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Synt hesi s of Bisindolylmlimdes The present invention relates to bis-

i ndol yl mal ei m des which are useful as protein kinase C5 i nhi bitors.
More specifically, the invention provides a robust and efficient process of
preparing bis- indolylnmaleimdes. The conpounds prepared by the process are
useful in those disorders associated with abnormal |evels of protein kinase

C, including cardiovascul ar 10 di sease, diabetes nelli tus and its
conplications, and cancer. !Q@l b is present in a
nunber of bi ol ogi cal ly actT Q% (Ffit eis/é%%? ltr;hgg%?lgm& rept onycetes

i ncl udi ng Staurosporine, (Tanaoki et al., 15 Bi ochem Bi ophys. Res.

Comun. 135: 397-402 (rﬂﬁgﬁgreg%slﬁ\t,eﬁhmnq@fg@gg Phapnacol . 40: 343-350
(1990)) and Rebeccarrym n, (St egl 1ch et al., Angw Chem 1Int. Ed. Encl.

19: 459 ( 198G)A0 N s kdes 2%? WFeEuL| a8 sPEPLeLRpbiRageaFe t he

arcyrisr ubi G%hlaaiftﬂiﬂéy Qﬁoﬁé%’@@éﬁf?@all ptfl@éluﬁﬁdeﬂwléhlﬁ?owb% a
(Myxonycet es [ s-; E| n O|%| mal ei m eg are sel ectl ve I nhibitors of PKC

and show pr rﬂb:‘?bs%sa PR eRTAFET R LR FRF L H0E P Rfiune di seases
(Bit, R A dnddlylmhlddadéhem TS ledipddd8)pregheedi sy ndheypratesgi de
GF109303X has been cogni S C ki sel ective agent, (Bit,
R A et al. %Ifétréﬁ ?rd%yﬂéggégédgﬁaggaﬁs( {Eﬁﬁﬁggéghasé?he %on %?n&tlona
restricted dratedg b BROABR KMake fSoninSlEling. cakdioGheaulds: 21 (1993))

and algo N N:&ld]sdr i faod bbsindol i gl £hdn des neghorychesohd! raygek et al.
J. Med. Chem 39 (14):2664- 2671 (1996)). 30 several met hods

are avail abl®n9fihe literature to prepare the bis-indolyl naleinide
framework including fThe bis-indolylmaleimide subunit is present in a

number of biologically active metabolites isolated from
Streptomycetes including Staurosporine, (Tamaoki et al.,

15 Biochem. Biophys. Res. Commun. 135: 397-402 (1986); Gross et
al., Biochem. Pharmacol. 40: 343-350 (1990)) and

Rebeccamycin, (Steglich et al., Angw Chem. Int. Ed. Engl.
19:459 (1980)). The simplest members of this class of
compounds are the arcyriarubins, a family of pigments
20 produced by slime molds (Myxomycetes). Id. Bis-
.indolylmaleimides are selective inhibitors of PXC and show
promise as a novel potential therapy for auto immune
diseases (Bit, R.A. et al., J. Med. Chem. 361:21 (1993)).
The bisindolylmaleimide GF109303X has been recognized as a
25 PKC kinase selective agent, (Bit, R.A. et al., Tetxrahedron
" Letters 34:5623 (1993)) as has the conformational restricted
analog, Ro 32-0432 (wilkinson, S.E., J. Med. Chem. 36:21
(1993)) and also N,N'bridged bisindolylmaleimide macrocycles
(Tirousek et al., J. Med. Chem. 39 (14):2664-2671 (1996)).
30 Several methods are available in the literature to
prepare the bis-indolylmaleimide framework including



W98/ 07693 wo 98/07693 - PCT/ US97, _
reaction of 8|9%0760ma| eimdes with indole Gignard reagents (Fa ﬁg& 14éll.

Synt hesis "12: 1511 (1995) and Steglich, W Tetradron 44: 2887 (1988)),
oxi dative coupling of indole-3- acetic acgid trianions (Bergman et al.,

Tetrahedron Letters 5 28: 1444 (1987)¥, and reaction of
i ndol yl - 3-gl yoxyl chlorides with either indole-3-acetic acid in a Perkin
condensati on approach or with indol e-3-aceti m dates (Specter et al., J. Am

Chem Soc. 76:6208 (1954); Davis, P.D., et al., Tetrahedron Letters 31:5201
(1990), BitreaRtAQn Tef rdsalom ldimnides evi e siBdo B62X i(dr203) )réagemuepare a
bi si ndol yl ri hf‘%h o] olyl mal ei m de
in a two- s'??p synéagésll s’ %#%%hé}# ][Chgis/%g%fg%ﬁe%ur %%%ér}g'bevyutl lized
to prepar e Z8tsadon | 44l 3 3 el d&he mestidatel i f¢eumhingrot eddebe of -

11, IO ST oS don TSt 081, Y S o
substJ t ut ed, bi 0
general g—ef 4i4c4 &tgiﬁe)[%'ooa ﬁ%ﬁﬁr?%&%l@q%ﬂ‘ﬂﬁ?ﬁhé&lﬂwes

present i nwemh mwwuﬂaﬁopeg}:m@iuarwl:mrm ef frohet deidekd©iod he
synt hesi s qf_thes

bst th d a flexibile
and power f lﬁp%%cﬁfaz‘fj 3”ylrtf C?ﬁoefesyﬁﬁ%%ti]én% rb?e%s:a rov%ﬁa?%i rﬁ]de'sXLl' Ih| s
i nvention @55 ©F 0 Pr €4 ng aonipourelsD of eﬁoramJ,a l: [err] 25

wher ei n: 'Iee”r] Kl ardd dpd !@{d&'mﬁ@ optiongl Iy S%}Jé#&&dﬁq
Subait i e At A R weﬁ o s bt eindo sy T e

anhydride which is then converted to a bisindolylmaleimide
in a two-step synthesis. Although all of these procedures
can be utilized to prepare bisindolylmaleimides, one must
use different procedures or multiple steps to prepare un-

15 symmetrical vs. symmetrically substituted bis-
indolylmaleimides. Thus, there remains a need for a general
and efficient method of preparing bis-indolylmaleimides.

The present invention provides a general and very
efficient method for the synthesis of these substrates. The

20 syntheses provides a flexibile and powerful methodology for
the synthesis of bisindolylmaleimides.

This invention provides a process of preparing
compounds of Formula I:

i1

25 ! 2 (1)
wherein: Rj and R2 independently are optionally substituted
3-indolyl and R1] is H or CH3; which comprises, reacting an

optionally substituted indole-3-acetamide of the formula:
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NHR11 O N with optionally substltuted i ndol yl - 3-gl yoxyl reagent of the
formula: 5 [err] 10 in the presence of a base sufficiently strong to
deprotonate the am de and net hyl ene at thQ3Q-3 position of indolyl-3-
acetam de. For purposes of the present invéntion, as disclosed and clai ned
herein, the followng terns and 15 abbrevi ati ons are defined as
follows. The term "hal 0" represents fluorine, chlorine, brom ne, or iodine.
The term "al kyl" represents a cyclo, straight or branched chain al kyl group
havi-ng fromone to ten carbon 20 atons such as nethyl, ethyl, n-propyl,
i sopropyl, cyclopropyl, n-butyl, isobutyl, sety¥dHByiyl, t-butyl and the I|ike.
A hal oal kyl is one such al kyl substitutedowm={h one or nore hal o atons,
preferably one to three halo atons. An exanple, of a haloal kyl is
trifluoronethyl. A (Jerr]-Cferr] al an alkyl limted to one to
four carbon atons. A (err]-Cerr] /07693

PCT/ US97/ 14771 -4- alkoxy is a (Jerr al kyl group coval ently bonded
by an -0- |inkage. N

with optionally substituted indolyl-3-glyoxyl reagent of the
formula:

wherein:
R3 1s I, C1l, Br, or OR4; and
R4 is C1-C4 alkyl;

10 in the presence of a base sufficiently strong to deprotonate
the amide and methylene at the C-3 position of indolyl-3-
acetamide.

' For purposes of the present invention, as
disclosed and claimed herein, the following terms and

15 abbreviations are defined as follows.

The term "halo" represents fluorine, chlorine,
bromine, or iodine.

The term "alkyl" represents a cyclo, straight or
branched chain alkyl group having from one to ten carbon

20 atoms such as hethyl, ethyl, n-propyl, isopropyl,
cyclopropyl, n-butyl, isobutyl, sec-butyl, t-butyl and the
like. A haloalkyl is one such alkyl substituted with one or
more halo atoms, preferably one to three halo atoms. An
example of a haloalkyl is trifluoromethyl. A C1-C4 alkyl is

25 an alkyl limited to one to four carbon atoms., A C1-Cq



The term W sva7693C err] al kyl ene” represents a one to four pcarisem47str ai ght
al kyl ene noiety. Exanples of (Jerr] Cerr] 5 al kyl ene i ncl ude -
met hyl ene, ethylene, trinethylene, nethylethylene, tetranethylene; and the
like. Simlarly, a "(lerr]-(err] alkylgne" represents a four to eight
carbon, straight alkylene noiety. The term"aryl" represents a phenyl or
napht hyl . 10 The term "al kal i al koxi des" refers to bases,
generally lithium potassium or sodium bases, of an al koxi de, generally a

C-C4 al koxy. Alkali al koxid heref ore include potassiumt-butgxide,
sodiun1ne?ﬁ%?ﬁﬁe}SSBdg&ﬁ&étﬁg%Véegrfgp Sovalently %Oﬁﬁgdt ¥mPThét’er ocycl e"
represent siaksgahl e, optionally substituted, saturated or unsaturated 5 or

6 menbered ring, saigd._ri hawing fr ne to_four heteroato that _are the
sanme or different a? ?tﬁ%?marélsg#eéggthP8n1Fﬁ8r§F8ﬁ%5c8n§ngFﬁg%8Pr
sul fur, oxgyean,aatiraightgedkydrde2@oietywheBxampd elsedr 6ay€lde cont ai ns two

adjgcent cggﬁggpgtg %u?%ﬁggg5§§%g%,c%égggﬁg%gn%fqa%ggg structured to form

a group of or ffu provi MTEN 9ﬁgeheterocyclic
ri ng contaehbybenbnbens, théramesivieoss eodprihse lade .nosémiliamr lywo asul f ur

or two oxyggncgt alkybehenot-ebelentda( 2buzbto eiWhen chhReohet &teeMeHLC ri ng
contains 6_npenbers and is aromatic, sulfur and oxygen are not present. The
het er ocycPék¥a§rBe™ates¥hed at any carbon or nitrogen which affords a

stabl e Ffructgre: TMﬁgtﬁ@&ﬁ'ﬂak&?”ahbbr%ﬁgﬁtbtﬁ}?@eﬁbEYbﬁnﬁépﬁthﬁ. f
optjonal |l y substitu eterqc .o opt.i ona substituted aryl" refers
toaéubstitution by %ﬁg Fgrfhrgéﬁaﬁéu63&9ﬁ69552d§ﬁ¥ﬁﬁsszpe €&5rom t he
group congeseradlef lhytiogenpoCresilm(] err Fodlikyl baGker,r b£Cher r] al koxy,
(CH err]) guRydiasy. gaaetyhiycar bgxy, Rakexyhal aakkyk, anikkageand (CHerr])m

NRlerr]Rlerr] wherein m . . i )
therefore include potassium t-butoxide, sodium methoxide,

sodium ethoxide.

15 The term "heterocycle" represents a stable,
optionally substituted, saturated or unsaturated 5 or 6
membered ring, said ring having from one to four hetercatoms
that are the same or different and that are selected from
the group consisting of sulfur, oxygen, and nitrogen; and

20 when- the heterocycle contains two adjacent carbon atoms, the
adjacent carboh atoms may be structured to form a group of
the formula -CH=CH-; provided that (1) when the heterocyclic
ring contains 5 members, the heteroatoms comprise nct more
than two sulfur or two oxygen atoms but not both; and (2)

25 when the heterocyclic ring contains 6 members and is
afomatié} sulfur and oxygen are not present. The
heterocycle may be attached at any carbon or nitrogen which
affords a stable structure.

The term "optionally substituted alkylene®

30 optionally substituted heterocycle, "or optionally
substituted aryl" refers to substitution by one to three
groups independently selected from the group consisting of
hydrogen, Ci-C4 alkyl, C1-Cs4 alkoxy, (CH2)m hydroxy, acetyl,
carboxy, halo, haloalkyl, nitro, and (CH2)m NR5Rg; wherein m
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1, 2, or 3; and Rlerr] and R err] are independently hydrogen, Clerr]-Clerr]
al kyl, phenyl, benzyl, or conbine to the nitrogen to which they are bonded
to forma saturated or unsaturated 5 or 635renber ring. Said groups
particularly the hydroxy or 5 am no, are optionally protected during
the clained reaction. The term "l eaving group” as used in the specification
i s understood by those skilled in the art. CGenerally, a leaving group is

atny_ gr %p oasa{o?mlt,h%t,f Qﬁhgs_ryc%m he %tr@ﬁtqéowfﬂé iiqaa?béa{qém}atwaf&m ch
| I'S altt ac or IS acenent.. rererre eavi ng groups are
i flate, mEdular elR e BRAEY AR L o AT AR G S dE TORRHE The

term "hydr oxniRhot@el RGOl SR & it eRAdd Iatipdd f syt one
of -the ether or ester 15. derivatives of the h droxyd%{oup omonl y
enpl oyed t 098l ScREBPET FREG- t U FrRUPHRARF M ar e dhe Y Qfrried

out ol ot heamfinaGt iaeRalopyrienes 19N drive: gD Wighinkher s eaci £ismed  FodFodon .
protecting group enplqépd i S nqt crLticak,so,Jogg as the ﬂgﬁivatized
hydroxy group is stabl’®% FFRE ¢GRYIHIDIT R0 25 U reaction(s)
and can be speoiddcat ithme impproisrsdtoeddiyntt hestehcaiti diest uipt i trige tae: .
remai nder o cul g. : BRDE %%;&1 i oups in
Organi c Synzsﬁysé?gmﬁh% \q/"ﬁa-é-?\ﬁgngSQns,,laan%vv@Yor ) % Ogt%%% t?'i'?apt_:fa(’)vj de a
list of coneBRRRCcEsIt&Fe@lRSrephidg Gtoups e atomprta eflrieth hijdrioy
proteeting greuRRed Eoreidis tatcsémeeitphernﬂesaéaﬂwnéatﬂ%s)g{mups are

tert-butyldinethylsilylox TBDVB), .triphenyl pethyl (trityl), X
met hoxyt ri t§|r,lfgrat§n é'\eﬁ)li £ raryisYdgt& . 13?’ Eﬁ'e(fbclé’r%%/es' BRI ed

hydr oxy, " wanchipefides to a hydroxy protecting group.
The term "hydroxy protecting group" as used in the
specification refers to one of the ether or ester

15 derivatives of the hydroxy group commonly employed to block
or protect the hydroxy group while reactions are carried out
on other functional groups on the compound. The species of
hydroxy protecting group employved is not critical so long as
the derivatized hydroxy group is stable to the condition of

20 subsequent reaction(s) and can be removed at the appropriate
point without disrupting the remainder of the molecule.

T.W. Greene and P. Wuts, Protective Groups in Organic
Svnthesis, John Wiley and Sons, New York, N.Y., 1991,
provide a list of commonly employed protecting groups.

25 Preferred hydroxy protecting groups are tert-

- butyldiphenylsilyloxy (TBDPS), tert-butyldimethylsilyloxy
(TBDMS), triphenylmethyl (trityl), methoxytrityl, or an
alkyl or aryl ester. A related term is "protected hydroxy,"
which refers to a hydroxy protecting group.

30 The term "amino protecting group" as used in the
specification refers to substituents of the aminc group
commonly employed to block or protect the amino
functionality while reacting other functional groups on the
compound. The species of amino-protecting group employved is



30 jhe term "am no protecting group- as used Q@nu71
speC|f|cat|on r ?ers to substituents of the am no group connnn y enplo

to block or protect the amino functionality while reacting other functlonal
groups on the conpound. The species of am no-protecting group enployed is
WD 98/ 07693 ~6- PCT/ US97/ 14771 -6- not
critical so long as the derivatized amno group is stable to the condition
of subsequent reaction(s) and can be renoved at the appropriate point

wi t hout disrupting the renmai nder of the nolecule. T. W Geene and P. Wits,
5 Proteect | veitXcapssonléngaasctBgntibesivariehdparing, gpoapi de a | i st of
comonl y de C p ar t t

G oups in %?gg%gc QES %bﬂﬁlg%BH 8f gﬁﬁﬁééﬁgpge géﬁ?né ggétg |§§Bg¥§ups
are t-but ox§RAYE3ngt tb?happnpﬁélaéecyéhné ahikppbutadisbenkzyhoxybar bonyl .

The 10  r&phph@drtSEMH Qrﬂéﬁé&ﬁﬂea”‘@0"wde&kgéﬁeaQné"bnongQUp
substituted mnth an anino protectlng grouo as defined. The tefm"-NH
protacti velks eEELVecCLouns; ; ; chpgiasy cfBRBLES gubPEPHééeoﬁ

anmi no prOtE£§¢n@fgé@Mﬁénlbaémgléyéa”ﬁ?BE&cEEHbOMEQu&Q bl ggk ansprateqt the
-NH 15 functlo_allt ; s reactlng ot her ct1 onal grou S on t he
conpound. HHetePecrelts : S ‘v’:m' EE%t ChAPFEEI 2s0 | ong
as the derPN@Iezeddaammnogpnupecslsgabkeupe ahe cebdtbxpoaoboaymsequent
reaction( be_r e r hou I srupting
t he renalﬁ%égyg%ﬂg%e EggYEQ g%d%? Q@B %E%é? é ﬁ&ﬁthgthrotectlve
G otps i n rhakeé SpEThéBretechagt émlmO"pagélasz 385ampn©vga@ua list of

conmonl y e@@&@ﬂfdu@éat@chngngaﬁyﬁé pPheberiad yhbLprokegbkNgedroups are

car bamat e, am de, alkx gr ary
e erm

-NH protective groups” as used in the
specification refers to sub-class of amino protecting groups
that are commonly emploved to block or protect the -NH

15 functionality while reacting other functional groups on the
compound. The species of protecting group employed is not
critical so long as the derivatized amino group is stable to
the condition of subsegquent reaction(s) and may be removed
at the appropriate point without disrupting the remainder of

20 the molecule. T. W. Greene and P, Wuts, Protective Groups
in Organic Synphesis, Chapter 7, page 362-385, provide a
list of commonly employed protecting groups. Preferred -NH
protecting groups are carbamate, amide, alkyl or aryl
sulfonamide. The related term "protected -NH" defines a

25 group substituted with an -NH protecting group as defined.

- The notation "*" designates the methylene at the
3-position of indolyl-3-acetamide.
As previously noted, the invention provides a
process of preparing compounds of Formula I:
30



sul f onani de. WEhB/076P3t ed term "protected - NH'- defines a 25  PCOHHMT
substituted with an -NH protecting group as defined. The notation "*"

desi gnates the nethyl ene at the 3-position of indolyl-3-acetamde. As -
previously noted, the invention provides a’process of preparing conpounds
of Forrmula I: 30 [err] WO 98/ 07693
PCT/ US97/ 14771 -7 - wherein: R err] and R err] independently are optionally
substituted 3-indolyl and Rerr] is Hor CHerr],.which conprises, reacting
an optional | %hék‘@?.h' thR‘id ahradedzylm%@%%@nt% whotdh It 12id OA 'é&b% tituted

substituted indolyl - yoxyl reagent in the’5 presence “of ase. An
advant age of3rh§dﬁﬂ¥§eﬁpdiﬁﬁénﬂ§o ioF Qs ﬂ%@i?bééﬂﬁﬁﬁﬁﬁﬁ4wﬁﬁﬂﬂt14§n%ﬂthe

i ndol e- 3- aceémsehsﬁa@w 508 sitNERIET IrAMPDI3 SRAAGM JEYy 4! g%ag,g{' onal | y

substituted a w de variety of substituents recognize di sclosed in
10 t he pPPBicBALlYpEoPSHad RSt e Wilhdrialnaord dragemst imterF ere
with the reagtkgBnek theappasent invention. Preferred noieties are
N-substituted, substituted on the fused, K 6-nenbered aromatic ring_of the
indol yl, and/or substi 0t B§VARCERE 2H 58S PEFSE Y REViSRFHAN IsaAtRY ddtuded
15 are thesethbsi hdokpbusicei niBdes wiher dindotifee INesidraidiideerirsl afhd he

i ndolyl are |] t Qg th d N WEEE her ei.nafter .
descri bed. S%%H$E§&e§t§&9 &n%%e%% %%Ph% dgﬁ ra%lé>i Sao° Riced with

bi s-i ndol yl nal wdﬁd@arrnéltud@f s@bSéMmﬁnés resogndizes) @mid disala@edatrent

5, 0571814, S¢RE0p£48¢ E@to Qov1deﬁ7Qh§%0tHe’sﬂ%s%{k%§96% el 3t/ 060 AZ,

EP O 384 349 A, " EP O WD 94/14798, EP 0 657 458, U. S. Patent No.
interfere w1th the reactlon of the present invention.

Preferred moieties are N-substituted, substituted on the
fused 6-membered aromatic ring of the indolyl, and/or
substituted at the 2-position of the indolyl. 2also included
15 are those bisindolylmaleimides wherein the N-substituents of
the indolyl are linked together through a bridging moiety as
hereinafter described. Substituents recognized as being
desirable on a bis-indolylmaleimide include, for example,
those disclosed in U.S. patent 5,057,614, 5,380,746, EP O
20 470 490 Aal, WP 91/13071, EP O 397 060 A2, EP O 384 349 Al,
_EP 0 624 586, WO 94/14798, EP 0 657 458, U.S. Patent No.
5,481,003, and U.S. Patent No. 5,545,636, all of which are
herein incorporated by reference.
Preferably, an optionally substituted indolyl-3-
25 acetamide is a compound of the formula II:

NHR,,

(1II)

wherein:



5,481, 003 S. Patent No. 5,545,636, all of which are
|ncorporapgﬁ9ggk$%ference. Preferably, an optionally subst i% S%?q“ﬁdblyl
25 acetam de is a conpound of the fornmula Il: NHRI1 O [err] wherein:
WD 98/ 07693 ' PCT/ US97/ 14771 -8- R7
i s hydrogen, alkyl, haloal kyl, arylalkyB;- CJerr]-Cerr] al koxyal kyl,
optionally protected hydroxyal kyl, optionally protected am noal kyl
nonoal kyl am noal kyl , di al kyl am noal kyl, trial kyl am noal kyl, or

coOderr]-Cerr] alkyl); 5 Rlerr] is hydrogen, d-C4 al kyl,
d-CA al koxy, (CH2) mpyy dr@gféﬁ,ylal I Dol kW, ntfr® and
(CH2) m NR5R6; mhereldhn1|gﬁy, 1, 2, (HK¥3 and R[err] an R[§¥¢ ar% 4

i ndependeRlikpxsadiagen, oRY iqup BT otRrERA hXﬁﬁﬁ%Malkﬂl(xﬁﬂﬁ¥Q94¥ﬂxhe
nltrogen o MU e d hﬁyl,gjﬁ)gplnd%ﬁ&j m@rg&alk 1 saturated or unsaturated

5 or [14N [y thos ein R/ .S
hydrogen @1 ]ﬁ la%\ 1|fooan )& dtro]t LY %J;jve‘ﬁ’kﬁr ecow@%} (g%a?]r%y‘)p ot ect ed
anm rfoal kyI and R8 iR8 I‘ﬁyﬁiﬂaghmg@.hérl ﬂefaakk}e]d. consbu rediskaye] utiets hpse
wherein t f do

conbi nes w t(ﬁr%gpt ; 3m a rrolbe?)§/y’of t ep%waﬁﬂ(ﬁll r§let%cgr r%géom)m
wher ei n XNRSEfy d\th@ltﬁﬂd} Iy subbt ikuted ¢ et rjad eﬁffr]a IRA exree Preferably,
Xis met hylaig sidistd tptigrimbddn - @ e NG ergidrdy1 A B¥whpC! egle hydroxy or

a protect ed ani no.
combine to the nitrogen to which they are bonded to form a

10 saturated or unsaturated 5 or 6 member ring.

Preferred moieties include those wherein R7 is
hydrogen, alkyl, optionally protected hydroxyalkyl, or
optionally protected aminocalkyl; and Rg is hydrogen. Other
preferred compounds include those wherein Rg is appendage at

15 the 2-position of the indolyl and combines with R7 to form a

moiety of the formula (IIa):

NHR] 1

O
*

a(Rg) \
N
\——x
(IIa)
20 wherein X is an optionally substituted C1-C4 alkylene.

Preferably, X is methylene substituted with -CH2N(CH3)2, a
protected hydroxy or a protected amino.
Preferably, R11 is H.
An optionally substituted indolyl-3-glyoxyl
25 reagent is preferably a compound of the formula (III):



Preferably, RY@2#P7693 H An optionally substituted indolyl-3-gPGHR§I7/13571

reagent is preferably a conpound of the forrmula (I111): WO 98/ 07693
PCTI US97/ 14771 [err] wherein: Rerr] is |, Cerr], Blerr],or ORlerr]; R4 is
a-c4 alkyl; 5 R7' is hydregen, alkyl, hal oal kyl, aryl al kyl,

al koxyal kyl, optionally protected hydroxyal kyl, optionally protected

am noal kyl , nonoal kyl am noal kyl , di al kyl am noal kyl, or trial kyl am noal kyl
or COO (d-C4 alkyl); 10 Rlerr] is hydrogen, Cerr]-Clerr]
alkyl, derr]-C(err] alkoxy, (gH err])m hydroxy, acetyl, carboxy, halo,
hal eal kyl , nitro, and (CH2)m Rlerr]; and mis 0, 1, 2, or 3.
Preferably, Rerr] is d, Br, err] and nost 15 preferably
OR[err]. Rerr] is preferably hy¥ro (egh, bhal oal kyl, al koxyal kyl,
opti.onal |y protected hydroxyal kyl ally protected am noal kyl ,
nmonoal kyl am noal kyl , or di al kyl am Al so included are conpounds
wherein R7 and Rlerr][err] 20 nbine to forma bridging noiety |inking
the indolyl of the glyoxalyl reagem7'and the acetagiggy Such conpounds are

of the fornu&ge£g¥%% [err]
R3 is I, Cl, Br,or OR4;
R4 is C1-C4 alkyl;
5 R7' is hydrogen, alkyl, haloalkyl, arylalle,

alkoxyalkyl, optionally protected hydroxyalkyl, optionally
protected aminoalkyl, monoalkylamihéalkyl,
dialkylaminoalkyl, or trialkylaminoalkyl or COO (C1-Ca
alkyl);
10 Rg is hydrogen, C1-C4 alkyl, Ci-Cg4 alkoxy, (CH2)m
hydroxy, acetyl, carboxy, halo, haloalkyl, nitro, and (CH2)n
NRsRg; and
mis 0, 1, 2, or 3.
Preferably, R3 1is Cl, Br, or OR4 and most
15 preferably OR4. R7+ is preferably hydrogen, alkyl,
héloalkyl, alkoxyalkyl, optionally protected hydroxyalkyl,
'optionally protected aminoalkyl, monoalkylaminoalkyl, or
dialkylaminoalkyl.
Also included are compounds wherein R7 and R7:
20 combine to form a bridging moiety linking the indolyl of the
. glyoxalyl reagent and the acetamide. Such compounds are of
the formula (IV):

NH, 0
D e G
(Ra) \>$ /Qm)

N

(W)



WO 98/ 07693, PCT/ US9ZE%§§%4‘741°'

(I'V) wherein vaggresents a C4 to C8 optionally substituted alky ene -
noi ety, and optionally having an internal -ether (-0-), amno (-NH) or

am de (-CONH) linkage. Most 5 pref%rred conpounds are conpounds
wherein Whas an internal ether |inkagé 8nd are represented by Fornul a
(I'va): [err] wherein Zis -(CHerr])p-; Rerr] is halo, protected hydroxy,
protected amino, NR[err], NH(CF[err]), or N(CHerr])(CF[err]); Rerr] and
Rlerr] 10 are |ndependently Hor (Jerr]-c4 alkyl; pis 0, 1, or 2; and
mis independently 2 or 3. Mst preferred conpounds of t he Fornula(Eva are
those mer@haremswlrega@seﬁtgnq 8@ %ec@%@éhon‘éqtlya@%%&tgrc%tierred

i ndol yl -3-acetamde is a 15 onpound of "the foriula: NH2 [err] wherein:
m Z[err] ahHYPﬁéerpoae§thén§a@@ta§npﬂév|baynwgdeﬂun@@erand Rt&er] is a

| eaving gr @uer)hyamms, (QNHpr)Ob%Ctaﬁﬁdeqr @é)(m ) 1MRk88E07688st
PCT/5897/1477% Cbggoun preferably reacfed wth gl yoxy
nt (I1PFFEELT PeFB

reag oLs 0658 GPmPﬁénﬂérWﬁﬁéelpeWrPaﬁfa& dé§@F€81
conpound I&bhanylbakagelahedatéoweﬁresentba beaGbiri 181 Xtvae;: a macrocycle
is then formed by the intranol ecul ar al kylation of R err] by techniques
appreci at ed NH: Ry

Ry (IVa)
wherein Z is ~(CH2)p-:; R9 is halo, protected hydroxy,
protected amino, NRsRg, NH{CF3i), or N{(CH3){(CF3): R and Rg
10 are independently H or C1-C4 alkyl; p is 0, 1, or 2; and m
is independently 2 or 3. Most preferred compounds of the
Formula IVa are those wherein p is 1; and Rs and Rg are

methyl.
_ Yet another preferred indolyl-3-acetamide is a
15 compound of the formula:
oy 2
T 1}1()
<Oy (CH2)m
(CHZ)m f
Ry (IVb)

wherein:

m, Z, and Rg are the same as previously defined,
and R1g is a leaving group, hydroxy, - or protected hydroxy.



inthe art afQ%%8%Pibed in (EP 0 657 458 (June 14, 1995)). PREFEPERIY™ o
macrocycle of the fornula: H[err] 10 is prepared by reacting Cbnpound
IVc in the presence of base such as Klerr]Cderr], Nerr][err]CJerr],
N[err]OH, KOH, Nerr]H and err]Cerr]=18rnilarly, the reaction may be
carried out with substitution on the glyoxyl reagent. That is, an anal ogous
conpound of the Formula | Vb: WO 98/ 07693 -

PCT/ US97/ 14771 -12- R [err] [err] may be reacted with an

o olyoxyl reagont. L1 aBLT nt i b e e o e Tt o
of indolyl - %ékﬁ%ﬁniéﬁi?\ﬁﬁ %&?%9 TR %??t ﬁh n%%ﬁ@Tf igl yoxyl

reagent may be controlled to y|: N w»oBycle (1Vvd) in a one-step reaction.
Presumably, N-alkylation to |nter i g (1'X) (below) takes advantage of

i ntranol ecul ar condensati ga\l 0 af j)e€ 10 mal ei m de formation.
Bot h t he bi sindol yl nal ei “vame are fornmed in one step
under mld conditions w ;kp i \ exanpl e, the foll ow ng
reaction [err] 15 was i ! t 5 equivalents of NaH at
roomtenperature in about 20 vi&;nes of BVF to yield (IVdl) in 58%yield.

The reaction was unsuccessf ul en using_NaH in THF under these conditions
whi | e potassiumt-butoxide in was aI§B’operabIe

(CHglm (CHz)m
o—
Z
I
Ro (IVc)
If a desired, compound IVc may be isolated from

5 the reaction mixture; a macrocycle is then formed by the
intramolecular alkylation of Rig by techniques appreciated

in the art and described in (EP 0 657 458 {June 14, 19985)).
Preferably, a macrocycle of the formula:

—5,\

N\
yA
|
Ry (Ivd)
10 1s prepared by reacting Compound IVc in the presence of base

such as K2C03, NaC03, NaOH, KOH, NaH, and Cs2Co3.

Similarly, the reaction may be carried out with
substitution on the glyoxyl reagent. That is, an analogous
compound of the Formula IVb:



20 WO 9 PCT/ 7/ 14771
-13- Thus, wa(piaﬁﬁ/gﬁ tuted or unsubstituted bis-indolyl malein &g}gﬁgl/fﬂa/cl e
may be formed in an efficient one-stop reaction. Such a robust synthesis
was previously unknown in the art. 5 It is recognized that
vari ous stereoi someric forns of the com@unds described herein may exist;
conpounds of the Fornula (Ivd) nmay contain a chiral carbon atomin the
substituted al kyl ene noiety. The conpounds are normally prepared as
racemat es and can conveniently be used as such, 10 but i ndi vi dual
enantioners can be isolated or mynthesized by the techni ques descri bed
herein if so desired. Preparatijon of such racemates and i ndi vi dual
enantioners and mixtures thé&ed formpart of the present invention. The
present invention is based on tJf@iscovery 15 t hat an

i ndol e- 3- acet am de react s~wtb-4an indol yl -3-gl yoxyl reagent upon treatnent
with a base sufficiently o deprotfanate the amide of the

i ndol yl - 3-acet am de and B0t onat e t he net hyl ene at the nethyl ene
carbon at the 3- position of tHheAn {CGBréterred bases are sel ected from
20 the group consisting of (&fkhli Inetal al koxi des, sodi um hydri de,

al koxi des such as potassiumtert- butgxide (KOBut). The reaction is carried

lithium diisopropyl anmide, or n-butyll&thiumand are nost preferably alkal
éﬁably from abeg,9y5 to 10

out with a nolar excess of base, pref
equi val ents_25 referably about 3.0 to 5.5 equival ents.

of  base, st .
However , oﬂ%ysE?IFEﬁCFﬁgtHétg?Fn BPUPPELbYRPEe 1PARLYE né -B§BLRBRERL §O0f
base i s defermeat compbhadnofib&vaof aci di c hydrogens in the nol ecul es.

The reaction of glyoxyl reagent (IVbl) with
5 indolyl-3-acetamide, or the reaction of indolyl-3-acetamide
(IVb) with an unsubstituted indolyl-3-glyoxyl reagent may be
controlled to yield macrocycle (IVd) in a one-step reaction.
Presumably, N-alkylation to intermediate (IX) (below) takes
advantage of intramolecular condensation to affect efficient
10 maleimide formation. Both the bisindolylmaleimide and the
macrocycle are formed in one step under mild conditions with
no dimerization. For example, the following reaction

prasn. ——

: M
o nu, 190 0
MeO 0 c

e 0

(o] 2

E_+O:N<\O,m N\C)N p

*o"—oin aH, D Nomn | T OBn
V)

(Ivdl)
15 was carried out with about 5 equivalents of NaH at room
temperature in about 20 volumes of DMF to yield (Ivdl) in

58% yield. The reaction was unsuccessful when using NaH in

Z-m

NaH, DMF

THF under these conditions while potassium t-butoxide in DMF
was also operable.
20



The reacti orWeda§om83carried out in an organic 30 sol vent RETERIVS7TIner t
under the conditions of the reaction. Such solvents include, but are not
limted to, ether solvents such as tetrahydrofuran, tert-butyl nethyl

et her, ether, and di met hoxyet hane; al cohei3sol vents such as ethanol or

but anol ; or pol ar solvents such as dinethyl form de, WO 98/ 07693

PCT/ US97/ 14771 -14- dinethyl sul foxide, or acetonitrile. A preferred sol vent
S tetrahydrofuran Al cohol solvents are |east preferred due to the

sol vent' s pagsj n%%@%é&{@t@éfc%t P be; Basgy J{]ﬁ {§§8£¥?ﬂaf§'€x§£a¥t hough

I nv.ol ves apprOX| ui ol ar anounts_ of eagen
ot her reagemacé’(ﬂﬂxﬁbll%m‘%\f e %@F%Fﬂl . amhef f bppenht one-sLop héeii@’éé@ﬂon i s

preferably aheul d efddist Osphomdsidasdefbtes 1 S0Py a&ﬂmﬁo@ﬁ {hechgagtion

m xture. The indolol -3-glyoxyl reagent utilized in this 10 I nvention is
prepared by conditions appreciated in the art. Generally, the gl yoxyl

reagent is prepared byrd econt&ptesn Hoser thed \}eﬂrﬁﬁhg@@ef)ed}lsozﬁérﬁé forms
9010): a0sebatE GERc R 1986%¢d T e Beuaes ot

90 (1995), @HeaurprYoulet eIVdHenaar ooyt & 42 A18EEa ] 187 fon DaSent  mDtHEC 35:
2546 (1970), Fg?y@g L 471 (1985

i ncor por at e(f“g{/&re erence éi#ée?ﬁg][ 8?‘neeﬁ? gl yoxy pc?%ré%sen%zg(?sg%?gggr%d from
an i ndol e bypreRarat iz TICeMIket ard i 2rfD| @onW e extal | e Hised des f sutloned

20 19 by sediungmthexiLge ér?a'iy@ﬂ&me@@war&%lfwfé{@@%e SndQ¥sized by
t enperat ure Qf 60[err] C). The |ndoh¥I-3 acetamde | s gared by condltlons
techniques described herein if so de31re Preparation

of such racemates and individual enantiomers and mixtures
thereof form part of the present invention.
The present invention is based on the discovery
15 that an indole-3-acetamide reacts with an indolyl-3-glyoxyl
reagent upon treatment with a base sufficiently strong to
deprotonate the amide of the indolyl-3-acetamide and to
deprotonate the methylene at the methylene carbon at the 3-
position of the indolyl. Preferred bases are selected from
20 the group consisting of alkali metal alkoxides, sodium
hydride, lithium diisopropylamide, or n-butyllithium and are
most preferably alkali alkoxides such as potassium tert-
butoxide (KOBut). The reaction is carried out with a molar
excess of base, preferably from about 0.5 to 10 equivalents
25 of base, most preferably about 3.0 to 5.5 equivalents.

" However, one skilled in the art would recognize that the
equivalents of base is dependent on the number of acidic
hydrogens in the molecules.

The reaction may be carried out in an organic
30 solvent which is inert under the conditions of the reaction.
Such solvents include, but are not limited to, ether
solvents such as tetrahydrofuran, tert-butyl methyl ether,
ether, and dimethoxyethane; alcohol solvents such as ethanol
or butanol; or polar solvents such as dimethylformide,



appr eci at agloiogotdde art or purchased from Al drich Chemi cal q;@jgggm,mfﬁl dr| ch
Chem cal, M I waukee, W, catalog, page 725 25 (1992-1993).

Substitution to the acetam de is carried out by technique appreciated in
the art and described in Rubottm G etﬁfé;’ Synt hesis 566 (1972), herein
I ncorporated by reference. Though not hing to be limted to any

techni cal 30 expl anation, applicants believe the nmechani smof the
clained reaction is as illustrated in Schenme 1. WD 98/ 07693
PCTI US97/ 14771 -15- Scheme 1 [err] 5 Conmpound (VI) and (VI1)

(trans anddinejhyehsubioxtdeater d¢enerheribact i drorekeured Fadyent is

InternEdIéﬁéﬁtiﬁy@aéﬁﬁﬁa&harﬁ@é@ﬁézegopveHQ@Ra985§e§9@05£e§699¥d aaé IR
El i mi nation dehyq%?tlon of (VI]).to Conpound I) can be achieved with an

acid or a HRasEee ¥eRh{ § ?Eﬂ$+§l%s%ﬂeﬁ ing GhERCEne | HaBI B23Cacet ani de
is unsubstituted. Wiea pestbsdhtwsedl ipdohes Bvaseappidriinatebpl oyed, the

reaction |s ref erabl uenched w th excess base. cordin an_advant age
of the pres %m?ﬁ%%n?¥%ﬁn$§ ? Eh%nCW%dB?%gggh?a?%gﬁau%giagééﬁsf??ggng
funct|onalqulwwhémtbeangcbpeedtiﬁe Theademyebatptacbﬂgthhereabsibnution

on the T ndol 553 a06h 21 8o Pr pher Al oo COPRUNGS (VL) LogpvGELegct o the

final pro y quenc I Ng & reaction en the
i ndol e- 3- a%%%&ﬁ@@%t{¢m)m}§téﬁ%stltuted 20 conplete elimnation is

achi eved in about 1 4Be5iHQUI6119-PIPeRse Hhegbhe-hndol ybarlgi phde wi thout
the &66d tf%éé%klon is prepared by conditions appreciated in the art.
Generally, the glyoxyl reagent is prepared by technlques
described in Feldman P.L., et al. Synthesis-Stuttgart 9:
735-37 (1586), Downie I. M. et al., Tetrahedron 49(19):
4015-34 (1993), Rone N. et al. Synthetic Commun 25{(3): 681-
15 90 (1995), Oikawa Y. et al. Heterocvcles 4: 1859 (1976},
DaSettimo JOC 35: 2546 (1970), and Rawal U.H. Tetrahedron
Lett., 26: 6141 (1985}, herein incorporated by reference.
Preferably the glyoxyl reagent is prepared from an indole by
sequential treatment of indole with oxalyl chloride followed
20 by sodium methoxide (25% wt. solution in methanol) at low

temperature (<-60°C).

The indolyl-3-acetamide is prepared by conditions
appreciated in the art or purchased from Aldrich Chemical
Company, (Aldrich Chemical, Milwaukee, WI, catalog, page 725

25 {1992-1993). Substitution to the acetamide is carried out
by tecﬁhique appreciated in the art and described in Rubottm
G. et al., Synthesis 566 (1972), herein incorporated by
reference.

Though not wishing to be limited to any technical

30 explanation, applicants believe the mechanism of the claimed
reaction is as illustrated in Scheme 1.



acid. This avowssombd on could be further enhanced by using RCX/089704693
PCT/ US97/ 14771 -16- nore base, preferably 4 to 5 eq. of base, in the
reaction which lead to conplete cyclization in about 15 mnutes to 1 hour.
For exanple, acid sensitive ketal and trifyl containing indol e-3-acetam des
may be cyclized with Conpound 5 [1l in one pot to give

bi s-i ndol yl mal ei m des in excess of 90% yield without the need to add an
acid to quench the reaction and conplete the elimnation. Surprisingly,
even hydroxyl and am no substituted indol e-3-acetam des could be cyclized

to.give bis-indolylmleimdes in 98% and 84%yields 10 respectively.
The foll ow ng exanpl es of the clained Sgmteskes denonstrate the flexibility
and power of this nethodol for the synthesis of bisinHolyl mal ei m des.

The exanples are of fered® 12l | &s Jate t he i nvention @ not to limt

t he 15 scope of the ipwventiqQ t7o he foak&owi ng n the
fol |l ow ng exanpl es, sighati g S e structure
was confirnmed by NWR Ss specty opy Gener al

Infrared spectra were regorded on g Perkin El ner 781 ect'oneter lerr]
NVR spectra were recordgg,on a I% P VHz spectroneter a&nanblent
tenperature. Data are reported as | o chem cal shif{ in ppmfrom
internal standard tetranethylsilane on the d scale, multijplicity (b =
broad, s 25 = singlet, d = doublet, t =triplet, q = ga%?tet, gn =
quintet and m nultiplet), integration, coupling constapt (Hz) and

assi gnnent. 13C NWVR were recordnd on a QE 300 N+E (75.5 s ). spectroneter

at anbient t enperat ure.
;‘Q Elimination

—HO

(1)

5 Compound (VI) and (VII) (trans and cis) can be
isolated from the reaction mixture. These intermediates
have been characterized by NMR, mass spectroscopy, and IR.
Elimination (dehydration of (VII) to Compound I) can be
"achieved with an acid or a base. Preferably HCl is used

10 when the indole-3-acetamide is unsubstituted. When a
substituted indole-3-acetamide is employed, the reaction 1is
preferably quenched with excess base. Accordingly, an

~ advantage of the present invention is that an indole
containing acid sensitive functionality could be cyclized

15 readily by placing the substitution on the indole-3-
acetamide. Preferably, Compound {VII) is converted to the
final product in the same pot by quenching the reaction with
HCl.

When the indole-3-acetamide (II) is substituted

20 complete elimination is achieved in about 1 to 5 hours to
produce the bis-indolylmaleimide without the need to add

acid. This elimination could be further enhanced by using



shifts arewEaaksd in ppmfromtetranethylsilane on the d 3@tysendedl €
with the solvent resonance enployed as the internal standard -
(deuterochloroformat 77.0 ppmand DMSO-d[err] at 39.5 ppn). Conbustion
anal yses were performed by Eli Lilly & Caonpany M croanal ytical Laboratory.
Hi gh resol ution nass spectra were obtainéd on VG ZAB 3F or VG 70 SE WO
98/ 07693 PCT/ US97/ 14771 -17-
spectroneters. Analytical thin | ayer chromatography was perforned on EM

Reagent 0.25 mmsilica gel 60-F plates. Visualization was acconplished with
W |ight. Bore base, preferably 4 to 5 egprefabaseonin the reaction

1-Methyl -1 pgobg- 3=aaet 8Mdgphetel B0 2at 1bRdeheaBnacet 8Nt hukgs( 18- Q 9.
DMF_(50 nL dded d f

64.0 nmmol ) _in ( ) was add ropwi.se to a_suspensi.on_of sodi um
hydride (3h88Tg, BIr3efABP)Sin3BvE E2OSAEYVEt KeS6Mh 809 tTif¥dperature. The
resul tant gbxtdiaingsiatoneed-heetifhidesutnay dedcyasieed adthoclpdied and

a solLution net hyl i odi 13.63.q, .96. L) .in DMF.(30Q nL dded
dropéﬁse. %ﬂé F3a8¥ﬁoh8%%g%a§98ﬁeglg6lﬂgpgygﬁgléﬁhgdﬁﬁ FgoﬁﬁFgﬁﬁggztﬁreefor
3 hrs. The%bgagtedd washnuotkeétleupeds to addt macticudl yousiuegcht ©@he (300 nl)

and aqueou N _HCL o and the.or Lc |ay ls S nd
sol vent re%%ggglPﬁ ggguégggqé%ﬁeQﬁé.%31318§g5§$a o%hggﬁ gqg%ggrg?égﬁproduct
that was chyfredydnanidt Roanopgubbicdirten asdpdel-dwecerhmides wasldotsi ned

with tetrabytyhapaORbUB:REOB:Ee ihficl l%al%@mideslan89éﬁnhhdiB4@H§@%2d%100
mL) _and was cooled in an ice bath before a 30% aqueous sol ution of hydrogen
per 8%i de (3$SREFtWwY&L¥dded fol | owed by an aqueous 20% wei ght. sol ution of

NaCH (26 nL). The reabki galwewiakl ewaspleswarmche cQafimed syntheses
demonstrate the flexibility and power of this methodology
for the synthesis of bisindolylmaleimides. The examples are
offered to illustrate the invention and are not to limit the

15 scope of the invention to the following examples. In the
following examples, the designation "NMR" or "MS" means that

the structure was confirmed by NMR or mass spectroscopy.

General
20 - Infrared spectra were recorded on a Perkin Elmer

781 spectrometer. 1y NMR spectra were recorded on a QE 300
MHz spectrometer at. ambient temperature. Data are reported
as follows: chemical shift in ppm from internal standard
tetramethylsilane on the d scale, multiplicity (b = broad, s

25 = singlet, 4 = doublet, t = triplet, g = quartet, gn =
quintéE and m = multiplet), integration, coupling constant
(Hz) and assignment. 13C NMR were recorded on a QE 300 MHz
(75.5 MHz) spectrometer at ambient temperature. Chemical
shifts are reported in ppm from tetramethylsilane cn the d

30 scale, with the solvent resonance employed as the internal
standard (deuterochloroform at 77.0 ppm and DMSO-dg at 39.5
ppm) . Combustion analyses were performed by Eli Lilly &
Company Microanalytical Laboratory. High resolution mass
spectra were obtained on VG ZAB 3F or VG 70 SE



tenperat ure wods®rs93 for 21 hours before being worked up 25 PCT/US37/14771
extractively with CHerr]J]Cerr] (650 nL), aqueous 1IN HCl1 (500 [err]L) -and~™
water (500 [err]L): The organic |layer was dried (MpSO4) and sol vent renoved
in vacuo to give a thick slurry to which_yas added hexanes (100 nmL). This
m xture was filtered using 1:1 CH2O 2: hexanes (100 nlL) as a rinse to give
8.45 g (70% of 30 the titled product after drying. NVR M (FD) mz
= 188 (Merr], 100%. Anal. calcf[err]d for Cerr]Herr]N2[err] C 70.19; H
6.43; N, 14. 88. Found. C, 70. 7; WO 98/ 07693
PCT/U897/147%H?CEEP §$%Barat88ﬁl§tlca} thlh 1ayer chromatography was
1- (2, 2- Di netget £drBedi omaEMnReadert hOlL 25 3mmnddlecd geét a0t-HepAasekut i on of
i ndol e- 3-ac 7 i D35, : m.) was added
dr opwi se toaéqgﬁggkéég%ﬁn8Va§08?6§¥§%%?F§% ?ﬁFg 6g§85 nole) in DMF (50
m.) at O[err]-5[err]C The resultant m xture was stlrred for 1 hour in the
ice bath and then 4-[2-p- toIuenesulfggﬁ@g?gagdn.%.z di met hyl - 1, 3- di oxol one
(Tanis, S.P. et al., J. Or[err]lv1 Chém 987) 34[err].9 g, 10
0.116 nol e) was added dr opwi sei& d i e R@MER2d to warmand stir
at roomtelrrper atLlZKescBDuti-ﬁrShéﬁ lnﬂﬁﬁetﬂleaééa@hb.@ﬂzdwés (wgr keg,ups.o mmlol)
extractively. u rine ueous, Li and the or an| ayer
ri ea (vysont T B VBN beRoodat st AN ot e uRPoRFLos RE, Shais®
Hexanes: Et OArydzi @3 (Was3added88 225mmbd) ) iheDmFodaﬁtmmmsacrysbml||zed and
vm5| | ate 8 o} teLsdLyi N (FD) mz
302 Merﬁ%@gﬁté’%’é‘% %né 55%%%?“@%‘3[1 Eéltlg%i ¥as %}I(I‘}Efgiﬁzggrcy@e? 53; H,
7 33; N[err]mmuztaes R waEs , ce71ed: tel 09-38C, Nang. 31s020tlon of methyl
iodide (13.63 g, 96.0 mmol) in DMF (30 mL) was added

dropwise. The reaction was allowed to warm and stir at room

temperature for 3 hrs. The reaction was worked up

15 extractively using EtOAc (300 mL) and agueous 0.5 N HC1 (400
mL) and the organic layer dried (MgSO4) and solvent removed
in vacuo to give 16.34 g (>100%) of crude alkylated product
that was carried on without purification as follows. The
0il was combined with tetrabutylammonium bromide (4.13 g,

20 12.8 mmol) in CH2Cl2 (100 mL) and was cooled in an ice bath
before a 30% aqueous solution of hydrogen peroxide (33 mL}
was added followed by an aqueous 20% weight solution of NaOH
(26 mL). The reaction was allowed to warm to room

temperature and stir for 21 hours before being worked up
25 extractively with CH2Clz (650 mL), aqueous 1N HCl (500 mL)

-and water {500 mL). The organic layer was dried (MgSO4) and

solvent removed in vacuo to give a thick slurry to which was

added hexanes (100 mL). This mixture was filtered using 1:1
CH2Cl2:hexanes (100 mL) as a rinse to give 8.45 g (70%) of
- 30 the titled product after drying. NMR. MS (FD) m/z = 188

(M*, 100%). Anal. calc'd for C11H12N20 C, 70.19; H, 6.43;
N, 14.88. Found C, 70.02; H, 6.17; N, 14.99.



Prepar at i omo3s/vde3- O Tri phenvl net hvl propyl ) -i ndol e- 3- acet anpg@eufosabut i on
of indole-3-acetamde (5.00 g, 28.7 mml) in DM (25 nL) was added to a -
suspensi on of sodi um hydride 25 (1.61 g, 40.3 nmol) in DVF (25 nl) at
roomtenperature under N err]. The resui%ant m xture was stirred 30 mn. at
room tenperature and was then cooled to 00-50C. A solution of 3-
bronmo-1-(Jerr]-triphenyl nethyl)-propanol (16.4 g, 43.1 mmol) in DWF (40
m.) was added and the reaction was stirred for 16 30 hours at room
tenperature. The reaction was worked up extractively using Et QAc (700 nL)
water (2X 500 ni) and brine (200 m.) and then dried (MySO4) and the sol vent
renmpved in vacuo to give 23.1 g ofpr@ b@@g;g&@ﬂu&t whi ch was purlfled by
flash chra 10, '1 hexaf : \O 9 /076 3

PCT/ US97/ t47 : 4550 T
crystallized byA obcslsmwmgaﬁ hm@mlefh-até}ar(\ﬁﬂ)enuiit'ﬁ) v e’!”d 9. ﬁﬁog) (37110/() of

th tl t.r N 4 I
caFcu:at:gmﬁng%frm;)g?%r?i?iﬁ???f$éw1ife??]%1err%ggga%%agg ¥é¢f§$37 N,
5.90 Folnl@deo( 8483 ¢, nolse) gtn PMBpLP@tieh at 0°-5°C. The

1- (I - Hydr eagpialddy rhﬂ@@xh:@e %@@eééﬂﬁédlf’or 1 hour ﬁusé’rllé“i@é‘ 19$th and

3-indol yl acetonjt r| | e ) g, 19. ded_dropw se

ol
to a suspenorf of? %d@%%%ﬁ%%ozml%@hbgl 237 d WWYL bl@:‘@a@x@rlr_?n%t
room tenperminire, Jhe. resudl antgm okl ECHEE, sg_gsr@ﬂgatwmmt:e&rper@;ure for

3048 DS A APl oD Qlads dPopwis B! OMRRLOPYLACELR! ol % Plodea 2

warm and stir at room temperature for-16 hrs., and the

reaction was worked up extractively using EtOAc, brine and
5% aqgueous LiCl, and the organic layer dried (MgSO4), and

solvent removed in vacuo to give an oil to which

15 Hexanes:EtQAc (4:3) was added (225 mL), The product was
crystallized and was isolated to give 19.4 g {83%) of
product after drying. NMR. MS (FD) m/z = 302 (M*, 100%).

Analytical calculated for C17H22N203 C, 67.53; H, 7.33; N,
9.26. Found C, 67.72; H, 7.38; N, 9.31.
20
Pxr ration
1-{3-0'-Triphenvimethvlpropyl) -indole-3-acetamide
A solution of indole-3-acetamide (5.00 g, 28.7 mmol) in
DMF (25 mL) was added to a suspension of sodium hydride
25 {1.61 g, 40.3 mmol) in DMF (25 mL) at room temperature under
N2. The resultant mixture was stirred 30 min. at room
temperature and was then cooled to 0©-5°C. A solution of 3-
bromo-1-{0'-triphenylmethyl)-propanol (16.4 g, 43.1 mmol} in
DMF (40 mL) was added and the reaction was stirred for 16
30 hours at room temperature. The reaction was worked up
extractively using EtOAc (700 mL) water (2X 500 mL) and
brine (200 mL) and then dried (MgS0O4} and the solvent
removed in vacuo to give 23.1 g of crude product which was
purified by flash chromatography using 1l:1 hexanes:acetone



added. The r¥QdB03was stirred an additional 3 hours at roonfEEMS&YW e _
before being worked up extractively with Et OAc (250 nlL), aqueous 0.5N HC
(200 nL), water (200 mL) and brine (50 [err]L) and the solvent was renoved
in vacuo to 20 give 6.91 g (>100% oflgrude al kyl ated product which was
converted to 1-(1-hydroxypropyl)-indol e-3-acetam de wi thout purification as
follows. The oil was dissolved in tert- butanol (70 nL), treated with
freshly powdered potassium hydroxide (85% 12.7 g, 192 mml) and the

resultant med WH,£912.45 at@ﬂgiooé-gﬁaéu@tféélgﬁ bo1 .1 ﬂrsollhewégaCt'on
m xture was then poured into_ jce and the acidity adjusted t

usin
agueous 6N M%Cﬁ{@?q Ly disselyengtihe obs Work ub5@x@¥gc’f—ﬁ>v¥?~9lasl ng
Et OAc (300 [9erg§§) , (Ved erof 209 e 1841 fLod®O: M )naRd the organic |ayer
t

dri.ed (MyS he sol ve ved_in vacuo to give a solid that
was purifi egksby () d Zhro { g?%phylééggg P24V ELer b %‘k%{"ﬁ%%gl RPYially
fol | oied by @23 @atorie: MOPo B ve.P77Ng 36999 ofodndlc, 80.84; H,

Hydr oxypr opy, ) ng\pl eﬁ\ﬂ%?cet amde. NWR M5 (FD) mz = 232 WO 98/ 07693
PCT/ US97/ 14 -2 100% . Analytical calculated for
C[err]H[err]N[err]qerr] C, 67-22; H, 6.94; N, 12.06. Found C, 65.99; H,

7.24; N, 11.0. Preparation 5 5 Preparation

1- (Di et hyl am nopr opyl ) - i ndoI e- 3- ac€f‘a‘r%€e_r§ﬁ§pen3| on of
1- (et hanesul f onyl pr opyA { L XY RG] Tf le @@l ) in THF (15
n) was treated mt%@%a&ﬂ@@@@iﬂa@@c&h@rm hvalamr@ (18,5 #thol)

0.108 | t ant | ut
st i rregoat(:a) anﬁ?l‘%g]ngoré? rgnef%r %‘ge%o%égwysl%gnﬁ’ \é\%isf‘f%ﬁg%%o%‘?éeﬁoﬁbum
extractivel yywsiide BIOAS (60 12r0 [rnol WaierDNRX( B0 fiey rdt ) room

temperature. The resultant mixture was stirred at room

temperature for 30 min. before a solution of 3-

15 bromopropylacetate (4.87 g, 26.9 mmol) in DMF {15 mL) was
added. The reaction was stirred an additional 3 hours at
room temperature before being worked up extractively with
EtOAc (250 mL), agueous 0.5N HCl (200 mL), water (200 mL)
and brine (50 mL) and the solvent was removed in vacuo to

20 g@ve 6.91 g (>100%) of crude alkylated product which was
converted to 1-(l-hydroxypropyl)-indole-3-acetamide without
purification as follows. The 0il was dissolved in tert-
butanol (70 mL), treatéd with freshly powdered potassium
hydroxide (85%, 12.7 g, 132 mmel) and the resultant mixture

25 heated to a gentle reflux for 1 hr. The reaction mixture

- was then poured into ice and the acidity adjusted to pH~1
using agueous 6N HCl (35 mL). The reaction was worked up
extractively using EtOAc (300 mL), water (200 mL), brine (50
ml) and the organic layer dried (MgSO4) and the solvent

30 removed in vacuo to give a solid that was purified by flash
chromatography using a 2:1 acetone:hexanes initially
followed by 95:5 acetone:MeOH to give 2.73 g (61%) of 1-(1l-
Hydroxypropyl)-indole-3-acetamide. NMR. MS (FD) m/z = 232



and bri ne

5 The conbi ned aqueous | ayers were back- extr hree
tinmes wt h&é%gg(%x 25 nmL) and the conbi ned organic |ayer 5F?@§B‘?ﬁﬁ§04) _
and the sol vent renoved in vacuo 15 to give 0.77g (92% of
1- (Di et hyl am nopropyl )-i ndol e-3- acetam de. NVR Ms (FD) mz = 259

(Merr],

solution of indole (2.0 g, 1.70 nmmol ) in Et20 (20 nlL) was cooled to 00-

under N2 and oxal yl

The resultant yellow slurry was stirred 30 min. in the ice bath and was

100% . Preparation 6 Methyl ind8ryl-3-glvoxylate 20 A

50C

chloride (1.5 nL 1.70 mmol ) was added dropw se at <50C.

t hen cool edyto an 9 . L o] odi de 35,5, . 7.8
[err]L[errﬁn3f4I§§§f3 mgggé§g€%§ﬁaaégggg%QE?SEFSr??gghgﬁhggﬁgécéﬁéﬁzﬁas(
then all owéd éo94arth t 2r 86m t EapadaCur 65 .84t eH. Wwds2d4dd¥d 100nl), and the

resul t ant
100% . 30
98/ 07693

m xture filtered. The solid was dried at roomtenperature to give
3.21 g (93% of the titled conpound. NVR. M5 (FD) mlz = 203 (Merr][err]
Anal ytical cal cul at &EgRarafi@rlH err]NJerr] C, 65.02[err]
Herg] 4.46[err] N eribifeBfy]1ERuAEpEopf4) 93ndbli e4328ceNan{d83. WO

71_-21-
Preparation 7 MtAYPPERSHRENGE- tAdBRyPaspsuifoBYyPEPRY A-4BFGEPGA ~of
Bt)mgf hyl i Crml@éeaxﬁz?da 01.0.582 mlb)?dmllﬂ ﬁgrm}ig) (26 fneng}:ﬁf ivaé;ceal isagit:ho

- err u r X cnl or e . . ~\Was
added dr oghi B0 e 8h8hhb  BRuPYRY bec i RRLES Bring, Sar sy meas et BB el 30
mn. in theolek dadhthadresslthsh tesbedonosodsdloandaa 28BYpet. asdl ution of
s0di yim et Dox)£8a (r OrBbm BeRifellPli @8- Sh8%hYuRdledTAL FealBlBh Mys The

reacti on was

15

20

25

30

8
en allowed to warmto ro
worked up extractively using EtOAc (50 mL), water {(2X 50 mL)

and brine (25 ml)}. The combined agueous layers were back-
extracted three times with EtOAc (3X 25 mL) and the combined
organic laver dried {(MgS04) and the solvent removed 1in vacuo
to give 0.77g (92%) of 1-(Dimethylaminopropyl)-indole-3-
acetamide. NMR. MS (FD) m/z = 259 (M*, 100%).

Preparation 6

Methyl indolvl-3-glvoxylate
A solution of indole (2.0 g, 1.70 mmol) in Et20 {20 mL)

was cooled to 0°-5°C under N2 and oxalyl chloride (1.5 mL
1.70 mmol) was added dropwise at <5°C. The resultant yellow
slurry was stirred 30 min. in the ice bath and was then
cooled to -65°C and a 25% wt. solution of sodium methoxide
(7.8 mk, 3.4 mmol) was slowly added at <-58°C. The reaction
was then allowed to warm to room temperature, water was
added (10 mL), and the resultant mixture filtered. The
solid was dried at room temperature to give 3.21 g (93%) of
the titled compound. NMR. MS (FD) m/z = 203 (M*, 100%).

-Analytical calculated for C11HgNO3 C, 65.02; H, 4.46; N,

6.89. Found C, 64.93; H, 4.25; N, 7.03.



10 t enpeV O8O Pvat er was added (10 [err]L), and the resuPCAMHSO 4 ure_
filtered and the solid dried at roomtenperature to give 2.93 g (89% of
the titled compound. NMR Ms (FD) [err] = 217 (Merr], 100% . Analytica
calculated for CI2HINO3 C, 66.35; H 5.1481-N, 6.45. Found C, 66.29; H 15
5.39; N, 6.65. Preparation 8 3-Bronopropyl acetate Acetic anhydride (74.7
[err]l[err] 0.792 nole) was added to a 00-5[err] C sol ution of

3- brono- 1- propanol (100 g, 0.720 nole) 20 and 4-di nmet hyl am nopyri di ne
(8.79 g, 72.0 nmol ) in CH2C12 (500 myeparBRedreadcti on was warnmed to room
tenperature for 4 hours and then the I’faCtIO wor ked &I extractively
with CH2C12 (200 [err]l t ur at ed

N err]HCJ err] (2%:3@Du¢emn]ni Mrivebiny hendobe [2r8] &) and2t Mwoddl ¥BnEteas

25 - r enov er 1280 520 t

conmpound. %&wgﬂ?%% é??&% t:c}lgo %V\?e‘élrg e@118% /égH&Ana }cgf‘lgg gSI at ed
for (Jerr]H€&rr3 (i{xlerl]ﬂemmmc w33, ddded dropwisOlat Fohifd. C TB8&. 69; H,
5.09. 30

5o 1. (SEHHRG Yat T L Epanit TEPETANTe - (1B0%he 6%oR B o)
was di ssol vend wacH ere CFep (5@0‘?%‘?@]@)‘ ahd2edoved §©19Féﬁﬂ] of[err]C

under N[err]s@d%xﬁrm@émmaénm(@&nﬂ " 08361 kel waswagdedabal bevad by
a WD 98/ 07693 CTI US97/ 14771
-22- sol uti ot of - 3-BrBnbeRCh Bpardt (2P 42 4L oHed 550 (BRET Fﬂ €12

(1geg]l). tdmpeeatciton wakétreasasdadéd oned mbD) waandaodestesudtanoom

{Smper alure ke febrey 1 J0Eah eARA' A 851 V6" KB HPaEXLOBR! LURbY-HELDE EE2C12

(150 ni),
give 2.93 g (89%) of the titled compound. NMR.
MS (FD) m/z = 217 (M*, 100%). Analytical calculated for
C12H11NO3 C, 66.35; H, 5.10; N, 6.45. Found C, 66.29; H,
15 5.39; N, 6.65.

Preparation 8

3-Bromopropyl acetate
Acetic anhydride (74.7 mL, 0.792 mcle) was added to a

0°-5°C solution of 3-bromo-l-propanocl (100 g, 0.720 mole)

20 and 4-dimethylaminopyridine (8.79 g, 72.0 mmol) in CH2C1)
(500 mL). The reaction was warmed to room temperature for 4
hours and then the reaction was worked up extractively with
CH2Cl2 (200 mL), agueous 1IN HCl (2X 300 mL), saturated
NaHCO3 (2X 300 mL) and brine (200 mL) and the solvent was

25 removed Iin vacuo to give 128.52 g (99%) of the above titled

. compound. NMR.
MS (FD) m/z = 180 (M*, 100%). Analytical calculated for
CsHgO2Br C, 33.17; H, 5.01. Found C, 33.69; H, 5.09.

30 Pr ion
3-Bromo-1-(0'-triphenylmethvl ropanol
Trityl chloride (109 g, 0.391 mole) was dissolved in
CH2Cl2 (500 mL) and cooled to 0°-5°C under N2 and

triethylamine (59.4 mL, 0.426 mole) was added followed by a



5 and Wwob#)gr603 50 nL) and then dried (MySO err]) and. t hepsSOlyEAk77 enoved
in vacuo to give 144.6 g of crude product which was purified by flash -

chromat ography using a gradient of 2:1 to 1:1 hexanes: CH2Cl 2 to give 105.7
g (78%9 of the above titled conpound as,.a solid. NVR 10 M5 (FD) mz
= 380 (Merr], 100% . Analytical calcul&dted for C22H210Br C, 69.30; Herr]
5.55. Found C, 69.10; Herr] 5.48. Preparation 10

1- ( Met hanesul f onyl propyl ) -i ndol e- 3-acet am de 15 Met hanesul f onyl
chloride (0.67 nL, 14.5 mvol) was added dropwi se to a 00-50C sol ution of

| - (I - hydr Geyprtes )ofi rddrreona: owrepatiel (14584 o er? 355 28 kel ynand
triethyl amHp1(l. 4100ML) 10.Themiddct TorCHR{GIAL L2 0ndd ) a Lslesd Do Wanemr eact i on
was stirred 30 minutes in the ice bath and en the _reaction was 20

Wor ked up A6 SR v yF A i ERBEB S0P Vit or TR OGRS BB us

sat ur at ed wdkiked WL €0RfErvély withdrCieCIH0( 120 ril), weamder heSe0 galnl ¢

| ayer dri t v, I o) Lve id that
e R R R S R et AL L
above tit lmthovmrpaimdvasuo to afiws WM4ihgg ofMRTudd/Bdd)ctwhich 3dds
(Merr], W ; td C e ] rilecr] C
54.18; H, Jp Q%I#a%yo%l@%%und%ék%ﬁmqﬁgg r\{%alréf\%%g 90% e%l'r%aptgé ation
11 30 1:1 Hepspngshidhiatred Hokygive (07 hodl bL&E bk anfeiedboxs) tutled

but anet r i JombRm(didetaydsced oniglen - 4- but anetriol (9.5g, 65.07mml) was
Laken b My @)l SR o f) oM RPELA R B8R0k S, WO
(8.85g, 13221@Rr Q. &RY)3 WasH aduerb f ol Fouwwd Gy §9 bl ylH, 5.48.

Preparation 10
1~ (Methanesulfonvlpropyl)-indole-3~acetamide

15 Methanesulfonyl chloride (0.67 mL, 14.5 mmol) was added
dropwise to a 0°-5°C solution of 1-(l-hydroxypropyl)-indole-
3-acetamide (1.68 g, 7.23 mmol) and triethylamine (1.41 mL,
10.1 mmol) in CH2Clz (20 mL) under N3. The reaction was

stirred 30 minutes in the ice bath and then the reaction was
20 worked up extractively using CH2Clz (200 mL), water (100

mL), agueous saturated NH4Cl (100 mL) and brine (50 ml), and
the organic layer dried (MgSO4) and the solvent removed in
vacuo to give a solid that was triturated in THF (15 mL) and
filtered to give 1.58 g {71%) of the above titled compound

25 after q:ying. NMR. MS {(FD) m/z = 310 (M*, 100%).
Analytical calculated for C14H18N203S C, 54.18; H, 5.85; N,
9.03. Found C, 54.64; H, 5.98; N, 8.97.

Preparation 11
30 1-(Triphenvylimethoxv)-2-{2~{indole-3-acetamide) -oxv) -4-
butanetriol

1,2-(dimethylacetonide)-4-butanetriol (9.5g, 65.07mmol)
was taken up in 100ml CH2Clz at room temperature. Imidazole



di et hyI -si | yo 64)b7ebsd de (16.99g, 61.81mmol, 0.95eq). The reactpPoOnUs®S14771

stirred at roomtenperature for 4 hours. It was quenched with NH4C -
sol ution, washed with brine, dried 5 over MgSO4, and evaporated to an
oil. Thi s oil was taken up in 80% aqueous“acetl c acid and stirred at room

tenperature for 24 hours. It was quenched W th water and diluted with
CHerr]Cerr]. The resulting organic | ayer was washed with saturated NaHCO3
solution and water and dri ed over MgsS™ 10 bef ore evaporati ng to an oil
whi ch was purified by colu chromatog)raphy to give 14.2g ,A--(t-

But yl di phenyl(8i. Isﬁlgox9‘)3 ObGISéiI*II@tJfrl & - sl WA addnd f?"ﬂl%"iﬁ%lkm T~ b‘-(‘tyl‘
, 2, 4- (t-But ahﬁbehgwlsauw Rioddeangtd 3 dg (28 Qz[mm lerd5d®) . The
81 4mm|) was taken u 400 edr]l erq_}%err err roomt er at ur
Tri et hyl ani nESPES16R1 | Sfﬁn’% x\\,\é.e ‘ﬁﬂ I W 3ty Lt
chl oride (25wa[seqn}ep@he]d a&tsnmm4cn Sadgit.icofhe wastmad muhaéomne.r edred r oom
2 I NH
tenpergture for, %dt e%%as Wag%g: W 'b I ergl ;G ofj«.“ p &%aﬁ{gé&

resul ting organic wi't Wt ne and over
bef ore evaponat Bng aqu@nucﬂ Iaqﬂmcdnawasi purd fitedded ol urgone hreomes ognapdy

(7/1 hexane/ 4
queqigﬁd wit ter and 1lute Ylth

(Tri phenyl rret ox }f (st but I ph o) ut anetri o ear oil

(96% yield). € XZ Bﬁ“Err Ofy 5>/ g R’é’rﬂhp in

IbOO[ err]l II'HEatﬂ;ré{EéggmmMjO:jetsImxgt)m% 4arr(d meﬂoéﬁn@emai Iw?éy\ggsm .
utanetrio 5 7mmol,) was taken up.i.n 4 THFE ed to the

reacti8n. T é %Q&%t Fb’ﬁ%?tﬁélgt &@ 3¢ Z%GCQ‘WI'& WioU P ]teiﬂe PYA 194U o de

(13.8[err] I chp9mékenrhphyl t& edyve3Q4.2g vIIasz auddreﬂ dropwi se. The reactl on
vas heat ed ap. $596;L8ald 401 0RAl MO -1 R uenched, 1

t
sol ution. The r I'ng-orga & Was wash Fine and d1r| ed over
MySO err] be¥aeédé¢vaporating to an oil which was purified by colum

chromat ography (941 3hexane/shl:QAQ) phergi1s 19A-3& ) butanetroil (28.0g,
15 81 .4mmol) was taken up in 400ml CH2Clz at room temperature.
Triethylamine (13.6ml, 97.7mmol, 1.2eq) was added followed
by trityl chloride (25.0g, 89.5mmol, l.leqg). The reaction

was stirred at room temperature for 24 hours. It was
guenched with NH4Cl solution. The resulting organic layer

20 was washed with brine and dried over MgSO4 before
" evaporating to an oil which was purified by column
chromatography (7/1 hexane/EtOAc) to give 40.%9g 1-
{(Triphenylmethoxy) -2,4- (t-butyldiphenylsilyloxy) -butanetriol
as a clear oil (96% yield).
25 qNaH {(5.0qg, 124.2mm01, 1l.4eq) was taken up in 100ml THF.
" 1-(Triphenylmethoxy)-2,4- (t-butyldiphenylsilyloxy) -
butanetriol (52.0g, 88.7mmol) was taken up in 400ml THF and
added to the reaction. The reaction was heated at 45°C for
1 hour and then allyl bromide (13.8ml, 159.7mmol, 1.8 eq)
30 was added dropwise. The reaction was heated at 45°C for 12
additional hours. It was quenched with NH4Cl solution. The

resulting organic layer was washed with brine and dried over
MgS0O4 before evaporating to an oil which was purified by

column chromatography (9/1 hexane/EtOAc) to give 44.8g 1-



WO 98/ 076980 98/07693 PCT/ USO7$a¥8dn11424 - -
(Tri phenyl net hoxy) - 2- (2- pent enoxy) -4- (t- butyl di phenyl si |l yl oxy) - but anet rt ol
as a clear oil (81%yield). 1-(Triphenyl methoxy)-2-(2-pentenoxy)-4-(t- 5
butyl di phenyl si |l yl oxy)-butanetriol (3.6g,.5.76mol) was taken up in 30m
1/1 CH2d 2/ MeOH and cool ed to -50[err‘iC. Ozone was bubbled into the
reaction for 30mn, nonitored by the col or change of sudan red indicator.
Still at -500C sodi um borohydride (0.43g, 11.52mml, 2.0Ceq) was added and

10 the reaction was slowmy allowed to cone to roomtenperature

over ni ght .(?ﬁl%“%%%WW{h(M@t?&@@ﬂ oh~&hd the resulting organic

| ayer was Yutythdiph@shbsli v 1 Py et ande ff o Bdaover c MasAo bef pgeg evapor at i ng
to an oil which was purified by colum chronot ography (3/1 hexane/ Et OAc) to
give 15 Y S*Eg | (Tri phenyl met hoxy) - 2- ( 2- hydr oxyet hoxy) - 4- ( t -

but yl di phenyl sily{Bxaphény Enethoxy ) ad- 42 chpeatrendky [ 68% yt el d) .

%u'g ﬁ hfgﬁglﬂﬁ%#ﬁ%%(m&%ﬁlyi’gifW?\ﬁiige-Y%rfo%B{% %?(13;7\6’\%%0126 was t aken up
in 200[ erry k?ﬁ—l["é‘ r’]%[% ﬁ agﬁ% élg%q: DF%&E ST%‘?r%‘E?{ @t hyl anf e (5. 2m |
37.5mml , dzciheqlayasuiiied andot fRE PFBAERIGS UESPNYOMER! OhbAlEt 6 2e@ by
36.Jerr]l, 1.2[err]). was added dropw se, I ntaining the tenperature bel ow
O[err]C.'ﬁh?r%é&ﬂ?c#b@@&es? rP e %tr@§O{9$£¢a%@rni >t1tlwas gréhehed with
NH4C  and 8ium bdwomednlde ngo o43ani £1 | Byano WAS2 V@sdE dwas t idded nenand
(T Bhenyl AT RERIESY 57 gé?ﬁéﬁ%%ﬂ?%%ﬁy?%ﬁ%?%%%? JZ}PR temperature
but yl di phet¥ASH I oxy) Thurahetrepried With gidaGh| $obpbipn and the

resulting organic layer was further washed with brine and

dried over MgS804 before evaporating to an oil which was

purified by column chromotography (3/1 hexane/EtOAc) to give

15 2.3g 1-(Triphenylmethoxy)-2-(2-hydroxyethoxy)-4-(t-
butyldiphenylsilyloxy) -butanetricl as a clear oil (63%
yield).

1-{Triphenylmethoxy) -2~ (2-hydroxyethoxy)-4-(t-
butyldiphenylsilyloxy)-butanetriol (18.6g, 30.0mmol) was

20 taken up in 200ml CH2Clz and cooled to -5°C. Triethylamine
(5.2ml, 37.5mmol, 1.25eq) was added and then methanesulfonyl
chloride (Z.Sml, 36.0mmol, 1.2eq) was added dropwise,
maintaining the temperature below 0°C. The reaction was
stirred at -5°C for 30 min. It was quenched with NH4Cl and

25 the resulting organic layer was washed with brine and dried
over MgSO4 before evaporating to give 19.7g 1-
(Triphenylmethoxy) -2-{2- {methanesulfonyloxy)ethoxy)-4-(t-
butyldiphenylsilyloxy)-butanetricl as a light yellow oil
(36% yield). ©0% NaH in mineral oil (5.18g, 129mmol, 1.5eq)

30 was taken up in 400ml DMF and cooled to 0°C. A solution of
indole-3-acetamide (22.6g, 129mmol, 1l.5eq) in 325ml DMF was
added slowly, maintaining a temperature below 0°C. The
reaction was then allowed to come to room temperature and
stir for 2 hrs. It was recooled to 0°C and a solution of 1-



(96% vyi el d). w0OMsNa&93i n mineral oil (5.18g, 129mmmol, |.5eq) 30 PCT/USREEIT71
taken up in 400m DMV and cooled to O[err]C. A solution of - -
i ndol e- 3-acetam de (22.6g, 129mvol, |.5eq) in 325[err]l DVF was added
slowy, maintaining a tenperature bel ow Ofgsr] C. The reaction was then
allowed to conme to roomtenperature and stir for 2 hrs. It was recooled to
O[err]C and a solution of 1- WO 98/ 07693

PCT/ US97/ 14771 - 25-
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whi ch was carr n w t hout urther urlflca

i

68 00) - 1- ( TN ISRr ) oS Wl ot 8 St Brmats o] {4 Tigres chen
(t butyI di phéihy'll%il d&@’%hma‘ﬁbtﬂﬁﬂ@]?llegg @ngIIQQPE?F] My %S @aﬂen up in
100 MR Ol gl e L 20 DULY| ATTDORRALAYThOENbRY TLE (Jbenpgaetion

was st rred oomte erature uenc wat er and
di | ut ed with SRR ) opY bre- é@ptam%xl@whqml%lml@mg mtanetmeénﬁé a

llayer was washgek \%ﬁckwrbréﬂﬁ,wmaedw@yeéa%% oRNdi eNaRer ehiedhép a brown
oi I which maslgﬁd%fled X col¥nn chronatographg (&/} hexane/ acetone to 100%

acetone) to A 1catio
1-{Triphenylmethoxy)-2-{2-{(indole-3-acetamide)oxy) -4~
15 (t-butyldiphenylsilyloxy)-butanetriol (68.0g, 12%mmol) was

taken up in 100ml of a 1M solution of tetrabutylammonium
flouride in THF. The reaction was stirred at room
temperature for 6 hrs. It was quenched with water and
diluted with EtOAc to improve separation. The resulting

20 organic layer was washed with brine, dried over MgSO4, and
evaporated to a brown oil which was purified by column
chromatography (1/1 hexane/acetone to 100% acetone) to yvield
26.0g of the titled compound as a foamy off-white solid (55%
- 2 step vield).

25

Example 1
3.,4-(3-indolvl) -1H-pyvrrole-2,5-dione
A suspension of indole-3-acetamide (1.00 g, 5.74 mmol)

and methyl indolyl-3-glyoxylate (1.28 g, 6.30 mmole) in THF

30 (10 mL) was treated with a 1 molar solution of potassium
tert-butoxide in THF (17.2 mL, 17.2 mmol) at room
temperature under'Nz. The resultant dark reaction mixture
was stirred 3 hrs. at room temperature and was then treated
with concentrated (37%) HC1 (8 mL) allowing the reaction to



26. Og of twe I8wréesdd conpound as a foany off-white solid (5596€T/USIEET
yield). 25 Exanple 1 3,4-(3-indolvl)-1H pvrrole-2,5-dione A suspension of

i ndol e-3-acetam de (1.00 g, 5.74 mmol) and net hyl indolyl-3-glyoxylate
(1.28 g, 6.30 nmole) in THF 30 (10_gE) was treated with a 1 nol ar
solution of potassiumtert-butoxide in THF (17.2 nmL, 17.2 mmol) at room
tenperature under N2. The resultant dark reaction m xture was stirred 3
hrs. at roomtenperature and was then treated with concentrated (37% HC
(8 nb) allomnng the rggction Eo WO 98/%7&23 . .

PCT/ US97/ 1#7917¢5% FhEFAFCTRB WRECcHPEARalPWEFkEAChpVEXYr HELPTel y usi ng
Et OAc (125E0di¢ mmﬂérmL2X %80eml Y 2XbiDAem(25 bikinand26hmlor gadi theayer
dried (NQSSEQaQBQ §8bé§n8rE@HDYﬁSsbﬁ)Véﬁaostvghﬁerém§9EBd1hh%EcW%5to
purified by Tlash chromatography using 5 a gradient of 2:1 1
hexanes: Et T¢et & gpwédztbatgweiogwyléﬂeéréyrﬁéaabuﬁhAppatggrgpbssm@lmaen
using ol yoxvkyhachher bech 15cd- 311 Adohksl BOKEr obegZya di guegeoubagl so
be recrystallized gkgtCH to glve a _stiochionetric ethanol nDnosoIvate in

hi gh purit9f (3999F1ardPyRefd (¢888) 9 NRR®) 1hhen URENEFBIYRIYIYL 327 (MW,

100% . AnatMibealetal col ated-fagot ernhHpborrbieepr FOiebhk €oul@. d8soH err]
5.13; N, 11.25. Fou

. 70.97. H 5.22; N, 11.12. .Ex lLe 2. 15
Ui Nt hvi )B4 TRaGYSERLat2ed: Raam EROM 8y BRbre o fEiPrBi (TBRE ReehOARE: A
suspensi onmofhokelethyl inntabb- Buadeyar>d6%( 1200 giedd3186ADI.) MR .net hyl
'nd?byl'S'Héy?gﬁkah?z(ltBQZQ’(M*, 100%). Analytical calculated for

Cy2H19N303 C, 70.76; H, 5.13; N, 11.25. Found C, 70.97; H,
5.22; N, 11.12.

Example 2

15
Method 1: A suspension of l-methyl-indole-3-acetamide

{1.00 g, 5.31 mmol) and methyl indolyl-3-glvoxylate (1.30 g,
6.40 mmole) {or 1.32 g, 63.6 mmol of indole-3-glyoxyl
chloride] in THF (10 mL) was cooled in an ice bath under N2

20 and then treated with a 1 molar solution of potassium tert-
butoxide in THF (15.9 mL, 15.9 mmol). The resultant dark
reaction mixture was stirred 5 minutes in the ice bath and
2.5 hrs. at room temperature and was then treated with
concentrated (37%) HC1l (8 mL) allowing the reaction to

25 exotherm. The reaction was worked up extractively using
EtOAc (150 mL), water (100 mL), brine (25 ml) and the
organic layer dried (MgSO4) and the solvent removed in vacuo
to give a solid that was purified by flash chromatography
using a gradlent of 2:1 to 1: 1 hexanes:acetone to give 1.66

30 g (92%) of the titled compound (1.38 g (76%) obtained upon
using glyoxyl chloride].

Method 2: A suspension of indole-3-acetamide (1.00 g,

5.74 mmol) and methyl-{(l-methyl-indolyl-3-glyoxylate (1.50
g, 6.91 mmole) in THF (10 mL) was cooled in an ice bath



6. 40 mol e) W @bsdred® 9. 63.6 mmol of indol e-3-glyoxyl chlori de¢T/US7RKIFAL( 10
m.) was cooled Iin an ice bath under N2 20 and then treated with a 1
nol ar solution of potassiumtert- butoxide in THF (15.9 ni, 15.9 mmol). The
resultant dark reaction mxture was stirred 5 mnutes in the ice bath and
2.5 hrs. at roomtenperature and was then treated with concentrated (37%
HC1 (8 nmL.) allowing the reaction to 25 exotherm The reaction was

wor ked up extractively using Et OAc (150 nmL), water (100 nmL), brine (25 m)
and the organic layer dried (MgSO) and the sol vent renoved in %acuo to

gi ve a sol i andieat Naagnsurtiane d 18R Feh I tdhro ta Y P W IR £4r adi ent of

2:1to 1:1 ; j 3 29 itl
corrpoand ( 12%@%%%?%@%%3«%534 l\l%okﬁgﬂgfg (gll’iy'oz;;l(]}% C Fﬁr]o% drgﬁil\iest h?ﬁet%:le A

suspensi on SESUAGEINE- Rake tiaf e QUL TWOJY S WAS micidrethd ™

met-hyl - I(I a”&k'&%a‘a!t'?xd%gﬁd th,—g;lw,ylaa%g:dolén HehermtQirammid)was thén (10 nl)
was cooled in an ice bat . :

Pt UBovT 147 FEARST. eI antd THorEh ot U WAHWIPgNE 1 WITh B

pot assi um t ekbtbigraxi derien redet(ibh vad ,wdrkedd mplext raktsl veekwl @ $¥ng dar k
reaction m xture sti.rred ] Nut Nt i n s. at room
t enper at ur eéﬁﬁé‘c\qfa\,@%tohé%‘% ‘f’ast%nllr e@@g nlv\lin)t'hI}Jc;erolnrge.e %%la)Hé’? gtﬁn{ al | owi ng
the reacti oprgendxotidian dmied eI RS oIk P U EX (F SRR S V)‘ ust 7P

EtOAc (150 mt) R JH0%3 Mt Bid &P 1 BNCk 1 Hraasthae bgy@shyr i ed
(MS™) and thg sol vent renoved in vacuo tqo give a solid that was pfr,}fled
by flldsh chusimcogr SFRdiENt of Lihda hrhdiened:acerqne tq give L.

hexanes: aceipong#) @veHe &l @l dB Emmduridie et ed MOMERIND. mABVR: M3 (FD) ;

mz = 341 (M*, 100%). Analytical calculated for C21H1s5N302 C, 73.89;
H, 4.43; N, 12.31. Found C 73.31; H 4.57; N 12.27.
15 Example 3

3,4-[(1-Methyl)-3-indolvl]-1H-pvrrole-2 . 5-dione
A suspension of l-methyl indole-3-acetamide (1.0 g,
5.31 mmol) and methyl (l-methyl-indol-3-yl)-glyoxylate (1.38
g, 6.35 mmole) in THF (10 mL)was treated with a 1 molar

20 solution of potassium tert-butoxide in THF (15.9 mL, 15.9
"mmol) at room temperature under N2. The resultant reaction

slurry was stirred 2 hrs. at room temperature and was _
quenched with 1N HCl (25mL). The product precipitated and
was isolated by filtration after 15 minutes to give 1.88 ¢
25 ~(99%). the titled compound. NMR. MS (FD) m/z = 355 (M*,
100%). Analytical calculated for C22H17N302 C, 74.35; H,

4.82; N, 11.82. Found C, 74.25; H, S5.03; N, 11.55.

Example 4
- 30 3-[1-(2,2-Dimethvl-1,3-dioxalanyl-4-ethyl} -
3-indolyll-4-(3-indolyl)-1H-pvrrole-2,5-dione
A suspension of 1-(2,2-dimethyl-1,3-dioxalanyl-4-
ethyl)-3-indole-3-acetamide (1.00 g, 3.31 mmol) and methyl
indole-3-glyoxylate (0.81 g, 3.99 mmol) in THF (10 mL) was




(Merr], ™O93/0768hal ytical cal culated for C21HIS5N302 C, 73. BOI/UBRT/I4TAZ;
Nlerr] 12.31. Found C 73.31; H 4.57; N 12.27. 15 N
Exanple 3 3.4-f(l-Methyl)-3-indolvll-IHpyrrole-2.5-dione A suspension of
1-nmet hyl indol e-3-acetamde (1.0 g, 5.3g-mvol) and net hyl

(1-net hyl -indol -3-yl)-glyoxylate (1.38 g, 6.35 nmmole) in THF (10 ni)was
treated with a 1 nolar 20 solution of potassiumtert-butoxide in THF
(15.9 L, 15.9 mmol ) at room tenperature under N2. The resultant reaction
slurry was, St hr, {..hO rat and was .quenched with 1N HCl
(25m). T gai%ﬁgdgglt %Sr é‘gjlepi aatfthe gnem%ns%%a}}eend coryeaftlc%qer“émﬁbna a#ter 15

m nut es t modave sblB8Bipr2of pot(EHum tder-d-iddtesicmpeureHr NMR .9 MB.,(FD) ' z

= 355 (Mernrl, %) . al ytical calcuylated for. C22H17N302 C, 74.35: H,

2 oo TR B Rl AN HdER iR A RO TR s Bhil¥ed
3-f 1- (2[ ebr pabiuteshyin- ther dlceditetd @md -4 tet.hyll5 min. at room

3-1 gdol yl k—ds 3= VAR g ¥ o VA o =Wy - dj e squ_q_s% : -

1-( g 2-di Egt ﬁ&l%?ffﬁ%fydi oxal arf%l}é-{ffloglt ﬁ’% ié}3-| n QI’%EJS- ace C;E%\ggeh’( 1%)]6@9, 3.31
nol ) and ERERRy | { 1i2Rd S - 3 WtRsx it & 00 mda) /g brrm. (2fet)) iandrHheg 10 nl)
was WOo28aR1693 ayer dried (MgSO4) and the solvent removdRCT{ASHFUSAT71
-28- cooled in an ice N2 anc%.thentr ated with a 1 nolar

bhat h .under
sol ution of Hot'&s$) l?f?l]‘tla Eh5G SaSI @YU FRRE s T AR chr ArakRg5aPhihe
resul t ant udank regebiddent xifure was St:lr rakangs MBUES itd tdierd ce.dlath and 1
nriol5 M nNgagh 1Q0

extractivel %éum ngﬁaéo&ﬁé:rlh%’r(pcer tol[{%l;%r' Lfgfvv;'?e ;;%%%%%%g}g{jﬁpwﬁ ne (25
‘XW‘J‘U”SGCLr

m) and t B8V ganfealafecadr iced Rd 2B BolSrent? ridhoved in
vacuo 5.53; N, 9.23. Found C, 70.32; H, 5.72; N, 8.81.
Example 5
15 3-J1-(3-0'-Triphenvlimethvlpropyl) -3~
indolvll-4-(3-indolvl) -1H-pyrrole-2 ., 5-dione

A suspension of 1-(3-0'-triphenylmethylpropyl)-indole-
3-acetamide (1.00 g, 2.10 mmol) and methyl indolyl-3-
glyoxylate (0.51 g, 2.51 mmole) in THF (10 mL) was cooled in

20 an ice bath under N2 and then treated with a 1 molar
solution of potassium tert-butoxide in THF (6.30 mL, 6.30
mmol) . The resultant dark reaction mixture was stirred 5
minutes in the ice bath and 2 hrs. at room temperature. The
reaction was worked up extractively using EtOAc (125 mL),

25 water (100 mL), brine (25 ml) and the organic layer dried
(MgSO4) and the solvent removed in vacuo to give a solid
that was purified by flash chromatography using 1:1
hexanes:acetone to give 1.20 g {(91%) of the titled compound.
NMR. MS (FD) m/z = 627 {(M*, 100%). Analytical calculated

30 for C42H33N303.C, 80.36; H, 5.29; N, 6.69. Found C, 79.35;

H, 5.67; N, 6.29.



to give a sol WP ¥¥%as purified by flash chromatography usi ng @ §F4d{EAt _
of 2:1.to 1:1 hexanes:EtQAc to give .-41 g 10 (9399 of the titled
conmpound. NVR. Ms (FD) mlz = 455 (Merr], 100% . Analytical calcul ated
for C27H25N304 C, 71.19; Herr] 5.53; N, 9233 Found C, 70.32; H, 5.72;

Nl err] 8.81. Exanple 5 15

3-.f1-(3-0"-Tri phenvl net hyl propyl ) - 3-

i ndol yll -4-(3-indolyl)-1H pyrrol e-2, 5-di one A suspensi on of
1-(3-0[err]-triphenyl net hyl propyl) -i ndgkgamzt&cet ami de (1.00 g, 2.10 mol)

and net hyl i ndolyl - 3- glyOéXHZLSQQQIQ% ﬁlerrl %Tﬁé'nnlf; hﬁ—THF (10 nmL) was
cooled in 20 an ice ba H i 1 nol ar

sol ution of potassiumtert 4by G-8Gomepl ). The

resulLant dark reoGLLABG™Y! U S.UBBAINLRT B8 3 TIMLAS L0 e 0e gk and 2
Et OAc (325 nmlaceRamide Wat€P ¢100 .#0) mmgdi) nen@? sietly lanadols lodgani ¢ | ayer
dried (Merr] {qr,l c@nqot Be §0l ¥eBh EFERBWed ihn phacyq of Qugi Wi =Rk Lhat
was purified ? asE gro tog&aphx usin - 1 hexanes:acetone .to give 1.20
09106 of At iEPoHAEONBBaRT. NaNARG" PR B SRl ES Wigk) S N BFIET S000)

énglgytilgal gaééyhaieel 38 potakefufd eerlHpatbkiker ihOT8r 8@..3% oid, .23 N,
. . oun

e;g] E% 35; H’lg'GZ;dN k6.29. 3 MD.9§/07693 , 4
PCTf US97/ 1477058 EXBRpFESELISaRF. ek ¥aRGEy APoBYFIES Has yyirred .5
4- (3-indol yl )mihhpegsr ohetBe5ideobathbthdd 21 hrA .saspensioneaperature and

e oXyBugRYEhehnERkGEda Ritn cBARLATHYE)(HCT0 (@ nf ! ArHMRla ! ko
reflux for 1 hr to detritylate the alcohol. The reaction

was worked up extractively using EtOaAc (125 mL), water (100
mL), brine (25 ml) and the organic layer dried (MgSO4) and

15 the solvent removed in vacuo to give a solid that was
purified by flash chromatography using 1:1 hexanes:acetone
to give 0.66 g (82%) of the titled compound.

Method 2: A solution of 1-(1l-hydroxypropyl)-indole-3-
acetamide (1.56 g, 6.71 mmol) and methyl indolyl-3-

20 glyoxylate (2.73 g, 13.4 mmol) in THF (15 mL) was cooled in
an ice bath under N2 and then treated with a 1 molar

- solution of potassium tert-butoxide in THF (26.9 mL, 26.9
mmol). The resultant dark reaction mixture was stirred 5
minutes in the ice bath and 3 hrs. at room temperature and

25 was quenched with conc. (37%) HCl (10 mL). The reaction was

" worked up extractively using EtOAc (300 mL), water (2X 200
mL), brine (50 ml) and the organic layer dried (MgSO4)}, and
the solvent removed in vacuo to give a solid that was
purified by flash chromatography using . a gradient of 2:1 to

. 30 1:1 hexanes:acetone to give 2.55 g (100%) of titled

compound. NMR.
MS (FD) m/z = 385 (M*, 100%). Analytical calculated for
C23H19N303 C, 71.67; H, 4.97; N, 10.90., Found C, 71.08; H,

5.17; N, 10.32.



o] yoxyI at gﬁé%’ﬁ%ﬁﬁg 2.51 mole) in THF (16 nL) was cool ed iFﬁﬁBSHﬁ?Rat h_

under treated with-a 1 nolar solution of potass
tert-butOX| de in THF (6.30 nl, 6.30 [err]l). The resultant dark reaction
m xture was stirred 5 10 mnutes in the ice bath and 2 hrs. at room
tenperature and was then treated with tdhc. (37% HO (8 nL) and heated to
reflux for 1 hr to detritylate the al cohol. The reacti on was worked up
extractively using Et OAc (125 nlL), water (100 nL), brine (25 m) and the
organic layer dried (MySO4) and 15 t he sol vent renoved in vacuo to give
a solid that was purified by flash g h@ﬁ@gbography using 1:1 hexanes: acetone
-hcitltledco . d,2: _A.

[ ndoI yl-3- 20 gI yoxyI ate (2 in THF (15 rrL) was
cooled in an i nde a | ution of
pot assi umtert% i%?%%&?%éﬁ gﬁﬂné{\%%}m%ﬁe res gﬁt dar k
reaction mf)dQBrGE'T\Na?oC%‘t%m#(&%i &0 nfhud es2 i it teo} ceatrhime gl 3itdely ht31 oom
temperatui 204 Bo 10188 guepcheduibi p@nmmmmﬁm,vagocmed The
reacti on was wo dtal cﬁ tlveyusm Et %3% %fter (2X 200
m), brinéX 53t25:€1”11ls“‘)~ R ﬁa?‘ﬁ’ T8 ( %E)f)‘ 4% 3he sol vent
renoved i rsosaitor Qaglpl@t@s§ﬂ|uhdtéhta4ébmmxmlélfm eTHy (9§ | shL chy op@t ogr aphy

d 30 5 1009
of Vi1 ed Bhound PAVFESHEETED) 9% SRR RS (M et 10085 S Abal vt i ool

callul at ednifrort & ern |[Hheri¢dNlearth Gmdr} 1Gs 7la67roddh dedFerdfere] 1ThE0.

Found C, 7 idh wad’ &:a&%é%ﬂmé@@?f&@?ﬁm EtOAc (100 mL),

PCTI US97/ 14771 _
water (2X 75 mL), brine (25 ml) and the organic layer dried

{MgSQ4) and the solvent removed in vacuo to give a 1.13 g of
a foam. Acetone (8 mL) was added to dissolve the foam and
15 the product crystallized out and was isolated by filtration
to give 0.80 g (84%) of the titled compound after drying.
Method 2:. A suspension of 3-[l-methanesulfonylpropyl)-
3-indolyl]}-4-(3-indolyl) -1H-pyrrole-2,5-dione (70.39 g,
0.152 mole} in THF (1015 mL) was treated with a 40% agueous
20 solution of dimethylamine (423 mL, 3.37 moles) and the
solids dissolved immediately to give a solution which was
stirred at room temperature for 16 hrs. The reaction was
worked up extractively with CH2Cl2 (1500 mL) and water (2X
1000 mL) and the solvent was removed in vacuo to give 59.98
25 g {96%) of the titled compound. NMR. MS (FD) m/z = 412
(M*, 100%). Analytical calculated for C25H24N402 C, 72.80;

H, 5.87; N, 13.58. Found C, 71.80; H, 6.31; N, 12.93.



- 30- Exanpl ewo0 93/00693( 3- Di net hvl am nproyl ) -3-indol yll - 4-(3-i1 nd§ITWse7/14371
pyrrole-2[err]5-dione Method 1: A suspension of 1-(D nethylam nopropyl)- 57
i ndol e- 3-acetam de .(0.60 g, 2.-31 mmol ) and nethyl indolyl-3- glyoxylate
(0.94 g, 4.63 mmol) in THF (10 nL) was cogied in an ice bath under N2 and
then treated with a 1 nolar solution of potassiumtert-butoxide in THF (9.3
m., 9.30 [err]l). The resultant dark reaction m xture was stirred 5 10
mnutes in the ice bath and 3 hrs. at roomtenperature. The reaction was
worked up extractively using EtOCAc (1 e MRt er (2X 75 nmL), brine (25

m ) .and the organic Iayer drled (N[er%%@@#%rT¥% and the solvent removed in
vacuo to give a 1.13 g pan@n@se Br o , d di ssol ve the
foam and 15 t he produ t, i zed,;0 Scel ed by filtration
to give 0.80 g (84% of t kAR gouges a%%t hod 2: A
suspensi on of 3-[1-nethanesul fonyl propyl) -

3-indod yl | -4-(3- 'ﬁdahyﬁénﬁtbﬂyaf%et? 53dnga§ofq7 régym -9- 1éaom9h@L4Lm3THF

(1015 L) was treated % agueous i on_of |nethylan1ne

sol U
(423 ni, 3. 3meplek)- Jaiﬁdeﬁ’éOé%r?dé drers| VaY- $mBdi étéP {“8 §i véna
sol uti on whiciyobs SIE®®eﬂLatwaaonreenpéruiUhepYnldiﬁehK26 $thne§6526n was

wor ked up extr ctlvel W th C12 err]L)_and eLq(2X 10 nL) and
t he sol vent WRas® eﬂ%@eﬁhFﬂ Va %n?%£8?9%l o2 %yéglge %gg(égAgfeﬁrggof t he
titled conpaunmbe) AR tIB (EDytivz was44Rithkd 0992 .5Ahakyetcabomal cul at ed

Egrgga5H24N49§n rgguﬁg uhbie? - B7: Nrhd3ré8ct FONNWal tihénBRorkedbudl; N,
PCT/U897/147$&tr@q;1vely using aqueous 0.1N HCl -(3260 mL), water (1500

mL) and brine (500mL) and the organic layer dried (MgSO4)

and the solvent removed in vacuo to give 49.96 g (99%) of

solid the titled compound. NMR. MS (FD) m/z = 464 (M7,
15 100%). Analytical calculated for C24H21N30s5S C, 62.19; H,
4.57; N, 9,07; S8, 6.92. Found C, 61.52; H, 4.72; N, 8.74;
S, 6.88.
Example 9
O
~ Solvent (
%( )
IT III Arcyriarubin A

20



Exanpl e 8 ®O[9BATMBt hanesul f onvl propyl )-3-indolvll- 4- PCT/US97/H4771
(3-indolyl)-IHpyrrole-2,5-dione 5 A suspensi on of -
3-[1-(3-Hydroxypropyl)-3-indolyl]-4-(3- indolyl)-IH pyrrole-2,5-dione
(41.84 g, 0.109 nole) in CHerr]([err].4;1200 nlL) was treated with pyridine
(26.3 nL, 0.326 nole) and then net hanesul fonic anhydride (22.69 g, 0.130
nol e) and the reaction was stirred for 2.5 hrs at room 10 t enperat ure
under N2. The reaction was then worked up extractively using aqueous 0. 1N

HOl - (3260 nL t 0 m b | 500 L),and th ic |
et (MySOA)EREE e SEh Yo SHOVGHTm HARRGS S 06 o (0008 of

solid the tit{Asdi™oMmmimd. NVR. MS (FD) miz = 464 (M, 15 100%) .
Anal ytical calculated for C24H21IN305S C, 62.19; H, 4.57; N, 9,07; S, 6.92.
Found C, 61. 52— —4—72—N—8—"F4+—S5—688—banrpte—9—H26 [err]

WD 98/ 07693 Entry Solvent Base (Eq.) Eq. of AddPCT/ US®¥¢ldV¥1 -32 -
Table |: Effect of Solvent, Base and Addit} (Ad Yode try Sol vent
fetes %gdf + i

Base (EQ.) Eg: of—Addm Yretd(ett++t HHF—
KOBut (5.5) 1.2 ATHF ROB™ (5.5) ITHF A KOBut (50&) 1.2 B
100 3 ThHF HeBut  (3.:@sutl-(5.5) A 2 g 100 4 1459 DM
KOBut (4.5) %.1 B 36 THF N err]H %3.5) 1.2
56 TH? KOBu“ (3.0} 1.1 A 100 .
4 DMF KOBut (4.5) 1.1 B 36
5 THF NaH (3.5) 1.2 B 56
6 THF NaH (3.0) 1.2 - A 39
7 DMF NaH (3.5) 1.2 B 31
8 THF Et3N (3.0) 1.2 A no rxn.
9 Toluene NaOH/TBAB 2.0 - no rxn.
10 Water NaOH/TBAB 2.0 - no rxn.
laddition mode A = base added to reagents; addition
5 mode B = reagents added to bhase. 2Chromatography
vields.
Example 10
_ NHp R0
_ = KOBU
+ ) \  ———
L \ / THF
_ - ]
Ry Ry!
(I1) {II1) (I)
10 To determine the scope of this reaction, a series

substituted indole-3-acetamides were prepared and reacted
with substituted indolyl-3-glyoxy reagent under the
conditions of 3 eq. of KOBub, 1.2 eq. indolyl-3-glyoxylates
in THF. Reaction of unsubstituted indole-3-acetamide with
15 unsubstituted indolyl-3-glyoxyl chloride gave a lower yield
(68%) than obtained upon using the corresponding methyl



- THF

WO 9809693 0)

39 7
Et3N (3.

DVF PCT[WMWI
0 1.2 A
no rxn. 10

no 3B~ [err]Addition node A = base

6 1.2 - A

(3.5) 1.2 B 31 8 THF

no rxn. 9 Tol uene NaOH TBAB 2.0

Wat er NaOH TBAB 2.0 -

added to reagents; addition 5 node B =

2Chr omat ogr aphy vyi el ds.

this reaction,
reacted with s
eq. of KOBut,

g?g&é%féeg gr@,@gky'mgb@gy

Exanple 10 H[err] 10

ates In

reagents added to base.
To determ ne the scope of
a series substituted indol e-3-acetam des were prepared and

Xy EEEQ‘?L%EFE”%E

gr tq%

action

sepicticne of 3

unsubsti t ut ed gHdbne- Blﬁbérawﬂéé ﬁmtﬁ §5esteruwggbgﬂspugg@erlor to the
i ndol yl - 3- gl yo@;‘i’loﬁyhi%h@%rgal\éedﬁé ewemél %@!c(éﬁééc than cehbauned i4PaRre

usi ng_the correspondi ng

met h

PCT/ US97/ 1477151:%’818gF9o§§7P£?€ee§PQr CP‘F&Sl Qel pRadyeePe Y1 reyerse 2UdSE on

to giving highgerryl el ds,

the ester was al so superior to the gl yoxyl

chloride due to the fact that the conpound is nore stable to storage and

coul d be anal yzed by reverse phase 5

HPLC, Table I1:

Macrocycl i zation

Results Entr R7 Table IIRMacro®@rlizatien Re€99lty 1 H
Ove H 100 2 H d H 68
Entr R7 R3 R7* vield ()1
v _
1 H OMe . H 100
2 H Cl H 68
3 CH3 OMe H 92
4 CH3 CL H 76
5 H OMe CH3 87
6 CH3 OMe CH3 992
7 /ﬁ\v/4f;ﬁ?ﬂ OMe H 933
8 AN Norrity OMe H 91
9 A "on OMe H 62
10 AN 0w OMe H 1004
11 ""NMe); OMe H 72
12 AN NMe), OMe H 844
10 1E‘hromatography yvields. 2product isolated directly from

reaction pot after gquench with agueous 1N HCI1. 3Reaction

run with 4.5 eqg. base. 4Reaction repeated using 4.0 eq.

base and 2.0 eq (III).

15 Example 11
10,1 4 -Tetrahvdro-13- iphenylimeth methyl] -
4,9:16,21-dimetheno-1H, 13H-dibenzofE K rrolo 4-
4,13loxadiaza~ lohexadecine-1 2H) ~dione




3 CH3wo9smm760s = OV H 92 4 CH3 pCTAISO71477
76 5 H ove CH3 87 6 CH3  Owe GCH3

992 [err] 10 [ err] Chromat ography yields. 2Product isolated directly
fromreaction pot after quench with aqueous I N HCl . 3Reaction run with 4.5
eq. base. 4Reaction repeated using 4.0 e4q base and 2.0 eq (I11). 15
Exanple 11 10.11. 14. 15- Tetrahydro-13-[ (tri phenvl net hoxy) net hvl | -
4.9:16. 21-di met heno-1 H 13H di benzo[ E. Klpyrrolo[3.4- H[I.4[err]131

oxadi aza- cycl ohexadeci ne- 1, 3( 2H) - di one WO 98/ 07693

PCT/ US97/ 14TTrip®$nﬂ~rr(E‘nﬁqa¢Yén}2lﬁ@t—Hd>Q@olZB(32-a(demieieg -acatlamd de) - oxy) - 4-

but t t
ndol 6. 5- %%‘Fgﬁ[té%qr AR TR R D el P, D and
a4 yex

was cool ed?flg YA BWSSTUEeh 08 I€G§ut905 7mm°31:n 2Tl-cﬂ3<{)18!ﬁﬂ 181mml ,
4. Ceq) waggadded a*h@Msnurﬂhevdg o RO TERE | 20N MY 96 11teL Rl ROt ned

red_and was allo to _roomtenperature and stlr overnight. It was

querched %t APR H\:@l 1§§'I'ut]1r%ﬁ“‘5’r}d i 14RBd WAt RERRS Loy 1 esile gjn‘g?k&r gani ¢

| ayer was bwasied asicth osatnerxt Jid I‘L%,pldﬂyect\.ﬂﬂxed rey eindVveld |a3Q®ed ,tand

fllteredthrou%halln t hi ck 1 ayer iJica remgve by basel i ne acid
t

. t
before ev&B8Fating 18 yiBEE ST HS ard stir Syelnignt
3-[1-[2- [Hn@vﬁmﬁiem%tW)szvmt@mrarmch%ﬂuted with EtOAc. The

et hoxy- 3- i.adahy; Cén' éh# 2RI o NG A 2 qf éé99%

yi Ej.l d).- 1gver Mg ];[D jﬁl ew%yhroug%gj 11r~4 bt tlac etlayﬁe] oXy- 3-
silica gel to remove baseline acid before evaporating to
yvield 31.6g 3-[1-[2-[1-(Triphenylmethoxy)-2,4-butanetriol]-
ethoxy-3-indolyl]-4-3-indolyl) -1H-pyrrole-2,5-dione as a red
solid (99% vield).

15 3-[1-[2-({1-{Triphenylmethoxy)-2,4-butanetriol])-ethoxy-3-
indolyl}-4-(3-indolyl)-1H-pyrrole-2,5-dione (10.0g,
14.2mmol) was taken up in 100ml THF and cooled to 0°C.
Pyridine (3.45ml, 42.8mmol, 3.0eq) was added and then
methanesulfonic anhydride (5.10g, 28.5mmol, 2.0eq). The

20 reaction was allowed to come to room temperature and stirred
for 2.5 hours. It was quenched with NH4Cl solution, NaHCO3
solution was added until pH=neutral, and the resulting
organic layer was further washed with NH4Cl solution, brine,
dried over MgSQ4, and evaporated at room temperature (r.t.

25 is important because the product is unstable) to 3-([1-[2-(1-
(Triphenylmethoxy) -2, 4-methanesul fonyloxy) -butanetriol] -
ethoxy-3-indolyl}-4-(3-indolyl)-1H-pyrrole-2,5-dione as a
red solid which was carried directly into the next step
without further purification. (TY=11.1lg).

30 3-[1-[2-[1-(Triphenylmethoxy)-2,4- {methanesulfonyloxy) -
butanetriol] -~ethoxy)]-3-indolyl] -4-{3-indolyl)-1H-pyrrole~
2,5-dione (4.0g, 5.12mmol) was taken up in 80ml DMF and
pyridine (414nul, 5.12mmol, 1.0eq) was added to neutralize
any acid formed in the reaction. NaBr (5.26g, 51.2mmol,



i ndol yl | - 4- ( 3¥PrR8O78M) - | H- pyrrol e- 2, 5-di one (10.0Qy, 14.2mol ) REIUSEWMITup
in |OOM THF and cooled to O[err]C. Pyridine (3.45m, 42.8mmol,3. O[err]

was added and t hen -nmet hanesul foni ¢ anhydride (5.10g, 28.5nmpl, 2.0Ceq). The
20 reaction was allowed to cone to roohdtenperature and stirred for 2.5
hours. It was quenched with NH err]d solution, NaHCO3 sol uti on was added
until pH=neutral, and the resulting organic |ayer was further washed with

NH err] d solution, brine, dried over Merr]SOerr], and evaporated at room
tenperature (10 1oe®5 was dddédNOid afthe bESaCISEoh hRa PTIRERIESEAT SousbabEg)y 40

3-[1-[2-(1- ¢Iriph - .
etLox£-3gind%F%#ﬁiz?¥é?$%%%ﬁ¥%3§?$fpyrrgﬁeﬁgééngéfégégggéﬁggég%ﬁkédmﬁfbﬂ
was carried divoaetly Thd cré'ehﬁlm:exg ot @qn i t hoper fwias heasipedi hanat £ Dnes

TY=1 1.1 30 1 T I th | I

E)ut anet r%l 1% )?ﬁgtéfl ndo é 1 1nyw ‘?‘?X‘ﬁ—f%yﬁ?%’? @’]eggl o(r)1n¥(?1X)6)g,
5. 12mmd ) \Aﬁ@qué]éen @VW lefFﬁel ‘»4%4‘{’%-’#‘?}]’ w&S 12mmol , | . Oeq)

was added to i r i on - {5260
gty %%8 0171%3@%&9 éicét%ﬂ@ﬂm&&é heo &gl 9Ny daBr ({5¢2 gl

PCT/ US9/ / 147 AP xigshent. naid) ootk adte OB et ane ol leat heay badto 500C

for 3 hours. jldadmsl puenchechds 1y Ne{esrst£Fo 5ot 21f § o ginel g | yteeight h

Et OAc. The resultln nj.c.d ayer s washed many tines with water to
remove DVF, \%qolr%gcgr{ﬁge ]e‘lt[i\saover 5 MySO4, and evaporated to a

red rédi due mz&om@mx A 16 om0 ¥ 1 oln%@@k oweeg Bta)ﬁantup give73nl1QMF and

?nggigﬁ][i (3- Tr| qu¥lmﬁhﬁgérr6% ﬁﬁﬁggd gRHéggetr % d%gﬁg%]sgfnroTebW

yield). butanetrlolJ -ethoxy] - 1ndolyl] -4-{3- 1ndolyl) -1H-pyrrole-
2,5-dione (500mg, 0.66mmol) was taken up in 25ml DMF in a
30cc syringe pump apparatus. The solution of 3-[1-{2-[1-

15 {(Triphenylmethoxy}-2,4- (bromo}-butanetriol] ~ethoxy]-3-
indolyl]-4-(3-indolyl) -1H-pyrrole-2,5-dione was slowly added
to the Cs2C03 solution at 100°C over 1 hour. The
temperature was maintained for 1 hour after the addition was
complete and then the reaction was allowed to come to room

20 temperature. It was quenched by adding NH4Cl solution and

- diluting with EtOAc. The resulting organic layer was washed
several times with water to remove DMF, then washed with
brine, dried over MgSO4, and evaporated to a residue that
was purified by column chromatography (100%hexane to 1/1

25 hexane/acetone) to give 328mg 10,11,14,15-Tetrahydro-13-

[ (triphenylmethoxy)methyl]-4,9:16,21-dimetheno~1H, 13H-
dibenzo[E,K]pyrrolo(3,4~H] [1,4,13]oxadiaza-cyclohexadecine-
1,3(2H) ~dione as a purple solid (73% vyield).

. 30 Example 12
10,311,314, 315-Tetrahvdro-13~J {(dimethvlaminolmethyl11-4,9:16,21-
dimetheno-1H,13H~dibenzo[E, Klpvrrolof3,4-H]1[1,4,131oxadiaza-
cyclohexadecine-1,3(2H) -dione



10 Clowodgamesy Clerr]Jerr] (213ng, 0.66mol, 1.Ceq) waPaTaASIWI4MLI N
75m DMF and heated to 100[err]C. 3-[I-[2-[I-(Triphenyl net hoxy) -2, 4- ( br orm) -
but anetriol]-ethoxy]-3-indolyl]-4-(3-indolyl)-IH pyrrole- 2,5-dione (500ng,
0.66mmol ) was taken up in 25m DMF in_gg30cc syringe punp apparatus. The
solution of 3-[1-[2-[]- 15

(Tri phenyl nmet hoxy) - 2, 4- (bronp) - but anetri ol ] - et hoxy] - 3-
indolyl[-4-(3-indolyl)-IHpyrrole-2,5-dione was slowy added to the Cs2CO3

sol ution OferrLC_over.1 hour tepperature wa intgined for 1
hour afteibtﬁg’igd%i_{gﬁ \XEE‘YEIE%F&‘Bgﬁapgﬁ.gxﬁfnﬁég%ﬁﬂgghy\t@g allowed to
cone to répit 26, 21-dimepbeabuidl, 13H-dibeagodieHdpydrbyodddidng NH err] d
sol ution angy dhl 4%} B MR ELORGonHIRJeBIHLLY NG (GkgaBiEakaYer vas washed
several times wwth water to renove t hen washed Wltﬁ brine, dried over
M er r] SO €ePFotafgedy 5pofared the 4 reeshydsoratnaasopyertiesd tey LosFumn

chr gmat ogpaghyYae1004hexaeeuli@ i3yl b#omide HeXarphaeelore) rbenditne 328ny

10, 11, 14, 5-Teﬁrih dro- 13- . . . .

[ (triphentREERY 9%‘&8&%’” thegafigisiog; pét AEMEEPKLIegne in DMF or

di benzo] Eflathylr tgl:l(abﬁig&ebl] lbdi:péelza]aamdiiazahéyeh.-@hexadeci ne- 1, 3(2H)-di Ione
as a purple soli oyi.el d).. 30 . : anple 12
10. 11, 14, 15- Tet r ahv Ag 635, &@F&?ﬁ%&ﬁmﬁgfﬁepﬁﬁpﬁfﬁ, §’?’1§3"z’1-°lalm‘?léx |

di net henorkéfeiprhladHediusedzdf EK pysidlicf8g4PHL rnnlméami@llex adidaza-

cvghohexadeglpes - : : T
PCE USo7/ %g%{%gp 6%%%1%F’%%?f%-o?g?ra%%grzg?%?- FEER pheng RSt S%Qtr?éatshyl ] -

4,9: 16, 21THPnRRKEASVLAT1 FASE I9dn£SEE CRIPPLAE| 8EBigistered according
H [ 1, 4, 13texadiazanopalcabexadaqi nerl c3uzblk, dbengeterdgpeat 84t @thet 0 formthe
free hydr OXY. agd convertccaclzlnsttca)lnfcc‘)arsmsf'{tlrSrmm br onk%e. 'Iéhe_;le uldt.linngt%r om de
i s depl acBBTFOPORM FCAE ding the case, including”the
compound administered, the route of administration, the
15 particular condition being treated, and similar
considerations. The compounds can be administered by a
variety of routes including the oral, rectal, transdermal,
subcutaneocus, topical, intravenous, intramuscular or
intranasal routes. For all indications, a typical daily
20 dose will contain from about 0.01 mg/kg to about 20 mg/kg of
the active compound of this invention. Preferred daily
doses will be about 0.05 to about 10 mg/kg, ideally about
0.1 to about 5 mg/kg. However, for topical administration a
typical dosage is about 1 to about 500 mg compound per cm
25 of an affected tissue. Preferably, the applied amount of
compound will range from about 30 to about 300 mg/cm?, more
preferably, from about 50 to about 200 mg/cmz, and, most
preferably, from about 60 to about 100 mg/cmz.

30 Example 13



di met hyl am nWQ3B/Q76% addi ti on of dimethylanine in DVF or ot herPGIEeIHil#lTes
appreciated in the art. The bis-indolylmalimdes prepare by the clained

reaction are useful in inhibiting PKCin mamuals and 10 treating those
conditions associated with PKC abnormalitBges. The particul ar dose of the
conpound adm ni stered according to this invention will, of course, be

determ ned by the particular circunstances surroundi ng the case, including
t he conpound adm ni stered, the route of adm nistration, the 15

particular condition being treated, and s%gilar consi derations. The
conpounds can be adm ni stered by a vari-ety.of ~routes including the oral,
rectal, transdermal, subcutaneous, toprcdl, travenous, intramuscul ar or
intranasal routes. For all indicatigng, i gal, daily 20 dose wil |
confain fromabout 0.01 ng/kg to a%qg; d the active conpound of
this invention. Preferred daily dosgs={qu phglit 0.05 to about 10 ny/ kg,
ideally about 0.1 to about 5 ng/k FbmHver,Eforﬁgppical adm nistration a
typi cal dosage is about 1 to about™500 Hg corpound per cn 25 of an
affected tissue. Preferably, the applied anount of conpound will range
from about 30 to about 300_ng/cnR, nore preferably, from about 50 to about
200 g/ cn2, and, nost PrehéPaBrynAPLYArab8GeELEDits 48040 ZooaRg Ond3730
Exanpl e 13 o5 WD-88184693ndolyl-3-methylglyoxylate were combined in 3 mL
PCT/ US97/ 14771 -37- H [err]_7-chloro-indol Ifg-acetanlde (0.10 g) .and 0.137
g of 73chl orB8F ndRAST - By et Ayt ghlyoky| 8ge %%r@o%éﬁﬁiﬂ@dtrﬁugoﬁﬂde’ln THF

were added, and the dark reaction mixture stirred one hour

at room temperature. Concentrated-ﬁcl {1 mL) was added, and
the reaction stirred 15 minutes. HPLC indicated 32% of
product at 15.29 minutes and 60% undehydrated diasteriomers

10 at 14.43 minutes (see pages 138-139 KUV). Upon reaching
reflux there was 77% product and 13% diasteriomers.

After refluxing the reaction mixture one hour, the
reaction had converted totally to product. The reaction was
allowed to cool and was diluted with 20 mL EtoAc plus 20 mL

15 water. The dried organic layer was evaporated to an oil
~that was combined using hexanes/EtoAc to give 0.21 g (100%)

product that was triturated in CH2C12 to give 0.126 g of a

solid.
20 Example 14
CH,
|.
H o e 0 0
N _
CH, o
) . —_— -
N
N N~ N
H H H H
{1) (2)

1.0 g (1) and 1.21 g (1.2 eq) (2) were combined in
25 10 mL. THF under N, and 29.2 mL (5.5 eqg) of 1 molar potassium



5. THRygRggscob err] 2.4 nmL (5 eq) 1M potassiumt-but oxp@eusksy/ikiin were
added, and the dark reaction m xture stirred one hour at room tenperature.

Concentrated HC1L (1 nL) was added, and the reaction stirred 15 m nutes.
HPLC i ndi cated 32% of product at 15.29 nut es and 60% undehydr at ed

di asteriomers 10 at 14.43 m nutes %éﬂee pages 138-139 KUWV). Upon
reaching reflux there was 77% product and 13%di asterioners. After
refluxing the reaction m xture one hour, the reaction had converted totally
to product. The reaction was allowed to cool and was diluted with 20 nL

Et oAc pl Usrtonids in THEt2dded The HepmdtempanpcurayerAnagrangpotherad to

aﬂ oi | t*@ér%@@l@é’é@t@éﬁ M§k8@r89%é§§§£&tioéﬁatzowgéVﬁoglgérgd(13;90?@'1,@&0(1““
L L o LA L PR A O R ot
10 mL THRhe desa 21 endwl9. @ueﬁch5d5wfﬂh Oén&eﬁbkate@OHeBSaﬂﬁhr 1W® 98/ 07693
CT/ US97/.14771 -3 - but ox in_.T d at.roo era An or ange
the daH?QHEE&%ﬁ e%tﬁ¥§?§ év?ﬁﬁh?? d(ﬁﬁdﬁoﬁﬁi)nnn ?gg %yEE@LC At time O
t here wapmsididt Bemd%()l;%anbl) 8% vked hep pbpdart radhéngeacthoBtofAs quenched

w th conc y1.55 hours and stirred overnight (20
OPSHEPIES b

hours) . uct and 20.2% (1) worked up by extracting with
Et oAc (100 nlL plus Fzstﬁ{)wasm@@rwwgm ngimeehl o0t nhewat oo, nESwaker, 25 nL

brine, driethd MidHedandgsde) reagt na ﬁbé&@isnv\mx@wa%a&eévaporaced

10 to give 2.71 g crude material. The crude product was column
purified to give 0.38 g {(2.1%) RF=0.65 in 4.5/4.5/1
EtoAc/hexanes/MeOH.

The principles, preferred embodiments and modes of
15 operation of the present invention have been described in
the foregoing specification. The invention which is
intended to be protected herein, however, is not construed
to be as limited to the particular forms disclosed, because
they are to be regarded as illustrative rather than
20 restrictive. Variations and changes may be made by those
skilled in the art without departing from the spirit of the

invention.



10 to gl‘(‘/g%’oﬁz’ crude material. The crude product was EGFRAT4T
purified to give 0.38 g (2.1% RF=0.65 in 4.5/4.5/1 EtoAc/ hexanes/ MeCH. The
pri nci pl es, preferred enbodi ments and nodes of 15 operation of the
present invention mmmﬁmlmﬂmumed in~3he foregoing specification. The
invention which is rotected herein, however, is not
construed to be as [inited t'o fhe* particul ar forns dlsclosed because they
are to be regarded as illustrative rather than 20 restrictive.

Vari ati ons anel €haiyges may be made by those skilled in the art w thout
departing fromthe spirit of the invention. W98/ 07693

PCT/ US97/ 14771 W claim 1. A process of preparing conpounds of Fornmul a
l: 5 R2 (1) wherei A pfece}sanfl Brepatingdepepdentibyocéir Eogphilanal |y
substituted B-indolyl, which conprises, reacting an optionally substituted
i ndol e- 3-acetami de of the fornmula: 10 NHR11 O with optionally substituted

i ndol V& - 3-gl yoxyl reagent of the fornmula: [err] 15
N wherein: Rerr] is |, (err]l, B[erﬁ$‘or [ORerr];

Oji‘fo
R R
1 2 (I) .
wherein: Rj]l and R2 independently are optionally‘substituted

3-indolyl, which comprises, reacting an optionally
substituted indole-3-acetamide of the formula:

10
NHR, ,
O
N .
with optionally substituted indolyl-3-glyoxyl reagent of the
formula:
R3 o
| N ! \ 4
15 N
wherein:
R3 is I, Cl, Br,or OR4;
R4 is C1-C4 alkyl; and
R11 is CH3 or H;
20 in the presence of a base sufficiently strong to deprotonate

the amide and methylene at the C-3 position of the indolyl-
3-acetamide.



R4 is C -%&%{5?(46'93 and R-err] is CHerr] or H 20 in th%cﬁré‘?%?ﬂ ﬁééfc-_g

base sufficie y strong to deprotonate the am de and net hyl'e
position of the indolyl- 3-acetam de. WO 98/ 07693
PCT/ US97114771 -40- 2. A process of preparing conmpounds of Fornula |a:

H
:[err] 5 wherein: Rerr] and R err] 4%dependent I' ﬂllj " (H!itmm
substituted 3-indolyl, which conprises, reacting an ! ABEM t ut ed

i ndol e- 3-acetam de of the fornula: [err] N 10 with optionally
substituted indolyl-3-glyoxyl reagent of the fornula: [err] wherein: 15
Rlerr] is |, d, Blerx]r, & mORjaesd clamrdgarir]g iconfgeimds Gerrdrmlla/] ; in
the presengg.of a base sufficiently strong to deprotonate the am de and

nmet hyl ene at the C-3 position of the indolyl- 3-acetam de. 20 3. The
process of Claim 2, wherein optionally substituted indolyl-3-acetanmde is a

conpound of the Formula I1: IE\II
O o)
Ry R2 (Ia)
5 wherein: R] and R2 independently are optionally substituted

3-indolyl, which comprises, reacting an optionally
substituted indole-3-~acetamide of the formula:

NH»
N ;
10 with optionally substituted indolyl-3-glyoxyl reagent of the
formula:
Rs3 o
59
N
wherein:
15 R3 is I, Cl, Br,or OR4; and

R4 is C1-C4 alkyl;
in the presence of a base sufficiently strong to deprotonate
the amide and methylene at the C-3 position of the indolyl-
3-acetamide.

20

3. The process of Claim 2, wherein optionally
substituted indolyl-3-acetamide is a compound of the Formula
II:



WO 98/ 07693 WO 98/07693 PCT/ US97/ 14 PFTUSAT147T1
[err] wherein: R7 is hydrogen, alkyl, haloalkyl, arylalkyl, Clerr]-Cerr]
al koxyal kyl, optionally protected hydroxyal kyl, optionally 5 pr ot ect ed
am noal kyl , nonoal kyl am noal kyl, di al kyl apgtheal kyl, trial kyl am noal kyl, or
COOAd-C4 alkyl); R8 is hydrogen, (Jerr]-Clerr] alkyl, (err]-Cerr]

al koxy, (CHerr])[err] hydroxy, acetyl, carboxy, halo, haloal kyl, nitro,
and (CH2) m NR5R6; wherein mis 0, 1, 2, or 3; and R[err uﬂm"mmuﬂuﬂml

i ndependent |y hydrogen, Cferr]-Clerr] alkyl, whenyl,

the nitrogen to which they are bonded to n1d saturated dr dnslt ut ated 5
or 6 nenber ring. 4. The process of Claimy2,, wherein optionally 15
substituted indolyl-3-acetam dgRg$~J d of the Fornula [err] wherein
X is.an optionally substitute C[eFﬁT al kyl ene. 20 5. The process
of Claim3, wherein the optionally s l ed indolyl glycoxyl reagent is
a conpound of the Forrmula (111): V[)98E07693

PCT/ US97/ 14711 -42- [err] wherein: Rerr] s, , B[%??],or OR[err]; R4
is A-C4 al kyherein:

R7 is hydrogen, alkyl, haloalkyl, arylalkyl, C1-C4
alkoxyalkyl, optionally protected hydroxyalkyl, optlonally

5 protected aminoalkyl, monoalkylaminoalkyl, .
dialkylaminocalkyl, trialkylaminoalkyl, or CQO(C1-C4 alkyl),

Rg is hydrogen, C1-C4 alkyl, C1-C4 alkoxy, (CH2)}m
hydroxy, acetyl, carboxy, halo, haloalkyl, nitro, and (CH2)m
NRsRg; wherein m is 0, 1, 2, or 3; and R5 and Rg are
10 independently hydrogen, C1-C4 alkyl, phenyl, benzyl, or
combine to the nitrogen to which they are bonded to form a
saturated or unsaturated 5 or 6 member ring.

4. The process of Claim 2, wherein optionally
15 substituted indolyl-3-acetamide is a compound of the Formula
(IIa):

{I1a)

wherein X is an optionally substituted Cj1-Ca alkylene.
20
5. The process of Claim 3, wherein the
optionally substituted indolyl glyvcoxyl reagent is a
compound of the Formula (III):



5 R7' is hydrogen, alkyl, hal oal kyl, -aryl al kyl, alkoxyélkyf,
opti onal | yWora8tog633ed hydr oxyal kyl , optionally protected an REAUSHT/14771
nmonoal kyl am noal kyl, di al kyl am noal kyl, or trial kyl am noal kyl or CQOO -

(derr]-Cerr] alkyl); 10 Rlerr] is hydrogen, Clerr]-Clerr]
alkyl, (err]-Cerr] alkoxy, (CH2)mhydrgxy, acetyl, carboxy, halo,
hal oal kyl; nitro, and (CH2) m NR5R6; and mis 0, 1, 2, or 3. 15

6. The process of Caim2, wherein the optionally substituted

i ndol yl - 3-acet anmi de and optionally substituted gl ycoxymmﬂgmuﬂguﬂt\“fr
forma conpound of the For a (IVv)y: [err] 20 wherein 5 S to
C8 optionally substituted alky €@ noiety, and optional [y having an
internal ether (-O), amno (- ) or amde (-CONH) I|inkage. WO

98/ 07693 =\~ (Rg) PCT/ US97/ 14771 - 43 - 7.
The process of Claim6, wherein }hﬂt:_%ppoundmis [err] wherein Zis
-(CHerr])p-; Rerr] is halo, phkat d hydroxy, 5 pr ot ect ed am no,
NR[err]Rerr], NH(CF[err]), or P«Q}{err])(CF[err]); Rlerr] and Rlerr] are
i ndependently Hor O-C4 alkyl; Ri's 0, 1, or 2;(gpgymis independently 2
or 3. 8. The process of Caim2, wherein the indolyl- 10 3-acet am de

is a conpotiBYERPthe formul a: NH2
R3 is I, Cl, Br,or OR4;

Rg is C1-C4 alkyl;

5 R7' is hydrogen, alkyl, haloalkyl, arylalkyl,
alkoxyalkyl, optionally protected hydroxyalkyl, optionally
protected aminoalkyl, moncalkylaminoalkyl,
dialkylamincalkyl, or trialkylaminoalkyl or COO {C1-C4
alkyl);

10 Rg is hydrogen, Ci-C4 alkyl, C1-C4 alkoxy, (CH2)m
hydroxy, acetyl, carboxy, halo, halcalkyl, nitro, and (CH2)m
NR5Rg; and

mis 0, 1, 2, or 3.

15 ; 6. The process of Claim 2, wherein the
optionally substituted indolyl-3-acetamide and optionally
substituted glycoxyl reagent together form a compound of the
Formula (IV}):

NHy R o
- o
n(Ra)\rQ /ﬁ/(RB)m
! 1\
\’\N\ /NN

(W)

20 (IV)
wherein W represents a C4 to Cg optionally substituted
alkylene moiety, and optionally having an internal ether
(-O-), amino (-NH-) or amide (—CONH—) linkage.



[err] wherewo /07693 (CH err])p-; Rlerr] is halo, protected hyRIFKSI7/14771
protected amino, NR[err]Rlerr], NH(CF[err]), or N(CHerr])(CF[err]); R5 and
R6 are independently Hor Cerr]-Clerr] alkyl; pis 0, 1, or 2; and m 15

is independently 2 or 3; Rerr] is a |eawd:ng group, hy

hydr oxy; and indolyl-3-glycoxyl reagent is of the for wﬂlmm““mmumﬁm
PCT/ US97/ 14771 -44- [err] 9. The process of Caim2, wnhefein the® |ndonI

3-acetamde is of the fornula: H2 [err] and the |ndonI 3-gl ycoxyl reagent
is of the Formul a: [err] 1%, rocess of any

Claims 1 through 9, wHerei f ¥h&IRERSS SOES(]a(?Jeac]t“éghe'f MBI TR gritp %“6‘?1%‘1‘%‘% ng

of al kali nesal al koxi des, sodlunlhydrlde, l'ithiumdiisopropyl am de, or
n-butyllithium 15 The process of Claim 10, wherein
Rlerr] is ORerr]. 12. The proc s pm 11, wherein the base is sodium
hydri de.

CH,
(CHﬂO\\r( Y

R9 (IVa)
wherein Z is -(CH2)p-; Rg is halo, protected hydroxy,
5 protected amino, NRgRg, NH(CF3), or N(CH3) (CF3}; Rs and Rg

are independently H or C1-C4 alkyl; p is 0, 1, or 2; and m

is independently 2 or 3.

8. The process of Claim 2, wherein the indolyl-
10 3-acetamide is-a compound of the formula:
NH,

~ -

Ry (IVb)
wherein Z is -(CH2)p-: R9 is halo, protected hydroxy,
protected amino, NRsRg, NH(CF3), or N(CH3) (CF3); Rs and Rg
are independently H or C1-C4 alkyl; p is 0, 1, or 2; and m
- 15 is independently 2 or 3; R1g is a leaving group, hydroxy, or
protected hydroxy; and indolyl-3-glycoxyl reagent is of the
formula:



WO 98/07693 . PCT/US97/1477%

-44-

T

9. The process of Claim 2, wherein the indolyl-

3-acetamide is of the formula:
HZ

{ °

N
5 H ;
and the indolyl-3-glycoxyl reagent is of the Formula:

10 ) .. 10. The process of any one of Claims 1 through 9,
wherein the base is selected from the group consisting of
alkali metal alkoxides, sodium hydride, lithium
diisopropylamide, or n-butyllithium.

15 11. The process of Claim 10, wherein R3 is OR4.

12. The process of Claim 11, wherein the base is
sodium hydride.



