WO 02/ 10158 PCT/ EP01/ 08293 3-1ndol yl - 4- Phenyl -1 H Pyrrol e-2, 5-Di one
Derivatives as Inhibitors of dycogen Synthase Kinase-3Beta The present

i nvent i onwigso2dbisgct ed t o 3-i ndol yl - 4- phenyl - | H pyrrol e- 2, TR 0593
derivatives that inhibit glycogen synthase ki nase-30 (GSK-3(3) and are
therefore useful in the treatnment of manmmal s havi ng di sease states nedi at ed
by it. The present invention is also directed to nedi canents contai ni ng

t hese conpounds, nethods for preparing them and their use, in particular
for the treatnment of diseases characterized by excess Th2 cytoki nes and/ or
an excess | gB-phRAyeld-PhReny0 10 HEOGEN 25y W ildAS Endtii Dasifet Gni iBifors of
serine/threoni ne Kinase forgiwbBbgdh EWrhabsafiarss-3patand (3, have been
identified. G ycogen synthase kinase -3(3 (GSK 3(3) was originally
-identified as a mhetpesemkhveﬁenmlehteammw@b ANd.pyHRot s vat ed

gl ycogen synt hase, a key enzyme regul ating insulin- sglnulg ed 15 gl ycogen
synt hesbs (sdéonEderivastvesthat inBibit glycogBn eyritease kir@se-36 (GSKBP) afdA80); Ryl at't

et al., Eur. J. Bioch 07 529-5 d Vandenhegde, et al J.
B o Chor BERHOTSSRGRIn 19 Fipathepb b R Su iR RSy e e Stibver ed
t hat GSK- 3( 3 Tihs prdsbiti ilVvdnB6n BeA diRSiditd mRaichiehts @Bnthﬁﬂﬁ{oQﬁéée@bGrgQKdMan the
activation of g ycogen synt hase. ' Theref.ore, inhibition of

stimul ates i meaKdds f@@mtthwmélwsuszonmwﬁl@i@éh%u‘reﬁtmellth}é treat nent of
type 2 di abelyes,q \é@%%{}aét%q%p%r At& 'I‘ﬁ??yt%%ng? Sa%%xa%g g@ fnjo}ﬂ ttRSnt o insulin

and an increase In ose eve er of ,
5-i odottabercidin(r), nmetformn(r), troglltazonem(r) have been used to

treat diabetes. ese dru weve e Ilmt plicatjon because
met formin(r) can &%Enﬁ%’}%gﬁf’“%@ﬁ?é}%‘&@ﬁ?ﬁ‘% H@’F)‘“r@é#o&&’%’ NMRyere

hepat oxi i ty j@pénR, &%n&Bdﬂévlé%é&lcﬂhﬁééd) Gl ccgé%sgmhgge kEdaEé’% Lbits other
seri ne/threom ne and tyrosine Kkinases. Recently, as been di scovered
t hat GSK- 3( 3 3p) azym:a,,mdlﬁdemfpmitdmgmmemlISnasefwhAdhﬂﬁspﬂ‘mryl&edi tu&lease (see

Lovest one et .al ., %rrent Bi ol og 4, 1077-86 _(1994) 30 Brownl ees et al.
Neur or epor t , iBgcti¥aied ghysegen sy ?‘“)e a#%)k%szﬁmﬁ'ée%%la gms”&’ﬂl?—‘xgm‘l’}!?ted9637 9641

(B0 et o e, b s i

et al., Eur. J. Bzochem 107, 529-537, (1980); and Vandenheede et al., J. Biol.
Chem. 255, 11768-1 1774, (1980)). Subsequently, it was discovered that GSK-30 is
inhibited upon insulin activation thereby allowihg the activation of glycogen
synthase. Therefore, inhibition of GSK-3f stimulates insulin-dependent processes

20 and is useful in the treatment of type 2 diabetes which is characterized by decreased
sensitivity to insulin and an increase in blood glucose level. A number of drugs
such as 5-iodotubercidin®, metformin®, troglitazonem®, have been used to treat
diabetes. These drugs however have limited application because metformin® can
cause hypoglycemia, troglitazonem® can cause severe hepatoxicity and 5-

25 iodotubercidin®, a GSK-3 inhibitor, inhibits other serine/threonine and tyrosine

kinases.

Recently, it has been discovered that GSK-3( plays a role in pathogenesis
of Alzheimer’s disease (see Lovestone et al., Current Biology, 4, 1077-86 (1994),
30 Brownlees et al., Neurofeport, 8, 3251-3255 (1997), Takashima et al., PNAS 95,
963’7-9641 (1998), and Pei et al., J Neuropathol. Exp., 56, 70-78 (1997)) and
'bipolar disorder (see Chen et al., J. Neurochemistry, 72, 1327-1330 (1999)). It has



WO 02/10158 PCT/ EP01/ 08293 2 al so been discovered that GSK-313 is involved
in blocking of early inmune response gene activation via NF- AT and

regul at i oWwoaf/epept osis (see Beals et al., Science, 275, pk936P03488%03997)
and Pap, M et al. J. Biochem 273, 19929-19932, (1998)). Recently, it has

al so been discovered that GSK-30 is requgred for the NF 5 KB nedi at ed
survival response in the TNF-a signalling pathway involved in the
proi nfl ammat ory response to infection (Hoeflich et.al., Nature, 406, 86-90

2000 Fur h &1 &g@ i}ﬁmg radati on of
531 pr O%)EI n (g %gﬁﬁﬁrﬁcﬁmﬁ%ﬁ?ﬁﬁsﬁ ﬁg&géchtlltn\%lé %ég am L?% of |
transcri gtl Onreﬁp&mhcﬁgaxe(asmlpn viONBaA Bard re@.llat_i_cBl ofgdpepnosﬂ (se3 Beals 208-, 2235 489

1998 eve e eri
219973; St aal Cl‘?ﬂcﬁ 217% E‘%%aﬁ% a 'bt a¥3b; 1{g{ln%lﬂla‘l 4 %?ﬁsﬁav&g? ﬁ& 3@9}?223
(1999)). The @998))“ Ré’ceﬁfl tlhl'la% DA B sBARrIBRR th hme El& RqulirEDter BleNE-he

proliferation of "col oni c epithelial cells; and i ochem cal ‘data and
cl i ni cal5 genetB agdidedsnst va respbisatin tie Tmud sagredlintgipatideayah ot tief  col on

cancer.. 15 Accordi ngl there is _a need for co nds a nhi bi t
GSK-30 and t &g %MF"CPBO%S%%ME“’PBr(ﬂeﬁ)fﬁlﬁ]éffﬁ'aggx%f”s%a‘{?g éﬁv@@@ﬁ@é by it.
This invention _ fulfi I ls this and reI ated needs. 20 The present invention
is directed to 3- |nd rrol e-2, erivatives that

i nhi bi t - GSK- 3(3 arkrbe ?fﬁefggﬁ E%%PWPFPF%‘&'F g%& ?ff atigh of 20N
having di seasp ofahss lga{jéo%h%% tHé’aétfvn?WflT‘C@@aﬂilglaﬂr%n GTREER (2.,

di sease, bipo ar er, 1schema raumatic brain 1nfury, an

i mMmunodef i ci eDaly,T. €5 Biochaskdy.t320n209°727 (1898}t €levers cHd&smnde VéeterinpaiM.,

hi bi t i f _GSK-3 tivit | of .CD4+ T-hel 2 cell
(Th2y whi ch pPaatia Gapetie e o sHEA U8R sty P E. o & il b omot o 1 g
producti on_ angyeesiddni 3170855 @00y i Bhd RBwity B s pethvidy i Best witoscovery

because it has been established that Th2 specific cytokines play a key role

in the pat hog@gdgﬁeghmprohfes@m celgnis epishelial eqllgi and thabiockemigalidairsand

appr oach for TIPS %Sé%et%%“&ﬁ Ref B GREE L Rt 8%9‘%%@53 ove

PCT/ EPOflY 08293

Accordingly, there is a need for compounds that would inhibit GSK-3f and
thereby provide a means for combating diseases mediated by it. This invention

fulfills this and related needs.

20 " The present invention is directed to 3-indolyl-4-phenyl-1H-pyrrole-2,5-
dione derivatives that inhibit GSK-3p and are therefore useful in the treatment of
mammals having disease states mediated by it such as diabetes, Alzheimer’s

. disease, bipolar disorder, ischemia, traumatic brain injury, and immunodeficiency.

25 In addition, Applicants have discovered that inhibition of GSK-3p activity .
reduces the level of CD4-|L T-helper 2 cells (Th2) which produce cytokines such as
IL-4; IL-5, IL-13, and promote IgE production and eosinophil differentiation. This
is an important discovery because it has been established that Th2 specific
cytokines play a key role in the pathogenesis of diseases such as allergies and
30 asthma. Therefore, the compounds of the present invention also provide a novel

. approach for the treatment of allergies and asthma.



3 Accordingly, in a first aspect, this invention is directed to

3-indolyl -4- phenyl -l H pyrrol e-2,5-di one derivatives represented by Fornul a
(1): H RddNods R4 R NI RS R3 R6 (1) 5 wherein: Rl pgndeds208293

i ndependently represent hydrogen, "al kyl, hal ogen, hal oal kyl, al kylthio,
hydr oxy, al koxy, cyano, nitro, am no, acylam no, nonoal kyl am no, or

di al kyl am no; ,:R3 represents hydrogen, al kyl, cycloal kyl, heteroal kyl,
-COR7 (wherein R'7 10 is hydrogen or alkyl),'or phenyl optionally

substituted with o t S d fromthe

group consisting o OR%n%gqn%fﬁf% éls#’ééﬁﬁkg eng'eﬁtﬂﬁfl@ag%dl%r?isgﬂdeﬁlgr oxy, :

al koxy, cyancphenylt ¥i&-pyaoier]- dmyldemvames mprescatddtydrarmola @nd  di al kyl ami no;
R4 and R5 independently represent hydrogen, alkyl, hal ogen, haloal kyl, 15

al kyl t hi o, hydroxy, al koxy, cyano, . nitro, am no, acylam no, nonoal kyl am no,

or dialkylamno; R6 is heteroal kyl, h tergkyc |, heterocyclylal kyl,

het er oal kyl substituted heterocycl 3 | substituted cycloal kyl,

het er osubsti tuted cycl oal kyl -CRBJ wherein n is an integer from

0 to 2; and R8 is heteroal kyl, h%g' 20 heterocyclyl, or

het er ocycl yl al kyl ), -NROR10 (wherégi ' Qgen or alkyl and R10 is
het erosubstituted cycl oal kyl , - e¥6T erpar al kyl, heterocyclyl, or
het er ocycl yl al kyl ), or -X-(al kyl ene) - Y- (mh 'ev RE is a coval ent bond,

-0-, -NH, or -S(Onl- where nl is anR ntegerRGfromO to 2, Yis -0-, -NH,

or -S- and Zis heteroalkyl or SR |(R12)(R13) where R11, R12 and R13 are

i ndependently hydrogen 25 or alkyl.), or R6 together with R4 forns a

met hyl enedi oxy or et hyl enedi oxy group ()

5 wherein:

- R! and R? independently represent hydrogen, alkyl, halogen, haloalkyl,
alkylthio, hydroxy, alkoxy, cyano, nitro, arrlino; acylamino, monoalkylamino, or
dlalkylammo

R® represents hydrogen, alkyl, cycloalkyl, heteroalkyl, -COR (wherein R7

10 | is hydrogen or alkyl), or phenyl optionally substituted with one or two substituents
independently selected from the group consisting of hydrogen, alkyl, haloalkyl,
alkylthio, hydroxy, alkoxy, cyano, nitro, amino, acylamino, monoalkylamino, and
dialkylamino;

' R* and R’ independently represent hydrogen, alkyl, halogen, haloalkyl,

15  alkylthio, hydroxy, alkoxy, cyano, nitro, amino, acylamino, monoalkylamino, or
dialkylamino;

'Rs is Heterqalkyl, heterocyclyl, heterocyclylalkyl, heteroalkylsubstituted
heterocyclyl, heteroalkylsubstituted cycloalkyl, heterosubstituted cycloalkyl, -OR®,
-S(0),R? (wherein n is an integer from 0 to 2; and R® is heteroalkyl, heteroaralkyl, ,

20 heterocyclyl, or heterocyelylalkyl), -NR°R'" (wherein R%is hydrogen or alkyl and
R rs heterosubstituted cycloalkyl, heteroalkyl, heteroaralkyl, heterocyclyl, or
heterocyclylalkyl), or -X-(alkylene)-Y-Z (wherein X is a covalent bond, -O-, ~NH-,
or =S(O)p1- where nl is an integer from 0 to 2, Y is —-O-, -NH-, or -S- and Z is
heteroalkyl or SiRMR)(R") where R, R and R"? are independently hydrogen

25 ©or alkyli), or R® together with R* forms a rrlethylenedioxy or ethylenedioxy group

when they are adjacent to each other; or



when they are adjacent to each other; or WO 02/10158 PCT/ EPO1/08293 4 a
phar maceutically acceptable salt thereof. Al so preferred are conpounds

whi ch wi [\wghe/oefserred to the follow ng under (i) which aicaEiReYeds as
defined above [these will be referred to in the 5 foll ow ng under (A)],
wherein: R3 represents hydrogen, alkyl, 4cycloal kyl, -COR7 (wherein R7 is
hydrogen or al kyl), or phenyl optionally substituted wth one or two
substituents independently selected fromthe group consisting of hydrogen,

al kyl , hal oal; i | | koxy, cyano, nitro, am no,

acyl am no, ngﬁﬁgpﬁyﬁgﬁ¥%%?&%ﬁag%gﬁgﬁé?%§1anino, and R6 is heteroal kyl,

het erocycl yl, heterocyclylal kyl, heteroal kyl substituted heterocyclyl,

het er oal kyl substi t,ut ed cl.oal kyl , et er.os tituted cl gal kyl, -OR8 ,
SO nRe Luher of nApoTeeliied Rtagtpopndsioel oo reigtirons Betofldvbbaniey . |
het er oar al kylg) Whedher®edtEpitinds & ddTRke bRGX sk HYbe) referfBIAEDhe (Wherein R9 i s
hydrogen 'or al kyl and -R10 is heteroal kyl, heteroaral kyl, heterocyclyl, 15

or het ef ocyclfllefirg pyder 6AIX- (al Kyl ene) - Y- het eroal’kyl (wherein X is a

coval ent . bond, - = N3, - | - | 3 ) . 0to 2,
oy Ts oo gimerci e geibseniStihfigen, MIGK 5y Doan Sl SLORMERGLM KT 0 LS 2
or et hyl enedihganpgemgorailipy] oe phdnybyptamell ysljbatimted with edcdr ted Rebstitu2Ots
Furthernore preferred c ounds are: ii).The. c oun f (i), wherein R3
o PRSI SRS £ group anaind oF IRATEEe kS PSRk The
conpound of  (iRy1thiolBFdRbLY, mﬁkf, @Br&gﬁr(o?aﬁﬁﬁ)i, hdyRiniab, fbfoadRgANiho dn@9 and is

het er oal kyl , hetero_cyclylﬂgl. éﬁ - wherein 'R8 is heteroal kyl or 25
het er od9cl y| digtkylgminoNgRRY i¢ deietoalkyl, Rewrdcyclile heterogay®ylalkybet er ocycl yl, or

o Y 61 Y Betsiaty osctel A0 A05) peleRERGLARRKL UASRERD, X 15 @ coval N
R6 is (RS), (ha)'erdéﬁbsﬁ@tecﬂeﬁiéamym,ym{@xsésgogwl(%&eixfn ﬁ%ri@@ég&rfﬁmb XY,

2- am noet hyl oxy, _3-am nopr opyl oxy, nor-phol i n- 4-yl et hyl oxy, or (RS),
(R or (S) 2a8dBf isdeteydalltyl Shetéroaralich hdterocyclyl, or heterocyclylalkyl), -NR’R'

(wherein R is hydrogen or alkyl and R'? is heferoalkyl, heteroaralkyl, heterocyclyl,

15 -or heterocyclylalkyl), or -X-(alkylene)-Y-heteroalkyl (wherein X is a covalent -
bond, -O-, —NTI—, or —S(O)y1- where nl is an integer from 0 to 2, and Y is ~O-, —
NH-, or -S-), or R® together with R* forms a methylenedioxy or ethylenedioxy

group when they are adj acent to each other.

20 'Furtﬁermore preferred compounds are:
Gi) The compound of (i), wherein R® is alkyl.
(iii) - The compound of (ii), wherein R3is methyl.
.(iv)  The compound of (i), whereiﬁ R® is at the 3-position of the phenyl ring and
~ is heteroalkyl, heterocyclylalkyl, -OR® (wherein R® is heteroalkyl or
25 heterocyclylalkyl), -NHR' (wherein R' is heteroalkyl, heterocyclyl, or '
heterqcyclylalkyl), or —X—(élkylene)—Y-heteroalkyl (wherein X is a covalent bond, -
O-or~-NH-and Y is ~O- or —NH)
W) The compound of (iv), wherein R® is (RS), (R) or (S) 2,3-
dihydroxypropyloxy, 3-hydroxypropyloxy, 2-aminoethyloxy, 3-aminopropyloxy,
30 2-morpholin-4-ylethyloxy, or (RS), (R) or (S) 2,2-dimethyl-1,3-dioxolan-4-
ylmethyloxy. . '



.yl met hyl oxy. WD 02/10158 PCT/ EP01/08293 5 (vi) The conpound of (iv),
Wherein R6 is (RS), (R or (S) 2,3-dihydroxy- propylam no,

2- hydr oxyetgwlgmsno, 3-hydroxypropyl amno, (RS), (R or (ctrdioghoset hyl -
1, 3-di oxol an- 4-yl met hyl am no, 2-hydroxy- |-hydroxynethyl ethyl am no,

3- hydr oxybut yl am no, or tetrahydropyrans4-ylamno. 5 (vii) The conpound of
(i), wherein R1 and R2 are hydrogen; R4 and R5 are at the 2 and the 6
posi tions of the phenyl ring and are independently of each other hydrogen

or hal ogen; ?”v?. René ot oddaeof%lvmme&élﬂnﬁgfmmeRE&wQ3rd1mg}r i) The

conmpound of drogen or al év\,herel n R8

i s heteroal kptoptylanhm érbyxgmxeﬂaﬂmh? 3- hmfc(pbﬂﬁémé@ HR&1 OR) & (DA,
het er oal kyl , ,het
- X- (al Eyl gne etﬁ‘éog%/giﬁxﬂﬂnq{( ieroc yﬂ}?&r&:’}ldvé enf‘le(e)tREﬁl,eth-yBEmor’ -NH and

Yis -0- or 3 rox@bm)ylajﬁlﬁﬂoQﬁrmﬁuy&opiral(.mylmmno\/\her ein R3is nethyl and R4
and R5 are independently of each other adgogen chl Qli I‘Qﬁ{s fi uo 0. (x)
The conpound (69 ( ity compaynst of (awherein s 28 B RiFd yare conmpound

of (x), wherei al'ﬁd R é gos(lﬁ@s@f (@fhgi);(yym% afd éreqh&ep@ﬁéefmy oPEZé&HBGt}Ei(%

3- hydr oxypropyl oxy, 2-am noeth am nopr opyl oxy,

mor phol i n--4- hyétopsr axdhalogsn; FRR’ is gRhe drpogiipn of the phemst Apg- 1, 3- di oxol an- 4-
yl met hyl oxy. (x{i)+' The ¢ o; (R or (9
2, 3-di hydr ox;&’i‘}) B-PSSWBW%%??%%?S&’ lﬁ%‘fﬁ?&“ o %g( %’%rlg%/%i opy! ani no,
(RS), (R or (idreid FE-is BbteRialiil orlhezer&wwuayq) 4Nym’r‘é(xbbelramkhh

2- hydr oxy-| - hydroxyrret hyl et?yil am no, 3-hydroxybutyl am no,

t et r ahyl@r opy maisroalKyl.dietdrecyc quhyteqq%clg]@}kggu% {aﬂ(yl?ne)-\)gnléqtgpﬂkﬁl is at the

5-position o i IS | IS _ rogen; R4 and R5
are at the Z(gp\%&tnh}g%gég%v;alle??%ﬁ@do %h@2%§%13%5£|§?§nd are

i ndependent | yixpf é‘aehomm)bmd ofy(ehiidgererem RA i octbyl andRf 2RE R great t he 3- .
Pvarogen or degPRRly of gt bidraf HERPRUARABL, Al ko) or o o' O 1
het er ocycl yl gkky! Jihe cbinpaéhd oo evier&h ®* sd R® are hydrogen.
15 (xi) ,The compound of (x), wherein R%is (RS), (R) or (S) 2,3-dihydroxy-
propyloxy, 3-hydroxypropyloxy, 2-aminoethyloxy, 3-aminopropyloxy, 2-
morpholin-4-ylethyloxy, or (RS), (R) or (S) 2,2-dimethyl-1,3-dioxolan-4-

ylmethylbxy.
(xii) ~ The compound of (x), wherein R® is (RS), (R) or (S) 2,3-dihydroxy-
20 - propylamino, 2-hydroxyethylamino, 3-hydroxypropylamino, (RS), (R) or (S) 2,2~
.dimethyl-1,3-dioxolan-4-ylmethylamino, 2-hydroxy-1-hydroxymethylethylamino,
3-hydroxybutylamino, or tetrahydropyran-4-ylamino.
(xiii)) The compound of (i), wherein R! is at the 5-position of the indole ring and
s halogen; R%is h};drogen; R* and R’ are at the 2 and the 6 positions of the phenyl
25 ring and are independently of each other hydrogen or halogen; and RS is at the 3-
position of the phenyl ring.
(xiv) The compound of (xiii), wherein R? is hydrogen or alkyl, R® is -OR®
(wherein R%is heteroalkyl or heterocyclylalkyl), NHR' (wherein RYis
heteroalkyl, ﬁeterocyclyl, or héterocyclylalkyl), or -X-(alkylene)-Y-heteroalkyl
30 (wherein X is a covalent bond, -O- or -NH- and Y is —O- or -NH).
(xv) The compound of (xiv), wherein R is chloro or fluoro; R? is methyl; and R*

and R® are independently of each other hydrogen, chloro, or fluoro.



het er oal kyl , heterocyclyl, or heterocyclylal kyl), or
- X- (al kyl ene) - Y-heteroal kyl 30 (wherein X is a coval ent bond, -0- or -NH

and Y i s wéro2abissNH) . (xv) The conpound of (xiv), wherein pyrpos/ogdsor o or
fluoro; R3 is methyl; and R4 and R5 are independently of each other

hydrogen, chloro, or fluoro. WO 02/ 10158% PCT/ EPO1/ 08293 6 (xvi) The
conmpound of (xv),"wherein R6 is (RS), (R) or (S) 2,3-dihydroxy- propyloxy,
3- hydr oxypropyl oxy, 2-am noethyl oxy, 3-am nopropyl oxy, 2-

mor phol i n-4-yleth % IRGSYRD), ' JdinlydRoxgl 0xol an- 4-

yl met hyl oxy. déﬁ? xzﬁlﬁ%wgﬁ%%#p%?hﬁﬁ%ﬁe&( xvl) ?(R%glpcet%rnm%yidls (RS), (R or (S
2, 3- di hydr oxypromayy Bawyidriaypi2pyipsly, @xgrainhgthglex i -aBineppyboyprbpy | am no,

(RS), (R or (S 2- dinet hyl - - di 0x -4-v| l.am.no,

2- hydr oxy-| - H{}?}%’%éyﬁé’[yg%n}g%gyf’%%sié% 8%&1)1?9 f W‘Iﬁyﬁ?%‘?h%ﬁ )

tetrahydr opyryarﬁetﬁywxgm no. (xviii) The conpound of (A) or (i) wherein R6 is

at the 2, 3 or 4-position of the 10 phepyl ring. (Xi x% The conpound of any
one of @A) (iGvindheeemppyndgfdxe; whessin B 1ét(R§)mé1%3ﬂ (b3 ilydre¥s- t he phenyl

ring. (xx) T unsl fa_ ' i h%)h_wherein
R6 s het er QAT HEREE B G it PRRnt > hipshrparit. il TR o (PRI or
15 het er ocycldmethilsl B-diexdHRiH yimditeri animoR2-0y dmx rd theyrdoad ykneth ylethylamino,

het er osubstitut e l.oal kyl , heterocyclyl. or heterocyclylal kyl), or

- X- (al kyl ene)#ﬁlcﬁ%’fyg%@émf”or(‘m gygﬁogyénﬁéylmal ent bond, -0- or -NH and
Y is -0- or -(hNli) Thecompbhal QA erayiwbérciR 9aetheR, § M) 4-pbiilio@sfthéxviii) to

(xx) wherein R4 and R5 are at the 2 and the 6 positions of the phenyl ring
and ar el nded@ﬁ@lﬁéﬁ‘tﬂgy of each 20 other hydrogen or hal ogen. (xxii) : The

conpound of 0 mﬁ?& i iy LX¥hdreier el _and R2 are

hydr ogen. (xg?a?k?) n%?%foc %p%quélﬂghﬁﬁﬂgﬂél@n@ %Ft(%\rgﬁ%%%r)m andgkgt\i}lg?’i ) to (xxi)

wherein R i spoaitiohloé thephpodiringon of the indole ring and is hal ogen and R2

(S ydrogen. 22 CfteDoraoind YR SAEoPla Y, RIE) o () vkl kb1 (xVIT) to
heteroalkyl, heterocyclylalkyl, -OR? (wherein R® is heteroalkyl or

15 _heterocyclylalkyl), -NHR!® (wherein R'° is heteroalkyl, heterosubstituted
cycloalkyl, heterocyclyl, or heterocyclylalkyl), or -X-(alkylene)-Y-heteroalkyl
(wherein X is a covalent bond, -O- or —-NH- and Y is —~O- or -NH).

(xxi) The compound of any one of (A), (i) and (xviii) to (xx) wherein R* and R®
are at the 2 and the 6 positions of the phenyl ring and are independently of each

20 - other hydrogen or halogen.

- (xxii). The compound of any one of (A), (i) and (xviii) to (xxi) whereinR! and R?
are hydrogen.
(xxiii) The compound of any one of (A), (i) and (xviii) to (xxi) wherein R! is at the
| S-position of the inaole ring and is halogen and R? is hydrogen.

25 (xxiv) The compound of any one of (A) and (i), (xviii) to (xxiii) wherein R3is
hydrogen or alkyl, R®is -OR® (wherein R® is héteroalkyl or heterocyclylalkyl), -
NHR' (wherein R'? is heteroalkyl, heterosubstituted cycloalkyl, heterocyclyl; or
heterocyclylalkyl), or -X-(alkylene)-Y-heteroalkyl (wherein X is a covalent bond, -
O- or —NH- and Y is -O- or -NH.

30 (xxv) The compound of any one of (A), (i) and (xviii) to (xxiv) wherein R3is

A hydrogen or alkyl, R® is -OR® (wherein R® is heteroalkyl or heterocyclylalkyl), -
NHR' (wherein R'® is heteroalkyl, heterocyclyl, or heterocyclylalkyl), or -X-



hydrogen or alkyl, R6 is -OR8 (wherein R8 is heteroal kyl or
het erocycl yl al kyl), - NHR1LO (wherein R10 is heteroal kyl, heterosubstituted

cycl oal kyo pabssgocycl yl; or heterocyclylal kyl), or PCT/EP01/08293
- X- (al kyl ene) - Y- het eroal kyl (wherein X is a coval ent bond, - 0- or NH and

Yis -0- or -NH). 30 (xxv) The conpound of any one of (A), (i) and (xviii)
to (xxiv) wherein R3 is hydrogen or alkyl, R6 is -OR8 (wherein R8 is
het er oal kyl or heterocyclylal kyl), - NHRLO (wherein R10 is heteroal kyl,

heterocyclyl ’<ﬁ§%lg?§tffh39%% R tidtbih X R'a co¥aldfd 160,101 o8 -RETLEPYS 08293 7

(al kyl ene) - Y- al k rein X is a coval ent bond, -0- or -NH and Y
is -0- or -Ndr-NExvi) The conpound of any.one of (A), (i) and (xviii) to

fnd o 1) (5 Plodge Ot o 48 51 of Gl By FYRIND S R DeriR T o any

one of (A), G@Ryland (xviii) to (xxvii) wherein R4 and RS are independently

of each other hydrogen, chloro, or fluqro. (xxix) The ,gorrpourgﬁig_of' any one

of (A),5(i) dweviDaheicrmpeend obapy opg ok iy @) #ndrt vigih tp Crpl) RBCISER 1S dr ogen.

(xxx) The CorH?é?Hﬂd of any one of (A), (i) and (xviii) to (xxiXx) wherein R6
r

is (RS), (R or’ (S 2,3-dihydroxypropylloxy, 3-hydroxypropyl oxy,

2- am noet hyl @xxyyiii)Theaoinpoprdpfianyepe o2Apoe parl (xwiiid to/(xaviywhexsin Roend RS) , (R
S) 2,2-digethyl -1, 3- di l.an- 4-yl.met hyl ) i),:Th d of

ony ohe-of (A indensndend RSB RE R B o e ) (RS (RTor ()

2, 3- di hydr oxyRkiqpyitRBonpourt &h:ak @xy f ()l ayiixvis) thikslvgix wheemyk amdno, (RS),

(R) or (S).2,2-dinethyl-1,3-dioxol an-4-yl net hyl am no,
2- hydr dRy- | - RycroRydegHy| et hyl ani no, 3- hydr oxybutyl ami no, or

Lo oYL Rh B a8, SRR IR T o
t hat the i npr(@SgdRport(Sy2Bydihwlrayprdpylloxy, 3-hydroxypropyloxy, 2-aminoethyloxy,
3-aminopropyloxy, 2-morpholin-4-ylethyloxy, or (RS), (R) or (S) 2,2-dimethyl-1,3-
dioxolan-4-ylmethyloxy. o .
15 _ (xxxi) ..The compound of any one of (A), (i) and (xviii) to (xxix) wherein RSis,
(RS), (R) or (S) 2,3-dihydroxypropylamino, 2-hydroxyethylamino, 3-
hydroxypropylamino, (RS), (R) or (S) 2,2-dimethyl-1,3-dioxolan-4-ylmethylamino,
2-hydro>§y—1-hydroxymethylethy1arrﬁno, 3-hydroxybutylamino, or tetrahydropyran-
4-y1a1hinb. .
20 - ,
. The compounds of the present invention exhibit surprisingly effective

activity against GSK-3f. It is contemplated that the improved activity is due to

~ their enhanced bioavailability and increased metabolic stability.

25 In a second aspect, this invention is directed to a medicament comprising a
therapeutically effective amount of a compound of formula (I) and a
phaﬁnaceuﬁcally acceptable excipient. In particular, the aforementioned
medicament is useful for the treatment of GSK-3p mediated diseases selected from
Alzheimer’s disease, obesity, diabetes, atherosclerotic cardiovascular disease,

30 polycystic ovary syndrome, syndrome X, ischemia, traumatic brain injury, bipolar

~ disorder, immunodeficiency, cancer, allergy, and asthma in a mammal, and

espgécially useful for the treatment of asthma.



t heir enhanced bioavailability and increased netabolic stability. 25 In a
second aspect, this invention is directed to a nedi canent conprising a

t her apeut werdaliy1sf f ecti ve anmount of a conpound of formul a didDEmids®3
pharmaceutically acceptable excipient. In particular, the aforenmentioned
medi canment is useful for the treatnent @f GSK-3(3 nedi ated di seases
selected from Al zheiner's disease, obesity, diabetes, atherosclerotic
cardi ovascul ar di sease, 30 polycystic ovary syndronme, syndrome X, ischem a
traumatic brain if Uk ' - odh.sarder. 'ﬂﬁﬂ@ ' 'ﬁﬁﬁ%, S

al l ergy, and ast hﬁiﬁé‘m{hﬁd;@%ﬁ%@f {nvgﬂggcﬁ %gﬁg‘?:éi al | y&ggg‘lﬁr}e for Ctoﬁgetgfgeat ment
of asthma. Wof Bameb8 PCT/ EP0O1/08293 8 In a third aspect,%this invention
provi des processes for preparing conmpounds of Forrmula I. In a fourth
aspect, this invention is directed to the use of a conmpound of 5 formula |

for the manuf act unea Rlrthasiec FEInTeR VNS disddigl ©k: W ofacemponmbends  of
formula | for the treatnent of GSK-303 nedi at ed di seases sel ected from

Al zhei rfer s - Smsutaslefor s aranpfactugn HliBedicamen S ROMPSISING/BE (O MOKF ETRRANBEY | ar
di sease, . pOlf)y ﬁ}\fxﬁéfacl fgﬁétﬂé Ve SYRAY ocf-g?%K-%p U PRE ésealsecscsgl%ﬁea frdnf @UMBLI C brain
ar er, mruno

injury, bipo I'sor I et clency, cancer, allergy, and asthma in
a manmual , “espétherhdris, disedé:, abdshpmliaberespatherbicieratipetdipvashular diseasert i on i s

directed to the use of an jnhibitor of GSK- 3(3 for.the treatngent of a
di sease char REWEYHS QYT $YRIOBS.SEREOPe WgeWZtraW?tmrﬁ@é?J“%ngoi@ ast hma,

al lergy or absefdei smiddhSddricnce SRRet alibxy asidiMmalin aldlanimsl, sdpdciagpect , this
invention is directed to the use of an inhi bitor of GSK- 30 for the

t reat méht of agthma.sease characteri zed by an excess | gE production such as
asthma, allergy or allergic rhinitis, especially asthma. 20 Figure 1 shows
the correlation between GSK inhibition by conpounds of 'theinvention and
(3-catenin | evel sId afifthadpatt, hiciavdmion s divsceddé\ tiehnest exmnhidsisr ohGSK- TCF7
transcripts in nRNA fromthe B 1O D2 cells relative to that in Balb/C
T-cel | s. 3P for the treatment of a disease charactenzgd by an excess of CD4+ Th2

cytokines, such as asthma, allergy or allergic thinitis, especially asthma.

15 '
In a sixth aspect, this invention is directed to the use of an inhibitor of GSK-
3P for the treatment of a disease characterized by an excess IgE production such as

asthma, allergy or allergic rhinitis, especially asthma.

20 "Figure 1 shows the correlation between GSK inhibition by compounds of
theinvention and -catenin levels in Jurkat T-cells.
Figure 2A shows expression of TCF7 transcripts in mRNA from the
' B10.D2 cells relative to that in Balb/C T-cells. |
Figure 2B shows the induction of TCFE-7 by interferon-gamma.

Unless otherwise sfated, the following terms used in the specification and

claims have the meanings given below:

"Alkyl" means a linear saturated monovalent hydrocarbon radical of one to
30 six carbon atoms or a branched saturated monovalent hydrocarbon radical of three
_to six carbon atoms, e.g., methyl, ethyl, propyl, 2-propyl, n-butyl, iso-butyl, terz-
but}fl; pentyl, and the like.



Figure 2B shows the induction of TCF-7 by interferon-gamma. 25 Unl ess
otherwi se stated, the followng terns used in the specification and clains
have the wepiogs gi ven below "Al kyl" means a |inear sat y@Eaiasoeeval ent
hydr ocar bon radi cal of one to 30 six carbon atons or a branched saturated
nmonoval ent hydrocarbon radical of three9to six carbon atons, e.g., nethyl,
ethyl, propyl, 2-propyl, n-butyl, iso-butyl, ten- butyl, pentyl, and the

i ke. WO 02/10158 PCT/ EP01/08293 9 "Al kyl ene" neans a |inear saturated

di val ent hydrocar bg }ﬂéﬁg" fRhnof 112028 sattﬁ’rateﬁ'dl(va%f H?ﬂo@rﬁﬁ?ﬁa@fcapofl%@f& hed
saturated dival ent. drocarbon radical of three si x carbon atons, e.g.,

met hyl ene, etshcydadrw atemeort bran¢het sethateshdivalent pgioearbon ragioebefrestopy | ene,

butyl ene, pent d th OR where R
s Aol Kyt SReRR R supvac e, Budinfo iRl Bibine, U VS

the like. "Aykihbipopyldieansyiand, @émcy&he aﬁﬂethmwee Ris an al kyl as.defined
above e.g., 10 nethylthio, ethylthio, propylthio, butylthio, and the I|ike.
"Acyl" Peans a. radi cal -C(OR, where R is hydrogen, alkyl, cycloalkyl,

cycloal kyl al kyl, ﬁgﬁkg "%eaﬂ.t)s A/dn%h kk WHRE! Riidarpd ik las e

cycl oal kyl al kyl , henyl al y are.as defined herein. Representatlve
exanpl es i riclmefegxybethoxy, rapexpdiutdiyrdndahe like. f or nyl , acetyl,

cyl cohexyl carbonyl, cycl ohexyl nmet hyl car bonyl , benzoylb benzylcarbonyl, and
the like. "Acylam no" means a radical-NR C(OR where R is hydrogen or
alkyl, and R is hudeoae maaﬂsydl radﬁMGSRa:bﬁeyéRlsadcaillaﬁlalsydbﬁhé@dbpv@hgnyl or
phenylalkyl 20 wherein al ky cIoaIk cycl oal kyl al kyl, and phenyl al kyl
are as Wef i naaethyfhig, ﬁthylth@pp@é’éﬁlﬂlét]i"v@ lé%ﬂl?ﬂlﬂ%fsﬁ? ®nclude, but are not

limted to fornylam no, acetyl am no, cylcohexylcarbonylanino
e 25" Oycl val KpPH e aradisabr QDRr HEE R Ao PRERh ROy GOFBARYE ocar bon
radical of  ycioalkylalkyl, phenyl or phenylalkyl wherein alkyl, cycloalkyl, cycloalkylatkyl,
and phenylalkyl are as defined herein. Representative examples include, but are
15 ~not limited to formyl, acetyl, cylcohexylcarbonyl, cyclohexylmethylcarbonyl, :
benzoyl, benzylcarbonyl, and the like.

"Acylamino" means a radical -NR’C(Q)R, where R’ is hydrogen or alkyl,
and R.is hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, phenyl or phenylalkyl
20 wherein alkyl, cycloalkyl, cycloalkylalkyl, and phenylalkyl are as defined herein.
Representative examples include, but are not limited to formylamino, acetylamino,
| cylcohexylcarbonylamino, cyclohexylmethyl-carbonylamino, benzoylamino,

benzylcarbonylamino, and the like.

25 "Cycloalkyl" refers to a saturated monovalent cyclic hydrocarbon radical of
three to seven ring carbons e.g., cyclopropyl, cyclobutyl, cyclohexyl, 4-
methylcyclohexyl, and the like.

"Cycloalkylalkyl" means a radical -RaRb where R2 is an alkylene group as

30 | defined herein and Rb is a cycloalkyl group as defined herein, e.g.,
cyclohexylmethyl, and the like.



three to seven ring carbons e.g., cyclopropyl, cyclobutyl, cyclohexyl, 4-
met hyl cycl ohexyl, and the Iike. "Cycl oal kyl al kyl" nmeans a radi cal -RaRb
where Ra w® @nogdskyl ene group as 30 defined herein and Rydermieyesoal kyl
group as defined herein, e.g., cyclohexylnmethyl, and the |ike. WD 02/10158
PCT/ EPO1/ 08293 10 "Di al kyl am no"--. neangba radical -NRR where R and R

i ndependently represent an al kyl, cycloal kyl, or cycloal kyl al kyl group as
defined herein. Representative exanples include, but are not limted to

di met hyl am no, Wiﬁ?ﬁlﬁﬂoa%éaﬂs a fafchr MWH%&J”H lah @R Bdependently
(cycl ohexyl) (met hyl) ycl ohexyl ) (et hyl ) am no,

(cycl ohexyl ) (pprogept ;traaikwocyclféaﬂyﬂl ateesiphlivgaty] grpm@mshf)rmhﬁ@m

(cycl ohexyl h d, t ans fluoro,
chloro, bro %‘T‘szzﬁgtgtdv ’%F@eéﬂ%%‘lld} P‘ft% %Otlflﬁhted e%‘}%mﬂﬁél oal kyl " neans
al kyl substi tmé%% tgztahnmneh(qrmémyteth@gmno,r(cghltaﬁanybﬁhethymm@en atons, e.g.,
- CHz2Cl 2 CH2CC13, and the like "Het eroal kyl " nmeans an

al kyl rédl cal (Cé‘ﬂo}%féﬂ)@ﬁdm@ CYRIBEBIIKPIORY)AMIAG, or 15 .t hree hydrogen at ons
have been re t he
! f(wntgga)(ﬁtég@ i} ufbiR e ystﬂé%d%H&ﬁ%\ V&t: yDRh&EJ, 8Ad tHERE)

gr oup consi st S(O,, Kd ere ni1s an integer from
0to 2), with the under st andi ng that the -point of attachnment of the

het er oal kyl radiq throu at om.. wher ej dr ogen,

acyl, alkyl, cyclo akﬁ?n gpans ﬁ% §Fk g}ﬁboéﬁghggﬁgpg&Pn ependent | y
of each ot herchHiptdr ogen, acyl, aIkyI 20 cycloalkyl, or ."cycl oal kyl al kyl ; and
when n is 0, Rd is hydrogen, alkyl, cycloal kyl, or cycloal kyl al kyl, and
when n ¥0s 1 or 2, Rd is alkyl, cycloal kyl, cycloal kyl al kyl, am no,

acyl am no, rmonoal ki, mtﬁgtlgggns%ﬁggtﬁd gmea%tmr&%g&t%ysr @ﬂ‘t%féﬁt es

i ncl ude, but are not rexyetyl ydr oxypropyl,

3- hydr oxy- 1- Inabddey latpmmpy.k,, —QHE@Idf@gyﬂHszr-Giiy@@hhmdedlhﬂdke

2, 3-di hydroxypropyl, 1 25 hydroxynet hyl et hyl:, 3-hydroxybutyl,

2, 3-di hydroxybutyl, 2-hydroxy-1- methylpropyl, 2-am noethyl, 3-am nopropyl,
2- et hyl sul f onyl etfHekero@R§1N@reans an alkyl radical as defined herein wherein one, two or

15 _ three hydrogen atoms have been replaced with a substituent independently selected
from the group consisting of -OR?, -NRPR, and -S(O),R? (where n is an integer
from O to 2), with the understanding that the point of attachment of the heteroalkyl
radical ié through a carbon atom, whérein R? is hydrogen, acyl, alkyl, cycloalkyl, or
cycloalkylalkyi; R® and R°® are independently of each other hydrogen, acyl, alkyl,

20 - cycloalkyl, or cycloalkylalkyl; and when n is 0, R? is hydrogen, alkyl, cycloalkyl,

- or cycloalkylalkyl, and whennis 1 or 2, R%is alkyl, cycloalkyl, cycloalkylalkyl,
amino, acylamino, monéalkylamino, or dialkylamino. Representative examples
include, but are not limited to, 2-hydroxyethyl, 3-hydroxypropyl, 3-hydroxy-1-

| methylbropyl, 2—h§;droxy-1-hydroxymethylethyl, 2,3-dihydroxypropyl, 1-

25 hydroxymethylethyl, 3-hydroxybutyl, 2,3-dihydroxybutyl, 2-hydroxy-1-
methylpropyl, 2-aminoethyl, 3-aminopropyl, Z-methylsulfonylethyl, amino-
sulfonylmethyl, aminosulfonylethyl, aminosulfonylpropyl, methylamino-
sulfonylmethyl, methylaminosulfonylethyl, methylaminosulfonylpropyl, and the
like. ‘ ‘

30

"Hydroxyalkyl" means an alkyl radical as defined herein, substituted with

one or more, preferably one, two or three hydroxy groups, provided that the same



sul fonyl net hyl , am nosul fonyl et hyl, am nosul f onyl propyl, nethyl am no-
sul fonyl net hyl, net hyl am nosul f onyl et hyl , net hyl am nosul f onyl propyl, and

the |ikewodf/1oi3gdr oxyal kyl " means an al kyl radi cal as defidgi@acboes®sn,
substituted with one or nore, preferably one, two or three hydroxy groups,

provi ded that the sanme WD 02/ 10158 PCT/ BR0O1/ 08293 11 carbon atom does not
carry nore than one hydroxy group. Representative exanples include, but
are not limted to, 2-hydroxyethyl, 2-hydroxypropyl., 3-hydroxypropyl,

1- (hydr oxymet r 3 tyl,
4- hydr oxybut y%wa% ﬁg%}r‘%xcg% gf:)éfgﬂﬁgqﬁggicggif%oS h%ﬁ%ﬁe@%ﬁ%?ﬁw et hyl,
2, 3- di hydr oxyé&uamples i8¢ldda] by ate ort/luitsd toa2rlydroxyethyl, 2-hydroxypropyl,

2 e B NSRRI GBI o) e

used herein, 3-&19&0?4%@1" hydarxyshtkly b.3-disydiesgrépdl, CB%‘Iﬁydiexyals ubset of

het er oal kyl groups. "Het erosubstituted cycl oal k nmeans a cycl oal kyl

radi cal s dehNﬁ@@’m@fliéPthyl \%ﬁ’eﬁhbyﬁobﬁi‘b@tyl,t%dé’ryd{ é@yh%ﬂlr ogen atons in the
| oal kyl d d dent |

calected fromt (HE gD AL byl R e oG S ST, i no. acy ami Ho.

nonoal Eyl ﬁm naﬁ-dm;ailr@w%npymand b{hyd&)@)ﬁbﬂlyl)leimfadmxyéathyls lﬁan?rdm:gbgesrqudom Oto

2 t hat n is Q, S . ,

eyl oal kyl al kST e R SelE i 88 it qyhete 8 Bo ki erolts

cycl oal kyl al kyl, "am no, acyl am no, nonoal kyl ami no or di al kyI am' no.
Represent at | ve exa | es include, but are not |im or
hydr oxy&ycl ohexyl , terOSIbSUBYCed@Y&WP%h yega8h équloalgyl fa@931 aéﬁleﬁllegtlj‘PlfeHham do-

O nenye ordlsbige 65 oE RSBy S KSR e b
cycl oal kyl " nephsedwitial subitkyént irskdpandentbysselbefed ieean theegraipronkigingiaf one, two
2 het er oal k| RO e pcpriBRreR e AL R e SRS e "
Egﬁ Sggal: S?'LOLM&% id & idtdeBeRed 0t 25 ARh e m@h X g: ﬁf’drog’dnaalﬁyl
15 cycloalkyl, or cycloalkylalkyl, and when n is 1 or 2, R is alkyl, cycloalkyl,
' cycloalkylalkyl, amino, acylamino, monoalkylamino, or dialkylamino.

Representative examples include, but are not limited to, 2-, 3-, or 4-

hydroxybyclohexyl, 2-; 3-, or 4-anlihocyclohexyl, 2-, 3-, or 4-sulfonamido-

cyclohe){yl, and the like, preferably 4-hydroxycyclohexyl, 2-aminocyclohexyl, 4-

20 - sulfonamidocyclohexyl.

"Heteroalkylsubsituted cycloalkyl” means a cycloalkyl radical as defined
herein wherein one, two or three hydrogen atoms in the cycloalkyl radical have
been réplaced witﬁ a heteroalkyl group as defined herein with the understanding

25 that the heteroalkyl radical is attached to the cycloalkyl radical via a carbon-carbon
bond. . Representative examples include, but are not limited to, 1-hydroxy-

methylcyclopentyl, 2-hydroxymethylcyclohexyl, and the like.

"Heteroaryl" means a monovalent monocyclic or bicyclic radical of 5 to 12
30 ring atoms having at least one aromatic ring containing one, two, or three ring
heteroatoms selected from N, O, or S, the remaining ring atoms being C, with the

understanding that the attachment point of the heteroaryl radical will be on an



bond. . Representative exanples include, but are not limted to, 1-hydroxy-
nmet hyl cycl opentyl, 2-hydr 6xynet hyl cycl ohexyl, and the |ike. "Heteroaryl"

means a npgosabest nmonocyclic or bicyclic radical of 5 to ptA/Em9o0§iong at ons
having at | east one aromatic ring containing one, two, or three ring

het eroatons selected fromN, O, or- S, tie remaining ring atons being C
with the wunderstanding that the attachnment point of the heteroaryl radical
will be on an WD 02/10158 PCT/EP01/08293 12 .aromatic ring. The heteroaryl

ring is opti GRabdié riieb S thidfeRche}i Ble RESHRRLIYsubk i tlte8RRdepOideRRY Vith one
substituents, preferably one or two substituents, selected from alkyl,
hal oal kyl , het eorasubstitueniy.qrefriablyaink ox pwo svkbtiyents, salected fromyalld;, More

specifically [ rearyl i u b i t 41 m ' pyridyl,
furanyl, thi é‘ﬁtﬂgﬁ‘y@%?‘%%Og%?yﬁy&%’o%ﬂﬁggzgﬁﬁe?’ ‘ﬁ?a‘%ﬂ% M"F%I} §§18%1§‘f ,

i soxazol yl, piyyteh Yétercayyl amodidek, but Byiot Hinitedwol pyddnzafanyhtiényl,

t et rahydr obenzof uranyl ; i sobenzofuranyl, benzothi azoIIyI , L

benzoi sét hi azirsalyl ethsazehl.daeoll, mydelv isoxpzalylnpyrgyl, pyBesl¥oxazol yi |

qui nolyl, te Ou i toth 1 (Wl |, benzi soxazol yl
or benzot hi ek);ﬁﬁi’cgﬁ%i %%ﬁgegiéﬁy\kiﬁt%a@g&sw%ﬁgé%?w E?%&aﬂ%ﬁg@éﬂggr al kyl" means a

radi cal - RaRbendodriazokd, benzaisothlakelyle henzgirigaplyh tndobids ispiadoliler ein and Rb is a

het eroaryl group_as.defi.n rel . ri.diny3-. Vi ,
i m dazol yl rretbﬁ OXa19 _ d%l%&g*’ gﬁﬁ@ﬁ%@‘%@%‘%gﬁ%&bhwﬁ? %(lg{e@atzzgwefr an- 2- _
yl ) propyl, amendiftgatdlidesr bkhzotliehyer@dyied derivativatisereofsat ur at ed cyclic radical

of 5to 8rjng atons In which one or two ring atons are heteroatons
sel ectéfl from NR (where Ris independently hydrogen', alkyl, or

e ning 11 ng. at HECHEHIEH R a SRR HRER L BRI 548801 onal 1y be
LBt oo PR R el Geop Lebe O R, Dsep® P21
from al kyl , lahethyKirhidatrdylereted, kypldazdiglethgk pyridinylethyl,SréenzoftmpohZoxy, al koxy,
anmno, rmnoabkélp?,ﬂiaggtheq;k%! kyl am no, -COR (where R is alkyl). Mor e
speci fical | y YR
15 C o ‘ ' ’
| "Hetefocyclyl" means a saturated cyclic radical of 5 to 8 ring atoms in
which one or two ring atoms are heteroatoms selected from NR (where R is
independently hydrogeri, alkyl, or heteroalkyl)‘, O, or S(O)p, (where n is an integer
from O to 2), the remaining ring atoms being C, where one or two C atoms may
20 option;:llly bé replaced by a carbonyl group. The heterocyclyl ring may be
'opti0n:a11y substituted independently with one, two, or three substituents selected
from alkyl, haloalkyl, heteroalkyl, halogen, nitro, cyano, hydroxy, alkoxy, amino,
. monoalkylamino, dialkylamino, -COR (where R is alkyl). More specifically the
~term heterocyclyl includes, but is not limited to, tetrahydropyranyl, 2,2-dimethyl-
25 1,3-dioxolane, 2,2-dimethyl-1,3-dioxane-5-yl, piperidino, N-methylpiperidin-3-yl, '
piperazino, N-methylpyrrélidjn-S-yl, 3-pyrrolidin6, morpholin-4-yl, morpholino,
thiomorpholino, thiomorpholino-1-oxide, thiomorpholino-1,1-dioxide, pyrrolinyl,

imidazolinyl, and the derivatives thereof.

30 . "Heteroalkylsubsituted heterocyclyl" means a heterocyclyl radical as
- defined herein wherein one, two or three hydrogen atoms in the heterocyclyl

radical have been replaced with a heteroalkyl group with the understanding that the



term heterocyclyl includes, but is not limted to, tetrahydropyranyl,
2,2-dimethyl 25 1, 3-di oxol ane, 2, 2-di nethyl -1, 3-di oxane-5-yl, piperidino,

N- et hyl piveeri@diss- 3-yl, pi perazino, N-nethyl pyrrolidin-3-pdrEre1/08293
3-pyrrolidino, norpholin-4-yl, norpholino, thionorpholino,

t hi onor phol i no- 1- oxi de, thionorpholino-13, 1 -dioxide, pyrrolinyl,

i mdazolinyl,, and the derivatives thereof. 30 "Heteroal kyl subsituted

het erocycl yl" nmeans a heteropycLyI radical as defined herein wherein one,
two or threepByrlaAge hdflaPiiBithdhell @@tﬂé%@@f&%&lgﬁ Ydical WidiaGatboRaudoRee.r epl aced
with a heteroal kyl."group with the understandi ng that the WD 02/10158

PCT/ EPO1/ 082 &8presantaiive examples inchuglg v brei not Himitge ko d-hygroxyameulppasidie] |

radi cal via - _1.Bep[ ' | 8s40 ncl ude, but are
ot | imited 83 T Roras s RpRE e o A ARGk el Rp BB

4- hydr oxynet hyddok pehygiperazinyl-yl, dadhdilibzy et hyl pi peridin-1-yl, 4-

hydr oxyet hyl pi perazin-1-yl, and the like. 5 "Heterocyclylal kyl" nmeans a
radi cal >-RaRb where Ra is an al kyl ene group as defined herein and Ro is a
het er ocycl yl group.as_def,i ned.herein, . papb LI r - 2-y| et hyl ,

4- et hyl pi per azi n- 9&9708%/?1'%@‘-‘/&-18‘?%‘8?5%@%% Ir{re]t{h%]el%rﬁ 18 %ﬂk@ﬁne g%up

2, 2-di net hyl - 1 Bl'yllﬁ?ér vl Yok deBeel HRRexX Y Jret hyl

2- mor phol i n- a%sgf-ﬁgﬁ%t%ﬁg ) angat e P?ngey Qfdh%noa? yl amlf%)(l;’" érgans a radi cal
-NHR wher e Riststhgdropyday2-ylowthlyh dtkgthylpipsrazins tyteshh ) y3-pipkyidingmethyl.as def i ned
above, e.g., hylamno.. (1-methyl el hyl )am no,.' cycl oh | am.n

cycl ohexyl rr,e9%‘5‘5&%’?1gl%loéwad’ﬁ%%é?%‘ﬂy?%’ﬁﬁﬂaﬂ%eﬁ%ﬁrb%?’%mﬁ%og?'hyI and
the like. "Oatyl@ngl, andtheli®eti onal |l y" means that the subsequently described
event or circunstance may but need not occur, and that the description

i ncl udes instances where-the event or circunmstance occurs and instances in
which it does not « RleBns a PRSI Q¢MR [vhe R YParPREkI10AR JakkyflONO-  OF

di - substituted w Oﬂganlﬁgll Eyl malgl;rgsuril)'}('.h‘arreans that tﬁe i EEy*’ér}gy “but’ need not
be present, andydidedkydakel grptp srdefined hhodese.gi tnetitylanmso.wher e t he heterocycl o

group is nmong: or, di. stituted, wth .an a | .group and situations where
the heter ocyz}'B‘e yﬁq@i?@ﬂ&cygﬁgayﬁwg,§yﬂoﬁxxlﬁgt%ypannno, ‘
15 cyclohexylethylamino, 2-morpholin-4-ylethyl and the like. '

"Optional" or "optionally" means that the subsequently described event or
circumstance may but need not occur, and that the description includes instances
where:the event or circumstance occurs and instances in which it does not. For

20 example, "héterocyclo group optionally mono- or di- substituted with an alkyl
' group'; means that the alkyl may but need not be present, and the description
includes situations where the heterocyclo group is mono- or disubstituted with an

. alkyl group and situations where the heterocyclo group is not substituted with the

alkyl group.
25 ‘
~ "Phenylalkyl” me.;ms a radical -R2RP where R2 is an alkylene group and
RPisa phenyl group as defined herein, e.g., benzyl and the like.
"Hydroxy or amino protecting group" refers to those organic groups
30 intended to protect oxygen and nitrogen atomé against undesirable reactions during

: synthetié procedures . Suitable oxygen and nitrogen protecting groups are well

known in the art e.g., trimethylsilyl, dimethyl-zerz-butylsilyl, benzyl, benzyloxy-



al kyl group. 25 "Phenyl al kyl" neans a radical -RaRb where Ra is an al kyl ene
group and Rb is a phenyl group as defined herein, e.g., benzyl and the

i ke. "Hy@ioneyiopss am no protecting group” refers to those prgasies®soups 30
intended to protect oxygen and nitrogen atons agai nst undesirabl e reactions
during synthetic procedures. Suitable dadygen and nitrogen protecting

groups are well known in the art e.g., trinethylsilyl,
di rethyl -tent:butylsilyl, benzyl, benzyloxy WO 02/10158 PCT/ EP01/ 08293 14
' carbonyl 1 (G é?%lﬁé%@hﬂb@ﬁ’ﬂ)(hoé ordaﬁét§l| uor oacetyl,

2-trimet hyl si |yl ef hanesul fonyl “('SES G hers can be found in

t he book by ZFmWh@Iéiéﬁéa@ﬁdf@ayl fﬁg&)\mﬂﬁ th‘iPhkﬁt é@h@fﬁga@ﬁ?pgd imthebgelni ¢
Synt hesi s, i ti t ed
hero S ikt A ool s e B ot o SR BT o |

t herein.. e "SEHE" D
the nature OrEdlﬁﬁlqlWﬂéi}elew baﬂtdlﬁmg,ﬁxfdmf&érrcemlwﬁ%@emt he. arr angenent of
their atons in space are terned "isoners". Isorrers that differ in the

arrangeﬁent of - their atons in space are terned. ""stereoi soners”

St er eoi soner s t hatC&ﬁﬁoﬂ?ﬁE tHA hdvelihd FRBSR0I8EuI A Torrhils BRQE A& in @{eEhaEﬁE ged

"di astereoners” and those that are non-superinposable mrror inmages of
each ot her "~ arssquencerefl boadiag of heietoss or\irgrrangeroen o0 Hgirtatamuin spaep\aieret ri ¢
center, for exanm

cnant oner s eopas dioptes” Ao SRR el Pl S ER e MR B8 BRI Chcor i

configurati onar@tennéa " S OREhE'C méﬁﬁom@lthaSaréasmmlfmdrnbgestdﬂenR and
S-sequencing 15 rules of Cahn and Prel og} y the manner in which the
mol ecul® r ot aAGHIeE A teiede diagipregBIeRy ARG HORG @ﬁ& araﬁep-&@gpawaff@& mgror

dext ror ot at or gs &184PH BBt BE Yerfkd CenanfSméid). Wﬁen { compREBES af espectively).

A chiral conpou can exli st as elther i'ndividual enantioner or as a
m Xt ure ther esymmgtng sentarsfor examplaiitig berfedito faup gbferénd groups, atta ofenant i omer s

o called A L agRhe, 1l ALUER" APl R BBz b el MR ™

configuration of its asymmetric center and is described by the R- and S-sequencing

15 _ rules of Cahn and Prelog, or by the manner in which the molecule rotates the plane
- of polarized light and designated as dextrorotatory or Ievorotatory (i.e., as (+) or
(-)-isomers respectively). A chiral compound can exist as either individual
enantiomer or as a mixture thereof. A mixture containing equal proportions of the
enantiomers is called a "racemic mixture".
20 - _
. The compounds of this invention may possess one or more asymmetric
centers; such compounds can therefore be produced as individual (R)- or (S)-
stereoisomers or as mixtures thereof. For example, if the R® substituent in a
compound of formula (I) is 2-hydroxyethyl, then the carbon to which the hydroxy
25 group is attached is an asymmetric center and therefore the compound of Formula
() can exist as an (R)- or (S)-stereoisomer. Unless indicated otherwise, the
description or naming of a particular compound in the specification and claims is
intended to include both individual enantiomers and mixtures, racemic or
otherwise, thereof. The methbds for the determination of stereochemistry and the
30 separation of stereoisomers are well-known in the art (see discussion in Chapter 4
of "Advanced Organic Chemistry", 4th edition J. March, John Wiley and Sons,
 New York, 1992).



centers; such conpounds can therefore be produced as individual (R)- or
(S)- stereoisoners or as mxtures thereof. For exanple, if the R6

substi t uego dg2noesg conmpound of formula (1) is 2-hydroxyet hycor/tdeenstohe
carbon to which the hydroxy 25 group is attached is an asymmetric center

and therefore the conmpound of Formula (%) can exist as an (R)- or
(S)-stereoi soner. Unless indicated otherw se, the descriptionor nam ng of
a particular conpound in the specification and clains is intended to

i ncl ude both i ndi y ?%rxrxﬁt@ﬁg;ag T B xBiptdntf BSans bR ERbenOthat 9 LERAIW S€,

thereof. The nethad determ nation of stereochem stry and the 30
separ ati on ofin ptepamng sphremaceatieal wemipositiowtnat is getesallyr gaf, ser-tefiecandssi on in

Chapter 4 of Advanced anj,c_Chem stry", 4th it . h, John
Wby and somethen ey R akEn e Bab i it Blitkbat Prig s o
" phar maceut i GatdpyabRCloe PétaiMLy 83eCdsPieé@Nis hunii Pharmecedtical wee™ that is useful

in preparing a pharmaceutical conposition that is geperally safe, non-toxic
and nefther "Bhamsgsutianliyacaentable prinienie agHisddn tgspeciticatigniapd claes an

exci pi ent. tahohdes 13RUER AR R B VAL Slchnatipidipe as well as human

phar maceuti c use. 4 pharmaceuti.cal | y accept abl e exci pient"” as used
in the specification and clains includes both one and nore than one such

excipient.., A "pharnaceutically ac tahle.salt" of _a_co .reans a
salt that is pharﬁrég‘gﬂ?‘?c&'éﬁ‘q yé&“&@%ﬁﬁ%ﬁ ARG B8 %ggag%%elggesi r ed
phar macol ogi GMarni&e@tdaily béctp@bletah@ tidpeditsseOmp deyiftd phutiaceRigical i ncl ude: (1)
acid addition salts, formed with inorganic acids such as hydrochloric

aci d, HQdr obrashviey efheiparenticpmppendaciueh splisipeladeici d, phosphoric acid, and
the like; or formed-with organic acids such as acetic acid, propionic
acid, hexanoic acid, 15 cycl opentanepropionic acid, glycolic acid, pyruvic
acid, lactic acid,(1) aidadditioncsalls, forsueglovith inoeganid, acidabuch asdiydrochiwriei ¢ aci d,

fumaric acid, tartarjc acid, cjtric.acid, enzoi.c acid .

s Lo byl oy HSHE By BERB L. 26 il ccloP bR psit: and e ks or

net hanesul f onfpfmétwith oghiie AGas bicans Gcdei id, propicRid g hekseld @nd,c aci d,

2- hydr oxyet hanesul foni ¢ aci d, benzenesul fonic acid, 4-ch]orobenzenesul fonic

acid, 26 2- nayyelonersanepenpidnimacid. gkycglic acifapueyie acifflasticacide pplonic acid,
canphor sul f Orgugciﬁ’l%iagid,' malic acid, maleic acid, fumaric acid, tartaric acid, citric acid,

A benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid,
methaneéulfonic acid, ethanesulfonié acid, 1,2-ethane-disulfonic acid,
2-hydfoxyethaﬁesulfonic acid, benzenesulfonic acid, 4-chlorobenzenesulfonic acid,

20 - 2-napthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid,

. 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl
sulfuric acid, gluconic acid, glutamic acid, hydroxynapthoic acid, salicylic acid,
stearic acid, muconic acid, and the like; or

| .(2) salts foﬁned when an acidic proton present in the parent compound
25 either is replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or
an aluminum ion; or coordinates with an organic base such as ethanolamine,

diethanolamine, triethanolamine, tromethamine, N-methylglucamine, and the like.

A cofnpound of Formula (I) may act as a pro-drug. Prodrug means any
30 compound which releases an active parent drug according to Formula (I) in vive
when such prodrug is administered to a mammalian subject. Prodrugs of a

compound of Formula (I) are prepared by modifying functional groups present in



3-phenyl propionic acid, trimethylacetic acid, tertiary butylacetic acid,

| auryl sulfuric acid, gluconic acid, glutamc acid, hydroxynapthoic acid,
sal i cyl i cwacidoisgst eari ¢ acid, muconic acid, and the |ike;pcareoZps®al t s
formed when an acidic proton present in the parent conpound 25 either is
repl aced by a netal ion, e.g., an alkaliigmetal ion, an al kaline earth ion,
or an alum numion; or coordinates with an organic base such as

et hanol am ne,.: di et hanol am ne, tri ethanol am ne, tronetham ne,

N-met hyl gl ucagk Remp@Rd otf'%nhﬁl&gn fﬁs&ﬂw\}/ﬂaﬁﬁe F08iRdhfont ayBR¥XIAGEd 8
pro-drug. Prodrug heans any 30 conpound “whi ch rel eases an~active parent
drug accor di nig Wi tBogleask ghe(payent nompound. \bedrugsiindlugs earpogndsoldiminnlast ered t o

a mamal i an sybj ect. Praodrugs of a ound of Far mul 1), ane prepared by
o Ty g f undt FEER Aty Reef RV Bov i SRRl e o-BiEE °R6 the
conpound of Fafyaibw thhmiybétledved inpiyo tdrageretie e dict hodiok ginamityode cl eaved
in vivo to rel ease the parent conpound. Prodrugs i nclude conpounds, of

Fornmul a5 (1) swibydivhgraupyesnssively xsaplesof pradrpgsdpgindey bufgse net lewitgsound (1)
is bonded to u t b 18eEAUET ik Datie¥ P cdBah fEENES ate the free
hydr oxyl , 'amtr?ge?%ggé "gﬁ%t?ﬁ’yfﬁﬁ?{te’ﬁ‘guﬁf%r esﬁgc%ﬂw\%)l’f/ Exarrpﬁgs’ of prodrugs
i ncl ude, but NMNedmwothilaminbedrbonyl)ef hydrexy fanctionabgretps i cofmppumdse®f and
benzoate deriyatiyve rbamates (e.g., N, N-diinethylam no-carbonyl) of
hydr oxyf unct i %ui/ag(i%a‘b‘g&‘leﬁﬁﬁ'orrpounds of Formula (1), and the like. 10
"Treating" or "treatnent" of a disease includes: (1) preventing the

di sease, i.ege. caUs"i'ng the clinical %y )t ons, of the di sease not to devel op
in a nme¥¥mal that nEYCHBEeNpisaEmany rancgff'eéﬁ@ﬁé}@@d to the disease but does

not yet experjenc di. spl t i Enhibi i ng the
di sease, i.e. d,l?ar‘ ?Perg‘feflﬁgé EH% @%3%% ?E'gcg?ﬁ%é) %‘83@@8%&2‘2’? {%gr*s c{fﬁ%e &?L%g%{léstease or
its clinical ®yeptlop amamfi) thatinagbe axpostrttodir peedsposed. te the distass g

regressi on of .the disease or it | i nical : .oms. A "therapeutically
effective ano mtrﬁ@éﬁ’épepﬁléceé?wzsrﬁ?yﬁn?%wd’%ﬁ%Se_taﬁ%t, 20 when

ad mhm stered 9 a iARBTHR thodisdakealel, Affedindios BAGEIng tife RMEILPBERIYT theo ef f ect
suc

15 disease or its clinical symptoms, or
~ (3)  relieving the disease, i.e., causing regression of the disease or its clinical

symptoms.

A "thefapeutically effective amount" means the amount of a compound that,
20 - when administered to a mammal for treating a disease, is sufficient to effect such
- treatment for the disease. The "therapeuticaily effective amount” will vary
depending on the compound, the disease and its severity and the age, weight, etc.,

of the mammal to be treated.

25 The naming and numbering of the compounds of this invention is illustrated

below.



treatnment for the disease. The "therapeutically effective anmount” will vary
dependi ng on the conpound, the disease and its severity and the age,

wei ght, etw® 021088 the manmal to be treated. 25 The nam ng mhgepayg®®si ng of
t he conpounds of this inventionis illustrated 02 N5 O0OR2 344 RL N
5 "R ~s R3 R below. W 02/10158 PCi#EP01/ 08293 17 The nonencl ature
used in this application is generally based on the I UPAC recomrendati ons.
Since strict adherence to these reconmendations would result in the nanes
changi ng substantially when only a single substituent is changes, 5
conmpounds have been naned in a formthat maintains consistency of

nonencl ature f or Theaobmsdlatust usad inthes applitation ipgesetslly basasroncha FpPAC, | | a

conmpound of Fornmul a .%\Aﬁg‘{e , . R4 and R5 are hydrogen,..R3 i.s
methyl, R6 i sre“‘é’-ﬂﬁg}“d'rdé{l & it ?%EFHCS tOr?E‘f%f e PpRen b Bo o el ng the
phenyl ring i %etd%ﬁle@kfﬁir@l%'sﬁbﬁaﬂiaﬂﬁlﬁvlfeh Rglyl Ssimdesebstituent is changes,
3-(1-methylindolyl)-4-[3-(2 10 , o . to
hydr oxy@t hy| seipeptisharg beemnsined in & formmihef rapataing cEBHHERRYPIFOMEBGIAYTE (1)
where R1,. R2, dr ; [ thyl, R6 is
2-hydroxyethf?gﬁfﬁgg%ggxﬁgggg%bn?ggtfEﬁ%gFE%ﬁﬂgitaching t he phenyl ring to
the pyrrole-2, 5- diawmompoimdof Bormaie(d) Bhdrd Rr’ni{thf amt/Rf we)hy@qyn,(ﬁ-is
nydroxyet byl ot BaPREIY | R aR5 ZaPhs H® e ERoEE BEEREN AL by omPounds

ring to the pyrrole-2,5-dione ring is named 3-(1-methylindolyl)-4-[3-(2~

10  hydroxyethylaminophenyl)-1H-pyrrole-2,5-dione.
a compound of Formula (I) where R}, Rz, R* and R3 are hydrogen, R3is
methyl, R®is :2-hydroxyethylamino and is para to the carbon attaching the phenyl
ring to the pyrrole-2,5-dione ring is named 3-(1;methylindolyl)-4—[4-(2-

hydroxyethylaminophenyl)-1H-pyrrole-2,5-dione.

15
Representative compounds of this invention are as follows
L Compounds of Formula (I) where R!, R? R*and R’ = hydrogen, R}=
methyl, and R®is as defined below are:

20

R® M. pt°C Mass Spec. | Example
Cpd. # ‘ |
I-1 2,3-dihydroxypropyloxy 245-247.1 392 M°
I-2 2,2-dimethyl-1,3- 220.8-221.2 432 M* 2
" | dioxolan-4-ylmethyloxy




1. Conmpounds of Formula (1) where Rl, R2, R4 and R5 = hydrogen, R3 =
methyl, and R6-is as defined beloware: H ONOR6 NCH3 20R M pt C
Mass Specwomgagse Cpd. # 1-1 2, 3-di hydroxypropyl oxy 245-p¢4/epb1/8§d3 M+ 1
1-2 2,2-dinmethyl-1,3- 220.8-221.2 432 M+ 2 di oxol an-4-yl net hyl oxy WO

02/ 10158 PCT/ EP01/ 08293 18 H. Conmpoundsjgf Fornmula (T) where Rl, R2, R4
and R5 = hydrogen, R3 = nethyl, and R6 is as defined below are: H 0O NO
NRs | CHs-.:Cpd. # R6 M .pt C Mass Spec. Exanmple [11-1 2-a m noethyl oxy
* 182.4-187 3§2 W = 12 Malelc ¥ %2 A 55 A 3_

2(R), 3-di hyd'r§Xypr.§%’§lﬁ%‘§‘ﬁf§%€‘%§g§§)§%ﬁ’% %I ?‘5’%2- %*%?\%’Inf -7-yl et hyl oxy
197. 7-199 431 M+ 3methyt, an@ RS)s, B-defigddrebowy aer opyl oxy 176.9-178.1 392 M+ 2
11-6 (R)-2,2-dinethyl-1,3- 432 M+ 1 dioxol an-4-ylnmethyloxy I1-7
(S)-2,2-dinethyl-1,3- 186.8-187.4 432 M+ 1

Cpd. # R® M.pt°C  [Mass Spec. |Example
I-1 " 2-aminoethyloxy® = | 182.4-187 362 M* 6
I1-2 3-aminopropyloxy® ' 375M° 5
II-3 . | - 2(R),3-dihydroxypropyloxy | 177.7-178 392 M* 2‘
1I-4 . | 2-morpholin-4-ylethyloxy 197.7-199 431 M* 3
1I-5 2(S),3-dihydroxy-propyloxy | 176.9-178.1 392 M* 2
1I-6 (R)-2,2-dimethyl-1,3- 432 M+ 1
| dioxol.an-éi—ylmethylox.y

-7 (8)-2,2-dimethyl-1,3- 186.8-187.4 432 M+ 1
" dioxolan-4-ylmethyloxy

II-8 (RS)-2,2-dimethyl-1,3~ 431 M+ 7

dioxolan-4-yl-methylamino

-9 2,3-dihydroxy-propylamino | 160-163.5  B92 (M+H)" 7

1I-10 2,2-dimethyl-1,3-dioxan-5- 201-203 431 M 9
ylamino )
-11 (RS)-2-hydroxy-1- 97.5-101 391 M+ 10
' 'hydroxymethylethylamino |
II-12 (RS)-B—hydroxybutylamino 389 M+ 14
II-13 (RS)-2-hydroxy-1- 389 M+ 15
methylpropylamino
| I-13A | tetrahydropyran-4-ylamino |- 401 M* 8

II-14 imidazol-2-ylmethylamino 397 M+ 11




di oxol an-4-yl met hyl oxy 11-8:
di oxol an- 4-yl

(MtH) + 7 whblyoh@153, 2- di net hyl

(RS) - 2- hydr oxy-1 -

(RS) - 3- hydr oxybutyl ami no 389 M+ 14
met hyl propyl am no 11-13A tetrahydropyran-4-ylam no 401 M- 8

(RS) -2, 2-di net hyl
-met hyl am no 11-9 2, 3-di hydroxy-propyl am no 160-163.5 192

-1, 3-di oxan-5- 201-203 431 M+ ®r/adodosne |1-11
97.5-101 391 Mt 10 hydroxynethylethylamno I1-12
I1-18 (RS)-2-hydroxy-1- 389 Mt 15

-1,3- 431 M+ 7

II-14

! m dazol - 2- yl. met hyI anmino 397 M+ 11 WD 02/10158 PCT/ EP01/ 08293 19 ' Cpd. #
1?— RAG gf(tcerl\ %uty Cd| %?HS: gl ilk IESmé‘ pﬁ?gd?‘mylma%ﬁéoxl rop‘gfamgng/Hr ¢
| 1-17 2-(terit Ibus yl - di pheoayliatint4sy1+) 500 MS-BQIZE Dx§§ERMyl am i 40 11-|18
3- hydr oxypr opy-am-he—*180-192 376 (MeHN+ 13 |1 10 2 hydroxiethylamino *
170. 3-170. 6 [3601¢ Mr rp-Lrermbutylrdipgthylstyiny gir o§§|§|50py| 390 YD > h52l% 377
oxy) pr opy oxly 1L- 20 (RS LA Aot hyllet byl - 203] 1- 205, & a6 () ] 15
ami no 11- 23 {3Ihydr Dx 9-(tert-BRY-diphebglsilylret hy| pr opy! anﬁﬂﬁ«ﬁMﬂl—H)“M 12
(RS) - bi s(2, 3-di hydy oxy- oxy)éd\{*ﬁ'&')mno R
1-18 3-hydroxypropylamino® @ 180-192  B76 (M+H) 13
II-19 2-hydroxyethylamino™  [170.3-170.6 1362 (M+H)* 13
1I-20 "3-hydroxypropyloxy 150.2-152.6  B77 M+H)* 13
II-21 3-(tert-butyl-dimethylsilyl- |151.2-151.7 {91 (M+H)" 6
' oXy)propyloxy
ﬂ-22 (RS)-1-hydroxymethylethyl- |203.1-205.8 376 M+H)* 15
amino
23 3-hydroxy-1- 389 M* 14.
| - methylpropylamino
T24 | (RS)-bis(23-dihydroxy- 166 M+E) | 7
| propyl)amino
II-25 pyrrolidin-1-yl 372 M 4
11-26 (5)-2,3- 392 (M+H)"
' . dihydroxypropylamino '
127 2(R)3-dihydroxy- 302 MHH)Y | 7
propylamino®
I1-28 .| 4-hydroxycyclohexylamino 415M" 8
II-29 4-hydroxypiperidin-1-yl 136.0-141.0 {02 M+H)* 23
11-30 (R)-2,2-dimethyl-1,3- 448 M* 18 '
' dioxolan-4-yl-methylsulfanyl
II-31 (R)-2,3- 408 M* 21
dihydroxypropylsulfanyl
11-32 (R)-2,2-dimethyl-1,3- 165 (M+H)" 19
dioxolan-4-yl-methylsulfinyl




propyl )am no u-25 pyrrolidin-1-yl

372 M+ 4 E-26 (S)-2,3- 392 (MH)+ 7

di hydroxypropyl am no 11-27 2(R), 3-di hydroxy- 92 (MtH)+ 7 propyl am no(*)

11 -
136. 0- 141.

0 02 (M+H) + 23
di oxol an-4-yl -

met hyl sul f anyl

1,3- 448 Ww+ 18

28 4- hw(gmjps}gcl ohexylam no 415 M+ 8 11-29 4-hydr oxypipeaniids2bs Y|
I1-30 (R -2, 2-dinethyl -
11- 31 (R) 203- 408 M+ 21 di hydroxypropyl sul f

anyl 11-32 (R) -2, 2-di nethyl -1, 3 65 (MrH)+ 19 di oxol an-4-yl -net hyl sul fi nyl
WO 02/ 10158 PCT/ EPOl/ 08293 20 'Cpd. # .R6 M pt C Mass Spec. Exanple
11-33 (R -2, % [ MFH)F 21 @i hydroxypr d TNyl ﬁ& Example
(R -2, 2-di et (F 113- 181 (MtH)+ 20 _di oxg\)i ﬁtm vl 4 rreth ul anlpl | -|35
(R)-2,3- 11 |(H+8§ + 21 di hy®-88ypropyl sul fonyl nea@siiyedth| oriide M
Conpounds of; Fornu| a %x)y wher e R4 and R5 = hydnogen, Rl,|R3 and R6 are
as defined Hel ow afe: b BORY ]501)&?&1?@%5 k3
11-34 (R)-2,2-dimethyl-1,3- 181 (M+H)" . 20'
dioxolan-4-yl-methylsulfonyl .
I1-35 (R)-23- - 411 (M+H)* 21
dihydroxypropylsulfonyl
®) means hydrochloride
I Compounds of Formula (I) where R”, R* and R® =hydrogen, R', R’ and R’
are as defined below are:
5
Cpd. # R' R R® M. pt °C Mass |Example
. ' Spec.
-1 ‘chloro | methyl (RS)2.,3- 224.5-225.7 426 16
dihydroxypropylamino M+H)*
12 fluoro | methyl 3-aminopropyloxy™’ 223.2-225.0 410 17
‘ ’ M+H)*
I1I-3 H H 2-morpholin-4-yl-ethyloxy 417 3
' M+H)* ’
1-4 chloro methyl (R)-2,3-dihydroxypropyloxy 427 24
(M+H)”
-5 fluoro methyl (R)-2,3-dihydroxypropyloxy 411 24
' M+H)*
I1I-6 fluoro 3-hydroxy- (RS)-2,3-dihydroxy- 454 22
propyl propylamino M+H)*
-7 methoxy |methyl 2,3-dihydroxy-propylamino 421 25
L—III-S  methyl methyl .~ | 2,3-dihydroxy-propylamino 405 25




Cpd. # R RB R M pt C Mass Exanpl e
224.5-225.7 426 16 di hydr oxypropyl am no ( MtH) +
223.2-225.0 410 17

(M) +

3- am nopr@ryd2A¥yss*)
2- nor phol i n-4-yl

(R) -
(RS) -

-ethyl oxy 417 3

2, 3-di hydr oxypropyl oxy 411 24
2, 3-di hydroxy- 454 22 propyl

Spec.

(M-H) + 111

[11-1 chloro nethyl
111-2 fluoro nethyl

-3 H H pC1/EP01/08293

(RS)- 2, 3-

111-4 chl oro net hyl
(R) -2, 3-di hydr oxypropyl oxy 427 24 (MtH)#1 111-5 fl uoro net hyl

(MrH) + 111-6 fluoro 3-hydroxy-

propyl ami no (MrH)+ 111-7 met hoxy met hyl

hyd
hydr

' Opd #
[
pt C

Mass

T OpRE am
oXy- propyl amino 405
Exanmpl e

Spec.

257 ITI58 mernyl
25 WO 02/ 10158 PG
111-9 i sopropoxy

ey bEPC
T/ EPO1/ 0¢
et hyl

Mass
29 gpec.Z 1| Cpd

Example

% RL R

2, 3-di
2, 3-di
R M

2, 3-di hydf

oIﬂyB— pr sqp;dp@m methA4 9

25-ditydmsy-yoehl

oride 1V.

@éfhpo und® of

Forrmula ()
defi ned bel ow are:
Spec.

Iv.

VVII e R

V-1 (R)-2, 2-di net hyl -

I'\L,

methyl, and Ris as defined below are:

Re—ammd—R5—=tydrogerr,
H ONO N5 CHs R6 Cpd. # .
1,3- 432 M

Compounds of Formula (D where R1 R2 R4 and R’ = hydrogen, R} =

1

ST Y.
RtnnLl

ﬁy%ﬁssgﬂggnps =

Cpd. # . R® m; pt °C Mass Example

L o _ Spec.

Iv-1  (R)-2,2-dimethyl-1,3- 432 M° 1

dioxolan-4-yl-methyloxy
Iv-2 (RS)-2,3-dihydroxy- 212-213.5 7
"~ propylamino
Iv-3 (RS)-2,2-dimethyl-1,3- 85-87.8 7
) dioxolan-4~yl-rﬁethy1a1rﬁno
Iv-4 3-hydroxybutylamino 58-61.5 389 M* 13
Iv-5 (RS)-1-methyl-2- 375 15
hydroxyethylamino
IvV-6 2(R),3-dihydroxypropyloxy | 220.3-222.7 392M° 1 '

V. Additional compounds of Formula (I) where only one of R*RCis hydrogen

10 are:
3-(1-methyl-indol-3-y1)-4-{3-((R)-2,3-dihydroxy-propoxyl)-2-methylphenyl } - 1H-
. pyrrole-2,5-dione (Example 27);



di oxol an-4-yl -met hyl oxy 1V-2 (RS)-2, 3-di hydroxy- 212-213.5 7 propylam no
V-3 (RS)-2,2-dinethyl-1,3- 85-87.8 7 dioxolan-4-yl-nethylamno |V-4

3- hydr oxyQut apli@fggsno 58-61.5 389 M+ 13 | V-5 (RS)- 1-net hyl -pe1/Ep090953

hydr oxyet hyl am no |1 V-6 2(R), 3-di hydroxypropyl oxy 220.3-222.7 392 M+ 1 V.
Addi tional conpounds of Fornula (1) V\/nelze only one of R4-R6 is hydrogen 10

are: 3-(l-methyl-indol-3-yl)-4-{

3-((R) -2, 3-di hydr oxy- propoxyl ) -2-met hyl phenyl -1H pyrrol e=2, 5-di one
Ex l e 27 L 1 -yl)-4-
S (R~ 2, 3 UP ROy eI @Rﬁé?ﬁ,ﬁﬁzﬁyr@%ﬂ%ﬁ%@“ﬁ“ﬁ% Hone

(Exanmpl e 28) ,pyanbb -2,5-dione (Example 28); and

s (Lol oL B e Bt gprop L

invention is psablefDsidboneMEk&igploasary of the Invention,

certain conpounds

of Formula (I') are preferred. (A) A preferred group of conpounhds is that
wherein3R3 i's al kyl, preferably 10 nethyl or ethyl, nore preferably

met hyl . Wthin th'wﬂﬁé @ymggadg&heﬁﬂﬁsﬁ Bf fi n%r@iuﬁ lsoéet FRIIRR W rfiar N at

wherein R6 is at t

position o phenyl ring, preferably R6 is

at the 3- pos:fthednvelﬁionhcmrtapi‘mngmundmffohﬁula (I) are wefemied. t hi s group a nore
preferred group of conpounds is that wherein R6 is heteroal kyl.. Anot her

nore preferred group of conpounds is that wherein R6 is

(A) . A preferred group of compounds is that wherein R? is alkyl, preferably

10 methyl or ethyl, more preferably methyl.

Within this group a more preferred group of compounds is that wherein R®

is at the 3- or 5-position of the phenyl ring, preferably R® is at the 3- position of the

phenyl ring.
15 ‘

Within this group a more preferred group of compounds is that wherein R®

is heteroalkyl.

" Another more preferred group of compounds is that wherein R is

20 - heterocyclylalkyl.

~ Yet another Amorre preferred group of compounds is that wherein R®is -OR®
(wherein R® is heteroalkyl or heterocyclylalkyl), preferably (RS), (R) or (S)-2,3-

dihydroxypropyloiy, 3-hydroxypropyloxy, 2-aminoethyloxy, 3-aminopropyloxy,

25 2-morpholin-4-ylethyloxy, or (R) or (§)-2,2-dimethyl-1,3-dioxolan-4-ylmethyloxy,

more preferably (RS), (R) or (S)-2,3-dihydroxypropyloxy.

Yet another more preferred group of compounds is that wherein RCis -

NHR' (Wherem RYis heteroalkyl heterocyclyl, or heterocyclylalkyl), preferably

30 (RS), (R) or (S)-2,3-dihydroxypropylamino, 2-hydroxyethylamino, 3-

hydroxypropylamino, (RS), (R) or (S)-2,2-dimethyl-1,3-dioxolan-4-ylmethylamino,

2,2-dimethyl-1,3-dioxan-5-ylamino, 2-hydroxy-1-hydroxymethylethylamino, 3-



20 heterocyclyl al kyl. Yet another nore preferred group of conpounds is that
wherein R6 is -OR8 (wherein R8 is heteroal kyl or heterocyclylal kyl),

pr ef er abl wo@2ab1ss(R) or (S)-2,3- di hydroxypropyl oxy, 3-hydicayyidiegss oxy,

2- am noet hyl oxy, 3-am nopropyl oxy, 25 2-norpholin-4-ylethyloxy, or (R) or
(S).-2,2-dinmethyl -1, 3-di oxol an-4-yl met hyBoxy, nore preferably (RS), (R) or
(S) -2, 3-di hydroxypropyl oxy. Yet another nore preferred group of conpounds
is that wherein R6 is - NHRLO (wherein R10O is heter.oal kyl, heterocyclyl, or

heter ocyclyl 132 R y1arh R, Bltetrahydr 4-yl
(S) -2, 3-di hydrioxy ro %ﬁéq}?ﬁ&éﬁo ﬁr oxyyeailr hy | ami ?\o Y °RyraPox¥/SIr“gb°y| am no,

(RS), (R or fSjeme2rabllyn@®ShyR) dr, (3)—@13ed¢bj/chuxyprqnymnq,l (&5), 68) or (5)-2,2-

2, 2-di et hyl 3-.d roxymet hyl et hyl.am no,

VD 021 10155 FERFERbTF gR -3 rﬂvaylawéué-‘jnwém%m L

" 2-yl met hyl anhfiRexydetiydleftdiitdhe@pyr an- 4-yl am no, nore prefer abI y (RS) (R
or (5)-2,3-dihydroxypropylamno, (RS), (R or (9)-2,2-

di et hyI5- 1, 3-di-oxol an- 4-yl met hyl am no, 3- hydroxybutyl am no, or 2-hydroxy-1-

hydr oxynet hyl - et hy Y&%@ﬁer 1%0%3{50@?& %?513 S{f"ﬁ%@‘“ﬁéﬁg%@ vﬁl%fé’ﬁPR@f conpounds

is that wherein R6 IS etero ene) - Y- het eroal kyl (wherein
X is a coval emdterboyuthy] or X-(dkylerd)¥ -hatarbalkyl 6vhefsin &ris al‘dbkz)lentmoecﬂ ePabft y

another ot e’ DB 19 L g ot B aBHaBE R S R RS AR BRI o s

(wherein n is43nodpirRMUEM-f-PM O to 2; and R8 is heteroal kyl;, heteroaral kyl,
heterocyclyl, or heterocyclylalkyl), preferably R6 is -S(O)nR8 (wherein n
is an -’IOnteger-fromO to 2; and R8 is heteroal kyl or heterocyclylal kyl),

(9 2 2 di methy R6Yé5a8§’§’§%ﬁq‘ Byeiefiid Boup ofcqmmpotngs i frayhereig Kol - )
2, 3- di hydr oxy$(@sR] (swhkefeany i, an(1ﬁtsge;r ftds) Om 2;(aB) RS ;Qhedemdkwyhet&roaraﬂ(}mxol an- 4-
[ 4 sl b o NP R (15, (7
(S)-2,3- . integerfrom 0 to 2; and R® is heteroalkyl or heterocyclylalkyl), more preferably R®
15 _is (RS), (R) or (S)-2,2-dimethyl-1,3-dioxolan-4-ylmethyl sulfanyl, (RS), (R) or (S)-
' 2,3-dihydroxypropylsulfanyl, (RS), (R) or (5)-2,2-dimethyl-1,3-dioxolan-4-

ylmethyl sulfinyl, (RS), (R) or (S)-2,3-dihydroxypropylsulfinyl, (RS), (R) or (S)-

2,2-diméthyl—1,3-dioxolan-4—ylmethyl sulfonyl, or (RS), (R) or (S)-2,3-

dihyd'roxypropylsulfonyl.

<m

20 -
. Yet another more preferred group of compounds is that wherein R%is

heterosubstituted cyclohexylamino.

'Within thes:e preferred and more preferred groups of compounds, an even
25 - more preferred group of compounds is that wherein:
R’ and R? are hydrogen; or R' is halogeh, preferably chloro and is located at
the 5-position of the indole ring and R? is hydrogen; and
R* and R’ are at the 2- and the 6- positions of the phenyl ring respectively
and are hydr‘ogen, alkyl, halogen, alkoxy, cyano or nitro, preferably hydrogen,
30 chloro or fluoro, more preferably R* and R® are both hydrogen or one of R* and R®

is fluoro and the other is hydrogen, or both of R* and R’ are fluoro.



di hydr oxypropyl sul fonyl. 20 Yet another nore preferred group of conpounds
is that wherein R6 is heterosubstituted cycl ohexylanm no. Wthin these
pref err edway@d/1905%8e preferred groups of conpounds, an even pcAEpiRHE93
preferred group of conpounds is that wherein: Rl-and R2 are hydrogen; or Rl
i s hal ogen, preferably chloro and ts |ogated at the 5-position of the
indole ring and R2 is hydrogen; and R4 and R5 are at the 2- and the 6-
positions of the phenyl ring respectively and are hydrogen, alkyl,

hal ogen, al k r t fluoro,
nore prefer ag?%/( Ré({%gﬂ% {5efé§1;ég %8%fﬂ&ﬁé g{}ﬁ %‘%\é 1%%1&2%2&‘3? %?is gtgiééngCSbrgl s fluoro
and t he ot herposisiomyfithe gbenyl umobprcharabﬂy 41santhe|35 pasigon piibe phengiing/ 10158
PCT/ EPO1/ 08293 24 (B) Another preferred group of conpounds is that wherein
R6is at the 3- or 5- position of the phenyl ring, preferably R6 is at the
3- position of thavisemib gfdup@ moidividfemed fbsp of QupoandDis ehpmetetrRY gr oup
of conpounds is that wherein R6 5 is het eroal kyl . Another nore preferred
group of conmpdbsterealky.t hat wherein R6 is heterocyclylalkyl. 10 Yet anot her
nore preferred group of conpounds is that wherein R6 is -OR8 (wherein RS

i s heteroal kyl or heterocyclylalkyl), preferably (RS), (R Qor (S)-2, 3-

di hydr oxypr opy! oxyﬁnoﬁwhmmpuyaﬁameﬂgrwfc@mnumbes thgt wk@rplnaR dsi nopr opyl oXY,

2- mor phol i n or (R or

(S)-2,2-di rretd}ﬁgjlefoci'g% oI an- 4-yl met hyl oxy, nore preferably (RS), (R or
(S)-2, 3-di hydroxypropyl oxy. 15 Yet another nore preferred group of
corrpounds i.s that wherein R6 is - NHR1IO (wherein R10 is heterpal kﬁg

heterodfclyl, or Het arsksrangrearadgrgd ngﬂé?%‘i"&‘Eﬂ%‘nds(lﬁﬁbat WhigeiHR 30
(952 3yl g bRl i 6 QU SR 0 080) s arggndy! a no
2, 2-di met hyl cﬂh)@%rcdqypmmo&yﬁ-hydmmyprﬁpyiw Gxaymihedtlydoxy Pramingprepyigdani no, 3-
2-morpholin-4-ylethyloxy,.or (R) or (S):Z,.’Z-dirriethyl-l,3-dioxolan-4-ylmethyloxy,
more preferably (RS), (R) or (S)-2,3-dihydr6xypropyloxy.
15
Yet another more preferred group of compounds is that wherein R®is -
NHR' (wherein R'° is heteroalkyl, heterocyclyl, or heterocyclylalkyl), preferably
(RS), (R)Aor (S)—2,3-dihydroxypropylémino, 2-hydroxyethylamino, 3-
hydroXypfopylénﬁno, (RS), (R) or (S)-2,2-dimethyl-1,3-dioxolan-4-ylmethylamino,
20 - 2,2-dirnethyl-1,3-dioxan-5-ylamino, 2-hydroxy-1-hydroxymethylethylamino, 3-
-hydroxybutylamino, imidazol-2-ylmethylamino, or tetrahydropyran-4-ylamino,
more preferably (RS), (R) or (8)-2,3-dihydroxypropylamino, (RS), (R) or (5)-2,2-
dimethyl-1,3-dioxolan-4-ylmethylamino, 3-hydroxybutylamino, or 2-hydroxy-1-
| hydroxymethylethy;lamino.
25
Yet another more preferred group of compounds is that wherein R%is
heterocyclyl or -X-(alkylene)-Y-heteroalkyl (wherein X is a covalent bond, -O- or
—NH- and Y is —O- or —-NH), preferably heterocyclyl, more preferably morpholin-
4-yl or pyrroiidin—l-yl. ‘ |
30
Yet another more preferred group of compounds is that wherein R%is -

S(O).R® (wherein n is an integer from O to 2; and R® is heteroalkyl, heteroaralkyl,



hydr oxybut yl am no, i m dazol - 2-yl net hyl am no, or tetrahydropyran-4-ylam no,
nore preferably (RS), (R) or (S)-2,3-dihydroxypropylam no, (RS), (R) or

(S -2, 2- digeilyds- 1, 3- di oxol an- 4-yl met hyl am no, 3- hydr oxyp¢yvitioges or

2- hydr oxy-1- hydroxynet hyl et hyl am no. 25 Yet another nore preferred group
of compounds is that wherein R6 is  hetesocyclyl or

- X- (al kyl ene) - Y- heteroal kyl (wherein X is a covalent bond, -0- or -NH and
Yis -0- or -NH), preferably heterocyclyl, nore preferably norpholin- 4-yl

or pyrrolidin rxéydyio é‘f‘e(tgg% \ég ylygsfe%eres@fwﬁg oY RO YRnaEinGARRRUNAS i s

t hat whereln Is’an integer fromO to 2; and R8
i s heteroal kyintegbeﬁen(ﬂ)etpaa Iayle iABeBRalig] 68haRav¢ ERdalkeid. 206 ppderablydt ocycl vl ,

or heterocycl fera i nt eger
fromO to g; ér@b%’wdg (ﬁ{i?\gf({i Bgd“ﬂ(é) Ezgﬁ%%ﬁ?ﬁ%ﬂy QR#D ?@f’er ablgy
R6 is (RS, ﬁ@)dll%fdrdx%rc%)y%uﬂ’alﬂjﬂtdm} AR) @&-(5j-22alinsthdt-y Brastutan- $u| fanyl,

(RS), (R or (S i hydr o ropyl sul f anyl

(S)-2, 2-di met w;qeﬂnyl sulfingh é&%ﬁn (§t2n%fluhyqir0§mrwsﬂ§nlfmxl@> ((%’f &

5 i ot hy! - 1A ORa A YR L s Bor @) (g O3 o, (2,5

di hydroxypropghhsdtbkymypylswﬁmyhnot her nore preferred group of corrpounds IS
that wherein R6 is 10 heterosubstituted cycl ohexylam no. Wthin these
preferred and nore preferred groups of conpounds, an even nore preferred

group of conpoundsyktsanblit nW?@ﬁ@fdﬂe%rduﬁ ofbduitpounps Bf tearaitleyeie RS  or
met hyl ; nore preferably nethyl. thin these preferred, nore preferred,

and evel mor e ?S‘Pféﬁl&sﬁi@é?dgf‘r)’@ gxyamingonpounds, a particularly preferred
group of conpounds is that wherein: RlL and R2 are hydrogen; or Rl is

hal ogen, preferably chloro and is located at the 5-position of the indole
ring and R2 i s hydWidémthesspteferred and more preferred groups of compounds, an even

more preferred group of compounds is that wherein R? is alkyl, preferably ethyl or
methyl; more preferably methyl. A
15 '
Within these preferred, more preferred, and even more preferred groups of
compounds, a particularly preferred group of compounds is that wherein:
Rl and R? are hydrogen; or R is halogen, preferably chloro and is located at
the S-i)osition 6f the indole ring and R* is hydrogen; and
20 ° " R*and R’ are at the 2- and the 6- positions of the pheny! ring respectively
- and are hydrogen,alkyl, halogen, alkoxy, cyano or nitro, preferably hydrogen,
chloro or fluoro, more preferably R* and R® are both hydrogen, or one of R* and R’

~ is fluoro and the other is hydrogen, or both of R* and R’ are fluoro.

25 | (C)  Yet another preferred group of compounds is that wherein R! and R? are at ,
the 5- and 7-positions of the indole ring respectively; R* and R’ are at the 2- and the
6-p6sitions.of the phenyl riﬁg respectively and R® is at the 3- or 5-position of the
phenyl ring, preferably RCis at the 3- position of the phenyl ring.

30 Within this group a more preferred group of compounds is that wherein R®

is heteroalkyl.



20 R4 and R5 are at the,2- and the 6- positions of the phenyl ring
respectively and are hydrogen, al kyl, hal ogen, al koxy, cyano or nitro,

pr ef er abl wowdoegen, chloro or fluoro, nore preferably Rpcangbohs®se both
hydrogen, or one of R4 and R5 is fluoro and the other is hydrogen, or both
of R4 and R5 are fluoro. 25 (C) Yet anotber preferred group of conpounds is
that wherein Rl and R2 are at the 5- and 7-positions of the indole ring
respectively; R4 and RS are-at the 2- and the 6-positions of the phenyl
ring respectively lle]E; I 6:0henyl ring,
preferably R6 is ;ﬁ%ﬂh é%%gﬁegg CQtccr)lepp Stl% m?tl ﬁlféer&'ﬂ‘k \}\%')t hin this
group a nor e hpteedegclyadkydr oup of conpounds i s that wherein R6 is

het er oal kyl . WD 02/ 10158 PCT/ EP01/ 08293 26 Another nore preferred group of
conpounds is that wherein R6 is heterocyclylal kyL Yet. another nore

Ertef e”f’ﬂ Igr ouphozy&aﬁmﬁ?mﬁ&fe seféria grofie f éﬂgﬁlﬂaﬁna@stmhe@dmhermﬁ R8 is
eteroal kyl or heterpocyclyla preferably

di hydr o%ypr ofyhergin R3is 9@r@%gybeb%mr9%5¢1ylékﬁl%mﬁém)@§bi &Q’in( R&8pr opy! oxy,
2- nor phol.i n- N

(S) -2, 2- di met ‘ﬁd‘?@%%ﬁlxyyd"& g"?}’yﬂﬁ%‘%yb’iyé%yafm“%}r‘yé"x P SPTHICRTOPYNEY  (R) or
(S) -2, 3-di hyd?rmngpmbb@wﬁmyloiﬂ oY €R) a{S}-A\@rdimothgl- b3 edierol ancd-yinoatiy 1oty
corrpounds is that ei 0 (wherein R10 is heteroal kyl,

het er ocycl yl PYFP ?réﬁléégé)%)aqr@) ?y%y@goé?ygbqpypo ¢RS), (R or

(S) -2, 3-di hydr oxypr opyl ami no, 2-hydroxyethyl am no, 3- hydroxypropyl am no,

(RS); (R or (S)-2,2-dinethyl-1, 3-di oxol an-4-yl net hyl am no,
2, 2-di it hyl -1, 3- dfe@mth@rmramqf@redzgrﬁym@%oynnounwﬁébmféﬁm%tlﬁw am no, 3

15 hydr oxybuty}ami (Qrﬁerein”&d%l?étergaﬁé lﬁgéetg%gfé;h?% S%e?érp?yﬁ}yl%llrcyl), preferably

t et rahydr opyran-4 am no
(S)-2, 3- di hy RSN YRy a)- ammydr«sﬁ@opy(aﬁmnmrz—m@re@emylamino 3-

ﬁ'y&’?é%'ne%h& PRy HELT RO e S B aisie G- GRS o
is that \Mﬁer@m dﬁlﬁ@fo‘iﬁlﬂgwhoqhz{ ;(;ahlwam%reﬂﬁymwmﬂabm (wherein

X is a coval ent is -0- NH), preferably
het er ocicl yl- hyﬁm@b@y@f@n@bmydap@ﬂbwmqmylmno, or tetrahydropyran—4 -ylamino,

more preferably (RS), (R) or (S)-2,3-dihydroxypropylamino, (RS), (R) or (S)-2,2-
dimethyl-1,3-dioxolan-4-ylmethylamino, 3-hydroxybutylamino, or 2-hydroxy-1-

hydroxymethyl-ethylamino.

20 " Yet another more preferred group of compounds is that wherein RCis
‘ heterdcyclyl or -X-(alkylene)-Y-heteroalkyl (wherein X is a covalent bond, -O- or
—NH- and Y is —O- or -NH), preferably heterocyclyl, more preferably morpholin-
_ 4yl or pyrrolidin-1-yl.

25 Yet another more preferred group of compounds is that wherein R®is -
S(O).R® (wherein n is an integer from 0 to 2; and R® is heteroalkyl, heteroaralkyl,
hetefocyclyl, or heterocyclyialkyl), preferably RS is -S(0),R® (wherein n is an
integer from 0 to 2; and R%is heteroalkyl or heterocyclylalkyl), more preferably R®
is (RS), (R) or (S)-2,2-dimethyl-1,3-dioxolan-4-ylmethyl sulfanyl, (RS), (R) or (S)-

30 2,3-dihydroxypropylsulfanyl, (RS), (R) or (§)-2,2-dimethyl-1,3-dioxolan-4-

_ ylmethyl sulfinyl, (RS), (R) or (S)-2,3-dihydroxypropylsulfinyl, (RS), (R) or (S)-



4-yl or pyrrolidin-l-yl. 25 Yet another nore preferred group of conpounds
is that wherein R6 is - S(OnNR38 (wherein nis an integer fromO to 2; and

R8 i s het@igoplisyds, heteroaral kyl, heterocyclyl, or heteragguatpohesey! ),
preferably R6 is -S(O.R8 (wherein nis an integer fromO to 2; and R8 is

het er oal kyl or heterocyclylalkyl), noreogreferably R6 is (RS), (R or
(S)-2,2-dinethyl -1, 3-di oxol an- 4-yl net hyl sul fanyl, (RS), (R or (S) 30
2, 3-di hydr oxypropyl sul fanyl, (RS), (R or (S)-2,2-dinethyl-1, 3-di oxol an-4-

| met hyl | f4 . R) S 16l , wiinyl, (RS), (R
o () VD 02/ é.tg)f’sfé‘e'&@%Eﬁ%@%@%%ﬂ“@&gﬁdﬁg?ﬁn@@g@ ?’Yg@ 3 o e yl) et hi/l
sul fonyl, or diRgroxyfppysulfodyt 2, 3- di hydroxypropyl sul fonyl. Yet .another

nore preferred group of conpounds is that wherein R6 is 5
het er osubsti tuted cycl ohexylam no. Wthin these preferred and nore

preferred groups ofeCARRRHABS praferBY 8up BDEsmpsumlelsthd vkaipRdis compounds
is that wherein R3 is al kyl, preferaBI y-ethyl or nmethyl, nore preferably

met hyl . 510 W hei¢rasubisdsiedsyelobexydamingor e preferred, and -even nore preferred
groups of- conpounds, a particularly preferred group of conpounds is that

wherein: RL and R2 are hydrogen; or Rl is hal ogen, preferably chloro and R2
is hydrogen; and WathRdthaseobr&fbrrad endmpodrepgefarredgioyps oflvatmpgands, @l &ery, cyano

or nitro, preferabl ydrogen, chlaqro or fluorgs. nor refera R4 and R5
are both hydr@@@d’rﬁéﬁﬁagw O?Wﬁwg%t @‘”f}}eEFd?g Eﬁ(ﬁﬁgﬁg{aﬁiﬁ%”é Pydr ogen,
or both of Ripamgi BRordphRféhb9nRthygonpounds of this i nvention can be nmade by
the nmet hods-depiCted in the "20 reaction schemes shown below. The starting

materials and reagents used in preparing these conpounds are either
(M 1 viaukee, W sconainih e teRleE o Ui, MO cf o Bty diftos o
Enka- Chem e, csmhuads a(fBtticulzlyipsefedbdgouy of codPahndyis raewperpar ed by net hods
R! and R® are hydrogen; or R'is halogeﬁ, preferably chloro and R%is
hydrogen; and . A
15 - “R* and R? are hydrogen, alkyl, halogen, alkoxy, cyano or nitro, preferably
hydrogen, chloro or fluoro, more preferably R* and R” are both hydrogen or one of

R* and R’ is fluoro and the other is hydrogen, or both of R* and R’ are fluoro.

' Compdunds of this invention can be made by the methods depicted in the

20 ¢ reaction schemes shown below.

The starting materials and reagents used in preparing these compounds are
either available from commercial suppliers such as Aldrich Chemical Co.,
(Milwéukee, Wisc'onsin, USA), Bachem (Torrance, California, USA),

25 Emka-Chemie, or Sigma (St. Louis, Missouri, USA) or are prepared by methods
known to those skilled in the art following procedures set forth in references such
as Fieser and Fieser’s Reagents for Organic Synthesis, Volumes 1-15 (John Wiley
and Sons, 1991); Rodd’s Chemistry of Carbon Compounds, Volumes 1-5 and
Supplementz‘ﬂs (Elsevier Scieﬁce Publishers, 1989), Organic Reactions, Volumes

30 1-40 (John Wiley and Sons, 1991), March’s Advanced Organic Chemistry, (John

' Wivley and Sons, 4th Edition), and Larock’s Comprehensive Organic
Transformations (VCH Publishers Inc., 1989). These schemes are merely

iltstrative of some methods by which the compounds of this invention can be



known to those skilled in the art follow ng procedures set forth in
references such as Fieser and Fieser's Reagents for Organi c Synthesis,
Vol unes 1wbfdedn Wley and Sons, 1991); Rodd's Chem st rpe1afpogasoon
Compounds, Volumes 1-5 and Supplenentals (El sevier Science Publishers,
1989), Organic Reactions, Volunmes 30 1-48 (John WIley and Sons, 1991),
March's Advanced Organic Chem stry, (John WIley and Sons, 4th Edition),
and Larock's Conprehensive Organic Transformations (VCH Publishers Inc.,
1969). These SlbEaRs hy4ARuShbaficklistilib Mdsy & Hofnes OMFPydTRAROMS WA pehi ch the
conpounds of i's invention can be WD 02/10158 PCT/ EP01/ 08293 2S

synt hesi zed, saggesmm)@usslnﬁﬁ:ﬂIhltbfambavgngmfefteldégdllsdlhdmecan be made and
will be suggested to one skilled in the art having referred to this

di scl osure. The starting materials and the internediates of the reaction
may be isol ated Srteiarfitl inhfefidls bhd theshteanbdigesdf thofvaeivn mapbe iselatedi ques,
including but not limted to filtration, distillatiagn, crystalllzatlon

chr omat &gr apHpd Pé}ﬁc{}e@ Fféieﬁlfq{iémn&f@ﬂ"eﬁﬁf)%?l iteahgiquas jnohading byt aiof Emitedip ysi ng
conventi onal a;gﬂlj;h I 10
Schemes 1-4 esc{r?l fer ng‘?iq\e}jg&%ﬁectgﬁg%lg top epa@gq?%gpf?rr%g%%?%ﬁ‘
Formula (1I). rmmbmhampteﬁze@wmgj¢(mycmtiqlah\mgm, meludingmbysigal comBaritsandHR10,
and ot her grou&ﬁ]%reas defined in the Surmary of the Invention can be
prepared as 15 Schene 1 below.' Schene 1 R4 R ' OCI HONO2 OO
OROOI \JRRRAC. (COCl)2r~\ hNO NRE/ 2 R 12 E3NNR- CHC?2

R2 R5
10 Schemes 1-4 describe alternative methods to prepare the compounds of

Formula (I).

Compounds of Formula (I) where R3 is methyl, R® is -NHR'®, and other
groups are as defined in the Summary of the Invention can be prepared as shown in

15 Scheme 1 below.-

Scheme 1

. o ;/J
/I> (COCI)2 [/ : N\ \Rs




4 ONOONO1IRMRIRA NHKBRTIA3 ,~ N2 -- ~X\ / I- JNH2 - RR 5 RHH
ONOONO RRRARL-R ~jNHRoOi NHR~0 -~ N-~J RRE R R (R6 =
-NHR  0) W RA014158 PCT/ EP01/ 08293 29 Acyl ation of N m qidyyipondgles of
formula | with oxalyl chloride in an ethereal solvent such as diethyl

et her provides a indol e-3-glyoxylyl chlgpide of fornula 2. The reaction is
typically carried out between OC and room tenperature,. preferably at 0OC
Conmpounds of fornmula 1 are conmercially 5 available or they can be prepared

by methods well kng toﬂoﬂlﬁ @Yhin ddﬁ% i&ﬁﬁ‘i&'l%th&xa‘i‘iﬁtcﬂbbhﬁé‘ﬂpinﬁ

4- et hoxy- | - met hyli rorm -nethyl i ndol e are commercially
avai | abl e. 5-atiren sellventmhcﬁyziﬂ dldbj/l@tlmrprdyedep raezmﬂeeﬁl-gbsﬂxalykyhlandmf of
comer ci al | y 2 vai

b |nd k in the art such
as treating 8”8 gr (L)[%ﬁﬁ‘??F 0%8 Wlﬁqiyﬁaﬂiqdoé%pé%we?r‘r@éa (pr%ﬁ%l]e of a base such
as sodi um 10 tBigérhehee, ipfef&@bly@N0SC.S Comptandl drbiiie 0 aredsnteercisilyi | ar ly,
various other substituted indoles such.as 5-fluorojndole and 4-

or 7-di fret hylavadidileor they candreprepasest Romawpds well knoxrein there EW&X&I&Hlebe
Condensat | on BRESD LAY 4B et R e AR v des 3-
i ndol i no- 4- ( niohtmerbielly kyail2bls: Hiohioratilemethplindoter axn ba pmpafléldéyreélebdatloomf is
carried out | crcl)mmermally available 5-chloroindole by methods well known in the art such as

treating 5-chloroindole with alkylhalide in the presence of a base such as sodium

10 hydride in solvents such as dimethylformamide. Similarly, various other
substituted indoles suqh as 5-fluoroindole and 4~,‘5-, 6-, or 7-dimethylindole that
aré alsb comrhercially available and can be converted to the N-alkylindoles by

alkylation as described above. -

15 .~ -Condensation of -2 with a nitrophenylacetic acid of formula 3 provides 3-
indolino-4-(nitropheny1)-2,5-furandione of formula 4. The reaction is carried out in
an inert organic solvent _such as methylene chloride, chloroform, and the like and in
the presence of a non-nucleophilic organic base such as triethylamine,
diisopfopyla.mine, and the like. Nitrophenylacetic acids of formula 3 are

20 commercially available. For example 2-, 3-, and 4-nitrophenylacetic acids are

'commércially available from Aldrich. Other nitrophenyl acetic acids may be
prepared from the corresponding cyano-halobenzenes by homologation of the

~ cyano group to an acetic acid side chain by methods well known in the art. For
example, 2,6-difluoro-3-nitrocyanobenzene can be c;onverted to 2,6-difluoro-3-

25 nitrophenylacetic acid as follows. Hydrolysis of the cyano group in 2,6-difluoro- .
3-nitrocyanobenzene under acidic hydrolysis reaction conditions provides 2,6-
diﬂdoro-S-ﬁitrobenzoic acid which is then treated with a chlorinating agent such as
oxalyl chloride to provide 2,6fdiﬂuoro-3-nitrobenzoy1 chloride. Treatment of 2,6-
difluoro-3-nitrobenzoyl chloride with diazomethane provides the corresponding

30 diazoketone derivative which upon treatment with silver salt of benzoic acid (see

. Fieser Vol. I, pg. 1004) in the presence of triethylamine in methanol provides

methyl 2,6-difluoro-3-nitrophenylacetate. Hydrolysis of methyl 2,6-difluoro-3-



an inert organic solvent such as nethylene chloride, chloroform and the
like and in the presence of a non-nucl eophilic organic base such as
triethyl afigw10158i | sopropyl am ne, and the |ike. N tropheny@aaihesm®si ds of
formula 3 are 20 conmmercially avail able. For exanple 2-, 3-, and

4-ni trophenyl acetic acids are comerci aply available from A drich. O her
ni trophenyl acetic acids may be prepared fromthe correspondi ng
cyano- hal obenzenes by honol ogati on of the cyano group to an acetic acid

side chain by_. i . . . €4ithi
2,6-dif|uoro-ggﬁﬁgﬁg%?%%%%3%%2%%C%g%£§%s%%%ngggﬁmﬁﬁgg?gYgF??Boro-3 25

ni t r ophenyl aclgfdrexidcindqasout alettawsl) privilies ithesdesiraf 2,6 iflwyras3e group in

2,6-di fluoro- 3-nitrocyanobenzene under acidic hydrolysis reaction

condi tions prYYPRREBYIBCHIC agidt | yor 0- 3-nit robenzoi ¢ acid which is then treated
with a chlorinating agent such as oxalyl chloride to provide

2,6-di fluoro-3-nitrobenzoyl chloride. Treatment of 2,6- o

di f 1 uor & 3- ni t r obefegylentéf owith equecnharanarisrmdtydserédpinaige boiling

ol t o benzordEr e SRR Ry EmbEl BRI SERRN, 2] S or "
triethyl am ne(itfopieiylRIia!pyroRvl, Sidfone e fdisula 5. The reaction is typically carried
2,6-difluoro-3-nit ropggwl gget ate. Hydrolysis of nethyl 2,6-difluoro-3 WO
02/ 10158 PCT/ 20eMs82440-1480Cni t r ophenyl acet at e under basi ¢ hydrol ysi s
reaction conditions (e.g., lithium hydroxide in aqueous methanol) provides
the desired-2,6-difluoro-3- nitrophenylacetic acid. 5 Treatnent of 4 with
aqueousltamoni um hBeflugtidrdef thewnigrotgreip ib&i withhg sviablgaaducingigeahiuckath as
N, N-di met hyl f or mani.d r.ovi des, 3-1] | i no-4- g
(ni trophenyl )t-ltfﬂ-uf)nytflr lﬁgc?ezl,ng_c %ff)ger\%r%gﬁe? %?%ﬁP%lng .Of nélurlae%&hfc(:})lr%s thnt dpi cally
carried out QeiveesitohIompdddld @.Foiﬁuﬁe{ljwmdrﬁnR_ﬁis 4 preupiof !megIlﬁ)uNHRi 5with
2 Compound of WRGPHY LGS RN IS HEHmAg S s eRToR o8 TGRSR GPVEbr mul &
(1) wherein Rf thead B5¥RmPle, 4 BiipthRd olER1a 1 GheleR'RIOa héterBiralkgf,i ned in
the- Summary of the Tnventfon by methods well known in the art. For
exanpl els, ' a baterpciwiid, wheRocyelybaliyl pronhendh RIGintidazelHmethybasaflimathyl-15
2 et2 _e (rj io (r:r)étc lhly f ! l,g-rdigx%;[l-%r-ﬁ,c chi,él_ldl%e@{}lzlm%%gﬂg.ﬁﬁﬁlgth?P ca%'blerBrgﬁb%&{ B’}l Jg%tﬁ%l a

compound of formula 6 with 2-imidazole-carboxyaldehyde, 2,2-dimethyl-1,3-

dioxan-5-one, and 2,2-dimethy1dioxolan-4-cafboxyaldehyde respectively, under
reducﬁve amination reaction conditions i.e., carrying out the reaction in the

20 presence of a suitable reducing agent (e.g., sodium cyanoborohydride, sodium

' triaceioxyborohydride, and the like) and an organic acid (e.g., glacial acetic acid,
trifluoroacetic acid, and the like) at ambient temperature. Suitable solvents for the
_ reaction are halogenated hydrocarbons (e.g., 1,2-dichloroethane, chloroform, and
the like). 2,2-Aldehydes and ketones such as 2-imidazolecarboxyaldehyde, 2,2-

25 dimethyl-1,3-dioxan-5-one, and 2,2-dimethyldioxolan-4-carboxyaldehyde are '
commercially available. 2,2—Dimethy1dioxolane-4-carboxyaldehyde can be
prep‘ared'by the procedure described in Dumont, von R., et al., Helv. Chim. Acta,
66, 814, (1983).

30 ~ Aswillbe apparent to a person skilled in the art, a compound of Formula (T)

. can be converted to other compounds of Formula (I). For example, acidic



1, 3-di oxan-5-yl, or 2,2-dinethyl di oxol an-4-yl net hyl can be prepared by
reacting a conpound of fornula 6 with 2-im dazol e-car boxyal dehyde,

2, 2-di met\id iohosss di oxan-5-one, and 2, 2-di net hyl di oxol an- $aarf9uyss dehyde
respectively, under reductive am nation reaction conditions i.e., carrying
out the reaction in the 20 presence of gisuitable reducing agent (e.g.,

sodi um cyanobor ohydri de, sodium triacetoxyborohydride,. and the Iike) and
an organic acid (e.g., glacial acetic acid, trifluoroacetic acid, and the
like) at anbi | et Shil@loxbla8-4-y18Rkyl On are

hal ogenat ed r13§' gi:sgs{gg% ?ﬁﬁd awh&@@d}?cﬂggghaﬁe chl or%f orm and the
like). 2,2- Alpneh@asas:oamuk@obﬁwmﬁhwh@emlimswa%&delwlrmxgramd@me 2,2 25
di met hyl - 1, 3- di oxan- 5-one, and 2, 2-di net hyl di oxol an-4- car boxyal dehyde are
commercially avail able. 2,2-D nethyl di oxol ane- 4- car boxyal dehyde can be
prepared by the p 185 @Hs&mume@ witerORPizthethyloR® R hetegdaliagl, , Hel y. Chim
Acta, 66, 814, (1983). 30, As w ||, be apparent to person skilled in the
art, a éonpodﬁ@f‘??ﬁ’d%@?nﬂ)g Whyremc%ﬂs beteroghkyk hetsparalkyy IPFé?rO%lF(x‘B’cﬁfnds of
Forrmula (1). 91%20% rolysis
of conpound- d;%oc&g%r ern’ aF@gdt %5%? g?e/rfaég %gﬁ%fglgﬁ% yl rrgltleh?/%em%gow des a
conpound of I%anbupmpéﬁe)ias\,ﬁmvmmmameébalow 3-di hydr oxy- propyl group.
Compounds of Fornula (1) where R3 is nmethyl, R6 is heteroal kyl, 5

het erocyclyl or -OR8 wherein R8 is het eg&gﬂ%i het er oar al kyl ,

het erocycl yl, or. heterocyclylal kyl, groups are as defined in the
Summary of ‘the Invention can -be prepar g as shown in Schene 2 bel ow.
Scheme 2 RA 0 Cl HORs @ O @' Rl _
Et3N/ NR2 . 2 CH2(H2 R

NN
I L,

AR? g\.‘.

0

Reaction of a compound of formula 2 with a compound of formula 7 (where
10 . R%is heteroalkyl, heterocyclyl, or ~OR® wherein R® is heteroalkyl, heteroaralkyl,
heterocyclyl, or heterocyclylalkyl) under the reaction conditions described in

Scheme 1 above provides a 3-indolino-4-phenyl-2,5-furandione of formula 8. ,

Compounds of formula 7 where R® is heteroalkyl, heterocyclyl, or ~OR®
15 (wherein R® is heteroalkyl, heteroaralkyl, heterocyclyl, or heterocyclylalkyl) can be
prepared by methods well known in the art. For example, 3-heterocyclyl-
phenylacetic acid can be prepared under catalytic amination reaction conditions by
: reacting'methyl 3-bromophenylacetate with a suitable heterocycle (such as

morpholine, piperidine; pyrrolidine, and the like) in the presence of a substituted



8 HONOONO N RI -I1 R -~\\ ~oRSR- FIR R-1~5; (lI) R R
Reaction of a compound of forrmula 2 with a conmpound of formula 7 (where 10

R6 i s het@igoplisyds, heterocyclyl, or -OR8 wherein R3 is hetpioadokpsros
het eroaral kyl, heterocyclyl, or heterocyclylalkyl) under the reaction

conditions described in Scherre 1 above 3provi des a
3-indol i no-4-phenyl -2, 5-furandi one of fornula 8. Conpounds of fornula 7
where R6 is heteroal kyI heterocyclyl or -OR8 15 (vvherel n R8 is

het er oal kyl , ngﬁﬁgﬁ&éﬁﬁﬁﬁ}{h su&%%& lemy19ﬁosb%sy @qyg ga%hwds)m

prepared by ds we known e art”. ~ For exa het er oc cIyI
phenyl acetic amiajpaﬂadlubecqmlmam@chsmmﬂﬂéber@alhéfkmwtomlpdiadmn (l%;h@tbiabh

dit b tha
et er ocyol e { SURREAbY sTEttaied of bR TR BRmART Fh Sttt BRE") ey 11
t he presence @ﬁdeabmmdr&yhedaamwnaﬁbﬁﬁ PCT/ EPO1/ 08293 32 phosphor ous

|l i gand such as 2, 2- bi s(di phenyl phosphi no) -1, 1' - bi napht hyl (BI NAP) and a
pal | adi um catal'yst such as tris(di benzylideneacetone)dipall adi um

(Pd2(dba)3), follgpe s&nﬁxoaﬁylffﬁgﬁﬁacfeh&a&a eh Qépﬂe el B %@gﬁg ek %L

3-heterocycl yl phenylacet ate basi c. hydrol ysis n condi tions.
5. 3-(2- Ami nobtompphgtybavytateceith mtxacthyﬂeneamndgerdechm dwdrmuptq gige net hyl  3-

D oTOB STy RC L P A B R0E, MBS KBRS 0 GBIEBPAE"S, 0y
al kene bond  adqrkht hﬂrdgrblﬁpbgfr@ﬂ@dWelUﬁd%ﬁﬁﬁx tHehr, g @utalyitie Hybi®geddtione. g.
catal ytic hydr ogenat ion_10 fol |l owed by hydride r educt i on. I—B/dr ol ysis of
met hyl 2 (2- afpllewed Ry hydride reduction. Hydrolysis of methyl 3-(2- aminoethy.
phenylacetate under basic conditions then provides 3-(2-anunoethy1)pheny1acet1c
acid. 'It will be recognized by a person skilled in the art that the amino group in 3-
(2-aminoethyl)phenylacetic acid would.be protécted with a suitable protecting
group prior to reacting it with compound 2. '
15 |
Comf)ounds of formula 7 where R® is —OR® (wherein R® is heteroaralkyl or
heterocyclylalkyl) can be prepared by reacting hydroxyphenylacetic acid with an
alkylating agent of formula R®X wherein R® is as defined above and X is a leaving
group' under alkylation reaction conditions such as halogen (Cl, Br, I), tosylate,
20 mesylate, triflate, and the like. The reaction is typically carried out in the presence
* of a base such as cesium carbonate, potassium carbonate and the like, and in an
aprotic polar organic solvent such as acetonitrile, N-methylpyrrolidine, and the
like. Alkylating agents such as 2-chloromethylpyridine, 2,2-dimethyl-1,3-
dioxolan-4-ylmethyl p-toluenesulfonate, 1-(3-chloropropyl)piperidine, and 4-(2-

25 chloroethyl)morpholine, and the like are commercially available. )

Coﬁlpound 8 which is then converted to a compound of Formula (I) as
described in Scheme I above. “Again, as discussed above, a compound of Formula
(@) can be converted to other compounds of Formula (I). For example, acidic
30 hydrolysis of compound (I) wherein R® is 2,2-dimethyldioxolan-4-ylmethyl
. provides a compound of Formula (I) wherein Riisa 2,3-dihydroxy-propyl group
G.e.,R¥is heteroalkyl group).



phenyl acet at e under basic conditions then . provides

3-(2-am noet hyl ) phenyl acetic acid. It will be recognized by a person
skilled iwghaoggst that the am no group in 3- (2-am noet hyoiwgsssetic
acid woul d, be protected with a suitable protecting group prior to reacting
it wth compound 2. 15 Conpounds of forpsBla 7 where R6 is -OR8 (wherein R38
is heteroaral kyl or heterocyclylalkyl) can be prepared by reacting

hydr oxyphenyl acetic acid with an al kylating agent of fornula R8X wherein
R8 is as defined above and X is a |eaving group under alkylation reaction
condi tions such as halogen (O, Br, |), tosylate, 20 nesylate, triflate,
and the |ike. The Aleagatively, fempapileof Formuta:- () whero B i methileangothigénce of a

base such as cesium carhbonate ot assi u | din an
aprotic pol ars"8P§af & %2‘1“%@%&%58%’“%%‘/ 3@%%&@? {r?&f %%“%E&’ﬁ%ﬁeﬂldééﬁ?‘% i di ne,
and the |ikechéhkslbalowng agents such as 2-chl oronet hyl pyri di ne,

2, 2-di net hyl -1, 3- di oxol an-4-yl net hyl p-tol uenesul fonate,

1- (3-chbor opropyl) pi peri dine, and 4-(2 25 chl oroet hyl ) nor phol i ne, and the
| i ke are commercially avail abl e. Conpound 8 which is then converted to a
conpound of Formula (1) as described i Schahefe | above. Again, as

di scussed above, a conpound of Formula (I) can be converted to ot her
conpounds of Formula (1). For exanple, acidic 30 hydrolysis ofy co

wherein R8 is 2,2-di metiyl di oxol an-4-yl met hyl R*provi des aiconp of
Formula (1) wherggn RS ia\g;ﬁ,S-dihydr@m - prOp RrOUp. N} : S
het er oal kyl group) J7 WOY022,710158 PCTLEPO1/ 82 3 Alternfati , conpounds
of Formula.(l) where i\’ net hyl and ot her ps are & ed in the

W
Summary of the Invention gan be prepared ag show? i n Sgg me 3 el ow. 5
Scheme'3 RA RA.RL 0O HO\~ jRs RN R6 + . \\ \ O7 1

| Reaction of a compound of formula 7 with a chlorinating agent such as
oxalyl' chloﬁde in the presence of a catalytic amount of dimethylformamide and in
‘an ineﬁ solvent such as dichloromethane, chloroform, and the like, provides the
10 acid chloride. Treatment of the acid chloride with aqueous ammonia at 0 °C
. provides phenylacetamide of formula 9. Coupling of 9 with methyl
indoleglyoxalate 10 provides a compound of Formula (I). The coupling reaction is
carried out in the presence of a strong organic base such as rerz-butoxide and in an '
ethereal organic solvent such as tetrahydrofuran and the like. Compounds of
15 fonﬁula 10 where R! and R? vary can be prepared from 1-methylindole by the
procedures described in Faul, M., et. al., J. Org. Chem., 63, 6053-6058, (1998).

A compound of Formula (I) can be converted to other compounds of
. Formula (I) as described above. This synthetic route is particularly suitable for

20 preparing compounds of Formula (I) wherein RSis heterocyclyl.



ONOONO RRRAR RA KOt-Bu X\ Rs (I\: IR R2 RS I5 Reaction of a
conpound of fornmula 7 with a chlorinating agent such as oxalyl chloride in
t he presewer@bhisg catal ytic anmount of di et hyl f or mam de an@po1@gpos nert
sol vent such as dichl oronet hane, chloroform and the |Iike, provides the 10
acid chloride. Treatnment of the acid chi3gride with aqueous ammonia at 0 C
provi des phenyl acetam de of fornula 9. Coupling of 9 with nethyl

i ndol egl yoxal ate 10 provi des a conpound of Formula (1). The coupling
reaction is carried out in the presence of a strong organi c base such as

tent-butoxide and in an ethereal glgnr c_solvent such as tetrahydrofuran
and the |ike. Corrp’blﬁ@rd@tl\@l}’&@np@mdﬂp amuleh@) wherg R3 iigmethyhandyotleean be

B P g, e et Y shian SEARE MR ER T el 1) o

be converted Sdhembhaj’elcﬁﬁ)rrpounds of Formula (1) as described above. This
synthetic route is particularly suitable for 20 preparing conpounds of
Formula (I) wherein R6 is heterocycl y% $2/ 10158 PCT/ EPO1/ 08293 34
Al ternatively, conpounds of Formula ( chepede R3 is methyl and ot her
groups are as defined in the Summary of the Inventi on can be prepared as

shown in Schene 4 gl ow. S(E&? RA QO R s B RN Br \ 5 PdC12(dppf) C
R1

ly R2 12 ONO Q&Rs

Br’
PACh(dppf) [\ N\
» A
-~ ‘ B2 \ 12

5
Treatment of an iodobenzene of formula 11 with bis(pinacolato)diborane in
the presence of a palladium catalyst such as PdCl,(dppf), followed by coupling of ‘
the resulting borate with a 4-bromo-3-(1-methylindol-3-ylmethyl)-1-methyl-
pyrrole-2,5-dione 12 under Suzuki reaction conditions provides a 4-phenyl-3-(1-
10 methylindol-?-ylmethyl)—1-méthy1pyrrole—2,5-dione 13. Compounds of formula

12 can be prepared by methods well known in the art. For example, 4-bromo-3-(1-
rnerhylindol~3-yl)-1~methylpyrrole-2,5-dio_ne can be prepared by method described
in Brenner, M. et al., Tet. Lett., 44, 2887, (1988).



R~-RAR RANB I~\/ ,~) R- it /[, %W R6 -- N- / RRRi 5 13
g ONOHO" 0O RL K4 R6 Fit R4 N(I) R\ (1) 115 5 Treatnent of an

i odobenzew® @f1ofxgr nul a 11 with bi s(pi nacol at o) di bor ane i n pdigpopieegnce of
a pal l adi um catal yst such as PdCl12(dppf), followed by coupling of the
resulting borate with a 4-brono-3-(1-nmeshylindol - 3-yl net hyl ) - 1- net hyl
pyrrol e-2,5-dione 12 under Suzuki reaction conditions provides a

4-phenyl -3-(1- 10 nethylindol - 3-yl nmet hyl ) - 1- net hyl pyrrol e- 2, 5-di one 13.
Conpounds of . or Mg} Amdy? of 88w T BRARAL Bt %Mh%’&éixdé(%%‘smrﬂ the art.
For exanple, 4-brono-3-(1-"rethylindol-3-yl)-1-net rrole- di one can
be prepared bydrsidboonddesidhd ibad aqum)uBabﬂh@lm Somenta&ucélas ethauel pravides a, 44,

2 ) oA AR BRP o LB e Y 2 ot ong
aqueous. al cobglviefied @& A/&hipcaidé bf B@mﬁﬂdﬂﬁm@é dqm@beddabsva

4-phenyl - 3- (1-met hyl i ndol - 3-yl met hyl )-1-H pyrrol e- 2, 5-dione 8 which is then
convert®d to, a conpound of Fornula (l) as described above. 5

Alternatively, coupg ﬂ§el?fcoﬁgy6mxﬁs€bf@o}mm?f YevHER R5isHRd land BhePt hET

groups are as defi ne ummary of the 'l nvention can be prepared as
shown in  Sclgemps gre aydbfimed in the Summary of the Invention can be prepared as shown in

Scheme 5 below.

Scheme 5

1)cocl),

N _
S\ 2).NH;
RS 1

10
The acylatioﬁ of N-methylindole of formula 1 with oxalyl chloride as
" described above, followed by quenching with aqueous ammonium at 0 °C provides
a compound of formula 14. Coupling bf 14 with a methyl phenylacetate of formula
15 provides a compound of Formula (I). The coupling reaction is carried out in the
15 presence of a strong organic-base such as tert-butoxide and in an ethereal organic

solvent such as tetrahydrofuran and the like.

The 3—indoly1—4¥phenyl- 1H-pyrrole-2,5-dione derivatives of Formula (I)
inhibit GSK-38. The compounds and compositions containing them are therefore
20 useful in the treatment of diseases mediated by GSK-3f diseases such as

. Alzheimer’s disease, obesity, diabetes, atherosclerotic cardiovascular disease,



Scheme 5 ONH2 RR R C:r)N1)(0001)2 R\ O+ O4, Re N11 2).NH3 / N OI
\ R2. 1 RY\ 1I5R5 214 H ONR KOt; 6 NR2 (1) R5 10 The acyl ation
of N-net hylg pdeilse of formula 1 with oxalyl chloride as deggiif¢dsmbove,
foll owed by quenching w th aqueous anmonium at 0 C provides a compound of
formula 14. Coupling of 14 with a nethyBephenyl acetate of fornmula 15

provi des a conpound of Forrmula (l1). The coupling reaction is carried out in
thﬁ 15 Presence of a strong organic base such as tert-butoxide and in an

et hereal organi ; } AN ko :
3-i ndol yI - 4- ?%%%W?faﬁéﬁy%r“@#’%?z?@ b BRI A AAC b allfin jr}iur?gm?ii?le i nhi bi t
GSK- 3f . The clinvpduidsnwaedefimensyand cawsr.cont ai ning them are therefore 20
useful 'in the treatnent of diseases nediated by GSK-3 R di seases such as
Al zhei nmer' s di sease, obesity, diabetes, atherosclerotic cardiovascul ar

di sease, WO 02/ 103R8d&6d, APPLEAELO e dRBoRM I @BMShhibitONDL GSKLBBROHRELy SYyndr one
X, ischema, traumatic brain injury, bipolar disorder, immunodeficiency

and canger. Iredugdsiiheilevs] of g4+ Gahelge s (7120 oxbegharodusa cyiokinep pudhas  of
GSK- 30 activigy, reduces .t he | e f + T-he . T whi ch
produce cyto Qf“h“egéféu@ﬁ&l%sand pfomgote Y%i% %‘?d?i?lgﬁﬁ?38%§°§§% r‘r‘.fffe%@ﬁ%ﬁ"‘%r Q Uct i on
and eosi nophiT-cdlisfche aEFferéntibicanto fGMionally distinct subsets with different profiles of

cytokine production. Type 1 T Helper cells (Thl) produce IFN-g and IL.-2 and

promote cell mediated immunity. Type 2 T Helper cells (Th2) pfoduce II.-4 and

10 B IL-5 and promote IgE production and eosinophil differentiation. An imbalance in
the type of T-cell response appears to underlie the susceptibility to asthma and
allérgic diseases. Through genetic studies Applicants have discovered that GSK-
3f controls the activity of TCF7 (also known as TCF1 in the literature) thereby
controlling whether or not naive T-cells diffefentiate into Th1 or Th2 cells.

15 Fuﬁheﬁnore,‘ApplicantS have discovered that inhibitors of GSK-3f inhibit Th2 cell
development.: This is an important discovery because it has been established that
Th2 specific cytokines play a key role in the pathogenesis of diseases such as
allergies and asthma. Specifically, IL-13 is irhplicated in airway hyper-
responsiveness and mucus hypersecretion, as shown in murine studies of IL-13

20 delivefy to fhe lungs of mice (Wills-Karp, M. et al., Science 282, 2258-2261
‘(1998):; Grunig, G. et al., Science 282, 2261-2263 (1998)). Also, increased
expression of IL-13 has been observed in airways of asthma patients which

. supports a role for IL-13 in the disease (Kroegel, C., etAal., European Respiratory

Journal, 9, 899-904, (1996). Furthermore, the total serum IgE levels and tissue

25 eosinophilia, characteristic conditions of allergy and asthma, correlate with disease '
seveﬁty in atopic asthma i)atients (Yssel, H. et al., Clinical and Experimental
Allergy, 28, Suppl 5: 104-109 (1998)). Prior to Applicants’ discovery that GSK-3f3
controls TCF7 and thereby modulates Th2 cell differetiation, it was not known that
inhibition of GSK-3f would provide a general method of treating dieseases such as

30 asthma (particularly atopic asthma), allergies, allergic rhinitisis, all of which are

- caused By an excess of Th2 cells and there associated cytokines. As shown in the

. Examples below, Applfcants have confirmed the ability of GSK-3p inhibitors to



T-cells can differentiate into functionally distinct subsets with different
profiles of cytokine production. Type 1 T Helper cells (Thl) produce |IFNg
and | L-2 a2 @igmote cell nediated imunity. Type 2 T Helpggare@ebhsss ( Th2)
produce IL-4 and 10 IL-5 and pronote | gE production and eosi nophi
differentiation. An inbalance in the tgpe of T-cell response appears to
underlie the susceptibility to asthma and allergic diseases. Through
genetic studies Applicants have discovered that GSK- 3(3 controls the

activity of Tght'thé ﬁitﬁxﬁath‘dh‘é%bn@&n%ahe‘t}noﬁeﬁﬁadcbﬁt@dl A HbEmobe! Tdtefore,

control ling whether or not naive T-cells differentiate into Thl or Th2
cel I's. 15 FurAppicants dpveapiph ervantpasiea the we stimmiditeds af (GEK-BAHP bikatoride of

GSK-3(3 inhibhit Th2. cel ev " This is an_ { ort ant, .di scovery
because | 1 haBELAIGEERTE O EY NAT e SHar P TaRPTAl %Dl y & Ky
role in the wg{dmggnem s of diseases such as allergies and asthna.

Specifically, IL-13 is inplicated in airway hyper- responsiveness and nucus
hyperseéretlon as shown in nurine studies of IL-13 20 delivery to the

| ungs of mce (WI g%fél% (1998);
Gunig, G_ et al. A (‘:l%%{\ ene%gﬁﬁrg%é&w%s E&Ebc‘g%@ff% so-lg‘l'%(rguj:&rlaéased
expressi on ofdlﬂfdzemi%tllmﬂguﬂmwﬁbbélbcreﬂeaubsau ddferemipgoroindassfomai vptss #nf.s - whi ch
supports a r sease ﬁ(EKr oe Eur opean

| -
R e ory| Moo hEkenege baghautsd of tiyaTe it perrisesCOAEedlli o1 ey o 1 gE

level s and tidesdl6pmént €VES B&RIUpicAt oL TiRT @ik & faSdred it editdairoBaI€) & | er gy and
asthma, correlate with di sease severi f(\ﬁ in atopic asthnma patients (Yssel,

H et aP., cmigecdilednglstionr meger sirain BLRPGYhavea ereiprsapity104- 109
(1998)). Pri %autltgmfmglljrgﬁ&g?f?tge§mﬁydévgﬁ> m%n% 9 an E?}?Wt}%l SAr{EE’? and

t her eby nodul at es retiation not
i nhibition. @fe@hﬁaﬁ@taﬂmﬂérdropses\badeeamﬁﬂ@raadl Bﬂr&ﬂﬁaﬂwebxpressatg ng di eseases

such as 30 ast hrra ar a n), allerqi

rhinitisis, Arapses m‘fe ﬁg r‘%‘éﬁ 36‘&9 %tgjéjs(’fjd?‘f%%ﬁg déaé% ‘%ﬁaﬂa t here
associ at ed ' cYPKNIESen HSmERRYhrbRoddiee 1152&1:1?&1? lcefrdd€ iMtendREY dfqBNMS have
confirnmed the ability of GSK-3(3 inhibitors to WD 02/10158 PCT/ EPO1/ 08293

37 tredf the respomsiesnpes (Belkpdhde of al.d. ampealyl63) 1334 140e 690%BdThiS vivo
model s. Therq% Ergwas &hicct%%éloc?ﬁ&ﬁmrh&nc}ﬂ&ﬁ%@ﬂesiﬁ W % sebe% i nhi bi tors

of GSK-30 to tw range ergi es e, an er i seases

characteriz e(isﬂlvjzlamdo’aﬁsela'\mkd serum IgE lcvels and susceptibility to asthma (Review:
Cookson, W., Nature 402, Suppl. B5-B11, 1999). Positional cloning of this genetic
locus was performed by analysis of the chromosomal sequence within this

20~ chromosomal region, and by, analysis of gene expression. -

We have demonstrated that TCF7 regulates T helper cell differentiation.
~ TCF7, which is expressed only in T cells, was shown to be expressed in resting
murine Th1, but not Th2 cells. This factor was also induced by IFN-gamma
25 | (Figure 2B); and recognition elements for TCF-7 were found in the promoter ,
regions of genes expressed in Th1 cells; [FN-gamma, IFN-alpha, IL-18 and the
beta-2 suburﬁt of the IL12 receptor. We have also shown that inhibition of GSK-
3p will increase the level of B-catenin in T cells. B-catenin does then accumulate in
the nucleus and act as cofactor for TCF7 to activate gene transcription (Example II,
30 Figure 1). Therefore, GSK-3f inhibitors will inhibit Th2 cell development. We
-have confirmed this by demonstrating that Th2 cytokine levels are reduced in cells

treated with GSK-3 inhibitors (Examples III and IV).



cytokines. 5 . A nurine genetic approach was used to identify a genetic

| ocus that differentially regulated CD4 T cell subset differentiation and
responsi veepsoisg | L- 12. The genetic background of the mpdpngroshg®sn
influences CD4 T cell devel opnent. The devel opnent of Th2 cells is favored
in one strain (Balb/C) of 10 mce, whil8T cells fromanother strain (B

10. D2) have a greater capacity to maintain IL-12 responsiveness and Thi
devel opnment in vivo and in vitro. Analysis of experinental intercrosses
bet ween Bal b/.C an ' axX S j ; antigen
receptors led to ?ﬁ%@?&??ﬁ%\ggﬁﬁﬁ&%g%gdF%I(E:%%gﬁéy\}m%{F\Lisflﬁgé 0.5 cMregion
of nurine' chichaaserzdbl exbéss The eptokinks wilbbadetntncior GISK-BP tdativeld

responsi veness (Guler M L. et_al., J. | | . , 1339-1347, 1999). Thi
reg!oo_n was syme(émsqw%@m&%copﬁ%ﬁaémg&miﬁ& "_5513?_,0%9&#?:95 has)beenI >
associ ated whighy 6l £YALALAENNI KOFed 6Y b rAPEANIONPL hiiindin 38t e

(Revi ew.  Cooksdn, 2, Supp -B11, 1999). Positional cloning
of t hi s5genetthereldiive S50iaef pputhtivenipbibityr raajcbeyascemplished by standard kivasel

sequence within this 20 r onosonal 0 and.by apal.ysi f.. gene
expr essi on. \?@tl‘f}%sﬁéﬁb&ﬁgﬂogf’& OP‘TW%{S?(%‘!L‘IE[}MF %‘Su?% esgf%‘fél%eelfl%%u?atg’gl I
di fferenti at iRAnits thehelectBit@Binieht 6XdascaSS Haradtbyzeld by bxCéss Th2 celis shown to be
expressed in'resting _nurine Thl, but not Th2 cel]ls. This factor was al so
i nduced by | mredysHemwitBoytpiigeiing Bapgicaliodesses grriaredibyet %% or TCF- 7
were found in the pronbter regions of genes expressed.in Thi cells;
| FN-gamma, | FN-al pha, 1L-18 and the beta-2 subunit of the I1L12 receptor.
W havaoal so showFuttheimdreidek 1GS¥a3ehnd3SRK -Fisefiolhs hmerdSdswlentival | evel of
(3-cateninin T cells. (3-catenin d%f tEen accuaul gthe in the nucleus and
act as cof actcgtalytisrdomeains. it & confsmplyt é@tﬁ € tEREY ??f' SRTEBEANSTROY | 30
Figure 1). T 13 4: nbhi i idsrli bit Th2 cel |
devel opnent . h&\ﬁéﬁé E%%eefﬁﬁr??t}%ﬁ%ﬁ%egh&g{aa&g\r?gn%%l’rigﬁ' ng that Th2 cytoki ne
l evel s are reduced in cells treated wi'th. GSK-30 inhibitors (Exanples Il
and 1V). WO 02/10158 ./ |: M K5 i nhi bitors
used for treat mnﬁgfagﬁég}ggéggﬁgaﬁldsgﬁF&rﬁﬁiaeﬂ%Mhlbftl@% i

15 ‘measuréd by in vitro assays such as ligand binding assay and inhibition of -

catenin degradation assay as described in detail in Biological Example I and II
below. The ability of the compounds. of this invention to inhibit secretion of IL-4
and IL-13 from human T-cells was measured By in vitro assay described in detail in
Biological Example IIT below. The ability of the compounds of this invention to
20 inhibitl secrétion of IL-4, IL-5 and TL-13 from murine T-cells was measured by in
vitro a:ssay described in detail in Biological Example IV below. The ability of the
compounds of this invention to inhibit leukocyte infiltration into the lungs was
measured by in vivo assay described in detail in Biological Example V below. The
ability of the compounds of this invention to reduce the IgE levels was measured

25 by in vivo assay described in detail in Biological Example VI below. '

In general, the compounds of this invention will be administered in a
therapeutically effective amount by any of the accepted modes of administration
for agents that serve similar utilities. The actual amount of the compound of this

30 invention, i.e., the active ingredient, will depend upon numerous factors such as the
- severity of the disease to be treated, the age and relative health of the subject, the

potency of the compourid used, the route and form of administration, and other



characterized by excess Th2 cytokines will be-selective for GSK-3(3
relative to other kinases, particularly PKC, p38 kinase, ick and cdk2, by

a ratio ofyogaddbegst 10:1., nore preferably 100:1 (based gif®hios293
respective 1C50's). Determnation of 5 the'relative 1C50's of a putative

i nhi bitor may be acconplished by standag® ki nase activity assays well
known to one of skill in the art. Such selective nodulation permts the
selective treatnment of diseases characterized by excess Th2 cell

pr oduct i on Wfﬁéa&em?ef&ﬁ%ame &anhfe&wd%orert%meadaydpr%faa%bahc@bher ki nases

10 Furthernore, since 3a and GSK-30 isofornms have 95% identi cal

catal ytic domlm@,dab’t |s conterrpl ated. that .the conpounds of the present
invention would be useful in treating diseases nedi ated by GSK-3a. The
ability of the conpounds of Formula (1) to inhibit GSK-30 was 15 neasured
by in vitro assays“}ﬁwpbuta&llyeﬁecnﬁbebmndntlgfmmmﬁmdmeﬁuﬂn @) mayfafngé 3-

cateni n degradation assaxi as descri be |n de ad Bi Ol@?nl[gel cal npl e |
and |1 Sbel owomppragmaidly L gie topang g yt‘ﬁ‘?lghtl o F’(BF?“’EPFrl nhl bi t

secretion of 4, g Ilfl’efe%@y l%t)ui@mgféll( ghTﬂﬁ?s”foT a@ﬁ‘ﬁﬂl%&f@% BRI Yo PErsBY, thd) Vitro

assay descri be n detai gical Exanmple Il1 below™ The ability of
t he conpoundsiogdgetrimgs wonlé he almutﬂ@)tOZiﬁQmﬂde,tm@eme&ra@MbOﬁbQu_mﬂ migl"5 and
IL-13 frommurine T-cells was nmeasured by in vitro assay described in
detail in Bi 368 eal Exanple IV below. The ability of the conpounds of
this invention to inhibit |eukocyte infiltration into the Iungs was
measured by in vivo assay described in detail |n BIO|09 mple V

bel ow. Phe” abil ity ggmerglh@ow%mglsgvepﬁpgwp hOeAETREE "f‘seduce the IgE

| evel s was "gﬁaafﬁ&a%@u@cil B dlrti@n‘{ By &Ry e di‘%ﬁ&fdu%%g Rufs! G, sysamﬁb ol ogi cal

Exanpl e VI i1 .general, the conpounds of this invenfion will be
admi ni stered (&g. aansdmndpemanasall drpyefiprstons Oamnterai&e gnintrafusdwdaraccept ed

nodes of adm.nj stration a t ha utilities. The
actual ampuntMEFYERRYS %r&HB%'ﬁ% Lgss %rfﬁné“ BO? grPtr? Slﬁeéma%nerokhe active

i ngredi ent, wdhlinisleRnds URO Gsifk IBsvesichialallo desdpd eépifmen Which cagbver i ty of the
di sease to be treated, the age and relative health of the subject, the

pot encylSof t Hjustsdsscaidingde thic depree phefflictigRd CoBIPRFITPNSEAR tRlresthe i, and
other WO 02/ 10428 O;E 51?/ %&#(e gr?&hdg’%gtxggsOsrlétmn-ga?elgﬁéégoﬁﬁﬂattﬁ%s,adm ni stered

nore than once a da y on ) .
solutions, suspensions, elixirs, aerosols, or any other appropriate compositions.

Another preferred manner for administering compounds of this invention is
inhalation. This is an effective method for deliverin ¢ a therapeutic agent directly to
20 the respiratory tract for the treatment of diseases such as asthma and similar or

‘related respiratory tract disorders (see U. S. Patent 5,607,915).

The choice of formulation depends on various factors such as the mode of
drug administration and bioavailability of the drug substance. For delivery via
25 inhalation the compound can be formulated as liquid solution, suspensions, aerosol
propellants or dry powder and loaded into a suitable dispenser for administration.
There are several types of phannaceutical inhalation devices-nebulizer inhalers,
metered dose inhalers (MDI) and dry powder inhalers (DPI). Nebulizer devices
produce a stream of high velocity air that causes the therapeutic agents (which are
30 formulated in a liquid form) to spray as a mist which is carried into the patient’s
_ respiratory tract. MDI’s typically are formulation packaged with a compressed gas.

Upon actuation, the device discharges a measured amount of therapeutic agent by



twice a day. Therapeutically effective anmounts of conpounds of Forrmula (I)
may range 5 fromapproximately 1 ng to 5 ng per kil ogram body wei ght of
the reci pweydyegss day; preferably about 3 ng/kg/ day. Thussctiffo1/08293

adm nistration to a 70 kg person, the dosage range would be about 70 to
350 ng/ day, nost preferably be about 20Qong per day. 10 In general,
conpounds of this invention will be adm nistered as pharnmaceuti cal
conpositions by any one of the following routes: oral, systemc (e.g.,
transder M, dhibfRSAL. Bls RorRRASAHM Mbtho@br RERIRNBl séumbunt of

i ntranuscul ar, "I ntravenous or subcutaneous) adm nistration. The preferred
manner of acgemi NRlalispenses themapaiitivagenty imthedomne of 2free flawing pdwderdbatr egi men
whi ch can be 15 a 'ustecﬂ. a%gcordi{)g ta tthe degree of. a flithi‘t?nt

Conposi ti ons “BARC FSREFSEHE TREPIHCRY S INSRIF %rgsa}r'sgﬁefl?]s uripg BEeathlng B 5o i ds,
powder s, sust@iidedid &dermachievdaiirad fleRg posdbt tieQheapsiis pgdsisons, elixirs,
aerosols, or any other appropriate conpositions. = Another. preferred manner
for adnPni st dempitiated MyduaRecipient $ich a5 [agioss-| Qrngasured AmarRif 8. This is an

effective m%ﬁé}gqefuﬁ% rag\ﬁ%'lsv GbieB%h QC#Q@E?Q?}EH&S aﬂggﬁse&uxﬁtﬁ%% achBgl the

respiratory tra e treatnen eases such as asthma and siml ar
or related respiratory tract disorders (see U S. Patent 5,607,915). The

choi ce of fornul atjon depends on. various.factors such.as .the de of drug
adni ni stration anéieﬁFIngrﬁﬁ%‘?‘}“ﬁ}%@‘ﬁﬂ%"“&?‘%@ Izeﬁﬂlséfﬂé%&%eq e,g%erpﬁﬁgff?rvery vi a
25 inhal ati oniriAe@hARABR'PLr Gidakanebilit iR RirRE tBSprinciple thasbiobiailability

suspensi ons; aerosol propellants or dry powder and |oaded into_a suitable
di spend@r f orcanBpinerepsediby insreasing thesupce asea i deciepyipg pasticls gige-nEdeut i cal

| nhal ation d%&&&g@pﬁ%gﬁ 4&61?%@&@@@&%&3&59%@9&&1 fd}ﬂﬁia‘ﬁ&?hﬁ{%) and dry

r
powder i nhal ef's i'zer devi ces oduce a streamo vel ocity
ai r that caugestididsdn tiresizqyangd fromd@mnd $,000hinch vérich tBO adtvemdtertabss in a i quid

form to spray as m st [ is.carried into, th tjent, piratory
ract. WD s Spptih i apE R R PR v LA Qo ssEE gae.
Upon act uat i QascrdtR€ tidPrbiRidh SENFH HBAcutibR Aot BalioaTh whichahe &fagr apeut i ¢
agent by WO 02/10158 PCT/ EPO1/ 08293 40 conpressed gas, thus affording a

reliablié net Hobstarceasipilierized to paonasisles gaysiage paticle size of 400 nm) in the
presence of a surface modifier and then dispersed in a liquid medium to give a

pharmaceutical formulation that exhibits remarkably high bioavailability.

"The cofnpositions are comprised of in general, a compound of Formula (I)
20 in combination with at least one pharmaceutically acceptable excipient.
'Acceptable excipients are non-toxic, aid administration, and do not adversely affect
the therapeutic benefit of the compound of Formula (I). Such excipient may be any
~ solid, liquid, semi-_solid or, in the case of an aerosol composition, gaseous excipient

that is generally available to one of skill in the art.

25 '
Solid pharmaceutical excipients include4 starch, cellulose, talc, glucose,
lactdse, sucfose, gelatin, malt, rice, flour, chalk, silica gel, magnesium stearate,
sodium stearate, glycerol mon_ostéarate, sodium chloride, dried skim milk and the
like. Liquid and semisolid excipients may be selected from glycerol, propylene
30 glycol, water, ethanol and various oils, including those of petroleum, animal,

~ vegetable or synthetic origin, e.g., peanut oil, soybean oil, mineral oil, sesame oil,



agent. DPI dispenses therapeutic agents in the formof a free flow ng
powder that can be dispersed in the patient's inspiratory air-stream
during breghiggsby the device. In order to achieve a fragrit@vos®s powder,
the therapeutic agent is 5 formulated with an excipient such as |actose. A
measured anmount of the therapeutic agedit is stored in a capsule form and
is dispensed with each actuation. - Recently, pharnaceutical formnulations
have been devel oped especially for drugs that show poor bioavailability

based upon the @»féf&%doﬂugn& bﬁﬁese'ﬁﬁvc%udr@%} irﬁéétabl@sd?&fbn@%élﬂ&é pased by

i ncreasi-ng the surface area 1.e.”, decréasing particle size. For exanple,
U. S. Pat. Nosalmelmﬂemedeg@ra@@ywlﬁphar maceutical fornmulation having
particles in the size range from 10 to 1,000 nmin which the active
material is supported on a crosslinked matrix of macronol ecules. U S. Pat.

No. 5, 145, 684 des:ompﬁsedtgmeespﬁagdjwiseabm dipedseprheunipaaad bf ki mf/emlmmhratl on in
whi ch the drug 15 substance is }1 @ed t o nangparti cl esé1 %
particl® si zéCTB‘FOli@‘ET‘ ARGt geﬁesc%’établﬁ Jhis purngpe are HiiFQSTR L ARNT; &%d t hen

di spersed i e ﬁwbge %(ﬁ?%%hﬁ&l gié{ﬁeﬁs aﬂ@ﬁ{e{ﬁﬁﬁﬁﬁlh&cﬁ{s afecﬁég&ﬁb%ﬁ'n?” t hat

exhibits rema I oaval | abi | The conpositions are conprised of
in general, Rem@mhﬁ@a@unmmalemeﬁ e ed oy Be SV araini(MackPublishingl east, one

phar maceutic b xci pi ent. Acceptabl e excipients are non- t oxi c,
aid adm ni stﬁgﬂ% ﬁgﬁ&ﬁ L(ﬁggt adversely affect the therapeutic benefit of

the conmpound of For mul a (1). Such excipient may be any ~solid, liquid,

sem-solid or, in_the case _of an aerpsol_ conpgsitio aseo XCi pi ent
that i40generally aeamp%wétwoslﬁemtﬁrmgﬁpﬂpulﬂac’&??élV&FX %u%g tg%f

pharmaceuti cgly g my@@bg tﬂogéémﬁéa Rl &1, Tyﬁ&a{uy}]@é%nﬁlﬁ&fm ﬁhl%ﬁéﬁr

| act ose, sucro elat i , rice, flour , l'i ca gel, magnesium
st ear at e, sodlalwmgtt@axcamte(wt‘@ lyassr frbmmbn@tsﬁ ehpaps Wt%oqfaﬁm@unﬁbfde dried

Ki i1k I b I d
From gl yeer of oBRn g i 3oL B BEPL o e BAECL RAS ol s T o °

i ncl udi ng th@lﬁ&bﬁpfﬂﬁhﬁ&b@(&hﬂfbx@ﬁﬂbrﬁm Prefétﬂﬂ?ttﬂbb(ﬁnpkfunﬂymféﬁmmaoléiztgi n, e.g.,
peanut oil, soybean oil, mineral oil, sesane oil, W) 02/10158

PCT/ EP®3/ 082982bawt 180wt %pRepissqniative phameceufice] iormulalians GoRtAnipg § f or
injectabl e sQbyihlfiGr FoRftY Y6 al¥deSiribed below.

_ EXAMPLES
| Abbreviations used in the examples are defined as follows: "HCI" for
20 hydrochloric acid, "DMF" for dimethylfonnanﬁdé, "NaOH" for sodium hydroxide,
"KOH" for potassium hydroxide, "DMSO" for dimethylsulfoxide, “NaHCO;” for
sodium bicarbonate, “NaCl” for sodium chloride, “K,COs3” for potassium
carbonate, “NaZCOg,” for sodium carbonate, “LiOH” for lithium hydroxide, “Et;N”
for triethylamine, “NHj3 (aq)” for ammonium hydroxide, “CH,Cl,” for methylene
25 chloride, “MeOH” for methanol, “EtOH” for ethanol, “PhsP” for
triphenylphosphine, “CsCO3” for cesium carbonate, “BINAP” for 2,2-bis-
(diphenylphosphino)—l,l’-bihaphthyl, “Pdy(dba)s” for tris(dibenzylideneacetone)-
dipalladium, “NaCNBH5" for sodium cyanoborohydride, “THEF” for
tetrahydrofuran, "Na;SO4" for sodium sulfate, "RT" for room temperature, "PTLC"
30 for preparatory thin layer chromatography, "SiO," for silica gel, "EtOAc" for ethyl
acetate, "APMA" for aminophenyl-mercuric acetate, "IL-1" for interleukin-1, and

"RPMI" for Roswell Park Memorial Institute.



sal i ne, aqueous dextrose, and glycols.. Conpressed gases nmay be used to

di sperse a conpound of this invention in 5 aerosol form Inert gases

sui t abl e {y@ro2idbisg purpose are nitrogen, carbon dioxide, etpT/EFN 0803

sui t abl e pharmaceutical excipients and their fornmulations are described in
Rem ngton's Pharmaceutical Sciences, eddted by EE W Martin (Mck

Publ i shing Conpany, 18th ed., 1990). 10 The anount of .the conpound in a
formulation can vary within the full range enployed by those skilled in
the art. Typically, the fornulation will contain, on a weight percent
(W% basis, fromabout 0.01-99.99 wt % of a conmpound of Fornula (1) based
on the total fornmulation, with the bdxamplk bei ng one or nore suitable

phar maceutical gxcjpie t alevel
15 of about 1- 85%5 ‘ge%ge%l Iﬁ?’@?q%?éy%}%&%é@g{ﬁg et4yirlgu&%g&%ng cont ai ni ng
a conpound of Formul a- (1 )ylaegyiesphedatt i Helyonle-EXAMIEES  Abbrevi ati ons
used in the exanples are cflefl ned as follows: "HO" for 20 hydrochloric
acid, "DWVF" for dinethylformam de, "NaOH' for sodi um hydr oxi de, "' KOH' for
pot assi um hydr oxi de, "DVBO' for dinethyl sul foxide, "NaHCO3" for sodium

bi carbonate, "Nad" for sodiumchlori de,N "K2C03" for potassium carbonate,
"Na2C33" for sodium carbonate, "Li %t hi um hydroxi de, "Et3N' for
triethylamne, "NH3 (aq)" for ammoni umpby dr oxi de, "CH2Cl12" for nethyl ene 25
chloride, "MeOH'" for nmethanol, " et hanol , "Ph3P" for

tri phenyl phosphi ne, "CsCO3" for @ & "BLHAP" for 2, 2-bis-

(di phenyl phosphi no) -1, 1' - bi naphts ) 3"\_t_(

tris(di benzylideneacetone)- dipall adi llm "NaCNBH3" sodi um ‘
cyanobor ohydri de, "THE" for tetrahydrofuran, "Na2SO4" for sodi um sul fate,
"RT" for roomtenperature, "PTLC' 30 for preparatory thin |ayer

chr omat ogr.aplysp ' Si 02" for silica gel '"Et OAC" for ethyl acetate, "APMA"
for am nophenyl-nercuric acetate, " “interleukin- 1, and _"RPM"
for Roswel | Park Wéiﬁﬂﬂ@h01114?5@71‘4]{%64V@I)O??Sﬂ#ﬂ%dlpWEFfDTF@SQ@@01@
Example. 1 -

After the completion of the addition, the reaction mixture was stirred at 0 °C for 10
10 ~min., and then 3-hydroxyphenylacetic acid (25 g, 0.16 mol) was added. The
resulting reacﬁon mixfure was stirred at room temperature for 2 hours. Volatiles
were removed and the residue was partitioned between water and ethyl acetate.
The organic layer was separated, washed with'Hzo, NaHCO3, and NaCl (sat.) and
dried dver Na2;S0y. The crude product was purified on a silica gel column with
15 20% EtOAc in hexane to give methyl 3-hydroxyphenylacetate as a colorless oil (25
‘e, 94% yield). -

. Step 2 .
Methyl 3-hydr0xypheny1acetate (20 g, 0.12 mol), (R)-2,2-dimethyl-1,3-

20 dioxolan-4-ylmethyl p-tosylate (51.7 g, 1.5 eq.) and K,COs (50 g, 3eq.) in N- '
methylpyrrolidinone was heated at 96 °C overnight. The reaction mixture was
cooléd to room temperature, quenched with H,O, and partitioned between H,O and
EtOAc. The organic layer was separated, washed with H,O and NaCl (sat.), and
then dried over Na;SO,. The crude product was purified on a silica gel column
25 with 20% EtOAc in hexane to give methyl 3-((R)-2,2-dimethyl-1,3-dioxolan-4-
. ylmethyloxy)phenylacetate as an oil (23 g, 68% yield).



Synt hesis of 3-(1l-nethylindol-3-yl)-4-[3-((R) -2, 2-dinethyl-1, 3-di oxol an- 4-
yl nmet hyl oxy) phenyl ] - 1H pyrrole-2,5-dione 5. H ONO N\ O Step 1

Thi onyl cWoanidess(17 m; 0.64 nol) was added dropw se to mrifagobs®s 0 C.
After the conpletion of the addition, the reaction m xture was stirred at O

Cfor. 10 10 min., and then 3- hydroxyp.manyl acetic acid (25 g, 0.16 nol)
was added. The resulti ng reaction mxture was stirred at roomtenperature
for 2 hours. Volatiles were renoved and the residue was partitioned

bet ween wat erg ethyl acetate. The organic |ayer was separated, washed
with H20, Na , and NaCl (sat.) and dried over Na2SO4. The crude product
was purified on a'lblalsomog@fmﬁiyhﬁﬁﬁ(ﬂ)r?thdllﬁethﬂd% -fiogplenids hexane to give

Vet byl 3. nycr oo aeny RS frederf By O oS i hand S agtbiden Sl S0
di oxol an- 4- ylwastabydd INOFDPEYD #1 %8 (g541ec7) gAftérsﬁnemg the eoadtidR@DAufea0r@m 3eq. ) in

N- nmet hyl pyrrolidi none was heated at 96. C overnight. The reagtion mxture
was codl ed tiempaanieiend8rthe yplatiles WersERVeH ?We%Wé‘H‘éIﬂ}%FF?‘qu ¥aed between

H20 and Et OAg, Er?]ﬁ d@iﬁgﬁ@&ﬂ%@gg@ Sﬁﬁ%@a&&ﬂ 11%@'3@&% pikdy, EBR@nd NaCl

(sat.), and over rude duct “was purified on a
silica gel o»htlmm ic@Batini an tirQC4cke AR witin 10%agnECL. oThy amdlqeqllrgops layer

3-((R -2, 2-di_nmet h il (23
o, akyie s e G BRIRe P RS VAR 581 066, B3e 8T O ¢
net hyl  3- (( Rlovés RaBOyBinaybncbnBatdi ctxgxlvara(ae) Z{I-Elﬁﬁehwwbg?thxelhyl%acet ate (23

g, 0.08 nol) in nethanol SSO m) and wa (5.m)
10 ylmethyloxy)phenylacetic acid as a whlte sohd (22 g, >99% vyield). .

Step4
Oxalyl chloride (1.05 eq., 4.15 ml) was édded dropwise to a solution of N-
methylindole (5.8 ml, 50 mmol) in diethyl ether (395 ml) at 0 °C. Yellow
15 précipitates were formed. After the completion of the addition, the reaction
| mixture was stirred at 0 °C for 30 min., and then the volatiles were removed under
vacuo. The residue was re-dissolved in dichloromethane (375 ml) and added to a
solution of 3—((R)-2,2—diﬁ1ethyl-1,3-dioxolan-4—ylmethyloxy)phenylacetic acid
(13.3 g, 50 MOI) and EtsN (12.5 ml, 2.2eq.) in dichloromethane (375 ml) at 0 °C.
20 The resulting mixture was stirred at 0 °C and then allowed to warm up slowly to
'room iemperature. After stirring overnight, the volatiles were removed and the
residue was purified on a silica gel column with dichloromethane to give 3-(1-
_ methylindol—3-y1)—4-{3-((R)—2,2-dimethyl—1,3-dibxolan—4—y1methyloxy)—
phenyl]furan-2,5-dione (5.4 g, 27% yield).
25 : ‘

Step S
' 3~(l;Methylindol—S-yl)-4-[3—((R)-2,2—dimethy1—1,3-dioxolan-4-
ylmethyloxy)—phenyl]furan—Z,S-dione (5.4 g, 13.7 mmol) was dissolved in DMF
A (50 ml) and was diluted with NH3 (aq.) (100 ml). The reaction mixture was then
30 heated at 140 °C for 5 hours, cooled to room temperature and then diluted with

_ water. The product was extracted with EtOAc and the organic layer was washed

with NaCl (sat.) and dried over sodium sulfate to give the crude product which was



was added Li OHH20 (13.8 g, 4 eq.). After stirring the reaction m xture at
roomb5 tenperature for 4 h, the volatiles were renoved under vacuo and the
resi due wa®) o2p@idsi ti oned bet ween Et OAc and H20. The aqueoygT/IEEhHSIES
separated, cooled wth an ice bath, and then acidified with 10% aq. HCO .
The aci di c aqueous |ayer was extracted4s th Et OAc. The Et OAc | ayer was
washed with NaCl(sat.), dried over Na2SO4, and concentrated to give
3-((R) -2, 2-di met hyl -1, 3-di oxol an-4 10 yl net hyl oxy) phenyl acetic acid as a
white solid (gthed pui¥sBy e iallizatiRRirdh BERloYdmGRAR And Bekhe@ocRE3. 4. 15 M)
was added dropw sg-to a sol uti-on of N- methylinddle (5.8 m, 50 nmml) in

di et hyl et her(1-48g§linilyl-Zayl)eH-[B-(ReRRalimehyb i eligidlan-€gimgshdotvphengll- Af t er

the conpleti of th ditjon, the reaction mxture was stirred at 0 C
RDHER s b

for 30 mn., | es were renoved under vacuo. The residue
was re-dissolved in dichloromethane (375 m) and added to a solution of

3-((R) -2, 2-dimet hyl -1, 3- di oxol an- 4'f/| met hyl ox henyl acetic acid (13.3 g,
50 mol § and Et 3N T NMB (RMSO-dsgp 3 .%(SdNéM&# &eiﬂﬁﬂéw(@vgiﬂ-%t 0T. 20
The resultin i xt _ iLr a Iﬁ?qd up sl ow
to roomt e_rr%éirila l}lﬁé?—%\?f gfsltzs i lggilﬁ%'og&i?g ﬁ(?gﬁ%l?’%rt}%@t’vo "at’ 7{5254%9@3 r ermvedy
and the resildl)&E8@s42arm 1HY 3096 @dsiH) k4a.5084), S B3, BW7ddctH,or onet hane
to give 3-(1- thylindol -3-yl)-4- { .

3-((R)-2, 2- dijﬁgﬁ}agIg-ofgg-l&iaﬁiéﬂaﬁih-lﬁ%t% L9 - gRRNS By Yh-%25. di one (5. 4
g, 27%yield). 25 Step 5 .

3-(1- Met hylindol -3-yl)-4-[3-((R) -2, 2-di net hyl - 1, 3-di oxol an-4-

yl met hyP oxy) - phenypil¢wingibopmcefiushdescabed apove utzsubpitingds di ssol ved in DWF

(5075 onde H§oafihoibat ¥ 30eko Al e e RS LAl ¢ 1o
diluted with 3-%4@2-_((%@,3}&111@&1@1—mdjoax]anaeﬂgﬂth\pddxbr)ﬁﬁ_b@%—leymm organic
tho-crude pr oddenan FENMIBE VR 991 8 1860 ReT RS RSB I0h. 748 G P ner pur | 11 ed
by re-crystaliLyzakiQny; rpFLdusH o QUBENANS) Ny REXRNETYS, BdY En,3H),
15 6.64 (t,1H, J=7.1), 6.32 (d, 1H, J=7.1), 4.3 (br.s. 2H), 3.88 (s, 3H), 3.68 (br.s. 2H),
3.2 (br.s. lH),: 1.19 (s, 6H); M. pt. 220.8-221.2 °C; MS (EI): M* 432;

Following the procedure described abdve, but substituting 3-
hydrox.yphenylacetic acid with 4-hydroxyphenylacetic acid gave 3-(1-methylindol-
20 3-yl)-4'-[4—((R)-2,2—dimethy1—1,3-dioxolan-4-y1methyloxy)pheny1]-1H-pyrrole—2,5-
dione. 11H NMR (DMSO-d6): § 11.00 (s, NH), 7.97 (s, 1H), 7.48 (d, 1H, J=6.3),
7.36 (d, 2H, J=8.9), 7.13 (t, 1H, J=7.2), 6.90 (d, 2H, J=8.9), 6.78 (t, 1H, J=7.2),
. 6.42(d, 1H, J#S.O),,4.39 (m, 1H), 4.06 (m, 3H), 3.90 (s, 3H), 3.73 (m, 1H), 1.33 (s,
3H), 1.30 (s, 3H); MS (EI): M 432.
25 .

. Following the proéedure described above, but substituting (R)-2,2-
dimethyl-1,3-dioxolan-4-ylmethyl p-tosylate With (8)-2,2-dimethyl-1,3-dioxolan-4-
ylmethyl p-tosylate gave 3-(1;methylindol—S-yl)-4—[3~((S)—2,2—dimethyl-1,3-
dioxolan-4-ylmethyloxy)phenyl]-1H-pyrrole-2,5-dione.

30



(1-met hylindol -3-yl)-4-[3-((R) -2, 2-di net hyl - 1, 3- di oxol an- 4-yl net hyl oxy) phen
ylj- 1Hpyrrole-2,5-dione (5 g). 5 1H NVR (DMSO-d6): S 11.08 (s, NH), 8.04
(s, 1H), 7wé&D2dadisslH, J=8.2), 7.22 (t, 1H J=8.0), 7.12 (tpcrhiho1482630) .
6.97 (m 3H), “6.76 (t, 1H, J=7.5), 6.33 (d, 1H, 1=8.0), 4.23 (m 1H),
3.96 (dd, 1H J=6.5, 8.4), 3.91 (s, 3H) 453.77 (d, 1H, J=5.1), 3.60 (dd,
1H, J=6.1, 8.2), 1.30 (s, 3H), 1.27 (s, 3H); M (El): M+ 432. 10 Fol | owi ng
t he procedure described above, but substituting 3- hydroxyphenyl acetic acid

wi t h 2-hydroxyphenyl acetic acid gave ﬁ&&&m@@thylindol

3-yl)-4-]2- ((RS) 2 2-di net hyl -1, 3-di oxol an- 42yl met hyl oxy) phenyl ] -1H pyrrol e
- 2,5-dione. b%bnml)ylmegm-gb 4 83-1(6DH2.3 -smgrqurowboxy%hwl Xd, 1H,
J=7.2), 7.38 (t 1H j=5.4), 7.27 gg%W%%% % O%Q 7 11 (t, 1H, J=7. 1) 7.03
(m 2H), 15 6.64 (t. 1H, J=7.1). & %27 1) 4.3 (br.s. 2H), 3.88
(s, 3H), 3.68 (br.s. 2H, 3.2 (br.s. 1H, 1.19 (s GFD; M pt. 220.8-221.2
C M (El): M+ 432; Follow ng the procedure described above, but -
substituting 3- hydroxyphenyl acetic agl d Hni tg 4- hydr oxyphenyl acetic acid
gave 3-(1-nethylindol- 20 o

3-yl)-4-14-((R -2, 2-di net hyl -1, 3- d| oon 4-yl met hyl oxy) phenyl ] - 1H pyrrol e-
2,5 dione. 1H NVR (DVBO- db) : 811 ~ .97 (s 1H), 7.48 (d, 1H,
J=6.3), 7.36 (d, 2H, J=8.9), 7. \ #d, 2H, J=8.9),

6.78 (t, 1H J=7.2), 6.42 (d,. 3NO) , , 439 ( 1FD 4.06 (m 3H), 3.90
(s, 3H), 3.73 (m 1H),- 1.35 (s, 3H) 1\30 (s, 3H:; oB.(El): M- 432. 25

Fol | om g t-he procedure descri bed above, but substituting (R)-2, 2-
di met hyl - 1, 3-di oxol an-4-yl net hyl p-tosylate with
(S)-2,2-di met$tgp 11, 3- di oxol an-4- yl methyl p- tosylate gave

S SRRAEE T et T e
PCT/ EP01/ 082938 y1)-443- dER)%miLdlmEthS}ym13Iftﬁalcﬁanei-ylmethyloxy)phenyl] 1H-pyrrole-2,5-
le ;y;nrs igh)él |2n ok ér%g))m me{than 5 2) nﬁ) anddvlvzggrd(r18 )I%Pr O la(r)exa)c/:L ren?)?/nln}e_\yas
heated at 50 °C overnight. The volatiles were removed and the residue was
" partitioned between water and EtOAc. The organic layer was washed with NaCl
(sat.) and dried over sodium sulfate. The crude product was purified on a silica gel
column with 5% MeOH in CH,Cl, and further purified by recrystallization from
| 15 CH,Cly/hexane to give 3-(1-methylindol-3-y1)-4-{3-[((R)-2,3-dihydroxy-
propyloxylphenyl }-1H-pyrrole-2,5-dione (2.46 g). "H NMR (DMSO-d6): § 11.05
.(s, NH), 8.03 (s, 1H), 7.48 (d, 1H, J=8.2), 7.15 (m, 1H), 7.02 (s, 1H), 6.92 (m, 1H),
6.92 (m, 1H), 6.76 (t, 1H, J=7.3), 6.37 (t, 1H, J=8.0), 4.89 (d, OH, J=4.7), 4.61 (1,
OH, J=5.8), 3.90 (s, 3H), 3.85 (m, 1H), 3.72 (m, 2H), 3.37 (m, 2H); MS (EI): M"
20 392; M.pt. 177.7-178.0 °C; Anal (C2,HxN,05-0.15H,0): C, H, N.

Following the procedure described above but substituting 3-(1-methylindol-
3-y1)-4-[3-((R)-2,2-dimethyl-1,3-dioxolan-4-ylmethyloxy)phenyl]-1H-pyrrole-2,5-
dione with 3-(1-methylindol-3-yl)-4-[2-((R)-2,2-dimethyl-1,3-dioxolan-4-

25 ylmethyloxy)phenyl]—1H—pyrrble-2,5-dione gave 3-(1-methylindol-3-yl)-4-{2-
[(2,3-dihydroxypropy16xy]-phenyl}—lH-pyrrole—Z,S-dione. 'H NMR (DMSO-d6):
§10.96 (s, NH), 7.98 (s, 1H), 7.47 (d, 1H, J=8.1), 7.36 (t, 1H, J=8.8), 7.23 (d, 1H,
| J=7.2), 7.11 (t, 1H, J=7.1), 6.95 (m, 2H), 6.66 (t, 1H, J=7.3), 6.33 (d, 1H, J=8.0),



HONOOOH NOH 5 Step 1 Toluenesul fonic acid (100 ng) was added to a
sol ution of 3-(1-nethylindol-

3-yl)-4- [ ¥d 2Rh1s3, 2- di met hyl - 1, 3- di oxol an- 4-yl ri et hyl oxy)pehiarpoh hglokt pyr r ol
e-2,5- 10 . dione (4.3 g) in methanol (100 mM) and water (10 m) and the
reaction mxture was heated at 50 C ovegni ght. The volatiles were renoved
and the residue was partitioned between water and Et QAc. The organic |ayer
was washed with NaC (sat.) and dried over sodium sulfate The crude

product was paugﬂ ﬁq%ecr r§|1}|[[)c§2qg}s ZWL%WSIW%—% €12 and

further purified b stallTzation /hexane to give

3- (1- met hyl i NdSI(EB: M+)39Z1 And-([CeR)ON,3-HhPir@xXy-Hpr opyl oxy] phenyl
)-1H-pyrrole-2,5-dione (2.46 g). 1H NW\R (DVMSO-d6): S 11.05 (s, NH), 8.03
(s, 1H), 7.48 (d, 1H, J=8.2), 7.15 (m 1H), 7.02 (s, 1H), 6.92 (m 1H),

6.92 (m 1H), 6. 7@0(1lbw1ﬂ%the~i)rc7063ﬂre d@scﬁBed &bov& Uut sh%&ntﬁbmg &(Bﬁheﬂ@lm@il-
J=4.7), 4.61 (t. Q 5. 3H) 3 1H] (m_ 2H) |
3.37 (m5 2H);3- MB“([@I'(XR) R- dllZJGthSY923 Kodan- 'YIFanhZ[l?BY)Bh@ ]p}{é—pyrrole-Z 5-

( C22H2ON205- O 125 ?#?—méﬁ&%lplldoﬁg-lﬂ)gﬂﬂg]{ {-bS BIRABAYLuELSE 4bed above but

substituti ng

3-yl )d4 [ 3- ((ﬁ)nealyuyxgmmaenmump;arm-ammgavyBfféamthgdmdpbaefw [4-1H pyrrol e-
2,5- dione w

3 (1 met hyl | D255 ibydprypropylayubohsm) B RYROS 255 iopscol A NMR GRMSO-

yl met hyl oxy) pfenyii r ; yes.8y, U4l t) R0l 7. Byl ) - 4- { 2-
[(2,3-di hydroxyg?/icjlp?/&g(gﬂ)bpgﬁ(szlﬁjlﬂ@r(?rlgﬁegsz )57 |4I(;(Ee Cg?/R D?\/BO de) :

S 10. 96(6, NHH, JZ798, .87 (dRH, J58.27686 (t, 1H, JF-D, 643 (¢, %Jﬁ 1), 490 (91»8 8)

5790 6.5 S0 f@léf%\@gf/%ﬁéﬁee?‘/ BeatTgaey e M S

3.6 (br.s..1H92.3.2 (br.s. 3.1 (br.s. 211); M pt. 24502471C I\/IS
(EI): M 392 Anal (C22H2CD5N2 -1 20H20)) C N H
Following the procedure described abbve, but substituting 3-(1-

15 méthyl‘indol-S-yl)-Ll—[3-((R)—2,2—dimethyl-1,3-dioxolan—4-ylmethyloxy)phenyl]-II-I-
pynole—2,5—dﬁone with 3-(1-methylindol-3-y1)-4-{3-((S)-2,2-dimethyl-1,3-
dioxolan-4-ylmethyloxy)phenyl]-1H-pyrrole-2,5-dione gave 3-(1-methylindol-3-
yi)-4- { 3-[((5)-2,3- dlhydroxypropyloxy]-phenyl} lH—pyrrole-Z 5-dione. MS (EI):
M392 M. pt 176.9-178.1 °C.

20

Example 3
Synthesis of 3-(1-methylindol-3-yl)-4-[3-(2-morpholin-4-ylethyloxy)phenyl]-
| {H-pyrrole-2,5-dione |



Fol |l owi ng the procedure descri bed above but substituting 3-(1-nethylindol -
5

3-yl)-4- [ Rd d2Rh1s3, 2- di met hyl - 1, 3- di oxol an- 4-yl et hyl oxy) pheayitdo1d&topyrr ol e-
2,5- dione with

3-(1l-nethylindol-3-yl)-4-[4-((R) -2, 2-di ggt hyl - 1, 3- di oxol an- 4-

yl met hyl oxy) phenyl ] - 1H pyrrol e- 2, 5-di one gave 3-(1-nethylindol-3-yl)-4-{4-
[ ((R) -2, 3=di hydroxypropyl oxy] - phenyl } - 1H pyrrol e- 2, 5-di one. 1H NVR ( DMBO-
d6): S-11.00 ¢s,{NH), 7.97 (s, 1H), 7.48 (t, 1H J=8.2), 7.34 (d, 2H,
J=8.9), 7.13 10 lH J=7.2), 6.87 (d, 2H, J=8.9), 6.86 (t, 1H J=7.2),
6.43 (d, 1H, J =8, I]jqasltlr&ﬁls(ofrqtmnbﬂ)i-,io@pbﬁloﬁQ’Z,.Zgj—gqmmcﬁ),NHﬁZ-ZI—D, 3.43 (m

2H); M pt. . 1) _ e
dzl?scri begt abﬁ%,y%: %WQH’(?Q}P?[S? #61) %4'\@) i‘%?ngF&l l AR hﬁ{fp{ﬁceﬁé{r °
ret hyi i ndol - 3Cyds Adbd dfdpRlisea s%imofmf fo’dopﬂaﬁ}aﬂbtﬁmb%(ygﬁc vl egBiwglxy) phenyl |

-1H pyrrole-2,5-dione with 3-(1-nethylindol-3-yl)
3-((9)-2, 2- d,];;gs mb). Fthe resulting solution Wwas stirred at room temperature overnight and

di oxol an- 4-yl get y |

3-(1- et hyl i nd tt%& &&%%’)w‘%*a‘?ﬁgk["%{?g’o gﬁ@{;@a agf%g%py fih PO and the
}-1H pyrrol e- E?L(B&odam@vasmsbﬁ with NhMEl &2, drmd gter saingm 9ulfat8. TheGrudd . .
Exanpl e 3 Synt hesis of

3- (1- et hyl 1 TOBEES K7 fhea nusified ona silifn 91 50U With 97 % 455 Ry fepane to

1H pyrrol e- 2, Gvéls gnenorphdBnM-PetiiAdky)idNefze OB o 19B §idRGT/ EPO1/ 08293 47
Step 1 To a stirred so utlongof@g |2)dophenol (2g2 g, §10 mmol ), N (2-

hydr oxy¥®t hyl ) norpholine (2 eq. 2.4 m) and Ph3P (2 eq. 5.24 g) in THE (90
m)at 0 C vva§[ ggded dropwi se a solution of diisopropyl azodi carboxylate (2
eq. 3.96 Q) THE (20 ml). The resulting solution was stirred at room
tenperature over ni 4 litaslacithrged with 3-(2-morpholin-4-ylethyloxy)iodobenzene (0.33 g, 1

mmol), bis(pinacolato)diboron (0.279 g, 1.1 mmol), potassium acetate (0.294 g, 3
mmol) and PdCly(dppf) (48 mg, 0.06 mmol) was flushed with nitrogen. N,N-

15 ~ Difnethylformamide (6 ml) was added and the reaction mixture was stirred at 80 °C -
for 3 hours and then cooled to room temperature. 3-Bromo-4-(1-methylindol-3-yl)-
1-methylpyrrole-2,5-dione (0.255 g, 0.8 mmol) (synthesized according to the
procedures described in Brenner, M. et al., Tet. Lett. 44, 2887, (1988)) was added
to the reaction mixture, followed by the addition of PdCl,(dppf) (48 mg, 0.06

20 mmol)) and 2 M aq. Na,COs3 (2.5 ml). The resulting mixture was stirred at 80 °C

“for 2.5 hours, then cooled to room temperature, and quenched with HO. The
product was extracted with EtOAc. The EtOAc layer was washed with H,O, N aCl
(sat.), dried over Na,SO4, and concentrafe&. Purification of the crude product on a
silica gel column with 2/3/5 of acetone/CH,Cly/hexane gave 3-(1-methylindol-3-

25 y1)-4-[3-(2-morpholin-4-ylethyloxy)-phenyl]-1-methylpyrrole-2,5-dione as an
orange-red oil. (0.25 g, 70% yield).

Step3 |
3-(1-Methylindol-3-yl)-4-[3-(2-morpholin-4-ylethyloxy)phenyl]-1-
30 methylpyrrole-2,5-dione (0.22 g, 0.5 mmol) was dissolved in EtOH (10 ml) and a
. solutioni of KOH (1.5 g) in H,O (2.5 ml) was added. After the reaction mixture

was refluxed for 3 h, it was cooled to room temperature, followed by evaporation



was then quenched with NaHCO3. The product was extracted with Et OAc and the
Et CAc | ayer was washed with NaCl (sat.), dried over sodiumsulfate. The
crude m wigunaoyses then purified on a silica gel colum wddrRdYwegest one in
hexane to give 3-(2-niorpholin-4-ylethyl oxy)iodobenzene (2.8 g, 84%
yield). 10 Step2 A flask charged with 48

3-(2-nor phol i n-4-yl et hyl oxy) i odobenzene (0.33 g,1 muol),

bi s( pi nacol ato) di boron (0.279 g, 1.1 mmol), potassium acetate (0.294 g, 3
mol ) and Pdg‘%((gﬁpfl‘here(sﬂﬁle%s a&&ﬁ@dma ‘PﬁﬁtéPHS@%dT%bedﬁbtt\fléégen N, N 15
Di met hyl-formam de (6 m) was added and the reaction mixture was stirred at
80 C for 3 knwmactecwith BHAAc embthe £t@Hc laysmvae dped eteg sedium sulfate and
3-Bronp-4-(1-neth ne (0.255 g, 0.8
mol ) (synt hggnczegéatgggoglal %éhhet?%ﬁgpygg Lsoézemé ggﬁ{?%ed in Brenner, M et
al ., Tet. Letyethydxy)gifshgl]furdR88)dionsashialldaslin the nehatapesidiouofurtiext ur e,

foll owed by the addition of PdC12(dppf) (48 ng, 0.06 20 mmol)) and 2 M aq.
Na2CO3 #2.5 MMificaioB. resulting mixture was stirred at 80 C for 2.5 hours,
then cooled to roomtenperature, and quenched with H2O. The product was
extracted with Et QAc. The Et OAc | ayer was washed with H20, NaC (sat.),
dried over NP, and concentrated. Purification of the crude product on a
ZI_ l( Il?ﬁ‘e'?ﬁlll IC(r)llj(l;lerT'l:?V\gt ef% Fnd%l %fylf‘g % ?5' %{orp o mzé{ 3*}1% Po%cy?p enyl]furan-2 5-
yl)-4-[3-(2- rmmah@dsltmerﬂdlydo%hyﬁpm eﬂa’ﬁbranﬂ]ammmmwmﬁel(mﬂl)wu one as an
orange-red-oil. (0.25 70% yi el d)

3- (1- MBP hyl i ﬁééqd 3T15¢|rys‘ﬂm[3§ntxzurﬁmaﬁh6%t?%at4l49| eifaA Bouryshafpeiedie 30

met hyl pyrrol %rﬂ% I 10 m)
and a solut ?%cgmo %—Iﬁr Qr"sd2£ lﬂ?dn‘%ﬁlgwm The :ﬁéﬂl&ggﬁgéﬁggteﬂz?ttg tg?)%ée
reaction m xtﬁha@tomaéayeewauwemeﬂmthﬂ\mﬂl (sat )\naé doedbded socbum(w}fatt:errper ature,

fol |l oned by oration P The resi due
vas aci dified e IF3fon PR aréocat%? “é’“gi‘; g%%ﬁ%ﬁ%}%{@@@ 3G 1R ong
and the Et OAgal@3£r nwsylﬁkablezdypme[s Qadomphvlnk fyddteylatyiphaglicent rated to give
3-(1- rrethyllndol 3-yl)-4-[3- Bhol.i n- 4-

1H—pyrr01e-2 5-dione (O 21 g, >9 % yield).

'H NMR (CDCI3): 8795 (s, 1H), 7.41 (br.s. NH), 7.32 (d, 1H, J=7.2), 7.17
(m, 3H), 7.02 (s, 1H), 6.91 (d, 1H, J=6.5), 6.83 (t, 1H, J=7.1), 6.40 (d, 1H, J=8.1),
3.92 (br.s: 2H), 3.90 (s, 3H), 3.78 (br.s. 4H), 2.65 (br.s. 2H), 2.51 (br.s. 4H); MS
20 . (EI): M"431; M. pt. 197.7-199 °C; Anal (CasHz504N3-0.3H,0): C, H, N.

Following the procedure described above, but substituting 3-bromo-4-(1-
methylindol-3-yl)-1-methylpyrrole-2,5-dione with 3-bromo-4-(1H-indol-3-y1)-1-
~ methylpyrrole-2,5-dione, provided 3-(1H-indol-3-y1)-4-[3-(2-morpholin-4-
25 ylethoxy)phenyl]-1H-pyrrole-2,5-dione. MS (EI): M* 417.



yl et hyl oxy) phenyl ] furan- 2, 5-di one which was in the next step w thout
further 5 purification. Step 4

3- (1- Met hyig (aA01s83- yI ) - 4- [ 3- (2- nor phol i n- 4-yl et hyl oxy) p' haielRdote#s 2, 5-
di one was then dissolved in DM (5 m) and amoni um hydroxide (10 m) was
10 added. The resulting m xture was heaged at 140 C for 4 hours, then
cooled to roomtenperature, and diluted with water. The product was
extracted into EtCAc. The EtOAc | ayer was washed with NaG- | (sat.) and
dri ed over sodiumsulfate. PurificatggmpRy a silica gel colum with .5%
(10% NH4O0H in MeOH) in CH2Cl2. gave

3- (1- net hyl i ndol - 3-Syinjhesis P83 -methnpindok-hyl-4y(Cenonpholia 4 yidayyl)- 15

1H pyrrol e-2,5-di one (0.21 g, >99f,%)bi (;,rl El 5-41%@'\/'? (CDC13): $ 7.95 (8, 1H),
7.41 (br.s. NH), 7.32 (d, 1H, J=7.2), .1% m 3H), 7.02 (s, 1H), 6.91 (d,
1H, J=6.5), 6.83 (t, 1H, J=7.1), 6.40 (d, 1H J=8.1), 3.92 (br.s.'2H),’
3.90 (s, 3H), 3.78 (br.s. 4H), 2.65 (brfls. 2H), 2.51 (br.s. 411); M5 20
(El): M+ 431; M pt. 197.7-199 C AP/ (c25P2504N3-0.3H20): C, H, N

Fol |l owi ng the procedure descri bed-above={ut substituting 3-brono-4-(1-
met hyl i ndol - 3-yl ) - 1- et hyl pyrr ol ex ‘di ohe-Wi t

3-brono-4-(1Hindol -3-yl)-1- nethyl yF\ ol # 1278’@9, provi ded

3-(1Hindol -3-yl)-4-[ 3-(2-nor phol &A-4y'25 N/

yl et hoxy) phenyl ] - 1Hpyrrol e-2,5-di one\ M5 (El): M+ 417. WD 02/10158

PCT/ EPO1/ 08293 49 Exampl e 4 Synthesis of

3-(1-net hyl-i ndol - 3-yl ) - 4- (3- nor phol i n-4-yl phenyl )- 1H pyrrol e-2,5-dione H
ONONMN- L~-St8phktep 1 A round bottom fl asked flushed with argon was
charged wi th net hy, = I ] Mpqaioly epared from
3- br onophenyl acet.ip%:r%gflgwggm g%%:irﬂ; be Vialtktll}’a%arggnrrp%lgséz‘shza,réegt ep 1%3t,h9§50r phol i ne
(1.05 nm, 1. dregophen@ds@eBiq 2,295, §0 mmol) (prepared from 3-bromophenylacetic acid

as described in example 2, step 1), morpholine (‘1.05 ml, 1.2 eq.), CsCO5 (4.55 g,
1.4 eq.); Pdx(dba); (92'mg, 0.01 eq) and BINAP (93 mg, 0.15eq.) in toluene (20
10 ml) The resulting mixture was heated at 100 °C overnight and then diluted with

| diethyl ether (120 ml): The precipitates were filtered through a Celite pad and the
filtrate was concentrated and purified on a silica-gel column with 20% EtOAc in

hexane to give methyl 3-(morpholin-4-yl)phenylacetate (0.55 g, 23%).

15~ Step2
- To a solution of methyl 3-(morpholin-4-yl)phenylacetate (0.50 g, 2.1 mmol)

in methanol (5 ml) and H,O (1 ml) was added lithium hydroxide monohydrate
~ (0.18 g, 2 eq.). After the reaction mixture was stirred at room temperature
overnight, it was concentrated to dryness. Acetic acid was then added to the
20 residue and the resulting mixture was partitioned between EtOAc and H;0. The
organic layer was washed with NaCl (sat.), dried over Na,SO4, and evaporation

under vacuo to give 3—(morpholin-4—y1)phenylacetic acid (042 g).

Step 3
25 ~ 3-(Morpholin-4-yl)phenylacetic acid (0.42 g, 1.9 mmol) was dissolved in

“ CH,Cl; (5 ml) and oxalyl chloride (0.22 ml, 1.2 eq.) was added. The reaction

mixture was stirred at room temperature for 2 h and then cooled to 0 °C.



1.4 eq.); Pd2(dba)3 (92'ng, 0.01 eq) and BINAP (93 ng, 0.15eq.) in toluene
(20. 10 mM). The resulting m xture was heated at 100 C overni ght and then
di | ut ed witdv2digt hyl ether (120 m): The precipitates werpgtiipole506
through a Celite pad and the filtrate was concentrated and purified on a
silica-gel colum with 20% Et OAc in hexsgne to give nethyl

- (mor phol i n-4-yl') phenyl acetate (0.55 g, 23%. 15 ' Step 2 To a solution
of methyl 3-(nmorpholin-4-yl)phenylacetate (0.50 g, 2.1 nmmol) in nethanol
(5 m) and H2gn4nl orflh B xﬁg%ﬁubﬁ ﬂn%ma@g%wgwﬁenwa@ﬂ@st&m(o- 18 g, 2
eq.). After the reacti mx ure S stirre t roomtenperature
overni ght, i trmedcamtélntcnmemmme Wasldlesévedﬁiumdtlmnab's@‘rmgnd ﬁbﬁeédded to

the 20 residu he resul ti m'xt n OAc and
100 “The- - or g B Bp RREeraBRf e HretBRoPER VDb B SO YIS, “ane
evaporation wraglﬁrthya@;u@tepwmouealﬁrfﬁﬁﬂérmaﬁhbmoﬁ)yl ) phenyl acetic acid (0.42
g). Step 3 25 3-(Mrpholin-4-yl)phenylacetic acid (0.42 g, 1.9 mmbl) was
dissolved in CH2CI2 (5 ml) and oxalyl chloride (0.22 m, 1.2 eq.) was
added. The regaghijon mxture was stirred at roomterrperature for 2 h and

t hen cool ed t . WD 02/ 10158 PCT/ EP01/ 08293 50 Ammoni um hydr oxi de
solution (2 m)- vva%‘oadu@dnmm@ﬂ/\Bdmorplfmha{#j(lasanz\ﬁamlder(@ﬁtg\)edd athyl he crude

m Xxture was dis in r.e red .The filtrate was
concent r at ed f’@sgﬁg %latfr@@s%)ﬁgﬁgﬁmﬁa; g ﬂﬁﬁw&% ‘% dPOLISSIIER  was i n
the next st epbwokial@m 0N 43unt, Bers rﬁﬂlbl)fdréiﬁhb@ Mhe réacabﬁmﬁtuT@wmcﬁus pensi on
of 3- (m)rphol i n-4-vyl )benzyl am de ) and net h i ndol eg}eyoxal ate (0.55

g, 2.5 #ol) fwnerrazge ipc@orpyas %tatréicﬁtﬁo doss} mﬁrtaaa thenigllpwgd Epvamptyy 3. 45
m, 3.45 mmol ), o%%wgﬁlé Tﬂﬁefﬁgﬁ{%sz el HH;&&W ndfdnge | in

col or was stlrred en a to war
t enper at ure. Mithé,Osdnidrexiragedowah BtQAL., Thélmgamadayenwasrwxshadewﬂ&dﬁa@ue nc hed

with H0 and ?Xt{ acé gged\/\é\;[ep NE;S%? 'Pre-:li)r%?atgg @t"ﬂ&! punf1c¥1%on Witk SWB i th NaCl
CH,Cl; gave 3-(1~meth“ylind01—3—yl)-4-(3-morphohn-4—ylphenyl)-1H—pyrrole—2,5—

15 dione (150 mg) as an-oil which was converted to the hydrochloride salt and
recrystallized from EtOAc to give 3-(1-methylindol-3-y1)-4-(3-morpholin-4-
ylphenyl)-1H-pyrrole-2,5-dione hydrochloride (72 mg) as a solid.

 'H NMR (DMSO-d6): § 11.02 (s, NH), 8.02 (s, 1H), 7.48 (d, 1H, J=8.1),
20 7.15 (m, 2H), 6.90 (m, 2H), 6.74 (t, 1H, J=7.4), 6.34 (d, 1H, J=8.1), 3.90 (s, 3H),
13,62 (m, 4H), 2.8 (m, 4H); MS (LSIMS): (M+H)" 388; M. pt. 205.3-212.6 °C.

Following the procedure described above, but substituting morpholine with
pyrrolidine in Step 1, 3-(1-methylindol-3-yl)-4-(3-pyrrolidin-1-ylphenyl)-1H-
25 pyrrole-2,5-dione was prepared. MS (EI): M* 372.



(sat.), and dried over Na2S O4. Preparative TLC purificaiton with 5% MeOH
in CH2Cl12 gave

3- (1- met hywlg pAeiss3-y! ) - 4- (3- mor phol i n- 4-yl phenyl ) - 1H pyr r gdc@yeroi/os2dp di one
(150 ng) as an oil which was converted to the hydrochl oride salt and
recrystallized fromEtOAc to give 3-(1-nsthylindol-3-yl)-4-(3-norpholin-4-
yl phenyl ) - 1H pyrrol e- 2, 5-di one hydrochloride (72 ' ng) as a solid. 1H NWR
(DMSO-d6): 6 11.02 (s, NH), 8.02 (s, IH), 7. 48 (d 1H, J=8.1), 20 7.15 (m
2H), 6.90 (m 2H), 6.74 (t 1H, J=7. 4y mﬁb 1H, J=8.1), 3.90 (s, 3H),
3.62 (m 411), 2.8 (m 4 M5 (LSIMS): + 388 M pt. 205.3-212.6 C
Fol | owi ng t he proSsuthess m@éu’haé@\ﬂzyl)-lét[ﬁ (3absnaprepylery)phsnplhol i ne wi t h
pyrrolidine in Step 1, 1 5.

3. (1- et hyl i ndol - 3-y1 ) - 4- ( 3- pyr r o FEPHEASTPHER 1 ) - 1H 25 pyrrol e- 2, 5-di one
was prepared. Ms (El): Mt 372. WO 02/10158 PCT/ EP01/-08293 51 Exanple 5
Synt hesis of 3-(1-nethylindol-3-yl)-4-]3-f3-am nopropyl oxy) phenyl | -

1H pyrrole-2,5-dione HONO N NH 2p=Q To a sol ution of nethyl

3- hydr oxyphenyl acetate (2.49 g, 15 nmol >
(2.96 m, 2eq.), in acetonitrile (5Q.r added cesium carbonate (5.4
g, 1.1 eq..). The reaction m xturd for 24 h, then cooled 10 to
roomtenperature and filtered throt pa he.-filtrate was
concentrated and the residue was pur|f|¢d on a S|?ngkgwm2colunn with

5/ 55/ 40 of M OH CH2C12/ hexane to give nethyl 3-(3-chloro-propyl oxy)phenyl

acet ate5(4.-2 g) as an oil. 15 Step 2 To a solution of nethyl
3- (3-chl or opr opyl oxy) phenyl acetate (2.87 g, 10
Step 1

" To a solution of methyl 3-hydroxyphenyl acetate (2.49 g, 15 mmol) and 1-
bromo-3-chloropropane (2.96 ml, 2eq.) in acetonitrile (50 ml) was added cesium
carbonate (5.4 g, 1.1 eq:). The reaction mikuire was refluxed for 24 h, then coqled

10 . to room temperature and filtered through a Celite pad. The filtrate was
' concentrated and the residue was purified on a silica gel column with 5/55/40 of
MeOH/CHZClz/hexane to give methyl 3-(3-chloro-propyloxy)phenyl acetate (4.2 g)

as an 011

15 - Step 2 )
. To a solution of methyl 3-(3-chloropropyloxy)phenyl acetate (2.87 g, 10

mmol) in methanol (15 ml) was added LiOH-H,O (0.84 g, 2 eq.). The reaction
rmxture was stirred at room temperature for 2 h. Volatiles were removed and the
res1due was partltloned between EtOAc and water. The aqueous layer was

20 acidified and extracted with EtOAc. The combined EtOAc layers were washed
with NacCl (sat.), dried over Na,SO,4 and concentrated to give 3~(3-
chloropropyloxy)phenylacetic acid (2.8 g).

Step 3
25 To a solution of N-methylindole (1.16 ml, 9.1 mmol) in diethyl ether (70

nﬂj at 0.°C was added dropwise oxalyl chloride (0.83 ml, 1.1 eq.). After the
additon, the reaction mixture was stirred at 0 °C for 15 min., and the volatiles were

rerﬁo’ved under vacuo. The residue was re-dissolved in dichloromethane (70 ml)



mmol) in nethanol (15 m) was added LiOHH20 (0.84 g, 2 eq.). The reaction
m xture was stirred at roomtenperature for 2 h. Volatiles were renoved and
the resigd@essspartiti oned between Et OAc and wat er. The praGUuSYssloayer was
20 acidified and extracted with Et OAc. The conbi ned Et OAc | ayers were
washed wth NaC (sat.), dried over Naz30O4 and concentrated to give 3-(3-
chl or opropyl oxy) phenyl acetic acid (2.8 g). Step 3 25 To.a sol ution of

N-nmet hylindole (1.16 m, 9.1 nmol) in diethyl ether-(70 nl) at 0.C was

added dropw SﬁldQﬁahMLimﬁw (9r3' HE 2&%} Sdis 'ihdedl The $clion Alikigfe WiEooRAW HON, the

reacti on m Xture was sti rred 15 mn., and the volatiles were
removed under Gandugsolution of és(ﬁdmbnrwa@pwl@xwmwlwac peidd2dBigot®mmobdne (70

)00 020 SR R AR Ao 015 P A 0

3-(3-chl oro- po E(p;ahmmehpnewydl acehritupirdom Zenfgergureldemipht) Vdlatiles were
di chl ororret hane was added dropw se.. The resul ting_ m xture was
stirred?at Ore@o"%lﬂld?h%‘f?“aIapéﬂﬁde*’tl@le\wsrﬁuﬁﬁe@ g1 A sBicr el ER Wit over ni ght .

Vol ati | es: wer §crlofoRi¥m4RE thgxd@é e D 1RAE-3- ?ﬁ 4L Bscsddﬁ@or\e@&pw&y)f ied on

a'silica gel colum wth | 'or onet hane

3-(1-net hyli nld@nylfsfugﬂlrl)Zﬁlrd[@e((Blghl or opr opy! oxy) phenyl ] furan-2, 5-di one
(1.1 g. Step 4 10 To a solution of 3-(1- rrethyllndoI-3-yI)-4-[3-(3-

chl or opr opyl oxy) phenyl ] furan-2,5-dione (1.0g, 2.2 nml) in DMF (15 m) was
added sodi um $gp de (0 43 g, 3 eq.) and the resulting m xture was heated at
75 C for 24 hours, 0? reaction mxture was, cooled to roomtenperature and

quencheld with wat 2 solytipn ¥ r3odarethilpdol-gyh)-4dd-t3act ed i nto Et OAc. The Et OAc
Lg%g;n\tﬂfg L ﬁh\%\ﬁr Vﬁl%ﬂymw)i}hé#%ﬁfur&l@@'s 588 (1)og, 80iRHloH YEHMIPASH) waRd
3- (1- met hyl i nafided-Sdpin azid¢ 3)éB&a&mﬁmﬂ@lmme&ﬂyl)g)mwe]meateﬁ a67%i®ne (1.0
gtr | ¥V|hlcg[]| \(’)\ﬁs g?f gougr's r2 t%ctlé(‘)rrllslﬁl{}](ﬁ.}r%] %ﬁg %c}so o] ?empe%gt}./lref alﬂrdtqﬁenched
3- (1. - net hyl I\mﬂolva@r yIe grofiet (3s Sh @RRicMh®HDACc. The EtOAc layer was.
15 washed with H,0; NaCl (sat.), dried over Na,SO,, and concentrated in vacuo to
give 3-(1-methylindol-‘3—yl)—4~[3—(3-azidopropyloxy)phenyl]furan—2,5-dione (109

which was used directly in the next step without any further purification.

m.
20 "To a solution of 3-(1-methylindol-3-y1)-4-[3-(3-azidopropyloxy)-
‘phenyl]furan-2,5-dione (1.0 g) in DMF (7 ml) was added and ammonium
hydroxide (50 ml). The reaction mixture was heated at 140 °C for 3.5 hours, then
~ cooled to room temperature and diluted with water. The precipitates were filtered
and dried to give 3-(1-methylindol-3-yl)-4-[3-(3-azidopropyloxy)phenyl]-1H-
25 pyrrole-2,5-dione (0.58 ). MS (EI): M*401.

Step 6
To a solution of 3-(1-methylindol-3-yl)-4-[3-(3-azidopropyloxy)phenyl]-
1H-pyrrole-2,5-dione (0.4 g, 1 mmol) in THF (20 ml) was added PhsP (0.25 g, 1.1
30 eq.), followed by the H,0O (0.017 ml). The resulting mixture was stirred at room
. temperature for 48 h and then concentrated in vacuo. The residue was purified on a

silica gel column with 8% (10% NH4OH in methanol) in CHxCl, to give 3-(1-



phenyl ] furan-2,5-dione (1.0 g) in DM (7 m) was added and anmoni um

hydr oxi de (50 m ). The reaction m xture was heated at 140 C for 3.5 hours,
then cooWwepi@issoom tenperature and dil uted mnth wat er. Hea/pogespst at es
were filtered and dried to give

3-(1-nethylindol -3-yl)-4-[3-(3-azi dopr opgl oxy) phenyl ] - 1H 25
pyrrole-2,5-dione (0.58 g). M5 (El): M+ 401. Step b To a solution of
3-(1-nmet hyl i ndol - 3-yl)-4-[3-(3-azi dopropyl oxy) phenyl ] - 1H pyrrol e-2, 5-di one
(0.4 9, 1 mmhéthh&dgﬁﬁyﬁ)?-@ [BU(:) am%pﬁgysiﬁﬁiyfﬁ%yiﬂﬁéyﬂ@leé SLdioRO(0S5F 2);

foll owed by the H20 (0.7017 ting mxture was stirred at room
t enper at ur e fvdnclnwahcmrtpﬁ GbWﬂrmiZﬁd {oagivie 3- (irmth}élgd@tﬁeyh)vas

F gr IgT i/gd3?? lq\/BS@Z%rT%?g%pﬁ%W%fﬁ%g@{g%&%g% &Ibmeo_b b o)1%s thaped g n CH2C1 2

met hyl i ndol - 3-yl') - 4-[3-(3-am nopropyl oxy) phenyl ] - 1H pyrrol e- 2, 5-di one

(0.35 g) which was converted to It and.recrystalized to give
3- (1 neéhyllndol gl%N}ﬂiﬂIMSO«ﬂD 5111(sbﬂD 8.06 (s, 1H), 7.50.(d, 1H, J=8.

3-(3-amn I n 1! he HC1
05 T R e %98?3?5(’&%90%135%)(“?2%

.2), 7. Z(B.S(Irms,mi)sﬁ(ﬁﬂ.s(mi) PBY (m@2H3MS (EI): B 3%57. 2), 6.33(d, 1H

.0), 3.93 (m 2H), 3.91 (s, 3H), 3.67 (br.s. 2H), 1.85 (m 2H);-Ms
) M- 375. Exanple 6 10 Synthesis of

1- et hyl i ndol - 3-yl )-4-[3-(2-am no%;,tmrﬂ@(g)phenyl] l"H-‘ pyrrol e-2, 5-di one
NO NNH 15 Stepl To a stirred solution- met h

3- hydr 0fyphenyl aceqw&te@S(oﬁdé rgethylmdaiedriy)-4- [%%ﬁm@p@bylnmehewh] 34 nm, 2
eq.) and triphenyl phosphine (5.24, E‘cgéz‘ﬁ"?eqz)“ THE (100 nl) at 0O C was
added dropw se . di-i sopr.opyl azodi car ylat € 6 M, 2 eq.) and the
resulting mxture was stirred at roomterrperature overni ght. The reaction

Tw
O

N O\_\

\ NH,

15 Step 1
To a stirred solution of methyl 3-hydroxyphenylacetate (1.66 g, 10 mmol),

2-chloroethanol (1.34 ml, 2 eq.) and triphenylphosphine (5.24 g, 2 eq.) in THF (100
ml) at 0 °C was added dropwise diisopropylazodicarboxylate (3.96 ml, 2 eq.) and
the resulting mixture was stirred at room temperature overnight. The reaction
20 mixture was then quenched with NaHCOj3 and the product was extracted with
EtOAc. The EtOAc layers were washed with brine, dried over sodium sulfate, and '
concentrated. Purificatioﬁ on a silica gel column with 10% EtOAc in hexane gave
methyl 3-(2-chloroethyloxy)phenylacetate (1.6 g, 70% yield) which was converted
to 3-(1-methylindol-3-yl)-4-[3-(2-aminoethyloxy)phenyl]-1H-pyrrole-2,5-dione by
25 following the procedure described in Example 5, Steps 2-6 above.

~ 'HNMR (DMSO-d6): § 11.11 (s, NH), 8.22 (br.s. NH2), 8.05 (s, 1H), 7.49
(d, 1H, J=8.2), 7.20 (m, 1H), 7.12 (s, 1H), 6.99 (dd, 1H, J=2.6, 8.3), 6.90 (d, 1H,



20 m xture was then quenched with NaHCO3 and the product was extracted with
Et CAc. The Et OAc | ayers were washed with brine, dried over sodiumsulfate,
and conceigtgabed. Purification on a silica gel colum w tprrhi¥d séo%¥\c i n
hexane gave nethyl 3-(2-chloroethyl oxy)phenylacetate (1.6 g, 70% yiel d)

whi ch was converted to 54

3-(1- et hylindol - 3-yl)-4-[3-(2-am noet hyl oxy) phenyl ] - 1H pyrrol e- 2, 5- di one
by 25 followi ng the procedure described in Exanple 5, Steps 2-6 above 1H
NVR ( DMBO- d6)y= £ 7=8.1),ME0) 95 6 39i1 3H), 49

il e J_7§)’L157151(1 %1%56%5281%)1 ! F@(tzfﬂ 5.0, "()s,éfg)) . 90 .
1H WD 02/ 10855 (PCS’/EBOMSJ@SMS) EMI-+HD) 3@),M@t732(4-1871‘i¢ Almiz 3), 6.35 (d,

(1 49 i\]/rs§3 i 36: %%%03@0531{5@& B Ne7 (;S a’ (?:2%253%0301250 55$0) C

H N 5 Exarrple 7 Synthesis of 3-(1-nethylindol-3-yl)-4-{

3-[(2(RS), 3-di hydr oxy- 2- hydroxyprop | am @O phenyl }-1H pyrrol e-2,5-dione H
ONOHOH N _OH 10 Step Oxalyl (4.9 M, 56 mol) was added
dropwi se to a stirr } Ial . mml) in
ether (350 mM) at O .t&g%tbg?qti]%ﬂyélé%l%?ggn{%ghﬁ?ggacghﬁ?gﬁi the reaction
m xture was stirred at Byd®fyprop3BmineiphenghdlHpyroler2. pidiongol ati | es were
renoved under reduced pressure to afford 1-methylindole- 3-glyoxylyl
chloride. Step 2 A solution of 1-nethylindole-3-glyoxylyl chloride in

di chl oronet hane (350 20 nl) was added toHa sol ution of 3-nitrophenyl acetic
acid (8.5 ¢g, 0.093 m) and o

‘.NA O H“(()—HOH

10 . . vl
Stepl
Oxélyl chloride (4.9 ml, 56 mmol) was added dropwise to a stirred solution
of 1-methylindole (6.5 ml, 51 mmol) in ether (350 ml) at 0 °C. After the
completion of the addition, the reaction mixture was stirred at 0 °C for 30 min., and
15 . then the volatiles were removed under reduced pressure to afford 1-methylindole-

.3-glyoxylyl chloride.

~ Step2
' A solution of 1-methylindole-3-glyoxylyl chloride in dichloromethane (350

20 ml) was added to a solution of 3-nitrophenylacetic acid (8.5 g, 0.093 ml) and

triethylamine (13 ml, 93 mmol) in dichloromethane (350 ml) at O °C. The reaction

mixture was then stirred at room temperature overnight and then concentrate under

reduced pressure. The crude product was purified on a silica gel column with 6:1

hexane/ethyl acetate to afford 3-(1-methylindol-3-yl)-4-(3-nitrophenyl)furan-2,5-
25 dione (9 g, 55%).



triethylamne (13 m, 93 mmol) in dichloronmethane (350 mM) at 0 C. The
reaction mxture was then stirred at room tenperature overni ght and then
concentr ajve) yAdeygs reduced pressure. The crude product wadupoliogdson a
silica gel colum with 6:1 hexane/ethyl acetate to afford

3-(1-nethylindol -3-yl)-4-(3-nitrophenyl )ssuran-2,5- 25 dione (9 g, 55%. WO
02/ 10158 PCT/ EP01/08293 .55 Step 3 A solution of ,

3-(1-met hyl i ndol - 3-yl )-4-(3-ni trophenyl)furan-2,5-dione (9 g, 26 mmwl) in
DMF (20 m) vg an%Lreat ed to about 140 C. _Aqueous ammonia (20 mM) was added
in portions he heating was continued for 6 h. Water (20 nl) was 5
added and t he reacA isolution ef 34 EmethylindiélSado-4t G-rdrepignghfuranedyddiomp €9 &t ur e
dried ght. T Oraj}ﬁe&ﬁ\ji:%fgn)sﬁa's'h%a%”&%o fiout $AEL CAlneotiE R NG DY b mitft €7 and

under
3=(1- met hyl i ngg added in pdttibrk Aidthiepagny Whs déttyved o 612, Watel{20181) (as 7 g,
75% . 10 Step 4 To a solution of
3- (1- methy| i rrslged and/ihp reactign mustrl@pwm}lpmw #90d % reum tesupeEatyie (6.5 g, 19
ol ) in acet&@ﬂuglﬁo%ma $8851034961H ValhRelcd Brtvholc winROlit! R0%ricA! 30
mnute intervals he Feactr 6n M Xture was Stirfe room tenperature
over ni ght andntdhevacnemtte raffbrdz3(l -miethiylid gl 3NADHE (3 Fiteopheng i H-pyasle2.0f act ed
with 15 Et OAC {Qne}j 71%% concentrated. The crude product was purified on a
silica gel, &i 3 %eOH in CH2A 2 to afford
3-(1- rrethyl [ ndoI 3-yl)-4-(3- am nophenyl)-1H pyrrol e-2,5-dione (4.9 g,
82.5% . Step 5 20 A m xture of
3-(1- nekohyllﬁéLS yl)-4-(3-am nophenyl)-1H pyrrol e-2,5- di one (100

0,92 ol ) and 2, 2ngy G 6 SXChRRGr AR NN IR e Ry yr il b

f814 (1983) )dwm‘ed@iigl,l kﬂmnni)hma@tc(nleZS(Dﬂ nlyass sddedr‘l‘e@h 5 m@ogﬁtpgﬂpmﬁ at ur e
10 , 0.57 T

I‘g;Ctl oLn nm xtaﬁgﬁ Eteégte?{a%é e ?f'&?‘ ﬂge&'ﬁas?lﬁeéjwa 5%1‘?1? s ®het wgen

Et OAc and H2Qveffient@e MentneiRYRized WaE 1em@ﬂe¢he mhacbvaenemadeai withand
concentrated. The crude product was
15 - BtOAc; dried, and concentrated. The crude product was purified on a silica gel.

column with 3%MeOH in CH,Cl; to afford 3-(1-methylindol-3-yl)-4-(3-
aminophenyl)-1H-pyrrole-2,5-dione (4.9 g, 82.5%).

Step 5

20 " A mixture of 3-(1-methylindol-3-y1)-4-(3-aminophenyl)-1H-pyrrole-2,5-

" dione (100 mg, 0.32 mmol) and 2,2-dimethyldioxolane-4-carboxaldehyde (0.38

mmol) (prepared as described in Kumont, von R., et al. Helv. Chim. Acta., 66, 814,
(1983)) in dichloromethane (12 ml) was stirred at room temperature for 10 min.,
and then Na(OAc);BH (120 mg, 0.57 mmol) was added. The reaction mixture was

25 stirred overnight and then partitioned between EtOAc and H,0. The organic layer
was separated, washed with water and concentrated. The crude product was
purified by preparatory TLC with 3/1 hexanes/EtOAc to give 3-(1-methylindol-3-
yl)-4-[3-(2,2;dimethyldioxolan-4—y1methylamino)phenyl]-1H—pyrrole-2,5-dione
(32.6 mg, 24%).

30



purified by preparatory TLC with 3/1 hexanes/EtOAc to give

3-(1-net hyl i ndol - 3-

yl) - 4-[ 3-(d @rndisget hyl di oxol an-4-yl net hyl am no) phenyl | - 1Hpevinreah 88293 5- di one
(32.6 ng, 24%. 30 WD 02/ 10158 PCT/ EP01/08293 56 Step 6

3-(1- Met hyl i ndol - 3-yl)-4-[3-(2, 2-di net hgkdi oxol an- 4-

yl met hyl am no) phenyl ] - 1H pyrrol e-2,5-di one (30 ng) was .dissolved in MeCH (5
mM) and H2O (1 m). Catalytic anpunt of p-toluenesulfonic acid was added
and the 5 reagtjen mxture was stirred at 50 C overnight. The reaction

m xt ure was “c_dé‘“centrat ed and.the residue was purified by preparatory TLC
to give 3-(1- net tﬁf{h-mmyhﬂdqﬂ3}yl)44{[3-$2 R{daheByldBxalanydr oxypr opyl ani no] phenyl

}-1Hpyrrol e- %?ﬁmggpgg)ggenﬂ -pyrro 2,38 R 230 n"\L/Igf) ik dissbivel tn MeDH (P3-

10 Exanple 8

3- (1- et hyl i ngglandHyO)d 41111 3chel g&labﬂﬂﬁﬁwmhénésbﬁﬁhlﬁaahwbhdéd'hnd the
pyrrole25d|one O N O bo A m xture of
3- (1 -mefhyl i ﬁl%ﬂtwsn}lﬁsurmwe@IWﬁb?ﬂn&wt)mlgm phereAcdon mixtugs Wak (100 ny,

0.32 mmol ) angd, L&k tretblaw ‘?&ﬁ r;ﬂlngl'a& bggﬁepgi%t r? TR tgl?i’\}e)?; - MeOH (8 m)

was stirred at roomtenperature hen (63 nmg, 1.0
mol ) was addeethylafdobs- 3&1—4-r{B-i[@g’?&)lﬁedlhgrhoxypwpyhmﬁm}wembrlﬁi-gyn'ol@-lﬁé 20

\r;(rjlegglr Ltegr;ver re<aggvedég§g§é%¥g3 'IU@*O?% %h%\ 16831'69%3’6/\65 purified by

3-(1-nmet hylindol-3-yl)-4-(3-tetrahydr opyr an- 4-
yl am nophenyl ) - 1H pyrrol e- 2, 5-di one ng; 709 . LCI V5. M+ 401(98. 6% .
WO 02/ #0158 PCT/ EP01/ 08293 57 Exanpl ple

Synthes1s of 3-(1- methyhndol -3-yl)-4- (3-tetrahydropyran-4-y1armnophenyl) 1H—
pyrrole-2,5-dione

VH"
o= __o

®

(%

15
A mixture of 3~(1-methylindol-3-yl)-4~(3-aminophenyl)-1H-pyrrole-2,5-

dione (100 mg, 0.32 mmol) and tetrahydro-4H-pyran-4-one (65 mg, 0.65 mmol) in
MeOH (8 ml) was stirred at room temperature for 40 min., and then NaCNBH; (63
mg, 1.0 mmol) was added. After stirring the reaction mixture overnight the

20 volatiles were removed under vacuo and the residue was purified by preparatory
TLC (3%MeOH/CH,Cl,) to give 3-(1-methylindol-3-y1)-4-(3-tetrahydropyran-4-
ylaminophenyl)-1H-pyrrole-2,5-dione (88.2 mg, 70%).
LC/MS: M" 401(98.6%).



Synt hesis of 3-(1-nethylindol-3-yl)-4-[3-(2,2-dinethyl -1, 3-di oxan- 5-

yl am no) phenyl ] -1H pyrrole-2,5-dione HONONH N- ~-n O 5 A mxture of
3- (1- met hyig (2AQ1583- yl) 4- (3-am nophenyl ) - 1Hpyrrol e- 2, 5-  dicaiepot 48493 N,
0.63 mml )- and -2, 2-di net hyl - 1, 3- di oxane-5-one (98 ng, 0.76 nmol) in MeOH
(10 M) was stirred at roon1tenperature570r 15 mn., and then NaCNBH3 (79
ng, 1.26 nmol) was added. After stirring the reaction m xture 10 overni ght
the volatiles were renoved under vacuo and the residue was purified by
preparatory TLC (1% McOH CH2C12) to i §1(1 met hyl i ndol - 3-yl)-4-[3-(2, 2-
di et hyl - 1, 3- di oxan- 5- ylanlno)phenyl] -1 H pyrrol e-2,5-di one (185 ng, 68%.
MB(El): M 431; M Sytthesz®f 3203n@hylintel-Exardiz (22 dsyethylels3-gioxan-5-

3-(1-nmethylindol -3-yl)-4-[3

hydr oxynet hyl et hyl ani no) pheft éfﬂn{)@eﬂ@{dﬁﬁ%lﬁ 2088 HONONH N~ OH
OH 20 WO 02/ 10158 PCT/ EP01/ 08293 58 A solution of 3-(1-nethylind(;
-3-yl)-4-[3-(2, 2-di met hyl - 1, 3- di oxan- 5Hyl -
am no) phenyl ] -1 H pyrrol e- 2, 5- di one9&s% '§

0.4 mml) in MOH (30 M) and

50 C

A mixture of 3-(1-methylindol-3-yl)-4-(3-aminophenyl)-1H-pyrrole-2,5-
dione (200 mg, 0.63 mmol) and 2,2-dimethyl-1,3-dioxane-5-one (98 mg, 0.76
mmol) in MeOH (10 ml) was stirred at room témperature for 15 min., and then .
Na’éNB“H;; (79 mg, 1.26 mmol) was added. After stirring the reaction mixture -

10 overnight the §olatiles were removed under vacuo and the residue was purified by

preparatory TLC (1% MeOH/CH,Cly) to give 3-(1-methylindol-3-y1)-4-[3-(2,2-
dimethyl-l,3-diQxan~5-y1amino)pheny1]—lH-pyrrole-Z,S-dione
(185 mg, 68%). MS(EL): M* 431; M. pt. 201-203 °C.

15 ' : ' Example 10
Synthesis of 3-(1-methylindol-3-yl)-4-[3-(1-(RS)-hydroxy-2-
hydroxymethylethylamino)phenyl}-1H-pyrrole-2,5-dione

20



overnight. ..The volatiles were renoved under vacuo and the residue was
purified by S preparatory TLC (3% McOH CH2Cl 2) to afford

3- (1- et hylg pdelss3-yl ) -4-[ 3- (1- _ PCT/EP01/08293

(RS) - hydr oxy- 2- hydr oxynet hyl et hyl am no) phenyl | - 44H- pyrrol e- 2, 5-di one (130
mg, 83%. MS(LSIMS): (MtH) ' 392, M ptsg97.5-101 C. Exanple 11 10
Synthesis of 3-(1-nethylindol-3-yl)-4-[3-(imdazol -2-yl net hyl am no) phenyl ] -
| Hpyrrole-2,5-dione H ON O A nm xture of

3- (1-met hyl i ndpls ﬁldﬁ'&fz%(lﬁetﬁmgmpbggmgs-a—ﬁ e»fﬁn%mhq PgioxaiS i one, (100, g,

0.32 mmol ) and 1 m dazol e- 2- caf boxal in MOH (8
m) was stirr ehifQphehslirithpyrrelad,i-tione (\156:5@49 4(mmoD nmgfleQHGiQnﬂi@mﬂ was

dded. Aft g t ht th l.a
Feoved under TG iR PG et ik W Bene el SR 50 € Tt
McOH CH20A 2)  toRerdfghe The 3olalitedRidiy tenived udiey Iv&cuéahatt(el resld@ezwhs;alr&ﬁd by
yl met hyl am no) phenyl ] di one

S07Con 2% WOrBRIRY SEL PO ARG EEE) (et & thlindoh DSt 50 i
am o) phomyl ] VTR PP B gos ke Ut AR PP RB 0 me.

Tet r apr opyl amﬁB%)Mﬁ@M&)h@ﬂﬂH@ 390, M8py97.5-191 i@l ) was added toa mxture
of methylene chloride (20 m) and acetonitrile (2 m) containing 3-(tert-

10 butyl di met hyl si |yl oxy) pr opanol (259 (} ?I'L mrol ), N nethyl nor phol i ne
N- oxi de

10 Synthe:51s of 3-(1-methylindol-3-yl)-4-[3-(imidazol-2- ylmethylammo)phenyl]
1H-pyrrole-2,5-dione

- A mixture of 3-(1-methylindol-3-yl)-4-(3-aminophenyl)-1H-pyrrole-2,5-

15 dione, (100.mg, 0.32 mmol) and imidazole-2-carboxaldehyde (40 mg, 0.42 mmol)
in MeOH (8 ml) was stirred for 15 min., and then NaCNBH3 (40.2 mg, 0.64 mmol)
was ddded. After stirring the reaction mixture overnight the volatiles were ‘
removed under vacﬁo and the residue was purified by preparatory TLC (3%
MeOH/CH,Cl,) to afford 3-(1-methylindol-3-yl)-4-[3-(imidazol-2-

20 ylmethylamino)phenyl]-1H-pyrrole-2,5-dione (24.8 mg, 20 %). LC/MS: M*
397(94.2%). |



(1.76 g) and 4 A nol ecul ar sieves. The reaction mxture was stirred at RT
overnight and then filtered through a pad of silica gel. The filtrate was
concent r ajveh2ugfgr vacuo to afford PCT/EP01/08293
3-(tert-butyl di met hyl silyl oxy)-propi onal dehyde (1.3 g, 66%. 15 Step 2. A
m xture of 3-(1-methylindol-3-yl)-4-(3-sgri nophenyl)-1Hpyrrol e-2,5- dione
(0.2 g, 6 nmmol) and 3-(tert-butyl di methyl silyl oxy) propi onal dehyde (0.25 g,
13 mmol ) in CH2C12 (10 m) and MeCOH (5 m) was stirred at roomtenperature
20 for 15 min and then NaCNBH3 (57 ngy an%ﬂé £0) was added. The reaction

m xture - was stirred at RT overni ght an hen concentrated under vacuo. The
resi due was pSynthesmcbﬂfsy(lpmeqhghraadqlrrByyl)F&{[B{bt@-betywnn@ylSllyloxypropyl-
3-(1-nethylindol-3-yl)-4-[3

but yl di net hyl si | yl oxypr opy| é‘%ﬂ‘?@?%%”yﬁl ERAPHED, 5-dione (329 M5
(LSIMS): (MrH)+ 490; M pt. 58-65 C. 25 Proceedi ng as described in exanple
12 abovg, but substituting 3-(tert- butyldinethyl-silyloxy)propanol with
2-(tert-butyl di phenyl silyl oxy)et hanol WO 02/ 10158 PCT/ EPO1/ 08293 60

provi ded 3-(1-nethylindol-3-yl)-4-[3-(§-tert-butyldi phenylsilyl oxy-

et hyl am no) phenyl ] - 1H—pyrro|e 2, 5- dra
3-(1-net hylindol -3-yl)-4-[3- (3 hydrox:- opyl am no) phenyl ] -

1H pyrrol e-2,5-dione,, HON To a sol ution of
3-(1-nmethylindol-3-yl)-4-[3-(3 NH

but yl si | yl oxypr opyl am no) - phen pyr -2)5~d;;3 N ng, 0. 17 mmol ) in
THE (3 m) was added a sol ution of 1\Nltetrabutyla ? | uoride in THE
(5

Tetrapropylammonium perruthenate (0.1'8 g, 5.3 mmol) was added to a
mixture of methylene chloride (20 ml) and ecetonitrile (2 ml) containing 3-~(terz-
10 butyldimethylsilyloxy)-propanol (2 g, 0.01 mmol), N-methylmorpholine N-oxide
(1.76 g) and 4 A molecular sieves. The reaction mixture was stirred at RT
overni ght and then filtered through a pad of silica gel. The filtrate was
concentrated under vacuo to afford 3-(tert-butyldimethylsilyloxy)-propionaldehyde
(13¢g, 66%)
15
Step 2.
A mixture of 3-(1-methylindol-3-y1)-4-(3-aminophenyl)- 1H-pyrrole-2,5-
~ dione (0.2 g, 6 mmol) and 3-(terz-butyldimethylsilyloxy)propionaldehyde (0.25
g,13 mmol) in CHzélz (10 ml) and MeOH (5 ml) was stirred at room temperature
20 for 15 min and then NaCNBH; (57 mg, 1.5 eq) was added. The reaction mixture
was stirred at RT overnight and then concentrated under vacuo. The residue was
purified by preparatory TLC to give 98 mg 3-(1-methylindol-3-y1)-4-[3-(3-zert-
butyldimethylsilyloxypropylamino)phenyl}-1H-pyrrole-2,5-dione (32%) MS
(LSIMS): (M-+HI)* 490; M. pt. 58-65 °C.
25
Proceeding as described in example 12 above, but substituting 3-(terz-

butyldimethyl-silyloxy)propanol with 2-(terz-butyldiphenylsilyloxy)ethanol



m) via a syringe. The. reaction mxture was stirred at roomtenperature
for 1 h and then concentrated in vacuo. The residue was purified by
prepar at owy obli61585 (4%veCH CH2C12) to give PCT/EP01/08293

3-(1- nmet hyl i ndol - 3-yl)-4-[ 3- hydr oxy-

propyl am no) phenyl ] - 1H pyrrol e- 2, 5-di onggwhi ch was converted to HC salt
(29 ng, 41% by dissolving it in MeOH and adding IMHCQ in ether (3 m).
MS(LSIMS): (MtH) + 376, M pt. 180-192 C. 20 Proceedi ng as described in
exanple 13 a . -

met hyl i ndol - gl%ﬁ)de(lpyt(l Hélidu{g ut43 3(§(|]3 tf/né)%;yé?lg%?ﬂygr%ﬂr%},- phenyl ] - 1H pyrr ol
e-2,5- dione Mhylhrmno)phenyl] 1H-pyrrole-2,5-dione. .
3-(1-nmethylindol-3-yl)-4-[3-(3-tert-butyl di phenyl silyl oxyet hyl am no) -
phenyl]-1H pyrrol e-2, 5-di one provided 3-(1-methylindol-3-yl)-4-[3-(2

hydr oxyet hyl am no) phenyl ] - 1H-pyrrol eBampldiidne. M5(LSIM5): (MrH) + 362, M
25 pt. 170.3-170.6 C. WD 02/10158 PCT/ EPOl/ 08293 61 Exarrpl e 14 Synt hesi s
of 3-(1-5met hyl i n%b(ﬂt esisyf B-(-meshylmdel 3 by [3-Grisydsgrprenyiammalphenyiinheny | | -

1H pyrrole-2,5-dione H OHO 5 [

3-(1-net hylindol -3-yl)-4-(3-am nogﬁleﬁ{/ﬂle(%ﬁ‘g?/ﬁole 2,5- dione (0.2 g, 0.6
nmol ) and 4- hydr oxy- 2-but anone (80 ng, 1,5 eq) in di chI oronet hane (15 m)
was added NaCNBH3 (56 ngy, 1.5eq) and the yeaction mxture- was stirred at
RT for three days. The product 3-(1-ngth ingoI-B-yI)-4-13 10 .

(3- hydr-oxy-I-net hyl propyl am no) pheny 1A pyrrol e-2,5-di one was separ at ed
by preparatory TLC (8.9 ng, 3.6% . LC M+ 389. Exanple 15 Synthesis of
3-(1-nmet hylindol -3-yl)-4-[ 3- (2 hy, | et hyl am no) phenyl ]- 15

1H pyrrole-2,5-dione HONO NH

A ‘ OH

10 : To a solution of 3-(1-methylindol- 3-y1)-4-[3-(3-tert-
' buty1s11yloxypropy1annno)-phenyl] -1H-pyrrole-2,5-dione (85 mg,0.17 mmol) in

THF (3 ml) was added a solution of 1 M tetrabutylammonium fluoride in THF (5
ml) via a syringe. The. reaction mixture was stirred at room temperature for 1 h
and then concentrated in vacuo. The residue was purified by preparatory TLC

15 . (4%MeOH/CH,Cly) to give 3-(1-methylindol-3-y1)-4-[3-hydroxy-

. propylarnino)phenyl]-lH-pynole—Z,S-dione which was converted to HCl salt ( 29

mg, 41%) by dissolying it in MeOH and adding 1M HCl in ether (3 ml).
MS(LSIMS): (M+H)* 376, M. pt. 180-192 °C.

20 Proceeding as described in example 13 above, but substituting 3-(1-
methylindol-3-y1)-4-[3-(3-tert-butylsilyloxypropylamino)-phenyl]-1H-pyrrole-2,5-
dione with 3-(1-methylindol-3-y1)-4-[3-(3-terz-butyldiphenylsilylox yethylamino)-
phenyl]-1H-pyrrole-2,5-dione provided 3-(1-methylindol-3-yl)-4-[3-(2-
hydroxyethylamino)phenyl}-1H-pyrrole-2,5-dione. MS(LSIMS): (M+H)" 362, M.

25 pt. 170.3-170.6 °C.



ClG N To a mxture of

3-(l-nmethylindol -3-yl)-4-(3-am nophenyl)-1H pyrrole-2,5- 20 dione (100 ny,
0. 32 mol weapdoiygdr oxyacetone (0.03 m, 1.5 eq) in CH2Cl12 fchzZepoihgoand THE
(5 M) was added NaCNBH3 (28 ngy, 1.5 eq) and the reaction m xture was
stirred overnight. WO 02/ 10158 PCT/ EP01608293 62 The vol atiles were
renoved under vacuo and the residue was purified by preparatory TLC to
give 3-(1-nethylindol-3-yl)-4-[3-(2-hydroxy-I -

net hyl et hyl am no) phenyl ] - 1H pyrrol e- gxanglea@ae (8 ng). LG MS: M+ 375(85. 6% .
5 Exanpl e 16 Synthesis of 3-(1-nethyl-5-chloroindol-3-yl)-4-{3-[((RS)-2, 3-
di hydr oxypr opyl anBymthesiresfi3-(Iyméthylindol-gtd)-4-[3-(3Hbydrex il -raetitylprepyN 90H N H
10 Step 1,: To a room tenperat.ure, SQ 10 fi. 3C oindole (4.97 g) in
dry DVF (40 nl) was added p%?s@gP%nmﬁlﬁ§§?@§?°%§£+“{>§%s (2.76 g) and stirred
1 h until nost of the .15 solid dissolved. The resulting m xture was
cooled to O Cin an ice bath and i odonethane (2.45 nm) was added dropw se
and |ater stirred overnight at room tertberature under argon. The reaction
m xture was poured into water and. ex® eFC twi ce with ETOAc. The ETOAc
portions were conbi ned, washed with watleg{ dried over magnesi um sul f ate,
concentrated, and flash chromat og i\ 10%ETOAc/ Hexane to give

1- net hyl - 5- chl or oi ndol e as a pi ). Step 2

1- Met hyl - 5- chl or 6i ndol e- 3- gl yox S epared by proceeding as
1 hyl - 5-chl oroi ndol e

described in Exanple 12, Step 1, but
To a mixture of 3-(1-methylindol-3-yl)-4-(3-aminophenyl)-1H-pyrrole-2,5-

for 2551- nmet hyl i ndol e.

dione (0.2 g, 0.6 mmoi) and 4-hydroxy-2-butanone (80 mg, 1,5 eq) in
dichloromethane (15 ml) was added NaCNBH; ‘(56 mg, 1.5eq) and the reaction
mixture was stirred at RT for three days. Tﬁe product 3-(1-methylindol-3-y1)-4-[3-
10 - (3-hydroxy-1-methylpropylamino)phenyl]- IH-pyrrole-2,5-dione was separated by
' preparatory TLC (8.9 mg, 3.6%). LC/MS: M" 389.

Example 15
Synthésis of 3-(1-methylindol-3-y1)-4-[3-(2-hydroxy-1-methylethylamino)phenyl]-
15 S . 1H-pyrrole-2,5-dione

To a mixture of 3-(1-methylindol-3-y1)-4-(3-aminophenyl)-1H-pyrrole-2,5-
20 dione (100 mg, 0.32 mmol) and hydroxyacetone (0.03 ml, 1.5 eq) in CH,Cl» (12
ml) and THF (5 ml) was added NaCNBHj; (28 mg, 1.5 eq) and the reaction mixture ~

" was stirred overnight.



Step 3 3-(1-Methyl-5-chl oroindol -3-yl)-4-(3-nitrophenyl)furan-2,5-di one was
prepared by proceedi ng as described in Exanple 12 , Step 2, but

substi t ut wiagh2ho¥ 02/ 10158 PCT/ EP01/ 08293 63 PCT/EP01/08293
met hyl - 5- chl or oi ndol e- 3- gl yoxyl yl chlorlde for 1-methylindol e-3-glyoxylyl
chloride. S10 4 5 - 62

3-(1- Met hyl - 5-chl or oi ndol - 3-yl) - 4- (3 ni trophenyl)-1H pyrrol e-2, 5-di one was
prepared by proceeding as described in Exanples 12, Step 3, but

subst it uti ng e volatiles were remgved under vacuo and the residue was purified by
(1-net hyl - 5-chloroi ndol -3-yl)-4-(3-nitrop hen4d%3furan 5-dione for 3-(1-

met hyl i nﬁo: @rqgaymwy(ﬂamtqglwﬁéhmeﬂwnéﬁ -DYBAdBRAdydroxy- 1St ep 5 A mdxt ure of
3-(1-net
(65 o) ro RSl Rt bRl AR Wik LBy 3 Seg et OT8

stirred and hydrogenat ed at atnospheric pressure using a ball oon (2 h) The
reactiof mxture was filtered t hrough a pad of celite, cooled to 0 C and
KOH 15 pellets were added until pH Example 160l uti on was extracted with

ETOAc, dried (nagn m suI s flash
chr omat ogr aphed w tﬁss oﬁ?%{lj%@@%{}dﬁ&cﬁ]@gggp ?BO(E{SH \?%\2

3- (1- et hyl - 5-chl or oi n@ﬂiydﬁ)xybbopﬂlaﬁﬁno]plmnynpﬁé-pyﬂrioleﬂ-ﬁ -fipne ol e- 2, 5- di one
(495 ng). 20 Step 6 To a roomtenperature solution of

3- (1- net hyl - 5-chl or oi ndol -3-yl)-4-(3- am nophenyl) 1H pyrrol e- 2, 5 di one
(492 ng) in nethanol (250 m) WaSQadde gl ycer al dehyde di ner di ssol ved
y

in water (15 nl) followed by sodi Cy?a or ohydrJ (110 ng) and the

reaction mxture was stirret nder 25/;@5&-.‘ The reaction
Adldi ti odi rer (150 ng) and

bther 6 h, the reaction

appeared to be only 30% conpl
ténoved and the crude residue

cyanobor ohydri de (100 ng) werg
appeared t.o be 50% conpl et e. The I\

was flash chromatographed with 5%lto 7%to 10% McOH/ di chl or o- met hane.
3- (1- MPhy! - 5-chl or oi ndol - 3-yl )-4-{ 3-[((RS)- 2, 3-di hydr oxypr opy!

Step 1.
' To a room temperature solution of 5-chloroindole (4.97 g) in dry DMF (40

ml) was added potassium hydroxide pellets (2.76 g) and stirred 1 h until most of the
15 solid diséolved. The resﬁlting mixturé was cooled to 0 °C in an ice bath and
. iodométhﬁne (2.45 ml) was added dropwise and later stirred overnight at room
temperature under argon. The reaction mixture was poured into water and extracted
-twice with ETOAc. The ETOAc portions were combined, washed with water, dried h
over magnesium sulfate, concentrated, and flash chromatographed with
20 . IO%ETOAcﬂ{exahe to give 1-methyl-5-chloroindole as a pink liquid (5.43 g).

Step 2 ‘ ,
1-Methyl-5-chloroindole-3-glyoxylyl chloride was prepared by proceeding
as described in Examplé 12, Step 1, but substituting 1-methyl-5-chloroindole for
25 l-methylindqle.

Step 3
. 3-(1-Methyl—S-chloroindol-3—y1);4-(3—nitrophenyl)furan-2,5—dione was
prepared by proceeding as described in Example 12 , Step 2, but substituting 1-



30 am no] phenyl }-1H pyrrol e-2,5-di one was obtained as a dark red solid (220
ng). WMBS(El): (MrH)+ 426; M pt. 224.8-226.1 C. WO 02/ 10158 PCT/ EP0O1/ 08293

64 Exanmpl @oloh/19yset hesi s of PCT/EP01/08293
3-(1-met hyl -5-fl uoroindol-3-yl)-4-{3-[((RS) -2, 3-di hydr oxy-

propyl am no] phenyl }-1Hpyrrole-2,5-diom@ 5 NOF O4 O4H NH Step 1

1- Met hyl - 5-fl uor oi ndol e was prepared by proceeding as described in Exanple
16, Step 1, but substituting 5-fluoroindole for 5-chloroindole. 10 Step 2

1- Met hyl - 5-fl. l [ oceedin as
described in léx%ggp?gm 501%024 y%&kylgtljtahgu és??tl\gﬁ?cﬂrl\gﬁ%gﬁ ﬁglyw%l% uor oi ngol e
for 1- methylchddrider oi ndole. 15 Step 3!

3- (1- Met hyl -5-f1 uoroi ndol - 3-yl) - 4-(3- nltrophenyl)furan 2, 5-di one was
prepared by proceeding as described in Exanple 16, Step 3, but substituting
1- methyl -5-fgu ?noi ndol e- 3 gI yoxyI yl chloride for 1-nethyl-5-chloroindole-3
20 glyogllyl chioride, -

3- (1=Metshyl - 5- f1 uot6l Mg:&}ylé Cﬁl‘}mlﬂd?@ W GorsoRhenydiEDyFle2-524180%) one  was

prepared -by pgoc fHo! R @i Eiiﬁéﬁ)ingnl B But pHiRSi tuting

3- 25 (1-net hy? I%jéﬁgljuor’a?rr(l)dol yI )S4 ?3 nitr %enyl ur an- Sgbgg d%ﬂgne for

3- (1- net hyl - 5¢1-mbthgkHichigmiinddl-3F))}-4-3-Bitriphengpiienay2) 3- duoaﬁfqz 356 one.
methylindol-3-y1)-4-(3-nitrophenyl)furan-2,5-dione.

0 Step 5
A mixture of 3-(1-methyl-5-chloroindol-3-yl)-4-(3-nitrophenyl)-1H-
pyfroE—Z,S-dione (865 mg), 10% palladium on carbon (90 mg), and glacial HOAc
(35 ml) was stirred and hydrogenated at atmospheric pressure using a balloon (2 h)
. The reaction mixture was filtered through a pad of celite, cooled to 0 °C and KOH
15 peilets"were added until pH 8. The solution was extracted with ETOAc, dried -
| (magnesium Sulfate), and stripped. The crude was flash chromatographed with 10%
through 20% ETOAc-Hexane to provide 3-(1-methyl-5-chloroindol-3-y1)-4-(3-
aminophenyl)-1H-pyrrole-2,5-dione (495 meg).

20  Step6
' - To aroom temperature solution of 3-(1-methyl-5-chloroindol-3-y1)-4-(3-
aminophenyl)-1H-pyrrole-2,5-dione (492 mg) in methanol (250 ml) was added DL-
glyceraldehyde dimer dissolved in water (15 ml) followed by sodium
cyanoborohydride (110 mg) and the reaction mixture was stirred overnight under
25 | argon. The reaction appeared to be only 30% complete by TLC. Additional dimer ,
(150 mg) and cyanoborohydride (100 mg) were added. After another 6 h, the
reaction apﬁeared to be 50% complete. The solvent was removed and the crude
residue was flash chromatographed with 5% to 7% to 10% MeOH/dichloro-
methane. 3-(1-Methyl-5-chloroindol-3-y1)-4-{3-[((RS)-2,3-dihydroxypropyl-
30 amino]phenyl }-1H-pyrrole-2,5-dione was obtained as a dark red solid (220 mg).
 MS(ED): (M+H)" 426; M. pt. 224.8-226.1 °C.



WO 02/ 10158 PCT/ EP01/08293 65 Step 5

3-(1- Met hyl - 5-fl uoroi ndol - 3-yl') - 4- (3-am nophenyl ) - 1H pyrrol e-2, 5-dione
was prepawerh2layigr oceedi ng as described in Exanple 16, Stqnqﬁgmbygﬂn
substituting 3-

(1-3-(1-net hyl -5-fl uoroindol -3-yl)-4-(36ai trophenyl)-1H pyrrol e-2, 5-di one
for 1 5 nethyl-5-chl oroindol -3-yl)-4-(3-nitrophenyl)-1H pyrrol e-2, 5-di one.
Step 6 3=(1-nethyl-5-fluoroindol-3-yl)-4-{ 3-[((RS)-2, 3-

di hydr oxypr opyl am no] phenyl }- 1H pyrrol e-2, 5-di-one was prepared by
proceeding 10 as described in Exanple 16 , Step 5, but substituting

3- (1- met hyl - 5-f | uor oi ndol -3 yl) - 4- ( 3Exaioplsgfenyl ) - 1H pyrrol e- 2, 5-di one for

3-(1-nmet hyl -5-ch or |nd I yil,) 2 5-di one.
VB(E) (Ve o 4100 prpet Sl Sk ARG (AR S oty

3- (1- net hyl i ndol - 3 yI) 4- [ proffladimofphén dli} el-pyrrold-2.F-dibax ol an- 4-

yl met hyl sul f anyl) phenyl'] - 1H-pyrrole-2,5-dione O N O QN S of 20 Step 1 To
a cold fethanol- (20 nl) at 0 C was added t hi onyl chloride (7 m) dropw se.
After the conpletion of the addithn Nt he reacti,on m xture was stirred at

O Cfor 10 mn, and was thqg adde *thophen epetic acid (4.0 g, 23.8
: room enperat ure overni ght.

nmol ). The resultlng m Xt ure\\wa
Vol atiles 25 were renoved ang Honed bet ween wat er and
ethyl acetate. The organic a0, mashed wi th H20, NaHCG3,
and NaC (sat.) and dried over Ny cHude product was purified on a
silica gel colum with WD 02/10158§ PCT/ EP01/ 08293 66 20% Et CAc i n hexane

to give bis(3-ethoxycarbonyl net hyl phenyl)-di sul fide
Step 1

1-Methyl-5-fluoroindole was prepared by proceeding as described in
Example 16, Step 1, but substituting 5-fluoroindole for 5-chloroindole.
10 '
1-Methyl-5-fluoroindole-3-glyoxylyl chloride was prepared by proceeding
as described in Example 16 , Step 2, but substituting 1-methyl-5-fluoroindole for 1-
' methyl-chloroindole.
15 -
Step 3 |
: 3-(1-Methyl-S-ﬂuorbindol-3-yl)-4-(3-nitrophenyl)furan-Z,S-dione was
prepared by proceeding as described in Example 16 , Step 3, but substituting 1-
methyl-5-fluoroindole-3-glyoxylyl chloride for 1-methyl-5-chloroindole-3-
20 | glyoxyiyl chloride.

Step 4
3-(1-Methyl-5-fluoroindol-3-yl)-4-(3-nitrophenyl)- 1H-pyrrole-2,5-dione
was prepared by proceeding as described in Example 16 , Step 3, but substituting 3-
25 (1-methyl—S-ﬂuoroindol-3-yl)—4—(3-nitrophenyl)furan—Z,S-dione for 3-(1-methyl-5-
chIoroindoI-S-yl)-4—(3-hitrophenyl)furan-2,5-dione.



(4.1 g). Step 2 5 To a solution of

bi s( 3- met hoxycar bonyl net hyl phenyl )di sul fide (4.1 g, 11 mmol) in THE (20
m) and m@ig@neiss(5 M) was added NaBH4 (1.76 g, 4 eq.) angdip¢og®sul ting
m xture was stirred at RT overnight. It was then quenched with NHA4CI (sat.)
and extracted with Et OAc. The Et OAc | aygs was washed with water,

NaCl . (sat.)-and dried over Na2SO4. Columm purificaton with 15% Et QAc in
hexane .10 gave 3.47 g of methyl (3-mercaptophenyl)acetate (84%. Step 3
To a sol utionggf smet hyl . (3-mer capt ophenyl ) acetate (3.47 g, 19 nmol) in N
met hyl pyrrolidrnone (100 m ) were added (R)-2, 2-di met hyl -1, 3-di oxol an-4 15
yl met hyl p-t osyl at®{1-Meti5a-Sefluctoifddep-y)-43-axdagderyl)-9Hgpyrpled.Sydiomkhe

reaction mxture was,heated at 6 Vi ht I om
enper atur o, SHERERGHP PR set daanesirr ot 1§  HERsChR SRkl

| ayer was sep@tﬁ(ﬁﬁmhyvs@sh@@blmm YRt &B-nafphedyal Higgabole-2, 5aticheddr Bd over
Na2SO4. The crude product purified on a_silica gel colum with 10%

Et OAc i P hexaméthyb M?Emgdo}?’gylbf‘ (Rwitrgpherpd)-1H-pyrrole-2, Cdione.

3-(R) -2, 2-di net hyl -1, 3-di oxol an- 4-yl net hyl sul f anyl ) phenyl acetate (92% .
Step 4 Oxalyl chlori de (1.05 eq., 3.64 m) was added dropwi se to a solution
of N nmethylif@pbe (5.1 m, 50 mmol) in diethyl ether (395 m) at 0 C

Yel | ow 25 precipit or e r,t | etion of the addition,
the reaction mxt ]e“\ﬁﬁg'f ngI B‘gé %{?’JR%%B n. The suspensi on was
then dropw Sedlﬁ%ﬂyﬁr@pylﬁnﬁ@]ém%hﬁﬂlﬂf-pﬂﬁﬂb -5- c@cﬁneaﬂmﬂepmdlwpmwamgat 0T

Wiite precipitate was Tforne the reaction m xtu was_stirred at 0 C

an
for 10 H n., afdeseribefén Exgnpledoi SIWPh by sabytitying ﬁkﬁP@VbﬁréMém%d%és added
to extract an el § Ell (sat.),
dried over sogp tzﬂ? eﬁylzgﬁ @%ﬁcee%\??grggyﬁggg}%wgt@o \Aﬁgds?td Pleé\l?gst allized
fromdichl or om}lamnmphﬂdfl)hﬁi@yaoleeﬁ 5-dione MSELY(MFH)" 410; M. pt. 223.2-

N- net hyl i ndol ;)55-08- gl yoxyl am de., WO 02/10158 PCT/ EPO1/08293 67 Step 5

|~

15 S ~ : Example 18
Synthesié of 3~(1-methylindol-3-y1)-4-[3-((R)-2,2-dimethyl-1,3-dioxolan-4-
ylmethylsulfanyl)phenyl]-1H-pyrrole-2,5-dione

20 Step 1 : )
To a cold methanol (20 ml) at 0 °C was édded thionyl chloride (7 mi)
dropwise. After the completion of the addition, the reaction mixture was stirred at
0 °C for 10 min, and was then added 3-mercaptophenylacetic acid (4.0 g, 23.8
mmol). The ‘resulting mixturé was stirred at room temperature overnight. Volatiles
25 were removed and the residue was partitioned between water and ethyl acetate.
~ The organic layer was separated, washed with H,O, NaHCO;3, and NaCl (sat.) and

dried over Na,SO4. The crude product was purified on a silica gel column with



To a solution of N-nethylindolyl-3-glyoxylamde (0.404 g, 2 mmol) in THE
(15 M) at 0 C was added potassiumtert-butoxide (2 m, 1.0 Min THF)
dropw se. wiy @gibpist at e was forned and the reacti on mxturep@zﬁms)mgzrggd at 0
Cfor 55 mn. Mthyl

3-(R -2, 2-di met hyl - 1, 3-di oxol an- 4-yl met gd sul f anyl ) phenyl acetate (0.65 g,
1.1 eq.) was then added, stirred for 5 mn., and was foll owed by the
addition of potassiumtert-butoxide (4 mM, 1.0 M. The resulting m xture

was stirred s @t@Aémh&ahewgﬁv@%(sv\aﬁo@cmwm%ﬁﬁfem’m QisthigRm

tenperature. After:

met hyl " 3- ( R) - @& 2g)di rret hyI 1, 3-di oxol an- 4-yl-net hyl sul f anyl ) phenyl acetate 10
(0.65 g) was added and the reaction m xture was stirred at roomtenperature
overnight. It was then quenched with amonium chloride (sat.) and extracted
with EtOAc. Jieg2organic |ayer was washed with NaCl -(sat.), dried and

concentrated. Columm purifi on with 7/43/5 Et OAc/ CH2d 2/ hexanes
gave 0. 5 g of 3- ( oasglutlono blsg 3-methoxycarbony megly phenyl)disulfide (?1 g1 ?

oty ol - Sl 168 GB1m ot lolFRROE ) Bshe@ONABH Ty BL I pie 20y 15
phenyl)-1H pyrrol'e- 2, 5- di one. e 19 Synthesis of

3-(1- et hyl i nde lresalimg)rmmt{r@W@ R)lr@ achT cmgmighb 1t wscth@x@ead:eql-wnh

yl met hyl sul fi D H- 20 To
a solution of C\P &%@yahh tﬁ%&%{%ﬁhﬁ &%5[?‘ O%)%%q?y%f%naét%as‘f%iw@ %tggol an-
4-yl met hyl suI Nm)ly(bétpfaﬁﬂylh]ad bbtrlw:erzsm &2—02ur5n ﬁmﬁtﬁtdnlxﬂﬁh 5% FOAZ inheXape i N

nmet hanol (5-'m ) and water C was added oxone (16 ng, 1.15
eq.) ald stlgar"éé 4f7cﬁ°fIQ"*‘HB’U@@gﬁaptﬁ@e@’l)@ﬁ@ter(éé@| on nmixture was then

poured into ice 25 water and extracted wi th di chl oromet hane. The organic
| ayer was washed with NaS2O3 (15% aq.), NaC (sat.) and dried over sodium
sul fate. PrepStepBi ve TLC with 2/4/4 of acetone/dichl or onet hane/ hexane gave

45 mg of 3- (1-met hyl | 0qok s 3-h i (3-mercaptophenylacetate (3.47 g, 19 mmol) in N-
methylpyrrolidinone (100 ml) were added tR )-2,2-dimethyl-1,3-dioxolan-4-

15 : ylfnethyl p-tosylate) (6.54 g, 1.2 eq.) and KoCO;3 (7.9 g, 4 eq.). The reaction
mixture was heated at 65 °C overnight. It was cooled to room temperature,
quenched with water and extracted with EtOAc. The organic layer was separated,
washed w1th water and NaCl (sat.), and dried over Na,SO4. The crude product was
punf1ed on a 8111ca gel column with 10% EtOAc in hexane to give 5.2 g of methyl

20 - 3-(R)-2,2-dimethyl-1,3-dioxolan-4-ylmethylsulfanyl)phenylacetate (92%).

Step 4 _
(Oxalyl chloride (1.05 eq., 3.64 ml) was added dropwise to a solution of N-

methylindole (5.1 ml, 50 mmol) in diethyl ether (395 ml) at 0 °C. Yellow

25 precipitates were formed. After the completion of the addition, the reaction
mixture was stirred at 0 °C for 30 min. The suspension was then dropwise added to
a solution of 100 ml of ammonium hydroxide at 0 °C. White precipitate was
formed and the reaction mixtu‘re‘was stirred at 0 °C for 10 min., after the
completion of addition. Dichloromethane was added to extract and the organic

30 layer wasl separated, washed with NaCl (sat.), dried over sodium sulfate and

~ concentrated. The residue was recrystallized from dichloromethane and hexane to

give 5.6 g of N-methylindolyl-3-glyoxylamide.



WD 02/ 10158 PCT/ EP01/ 08293 68 [3-((R -2, 2-di nethyl -1, 3-di ox(;

an- 4-yl met hyl sul fi nyl ) phenyl ]-1H pyrrol e-2,5- dione. M5 (EST): (Mtl)+ 465.
Exanpl e 2Qd2ayi¥ghesi s of PCT/EP01/08293
3-(1-met hylindol-3-yl)-4-[3-((R -2, 2-di nethyl -1, 3-di oxol an- 4-

yl met hyl sul f onyl ) phenyl]-1H-pyrrol e-2,56dione ON OO SAO To a solution
of 3-(1-nethylindol-3-yl)-4-[3-((R)-2,2-dinmethyl-1,3 10

di oxol an-4-yl net hyl sul finyl ) phenyl]-1H pyrrol e-2,5-di one (100 ng, 0.22
mol) in rretﬂ«,}@%gl (20 M) and water (5 m) was added oxone in 5 m of

water at- 0 C resul ting. suspension was stirred at 0 C for 30 mn.
and was al | oned t oloas@iution Ofr%@mﬁﬂ%}éﬁiﬁ@lb’h@ﬁ}ﬁxﬁﬁﬁu@@cﬁoﬁoéc& 2owme) Hburs. The

reactio t
i ahi or orret nahr (FRRi 90 RO Bed SR Bt Gla SO IR BN D )
NaCl (S?d )hladhd dfsbﬁ@r@y;ﬁratesmmfmmm&aheemammxam was Silreed alth°G le754/ 4 of
acet one/ di chl or onet e/ he ve. 40
yl)-4-[3F ((R DR %‘ME@M) ? dmdRgib? anglag}l“ng‘ff “F%‘?Yéi&‘ﬁgmqﬂﬂ BRAS
-1H pyrrole- @& dijong) W%&é&&ded(mafo%n \A@a@%émmdm h&EPO1/ 08293
69 Exanpl e_. 21 Syn he5|s of 3-(1-nethylindol - %‘3@ ((R -2, 3-
|1'

di hydr oxypr op3ddstidrf drnﬂlta)spﬁh@rfyﬂibutoxﬂﬁdfr ol @NQ m@ NXOUE WaPH OH 5
Tol uenesul foni ¢ acl g o Mdudi FAIRRWEE t@w&% B {08 Ofapatule. R4 1 ndol -

hours, methyl 3-(R)-2,2-dimethyl-1,3-dioxolan-4-ylmethylsulfanyl)phenylacetate

0 (0.65 g) was added and the reaction mixture was stirred at room temperature
overnight. It was then quenched with ammonium chloride (sat.) and extracted With
EtOAc. The drganic layer was washed with NaCl (sat.), dried and concentrated.
Column purification with 7/43/50 of BtOAC/CH,Cla/hexanes gave 0.52 g of 3-(1-
methylindol-3-yl)-4-[3-(R )-2,2-djmethy1-1,‘3-dioxolan-4—ylmethylsulfanyl)—

15 . phenyl-1H-pyrrole-2,5-dione. MS(EIL): M* 448.

4 Example 19
Synthesis of 3-(1-methylindol-3-y1)-4-[3-((R)-2,2-dimethyl-1,3-dioxolan-4-
‘ ylmethylsulfinyl)phenyl]-1H-pyrrole-2,5-dione

0]
S
\-’(\O

20
To a solution of 3-(1-methylindol-3-y1)-4-[3-(R)-2,2-dimethyl-1,3-dioxolan-
4-ylmethylsulfanyl)phenyl]-1H-pyrrole-2,5—dione (100 mg, 0.22 mmol) in
methanol (5'ml) and water (2.5 ml) at —10 °C was added oxone (16 mg, 1.15 eq.)
and stirred for 2 hours at —~10 °C. The reaction mixture was then poured into ice
25 water and extracted with dichloromethane. The organic layer was washed with

" NaS;0;3 (15% aq.), NaCl (sat.) and dried over sodium sulfate. Preparative TLC with
2/4/4 of acetone/dichloromethane/hexane gave 45 mg of 3-(1-methylindol-3-y1)-4-



3-yl)-4-{

3-((R) -2, 2-di net hyl -1, 3- di oxol an- 4-yl net hyl sul f anyl ) phenyl ] - 1H pyrrol e-

2, 5-di onewgb@/198ss i n methanol (10 m) and water (1 m) ancgdieroiegesi on
m xture 10 was heated at 50 C for 2 hours. The volatiles were renmoved and
the residue was partitioned between waggr and Et QAc. The organic | ayer was
washed with NaCl (sat.) and dried over sodiumsul fate. The crude product
was purified on a silica gel colum with 10/45/45 of MOH CH2Cl12/ hexane
and further i give

A e A yp@%mflﬂ%ﬁ%@ifh L hlo A PhE R AGYRBR-1.5.

di hydroxypropiycbr&u]lvﬂSa(E)‘B[[)) en)14651H pyrrol e-2, 5-di one (47 mg). MS (El): M+
408. Followi ng the procedure descrl bed above but substituti ng

3-(1- nethylindol' 3-yl)-4- {

3-((R) -2, 2-di net hyl - 1, 3-di oxol an- 4 yEmﬁylzeul fanyl ) phenyl ] - I H-pyrrol e-
2, 5- dlone wth 3-(1- rrethllndol )ig'%y

((R) -2, 2- di mefythesis af 3{loxasthykudp I)-4 [3-((R)-2,2-dimethyl-1,3-dioxolan-4-

3-

ylnethylsulflyl)phenyl]

3 (1- et hyl i ndol - 3-y1 ) 415/F§&K{llrsﬁk&1y%p§eng’l]oﬁ?pgﬁ%ﬂ% -2,5-dione

((R -2, 3-di hydroxypropyl sul-finyl)-phenyl]-1H pyrrol e-2,5-di one. M5 (ESI):
(Mt1) + 425. Foll owi ng the procedure descri bed above but. substi t ut | ng
3-(1-nmethylindol- 25 3-yl)-4-{ o-_N__o

3-((R) -2, 2-di met hyl -1, 3- di oxol an- 4-yl sul f anyl ) phényl ] - 1H pyrrol e-
2,5-dione with 3-(1-nethylindol o

3-((R) -2, 2-di nmet hyl -1, 3-di oxol ax 1.0

yl met hyIsquonyI)phenyI] 1H pyrrola ' a‘x\e_{\

3-(1-net hylindol -3-yl ).-4-[3 WO 02/ 1/5158 PCFFEPO1/ 08293 ° 70

((R) -2, 3-di hydroxypropyl sul fonyl ) - phenyl ] - 1H— pyrr ol (—97#5\ di one. M5 (ESI):
(MH1)} 441. Exanple 22 5 Synthesis of

3-{3-[(2, 3-di hydroxypropyl)am ho] phenyl'}-4-.[5-fluoro-1-(3-

g%/g;)m](-ypr opyl)-1 ’llonads% ution of]3-(JI!_1!f1§X hn%loﬁ?a -4% ?&? 2£_|d1megnyl 19 NOH OH OH

10 ‘ d1oxolan-4-y1methylsulfanyl)phenyl]-1H—pyrrole—2,5-d10ne (100 mg, 0.22 mmol) in
methanol (20 ml) and water (5 ml) was added oxone in 5 ml of water at 0 °C. The
resulting suspension was stirred at 0 °C for 30 min., and was allowed to warm to
room temperature and stirred for 5 hours. Thé reaction mixture was then poured
into ice water and extracted with dichloromethane. The organic layer was washed

5 with NaSZO3 (15% aq.), Na€l (sat.) and dried over sodium sulfate. Preparative TLC
‘with 2/4/4 of acetone/dichloromethane/hexane gave 40 mg of 3-(1-methylindol-3-
yl)-4-[3- ((R) 2,2-dimethyl-1,3-dioxolan-4-ylmethylsulfonyl)phenyl]- 1H—pyrrole-

. 2,5-dione. MS (ESI): (M+1)" 481.



Chl orotri phenyl met hane (14.64 g, 52.5 nmmol) was added at once to a 10

sol ution of 3-brono-1-propanol (6.95 g, 62.5 mol) in pyridine (30 nm)
under arg@u2/18isg solution was stirred under argon for 12 prqufsiedsa
precipitate formed. It was filtered and washed with pyridine. The filtrate
was stripped and conbined wth the pregous precipitate. This substance
was. purified via colum chromatography (Si02, 5% CH2C12 / Hexane then 10%
CH2C12 / Hexane). The 15 colorless oil (5.2 g) was allowed to solidify and
was recrystallized from hexane to prRMhsieostihe protected al cohol (5.2 Q).
Step 2 To a solution of sodium hydride S_GO% 0.44 g, 10.9 mml) in 20

di et hyl f or mami de (8 nl )Symthgeis ofp-gbmestylipdedd-vRpldr@®u?-é- was added 5-
fluoroindole (0.98 g, 7.25 i i ide (10 m). The
resultant solution was sti %&]@8&%@8@%@‘}% cooled to O T. The
brom de (Step 1- above, 4.15 g, 10HSymolkeld,5idiondi net hyl f ormami de (15 nml) was
added and the reaction was allowed to cone to roomtenperature and stir
for 12 hours. The 25 mi xture was poure(,‘{I in water (200 M) and extracted
with ethyl acetate (2X). The orgafiS0kfd on was washed with water (2X)
and dried (brine, MgSH). Eva at i on—under reduced pressure provided a
colorless oil (4.9 g) which wag WH-Qg w8 . PCT/ EP01/ 08293 71 purified

t hrough chromat ography (Si 02, 5 @ ielding the indole as a
white solid (2.98 g). Step 3 5 Thenal kyl a fl n e (Step 2 - above)
was converted to the nitroary'|l ihdole through pr dures previously
descri bgd irn Exanple 7, steps 1-3. Step 4 A suspension of nitroaryl indole
(Step 3°- above, 0.7 g, 10.7 nmol), 10 triirondodecacarbonyl (0.65 g, 1.3
mol ), and absolute ethanol (30 m) was refluxed overni ght under argon.

The hot m xture was filtered through a Buchner . funnel ked tightly. with
celite and washed Tolyenesyltoniaacid &Btni‘g)ﬁ"@ts aﬁ‘é"tdrfaﬁéf’ﬁlgﬂ’ad ﬁ'gf'@h}'élﬁg&—( | Et OAc
until nost of; e of ARYS XARINYNES-diSERMEALyEMRAGI A} 9Phenyl]- 1H-pyrrole-

2,5-dione (60 mg) in methanol (10 ml) and water (1 ml) and the reaction mixture

10 _was heated at 50 °C for 2 hours. The volatiles were removed and the residue wés
partitioned bétween water and EtOAc. T he organic layer was washed with NaCl
(sat.) and dried over sodium sulfate. The crude product was purified on a silica gel
column with 10/45/45 of MeOH/CHéCMhexane and further purified by
recrys'tallizatioh from CH,Cly/hexane to give 3-(1-methylindol-3-y)-4-[3-((R)-2,3-

15 - dihydroxypropylsulfanyl)pl}enyl]-1H—pyrrole—2,5-dione (47 mg). MS (EI): M" 408.

Following the procedure described above but substituting 3-(1-methylindol-
3-y1)-4-{3-((R)-2,2-dimethyl-1,3-dioxolan-4-ylmethylsulfanyl)phenyl]-1H-pyrrole-
| 2,5-dioﬁe with 3—(i-methylindol—3-yl)—4-{3-((R)-2,2—dimethyl-1,3-dioxolan—4—
20 ylmethylsulfinyl)phenyl]-1H-pyrrole-2,5-dione gave 3-(1-methylindol-3-yl)-4-[3-
((R)-2,3-dihydroxypropylsulfinyl)—phenyl]-1H—pyrrole-2,5-dione. MS (ESI):
(M+1)* 425. '

Folldwing the procedlire described above but substituting 3-(1-methylindol-
25 3-y1)-4-{3-((R)-2,2-dimethyl-1 ,3-dioxolan-4-ylmethylsulfanyl)phenyl]-1H-pyrrole-
2,5.-dione with 3-(1-methylindol-3-y1)-4-{3-((R)-2,2-dimethyl-1,3-dioxolan-4-
| ylmethylsulfonyl)phenyl]-1H-pyrrole-2,5-dione gave 3-(1-methylindol-3-y1)-4-[3-



of the volatiles under reduced pressure and. purification via

chromat ography (Si 02, 15 CH2Cl12, then 1% MeOH / CH2Cl2 , then 2% MeOH /
CH2C12) vywel @adidshe aniline as an orange solid (0.43 g). potaro?/08293

DL- gl ycer al dehyde(0.25 g, 1.38 mml) in water (30 m) was added to a 20
solution of the aniline (Step 4 - above;00.43 g, 0.69 mol) in MeOH
(compl etely dissolved) under argon. The reaction was stirred for 30

m nut es, sodi um cyanoborohydride (89 ng, 1.38 mml) was added and the

m xt ure was r .essure and
purificati ons(pﬁ)ri ?qhﬁﬁF%y%%’B?% ragﬁﬁ 2 %?@H gg}ﬁ,j@@e_{ %%%%9597150 5% NHACOH)
provi ded t he @d)” @Asl 25 an orange foam (295 ng). Step 6 To a room
tenperature solution of the diol (Step 5 - above, 0.245 g, 0.35 mmol) in
met hyl ene chloride (10 m ) under argon was added trifluoroacetic 30 acid
(0.16 m, 2.22 mmol) followed by tri Exu@pleaetic anhydride (0 3 m 2.11
nmol ) . The reaction was stirred for. 10 m nutes, _cool

triethybanmi e (Iynéhesisf dds- [é%i%l'éﬁlydq%‘épwwﬁmﬁﬁ]%yléﬁr[ﬁr%f?‘ér(315 m nut es,
water (0.5 m) was ad MeOH (10 m).
Evaporation of the volqﬁltq{osggr Eﬂzﬁﬁﬂlg %h%?dsyP% ged a crude
reaction residue. This was WO 02/ 101ﬁ8 PCT/ EPOl/ 08293 72 dissolved in
nmet hyl ene chl ori de, washed § th ~. eNB% and evaporated in vacuo. The
resultant material was disso get hyl ene chl ori de/ net hanol (50% and
treated with triethylam ne. and, evapor at ed under reduced
pressure. Purification-via & 7 N 02, C12 then 5% McOH
CH2C12) provided 5 the. free base: rochloric acid in ether
(1M 2 eq.) followed by renoval of the vol atiles GHel ded 3-{
3-[(2, 3-di hydr oxypr opyl ) ami no] phenyl } - 4-[ 5-
fl uoro-1-(3-hydroxypropyl)-1Hipdol -3-yl]-1H pyrrol e-2,5-dione (94 ng). M
pt. 118-125 C MS(El): (M:H} 454. 10 Exanple 23 Synthesis of
3-(5-fluoro-Il-methyl-1Hi ndoI 3-yI')-4-[3-(4-hydroxypi peridin-I-

Stepl = A
Chlorotriphenylmethane (14.64 g, 52.5 mmol) was added at once to a

10 " solution of 3-bromo-1-propanol (6.95 g, 62.5 mmol) in pyridine (30 ml) under
‘ argon. The solution was stirred under argon for 12 hours and a precipitate formed.
It was filtered and washed with pyridine. The filtrate was stripped and combined
with the previous precipitate. This substance was.purified via column
chromatography (SiOz, 5% CH,Cl, / Hexane then 10% CH;Cl, / Hexane). The
15 .colorless oil (5.2 g) was a]léwed to solidify and was recrystallized from hexane to

provide the protected alcohol (5.2 g).

© Step2
To a solution of sodium hydride (60%, 0.44 g, 10.9 mmol) in

20 dimethylformamide (8 ml) under argon at room temperature was added 5- '
fluoroindole (0.98 g, 7.25 mmol) in dimethylformamide (10 mi). The resultant
solution was stirred for 1 hour and then cooled to 0 °C. The bromide (Step 1-
above, 4.15 g, 10.9 mmol) in dimethylformamide (15 ml) was added and the
reaction was allowed to come to room temperature and stir for 12 hours. The
25 mixture was poured in water (200 ml) and extracted with ethyl acetate (2X). The
© organic solution was washed with water (ZX) and dried (brine, MgSOy).

Evaporation under reduéed pressure provided a colorless oil (4.9 g) which was



yl ) phenyl | -1Hpyrrole-2,5-dione HF ONO NOH N Step 11 15 To a room
tenperature sol ution of 3-bronophenethyl alcohol (1.22 g, 6.05 mmoles) in

met hyl enewghjapisde (20 m ) and di hydrofuran (2.54 g, 30. 3 pitm@shs208as
added p-tol uenesul fonic acid nonohydrate (11.5 ng, 0.06 nmoles). The

reaction was stirred for 30 mnutes fol lawed by the addition of ether (50
m). The organic solution was washed with saturated aqueous sodi um
bi carbonate solution 20 (50 m), dried (MySO4), and evaporated under

reduced press [ Sdol
chromat ogr ap hwr?sédggl%ﬂ %b lelErto %%\E:oéf QH%%I 6(1%1?3 %W%&dﬂ@%&%g&h@ e ®

2- [ 2- ( 3- br onophbity sYlst @PByEt et r ahydr o- 2H- pyran, as a colorless liquid (1.4

g). Step 2 25 The tetrahydropyran (Step 1- above, 0.40 g, 1.97 mmoles),

BI NAP (90 ng, 0.295 mmoles), Pd2(dba)3 (90 ng, 0.0486 mmol es), anhydrous

sodi umt - but 03 1eg (0.28 g) were suspended in toluene (20 m) under argon.
yl

4-{ [terst butyl (di phenyyihetkmbiondaPisagy dumse) Qaﬁaongeneh t81hémﬁbﬁ?l) was

t hen added and the reaction was stirred at 100 C for_ 12 hours. Arter

cool i ng to. roBWprledhgeaghpigeedureyprevipusiy decriet/iEEgampg Yosgeps7B3et her (50 n)
was added, the reaction m xture was filtered through celite and washed

w t h addi ti onal - ether (25 ml ). Evaporation under reduced pressure and
purification Btepdugh chromatography (Si 02, 5%to 7% Et OAc / Hexane) yi el ded

4I { gteﬂt I iouth yl (ldj}mhqmmbﬁbfmtrbmylnhslb{Steﬁ8[—2ab()tre10r'ag1y16t’70mﬂidl)pyr an-2 5

yl oxy) et hyl | pheny piperidine as a tan_o 4 | es) . Step3
A, sol utd on- om"qugo‘ﬁﬁ%‘gfl?oﬁb’ 006 dp} ’?m"l)afﬂﬂ/% lﬁte(ﬁaﬂqa&o&%g %I es) in
acetic acidf k@lﬁx&é’&‘é&%ﬁéﬁtﬁﬁﬂéﬂ’@g&{ The héi ko8 a8 Hiltbre8 thriled Badhgen at 50 C.
for 24 hours. 10 After renoval "of the volatiles via evaporation, toluene

was added andfuninel packesktighfly with celite and washed several times with hot methanol and
hot 50% MeOH / EtOAc until most of the orange color was removed. Evaporation
of the volatiles under reduced pressure and purification via chromatography (SiO»,
15 CHyCl, then 1% MeOH / CH,Cl,, then 2% MeOH / CH,Cl, ) yielded the aniline
' as an orange solid (0.43 g). '

Step5 - A - .
DL-glyceraldehyde(0.25 g, 1.38 mmol) in water (30 ml) was added to a

26 solution of the aniline (Step 4 — above, 0.43 g, 0.69 mmol) in MeOH (completely
dissolved) under argon. The reaction was stirred for 30 minutes, sodium
- cyanoborohydride (89 mg, 1.38 mmol) was added and the mixture was stirred for
12 hours. Evaporation under reduced pressure and purification through
chromatography (SiOz, 5% MéOH/ CH,Cl,/ 0.5% NH4OH) provided the diol as
25 an orange foam (295 mg).

Step 6
: To a room temperature solution of the diol (Step 5 — above, 0.245 g,

0.35 mmol) in methylene chloride (10 mi) under argon was added trifluoroacetic

30 acid (0.16 ml, 2.22 mmol) followed by trifluoroacetic anhydride (0.3 ml, 2.11
mmol). The reaction was stirred for 10 minutes, cooled to 0 °C and triethylamine
(0.6 ml) was added. The solution was stirred for 15 minutes, water (0.5 ml) was
added and the reaction was poured into MeOH (10 ml). Evaporation of the

volatiles under reduced pressure yielded a crude reaction residue. This was



was evaporated a second tine. Purification via flash chromatography (Si 02,
10% Et OAc / Hexane) yielded the primary al cohol (0.42 g, 0.914 mmol es).
Step 4 15wb2a08ssC sol ution of the al cohol (Step 3 - abovenc1ephoghes 0. 914
mol es) in acetone (6 m) was added Jones Reagent (1.9 M 1.05 m)

dropwi se. The solution was stirred at @Z for 1 hour, warned to room
tenperature and allowed to stir for an additional 2 hours. |sopropanol (10
m ) was added dropwi se, the reaction was filtered through celite and

washed with %%%&N@&m(xf}&hﬂ‘eﬂe chi&gad, watHeatvlth el 899 vad evpoted Mdatsud educed
pressure, water was added and.the m xture was extracted with ethyl acetate

(2X). The or @“énmr@submtmatml Wwas digpqlead lpmqthbéenq\@m/m%th@d 8Mpandt ed in
vacuo to pro } nmol es). 25
Step 5 To a \r{}gg%d&g%g%g?l%%ﬁéég‘l %ﬁ@n gitgdg}ng&e?getdggcd IS)W“gsqnf)ove 100 ng,
0.21 mmol es)Putificatiinlyd dﬂema:ﬂogmpherSiO& @M)Cluﬂldreﬁ%dwgeﬁl MbChzd;imdldadal yl

0'C andSamottiesiyar okgon of &b e D 80 IR ur o vas

stirred at. rogihwl of BERSLaflyyR1ddrs-{a- tt]Q@Lmﬁftﬂoﬁy@w%rﬁﬁ’o Eﬂd@[}-dt—?siUCEd

pressure. The crude mxture “was di ssolved in nethylene ¢ Iorlde f||tered
and evapor at dtorerl(Zbudroxyrropyd)-dHtipndol-Zayil-d &- E}Q‘ml‘k’rzﬁgdloﬂﬁ P4 Pt

02/ 10158 PCT/ Q32 4 To a 0 C solution-of 1- rret hyl.i ndol e
(7.58 g, 5 ,}quég)é ﬁé&lﬁ@ %%f&f%s m ) under argon was added oxal yl

chl ori de (4 36 m, 50 nmoles) slowly. The resulting suspension was stirred
for 30 m nutes. After cooling to -65_C, sodium5 nethoxide (22.9 m, 100
mol es,1025% i n MeOH) was added dropvﬁé@nﬁﬁ 23 rate to nmaintain -60 C. After
the addition 65 81 PA-iMaI-33)1) QY8 da it dd&?{» efi@nl100M

t enperature. \A@gmgl%lﬂr%ﬁg 9&%81 terl mas?a}edd\ergq(S 2 d the crude
m xture was stirred then fil tgt)phbnyﬂ]h]d{-pmelb{?aﬁﬁdlosol id was washed with

water, ether and then air dri ed Puwfl cation of the crude product via
fl ash chronmat ography

. Step 1 "
15° To a room temperature solution of 3-bromophenethyl alcohol (1.22 g, 6.05

mmoles) in methylene chloride (20 ml) and dihydrofuran (2.54 g, 30.3 mmoles)
_was added p-toluenesulfonie acid monohydrate (11.5 mg, 0.06 mmoles). The
reaction was stirred for 30 minutes followed by the addition of ether (50 ml). The
organic solution wae washed with saturated aqueous sodium bicarbonate solution
20 " (50 ml), dried (MgSQy), and evaporated under reduced pressure to an oil (3.5 g).
This was purified via flash chromatography (SiO;, 4% EtOAc /Hexane) providing
2-[2-(3-bromophenyl)ethoxy]tetrahydro-2H-pyran, as a colorless liquid (1.4 g).

Step 2 :
25 The tetrahydropyran (Step 1- above, 0.40 g, 1.97 mmoles), BINAP (90 mg,

0.295 mmoles), Pdx(dba); (90 mg, 0.0486 mmoles), anhydrous sodium z-butoxide
(0.28 g) were suspended in toluene (20 ml) under argon. 4-{[zerz-
- butyl(diphenyl)silylJoxy } piperidine (0.67 g, 1.97 mmoles ) was then added and the

reaction was stirred at 100 °C for 12 hours. After cooling to room temperature,



10 (Si02, 20%to 40% et hyl acetate/Hexane - gradient) provided nethyl
(1-methyl - 1Hindol -3-yl)(oxo)acetate as a solid (9 g, 41.4 mmoles). Step 7
To a 0 C glogmabigl (1-nethyl-1Hindol-3-yl)(oxo)acetate (Jcapkwipgoove, 15
51.3 ng, 0.237 mmles) and 2-[ 3-(4-{ '

[tent-butyl (di phenyl)silyl]oxy}piperidi@3l- yl)phenyl]acetam de (Step 5 -
above, 93.3 ny, 0.197 moles) in tetrahydrofuran- (10 m) was added
dropwi se a solution of potassiumt-butoxide (0.59 m, 0.591 mmoles, 1 Min

THF) . The reqgll o0 WHSvaR blifide theabsdiion Mik@PDeIATIES thifugh 2eltOURs. Véter-was
added to the suspension and the m xture was extracted wth ether (2X), 20

dried (brinewask8odith addiapl atheo@S ofl).tHveperatien yridesredhendpresserg@dd pressure

and purificati.on via, fl chr omat ogr y i 9 :
provi ded the pupﬁ%ﬂog%?rgﬂgﬁrgﬁ?rog{a%,%pﬁ%ﬁ@g,) 5&’2{)2%3% é% io an?)gg%ng%ﬁfper ature
ot rahydr of ur o (3 ML o ot gan waS added 1 ot 1 ahut | yanmont um f 1 tor |

' er argon was adde rabu ammoni um f | uori de
(0.122 #, oYiexyetki Pylipmei‘ﬁln?ﬁﬁf??am@e(%ﬁgé& f%ﬁ%& stirred for 12
hours and then water (25 m) was added. The m xture was extracted with
ethyl acetate (2X), dried (brine, MySO4), and evaporated in vacuo. 30
PurificationSdp3he resultant product via flash chromatography (Si02, 4%
MeOH / CH2C12) prAosolatiah of the piperidine (Step 2 — above, 0.64 g, 1.18 mmoles) in acetic

3-[3- (4- hydroxypi peridin-1-yl)phenyl ]-4-(1- met hyl - | Hj - 3-
yl)-1H pyrr ola@-dﬁ?@wgaﬁlévaégr&%j‘ér“] 3 2‘9‘4@1 Rgler %’gﬁﬁiﬂ%édr;ﬁg*oégﬁt hoygs. ot .
136- 1411% C.. !X@(éf&érhm(%ﬂh’é VoPiles VR 82pd@AES 1dlbcHe FRRHIBRPER thd Ractloranpl e 24
H ON X", N40 OH OH
was evaporated a second time. Pun'fication via flash chromatography (SiO;, 10%

EtOAc /Hexane) yielded the primary alcohol (0.42 g, 0.914 mmoles).

. Step4 A :
15 ~ To a0 °C solution of the alcohol (Step 3 — above, 0.42 g, 0.914 mmoles) in

Aacetone':(6 mD was added Jones Reagent (1.9 M, 1.05 ml) dropwise. The solution
was stirred ‘at(0°C for 1 hour, warmed to room temperature and allowed to stir for
an additional 2 hours. Isopropanol (10 ml) was added dropwise, the reaction was
filtered through celite and washed with acetone (40 ml). The filtrate was

20 evaporated under reduced pressure, water was added and the mixture was extracted
'with ethyl acetate (2X). The organic solution was dried (bﬁne, MgS0O,), and
evapofated in vacuo to provide the carboxylic acid as a solid (100 mg, 0.21

mmoles).

25 - Step5
To a room temperature solution of the acid (Step 4 — above, 100 mg, 0.21 .

mmoles) in methylene chioride (5 ml) under argon was added oxalyl chloride (22
ul) dropWise. The reaction was stirred for 2 hours, cooled to 0 °C and ammonia
hydroxide (0.5 ml) was added dropwise. The mixture was stirred at room

30 temperature for 1 hour and evaporated under reduced pressure. The crude mixture
was dissolved in methylene chloride, filtered and evaporated in vacuo to yield the

- amide (94.5 mg, 0.2 mmoles).



Fol I owi ng the procedure described in exanples 1 and 2, but substituting N5
nmet hyl i ndol e with N-nethyl -5-chl oroi ndol e and N-nethyl -5-fluoroindole in

step 4 ofyopeAase 1 gave PCT/EP01/08293
3-(1-net hyl -5-chl oroi ndol -3-yl)-4-{3-[ ((R) - 2- hydr oxy- 2-

hydr oxymnet hyl ) et hyl oxy] phenyl } - 1H pyrr of4- 2, 5-di one (M5 (El): (MH) + 427);
and 3-(1-nethyl-5-fluoroindol-3-yl)-4-{ 3-[((R)-2-hydroxy-2-

hydr oxynet hyl ) et hyI oxy] phenyl }-1H pyrrole-2,5-dione (M5 (El): (MtH) + 411),
10 respectivegl, @é npl e 25 Synt hesi s of- ‘

gr(()gylrr?;&oﬁg] phenyP) 1&19(51?@%{&) &ﬁ?@h%éfge%lﬁgo@%ﬁ\i Cﬁggiﬁl d&ethgf)agt ep 1 A
m xture of Silptidexyigon dalk ad@damalybahibiide (ASi6dn], GOmmc’ﬂa:s)z’sldwtpl’ljheand basi ¢

copper (11) carbonate(OG g) was heated to 230 _C-24 N2 for five to
si X hours AFQSé]ftméébﬁpleﬁﬁjon W& stirgeh fp 3vgumpites cRIGTFRN %t‘i ‘éit%doq/ﬂ”?lh benzene

oS S e oL S FRNSAEST SR U kb fhasts colum

I(—Igi ag (% Et- Séc (mEaiﬁg't&n((iGG |°C)edkfpﬂf clebLeaititiob Wl tvaplpien thel reactipa wias @)lowedstoobt ai ned
M++1) 148. Step.2 5 To a_solution o - th i ndole (1
g, 6.8 nmol) WaFmgo FROTR feTIpGRat e aRd Stgé%%ih%f é’ggtFEWPﬁWM?Qj@ g, 2. 4(

eq.) and net hylqe 'n‘ﬂﬁfug@wﬁg'sd%ed tﬂé}l #PRAA), -The FERIEASIBiR WY V\fﬁ‘stédWﬂI waer stirred

at room tenperature overni After renoving volatile, the resi due was
dil uted wit h efeOdal thmdamdshcédeftchnmwféhe ¢ profivet vieflgdrihsomatogapiyas dri ed

an congent gkl b, 2 495 L R ¥eS FRADA Yok b L bibighe 8

(El): +1)
1H-indol-3-yl)(oxo)acetate as a solid (9 g, 41.4 mmoles).

Step 7 o ‘
To a 0 °C of methyl (1-methyl-1H-indol-3-yl)(oxo)acetate (Step 6 —above,

15 51.3 mg, 0.237 mmoles) and 2-[3-(4-{[tert-butyl(diphenyl)silylJoxy }piperidin-1-
”yl)phenyl]acetarmde (Step 5 —above, 93.3 mg, 0.197 mmoles) in tetrahydrofuran
(10 ml) was added dropwise a solution of potassium z-butoxide (0.59 ml, 0.591
mmoles, 1 M in THF). The reaction was stirred at room temperature for 12 hours.
Water was added to the suspension and the mixture was extracted with ether (2X),

20  dried (brine, MgSO,). Evaporation of the volatiles under reduced pressure and
‘purification via flash chromatography (SiO2, 1% MeOH / CHZCIZ) provided the
indole (54 mg, 0.084 mmoles).

" Step8
25 To a room temperature solution of the indole (Step 7 — above, 52 mg,

0.0812 mmoles) in dry tetrahydrofuran (3 ml) under argon was added ,
tetrabutlyammonium fluoride (0.122 ml, 0.122 mmoles, 1 M in THF). The reaction
was étirréd for 12 hours and then water (25 rrﬂ) was added. The mixture was
extracted with ethyl acetate (2X), dried (brine, MgSQ4), and evaporated in vacuo.
30 Purification of the resultant product via flash chromatography (SiO2, 4% MeOH /
CH,Cl,) provided 3-[3-(4-hydroxypiperidin-1-yl)phenyl]-4-(1-methyl-1H-indol-3-
. yI)-1H-pyrrole-2,5-dione as a powder (29.9 mg, 0.0745 mmoles); M. pt. 136-141
°C: MS(ED: (M+H)" 402.



Step 3 3-(5-nethoxy-I-nethylindol-3-yl)-4-(3-nitrophenyl)furan-2, 5-di one
was prepared by proceeding as described in Exanple 7, step 1 and 2, but
substi t ut Wwah2ao1s85 et hoxy- 1- met hyl i ndol e for 1-net hyl i ndglayrihegoé

3- (5- et hoxy- | -met hyl i ndol - 3-yl') - 4- (3-ni trophenyl) - 1H pyrrol e- 2, 5- di one was
prepared by proceeding as described in Bsanple 7, step 3, but substltutlng
3-(5- 20 net hoxy-I-nethylindol-3-yl)-4-(3- nltrophenyl)furan 2,5-dione for
3-(1 nmethylindol-3-yl)-4-(3-nitrophenyl)furan-2,5-dione. Step 5
3-(5-nmethoxy- | -nethylindol-3-yl)-4- (BE%EM&g@QenyI) 1H pyrrole-2,5- 25

di one was prepared by proceeding as described in Exanple 7, step 4 but
substituting

3- (5-net hoxy-1 - net hylindol - 3-yl)-4- (3 nihrophenyl)-lk#pyrrole-2,5- di one
for- 3-(1-nethylindol-3-yl)-4-(3-nitrgophe b-1H pyrrol e-2,5-dione. Step 6
30 3-(5-nethoxy-I-nmethyl-I|Hindol - 3- yI) 4-1 3-[(2, 3-di hydr oxy
propyl)am no] phenyl }-1H pyrroke-2, 5- d|ane was prepared as described in
Exanple 7, step 5, but substitu : “ox -| - met-hyl i ndol - 3-yl) -4,
(3-am nophenyl ) WO 02/ 10158 PCT/ H 0829 4 pyrrOtie- 2, 5-di one for

3- (1- et hyl i ndol - 3-yl ) -4-(3-am nop enyW) 1Hpyrrolex 2, 5- dlone MS (El): M
421 Foll owi ng the procedure described above, but suﬂ@iltutlng

5- et hyl i ndol g- boxyli ' - | i i d
e 70 T RO A R Y B 0 €
3-[(2, 3-di hydﬂhemyhmm@ymhamrmiypﬁemwml}ldom bingd I methgk-5-Blibrottidotedin step4( El ) :

oS, Sopr OpoSXAIRE hE i magE - chloroindel 3w ARy droxs 2

propyl) ani no] pfesymdihshikuRELahien g SrEdboRsle ,5-dione (MS (ED): (M-+H)" 427);
and 3~(1-methyl-S-ﬂuoromdol-S-y1)~4-{3-[((R)-2-hydroxy—2—
hydroxymethyl)ethyloxy]phenyl}-1H—pyrrple-2,5-dione (MS (ED: (M+H)" 411),

10 ° respectively.

Example 25

Synthesis of 3-(5-methoxy-1-methylindol-3-yl)-4-{3-[(2,3-dihydroxy-
15 ' propyl)amino]phenyl }-1H-pyrrole-2,5-dione

20 Step 1 , .
A mixture of 5-methoxylindole-2-carboxylic Acid (6 g, 31.4 mmol) and

basic copper(Il) carbonate(0.6 g) was heated to 230 °C-240 °C under N, for five to
. six hours. After cooling, the resulting black gum was treated with benzene and

filtered. The filtrate was concentrated and purified by flash column with 9/1



OONONSOH OH 15 Step 1 A m xture of 3-methyl-4-nitrophenol (4.59 g,
0.03 nol) and 2- bronopropane (4.06 g, 0.033 nol) was refluxed with

pot assi umyeanhemgte (10 g) in acetone (200 m) for 5 hourger/éoli@g20600! i ng,
the reaction mxture was filtered through celite and the residue was

purified by flash colum (9/1 of Hexanef&t OAc) 20 to afford 3.42 g of
4-i sopropoxy-2-nethyl -1 -nitrobenzene (58.5%. Step 2 A m xture of
4-1 sopropoxy-2-net hyl -1-nitrobenzene (3.55 ¢g,0.018 nol) and

ter - DUt OXY DiFh{t Pl b AR AHTROADE & Mk dUARARALI Smbfindigur s and

the 25 volatile was renove brown residue was dissolved in THE
(150 nl) and (By @) oge nbteagd (6167 MAUED LadblR of 10% Pd on CGarbon with -H2
in a balloon. After stirring at roomtenperature overnight, the catal yst
was filtered off and the WD 02/ 10158 PCT/ EP01/08293 78 filtrate was
concentrated gigpafford 3.07-g 5-isopropoxyindole (96% . 'MS(El): (M++1)
176. Step 3 ,. 5 The procedure described in Exanple 24, step 2'through step
6 was ol | owed, b2 salionof Jrmeiboxyindelsd & 8:8ynmab| @ & Bt oEDMEt WeRyi ndol e to

provide 3-(5- H&gﬂitﬁ’sg bR a0Lo2 N9 53y Mdaétndl iodide (1 ml, 16 mmol),

3-[(2,3-di hy rdox - pr o%ﬁ?}ém&ﬁo %)hen%/}l Qk}e-qi)l-l- pyr r%llg- 2? g di’onél?mlo\/% (E): M

449. 10 Exanplhe resuliBgrhixése wapftirred at room temperature overnight. After removing

3- (1 methy1 - ol VL hadc (3 (R 2ol VB ABY SRR W 0, TR pheny
organic layer was dried and concentrated to afford 0.9 g (82%) 5-methoxy-1-.

10 methylindole. MS (EI): (M*+1) 162.

Step3
3—(5-meth0xy-1-methylindol-3-y1)—4—(3-ﬁitrophenyl)furan-Z,S—dione was
prepared by proceeding as described in Example 7, step 1 and 2, but substituting 5-
15 : rneihoxy—l-methylindole for 1-methylindole.

3-(5-methoxy-1-methylindol-3-y1)-4-(3-nitrophenyl)-1H-pyrrole-2,5-dione was

preparéd By préceeding as described in Example 7, step 3, but substituting 3-(5-
20 methoxy-1-methylindol-3-y1)-4-(3-nitrophenyl)furan-2,5-dione for 3-(1-

‘methylindol-3-y1)-4-(3-nitrophenyl)furan-2,5-dione.

‘ Step 5

3-(5-meth0);y-1-methylindol-S-y1)-4-(3—aminophenyl)— 1H-pyrrole-2,5-

25 dione was prepared by proceeding as described in Example 7, step 4, but
substituting 3-(5-methoxy-1-methylindol-3-y1)-4-(3-nitrophenyl)-1H-pyrrole-2,5-
dione for-3-(1-methylindol-3-y1)-4-(3-nitrophenyl)-1H-pyrrole-2,5-dione.

Step 6 ‘
30 3-(5-methoxy-1-methyl-1H-indol-3-yl)-4-{3-[(2,3-dihydroxy-
_ propyl)amino]phenyl }-1H-pyrrole-2,5-dione was prepared as described in Example
7, st'ép‘ 5, but substituting 3-(5-methoxy-1-methylindol-3-yl)-4-(3-aminophenyl)-



OH 15 Step 1 To a nethanol solution (25, mM) at 0 C was dropw se added
thionyl chloride (9.6 mnm, 0.13 nol). After 15 m nutes,

3- hydr oxywy ¢¥Bbixg! benzoic acid (4 g, 0.033 nol) was addedcantboi 093
resulting mxture was stirred at roomtenperature for 24 hours. Volatile
was renoved under vacuo and the residue7mas partitioned between water 20
and ethyl acetate. The organic |ayer was separated, washed with water and
sat urated sodium chl oride solution, and was dried over sodium sul fate.

After concent , g d ;

di chl or onet hgrlffeﬁgﬂr(gg 2h§e§§3‘gf#§ l%gqgﬁﬁdéﬂ\@sng%xﬁslﬁlpmm 11§ pffble

3- hydr oxy- 2- rﬁai-kl;phbeMScﬁEI)eMZlBlSt ep 2. To a.solution of nethyl

3- hydr oxy- 2- net hyl benzoate (3.0 g, 18 mml) in N-nethyl pyrrolidi none (30
m ) was added' (R)-2, 2-di net hyl -1, 3-di oxol an-4- ylnethyl p-tosylate (6.2 g,
1.2 eq.), anCFd‘ll@Lvln@Nﬁé' Piéed@@@@scﬁﬁecﬁalﬂweaﬁﬁsﬂbstlﬁftlhgb' lhé‘tﬁyﬁ-fﬂow 10158

PCT/ EPO1/ 08293 '79 meure was heated at 96& "C overni it vvas cooled to
r oom t efper ataarboxyliejpithEnSameerylindole-Zersbeariciaciddm sigp géffﬂ@@ﬁ 3#26-and

Et OAc. The or t y;ﬁﬁ;] E‘;EAE Ny el sat.),
and then dri cgl% gl i%agio&mﬁiﬁ p@r%éﬁ%pr 3 Hdb‘g%yg}d 5| i ca gel
col utm with Z)%d&é)@ﬂSl(EI)hM?&ﬁﬁ to 5 give nethyl

3-((R) -2, 2-di et hyl - 1, 3-di oxol an- 4-yl et hyl oxy) - 2- net hyl benzoate as an oil
(4.5 g). Step 3 I\/Ethyl

3-((R) -2, 2-di met hyl - 1, 3- di oxol an- 4- ylegehpil2exy) - 2- met hyl benzoate 10 (4.2
g, 15 mol) was dissolved in 20 Ml of nethanol and 1 m of water. To the
above ¢8| uti on was added |ithium hydroxide (2.4 g, 5 eq ). After stirring

the reaction m ile was
renoved under )§%&I% %ﬁ%@éﬁm?%@@?ﬁ ?V ig %r}ﬁh#}@%ﬁmc and H20.
The aqueous Iayer was  sepaspiacinapiedngt}- NHIpIyrra]naZi:—&dnath, and t hen
acidified with 10% ag. HC . The 15 acidic aqueous |ayer was-extracted with
Et OAc. The Et OAc | ayer was shed with NaCl (sat.), dried over Na2SO4, and
concentrated to give 3-((R) -2, 2-di methyl - A

O Hx;[ o
' . OH

15 - Step 1 . .
* A mixture of 3-methyl-4-nitrophenol (4.59 g, 0.03 mol) and 2-

bromopropane (4.06 g, 0.033 mol) was refluxed with potassium carbonate (10 g) in
* acetone (200 ml) for 5 hours. After cooling, the reaction mixture was filtered
. througﬁ celite and the residue was purified by flash column (9/1 of Hexane/EtOAc)
20  to afford 3.42 g of 4-isopropoxy-2-methyl-1-nitrobenzene (58.5%).

Step2
A mixture of 4-isopropoxy-2-methyl-1-nitrobenzene (3.55 g,0.018 mol)
and tert-butokybis(dimethylamino)methane (9 ml) was refluxed for 4 hours and the
25 volatile was removed. The dark brown residue was dissolved in THF (150 ml) and
hydrogenated with catalytic amount of 10% Pd on Carbon with Hz in a balloon.

After stirring at room temperature overnight, the catalyst was filtered off and the



1, 3- di oxol an- 4-yl met hyl oxy) benzoic acid as a white solid (4 g). Step 4 20
To a solution of 3-((R)-2,2-dinethyl-1, 3-di oxol an- 4-yl net hyl oxy) - 2-

met hyl beng@ @/@¢38d (2.4 g, 9 mmol) in 20 m of dichl or onetpgegngronasroadded
oxalyl <chloride (0.86 m, 1.1 eq.). The resulting m xture was stirred at
roomtenperature in the presence of a cmwalytic anount of DM~. Bubbl es
formed and stirring continued until no nore bubbl es were generated.

Vol atile was renoved under 25 vacuo and the residue was suspended in ether
(20 m) and Sk , 0C

cont ai ni ng drggga@rg‘?%gcr?gfzgeneerﬁg?ggo dfglb%ﬁ%\l-bq @ggglh%lﬁgﬁ%me% )(6 95 g, 7.5
eg.) and 19 g(Mfo;)dﬁésm um hydr oxi de according to the procedure descri bed
by Berkowitz, D. B. in J. Og. Chem 65, 847, (2000). The resulting

m xture was stirred at 0 C for |hour and was allowed to warmto 30 room
tenperature, Bhgne it was stirred for another hour. Excess anmpunt of

di azomet hane was quenched with acetic acid and the volatile was renoved

under vAcuo. The r &8¢ PreecdNEzdgseribad in dixamplg 24; sieRathguehstineivai t h 10% et hyl
acetate in [; fa_(s_
el 158 ST i
yl met hoxy) - 2- mepiopbxp hamephjl étded3ey]p4-{ 35( %P dbhy8roXg-paopyblauminalphesfyl }- 1H-

2-di azo-1-[3- th i an- 4-yl met hoxy) - 2-

met hyl - phenyl %’%‘F‘ﬁggﬁ %l\gééEglMdégénm in 20 m of nethanol at room
tenperature was added dropwi se a sol uti on of silver benzoate (52 ny, 13%
in 2.6 m of triethylam ne. The solution turned greenish and then brown,

bl ack ptecipitate formed. After stirring for 1.5 hour, it was filtered
through celite and the filtrate was trated. The residue was then
purified on a silica gel colum wth Yoethyl acetate in hexane to afford
0.43 g of [3-(( I@ynZheZisdif6E(t1hyéth:{lain@qleﬁ-yixm{ér({m)—Z Jiditdnanyypropexpdt-Bry | phenyl ]
acetic acid nethyl ester. The ve e hydrol yzed by stirring
with |ithium hydroxide (O. ZSI@E?thﬂhe@ ﬁ{ﬁ%f’yﬁé{;ﬁg% "%t room tenperature to
give 0.4 g of [3-((R-2,2-di rrethyl [1H3]d| oxol an- 4-yl met hoxy) - 2- 15 '
nmet hyl phenyl ] acetic acid. 0]

| ' o \——<O_HOH

15 Step 1
To a tmethanol solution (25 ml) at 0 °C was dropwise added thionyl chloride (9.6

- ml, 0:13 mol). After 15 minutes, 3-hydroxy-2-methylbenzoic acid (4 g, 0.033 mol)
was added and the resulting mixture was stirred at room temperature for 24 hours.
Volatile was removed under vacuo and the residue was partitioned between water
20 and ethyl acetate. The organic layer was separated, washed with water and
saturated sodium chloride solution, and was dried over sodium sulfate. After
concentration, the crude product was recrystallized from dichloromethane and

hexane to give 3.48 g of methyl 3-hydroxy-2-methylbenzoate.

25 Step 2
To a solution of methyl 3-hydroxy-2-methylbenzoate (3.0 g, 18 mmol) in

~ N-methylpyrrolidinone (30 ml) was added (R)-2,2-dimethyl-1,3-dioxolan-4-
ylméfhyl p-tosylate (6.2 g, 1.2 eq.), and followed by K,COs3 (7.5 g, 3eq.). After the



Step 6 3-(1-nethylindol-3-yl)-4-[3-(R-2,2-dinethyl-[ 1,3 ]

di oxol an- 4-yl met hoxy) - 2- et hyl phenyl ] furan-2, 5-di one was prepared
accor di ngwioaiigesgpr ocedure described 20 in Exanple 1, stagmepiddéros
substituting [3-((R) -2, 2-di net hyl -[ 1, 3] di oxol an-4

yl met hoxy) - 2- nethylphenyl] acetic acid for

3-((R) -2, 2-di nethyl -[ 1, 3] di oxol an-4- yl met hoxy) phenyl acetic acid. S= 7 25
3-(1- rrethyllndol 3-yl)-4-13-(R) -2, 2-di net hyl -[ 1, 3] di oxol an- 4-yl et hoxy) -

2-net hyl phen;&hhu}ehbﬁweaehef %6 %Gb&mghmaarce%a e REFRIMEALLO the

rocedure describ but substituting
1- et hyl i qugrich&gl with HQO[ &cm@uoned between H;0 and EtOAc. The organic layer

p
3-( :
2,2-dimethyl-[1,3 ho i one for
3 %L ot yl PSRRI adiadiith 5O 38 KA Gorly B SR ble RSy ¢
yl met hoxy) pheayk fddﬁ@tﬂﬂa'% p'irrﬁ’ie@@ﬁasﬂﬂa lcolumn with 20% EtOAc in hexane to
3- (1- et hyl i ndol - % é?d drox propoxy) - 2- met hyl phenyl ]
1H pyrrdl e- 285’5@]1 v(ég) PeiEe léécfb‘?’m ﬁnfttwéow)o%@@mYB)ea@@meed in
WO 02/ 10158 P %‘59% 08293 81 Exanple 2, step 1, but substituting
3- (1- et hyl i ndol - ')-4-[3-((R)-2,2-dinethyl-
[ 1, 3] di oxol an- 4-yl net hoxy) - 2- net hyl phenyl ] - 1H pyrrol e- 2, 5-di one for 3-(1-
mathylindol-%— l)-4-[3-((R) -2, 2-di net hyl -[

, 3] di oxol an met hoxy) phenyl ]-1H pyrrol e-2,5-dione. M5 (El): (M++1)

1
407. 5 Exanple 281\@41311 be@R)sz Qfduneth 1-1,3- d10xolan-4—ylmethyloxy)-2-methylbenzoate
3-(1-net hyl i ndol - 3-yl @g 3-di hydroxy propoxyl)-2-_nitrophenyl }
-1 Hpl9rrol é2g 5 mg \éasrqils Hmef@e ol@pyljL e} pf water. To the

above solution was added lithium hydroxide (2.4 g, 5 eq.). After stirring the
reaetioﬁ mixture at roem temperature for 4 hours, the volatile was removed under
vacuo and the residue was partitioned between EtOAc and H,O. The aqueous layer
was separated, cooled with an ice bath, and then acidified with 10% aq. HCl. The
15 acidic aqueous layer was-extracted with EtOAc. The EtOAc layer was washed .
with NaCl (sai.), dried over Na,SQy, and concentrated to give 3-((R)-2,2-dimethyl-
1,3—diox01an-4-ylmethylexy)benzoic acid as a white solid (4 g).

Step4
20 . .To a solution of 3-((R)-2,2-dimethyl-1,3-dioxolan-4-ylmethyloxy)-2-

methylbenzoic acid (2.4 g, 9 mmol) in 20 ml of dichloromethane was added oxalyl
chloride (0.86 ml, 1.1 eq.). The resulting mixture was stirred at room temperature
in the presence of a catalytic amount of DMF. Bubbles formed and stirring
" continued until no more bubbles were generated. Volatile was removed under
25 vacuo and the residue was suspended in ether (20 ml) and was added dropwise to
an ether solution (60 ml) at 0 °C containing diazomethane generated from N-
nitroso-N-methylurea (6.95 g, 7.5 eg.) and 19 g of potassium hydroxide according
to the procedure described by Berkowitz, D. B. in J. Org. Chem. 65, 847, (2000).
The resulting mixture was stirred at 0 °C for 1hour and was allowed to warm to
30 room temperature, where it was stirred for another hour. Excess amount of
diazomethane was quenched with acetic acid and the volatile was removed under

‘vacuo. The residue was purified on a silica gel column with 10% ethyl acetate in



10 Step 1 . To a nethanol solution (15 mM) at 0 C was dropw se added t hi onyl
chloride (6.4 nm, 0.088 nol). After 15 m nutes, 3-hydroxy-2-nitrobenzoic
acid (4 gwd208essml ) was added and the resulting m xtur ed¥aspesioslosed at
roomtenperature for 72 hours. Volatile was renoved under vacuo and the
resi due was partitioned between water §® and ethyl acetate. The organic

| ayer was separated, washed with water and saturated sodi um chloride, and
was dried over sodi um sul fate. After concentration, the crude product was
recrystalliz € XEN& i) . of nethyl

3- hydr oxy- 2- ﬁ?’t(z{rn%b zoat eghgg‘agdﬁ@e[?’g@ i;%l utltcl)1 c%fgj]\rérlg?ﬁ%ﬁﬁg‘l

3- hydr oxy- 2- nyimetbivenZoaethyl-bhéglletharb@ermol ) in N net hyl pyrroli di none (15
m) was added (R)-2,2-dinethyl-1, 3-di oxol an-4-yl nethyl p-tosylate (3.43 g,
1.2 eq.), and followed by K2C03 (4:2 g, 3eq.). After the m xture was
heated at 96 sgepoyerni ght, it was cool ed to roomtenperature, quenched with
25 H20, sand parti trioon@futRRtoreedad &h@&m (51T Bﬁdi@k&ﬁﬂ% 1eHexy @S
separated, washed with H2O and NaCI(sat.), dried over Na2SO4. The
crude pr oductmetl%ésvhpwlierth@an@(oiagshﬁmmoaem%mlgfrmemanw BOUIEL OAc i n hexane
to give neth

((R) -2, 2-di rréft'rﬁ@/equtfe3v-v%ﬁ %19 8 an‘-P Yﬂse P so%uﬁo? & s15ver2benz ¥ Sg' nnﬁl%a]t3% élsl 2a6n oi |

(3.1 g) WO Qﬂ/ofﬁi&&ﬁylﬁ@ﬁeETﬁé.éd]ﬁﬁﬁ&umS&gre&‘ﬂlﬁparﬁi theri hlybkvn black prec1p1tate
3- ((R) - 2, 2- di_met

yl 3-di oxol an- 4-yl net 2n|trob 2.89, 9
mol ) was di 451 eé‘ftf’hsuégn or %H&Wﬁ%@%}wh Cgiite ‘?ﬂ’rﬂ% t’f"t‘}t 8 above
-5 sol ypi on- wesceaated Trd kit msckha%pﬁﬁleﬁ%n%?sﬂg:a 231 @furhn witht20m &hir ri ng t he
reaction mxture at roomtenperature f hours, the volatile was renpved

under vacuo aesiatefmbexans M%féordé)s%rswft[ﬁi(%r?e%idb@tmédh 3iiopdan-4nd H2O. The
aqueous | ayer, Lﬁﬁoxﬁ%&%ﬁ%ﬁn enygg%eﬁga {‘ﬂgt e§t&eTR$£ﬁbV? @%gr \Rf%&ecﬂgf‘c' dified

with 10% ag. eous vvas extrac The

Et OAc | ayer \hgdrohvasdes sﬁﬁmglvtzlkh Matn lﬁ)ammde (05 ®dn 6l rof e HR4], at aowhn
concentrated to give 3-(

1, 3- di oxol an{ZORAHEHQ|ZS 450%13? I?(Bb'étg‘gin@thé& W]QEOXBIW Ygedgry?(1. 9 g).

St ep 45 ‘methylphenyl] acetic acid.

Step 6
3-(1-methylindol-3-yl)-4-[3-(R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-

2-methylphenyljfuran-2,5-dione was prepared according to the procedure described
20 in Exmple 1, step 4, but substituting [3—((R)-2,2—dimethyl-[1,3]di0xolan—4-
| ylmethoxy)-2-methylphenyl] acetic acid for 3-((R)-2,2-dimethyl-[1,3]dioxolan-4-
'ylmethoxy)phehylacetic acid.

- Step 7 -
25 3- (1-methyhndol 3-y1)-4-[3-(R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-

2-methylphenyl]-1H-pyrrole-2,5-dione was prepared according to the procedure
described in Example 1, step 5, but substituting 3-(1-methylindol-3-y1)-4-[3-((R)-
2,2—dimethy1—[1,3]dioxolan—4-ylmethoxy))-2-methy1phenyl]furan-2,5-dione for 3-
(1—methy1ind91-3-yl)-4-[3-((R)f2,2—dimethy1—[1,3]dioxolan-4—

30 ylmethoxy)phenyl]furan-2,5-dione.

Step 8 ‘
" 3-(1-methylindol-3-yl)-4-[3-((R)-2,3-dihydrox ypropoxy)-2-methylphenyl]-

1Ij];+j;>y1'role-2,5-dione was prepared according to the procedure described in



To a solution of 3-((R) -2, 2-dinethyl-1, 3-di oxol an-4-yl net hyl oxy)-2 15
nitrobenzoic acid (1.9 g, 6.4 nmwol) in 20 mM of dichloronethane was added
oxal yl  cWloanidess(0.55 M, 1.1 eq.). The resulting suspensic@iepyass®si rred
at room tenperature in the presence of catalytic anmount of DWMF. Bubbl es
fornmed, and stirring continued until n®lnore bubbles were generated while
the suspension turned-into a solution. Volatile was renoved under vacuo
and the residue was 20 suspended in ether (15 ml) and was added dropw se to
an et her sol ( { al from
N-nitroso- N %‘%@9 euzfg%b? B Sgbm%tﬁl%@ i Iﬂétﬂghm@%%hrm?@{ )d&teialgsn?eftﬁnq-hydr oxi de
according tolt, &}ehq:ndme@uhmthmcssz—ﬂfm@wlpbenyﬂeﬂﬁwmba Pdioge for3-0- Org. Chem

65, 847, (200 u X our and
was al | oned E@%yﬂﬁ—%—yﬁ%l}% ‘?@%%2‘% E%EI'WS“%‘O z‘ggm%Ehogg)[%th Itgver ni ght .
Excess of di azaspidsuapnedsiSqEBh@IEd)0T.h acetic acid and the voI atile was
renoved under vacuo. The residue was purified on a silica gel colum wth

2/ 4/ 4 of acetone/ di chl or onet hane/ hexane to give 0.95 g of 2-diazo-1-
[3-((R)-2,2-dinethyl- [ 1,3 ]-di oxolggarﬂplgbget hoxy) - 2-ni t rophenyl ] et hanone.
30 Step 5 To a solution of

2-di azo- 1| -[ 3- (2Sﬁatutssumﬂ‘af(l—{n&tl@}mdole&ﬂl)eﬂn{%((R)fﬁeﬁ Hibygox g-propoxyl)-2-

ni trophenyl ] et hanone (0.9 hmns?L)lEf[ (i) ?1 f met hanol at room
tenperature was. added drop\}al1 Phen X SR RSG>5 PY%r benzoate (84 ny, 13%
in 4.2 nmM of WO 02/10158 PCT/ EPO1/ 08293 83 tri et hyl am ne. The sol ution

turned greeni sh and then brown, ©kg prdCi pitate . forned. After stirring
for 1.5 hour, it was filtered rough /celtt.e.and the- filtrate,was
concentrated. The residue we en/purh\figd on a silica gel colum with 20%
ethyl acetate.in hexane to \a TR of o OH

[3-((R) -2, 2-dinethyl -[1, 3] di oxohg me y)-2-nitrophenyl] acetic

acid nmethyl ester. The above esfer (0.5Z2 g, 1.6 1owl) was then hydrolyzed
by stirring with lithiumhydrokxide (0.27 g) in 5 nl of nmethanol at room

t enper apure ts@glﬂ ve ‘0.5 g of -[3-((R)-2, 2- di et hyl -[ 1, 3] di oxol an-

4-yl met hoxy) - 2-ni trophenyl ] acetic ag

3- (1- net hyl i @ methgnol salitien (1Ryrob at) c@ g‘é% &&P%S%Eﬁd%‘mh%} chotide 6 det hoxy) -
ml, 0.088 mol). After 15 minutes, 3-hydroxy-2-nitrobenzoic acid (4 g, 0.022 mol)
was added and the resulting mixture was stirred at room temperature for 72 hours.
Volatile was removed under vacuo and the residue was partitioned between water
15~ and ethyl acetate The organic layer was separated, washed with water and
saturated sodium chloride, and was dried over sodium sulfate. After concentration,

‘the crude product was recrystallized from dichloromethane and hexane to give 4.5g

of methyl 3-hydroxy-2-nitrobenzoate.

20 | Step 2

To a solution of methyl 3-hydroxy-2-nitrobenzoate (1.97 g, 10 mmol) in N-
methylpyrrolidinone (15 ml) was added (R)-Z,Z;dimethyl-l,3—dioxolan—4—ylmethyl
p-tosylate (3.43 g, 1.2 eq.), and followed by K,CO;3 (4.2 g, 3eq.). After the mixture

was heated at_ 96 °C overnight, it was cooled to room temperature, quenched with

25 H,0, and partitioned between HZO and EtOAc. The organic layer was separated,
washed with H,O and NaCl (sat.), and then dried over Na;SO,. The crude product

~was purified on a silica gel column with 20% EtOAc in hexane to give methyl 3-

((R);Z,Z—dimethyl-1,3-dioxolan—4-ylmethyloxy)-2—nitrobenzoate as an oil (3.1 g).



2-ni trophenyl ] furan-2, 5-di one was prepared according to the procedure

descri bed i

n Exanple 1, step 4, but substituting

[ 3- ((R) 2w Aigpihy! - [ 1, 3] di oxol an-4- yl met hoxy) - 2- ni t r ophgygdo
for ((R)-2, 2 I met hyl -[ 1, 3] di oxol an-4 15 ylnethoxy)phenylaggilc aci d.

Step 7 3-(1-

1, 3] di oxol an-

nethylindol-3-y|)-4-[3;(F0-§;2 di et hyl - [
4-yl met hoxy) - 2-nitrophenyl]-1H pyrrol e-2, 5-di one was

according to the procedure 20 described in Exanple 1, step 5, but

substituting
2, 2-di net hyl
3-(1- nethyl
1, 3] di oxol an
3-(1-met hyli

Exanple 2, s
3-(1- neihyll
[ 1, 3] di oxol a
met hyl i ndol -

Following th
nit r obenzoi c$
3-(l-methyli
{5-((R) -2, 3~
(E1): 10 (M
formul ati ons
formul ation
into single

15

3-(1-nmethylindol-3-yl)-4-[3-((R)-
-[ 1, 3] di oxol an- 4-yl met hoxy) ) - 2-ni trophenyl ] furan- 2, 5-di
Seeabd - 3-yl)-4-[3-((R-2,2-dinmethyl -[

AsRkic acid
pr epar ed

one for

Vet RO RRem 1L A, 20 Sl 025 S68 B ge 0

1H- pyrrol.e- 2 15nélh GRS d4ESved i8R MAG eE0me] 44 2181 btheathr. U6 @latdvelescri bed in

tep 1 but ‘substituting
ﬁ@ﬂgtlozgwgaqs pdded [1@1(11@#;)/@)(216({,‘1 ABEhY BY.)- After stirring the reaction

G SRt PSR s ALl dhatsloty® O, 0

1H pyrrole- Zdresitionwas pMotiGdey be(mgen Ei()AdaﬁdHW) Uh¢ aQe6s [REFVEP01/ 08293 84

e procedure described abo but Sy dr oxy-
Sefbrdieq. PolSd HyBB,GF h e Sise A bt daa i fhpd T e
Relc a%lu%ﬁs 14yer was extracted with EtOAc. T he EtOAc layer was washed

di hydroxy-priopoxyl)-2-nitrophenyl }-1H pyrrol e-2, 5-di one.

2-

\%S3

it Mg, (5. )T‘“T@df"fm SeaSHly, s GOneEpirList it B SUR - cal
£8?$ﬁ%lnl 3&&2? gnﬁ% SR & Ly neﬁmﬁggbg?A Tabl et

s are m xed 1 nt
scor ed tabl ets

Step 4 o ,
To a solution of 3-((R)-2,2-dimethyl-1;3-dioxolan-4-ylmethyloxy)-2-

nitrobenzoic acid (1.9 g, 6.4 mmol) in 20 ml of dichloromethane was added oxaiyl

* chloride (0.55 ml, 1.1 eq.). The resulting suspension was stirred at room

20

temperature in the presence of catalytic amount of DMF. Bubbles formed, and
stirring continued until no more bubbles were generated while the suspension
turned into a solution. Volatile was removed under vacuo and the residue was

suspended in ether (15 ml) and was added dropwise to an ether solution (40ml) at 0

°C containing d.iazomethane" generated from N-nitroso-N-methylurea (4.95 g, 7.5

eg.) and 13.5 g of potassium hydroxide according to the procedure described by
Berkowitz, D. B. in J. Org. Chem. 65, 847, (2000). The resulting mixture was -

" stirred at 0 °C for 1hour and was allowed to warm to room temperature, where it

25

30

was stirred overnight. Excess of diazomethane was quenched with acetic acid and
the volatile was removed under vacuo. The residue was purified on a silica gel
column with 2/4/4 of acetone/dichloromethane/hexane to give 0.95 g of 2-diazo-1-
[3-((R)-2,2-dimethyl-[1,3]-dioxolan-4-ylmethoxy)-2-nitrophenyl]ethanone.

Step 5
To a solution of 2-diazo-1-[3-(2,2-dimethyl-[1,3]-dioxolan-4-ylmethoxy)-2-

nitrophenyllethanone (0.9 g, 2.8 mmol) in 30 ml of methanol at room temperature

was added dropwise a solution of silver benzoate (84 mg, 13%) in 4.2 ml of

y and pressed



Quantity per Ingredient tablet, ng 15 conpound of this invention 400
cornstarch 50 croscarnellose sodium?25 |actose 120 nmagnesium stearate 5

20 Exanpl eoBz/eegsul e fornmul ati on The fol | owi ng i ngredi entpe1a®10829¢d
intimately and | oaded into a hard-shell gelatin capsule. 25 Quantity per
| ngredi ent capsul e, ng conpound of thig3invention 200 | actose,
spray-dried 148 30 nmagnesi um stearate 2 WD 02/ 10158 PCT/ EP01/ 08293 85
Exanpl e C Suspension formulation The following ingredients are mxed to

(o7 2 SUsDeakia i 3y TALI Lol giha hed WESEOREL phcpaaly compaune
met hyl par abefornfedl Aftgr stipringfpk [ [Saoabhenwes fiifergd through celite and the ﬁltrate was »
concentrated. The residue was then purified on a silica gel column with 20% ethyl
acetate in hexane to afford 0.75 g of [3-((R)-2,2-dimethyl-[1 ,3]dioxolan-4-
5 - ylmethoxy)-2-nitrophenyl] acetic acid methyl ester. The above ester (0.52 g, 1. 6
mmol) was then hydrolyzed by stirring with lithium hydroxide (0.27 g) in 5 ml-of
methanol at room temperature to give 0.5 g of [3-((R)-2,2-dimethyl-[1,3]dioxolan-
4-ylmethoxy)-2-nitrophenyl] acetic acid.

10... Step6 S
3-(1-methylindol-3-y1)-4-[3-(R)-2,2-dimethyl-[1 ,3]dioxolan-4-ylmethoxy)-

2-nitrophenyl]furan-2,5-dione was prepared according to the procedure described
‘in Example 1, step 4, but spbsti;uting [3-((R)-2,2-dimethyl-[1,3]dioxolan-4-
’ ylmethoxy)-2-nitrophenyl] acetic acid fé)r 3'-((R)—2,2-dimetﬁyl-[1,3]diox01an—4-
15 ylmethoxy)phenylacetic acid. |

Step 7
3—(1-methylindol-3-yl)—4-[3-(R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-

2-nitrophenyl]-1H-pyrrole-2,5-dione was prepared according to the procedure
20 described in Example 1, step 5, but substituting 3;(1-methylindol-3-yl)—4~[3-((R)—
| 2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy))-2-nitrophenyl]furan-2,5-dione for 3-(1-
| methjlindol-3—y1)-4-[3-((R)-2,2—dimethy1-[1,3]dioxolan-4-ylmethoxy)pheny1]furan-
2,5-dione. '

25 . Step8
3-(1-methylindol-3-y1)-4-[3-((R)-2,3-dihydroxypropoxy)-2-nitrophenyl]-

1H-pyrrole-2,5-dione was prepared according to the procedure described in
Exarhple- 2, step 1, but substituting 3-(1-methylindol-3-y1)-4-[3-((R)-2,2-dimethyl-
[1,3]dioxolar;—4-ylmethoxy)-anifrophenyl]—1H—pyrrole—2,5-dione for 3-(1-

30 methylindol-3-yl)-4-[3-((R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)phenyl]-1H-
pyrrole-2,5-dione. MS (EI): (M*+1) 438, '

L4



granul ated sugar 25.0 g sorbitol (70% solution) 13.00 g VeegumK
(Vanderbilt Co.) 1.0 g 15 . . flavoring 0.035 mM <colorings 0.5 ng
distill edwpi2@h158- S to 100 mM Exanple D 20, Injectable fgofmiogds The
followi ng ingredients are mxed to forman injectable fornul ati on.

| ngredi ent Anpbunt conpound of this invegtion 0.2 ng-20 ng 25 sodi um
acetate buffer solution, 0.4 M2.0 M- HCI(iN) or NaOH (1N) g.s. to
suitable PH water (distilled, sterile) g.s. to 20 m WO 02/10158

PCT/ EP01/ 08293  8Ganai e Eroc«?&lﬂ@ﬁééchﬁéd’atfo% Bt ﬁibh@t!ﬁtxﬁ% m?a@s{ ypory of
total weight 2.5 g-1s prepared by m xing the conpound he 1 nvention

wi th W t epsolritrybenzdis a¢itd for-hydok @ niwsbenzaic acid e@lvev?eglemlhlybndﬁﬁtbg}) 4cid; -5

Ri ches- Nel son Yor k has conpound
of the |nvent{1'5 ﬁﬁg&% %EY%WXE‘)S%VQE% “&T%‘CWAF cpg' OT 2*Igzixarrp e%&ﬁml binPi on
of @ ycogen Surtihps3¥s Kinase-3 f -- in vitro assay The in vitro GSK-30
| nhi bitory, activity of conpounds of this invention was determned with a
‘truncafed form of reconbinant rabbit GSK-3(3 enzyne. 15 Isolation of

GSK-30 The constr ugf, ﬂ@ﬁéwﬁk Mpfe@erﬁ% pﬁ?ﬁ‘rﬁé@gﬁtﬁﬁl BRI ohQinid}Ea

procedure
compound of Formula (I).-

Example A
Tablet formulation
10 The following ingredients are mixed intimately and pressed into single
scored tablets.
Quantity per -
Ingredient o tablet, mg
15 compound of this invention 400
cornstarch 50
croscarmellose sodium m 25
lactose ' 120
fnagnesium stearate ‘ 5
20
Example B
Capsule formulation
The following ingredients are mixed intimately and loaded into a hard-shell
gelatin capsule.
25 ,
Quantity per | Ingredient
capsule, mg V
compound of this invention 200
| lactose, spray—ciried 148

30 magnesium stearate 2



described, in Vng, Q M et al., J. Biol. Chem 269, 14566-14574 (1994).
Ten amno acids at the Nterm nus were deleted to obtain constitutively
active GSKoxAoeds (see Murai H et al., FEBS Lett. 392, 153aGkpot5996) ) .
GSK-3(3 was expressed in BL21 DE3 cells. The cells were grown at 37 C
until they reached md | og phase and t$®&n induced with

i sopropyl - bet a-(D)-thi ogal act opyranosi de (final -concentration 0.4n\V at 30
C for 2 h. The cells were honogeni zed and the cell - extract was | oaded on a
gl ut at hi one sepharose 4B col um. GSKg3QnMae el uted 25 with gl utathione
buffer (50 MM Tris pH 8 and 10 nM reduced gl utathione). The eluate was
collected in 3 minute fracti ons Swspenssaafpggulption GSK- 30 content on a 10% SDS

PAGE (pol yacryl amde .electr aor esis);. cti % peak hei ght
wer e pool ed, ali g:}g% ggl%LNé & eg?e@?ffaé?eﬁg% tet'f:(tgjrﬁﬁ%lgﬁ%esg&%gf}&?nhl bition of
CSK-3 3 The GHifidérakibndi ng assay was performed in 50 | reactions in a 96
wel | pol ypropyl ene plate, each reaction containing 20 nmM magnesi um

chl orideé, 40 tM WD 02/ 10158 PCT/ EP01/ 08293 87 ATP, 2 mM DIT, 88.5 'M

bi otinyl ated and phospiprydiaked CREB-peptide substrate Amount

(bi otin- KRREI LSRRPS( PO4)YR-OH, see Wang, QM et, al., J. Biol. Chem 269,
14566- 14574 (1994)), [ yerpoundTdtiiginyitjon and 21 of conpouh®g of this.

i nvention in DVBO (var 'hlous. con(fent rations). 15 .t1l of GSK(;Sg (various 5
concentrations) was ad S N3 Y he reaction- nixture was irctibated at” 30 C
for 1 hour. The react safium@Biicsidopped by transferring 25 20@f the reaction
m xture to.a phosphocell ul ose plate containing 130 | of q11§85% phosphori c
acid. The free radi onfEfybPRERA i n the nenbrane were washed® of f under
vacuumwi th 1.85% pho i id (5 tinmes). After the Iggfowash,. the

pl ate was trans_ferred,.ﬁ{%%%%ﬁ?%ﬁadopt or plate and 50 1 of scignti | lation
cocktail (M croscint-2@ranPatkangar cat. # 20- 133) was add®d®®go each wel |

and the amount of radioagtivi counted in a top co r. Conpounds of
this invention were acf?r\??gok(:zb%ﬁ:g@‘%gg)say.. 15 .. ' The éﬁﬁt@(% i nhibitory

activities:(expressed azedfsdb® (Mah@erbiCh) t or concentratildhgcausi ng 50%
inhibition of the activity in the control) of sone

15 .o flavoring . 0.035 ml
. . colorings . 0.5 mg
distilled water g.s. to 100 ml
Example D
20. ' ' _ Injectable formulation
- The following ingredients are mixed to form an injectable formulation.
Ingredieﬂt Amount
compound of this invention 0.2 mg-20 mg
25 sodium acetate buffer solution, 0.4 M 2.0 ml ‘

HCI (IN) or NaOH (1N) g.s. to suitable
pH ﬂ
water (distilled, sterile) q.s. to 20 ml



conpounds of-the invention disclosed in Table I-N were | ess than 2m
Activities of certain specific conpounds are shown bel ow. 20 Conpound | C50

pM  J-1 OwlkPs/10ids-1 0.02 11-2 0.0264 11-4 0.0296 111-3 gg&:1Aseo10k2b30. 1334
WD 02/ 10158 PCT/ EP01/ 08293 88 Exanple Il Inhibition of (3-catenin
degradation -- in vitro assay The cell Igsgsed GSK-3(3 activity of conpounds

of this invention was determ ned by neasuring (3-catenin |evels in Jurkat
T-cells after treatnent with the 5 conmpounds of this invention using ELISA
as follows. Jurkat cells (5 x 105 celggiqpidpwere plated in 6-well plates (6
m/well) and then treated with various concentrations of the conpounds of
this invention (preferrably 1 nStpmsigryfiormplatioiours. At the end of the

i ncubation, the cells 10. wer | ] ect and ce W 4ghe cells
were then suspend SERPOSHtYY oﬁf&%a%‘?cl}t%% Pﬁ%@%&@%’%ﬁ%&é@éﬁ%ﬁ (RIPA)
buf f er ( Boehrthegeentidnnite Wixepsslat HA 5XirfiRkei88)of sdthtdd R gbtablefaty-actdjaw
cycles, the cell extracts were_centrifuged a]tl 15,000 rpmfor 10 mn. The
super nafant WaEhesoNeleen, &re- NG 98y addas dherfgll ey ing KomReHilon as descri bed

bel ow. 15 96 Mcrowel|l plates were coated overni,ght with capture anti body
(mouse nonocl onal anti-(3-catenin, Zyned La., cat.# 13-8400, 100 | per

wel |, containing 250 mymgpoundofihy imdiehtioned i n coati ng buf f@ImE0. 1 M NaHCCB,

pH 9.5). The wells. Wgé,e aspi d and washed 3 tinmes w th, 300 | of wash
buffer (PBS containing btebs.og(%&/? en 20) and bl ocked wi ttﬁ)alfgﬁe gl of assay
di luent (PBS, 10% RBS, - pH 7; T
10 Example 1
Inhibition of Glycogen Synthase Kinase-3f -- in vitro assay

The in vitro GSK-3p inhibitory.activity' of compounds of this invention -
was determined with 2 truncated form of recombinant rabbit GSK-3B enzyme. .
15 _ .
Isolation of GSK—?:B ' : :

The construct was cloned in pGEX-3X vector according to the procedure
described in Wang, Q. M. et al., J. Biol. Chenm. 269, 14566-14574 (1994). Ten
amino acids at the N-terminus were deleted to obtain constitutively active GSK-3

20 | (see Muraj H et al., FEBS Lett. 392,153-60, (1996)). GSK-3p was expressed in
'BL21 DE3 cells. The cells were grown at 37 °C until they reached mid log phase
and then induced with isopropyl-beta-(D)-thiogalactopyranoside (final
. concentration 0.4mM) at 30 °C for 2 h. The cells were homogenized and the cell
extract was loaded on a glutathione sepharose 4B column. GSK-3f3 was elu'ted
25 with glutathione buffer (50 mM Tris pH 8 and 10 mM reduced glutathione). The '
eluate was collected in 3 minute fractions and assayed for GSK-3f contenton a . .
10% SDS PAGE (polyacrylamide gel electrophoresis). Fractions above 20% peak
height were pooled, aliquoted, and stored at ~80 °C until used.

30 Inhibition of GSK-3[
- The GSK-3p binding assay was performed in 50 pul reactions in a 96 well

polypropylene plate, each reaction containing 20 mM magnesium chloride, 40 pM



Phar M ngen) and then incubated at roomtenperature for at |least 72 h. The
wells were washed again as descri bed above. 100 | of the Jurkat cell

super nat affip @adisgvari ous concentrations of a 13-cateni n stpgRdasdo¢Behr ens
et al. Nature, Vol. 382, p638 (1996)) were added to the wells and
incubated for 2 h at roomtenperature. 3% After incubation, the wells were
washed and 100 gl of anti-(3-catenin antibody (Santa Cruz, (3-catenin

H 102, sc-7199, rabbit 1gG ‘diluted in assay diluent (1:1250) was added to

each wel |l and L)T—IV\@ " r - 2 h. After
washi ng,- 100 %ﬁg?% ing %fgt}%\}gtgfépﬁ%lglgg?rgd%@%%%ﬁ%swﬁggggﬁnal
anti-rabbit -I@ﬁt&t@(ﬁim)n-KRRBIESRRPS@QQW@H,u’em’Wa@lg;QMOil)t‘alA/a:é?éaide'd into 30
Tot ramet hy| beRsraiad tras TuABhunb T SEESIRE, fia Zuter Pispoinssf

devel opnent . Cl i : N ' : SRl ution (2N
WO 02/ 10158 ﬁ@?&%&?ﬁﬁ?ﬁ’éﬁm é@%ﬂf%ﬁ@%h%@w Gs}’ﬁﬁp?ﬁ?@% wer e rfaad
Wi th an sELI SAcqakaitetibas)dess addedsna thenpeadtion mirtudOwas imcubavéd 30 3Qifogl t he

reaction.- The., level of GSK-3(3 inhibitian s.cal cul at,edg_g%/ g otting the
conpound 5 clWEehne EarEen Yessenped BY HapsEsiiing Lo b pEthe FeastiPR TS BRe shown

in Figure 1, _c | L . i, s: 4 Lonaon
P-catenin | ev%}fogﬁxdéégﬁnlg?eeﬁ llftglc%%ilﬁg H ggfc‘?g?‘?g?}o%shgggg&ﬁ - mﬁﬁ%h -T-cel |
assay 10 The gfifoaatleaides anfpo unttbrak wdi #ashed efftunder vacuomtvokii h85%ecr et i on
3 Bxp.  Nod, BESPROrBZSIHS TReEbOS: (ORsHRL GEOH MAUFRBAeRs |
| eukocyt.es we ' f : I - adiafd ead#ngonat al
bl ood b%/tPFi co{cfé-p F’gg’tﬁé‘; P %({L?rl;egl %@Pg%?c%k%éﬁg%?ﬂmﬁgen) density

gr adi ent cent t33) wgatddsl to Eachgeeibarsltthe Tthburgptirafichctely wad ¢ovated ICBED T cel | s
were renoved bg/ %?si tive selection with anti-CD8 m crobeads. and nmagnetic
activated cel {86 ti ng accordi ng to a protocol supplied by the

manuf acturer (M ltenyi Biotec, Bergisch G adbach, Germany). On day 0, cells
20 were pre-incubated with various concentrations of test conpound for one

day. The ‘ Compounds of this invention were active in this assay.
15 .
The GSK-3B inhibitory activities (expressed as ICsq, the inhibitor -
concentration causing 50% inhibition of the activity in the control) of some
compounds ofthe invention disclosed in Table I-IV were less than 2 ym.

Activities of certain specific compounds are shown below.

20 _
Compound 1Csp uM
'*~I—1. ‘ 0.194
-1 0.02
-2 0.0264
-4 . - 0.0296 '
-3 0.23
1v-1 ' 0.1334




next day, cells were stinulated with 2 .ig/m phytohemagglutinin (Wllcone,
Beckenham U. K ) in the presence of 2.5 ng/m 1L-12 (Hoffmann-La Roche,
Nut | ey, N}o @nd1800 ng/ m neutralizing anti-IL-4 anti body pcioepol 85090,
Phar M ngen, San Diego, CA) for Thl cultures or 1 ng/m 1L-4 (PharM ngen)
and 2 25 g/m neutralizing anti-I1L-12 aggi body 17F7 and 20C2 (ki ndly
provided by M Gately, Hoffmann-LaRoche) for Th2 cultures, respectively.
The cells were washed on day 3' and expanded in conplete RPM 1640 nedi um
(Life Technologies, Mlan, Italy), m%éper@nt ed with conpounds of this
invention, 5% FetalClone | (Hydone, Logan, UT), 2 mML-glutamne, 1 nM
sodi um pyruvate, 100 U @nhiti@opehf-catehinrdegtadepinoryciinrp agsag cont ai ni ng 100
Um IL-2 (Hof fmann-La_Roche). The cells were washed again on day 14 and.

cel | )
105 cell's were re-ldgiclpased $SKr3Ractivaty of compAinds of tHinEeuioBY®Bor 24 h wi th
pl at e- bound |- | -dCIR8 . . . .
nonocl onal a?fg tltelggﬁggg 9?’%3%%2{ F%%"X\gggl%ﬁ%g‘%rg%eiﬁfsg%g%&qégﬁ VBF%Othe
Schei degger . compoiindsbf tHisrimvemion ubitiglIISAlak fo®() ) . t 0 nmeasure | FN- ganmm,
IL-4,,and 1L-13 in culture supernatants by ELI SA assays (Gllati, H, 1.
et al., J. Biol. Regul. Honeostatic Agents. 1:109-118, (1987)). The ED50
val ues (concentr aty,@8: Qfiis'?5 Q0P C4RND MRk tlﬁ{%ﬁ% 6-%1&13‘;;1855’ @EnHeaN&haon to 50%
of the maximal value) were determneéed by fitting a’signoidal curve to the
pl ott ed, dat shenCraatsduwith vefiousitiopceantrakaertsi o thegomponnds afdhis invehtien assay and

showed suppression of:Jl-4 dJL-13 secreti evel.s.,. ile

Interfer on--gé?ﬁ?%anVe{ QMEHQJMMS i2 “{?ncﬁ{jh%%‘lﬂfor}éﬁ%%?beah?wkﬁﬁ%]ﬁi ne
Secretijgn Ass@y$coltectterandSvadhed@nke 358 PBSCHE celiDRletherCRbpendédnmiore T-cel | s)
are isolated fromthe spleens of 15 Bal b/ CDoll. 10 OA- TCR transgqnenl c mce

(Mur phy K. M nd{Ragjoimngmiodiiecpitaign Assayigsis (REPG) pyffpn(Boekinger Napsheim. gr adi ent

and M |t enyi ) God) TR e | I wer e
grown in co- g%ﬁ?g?gﬂ) \%Ig%)h I r?gg?eg%idagg?@f %QZ‘B? g%ﬁ%@%gﬂé@de}‘%ekggﬁ%%dsa{: 25)
under neut r al15@®0adpmmifonH) fhiv. t Tiestpérhatastdetistaotiected amdi anblyretsireg EI§A

cyt oki nes) . T-cel l'%ieé,%;igeg{)i mul ated wi th 300 nM oval bumi n peptide (NH2

assay as clow.
15 o o
96 Microwell plates were coated overnight with capture antibody (mouse -
monoclonal anti-B-catenin, Zymed La., cat.# 1‘3-8400, 100 wl per well, containing
250 ng antibody) diluted in coating buffer (0.1 M NaHCOs, pH 9.5). The wells.
were agpiraped and washed 3 times with 300 pl of wash buffer (PBS containing
20 | 0.05% Tween 20) and blocked with 200 ul of assay diluent (PBS, 10% RBS, pH 7;
'PharM'ingen) aﬁd then incubated at room temperature for at least 72 h. The wells
were washed again as described above. 100 ul of the Jurkat cell supernatant and
" various concentrations of a B-catenin standard (Behrens et al. Nature, Vol. 382,
p638 (1996)) were added to the wells and incubated for 2 h at room temperature.
25 After incubation, the wells were washed and 100 ul of anti-PB-catenin antibody
(Santa Cruz, B-catenin H-102, sc-7199, rabbit IgG) diluted in assay diluent
(1:1250) was added to each well and the cells were incubated at room temperature
for 2 h. After washing, 100 ul of working detector (Sigma B5283, mouse
monoclonal anti-rabbit igG-Biotin) diluted in assay diluent (1:2000) was added into
30 each well and incubated for 1 h at room temperature. 3,3’,5,5’-

'Tetramethylbenzidine (PharMingen, Cat. # 2642KK) was used for color
devélc’mment. The reaction was stopped by adding 50 ul of stop solution 2N



20 Kl SQAVHAAHAEI NEAG- COOH) in the presence of different inhibitor
,concentrations (test conpound), including controls wth solvent only. At

day 3 thewogelhbgswere split 1:3, with inhibitors being added/aascksi® t he
mediumto maintain the original concentration. On day 6, the cells were

counted, washed, re-plated at a 1:25 rgpio with irradiated Bal b/C
spl enocytes, and re-stinulated with 300 nM 25 oval bum n peptide. On day 8,
t he supernatants were harvested and | evels of |FN- gamm, gamm, |L-4,

IL-5, and | Lfﬁz%%?gogeagh'%g.i ?ﬁ%ﬁQtéQ%{e@-feWtﬁz&PEﬁ§A QIR readdt@t EMPAmval ues

(concentration o npoun 1nhibits cytokine secretion to 50% of the
maxi mal val ueyithie 36 miat, ef stopreng thy réaction.ng a si gnoi dal curve to the plotted
data. 30 Compounds of this invention were active in this assay and led to a
reduction in Th2 cytokine |levels. WO 02/10158 PCT/ EP01/ 08293 91 Exanpl e.

V Inhibition of EomieNewdof GBRIAPUKhibidh WdrRalcungd b?fpl@uﬁg figrdompseandi ti zed
brown Norway rats- in vivo assay, 5 The. ability of the conmpounds of the

i nventi 6n t o dongdniation werkwdireatenin kefvelst The reswlts ave shavrein|Figys lwas det er ni ned
by neasuring the inhibition of eosipophi.l. accupulation into the
br onchi oal _yeoqoaﬁrf}%é‘&‘eeft%‘tffmffwﬁ%&oﬁ Ql@f/éﬂv ?ﬂﬂnnon(%&?temgé%vffst i zed brown

Norway rats after antigen challenge by aerosol. Briefly, nmale brown-Norway

rats were sensitized i.p. with 100 g of QAin 0.2 m alumon Day 10 0, Day
7, and Day 14. On Day 21, the rats wExamplgdll| enged with 1% OA for 45 nin.,

and sacrificed 72 h | at eggoglggggég{g@gggﬁz Q-rhlug-gh?l“-é/e‘?lrﬂs&l (control group).

were adm ni-stered fromt th i mmuni zation until the end
of the iostudy. At THeeffectnaf compewls iof ildeinventmhonwetokinesesttied lexeld fiour et hane,

approx. 2 g/kg, i.D, nd the lungs were |l avaged wt 3 m BAL. The
o i 6 S CBh TR (s i SR P Beh b SRR B b ML Bat | al

| eukocyt e .cougiissg3riieopot al | eukocyte nunber in an aliquot of the cells
(20 1) was determ ned by Coulter Counter. For differential |eukocyte
counts, 50-200 gl of the sanples were centrifuged in a

For this assay, human neonatal leukocytes were isolated from freshly
15 ‘ coilectéd, heparinized neonatal blood by Ficoll-Paque (Pharmacia Biotech,
Uppsala, Swéden) density gradient centrifugation. To generate Th1 and Th2 cell
lines, CD8+ T cells were removed by positive selection with anti-CD8 microbeads
and magnetic activated cell sorting according toa protocol supplied by the
manufacturer (Miltenyi Biotec, Bergisch Gladbach, Germany). On day 0, cells
20  ° were ﬁre-inéubated with various concentrations of test compound for one day. The -
‘next day, cells were stimulated with 2 pg/ml phytohemagglutinin (Wellcome,
Beckenham, U.K.) in the presence of 2.5 ng/ml IL-12 (Hoffmann-La Roche,
. Nutley, NJ) and 200 ng/ml neutralizing anti-IL-4 antibody (no. 18500D;
PharMingen, San Diego, CA) for Th1 cultures or 1 ng/ml IL.-4 (PharMingen) and 2
25 pg/ml neutralizing anti-IL-12 antibody 17F7 and 20C2 (kindly provided by M. '’
Gately, Hoffmann-LaRoche) for Th2 cultures, respectively. The cells were washed
on dé.y 3'and expanded in complete RPMI 1640 medium (Life Technologies,
Milan, Italy), supplemented with compounds of this invention, 5% FetalClone I
(HyClone, Logan, UT), 2 mM L-glutamine, 1 mM sodium pyruvate, 100 U/ml
30 penicillin-streptomycin, and containing 100 U/ml IL-2 (Hoffmann-La Roche).
. The cells were washed again on day 14 and 10’ cells were re-stimulated in 96-well

rouﬁd—bottom plates for 24 h with plate-bound anti-CD3 and anti-CD28



Cytospin and the slide stained with D ff-Qui k. The proportions of
nonocytes, eosinophils, neutrophils and | ynphocytes were counted under

i ght m cywesRapyss20 usi ng standard norphol ogi cal criteria pmigh@xpg®ssed as
a percentage. Conpounds of this invention were active in this assay and | ed

to a reduction in nonocytes, eosinophil9g, neutrophils and |ynphocytes
infiltration into the lungs. 25 Exanple VI Reduction of total Serum |gE
and Oval bumin specific IgE in Ovalbumn sensitized A/J mce- in vivo assay

Thi s, prot 0C0|fn8%%lo‘fl§l§e%;ﬁg§a?i@1&§ f .GE?séeh%nENe:@&{éa,%., SR Ry 9E

| evel s i.n the serum umn (QA) sensitize J mice. The prinary
endpoi nt 30 Kws/. lngEupolotitid@3-dhl A8V Ndo seagire [DRcimma, Brd.andyL-1gdt e \A/.J

EC 2 S Ay T
anest het i zed Koridpstaie Waans. 1AT09- 1B, OEYST01 The MO, FRGS (BARSAratRR dfl 00d was

drawn by cardi ac puncture. Test conpounds aqr only vehicle (control group’)
wer e adfi ni stORPauRd Hias nhibity ayrokias sscaetiondo §9%’&f&f¥mﬁ’ﬂmhﬁlﬁ?c)éﬁr? on until

the end of t%"’?’r“ﬂg@t‘/ﬁ%‘%‘?"' 2 §8hBi] dEvaRdnObroabegihi ¢ | 9E were nmeasured by

ELI SA (Phar m ngen, 55KI; biotinylated oval bumin for OA specific |gE)
and 5 conpared between conpound and vehicle treated groups. V Conpounds

of this. invention.were active.in t.his ass and. l ed tao reduction in IgE
levels into the | 3?106%?0“?@5 ggﬁ%?veenbﬂl Wﬁeﬁcgy%ﬂﬂﬁlaslagﬁﬁwégg?%en of TCF7

in. Thl and Thapgessich SERH, an@ilve3 deckeddnievely, evhile Baifadngamiesevdided in
Exanple IV fromPBalb/C Do 11.10 OA-TCR (+/+) transgenic mce and B 10.D2
DO 11. 18 oa- Temgingd ynehgngedy ansgenic nice (Guler ML. et al., -J. |nmunol .
162, 1339-1347, 199,9). Cells were harvested at day 5 after initial
stinmulation wth 300nM oval bum n peptide and nRNA was prepared (total RNA:
Chonezynski. and ‘Sacchi, Anal. Bi ochemEx@&fple IY50- 159, 1987, nRNA: Pronega

polyA tract) for expr ess&l)?tgld%er:] §|e<yrgtiiosn RgsayNso LEIQI?I‘EH% T-cell assay
CD4+, CD62Lhi cells (naive T-celis)'are isolated from the spleens of

15 ‘Balb/C.Do11.10 OA-TCR transgenic mice (Murphy K.M. et al., Science, 250, 1720
(1990)) by Ficoll density gradient and Miltenyi magnetic immunobead separations.
These naive T-cells were grown in co-culture with irradiated Balb/C splenocytes
(T:APC éf 1:25) under neutral conditions (without the addition of differentiating
cytokihesj. T-éells are stimulated with 300 nM ovalbumin peptide (NH2-

20 - KISQAVHAAHAEINEAG-COOR) in the presence of different inhibitor -
‘concentrations (test compound), including controls with solvent only. At day 3 the
cells were split 1:3, with inhibitors being added back to the medium to maintain the

~ original concentration. On day 6, the cells were counted, washed, re-plated at a
1:25 ratio with irraciiated Balb/C splenocytes, and re-stimulated with 300 nM

25 ovalbumin peptide. On day 8, the supernatants were harvested and levels of IFN-
gamma, IL-4, IL-5, and IL.-13 were quantitated 'by ELISA (R&D Systems). The
EDs;, values (concentration of compound that inhibits cytokine secretion to 50% of
the maximal value) were determined by fitting a sigmoidal curve to the plotted
data, | |

30

Compounds of this invention were active in this assay and led to a reduction

in Th2 cytokine levels.



Bl ot. As hybridization probe clone AA119960 (CGenbank) was | abel ed by random
20 primng (G BCO 18187-013) (Figure 2A). As shown in Figure 2A

expressi oWgaf2101§8F7 transcripts was detected in nmRNA frompdiged1d8ob2
preparation (Th-1 cells) while TCF7 transcripts were undetectable in the
MRNA preparation fromBalb/C T-cells (®B1-2 cells). In a separate
experiment, CD4+ naive T-cells fromBalb/C Doll.10 OA-TCR (+/+) transgenic
mce were either stinulated with 300 nM 25 oval bum n pepti de and
interferon-gamm or oval bunin peptide for 5 days. nRNA was isol ated and
used in a 'quantitative RT-PCR (Baranzini et al., Journal of |nmunol ogy.
165: 6576- 6582, 2000) to determ ne rdixmpleV| evel s of TCF7-nRNA bet ween
oval buni n i nduced s | es am bLC and,B. 10, evel s of
oval bunin treated Igigg/o&ogij %‘?‘abgﬁu%’\%qr@umnﬁsg?g%%ﬂﬁ@@ &’Eelé edd sanpl es 30
from Bal b/ C CD4+ T-cells. TCF?Dr@«m Mbway afs—iheiveaanayi t ati ve RT- PCR were:

AGCTGCAGCCATATGATAGAA and CTTGAGTGTGCACTCAGCAA. Thus, . .as showd in Figure
2B, i nt € f eron ~ganhee ability\pf Hej Gomponeds 061“&1‘61’%10??39 inbibitdonkasyiss

PCT/ EPO1/ 082 9?}:{1&1%1%11 %lltt)ftﬁef ]ﬁﬂ%é Whd RrRineBly R Qsdringhé ﬁlhlﬂlﬁgrpﬁiee%sﬁleﬁhﬂ

expressi on_of experi-nments confirmthat TCF7 | evels are
| i nked t o theacbumelagien inte $pdmemehiddlvghlar lazagsd BAJS) fn@kaf qujbml(&i\)appear ed

to be Iinked t Th2
r gs pgnsl‘en g TFF?Qsﬁ%?J;b"B rw\%mt%’\%&ﬁrﬁgggeﬂggﬁﬁ&g% §¥ §sd)1| %15’ gX’em‘E‘llgt ai l
way of —ill USBfo@JnLN&“aanya@mmeﬁmﬁ%d i GMBSIe pgfof OARHI 0.Y ndnthinuesBagt andl ng.

It will be ..obvious to one of skill in the art that changes and
modi fi cHti onsO,rﬁayy heng Daytlitc &b Day 2hthes rats averssehafengst wiel A e fradd cl ai ns.

Therefore, it _i.s t i s i ntended
to be illustr3tHv& Sﬁ%fi#ceg %lelg r c’%‘%}\eéeqlﬁﬁh%g&sg%%g‘g}ygefhgﬁg ﬁ‘fe&%{égltlé) on shoul d,
t her ef ore, . bewéet ®dihiseedTRim Wetday befoes tha derd imntunézatibo uatil tHe st ofphe on, but
shoul d i nstead be determ ned w reference to th fol | owi gq% % ended

c

cl ai ms, al ongSWY-nAt e time of S%‘Etﬂ?é TB?S V@tﬁ%?‘?ﬁ‘é?hémeg 5 thRRS-ARP ai'ms are
enti t! ed. 155, p.) and the lungs were lavaged with 3 x 3 ml BAL. The BAL fluid was analyzed

15 - for total leukocyte number and differential leukocyte counts. The total leukocyte
| number in aﬁ aliquot of the cells (20 pl) was determined by Coulter Counter.. For
differential leukocyte counts, 50-200 pl of the samples were centrifuged in a
Cytospin and the slide stained with Diff-Quik. The proportions of monocytes,
eosinéphils, neutrophils and lymphocytes were counted under light microscopy

20 using'standard morphological criteria and expressed as a percentage.

Compounds of this invention were active in this assay and led to a reduction

in monocytes, eosinophils, neutrophils and lymphocytes infiltration into-the lungs.

25 Example VI ,
Reduction of total Serum IgE and Ovalbumin specific IgE in Ovalbumin
| | sensitized A/J mice— in vivo assay
This protocol was designed to examine the effect of compounds on IgE
levels in the serum of Ovalbumin (OA) sensitized A/J mice. The primary endpoint
30 was IgE production during sensitization. Briefly, male A/J mice (20-25 g) were
: sensitizéd by intraperitoneal injection of OA/Alum (10 pg in 0.2 ml AI(OH)s3; 2%)

on Day 0, and Day 7. On Day 14, the mice were anesthetized with urethane and



Al'l patents, patent applications and publications cited in this application
are hereby incorporated by reference in their entirety for all purposes to

the sane wexdh@oissas i f each individual patent, patent applpcaatpo@is98s
publication were so individually denoted. WO 02/10158 PCT/ EP0O1/ 08293 94
Claims 1. A compound represented by Fompula (1): H R ONO Ri \ - 4
RN/ R31R5 R 5 (1) wherein: R and R2 independently represent

hydr ogen, al kyl, hal ogen, hal oal kyl, al kylthio, hydroxy, alkoxy, cyano,

nitro, amno, ' LN Grec ' | AN Py represents
hydr ogen, al kb;}?&wé?/scrqx %g? E%@?gﬁ?%a eggeftocfo&%%ﬁ%s ed?’g)} J‘r;lhq)iln?c%ét@iosl?ﬁ;cr)llydIroogen or
al kyl), or preoy) wetiadmilistred ditost ihe wiae Hefniet the svvend O A/Mnns irtjertion yaiil s

i ndependent |y, sel ected from.t ro [ Lstin f= hydr.ogen kyl ,

hal oal kyl , éPWHe‘?Cfit@? StH%r 945“9 Seg‘lf%g%?“%@éf%?‘“ﬁ? ?%Eo‘,”x erﬁn%g?fe%?by?/am no,
nonoal kyl am rer1san@hardiigdday tamaIaKI, HothdlaadtoRbuniit épeDaepédific I ues ent

hydr ogen, al kyl, hal ogen, hal oal kyl, alkylthi o, hydroxy, alkoxXy, cyano,
nitro, ani no,comwparedibetiren companndndrehisle tiratedgreiidy| ani no; R6 is

het er oal kyl , heterocyclyl, heterocyclylal kyl, heteroal kyl substituted

het erocycl yl, heteroal kyl substituted cycl oal kyl, heterosubstituted
cycl oal kyl, - OR8 ,Com2bund¥ JjthiR8nYenkien eiere avtive ingthisi assaygad 1éd torardductio?; and

R8 i's heteroal iyl 1o, OSSR ALY
0 Example VI
Differential Expression of TCF7 in Th1 and Th2 cells

CD4+, naive T-cells were prepared as desc;ibed in Example IV from Balb/C
Do11.10 OA-TCR (+/+) transgenic mice and B10.D2 DO11.10 OA-TCR(+/-)
15 .traﬁsgenic mice (Guler M.L. et al., J. Immunol. 162, 1339-1347, 1999). Cells were
harvested at day 5 after initial stimulation with 300nM ovalbumin peptide and
mRNA was prepared (total RNA: Chomzynski and Sacchi, Anal. Biochem 162:
150-159, 1987 , mRNA: Promega polyA tract) for expression analysis by Northern
Blot. As hybri&ization probe clone AA119960 (Genbank) was labeled by random
20 ' priming (GIBCO 18187-013) (Figure 2A). As shown in Figure 2A, expression of
‘TCF7 transcripts was detected in mRNA from the B10.D2 preparation (Th-1 cells)
while TCF7 transcripts were undetectable in the mRNA preparation from Balb/C
- T-cells (Th-2 cells). In a separate experiment, CD4+ naive T-cells from Balb/C
Do11.10 OA-TCR (+/+) transgenic mice were either stimulated with 300 nM
25 | ovalbumin peptide and interferon-gamma or ovalbumin peptide for 5 days. mRNA
was isolated and used in a quantitative RT-PCR (Baranzini et al., Journal of
Immhnology. 165: 6576-6582, 2000) to determine relative levels of TCF7-mRNA
between ovalbumin induced saniples from Balb/C and B10.D2 and relative levels
of ovalbumin treated Balb/C samples vs. ovalbumin and IFN-G treated samples
30 from Balb/C CD4+ T-cells. TCF7 primers for the quantitative RT-PCR were:
- AGCTGCAGCCATATGATAGAA and CTTGAGTGTGCACTCAGCAA. Thus,

as shown in Figure 2B, interferon gamma, a cytokine that promotes Thl



het erocycl yl, or heterocyclylal kyl), -NRORLO (wherein RO is hydrogen or

al kyl and R10 is heterosubstituted cycloal kyl, heteroal kyl, heteroaral kyl,
het er ocycly 02/10iss het erocycl yl al kyl ), or -X-(al kyl ene) - Y- 2caiw®igs293 X i s a
coval ent bond, -0-, -NH, or-S(Onl- where nl is an integer fromO to 2, Y
is -0-, -NH, or -S- and Zis 25 heteroa®skyl or SiRl11(R12)(R13) where R 1,
R12 and R13 are independently hydrogen WD 02/ 10158 PCT/ EP01/ 08293 .95 or
alkyl.), or R6 together with R4 forns a nethyl enedi oxy or ethyl enedi oxy
group when t ﬁ%‘@g ReLe Ty |y
acceptabl e sa ?fgﬁeﬁ%rle%?é Eﬁ‘%g??g&hcggﬁ%gcrg%}% ng tpgﬁg;’dg}%@% wherein R3
represents hycdqpegmnnts abkdfjim tlmy"ECB’blekng are-1OREY to thi & rlesilprer Fe‘ﬁporzsehmlbg en or

al kyl), or en nal | y. substit or two s tuents
|ndependentl %’F 8’@?@599‘%‘ ‘WeapB?aé to?’(?r]l’é,\q(%(i]‘orfignﬁb TR gjbl 6a 2 kyl |
hal oal kyl , allgkéﬂ; bR iIlRke ¥4 DXY respdré@Xy, cyano, nitro, am no acyl am no,
nonoal kyl am no, "and 10 di al kyl am no; R6 is heteroal kyl, heterocyclyl,

het er ocycl yl al kyl, heteroal kyl substituted het erocycl yl,

het er oal kyl subst i tﬂieeﬁ) é%)ﬁlgqméﬁﬁbn heleh gésléﬂgéd jtghggﬁ%g%?églbﬁgl{ggydf, -OR8

-S(OnNR8 (wherein nis I'nt eger rom roal kyl ,
het er oar al ky! ,illustratien end/edayiple, for fuetosesorf \etrigy atld@idprstanNWRIt \yw’c@r ein RO is
hydr ogen or a

or heterocycl Lﬂll(’é’JIOE@Fdonleg‘?fR}‘& m?léqhﬁ{étl% trfglf‘k 3 bC% ‘%{Si(( e]?eg?%% ‘i?yd 4

coval ent bond,wittfin the-sbbpe ofthe apcf/e@ddjdalmﬁle’l"ﬁerﬂﬁbrd $tig o bdﬁrﬂgﬁfooﬁltm}& to 2,
and Yis -0-, -NH, or -S), or ether wwith R4 forns

met hyl eHedi oxyzbeye @Sﬁm’@i’e‘a inssaded Fq)feﬁplﬂM@HV% pdnef restriiivac Eh@ S@coae ghch -
ot her. 20 3. o I s at the
2, 3 or 4- posﬁkfelng%{{%% %ﬁuﬁ ﬁgﬁﬁrgﬁe?gteﬁhﬁh%ét Vg%h n%g%%\%%atgr:ﬂgrag?‘ﬁég to any
one of . cl ains d’bsdrrpuﬁn, it eh@ildinEBad be dﬁtemmrmdaﬁitlﬁ&quggiettbm foliowmg phenyl

ring. 5. The Ca%{}é) cha:l Ccoaio%lgr{x%th fhe ?uqyscggeeofo equlva?en{mto whlc% suth ¢ m%sealren A
entitled.
15 '
All pétents, patent applications and publications cited in this application are .
hereby incorporated by reference in their entirety for all purposes to the same
extent aslif each individﬁal patent, patent application or publication were so

individually denoted.



het er oal kyl , heterocyclyl al kyl; -OR8 (wherein R8 is heteroal kyl or

het erocycl yl al kyl ), -NHRLO (wherein R10 is heteroal kyl, heterosubstituted
30 cycl oalwkydz/ 1ot erocycl yl, or heterocyclyl al kyl), or PCT/EP01/08293

- X- (al kyl ene) - Y- het eroal kyl (wherein X is a coval ent bond, -0- or -NH and
Yis -0- or -NH). WO 02/10158 PCT/ EPO01/98293 96 6. The conpound accordi ng
to any one of clains 1 to 5, wherein R4 and R5 are at the 2 and the 6
positions of the phenyl ring and are i ndependently of each other hydrogen
or halogen. 5 7. The conpound accordi ggal2 any one of clainms 1 to 6,
wherein RL and R2 are hydrogen 8. The conmpound according to any one of

clains 1 to 6, wherein is at the 5- posi.tion of the indole ring and is
hal ogen; R2 i.s hydrogen. according to any one of clains
1to 8 wheréin F ‘gﬂpWéF‘?%eéﬁnt%‘fb%F%&%@ is -OR8 (wherein R8 is

het er oal kyl or heterocyclylal kyl), - NHRLO (wherein R10 is heteroal kyl,

het erosubstituted cycloal kyl, heterocyclyl, of heterocyclylalkyl), or

-: X-(al kyl ene) - Y- het er oal kyl (mhereiqfx ig.a Novapent bond, - 15 O or -NH
and Yis -O or -NH). 10. The conpoungd ding to any one of clains 1 to
8, wherein R3 is hydrogen or alkyl, Re i R (mherein R8 is heteroal kyl
or heterocyclylalkyl), - NHRL (wherg¢ 3 gt er oal kyl, heterocyclyl, or
het er ocycl yl al kyl ), or -X 20 (al kyl ‘ yal Kyl (wherein X is a

coval ent bond, -0- or -NH and Y Rd s1he compound
according to any one of clains 1 to 10, erein R |B‘alkyl 25 12. The
conpound according to any one of clainms 1 to 11, Rtherein R3 is nethyl. 13.
The conpound according to any one of clains 1 to 12, wherein R4 and R5 are
i ndependently of each other hydrogen, Bﬁoro, or quoro. 30 14. The
conpouna according to .any one of clalns to 13, wherein R4 and R5

wherein:

R! and R? independently represent hydro gen, alkyl, halogen, haloalkyl
alkylthio, hydroxy, alkoxy, cyano, nitro, ammo, acylamino, monoalkylamino, or
diaikyla’mino;

10 R? reﬁresents hydrogen, alkyl, cycloalkyl, heteroalkyl, -COR’ (wherein R’
is hydrogen or alkyl), or phenyl optionally substituted with one or two substituents
independently selected from the group consisting of hydrogen, alkyl, haloalkyl,
alkyltﬁio, hydroxy, alkoxy, cyano, nitro, amino, acylamino, monoalkylamino, and
dialkyiaminb; ‘

‘15 ‘ ‘R*and R® independently represent hydrogen, alkyl, halogen, haloalkyl,
alkylthio, hydroxy, alkoxy, cyano, nitro, amino, acylamino, monoalkylamino, or

. dialkylamino;

RS is heteroalkyl, heterocyclyl, heterocyclylalkyl, heteroalkylsubstituted
heterocyclyl, heteroalkylsubstituted cycloalkyl, heterosubstituted cycloalkyl, -OR®, ,

20 -S(0),R® (wherein n is an “integer from 0 to 2; and R® is heteroalkyl, heteroaralkyl,
heterocyclyl, or heterocyclyialkyl), NR’R!? (wherein R® is hydrogen or alkyl and
R is heterosubstituted cycloalkyl, heteroalkyl, heteroaralkyl, heterocyclyl, or
heterocyclylalkyl), or -X~(alkylene)-Y-Z (wherein X is a covalent bond, -O-, -NH-,
or =S(O),1- where nl is an integer from 0 to 2, Y is -O-, -NH-, or —S- and Z is

25 " heteroalkyl or SIRM(R')(R) where R'!, R'2 and R* are independently hydrogen



are hydrogen. WO 02/ 10158 PCT/ EPO1/ 08293 97 15. The conpound according to
any one of clains 1 to 14, wherein R6 is (RS), (R or (S

3- di hydwexoaspney! oxy, 3-hydroxypropyl oxy, 2-am noet hyl oXp&T/EP01/08293
am nopr opyl oxy, 2-norpholin-4-ylethyloxy, or (RS), (R or(S)
2,2-dinmethyl -1, 3- 5 di oxol an-4-yl nethyl agy. 16.. The conpound according to
any one of clalms 1 to 14, WnerelnR6|s(RS) (R or (S)°
2, 3-di hydr oxypr opyl am no, 2-hydroxyethyl am no, 3- hydroxypropylam no, (RS),

(ZR)hyS;ofqé) I zhéqa?k %1 t%%“t%%gl“g@%‘gﬂ"ﬁ %h@%ﬁ%ut yl a 8ret enécf)léoxy group

tetrahydropyrarhenﬁaeyh&mdmentic?eacAdmhmd for prepari ng a conpound of

Formul a (I whi ch co cti

3-i ndol - 3-yl - apm%%@we@ %Wet gk ormula: 15 R2. 000 R4 R1 x N
R3 6 R5 R where R6are as defined in Caiml wth arrrmnlato provi de a
conpound of Forrml a (r); (i1) reactin compound of fornula: RO ORC
R N 33 5R 20 %ereTlFecqu@uadecca lmtquﬂl]?rwl@e{mm 1 and Ris alkyl, with a

conpound of fornulgs re\ﬁ\ngrﬁé s ﬂ&lggyc%a?l?}g,g-%ORQQIherem R’ is hydrogen

or alkyl‘), or phenyl optionally substituted with one or two substituents
independently selected from the group consisting of hydrogen, alkyl, haloalkyl,
alkylthio, hydroxy, alkoxy, cyano, nitro, amino, acylamino, morioalkylamino, and
10 dialkylamino; ‘
‘ RCis heteroalkyl, heterocyclyl, heterocyclylalkyl, heteroalkylsubstituted
heferocyclyl, heteroalkylsubstituted cycloalkyl,‘ heterosubstituted cycloalkyl, -OR? ,
-S (O)nR8 (wherein n is an integer from'0 to 2; and R®is heteroalkyl, heteroaralkyl,
heterocyclyl, or heterbdyclylalkyl), -NR°R' (wherein R’ is hydrogen or alkyl and
15 RYjs Heteroalkyl, heteroaralkyl, heterocyclyl, or heterocyclylalkyl), or -X-
(alkylene)éY;heteroalkyl (wherein X is a covalent bond, -O-, -NH-, or —S(O);1-
where nl is an integer from O to 2, and Y is —-O-, -NH-, or -S-), or R® together with
R* forms-a methylenedioxy or ethylenedioxy group when they are adjacent to each
other.
20
3. A The cofnpound accofding to claim 1 or 2, wherein RS is at the 2,3 0r4-

position of the phenyl ring.

4, The compound according to any one of claims 1 to 3, wherein RCis at the 3-

25 position of the phenyl ring.

5. The compound according to any one of claims 1 to 4, wherein R®is
heteroalkyl, heterocyclylalkyl, -OR?® (wherein R® is heteroalkyl or
heterocyclylalkyl), -NHR ' (wherein R° is heteroalkyl, heterosubstituted

30 cycloalkyl, heterocyclyl, or heterocyclylalkyl), or -X-(alkylene)-Y-heteroalkyl
(whereiﬁ X is a covalent bond, -O- or —NH— and Y is —O- or -NH).



4 RNH2 5 R' R6 where R4-R6 are as defined in® Caim1, in the presence
of a base; and (iii) optionally converting a conpound of Formula (1) to

ot her compeupasref Fornmula (1); "5 (iv) optionally converddmgprolgesonpound
of Formula (I) prepared in Steps (i) or (ii) above, to the correspondi ng

acid addition salt by treatnment with angécid; (v) optionally converting the
conpound of Fornula (1) prepared in Steps (i) or- (ii) above, to the
corresponding free base by treatment with a base; and (vi) optionally

separating a gm xt W()E f%?é%@;a%g%@@g% tﬁn}%neaot%%ﬂg‘f%i 50khdr@h R Ad REQrd 1)

prepared in Steps (I . O gilve a single stereoisoner. 1& ''A
medi cament catrthei2sand gheat positicng efitheqbiehyl rimfsfand aievindependently of each athwrpound
accordi ng to,any one t(1)f claimse 1 to 16 and a pharnaceutically acceptable
exci pi ent . 1§’yrilé’.geq'ﬂre Y% canent according to claim 18 for the treatment of
GSK-30 nedi ated di seases sel ected from Al zhei mer' s -di sease, obesity,

di abetes, atherosclerotic cardiovascul ar di sease, polycystic ovary
syndron®, syndrong iR compauasrerding te anpenecofisiaims 1it?1Fu‘rV ereifi B And R @ or der

i mmunodefi ci EH?E% egancer, 20 allergy, and asthma in a mammal . 20. The

medi cament ac orgi ng to claim18 or 19, wherein the disease is asthma. 21.
The use of a conpound according to any one of clains 1 to 16 for the 25
treatment of GSK-3(3 nedi ated di.seases sel ed tro zheiper' s, di.sease,
obesi Ly di afot bs RFNEPREH GrOEPE 1 AnePt s P REER Bt ofh€sT C ovar y
syndrome, sy ki@iBE oféhe ifdolei Gandtis BAlERdY; R> iy idfoden] ury,” bi pol ar di sorder,

i mmunodefi ciency, cancer, allergy, and asthnma in a mammal . WO 02/ 10158

PCT/ EP39/ 08293 99

9. The compound according to any one of claims 1 to 8, wherein R?is

hydrogen or aikyl, R® is -OR® (wherein R® is heteroalkyl or heterocyclylalkyl), -

NHR'® (wherein R' is heteroalkyl, heterosqbsﬁfuted cycloalkyl, heterocyclyl, or

heterocyclylalkyl), or -X-(alkylene)- Y-heteroalkyl (wherein X is a covalent bond, -
15 ‘O- or -NH- and Y is ~O- or -NH).

10.  The compound according to any one of claims 1 to 8, wherein R is
hydrogen or alkyl, RS is ‘;OR8 (wherein R® is heteroalkyl or heterocyclylalkyl), -
NHR! (v&;hereiﬁ R'? is heteroalkyl, heterocyclyl, or heterocyclylalkyl), or -X-

20 (alkylene)-Y-heteroalkyl (wherein X is a covalent bond, -O- or -NH- and Y is —O-
‘or -NH).

~11. The compound according to any one of claims 1 to 10, wherein R?is alkyl.

25 12.  The compound according to any one of claims 1 to 11, wherein R’ is

methyl.

13. The cqmpound accordingAto any one of claims 1 to 12, wherein R*and R®
are independently of each other hydrogen, chloro, or fluoro.
30 _
14.  The compound according to any one of claims 1 to 13, wherein R*and R®

are hydro gen.



22. The use according to claim 21, wherein the disease is asthma. 23. The
use of a conpound according to any one of clains 1 to 16 for the

manuf act uyw@ o20f138edi canent s conpri sing one or nore conpoungsorhgposul a |
for 5 the treatnment of GSK-3 (3 nedi ated di seases sel ected from

Al zhei mer' s di sease, obesity, diabetes, 94t herosclerotic cardi ovascul ar

di sease, polycystic ovary syndrone, syndrone X, ischemia, traumatic brain
injury, bipolar disorder, imunodeficiency, cancer, allergy, and asthma in
a mammal . 10 24. The use according to claim 23, wherein the disease is
asthma. - 25. The use of an inhibitor of GSK=3(3 for the treatnment of a

di sease charldct erfhesdmpgurthacsersingtoshy omef chiimsdytpdii wberein® i9RS)The use

according to ¢l ai , her el i Bhi ki i npound
accordi ng to(§k9r§%é§3?ﬂgﬁggﬂgoﬁﬁﬁgh?gwgggg&?ﬁgogggigggg%B?%éﬁ?gpcIain125
or 26, wher eidmihbpzophilsen embiphakii-Bmethylblyg bgiRS)OR) ak (P 2gi-dintelfiyiilis-s. 20 28.
The use according to any one of clains 25 to 27, wherein the di'sease is

ast hma. 529. THexkt-yEBEhYPRY to any one of clainms 25 to 28, wherein the
GSK-3(3 25 inhibitor is at least 10 fold nore selective for GSK-30
relative to PKC. 30. The use of an inhibitor of GSK-3(3 for the treatnent
of a di sease léharEietcomprent] portingtocey on¢ giclpmsduetldowhergd Ris (R%e use

according to ai m 30, .. rein the inhibitor of -3({3 is a conpound
according to @bmi?r@1236?1},‘\%1‘?%85%0@%18‘“5_’6#'%5863?%%%0 T/ EPO1/ 08293 100 32.
The use accorgidfgyppelagiing, 3RS (R)Tk (SytRdahdhyirie3-dicxenasl-yimeasidmino, al | er gy
or allergic-rhinitis, 33. The use according. to_any one of clains 30 to 32,
wher ei n'% he d@,‘gﬁﬁ%’@"i?yd@xmmthﬂﬁmnoﬁquﬁ’@’b&&%%@ tetEAhYARPPEAR of
clainms 30 tolégggmnprein the GSK-3(3 inhibitor is at least 10 fold nore
sel ective for K-3(3 relative to PKC.

17. A method for preparing a compound of Formula (I) which comprises:
@) © reacting a 3-indol-3-yl-4-phenylfuran-2,5-dione of formula:
15

where R!-RS are as defined in Claim 1 with ammonia to provide a compound of
Formula (I); or

(i)  reacting a compound of formula:

':\‘2 Q  OoR
NS
R' N

R3

20 where R'-R? are as defined in Claim 1 and R is alkyl, with a compound of formula:



10 35. The invention as herein before described, particularly with
reference to the new conpound, internedi ates, uses and processes.
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RS_: .
X, O
R

" where R*-RS are as defined in Claim 1, in the presence ofa base; and

(iii)  optionally cbnverting a compound of Formul4 (I) to other compounds of
Formula (T);

(iv)  optionally converting the compound of Formula (I) prepared in Steps (i) or

(ii) above, to the corresponding acid addition salt by treatment with an acid;

V) optionally converting the compound of Formula (I) prepared in Steps (i) or
(ii) above, to the corresponding free base by treatment with a base; and
(vi)  optionally separating a mixture of stereoisomers of a compound of Formula

(I) prepared in Steps (i) - (v) above, to give a single stereoisomer.

~18.  "A medicament comprising a therapeutically effective amount of a

compound according to any one of claims 1 to 16 and a pharmaceutically

acceptable excipient.

19.  The medicament according to claim 18 for the treatment of GSK-3§3

mediated diseases selected from Alzheimer’s disease, obesity, diabetes,

atherosclerotic cardiovascular disease, polycystic ovary syndrome, syndrome X,

ischemia, traumatic brain injury, bipolar disorder, immunodeficiency, cancer,

allergy, and asthma in a mammal.

20.  The medicament according to claim 18 or 19, wherein the disease is asthma.

21. Theuseofa compound according to any one of claims 1 to 16 for the
treatment of GSK-3 mediated diseases selected from Alzheimer’s disease,
obesity, diabetes, atherosclerotic cardiovascular disease, polycystic ovary

syndrome, syndrome X, ischemia, traumatic brain injury, bipolar disorder,

. immunodeficiency, cancer, allergy, and asthma in a mammal.
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22.  The use according to claim 21, wherein the disease is asthma.

23. - The use of a compound according to any one of claims 1 to 16 for the
manufacture, of medicaments comprising one or more compounds of formula I for
the treatment of GSK-3p mediated diseases selected from Alzheimer’s disease,
obesity, diabetes, atheroscleroti¢ cardiovascular disease, polycystic ovary
syndromé, syndrome X, ischemia, traumatic brain injury, bipolar disorder,

immunodeficiency, cancer, allergy, and asthma in a mammal.
24. The use according to claim 23, wherein the disease is asthma.

25.  The use of an inhibitor of GSK-3p for the treatment of a disease

characterized by an excess of CD4+ Th2 cytokines.

'26.  The use according to claim 25, wherein the inhibi'tor of GSK-3Bisa

compound according to any one of claims 1 to 16.

27.  Theuse according to claim 25 or 26, wherein the disease is asthma, allergy

or allergic rhinitis.

'28. " The use according to any one of claims 25 to 27, wherein the disease is

asthma,

29.  The use according to any one of claims 25 to 28, wherein the GSK-3f
inhibitor is at least 10 fold more selective for GSK-3p relative to PKC.

30.  The use of an inhibitor of GSK-3p for the treatment of a disease

characterized by an excess IgE production.

31.  The use according to claim 30, wherein the inhibitor of GSK-3B is a

compound according to any one of claims 1 to 16.
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32. The use according to claim 30 or 31, wherein the disease is asthma, allergy

or allergic rhinitis.

33.  The use according to any one of claims 30 to 32, wherein the disease‘ is

- asthma.

34.. The use according to any one of claims 30 to 33, wherein the GSK-33

inhibitor is at least 10 fold more selective for GSK-3p relative to PKC.

35.  The invention as herein before described, particularly with reference to the

new compound, intermediates, uses and processes.



