(75 mL). The aqueous layer was extracted again with EtOAc (50 mL) and the

Wt
The addition was controlled so that the internal temp

combined organic layers were washed with brine (100 mL), dried (c), filtered, and
evaporated to yield the desired product (7.95 g, 96%).

Synthesis of (1-chloro-2-methylpropylidene)methane-1,1-dicarbonitrile:

To a solution of (1-hydroxy-2-methylpropylidene)methane-1,1-dicarbonitrile
(5.1 g, 37 mmol) in CH,Cl; (50 mL) was added phosphorous pentachloride (8.6 g, 41
mmol). The reaction was stirred at room temp for 16 h. The reaction was then poured
onto ice (50 g) and partitioned between CH,Cl, (50 mL) and H,O (75 mL). The

aqueous layer was extracted again with CH,Cl;, and the combined organic layers were
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hydrazi ne as described previously in Schenme 2. 15

Anot her nmet hod for making the indeno[1, 2-c] pyrazol one
ring systemis shown in Schene 3. D nethyl hydrazi ne
was reacted with 3-acetyl pyridine with no solvent to
give the hydrazone 7. This was treated in a simlar
fashi on as described in Schene 1 to give the desired
wathedradi set.aNAHCOS 25 0Snhj aned W?Rmmﬂaomﬁioaaydﬁ@ﬁﬁen

dritd (MBS Fsreg. e Spmteipe OB e dGgigg aporide (£58'g d4),

diimdazole 2) 1Z NHZ O VN.\NHZ Rr 6 0 6b O

Al ternatively, 6b can be treated with an activated
acyl ated N-am no norpholine or piperazine ring, such
as a nitrophenyl carbamate Additiqnal neans of
preparing 5 simlar internmedig{es gre known to one
skilled in the art as descri be Rappoport, J.

5 Synthesis of 5-amino-1-(2,6-dichlorophenyl)-3-isopropyl-1H-pyrazole-4-
carbonitrile;
A solution of (1-chloro-2-methylpropylidene)methane-1,1-dicarbonitrile (9.4 g,

61 mmol} in THF (250 mL) was treated with 2,6-dichlorophenylhydrazine
hydrochloride (13.0 g, 61 mmol) followed by triethylamine (12.3 g, 122 mmol). The

10 reaction was then heated to reflux for 18 h. The reaction was then cooled to room temp
and partitioned between EtOAc (150 mL) and 1N NaOH (100 mL). The aqueous layer
was extracted with EtQAc (2 x 150 mL) and the combined organic layers were washed
with 10% agq. citric acid (150 mL), sat. aq. NaHCO; (150 mL), and brine (150 mL). The
organic layer was dried (MgSO4), filtered, and evaporated. The crude product was

15 recrystallized from EtOAc/hexane to yield the desired pyrazole (11.2 g, 62%).

HoN

I\

H,N N

Cl\ij/m

Synthesis of S-amino-1-(2,6-dichlorophenyl)-3-isopropyl-1H-pyrazole-4-carboxylic
20 acid amide:
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O g. Chem 49:2948-2953, 1984. This internedi ate was

carried through the sequence in a simlar fashion as

described in Schenme 1. Although the foregoing schenes

descri be general synthesis routes where Wis oxygen,

foll owm ng such general disclosure, a person skilled in

the art will be able to 10 envision and practice the

synt hﬁa-siminofl -1, rdichbaopiennl) < - ﬁﬁprbbﬁl | Hperizo e -slreoritrilé (15 g,
not For ex re Wis selected from
5§ mgiely s ety gon Artkepk4S S arRiTeont EEp oL h. The

féfacﬁd?lewhs”t}‘l@ﬁ‘fﬁb&@d Whiol 3 ROGANE S@ﬁpﬁiﬁgﬁto 0 TGS SRl was

descri ptions of exe ary enbodi ne

thhatﬁltareé agdwmshécbmth IH:Os(tl lat Tnprofludtivens théh drisdamdenyacuum to
@r@ﬁnm |n % o.be limting thereof. -63 v.

BX f Fﬁl@gtami 4') la and certain other

compounds di scl osed herein - Synthesis Procedures nt:

5 Synt hesi s of

(1- hydr oxy- 2- et hyl propyl i denne) net hane- 1, 1- di car boni t

rile: A solution of malononitrile (4.0 g, 60 mol ) in

THE (30 nlL) was added dropw se o¥ to a

suspensi on of NaH (95%03 8 ' : in THE (75

m.) at O C. The reaction i ved to roomtenp

and stirred for 1 h. The Swsps td was then cool ed

to O C and treated dropw se vvlth a solwutyon of

i sobutyryl chloride (6.3 nL, 60 THE (25 nl).
The addition was controlled so that t I nternal tenp

does not rise above 10 C. Upon conpl etion of the

S0 L AR ORb AT GOl okt SR BERIARES:
dib@d ¢ dfiy razdlo Bt d | pyrimidiimdeshe: The resi due was then
partitioned between Et OAc (100 nL) and 1 N HO 15 (75

(50" oIS & shipeinns of Sifnd T ARG PhyBIE drabeonpithiaprazoles-
Wbk yiiC B drkiBO (ITb- k, 16iﬁmﬁﬂ) BOH {204RLPHas méd ethyl 4-

evaporated to vyiel desired product (7.95 g, 969 .
hﬁ@tO)g(ph%gM@: R.08, 48 mmol) followed by NaOEt (2. 66M in EtOH, 36 mL,

§6lmﬂroof L[(Pua § a”ﬁ&*f ¥va heﬁﬁeﬁt%g s Pe?i%x I}arnfh ]The react %rn%)z{]sl tflen cooled

a so
togydth%Mp ancﬂfpf)lliﬁﬂ phRIYI% a6 18D AR {(he@L). Thelresulting suspension was
-di carbonitri
then cooled to 0 °C and filtered. The precipitate was then washed with 1:1 MeOQH/ H>O
(100 mL) and 1:1 Et;O/hexane (75 mL). The solid was then dried under vacuum to

yield the desired product (5.2 g, 76%).
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(5.1 g, 37 mol) in CHC12 (50 nL) was added
phosphorous pentachloride (8.6 g, 41 mmol). The
reaction was stirred at roomtenp for 16 h. The
reacti on was then poured onto ice (50 g) and
partitioned between CH2A Z (50 nmL) and H20 (75 nl).
The 25 aqueous | ayer was extracted again with CH2Cl12,

Syrthesis of rbutyd 4q|[gaz;6<m¢lﬂympmenpné -(melyletinied-ondi5h

5 e R M oA e b gl ©

evaporated to yield the desired chloride (4.85 g,

84% . To NQOH&Bh ofl - %-(ﬁclﬁﬁibbﬁ&%}lﬁﬁ-@i—hydmxybenz 1)-3-isopropyl-1,5-
5-amno-1-(2,6 dICh|OI‘O |sopropyl-l?—,|- razoF
iy omyroaelo 4 dipyrimi G oo l2 b, 1.8 ol i DMF (15 mL was added

aGPHFRR, ﬁ%ﬁ%b@?ﬁ%%&ﬁ%g@ﬁ Rk 'gf‘? L H?qénwgoan tetrazole (1.82

&, %ahﬂﬂl)v\ﬂ'h@re%c@olﬁwwétﬁfddrﬂﬁwmh fently foz i3rtethen treated with a solution
h drochl oride (13. 1 nmol) foll owed #ﬁ .
-ehlptarsthenzoie ﬂgd;ﬁgf%% + 3 mmphlin{eHy(dadisimh). ik reaction

&Qﬁl rgﬁ%? fis hﬁn ‘Af‘tltfog.{ed en EE@QE gs"(?ﬁa'LZ an%tajaeﬂazszog,

Ccoo to roo artitione et we

(7556 n1The argmd\law@b-hs(mﬁﬁwash)ed withel 08¢ ag.0N&Sh@y €0 mijpsat.

ct t OAC 50 n.). and the _co
ﬁ%’;ﬂ% it 5@”@ s (36 WS Thepratie enyas & e rired 26§00,
, é%ﬂﬂ@%} éﬁ?m] 0
ﬁ%§e¢$ﬁgevﬁfg§ﬁ?g“’ayer mgg&%gfe (Egggﬁ??ﬁ?ﬁ?ﬁéged,
chromatpgraphyitsitica, Pt EtQddhgxane)te tyiskd theldgsired phosphate (2.7 g,
ystal li zed from Et QAc/ hexane to yield the desired

%ifgzole (11.2 g, 62% . HoN HpN C ~Cl Synthesis of

-am no-1-(2, 6-di chl orophenyl ) - 3-i sopropyl - 1H pyrazol e
-4 carboxylic 20 acid anode: -65
5- Ami no-1 - (2, 6-di chl orophenyl)-3-isopropyl -1 H pyrazol e
-4-carbonitrile (15 g, 50 nmol) was taken up in conc.
H2SO4 (45 mL) and stirged at room tgnp 16 h. The

HO. \ O
\lﬁ/ HN
0 M N

Synthesis of 1-(2,6-dichlorophenyl)-3-(methylethyl)-6-{[4-
(phosphonooxy)phenyl|methyl}-5-hydropyrazolo[5,4-d]pyrimidin-4-one:

tert-Butyl 4- {[1-(2,6-dichlorophenyl)-3-(methylethyl)-4-ox0-5-
hydropyrazolo[5,4-d]pyrimidin-6-ylJmethyl }benzenephosphate (2.7 g, 4.3 mmol) was
dissolved in 90% aq. trifluoroacetic acid (25 mL). The reaction was stirred at room
temp for 1 h then evaporated and azeotroped with toluene (3 x 50 mL) to yield the free
phosphate (2.15 g, 97%).
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reacti on was then poured onto 3 N NaOH (850 nL) at O
C. The resulting solid was then filtered and washed
with H20 (1 L). The product was then dried under
vacuumto 5 yield the desired amde (14 g, 88%. O
HON HI NNC C 1 Synthesis of
1- (2, 6-di chl orophenyl) - 6-(4-hydroxybenzyl ) - 3-i sopropyl
rBulkii Ihyida apd rcartaimo doml dsdisélosed-lpmein -SynTivesis
Brucedareson of
5-am no-1-(2, 6-di chl orophenyl)-3-isopropyl -1 H pyrazol e
-4- carboxylic acid amde (5.0 g, 6 mmol) in EtOH (20
n.) was added et hyl 4- hydroxypR acetate (8.6 g, 48
mol ) fol |l owed by NaCEt (2.66 et 36 n, 96
mol ). The reaction \Ala's\yh% #ed to reflux for 3 h.
Shanheasst 1 YRBlokH&Ro h eili)alfdﬁ@mten”p and poured
oir;}?o 10% a-g‘n(l—loﬁ\c ﬁqrrg e resul ti ng suspensi on

was 19, biRemtieR ek ﬁdh}&onaGet%BﬁeﬁohE SFUIG%CO fmﬁolez)m acetone (800

precipitate was then washed w t
i) madtledll -Bto2@-Rehlonestiians (615 g, 4F#ferr@!ﬂ) ifil lavess] h)hﬁzCos (307 g,

£22 Siaugdl TR e W Real gl B o 983 R BirRE e Kot was
iv&éHed bskiﬂt’alcefbné (1L)and the filtrate was evaporated The residue was then
(2, 6-dichl orophen - 3- (et hyl et 5) 4- 0X0- 5-
Piytiviosghseren BOACIED) Mimaan i Iﬁm 250 L) The rganic lyer ws
Rt P ROCA R oo B BRLAER et it

dekirbd pebiday(gotryyialdpl o 3, 4-d] pyri m d| n- 4- one (2 50,
5.8 mol) in DVF (15 nl) was added

a o
CF4
NG

Synthesis of 1-[4-(2-chloroethoxyjphenyl]-4,4,4-triﬂuorobutane-1,3-di0ne:

To a solution of 1-[4-(2-chloroethoxy)phenyl]ethanone (40.5 g, 204 mmol) in
THF (400 mL) at 0 °C was added ethyl 2,2,2-trifluoroacetate (34.8 g, 245 mmol). A 21
wt. % solution of NaQEt in EtOH (77 mL, 204 mmol) was added dropwise via addition
funnel over 1 h, The ice bath was removed and the reaction was allowed to warm to
room temp overnight. H,O (400 mL) was added and the pH was adjusted to 2 by the
addition of conc. HCI. The mixture was extracted with EtOAc (2 X 250 mL). The
combined organic layers were washed with brine (200 mL), dried (MgSO,) then

concentrated under reduced pressure to give the diketone as a tan solid (59.3 g, 98 %
yield).




5 di-tert-butyl N, N-diisopropyl phosphoramdite (3.4
m., 10.7 mmol) and tetrazole (1.82 g, 26 mmpl). The
reaction was stirred at roomtenp for 3 h then treated
with a solution of 3-chloroperbenzoic acid (57-80%
2.2 9, 7.2 mol) in CHC12 (15 nL). The reaction was
stirred for 15 mn then partitioned between Et QAc (50
m.) and 10% ag. Na2S2a8 {75 grl). The organic | ayer
was then washed with 10 2g-—Na2s2C3 (50 nL), sat. 10
NaHCO3 (50 nl), and bri L@ T The organic | ayer
was then dried (MSOH4), il and evaporated. The
crude product was purified b col um
chromat ography (silica, 50% Et OAc/ hexane) to yield the
desired phosphate (2.7 g, 75%. TNOBQ | H 11 WN
Cl 15 Synthesis of

(2, 6- dlchloro henyl ) - 3- ( met et hyl)-6-{ g
% Bgﬁiﬁ )9F hoxy)benzoylf/4-mtromdan-1 -dione:

nmet hyl } - 5- hydropyrazol o[ 5, 4-d] pyri m di n- 4-
t er t - By pypspgnsion pf 1-[4-(2- chloroethoxy)phenyl]-4 4,4- mﬂuorobutane-l 3-

| o
ke S B A B o
5 iratie agRudride (1 ¥ ALJwab xddudsricolatt s (1o 403 rrS6Y5 B mixtur
A P o bagbh S8 PSR S
iV rBB'mtt%H ERRrightX Tﬁ@re%ﬂcrrf 1?113%111%' v?astc%lefi &6 °C%@Wﬁt¢ (600

(2.15 97% . - For and certain other
nbjrpes adtiaedchlcsmllyofh@jmhvéum wnasrwg)musig stirzed for 86 eafor go@m temp.

ul\l/'ﬁil a%fgvtvrrll %rsaln%la? {)ptl fo[-xﬁéé. th%ri)'ré’&l? (s%lllqcf) WXQ goriﬁbg%ld lb?ftdiggt?orﬁe te-
10 suspended in H,O (250 mL) and stirred for 20 min. The brown solid was filtered and
dried under vacuum. The crude reaction product was suspended in EtOH (500 mL) and

then heated to boiling. The solution slowly turned deep red and the solid became bright

yellow. The suspension was allowed to cool to room temp. The product was collected

by filtration and dried under vacuum to give the triketone as a bright yellow solid (45 g,
15 60% yield).

Synthesis of 4-Amino-2-[4-(2-chloroethoxy)benzoyl]indan-1,3-dione:

To a suspension of 2-[4-(2-chloroethoxy)benzoyl]-4-nitroindan-1,3-dione (27 g,
20 72 mmol) in THF (1200 mL) under argon was added 10 % Pd/C (2 g, 1.9 mmol). The

argon was evacuated and replaced by a balloon of H,. The reaction was stirred
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5 To a solution of 4'-hydroxyacetophenone (101 g, 0.74
nole) in acetone (800 nlL) was added

1- brono- 2-chl oroet hane (638 g, 4.45 nole) foll owed by
K2C338 (307 g, 2.22 nole). The reaction was heated to
reflux for 48 h then filtered. The K2C03 was washed
with acetone (1 L) and the filtrate was evaporat ed.
deenighisandithe vatslytiremovihby ﬁtti-ammdﬂtnaicﬂmnwﬁ aékpofaSQDunder

N Na(OH 0 )...The or n| c r
%b@w@ovreasm Prﬁl‘m&iﬁw‘% 5ﬂetaﬁér¥ Py &aH ‘gk/?dl %%%Wﬁldéd
to yield 146 g of the desired product (99%yield). o
o CF3 C ~~ O Synthesis of

1-[ 4- (2-chl oroet hoxy) phenyl ] -4, 4, 4-trifl uorobutane-1,3

-dione: 15 To a sol ution of

1-[4-(2-chl or oet hoxy) ph : 40.5 g, 204

mol) in THE (400 nl) gzgj’a d et hyl
2,2,2-trifluoroacetate AT A21 w. %

sol ution of Na(]Et in EtOH (77 m_ 204 mmi) was added
fupnel, The ice bath
SEAREGS 5o Pl i—g?%awcow\ﬁ ilroP B B nar m o

sl RSPBHioR §F S nisonieey shlodotrha (258 Eofrid Mg in CHACk
('3‘56% Eat 02T Wi dfcﬁl&ti Q%WHBH ok %ﬁ%&g lﬁhgﬁ& {bh g, Bhlemole) and

conblned organi c layers were was bri ne
myhylegmme 10 3g S0t mdlé)ein CHAHc@0tmb) e additien ﬁum@hmaﬂ l1h. A

gé %)p [ t%cﬂmn@éh?\&g@ et%ttﬁee t%{] wg’socl,olngp lete, the 10% bath was

rérloded andihe QEREbH We¥ sRREE &Y hddifforidl § h OTHX AN dvad <Hil&WI& by

To a suspensi on of

filtration, Teshsrsndest indiy) prd filtned 40 giva the desiredproiduetasa-wihits solid
gs%gg% E) 3 g, 201 mmol) and 3-nitrophthalic

rird g, 201 mmol) at 0 Cin 5 acetic
anhydride (114 nL) was added triethylam ne (41 g, 403
mmol ). The m xture slowy turned deep red and becane
honogeneous. The reaction was allowed to warm

Synthesis of 1-{2-[4-(2-chloroethoxy)benzoyl]-1,3-dioxo-indan-4-yl}-3-morpholin-
4-yl-urea:

To a suspension of 4-amino-2-[4-(2-chloroethoxy)benzoyl]indan-1,3-dione (36
g, 105 mmol) in CH3CN (600 mL) was added morpholin-4-ylcarbamic acid 4-
nitrophenyl ester (40 g, 120 mmol) followed by 4-dimethylaminopyridine (640 mg, 5.2
mmol). The reaction was heated at reflux for 4 hours then cooled to room temp. and
stirred overnight. The bright yellow solid is collected by filtration, rinsed with Et,0 and
dried under vacuum to give the desired semicarbazide (40.5 g, 82 % yield).
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to roomtenp. overnight. The reaction m xture was
cooled to 0 C and 2N HCl (600 nlL) was added sl owy.
The m xture was vigorously stirred for 45 mn. at room
tenp. until a brown granular ppt fornmed. The brown
solid was collected by filtration, re 10 suspended in
H20 (250 nmL.) and stirred for 20 mn. The brown solid
was filtered and [ ugder vacuum The crude
reaction product spknded in EtOH (500 i) and

t hen heated to boilifg. NThé’"‘s lit i oprs) 8 ur ned
deep red and the solid be e N
suspensi on was allowed to O¢
product was collected by T wthgn and dried under
vacuumto give the triketone asMa bright yellow solid
(45 g, 15 60%yield). NH2 OO O O\ _cl Synthesis of

sgzn&hems)em-[{a-[a(-ez-chlomthumpye:t;dm{oybaz,mmydtpmddnoma-
‘gpf’?zﬁgg 3%%‘%@8!%9)%%891] 4-ni troi ndan- 1, 3- di one

(27 g, 20 72 mmol) in THE (1200 nL) under argon was
addedrd @ stepRadién 6£1-92-[3-(2-cH1TRbekhoxieenzayl chm -di8%o-indan-4-yl1}-3-

evacuated and replaced by a ball oon of

me@@t)llw )dqageaswrgs éa. 6-rem08w@ Bﬁmjr(ﬂ%m@)waé ad@tdahxds@zme
lg(ﬁl:ﬁ'gga t3th 9 .
unde rtggzlgfjeé’ %?essgpgg?(%v%%ﬁ? {?]élv@és ’r e 3 ar nl%ﬁh"é‘h%geacnon

mixpere ey heated dt fePlbx Jor 28390 THetdtlion mikturt Wad cdolddID rbom temp.

’ﬁgqtheSIS of norphol in-4-yl carbam_c acid_4-njtrophenyl
¥llowsolid was|cq r-qs\%sl'ay lktrqﬁlppf@pﬂqéwth BiEband & ef vacuum.

i soladves JpsenBd SYTHP (900 nlE) a0 HEH S ) GralfBaca. The
remiltig susgensiori whdtireedi fne9q m: Bripe (900 n1hy) veds aiddedChiBhe pH was

40 la..a over ite t
KA g S el T Ryernyots sopmatcd paf thesadRBls laver was
WRIRBA QL@ THRE2 KCRORAL)) THR Rombined organic layers were washed with 1N
HCl/brine (1 X 250 mL, 1:1), then brine (1 X 250 mL), dried (MgSO,), and

concentrated under reduced pressure. The yellow solid was triturated with Et,O then

terrp. The

dried under vacuum to give the desired pyrazole (23.5 g, 61 % yield).

Synthesis of 1-(3-{4-[2-(cyclopropylmethyl-propylamino)ethoxy]phenyl}-4-oxo0-2,4-
dihydroindeno[1,2-c]pyrazol-5-yl)-3-morpholin-4-yl urea:

To a solution of 1-{2-[4-(2-chloroethoxy)benzoyl]-1,3-dioxo-indan-4-yl1}-3-
morpholin-4-yl-urea (36 g, 77 mmol) in DMSO (200 mL) was added
(cyclopropylmethyl)propylamine (33 mL, 231 mmol). The reaction was heated to 70 °C
for 6 days then cooled to room temp and poured onto H>O (1 L). The resulting
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10 renoved and the reaction was stirred an additi onal

I h. The solid was collected by filtration,

re-suspended in Et20 and filtered to give the desired
product as a white solid (15 g, 62 %yield). Z:)

HNxuoll "NH O O O O ~Cl 15 Synthesis of

1-{2-[4-(2-chl or oet hoxy) benzoyl ] - 1, 3-di oxo-i ndan-4-yl }
précipifatp wais ifiltered- anid-washed with HaOs b ensle produtct was then taken up in

A BB 57l b B S L SRR e DR L 43 L e 6,00 ayer

WEY B Ban) GGl L, i
&ée noe I’?FT% lﬁ;)a.él% % o \?\g?j Gvkl)tﬁc‘sbﬁd #aOM Hﬂﬁﬁé@m{grliﬁ'gflgféat% g\%(s) then

) )y 4-di met hyl am nopy |
red; washed with [H.0, mnddriedhandes Hacuas tesaeld d04t g efthe dgsired
I en cooled to roomtenp. and stirred
> é)r\glﬁe?céi(léﬁd.ﬁq@g bright yellow solid is collected by
filtration, rinsed with Et20 and dried under vacuum
to give the desired sem carbazide (40.5 g, 82 %
yield). -70 0") O NNHOO--"11C1 N NH Synthesis of

égﬁ%ﬁf 3 PRY SPrtaln aeh b Earmp s diselosgl oy ther Synchest

AMEson of
1-{2-[4-(2-chl oroet hoxy) benzoyl ] - 1, 3- di oxo-i hdan- 4-_y|1’}l .
- 3- @eneralpropesy feayntipyizg compowndsrasithe jny shown in

0 S NG 45, O

reaction mxture was heated at reflux for 48 h. The
reaction m xture was cooled to roomtenp. The yell ow
solid was collected by filtration, rinsed with Et OH
and dried under vacuum The solid was suspended in
THE (1000 nL) and IN HO (500 nL) was added. The
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5

10 resulting suspension was stirred for 90 mn. Brine
(500 nmL) was added and the pH was adjusted to 13 with
50% NaOH. The | ayers were separated and the aqueous
| ayer was washed with THE (2 X 300 nL). The conbi ned
organi c |layers were washegchembB4I N HC /brine (1 X 250
m., 1: 1) then brine (1 X 250 nL), dried (MgSO4), and
concengrated under reduced pressure. The {ellow solid
was t L uraded with Et 2BrCHeO02E15 dri ed yb
] esired pyrazdf€Q23 5 g,
MAH Synt hesi s of

&

1- (3-{4-[ 2" cy@tbpr opyl met hyl - pr opyl am no) et htXy] [@¥enyCO,Et
| }-4- oxo- 2, 4-

di hydr oi ndeno[ 1, 2- c] pyrazol - 5-yl ) - 3- nor phol ijn- 4-yl

urea: 20 To a solution of 1. CF;CO,Et, NaOEt

1-{2-[ 4- (2-chl or oet hoxy) benzoyl ] - 1, 3- di oxo- i |nziae, &-BtN
-3- norpholin-4-yl-urea (36 g, 77 nmol) in O §@R0g
m.) was added (cycl opropyl nethyl) propyl am ne (320
231 mmol ). The reaction was heated to 70 C |for @on.
then cooled to roomtenp and poured onto H2Q (1

The resulting -71 precipitate was filtered d washe®

th H2O. The crude pr ¢ awas then taken dp in 3N
0}&:] 'I' 5 L) and extrach, ,th ZO%NbC]—VCH?,@,lZ(le
kL,}I:LN qupdueous | ayer -- NEgsi pH 5 12)
w thi sof i d/NaOH. The re uliﬁln pltat RS
filtes ashed with H2 ")‘ undg
yield t he de_slrpd product (73% W

d certain other corrpounds di sd) os
Syrdo)gsi s Procedures A further©

For mul a 1S
herein - Furt

@

general process tm—éynt hesi ze conpounds of the _/COzEt
inventioh is shown in 10 Schene 4 bel ow, using the o
synt hesi s1.g¥a0¥bnpound A37 as a specific exanple. -72
Schene 4} 2. H,NNH;H;0
o™ o 1.CDI, Hu/ﬁ o
'\,N. JLNH 0. CO.H N N 0 .
N 0 @ ~ Y N NH o o ™S
9o, - J WYy
J 2. HCl OQ ;
N NN HCl
A37
o 8]
)J\@\ BI'CH2002Et /“\@\
. o
on K,CO; acetone o/\g
D1
Step 1. To a solution of 4- hydroxyacetophenone (13.6 g, 100 mmol) in acetone

(200 mL) was added K;CO; (16.6 g, 120 mmol) followed by ethyl bromoacetate (11.1

mL, 100 mmol). The reaction mixture was stirred at room temp. for 18 hours. The
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CF3CO2Et, NaCEt 2. Ac20, Et3NNO2 0 4,b O 1. H21
Pd O- 'Ol 2. DVAP, 0 ON, NI~-NH o ON. 0 NO2 NO2 H~-0 |

O HO 4 Co2Et O0-j - ~CO2Et O Jr 1. NaOH 2.
H2ZNNH2H20 0") 0 1 1. CDI, HNI~ 1 O L_N.NANH O O Co2H
N NKNH O O</LNTh HHv 2. HJd (~ I | .N

mixture was concentrated to half the volume under reduced pressure and the suspension
was partitioned between EtOAc and 1IN NaOH. The organic layer was washed with
brine, dried, and concentrated under reduced pressure to give D1 (22.2 g, 100% yield).

o 0 ©
)ﬁ CF,CO,Et FacMQ
o~ O~
O/\rﬂ: THF, NaOEt O/\J{

D1 D2

Step 2. A 21 wt.% solution of NaOEt in EtOH (204 mL, 542 mmol) was added
dropwise via addition funnel over 40 min to a solution of D1 (110 g, 493 mmol) and
ethyl trifluoroacetate (84.1 g, 592 mmol) in THF (1000 mL) at 0°C. The ice bath was
removed and the reaction was allowed to warm to room temp. overnight. 2N HCI (300
mL) and brine (300 mL) were added and the layers separated. The aq layer was
extracted with EtOAc (2 X 250 mL). The combined organic layers were washed with
brine (2 X 200 mL), dried (MgSQy), and concentrated under reduced pressure to give
D2 as a tan solid (155 g, 99% yield).

NOz o
NO O 0
O O 20
F4C C[:O .
3
0 b o )
At
0 Ac,0, TEA 0
0]
. D3 _o>/- N

Step 3. Triethylamine (280 mL, 2.01 mol) was added to a suspension of D2 (160

g, 503 mmol) and 3-nitrophthalic anhydride (97.1 g, 503 mmol) in acetic anhydride
(332 mL) at 0°C. The reaction mixture was allowed to warm to room temp. overnight
and slowly turned deep red, becoming homogeneous after 30 minutes. The reaction
mixture was cooled to 0°C and 1.5N HCI (4000 mL) was added. The mixture was

mechanically stirred for 1 hour at room temp. until a brown granular ppt formed. The
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N HFN' HdO A37 OO0 BrCH2ZCO2Et OH K2CO3 acetone 0

5 D1 Step 1. To a solution of 4- hydroxyacet ophenone
(13.6 g, 100 mmmol) in acetone (200 nlL) was added

K2C03 (16.6 g, 120 mmol) foll owed by et hyl

brompacetate (11.1 nL, 100 nmol ). The reaction

m xture was stirred at roomtenp. for 18 hours. The
bré@nrsokit wag colactabbe ﬁhtatlah,emsp@ldbdl it Hb Q2006 mivy andhstired for 20

b BB RRt R Rk Y B S L HES an arie

IM%%P Sdcitich o BivE R4 gréfegmdé‘%o&&ﬁ‘ce’ﬁﬁé RIL HAEEIN product was
uced pressure to give D (22.2 g, 100%yield). 5

SDsmnd@EME(EH (BBCnil:)YariiHeateNlct@filing. The Plutivh dowly erned deep

A,21 % ut Et OH_(.204 54
(R e SRE e e YOI o Tl ShaRnsic et aBoBFS Koo room
feRpathRR ptHck @t #frebler 6&&&@ ﬁ@é%pma&)wmdne&émw filtration, rinsed
trlfluoroacetate (84.1 g, 592 mml) in THFE (1000

)
with 0ald FtRdT (308 mh), landadsied padesweeuum do give Ddage boghtwslow solid
@éb(ﬁmﬁ_g}, 1 rmto roomtenp. overnight. 2N HCL1(300
and "By e (300 nL) were added and the | ayers
separated. The aq | ayer was extracted with EtOAc (2 X
2MDymg,. The combined organic layers were wagheg with
15 brigne (2 X 200 nL), dried (MySO4), and cncghtr g ed

@Q-u ced pressure to give D2 as a @@o 4155
& (3Q 04 ) O

NO2 0 Pd/C, H;

[

THF

Step 4. To a solution of D3 (108 g, 273 mmol) in THF (3000 mL) under argon
was added 10 % Pd/C (17.0 g, 16.0 mmol). The argon was exchanged for H, under
balloon pressure and the reaction mixture was stirred overnight. The catalyst was
removed by filtration through a plug of celite and the solvent was evaporated under

reduced pressure to give D4 as a yellow solid (90.3 g, 90% yield).

NO,
0 NO; '““NiNH, o o]
J SNy A
¢l o N0
CH,Cl,, TEA H
5 D5
Step 5. A solution of aminomorpholine (116 g, 1.14 mol) and triethylamine (174

mL, 1.25 mol) in CH,Cl; (210 mL) was added via addition funnel over 2 hours to a
solution of 4-nitrophenyl chloroformate (275 g, 1.36 mol) in CH,Cl; (3000 mL) at 0°C
under mechanical stirring. A white ppt formed during the addition. The reaction was
stirred for 1 hour after the addition was complete. The product was collected by

filtration, re-suspended in CH,Cl; (1000 mL), stirred for 20 min, and collected by
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OON20 O F3C 0 0~0~ OO0\ '"~-O D2 O Ac20, TEA D3
0-\ 0 20 Step 3. Triethylamne (280 nL, 2.01 nol) was
added to a suspension of D2 (160 g, 503 mml) and
3-nitrophthalic anhydride (97.1 g, 503 mml) in acetic
anhydride (332 nL) at OC. The reaction m xture was
allowed to warmto roomtenp. overnight 25 and slowy

filmationl (Hidegy 65kayickibc dhe nombiond §EhEhufdtrates sier@ashed with 1N HCI

@ %ﬁbﬁﬂlw{ eac; )§g§0 gﬂ&éetgler? ﬁlﬂm%dc' {,p‘flgg{]e)@rn\%gncen%raged The oft-

WBHE 3blid s YsuSpende® dn TFIO X160MIAL stirfTdrEP mik! il coﬂected by
brown granul ar ppt forned. The 274 brown solid wa

ﬁl@atle@t dtie BpQ rinsg was mpeatsdnéq)sm@@dsqcﬂncmgp(@amQ)dMISI 2g 27%

T b, Flehel B! Frohe 4D 52 1 483 aCPpfimStt of p-

M&dplﬁen\bacuumto give 224 g of crude product. The crude
reaction product was suspended in EtOH (800 ni) and
heated to boiling. The solution slowy turned deep 5
red and the solid becane bright yell ow e suspensi on
NMas cal | owed to cool to room tenp. the Nac)éidlna
ekzerO over ni ght . The,,t%rod coI I ect e:}::l ‘
m'. ion, rinsed mcl$ (300 nm),
3 Jyum t o give right yell ow sa
[d). NO2 0 NH2 @ / Pd/C, H OO

—T>*O CHaCN, DMAP o
D6
D4 g — '-
o
Step 6. Dimethylaminopyridine (1.50 g, 12.3 mmol) was added to a suspension

of D4 (90.3 g, 246 mmol) and D5 (79.0 g, 295 mmol) in CH3CN (850 mL) at room
temp. The reaction mixture was heated at reflux for 4 hours. The reaction mixture
became homogeneous upon heating forming a yellow ppt after 1.5 hours. After cooling
to 0°C, the bright yellow solid was collected by filtration, rinsed with cold CH3CN (150
mL), followed by Et;0 (2 x 200 mL), and dried under vacuum to give D6 (84.5 g, 69 %

yield) as a yellow solid.

0 0

NaOH
dioxane
o)
Pau
Step 7. IN NaOH (375 mL, 375 mmol) was added to a suspension of D6 (84.5

g, 171 mmol) in dioxane (1750 mL) at room temp. The reaction mixture became

homogeneous forming a yellow ppt after 15 min. The reaction mixture was stirred for

-76 -



10 D3 D4 Step 4. To a solution of D3 (108 g, 273
mol) in THE (3000 nl) under argon was added 10 %
Pd/C (17.0 g, 16.0 mmol ). The argon was exchanged for
H2 under 15 ball oon pressure and the reaction m xture
was stirred overnight. The catal yst was renoved by
filtration through a plug of celite and the sol vent

vialouss a pbirea ppid Waa deallected ﬁénqztmassmwsed vathy BHeADA(Zax 300 mL),

SRR T B 4B 0 R i e e o

Alteavion the m{(ﬂfwﬁﬂmﬁﬁﬁm I T sfolﬂﬁvﬁ colleckdd bP ﬁltra’m)ﬂ rinsed with
trlet(%lamne (274 L, 1.25 nol) in CH2C12 SZlO

HaQ @dH 400 wla) 2ndodriadon & Yassum exgarovermghiras 767C 4o give D7 (77.4 g,

phenyl chloroformate (275 g, 1.36
> ?r?)% élﬁ?ﬁéé&)%% O m.) at OC 25 under nechani cal
stirring. A V\/nlte ppt formed during the addition. The
reaction was stirred for 1 hour after the addition
/\Ag onpl ete. The product was coll ected by
atl on, re-suspended in CH2Cl12 (1000 nL), stirred
k#’ Nmn® and collected by -75 fildratiog (198 g, o
e| d)j The conbined CH2C12 filtriat gy wWere washed \)L
2 X 500 mm)ydesaide bri ne (2 ONH_) othe 0 OH
and concentrated—The of f - [ 4
was suspende Et 20 (1P08PHPMACst i rred fo
and collected B filtration. The Et20 rinse
repeat ed to gi veo‘a*>h_ econd crop of product (81.2
5 yielBY. The corrbn%
HCl and a smal |

27%
&8 bat ches contain - 2 w %ﬂ'ﬁA
unt of p- nitrophenol. 0') O NH2 O

10
Step 8. Hydrazine monohydrate (12.2 mL, 252 mmol) was added to a solution

of D7 (23.5 g, 50.4 mmol} and p-TsOH (479 mg, 2.52 mmol) in DMAC (150 mL). The
reaction mixture darkened and was heated at 50 °C overnight forming a yellow ppt
after 1.5 hours. The reaction mixture was cooled to room temp. The yellow solid was

15 collected by filtration, rinsed with EtOH (150 mL), then EtO (150 mL), and dried
under vacuum to give the hydrazine salt of D8 (21 g, 84 % yield). The hydrazine salt
was suspended in 1N HCI (200 mL), stirred for 20 min, and collected by filtration. The
yellow solid was rinsed with H,O (150 mL), EtOH (150 mL), and Et;0 (150 mL) to
give D8 (17.2 g, 74 % yield) as the free acid.

0
C{j /?L o CDI, DMAC K//\II*LNJCL 9

N NH ¢ N°"NH 5 o
H oa DO g NK/”W/
Sy-NH \

N-NH

D8 D9

25 Step 9. N, N’-carbonyldiimidazole (11.0g, 67.5 mmol) was added to a solution
of D8 (14.9 g, 32.2 mmol) in DMAC (100 mL) at room temp. Vigorous gas evolution

N by



ONNNHO N2 H ~NNOI Ofl, 0 DA, 0O O\ CH3CN,

DVAP D4 O D6 0O 10 Step 6. Di nethyl am nopyridi ne (1.50

g, 12.3 mml) was added to a suspension of D4 (90.3

g, 246 nmol) and D5 (79.0 g, 295 mmol) in CH3CN (850

m.) at room tenp. The reaction m xture was heated at
reflux for 4 hours. The reaction m xture becane

wemeyidarto heupantionaaixturg was stiiredyfoa lyldur dovnyipg agktlew ppt after 15

1. . i 15 C..the.b t L1 ow.

b, I BnaCEMEAC TS BBr S B el Py Btifiine 05
CHB GhinbD5Ras added dn@lthe vedtiby nfikidf bekathedndbeheordN dI'he reaction
dried under vacuumto give D6 (184 59, 69 % yield

Bigtare wos sradpovemightoformingyryellewprg, then mourpdinkp Bz (1000 mL).

5 R Ral s hAIERE B sobatp. sl 0 CO0obEE ey hewed 10

b(fnllD@ @&&r&oo@ng dightidle)solid whsetieged by mtréﬂo)n disddoRith EtOH
eaction m xture becanme honogeneous formn

géqfam éh?fbﬁtzoa(fl% I and (riedrRder KaQINbI0 e DI A7 At 94 Y% yield)

%ﬁ, -76 3 hours. The ppt was coll ected by

rati on ri nsed with EtOAc (2 x 500 nlL), suspended
in 1N HC (500 m.) and stirred for 20 mn. After

10 collecting the product by

NH MeQOH

o\)\ e H o 00
® Sens eV ® SORae

H

15 Step 10, A suspension of D9 (11.5 g, 20.0 mmol) in MeOH (400 mL) was heated
to near boiling and a solution of 4N HCl in dioxane (5.50 mL, 22.0 mmol) was added.
The mixture became homogeneous forming a yellow ppt within 5 min. After cooling to
room temp. overnight, the solid was collected by filtration, rinsed with EtOH (100 mL)
then Et;O (200 ml), and dried in a vacuum oven (75 °C, 48 hours) to give compound
20 A37(D10)(11.4 g, 91 % yield) as a yellow solid.

An alterative general process to synthesize certain compounds of the invention
is shown in Scheme 5 below, using the synthesis of compound B16 as a specific

example:

25
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filtration, the HO wash was repeated. The solid was
collected by filtration, rinsed with H20 (2 X 400 nl)
and dried in a vacuum oven overnight at 75C to give D7
(77.4 g, 5 97%yield) as a yellowsolid. o O H-NH O
O hydrazine NNH o 0----OH Hghelne TsOH, DVAC o N-NH

D7 --~OH O D8 10 Step 8. Hydrazi ne nonohydrate (12.2
m, 252 mmol) was added to a solution of D7 (23.5 Me
50. 4 nmol) and P- Ts Ot nechpéBRy1@Heor, 2152 Mol ) in DVACY( 1

m.). The “i on M Rdh& GRckened and was heat et| at
50 Co ght for m after our9.
The g.e38 6n mi xture was cooled t0 roo e
yell ow solid was 15 collected by filtrati}pn, Tinsed

with EtOH (150 nL), then Et20 (150 ni), d dried

under vacuumto give the hydrazine salt of D8 (21 g,

84 %yield). The hydrazine salt was suspended in IN

HCl (200 mL), stirred for 20 min, and col | gdt€EChyEL, NaOEt
filtration. The vyellow solid was rinsed w|2m- PE@"%“BB@’““Y“"‘“’
m.), EtOH (150 nmL), and Et20 (150 nL) to i v

(17.2 g, 74 %yield) as the free acid. 20 N)L&o/O

CH CDl, DI\/AC(J\FNHO HO/ O~KNH ,J 1 i | vN NNH

D9 25 Step 9 gNpgN - carbonyl di i mogazpl e
( g 675mm|)vvas to a solution of /D8 (14.9

@0 agf ous

1. HzNNHz'HzO
2. TFA, acetone, H,O

o™y o HN o™ o
0
l\/N‘”JLNH o H k’N\/\OMe__ I\/N,HJ'LNH 0 Q N/\
- N—"~OMe
O NaB(OAc);H -
O’ } tllenHC:l3
NfN N‘N '2 HCl
H H
Bl6
5 Procedures:
Me
HO OH
-
p-TsOH 0

93%
Br
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-77 was evident. The reaction mxture was stirred for

1 hour formng a yellow ppt after 15 mn. Additional

DMAC (50 nlL) was added to aid stirring.

i - Propyl pi perazine (9.5 g, 74.0 nmmol) was added and

the reaction m xture becanme honbgeneous. The reaction

m xture was stirred overnight, formng a yell ow ppt,

then poured into H20 (1000 nmL). 5 The solid was

Spithesis ofi248y-brombphényd)s,Sedisredinvlad3-dioxaneH (300 nl)

and heated to boiling. After cooling slightly, the

sol i dAwAkneslof ﬂﬂir@do@ﬁzﬁlidhl&ycﬁt(ilmg, 0.5 haptk)wdopedtyGlycol (115
(50, ), then Et20 ( and dried under vacuumto

@. L) mle(),larld@ ) “@&S@éoyife%‘i (8094ng, 4mamolsk iz Benzgne EHOEL) was

@ﬁﬂﬁ%gaﬁﬁ{ﬁ %‘%ﬁwﬁ%%%@ %5 }é{i_f gldés_ggﬁtg?% rrr]ﬁ)gﬂe[\)réas cooled

{okrbomm tgmpedtiPe ambmpsti of th&EbdnzédkODagtemowed. Treatsadud was
BB S BRSPS S SRS ol 3
ﬂ%@%@ RRRed WHIT WA ¥ gkb QY )RRk bink '@1 2130 rITﬂlLr) théﬁ lagied

cooling to roomtenp. overni ght the solid

028 06) and dopcdnitiatedo igove, the derired priduiat E86H, 93_%0) L)

then Et 20 (200 m), and dried in a vacuum oven (75 C,
48 hours) to gi conpound 20 A37 (D10) (11.4 g, 1 %
yield) as [ [

ow solid. An alterative gener
process t& syn i ze ain conpounds of tffe Me
i nvenki ONAI S homin%waelow he
syn s of9conpound speci fi :
-78 s

me 5 Me 75%
Synthesis of 1-[4-(5,5-dimethyl-1,3-dioxan-2-yl)phenyl]ethan-1-ol:

OH

To a suspension of Mg (14.4 g, 0.59 mole) in THF (1400 mL) was added 1,2-
dibromoethane (0.4 mL). The suspension was then heated to 30 °C. After 10 minutes a
solution of the aryl bromide (146.4 g, 0.54 mole) in THF (500 mL) was added dropwise
and the reaction was stirred at 35 °C overnight. The resulting dark gray solution was
cooled to -5 °C in an ice/salt bath, and was treated with acetaldehyde (45.4 mL, 0.81
mole). The reaction was stirred at 0 °C for 1h, then poured onto ice. The reaction
mixture was then extracted with MTBE (750 mL), and the aqueous layer was extracted
with MTBE (2 x 500 mL). The organic layers were combined, washed with sat.
NaHCO; (750 mL), brine (750 mL), dried (Na;S04), and concentrated to give the
desired product as a red oil (128 g, contains ~25% reduced product by wt.; corrected
yield is 96 g, 75%).
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1. neopentyl glycol, WOI M \ CHO 2. My then CH3CHO
01\ OJ 3. SBpyr, DVMSO, Et3N/ Br'" 0 1. CF3CO2Et,
NaOEt 2. 3-nitrophthalic anhydride, Ac20, Et3N c O 1.
H2, Pd NO2 Ov N.NANH 2. DVAP, \ O H NOZ O ON. NXO/
O HOO OO0 M e M M 1. HZNNH2H20 2. TFA,

acetone, H20 0') th'}Ig(NH 0 ~N~~OVe ( WIXNH A OH OMe

0 0
/jLM" SOy°pyr /jLM"

o DMSO 0
Et;N
97%
OH 0

Synthesis of 1-[4-(5,5-dimethyl-1,3-dioxan-2-yl)phenyl]ethan-1-one:

To a solution of the alcohol (54 g, 0.228 mole) in dichloromethane (1100 mL) at 0 °C
was added triethylamine (95 mL, 0.684 mole), followed by a suspension of sulfur
trioxide pyridine complex (72.6 g, 0.456 mole) in DMSO (160 mL), keeping the
temperature below 5 °C. The reaction was allowed to warm up to room temperature,
and was stirred at room temperature for 16h. The reaction mixture was diluted with
dichloromethane (400 mL) and washed with IN HCI (500 mL), sat. NaHCO; (500mlL.),
and brine (500 mL). The organic phase was then dried (Na;SO4) and concentrated to
give 52g (97%) of the desired product.

Me Me
0
/jLMe O Me
o CF,CO;Et
NaOEt . [8)
92% FiC
0 0 o

Synthesis of 1-[4-(5,5-dimethyl(1,3-dioxan-2-yl))phenyl}-4,4,4-trifluorobutane-1,3-
dione:

To a solution of the ketone (147.6 g, 0.63 mole) and ethyl trifluoroacetate (90.2 mL,
0.76 mole) in THF (1250 mL) at -4 °C was added a 21% solution of NaOEt in EtOH
(308 mL, 0.82 mole) over 45 min. The resulting solution was kept at Q °C for 1h then
warmed to room temp and stirred for 2.5h. The reaction was then diluted with MTBE
(1500 mL) and treated. with 1N HCl (700 mL) and brine (500 mL). The layers were
then separated and the organic phase was washed with brine (2 x 500 mL) then dried
over Na;SQ,, and concentrated in vacuo, to afford the B-diketone (191.3 g, 92%) as a

brown solid.
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Hl ~~~ NaB(OAc)BHH I ~ ~~ N-/~Ov / /N N then HC
HI N2 HO HB16 5 Procedures: M CHO HO''~~"'CH O
M M M Br p-TsOH O 93% Br -79 Synthesis of

2- (4- bronmophenyl ) -5, 5-di met hyl - 1, 3-di oxane: A mi xture
of 4-Dbronobenzal dehyde (100 g, 0.54 nole), neopentyl
glycol (115 g, 1.10 nole), andp-toluenesulfonic acid
(800 ng, 4 mmole) in benzene (800 nL) wit¥ % heated to
reflux using a Dean Stark appesatus fg
reaction m xture ¥ol ed room
most of the benzeMere © The > o
partitioned peiwee hyl acetalge (500 nlL) &

wat er (150 ¢ The°organic gsc was washed

wat€ ) and brine gdnvx 150 ni),

(Na2S(M) §nd concentrated to 8%e the desired prodyct
(136 §, 98%. 10 M M O O- M M then Me ‘
O 75%\ OH

Synthesis of 2-{[4-(5,5-dimethyl(1,3-dioxan-2-yl))phenyl]carbonyl}-4-nitro-2-

hydrocyclopentaf1,2-a]benzene-1,3-dione:

To a suspension of B-diketone (191.3 g, 0.58 mole) and 3-nitrophthalic anhydride
(111.8 g, 0.58 mole) in acetic anhydride (383 mL, 4.1 mole) at 0 °C was added
triethylamine (323 mL, 2.3 mole) over 15 min. The resulting dark red solution was
stirred at 0 °C for 1.5h then warmed to room temp and stirred for 16h. The reaction
was then cooled to 0 °C and treated with 1N HC1 (2500 mL). The brown tarry solid
was then stirred vigorously for 30 min. The liquid was then decanted and the resulting
sticky brown solid was suspended in H,O (~4 L) and stirred vigorously at room temp
for 45 min. The decanting/resuspension sequence was repeated twice more and the
resulting brown granular solid was dried under vacuum to yield 249 g of crude product.
The crude product was then suspended in MTBE (750 mL) and heated to boiling. The
resulting suspension was then placed in a 4 °C refrigerator for 16h then filtered. The
solid was then filtered, washed with cold MTBE (500 mL), and dried under vacuum to
yield the desired nitrotriketone (136 g, 58%).
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Br YI: Synthesis of

1-[4- (5, 5-di nethyl -1, 3-di oxan-2-yl ) phenyt] et han-1| - ot :
To a suspension of My (14.4 g, 0.59 nole) in THE (1400
m.) was added 1,2 15 di bronoethane (0.4 nmL). The
suspensi on was then heated to 30 C. After 10 mnutes a
solution of the aryl bromde (146.4 g, 0.54 nole) in

Shith ¢sFO6F 4vhinine:3- {41 (8;5-dimethyi(d $3-disnan-2hyd)) pheyl] canb oveyd}-2-
stjrred at 35 C overnigh The resulting dark gray
ydraey w%&lls%wg#"@gl 5‘@“@“’1 n an ice/salt bath, and
was treated with acetal dehyde (45.4 ni, 0.81 rml e).

ARBIuiBAGE iHRhitGIsikebhs (184 Cgb 38 folbPin THF (2900MmPPWhed

onto ice. The reaction 20 m xture was then extracted
Kyidrogenmtee using@ hytdyogen hallodneindbgiprssance aff £0%oRgson C (2.5g) for 18h.

8 R S Sy PR o THEB s PR
dvabsrated 15 §ieid jhe déﬁlr@ﬁaxﬁmazwg,,gg%)cas agkllewtfoahed to
give the desired product as red 0|I (128 g,

contains -25% reduced product by Wwt.; corrected vyield
is 96 g, 75% . 25 80 Ve I\/b O-Me SOSOpyr Me O DMSO O

E N, NO,
1 [ 5 5-di ma*tdﬁgﬁﬂY E oxa )phe ’/
1) soI ut i og,n e al Cohol J‘\

di chl oronet hane (1100 nlL) at O C 5 vvas adde

S A A e S A e L
R sopuPRorABsmasmPae ! Hie I Ehbbles Aadety BiRe 1 T4mL, 1.25

MM EHLOL, "(Q%L WB? E@&eﬁrﬁa adich H@RelSdver £ RBuito Ié‘.%@l‘ﬁhon of

tenperature for The reaction mxture was dil uted
4wnittophenyd hhkormfmata @7 X g 0BamplenindCllzSh €008 mh) #tN0°Eainder

rg;ﬁtg'nag{pn‘g%ren% hé'\luzhl(]wt 500%8% & br I ac%on v?fas stirred
RO NHBHH 4ffdr @8k dddition was complete. The product was collected by filtration, re-
suspended in CH,Cl, (1000 mL), stirred for 20 min, and collected by filtration (198 g,
65% yield). The combined CH,Cl; filtrates were washed with 1N HC1 (2 x 500 mL)
and brine (2 x 350 mL), then dried (MgSQO,) and concentrated. The off-white solid was
suspended in Et,O (1000 mL), stirred for 20 min and collected by filtration. The Et;O
rinse was repeated to give a second crop of product (81.2 g, 27% yield). The combined
batches contain ~ 2 wt % triethylamine hydrochloride and a small amount of p-

nitrophenol.
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M OCF3COZEt _ I O NaOEt 92% & F3BC OO0 0 15
Synt hesi s of
1-[4- (5, 5-di net hyl (1, 3-di oxan-2-yl))phenyl ]-4,4,4-trif
| uor obut ane-1, 3- dione: To a solution of the ketone
(147.6 g, O. 63 nol e) and et hyl trlfluoroacetate (90. 2
My . 76 nol e) |no=I’H|]F_ (825 C was added a
2 pl ution of Nadgt mJLEt,@%O (3@&82 mol e)
: . The resul tHn §d sol ution NK ﬂt 0 C
en_ war ned—to ToONT tENp_and stlrrad fior # sh.
A was t he®Mith: GHesENwi t h MIBE (1508
treated ¥ I N HCl (7007 rﬁ.) and brine (500
| ayers were tgen separated and the organic phasa

washed wi thgbripe (2 x 500 i) then dried over
Na2SO™4, and ‘C%%"Sntrat ed in vacuo, to afford the

n
[

0
4

13-di ketone (19IMe3 g, 9299 as a 25 brown solid. -8l %
N2 0O N2 0O 0O" M Ol M ~i O/ Ac20 F3CEt3N58%\__2
0 OO Me

Synthesis of N-(2-{[4-(5,5-dimethyl(1,3-dioxan-2-yl))phenyljcarbonyli}-1,3-dioxo(2-
hydrocyclopenta|2,1-b]benzen-4-yl))(morpholin-4-ylamino)carboxamide:

The aminotriketone (17g, 0.045 mole), N-morpholin-4-yl(4-nitrophenoxy)carboxamide
(15.6g, 0.058 mole), and DMAP (0.27g) were suspended in CH3CN (200mL) and
heated to reflux for 18 h. The reaction mixture was then placed in a 4 °C refrigerator for
12h. The grayish yellow solid was isolated by filtration and dried under vacuum to give
the desired product (16.7g, 73%).

/\| Me
(o]
0 Me
mNNEyE0, (n L /j_
NH ¢
p-TsOH, H (8]
DMAC
% Q |
N—
o\_lZ H
Me
Me

Synthesis of N-{3-[4-(5,5-dimethyl(1,3-dioxan-2-yl))phenyl]-4-oxoindeno[2,3-
d]pyrazol-5-yl}(morpholin-4-ylamino)carboxamide:

Hydrazine hydrate (56.5 mL, 1.2 mole) was added to a suspension of the triketone (118
g, 0.23 mole) and p-toluenesulfonic acid (2.2 g, 12 mmole) in DMAC (750 mL). The

reaction darkens and becomes homogeneous. The reaction was then heated to 50 °C for
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(4W Me Synthesis of

2-{[4- (5, 5-di nethyl (1, 3-di oxan-2-yl)) phenyl ] car bonyl } -
4-nitro-2- hydrocycl opental 1, 2-a] benzene-1, 3-dione: 5

To a suspension of [3-di ketone (191.3 g, 0.58 nole)

and 3-nitrophthalic anhydride (111.8 g, 0.58 nole) in
acetic anhydride (383 nL, 4.1 nole) at 0 C was added

18h. e*kﬂgtl aboutrzh ¢f32dting a thiiclByetioweprecipitate Fornmmidrand Bidditional DMAC

rk d.sol d
T BN T —
d
1515&? 21% %gl %@éﬁqéféﬁ@ﬂ%fbg %Ht ”gfrlé;?réguﬁln? ?@116& %gécﬁqﬁ% Whs thbh filtered
atdi washadd witheobliethanol (ﬁOIIaﬁL)mmi HZD €500 mL). dTheasolidveas then dried

decanted and.th sultin oI| S

b i PyieB B e b E (44 b (R A om
bemac).for 45 mn. The decanti ng/resuspen3| on sequence
was repeated twice nore and the resulting brown
granul ar solid was dried under vacuumto yield 249 g
of crude product. The crude product was then

ended in MIBE (750 and heat edyte boiding. The
i E ti ng suspensPon 8 then pl ace}g/iNn 4 C o

r{?y? 6 n fiTegBed, Th ST I 'g§Hwag
then g, @ Wi th cokcetoddTBE (500

dri ed 5 yi el I the, desi red
mtrotr el(136 g, 58%. N2 0 NH2 OO GC

99% 0 O M ®j-11 M 20 Me Me -82 Synthesis of
4-am no- 2-{| (55d|methyl(13d|oxan2y|))pheny|]ca
rbonyl } - 2- hydrocycl opental 1, 2-a]benzene-1, 3-dione: A

%H%%ﬁggfoﬁﬁ%‘;@%ggﬂl{ﬁﬁélﬁ’ﬁt'ggg‘ﬁ‘lag’lﬁ)[gﬁ-lﬂp?ﬁaz'ﬁ’-%—%ﬁ] (mrpholin-

4-ylamino)carboxamide:

To a solution of the indenopyrazole (13.1g, 0.026 mole) in TFA (160mL) was added
acetone (75 mL) followed by water (12 mL). Solid product precipitated out of the red
clear solution. The reaction mixture was stirred vigorously for 20h, then diluted with
acetone/water (100 mL, 1:1) mixture and placed in a 4 °C refrigerator for 16h. The
solid was collected by filtration and washed with water (100 mL), and acetone (50 mL).
The solid was then dried under vacuum to give the desired product (9.8 g, 91%).

0™y
o
k/" NH o H k/N\/‘owle K,N NH o
OQ Q NaB(OAc);H '\,N\/\om
| the HCI
N_N N-N *2 HCl
H

Synthesis of N-[3-(4-{[4-(2-methoxyethyl)piperazinyl]methyl}phenyl)-4-
oxoindeno[2,3-d]pyrazol-5-ylj(morpholin-4-ylamino)carboxamide dihydrochloride
(compound B16):
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hydr ogenat ed usi ng a hydrogen balloon in the presence
of 10% Pd on C (2.5g) for 18h. 5 The catal yst was
renmoved by filtration through a celite pad. The
filtrate was then evaporated to yield the desired
amne (124 g, 99% as a yellow foam NNH Ocl EtN O
O N2 1.0 J::::r HO QZN 10 Synthesis of
Aketieraoitb(51 76 g 9% nfrhole) tvae pﬂxlmlau v)saspensioa of didehyde (10 g, 24

S5 5] i ol s
é‘t@ o Y18H ! l%hélﬁtfﬂt t?%a@ﬂj Hllﬂﬂl%ﬁl G)&% e;ug %Otn‘ﬁnéle) The:6 reaction

ution of oro (275 q,
mﬂ giirreidrat EDCIy BtDGOh dm)mgwhmﬁ tummléle rd@tlnn bhmmuasadery viscous.

PNl gl L R g 4 gt i s A i) e eection

WEStheR PRhred 8nto D) P750GHLCT anteiltced. | B ﬁmdwasfwdshé@wﬁ szO (2x
re- suspended in Cl2 (1000 stirred for 20

3%ombp |BtOE: @80 myL) and Etaf)l (880 (11198'}1@3 soliggvasythen drjed umlér vacuum

B3R AR o R e i SB[ EoM R AR Uiy ok
fRpercion GeBIOR{Z00 mINandhdatethtoboilimp! iThewaspeRSion wap eifwetbated

in Et20 (1000 nm.), stirred for 20 min and collected b
Vith AN Chin dlqweﬂiz@L)r i[hg éu&na%m%ﬁle%rﬁ ipnyafieg 2 myn, a thick

Coﬂglﬁ g&?@a REGEY ﬁgoﬁgéq@aﬁ\;w»\% X é’édecb‘ﬂ htli{bestlmng Once the

es con rleth
Jugpensionl cmbledeo aotin genspyal wWasdiibered amf thp-sold Wamp/hsiredlwnlﬁEtOH

8 e And g3 309 ToE). e S04 wés thén dBied Tidet vacoum to yield the

desired bis-hydrochloride salt (10.3 g) designated compound B16.

o o O o o
MNet e Y
ey l ——— e .
N“ N 5 S /
Cl N~ N ¢l

Ns/\ffo\d;‘NHz “ Cl

Synthesis of Compound R

To a solution of acid (1.4 g, 2.5 mmol) and amine (0.8 g, 2.6 mmol) in DMF (10
mL) was added DIEA (0.8 mL, 4.6 mmol) followed by HBTU (1.5 g, 4 mmol). The
reaction mixture was stirred at room temperature for 24 h, poured into an ethyl acetate /
1 N NaCOH partition. Aqueous layer extracted with ethyl acetate. Organic extracts
washed with 1 N HC], dried and concentrated to give an oil. The crude oil was purified
by silica gel chromatography to give the product azide as a colorless oil (0.9 g).
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Me M 5 Synthesis of
-di met hyl (1, 3-di oxan- 2-yl )) phenyl ] car bony
2- hydrocycl opent a[ 2, 1- b]
(rmor phol i n- 4-yl am no) car boxam de: The
e (17g, 0.045 nvole),
N-nor phol i n-4-yl (4-ni trophenoxy) car boxan de (15. 6g,
0. 058 nole), and DVAP (0 27g) wer e suspenﬁ?d in C}B

<OA

(200nL) an heat ed t %[
Iag i refrlgeﬂato
12h. The Hr el §Jb'l |T1*‘V\—/a’s i sol at ed by

filtration and dried Lﬁ"nde cuumto give the desire@l
product (16.7g, 73%. H Me 0~ xO O-Me O HzNNHZ

Z 7

H2O, ON,N' "NH O/ p-TsOMxH/ | 0 DVAC 71% HEN O Me

Me 15 Synt hesi s of cl

N-{3-[4- (5, 5-di net hyl (1, 3-di oxan-2-yl)) phenyl ] - 4- oxoi n
deno[ 2, 3- d] pyrazol -5-yl}

( nor phid dznded(O\A gt mnM)awtsodismi@d in Myl waten@ 00,8 nely)ePhsP (0.45

5 1.2 dde f t
o KB AR 584 pteBo 5 layedln e B enion:
te@ipbralide 2rid redctiolRikBire Was ped (ﬁé@owmoﬁ@smubﬁ ARl 'e@tﬁacted

dar kens and becones honpbgeneous. The reaction was the
it ethil acstat® Thefopganic gdracBhwerafiried antdhenncentratesdt: Ammrpcﬁgonde

A1t s Hadt SHUPYNPEET HPish b arlo? TR LRl (oAAEbld PR Al aroMRiGride)
was taken up in MeOH and precipitated with ether. The solid was filtered and dried to
give the product (0.79 g).

Boc™
\

z\/

Synthesis of 2-(4-{[1-(2,6-dichlorophenyl)-3-(methylethyl)-4-oxo0-5-
hydropyrazolo[5,4-d] pyrimidin-6-yljmethyl}phenoxy)ethyl (25)-2-[(tert-

butoxy)carbonylamino]-3-methylbutanoate:

To a solution of 1-(2,6-dichlorophenyl)-6-{[4-(2-
hydroxyethoxy)phenyl]methyl}-3-(methylethyl)-5-hydropyrazolo[5,4-d]pyrimidin-4-
one (4.1 g, 8.7 mmol) in DMF (40 mL) at room temp was added Boc-Val-OH (2.82 g,
13 mmol), EDC (2.5 g, 13 mmol), I-hydroxybenzotriazole (2.0 g, 13 mmol), and
diisopropylethylamine (2.3 mL, 13 mmol). The resulting solution was then stirred at
ambient temp for 24h then partitioned between EtOAc (250 mL) and 1 N HCI (200
mL). The organic layer was then washed with sat. aq. NaHCO; (200 mL), H,O (200
mL), and brine (200 mL). The organic layer was then dried (MgSQy), filtered, and
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(100 mL) was added to facilitate stirring. Upon

conpl etion of heating, the reaction was placed in a 4
Crefrigerator for 16h. The resulting yell ow
precipitate was then filtered and washed with cold

et hanol (500 nL) and H2O (500 nL). The solid was then
dried 5 under vacuumto yield the desired pyrazole
§vapordteg, The ctadeqoodiet was thisdpoyified by fIEBAPEYlumBODehOnGtddraphy

%OE&A H NH%sgarsgh-gltA) tlc;"z yl%d the esné_c!.l prodggt%g 9g£/o§| NON

N-[ 3- (4- car bonyl phenyl ) - 4- oxoi ndeno[ 2, 3-d] pyr azol - 5-yl
] (nmor phol i n- 4-yl am no) car boxanm de: To a sol ution of
the indenopyrazole (13.1g, 0.026 nolg) \n _TFA (| 60niL)

was added 15 75 nmL) follovyed By water (12
m.). Solid prodljc‘l*/mTeﬁcl\me ) o

he red clear

sol ution. The re?ﬁqon m xt Washst {,/ed vi gorously
for 20h, then difuted with acetone/Nat €00 ni,

1:1) mixture and®fraced in a 4 C refei or for 16h.
The solid was collected by filtration washed w th

water (100 nlL), and acetone (50 nL). The solid was

Sy'iﬁﬂes‘i’:f 61921541ﬂd%,&&ﬁﬁmﬁﬁbl@wﬁ&?ﬂlﬁﬁ&ﬂdﬁgnﬁd ElctH .

hgaBop)ma)zglq[w-d]ledefeyHmeth!l}nlmnm)ethyHOSZi’- -amino-3-
f
'%?‘i“{“ia’(?ai 1 2- met hoxyet hyl ) pi per azi nyl ] net hyl ) phenyl )

ox oi Mieasdldiidn of py4-do(2, 6d§¢h]0(rﬁ§lfentﬂ]943kﬁme4hy&bthpﬂmémﬁb
oxam de di hydr.ochl or.i de

hydropyrazolo[5,4-d}pyrimidin-6- yl]meth;r/rﬁ) phenoxy ethyl (28)-2-amino-3-
methylbutanoate in dioxane (50 mL) was added 4 N HCl in dioxane (10 mL). The
reaction was then stirred at ambient temp for 48 h then evaporated. The crude product
was then suspended in boiling EtOAc (50 mL) and brought into solution with a
minimum of THF. The product was then crystallized by adding hexanes and cooling to
0 °C. The solid was then filtered, washed with hexane, and dried under vacuum to

yield the desired HCl salt (4.6 g, 92%).

Synthesis of tert-butyl [2-(4-{[1-(2,6-dichlorophenyl)-3-(methylethyl)-4-0x0-5-
hydropyrazolo[5,4-d]pyrimidin-6-yllmethyl}phenoxy)ethyl]phosphate:

To a solution of 1-(2,6-dichlorophenyl)-6-{[4-(2-
hydroxyethoxy)phenyljmethyl}-3-(methylethyl)-5-hydropyrazolo[5,4-d]pyrimidin-4-
one (4.0 g, 8.4 mmol) in DMF (25 mL) was added di-tert-butyl
diisopropylphosphoramidite (4.8 mL, 15 mmol) followed by 1H-tetrazole (2.65 g, 38
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-85 Acetic acid (5.76 g, 96 mmole) was added to a
suspensi on of al dehyde (10 g, 24 mole) and

pi perazine (6.91 g, 48 mmole) in NW (150 nL). The
reaction was stirred at roomtenp for 16h then

treated with NaB(OAc)3H (12.7 g, 60 nmole). The

reaction was stirred at roomtenp for 20h during

minobh ’ltlierreadubﬂ was alodn stinrel at amnbient/iemy for $ hdhen cdelddMo 0 °C and

SRfH p spictin ormE B & loagggﬁc{le' s ﬁgéﬂlz 045 B0 Thpection
\(fgs'sserféH)at Qmé)ff)i' 56 Bhif g‘l&l‘l&&ﬁlt?ﬁk Eténz g?@)%ggzﬂ@ i) Jaﬂ@O% aq.

N@Sn@a (%Q nlbe ril"hstrorgamw tayer wasawalslnd with lﬂ% hgl Nam8203 (200 mL),

BN s8OS st Bt (5P aer A oo oy ks heB et
%gst@a)l filfded, B e%si)%m%' Phe Hade pRAGct WA SSENndEd i Echm-ﬂg\EtOAc

i n di oxane The suspensi on clears the
@f male) andbrogght lrao s‘hluuqn Wpih@cmmumwm@fﬂaﬁrsThmerlwtmnhen
bta

ﬁgﬂhéégg e%ﬁstfm c oo?sd%%t S 8%%%% ¢ e(?rbfrﬁf ? 615/\%@@?‘@ g@é d,
wikthed héthsekiutk, wad dMesimedir vaduantoGhtld (ROfesired phosphéit 201 g,
200 nL). The solid was then dried under vacuumto

i’8}-d the desired bis- hydrochl oride salt (10.3 Q)

desi gnat ed conmpound B16. 15 o0 o HOO\ HN "N
N3~ QA ~Hjl~ol HNC~-N "~ NNC " 5NNC +C d /
N3*( -O -NH2 C ci 1 /5 Synthesig of\Conpound R 20
To a solution of aC|d(14g 2.5 | Yy and am ne (0.8
g, 2.6 mml) in @iergTO~T .
4.6 mml) foll owed by HBTU <4 ). The
reaction mixture was stirred at roomteampgtature for
24 h, poured into an ethyl acetate é& NaOH
partition. Aqueous |ayer extracted wt hyl acetate.
Organic extracts

Synthesis of 1-(2,6-dichlorophenyl)-3-(methylethyl)-6-({4-[2-
(phosphonooxy)ethoxy|phenyl} methyl)-5-hydropyrazolo[5,4-d]pyrimidin-4-one:

Tert-butyl [2-(4-{[1-(2,6-dichlorophenyl)-3-(methylethyl)-4-0x0-5-
hydropyrazolo[5,4-d]pyrimidin-6-yiJmethyl} phenoxy)ethyl]phosphate was dissolved in
90% TFA/H,0 (50 mL) and stirred at ambient temp for 1 h then evaporated. The
residue was azeotroped with toluene (2 x 100 mL) then dried under vacuum. The crude
product was then triturated with boiling EtOAc (200 mL.) and filtered. The solid was
washed with hexanes (250 mL) and dried under vacuum to yield the desired product
(4.2 g, 99%).

Assay Protocols and Results

The biological activity and utility of the compounds of the invention are

demonstrated by one or more assays including those described in more detail below:
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25 washed with I N HCl, dried and concentrated to give
an oil. The crude oil was purified by silica gel
chromat ography to give the product azide as a

colorless oil (0.9 g). -86 00 fg XO/ HN O HoN~-C~-H

11 7(CHNIT ~NNa 1" HN/ \ NNC NNOC G a / d
Cl The azide (0.9 g, 1 mol) was dissolved in

THE/ wassay 1( 10/ Olnhibitign ofRieBRyCIR. pibgreSsian bylthé compbjndsas the

added and reactj on vvas al | owed, t o, st erni ght at
room tenper at UECIHPARAISIGRIPP! W%@dﬁa@%:ﬁfgﬂjﬁgﬁﬁyé Zresults
into 50% NaCOH sgio%llgqq?ﬂgl%ﬁaq%gfe . W th ethyl

acetate. The organic extracts were dried and
concentrated. A hydrochloride salt was made with 3 N
HCl i#ssagdpr opaReduced miabdity pfia boedpangedf RO cell-lines denved from

W th ether. - Theaigie hERET s ds Bpreteiod PO ! bl

gi ve the producéxpoburé % &mpdlnds oB@eintitibn NestNhoNnGﬁ Table
Cl Synt hesis of

2 (4 {[1- (2, 6- dbkhl or ophenyl ) - 3- (et hyl et hyl ) - 4- ox0- 5
Ihydr QRg730! O Sty BIME LA bRy bR ARG b ebf¥in

but oxy) car bonyl donogehicTurmetdl nkdayt(ssoitd shownTio Table 3, Figure 2 and
solution of 1-(2,6-djchlorophenyl)-6-{[4-(2

hydr oxyet hoxy) pﬁgﬂﬂﬂd%)net hyl }

- 3-(nmet hyl et hyl ) - 5- hydr opyr azol o[ 5, 4-d] pyri m di n- 4-

one (Asshy@, 8. 7RéHHéEd viaBnlﬁ)j}/Ef H@T Ma@mélﬁréﬂ d%ato
added Boc-Val -OH (2 g, 3 mol), EDC (2.5 g,

mol ), 1-hydr oxgammdff pkthe u@epnoma@esnmtqﬁmmg a @aigem AM

assay (results shown in Tables 3 and 6).

Assay S. Inhibition of viability in arrested tumor cells but not in arrested
normal cells exposed to compounds of the invention (results

shown in Table 4 and Figure 4).

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

kinase biochemical assays (results shown in Tables 5 and 6).

Assay 7. Activity of compounds in xenograft tumor models (results shown

in Figures 5, 6, 7 and 8).

Assay 8. Affinity of compounds to certain target proteins (results shown
in Figure 9).

Assay 9. Antiviral activity of compounds of the invention (results shown
in Table 7).

Assay 1: Cell cycle analysis with propidium iodide and BrdU
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di i sopropyl ethylamne (2.3 nL, 13 mml). The resulting
solution was then stirred at anbient tenp for 24h

then partitioned between Et QAc (250 nL) and 1 N
HC1(200 nl). The organic |ayer was then washed with
sat. aqg. NaHCO3 (200 nL), H20 (200 nl), and brine
(200 nmL). The organic |ayer was then dried (MSOH4),

fil t eTldpereemage- ey mpbhe &lef and KR/ Mdrphdsespf dotuc] oyale was

hen .puyi fied. by flash col ht. L (40%
e Rk D YA TR prpitmndiOr Aaf daiine fituiinter of
%c'i’ls \z’vigm a % 4NCP)Néxf ddhpl¥mént bY flow ooty M Rbratbedslin

Synt hesi s

distributipr of @i -adioshtherceld hely in reSpanse theAposing |ty the-Gdkoinbibitors

hydr opyr azol ol 5. 4-d] pyri m di n-6-yl ] net hyl } phenoxy) et hy
W%e@vg@&ﬁe%émtﬁ%r%amw]et hyl but anoate: To a sol ution of
2-(4-1[1- (2, 6-di chl or ophenyl) - 3- (et hyl et hyl ) - 4- oxo- 5-
10 Method for staining cells with propidium iodide

hydr opyrazol o[ 5, 4-d] pyri m di n-6-yl ] met hyl } phenoxy) et hy

I (23} sets 8NHOT-Bt6 d8Hk gwm%a) vereddudogpdden (dprédence of a
was added 4 N HC1 in dioxane (10 nL). The _reaction
iggtcomponnd i Fr28dlagks 2neprdeng tot } belowg Apalypis jyas performed at

21 R0y RgRE R Gl o R RARBRAS e i
Moatingeelloin Fatfon e 7§ flodustoniétsic tites, aid\aivakiel bgdelyifugation.
P oS 30 S SRL o T S S e o
YREITRRA L3P (R AP RAAG, T Pkt hap pftferiifino oate
than 041d P-ix (4t orbfuar GGARY100 ) 6FPE S WadWhEA adkte@AO 1 cells,
which were then incubated at 4 °C for 1-2 hours. The stained cells were analyzed on a
Becton Dickinson FACScan flow cytometer. Samples were protected from light.
Figure 1 shows that on exposure to compound A37, cells are terminally arrested in G1
and G2, with evidence of apoptosis and endo-reduplication. Analogous results are seen

for certain other compounds of the invention including compound B16.

Determination of BrdU incorporation into DNA

This method measured the percentage of cells that incorporated the nucleotide
analog, BrdU, into newly synthesized DNA as cells progressed through the S phase of
the cell cycle. The inhibition of BrdU incorporation was used as a measure of a Cdk

inhibitor’s effect on S phase progression and DNA replication.

Method for BrdU labeling
3 sets of HCT-116 cells (100,000 cells/set) were plated in T25 flasks and

incubated with a test compound as above. Analysis was done at 24, 48, and 72 hours.
BrdU was added to each T-25 flask from a stock of 10 mg/ml to a final concentration of
10 pM and the cells were incubated for an additional 16-18 hours at 37 °C. The cells
were then prepared for flow cytometric analysis according to manufacturer’s protocol

(BrdU Flow kit, BD-Pharmingen catalogue # 2354KK) as follows:

-91 -



10

15

20

25

30

hydr opyrazol o[ 5, 4-d] pyri m di n-6-yl ]

nmet hyl } phenoxy) et hyl ] phosphate: To a sol ution of

1- (2, 6-di chl orophenyl )-6-{[4-(2-

hydr oxyet hoxy) phenyl ] net hyl }

-3- (et hyl et hyl ) - 5- hydr opyrazolo [ 5, 4-d] pyrim din-4-

one (4.0 g, 84 muol) in DV (25 nL) was added

di -t e€ellmerylhaﬁ@stdd (axﬂpreupgaiqoﬂoﬂmgb frami the fT@5 flasks ditectly into

PR 1 4o Hoadofrmrtindtbs R rba pPORey Biaithand; oy
ﬁseg&g%llngﬁatto?ﬁvlﬁp@l'e %?dlth@n Qf %@Hﬂc%%@f??@p% %iﬁer(oo minutes,

wwbin teffiperatwra) The neilsmeresﬂhewwaﬁeéwlm 1Gni of P& Wiash binfifer and the

N O L G N LT ———
5, 50 A e i
fiddyiseMyas répdatedrind 00 aihdf Eyiafiar@tte #ern befferforl €0 primdecat room

was suspended in boiling EtOAc (75 nl) and ght
ERPETARBP (EHee IRier? f&%whﬁslﬁ%h 1 mlpof Pefa VB@SBBW% T. i cells

V&g@%eyéﬁ%%a]%tﬁf k‘ oﬁg ﬁ lﬂyat Idét: hyett d i h@é% %)?[E(Jsh ﬂ%ohgbrgted BrdU

flldwed be dn@theie«ras\hwmth 0 rifi F1Rdrrhr rWasﬁaﬁjffeedrmfmsqehed &f
(5.1 9, 10 91%. (HO 20PO*_O ( HN_I \ N Cl
igporgyrateddaidd) ‘Uﬁs revealed with an a-Brd FITC antlbody (50 ul ofa1:50

0 S eCRRH B O TORA PteY i Mt st ford gonc
tholaed dt ¥oéth Rerfipiiaie fo}'QOISObhlﬁlees Following the incubation, the cells

[2-(4-{[1-(2, 6-dichl orwphenyl ) - 3- (et hyl et ha/ 1 4- 0X0- 5
were washed with 1 mi of Perm Wash buffer, resuspended in 30 0f 2% FBS in

PSR SR A 2ot i e o RSy RS R ORIV 2 55 e
SonkéritRfioalof eipsutd %ug?xhﬁﬂﬁhﬂm@ofbﬁm R¢aRREaionty sUIs

resi due was azeotro th toluene (2 x 100 nL) t hen
dried under vacuum The crude 20 product was then
triturated with boiling EtOAc (200 ni) and filtered.

The solid was
Assay 2: Evaluation of Cdk inhibitors in the NCI panel of human tumor cell lines

The evaluation of compounds at the National Cancer Institute in their panel of
60 cell lines provides a wealth of information regarding efficacy in a wide range of
tumor types and genetic backgrounds, Included within this panel are cell lines derived
from leukemia, melanoma and cancers of the lung, colon, brain, ovary, breast, prostate
and kidney. Use of this panel provides a measure of the efficacy of compounds in cells
with alterations in many genes that are associated with neoplastic transformation
including p53 and Her2/Neu as well as those involved in metabolism and those which
confer multi-drug resistance. The data generated in these cell lines with the protocol

described below can be used to evaluate the activity of compounds.

Results of the NCI panel assays are presented in Table 3 (NCI panel)
represented by two informative metrics: (a) the Mean-Graph Mid-point — the average
IC50 over the whole cell panel except that an IC50 (uM) of less than 10 nM is
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washed with hexanes (250 nmL) and dried under vacuumto
yield the desired product (4.2 g, 99% . Assay
Protocol s and Results The biological activity and
utility of the conmpounds of the invention are 25
denonstrated by one or nore assays including those
described in nore detail below -89 Assay 1.

daidulted aseind equal to- Wy idopihxpgsefmte) and th) thel COn(dinsithe

of the invention using propidium,iodide and Brdy

ighibytory qctigify pt the coppRANG A2amsh an adriarayrdn fesktant ogll ling GAlgR-res).
2. Reduced viability of a broad range of 60 cell-Ilines

deri KﬁﬁdifiBRzH‘co&gMﬁ‘ﬁds‘Hﬁhé“iW&Rioh‘éﬁ%éd %ﬁf&ﬁ%%ﬁ%@y Whe
t he panel’, O0n exposure to conpounds of tHe
NV assty:ofi) ¢orapatindsi3%h ddieani Graph Mid-podt.< &sMyand IC50 of inhibition

Aot of APRro faiaen] 00 SN Ui rampesnd B16: Mein-CrardiMigrpoint <
: i gur. ' 4.

il 330 oF riiiorfo ftwi O EDBULE ol < fOPRY. 2

to

conpounds of the invention as estinmated using a
Cal ceMathbiiblogs sfthe (i eifroldarcatyomeeni n Tabl es 3 and 6).
Assay 5. Inhibition of viability in arrested tunor

corp ST 2o MAEIgH0 FPudtid Bnd Bkisiin B Selitictogtiter
s & &HEiﬁeé")anﬁ S 80000 b0 EYN 1AL iTHep14Es were incubated

conpounds of tRe-invention in certain _kinase _
for 2¢ hewrs etB7 43,58y € Qarfes ¢ hoursHdedia contTiain gtavice thadedied final

e B (PSR BB 8 ogibing 00 v
{50t B Y91 i oo TPRUBS 91 340 i

cdnténtratiah. Hat platet werdf theroimgabutetd forfan taliditional eldthioars.
(results shown

The effect of the compound on cellular viability was determined with the
Sulforhodamine B (SRB) assay, which measures total protein. Cells were fixed with
cold TCA to a final concentration of 10% and incubated at 4 °C for 60 minutes. The
supernatant was discarded and the plates were washed five times with water and air-
dried. SRB solution at 4% (w/v) in 1% acetic acid was added to each well and the
plates were incubated for 10 minutes at room temperature. The plates were washed five
times with 1% acetic acid and air-dried. The bound stain was solubilized with 10 mM

trizma base and the absorbance was read on a plate reader at 515 nM.

Assay 3: Protocol for Clonogenic survival assay with HCT-116 cells

This assay was used to determine the 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 then transferred to
compound-free growth medium. After continued incubation in the compound-free
medium for a number of days, the number of colonies recovered is counted as an

estimate of the number of surviving cells.
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in Table 7). 25 Assay 1: Cell cycle analysis with

propi diumiodide and BrdU -90 The percentage of cells
inthe G, S and &/ M phases of the cell cycle was
determ ned by staining DNA with propidiumiodi de and
quantifying the nunber of <cells with a 2N or 4N DNA
conpl enent by flow cytonetry. Alterations in the

di st r Rewdis ofi swth soetival assaye 5 viaheuceainpomds ef the invention are

response € sure to the Cdk inhibitars. 5 was N
DO B 2Pl 1 (anOBEIRLHS tﬁ%ferwsatr%tz:ﬂn M) ficagreund that inhibits

. o P o . ' ol L (s
S PEORLT LY Shtods, TiaRE 2 QT A0 ol OB
abivpy umHOTA1 e &8lsf draisths tiaramuckernd stch ihhibitéonlbybaingwaund A37,
Anal ysj s _perfor at 24, 48 and 72 hours.
Kttt 350 867 o8 Sk i e e b Rp e GSpBing B16 shows an
RO e oNiiin 4 dahRalsid}gaEld s relichod Mitiin 38 1060/ mid A0 nM
cytonetric tubes, and harvested by centrifugation.

fmedi a was decanted fromthe cell pellet, 100 Al of
Pl stain was added and the cells were incubated at 37
C for - m nutes.,,The.cel L count s preferably no
or oy Mehioft o Mot 2elt STHE aher S e (100 ™)
of PI salt was then added to the cells, which were
t hen MediaqRPMI- pG404 1 AIRTS, pe/strep) rveas pIerevaahed twedl7 Cinl Swater

alyzed on a 15 Becton_Dicki nson FACScan fl ow

Rkl arere menbtted sHbEE v B 88 e oalorG Grriiellg HeTe repoysTndby
. 7 4
iﬁm“ﬁ%%"ﬁy'm’mar Sib-ESHRRHE fate afiEERGANEa hefiocyBorlifr. 1 X 10

pteos platednol 28 mils of exddiplin @dicomtisste aliiture dsshr b4 plates were set
certain other ounds, of venti on

: i
B STt ORI T & e eub L YRR A 7 G ThE ot was

diNG&T RS Ahifalit 7 2bRcehMaticd ahBlitfe MBAA QM tRESHIRAMA rbflgced with that
percentage of cells that incorporated the nucleotide

conddinigg tRr igsy, compoundi vy pletes mees set ad foneach songshiration of the
RisRa R e spled 0w s P bl eica B EPompoli blay Bere

atulmtddts abbdfdRi2u048 6r Pf hails, rstliSwas Amfovied @8d ep¥dced with fresh
and DNA replication. Method for BrdU | abeli

53
wedis, apd theplates yeere iepbated amadshiionsad [ |dgysand) Wgﬁgﬁé with BB
EHlonis vJekéasctlaﬁﬁe@%h crystal violet solution (0.4% crystal violet, 20 % ethanol)

for 5 minutes, washed twice with distilled water, and counted.

Assay 4: Use of the Calcein AM viability assay for the evaluation of Cdk inhibitors in
the presence and absence of serum proteins

The potency of Cdk inhibitors, as measured by loss of cellular viability, was
determined with the Calcein AM assay (Molecular Probes). Calcein AM is a substrate
of intracellular esterases, which is cleaved only in viable cells to generate a fluorescent
product that can be quantified with a fluorescent plate reader. The fluorescent signal is
proportional to the number of viable cells, and thus loss of signal in response to the
exposure of cells to Cdk inhibitors correlates with a loss of viability. This assay can

distinguish cell cycle arrest, in which cells may still by viable, from loss of viability
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i ncubated with a test conpound as above. Anal ysis was
done at 24, 48, and 72 hours. BrdU was added to each
T-25 flask froma stock of 10 ng/m to a final
concentration of 10 Mand the cells were incubated
for an additional 16-18 hours at 37 C. The cells were
then prepared for flow cytonetric anal ysis accordi ng
Al isenus fvzadlt amited for the etahwation oF CIdBﬂrﬂwoifd)mwAkddmpound thatisa

BD- Phay mi ngen catal a 354 as. follows:
RO & PO T e P T, S TAPBRY FT b 53 ¢ ho
T25 flasks directly into Falcon 12 x 75 fl ow

cyt ongéinilgr KCUPE weRSdddimifed il thOW@HabYo1biedRl £RBindMd cell line,
ﬁermaabl lization with the addition of 100 | Cytofix

€t e and the mormal(taonani fretlast, IMBSPn RretepneaditatedelCso’s Msre also
S e washed with 1 nl of Perm Wash buffer
SindPE T -

ell ets were resuspended in 100 |
Cytoperm Pl us buffer and incubated on ice for 10

m nut Résultd b€ suhl ishiMgraesdyd are prastd iaJabk 3HAT-1161 of
Perm WAsh buffer and the fixation was repeated in_100

@nabylityipyetein; adjusiadd apd PERHID é€508d#%mommmeégadmst¢daé% the

% E{/%tsw %%a#r%sgr?lccf}L eGS%ee ra?e ;h\l%gs&]ef\éﬁgﬂﬁg{ r eaﬁ uél F‘IOfﬁle Ivention

indableed. 37 C with 100 | DNase to expose incorporated
BrduU 10 foIIovved by anot her wash step with 1 m of

Per m Wash buf f The presence of por at ed
vas. rAUDSERH cRllviebality 25y agaRet ethen el g@w wge cpn as above.

Fof oL Bl P Bl B —
A.&Tﬂﬂa@'ﬁtlll6€€<5©hl\/13,0[{@@'-1116l’pibﬁﬁ]-adj@dtécb(m 50D AN A2780 (<10 nM),
WD B e i Rl o, b s

@nshoaa), yeeso I 6%&\@' SHfok theXtflcein AM
present ed In $ b(?@ﬁ% as t(ﬁgé(a con %rP{r%gtygn oeféc%er!r%ound
Xijilityhassay. nhi bits of BrdU i ncorporation by 50% Assay
2: Evaluation of Cdk inhibitors in the NCl panel of

h Th I

the. Ao o AMR 4 R TR EhE B saRar o P E5 6o
efsini2dtd8 A1 D00 3, (DOWRRS, rbspettivellf, Wetdplad i 2d37dll dihes and
efficacy in a w de range of tunor types and genetic

ma@a@dcmmgghu a8y u@eﬁ%\@@h HC"E—M@C@QH@IG suleure@ it RPMId$40,
ﬂf% 'FYZ%d alfl ﬁgb %&Ifs \%r% cuﬁEreg 0P wﬁ?{ﬁ? ﬁalSMg&la.\tnhglpha, 10%

rarn, ovar reas pros

lkﬂ:stneﬁer d‘J&ﬁug{t 1ﬁ&ﬁb§t1@amedllow aiticrtabe, ahdihadid veasabpitdied from each
efficacy. of conpounds in cells Wi th aI terations in
Vethgndyeplased with media coniypingadest RPIROwKLY| afonpentration from 0 to

fjﬂﬁ\ﬁf ﬁJaHRl'hg Qotal of 7 doses. The plates were returned to the incubator and
cultured for an additional 72 hours (3 days). The media used for the determination of
protein-adjusted ICsy’s was RPMI-1640, 10% FCS, plus 1 mg/ml alpha acidic
glycoprotein (Sigma G-9885), and 45 mg/ml human serum albumin (Sigma A3782).
After 72-hours incubation with the test compound, the cells were washed twice with 1X

PBS, taking special care to remove all residual buffer.

A 5 pM Calcein AM solution was prepared by dissolving a 50 pg aliquot of
Calcein (Molecular Probes catalog # C3100) in 50 ul DMSO. After the Calcein had
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25 including p53 and Her2/ Neu as well as those

i nvol ved in netabolismand those which confer

mul ti-drug resistance. The data generated in these
cell lines with the protocol described bel ow can be
used to evaluate the activity of conpounds. Results of
the NCI panel assays are presented in Table 3 (NC

mﬁlﬁbt)aly dissolved€nd admitys atwbomnémperature)£it WRk ailmd inta)10 ml PBS.
he Mean- & aph M d-point - the avera | C50 ovyer

@ﬂeelwﬂ’ase(%%mll) e ixesh welathepl a?e@S’CPf? Wcubgted foggS minutes
r I t

0P aciihg G A EScBEBA Sl uccnt

eaddr lfexoiaiomd85/20 and erhistion 580/25bund agai nst an

adriamycin resistant cell line (ADR-res). Additi onal

conpounds of the invention showed the foll ow ng

activity in t NCI assay: (i) compound A37:
2 ! <50nMandIC500finhibition 5

of graowth of ADR-re cells <,100 (ii) conpound B16:
Mean- ‘€ydpndapeadsns masez(%i) AsALYds r@;@eéfo PIoRIOt; the progsession

S thr Mt RS B bPE cof ahsiod EAChe A iSRG potmal,

eaSrantorpleds cEedils iimn cﬂﬁlwvaéthras meq:wsen&rof gnd:wthefactats, the removal of

Bidh obrien SErh batvaton. Tisdh fp & foss R adivit nd Consgupes exii
froh tRécdIDche asRfl) @nt@loﬂ% ﬁhfé‘sé&lt EH‘ASE eGH. I’T?xefé?&brﬁ&nfa' éhanistic

concentrat’ion of the conpound doses spanning 4
jtayppinshat witke beiggdound bY theomﬁdkamhibmons oh@dd haveegricatly

S S e e

for an additional 48 hours. The effect of the conpound

on ceResultaof viability adsiysvndieedoirhiededhdrmal (IRKR9D) and arrested
Sul f or hodam ne B (SRB§ assay, which measures total
sele. (Hdel 19 upingecertpipegmpopnds ofghejinyemtiansarg presgagpd in Table
ng 0/
fnﬂﬂﬁ‘%eﬁ@frh%h@%%e%n el A b otpotnd s opdhe fobgpition of
viebitityefdnestet ineanali (MR 90) i taadoe (HEAd 6pcells. dihledﬂso ERB
solution at 4% (W vVv) in_1%acetic acid was added t

oRBOURE 3 Tares ford todreat &Q niybfos aprpgedb HCdd! lr%?elli(ﬁﬂd >10 M for

3308l SROTE ABGEERYS uo TP 493y g .

nwdsaﬁ@bmw&ﬁrﬁh‘dﬂbdm%\&blw 10 MM trizma base
and the absorbance was read on a plate reader at 515

nM Assay 3: Protocol for C onogenic survival assay
with HCT-116 cells

Arresting HCT-116 and IMR90 cells by serum starvation for evaluation of
compound potency

HCT-116 cells were plated in triplicate for each compound concentration to be
tested in RPMI 1640 media containing 10% fetal calf serum at a density of either 200
or 2,000 cells per well in 24 well dishes, and incubated overnight at 37 °C, 5% CO..
The media from the plate containing 2,000 cells per well was removed, cells were
washed once with serum free media and 1 ml of serum free media was placed on cells.
The plates containing cells both in the presence and absence of serum were incubated

for 6 additional days.
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This assay was used to determ ne the concentration of

a conpound that results irreversible |oss of

viability after a specified period of exposure.
Essentially, cells are 25 exposed to conpound for a
period of 1, 2 or 5 days, and are then transferred to
conpound-free growth nmedium After continued

i ncubBMROO celis wére ptaepmuriglifate for eaeldcampdund cancentrbon to be

Gared Y PERT e Gomaiting, [19BAraael G of gy LSt 2,000 o

ﬂ?@@ﬂ betisQler %8R kn Q&WIVcﬁéheéﬁﬁ@Mﬁuﬁé%éd M@émigﬂtsammo §9080,. The
of the invention are presente in

md@w@gemoyec‘aﬁomhbe %ﬂ%mllr-mrr\wil QM C@ﬂs wormmﬁhdd pheg with
hi I 50% (1.C50
B de iR R e B v et St i il seppaigine

¢dls 6t in tﬁ@gﬁ@éﬂc& and Bb“lseh&‘ﬁoﬂ defiBn Rk Mmeuliiedfe B additional days.
i nhi bition by conpound A37, 5 W|th an IC50 of < 50 nM

wi th 24 hour conpound exposure. B16_shows an
| C50 dfsessingythe prA-cHele Herestafd! L4 é? “"%WRP@:Sd’Srlé’a?éﬁ%smwafw"
within 30 to 60 mn at 100 nM (Figure 3). Method to
measuf @ epule thatthgicels hagk indeedesyifed theccellsvelspon serumeithdrawal,

(R pAcAREPor R Bt LR v M ReBrIRET R0l Sphase

\f?/Zs &éteﬁ%{mﬁﬁfelaﬂe bk;seri}mafne Hoe d\(ijﬁ@ﬂﬁ@keh))fthlt emmrﬁénz,abllm]ar
JOom su con uent ates an ount e in
ﬂéh%lswaﬁ%\faéwatedlswﬁtwou&lm@ e ee o SNARFTh afbopesgenys
Hﬁ)gfrﬁe 'o? rﬁraéénﬁﬁl dsteP € whithlard Snlg'aéhve 1%15319&@& ’g’géfﬁher, the

each test conpound, and were I ncu
mab.ratllog lof BadU 3itofpordtive aulfiosRE- 1vdsavagc buflew dytametry provided

a at nce rat ons nd. the ne e.ce
S tishenleiRer R o SRt PR aEals el habis T his anatysis,

e BN R Ere sTé@ﬁ’e(Pslvﬁ'ﬁ SN A- ‘P a8 E3110%R dn@'th&AsrBpared for determination of
concentration of the conmpound to be tested, as well

BedU insorporationlas described wbaveout conpound. Pl ates were
i ncubat ed as above for 24, 48 or 74 hours, nedia was

r enov d :
| SoVRE T SRRt B gy TR g 5o 2
3% in SavlardoniniRg enediadiRPMI- WWDrMEM—ﬂMthiIO%E‘FCS respectively).
solution (0,4%crystal violet, 20 % ethanol), 20 for_ 5

ﬁ'iﬁ"e}éowmgﬁf@&/ﬂ? vhemediaryasgrmpyed and. aleravashingdhe Gells, replaced

iad: Use of the Calcein AMviability
gggg%/ﬁglor t vaI uation of Cdk inhibitors in the
presence and absence of serum Proteins
HCT-116 + FCS 5,000 cells

HCT-116 - FCS 100,000 cells

IMR90 + FCS 100,000 cells

IMR90 - FCS 200,000 cells

The IMR90 cells were grown for an additional 3 days and the HCT-116 cells
were grown for an additional 6 days before pulsing with BrdU. A 50 pg aliquot of
SNARF-1 (Molecular Probes catalog #C1272) was dissolved in 50 ul DMSO at room
temperature for 10 minutes and then diluted into 10 m] PBS. The SNARF-1 was further
diluted 1:64,000 before 200 pul was added to each tube of cells which had been cultured
in the presence or absence of serum and pulsed with BrdU for 20 hours. The cells were
incubated at 37 °C for 30 minutes and then washed with 3 ml of PBS.
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The potency of Cdk inhibitors, as neasured by |oss of
cellular viability, was determned with the Calcein
AM assay (Mol ecul ar Probes). Calcein AMis a substrate
25 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
f | uor Ghesrdells merathen Sixed mppmpmm &ir th@niehsxrﬂumb@tf BodU
viable cells, apd, thus | oss of si in_response

mﬁwomaegaﬁ@cabe%@qvg Ths Rsswerageiol .Vt@les(Féo?)r@deﬁ 8@‘ positive
A di stingui sh

cel p(%yl}%:%§gr&ffg}sﬂtn§@|bh v%‘%%&hﬂﬁiaﬁn%ye%?l Il by viable,

fromloss of viability -94 and is thus well suited

for theesig Dbawiabﬂitpbf @dkstechHIO3 Lidrand IMRSShqedanfiert dagosure to

IS a otent .cytotoxic, may cause significant |oss of

%’é’fﬂou(}ﬁsa‘ﬁtﬁ % uch assay. Cellular 1C50's were

det er m ned in t he human col orectal carcinoma cell

| i ne TheHQéTls bidSincatiied inehaprebce BETRTohipouads 8872 hours (3 days)

Protein adjusted 1C50's were also 5 determ ned

4tr$7H@Tﬁ% 18, axdalipwsstogtetesming the neieney of cpsapopndsyensthe cycling and

BIFRETAAY CRITEAF e REE R ok el it LR ogfs were

dxposddie a panelnfla dosesngingdigpan 64 25@:@1 Fbareastddnommnal cells, the
shown_for further compounds of the invention in Table
rgnge of dosay wabinsreasad to 0B te 23 wih da gempgpsaigder Be gepected

re conducted as above. The I1C50 (M for
&e%héasaél(r)h%%ig ids of the invention were found to be: (i)
compound A37: HCT-116 (<50 nM, HCT-116
pr ot eThe aftkjctiof @htﬁuts 6OCompund ARp&rd sxi Oelhulldr, viahi ifRIas assessed

3R BE b AV e LaIcemAN 2 ypresAa st iacel ks o
dstekids BM alP rcﬁ’l 6)95(9 ve 1:6’ Qlabféeceﬁﬁl(ﬁeéﬁ AWF the s\ﬁbéﬁ'té thh provides a

assay. ['s were recovere from
mgasumﬁvtm]:ehw, p'haﬂlespnwoﬂtmyb@lmllmmbcn and 1, 000 or
4,000 cells, respectively, were plated in 24 wel |

T6 et @iigin VS ?lﬁffﬂut" o R aTE bY SisTOneC s pitiot
%@g&lﬁrbﬁes"&fa@o A S RM) s %PDMH@ EygeRibk QJas incubated at

i um al pha, FCS. "Af t over ni ght 1 ncubation
momlehmwamn‘h ﬁureippmmmhtelym}inmmm asqure diaethe fGabevirelah

‘ﬁeﬁﬁ‘?&) c?g ‘lgﬁg E]?ﬁfgﬁerl]%?vepghﬁlqt% ﬁ{tg 1{)1 IBurlq)BaS ttoepsl"'.tepare the final

solution, which was protected from light.

The media was aspirated off the cells, which were then washed twice with 1 ml
PBS to remove the PBS completely from cells by aspiration. 0.5 ml of the Calcein/PBS
solution was transferred by pipette into each well. The plates were incubated at 37 °C
for 75 minutes (protected from light) and read on a fluorescent plate reader (excitation
485/20 and emission 530/25).

Assay 6: Inhibition of Biochemical Kinase Assay

Enzymes: Cdc2 / cyclin B was obtained from commercial sources. Cdk2 / his-
cyclin Egyort was expressed in Sf9 cells. Cdk2 / cyclin A, cdk4 / cyclin D1, and cdk6 /

cyclin D2 were expressed in S9 cells. Protein kinase A (catalytic subunit, from bovine
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250 nM spanning a total of 7 doses. The plates were
returned to the incubator and cultured for an

addi tional 72 hours (3 days). The nedia used for the
determ nation of protein-adjusted 1C50's was

RPM - 1640, 10% FCS, plus 1 ng/ M al pha acidic 25

gl ycoprotein (Sigm G 9885), and 45 ng/mm human serum
kelait) andhpro8iig kinagSC §@)xed isdzyares Tidnhet bmin)rweerb ablatned firanin
t he tet}i con%ound, the cells were washed twice with 1X
PEEICERK P SPpeci al care to renove all residual

buffer. A5 pMCalcein AM sol ution was prepared by

di ssofnbishgres: Bidtcthed 1 WuPfroMfcontaidréial sburdds! GSTIRY is glutathione-
Probes catal og # C3100) in 50 | DVBO. After the |
Thapepriso fuged togthe dotepmenak pijregidyescd 1928 afgheRhwretsinat
roomtenperature), it was diluted into 10 m PBS.

Cal cej %gﬁ : . .

pl at e%ﬂa f?dﬁ:?fgggg{]%a or %%%%etrﬁr&% eg %E}g{\é%lg%@ﬁ@orporamn of
fapioat e tyefiborh adendsirgHfy Y Friphbéphald iner M Res H ISisinps TEAS
read, on a fluqgrescent plate reader (excitation 485/20
RIREIPE#I SAseRy- £do7/oxplin ﬁlq@éfwdaﬁlsm b werechfainedsiien
é&ﬁ%bﬁfaﬁ’? gdedthe hhﬂ%&y(sgﬂlﬁ)on%pﬁﬂaifﬁhw FAHEE] oliv
pronot e e progression” of cells rough di st nct

Mpate$ ¥l dithioteeitbl, 30 yiMs hdenosivie tiéphobpieat 2ol ¢if &P atobpn

of normal, non-transformed, cells in culture requires

dimetiplsationile (Gpmgosyponnduicpid s, 20 ing Histepe H1, 6{U argyme ina
ich, . th h d i vati | ead J I f

S Sotim, LoHbnuSds Bttt A aafipis scngimraneayhogy Lt and

ASuEiThe r&RHES whb Qafitl ‘Z‘ﬁﬁ%‘é‘%%@ i fe'ﬁQ;FmJ,fh?l'ib)ﬁafeQ i@procecd for

froma nechanistic wi thout bei ng boun
ymiha @0 C, Gk stoppedibt the addition b2 alefgtopaolution (23TLimd4
(ﬁotencyin arrested normal cells relative to their

podhium sthilencdvimine tefaractate, RO3 mMlpdgrosinedpphosphatgsid $0). The
0. | ted. 1E
FARSAE O B SR 6 DO LI (310 ALABRE R
the peRipinr wiscaphesdon & 96iwelllgdsdibed filtet Jﬂm (Miipoge, Inc.), which
shows the enhanced activity of conmpound A37 on_ the

hadrheph Mebwith25 %, {ve) irichlprepcetiy peid: Ehe filtarveas wasiubion times with
200 TSRO TR Sl oY 0 s

eidilafitn Mfming ager &R101 00RO Sciaeflds (Miao3rint 20, Bddkard

showed an_I C50 of <50 nM for arrested HCI- 20 116 . .
lpgirpgendng Relative aqivitgrwasrdetesmingd  byrbpiding the amount of radioactivity

incorporated in the presence of compound by the amount of radicactivity incorporated
in a control experiment containing DMSO alone but no compound. The background
radioactivity, determined in an experiment containing 50 mM EDTA in place of
compound, was subtracted from all results before calculations. The concentration of
compound for 50% inhibition (ICsg) was determined by fitting the data to the standard

equation:
P = min + (max — min) (1/(1 + (IC50/ {I})*)) (1)

where P =1 — relative activity is relative inhibition, /] is concentration of
compound, max and min are the maximum and minimum relative inhibition (1 and 0,

respectively) and s is the so-called Hill slope.
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Arresting HCT-116 and I MR90O cells by serum starvation

for evaluation of conpound potency HCT-116 cells were
plated in triplicate for each conmpound concentration

to be 25 tested in RPM 1640 nedi a contai ning 10%

fetal calf serumat a density of either 200 or 2,000
cells per well in 24 well dishes, and incubated

over nCakl/cydind, (dk2k¥ ki, Cdkeydtindd f, dnd @dkblgcln Blactivity
con a|n|n 2,000 cells per well was renoved, cells

Wat deterpingtbusing e Slufgthigne EFRIFASE SaPISHRSEAYa hHC aymeg fere

S isRd 1S gﬁﬁ‘éblacegﬁﬁﬁﬂét%ﬁ &8 4 lrjlésubsgé}g égb‘?t

contalnlng int presence an senc
glatathione$ d¢ransterasa fisdd tcsasfdues 57 %&dcﬁ%m Rl redm;tﬂasterﬁﬁprotein

Oth & Srlto s Bt ftutohsionioed 8l ek TemMMec,
PiEHM aitmoﬂ&e&&"/sé RivBhdendlihe fﬁhp@ﬁ@ 3 1“3 mgf-f*pga&hoﬁhé her

or 20,000 cells per I shes and

mhué;ﬂh&dl@%ehmemmsuh‘bxﬁé’ (frden cbfifpbtiitis), pie7. 5148l 1g GEISRb, and
renmoved fromthe 20,000 cell-per-well dish, cells were
W&’é’ﬁ’édn 81108 Wi Yalume Lompaunde @’efﬂeftﬂdﬁd abiYRTIOPS coRpeniTalions

I I Th o
SR L35 SR B B B BTAR A AL i 30
Wi&astt@ﬂ)eﬁ By the Ak &R LIABY Stop sEIREES B3PI Wsodium ethylene-
cell-cycle afrest of HCT-116 and I MROO cells by serum

diaminedeiraacetaiy 1 @hmM adcrtmametmphusphdxs, pih8.0). theddS B-Ribt veas cap-

bRt o B EEne Seotige betd QAespnamiol P16 5, e e
RUsPEHsRmSYRAltRE Pihadugh aoélﬁfﬁber ﬁﬁeﬁ"@ﬁte@' RaSHifiy ARGefathed beads

each experinment. For the purpose of this experinent
@éq tige sith nhoamhalter blyffwa@ saling|cantaiing .M (whd diveten-26 the amount

Gt RBrPraee) vk fepatined Rp RGN on SR gt afine 100 L
ébirﬁﬂiaﬁt Reldtive ad@EBI VA detérﬁﬁnecﬂiﬁﬁdl%‘ﬂ‘iﬁg)ﬂﬁe amoBhCdS radloactmty

Incorporation and "SNARF-1 cl eavage by flow cytonetry
lpp@vm&ﬂl inghe BFQS@QS m’ammmmlt:il’ve' th¢ ampintiof radiozetividy ingg@rporated

5P A b TS0 ik B BB 8 o

fabidactprigpdstednined i@ epetimahi mmﬁl B0 e digodiger at i on
as descri bed above. HCT-116 and | O cells were

Phderadiaming Fréraa@qigtpﬂlypbé% ef samnpupd) wos subtracted fpmaalkeesults
IS T0RL AR ST AR LS s

dmmﬂg/ﬁmng\ﬂmjdmme@ﬁﬁm(l\mwl ng the cells,
repl aced

Protein kinase C and protein kinase A were assayed using a TCA precipitation
assay with Histone H1 as a substrate. For protein kinase A, the final assay contained 50
mM Tris, 10 mM MgCl,, 1 mM dithiothreitol, pH 7.5, 12 pM adenosine triphosphate,
10% (v/v) dimethylsulfoxide (from compounds), 20 pg Histone H1, 2 uCi [y-**P]
adenosine triphosphate, 0.2 U protein kinase A in a 100 uL assay. A protein kinase C
assay contained 50 mM Tris, 10 mM MgCl,, 1 mM dithiothreitol, 0.8 mM CaCl,, pH
7.5, 5 uM adenosine triphosphate, 10% (v/v) dimethylsulfoxide (from compounds), 20
pg Histone H1, 2 pCi [y-**P] adenosine triphosphate, 0.01 U protein kinase C in a 50
uL assay. The assays were started by the addition of enzyme, allowed to react for 10
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20 wth serumfree nedia. HCT-I 16 + FCS 5,000 cells
HCT- 116 - FCS 100,000 cells [IMRAO + FCS 100, 000 cells
| MROO - FCS 200,000 cells 25 The I MROO cells were
grown for an additional 3 days and the HCT- 116 cells
were grown for an additional 6 days before pulsing
with BrdU A 50 g aliquot of SNARF-1 (Ml ecul ar
ISP Chad sgppédld/addingG 4 dohemds\WEd37 mM@idodBO at
room tenperature for 10 mnutes and then diluted into,

ethylgpedipaine teteracpipierl 05 YL adenpsine friphgsphate @H18-8.4Thyguyotein was

HECRl e A 13 rPR Fleteh BREAALS Bl % (W FcHRbaceti

il anpl ik apectedib filtBring tHrough2D9dronel $lasq fibercfitratiomepparatus

incubated at. 37 C for 30 mnutes.and thep washed with .

QKPCap)- HS cty werh S5he0dFR Bines paCINch _(Wfﬁfi EEF?’EFHB?"GUC acid, and
: ; as

B SRR Mo daiITP RPN s BEink P RRAAS 00,

Mhigosquutsant isviatilltidn opntieg. | Thewascaitasomd henmund for 50%

F can,flow cytoneter,. sessi,ng .the viability of
Ly R s e CESH bikstazany Soho foabioBdbhr ot o s
conmpounds of the invention The cells are incubated in
t he pre@S GOnPthelabsvCLIBRUIEIFreb@ited’id THOW 5 akBTSkAY 6)
at 37 C5% CO2 as follows to determ ne the potency of
compounds on the cycling and arrested cells. Cycling

3 l1s as well as cycling | MROO
cells _ were_ exposed to a panel of 6 doses ranging from
5 t o Pe@snivpmpeundsof he iayeniionyegre sxthesized gad prepeeadder 1.v.

o[ S . . ®
Ay RS FEn G ARABRAR0, B Calonke, ERPREDATYS
ottaihed isthe phamimeeutivdl dragemd vexs repasdd inl5&s destrlse-wrater (DSW).

s assessed in the Cal cein Il assay. Calcein is a
m@m@ﬂs W§£Po@ﬁ4eater%showeq jectipn volugies Berausigtiio body

RESHOM Ymdeh iMBodsh). Vi @bl e cell's. O eavage of the
su%sf@at%l tﬂés %rso%u des a 15 neasure of viability,
which is proportional to cell nunber. A Calcein AM

st oc kMeawVusbondmiaBerpale pamadnisy wirselhined from Gharlgs River, housed

1%' slta%fl:%icroisolators, and provided ad libitum with water and an irradiated standard
rodent diet (Purina Pico-Lab Rodent Diet 20).

Determination of maximum tolerated dose (MTD). Mice at 8 weeks of age were
pair-matched into groups of 5-8 animals and preliminary toxicity studies were
performed with unknown test compounds. Animals were treated i.v. daily for 10
consecutive days with test compound and were weighed twice weekly. Mice were
examined frequently for clinical signs of any adverse drug-related effects. Acceptable
toxicity for anti-cancer drugs in mice is defined by the NCI as no mean group weight

loss of over 20% and not more than 10% toxic death in treated animals.

Standard Protocol. Athymic nude mice (male or female, 6-7 weeks) were
implanted s.c. with single 1 mm3 tumor fragments (tumor brie) or alternatively, 5-10 x
106 tissue culture-derived cells into the flank. Animals were initially monitored twice

weekly for tumor growth and then daily as the implants approached the desired size of
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(Mol ecul ar Probes catal ogue # C3 100) in 50 | DVSO

The tube was incubated at roomtenperature for
approximately 10 minutes to ensure that the Cal cein

had dissolved conpletely. The calcein was dil uted

into 10 M PBS to prepare the final 20 solution,

whi ch was protected fromlight. The nedia was

Fppexismpety b0 mn’rBe Waen the tinnbisigrowe te béthveen mabmg nicakeulated

irofasiah thE ST R PAF G PP PR SpPTPEB R fEgment
apsisery zﬁﬂmmé/_ﬁblﬁﬂtahﬁ tleRnRene A5 14 L:bmpa—l.li}ﬁs Wa@ﬁﬁﬁaﬂéﬁr a

I ncubat ed at for 75 m nutes ected from
pasifive)coatal wessdbsothaecording tczelstet@ntcalmoatrelw duther weights were

n .25 .485/ 20 mSSI [ 25
G e B M R o R TR ey 25 Bl €53 e w50
Ebﬁﬁiehﬂy Borwdsered taig@écts! die GESTOEI ¢ @h}@éd 50 il £ & maCotkidse/ tumor
hi s- clin Esho,t was expressed in Sf9 cells. Cdk2 /
@WII‘PW Adlemmg/m@yemmd@lelyama@m / cyclin D2 were
expressed in Sf9 cells. Protein kinase A (catalytic
SUbUMfmofsif RRYLIEd b%aéeﬁﬁﬁfr;g)théwﬂ el ISLRHAAS Runfor with a
(m xed 1sozynes Trom rat brain) were tai ne
digitatenbpal Tamor oesght Suls estimated usihi ghedfoilowidg faesulir om
comerci al sources. GST-Rb i's glutathione-
S-transferase fus to er.m nal resi dues
379-928 of the Rb pPBPE elg {&E%)ay@" X(ﬁéél cyclinB
activity was determ ned measur i n% I ncor por ati on of

r adi oWBeTEWY fwflihcﬂ@ﬂé&dﬁ iy o BheTHmen Hbtsshualees qapglso be
T reC| pitation assay.
%ﬁéﬁ? '@olﬂ@étﬁ?%ggse@ﬁl 'H stone HL were obtained from

connerC|aI sources. The final assay solution contained
50 nm\VEApersndd@l tredtnam/mapigaiise paftiakkégiesstondPR) er tahpletsO

M adenosine ripho ate, 32P, 10
ST SR ¢ O B8 b RS HRRCY Sz 9% O I ofthe startng
ddh?tlf’ﬁ%e bty gr@atH‘ tﬁﬁHM U8 Pordhree Cotse¥@ivéRys @ﬁﬁﬁ?ﬂﬁ@ @Burse of the
wer e’ added at vari ous concentrations betvveen I nM and
stodyvwlireas a3t otains when theweris od measurable dumeoltinessdiar three

d to pr ed f.or n_at .30
PR e oy Fifoscath HIBRAGE abBlats €Rodh BBt it iq, 0 pfkane
x&?ﬂani%ltﬁﬁdwmﬁ e aglétil dTehd elpepakat.ate, 105 M
adenosi ne triphosphate, pH 8.0). The 15 protein was

precipitated by the addition of 35 L 70% (w v)
tric g:'gb]g{l,(é CEaiga calpglation that determines the percentage of tumor

cells that are killed after the initiation of treatment and can be used as a quantitative

measure of efficacy:

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

where T = is the mean time required for the treatment group of mice to reach
1000 mg in size, C = the mean time for the control group tumors to reach 1000 mg in
size, Td = is the tumor doubling time estimated from the linear regression analysis from
a semi-log growth plot of the control group tumors during exponential growth and 3.32
= the number of doublings required for a population to increase 1-logl( unit. Each
LCK unit represents 1-logl0 unit of cell killing (e.g. 1 LCK = 90% kill, 2 LCK = 99%%
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the precipitate was captured on a 96-well gl ass fiber
filter plate (MIlipore, Inc.), which had been wet

with 25% (w v) trichloroacetic acid. The filter was
washed ten tines with 25% (wv) trichloroacetic acid,
and the amount of incorporated 32P was determ ned by
scintillation counting after adding 100 L scintillant
kil etc)s ¥etonlier Banpaunds BObd sigifioamiyt xjive Rakatheydave LCK
acgtivit s determ ned di vi di t he anobunt of

¥ qufée%{‘ih\@/z\ﬁﬁp”%mﬁ%?%&%dumﬂrﬁ@gﬁr esence of

conpound by the anount of radioactivity incorporated

in a oERbF SlowdX RMHITERNI TGRS AEANEWeidMRGR *sertes I afiunt of
conmpound. The background ‘radioactivity, determ ned in
mos gpevthitkaits inbitited by tgas@entwitipoenipoupd guer eodefined period of
tcorrpﬁulnd vva%dsubtract ed fromall results before

W0Fc A EFTRSRES e concentration of 25 compound for 50%
inhibition (1C50) was determned by fitting the data

to the standard equat i%QTGIR FOO{i«T/€) (max - mn) (1/(1
+ (1C0 / [1])5)) (1) where P =1 - relative activity

I's T eyhbleVieisRdWnBird huditbr slzklof b SomPHERIMréaAdd ﬁ_ﬁuﬁf)n a given day,
conpound, max and mn are the maxi mum and T ni num
mn&g the nieghithot size ¢fithemehicle codfolrgmaypent theshmy dand s

is the so-called H Il slope. -99 Cdk2/cyclin E,

act 1Ty oRl® g bR RuRlp a0y BRI gt oy

shpheddalissasastate TACd €z M TOEsiNEER tox@XiTHIES GRGal dieSvEhin 1 week
i nsect _cells as heterodi ners, and the substrate

Yssthednal spmpownd Feathpelfad dhe fumes size Jgenetyeaded 4000 mg. Non-
bt 168 AéaAnd Bnclifhs Pbin e 1BLABAE hRPAATBnHaGES dkic deaths.

expr esse € assSay sol ution confal ned
MV Tris.HCL, 10 MM Mgl 2, 1 mMdithiothreitol, 50 M

adenofumer tegrassios Ehdefmed AccOrdipy 133B]ladimgamnmentions: a regression
trj phosphat e, % dj hyl sul f oxi de (f ds), .
SeBngr R e el rELy ol o de (s ompommRutEe) o
ﬁ;ﬂpﬂgﬂ ds rlﬁ‘%ﬁ;&i&pﬂ QdfiRdd #aohiPiste FORFEMd RldP WRight decreases

tween 1 and 10 M The reaction was allowed to
balow eesdsireble MEigltruring 86 Gpedmantdl prainds ttoppreds dsfined@s a tumor-

dditiop _of ,70.L of stop solution (237 mM di sodi um
B nioler e S ite et piG AR, 105 mm adenost ne
tri phosphate, pH 8.0). The GST-Rb was cap- tured by

Résnfls NBigufe @showal resinRechiepiibfop S&cbet 20mpdumisifalng invétion in a
110 min, and the suspension was filtered throu%lg) a
egograft

B4 §6 xenngral} fumaexmoded.¢ Biguigfshons theeesulis of ancd2

tumor model achieved from compound A37. Figure 7 shows the results of a PC3

xenograft tumor model achieved from compound A37. Figure 8 shows the results of a

A2780 xenograft tumor model achieved from compound B16.

Assay 8: Measurement of affinities between target molecules and compounds

In order to confirm the suitability of a given chemical compound for the uses
proposed herein, it may be helpful to characterize the binding properties of such
compound to its known binding partners, if any. This, however, should not be

interpreted as limiting the scope of the invention.
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five time with phosphate-buffered saline containing

0.3 % (wyv) Tween-20, the anmount 15 of 33P

i ncorporated was determ ned by scintillation counting

after adding 100 L scintillant. Relative activity was

determ ned by dividing the anmount of radioactivity

i ncorporated in the presence of conpound by the anount

of r alihoaftinityiof yhemicalrqopeuads toithelacarmspomimghmdmgrpfarmﬂs

con ai.nin al on but n 0 The round
b8 deieTine, 15w Sxghm otre B LA GREDY i ey an (LeaP B,

@deﬁM SRS QOthkyRy3Rnfiyix %eacﬁlﬁmaﬂeel %Irﬁﬂﬁr“r@énﬂtt @udhrhs for

ace of “conpound, Wwas subtracted from al resul

@@rmwl% th@leciavdomﬁiw Affimtycieneen (@anbndgeoﬂﬁ)owﬁbbmmadlék‘
50% | |t| | determned by fitting the

%Pé)ta’éfmpg tgaﬂaa g%hﬁﬁgarr’aot ein kinase C and protein

ki nase A were assayed using a TCA precipitation assay

Wi t h hi SieprRertdtivsprocahibs iiciading of CorpohdRKb fitg kBown binding
the final assay contained 50 25 nM Tris, 10 nM %012

narersofe PRRGwRkRE wgs améwresﬂ Ehe amplygisyaseesfoaed on a BIACORE

SRS B 03 ) il G U R S PREpES (o7 7.0,

150 xpthpﬁatlenl\@DITunﬂrOdl(E%TMemaS@ (pofein grad€)@albiactem). A 10

ACEEBon RO B &1 TR B t2ibg Jen e sprgce g1 M3

ﬁﬁmﬁ &eéerafdﬁ"%?% inaeamﬂig%&ﬂﬂ ‘g)ch@inﬁ%%hlﬂ &’dlmf t%xc'hgl%ctenze the

from conpounds Hi st ore ,
hdémgemf fentpoupdh 8stp Ipmtems,(fof_)dxamme mcy(:ilmEsep@ﬁ@d protein
O0.L ass The assa re,starte t he addition..
Becron aitisd B RuitRE b S Hine Sistigprotefionperdfitions,
“hicBRéEré tHRRRAGWRY t?%@b Bﬁe&héséﬁ@bﬂ%ﬁ?ﬁc@éor%%tﬁ@ly for 5 min each,
i a

di sodi um_ et hyl ene m ne tetraacetate, 105

M@W@é pHie min qfﬁulstpnglb@fferwtl@ pmeTiny ;ﬂt@tTéqer&sw&satmn and

GiE1Blob Bt B CORIMRGELIRRES oRBIRL LAR BRIGAIR Back chip
hufaf:e Wwiae rieagured A bw aate GfB\@hl/nﬂlh atsﬁerfeweéxﬁenhtma&hmhlp was
apparatus 5 (MIlipore). The filters were washed t

TeBFEsatGH by tws %r(wux)vetlmpetmr@rqﬁ dd¥iguanigiign haﬁ@chmée (20 sec,

SRl SRS B R, v, e

counting. The concentration of compound for 50%
i nhi bThe data (eS@alywad usieg ehaﬁioe‘zhlhgtiohi softimarp tdusonl dtlaBiacore

uat i (). Results fro bov.e assa ar,
B Etie: Y TV R notaiAizeg o e QR S, ahd e
BRREDIA] bbthi¥RwitP4€d18ro] surface. The association and dissociation rates were
determined separately or globally using a Langmuir 1:1 binding model. The affinities

(Kp) were calculated using the equation;
Kp=kdiss/ kass

The above procedure can be performed analogously with other target proteins,
for example Cdk9, Cdk4 etc. An inhibitor of Cdk9, for example, may be useful in the
treatment or prophylaxis of HIV and/or AIDS.
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Drugs. Conpounds of the invention were synthesized and
prepared for i.v. admnistration in a bioconpatible
vehicle. CPT-11 (Canptosar(r), Pharnmacia) was

obt ai ned as the pharmaceutical drug and was prepared
in 5% dextrose-water (D5W. All preparations were
made fresh weekly and injection volunes were adjusted
to boEigure]%shmisglstan @@axﬁphith@ﬁ:sgltsmlﬂaia&d for the binding of

| e nu/nu. m,ce wer, tai.ned fr.om
EhR A It GUiS T & sl i Hhedktp Eal6iiered SRR these
P PNMOSs g 0i+hi 2 gy th water and an irradiated
standard rodent di et (Purina Pico-Lab Rodent Diet
20). Determnation of maxi mumtol erated dose (MID).
Mce at 8 weeks of age were 20 pair-matched into
groups of 5-8 animals and prelimnary toxicity studies

. f Wi th unknown test conpounds. Aninmals
5 dfsap Bﬁ;’Wdaily for 10 consecutive days with

10

15

test SRIRONA] AL URLR UFRBIRE S HUREHI Yo MefiBiERe

exam ned uen Inircal sIgns O verse

giripheratbvbe @hcﬁ'lfoﬁﬁﬂéz& cels (RBNIAY) @fectadsith the lfmrpassage clinical
anti-cancer drugs in mce is defined by the NCI as pq

iselale BYVLBOIE g tgpnezstewdg@assm s efﬁe%yafrfdh?ﬁstw%%n in
a})clrﬁg‘%c o{&é@&hﬁ mqgleﬁilg%gﬂrl#%e 21%91 Iﬂﬂﬁ e‘f’ls a l&égﬁj gsrtﬁ’nate of the
ﬁ‘esapsu)tlmedec oﬁ thpdeauotnﬂdundaio bmmz%des [Fh@hé’BMﬁ‘srﬁ‘otrum donors

PrERRRe ot bl ERPEA PUor AL bl et el cuttured

Mﬁﬁfﬂeﬁéﬂcb AF 2B HiRhRdhd VAL &visiraklnatdddy the PRfogenic signal.
ro and then daily as the inplants appr oached he

Yirusgvasi aa_déed.aat a m@mpélpm okinfection pf 040 ellywere quawred for 7

GRFBRR Ao R b LR Do b FRictlec Tl sBliEioppi Fdhepsured

BXmenever ot @hverst Gahdtbiptase S6tDANYSn (e shferdBiafPAr) GrQbPkity was
and treatnent with test conpounds was initiated.

A
peasurad kit BietMEB aonsy. dbssesuits ebdunlicgtedstamminatipngef the anti-HIV

. - el ody

S0k e PSRV S BRSMLR S8LEMMTLER B o
observed frequently for adverse drug effects. The
pr ot oAlilreferdntes) phtents samyd pablicsionshivathdreinaire heralsysincorporated by
Rrﬁg}lched i’r%?o to be i mMmedi ately euthani zed. Tunors

BGreR deternmining the length and width of
the tunor with a digital caliper. Tunor weight was
estimated using the follow ng formula:
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10 Tunor Weight (mg) = (W2 x 1) / 2 where w = width
and 1= length in mmof the tunor. These val ues can

al so be expressed in volunmetric units (mMmB).
Experinental treatnent may cause partial regression
(PR) or conmplete 15 regression (CR) of tunors. PR is
where the tunor size is 50%or less of the starting
Talely 11) size but greater than 0.0 ng for three
consecutive days during the course of the study,
wher eRange diRoapound coviventrativns @sddsinssagasur abl e t unor

mass for three consecutive days. Cures are defined as
ariel-s—whose tunpr—shripksto-0 ng and rommins that

T TTTX

Gapcentrationdle conpl et [ B8h5of (HE expadi nehfO 20| 10 | 250
€8hiponh! (LCK) is a fal at|i th deigﬁpine he

perggntage of tunor cellls th£§mare§§$lle afte nM
initiation of treatmept |and ¢an bejused as a
quantitative measurej off efficacy: |[Log Cell Kill
= (T-O [/ (3.32)(Td) R5|wherg T = is thefmean {i

L ro

required—for—the—treatment—gtotup—of—nm-ce--+e—+reach
1000 ng in size, C=the nean tinme for the contro
group tunors to reach 1000 ng in size, Td =is the
tunor doubling tine estimated fromthe |inear
regression analysis from a sem-log growth plot of
the control group tunors during exponential growh and
3.32 = the nunber of doublings required for a

popul ation to increase 1-10gl10 unit. Each 30 LCK unit
represents 1-10910 unit of cell killing (e.g. 1 LCK =
90% ki ll, 2 LCK = 99% -102 kill, etc.). W consider
conmpounds to be significantly active when they have
LCK values >1, which corresponds to >90% tunor cel
kill. Tunmor growth inhibition (TA@) is a calculation

t hat describes the amount of tunor growth that is
inhibited by treatnent with a conpound over a defined
period of 5 tinme. It is expressed as: WA =
100(1-T/C) where T is the nmean tunor size of a
compound treated group on a given day, and Cis the
mean tunor size of the vehicle control group on the
sanme day. 10 Toxic deaths are defined as deaths caused
by conmpound treatnent and not by
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advanced di sease st ate.

t he ani mal

A death is considered toxic if
after the final

dies within 1 week
compound treatnent and the tunor size has not

r eached

1000 ng. Non- tunor related deaths after this point

are recorded, but not considered toxic deaths.

Tunor

regression is defined according the foll ow ng

&elrlod@nt i ons:
(PR)
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devel oped
readily 5

t he binding of Conpound R to

its known binding partners CDK2/cyclinE was anal yzed.
The anal ysis was perfornmed on a Bl ACORE 2000
SPR- Bi osensor at 22 Cin a running buffer containing

20 mM HEPES (pH

0. 005% Tween 20 (protein grade,

7. 4),

150 nmM

Nadl ,

1 nM DTT and
Cal bi ochenm). A 10 10

.tMsolution of Conpound R was coupled at pH 8.0 to
t he dextrane-surface of a C\vb
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sensor-chip (research grade) via am de coupling

chem stry. In order to characterize the binding of
Compound R to proteins, for exanple CDK2/cyclinE, a
purified protein fraction was diluted in running

buffer to obtain nine distinct protein concentrations,

whi ch were then allowed to pass over the sensor

$abledce consecutively for 5 nin each, 15 followed by 5

mn of running buffer at the sane flow rate. The
assocRatulsforcettaimiiongmundd ofthe fvehtien oDk fylovingEn-vitro celluar

C | ex ont,o t.he - Compound R-1 oaded chip, surfag

ST CEPe PR RAD B SoPgemsisHvi g oSaYe R HCT-116
EAREVILBTREY ass! ﬁ%ﬁhMR‘Q@%?Hsr SREHRS HeirddorlaWvity against the NCI
consecuti've 1'njections of 3 M
epleprang] (MeanHyrapl MDopdideandICS0against3t ddtiainypinesistant cell line)
the next sanple was | oaded. 20 The data were anal yzed
usi ng the Bi oeval uation software version 3.1 (Biacore

aaroa narmml i oad . tn thao
LELAY4 LI %Y A L )

AB, Uapsala—TSE—Tthe—€eurves—pwere tzed-to

i nj egp°u.'°§?‘£rtf I KL 'égg‘é'%:-guudmhwii_naﬂm[a_
cont rlol—surf dyabilitiel 9ias ci Honeaenla 4\ das SMG-MID| APR-res
O e Rt Z BT o ) Lo D
Langnui r Al: 1 [bi<odi ng radel|. <iTh®.1a&d.i pi<di1gs < KD) were

cal cutated—using—the—~eguation—2>KBkdtiss—kass—The

above| pr &edur e<tan be per|f or fed|anal ogbusly with

ot her| Target [prQteilis, , T qr_exampl e K9, CdK4Tetc,. AN

i nhi bli tor’ of C&ﬁé forflexandl e, fay b&%Udef®!in t1e

treatimenty or pr@phy|l axi s akg kil V and/ pry /|DS. - | 104
| g '

Fi gurle-9—shows as gn exany helresults |obtained for

the b ndieng of <0@DK2/ ayicl i|rE1t 0 {4®1 CMB1Gommound <1

R- | oaded—chirp—TheKB-cat-gutatedFropmth et

amounts fo 8,[0<M1- 2, P-hM| 9 Assas0-bp <Ait|i vidkh <1

acti ity .The [acLivijty Qf Tt ne.terda n coifpounds|[ofr the

i nvenfti orf wag ébﬁl dat €d i r<8'f)=f$i1)her al<8‘g}:oo 1 <1

mononucl gar c¢eldys (IPBMgs) |inf petied W L 4tihesd oW 540
HL- 1 to :

passage,—clinical isol ate RQJ enerafe a
neasure af the<efifijcacy ofi<t.hgpa| conpepgnds <om |acukel V

i nf egted—ceHrs—Hause—of—thepsernorfat—hurar—¢et—s
al l ows ad esti néte {of the|10 {herapeutPd |i ndex |of

t hesd co ounds, t1o be” Jyade. _Fresh PB’I\/L,ﬁ flrom & Wo
donorls re 0081 ed and sti r?u ated wi € 'QF’HAf- {or <10

48-72 hoyrs. |Thgcal | sqwene thgn|cul tuped sqq >10

PSP~ bt o
oC Ut A

M <0.1 <1 <0.1 <0.1
N <1 <1 >0.1
o <0.1 <1 <0.01 <0.1
P <0.01 <0.1 <0.1
Q <0.1 <1 <0.1 <0.1| <0.1 <0.1 <10
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in the presence of IL-2 to maintain the cell division
initiated by the mtogenic signal. The virus was

added at a multiplicity of infection of 0.1. The cells
were cultured for 7 days post infection prior to the
eval uation of efficacy. Viral replication was neasured

15 by the |l evel of reverse transcriptase activity in
TRkleduper nat ant and cytotoxicity was mneasured wth

the MIS assay. The results of duplicate determ nations

of t hesuitsifetHtertaireédmmanys afitie dysteation (IC501s aM)tfbehe arrested

pell e dcssibedsal

esented in Table 7. Al
Fcations cited herein are hereby

r ef er ences,

incorporated by reference in their entirety. -105
Table 1. Range of clonpound Afrasedtcsifadsaps used in
Assay 1. Concentr atjcompédind) 5 10(nkf) 50 1D0 250
Compound nM nM nM nM nM nM| wiR®e Talor 2| Results for
certain conpounds of the Tnventiop Tor the BrduU
i ncorporation assay| dgsCrifbed avpve. BrgU Conpound
fu 24h 48h 72h A 0 To B—C ;}&.\Ot&pfl D <0.1 <0.1
<0.1 E <0.01 <0.1 <6 fF—F ‘%w% < <&h;“ 01 <0.1 <0.1
H<1l <1 <1 | <0.05—<631—<0—+1— \

E >0.1 <0.1

F >1.0 <0.1

G >0.1 <0.1

H >1.0 <0.1

| >1.0 <0.1

J

K >1.0 <0.01

L

M >1.0 <0.1

N

0 >0.1 <0.1

P

Q >0.1 <0.1
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J K<0.1<0.1<0.1 L <0.1<0.1<0.1 M<0.1¢<0.1<0.1

NO<0.1<1<1 PQ<0.1<0.1<0.1 5- 107 Table 3.

Results for certain conpounds of the invention for the

following in-vitro celluar activity assays descri bed

above: viability and cl onogenic survival assays with

HCT- 116 «cells, viability assays with I MRAO cells,

dnabletSwo neasures of activity against the NCI 5 cell

panel ("Mean-G aph M D-point and | C50 agai nst an

adr i aRgsilts fressrairedmsainds bf the inveea ol O30 abiM)1fbBbiothdmical

&%M, A MROO NCI panel Viability Protein C onogenic M
1fipn pgspys deseribegiabeved 24 h 48 h 72 h (M (M A

<0.1 <1 <1 <0.1 <0.1<0.1<0.1<1 B<1<1C«x0.1c«x1

<1 <0.1 <0.1<0.1 0 <0.01<0.1<0.01 E<0.1<1<0.1

o~

ST Y TR I by DR \%ﬁﬂlslﬂ. +—<OT<t—16
€0mpounid| <O T <0, VEK€Q | 10O 1| SOSEH | <@y din<ll pa<0. pke0. (1 c.abl
0.1 >10CY§linEy Cyclin ALByalind| GyclinBy BoT k1 3 <1 <0. 1 ©

7

K <@ 1 ¥1<5% S0 Lo.70{1 10| <

B <0.01 <0.1 <10 <0.1

c <0.1 <0.1 <1 <1 >10 >10 >10
D <0.1 <0.1 <1 <1

E <0.01 <0.01 <0.01 <0.1 <0.01 <10 <10 <10
F <0.1 <0.1 <0.01 <0.1 <0.01

G <0.1 <0.1 <0.01 <0.1 >10 >10
H <0.1 <0.1 <0.1 <0.1

| <0.1 <0.1 <0.01 <0.1

J <0.1

K <0.1

L <0.1 <Q.1 <0.1

M <0.1

N <0.1 <0.01

o <0.1

P <0.1

Q

<0.01 <0.1 <0.01 <0.1 <0.1
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L <0.1 <1 <0.1 >0.1 >10 >10 M<0.1 <1 <0.1 <0.1 N<1
<1 >0.1 0O0<0.1<1<0.01<0.1 P<0.01<0.1<0.10Q
<0.1 <1 <0.1 <0.1 <0.1 <0.1 <10 -108 Table 4. Results
for certain conmpounds of the invention (I1C50 as nM
for the arrested cell assay described above. Arrested
cell assay Conpound nM IMROO HCT A B C >1.0 <0.01
D>1.0<0.01 E>0.1<0.1 F>2.0<0.1 G>0.1<0.1 H
>1.0<0.1 | >1.0<0.1 JK>2.0<0.01 L M>1.0<0.1

’Plab?e 5'0. 1<0.1 P

Results for additional compounds in the biochemical inhibition and HCT-116

viability assays (non-protein adjusted) described above,

IC50 (uM)
Compound eyl C41 - Sde2l HCT a0
A1 <0.01 <1 <0.1 <0.1
A2 <0.01 <10 <1 <0.1
A3 <0.1 <0.1 <0.1 <0.1
A4 <0.01 <0.1 <0.1 <0.1
Ab <0.1 <10 <1 <0.1
AB <0.01 <0.1 <0.01 <0.1
A7 <0.1 <01 <0.1 <Q.1
A8 <0.1 <0.1 <0.1 <0.1
A9 <0.1 <0.1 <0.01 <0.1
A10 <0.1 <1 <0.01 <0.1
A1 <0.1 <0.1 <0.1 <0.1
A12 <0.1 <0.1 <0.1 <0.1
A13 <0.1 <0.1 <0.1 <0.01
Al4 <0.1 <0.1 <0.1 <0.1
A15 <0.1 <0.1 <0.01 <0.1
A16 <0.1 <1 <0.1 <0.1
A17 <0.1 <0.1 <0.01 <0.1
A18 <0.1 <0.1 <0.1 <0.1
A19 <0.1 <1 <0.1 <0.1
A20 <0.01 <0.1 <0.01 <0.1
A21 <0.01 <1 <0.1 <0.1
A22 <0.01 <0.1 <0.1 <0.1
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Q>0.1<0.1 5 -109 Table 5. Results for certain
conpounds of the invention (1C50 as M for biochem cal
i nhibition assays descri bed above. Cdk21 Cdk2/ Cdk4/
Cdc2/ Cdk6/ Conmpound Cyclin E Cyclin A Cyclin D Cyclin
B Cyclin PKA PKC c-Abl D2 A<0.1<0.1<1<1<18B
<0.01 <0.1 <10 <0.1 C<0.1 <0.1 <1 <1 >10 >10 >10 D

<0.1 <0.1 <1 <1 E <0.01 <0.01 <IC5®(luM=)O 1 <0.01 <10] <10
1 Cu e o L gl cs B8 LY
<0.1 J 401 K <0 1 IE<0 T°¢ <0 T M<0 1T N<0A/fl
<0.01 O |<0. Az;:P <0. ko1 <0. 010 1:0 1 <@.91 rO. l«g<p. 1 -
110 Tablfe—6—™Restytts—for—addi-t+pratl—eorpounds—a— he
bi ochem qal A%hi bijt <6&1apd KCT- 116 <0.01 <0.01

A25 <0.1 <0.1 <0.1 <0.01

A26 <0.1 <0.1 <0.1 <0.01

A27 <0.1 <0.1 <0.01 <0.1

A28 <0.1 <1 <0.1 <0.1

A29 <0.01 <0.1 <0.1 <0.1

A30 <0.1 <1 <1 <0.1

A31 <0.1 <0.1 <0.1 <0.1

A32 <0.1 <0.1 <1 <0.1

A33 <0.1 <0.1 <0.1 <0.1

A34 <0.01 <0.1 <0.1 <0.1

A35 <0.1 <0.1 <0.01 <0.1

A36 <0.1 <0.1 <0.1 <0.01

A37 <0.1 <0.1 <0.1 <0.1

A38 <0.1 <1 <1 <0.1

A39 <0.1 <1 <1 <0.1

A40 <0.1 <0.1 <0.1 <0.1

A41 <0.1 <0.1 <1 <0.1

Ad2 <0.1 <1 <1 <0.1

Ad3 <0.1 <1 <1 <Q.1

Ad4 <0.1 <0.1 <0.01 <0.1

A45 <0.1 <0.1 <0.01 <0.01

A48 <0.1 <1 <0.01 <0.1

A4T7 <0.1 <0.1 <0.01

A48 <0.1 <1 <0.1

A49 <0.1 <0.1 <0.1

A50 <0.1 <1 <0.1
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viability assays (non-protein adjusted) described
above. 5 1C50 (M Cdk2 / Cdk41l Cdc2 HCT-116 Conpound
cyclin cyclin D1 cyclin Bviability E A <0.01 <1
<0.1 <0.1 A2 <0.01 <10 <1 <0.1 A3 <0.1 <0.1 <0.1
<0.1 A4 <0.01 <0.1 <0.1 <0.1 A5 <0.1 <10 <1 <0.1 A6
<0.01 <0.1 <0.01 <0.1 A7 <0.1 <0.1 <0.1 <0.1 AS <0.1

<0.1 <0.7 <0.1 A9 <0.1 <0.1 <OIcEa (=M. 1 Al10 <0.1 K1
<0.01 <0.i11 Al <0.Cdk2y 1 ;,<O &
0 1 <0 Y conmend 1oyt fiop Seidey B
<0.1 Al7 <OA§1 <O 1 «)10]1 <0.1 Al18 <0.1|<0.49.0.1
<0.1 Al9—<b6—+% ——<P—1+—A20+<60+—<Pp—1+—<6—61+0. 1
A21 <0.01 <1A2D. 1 <0011 A22 <<10. OJL <311 <0.1 @11
111 A53 <1 <10 <1 <0.01
Ab4 <0.01 <1 <0.01 <0.1
AS5 <0.1 <10 <0.1 <0.1
AS6 <0.1 <1 <0.1 <0.1
AS7 <0.01 <0.1 <0.01 <0.1
A58 <0.01 <10 <10 <0.1
A59 <0.1 <1 <0.1 <0.1
AB0 <0.1 <10 <1 <0.1
AB1 <0.1 <1 <0.1 <0.1
A62 <0.1 <10 <0.1 <0.1
AB3 <0.1 <1 <0.1 <0.1
A64 <0.1 <1 <0.1 <0.1
A65 <0.1 <0.1 <0.01 <0.1
AGB <0.1 <10 <0.1 <01
A7 <0.01 <0.1 <0.1
A68 <0.01 <0.1 <0.1 <1
AT4 <0.1 <0.1 >0.25
A76 <0.1 <0.1 <0.1 <0.1
AT7 <0.1
A78 <0.01
AT9 <0.1
ABO <0.1
A81 <0.1
A82 <0.1 <0.1
B1 <0.01 <1
B2 <0.1 <0.01 <0.1
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IC50 (M Cdk21 Cdk4 / Cdc2 HCT416 Conpound cyclin
cyclin D cyclin Bviability E A23 <0.01 <0.1 <0.1
<0.1 A24 <0.01 <0.1 <0.01 <0.01 A25 <0.1 <0.1 <0.1
<0.01 A26 <0.1 <0.1 <0.1 <0.01 A27 <0.1 <0.1 <0.01
<0.1 A28 <0.1 <1 <0.1 <0.1 A29 <0.01 <0.1 <0.1 <0.1
A30 <0.1 <1 <1 <0.1 A31 <0.1 <0.1 <0.1 <0.1 A32 <0.1

<0.1 <1 40.1 A33 <0.1 <0.1 <0.1e56(pMy A34 <0.01 <0.1
<0.1 <0.1 A35 <0.1CHR/1 <Q 1, <0. bychP6 <Gick-f@ 1
<0.1 <0. (ELomReANdo. eyclp. 1 ¢ inIDﬁO.c},cﬁ,AQS <Qighiref <
<0.1 A39 <01 <1 <1Eq AAQ_ <0 <0 1 <0 1 <0 1
A4l <0.1 |<0. B3<1l €0.<b.1 A2 <0.1 1 «0l0i<0|1 M8 <O0| 1
<]l <1 <0.F—A44—<0—1—6- —61+—+6—1+—A4p <6161
<0.01 <0.|01 BA46 <0.90-k1|<0.01 <0.1 A47|<0.9.%0.1
<0. 01

B5 <0.1 <0.1

B6 <0.1 <0.1

B7 <0.1 <1

B8 <0.1 <0.1

B9 <0.1 <0.1

B10 <0.1 <0.1

B11 <0.1 <1

B12 <0.1 <0.1

B13 <0.1 <0.01

B14 <0.01

B15 <0.01

B16 <0.01 <0.01 <0.01

B17 <0.01

c1 <0.1

Cc3 <0.1 <0.1

c4 <0.01 <0.1

C5 <0.25
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A48 <0.1 <1 <0.1 A49 <0.1 <0.1 <0.1 A50 <0.1 <1 <0.1

- 112 1C50 (M Cdk2/ Cdk4 Cdc2 HCT-116 Conpound

cyclin cyclin 131 cyclin B viability E A5l <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 <0.1 A56 <0.1 <1 <0.1

<0.1 A57 <0.01 <0.1 <0.01 <0.1 A58 <0.01 <10 <10

Fghig¢ 7. A59 <0.1 <1 <0.1 <0.1 A60 <0.1 <10 <1 <0.1 A6l

<0.1 <1 <0.1 <0.1 A62 <0.1 <10 <0.1 <0.1 AB3 <0.1 «1

<0. 1 Reésults féstahtivirallactivity forkcertfinlcompobndelofthecihvintich. BA50: 50%
A67 <0. 01, <O0. A68

<0.1. A66 <0.1 <1Q <0.1 <0 <0.1
‘@g%tiolk?f virusgeplicaion measuref éy Ly ere ignseriptasy Vég.“iﬂkﬁ‘o. 1

sibemnatdie; L TCAG: /5059 ctoxicity (MTS); TI: TC50/1C50.

Compound 1C50 (uM) TCS0 (M) T

A32 <0.01 <0.1 >10
A61 <0.01 <0,1 >10
AB4 <0.01 <0.1 >10
C3 <0.01 <0.1 >10
C4 <(.1 <0.1 >1

AZT <0.01 >1.0 >100
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A78 <0.01 A79 <0.1 A80 <0.1 A81 <0.1 A82 <0.1 <0.1
Bl <0.01 <1 B2 <0.1 <0.01 <0.1 - 113
I Cdk4 | Cdc2 HCT-116 Compound cyclin cyclin D7
cyclin Bviability E B3 <0.1 <0.01 <0.1

BS <0.1 <0.1

B6 <0.1 <0.1

B7 <0.1 <1

1C50 (M) Cdk2

B4 <0.1 <0.1
B8 <0.1 <0.1

B9 <0.1 <0.1 1310 <0.1 <0.1 B11 <0.1 <1 B12 <0.1
dable AB13 <0.1 <0.01 Bil4 <0.01 Bl1l5 <0.01 B16 <0.01

<0.01 <0.01 B17 <0.01 d <0.1 C3 <0.1 <0.1
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4 <0.01 <0.1 C5 <0.25 - 114 Table 7. Results for
antiviral activity for certain conpounds of the

i nvention. 1C50: 50% inhibition of virus replication
nmeasured by reverse transcriptase levels in the
supernatant; TC50: 50% cytoxicity (MIS); TI:
TC50/ 1 C50. Conpound 1C50 (M TC50 (M TI A32 <0.01
<0.1 >1@ompoiing0. 01 <0.1 >10 Africde 01 <0.1 >10 C3
<0.01 0.1 >10 | &4 <0.1 <0.1 >1 AZT <0.01 >1.0 >100
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&pP-~-N 40X &B3ald,A0H 4 HG - 142
Conpound Structure o D NANH CH G656 5 -143 Table D

O her conpounds of the invention result from sel ecting
appropriate features fromthe table of possible
features bel ow. For exanple, conpound A77 results from
the follow ng sel ections:

nondgCompptad [i no- ar yl - OCH2( CO) - Sthetadi ne- CH3. 5
Lef t-hand Ldgft-hand Aryl or R ng substituent N togen
Ri ght - hand substituent substituent ring heteroaryl
f eatjur e CH3 (nor phol i no /%ryl CI:HZ NHM al kyl i sopropyl
pi per azi ne t|hi opene )fe?xy
CH3CH2®&1€O) CH2 S02 nor phol | n
OCH2( CO) OCHZ pi perazine s } uedwacm e p| peri di ne
aci ¢ e
B18 [ (J e
(R
/ﬁ o °s°
B19 ey Y e
(-
B20 O‘\"j\“ o Q ”/QCJH‘JH
\ CIH
LN\N N o O}NO/N\/“O
C1 O. O
\N’N
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pyrazol e ester pyrrolodi ne CH2CH20CH3 CH2CH2COH
CH2NH2 CH2NHCH2CH2CH3 CH2NHCH3  CH2NHCHCH3CH3  CH3
CHCH3CH3 COOCH2CH3 none - 144 dainms 1. A
conmpound, or isoneric, prodrug, tautoneric,
pharmaceutically acceptable salt, N-oxide, or
stereoisoneric formthereof, having the structure of

For nGoappind: v B" 'NH O R6 / \SRfuctue5 \ -1 ~NH (1)

wherlein B rgpresents M R8; Ar represents a,phenyl
ring; V regdresents 0; 10 Wrepresents S(O?f, (=0,
C(=8), or CH2; R Tre esents, independegtly~for each
occurrence, H,[#owbp hkyl a pefdar~colinterion; R
reprlese®?s, |i ndependent]y Gﬁ&h occurré&nce, H or

| ower al kyl ;| R5 repre OR )2, M JK, or MQ

Ccs5
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R6 represents H, 15 R7 represents H, R8 has the
structure: in where Z represents O or NR; J
represents Clam, C(=S), or S2; 20 K represents OR ,
NR', or N(R)SO2R'; Min R5 represents a substituted
or unsubstituted nethyl ene group (including C(=0 and
C(=S)), NR', 0, S, S(O, or S(02); Min B represents
Meblel r epresents an integer of 1 when present in B
fromO-6 when present in R5, and from1-3 25 when
present_in R6i and -145 Qrepresents a substituted or
unsubst iCoripatiad ni t r ogen- cont ai rgtAgulet eroaryl ring,
secondary am no substituent, tertiary am no
substituent, or| nitrogen-coptaj ning heterocycle. 2.

*

The conpound of| claim 1, wier & - gpriesents a
substituted or junsubstitutgd} M m “:d%gaﬁtaining
heteroaryl Gii ngf or 5 seqgonMamy ~afitfio substituent. 3

The conpound of| claim 1, ¥ergi n, R5 represents MK,
provided that R5 is not CW2LOCH. 4. A conpound of
claim1, wherein, R5 reprgsents M Q-and Q represent
a substituted jor unsubstituted: nitrogen-containing
heteroaryl ring, tertiary amno .10 substituent, or
ni trogen-contaijni ng hete yae. 5. A cgnpound of
claim4, whereijn, Q represegph _,u-x%klgéed or
unsubsti t ut ed tertiary'aﬁ%_o;i Jup 6. conmpound of
claim4, whereiln, Q rephegent’s A slUbstituted or
unsubstituted nitrogen;gik @i ning heterocycle. 15 7
A conpound of any one of yefains 1-3, wherein, R5
represents M Q@ and Q ®epresents a substituted or
unsubstituted decondary am no group.

U7

G3 . ] HM,

G4

G5
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8. A conpound of any one of clains 1-3, wherein,

represents MQ
unsubstituted n

A conpound of any one of clainms 1-3, wherein,

represents H
1-3, wherein,

R5

and Qis a substituted or

i trogen-containing heteroaryl ring. 9.
RI

20 10. A conpound of any one of clains

Wrepresents CH2. 11. The conpound of

any oneCompolad

is CH2, S(02),
claim 11, wher¢g
13. A conpound
substituents in
occurrenceG6al k
car bonyl, sulfg
al kyl , al koxy 38
or oligo(ethyl¢g

1, selected fra

ns_1-3, whereinStiictiinen attached to
C(=S), or (=0 . 12. The conpound of
in, Mwhen attached to Qis CH2. -14p
of any ofet{abns 1-3;, wherein

clude, intepehdent!y feor each

yl, oxo, acyl sapfnadl Jhydroxyl,

nyl, ester, ahtd, . NR'R', hydroxy

| kyl, aryl, heterocyclyl, cycloal kyl,
ne glycol). 5 14. A conpound of claim
mAA7, A49, A51, and A82. 15. A

phar maceuti cal
phar maceut i cal
of any one of c
any one of clai
medi canment for

conposition conprising a

y acceptabl e excipient and a conpound
lains 1 to 14. 16. Use of a conpound of
m 1 to 14 in the manufacture of a
treating a hyperproliferative disorder

10 17. Use of a conpound of any one of clains 1 to 14

i n the nmanuf act

proliferation of a cell

ure of a nmedicanent for inhibiting

18. Use of a conmpound of any

one of claine 1 to 14 in the manufacture of a

medi cament for
of claim 18, wh
a hunman
conpound of any
manuf act ure of

15 i mmunodefi ci ency virus (H V).

infection. 19. The use
infection is caused by
20. Use of a
one of claims 1 to 14 in the

nmedi canent for treating or

treating a vira
erein the viral

a

preventing al opecia i nduced by chenot herapy or

radi ati on ther
of claine 1 to
medi canment .

apy. 21. Use of a conpound of any one
14 for the manufacture of a 20
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Table D

Other compounds of the invention result from selecting appropriate features

from the table of possible features below. For example, compound A77 results from the

following selections: none-morpholino-aryl-OCH,(CO)-piperazine-CHs.

Left-hand Left-hand Arylor . Nitogen
substituent ring h:{eroaryl Ring substituent featt?re
CH3 morpholino aryl QCH2 NHM
isopropyl piperazine thiopene QCHZ2(CO) NMM
CH3CH20(CO)CH2 s02 morpholino
none OCH2(CO)YOCH2 piperazine
piperidine
pyrazole
pyrrolodine

- 144 -

Right-hand substituent

atkyl

alkoxy

alcohot

substitued amine
acid

ester
CH:CH;OCH;
CHzCH,0OH
CHzNH,
CHzNHCH>CH,CH,4
CH:NHCH3,
CH-NHCHCH3CH;
Chis

CHCH3CH3
COQCH;CH3
none



-Claims

1. A compound, or isomeric, prodrug, tautomeric, pharmaceutically acceptable salt,

N-oxide, or sterecisomeric form thereof, having the structure of Formula (II):
v

M

B NH

)
WRs
A
SN Rz
5 \N _~NH (II)
wherein
B represents M;Rg;
Ar represents a phenyl ring;
V represents O;

10 W represents S(0,), C(=0), C(=S), or CH;;
R’ represents, independently for each occurrence, H, lower alkyl, or a metal counterion;
R represents, independently for each occurrence, H or lower alkyl;
R represents P(=O)(OR’);, MyJK, or M;,Q;
R, represents H;
15 Rjyrepresents H;
Rjs has the structure:
2/\
K/"

.
where Z represents O or NR’;

J represents C(=0), C(=8), or SOy;
20 Krepresents OR’, NR”’, or N(R")SO.R’’;
M in Rs represents a substituted or unsubstituted methylene group (including C(=0) and
C(=8)), NR"”, O, 8, §(0), or S{0y);
M in B represents NH;
n represents an integer of 1 when present in B, from 0-6 when present in Rs, and from 1-3

25 when present in Rg; and

- 145 -



10

15

20

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

amino substituent, tertiary amino substituent, or nitrogen-containing heterocycle.

2. The compound of claim 1, wherein,
Q represents a substituted or unsubstituted: nitrogen-containing heteroaryl ring or

secondary amino substituent,

3. The compound of claim 1, wherein,
R; represents M, JK, provided that Rs is not CH,COOH.

4. A compound of claim 1, wherein, Rs represents M,Q and Q represents a
substituted or unsubstituted: nitrogen-containing heteroaryl ring, tertiary amino

substituent, or nitrogen-containing heterocycle.

5. A compound of claim 4, wherein, Q represents a substituted or unsubstituted

tertiary amino group.

6. A compound of claim 4, wherein, Q represents a substituted or unsubstituted

nitrogen-containing heterocycle.

7. A compound of any one of claims 1-3, wherein, Rs represents M, Q and Q

represents a substituted or unsubstituted secondary amino group.

8. A compound of any one of claims 1-3, wherein, Rs represents M,Q and Q is a

substituted or unsubstituted nitrogen-containing heteroaryl ring.
9. A compound of any one of claims 1-3, wherein, R’’ represents H.
10. A compound of any one of claims 1-3, wherein, W represents CH,.

11.  The compound of any one of claims 1-3, wherein, M when attached to Q is CH3,
S(03), C(=8), or C(=0).

12. The compound of claim 11, wherein, M when attached to Q is CHj.
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13. A compound of any of claims 1-3, wherein substituents include, independently for
each occurrence, alkyl, oxo, acyl amino, hydroxyl, carbonyl, sulfonyl, ester, amide,
NR’R”, hydroxy alkyl, alkoxy alkyl, aryl, heterocyclyl, cycloalkyl, or oligo(ethylene
glycol).

5 14. A compound of claim 1, selected from A47, A49, AS1, and A82.

15. A pharmaceutical composition comprising a pharmaceutically acceptable excipient

and a compound of any one of claims 1 to 14.

16. Use of a compound of any one of claims 1 to 14 in the manufacture of a

medicament for treating a hyperproliferative disorder.

10 17.  Use of a compound of any one of claims 1 to 14 in the manufacture of a

| medicament for inhibiting proliferation of a cell.

18.  Use of a compound of any one of claims 1 to 14 in the manufacture of a

medicament for treating a viral infection.

19,  The use of claim 18, wherein the viral infection is caused by a human

15 immunodeficiency virus (HIV).

20. Use of a compound of any one of claims 1 to 14 in the manufacture of a
medicament for treating or preventing alopecia induced by chemotherapy or radiation

therapy.

21.  Use of a compound of any one of claims 1 to 14 for the manufacture of a

20 medicament.
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