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SUMVARY OHOTHE | NVERRte@ke still cancers which simply do not respond or respond poorly to

treatments are currently available. Patients with treatable cancers must often undergo
chemotherapy with drugs that cause severe side effects. Few of these drugs can be
used orally. Perhaps the most serious problem associated with cancer chemotherapy
is the development of multi-drug resistance by many tumors. For example, many

15  tumors which initially respond positively to an anti-cancer therapy by decreasing in
size or even going into remission often develop resistance to the drug. Tumors that
have developed resistance to more than one drug are said to be a “multi-drug
resistant”. There is little that can be done to halt or retard further progression of the
disease, once a patient’s cancer has become multi-drug resistant.

20 There is therefore still a need for new drugs which overcome one or more of
the aforementioned shortcomings of drugs currently used in the treatment of cancer.
Desirable properties of new anti-cancer drugs therefore include efficacy against
tumors that are currently untreatable or poorly treatable, efficacy against multi-drug

resistant tumors, oral bioavailability and/or reduced side effects.

25 SUMMARY OF THE INVENTION
It has now been found that 1-glyoxlylamideindolizines are cytotoxic against
cancer cells, including multi-drug resistant cancer cells, from a number of different
tissue types. For example, the IC,; 0of Compounds (1)-(8) against the multi-drug
resistant human uterine sarcoma cell line MES-SA/DXS5 and the human myeloid

30 leukemia cell line HL60/TX1000 was less than 0.1 pM (see Example 9-10 and 12).



It has now been found that 1-glyoxlylam deindolizines are cytotoxic agai nst
cancer cells, including nulti-drug resistant cancer cells, froma nunber of
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the multi-drug resistant human uterine sarcoma cell |ine MES-SA/ DX5 and
the human nyeloid 30 | eukem a cell |ine HL60/ TX1000 was less than 0.1 M
(see Exanple 9-10 and 12). WO 03/02284€-PCT/ US02/ 29154 -2 The structures
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Compound (1)

when Compound (lj was administered orally (Example 11). Little or no change in
body weight was observed in mice treated with Compound 1, indicating that the
compound caused minimal side-effects. Based on these results, novel 1-

10 glyoxlylamideindolizines, pharmaceutical compositions comprising these 1-
glyoxlylamideindolizines, methods of treating subjects with cancer by administering
1-glyoxlylamideindolizines and methods of preparing 1-glyoxlylamideindolizines
are disclosed herein.

One embodiment of the present invention is a compound represented by

15  Structural Formula (I):



One enbodi nent of the present invention is a conpound represented by 15
Structural Formula (I): WD 03/022846 PCT/US02/29154 -3 Z2 M Z1 NR1 R2
C A HN xwOR3/0R8mg A is substituted or unsubstituted and PSTAISOY/ZNS |y
fused to an aryl group (preferably substituted or unsubstituted phenyl).
Z1 and Z2 are independently =0, =S, N-3CR12 or =NR12 5 Rl and R2 are

i ndependently -H, an aliphatic group, ™a substituted aliphatic group, an
unsubstituted non-aromatic heterocylic group, a substituted non-aromatic
het erocyl i c group, an unsubstituted aryl group or ez substituted aryl group,
provided that RL and R2 are not both ,H Al y€rnatively, -NRLR2, taken
together, is a substituted or unsubstituted/non-aromatic

ni trogen-containing heterocyclic group o substituted or unsubstituted
ni t rogen-cont ai ni ng het eroaryl is a BOPRituted or unsubstituted
aryl group or a substituted or A uted aliphatic group. Xis a

coval ent bond, -C(R4R5)-, -N(R4)- =p3S(O-, -5(0)2-, -(=0-,
-C(=0 -N(R4) -, or -N(R4)-C(=0)lg, d R are independently -H or a
substituted or unsubstituted alT group.

Ring A is substituted or unsubstituted and is optionally fused to an aryl group
(preferably substituted or unsubstituted phenyl).
Z, and Z, are independently =0, =S, =N-OR,, or =NRy,.

5 R, and R, are independently -H, an aliphatic group, a substituted aliphatic
group, an unsubstituted non-aromatic heterocylic group, a substituted non-aromatic
heterocylic group, an unsubstituted aryl group or a substituted aryl group, provided
that R, and R, are not both -H. Alternatively, -NRR,, taken togefher, is a substituted
or unsubstituted non-aromatic nitrogen-containing heterocyclic group or a |

10 substituted or unsubstituted nitrogen-containing heteroaryl group.
'R, is a substituted or unsubstituted aryl group or a substituted or
unsubstituted aliphatic group.
X is a covalent bond, -C(R,R,)-, -N(R,)-, ~O-, -S-, -S(0)-, -S(0),-, -C(=O)-,
-C(=0)-N(R,)-, or -N(R,)-C(=0)-.
15 R, and R, are independently -H or a substituted or unsubstituted aliphatic
group. |
R,, is -H or a substituted or unsubstituted alkyl group.
Another embodiment of the present invention is a pharmaceutical
composition comprising a pharmaceutically acceptable carrier or diluent and a
20 compound represented by Structural Formula (I). Preferably, the pharmaceutical
composition comprises an effective amount of the compound. The pharmaceutical
compositions can be used in therapy, for example, to treat a subject with cancer.
Another embodiment of the present invention is the use of a compound

represented by Structural Formula () for the manufacture of a medicament for the
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conposi tion conprises an effective amgunt of the conpound. The

phar maceuti cal conpositions can be used in therapy, for exanple, to treat
a subject with cancer. Another enbodi nent of the present invention is the
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subj ect w th GaNC&m 0‘5@3. nmedi canent conprises an effective anount of the
conmpound. Anot her ertbodi ment is a nethod of treating a subject wth cancer.
The nethod conpr iAsssherdnibodinent isgmethod o€ treathjgecsubiast witheerdoy.elhgnount of a
conpound 5 represented by Struyctural. Formul a ... Anot he mhodi t is a
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represent t FRadBudd ). The internediate is represented by
Structur aleéngg%u %I%(HI%%A ~ N Xu 0()DR3 10 (la). The nethod conprises the
step of reacting aAfathersaibtodivhért isa method iof prepedmpauimgermediate in the

synthesis of the compound represented by Structural Formula (I). The intermediate is
represented by Structural Formula (Ta):

/A4 ——
N N /
X
Rs
10
(Ia).
The method comprises the step of reacting a Cu' salt with a precursor compound
represented by Structural Formula (Ib):
=
AT
N N
X
Rs
15 (Ib).

In Structural Formula (Ia) and (Ib), Ring A, X, R; R, and R are as described for
Structural Formula (I), provided, however, that when X is -C(R,Rs)-, then R, in
Structural Formulas (Ia) and (Ib) is not a substituted or unsubstituted aliphatic group.
The disclosed 1-glyoxlylamideindolizines have many advantages when used
20 to treat cancers. Most significantly, they are cytotoxic to many mulii-drug resistant
cell lines and therefore can be used when other traditional cancer chemotherapies
have failed. In addition, they exhibit minimal side effects and are active when

administered orally.



represented by Structural Fornmula (Ib): ~\\\ N X R3 15 (Ib). In
Structural Forrmula (la) and (Ib), Ring A, X, R3 R4 and R5 are as descri bed
for Struwouwsab2skeornula (1), provided, however, that whenPXTIES02/@1RIRS) -,
then R3 in Structural Formulas (la) and (Ib) is not a substituted or
unsubstituted aliphatic group. The disclosed 1-glyoxlylan deindolizines
have many advant ages when used 20 totreat cancers. Most significantly,
they are cytotoxic to many multi-drug resistant cell lines and therefore
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THE DRAW NGS Fi gure is a“graph” depicting the anti-tunmor effects of
Conpound (1) adadisteicatoraliyitoamab mjice with humanbrast MDA Famors 4% S WBA435

tunors. The graph show the volune of the tunors, in | i n days
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In a preferred enbodi nent, the conpound o he esent i nventj i.s
g administered vehicle, 25 mg/kg%ompoung (15 and % mg?kg Compounci ar} over

time in days.

DETAILED DESCRIPTION OF THE INVENTION
10 ) In a preferred embodiment, the compound of the present invention is
represented by Structural Formula (I) wherein Ring A is a substituted or
. unsubstituted aryl group; Z, and Z, are both =0; R, is -H; R, is a substituted or
unsubstituted alkyl or aryl group; R, is a substituted or unsubstituted aryl group; X is
-C(R,R,)-, N(R)- or -O- (preferably, X is -C(R,Rs)-); and R, Ry, Z, and Z, are as
15 described above. More preferably, R, is a substituted or unsubstituted phenyl or
pyridyl group; and R, and R; are both -H.
As noted above, values for R,-R, include substituted and unsubstituted aryl
group. For R,, preferred aryl groups are represented by Structural Formulas (IT)-

(XV):

20 Sg’\//—]')—\\ f\f/—E\\ § _:_ F
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represented by Structural Fornula (1) wherein Ring Ais a substituted or
unsubstituted aryl group; Z, and Z2 are both =0; R is -H R2 is a
substi t utwo osf228msubsti tuted al kyl or aryl group; R3 is &Cyulseredisd ed or
unsubstituted aryl group; Xis -C(R4AR5)-, -N(R4)- or -0- (preferably, X is
-C(R4R5)-); and R4, R5, Z, and Z2 are_gs 15 described above. Mre
preferably, R3 is a substituted or unsubstituted phenyl or pyridyl group;
and R4 and R5 are both -H As noted above, values for R -R3 include

N- NN L:/

substituted and unsufstituted ar . preferred aryl groups
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H (XI) (XIl) (XILL) I QRNSTNoOos (XIV) (XV). W 03/022846
PCT/ US02/ 29154 -7 Rings D-T are substituted or unsubstituted. Mre
pr ef er r edwaroglozgnoups for R2 are represented by Structur CTRsoIRd186

(XV1)-(XXI): DFGN NKk--~S (XVI) (XVII) (XVII1) 5 NNI I HJ M~O0N
. R6 (XIX) (XX) (XXI) R6 is -Hor a7substituted or unsubstituted al kyl
group and Rings Db F, G I, H Mand 0 are as descri bed above.. 10 Even

nore preferred aryl groups for R2 are represented by Structural Fornul as
XXIT)-(XXVI1): NR7R3 .
( )~ ﬁings D-T are substituted or unsubstituted. More preferred aryl groups for R, are

represented by Structural Formulas (XVID)~(XXD):

N ©
< e / \\/N
XVD (XVI) (XVvID
5
] BN
\/KM \ \/KO \
/
° T
Ry
(XIX) XX) (XXI)
R, is -H or a substituted or unsubstituted alkyl group and Rings D, F, G, I,
H, M and O are as described above..
10 Even more preferred aryl groups for R, are represented by Structural
Formulas (XXID)-(XXVII):
_ / \N g y
v \__/

(XX (XX (XXIV)



NN X3 (X)I1) (XXI11) I XXIV) WO 03/022846 PCT/US02/29154 -8 ~ ~ ~. N S N
I SRO NNRO(XXV) (I ( X3 is -CH or -N. R7 and R8 are independently
-H or an wbloglozgroup. Al tematively,-NR7R8, 5 taken toget RET/USOY2H54

ni t rogen-contai ning non-aromati ¢ heterocyclic group. RO is an al kyl group.
RIOis -Hor an alkyl group. In another preferred enbodi nent, the conpound
of the present invention is representgéd by Structural Forrmula (XXVII1I1): 10
O 0SAN HN\ AHRIO NX v Z

OO

(XXV) (XXVD) ' (XXVI).

R1o

X, is ~-CH- or -N-.
R, and R are independently -H or an alkyl group. Alternatively,-NR;R,,
5 taken together, is a nitrogen-containing non-aromatic heterocyclic group.
R, is an alkyl group.
Ry, is -H or an alkyl group.
In another preferred embodiment, the compound of the present invention is
represented by Structural Formula (XXVI]I):
10

(XXVII).

In Structural Formula (XXVIII), Rings A and V are independently
substituted or unsubstituted; X is -CH,-, -CH(CH,)-, -O-, -NH- or -NCHj;-; Z is -O-,
15 -S-,-NR-, -C=C-, -CH=N-, -N=CH-, -N=N-; R is -H or C1-C4 alkyl; and R,, is -H,
an unsubstituted aliphatic group or a substituted aliphatic group. Even more

preferably, Ring A is unsubstituted, Ring V is substituted with one or more groups



(XXVIR). In Structural Formula (XXVII1), Rings A and V are independently
substituted or unsubstituted; Xis -CH2-, -CH(CH3)-1 -0-, -NH or -NCH3-;

Z

is -0-, IWO-0802284NR-, -C=C-, -CH=N, -N=CH, -N=N-; R is PATarsoZ19184 al kyl ;

and RIOis -H,

group. Even nore preferably, Ring Ais unsubstituted, Ring Vis
substituted with one or nore groups W3-03/ 022846 PCT/ US02/ 29154 -9
represented by R11, wherein each R11 is independently -CH3, -CH2CH3, - QOCH3,

-F, -d or

present i nverepresented by Rprwbwpineachi 38 mdependsntlydrFuraHi 8 XpCHs -8 0 NH
\U (XXIX). In Structural Formula (XXl X), Rings A and

S\N \ /

-CN. In a nore preferred enbodi nent, the conmpound of the

A H
U are indepeﬁg Rt Ty substituted or unsubstituted and RO is -H, an

unsubstituted al i ghathérePréfeRedémBoditieft, tHelogthouad bPiheipreseatiavigntiokien nore
Ring Ais unsubstituted, Rng Uis 10 substituted with one or

nmore groups rrepesssidstt oStycturaliForpwds ach R11 is independently -CH3,
-F, -d or -CN. Prefegably, R'1is in the para position

preferably,

- CH2CH31 -
relative t

10

15

20

the carbon bonded i the/met hyl ene group.

NH S\

\ /

(XXIX).

In Structural Formula (XXIX), Rings A and U are independently substituted
or unsubstituted and R, is -H, an unsubstituted aliphatic group or a substituted
aliphatic group. Even more preferably, Ring A is unsubstituted, Ring U is
substituted with one or more groups represented by R,;, wherein each R;; is
independently -CH;, -CH,CH;, -OCH, -F, -Cl or -CN. Preferably, R, is in the para
position relative to the carbon bonded to the methylene group.

The term “aryl group” refers to carbocyclic aromatic groups such as phenyl,
naphthyl, and anthracyl, and heteroaryl groups such as imidazolyl, isoimidazolyl,
thienyl, furanyl, pyridyl, pyrimidyl, pyranyl, pyrazolyl, pyrrolyl, pyrazinyl, thiazoyl,
isothiazolyl, oxazolyl, isooxazolyl, 1,2,3-trizaolyl, 1,2,4-triazolyl, and tetrazolyl.

Aryl groups also include fused polycyclic aromatic ring systems in which a
carbocyclic aromatic ring or heteroaryl ring is fused to one or more other heteroaryl
rings. Examples include benzothienyl, benzofuranyl, indolyl, quinolinyl,
benzothiazolyl, benzoisothiazolyl, benzooxazolyl, benzoisooxazolyl,
benzimidazolyl, quinolinyl, isoquinolinyl and isoindolyl.

An aliphatic group is a straight chained, branched or cyclic non-aromatic
hydrocarbon which 1s completely saturated or which contains one or more units of

unsaturation. Typically, a straight chained or branched aliphatic group has from 1 to

an unsubstituted aliphatic group or a substituted aliphatic



The term "aryl group” refers to carbocyclic aromatic groups such as phenyl,
napht hyl, and anthracyl, and heteroaryl groups such as im dazolyl,

i soi m dazwbyB/022846 t hi enyl, furanyl, pyridyl, pyrimdyl, pgTArsyt/29154
pyrazolyl, pyrrolyl, pyrazinyl, 'thiazoyl, isothiazolyl, oxazolyl,

| sooxazolyl, 1,2,3-trizaolyl, 1,2, 4-t bazolyl, and tetrazolyl. Aryl groups
al so include fused polycyclic ar omat i Ting systens in which a carbocyclic
aromatic ring or heteroaryl ring is fused to one or nore other heteroaryl
rings. Exanpl es include benzothjienyl, benzofuranyl, indolyl ui nol i nyl, 20
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benzi m dazol y, i LA, 4 ' | qﬂﬁ]' LARRY hn Al isC
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whi ch is conpreferbly Satdigiatchsined ombrandhed atktyhiroap ong methyipetbyl,nipirepydf
unsaturation. Typically, a straight chai ned or branchgd al i phatic group has

from1 to WOigspepeRadurdryassutyldemsutyl, netdpayl PeyYheIRSY aidhs,

preferably_fro tp about. ' [ t ¢ . rom3 to
about 10 6%rﬂgﬁbé%5ﬁgpuﬁyg@bf%%$§u r%%? gﬁgﬁggﬁ'ggsgéggﬁ?% a?P% group is
preferably agifchb@hlyrChaipesa 03-¢8 aptibatkydion igilsurefereedgo asettoper et hyl,

n-propyl, iso-propyl, n-butyl, sec-butyl, tent-butyl, pentyl, hexyl,
pentyl or octayl” group. 5 cycl oal kyl group with 3 to about 8 carbon atons.. A

Cl-CA4 straight chajng r branched al kyl. .qr. or - i1c1 @l kyl
group is also ref é#’l’e‘gkﬁSMa@mﬁp "155%Fsen§eldlbg'ywﬁg? bﬁ%%ﬁ%gtf%%elnle@group"
IS represent %ilei*é%bh(gzﬂ?) ,; . nis an integer from1l-10, preferably 1-4. 10

Non- aromati c "heterdcyclic rings are non-aronatic carbocyclic, rings which

i ncl ude ob@ or nori¥oeteratiaheirrocyclitrings ¢ newekematio vgyerycdic iegs Pl n t he

(r);(gg.c)l m; ' Iilqgugg gneboer r];l&r\(e%ete%éémg Suc nas%gtro%eg,hgiyggr?glegu?ﬂr irFfﬁ@?RJg?ﬁ‘h'enCl ude
ring can be five, six, seven or eight-membered. Examples include oxazolinyl,

thiazolinyl, oxazolidinyl, thiazolidinyl, tetrahydrofuranyl, tetrahyrothiophenyl,

morpholino, thiomorpholino, pyrrolidinyl, piperazinyl, piperidinyl, and thiazolidinyl.

15 Suitable substituents for an aliphatic group, non-aromatic heterocyclic group,
benzylic or an aryl group ring carbon (carbocyclic and heteroaryl) are those which do
not substantially interfere with the anti-cancer activity of the disclosed compounds.
Examples of suitable substituents include -OH, halogen (-Br, -Cl, -I and -F), -OR?,
-O-COR?, -COR?, -CN, -NO,, -COOH, -SO,H, -NH,, -NHR?, -N(R’R"), -COOR?,

20 -CHO, -CONH,, -CONHR?, -CON(R°R"), -NHCOR?, -NRCOR?, -NHCONH,,
“NHCONR®H, -NHCON(RR?), -NR°CONH,, -NR°CONR*H, -NR°CON(R’R),
-C(=NH)-NH,, -C(=NH)-NHR", -C(=NH)-N(R'R"), -C(=NR°)-NH,,
-C(=NR®)-NHR?, -C(=NR%)-N(R'R"), -NH-C(=NH)-NH,, -NH-C(=NH)-NHR",
-NH-C(=NH)-N([R'R"), -NH;C(=NR°)-NH2, -NH-C(=NR)-NHR’,

25  -NH-C(=NR®)-N(R’R?), -NR*H-C(=NH)-NH,, -NR*-C(=NH)-NHR",
“NR-C(ENH)-NERRY), -NR-C(=NR®)-NH,, -NR*-C(=NR")-NHR?,
NR4-C(=NR®)-N(R°R?), -NHNH,, -NHNHR?, -NHRR", -SO,NH,, -SO,NHR®, .
-SO,NR’R®, -CH=CHR?, -CH=CR'R®, -CR*=CR’R",-CR°=CHR?", -CR*=CR"R®,
-CCR?, -SH, -SO,R* (k is 0, 1 or 2) and -NH-C(=NH)-NH,. R*-RY are each

30 independently an aliphatic, substituted aliphatic, benzyl, substituted benzyl, aryl or

" substituted aryl group, preferably an alkyl, benzylic or aryl group. In addition,



t hi azol i nyl, oxazolidinyl, thiazolidinyl, tetrahydrofuranyl,

t et rahyr ot hi ophenyl, norpholino, thionorpholino, pyrrolidinyl,

pi perazi myb,03fo238e6 i di nyl , and thiazolidinyl. 15 Suitabl e ®argiSor/esasts for
an aliphatic group, non-aronatic heterocyclic group, benzylic or an aryl
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substantially interfere with the anti kancer activity of the disclosed
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-d, -1 and -F), - - SO3H, - NH2,
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- C(=NR) - NHRa can &Js& hivge) arM BRI or subbtittea Miiphditdroup\id- dubblifneHR
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each 30 independently an i phatic, substituted al | phatic, benzyl,
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benzylic or arg ggﬁg I n addition, WD 03/022846 PCT/US02/29154 -11
SR puBenig:

E

-NRaRd , tak can al so forn1a substituted or unsubstituted

non-aromatic het enaeye 'shlS‘stﬁie%thor ﬁet&%ﬁry@hﬁgﬂiﬁdgeﬂetoﬁ{sq{awaigl tBreg lcoviglent
benzylic group or aryl group can also have an aliphatic or substituted

al i phat i clyr bopdsi® athes listsroarylaing. atotns inghwie -Obl and - pﬁ@rp@ra@%@b -G4n al so
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heteroaryl ring atoms are positively charged, which is balanced by counteranions
such as chloride, bromide, formate, acetate and the like. Examples of other suitable
counteranions are provided in the section below directed to suitable
15 pharmacologically acceptable salis.
Suitable substituents for heteroaryl ring nitrogen atoms having two covalent
bonds to other heteroaryl ring atoms include alkyl, substituted alkyl (including
haloalkyl), phenyl, substituted phenyl, -S(O),~(alkyl), -S(O),-NH(alkyl) and
-S(0),-NH(alkyl), .
20 Preferred substituents for Ring A include -F, -Cl, -Br, -C1-C4 alkyl, C1-C4
alkoxy, -C1-C4 haloalkyl, C1-C4 haloalkoxy, -CN or -NH,. Ring A can have zero,
one or more substituents.
Preferred substitutents for Rings D-T include C1-C4 alkyl, C1-C4
hydroxyalkyl, N-morpholino, pyrimidyl, C1-C4 alkyl substituted with pyrirhid?l,
25 -N(C1-C4 alkyl),, -C(O)NH,, -C(O)NH(C1-C4 a]kyD, C(O)N(C1-C4 alkyl),,
-NHC(O)(C1-C4 alkyl) -NO,, C1-C4 alkoxy, -C(0)O-CH,CH,-N(C1-C4 alkyl),,
o o N o o o NTX - -NH(phenyD, -NH,
M Mo~

h e



substituted aryl group as a substituent. A substituted aliphatic,
non-aromatic heterocyclic group, substituted aryl, or substituted benzyl
group carwbamm22sm6 e t han one substituent. Suitabl e substiPCorars0s 29164
heteroaryl ring nitrogen atons having three coval ent 10 bonds to ot her
heteroaryl ring atonms include -OH and_-al koxy (preferably Cl-C4).
Substituted heteroaryl ring nitrogen é@om; t hat have three coval ent bonds
to other heteroaryl ring atons are p03|tively charged, which is bal anced

by count erani on hl d b d f d the like.
Exarrpl ez of g?@i&%@h@?@% Q%é]hfyﬁf a‘?ﬁ&g}%b g@e ](E)nr"g'zég‘@dﬁfﬁ&?t ggct |t oﬁ b:al gw
irected to s 1 I
substituents —gcgbﬁﬁlé(t%elfga ﬁ(&bpgggﬁ ni’t romg av?\{lg E"hél?\lfg gpl_é bonds
to ot her het efigay, YENT furgl, B(0)E(C1ACH ul!@l)alﬂ(@bz,NHng((D)‘zmH@ECKytlky(l) arcl udi ng

hal oal kyl ), phenyl , substituted phenyl, -S(0)2-(alkyl), -S(0)2-NH(allcyl )
and -S(0)2 NBQL-N(P1)C4 alkyly,. Pref erred substituents for Ring A include -F,

N o N, g S s S e g AR G ofq BRI RRAT, O

substi t ut ent %eﬁr@é’en@dﬂﬂ&}hﬂiuﬂ@fﬂﬂf@ @ ~R*4 -0RKYCN, QOOR®, JN(RF)QXWNCHE)Z
N- nmor phol i no, ‘pyri m dyl, ClC4aSﬁ/ Substituted with pyrlmd 25 -N(C |

-C4 alkyl)2, N@@RﬁzNH@I@iwd: OURE), kach, R°@pd)}?¢{le@ ndepengently plted

E)NH%O)].( 8100?@ k%n—%%ﬁéﬁws?mtemgyl S@%de%tﬁg@fgg_'%ﬁ g%%% 4%1% )2, 0

S0 B Sy e, R O Cobalg)
-S-(Cl1-C410 -CONH, or -NHCOR'. Even more preferred substltuents for Ring U, Ring V and the
phenyl group represented by R; include -CH,, -CH,CH,, -F, -Cl, -CN or-OCHj,. Ring
U, Ring V and the phenyl and pyridyl ring represented by R, can have zero, one or
more substiuents, but are preferably unsubstituted or monosubstituted substituted.
When Ring U, Ring V and R, are a six-membered aromatic ring and
15 monosubstituted, the substituent is preferably at the position para to the carbon atom
bonded to the methylene group.
Also included in the present invention are pharmaceutically acceptable salts
of the compounds described herein. Compounds disclosed herein which possess a
sufficiently acidic, a sufficiently basic, or both functional groups, and accordingly
20 can react with any of a number of organic or inorganic bases, and inorganic and
organic acids, to form a salt. Acids commonly employed to form acid addition salts
from compounds with basic groups are inorganic acids such as hydrochloric acid,
hydrobromic acid, hydroiodic acid, sulfuric acid, phosphoric acid, and the like, and
organic acids such as p-toluenesulfonic acid, methanesulfonic acid, oxalic acid, p-
25 bromophenyl-sulfonic acid, carbonic acid, succinic acid, citric acid, benzoic acid,
acetic acid, and the like. Examples of such salts include the sulfate, pyrosulfafe,
bisulfate, sulfite, bisulfite, phosphate, monohydrogenphosphate,
dihydro geﬁphosphate, metaphosphate, pyrophosphate, chloride, bromide, iodide,
.acetate, propionate, decanoate, caprylate, acrylate, formate, isobutyrate, caproate,
30 heptanoate, propiolate, oxalate, malonate, succinate, suberate, sebacate, fumarate,

maleate, butyne-1,4-dioate, hexyne-1,6-dioate, benzoate, chlorobenzoate,



al kyl), -CN, furyl, -S(O2-(Cl-C4 alkyl), -S(0)2-NH2a -S(0O) 2-NH(Cl-C4
alkyl) or -S(O2 NA-C4 alkyl)2. 5 Preferred substituents for R ng U,

Ri ng V amstotohe23sienyl and pyridyl ring represented by R3pcmaisozizoisBr, -d,
-F, -Re, ..OR -CN, -COORe, -N(Re)21 -CON(Re)21 -NReCOR , -NHCONH2 and
-SCQ N(Re) 2. Each Re and Rf are independently selected fron1 H, al kyl or
substituted al kyl. Mre preferred subdfituents for Ri ng U Ring V and the
phenyl group represented by R3 include -C, -F, -Re, -CORe, -CN, -NH21 10
-CONH2 or -NHCORf. Even nore preferred substituents for Ring U R ng V and
the phenyl gn@thﬂbewﬁesmtémnpoare hydrexyhsazoatganetheyybepgpate, phthalafe, =

or-OCH3. R n b R3
can have zer 8]?%6 %nﬁ%‘ﬁg ngf?b@?e%ggaﬁ%{t&eaﬂ%tn 9@@%%‘% é’ E{g@flﬁﬁgﬁﬁ‘% E&ﬁ%’ u%/ed
or monosubst I1&&&@d%asmﬁ%y&@kwbtymwgrycaaﬂagtatﬂratamraha\ﬁeamoﬁ& are a

si x-nmenbered aromatic rin 15 npbnosubstituted, the substituent is

pref erabl y atpropwemﬁmaieonmimlqm-hﬁéfwakbwhﬂtﬂlﬂﬁﬁ-%@ﬂmtet wandrlateeandy | ene
group. A Zé) ﬂ ded in the present invention are pharnaceutically

accept abl sdMFUKC.of { he conpounds descri bed herein. Conpounds di scl osed
herein which posS%eaddlﬁaﬁéalfsllﬁab&éfthaﬁé @irfred EoftnblgahRBdsYs, Bk 4, or both
functional groups, and accordingly 20 can react with any of a number of
organi ¢ or i rongeniin draded oratidling cartfeamete] hydioxidesy aarbenates, dicarhonatenr m a
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hydrobrom ¢ aghglm fs ;gaegio@asem ydpdlidd) birfncihd hy@leRaRhpsthgiasi d, and the

| i ke, and organic "aci as p-toluénesul foni ¢ acid, met hanesul f oni ¢
acid, oxallc cathodatepalﬂi&hbm«mphenyl sul fonic acid, car boni ¢ acr d, succinic

acid, citric acid, be i c.acid, cetjc acid, nd the l.ike. s of
such salts |ncI ud(—:r-[he scloped §Pmpo (9%% ¢ uged to trgp Pl‘eé‘l‘isé“ﬂ%fﬂnf:?rt nPude

bi sul fite, %ﬁ ?Béﬂﬁ%ﬁ LiStant rélaram Q@eR PhespAtEormal
met aphosphate yro ate, or| e, brom de, |de

rate of tumor growth Whlle undergomg treatment with the drug after the tumor had
initially responded to the drug. A tumor “responds to a drug” when it exhibits a
15 decrease in tumor mass or a decrease in the rate of tumor growth. The term “multi-
drug resistant cancer” refers to cancer that is resistant to two or more drugs, typically
five or more.
An “effective amount” is the QUantity of compound in which a beneficial
clinical outcome is achieved when the compound is administered to a subject with a
20 multi-drug resistant cancer. A “beneficial clinical outcome” includes a reduction in
tumor mass, a reduction in the rate of tumor growth, a reduction in metastasis, a
reduction in the severity of the symptoms associated with the cancer and/or an
increase in the longevity of the subject compared with the absence of the treatment.
The precise amount of compound administered to a subject will depend on the type
25 and severity of the disease or condition and on the characteristics of the subject, such
as general health, age, sex, body weight and tolerance to drugs. It will also depend
on the degree, severity and type of cancer. The skilled artisan will be able to
determine appropriate dosages depending on these and other factors. Effective
amounts of the disclosed compounds typically range between about 1 mg/mm® per
30 day and about 10 grams/mm? per day, and preferably between 10 mg/mm’ per day

and about 5 grams/mm?.



acetate, propionate, decanoate, caprylate, acrylate, formate, isobutyrate,
caproate, 30 heptanoate, propiolate, oxalate, nalonate, succinate,

suber at e, woabaewte, fumarate, naleate, butyne-1, 4-di oat e PCT/US02/29154
hexyne- 1, 6-di oate, benzoate, chlorobenzoate, WO 03/022846 PCT/ US02/ 29154
-13 net hyl benzoat e, dinitrobenzoate, hydroxybenzoate, nethoxybenzoate,
pht hal ate, sul fonate, xylenesulfonatéﬂ'phenylacetate, phenyl pr opi onat e,
phenyl butyrate, citrate, |actate, gamm-hydroxybutyrate, glycol ate,
tartrate, methanesul fonate, propanesul fonate, naphthal ene- |-sulfonate,

napht hal ene- 2- sul f Shadisclosadrmeainetieds aip admbristerad by RBY SBibIE TaHH HICBIIg t S

I ncl ude those.deriv d frominaor anl c _bases, m or al kali or
al kal i ne ear t IoF &4 e’rﬂfﬁﬁ%}ﬁ e escgystggﬂ%?%s or%%bﬁ%grg %gggggg{ lfand the Iike.
Such bases Usﬁrﬁi!ms'trﬁtl@ﬁ ePAELEaI M]ﬁmﬁa’aﬁ@n@inihbﬂuﬁe | foy 59@ shétemid ncl ude
sodi um hydr oxi de, potassi um hydr oxi de, ammoni um hydrOX| pot assi um 10
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to the drug. responds to a drug” when it exhibits a 15 decrease in
tumor mass or 1n&anhsaf draps), oxrre‘cﬂaﬂy,rchpelchﬁg d)ruths typgprafisehcer ’hee treated."Qral of - drug

resi stant cancer" refers.to cancer resi.stant to two or nore drugs
typicall'y fi%eIHPraﬁﬁfg’émsﬂﬁm%P@é’é? ‘E‘r?a?ﬁﬂ RIS ant j ty of corrpognd
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adnministered to a subject with a 20 mul rug resistant cancer.
"benefi ci ab cWithaﬁabceptm)bapmhnamt1Memr aephucof a)pharmacteuutmal cnmsmuan

reduction in the rate of tunor, grow.h, reductio tasta
for treatment of cancer. Formulatlon of the compound to be a stere W1’11 vary

according to the route of administration selected (e.g., solution, emulsion, capsule).
Suitable pharmaceutical carriers may contain inert ingredients which do not interact
with the compound. Standard pharmaceutical formulation techniques can be

15 employed, such as those described in Remington's Pharmaceutical Sciences, Mack
Publishing Company, Easton, PA. Suitable pharmaceutical carriers for parenteral
administration include, for example, sterile water, physiological saline, bacteriostatic
saline (saline containing about 0.9% mg/ml benzyl alcohol), phosphate-buffered
saline, Hank's solution, Ringer's-lactate and the like. Methods for encapsulating

20 compositions (such as in a coating of hard gelatin or cyclodextrasn) are known in the
art (Baker, et al., "Controlled Release of Biological Active Agents", John Wiley and
Sons, 1986). ‘

Optionally, the disclosed compounds can be co-administered with other anti-
cancer agents such as Taxol,_Vincristine, Adriamycin, Etoposide, Doxorubicin.

25 Dactinomycin, Mitomycinﬁ C, Bleomycin, Vinblastine, Cisplatin and the like.
Preferably, the disclosed compounds are co-administered before the cancer develops
multi-drug resistance or as the cancer is developing multi-drug resistance but before
the cancer becomes completely resistant to the anticancer drugs being used. The
method can also be carried in combination with other cancer treatments such as

30 surgery, radiation, and the like. |

A “subject” is a mammal, preferably a human, but can also be an animal in



reduction in the severity of the synptons associated with the cancer and/or
an increase in the longevity of the subject conpared wth the absence of
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wi Il depend on the type 25 and severity of the disease or condition and on
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di scl osed conRaunRgs, Mice, adnédpisd, anethellikepny suitable route, including, for
exanple, orally in capsules, suspensions or tablets or by parenteral

adnmi ni stration. PaFleecsmpound denresested & iSomcua Forapladl) is @y nfspmgipts
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admi ni st er ed QfRhb¥iafeSs Shown BE16W & Behentcopi cal |y, by inhal ation (e.g.,
intrabronchial, intranasal, oral inhalation or intranasal drops), or

rectally, depending on the type of cancer to be treated. Oral or
parenteral admnistration are preferred nodes of admi nistration. The
di scl osed con%gc]?ﬁ??&sl can be adm nistered to the subject in conjunction 10
wi th an acceptabl e pharmaceuti cal ca/r[;\éer as part of a pha ceuti cal

N

conposition for treatment of cancerj Ajormul ation of the c und to be
adm nistered will vary RMdi ng Bro e route of admin r&tion selected
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The iﬁtermediate represented by Structural Formula (Ia) is prepared by

10  cyclizing the precursor compound represented by Structural Formula (Ib). The
cyclization reaction is carried out in the presence of a Cu'salt such as Cul, CuBr,
CuCl, Cutriflate) and the like. CuCl is the most commonly used Cu' salt. Typically,
equimolar amounts of the Cu' salt and the precursor compound are used. However, it
is also common to use an excess of the Cu' salt, for example up to a five fold molar

15 excess, more commonly up to a three fold molar excess, and preferably no more thalj.
a 50% molar excess. Suitable solvents for this reaction include polar aprotic solvents
such as dimethylacetamide (DMA), dimethylformamide (DMF), dimethylsulfoxide
(DMSO0), hexamethylphosphoramide (HMPA) and N-methylpyrollidinone (NMO).
The reaction is typically carried out at elevated temperatures, e.g., between 70°C and

20 the boiling point of the solvent, preferably between 100° C and 160° C and more
preferably between 120° and 140° C. A tertiary amine is typically added to the



15 enpl oyed, such as those described in Rem ngton's Pharnmaceuti cal

Sci ences, Mack Publishing Conpany, Easton, PA. Suitable pharnaceuti cal
carriers worodpaesaent eral adm nistration include, for exanmpiCa/ussr/eq1sd e
wat er, physiol ogical saline, bacteriostatic saline (saline containing
about 0.9% ng/ M benzyl al cohol), pho;ghat e-buffered saline, Hank's
solution, Ringer's-lactate and the I|i Met hods for encapsul ating 20
conmposi tions (such as i n a coating of hard gelatin or cycl odextrasn) are

known in the ar.t Ba et al "Oont ol | ed Rel.eas Active
Agents", JohAC4RFPRyT és's%?f’ssc’h@g’é?'p ?be?‘ﬁﬁerﬂf %@F“Eégg E%rrpounds
can be co- adygiied f%rtﬁél ¥iat Maﬁ@wvéﬂtmoreq%wﬁry MREHS] - 30k B vIRxOol ,
Vincristine, Adriamyci n Et'oposi de, ‘Doxor Ubi ci'n. 25 Dact i nomyci n, M tonycin

C, Bleonycin Ex‘dinp&ﬂsaﬁtsu%le @ity amines mvdhdehaet[hykmnmefmfsbpromzlejhyImMe

e Car g s RS R, Gt R eins aBs Bt el e RIPGE | osi st ance
but before tBRnfAMEEled b@ﬁ&mﬁﬂggés%tf%ﬂm &ﬁl%seanmbcé@tmmpéaﬁ Gy drugs

bei ng used. The nethod can al so carri e In co lon Wt
cancer treat peovtidedsindxaapl8® surgery, radiation, and the like. A "subject”
Is a mammal , pref %‘habl y a humpn, but c aI .S be an anl | in WO 03/022846

PCT/ US02/ 29154 ekl plen infhe smihesisyy T thedi sslesed L-glyexlylndpliggies on ani nal s
(e.g., dogs, et ep, pigs,
hor ses, and tﬁ@&@ngfﬁ? %ﬁfﬁjhg?%%hg ragﬁgﬁé%tggh?%%d?a? 33‘? gé,@%nteé % gui nea

pi gs, and t h&thbtae)l Foﬁhelac(mrmmaryephleaemlewlsmeﬁbreqamreat thEﬁbﬂ(H @ (la) is
an internediate in 5 the synthesjs of the djsclosed 1-glyoxlylindolizines.

One met hd® oPXplyEhremids)- Aﬁh%ug iSeRERQtaATRQuEts Wigmedintermd ayieindagratrcan:
Schene 1

be used, typically the acylating agent is used in excess, for example, up to a twenty
fold molar excess, preferably up to a ten fold molar excess and more preferably up to
a three fold molar excess. Ethereal solvents (e.g., diethyl ether, tetrahydrofuran, 1,4-
dioxane, glyme, diglyme and methyl zert-butyl ethyl) and aromatic solvents (e.g.,

15  benzene, toluene and xylene) are commonly used. Suitable reaction temperatures
range from -50° C to the boiling point of the solvent and more typically range from -
10° C to room temperature and preferably between -10° C to 10° C. Specific
examples of conditions used to carry out this reaction are provided in Example 3.

The synthesis of the disclosed 1-glyoxlylindolizines according to the Scheme

20 1 is completed by reacting the acylated intermediate with amine HNRR,, wherein |
R, and R, are as described above. The acylated intermediate and the amine are
mixed in a suitable solvent, e.g., an ethereal solvent or aromatic solvent. Suitable
reaction temperatures are as described above for the acylation reaction. Although an
excess of one reactant can be used (e.g., up to a ten fold molar excess), more

25 typically between a 20% molar and 100% molar excess. When less than two
equivalents of amine HNR R, are used, a tertiary amine such as triethylamine or
dimethylaminopyridine is generally added so that at least two equivalents of amine
are present in the reaction mixture relative to the acylated intermediate. Specific
examples of conditions used to carry out this reaction are provided in Example 3.

30 Scheme 2, shown below, shows a second method for preparing certain

intermediates represented by Structural Formula (Ia). In Scheme 2, an intermediate
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i nt er nediwpa3nesiesented by Structural Fornula (la) is preparesd/iiss 10
cyclizing the precursor conmpound represented by Structural Formula (Ib).
The cyclization reaction is carried out in the presence of a Cui salt such
as Cul, CuBr, CuCl, Cu(triflate) andXhe Iike. CuCl is the nost commonly
used Cu' salt. Typically, equinolar anounts of the Cui salt and the
precursor conpound are used. However, it is also common to use an excess
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by reference. Specific conditions for carrying out this reaction are provided in

Example 6.
Scheme 2
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10 Although the reactions in Scheme 2 are shown with respect to preparing a compound
in which the position corresponding to R, in Structural Formulas (I) and (Ia) is para-
~ cyano phenyl, compounds with other values for R, can be prepared by a suitable
selection of starting materials and conditions.
Scheme 3, shown below, shows a third method for preparing certain
15 compounds represented by Structural Formula (Ia). Specific conditions for carrying

out these transformation are provided in Example 1.



preferably between 120 and 140 C. A tertiary amne is typically added to
the WD 03/022846 PCT/ US02/29154 -16 reaction m xture as a co-sol vent,
typi cal | yworzamsuat s between 1:20 and 4:1 v/v relative t@CThsopeiias
aprotic solvent, nore typically between 1:10 and 1:1 v/v. Exanples of
suitable tertiary amnes include tri eggyl am ne, diisopropylethyl am ne,

di mret hyl ani | i ne, di net hyl am nopyridi ne®and the like. Triethylam ne is nost
5 comonly used. Specific exanples of conditions used to carry out this
reaction are rovided in Exanple 3. The next step in the synthesis of the
di scl osed 1-d} ¢l indolizines according to the Scheme 1 is the acyl ati on
of the internediate represented by Structural Fornmula (la) wth oxalyl

chl oride or a synthetic equival ent eof (e.g., 10 oxalyl bromde).

Al t hough equi nol ar anmounts internmedrate and acyl ati ng agents can be used,

typically the ac [ agpfiting S USEd\iJD excrsfyne-bohe exanple, up to a

twenty fold Yo xoess—preberably pprto .a—ten—ol d nol ar excess and
nore preferably up t&r a three fold r exggws. Ethereal solvents (e.g.,
di et hyl ether, tetrahydrofuran, 1, 4- xane, glyme, diglyme and net hyl

tent-butyl ethyl) apdyaromatic solvents (e.g., 15 benzene, toluene and

xyl ene) are commonly used. Suitable re@Mtion tenperatures range from-50 C
to the boiling point of the solvent and®nore typically range from- 10 Cto
roomtenperature and preferably between -10 Cto 10 C. Specific exanples
of conditions used tp carry out this reaction are provided in Exanple 3.

The synt hesis of theXdiagl osed 1-g|y¥ | yl'indalizines according to the
Schenre 20 1 is pllet ed by reacth” ﬁ;t,he . pd i nt er nedisaien t h ami ne
HNRI R2, wherein gpd R2 are agpfiesgidped

o hyfene

: The acyrated—
i nternedi ate and are mXxed in a suitghb ol vent TM&CY. , an
et hereal sol vent or

c_solvent. Suitable©Oredc#i ofNtenperatures are
as descri bed above ¢ a%yl ation reaction. Al though an

(12) (13)

= 1. Oxalyl Chloride o
=~ N Y N
2. 5-Amino-3- N7
CN Methyisothiazole

(14) Q)

CN

In Scheiﬁe 3, “p-TSA” refers to para-toluenesulfonic acid”; “NaCNBHS;" refers to
sodium cyanoborohydride; and “TMS-CI” refers to chlorotrimethylsilane. Although
5 the reactions in Scheme 3 are described with respect to preparing Cdmpound (1),
other indolizine compounds of the present invention can be readily prepared by
suitable selection of the starting materials and reaction conditions.
The present invention is illustrated by the following examples, which are not

intended to be limiting in any way.

10 EXEMPLIFICATION
Example 1  Preparation of 2-(3-(4-cyano-benzyl)-indolizin-1-yI)-N-(3-methyl-
isothiazol-5-yl)-2-oxo-acetamide By the Method of Scheme 3



excess of one reactant can be used (e.g., up to a ten fold nolar excess),
nore 25 typically between a 20% nol ar and 100% nol ar excess. Wen | ess than
two equiwealosnes4o©f anmi ne HNRIR2 are used, a tertiary am RETAIS0N2HES4
triethylam ne or dinethylam nopyridine is generally added so that at | east
two equivalents of amne are present_jin the reaction mxture relative to
the acylated internediate. Specific ‘é%anples of conditions used to carry
out this reaction are provided in Exanple 3. 30 Schenme 2, shown bel ow,
shows a second nethod for preparing certain internediates represented by
Structural Formula (la). In Scheme @, an itht er nedi at e WD 03/ 022846
PCT/ US02/ 29154 -17 designated (100)\s gyclized with a reagent prepared
from di met hyl f or mam de and di net hyl s or, agternatively,
di et hyl formam de di-tert-buty i?NNis descri bed nore
fully in co-pending U S. Prowtsiofal Rpplicationyentjtled "Method for

2y —3211.1007-000), 5 filed
on Septenber 13, 2002, the entire G s of whichre incorporated
herein by reference. Specific™Condityons for carrying out this reaction
are provided in Exanple 6. Schene 2 sA Be OO 1. Br2 DVF-MeZSOg Et3N 2.
Substituted or unsubstituted picaline

NC

To a solution of 4-cyanophenacyl bromide (10) (5.02 g, 22.2 mmol) in
anhydrous acetonitrile (300 mL) was added pyridine (3.6 mL, 45.3 mmol) at room
temperature. The mixture was stirred for 30 minutes. The precipitate was filtrated,

5 washed with acetonitrile (20 mL) and dried under vacuum to give 1-(2-(4-cyano-
phenyl)-2-oxo-ethyl)-pyridinium bromide (11) as a white powder (100%). "HNMR
(DMSO-dy) & 6.56 (s, 2H), 8.21 (m, 6H), 8.76 (t, J= 7.8, 1H), 9.03 (d, /= 6.6, ZH).

A slurry of 1-(2-(4-cyano-phenyl)-2-oxo-ethyl)-pyridinium bromide (11)
(4.04 grams, 13.2 mmol) and potassium carbonate (2.21 grams, 16.0 mmol) in

10 tetrahydrofuran (250 mL) was stirred at room temperature for 10 minutes. To it was
added 3-butyn-2-one (1.4 mL, 16.0 mmol), and the reaction mixture was kept
stirring at room temperature for 6 hours. The insoluble material was filtered off and
the filtrate was concentrated in vacuo. The residue was subjected to column
chromatographic purificaiton on silica gel using 3:1 hexane and ethyl acetate (R,

15  0.2) to afford 1-acetyl-3-(4-cyanobenzoyl)indolizine (12) as a yellow solid (2.55
grams, 72%). "H NMR (CDCL) 6 2.56 (s, 3H), 7.23 (m, 1H), 7.62 (m, 2H), 7.90 (m,
4H), 8.72 (d, J=9.0, 1H), 10.02 (d, /= 6.6, 1H); ESMS calcd (C;sH;,N,0,): 288.1;
found: 289.1 (M+H)".

‘ A solution of 1-acetyl-3-(4-cyanobenzoyl)indolizine (12) (1.56 grams, 5.69

20 mmol), ethylene glycol (1 mL), and p-toluenesulfonic acid (2.16 grams, 11.38
mmol) in benzene (150 mL) was refluxed for 3 hours. The reaction mixture was

cooled to room temperature, neutralized with saturated sodium bicarbonate solution



CN CN (100) A NN ~ BH3-THF O NC NC (101) (102) 10 Al though the
reactions in Scheme 2 are shown with respect to preparing a conpound in
whi ch t hewpasgiozisaér corresponding to R3 in Structural Formeicaarspaoiand (1 a)
I s para- cyano phenyl, conpounds with other values for R3 can be prepared
by a suitable selection of starting materials and conditions. Schene 3,
shown bel ow, shows a third nethod for2freparing certain 15 conpounds
represented by Structural Fornmula (la). Specific conditions for carrying
out these transformation are provided in Exanple 1. WD 03/022846

PCT/ US02/ 291 5%ad exit@tedSwith ethyd a¢etate (I3SOnEy) Th¢ pembingd Byeterieerp coppentrged Br |

K2Q03  (10) Cz.;;'z\lvac(u%?i’uriﬁ)ca%% b%/zﬂ-lz_agﬁ‘co unCaNn%lﬁ?omatography (R/0.3, ethyl acetate in
hexane) afforded 3-(4-cyanobenzoyl)indolizine (13) as a light yellow solid (1.12
grams, 80%). '"H NMR (CDCL,) 8 6.56 (d, J =4.8, 1H), 7.04 (t,J =6.9, 1H), 7.28

5 (m,2H), 7.61 (d,J = 9.0, 1H), 7.78 (m, 2H), 7.89 (m, 2H), 9.98 (d, J = 7.2, 1H).
ESMS caled (C,¢H,(N,0,): 246.1; found: 247.1 (M+H)".
Sodium cyanoborohydride (0.32 grams, 5.06 mmol) was added in portions to
an acetonitrile (15 mL) solution of 3-(4-cyanobenzoyl)indolizine (13) (0.19 grams,
0.84 mmol) and chlorotrimethyléilanen (0.65 mL, 5.06 mmol) cooled in an ice-bath.

10  The reaction mixture was stirred at room temperature for 4 hours. It was then
quenched with aqueous sodium bicarbonate solution, extracted with ethyl acetate (3
x 25 mL). The combined organic layers were washed with water, dried over sodium
sulfate and concentrated in vacuo to give an oily residue, which was applied to the
flash column chromatography using 10% ethyl acetate in hexane (R, 0.3) to afford 3-

15 (4-cyanobenzyl)indolizine (14) (0.11 grams, 56 v% yield). 'TH NMR (CDCL,) 6 4.09
(s, 2H), 6.36 (m, 2H), 6.56 (m, 2H), 7.15 (d, J = 8.4, 2H), 7.32 (d, J =9.3, 1H), 7.45
(m, 3H). ESMS caled (C,¢H,,N,): 232.1; found: 233.1 (M+H)".

A solution of oxalyl chloride (1.13 mL, 12.9 mmol) in 40 mL of anhydrous
ethyl ether was cooled in an ice-bath, foliowed by the addition of 3-(4-

20 cyanobenzyl)indolizine (14) (1.04 grams, 4.31 mmol) in ethyl ether (10 mL). The
resulting mixture was stirred at 0°C for 30 minutes. Solvent was removed under
reduced pressure (keeping the temperature below 25°C). The residue was then
dissolved in THF (40 mL) and cooled to 0 °C. 5-Amino-3-methylisothiazole in THF
(10 mL) was added slowly. The mixture was stirred at ambient temperature

25 overnight. The reaction mixture was quenched with water and extracted with ethyl
acetate. After concentration in vacuo, the crude product was purified through flash
column chromatography with 1:1 ethyl acetate and dichloromethane (R,0.3) to give
1.35 grams (78%) of 2-(3-(4-cyanobenzyl)-indolizin-1-yl)-N-(3-methyl-isothiazol-5-
yl)-2-ox0-acetamide (1). "H NMR (CDCL,) & 2.47 (s, 3H), 4.34 (s, 2H), 6.78 (s, 1H),

30 6.98 (m, 1H), 7.31 (m 3H), 7.61 (d, J =7.2,2H), 7.80 (d, J =6.9, 1H), 7.85 (s, 1H),
8.68 (d, J = 8.7, 1H), 10.36 (s, 1H). ESMS calcd (C,,H,(N,0,S): 400.1; found:



N CN Et hyl ene glycol TM5-CI QCN OCN (12) (13) SN OHN\ CH 1. Oxalyl
Chloride O C-R/ 2.5-Amino-3- C N CN Methyisothiazole CN (14) (1) In
Schenme 3,wWOm338i6refers to para-toluenesul fonic acid"; "ReCNBHB2915efers to
sodi um cyanobor ohydri de; and "TM5-C " refers to chlorotrinethyl sil ane.
Al 'though 5 the reactions in Schenme 3 are described with respect to ‘
preparing Conpound (1), other indoli zitle conpounds of the present invention
can be readily prepared by suitable selection of the starting materials
and reaction conditi ons. The present invention is illustrated by the
fol | owi ng exad@®-EEV-BMHi ch are not intended to be liniting in any way. 10
EXEMPLI FI CATI ON Exanple 1 Preparation of
2- (3-(4-cyano-benzyl)-indolizin-1-yl)-N(3-nmethyl -
i sot hi azol - 5- Fkamme @X0- hafbs ef 846
oot hiazol “> B ;% PRSP Bihel DEG1YBE DRI Ind6RAREs abc¥idid 0B

Method of Scheme 3

The 1-glyoxlylindolizines shown below were prepared using the methods
5 described in Example 1. Analytical data for each compound is provided.
Compound (2)
S-N

o HNMCH

0]

3

N7

cl
'H NMR (CDCL) & 4.22 (s, 2H), 6.78 (s, 1H), 6.95 (m, 1H), 7.13 (d, J=8.1 Hz, 2H),
7.26 (m, 2H), 7.41 (m, 1H), 7.84 (dd, 1H), 8.15 (s, 1H), 8.65 (dd, 1H), 10.21 (s, LE).
10 ESMS caled (C,,H,,CIN;0,S): 409.1; found: 410.1 (M-+E)*.

Compound (3)

Cl
'H NMR (CDCLy) & 4.22 (s, 2H), 6.92 (m, 1H), 7.50 (m, 5H), 7.84 (m, 2H), 8.13 (m,
15 2H), 8.57 (s, 1H), 8.67 (d, J=9.0 Hz, 1H), 8.85 (s, 1H), 9.71 (s, 1FH). ESMS calcd
(CH,;CIN,0,): 439.1; found: 440.1 (M+H)".



O ONHS HN NC To a solution of 4-cyanophenacyl brom de (10) (5.02 g,
22.2 mmol) in anhydrous acetonitrile (300 nL) was added pyridine (3.6 mi,
45. 3 mMmolwoas/oeasaen tenperature. The m xture was stirred POT/UB02/eH1MUL €S.
The precipitate was filtrated, 5 washed with acetonitrile (20 nL) and dried
under vacuumto give 1-(2-(4-cyano- phenyl)-2-oxo-ethyl)-pyridinium bromde
(11) as a white powder (100%. 'H NVR22{DVSO-d6) 8 6.56 (s, 2H), 8.21 (m
6H), 8.76 (t, J= 7.8, 1H), 9.03 (d, J= 6.6, 2H. A slurry of

1- (2- (4- cyano- phenyl ) - 2-oxo-et hyl)-pyridiniumbromde (11) (4.04 granms,
13.2 mol ) and pot assi um carbonat e (Zompogrdfd, 16.0 nmml) in 10
tetrahydrofuran (250 nm.) was stirred atoroom enperature for 10 mnutes. To
it was added 3-butyn-2-one (1.4 nL, 1630 nmo el the reaction m xture

was kept stirring at roomtenperature fya \'- houls. y e insoluble materi al
was filtered off and the filtratg was_concentrat n vacua. The residue
was subjected to col umm chromafo/gr puMi ficaitomon silica gel using

3:1 hexane and ethyl acetate (R ) to afford 1 -acetyl-3

- (4-cyanobenzoyl )i ndol i zi ne g lid (2.55 granms, 72%. 'H
NVR (CDC13) 6 2.56 (s, 3H), 7.23 ( m 2H), 7.90 (m 4H), 8.72
(d, J= 9.0, 1H), 10.02 (d, J= 6.6, 1H); G 7 H12N202) : 288. 1;
found: 289.1 (M+rH)+. A solution of 1-acetyl 4- cyanobenzoyl )i ndol i zi ne
(12) (1.56 gr'ENMB(GRCLR0 2rhits)3HedR0(828)gb.$t @, 1H), h2y7.4 (m, 3H), 7.6-7.7

"ot Tuxed for @ Abr £20 % dED AT R a0 36 1S g FBR b SBgene (190 M) ves

5 (C,HFN,0,S): 418.09; found: 419.1 (M+H)".

Compound (5)

0 HN

=

<
0O N
N

N7

CN
'H NMR (CDCL,) & 4.34 (s, 2H), 6.96 (m, 1H), 7.42 (m, 4H), 7.75 (m, 3H), 8.17 (m,

2H), 8.42 (d, J=6.9 Hz, 1H), 8.57 (s, 1H), 8.70 (d, J=8.7 Hz, 1H), 8.87 (m, 1H), 9.69
10 (s, 1H). ESMS caled (C,HiN,O,): 430.1; found: 431.1 (M+H)".

Compound (6)

'H NMR (CDC1,) 8 2.40 (s, 3H), 4.23 (s, 2 H), 6.74 (s, 1H), 6.90 (m, 1H), 7.18-7.41
15 (m, 6H), 7.81 (m, 1H), 8.16 (s, 1H), 8.62 (m, 1H), 10.22 (s, 1H); ESMS calcd



cooled to roomtenperature, neutralized with saturated sodi um bi carbonat e
sol ution WO 03/022846 PCT/ US02/ 29154 -20 and extracted with ethyl acetate
(3x50 nmL)woTmh®218e6rbi ned | ayers were concentrated in vacu®CTRiso2/g416ati on by
flash col um chromatography (R f 0.3, ethyl acetate in hexane) afforded

3- (4- cyanobenzoyl )i ndolizine (13) as a light yellow solid (1.12 grans,
80% . 1H NWR (CDC13) S 6.56 (d, J = 42%, 1H, 7.04 (t, J =6.9, 1H, 7.28 5
(m 2H), 7.61 (d, J =9.0, 1H),; 7.78 (m 2H), 7.89 (m 2H), 9.98 (d, J =
7.2, 1H). ESMS calcd (CL6HLON202): 246.1; found: 247.1 (MtH) +. Sodi um
cyanobor ohy d(Ca8 N0 g7antpund: 3% M) was added in portions to an
acetonitrile (15 nlL) solution of 3-(4-cyanobenzoyl)indolizine (13) (0.19
grans, 0.84 muol) and chlorotrinethylsilanen (0.65 n., 5.06 mml) cool ed
in an ice-bath. 10 The reaction m xthmpow@s(7ytirred at roomtenperature
for 4 hours. It was then quenched with agueous sodi um bi carbonate sol ution,
extracted with ethyl acetate (3 x 25 nL). $h#dl conbi ned organic | ayers were
washed with water, dried.over sodiunb SH concentrated in vacuo to
give an oily residue, which was appl o the %ash col um chr omat ogr aphy
using 10% et hyl acetate in hexane (Rf 0.\h to afford 3 15
(4-cyanobenzyl )i ndolizine (14) ( Fovans, 56 %yield). 1H NWVR (CDC13) S
4.09 (s, 2H), 6.36 (m 2H), 6.8 /2H), 7.15 (d, J = 8.4, 2H), 7.32 (d,
J=9.3, 1H), 7.45 (m 3H). ESM5 cal ¢d (C16H12N2): 232.1; found: 233.1
(MtH) +. A solution of oxalyl chlorideX¥33 nL, 12.9 nmmol) in 40 nL of
anhydrous ethyl ether was cooled in an g-bath, followed by the addition
of 3-(4 20 cyanobenzyl)indolizine (14) (¥ 04Fgrans, 4.31 mmol) in ethyl
ether (10 nl)YH NM® (CIEGL) & 240 (s13%)14.22 (02 B 6177 €< 13T), 6.98 {xmy 3HY) 7ni t,es.

Sol vent was renoved under reduced gressure (keepi.ng t he éegﬁiéﬁiuée bel ow
25C). The ¥ eZub4hém, Hilbd-84dps d6Dye 40 (%Hﬂﬂﬁﬁ(zz{mr}ﬁg’]é)n%p obEEYMS0 0 C

5- Am no- 3- et il EOHNFRES,S: 1383, fima: 394 v+,

Compound (8)
S—N

o HN/@\CH

O

3

= N
o N-7

OMe ‘
10 'HNMR (CDCl,) 6 2.40 (s, 3H), 3.78 (s, 3H), 4.20 (s, 2 H), 6.77 (s, 1H), 6.81(m,

2H), 6.92 (m, 1H), 7.13 (m, 2H), 7.40 (m, 1H), 7.87 (m, 1H), 8.14 (s, 1H), 8.62 (m,
1H), 10.46 (s, 1H); ESMS caled (C,,H,;N;0,S): 405; found: 406 (M-+H)".



(10 nL) was added slowy. The m xture was stirred at anmbient tenperature 25
overnight. The reaction m xture was quenched with water and extracted with
et hyl acwDaB®22846ter concentration in vacuo, the crude pPCEUIIS2/28S4
purified through flash colum chromatography with 1:1 ethyl acetate and

di chl oronet hane (R10.3) to give 1.35 grans (78% of

2- (3-(4-cyanobenzyl)-indolizin-1-yl)-#(3- et hyl -i sot hi azol - 5-
yl)-2-oxo-acetam de (1). 1H NMR (CDC13) 8 2.47 (s, 3H), 4.34 (s, 2H), 6.78
(s, 1H), 30 6.98 (m 1H), 7.31 (mBI—%, 7.61 (d, J =7.2, 2H), 7.80 (d, J =
6.9, 1H), 7.85 (s, 1H), 8.68 (d, J compoundi®) 10.36 (s, 1H). ESMS cal cd
(C22H16N4A02S): 400.1; found: WO 03/022846 PET(US02/29154 -21- 399.1
(MH) +. Exanple 2 Preparation of O her 1-dNoxl yl am de Indoli zines
according to the Method of Schene 30Th5Nf%g§§y@ﬂ3yl i ndol i zi nes shown bel ow
were prepared using the nethods 5 deSeribed in Exanple 1. Analytical data
for each conpound is provided. SUPO nd @2) SN OHN1CH3 ONC 1H
NVR (CDC13) 8 4.22 (s, 2H), 6.78 (s }, , 6.95 (m 1H), 7.13 (d, J=8.1 Hz,
2H), 7.26 (m 2H), 7.41 (m 1HXA (dd, 1H), 8.15 (s, 1H), 8.65 (dd,
1H), 10.21 (s, 1H). 10 ESMs calcd (CR1IHIGCIN302S): 409.1; found: 410.1
(M+H) +. Conpound (3)

CN

'"H NMR (CDCl,) 6 2.47 (s, 3H), 4.34 (s, 2H), 6.78 (s, 1H), 6.98 (m, 1H), 7.31 (m
3H), 7.61 (d,J =7.2, 2H), 7.80 (d, J = 6.9, 1H), 7.85 (s, 1H), 8.68 (d, J = 8.7, 1H),
5 10.36 (s, 1H). ESMS caled (C,,H,(N,0,S): 400.1; found: 399.1 (M-H)".

Compound (10)

a HN@P\

(@]
N

s N

Cl

'H NMR (CDCL,) 6 2.49 (s, 3H), 2.77 (s, 3H), 4.24 (s, 2H), 6.75 (s, 1H), 6.85 (t,
1H), 7.11 (m, 3H), 7.26 (d, 2H), 7.67 (d, LH), 8.01 (s, 1H), 10.34 (s, 1H); ESMS

10  Caled (Cp,H,;CIN,O,S): 423.08, found 424.0 (M-+H)"

Compound (11)

a HN—@

O
N

SN~

Cl



OHNON NZ O 1H NWR (CDC13) 8 4.22 (s, 211), 6.92 (m 1H), 7.50 (m
5H), 7.84 (m 2H), 8.13 (m 15 2H), 8.57 (s, 1H), 8.67 (d, J=9.0 Hz, 1H),
8.85 (s, wH)o3/0:87d (s, 1H). ESM5 cal cd (C26HL8CLN302): 43®cIjushwemcs 440. 1
(M+H) +. WD 03/ 022846 PCT/ US02/ 29154 -22- Conpound (4) ONSIN / O\ NF X
N 1H NMR (CDC13) 8 2.50 (s, 3H), 4.3%(5, 2H), 6.81 (s, 1H), 7.2-7.4 (m
3H), 7.6-7.7 (m 3H), 8.20 (s, 1H), 52 (m 1H), 10.36 (s, 1H ppm ESMS
cal cd 5 (C22H15FNa02S): 418.09; found: 419.1 (MtH)+. Conpound (5) O HN O

N NCN 1H NWR (CDCl13) 8 4. 34 2H), 6.96 1 7.4 4 7.75

5 m gH)H,Z 8.1&D?H(1?§4R @,513336;245(@,(68&):6% (ﬂzZ,H)ﬁ‘,r’n (13, zlzﬂ’(%lﬁ é»éﬁ}fﬁ(g(z ;:l:

450: 1; fbund:ZPQBZ'%% (mlﬂyl 5009 (g"ﬁ%’ é(ASQé’lHl)’W 0685@"\/%):’%%3@%% '
(C,,H,3CIN,0,S): 423.08, found 424.0 (M+H)".

Compound (12)
S

o HN‘&/‘\L

0]
N

N—/

®
Cl

'H NMR (CDCL) & 2.56 (s, 3H), 4.73 (s, 1H), 6.81 (s, 1H), 7.15 (d, 2H), 7.27 (4,
2H), 7.45 (m, 2H), 7.65 (d, 1H), 7.83 (m, 1H), 8.06 (s, 1H), 8.19 (m, 1H), 8.65 (4,
1H), 10.30 (s, 1H); ESMS Calod (C,sH,;,CIN;0,S): 459.08, found 460.0 (M+H)".

Compound (13)

: — 0O
Q N / NH,>
O
7 N

\N/

10 Cl
' NMR (CDCL,) & 4.47 (s, 2H), 7.15 t, 1H), 7.42 (d, 2H), 7.81 (d, 2H), 8.09 (s, 1H),
8.18 (d, 1H), 8.29 (d, 15, 8.38 (m, 2H), 8.83 (s, 1H), 10.68 (s, 1H); ESMS Caled
(C,;H,,CIN,0,): 432.10, found: 433.1 (M+H)".



Conpound (6) SN O HN 4 N 1H NVR (CDCL3) 8 2.40 (s, 3H), 4.23 (s, 2 H),
6.74 (s, 111), 6.90 (m 1H), 7.18-7.41 15 (m 6H), 7.81 (m 1H), 8.16 (s,
1H), 8.62wemsoiiyg 10.22 (s, 1H); ESMS cal ed WO 03/ 022846 PRCUSUSOAALI154
-23 (C21H17N302S): 375; found: 376 (MeHr. Conpound (7) SN O HN \-1CH3 O
N/ F'HNWR (CDC13) S 2.40 (s, 3H), 4,22 (s, 2 H), 6.77 (s, 1H), 6.98 (m

4

3H), 7.18 (m 5 2H), 7.41 (m 1H), 72@4(m 1H), 8.16 (s.1H), 8.62 (m
1H), 10.20 (s, 111); ESM5 calcd (C21H16FN302S): 393; found: 394 (M+H) +.
Compound (8 SN OHN, CH3 ON/ Ow 10 1H NMR (CDC13) 8 2.40 (s,
3H), 3.78 (s, 3H), 4.20 (s, 2 H, 6.77 (s, 1H, 6.81(m

Compound (14)

'H NMR (CDCL) 6 1.45 (t, J=7.2Hz, 3H), 4.18 (q, J=7.2Hz, 2H), 4.35 (s, 2H), 6.78
(s, 1H), 7.00 (t, J=4.0Hz, 1H), 7.35 (AB, J-7.8Hz, 2H), 7.40 (t, ]=4.0Hz, 1H), 7.55

5 (d, J=1.5Hz, 1H), 7.62 (AB, J-7.8Hz, 2H), 7.82 (d, J]=5.0Hz, 1H), 8.15 (s, 1H), 8.65
(d, 1=9.1Hz, 1H), 9.46 (s, 1 H) ppm; ESMS caled (CysH;oN;0,): 397.15; found:
398.1 (M+H)".

Compound (15)

10 - 'H NMR (DMSO-d,) & 4.45 (s, 2H), 7.15 (m, 1 H), 7.55 (m, 3H), 7.8-8.0 (m, 6H),
8.40 (m, 2H), 10.82 (s, 1H) ppm; ESMS calcd (C,5H;gN,O,): 422.14; found: 423.2

(M+H)".



2H), 6.92 (m 1H), 7.13 (m 2H), 7.40 (m 1H), 7.87 (m 1H), 8.14 (s, 1H),
8.62 (m 1H), 10.46 (s, 1H); ESMs cal cd (C22H, 9N303S): 405; found: 406
(MtH) ' . Wo003/0282846 PCT/ US02/ 29154 -24- Conpound (9) S-RCT@WSHdRAISCH3 O N
CN 1H NWR (CDC13) 8 2.47 (s, 3H), 4.34 (s, 2H), 6.78 (s, 1H), 6.98 (m
1H, 7.31 (m: 3H), 7.61 (d, J =7.2,2H), 7.80 (d, J =6.9, 1H, 7.85 (s,
1H), 8.68 (d, J = 8.7, 1H), 5 10.36 (%7~ 1H). ESMS cal cd (C22HL6N402S):
400.1; found: 399.1 (MH+. Conmpound (10) S OHNO1L O / / C 1H NWR
(CDC13) 8 2.49 (s, 3H), 2.77 (s, 3H), 4.24 (s, 2H), 6.75 (s, 1H), 6..85 (t,
1H), 7.11 (m 3H), 7.26 (d, 2H), 7.63pnqm>,unihé) 8.01 (s, 1H), 10.34 (s, 1H):
ESM5 10 Cal cd (C22H18C1N302S): 423.08, found 424.0 (MtH)+. Conpound (11)
S~~ OHN O

'H NMR (CDCL,) & 4.36 (s, 2H), 6.95 (t, 1=3.8Hz, 1H), 7.3 - 7.5 (m, 3 H), 7.6-7.7
(m, 4H), 7.80 (d, =3.9Hz, 1H), 8.05 (s, 1H), 8.5-8.7 (m, 3H), 9.60 (s, 1H) ppm;
5 ESMS caled (C,H,(N,O,): 380.13; found: 381.1 (M+H)".

Compound (17)

'H NMR (CDCl,) & 2.46 (s, 3H), 4.34 (S, 2H), , 6.79 (s, 1H), 6.85 (m, 1H), 7.05 (m,
1H), 7.31 (AB, J=8.1Hz, 2H), 7.6 (m, 3H), 8,14 (s, 1H), 10.42 (s, 1H) ppm; ESMS
10  caled (C,,H,;FN,0,S): 418.09; found: 419.1 (M+H)".

Compound (18)
S—N

o HNM\CH

o)

3

//
N

O
CN



Cl WD 03/ 022846 PCT/US02/29154 -25 'H NMR (CDC13) 8 2.45 (s, 6H), 4.20 (s,
2H), 6.80 (m 2H), 7.13 (d, 2H), 7.27 (d, 2H), 7.72 (d, 1H), 8.09 (s, 1H),
8.45 (s, WH)3/018468 (s, 1H); ESMB Calcd (C22H18CLN302S): P€28Is0829150und

424.0 (M+H)+. Conpound (12) S,~ OHN O I/ I\ 5 C 'H NWR (CDC13) 8 2.56
(s, 3H), 4.73 (s, 1H), 6.81 (s, 1H), 515 (d 2H), 7.27 (d, 2H), 7.45 (m
2H), 7.65 (d, 1H), 7.83 (m 1H), 8.06 , 8.19 (m 1H), 8.65 (d, 1H),
10.30 (s, 111); ESMS Cal cd (025H18C1N3028) 459. 08, found 460.0 (MH)+.

tof’”‘iﬁ#”dy(ii’)* MBHD G 650 (5269, 7-36 69, 940, 7aeh . 1601880 (157 259,

455 10, tound A8 D e 70, X8 GO Rr e s e 17 6 27@%7C1N403)

1H), 10.22 (s, 1H). ESMS caled (C,,H,,N,0,8): 414.1; found: 415.1 (M+H)".

Compound (19)

o]

5 0

o QL

O,

)

'H NMR (CDCl,) & 1.26(t, J=7.0Hz, 3H), 1.45(m, 2H), 2.00(m, 2H), 3.05(t,
J=7.2Hz, 2H), 3.9-4.3(m, 8H), 6.95(t, J=4.3Hz, 1H), 7.38-7.78(m, 7H), 8.05(s, 1H),
8.62(d, J=8.1Hz, 1H) ppm; ESMS calcd (CsH,¢N,O,): 458.20; found: 459.1

(M+1)+,

NC

10 Example 3 Preparation of 4-Indolizin-3 -yl)-Benzbnitrile by the Method Shown in

Scheme 1
= =
Z L - .
CHy  IPraNH/BULIDMPUITHF /@/\// Br” N z N
[ j Pd{PPhs),Cl, Cul
NC Br N NC 1 NG
A S TEA ITHF
cucl
TEA/DMA
N
s N7

NC

A dried 1L of three-neck round-bottom flask was flushed with N,, connected
to a N, inlet and equipped with a thermometer. 300 mL of anhydrous THF (Aldrich),
15 62 mL (0.44 mol) of N,N-diisopropylamine were added to the flask and cooled to



Conpound (14) OHN N O\ N/ -N "H NMR (CDC13) 8 1.45 (t, J=7.2Hz, 3H),
4.18 (q, J=7.2Hz, 2H), 4.35 (s, 2H), 6.78 (s, 1H), 7.00 (t, J=4.0Hz, 1H),
7.35 (AB,WO-03088826 2H), 7.40 (t, J=4.0OHz, 1H), 7.55 5 (d, POTAISBH29I54H) ,
7.62 (AB, J-7.8Hz, 2H), 7.82 (d, J=5.0Hz, 1H), 8.15 (s, 1H), 8.65 (d,
J=9.1Hz, 1H), 9.46 (s, 1 H ppm ESMS cal cd (C23HI9NS2): 397.15; found:
398.1 (MrH)+. Conpound (15) OH _O N9 -N 10 "H NMR (DVSO-d6) 8 4.45 (s,
2H), 7.15 (m 1 H), 7.55 (m 3H), 7.8-8.0 (m 6H), 840(m 2H) 1082(3
1H) ppm ESMS cal cd (C25HI8NACB): 422.14; found: 423.2 (MH) +

03/ 022846 PC’FﬂEISDlZJOZ@mWBS) -Bu(3 ord 3(61%, 0.44 mol) was exldﬂd wifhip I‘lIQ/R (CDC13) 8

4.36 (s, 28 m1nutes5 v&'ﬁi the mteml_?templ_ga’mre mcreasmgﬁo (_H_}) (:‘,)’ ’fﬁe reZulﬁng mzxture
was stirred for another 30 minutes at —78° C. DMPU (53 mL, 0.44 mol) was added to

the above solution in one portion. The resulting mixture was then stirred at —78°C

5 for one hour. p-Tolunitrile (48 mL, 0.40 mol) was diluted in 20 mL of THF and
added slowly to the above mixture via syringe over 25 minutes, with the tempefature
below —70° C. The reaction mixture was kept stirring at —78° C for 40 minutes. The
reaction became yellowish red. Propargyl bromide (80%, Aldrich, 22 mL, 0.2 mol)
was added over 20 minutes via syringe. The reaction mixture turned light yellow,

10  which was kept stirring at —78°C for 1.5 h. The reaction was then warmed up to —40°
C. 100 mL of saturated NH,C1 was added, followed by the addition of 100 mL of
water. After stirring for 10 minutes at room temperature, 100 mL of ethyl acetate
was added and the mixture was transferred to a separatory funnel. The organic layer
was separated and the aqueous layer was extracted with 50 mL of ethyl acetate

15 twice. The combined organic layers were washed with water (30 mL) and brine (30
mL), dried over sodium sulfate, and simple filtration gave a clear light yellow
solution, which was concentrated in vacuo to give an oil residue, which was cooled
to 0°C. A solid formed and was filtered and washed with heptane, which gave 28.64
g (92 % yield) of 4-but-3-ynyl-benzonitrile. 'H NMR (CDCL,): & (ppm) 7.60 (m,

20 2H); 7.36 (m, 2H), 2.90 (t, J=7.2 Hz, 2H); 2.51 (m, 2H); 1.99 (t, /=2.7 Hz, 1H).
ESMS caled. (C,;H,N): 155.1; found: 156.1 (M-+H)". The obtained product was used
for next step without further purification.

A dried 1L of three-neck round-bottom flask was flushed with N,, connected
to a N, inlet, equipped with a thermometer and a magnetic stirrer. 4-But-3-ynyl-

25 benzonitrile (49.38 g, 0.32 mol) was dissolved in 250 mI of THF, followed by the
successive addition of triethylamine (TEA) (250 mL, 1:1 TEA/THF), bromopyridine
(33.3 mL, 0.35 mol), Pd (pphs,),CL, (4.47 g, 6.0 mmol), and CulI (1.21 g, 6.0 mmol).
The reaction mixture was heated up to 65°C and kept stirring at that temperature.
During the heating, it turned dark brown. After 2 h, the reaction was complete and

30 cooled to room temperature, followed by the addition of water (200 mL) and ethyl



(m 4H), 7.80 (d, J=3.9Hz, 1H), 8.05 (s, 1H), 8.5-8.7 (m 3H), 9.60 (s,
111) ppm 5 ESMS cal cd (C23H16N402): 380.13; found: 381.1 (MtH)+. Conpound
(17) F OWo-03@28AMN O N =N 1H NVR (CDC13) 8 2.46 (s, 3HpcTAIS8zZSt 2H),,
6.79 (s, 1H), 6.85 (m 1H), 7.05 (m 1H), 7.31 (AB, J=8.1Hz, 2H), 7.6 (m
3H), 8,14 (s, 1H), 10.42 (s, lH) ppm 4 SM5 10 cal cd (C22H15FN402S):
418. 09; found: 419.1 (M+H) +, mpound”(18) S-N OHN\ ~CH3 ON OI ~
SZIEDVD7OC;>/ 0(22846 PCT/ uso2/ 29154 -28 1H NWVR (CDC13) 8 6.82 (s, 1H), 7.36 (m
7 (m 1H), 7.95 (d
(d, J=9.6 Hzaceipip (24 ). (ﬁhe %)mc lf@eroffas@abarﬁtﬁé e Mgeﬁéoi@tﬂ ad®) 77
ESMS cal cd (%ﬂy%ﬁ%ﬂi%ﬂd dfitd over st)@ftiﬁpsulfﬂl@é AndrMdithple filaaReidctembd 5 0 0
any catalyst residues and drying agents, concentration in vacuo left an oil; which
immediately became solid after cooling. The solid was then filtered and washed with
5 heptane to give 58.74 g (79.6% yield; purity: 98%) of 4-(4-pyridin-2-yl-but-3-ynyl)-
benzonitrile. "H NMR (CDCL,): & (ppm) 8.54 (m, 1H); 7.59 (m, 3H); 7.39 (m, 2H);
7.31 (m, 1H); 7.19 (m, 1H); 3.01 (t, /=6.9 Hz, 2H); 2.75 (t, J=6.9 Hz, 2H). ESMS

caled. (CyH,,N,): 232.1; found: 233.1 (M+H)".

A dried 1L of three-neck round-bottom flask was flushed with N,, connected

10 to a N, inlet, equipped with a thermometer and a magnetic stirrer. 4-(4-Pyridin-2-yl-
but-3-ynyl)-benzonitrile (58.73 g, 0.25 mol), DMA (490 mL) and TEA (70 mL)
were successively added to the flask, resulting in a light brown solution. CuCl (25.05
g, 0.25 mol) was then added, after which the reaction turned dark brown. The
reaction mixture was kept stirring at 130° C. After stirring for 3 h at 130°C, the

15 reaction was complete, and cooled to room temperature. The reaction was then
quenched with water (300 mL), and ethyl acetate (400 mL) was added. The resulting
dark brown mixture was then filtered through a celite cake to give a clear two-layer
mixture. After separation, drying, and concentration, a dark oil was obtained. The
dark oil was dissolved in 250 mL of ethyl acetate, applied to 15 g of decoloring

20 carbon, and stirred for 20 minutes. After filtration through a celite cake, the filtrate
was washed with water (100 mL) twice, dried over sodium sulfate. Concentration
gave 53.89 g (89%) of 4-indolizin-3-ylmethyl-benzonitrile. 'H NMR (CDCl,): &
(ppm) 7.55 (d, J=8.1 Hz, 2H); 7.50 (d, J=9.0 Hz, 1H); 7.39 (d, J=9.0 Hz, 1H); 7.23
(d, J=7.8 Hz, 2H); 6.64 (m, 2H), 6.44 (m, 2H); 4.27 (s, 2H). ESMS calcd.

25  (CyH,,Np): 232.1; found: 233.1 (M+H)".

Example 4  Preparation of Other Indolizine Intermediates for the Synthesis of 1-
Glyoxlylamide Indolizines By the Method of Scheme 1
The following intermediates were prepared by the method described in

Example 3, substituting the appropriate starting materials. Analytical data for each



Q@N NO NC1IH NWR (CDC13) 8 1.26(t, J=7.0Hz, 3H), 1.45(m 2H), 2.00(m
2H), 3.05(t, J=7.2Hz, 2H), 3.9-4.3(m 8H), 6.95(t, J=4.3Hz, 1H),

7.38-7. 78ymo3/meds46 8. 05(s, 1H), 8.62(d, J=8.1Hz, 1H) ppm PESNSov24164
(C26H26N404) : 458.20; found: 459.1 (Mtl)+. 10 Exanple 3 Preparation of
4-1ndolizin-3-yl)-Benzonitrile by the Method Shown in Schene 1 I~ ~I CH3

| Pr2NHBuLI | DVPU THF Br N -N Br NC | -?1-Pd(PPh3)zCl 2 Cui NC \\ TEA/ THF NC
CuCl TEAIDVA NC A dried 1L of three-neck round-bottom flask was fl ushed
with N2, connected to a N2 inlet and equi pped with a thernonmeter. 300 nL
of anhydr ous cipoy igprevijed- 15 62 nml (0.44 nol) of NN-diisopropyl anzi ne
were added to the flask and cooled to WO 03/022846 PCT/US02/ 29154 -29 -78C
(30 minutes). n-BuLi (122 nL, 3.6 M 0.44 nol) was added within 10

mnutes, with the internal tenperat wgmiddedteayi ng to -65C. The resulting
mxture was stirred for another 30 nrnutes at -78C. DWPU (53 ni, 0.44 nol)
was added to the above sol ut defindolizinEylsay)-Berzontthide r esul ti ng mi xture was
then stirred at -78C 5 for one hour, p-Tolunitrile (48 m., 0.40 nol) was

diluted i® 20 nL of THE and ZNF
N7
(o)

CN

IH NMR (CDCL): 8 (ppm) 7.58 (m, 3H); 7.36 (d, J=9.0 Hz, 1H); 6.99 (m, 2H); 6.64
(m, 1H), 6.51 (m, 3H). ESMS caled. (C;sH,N,0): 234.1; found: 235.1 (M+H)™.

Intermediate (2)
10 4-(Indolizin-3-yl-Methyl-Amino)-Benzonitrile

N
s N7

N
4 \©\CN

'H NMR (CDCl,): & (ppm) 7.43 (m, 4 H); 6.72 (m, 1H); 6.63 (d, /=3.9 Hz, 1H);
6.49 (m, 4 H). ESMS calcd. (C;;H;(N,0): 247.1; found: 248.1 (M+H)*.

Intermediate (3)
15 4-(1-Indolizin-3-yl-Ethyl)-Benzonitrile
N
x N‘ /
CH,

NC

'H-NMR (CDCL,) 8 (ppm),7.55 (d, J=8.7 Hz, 2H), 7.50 (d, /=8.9 Hz, 1H), 7.41 (d,
J=8.9 Hz, 1H), 7.24 4, J=8.7 Hz, 2H), 6.65 (m, 2H), 6.45 (m, 2H), 4.43 (q, J=6.7
Hz, 1H), 1.88 (d, /=6.7 Hz, 3H); ESMS cled for C\;H,, : 246.12; Found: 247.1

20  (M+H)".



added slowy to the above m xture via syringe over 25 mnutes, with the
tenperature below -70C. The reaction m xture was kept stirring at -78C for
40 m nut ewoO 03022846 eact i on becane yel |l owi sh red. Propargyl Pomarsozizo1§80%
Aldrich, 22 m., 0.2 nol) was added over 20 mi nutes via syringe. The
reaction m xture turned light yellow,_10 which was kept stirring at -78C
for 1.5 h. The reaction was then warn up to -40 C. 100 nL of saturated
NHACI was added, followed by the addition of 100 nL of water. After
stirring for 10 mnutes at roomtenperature, 100 nL of ethyl acetate was
added and the nixture was transferrdgetedigtiear at ory funnel. The organic
| ayer was separated and /& R X with 50 nL of

et hyl acetate 15 twi ce. T%Eﬁ%%%ﬁﬁg%ﬂgr ggm]%ﬁﬁg%l?%&%ﬁ@emshed with water
(30 mL) and brine (30 i), dried over Ly sul fate, and sinple
filtration gave a clear light yellow slolutliop, which was concentrated in
vacuo to give an oil residue, whichpy@as s ' to 0OC. A solid fornmed and
was filtered and washed with heptane, which gave 28.64 g (92 %yield) of
4-but - 3-ynyl -benzonitrile. 1H NVR (CDC13) (ppm 7.60 (m 20 2H); 7.36
(m 2H), 2.90 (t, J=7.2 Hz, 2H); 2.51 (m b; 1.99 (t, J=2.7 Hz, 1H).
ESMS cal cd. (CL1HON): 155.1; found: 156. f-H) +. The obt ai ned product was
used for next step without further puNCfication. A dried 1L of three-neck
round-bottom fl ask was flushed with N2, connected to a N2 inlet, equipped
with a ther mNMR @DCIR) Svéppno} 7.68-5t55r(te BH) 47 B3+ -23-(yny BH) 26566 50dmi, t ri | e
(49.38 g, 0.32 nmol) was dissolved in 250 m._of THF ol |l o )
successi vé a@Hi),tq-b‘%(bef =B Vi BengLans AED FEA(S: @E&@ﬁés ngdliloﬁ'%géj ?26?12’

br omopyri di n . +35 mol ), Pd (pph3)2Cl2 (4.47 g, 6.0 mml), and
Cul (1.21 g,%gl.léfg%n#zﬂ). +)r%fe reaction mxture was heated up to 65C and kept
stirring at that tenperature. During the heating, it turned dark brown.
After 2 h, the reaction was conpl et gyaibdife @yol ed to room tenperature,
foll owed by the addition of water (200 nli) and ethyl WO 03/022846

PCT/ US02/ 29154 4-(6-Nitro-Indolizin-3-YImethyl)-Benzonitrile
10 N
| /
oN~ N
NC

'H-NMR (CDCL,) 8 (ppm), 8.92 (d, /=3.6 Hz), 7.76 (d, J=8.7 Hz), 7.56-7.55 (m,
2H), 7.44 (d, J=8.7 Hz, 2H), ; ESMS clcd for C,,H;sN;0,S: 445.08; Found: 446.0
(M+H)".

Example 5  Preparation of 1-Glyoxlylamide Indolizines From Indolizine
15 Intermediates Prepared by the Method of Example 4
Indolizine intermediates prepared by the method described in Example 4
were converted into 1-glyoxlylamide indolizines by methods described in Example
1. The structures of these 1-glyoxlylamide indolizines and their analytical data are

shown below.



-30 acetate (200 nmL.). The organic |ayer was separated, washed wth water
(30 mL) and brine (30 nm.), and dried over sodiumsulfate. After a sinple
filtrati owotos/oeaove any catal yst residues and dryi ng ag@argjs2/29154
concentration in vacuo left an oil; which imediately becane solid after
cooling. The solid was then filtered and washed with 5 heptane to give
58.74 g (79.6%yield; purity: 98% of‘33:-(4- pyridin-2-yl-but-3-ynyl)-
benzonitrile. 1H NVR (CDC13): S (ppm 8.54 (m 1H); 7.59 (m 3H); 7.39 (m
2H; 7.31 (m 1H); 7.19 (m 1H); 3.01 (t, J=6.9 Hz, 2H); 2.75 (t, J=6.9
Hz, 2H). ESMB cal cd. (Cl6HL2N2): 2%ompound(®®: 233.1 (MrH)+. A dried 1 L

of three-neck r bottomfl ask. - 11 e i 0toa N2
inlet, equi pped%ﬁ%ﬁ@@ﬁg’pﬁ?@[ 'ér\r{%zl%%"iﬁﬂﬁ]g‘ﬁ%ﬁe?‘ }lsi‘l—'fr’?orﬂgr;i g?ﬁ%%ﬁﬂ-oib-

4- (4-Pyridin-2-yl- but-3-ynyl)-benzonigdcetiahedd 58. 73 g, 0.25 nol), DVA (490
m.) and TEA (70 nmL) were successively added to the flask, resulting in a

|l i ght brown solution. Cud (25.05 g, 0.25 N was then added, after which
the reaction turned dark brown. The ge i i Xxture was kept stirring at
1300 C. After stirring for 3 h at 130 \&2 15 C¥action was conplete, and
cooled to roomtenperature. The ¢ i s then quenched with water (300
m.), and ethyl acetate (400 nl) ed. The resulting dark brown

m xture was then filtered throug lite cake to give a clear two-I|ayer

m xture. After separation, drying, ando ntration, a dark oil was
obtained. The dark oil was dissolved in of ethyl acetate, applied
to 15 g of decoloring 20 carbon, and stirred for 20 m nutes. After

) {Shf o’ BP%@@%?&M@EW-&% & 1E 01 2t BB 08 050 500 “or
151 e, ory A REHTE SRR ST M0 IR QIO R: 7958, 1

J=7.8 Hz., 2HJ=6®, 6H);(@87 RH H).ESMS ¢ated BE)H, N, Q;8){402. R HundEshb] (d-6D!. 25
(C16H12N2): 232.1; found: 233.1 (M+H)+.

Compound (21)
2-{3-[(4-Cyano-phenyl)-methyl-amino]-indolizin-1-yl}-N-(3-methyl-isothiazol-5-
10 yl)-2-oxo-acetamide
S-N
0 HN’M\CH
N 3
0
2 —
N7

N
H4C CN

"H NMR (CDCl,): & (ppm) 10.34 (s, 1H); 8.70 (d, J=9.0, 1H); 8.02 (s, 1H); 7.77 (d,
J=6.0, 1H); 7.50 (m, 3H); 7.03 (t, J=9.0, 1H); 6.78 (s, 1H); 6.61 (d, J=9.0, 2H).
ESMS calcd (C,,H,,N;0,S): 415.1; found: 416.1 (M+H)".

15



Exanple 4 Preparation of Oher Indolizine Internediates for the Synthesis
of 1- dyoxlylamde Indolizines By the Method of Schene 1 The foll ow ng

i nt er mediwDag/0msue prepared by the nmethod described in Eramaise2/3154
substituting the appropriate starting nmaterials. Analytical data for each
WO 03/ 022846 PCT/ US02/29154 - 31- con‘gound i's pr OVI ded. Internediate (1)

4- (I ndoli zi n-3-yl oxy) -Benzonitrile "H NWR (CDC13): 8 (ppm
7.58 (m 3H); 7.36 (d, J=9.0 Hz, 1H); 6.99 (m 2H); 6.64 (m 1H), 6.51 (m
3H). ESMS cal cd. (C15H,0N20): 234.1; found: 235.1 (M+H) +. Int ernmedi ate (2)
10 4- (I ndol i zi n-3-yl - Met hyl - Ani no) - Beermapeind@2e N /N CN 'H NMR (CDC13)

) PES\S cal col- Gt SRty ittt by o ks kP (5)

15 4-(1-1ndolizin-3-yl-Ethyl)-BenzonpkéhtdamideN ~ CH3 NC

a HN—<:[\]'\

CHs
(o)
N
SN~/
CHj
NC

5 'H-NMR (CDCL) & (ppm), 10.52 (s, 1H), 8.65 (d, J=9.9 Hz, 1H), 8.35 (s, 1H), 7.66
(d, J=6.6 Hz, 1H), 7.59 (d, J=8.7 Hz, 2H), 7.39 (dd, J;=9.9 Hz, J,= 7.5 Hz), 7.28 (4,
J=8.7 Hz, 2H), 6.89 (dd, J,=6.6 Hz, J, = 7.5 Hz), 6.81 (s, 1H), 4.33 (q, J=6.9 Hz,
1H), 2.46 (s, 3H), 1.83 (d, J=6.9 Hz, 3H); ESMS cled for C,;H;iN,0;S : 414.12;
Found: 415.1 (M+H)".

10 Compound (23)
2-[3-(4-cyano-benzyl)-6-hydroxy-indolizin-1-yl]-N-(3-methyl-isothiazol-5-yl)-2-

oxo-acetamide.

NC

15 'H-NMR (DMSO-d) § (ppm), 10.06(s, 1H), 8.37(d, J=9.0 Hz, 1H), 7.82-7.76(m,
3H), 7.63(s, 1H), 7.48-7.45(m, 2H), 7.26-7.23(m, 1H), 7.01(s, 1H), 4.39(s, 2H),



1H NMR (CDC13) 8 (ppm,7.55 (d, J=8.7 Hz, 2H), 7.50 (d, J=8.9 Hz, 1H), 7.41
(d, J=8.9 Hz, 1H), 7.24 d, J=8.7 Hz, 2H), 6.65 (m 2H), 6.45 (m 2H), 4.43
(g, J=6. AoHz/ 228Ky, 1.88 (d, J=6.7 Hz, 3H); ESMS cl cd for PCIS0Z2915£46. 12;
Found: 247.1 20 (M+H)+. WD 03/ 022846 PCT/ US02/ 29154 -32 Internedi ate (4)
4- (6- Met hyl -1 ndol i zi n-3-Yl nethyl )-Benzpnitrile H3C NC 'H NWR (CDC13) S
(ppm, 7.58-7.55 (m 311), 7.33-7.23'?' 3H), 6.54-6.50 (m 5 2H), 6.39 (d,
J=3.9 Hz), 4.25 (s, 2H), 2.17 (s, 3H); ESMS clcd for C17H14N2: 246.12;
Found: 247.1 (MtH)+. Internmediate (5 +

4- (6-Nitro- | ReAG3H; ESM%%WFE@E&&:S{ #16-89; Byl 1P AGED ™ 1 nvR ( cDCL3)
S (ppm, 8.92 (d, J=3.6 Hz), 7.76 (d, J=8.7 Hz), 7.56-7.55 (m 2H), 7.44
(d, J=8.7 Hz, 2H), ; ESMS clcd for C22H15N504S:. 445.08; Found: 446.0

(MtH) +. Exanpl e 5 Preparation of 1- @opdunldq@4)de | ndol i zi nes From

I ndolizine 15 Intermedi ates Prepared by the_ Mt hod of Exa ndol i zi ne
i nt er medi at es2-&%@VM-WY%-W@@Mdeﬂ%@ﬂrﬂéﬁf'(3ﬁn§bé(hﬁp@%i'§é’§)é&‘86ﬂ'ver t ed
into 1-glyoxlylam de indolizines by e} Q%;Eﬁdedescri bed in Exanple 1. The-
structures of these 1-glyoxlylam de i fdor 1 zlnes and their anal ytical data

are 5 S\‘\l
CH,
O
N
N/
HeC S
NC

'H-NMR (PMSO0-d) & (ppm), 8.40 (d, /=8.7 Hz, 1H), 8.31 (s, 1H), 7.54 (d, /=8.1
Hz, 2H), 7.60 (s, 1H), 7.52 (d, J=8.1 Hz, 2H), 7.43 (d, /=8.7 Hz, 1H), 7.02 (s, 1H),
4.43 (s, 2H), 2.35 (s, 3H), 2.34 (s, 3H); ESMS cled for C,;HsN,O,S : 414.12;
Found: 415.1 (M+H)".

10 Compound (25)
2-[3-(4-Cyano-benzyl)-6-nitro-indolizin-1-y1]-N~(3-methyl-isothiazol-5-yl)-2-oxo-
acetamide
S—

o HN—@

CH3
(0]
Y —

N/
ON"

NC

"H-NMR (DMSO-d,) 8 (ppm), 9.42 (d, /=1.2 Hz), 8.53 (d, /=9.9 Hz), 8.13 (dd,
15 J1=9.9 Hz, J=1.2 Hz), 7.84 (d, J;=8.4 Hz, 2H), 7.81 (s, 1H), 7.55 (d, J;=8.4 Hz, 1H),
7.04 (s, 1H), 4.64 (s, 1H), 2.35 (s, 3H); ESMS cled for C,H;;N;0,S: 445.08; Found:



shown bel ow. } WD 03/022846 PCT/ US02/ 29154 -33 Conpound (20)

2-[ 3- (4- Cyano- phenoxy) -indoli zin-1-yl]-N(3-nethyl -isothiazol -5-yl)-2-o0xo0-
acet am dewB-oBl02284¢IN \ | CH3 \ OINO  CN 5 'H NWR (CPCIasn/s16ppn
10.34 (s, 1H); 8.66 (d, J=9.0, 1H); 8.02 (d, J=6.0, 1H); 7.89 (s, 1H);
7.68 (d, J=9.0, 2H); 7.46 (t, J=9.0, 1H); 7.29 (d, J=9.0, 2H); 7.06 (t,
J=6.0, 1H); 6.87 (s, 1H). ESMS calcd ‘%@2, H14N403S): 402.1; found: 403.1
(MFH%:. CﬁnFopnd g_Zl) i2 {3-[ (4- Cyano- phenyl ) - net hyl - am no] -i ndol i zi n- 1-yl }
- - et -isot hiazogl - 5- - 2- - ' -

- ( y 446.0(1\/13}1)9. 5- 10 yl)-2-oxo-acetamide S -NOHNI CH3 OCN N

Example 6  Preparation of 4-Indolizin-3-yl)-Benzonitrile by the Method Shown in
Scheme 2
To 4-acetylbenzonitrile (14.5 g, 100 mmol ) EtOAc (150 ml) solution was
5 added Br, (5.1 ml, 100 mmol) at room temperature. The resulting mixture was
stirred for 0.5 hr, and the solvent was evaporated under reduced pressure. The
residue was dissolved in CH;CN (100 ml), and picoline (20 ml, 200 mmol) was
added to the mixture, which was then stirred for 30 minutes at room temperature and
another 1 hr at 0°C. .EtOAc (20 ml) was added to the mixture and the resulting
10 precipitate was collected by filtration and washed with EtOAc to give pure 2-methyl-
1-(4-cyno)-phenacylpyridinium bromide (20.3g, 83%). 'H NMR (300MHz,
DMSO0): 9.05-8.03(m, 8H), 6.78(s, 2H), 2.74(s, 3H).
A 400 ml mixture of DMF-Me,SO, reagent was obtained by stirring a
mixture of 1 eq DMF and 1 eq Me,SO, at 60°C for 3h and then cooled to room
15 temperature. This reagent was added to a 2-methyl-1-(4-cyno)-phenacylpyridinium
bromide (50g, 120 mmol) DMF (500 ml) suspension solution,. The resulting mixture
was stirred at room temperature for 15 minutes. Et;N (700ml) was then added to the
mixture, which was and stirred for 1 hr while maintaining the temperature at 40°C.
To the resulting mixture was added ice water (1200 ml). The resulting precipitate
20 was collected, washed with water, and dried, to give 4-(indolizine-3-carbonyl)-
benzonitrile (29 g, yield 76%). 'H NMR (300MHz, CDCl,): 9.95 (d, 1H), 7.87-
7.75(m, 4H), 7.57(d, 1H), 7.30-7.22(m, 2H), 6.97(m, 1H), 6.55(d, 1H); ESMS clcd
for C;gH N, O: 246.08; Found: 247.1 (M+H)".
In an alternative procedure, 4-(indolizine-3-carbonyl)-benzonitrile was
25 prepared by adding N,N-dimethylformamide di-t-butyl acetal (30 ml) to a suspension
of 2-methyl-1-(4-cyno)-phenacylpyridinium bromide (5g , 12.2 mmol) in DMF (50
ml) at room temperature. The clear solution was stirred at 130° C for 4 minutes and
cooled to room temf;erature with an ice-water bath. Water (100 ml) was added, the
precipitate was collected, washed with water and dried with vacuum line to give 4-

30 (indolizine-3-carbonyl)-benzonitrile (3.9 g, 90%) with 91% purity. This product was



H3C ,/ CN'"H NWR (CDC13): S (ppm 10.34 (s, 1H); 8.70 (d, J=9.0, 1H); 8.02
(s, 1H; 7.77 (d, J=6.0, 1H); 7.50 (m 3H); 7.03 (t, J=9.0, 1H); 6.78 (s,
1H); 6. 6IW0d3/0328% 0, 2H). ESMS cal cd (C22H17N502S): 415. PCTfusoneh1s416. 1
(MtH) +. 15 WD 03/ 022846 PCT/ US02/ 29154 -34 Conpound (22) 2-f
3-[1-(4-Cyano-phenyl)-ethyl]-indolizin:-1- yI} N- (3-net hyl -i sot hi azol -5-yl)-2
- oxo-acetamide S, O HN~ CH3 O CH337NC 5 ' H NMR (CDC13) 6 (ppm, 10.52
(s, 1H, 8.65 (d, J=9.9 Hz, 1H), 835(5 1H) 7.66 (d, J=6.6 Hz, 1H),

7. 9(d J=8.7 Hz, 2H), 739%dd J1=9. J2= 7.5 Hz 7.28 (d J=8.7
e, 2H) 6. 8% s@nihze:iw@h@HﬁNmms(szécm"é)stowe(mez 28,  J=6.9

M. 12, Fouﬁg()é@i]%?’?bﬁliﬁ s ‘gdHéb_ﬁ% 'r?ﬁ(rp %D ﬁ%ﬁ 1%1)"5'369/'22%%35&11?\'4025 :

- (4- cyano- berszyﬁgn @Hiyysissmymﬁ@sMguedthHJ\Ng@ b log] Fowet biazol - 5-yl) - 2-

0X0- acet am de

(M+H)".

To 4-(indolizine-3-carbonyl)-benzonitrile (24 g, 100mmol) CH,CN (600ml)
solution containing MeOH (9 ml) was added BH, -THF(1M, 480 ml). The resulting
mixture was stirred at 50°C for 1 hr. The reaction was quenched with water (200ml),
and extracted with EtOAc (700 ml), and washed with water (300 ml x 3). The

10 organic layer was evaporated under reduced pressure, and the residue was dissolved
in ether (or EtOAc) (400 ml), diluted with hexanes (100 ml) and filtered with celite
to give 4-indolizin-3-ylmethyl-benzonitrile (15.6 g, 92 % purity by HPLC). This
product was used directly for the next stép. & (ppm) 8.54 (m, 1H); 7.59 (m, 3H); 7.39
(m, 2H); 7.31 (m, 1H); 7.19 (m, 1H); 3.01 (t, /=6.9 Hz, 2H); 2.75 (t, J=6.9 Hz, 2H).

15 ESMS caled. (C,H,N,): 232.1; found: 233.1 (M+H)".

Example 7  Preparation of Other Indolizine Intermediates for the Synthesis of 1-
Glyoxlylamide Indolizines by the Method of Scheme 2
The indolizine intermediates shown below were prepared by the method

described in Example 6. Analytical data is provided for each compound.

20 Intermediate (6)
4-(6-Hydroxy-indolizine-3-carbonyl)-benzonitrile

'H.NMR (DMSO-d,) & (ppm), 9.94(s, 1H), 9.64(s, 1H), 8.00-7.98(m, 2E), 7.88-
7.84(m, 2H), 7.73-7.69(m, 1H), 7.15-7.11(m, 2H), 6.61(d, J=4.8Hz, 1H); ESMS cled
for C,H,,N,O,: 262.07; Found: 263.1 (M+H)".



OCH3 O N HONC 15 '"H-NWR (DVSO-d6) 6 (ppm, 10.06(s, 1H), 8.37(d, J=9.0
Hz, 1H), 7.82-7.76(m 3H), 7.63(s, 1H), 7.48-7.45(m 2H), 7.26-7.23(m
1H), 7. 01e,03029846 4. 39(s, 2H), WD 03/022846 PCT/ US02/ 29152CTABB2/M134( S,
3H); ESMs clcd for C22H16N403S: 416.09; Found: 417.0 (MtH)+. Conpound (24)
2-[ 3- (4- Cyano- benzyl ) - 6- met hyl -i ndol ::é%n 1-yl]-N-(3-nethyl-isothiazol-5-yl)
-2-0x0 acetamde 5 S, OHNO CH3 NC 1H NWR (DVBO- d6) 8 (ppm, 8.40
(d, J=8.7 Hz, 1H), 8.31 (s, 1H), 7.54 (d, J=8.1 Hz, 2H), 7.60 (s, 1H)

7.52 (d, J=8.1 Hz, 2H), 7.43 (d, J=8.7. 1H), 7.02 (s, 1H), 4.43 (s,
2H), 2.35 (s, 3H), 2.34 (s, 3H); ESMs r C23H13N402S : 414.12;

Found: 415.1 (MtH)+. 10 Conpound (%ﬁ%

2- [ 3- (4- Cyano- benzyl ) -6-nitro-indol

2- 0Xx0- acetam de S, ~

in-1-yl -OI\I-(S-nethyI-isothi azol -5-yl) -

NC

Intermediate (7)
Furan-2-yl-indolizin-3-yl-methanone

Z N
N/

5 H-NMR (CDCL,) & (ppm), 10.01(d, J=7.2Hz, 1H), 8.05(d, J=4.5Hz, 1H), 7.63(s,"
1H), 7.56(d, J=8.7Hz, 1H), 7.29-7.27 m, 1H), 7.17(t, J=6.9Hz, 1H), 6.91(t, /=6.9Hz,
{H), 6.60-6.56(m, 2H); ESMS cled for C,;H,NO,: 211.06; Found: 212.1 (M+H)".

Intermediate (8)
5-(Indolizine-3-carbonyl)-thiophene-2-carbonitrile

10 A
N7

NC

'H-NMR (CDCL) & (ppm), 9.88(d, J=6.9 Hz, 1H), 7.68-7.63(m, 4H), 7.30-7.25(m,
1H), 7.00(t, J=6.9 Hz, 1H), 6.61(d, J=4.5 Hz, 1H); ESMS cled for C,,H,N,08:
252.04; Found: 253.0 (M-+H)".



OHN~\ OCH3 02N NC 1H NWR (DMSO-d6) 8 (ppm, 9.42 (d, J=1.2 Hz), 8.53
(d, J=9.9 Hz), 8.13 (dd, 15 J1=9.9 Hz, J1=1.2 Hz), 7.84 (d, J1=8.4 Hz, 2H),
7.81 (s, wH)o3/on288b (d, J1=8.4 Hz, 111), 7.04 (s, 1H), 4. @CT(Gsp2/24p4 2. 35
(s, 3H); ESMS clcd for C22H15N504S: 445.08; Found: WD 03/ 022846

PCT/ US02/ 29154 -36- 446.0 (M+H)+. Exanple 6 Preparation of
4-1ndolizin-3-yl)-Benzonitrile by the3%ethod Shown in Scheme 2 To

4-acetyl benzonitrile (14.5 g, 100 mmol ) EtOAc (150 m ) solution was 5
added Br2 (5.1 m, 100 nmol) at roomtenperature. The resulting m xture was
stirred for 0.5 hr, and the sol vent Intesnesdiatp(®at ed under reduced pressure.
The residue was dissolved_in..CH3 00 a icoline (20 m, 200
nmmol ) was added to the ﬁhﬁh@?’%ﬁ&@@%ﬁ%ﬂ%%ﬁi or 30 m nutes at
roomtenperature and another 1 hr at C_Et CAc (20 mM) was added to the

m xture and the resulting 10 precipitate fnag collected by filtration and
washed with EtQAc to give pure 2-neth 4- cyno) - phenacyl pyri di ni um :
brom de (20.3g, 83%. 1H NWR (300MHz, DWVMSO)) 9.05-8.03(m.8H), 6.78(s, 2H),
2.74(s, 3H). A 400 M mxture of DVF-Me reagent was obt ai ned by
stirring a mxture of 1 eq DW and 1 e 2S04 at 60C for 3h and then
cooled to room 15 tenperature. This reaggnt was added to a 2-nethyl-1
- (4-cyno) - phenacyl pyri di nium brom de (BGg, 120 mmol) DMF (500 m)
suspensi on solution,. The resulting m xture was stirred at room
tenperature for 15 mnutes. Et3N (700nl) was then added to the

'H.NMR (CDCL) & (ppm), 7.59(d, J=7.2 Hz, 1H), 7.46-7.40(m, 2H), 6.80-6.78(m,
5 1H), 6.72-6.66(m, 2H), 6.51(t, J=6.6 Hz, 1H), 6.46(d, J=3.9 Hz, 1H), 4.46(s, 2H);
ESMS cled for C,,H,N,S: 238.05; Found: 239.1 (M-+H)".

Example 8 - Preparation of 1-Glyoxlylamide Indolizines From Indolizine
Intermediates Prepared by the Method of Example 6
Indolizine intermediates prepared by the method described in Example 6
10  were then converted into 1-glyoxlylamide indolizines by methods described in
Example 1. The structures of these 1-glyoxlylamideindolizines and their analytical

data are shown below.

Compound (26)
2-[3-(3-Cyano-benzyl)-indolizin-1-y1]-N-(3-methyl-isothiazol-5-yl)-2-oxo-acetamide

15 S“R‘

[o]

//
PV,

CN



m xture, which was and stirred for 1 hr while maintaining the tenperature
at 40C. To the resulting m xture was added ice water (1200 m ). The

resul ti ngwproao23sité at e 20 was col | ect ed, washed 'w t h wat epCTarsd2/ghised, to
gi ve 4-(indolizine-3-carbonyl)- benzonitrile (29 g, yield 76%. 'H NWR
(300MHz, CDC13): 9.95 (d, 1H), 7.87- 1Z?S(m 4H), 7.57(d, 1H), 7.30-7.22(m
2H), 6.97(m 1H), 6.55(d, 1H); ESMS ¢t%d for cleHION2 O 246. 08; Found:
247.1 (MtH). In an alternative procedure,

4- (i ndoli zine-3-carbon benzonitrile was 2 e i

N, N- di met hyI]S éﬁlgéimmﬂoéééﬁaalﬁ)(géﬁ#? ?eg?i% gﬁg ﬁ'g C}Eﬂ, of

2-met hyl -1 -( I d i (50
m) at room ?%@?ﬁ?ure ﬁfﬁ%gp@%ﬁﬁ&ﬁg%&vggétﬂ @dgaﬁ?@igg LE‘]?(’)@/Z

m nutes and 2g90l £6lst3HY; BSMS 616@@61’6(325&[? yo,Sh4em10;Founds 401 O@THE) WAt er (100
m) was added the precipitate was collected, washed with water and dried
wth vacuumline to give 4 30 (indoli zi ne-3-carbony| )-benzonitrile (3.9 g,
90% with 91% purity. This product ?s V\ggﬁ 22846 PCT/ US02/ 29154 - 37
crystallized with CH3CN(35 nl) (82 CH¥ Yo give pure 2 (3.2 g). 1H NMR
(300M+z, @Dcég[l_D(S%hﬁﬁo(tﬂmpﬁéﬁ-Z-yh& %17 quMlﬁin-ﬂ -N-(3-2elighil-idothidzol-5-y1)-2-
7.30-7.22(m (m 1H) H) ; M5 clcd for C1L6HION2 O:
246.08; Found: 247.1 (MtH). 5 To 4c(1qom¢9ﬂanz¢1me 3-carbonyl)-benzonitrile
(24 g, 100mmol) CH3CN (600nl) solution contginjng MeOH (9 m) was added
BH3 -THF(1M 480 m ). The resulting mxture/wag stirred at 50C for 1 hr.
The reaction was quenched with water (20 X extracted with Et OAc
(700 M), and washed with water (3000 3). The o) organi c | ayer was
evapor at ed under reduced pressure, an y, residue was dissolved in ether
(or EtQAc) (400 m), diluted w nes (100 mM) and filtered with celite

Cl

'H-NMR (CDCL,) & (ppm), 10.52(s, 1H), 8.64(d, J=9.0 Hz, 1H), 8.19(s, 1E), 7.95(d,
J=6.9 Hz, 1H), 7.42(t, J=7.2Hz, 1H), 7.00(t, J=6.9Hz, 1H), 6.78(s, 1H), 6.74-

10 6.73(m, 1H), 6.62-6.61(m, 1H), 4.35(s, 2H), 2.45(s, 3H); ESMS cled for
CsH,,CIN,0,S,: 415.02; Found: 416.0 (M+H)".

Compound (28)
2-[3-(5-cyano-thiophen-2-ylmethyl)-indolizin-1-yl]-N-(3-methyl-isothiazol-5-y1)-2-

oxo-acetamide.



to give 4-indolizin-3-ylnethyl-benzonitrile (15.6 g,

92 % purity by HPLC).

This product was used directly for the next step. S (ppm) 8.54 (m 1H);
7.59 (m WH)o3/07288@ (m 2H); 7.31 (m 1H); 7.19 (m 1H); PCOWSE2/291346.9 Hz,
2H); 2.75 (t, J=6.9 Hz, 2H). 15 ESMS cal cd. (Cl6H12N2): 232.1; found: 233.1

(MtH)' . Exanple 7 Preparation of O her
Synthesis of 1- dyoxlylam de |Indoli Alnes by the Method of Schene 2 The

| ndoli zine Internedi ates for the

i ndol i zi ne internedi ates shown bel ow were prepared by the method described
in Exanple 6. Analytical data is provided for each conmpound. 20

Internediate (6) - 4-(6-Hydroxy-indoli zi ne- 3- ST onyl)-benzonitrile 'H NWR

(DVBO-d6) 6 (ppm, 9.94(s, 1H), 9.64(s, A8 00-7.98(m 2H), 7.88-
7.73-7.69(m 1H), 7.15e7.11(m 2Ky, 6:98d(d, J=4.8Hz, 1H);

clcd for C16HLON202: 262.07; Found:

PCT/ US02/ 29154 -38 HON O NC Inter

7.84(m 2H),

Furan-2-yl -i

10. 01(d, J=7.2Hz, 1H), 8.05(

1H), 7.29-7.
6. 60- 6. 56( m

10

15

20

1 (MtH) +. WD 03/ 022846
di ate (7)

0 O5 '"HNW (CDCL3) 5 (ppm,
: , 1H), 7.63(s, 1H), 7.56(d, J
27 m 1H), 7.17(t\J=0~/z, 1H), 6.91(t, J=6.9Hz, 1H),

ndol i zi n- 3-yl - net

2H); ESMS clcd for C13HYNO2: 211.06; Found: 212.1 (M+H) +.

NC

'H-NMR (CDCL,) & (ppm), 10.40(s, 1H), 8.66(d, /=9.0 Hz, 1H), 8.24(s, 1H), 7.88(d,
J=6.9 Hz, 1H), 7.49-7.42(m, 2H), 7.03(t, /=6.0 Hz, 1H), 6.88(d, J/=3.9 Hz, 1H),
6.79(s, 1H), 4.48(s, 2H), 2.46(s, 3H); ESMS cled for C,H,,N,0,S,: 406.06; Found:
407.0 (M+H)".

Example 9  Compound (1) Demonstrates Anti-Cancer Activity (In Vitro)

The in vitro activity of the compo{mds was determined in the following
seven human cancer cell lines. MDA435 (human breast cancer), MIP101 (human
colon cancer), HL-60 (human myeloid leukemia), U937 (human leukemia), p388
(murine leukemia), DU-145 (human prostate cancer), MES-SA (human uterine
sarcoma) were obtained from ATCC (American Type of Culture Collection). ‘

The cell lines were maintained in RPMI1640(GIBCO) supplemented with
10% FCS, 100 units/ml penicillin, 100 ug/ml streptomycin, and 2 mM L-glutamine.
The cells were split every third day and diluted to a concentration of 2 x 10° cells/ml
one day before experiment. All experiments were performed on exponentially
growing cell culture. Cell densities were 2.5 x 104 cells/ml in all experiment.

A stock solution of Compound (1) and a stock solution of Taxol (positive
control) were prepared by dissolving the compound at a concentration of 1 mM in
100% DMSO. Final concentrations were obtained by diluting the stock solution
directly into the tissue culture medium. Cells were incubated with varying

concentrations of the compounds for 72 hours and the IC,, was determined by MTS

ESMS

=8. 7Hz,



Internmediate (8) 5-(I1ndolizine-3-carbonyl)-thi ophene-2-carbonitrile 10 N
O S NC 'HNAM (CDC13) S (ppm, 9.88(d, J=6.9 Hz, 111), 7.68-7.63(m 4H),
7.30-7.25ymo3odyg 7. 00(t, J=6.9 Hz, 1H), 6.61(d, J=4.5 HeCTAlpP22HESMS cl cd
for Cl4H$N20S: 252.04; Found: 253.0 (M+H)+. WO 03/022846 PCT/ US02/ 29154
-39 Internediate (9) 5-1ndolizin-3-yhnethyl-thiophene-2-carbonitrile- VSSN
NC 1H NWMR (CDC13) S (ppm, 7.59(d, 37 2 e, 1H), 7.46-7.40(m 2H),
6.80-6.78(m 5 1H), 6. 72 6 66(m 2Hj, 6.51(t, J=6.6 Hz, 1H), 6. 46(d J=3.9
Hz, 1H), 4.46(s, ;D clcd, for Cl4HION2S: 238.05; Faound: 2 '

( M+H) +. Exan'bll & 344 -ﬁtl’é?ihylﬂtlﬁ@h'zdfl) 2 5cdiplsayy telarlaim Rrsnife) aveay- FI

I ndol i zi ne t P
i nt er medi at egpa’B& %‘gﬂgg:o%;er%t{?%gﬁrfg %ffdfn Isagﬁ(lil\{gléégql n 1:]-;(1?”%[\121 opﬁ;ﬂ%@%ﬁ]{ Rgn
converted i ntQe festity el bl Eapiedol i zi nes by net hods described in Exanple

1. The structures of these 1-glyoxl|yl am deindolizines and their analytical
data are shown bel ow. Conpound (26)

5 Tablel In Vitro Anti-Cancer Activity of Compound (1) and Taxol (positive
. control)
Cancer Cell Lines ICs, (uM)
Compound (1) Taxol
MDA-435 0.05

0.005

10 MIP-101 0.02 0.5
HI-60 0.01 0.005
U-937 0.05 0.005

p388 0.01 0.01
DU-145 0.05 0.005
15 MES-SA 0.01 0.005

As can be seen from the data in Table 1, Compound (1) demonstrated significantly
high anti-cancer activity (IC,,: 0.01~0.05 uM) against seven cancer cell lines from

different tissue types.

Example 10 Compound (1) Has Anti-Cancer Activity against Multi-Drug

20 Resistant Cancer Cells In Vitro

In vitro activity was determined in two MDR (Multi Drug Resistant) human

cancer cell lines. HL-60/TX1000 was isolated in vitro by subculturing HL-60 in
progressively higher concentration of Taxol. HL-60/TX1000 cells over-express
mdr-1 mRNA and p-glycoprotein, as determined by western blot and

25 immunofluorescence labeling with antiPGP antibodies. The cell ié cross-resistant to
Taxol, Vincristine, Adriamycin, Etoposide and Doxorubicin. MES-SA /Dx5 was
established in the presence of increasing concentrations of Doxorubicin. The cells
express high levels of mdr-1 mRNA and p-glycoprotein and exhibit cross resistance
to more than fifteen chemotherapeutic agents including Taxol, Etoposide,

30 Mitomycin C, Colchicine, Vinblastine, Dactinomycin, 5-Fluorouracil and
Methotrexate. MES-SA/DxS5 was purchased from ATCC.



2-[3
N
WO

-(3 -Cyano-benzyl)-indolizin- | -yl]
(3-net hyl -i sot hi azol -5-yl)-2-oxo-acetamde 15 S N p\/ CH3 0 J/
(7)3/ 02280603P22BA4IS02/ 29154 -40 1H NWR (CDC13) S (ppm, POTABL/29154H),

rN CN

67(d, J=9.0 Hz, 1H), 8.17(s, 1H), 7.82(d, J=6.9 Hz, 1H),7.59-7.40(m

H, 6.99(t,

C22H16N402S: 400. 10; Found: ~

J=6.6 Hz, 1H), 6.78(s, 152%, 4.30(s, 2H), 2.46(s, 3H); ESMB
1

.0 (MtH) +. Conpound (27) 5

3- (5-chl oro-thi ophen- 2-yl net hyI )-i ndol i zi n- 1-yl]1-N(3-nethyl-i sothi azol -
oxo0- acetam de S-N HN

8.

4

clecd for
2-

5-

yl)-2-
10. 52( s,
7.42(t,

1H),
J=7.

1H), 6.62-6.

2-[ 3- (5- cyano-t hi ophen- 2- yl met hyl')-indolizin-1-y

_y|) 2-

10

15

20

' H MR (CDCLY) 8
8. 644 proyﬁéure szcu tyripg the Ofgf and asspying capgerce %TQ%{}B He.

Ll 6 e el a1 1o

CL9H14CIN302S2: 415.02; Found: 416.0 (MH)+. Oorrpound (28)

Table 2 In Vitro Anti-Cancer Activity of Compoum} (D), Taxol (control) an

Vincristine (control) Against Multi Drug Resistance Cancer Cell Lines

IC, (uM)
Cell Lines 0
Compound (1) Taxol Vincristine
HL-60/TX1000 0.02 5 5
MES-SA/DX-5 0.05 5 1

Taxol and Vincristine were not effective (ICs,: 1-5 uM) against the MDR cell lines
(MES-SA/DXS5, HL-60/TX1000). On the other hand, Compound (1) showed high

anti-cancer activity against these MDR cancer cell lines.

Example 11  Compound (1) Demonstrates Anti-Cancer Efficacy on Human Breast
Tumor (MDA435) Xenograft Model (In Vivo)

The in vivo anti-cancer efficacy of Compound (1) was assessed in tumor
bearing mice using a tumor growth inhibition assay. Human breast tumor (MDA-
435) cells were implanted by injection of a tumor cell suspension subcutaneously in
the flank of a nude mouse. Treatment of the tumor with an experimental compound
began after the tumor had been established (volume was approximately 100 mm?),
The animal then began a multiple injection schedule where the compound was
administered orally. Tumors were measured two times a week. During the course of
this assay, animals were monitored daily for signs of toxicity including body weight

loss.

3- et hy (fothl azol -5



oxo0- acetam de. WD 03/022846 PCT/US02/29154 -41 S-N HN __ '~\ CCH3 O S
NC 1H NMR (CDC13) 8 (ppm, 10.40(s, 1H), 8.66(d, J=9.0 Hz, 1H), 8.24(s,
1H), 7.88y0,03/032866 9 Hz, 1H), 7.49-7.42(m 2H), 7.03(t, J=@CU/USR2/291F) ,
6.88(d, J=3.9 Hz, 1H), 6.79(s, 1H), 4.48(s, 2H), 2.46(s, 3H); ESMS clcd
for C20H14N402S2: 406.06; Found: 5 4 Z 0 (M+H) +. Exanple 9 Conpound (1)
Denonstrates Anti-Cancer Activity (InVitro) The in vitro activity of the
conmpounds was determned in the following seven human cancer cell |ines.

MDA435 (h b t M,P101 (h HL - h
el of d 1 eukent ay X BT RHLTEE R Ao o oo DRAN e MPUAS T 5
(human prost@%ﬁ%&ﬁhﬁg}gﬁ@n&%@y@%mwm10%@'3@%13%&satum ned from

ATCC (American Type of ture Collection). The cell lines were naintained
i n RPM 1640( @Btxiorsa fpstedrstt¢red Fulterdd), H%%—Gﬁ&mllﬁol%rﬂem?ﬁlﬂm Sé@ptcmwdm, 100

U e PSS B O BRI LS RSB L very L v
Cxpen ents, ARG ks Yl i ap RO i aldteanon 10 ool
sol uti on of GnvmogaﬁdL(fé.Tedmdlcgmt USA)SHiememnm@ﬁtall'mxdﬂa Wapogirined ¢o 30t r ol )
were prepareq E%Ocrlllllsosf%liev Q\%ag Qc?deﬁ?gg%yg Euss%e%g ture agl?t fon of 1 nMin
The cells used in the assay were MDA435 Human Breast Carcinoma from
the American Type Culture Collection. One vial of MDA-435 cells from the liquid
10 nitrogen frozen cell stock was removed. The frozen vial of cells was immediately
placed into a 37° C water bath and gently swirled until thawed. The freeze-vial was
wiped with 70% ethanol and cells were immediately pipetted into the 175 cm? tissue
culture flask containing supplemented media. The cells were incubated overnight
and the media was removed and replaced with fresh supplemented media the next
15 day. The flask was incubated until the flask became about 90% confluent. This
typically took about 5-7 days.
The flask was washed with 10 ml of sterile room temperature phosphate
buffered saline (PBS). The cells were trypsinized by adding 5 ml of warmed
Trypsin-EDTA (Invitrogen) to the flask of cells. The cells were then incubated for 2-
20 3 minutes at 37 °C until cells begun to detach from the surface of the flask. An equal
volume of supplemented media (5 ml) was added to the flask. All the cells were
collected into 50 ml tube, and centrifuged at 1000 RPM for 5 minutes at 20° C. The
supernatant was aspirated and the cell pellet was resuspended in 10 mi of
supplemented media and the cells were counted. 1-3 million cells/flask were seeded
25 into 5-7 tissue culture flasks (175 cm?). Each flask contained 50 ml of supplemented
media. The flasks were incubated until about 90% confluent. The passaging of the
cells was repeated until enough cells have been grown for tumor implantation.
The above procedure for trypsinizing and centrifuging the cells were
followed. The supernatant was aspirated and the cell pellet was resuspended in 10 ml

30 of sterile PBS and the cells were counted. The cells were centrifuged and then

resuspended with appropriate volume of'sterile PBS for injection of correct number



100% DMSO. Final concentrations were obtained by diluting the stock
solution 20 directly into the tissue culture medium Cells were incubated
wi th var ywogs/oeasmeent rati ons of the conpounds for 72 hour Carusor/tmas4 C50 was

determned b
3-(4.5.-dine
stands for t
growth. The
Act [ VI ty of
'C50 (uM
HL-60 0.01 O.
MES- SA 0.01

y MIS WD 03/022846 PCT/ US02/ 29154 -42 (i.e.
t hyl t hi azol - 2-yl)-2. 5-di pggnyl tetrazolium brom de) assay.
he concentration of conpound required to inhibit 50%tunor

| C50
cel |

results are shown in Table 1. 5 Table 1 In Vitro Anti-Cancer
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can be seen romt e data in Tab 1, Conpound

15

(1)

denonst r at ed cellgmilﬁnma]atﬂoyinjehﬁ@hulhnhceldmmﬂelmﬂutauwty (I C50: 0.010.05 uM

agai nst seve
Cbnpound (1)

n cancer ceII es from .dif t ti sue t Exanpl e
Has AWice @inzﬁ n%WP‘R‘?lW ‘H% heyles KT &@lﬂ%ﬁt@n%m g}[) ant
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10
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acclimate for 1 week prior to their being used in an experimental procedure.

Implantation of the MDA-435 tumor cell suspension took place into the
corpus adiposum of the female CD-1 nu/nu mouse. This fat body is located in the
ventral abdominal viscera of the mouse. Tumor cells were implanted subsutaneously
into the fat body located in the right quadrant of the abdomen at the juncture of the
os coxae (pelvic bone) and the os femoris (femur). 5 million MDA-435 cells in 0.1
ml of sterile PBS were injected using 27 G (1/2 inch) needle. MDA-435 tumors
developed 2-3 weeks after implantation.

A dosing solution for compound administration was prepared by dissolving 1
gram of Compound (1) in 10m! of acetone (HIPLC grade), and sonicated for 5
minutes using 550 Sonic Dismembrator. 1.2 equivalents of 1 N HCI aqueous
solution were added to the acetone solution which was then sonicated for 5 minutes.
All solvent was then evaporated from the solution by using Speed Vac Plus SC 250
DDA over night. The dried powder was used for preparing the dosing solution of
Compound (1). 1% Methyl cellulose (MC) vehicle was prepared by dissolving 1.0 ‘
gram of Methyl cellulose, 400 cps, U.S.P. (Spectrum Laboratory Products, Cat. #
ME136) in 100 mL of H,O. This mixture was then stirred for 12 hours at room
temperature to produce a clear 1% MC solution. After autoclaving the solution for
15 minutes at 120°C, the 1% MC solution was allowed to stand at room temperature
for 3 hours prior to being used for formulating orally administered compounds.
Compound (1) was prepared in 1% MC and orally administered to the mice through
a standard gavage tube attached to a hypodermic syringe. This method permits a
direct placement of the compound into the stomach. The dosing volume for the mice
was 10 mL/kg.

1% MC Dosing Solution of the Compound (1) was injected orally into the
mice bearing MDA435 human breast tumor according to the following protocol:



cancer cell lines. HL-60/TX1000 was isolated in vitro by subculturing HL-60
in progressively higher concentration of Taxol. HL-60/TX1000 cells

over - exprwos/omsne 1 mRNA and p-gl ycoprotein, as determ ne@Coyusorstiss n bl ot
and 25 i mmunof | uorescence | abeling with anti PGP anti bodies. The cell is
cross-resistant to Taxol, Vincristi ng Adri anycin, Etoposide and

Doxorubi cin. MES-SA /Dx5 was establi- ﬁ'ed in the presence of increasing
concentrations of Doxorubicin. The cells express high levels of ndr-1 nRNA
and p-glycoprotein and exhibit cross resistance to nore than fifteen
chenot her apeuti ¢ agents including Taxol, Etoposide, 30 Mtonmycin C

Col chicine, Vin i ne, Dactj.nanyvcin, 5-Fl ouracil and Methotrexate.
MES- SA/ Dx5 was E%?@ased frgén#‘ﬁ@uc'.'“ 03/ %646 PCT/ USO2/ 29154 - 43 The
procedure for culturing the ¢glitls and assayi ng cancer cell growth
inhibition were as described in Exanple 3. The results are shown in Table
2. Table 2 In ¥itro Anti -Cdﬁ@@]?oméﬁ)/i ty o¥ ®eMsound (1), Taxol (control)
and Vincristine,(control) Agai rs(%uf}\ﬁ#);i Dr ﬁgﬁe stance Cancer Cell Lines

—

5 Cell Lines | C30 (UM Conpound xol $tine HL-60/ TX1000 0.02 5

5 MES-SA/DX-5 0.05 51 Taxol and Vincristine were not effective (1C50:
1-5 uM against the MDR cell lines 10 (MES-SA/ DX5, HL-60/TX1000). On the
ot her handj ConPosing s¢higdulehd wios hivedek (Moniay; Mednesdayt Friday) ferghwadss: t hese
MDR cancer cell _li,nes. Exappl e 11 Conmpound (1) Denonstrates Anti-Cancer
Ef fi cacy on Hunﬁﬁu%‘?gﬁléetuse%ﬁﬁc §BBB35) Xenograft Model (In Vivo) The in
vivo anti-cancer efficacy of Conmpound (1) was assessed in tunor

Figure 1 shows the anti-tumor efficacy of Compound (1). As can be seen
from Figure 1, Compound (1) significantly inhibits tumor growth of MDA435 in
nude mice at 25 mg/kg and 50 mg/kg in a dose dependent manner. Figure 2 shows

10  the effects of Compound (1) on the body weight of nude mice bearing MDA435
human breast tumor. As can be seen from Figure 2, Compound (1) demonstrates

anti-cancer activity without showing significant body weight loss of mice.

Example 12  Compounds (2)-(8) Demonstrates High Anti-Cancer Activity against ‘
MES-SA/DXS5 (In Vitro)
15 The protocol described in Examples 9-10 was used to assay inhibition by
Compounds (2)-(8) on the growth of the multidrug resistant cancer cell line MES-
SA/DXS5, which is a MDR uterine sarcoma cell line. The results are shown in Table

3.



15 bearing mce using a tunor growth inhibition assay. Human breast tunor
(MDA- 435) cells were inplanted by injection of a tunor cell suspension
subcut anewoaBg2isme t he flank of a nude nouse. Treatnment ofCrhisor/eares with
an experinmental conpound began after the tunor had been established

(vol une was approxi mately 100 mmB). ];l?_e ani mal then began a multiple
injection schedul e where the conmpound Was 20 administered orally. Tunors
were nmeasured two tinmes a week. During the course of this assay, aninmals
wer e nonitor jly for signs,.of toxicity.jincludi ody. wei | o0ss. WO
03/ 022846 Pc?faﬂag‘?z/ 2915% ﬁffo%ﬁ“ﬁ%%?ﬁb‘f‘@ﬂ%?@@%%‘?ﬁ%@ a&%’lg‘é@}%ﬁﬁ%ﬁﬁ%m 50%
DVEM Dul becco Modi fi ed rR&R@Lh& MBANUIR:E Sfvokh €eD I fks, MEYSKRAM 5 1640, 10%
FBS/ Fetal Bovi ne Serum (Hyhridoma Tested; eril i 1%

L-d utamine, 1% Penicillin-8trepCompeind 104 VEM J66i @ADPYr uviht e, 1% NEM
Non- Essential Am no Acids. FBS (\e/as 5 ab(hsi ned from ﬁg)%qa Chenmy cal Co. and
other ingredients were obtalned PB4 Wi t rpgen Li echnol pgi es, USA).
The suppl ntal nedia was ywar glﬁ 1 apd 50 mgef nedia was added to
a 175 ceref??ssue culture fl ask.neT EO%%?Z‘: uspd in thoepassay wer e MDA435
Human Breast Carcinoma fronm th€opeuddadn Type Cul t 0r05 Col | ection. One vi al
of MDA-435 cells fromthe I{fquid 10 nitrogeh frozen cell stock was
renmoved. The frozen vial of | cel Fempeund Ghedi bt el y pIQﬂ:ed intola 37 C water

bath and gently swirled unt]l t The freeze-viglhswas wped with 70%
i atgﬁl;%%lmge@fed 2o
y

et hanol and cells were i me nto the 175 cnR fissue
culture flask containing suppl egemp&chd\(@yli a.| The ceblos were ijpcubated
overnight and the nedia was renoved and rep] aced with fresh jsuppl enent ed
medi a thelbhhext 15 day. The t{laskompeuid{8ibatbd untilO-}he flask became about
90% confluent. This typically took about 5-7 days.

Compounds (2)-(8) demonstrated significant anti-cancer activity (ICs,: 0.05-0.1 uM)
against MES-SA/DX35, while Taxol showed weak anti-cancer activity (ICSO: 5uM)
agéinst the MDR cell line.

Example 13 Compounds (20) (21) (24) and (28) Demonstrates High Anti-Cancer
15 Activity against MES-SA and DU-145 (In Vitro)

The protocol described in Examples 9-10 was used to assay inhibition by
Compounds (20) (21) (24) and (28) on the growth of cancer cell lines MES-SA
(human uterine sarcoma cell line) and DU-145 (human prostate cancer). The results

are shown in Table 4.

20



The flask was washed with 10 ml of sterile roomtenperature phosphate
buffered saline (PBS). The cells were trypsinized by adding 5 m of warned
Trypsi n- BODOA3(228¥6 t rogen) to the flask of cells. The cel | Crarse2/2918n
incubated for 2 20 3 mnutes at 37 Cuntil cells begun to detach fromthe
surface of the flask. An equal vol qug_of suppl emented nedia (5 m) was
added to the flask. Al the cells wer collected into 50 m tube, and
centrifuged at 1000 RPM for 5 mnutes at 20 C. The supernatant was

ot & and ¢ naabld < wedb Vi eenon R P Gimetnd pflaaflon PR B0 °0s
into 5-7 tissue cul turekd-gakad Difascm . Each flask contained 50 m of

suppl emented nedia. The flasks were incubated until about 90% confl uent.
The passagi ng of the ceIIs mas repeated unt|I enough cell s have been grown

for tunor inpl antet+er—Fhe—above—proced tTypSTITZTT
centrifuging the cell ?%PBH f ol | oped- iuwa)t ed—4dnd
the cell pellet |was resuspended inl10 n f cterile PRBULMO (he cdils

were counted. The celdmpavedd2@ent r|fuged #héb t hen resuspendé)epﬁmth
appropri ate volynme dafompamd (21)PBS for injekdson of correct Mffber WO

03/ 022846 PCT/ U$02/ ud424)0f cpll's neeglesl for tumor inplgeoR ation. fIn
the case of MDA-{435, alhgpn cells wepg suspended with @10 nm of
sterile PBS to — |gé]r9b%lﬁilgc(lhl§)?ati o of 50—t om —Tefts/m T morder to
infject 5 mllion cells in 0.1 n1/rmuse Mce (CD1 nu/nu) wer e obtai ned
from Charles River Laboratories: nonencl at ur e: : CD- 1- nuBR,,, Age: 6-8
weeks. The niGompeands @0), d@&sl (240 an@&ﬂ) |dﬁlﬁ’PESt¥3(§‘?d slgm,ﬁ@qpt BRii-GrqeRag ’fYéfiyr bei ng
used in an e ri t cedur of t he MDA-435 tunor cell
suspensi on t@g%%@géﬂ “T&I\?Eﬁpgﬂs) posum of the female CD-1 nu/nu

nmouse. This fat body is |ocated in the ventral abdom nal viscera of the
nouse. Tunor cells were inplanted subsutaneously



10 into the fat body located in the right quadrant of the abdonen at the
juncture of the os coxae (pelvic bone) and the os fenoris (femur). 5
mllion MNDO-048%R8eel Is in 0.1 m of sterile PBS were injeecadsoyeng 27 G
(1/2 inch) needle. MDA-435 tunors developed 2-3 weeks after inplantation.
A dosing solution for conpound adm nistration was prepared by dissolving 1
15 gram of Conpound (1) in 10m of acttone (HPLC grade), and sonicated for
5 mnutes using 550 Sonic Disnenbrator. 1.2 equivalents of 1 N HO aqueous
solution were added to the acetone solution which was then sonicated for 5

mnutes. All sol vaWilehis invaiionhapbeerrastiquiasty shawnagf desawedithsi ng Speed

Vac Plus SC 2 DDA over ni ght ... I . : i ng

t he dosing SB%%IFP%% t?)P re%ﬁae@(%nnm@po%%gﬁf %e?go%k?w&é%ftﬁﬁfg\égﬁ%i@?ﬂeﬁ cle
was prepar ed yarfiheSedrious Shahgbs B faft @hd WEfilyinag Bk hisdde Sereid@dthops, U. S. P.
(Spectrum Laboratory Products, Cat. # ME136) in 100 nL of H2O  This

m xture was tibparting fromghe seope of thednyentign enensapasseskycha eppeadedelgidtuce a
clear 1% MC solution. After autoclaving the solution for 15 mnutes at 120
C, the 1 % MC solution was allowed to stand at roomtenperature 25 for 3
hours prior to being used for fornulating orally adm ni stered conpounds.
Compound (1) was prepared in 1% MC and orally adm ni stered to the m ce
through a standard gavage tube attached to a hypoderm c syringe. This

met hod permts a direct placenment of the conpound into the stomach. The
dosing volume for the mce was 10 niL/kg. 30 1% MC Dosing Sol ution of the
Compound (1) was injected orally into the mce bearing MDA435 human breast
tumor according to the follow ng protocol: WO 03/022846 PCT/ US02/ 29154 -46
G oup Compounds Dose 1 Vehicle .



2 Compound (1) 25 ng/kg 3 Conpound (1) 50 ng/ kg 5 Dosing schedule: 3 tines
a week (Monday, Wednesday, Friday) for 3 weeks; 5 mce were used for each
group Fi gupe3msheows the anti-tunor efficacy of Conpound @CX/USA¥2908n be
seen fromFigure 1, Conpound (1) significantly inhibits tunor growh of
MDA435 in nude mce at 25 ng/kg and %Q.ng/ kg in a dose dependent nanner.
Figure 2 shows 10 the effects of Conpound (1) on the body wei ght of nude
m ce bearing MDA435 human breast tunor. As can be seen from Figure 2,
Compound (1) denonstrates anti-cancer 2 ind ty w thout showi ng significant
body wei ght |oss of mce. Exanple 12 Cg ounds (2)-(8) Denonstrates High
Anti-Cancer Activity against WMES-SA/DX5 (In Vitro) 15 The protoco
described in Exanples 9-10 was used to assay inhibition by Conpounds
(2)-(8) on tH¥hgriswtaimed ist he nul tidrug resistant cancer cell |ine MES-
SA/ DX5, which is a MDR uterine sarconma cell line. The results are shown in
Table 3. WD 03/022846 PCT/ US02/ 29154 -47 Table 3 In Vitro Anti-Cancer
Activity of @Wouﬁéo&é&r{c@e R9a1teEby Melbilovanp Gtrudiesi Sramee Human Ut erine
Sarcoma Cell Lines, M -SA/D&S Compound K50 uM Conpound (2) 0.06 5
Conmpound (3) 0.1 Conpound (4) 0.05 %pnpoun 2(5) 0.1 Conpound (6) 0.05

1

5 or a pharmaceutically acceptable salt thereof, wherein:
Ring A is substituted or unsubstituted and is optionally fused to an
aryl group;
Z, and Z, are independently =0, =S, =N-OR,, or =NR,;
R, and R, are independently -H, an aliphatic group, a substituted
10 aliphatic group, an unsubstituted non-aromatic heterocylic group, 2
substituted non-aromatic heterocylic group, an unsubstituted aryl. group or a
substituted aryl group, provided that R, and R, are not both -H; or -NR;R,,
taken together, is a substituted or unsubstituted non-aromatic nitrogen-
containing heterocyclic group or a substituted or unsubstituted nitrogen-
15 containing heteroaryl group;
R, is a substituted or unsubstituted aryl group or a substituted or
unsubstituted aliphatic group;
X is a covalent bond, -C(R“;Rs')-, -NR,)-, -O-, -S-, -8(0)-, -S(0),-,
-C(=0)-, -C(=0)-N(Ry)-, or -N(R)-C(=0)-;



Compound (7) 0.05 10 Conpound (8) 0.1 Conpounds (2)-(8) denonstrated
significant anti-cancer activity (1C50: 0.05-0.1 uM against MES- SA/ DX5,
whi | e Taxwb oslozeseel weak anti-cancer activity (1C50: 5 uM pcagesornzdis+ he MDR
cell line. Exanple 13 Conpounds (20) (21) (24) and (28) Denonstrates High
Anti-Cancer 15 Activity against MES-SA and DU- 145 (In Vitro) The protocol
descri bed in Exanples 9-10 was used t‘él'assay i nhibition by Cenpounds (20)
(21) (24) and (28) on the growth of cancer cell lines MES-SA (human
uterine sarcoma cell line) and DU 145 (human prostate cancer). The results
are shown in Table 4. R mpRozropdenrsdently-Hapzy sbsituted of gngubsiwted | n vitro
Anti - Cancer Acti vit. f Conmpound (20) (21) (24) (28) against MES-SA and
DU- 145 Conpound Iélﬁéﬁ%ﬁﬁ aﬁ@s- SA DU- 145 Conpound (20) 0.05 0.05 5
Conpound (21) 0.05 0.0R,, SoMpstudibétRdled Or QbsuBsttbted Glicpporowd. (28) 0.1 0.1
Compounds (20), (21), (24) and (28) denonstrated significant anti-cancer
activity (1C50: 0.05-0.1 uM against MES-SA and DU 145. WO 03/ 022846

PCT/ US02/ 291%4 ) 4[%6 compound of Claim 1 wherein: Ring A is substituted or unsubstituted;
5 Z, and Z, are both =0; R is -H; R, is a substituted or unsubstituted alkyl or
aryl group; R, is a substituted or unsubstituted aryl group; and X is -C(R,Rs)-
-, -N(R - or -O-.

3. The compound of Claim 2 wherein R, is represented by a structural formula

selected from:
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VWhile this invention has been particularly shown and described with
references to preferred enbodinents thereof, it will be understood by those
skilled iwOoslozsa¢t that vari ous changes in form and det aiPC3/usayassrade
therein without departing fromthe scope of the invention enconpassed by

t he appended clains. WD 03/ 022846 PCT/US02/29154 -50 CLAIMS What is
claimed is: 1. A conpound represent eds%y the followi ng structural formula:
Z2 Zi NR R [:A~HKN X 0 R3 5 or a pharmaceutically acceptable salt
t hereof, wherein: Ring Ais substituted or unsubstituted and is optionally
fused to an aryl group; Z Z
=NR12; Rl and R2 are infdepg¢ndent|ys an, al i phaticllgr

10 aliphatic group, an aunsybs¥it tgj/r{‘bn-’aronati higt ePocy!
substituted non-aromatic h yT~g group, an unsu j

a substituted aryl group, provided that Rl and R2 are not both -H, or
-NR1R2, taken together, is a substituted or unsubstituted non-aromatic
ni t rogen-

wherein Rings D-T are substituted or unsubstituted.

4. The compound of Claim 3 wherein zero, one or more ring carbons atoms of
Rings D-T are substituted a group independently selected from -OH, -Br, -

5 ClL, -I, -F, -OR?, -0-COR?, -COR?, -CN, -NO,, -COOH, V-SO3H, -NH,, -NHR?,
N(R*R?), -COOR?, -CHO, -CONH,, -CONHR?, -CON(R°R"), -NHCOR?,
-NRCOR?, -NHCONH,, -NHCONR®H, -NHCON(R’R"), -NR°*CONH,,
-NR°CONR*H, -NR°CON(R'R?), -C(=NH)-NH,, -C(=NH)-NHR?,
-C(=NH)-N(R?RY), -C(=NR°)-NH,, -C(=NR°)-NHR?, -C(=NR")-N(RR"),

10 -NH-C(=NH)-NH,, -NH-C(=NH)-NHR?, -NH-C(=NH)-N(RR"),
“NH-C(=NR°®)-NH,, -NH-C(=NR°)-NHR?, -NH-C(=NR°)-N(R°'R"),
“NRUH-C(=NH)-NH,, -NR*-C(=NH)-NHR?, -NR*-C(=NH)-N(R'R),
-NR%C(=NR®)-NH,, -NR-C(=NR®)-NHR?, -NR*-C(=NR")-NR'R),
-NHNH,, -NHNHR?, -NHR*R®, -SO,NH,, -SO,NHR?, -SO,NR'R",

15 -CH=CHR’, -CH=CR®R®, -CR*=CR*R?,-CR°*=CHR", -CR*=CR"R", -CCR?,
-SH, -SR?, -S(0O)R?, -S(0),R?, alkyl groups, substituted alkyl group, non-
aromatic heterocyclic group, substituted non-aromatic heterocyclic group,
benzyl group, substituted benzyl group, aryl group or substituted aryl group
wherein R®-R¢ are each independently an alkyl group, substituted alkyl group,

20 benzyl, substituted benzyl, aryl or substituted aryl group, or,-NR*R?, taken
together, can also form a substituted or unsubstituted non-aromatic

heterocyclic group.

5. The compound of Claim 3 wherein zero one or more ring carbon atoms of
Rings D-T are independently substituted with a group selected from C1-C4
25 alkyl, C1-C4 hydroxyalkyl, N-iﬁorpholino, pyrimidyl, C1-C4 alkyl



cont ai ning heterocyclic group or a substituted or unsubstituted nitrogen 15
containing heteroaryl group; R3 is a substituted or unsubstituted aryl
group or wOalsasis ut ed or unsubstituted aliphatic group; PRTIGS0H206val ent
bond, -C(RAR5)-, -N(R4)-, -0-, 5- -S(O-1-50)2-, -C(=O-,

-C(=0 -N(R4)-, or -N(R4)-C(=0)- §022846 PCT/ US02/ 29154 -51 R4 and RS
are i ndependent ly -H or a substl t ut ed unsubstituted aliphatic group;
and R12 is -H or a substituted or unsubstltut ed al kyl group. 2. The

conmpound of Clalml wherein: Ring . Ais supstit t 5 71
and 72 are both =@ubstfuted pyyimidy, PCE- Célﬁégl'l?zt tfty@SNBﬁ &L@Eﬁ%ﬁ @eagkﬂ)k or
aryl group; R3 is uat@ﬂ ORNHR ¥l @ d Xis
-C(R4R5)- -, -N(R goﬁﬂféi&{‘* R c% a| %h(ﬂ %glrkg? R is
represent ed by a sC(@y(D-lﬂEzCHZQﬁ(mLm a&gl)gct ed from 10\ F; SNHN/ ~
Gl |l gl I H NNN M 6 N

, -NH-(phenyl),

5 _NH,, -CH,NH-C(0)-O-(C1-C4 alkyl), -CH,NH,, -Cl, -F, -C(0)-O-(C1-C4
alkyl), -C(O)-N~(C1-C#4 alkyl), C3-C7 cycloalkyl, phenyl, -C(O)-N-
morpholino, -S-(C1-C4 alkyl), -CN, furyl, -S(0),-(C1-C4 alkyl), -S(O),-NH,,
_S(0),-NH(C1-C4 alkyl), -S(0),-N(C1-C4 alkyl),.

6. The compound of Claim 5 wherein R, is represented by a structural formula

10 selected from:
\/K])/\ ; g l F/ ) g —_:I\(;/ N ;

and Ry is -H or a substituted or unsubstituted alkyl group.

7. The compound of Claim 5 wherein R, is represented by a structural formula

15 selected from:



O H\~~ NN-NN-NN) I~-O SN HW 03/022846 PCT/ US02/29154 -52 CQR
or ~NS TN NS wherein Rngs DT are substituted or
conpound wD 0Glo2dsme 3 wherei n zero, one or nore ring carbongcatusny2uaf4 Ri ngs

DT are substituted a group independently sel ected from-OH, -Br,

-1, -F, -GORS,

- N( RaRb) ,

- C( =NH) - NH2,
- C(=NR) - N( RaRb) ,
- NH C( =NR) - NH2,

- NRd- C( =NH) - NHRa4-
- NRd- C( =NR) - N( RaR)
- S2NRaRb, 15 - CH=CBRa, -

-SH, - SRS,

10

-N

-O COBS, - -SOBH, -NH2, -NHRa,
- COORa, - CHO, CONH2 CON CON( RaR), -NHCORa, - NROORa,
- NHCONH2, - NHCONRaH, - NHCON( RaRb), - NROONH2, - NRCONRaH, - NRcCON( RaRb)
-C(=NH) - NHRa, C(=NH) - N(RaRb), - C(=NRL-NH2, - C(=NR)- NHRa,
1%5 NH- C( NH) NH2, - NH C( =NH) - NH

Ra, -NH-C( =NR) - N(
RaRb), NRd-
HNHRa, - NHRaRb, - SO2QH2, - SO2NHRa,

Rd-
- NHN

NR;Rg —

ré_;’ / or

/

R

H )
YN
| SRy
[ )~

wherein:

X, is -CH- or -N-;

R, and R, are independently -H or an alkyl group or -NR;R, taken
together, is a nitrogen-containing non-aromatic heterocyclic group;

R, is an alkyl group; and

R,, is -H or an alkyl group.

unsubstituted. 4. The

H C( NH) - N( RaRb) ,

\NRgH- C =NH) - NH2,
) “H2 = NRd- C( =NR) - NHRa,

Rb, - CR=CRRRDb, - CR=CHRa, - CR=CRaRb, - CCRa,
-S(ORa, -S(O2Ra, a Eyl groups, substituted al kyl group,
10



aromatic heterocyclic group, substituted non-aromatic heterocyclic group,
benzyl group, substituted benzyl group, aryl group or substituted aryl
group wwp@B02283a¢ Rd are each i ndependently an al kyl groupCTaisbzedisut ed

al kyl group, 20 benzyl, substituted benzyl, aryl or substituted aryl group,
or,-NRaRd , taken together, can also %orn1a substituted or unsubstituted
non-aromatic heterocyclic group. 5. e conpound of Claim3 wherein zero
one or nore ring carbon atons of Rings D-T are independently substituted

with a group selectedfromClC4 25 al kyl , Cl-C4 hydro
N- nor phol i no 8- pyr| iTie ggmpownd @QI&FR%WWLEM*M?LBP j Séﬁlﬂéidswlth REN]

BRI o il B i, R MR B g 9
- (O O CH2CH2- N( Cle Co iyl CO-Ca IGRling, WH; & -ON+ (phenyl ), 5 - NH2,

-CH2NH-C(O -0 (C 1-&4 al kyl), -CH2NH2, -d, -F, -C(O-O0(CIl -4 alkyl),
-C(O-N(CL-4 al kyI) C3 C7 cycl oal kyl, phenyl, -C(O-N- norpholino,

S5 S 0 | P LA g B -
e e T ﬁﬁﬁg‘tlhﬁﬁnﬂy\ll @&ﬁﬁ subetituted witlozerd) éhe ok@nge kﬂﬁstlﬁﬁ:nfsr om F D;
selected from -Br, -Cl, -F, -R%, -OR®, -CN, -COOR?, -N(R°®),, -CON(R"),,
-NR°COR?, -NHCONH,, -SO, N(R®),; R, and R are both -H and R is
methyl; and each R°® and Rf are independently -H, an alkyl group or a

substituted alkyl gfoup.

10 10. The compound of Claim 9 wherein R; is a phenyl ring substituted with zero
one or more substituents selected from -Cl, -F, -R®, -OR?®, -CN, -NH,,
-CONH, or -NHCOR".

11.  The compound of Claim 10 wherein R; is a phenyl ring substituted with zero
one or more substituents selected from -CH,, -CH,CH,, -OCH,, -CN, -F or
15 -CL

12.  The compound of Claim 11 wherein R, is a phenyl ring that is unsubstituted
or monosubstituted with -CH,CH;, -OCH3, -CN, -F or -C1 and wherein the

phenyl ring substitutent is at the para position.

13.  The compound of Claim 4 wherein R, is represented by the following

20 structural formula:

14.  The compound of Claim 1 wherein the compound is represented by the

following structural formula:



R6 and R6 is -H or a substituted or unsubstituted al kyl group. 7. The
conpound of Claimb5 wherein R2 is represented by a structural formula 15
sel ect ed Wom@a10238@ 03/ 022846 PCT/ US02/ 29154 -54 S\ N R o PNRARB2/M154 X3 or
NH N SRO N~ N 5 wherein: X3 is -CH or -N; R7 and RS are independently
-H or an al kyl group or -NR7RB, taken. together, is a nitrogen-containing
non-aromati c heterocyclic group; RO r¥-an al kyl group; and 10 Rlois -H or
an al kyl group. WO 03/022846 PCT/ US02/ 29154 -55

wherein:
Rings A and V are independently substituted or unsubstituted;
X is -CH,-, -CH(CH,)~, -O-, -NH- or -NCH;-;
5 Z is -O-, -S-, -NR-, -C=C-, -C=N-, -N=CH-, -N=N-; R is -H or C1-C4
alkyl; and R, is -H, an unsubstituted aliphatic group or a substituted
aliphatic group.

15.  The compound of Claim 14 wherein Ring A is unsubstituted or substituted
with -F, -Cl, -Br, -C1-C4 alkyl, C1-C4 alkoxy, -C1-C4 haloalkyl, C1-C4
10 haloalkoxy, -NH, or -CN; Ring V is substituted with one or more groups
selected from -CH, -CH,CH,, -F, -Cl, -CN, -OCH;; and R, is -H, methyl or
ethyl.

16.  The compound of Claim 15 wherein Ring A is unsubstituted, Ring V is
substituted with one or more groups R, and each R,; is independently -CH,,

15 -CH,CH,, -OCH, -F, -Cl or -CN.

17. A compound represented by the following structural formula:



8. The compound of Caim7 wherein Rng Ais optionally substituted with
one or nore groups selected from-F, -d, -Br, -Cl-C4 al kyl, Cl1-C4 al koxy,
- Cl- C4 hawoaBkyisse C1- C4 hal oal koxy, -NH2 or -CN. 9. The ceacpaisaz2af4 Cl aim 8
wherein Ring Ais Unsubstituted; R3 is a phenyl 5 group or pyridyl group
substituted with zero, one or nore su Z_toi\ltuents selected from-Br, -d,

-F, -Re, -ORC, -CN, -COORe, -N(Re)21 - (Re) 21 - NReCOR, - NHCONH2, -SO2
N(Re)2; R7 and R8 are both -Hand RO is nethyl; and each Re and Rf are

i ndependently -H, an al kyl group or a Osubstitut ed al kyl group. 10 10. The
conpound of Caim9 wherein R3 4s a phenyl ring substituted with zero one
or nore substituents sel ected fr -d/, -F, -Re, -ORe, -CN, -NH2, -CONH2
or -NHCOR1. 11. The conpound of Cyai m\0 vvherei§ R3 is a phenyl ring
substituted with zero one_or nor/e subsNHtueni$ >¢] ected from - CH3,

-CH2CH3, -OCH3, -CN, -F d of daim1ll wherein R3
is a phenyl ring that i stituted with - CH2CHS,
-OCH3, -CN, -F or -d substitutent is at the
para position. 13. The cowpe gf Claim4 wherein is represented by the
following 20 structural forrmula:\iD zN . S 14. The conmpound of Caiml
wherein the conmpound is represented by the follow ng structural formula:
WO 03/ 022846 PCT/ US02/ 29154

or

or a pharmaceutically acceptable salt thereof, wherein Rings AandU
are independently substituted or unsubstituted and R, is -H, an unsubstituted
aliphatic group or a substituted aliphatic group.

5 18.  The compound of Claim 17 wherein Ring A is unsubstituted or substituted
with -F, -Cl, -Br, -C1-C4 alkyl, C1-C4 alkoxy, -C1-C4 haloalkyl, C1-C4
haloalkoxy, -NH, or -CN; Ring U is substituted with one or more groups
selected from -CH,, -CH,CH,, -F, -Cl, -CN, -OCH,; and R, is -H, methyl or
ethyl.

10 19.  The compound of Claim 18 wherein Ring U is monosubstituted with -CHS,,
-CH,CH,, -F, -Cl, -CN or -OCH, and the Ring U substitutent is in the para

position.

20. A compound represented by the following structural formula:



-56 0 0 SAN HN\ HRlo X Z wherein: Rngs A and V are independently
substituted or unsubstituted; X is -CH2-, -CH(CH3)-, -0-, -NH or -NCH3-;
5Zis -OWP03822846 NR-, -C=C-, -C N, -N=CH, -N=N; R is PATArS0£19161

al kyl; and Rois -H an unsubstituted aliphatic group or a substituted

al i phatic group. 15. The conpound of (5‘I8ai m 14 wherein Ring Ais
unsubstituted or substituted with -F°°-C, -Br, -Cl-C4 alkyl, Ci1-C4

al koxy, -d-C4 haloalkyl, d-C4 10 hal oal koxy, -NH2 or -CN;, Ring Vis
substituted with one or nore groups selected from-CH3, -CH2CH31 -F, -d,
-CN, -OCH3; and Riois -H neth hyl . 16. The conmpound of C aim 15
wherein Ring Ais unsubstituted, is substituted with one or nore
groups R11 and each R11 is indepent - CH31 5 CH2CH3, -OCH3, -F, -d
or -CN. 17. A conpound represent e¢ gHiol | Rg structural formula: WO

i

R4

or a pharmaceutically acceptable salt thereof, wherein R, is -CH;, -CH,CHs,
-OCHj;, -F, -Cl or -CN.

21. A method of treating a subject with cancer comprising administering to the
5 subject an effective amount of a compound represented by the following

structural formula:

or a pharmaceutically acceptable salts thereof, wherein:
Ring A is substituted or unsubstituted and is optionally fused to an

10 aryl group;
Z, and Z, are independently =0, =S, =N-OR, or =NRj,.



O NHSIN\ / AHNRIo Uor a pharnmaceutically acceptable salt thereof,
wherein Rings A and U are independently substituted or unsubstituted and
RI O is -Hvoan/essabstituted aliphatic group or a substitecadsat/eqhatic
group. 5 18. The conpound of Claim 17 wherein Ring Ais unsubstituted or
substituted wth -F, -d, -Br, -C| é‘A al kyl, C1-C4 al koxy, -Cl-C4

hal oal kyl, C 1 -C4 hal oal koxy, -NH2 ot -CN;, Ring Uis substituted wi'th one
or nore groups selected from-CH3, -CH2CH31 -F, -d, -CN, -OCH3; and R10

ronosubst i it ed i th  GHad Kcrpiedeponapiy o, =8 b Bt ST AL g U
Pt L AP, SRS R o0 b Lhe
HN substituted non-aromatic heterocylic group, an unsubstituted aryl group or a
substituted aryl group, provided that R, and R, are not both -H; or -NR;R,,
5 taken together, is a substituted or unsubstituted non-aromatic nitrogen-
containing heterocyclic group or a substituted or unsubstituted nitrogen-
containing heteroaryl group;
R, is a substituted or unsubstituted aryl group or a substituted or
unsubstituted aliphatic group;
10 X is a covalent bond, -C(R,R;)-, -NR,)-, -O-, -S-, -S(0)-, -S(0),~,
-C(=0)-, -C(=0)-N(R,)-, or -N(R,)-C(=0)-;
R, and R, are independently -H or a substituted or unsubstituted
aliphatic group; and
R,, is -H or a substituted or unsubstituted alkyl group.

15 22. Themethod of Claim 21 wherein: Ring A substituted or unsubstituted, Z,
and Z, are both =0; R, is -H; R, is a substituted or unsubstituted alkyl or aryl
group; R, is a substituted or unsubstituted aryl group; and X is -C(R,Rs)-, -
-N(R,)- or -O-;

23.  The method of Claim 22 wherein R, is represented by a structural formula

20 selected from:
g ~ ST\ C
~ D > \/ E\ ;g —-I— F g
KS/N K /N /

N
H

o




R11 or a pharmaceutically acceptable salt thereof, wherein R11 is -CH3,
-CH2CH3, -0OCH3, -F, -d or -CN 21. A nethod of treating a subject with
cancer cowprod®2asge admi nistering to the 5 subject an effe@CusSoaenent of a
conpound represented by the followng structural formula: Z2 Z1 NRIR2 A
HN X R3 or a pharmaceutically accegéaple salts thereof, wherein: Rng A
IS substituted or unsubstituted and iS optionally fused to an 10 aryl
group; Z1 and Z2 are independently =0, =S, N-OR12 or NR12. WD 03/022846
PCT/ US02/ 29154 -59 Rl and R2 are indgpendently -H, an aliphatic group, a
substituted alipha 2 oup, an u ' '
group, a substituyed nomjaromati
group or a substiffutgf afyl .

-H or -NRLR2, 5 tlaken {ogethet, i ed or unsubstittted
non-aromati c nitrog ntai ni ng he ocycliﬁ group or a s@bstituted or
unsubstituted nitrogen- centaining heteroaryl group;

t non-abgﬁ%tl terocylic
d{) ' roup, a‘n\‘ nsub§tituted aryl
[ r

t R> and not, both

S ) AL

H
XX o X
§—-—}Q RN\ §—- S T\/N;
G o/ ' Z s

wherein Rings D-T are substituted or unsubstituted.

5 24. The method of Claim 23 wherein zero, one or more ring carbons atoms of
Rings D-T are substituted with a group independently selected from -OH, -
Br, -Cl, -1, -F, -OR?, -O-COR?, -COR?, -CN, -NO,, -COCH, -SO,;H, -NH,, -
NHR?, -N(R*R?), -COOR?, -CHO, -CONH,, -CONHR’, -CON(R'R"),
-NHCOR?, -NRCOR?, -NHCONH,, -NHCONR*H, -NHCON(R'R"),

10 “NR°CONH,, -NR°CONR®H, -NR°*CON(R*R"), -C(=NH)-NH,,
-C(=NH)-NHR?, -C(=NH)-N(R’R"), -C(=NR°)-NH,, -C(=NR°)-NHR",
-C(=NR°)-N(R*R), -NH-C(=NH)-NH,, -NH-C(=NH)-NHR’,
-NH-C(=NH)-N(R"R"), -NH-C(=NR°)-NH,, -NH-C(=NR°)-NHR",
-NH-C(=NR®)-N(R*R?), -NRH-C(=NH)-NH,, -NR*-C(=NH)-NHR",

15 -NR%C(=NH)-N(RR?), -NR*-C(=NR®)-NH,, -NR*C(=NR°)-NHR?,
“NR4-C(=NR)-N(R'R?), -NHNH,, -NHNHR?, -NHRR®, -SO,NH,,
-SO,NHR?, -SO,NR*R?, -CH=CHR?, -CH=CR’R’, -CR°=CR°R®,-CR*=CHR?,



R3 is a substituted or unsubstituted aryl group or a substituted or
unsubstituted aliphatic group; 10 X is a covalent bond, -C(RAR5)-, -N(R4)-
-0-, -S ,We3p@2846 - S(0) 2-, -C(=0-, -(=0-N(R4)-, or - NPRA)USCY24@5+; R4
and R5 are independently -H or a substltut ed or unsubstltut ed aliphatic
group; and R12 is -H or a substituted Qr unsubstituted al kyl group. 15 22.
The nmethod of Claim 21 wherein: Ring ﬁ substituted or unsubstituted, Z1
and Z2 are both =0; RL is -H R2 is a substituted or unsubstituted al kyl or

o 'rR4R%§ f“:i bRﬁ( rapRegHRER. OGRS AR IO Ry sl iy Rtk
esen i
TS R Vo oI BT s SRR, R R N W

heterocyclic group, benzyl group, substituted benzyl group, aryl group or

substituted aryl group wherein R®-R? are each independently an alkyl group,
5 substituted alkyl group, benzyl, substituted benzyl, aryl or substituted aryl
group, or,-NR?R¢, taken together, can also form a substituted or

unsubstituted non-aromatic heterocyclic group.

25.  The method of Claim 23 wherein zero one or more ring carbon atoms of

Rings D-T are independently substituted with a group selected from C1-C4
10 alkyl, C1-C4 hydroxyalkyl, N-morpholino, pyrimidyl, C1-C4 alkyl
substituted pyrimidyl, -NH(C1-C4 alkyl), -N(C1-C4 alkyl),, -C(O)NH,, -
C(O)NH(C1-C4 alkyl), C(O)N(C1-C4 alkyl),, -NHC(O)(C1-C4 alkyl) -NO,,
C1-C4 alkoxy, -C(0)O-CH,CH,-NH(C1-C4 alkyl),-C(O)O-CH,CH,-N(C1-
C4 alkyl),,
S S

-NH-(phenyl), -NH,, -CH,NH-C(0)-0-(C1-C4 alkyl), -CH,NH,, -CI, -F,
-C(0)-0-(C1-C4 alkyl), -C(O)-NH-(C1-C4 alkyl), C3-C7 cycloalkyl, phenyl,
-C(O)-N-morpholino, -S-(C1-C4 alkyl), -CN, furyl, -S(0),-(C1-C4 alkyl),
-S(0),-NH,, -S(0),-NH(C1-C4 alkyl), -S(0),-N(C1-C4 alkyl), .

20 26. The method of Claim 25 wherein R, is represented by a structural formula

selected from:



-NN-NN-N SNS Vor Il QRNI ST/N S o wherein Rings DT are
substituted or unsubstituted. 5 24. The method of C aim 23 wherein zero,
one or nowe osiomg4car bons atons of Rings DT are substitutred/usne/toiss gr oup
i ndependently selected from-O4, - Br, -d, -1, -F, -ORa, -OCORa, -COW
-CN, -NOQ2, -COCH, -SOB8H, -NH2, - NHRa,-N(RaRb), -COORa, -CHO, - CONHZ,

- CONHRa, - CON(RaRb), -NHCORa, -NRCORa, -NHCONH2, - NHCONRaH, - NHCON(RaR),
10 - NRCONH2, - NRCONRaH, -NRCON(RaRb), -C(=NH)-NH2, -C(=NH)-NHRa,
-C(=NH) - N(RaRb), -C(=NR)-NH2, -C(=NR)-NH - C(=NR) - N( RaRb)
- NH C(=NH) - NH2, - NHSC( = NHRa, - NH (= (RaRb), - NH :
-NH C(=NR) - NHRa,  SNPRE( =N - N( ), 4NRdH C(FNH) - NH2g - C(7ANH) 1 NHRaa 15
-NRd- C(=NH) - N( RaR), - - NHg, _-'IHF&j- ) - NHRa, 2 - NR¢l- NR] - NCWR) ,
-NHNH2, -NF-1HRa, -NH - SO2NHZ1 - , - SO2NR&RD, = :

- CH=CRaRb, - CR=CRaRb, - CR®CHRa, WD 03/ 022 PCT/ US02/ 29154 - CR=CRaRb,
-CCRa, -SH, -SR -S(ORa, -S(O 2Ra, alkyl groups, substituted alkyl group,
non-aromati ¢ heterocyclic group, substituted non-aromatic heterocyclic
group, benzyl group, substituted benzyl group, aryl group or substituted
aryl group wherein Ra-Rd are each independently an al kyl group,

LOTIMO
|

Re

and Ry is -H or a substituted or unsubstituted alkyl group

5 27.  The method of Claim 26 wherein R, is represented by a structural formula

selected from:



5 substituted al kyl group, benzyl, substituted benzyl, aryl or substituted
aryl group, or,-NRaRd , taken together, can also forma substituted or
unsubst i twDed/omsme ar omat i ¢ het erocyclic group. 25. The netrkadset29954i m 23
wherein zero one or nore ring carbon atons of Rings DT are independently
substituted with a group selected fropy Cl-C4 10 alkyl, Cl-CA4 hydroxyal kyl,
N- nor phol i no, pyrimdyl, Cl-CA4 al kyl substituted pyrimdyl, -NHCl-C4
al kyl), -N(C1-4 al kyI)2, -C(ONH2, - C(ONH(C 1-4 alkyl), C(ONZC 1-4
alkyl)2,. -NHC(Q) (C 1-C4 al kyl), -NC2, =C4 al koxy, -C(O O CGiR&H2- NH(CL- 4
al kyl),-C(O O &£H2CH2- N(Cl C4 al kyl)2 QNOOON----
2,

-NH- (phenyl ), BNG- C( 0) 5 O ( kyl), -CHeNER1 -l -F,
-C(O-0(d- alky C(,9) - NHz( LKyl), C3-C7.cyc yIophenyl ,
-C(O) - N norpholino, - G4 alkyl), furyl, -YO 2-(€C1-C4 al kyl),

-S(0 2-NH2, -S(0O 2- NH(
nmet hod of O aim 25 wherein is represented b %
sel ected from WO 03/022846 "BCT/ US02/ 29154 -6>2Q‘L(D NI G Sor/ NN I HM

al kyl ), 1 S(0) 2- N(Cl- Ca ) 2. 20 26."The

or

wherein:
5 X, is -CH- or -N-;
R, and R, are independently -H or an alkyl group or -NR;R;, taken
together, is a nitrogen-containing non-aromatic heterocyclic group;
R, is an alkyl group; and
R,, is -H or an alkyl group.

10 28.  The method of Claim 27 wherein Ring A is optionally substituted with one
or more groups selected from -F, -Cl, -Br, -C1-C4 alkyl, C1-C4 alkoxy,
-C1-C4 haloalkyl, C1-C4 haloalkoxy, -NH, or -CN.

29.  The method of Claim 28 wherein Ring A is unsﬁbstituted; R, is a phenyl
group or pyridyl group substituted with one or more substituents selected



Rs and R6 is -H or a substituted or unsubstituted al kyl group 5 27. The
nmet hod of Claim 26 wherein R2 is represented by a structural formula

sel ect ed Wo®a102288 03/ 022846 PCT/ US02/ 29154 -63 ' \ NR7RBPCPANOZA291BE 0 X3
RROor N\ /1 a N HN / SRO NN wherein: 5 X3is -CH or -N; R7 and
R8 are independently -H or an alkyl grgyp or -NR7RB, taken together, is a
ni t rogen-cont ai ni ng non-aronmatic heterocyclic group; RO is an al kyl group;
and RIOis -Hor an alkyl group. 10 28. The nethod of C aim 27 wherein

Ring Als optional ly sudstdst 4 efe YoRE .BRE-COORY, -N(R?),, -CON(R?),, -NR°COR
-NHCONH,, -SO, N(R®),; R, and R, are both -H and R, is methyl; and each
R® and Rf are independently -H, an alkyl group or a substituted alkyl group.

30.  The method of Claim 29 wherein R, is a phenyl ring substituted with one or
5 more substituents selected from -Cl, -F, -R°, -OR®, -CN, -NH,, -CONH, or
-NHCOR®. '

31.  The method of Claim 30 wherein R, is a phenyl ring substituted with one or
more substituents selected from -CH,, -CH,CH,, -OCH,, -CN, -F or -Cl.

32.  The method of Claim 30 wherein R, is a phenyl ring monosubstituted with
10 -CH,, -CH,CH,, -OCH,, -CN, -F or -Cl and wherein the phenyl ring

substituent is at the para position.

33.  The method of Claim 21 wherein the compound is represented by the
following structural formula:

Rio

15 wherein:
Rings A and V are independently substituted or unsubstituted;
X is -CH,-, -CH(CHj;)-, -O-, -NH- or -NCH;-;



or nore groups selected from-F, -d, -Br, -Cl-C4 al kyl, Cl-C4 al koxy,
-Cl- 4 hal oal kyl, Cl1-C4 hal oal koxy, -NH2 or -CN. 29. The nethod of C aim 28
wher ei n RVO®3/M23886 unsubstituted; R3 is a phenyl group or PEYriSdyto1gs oup
substituted with one or nore substituents sel ected WD 03/ 022846

PCT/ US02/ 29154 -64 from-Br, - -ORe, -CN, -COORe, -N(Re)21
-CON(Re) 2, -NReCOR , - NHCONHZ2, -SOZ l\(nge)Z R7 and R$ are both -H and R9
is nethyl; and each Re and Rf are |ndependently - H, an al kyl group or

AL e U RN e

i u itu Wi Ftuents sel écted from -

Re. “ON - ON - N2, - GElaloyfland MOEEH, ardlnsuBittuet liphhiiogrigaima 30 wher ein
R3 is a phenyl ring substltut ed h one or nore substituents sel ected

from-CH3, -CH2CH3, - OChbstitue aliphatesygro@®.. 32. The nmet hod of d ai m 30
wherein R3 is a phenyl ring nono substituted wwth 10 -CH3, -CH2CH3, - OCH3,
-CN, -F or -d and wherein the phenyl ring substituent is at the para

position. 33.3ghe ”ﬁﬁéﬁeﬁoafof@lmﬁ&hweﬁrmhg&mnmﬁmﬂ sabstitpregseitit ed by
the follow ng structural fornula: HN A HRao N X
5 -F, -Cl, -Br, -C1-C4 alkyl, Cl C4 alkoxy, -Cl C4 haloalkyl, C1-C4
haloalkoxy, -NH, or -CN; Ring U is substituted with one or more groups
selected from -CH,, -CH,CHj, -F, -Cl, -CN, -OCH,; and R, is -H, methyl or

ethyl.

35.  The method of Claim 34 wherein Ring A is unsubstituted, Ring V is
10 substituted with one or more groups R,, and each R, is independently -CHs,
-CH,CH,, -OCH, -F, -Cl or -CN.

36.  The method of Claim 23 wherein R, is represented by the following

ENm |

D
KS/“

structural formula:

15 37. A method of treating a subject with cancer comprising administering to the

subject a compound represented by the following structural formula:



v Z 15 wherein: Rings A and V are independently substituted or
unsubstituted; Xis -CH2-, -CH(CH3)-, -0-, -NH or -NCH3-; WD 03/022846
PCT/ US02/\RO154228465 Z is -0-, -S-, -NR-, -C=C, -CH=N-, - ReCHS0229¥&N-; R is
-Hor Cl- 4 alkyl; and R1IO is -H, an unsubstituted aliphatic group or a
substituted aliphatic group. 34. The r thod of Claim33 wherein Ring Ais
unsubstituted or substituted with 5 - -Br, -C1-4 alkyl, C1-C4

al koxy, -Cl-C4 haloallcyl, Ci1-C4 hal oal koxy, _NH2 or -CN, Rng Uis
substituted with one or nore groups sehected from-CH3, -CH2CH3, -F, -C
-CN, -OCH3; and R10 is -H nethyy or ¢thyl. 35. The nethod of C aim 34

\ is 10 substituted with one or nore
groups R11 and each Rl1 is |ndepenentl -CH3, - CH2CH3, -OCH3, -F, -d or

npound represented by

cancer conprising adm nif st subj ec
: S02/ 29154 -66

or a pharmaceutically acceptable salts thereof, wherein Rings A and
U are independently substituted or unsubstituted and Ry, is -H, an
unsubstituted aliphatic group or a substituted aliphatic group.

5 38. The method of Claim 37 wherein Ring A is unsubstituted or substituted with
one or more substituents selected from -F, -Cl, -Br, -C1-C4 alkyl, C1-C4
alkoxy, -C1-C4 haloalkyl, C1-C4 haloalkoxy, -NH, or -CN; Ring U is
substituted with one or more groups selected from -CH,, -CH,CHj, -F, -Cl,
-CN, -OCH, ; and R, is -H, methyl or ethyl.

10 39. The method of Claim 38 wherein Ring U is monosubstituted with -CH,,
-CH,CH,, -F, -Cl, -CN, -OCHj and the Ring U susbstituent is at the para

position.

40. A method of treating a subject with cancer comprising administering to the

subject a compound represented by the following structural formula:

A



O ONHS\N AHNRO \U. or a pharmaceutically acceptable salts

t hereof, wherein Rings A and U are independently substituted or

unsubsti twbDed/o2asde R10 is -H, an wunsubstituted aliphatic @gCausoneyisd
substituted aliphatic group. 5 38. The nethod of Claim37 wherein Ring Ais
unsubstituted or substituted with ong-r nore substituents selected from
-F, -d, -Br, -C1-4 alkyl, Ci1-C4 al koxy, -Cl1-C4 hal oal kyl, C1-C4

hal oal koxy, -NH2 or -CN;, Ring Uis substituted with one or nore groups
selected from-CH3, -CH2CH3, -F, -d, A-CN, -OCH3 ; and R10 is -H, nethyl

or ethyl. 10 39. The nethod of g aim 38 wherein Ring Uis nonosubstituted
wth -CH3, -CHCH3, -F, -d, - Ny and the Ring U susbstituent is at
the para position. 40. A nethod gf tr®ating a gubject with cancer
conprising administering ta_the _AubjectN oUng represented by the

foll ow ng structural forgfdl a0 O3/ 022846 PQY/ USQ2/ 29154 -67- 0 O NH S\ N
H N

Ry

or a pharmaceutically acceptable salt thereof, wherein R;; is -CHs,
'CH2CH3, "OCH3’ 'F, "C]. or 'CN.

41.  The method of Claim 21 wherein the cancer is multi-drug resistant.
5 42,  The method of Claim 37 wherein the cancer is multi-drug resistant.
43,  The method of Claim 40 wherein the cancer is multi-drug resistant.

44, A method of preparing a product compound represented by the following

structural formula:
/ e
A Y
N N
X
Rs
10 said method comprising the step of reacting a Cu' salt with a precursor

compound represented by the following structural formula:



R11 or a pharmaceutically acceptable salt thereof, wherein R11 is -CH3,
-CH2CH31 -OCH3, -F, -d or -CN 41. The method of Caim?21 wherein the
cancer i swouwBi228dé ug resi stant. 5 42. The net hod of C ai mCIUSAMea164 n t he
cancer is nulti-drug resistant. 43. The nethod of C aim 40 wherein the
cancer is nulti-drug resistant. 44. Aggethod of preparing a product
conpound represented by the followng structural formula: A; gN x R3
10 said nmethod conprising the step of reacting a Cu' salt with a precursor
conpound represented by the foll ow n tructural formula: WO 03/022846

PCT/ US02/ 29154 -68 A Nx OR3 wh I i A is substituted or
unsubstituted and optionally fused group; 5 R3 is a substituted
or unsubstituted aryl group or a su or unsubstituted aliphatic
group;

wherein:
Ring A is substituted or unsubstituted and optionally fused to an aryl
group; '
5 R, is a substituted or unsubstituted aryl group or a substituted or
unsubstituted aliphatic group;
X is a covalent bond, -C(R,Rs)-, -N(R,)-, -O-, -S-, -S(0)-, -S(0O),~,
-C(=0)-, -C(=0)-N(R)-, or -N(R,)-C(=0)-, provided that when X is
-C(R,R,)-, then R, is not a substituted or unsubstituted aliphatic group; and
10 R, and R, are independently -H or a substituted or unsubstituted
aliphatic group.

45.  The method of Claim 44 wherein the Cu' salt is Cul or CuCl and wherein the
Cu! salt and the precursor compound are reacted in a solvent comprising a

tertiary amine.

15 46.  The method of Claim 45 wherein R, is a substituted or unsubstituted aryl
group; and X is -C(R,Rs)-, -N(R,)- or -O-.

47.  The method of Claim 46 wherein R, is represented by the following
structural formula:



X is a covalent bond, -C(RARS)-, -N(R4)-, -0-, -S-, -S(O-, -5(0O2-1
-C(=0-, -C(=O0-NR4)-, or -N(R4)-C(=0O -, provided that when X is
C(R4R5) - ,wDlva/02288 i s not a substituted or unsubstituted alPCphesn2/zoigs oup;
and 10 R4 and R5 are independently -H or a substituted or unsubstituted
aliphatic group. 45. The nethod of d ggm 44 wherein the Cu' salt is Cul or
Cud and wherein the Cu' salt and the precursor conmpound are reacted in a
solvent conprising a tertiary amne. 15 46. The nethod of C aim 45 wherein
R3 is a substituted, or

-N(R4)- or -0-. a7V helrﬁglulgég }ést“?&%?t yﬁ%su%tgyfeédnz% | 3 Srieg\%sée]dr?fgd by the
following struct uGH=ROLR:CE-, X=M; R3s 0283 - @CﬁMcVIS@Z/s-ZD;L& -NI59-GHer, ei n
Ring Vis substituted or unsubstituted: Zis -0- -,. -NR-, -C=C-,

CCHEN-, -NECH-, - NSE=NR-NsCHH 9N @iﬁl&tﬂ&yﬂ?lﬂ@k@ S, -NR. -C=C-,
-CH:N-, -N=CH, -N=N-; and Ris -Hor d-C4 alkyl. 48. The rrethod of Claim
47 wherein Ring Ais optionally substituted with one 5 or nore groups

sel ected fromygF, Tﬁ\eL metl‘!%ﬁyofﬁgmw whisitin Rikg ACA oplikeally, substflteC4vitioomeal Kyl ,

d - C4 hal oal koxy, 49. The net hod of Claim48 wherein Ring Ais
unsubstitused; R3 omarqgremslselegtedmnmfF pGL, rES;I-CéﬁQﬁﬂikﬂuﬁ 1G4 dkexd-wi t h
zero, one or nore tituent e fro ad, -F, -Re, -ORe, -CN,
- COORe, - N(Re) 21 éﬁ% Dplpallyd C’ﬁ&é%&fﬁ ifioxg, 'CNsoz N(Re) 2; and Re and

Rf are independently - H an al kyl gr oup or a subst ituted al kyl group.
49.  The method of Claim 48 wherein Ring A is unsubstituted; R, is a phenyl
group or pyridyl group substituted with zero, one or more substituents
selected from -Br, -Cl, -F, -R®, -OR®, -CN, -COOR?, -N(R®),, -CON(R"),,
10 -NR°COR!, -NHCONH,, -SO, N(R®),; and R® and R' are independently -H, an
alkyl group or a substituted alkyl group.

50.  The method of Claim 49 wherein R, is a phenyl ring substituted with zero
one or more substituents selected from -Cl, -F, -R%, -OR®, -CN, -NH,,
-CONH, or -NHCOR'.

15 51. The method of Claim 50 wherein R, is a phenyl ring substituted with zero
one or more substituents selected from -CH,, -CH,CH,, -OCH;, -CN, -F or
-CL. ' |

52.  The compound of Claim 50 wherein R, is a phenyl ring that is unsubstituted
or monosubstituted with -CH,CHs, -OCH,;, -CN, -F or -Cl and wherein the
20 phenyl ring substitutent is at the para position.

53.  The method of Claim 45 further comprising the steps of:
a) reacting the product compound with oxalyl chloride to form a second

product compound represented by the following structural formula:



50. The nethod of C aim49 wherein R3 is a phenyl ring substituted with
zero one or nore substituents selected from-d, -F, -Re, -ORe, -CN, -NH21
- CONH2 orwoNBioZ®Ri¢ 15 51. The nethod of C ai m 50 wherei n RBTIGSOA2938£NY|
ring substituted with zero one or nore substituents selected from -CH3,
-CH2CH3, -OCH3, -CN, -F or -d. 52. Fhe conpound of C aimb50 wherein R3 is
a phenyl ring that is unsubstituted or nonosubstituted wth -CH2CH3,
-OCH31 -CN, -F or -d and wherein the 20 phenyl ring substitutent is at
the para position. 53. The nmethod of C aim45durgher conprising the steps
of . a) reacting the product conpound wi ©h oxalfyl ’chloride to forma second
product conpound represented by the foll O structural fornula: WO

03/ 022846 PCT/ US02/ 29154 -70 OO ;and C H X Z3 b) amidating the
second product conmpound wi th NHRI ird product conpound
represented by the follow ng strfdctur rruIHa: 0 0' NRR A/ H

b) amidating the second product compound with NHR R, to form a third
product compound represented by the following structural formula:

5 wherein R, and R, are independently -H, an aliphatic group, a
substituted aliphatic group, an unsubstituted non-aromatic heterocylic
group, a substituted non-aromatic heterocylic group, an unsubstituted
aryl group or a substituted aryl group, provided that R, and R, are not

- both -Hj or -NRR,, taken together, is a substituted or unsubstituted
10 non-aromatic nitrogen-containing heterocyclic group or a substituted

or unsubstituted nitrogen-containing heteroaryl group.



N /X R3 5 wherein RL and R2 are independently -H, an aliphatic group, a
substituted aliphatic group, an unsubstituted non-aromatic heterocylic
group, a wWOlsw2asut ed non-aromati c heterocylic group, an umswhsoreused aryl
group or a substituted aryl group, provided that RL and R2 are not both
-H, or -NRLR2, taken together, is a subgtituted or unsubstituted 10
non-aromati c nitrogen-containing heterocyclic group or a substituted or
unsubstituted nitrogen-containing heteroaryl group. WO 03/022846

PCT/ US02/ 29154, -7 - A . ' 1S wi

repr esent ed b§4t hejrfh gﬁ%%%%@??’?g%%ﬁegﬁf%ﬁgjﬁﬁ%f %hﬁ]tgq Wg?foillﬁgmr%et hod of
Clrai m 45 wher ei n t Bguguet dramida: conpound i s prepared by 5 reacting a
pyridine starting conpound and an al kyne startjng material in the presence
of a catalytic amobunt of a palladium mgRlt apd®a Cu' salt, wherein the
pyridine starting conpound is repr esent ed t he Mol | owi ng structural
formula: Rzo N 10 the al kyne sta]’himg mat er\al /s represented by the
followi ng structural formula: H X-R3

55.  The method of Claim 45 wherein the precursor compound is prepared by
5 reacting a pyridine starting compound and an alkyne starting material in the
presence of a catalytic amount of a palladium” salt and a Cu' salt, wherein the

. pyridine starting compound is represented by the following structural

formula:
=z Rao;
A |
N N
10 the alkyne starting material is represented by the following structural
formula:

and R, is -Br or -L.

56. A method of preparing a product compound represented by the following
15 structural formula:



and R20 is -Br or -1. 56. A nethod of preparing a product conpound
represented by the followng 15 structural fornmula: WO 03/022846

PCT/ US02/\20134228442 N/ X RI1, said nethod conprising thec3tusp2/24154 eacti ng
a Cu' salt wth a precursor comnpound represented by the foll ow ng
structural formula: N X R11 5 whereimR' is -CH3, -CH2CH3, -OCH3, -F, -d
or -CN

7 N
s Nt

X
R11

said method comprising the step of reacting a Cu' salt with a precursor

compound represented by the following structural formula:

N |

5 wherein R" is -CH,, -CH,CHj, -OCH, -F, -Cl or -CN.



