‘WO 2006/1133003PCT/1B2005/002881 METHOD OF PREPARING POLY(ADP-RIBOSE)
POLYMERASES INHIBITORS This application claims the benefit of U. S. Provisional Application
No. 60/612,45%filechemsSmptember 22, 2204, the contents of which is herebycineerpsraies by
reference in its entirety. Field of the Invention ThIS invention generally relates to methods of
preparing compounds that inhibit poly(ADP-ribose) polymerases thereby retarding the repair of
damage to DNA strands. The inventive method IS partlcularly useful in preparlng compounds that are
useful for potentiation offéntEEakdertheAmEes’ Mt NeEAGEA INHIBITRRScompound
8-fluoro-2-{4- [(methylam|no)methyl]phenyl} 1 3, 4 5 tetrahydro 6 azep|n0[5 4,3- cd]indol-6-one -
represented by formuigsbppiitstia-saall molresiesinhiitesribpaytARRHRese)RoinaEass

(PARP) 8- Flu%’é%f&n{)%r 22, 2204, the contents of which is hereby incorporated by reference in its entirety.
[(methylamamo)methyl]phenyl) -1,3,4,5-tetrahydro-6H-azepino[5,4,3-cd]indol-6-one and salts thereof, is

20 disclosed in U.S. Patent No. 6,495,641 and PCT Application No. PCT/1132004/000915,
International Publication No, WO 2004/087713—@%—%%%1%‘?@8% of which are incorporated herein by
reference in their enthEtiB¥ePSIPRFHSTBASE %ﬁ?%@ﬁ@&ﬁ%%@%@%ﬁw@@ib%@@%?@%6,
entitled "Polynohpricdesr trsabf thieriuosp ratly Salnegfoe to DNA strands. The inventive method is particularly
8-Fluoro-2-{4-[(teethianng roethytlshenylyk:3,4b stetrakiyd o Ol eze pineib#s3-cd]indol-6-one," the
disclosureg; of which are incorporated herein by reference in their 25 entireties, describe novel

polymorphic forms of the phosphate salt of 8] r%’éf]ﬂ‘e {vention

[(methylamlno)methél henylH,3 4 -tetr R %]é c_)I -one, methh%j for
their preparation. U Lp rO\% |gﬁgl Om? X%rlnca f%rﬂg aq%ﬁ%ﬂ’lf Qd‘r’ A %Fé% %
"Therapeutic é&?ﬁ%h@ﬁ%@@&?ﬁﬁﬁgﬁfﬁ“ﬁﬂﬁ/mDP Ribose) Polymerases Inhibitor," the disclosures of
which are incorporated herein by reference in its entirety, describe pharmaceutical combinations of
8-fluoro-2-{4- 30[(methylammo)methyl]phenyl}ﬁ 3,4,5-tetrahydro-6H-azepino[6,4,3-cdrindol-6-one.
To date, eighteen enzymes have been idenfifigd bys DNA sequence homology in the PARP family and
the biochemical and enzymatic properties of seyen have-been investigated: PARP-1, and PARP-2 are
stimulated by DNA strand breaks, PARP-3 i @ -1 and the centrosome, PARP-4 also
known as vault PARP (VPARP) is the largest PAR® and'is a &rated with cytoplasmic vaults,
tankyrase 36 1 and 2 (PARP-5a and 5b) are associated with telomeric proteins and the function of
PARP-7 (TIPARP) is not clear at present but it may be involved in T-cell function and it can

POIY(ADP-ribogylaje) h@gﬂs e G SPISPIENBHEA0Y dedYHisia G e AR SuRssamIY.

Bioessays 26 882-893
y [(methylamino)methyiphenyl}-1,3,4,5-tetrahydro-6H-azepinol5,4,3-cdlindol-6-one  and salts thereof, is

20 disclosed in U.S. Patent No. 6,485,547 and PCT Application No. PCT/AB2004/000915, International
Puhilication No. WO 2004/087713, the disclosures of which are incorporated herein by reference in their
entireties. .S, Provisional Patent Applications No. B0/612,459 and 60/679,288, enfilled "Polymorphic
Forrms of the Phosphate Salf of 8-Fluore-2-{4-{{methylaminoymethyliphenyl}-1,3 4, 5-tetrahydro-6H-
azepino[5,4,3-cdlindol-6-one,” the disclosures of which are incorporated herein by reference in thelr

25 enfireties, describe novel - polymorphic forms  of the phosphate salt of  8-fluoro-2-{4-
[(methylaminoymethyllphenyl}-1,3 4,5-tetrahydro-6H-azepino]5,4,3-cdjindal-6-one, and methods for their
preparation. U.S. Provisional Paient Applications No. 60/612,458; and 60/683,006, entitled "Therapeutic
Combinations Comprising Poly(ADP-Ribose) Polymerases [nhibifor,” the disclosures of which are
incorporated herein by reference in s entirely, describe pharmaceutical combinations of 8-fluoro-2-{4-

30 [{methylaminoymethyljphenyl}-1,3 4, 5-tetrahydro-8H-azepino[s 4, 3-cd]indol-G-one.

To date, efghteen enzymes have bean identified by DNA sequence homology in the PARP family
and the biochemical and enzymatic properties of seven have been investigaied: PARP-1, and PARP-2
are stimulated by DNA strand breaks, PARP-3 interacts with PARP-1 and the centrosome, PARP-4 also
known as vault PARP (VPARP) is the largest PARP and is associated with cytoplasmic vaults, tankyrase

35 1 and 2 {(PARP-Ba and 5b) are associated with telemeric proteins and the funciion of PARP-7 (TIPARP) is
not clear at present but it may be involved in T-cell function and it can poly(ARDP-ribosylate) histones (Ame
JC, Spleniehauer C and de Murcia G. The PARP Superfarily. Bioessays 26 882-893 (2004)).



WO 2006/033003PCT/1B2005/002881 Pharmacology studies have shown that the compound of
formula 1 is an inhibitor of PARP-1 (Ki = 1.4 nM) and PARP-2 (Ki = 0.17 nM). Based on structural
similarities in theyaminassotd sequences among the PARP enzymes, the coppouang@fdomula 1 likely
binds with high affinity to the other members of the family as well. 5SEnzyme-mediated repair of single-
or double-strand breaks in DNA is a potential mechanism of resistance to radiotherapy or cytotoxic
drugs whose mechanism depends on DNA damage. Inhibition of DNA repair enzymes is thus a
strategy for th&lisorentisgiotivdbiieseshgenfvt PARMPPIUthe! sz ativrizied AifARbaidEthe MARP
family, is a nuclearstrzgnetHat7upon aetivatiosrbsbNAndamage ieediaiesdbadransteraibADRribose

fragments fromeANARA- B R NHMBREAHAGEeRPIAPIHRINS nReRaNHintER0R the SdentalNAdamage
incurred, PARPngﬂ@gwgrpon and subsequent poly(ADP-ribosyl)ation mediate the repair of the

damaged DNA or induce cell death, ¥V DNAd els rate ARPl nificant role
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convergent route to 8-
fluoro-2-{4-[(methylamino)methyl]pheny1}-1,3,4,5-tetrahydro-6H-azepino[5,4,3-cd]indol-6-one, which
route is developed via a key Sonogashira coupling reaction and a Cul- promoted indole formation.
15Summary of the Invention



In a first aspect, the present invention provides a method of preparing a compound of formula | R2
20wherein R1 is: H; cyano; an optionally unsubstituted or substituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, or heteroaryl group; or 25--C(0)-- R6, where R6 is: H; an optionally unsubstituted or
substituted alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl group; or OR6 or
NR6R2, where R6 and R2 are each independently Por an optionally unsubstituted or substituted alkyl,
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl group;  R2 s H or alkyl; 30R3 is H or
alkyl; R4 is H, %&9 Pralkyl hsmathas copansisingp-cnSemagasiting eeuplindsofcompmind of
formula Il, whegeln X | sb&@q@aﬂe& G Wtication 2004/0091453; PCT Publication No. WO 02/00665). I
addmon, PARP inhibitors are also used in cosmetic preparations, espacially in affer-sun lotions (PCT
Publication No, WO 01/82877). There are no marketed PARF inhibitors presently.
8 One method of synthesizing 8-fluore-2-{4-[(methylamino)methyliphenyl}-1,3,4,5-tetrahydro-6H-
azepino[5 4, 3-cdindol-6-one is disclosed in the above-referenced U.S. Patent No. 6,485,541, This
method is a linear 10-step synthesis, which involves a key Leimgruber-Batcho indole formation step and a
Suzuki coupling reaction. Although the current route is an effective synthelic route employed in the
synthesis of toxicology and clinical baiches of 8-ﬂuoro—Z—{é—{(methy[amino)methyl]phenyim,3,4,5-—
10 telrahydro-6H-azepino[B,4, S-cdiindol-B-one, it would be desirable fo have an alflernative convergent roufe
for evenival commercial manufacturing. The present invention provides a new and g.:cnvergent route {o 8-
-~ fluoro-2-f4-[{methviaminoymethyliphenyl}-1,3,4,5-tetrahydre-6 H-azepino[5 4, 3-cd]indol-8-one, which route
is'developed via a key Sonogashira coupling reactibn and a Cul- promoted indole formaiion.

15 Summary of the Invention
tn a first aspect, the present invention provides a method of preparing a compound of

formula |
R2
|
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20 wherein R'is:
H;
cyano;
an optionally unsubstituted or substituted alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryt,
or heteroaryl group, or
25 --C{Q)-- R® where R° ig: H; an optionally unsubstituted or substituted atkyi, éikenyl, alkynvi,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl group; or OR® or NRR, where R® and R’ are each
independently H or an optionally unsubstituted or substituted alkyl, alkenyl, alkynyl, cycioaiky,
heterocycloalkyl, aryl, or heteroaryl group;
R?is H or alkyl;
30 R'is Horalkyl
R*is H, halagen or alkyl,

the method comprising:
a) Sonogashira coupling of @ compound of formula i, wherein X is halogen or CFaS0,-0-



with a compound of formula Ill to form a compound of formula IV; 10 RI b) reducing the compound of
formula IV to generate a compound of formula V; NH2 V 20c) converting the compound of formula V
into a compound of formula VI; and Me02C VI
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b) reducing the compound of férmula IV to generate a compound of formula V,
15
W
20 c) converting the compound of formula V into a compound of formula Vi, and
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L
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d) converting the compound of formula Vi into the compound of formula L.
In a second aspect, the present invention provides a method of preparing 8-fluoro-2-{4-

[(methylamino)methyllphenyl}-1,3,4,5-tetrahydro-6H-azepino[5,4,3-cdlindol-6-one, the method comprising
Sonogashira coupling of a compound of formula Vi, wherein X is halogen or CF380;-0-,



25 d) converting the compound of formula VI into the compound of formula 1. In a second aspect,
the present invention provides a method of preparing 8-fluoro-2-{4-
[(methylamino)methyl]phenyl}-1,3,4,5-tetrahydro-6H-azepino[5,4,3-cd]indol-6-one, the method
comprising Sonogashira coupling of a compound of formula VII, wherein X is halogen or CF3S02-0-,
VIl 5with (4-ethynyl-benzy1)-methyl-carbamic acid prethyl ester to form
5-fluoro-2-(4-Rmethoxycarbonyl-methyl- amino)-methylhohenylethyny1)-3-nitro-benzoic acid methyl
ester. In another embodiment, the present disclosure provides a method of preparing
8-fluoro-2-{4- [(rnethylamino)methyl]phenyl)-1,3,4,5-tedyafaydro-6H-azepino[5,4,3-cd]indol-6-one, the
method comprising Sonogashira coupling of a compg nd>pf formula VII, wherein X is halogen or
CF2S%-0-; 10 VII with (4-ethynyl-benzyl)-methyl- m|c acid methyl ester to form

5-fluoro-2- (4 Rmethoxycarbonyl-methyl- 15aming)-methy{iphenylethyny1}-3-nitro-benzoic acid methyl
ester; reducing 5-fluoro-2-{4- kmethoxycarbonyl-methy- amlno) methyl]-Phenylethynyl)-3-nitro-benzoic
acid methyl ester into

3-amino5-fluoro-2-{41(methoxycarbonyl-methyl-amino)-methyll- phenylethynyl benzoic acid methyl
ester; converti H@h {4-ethynyl-benzyl-methyl-carbamic acid methyl ester o form 5-fluofo-2-{4-[{melhoxyearbonyl-methyl-

3-amino-6-fluoseze{déimipthexiatarypayimbthydicariiotriettsli-phenylethynyp-benzoic acid methyl
ester into 6-fluoro-2-(4-{(methexyearhenylhngiishamineiraetbylidenyhpd H frheling cbrbio® it

20acid methyl Rl %n@%w@[%ﬂéﬁﬁ}mg@@@%m%%éwg4 3-cdlindol-6-one, the method comprising
6 foro-2-0-( S ARG, MALNAR BRIV RE el s helogasporic i
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with (4-ethynyl-benzyl)-methyl-carbamic acid methyl ester fo form 5-fluoro-2-{4-[{methoxycarbonyl-methyl-
16  amino}-methyll-phenylethynyl}-3-nitro-benzoic acid methyl ester; reducing 5-fluoro-2-{4-
[{methcxycarbonyl-mei'hyl—amino)wmetﬁyi]-phenyiethynyt}-snnitro-benzoic acid methyl ester into 3-amino-
5-flucro-2-{4-{{methoxycarbonyl-methyl-amino)-methy!}-phenylethynyll-benzoic acid methyl ester;
converiing 3~émino—5—ﬁuoro-2~{_4—[(meihoxycarbony}-methyl~amin_c)—meihyl}jphenylethynyf}-benzoic acid
methyi ester info 6-fiuoro-2-{4-[(methoxycarbonyl-methyl-amino)-methyl]-phenyl}-1 H-indole-4-carboxyiic
20  acid methyl ester a Cul- promoted indole formation;
treating a—ﬁuoro~2~{4-[(methoxycarbonyl-methy! am:no)~methy] phenyl}-1H-indole-4-carboxylic acid
methyl ester with N,N-dimethyl-2-nitroethylenamine to generate 8-fluore-2-{4-{(methoxycarbonyl- -rethyl-
amino)-methyl}-phenyl}-3-{(E)-2-nitro-vinyl)-1 H-indole-4-carboxylic acid methyl ester;
reducing 8-flucra-2-{4-[(methoxycarbonyl-methyl-amino)-methyl]-phenyl}-3-((£)-2- mtro-vmyi)—1H—;ndole~4-
25  carboxylic acid methyl ester into 6-fluoro-2-{4-](methoxycarbonyl-methyl-aminc)}-methyl] -phenyi}-3-(2-
nitro-ethyl)-1H-indole-4-carboxylic acid methyl ester;
hydrogenating 8-fluoro-2-{4-[(methoxycarbonyl-methyl-amino)-methyl}-phenyi}-3-(2-nitro-ethyi)-1 H-indole-
4-carboxylic acid methyl ester {o produce {4~(8—ﬂﬁorou6-nx0~3,4,5,6—ietrahydro—‘1 H-azepino[5 4, 3-cdjindol-
2-yl)-benzyll-methyl-carbamic acid methy! ester; and
30  deprotecting [4-(8~ﬂuom—6—cxo-3,4,516—tetrahydro-1H—azepino{E,4,3~cdjindo]«2~yl)5benzyl}—methyf—c:arbamic
acid methyl esfer to produce 8-fluoro-2-{4-[(methylaminoymethyljphenyl}-1,3,4,5-tetrahydro-6H-

azepino{5 4,3-cd]indol-6-cne.



methyl ester with N,N-dimethy1-2-nitroethylenamine to generate

- 6-fluoro-2-(4-Rmethonrcarbonyl-methylamino)-methy0-phenyl)-3-((E)-2-nitro-viny1)-1H-indole-4-carbo
xylic acid methyiesternssegducing PCT/IB2005/002881
6-fluoro-2-{4-Rmethoxycarbonyl-methyl-amino)- methyl] Phenyl11-3-((E)-2-nitro-vinyl)-1H-indole-4-
25carboxylic acid methyl ester into

6-fluoro-2-{4- Rmethoxycarbonyl methyl amino)-methyll-pheny1)-3-(2-

nitro-ethyl)-1H Haifdlers oneyleticneid methyl ester; hydrogenating
6-Tlu0r0-2-(4-[(methoxyaasaomykimathylsamiaamesiieLk Bhacsdl32:iliaresbys Liiagldrearboxylic
acid methyl es Hr&ﬂ&d&'@@p (saturated aliphatic grou ) having from 1 to 16 carbon atoms in its chafn, which may

[4-(8-fluoro-6-qx0 gﬁe i géé% 5@%@9 19-dbazeRIR0L3.A Zedlindola-yl)-benzyll-methyl-carbamic %C'd

methyl ester and’ ect mp

[4-(8-fluoro=6-0KkaS A" R Y - SR S 3 e R S i B - PR i e DA 8RR A cid
methyl ester td*ﬁ%‘ﬂ‘f}’éé‘@ ﬂﬁﬁ‘l‘oaéd{ﬁ-‘e[(?ﬁ‘f@fﬁ?lﬁhﬁfﬁdﬁ?ﬁ‘éfﬁWﬁﬁl’%nﬁl’g‘i’e\% Y tetiiyaddeen=an an
azepino[5,4,3-etljidwk6agne oty OO B8 3008 PETHEIE2005/002881 Definitions and Abbreviations
As used herein, the teren tatkyltiasdnsiasbsanched:hed- straightigthainied: (linear) paratinienhydegcarbon
group (saturateg.akiphaticigreuny-havingfiem ke AR-cRbRaieNSHkiihshain vy be-generally
representeg bxé;@epﬁg?mwéq Jnétglfeﬂﬂwé’?{ﬁeﬁ%%déq m Ohiggm 1 L, ExarmRles ofaled S
groups include mg{gg dmee'[h(}/ n-pr S%gd f‘%og)n %bmdm h ISC udtﬁlé t- bun¥I entyl, n- pentyl Isopentyl,
neopentyl, and\%exyfé and the S|r¥| some s thereo ower alkyl" is intended to mean an

alkyl group having frdhg “fr{B ALY 6’??%%%%??“@ hEfient cha R TRk AR R BE RESP YR e hed- or
straight-chained BIafAEch D eaitoA"g ripa it &fa rreriban givatid g fotip havRit e eloradrdudouble
bonds) contairfitign2. twok O dartyoivsyinZitsighdisnd OEstemiplatyndlkenyls include ethenyl, 1-propenyl,
2-propenyls 1-butenytpr@-kuiergbispbetenyts anchthenvasnusisamesiarpentendsand hexemiisc,
(including bothigaek tEANGISOMErDh-fused FHGHSRN i KWALRNGRRSA PFRNehed ahstaightchained

hydrocarbon g 0 r tri d.hay rbon
o 1 o o e ung S o L B A o

1-methyl-2- butyr%ﬁmflf he term "carbocycle" refers to a saturated, partially saturated, unsaturated, or
aromatic, monocyclic'8f fG&Bd IR sEE B IR &y ety %ﬁﬁ?&u?é“ﬁ%ﬁﬁd‘ﬁﬁ?ﬁf%%ﬂ“b%%rﬁﬁ’@%ms (no
heteroato?ﬁs IMONATEHCCAEH PG aERIPL XM N EAB FEYE I il ticle bSieleritkyA selegiediran
cycloalkylaryl gkcupsd FHedennry heteropye @ltiafergdocackatiot dteeopaltabh saturatetkytrsatanated, or
aromatic, groups.

A "cycloalkyl greup" is intended to mean a non-aromatic monovalent, monocyclic or fused

polycyclic, ring structure having a total of from 3 to 18 carbon ring atoms (but no heteroatoms). Exemplary
25  cycloalkyis include cyclopropyl, cyclobutyl, cyclopeniyl, cyclopentenyl, cyclohexy!, cycloheptyl, adamantyl,
phenanthrenyi, and iike groups.

A "heterocycloalkyl group” is intended fo mean a non-arcmatic monovalent, monocyzlic or fused
palycyclic, ring structure having a total of from 3 to 18 ring atoms, including 1 to 5 heterpatoms selected
from nitrogen, oxygen, and sufiur. lilustrative examples of heterocycioalkyl groups inciude pyrrofidiny,

30 tetrahydrofuryl, piperidinyl, piperazinyl, morphelinyl, thiomerphelinyl, aziridinyl, and like groups.

The term "aryl” means an aromatic monocychic or fused polycyclic ring structure having a total of
from 4 to 18, preferably 6 to 18, ring carbon atoms (no hetercatoms). Exemplary aryi groups include
phenyl, naphthyl, anthracenyl, and the fike.

A "heteroaryl group” is intended to mean an aromatic monovalent, menocyclic or fused polycyclic,

38  ring structure having from 4 fo 18, preferably § fo 18, ring atoms, including from 1 to 5 heteroatoms
selected from nitrogen, oxygen, and sulfur. llustrative examples of heteroaryl groups include pyrrolyl,
thienyl, oxazolyl, pyrazolyl, thiazolyl, furyl, pyridinyl, pyrazinyl, triazolyi, tetrazolyl, indelyl, quinoclinyl,
quinoxalinyi, and the like.

The term "optionally substituted” is intended fo indicate that the specified group is unsubstituted

40  or substituted by one or more suitable substituents, unless the optional substituents are expressly



20 monocyclic or fused or non-fused polycyclic, ring structure having one or more heteroatoms
selected from N, 0, and S. Exemplary heterocycles include heterocycloalkyl, heteroaryl, and
heterocycloalky-deiesoasylgroups. A "cycloalkyl group" is intended to npeanaentagemMatic
monovalent, monocyclic or fused polycyclic, ring structure having a total of from 3 to 18 carbon ring
atoms (but no heteroatoms). Exemplary 25cycloalkyls include cyclopropyl, cyclobutyl, cyclopentyl,
cyclopentenyl, cyclohexyl, cycloheptyl, adamantyl, phenanihrenyl, and like groups. A
"heterocycloallegegfiotp! isithtend éd tonmieimaiesnioniar gmatic umahavakent, atemoeycht: ok fiyseid:d
polycyclic, ring ssaseise. haniRg-adatal idiags @10 biingtatoms «ioslueiog 3405 helsiaatamse
selected from NARGCGORGAR-ATbauIN, Wislialivp sxamiples of DalaiRICiaod Ol RRRGlde
pyrrolidinyl, SOt%Hs%QXQdS%H&e%' w?JJQEﬂX%b%'Q&%%QQMs’ morpholinyl, thiomorpholinyl, aziridinyl, and like
groups. The term “any! means an aromatic monocyclic or fused polycyclic ring structure having a
total of from 4 to 18, PrEfEFLRIE 6 s ° Fiﬁﬁ’tgg%%uﬁsg%%s“?ﬁ%eﬁgﬁF?)é'i%?ﬂﬁ?@%ﬂ?b?ﬁ?{%?ﬁr@%ups
include pheny! 1R FHthSa, aFrgiiaReryIEaHY tHECIdeP AN etsrgafyPyBSup o intefige td eneak iy
aromatic monovEiertenticaip eyl oliutisée suiyoies! i, s B8 g bstituertigrechidw imgrirontaloperl(8, Préferably
5 to 18, ring atemz),inetuding fFom ditend, heterpatonms saletied daRy, NiOGEN], CXKIEHCIRNE!LSHNUT.
llustrative examples-Af haismpanthgipunsinause-nysokhidhicayhaxazalyb:pyrazalydidhiazobis furyl,

pyridinyl, pyrazingl,iHase!vhd i azobély Indakvkauingfimyl  AinexAlinyls R L AKG: herein, suikBE M

optionally subg&géﬁgd Js inten r%% ! elg)glz%altae tQ{;;;\nt1 tct]u% S%(]-:- |]I|ﬁd group is unsubstituted 40o0r substituted

by one or more sulia%rie subs%ﬂuents unless the optiona gugs%‘ﬁuents are expressly WO

0 _
2006/033003PCT/1EBBEIDERISEA SUhsHup RO PHRIATEHPO4RR TS RORMNI A THARIHESISED is
unsubstituted GR8eRFStHRITRMVIRURTe STRSERIE PSSR Mg stiriRss M ditarsdea ieRlide- Ty iuisy
indicating that algjpetiiechiyr oufrisUndigbstitvisd)etadovanbusigirsupsudefinedeabove aigy beHgenerally
“unsubstituted ercsubstiftiETbH|. o-vihe vianesantionaty, sulkstituted), with.oRg oCOMe -SuifiaienH,, -
substituents. 5{he teprsubsiitrenitrr -seitakiey hrtitignbdedntended e apan-any.siatiiygnt for a
group that may, he fesedniZ60.A teRdly ReSSHd.Ly e artisan, such, as.iNEaugn rouline;testing, as
being pharmaceutlca/y%/ gu&tgl?%e. Irgusr]ttraatl\{iga%na Iggagg Suita le %ggsétgggqtmn,clude E}/ﬁﬂr?x& halogen
(F, Cl, 1, or Br), oxo, a y?, ac F,péuﬁaon ,prr‘]_er"cap 0, nitro, ai‘kyt 0, a oxy,yc Clodlikyle éefe‘(rbcfcloalkyl,
aryl, heteroary[P B2 HieY SHHkE ),'s’géo‘ﬁmfs’%ﬁ@f}tia*?ﬁ‘)f%d?ﬁ%ﬂﬁ@iﬁ,x%ﬁ“lwf BTG S 1oxy,
arylthio, 18hetdbdahy|BRy=aatvirianike (S Tagaricsriried bitheresesmprgmbomBstindsaesdited
herein). Suitabbetoxycarbonyl, "EtOAC" means ethyl acetate, "HOAc" means acefic acid, "NEt" or “Et:N" means

triethylamine, T means ftrifluoromethansulfonyl, “THF" means tefrshydrofuran, "DIC" means
dilsopropyicarbodiimide, "HOBI" means hydroxy benzoliiazole, "MeOH" means methanol, "i-PrOAc
means isopropyl aceiate, "KOAC" means poiassium acetate, "DMSO" means dimethyisulfoxide, "AcCl"
25 .means acetyl chioride, "CDCly" means deuterated chioroform, "MTBE" means methy! t-butyl ether, "DME"
means dimethyl formamide, "Aco0" means acetic anhydride, *Me;SOF means frimethylsulfoxenium
iodide, *DMAP” means 4-dimethylaminopyridine, “dpp™ means diphenyiphosphino ferrocene, “DME"
means ethyleng glyco! dimethyl sther {1,2-dimethoxyethane), HOBT means 1-hydroxybenzotriazole, EDC
means 1-ethyl-3-(3-dimethylaminopropyl}-carbodiimide.
30
Detailed Description of the Invention

The present invention provides a new and convergent route to the tricyclic inhibitors of poly(ADP-
ribose) polvmerase (PARP), which inhibitors are disclosed in the above-mentioned U.S. Patent No,
6,495,541, For illustrative purposes only, the method of the present invention is demonsirated by the

35 example of the method of preparing B8-fluoro-2-{4-I(methylamino)methyliphenyl}-1,3,4,6-tetrahydro-8H-
azepino[5 4,3-cd]indol-6-one. The reagenis and conditions of the reactions described herein, are merely
fllustrative of the wide variety of starting materials, their amounts and conditions which may be suitably
employed in the present invention as would be appreciaied by those skilled in the arf, and are not
intended o be limiting in any way.



substituents are seen from the exemplary compounds that follow. Preferred optional substituents
for alkyl and aryl groups in the compounds of the invention include halogens and aryl groups.
Especially prefgueddossuhstituted alkyl groups are perfluoro-substituted allpylg/ iEspesiakypreferred
optional substituents for aryl moieties include halogen, lower alkyl, --OH, -- 15 NO2, --CN, --CO2H,
O-lower alkyl, aryl, -O-aryl, aryl-lower alkyl, --COZCI—PS, --CONH2, --OCH2CONH3, -- NH2, -SO2NH2,
--OCHF2, --CF3, --OCF3, and the like. Aryl moieties may also be optionally substituted by two
substituents forming &heridgethfdr exarntiple p@sefC 11 R)dio0--swipesesz isrgaratiteégesiof 4-1aror-gi- As
used in the pregesthapalicatianikiymenns-ethylkdds meantsacetyindde craeppssmethyk) "Ms'zmeans
methanesulforyd (6JA330%) cdfinfieRns isRPseRYly eI imeRRs R 4-Aranl -Bgnzatiazole-1- 20

yD-1,1,3,3- tetramethyluronlum hexafluorophosphate, "Ph" means phenyl, "Boa" means

tertbutoxy grb "E1tOAc" means ethyl acetate, "HOAC" means acetic acid, "NEt3" or "Et3N" means
triethylamine, ' Feans trifluoromethansulfonyl, "TI-IF" means tetrahydrofuran "DIC" means
dusopropylcarbodumlde "HOBt" means hydroxy benzotriazole, 'f H"means methanol, "i-PrOAc"
means isopropyl Cczefate "KOAC: means potassidm.aceta &S 0" eans dimethylsulfoxide, "AcCl"
25 means acetyflch ond*e““ﬁ)%;%*mg@%s-deu‘terated form "MTBE™*=means methyl t-butyl ether,
"DMF" means dlmethyf formamlde“f*"ACZO" means acetic anhydrlde "Me3S01" means
trlmethylsulfoxonlum |od|de "DMAP" means 4-dimethylaminopyridine, "dppf" means
diphenylphosphino ferrocene, "DME" means ethylene glycol dimethyl ether (1,2-dimethoxyethane),
HOBT means 1-hydroxybenzotriazole, EDC means 1-ethyl-3-(3-dimethylaminopropy1)-carbodiimide.

. 30 Detailed Description of the | jon The present invention provides a new and convergent
route to the tricyclic imxbitors g‘%%@gﬁose) polymerase (PARP), which inhibitors are disclosed in
the above-mentioned U.S. Pa 5641. For illustrative purposes only, the method of the
present invention is demonstrated bﬁg the 38 example of the method of preparing
8-fluoro-2-(4-[(methylamino)methyl]pheny6-1,3,4,5-tetrahydro-6Hazepino[5,4,3-cdlindol-6-one. The

reagents and qoggltlagqlsmgg fIhlg gctlgpnﬁaQesr%glprgod {pfe |0Q1bar l%ugrel r,illlustratlve of the wide variety of
starting mater@?l%hﬁﬁhﬁﬂ‘t‘@%ﬂ%ﬁﬁf{?ﬂﬁ%% yed in the present
invention as would b& SpBPEEREEFY thaLe BRI FrIREsA KRy % é ﬁ'boﬂiﬁ?té‘?’l B SBAHHING in any
way. WO'8006/055003E 260570 08 gereg economickh donseh¥el éf fie preidemtyinventesiveomprises
preparation of Bfftrbrozaidahyde 1 foliowing a fiterature procedure as described in Thorand, 8. and Krause, N. J. Org.

[(methylaminoYinethyiehey 351, Blgkibrtettalry drorgbal-taepine[3 ik adlincans-e@refeampaend 15)
via a key Sonogashiza seupbagueactionant:a Sl mpigmetachindsledormatianacsaLdingyiogReheme 1.
5Scheme 1 (rys) under basic conditions can yield 5 in 50% yisld,

el

15
Scheme 2
T SEE—H
CHahNHy, NaCNBH
PACIPPhg),, TEA, THF i 3
Br CHO MMWG 2 ™ o _MeoH o a mg:_z.{ >_.ﬂ
250C,3h
] 5% NHMe
82% 2 3
KaCOs, MeGH
CICOq e, TEA T gy
‘ COpMe COMa
4 Me
~B0% yield over two steps from 3
i
20 The friflate precursor & can be prepared via nitration of B-fluorosalicylic acid & using

etramethylamonium nitrate and friflluoroacetic acid anhydride employing standard conditions (Scheme 3).
The desired product 8 can be obiained regiospecifically as a yellow solid after crystaliization from
CHsCN/HZ0 in 83% yield.



X=Bror OTf 15 I. Preparation of alkyne Sand triflate precursor 8 for Sonogashira coupling The
synthesis of alkyne 5 is shown in Scheme 2. Aldehyde 2, though available from Aldrich, is 10
expensive, thepaforadtosampe more economical to prepare it from relatively inexpensive Az
bromobenzaldehyde | following a literature procedure as described in Thorand, S. and Krause, N. J.
Org. Chem. 1998, 63, 8551. Next reductive aminatidhi of aldehyde 2 with methylamine can afford
amine 3, which can be subsequently protected to give methyl carbamate 4. Removal of the
trimethylsilyi gré#er(@¥fS) under basic conditions can yield 5 in 90% yield. 15 Scheme 2 20The triflate
precursor 8 can be prepared via nitration of 5-fluorosalicylic acid 6 using tetramethylamonium nitrate
and triflluoroacetic acid anhydride employing standard conditions (Scheme 3). The desired product 8
can be obtained reffigispecifically as a yellowW'Solid after crystallization fr§faEH3CN/H20 in 63% vyield.

WO 2006/03300 BSBOR/62881 Foheme J@yhtRed& b irtole jitepfiédiate 11 As
indicated in Sc 4, althowgh the tm 16 could besigolated, it is- yantageous to prepare it
in situ. 6 7 8

5

|[. Synthesis of indole intermediate 11

As indicated in Scheme 4, although the triffate 18 could be isolated, it is more advantageous {o
prepare it in situ.

10

The formation of triflate 16 and its coupling with the alkyne 5 can be carried out in a cne-pot fashion fo
afford intermediate 8. The preferred condifions for this coupling are as follows: a CHRON-solution
containing alkyne § and the pre-formed triflate 16 s added to a solution containing 2% PACI{(PPhs); in
15 CHsCN at 60 °C. Under these conditions, the dimer 17 is determined to be the major by-product. Further,
the addition of co-catalyst Cul is found to be defrimentai since # promoted more dimer fo%mation. After
work-up, crude product & can be reduced with iron powder. Addition of a few drops of concantrated HCl is
very helpful in activating iron powder. Subsequent cyclization of crude compound 10 to indole 1% can be
effected with a catalytic amount of Cul in DMF. Indcle 11 can be cbtained in 51% vield over 3 steps after
20 trituration with methylene chloride/hexanes in order to remove by-product 17,

Scheme 4



1016 The formation of triflate 16 and its coupling with the alkyne 5 can be carried out in a one-pot
fashion to afford intermediate 9. The preferred conditions for this coupling are as follows: a
CH3CN-solutietocantaising alkyne 5 and the pre-formed triflate 16 is addedsiorasaluigngentaining
2% PdC12(PPh3)2 in 15 CH3CN at 60C. Under these conditions, the dimer 17 is determined to be the
major by-product. Further, the addition of co- catafy%q Cul is found to be detrimental since it promoted
more dimer formation. After work up, crude product 9 can be reduced with iron powder. Addition of a

girdf powder. Subseque, tion of
crude compouﬁiﬁoi to mr;lele—@ean be effét

} at‘éci%c amountrr@EcCuI F.dndole 11 can
be obtained in 5 |é1dmetislepsﬁfter 2() uration with méthylene chforidé/hexanes in order to
remove by-prod FoSCHERETIIP BERVETSIBNE indole intermigdiater Harget compound 15
5Treatment of indéle 11 with N,N-dimethyl1-2-nitro€thylenaMine (Mahboobi, S.; Elfter, E.; Roller, M.;
Kumar, S.; Popp, A. J.Org. Chem 1999, 64, 4697) in TFA/CHZCIZ furnishes nltroalkene 12 (Scheme
4). N|troalkene 12 can be tm@cgcreduced with sodiéni b orohyqu de in 9:YEtOH/MeOH mixture to

nitroalkane 13 i 84%yigld. oor solubili f 12 and{3{p EtOH, a hlgh vplefe of solvent is
necessary to ensure-compl n.Hyshiog eﬂaﬂen of | sing Pd/C-or Pt/C under

10 neutral condftd er%ﬂ"ﬁ‘&rds N-hy rqu la¥tam 18 aés itfajor side pqguct MHowever when
hydrogenation is carried out under acidic conditions with Pd/C or Pt/C the formation of 18 is
suppressed, but it induces cleavage of C-N bond in 13 to afford 19 as another major side product.

Since Raney- Imod[pesn ?ﬁpromotec] ava aneyL onds, hydrogenatlon reagtions under Raney-Ni
mediated condit S ho be screemezd CSUNPrisi ,\t found thaﬁqhyd ) i of 13
employing Ran W Ilcgr&gememheqm:LB = Ci meoogmﬁdguo S~ TF alkane 13, on

reduction with Raney* N| in aeetic aC|d affords the correspond’i“hg amine acetate \g,vhlch d’Bon treatment
with base cyclized to f4in 96% yield on*20 g scale without any side products. WO
2006/013003PCT1182005/002881 Finally, the carbamate group in 14 is readily deprotected by
HBr/acetic acid at ambient temperature to provide 15. Initial attempts to remove carbamate group with
alkaline hydrolysisniersexarmpies BidMrictit in mtoErat 8neolaadsto an undesired cleavage of the lactam
ring in 15. Although meiiwd-carhamatas.aaalsfbefseavadhby-timetiudsidiodidesifie formapdion of
methyl iodide BYREQAUCE . pons. A, J.Org.Chem. 1999, 64; 4697) in TEAICH,C, furnishes nitroalkene 12 (Scheme
4), Nitroalkene 12 can be then reduced with sodium borchydride in 9:1 EtOH/MeOH mixture to
- nitroalkane 13 in 84% yield. Due fo the poor solublflity of 12 and 13 in EtOH, a high volume of solvent is

necessary 10 ensure complete conversion. Hydrogenation of 13 {o laciam 114 using Pd/C or P1/C under
10 peutral condition affords N-hydroxy lactam 18 as 2 major side product. However, when hydrogenation is
carried out under acidic conditions with Pd/C or PYC, the formation of 18 is suppressed, but i induces
cleavage of C-N bond in 13 to afford 19 as another major side product. Since Raney-Ni does net promote
cleavage of C-N bonds, hydrogenation reactions under Raney-Ni mediated conditions should be
screened. Surprisingly, it was found that hydrogenation of 13 employing Raney-Ni works well under either
15 neutral or acidic conditions. Thusg, nitroalkane 13, on reduction with Raney-Ni in acetic acid, affords the
correspending amine acetate which upon freatment with base cyclized fo 14 in 968% yield on 20 g scale

without any side products.

o

20



5 raises a safety concern and makes this method less attractive. On the other hand, the toxic methyl
bromide generated during cleavage with Her/acetic acid can be efficiently trapped with an
ethanolamine saiwabestyetem as described in Hettenbach, K.; Am Ende, Dedivdpeemmassks.; Dias, E.;
Kasthurikrishnan, N.; Brenek, S. J.; Ahlijanian, P. Qrganic Process Research & Development, 2002, 6,
407, In this manner, 220 g lot of target compound 15 is prepared which is identical to an authentic
sample synthesized by a 10previous route. The disclosures of all cited references are incorporated
herein by reference fingheithentireynismpte’ 16 Thesesiintisrsdasitd Hreparadissssibwdeatissiow
further illustraterpadtexemplifjithesmethicd stehthie oresent irvemntide olbis tatheltriderstbdgithatthe
scope of the pspse invertiamisoet dinitéd rarywaybyribe csape stitbedalowing esamples
Example 1. S%ﬁ%@%ﬁf&%‘%ﬁ@%ﬁi@é@@é@m W%@MQ%@%%&M§ Qethyl iodide byproduct

o S e ek G %‘e hvz.@g»ea@gssg% QctﬁFo@;ttkg allquedox addiion g coppen
iodide (7.6 g 2

|ne
triethylamine (Eir%'fif' éerfrgt?ﬂgﬁr"@t%yg rlmet Vis] §%e g‘? @fri <4ty rﬁtr p\Flj?/e g Wmaaeﬁtg%?rl]arﬁadltlon
funnel as a soﬁ%WiﬁWWEsﬁﬂbeﬁﬁ%W@%ﬁﬁw Wad"etired Bt%d??”f‘@? %0 Rf SndaniesiEeP5C for 20
hours. Analysis. ByerRLE dndiviatiah tHeQomipatenssotatne s SCBo omPRHBA% r8rABl ca iRdneReeresidue
was treated withthexastaafd=8chmpdlne $8ldbwasetnhisied Bynfittrigtien anditrestittele cakeewasied with
hexane (Qg3 L)elRgs¢ambined hexane solution was washed with water (2 x 0.5 L). Hexane was
removed 30 in a rotovap. The residue was dissolved in EtOH (0.5 L) at 50 C. The solution was then
slowly cooled to 16 was stirr tes, Pr t i ixture was
further cooled to 5 C%f q %'tﬁ ef ' ?é g% 4%;?5 Jggﬂ%gv%%% gye%nf%%é%zuvégg %ﬂ%ﬁi at5 C for
30 minutes. Solid was collected by filtration, washed with. 4:1 of EtOH/H20 (0.2 L) and dried to provide
13709 of roduct. The mother I| or was conce trat ryness. The re5|d as partitigned
between Ij1 exane (O. 8 Xt %ar‘i’ gn f "?Xei%a%zf’ %&'z% %Ivgésgaéte g?g %én?apngs}ﬁ,oné%e%%raq Fto
dryness. The %@%@Wﬁ@%r@ﬁ&ll%@%ﬁﬂ%%ﬁ@ S CLOR I = Lo R T H@??@E&é‘ﬁil‘f@?& FrE% %3
EtOH/H20 (0. 1te)sterp rbtieitolseteieewis-of aldehyde 2(27.0 g). The combined yield for aldehyde 2
was 81%. 1H NMR (300 MHz, CDCI3) 6 0.081(s, 9H), 7.41(d, 2H, J.= 8.1 Hz), 7.63(d, 2H, J= 8.4 Hz),
9.81(s, 1H). 4@kxamplestatyntiesisainmatayvi{d-nimeiyisiaayiethyrwl-benzyl)-amine (31 WO
20061033903PCT/1132005/002881 - 12 - TMS))-\

TMSCHO

A-Bromobenzaldehyde (1) (185 g, 1.0 mole} was dissolved in THF (1 L) followed by addition of

" copper(l) iodide (7.8 g, 0.04 mol), dicholobis(iriphenylphospine) pailadium (1) (14.02 ¢, 0.02 mol) and

256 triethylamine (151.5 g, 1.5 mol). Ethynyitrimethylsilane (109.1 g, 1.11 mol) was added from addition
funnel as a solution in THF (0.2 L}. The reaction was stirred at 30 °C for 30 min and then at 25 °C for 20
hours. Analysis by HPLC indicated the complaetion of the reaction. THF was removed and the residue

was freated with hexane (1.8 L). The solid was removed by filrafion and the filter cake washed with

hexane {0.3 L). The combined hexane solution was washed with water {2 x 0.5 L). Hexang was removed

30 inarotovap. The residue was dissolved in EtOM (0.5 L) at 50 °C. The solution was then slowly cooled fo

16 °C and was stirred for 30 minutes. Product started to orystallize. The mixiure was further cooled o 5

°C. 1:1 of EtOH/HL0 (0.24 L) was added slowly. The mixiure was stirred at 5 °C for 30 minutes. Solid was

collected by filtration, washed with 4:1 of EtOH/H,0 (0.2 L) and dried to provide 137.0 g of product. The

mother liquor was concentrated fo dryness. The residue was partitioned between hexane (0.5 L) and

35  brine (0.25 L). Hexane layer was separated and ‘concentrated to dryness. The residue was crystallized

from hexane (40 mi} and further recrystallized from 4:1 of EtOH/H;0O (0.1 L) to provide second crop of

' aldehyde 2 (27.0 g). The combined vieid for aidehyde 2 was 81%. M NMR (300 MMz, CDCl3) 8 0.081(s,
gH), 7.41(d, 2H, J= 8.1 Hz), 7.63(d, 2H, J= 8.4 Hz), 8.81(s, 1H).

40  FExample 2. Synthesis of methyi-(4d-trimethvisitanylethynyl-benzyll-amine (3)




- Methyl amine (8 M in MeOH, 135 ml) and methyl amine hydrochloride (44.0 g, 0.65 mol) were 5
dissolved in methanol (900 ml). Aldehyde 2 (4409, 0.22 mol) was added and stirred at room
temperature fowdQesminssegium cynoborohydride (17.42 g, 0.28 mol) was therastesioditer addition
was complete, hydrochloride methanolic solution was added to adjust the pH to 5 while the
temperature was held at -30 C. The reaction was slfifed for 2 hours. The pH of the reaction mixture
was maintained between 4 and 6 by addition of hydrochloride solution in MeOH. The reaction solvent
was removed. The residue was 10 taken up with water 400 ml) and brine (50 ml). The mixture was
extracted with methylene chloride (2 x 300 mafy-Eae-cOmbined organic solution was concentrated to
dryness to afford the crude product (40.6 g, -85% o-" higlk-was used directly in the next step

ithout furth f lH R.
7254 z”Hr i p”;}'e AR M?fée%’%ﬁém ?’M‘Qﬁ* e R P& Y e
218.1357. 15 E8K Eﬁé“én H?h(gg?smgf metty %Mtlh TetEh IS F%esmef?%g)r ARICEEd ethyl
ester (41 )-Th -BOPMERHNIERAMRR Eited!61f: 10°4% ???HI)"’ edl@@?ﬂti/ed‘ffﬁ ﬁ?@t’leé’ﬁ% CHIBFGe (810

ml). Triethylantirseo(Bier8agnaadinet)iipasvatieisdddn adtire Lo Ritir? weils BsdtretasigTrayetityt ~>0
chloroformate {@ 7r8s gg=0tb0 wanstiird e thydene Tl oridEhE @8ctiol) viasdhen madeid:s|ostbpainctde
reaction tempeyatidafiNas iaiatainethewesMdO-C anddAicn Afieraidiionivas campelaie the
reaction splutiQRWas vﬁk’t‘irﬁﬁeﬁa{m IRRREAHA Rl OFrﬂ@nhﬁM{eﬂmé(é/ aiprdod Qb vasRAdRMAgyeous
phase was SCRBIIRd 1 SAMRRIARR S Ak Congenlla %g% Iodiess at%r%ftrtrgr&rg S aamaand 4
The crude product was userd in the next step. without urt ur| catlon % DC13) 5
0.279(s, 9H), ZB&d'IP: 3hish 3374 4" ’Qr§‘ geth IO SR 4% d‘“‘i#ﬁ 870 Hz).
30 Example 4.C8{htRdsT846T Uleffhl- Et'é)n% yAeHh yT E%K%%qu&'ﬁé‘ta? rﬁé%ﬁﬁrlzé?st’erg('d§>+¥>€€5@ﬁﬁé M
35Carbamate mm@f@wa%@oﬁs&gw&fﬂwﬁéﬂﬁdﬁﬂ (630 ml). Potassium carbonate (10.5 g, 0.08
mol) was aglded. The reactlon mlxture was stlrred at room temperature for 1 hour TLC anaIyS|s
indicated the doramigtidn Synths st etryisliehvigiiyy file héfridmihagitonelasasient
distillation under reduced pressure to aﬁord yeIIow . he oil was further purlfled by column
chromatography (silica gel, hexane/EtOAGHD-yiete-8 yef compound 5 (-60% vyield over two steps
from amine 3). 1H NMR (300 '

20 Amine 3 (90.0 g, ~0.41 mol) was dissoived in methylene chloride (810 mi). Triethylamine (86.6 g,
0.66 mal) was added and the solution was cooled to 5 °C. Methyl chloraformate (47.0 g, 0.50 mel) in
methylene chloride (100 ml) was then added slowly and the reaction temperature was maintained
between 10 °C and 14 °C. After addition was complete, the reaction soiution was sfired at room
temperature for 12 hours, Water (540 ml) was added. Agueous phase was separated. Organic phase

25  was concenirated to dryness o afford erude compound 4. The crude product was used i1 the next step
without further purification. 'H NMR {300 MHz, CDCls) & 0.279(s, SH), 2.86(d, br, 3H), 3.774(s, 3H),
4.484(s, br, 2H), 7.180(s, br, 2H), 7.48(d, 2H, J= 8.10 Hz).

30 Example 4. Synthesis of (4-ethynyl-benzv-methyl-carbamic acid methyl ester (5)

H%@—\H
COQM@
d

M

35 Carbamate 4 from step 3 was dissolved in methanel (630 mi). Potassium carbonate (105 g, 0.08
mol) was added. The reaction m.ixture was stirred at room temperature for 4 hour. TLC analysis indicated
the compietion of the reaction. White solid was filtered off. Methanol was removed by distillation under
reduced pressure to afford yellow oil. The oif was further purified by column chromatography (silica gel,
hexana/EOAD) to yield 50.2 g of compound § (~60% yield over two steps from amine 3). 'H NMR (300



WO 2006/033003PCT/1132005/002881 - 13 - MHz, CDCI3) 6 2.85(d, br, 3H), 3.068(s, 1H), 3.744(s,
3H), 4.468(s, br, 2H), 7.195(s, br, 2H), 7.46(d, 2H, Ja. 8.1 Hz). Exact mass calculated for C12H4NO2:
204.1025. Fouwa: 204:B6@32. Example 5. Synthesis of 5-fluorosalicylic acid metihysestan{gdi5
5-Fluorosalicylic acid (272.6 g, 1.74 mol) was dissmoJ ed in methanol (1.3 L) to form a clear solution.
Concentrated sulfuric acid (50 ml) was slowly added to the methanol solution with vigorous 10 stirring.
The solution was heated to reflux for 4 hours. Trimethyl orthoformate (200 ml) was added slowly to the
reaction solutidtiz300%kl dE86(¢erit3{metRfisidhatetdpPmetibblPwad didified o RHE Rettentdining
reaction solution aMaszhEateidrat 66 @iftafloxihgitenpetatiazs) Fonrkbdnonrsz HPLC analysis indicated
that the reaction was complete. Reaction solution was cooled to ambient temperature. Solvent was
removed undegteduged RIessUce, Lhe [&SIdUE Was.pafilioned between water (140 m) and 15
methylene chloride {220 ml). Organic layer was separated. Aqueous layer was extracted with
methyleneschlorlde (3 x 220 ml). The combined organig|gyer was washed with water (270 ml), brine
(270 ml) and dried with MgSO4. The organic solution Wasdgoncentrated to dryness to afford crude
product (293.8 g). This crude material was used in t ext step without further purification. 1H NMR
(300 MHz, CDCI3) 6 3.96(s, 3H), 6.94(dd, 1H, J= ¥z and J= 9.0 Hz), 7.19(m, 1H), 7.50(dd, 1H, J=

3.3Hzand J=8.7 H@F%Q%Qaﬁt%!%c@'ﬁj%ﬁmﬁﬁ ﬁﬁu§¥@£h$§é§1\%fd5nf'H8{r%:%z ¥‘§f9)x% Fir9 Q@:QZO'C
acid methyl eSter s ZCgmc tr. é Su uric O um nltl’ a:g% d c9 me’i no sola? SUS e\fm oreo%sm
methylene chlorléterzSO ‘?irl Guroacetic anhydride 6 ;g% Was a e mixture
with stirring. TRERaxtire e e cetphigT 4&?&?[8@55’7’%%%?@‘@6’@@5 G%ﬂ)ﬁ?ﬁ)aﬂ‘i’eéﬁ%‘@& (150
ml) was then deldei SrsHy t81HE redioh plativeiieDhifTes wadentieteinpey steffiedhels mBfntained
between 5 C ard«ihg rfReactiotBl wikhsated/asestittetbtBCdopatiditiohal @ Ganin s stelydeldition
was complete i-datated Beveois sadismpkicarnenatesthBonmbswaseaddetplowdy do-fueeidie
reaction. Orgagig lavenwas-sepaiaied, washed withaalerddsXpaltml aadsansaatraied g driness to
afford crude sqlidy, Fhe selithies, @S@L}s%'@ﬁ%&%@@gﬁ%@o%@3@@@%&/\4@&@&4&%Qhrmgtweﬁ ;added
slowly to the ac tonltrlle gg ut| an{V vitl brrln%é‘rand §0I| reci out,(e'll'l—%g%@ eﬂr‘%sg g)s c%oled to
18 C and stlrrea AFhid tem O at e RO 56 3BTRS, was fien coole § stirréd &t this
temperature fot’ ’%W?@Q“ ThHee §&ﬁﬂ”&/§’§‘mlgﬁ?é°8”6§f”irﬁfegt BrviRE fﬂ@&%ﬁ%&@%ﬁéﬁ%& With cold
solvent CH3CRH 2042 Matarit was) uspr el fech e 56 ML ATt BED PHRRERASI GVIR (RISt NE 798RSl Pover
two steps). 1H3NBHRIBOO Mz, 1T [E43) 1 4n035 &0 BlEl) 7. \A(O. 20D6/98BD0BRE 3/2BRG0OS/B3288Y),

20 10.508(s, 1H).

Example 6. Synthesis of 5-fluoro-2-hydroxy-3-pitro-benzoic acid methyl ester (8}

COxMe
H
F NO;
25

Tetramethylammonium nifrate (88.4 g, 0.72 mol) was suspended In methylene chloride (800 mi).
Trifiouroaceiic anhydride (180.3 g, 0.857 mol) was added to the mixiure with stirring. The mixture was
cooled fo 8 °C. The solution of ester 7 (106 g, 0.624 mol} in CH»Cly (150 mi) was then added slowly o the
reaction flask over 25 minutes while the temperature was maintained between 5 °C and 10 °C. Reaction
30  mixture was siirred at 8 °C for additional 40 minutes after addition was complete. Saturated aqueous
sodium bicarbonate (500 rﬁE) was added slowly to quench the reaction. Organic iayer was separated,
washed with water (2 x 500 mi) and concentrated to dryness to afford crude sofid. The solid was dissoived
in acetonitrile (300 mi) at 55 °C. Water (100 mi) was added slowly to the acstoniirile soiution with stirring
and solid precipitated cut. The suspension was cooled to 18 °C and stirred at this termperature for 30
35  minutes. If was then cooled to 3 °C and stirred at this temperature for 30 minutes. The solid was collected
by filtration. The filter cake was washed with cold solvent CHRCN/HO (211, 100 mi) and dried fo afford
78.49 g of light yellow product (57% yield over two steps). 'H NMR (300 MHz, CDCl;) 8 4.035(s, 3H),



- 14 - 7.88(dd, 1H, J= 3.6 Hz and J= 9.0 Hz), 7.94(dd, 1H, J= 3.3 Hz and J= 7.5 Hz), 11.71(s, 1H).
Exact mass calculated for CBH5FNO5: 214.0152. Found: 214.0141. Example 7. Synthesis of
5-Fluoro-2-M-k{methesyeasbonyl-methyl-aminol-methyll-phenylethyny1}-3-nirehbenzaic:aaid methyl
ester (9) N.Me CO2Me 10The nitro compound 8 (47.87 g, 0.223 mol) was dissolved in acetonitrile
(240 ml) and cooled to -8 C. Triethylamine (33.8 g, 0.334 mop was added. A clear dark solution was
formed. Triflic anhydride (69.17 g, 0.245 mol) was added slowly and the reaction temperature was
maintained at 7%, 10, d7iR &3 Al 4ddinbR - W, dbmiplefe;iaed dmafidis iiditatéHhespimpistion of
triflate formationlcGoelifvg bhEtiNAas remeneduniiikyne181(47.46 g, 0.234 mol) was added. The solution
was degassed 3 tlmes by 15 evacuatlng the flask and backfilling it with nitrogen. The solution was then
transferred int@amal palf 41t 08 sgection | fiasiyviamadaecyaceiomiief24}ml) and
triethylamige (gg,g,gagdaggfhmgg)erme solutlon was degassed 3 times by exposing the reaction flask to
vacuum and nitrogen alternatively. Dichlorobis(triphenylphosphine) palladium (I1) (3.139, 0.0045 mol)
was added to the solution and the solution was degassgd agaime3 times. This solution was heated to
65 C under protection of 20 nitrogen. Once the t,empere réagbed 66 C, one quarter of the solution
of alkyne 5 and Inflate in addition funnel was quigkl§¥added to the reaction flask. The remaining
solution in addition funnel was added over 30/migutes at 65 C. After the addition was complete, the
reaction solution was stirred at 65 C for 2 hours. HPL:C analysis indicated the reaction was complete.
Reaction mixture was cooled to room temperature. Solvent was removed under reduced pressure. The
residue was dissolverthimieihyhaseiate 251500118 andwaskedavithoasiend 300 M) hnd beraueaus
phase was separaighangiRaeh. %tf%é@%\é\ﬂma@%@c%@@@% g@sl)ﬂémﬁagmmeﬂ.ﬁm%ﬂy&é@Ut'O”
was washed wihwafef AZ0R4NNL Nas bEN,C mmr@t&%n%%@ém 38 proMae &k d%fk e (140
% t

g). This crude guct was d in the next_step wit out fur aritication

CDCI3) 0 2. 87% %k”é“sﬁﬁf?p‘ﬁtﬁl STENTS B B, %ﬁ?‘e?"éf dritgpe 514’33"*7’%5%80@?1 J=9
Hz), 7.80(dd, Pl E‘aszfef*ﬁ‘?%ﬁtﬂ‘ﬂw 7 9149 Qﬂ%ﬁdHO'hWFSﬂﬁedzTﬁerﬁzfa?m yasgiaopssad B EIRRORY 8.
Synthesis!df 3eseiAGb ik ek 2ofibrpsiiieok yEh miomphnibesaldminey- thetliphiphesylgthsmyptidiienzoic
acid methyl estengll OptdMQ=2066/Q:3300 IRE Wk 1:32805/80288 [24tG!) and Thegsude compoungk9 (140
g) was dissolveg)inmetaried ([{addshsicarzponedas; (32osRENL i, Adoneliasaddeddgllowed
by addition of gafraled. ARHERURRFBAAMUEFRIGHARI(AY Mhs Thevcas mol) was added to the solution

and the solution was degassed again 3 fimes. This solution was heated o 65 °C under protection of
20 nitrogen. Once the temperature reached 65 °C, one quartsr of the solution of alkyne 5 and trifiate in

addition funnel was quickly added to the reaction flask. The remaining soluiion in addition funne! was
added over 30 minutes at 65 *C. After the addition was complete, the reaction solution was stirred at 55
°C for 2 hours. HPLC analysis indicated the reaction was complete. Reaction mixture was cooled 1o room
temperature. Solvent was removed under reduced pressure. The residue was dissolved in athy! acetate
25 {500 ml) and washed with water (300 mil). The aqueous phase was separated and back extracted with
ethyl acefate (200 mi). The combined organic solution was washed with water (200 ml). It was then
concentrated o dryness {o provide a dark oll residue (140 g). This crude product was used In the next
step without further purification. "H NMR (300 Mz, CDClg} & 2.87(d, br, 3H), 3.7565(s, 3H), 4.011(s, 3H),
4.50(s, br, 2H), 7.21(s, br, 2H), 7.55(d, 2H, J= 9 Hz), 7.80(dd, tH, J= 2.7 Hz and J= 7.2 Hz), 7.86(dd, 1H,
30 J=2.7 Hzand J= 8.1 Hz). '

Example 8. Synthesis of 3-amino-5-fluoro-2-f4-fimeihaxvearbonyl-mathvl-amino)-mathyll-
i

phenylethynyil-benzoic acid methyl estar (16}

35



5 solution was heated to 65 C. Aqueous hydrochloric acid (16 wt %, 32 ml) was added. The reaction
was heated at 65C for 2 hours. HPLC analysis indicated the completion of the reaction. The reaction
mixture was cepteehteanm temperature. Solid was removed by filtration. The filgfcake:vas washed
with methanol (2 L). The combined methanol solution was concentrated to dryness. The residue was
partitioned between ethyl acetate (800 ml) and dilutéd aqueous hydrochloric solution (0.5 M, 300 ml).
10 Organic layer was separated. Aqueous layer was extracted with ethyl acetate (3 x 200 ml). The
combined organic solution was washed with brine (200 ml). The solution was then concentrated to

without further pi ?Zfﬁ?tﬁttr Tyl 'g‘”%&*tfyé@”%té%g B e e,
4.486(s, b, 2 B dz@‘ 5 a?%’d '505 ??Iz ‘L?at&ﬂ cﬂg‘ é‘ﬁ‘”%"ﬂ”ﬂzﬂé%ée E@ 6‘& %"% 237(s,
br, 2H), 7. éz(dsof%waj_ §rfd|j& E&e{lﬁl @ ntoég gcr % 3? mi) was added. The reaction was
6-fluoro-244- 1%@)@%@@%%%%%&%%9%@#&%%ﬁé’ﬁE}ﬁi@‘F-Pﬁﬁ@d%ﬁ'%a?b%ﬁ@ﬁﬁ@&é]ﬁf%thyl
ester (11k 20 was ce@rdde competrickiLe:(134i@ Way, «n8GY molimims. dissdlige dake RASFMEISBI YICopper
(1) iodide (99.998R%mprrity, 5n8 GoiteBi3d Mbiehivasuacdeds Thedaaetinm mikre Was degassed 4 times
by 25 exposinghg.reastiondiaskieias whand AHreaen alirmatyelerbhe deartiop Mmixtsyeyas then
heated at 400 &gfarc‘tt,@%tssartﬁ&rmtsstr@@?ctmrg,gsaerlrtﬂ%@n@yé s indisated the disgppearance

of starting material, Reaction mixtur { temperature. Solv nt'was rem ved under
reduced pressuf‘lgn@S %'0 Watsﬁé‘ ‘?W%?gm resl é)uz’%g(g%%?s% \Ei)e% i (ffﬁg@%nﬁﬁ t?h% °Rixture

was passed thtetyd aférétﬁf’epﬁ%?ﬂd'laﬁ Ofyahic' 8BIGHEH R Thew o’ﬁg‘eéﬁﬂfﬁﬁ%ﬁ@é’t’f & gBMEd (300
g of silica gel) PRUIEHRCHD NS (BYaMzuS B oieh Hidde BinmBBuhdeiEns St 456 pel 4@teartic 2dlution
was concentraiéd(do, deydess. Fhendelsidgdiwasdigsolided CHRACH A 01501z HeXHre Kl 1) \WWas(@dded
slowly to tze sphjtion wat stirring. The precipitated product was collected by filtration, washed with
EtOAc (0.2 L) and dried to afford 31.34 g of product The EtOAc Wash was comblned Wrth mother
liquor. The soIEtron \fvags e]
solution was the

221 aCBdPRNNIERE organic solution was concentrated to dryness. The residue
was dissolved CH2CI2 (0 07 L), Heptane (0.22 L) was added to precipitate out product. Solid was
collected, washed with 1:3 of CH2CI2/hepte®€ (0.06 L) and dried to provide additional 27.51 g of
product. The combined product weighed 58.85wgwhigtrttanslated to 51% vyield over 3 steps from
compound 8. 1H NMR (300 MHz, CDC13) 6.2.896 @ 3. LHge3H), WO
2006/033803PCT/1B2005/0112881 - 16 - 4.006(s? 3H), 4.546(5, 2H) 7.31(dd, 2H, Jr 1.5 Hz and Jr 8.7
Hz), 7.429 (s, 1H), 7.65(m, 3H), 9.17(d, br, 1H) Exact mass calculated for C201-123FN204: 371.1407.

Found: 371.1418. E ample 1 ynth
6-Fluoro-2-(4- ftmethox c?c(:a ey 8 g, g agr-?u Or%oé‘tﬁ“‘t'f bhe dlsﬂog‘eﬁg} BMF (1.5 ). Copper () fodide

i
B A 4§ 3 e o
5C. 1-N R;immwg_,thmgaghoﬂﬁwew]\ﬁgﬁ@@[\g @trggen alternatively. The reaction mixiure was then heated at

100 °C for 44 hours under protection of nitrogen. HPLC analysis indicated the disappearance of starting

material. Reaction mixture was cooled o ambient temperaiure. Solvent was removed under reduced
pressure (8 mbar) at 35 °C. The black residue was dissolved in CH;Cly (0.15 L). The mixture was passed
through a Celite pad. The organic solution was then passed through a silica gel pad (300 g of silica gel).
30 CH:Clp (2.3 L) was used fo eluie compound from silica gel pad. Organic solution was concenirated fo
dryness. The residue was dissolved CH;Cl, (0.15 L). Hexane (1 L.} was added slowly to the solution with
stirring. The precipitated product was coliected by filtration, washed with EtOAc (0.2 L) and dried to afford
31.34 g of product. The EtOAc wash was combined with mother liguor. The solution was concentrated fo
dryness. The residue was dissolved in CHCl; {0.15 L). The solution was then passed through & pad of
35 silica gel (300 g). The silica gel pad was washed with GHyCl; to elute out the compound. The organic
solution was concentrated to dryness. The residue was dissolved CH,Cl, (0.07 L), Heptane (6.22 L) was
added {o precipitate ouf product. Solid was collected, washed with 1.3 of CH,Clu/heptane (0.08 L) and
dried to provide additional 27.51 g of product. The combined product weighed 58.85 g, which franslated
o 51% yield over 3 steps from compound 8. T NMR {300 MHz, CDCly) § 2.896(s, 3H), 3.779(s, 3H),



10 0.129 mol) was added to TFA in portions at 5-8 C. A clear solution was formed. Indole 11 was
added in several portions. CH2Ck (0.02 L) was then added. The reaction solution was stirred at
ambient tempegaiuredosaddshours. TLC analysis indicated that the reaction wag,gomleiesspolvent was
removed under reduced pressure at 23 C (47 mbar). The residue was poured slowly into a flask
containing CH2CI2 (0.4 L) and saturated aqueous NaHCOS3 (0.5 L). The final pH for the aqueous
phase was 5.0. Organic 15 phase was separated. Aqueous phase was extracted with CH2CI2 (2 x 100
ml). The organt@®dubidn4fagsambiréaictat. doridertraréd-if aHot6vap ani)sohidiorashed tGuthkeptane
(0.2 L) was added teathesH2CiRtetispensierNandsthe sonxtueaeEs . séirged for 30 minutes. Solid was
collected, washed with 1:4 of CH2CI2/heptane (100 ml) and dried in air to afford 49.18 g of product
(95% yield). 1H KiMR300. M BNECHH)-5{2.188(803Iib3:061dByI3iMnc3-920¢s i) 4.B5MS, 2H),
6.86(d, 1H; J= 13.5 Hz), 7.46(d, 3oz 2075 4704 £ D240 AT A lH2)n 5,65(d. 2H, Jr 8.1 Hz),
8.69(d, 1H, Jr 13.5 Hz), 12.895(s, br, IH). Exact mass calculated for C22HZ21 FN306: 442.1414.
Found: 442.1420, Example 11. Synthesis of N '
6-fluoro-2-14-1(methoxycarbonyl-methyl-agipo)-met) ﬁ"f-phem/l1—3-(2-nitroethy11-1H-indole-4-carbox
ylic acid methyl ester (13) 25 EtOH (90 ml)/and MeOH (90 ml) were added to a 2L flask.

Nitroalkene 12(49.0 g, 0.11 mol) was 30 -r d inportion's O\Iéfrc@ﬁ’“\mlnutes while the temperature was
maintained at -15 C. After addition was complete, additiondf*Et0H (800 ml) was added. The reaction

mixture was stired oy ainittes. -G enalysiinlpated the. samplsyion af 06 aagfian. s pdure of
aceic aCI? (40 q&% V\ﬁjwasg%afggfp [I]}I yﬁ/%g’r‘%%ns gtd'é%lQ(V,V%t?eaq"us% uton wasﬁa Gea> Oé O l\'flv?sa rc{ochxdnde A

reddish suspensmn as obtained Was removed It a roto e res e was ftioned
between EtOAEBEH ?ﬁrﬁoﬁﬁdWﬁ%r(83060Lr’hWasvw26@870@66?@9@??/1?3@2@05’7’60?@8? FP%&teous
phase was sefsategatierae‘ddnn Brgametayetaiad beilee teersy Mreatoniend Wiedt rart®1.94 g
of product 13 (#B880rsdeded . rEssierg &R i ateivalh e ondentradgduteddiywie s d frekresidineaasthen
reslurried with(EtQAL Zaunalydhapianec2omd). Thematiciwa s allesieshibyfilisatien aodeied to
afford sec@nd groR QEPsgduetd 2heh 9 pidieldl-dbesamhinet vield foy. this sieRis83%: JH NMR
(300 5 MHz, DMSQ: 9@?&&&@;&%@%%%é%(bn%';'osr& chsﬁeb'&lt ﬁe% %0 3Hi) w%s i SR ’c‘&ﬁ%%g(s’

2H), 4.607(t, 21-1, J=7 xact mass
calCulated for CEARIERIORS PHUTSIR MU at T i dﬁ%&? o 14 of

8-Fluoro-6-ox&* %= 8etdtr10r8h1399:5 &% gréf@ﬁofﬂ&&t82%8?1&"%%@?@Iy£%%éﬁ1“@”§cﬁ%?%ﬁyl ester
(14) Raney niM&P-RIPAESE.53008 3 1m Abtiva2Me i) AWadwsh@ BWith wixtéd-$21%.504¢) 2NMEOH (2 x
20 7.5 Hz), 7.52(d, 2H, J= 9.3 Hz), 7.65(d, 2H, J= 8.1 Hz), 8.69(d, 1H, J= 13.5 Hz), 12.895(s, br, 1H). Exact

mass calculated for CpaMaiFNsGs: 442.1414. Found: 442.1420,

ethyl)-1H-indole-4-carboxylic acid methyl ester (13}

25

NO»
MEOQC

F O N O N—CQOohie
H Mg

EtOH (900 mi) and MeOH (80 mi) were added to a 2L flask. Powderad sodium borohydride (20.5

g, 0.55 motl) was then added. The suspension was cooled fo 15 °C. Nitroalkens 12 (49.0 g, 0.11 mol) was

30 added in portions over 45 minutes while the temperature was mainfained at ~15 °C. After addition was
compiete, additional EtOH (800 mi) was added. The reaction mixture was stirred for 15 minutes. TLC
analysis indicated the completion of the reaction. A mixture of acetic acid (40 mi) and water {40 ml) was
added slowly to quench the excess of sodium borohydride. A reddish suspension was obtained. Solvent

was removed in a retovap. The residue was partitioned between EtOAc (600 mly and water (300 mi).



- 15 50 ml) and HOAc (50 m1). It was then mixed with HOAc (400 ml) and transferred to a 2L
hydrogenator. Nitro compound 13 (1933. g, 0.044 mol) was added. The suspension was hydrogenated
at 150 psi at ambientsternperature for 20 hours. HPLC analysis indicated thestartingsnaterial 13
disappeared. Catalyst was filtered off and the filter cake was washed with EtOH (200 m1). (Caution:
Raney nickel may ignite in air. Never let the filter cake run dry). EtOH wash was combined with the
filtrate. The solution was 20 concentrated to dryness in a rotovap to give a green residue. The green
residue was dissehiscdinshleeH-s¢0gaan T s snirio miganihizceo xiekec (i tedl pwitstdded tgeddjustotie pH of
the solution to21%: J biepsalution Was iaen heaiecksit 4 fef:Shourstalicychizedheramiasiiptesnediate
to lactam 14. White solicuniacintiated oMb ke rowse afcyslizationddBi-6 ﬁeédwi&qms&@d the

completion of the reaciian, TRe SUSPRasIaN Was 9&@%&%&88%&9@?@%@% rs‘?e g Wit

collected hy filgrati h or, 98%
yield). 1H a ggnféﬁggp%%ﬂ%é ég)%%oé%? gn)—PBa:ﬁg %qé jﬁ{g% rr{ Ch %%’%(s 86(5
2H), 7.39(m, 4%#) Jﬂéﬂ(d*z%ﬁ “1irg 46 AP %(t ﬁ\ 25 25, if (sExfﬁ)mﬁ%a‘&'?Ha §f°*'
calculated for ©21:HT2PFREBOS7 8&2Ea74End: 382.1552.  Example 13. Synthesis of
8-Fluoro-2-(4-methylaminomethyl-phenyl)-1 3 4 5-tetrahydro-azepinof5,4 3- 30cdlindol1-6-one (15)
WO 2006/033@Q§E@M2@%é@@8&815 FhBro-6-oxolRCEAT ddh (A A2:8:1038. mahhwas dissplvied in
hydrobrormc auth i 9,140 m1). The reaction solution was stirred for 46 hours at
room tempera e vas connected to an ethanolamine scrubber system. HPLC
analysis indicated the completlon of the reaction. 5 Ice (30 g) was added to the reaction solution
followed by addition of aqueous NaOH (3 7 0 M, 3.27 mol) while the temperature was maintained
between 25 C and 35 C. When addition of REOH was complete, the pH was 10. The resulting solid
was collected by filtration, washed with watet ‘ ' i
(125 ml) and stirred for 2 hours. The solid \ q\llec iy il aé%rmwashed with water (2 x 25 ml)
and dried to afford 10.769 of product (SE?% yield)H1H NMR£300 Hz, DMSO-d6) 6 2.577(s, 3H),
3.053(m, 2H), 3.406(m, 2H), 4.159(s, 2H), 7.36(dd, 11-1, J:= 2.4 Hz and J:= 9.3 Hz), 7.44(dd, 1H, ..1=

2.4 Hz and J= 11.1 Hz), 7 ( %@ 3%'?1'11 JA %&o '?'&). AZ:&ZQ@Q&%Q m%s \gag'hlgldz\kﬂt W%?? % %fé rgw% HHDx

11.77(s, 1H). Exact mass cu ate for C

2006/033805P B A TAoUBRI ALk V68 TS WL KA Bl ”ﬁn%d"%?rﬁ?FeBaﬁﬂg“édE&ﬁ{‘ﬁ%?bnd of

formula | R2 Nitro compound 13 (19,33 g, 0.044 mol) was added The suspension was hydrogenated at 150 psi at

armbient temperature for 20 hours. HPLC analysis indicated the starting materiat 13 disappeared. Catalyst
was filtered off and the filter cake was washed with EtOH (200 mi). (Caution: Raney nickel may ignite in
air. Never let the filter cake run dry). EtOH wash was combined with the filtrate. The solution was
20 concentrated to dryness in a rotovap o give a green residue. The green residue was dissoived in MeOH
{200 mi). Ammonium hydroxide (40 mi) was added to adjust the pH of the solution to ~10. The solution
was then heated at 45 °C for 8 hours fo cyclize the amine intermediate to lactam 14. White solid
precipitated oul over the course of cyclization. HPLC analysis indicated the completion of the reaction.
The suspension was cooled to room temperature. The white solid was collected by filtration, washed with
26  MeOH (20 ml) and dried in air to afford 8.8 g of product (88% yieid). 'H NMR (300 MHz, DMS0-dg) &
2.85(s, 3H), 3.08(m, 2H), 3.39(m, 2H), 3.66(s, 3H), 4.486(s, 2H), 7.39(m, 4H), 7.76(d, 2H, J= 8.10 Hz),
8.24(t, 1H, J= 5.7 Hz), 11.66(s, 1H). Exact mass calculated for CaiHaFN3O5: 382.1567. Fourdd:; 382.1552.

d-methviaminomethyl-ohenyh-1.3 4 5-tetrahvdro-azepino[5.4,3-

Examnle 13, Synthesis of §-Fluorg-2-
30 cdlindol-8-one {15} i




wherein R is: 10H; cyano; an optionally unsubstituted or substituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl group; or --C(0)-- R5, where R5 is: H; an optionally unsubstituted

~ or substituted gkyto@lkenyk alkynyl, 15cycloalkyl, heterocycloalkyl, aryl, or heter@anykoseie; or ORG6 or
NR6R2, where R6 and R7 are each independently H or an optionally unsubstituted or substituted alkyl,

alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, b?%‘eteroaryl group; R2 is H or alkyl; R3 is H or alkyl;
20R4 is H, halogen or alkyl, the method comprising: a) Sonogashira coupling of a compound of
formula I, wherein X is halogen or CF3S02-0- 25 with a compound of formula 11l 30
Lactam 14 (14.42 g, 0.038 mol) was dissolved in hydrobromic acid in acetic acid {30%-32%, 140
miy, The reaction solution was stired for 46 hours at room temperature in @ 500mi flask that was
connected fo an ethanolamine scrubber system. HPLC analysis indicated the complelion of the reaction.
5  lc= (30 g) was added to the reaction solution followed by addition of agueous NaOM (327 mi, 10 M, 3.27
mol) while the temperaiure was maintained between 25 *C and 35 °C. When addition of NaOH was
complete, the pH was 10. The resuiting solid was collecied by filtration, washed with water (2 x 50 ml).
The filter cake was then suspended in water (128 mi} and stirred for 2 hours, The solid was collected by
filtration, washed with water (2 x 25 ml) and dried to afford 10.76 g of product (88% vield). 'H NMR (300
10 MHz, DMSO-dg) 8 2.577{(g, 34, 3.083(m, ZH), 3.406(m, 2H), 4.150(s, 2H), 7.36(dd, 1M, J= 24 Hz and J=
9.3 Hz), 7.44(dd, 1M, J= 2.4 Hz and J= 11.1 Hz), 7.63(d, 2H, J=8.1 Hz), 7.70(d, 2K, J= 8.1 Hz), 8.265(t,
1H, J= 8.7 Hz), 11.77(s, 1H). Exact mass calculated for CigH6FN3O: 324.1512. Found: 324,1457.



to form a compound of formula IV; WO 2006/033003PCT/1132005/002881 - 20 - 1V 5b) reducing the
compound of formula IV to generate a compound of formula V; NH2 V 10 c) converting the compound
of formula V inte@ mosrpawad of formula VI; and Me02C 15VI d) converdifigaaeesegaipound of
formula VI into the compound of formulal. 2.The n]qgﬁ_od of Clam, 1, wherein the step c) comprises a
Cul- promoted indole formation. 20

Cfaims

We claim:
5 1. A method of preparing a compound of formila |
RQ
I
o N
E o AN =Y
/o
=N N‘RS
i
wherein R' is:
10 M
cyano;

an optionally unsubstituted or substituted alkyl, alkenyi, alloynyl, cyc[aalky!, heterocycloalkyt, aryl,

or heteroaryl group; or _
(8] R® where R’ is: H; an optionally unsubstituted or substituted afikyl, alkenyl, alkynyl,

15 cycioalkyl, heterocycloalkyl, aryl, or heteroaryl group; or OR® or NR®R’, where R® and R’ are each
independently H or an optionally unsubstituted or substituted alkyl, alkenyl, aliynyi, cycloalkyi,
“heterocycloalkyl, aryl, or heteroaryl group;

R% is H or akyl;
R®is H or alkyl;
20 R'is H, halogen or alkyt,

the method comprising:
a) Sonogashira coupling of a compound of formula Hi, wherein X is halogen or CF380,-0-

COsMe
e
. Hd-// N02
25 1
with a compound of fermula lll
H—==—R1

30 1]

to form a compound of formuia IV;



A method of preparing
8-fluoro-2-(4-[(methylamino)methyl]pheny1}-1,3,4,5-tetrahydro-6Hazepino[5,4,3-cd]indol-6-one, the
method comprising®@engsgashira coupling of a compound of formula VII, whe{8iBXigs@#8802-0- or
halogen, 25NO2 VIl WO 2006/033003PC171132005/002881 - 21 - 4. The method of Claim 3,
wherein Xis CF3S02-0-. 5. The method of Claim 3, wherein X is bromine. 56.The method of Claim 3
further comprising: a) reducing

5-fluoro-244-Rmethoxycarbonyl-methyl-amino)-m ﬁi/lethyny8-3-nitrobenzoic acid methyl ester
into 3-amino-5-fluoro-2-{4-[(methoxycarbonyl-m ino)-methyllphenylethynyll-benzoic acid
methyl ester; b) converting

3-amino-5-fluoro-2-{4-[(methoxycarbonyl- methyRémlnd)'%ethyll phenylethyny8- 10benzoic acid methyl
ester into 6-fluoro-2-(4-[(methoxycarbonyl-méthyl-amino)-methy8-pheny1}-1H-indole- 4-carboxylic acid
methyl ester; C) treating W
6-fluoro-2-{4-[(methoxycarbonyl- methyl amino)methyll-phenyl)--1H-indole-4-carboxylic acid methyl
ester with N,N-dimethy1- nltr r
6 luoro-2- Rmetn A o e R e o comaumast e 1) 1 inclle-4-carbo
xylic acid methyl ester; 15d) reducing ;
6-fluoro-244-Rmethoxycarbonyl-methyl-amino)-m Dh Ry8-3-{(E)-2-nitro-viny1)-

=

R NHg

v

10
¢y converting the compound of formula ¥ into a compound of formula VI and

MQOQC

15 ' vl

d) converting the compound of formula Vi info the compound of formula .

2. The method of Claim 1, wherein the step ¢) comprises a Cul- promoted indole formation.
20 _
3. A mathed of preparing 8-fluoro-2-{4-{(methylamino)methyi]phenyl}-1,3,4,5-tetrahydro-GH-
azepino[5 4,3-cdlindo-6-one, the method compﬁsing Sonogashira coupling of 2 compound of formula VI,
wherain X is CFa80,-0O- or halogen,
COEME
o
25 F "NO,
vil

with {(4-ethynyl-benzyl)-methyl-carbamic acid methyl ester to form 5-fluoro-2-{4-[(methoxycarbonyl-methyi-
amino)-methyll-phenylathynyll-3-nitro-benzoic acid meihyl ester.



H-Indole-4-carboxylic acid methyl ester into
6-fluoro-2-{4-Kmethoxycarbonyl-methyl-amino)-methyllpheny1)-3-(2-nitro-ethyl)-11-/-indole-4-carboxyli
¢ acid methyl e¥t6r2066/433648) converting PCT/ABIH05/002881
6-fluoro-2-{4-Kmethoxycarbonyl-methyl-amino)-methyll-pheny1).-3-(2-nitro-ethyl)-1
Hindole-4-carboxylic acid methyl ester into
[4-(8-fluoro-6-0x0-3,4,5,6-tetrahydro-1H-azepino[5,4,3-cd]indol- 202-y1)-benzylkmethyl-carbamic acid
methyl ester; afd 1§ ’H‘étb‘?ﬁfggms' wherein X is CFa50; O~ |
[4-(8-fluoro-6-ox0-3,4,5,6-tetrahydro-1H-azepino[5,4,3-odlindo1-2-y1)-benzy8- methyl-carbamic acid
methyl ester to produte=d:éitiat of RidhH mbethedativiboymethyl]pheny1}-1,3,4,5-
tetrahydro-6H-azepino[5,4,3-cd]indol-6-one. 257.The method of Claim 6, wherein the step b)

comprises g Cui- promptedqngdele formatian Bqbhgngnethod of Claim 6, wherein the step e) comprises
hydrogenation. 30 a) reducing 5-fiuoro-2-{4-{{methoxycarbonyl-methyi-amino)-methyl}-phenyiethynyl}-3-nitro-
benzoic acid methy! ester into 3-aminc-5-flucre-2-{4-[(methoxycarbonyl-methyl-amino)-methyl}-
pheﬂylethynyl}-benzoic acid methyl ester;
b) converting 3-amino-5-fluoro-2-{4-[(methoxycarbonyl-methyl-amino)-methylf-phenylethynyl}-
10 benzole acid mathyl ester into 6~f!uarc-2—{4-{(methckycarbonyiwmethy!—amino)—methy!]mphenyl}w1H~indoie-
4-carboxylic acid methy| ester,
¢)- treating 6-flucro~2-{4-[(methoxycarbonyl-methyl-amino)-methyl}-phenyl}-1#H-indole-4-carboxylic
acid methyl ester with N,N-dimethyl-2-nitroethylenamine to generate 6-fluoro-2-{4-[(methoxycarbonyt-
methyl-amino)-methyl]-phenyi}-3-((E)-2-nitro-vinyl)-1H-indole-4-carboxylic acid methyl ester,
15 d) reducing B-fluoro-2-{4-[(methoxycarbonyi-methyl-amino)-methyll-phenyl}-3-((E)-2-nitro-vinyi)-
1 H-indole-4-carboxylic acid methyl ester info 6-fluoro-2-{4-[(methoxycarbonyl-methyl-amino)-methyl}-
phenyl}-3-(2-nitro-athyi)-1 H—indote%marboxylic acid methyi ester; :
e) converting 6-fluoro-2-{4-[(methoxycarbonyl-methyl-amino)-methyi]-phenyl}-3-(2-nitro-ethyl)-1H-
indole-4-carboxylic acid methyl ester into [4-(8-fluore-6-0x0-3,4,5,6-tetrahydro-1H-azepino{5,4,3-cdjindol-
20 2-yi-benzyll-methyl-carbamic acid methyl ester; and '
1) deprotecting [4-(8-fluoro-6-oxc-3,4,5,6-tetrahydro-1H-azepinol5,4, 3-cdjindol-2-yi)-benzyl]-
methyl-carbamic acid methyl ester to produce 8-fluoro-2-{4-[{methylamino)methyljphenyl}-1,3,4,5-
tetrahydro-6H-azepinol5,4,3-cdlindol-6-one.

25 1. The method of Claim 8, wherein the step b) comprises a Cul- promoted indole formation.

8. The method of Claim 6, wherein the siep e) comprises hydrogenation,

30



