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and Thei r Phot d$ynt Pgderdem)i D S.ngPAgéisent Y E.BoNeChonSueddsidehemyefgymmun.

1997, 62, 672- i.ot.ani. . S j[quchi , K. Fur ridines. 1 [1].
Cyanation, Chl g%%ﬁéﬁ%tggga{ﬁ@%%'{sr ameoﬁ%ﬂlﬂlﬁ%?&éaf ’@ﬁ%%egﬁﬁ@?%: J.
Het er ocycl B6 CH1898, 109885-334. 10 1051-1056. (c) El Hadri, A ; Leclerc) G A
Conveni ent Synthesis of cis-4(Sul fonethyl)-piperidine-2-carboxylic Acid:
NMR Assi gnnment J. Heterocyclic Chem 1993, 30, 631-635. 50. (a) Heirtzler,
F. R Preparation of Non-Symetrical 2,3-Bis-(2,2'15 oligopyridyl)pyrazines
via 1, 2-Di substituted Ethanones. Synlett. 1999,




1203-1206. (b) Norrby, T.; Roerje, A ; Zhang, L.; Aakermark, B.

Regi osel ective Functionalization of 2,2'-Bipyridine and Transformtions
into Unsynmetric Ligands for Coordination Chem stry. Acta Chem Scand.
1998, 52, 77-85. 20 51 (a) Sitsun'van; Borisova, E. Ya.; ol ovkov, P. V.;
Burdelev, O T.; Guzeneva, N. A ; Cherkashin, M 1.; Tolstikov, G A Zh
Org Khim 1995, 37, 1169-1172. (b) Reich, S._  H; Ml nick, 1MFebR!|éT920UB J
Fuhry, M A M Trippe, A J.; Appelt, K 5Dawes J. F. W,

Musi ck, L. Structure 25 Based Design and Synt hesi s of Substltut ed

2 Butanols es Mpent DENNE T4 Bl gl nortb Rt ﬁ%%%%,’é;ﬂ%%cﬁﬁ%?ee
Vasi|'ev, A V.inhictersn®@VRHES) @ thenthe@ny. ofidiiMr! infegtion. 34ntigied- Seseast, 52.
(a) i, A R 11%r %‘ 153—1?]9 "{‘B i C‘Tér@&t EPr eRadpictifss 8F non- nucleosnde

4. 4'Di b
D ARy B PR BURD s R i B%.th¢r@bb@?31§'b(ow Pht ed

Bi pyridines5 J.ILCFgymaoertB99982,26:5. 3046- 3051. (c) Koyama, J.; Ogura, T.;
Tagahara, K. Diels-Alder Reaction of 1,2,3-Triazine with Al dehyde 35

Enam ne. Heter o&ycl es 1994 38, 1596 1600 11 10 Februyary 2003 53. (a)
Yasuda, M: Bogdr, Bont. StM%"ﬁﬁemﬁg Fﬂ”%'ﬁdﬁaﬁ@ﬁ@@@yﬁr Madipezdiisek-dict ur es.

ir egar 2t iponbof fAZbé‘rm ®: SatBag@)E.| Bylefoqui baddrtee-Jol. 8§aiobene- Gnd Wrmxvl ic
ci r obe R I
Qccurring Antit t

iS5 By %ol 5 b Rgr P RERNRY Sodle WAE LS o
1253-1260. 10b) HI¥v1 reverse {ragperadasel. Eul. JTh@aRQh@m V9B A, 96Bt97ds of t he
| someric Methyl Pyridinecarboxylate in the Acylation of Certain Ketones.

The nt hesi s of. ~-Dj ketone ai ni idin Al Soc.
19518y73 5614 8561 607EP. I-@énaM?rg‘R/l ?*gz‘\Py@EF'i”kﬁ\A? Bgﬁgﬁl @NSSOK ar ave,
G ; Hauske, J. Resnii, iLd- Ritisees, 10VSyRetsser,sF.ofThBotas! iR. Ot @ CDar;ﬂeylWeGand
Iso ui nol i ne te | id hedr on
Lort ! oosr 30 ERYBS{ERNBeRaE! HERAR) | Tplus! (Eaflemiat Y inifhd @ oCh
J. B.; Rigdén, stuctyreggHyibessiationshins af af Davecioshituted @dﬁ%@ﬁa&ow@ﬁ m des
as Potential 1%héndemmation icf M@%éthaﬂwesM&ﬁman@bémH 26 2- y”b’)%aré@&ﬂ? -4703.

b) J K

Acl as-ana am néE Uy REH RS Sinaar B iBsaln S RleR BRnRna 58S (03T
27612770. (c) $SONERShskisecend gepefioprelinical cgadlaﬁtm/sm Metl, Cherparl88, A.
N.; Kiselyov, Ag $505J_1|508 S.-Y.; Tanious, F. A; Wlson, W D. Synthesis

and 20 Strgﬁt ure- DNA Bi ndi ng Rel at i onshi p Anal yS| s of DNA Triple-Helix
Specific | er calators. J. Med. Chem 1996, 39, 3980-3983. (d) Shi, G;
Takagi shi , ; 18chl dasieg, SND.; Mmbibat, éd. 5 BntohpyrScﬂF n@seyar\UEFITuanpqm nol i nes

Tet rahedr on '183@”@% WIS, A, Vs SeReln s gt ety FEEI o,

R ; Baltinore, bgngy i ek %H@@’SFY‘HGNHWWWHB%?? Q@seihjeitgpedt Hovi r al

| at ency reveal edvé)yempecmmée@.t Beoorgf Medngheduditty €995 ﬁfm adécell I|ines
with reconhgnant | UCI ferase- encodl ng viruses. J. Virol., 1994, 68, 654-660.
30 56. dafk, G J.; Deady, L.W "Synthetic Uses of the Sequential Ring

Posi ti onal Rea@0i vi @ﬁﬁ"h Wi Beel. 3-bf Yaeid YoeBiesatG v 88haug,dt Kejserchedi 1981,
3;1 92t7 932XX|3|$< fa, Awersﬁ@, JM. JReds@?ﬁ'eFL Bdafms, P03t eDiméted, PRIAOI €
chenmistry "one: s. of . some

4- acyl pyrrol e- Q/OGéWBBaB T'&%%a?'h%#r And Reeres il Synthgsis and bipackiyity

2527- 2530. 12)f501@| tﬁe(lbuetemyryjz)@o&r%ne SBHAR) reverseltignsaripi@se igakidorsi ;| K. ;

Tokunot o, é,@ﬁé 5@}% &dn Bvel A
Cener al Synt het| C ugbtl\fg e s?plst %{b% ;Y&E% g %Xgohd\@fa%%izg'oflnné/se
(Synt hetic St ugHbstitgied %tﬂ"&%a&ﬂﬂgﬂeﬂaﬁ”@g égﬁ'ﬁ% ﬁﬁgs hedr on,

1997, 53(5), 1593- 1606 59. Marfat, A , and Robi nson, " Azaoxi ndole

Derivatives 9 UW H The
present i nvent|§ n %ﬁﬁ%‘?’tges coﬁgélmd'sé'b §For rrug %: § 'ﬁ&vg}{ﬁ S\I.Efe%g”
accept abl e sal t&; Maroegits, Mi;cRanir &.ePeddontis %rﬁf]d\/l-ﬁeﬁou?gé?ﬁt sSynthesns

particul ar hy a%nld”h'bhﬂé 8| Ofevbﬂu\étuoﬂ R \ sﬁ&lﬂ\dcﬁﬁ[@@ 81[1 BhhdnzotHhzdpine Rt

Rt~R 4R Rtt A~ s 20 erein Rz el ected fromth rou
consi sting of @ruy@twes des%ned as conformatuonaﬁtly constramed analogues o? tI%]e P



Rs 't, R N RZ 'L, ,--Rt Rs,N\ Ra~N~I| ~\~~-R R ~R~R, R aRZR-
\' IV R RSN'~-Nand R R "~R--" R ~-NR NRs R, Rz, R3, R4 are each
i ndependently selected fromthe group consisting of H C -C6 al kyl, C5-C6
cycl oal kyl, Cz-C6 al kenyl, C -C6 cycl oal kenyl, Cz-C6 25 al kynyl, hal ogen,
CN, phenyl, vitro, OC(OR S, (OR S, C(OQR6 C(ONR ~Re, OR9, SRzoand
NRz, Rzz; 13 10 February 2003 R'S, is inde endently sel egtRMbriagmodze
group consisting of H C -C6 al kyl, C3-C6 cycl oal kyl, Cz-Cs al kenyl and

C4- C6 cycl oal keRyianRrfmuRodsaficiid Rﬁ@safy%ee@cfgvé@@eﬁf?@ﬁ@ﬁ?k@é W\dtﬁfoli' d from
h 5 f H,
Lot b o’ hal ogers i e A g Gﬁﬁﬁé‘hercz 988" 4l 1mA8. ca- G one

cycl oal kenyl, and C~-C6 al kynyl; provided the carbon atom; Whl ch conprise

t he carbon-carb tr S 0 re, not,,th int of
attachnment to tgg éil%lg% ggegﬁI%\Urﬁ%g% al%t)é %tﬁo R% g get ched:;
10 R and R® aW@tte [@ndntdepefdeht I%ﬁ@@@@ﬂ@émoﬂ ormndhB: drhobitors cofsHBLng of

H C -C6 alkyl, picledde 646 RaFkY! c nd
C3-C6 al kynyl ; Er QVi gg%éstne clﬁl%m@g{ ?ﬁ%@&ﬁgwa&%}ﬁ%% AQ?&@WQ&?bon

doubl e bond of BRAYC ﬁlfR%%‘iﬁ fyspﬁaowaaﬁdwmorﬁqwmcé B%E 3% of
sai d C3-C6 al kyd§8-481e not the point of attachnent to the nitrogen to which
R' and R e is attached; Rz and R22 are each independently sel ected from

t he group COI’ISI st i ng of - cycl oal kyl -

al kenyl, c5l%e €3l o'é@'l@eMr 't°26 cfé)tstuaOa yﬁymahﬁ@l t{OTNZ@UQerVH‘dI@M & he
carbon at oms whHTh (S@f’fﬂbhﬁﬁth‘@:@@dﬂb@ﬁt‘a@@lﬁm ﬂDUbB%fh%@Fé @hds afrgtbs- C6

al kenyl , C4-C6 carbon tr nd of said C3-C6
al kynyl are notg{%/t&ket?glj&lﬁaﬁpﬁgp'pgt?ft gg?‘éﬁc%)%k?%%acﬁlt?md&eﬂeﬁ"baqwﬁﬁchCr%f -and
RzZ is attachedPhamn.Bdl.i 199%|43c1881186/ t he group consisting of H, C, -Cs
al kyl, C3-C6 cycl oal kyl, Cz-C6 al kenyl, C4-Cs cycloal kenyl, and Cz-C6

| k | RS wh 0 1 2 | ect ed
?r o?/nn%/he gr S égnsﬂs?\f%belﬁf mé%f‘o'bgialbwﬁos 38 ﬁzﬂﬁ@aﬁ%yghlsgcﬁgcgc ©
clyﬁl oa: kenyl , (Cj}()@kgamer ,GG0) BRE&slen(@OHIREEdR e of wmehmb&eleyby @gﬁthShl@
Goubr o bond ol %ﬁdhgﬁfﬁﬁép&ﬂ@ﬁ@ Mt Fling R RGed | TefrheaPa tasf 0" .

C, -6 al kynyl af9-fff. the paint of attachnment to the nitrogen to which R6
i s attached; 10 Febr uary 2003 14 Rz4 is selected fromthe group

consi sting I C y (6 .al ke

cycl oal kenyl", and C~(_§ggﬂiﬁ§e\/aﬁ %g?rfﬁgs %’I’g $X@%?'8ﬂfmg°%dnﬂ'"€8n3| sting
of C -06 al kyl, (PG&@@%)CVO‘&@ Phens, 199203 %PREMBA7, (BHHasdsyR!: Gishopnyl , and
Cripl e bond of e o eyl oot é‘tg”@"“‘%'p?)o?"‘m‘dﬁes““ﬁ%ﬁ&%?“?‘gﬁf‘hé"’”
oxygen to which" ﬁg'?dic?é (%@gatoﬁz‘gé;né' ?&dﬁ? 8%1" ?rﬁ% ndent |y

sel ected from ttwivgtivep Ggmshestsu n§98f87882. @){R&)sahkgbl Tdet, 86, cycl oal kyl ,
C~C6 al kemy . &b, Y THRrfthis oP Fihikcle (oY Shen éb@%ﬁ@?ggbg gar bon

at ons whi ch cona g? 't he car boncar bon sal enyI
C5- C6 cycl oal ke{/ br the carbon-carbon tri pl e bond of said C3-C6 al kynyl
are not the point of attachnment to the nitrogen to which Rz6 and Rz, are

ttached; 15 R 54 RS, dent |
2e| th gd from t?he gr oéjgarg(g)eﬂng;rgt(bn& ¥ aé@@% \F%Tgﬁ&acg?@@/%gggl E;I Y
Cz- C6 al kenyl, m@@ar@mt@eﬁ'narﬁms enty. XI5 Synkyasjs of Blragwtyesa(om R3, ,

CR3z( OR33) %34 E §%ﬁ&arbﬁlmerﬁ(@)mﬁﬁpw§ﬁ%ﬁ4ﬁ8 & Fz and
CF3: 20 Rze Rzs R30~ R3, ~ R3z~ R3s, Ro,, R4z and R43 are each

i ndependently sel ected fromthe group consisting of H C -C6 alkyl, C~-C6
cycloal kyl, Cz-Zhb al &keadrina, €, .PCHayidastbkeYulP.; EonGihang\kWAY3.; aapkify( 0). R44;

Reactions of organomagnesium derivatives of 7-aza- and benzoindoles
with diethyl oxalate and the reactivity of ethoxalylindoles.  Khim.
35 Geterotsikl. Soedin., 1987, 1206-1209.



25 R53, R34 and R38 are each independently selected fromthe group
consisting of H C -Cs alkyl, C3-C6 cycloal kyl, C3-C6 al kenyl, C4-C6
cycl oal kenyl, and C3-C8 al kynyl; provided the carbon atons which conprise
t he carbon-carbon triple bond of said C3-C6 al kynyl are not the point of
attachnment to the oxygen to which R34 and R38 are attached; 30 R36 and R3,
are each i ndependently selected fromthe group conS|st|ngjg§bHE"g§0@g

al kyl, C3-C6 cycl oal kyl, C--C8 al kenyl, C4-C8 cycl oal kenyl, and Co6
aIkynyI provi ded the carbon atons which conpri se the carboncarbon triple

bo?d of s?. dmc%% y Me%é Rar\;e mrbtédtwe NDRA. ntsr@ink@trta@fFNrEmakm@ngcg/ thE?, o and
ni trogen to whi and Ra, .are a ebr ya an
R4o are each i %n&%ﬁﬁt'loi?ssé’lfeét%@nP%&%P%?&Z@m ﬁéta&g FGUNE

al kyl, C3-C6 cyaltoaiddisim 6z 5afyaabl@hydroxGF-ainyaingal keﬁmm ﬁfde@?»SIEIG

al kynyl ; provi e by nms whi ch conprise the carboncarbon triple
bond of said d§%6&#l&3§/§:§/l argéén)ot the point of attachnment to 5 the

ni trogen t o9whi ch R~9 and Rdoare attached; R44 is selected fromthe group
consi sting of F29 C, 1GsHal kadg, XG3Y6s Yoy | pahkg!;, RE#086 Tal GedyinanCit. C8-

cycl oal kenyl , 25 tgzﬁxg?\o%lphxlmlcﬁy J102 éb@gioﬁﬁk‘?\c&(ﬁ% op%@{_ﬂ@lggﬁ}iouﬂﬁew B4 BZ

consi sting of
' C D , A4 BxoUplimg rAagewtzwltASFerkaabig reBisfarge, t@+racemizatipon. c@rngc D, ,

Dz, and D3 are inde dently selected fromthe group consisting of
H, CN, hal o en, @N&Hg%cg Ryl, C3-C6 cycl oal kyl, Cz-C6 al kenyl, C4-C6

cycl oal kenyl Cz-C6 al kynyl, OR45, NR4A6R4,, SR48, N3 and CH(-N=N-)-CF3; R45
i's selected fra.t hqapDesniconsivwaitey, o) VHH.CZuEbermtdny| M. CA Gford@nient

cycl oal kyl I n I.{@I@yl, rq@vi ded
t%e car b)c/)n ator%(;ge\% l@ﬁﬂyOH %ﬁﬁéghgﬂﬁgz’gr‘% %r&eﬁn@ gf 8gaS%d C3- C6
al kynyl are not(b} Mamzmkn@f Rine ad RreRynthesis 1f %Qwéﬁmﬂ? metade Ns
attached; 25 R4a§: ddBéeth%)ép@omé‘mld@d@h@n@%@é{wm@é@ﬁé%é rorwrtqhepwpoup

consi sting 1%f dCF”lEyr? aﬁggé%f%C|(8)pF8¥?édb?t @el%a{p%@yéﬁ %g%h. ch

cycl oal kenyl
conpri se the cat. b(ﬁeacmerbo% Adodiskien, Hondvaanteai R PCSResdetl by Asgmngyric

cycl oal kenyl, y%rgﬁeﬁé‘trcpﬁef f@ﬁaﬁg@rotpgfﬂnr?esbogﬁlntﬂgséadfqS%ﬁaﬁhgmh are

not the point of att 4, are

ni trogen to
Tt ached RaS | RUTHERBIOXITIS.GHA (NIRTHHKIANE b HE PLERAGIRH LM HILDrRsE
C3-C6 cycl oal kyihhib@ar %n&é\)ﬂenyétraf%r@meycI19&Ek&ay641%6423 e)Kiviang, 1Ia'md

C(O R49, prgyid ey cay i O rb riple
bt 16" 7 Featand 25 pEael o (oBERGIRA B adr'%f"‘ﬁﬁ? ﬁ@b‘%’@?ﬁ‘?’""?
attachnent to tmengenzoylatednPRMRLric |S§CQﬂt1a'6’h jamiRes. i sJ.cge @eaidH or
C3- C6 cycl oal kyjga@nd4d F&&-ressel e(@l) eWdngo Tt hghghgUZ ¢ onielasiveng M. H,

C -C6 al kyl, an fer oy

phar maceut i cal | eﬁ'es%gﬁ%? glﬂné)k%%n% I%%Wgrcgefqﬁ %@méﬁ@%‘%ﬁa? ée%:nde%}eqadent ly
H, -OCH-, - OCHZCHem. 2000r65,-434Pr474%al ogen, CN, N2, C,-C6 al kyl, NHOH, NHz,
Ph, SRzo, oj5 N(CH3)z. Al'so preferred are corrpounds of For nmul a | wherein one

or two of 15 R, i.S independent t and t he ot her |tuets are
hydrogen. Al so ?)Fef drip@ga ar@ gﬂﬁﬁ‘@gﬁ'&g FEIYGt a1 (%Il%%—%i é A5,
B,-B4, C -C3 orHBship@mar eTei ﬂ'bmrhdnq.drk@gerﬁyrhla&wgeand oanh?tuhm anthyhe)f

emal ning SUDStaide) %%ﬁifbédz'gi%szﬁﬁgw%gg@ggwnﬁ%&rech@npqwfm of the

f ormul a bel ow ~~R~R12

R-a~a f | ~~ R-Buly f$E 4p.4 4V\?f?e7r ein:
30

32.  Antonini, I.; Claudi, F.; Cristalli, G.; Franchetti, P.; Crifantini, M;
Martelli, S. Synthesis of 4-amino-1- B-D-ribofuranosyl-1H-pyrrolo[2,3-
blpyridine (1-Deazatubercidin) as a potential antitumor agent. J. Med.
Chem., 1982, 25, 1258-1261.

35
33. (a) Schneller, S. W, Luo, J.-K. Synthesis of 4-amino-1H-

pyrrolo[2,3-b]pyridine (1,7-Dideazaadenine) and 1H-pyrrolo[2,3-b]pyridin-



RZis H F, C, Br, Ow, CN, or OH R4 is C -C6 al kyl, Cz-C6 al kenyl, C3-C6
cycl oal kyl, CS-Ce cycloal kenyl, C, 30 Ove, CN, OH C(O NH2, C(O NHW,

C(O NHEt, Ph or -C(O) CH3; 10 February 2003 17 nis 2; R8, R9, R o, R',

R 2, R 3 and R 4 are each independently H or CH3, provided up to two of

t hese substituents may be nmethyl; 5 R is hydrogen; RS is unsubstituted;
and 10 R6 is hydrogen or methyl. A nost preferred aspect 10fFebpgaryR0D3t i on
are conpounds or pharnmaceutically acceptable salts thereof of the Fornula
RO ORp RI~-N~1 8 N RZ ~) n R~3R~2 R~N~R~ 4 N i i 15R5stherein Rz
s H -QOCH3, GSHZGF&DIdmahypakmgbme)CM)OPMhm NBiIgB], 42,010R6-4G4 8, (

- hal ogen, -CN, roxy; t ygﬁ.gp the
r emai ni ng marrbers Qrg ﬁ\% G 09% ®. ﬁkﬁm ?’g {1{?&580 dérf]ohrﬁg %@ f@ﬂ
where mis O a{ﬁathvlaro'nﬁé?ﬁtaa$lym2o@@rman%natg hﬁﬁ’ﬁ@@%ﬁ’ ikt hyletereeycétmw
Anot her nost predepbeddasted® 8af-g4oe i nvention are conpounds of the formula
bel ow wherein: 5 RO9R~wWR/!" ' ORe R ~~~" R2~RaN\/ N I R4
R6 wher ei n;

34.  Shiotani, S.; Tanigochi, K. Furopyridines. XXl [1]. Elaboration of

the C-substitutents alpha to the heteronitrogen atom of furo[2,3-b]-, -[3.2-
b}-, -[2.3-c}- and -[3,2-c]pyridine. J. Heterocyclic. Chem., 1997, 34, 901-
907.

10
35. Minakata, S.; Komatsu, M.; Ohshiro, Y. Regioselective
functionalization of 1H-pyrrolo[2,3-b]pyridine via its N-oxide. Synthesis,
1992, 661-663.

15 36. Klemm, L. H.; Hartling, R. Chemistry of thienopyridines. XXIV.
Two transformations of thieno[2,3-b]pyridine 7-oxide (1). J. Heterocyclic
Chem., 1976, 13, 1197-1200.

37.  Shiotani, S.; Taniguchi, K. Furopyridunes. XXIll [1]. Synthesis and
20 Reactions of Chioropyridine Derivatives of Furo[2,3-b]-, -[2,3-c]- and -
[3,2-c]pyridine. J. Heterocyclic Chem. 1997, 34, 925-929.

38. Hayashida, M.; Honda, H.; Hamana, M. Deoxygenative 2-
Alkoxylation of Quinoline 1-Oxide. Heterocycles 1990, 31, 1325-1331.

25
39. Miura, Y.; Takaku, S.; Fujimura, Y.; Hamana, M. Synthesis of 2,3-
Fused quinolines from 3-Substituted Quinoline 1-Oxide. Part 1.
Heterocycles 1992, 34, 1055-1063.

30 40. Solekhova, MA.; Kurbatov, Yu. V. A New Reaction of Reductive
Amination of Quinoline N-Oxide with 2-Aminopyridine. Zh. Org. Khim.
1996, 32, 956.

41. (a) Regnouf De Vains, J.B.; Papet, AL, Marsura, A. New
35 symmetric and unsymmetric polyfunctionalized 2,2'-bipyridines. J. Het.
Chem., 1994, 31, 1069-1077. (b) Miura, Y.; Yoshida, M.; Hamana, M.
Synthesis of 2,3-fused quinolines from 3-substituted quinoline 1-oxides.



10 R2 is selected fromthe group consisting of H F, C, Br, Ow, CN, and
OH R4 is selected fromthe group consisting of H C, -C6 al kyl, CZ-C6

al kenyl, C3-C6 cycl oal kyl, CS-Cs cycloal kenyl, C, Owe, CN, OH C(O NHZ,
C(O NHVve, C(O NHEt, phenyl and -C(OCH3, 15 nis 2; R3, R9, Ro, R', R z,
R 3, and R' are each independently H or CH3, provided 0-2 of the nenbers of
the group R8, R9, Ro, R, R2, R3, and R4 20 may be CH3Febeudrie003
remai ni ng menber s ofthegroupR8 RO, Ro, R, R2, R3, and R 4 are H
and R6 is Hor CH . 25 Another nost preferred aspect of the inventions are

conmpounds of f oparlin: HetekScykfbsetyogaras, 2111@)% RN RW@MNV E> Rble, RAN Rt2 N

. ~~R143 C/ R4 Rs erein; fromt p nsi sting
of H C -Cs al Kyre' ézmééé1 (R '|”§“E%e@?5 h}ﬁl fdinses. %Bgé?}g‘ oéh%nyl

Cl, Ow, CN, O—MSW QBRK2 1) (2@@4\IHI\/E C(O)NHEt phenyl and -C(OCH3, n is 2;
10 Re, RO, Rp, R, R2, R3, and R4 are each independently H or CH3,

provi ded 0-§nof t he rrenbers of the grou R 3, and R a
may be CHa and the r¥edli Ringiominber Sushl, t%eTﬁF’SE‘H"RE &@"“CR“'OF RA Newz)

R 3, and R 4 arened;stepdsyifih&ic i spproath QU3 theSi i86Laidisi4 Goppotidide efstehe

pr esent invent '%%th%stqsgfﬁ%tﬁ centers and therefore occur as

m xtures of di ereoners’ an rs, the present invention
i ncludes the individual diastereoisoneric and enantioneric forns of the

compounds of Fofanul aa) wAREENAr: 2ehodeDt el NR ] ”&%F‘éz@Pnéss dhd 1

phar maceut i g]fal conposi tion vw%h g_gn(g_rl ses, ag ant| vira ective armunt of
a conpound 1 RENALRZEPINES t Ky SRERITIRORENEPJiazRPINg L 8BAdarNatYRS on i s
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5
59. Marfat, A. ; and Robinson, R. P. ; “Azaoxindole Derivatives” US.
Patent 5,811,432 1998.
SUMMARY OF THE INVENTION
10 The present invention comprises compounds of Formula |, or
pharmaceutically acceptable salts thereof, which are effective antiviral
agents, particularly as inhibitors of HIV.
R10°
N R‘R13R Ru1Ar
RS | 14
Re
15
|
wherein:
N Ry is selected from the group consisting of
R5 le
20
R5 RZ
R2 N e R Ra X R Iy s
LT DRy Rergr ! DRy i
Ry PN DS At I PR
i Re R 7N ' R, Re ReN 0 ;
Rs R, Re Rg Rg

R,, R, R;, R, are each independently selected from the group consisting
of H, C,-C, alkyl, C,-C, cycloalkyl, C,-C, alkenyl, C,-C, cycloalkenyl, C,-C,

25 alkynyl, halogen, CN, phenyl, nitro, OC(O)R;s, C(O)R;s, C(O)OR
C(OINR,;Rs, OR,q, SRy and NRyR,,;
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Rel ated to AIDS 20 Additionally, the conpounds of the invention herein my
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r
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which are calle

inhibitors are 3 G?@ﬂﬁ‘s@%’&oﬂ AripRUesndoef Fﬂ?ﬁuﬁ.&@‘m@@fe 79t 1'2? Pomi of

1355-1362; CELL attyehmeR) toltBe ndfcyetd wikieh R ZQnd R99|8 ;attaBAedRUG DI SCOVERY
TODAY, Vol . 5, No. 5, May 2000, pp. 183- 194’ be understood that the

scope of conbinations of the 35 conpounds of ;hl s |nvent| on with Al DS
antiviral s, 25 mmRoriedsglacteds froamtthenfesspi wessisting efth,y G, i laikybr €,43,

vaccines is not ¢ d:leIk?ld ¢oct Bmehwsc Jmcwn%am@ﬁyﬁaﬁafd &, Akynyi:ncl udes in
principle any conbi na lon W th any phar maceutical corfposition useful for

the treatnent of AlIDS. 31 10 February 2003 Preferred ccnb~nat~ons are
si mul t aneous or Ralis @pawhecit nest@®ents of with a conpound of the present
invention and an inhibitor of H'V protease and/ or a non-nucl eosi de

i nhibitor of HV reverse transcnptase.
30 nistor2;

R; is selected from the group consisting of H, C,-C; alkyl, C,-C, cycloalky!,
C,-C, cycloalkenyl, C(O)R,,, C(O)OR,5 C(O)NR,R,;, C;-Cq alkenyl and
C,-C¢ alkynyl; provided the carbon atoms which comprise the carbon-

35 carbon double bond of said C,-C, alkenyl or the carbon-carbon triple bond
of said C,-C, alkynyl are not the point of attachment to the nitrogen to
which Ry is attached;



An optional fourth conponent in the conbination is a nucleoside inhibitor 5
of HIV reverse transcnptase. such as AZT, 3TC, ddC or ddl. A preferred

i nhibitor of H'V protease is indinavir, which is the sulfate salt of

N (2(R) hydroxy-1-(S)-indanyl)-2(R)-phenyl net hyl - 4-(S) - hydroxy-5-(1-(4-(3-py
ridyl methyl)-2(S)-N -(t-butyl carboxam do) - pi perazi nyl)) - pent aneam de .

et hanol ate, and is synthesized according to U S. 5,413, QQpFéMiaﬁagbmi s 10
generally adm nistered at a dosage of 800 14qg three times a day. O her
preferred protease inhibitors are nelfinavir and ntonavir. Another
preferred ~nhi b~tor of H'V protease is saquinavir which is admnistered in
a dosage of 608,08 sg¢ROEMCOM the gFoumkoysistingeed hhr G1-Easkkyl, €hi®j ¢ymioaglkyl,
BM5232632, whi ¢).d, SallkdHyl eDLEY ISRk NS L1t Gl ng[.i als may beconme a 15
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-20C, the reacti o ovides, t sige indole 1.CGenerally these

t enper at ure raﬁ@eegzgggr{@' gﬁt ?%ngu A éﬁzgagé@? i%ge g)s(gw%:egeﬁéﬁn%yes gFtedd
usual |y by no ffefethetgirup@ocsisting ot HaSidhalky, GyCroydoalkylolads, alkemypt i ni ze

the yield. ThecCyigndycragreyi, aRdr ARy He aRBYC(EgRLD obt ai ned conmercially as a
solution in tetrahyé/rofuran or sonetinmes nore optinmally may be prepared
fresh fromvinyl brom de and nagnesiumusing literature procedures which
are well k3dwnRin Rhe andt R.yiargl eaabnésiepandéentty istdeatenh fmomo the geoeg i n

some exanpl es. c2RsisEierey #H, TVE.CIM3 ey - N0 &t N~
N'R H 23 pd~0~c2é '@z g - b o7 Cop 2 'R%-da:\;l l%’/’fgg%@ﬁ S f{%%%ﬁi \ N H
1 I'n Scheme 2, C¥eepieRre 31 coufs edk¥RYio RICKERE- g | eArhen 28tams nyhgh2s pd
(0%3 cat al yst t oofriprisé the 24rbdubseqneariplet b@at Bﬁﬁéidvﬂ:{-bs BikgAylehdeesdtsthe 33| 10
February 2003 j ' 4 ord in pto et al,
Ref. 26). Sui . BB afREn b fe ggg%‘%{j{os\{'@ﬁﬁ?ﬁt?ﬁ@g%"s%ﬁi;ﬂ%%ﬁg hoxi de or
other sodi&m |ithium or potassium al koxi de bases.

R, and R,; are each independently selected from the group consisting of

H, C,-C, alkyl, C,-C4 cycloalkyl, C,-C, alkenyl, C,-C, cycloalkenyl, and

C,-Cq alkynyl; provided the carbon atoms which comprise the carbon-

carbon triple bond of said C,-C, alkynyl are not the point of attachment to

35 the nitrogen to which R, and R,, are attached;



General procedures to prepare azaindol e piperazine diamde 5 of Formula |
are described in Schene 3 and Schene 4. Rz-Re' N H 1 Schene 3 1) MMyl 2)
ZnClz 3) CI COCOOWe Al C13, CICOCOOVe KyCO-~ MeOH 10 15 20 O R7 R8 R9 N~~R-pO
Rz-RA N~n ~ N~ R Ar RsR-4R~2 n=2 0~0 ~O M@ Rz-R4 ~s|l N H 2 DEPBT
Hunig's Base R~~Rs H\W' ~/ RROON ~/ R-3' R R R~~Ar 4 An azaindole 1, was
reacted with MeMgl (nethyl nagnesium i odi de1)5 and Znd z (z0 Febekdro2008) .
foll owed by the addition of Cl COCOOwve (nethyl chlorooxoacetate) r?o af ford

aza-indol e gl yoxyl yL_e . j I er ively,
conpound 2 can Pég ﬁa‘gﬂ? aef %%/&E é@§%§§§9é¢wgezlg(gtleﬁoﬂ:ﬁrgqﬁe \ﬂn?@f) 5@“%%5:@? of
Cl COCOOME i n t hél, fr.eSelsy, 6-Calcge®atkyl. b Gualkemil o€i-Bepy¢logikaeyiaard al, Ref.
28) oy Yol YS1 s cole{ Uy vbuBd thecatbbrslos, BRIcR-BoMBSal he Lt | o

_ pi [ ivativ | S
CEPRT (30 ot hokoprisiRs puk pf S5GsCaalivbrhara o oMt praReHent ©
N, | Vdi i sopr opy| eidyit@genao wivehBr andkRuwne agathed;g' s base, to provide
azal ndol e pi perazine diamde 5 (Li et al, Ref. 29). The nono-benzoyl ated O
O~ Rz-R4 N3 H 10 February 2003 34 piperazine derivatives 4 can_be
prepar ed accor difhg isoseleriededioan| thehamowt cwegisting elidh ds-ChAey!ddscki bed
by Desai et al, balkg§PR)G M@,ﬁ}q'zg“kc by@balkE®yl; akdCRIC, dtamgen et al, Ref.
30(c), and V\angcgﬁ gl? 3(3(05) an 30(e§§.y5 Scﬁ?ne 4 SJ%OG\%I ~ ~-cl 1)
MMyl Rz R4~ ~~~ Z ZnCt Rz RA~ \%+ Rz-RAN) 2 HN 3) CICOCOCI HH 1 6 7 RY
RS R9 pyriditfie AHs-Eelectedfram-te-groufRe@RistiRg2f4 O R7 RB RO N \ R-0O N
Rz-R4 N~ n\ RAr R~3R~4Ri 2 n=1 or2 5

;.—{I/\/ Az - NY By 0 s
® ® Mm and )T\/\(n, ,
A5 A3' B‘ 52 N c:l D3 '
Ag By CZ D,

A, A, A, A, A By, By, By, By, Cy, Cy Gy, Dy, Dy, and D, are each

15 independently selected from the group consisting of H, CN, halogen, NO,,
C,-C, alkyl, C,-C4 cycloalkyl, C,-C, alkenyl, C,-C,; cycloalkenyl, C,-C;
alkynyl, OR,s, NR,R,;, SR, Ny and CH(-N=N-)-CF;;

R,s is selected from the group consisting of H, C,-C, alkyl, C,-C,

20 cycloalkyl, C,-C; alkenyl, C,-C4 cycloalkenyl and C,-C, alkynyl; provided
the carbon atoms which comprise the carbon-carbon triple bond of said
C,-C, alkynyl are not the point of attachment to the oxygen to which R,; is
attached,

25 R, and R,; are each independently selected from the group consisting of
H, C,-C; alkyl, C,-C; cycloalkyl, C,-C4 alkenyl, C;-C4 cycloalkenyl, C;-Cq
alkynyl and C(O)R,,, provided the carbon atoms which comprise the
carbon-carbon double bond of said C,-C4 alkenyl, C,-C, cycloalkenyl, or
the carbon-carbon triple bond of said C,-C, alkyny! are not the point of

30 attachment to the nitrogen to which R,; and R,; are attached,;

Rs is selected from the group consisting of H, C,-C4 alkyl, C;-Cq
cycloalkyl, C,-C4 alkenyl, C,-C4 cycloalkenyl, C,-C4 alkynyl and C(O)R,;
provided the carbon atoms which comprise the carbon-carbon triple bond



10 An alternative nethod for the preparation of 5 involves treating an

azai ndol e 1, obtained by procedures described in the literature or from
comercial sources, with MeMgl and zZnCl z, followed by the addition of

Cl COCOCl (oxalyl chloride) in either THF (tetrahydrofuran) or ether to
afford a m xture of desired products, glyoxyl chloride 6 and acyl chloride
7, 15 Schenme 4. The resulting mxture of glygoxyl chlori de0 Febrra@pd3
chloride 7 is then coupled with nono-benzoyl ated pi perazi ne derivatives 4
under basic conditions to afford product 5 as a m xture of two conpounds (n
= 1 and 2). 20 Gknmaddl.-Eoalkgsylfase rfotitherppint vhettachmaentziortgesastdfuntioibial ngs
are shown in Sctp{engsatfgchgg shoul d be recogni zed that the synbol Rx is neant
to represent a ge%era depiction of the remaining substituents from R4-RZ
whi ch are on the azaindole ring. As depicted in Scheme 5, the azai ndole can
be oxidized to Reisa®rCgsaponsi QgCNeyoioalRyidend vative 8 by using 10
February 2003 35 nCPBA (neta- Chl oroperbenzoic Acid) in acetone or DW
(Dinethyl formam de ) (eq. 1, Harada et al, Ref. 31 and Antonini et al, Ref
32). The N-oxi d@scB'&:éﬁ'eb‘éedzéfmﬁ't’%cgrﬂépdJQWéfSltlégyOfoH Sutfss it eanch£arGdol e
derivatives bym?uagmwall docunent ed reagents such as phosphorus 5
oxychloride (POCI3) (eq. 2, Schneller et al, Ref. 33(a)) or phosphorus
tribromde (eq. 2, Wzniak et al, Ref. 33(b)), Gignard reagents RMgX (R =
alkyl, X =, Br or Prefe(red.are costp'ouhdliof ébrralla IRefphaBdacedtidaliet hyl si | yl
cyani de (TI\/%:N) qd. Klemm et al,
Ref 36), thiol \?I(:g taé dg\glﬂquﬁfegf%e%m ’ﬁq:ﬁ xs%a"pgﬁgéé%sl)(g: Oé]f‘ Shl otani et
o Bl 10’ Sh) “OBHiGRe CiPh CoPH g CNNGs &Cs SRV NHRH B

Hayashi da et al SRgfor §&H,),and am ne (eq. 9, using ammonia or an am ne in
the presence of TsCl in chI oroform/ water as in Mura et al, Ref. 39; or
under simlar conditions but with 10% ag NaOH al so i ncluded as in Sol ekhova
et al, Ref 40). UndeAlstupiefercediate eampoundspeidtaroella) whareimpoeionéveof br oni ne

15 atom ni4si | & G OWind@p&NderfllyQHEthyNASH HeYbthEF SutibtitldHt®brédhpdBge! koxy

group and am no group can be |ntroduced to the pyridine ring.  Simlarly,
tetramet hyl anonni um fiuonde (Me4NF) transforms N-oxides 8 to
f1 uoroazai ndol es (eqAlsd) preferréchere sirapalards ofdtirfnutat woereid ofelof AU, Wi | |

Seheme 50 R R B hOE %ﬁe‘ At Plogert Grglhp ¥ 705, 36
Ra-Rz-' N+ n \ wmewwwnw REERIWIOBENO. H R Rla R RItAr 5 OR-,~ a O
R-Re R/ RROR-Rr N, ~ ~nN NPOCK NNRROR=- NI n~N~eq. 2azZ 'O H

R RiaRtaRtRttAr or ~Ro~ X= -Cl, -Br
R~R,~ a~ N N RtoO ﬁ%%&ﬁ%ﬁsﬁgﬁ&%%%“'&%@t A R~ N ~n ~
'~ eg. 30 HR RaRaRtz 8 p~ HRt R~RtaRtRt 10 ORRRI 0 R~ RBR 9 N
RIORMX ~ ~ NNRROORR~NYy ~R- NI ~~Ns ap4 q O HR RaRaRRtAr

R~NR RRRtAr taRt z 8 11 5 10 Felry sry 003.37 R~ RB OSRS ORI RB
'Rs R7>?\N
oRs

25 wherein:
R,is H, F, Cl, Br, OMe, CN, or OH;

R, is C,-C; alkyl, C,-C, alkenyl, C,-C, cycloalkyl, C,-C, cycloalkenyl, Cl,
30 OMe, CN, OH, C(O)NH,, C(O)NHMe, C(O)NHELt, Ph or -C(O)CHj;



v ~-RtpO ~Rto NN TMSCN ~ NOR R \N ~ n~—~R Ar
NCH\.Rt Rre RRRtt Ar

Rt aRt aRt z PhCOCI
n C HRt RRaRt~tRtt Ar
Ra-Rz ~N ~ n ~/~=NR Rx |

O R~—~RS O R~

Rk ~-N~I n~N-~/ O HR
g +12 OR/~ RS~ RO ~RipO N N Rx N |
RE R~/ 9 N~ RoOAc O~R-00 N

N~nttAr tt O HRR3RtaRtz AcO N RRipRtaRtR

Ar Ac 13 Base,

HOO R~ Re~ Rs O RZ~~ Re~ Rs /

~C-

R N~NRt~O NaH N Rx ---~

N N ~~

NI ~n/~N"~-CRx ~NI n NROHR R-~R-aRtRttAr R X HMDIFReBruary 2003
Rt ~RtaRtzttAr 17 X =Cl, Br, | 14 ORRs O/R~-R~s N//OR -R N |
TsC-CHCl, Rtaaz  n RX N~ n~N~Y~ -~~~"~~Rt RR~-R RitAr HSR~ NR R v

RitAr O Ht~tz RSHt tpRtaRtx 25 eq. 5 eq. 6 eq. 7

10 February 2003 38

510 15 OR- RB®Zi v ,'"L--Ro N ,NORa.Rz_I N ~~ R~ % t'RtA O H
R RRaRtaRt2 8 OR7 R-Rs TsCl N _ N NEt~. ROHRx NI, n ~ RAr ROHRt
Rt 3Rt 4Rt ztt 26 eq.. 8 O R~ 0 R~ Ra R NN R 0O Ts( - | ' ~Rt 0O
R&_ RZ!,"N 1 n RRRs ﬁw»-B\»N%-swwa and RipAfg patk epe@ﬂ%ﬁé?é%%x R~R~N N
Rt RtaR Rtt, Ar @gvidedtupRioxtws dRtNese3s @istituents may be methyl;
5
R, is hydrogen;
R, is unsubstituted; and
10 Ryis hydrogen or methyl.
A most preferred aspect of the invention are compounds or
pharmaceutically acceptable salts thereof of the Formula
o]
R
Ryo |’ =
_ R7>2\N \
R N Rq2 4
2 n R“,ar
f N
. - R4
RN N
15 Rs R
wherein:
R, is H, -OCH,, -OCH,CF;, -OPr, halogen, CN, NO,, or NHOH;
20
R, is H, -halogen, -CN, or hydroxy;
One or two members of R,-R,, is methyl and the remaining members are
hydrogen;
25
nis 2;
R, is hydrogen;
30 Ris (0),, where mis O; and



Nitration of azaindole N-oxides results in introduction of a vitro group to
azai ndole ring, as shown in Schene 6 (eq. 10, Antonini et al, Ref. 32). The
vitro group can subsequently be displaced by a variety of nucieophilic
agents, such as ORy, NR RZ or SR, in a well established chem cal fashion
(eq. 11, Regnouf De Vains et al, Ref. 41 (a), Mura et al, Ref. 41 (b),
Profft et al, Ref. 41 (c)). The resulting N-oxides 16 ar¢0Feddidry 200duced
to the correspondi ng azai ndol e 17 usi ng phosphorus trich4oride (PC13) (eq.
12, Antonini et al, Ref. 32 and Nesi et alﬁ Ref. 42) or other reducing
agents. Simlarly, vitro-substituted N-oxi % 15 can be reduced to the
azai ndol e 18 usi ng phosphorus tnchloride (eq. 13). The vitro group of
conmpound 18 camhghpg fﬁqn;éqh}gj 5,!‘@ry|.a hydr oxyl am ne (NHOH) (eq. 14, Wl ser
et al, Ref. 43(a6) and Barker et al, '"Ref. 43(b)) or an ami no (NHZ) group
(eqg. 15, Nesi et al , Ref. 42 and Ayyangar et al, Ref. 44) by carefully
sel ecti/ ng di fferent Aresdbet mgstonetirtedaspect ol theFebentiorya20in@ourdsRf R R
Ra-Rz /~ ~~Ri o IAr TFA R RyRMt2 08 O R~ R Rs Rx~
~Rt 00 GzN ~ N, %Em@ﬁ‘ﬁq&y‘%ﬁ f O HRt RiyRtaRtz 15 O R~ R Rs Rx
/~~ROORX ®N-1 nN~/ Ni\ rRitAr 0- HR RtaRt~R-z 15 Scheme 6 O R~ R Rs
R !' N \ RRoOOO02N-, N I nv N~/ "~RtAr 0o HRt RyRtI4Rt2 15 O R>,R RO
R\ i ~~-"-RROORXHTr I I NN-~/ RX- H\,loﬁ*’n t~ ot~ R R~~RtAr RXNa O
Ht tyRi~R-z X = O, N, S 16 OR~RRSRRE%(§\NNEtOAC RX NIl ~N
Rt RRYRIAR Rtt Ar X=O N, S H tx 1T eq. oky Neqi%ll e 12 OR-Re Rs R +
1A

| N, NRoOO2N N~n ~~ R t° RK RiRaRteRt 2 15 40 10 February
2003 OR~- Rs Rs PC1~RI N~RjO PN, '~ n~ ~ eq. 1J R
RtaRteRt Rt t Ar

wherein:
10 R, is selected from the group consisting of H, F, Cl, Br, OMe, CN, and OH;

R, is selected from the group consisting of H, C,-C, alkyl, C,-C; alkenyl,
C,-C; cycloalkyl, C4-C4 cycloalkenyl, Cl, OMe, CN, OH, C(O)NH,,
C(O)NHMe, C(O)NHEt, phenyl and -C(O)CH,,

15
nis 2,

Re Rg, Ry, Ryyy Ria Ry, @and Ry, are each independently H or CH,,
provided 0-2 of the members of the group R,, Rq, Ry, Ryy, Rz, Ryg, @and Ry,

20 may be CH, and the remaining members of the group Rg, Ry, Ryg, Ryyy Ryy,
R.; and R, are H; and

Rs is H or CH,.

25 Another most preferred aspect of the inventions are compounds of
formula:



18 OR~-RB RS ROR- ~Rs Rk N~-RtOO FI2/Pd-C x ~ NO2N N, n . ~N~ HOHN- N
~n\ ey 14 HR RaRaRRtAr HRt RRe ~ RtAr 1819 OR~- Re Rs O R~ Re
Rs x ~L R R N~Rt 0O Na2S N~ to0 02N~ NI 'n ~-N- HZN N~ n ,~ ~ eq. 15 N
R R~R~ RA MeOH/H0 HRt RaRtaRtRttAr HtaRt2 18 20 The al kyl ati on of
the nitrogen atomat position 1 of the azaindole derivatives can be

achi eved using NaH as the base, DWF as thel8ol vent 5 and18rFebrizty 2603 de or
sul fonate as al kyl ati ng agent, according to a procedure described in the
literature (Mahadevan et al, Ref. 45) (eq. 16, Schene 7). 10 O R7~I Re 'R9
N~RtoO ~-R2 ~N~, N_ /. HR RtaRt4RtRnEéA§ 2 Schene 7 R~ Re O N~Rt ~O NaH,
DMV R4-R2 N~ In ~ N~/ eq. 96 RX N -J%g ~12 X = C, 8r, | R 21
Hal i des can be converted to a variety oP(fu ti@ties such as a nitrite
(eq. 17), an ami no group (eq. 18), arneléonN ~a) kKOXy group (eq. 19) 15
(Schene 8) using well established rot HI ey anpl es of these types of
transformati ons as depicted in eg: e shbwn in Sakanoto et al (Ref. 46
(a) in which a copper cyanide islused t>o forma nitrite froma halide,

Hal ley et al (Ref. 46 (b)) which provilles nitrites via copper | cyanide in
DVF, Yamaguchi et al (Ref. 46 (C))R4 Fughoff et al (Ref. 46 (d)) uses CuCN
20 in NWP, Shiotani et al (Ref. 37). Typically the reaction of CuCN to

di spl ace a halide requires heating. Tenperatures such as 145C for 18h 41
10 February 2003nh&mye been found to be preferred but these conditions may
be varied. The tenperature nmay be raised or |owered by up to 100C and
reaction tinmes may vary fromas little 30 mnutes to as |ong as 80h
dependi ng orb r eBgisi sEedtedronather groapdosaisting af B, Ca kvl Cebnatkenyl. t o Eq.

17, 5 Klinesovare i } pr | an cone from
t he carboxyl i ca%&Faégé'Bag‘g"ﬁsmﬁ ETRIGIRI 11 PORR AT OB OINKE

ri'bed ‘el sewhere phosphorus” oxy chl onde to
generate a nitrEf@NMe, Cﬁé)N'éEH p%&f‘)"izl"}‘%ﬁ@[%eg\m (Ref 48). As shown in eq
18 hal i des can be displaced with am nes or anmonia. Sonme exanple conditions
are contained i isSElj otani et. al. reference 37 and in Katritzky 10 et.al.
reference 48. For” eéxanple heating the halide 9 in an excess of a primary or
secondary af ne as solvent at a tenperature of reflux (or between 20C and

200Q) will resukt RNRY], ¥l aeMRA ad R{ arehaichdedésendendy ¢oagHges 27. In

t he instance of _a n or,,.volatile ne ressyr ey eagct scri bed
inin Katri tzkypré)t%dl. &?ec?fé?eer%eéna%r_sgo?ﬁh%gmi‘% ng'i%fgi %@d%b%ﬁ%‘i‘/a%u ﬁt“he
reaction w t houtmayds @b, ahd theremainingamembeds of the grespiFigRe e, Realta ons
may be nonitoreg st')gn'gﬂ;(: Qfe AF ahgqui d chromat ography and the reaction
t enper at ur ebélncr &4sed Uhtil rteaction is observed. Cosolvents such as
di oxane or ridine may be utilized when the amne is costly. An
alternative net Rgik Maurl@Henpl oy the nodified 20 pal |l di um catal ysis net hods
of Hartwig (Yale) or Buchwald (MT) to effect displacenent under m | der
conditions. As shown in eq. 19 of Scheme 8, al koxides may be used to
di spl ace hal ogens i nSg‘o&ﬁﬂeﬁpﬂiﬂ%‘é‘déﬂ%&%p@éfe“w&i?@é‘m')Vn hPeS$8S8nsf or mat i on
i's best carri ?ﬂa%n@ri%@éﬁht@ﬁs §r§)d1'thml fote acawl ag mixtures dfkiiahsma'eenN{:Labodhol to
generate an anoat e. ernat.i vel 25 St r : as , or
NaN( Si Me3) 22ﬁay eBEntéc?'FB?@ygbe. p%ﬁﬁ@@&?@é‘%ﬁ'ﬁé@ﬁgggiﬁ%ﬂl ur@%@ ot assi um bases
or netals nay aléstéreoisomerieaand egantiomericfarmax ebthe ¢gm s@fthprmsddbet to
the halide to be displaced is enployed. Between two and twenty equival ents
carved out at ref| ux ABPET3GRHUBEAT UPE. B DBYSRED aBc Angnappca tial ©
Typi cal |y appr oxbrosltipn8aich sompeikas anTameivirekbeffaatine rmayoundiof af eampdund to
ei ghty hours tool%%gprﬂu&qrrpl etion with tinmes between 12 and 48 hours being

0 .

typical. As descCri above for eq.18, the reaction progress my be
nonitored. Typical conditions for displacenent with sodi um nmethoxide in

met hanol 3528re provigethdmeMbodirasht of -tak . prieeérr enemtidd isnat hetyehdoal

Pre]?gfg%: used ftlperatitngenParrgr%g"saﬁrinfggte%f w(?t)ﬁagplvfarﬁs,5%\the(l\‘eina'agid6 vﬂ'f.:st e HIV,
comprising administering to said mammal an antiviral effective amount of
a compound of Formula |.



10 February 2003 42 Schenmre 8 OR~- Rd RO OR~-,~R8 /RO Rx ~' RtoO Rx. ~ ~RtoO
R

J-N N~ CUCNi"NNX- N~~~ NG N~~n\_, ~eq. 17 R ~RRRtA pM
HR R/aRt~~RtRttAr g 12 X = Cl, Br OR-, ~R Rs OR- Re Rs Rx N~ Rt 00 Rx
~RoOIl. // X~NI ~NHNRR RRN NI n~N~eq./18 Rt RaRiI4RRRItAr H Rt

Ri/I\Rt~sRtRttAr 9 27 X =Cl, Br OR~-RRR OR-r RS RRKX NRR~s OXr N~
n~N~O HOR RO_ N ~ ~~N~eq. 19 R Rt/a\R~~pBt Ar H Rt RaRsébiudry 200326 X
=Cl, Br g5 The nltrile group can be converted to a carboxylic acid 28
(eq. 20, using aqueous sodium hydroxide in ethanol as in Mletin et al,

Ref. 49 (a), or usi Mn®Oer embadueentofdbdaresentinvientiohisoa amthed ferl , Ref . 49
(b); or using 6N HCI as in EIl Hadri et al, Ref 49 (c)). The n|tr|te group
can be convert ediealina magnnalstiafectegl witya virys, suahas BHGi camprsitdxi de i n

met hanol as in irtzler et al HCl in nethanol as in

ggrrby et al, R m”"ESTﬁe("Eﬁ Jo S%Hgﬂ?ﬁemmﬁ'@@ %&%ﬁbﬁ' ed‘?ﬁ?%%%m% Pf8d to an anide
22
st g acet o acranpwid Bl Fafnd 187 el Bt at i Bhulla sHEctve EnREY \Rei ch

20 Iilabrﬁéry%oog{aﬁﬁ@%é e Ferh e I hE oL BT of b 4 |
I ~Rto NG \ "N AD® antivirat-agelt; ;bﬁﬁh Driti fectife é-ﬁtﬂd?tah%munmwmatofi pr t
taRt4dRtz HH Rt RtaRt~t~tt 15 28 OR- Re Rs O Re~ N-~RtO R CH O Rx

~REO NC r N ~ nand-(d) Hi\entry INhibitohs.N~ eq. 21 H Rt R|~~tht Al RONR Rt~~
RRtAr Ht7 15 20 Rk ORF~RR St RORRe Rs NNtO~Op Ox NNRRONC N | n
t i ~N~n-N-/ eq.22 NRRWVW~Rta R-RitAr O RHNNRRaRRtA t Ht~

HOR , acid HtaRts 15 30ge1ALEQOESLRIPTIONGE THE INVERTRONE he pyri di ne
ring can be al so oxidized to a carboxylic acid 28 Using K2Cr20, in 98%

sulfuric acid as in (eq. 23, Cki et al, Ref. 52 (a); or using Chrom um
trioxide in conc sul Theiprepaiativasproce@anes| &nd etntiat|V-Redctivig oﬁfb)he opveisi ng

sel di d 1laD

ooy ¢ 801 GERABARY PASELAT WAt S 2 PR, ) o

met hanol as in pe @W 2lhe dafinjtien ef vanoustderms flopa) : or using t hi onyI
chloride followed by a sodium al kyl al koxide as in Levine et al, 53 (b) or

usi ng an al cohol and b
)). The carboxylic JF%%@ @é%%ﬂ% rﬁ?gqfed%lz rgds I_@guy n'%S‘q%u ous KCH
fol | oned by oxakymteghliodicaiesi othkswisehzeeeans odtteogketd obybrtancbedhyd:rwm nalkyin

di chl or onet ??a]ne Pcﬁ: s&&ga Zaet,{gl;? ?ﬂ{f(f e‘B%O?M g%mpéﬂ Wu'?f tg%g ng an

am ne with &5a8 7 h Aur'Si By & g e to
the acid with Namhrhﬁ%fiﬂ/ﬁﬂﬁ ithe H‘S&olsé,mﬁﬁ‘yekast'ike@Y' &, 5643'4‘?:55‘ H}C"{ﬂﬁsum ng

oxal yl chl ori desirgigt 6t bidrehBgchaimtyragpg@ni ne as in Shl et al, 54 (d)).

“Halogen” refers to chlorine, bromine, iodine or fluorine.
20
Physiologically acceptable salts and prodrugs of compounds
disclosed herein are within the scope of this invention. The term
“pharmaceutically acceptable salt” as used herein and in the claims is
intended to include nontoxic base addition salts. Suitable salts include
25 those derived from drganic and inorganic acids such as, without limitation,
hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid,
methanesulfonic acid, acetic acid, tartaric acid, lactic acid, sulfinic acid,
citric acid, maleic acid, fumaric acid, sorbic acid, aconitic acid, salicylic
acid, phthalic acid, and the like. The term "pharmaceutically acceptable
30 salt" as used herein is also intended to include salts of acidic groups, such
as a carboxylate, with such counterions as ammonium, alkali metal salts,
particularly sodium or potassium, alkaline earth metal salts, particularly
calcium or magnesium, and salts with suitable organic bases such as



10 February 2003 44 OR~- Re RS RX » ~~ N~ RoO Me-~"~ n, ~N.. HRt
RRyRE~tRttAr 34 OR~- RB Rs O/~~~ ""- to Rr N~~ N~ HO-~HR RYRt?ttAr
taR 28 Schene 10 OR~- Re Rs KiCrZO~- or OGOy ORX ~ ~~. ~~RROONN 1| ~n ~
N-~~ eq. 23 or SeZ HONRRttAr Ht R3RtaRt 1 28 OR- Re Rs ORX _
'~--RROOR™MH, ;,~ " "I ~~eq. 24 n RO~ HRR3R~tRtAr 29 OR7 Rs
ERs R O R7~ 9 X, RR-~N NG H\R R ~~~ 1 nN N~ eql0 PébMary-2003_ HO H
R R3RI4Rt~ttAr RRNHR Ry ~tRitAr 28230 5 An alternative strategy for
the synthesis of conpounds containing varied substituents Ar is shown in
Schene 11. The benzam de noiety of the diamde 5 can be selectively
hydrol yzed usi nigwes atiiylaaninas émethyiamise3 ethyEouipei eirlafexytamiee3andiiteh wit h
ot her car boxyl Ilme%wlﬁth@mmu%lavv@@m%%eg% ho@iasty L esitdegcr i bed
above for earl '%L courpl | n‘%é‘%é |de§ 10 og{h n vel di am des 5. 10
February 2003 48KYaRINggs amjy {PDNE Y% RRR Ph z 5
Schene 11 0 R~ {RB H?sircb@méthwﬁ?amm'bmémméﬂ. of whibases s&tiOrk Idieriding 6H~R~
R~-aR R~Ri 1 P Hunig's Base OR7 Re Rs Rs-RZ ~ ~ ~ R o O N
Ten RN Frahothdh e R AR,

In the method of the present invention, the term "antiviral effective
amount" means the total amount of each active component of the method
that is sufficient to show a meaningful patient benefit, i.e., healing of acute

10  conditions characterized by inhibition of the HIV infection. When applied
to an individual active ingredient, administered alone, the term refers to
that ingredient alone. When applied to a combination, the term refers to
combined amounts of the active ingredients that result in the therapeutic
effect, whether administered in combination, serially or simultaneously.

15  The terms “treat, treating, treatment" as used herein and in the claims
means preventing or ameliorating diseases associated with HIV infection.

The present invention is also directed to combinations of the
compounds with one or more agents useful in the treatment of AIDS. For
- 20 example, the compounds of this invention may be effectively
administered, whether at periods of pre-exposure and/or post-exposure, in
combination with effective amounts of the AIDS antivirals,
immunomodulators, antiinfectives, or vaccines, such as those in the
following table.

25
ANTIVIRALS
Drug Name Manufacturer indication
30 097 Hoechst/Bayer HIV infection,

AIDS, ARC
(non-nucleoside
reverse trans-
criptase (RT)

35 inhibitor)



eq. 26 46 10 February 2003 Schenme 12 OH Br2, NaOH ~ OH H20, 0 C N Br N Br

32 33 KZC03, Mel ~ O~ HNO3 DMSO, refiux ~ ~ HzS04 Br NBr D34 &N 1 ~ O
CHzCHwWBr HN ~ THF -20 C Br N Br Br N~Br 35 36 5% Pd/ C O~ Al C13, CH2C12
HZNNHz HN | ~ Cl COCO2Me EtOH, reflux NJ 37 OO O O ~ 1) K203 Ph~N~ O O
MeOH, H20 N Ol ~ iN1|l ~ iN 2) DEPBT, TEA O N~ H O H 38 Ph~N~ 39 ~N. H 4b

The preparation of conpound 35 shown in Schene 12 was cauF&stuahf 2602m
comercially available 32 as described in €fark, G J. ,Referencé 5 56. The
Bartoli methodol ogy described in Schenme 1 was used to prepare

4- et hoxy- 6- azaj 36. Reducti om des ugsj fer

hydr ogenat i on p?ﬁ%%éﬂgt he desire ﬂgére\/\%ﬂ@gﬁ{% ndol e 3?:’\[? %%@f’ld 36 could
be converted ingQyqqseparabl e m xture of nonobrom des(ﬁf%ﬁéa%@'h‘%ﬁ)ité( l'ithium
brom ne exchange using t-Buli at cold tenperatures of "10 between -100 to
-78 followed by a quench with ammoni um chl ori de. 47 10 February 2003 The
al ternate nme3 hodph&ir de92UIBbRd | IGISkhPVEIcdnieor acyl aHi\@infattion, chl or o

met hyl oxal ate @&wWt16e23-position was applied to 37 asAH®wWARENd provi ded
internedi ate 38. The net hodol ogy of Schenme 3 coul d t h&RAT baiitdr) owed to
provi de conpound 39. While the nethodology in Schene 12 5 is the preferred
route for preparing con;eound 39 and ot her conpounds of fornula I, an

al ternative, r oufe®WMANBA" i s depi ct %ﬁff'ﬂg 13 was 68%el oped for
preparing stth conpounds. Pyrrol e ‘49"3as”brepared via the method descri bed
in Anderson, H J., reference 57; Hydrolysis of ester 40 using standard
condi tions S“ChA??ckQ\ﬂF assi um hydr 'rgﬁj ha \AQu&ihanol gy HIBLKuH Ayggperature
for --2h or untiT’ conpletion provided potassium ARC. in combination

2- pyrrol ecar boxal dehyde- 4- oxoacetate. A solution of t{jitf AArboxylate salt,
N- benzoyl piferazi ne hydrochl ori de,

3(di et hoxyphosphoryl oxy) -1, 2, 3-benzotri azin-4(3l-n-one and triethylamne in
DMVF was stirredADe43@ppr oxi mat el y Tamexdigsysteruat i | cohipV atfectiont, dlpSovi de 15
after workup and crystallization am de 41. Am del al dARygde 41 was stirred
as a slurry in EtOH for a short tine of from1l to 60 mn., cooled to 0 C
(or between -15 an 0) and then s stirred with glycine nethyl ter

hydr ochl ori de, P‘E’l‘gliyl am ne (or géliatr‘@?‘ PXFES Huni g’ %@?t'cﬁ{éﬂﬁgti di ne,
or no base)$™ and sodi um cyanoborohydride to provide aminie 42 This 20
transformati on could al so be carried out using al dehyde 41, glycine nethyl
ester hydrochl ophggyirdfistveadi um t dipcet Se¥n&Rr ohydri den iigkdder ,

di chl oronet hane, tetrahydrofuran, or C, -C, alcohol solvents. Alternatively,
the free base of glycine nmethyl ester could be substituted in either
procedure and a dehydrating agent such as nol ecul ar sieves could be 25

enpl oyed in theALedition prior to Etbigeni on of the bor 8REdMGle reduci ng
agent. Altethatively this transforkesAoaeesufd)be car Hi\égoaitive by OS r st
protecting the pyrrole nitrogen with a benzoyl (from benzoyl chloride and
tertiary am ne) ,pr._benzyl noiety enzyl brom de, NaH,or DBU in THF). The
protecting gr ouﬁ‘g’h@dﬁped-érp'énoved \(foﬁ'@ﬁﬁ}é%'f)cf’e}? using h ﬁf/’ : ﬁ:ﬁc?%:gg 30
aqueous base or hydrogenation respectively. The nethy|, @ ir b}

hydrol yzed 4ging potassium carbonate in nethanol to provide after

aci dification WahBakGtint he correspoiid nghdrafoReyxy! i ¢ agrdg The acid was
pl.aced in anhyd[gug27ret hanesul f oni(pudlh dodpnt ai ni ng phosphor us pent oxi de
whi ch had been preheated for betwtbadonand 40 m nutes and 35 heated at
approxi mately 110 (usually betweernS®imfongl, AB0) for a short time of

approxi nat eBy 15 m nutes but usually | ess than an hour and then poured over

ice. Acylation or _benzog! ation of the product using for 10 February 2003
48 exanpl e nodi fAndodewbichen- Baundifvanaad Biatherapyi chl HHBRetRéne, pot assi um

carbonate, and PEH¥8iIePilori de) &8 one 43. Reaction with
di met hoxy pr opag’%%g'pgﬁm@ﬁg pm\ﬂ %é\ﬁﬁgoni c acid generates an

i nt er medi at g en & whi ch upon reaction with chloranil

AR177 Aronex Pharm HIV infection, AIDS,
ARC



5 provi ded conpound 39. The enol ether can alteratively be prepared using
trimethyl ortho acetate and a sulfonic acid catal yst. Azaindol es such as 39
can be functionalized into nitrites which are versatile internediates by
oxidation to the N-oxide followed by reaction with DEPC and TEA or
phosphorus oxychloride followed by CuCNin DVF. Details for reactions 10
whi ch convert 41 into 43-45 using these caii tions on a1$)|m5raar>sg(m{;rate
are descri bed in reference 58 which is Suzuki, H; Ivvata C; Sakural K.,

Tokunot o, ahashi rakam

Tet r ahedr on 1&553 H%%’PS‘; 1593- 12\8% d\éim?ﬁglﬁ?ﬁﬂﬁe apﬁé rﬁsstoﬁﬁté‘?n Schenes
12 and 13, 4b may be replaced with any of the substr 8558 represented by
formula 4 in Schene 4. It should al so be apparent that indole 37,39, 44,

and 45 may be ehshonabgd using awgertwée s&mabﬁtrymwe'c{?@ﬁ in the
Schenes 5-14 he@epnmmﬂqh descri gogsfier al net hodol ogyDEOARC
functionalization of the azai ndol es. 49 10 Februar ypr&)éb%eSah@rmr)B 01)

KC]-IOOiI Et OH, H20~\ 0 - Ph~N~ 0 O <N~ 2) DEPBT, TEA ~-N~'J '~HH O~ O

"N ~OPh~ N40 ~NH 41 1'i H4b O| MCO2CCH2NHp HCl Ph~N-~i O O 1) KzC03
NaCNBH3, TE4 NBMSRBEMS5Hz0 \ NH Bristel-Myers Squiplsh3H, HIY infes IorIPhCOCI Ky CO~
OO0 ~N- O'| / (GHEPHITEDh DVP. TIP¥amisN—~ 0 0 chl or AMASNARG- N N O O ° N~

HH 43 39 @l / Ph~N~ 0 O DEPC m CPBA ~N TEA \ ~+' O_(Riok¢aseqnhibitpr)ph~N~ O 0
[ DEPBT = 3-(di et hoxyphosphoryl oxy)-1. 2, 3-benzot nazm 4(3H)-one ~N ~ / ~ N

DVP = 2. 2-di net hoxypropane 0 ~ DEPC = di et hyl cyanophosphonate N N 45 5 10
It should be n hat 2-chloro itro pyrjgdin be prepared
by the net hod |%tr|1 gxgnpl e 5B of re\fﬁrelﬁr{eértg'eaq%g I'F\]/Ialrfat etngl1 I(?"?%%%ghem stry in
Schenes 1 and 3 to provide the derivative which corresponds to general
formula 5 and has a 6-aza ring and R2=F and R4 = CI. I n particular,
reaction of 2-cClidafogr5-fl uor o- 3- nbile=ad Pyiende ne W t h Enguetrdtignt s of vi nyl
Magnesi um b%om de using the typical conditions descrihegiesherein wil |

provi de 4-fl uoro-7-chl oro-6-azaindol e in high vyield. pagdiotavitusf this
compound to a solution of alumnumtrichloride in dichlorometane stirring
at anbi dent tenper at ur ol | owed nutes later w t h chl oronet hyl or

chl or oet hyl ox&4d! é”ﬁf"gﬁedes an e%ﬁeéﬂ de§1°‘y3| s wi tHVIERCHRN | n the
standard procedures herein provides an acid salt 50 10 February 2003

whi ch reacts with piperazines 4 (for exanple 1-benzoyl pi perazi ne) in the
presence oo DERSH bvikle stanqaéglmgﬂnﬁétl ons desc ,\Jp? i€ n to provide
t he conmpound 5)|fprae n) ust above e conmpound wt enzoyl

pi perazine is N (benzoyl)-N -j(4-fluoro-7-chloro-6-azai ndol 3-yl) 5
oxoacetyl J- pt p@yariene and is conm®ymex 5av. The 7-chl Gightimieatening 5av can
be utilized byGanelqlmIUrhods of this invention to providdVt he desired
derivativedSwhere R is substituted according to thepgepeeral COMNai m For
exanpl e, exposure of 5av to sodi um nethoxide in refl t&iN#p net hanol wil |
provi de the conpound Say in which the 6-azaindole ring contains a 4 10
fluoro-and 7- mBiehaviidiseibst i t uent . PrrirercieatUpjobiny, t he HIV infection,
4-fluoro-7-chl oro-6azai ndol e may be reacted with sodiAlDSPARAEOxI de and t hen
carried thBdugh the sequence as above to provide (RT inhibitor)

N- (benzoyl )-N -j (4-fl uoro- 7net hoxy- 6- azai ndol - 3-yl ) - oxoacetyl J- pi per azi ne ,
5ay. 4-fluoro- t/ul or Q- f6 zai ndol can aI be reacte CNI DVF as
described in eg)ef ap@uig Srovi de éséh‘?rﬁternedl "H\é{n be

hydrol yzed to an acid as describd d |nt Kagchere 9p§§' 'Yl in MeOH at
RT for 12h,followed by reflux to (5) ete the reacti8 ?é'"%&cid can be
snmoot hly converted to to a nethly ester by addi ng di azonethane in ether to
a stitting sol on of the acid i at a re or

| ower. These agd%ch@ ydigé andard I-g'o [ Itq?'gﬁ'g usi mlgrkgzegﬁ‘eﬁ)ﬂ%?v\hl chis
conveniently generated as a solution in diet hyI ether from Di azal d based on
instructions which cone with a kit fromAldrich Chem cal Co. The nethyl
ester may be cadried through the Brustblatlyers Sipiibly oxalHIV im:fbbtwn ,idD& shown
in Scheme 40 f dlidenythdsinecoupling with a piperazi ne QAR bipater azi ne 25
for exanple) to generate the correspondi ng 4-fl uoro- Mibahbbdét hoxy- 6

azai ndol e which upon addition to a solution of nethylam ne in water woul d
provi de 5az which is

N- (benzoyl )-N -j (4-fluoro-7- (N nef hyl - car boxam do) 6- azai ndol - 3-yl ) - oxoacery
| J- pi perazine. The sane sequences of chem stry described above for
4-fluoro-7-chl oroi ndole may be carried out using 7 30 chl oro-4aza-indol e
and (R)-3-nethyl-Nbenzoyl pi perazi ne 4a to provide 5abc which is

(R) - N-(benzoyl)-3-nethyl -N -j (7- mef hoxy- 4- azai ndol - 3-yl ) oxoacet yl J- pi per azi
ne or 5abd mhlch i's

MY 2= =t I T T 1 Amn LY Ay U T T 1 I T Y T Y A I Y B 1 ~ 1\ S



35 exanple in the experinental section. 51 10 February 2003 It should be
clear that in addition to conpounds 5a-5abd conpounds 8, 11-30, 39, 44, and
45 are all conpounds of formula | and are within the scope of the
invention. 5 Detailed descriptions of nmany of the preparations of

pi perazi ne anal ogs of conpounds of this invention and conditions for
carrying out the general reactions describeg herein are ql@srerbirmq;_io@)fCT WO
001 76521 publ i shed Decenber 21, 2000. 10 In the general routes for
substituting the azai ndole ring described above, each process can be

appl i ed repeat eBMP-488 conbi nati onsViEf these processesi|ansrepgsATi Ssible in
order to provide azai ndol es incor gO=atdemg Noyl ti pl e subsDStARD s. The
application of such processes provi des additional comjwotedsedhhibaemnul a |.
15 Antiviral Activity The antiviral activity of conpounds was determ ned in
HeLa CD4 CCRS cEfdvirenpf ected by simgbenterad i nfecti opgykis -gorheporter
virus in the 20((pviPsk8&)e of conpound at concentrati ongjgs ,{ﬁg The virus
i nfection was qufiChidredt-@)days after infection by neassH-hi@ebsigefrer ase
expressi on frongygerigpdedynyl-ral DNA in the infected ewititor(Chen et al,

Ref. 55). The p&drtuerghi bition for each conpound was cal cul ated by

quanti fyi ng hemﬁ %11-‘b‘ﬂ'hyl§'6‘?‘f erase expression in cells infected in the

presence of eac ?gfm‘as a percentage of that observed for cells
infected in the“&Se npound and subtracting such a determ ned val ue
from 100. Conpounds exhibiting anti-viral activity w thout appreciable

toxicity at concentrations <_ 10 ~M are presented in Table I. 30 Table I O
R-o Rw R7~N aEN0/ R-zZ ~ RWN 5 Blan Cep, IRLGebr uary BODHfectiom . , 4ver age o
inhibition B or <10Ma ' -~.,s = 4Gainesvife.GA)> o --5b~~ = R-0.,4 = H Rs

=~fo ~0~-e= ,0-,4=, 9=~urobaL ~h(,_~4 =rl1 -~tf%e~~e = RI0O_,4 = H R9 =
Me~ - -7-,3 =, =a 0 ~g2 R~t3,=H R4 =FE~_ , ,3=,4 = a7051LK~ 8=
K,0.,3 " h, Ks F:arﬁ?'éf'oi"rweu J"/a oéﬂl'tuﬁlﬁ@N Rye ~O N-N@ipss goster,

herpes simplex

20 FTC Emory University HIV infection,
AIDS, ARC
(reverse transcriptase
inhibitor)

25 (S840 Gilead HIV infection,
AIDS, ARC

(reverse transcriptase
inhibitor)

30 HBY097 Hoechst Marion HIV infection,
Roussel AIDS, ARC
(non-nucleoside
reverse transcriptase

35 inhibitor)
Hypericin VIMRx Pharm. HIV infection, AIDS,
ARC
Recombinant Human Triton Bioscienceé AIDS, Kaposi's
40 Interferon Beta (Almeda, CA) sarcoma, ARC
Interferon alfa-n3 Interferon Sciences ARC, AIDS
Indinavir Merck HIV infection, AIDS,
45 ARC, asymptomatic

HIV positive, also in
combination with
AZT/ddl/ddC



Ar = ~~' ~ c:onmpounarcrc, 4Average io nmion ator < 10 ~M)a> o Ar = e. 10

onpoun, 4verage ~ inhibi~n ator < 10 ~-M 53 10 February 2003 Ar = F F ~ ~
N~ ~F F onpoun,dverage o in i ttion at i#tor<i1OMbn Ih I~rr~nme ~ 0 ~N\ O N
--~ON N SmH conmpound ~ ~ Ave."/o0 Inhibition at or<lQuM m 10 o~~ ~N O N

RZ ~O N H o ~onpouna ~KZAverage i o0 mminition at or<l0OMaau r oaaa@9%gg%ar -

_lo 54 10 February 2003 o ,, sY''_° ;:.~hg~N ~I ~N- O 10Mebridryy20037 R4 N
H Conp RZ Ra R-4verage o

ISIS 2922

KNI-272

ISIS Pharmaceuticals

Nat'l Cancer Institute

CMV retinitis

HlV-assoc. diseases

5 Lamivudine, 3TC Glaxo Wellcome HIV infection,
AIDS, ARC
(reverse
transcriptase
inhibitor); also
10 with AZT
Lobucavir Bristol-Myers Squibb CMV infection
Nelfinavir Agouron HIV infection,
15 Pharmaceuticals AIDS, ARC
(protease inhibitor)
Nevirapine Boeheringer HIV infection,
Ingleheim AIDS, ARC
20 (RT inhibitor)
Novapren Novaferon Labs, Inc. HIV inhibitor
(Akron, OH)
25 Peptide T Peninsula Labs AIDS
Octapeptide (Belmont, CA)
Sequence
Trisodium Astra Pharm. CMV retinitis, HIV
30 Phosphonoformate Products, Inc. infection, other CMV
infections
PNU-140690 Pharmacia Upjohn HIV infection,
AIDS, ARC
35 (protease inhibitor)
Probucol Vyrex HIV infection, AIDS
RBC-CD4 Sheffield Med. HIV infection,
40 Tech (Houston, TX) AIDS, ARC



:?Z'hl ?:vfel)onl\/gt(%;ﬁo%:%' Me>~~ i oa> 0a2~ r-~-rv-a >99%la ~ . .w
(WhEn(K):nne 'R o —I|:||)e, H(K)-me~a ~o | Me (when(whenR4=H) RZ:iVEjW Snph
r oR4=vi nyl ), (WwhenVi r n Ph (wh(whenRA=H) R2=Ph) cw enVi nyl (K) - nne4 "
>aa~i AAESYYO | a94:)/nyl RZ=H), H(when(whenR4=H)RzZ=Vinyl) "alo >Vne 2
2003 55 ? 9~N OQN3a6~’\0a;I XCGE_NL- a2aoaH - aoaZaora> o 10nF2bruary
SRR PY 1 - - CO~~ 13A Ac o ~ ~
B%'oﬂ'nﬁl;/‘i“ at or <10 ~, M| '13a | >~J~J" /28 | o”E‘,i”gaN o 10VRSLFUE 2003
O R4 | Ye{e%eN m:\l i ion a or<lOM ~aneiu ic ~ a-vn-~ a’?NCItII:\ICINIZ éa NN
- N~ N HR 10 Fepruar o ~N "N~
;)r~-1: o<10 ~npliioh@YiF0 -ra> | s( ~~ARRot Oéa§?2302?r?fp%§8iﬁ§f%ﬁ(g§éo>mi it~on a
- , a>y 0~- N~-
(protease inhibitor)

5  Saquinavir Hoffmann- HIV infection,
LaRoche AIDS, ARC
(protease inhibitor)

Stavudine; d4T Bristol-Myers Squibb HIV infection, AIDS,
10 Didehydrodeoxy- ARC
thymidine
Valaciclovir Glaxo Wellcome Genital HSV & CMV
infections
15
Virazole Viratek/ICN asymptomatic HIV
Ribavirin (Costa Mesa, CA) positive, LAS, ARC
VX-478 Vertex HIV infection, AIDS,
20 ARC
Zalcitabine Hoffmann-LaRoche HIV infection, AIDS,
ARC, with AZT
25  Zidovudine; AZT Glaxo Wellcome HIV infection, AIDS,
ARC, Kaposi's
sarcoma, in
combination with
other therapies
30
IMMUNOMODULATORS
Drug Name Manufacturer Indication
35 AS-101 Wyeth-Ayerst AIDS
Bropirimine Pharmacia Upjohn Advanced AIDS
Acemannan Carrington Labs, Inc. AIDS, ARC
(Irving, TX)
40 _ .,
CL246,738 American Cyanamid AIDS, Kaposi's

Lederle Labs sarcoma



57 10 February 2003 ~Wo. - ;; .,, ~J ~-NO\ '~ ON+~ N _O H Average %
inhibition at or <10 ~mM~-NONNO~~"NR4A RS CorrpoundR4Rverage oini
ition at or <10 unmbwt' 11' 1~tf ~o5xmen~~ rob5yd fi >99"/05zunmenme~ i io0
Experimental Procedures Biology 10 In Table I and hereafter, the foll ow ng
definitions apply. 58 10 February 2003 "~~M' neans mcronolar; "m" or
“nL" means mlliliter; "~I" means mcrolijer; "ng" nmeamsFablubh@Re03 S
"nM' neans nanonolar "a" refers to percent inhibition data as representing
the nean values of at |east two experinments with duplicate determ nations
in each experimnt. 10 The nateriBlad Govg, PXEer i ment alHIpriokedones used to
obtain the results reported in Tafibanésdiee Gscri bed bel ow. Cells: 15

Vi rus production-Human enbryonic Kidney cell line, 293, propagated in

Dul becco's Mdified Eagl e Medium (Life Technol ogi es, Gaithersburg, M)

cont ai ni ng 10%e2489%Bovi ne ser unfyifBomunafif@ms . Ldilpes H&%US'OZO Vi rus

i nfection- Punman epithelial cell line, Hela, expressWYi @Pé els 1 receptors
CD4 and CCR5 was propagated in Dul becco's Mdified Eagl e Medl um (Life
Technol ogi es, MD) c g 10% f et aI BS,
Sigma, St. Louis %%T\P%ﬁ]egméuppl e@'m%h?h% 5\II th 0.2 ng/ i O%%'ng Alzf e

Technol ogi es, Gaithersburg, MD) and 25 0.4 ngl nl ZeocHe@r di Vdctté gen

Car | sbad, @§). Virus-Single-round infectious reporter virus was produced by
cotransfecti ng human enbryoni c Kidney 293 cells with an H V-1 envel ope DNA
expressi on vectGrmanaldyte proviral CGBNétieoimstiue ng an exi& ope 30 del etion
mut ati on and t hdadrophage Eaonyepor endaene i nserted in place of H V-1 nef
sequences ( CherStmulating Re€tor55). Transfections were perforned using

i pof ect AM NE PLUS reagent as descrl bed by the manufacturer (Life

Technol ogi 4§, &erHocyifur g, VD). Hgechsy QQ%@SFEbr uary AB883
Macrophage Co1ony Immune

Stimulating Factor

Granulocyte Schering-Plough AIDS,

20 Macrophage Colony combination
Stimulating Factor W/AZT
HIV Core Particle Rorer Seropositive HIV
Immunostimulant

25
[L-2 Cetus AIDS, in combination
Interleukin-2 w/AZT
IL-2 Hoffman-LaRoche AIDS, ARC, HIV, in

30 Interleukin-2 Immunex combination wW/AZT
L-2 Chiron AIDS, increase in
Interleukin-2 CD4 cell counts
(aldeslukin)

35
Immune Globulin Cutter Biological Pediatric AIDS, in
Intravenous (Berkeley, CA) combination w/AZT
(human)

40 IMREG-1 imreg AIDS, Kaposi's

(New Orleans, LA) sarcoma, ARC, PGL
IMREG-2 imreg AIDS, Kaposi's
(New Orleans, LA) sarcoma, ARC, PGL

45



Experinment 1. Conpound was added to Hel _a CD4 CCR5 cells plated in 96 well

plates at a cell density of 5 X 10" cells per well in 100 ~~I Dul becco's 5
Modi fied Eagl e Medium containing 10 % fetal Bovine serumat a concentration
of <20 ~.M 2. 100 ~.1 of single-round infectious reporter virus in

Dul becco's Modi fied Eagle Medium was then added to the plated cells and
conpound at an 10 approximate nultiplicity2ef infection (1¥abroanP2603
resulting in a final volume of 200 ~I per well and a final conpound
concentration of <10 ~-M 3. Sanples were harvested 72 hours after
i nfection. 15 4lmuhicdPigthylecti on Weriewninsitutal by neadlP$rmRCuci f er ase
expressi on fronPhiofbarbRMate t he infected cells using a |uciferase reporter
gene assay kit (Roche Mol ecul ar Bi ochem cals, Indianapolis, IN. Infected
cel | supernat anfiphee2 e renoved anddh@ring Poéugwl becco' Kapbslisfdecoragl e 20
Medi um (w t Hout Inpdrésroh red) and 50 ~I of lucliferase as#&ZT rA@gEnt
reconstituted as described by the manufacturer (Roche Mol ecul ar
Bi ochemical s, Indianapolis, IN) was added per well. Luciferase activity was
then quantifi edMs{hig@iBSuri ng | un &Y Fireagsitigpla \Wal AHRS MBEobet a
scintillation cBOfgRIRIN2S 57 The pEhid@ae. ibhhibition for each compound was
cal cul ated by quantifying the |l evel of luciferase expression in cells
i nfected i M@ heMiiPeBEnce of each @ibp@sigy Bsr@ per cenkKapesigfsart@haobser ved
far cells infecMadamy-Tipepdsence of conpound and subtracting such a 30
determ ned val ue from 100. Method for extrapolating % inhibition at 10~~M
The data in Table 1 was obtained using the general procedures above 35 and
by the fol | owi ng 3RteRMe. gata i s Ho9et eported for alfl SeAdEnaticsn 10
February 2003 sgfi éwy {BUIBERY 51 | the conpounds is repfi%el by the alternate
met hod in Tabl e 2°°The percent inhibition for each conpound was cal cul at ed
by quantifying the | evel of luciferase expression in cells infected in the
presence of conpaHifheds a percent age, He REHorRBSEr VedihQlnEfklahddstect ed 5
in the absence of conpound and sulggrgcting such a determ ned val ue from
100. For conpounds tested at concentrations |ess than 10 ~M the percent
inhibition at 10 ~M was determ ned by extrapol ation using the XLfit curve
fitting fedturerGid4the M crosoft Berentegr eadsheet soAID&rA&RCCurves were
obt ai ned from 1Begemhingot nts (% i nhibition determned at 10 10
concentrations @@'UEWBWG)ClBév using a four parameter |ogistic nmodel (XLfit
nodel 205: vy = A+ ((B-A/(1+((Cx)))), where, A= mninumy, B = nmaxinmm
y, C = 10gECS, =, slope factor, and x and y are kno t al ues.
Extr apol atifns %‘%ﬁ%@rfor med with the A and B par an\é@@g %ﬂ@focked. 15
Bi ol ogi cal ta pressed as an ECSo Table 2 presents the data for the
conpounds grouped based on their EC5 which provides an additional nethod
for conparing tRec@nbinght al pot en@joddn 20 t he conmpoundmPfardi s invention.
These val ues we$Selubl idumaheCDdy the foll owi ng nmet hod. The effective
concentration for fifty percent inhibition (EC50) was cal culated with the
M crosoft Excel XLfit curve fitting software. For each conpound, curves
wer e gener ated INfasfRrdr cent i nhi biHdfigrancha Racheed at Kapesi'sfsarcoma
concentrations ®N248i ng a four 25 paranmenter |ogisti ARIARCndel 205).
Table 2. Biological Data Expressed as ECSs Conpoun sORFOIHPIRHIRIONHSH t h
ECSOswi t h EC3s >1wi th EC50uM but <5~k 1 ~M> 0.4 ~M b5ac.5h, 11 b, 18a, 5a,
5b, 5c¢, b5d, >0.5 , 5g, bi i 51, 5n, b5q, , 5r, 5t, 5u,
5v, 5ab, Sadys Sags, misgg?é 5y, b5z, 1&&“&%@6 16h) 5ai , yaFEm @ge,cngﬁ) 61 17f,
179, 17h. >5 ~. M baf, Sag, 5ah, 8e, 11 c, 16e) 17g) 10 February 2003 9a,
9b, 10a, 11a, 12a, 13a, 15a, 16a, 16d, 17a, 17b, 17c, 17d, 17e, 19a, 20a, 21
a) 21 b, 27c, 3Bhymopentin Immunobiology HIV infection

Research Institute

(Annandale, NJ)
40

Tumor Necrosis Genentech ARC, in combination
Factor; TNF w/gamma Interferon

45



Some of these conpounds were tested at a concentration |ower than their
ECSO but showed sone ability to cause inhibition and thus shoul d be

eval uated at a higher concentration to determ ne the exact ECso. 5 An
approximate attenpt to exclude conpounds which did not show sonme potenti al
for inhibition (those which m ght have an EC50 > 100uM was made. Chem stry
10 Al'l Liquid Chronatography (LC) data were recorded on afGSRebRd#y 200310AS
| i quid chromatograph using a SPD-10AV UV-ViZ9 detector with Mss
Spectronetry (MS) data determ ned using a Mcromass Platformfor LCin

el ectrospray node. 15 LC/ M5 Met hod Md i dentification) Columm
A YMC ODS-A S7 3.0x50 nmm col um 20 1 = =4 - LUNA C18 4. 6x30 mm Col um
G adi ent: 100% Solvent A/ 0% Sol vent B to 0% Sol vent A1 100% Sol vent B 25
Gadient tine: 2 mnutes Hold tine 1 minute Flowrate: 5 miImn 30 Detector
Wavel engt h: 220D0fiya Nagze 5 10 Febr d42gufaoneersol vent A: IndiestiimOH | 90% HzO |
0.1 % Trifluoroacetic Acid Solvent B: 10% H20 I 90% MeOH | 0.1 %
Trifluoroacetic Acid Conpounds purified by preparative HPLC were diluted in
met hanol (1.2 nC)indadypinrviti ed usiPtgriraeid Opjobwi ng meP@rIs on a Shi madzu
LC 10A aut onat eBripragpianeat i ve HPLC system 10 Preparative HPLC Method (i.e.,
conpound purification) 15 Purification Method: Initial gradient (30%B, 70%
A) ranp to finaf;gpagdi&Bt (100% B)pfd¥A) over 20 m nu toBQ gy for 3

m nutes (100% B, 0% A) Sol vent A 10% MeOH | 90% H20 E?ﬁ iﬁﬁ
Trifluoroacegic Acid Solvent B: 10% H20 / 90% MeOH / Qaddi¥takid f | uoroacetic
Acid 20 Colum: YMC C18 S5 20x100 mm col unm Det ect or Wavel ength: 220 nm 25
Typi cal Procedures and Characterization of Sel ected Exanples Typi cal
Procedure for tResWfeparati on of Cangtufdsp.i n Schene PrdyerPoapdr ati on of
Azaindole 9 N /Nypain Pastifte' N/ N, G THF H 22e - 78Coral caodidesisa 30
Preparation of azaindole, Method A Preparation of 7-Chloro-6azaindole 1 e:
2-Chloro-3-pitr ridine 22e (5.0 di ssolved in_dry THF (200 m).
After the s tlfut Egi(ﬁ&%ﬁ]ecool ed domﬁg%régYii%& an excesspg:l’cy% vi nyl magnesi um
bromde (1.0 MrIn , 100 m) was added. Then, the 63

Pentamidine LyphoMed PCP treatment
20 Isethionate (IM & V) (Rosemont, IL)

Trimethoprim ~ Antibacterial

Trimethoprim/sulfa Antibacterial
25  Piritrexim Burroughs Wellcome PCP treatment

Pentamidine Fisons Corporation PCP prophylaxis

Isethionate for

Inhalation
30

Spiramycin Rhone-Poulenc Cryptosporidial

diarrhea

Intraconazole- Janssen-Pharm. Histoplasmosis;

35 R51211 cryptococcal
Meningitis

Trimetrexate Warner-Lambert PCP



10 February 2003 reaction was left at -20C for eight hours before quenched
with 20% NHaCl (150 m ). The aqueous phase was extracted with Et QAc (3 X
150 m). The conbined organic |ayer was dried over MyS04. After filtration
and concentration, the crude product was purified by silica gel colum 5
chromat ography to afford 1.5 g of 7-chloro-6-azaindole 1le in 31%yield.
Summari zed below is the characterization of conpounds 1 vl,()tFrettrhgryfmo:;)vm ng
structures: N/ N, HR 10 Conpound le, R =3@l, 7-Chloro-6-azaindole: 'H NWR
(500 Mz, CO,OD) 8 7.84 (d, 1 H J = 7. 95 Hz), 7.76 (m 2H), 6.61 (d, 1 H,
J 5.45 Hz). Ms mz: (MH)' calcd for C H6CI N2: 153.02; found 152.93. HPLC
retentlon time: 0.51 mnutes (colum A). 15 Conpound 1f, R =

7- Met hoxy- 6-azagi ndol e;,. M5 ml z: a CBH9 ound

149. 00. HPLC rglt’aetfﬂq Bt?tlctni me: O. 4%%&9 §8€%%%)urm A) N%%?)O%%gtagcqr%%l zation
of conmpounds 1 with the follow ng substructure prepared by the nethod
above: RZ \\ "N HR4 25 Conpound 1g, = Me, 7-Methyl - 4-azai ndol e:
VB mz (M-H)' @nBigAncdHoRY: 1%*’@8"“&8&1&9@133 01, S¢yare ion time O
34 minutes Ecol r9.5?‘3'e@i?9rrpound lak, R2 = Cl, R4 = N%SOC with A

5- Chl or o- 7- met hyl - 4- azai ndol e: 30 M5 m z: (M+H)’ cal cH'9'8PY cBHBCI Nz

167.04; found 166.99. HPLC retention tine: 1.22 mnutes (colum B). 10
February 2003 @Re®mipnast omegn~ NSereng ~ N02 ~ / NOyADS-relatedcl O , 0
Preparation of GEMtAEHIEIONEt hod A1 Preparation of 7-Wa%ing 6’gbewi2ai ndol e 1
j: To a sol 18t ion of benzyl al cohol (16.6 g) in 200 M of DWVF was added NaH

(4.8 g) sl owy.véfestroiroetftevas sBristol-Myers Sqaibin t enpEreatriest éfor 2 hours to
af ford sodi um benzoxi de, which was transferred into aAsaeunia assoof

4-chl oro-3-nitropyridine hydrochloride 22j (20 g) in BKEOR00 m). The
resulting mxture was kept stirring for 10 hours before quenched with

wat er. After. DMF was renoved under vaccum the crude product was suspended
in water and exte%iest8tP th Et OAcAZR. XMEDIINE The oré@ﬁ@ﬁ iess¥asting dri ed
over MgSO4 and concentrated to give a residue, which was purified via
recrystallization to afford 6.1 g of 4benzoxy-3-nitropyridine 22j.

Characteri zati ound 22j y-3-nitr r

(MrH) ' cal cd f%‘&%ﬁé@os 231. og%“?rgﬂg@é%ps 06 HP fg@%g%ﬁogn ti rre 1.46
m nut es (col umm Preparation of conpound , beRgriek t&r Af38 ndol e: The
general pr ocedure and condi tions descri bed for the Bartoli-type reacti on

used to preare 1 a were foll owed. Characterization of conpound 1 j:
Compound 1j, 7-benzy, (b 1
STt IS i W ialob ot (0

6.67 (d, 1 H Jombnatongwhich, lB@U@%mOZﬂ)thaﬂ reg/RNt S. cDCl,) 8 151 1,
147.9, 145.2, 186mBinalidfs &f fd@&r@ve&ﬁe%vlcﬂﬁgs?arelﬂangm@%t@@&d%nc% 6,
10,2 M8 Mz (W mgalred s GriheRudee koot R Belkt HPLC

retention tine.
25 component of such combmatlons

Additionally, the compounds of the invention herein may be used in
combination with another class of agents for treating AIDS which are
called HIV entry inhibitors. Examples of such HIV entry inhibitors are

30 discussed in DRUGS OF THE FUTURE 1999, 24(12), pp. 1355-1362;
CELL, Vol. 9, pp. 243-246, Oct. 29, 1999, and DRUG DISCOVERY
TODAY, Vol. 5, No. 5, May 2000, pp. 183-194.

It will be understood that the scope of combinations of the
35 compounds of this invention with AIDS antivirals, immunomodulators, anti-
infectives, HIV entry inhibitors or vaccines is not limited to the list in the
above Table, but includes in principle any combination with any
pharmaceutical composition useful for the treatment of AIDS.



10 February 2003 65 Preparation of azaindole, Typical exanple for Method B:
Preparation of 7-chloro-4-azaindole 1 i: NSnClz / . Np2 HO (Con.) C NI
~ B~2, NaOAc NH2 HOAc CI CICOCF3 Et3N, THF 5 10 15 20 TMS NI / CF3 H Cl

23i NaOWe HOM NI~ 'NHC 11 ~TMS Cul, Pdd 2(PPh3)2 Et3N NBr | / NH2 Cl
NBr I / NCF3 HCI An excess of SnC 2 (25 g) was cautiously added into a
sol ution of 4-chloro-3-nitropyridine hydrockjoride (5 g) 10Fepuaen20ed ed
HCI and the reaction was stirred for 12 hours. Concentration under pressure
provided a m xture, which was neutralized with 2N NaOH to pH 6-7. The

aqueous phase was extFFréiérBéCH mmmet@%‘a(dSSIMuhaﬁe@ms) or dlkenafigRoeatrhamer s
wer e then conbi ne %QS%‘F’ V%V‘&ﬁ Fe%'éﬁt Mg%&oﬁag ﬁ?ﬁ@%‘?raw\) n vacuo to

gi ve a crude pro uc mas 4- chil of o- ne whi ch was
pure enough for wpieese aﬂwéonam@rurmm@rosw@aahlfodﬂsof HY eiverdeetransaiptaseoduct

was Bdded | Lo Uhe b g Sy SoRpURL M 10 PobRioATEe ”W%S'dﬁ'f‘@%?p&,ﬁs
r enoved undetTr5 a‘ggﬂmr@fﬁ@erté@?%% taREs S %&QABIY& 53@ (fO‘Ue edind
aqueous | ayer \Nashne)tbrrafdtibﬁpwtéekseﬁswmﬁrwvrﬂaﬁ)lsnﬂh)e sufhte satdfi MER(R)F gani ¢

| ayer was dried I t with
Wa>s/ 10 Februar@\ég@&}\@gg 'ﬁéﬂyﬁgﬁgggéﬁiﬁ%tﬁ § ngégggﬂoﬁafford
5 g of 3-ani no- 20Byho % ﬁwﬁylrciatnqxémld@h@paazwl mtentame@fmde

3- am no- 2- br ono- ékhgrhcb@feomﬁal.ggvﬂhe@zé@a@t@mw@\w@ S. @4 rHlobor |k ic! Nz:

206 93; fou 206, 86., HP tention tine: col To a
sol ution of n@ ard NG 3 %ﬂﬁ”sﬁ{e@ﬁl BroPorash %flsq%zm%grerﬁ t"B%S @tdr%f‘é(r %Eradded
8.4 g of trifluaretered protedsednhideost areCelfayirgrof ritt0aNaz S08theas added 10
mnutes |ater, a&@férhfd G BHbH BFHWEFdiéﬁsé"@%a%Harvﬁ%ﬂih \’soé’qﬂn qahyr e for

10 hours befor ecC{ ctl on wasgﬂ enc e aqueous
phase was extra Qe“é‘g ﬁi 0 @2 00 Qt'fSOC”F‘r‘Flya’T’ﬁY—‘! RIBIASSR dniBitYark S tayer was
dried over MySO 2&Bﬁ$2cwrrn&en|tsroaxhedtly andéneiray clisdal tiials vmaydiseowma aurified by

silica gel Cl%l “”B}eFé?Fe%ﬂ%%ﬁl ?pBYeféée& ?loﬂfrm%feq)s?ﬁe mﬂlbﬂors 8(@91‘%}‘%‘%'@?5%'
transcriptase include efavirenz. The preparation of ddC, ddl and AZT are
also described in EPO 0,484,071. These combinations may have
unexpected effects on limiting the spread and degree of infection of HIV.
Preferred combinations include those with the following (1) indinavir with

20 efavirenz, and, optionally, AZT and/or 3TC and/or ddl and/or ddC; (2)
indinavir, and any of AZT and/or ddl and/or ddC and/or 3TC, in particular,
indinavir and AZT and 3TC; (3) stavudine and 3TC and/or zidovudine; (4)
zidovudine and lamivudine and 141W94 and 1592U89; (5) zidovudine and

lamivudine.
25
in such combinations the compound of the present invention and
other active agents may be administered separately or in conjunction. In
addition, the administration of one element may be prior to, concurrent to,
or subsequent to the administration of other agent(s).
30

Parent azaindoles such as 4-azaindole, 5-azaindole, 6-azaindole,
or 7-azaindole are prepared by the methods described in the literature
(Mahadevan et al, Ref. 25(a)) or Hands et. al. Ref 25 (b) are available
from commercial sources (7-azaindole from Aldrich Co.). This reference

35 and similar references show some examples of substituted aza indoles.
Chemist skilled in the art can recognize that the general methodology can
be extended to azaindoles which have different substituents in the starting



Characterization of conmpound 23i:

2-Brono-4-chloro-3-trifluoroacetam nopyridine: Ms mz: (MtH)' 20 cal cd for
C, H4Br Cl F3N20: 302.90; found 302.91. HPLC retention time: 1.48 m nutes
(colum B). A m xture of conpound 23i (0.9 g), trinmethylsilylacetyl ene
(0.49 g), Pd CI2(PPh3)z (0.1 g) and Cul (0.05g ) in Et3N (1.5 m) was
heated to 25 100C in seal ed tube for 10 h@drs. Then, sol\EPR&bMasy POOBVed
under vaccum The residue was partitioned between water (10 nml) and Et CAc
(10 m). Aqueous phase was extracted with EtOAc (2 x 10 m ). The combined
organi c | ayer WaETHS eazaméplmeal%are@afﬁ,dewarﬂa@ é@tﬁﬁﬁéﬁ‘:f\%'@m to provide
a crude produccrdmevihacd Sepamesed in the further 30 reaction w thout
purification. Characterization of conpound 24i: Conpound 24i,
4-Chloro-3-trifluoroacetam do-2 35 (trinethylsilylethynyl )pyr| dine: M5 nlz:
(MrH)® calcd for C H4ABrCI F, NzO 321. 0&cheomdl 320.99. HPLC retention time:
1.79 mnutes (colum B). 10 February 2003 67 A m xture of conpound 24i
(0.28 g) and sodiumethoxide ( 0.30 m) in 20 nl of ethanol was heated to
reflux for 10 hours undef nitz=&gen at nerSphgdre. ,@fg(e( nt renoved under
vaccum the residue was pﬁr1u5| ng—Shi_ngdzu atft ed/preparative HPLC
Systemto give 5 conpound 1 0. NOg) . CMr act eri zat 6n Q‘f conpound 1 i:
Corrpound li, 7-Chloro-4-azai n%le " Hy R Q0 MHz, CD,OD) c~ 10 8.50 (d, 1
H J 620Hz)810(d 1 HJ 320Hz) 7.71 (d, H J =6 30 Hz))
6.91 {d 1H J 3.25 Hz). M5 mz: (MtH)' calcd far C, H6CI N2~ 153. 02;
found 152.90. HPLC resemdrnen  tha'Bartlli faofd syitiessié (OO &Y)al, Ref. R5)

Preparation of ai ndai oxyi e est er
O eparatl on of (352 RdeGod i bt T MLt U v, Mirobholiila w2 o
A. Prepar aﬂ@onr&a‘ctmmtplar(@fm‘as odeinyBmagyesiutekiemide ap-8°Co /éft@ol ution of

/-azaindole 1 r%Q’tgouO:gto (bob@9tr@#e)ach8n9%&%@%&%@9%&1&@1@? 1 m  of
Memgl (3.0Min EtzO ed at r

0]
(3 O L oy totes 1o det e an s enas R o B Shesith SxamBies zna 2
(27.7 g, O. 203rmay|be vardedidsieally b9neo haue that 20 OC ibet bgtasidrially dryxoaceinat e

(24.9.9. 0. 203l ko V3Bl 16 RE0G] N VA PAUSA G LABR Py pENeD the

reacti on was s |rre bef or e uench nmet hanol . After
all solveni8 m@bt@'mﬁ@mmeé@a"x ﬂ%aﬁé’éﬁ'tmj”é”\ﬁ%%a"ﬁ)’é‘tf@fuf?l“b%%orﬂéiméérﬁ“‘@?hyI
acetate (500 mo tuﬁh@dy fepaked frébie frardayisrphmidee and snaymigisiumh ugiegd wi t h

saturated NaZ 0 Wég/ g d, extr The
organi c | ayer s ‘éérﬁo%%e?&%‘i ‘Hglﬁh %&%@A‘(?\%WW 'th%%EA&éﬁ(é 5’9‘%5‘31% ))
dri ed over anhgbioode cepSogio hedised it someaxainles.vacuo t o gi ve a crude
product 2a (14.3 g, 41.5%, which was pure enough for the further
reactions. 68 10 February 2003 O AICI13 ON~~\ CICOCOOM H1 b
CH2C12 2b BPAcyl ation of azaindol e, ‘ﬁ‘tﬁﬁ" Preparation of Methyl
(5azai ndol - 3-yl ) - oxoacefate 26. 5-Azai ndol e 1b (0.5 g, 4.2 mol) was 5
added to a suspension of AICI3 (2.8 g, 21.0 mol) in CHZCl Z,{(,d00 m ).
Stirring was continued at oom(terrpera/u MBor 1 hour b fe methyl

chl orooxoacetate (2. 5R added dr opwg The reacti on was
stirred for 8 hours. @: I\/EO—I EOH was, adeder i ollsly to quench the
reaction, solvents were removed under V&N The sofi d M0 Residue was
purified by silica gel colum chr@satogr agd z (Et OAc/ MeOH =410 : 1 ) to
afford 0.6 g (70% of the &&ydeBred product 2b. Characterization of
conpounds 2: base

In Scheme 2, acetylene is coupled onto a halo-pyridine 23 using a
25 Pd (0) catalyst to furnish 24. Subsequent treatment with base effects

R = alkyl, CFs, O-alkyl

Iz

1



15 Conpound 2a, Methyl (7-azaindol-3-yl)-oxoacetate: 'H NVR (300 MHz,
DVMSO-ds) 8 8.60 (s, 1 H), 8.47 (d, 1 H J =7.86 Hz), 8.40 (d, 1 H J =
4.71 Hz), 7.34 (dd, 1 H J = 7.86, 4.77 Hz), 3.99 (s, 3H); "C NWR (75 Mz,
DMSO-dfi) 8 178.7, 163.3, 149.0, 145.1, 138.8, 129.7, 119.0, 118.0, 111.2,
52.7. M6 mz: (MH)' calcd for C oHINzO~: 205.06; found 205.04 20 HPLC
retention tine: 0.94 mnutes (colum A). O Ov ON ~N H 2 Ksisrpa

Met hyl (5-azaindol -3-yl)-oxoacetate: 'H NVR33 500 25 MHz, CD30D) gng 61 (s,
1 H, 9.02 (s, 1 H, 859 (d, 1H J 663Hz))815(d 1H J 6. 60

Hz), 4. 00 Mz, CO30D T 3.0, 145.6. 144. 2
13%3 3, 135(8 1;%523%%?%4% fofd a%%'.%gg%vé( %F%?%PE%?&" RE. 3F)s g’i“'t?,%'ﬁQNZO3
205. 06; found 20Bses foHPeGacend stéminclidesodursmethaxitesr ptwrsodiut), 10
February 2003 69itfd,AVBr petassidth Ellka%% tﬁ%@@ou”d 2c, Methyl

(6-azai ndol - 3-yl) - oxoacet ate: Mo mz: 5 (MH)' cal cd for C,oHINZO3: 205. 06;
found 205.14. HPLC retention tinme: 0.61 mnutes (colum A). 0 OMe N

VAT e ~( ~‘60 / N HGZehe]r@l payedured dpreldatdvlzaindole piperazine diamide § of
(4-azai ndol - {‘FSFeaégscrly@dn%égﬂé%@ ng%l F]%Tnuot{ C, oHONZ03: 205. 06;

found 204. 99 HL ent1on t m nu rmA) OOw ~ON/ N,
HC 2e 15 Corrpound 2e, Methyl (7-chloro-6- azal ndol - 3-yl ) - oxoacetate: 'H
NMR (500 MHz, DMSO-de) 8 8.66 (s, 1 H),séhdme(®, 1 H J =5.35 Hz), 8 05
(d, 1 H J =5.30 Hz), 3.91 (s, 3H); '~C NWR (125 MHz, DVsO-ds) 8 178. 4,
162.7, 141.3, 140.9, 134.6, 133.0, 130.1, 115.4, 113.0, 52.8. Ms mz: 20

(MtH) © cal cd for C, oHeCl N03: 239. 02 i)(mmg, 238.97. HPLC retentiam tine:
1.18 minutes (col ung L@@Februarw OOV ON\ / Ove 2f
Conpound 2f, Met hyI - KY- 6- azai nghel- Yl ) - oxoacet at g; m oMe( M+H) '
calcd for C'H NzO : 235 07; found 234. 95 HPLC reten%I QN : 0.95

m nutes (colum A). O OV N ~O ' N H c IACeERMEnd 2k

(7-chl oro-4-azai ndol - 3-yl ) - oxoacetate: M®F10 m Z: (l\/HrH)+ cal C(!H for
C, oHeCl Nz03: 239.02; found 238.97. HPIAE!y EICORPPYA

K2CO3
MeOH
Ry Rg o] 1
9 M; DEPBT \
100 Py OK
N Hunig's Base
Ry-R n N 7N\
i N | H\';ﬁr R RZ-R“—@ %
H R13R14R12 7Rs Rg u 3
R1o
= o]
n=2 5 HN\ N—y/
\
RHRT}AF
13R14R,,
10 4

An azaindole 1, was reacted with MeMgl (methyl magnesium
iodide) and ZnCl, (zinc chloride), followed by the addition of CICOCOOMe
(methyl chlorooxoacetate) to afford aza-indole glyoxyl methyl ester 2

15 (Shadrina et al, Ref. 27). Alternatively, compound 2 can be prepared by
reaction of aza-indole 1 with an excess of CICOCOOMe in the presence
of AICl, (aluminum chloride) (Sycheva et al, Ref. 28). Hydrolysis of the
methyl ester 2 affords a potassium salt 3 which is coupled with mono-
benzoylated piperazine derivatives 4 in the presence of DEPBT (3-

20 (diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-one) and N,N-
diisopropylethylamine, commonly known as Hunig's base, to provide
azaindole piperazine diamide 5 (Li et al, Ref. 29). The mono-benzoylated



time. 0.60 mnutes (colum A). OOW N~O1Il / N~ HOH 2i 15 Conmpound 2i,
Met hyl (7- hydroxyl - 4-azai ndol - 3-yl ) - oxoacetate: M5 nfz: (MtH)' calcd for
C, oHONZO4: 221.06; found 220.96. HPLC retention time: 0.76 mnutes (colum
A) . 71 10 February 2003 O Owe v¥~ C N' \O, N H Me Conpound 2ak,

Met hyl (5-chl oro-7-met hyl - 4-azandol - 3-y! ) oxoacetate: Ms mz: (MH)+ calcd
for C'H, oCl Nz03: 253. 04; found 5 252 97. HPLC retention tlDrF!ebrfJarﬂ'&O@Snut es
(colum B). O OOV O O ' N~ ~ Mel, ~NdH N\ \ ON> D\F OH ~O' 2i 7Zj
Preparation of compound 2j, Methyl (7- rret hoxyl - 1- met hyl - 410

azai ndol - 3-yl) ta To a qut on of coq (27 mg) in 10 m of
dry DVF \/vasyadd‘g)ég%(i néEBYatN&ﬁ Atfe elorﬁB?fredng%CQ‘r%”Sftol\)ﬂP”\ﬁa?éataﬁdéﬁ and
the m xture wasprotédured sachrasahose dpscritted by Desailét ehpElefs 300N Adagndzprn
renoved under v@cgu 0 cdiuge Jyfo t he
further react:vg?t %ﬁfguﬁggﬁf ﬁb%gg?légngl %Hfﬁcgﬁ‘r’i@% oér?a%lf cg%paﬂﬂds 2j
Conmpound 2j CH? (7-met hoxy- 9- net hyl - 4- azai ndol - 3-yl ) oxoacetate: M nfz
(MtH) " calcd for C,ZH, 3NZO4: 249.09; found 249.33. 20 HPLC retention tine:
0.91 mnutes (colum A). 2) Pr epar ati Id|§ ﬁf o assi um azai ndol e 3-gl yoxyl ate
30OV KOO KzCOs '0 MeOH N H 5q¢ 72 10 February 2003
Preparation of Potassium (7-azai ndoI, 3-yl)- oxoacet ate 3a: Conpound 2a (43
g, 0.21 nol) and KZCO, (56.99g, 0.41 nol) were dissolyed in MeOH (200 nl)
and H20 (200 ml) After 8 hours, product 3a 5 préxipjtated out dromthe

solution. Filtration afforded of conpound 3a a a white soﬁ’r‘d’ in 90.4%
yi el d. Characte}glga s 3. 10 a -ﬂ- <

( 7- azai ndol - 3- yT3' hate 21 FIaNVR { Jrce Dl\)éddsz)ﬂ (8 )l bd, 1H J=
7.86 Hz), 8.26 (d, 1H, ‘733? 8.14 (5 1NH), 7.18 F@d, Nl H, J =
7.86, 4.71 Hz): '3C NMR (75 M’-fz O ds) 8 16 4, 148 9, 143.

, 135.1,
129.3, 118.2, 117.5, 112.9. M nfz (M+H) " of the COrrgsy ondi n§ aci d of
conmpound 3a (3a K+H) calcd 15 for C9H, N203: 191.05;] fo R90. 97. HPLC
retention tine. 0.48 mnutes (colum A). OK QyMNdiNeH 3R Riog

H N~
R 11Ar
4

13R14R

R2-Ry4 I n N

10 An alternative method for the preparation of 5 involves treating an
azaindole 1, obtained by procedures described in the literature or from
commercial sources, with MeMgi and ZnCl,, followed by the addition of
CICOCOCI (oxaly!l chloride) in either THF (tetrahydrofuran) or ether to
afford a mixture of desired products, glyoxyl chioride 6 and acy! chloride 7,

15 Scheme 4. The resulting mixture of glyoxyl! chloride 6 and acyl chloride 7
is then coupled with mono-benzoylated piperazine derivatives 4 under
basic conditions to afford product 5§ as a mixture of two compounds (n = 1
and 2).

20 General routes for further functionalizing azaindole rings are shown
in Schemes 5. It should be recognized that the symbol Rx is meant to
represent a general depiction of the remaining substituents from R,-R,
which are on the azaindole ring. As depicted in Scheme 5, the azaindole
can be oxidized to the corresponding N-oxide derivative 8 by using



20 Conpound 3b, Potassium (5-azaindol - 3-yl)-oxoacetate: Ms mz: (MtH)+ of
the correspondi ng acid of conmpound 3b (3b-K+H) calcd for C9H, Nz03: 191. 05;
found 191.02. HPLC retention time: 0.13 mnutes (colum A). OOK Ol NH25
3c Conpound 3c, Potassium (6-azarndol -3-yl)-oxoacetate: M5 mz: (MH)' of
the correspondi ng acid of conpound 3c (3c-K+H) cal cd for 10 February 2003
73 CO9H, NzO~: 191 05; found 190.99. HPLC retention tine' {0 R3bfidn/2093
(colum A). OOK NOy NH 3d 5 Conpound 3d, Potassium

(4-azai ndol - 3-yl ) -oxoacetate: Ms mz. (MtH)' of the correspondi ng acid of
conmpound 3d (3d-K+H) calcd for C9H, N203: 191.05; found 190.87. HPLC
retention tine: 0.19 mnutes (colum A). 10 OOK ON/ NHCUC ge Conmpound
3e, Potassium (7-chl oro-6-azai ndol -3-yl)-3%oacetate~ M5 mz: (MrH) "~ of the
correspondi ng acid of conmpound 3e (3e- K+H)+ 15 cal cd for CI9HGECI NzO~:

225.01; found 224.99. HPLC retenti on time. 3 m nutes g‘col um @MFO XK O
| ~ N~ N H OVBCEBA0 (BaifouReraterbentals s ﬁﬁi in " aceto

(7- met hoxy- 6- azAm@ |fo3m¥hﬁde§))<(btfeta{aeadé\/5tmtﬂef(3vl+bhd Aotorihicetcaly Rek pondi ng

d of 97.
FPLC et Zﬁ?.pﬁﬁ% e BLoBIts s Patiied &%ﬁ Vel dtehedRusSiRingde P
\~~~0 CN~' > N derGlatiges Coyrpasing vmﬂ dp@u@@@t reagents such as’ phosphorus

(7-chloro- 4 azgj a}zgﬁi {%hi’ﬁécﬁ))@é&e@ats%hn@ﬁérﬁb? al,(RiH) 33@f) bheheepr@seondi ng

o et 1, B 50 R e T
Conpound 3j, Petaagsixmdl7Bret hc(gql4lshmatdmybtal- Eae&&#dotrmmtpyl)sdm(@aa@lﬂate VB
C i neos: | 235, OMSEETEESSMERRIEEL A, Bet 35E NS (B éskféﬁ?n'*‘%%%ééihgﬁof um
A). O OK Cl N 8§6), thipl vig avgodium thiolate or other thiolates (eq. 7 Shnotam etal, R
10 37), alcohol via metal alkoxides as in ref 37 or (eq. 8, Hayashida et al,
Ref. 38), and amine (eq. 9, using ammonia or an amine in the presence of
TsCl in chloroform / water as in Miura et al, Ref. 39; or under similar
conditions but with 10% aq NaOH also included as in Solekhova et al,
Ref. 40). Under such conditions (respectively), a chlorine or bromine
15  atom, nitrile group, alkyl group, hydroxyl group, thiol group, alkoxy group
and amino group can be introduced to the pyridine ring. Similarly,
tetramethylamonnium fluoride (Me,NF) transforms N-oxides 8 to fluoro-
azaindoles (eq. 3). Further standard modification of OH group will
provide alkoxy functionality as well (eq. 6).
20



Compound 3ak, Potassium (5-chl oro-7-nethyl -4-azai ndol - 3-yl ) oxoacetate: M5
mz: (MtH)' of the corresponding acid of conpound 3ak (3ak-K+H)' calcd for
C, oHeCl N203: 239.02; found 238.94. HPLC retention 20 tinme: 1.24 mnutes
(col um B). 10 February 2003 75 1) Preparation of azai ndol e piperazine
diam de 5 Typical Procedure for the Preparation of Conpounds in Scheme 3 O
OKOON+H\N~1 N~ NHas 4a 0 ~N DEPBT '., O N Huni g' s18&abruary\20Q3w \ Sa
NNHS5 Preparation of (R -N(benzoyl)-3-methyl-N -((7-azaindol -3-yl)
oxoacetyl J- pi perazi ne 5a: Potassium 7-azai ndol e 3-gl yoxylate 3a (25.4 g,
0.111 nol)) (R -3-nethyl-N benzoyl pi perazine 4a (22.7 g, 0.111 nol),
3(di et hoxyphosphoryl oxy) -1, 2, 3-benzotri azi n-4(3M one (DEPBT) (33.3 g, 10
0.111 nol) and Hunig's Base (28.6 g, 0.222 nol) were conbined in 500 m of
DMF. The m xture was stirred at roomtenpergture for 8 hours. DMF was
removed via evaporation at reduced pressure and the residue was partitioned
bet ween ethyl acetate (2000 ml) and 5% NaZCO- 15 aqueous solution (2 x 400
m ). The aqueous |ayer was extracted wScheoeh§l acetate (3 x 300 ml). The
or gani ¢ phase conbi ned and dri ed over anhydrous MyS04. Concentration in
vacuo provided a crude product, which was purified by silica gel colum
chr omat ography wth Et OAC/MEG-N({;O 1) to give 33 g of pradtdbck, 5a in 81%
yi el d. 76 Typi cal oce &% mbhemdagspar ati ga of Cehpoundsew N Schene 4
H 3)—e-coBurt- i ni

5 10 15 1) MeMyReR,- 2)| N~ &+ N= N H

6a Pyrl dine ONNO u R4 R13RyR RnAr o u 1R3R 211Ar
8
R7 R
o 7T R
A/—; o FRiRs gy
/ . 100 /\A_R
R4-R N* | nN\ N%’ POC|3 N \N\20
4-N2 \ . _ b
h ﬁ R, RG:;:R"A' or Ry L " | . "HR“\M eq. 2
0- 12 g PBr, X H 1 R13R14R12
o R}ﬁzs X= -Cl, -Br o RiRy g
Rig 9
4T N R RHRﬁ\AI’ R,— [ 'n N«( eq.3
o- H 1 R 13R,4R, , F A Ry1Ar
8 H Rz
R 10
7 Rg
(o} Ry o FRiRs R
Ryo H
R4-R I nN N— R'MgX N 100
TS N~ TR RHRﬁAr Ry— [ 'n N eq. 4
1
13R14R,, R N R4 R13Ryar ':11Ar
8 11



IN H5b 10 February 2003 ~cl ~N~H7a 0 NHN~1/ 4b v OO ~N~ N/ /| N~
N H 5c¢c Preparation of

N- (benzoyl )-2-ethyl -N -j (7-azai ndol - 3-yl ) - oxoacet yl Jpi peraznme 5b and

N- (benzoyl )-2-ethyl -N -j (7-azai ndol - 3-yl)-carbonyl Jpi perazine 5c: To a
solution of 7-azaindole 1a (1 0 g, 8.5 nmmol) in dry diethyl ether (20 m),
3.1 nm of MMyl (3.0Min Et20, 9.3 mmvl) was added at rdQrFée0Rs 2008 €. The
resulting mxture was stirred at roomtenperature for 1 hour before ZnC 2
(1 Min ether, 10.2 nm, 10.2 nmmol) was added. One hour |ater, oxalyl

chl ori de (10.7 g, 85 rrrml) was injected into the solution cautiously. After
the reaction was stirred for 8 hours, solvegnt and excess oxayl chloride
were renoved under vaccumto give a residue containing a m xture of 6a and
7a. After the residue was dissolved in dry CH-CN (8 m ), nono 20

benzoyl at ed pi perazi ne 4bo(®:8%,g, 1.15 mmol) and pgrladﬁ ne (1 g, 12.7 mmol)

were added into the.solu p%snbsgqur%gély 1 hour teMgl vents were
removed and r e S [pumr: < us Lng_Sth ted repar ative HPLC
System to gi ve conpgung” Sk raRG Y G840 ahd>ed pq 6 ny, 0.5%.

Characterization of corrpounds 5’ W|th the fol1 ow hg sub- ’é"t"r uct ure: 77 10
February 2003 RO O R7TRia~N ~,Y.%W~ 'ice ORe ~ ;'+~N~< ~ Rt1'"™Rt4 t~ CAN 5 N
H Conpound 5a, n = 2, R, . 3—H R4 =(R-M, (R- (é oyl )-35

met hyl -N -j (7-azai ndol - 3- yI) oxoacef yl J- pi pegagj "2300 MHz, CD-QD)
8 8.57 (d, 1 H J =5.97 Hz), 8.38 (d, 1 M 4,120 "PY, . 8 27 #¢h 1 H),
7.47 (s, 5H), 7.35 (t, 1 H J = 5.13 Hz), 4°7 2H87R1(Rr?ﬁ<RZH) 1.31 (b, 3H);
'3C NWR (75 M1z, CD30D) 8 185.6, 172.0, 166.3, 148 9, 144 @8, 137.0, 134.8,

130.2, 129.9, 128.4, 126. I Re6, 118.0, 112.2, 61. 3q 5% &, 10 45.1, 35.5,
14.9, 13.7. M5 niz; \éj‘?or A HZ, ( B, Fdund 377. 18.
HPLC retention %R ,(cottm AbtmL iNh =2 R _,3 =
H R4 = M, R1 R13R14R 1 ' AcO NT TRy RuR“‘ RitAr

N-(benzoyl) 3- et hyI ((7 azanédol -yl)- oxoacefyl&} pi peralgl ne: Ms niz:
(MtH) ' cal cd for 15 CZ, Hz N403 377.16; found 37‘{ A, w@orrpound 5b, n = 2,
R _8=Ro" = = Et, "‘°Rs 778 Ry

N- (benzoyJd) - 2- et hyJ ' al n 03 rgéh) oxoaceghy phHiper az \4?03 "H NMR (500
MHz, CD30D) 8 8. 63 Mg T H), R 1" pp 75,42 earp 6H),
4.70-2.90 (m 7H))R® 1H80“0“wa@a, ' 3CHRIVR (ﬂ.ZSR‘WHZ';RuCI530D) b 186. 8,

174.2, 168.3. 149.6, 145.4, 138178 138 9; B8r132. 6, 131.3, 130.0, 128.0)
120.2, 117.7, 114 1, 58.4, 52.2, 47.5, 44.8, 23.0, 10.9, 10.7. M5 niz:
(MtH) + cal cd for szH23N405 R 9]R918 found 391.22. HP,C me.tgntl on tinme: 1

35 mnutes (colum A Cn el = 1 R.8 R;.,H RO = Et,
N- (benzoyl) - 2- efnhyz I (7+a2§§%ﬁ %—-’carga@k—gﬁg&faz W 'H NWR (500
MHz, CD~OD) 8 8. 33( RiR1:8, 1':(3“' , 7 4Zs ,Rﬁz\%a& rm e§. 7H) ,
4.74-2.90 (m T7H), 1.78:0.75 (m "C NMWR (125 NHz, 168. 0,
164.2, 162.8, 30 147.0, 142.8, f36 9, 133.1, 132 8, 131.3, 2130.4, 130. 0,
128.0, 118.4, 110.3, 57.0, 53.4, 46.7, 24.0, 10.7. MS mz: (MH)' calcd for
C2, Hz~N40z 363.18; found 363.22. HPLC retention time: 1.14 mnutes (colum
A) 78 10 February 2003 Conmpound 5d, n =2, R ,4 = H,

N- (benzoyl )-N -j (7-azai ndol - 3-yl ) oxoacet yl J- pi perazrne: 'H NVR (500 Mz,
CD30D) 8 8.62 (s, 1H), 8.44 (s, 1 H, 8.26 (s, 1 H, 7 46 (s, 5H), 7.29 (m
1 H, 3.97-3.31 (m 8H. Msmz: 5 (MH)' calcd for CzoH 9N403~ 363. 15;
found 363.24. HPLC retention tine: 1.18 mnutes (colum A). Conpound 5e, n
=2, R_ e=Ro0.,4=H R = M,

N- (benzoyl ) - 2nmet hyl - N -j (7- azai ndol - 3-yl ) - oxoacet yl J- pi perazi ne: 'H NVR
(500 MHz,



10 CD30D) 8 8.64 (s, 1 H), 851 (s, 1 H, 828 (m 1 H, 7.42 (m 6H),
4.48-2.90 (m 7H)) 1.26 (m 3H); "C NWR (125 MHz, CD30D) s 185.3, 171.4,
166.8, 164.0, 147.9, 143.6, 137.3, 135.3, 131.2, 129.8, 128.4, 126 2,
118.6, 112.4, 49.4, 45.9, 45.6, 45.1, 40.8, 40.4, 14.1. Ms nmz: (MH)'
calcd for CZ, Hz, N403: 377.16; found 377.21. HPLC retention tine: 1.26 15
m nutes (colum A). Conpound 5f, n =2, R.,~=H R4 =10%ebMary 2003
(S)- N (benzoyl)-3mef hyl -N -j (7-azai ndol - 3-yl ) - oxoacet yl J- pi per azi ne:
(500 MHz, CD30D) 8 8.64 (s, 1 H, 839 (s, 1 H, 826 (m 1 H), 7.44 (m
6H), 4.71-3.79 20 (m 7H), 1.26 (m 3H); '3C NWR (125 MHz, CD30D) b 185.5,
171.9, 166.0, 158.4, 147.6, 143.5, 137.2, 134.8, 131.3, 129.8, 128.3,

126.6, 118.6, 112.4, 50.3, 45.1, 41.2, 40,3, 14.9, 13.7. M mz: (MH)'
calcd for Cz, Hz, \403: 377.16; found 377.23% HPLC retention time: 1.25

m nutes (colum A). 25 Conpound 5g, n =2, R.,3 =H R4 =Et,

N- (benzoyl ) -3-ethyl -N -j (7azai ndol - 3-yl ) - oxoacefyl J- pi Rer azine: 'H NWR (500
MHz, CD~OD) 8 8.65 (b, 1dH)N "8R40 (s, 1 H), 8.27 (m 21 R)°R7.46 (m 6H),
4.73-3.00 (m 7H), \@%csH)T;m"c NVR ,@‘ 3N/ & 8 187 1,
173.0, 168.0, 449 30{146)0, 8. - Ax—1331 0, 13-4 9. 9,.8128. 2,
120.2, 114.1, 57.5,0_4ﬁn14§3§,§‘13 .S“aﬁ’go, 497, t‘.I\/BRYﬂﬂmaRZ‘NﬁI—D'“caI cd for
CZZHzsNAO3: 391.18; found 391. go. HPLC retention tinme: 1.33 minutes (colum
A). Conpound 5h, n =2, R _,Z=H R3=R4 =M, N (benzoyl)-3,335

di met hyl - N -j (7-azai ndol - 3-y! ) - oxoacetyl J- pi perazi ne: Mggm z: (M-H) + cal cd
10 February 2003 79 for ~ﬁ2\@soe. 391.18; found 39Q; 9¢ lL.C retention
time: 1.22 ninutes A) . (D Beki5i, n —R I :R_@"_,S:H, RO =
R4 = M, traps«h5yfihen yI“),>;~2<\;RﬂAr NaOH Rx 14 N R RS CRuAr ed. 9

5-di met hyl - N -j (7- aZai HdoFRt™=Ryky) - oxoacet yl ) RfEiNper azi né**“Rd NVR (500 MHz,
CD~-0D) 8 8.58 (m 1 H), 8.37 (d, 1 HRRIH= 15.7 Hz), 8.25 @m 1 H), 7 77 (m
1 H, 7.46 (m 5H), 5.09-3.16 (m 6H), 1.30 (n) 6H M5 mz~ (M:H)+ cal cd
for CZZHz3NAO3: 391.18; found 391.11 HPLC retention tinme' 1 22 minutes
(colum A). 10 Corrp%{}?ﬁﬁ@tbf Fraindole RV-dXidesRresults ia iAtropuction opya ni rcl)

N- (benzoyl)-3i so-Propyl-N -] (7-azain - 3- VI | hoppesrazir eteal, MS
mz: (MH)' cal@l’duﬂdpm B9 a&o%%@'%%ﬁﬁ%%qgg I—cqgéyar%@éwio@n
time: 1.52 ng nures 3260 ennikh. groBp Campeiiiseasgety ReLisplaged BY2 PV 4 = H
RO =i-Pr, %‘ﬂﬁ"?%‘ﬁﬂ)ﬁic goen such as OR, NR'R? or SR, in a well established

N- (benzoyl) - 2-i -N®-](7-azapndol - 3=y ).~ e Js Rapanriza ke al, M5
mz: (MH)' cal cierhioal EeBiens@god . 9?‘?@&%&%@%8@] ?Sék’gﬂgff%_ret gggcj.@n
time: 1.53 minukgs 48], eTBiftt akReCottiopndBatrsuiing Hoxesgl e gy Bo9Y=
RO =i-Pr, rresponding azaindole 17 using phosphorus trichloride

N- (benzoyl ) - 2-i Wﬂy@-tﬂ‘e—i‘if&al n ogég-g%)-(a bgn I%— Hdrenariopatnd m z:
(MrH) ' cal caof oPCEZHRE N ZANRRINI Y-8l B§hd ﬁg@ _I—%}L 'ret 'gntlgn t%e:
1.34 minutes (colyimndhger. Surmaty\chitBaeybstitutes Nxide 15 fap be redype =

Pentyl, s trichloride (eg. 13). The nitro group of

; i horu . .
t raps- N(benzoyl )thgap@lﬁfi9||e_1@ yf'ﬂg-pg‘zogf)ndol -3-yl ) - oxoacet. rag Ag. M
miz: (MHH)+ cal Chbriguunezf-anbeaedngss p?ltmﬂyﬁﬁﬁ@ﬁ%ﬂf'xﬁs@@@@t(enwifg
time: 1.74 minutes %ﬁ%k téqu%) 4338 Shapaeker étzall Refi 43(bDomdlAiyNg Wth the
follow ng sub-st racture” 0 Ar =N N ;97404‘2\' Ir\wkd'éy Engaﬁ@t MhrBAR) byjcaréfuliN~, J
10 Febr uary 1300 3raoppie@nith. djesi gt al Rel. 42 and AYY '

N- (pyrrdrn-2-yl )gé}ﬁctjngdiﬂér@inﬂﬁkducﬁwgltf)ncﬂimacet yl J-prperazne: 'H NVR (500
MHz, CD,OD) ~ 8.65-7.30 (m 8H), 4.00-3.33 (m 8H). MS mlz: (MtH)  calcd
for C 9H BN5QO3: 364. 14; found 364.08. HPLC retention tine: 0.97 m nutes
(colum A). Compound 5k, R 4 = (R)- M,

(R-N(pyridin-2-yl)-3-nethyl-N-j (710

azai ndol - 3-yl ) - oxoacetyl J- pi perazine: "H NWVR (300 MHz, CD30D) b 8.67




738 (m 8H, 476-3 00 (m 7H), 1.35 (m 3H); "3C NWR (75 Mz, CD, QD) b
186.0, 168.9, 166.6, 152.9, 148.5, 144.0, 138.7, 137.8, 131.8, 125.6,
124.0, 119.0, 112.9, 51.3, 50.9, 50.7, 46.7, 46.2, 45.7, 42.6, 42.0, 41 8.
40.8, 36.6, 35.7, 15.5, 14.2. Ms mz: (M:H)  calcd for C20H20N503: 15
378.16; found 378.14. HPLC retention tine: 1.02 mnutes (colum A). Wen Ar
= Conpound 51, R _ (R -Me, (R)-N-(5-brono-furan-2-yl)-30eétdrubR02003

N -j (7-azai ndol - 3-yl ) - oxoacet yl J- pi perazine: 'H NWVR (500 WMHz, CD30D) 8 8.59
(d, 1 H J =9.4 H), 837 (s, 1 H, 826 (m 1 H, 7.34 (d, 1 H J=10.1
Hz), 7.06 (s, 1 H, 6.59 (s, 1 H, 456-3.16 (m 7H), 1.30 (m 3H); '3C NWMR
(125 MHz, CD30D) S 187.2, 167.8, 161.0, 150.1, 149 8, 145.8, 138.7, 132.1,
127.0, 120.5) 120.2, 119.8, 114.8, 113.9,361 8, 47.0, 42.0, 25 37.0, 16.6,
15.4. Msmz: (MHd)' calcd for C, 9H 8BrNAO4. 445.05; found 445.18. HPLC
retention tine: 1.35 minutes (colum A). ~-~J~ ~N~ O /NON~ N5mH 10
February 2003 81 Characterizati on of Sohpmefl 5m Conpound 5m

(R) -N-(benzoyl)-3-nethyl-N -j(5-azai ndol -3-yl) 5 oxoacetyl J-prperazine: 'H
NVR (500 MHz, CD30D) 8 9 62 (b. 1H), 8.72 (m 1 H, 8.61 (d, 1 H J =4.5
Hz), 8.16 (d, 1 H J =05.B%Hg), 7.51 (b, 6H), 4c90st (m 7H), 1.35 (b,
3H). M5 mz (ML calieg #r”‘@z Hz, NA03 B%Z 16 nd-8B7 15. HPLC
retention tine: B nm“( L—H—Fhfl——A))zN" “i\/atl on of"’ conpounds 5
with the followi ng ubRetruei Ul e: O\ r ~\ V |\B1‘%=@R12“N/ N- 5 H X
Conpound 5p, X = H Y = H, N—(fbenzoyl) N -j (6 azai ndohs 3-yl ) 15

oxoacetyl J-pi perazine: Ms mz: (MH" calcd for Con QMO3 363. 15, found
363.09. HPLC retention tigeR®@:96 N nutes (gol um ound 5q, X - H Y

- Me, N (benzoyl)-"8.\et h f&azarxndol - 3-) - ¥ OF tydai/fpl pet.azi ne: M
mz: (MH" cal eg{or]CZ MB’(@;O 377,16 f gl 3, ? YR kPLC retenti on
time: 0.99 ninutes oINum\a A),.R mpotifiy 5r, Xo= B, Y PR - Me,

(R) - N (benzoyl) - 3- Met hyI N -] (6aza| ﬁdol -8 yI) oxoacet yhd- pi perazi ne: M5
mz: (MH" calcd for C2, Hz, '‘N403 377.16, found 377.10. HPLC retention
time: 0.99 nminutes (. CO|LU’TT]R1A)R9 25 Conpound_5s, Xﬁlﬁm—(S) Me,

(S)- N (benzoyl ) - 3«Met hyl J‘r(éfﬁﬁ:zsal ndal - 3- yT¥ Wyl - perazi ne: M5
mz: (MH " cal ad—{, , WA03 3dohe 1675 FlQund 87744, HPLC r¥8t8nti on
time: 1.00 minutes FCOkUMRAn "~ 82x46 NFebr uar y 206F " Csmpound 5t, X = O, Y
= H N (benzoyl)-N -j(7-Chlorog6-azarndol 3-yl ) - oxoacet yhd- pr perazi ne: M
mz: (MH' calcd for CZfI H, eC’N403 397. 11, found 397.26. HPLC retention
time: 1.60 mnutes (colum B). 5 Conpound 5u, X = C(, Y = (R) - M,

(R) - N-(benzoyl )-3-Methyl -N -j (7Chl or o- 6- azai ndol - 3-yl ) - oxaacet yl J- prperazrn
e: Msmz: (MH)i calcd for C2, HZOCINAO3 411.12, found 411.16. HPLC
retention time: 1.43 mnutes (colum A). 10 Conpound 5v, X = Owe, Y =

(R) - Me,

(R) - N-(benzoyl) - 3- Met hyl - N'j ( 7- Mef hoxy- 6- azar ndol - 3-yl ) - oxoacet yl J- pi per azi
ne: MS mz: (MtH' calcd for C-, H20Cl Nd03 407.17, found 407.13. HPLC
retention tinme. 1.31 mnutes (colum A). 15 Characterization of conpounds 5
with the foll ow ng sub-structure® 0 -NN-"~Y N



N Z Conmpound 5w, X = H, Y = (R-M, Z=H (R-N(benzoyl)-320

Met hyl - N -j (4-azai ndol - 3-yl ) -axoacetyl J- pi perazine: Ms mz: (MH)+ calcd
for C2,H2, Nd0O3 377.16, found 377.14. HPLC retention tinme: 0.96 mnutes
(colum A). Conpound 5x, X = CH3, Y = (R-M, Z =H (RJ-N(benzoyl)-325
Met hyl - N -j (7- Met hyl - 4- azai ndol - 3-yl ) - oxaacetyl J- pi perazine: M5 m z~ (MH)'
calcd for C2, H2, N403 391.18, found 391. 150 HPLC retentqgrp:etbyl@yZbOQS

m nutes (columm A). Conpound 5y) X =C, Y = (R-M, Z =H,

(R) - N-(benzoyl)-330

Met hyl - N -~(7-Chl oro- 4 azag ndote-g3- yl ) - oxoacetyl J- p| peroaz'i‘fﬁeng ME mz: 83

10 February 2003 (& caled FoRugz, HaaE! NAO3™ fy o1l 04 HPLC
retention tine. ol n s/\‘(\g\ﬂ%fnn AloacConpo 52| X,)E\gvb( Yeg 16 R) - M,
Z = Me, (R-N-(benz Ry RigR, . 11AY N7 TR RisR, R R”A'

Met hyl - N -] (7- Met hoxy- 9 met hyl - A azai ndol - 3- yl) - oxoacetyIJ Prperazi ne: M5
mz: (MrH)' calcd for C23Hz5Nd04% 421.19, found 421.05. HPL'€ retention

time. 1.06 mnutes (colum A). o> ~NOC N O~ ~~"N S k 10 Conpound 5ak,
(R) - N-(benzoyl ) - 3- I\/bt hyI No- B &hl or o- 7- net hy} - 4azai | ) - oxoacet yl J-
pi perazine: Ms m z" Yleattdfor Gaeuz2Cl : Y\V(é 425. 04.
HPLC retention to,ned 72] minnut &s( cot T BpHN p |ca1'/\rl2z cedugaetsf or
Prepar ati on of Corrpo |n1s$ﬁ; ﬁ'eA'S 6 and 7 1) N-JxifdBuka 8t i on
(equation 1, Schene 5) 20 0 ~ "J~ ~NONON H5a ~N O N mCPBA acet one

N+ H 8a O Preparation of

(R -N-(benzoyl ) - 3- rgt hyl - ' (ﬂ 6 | de- 7 azal ndsi - 3y|) o y, J- pi perazi ne
Sa: 10 g of 7-azain nazine i alirtle San— ryN 3845 (26.6
nmol ) was di ssol 9& )‘aﬁw, ,neMeoQ/HJJ g o ') was then

added into the sol ution.h Prodthea8a precipitated ouf from ‘t"ﬁe solution as a
white solid after 8 hours and was collected via filtration. After drying
under vacuum 9.5 g of compound 84 was obtained in 91 5 yield No further
purification was needed. Characterization of conmpound 8 with he follow ng

sub-structure’ ~N O NhR fhMatiodloPthe nitrogen atom at position 1 of the azaindole
derivatives can be achieved using NaH as the base, DMF as the solvent

5 and an alkyl halide or sulfonate as alkylating agent, according to a

procedure described in the literature (Mahadevan et al, Ref. 45) (eq. 16,

Scheme 7).
Scheme 7
10
R
o 7 Ry Rg o R7/R3 Ro
Riog R4
N ;) N A o]
H, D
Re-Rz ' 'n NR\< NaH, DMF Re-Ry | nHN\( eq. 16
11Ar R
NT TRy R13R1R, RX N Ry RuR“RuuAr
X=CIl, B, R

5

Halides can be converted to a variety of functionalities such as a

nitrile (eq. 17), an amino group (eq. 18), and or an alkoxy group (eq. 19)
15  (Scheme 8) using well established procedures. Examples of these types

of transformations as depicted in eq.17 are shown in Sakamoto et al (Ref.

46 (a) in which a copper cyanide is used to form a nitrile from a halide,

Halley et al (Ref. 46 (b)) which provides nitriles via copper | cyanide in

DMF, Yamaguchi et al (Ref. 46 (c)), Funhoff et al (Ref. 46 (d)) uses CuCN
20 in NMP, Shiotani et al (Ref. 37). Typically the reaction of CUCN to

displace a halide requires heating. Temperatures such as 145°C for 18h



10 Conpound 8a, R = (R -Me, (R)-N-(benzoyl)-3-nethyl-N -j(7-oxide
7-azai ndol - 3-yl ) - oxoacetyl J- pi perazine: 'H NVR (300 WHz, DWVSO-ds) 8 8. 30
(d, 1 H J =12.2 Hz), 8.26 (d, 1 H J =10.1 Hz), 8.00 (d, 1 H J =7.41
Hz), 7.41 (s, 5H), 7.29 (m 1 H), 4.57-2.80 (m 7H), 1.19 (b) 3H); '3C NMR
15 (75 MHz, DMSO-ds) 8 186.2, 170.0, 165.0, 139.5, 136.9, 136.7, 135.5,
133.5, 129.7, 128.5, 126 9, 121.6, 119.9, 133.6, 49.4, 440Febkba’, 2008 8. M5
mz:. (MH" calcd for CZ, Hz, N4O,: 393.16; found 393.16. HPLC retention
time: 1.05 mnutes (colum A). 20 Conpound 8e, R = H,
N- (benzoyl )-N ﬁ\a(vk—mérdé}uﬁdanajermelferﬂawbl)tahes@ebycﬂlﬂem peyard ariedVBhet z: L 18
Cretention tinme: 1.
Enlvﬁ:? esc?lcg?jul;rgr m%zelﬁggg%%ﬁydg%?’auslég ar lg%ggigs u% to 10%LC and reaction times

(S) - N- (benzoyl )m3y vahhitbrmMs itfld -30xhihedss to as long as 80h dependlg f
or

N0, 303 16, i BARCBGE g e e g B e e e g, R b

N- (benzoy!) 3. nilimesova ef Q'Mﬁ|8cw4maWaam@I8-;8e9dJ|)soowaclet:§ihtomepiemrazthee VS
nmz: (MH" cal &bbRyiiceoid 'é@de%@f%d @géwﬂ@ve) a‘ﬁﬂ%%%ﬁo% ox@ hieide to

Characterization of co

Conpound 8b, (&R n?‘gﬂ}'ﬁ) (Ref rﬂﬁ W‘P 'f\?t”}zé% b3 ﬂ?fb"'aézé’lsnﬂ}ﬂw@'l‘o?q 18

]Yl ) - gxgggeg%l J maljples azinree displackd with\ihines oalactmboia. Gomélexaipist: g??n;ﬁ o
oun

(equation 2 S?Tﬁgn%'ﬁcgif‘% %téjg&g d %F%%eg@lﬁg gﬂké‘@? aAr?q 'n%q%l(yo NNH

9a Preparati®n ¢ffal. reference 48. For example heating the halide 9 in an excess of a

(R -\ (benzoy! )prana@tmgecundaﬁwammboasosavm@tm@mp%vémr@espae%wba pi per azin
e 9a: 55 ng of 7-azaindole p razi ne di am de NOxi d nmoi’) 8a was
ndTEQD

di ssol ved i n 5 bgtween28CE: Co ait r@ultnnmani%caxwtméém@dahﬂe 80C for 4
hours. After C%b@g ar%ﬂ%s@?XtIHrtﬁ%War%uéfeﬂm‘n%%b @ﬂg' %@i&éét rated

NaHC05 sol ution an ueous ase, was extracte x 50 m).
The conbi ned orRJ&RPEI'8FE r\ﬂésdeéé@éﬁ%\ﬂe'ﬂ Kajuaky shal- é@fﬁﬁ@ﬂer"aﬁ@%ﬂ beder
vacuum Thelscr ugtdizpd ool aatry was tHeuriattier withb o osinGhh 8w d ikt cParhiEd @thg

Do ey erieathd: Sfid Byt ARSIl e of Siquia ™0 Febi uary

chromatography and the reaction temperature increased until reaction is
observed. Cosolvents such as dioxane or pyridine may be utilized when
the amine is costly. An alternative method would employ the modified
20  palldium catalysis methods of Hartwig (Yale) or Buchwald (MIT) to effect
displacement under milder conditions. As shown in eq. 19 of Scheme 8,
alkoxides may be used to displace halogens in 9 and provide ethers 26.
Typically this transformation is best carried out by adding sodium to a
solution of the parent alcohol to generate an alkanoate. Alternatively a
25 strong base such as NaH, or NaN(SiMe;), may be employed. The
corresponding lithium or potassium bases or metals may also be utilized.
Usually, an excess of base with respect to the halide to be displaced is
employed. Between two and twenty equivalents of alkanoate are usually
used with ten being preferred. The reaction is carried out at reflux or a

30 temperature of between 30°C and 200°C . Typically approximately 80°C
is useful. The reaction may take from four to eighty hours to reach
completion with times between 12 and 48 hours being typical. As
described above for eq.18, the reaction progress may be monitored.
Typical conditions for displacement with sodium methoxide in methanol

35 are provided in Shiotani et.al. reference 37 in the general procedure used
for the preparation of examples 5a,5¢, and 6 of the reference.



Compound 9a, (R)-N-(benzoyl)-3-nethy!-N -j(4-chloro-7-azandol-3 5

yl ) - oxoacefyl J- pi perazine: 'H NWR (500 MHz, DVBO- d5) s 13 27 (b, 1 H), 8.46
(m 2H), 7.43 (m 6H), 5 00-2 80 (m 7H, 123 (b, 3H. Ms mz: (MH'"
calcd for Cz, HZOCI Nd03: 411.12; found 411.09. HPLC retention tine: 1.32
m nutes (colum A). 10 3) Nitration of N Oxide (equation 10, Schene 6) o~
~NONHNO-w~~ "OTFA Sd 0 O v~ :. i \_J rN CN" NOXZ10OFebrisg 2003
Preparation of (R)-N(benzoyl)-3-nethyl-N -j(4-n~tro-7-oxrde-715

azai ndol - 3-yl ) - oxoacet yl J- pi perazi ne 15a: Npoxide 8a (10.8 g, 27.6 mmol)
was dissolved in 200 m of tnfluoroacetic acid and 20 ml of fumng nitric
acid. The reaction mxture was stirred for 8 hours and quenched with

nmet hanol . After filtration, the filtrate was concentrated under vacuumto
gi ve crude product 15a as a brown soli %’ch‘(ﬁ(ﬂlecg was carried to the next 20
step without further purification. A small anount of crude product was
purified using a Shimdzu aut omated preparative HPLC Systemto give
conmpound 3 ng of corrpoung k5. Characterization of conp und 15 with the
fol | owi ng sub-structure: S)L&Z, 10 Februar w 2003 of; ,;g‘/_'.‘g\ N ~.R NO O-
2Cc, ~,.. ,.150 a

¢ N2 (RjonMe, o N o
(R) - N-(benzoyl )-x Rl&i\ﬁ( R;(Argi tTo7-0oxi e z nd‘dl_\@N{ﬁr) - Addcet yl j - pr
perazrne: M5 mz: ( 'Caferdz for Bz, H2oN506: R438!MyrgOUNd 438. 07. HPLC
retention tinme: 1.18 mnutesg(colum A). Conpound 15hb2 R = (S)- M,
(S)-N-(benzoyl ) -3- &P N -j (4-nrtro7- oxi de- 7- azai ndol - 3-yl ) - oxoacet yl ] - pi
perazine: Ms mz: (MtH)' calcd for 10 C-, HZONS06: 438. 14; found 438. 02.
HPLC retention tine: 1.18 mM’ABukes (colum A). CompoundRFRea, R = Me,
N- (benzoyl ) - 3- met Byl - N -(f4-4¢ Vict T 7- qxi.de7- a¥ai ndol 13- yH&=oxpacet yl | - pi pera
zrne: M nlz: ( cal cah "*Jé& Nee6:( MBS, 14; ¥rekf 438ea0®.  HPLC
retention tine: 1. M NGt Bk, 1661"umﬁ A 4) F ' ®ghati on 5, Schene
3) NNNNOZ~~I\/E4NFNVOgX~OD|\/BONNH15a N|\127212~H10a
Preparation of X=Cl,Br

(R) - N (benzoyl)-3-nethyl -N -Rjﬁ&4-vi tro-6-fluoro-7azai ndal - 3-yl ) - oxoacetyl J-p

rperazi ne 90a: 20gyg of cfud Vi tro-7azai ngxol e pip ré}ﬁg@ di am de N oxi de
15a and an exces§W@ \:/}0 HOR ‘ N i‘%o
RO n
HR11AI' eq.19
2

RyjAr |
N R Ri3Ry4g, N RiRuRg,

(%
8

N
2 R14R,
X =Cl, Br 9 26
The nitrile group can be converted to a carboxylic acid 28 (eq. 20,
using aqueous sodium hydroxide in ethanol as in Miletin et al, Ref. 49 (a);
or using KOH in aqueous ethanol as in Shiotani et al, Ref. 49 (b); or using
6N HCl as in El Hadri et al, Ref 49 (c)). The nitrile group can be converted
10  to an ester 29 (eq. 21, using sodium methoxide in methanol as in Heirtzler
et al, Ref. 50 (a); or using HCI in methanol as in Norrby et al, Ref. 50 (b)).
The nitrile group can be converted to an amide 30 (eq. 22, using sulfuric
acid as in Sitsun'Van et al, Ref. 51 (a); or using acetic acid, tertbutanol,
sulfuric acid, and acetonitrile as in Reich et al, 51 (b); or using MeOS(0),F
15 as in Salfetnikova et al, 51 (c)).



88 10 February 2003 ng) were dissolved in 5 m of DVMSO d6. The reaction

m xture was heated at 100C for 8 hours. After cooling, DMSO dfi was renoved
by bl owi ng nitrogen. The residue was partitioned between ethyl acetate (10
m ) and 2N NaOH solution (10 m). The aqueous phase was extracted with
EtOAc 5 (2 x 10 m) The organic |ayers were conbi ned and concentrated under
vacuumto give a residue, which was further purified usit@Fsbary2008

aut omat ed preparative HPLC Systemto give,gonmpound of 10a (8.3 np)
Characterization of conmpound 10a. 10 Corrpégnd 10a:

(R -N-(benzoyl)-3-nethyl-N -j(4-n~tro-6-fluoro-7

azandol - 3-yl') - oxoacet yl J- pi per azi ne~ gkhMMR ¢ 300 MHz, acetone-ds) d 8.44
(d, 1 H J =8.24 Hz), 7.47 (s, 6H), 4.80-3.00 (m 7H), 1.29 (b, 3H. M
mz: (MrH)® calcd for C2,H 9FN505: 440.14; found 440.14. HPLC 15 retention
time: 1.40 m nutes (col ugn rBj,.5, 5) Al kyl atlon and Aryl at kQp_(equation 4,
Scheme 5) -=- ~.. >o O R N= T B~ N & N~631 w&ﬁ@ O N M O THF
| ~~ or N_ H MN*VH o420 Pr"(gﬂ/\"\( eq. 20

(R) - N- (benzoyl ) - 3- i I-’*N.m{,ﬁﬂ:“'or SR R A

6) - net hyl - 7azai ndol - 3 yl ) - oxpacetyl J- pi perazi ne 99a Ang exéess of Memgl (3M
in THF, 0.21 m, 0.63 mmol) was added into a solution of 7-azaindole

pi perazi ne di am deg, N-OXId ‘ g 5 ng, 0.064 rmﬁl) The r 'éfcmlon 25 m xture
was stirred at roo nd tREH_que dwol,, ,The
sol vents were refid rn the residi il \gjth met hanol

r
and purified using a S ma&i'h‘“automat ed prepar ativen HI5L'@R8ystem to give
conmpound 1la (6.7 ng, 27% . 80 Characterization of conpgunds 11 with the
foll owi ng sub-structure’ 10 February 2003 89 o, , _- w~. ~- 0 ' v ~N~
~~,N~Iiv‘oON~~N°RmR CEO 0RO > ORNH I\h;NHllCorrpound

1la: R = M, (R)- enzo ghyl »NF ] (4 qQr
6) met hyl - 7- azai ndmi JI- OX e{’yl | =ptrperazi M @fj\} (M H+ecal cd for 5
CZZH23N403: 391. 18, ou,md RB A HPLC°'r et enunon kB rmemut es (col umm

B). Conpound 11 b: R = Ph, (R)- N—(be Y - 3-met hyl =N -j (4 Or
6) phenyl - 7- azai ndol - 3-yl ) - ox8acet yl ] - pi perazi ne: M5 m z3 (M-H)' cal cd for
10 Cz, Hz5N403: 453 19; found 454.20. HPLC retention tine: 1.46 m nutes

(colum B).g Corrpoung‘sééh ', 'thg"rﬁ%g@pgréﬁg oh"tﬁ@‘f)?ﬁ@)‘lla)nnﬁ %ﬁ%&%‘ -j (4 or

6) - vi nyl - 7-"azai ndol -oxoac + cal cd for
15 C23Hz2N4Na0gxidized, tq@ carbgﬁdlcm 8 usmﬂ@&&em%dm stifyfto aqid B8 iR nut es

(colum A). 6) (. i bki SUAIS Ret B2 @), assikd Cardmiaim sox(dRoHdone’uffuriSchene 5)
A acid as in Garelli et al, Ref. 52 (b); or using selenium dioxide in pyridine as
in Koyama et al, Ref. 52 (c)). The carboxylic acid may be transformed to
10  an ester 29 using HCl in 10% methanol as in (eq. 24, Yasuda et al, Ref.
53 (a); or using thiony! chloride followed by a sodium alky! altkoxide as in
Levine et al, 53 (b); or using an alcohol and PyBOP in NMM, DMAP, and
DMF as in Hoemann, 53 (c)). )). The carboxylic acid may be transformed
to an amide 30 using aqueous KOH followed by oxalyl chloride in
15 benzene followed by triethylamine in dichloromethane as in (eq. 25,
Norman et al, Ref. 54 (a); or by heating an amine with the acid as in Jursic
et al, 54 (b); or by coupling an amine to the acid with N,N-
carbonyldiimidazole Strekowski et al, 54 (c); or by using oxaly! chloride in
diethylether and an amine as in Shi et al, 54 (d)).



Ol \'\ 08a 20 v %y NNTMSCN N~ Pncoci ~~~\) ~\ C NHO9 NC~ N~
N 12a H Preparation of

(R) -N-(benzoyl )-3-nethyl-N -j(6-chl oro-7-azarndol -3yl ) - oxoacetyl ] - pi perazin
e 9b and

(R -N-(benzoy!)-3-nethyl-N -j(6-cyano-7azai ndol - 3-yl ) - oxoacet yl ] - pi perazr ne
12a: N-oxide 8a (0.20 g, 0.51 nmmmol) 25 was suspended i n A9Februefry 2003 THF,
to which TMSCN (0.3 g, 3.0 mmol) 90 10 February 2003 and BzC (0 28 g,
2.0 mmol ) were added The reaction mxture was stirred at roomtenperature
for 2 hours, and then heated at reflux for 5 hours. After cooling, the

m xture was poured into 100 m of saturated NaHCO3 and the aqueous phase
extracted with EtQAc (3 x 50 m). The 5 organic phase was conbi ned and
concentrated under vacuumto give a residue, which was diluted with

met hanol and purified using a Shinmadzu aut omated preparative HPLC Systemto
gi ve conpound 12a (42 rng, 20% and csgneme 19b (23 ng, 11 % 10
Characterizati on of conmpounds 9b and 12a: Conpound 9b,

(R -N-(benzoyl ) - 3-nethyl - N -j (6-chl oro-7-azai ndol - 3

yl ) - oxoacet yl J- pi perazi nes 'RHtsMyR (500 MHz, DMBSO ds) 808R739R(m 2H), 7.42
(m 6H), 5.00-2.80 t;%NH&o({bK,chd)wcrdsg Ky )J\@‘fZ‘FDMBO 15 ds) 8
185.8, 170.0, 16&—&7 14841, 1 7 35»41 32 I 1;9““:"/ 108233,

126.8, 118.6, 116.1,7 181, 8, 134%@A' 47. 5 5%n, 240 1576, N142‘5,3R1J},{§”f1‘12 (M+H) '
calcd for Cz, HzCI N403: 411 1% % ound 411 09. HPLC retenta on tinme: 1.43

m nutes (colum A). 20 Corrpound 12a,

(R) - N (benzoyl) - 3- net hyl - (péﬁ gyano- 7- azai ndq] 3-yl ) - xo“é?:ﬂeﬂfeyl J- pi perazi ne
. "H NVR (500 Mz, @MSOd 88—, (M RRM), 7986, ,7\3@; 5H)
4.80-2.80 (m 7H),. §H) N-L3C NWR"(‘TZS / Ods)e. 185 7 170. 0,
164.8, 148.5, 14&09 A R,%?O‘@;ArlZQ 5, 128°3, T126l 8RRiRGs,J 123. 0

120. 4, 118.0, 111.8, 49”4 47. 8% 44,2, 15 6, 25 14 5. l\/BzgrﬂZ (MtH)' cal cd

for CzzH2N50: 402.16; found #02.13. HPLC retention tine: 1. 29 m nutes
(colum A). 7) Hydroxyl ation (equatlon 6, Schene 5) o~ -N / \ 0 NOAc-O

C~ N-HB8a 30 0 ;--=-. y--O\’R”NONKcO I\/eg—|AcO~ Lg‘sAco_J~NI
, 0~ 1 OHO-~N~ N Zfé NA‘— 100 HNR'R" PN 25
N I 'n N—¢ —_——— \>__ /\/\N\‘/ eq.
HO N R, R1::‘\R11Ar R'R'N N R1 R1aR, RyjAr
H 14R 42 H 4R,
28 30
5 An alternative strategy for the synthesis of compounds containing

varied substituents Ar is shown in Scheme 11. The benzamide moiety of

the diamide 5 can be selectively hydrolyzed using to give intermediate

31. Coupling of amine 31 with with other carboxylic acids under DEBPT

and base using conditions described above for earlier couplings, provides
10  other novel diamides 5.



10 February 2003 91 Preparation of

(R) -N-(benzoyl )-3-nmethyl-N -j (1-acetyl - 6-acet oxy- 7azandol - 3-yl ) - oxoacet yl ] -
prperazne 13a: 20 ng of 7-azaindol e piperazine diam de N oxi de 8a was
dissolved in 5 m of acetic anhydride (Ac20). The reaction m xture was
heated at reflux for 8 hours. After cooling, the 5 solvents were renoved
under vacuumto give product 13a, which was pure enough f1WFéB%DéHF2003
reactions. Characterization of conpound 13a: 10 Conpound 13a,

(R -N-(benzoyl)-3-nethyl -N -j (9-acetyl - 6- acet oxy

7-azandol - 3-yl ) - oxoacetyl ] - p~perazine: ' H NVR (300 MHz, acetone-d6) a 8.67
(m 2H), 7 47 (s, B5H), 7.27 (d, 1 H J =8.34 Hz), 4.90-2.80 (m 7H), 2 09
(s, 6H), 1.30 (b, 3H); "C NWR (75 MHz, acetone-ds) b 187.0, 170.8, 169.0,
168.6, 164.9, 155.3, 136.5, 134.7, 134.2, 133.2, 13D.0, 129.8, 15 127.5,
118.9, 115.4, 113.8, 50.3, 45.4, 41.3, 36.3, 25.5, 20.5, 16.0, 14.8. M5
mz: (M:Na) ™ cal cd for C25H24N40sNa: 499. 18: found 499. 15. HPLC retention
time: 1.46 mnutes (colum B). Preparation of

(R) - N-(benzoyl)-3-nethyl -N -j (6-hydroxyl - 7- azai ndol 20
3-yl)-oxoacetylj-piperazine 94a: The gdHénéapound 13a and an excess of
K2C03 (100 ng) were mxed in MeOH and HZO (1:1). The reaction m xture was
stirred for 8 hours. The MeOH was renpved under vacuum the aqueous phase
extracted with Et OAc (3 X 18if )z, and the organic | ayemrsr,cQnbi ned and
concentrated. Th&-Rerude pho RWAS RYKI f Retl_usin SV\a{— i madzu aut onmat ed
N It On ivé\@orrpgund_i 4aN\(5,%|from conmpound 8a).
Charact eri zati on of~Conpoyrgy IAarn 30E:@oHg0u G R, R g R

(R) - N- (benzoyl ) - 3-met iyl - N - (8- hydr oxyl - 7azai nflol - 3- yf¥2 oxoacet yl J- pi per az
ine: MB mz: (MH)' calcd fbr CZ, Hz, NAO4: 393 é@; perand °393. 12. " HPLC
retention time: 1.13 mnutes (colum A). 35 P d:é‘b‘fgiiél'? 2003 92 8) Thi ol
formation (equation 7, Schene 5) o, ; O ,,N~\ ,y,0/@ & o, ; ; ,I ~ N,

PrSH TsCl ONy CHC13 PrS N~ H 16a 5 Pré&p&ration f,y\én,oo

(R -N-(benzoyl)-3-nethyl-N -((fi-propylthi O@];’_J:LEN\ N—

azai ndol - 3-yl ) - oxoacetyl ] -piperazine 17f. T N k,uﬁ@i}&of"’loo e 260f
conpound 9a in 10 m of CHCL3 was added TsCl (63 ng), and the sol uti on was
stirred for 5 mnutes. Then, 2 m of propylthiol was add&d and the 10
reaction m xture was stirred for 8 hours. After concentration, the crude
product was purified using a Shimdzu automated preparative HPLC Systemto
give conmpound 1.4 ng of 17f. Characterization of conmpound 17f: 15 Conpound
17f,

(R -N-(benzoyl)-3-nethyl-N - ((6-propylthiol-7azai ndol - 3-yl)-oxoacetyl J- pi pe
razine: Ms mz: (MtH)' calcd for C24HZ, NAO3S:. 451.18; found 451.09. HPLC
retention tinme: 1 45 mnutes (colum A). 20 9) Displacenment of Nitro G oup
(equation 11, Schene 6) Y ~N~ O N~ NOx p MeONa MeCOH 15a O




o/" N\ O,NOw ~ 0 16a 0. 10 February 2003 Preparation of

(R) - N-(benzoyl)-3-nmethyl -N -j (4-nmet hoxy- 7- oxi de- 7azai ndol - 3-yl ) - oxoacet yl J-
pi perazi ne 16a: 100 ng of crude conpound 15a fromthe previous step was
dissolved in 6 mM of 0.5M MeONa in MeOH. The reaction m xture was refl uxed
for 8 hours, and the solvent renoved 5 under vacuumto afford a m xture

i ncl udi ng product 16a and ot her inorganic S Its. This m XDWebruas 2003 in
the next step without further purification smal | portion of the crude

m xture was purified using a Shimadzu automated preparative HPLC Systemto
give 5 ng of conpound 16a. 10 Char acTS%rhl ;@B@n of conpounds 16 with the
follow ng sub-structure 0 ~N~ ON '~ + N 16 O Conpound 16a, X =

o, R=(R-M, (R- enzoyl ) - %3‘ %? yl 15 o ~OH

N -j (4- met hoxy- 7- oxi fle- 1- azai ndol -oxoacetyl/@i@er azine: Ms n z:

(M+H) + cal cd for CZ2 Os 423. 17"20f%uq'1d 423. 04, HREGg.etention tinme: 0.97

m nutes (colum A). Conpound 16f, X = OV, R = (9S)-

(S)-N-(benzoyl) - 3- et hyz 20 33

N -] (4- met hoxy- 7- oxi de- 7- azar ndol - 3-yl ) - oxoacet yl J- pi peraz~ne: M5 ni z:

(NH—l) calcd for C2zHz3N4AGs 423. 17, found 423.02. Conpound 16g, X = Ove, R
Me, 0w HNO3

N-(benzoyl) 3- met hylp N t hoxy- 7+ oX[ de- 7- azaimgol - 3- yl ) - oxoacet yl J- pi pe

razme: M5 mz: (M M d fopg Tﬁ Os 42317)—found 423. 03.

Compound 16b, X = OCHzCF3) , R = (R -M, (R -N(benzoyl)-3nmethyl-N -j(4-(2,

2, 2-trifluoroethoxy)-7-oxide-7-azai ggol - 3-yl)-oxoacetyl Jpi perazine: ' H

NVR (500 MHz, CD30D) 8 8.44 (b, 1 H, 830 (m 1 H), 7.50 30 (b, 5H), 7.14

(b, 1 H, 4.90-3.10 (m 9H), 1.30 (m 3H). |\/Bn12_(|\/|+H)‘ 94 10 February

2003 calcd far G-~ ~491. ,C@%gpd 491 PL@ retention tine: 1
17 nminutes (col um A) . Cofrpound 1% 9=" OCH( CHa) : P R> (R - M,
(R) - N- (benzoyl ) - 35 Br” "N~ “Br =20 C

met hyl - N -j (4- (1- met hyl et hoxy) - 7- oxi de- 7-azarrdo? 3- yI ) - oxoacetyl J

pi perazme~ ' H NMR {500 M4z, CD30D) 8 8.48 (s, 1 H), 68 24 (m 1 H), 7 46 (m
5H), 7.13 (s, 1 H, 5.03-3.00 (m 8H), 1.49-1.15 (rﬁ 9H). MBS mz: (MrH) +
caicd for C24Hz, N, 05. 451 20; found 451.21 HPLC retention tine. 1.14

m nutes (colum A). 19, &gapound X = OCHzCH3 R =(R)-M,

(R - N-(benzoyl ) - 3met hy\nM, -j (4-e dxi de- 7A8kaf R - 3-y1 ) - oxoacet yl J-p
i perazine: M5 nmlz. {MEH’calcd for| C2BH25NACE: CIEPECNe fmJnd 437.13 HPLC
retention time: 1.08EWHfles (col utmmNA). 15 Conpound 16e X = SCHZCHz CH3,
R = (R -M,

(R -N-(benzoyl)-3nmethyl-N -j (4-pr 08§/I t hi o- 7- oxi de- 7- azandol - 3-yl ) - oxoacet yl
J-piperazine: ' H NWR (500 WHz, CD~-OD) 8 8. 24 2H), 7.45 (m 5H), 7.25
(s, 1 H, 490 3.00 (m %4) 181(b 2H) , 1542§Hm 6H) . M5l z: (l\/H—l)
calcd for 20 C24Hz, S:\467. 18; &‘&b”d 467 hlpb%re:oentpon time: 1.30
m nutes (col um Ay 16h,M , R

(R) - N-(benzoyl)-3 yC4- - oxi de~ zai yl ) - oxoacet
yl J- pi perazi ne. 25 . (M+Hp) DEaBTdreaor szH24N5Cﬂ f ound
422.09. HPLC retention #ime: 1.19 monutes (colum A). 90) |Reductl on of
N-Oxi de (equation 92, Scheme 6) Ph)LN,\

39

The preparation of compound 35 shown in Scheme 12 was carried

out from commercially available 32 as described in Clark,G. J. ,Reference

5 56. The Bartoli methodology described in Scheme 1 was used to prepare
4-methoxy-6-azaindole 36. Reduction of the bromides using transfer
hydrogenation provided the desired 4-methoxy indole 37. Compound 36
could be converted into a separable mixture of monobromides via
selective lithium bromine exchange using t-Buli at cold temperatures of

10 between -100 to -78° followed by a quench with ammonium chloride.



o~/ o ~1I N~-NN NOw Ov PCla OWw O EtOAc 16a N H 17a 30 10 February
2003 95 Preparation of

(R) - N-(benzoyl ) -3-net hyl -N -j (4-nmet hoxy- 7azandol - 3-yl ) - oxoacet yl ] - pl perazin
e 17a: 48 ny of crude 16a was suspended in 30 m of ethyl acetate at room
tenperature. 1 m of PCl3 was added and the reaction was m xture stirred
for 8 hours. The reaction 5 mixture was poyyed into ice ¢QFepeua) dgacH
solution with caution. After separating the organic |ayer, the agueous
phase was extracted with EtOAc (6 x 80 m ). The organic |ayers were

conbi ned, and cmmterraatedmamomﬂmgy tdesgritved an r @shafne Mfoc hacytetiopuwithi ed

oS B L TS AAhiEH! SR S'oRIERSClex B o WAl SR B 4F APl

sub- structure: @fON'dled inteoediate R80 Khw methmqlsgw&ﬁ;h@meﬁapow ﬂwemee X =
(R-M, (R)- NH(%ﬂ@W@&"tdp?omé% oUnG‘BQWngPgWh% raémoad gmﬁzc)hem@agetyl Jl
by 77747 (s 5 5HF g PBjerU Tauig Tos blerripaigomeaun 33 add o Celfgouns z%f (m
3H); '3C NWR (mrmvfblza, ICEBOE)emaﬂL% rdutel which |&6c7em¢ted6m Sch&m 13 W46,
135.5, 134.8, %Q%oé@?bwé» nﬁgrﬂ%@uz c%il'rﬁio%’nd%OGP@rrolé% @/as%egireﬁo 13

48.1, 45.1, 14 7.17; found
407.19. HPLC refh&nfedipd idescribecyn rﬁﬁﬁ’@{%@ (Roturrafesgnce §¢: 161veadysiarsf 2003

Conpound 17d, F’eﬁeﬂﬂm u$irig (stindédrd conditions such as potassium hydroxnde in

S)-N-(b I N ¢ - d t

(9" benzpyl) a@%ﬁﬁs%&%ﬁ%%éf”% 7O i Porg R P elButng ™!
17e, R = One, Xpotapsium 2pyrrolecarboxaldehyde4oxoacetate A solution of this

N- (benzoyl ) - 3- ngidpkyible [ (4mBIthOXY NLbagzdyl éra%mél) OX afb%hwnaepl peraazms

MBS i M+ nd 17b,
R = OéHz(CF~H) &Ia ?t&?x@osgﬁ?%%gr%g%gnzgm c[rke4artd2tr|eg'\y?onq}%e in
2-trifluoroet hoRWF Waszdinedl foBappjoxiretetcone dagi gramdit completidnNbRro%de Mz,
CD30D) ~S 8,33

00 5. 06 (1%3 9%—5%”% e Eﬁ’dl%@”zé“mmzd%g“%'%%%}ﬂ% 48w Sh’}r?ﬂ 0,
168.3, 162.0, 15§a@|urmm EtOH 3¢ & sherdime ofifsam4l toi@dmin., egoleddo ) °Cr . g,
109.5, 103.6, 6 6. 4 d f
Coatorrontoa: agepsh 1, ah 0 A8 unef s Sarrdg Wi Hideiné bl Bl Tor
(col um A) cOnbmJndhlpmde RethyGTrNEHBY zltemaﬂvglR)Hweg s (RpeNR Boleuticdyg )ar320
net hyl - N - [ (4- (ﬂ»on@ésﬂéﬂ InoX¥diudT %@ah@@&bh;%drydé ﬁ@@@wh&mmazm@ ' H

NNR Sgoz% nggﬁ@ogpﬁtloch«ila(abso %arr@%ﬁfwﬁ.m hydfghl\qq&c(ni%wﬂ (s,

CD CD) r5 185. 4este? 3 hgdratBibrigle, 166d1,soditn 3 trideelony, U@BhPYride3scind, eilfsr. 5,

129.7, 128.2, 143nRyrorkd @f’ar&drcﬁﬁrﬁ 05@ ‘h Acohol sailefts, %;eﬁaaﬁ?eﬂ%f) 20.

16.4, 25 15.3. M5

HPLC ret enti on th reelbg‘ Ir;?’fn@fyéﬁ‘e( é’b?th)?'neﬁ{e‘% '&%o%os@?ﬁ‘ Uted In 2BRR 3, X
(R - Me, procedure and a dehydrating agent such as molecular sieves could be

(R) N-(benz I Yl eraz-~n
. 368 (VRTFORY it rédieOBIGrE SRHRRcer e boRyaRaky: éﬁﬁ’eﬁ

retent| on time: ageni rrNﬁﬁméBVQ'lcdh@mtfaA?fOf@éH%Lﬁﬂiﬂ Re cariedsoy @t x =

(R - Me, rotectnn the pyrrole nltrogen with a benzayl from benzoyl chloride and

b2 ne: M i 3 )fﬁé{m ine) arcie it Maiay Cripldtofide NaMidr AEUAEC TiE) PelC
retention tine: Theﬁﬁotacnug gsoypsotamipe R)movecgwhen desired using hydrolysis with
30 aqueous base or hydrogenation respectively. The methyl ester 42 was
hydrolyzed using potassium carbonate in methanol to provide after
acidification with HC! the corresponding carboxylic acid. The acid was
placed in anhydrous methanesulfonic acid containing phosphorus
pentoxide which had been preheated for between 15 and 40 minutes and

35 heated at approximately 110° (usually between 90 and 150°) for a short
time of approximately 15 minutes but usually less than an hour and then
poured over ice. Acylation or benzoylation of the product using for



10 February 2003 Conpound 17h, R = NHWe, X = (R)- M,

(R) - N-(benzoyl)-3-nethyl N -j (4- nmet hyl am no- 7- azai ndol - 3-yl ) - oxoacet yl J- pr pe
razrne: M5 nlz: (MtH)' calcd for CzzH24N503: 406.19; found 406. 03 HPLC
retention tinme: 5 1.19 mnutes (colum A). Characterization of conpound 18a
ON\ r ONO2 Ol NN 18a 10 Conpound 18a,

(R)-N-(benzoyl )-3-nethyl-N -j (4-nrtro-7-azai ndol -3 10 February 2003

yl) - oxoacetyl J-pi perazine: ' H NWR (300 MHz, CD~OD) b 8.58 (s, 1 H), 8.53
(m 1 H, 7.64 (s, 1 H, 7.47 (s, 5H), 4.90-3.00 (m 7H), 1.30 (b, 3H; "C
NVR (75 MHz, CD30D) 8 184.1, 172.1, 165.6, 151.9, 149.6, 145.5, 139.4, 15
134.8, 129.7, 128.4, 126.7, 111.6, 111.2, 107.4, 53.7) 48.4, 45.9, 15.0,
13.7. Msmz: (MH' calcd for Cz, HZzN505: 422.15; found 422.09. HPLC
retention tinme: 1.49 mnutes (colum B). 148 Reduction of Nitro to

Hydoxyl am ne Group (equation 14, 20 Schene 6) N, NNO&XZ O\~ HIPdC Ol N~ H
18A ~ ~1 ~N~N~ HONH\ \ O N~H 19a Preparation of

(R) - N- (benzoy! ) ezamplehy madifigd 4-SopotteryBaumnar- z@Bditions (dichloromethane,
azarndol - 3-yl ) - py@asehy! daoR8feazi ' P QLq0 I Vg4 ed
carbon) was addgd to a S%| ti o%ofaﬁgo%éﬁ%p%?eg r,&%géﬁlﬂﬁ%&% ?én g8
10 February 2003SAEFHLMGY %I'Wt XY 8 SaAN ARHY HIRMsER R IueRREWIgaIF. agide
reaction m xtur generstest anrietériediale leoot strer witicmupenpeaation evithf t6branil
filtration, & he.fi c r i jve resi due which
was purifie uspidgkéaédg%cﬁnné@;nu&ggt gﬂn%teg’tg?g?’&g&%ﬁf#géétﬁﬁ (9989%1‘)@%54 85'89ve
compound 19a 5 [rim&thyiyorthy gretath andca sulfericiasid eatatysip Arainddes s@impsund
2220 ndol -5 y1) - spearer ] hphatied ibs RS tlaTRedrBtle intermediates by, g
408. 17; found 46§8§ﬁ‘?” ¥pr 168, B qgw'qw%;bvﬂe@%t'% ﬁ%‘i%i’%@%l%ﬁﬁw%ﬁ"‘.\ or2)
Reducti on of N phosgrwrésriongcioids fd¢leoeat by ICEEN iBdMAEDE)ailtSob r¢actionso '
N ON =~ .y {Nhich d§iveR it WIsLYRGELR coriaifblBn 7 sintlaPNundtr-£22

Preparati on of _ ) o , ,
(R) - N- (benzoyl ) 2% desdiipedNn_rpfetenss A8-whigh is Ryaukighl)IWgid £e¢Sakyrali Ker azi ne
iga: (%(1)4 ny 81‘ Omaasnaidz_ck.,(rams}ﬂ,v%as rmm,gm; 1%/@:;1@ Qﬁ#ﬁf\/i;qmuﬁﬁk_aﬁm’rpgund

a ng, O. n . Jhe reactign, mxture
was heat ed at ri’?ﬁ%ﬁé#%b' glg%(?dréﬁs)Afﬁsegraﬁg%éﬁi ng,SQ_ 49 b, @PPAFETH TPLAR vias
concentrat ed i nS¢hemest® @nde13d, Absmayebetieplacedswiuranyi et thesisngstaatshi madzu

at omaz ed DT?PaFéﬁréé/é?wtéﬁ’lb@ rd%ygh%mti@ SHhéenet 40t @hoGRIMAGYHE 3PFarkAL 0 - 25
aracterizatl O{}\dgre 59%?32, angals may be elaborated using appropriate chemistry
described in the Schemes 5-11 herein which describe general

methodology for functionalization of the azaindoles.



Compound 20a, (R)-N-(benzoyl)-3-nmethyl-N -j(4-am no-7-azai ndol
3-yl)-oxoacetyl J-pi perazine: 'H NWVR (500 VMHz, CD~OD) 8 8.16 (m 1 H), 30
8.01 (d, 1 H J=8.1Hz), 7.47 (m 5H), 6.66 (s, 1 H, 4.90-3.00 (m 7H),
1 30 (b, 3H. M5 mz: (MH) + calcd for CZ HzzN50~~ 392 17; found 392 14.

HPLC retention time; 0 96 mnutes (colum A). 99 10 February 2003 73)
Al kyl ation of the nitrogen atom at positioggl (equation fiBFe 063 5 10
150f, -. ~0o, :_ ~Nr _...- NONNaH Mel, DV w5a "NNN~ N~ 21d

Preparation of
(R -N-(benzoyl)-3-nethyl -N -] (9- net hykehémazai ndol 3-yl ) - oxoacet yl J- pi perazin
e 29a: NaH (2 ng, 60%gure, 0.05 mol) was added to a solution of conpound

5a (10 ngy, 0.027 @@W AffggHgg m nutes,?Mel (5 nmg, 0.035 mmol) was
injected into the m Xtufe\via syr r eam m eture was stirred for
8 hours at room tenperatlre, and qué Eh&&t wi t h rretha;rbijxlhe m xture was
partitioned between et hyT acetate m) and H20 (2 nb) 4 Moaqueous phase
was extracted with Et®Ac (3 x 2 m). "@ﬁ organic |ayers \A,ere conbi ned,
dried over anhydrous MySO, and concenffat'ed in vacuo to give a crude
product which was purified using a Shinmadzu aut omated preparative HPLC
Systemto give compound 2la (295 ng 24% Characterl zation of conpound 21
with the foll ow ngosclnsteuce 0 i O')NCN ~ 21 R Conpound
2la, R = Me, (R -RE¥HelPoyl)- 3- rha} - (/L10 et hy| Y MO

azai ndol - 3-yl ) - oxoacetyl ] - pi perazin : (500 IVHZ CD~CD) 8 8.56 100
10 February 2003 (b, 1 H), 8.42 (s, , 8.30 (m g, g,”,(;?o47(m 6H), 4
90-3.00 (m 7H), 3.96 (s, 3H), 1 28‘2(b 3H). Ms mz: (M:Na) ™ calcd for
C22HzzNAO3Na: 413 16, found 413.15 HPLC retention time: 1 47 m nutes
(colum B). 5 Conpound 27 b, R = CHz- CH=CHz,

(R) - N-(benzoyl); %npghyl Noj (9al lyl-7-azai ndoI /3\-y|) oxoa ef yl J- pi per azi ne

~ "H NMR (500 M, LCOR0 3%y, (M DN 7 44"me-|) (m 1H , 5
22 - 306 (m 11 H), 1127 fmN3g), 75 MHz) \184.2, 184.1,
170.8, 165 0, 146 7, 143 B 137°9, 133.8, 131.4, 129 2 8, 127.3,

125.6, 117 9, 117 4, 18 116. 3, 110.3, 50.4, 49. 7 49. 1,4 a%.7, 44.0, 41 0,
39.6, 34.8, 14 0, 12.8, M rﬂz (l\/HrH) calcd for Cz4HzeNdOa: 417.19; found

417.11. HPLC retention tine: /q Lﬁheso/(col um A). 14) G oup transfer
reactions from haligeghequati on 8 ) 0o ~N~- @EFN ~-Owv, N/ N H
Cl 15 20 5u - " / \ Mo —
“ }h
o /
PhAN/\‘ o Q
'\/N = DEP8T = 3-(_diethoxyphosphoryloxy)-1 .2,3-benzotriazin4(3H)-one
X N DMP = 2,2-dimethoxypropane

o 7 DEPC = diethyl cyanophosphonate

45

It should be noted that 2-chloro-5-fluoro-3-nitro pyridine may be

prepared by the method in example 5B of reference 59 Marfat et.al. The

5 chemistry in Schemes 1 and 3 to provide the derivative which
corresponds to general formula 5 and has a 6-aza ring and R,=F and R, =

Cl. In particular, reaction of 2-chloro-5-fluoro-3-nitro pyridine with 3
equivalents of vinyl Magnesium bromide using the typical conditions
described herein will provide 4-fluoro-7-chloro-6-azaindole in high yield.

10 Addition of this compound to a solution of aluminum trichloride in
dichlorometane stirring at ambident temperature followed 30 minutes later
with chloromethyl or chloroethyl oxalate provides an ester. Hydrolysis
with KOH as in the standard procedures herein provides an acid salt



0. 'v~, ;; N/ ON~ON~ NH NwWwy 27c Preparation of
(R) - N-(benzoyl)-3-nethyl -N -j (7-di mef hyl anr no- 6aza~ndol - 3-yl ) - oxoacet yl J- pi
perazine 27c: A m xture of conpound 5u (50 ng) and 4 m of dinmethylam ne
(40%in water) was heated to 150C in seal ed tube for 18 hours. The sol vents
were then renoved under vaccum and the residue was purified using Shimdzu
automated preparative HPLC Systemto give §0 ng of conpotd@ebrgary 2003
Characterization of conpound 27c: 25 Conpound 27c,
(R -N-(benzoyl)-3-methyl -N -j (7-di met hyl am no- 6azai ndol - 3-yl ) - oxoacet yl J- pi
perazme: M m 2Whichrefctts withe BipeaZingmtzENse M 1dmnzogLpigerazinel 6n tMpLC
retention {1 ”E%prﬁsé@céf:oﬂl[ﬁ@s?fqmdwﬂhé)stgndé@lcé@im ;sléf&ib%\goﬁ?\lr%ﬁ) QN o
i fication of_ benzoyl noiety(equatio chene | ~ \~ N ~~ r
~ KOH Ove -/ I\Earpv%go tﬁed\%n‘@/wlqtfécﬁb%?w§ﬁg?ﬁ ilrhﬁ PMPQunsl Wi the ysi s
of benzoyl am d@nzoykpipatzior of N-Rer2zoppiNiyi4-Nigro4-chloro-6-azaindol-3-yi)-
met hoxy- 7- azai nglg,l: J) i e, 1- pi ' 3lma. - ( 7 9 g
and KOH (2. g g) mcgfyﬁ]q&g%?ﬁ%aéidoﬁuﬁ)@ﬁagﬁ Etggl—l Eﬁ?%ﬁﬁ?gﬁﬁgm\,& @r_g%lS m).
The reaction we@ry BEIYiliged fRyy thesmedheds ob8nigdRyentiner © pEvife: thel desirerér
vaccum and t he deewativengheesiRilie sustiltéd facedrding % the yedetal GHIIM For

chr omat ogr aphy = 0.; to 3 : to.afford 0.6 of conpound
31 a. Charact erel()nga_t %’né)@sg‘génﬁ(f)é% tg_f]ao:d'% n&%ﬁ%’&ﬂﬁdn é@l@xmg metianol wir
(R) - 2- et hyl - N-§revidaethrosgmpoundiSadoin- @hich) ibeob@esindplepripg reantaies aVvB- ni z:

(MrH) ' cal g f ofudre-abd INHERhSRB stibstithennd Aed &R elyRhE 4-8LSRL7-BRIcH-BE: 0. 29
F OVt O~ DEPST

DV Nw O O F cigele may e igacisq paih. odium, edipxide and en \garmed N sn 1
20 F 10 Febr ubroughO0te beguéneanadeaboveradi provider dbgeat o @RNGf(4-fluoro-7-
(R -N-(4-azido- G- 1 et | 410k ¢ - 3 yleN -] 64-1ef - £-azai nd
ol -3-yl)- oxoace’tgﬁﬁr\? §¥ g’:a%%{’(?fg :gg’ﬁ %2%5?1%% 'g%%%?}i 93# 4 ﬁ.éom QRP&[O %
4- azi do- 2, 3, 5, AL CABrAsR ReJeacked With UGNAMF as described in eq.17 to
3- <(:| dhet hostgosmbwwl@WydyahoZinEerh@azaz_ Br imﬁémcﬁ%ﬁ Pe ﬁ@z@d (tB&B tIk:id(Qs 15 9)
an uni g' s Bas . r ompi ned. i n,,0 e re S
stirred at roorﬁeﬁsgﬁegqérﬁégga'f %F*?%“"%éﬂl”g'ﬂggé‘?b'é‘nﬁ"sb & RtTh{ém?bﬁS%’&emder
vaccum and t he ewsifldyéo waspirieithe eehationngheluicichckn basrmonihly Coprerped & i ve
HPLC System to gia/melily Bated by CodtAY thzofethine in ether to a stitting solution of

the acid in diazometane at ambient temperature or lower. These are the

20 standard conditions for using diazomethane which is conveniently

generated as a solution in diethyl ether from Diazald® based on
instructions which come with a kit from Aldrich Chemical Co. The methyl
ester may be carried through the acylation using oxalyl chloride as shown
in Scheme 4, followed by coupling with a piperazine (benzoyl piperazine
25 for example) to generate the corresponding 4-fluoro-7-carbomethoxy-6-
azaindole which upon addition to a solution of methylamine in water would
provide 5az which is N-(benzoyl)-N"[(4-fluoro-7-(N-methyl-carboxamido)-
6-azaindol-3-yl)-oxoacetyl]-piperazine. The same sequences of chemistry
described above for 4-fluoro-7-chloroindole may be carried out using 7-
30 chloro-4aza-indole and (R)-3-methyl-N-benzoylpiperazine 4a to provide
5abc which is (R)-N-(benzoyl)-3-methyl-N'-[(7-methoxy-4-azaindol-3-yl)-
oxoacetyl]-piperazine or 5abd which is (R)-N-(benzoyl)-3-methyl-N"-[(7-(N-
methyl-carboxamido)-4-azaindol-3-yl)-oxoacetyl]-piperazine. The starting
7-chloro-4-aza-indole is compound 1l and its prepartion is described as in
35 example in the experimental section.



Characterization of conpound 5n: Conmpound 5n, (R)-N-(4-azido-2, 3, 5,
6-tetra-fluorobenzoyl)-3nethyl-N -j (4-nmethoxy-7-azai ndol -3-yl)-oxoacetyl J-p
i perazine: Ms mz: 15 (MtH)' calcd for C2zH, eF4N, 0, 520. 14, found 520. 05.
HPLC retention time: 1.42 mnutes (colum A). Conpound 5af, Ar - 4,

5-di br onophenyl, (R)- N—(3

5di br onobenzyl ) - 3-nmet hyl - N -j (4- met hoxy- 7- &a~ndol - 3-yl )1@){;@@&%%2@)0@0

pi perazine: M5 mz: (MrH)" calcd for CzZHz Ber404 562. 99, found 562. 99.
HPLC retention time: 1. g m nutes (co Conpound Sag, Ar
4-[3-(trifluoronethylts P#‘@l 5 1983 “Q?t] p'heﬁW'tlon to compaunds 5a-5abd

(R% hr\H 47(3 (_trcbdnponodeBh;ﬂH)GOSMSdlm|alhdm53alsd hﬂbﬁgﬁ%lo&na? %E{)Mul&lll-dgﬁ;l 25
me oXy- /-azal n aZI ne. V4 + cal C or
Cz4H2ZzF3Ns04 51%. “/ﬁﬁ%oun%?é%e 'ﬂ@f’% fétention time: 1.55 ninutes

(colum A). 10 February 2003 1u3 New Equation o -~r-.-,;, JOo ..y ,, .~
i]?/ NO ~ rJ5~ , Chl QeVélléd descr%ﬁsa c?Em'a ~of tHe? preparationOof | piperazine - ©

(R) - N-( benzoyl ) agalHQ?r%/pomp\punEi% Hygrtrale@ypn and conditions for carrying out the
azando! - 3-yl ) - ogeaecml ytdctipingedestnibed dereifharecdestgivednpoROT WLY 80{7652Q nD)

and an excess %gg'ds 1[%]96,%{? rni‘? HR0e m xed in CHCh The reattJon m xture

was stirred for & 907 Verit: was removed under vacuum 10 he crude
product was purifi ed usi ng a Shimadzu aut omated preparative HPLC Systemto
gi ve conpoungl 4.4 mg|r¢fhe5§enéﬁaafaﬁé§rfmz§@w.mm9 HRRA4RdbIeay desdrpEgound
san (R (benzextd - 2a il Ehl be apnied. repepisd t

4- hydroxyl 7azaftdYe 3¢9y A B%S(%f: 10%i3pRigd creeerisdly and_cemRinatiops ¥y f or
Cz, Hz, NaCa 393 ft@sef qundes®8 ldre HRIDissitlentn onrdenndo 1 pdévide natzeimdblesl um
E3). 20 Alter NaiRoRSRGS rrﬁ@ltub'l%eid’dstlft\%ntéheTﬁé’gﬁ&Jgﬁ%%En bf Qagﬂ?nyege

Preparati on of -4- et t ~oxy- 6-azal nd nes

broni de (0 85 I\/PfQY'dﬁEIFa cbtJ,on,-a FPMPRYNES RhHPIMWAL- added over 30 mm to a
stirring sol&iti on of 2, 6-dibrono-3-nethoxy-5 25 nitropyndine (7 4 g, 23 7
mmol) in THF (1Qgtlg@§lgtﬁﬁ,@ C The solution was stirred 1 h at -75 C,
overni ght at -7?= d to -75 C and quenched w th saturated aqueous
NHaCl (-100 nL). The reaction m'xture was allowed to warmto rt, washed

with bane 0100 nl) amHeesitivRal S6tivith tdT @mpdunkiBOnad-Hetdthildd neu D400

Contentrat Sgbkﬂéﬁlﬁi?%@e"\?@féeﬁ. 1 E?gué% el yNaoosbater s ndos

col urm chr cpmt egrezeh¥e (3 EnpSurid Bﬁkéﬁ@éntﬁti@%k 9 gnl dThe virus infection
60 nmol, 15 ~) as a pale

57d|brorm4rn3thc(ﬁ_a ?éx gole &1]{ 3
yel low sol i d 5 WRSGHAWHRY 2 fays gien eq{nop mEasHERg lyciferpse exrressiog 73
(br s, 1H) 7 4fro(rdm\ieg}ated3wﬂal ONA itithe infédted @ (Chen &t al, R&f, 58).2THe, 1

. 4 13 (~, | | 27 5,
D 333 (5 6 phegt b A28aBE can il whs Lo ned 1 funphiling o2l
found 3"4 88 HPlewel of dvifessse ExRressvD i ﬁdtSe@f%Cé@qi ufnthe)presence op @eshi on of
4- et hoxy- 62Rzatoipbend7as A pelddntage of that’ Bbbemen- f@rrmlbon%&e@ml thdol e 36

(900 . 2 2% 0ELice o Tl gl 1o N BB 5, o™

al l owed to cool Ctomnqundsu exhkibiding 13n4-miraju gerivity| théodndpp'fe@la‘hﬁ ttDallcéY at
concentr at ed. 1‘V Q. .4 s added to the residue
and the sol uti oggﬁielﬁreay?ﬁggt{ol p&&%ﬂtﬁé rgjl’éblgg nm.) The conbi ned

organics v~rere dried (~r1gS04), flltered and concentrated to yield
4- met hoxy~635azai ndol e 37 (290 ng, 1 95 88% as an orange solid. 20
Characterization of 37. "1-i NWR (500 , 13) 8 61 (br s, 1 H, 8 52
(s, 1 H, 7.88 (s, 1 H, 7.30 (d, J =2 9 Hz, H, 6 69 (d, J =29 Hz, 1
H, 403 (s, 3H Msmz (MtH)  cal cd forR10 149 06; found 148 99 HPLC
retention tinme. 0.61 mnutes (colum A)®r }h\é

OR,N Rz

n Rurf}'



Preparation of 38. Aluminumtr~chloride (67 ng, O 50 nmol) was added to a
sol ution of 4-nethoxy-6-azaindole ( 15 ng, 0 10 mmll mCHzCl ~ (2 nlL) and
stared at rt for 30 mn. Methyl chlorooxacetate (0.020 nL, 0 21 mmol) was
added and the reaction m xture was stirred overnight. 30 The reaction was
gquenched rrnth | ~9eOH (0.20 nmL), stirred 5.h and filtered (flushing with
CH-CI~) The filtrate was washed with satur2fed aqueous NHY Pa6riaty 008 Nl)
and H20 ('10 nL) and concentrated to y~eid 38 (5 ng) as a yellow SO|Id 3

Characterizatio : W
I-1), 8 02 (s, 15%"'“;@ 03 3 961, 3H) f~IS 2 VA Eal o
105 10 February 2088 for [C , ON204: 235.06; found 234 C)Mhlhﬁi_ﬁhretentl on
time' 0.63 mnutes (colunn . Preparation of
N- benzoyl - N - ((R2- car boxal dehyde- pyrrol e-4-yl )5 oxoacety I ] p| perazine 41: A
solution of ethyl 4-oxoacetyl-2 pyrrol ecar boxal dehyde 4& 1Q7MO g, 87 1
mol ) in 25 ml of—KOH-(3- 55— MinpH2g; nd .“—'fAﬂﬂ L) was
stirred 2h. The_ white prec?lpl tate7t3ha¥' Bﬂ)“r mggrb@s col | ect ed %% fi Itrati on,

washed w th EtCH m n 7 ga=n r|e un I gh vacuumto
hed with Et CH (5b30 )ajdlﬁi?ﬁ(?m?,o rrL)R &td d|und&0%i gh

yield 15.9 g of rpoggssiumiO—2 rroRecat Htehyde—4roxoggpiate—as a
white solid thaL\/\f’ail use e thoﬁnf ulr?tt’ﬁ"er LFSGF?. f Fcatl on| A solition df

pot assi um 2pyrrpl e?r boxal%lehyde 4- oxBacétBte (3.96 g, |19. 8%l ),

Nbenzoyl pi per azj nesa@ydr ocrq ofﬂmmam I 80%

3(d~et hoxyphosp1vrwl oxy) 23 zin- j!"éll one (5 88 g 19 7 nmol ) 15
and triethylam pne .2 rrL, 23 F-) i 7 6@0 ﬁ"L) was|sti P8 1d. The
reaction mxture wa@ filtleded intoRHzel-@,%QmE_f), extracted%h CHzW 2 (3 x

200 nmL) and theWW&WWor at or

to renpve the G z. The criude material™ (sttll 1n DVF) was then dilluted
with H20 (200 nL) 2hd al ||ocfweldRteF Reas 41.4% 7 Re ¥ Ble 48 h. TIBER0 sol i|d Was
t hen col | ected by Tittration and dried under highvacoum{P205)—to—yi el d
N- benzoyl - N - ((2- car boxal dehyde- pyrrol e-4-yl)-oxoacetyl ] pi perazine 41 (3.3
g, 9.7 mmol, 45% over two steps) as a light gell ow solid. No further
purification was required. 25 Characteri zatio$r 41: '"H NWR (500 MHz,
CDC13) 9.79 (s, 1 H, 9.63 (s, 1 H, 7.82 %}N 1 H, 7.51-7.34 (m 6H),

C

G

4.05-3.35 (m 8H). Ms mz (MH)' calcd for H, eN3O4: 340.12; found

340. 11. HPLC retention time: 1.04 m nutes m A). 30 Preparation of 42:
N-benzoyl - N - [ (2- car boxai dehyde- pyr rgl e | ) oReacet yl ] - pi perazine 41 (3.3
g, 9.7 rrm)l) was stirred as a slurrylin (100 nL) for 15 mn., cool ed
to O C and then reacted with glyci | ester hydrochloride (3.66 g,
29.2 mmol ), triethylam ne (1.50 ni, |  and sodi um cyanobor ohydri de
(672 ng, 10.7 mmol). The reaction m&turre 35 was allowed to warmto rt,
stirred 24 h and poured into ice (--400 nL). The solution was ext ract ed
with EtOAc (3 x 300 nmL) and the conbi ned organi cs were washed with brine

(300 n), dgied (MySO4) and 106 10 FeRFuajL%g[;ﬁOS concentrat ed under
2

reduced pressure. The residue was purified b Ip/reparatl ve thin |ayer
chromat ography (SiQz, 9:1 Et OQAclMeOH, R~ =0 to yield 42 (2.4 g, 58
mmol, 60% as a white solid 5 Characterizatjon of 42' ' 0 MHz,
CDC13) 9 33 (s, 198""*’?”1&? (s RoH, '?1458-7.9!‘2’%%99?94)"“'8“56' E [ H), 3
90-3 35 (m 8H), f 2H), 3.V4 (s, 3H), 3 4Q,,.(<s10 v (MtH) '
calcd for Cz, HZE“N4'O'55E13 7 Tount— et 7 THPEE rctg{)’%ﬁm‘t‘r‘ﬂ?'——‘() 84

m nutes (col um Ay Bl Prepar g T ol(Ri-MEST Methyt—esgy 42 (485ny, 1.17
mol ) and K2CO03L(325 ng, 2 35 mml) in MeOH (6 m) and H20 (6 nl) were
stirred at rt for 3h. The reaction m xture was then quenched with
concentrated HCl {0 40 nlL) and concentrated under high vacuum Part of the

solid residue (200 ng, 0.37 mMmmvl) was a ded%i%i stirring solution of P205

(400 mg, 1.4 15 nmol ) in nethanesul foni’C' aci g0 g, 42 mol) (which had
already begp stirred together at 110 C for 457 n.) at 110 C and stirred
for 15 min. The reaction m xture was poured over crushed ice (~20 g),
stirred 1 h, bas|fompound KZA83 ([5. Rg, 38 [Mwarpgedilinhibition ah CHzd 2 (20

nL), and benzoyl | chl offi de (1.0 n,| 8.5 mol )} and Stléﬂﬁd h. The |reaction
m xture 20 was e>et—r—aeg'ed A1 Q.'—'ZC‘!@Q ,’37' *%—20—-)—3a dgg } organi cs
[ The rlesi

were dried (Na2SD4) anhd _concentratje inder reduced pressure. esi due
was purified by preparative thin | ayer chromatography (Si 02, EtQOAc, R
0.5) toyield 43 (101 ng g, 0.21 mol, 57% as an off white solid. 25
Characterization of 43: Ms mz (MtH)' calcd for CZ H24N405: 485.17; found

485.07. HPLC retention time: 1.15 mnutes (colum A). Preparation of 39. R
- OWe, N-(benzoyi)-N -((4-nmefhoxy-6azai ndol -3-yl)-oxoacetyl J-pi perazi ne: 30
In a flask affi xed with a Dean- Stark trap, p-t ol uenesul foni c acrd hydr at e

Y - - T Y T /- . T Y 2 Y 1 ——r




Characterization of 39:
H, 7.98 (s, 1 H, 7.53-7.38 (m 5H), 4.02 (
mz (MH)' calcd for CZ, HZ3N, G6: 393. 15;
time: 0.85 mnutes (colum A). 0 CN NF OO |
I N~ N5av' HC 20 Preparation of Sav

'H NMR (500 MHz, CD30D) 8.49 (s,

1H), 8.35

S,

3H)
N ~~ 5av H Cl

(s, 1

3.97-3.42 (m 8H). M
found 393.13. HPLC 15 retention
o/~~CNONFDO

N-(benzoyl)-N -j (4-fluoro-7-chloro-6-azai ndol - 3yl ) - oxoaced Febripmeronai ne

and 5
av' (R) - N-(benzoyl) - 3- net hyl
| J- pi peraz~ne

53
-N -j (4-fluoro7-chl oro-6-azai ndol
10 February 2003 108 It shoul d be noted that

-3-yl)-

oxoacety

2-chl oro-5-fluoro-3-intro pyridine may be prepared by the nethod in exanple

5B of reference 59 Marfat et.al.
whi ch enhance the yields of this 5 route.

chem stry in

The schepe bel ow provi des sonme details
The Bartoli

Schene 1

was used to prepare the aza indole 1zz which is also detailed below. F F

DMF 110C HN ~ H2S04¢N
\'l N~1 NOTHF, -78C- -20CNz C {_zz23
Compound zz1' (1.2g, 0.01npl) was disso
roomtenperature. Prem xed fum ng nitrj
added dropwi se at 5 - 10C to the sol ut
m xture was heated to 85C for 1 hr,
poured intodice (20g).

Fum ng HNO3 / POCI 3 |

on | of

The yel | ow soI id product zz2'

~ NXZ p OH zz1' zz2' F
zz 109 10 February

conpound zzl'.

was col |l ect ed

o it
DVE ( Cat )

|u

filtration, washeg
7 2 16mm

zz2' . Corrpound zz 8rrg, 3
oxychloride (1.7ml) 18.9muol) |and

ISAS‘(I)?r‘égg |n Eiiospﬂor us

at rooon<€d0pdMat ur e.

F ~MDB-~
2003

dYin 2. 7mL of sul phuric acid at
(1 m) and sul phuric
The reaction
then Eooled to room5 tenperature and

acid was

by
conmpound
10
The

reacti on was heated ton110C foH 5 1r(R)-Mee ex

cess POC33%wnas renoved

in

vacuo. The resi due~was Tthromatograpted—onsi
afford 176ng of product zz3'.

di ssolved in THF (5m)

15 Conpound zz3'_

HTta get—(CHEL3—100%

V\ /
N
A
N
OMO
N
l = N’l 5m
H
Compound # Ave.% inhibition at
or<10 uM
5m 60%
Q { 7
</N
A
Ry
[¢}
DS
NN
10 & "
Compound # R, Average % inhibition at
or<10 uM
8a H 90%
15a NO, 70%
16a OMe >99%
16d OEt 88%
16e SPr 50%

to

(140rrg 0. 79mmol ) was



and cool ed to -78C under

was added dropw
was kept at
sat urated NH4C1,

washed with brine,

derivatives which corresponds to general
25 0.
pyridine with 3 equival ents of vinyl
conditions described herein wll
high yield Addition of this conmpound to a sol

RZ=F and R

-20C for
extracted with Et OAc.

se.
abo

dried

In

N2. Vi nyl
ut 15 hr.

over MySO4

parti cul ar,

provi de 4-f9

magnesi um brom de (1.0Min ether,

After the addition was conpl eted,
The reaction was then quenched with
The conbi ned 20 organic | ayer was

1.2m)

the reaction m xture

, concentrated and chromat ogr aphed to
af ford about 130ng of conpound 1zz. The ch Histry in ScheédFeBryurg\d0ded t he

formula 5 and has a 6-aza ring and

reaction of 2-chloro-5-fluoro-3-vitro

Magnesi um broxi de using the typical

‘0-75chl oro-6-azai ndol e in

yoro- 7,
\u’ﬁ\(\m/(/)f al umi numtrichl ori de

in d~chl oromet hane stirring at ambi dent tenpéhature followed 30 ninutes 30
later with chloronethyl or chloroethyl oxakate provided an ester.
es herein provided an acid

Hydrolysis with KOH as in the standard

salt which reacted with piperazines B:( xanpt e 1-benzoyl piperazine) in
the presence of DEPBT under the sta rd/con€itions described herein to
provi de the conpound 5 described | st ( The 35 conpound with the
benzoyl piperazine is R N N
N- (benzoyl ) - N -[ (4-fl uoro-7chl or o 6- azai Rdol - 3-yl ) - oxoacet yl J- pi per azi ne
and i s conmpound 5av. 10 February 2003 110 The compound with the (R)-
met hyl benzoyl piperazine is 5 av' (R -N(benzoyl)-3-nmethyl-N -
] (4-fluoro-7-chloro-6-azai ndo!-3-y!)-oxoacetyl in£erazi névanage 5% conpound
S5av' 5 Charact el Compon pof 4 14 inhibition
N—((jbgnzoyl )-N -j|#4-f1 uorjo- 7- chl or o- pazai ndol - 3}yl )-oxoa:gw)rj - p~per azi ne
an
av' (R -N-(benzoyl)-3-nethyl-Nj(4-f] uoro-7-chlpro- 6-aza'rqlc\1)|g yl ) - oxpacet yl
]-piperazine 0 [, ~N-~~J F ON~~\ 0 N-N H bav 10 'H|N 00 VHz
CD30D): 8.40 (s, 9 H), 8,04 s, 1 H). 7H46 (bs| (BMe 3. 80 ->89%650 (nj 8H).
LG/ MS: (ES+) mz9BMeH)' = 419 RT =[1. %47, o | f-Wen J[F O99%~ N-N H 15
c~ 5av'’ 'H NWR (488 M | coRdbl) : g o (B 1/2oH) (RBMe7 (& #98% . 8. 03 (s,
1H), 7.71 ~ 7.4571# sH)| B4wpsh_ 3 olle( hmg), Rhife_ 1128 PRYe 3H). LC/ MB:
(ES+) mz (MtH)| = 429, ﬁf— 2 297. - Col utm: YMC ODS- A Cl18 S
3. x50mm  Start |98 = O, gl - 10Q,_Madient Tine =/2 mn, Flow fate =
5 m/mn. Wavel eggih—2280hmrSptven =1 0%-Meo -1 s90%-H20 7o 0—1—%-TFA
Solvent B = 90%!?/3 - 10&3%’1- 0.1 &ﬁl?ﬂ 25 m)llg‘eFeb uarg5 003 110
Simlarly conpounds Say, }Sﬁzwh&a C anqiwﬁa',bd can be made;] O; =1 W +Ni O
N F Ol R.=H) R,=Ph) '
11c H (when Vinyl (R)-Me 48%
R =vinyl), (when
Vinyl R,=H), H
(when (when
R,=H) R,=Vinyl)
12a H CN (R)-Me >99%
14a H OH (R)-Me >99%
17a OMe H (R)-Me >99%
17d OMe H (S)-Me 98%
17e OMe H Me 94%
17b OCH,CF, H (R)-Me 99%
17c O-i-Pr H (R)-Me >89%
18a NO, H (K)-Me 80%
19a NHOH H (R)-Me 08%
20a NH, H (R)-Me 95%
17F H PrS (R)-Me >99%




N~ N Say H OCH3 5 Say

N- (benzoyl )-N -((4-fluoro-7-nmethoxy-6-azai ndol 3-yi ) - oxoacet yt Jpi perazrne 0
CNJ ONF ~O ~ N~N 5az H C(O) NHCH3 10 5az

N- (benzoyl )-N - ((4-fluoro-7- (N nethyl -carboxam do) - 6- azai ndoJ- 3-yl ) oxoacety
| J- pi per azi ne. 10 February 2003 112 Or~, ~-N~7 ¢ O,N1 N,/ O" N 5abc
H OCH~ 5a be (R)-N-(benzoyl)-3-methyl-N - 10 February 2003

j (7-met hoxy-4-azai ndol - 3-yl )-oxoacetylJ 5 piperazine 0O ~N ON N O N 5abd H
C( O NHCHg 5abd
(R)-N-(benzoyl)-3-nethy|-N'-j(7-(N—nethy|-éérboxanido)-4-azaindoIlO
3-yl)-oxoacetyl ~ pi perazi ne. The conpounds of the present invention may be
adm ni stered orally, parenterally (including subcutaneous injections,

—

i ntravenous, intranuscular, intrasternal i njongt/\\l (j‘n or infusion techniques),
by inhal ation 15 spray, or rectally, in dosage trii t fornul ations contai ni ng
conventi onal nontoxic pharnmaceutically-acceptable carriers, adjuvants and
vehicles. Thus, in accordance with the pgeser invention there is further
provided a nethod of treating and a pharnaceutical conposition for treating
viral infections such as HV infecti (V\ d AIDS. The treatnent 20 invol ves
adm nistering to a patient in need.gf>~guoh tpeatnent a 10 February 2003
114 Abbreviations or Alternative NanesTFAfr i fl uoroacetic Acid5
DVFN, N- Di net hyl f or mam deTHFTet r ahydr of ur anMeOHMet hanol Et her Di et hyl
Et her DMSQDI net hyl  SuCboiadsiD# Et OAcEtAvdrage % inhibijtion at or <10 uM
Acet at eAcAcet yl BzBenzaoyl VeMet hyl Et Et hyl 15 Pr Propyl PyPyri di neHuni g'ls
BaseN, N- Di i sopropyl et hyl1z§|?i neDEPBT34 (Di et hoxyphd¥8hor yl oxy) - 1, 2. 31benzotri a
zin-4(3f~ 20 DEPC DVP nCPBA azai ndol e 4-azai ndol e 25 5-azai ndol e

6- azai ndol e 7-azai ndol e one di et hyl cyanop%%sj@ 2, 2- di met hoxypr opane

nmet a- Chl or oper benzoic Acid 1 H Pyrrol o-pyri-di

o]
21a
5
Compound R Average % inhibition at or
# <10 uM
21a Me 70%
21b -CH2- 95%
CH=CH2




1 Hpyrrolo[3,2-b]pyridine 1 HPyrrol o[ 3, 2-c]pyridine

1H pyrrol o[ 2,3-c]pyridine 1 H Pyrrol o[ 2, 3-b] pyridine 115 CLAIMS 5 What i s
claimed is: 10 February 2003 1 A conpound of forrmula I, or a
pharmaceutically acceptable salt thereof, OR-.Re/ RS ~RoOT NN -~ Ra-R2
"N RNR R3R'RRtAr s 10 15 20 wherein: RA&-R2Z NN ~ R~ is selected from
the group consisting of Ry R6 RS ~, Rz N/ \/ Rt Ra N RA1QFdBudty-2003 / ~~
R R~ NRS RaRy RRR RSN/ ~and RZ _ RB~R RANR, R, R3, R4 are
each independently selected fromthe group consisting of H C -C6 al kyl,
C3-C6 cycloal kyl, Cz-C6 al kenyl, C4-C8 cycl oal kenyl, CZ-Cs al kynyl,

hal ogen, CN, phenyl, nitro, OC(OR S, C(ORS C(OOR 6, CCONR'R e, ORY9,
SRZCand NRZ, R22; R'S, is independently selected fromthe group consisting
of H C -C6 alkyl, C -C6 cycloal kyl, CzZ-Cs $I kenyl and C4-CB cycl oal kenyl ;
R 6, R 9, and Rzo are each independently sefected fromthe group 25
consisting of H C -C6 alkyl) C _s alkyl substituted with one to three

hal ogen atons, C3-Cs cycl oal kyl, CzZ-C6 al kenyl, C4-Ce cycl oal kenyl, and

C3-Cs al kynyl ; provided the carbon_atons which comgri se the carbon 116 10
February 2003 cafFB8Pt nplle Bond of §ai d C-| Ayesnpgg iy nhibHiatbat ehe poi nt of
attachnment to the ygen|or sulfur to which R 6, R0 on Rzo is attlached;
R' and R e are epach independently selected/fromthe group consisting of 5
H  C -C6 al kyl, 2B cvdl ol kvl cHcs al kenvl —CA- o~y el aal kenyl|, and

5r ’ 1 (R)-Me 7 >99%"° ’

5s H (S)-Me 56%

5q H Me 87%

5t Cl H >99%

5u Cl (R)-Me 99%

5v OMe (R)-Me >99%

27¢c NMe, (R)-Me 63%




C3-C6 al kynyl ; provided the carbon atons which conprise the carboncarbon
doubl e bond of said C3-C6 al kenyl or the carbon-carbon triple bond of said
C~-Cs al kynyl are not the point of attachnment to the nitrogen to which R’
and R e is attached; 10 R2, and R22 are each independently selected from

t he group consisting of H OH C -C6 al kyl ,_C3-C6 cycl oal kyl, C3-CB

al kenyi, CS-C6 cycioal kenyl, C3-C6 al kynyl ,57and C(ORz,; 19@6,-@!@% 403
carbon atons which conprise the carbon-carbon doubl e bond of sai

al kenyl, C, -C6 cycloal kenyl, 15 or the carbon-carhon triple bond of said
C3- C6 aI kynyl are not the point of attachnem{ to “the nitrogen to which RZ,
and Rz2 is attached; R23 is selected fromthe*g‘r\ou consisting of H, C, - Cs
al kyl, C3-C6 cycl oal kyl, CZ-C6 al kenyl, C4,€B cycl oal kenyl, and Cz-C6
alkynyl; 20 RSis (Om wherein mis 0 or /; is 1or 2; 25 R6 is selected
fromthe group consisting of H C -C6 al kyly -Ce cycloal kyl, C4-C6

cycl oal kenyl, C(OR24, C(OOR25, C(ON ,, C,-C6 al kenyl, and C3-C6

al kynyl ; provided the carbon atons which/ conpri se the carboncarbon doubl e
bond of said C3-C6 al kenyl or the nxcarbon triple bond of said C3-Cs
al kynyl are not the point of atta o the nitrogen to 30 which Rs is
attached; Rz4 is selected fromtige groupx consisting of H C -C6 al kyl,

C3- C6 cycI oal kyl, C3-C6 al kenyl, C4-C6 cycl oal kenyl, and C -C6 al kynyl 35
Rzs is sel ected fromthe group consisting of C-C6 al kyl, C~--C6 cycl oal kyl ,
Cz-C6 al kenyl, @4- Co CSMP8YNHdhy| an:iA@Grigie%leMItl,onthMdﬁﬂpﬁhe ar bon
117 10 February (2003—-atonpg—which conpt e_Lhe_ca:ﬁ%n carhon triple bond of
said C3-C fial kynyl are r?(?t t he poi nt of attachmert! 0 t he oxygen t o which
Rz5 is attached, RZ6 and R2, are each indegendestNy selected fromthe group
consisting of 5 H C -C6 al kyI, C3-C6 cycl oalk C3-C6 al kenyl, C5-C6

cycl oal kenyl, and C, -C6 al kynyl; provided t} e carbon atons which conprise

t he carboncarbon doubl e bond of said C~- kenyl CS- C6 cycl oal kenyl, or
t he carbon-carbon triple bond of said C3 kynyl are not the point of
attachnment to the nitrogen to which are attached; 10 R, R6,

RO, Ro R', RZ R 3, and R 4 are each pendently sel ected fromthe
group consisting of H C, -C6 al kyl, C6 cycl oal kyl, Cz-C6 al kenyl, C4-C6
cycl oal kenyl , Cz-C6 al kynyl, CR26IRZ9 R3p, C(O R3,) CR32(O?33) OR34,
CR35NR36R3,, C(0O) OR38, C(O)NR39R40 8, R4zF, CR43F2 and CF3; 15 R28. R29,
Rso, R3,. R32, R3s, R4,, R4z and Rg3 arr each i ndependently sel ected from
t he group consi st i ng of H C -C6 alkyl, C3-C6 cycloal kyl, C2 C6 al kenyl,
C4- C6 cycl oal kenyl, Cz-C8 al kynyl and C(O R44; 20 R33, R34 and R38 are each
i ndependent | y sleCepimirfid om/t he Ryr oup conmmmmwr,— C3-Co6
cycl oal kyl, C3-C6 alkenyl, €4-C6 cycloal kenyl, jand C3-C6_al kynyl; provided
the carbon atons which conpfise the carlbon-carbon tater 1@l of sajd C3-C6
al kynyl are not[ Thesgoi Nt of at tRCITENt| t @ thejoxygenjgoyhich—R~4—and R38

are attached; Z&Rzg—and—st_@e@I each ilndependently sel P%E.d__LLQm_Lhe group
consisting of H, C, 3 al kyl , ®co cycll o0&l kyl ,| C3-C6 [ nyl, C4-06

cycl oal kenyl , and C8yC6 al ky nyI Clprovi dedH he darbon ata®¥% whi ch conpri se

t he carboncar bor—t+igpte bonrt—et~ma-e—c3 WWW of
attachnment to 30_the nitrogéen Pom\é/\thl ch ®and |R3~ are“4 Yached; R-9 and

R4o are each i ndependently selected fromthe group consisting of H C -C6
al kyl, C5-C6 cycl oal kyl, Cz-C6 g}ﬁ}%en@p@cw@e@al kenyl, and C~-C6

al kynyl ; provided the carbon atons wWhi ch conprise the car bon 35 carbon
triple bond of said C--C6 al kynyl are not the point of attachnent to the
nitrogen to whiBbiplag®O and Rd4oare attached; 118 10 February 2003 R44 is
selected fromthe group consi sting of H C -C6 al kyl, C3-C6 cycl oal kyl,
C2-Cs al keg |, C4-C6 cycl oal kenyl, and CzZ-C5 al kynyl, Ar is selected from
the group énsi sti n¢h dpble land he.re;aﬁeq,@he followp(pgydeg"m!thnsraqgly, g~ C and ~ 5
~3Bi 62, C3 \ D- A~ Bs C D2 A, A2, As, A4, As, B, Bz, B3, B4, C,,
C2, C-, D' Oz, and D3 are each independently sel ected from the group
consisting of H  CN, halogen, NOzZ, 10 C,-Cs al kyl, C3-C6 cycl oal kyl, CZ-C6
al kenyl, C4-Cs cycl oal kenyl, CzZ-C6 al kynyl, OR45, NR46R4,, SR48, N3 and
CH( - N=N-) - CF3;




R45 is selected fromthe group consisting of H C -C6 al kyl, C3-C6

cycl oal kyl, Cz-C6 al kenyl, C4-Cs cycl oal kenyl and C3-C6 al kynyl; provided
15 the carbon atons which conprise the carbon-carbon triple bond of said
C3-Cs al kynyl are not the point of attachnment to the oxygen to which R45 is
attached; R46 and R4, are each independently selected fromthe group
consisting of 20 H C,-C6 alkyl, C3-C6 cychBal kyl, C3 C618lFetiihry 2936
cycl oal kenyl, C3-C6 al kynyl and C(O RSo; provided the carbon atom; whi ch
conprise the carbon-carbon doubl e bond of said CS-C6 al kenyl, C4-C6

cycl oal kenyl , oiuM'Heeaas buieroowiason triple bond of said C~-C6 al kynyl are
not the point of at ,,ach nt to th nitrogen to which R46 and R' are
attached; 25 R43 |@ K gﬁt@&e?qsdﬁilf"ﬁ%f group consisting of H C, -C6 al kyl,
C3-C6 cycl oal kyd, “GZnfdan!kemier; C4- C6 cycl oal kenyl, C3-C6 al kynyl and

C(O R49; provided the carbon at ons whi ch conpri se the carbon-carbon triple
bond of said C3eComal keayis mitligrarat t he point of attachment to the sulfur to
which 30 R48.is attggched; R49 is C -C6 al kyl or C3-C6 cycloal kyl; and RSO
is selected ro?nt'ﬁ@ S 25818 ng of H, C -C6 al kyl, and C5-C6 35
cycloal kyl. 149 Q-Ore'f:@rgrtbl%reYce%Q%|8|tnoﬁd‘éf’e{79f’?'éﬁjregé?tﬁ{§afh@ %eaﬁ"@a%es of

phar maceutical ly acce 't thereof

consi sting of conmf u'ﬁg§ Ugwo mxpegmenty with d“&“ﬁ"ca% d%ﬁrm'ﬁﬁt'%ﬁj 'Baleaéb
|dent|f|ed bel ow. e¥p&ménRto ~~ R~ N~ 1 8 N ~~i~12 ~n R14""13 c: , NNH
onpnak, . =, ,4 = abb2R~.e = R~0_,a = ~s =5¢c~R, _e =~~0~,4 =5d2R~_ ~4=
Hse~R~ e = R-a_,a =, s -5f~~7 3~, ,4 = abg?R _,3= H R 4 = E~5h2R ., 2= H,
R 3----R 4 1 a512Roather neategals-agd - experimemtal procegduraeousad to-bbtaikiHe = Me

3. A conpound ofesglt@tdpokieddh TabR R GESEALY beloRccept abl e salt 10 ther eof
sel ected fromthe group consi sting of conpounds 5), 5k and 51 as identifi ed
beloww. 0 Ar ~N N OR4 ~ONNH 10 February 2003 120 ~ornpounrc, 4Hr

i NoK(K)-Me, -2 Cells: 5i (K)-Me 4. A conpound of claim1, or a
pharmaceutically acceptable salt thereof, having the fornula 5midentified
below. 5 0 ~N O N~O0 NN SmHJ5. A conpound of claiml, or a

phar neceut i'dal |y ¥itiemradiueicatumanhesrabfyonie Ketriegdediir lore, t263, gropyyated

consi sting of comMpEUNSIGLEE:o'd Saviodifiad 1@a&|@d nchidie i(lﬂ@“féc%ﬂo%%ke%w
Gaithersburg, MD) containing 10% fetal Bovine serum (FBS, Sigma,
St. Louis , MO).

20 e Virus infection- Human epithelial cell line, Hela, expressing the HIV-1
receptors CD4 and CCR5 was propagated in Dulbecco’'s Modified
Eagle Medium (Life Technologies, Gaithersburg, MD) containing 10%
fetal Bovine serum (FBS, Sigma, St. Louis , MO) and supplemented
with 0.2 mg/ml Geneticin (Life Technologies, Gaithersburg, MD) and
25 0.4 mg/ml Zeocin (Invitrogen, Carlsbad, CA).

Virus-Single-round infectious reporter virus was produced by co-
transfecting human embryonic Kidney 293 cells with an HIV-1 envelope
DNA expression vector and a proviral cDNA containing an envelope

30 deletion mutation and the luciferase reporter gene inserted in place of
HIV-1 nef sequences (Chen et al, Ref. 55). Transfections were performed
using lipofectAMINE PLUS reagent as described by the manufacturer
(Life Technologies, Gaithersburg, MD).

35



o, ~- ~~ ,. NONR= NN H O onpounaaaageeerr

A conmpound of claim11l, or a pharnaceutically acceptable salt thereof,
selected fromthe group consisting of conmpounds 9a, 9b, 10a, 11 a, 11 b) 11

c, 12a, 1l4a, 17a-17f, 18a, 19a and 20a identified below CN ~N~ R14 '

N H CompdR2R4R1, aa~ _~, ~~ -a~fl aH~when R4=Me), Me (when R4=H) Me (H, ~e
RZ=R~ H (when Rz=Me)a~ ~ ah (wnen R =Ph), & (when R =H) 10 Febhesrylgood~, H
(when Rz=Ph) ~K~- Me~ ~ch ~wnen R, =vinyl), Vinyl (when R4=H)vi nyl ~wnen
Rz=H), H (when Rz=Vi nyl)~K~-Mea -a~~aa~Ta- -aa--~aaaahaz 3c-1- rNr(K)-

'az_a -ae _aza
salt thereof,

10
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121 10 February 2003 6.
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Exkpefiraenpound of claim 6 or a pharmaceutically acceptable
wherein Rz is -Ove, R4 is hydrogen, and R 4 is (R -nethyl.
122 5 10 February 2003

1.

Compound was added to HelLa CD4 CCRS cells plated in 96 well

plates at a cell density of 5 X 10 cells per well in 100 ul Dulbecco’s
Modified Eagle Medium containing 10 % fetal Bovine serum at a

concentration of <20 uM.

100 ul of single-round infectious repovrter virus in Dulbecco’s Modified
Eagle Medium was then added to the plated cells and compound at an
approximate multiplicity of infection (MO!) of 0.01, resuiting in a final

volume of 200 pl per well and a final compound concentration of <10
uM.

Samples were harvested 72 hours after infection.

Viral infection was monitored by measuring luciferase expression from
viral DNA in the infected cells using a luciferase reporter gene assay
kit (Roche Molecular Biochemicals, Indianapolis, IN). Infected cell

supernatants were removed and 50 pl of Dulbecco’'s Modified Eagle

Medium (without phenol red) and 50 pl of luciferase assay reagent
reconstituted as described by the manufacturer (Roche Molecular
Biochemicals, Indianapolis, IN) was added per well. Luciferase activity
was then quantified by measuring luminescence using a Wallac
microbeta scintillation counter.

The percent inhibition for each compound was calculated by
quantifying the level of luciferase expression in cells infected in the
presence of each compound as a percentage of that observed for cells
infected in the absence of compound and subtracting such a
determined value from 100.

Method for extrapolating % inhibition at 10uM

The data in Table 1 was obtained using the general procedures above
and by the following methods. Data is not reported for all compounds



8. A compound of claim1l, or a pharmaceutically acceptable salt thereof,

sel ected fromthe group consisting of conpounds 13a, 21 a, and 21 b
identified below o '-* ,.-y f i ~-N~) ~Ol AcO-N~ N' 13a Ac 10 ~N O N ~O
N~; 21 a NONOi NNZ21b 9. A conpound of claim1l, or a pharmaceutically
acceptable salt wherein R2, R3 and R4 are each independently selected from
the group consisting of H -OCH3, -OCH2CF3£0-Q Pr, - OnPr10f@begsy, 2008, NO2,
15 C -C6 al kyl, NHOH, NH2, Ph, SR20, and N( CI—IS)\fVh 20 10. A C(Z)rrp%und of
claim9, or a phar | y acceptabl e salt ereinnis S

sel ected from Fﬁ@cgﬁ [?p'toéé‘ﬁ h%??’ﬁ’ﬁoéf‘d‘i‘-{'s repotisd YRDE alRmaterEthed it and RS
i's (O m wherei nTable. 0The frercAnt s dforfe ach @iompindavaficaibaargeut i cal |y

t abl | t , and R 4 are
coh’ i ndependentiy S g BYEEb Dy iferalE exBusslfnin oBiis fededih e o7 e
group R -R 4 arléfe@PBC%tﬁHC@fﬁ@W@draSrﬁil prRycemiage s thyt abiserveddopcels-iRfetted e H 25
10 February 2003 thd3btancof &smps ahd cLiBiraktink sith @g@@"r\w&ﬂﬁlu&a' ly

accept abl e salt t hereof , wherein one of the nerbers of the group A, Az,

A3, A4, A-, frBil 1083, MOI@OUF@@ tegted b conpentratiahsiass thaselpgMethd rom t he
rou consi Stl n n gnd am no and the remaini ng rrenbers
gf tﬁe group 5 rce '\T{'HR%%’]A% '&qﬁa 3@? rmged Gyextgapdigtionsingtiie p; - and

D3 are hydr ogenXLfitZurde ﬁmrngdemdr@bfﬁieaﬂ/lmrdsoprx@l@b%d@%ﬁééﬁédfﬁ*lrdr&

ccceptabl e saltCLREaRle ol 0 150 A ERRL O Beeliindd A0S, M

-OPr, 15 halbgesrnceniraligns obermppian) byausisg géoercpa;arrfatmogisacgmmp

T
(é]?lnpg]liln hgl oge(rjl1 BJQ%AC @gDalsil%’e ?agorlgn dx BN datd m 1, or
a phar maceut i ca\valyesacEE@apaddlamrssa\NEra benfarafed with tHeeAfamdrB®ibarardetetd f i ed

bel ow 10 FebgMaéne2003

15
Biological Data Expressed as an EC;,

Table 2 presents the data for the compounds grouped based on their EC,,
which provides an additional method for comparing the antiviral potency of

20  the compounds of this invention. These values were calculated by the
following method. The effective concentration for fifty percent inhibition
(EC50) was calculated with the Microsoft Excel XLfit curve fitting software.
For each compound, curves were generated from percent inhibition
calculated at 10 different concentrations by using a four

25 paramenter logistic model (model 205).

Table 2. Biological Data Expressed as EC,,s

Compounds® Compounds Compounds
with ECy,s with ECy,s >1 with EC50
pM but <5uM <1uM

> 0.4 pM: 5ac. oh, 11b, 18a, 5a, 5b, 5c, 5d,
>0.5 uM: 5e, 5f, 5g, 5i, 5j,
5m.5p. 5 5k, 51, 5n, 5q,
smt; g’ ds,s sr’ 5t1 5ul 5V,
1:b’ 1: ,1::’ 5w, 5x, 5y, 5z,

e T 5ai, 5ak, 8a, 8b,




124 R0 9 Rya R~ NI ORa Ry ~N~RRl2 ~~R4~a |l N/ N | R4 Rs wherein:
5 Rz is selected fromthe group consisting of H F, C, Br, Ow, CN, and
OH, R4 is selected fromthe group consisting of H C -C6 al kyl, CzZ-CB

al kenyl, C3-C6 cycl oal kyl, CS-C6 cycl oal kenyl, C, Owe, CN, OH C(O NH2,
C(O NHve, C(O NHEt, phenyl and -C(OCH3, 10 nis 2; Re, RO, Ro, R', R z,
R 3) and R 4 are each independently H or Gs#, provided 0t@Febrddrg 20e8ber s
of the group Re, RO, R o, R', R2, R3, and R4 15 may be CH3 and the

remai ni ng menbers of the group Re, RO, Ro, R, R2, R~ and R4 are H
and Rs is H or QHFf, 20g,18h.A conpound of cl ai|fial8bpA0a, phar mdaceutical |y
acceptabl e salt thergof., .sel ected fromthe gr iagt I Nng aof conpounds
5p, 5r, 5s, 5q, ﬁ?“@u?aﬁv and|27c identifiedog%’%}qgg" I/l ~NNO RL4 O
| NHR 10 FelBatnrsah?28683 125 onpoun,,~5 p 45 168 199, ~_ nesa | qa5u

i mrc~-nevaa 17. C oynad of |claim 1, or a |ptva,n@bgetire,cal |y acceptable
salt thereof of fﬁ%ﬂ{%! l‘lgg

R O|9 R~~ ~ R~~ NI1@?€" N ~§ N(|n RR4~~1 N R4
R6 wherein: 10 R4 is selected fifromthe group |cO sigflf}'of H,| C, -C6 al kyl,
CZ Cs al kenyl, (3-C6 cycloal kyl|, C5 C6 cycl oald@myna, ZIh, Ove,| CN, OH,
C(ONH2, C(O NHWe) C(O NHEt, phenyl and -C(O|@# 381s2;, 15 Re, R9, Ro, R,
R Z R 3, and R4 _are each independently H orl CH3, provided 0-2 of the
menbers of the group R8, RO, R o, R', R2, R3, and R d may be CH3 and the
remai ni ng nmenberSoneé of thesgrootpdiBids RkereRested Bt a ddnZentration lenérBhah are H;

and 20 their EC4, but showed some ability to cause inhibition and thus should be
evaluated at a higher concentration to determine the exact EC,,,.
5 An approximate attempt to exclude compounds which did not show some
potential for inhibition (those which might have an EC50 > 100uM) was -

made.
Chemistry
10
All Liquid Chromatography (LC) data were recorded on a Shimadzu
LC-10AS liquid chromatograph using a SPD-10AV UV-Vis detector with
Mass Spectrometry (MS) data determined using a Micromass Platform for
LC in electrospray mode.
15
LC/MS Method (i.e., compound identification)
Column A: YMC ODS-A S7 3.0x50 mm column
20 Column B: PHX-LUNA C18 4.6x30 mm Column
Gradient: 100% Solvent A/ 0% Solvent B to 0% Solvent A/
100% Solvent B
25 Gradient time: 2 minutes
Hold time 1 minute
Flow rate: 5 mi/min
30

Detector Wavelength: 220 nm



R6

is Hor CHS3.

10 February 2003 126 18. A compound of claim1, or a
phar maceutical |y acceptable salt thereof, selected fromthe group
consi sting of conpounds 5w, 5x, 5y, 5z and yak identified below O0r NO
/" NR- NO/ NRRs 4 5 ~onpounar c~rc4rt e5w ~hn5xhneh- ~~T__~~ -~ea~~~e 19.

A conpound of claim 15 wherein R, R, Re, Ra, Ro, R', Rz, Ra and R 4

are H and R2 is -~Me. 10 20. A conpound o

2c| aim 15 \Ahe'f@[:@bﬁza Béo3R,

Re, RO, Ro, R', Rz, R3 and Rd are H 2 A conpound of cl al m 1, or a
pharmaceutically acceptable salt 15 thereof, having the formula RZ ~ / ~11
Rs . N~~nRl4 131 / \~R "NRs RO O Rio R~ N ORe N R12 10 February

2003 127 wher ei

Cz-
R z,

and

Ri

C6 al kenyl

Rs is h

~~ N~~R-~z

10
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H F, o - is G - | kyl ,
SRR AT oal k0% QU TS BTy o T Rstedgd o
C( O NHZ, C(O)NHI\/E C(ONHEt, Ph or -C(OCH3; nis 2; 10 Re, R9, Ro,

R 3 and R doReRt gach i nd%%@ﬁtbt/'%#"l\@éoﬁ'ﬂ'o 1%rﬂ\ﬂ®?&|adé%ctﬁ9:|&"‘0 of
these substi

rogen or nethyl. 20 22. A conmpound of cl al m 1l or
phar maceuti cal | y accepnhabledsplutified bepegiaratife HRE& CRoemudituté® irOrigtithridt |

(1.2 ml) and purified using the following methods on a Shimadzu LC-10A
automated preparative HPLC system.

Preparative HPLC Method (i.e., compound purification)

Purification Method: Initial gradient (30% B, 70% A) ramp to final
gradient (100% B, 0% A) over 20 minutes, hold for 3 minutes (100% B,
0% A)

Solvent A: 10% MeOH / 90% H,O / 0.1% Trifluoroacetic Acid
Solvent B: 10% H,0 / 90% MeOH / 0.1% Trifluoroacetic Acid
Column: YMC C18 S5 20x100 mm column

Detector Wavelength: 220 nm

Typical Procedures and Characterization of Selected Examples

Typical Procedure for the Preparation of Compounds in Scheme 1

1) Preparation of Azaindole 1

AN

l Zmger TN
Z > No, — N 2~y
& THF H

o] (e}

Preparation of azaindole, Method A: Preparation of 7-Chloro-6-
azaindole 1e: 2-Chloro-3-nitropyridine 22e (5.0 g) was dissolved in dry
THF (200 ml). After the solution was cooled down to -78°C, an excess of
vinyl magnesium bromide (1.0 M in THF, 100 ml) was added. Then, the

Rl

uents may be nethyl; R is hydrogen; 15 I S unsubstituted;

J



n R4 1r ,y-R RA Ni R5 Rs wherein: 25 RZis H, -0OCH3, -OCHZCF3, -OPr,
hal ogen, CN, NOz, or NHOH, R4 is H, -halogen, -CN, or hydroxy; 30 One or
two nenbers of R -R 4 is nmethyl and the remai ning nenbers are hydrogen;
128 10 February 2003 nis 2, R is hydrogen, 5 R5 ~s (Om where m-~s G
and R6 is hydrogen, nmethyl, or allyl. 10 23. A pharmaceutical conposition
whi ch conprises an antiviral effective anmount of a conpomg@e@fugﬁgrzm@)tga I,
i ncludi ng pharmaceutically acceptable salt83thereof, as clained rn any of
clainms 1-22. 24. The pharnmaceutical conposition of claim23, useful for

treating 15 infectjon by HV ich additionally conprises an antiviral
effective armurf@aBtl’orhWag\I'?fSa‘ ‘rz@g@rf@h?@ﬁb@ﬁwsst@f@@t@dﬁf’fchéﬁ]wﬂ*PeZ(bﬁﬁoup

E:oglsi sting of: NH?CIE{M@\InD;S ameiMJ@uEW@%;wé$éﬁw§t@thhimb%t(b\@ OSH]E i)r
c) an i nmuno r: entry. inhi . 25
treating rrarmgﬁghli ﬁ?]gc O@ﬁf%%réﬁ‘@ﬁ: E&Sr WEs Fﬁﬁvﬁgwﬂié@%&ﬁ%ﬂ% sai d

mamal an ant i \Bndhgonsengetion.chawpude piduat wespardified bf sfoamel aclumn ncl udi ng

phar maceut | Gal | shramaeRj:abhPioeatdra 25 oldier.8fbro-828lrRlolEse s PR, ¢l ai ms

1-22 26. The nethod of clalm25 conprfising admnistering to sai'd mamual an
antiviral effective anount of a conpound of Fornula | in conbination 30

with an antiviral efSwomavieedvelow isotheahatadiSritatioatdfenimmasds SRitgeted 10
February 2003 ]fgﬁoWiEBerﬁJlaﬁxrgé'OUp consisting of: an AIDS antiviral agent; an
ant)-~nfective agent; an I munonodul ator; and H'V entry inhibitors. 27. The

met hod of clainms 25 and 26 wherein the vi F§ HV. > >, 23 . .a conpound
of claiml1l~, wherein R~, R-, R-, R~ i~§, vy Tw, R, an;.l Is,.~ aro
taLn H and Rz anal R ~ ire each Ovlie 29 . RA conpound hat. ink the fornula

LR Ra-~ Ncil i1yl =N~ 1)

Compound 1e, R = Cl, 7-Chloro-6-azaindole: '"H NMR (500 MHz,
CD,0OD) 6 7.84 (d, 1H, J = 7.95 Hz), 7.76 (m, 2H), 6.61 (d, 1H, J = 5.45

Hz). MS m/z: (M+H)" calcd for C,H,CIN,: 153.02; found 152.93. HPLC
retention time: 0.51 minutes (column A).

15
Compound 1f, R = OMe, 7-Methoxy-6-azaindole: MS m/z: (M+H)*
calcd for CgHgN,O: 149.07; found 149.00. HPLC retention time: 0.42
minutes (column A).
20 Characterization of compounds 1 with the following substructure
prepared by the method above:
Rz N
DS
N
H
R4
25 Compound 1g, R, = H, R, = Me, 7-Methyl-4-azaindole: MS m/z:

(M+H)" caled for C4HN,: 133.08; found 133.01. HPLC retention time:
0.34 minutes (column A).

Compound 1ak, R, = Cl, R, = Me, 5-Chloro-7-methyl-4-azaindole:
30 MS miz: (M+H)" caled for CzHLCIN,: 167.04; found 166.99. HPLC
retention time: 1.22 minutes (column B).



H wherein: R ~-R ~ are as previously ~leiincci in clzim28;, am --,
RZ- RaL~N~N~ 1S stI C ~t O~ fromthe group consistir.~of / \HRi_ Rz RN,
R~ ~~~1 i ~ NMW /" ~N%N' aridvi~~RHRHRRW- a
Al A& A9. A(e. A9. A2
A A9A&AYLAA9A&A9yAA&ALA’>A&A{LA9A9RA( A9. A& A. AL% A& A. A9 .
A9 A AL. A9. ALl . A@ & A ;9r. Ahs9. A(& Ar. A& A&L. A9 . A& . A 10 February 2003
&".ALL. A&AA&A&%A&R Am AL. AK . A& AT 64
9j & A. A . A9 . Aw. AL. AL. A9y. A& A9. Al Y. A9 . A&. A&r. A9l
. A9. A9e. A9. A&A99 A&9. A&r . A&. A9. Ay. A9E. A(. A9. A9. ALR. A9. A9. A&. A9y. Al & A&, . A9
. AL. AQY. AL. A9. A&%. AAA&A{LA&L@XLANLAS&A&I ANA9, . A & A& Al &
Ay{
a

Ra

.A9. A9. ASh. A9R. g .AS(& . A A@ AS . 9R AL. A 9. AS. A5
'Y\ m{ wr mhc”Y] ca] ga] cedca] caJcalcal c heaV] cajtavtcal c cajc”a]calc

~a] ca] ca] ca] ca] cg] ca] ca] c*a] ca] ca] cRgd c: a m-! $>0QdGas>g H

"oU| wgl ga\ W ca] caV] ca] ca] caV] ca] ca] E a] caV] ca] ca] caV] ca] ca}faV] ca] ca] caV] ca]

ca] ca] cMa] ca] ca] ca] ca] ca] ca] ca] ca] cha UFMV (
P ##3$5$984 wgl gb\ VI ga\ W] caV] ca] ¢ | caV] ca] ca] caV] ca] ¢ -' ca] caV]caV] ca

] caV] caV] ca] ca] cay ca] ca] caV]calc V] ca] caV] ca] caV] ca &&' ' (" (, (6(E{(c
))))) n*| * O\ +f +o+++, -{upj e_ZU] ca] caV] ca] caV] ca] caV] ca] ca] ca] caV] ca] caV]

calcalcav ) call caligal col o S4BA0les MAsheg & JOPvpEHeceh LapbaNpatcaV] cal
caVl cal cal] ca) e@dualeal ) aa sl laérwad:m B Dba e O o1 cA

E4Z4] 4 7,
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Characterization of compound 1i:

Compound 1i, 7-Chloro-4-azaindole: 'H NMR (500 MHz, CD,0D) 5
8.50 (d, 1H, J = 6.20 Hz), 8.10 (d, 1H, J = 3.20 Hz), 7.71 (d, 1H, J = 6.30
Hz), 6.91 (d, 1H, J = 3.25 Hz). MS m/z: (M+H)" caled for C,H,CIN,:
153.02; found 152.90. HPLC retention time: 0.45 minutes (column A).

1) Preparation of azaindole 3-glyoxylmethyl ester 2
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1a 2a

Acylation of azaindole, method A: Preparation of Methy! (7-
azaindol-3-yl)-oxoacetate 2a: To a solution of 7-azaindole 1a (20.0 g,
0.169 mol) in dry CH,CI, (1000 ml), 62.1 ml of MeMgl! (3.0M in Et,0, 0.186
mol) was added at room temperature. The resulting mixture was stirred at
room temperature for 1 hour before ZnCl, (27.7 g, 0.203 mol) was added.
One hour later, methyl chlorooxoacetate (24.9 g, 0.203 mol) was injected
into the solution dropwise. Then the reaction was stirred for 8 hours
before being quenched with methanol.

After all solvents were evaporated, the residue was partitioned
between ethyl acetate (500 ml) and H,O (300 mi). The aqueous phase
was neutralized with saturated Na,CO, to pH 6-6.5, and extracted with
EtOAc (3 x 500 ml). The organic layers were then combined, washed with
0.1N HCI (3 x 200 ml), dried over anhydrous MgSO, and concentrated in
vacuo to give a crude product 2a (14.3 g, 41.5%), which was pure enough
for the further reactions.
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Acylation of azaindole, method B: Preparation of Methy! (5-

azaindol-3-yl)-oxoacetate 2b: 5-Azaindole 1b (0.5 g, 4.2 mmol) was

5 added to a suspension of AICI, (2.8 g, 21.0 mmol) in CH,Cl, (100 mil).

Stirring was continued at room temperature for 1 hour before methyl

chlorooxoacetate (2.5 g, 21.0 mmol) was added dropwise. The reaction

was stirred for 8 hours. After 20 ml of MeOH was added cautiously to

quench the reaction, solvents were removed under vaccum. The solid

10  residue was purified by silica gel column chromatography (EtOAc/MeOH =
10 : 1) to afford 0.6 g (70%) of the acylated product 2b.

Characterization of compounds 2:

15 Compound 2a, Methy! (7-azaindol-3-yl)-oxoacetate: "H NMR (300
MHz, DMSO-d;) & 8.60 (s, 1H), 8.47 (d, 1H, J = 7.86 Hz), 8.40 (d, 1H, J =
471 Hz), 7.34 (dd, 1H, J = 7.86, 4.77 Hz), 3.99 (s, 3H); *C NMR (75 MHz,
DMSO-d;) 6 178.7, 163.3, 149.0, 145.1, 138.8, 129.7, 119.0, 118.0,

111.2, 52.7. MS miz: (M+H)" calcd for C,;HN,O,: 205.06; found 205.04.
20  HPLC retention time: 0.94 minutes (column A).
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Compound 2b, Methy! (5-azaindol-3-yl)-oxoacetate: 'H NMR (500

25 MHz, CD,0D) § 9.61 (s, 1H), 9.02 (s, 1H), 8.59 (d, 1H, J = 6.63 Hz), 8.15
(d, 1H, J = 6.60 Hz), 4.00 (s, 3H); *C NMR (125 MHz, CD,0D) & 178.9,
163.0, 145.6, 144.2, 138.3, 135.0, 124.7, 116.3, 112.1, 53.8. MS m/z:

(M+H)" caled for C,;HgN,O,: 205.06; found 205.04. HPLC retention time:
0.32 minutes (column A).
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Compound 2c, Methyl (6-azaindol-3-yl)-oxoacetate: MS miz:
5 (M+H)" caled for C,jH N,O,: 205.06; found 205.14. HPLC retention time:
0.61 minutes (column A).

10 Compound 2d, Methyl (4-azaindol-3-yl)-oxoacetate: MS miz:
(M+H)" caled for C,,H;N,O,: 205.06; found 204.99. HPLC retention time:
0.34 minutes (column A).

15
Compound 2e, Methyl (7-chloro-6-azaindol-3-yl)-oxoacetate: 'H

NMR (500 MHz, DMSO-d,) & 8.66 (s, 1H), 8.17 (d, 1H, J = 5.35 Hz), 8.05

(d, 1H, J = 5.30 Hz), 3.91 (s, 3H); °C NMR (125 MHz, DMSO-d,) § 178.4,
162.7, 141.3, 140.9, 134.6, 133.0, 130.1, 1154, 113.0, 52.8. MS m/z:

20 (M+H)" caled for C,,HgCIN,O,: 239.02; found 238.97. HPLC retention
time: 1.18 minutes (column A).
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Compound 2f, Methyl (7-methoxy-6-azaindol-3-yl)-oxoacetate: MS
miz: (M+H)" caled for C,,H,,N,Q,: 235.07; found 234.95. HPLC retention
5 time: 0.95 minutes (column A).

Compound 2h, Methy! (7-chloro-4-azaindol-3-yl)-oxoacetate: MS
10  miz: (M+H)" calcd for C,,H,CIN,O,: 239.02; found 238.97. HPLC retention
time: 0.60 minutes (column A).

15 Compound 2i, Methy! (7-hydroxyl-4-azaindol-3-yl)-oxoacetate: MS
miz: (M+H)" caled for C,;H,N,O,: 221.06; found 220.96. HPLC retention
time: 0.76 minutes (column A).
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Compound 2ak, Methyl (5-chloro-7-methyl-4-azaindol-3-yl)-
oxoacetate: MS m/z: (M+H)" calcd for C,,H,,CIN,O,: 253.04; found
5 252.97. HPLC retention time: 1.48 minutes (column B).

Preparation of compound 2j, Methyl (7-methoxyl-1-methyl-4-
10 azaindol-3-yl)-oxoacetate: To a solution of compound 2i (27 mg) in 10 ml
of dry DMF was added 4.4 mg of NaH. After 1 hour, 26 mg of Mel was
added and the mixture was stirred at room temperature for 10 hours.
DMF was then removed under vaccum to provide a crude product 2j
which was used in the further reaction without purification.
15
Characterization of compounds 2j:

Compound 2j, Methyl (7-methoxy-1-methyl-4-azaindol-3-yl)-
oxoacetate: MS m/z: (M+H)" calcd for C,,H,;N,O,: 249.09; found 249.33.

20 HPLC retention time: 0.91 minutes (column A).

2) Preparation of potassium azaindole 3-glyoxylate 3
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Preparation of Potassium | (7-azaindol-3-yl)-oxoacetate  3a:
Compound 2a (43 g, 0.21 mol) and K,CO; (56.9g, 0.41 mol) were
dissolved in MeOH (200 ml) and H,0 (200 ml). After 8 hours, product 3a

5 precipitated out from the solution. Filtration afforded 43 g of compound 3a
as a white solid in 90.4% yield.

Characterization of compounds 3:,

10 Compound 3a, Potassium (7-azaindol-3-yl)-oxoacetate: 'H NMR
(300 MHz, DMSO-d;) 4 8.42 (d, 1H, J = 7.86 Hz), 8.26 (d, 1H, J = 4.71
Hz), 8.14 (s, 1H), 7.18 (dd, 1H, J = 7.86, 4.71Hz); *C NMR (75 MHz,
DMSO-d) 8 169.4, 148.9, 143.6, 135.1, 129.3, 118.2, 117.5, 112.9. MS

miz: (M+H)" of the corresponding acid of compound 3a (3a-K+H) calcd
15  for C,H,;N,O,: 191.05; found 190.97. HPLC retention time: 0.48 minutes
(column A).

20 Compound 3b, Potassium (5-azaindol-3-yl)-oxoacetate: MS miz:
(M+H)" of the corresponding acid of compound 3b (3b-K+H) calcd for
CeH,;N,O;: 191.05; found 191.02. HPLC retention time: 0.13 minutes
(column A).

25

Compound 3¢, Potassium (6-azaindol-3-yl)-oxoacetate: MS miz:
(M+H)" of the corresponding acid of compound 3¢ (3c-K+H) calcd for
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Compound 3d, Potassium (4-azaindol-3-yl)-oxoacetate: MS miz:
(M+H)" of the corresponding acid of compound 3d (3d-K+H) calcd for
CeH;N,O;: 191.05; found 190.87. HPLC retention time: 0.19 minutes
(column A).
10

Compound 3e, Potassium (7-chloro-6-azaindol-3-yl)-oxoacetate:

MS m/z: (M+H)" of the corresponding acid of compound 3e (3e-K+H)'

15 caled for C4HCIN,O;: 225.01; found 224.99. HPLC retention time: 0.93
minutes (column A).

20 Compound 3f, Potassium (7-methoxy-6-azaindol-3-yl)-oxoacetate:
MS miz: (M+H)" of the corresponding acid of compound 3f (3f-K+H)"
caled for C,HgN,O,: 221.06; found 220.97. HPLC retention time: 0.45
minutes (column A).
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5 Preparation of N-(benzoyl)-2-ethyl-N'-[(7-azaindol-3-yl)-oxoacetyl]-

piperazine Sb and N-(benzoyl)-2-ethyl-N'-[(7-azaindol-3-yl)-carbonyl]-
piperazine 5¢: To a solution of 7-azaindole 1a (1.0 g, 8.5 mmol) in dry
diethyl ether (20 ml), 3.1 m! of MeMgl (3.0M in Et,0, 9.3 mmol) was added
at room temperature. The resulting mixture was stirred at room

10  temperature for 1 hour before ZnCl, (1M in ether, 10.2 ml, 10.2 mmol) was
added. One hour later, oxalyl chloride (10.7 g, 85 mmol) was injected into
the solution cautiously. After the reaction was stirred for 8 hours, solvent
and excess oxayl chloride were removed under vaccum to give a residue
containing a mixture of 6a and 7a.

15

After the residue was dissolved in dry CH,CN (8 ml), mono-

benzoylated piperazine 4b (0.25 g, 1.15 mmol) and pyridine (1 g, 12.7
mmol) were added into the solution subsequently. 1 hour later, solvents
were removed and residue was purified using Shimadzu automated

20  preparative HPLC System to give compound 5b (20 mg, 0.6%) and
compound 5¢ (16 mg, 0.5%).

Characterization of compounds 5 with the following sub-structure:
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15 Gy 21NO 377.16; found 377.05.

Compound 5b, n = 2, R, 5 = Ry, = H, R = Et, N-(benzoyl)-2-ethyi-
N-{(7-azaindol-3-yl)-oxoacetyl]-piperazine: 'H NMR (500 MHz, CD,0OD) §

8.63 (s, 1H), 8.40 (s, 1H), 8.25 (m, 1H), 7.42 (m, 6H), 4.70-2.90 (m, 7H),

20 1.80-0.60 (m, 5H); *C NMR (125 MHz, CD,0D) & 186.8, 174.2, 168.3,
149.6, 145.4, 138.8, 136.9, 132.6, 131.3, 130.0, 128.0, 120.2, 117.7,
114.1, 58.4, 52.2, 47.5, 44.8, 23.0, 10.9, 10.7. MS m/z: (M+H)* calcd for
CH2N,O;: 391.18; found 391.22. HPLC retention time: 1.35 minutes

(column A).
25

Compound 5¢, n = 1, R,4 = Ry = H, Ry = Et, N-(benzoyl)-2-ethyl-
N'-[(7-azaindol-3-yl)-carbonyl]-piperazine: 'H NMR (500 MHz, CD,0D) &
8.33(m, 2H), 7.87 (s, 1H), 7.47 (m, 5H), 7.33 (m, 1H), 4.74-2.90 (m, 7H),
1.78-0.75 (m, 5H); *C NMR (125 MHz, CD,0D) & 168.0, 164.2, 162.8,

30 147.0, 142.8, 136.9, 133.1, 132.8, 131.3, 130.4, 130.0, 128.0, 118.4,
110.3, 57.0, 53.4, 46.7, 24.0, 10.7. MS m/z: (M+H)" calcd for C,,H,,N,O.:
363.18; found 363.22. HPLC retention time: 1.14 minutes (column A).
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Compound 5d, n = 2, R;.,, = H, N-(benzoyl)-N"-[(7-azaindol-3-yl)-
oxoacetyl]-piperazine: 'H NMR (500 MHz, CD,0D) & 8.62 (s, 1H), 8.44 (s,
1H), 8.26 (s, 1H), 7.46 (s, 5H), 7.29 (m, 1H), 3.97-3.31 (m, 8H). MS miz:

5  (M+H)" caicd for C,,H,(N,O;: 363.15; found 363.24. HPLC retention time:
1.18 minutes (column A).

Compound 5e, n = 2, R,3 = Ry, = H, Ry = Me, N-(benzoyl)-2-
methyl-N"-[(7-azaindol-3-yl)-oxoacetyl]-piperazine: 'H NMR (500 MHz,

10 CD,0OD) 5 8.64 (s, 1H), 8.51 (s, 1H), 8.28 (m, 1H), 7.42 (m, 6H), 4.48-2.90

(m, 7H), 1.26 (m, 3H); ”C NMR (125 MHz, CD,0D) & 185.3, 1714,

166.8, 164.0, 147.9, 143.6, 137.3, 135.3, 131.2, 129.8, 128.4, 126.2,

118.6, 112.4, 49.4, 45.9, 45.6, 45.1, 40.8, 40.4, 14.1. MS m/z: (M+H)*

calcd for C,,H,,N,O;: 377.16; found 377.21. HPLC retention time: 1.26
15  minutes (column A).

Compound 5f, n = 2, R,,; = H, R,, = (S)-Me, (S)-N-(benzoyl)-3-
methyl-N'-[(7-azaindol-3-yl)-oxoacetyl]-piperazine. 'H NMR (500 MHz,
CD,0D) 6 8.64 (s, 1H), 8.39 (s, 1H), 8.26 (m, 1H), 7.44 (m, 6H), 4.71-3.79

20 (m, 7H), 1.26 (m, 3H); °C NMR (125 MHz, CD,0D) & 185.5, 171.9, 166.0,
158.4, 147.6, 143.5, 137.2, 134.8, 131.3, 129.8, 128.3, 126.6, 118.6,
112.4, 50.3, 45.1, 41.2, 40.3, 14.9, 13.7. MS m/z: (M+H)* calcd for
C,Hy;N,Oy: 377.16; found 377.21. HPLC retention time: 1.25 minutes
(column A).

25

Compound 5g, n = 2, R,,;= H, R,, = Et, N-(benzoyl)-3-ethyl-N'"-[(7-
azaindol-3-yl)-oxoacetyl]-piperazine: 'H NMR (500 MHz, CD,OD) § 8.65
(b, 1H), 8.40 (s, 1H), 8.27 (m, 1H), 7.46 (m, 6H), 4.73-3.00 (m, 7H), 1.80-
0.58 (m, 5H); *C NMR (125 MHz, CD,OD) & 187.1, 173.0, 168.0, 149.2,

30 145.0, 138.8, 136.4, 133.0, 131.4, 129.9, 128.2, 120.2, 114.1, 57.5, 46.0,
43.0, 37.5, 23.0, 10.7. MS m/z; (M+H)" calcd for C,,H,,N,O,: 391.18;
found 391.20. HPLC retention time: 1.33 minutes (column A).

Compound §h, n = 2, R,,, = H, R;; = R,, = Me, N-(benzoyl)-3,3-
35 dimethyl-N"-[(7-azaindol-3-yl)-oxoacetyl]-piperazine: MS mi/z: (M+H)" calcd
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for C,,H,3N,O;: 391.18; found 390.98. HPLC retention time: 1.22 minutes
(column A). '

Compound 5i, n = 2, R,;, = Roy; = H, Ry = R,, = Me, trans-N-
5 (benzoyl)-2,5-dimethyl-N*-[(7-azaindol-3-yl)-oxoacetyl]-piperazine: 'H
NMR (500 MHz, CD,0OD) 3 8.58 (m, 1H), 8.37 (d, 1H, J = 15.7 Hz), 8.25
(m, 1H), 7.77 (m, 1H), 7.46 (m, 5H), 5.09-3.16 (m, 6H), 1.30 (m, 6H). MS
miz: (M+H)" caled for C,,H,,N,O,: 391.18; found 391.11. HPLC retention
time: 1.22 minutes (column A).
10
Compound 8ab, n = 2, R,4 = Ryo; = H, Ry, = i-Pr, N-(benzoyl)-3-
iso-Propyl-N"-[(7-azaindol-3-yl)-oxoacetyl]-piperazine. MS miz: (M+H)*
caled for CyH,sN,O,: 405.19; found 405.22. HPLC retention time: 1.52
minutes (column A).
15
Compound 5ac, n = 2, R;3= R,,.., = H, Ry = i-Pr, N-(benzoyl)-2-iso-
Propyl-N"[(7-azaindol-3-yl)-oxoacelyl]-piperazine: MS miz: (M+H)* calcd
for C,3H,sN,O4: 405.19; found 405.25. HPLC retention time: 1.53 minutes
(column A).
20
Compound 5ad, n =1, R, ;= Ry, = H, Ry = i-Pr, N-(benzoyl)-2-iso-
Propyl-N'-[(7-azaindol-3-yl)-carbonyl]-piperazine: MS mi/z: (M+H)" calcd for
CyHysN,O,: 377.20; found 377.23. HPLC retention time: 1.34 minutes
(column A).
25
Compound 5ae, n = 2, R,3 = Rg.s = H, Ry = Pentyl, trans-N-
(benzoyl)-2-Pentyl-N*-[(7-azaindol-3-yl)-oxoacetyl]-piperazine. MS miz:
(M+H)" calcd for C,H,gN,O,: 433.22; found 433.42. HPLC retention time:
1.74 minutes (column A).
30
Characterization of compounds 5 with the following sub-structure:
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Compound §j, R,, = H, N-(pyridin-2-yl)-N'-[(7-azaindo/—3—yl)-
5 oxoacetyl]-piperazine: 'H NMR (500 MHz, CD,0D) § 8.65-7.30 (m, 8H),
4.00-3.33 (m, 8H). MS m/z: (M+H)" calcd for C,;H,sN;O,: 364.14; found
364.08. HPLC retention time: 0.97 minutes (column A).

Compound 8k, Ry, = (R)-Me, (R)-N-(pyridin-2-yi)-3-methyl-N"-[(7-

10  azaindol-3-yl)-oxoacetyl]-piperazine: ‘H NMR (300 MHz, CD,0D) & 8.67-
7.38 (m, 8H), 4.76-3.00 (m, 7H), 1.35 (m, 3H); *C NMR (75 MHz, CD,0D)

5 186.0, 168.9, 166.6, 152.9, 148.5, 144.0, 138.7, 137.8, 131.8, 1256,
124.0, 119.0, 112.9, 5§1.3, 50.9, 50.7, 46.7, 46.2, 45.7, 42.6, 42.0, 41.8,

40.8, 36.6, 35.7, 155, 14.2. MS m/z: (M+H)" caled for C,H,N,O;:
15 378.16; found 378.14. HPLC retention time: 1.02 minutes (column A).

When Ar = f’{E’%
/ Br

Compound 51, Ry, = (R)-Me, (R)-N-(5-bromo-furan-2-yl)-3-methyi-

20  N“-[(7-azaindol-3-yl)-oxoacetyl]-piperazine: 'H NMR (500 MHz, CD,0D) 8

8.59 (d, 1H, J = 9.4 Hz), 8.37 (s, 1H), 8.26 (m, 1H), 7.34 (d, 1H, J =

10.1Hz), 7.06 (s, 1H), 6.59 (s, 1H), 4.56-3.16 (m, 7H), 1.30 (m, 3H); *C

NMR (125 MHz, CD,0OD) § 187.2, 167.8, 161.0, 150.1, 149.8, 145.8,

138.7, 132.1, 127.0, 120.5, 120.2, 119.8, 114.8, 113.9, 51.8, 47.0, 42.0,

25 37.0, 16.6, 15.4. MS miz: (M+H)* calcd for C,¢H,,BrN,O,: 445.05; found
445.18. HPLC retention time: 1.35 minutes (column A).
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5 oxoacetyl]-piperazine: 'H NMR (500 MHz, CD,0D) § 9.62 (b, 1H), 8.72
(m, 1H), 8.61 (d, 1H, J = 4.5 Hz), 8.16 (d, 1H, J = 5.8 Hz), 7.51 (b, 6H),
4.90-3.10 (m, 7H), 1.35 (b, 3H). MS miz: (M+H)" calcd for CyHyN,O;4
377.16, found 377.15. HPLC retention time: 0.89 minutes (column A).

10 Characterization of compounds § with the following sub-structure:

Compound 5p, X = H, Y = H, N-(benzoyl)-N"-[(6-azaindol-3-yi)-
15 oxoacetyl]-piperazine: MS m/z: (M+H)" calcd for C,H,sN,O, 363.15, found
363.09. HPLC retention time: 0.96 minutes (column A).

Compound §q, X = H, Y = Me, N-(benzoyl)-3-Methyl-N'-[(6-
azaindol-3-yl)-oxoacetyl]-piperazine: MS m/z: (M+H)" calcd for C,,H,,N,O,
20 377.16, found 377.11. HPLC retention time: 0.99 minutes (column A).

Compound 5r, X = H, Y = (R)-Me, (R)-N-(benzoyl)-3-Methyl-N'-[(6-
azaindol-3-yl)-oxoacetyl]-piperazine: MS miz: (M+H)" calcd for C,,H,N,O,
377.16, found 377.10. HPLC retention time: 0.99 minutes (column A).

25

Compound 5s, X = H, Y = (S)-Me, (S)-N-(benzoyi)-3-Methyl-N"-[(6-
azaindol-3-yl)-oxoacetyl]-piperazine: MS miz: (M+H)" caled for C,,H,,N,O,
377.16, found 377.10. HPLC retention time: 1.00 minutes (column A).
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Compound 5t, X = Cl, Y = H, N-(benzoyl)-N"-[(7-Chloro-6-azaindol-
3-yl)-oxoacetyl]-piperazine: MS m/z: (M+H)* caled for Conﬂ,ClN;O3
397.11, found 397.26. HPLC retention time: 1.60 minutes (column B).

5 Compound 5u, X = Cl, Y = (R)-Me, (R)-N-(benzoyl)-3-Methyl-N"-[(7-
Chloro-6-aza/'ndol-3-y/)-oxoacetyU—piperazine: MS m/z: (M+H)* calcd for
C2H2CIN,O; 411.12, found 411.16. HPLC retention time: 1.43 minutes
(column A).

10 Compound §v, X = OMe, Y = (R)-Me, (R)-N-(benzoyl)-3-Methy!-N'-
[(7-Methoxy-6-aza/'ndol-3-y/)-oxoacety/]—piperaz/ne: MS m/z: (M+H)" calcd
for C,H,CIN,O, 407.17, found 407.13. HPLC retention time: 1.31
minutes (column A).

15 Characterization of compounds 5 with the following sub-structure:

Compound Sw, X = H, Y = (R)}-Me, Z = H, (R)-N-(benzoyl)-3-

20 Methyl—N’-[(4-azaindol—3-yl)-oxoacetyl]—piperazine: MS m/z: (M+H)* caled

for CHxN,O; 377.16, found 377.14. HPLC retention time: 0.96 minutes
(column A).

Compound 5x, X = CH,, Y = (R)-Me, Z = H, (R)-N-(benzoyl)-3-
25 Methyl-N'-[(?—Methyl-4-azaindo/-3-yl)-oxoacetyl]—piperazine: MS m/z:
(M+H)" caicd for C,H,,N,O, 391.18, found 391.15. HPLC retention time:

1.15 minutes (column A).

Compound Sy, X = Cl, Y = (R)-Me, Z = H, (R)-N-(benzoyl)-3-
30  Methyl-N*-[(7-Chloro-4-azaindol-3-yl)-oxoacetyl]-piperazine: MS  miz:
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time: 1.10 minutes (column A).

Compound 5z, X = OMe, Y = (R)-Me, Z = Me, (R)-N-(benzoyl)-3-
5  Methyl-N-[(7-Methoxy-1-methyl-4-azaindol-3-yl)-oxoacetyl]-piperazine:
MS m/z: (M+H)" caled for C,H,N,O,: 421.19, found 421.05. HPLC
retention time: 1.06 minutes (column A).

10
Compound 5ak, (R)-N-(benzoyi)-3-Methyl-N'-[(5-Chloro-7-methyl-4-

azaindol-3-yl)-oxoacetyl]-piperazine. MS miz: (M+H)" caled for
C,,H,,CIN,O; 425.24, found 425.04. HPLC retention time: 1.72 minutes
(column B).

15
Typical Procedure for Preparation of Compounds in Scheme §, 6 and
7
1) N-Oxide formation (equation 1, Scheme 5)

20

o]
mCPBA o
‘ AN \ acetone XN
A, [
H

Preparation of (R)-N-(benzoyl)-3-methyl-N'-[(7-oxide-7-azaindol-3-
yl)-oxoacetyl]-piperazine 8a. 10 g of 7-azaindole piperazine diamide 5a
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(26.6 mmol) was dissolved in 250 ml acetone. 9.17 g of mCPBA (53.1

mmol) was then added into the solution. Product 8a precipitated out from

the solution as a white solid after 8 hours and was collected via filtration.

After drying under vacuum, 9.5 g of compound 8a was obtained in 91%
5 yield. No further purification was needed.

Characterization of compo'und 8 with he following sub-structure:

10
Compound 8a, R = (R)-Me, (R)-N-(benzoyl)-3-methyl-N"-[(7-oxide-
7-azaindol-3-yl)-oxoacetyl]-piperazine: 'H NMR (300 MHz, DMSO-d;) &
8.30 (d, 1H, J = 12.2 Hz), 8.26 (d, 1H, J = 10.1 Hz), 8.00 (d, 1H, J = 7.41
Hz), 7.41 (s, 5H), 7.29 (m, 1H), 4.57-2.80 (m, 7H), 1.19 (b, 3H); *C NMR
15 (75 MHz, DMSO-d;) & 186.2, 170.0, 165.0, 139.5, 136.9, 136.7, 135.5,
133.5, 129.7, 128.5, 126.9, 121.6, 119.9, 113.6, 49.4, 44.3, 15.9, 14.8.
MS m/z: (M+H)" caled for C,,H,,N,O,: 393.16; found 393.16. HPLC
retention time: 1.05 minutes (column A).

20 Compound 8e, R = H, N-(benzoyl)-N-[(7-oxide-7-azaindol-3-yl)-
oxoacetyl]-piperazine: MS m/z: (M+H)* caled for C,H,,N,O,. 379.14;
found 379.02. HPLC retention time: 1.15 minutes (column A).

Compound 8¢, R = (S)-Me, (S)-N-(benzoyl)-3-methyl-N"-[(7-oxide-
25  7-azaindol-3-yl)-oxoacetyl]-piperazine;: MS miz: (M+H)" calcd for
C,;H,N,O,: 393.186; found 393.05.
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& ()- Ff 10% & () - &&4p00h& 8Y; 1RP PIRR PW- Y AZopI R elhyi-N-[(7-0xide-7-
azaindol-3-yl)-oxoacetyl]-piperazine: MS m/z: (M+H)" calcd for C,.H,,N,O,:
393.16; found 393.05.

5 Characterization of compound 8b:

-
A\

-0 H 8b
Compound 8b, (R)-N-(benzoyl)-3-methyl-N"-[(6-0oxide-6-azaindol-3-
10  yl)-oxoacetyl]-piperazine: MS m/z: (M+H)" calcd for C,,H,,N,O,: 393.16;
found 393.08. HPLC retention time: 1.06 minutes (column A).

2) Chlorination (equation 2, Scheme 5)

15

Preparation of (R)-N-(benzoyl)-3-methyl-N'-[(4-chloro-7-azaindol-3-
yl)-oxoacetyl]-piperazine 9a. 55 mg of 7-azaindole piperazine diamide N-
Oxide (0.14 mmol) 8a was dissolved in 5 mi of POCI,. The reaction

20 mixture was heated at 60°C for 4 hours. After cooling, the mixture was
poured into ice cooled saturated NaHCO, solution and the aqueous phase
was extracted with EtOAc (3 x 50 ml). The combined organic layer was
dried over MgSO, and concentrated under vacuum. The crude product
was purified using a Shimadzu automated preparative HPLC System to

25 give compound 9a (15 mg, 26%).
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Characterization of compound 9a:

Compound 9a, (R)-N-(benzoyl)-3-methyi-N'-[(4-chloro-7-azaindol-3-
yl)-oxoacetyl]-piperazine: 'H NMR (500 MHz, DMSO-d;) & 13.27 (b, 1H),
8.46 (m, 2H), 7.43 (m, 6H), 5.00-2.80 (m, 7H), 1.23 (b, 3H). MS m/z:
(M+H)" caled for C,,H,,CIN,O;: 411.12; found 411.09. HPLC reter{tion
time: 1.32 minutes (column A).

3) Nitration of N-Oxide (equation 10, Scheme 6)
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Preparation of (R)-N-(benzoyl)-3-methyl-N'-[(4-nitro-7-oxide-7-
azaindol-3-yl)-oxoacetyl]-piperazine 15a: N-oxide 8a (10.8 g, 27.6 mmol)
was dissolved in 200 ml of trifluoroacetic acid and 20 mi of fuming nitric
acid. The reaction mixture was stirred for 8 hours and quenched with
methanol. After filtration, the filtrate was concentrated under vacuum to
give crude product 15a as a brown solid, which was carried to the next
step without further purification. A small amount of crude product was
purified using a Shimadzu automated preparative HPLC System to give
compound 3 mg of compound 15a.

Characterization of compound 15 with the following sub-structure:
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Compound 15a, R = (R)-Me, (R)-N-(benzoyl)-3-methyl-N"-[(4-nitro-

7-oxide-7-azaindol-3-yl)-oxoacetyl]-piperazine. MS miz: (M+H)" calcd for

5 C,H,N;Og 438.14; found 438.07. HPLC retention time: 1.18 minutes
(column A).

Compound 15b, R = (S)-Me, (S)-N-(benzoyl)-3-methyl-N-[(4-nitro-

7-oxide-7-azaindol-3-yl)-oxoacetyl]-piperazine: MS miz: (M+H)"® calcd for

10 C,HyuN:;O4: 438.14; found 438.02. HPLC retention time: 1.18 minutes
(column A).

Compound 15¢, R = Me, N-(benzoyl)-3-methyl-N"-[(4-nitro-7-oxide-

7-azaindol-3-yl)-oxoacetyl]-piperazine: MS m/z: (M+H)" calcd for

15 C,HyNsOq: 438.14; found 438.02. HPLC retention time: 1.18 minutes
(column A).

4) Fluorination (equation 5, Scheme 3)

20 o 10a

Preparation of (R)-N-(benzoyl)-3-methyl-N'’-{(4-nitro-6-fluoro-7-
azaindol-3-yl)-oxoacetyl]-piperazine 10a: 20 mg of crude 4-nitro-7-
azaindole piperazine diamide N-oxide 15a and an excess of Me,NF (300
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mg) were dissolved in 5 ml of DMSO-d;. The reaction mixture was heated
at 100°C for 8 hours. After cooling,‘DMSO-d6 was removed by blowing
nitrogen. The residue was partitioned between ethyl acetate (10 ml) and
2N NaOH solution (10 ml). The aqueous phase was extracted with EtOAc
5 (2 x 10 ml). The organic layers were combined and concentrated under
vacuum to give a residue, which was further purified using a Shimadzu
automated preparative HPLC System to give compound of 10a (8.3 mg).

Characterization of compound 10a:
10
Compound 10a: (R)-N-(benzoyl)-3-methyl-N'-{(4-nitro-6-fluoro-7-
azaindol-3-yl)-oxoacetyl]-piperazine: 'H NMR (300 MHz, acetone-d;) &
8.44 (d, 1H, J = 8.24 Hz), 7.47 (s, 6H), 4.80-3.00 (m, 7H), 1.29 (b, 3H).
MS miz: (M+H)" calcd for C,,H,;FN;O,. 440.14; found 440.14. HPLC
15 retention time: 1.40 minutes (column B).

5) Alkylation and Arylation (equation 4, Scheme 5)
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20
Preparation of  (R)-N-(benzoyl)-3-methyl-N"-[(4 or 6)-methyl-7-
azaindol-3-yi)-oxoacetyl]-piperazine 11a: An excess of MeMgl (3M in
THF, 0.21 mil, 0.63 mmol) was added into a solution of 7-azaindole
piperazine diamide N-oxide 8a (25 mg, 0.064 mmol). The reaction
25 mixture was stired at room temperature and then quenched with
methanol. The solvents were removed under vacuum, the residue was
diluted with methanol and purified using a Shimadzu automated
préparative HPLC System to give compound 11a (6.7 mg, 27%).

30 Characterization of compounds 11 with the following sub-structure:
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Compound 11a: R = Me, (R)-N-(benzoyl)-3-methyl-N-[(4 or 6)-

methyl-7-azaindol-3-yl)-oxoacetyl]-piperazine. MS m/z: (M+H)" calcd for

5 CpH, N0, 391.18; found 391.17. HPLC retention time: 1.35 minutes
(column B).

Compound 11b: R = Ph, (R)-N-(benzoyl)-3-methyl-N-[(4 or 6)-

phenyl-7-azaindol-3-yl)-oxoacetyl]-piperazine:. MS miz: (M+H)" calcd for

10 C,H,;N, O, 453.19; found 454.20. HPLC retention time: 1.46 minutes
(column B).

Compound 11¢, R = CH=CHZ2, (R)-N-(benzoyl)-3-methyl-N'-[(4 or

6)-vinyl-7-azaindol-3-yl)-oxoacetyl]-piperazine: MS m/z: (M+Na)* calcd for

15  C,H,N,NaO,: 425.16; found 425.23. HPLC retention time: 1.12 minutes
(column A).

6) Nitrile Substitution and Chlorination (equation 5, Scheme 5)

o
TMSCN 0
o)
| X\ PhCOCI N o)
N’/ N 8a | ~ \ l D
H N = 12a

20 o

Preparation of (R)-N-(benzoyl)-3-methyl-N'-[(6-chloro-7-azaindol-3-
yl)-oxoacetyl]-piperazine 9b and (R)-N-(benzoyl)-3-methyl-N"-[(6-cyano-7-
azaindol-3-yl)-oxoacetyl]-piperazine 12a: N-oxide 8a (0.20 g, 0.51 mmol)

25  was suspended in 20 ml of dry THF, to which TMSCN (0.3 g, 3.0 mmol)
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and” BzCl (0.28 g, 2.0 mmol) were added. The reaction mixture was

stirred at room temperature for 2 hours, and then heated at refiux for 5
hours. After cooling, the mixture was poured into 100 ml of saturated
NaHCO, and the aqueous phase extracted with EtOAc (3 x 50 ml). The

5 organic phase was combined and concentrated under vacuum to give a
residue, which was diluted with methanol and purified using a Shimadzu
automated preparative HPLC System to give compound 12a (42 mg
20%) and compound 9b (23 mg, 11%).

10 Characterization of compounds 9b and 12a:

Compound 9b, (R)-N-(benzoyl)-3-methyl-N"-[(6-chloro-7-azaindoi-3-
yl)-oxoacetyl]-piperazine. 'H NMR (500 MHz, DMSO-d,) § 8.39 (m, 2H),

7.42 (m, 6H), 5.00-2.80 (m, 7H), 1.19 (b, 3H); *C NMR (125 MHz, DMSO-

15 dg) & 185.8, 170.0, 165.1, 147.9, 145.1, 137.4, 1354, 132.2, 1295,

128.3, 126.8, 118.6, 116.1, 111.8, 49.3, 47.2, 44.2, 15.6, 14.5. MS m/z:
(M+H)" caled for C,H,,CIN,O,: 411.12; found 411.09. HPLC retention
time: 1.43 minutes (column A).

20 Compound 12a, (R)-N-(benzoyl)-3-methyl-N'-[(6-cyano-7-azaindol-
3-yl)-oxoacetyl]-piperazine: 'H NMR (500 MHz, DMSO-d,) § 8.67 (m, 2H),
7.86 (s, 1H), 7.42 (m, 5H), 4.80-2.80 (m, 7H), 1.22 (b, 3H); "*C NMR (125
MHz, DMSO-d,) 8 185.7, 170.0, 164.8, 148.5, 140.9, 135.3, 130.3, 129.5,
128.3, 126.8, 126.2, 123.0, 120.4, 118.0, 111.8, 49.4, 47.3, 44.2, 15.6,

25  14.5. MS m/z: (M+H)" caled for C,,H,,N;O;: 402.16; found 402.13. HPLC
retention time: 1.29 minutes (column A).

7) Hydroxylation (equation 6, Scheme 5)
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Characterization of compound 13a:

10 Compound 13a, (R)-N-(benzoyl)-3-methyl-N"-[(1-acetyl-6-acetoxy-
7-azaindol-3-yl)-oxoacetyl]-piperazine: 'H NMR (300 MHz, acetone-d;) &
8.67 (m, 2H), 7.47 (s, 5H), 7.27 (d, 1H, J = 8.34 Hz), 4.90-2.80 (m, 7H),

2.09 (s, 6H), 1.30 (b, 3H); *C NMR (75 MHz, acetone-ds) 6 187.0, 170.8,
169.0, 168.6, 164.9, 155.3, 136.5, 134.7, 134.2, 133.2, 130.0, 129.8,

15 127.5, 118.9, 115.4, 113.8, 50.3, 45.4, 41.3, 36.3, 25.5, 20.5, 16.0, 14.8.
MS m/z: (M+Na)" caled for C,;H,,N,O;Na: 499.16; found 499.15. HPLC
retention time: 1.46 minutes (column B).

Preparation of (R)-N-(benzoyl)-3-methyl-N'-[(6-hydroxyl-7-azaindol-

20  3-yl)-oxoacetyl]-piperazine 14a: The crude compound 13a and an excess

of K,CO,; (100 mg) were mixed in MeOH and H,O (1:1). The reaction

mixture was stirred for 8 hours. The MeOH was removed under vacuum,

the aqueous phase extracted with EtOAc (3 x 10ml) and the organic

layers combined and concentrated. The crude product was purified using

25  a Shimadzu automated preparative HPLC System to give compound 1 mg
of 14a (5% from compound 8a).

Characterization of compound 14a:

30 Compound 14a, (R)-N-(benzoyl)-3-methyl-N*-[(6-hydroxy!-7-
azaindol-3-yl)-oxoacetyl]-piperazine: MS miz. (M+H)" caled for
C,H,N,O,: 393.16; found 393.12. HPLC retention time: 1.13 minutes
(column A).

35
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8) Thiol formation (equation 7, Scheme 5)

PrsH, TsCl N/&

CHCl,

Preparation of (R)-N-(benzoyl)-3-methyl-N'-[(6-propyithio-7-
azaindol-3-yl)-oxoacetyl]-piperazine 17f. To an solution of 100 mg of
compound 9a in 10 ml of CHCI, was added TsCl (63 mg), and the solution
was stirred for 5 minutes. Then, 2 ml of propylthiol was added and the

10  reaction mixture was stirred for 8 hours. After concentration, the crude
product was purified using a Shimadzu automated preparative HPLC
System to give compound 1.4 mg of 17f.

Characterization of compound 17f:

15
Compound  17f, (R)-N-(benzoyl)-3-methyl-N'-[(6-propyithiol-7-
azaindol-3-yl)-oxoacetyl]-piperazine: MS miz: (M+H)" caled for
C,HzN,O,S: 451.18; found 451.09. HPLC retention time: 1.45 minutes
(column A).
20

9) Displacement of Nitro Group (equation 11, Scheme 6)
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Preparation of (R)-N-(benzoyl)-3-methyl-N'-[(4-methoxy-7-oxide-7-
azaindol-3-yl)-oxoacetyl]-piperazine 16a. 100 mg of crude compound 15a
from the previous step was dissolved in 6 mi of 0.5M MeONa in MeOH.
The reaction mixture was refluxed for 8 hours, and the solvent removed
under vacuum to afford a mixture including product 16a and other
inorganic salts. This mixture was used in the next step without further
purification. A small portion of the crude mixture was purified using a
Shimadzu automated preparative HPLC System to give 5 mg of
compound 16a.

Characterization of compounds 16 with the following sub-structure:

Compound 16a, X = OMe, R = (R)-Me, (R)-N-(benzoyl)-3-methyi-
N'-[(4-methoxy-7-oxide-7-azaindol-3-yl)-oxoacetyl]-piperazine: MS mlz:
(M+H)" calcd for C,,H,,N,O, 423.17, found 423.04. HPLC retention time:
0.97 minutes (column A).

Compound 16f, X = OMe, R = (S5)-Me, (S)-N-(benzoyl)-3-methyl-
N'*-[(4-methoxy-T7-oxide-7-azaindol-3-yl)-oxoacetyl]-piperazine: MS miz:
(M+H)" caled for C,,H,,N,O; 423.17, found 423.02.

Compound 16g, X = OMe, R = Me, N-(benzoyl)-3-methyl-N"-[(4-
methoxy-7-oxide-7-azaindol-3-yl)-oxoacetyl]-piperazine: MS miz: (M+H)"
caled for C,,H,;N,O; 423.17, found 423.03.

Compound 16b, X = OCH,CF;, , R = (R)-Me, (R)-N-(benzoyl)-3-
methyl-N'-[(4-(2, 2, 2-trifluoroethoxy)-7-oxide-7-azaindol-3-yl)-oxoacetyl]-
piperazine: 'H NMR (500 MHz, CD,0D) § 8.44 (b, 1H), 8.30 (m, 1H), 7.50
(b, 5H), 7.14 (b, 1H), 4.90-3.10 (m, 9H), 1.30 (m, 3H). MS m/z: (M+H)"

109R& ()- ' 109%&& ()-ml0 10 10 ¢ c110% & ()-c-' N 998888886 F* K

+
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caled for C,,H,,F,N,Oy: 491.15; found 491.16. HPLC retention time: 1.17
minutes (column A). '

Compound 16¢, X = OCH(CH,),, , R = (R)-Me, (R)-N-(benzoyl)-3-
methyl-N"-[(4-(1-methylethoxy)-7-oxide-7-azaindol-3-yl)-oxoacetyl]-
piperazine; 'H NMR (500 MHz, CD,0D) & 8.48 (s, 1H), 8.24 (m, 1H), 7.46
(m, 5H), 7.13 (s, 1H), 5.03-3.00 (m, 8H), 1.49-1.15 (m, 9H). MS }n/z:
(M+H)" caled for C,,H,,N,O,: 451.20; found 451.21. HPLC retention time:
1.14 minutes (column A).

Compound 16d, X = OCH,CH,, , R = (R)-Me, (R)-N-(benzoyl)-3-
methyl-N-[(4-ethoxy-7-oxide-7-azaindol-3-yl)-oxoacetyl]-piperazine:  MS
miz: (M+H)" caicd for C,;H,sN,O;: 437.18; found 437.13. HPLC retention
time: 1.08 minutes (column A).

Compound 16e X = SCH,CH,CH,, , R = (R)-Me, (R)-N-(benzoyl)-3-
methyl-N"-[(4-propylthio-7-oxide-7-azaindol-3-yl)-oxoacetyl]-piperazine: 'H
NMR (500 MHz, CD,0D) & 8.24 (m, 2H), 7.45 (m, 5H), 7.25 (s, 1H), 4.90-
3.00 (m, 9H), 1.81 (b, 2H), 1.30 (m, 6H). MS m/z. (M+H)" calcd for
C,,H,;N,O,S: 467.18; found 467.14. HPLC retention time: 1.30 minutes
(column A).

Compound 16h, X = NHMe, , R = (R)-Me, (R)-N-(benzoyl)-3-
methyl-N'-[(4-methylamino-7-oxide-7-azaindol-3-yl)-oxoacetyl]-piperazine:
MS m/z: (M+H)" caled for C,,H,,N;O,. 422.18; found 422.09. HPLC
retention time: 1.19 minutes (column A).

10) Reduction of N-Oxide (equation 12, Scheme 6)
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0
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Preparation  of (R)-N-(benzoyl)-3-methyl-N'-[(4-methoxy-7-
azaindol-3-yl)-oxoacetyl]-piperazine 17a. 48 mg of crude 16a was
suspended in 30 ml of ethyl acetate at room temperature. 1 mi of PCl,
was added and the reaction was mixture stirred for 8 hours. The reaction

5 mixture was poured into ice cooled 2N NaOH solution with caution. After
separating the organic layer, the aqueous phase was extracted with
EtOAc (6 x 80 ml). The organic layers were combined, and concentrated
in vacuo to give a residue which was purified using a Shimadzu
automated preparative HPLC System to give 38 mg of compound 17a.

10
Characterization of compounds 17 with the following sub-structure:

15 Compound 17a, R = Ome, X = (R)-Me, (R)-N-(benzoyl)-3-methyi-
N"-[(4-methoxy-7-azaindol-3-yl)-oxoacetyl]-piperazine: 'H NMR (300 MHz,
CD,0OD) 6§ 8.24 (d, 1H, J = 5.7 Hz), 8.21(m, 1H), 7.47 (s, 5H), 6.90 (d, 1H,
J =57 Hz), 471-3.13 (m, 10H), 1.26 (b, 3H); *C NMR (75 MHz, CD,0OD)
5 185.3, 172.0, 167.2, 161.2, 150.7, 146.6, 135.5, 134.8, 129.9, 128.3,

20 126.7, 112.8, 106.9, 100.6, 54.9, 50.2, 48.1, 45.1, 14.5, 13.8. MS m/z:
(M+H)" calcd for C,,H,,N,O,: 407.17; found 407.19. HPLC retention time:
1.00 minutes (column A).
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Compound 17d, R = Ome, X = (S)-Me, (S)-N-(benzoyl)-3-methyi-
N'-[(4-methoxy-7-azaindol-3-yl)-oxoacetyl]-piperazine: MS miz: (M+H)*
caled for C,,H,,N,0,: 407.17: found 407.03.

5
Compound 17e, R = Ome, X = Me, N-(benzoyl)-3-methyl-N"-[(4-
methoxy-7-azaindol-3-yl)-oxoacetyl]-piperazine: MS m/z: (M+H)* calcd for
C,,H,3N,O,: 407.17; found 407.03.
10 Compound 17b, R = OCH,CF,, X = (R)-Me, (R)-N-(benzoyi)-3-

methyl-N"-[(4-(2,2, 2-trifluoroethoxy)-7-azaindol-3-yl)-oxoacetyi]-piperazine:
'H NMR (500 MHz, CD,0D) & 8.33 (s, 1H), 8.19 (m, 1H), 7.45 (m, 5H),
7.05 (s, 1H), 4.90-3.00 (m, 9H), 1.28 (b, 3H); "C NMR (125 MHz, CD,0D)
5 185.7, 174.0, 168.3, 162.0, 151.0, 146.1, 138.5, 136.4, 131.4, 130.0,
15 128.2, 114.8, 109.5, 103.6, 67.2, 66.9, 52.0, 47.0, 16.4, 15.3. MS m/z:

(M+H)" caled for C,;H,,F;N,O,: 475.16; found 475.23. HPLC retention
time: 1.22 minutes (column A).

Compound 17¢, R = OCH(CH,),, X = (R)-Me, (R)-N-(benzoyl)-3-

20 methyl-N"-[(4-(1-methylethoxy)-7-azaindol-3-yl)-oxoacetyl]-piperazine: 'H
NMR (500 MHz, CD,0D) 5 8.42 (s, 1H), 8.24 (m, 1H), 7.47 (m, 5H), 7.21

(s, TH), 5.20-3.00 (m, 8H), 1.51 (b, 6H), 1.22 (b, 3H); *C NMR (125 MHz,
CD,OD) 5 185.4, 173.6, 167.9, 166.1, 145.3, 141.4, 138.2, 136.4, 131.5,
129.7, 128.2, 113.9, 111.4, 104.0, 75.5. 54.4, 53.7, 51.8, 46.9, 22.1, 16.4,

25 15.3. MS miz: (M+H)" calcd for C,,H,,N,O,: 435.20; found 435.20. HPLC
retention time: 1.15 minutes (column A).

Compound 17m, R = OCH,CH,, X = (R)-Me, (R)-N-(benzoyl)-3-

methyl-N*-[(4-ethoxy-7-azaindol-3-yl)-oxoacetyl]-piperazine: MS miz:

30 (M+H)" calcd for C,,H,N,Q,: 421.19; found 421.13. HPLC retention time:
1.13 minutes (column A).

Compound 17¢g, R = SCH,CH,CH,, X = (R)-Me, (R)-N-(benzoyi)-3-

methyl-N"-[(4-propyithio-7-azaindol-3-yl)-oxoacetyl]-piperazine: MS mjz:

35 (M+H)" caled for C,,H,;N,0,S: 451.18; found 451.13. HPLC retention
time: 1.50 minutes (column A).
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Compound 17h, R = NHMe, X = (R)-Me, (R)-N-(benzoyl)-3-methy!-
N*-[(4-methylamino-7-azaindol-3-yl)-oxoacetyl]-piperazine: MS miz:
(M+H)" caled for C,,H,,N,O;: 406.19; found 406.03. HPLC retention time:

5  1.19 minutes (column A).

Characterization of compound 18a

N 18a
10
Compound 18a, (R)-N-(benzoyl)-3-methyl-N"-[(4-nitro-7-azaindol-3-
yl)-oxoacetyl]-piperazine: 'H NMR (300 MHz, CD,0OD) & 8.58 (s, 1H), 8.53
(m, 1H), 7.64 (s, 1H), 7.47 (s, 5H), 4.90-3.00 (m, 7H), 1.30 (b, 3H): C
NMR (75 MHz, CD,0OD) & 184.1, 172.1, 165.6, 151.9, 149.6, 145.5, 139 .4,
15 134.8, 129.7, 128.4, 126.7, 111.6, 111.2, 107.4, 53.7, 48.4, 45.9, 15.0,

13.7. MS miz: (M+H)" calcd for C,,H,,N,O: 422.15; found 422.09. HPLC
retention time: 1.49 minutes (column B).

11)  Reduction of Nitro to Hydoxylamine Group (equation 14,
20 Scheme 6)
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Preparation of (R)-N-(benzoyl)-3-methyl-N"-[(4-hydroxylamino-7-
25  azaindol-3-yl)-oxoacetyl]-piperazine 19a: 10 mg of Pd (10% on activated
carbon) was added to a solution of compound 18a (48 mg, 0.11 mmol) in
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i methanol (10 ml) under an atmosphere of hydrogen. The reaction mixture
was stirred for 8 hours at room temperature. After filtration, the filtrate
was concentrated in vacuo to give a residue which was purified using a
Shimadzu automated preparative HPLC System to give compound 19a

5 (7.9 mg, 17%).
Characterization of compound 19a:
Compound 19a, (R)-N-(benzoyl)-3-methyl-N"-[(4-hydroxylamino-7-
10 azaindol-3-yl)-oxoacetyl]-piperazine: MS mfz: (M+H)" caled for
C,H:,N;0,: 408.17; found 408.21. HPLC retention time: 1.03 minutes

(column A).

12)  Reduction of Nitro to Amine Group (equation 15, Scheme 6)
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Preparation of (R)-N-(benzoyl)-3-methyl-N'-[(4-amino-7-azaindol-3-
yl)-oxoacetyl]-piperazine 20a: 114 mg of Na,S.2H,0 (1 mmol) was added
20  to a solution of compound 18a (20 mg, 0.048mmol) in MeOH (5 ml) and
H,O (5 ml). The reaction mixture was heated at reflux for 8 hours. After
cooling, the reaction mixture was concentrated in vacuo to give a residue
which was purified using a Shimadzu automated preparative HPLC
System to give 4 mg of compound 20a (21.3%).
25
Characterization of compound 20a:

Compound 20a, (R)-N-(benzoyl)-3-methyl-N'-[(4-amino-7-azaindol-

3-yl)-oxoacetyl]-piperazine: 'H NMR (500 MHz, CD,0OD) § 8.16 (m, 1H),

30 8.01(d, 1H, J= 8.1 Hz), 7.47 (m, 5H), 6.66 (s, 1H), 4.90-3.00 (m, 7H), 1.30

(b, 3H). MS m/z: (M+H)" calcd for C,H,,N;O,: 392.17; found 392.14.
HPLC retention time: 0.96 minutes (column A).



& ()- K 9187109 2& ()- 1010(@T(Y(b(rm(o(|[:AL0 K #s109%2 2& ()- K
£3109022&' ()- W310%/>& ()- ~f310%e& ()- K 109 2& ()- K &S10%

2& ()-o(x({((((((el)N 9%80%R 2& ()-N %09 2& ()-N %09 2& ()-' K N 9%40%R
2& ()-N %d0% 2& ()-N %0% 2& ()-((((((((hL, N %40% 2& ()-N %40%

2& ()-' KN 9%409% 2& ()-N %40% 2& ()-N 9%40% 2& ()-' K ((((((((i KON 9409%R
28 ()-' K N 94092 2& ()-N %092 2& ()-N %098 2& ()-' K N %0%bruary 2003

2& ()-((((((())vUs | 10% ()-K “19l 10% ()- 10F- 10F10F %&* 10%-& () -

| SOS*10%0Q% ()- rS*109Y& ()- )) )))+)2)cOvUa | 1T 10%& ()- T 109%& ()- T
10% ()- T 10% ()- T 109%& ()- T 10%’ ()- 2)3)5)7):)@B) @U4 I T 10%& ()- T
109 ()- T 10%4§) - AiKdQs4Eor Jof Thel Midkogen atom at position 1 (equation 18,

Scheme 7)
Q. 4\ —_—\
v,/—\‘ '/.’ 0 N : 2
N N /\ o
B R
& —N
N
Q /N ,‘\ N"\
N NaH SN
o Sy

. Mel, DMF “\/\//[/‘
N~ N 21a
5 \

Preparation of (R)-N-(benzoyl)-3-methyl-N"-[(1-methyi-7-azaindol-
3-yl)-oxoacetyl]-piperazine 21a: NaH (2 mg, 60% pure, 0.05 mmol) was
added to a solution of compound 5a (10 mg, 0.027 mmol) in DMF. After

10 30 minutes, Mel (5 mg, 0.035 mmol) was injected into the mixture via
syringe. The reaction mixture was stirred for 8 hours at room temperature
and quenched with methanol. The mixture was partitioned between ethyl
acetate (2 ml) and H,O (2 ml). The aqueous phase was extracted with
EtOAc (3 x 2 ml). The organic layers were combined, dried over

15 anhydrous MgSO, and concentrated in vacuo to give a crude product
which was purified using a Shimadzu automated preparative HPLC
System to give compound 21a (2.5 mg, 24%).

Characterization of compound 21 with the following sub-structure:
20

Compound 21a, R = Me, (R)-N-(benzoyl)-3-methyl-N'-[(1-methyl-7-
azaindol-3-yl)-oxoacetyl]-piperazine: 'H NMR (500 MHz, CD,0D) 3 8.56
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(b, 1H), 8.42 (s, 1H), 8.30 (m, 1H), 7.47 (m, 6H), 4.90-3.00 (m, 7H), 3.96
(s, 3H), 1.28 (b, 3H). MS m/z: (M+Na)" caled for C,,H,,N,O,Na: 413.16;
found 413.15. HPLC retention time: 1.47 minutes (column B).

5 Compound 21b, R = CH,-CH=CH,, (R)-N-(benzoyl)-3-methyl-N"-[(1-
allyl-7-azaindol-3-yl)-oxoacetyl]-piperazine: 'H NMR (500 MHz, CD,0D) §
8.37 (m, 3H), 7.44 (m, 6H), 6.08 (m, 1H) , 5.22 - 3.06 (m, 11H), 1.27 (m
3H); °C NMR (75 MHz, CD,OD) & 184.2, 184.1, 170.8, 165.0, 146.7,
143.5, 137.9, 133.8, 131.4, 129.2, 128.8, 127.3, 1256, 117.9, 117.4,
10 116.3, 110.3, 50.4, 49.7, 49.1, 45.7, 44.0, 41.0, 39.6, 34.8, 14.0, 12.8, .

MS miz: (M+H)" caled for C,,H,sN,O;: 417.19: found 417.11. HPLC
retention time: 1.43 minutes (column A).

14)  Group transfer reactions from halide (equation 18, Scheme 8)
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Preparation of (R)-N-(benzoyl)-3-methyl-N"-[(7-dimethylamino-6-
azaindol-3-yl)-oxoacetyl]-piperazine 27c: A mixture of compound 5u (50
mg) and 4 mi of dimethylamine (40% in water) was heated to 150°C in

20 sealed tube for 18 hours. The solvents were then removed under vaccum
and the residue was purified using Shimadzu automated preparative
HPLC System to give 10 mg of compound 27c.

Characterization of compound 27c:
25
Compound 27¢, (R)-N-(benzoyl)-3-methyl-N"-[(7-dimethylamino-6-
azaindol-3-yl)-oxoacetyl]-piperazine; MS m/z: (M+H)* calcd for C,;H,xNO,
420.20, found 420.16. HPLC retention time: 1.13 minutes (column A).
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‘ 15) Modification of benzoyl moiety(equation 26, Scheme 11)
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Hydrolysis of benzoyl amide, preparation of (R)-2-methyl-N-[(4-
| methoxy-7-azaindol-3-yl)-oxoacetyl]-piperazine 31a: Compound 17a (0.9
| g) and KOH (2.0 g) were mixed in a solution of EtOH (15 ml) and water
(15 ml). The reaction was refluxed for 48 hours. Solvents were removed
10 under vaccum and the resulting residue was purified by silica gel column
chromatography (EtOAc / Et;N = 100 : 1 to 3 :1) to afford 0.6 g of

compound 31a.

Characterization of compound 31a:
15
Compound  31a, (R)-2-methyl-N-[(4-methoxy-7-azaindol-3-yl)-
oxoacetyl]-piperazine: MS m/z: (M+H)* caled for C,;H,(N,O, 303.15,
found 303.09. HPLC retention time: 0.29 minutes (column A).
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Diamide formation: Preparation of (R)-N-(4-azido-2,3,5, 6-tetra-
fluorobenzoyl)-3-methyl-N"-[(4-methoxy-7-azaindol-3-yl)-oxoacetyl]-
piperazine 5n. Amine 31a (0.15 g), 4-azido-2,3,5, 6-tetrafluorobenzoic acid
(0.12 g), 3-(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-one

5 (DEPBT) (0.15 g) and Hunig's Base (0.5 ml) were combined in 5 m! of
DMF. The mixture was stirred at room temperature for 8 hours. Solvents
were then removed under vaccum and the residue was purified uéing
Shimadzu automated preparative HPLC System to give 10 mg of
compound 5n. |

10 '
Characterization of compound 5n:

Compound 5n, (R)-N-(4-azido-2,3,5,6-tetra-fluorobenzoyl)-3-

methyl-N'-[(4-methoxy-7-azaindol-3-yl)-oxoacetyl]-piperazine: MS m/z:

15 (M+H)" caled for C,,H,,F,N,0, 520.14, found 520.05. HPLC retention
time: 1.42 minutes (column A).

Compound 5af, Ar = 4, 5-dibromophenyl, (R)-N-(3, 5&-
dibromobenzyi)-3-methyl-N"-[(4-methoxy-7-azaindol-3-yi)-oxoacetyl]-
20 piperazine: MS m/z: (M+H)" calcd for C,,H,,Br,N,O, 562.99, found 562.99.
HPLC retention time: 1.54 minutes (column A).

Compound 5ag, Ar = 4-[3-(triflucromethyl)-3H-diazirin-3-yl]phenyl,
(R)-N-[4-(3-(trifluoromethyl)-3H-diazirin-3-yl)benzyl}-3-methyl-N"-[(4-
25  methoxy-7-azaindol-3-yl)-oxoacetyl]-piperazine: MS m/z: (M+H)* calcd for
C,H2F3NgO, 515.17, found 515.02. HPLC retention time: 1.55 minutes
(column A).
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Preparation  of (R)-N-(benzoyl)-3-methyl-N'"-[(4-hydroxyi-T-

azaindol-3-yl)-oxoacetyl]-piperazine 5ah: The crude compound 17a (100
mg) and an excess of TMSI (0.25 ml) were mixed in CHCI,. The reaction
mixture was stirred for 6 days. The solvent was removed under vacuum,

10 he crude product was purified using a Shimadzu automated preparative
HPLC System to give compound 4.4 mg of 5ah.

Characterization of compound 5ah:

15 Compound 5ah, (R)-N-(benzoyl)-3-methyl-N'-[(4-hydrox yl-7-
azaindol-3-yl)-oxoacetyl]-piperazine: MS m/z: (M+H)" caled for
C,HaN,O,: 393.16; found 393.11. HPLC retention time: 1.48 minutes
(column B).

20 Alternate procedures useful for the synthesis of Compound 39

Preparation of 5,7-dibromo-4-methoxy-6-azaindole 36!
Vinylmagnesium bromide (0.85 M in THF, 97.7 mL, 83.0 mmol) was
added over 30 min. to a stirring solution of 2 6-dibromo-3-methoxy-5-

25 nitropyridine (7.4 g, 23.7 mmol) in THF (160 mL) at =75 °C. The solution
was stirred 1h at =75 °C, overnight at -20 °C, recooled to -75 °C and
quenched with saturated aqueous NH,Ci (~100 mL). The reaction mixture
was allowed to warm to rt, washed with brine (~100 mL) and extracted
with Et,0 (150 mL) and CH,Cl, (2 x 100 mL). The combined organics

30  were dried (MgSO,), filtered and concentrated. The residue was purified
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5 Characterization of 36: 'H NMR (500 MHz, CDCl;) 8.73 (brs, 1H),
7.41(dd, J=3.1, 2.8 Hz, 1H), 6.69 (d, J = 3.1, 2.2 Hz, 1H), 4.13 (s, 3H);
“C NMR (125 MHz, CDCl) 146.6, 133.7, 128.8, 127.5, 1202, 11586,
101.9, 60.7. MS m/z (M+H)" calcd for C,H,Br,N,O: 304.88; found 304.88.
HPLC retention time: 1.31 minutes (column A).
10
Preparation of 4-methoxy-g-azaindole 37. A solution of 57-
Dibromo-4-methoxy-e-azaindole 36 (630 mg, 2.22 mmol), 5% Pd/C (350
mg, 0.17 mmol) andwhydrazine (2.5 mL, 80 mmol) in EtOH was heated at
reflux for 1 h. The reaction mixture was allowed to cool to rt, filtered
15  through celite and the fiitrate concentrated. Aqueous NH,OH (11% in
H,O, 45 mL) was added to the residue and the solution was extracted with
CH,Cl, (3 x 30 mL). The combined organics were dried (MgS0,), filtered
and concentrated to yield 4-methoxy-g'-azaindole 37 (290 mg, 1.95 mmol,
88%) as an orange solid.
20
Characterization of 37: "H NMR (500 MHz, CDCl;) 8.61 (br s, 1H),
8.52 (s, 1H), 7.88 (s, 1H), 7.30 (d, J = 2.9 Hz, 1H), 6.68 (d, J = 2.9 Hz,
1H), 4.03 (s, 3H). MS m/z (M+H)" caled for C,H,N,O: 149.08; found
148.99. HPLC retention time: 0.61 minutes (column A).
25
Preparation of 38: Aluminum trichloride (87 mg, 0.50 mmol) was
added to a solution of 4-methoxy-8-azaindole (15 mg, 0.10 mmol) in
CH,CI, (2 mL) and stirred at rt for 30 min. Methy! chlorooxacetate (0.020
mL, 0.21 mmoi) was added and the reaction mixture was stirred overnight.
30 The reaction was quenched with MeOH (0.20 mL), stirred 5 h and filtered
(flushing with CH,CL). The filtrate was washed with saturated aqueous
NH,OAc (2 x 10 mL) and H,O (10 mL) and concentrated to yield 38 (5 mg)
as a yellow solid.

35 Characterization of 38: 'H NMR (500 MHz, CDCl) 8.65 (s, 1H),
8.36 (s, 1H), 8.02 (s, 1H), 4.03 (s, 3H), 3.96 (s, 3H). MS m/z (M+H)’ calcd
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10% y& ()-- o0 &8§. ?mmo AEOH (4Q9 mLmWS(s;'meda?(mzH%waltmp[reQAMe
610% & () - /10%h&t formedl A & diibctedOSL Batioh; wa8Rd@UR& EXOH (~30 mL) and
Et,0 (~30 mL) and dried under high vacuum to yield 15.9 g of potassium
10  2-pyrrolecarboxaldehyde-4-oxoacetate as a white solid that was used
without  further purification. A solution of potassium 2-
pyrrolecarboxaldehyde-4-oxoacetate (3.96 g, 19.3 mmol), N-
benzoylpiperazine  hydrochloride (4.54 g, 19.7  mmol), 3-
(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-one (5.88 g, 19.7 mmol)
15 and triethylamine (3.2 mL, 23 mmol) in DMF (50 mL) was stirred 1d. The
reaction mixture was filtered into H,0 (300 mL), extracted with CH,Cl, (3 x
200 mL) and the combined organics were concentrated on a rotary
evaporator to remove the CH,Cl,. The crude material (still in DMF) was
then diluted with H,0 (200 mL) and allowed to recrystallize for 48 h. The
20  solid was then collected by filtration and dried under high vacuum (P,0)
to yield N-benzoyl-N'-[(2-carboxaldehyde-pyrrole-4-yl)-oxoacetyl]-
piperazine 41 (3.3 g, 9.7 mmol, 45% over two steps) as a light yellow
solid. No further purification was required.

25 Characterization of 41; 'H NMR (500 MHz, CDCl,) 9.79 (s, 1H),
9.63 (s, 1H), 7.82 (s, 1H), 7.51-7.34 (m, 6H), 4.05-3.35 (m, 8H). MS m/z
(M+H)" caled for C,gH,sN,;0,: 340.12; found 340.11. HPLC retention time:
1.04 minutes (column A).

30 Preparation of 42: N-benzoyl-N'-[(2-carboxaldehyde-pyrrole-4-yl)-
oxoacetyl]-piperazine 41 (3.3 g, 9.7 mmol) was stirred as a slurry in EtOH
(100 mL) for 15 min., cooled to 0 °C and then reacted with glycine methyl
ester hydrochloride (3.66 g, 29.2 mmol), triethylamine (1.50 mL, 11 mmol)
and sodium cyanoborohydride (672 mg, 10.7 mmol). The reaction mixture
35 was allowed to warm to rt, stirred 24 h and poured into ice (~400 mL).
The solution was extracted with EtOAc (3 x 300 mL) and the combined
organics were washed with brine (300 mL), dried (MgSO,) and
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10 Preparation of 43: Methyl ester 42 (485 mg, 1.17 mmol) and K,CO,
(325 mg, 2.35 mmol) in MeOH (6 mL) and H,O (6 mL) were stirred at rt for
3h. The reaction mixture was then quenched with concentrated HCI (0.40
mL) and concentrated under high vacuum. Part of the solid residue (200
mg, 0.37 mmol) was added to a stirring solution of P,O; (400 mg, 1.4
15 mmol) in methanesulfonic acid (4.0 g, 42 mmol) (which had already been
stirred together at 110 °C for 45 min.) at 110 °C and stirred for 15 min.
The reaction mixture was poured over crushed ice (~20 g), stirred 1 h,
basified with K,CO, (5.0 g, 38 mmol), diluted with CH,Cl, (20 mL), and
benzoyl chloride (1.0 mL, 8.5 mmol) and stirred 1 h. The reaction mixture
20  was extracted with CH,Cl, (3 x 20 mL) and the combined organics were
dried (Na,SO,) and concentrated under reduced pressure. The residue
was purified by preparative thin layer chromatography (SiO,, EtOAc, R, =
0.5) to yield 43 (101 mg g, 0.21 mmol, 57%) as an off white solid.
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25 Characterization of 43: MS m/z (M+H)" calcd for C,H,,N,Os:
485.17; found 485.07. HPLC retention time: 1.15 minutes (column A).

Preparation of 39. R = OMe, N-(benzoyl)-N"-[(4-methoxy-6-
azaindol-3-yl)-oxoacetyl]-piperazine:
30
In a flask affixed with a Dean-Stark trap, p-toluenesulfonic acid
hydrate (55 mg, 0.29 mmol) and benzene (5 mL) were heated to reflux for
1 h. The solution was cooled to rt and reacted with 2,2-dimethoxypropane
(0.10 mL, 0.81 mmol) and 43 (46 mg, 0.095 mmol). The reaction mixture
35 was stirred 1 h, diluted with CH,Cl, (2 mL), stirred 30 min. and then
oxidized with tetrachlorobenzoquinone (150 mg, 0.61 mmol) and stirred
overnight. The reaction mixture was poured into 5% aqueous NaOH (20
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10 Compound 39, R = OMe, N-(benzoyl)-3-methyl-N"-[(4-methoxy-6-
azaindol-3-yl)-oxoacetyl]-piperazine:

Characterization of 39: 'H NMR (500 MHz, CD,0OD) 8.49 (s, 1H),
8.35 (s, 1H), 7.98 (s, 1H), 7.53-7.38 (m, 5H), 4.02 (s, 3H), 3.97-3.42 (m,
8H). MS m/z (M+H)" calcd for C,,H,,N,O,: 393.15; found 393.13. HPLC
15  retention time: 0.85 minutes (column A).

Sav S5av'

20 Preparation of 5av N-(benzoyl)-N'-[(4-fluoro-7-chloro-6-azaindol-3-
yl)-oxoacetyl]-piperazine and 5 av'(R)-N-(benzoyl)-3-methyl-N"[(4-fluoro-
7-chloro-6-azaindol-3-yl)-oxoacetyl]-piperazine
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route. The Bartoli chemistry in Scheme 1 was used to prepare the aza
indole 1zz which is also detailed below.

F F
= Fuming HNO3 = POCI3 | DMF g
> N 110°C
HN H2504 S"No,
o) . OH
zz1 zz2'
F F
N 789C ~ .90%C N
X NO, THF, -78°C ~ -20°C N
cl cl
zz3'

12z
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5 temperature and poured into ice (20g). The yellow solid product zz2' was

collected by filtration, washed with water and dried in air to yield 1.01 g of
compound zz2'.

Compound z2z2' (500mg, 3.16mmol) was dissolved in Phosphorus
10 oxychloride (1.7ml, 18.9mmol) and DMF (Cat) at room temperature. The

reaction was heated to 110°C for 5 hr. The excess POCI3 was removed

in vacuo. The residue was chromatographed on silica gel (CHCI3, 100%)
to afford 176mg of product zz3'.

15 Compound 223" (140mg, 0.79mmol) was dissolved in THF (5ml)

and cooled to -78°C under N2. Vinyl magnesium bromide (1.0M in ether,
1.2mil) was added dropwise. After the addition was completed, the

reaction mixture was kept at -20°C for about 15 hr. The reaction was then
quenched with saturated NH4Cl, extracted with EtOAc. The combined

20 organic layer was washed with brine, dried over MgSO4, concentrated
and chromatographed to afford about 130mg of compound 1zz.

The chemistry in Scheme 3 provided the derivatives which

corresponds to general formula 5 and has a 6-aza ring and R,=F and R, =

25 Cl In particular, reaction of 2-chloro-5-fluoro-3-nitro pyridine with 3

equivalents of vinyl Magnesium bromide using the typical conditions

described herein will provide 4-fluoro-7-chloro-6-azaindole in high yield.

Addition of this compound to a solution of aluminum trichloride in

dichloromethane stirring at ambident temperature followed 30 minutes

30 later with chloromethyl or chloroethyl oxalate provided an ester.

Hydrolysis with KOH as in the standard procedures herein provided an

acid salt which reacted with piperazines 4 (for example 1-benzoyl

piperazine) in the presence of DEPBT under the standard conditions

described herein to provide the compound 5 described just above. The

35 compound with the benzoyl piperazine is N-(benzoyl)-N"-[(4-fluoro-7-
chloro-6-azaindol-3-yl)-oxoacetyl]-piperazine and is compound 5av.
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5 Characterization of Sav  N-(benzoyl)-N'-[(4-fluoro-7-chloro-6-
azaindol-3-yl)-oxoacetyl]-piperazine and 5 av'(R)-N-(benzoyl)-3-methyl-N'-
[(4-fluoro-7-chloro-6-azaindol-3-yl)-oxoacetyl]-piperazine

10
"H NMR (500 MHz, CD30D): 8.40 (s, 1H), 8.04 (s, 1H), 7.46 (bs, 5H),
3.80 ~ 3.50 (m, 8H).
LC/MS: (ES+) m/z (M+H)" = 415, RT = 1.247.
o "
N\
15
'H NMR (500 MHz, CD30D): 8.42 (s, 1/2H), 8.37 (s, 1/2H), 8.03 (s, 1H),
7.71 ~ 7.45 (m, 5H), 4.72 ~ 3.05 (m, 7H), 1.45 ~ 1.28 (m, 3H).
LC/MS: (ES+) m/z (M+H)* = 429, RT = 1.297.
20

LC/MS Column: YMC ODS-A C18 S7 3.0x50mm. Start %B = 0, Final %B
= 100, Gradient Time = 2 min, Flow rate = 5 mi/min. Wavelength =
220nm. Solvent A = 10% MeOH - 90% H20 - 0.1% TFA.
Solvent B = 90% MeOH - 10% H20 - 0.1% TFA.

25
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Similarly compounds 5ay, 5az, Sabc and 5abd can be made:

5 Bay N-(benzoyl)-N"-[(4-fluoro-7-methoxy-6-azaindol-3-yl)-oxoacetyl]-
piperazine

S5az

H
C(O)NHCH;

10 Saz N-(benzoyl)-N'-[(4-fluoro-7-(N-methyl-carboxamido)-6-azaindol-3-yl)-
oxoacetyl]-piperazine.
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5abc(R)-N-(benzoyl)-3-methyl-N"-[(7-methoxy-4-azaindol-3- yl)-oxoacetyl]-
5 piperazine

Sabd

H
C(O)NHCH;

5abd (R)-N-(benzoyl)-3-methyl-N"-[(7-(N-methyl-carboxamido)-4-azaindol-
10  3-yl)-oxoacetyl]-piperazine.

The compounds of the present invention may be administered
orally, parenterally (including subcutaneous injections, intravenous,
intramuscular, intrasternal injection or infusion techniques), by inhalation

15  spray, or rectally, in dosage unit formulations containing conventional non-
toxic pharmaceutically-acceptable carriers, adjuvants and vehicles.

Thus, in accordance with the present invention there is further
provided a method of treating and a pharmaceutical composition for
treating viral infections such as HIV infection and AIDS. The treatment

20 involves administering to a patient in need of such treatment a
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5 preparations, for example, as sterile injectable aqueous or oleagenous
suspensions or suppositories.

When administered orally as a suspension, these compaositions are
prepared according to techniques well-known in the art of pharmaceutical
formulation and may contain microcrystalline cellulose for imparting bulk,

10 alginic acid or sodium alginate as a suspending agent, methylcellulose as
a viscosity enhancer, and sweetners/flavoring agents known in the art. As
immediate release tablets, these compositions may contain
microcrystalline cellulose, dicalcium phosphate, starch, magnesium
stearate and lactose and/or other excipients, binders, extenders,

15  disintegrants, diluents and lubricants known in the art.

The injectable solutions or suspensions may be formulated
according to known art, using suitable non-toxic, parenterally-acceptable
diluents or solvents, such as mannitol, 1,3-butanediol, water, Ringer's
solution or isotonic sodium chloride solution, or suitable dispersing or

20 wetting and suspending agents, such as sterile, bland, fixed oils, including
synthetic mono- or diglycerides, and fatty acids, including oleic acid.

The compounds of this invention can be administered orally to
humans in a dosage range of 1 to 100 mg/kg body weight in divided
doses. One preferred dosage range is 1 to 10 mg/kg body weight orally in

25 divided doses. Another preferred dosage range is 1 to 20 mg/kg body
weight orally in divided doses. It will be understood, however, that the
specific dose level and frequency of dosage for any particular patient may
be varied and will depend upon a variety of factors including the activity of
the specific compound employed, the metabolic stability and length of

30 action of that compound, the age, body weight, general heaith, sex, diet,
mode and time of administration, rate of excretion, drug combination, the
severity of the particular condition, and the host undergoing therapy.
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Trifluoroacetic Acid
N,N-Dimethyiformamide
Tetrahydrofuran

Methanol

Diethyl Ether

Dimethyl Sulfoxide

Ethyl Acetate

Acetyl

Benzoyl

Methyl

Ethyl

Propyl

Pyridine
N,N-Diisopropylethylamine
3-(Diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-
one

diethyl cyanophosphate
2,2-dimethoxypropane
meta-Chloroperbenzoic Acid
1H-Pyrrolo-pyridine
1H-pyrrolo[3,2-b]pyridine
1H-Pyrrolo[3,2-c]pyridine
1H-pyrrolo[2,3-c]pyridine
1H-Pyrrolo[2,3-b]pyridine
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CLAIMS
What is claimed is:

1. A compound of formula |, or a pharmaceutically acceptable salt
thereof,

o RRs g
R1OO

wherein;

R4-R2\@L_Nf;‘ is selected from the group consisting of

Rs Rs

R5 Rz .
| L R N Ry |
R, N\ 2 Ry % R 1,
i \ R Rs\ ] \ R 3 X
| 1 N7 RN N ! [ S—r
Rj Z N | Ri Rg¢” N and _ 1
\ ] P \ N
R, FRe Ry N ' R, Re RN ;
¢ Rq Re Rs Re

A

R;, R, R;, R, are each independently selected from the group consisting
of H, C,-C, alkyl, C,-C, cycloalkyl, C,-C, alkenyl, C,-C, cycioalkenyl, C,-Cq
alkynyl, halogen, CN, phenyl, nitro, OC(O)R,;;, C(O)R,5, C(O)OR,q
C(O)NR;R 5, ORyq, SRyand NR, R,

R,s is independently selected from the group consisting of H, C,-C; alkyl,
C,-Cs cycloalkyl, C,-C, alkenyl and C,-C, cycloalkenyl;

R Ry, and R,, are each independently selected from the group
consisting of H, C,-C, alkyl, C, alky! substituted with one to three halogen
atoms, C,-C,4 cycloalkyl, C,-C4 alkenyl, C,-C,4 cycloalkenyl, and

C,-C, alkynyl; provided the carbon atoms which comprise the carbon-

109 && ()- *0,, @10%



&()- ,,@10%& ()- 3fmo% & ()- L!&Z10%& && ()-)|[:L?21010 @, @ 10%
& ()-° EOY%10% & ()- < Y% 10% & ()- 0 10% y& ()- ( 10% & ()- 10%&
&8 (), - | @QIVUBLO! dL: 10997& () - SESL09B3& () @FL09%B3& () -

1 &Y10983& ()-10 10 10 7 0, @ 10% & () - d~yWbvU310!
“10%1d& () -1 109%& ()-!]L:10%a& ()-!L:1098"3"& ()-!L:109%& ()-
L: 109%&' () - UwB=| [ : vU310! /10% | & ()-@ /10%n& ()-@- 1{)@@3& 2003
&10% i & ()- S$ 109B3& ()- 010% i & ()- vmb )s109%&' ()-Z 10%/Y& () -
@10%/Y& ()- “!LYL0%rY& ()-103310331033 */109B3& () - @<D G zY8vU410'

s, 109%rY& () - W&tnﬁale BoPE1E0aYR )C allda P kot the pomt of attachm
S10%& ()-1" s109 og () 6191010

\ bl Cods
910% ()-@ -1 &”‘833” of H)&tP)WWé@ w2 e @ 10% & ()- 7 0
10%- ~&*() 2 0 10% y& ()- 7 0 10% ~& ()- 7 0 10% ~& ()- 1 10% 10
)13 5 TR LSS UE el St o UM MR
F 3 :10%"f& ()Hs<>£ -Cs Plkyh o864 Fuctoadfyhk1Gome &seoyL gkeakeny), and
f 4100 A& () - " 20RC4 KayHY bR EA R chSn éfb%ss &Hich cOmpkR¥KthE eamoﬁ&low
& ()-10"10"10" car&@ d%gtﬁ)egbcgr}d gf sal(@% ]@%Iken(ﬂ 5650585rbg(1-c|aLbon tnp?e bond
of said C,-C4 alkynyl are not the point of attachment to the nitrogen to
which R,; and R, is attached;
10
R, and R,, are each independently selected from the group consisting of
H, OH, C,-C; alkyl, C,-C; cycloalkyl, C,-C, alkenyl, C,-C, cycloalkenyl,
C,;-Cs alkynyl, and C(O)R,;; provided the carbon atoms which comprise
the carbon-carbon double bond of said C,-C, alkenyl, C,-C, cycloalkenyl,
15 or the carbon-carbon triple bond of said C,-C, alkynyl are not the point of
attachment to the nitrogen to which R,, and R,, is attached;

R, is selected from the group consisting of H, C,-C¢ alkyl, C,-C,
cycloalkyl, C,-C, alkenyl, C,-C, cycloalkeny!, and C,-C, alkynyl;

20
Rsis (O),, whereinmis Qor 1;

nis1or2;

25 R, is selected from the group consisting of H, C,-C, alkyl, C,-C, cycloalkyl,
C,-C; cycloalkenyl, C(O)R,,, C(O)OR,; C(O)NRR,;, C,-C, alkenyi, and
C;-Cq alkynyl; provided the carbon atoms which comprise the carbon-
carbon double bond of said C,-C, alkenyl or the carbon-carbon triple bond
of said C;-C4 alkynyl are not the point of attachment to the nitrogen to

30 which Ry is attached;

R, is selected from the group consisting of H, C,-C, alkyl, C,-C, cycloalkyl,
C;-Cq alkenyl, C,-C, cycloalkenyl, and C,-C, alkynyl;

35 R, is selected from the group consisting of C,-C, alkyl, C,-Cg cycloalkyl,
C,-C; alkenyl, C,-C; cycloalkenyl, and C,-C, alkynyi; provided the carbon



"910% & ()- ( 3 10%k H& ()-S y10% ()- Xy10% ()- y10%& ()-
[y10%00& ()-/7[7]17 7f7j 7u7|[:vU410! 0  +109R& ()- X  +10%& ()-

+109% ()- % +10%EE& () - +10% {" & ()- &10% & ()-u7x777777|[: vUALO!
F+100 & ()-  OF+109% & ()- DF+L0% ()- F+10% & ()- F+10%k 7& ()-
+109%6& ()- 7] 8\ 8] 8°808s8@9IvU410!l - 109R & ()-9 - 109 & ()-9 mLO%R

& ()- &Z10% & ()-10Vk WLOVK WLOVK W 7 7 1qg?¢\k W' () - 9900 F8bfuaryx@ong10! !
- 109 ()-9! @- 109%<<& ()-9! - 109%MA& ()-9'0 - 10%6& ()-9 - |
109 ()-9 - 109& ()-9*:3:4:5:6:K :;d;vU410! Y “10% & ()-) 3 910% & ()-
T109% & ()-T F10%orSs (Whidh t62pli6d tHd2art@hledof thiplediond of said C,-C,alkyny!

are not the point of attachment to the oxygen to which R is attached:

Ry and R, are each independently selected from the group consisting of

5 H, C,-Cq alkyl, C,-C, cycloalkyl, C,-C, alkenyl, C,-C,q cycloalkenyl, and
C;-Cs alkynyl; provided the carbon atoms which comprise the carbon-
carbon double bond of said C,-C; alkenyl, C,-C, cycloalkeny!, or the
carbon-carbon triple bond of said C,-C, valkynyl are not the point of
attachment to the nitrogen to which R, and R, are attached:;

10
R;. Re Rq, Ry Ryy, Ryu Ry,, and Ry, are each independently selected from
the group consisting of H, C,-C; alkyl, C,-C, cycloalkyl, C,-Cq alkenyi,
C,-Cs cycloalkenyl, C,-Cq alkynyl, CR,4R,,0R,,, C(O)R,,, CR;,(OR,,)0OR,,,
CR3sNRy Ry, C(O)OR,g, C(O)NRyR,,, CR,R,,F, CR,,F, and CF;;

15

Ras. Rz Raos Ry, Rz Rys, Ry, Ry; and R, are each independently selected
from the group consisting of H, C,-C; alkyl, C,-C, cycloalkyl, C,-C; alkenyl,
C,-Cs cycloalkenyl, C,-C; alkynyl and C(O)R,,;

20 Ry, Ry and Ry, are each independently selected from the group
consisting of H, C,-C; alkyl, C,-C,; cycloalkyl, C,-C, alkenyl, C,-C,
cycloalkenyl, and C,-C; alkynyl; provided the carbon atoms which
comprise the carbon-carbon triple bond of said C,-C, alkynyl are not the
point of attachment to the oxygen to which R,, and R,;, are attached:

25
Rs and Ry, are each independently selected from the group consisting of
H, C,-Cs alkyl, C,-C, cycloalkyl, C,-C, alkenyl, C,-C, cycloalkenyl, and
C+-Cs alkynyl, provided the carbon atoms which comprise the carbon-
carbon triple bond of said C,-C, alkyny! are not the point of attachment to

30 the nitrogen to which R,, and R, are attached;

R and R,, are each independently selected from the group consisting of
H, C,-Cs alkyl, C,-C, cycloalkyl, C,-C; alkenyl, C,-C, cycloalkenyl, and
Cs-Cs alkynyl; provided the carbon atoms which comprise the carbon-

35  carbon triple bond of said C,-C, alkynyl are not the point of attachment to
the nitrogen to which R,q and R,, are attached:
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& ()- @10% & ()-S )S@10% & ()->>??@BBB|[:.410k OF( 10% & ()- 2 OF(
109k R& ()- $ OF( 109k D& ()- F( 109%®k ?& ()- 2 Os! 109k R& ()- ( s!
109k H& ()-BBBBBCUD[ DdCA10k 0 K L10% -< & ()-0 /S 10% & ()-0 109%
& ()- F@i0% & ()-0 !9Y10% & ()-10k 10k [ DkDwD} DDDE| [: C410k 03

810% ()- 3 &10% & ()- 110% & ()- o L10%& () * L10MEFEbruary RBO%K

& () - EEEE1IEEEXW6C410k ~ F 010%& ()- F 010% &1

NS&L109& () -! uS&LOY& () -! 0S&LO0YPPE () - ! S&L1OY& () EEFFFFFFF| obU410 ! &Y10%

& ()--10k 10k 1 6 6 )-

& 8 FFQ & GBGAG ““bu4%8%"§é‘%0& ()thlta %ﬁ%&é '35'5’”% %%ﬁ&é§ a'%oo 7 -
Y 10% & ()- || Zvosplvt)CAarakendd-Cegydioal smﬂ%z@ﬂGzC alkgmbos | & () -
UBL10%& ()-  $109%4& ()- e 10% v& ()-T 109€& ()- GGGH H H' H3H7THYUA10

i)!c];rl%oo/;?(( Sg‘_ (0)- 59I S0 ikidd nd th g?’c?up %onsmt%w%o/?)f&l ()-T $10%% () -

Aq ‘
Jrj \ A, 'JJ NYB1 J—f o) JJ s
As” 7 TA3 By By, C4 O3 ’
Ag B, C2 D,

A, A, A, A, A, B, B, By, B, C,, C,, Cy, D,, D,, and D, are each
independently selected from the group consisting of H, CN, halogen, NO,,

10 C,-C;4 alkyl, C;-C4 cycloalkyl, C,-C; alkenyl, C,-C, cycloalkenyl, C,-C,
alkynyl, OR,s, NR,R,;, SR,s, Ny and CH(-N=N-)-CF;:

R, is selected from the group consisting of H, C,-C, alkyl, C,-C;
cycloalkyl, C,-C4 alkenyl, C,-C4 cycloalkenyl and C,-C, alkynyl; provided

15  the carbon atoms which comprise the carbon-carbon triple bond of said
C,-C; alkynyl are not the point of attachment to the oxygen to which R, is
attached,

R4 and R,; are each independently selected from the group consisting of
20 H, C,-Cq alkyl, C,-Cq4 cycloalkyl, C,-C4 alkenyl, C.-C, cycloalkenyl, C,-C,
alkynyl and C(O)R,, provided the carbon atoms which comprise the
carbon-carbon double bond of said C,-C, alkenyl, C,-C, cycloalkenyl, or
the carbon-carbon triple bond of said C,-C, alkynyl are not the point of
attachment to the nitrogen to which R, and R,; are attached;
25 .
R is selected from the group consisting of H, C,-C4 alkyl, C,-C,
cycloalkyl, C,-C; alkenyl, C,-C, cycloalkenyl, C,-C alkynyl and C(O)R,;
provided the carbon atoms which comprise the carbon-carbon triple bond
of said C,-Cg alkynyl are not the point of attachment to the sulfur to which
30 R, is attached,

R, is C,-Cg alkyl or C,-C, cycloalkyl; and

Ry, is selected from the group consisting of H, C,-C4 alkyl, and C;-Cq
35 cycloalkyl.
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& ()-NNNNOOO [ : TG 10 1S)10% & ()- | f10%- OYFS10% ~ *& ()- | YFS10%-
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110l 109 ()- 1 10% X & ()- | 0 & ()- |LMLOWX & ()-T | 9L10%X

& ()- 1owv\10wwruu WW] [ : @ 10W Wy g(oc%x & ()- | @109 & ()- |y " 109

& ()-S 1"109% & ()- 10 109 & ( 1095 & () - WgXXYYYYY| 0bU410 12109 () -

$3: 10X & ()-S 1) 109 & ()- | 9" GLOWX

) -
101X 1101X 1101X 1 7 109X 1& ()-f |
& ()-Y9zZZ[ [\\{Z9bU410~OMPARDog ()M | Nuove ()-!10FF 109 ()- OffF
10%g& ()- I\fF 10%& (BFa I & IQY%& ()~ ) S =IRERY, = >
10%z& ()-s f° 31od@_HLﬁ_l_s,tu.L/xg&_@0 —W _100& ) -2 S# 100& () -7 |
MLOY&' () - aaaadbbbbb@10zZ |, 1 10%&' ()-Z | &8109&K&"4() =" M9~
: 5c 1 R;s = Ry = H Ry = Et
5d 2 R,..=H
5e 2 R;s = Ripe = H Ry =Me
5F ) R, = H R,, = (S)-Me
5g 2 R,.:=H R, =Et
5h 2 R,..=H R;=R,,=Me
5' 2 R7-8- R1013 - H Rg R14 - Me
53! 2 R7_a_ R9_13 - H, R14 ad Me
3. A compound of claim 1, or a pharmaceutically acceptable salit

10 thereof, selected from the group consisting of compounds 5j, 5k and 5| as
identified below:
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Ar
(N
N’Z
R4

2\ 7

Iz
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10% & () -
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Z, |

S 10%K&' ()- @1 9S109%K&' () -310zz10zzbbbwecd"e| [: @10zz Qy
109K& () -

109K & ()-Z

109K& ()-g |, Y7TmLOWKE ()- |1f/

| STOYK&' () -

| p% 109K& () - hhhhYi [i gi ti bA410K | f
7 0 &MLOYK& ()- | &

'F zQ[10% & () - V( Q10 %e8ra
0% & ()-VQ10% & () - V[ 10%

& ()-V'F zQ{10% & ()-VQ 10% & ()-VQY 10% & ()-V' F zQ 10%

"()-Vjiij!i# 6] eF+Q10% & ()-O[ 10
&()\fllllllleﬁ%lmm(%

%
14 Ar
5] H <
~ N\
[
5K (R)-Me )
| Iy
5l (R)-Me
¢]
”%r\/ﬂ,

?Q030%

4. A compound of claim 1, or a pharmaceutically acceptable sait
thereof, having the formula 5m identified below:

5. A compound of claim 1, or a pharmaceutically acceptable sait
thereof, selected from the group consisting of compounds 8a, 15a, 16a
10 16d and 16e identified below:

y

B
NN
>
Compound # R,
8a H
15a NO,
16a OMe
16d OEt
16e SPr
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& ()-VA10% & ()-VF zQ(10% & ()-V] "' KIKAKQkSKkTKkUKVK]| [ NAAQY 101010 3/ 109%& () -
V3/10% & ()- 3/10%AE A& ()- -10%E & ()- \9* 10%
& () - gvkgkkkt kxkzk} k~*>NA4Q{ 10@0% & ()- @0% " & ()- @f4Fe bidry 2668%

& ()- m0% & ()- '&F10% & ()-}k~ kkkkkthNA4Q{ 10@al0% & ()-@0%

0 0 0 0

E0-@0% & Q-Q0A &0 @0k 80 LKMo g

T & () -#3' Y kkkkk % rﬁé%f (%J-

“& ()-#3 }kkkkkﬁﬁéﬁm}%%%gbﬂ&'é %rf’é%gz’? g’({ ot & a4,

"8 ()-@0%: & (Yrakhhll fe | hhk: ww%aoa@&%d&o@ & SIYL0%& ()- 3
YY10%& ()- Y10%& ()- Sl s109%& ()- S 10%&" () - [I'm m [; NAAQ[ 10
F1109&' () - S13@idditiied(Helod3@ 109 &' () - 3@ 100/ & ()- SNSW109%&' () -
#109%&' () - mmmmmxX<4Q(10 F110%&' ()-) F110%& () F1109%& () -

F1109%&' () - mommmmmt X@ Q{10 ) F1109%& () - Fllotlg& 110%& ()-
nBnar&m m( ) nenr eDQY 10 S10%g& () - Z10- 10010 F1109%&' () -
Ni
R4
e
5 R NT R
Compd R, R, R4
#
9a CI H (R)-Me
Sb H CI (R)-Me
10a NO, F (R)-Me
11a H (when Me (when R,=H), (R)-Me
R,=Me), Me H (when R,=Me)
(when R,=H)
11b H{when Ph (when R,=H), (R}-Me
R,=Ph), Ph H (when R,=Ph)
(when R,=H)
11c H (when Vinyl (when (R)-Me
R =vinyl), R,=H), H (when
Vinyl (when R,=Vinyl)
R.=H)
12a H CN (R)-Me
14a H OH (R]-Me
17a OMe H (R)-Me
17d OMe H (S)-Me
17e OMe H Me
17b OCH,CF, H (R)-Me
17¢c O-i-Pr H (R)-Me
7% H PrS (R)-Me
18a NO, H (R)-Me
19a NHOH H (R)-Me
20a NH, H (R)-Me
7. A compound of claim 6 or a pharmaceutically acceptable salt

thereof, wherein R, is -OMe, R, is hydrogen, and R,, is (R)-methyl.

F110%& () -
F110%& () -




F110%&' () - >m~nmmmmnn| Z8r eDQ 1! nh™ 10%&' ()-!10%& ()- S 10%& ()- S L10%& () -
S| 10%& ()- S 10%& ()-n#n)n, n/ n3ndnwUlr eDQ#3 a!l 10%AA& () - ?!
10%AAL () -?! 10%AA& () -?! 109%AA& () -?-! G 10%AA& () -4n6n7n8n: n; n=nbEr eDQ#3 a
109%AA& () - ?#3 a! 10%AA& () -7 10%AA& ()-7? 10%AA& () -7
109%AA& () - 2=n?nAnBnCnDnHN"<r eDQ#3! 10%AA& () - ?#3 a 10%AA& () -? 10%AA& () - ?!
10%AA& () -?! 10%AA& () - ?Hnl nKNLNNNOnTn] @ eDQ#3! 10%AA&' (10 BéBridry 2003
10%PAL () -? 109AA& () -?! 10%AA& () -7 10%AA& () - ?Tn[ nfnr nnnnxV4re¥)Q#!
109%AA& () -?! 10%AA& ()-?! 109%AA& () -?! 10%AA& ()-?! 10%AA& () -7!
109%AAL () - ?nnnnnnn{ Y7r eDQ#! ! 10%AA& () -?! 10%AA& () - ?!

8. A compound of claim 1, or a pharmaceutically acceptable salt

thereof, selected from the group consisting of compounds 13a, 21a, and

21 b identified below:

5
o, [N
N / ]
. / /
vr—’\\/,
,/ N\
¢ )
o] /N
(o]
S
| >
AcO” N’ N 13a
Ac

: {

9. A compound of claim 1, or a pharmaceutically acceptable salt

wherein R,, R; and R, are each independently selected from the group

consisting of H, -OCH,, -OCH,CF,, -OiPr, -OnPr, halogen, CN, NO,,
15 C;-Cq alkyl, NHOH, NH,, Ph, SR,,, and N(CH,),.

10. A compound of claim 9, or a pharmaceutically acceptable salt
wherein n is 2; R, is selected from the group consisting of H, C,-C; alkyl
and CH,CH=CH,; and R;is (0),, wherein m is 0.

20
11. A compound of claim 10, or a pharmaceutically acceptable salt
thereof, wherein R,, Ry, Ry, Ry, Ry, Ryz Ry3, and Ry, are each
independently H or CH,, provided one or two of the members of the group
R.,-R,, are CH, and the remaining members of the group R,-R,, are H.

25



109%AAL () -?! 10%AA& () -7 10%AA& () - ?#3 annnnnnn{ Y7r eDQ#! ! 10%AA& () - ?!
10%PA& () -? 109%AA& () -?#3 a!l 10%AA& ()-7?! 10%AA& () - ?no 00%®/ 060xV4r e DQH!
10%PAL () -?! 10%AA& () -?! 10%AA& () -?! 10%AA& ()-?! 109%AA& () -7! .
10%AA& () - ?607090; 0<0=070CAr eDQ#! | 10%AA& ()-7? 10%PA& ()-7 10de\A& O-?
10%AA& () -? 10%AA& () - ?#3 a?o@DoEoFoHol oc?reDQ#! #3 al 10%AA& ()-7?
10%AA& () -2 109AA& () -? 109%AA& () - ?#3 al oPoRoSoUoVoYo] @ ¢D®ébrdary 2003
10%AA& () - ?#3 a! 10%AA& () -? 10%AA& ()-?! 10%PA& () -7

10%AA& () - ?Yo[ o\ 0™o_oaoco{"<r eDQ#! !

123

12. A compound of claim 11, or a pharmaceutically acceptable salt
thereof, wherein one of the members of the group A,, A,, A,, A,, A; B,, B,
B;, By, Cy, C,, Cy, Dy, D,, and D, is selected from the group consisting of
hydrogen, halogen and amino and the remaining members of the group

5 ALALA A A, B, B, B, B, C, C,C, D, D, and D, are hydrogen.

13. A compound of claim 1, or a pharmaceutically acceptable salt
thereof, of the Formula below: ‘

10 R

wherein;

R, is selected from the group consisting of H, -OCH,, -OCH,CF,, -OFr,
15 halogen, CN, NO,, and NHOH;

R, is selected from the group consisting of H, -halogen, -CN, and hydroxy;
and

20 R,,isCH,orH.

14. A compound of claim 1, wherein R, is selected from the group
consisting of OH, CN, halogen, -OCOCH, and C,-C; alkyl.

25 15, A compound of claim 1, or a pharmaceutically acceptable salt
thereof, of the formuila identified below:



10%AA& () -? 10%AA& () -?#3 al 10%AA& ()-? 10%AA& ()-?!

10%AA&' () - ?coeogohoi onono{ Y<r eDQ#! 10%AA& ()-?! 10%AA& ()-? 10%AA& () - ?#3
a(! 109%AA& () -?! 10%AA& () - ?nooopor oxoyozoz] @ eDQ#! 10%AA& () - ?

10%AA& () -?! 10%AA& ()-7?! 10%AA& ()-7?#3 a 10%AA& () - ?zo{ 0| o} oooo"<r eDQ#! !
10%AAL' () -?! 10%AAL ()-?! 10%AAL ()-? 10%AA& ()-? 10%AAL () - ?#3

a0000000{ Y7r eDQ#! | 109%AA& ()-?(! 10%AA& ()-?(! 10%AA& ()10 FebhlHMag0s) - ?
109%AA&' () - ?7#3 a0000000CAr eDQH! Il 10%AAL' () -124 10%AA& () -2 109%AA& () -7
10%AA& () -? 10%AA& () - ?#3 aooo00000”: reDQ#! I #3 a(! 10%AAL () - ?(

wherein:
5 R, is selected from the group consisting of H, F, ClI, Br, OMe, CN, and OH:

R is selected from the group consisting of H, C,-C; alkyl, C,-C, alkeny!,
C,-C, cycloalkyl, C4-C, cycloalkenyl, Cl, OMe, CN, OH, C(O)NH,,
C(O)NHMe, C(O)NHE, phenyl and -C(O)CH,,

10
nis 2;

Rs, Re, Rio Ry, Ryz Ry, and Ry, are each independently H or CH,,
provided 0-2 of the members of the group R,, Ry, Ry, Ry, Ry;, Ry5, and Ry,

15 may be CH, and the remaining members of the group R;, Ry, Ry, Ryy, Ry,
R,s;, and R,, are H; and

Re is H or CH,.

20 16. A compound of claim 1, or a pharmaceutically acceptable salt
thereof, selected from the group consisting of compounds 5p, 5r, 5s, 5q,
ot, 5u, 5v and 27¢ identified below:




10%AA& () -?! 10%AA& () -? 10%AA& () - ?#3 aoo*p+p, p- plp3pDpzY8Q#! ! ! &Y10%
& () @10% & ()- 110% & ()-101010 y8l09%& ()-S

10%AA&' () - ?Dpppppaq| [: zY8Q#!' !  010%c& ()- Y 109%B8& ()- Q10%& ()- 109X
X& ()- gl0% & ()- 10% & ()-9qg)a/g3q;q|[:zY8Q#!! |fylOo%<& ()-
fylo% & ()- #fyl0% & ()- L10YAAL () - , LLO%h&' () - S&10% & ()-;
grar7rrstt|[:-8100 ° @:10% & ()- 4&10% & ()- f/-198Febh 0%
& ()- 0S( 10% "& ()- S 10% & ()-ttttt8uq A810" ° 18%\?&%’(‘§W@2)0()@%1
1090MVE' ()-- =~ 10%-& ()- mOo9%vvg () - &!Zlg/M\/&'()-m‘ T 10
“uuuvvvgvzY8A810T © \ S&I0YMVE' ()- @ f#sS10%vME' ()-! S3109%& () -

S3109M M&' () - & 10S310%&' () - 10%vME' () - gvvvMwwwww obU410 Z109%2 & ()-101010
S$4 10%& ()-S 010%vvK' ()-S S3. 109V () - *109%vVE' () - wwwwxxx| [: bU410 3

10%.& ()- 0,3 10%9& ()FComporgvk# ()-[ N, 3 R1006f 5&[()- &8 10% & ()-
gl éL;)%? & ()-xx?xyy' yy| [} bU410 " 10%& () - S102 & ()- 1092 & ()- | 109
()- 109 & ()- | 9t10%R & ()-yzz*Zzzz|[  blU41Q P’l’lo%ﬁ'()- 11092 & () -
. 109 & ()- )109%R & ()= 3P H ‘ 0
By H (RJ-Mle
Bs H (S)-Me
5q H Me
5t Cl H
5u Cl J (RJ-Me
5v OMe (R)-Me
27¢ NMe, (R)-Me

17. A compound of claim 1, or a pharmaceutically acceptable salt
thereof of formula:

wherein:

10 R, is selected from the group consisting of H, C,-C; alkyl, C,-C, alkenyl,
C,-C, cycloalky!, C.-C, cycloalkenyl, Cl, OMe, CN, OH, C(O)NH,,
C(O)NHMe, C(O)NHEt, phenyl and -C(O)CH;;

nis 2;

15
Rs, Ro, Ry Ry Ryz Rys, and Ry, are each independently H or CH,,
provided 0-2 of the members of the group Rg, Ry, Ry, Ry, Ry Ryj, @and Ry,
may be CH, and the remaining members of the group Rg, Rq, Ry, Ry, Ryz,
R,s and R,, are H; and

20

Rg is H or CH,.



&L109%2 & ()- 0" 1092 & ()-zzzzz{{{{vV610 N1O% ' & ()-w NIO%'& ()-w
mMo% "' & ()- s!'9Y10% ' & ()- 101010 0110%& ()-{ {'{"'{){,{-{0{eGt6NLIO% "' & ()-w
% NN10% ' & ()-w N10% ' & ()-w N10% ' & ()-w 'NN10% ' & ()-w
O{A{<{={?{@D{E{il+6" NN10% ' & ()-w N10% "' & ()-w NlO%'&'()-w
'N—NlO%'&'()-w NlO%'&'()-w E{G{H{J{K{L{I\/{N{nR66' N10% ' & ()-w N10O% ' & ()-w
N10% "' & ()-w ' NN10% &() w N10% ' & ()-w N1O% ' & ()-w 10February2003
N{O{T{V{’\{ {a{dH66 N10% ' N10% ' & ()-w 'N&N1Z8% ' & ()-w N10% ' & ()-w

N10% "' & ()-w "'Na{c{e{f{g{h{i{j{iM6" NN10% ' & ()- leO% & ()-w N10% "' & ()-w

| & () %' & ()
oot Oo e B el Sl
yyLO10%E & () - Wergdﬂ%le&te(d)f{omyw@mm(&ar)e&st(n)g ofy\compounds 5w, 5x, Sy, 5z

and Sak identified below:

5
Compound R, R, R,
#
5w H H H
5x H Me H
By H (o1 ) H
5z H OMe Me
5ak Cl Me H
19. A compound of claim 15 wherein R,, R;, Rg, Ry, Ryg, Ry;, Rya Ry
and R,,are H; and R, is ~-OMe.
10

20. A compound of claim 15 wherein R,, R,, R;, Rq, Rq, Ryo, Ry, Ryz Ry
and R,,are H.

21. A compound of claim 1, or a pharmaceutically acceptable salt
15 thereof, having the formula

Rg ©

S

Rq2
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& () ~PS* |[:bU4 y 0510%4& ()-~ f0510%& ()-~ N, y/ 109 & ()-S | Y+: 10%
& ()-@ *10% &gg% L' 109 & ()-T: CNRSTUFj vU4 | MLOYE & ()- ! 9Z10%

& ( s

& (

) - 10D10D10D
)- f109%E &
& ()-*E|[:vU4

"()-{" S210% & ()-{ rS210%R& ()-{js' *|[:vW4 ,|10%
()- 10% & ()-f s10% & ()-' ,-10% & ()- ysl1lO0%E
R, idl0f8 €1 18% OMe, CNlorlOE & ()- 109 & ()- ,, 10% & ()-

&10%E & ()- . 10% & ()-SENShlIy|[:vU4 03(&10% U & ()- 3(&L0%& () -

yt 03( &10%VE® ()

X10XE X10XE X

10

15

20

25

30

3(&IOYXE X& ()-' N3(&10% & ()- r3(&L0%& ﬂ)'< =>?| [ NA410XE
@mwsem&y@ )G L, TkeopiieC&C ey cloglkh GxiC Lycloalkergl, tHoE &' () -
OMe, CN, OH, C(O)NH,, C(O)NHMe, C(O)NHEt, Ph or -C(O)CHj;

nis 2;

Rq Ra Rio Ryp, Ryz Ry; and Ry, are each independently H or CH,,
provided up to two of these substituents may be methyl;

R, is hydrogen;
R, is unsubstituted; and
Rgis hydrogen or methyl.

22. A compound of claim 1 or pharmaceutically acceptable salts
thereof, of the Formula

wherein:
R, is H, -OCH,, -OCH,CF,, -OPr, halogen, CN, NO,, or NHOH;
R, is H, -halogen, -CN, or hydroxy;

One or two members of R,-R,, is methyl and the remaining members are
hydrogen;
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(a) an AlDS antiviral agent;

(b) an anti-infective agent;

(c) an immunomodulator; and
20 (d) HIV entry inhibitors.

25. A method for treating mammals infected with a virus, comprising
administering to said mammal an antiviral effective amount of a
compou;id of Formula |, including pharmaceutically acceptable salts

25 thereof, as claimed in any of claims 1-22.

26. The method of claim 25 comprising administering to said mammal
an antiviral effective amount of a compound of Formula | in combination

30  with an antiviral effective amount of an AIDS treatment agent selected
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from the group consisting of: an AIDS antiviral agent; an anti-infective

agent; an immunomodulator; and HIV entry inhibitors.
27. The method of claims 25 and 26 wherein the virus is HIV.

28. A compound of claim 13, wherein Re, R, R

3, Ry, Rio, Ryt, Ria, Ris and Riy are each
H; and R: and R, are each OMe., I ‘

29. A compound having the formula 1

I

RrRa"{( \L | 1)

P \N/
H

wherein:

Ra-Ryare as previously defined in claim 28; and

/N .
Rz-"*r*@] is selected from the group consisting of

N
H
Ra
R 5 e
Rz N 2 Ry N )
P o B3~
U0 vy 10D [T
Ry F N i/,L—‘] SN and A
H R/ ~ N ' ) R4 N N
Ry H Rq



