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BACKGROUND OF THE | NVENTI ON Many net hods are now avail able to be used in the
treatnent of cancer. Despite considerable advances, however, treatnents for
many cancers are i nadsguUeaOXyY AMIDETNTBELIZINESEROR TREADING €ANGER st i | |
cancers which sinply do not respond or respond poorly to treatnents are
currently available. Patients with treatable cancers nust often undergo
chenot herapy with drugs that cause severe side effects. Few of these drugs
can be used oREUATEIPARPIIEATIONSOSt serious probl em associ ated with cancer
chenot herapy is the, devel oppent of nulti-
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to nore thap OR&eItiGreddréndeai d to be a "nulti-drug resistant”. There is
little that can be done to halt or retard further progression of the
di sease, once a patient's cancer has becone nulti-drug resistant. 20 There

af or ement | oned SAHGKERI NG OB BRVERTHRN( 1y "leed in the treatment of
‘ y used in the treatnent of
cancer. Many methods are now available to be used in the treatment of cancer.
Despite considerable advances, however, treatments for many cancers are inadequate
for a number of reasons.
10 There are 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 canbe
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 tuxﬁors, oral bioavailability and/or reduced side effects.

25 SUMMARY OF THE INVENTION
It has now been found that 1-glyoxylamideindolizines, are cytotoxic against
cancer cells, including multi-drug resistant cancer cells, from a number of different
tissue types. For example, the IC, of 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 uM (see Example 9-10 and 12).



Desirabl e properties of new anti-cancer drugs therefore i nchf@gﬁfﬁ)b@acy
against tunors that are currently untreatable or poorly trea e, efficacy
against nulti-drug resistant tunors, oral bioavailability and/or reduced
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1- gl yoxyl am deil ndol i zi nes. are cytotoxic against cancer cells, including
mul ti-drug resistant cancer cells, froma nunber of different tissue types.
For example, the 1CsO of Conpounds (1)-(8) against the nmulti-drug resistant
human uterine sarcoma cell |ine MES-SA/DX5 and the human nyel oid 30 | eukem a
cell line HL60/TX1000 was less than 0.1 M (see Exanple 9-10 and 12). 11
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conmpounds are S eo%mu%ﬁ'ﬁgﬁggﬁpggéé@ﬁuﬁgé%&sp P%ﬂmfg ﬁ?ﬂ@%ﬁ%%%ﬁ%ﬁxop Uﬂn%f‘gt’hﬁlgm
the human br easttu@eRreomaBé humbhn BroEAkabericell Nind MDIAAS 5 MR fudé slsleeds by |
greater than 50% 5 Conpound (1) NH when Conpound (1) was admi nistered orally
(Exanpl e 11). redudeddycgreater thamd@% i n body* wei ght was observed in mice
treated with Conpound 1, indicating that th%1 conpound caused m ni nal
side-effects. Based on these resul tso novel 10 gl yoxyl am dei ndol i zi nes ,
phar maceutical conpositions conpri si nt hege 1- gl yoxyl am dei ndol i zi nes ,

nmet hods of treating subjects with cancer—by\adm ni steéi ng

1- gl yoxyl am dei ndol i zi nes and net hods ¢f premding AN

gl yoxyl am dei ndol i zi nes N

NC

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 glyoxylamideindolizines , pharmaceutical compositions comprising these 1-

glyoxylamideindolizines » methods of treating subjects with cancer by administering
1- glyoxylamideindolizines and methods of preparing 1- glyoxylamideindolizines
are disclosed herein.

One embodiment of the present invention is a compound represented by

15 Structural Formula (I):



are discl osed herein. One enbodi nent of the present i nventioglali% 9 %@g)ound
represented by 15 Structural Formula (1): Il April 2006 WO 03/ B !; -3 M
PCT/ US02/ 29154 Ring A is substituted or unsubstituted and is optionally
fused to P W 4roup (preferably substituted or unsubstiPCIIE92BhEAYI ). Z,
and Z2 are independently =0, =S, =N-OR12 or =NR12 5 R and R2 are

i ndependently -H, an aliphatic group, a_substituted aliphatic group, an
unsubstituted non-aromatic heterocylic group, a substituted non-aromatic

het erocylic group, an unsubstituted aryl group or a substituted aryl group,
provided that R and R2 are not both -H Atefnatiygly, -NR R2, taken
together, is a substituted or unsubstiz,uted:fion-ar tic

ni t rogen-contai ni ng heterocyclic group o substituted or unsubstituted
"nitrogen-containing heteroaryl group. R3 As asubstituted or unsubstituted
aryl group or a substituted or ubst Lyuted dﬂ*lqﬁﬁatic group. Xis a

coval ent bond, -C(R4R5)-, -N(R -S(O-, _S(0)2 "' -C(=0)-,
-C(=0-N(R4)-, or -N(R4)-C(=0)

) tare i ndependently -H or a
substituted or unsubstituted akyd oup. R12 is -H or a substituted or
unsubstituted al kyl 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 =NRj,.

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, -NR R,, taken to gether, 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(0O)~, -S(0),-, -C(=0)-,
-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 (I) for the manufacture of a medicament for the



Anot her enbodlnent of the present invention is a pharnaceutlQﬁhpr996395|tlon
conprising a pharmaceutically acceptable carrier or diluent and a

conmpound rgpresented by Structural Formula (l1). Preferably, the '
phar maceut &tPosi tion conprises an effective amount of R¢mﬂmmmpnmnd

The pharnmaceutical conpositions can be used in therapy, for exanple, to
treat a subject with cancer. Another epbodiment of the present invention is
the use of a conpound represented by Structural Forrmula (I) for the
manufacture of a nedi cament for the 11 Aprll 2006 WO 03/022846 -4

PCT/ US02/ 29134 tr eat ect ancer.. The. nedi cament conpri ses
an effective t%ﬁ"ﬁ? ﬁ%‘ﬁ %F%%&S%ﬁ?s Jrerie %teﬁgbo%
treating a subjregd coth g ancer. The et hod conprises adm nistering to the
subj ect an effectlve nount of a conpound 5 represented by Structural

Formul a (1). Anot heAnethboethbetitmentsis a methddof wéatinpesabjectwith dantser Theli ate in
the synthesis of the caonpound represented by Structural Formula (1). The

i nter nedi at e |rgeth¢<ép¢r@p@ﬁﬁ8eadnsglstsmg& thesubyest 2 s fiective pmoupt phiagomppandret hod

conprises the ste Ng It with a precursor conpound
represent ed by® %F%E’g‘?du Sﬁ% U?gmﬁlgiﬁ 15 (Ib).

Another embodiment is a method of preparing an intermediate in the

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

/14. —
|
O,
X
Rs3
10 :
(a).
The method comprises the step of reacting a Cu' salt with a precursor compound
represented by Structural Formula (Ib):
|
Ra
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(RR,)-, then R, in
Structural Formulas (Ia) and (Ib) is not a substituted or unsubstituted aliphatic group.

The disclosed 1- glyoxylalnideindolizines have many advantages when used
20 to treat cancers. Most significantly, they are cytotoxic to many multi-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.



In Structural Formula (la) and (Ib), Ring A, X, R3 R4 and R518n6:842006
described for Structural Fornmula (1), provided, however, that en Xis

- C(R4RS5) - ,WPREéN23846 i n  Structural Formulas (la) and (lb) isPamuser/29154
substituted or unsubstituted aliphatic group. The disclosed 1-

gl yoxyl am dei ndol i zi nes have nmany advary ages when used 20 to treat cancers.
Most significantly, they are cytotoxic to many nmulti-drug resistant cell
lines and therefore can be used when other traditional cancer chenotherapies

have fail ed. side effects and are active
when adm ni stere gq%éfg Ttﬂ?ﬁ/‘}igﬁﬁgmgﬁls/ 022846 PCT/ US02/ 29154 -5
‘BRI EF DESCRI PTI ON o iDRAMbhIGED Giigi 1 abtiltGmar Bl oflepipound (1)e
anti-tunor effects of Conpound (1 adm nistered orally to nude mce with

human breast mMbniggered ey, toTide gregwith bwman breast Sotndrs "EhmtlBhl n mB
over time in rth begi nni.ng_ of 0si.ng, Wt hicl.e,. / kg
Compound (1) S 45 1RGRG AR ip R oy iitee B 4edt bten e bigning athe

per cent wekgh a i 5 ng/ kg
Compound (1 2%%%5%&6&5%‘%% ECP o e .%ﬁaayéﬂ*ﬂn@ ED

DESCRI PTI ON OF THEFigivRI13 @hlp]i@hdwmgthHmirmmt eaightbbaligegnhpdé hﬁcecbemgund of
the present invention.is gresent ed by Structural Fornula Fléf)l wherein R ng

Ais a substi gdmaustegied Vﬁh@% ? meledompymdydd apd 59 melkg Compgrad pb) oveEQ, R,
is-H R is gmsquﬁrayst.ut ed or

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 allyl or aryl group; R, is a substituted or unsubstituted aryl group; X is
-CR,R)-, -N(R,)- or -O- (preferably, X is -C(R,R5)-); and R,, R, 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):

B N N

(I iy a)



unsubstituted allcyl or aryl group; R3 is a substituted or ugp$ nlztoqged
aryl group, Xis -C(R4AR5)-, -N(R4)- or -0- (preferably, X is -C(RARS

and R4, ME0030228Hy 72 are as 15 described above. More pref%ﬁ;HHﬁgﬂ’z‘ﬁg'ls a
substituted or unsubstituted phenyl or pyridyl group; and R4 and R5 are
both -H As noted above, values for R-6R3 include substituted and
unsubstituted aryl group. For R2, preferred aryl groups are represented by
Structural Formulas (Jn- (XV): 207/ N H(Il) (111) (1V) 11 April 2006 WO

03/ 022844 PCT/ USO%%Af -0 H (3 (X "R/N GAT>N o0 s
|
§ — G

W) VD | VI
N\ \ f
| N\ S\
K | L
| J/\<N g Az Ko/”

(VI IX) X)

S N
H
XD (XTI (XID
A X
ifolry sy
/ o/ / S



(xiy) (XV). 11 April 2006 WO 03/022846 PCT/ US02/ 29154 -7 Ri ngpAPpril 2006
substituted or unsubstituted. More preferred aryl groups for R are
represént 8P BO%¢0uct ural Forrmulas (XVI)-(X3M (XVI) (XVi | PQDRABRI2PIB |i Mr
O ONI R6 (XLX) (XX) (XXI) R6 is -H or a substituted or unsubstituted
alkyl group and Rings D, F, G I, H Mand 0 are as descri bed above.. 10
Even nore preferred aryl groups for R2 are represented by Structural
Formulas (XXI1)-(XXVII1): NR7/RB ~-1X3 (XXM (XXM ( XXN)

Rings D-T are substituted or unsubstituted. More preferred aryl groups for R, are
represented by Structural Formulas (XVI)~(XXI): '

SONEORED

XVD (XVI) (XvI)

(XIX) XX) (XXD)
Ry 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 (XXII)-(XXVID):

2/[) /Lﬁ/g § ‘\—“/N

(XX1) (XXII) (XXIV)



WO 03/022846 -8 H Il April 2006 PCT/0 S02/29134 Rio (XXV) (X¥pridoog3 is
-CH or -N. R and R are independently -H or an al kyl group.

Al ternatl\YQIU;V"zW 5 taken together, is a nitrogen-conP&rAISAY29154
non-aromati c heterocyclic group. RO is an alkyl group. R o is -Hor an alkyl
group. In another preferred enbodi nent , the conpound of the present
invention is represented by Structuraf‘3 Formula (XXVI11): 10 Rio (a. In
Structural Formula (XXVI11), Rings A and V are i ndependently substituted or

unsubsti t ut ed; is -CH -, -CHCH3)-, -0-, -NH or is -0-, 15 5-,
-NR-, -GG, - N, -N=CH, -N=N-Ris -H or IkyI an R, is -H,
an unsubsti t uked j ' OHp Or substy t ut ed aI ic Q. Even nore

preferably, Ring A
groups

ted, Ri g V S subst tute th orNa or nore
SR

(XXV) (XXVI) ' (XXVID).

X, is -CH- or -N-.
R, and R; are independently -H or an alkyl group. Alternatively,-INR,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 (XXV]]I):
10

(3CXVIID.

In Structural Formula (XXVII), Rings A and V are independently
substituted or unsubstituted; X is -CH,-, -CH(CH,)-, -O-, -NH- or -NCH,-; 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



11 April 2006 WD 03/022816 PCT/US02/ 29151 -9 represented by ﬂlC%Frmm“ei n

each R, is independently -CH3, -CH2CH3, -OCH3, -F, -d or -

In a nore

pref er redWohFddertent , the conmpound of the present inventi oRCTASO¥PFesent ed
by Structural Forrmula (XXIX): 5 NHR o () In Structural Fornula (XX X),
Rings A and U are independently substi_gyt ed or unsubstituted and R10 is -H,
an unsubstituted aliphatic group or a Substituted aliphatic group. Even

nore preferably,

Ring Ais unsubstituted, Ring Uis 10 substituted with one

Crbort, - OcHipte BT B R ke ey S ger SRk i, (RO IOER Y, on

- CH2CH3, - OCHBPr

relative to thq sarRon bonded to the nethylene group. The term"aryl group”
"refers to carbocyclic aromatic groups such as phenyl, naphthyl, and
ant hracyl, and hetBromoyd prgfenred enthodinas, thetdapoind of the ptesantdaceadtioh,is 15 .

t hi enyl, furanyl,

dyl
“pyrazinyl, tHiCRES5AC Pﬁgffﬁ?fgﬁﬂmul@

1,2,4-triagolyl,

aromatic ring systens in which @&

ring is fused to

benzot hi enyl , benzof uranyl,

pyri rimdyl, ranyl, pyrazolyl, pyrrolyl,
I <aver

| sooxazolyl, 1,2,3-trizaolyl,
and tetrazolyl. Aryly groups also include fused polycyclic
pocyclic aromatic ring or heteroaryl

gt eroaryl rings. Exanples include

'P_pol in S\

\ /

one or nore ot h&
I ndol

(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

10  substituted with one or more groups represented by R,,, wherein each R, is

A independently -CH, -CH,CHs, -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,

15 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,

20 benzothiazolyl, benzoisothiazolyl, benzooxazolyl, benzoisooxazolyl,

benzimidazolyl, quinolinyl, isoquinolinyl and isoindolyl.

An aliphatic group is a straight chained, branched or cyclic non-aromatic

hydrocarbon which is completely saturated or which contains one or more units of

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



20 benzothiazolyl benzoi sot hi azol yl , benzooxazol yl, ben20|s9g?$ ﬁ pb
benzi m dazol qU|noI|nyI |squ|noI|nyI and |50|ndolyl Py & @ group
is a strdYy ’m@ﬁﬁined br anched or cyclic non-aromatic hyROTSESMBORS NI ch i s
conpl etely saturated or which contains one or nore units of unsaturation.
Typical ly, a straight chai ned or bran;ped al i phatic group has from1l to WO
03/022846 _10_ 11 April 2006 PCT/US02/ 29154 about 10 carbon atons,
preferably from1 to about 4, and a cyclic aliphatic group has from3 to

pref er abl y oS0t J0GHbCERTHE @ P B AR o P RY S R veli sl myab ety |
n-propyl, 1 gQnPj fboéfﬂout rl'ﬂ@fyb)ﬂl at V\FM&%I?} 228 1O Wbt 8. %%'El%hatl@gf%b sPe pentyl

or octyl, or a 5 cycl oal group o about 8 carbon atons

strai ght chapredgably a simraaag’ntbhdnal srybramphed plkyt g@ufi3e. ;8nethyl, iemyhlnl-pxy)pygr oup is

al so referred to as a mer al kyl oup. | kyl oup S

represent ed BY pr?mdm-buty rser-Subyl, 7 ﬁtbélgvé @mﬁh@iﬂ@eﬂ ﬁ%? kBTy 1-4. 10

Non- ar ora| Cc(:)}?:‘f &{lﬂ with '3’18%b815t‘%h&9t§bnaaft§ﬁ§tA%1Céﬁ Q&&%ﬁ é}féu{el'dr&s whi ch
nmore ro

i ncl ude one eroatons such as ni or sulfur in the

ring. The rbR@clEainalldd dgroveor SC3,CBEeH alkiyl g:logbﬁs ﬂwt&éxeéﬂ tolsarfpbwser i ncl ude

oxazolinyl, thiazolinyl, oxazolidinyl, thiazolidinyl, tetrahydrofuranyl,
tetrahyrot hi @lﬂ-m]erﬂibup mor phol i no, t hi onor phol i no, pyrrolidinyl, pi per azi nyl ,

pperi ey, ond, S ahil e Rgh S 3L U Al o8, Rhbpnat ©
preferably 1-4. ’

10 Non-aromatic heterocyclic rings are non-aromatic carbocyclic rings which
include one or more heteroatoms such as nitrogen, oxygen or sulfur in the ring. The
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?,
-0-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(R'R"), -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?,

25 -NH-C(=NR%-NRR"), -NR°H-C(=NH)-NH,, -NR*-C(=NH)-NHR?,
-NR%-C(=NH)-N(R’R?), -NR*-C(=NR%)-NH,, -NR%-C(=NR®)-NHR?,
-NRY-C(=NR°)-N(R’R"), -NHNH,, -NHNHR?, -NHR'R®, -SO,NH,, -SO,NHR?,
-SO,NRR?, -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*-R‘ 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,



benzylic or an aryl group ring carbon (carbocyclic and het erldakpyti)26e t hose
which do _not substantially interfere wwth the anti-cancer activity of the
di scl osed WOMYEUAYs.  Exanpl es of suitable substituents i ndQIES©2E#54hal ogen

(-Br, -d, -1 and -F), -ORa, -O CORa, -CORa, -CN, -NO2, -COOH, -SOBH, - NH21
“NHRa, -N(WR'), -COORa, 20 -CHO, - CONHR, - CONHR3, - CON(RaR), - NHOORW
-NRCOR', - NHCONH21 - NHCONR'H, - NHOON( R) -NR'CONH2, - NR. " CONR' H,
“NR'CON(RaR), -C(=NH)-NH.,, -C(=NH)-NHW -C(=NH)-N(R'R'), - C(=NR~- NH2,

NR ) - NHRa, =N H-
] CN:(H- o ?\IH) N( FN%% ﬁﬁﬁtéﬁi\“ﬁ)‘imrﬁﬁ? H‘NﬁH@( "ﬂé&’ﬁ °T\H§§€’ %Qedl\‘ﬁndmﬁﬁflﬂ\l( r R6) ,
- NRdH- N R g:en-:w 2,
- NRd- C(C( NRH§ B@égcy % Mt%%ﬂ%? %B%Cﬁe HZ% HR:I(-INHRahC “NH A NH2 1
-SC2NH V, S@Wmave-a@lﬂﬂighﬂlc or-s@bﬁwemahphmmm 3 s@&n&@RaA CR' =CRaRb,
-CCR', -SH, d .are each 30

|b ndepfandent : ys‘%%(t?dp?%hﬁﬁc grsoﬁgggx% plse gaveaar RH %%tlcggﬁf%yc 1etB8t 3t u]t ed
oy g oup® 1 SbstRPL bttt Yerc et 18 BEBAD b BN BS08Y1° Rirar

, taken togeth&fsutuq:ahaml group mm&sﬁhﬁaﬁﬁ.lAummnﬂed aliyshatis} ndmarechation- ar omat i ¢
het erocyclic group. A non-aronmtic heteroc | ic group, benzylic group or
aryl group CRGICERPYIICEHED; grbstitterharyt Or 67D gdb@wbaoap |°91hé§‘7€‘cm@%@ﬁnas a
substi tuent. éhe%fﬂ%t‘u%ﬁ'tt ed aliphatic group can al so have a non-aromatic
heterocyclic ting, a

Suitable substituents for heteroaryl ring nitrogen atoms having three covalent

10 bonds to other heteroaryl ring atorus include -OH and -alkoxy (preferably C1-C4).
Substituted heteroaryl ring nitrogen atoms that have three covalent bonds to other
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 salts.

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(0),-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 haloallkyl, 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 pyrirhidﬂ,

25 -N(C1-C4 alkyl),, -C(O)NH,, -C(O)NH(C1-C4 a]lcyi), C(O)N(C1-C4 alkyl),,
-NHC(0)(C1-C4 alkyl) -NO,, C1-C4 alkoxy, -C(0)O-CH,CH,-N(C1-C4 alkyl),,

N— -NH-(phenyl), -NH,,
\\w \/\/(\)\



5 substituted a non-aromatic heterocyclic ring, benzyl, substjd zyI
aryl or ed aryl group as a substituent. A substl g%ég
non- aron§§§§§h%§¥£rocycllc group, substituted aryl, or subﬁ bbnzyl
group can have nore than one substituent. SU|tabIe substituents for
heteroaryl ring nitrogen atons havi ngi1ghree coval ent 10 bonds to ot her
heteroaryl ring atons include -OH and -allcoxy (preferably Cl-C4).
Substituted heteroaryl ring nitrogen atons that have three coval ent bonds to

ot her het er ogHYNHLC(W®)- ©tﬁ@13C@ﬁﬁtyBOSCHéNHL YOt har ge@)-edicetc4 sikhpl anced by

counteranions such as ch bro formate acetate and the Iike.
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to other het e%@;? ?(j( (Ekg @(5, e i ncl ude al kyl, substituted al kyl (including
hal oal kyl ), % stituted phenyl, -S(OZ (alkyl), -S(0),NH(allcyl) and
- S(0) 2- NH&al kyI ) ZPIeEﬁecPB\ﬂfsatLreﬁtt ]%thBigl U,LRm‘gW fuad tHeiphgnA andelyridel rihg - O,
-Br, -Cl-C4 alkyl, Cl1-C4  allcoxy - hal oal kyl , Cl -C4 hal oal koxy - CN
or -NH2. Ri nEenResemiedibanRs ingluge ‘an@ oF Bor@Psu@iﬂm N5 L OBURS),
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\ii 1 \/% andthe phenyl group represented by R, mclude -Cl, -F, -R*, -OR?, -CN, -NH,,
10 -CONH, or -NHCOR', Even more preferred substituents for Ring U, Ring V and the
phenyl group represented by R, include -CH,, -CH,CH,, -F, -Cl, -CN or-OCH,;. 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 saits
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, pyrosuifate,
bisulfate, sulfite, bisulfite, phosphate, monohydrogenphosphate,
dihydrogeﬁphosphate, 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,



R, -NH (phenyl), -NH21 11 April 2006 WO 03/022846 PCT/dsqIfZ&"{}iﬁzgokz
-CH2ZNH-C(O -0 (A -4 al kyl), -CH2NH2, -d, -F, -C(O-0(d-C4 alkyl),

-C(0) - N (@16 G302aBdoyl ), C3-C7 cycl oal kyl, phenyl, -C(O - N nmecuimgdozine;s4
-S-(Ad-c4 allceyl), -CN, furyl, -S(O2-(CLl-C4 alkyl), -S(0)2NH2, -S(0)Z
NH(CL-C4 allcyl) or -S(OZ N(C1-C4 alkyl),. 5 Preferred substituents for
Ring U Rng V and the phenyl and pyri‘él ring represented by R3 include
-Br, -d, -F, -R -OR -CN, -COOR, -N(R 2, -CON(R) 2, -NR CORE, -NHCONH, and
-S2 N(R)2. Each R and Rf are independently selected from-H, allcyl or
substituted afmefhylbauspatepdiniteobeegpatn, bydrpxyhenzaeats, sretiprpenzoas, phthalatend t he
phenyl group represented by.R3 include -G . -FE -R_-OR, - -NH2, 10
oot o - e R e e Y B S P R PR R A5 and
the phenyl of@upe, ", Rytreh Yy, s196d14te Srartfah methdi®Gifonatd,, -4, -CN
or-OCH3. Ring U, ng V and the phenyl and pyridyl ring represented by R3
“can have zer opropaeesoHonatey mpbihiatne-tesulfonatoutaphthelene f-sulfonkie, masdélste, aud ed or
nonosubsti%ut'eig ubstituted. Wien Ring U R ng V and R3 are a si x-nmenbered
aromatic rt ngt Ae15 nonosubsti t ut ed, the substituent is preferably at the

position para to tge.Caifipsh &ﬁ@%clﬁ’&é‘tﬂ@% &eﬁv&&‘ﬁoﬁ?ihpf’%aﬁﬁeoa‘%éﬂg?h 44 so

I ncluded in the present I nvention are pharnaceutlca acceptable salts of
t he conpoundsamiamaiinedalkeli e alkalisngotndstathriedKidad cliborites, bivachorpessess a
e oY 2t e S A ST D50 e B8 O LTSS o 2985,
accordingly an preparing
sodium hydroxide, potassium hydroxide, ammonium hydroxide, potassinm
10 carbonate, and the like.

The disclosed compounds can be used to treat subjects with cancer, including
multi-drug resistant cancers. A cancer is resistant to a drug when it resumes a normal
rate of tumor growth while undergoing 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 w1;th 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?.



20 can react with any of a nunber of organic or inorganic baqgﬁs 1Fﬂ06

I norganic and organic acids, to forma salt. Acids conmmonly _enptoye
form aci dWAdH®PYA salts from conpounds with basic groupspﬁTQSPﬁéﬂgénlc
aci ds such as hydrochloric acid, hydrobrom c acid, hydroiodic acid,

sul furic acid, phosphoric acid, and the,like, and organic acids such as
p- toluenesulfonlc aci d, nethanesulfonlc acid, oxalic acid, p 25

br onophenyl - sul foni c aC|d carboni c acid, succi ni ¢ acid, citric acid,
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chl oride, brom tate ropi onate, decdnoate, caprylate,

acrylate, for adhidistiatiohl Pyreateesl adaymistedton caf invdypden faretxampy, eyitahidt e,
oxal ate, mal onate, succinate, suberate, sebacate, funmarate, nmleate,

but yne- 1, 4- di A&MEIStRERD.BICh agby indmuscat, eV enoush s UCERaRMSate, 11 Apri |

nyar oxybend oaP b O RESRe EUat 2 pRERG R e e 1 Dbl d BARDIRRC.

phenyl acet at edletah@ntdpwamPI Wﬂh@lau@h ey Atrbdroatidal, Gitkanas, oral iakskatien or
ganmma- hydr oxybut yrat e, colate, tartrate, net hanesul f onat e,

propanesul f.0 nmna%hmhh Démtaﬂlys@ﬁpﬁ@diag en thﬁa‘bfh@ REcEer ©-ba frdatatht @ral or
mandel ate, and Base ad i ti.on s. include those derived from
i nor gani ¢ basB&™ E{S{fiﬁ E%WB gl“&?ﬁf t?dxaﬁng(s&{a] B earth netal
hydroxi des, car bon?h@ﬁlscf%é‘c%&mhﬁ§can iniiRtdre KRy th§§ﬁl5]e&%%§nj-ﬁ%€fléﬁ in

preparing the salts of this invention thus include sodidm hydr oxi d
pot assi uml by dwith iad ecceptabbephammhyaitiox] cherieras pars oif apharmaceutical compos1t1on

for treatment of cancer. Formulation of the compound to be administered will 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, Mitomyciﬁ 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



10 carbonate, and the like. The disclosed conpounds can be Ukaprid09¢ eat
subjects w tg cancer, including nulti-drug resistant cancers. A cancer is
resistant 0?80 when it resumes a normal rate of tunor BEEMSAZEHSKe
undergoing treatnent with the drug after the tunor had initially responded
to the drug. A tunor "responds to a dru_q"_v\,hen it exhibits a 15 decrease in
tunor mass or a decrease in the rate of éum)r gromh. The term"nulti- drug
resi stant cancer" refers to cancer that is resistant to two or nore drugs,
typically five o re. An "effective amount” is the quantity of comgound
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appropri ate dosages depending on these and other factors. Effective anounts
of the discl os§§hf‘é’éﬁ1bounds typically range between about | ng/mi per 30 day

and about 10 grans/m2 per day, and preferably between 10 ny/ per day
and about 5 grams/m2. 11 April 2006 ,03/ 022846 PCT/ US02/ 49454
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(15)
The htemediate represented by Structural Formula (fa) 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, Cu(triflate) 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 comxﬁon 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 than
a 50% molar excess. Suitable solvents for this reaction include polar aprotic solventé
such as dimethylacetamide (DMA), dimethylformamide (DMF), dimethylsulfoxide
(DMSO), hexamethylphosphorainide (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 ﬁle solvent, preferably between 100° C and 160° C and more
preferably between 120° and 140° C. A tertiary amine is typically added to the



-14 The di scl osed conmpounds are adm ni stered by any suitabl emqq;lel,zoos

I ncl udi ng, nple, orally in capsules, suspensions or & r by
par ent eralwoé{g{%zﬁ{igt ration. Parenteral adm nistration can i ncI udﬁ) 5an

exanpl e, systemic admnistration, such as by intramuscul ar, intravenous,
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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 zerz-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- glyoxylfindoli_zines according to the Scheme

20 1 is completed by reacting the acylated intermediate with amine HNR R,, 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 o f 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 Examiple 3.

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

intermediates represented by Structural Formula (Ia). In Scheme 2, an intermediate



cancer agents such as Taxol, Vincristine, Adrianycin, Etoposl deril2006
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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.



N CuCl TEND MA X R X X R The internmedi ate represented bylls‘éﬂﬁtzﬂﬁ I
Formul a ( i s prepared by 10 cyclizing the precursor conpound™represented
by Struct ra?“""fga@r?ul a (1). The cyclization reaction is car PUBIHIH t he
presence of a Cul salt such as Cul, CuBr, CuCl, Cu(triflate) and the I|ike.
CuCl is the nost commonly used Cu' saljg. Typically, equinolar anmounts of
the Cu, salt and the precursor conpound are used. However, it 1is also
comon to use an excess of the Cu' salt, for exanple up to a five fold nolar
15 excess, nng(g%?%% nly up to a three fold nolar excess, and preferably no
nore than a o Mol ar excess. Suitable solvents for this reaction include’
pol ar aprotic solvents such as di | acet am de (DMvB), dinethylformam de
(DMF), dinethyl sul foxide (DMSO), h lx.a t hyl phosphor at ni de (HM PA) and

N-met hyl pyrol I'i di none (NMO). The realtion is typically carried out at

el evat ed t enpge e. g.Pyridiet ween C and-8Gné¢-Bondoi | i ng point of the
sol vent, prefera beyweermr—1000® C and (180 C armd—Tore preferably between
120 and 140 C. A tertgrary amne is ty |1y igdded to the 11 April 2006 WO

03/ 022846 PCT/ USU2/ 291>-1 -16
(10)

CN ‘
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o cN o CN
(12) (13)
S~N
o HNMCH
N = 1. Oxalyl Chloride 3
2. 5-Amino-3- N7
CN Methyisothiazole
CN

(14) ()

In Schefné 3, “p-TSA” refers to para-toluenesulfonic acid”; “NaCNBH," refers to
sodium cyanoborohydride; and “TMS-CI” refers to chlorotrimethylsilane. Although
5 the reactions in Scheme 3 are described with respect to preparing Cofnpound ),
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-y1)-N-(3-methyl-
isothiazol-5-yl)-2-0xo-acetamide By the Method of Scheme 3



reaction mxture as a co-solvent, typically in amunts betweenApriQoead 4: 1
viv relative to the polar aprotic solvent, nore typically between 1:10 and
1:1 viv. YRAMILWBI6 of suitable tertiary am nes include tri ePGEHUSEIRNES

di i sopropyl et hyl am ne, dinethylaniline, dinethylanvnopyridine and the |ike.
Triethylamne is nost 5 comonly used.-gpecific exanpl es of conditions used
to carry out this reaction are providé in Exanple 3. The next step in the
synt hesis of the disclosed 1-,glyoxyllindolizines according to the Schene
is the acylation of the intermediate represgnted by Structural Formula (Ia)
with oxalyl chloride or a synthetic eguivalfent thereof (e.g., 10 oxalyl

brom de). Al though equi nol ar ambunts RNgterqredi ate and acyl ating agents can
be used, typically the acylating agent /i » i ess, for exanple, up to
a twenty fold nolar excess, : n fogd nol ar excess and
nore preferably up to a thre eal solvents (e.g.,
di ethyl ether, tetrahydrofura i glyme and net hyl
tert-butyl ethyl) and aromati &X§ e, toluene and

xyl ene) are comonly used. Suitable regction tenperatures range from-50 C
to the boiling point of the solvent ang nore typically range from- 100 - C
ftween -10 Cto 100 C. Specific

put this reaction are provided in
Exanpl e 3. The synthesis of the sed 1- gl yoxyl.indolizines according
to the Scheme 20 1 is conpleted /%acting the acylated internediate with
am ne HNR R2, wherein Rt and BZ aré as descri bed above. The acyl ated
intermedi ate and the amine ar® nixed in a suitable solvent, e.g., an

et hereal solvent or aromatic solvent. Suitable reaction tenperatures are as

descri bed above forTahsoluiien ef4-oyrnophenarydbromide{dis. Rng, 28x%wwlbin one
reactant can Be UREA {idhitrildBob%d) ¥&hdi%h ByiBhE s S XG5 %8)3 miRiPat room

temperature. The mixture was stirred for 30 minutes. The precipitate was filtrated,

exanpl es of conditions used to

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%). 'H NMR
(DMSO-d;) & 6.56 (s, 2H), 8.21 (m, 6H), 8.76 (t, /= 7.8, 1H), 9.03 (d, /= 6.6, 2H).

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 -acetyl-3-(4-cyanobenzoyl)indolizine (12) as a yellow solid (2.55
grams, 72%). 'H NMR (CDCl,) & 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, J= 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



25 typically between a 20% nol ar and 100% nol ar excess. \Wen {©ggyif Hgjy t Wo
equi valents of amne I{ R R2 are used, a tertiary am ne such as

triethyl IHP A¥OBB46 di net hyl ani nopyri dine is general |y addedPSHUBHAIY1at | east
two equivalents of amne are present in the reaction mxture relative to
the acylated internediate. Specific anpl es of conditions used to carry
out this reaction are provided in Exa%l'e 3. 30 Schene 2, shown bel ow, shows
a second nethod for preparing certain internedi ates represented by

Structural Fornula (la)., | chene 2,_.an_jnternediate 11 ril 2006 WO
05/ 090640 POAPd Sgatebiith olhyh SUE (s03RLL 156 oy drfere o (A anrEEont
repared fro i et : ] ' r I ively,
8 i rrgt hyl f or ng%mg%%%dlia“%ﬁeﬁtggl?tyéﬁ gggtégﬁnﬁi %?Igwc}?}eég%?itﬁno';?’set%%sa%%?g%ﬁdl m)rg

fully in co- pexatiehaffotdsd 3Rreosiandteenadylingdd lizim (18 haealight yedlow' diidh(d@d 2f or

Preparing 3-Acyl -1 ndol]jzines, " (Attorney Docket No. 3211.1007-000), 5 filed
on Sept enber gians, 3660, H NMRLE 3)@&%@1{%&:61‘8, WH)chO4fteJi e Ss pEDaf-28 her ei n

D 1R 1 £ . .7 AL H SR U Y SR AR B
pi colim CN CsM9@alcd (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 résidue, 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 .% yield). '"H NMR (CDCl,) & 4.09
(s, 2H), 6.36 (m, 2H), 6.56 (m, 2H), 7.15 (d, /= 8.4, 2H), 7.32 (d, J = 9.3, 1H), 7.45
(m, 3H). ESMS calcd (C,(H,,N,): 232.1; found: 233.1 (M+H)".

A solution of oxalyl chloride (1.13 mL, 12.9 mmol) in 40 mIL of anhydrous
ethyl ether was cooled in an ice-bath, followed 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-y1)-N-(3-methyl-isothiazol-5-
yl)-2-oxo-acetamide (1). 'H NMR (CDCl,) 6 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:



(101) ax,-THF (102) 10 Al though the reactions in Scheme 2 g
respect to preparing a conpound in which the position corr

L

Hooge W th
nding to R3 .

in Struct w@hsfaggul as (1) and (la) is para- cyano phenyl, gofpQysss th
ot her values for R3 can be prepared by a suitable selection of starting
materials and conditions. Schenme 3, shown bel ow, shows a third nethod for
preparing certain 15 conpounds represermied by Structural Formula (la).
Specific conditions for carrying out these transformation are provided in
Exanple 1. WD 03/022846 -18 Schene 3 NC Pyridine KO 3-Butyne-2-0One Br K2C03

(10) (12) (14)39§I}I(Mj{_ﬁ))_ p=TSA Et hyl ene gl ycol

Example 2  Preparation of Other 1- Glyoxylamide Indolizines according to the

Method of Scheme 3

The 1- glyoxylindolizines shown below were prepared using the methods

5 described in Example 1. Analytical data for each compound is provided.

Compound (2)

'H NMR (CDCL,) 8 4.22 (s, 2H), 6.78 (s, LH), 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, 1H).

10 ESMS caled (C;,H,4CIN;0,S): 409.1; found: 410.1 (M+H)".

Compound (3)

OHN /l

0 N
T N

U NZ

&

'H NMR (CDCL,)  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, 1H). ESMS calcd

' (CyH,,CIN,O,): 439.1; found: 440.1 (M-+H)".



(13) 1. Oxalyl Chloride 2. 5-Amno-3- CN thhyisothiazole (1h1%4pf¥560k 2006
PCT/ US02129154 CN NaCNBH3 TMS-Cl In Schene 3, "p-TSA" refers

par a- t ol UXRYSAFIBMi ¢ aci d”; "NaCNBH3" refers to sodlun1cy%ﬁ5%@9%h96+|de
and "TM5-Cl " refers to chlorotrinethylsilane. A though 5 the reactions in
Schenme 3 are described with respectixﬁfweparlng Compound (1), other

i ndol i zi ne conpounds of the present invention can be readily prepared by
suitable selection of the starting materials and reaction conditions. The
present invention is illustrated by t e foll?ang exanpl es, which are not
intended to be limting in any way. | CATION Exanple 1
Preparation of 2- (3 (4-cyan- benzyl)-lndqi|2|n}ﬂ Yyl )a N-( 3- net hyl

i sot hi azol -5-yl)-2-o0x0-acetam de By the t hgi\ Ge 3 11 April 2006 WO
03/ 022846 -19 NH /

NG

'H NMR (CDCl,) & 2.50 (s, 3H), 4.30 (s, 2H), 6.81 (s, 1H), 7.2-7.4 (m, 3H), 7.6-7.7
(m, 3H), 8.20 (s, 1H), 8.62 (m, 1H), 10.36 (s, 1H) ppm; ESMS calcd
5 (Cp,H,;FN,0,S): 418.09; found: 419.1 (M+H)".

Compound (5)

o HN

~
<
@) N
= N

U N-/

CN
'H NMR (CDCLy) 6 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 calcd (C,HgN,0,): 430.1; found: 431.1 (M+H)*.

Compound (6)

'H NMR (CDCL,) 6 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, 1F); ESMS calcd



PCT/ US02/ 29154 To a solution of 4-cyanophenacyl bromi de (10) 1{Af# 200622. 2
nmml ) in anhydrous acetonitrile (300 nL) was added pyridine (3.6 nL, 45.3
mol ) at V&I 02e&fperature. The mixture was stirred for 30PATABOZ2915The
precipitate was filtrated, 5 washed with acetonitrile (20 nL) and dried
under vacuumto give 1-(2-(4-cyano- tk%nyl ) - 2-oxo0-et hyl ) -pyridinium brom de
(11) as a white powder (100% . 1H NVMR“°(DM5O-d6) S 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 et hyl ridjniumbromde (11) (4.04 grans,
13.2 ol ) ar(@vx%i%éiﬁhnﬁ:%f%mﬁ{a@&& lgr ains, 16.0 mmol) in 10
tetrahydrofuran (250 nm.) was stirred at roomtenperature for 10 mnutes. To
it was added 3-butyn-2-one (1.4 nL, 16.0 nmol), and the reaction m xture
was kept stirring at room tenperat urGppgiun@ (purs. The insoluble materi al
was filtered off and the filtrate was concentrated in vacuo. The residue
“was subjected to columm chromat ographic pur$fhMcaiton on silica gel using
3:1 hexane and ethyl acetate (Rf 15 0. 2)Hnoaf g‘

1- acetyl - 3- (4- cyanobenzoyl )i ndoli zin d) as a {f Blow solid (2.55 grans,
72% . 1H NMR (CDC13) 6 2.56 (s, 723dm 1H), 7.62 (m 2H), 7.90 (m
4H), 8.72 (d, J= 9.0, 1H), 10.02 , 6.6, 1H); ESMS cal cd (Cl8H12N202):
288.1;, found: 289.1 (MtH)*. A s@luiN.ofi of
1-acetyl - 3- (4-cyanobenzoyl )i ndoli Zine |(12) (1.56 grams, 5.69 20 mmol),

ethyl ene glycol (1 nmL), and p-tol ueness ic acid (2.16 grans, 11.38 mol)
in benzene (150 nL) was refluxed for 3 The reaction m xture was
cooled to roomtenperature, neutralized fsat ur at ed sodi um bi car bonat e

sol ution 11 ARMARZQESCL Y620 QZAPAG R/ APSFI2RLIA), 6.98 (m, 3H), 7.18 (m,
5 2H),7.41 (m, 1H), 7.84 (m, 1H), 8.16 (s.1H), 8.62 (m, 1H), 10.20 (s, 1H); ESMS
calcd (C,,H,FN;0,9): 393; found: 394 (M+H)*.

Compound (8)
S—N

o HN’@\CH

o)

3

= N
N7

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 calcd (C,,H;;N,;0,S): 405; found: 406 (M+H)".



-20 and extracted with ethyl acetate (3x50 nL). The conbi ned iﬁx>;ﬁ2
concentrated _in vacuo. Purification by flash colum chromato
et hyl acevgl%VQﬁ&mhexane) af forded 3-(4- cyanobenzoyl )i ndol P& ‘?@gyﬂas a
light yellow solid (1.12 grams, 80%. 'H NWVR (CDC13) 8 6.56 (d, J = 4.8,
1H), 7.04 (t, J =6.9, 1H), 7.28 5 (my2H, 7.61 (d, J= 9.0, 1H), 7.78 (m
21.1), 7.89 (m 2H), 9.98 (d, J = 7.2,71H). ESMS calcd (CL6HLON202): 246. 1,
found: 247.1 (1'.4+H)*. Sodlun1cyanoborohydride (0.32 grans, 5.06 nmol) was
added in portions to an acetonltrlle 15 nhégfolution of
3- (4- cyanobenzoyl )i ndoli zi ne (13) (0 0.84 mml) and
chlorotrinethylsilanen (0.65 nL, 5.06 nnDI) sogled in an ice-bath. 10 The
reaction mxture was stirred at roomte La%gﬁg for 4 hours. It was then
guenched wi th aqueous sodi um bi carborm@t € jsol Bt1 O@Hz;extracted with et hyl
acetate (3 x 25 nL). The conbi ned or gy G- | ayers werewashed with water,
dried over sodium sulfate and cog
resi due, which was applied to thg
ethyl acetate in hexane (Rf0.3)
(14) (0.11 grans, 56 %yield). 'H NW
2H), 6.56 (m 2H), 7.15 (d, J= 8.4, 2H), B2 (d, J =9.3, 1H), 7.45 (m
3H). ESMS cal cd (Cl6H12N2): 232.1; found 3 (MtH) *. A sol ution of oxalyl
chloride (1.13 nm, 12.9 mmwol) in 40 nL of an rous ethyl ether was cool ed
in an ice-bath followed by t he addition of 4 20 cyanobenz I%indolizine

b

(14) (1.04 ngM(@CMHMmﬁ Hh$134dsnddD), (517 (L)), $RRS8 (k. d BAdmri xture

A i e e o )

di ssol ved 5 n 1716 (6AH)TESMICais@ RESH, NROS): 0. 55 BThdsod-mawts) ot hi azol e in

ated in vacuo to give an oily

»h col unm chronmat ography using 10%
ord 3 15 (4-cyanobenzyl)indoli zine
CDC13) S 4.09 (s, 211), 6.36 (m

Compound (10)
S

o HN—&J‘“\

O
7 N

s N~

Cl

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

10 Caled (C,,H,,CIN,O,S): 423.08, found 424.0 (M-+H)*.

Compound (11)

o I

O
"

s N~

Cl



(10 m) was added slowy. The mixture was stirred at ambient1f appgnedére 25
overni ght. The reaction m xture was quenched with water and extracted with
ethyl ~“acSYQP¥2ZK% or concentration in. vacuo, the crude prEFUEIO2RAL
purified through flash colum chromatography with 1:1 ethyl acetate and

di chl oronmet hane (RfF0.3) to give 1.35 geans (78% of

2- (3-(4-cyanobenzyl)-indolizin-1-yl)- N-%3- nmet hyl -1 sot hi azol - 5-
yl)-2-oxo-acetamde (1). "H NVMR (CDC13) 8 2.47 (s, 3H), 4.34 (s, 2H), 6.78

(s, 1H), 30 69 o\ of : ( = 4 : , J =
6o, 11 7. sseDRiBRus 2 d5 o B hog s Megiso b, s 980, BAE 7 g
(C22HI6NA02S) E0R73 (4, ereloo el 1A 8 ks ROOH) WO AROPARAEIICTIURD2/ 20154 - 21
399.1 (M M4. Exanpl e Preparati on of her 1- yoxyl am de | ndoli zi nes

according to (GgH, ENKS):ci2388 fmmd3H2FWeM+H)j| yoxyl i ndol i zi nes shown bel ow
were prepared using the nethods 5 described in Exanple 1. Analytical data
for each conpound is provided. Conpound (2) SN HN\ 1 CH3 CI '"H NWR

(CDC13) 8 4.22 (s, 2H), 6.78 (s, 1H & QBramizlll), 7.13 (d, J=8.1 Hz, 2H),
7.26 (m 2H), 7.41 (ru, 1H), 7.84 (dd; 1@1?‘,“ .15 (s, 1H), 8.65 (dd, 1H),
10.21 (s, 1H). 10 ESMS cal cd (C21HL6CLN302S): 809.1; found: 410.1 (MH)'.
"HNMR (CDC13) S 4.22 (s, 2H), 6.92 (m 61-1-9\1‘@(”] 5H), 7.84 (m 2H),
8.13 (m

O
C N

!\ N
l Cl

'H NMR (CDCl,) 8 2.56 (s, 3H), 4.73 (s, 1H), 6.81 (s, 1H), 7.15 (d, 2H), 7.27 (d,
2H), 7.45 (m, 2H), 7.65 (d, 1H), 7.83 (m, 1H), 8.06 (s, 1H), 8.19 (m, 1H), 8.65 (d,
1H), 10.30 (s, 1H); ESMS Calcd (C,;H,;CIN,0,S): 459.08, found 460.0 (M+H)".

Compound (13)

10 'Cl

'H NMR (CDCL) 6 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, 1H), 8.38 (m, 2H), 8.83 (s, 1H), 10.68 (s, 1H); ESMS Caled
(Cp:H,,CIN,O,): 432.10, found: 433.1 (M+H)".



15 2H), 8.57 (s, 11-1), 8.67 (d, J=9.0 Hz, 111), 8.85 (s A% 12008 1H).
ESM5 cal cfoldG/@5dpC N3O2) : 439.1; found: 440 1 (MH)' @eidg ?154

03/ 022846 PCT/ US02/ 29154 -22 Conpound (4) 'H NWR (CDC13)

4.30 (s, 2H), 6.81 (s, 1H), 7.2-7.4 (m 3H), 7.6-7.7 (m 3H), 820(s 1H),
8.62 (m 1H), 10.36 (s, 1H) ppm ESMS2@al cd 5 (CC22Ht 5FN4028) 418. 09;
found: 419.1 (M+tH)+. Conpound (5) CN "H NWR (CDC13) 8 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 cal cd
(C27H18N402): 430.1; found: 431.1 (MtH)*. Conpound (6) S N HN 'H NWR
(CDC13) 8 2.40 (s, 3H), 4.23 (s, 2 Hyompogud(@4) 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); ESM5 '
calcd 11 April 2006 WD 03/022846 PCT/ US02/29154 r;:l% (CY1Ht 7N302S): 375;
found: 376 (M+H)+. Conpound (7) N

"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, J=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, J=9.1Hz, 1H), 9.46 (s, 1 H) ppm; ESMS calcd (C,3H,(N;O,): 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, 6ED),
8.40 (m, 2H), 10.82 (s, 1H) ppm; ESMS caled (Cy,H,N,0,): 422.14; found: 423.2

(MHH)™.



SN HN\ , CH3 F'HNM (CDC13) S 2.40 (s, 3H), 4.22 (s, 2 Hy AGril 70065

1H), 6.98 (m 3H), 7.18 (m 5 2H), 7.41 (m 1H), 7.84 (m 1H), 8.16 (s.1H),
8.62 (m-1WAPH0228% 20 (s, 1H); ESMS cal ed (C21HLGFN302S): PRROBUSRE9n®: 394
(MrH) ' . Conpound (8) S N HN\ CH3 Ove 10 'H NMR (CDCL3) S 2.40 (s, 3H),
3.78 (s, 3H),.4.20 (s, 2 H), 6.77 (s, , 6.81(m 2H), 6.92 (m 1H), 7.13
(m 2H), 7.40 (m 1H), 7.87 (m 1H), 84 (s, 1H), 8.62 (m I|H), 10.46 (s,
1H); ESMS cal cd (C, 2HI9N303S): 405; found: 406 (MtH)'. 11 April 2006 WO
03/ 022846 PCT/ US02/ 291 S4 -24 Conpound (9) ?—N HN 1 CH3 CN 'H NWR ( CDC13)
8 2.47 (s, 311), 4.34 (s, 2H), 6.78 (omppppd (Mog (m 1H), 7.31 (m 311),
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 cal cd (C22HI6NAQ, S): 400.1; found: 399.1 (MH).
Compound (10)

"HNMR (CDCL,) 8 4.36 (s, 2H), 6.95 (t, J=3.8Hz, 1H), 7.3 - 7.5 (m, 3 H), 7.6-7.7
(m, 4H), 7.80 (d, J=3.9Hz, 1H), 8.05 (s, 1H), 8.5-8.7 (m, 3H), 9.60 (s, 1H) ppm;
5 ESMS caled (Cp3H (N,0,): 380.13; found: 381.1 (M+H)".

Compound (17)

'H NMR (CDCLy) 8 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, I1H) ppm; ESMS
10 caled (C,,H,,FN,0,S): 418.09; found: 419.1 (M+H)".

Compound (18)
S=N

o HNMCH

)

3

//
N

0
CN



S. - HN—<S 13 NNR(CDC13) 8 2.49 (s, 3H), 2.77 (s, 313), 244 ( nlzzth 6. 75
(s, 1H), g 7.11 (m 3H), 7.26 (d, 2H), 767(d fﬁﬁ 81
1H), 10. 321/0(%*/02 *va ESI\/B 10 Cal cd (C22H18CIN3(RS): 423. 08PC1TdLS|ﬂZVMJZ4 0

( Mt Conpound (11) 11 April2006 WO 03/022846 -25 PCT/ US02/29154 ' H NVR

(CDC13) 6 2.45 (s, 6H), 4.20 (s, 2H), 80 (m 2H), 7.13 (d, 2H), 7.27 (d,
2H), 7.72 (d, 1H), 8.09 (s, 1H), 8.45™(s, 1H), 10.68 (s, 1H): ESMS Cal ed
(C22H88CLN3ORS) : 423.08, found 424.0 (I\/H—I)'. Conmpound (12) S 5 'H NWVR
CDC13) 6 2. 4.7 , , 8 , 2H)., 7. d
S 4e (m5ﬁéﬁ§mé5%§1 3 6%AR 15 et 5{&577%*%161@%#& YT RgE Ay
8.65 (d | 5 2 - d
750.0 Chery g $0.030s 20 8 FPNE TR U R RE R R R0.07 03 9891%3?”%
7.42 (d, 2H) 1H), 8122 &, 1zﬂ)Esmsoal¢ds(csz4038) 1484(1d,f01ﬂdd) A18.17M+H)". 1H), 8. 38
(m 2H), 8.83 (s, 1H), 10.68 (s, 1H); ESMS Calcd (C23H,' 7CIN403): 432. 10,
found: 433.1 (M+H) +.

Compound (19)

0 QL
)

"H NMR (CDCl,) 6 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 caled (CyH,(N,O,): 458.20; found: 459.1

M+1)+.

NC

10 Example 3 Preparation of 4-I.ndolizin—3-yl)-Benzbnitrile by the Method Shown in

Scheme 1
= =
. P -
CH, PraNHBULIDMPUTTHF O/\// Br” N = N
f ] Pd(PPhy);Cly, Cul
NC Bf/\ NC ( 3)2 2, NC
' TEA THF
CucCl
TEA/DMA
N
N7

NG

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



WO 03/ 022846 -26 Compound (14) 11 April 2006 PCT/ US029%29151 11H MR d0EDC! 3)
8 1.45 (t, J=7.2Hz, 3H), 4.18 (q, J=7.2Hz, 2H), 4.35 (s, 211), 6.78 (s,
1H), 7. ooWQ‘Wt‘P&'“ , 111), 7.35 (AB, J-7.8Hz, 2H), 7.40 PCI/USBZ29HA 1H),
7.55 5 (d, J=1.5Hz, IH), 7.62 (AB, J-7.8Hz, 2H), 7.82 (d, J=5.0Hz, 111),
8.15 (s, 1H), 8.65 (d, J=9.1Hz, 1H), 46 (s, I H ppm ESMs cal cd

(C23H, N6C2) : 397.15; found: 398.1 (M#H)'. Compound (15) 0 H 10 : 'H NMR
(DVMSO-d6) 6 4.45 (s, 2H), 7.15 (m 1 H, 7.55 (m 3H), 7.8-8.0 (m 6H),

8. 40 2 5 A22 14 f d:
423. 2( m( MHI:?) +—';31?8 @Wu@&e%‘%géﬁ 6% “&9]}??15(8% % ) US02/ 29154
,'7H A NQ/R7( CDCl% Hx)ﬁné’s %ﬁﬂa(ﬂ? u_&éﬁ%al t@ﬂ?éraﬁfre m?:rt%sﬁ@%o —éég THe l%suluﬁg?nﬁm:e?’ H).,
(s, 1H) ppm WaEivRedcat mmbth@mnﬁmma) —mxmmzrtﬁ(o'am, (B&Ilmbl)(%d—hdded to
Conpound (17)

60

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,CI 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 Iayer
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, /=7.2 Hz, 2H); 2.51 (m, 2H); 1.99 (t, J/<2.7 Hz, 1H).

ESMS calcd. (C,HyN): 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 mL of THF, followed by the
successive addition of triethylamine (TEA) (250 mL, 1:1 TEA/THF), bromopyridine
(33.3 mL, 0.35 mol), Pd (pph;),Cl, (4.47 g, 6.0 mmol), and Cul (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



©+10.42 (s

OH H NWR (CDC13) 6 2.46 (s, 3H), 4.34 (S, 2H), , 6.79 (s, Jllj)Ap,&}lﬁﬁm(m
111), 7.05»&% LK., 7.31 (AB, J=8. |Hz, 2H), 7.6 (m 3H), 8,14 (s, 111)

HPHESMS 10 cal cd (C2VHLSFNA02S) : 418. 09: fohﬁB’USﬂzll@liJ
(M-H)' . Conpound (18) SN HN\ | CHs CN WD 03/022846 -28 11 April 2006
PCT/ US02/ 293 54 “H NMR (CDC13) 6 6.82 (55. 1H), 7.36 (m 2H), 7.77 (m 1H),
7.89 (d, J=7.8 Hz, 2H), 7.95 (d, J= 9 0 Hz, 2H), 8.77 (d, J=9.6 Hz, 1H),
8.58 (s, 1H), 10.07 (d, J=6.9 Hz, 10.22 (s, 1H). ESMS cal cd

| 61, Jo7. ot P00 the Chi 0159%5’%%86 R ftep Wi wplls [ it ©
3.9-4.3(m 8H) n@(?@fﬁL} dmftdriéovet Shdiurh stlfate, /BftéPa siltble Bltihioh to tethove
8.62(d, J=8.1Hz, 111) ppm ESNB calcd (C26H26NA04): 458. 20; found: 459. 1

(Mr1) +. 10 Examplceta&sPresnhmabmdadrynfg agemsmrmczmtratﬁmyh)vaammw oil whigh t he
Met hod Shown iin Schene 1 CH3 | Pr 2NHBul VDVPU/ THF
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, J/=6.9 Hz, 2H); 2.75 (t, /=6.9 Hz, 2H). ESMS

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

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

10 to aN, 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 sdlutioh. 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, /=9.0 Hz, 1H); 7.23
(d, /~1.8 Hz, 2H); 6.64 (m, 2H), 6.44 (m, 2H); 4.27 (s, 2H). ESMS calcd.

25 (CH,N,): 232.1; found: 233.1 (M+H)".

Example 4  Preparation of Other Indolizine Intermediates for the Synthesis of 1-
Glyoxylamide 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



NCB Bra NC | Br- -N Pd(PPh3(3CIZ Cul TEA/ 1HF NC CuCl  TEA Diyf Apriirdoed 1L of
t hree- neck round-bottom flask was flushed with N2, connected to a N2 inlet
and equi pp¥® %A RE+4 t her noneter. 300 nL of anhydrous THE (APETIUS§Y/29158 62 i
(0.44 nol) of N, N-diisopropylam ne were added to the flask and cooled to 11
April 2006 WO 03/022846 PCT/ US02/29154,,-29 -78 C (30 minutes). n-BuLi (122
m, 3.6 M 0.44 nol) was added wi thin " mnutes, with the internal
tenperature increasing to -65C. The resulting m xture was stirred for

anot her 30 m nutes at.-78C. EIVPU (53 nmL, 0.44 nol) was added to the above
solution in of8MBEHE} Providedr esul ting mixture was then stirred at -78 C 5
for one hour. p-Tolunitrile (48 nm., 0.40 nol) was diluted in 20 niL of THE
and added slowy to the above m xture via syringe over 25 mnutes, with the
tenperature below -70 C. The reacti datefinsdidteq(1Vas kept stirring at -78 C
for 40 mnutes. The reaction becanme yetlow sh red. Propargyl brom de (80%
Aldrich, 22 nL, 0.2 nol) was attadoliies-BoxniBanzenitidea syringe. The

reaction rri5><ture turned light yello 10 which was kept stirring at -78C for
1.5 h. The reaction was then vvarms@ - 40 :
N

o
CN

'f NMR (CDCL):  (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

72—
N

N
d \©\CN

'H NMR (CDCl,): 8 (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;sH;;N,0): 247.1; found: 248.1 (M+H)".

Intermediate (3)
15 4-(1-Indolizin-3-yl-Ethyl)-Benzonitrile

N
s N~

i

NC

CHs

'H-NMR (CDCL) & (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 (q, J=6.7
Hz, 1H), 1.88 (d, /=6.7 Hz, 3H); ESMS clcd for C,;H,, : 246.12; Found: 247.1

20 (M+H).



C 100 niL of saturated NH4AC was added, followed by the addji Ag;,sﬂqi)o@oo mL
wat er ., )i/ﬁfzsﬁt' rring for 10 minutes at roomterrperature
et hyl acet V&S added and the mixture was transferred tof /é‘@ﬂ%{?%&éry
funnel . The or ganic layer was separated and the aqueous | ayer was extracted
with 50 nL of ethyl acetate 15 tw ce. _Ihe conbined organic |ayers were
washed with water (30 nmL) and brine (30 nL), dried over sodiumsulfate, and
sinple filtration gave a clear |ight yellow" solution, which was
concentrated in vacuo to give an oil reS| ch?t ()#n ch was cooled to OC. A
solid formed and was filtered and wa SHH?’M R ept ane, which gave 28.64 ¢
(92 %yield) of 4-but-3- yw{a mﬂmnhdduzluﬁs YIHleHMﬁ)B iteS (ppm 7.60 (m
20 2H); 7.36 (m 2H), 2.90 Hz, m2H) 1.99 (t, J=2.7
Hz, 1H). ESMS calcd. (C'HON): 155 1 fo ; 6 1 (MtH) ' . The obt ai ned
product was used for next step vvithout purifi cati on. Adried 1L of
t hree- neck round-bottom flask was fl§y N2, connected to a N2 inlet,
equi pped with a thernometer and a nagnetic stifrer. 4-But-3-ynyl 25
benzonitrile (49.38 g, 0.32 nol) was disso in 250 nmL of THF, followed by
the successive addition oftriethylam ne (250 nL, 1:1 TEA/ THF),
bromopyridine (33.3 nL, 0.35 nol), Pd (p 2Cl12 (4.47 g, 6.0 mol ), and
Cul (1.21 g, 6.0 mml). The reaction mMeture was heated up to 65C and kept
stirring at that tenperature. During the heating, it turned dark brown.
After 2 h, tHg NME(CD@I%S(ppmmmesar(dl 360 CNB3-gR 3 (@n,r Y61 RS0 Fnyr €,
fol | owed by the addition of wate ; and et hyl WO 03/022846 -30 11
April 2006 REDH @g@gﬂggﬁaHz),us (s 2H),21 (s, 3H); ESMS clcd for C,,H,,N,: 246.12;

Found: 247.1 (MHH)".

Intermediate (5)
4-(6-Nitro-Indolizin-3-YImethyl)-Benzonitrile

10 N

N/
ONT

NC

'H-NMR (CDCL,) § (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 cled for C,,H;;N;O,S: 445.08; Found: 446.0
(M+H)*.

Example 5 Preparation of 1- Glyoxylam_ide 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- glyoxylamide indolizines by methods described in Example
1. The structures of these 1- glyoxylamide indolizines and their analytical data are

shown below.



acetate (200 nL). The organic |ayer was separated, washed w th Agil@200630 nl)

and bri ne(g30 m), and dried over sodiumsulfate. After a sinple filtration
to renove al yst residues and drying agents, concenttA{Y¥d2PH+vacuo
left an oil; Whl ch inmediately becanme solid after cooling. The solid was

t hen filtered and washed with 5 heptang to give 58.74 g (79.6%yield;
purity: 93% of 4-(4-pyridin-2-yl-but ‘ynyl)- benzonitrile. 'H NVR (CDC13):
S (ppm 8.54 (in, 1H); 7.59 (m 3H); 7.39 (m 2H) 7.31 (in, 1H; 7.19 (m
111); 3.01 (t, J=6.9 Hz, 2H); 2.75 (tCom S(gﬁ ESM5 cal cd.

(C16H,, N2): 232.1, found 233.1 (M+H) pRuﬂ 1L of t hr ee- neck
round-bottom fl azszs- yRhoLpHEhY)- Haol)lzm-pynmg-ﬁféth;ms&ma@olbﬁ ) rd- 6)‘(@-

equi pped with a therrmneter and”a magnetic stirrer.” 4-( -Pyrldln 2-yl

but - 3-ynyl)-benzonitrile (58.73 g, 0.2%ceteinjde DVA (490 nl) and TEA (70 nli)
were successively added to the flask, resulti n in a light brown solution.
"CuC1(25.05 g, 0.25 nol) was then added, aft ich the reaction turned
dark brown. The reaction m xture wasoke at 130 C. After stirring
for 3 h at 130C, the 15 reaction was ¢ te aﬁglgcool ed to room
tenperature. The reaction was the nched with water (300 nL), and et hyl
acetate (400 nL) was added. The r suhtl/ g dark brown m xture was then
filtered through a celite cake to ®vela clear two-layer mxture. After
separation, drying, and concentration, & darl oil was obtained. The dark
oil was dissolved in 250 nL of ethyl acetatef &dplied to 15 g of decol oring
20 carbon, and stirred for 20 mnutes. After filtration through a celite

cake, L oL e, CREER DR Y 15 S0 P i B B o0 o
4-indol i zi n- 37 gbetpp 768@&qm9tcr DH§ 74@(tl\b\®(§®§1$)29 (%149913@{)77@6 (td, J=8.1

Hz, 2H); 7.50 (d, J=9 1H) J=7.8 Hz,
2H); 6.64 (mJ%_fH),,IH? M7((s riH)2E|$MS4ca2vzi ((Ca, leﬂl)Ost% lgdbwm: 403.1 (M-+H)".

Compound (21)
2-{3-[(4-Cyano-phenyl)-methyl-amino]-indolizin-1-yl1}-N-(3-methyl-isothiazol-5-
10 yb)-2-ox0-acetamide
S-N
0 ”N’ﬁ\/\\\c
N Hj
i —_
N~

N
HsC 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 caled (Cp,H, N;0,S): 415.1; found: 416.1 (M+H)".

15



25 (Cl6H12N2): 232.1; found: 233.1 (M+H)'. Exanple 4 PreparatipRpef 260d1er

| ndol i zi I diates for the Synthesis of 1- dyoxyl arpj qli zi nes
By the Nen?ﬁé'g}ogsg@chene 1 The follow ng internedi ates vverep{)f/ijgg{}ggd”{jy t he
met hod described in Exanple 3, substituting the appropriate starting
materials. Analytical data for each 134April 2006 WO 03/022846 -31 conpound
is provided. Internediate (1) 4-(Indolizin-3-yloxy)-Benzonitrile 5 CN

PCT/ US02/ 29154 "H NWMR (CDC13): 6 (ppm) 7.58 (m 3H); 7.36 (d, J=9.0 Hz, 1H);
6.99 (m 2H); 6.64 (m 1H), 6.51 ( AE% cal cd. (C15HION, O: 234.1,;
found: 235.1 (M+H)'. 10Interrrediatgb€ o

4- (I ndol i zi n- 32yB-[Ve@h@yanbrpheayDBerytoimidblizih-€ -yIENW-( 3R 16685020 1-5 1) Ppm)
7.43 (m 4 H; 6.72 (m 11-1); 6.63 (d, J=3.9 Hz, 1H); 6.49 (m 4 M ESMs
cal cd. (CL5HION20): 247.1; found: 24®xe-acfpjde |nternediate (3)

a HN“{I

CH;,
0]
N
s N~/
CHa
NC

5 'H-NMR (CDCL) & (ppm), 10.52 (s, 1H), .65 (d, J=9.9 Hz, 1H), 8.35 (s, 1EH), 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 (d,
J=8.7 Hz, 2H), 6.89 (dd, J,=6.6 Hz, J, = 7.5 Hz), 6.81 (s, 1H), 4.33 (q, /=6.9 Hz,
1H), 2.46 (s, 3H), 1.83 (d, J=6.9 Hz, 3H); ESMS cled for C,HiN,O,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-y1)-2-

oxo-acetamide.

(o]

Z N

HO

NC

15 'H-NMR (DMSO-d,) & (ppm), 10.06(s, 1), 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, 1), 4.39(s, 2H),



4-(1-1ndolizin-3-yl-Ethyl)-Benzonitrile CH3 'H NWR (CDClBDl ﬁpfnppﬁoﬁ 7.55
J=8.7 M%I—Q 7.50 (d, J=8.9 Hz, 1H), 7.41 (d, J=8.9 I-? 24 d,
7 /078%5 (m 2H), 6.45 (m 2H). 4.43 (q, J=6.7 Pﬁfmsﬂf}""‘l 88

, J=6.7 Hz, 3H); ESMB clcd for C171-114 : 246.12; Found: 247.1 20 (MtH) +.
WD 03/ 022346 -32 Internediate (4) - 4-(#-Methyl-1ndolizin-3 -Ylnmethyl)-B
enzonitrile H3C 11 April 2006 PCT/US02/29154 ' H NVR (CDC13) 8 (ppm,
7.58-7.55 (m 3H), 7 33-7.23 (m 3H), 6.54-6.50 (m 5 211), 6.39 (d, J=3.9
Hz), 4.25 (s, : : E d Found:
LATRIEIAT & zﬁlrrlq ,e3r SM§cc§)'1i>rczzﬁ}/§J@§ 416260; FoibdNer 7. @ (G155,
4-(6-Nitro-Indolizin-3-Yl nethyl)- Benzonltrlle 10 02N "H-NMR (CDC13) S (ppm,
8.92 (d, J=3.6 Hz), 7.76 (d, J=8.7 L) 7.56-7.55 (m 2H), 7.44 (d, J=8.7
Hz, 2H), ; ESMB clod for C22H15N504S! Omueé(wound 446.0 (MH)

2-[3-(4-Cyano-benzyl)-6-methyl-indolizin-1-y1]-N-(3-methyl-isothiazol-5-yl)-2-0xo-

1
8
Hz,

15

(d,

J=8.
d

acetamide

> . Hmﬂ

CHj
(@]
Y —

N/
HaC S

_—=

A\

NC

'H-NMR (DMSO-d,) & (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 Hz, 1H), 7.02 (s, 1H),
4.43 (s, 2H), 2.35 (s, 3H), 2.34 (s, 3H); ESMS cled for C,H ;N,0,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-oxo0-
acetamide

o HN—{I

\Y CH3
(o]
/ =

N—/
N~

NG

'H-NMR (DMSO-d,) & (ppm), 9.42 (d, /=1.2 Hz), 8.53 (d, J/=9.9 Hz), 8.13 (dd,
15 J1=9.9 Hz, J=1.2 Hz), 7.84 (d, /;=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.O,S: 445.08; Found:



15 Exanple 5 Preparation of 1- Gyyoxylam de Indolizines Fromphngghisiope

I nt er medi gt.e ared by the Method of Exanple 4 Indoli zi (madl ates
pr epar ed ({Qsﬁogﬁﬁgt hod described in Exanple 4 were converPgall{gﬁ?’r&)h4

gl yoxyl am de i ndol i zi nes by met hods described in Exanple 1. The structures
of these 1- glyoxylarnide indolizines-3nd their analytical data are shown
bel ow. 11 April 2006 WD 03/022846 PCT/ US02/29154 -33 Conpound (20)

2- [ 3- (4- Cyano- phenoxy) - i ndol i zi n-1-yl]-N(3-nethyl-isothiazol -5-yl)-2-0xo0
acet am de S—NMGI-@;\?% ﬁg@ CN5'"HNW (CDC13): 8 (ppm 10.34 (s, 1H); 8.66 (d,
J=9.0, 1H) 02 6.0, iN); 789(s 1H); 7.68 (d, J=9.0, 2H); 7.46
(t, J=9.0, 1H); 7.29 (d, J9, 7.06 (t, J=6.0, 1H) 6.87 (s, 1H).

SRS AL RN B N
-N-(3-nmet hyl -i sot hi azol gg,ama/d ) - 2- 0X0- acet am de
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,
DMSO): 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,;H (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 temﬁerature 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



s N HN\ CH3 \~o 'H NWR (CDC13): 8 (ppm) 10.34 (s, 1H); 81 April@d0g=9.

6 78 (s,
416.1 (M+H) +.

oxo0- acet am de Conpound (22)
2-{3-]1- (4- Cyano- phenyl)-ethyl ]-indoli

8.02 .77 (d, J=6.0, 1 7.50 (in, 3 7.03 (t, J=9.0,
E L TR H: (in, 3H; (

0,
1H);

(d J=9.0, 2H). ESMs cal cd (C22H, 7N5028)"CT419<9’/291‘F'0und

15 11 April 2006 WD 113/022846 PCT/US02/29154 -.34

-2 CH3 5 'H-NMR (CDC13) S (ppm), 10.52 (s, IH), 8.65 (d, J=9.9 Hz, 1H),

(s,
Hz, J2 7. 5 Hz)cry

1H), 7.66

6.81 (s,
-3H); ESIVB clo
(23)

2-[ 3-(4-cyano-

10

15

20

zzin 1-yl }- N (3-nethyl -isothiazol -5-yl)

8. 35

=9.9

(SasdePuf GeMhsah 80l IS e poacd .4t im0, 0

) od SR E35 e L 8377 it 280 ke, HhA g 07 B g

6.97(m, 1H), 6.55(d, 1H); ESMS cled for C\H.oN, 0: 246.08; Faund: 247.1

benzy ) - 6- hydr oxy-i ndol i zi n- 1~y N-(3- met’hyl -1 sot hi azol - 5-yl)

(M-HH)*

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 m! x 3). The
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 step. 8 (ppm) 8.54 (m, 1H); 7.59 (m, 3H); 7.39
(m, 2H); 7.31 (m, 1H); 7.19 (m, 1H); 3.01 (1, /=6.9 Hz, 2H)§ 2.75 (t, /6.9 Hz, 2H).
ESMS calcd. (C,(H,N,): 232.1; found: 233.1 (M+H)".

Example 7  Preparation of Other lndoliZine Intermediates for the Synthesis of 1-
Glyoxylamide: 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.

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

'"H.NMR (DMSO-dy) 8 (ppm), 9.94(s, 1H), 9.64(s, 1H), 8.00-7.98(, 2H), 7.88-
7.84(m, 2H), 7.73-7.69(m, 1H), 7.15-7.11(rm, 2H), 6.61(d, J=4.8Hz, 1H); ESMS cled
for C,;H,,N,0,: 262.07; Found: 263.1 (M+H)".



oxo-acetam de. CH3 HO 15 'H NWR (DVMBSO-d6) S (ppm, 10.06(s, % Apx%-z%ﬁﬁd
J=9.0 m,r,;lgl—gj(ﬁ%sﬁz 7.76(m 3H), 7.63(s, 1H), 7.48-7.45(m

7.26-7.23 ) '7.01(s, 11-1), 4.39(s, 213), 11 April 2006’ W359846
PCT/ US02/ 29154 -35- 2.34(s, 3H); ESMs clcd for C22H16N403S: 416.09; Found:
417.0 (MtH)' . Conpound (24) -38-

2-[ 3-(4- Cyano- benzyl ) -6-net hyl -i ndol i zin-1-yl]-N-(3-nmethyl-isothiazol-5-yl)-
2-0xo0 acetam de 'H-NWR (DVMBO-d6) S (ppm), 8.40 (d, J=8.7 Hz, 1H), 8.31 (s,
1H), 7.54 (d, J=8.1 Hz, 2H), 7.60 (s, .52 (d, J=8.1 Hz, 2H), 7.43 (d,
J=8.7 Hz, 1H), 702(5, 1H), 4.43 (s, ;/35(5, 3H), 2.34 (s, 3H); ESM5
clod for C 3H18N402S : 414.12; Foundh (MtH)' . 10 Conpound (25) :
2-[ 3- (4- Cyano- benzyl) 6-nitro-indolizin-1- yI (3-net hyl -i sot hi azol -5-yl)-2
-oxo acetamide 02N 'H-NVR (DVBO-d6) S (p 9.42 (d, J=1.2 Hz), 8.53 (d,
J=9.9 Hz), 8.13 (dd, 15 J,=9.9 Hz, J, =1. , 7.84 (d, J,=8.4 Hz, 2H), 7.81
(s, 1H), 7.55 (d, J1=8.4 Hz, 1H), '

NC

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

N
N7

5 H-NMR (CDCL) 8 (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, J/=6.9Hz,
1H), 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 i
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 clcd for C,,H,N,OS:
252.04; Found: 253.0 (M+D)*.



7.04 (s, 1H), 4.64 (s, 1H), 2.35 (s, 3H); ESMS clcd for E@g %%6445 08;
Found: 11 April 2006 WD 03/0 2 2 846 PCT/US02/ 29154 -36 44

Exanpl e 6 Pwvepamzasiion of 4-1.ndolizin-3-yl)-Benzonitrile by tIneTNm)b)/Qﬁthhovm
in Scheme 2 To 4-acetyl benzonitrile (14.5 g, 100 mmol ) EtOAc (150 m)
solution was 5 added Br, (5.1 nml, 100 nmmol) at room tenperature. The
resulting mxture was stl rred for 0.5-B9- and the solvent was evaporat ed
under reduced pressure. The residue was dissolved in CH3CN (100 m ), and
picoline (20 m, 200 mmol) was added to the m xture, which was then stirred
for 30 m nutes at roomtenperature anqnteﬁﬁﬁ@@r@ﬂ hr at 0 C. EtOAc (20 m)
was added to the m xture and the resulting 10 precipitate was collected by
filtration and washed with Embzmd-gkwh}itih@pgemﬂ bonitrile

1- (4-cyno) - phenacyl pyri di ni um brom de (20,.3g, 83% . 'H NVR (300MHz, DWVBO):
9.05-8.03(m,8H), 6.78(s, 2H), 2.74(s, ) 400 M m xture of DMF- Me2SO4
reagent was obtained by.stirring a m xtyre | eq DVF and 1 eq Me2SO4 at
60C for 3h and then cooled to room 15 tenperature. This reagent was added to
a 2-nmethyl-1-(4-cyno)-phenacyl pyridi nium brom de (50g, 120 nmol) DMF (500
m ) suspension solution,. The resulting m/XTure was stirred at room
tenperature for 15 mnutes. Et3N (700ml) St hen added to the mixture,

whi ch was and stirred for 1 hr while nai nh ining the tenperature at 40C. To
the resulting m xture was added ice water (1200 m ). The resulting
precipitate 20. was col |l ected, washed with water, and dried, to give

4- (i ndoli zi ne- 3-carbonyl) -

YH-NMR (CDCl,) é (ppm), 7.59(d, /=7.2 Hz, 1H), 7.46-7.40(m, 2H), 6.80-6.78(m,
5 1H), 6.72-6.66(mn, 2H), 6.51(t, /=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-Glyoxylamide 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-glyoxylamide indolizines by methods described in
Example 1. The structures of these 1- glyoxylamideindolizines and their analytical

_data are shown below.

Compound (26)
2-[3-(3-Cyano-benzyl)-indolizin-1-y1}-N-(3-methyl-isothiazol-5-yl)-2-ox0-acetamide
15




benzonitrile (29 g, yield 76% . 1H NWVR (300MHz, CDC13): 9.95 lﬁ%prh%%?- 87-
7.75(m o fnl(d, 1H), 7.30-7.22(m 2H), 6.97(m 1H), 6.55(d, 1H); ESMS
cl cd fof‘%fé&ﬁ%ﬁé 0: 246.08; Found: 247.1 (MrH*. In an aPEEUREYRUE?
procedure, 4-(indolizine-3-carbonyl)-benzonitrile was 25 prepared by addi ng
N, N- di met hyl f ormam de di-t-butyl acetap-(30 nml) to a suspension of
2-nmet hyl -1 - (4-cyno) - phenacyl pyri di ni um brom de (5g, 12.2 mmol) in DVF (50
m) at roomtenperature. The clear solution was stirred at 130C for 4
m nut es and 1@%_ gl r it Ny . ter (100
m ) was added, the (%?g%igg:@gﬁgq\?a?@oﬁiggtdgé@Jwaggﬁggamﬁ gt]e}r}mgnd dried
W th vacuum I7i82¢d,U/e6@ Ne, H)IN59-7@d0h] £1)) &8 &=6.6112, 1 HDe6.78 ¢ 1H),|L30ES, 9 9,
9099 with 91% purity. This product was 11 ril 2006 WO 03/022846,
PCT/ US02/ 2918 r%%é;%xﬁsﬂ\ﬁ&ébd\fm%@r@hm FO010; Feund 408-0MFHY'o gi ve pure
2 (3.2 9g). "HNW (300MHz, CDC13): 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 clod for Cl6H ON20:
246.08; Found: 247.1 (MrH). 5 To 4-¢ém d'dz(izﬁ)a- 3-carbonyl)-benzonitrile (24
g, 100mml) CH3CN (600mLl) solution containing MeOH (9 m) was added BH3
-THF(I M 480 2Ai3)(5-chhmortbmphén-Aeg/lmathyt)tindolizs- 1 sil]-N-@emathy b6t i arol 5-l)-2- The
reacti on was quenched with water (200ml), a%d extracted with Et OAc (700
nm), and washed with water (300 ni xOXP-acefgiRld¢o organic | ayer was evapor at ed
under reduced pressure, and the residue was di-ssol ved in ether (or EtQAc)
(400 M), diluted with hexanes (100 m) and/{ﬂﬂed with celite

HN

CH;

'H-NMR (CDCL,) 5 (ppm), 10.52(s, 1H), 8.64(d, J=9.0 Hz, 1H), 8.19(s, 1H), 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
C,H,CIN,0,S,: 415.02; Found: 416.0 (M+H)".

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

oxo-acetamide.



to give 4-indolizin-3-ylmethyl-benzonitrile (15.6 g, 92 % purjijtApKy20deLC) -
This product was used directly for the next step. 6 (ppm 8.54 (m 111);
7.59 (m MPo3/@288 (m 2H); 7.31 (m 1H); 7.19 (m 1H); 3PeT/(802/296G. 9 Hz,
2H); 2.75 (t, J=6.9 Hz, 2H). 15 ESMS cal cd. (Cl6H12N2): 232.1; found: 233.1
(MtH) +. Exanple 7 Preparatlon of Ot her Indolizine Internediates for the
Synthesis of |- dyoxylamde; I|ndoli zifles by the Method of Schene 2 The

i ndol i zi ne internedi ates shown bel ow were prepared by the nmethod described
in Exanple 6. Analytical data is provided for each conpound. 20 Internediate
(6) 4-(6-Hydroxy-indolizine-3-carbonyl)-benz Wgri le ' H NVR (DMSO- d6) 6
(ppm, 9.94(s, 11-1), 9.64(s, 1H), 8.00-7, , 7.88- 7.84(m 21H),

- 7.73-7.69(m 1H), 7.15-7.11(m 2H), .61(, J= cHalH) ;. ESMS cled  for
Cl6H ON2Q2: 262. 07; Found: 263.1 (MrHpy+—1 April 2006 WD 03/022846

PCT/ USO2n9154 -38 HO I nternedi ate (7) rNan- 2-yl -indolizin-3-yl - nmet hanone 5
"H- NVR (CDC13) 8 (ppm, 10.01(g xHz, 1H), 8.05(d, J=4.5Hz, 1H), 7.63(s,
1H), 7.56(d, J=8.7Hz, 1H), 7.1 b 1H), 7.17(t, J=6.9Hz, 1H), 6.91(t,
J=6.9Hz, . 1H), 6.60-6.56(m 2 5/cl od for CL3HONCR: 211.06; Found:
212.1 (MtH)*. Internedi ate (8)

NC

'H-NMR (CDCl,) & (ppm), 10.40(s, 1H), 8.66(d, J/=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, J/=6.0 Hz, 1H), 6.88(d, /=3.9 Hz, 1H),

6.79(s, 1H), 4.48(s, 2H), 2.46(s, 3H); ESMS clcd for C,;H,,N,O,S,: 406.06; Found:
5 407.0 (M+H),

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

The in vitro activity of the compoﬁnds was determined in the following
seven human cancer cell lines. MDA435 (human breast cancer), MIP101 (human
colon cancer), HL-60 (human myeloid leukemia), U937 (hwman leukemia), p388

10  (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

15 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

20 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



10 NC ' H-NMR (CDC13) 8 (ppm), 9.88(d, J=6.9 Hz, 1H), 7.68-7. Qﬁ(@,ﬂzzmg

7.30-7.25(m _1H), 7.00(t, J=6.9 Hz, 111), 6.61(d, J=4.5 Hz, 1H): ESMS cl od
for Cl4H3WPUIS/022982 04: Found: 253.0 (MrH)*. 11 April 20061’%@3#/@212846 -39
Internediate (9) 5-1ndolizin-3-yl et hyI -t hi ophene-2-carbonitrile NC

PCT/ US02/ 29154 ' H-NMR (CDC13) b (ppm) ,47. 59(d, F 7.2 Hz, |H), 7.46-7.40(m
2H), 6.80-6.78(m 5 1H), 6.72-6.66(m22 6.5 (t, .F=6.6 Hz, 1H), 6.46(d,
J=3.9 Hz, 11D 4. 46(5 211); ESMS clcd for Cl4H10N28 238.05; Found: 239.1

(MtH) ". Exa Pr.epar In | zi.nes Fr

| ndol i zi ne h?ear#‘e%r g’ %ﬁ‘@ﬁ&r‘g‘éﬂ)éf dﬁg‘e\é@ﬁﬁ% &Pﬂ% agsa}yng]gsq zi ne

I nternedi ate infBXS hen

converted intgf)d%?%g ytggfl mﬁ%@lﬁfb@?ﬂﬁﬁ%ﬁ% n%!tt@hods g}édg%r gég?l\gl\%{céwxﬁgnpl e
1. The st r uctlhreassulfs arddmevnlin Tabjoky| am dei ndol i zi nes and their anal yti cal

data are shown bel ow. Conmpound (26)
2-[3-(3-Cyano- benzyl ) -indolizin-1-yl]-N (3-methyl-isothi azol - 5-yl)-2-o0xo0-ace

tamde 15 5 Tablel In Vitro Anti-Cancer Activity of Compound (1) and Taxol (positive
' control)
Cancer Cell Lines ICsp (uM)
Conipound (1) Taxol
MDA-435 0.05 '
0.005
10 MIP-101 0.02 0.5
HL-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 I Vitro

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

cancer cell lines. HIL-60/TX1000 was isolated in vitro by subculturing HL-60 in
progressively higher concentration of Taxol. HI-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 fs 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/Dx5 was purchased from ATCC.
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Cbnpound (27) 5
3-(5-chl oro-thi ophen- 2- ylnethyl)

$.7.40(m 41-1), 6.99(t, J=6.6 Hz, 1H), 6.PEBYES02LYIH,

2006 WD 03/022846 PCT/ US02/ 291 5ilkiﬂ»ﬁzothl\/R
om . 10.43 (s, 1H), 8.67(d, J=9.0 Hz, 1H), 8.17(s, 1H), 7.82(d,
&mzzg

2.46(s, 3H); ESMS clod for C22HISNACR2S: 400.10; Found: 401.0

-iﬁﬁdlizin-l-yl]-l\l—(3-rrethy|-isothi azol -5

- oxo-acetamde CI CH3 'H NWR (CDC13) 5 (ppm, 10.52(s, 1H), 8.64(d,

Hz, 1H), 8.
, J=6.9Hz,

%hf&&o% wéﬂé)as d%%ee 9 8xhple 3°FRENAGRN sRewn 4 TaBie 2. Found:

(N1+H) * . Conpound

5-cyan- th| ophen- 2- yI rrethyl)-lndollzm 1-yl']-N-(3-nethyl -isothiazol -

X0- acetlaarl]glgl% 11 Apr|I 2006 WO 03/ 022846 PCT/ US02/ 29154

10

15

20

In Vitro Anti-Cancer Activity of Compound (1), Taxol (control) and
Vincristine (control) Against Multi Drug Resistance Cancer Cell Lines

5 brobidbice ot g i el it aihos FrtBb b dated (o 11

1IC,, (uM
Cell Lines s0 (ub)
Compound (1) Taxol Vincristine
HL-60/TX1000 0.02 5 5
MES-SA/DX-5 0.05 5 I

Taxol and Vincristine were not effective (ICs,: 1-5 uM) against the MDR cell lines
(MES-SA/DXS, 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.

S-y



-41 CH NC 'H NWR (CDC13) S (ppm, 10.40(s, 1H), 8.66(d, J=9. Pl!dfmlébbﬁ

8. 24(s, 7 éd J= 69Hz 1H), 7.49-7.42(m 2H), 7.03(t Hz

1H), 6.88tq 325 , 6.79(s, 1H), 4.48(s, 2H), 2.4B EfUSQ%lB”“ESNB
clcd for CZO—Il4N40282 406 06; Found: 5 407.0 (M+H)+. Exanmple 9 Conpound
(1) Denonstrates Anti-Cancer Activity-44n Vitro) The in vitro activity of

t he conpounds was determned in the follow ng seven human cancer cell |ines.
MDA435 (human breast cancer), M P10l (human col on cancer), HL-60 (human

nyel oi d | eukem a), A efhBte@ hddeiNeedbapare® &deh SH0Q DIVIBM/MR: bl dbdified DU- 145
(human prostate cancer MES- SA (human uterine sarcom) were obtained from

ATCC ( Amrer i cé‘iagiglbbdm @dﬂlghlﬂléc‘@@) 15884 RBMIL 1640h0% EBS/F4tald3ovire Semai nt ai ned
in RPM 1640( te D% F 100 ts/ icillin, 100
ug/ m strept %goﬁ %ﬁgﬁ\kﬁaﬂl i £ E‘HE%WIS}]?EW@'IL&%&E St hi r d
day and dilutg vitd, 4% DFEM NorkBkehith| Ahitlo Agdgr@@%before
experi nent . I exper| rrent weré performed on exponentia grow ng cel |

cul ture. Gl lobtned ﬁ'bﬁSlgma@hEIrﬁcal CbOdnd:eﬁhbsﬁn@eduemta\bvbree)bmadeﬁom A stock
sol ution of Conpound \)rrand a stock sol ution of Taxol (positive control)
P

wer e prepar eclnwoa%étfp shpolegics SR ke suppiereaitrlanediatias vasmed tofV 1 & 100%
DMSO. Fi nal %f@frh&[ﬁmyﬁ?'éﬁdé&%%. ﬁg%ngeqsgﬁéahwg Lﬁ(e stock solution 20

directly |nto | Ssuée culture ne S Wwere I'ncubated with varying
concentrations of THEcells ipalindBe A@hy Werd 1 84 B iduh e Br&aSPCieinoded 861 ned by

MIS 11 April 2006

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



WD 03/ 022846 -42 PCT/ U802/29154 (i.e. 11 April 2006
3-(4.5.-dinethylthiazol-2'-yl)-2.5- d| phenyl tetrazolium brom de) assay. | CSO
stands’ onVQWé"zé‘iJ‘ﬁcentratlon of conpound required to inhi bPETAS%/2UFSr cel |
grow h. The results are shown in Table 1. 5 Table 1 In Vitro Anti-Cancer
Activity of Conpound (1) and Taxol (pog.tive control) 10 15 Cancer Cell

Li nesI C (iM Compound (1) Taxol NMDA-4350.05 0.005 M P-1010. 020.5

HL- 600. 010. 005 U-9370 050. 005 p3880. 010. 01 DU 1450. 050. 005 MES- SA0. 01- 0.005

0 gent oo ot Pt cRfIE bt S hor frgBtafod n RS SEMPAIA SSIRATIRNE els < een

cancer cell |W&%%u§ﬂeﬁ&éd With2ey @M bf §tbBRPBS t6REEnal BSATERLAHR o FO0RAN (1) Has
Anti-Cancer Activity against Milti-Drug
cells/ml in order to inject 5 million cells in 0.1 ml/mouse.

Mice (CD-1 nwnu) were obtained from Charles River Laboratories:

5 nomenclature: Crl:CD-1-nuBR, Age: 6-8 weeks. The mice were allowed to
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 nw/nu mouse. This fat body is located in the
ventral abdominal viscera of the mouse. Tumor cells were implanted subsutaneously

10 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

15 gram of Compound (1) in 10ml of acetone (HPLC grade), and sonicated for 5
minutes using 550 Sonic Dismembrator. 1.2 equivalents of 1 N HCl 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

20 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

25 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.

30 1% MC Dosing Solution of the Compound (1) was injected orally into the
mice bearing MDA435 human breast tumor according to the following protocol:



20 Resistant Cancer Cells In Vitro In vitro activity was detelrlrggﬁplzddg t wo
MDR (Mul ti Resi stant) human cancer cell |ines. HL-60/TXI 00 ) '

i sol at ed W‘HO'W?%“H’ by subcul turing HL-60 in progressivel y HigH&t2/29154
concentration of Taxol. HL-60/TX1000 cells over-express ndr-1 nmRNA and

p-gl ycoprotein, as determ ned by westggn blot and 25 i mmunof| uorescence

| abeling with antl PGP anti bodies. The cell is cross-resistant to Taxol,
Vincristine, Adrianycin, Etoposide and Doxorubi ci n. MES-SA /Dx5 was
established in the presence of increasing concentrations of Doxorubicin. The
cells express high levels of nmdr-1 nRNA and p-gl ycoprotein and exhi bit
Cross resistancgrod® Nore thapmpbhih@en chenppher apeutic agents incl udi ng
Taxol , Etoposide, M tonmycin C, Col chicine, Vinblastine, Dactinomnycin,
5-Fluorouracil bBnd Met hotre\(dﬁ@le MES- SA/ Dx5 was purchased from ATCC. 11
April 2006 WD 03/022846 - CT/ USQ 9154 The procedure for culturing the
cel |'s and assay? ng cancer ce ‘Pmb‘?‘{%\ﬂt(ﬂ |nh|%§{nig§?g were as described in
Exanple 3. The yesults are ble 2 2 In Vitro Anti-Cancer
Activity of Corr%)ound (1), Tz(go% con(;{?ol) asn%l %@écrl stine (control) Against
Multi Drug Resistance Cancer Cell Lines 5 Cell LineslC50 (11M Conpound (1)

Taxol Vincristine HL-60/TX10000.02 5 5 '
5 Dosing schedule: 3 times a week (Monday, Wednesday, Friday) for 3 weeks;

5 mice were used for each group

Figure 1 shows the anti-tumor efficacy of Compound (1). As can be seen
from F igure 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/DXS, which is a MDR uterine sarcoma cell line. The results are shown in Table

3.



MES- SA/ DX-50.05 5 1 Taxol and Vincristine were not effectiver( Ape#20065 uM

against the MDR cell lines 10 (MES-SAJDX5, HL-60/TX 1000). On the other
hand, Conp¥@A32B#6 showed hi gh anti-cancer activity agai nsECT/HEQRNDR
cancer cell lines. Exanple 11 Conpound (1) Denonstrates Anti-Cancer Efficacy

on Human Breast Tunor (NMDA435) Xenogrgft Model (In. Vivo) The in vivo
anti-cancer efficacy of Conpound (1) was assessed in tunor 15 bearing mce
using a tunmor grow h inhibition assay. Human breast tunor (I\/DA- 435) ceI S

were inplante nj ectiopn. .of_a f

the flank of grér?{udje nous%%#éﬁ?%ﬁ%péfﬁﬁh%f%ﬁl (?ﬂ(SZn experl rrent%l
compound began after t hResistanes Hivash Biesne 2sdonal Cesllidaes( MBISLSODRES

approxi mately 100 nun'). The—ariral—then—-begpr—a—rtiple—nlection

schedul e where the conpound Was 260mPOrAd st ardd o R‘qﬂwumr_s_\l\ere measur ed
two tines a week. During thejcoupse of {}I‘E ?ssay, ad@émls werfe noni tored
daily for signs of toxicity incl 81%’8”%% ght 10s 11 Aprji | 2006 WO
031022846 RCT/ US02/ 29154 - 441 A spgpy BaRN¢ nmedi a wasgpr epar ed |f rom 50%
DVEM Dul becco Modified Eagl ¢ Medi um (Hi g GI icose), 50% RPM 1640, 10%
FBS/ Fetal Bovi ne Serum (Hyb idoﬁ’amﬁemtcb@l) Sterile Fid®®red), 1 %

v

L-Gutamne, 1% Penicillin-S rept onyci 1% MEM Sodi um Pyruvatje, 1% MVEM
Non- Essential Am no Acids. FBS BmQOB‘Hic@i)ned from Si &a Cheni¢al Co. and
ot her ingredients were obtaihed trogen Lif chnol ogi es, USA).
The suppl enental nedia was war rreg I?lg]ogdfp@ Eb'a-se
Compound (7) 0.05
10 Compound (8) 0.1

Compounds (2)-(8) demonstrated significant anti-cancer activity (IC,: 0.05-0.1 uM)
against MES-SA/DX5, while Taxol showed weak anti-cancer activity (ICS 0: 5 uM)
against 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 inhiblition 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



and 50 m of media was added to a 175 cm tissue culture flasfq AfPg2664 ! S
used in E@aog'zoﬁa% were MDA435 Human Breast Carcinoma from the Anerican Type
Cul ture CBl F8. one vial of MDA-435 cells fromthe |igBF8/USI2H3¢r ogen
frozen cell stock was renoved. The frozen vial of cells was i mediately
placed into a 37 C water bath and gent4gy swirled until thawed. The
freeze-vial was wped with 70% et hanol and cells were inmedi ately pipetted
into the 175 em tissue culture flask containing supplenmented nedia. The
cells were ineihated ovgrmj,. ;. agte] "‘%b@'ﬁ‘r ed with
fresh suppl enent ed mdi%?}ﬁg%gﬁ%ghgngg |agk@%?ﬁ%%g{%%hﬁﬁt” t he
fl ask became about 90% MERfSAEWDU-THY s typically took about 5-7 days. The
flask was washed with 10 m of sterile roomtenperature phosphate buffered
saline (PBS). The cells were trypsinized by adding 5 m of warned ‘

Trypsi n- EDTA (I nViTTOGESH, the TI[ask of je€l ;i The CellTsS Wer u}?n

i ncubated for 2 20 3 m nu}?%gldat 37 € urltil\illéisﬂ_( &b) begumr—to dg%é’;hli:lum‘rle
surface of the fjlask—Ar—eguat—vohure—of pherented—red-a—5—F—was
added to the fl ask. @P@PPP@‘@DI s dere copﬁgct ed into 50 nl %4e, " and
centrifuged at -1000 @Pwppwrd 1y nutles at 20.08. The supernat &5 was
aspirated and the ceCbmpelnd@4has nesuspen@dd in 10 ml of s@HH enent ed
nmedi a and the cel | s gemBoaRIRERd. i-s mllimnp cells/flask wergiseeded 2p

into 5-7 tissue TUITUTE TTaskKs (175 cnE). Each TTask contai ned 50 m_of
suppl emented nedia. The flasks were incubated until about 90% confl uent.

for fumr | niaPRARBOTAD 50 B E LG HSH SERYGSRh I FPCah e ©
centrifuging . | : yper nat ant was aspirated and the
cell pellet \g/iaésgeqg?&s%clam%%a{nﬁgwgéx%a?@g?'g'ri |l e PBS and the cells were

counted. The cells were centrifuged and then



resuspended with appropriate volume of sterile PBS for injectiopff008grrect
nunber 11 April 2006 WO 03/022846 PCT/ US02/ 29154 -45 of cells needed for
tunor i mpWaWB&RI%AM. In the case of MDA-435, 100 million cebCHUSOBRES4
suspended with 2.0 mM of sterile PBS to a final concentration of 50 mllion
cells/m in order to inject 5 mllion cells in 0.1 m/nmuse. Mce (CD1
nu/ nu) were obtained from Charl es Ri V&P~ Laboratori es: 5 nomencl at ure:
Crl:CD 1-nuBR, Age: 6-8 weeks. The mce were allowed to acclimate for 1
week prior to their being used in an experinmental procedure. |Inplantation of
the MDA- 435 tunor Whils thigiggentiondiss beekpastisdarly shoyv #nd deseribrswithi posurn of
the female Chud . pulny preteied enTrB‘dd?mfeﬁ‘Es tltx)é}g%(f [t 3vih e qh rs{c{%dfﬁ}eth svee%ﬁiflgnll in

e nouse. Tunor cells subs

abdom nal viscéra of r wer e |ng ante utaneously 10
into the fat tiogythhoeaicdd chihgedith fonfihind @eadls atly efmideethadpwRnoat t he
juncture of the os coxae (pelvic bone) and the os fenoris (femur). 5

m | 1ion MDA- dgpariieg fremi the 8cope ofiilie invendtomrdncempBSedby thei fmpené edcclagning 27 G
(1/2 inch) needle. MDA-435 tunors devel oped 2-3 weeks after inplantation. A
dosi ng solution for conpound adm nistration was prepared by dissolving 1 15
gram of Conpound (1) in 10m of acetone (BPLC grade), and sonicated for 5

m nutes using 550 Sonic Disnmenbrator. 1.2 equivalents of 1 N HO aqueous
solution were added to the acetone solution which was then sonicated for 5
mnutes. All solvent was then evaporated fromthe solution by using Speed
Vac Plus SC 250 DDA over night. The dried powder was used for preparing the
dosi ng solution of 20 Conpound (1). 1% Methyl cellul ose (MJ) vehicle was
prepared by dissolving 1.0



gram of Methyl cellul ose, 400 cps, U S.P. (Spectrum Labor at orlyldg‘f,ﬁplm,

Cat. if ME136) in 100 nL of H2O This m xture was then stirre or 12 hours
at room 22#re to produce a clear 1% MC sol ution. Af PET/USOLBMSvi ng
the solution for 15 mnutes at 120C, the 1% MC solution was allowed to
stand at roomtenperature 25 for 3 hous® prior to being used for formnulating
orally adm ni stered conpounds. Conpound (1) was prepared in 1% MC and
orally adm nistered to the mce through a standard gavage tube attached to
a hypoderm c syringe. This nethod permggsapgsdi rect placenent of the
conpound into the stomach. The dosing volume for the mce was 10 nL/kg. 30
1% MC Dosi ng Sol ution of the Conpound (1) was injected orally into the mce
beari ng MDA435_human breast tunor according to the followi ng protocol: WO
03/ 022846 - 46WARbIS13BIEAtinds Dose 1 Vehicle 2 Compound (1) 25 my/kg 3
Compound (1) 50 ng/kg 11 April 2006 PCT/US02/29154 5 Dosing schedule: 3
times a week (Monday, Wednesday, Friday) for 3 weeks; 5 mce were used for
each group Figure A ®hfptund hgprésehiedibyrihs fotlolvisaseyuchiraCompatnd (1) . As can be
seen from Figure 1, Conpound (1) significantly inhibits tunor growh of
MDA435 in nude mce at 25 ng/ kg and 5? ng/ k Zpn a dose dependent manner.
Figure 2 shows 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, a
substituted non-aromatic heterocylic group, an unsubstituted aryl group or a
substituted aryl group, provided that R; and R, are not both -H; or -NRR,,
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,R;)-, -N(R,)-, <O-, -S-, ~S(O)-, -S(O),~,
-C(=0)-, -C(=0)-N(R,)-, or -N(R,)-C(=0)-;



10 the effects of Conpound (1) on the body wei ght of nude m QfAli,@ﬁrzbog
MDA435 human breast tunor. As can be seen from Figure 2, Conpound (1)
denonst r at@ 03/ARB46 cancer activity w thout show ng signifi csrwusadyiwei ght
| oss of mce. Exanple 12 Conpounds (2)-(8) Denonstrates H gh Anti-Cancer
Activity against MES-SA/DX5 (In W tro% 15 The protocol described in
Exanpl es 9-10 was used to assay i nhibi }on by Conmpounds (2)-(8) on the
grow h of the nultidrug resistant cancer cell line MES- SA/DX5, which'is a
MDR uterine sarcoma cell line. The results are shown in Table 3. 11 April
2006 WD 03/ 022846 PCT/ Bs@de o desandopengently -y asubstityted qrr‘)élswbﬁlitu‘éncer

Activity of @mou%@%% inst Multi Drug Resistance Human Uterine
‘Sarcoma Cel | Lines, - npoundl C50 (11m Conpound (2)0.06 Conpound

(3)0.1 Conpound (4) 0. 05RCPgPHWRE s(ib3tButkd 60 nRaBBthu{d)DcATr&gpound (7) 0. 05

2. The compound of Claim 1 wherein: Ring A is substituted or unsubstituted;
5 Z, and Z, are both =O; 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,R,)-
-, -N(R,)- or -O-.
3. The compound of Claim 2 wherein R, is represented by a structural formula

selected from:

v Sy I LY
\/_;S);\\N5\/<_£;\\N;§l/

N
H

N

SoRE o

H



Conmpound (8)0.1 Conpounds (2)-(8) denonstrated significant aniL-ca%gé&e
activity (1C50: 0.05-0.1 uM agai nst MES- SA/ DX5, while Taxol ak

ant i - canc®O B¢2p846ty (1 C50: 5 uM against the MDR cell |i RET/URezRPISe 13
Compounds (20) (21) (24) and (28) Denobnstrates H gh Anti-Cancer 15 Activity
agai nst MES-SA and DU-145 (In Vitro) The protocol described in Exanples 9-10
was used to assay inhibition by Conmpodnds (20) (21) (24) and (28) on the
grow h of cancer cell lines MES-SA (human uterine sarcona cell line) and
DU- 145 (human prostate cancer). The results are shown in Table 4. 20 WO
03/ 022846 -48 11 April 2006 / 291549tTTabl e 4 ti-Cancer
Activity of Conpound (29) ) agai nst 5 MES 45.5
Conmpoundl C50 (UM 1 C ME

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, -1, -F, -OR", -O-COR?, -COR?, -CN, -NO,, -COOH, l-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(=ENH)-NR™R), -C(=NR°)-NH,, -C(=NR°)-NHR?, -C(=NR")-N(R’R"),

10 -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"),
-NR*H-C(=NH)-NH,, -NR*-C(=NH)-NHR?, -NR!-C(=NH)-N(R’R"),
-NR%-C(=NR°)-NH,, -NR*-C(=NR%-NHR?, -NR*-C(=NR)-N(R'R"),
-NHNH,, -NHNHR?, -NHR"R®, -SO,NH,, -SO,NHR?, -SO,NR'R®,

15 -CH=CHR, - H=CR'R®, -CR*=CR*R’,-CR°*=CHR", -CR*=CR’R", -CCR?,
-SH, -SR?, -§(O)R?, -S(O),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—ﬁlorpholjno, pyrimidyl, C1-C4 alkyl



Conmpounds (20), (21), (24) and (28) denobnstrated significantllaapri 28tcer
activity é'él C50: 0.05-0.1 uM against MES-SA and DU-145. 11 April 2006 WO
413/ 022848YQ 43014 US02/ 29154 While this invention has beePGI&¥IREANT |y
shown and described with references to preferred enbodi nents thereof, it

wi |l be understood by those skilled ins3the art that various changes in form
and details maybe nmade therein without departing fromthe scope of the

i nventi on enconpassed by the appended clains. 11 April 2006 WD 03/022846

he fol o ng st rultrat ot BPbi e SECRRERDs CCMETRIRHERCIALA ™
‘acceptabl e salt t he{eyN(C ey, M(mgcgr%y%?go?(ﬁégggﬂgﬁ%;l t:gt egsand

is optionally fused to an aryl group; Z
N-OR12 or =NRt2; RiCM'QHzgf%N(%déé@ﬁ%hin -H, an aliphatic group, a
bstituted
substitute o o v—0C o o N—"2 , -NH-(phenyl),
Y Ly M I,
v n

5 -NH,, -CH,NH-C(0)-0-(C1-C4 alkyl), -CH,NH,, -Cl, -F, -C(0)-O~(C1-C4
alkyl), -C(0)-N-(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 alky1),.

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

10 selected from:

N N
o el
|

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:



10 aliphatic group, an unsubstituted non-aromatic heterocyli Cll%ﬁHPZO(ﬂi
substituted non-aromatic heterocylic group, an unsubstituted ar roup or a
subst i tut\gﬁ(’ﬁ{?’%m@roup, provided that Rl and R2 are not boPQTUN2/HHM NRIR2,
taken together, is a substituted or unsubstituted non-aromatic nitrogen-
containing heterocyclic group or a subgiituted or unsubstituted nitrogen 15
contai ning heteroaryl group; R3 is a substituted or unsubstituted aryl group
or a substituted or unsubstituted aliphatic group; X is a coval ent bond,
-C(R4R5)-, -N(R4)-, »-0-, -5-, -S(O-, -S(Oz, - , -C(=0-N(R4)-, or
-N(R4)-C(=0)-; 11 ril 2006 WO 03/1122846 -51 PCT/US0%/ 29154 R4 and R5 are
i ndependently -H or }

ubst ed or unsubsty tut al i'ghati c group; and R1,
is -Hor a substitated or ituted all c%l gro . The conpound of
Caiml wherein: Ring Ais ituted or un ubstitu?ed; 5 71 and Z2 are

both =0; R1 is -H R2 is a su ituted or unsubstituted al kyl or aryl group;
R3 is a substituted or unsubstitwted aryl group; and X is -C(R4R5)- -,
-N(R4)- or -0-. 3. The conpound of° aim2 wherein R is represented by a
structural formula selected from 10

NR7Rg —

¢ .

A\

/

<

\I/H/>——.SR9 ;

N
\N

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



INNNO) ; s ~~N HW 03/022846 -52 RN o or { wherei nfRARgi$20b6T are
substituted or unsubstituted. 11 April 2006 PCT/US02/29154 4. The conpound
of C ai m VQR¥PEBH zero, one or nore ring carbons atoms of PCRAVURIE/2DSE ar e
substituted a group i ndependently selected from-OH, -Br, 5 d, -1, -F,
-OR, -OCORa, -CON -CN, -NO' -COOH, Eg(‘BH -NH2, -NHR , -N(WR), -COCRa,
-CHO, - CONH2, -CONHRa, -CON(RaRb), -NF ,  -NRCORa, -NHCONH,, -NHCONR H,
-NHCON(RWR'), -NR CONH2 -NR CONR H, -NR CON(RaRb), -C(=NH)-NH2, -C(=NH)-NW

-C(=NH) - N(R'R),, - C(=NR) - NH2, . - C(=NR) - NHRa, - C(=NR ) - N(RaRb),. 10, .

- NH- G =NH) - NE%', - C&bﬁ%%ﬁ%la%%‘@em ﬁawét}on(aff?w@@w Wijipone

-NH-C(=NR") - NHRa, s NHofd 59Rbs S dead % om -F, -C1, -Br, -C1-C4 alkyl, C1-C4 alkoxy,
-C1-C4 haloalkyl, C1-C4 haloalkoxy, -NH, or -CN.

S. The compound of Claim 8 wherein Ring A is unsubstituted; R, is a phenyl
5 group or pyridyl group substituted with zero, one or more substituents
selected from -Br, -CJ, -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 group.

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

f\r];\\N
S/ :

20 structural formula:
K

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

following structural formula:



- NRdH C(=NH) - NH2, - NRd- C(=NH) - NHRa, - NRd-C( NH)- N(RaRb), - NRg-AGANG0s- NH21
- NRd- C( =NR\) g Bssc NRd- C(=NRc- N(RaRb) , - NHNH2, - NHNHRa, %@” 50998 NH2,
- S2NHRa - SO2NR Rb 15 - CH=CHRa, - CH=CRaRb, - CR=CRaRb, - CR=CHRa, - ‘
-CCRa, -SH, -SR, -S(ORW -S(0O 2Ra, alkyl groups, substituted al kyl group,
non- aromatic heterocyclic group, substjg-uted 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, substituted
al kyl group, 20 benzyl, substituted benzyl o aryl or substituted aryl group,
or,-NR Rd , taken together, can als a substituted or unsubstituted
non-aromatic heterocyclic group. 5. npoun S‘oiNCI aim3 wherein zero
one or nore ring carbon atons of i
with a group selected from Cl1- :
N- nmor phol i no, pyrinudyl, d - 1 ril 2006 WO
PCT/ US02/ 29154 substituted p / (Cf—Cél allcyl)2, -C(O NH2,
-C(ONH(CL-&4 alkyl), C(ON arkyl)2, -NHC(O (Cl1-C4 alkyl),-NO, C1-C4
al koxy, -C(O O CH2CH2 N(C1-C4 alkyl)2y, ' , N~o NH (phenyl), o >

| kyl, Cl-

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-,-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.

15.  The compound of Claim 14 wherein Ring A is unsubstituted or substitutéd
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, -OCHj,; 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:



/5 -NH21 -CH2ZNH- (O - O (C1-C4 al kyl), -CH2NH2, -d, -F, -JQ\pfht6de 4
alkyl), -C(O-N(Cl1-C4 al kyl), C3-C7 cycloal kyl, phenyl, C(&RI—

nmor phol i mep 0382458k - C4 al kyl ), -CN, furyl, -S(0O2-(Cl-C4 alkyl), -S(O 2-NH2,
-S(0)2-NH(A -4 alkyl), -S(0)2-N(A-C4 allcyl)2. 6. The conpound of Claimb5
wherein R is represented by a structgsr,,al formula 10 selected from N/ S
or I R6 and R6 is -H or a substitute®’or unsubstituted al kyl group. 7. The
conmpound of Claim5 wherein R2 is represented by a structural fornula 15
selected from 11 April 2006 WO 03/ 02%846 PCT/ US02/ 2915-1 -54 Rio NR7RB N
or :

or a pharmaceutically acceptable salt thereof, wherein Rings A and U
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 -CH,,
-CH,CH,, -F, -Cl, -CN or -OCHj; and the Ring U substitutent is in the para

position.

20. A compound represented by the following structural formula:



SR9 5 10 wherein: X3 is -CH or -N; R7 and Re are independefyf hyrit by an
al kyl group or -NR Rg, taken toget her is a nitrogen-contai ni ng
non-aromati ¢ heterocyclic group; RO is an alkyl group; and R o is -H or an
al kyl group. 11 April 2006 WD 03/022846 PCT/ US02/29 t 54 -55 S. The
conmpound of Claim7 wherein Ring Ais optionally substituted vvith one or
nore groups selected from-F, -d, -Br, -Cl-C4 alkyl, Cl-cC4 al koxy, -Cl-CA
hal oal kyl , "M@"&#*fal oal koxy, -NH2 or _CN. 9. The conpSEF(HS‘B’fmd ai m 8 wherein
Ring Ais iinsubstituted; R3 is a phenyl 5 group or pyridyl group
substituted wth zero, one or nore sibstituents selected from-Br, -d, -F,
-R-OR, -CN, -COOR', -N(W21 -CON(R' )2, -NR COR, -NHCONH21 SO N(RC)2
R7 and Re are both -H and RO is nethyl; and each R and Rf are

i ndependently -H, an allcyl group or 9a substituted al kyl group. 10 10. The

conmpound of Claim9 wherein N phenyl ring substituted with zero one
or nore substituents sel ected frer , -F, -R, -OR, -CN, -NHL,
NH S\

\ /

Rt

or a pharmaceutically acceptable salt thereof, wherein R, is -CH;, -CH,CH,,
-OCH,, -F, -Clor -CN.

21.  The use of an effective amount of a compound represented by the following structural

5 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, =§, =N-OR, or =NR,,.



-CONHZ or -NHCORf. 11. The conpound of Claim 10 wherein R i$1appii@ogé ring
substituted with zero one or nore substituents selected from - , - CH, CH3,
-OCH3, -CN, -For 15 -d. 12. The conpound of Claim 11l wherein R3 is a
phenyl r| ng te unsubstituted or nonosubstituted w - OCH3,

, %IEQ lpzljév\,herel n the phenyl ring substitutentPE?’g“’mm'the par a
p03|t|on. 13. The conmpound of Caim4 wherein RZis represented by the
following 20 structural fornmula: N -®-1\ csz 14. The conpound of Claiml
wherein the conpound is represented by the followi ng structural fornula: 11
April 2006 WD 03/022846 PCT/US02/29154 -56 Rlo 5 wherein: R ngs A and V
are independently substiRuméd, ew indepsatmtly ¢l apaliphatic grepp, SbstituteH( CH3) -, - 0-,

-NH or -NCH3 ; Zis.-0-, -5, -NR . -CC.  -CHN, -N=CH 6 -N=N-; Ris -H
or Cl-C4 alkyl; andl5e° ‘f’rguE’EEurg‘ﬁl%sﬂtﬁ%euB%”t'drr?rﬁet”&?légfof’f}ﬁagﬁd@ group or a
substi t ut ed substituted non-aromatic heterocylic group, an unsubstituted aryl group or a

substituted arvi group, provided that R, and R, are not both -H; or -NR R,
taken together, is a substituted or unsubstituted non-aromatic nitrogen-
containﬁg heterocyclic group or a substituted or unsubstituted nitrogen-
containing heteroaryl group;

R; is 2 substituted or unsubstituted aryl crroup or a substituted or
unsubstituted aliphatic group;

X is a covalent bond, -C(R,R;)-, -N(R.)-, -O-, -S-, -S(0)-, -S(0),-,
-C(=0)-, -C(=0)-N(R,)-, or -N(R)-C(=0)-;

R,and Ry .are independently -H ora substituted or unsubstituted
aliphatic group; and

Rz is —H or a substituted or unsubstituted alky!l group for the preparation of a

medicament for the treatment of cancer.

22. The use of an effective amount of the compound as claimed in

Claim 21 wherein: Ring A substituted or unsubstituted, Z,

and Z, are both =0; R, 1s -H; R, is a substituted or unsubstituted alkyl or arvi
group; R; 1s a substituted or unsubstituted aryl group; and X is -C(R,R;)-, -
-N(R,)- or -O-;

23. The use of an effective amount of the compound as claimed in Claim 22 wherein Ryis
represented by a structural formula selected from:




al i phatic group. 15. The conpound of C aim 14 wherein Ring AfiiApril 2006
unsubstituted or substituted with -F, -d, -Br, -C1L-C4 allcyl, Ci-

al koxy, -Cl-C4 hal oal kyl, Cl-C4 10 haloallcoxy, -NH2 or -CN;, Ring Vis

4

substituted with one or nore groups selected from-CH3, -CH CH31 -F,
-CN, -OCH3; vamabokk& is -H nethyl or ethyl. 16. The cogpeund.ef C aim 15

wherein Ring Ais unsubstituted, Ring Vis
groups R11 and each R, is mdepender&bly -CH31 15 -CH2CH3, - OCHS,
or -CN. IT A conpound represented by

April 2006 WD 03/022846 -57 NH
salt thereof, wherein |§I ngs A and U_are independe

n
unsubsti t ut ed and RI i H an upsub al i Bgat' oup or

is unsubstituted or

al koxy, -Cl -4 halo
substituted with one 0

)§D groups “sel ect|ed from - CH3,C- CH2CHB,

-CN, -OCH3; and Riois -HS nethyl or ethyl.

24.

or \
A\
5“@ eI

wherein Rings D-T are substituted or unsubstituted.

The use of an effective amount of the compound as claimed in

"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?, -0-COR?, -COR®, -CN, -NO,, -COOH, -SG,H, -NH,, -
NHR?, N®*RY), -COOR?, -CHO, -CONH,, -CONHR?, -CON(R'R"),
-NHCOR?, -NRCOR’, -NHCONH,, -NHCONR'H, -NHCON(R'R®),
-NR°CONH,, -NR°CONR?H, -NRCONRR®), -C(=NH)-NH,,
-C(=NH)-NHR®, -C(=NH)-N(R°R"), -C(=NR®)-NH,, -C(=NR°)-NHR?,
_C(=NR9)-N(RRY), -NH-C(=NH)-NE,, -NH-C(=NH)-NEHR?,
“NH-C(=NH)-N(R*R?), -NH-C(=NR®)-NH,, -NH-C{=NR®)-NHR",
-NH-C(=NR")-N(R'R"), “NR*H-C(=NH)-NH,, -NR*-C(=NH)-NHR?,
-NR*-C(=NH)-N(R'R"), -NR*-C(=NR)-NH,, -NR*-C(=NR)-NHR?,
“NRU-C(=NRS)-N(RR®), -NHNH,, -NHNHR?, -NHRR®, -SO,NH,,
_SO,NHR?, -SO,NR°R?, -CH=CHR®, -CH=CR’R®, -CR*=CR*R® -CR*=CHR",

substituted with one or

- Br, QCN/ | kyl ,
-NH2 or RlngU|s

y substituted or

a

d of Sarelf wherein Ri ng

-d,

nor e
- F,
he follow ng structural formula: 11

/S\ N R o or a pharmaceutically acceptable

-d

>

Cl-C4

-F,

-d,



10 19. The conpound of C aim 18 wherein Ring Uis nonosubsti tﬁﬁﬂr%b& - CH3,
-CH2CH3, -F, -d, -CNor -OCH3 and the Ring U substitutent is 1n the para
position. 20. A conpound represented by the followi ng structural formula: 11
April 2006 WD 03/022846 PCT/ US02/ 29154 -58 NH R' or a pharmaceutically '
acceptabl e salt thereof, wherein R11 is -CH' -CHzZCH,, -OCH3. -F, -d or
-CN. 21. The‘,‘,%_gmqjy an effective anount of a conpound rg(grepsg)anct ed by the
fol | owing structural 5 formula: or a pharnaceutical ly Scé&it/adie salts

t hereof, wherein: Ring Ais substituted or unsubstituted and is optionally
fused to an 10 aryl group; Z, and Z26lare independently =0, =S, N-OR12 or
=NR, 2. 11 April 2006 WO OB/ fl 22546 PCTI US02129151 -59 R, and R, are

i ndependently -H, an aliphatic group, a substituted aliphatic group, an
unsubst it ut ed non- ar-GRECRER", JUEIRE B,y BRC-SE0)BE p-S(@),R° sallog ridups, eebshimird ar omat i ¢

het erocytic group, a nsubstituted aryl group or a ubstityted aryi group,
provi ded that R and*® FaFe"Hot " Bo H“?lﬁfﬁlg?gg‘%@&!{mteg non-arom_zﬂac

heterocyclic group, benzyl group, substituted bénzyl group, aryl group or
substituted aryl group wherein R*>R¢ are each independently an alkyl group,
substituted alkyl group, beazyl, substituted benzyl, aryl or substituted aryl
group, or,-NR'R?, taken together, can also form a substituted or

unsubstituted non-arcmatic heterocyclic group.

25. The use of an effective amount of the compound as claimed in

Claim 23 wherein zero one or more ring carbon atoms of
Rings P-T are independently substituted with a group selected from C1-C4

alkyl, C1-C4 hydroxyalkyl, N-morpholino, pyrimidyl, C1-C4-alkyl
substituted pyrimzidyl, -NH(C1-C4 alkyl), -N(C1-C4 alkyl),, -C(O)NH,, -
C(O)NH(C1-C4 alleyl), C(O)N(C1-C4 akkyl),, -NHC(O)(C1-C4 allcyl) -NO,,
C1-C4 alikoxy, -C{Q)O-CH,CH,-NH(C1-C4 alkyl),-C(0)O-CH,CH,-N(C1-
C4 alkyl),,

AV D N VR B
W ’ / e P A

_NH-(phenyl), -NH,, -CH,NH-C(0)-0-(C1-C# alkyl), -CH,NH,, -Cl, -F,
-C(O)-0-(C1-C4 alkyl), -C(O)-NH-(C1-C4 alkyl), C3-C7 cycloalkyl, phenyl,
-C(0)-N-mezpholino, -S-(C1-C4 allyl), -CN, furyl, -S(0),-(C1-C4 alkyl),
_5(0),-NH,, -S(0J, NH(C1-C4 aliyl), -S(0),-N(C1-C4 alicyl), .

26.  The use of an effective amount of the compound as claimed in Claim 25 wherein R;

is represented by a structural formula selected from:



taken together, is a substituted or unsubstituted non-ar Omt'ﬁd&hﬁfﬁﬂﬁ”'
contai ning heterocyclic group or a substituted or unsubstitute Itrogen
contai ning heteroaryl group; R3 is a substituted or unsubstituted aryl group
or a substituted or unsubsti tuted aliphatic group; X is a coval ent bond,
-Q(RAR; ) - 0- -S- _S(O9_" -S(0, -g(=0 -, -4=0-NR4)-, or

- N( Ra- C( 0) nd R are |ndependently -H ora substituted or

unsubsti t ut edo"aﬂorﬁﬁatl c group; and R12 is -H or a substtEysEdIst
unsubstituted al kyl group for the preparation of a nedicanent for the
treatnment of cancer. 22. The use of arf2effective anount of the conpound as
claimed in Caim2l1 wherein: Ring A substituted or unsubstituted, Z, and 72
are both =0; Eti is -H R is a substituted or unsubstituted al kyl or aryl

group; R3is a substl ted or unsubstit aryl group; a is -C(R4R)) -
- -N(RJ- or -0-; ;%u /us§§ of a ef flecti ve) amount of tfhe cofpound as
clainmed in Cla|m22wh r Fent pd by a rzal {formul a

selected from H 11 Aprl /0{5\’6 V\D 3/ 284§/ CT/ USC#i ZS%NOI’
'S

or N——N

ST

and R, is -H or a substituted or unsubstituted allcyl group

27. The use of an effective amount of the compound as claimed in Claim 26 wherein R is
represented by a structural formula selected from:



wherein Rings D-T are substituted or unsubstituted. 24. The yge\ sl 206

effective anount of the conpound as clained in 'C aim23 wherein zero, one

or nore ring carbons atoms of Rings DT arc substituted with a group

independently selected from-0OH, - Br, -d, -1, -F, -OR, -OCOWN com/ - CN,
.y . -NH" - NF R-NR Rb) - COCR

CO\I(F\’F\’) \JﬁE{BCdl?S - NRCOR , NHCONH, , -NHCO\I\/\H -NHCCE\CI(C%%”)”” NR CO\IH?

-NRCONR H -NRCON(R R"), C( =NH)-NH,, -C(=NH)-N.'IR, -C(=NH)-N(R R"),
_C(=NR)-NH' -C(=NR)-Nr R, -C(=NR®:N(R R'), -NH C(=NH)- NE,

-NTH- C(=NH) - NHR, -NH C(=NH)-N(R' R'), - NH C(=NR5-NH,, - NTH C(=NR') - NHRa,
-NH-C(=NR )-N(R R~, -NRH c(=NrD NH -NRC( =NH)-NHR , -NR - C%QNH) N(R R"),
-NR-C(=W-NH,, -NR -C(=NR)-Nfa', R\Qﬂ@-q MRFD” HNT - NHNHR
-NrlIL'R", -so %Mm - SO, R-", -C 3=CB2R , -- CR'RR -C
R=CR R, - Apr IN 200 3,03 54( P R84 -61 - CR CP.°
b, C', - FI -SR -S(ﬁ -S(0) 2Ra, Qlkyl groupg, subgtituted alkyl
group, non- aromatic het yclic group, substitut aromatic

azyhygroup, aryi group or
substituted aryl group wherein R -R are each dependently an adcyl group,
substituted al kyl group, ben.ayl, substituted benzyl, aryl or substituted
aryl group, or,-N72'Ra , taken together, can also forma substituted or

1

het er ocycl i c group, benzyl roup, substi t ut edh%
n

wherein:

X, 1s -CH- or -N-;

R, and Ry are independently -H or an alkyl group or -NR,R, taken
together, is 2 nitrogen-containing non-aromatic heterocyclic group;

R, is an alkyl group; and

R, is -H or an alkyl group.

28. The use of an effective amount of the compound as claimed in

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 use of an effective amount of the compound as claimed in
Claim 28 wherein Ring A is unsubstituted; R; is a phenyl

eroup or pyridyl group substituted with cne or more substituents selected



unsubstituted non-aromatic heterocyclic group. 25. The use ofyjaQpAf3dfsti ve
anount of the conpound as clained in Caim23 wherein zero one l(’)r nore ring
carbon atons of Rings D-T are independently substituted with a group
selected fromC -C4 alk- 1, Cl1-C4 hydroxyal kyl, N-norpholino, pyrimdyl,
Cl-C4 alkyl substituted pyri idyl, -NH(CI-C4 al(yl), -N(G-C4 al kyl) Z,
-C(ONH2, - CLONH(CI-C4 allryl), C(ONC-C4 allryl),, -NAHCO) (O -CA

al kyl ). - No2, %gr’{’%rgal koxy, - C{(O) O- CH, CHZ NH(C1l-C4 al kyl 5"?‘3’%“(%(65}%?“04, CH, - N(J -
4 alkyl)" -NH(phen),l), -NH" -CH2ZNH-C(0)-O (A -4 alkyl), -CH N I" -O,
-F, -C(O-0(C-C4 alkyl), -C(O-NH(@-C4 al kyl), C3-C7 cycloal kyl,
phenyl, -C(O-N-ntrphoiino, -S(Cl-C4 alkyl), -CN, fury!, -S(O,-(C-C4
allryl), -S(O2 NH,. -S(O2-2A\N-1(C1-C4 al kyl), - é é,-N(CI-C4 al kyl), .
26. The use of an ef flewtPyeClakpditOBF -¢HheCeBRp VR aSONRRmMR CAR'T ai m 25
wherein Rz s represgs by £ ugt ukg, sel.e g1 11 April
2006 WO 93/ 022246 -6 ‘@6@}4 JE AR & %Eé%‘:“?t L %%@h‘%@t@?hﬁaﬁ?
unsubstituted all cyl Rz aPGHesBGRIIP FH Baalkyl group or a substituted alkyl group.

30. The use of an effective amount of the compound as claimed in
Claim 29 wherem R; is a phenyl ring substituted with one or
more substituents selected from -Cl, -F, -R%, -OR®, -CN, -NH,, -CONI, or

-NHCOR'.
31 The use of an effective amount of the compound as claimed in

Claim 30 wherein R; is a pheny! ring substituted with one or

more substituents selected from -CH;, -CH,CH;, -OCH,;, -CN, -F or -CL
32 The use of an effective amount of the compound as claimed in

Claim 30 wherein R; is a phenyl ring monosubstituted with

-CH,, -CH,CH,;, -OCH,;, -CN, -F or -Cl and wherein the phenyl ring

substituent is at the para posttion.

33. The use of an effective amount of the compound as claimed in
Claim 21 wherein the compound is represented by the

following structural formula:
6]
.0, /
y = N\
A I / H Ria
\/N
X
\E:
wheremn:

Rings A and V are mdependently substituted or unsubstituted;
X1s -CHy-, -CH(CH;)-, -O-; -NH- or -NCH;-;



27. The use of an effective anount of the conpound as cl ai ned 1&’1\&'\9@%26
Wierein R2 is represented by a structural formula selected from n3/ 022
1 f t 11 April 2006 PCTIUSQ2/297 Sd NR7R5 or wherein: X3 is -CH or -N;
R and Re are independently -H or an allcyl group or NR7/R8, taken together,
i S ani trogen-containing non-aromatic heterocyclic group; RO is an al kyl
group; and Rix@ dfmdd or an al kyl group. 28. The use of %'f%ﬁo%ﬁ%sve anount
of the conpound as 'clained in Caim27 wherein Ring Ais optionally
substituted with one or nore groups selected from-F, -G, -Br, -C-C4

al kyl, Cl-C4 al koxy, -d-C4 hal oal kyl ,'6 Cl -4 hal oal koxy, -NH, or -CN. 29.
The use of an effective anount of the conpound as clainmed in Caim?28

wherein Ring A is unsubstijuted; i s.a.pheny I . pyridyl group
Substituted with one or o B QupstFRIGHTS “éiét'g%eﬁggwﬁ’pw‘éfsi%%gézs
C4 alkyl; and Ry is -H, an unsubstituted aliphatic group or a

substituted aliphatic group.

34. The use of an effective amount of the compound as claimed in

Claim 33 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 V is substituted with one or more groups
selecied from -CH,, -CH,CH,, -F, -Cl, -CN, -OCH;; and R, is -H, methyl or
etbyl.

3s. The use of an effective amount of the compound as claimed in

Claim 34 wherein Ring A is unsubstituted, Ring V is
substituted with one or more groups R,, and each R, is independently -CH,,

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

36. The use of an effective amount of the compound as claimed in Claim 23

wherein R, is represented by the following structural formula:

A
™~ D
KS/“

37. The use of a compound represented by the following structural farmula:



“RHO 03/022& 6 PCT1U502/29154 -64 from-Br, -, -F, -Rs, -ORy ApfiR0od°OOR |
-N(R),, -CON(R )" -NRCOR, -N' CONH' -SO NR=),; Rt and Rs are both -H
and R, is nethyl; and each R and Rtare independently -H, an alltyl group
or a substituted al kyl group 30. The use of an effective anpbunt of the
conpound as wbastsredsin C aim 29 wherein R3 is a phenyl pei/ogasubstit ut ed
with one or nore substituents selected from-Cd, -F, -R, -OR, -CN, -NH2,
-CONHZ or -NHCORi. 31. The use of anggffective amount of the conpound as
claimed in Caim30 wherein R3 is a phenyl ring substituted with one or
nore substituents selected from-CH3, -CH CH3, -OCH3, -CN, -F or -d . 32.
The use of an effective anmount of the gonpound as claimed in C aim 30
wherein R3 is a phenyl ring nono8ubstifuted with -CH3, -CH CH3, -OCR3, -CN,
-F or -A and wherein the phenyl N substituent is atthepara position.

33. The use of an effective anount/ of %ﬁﬁ nd as clained in daim?21
t f ng structural formula:

ituted or unsubstituted, -

Ri o wherein: R nms A and
""'is -CH ~nZ , -ClI3(CH3)

Rie

or a pharmaceutically acceptable salts thereof, wherein Rings A and

U are independently substituted or unsubstituted and R,y is -H, an
unsubstituted aliphatic group or a substituted aliphatic group for the preparation of a

medicament for the treatment of cancer.

38. The use of an effective amount of the compound as claimed in
Claim 37 wherein Ring A is unsubstituted or substituted with
one or more substituents selected from -F, -Cl, -Br, -C1-C#4 alkyl, C1-C4
alkoxy, -C1-C4 haloalkyl, C1-C4 haloalkoxy, -NH, or -CN; Ring Y is
substituted with one or more groups selected from -CH;, -CH,CH,, -F, -CL,
-CN, -OCH, ; and Ry is -H, methyl or ethyl.

39. The use of an effective amount of the compound as claimed in
Claim 38 wherein Ring UJ is monosubstituted with —CH,,
-CH,CH,, -F, -Cl, -CN, -OCHj and the Ring U susbstituent is at the para

posttion.

40. The use of a compound represented by the following structural formula:



e i o i .

11 April2006 '9110 03/022846 PCriu502129153 -65 Z is -0-, - Sty apMr2006 CC .
-CH=N-, -N=CH, -N=N-; Ris -Hor Cl- 4 alkyl; and R10 is -H, an

uns' ubstituted aliphatic group or a substituted aliphatic group. 34. The
use of an effective amount of the conpound as clainmed in O aim 33 wherein
Ring Ais ufiSiB% it uted or substituted with -F, -d, -BrYUEI¥ al kyl
Cl-A4 al koxy, -d-C4 haloallcyl, d-C4 haloallcoxy, -NH2 or -CN, Rng Vis
substituted with one or nore groups -%%el ected from-CH3, -CH2CH3, -F, -d,
-CN, -OCH3; and RO is -H, nethyl or ethyl. 35. The use of an effective
amount of the compound as claimed in_Claim34 wherein Ring Ais
unsubstituted, Rng Vis subg_‘i?t uted@ith one or nore groups R' and each R’
i s independently -CH3, -CH2 3 , -F, - or -CN. 36. The use of an
effective anmount of the conpound ai ned iSn Claim23 wherein R2 is
represented by the follow ng stricturaHitdoraihg, DD 5 37. The use of a
conpound represented by W ng strutur I formula: 11 April 2006 r+cr

03! 022546 PCTI us02i 291-

Ryy

or a pharmaceutically acceptable salt thereof, wherein R, is -CH,,
-CH,CHj;,-OCH;, -F, -C1 or CN for the preparation of a medicament for the treatment of

cancer.

41. The use of an effective amount of the compound as claimed in Claim 21 wheren the
cancer is multi-drug resistant.

42. The use of an effective amount of the compound as claimed in Claim 37 wherein the
cancer is multi-drug resistant.

43, The use of an effective amount of the compound as claimed in Claim 40 wherein the
cancer is multi-drug resistant.

44, A method of preparing a product comf)ound represented by the following

struchural formula:

R3

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

compound represented by the following structural formula:



Rio or a pharmaceutically acceptable salts thereof, wherein Ri i%s A angl U
are independently substituted or unsubstituted and RIOis -H, 11 April 200
unsubst i t U3 $Matic group or a substituted aliphatic group for the
preparation of a nedicanment for the treatnent of cancer. 38. The use of an
effective anount of the conpound as clai6ged in Caim37 wherein Ring Ais
unsubstituted or substituted with one or nore substituents selected from-F,
-ad, -Br, -d -4 alkyl, d-C4 alkoxy, -C-C4 hal oal kyl, Cl-C4 hal oal koxy,
-NTH, or -CN;, Ring Uis substituted w on r more groups selected from
-CH3, -CH, CH3, -F, -d, -CN, -0OCH3 ; , a -H, nmethyl or ethyl. 39.
The use of an effective anount of thelc und/as claimed in Caim38
wherein Ring Uis nonosubstituted with , {CH2CH3, -F, -d, -CN, -OCH3
and the Ring U susbstituent is at the pars position. 40. The use of a
conmpound represented by the following structupd fornula: 11 April 2006 WO
031022346 PCT[ USQZz/ 29154 or a pharnmaceuti cal Ry acceptable salt thereof,
wherein R, is -CH3, -CH CH3,-OCH,, -F, -C or CN for the preparation of a
medi canent for the treatnment of cancer. 41. The use of an effective anount
of the compound as clainmed in Caim21 wherein the cancer is nulti-drug
resistant. 42. The Wfﬁr&ﬁ' an effective anount of the compound as clained in
d aim 37 wherein the ’

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 1s a covalent bond, -C(R,R;)-, -N(R,)-, -O-, -S-, -S(0O)-, -S(0),-,
~C(=0)-, -C(=0)-N(R,)-, or -N(R,)-C(=0O)-, provided that when X is
-C(R,Rs)-, 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,R.)-, -N(R,)- or -O-.

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

E_L;

N\



cancer is nulti-drug resistant. 43. The use of an effective agq‘g;
conpound as clainmed in Caim40 wherein the cancer is nmulti- reS| stant
44. A net hogv@hzpegpari ng a product conpound represented by therhadowsng
structural fornula: said nethod conprising the step of reacting a Cut salt
Wi th a precursor conpound represented by6%he foll ow ng structural formula:
WO 03/022846 11 April 2006 -68 wherein: 0O Ring Ais substituted or
unsubstituted and optionally fused to an aryl group; R3 is a substituted or

unsubstituted aryl group or a substituted or unsubsé1 ut. d [ ti&_group;
X is a coval ent bond, wh RIIRBI)&VEN@F@)HGdOIOmSU stjtute 3’% EE S A

-C(=0)-, -C(=0-NR4 v t en Xis
-g((R4??5)-,C§he¥1 Rg i)s' ? a‘%‘@‘r%}ﬁé%ﬂ%ﬁsggs“t@ al i phatic group;

and R4 and R5 are independently -H or a substituted or unsubstituted

al'i phatic group.445. TRemERAF Qbinfh RiwReftn RARY E'lﬁoﬁth&la@y subs ﬁlteﬂ%l@éneor

CuCl and wherein the Cu3 salt and the precursor conpound are reacted in a
sol vent conpri si ng a ormore groups selected from -F, -Cl, -Br, -C1-C4 alkyl, C1-C4 alkoxy,

-C1-C4 haloalkyl, C1-C4 haloalkoxy, -NH, or -CN.

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,CH,, ~-OCHS,, -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:



tertiary amne. 15 46. The nethod of Claim45 wherein R3 is alls,ﬁﬁ]’ﬁf 0lt;ted or
unsubsti t 93/3’%% group; and X is -Cf,RARA-, -N(R4)- or +t

nmet hod of alm wherein R3 is represent ed by the foll OWI]F'I% /quzrnd(l,? ral
formula: 11 April 2006 WO 03/022846 PCT/ USQ2/ 29154 -69 wherein Ring Vis
substituted or unsubstituted; Zis -0-;7¢S, -NR, -C=C-, -CH=N-, -N=CH,
-N=N-; and Ris -Hor C1-C4 allryl. 48. The nethod of Caim47 wherein Ring
Ais optionally substituted with one 5 or nore groups selected from-F,

-, -Br, -Cl-C4 alkyl, C-C4 allcoxy, - | ahékyl , Cl -C4 hal oal | coxy,
-NH2 or -CN. 49. The nethod of C aim 48 Ring Ais unsubstituted; R
is a phenyl group or pyridyl group substi wth zero, one or nore
substituents selected from-Br, -d R, -CR, -CN, -COOR', -N(R) 2,
-CON(Re)2, 10 -NR COR ; - NHCONH2, S 2, and R and R are

i ndependently -H, an al kyl grou ed al kyl group. 50. The

nmet hod of C aim49 wherein R3 is i ng substituted with zero one or
nore substituents selected from - , -OR, -CN, -NH2, -CONH2 or
-NHCOR'. 15 51. The met hod of C1a|m50 vvhe e|n R3 |s a phenyl ring

substituted with zero one or nore substlyuents sel ected from-CH31 - CHZCHS,
-OCH3, -CN, -For -d.

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 heterocyiic
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; or -NR R,, taken together, is a substituted or unsubstituted
10 non-aromatic nitrogen-containing heterocyclic group or a substituted

or unsubstituted nitrogen-containing heteroaryl group.



52. The conpound of Caim50 wherein R is a phenyl ring thafy AsSril 2006
unsubstituted or nonosubstituted with -CH2CH3, -OCH3, -CN, -F or - and
wher ei n thgyo RNyl ring substitutent is at the para posigdi®e.asss The
met hod of Claim45 further conprising the steps of. a) reacting the product
conmpound with oxalyl chloride to forma ggcond product conpound represented
by the follow ng structural fornmula: WO 03/022846 11 April 2006
PCT/ US02/ 29154 -70 ; and b) am dating the second product conpound wth

NHR, R2 to forma third product. conpound re ented by t fol l.qwi n
structural formfta: GhmReRpdpt{daighet wharer - Eizlﬁreﬁfeéeiﬂﬁggﬁéﬁﬁ@ﬂlq“ﬂ}gg H, an
al iphatic group, a &ﬁg L1 ft&diad! 1 phatic group, an unsubstituted

non-aromati ¢ heterocylic group, a substituted non-aromatic heterocylic

&Lfd aryl group, provided

en tlQgether, is a substituted

inq/heterocyclic group or a
et eroaryl group.

group, an unsubstituted aryl group or qﬂgubsti
that R, and R are not both -H, or - ,

or unsubstituted non-aronmatic nit én-cont ai
substituted or unsubstituted nitrogen-contain

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 Reo;
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:



11 April 2006 WO 03/022846 PCT!US02129154 -71 54. The nethod ¢f grﬁiz 3
wher ei n -%Rg/e}z&‘é]epresent ed by the following structural fornul’a: NH\ 55.
The method' 8t ~CFarn 45 wherein the precursor compound is pr 86AMSAZBYSS
reacting a pyridine starting conpound and an allcyne starting material in
the presence of a catalytic anount of -@2palladium] salt and a Cu' salt,
wherein the pyridine starting conpound is represented by the follow ng
structural forrmula: a/ R20 Al N 10 the allyne starting material is
represented by the follow ng structur la: | and R20 is -Br or -1I.
56. A nethod of preparing a product resented by the foll ow ng
15 structural formula: WD 03/022846 - 2006 PCT/ US02/ 29154

a7
onmpoufid r

@ 1lory

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

compound represented by the following structural formula:

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



said nethod conprising the step of reacting a Cu' salt with %DA@W@W
conpound represented by the follow ng structural fornula: 5 rein R--is
-CH3, -CH2CH3, -OCH3, -F, -C Or -CN. 11 April 2006 -73 57. A conpound
represented by the followi ng structural3fornula: NC or a pharmaceutically
acceptabl e salt thereof. 58. The use of an effective anmobunt of a conpound
repr esent ed7by theonipdundwieprgsestaduntthe &lldvangstractural foampitear maceuti cal |y
acceptabl e salt thereof for the preparation of a nedicanent for the
treatment of cancer. '

or a pharmaceutically acceptable salt thereof.

58.  The use of an effective amount of a compound represented by the following

structural formula: -

o 8]
N H =X
| “eH,

NC

or a pharmaceutically acceptable salt thereof for the preparation of a

medicament for the treatment of cancer.



