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The variables in Formula I are defined below.

Furthermore, other substituted indolizine compounds with a range of
pharmacological activity have been reported, for example, for septic shock (WO
96/03383, WO 99/51605), stroke (WO 98/47507), disorders associated with
apoptosis (W099/24033), and isechemic reflow failure (WO 00/021563). There is
therefore a need for new synthetic methods that efficiently produce
pharmacologically active indolizines, and minimize or eliminate unwanted isomers
and waste products.

3-Acyl indolizines, represented in structure II, are key intermediates in the
preparation of many pharmacologically active indolizines, including 1-glyoxylamide

indolizines:
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i somer. 5 For exanple, Copar, A.; Stanovnik, B.

Tisler, M J. Heterocyclic Chem 30, 1993, 1577-1579
dlsclose the preparation of- acyl indolizines by
reacting a substrate, shown bel ow as

1-acetonyl - 2-nmet hyl pyridi niumchloride (1), with a
cyclization reagent, specifi l'y di methyl forinam de
di net hyl acetal (2): N+ 0 CH3 CH3 + H+- N\
--3~- NO CH3O CH3 0 RE1II(2) mnor (3)
maj or (4) 10 UnfortunatelY; such reactions, 3-acyl

i ndolizines are formed as m Ray- products in yields
ranging fromO to 20% The a8I|Ity to synthesize
3-acyl indolizines economcally and in high yield is

a prerequisite to nmaking pharnacol ogical ly active
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es nt| al r W public,
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For exanple, one_ such cycllzatlon \eagen
represedﬁid by strud?ire [11a: V[fﬁﬁﬁ 02472 abp(ﬁ)

PCT/ Usé%%%%ﬂé?n siich reactions, 3-acyl indolizines are formed as minor by-

products in yields ranging from 0 to 20%.

The ability to synthesize 3-acyl indolizines economically and in high yield is
a prerequisite to making pharmacologically active indolizines viable as drug
candidates. This is essential to bringing new medicines to the public, including
anticancer compounds such as I. Herein is disclosed significantly improved

synthesis of substituted indolizine compounds.

SUMMARY OF THE INVENTION

It has now been found that 3-acyl indolizines such as structure II can be
prepared in high yield by the use of new, sterically hindered cyclization reagents.
The surprising and significant effect of using these new cyclization reagents is that
the prior art product distribution is reversed—the 3-acyl indolizine is the major
cyclization product and the 2-acyl indolizine is the minor product or is not observed
at all. Typically, yields of the 3-acyl indolizine are 70% or greater (see Examples 1

and 2). For example, one such cyclization reagent is represented by structure ITla:
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4 15 R3 and R4 are as defined above for I11a.
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10  unsubstituted ar yl group, or both R4 groups, taken together with the nitrogen atom
to which they are bonded, are a substituted or unsubstituted heterocyclic group.
Another cyclization reagent is prepared by reacting a compound represented

by structure IIIb with an alkylating agent.
>—N: IIb + alkylating agent
R3

15 R3 and R4 are as defined above for Illa.
The present invention is directed towards a method of preparing a product

compound Ila by reacting a substrate IVa with one of the cyclization reagents

defined above:

RO o RO
cyclization
reagent -
A IN_H — A N y R3
X~
IVa X‘R1 Ila R1

20
Ring A is a substituted or unsubstituted heteroaryl group.
X is a covalent bond, or a linking group selected from a methanone, a
sulfone, a sulfoxide, a substituted or unsubstituted amine, or a substituted or

unsubstituted methylene. Preferably, X is a linking group selected from a
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unsubstituted nethylene. Preferably, X is a |inking

group selected froma WO 2004/ 024727 PCT/ US2003/ 028252

-4 met hanone, a sulfone, a’sul foxide, or a substituted

or unsubstituted nmethylene. More preferably, Xis a
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concomitant lack of byproduct formation leads to less waste, and thus an

environmentally responsible process.

DETAILED DESCRIPTION OF THE INVENTION
The methods disclosed herein can be used to prepare derivatives of nitrogen-
containing polyaromatic systems, including indolizines, and in particular 3-acyl

indolizines. The term indolizine refers to the two fused rings in structure I:
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reacti on between the cyclization reagent and a
substrate of structure |IVa, One such cyclization

reagent is Illa. The other- cyclization reagent is
prepared by reacting Illb with an alkylating agent
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HMPA NMP, nitrobenzene, nitromethane, or THF. The resulting mixture is heated

to between 120 to 160° C.

Details of a specific preparation can be found in Example 2.

The cyclization reagent ITIb, in a molar excess of 2 to 100, and an alkylating
agent, in a molar ratio of between 2 to 100, and the substrate, in a molar ratio of 1,
are combined with a polar solvent and reacted at 25° to 70°C. The polar solvent can
be a polar protic solvent, such as water or an alcohol; a polar aprotic aromatic
solvent such as nitrobenzene; or a polar aprotic solvent such as nitromethane, DMA,
DMF, DMSO, HMPA, NMP, THF, or dioxane, provided that said solvent is not a
formamide different from IIIb. Subsequently, an excess of an amine is added and

the mixture is stirred at 25 to 50°C.



DMF, DVMSO, HMPA, NWP, THF, or di oxane, provided that

said solvent is not a formamde different fromlllDb.
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20  Compounds represented by structure X can be prepared from compounds

represented by structure Ile by acylation with, for example, oxalyl chloride or a

synthetic equivalent thereof (e.g., oxalyl bromide)'

NR7R8
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_chioride = HNR7R8
CC} Ve J W
~R1

e XR1 X=R1
In the above scheme, RO and R3 are —H and X, R7, R8 and Ring B are as
25  described previously. Although equimolar amounts of an intermediates such as Ile

and acylating agents can be used, typically the acylating agent is used in excess, for

example, up to a twenty fold molar excess, preferably up to a ten fold molar excess
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i nternedi ates such as Ile and acylating agents can be
used, typically the acyl ating agent is used in excess,
for exanple, up to a twenty fold nolar excess,
preferably up to a ten fold nolar excess WO
2004/ 024727 PCT/ US2003/ 028252 -7 and reI pr ef er abl %;
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reaction . .ar ovi ded. in U S, oVi Si i :
NSE Beraes g2 5 PR LRl Kot SRR dpRqfgheans,

prafier red enbodi nent, the variables inllla and Illb

are defined in the follow ng, paragraphs._FEach i §.a
subst i g pglesred gmbasistant. jhe ks i Il p i B @ff‘gﬁ%ﬁ’&?‘ in the

%Ef_u&zvg}%(%%égﬁgubq EZ 2f e?2g| ;ach R is independently a
Each R2 is a substituted or unsubstituted cyclic aliphatic group, or

-CH(R®), or —C(R®);, and each R° is independently a C1-C4 alkyl group. Preferably
each R2 is independently —CH(CHs)2, -C(CHs)s, cyclobutyl,
2,2’ 4,4’ tetramethylcyclobutyl , cyclopentyl, 2,2°,5,5-tetramethlycyclopentyl,
cyclohexyl, 2,2°,6,6’-tetramethlycyclohexyl, phenyl, or 2,6-dimethylphenyl.

R3 is as described above for structure Illa. Preferably, R3 is —H, methyl,
ethyl, or propyl. More preferably, R3 is —H.

Each R4 is —H, —-CH3, ~CH,CH3, —-CH,CH,CHj;, —-CH(CHz): or -C(CH3).
Alternatively, both R4 groups, taken together with the nitrogen atom to which they

are bonded, are a cyclic group as shown below:
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or 2, 6- drnethylphenyl R3 ig as described above for

structure Illa. Preferably, R3is H nethyl, ethyl,

or propyl. More preferably, R3is H Each R4 is H,
-CH3, -CH2CH3, -CH2CH2 -CH(CH3)2 o -C(CH3). 30

Al'ternatively, both Ry gr ps, of aken.fog @ r- wth the
nitrogen atomto whi ch\th€y are bonded,ar®" a cyclic
group as homn bel ow. WD 2004/ 024727 PCT/ US2003/ 028252
"8 " NEBGLRIECH2)n nis 0, 1, or 2. In another
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H
10 In %talléﬂ?dtéﬁ@ﬁs daserf ve s shnetara Ila. ﬂi’éeferably, R3 is

?glglf @éem %Ql}rl eo%%%}érl rﬁgﬁr i rﬁe I,L%@j}(} olr ?(HX§ F}o;Iore n%re]@aably, R3

alseras descrl bed for struct ure Il1la. Preferably, R3 is
-H, nmethyl, ethyl, or propyl, and R4 is methyl, ethyl
or prop¥t yet%?@elmleteeraés odifgpnt, {he rsgchzrtwnpzp%sgn@epgesemed by

unlpsslte ) Qd ysubstituted. More preferably, ring C
uns {)strlﬁt ut ed Most pr ef erably, the cyclization

reagent is N, N—dlnethylfo RO 0eRUR4t ert - butyl
acetal, NN-di nethyl aceta d|>‘t-elnt Batyl acetal
N, N- di met hyl benzar ai de-

R3 and R4 are as described for structure Illa. Preferably, R3 is
—H, methyl, ethyl, or propyl, and R4 is methyl, ethyl or propyl. More preferably, R3
is —H.

Ring C is unsubstituted or substituted. More preferably, ring C is
unsubstituted.

Most preferably, the cyclization reagent is NV,N-dimethylformamide-di-zerz-
butyl acetal, N,N-dimethylacetamide-di-ferz-butyl acetal, N,N-dimethylbenzamide-
di-tert-butyl acetal, N,N-dimethylpropamide-di-fers-butyl acetal, or N,N-dimethyl-2-
propamide-di-tert-butyl acetal; or is prepared by reacting N,N-dimethylformamide,
N,N-dimethylacetamide, N,N-dimethylbenzamide, N,N-dimethylpropamide, or N,N-
dimethyl-2-propamide with an alkylating agent. |

The substrate used in the disclosed cyclization reaction is represented by

structure I'Va.

IVa X Ri



20 di-tent-butyl acetal
N, N- di net hyl propam de-di -tent-butyl acetal, or

WORMM4aR4TRT hyl - 2 propam de-di -tent-butyl acet al PCDUS1083/028252
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prepared by reacting N, N-di et hyl f or mam de,

N, N- di met hyl acet am de, N, N.gli met hyl benzam de,

NN- di et hyl propai ni de, or N, N- di net hyl - 2- propai ni de
vvi th an al kylating agent. The substrate used in the

cl os cycli.z tio reacti i.§ represented b 5
CIBE R B AR RO 108 it DGR P50 Rheeft?
P@Ebldﬁ&ﬂ@é’réﬁﬁ%ﬁﬂt@ in th8 fdreitioR A€ b ipedtiuef ofsttibiasd Al ehefvariables

structure IVa with one of cyclization reagents

dingiusiwes Han.dilkb ddYiatase definedabpien. RaefewhlyoR0and Réue both —
t . ) . ' t t 111
CF & LS B o B BL ABRER e 001V R0 and R

ar e Phsgéably, theiubaragdie séprésshred berstrutartiul:i t ut ed
aliphatic group. 5 Preferably, t I substrate is
represented by structure VI: B N+ VI X.. RL The
reaction of a substrate of ure VI with one of
the cyclization reagents | Bc'&psed herein results in
the formati on of a product ented by structure
VIl: ROCBNR3 VII XRL 10 ROXRl, R3 and X in
structures VI and VIl aM™ as desciRbed in structure
IVa, and Ring B is substituted or unsubstituted.

Sirhe ggchons pba sybsiiaa s swurmVrIngEh PRecoffbe cydliggisqn reagents
d |
a5 lokgielgp gﬁ rg%ﬁltganet%t@ 'é’&-gqo %Ion 4 H%m%%?ltegénlf&f% structme VII

Pre erred sub I'nc e on
groups selected from-F, -d, RBr, Cl-C4 al kyl, Cl C4

al koxy, -C 1-C4 hal oal kyl &~ C4 hal oal koxy, NH2,
NC2, or -CN. Preferably, {5[\!10 , Rhng Bis
unsubstituted. In a preferyedenbodi nent, the

substrate is represented byyfoXngha VIII:

RO, R1, R3 and X in structures VI and VII are as described in structure I'Va; and
Ring B is substituted or unsubstituted. Suitable substituents for Ring B include
those described below as being aryl ring substituents. Preferred substituents for Ring
B include one or more groups selected from —F, —Cl, —Br, C1-C4 alkyl, C1-C4
alkoxy, -C1-C4 haloalkyl, C1-C4 haloalkoxy, —NH,, -NO,, or —CN. Preferably,
however, Ring B is unsubstituted.

In a preferred embodiment, the substrate is represented by formula VIII:

and R3 in the cyclization reagent is —H, resulting in the formation of a product
represented by structure IX:

Za—

O N

X~R1
X



CBN+1VIII X RL and R3 inthe cyclization reagent is
-H resulting in the formati on of a product

wo epresEet ed by structure 11X N X-RL 20 | X WPCT/US2003/028252
2004/ 024727 PCT/ US2003/ 028252 -10 The variables in

structure VIIl and I X are 88. defined in structures VI
and VH. Preferably, R is an optionally substituted
phenyl, pyridyl, furanyl, thienyl, pyrazolyl, or

D or g L0 s B i ST
P
r@ge%ﬂtl}lfl Q?Ihﬁ an q'bﬁt)ﬁ:ﬁfsrt?s sitlt\lﬁtla@ Bﬁa‘gf‘ ?‘dlynld@}/ rfl'n‘aﬂifl th?enyl
r@ma{mﬁmlq@myyﬂrou;s(pmbhytphmﬂ gEoug). Smtabk sudnatu@nts those

nore, _su tltuents Se

-Gepgribeddqlow aglesipg LECt e st1tu€@§|( %ﬁfya%%@yl Pyridyl,

s R V?H T o 2 Subbt e Al
@ﬁﬂumneﬁspﬂnwaﬂmyuwmseﬂemméﬂbsmﬁbtr@ht@nﬂ% +OR"aCN, ~
PSR, Tt PSR RoR}, - oRIPL iR i R ana

PR @reoiﬁééﬁdnaéhﬂ}ﬁlﬁtah\éﬁ{ Rgrdu&aebr asebhinned elkyl frosp. rEspéuaﬁay
I, variables X are as described for

sprcfmed substijigents f@rr@gohenylgnv@sreﬁ@sqrﬁ%by Bt axg Gl Gl
7 and R
10 u X ﬂg Lan cglrlﬁp a%ﬁ%? g@%ﬂaﬂ‘t}f Bgfzz fﬁ&ﬁyn a8 & the

I'C"group,
qaam@&kbtuted non 15 aromatic heterocycllc group, or a

That  RTGHURBIR] ¢ HERCHbL L o RASFLr GRBT RRpRaTV:
tr‘rﬁ B i ng%éfﬂl%a for s%luéltu;rel'svpScxiilﬂtli’bt £ 108 adisiBsidehtiy efl, a

2 ar ona eterocycli ¢ group, or a substituted or
Lﬂmsﬂbﬁtddtdﬂumsh’tﬁtl‘yﬂtedgﬂlphmc Roed, arsabdat;tuieri os tinyibstiipigd mon-

PN N NS TN A e
RBaf B7 8r REBSL hdtwbBAIPr Alternatively, NHR7RS, taken to gether, isa
substituted or unsubstituted non-aromatic heterocyclic group, or a substituted or
unsubstituted aryl group.

Preferably in structure I, X, R1 and R3 are as described for structure IVa;
20 ring B is as defined for structure VI; R7 is —-H; and R8 is a substituted or
unsubstituted aliphatic group or a substituted or unsubstituted aryl group. Suitable
values for R8 are in the section defining aryl groups. Commonly used aryl groups

for RS are selected from structural formulas i-xix below:

NG X X N%]
KINI,N é—T/ é—@ | )\Es

25 v vi vii viii ix



unsubstituted aliphatic group or a substituted or
unsubstituted aryl group. Suitable values for R8 are

w0 pootlozd78ECt i on defining aryl groups. Commonl yPOEE82003/028252
aryl groups for R8 are selected from structural

formulas i-xix below N N{kNN NH i Il Wiv NN1
\N NNH25 V vi vii viii 1x W 2004/024727

PCT/ US2003/028252 -11 N N~ O NHS x xi xii Xiili
XV SSSO0 RO xv xvi xvii xviii xix RO is -Hor

edmbst't@:ﬁkylw\\A r@
f d | R St i ] /N - ,N
pr eflgr a [ 8?3 Stitu ed.lor ngv g

bsti thit ed aryl Nyioup selectigd from%tr et ur al

un
formulas xx- 5 xxv: NRIOR11 [O\N\ O\ N Z xx xxi,
xxii NS -SRIZIN NN R13 X X1 X
N-N
SN £ Y SN S BN
g N gD LN TN
S ! S S 0
R9
XV xvi xvii xviii xix

R9 is —H or a substituted or unsubstituted alkyl group. A more preferred value for

RS is a substituted or unsubstituted aryl group selected from structural formulas xx-

5  xxv:
NR10R11
/[—/\\N X @] g \_ N
87 o | %
Z
X xxi xxii
M s
& N N °N
| )—SRi3 \
~ N‘N
N R13
xxiii xxiv XXV

Z is -CH— or —N—; R10 and R11 are independently —H or an alkyl group, or
-NR10N11 taken together is a non-aromatic heterocyclic group; R12 is an alkyl
group; and R13 is -H or an alkyl group. Structure xxv is a more preferred valued for

10 R8 wherein R13 is -H, or a substituted or unsubstituted aliphatic group and
preferably —CHs,.

An alkylating agent is a compound comprising an electrophilic alkyl group
and a leaving group. Such agents are well-known to practitioners of the art.
Examples include dialkyl sulfate or an alkyl mesylate, tosylate, triflate, chloride,

15 bromide, oriodide. Preferably, the alkylating agent is dimethyl sulfate.

An inert linking group is any group that connects two other groups and does

not substantially interfere with the reactions described herein. “Interfering with a

reaction” refers to substantially decreasing the yield (e.g., a decrease of greater than



XXiil xxiv xxv Zis -CH or -N; R 0 and Rl 1 are
i ndependently -H or an al kyl group, or -NRLON11l taken

W oedtMse7 i s a non-aromati ¢ heterocyclic gr oupPCRIUI2003028252
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an al kyl group; and R13 is -H or an al kyl group.
Structure xxv is a nore preherred valued for 10 R8
wherein R13 is -H, or a substituted or unsubstituted
aliphatic group and preferably -CH3. An allcylating

LB BT caneing oEaIRG. G of B Brp uge L g YS9k
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descfibed herein. "Interfering with a reaction’ _
r ef er sAt elighdtistgueny iakistraighicsheamsi iyandhed pr eydic((Boryarongatic)

rease of eater .t 2004/ . :
ROt Gagtus b Sas o9 el Ot e (ains an ergmpre it of
amReitatdh. PYpips1Bgdekaiberdiine@Br bnched alpRite dryup has from one
products represent at |east 50% of the theor et| cal

yio @bayt, twientyetar e eﬁ@ﬁ% pEfereblyerm opalp abgut gReapd a cyclic
e L

ag @referabBi esmnqﬂeﬂély sﬁmratax aﬂ’ﬁllgbt-chame@roe érenchettlalsy\iowp, e.g.,
rotective G oup Synt

e, SU0L Y PIARD BB BV o P P AP h P ot
b c@1-C20
I r DUy g Yeakcnh s g b0 ki
urtiaf ght o]flamem&ai hrradhid alkyrrgrpumandﬁ3 §8w¢19a1étm giokpd #readlso

or br ed.al i,phati u em one

iR e BRSO nr eriPsn P GrPaEs wa? sty be
asmlgstau&m b6 11%@11@;5‘(&@9@511&11@@%1@) has fromthree to
about eight ring carbon atons. An aliphatic group

IS
pr ef er abml groups mlledesiaspos yrligragemaatic SPHRS Fh 28 RGIYL dlaB]Fthyl

2a 8‘ nfwy l kr%iu}{ rrga@ e%&ggt fh 5? %ﬁz’g&qylpéﬁlmld&oyl Ofo’elnyl
hiaaglyl, p@ﬁﬂgu bynmﬁdyﬂz@iyydnyl @malw,mhﬂmym}fr@mdpﬂmzmyl

three to about egt rln carpon
SiEothiag eyl cFareiEl isaprzalvh e%%&“%oba ggal}ﬁ%olgz@%%@m
cycloal I K

"1 over ‘Jé%l ?’?&%g Rfso %ﬂc@u& iﬁ& ;;%Il}zc%glﬁf% %rgglaﬁg §1B§ 56dtBn@fn which a
achdhdeiycliahdoynabie ring lobhd:teroaﬂtyé dngis fueed totome oo poegiothyr heteroaryl

ara]r?gtshgxargples ﬁmlude benzothienyl, benzofuranyl, indolyl, isoindolyl, quinelinyl,

benzothiazolyl, benzoisothiazolyl, benzooxazolyl, benzoisooxazolyl,
benzimidazolyl, indolizinyl, quinolinyl, and isoquinolinyl.

Non-aromatic heterocyclic rings are non-aromatic carbocyclic rings that
include one or more heteroatoms such as nitrogen, oxygen or sulfur in the ring. The
ring can be from three to about eight ring atoms. Examples include epoxyl,
oxazolinyl, oxazolidinyl, thiazolinyl, thiazolidinyl, tetrahydrofuranyl,
tetrahyrothienyl, morpholino, thiomorpholino, pyrrolidinyl, piperazinyl, and
piperidinyl.



Aryl groups include carbocyclic aromatic groups such
as phenyl, naphthyl, and anthracyl, and heteroaryl

w@e@ypsi7such as i m dazol yl, isoimdazolyl, thieelUs$2003/028252
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furanyl, pyridyl, pyrimdyl, pyranyl, pyrrolyl,
pyrazol yl, pyrazinyl, thiazgelyl, 20 isothiazolyl,
oxazol yl, isooxazolyl, 1,2,3-triazolyl,

1,2, 4- triazonI and tetrazolyl. Aryl groups also

:/\E IC lc: E d :Suﬁ" }?%s@gtg%c ﬁéc S l()l'} 31}%% %Hi%altl% & gp %F] é%{ » ta.leon'fa‘u]c Iillete:rocychc
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L8tebtelFornl. @Altaﬁle%ot@&ﬁlgtﬁoﬁﬂs%% k@S e BRAHY aRl HMosed, for

ring atoms. Exanpl'es 1 nclude epoxyl, oxazolinyl,
oxanplld, di Ayéenethd Xhws,iibidl Sultalblee&lbstutdemy bn an alkyl, aliphatic, aryl,

LAy oL 00 LECT ALY Skl TBEPAGLLEC: o
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%&—h&%ﬁ%;@%&y&g%%nﬂy hatl%ﬂguzd aliphatic,

-Yeeb¥1RelBe)itut dHKSRRA, aronNREEReWb st ati NDICENRa¢ferably an
NHCON( RdRe) , NRf CONH2, - NRf CO\“?\dI; NRf CON( RdRe) ,

a@(}é;\tp.gnzmor ary SIRM)- lmpﬁggtlon takpiRepeter, can also form a
ﬁ%@?l%olﬁlﬁﬁﬂlbs%ﬁwﬁo}l—awij@m he%ro&\ﬂ%fh): ghlgu%qﬁec)enzyhc group,

non-aromatic heterocyclic group or aryl group can also have an aliphatic or
substituted aliphatic group as a substituent. A substituted alkyl or aliphatic group
can also have a non-aromatic heterocyclic ring, a substituted a non-aromatic
heterocyclic ring, benzyl, substituted benzyl, aryl or substituted aryl group as a
substituent. A substituted aliphatic, non-aromatic heterocyclic group, substituted
aryl, or substituted benzyl group can have more than one substituent.
Pharmacologically active indolizines disclosed elsewhere (WO 96/03383,
WO 99/51605, WO 98/47507, W099/24033, and WO 00/021563) can also be



15 NH C(=NH) - NHRd, NH C(=NH)- N(RdRe), NH C(=NR) - NH2,
NH C(=NRf) - NHRd, - NH C(=NRf)- N(RdRe),

WO DRgR4Ze=NH) - NH2, - NRg- C( =NH) - NHRd, NRg- PCT/US2003/028252
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C(=NH) - N(RdRe), NRg- C(=NR) - NH2, NRg- C( =NRf) - NHRd,
NRg- C( =NRf) - N(RdRe), NHNHZ4. - SO2NH2, - SO2NHRd,

- S2NRdRe, CH:CHRd -CH=CRdRe, -CRf=CRdRe, - CRf CHRd,
- CRf CRdRe, - -SH, -SOkRd (k is 0, 1 or 2) and 20

AR T co@%x&gxa%mrga&n B RARREIAST it

RenéNals. aromatic or substituted aromatic gr oup,
preferably an al kyl, benzylic or aryl group. In
addition, -NRdR5 , taken together, can also forma
substituted or unsubstituted non-aromatic heterocyclic
group. A benzylic group, non-aromatic heterocyclic
group or aryl group can al so have an aliphatic or 25
substituted aliphatic group as a substituent. A

SEBEMRLFEABIPRy| or aliphatic group can also have a
hon- af%ﬁegen@ FhehRmie ) kG trhieABy the ﬁmlasvmg &KaffleR, which are not

non- aro erocyc Ic ring, benzyl, substit ut ed
blﬁfehylbdtodfwlﬁmﬂmgsmbmtwajat ed aryl gr oup as a

substi tuent . St ut ed ali . A .
het er ockErmpl ﬁfﬂ" e gy i2 ryﬁld Og Pnd%h%ﬁt%%{é{ pgdiate
benzyl GfOMAuEAIbF6AUER! £ (InlddlzRRB-64Pohyl)-bentonitile
Phar macol ogi cal l y""acti ve indolizines disclosed

el sewhe 96/ 03383, WD 99/51605, WD 98/ 47507,
W99/ 24033 +5hd WD 00/ 021563) can al
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conbi ni ng é S
lgs Enat éd by the foll ow ng exanpl es,

of startin
invention is i

which are not intended to be |imting in any way.
Exanpl e 1: New cyclization gives high yield of

(1 nob PIPRIY ! TR Bk Pl oA R o o mmol)

%ﬁ@@%LNuEP&M@Nqu@o@waS added DMF-Me;SO; (400 mL, the mixture
obtained by stirring a mixture of 1 eq. DMF and leq Me,SO4 at 60°C for 3h, then

allowing to rise to rt), and stirred at rt for 15 min. Subsequently, Et;N (700 mL) was
added and the mixture was stirred for 1 hr at ~ 40°C. The mixture was then added to
ice water (1200 mL), and the precipitate was collected, washed with water, and
dried, to give 4-(indolizine-3-carbonyl)-benzonitrile (29 g, yield 76%). "H NMR
(300MHz, CDCls): 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 caled for Ci¢H1oN2 O: 246.08; Found: 247.1
(M+H)".

Example 2: New cyclization gives high yield of indolizine intermediate

and no significant byproducts: 4-(Indolizine-3-carbonyl)-benzonitrile

X
@{Br- = N
=N DMF-di-tbutyl acetal  {(N_/

0

CN
)
CN



CN To 2-nethyl -1-(4-cyan)-phenacyl pyridinium brom de
(509 , 120 innol) DMF (500 nl) suspension sol ution

woa®4meided DVF- Me2SO4 (400 L, the mixture 15P@ObUSINECR8252
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by stirring a mxture of 1 eq. DW and | eq Me2SO4 at
60C for 3h, then allowing 49 rise to rt), and stirred
at rt for 15 mn. Subsequently, Et3N (700 nL) was
added and the m xture vvas stirred for 1 hr at - 40C

The m xture he
and t HeP -e%e&ﬁ@ S SRR P?ﬁl&%ﬂéﬁmu%?‘%r 58 13211@?10D

- d d —t—b tyl
e 800l it e
766! (30HNINVR rﬁd.‘l(ei%@s@l%ﬂg clezbsuiglion wag stmg@i atjg@ f01 4 min., then

7.87-,7.75 7 7. 30-
ol Rl e Vet 2l BT Bl gt amd e
%ﬂ&nﬁ)@a’ce KRy B6llectdi%and wachaHyith wakaNDiyen2on Ne¢uum line gave 4-

cyclization gives high yield of indolizine

|(md9hﬁ@§13a@8éb019/ﬂﬁjbqﬁléor§tféﬁ (3.9 eaPR¥obyph ddUcrusity, which was

Srelfiged SR SRR R B R b Gt 5 2 g4 B MR
R@D’@MS%P_QPICQQ?QSS (d, 1lﬁe7n- 27 7I75(r?| Aafll)m7 .57(d, 1H), 7.30-7.22(m, 2H),
@974(%%&))6 5@ Eéf?g%%ﬁ%th% ; %‘?@ @#? F\%&g‘g a?glﬂeld
%},}\L +rret hyIforrram de dl-t butyl acetal (30 nL) at A

resulting clear solution was stirred at 130C for 4
m n. ,Exdmeple 3 @ukpatation of awibdtrata: 4-tedolerie-yhahdnzonitrile

Subsequently, water (100 nlL) was d the 5
preci pitate col | ect’e@rand washed g th water.

Dryi ng on Nine, gavgide |
(i ndoli zi Ae- 3-Tar bonyl ) - benzonitrile (3 %\'Wlth

91 % purity, which was crystallized w%h CN(35 i)
(2 %&9139%&1 %& gu\seg Pk %n%ogﬁm%);ga ﬁ)% mmtlm%vwded
'/BrSOS )4 nﬁzwﬁ mm@l) at I‘@QI@ 7e(nnpel dtide, TBe E@glﬂmg mn)(tureggmtlrred for

X a% ‘I: Ehe%% ven \lz\v%s eovapgldé edounder reHuced pressure ’}196 1(651d|ﬁ% was
dissolved in CH3CN (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. BtOAc (20 ml) was added to the mixture and the resulting 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, SE), 6.78(s, 2H), 2.74(s, 3H).

PREPARATION OF OTHER COMPOUNDS:
The following compounds were prepared in 75% yield or greater, except as
noted, using the methods of Examples 1 and 2. Analytical data and structural

formulas are provided.



Exanpl e 3: Preparation of a substrate:
4-indolizin-3-yl)-benzonitrile Br- - 1. Br2 ~ CN

wQ:2@4Peeetine N O\ To 4-acetyl benzonitril e (1HCHUS§2003/028252

100 nunol) EtOAc (150 m) solution was added Br2 (5.1
m, 100 nmmol) at roomtenpggature. The resulting

m xture was stirred for 15 0.5 hr, and the sol vent
was evaporated under reduced pressure. The residue was

i) vas addEaNPBIAf Rt O A e pe |
stirred for 30 m nutes gt~roQmtenperature and anot her
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and the resul ting precipr
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6 (pprn), 9.98(d, J=6. 9HzN1 , 7. 80(d J=7.2Hz, 2H),
7.59-7.45(m 4H), 7. 350%; . 1H), 7.21(t,
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(‘34* TR (GBEUIR G0, 0.04(0 /=7 201 1HD). 27500 18 46, 28D, 357

lﬁm (ERGLAEY d,=Rpipizn E),9.304 d——4 3HZ, P 7.21H) /~=7T2HA(1d]),

o 6556 Bl a3 e 0 8 Mg B Ly B .0

15

20

Found: 256.0 (M+H)".
Example 6: (3,4-Dichloro-phenyl)-indolizin-3-yl-methanone

N~

\N/ Cl

Cl
O

'"H-NMR (CDCl) & (ppm), 9.94(d, J=7.2Hz, 1H), 7.89(d, J/=2.1Hz, 1H), 7.65-
7.55(m, 3H), 7.31(d, J=4.5Hz, 1H), 7.27-7.21(m, 1H), 6.98(t, /=7.2Hz, 1H), 6.56(d,
J=4.8Hz, 1H); ESMS calcd for C;5HoCI:NO: 290.14; Found: 291.1(M+H)+.
Example 7: Indolizin-3-yl-p-tolyl-methanone
= N
NP
O

"H-NMR (CDCL) & (ppm), 9.92 (d, /=7.2, 1H), 7.71 (d, J=7.8, 2H), 7.43 (d, J
=8.2, 1H), 7.32 (d, J=4.8, 1H), 7.24 (d, J=7.8, 2H ), 7.08 (t, /=6.9, 1H), 6.81 (t, J
=6.9, 1H), 6.42 (d, J=4.8, 1H). ESMS calcd for C;¢H;;NO: 235.10; Found: 236.1
(M.



10 6.95(t, J=6.9Hz, 1H), 6.53(d, J4.5Hz, 1H); ESMS
calcd for C15H10CINO : 255.05; Found: 256.0 (M+H)+.

wWEz@EapRe26: PCT/US2003/028252
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(3,4-D chl oro-phenyl)-indolizin-3-yl-nethanone C N
C  O'HNWR (CDC13) 6 (ppm7. 9.94(d, J=7.2Hz, 1H),
7.89(d, J=2.1Hz, 1H), 7.65- 15 7.55(m 3H), 7.31(d,
J=4.5Hz, 1H), 7.27-7.21(m 1H), 6.98(t, J=7.2Hz, 1H),
6.56(d, J=4.8Hz, . . ESMS cal.cd . for, CL5HICI2NO
290. 14; Foﬁﬁam%&f%mmwhe&ﬂﬂﬁ%hw- -yl-methanone
I ndoli zi n-3-yl -p-tolyl ~ne none C3/ 'H NWR (CDC13) 5
(ppm, 9.92 (d, J=7.2,| 1H .71 (d, J=7.8, 2H), 7.43
(d, J 20 =8.2, 1H), 7.3 (0 =8, 1H ), 7.24 (d,
J=7.8, 2H), 7.08 (t, J=6.9, ~ @1 (t, J =6.9,
6.42 (d, J=4.8, 1H). BE3MS talcd for CL6HLINO

1H),

235..10; - 236..1 2004/.0247
P:é%%@%é?m)z %§§ &?;;7'%\%) D94 QA 2wy, 759 (@, 7
S L e R e
1=6.93 1H21§ 55 i 89404 ?I%ESMS 2alcd Byr, C7HANGR023 1684 Foynd: 238.1
1 +19 (t, J=6.9, 2H), 6.97-6.87 (m 3H), 6.81 (t,

3 Qg 9, 1H), 6.55 (d, J=4.7, 1H). ESMS calcd for
C15HL1NO2 Exdmpldds  In Fokaf-3-YAS@ -rhethbd EnylRasiRAfon?:
I ndol i zi n-:)’f-y?-(s- rI}et h oxy}-zlp enf/l )wrrjgthhg% one OCH3
N-111 O 1H NVR (CDCL3 Ogg(d,

J=7.2Hz, 1H), 7. 54 (d, J&Z. Hgg.

\

"H-NMR (CDCls) & (ppm), 9.96(d, J=72Hz,1H),7.54 (d, J=7.5Hz, 1H), 7.39-
7.33(m, 4H), 7.16(t, /=6.6Hz, 1H), 7.08-7.04(m, 1H), 6.91(t, /=6.9Hz, 1H), 6.50(d,
J=4.5Hz, 1H),3.85(s, 3H); ESMS calcd for C;cH3NO; : 251.09; Found: 252.1
(M+H)*.

Example 10: Indolizin-3-yl-(4-methoxy-phenyl)-methanone

= N
N/

OCH;
o

"H-NMR (CDCls) & (ppm), 9.9(d, /=6.9Hz, 1H), 7.84-7.80(m, 2H), 7.53(d, J=9.0Hz,
1H), 7.35(d, /=6.0Hz, 1H), 7.13(t, J/=8.1Hz, 1H), 7.0-6.96(m, 2H),6.88(t, /=6.9Hz,
1H), 6.51(d, J=4.5Hz, 1H), 3.87(s, 3H); ESMS calcd for CisH13sNO, : 251.09;
Found: 252.1 (M+H)".

Example 11: 3-(Indolizine-3-carbonyl)-benzonitrile

= N

s N/ CN

o)



10 7.33(m 4H), 7.16(t, J=6.6Hz, 1H), 7.08-7.04(m
1H), 6.91(t, J=6.9Hz, 1H), 6.50(d, J=4.5Hz,

wapkHos®2821s, 3H); ESMS cal cd for CIL6HL3NOZ : 2BAT/0S2003/028252
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Found: 252.1 (M+H)+. Exanple 10:

I ndol i zi n- 3-yl - (4- met hoxy- pfwenyl ) - met hanone r N

i-aOCHSO 15 1H- NVR (CDC13) 6 (ppm, 99(d J=6. 9Hz,
7.84-7.80(m 2H), 7.53(d, J=9.OHz, 7.35(d,

2@%4@%@2&5@&@ PP g 1@08 9?61&3 2R, 7.81(4,

ggﬁz gﬁzzgﬂzﬂ 7., éﬁb/%gﬁl Eﬁ) f70f29 %ﬁ{“ﬂ%@ 7.008 8% Hz, 1H), 6.57(d,
3J¢4.8Ho) 1), BEMS @aécrda@mﬂ eHlen@om& 08; Feunde4 7N (M+H). 0

WO 2004/ Q24727 RCT/ 003/ 02 18 . 1H-

(ppm) , B 171}*‘}( vﬁ‘ H’Ifh)‘ ‘?‘g‘ZH’é %WP("HVN%E}‘,&%?( d,
J=7. 8Hz, 1H) 7.64-7.59(m 2H), 7.29-7.24(in, 2H),
7.00(t, J=6.9Hz, 1H), , J=4.8Hz, 1H); ESMS

cal cd for CL6HLON2 O: {46NO Found: 247.1 (MH) +.
Exanpl e 12:
4- (1- Met hyl -i ndol i zi ne- 3-ca zonitrile ON CN
501H—NI\/R(CDC13)6(ppn)099 d, J=7.2 Hz, 1H),

7 2Hny 7
iﬁ&%éfﬁ(ﬁﬂ:hfﬁéppdﬂ)é%ﬁid ﬁ—(7[;2 He 1;1){) 7! 875’>5é m Jﬁ% 77 %5127 1,76,
HeH), L6b(d, 2=8% ([, 13D) 7.288MVE=6.811d 1y 7@5@12&&2699@ J 6 0 Hz,

3o 5D okl 6t Elh o b 0az e 27! (NERR

10 0 Example 13: 4-(6-Ethyl-indolizine-3-carbonyl)-benzonotrile

= N
N/

CN
0

'"H-NMR (CDCl) & (ppm), 9.84(d, /=0.9Hz, 1H), 7.88-7.85(m, 2H), 7.79-7.76(m,
2H), 7.53(d, J=9.0Hz, 1H), 7.19-7.16(m, 2H), 6.5(d, /=5.1Hz, 1H),2.74(q, J=7.8Hz,
J=15.3Hz, 2H), 1.33(t, J/=7.2Hz, 3H); ESMS calcd for C;sH4N,0: 274.11; Found:
275.1 (M+H)".
Example 14: 4-(6-Hydroxy-indolizine-3-carbonyl)-benzonitrile
N
N7

HO
CN

8]
'"H-NMR (DMSO-ds) & (ppm), 9.94(s, 1H), 9.64(s, 1H), 8.00-7.98(m, 2H), 7.88-
7.84(m, 2H), 7.73-7.69(m, 1H), 7.15-7.11(m, 2H), 6.61(d, /=4.8Hz, 1H); ESMS
caled for C16HoN,O2: 262.07; Found: 263.1 (M+H)".
Example 15: 4-(6-Methbxymethoxy—indolizine-S—carbonyl)-benzonitrile

Za~—

/
\O/\O N

CN
)



'H NMR (CDC13) 5 (ppm), 9.84(d, J=0.9Hz, 1H),
7.88-7.85(m 2H), 7.79-7.76(m 2H), 7.53(d, J=9.0Hz,

wak)o4/024720- 7. 16(m 2H), 6.5(d, J=5.1Hz, 1H), 2. F@Y/$2003/028252
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J=7.8Hz, J=15.3Hz, 2H), 1.33(t, J=7.2Hz, 3H); ESMS
cal cd for C18H14N20 274. 1]19 Found: 275.1 (M+H)+. 15
Exanpl e 14:

4 (6 Fydroxy i ndol i zi ne- 3- car bonyl ) - benzonltrlle i N

O 1H NVR (DVBO-d6) 6
9PBWMR (0BCls)gd dgpn(n) IBOH(S, )21@); (778072% J=E. (2@ 2{'&7@1 J=8.1Hz,

T 3- 1

5 ERE Tt 1) B s et s e 2,
(3VBdx +3H)ZESEI§amécEfolﬁllgH14N2 03 : 306.10; Found: 307.1 (M-+H)".

4- (6- Met hoxynet hoxy-i ndaol i zi ne- 3-carbonyl ) - henzonitril

e 00\ NExample 167 IndoligigA3- phl7sitropphenyhmethansne 5 o
-19 ' H- NMR (CDCL13) 6 9.92((s, 1H), 7.87(d,
J=8.1Hz, 2H), 7.77(d, 2H), 7.52(d, J=9.3Hz,

1H . 7.19-7 14(m 2H) 1=4. 8Hz, 1H).5. 24(s,
@ SHIAN2 03: 306. 10:
5

oH). 3.56(s, 3H): ESMB cal)

Found 307 1 (I\/H—|)+ Exanpbe :

R B et S TR, AV
719 J56p9 7 -

—%9?&}23%%;')7 @(d %‘5'@07Hz71g?t Hiz30. ?k&(gl 21@)1%7'01(1 8 gzdﬁz 1H),

J@S?(GHE:IS (), ,1HE;SEB\/.[Sajah:d o106 1S BIBHOONEDR7; Poend267.0 (M+H) .

Found:

(5- Chl foant ¢ izfr@ncwpm -lnﬁh%ﬂ'%?ﬂ)ﬂ9§9wlpﬁé¥hﬁﬁmoﬁeS
i N//

S

J

'"H-.NMR (CDCL) & (ppm), 9.79(d,/=7.2Hz, 1H), 7.61(dJ=4.5Hz, 1H), 7.55-

7.50(m,2H), 7.15(t, J=7.5Hz, 1H), 6.95(d,/=3.9Hz, 1H), 6.88(t, /=7.2Hz, 1H),

6.53(d, J=4.8Hz, 1H); ESMS calcd for C;3HzCINOS: 261.00; Found: 262.0 (M+H)+.
Example 18: 5-(Indolizine-3-carbonyl)-thiophene-2-carbonitrile

Ci

N

N
x S

g V4
'H-NMR (CDCL) & (ppm), 9.88(d, J=6.9Hz, 1H), 7.68-7.63(m,4H), 7.30-7.25(m,
1H), 7.00(t, J=6.9Hz, 1H), 6.61(d, J=4.5Hz, 1H); BESMS calcd for C;4HgN,OS:
252.04; Found: 253.0 (M+H)".

Example 19: Furan-2-yl-indolizin-3-yl-methanone

CN

N
N/
X (0)

ey

'H-NMR (CDCL) & (ppm), 10.01(d, J=7.2Hz, 1H), 8.05(d, J=4.5Hz, 1H),
7.63(s.1H), 7.56(d, J=8.7Hz, 1H), 7.29-7.27m,1H), 7.17(t, J=6.9Hz, 1H),6.91(,



Cl 10 O'H NMR (CDC13) 6 (ppm), 9.79(d,J=7.2Hz, 1H),
7.61(d, J=4.5Hz, 1H), 7.55- 7.50(m 2H), 7.15(t,

wa 20040624727 1H) , 6. 95(d, J=3.9Hz, 1H), 6.88(t, J=FCPH&2003/028252
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1H), 6.53(d, J=4.8Hz, 1H); ESMS cal cd for CL3H3CLNCS:
261.00; Found: 262.0 (MtH)+y4  Exanple 18:

5- (I ndol i zi ne- 3- carbonyl ) -thi ophene- 2-carbonitrile NS
CN 15 O~ -~r "HNWR (CDC13) 6 (ppm, 9.88(d,

7 I60k b eedo S0y, 2 BEHAS el R oAk 2adle: By 2121

AHBN20S: 252.04; Found: 253.0 (MtH)+. Exanpl e
19 Furan-2-yl -indolizin-3-yl-nethanone N O 20 0\ J
"H NMR (CDC13) 6 Espmple 20:0.-Dudodizini3yi-ephgnongH) | 8. 05(d,
J=4.5Hz, 1H), 7.63(s.1H), <. 56(d, J=8.7Hz, 1H),
7.29-7.27m1|—|), 7.17(t, J 1H), 6.91(t, WO
2004/ 024727 PCT/ US2003/ 02 720 J=6. 9Hz, 1H),
6. 60-6.56(m 2H); ESMs calcd fo 13HONO2: 211. 06;
Found: 212.1 (M+H)+. Exan'pl e :
151 ndol i zi n- 3yl - et hanone 1H- NVR ( 0)7)
( PERVRICRL I (opag, 984 ifisl)] 871 Aﬂ)(erW QH)2H)Z7 (¢1/,=6.8, 1H),

J 1l N
20587 pd O PR G 255 B onaftl s e i o
1669.07; (kb c0Ex@vipHy . 21: | - | ndol i zi n- 3yl - propan- |
-one N O 10 1H NMR CDC13 , 9.89 (d, J=7.7,
1H), 7.49 (d, J=gngple F—al-llr -Syl-larﬂpav- 1-one

= N

SN

O
"H-NMR (CDCls) & (ppm), 9.89 (d, J=7.7, 1H), 7.49 (d, J=6.0, 2H), 7.08 (t, J=0.7,
1H), 6.82 (t,J=6.7, 1H ), 6.47 (d, J=4.1, 1H ), 2.91 (dd, J=10.1, 2H), 1.27 (t, J
=10.1, 3H). ESMS calcd for C;;H;;NO: 173.08; Found: 174.1 (M+H)".
Example 22: 1-Indolizin-3yl-pentan-1-one
= N
N7

o)

"H-NMR (CDCls) & (ppm), 9.88 (d, J=7.2, 1H), 7.51 (d, J =6.4, 2H), 7.13 (t, J=6.8,

1H), 6.82 (t,J=4.8, 1H ), 6.48 (d, J=3.8, 1H ), 2.83 (t, /=10.2, 2H), 1.76-1.42 (m,

4H), 0.94 (t, J=9.8, 3H). ESMS calcd for C;3H;sNO: 201.12; Found: 202.1 (M+H)+.
Example 23: Indolizine-3-yl-phenyl-methanone

AN
@{Br- =N
=N DMF-ME,SO s N/
-ME,SO,
J\ EtN d
o
"H NMR (300 MEz, CDCly), 5 (ppm): 9.43 (dd, J=7.2 Hz, 0.6 Hz, 1H); 7.47-7.53

(m, 2H); 7.00 (m, 1H); 6.79 (m, 1H); 6.48 (d, J=3.9 Hz, 1H); 4.38 (g, J= 7.2 Hz,

o o



1H), 6.82 (t, J=6.7, 1H), 6.47 (d, J=4.1, 1H), 2.91
(dd, J=10.1, 2H), 1.27 (t, J =10.1, 3H). ESMS cal cd

WO 2004QRMINO.  173. 08; Found: 174.1 (M+H) +. EXBOpUS20832028252

10

15

20

1-Indoli zin-3yl-pentan-1-one N 15 1H NWMR (CDC13) 6

(ppm, 9.88 (d, J=7.2, 1H),n¢7.51 (d, J=6.4, 2H), 7.13

(t J=6.8, 1H), 6.82 (t, 3248 1H), 6.48 (d, J=3.8,
2.83 (t, J=10.2, 2H), 1.76-1.42 (m 4H), 0.94

F%H}ml f@@g%@%—;@% ‘f@g) 15 ieaNe: A HNG, (v +

I@@ilpduﬂgrﬁ;@/j phenyl - met hanone Br DMF-MEZSO4 N O

O\ 'Et3N O 20 1H NWR (300 MHz, CDC13) 6 (ppm:

9.43 (dd, J—72Hz 0.6 Hz, 1H); 7.47-7.53 (in, 2H);
7.00 (m 1H); 679(m 1H); 6.48 (d, J—39Hz 1H);

4.38 (q, J= 7.2 Hz, WD 2004/ 024727 PCT/ US2003/ 028252

-21 2H); 1.40 (t, J = 7.2 Hz, 3H); 11 %yield; ESMS
calcd. for C,1H12NO2 (M+ H) 190.1; Found: 190.1. 5
Exanpl e 24:

(7-Chl oro-indolizin-3-yl)-(4-chl oro-phenyl)-nmet hanone

Cl NOC 10 1H NWR (300 MHz, CDC13), 8 (ppm: 9.85

(d, J= 7.Bxiaplelld: (7-Cli18r071n3511i1m3 -¥H)(#-chlorbghén$h- I(lel]hanone
1H); 745748(m 2H); 7.32 (d, J= 7.5 Hz, 1H); 6.
(dd, J= 7.5 Hz, 1.5 Z THFA\ 6. 49 (d, J—48Hz,1H),
ESMS cal cd. for ClSHlOk ) (M + H) 290.1; Found:

290. 1. Exanple 25:
(7-Chloro-indolizin-3-yl)-(4-£
cl o]

'"H NMR (300 MHz, CDCI3), & (ppm): 9.85 (d, J= 7.5 Hz, 1H); 7.73-7.75 (m, 2H);
7.55-7.56 (m, 1H); 7.45-7.48 (m, 2H); 7.32 (d, J="7.5 Hz, 1H); 6.91 (dd, J=7.5 Hz,
1.5 Hz, 1H); 6.49 (d, J= 4.8 Hz, 1H); ESMS calcd. for C;sH;(CILNO (M + H)":
290.1; Found: 290.1.

Example 25: (7-Chloro-indolizin-3-yl)-(4-cyano-phenyl)-methanone

Cl//

s N/

o CN

'H NMR (300 MHz, CDCI3), § (ppm): 9.88 (d, /= 7.5 Hz, 1H); 7.78-7.88 (m, 4H);
7.59(dd, J=17.5 Hz, 0.9 Hz, 1H); 7.26-7.28 (m, 1H); 6.96 (dd, /= 7.5 Hz, 2.4 Hz,
1H); 6.52 (dd, J= 7.5 Hz, 0.6 Hz, 1H); ESMS calcd. for C;sH;oCIN,O (M + H)™:
281.0; Found: 281.0.

Example 26: 3-(4-cyano-benzoyl)-indolizine-6-carboxylic acid

methyl ester




NO 15 CN 1H NVR (300 MHz, CDC13), 8 (ppm: 9.88 (d,
J= 7.5 Hz, 1H); 7.78-7.88 (m 4H); 7.59 (dd, J= 7.5

WOR0040202Hz, 1H); 7.26-7.28 (in, 1H); 6.96 (ddpCTESHNF028252
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15

20

Hz, 2.4 Hz, 1H); 6.52 (dd, J= 7.5 Hz, 0.6 Hz, 1H);
ESMS cal cd. for Cl6H, OC1N2022(_M + H) 281.0; Found:
281.0. 20 Exanpl e 26:
3- (4 cyano benzoyl ) -i ndol i zi ne- 6- car boxylic acid
HE% ester o\ N /OO \ CN WO 2004/024727

o 63) G282 6pm), DR6A(EE VK7 P2(3EO%y, BH).pp¥g-7-77(m, 3H),

1 . 8

2590k b1, e 2 gl ) o6 hui sl T ok oD
A ESMES cldddfor (35199 0%,053H04. O8El$i‘vﬁdc3@?8;il fM+IQL8HL2 N2 03:
304.08; Found: 305.1 (M+H)+. Exanple 27:

4- (i ndol i E«xnmpée %’br%@ﬁ%l}ﬂ%fﬁrf@ﬂ@né(l)r@l’@?mﬂClcb%tthé(} estey
O 5 0--\ 'H NWR (CDCL3)_B.(ppm), 9.98(d, J 6.6Hz,

1H), 8.17-8.14(m 2H) »7.82(m  2H), 7.59(d, J
9.3Hz, 1H), 7.30-7.20%w 6.97(t, J=7.2Hz, 1H),
6.54(d, J=4.8Hz, 1H), 4.42 6. 9z, J=15Hz, 2H),
1.43(t, J=7.2Hz, 3H); ESMB C18H15 N C8B:
293.11; Found: 294.2 (MH)+. pl e 28:

I ndoli zin-3-yl-(4-nitro- phenyl) rretha one N O N
1H NVR (DVMSO-d6) 6 6.5 (m 1H), 6.7 (in, 1H), 6.8 (d,
1HI-NMRICD ) (pabyn) MO8 W=56,6H7 18{)(&117 BHA(B=BH), 768567.82(m,

i saednb o i bo-e2hm RBbs ok R Sy, 1
( ¥Rz, 1), 4.42(q, J=6.9Hz, J=15Hz, 2H), 1.43(t, J/=7.2Hz, 3H); ESMS clcd for
CisHisNOs: 293.11; Found: 294.2 (M+H)".
Example 28: Indolizin-3-yl-(4-nitro-phenyl)-methanone
Z N

\N/

0 NO,
'H-NMR (DMSO0-dg) 8 6.5 (m, 1H), 6.7 (m, 1H), 6.8 (d, 1H, J =5), 7.4 (d, 1H, J=5),
7.8 (d, 1H, J=5), 8.0 (d, IH,' J=15),8.3(d, 2H, J=8), 8.6 (d, 1H, J = 8)ppm. ESMS
caled for C15HioN205: 266.1; Found: 267.1 (M+H)+.
Example 29: 5-Methyl-indolizine-3-carboxylic acid tert-butyl ester
N
s N %\
d O
'H-NMR (CDCl3) § 1.5 (s, 9H), 2.6 (s, 3H), 6.4 (d, 1H, T =4), 6.5 (d, 1H, T = 8), 6.9
(dd, 1H, J, J =8, 8), 7.3 (d, 1H, J=18), 7.4 (d, 1H, J=5) ppm. ESMS calcd for
C14H17NOs: 231.1; Found: 232.1 (M+H)".
Example 30: (7-Fluoro-indolizin-3-yl)-(4-fluorophenyl)-methanone



15 Exanpl e 29: 5-Methyl-indolizine-3-carboxylic acid
tert-butyl ester ~0- 0 1H-NWR (CDC13) 8 1.5 (s, 9H),

wWQ2@40%4728H), 6.4 (d, 1H, J = 4), 6.5 (d, 1H BCEUS003/028252

10

15

6.9 (dd, 1H, J, J =8, 8), 7.3 (d, 1H J=18), 7.4 (d,
1H, J=5) ppm ESMs cal cd foy3. Cl4HL7NO2: 231.1; Found:
232.1 (M+tH) +. 20 Exanpl e 30:
(7-Fluoro-indolizin-3-yl)-(4-fluorophenyl)-methanone
WD 2004/ 024727 PCT/ US2003/ 028252 -23- F N O F 1H NMR
8 (DMSO-d6) 9.96 (dd, J : , J2= 7.8 Hz, 1H),
7.81 (dd, J1= 8.7 Hz, 2H), 7.34 (d, J=
4.5 Hz, 1H), 7.14-7.20 (m 2H), B49-6.81 (m 3H),
6.48 (d, J= 4.8 Hz, 1H); s €15HIF2NO) :
257.07, found 258.1 (M+H) +. ¥pl e 31:

(g RhURT 9 BRAIY kY t Xy 4 7} : =38.
neﬁghanongt%éo ng S('%S _(l@lf %I\/Ry% CH%%%% 7%(%%&@’)7 851 g}d.dgél 8.7 Hz,

oo, el o lests el gt P G, Fafiedshn ooy
4.5Hz, 1 - - : 8dn- C
TP VA A AT i o M e P 3

( 7- Chl or ometbanang n- 3-yl) - (4-fl uor o- phenyl ) - net hanone

C NO 15 F

Meo//
N~
0
F

'H-NMR (CDCls, 300MHz): & 9.83 (d, J="7.8Hz, 1H), 7.82-7.77 (m, 2H), 7.25 (4,
J=45Hz, 1H), 7.17-7.12 (m, 2H), 6.82 (d, J=2.4Hz, 1H), 6.65 (dd, /= 2.4,
7.8Hz, 1H), 6.34 (d, J = 4.5Hz, 1H), 3.89 (s, 3H, OCHj); ES-MS: Calculated:
C16H12FNO2 :269.09, Found: 270.0 (M+H)".

Example 32: (7-Chloro-indolizin-3-yl)-(4-fluoro-phenyl)-

methanone
Cl N =
NP/
0]
F

'"H-NMR (CDCls, 300MHz): & 9.85 (dt, J = 0.6, 7.2Hz, 1H), 7.84-7.79 (m, 2ET),
7.56 (dd, J= 0.6, 2.4Hz, 1H), 7.33 (d, J = 4.5Hz, 1H), 7.20-7.14 (m, 2H), 6.90 (dd, J



1H NVR (CDC13, 300MHz): 6 9.85 (dt, J= 0.6, 7.2Hz,

1H), 7.84-7.79 (in, 2H), 7.56 (dd, J= 0.6, 2.4Hz,
wakho4/024738 (d, J= 4.5Hz, 1H), 7.20-7.14 (m 2HCT/6SH03/028252

(dd, J WD 2004/ 024727 PCT/US2003/028252 -24 2.1,

7.8Hz, 1H), 6.49 (d, J= 4.5, 1H); ES-Ms: Cal cul at ed:

C15H9CI FNO  273. 04, Found: 274.0 (M+H)+. Exanpl e 33:

(4- Chl or o- phenyl ) - (7- met hoxy-indol i zi n-3-yl ) -

5o 8q. (i 1y gala 4t ?xﬁ“@smﬁc% Ak AT

(273, 042Hbum¥ 22)741d@l¢1+ﬂf* 4. 2Hz, .83 (d, J= 2.4H,
H) , 6 (dd 7, 7.8Hz, 1H),635(d J= 4. 8Hz,

1H), 3 89 (Examme 31E$4-|@101@al)]£ﬂn}’b)t'(€cmetbOXMMM‘.YD'
285. 06, Found:; 286 O (MtH) +. 10 Exanpl e 35:
(4-Chloro-p mf"r 7 nmet hoxy-i ndoli zi n-3-yl) -
nmet hanone \ N e 0 F 1RO
(7- Benyl oxy-i ndol i zi n- 3- y[J~ Qr 0- phenyl ) - met hanon
e "HNWR (CDC13) b (ppm, J=12, 1H),
7.79-6.65(in, 12H), 6. 32(d 1H), 5.14 (s, 2H).
ESMS cl cd for C22H16FNO2: 345. 12 ound: 346.2 (MH) +.
Wiile this invention has been par icé?arly shown and
described with references to pFE“erred enbodi nent s
thereof, it will be understodd by those skilled 20 in
the art that various changes/+n“form and details may

5 be made therein wthout daparting fromthe scope of

the inventi on enconpassed by the appended clains
%Mi@@ﬁlpé@m@@ooé/%&%@éi 7.38z, IEDAV V&7 W@ﬁl %PQ 7.46-

Ch 3 PRDES 7 24 (d, J = 4.2Hz, 1H), 6.83 (d, J = 2.4Hz, 1H), 6.66 (dd, J= 2.7,
7.8Hz, 1H), 6.35 (d, J=4.8Hz, 1H), 3.89 (s, 3H); ES-MS: Calculated:
C16H12CINO2: 285.06, Found: 286.0 (M+H)".

10 Example 35: (4-Chloro-phenyD)-(7-methoxy-indolizin-3-yl)-
methanone
@\/O = =
P
[9) F

15 (7-Benyloxy-indolizin-3-yl)-(4-fluoro-phenyl)-methanone
'H-NMR (CDCls) 8 (ppm), 9.82 (d, , J=12, 1H), 7.79-6.65(m, 12H), 6.32(d,
J=5,1H), 5.14 (s, 2H). ESMS clcd for C2oHsFNOs: 345.12; Found: 346.2 (M+H)".
While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled
20  in the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



5 1. A nethod of preparing a conpound represented by
structural formula Ha: RO A N/ R3 Ha X- Rl wherein

WO 200g/02725 an unsubstituted or substituted aryPCTUS29P3/028252
conprising reacting a conmpound represented by
structural formula IVa: RQsAl IVa X, RL 10 with
ei ther a conpound represented by structural fornula

IllTa: R2 OR4 R3-~--N Illa OR4 ~R2 or, a reagent
prepared by reacting the C%ﬁﬁﬁ§ﬁg represented by
structural fornmula Il1lb w al kyl ati ng agent: O

RA N Illb R3 R4 15 wherein: X is a coval ent bond, or
a linking group selected froma methanone, a sulfone,
aVWhatt fsotied i substituted or unsubstituted amine, or
a substituted or wunsubstituted nethylene; ROis H a
substituted or unsubstituted aliphatic group, a

5 substi Auhethod 30 pApatisalBshpdunt esprédeytedByatinctugal formula Ila:
substituted. or unsubstituted_non-aromatic
het erocyclic group, a hal oge 0 _CcN, -cow, -COPRa,
- CONRaRb, -SQ2Ra, or - ; WD 2004/ 024727
PCT/ US2003/ 028252 -26\ An_/ R® Ia

X~R1
wherein ring A is an unsubstituted or substituted aryl group;

comprising reacting a compound represented by structural formula IVa:

RO
A.k+
ﬁ IVa
X R1
10 with either a compound represented by structural formula Ila:
R2
O R4
R3- j>_N\ ITla
O R4
R2

or, a reagent prepared by reacting the compound represented by structural

formula ITIb with an alkylating agent:
) R4
>N b
R3 R4
15 wherein:

X is a covalent bond, or a linking group selected from a methanone, a
sulfone, a sulfoxide, a substituted or unsubstituted amine, or a substituted or
unsubstituted methylene;

RO is —H, a substituted or unsubstituted aliphatic group, a substituted
20 or unsubstituted aryl group, a substituted or unsubstituted non-aromatic
heterocyclic group, a halogen, -CN, -COR?, —CO,R?, —CONRR?,
~SO,R?, or —SO,NR'R”;



R is H a substituted or unsubstituted aliphatic
group, a substituted or unsubstituted aryl group, a

waiwgn247et ed or unsubstituted non-aromatic PCT/US2003/028252

10

15

20
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30

het erocyclic group, -CN, -ORa, -SRa, or NRaRb; each R2
IS independently a substitupged or unsubstituted
aliphatic 5 group, or a substituted or unsubstituted
aryl group; or both R2 groups, taken together are an

et T D ARk oM< GRS hi-BE B, 2 substituted

unsubsti t ut alip I'C group,

uns ubs toir titdéudtigkad argradeip, a@ﬁbs@mted epﬁﬁsaﬂstmb@ do@wtonghtic
or el ectron-dgnating I\gr oup, provided tlpat if R3is H,

at | eadeterrychs grpp, < sYroNR{Brtiary 10
al kyl gr OUD’eﬁ%[R?mSlH pen%httlﬁcé] s%stﬁﬂt%ﬁ%?%}u%t?ﬂ eg'&l’i hatic

group; each 1s’in St

unsubstgrdugt erla alllb'sptm&tdl T ung[bstlmtedaaryhgﬁﬁp starbeth RZ groups, taken
unsubstituted ar roup; or both R4 groups, taken

t oget h&QSARFE A mr‘??‘tlF B'@#bm t o which they are

bonded, arepg gupsth 'sﬁﬂéhﬁﬁlecp& dﬁ@ﬁmﬂté& HtStGtic group, a substituted
het er ocycl ic gr oup; 15 wherein Ra and are

i ndependuonsubytitdfedaiR\grqupoor @y glbctrad-withdrawiighoelastron-donating

oroup PeRRet tsf iR F B R Ablret S8 ot RRafe segRady or toiary
sul f oxiafk§] grfdper aTﬂestmeaeﬂm@Jubﬁtatema;y1wpel n RO and

R3 are |ndependently- , or a substituted or
unsubst i t ut eactaR# HindapendpndipH, 4 sulsiiduted Dhwtubstitapdiakiphatic

3 wher S e of. R2 is a
second%djlp’or tl ?dedﬁlunah?yﬁﬁe& pgmlcl)}i2 a substituted

or unsubsti oy b&lt]i Radrgrbu];g;[ tmlstEn to%@thér withehewitrbgsh AbmE ailizh
1 wherein X js nethanone. ) met hod of Claim4

wher ei Heygre pgnded, age a E‘H%“’flwffﬁ @&%Pb%%gﬁtﬁlpm’@& group;
cyclic ali t b and
y PRI B QUR® 26 mé% %&ﬁﬁ@ﬁ amgggfg

each Rc is independently a and WO
2004/ 024727 PCT/ US2003/ 028252 -27 b. each R4 is -H,

ooy TEGmedie RIEG: DU SEehoe bt Retd o £ Riking erow

Ni tr 0g&dlected from a methanone, a sulfone, or a sulfoxide.

3. The method of Claim 1 wherein RO and R3 are independently-H, or a
substituted or unsubstituted aliphatic group.

4. The method of Claim 3 wherein if R3 is —H, at least one of R2 is a secondary

or tertiary alkyl group, or a substituted or unsubstituted aryl group.
5. The method of Claim 1 wherein X is methanone.

6. The method of Claim 4 wherein:
a. R2 1s a substituted or unsubstituted cyclic aliphatic group, or
—CH(R");, -C(R")3, and each R° is independently a C1-C4 alkyl
group; and



atomto which they are bonded, are a cyclic group as
shown below. ~ NO or -N (CH2)" 5 wherein nis 0, 1,

w®@r002/024727 A net hod of preparing a conpound repPEFER1003/028252

10

15

20

by structural formula Ilb: RON/ R3IlIb X- Rl
wherein ring B is unsubstityted or substituted or is
fused to an aryl group; 10 conprising reacting a
compound represented by structural fornula IVb: RO ~

B N+ Iyb X Rl,w.th either e by
struct dral  Fafing é"ﬁ’r@»ﬁﬁb&%?@%@?%ﬁ%”

~R2 or, a r €ggHLE, theedasesbih R4rgais) et ogethonpithitit nitrogen
represented by structural 15 fornula [JIb with_ an

al kyl ati ng a§enie;wigclRthey jargbongdsd, rare g R¥ilisi goup ag shgwy below:
coval ent bond, or a iking group setected froma

met hanone, a sul eme, @ suldroxi deN a @uhgtituted or
unsubstituted anine,-of a substituteée’or 20

unsubsti t ut I e; 2004/ 024727
PCT/ US2003/ 8\%51‘2%{23%032 Boi s -H, a substituted or

unsubstituted aliphatic group, a substituted
7. A method of preparing a compound represented by structural formula ITb:

RO
i

B 3
S N/ R TIb
X~R1
wherein ring B is unsubstituted or substituted or is fused to an aryl group;

comprising reacting a compound represented by structural formula IVb:
RO

| X
B N
3 IVb
S R1
with either a compound represented by structural formula I1Ia:
R2
O R4

R3'>“N\ IIa
Q R4

AY

R2
or, a reagent prepared by reacting the compound represented by structural

formula IITb with an alkylating agent:

QR4
>—N\ IIb
R3 R4

wherein:
X is a covalent bond, or a linking group selected from a methanone, a
sulfone, a sulfoxide, a substituted or unsubstituted amine, or a substituted or

unsubstituted methylene;
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or unsubstituted aryl group, a substituted or
unsubstituted non-aronmatic heterocyclic group, a

wh200ega1127 - CN, - CORa, - CO2Ra, - CONRaRb, - SO2RaPCT/U82008028252

O2NRaRb; 5 Rl is H, a substituted or unsubstituted

ali phatic group, a substityted or unsubstituted aryl
group, a substituted or unsubstituted non-aromatic

het erocyclic group, -CN, -ORa, -SRa, or NRaRb; each R2

is independently a substituted or. u tituted
a1 i phat o RGnbulb, ¢ SR A e PR B R i stituted

aryl 9{ %H,g QARIhabmadt €

an mer?ﬂcﬁb ﬁl teﬁ’%éﬁ‘gfu%%\p |§tuﬁ%d%§%§la%b§?ﬁut ed or .
unsu bhbﬂetcmyﬁd: @by hatal cgenyr-61N, ~GORUBEOLRULEONRR, ~SO;R”,
unsubsti t di1 aryl group, or an electron-w thdraw ng

or el @ET$§ Snating group, provided that if R3 is

-Hat |eagl ;0n8 pluhnts @ vBSARASMYaIRhatiCEblslYsubstituted
al kyl group, or a substituted or unsubstituted aryl

gr ouppr BsubstithteRaryil gravpde pentivied g uEsubstiBigdaqn YoBdtip
unsubst t ut d al i or ubstituted or
unsub ﬁe{qgty i %P‘S‘;}? gﬁ‘% SRG oéi%o% I&g%ﬂroups t aken

t oget her Wghdh OB ifddpefdaily atsahatitaedvbl edsubdtingiyd alighatic
bonded, are a substituted or unsubstituted

het er gcqu@L Plca @fogtujpted %@?@SW{H’:@ EAEoNp; F oth R2 groups, taken

i ndep n 20 8. The net hod of

C ai m"?cig %%’r% %gl%ﬂm]lg%n ﬁe suI fone, or sulfoxi de;.

9. The net pads OH Chitistitulfeddremenbstitaed Mphitse group, a substituted
substituted or unsubst ituted cyclic a({éﬂghati C

or a P5UBTIBSitied EBd SERP PsTH e BRI BREE °F F]c?gﬁgg'@Pnaﬁﬂg

- CH( 0 r &
oL 04%}??(1? f)rogrﬁ%g%}?at if %@ﬁs‘ Tieggféast%nlb gf @?@?%Qﬁdﬁr& Yr &rtiary

- CH2 Clal;y1 giohig, Cdﬂ%@hl@smul@&@%)lbsutu‘@(i el E&UPphenyl ; or

both R4 1 k t.h t
0o i an’t R g s T GRabdRTE 4 b i o rlhoas o B
bel ow. Ny 10f substﬂu%d(o@kﬁﬁhbsﬁt@ttédar%@r&ﬁ@M 024727

PCT/ US20037 028252 - 29- .
or both R4 groups taken together with the nitrogen atom to which

they are bonded, are a substituted or unsubstituted heterocyclic group;

wherein R? and R® are independently —H, alkyl, or aryl.

8. The method of Claim 7 wherein X is methanone, sulfone, or sulfoxide.
9. The method of Claim 7 wherein:
a. R2 is a substituted or unsubstituted cyclic aliphatic group, or a

substituted or unsubstituted pheyl group, or —CH(R®), or ~C(R®),
where eacﬁ R’ is independently a C1-C4 alkyl group; and

b. each R4 is —H, —CHs, ~CH,CHs, -CH,CH,CHj;, -CH(CH3)2 —
C(CHs)s, phenyl; or both R4 groups, taken together with the nitrogen

atom to which they are bonded, are a cyclic group as shown below:

N 0 or ~nN  (CHyp)
_/ NI
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wherein nis 0, 1, or 2. 10. The nethod of Caim?9
wherein each R2 is independently -CH(CH3)2, -C(CH3)3,

waeyakobreyl , 2,2',4,4' -tetranet hyl cycl obutyl, PCT/US2003/028252

cycl opentyl, 5 2,2‘ 5 5'-tetranethl ycycl opentyl,

cycl ohexyl, 2,2 -tet Qgrret hl ycycl ohexyl , phenyl,
or 2, 6-di net hyI phenyl he nethod of Caim?7
wherein both R2 groups, taken together, are -(CR52)"
and nis 1, 2, or 3 and each R5 is |ndependently -H or
-CH3. 10 I’élerthE”‘n%t]hé?B of aim?7 wherein both R2,
taken together, are represented by ring C p R3 R4 C
~N 111C O R4 and wherein ring Cis unsubstituted or
d0bst iThetredthod dfCIAB0 9 Wiereie ehahdR D s 1mﬂeao|emlen21ywi€§i(€lﬁa)z,

b t 4. Th
hor oi 6 (R eSSS Py 58 e RO R o PR 7
wher eig Fds> Lt@trmﬁ\é'ﬂﬁ}yc}@opeﬁtﬁeéﬁ@(qleﬁfd preparing a

conpound fepresent éd” by stTuctural formula Ilb: RO CB
N / R2,2’165 -txr@nethigapelehexyhiphgnd, ¢12,erdiudbylpheydd or
substituted or is fused to an aryl group; 25
conprising reacting a compound represented by

gt r uctiheahethdd dAldiainh YivheW¥eh BOMR D 2digs] taken together, are

PCT/ US2003/ 028252 -30- RO BB N+ 1 1Vb RI
—(CR5;);—andnis 1, 2, or 3 and each R5 is 1ndependent1y —-H or —-CHs.

12. The method of Claim 7 wherein both R2, taken together, are represented by

O R3 R4
@: YN e
0] R4

and wherein ring C is unsubstituted or substituted.

ring C:

13.  The method of Claim 12 wherein ring C is unsubstituted.
14. The method of Claim 7 wherein R2 is —C(CHs)s.
15. The method of Claim 7 wherein R4 is —CH.

16. A method of preparing a compound represented by structural formula Ilb:
RO

/ =
SN/ R I

X~R1
wherein ring B is unsubstituted or substituted or is fused to an aryl group;

comprising reacting a compound represented by structural formula IVb:



with either a conpound represented by structural
formula Illa: R2 OR4 R3-~-N, Illa OR4 R25 o0or, a

WO e@gont2pr epared by reacting the conpound repPEBER10081028252

10

15

20

by structural fornmula Illb with dinethyl sulfate: O
RA N IlIlb R3 R4 wherein: 3¢ is a nethanone, a

sul fone, or a sulfoxide; 10 ROis -H, a substituted or
unsubstituted aliphatic group, a substituted or
unsubstituted aryl group, ggsubstituted or
unsubstituted non-aromatic | heterocyclic group, a

hal ogen, -CN, -CORa, , -CONRaRl, -S Q2Ra, or -S
02NRaRb; Rl is -H a duBsfyttuted or unsubstituted

al i phatic group, a substituted IVb or unsubstituted
aryl group, a substituted of._unsubstituted
non-aromati c heterocyclic gﬁiup, -CN, -ORa, -SRa, or
NRaRb; each R2 is independently -CH(R)2 or -C(Rc)3; R3
is -H or a substituted or unsubstituted aliphatic

gr oup; VAlfrthera eprppound representeddy strpeielormudfidan o3,
-CH(CH3)2 20 C(CH3)3, phlenyl, or both R4 groups,
taken together with the dhitragen atomto which they
are bonded, are a cyclRy}ngup fffaShown below - \/ or
, N \(CH2)n wherein n i OR4l, or 2; Ra and Rb are

i ndependently H, allcyl, gRor aryl; and WO 2004/ 024727

PCT/ US2003/ 028252 é%% each R is independently a Cl-C4
al kyl @1;, &Eﬁa_gent prepared by reacting the compound represented by structural

formula ITIb with dimethyl sulfate:

o R4
> N IIib
R3 R4

wherein:

X is a methanone, a sulfone, or a sulfoxide;

RO is —H, a substituted or unsubstituted aliphatic group, a substituted
or unsubstituted aryl group, a substituted or unsubstituted non-aromatic
heterocyclic group, a halogen, —-CN, -COR?, -CO,R?, ~CONRR®,

—SO,R?, or —SO,NR*RY;

R1 is —H, a substituted or unsubstituted aliphatic group, a substituted
or unsubstituted aryl group, a substituted or unsubstituted non-aromatic
heterocyclic group, —CN, —OR?, —SR?, or -NR°R";

each R2 is independently ~CH(R®), or —C(R®)3;

R3 is ~H, or a substituted or unsubstituted aliphatic group; and

each R4 is —H, —CHj, ~CH,CH3, —CH,CH,CHj;, -CH(CH3), —
C(CHs)s, phenyl, or both R4 groups, taken together with the nitrogen atom to

which they are bonded, are a cyclic group as shown below:

/T /N
~N 0 or N (CHy),

whereinnis 0, 1, or 2;

R® and R® are independently —H, alkyl, or aryl; and



17. The method of Claim 16 wherein each R2 is
-C(CH3)3. 5 18. The nethod of C aim 16 wherein each

WERIOMS247CH3. 19. The net hod of C ai m 18 wher ei PCROSZN31028252
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R3 are both H 20. The nethod of C aim 18 wherein ring
Bis optionally substitutedgiwith one or 10 nore
groups selected from-F, -d, -Br, C1-C4 alkyl, C
1-C4 allwoxy, -C 1-C4 hal oal kyl, Cl-C4 hal oal koxy,

NH2, NO2, of 1 ?‘tlpeﬁl 18 wherein
ring Bis unsugﬂ;dtllstﬁllq}e%%Ia Rt% 'S a{ghgz%ﬁﬁ pyridyl,

furanyl, thienyl, pyrazolyl, or pyrrolyl group

subst i t ut ed W|t ero 5 one .oy, nor stituents
Sgpst A e L RSO AR SR T CREES! 1 vt

-N(Ra) 2, -CON(Ra)2, N aCORb, -NHCONH2, or SOZN(Ra)Z
22. The nethod of Caim19 wherein the conpound

r éfr es€he methiog of CHajot L whereiigepuRA 19 +GHi-s fin-ther

reacted with oxalyl chloride or a synthetic equival ent
20 thereof to' forma first internmedi ate; and reacting

the fi1Rd mietHogloTediiat B8 Whébin RYHRERS3 ke Yot AHa conpound
represented by structural formula I; O O NR/R8 CB R3

X-Ri wherein R7 and R8 are |ndependently -H, a

s stit.uted . .
safieti P B AfOTHREES PHEER i b Bl QiRinded with one o
25 gr otpre Goups Sldesdd frothed, {—XEI, uBs HsCi alkyb laCﬂIalkoxy, -C1-C4

group, prow ded that R7 or ar.e_not h -H or
NHR7 Rehalpalledn Cil e hgllcoxys — ﬂ\i@?’toﬂ rggf

unsubstituted non-aromatic heterocyclic group, or a
substituted or unsubstituted aryl group. WD

2004/ 024F RitHed DI ISAB0BY @rﬁe@ﬁnzﬂng-Ms Lg@ubsnhletedremchl&d ip$ phenyl,
Caim22. ein

R8 i esent e
st r uct B¥: yl,f FW g}uglé‘fle@fr ¥lr %rrﬁyrﬁqﬁﬁ' gLoup suﬁast‘iitupe\é,\%th zero
~ G Mdbhiadedubstituents selected from: —Br, —Cl, -F, Ra, —ORa, CN, -

COOR?, -N(R?);, -CON(R?);, ~NR*COR®, -NHCONH,, or —SONR";. -

22.  The method of Claim 19 wherein the compound represented by structural
formula IIb is further reacted with oxalyl chloride or a synthetic equivalent
thereof to form a first intermediate; and reacting the first intermediate with

NHR7RS to form a compound represented by structural formula I;

O

O~ ~NRR,

T
S Ny
I X\R1
wherein R7 and RS are independently —H, a substituted or unsubstituted
aliphatic group, a substituted or unsubstituted non-aromatic heterocyclic
group, or a substituted or unsubstituted aryl group, provided that R7 or RS
are not both —H, or NHR7RS, taken together, is a substituted or unsubstituted

non-aromatic heterocyclic group, or a substituted or unsubstituted aryl group.



HS 5vvi vii viii ix VI / N,,N,~~ NNNC-~- H
SO x xi xii xiii xiv SNS-SNO NRY xv xvi

WO 004/0x47271 xi X wherein RO is -H or a substitRCBEUSING/028252
unsubstituted al kyl group. 10 24. The nethod of C aim
23 wherein R8 is representegh.by a structural formula
selected from NRIORI1 ONJ~ ON Z xx Xxi XXii
s?, NS ~}-SRI3 NNRI3 Q xxiii xxiv xxv WD
2004/ 024727 PCT/ US2003/ 028252 -33 wherein Zis -CH
or -N-; RLO and R 1 are independently -H or an al kyl
gosup, The meliSHNIAlaind RE HERUER N @Y H lafd R3O FepaéseiiRl bg a

het er ocycl i c rou and R13 is -H or an al kyl group.
5 25. rvesRbiprelaselssiadifiRyta conpound represented by
structural for;rrula VII: RO6 NR3 VII
A A
%—@ %—CN QN
H -
i
= A X
sl gige <
g N N e H
5 v vi vii viii
0 OQ ) O 0
N . -
YN NS
X xi xii xiii xiv

-3

N—N
N Y I W

XV xvi xvii xviii Xix

wherein R9 is —H or a substituted or unsubstituted alkyl group.

10 24,  The method of Claim 23 wherein RS is represented by a structural formula

selected from:

NR10R11

[\ -

A e O
Z

XX xxi xxii
S0 H

£ N f— s

o e
Z “N

N R13

xxiii xxiv XXV



O~ \ / Rl14 conprising reacting a conpound represented
by structural forrmula VIII: ROe 1" VIII OIl \ Rl4

waoowmioe4122i t her a conpound represented by str urCT/U82003/028252
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20

formula llla: R2 OR4A R3-~-Nllla OR4 R2 or, a

reagent prepared by reacting-the conpound represented
by structural formula II1b with an al kyl ating agent

ORAN IlIlb R3 R4 15 wherein R2 is -C(CH3) 3;

and R3 vﬁf&ﬁn‘f'ZFls ér —%\%Riggﬁc) %gh%é‘mﬁép enititty %&%alkyl

PCT / Usgﬁﬂm GQ&%B)NHStékéi‘ﬁogéﬂm isre hbo-drahatid letaro&slic group;
wher ein “ihﬁl ound Lepr esented by structural

f or mul &% |1% OF #helkYr B ed with oxal yl chloride or

a synthetic equivalent thereof to forma first

internmedi ate; and reacting the first internediate with

5 28HR7 Rémethofl of prepacogrp cempbundpemsemtasichybstructheal formula VII:
foll ow ng structural

RO
T R3
N

VII
O
R14
comprising reacting a compound represented by structural formula VIII:
RO

AN

_NT

VIII
O

R14

with either a compound represehted by structural formula IT1a:
R2

/

0 R4
R3-) N IITa
Q
R2
or, a reagent prepared by reacting the compound represented by structural

formula IITb with an alkylating agent:

>‘N IIIb
R3

wherein
R2 is -C(CH3)3;
RO and R3 are-H;
R4 is —CHj; and
R14 is —CHs, CH,CHs, -OCH3, -CN, -F or -CL



formula; O ONR/R8 CB NI OR14 wherein R7 and R8
are independently H, a substituted or unsubstituted

wa@bkdioploat’eT group, a substituted or unsubstit ut BCI/US2003/028252
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non-aromati ¢ heterocyclic 10 group, or a substituted

or unsubstituted aryl groupg4-provided that R7 or R8

are not both -H, or NHR7R8, taken together, is a
substituted or unsubstituted non-aromatic

het erocyclic group, or a substituted or unsubstituted
aryl group. 27. The nethod of Claim 26 wherein R8 is
rBpr eSThd £@thor of (}iélﬁabu:st wiiebin flgy mih@unﬁe@eéeﬁfeﬂ&@ sﬁmﬂu.'ral
NR1OR11 /ON O, Z XX XXi  XXii -SR13 >

R13  xformulackIhis iuwlemmptéd with qxglyl eiplonée or syntipetig eawéralent
R 1 NRL
N1l reo@ ogZ@gaeﬂjs 1¥ten£%ﬁ5tegﬁlg?§%§<%f%lg tg% g#églélt%}:neal ith
group; Nﬂm&ﬁsfaﬂn akkyibogidatesennd HRitBe tf(ﬂloWﬂngBtrlamlral

al kyl rouP WD 2004/ 024727 PCT/ US2003/ 028252 -35 28.
The nei%ﬁ‘@&a‘@f Claim 27 wherein R8 is represented by
structural formula xxv and RI3 is nmethyl. 5 29. The

nmet hod of Claim 28 whereimpRI4¥ is -CN. 30. The net hod

of Caim7 wherein RO and ar'éRilEr,s further conprising

t he

R14

wherein R7 and R8 are independently —H, a substituted or unsubstituted
aliphatic group, a substituted or unsubstituted non-aromatic heterocyclic
group, or a substituted or unsubstituted aryl group, provided that R7 or R8
are not both —H, or NHR7RS, taken together, is a substituted or unsubstituted

non-aromatic heterocyclic group, or a substituted or unsubstituted aryl group.

27.  The method of Claim 26 wherein RS is represented by a structural formula

selected from:

NR10R11
§7 o » /
Z
XX xxi xxii
< H ; s

N
O T
N/‘ N R13

xxiii xxiv XXv
wherein Z is -CH— or —-N—; R10 and R11 are independently —H or an alkyl
group, or -NR10N11 taken together is a non-aromatic heterocyclic group;

R12 is an alkyl group; and R13 is -H or an alkyl group.



steps of reacting the conpound represented by
structural formula Ilb with oxalyl chloride or a

wa@ymloet’eT equi val ent thereof to forma first PCT/US2003/028252
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internediate; 10 and reacting the first internediate
with NHR7R8 to forma conpoymd represented by
structural formula I; 0O O NRFRB CB N/ R31 X -R
wherein R7 and R8 are independently H, a substituted
or unsubstituted aliphatic group, a substituted or
unsubstituted non-aromatic heterocyclic 15 group, or
a28.ubsThe uietithbdost GlaigLdBvhéreineRIS Brigpregpntadhy girottiraleormula xxv
that R7 or R8 are not both -H or NHR7R8, taken

t oget haRd Ril3 15methiglst i t ut ed or unsubstit ut ed
non-aromati c heterocyclic group, or a substituted or
unsubstituted aryl group.

29. The method of Claim 28 wherein R14 is —CN.

30.  The method of Claim 7 wherein RO and R3 are H, further comprising the
steps of reacting the compound represented by structural formula ITh with
oxalyl chloride or a synthetic equivalent thereof to form a first intermediate;
and reacting the first intermediate with NHR7RS to form a compound

represented by structural formula I,

O Ny o
1 X= Ry

wherein R7 and R8 are independently —H, a substituted or unsubstituted

aliphatic group, a substituted or unsubstituted non-aromatic heterocyclic

group, or a substituted or unsubstituted aryl group, provided that R7 or R8

are not both —H, or NHR7R8, taken together, is a substituted or unsubstituted

non-aromatic heterocyclic group, or a substituted or unsubstituted aryl group.



