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Prot ei n Ki wae96/5804hi bi t ors Protei n ki nase CpCPRIS)6/04245
consists of a famly of closely related enzynes that function as
serine/threonine 5 kinases. Protein kinase C plays an inportant role in
.~ cell- cell signaling, gene expression,-and-in the control of cel
differentiation and growh. At present, there are currently at | east
ten known i sozynes of PKC that differ in their Lissue distribution,

enzymatic specificity, and regfEtSR K@asg &; HEOTS\nny. Rev.
Bi ochem 58: 31-44 (1989); N shizuka Y. Science 258: 607-614 (1992).

Protei n ki nase C isozy r e _sinal Y, lde._ ... .chains r i fgom
592 to 737 am no aci dsniq;rsfq%e%di ﬂ{l%%eema %zﬁ%%slcsotr#?ﬁ 3 %ﬁgfo y
domain and a cdvpselyi redatednensymesntbatedubgtion akeseyipel/tbxretndne
reQ“'atorﬁsa”QiQQEQFYt'%roteiﬁ°E§h9§$Cé”8§§X%UEhhiggﬁ¥ﬁﬁh£'Q%ﬁe'Ehocell- |
constant and vari abl e _ regions. he Catalytic domain of protern Kinase
Cis very ceild pignadingat 9eBEneXRYESHAPNpr 8NE ANk thes €9nkfPle ofheell

regul atory dogRiffferentia¢ient AnlNgrbBifEnl. SOAYBFesehls Bherélaresenriently
. denpnstrate between 40-80% honnlogzzat t he .am no

¢id I eyel amgng t he
group. HowevePt tREShoRSRoKPOWR A50zymes,gfe PRSoEDAE géﬁ%@EnlﬂiFgéﬂéht
- speci es i s gemdssueydiseatibution,t bAByRAYic specificity, alfotregnllitiase C

s a rrer*bﬂfnepam%%es}.GH%W%@:%&%U %1689 2hidniyuia

number of” Tactors, incl i pids,” calciurm ~an

certain . n¥rbSgaencep2f8:s60H-634di(a8PRYl.ycerols that are liberated in
response to the activiti : i I X

'D.J., J. Biol. Chem 26&%%%@?? 3‘23%'%&8 g"zéé'%%%\na’srﬁ? %&lﬁ;ﬁg%‘%%%%z%&

607- 614 (1992Fhaimgerphgingnfrom RPAate T3v7seminesacifighin bengch. Bhea-2

-and ganmma, req4bkzfmes cBRERAANG PBgﬁmagb%?iQOF§§h§BHH‘§$ﬁatgl¥Fic domain
or full act]vation, e delta, n,

etaand T3 CERBRSCEgbYoR” BKOKRFCDERF LRGN | OEpERFUARTPRY! ABF CRGAYBA LSS

activation. dbmaiasacandbeafigehésr sabaivikdedaintondongndant and varibblke

Colchum end 9 B5HGAEY°°8l, 830,308 ebbRITH. bE procbif iiRagl ¢ TE"LE)"
similar to thdt seen:in fother ‘protein kinases while the
regulatory domain is unique to the PKC isozymes. The PKC

20 1isozymes demonstrate between 40-80% homology at the amino
acid level among the group. However, the homology of a

. single isozyme between different species is generally greater
- than 97%.
Protein kinase C is a membrane-associated enzyme

25 that is allosterically regulated by a number of factors,
including membrane phospholipids, calcium, and certain
membrane lipids such as diacylglycerols that are liberated in

. response to the activities of phospholipases. Bell, R.M.
and Burns, D.J., J. Biol. Chem., 266: 4661-4664 (1991);:

30 Nishizuka, Y. Science 258: 607-614 (1992). The protein
kinase C isozymes, alpha, beta-1, beta-2 and gamma, require
membrane phospholipid, calcium and diacylglycerol/phorbol
esters for full activation. The delta, epsilon, eta, and
theta forms of PKC are calcium-independent in their mode of

35 activation. The zeta and lambda forms of PKC are independent
of both calcium and diacylglycerol and are believed to
require only membrane phospholipid for their activation.
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-2- wWo9s/30048 Only one or two of the protein kinase
may be involved in a given disease state. For exanple, the g@gffat ed

bl ood gl ucose levels found in diabetes | ead to an i sozyne-specific

el evation of the beta-2 isozyne in vascul ail tissues. |noguchi et al.,
Proc. Natl. Acad. Sci. USA 89: 11059-11065 (1992). A di abetes-1i nked
el evation of the beta _isozyme in human pl atel ets has been correl ated
with their al t er eGN{¥ PSSR t Twe gufhi thes prcﬂaasntryrkﬂrialse € Isoznghelsu, J.

h
Di abetes 42: & upgllm;lal\%d“\ 1(:%%2?2)\@59%1@%@2 hedin PP ex rﬁﬁﬁigt O%"‘Sgtsa

been shown to S cliv

Thi s phospho?%/?‘é"t1 %(%,elp,légoq)ge'lﬁqus&é@vels fpb‘ndl dar dtlabﬂseSnlehé tanati oni ng
ftherecei ety leval Pu@c Asa
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?%83?31% desl%l on e@mgruehelﬁtet\?\ﬁ}l( 'h yme is

responsi bl e 11059 1k065 y(tM)eulAeﬂ:.abee?fb mﬁ.ﬁké&eéaétrﬂﬂlml bﬁ the Bbpha
ozyme i s i kayr erentiation sanme

ol | Worr o ey 4o s BIURRELE SOk hRRY, BhegRiaed Withgupeins

The ubi qui t(ﬁﬂstﬁ‘i%&djrr@SHOﬂslee tor egeniskenasBasStyr ILSpzBn®s amd LweiJ.

i nportant r ghithdtepMosi alse@p1NT Yi 98a (1958FENt ENE SRR PHUGR: IF'Qh' y

sel ecti y PKC i nhibitors, Gven = the evidence denonstrating Iinkage of
certain ﬁsoz’iﬁf?@tt% as beep,shownaresbe select tvely aphesphomsamed that

i nhi bitory &ﬁommmmﬁ&et babe@ée SQhQﬁtpMésf)Hon?Ea@{oﬁ VIRa PN & r&@ﬁ@ée C

i sozynes rel e other, PK mes and ot her protein nases

are superi oraclah\eﬁaeﬁgﬁtlogsaégngge gﬂﬁﬁ%%ﬁbﬂgﬂgﬂ;?ﬁﬁ&ﬁ%g&;&yﬁ 0

greater effi ymwmy_usa 4 i i fH

The ni crobi &e i1dQl gcaphazol EPEﬁ Sp?gii\@_,_l_d;fz {nga)oteﬂ{ 4 |b| or of

pr ot ei n_ ki nase Cthal 1nteracts wi cat al yt1c donai'n o

enzyne. 1Tand&iEenst werk ngsoshewn that BTJ@ @hyeta f&sisazymeairs Jﬂfspcﬁﬁsﬁbdl(&

(1986); G ofvretergithroleukBn@shean ﬁ%ﬂﬁ@@fatf&n Mﬁé%} Jﬁgﬁ%a However,
S .

the 35 ther.a eut i c.useful gesa of this nmolecule and clo t ed
C

conpounds i $ IPM FedShy " VREVPACK? PPN PV ES it qﬁqﬁt@,aﬁ:mn ig rhesec
over ot her ﬁaalGepRIRSHasHermegg aUIM 2.6& 15847-15853 -

(1993).
20 . The ubiquitous nature of the protein kinase C
isozymes and thei_'i; important roles in physiology provide
~incentives to produce highly selective PKC inhibitors. Given.
the evidence demoﬁstrating linkage of certain isozymes to

disease states, it is reasonablie to assume that inhibitory

25 . compounds that aré selective to one orftwo protein kinase C
isozymes relative to the other PKC isozymes and other protein
kinases are superior therapeutic agents. Such compounds
should demonstrafé greatef efficacy:ana lower toxicity by
virtue of che_-:spec1f1C1ty |

30 The microbial 1ndolocarbazole, staurosporine, is a
potent inhibitor of protein kinase C that interacts with the
catalytic domain of the enzyme. Tamaoki et al., Biochem.
Biophvs, Res. Commun. 135: 397-402 (1986); Gross et al.,
‘Biochem, Pharmacol. 40: 343-350 {1990). However, the

35 therapeutic usefulness of this molecuiéiand closely related
compounds is iimited by the lack of specificity for protein
kinase C over other protein kinases. Ruegg, U.T. and
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-3- . . BuVSH26£0048 |\ Tr ends Pharmacol Sci. 10  218-220 ( 1GRBNUSIEI0424E <
| &ck of selectivity resul ts in unacceptable tOXICIty in this class of
nol ecul es. An :addi tional class of conpounds related to 5

st aur osporine, the bisindol enaleinm des, has Been ‘thé*focus of ‘recent
work. Davis et al., FEES Lett 259: 61 63 (1989); Twoeny et al.

Bi ochem Bi oph R Nt L Lk - -(1 Q) u C I
3 Biol. Chem E3EgESEs, Gy o0 il 380 21848 tges?h "35:
994- 1001 (1992)rhiBi Gathk oétseﬂeptiv1hbdre§héﬂs 36: uﬁﬁcé&p@hﬁ&&)toxﬁmnﬂwohn

t hese CO”p%ﬂﬂ§§cH§§§ g%”ﬁ%i%%ﬁ&%@ selectivity for protein kinase C
- over other protern Ki Al t hough conpounds t hat

denonstrate specifici ty tPé‘l addigrigmnsln qdiass ©fC anmpounsis relatR@ il very
little is k@O\A@tLEroﬂsga%&%ng t:h%oH@Enﬁ%llﬁﬁlfa'l\é'lﬂdes':ohagxBEE!ne CHRNEOLRSS of

of the | sozyne se Vit staurosporlne sho Ittl e I.sq

sel ectivity w FREGERE ¥RE, tlyévﬁﬁ ﬁ&oP i nhESBS-be b wﬁﬁg 281563 (a¥5§2yne
relative to thawoehgr etsadynegioched. vBdoe) ; Jal.| 178i: oamm-wgz
239-250 (1992); ri |

387- 392 §19923 (1880, Bobanefnge® A @ség%r@% 18371298781"
3-[1-(3- d|nethyﬂaﬁﬂﬂopbepys)etnaélTSJ*_MQQ‘_Qhem+ 35: 994-1001 (1992); Bit
yl]-4- (1 Hqpdole3 Xl)'lH' 1,098, 2 §ugg?§§)a skb@lt of tPese

selectivity for the ca en I sozynes oull'ec et
Bi ol . Chem 26@omp9nnﬂ515a8§ @gugn;trguséeqeénpt231tytﬁereprgteun|glnase c

conpound obser yggd g gb}fﬁggeggn R nBQgsi bl y slight selectivity, for
al pha over beta-1 an& | sozynmes, Martiny-Baron et al., J. Bio

Chem 268: 9194-9197 P(lfélwyg WamaowRsie  thatydemogssaiabg specidicity to

335- 337 (1993) proteﬂihkﬁa&ereec ﬂasral béeheafiSCvaeEréaeairébyamdtthé is known
identific % gﬂ cl asses ?ng 3 thag i nhi bit.protei kLnas% %h
ver sus th&egﬁF é‘PnlEPﬁxg‘Ssse Fé"r’* ¥ai n§°% REaEPLE, analy5is"d €
t her apeuti cal | yiseziymet sedectaryty- o€l ethurespoiihet oshows little isozyfiee

present | nvent kg Y 165 a0Kek nePBbRBbc s on BEORBLE, SHATEScCohMBED L Seca

The conpounds 0 Irnventron are ect 've
C over ot her 1S°Izwmss§§laﬁavsr EO §bet etBerpisorHBRS - hM@ﬁﬂ-ynPst-yﬁé-r

sel ective. As gahactimygchBfii bibor 236hes500MR9YRYS AEedYSRT E., and o'Brian,
20 C.a., Molec,. Pharmacol. 41: 387-392 (1992). sStudies of the
PKC-selective compound, 3-[1-(3-dimethylaminopropyl)-indol-3-
yl}-4-{1H-indol-3-yl)-1H-pyrrole-2,5-dione, suggest a slight
selectivity for the calcium dependent isozymes. Toullec et
1., J, Biol, Chem, 266: 15771-15781 (1991). Subsequent
- 25  studies of thiS-compound observed no difference, or possibly
'slight selectivity, for alphé ovef_beta-l and beta-2
'isozymes. Martiny—Baronlet al., J. Biol, Chem. 268: 9194-9197
(1993); wWilkinson, et al., Biochem. J. 294: 335-337 (1993).
Thefefore, despite years of research and the identification
30 of classes of compounds that inhibit protein kinase C versus
other protein kinases, there remains a need for
therapeutically effective isozymé-seléctive inhibitors.

- The present invention provides novel, potent
proteln klnase C 1nh1b1tors The compounds of the present
-35 invention are selectlve to proteln kinase C over other
' kinases and are, qulte surprisingly, hlghly isozyme-
selective. As selective inhibitors the compounds are usefuil
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-4- © iWOD6/a0088 ng conditions associated with di abetes nmepérisoeanss

its conplications, ischema, inflammation, central nervous system )
di sorders, cardiovascul ar di sease, dernmat ol ogi cal di sease and cancer.

5 Summary of the Invanion This

I nvention provides conpounds of Formula I: ' [err] 10
wher ei n: Rl err]

i ndependent | Vthye8§4RI ﬁgpglta:n@agggg;ated Wh%r@@beqsermqllecw@ land,
hal oal kyl , niittrso,compiiCatTénsl, kylsa:heﬂtﬁa N{$E1dmimad o) Zoertfra N fdusA

%lrglz(CHz)psyste 8ﬁ§§r3§f?ydrg?§f? ia%cgisegggiFé%q@?“géga%gg

_N(CF3)(CH3)dlsease and cancer.

5 - .
Summarv of the Invention
This invention provides compounds of Formula I:
E
f
R., (1)
10

wherein:
' W is O, '-S—, or NH- _
R]1 is 1ndependently hydrogen. halo, Ci—cg'alkyl.
hydroxy, C3-C4 alkoxy, haloalkyl nltro,'—NH(Cl-C4 alkyl),
15 -N(C1-C4 alkyl)2, or -NHCO(C1-C4 alkyl): |
- Ry is hydrogen, CH3CO-, NH2, or hydroxy;
Z is -(CH2)p- or —(CHz)p-O (CH2}p-:
Rg is -NH(CF3) or -N(CF3) (CH3};
m is independently 0., 1. 2, or 3; and
20 p is independently 0. 1 or 2.

Also provided are novel intermediates of the above
compounds. These intermediates are compounds of the Formula
II. - | o




mis « ndependently 0, I, 2, or 3; and 20 pis |ndependentlé Oi 1

10

15

20

25

or 2. . ..WO96/30048 Al so provided are novel internediates ofPERDS
cOnpounds These internedi ates are conpounds of the Formul a WO
96/ 30048 PCT/ US96/ 04245
- 5- [err] wherein: = 5 - Vis -O or
NCH err]; Wis O -S-, or -NH ; Rerr] is
_ |ndependently hydr ogen, halo, Clerr]- C[err] aIkyI - hydroxy,
Clerr]-Cerr] al koxy, hal oal Kyl , nitj ;NH(C[err] C[err] al kyl ),
-N(Clerr]-C4 al kyl)2, or -NHCIXCIerr = Zis
-(CH2) P- or (Gﬂ”)O(?ﬂ)Q 1 is -NWCHeH]) or
- -N(CF[err])(CH err]); m(Ry) : or 3; and
~p is independently 0, 1 ofiii"‘ 'f“&l)m. -
| |
(CHy)m (CH;)m
W
Z
I
Ry, - . (II)

wherein:
V is -O- or N-CH3; -
W is O, -S-, or -NH;

- Rl is independently hydrogen, halo, C1-C4 alkyl,
hydroxy, C1-C4 alkoxy, haloalkyl, nitro, -NH(Ci-C4 alkyl),
-N(C1-C4 alkyl)2, or -NHCO(C1-C4 alkyl): '

Z is -(CH2)p- or -(CH2}p-O-{(CH2)p-;
Rg is -NH(CF3) or -N(CF3)(CH3);

m is independently 0, 1, 2, or 3; and
p is independently 0, 1 or 2.

One further aspect of the invention is a method of
inhibiting Protein Kinase C, which comprises -administering to
a mammal in need of such treatment a pharmaceutically
effective amount of a compound of the Formula I. Also
included is a method of selectively inhibiting the beta-1 and
beta-2 protein kinase C isozymes, which comprises
administering to a mammal in need of such treatment a
pharmaceutically effective amount of a compound of the

.Formula I.

The invention further provides methods for treating
conditions that protein kinase C has demonstrated a role in
the pathology, such as ischemia, inflammation, central
nervous system disorders, cardiovascular disease,



One further aspect of the invention is a nethod of 15 inhibiting Protein

Ki nase C wolvsgbegsconpri ses adinistering to a mamual i n poTRESesAsCh .
treatment a pharmaceutically ef fective anmount of a conpound of the
Formula 1. Also included is a nethod of selectively inhibiting the
beta-1 and beta-2 protein kinase C isogynes, which conprises 20

adm nistering to a mammal in need of such treatnent a phar maceutical |y
effective amunt of _a conpound of the Formul a | . The

i nventi on fuRERBAtRIRE disensny fald Gangerhg which, GRAPFiSRs t hat prot ein
ki nase C hasadgiBistéring to ranfannal2%in td&%doaifhttlr*éﬁxmeauca as-ischem a,

i ammt il on, nSeRhlahe scal AT SBHE S SRROLES codbingragchar Ui sease:
- 6- der Ratwubgi Tal di sease, and cancer, which conprise

admnistering to a ma | Ay uti_cal
ef fecti VZ_:," anount of an?:xg#'r%ounggﬁ? ﬁl] 18 eﬁ’é%irﬁufar]]y u‘%@dﬁaﬁﬁ ttr%%ti%g
i nvention i sGpabetic| compligattimms.n Thexsfioye, thdsaboveotionpfurshevns.

Therefore, ?févi@d&rﬁ'ﬁtﬁdﬁ Y creatiily) dadet EPMBOY i EQE, LHRRERND
di abetes nelTitus, which . . conprises adnministering to a manmal in need of

such treatneﬁ?mprls%§[ﬂﬂﬂ#ﬁ%ﬁﬁR4¥ﬁﬂIFP & Méiyade iR HERA 8f SUEBNPBEEREMBRACt he

10 Formul a la pharmaceuticallyA dffitd)t id@Pesloudit bifeal B¥RPbLAA 8fethe
pharnacqg}lc rnulatlons conprising a conmpound of Formula | together

W th one§8¥ “ﬁ? € pharmaceutically acceptabl e excipients, carriers.
or diluents. A flnaDeaspécad dEdre pinventdoh Rref phagdaEenadicadnt s

For Purposesilg&h f'&ti’é Yo oﬁ'n%ic' ‘%S%Qrmu a2pd, gbéEH §e€1th

herein, the OW ng erns an reV|a I'ons efine

20 ongher tROFE nmmacreemn@@é-rlws afClC@@ftna#ée émcépv-ﬁets. capr bRt fe,
or iodine. gy diluencts. 1The term"Cerr]-C4 alkyl" represents a cyclo,
straighti5 or branched chain al kyl group having fromone to four carbon

DRetailed Degcription and Preferred Embodiments

For purposes of the'present inventiorn, as disclosed
and discussed herein, the following terms and abbreéviations
are defined as follows:

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

The term "C1-C4 alkyl® represents a cyclo, stralght
or branched chain alkyl group having from one to four carbon
atoms such as methyl, ethyl, n-propyl, isopropyl,

25 cyclopropyl, n-butyl, isobutyl, sec-butyl, t-butyl and the
like. A haloalkyl is one such alkyl substituted with one or
more halo atoms. An example of a haloalkyl is
trlfluoromethyl

C1-C4 alkoxy is a C1-C4 alkyl group covalently

30 bonded to the parent moiety by an -0O- linkage.

The term *leaving group" as used in the
specificaticr is understood by those skilled in the art.
Generally, a leaving group is any group or atom that enhances

: the electrophilicity of the atom to which it is attached for

35 displacement. Preferred leaving groups are triflate,
mesylate, tosylate, imidate, chloride, bromide, and iodide.
If the alkviating agent contains an amino acid residue (i.e.,




atons such as nethyl, ethyl, n-propyl, isopropyl, 25 cyclopropyl, n-butyl,
smmmz&

i sobutyl , .sWwO %0848, t-butyl and the _like. A haloal kyl i§

al kyl substituted with one or . nore halo atons . An exanple of a

hal oal kyl is trifluororethyl. C[err] Clerr] alkoxy is
a Jerr]-C4 alkyl group covalently 30 bonded7te the parent noiety by an -0
| i nkage. The term "l eaving group” as used in the

speci fication |s under t ood t hose skille n th CGenera a

| eaving group ¥s Yny2BPofip® %?%n??h ?r%nhg%%%én £A h%hﬁleﬁ?yﬁﬁﬁ|PF§PPy

of the atom tha/aaaheat tbStihét 88H66kY 0f s preflepab by epentaflboedphenyl ester
| eaving groups are tri | ate, tosylate, imdate, chloride,

br oni de, and |BHlB@ra'nlt¥?p?ﬁ%yﬁlﬁ§¥3frng agent contai'ns an anino acid
residue (i.e., ' WO 2he36e#f "carboxy protecting group* as used in the

PCT/ US96/ 04245 de X,
“combine to ﬁPeftﬁéfat%&P r?ﬁer?egelﬂgeg?gu%he estgr dﬁréva§iv§% ?gr oxy
s preferably penbaxybuco@@e@ygre@pe¢ommonby 9@?&Qﬁ$@r%@h@h??keQFePrOCECt
The term "carbpxy RLPHELLLNE 694 Pg rﬁépuﬁﬁiilé”régétlén§p§féfb&ﬁi‘i@ﬂ 6e£ebﬁ

to one of the ester derivatives o car acid grou
enpl oyed to bl 8EResr fppeELeRal gr?“BSc9¥b5§9lF€m%.Pﬂggro enwRPe 1?§2n?|ons
_a;e carrleg ouEaQBoxytpgéhgétiﬂ@cgrggglegpp@pédOﬂstﬁ@tccﬁr@ﬂﬁdl §belangcaes
0] car oxy ectin u ot _crit n
derivatizéd caF X§Prtvag%ge$sg§¥ﬁﬁﬁ%¥%8 ?ﬁegcbﬁd???%ﬁeo?o °ch gBE@&%éﬂ? 8¢
: reaction(s) andubaaqhentenaaeﬂlam(shean@pcaprbateemove@oantthetapproprlate
- disrupting the [ n
-~ Protective (EOBE?H? Qg§538£ &g§r éfﬁg Ehe r%%%lnﬁﬁ eﬁfaﬁgé oﬂgéc¥2m1Y0rk
“N. Y., 1991, Chapeene5an8r8vumt§5 Protective CrovpslidQkda 2 A

- groups. See a I Prgbgc s egi s

termis "ﬂﬁbteétéaséa950§9mm°ﬂhycﬂmPe?é?é ggogegg}%gxgroups prﬁ?%c?iﬁ@ E.
group. 20 Haslam, TRE - il sEsyUS@AdGLW. t he

;SpeC|flcat|0n &gagig'tgdonepfénagepgéggf ﬁewe§o§£ qﬁ §Y?ti§€§ A related
- term is *protected. carboxy," which refers to a carboxy-
protecting group. ' o
20 - : The term "hydroxy protecting group” as used in the
specification refers to one of the ether or ester 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
25 protecting group employed is not critical so long as the
derivatized hydroxy group is stable to the condition of
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,
30 John Wiley and Sons, New York, N.Y., 1991, provide a list of
commonly employed protecting groups. Preferred hydroxy
protecting groups are:tert;butyldiphenylsilyloxy (TBDPS) ,
 tert-butyldimethylsilyloxy (TBDMS), triphenylmethyl (trityl),
methoxytrityl, or an alkyl or aryl ester. A related term is
35. *protected hydroxy,® which refers to a hydroxy protecting

group..



of the hydroxy group commonly enpl oyed to bl ock or protect t he hydroxy
group whi Wwap 9630048 ons are carried out on other functlonpﬁmgmgson t he
conmpound. The species of hydroxy 25 protecting group enployed is not
critical so long as the derivatized hydroxy group is stable to the
condition of subsequent reaction(s) angl can be renoved at the
appropriate poi nt w thout disrupting the remainder of the nol ecul e..

T W G eene and P. Wits, Protective Goups in Oganic Synthesis, 30
John Wley and Sons; NEhRevEexm hamino | IBrAteghing @rauR’ s dfsed in; gimeon| y

terrp{ o%efl F(rj Oéﬁééiﬂﬂcaibwsreﬁgp aid %ﬂ@ccirc%hgst olfpltabteﬁhlmal a{reuss % Bvrs .
er ut yl di phen utyl di me Si 0X

tri phenyl matﬁ % f é"‘)’fg éd g’hﬂ&h PFt Protget aﬁg‘gl ?WJV‘Br fHP9F1€§?é?-tYA
rel ated ter nwhil@Sredqring aitthkhfimonichalhigrbupel ensthe aohpeundy The

Ing(':I)'} 8%;'6/"%4 Zi%ecg:{é’é' of amino-priett it Foup employgd is not critical o
term "am no }PRd c2$ i the glenivatizad amine gweup issgsebliechoi bherefers to
substi t uent Sc&fxdi@f‘o@rﬁﬂostﬁf%ent reABTR oY serrahayeqnt Beb{reﬁaksvea Rt Oéﬁﬁt

the am no functionalit e reacting other functional groups on t

whi
conpound. Th%pp’?)o%\aﬁ‘:'r%§Q)‘fntamlﬁ%‘%’rtoldé§ﬂ'iuﬁ§l§90Eﬁeeﬁﬁméyééersoﬁo'éh%r| tical

SO | ong meleéedeleler iVatW z @ eemne)angr @upwussstW| tion
of subsggue eact i QNS 1 o [ eRoVv t .the appro poi nt
wi t hout 1 [ SP%IF-JCI; étrre reeﬁgé%ld?}ag’f%efrhqo % %chal éls? 8€V and P.
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ani no- pr ot e AP RIARRCENS SXOUPEK PEEI Bohyl’-oxymhabonyae pthalimige] iz
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defi nes_an am no group sy, stltute am no protecting group as
defined1® pr"tegc':edo edgt '”’ﬂﬁ BPOP@&PPV@I' @\‘Buﬁ‘ébs‘éét‘%@% WHCR n
speci fi cat i camires Q:l’lﬁ)ti&'l:t&lﬂg- gresp @k deifnnefirotecting groups - that are

commonly enpl oyed to hjo %k\:gmm%}?%}trot\:%%tl %%ot#%qt gglglpé {:Ja?

reacting other function groups
prot ecting gqgﬁqglfeuqﬁtmd riefexst to sub-class of amino protectlng groups

that are commonly employed to block or protect the ~NH
20 functionality while reacting other functional groups on the
compound. The species of protecting gfoup.employed is not
critical so long as the derivatized amino group is stable to
the condition of subsequent reaction(s) and can be removed at
. the appropriate point without disrupting the remainder of the
25 molecule. T. W, Greene and P. Wuts, Protective Groups in
Organic Svnthesisg, Chapter 7, page 362-385, provide a list of
commonly employed protecting groups. Preferred -NH
prbtecting groups are carbamate, amide, alkyl or aryl
sulfonamide. The related term "proteéted -NH" defines a
30 group substituted with an -NH protecting group as defined.
The term *»pharmaceutically effective amount”, as
used herein, represents an amount of a compound of the
invention that is capable of inhibaiting PKC activity in
- mammals. The particular dose of the compound administered
35 according to this invention will, of course, be determined by
the particular circumstances surrounding the case, including
the compound administered, the route of administration, the
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- of this invention.

critical so long as the derrvatrzed am no group S stable to t he
condi ti on. sosesmeguent reaction(s) and can be renoved at -~ PCHES96/04245
appr opr i ate poi nt wi thout disrupting the remainder..of the 25 nolecule. T.
W Geene and P. Wits, Protective G oups in O'g4ni c Synthesis, Chapter
7, page 362-385, provide a Irst of comodl y e oyed protecting groups.
Preferred - NH prot ecting groups are carbamate,” am de, al kyl or aryl

sul fonam de. The rel at ed ter m " protected - NH fine 3 rou
substituted WRFEHFLIGT FWHGRY t‘ifr‘&?p a(;ee%e & dimiladd’ 0P The term
phar maceut i Ca'ddhs?.ifdeifatuitmmwne ,comoundmm oy admmeqnmttar m

anount of a caonpou of . the cahallf ofe PKC

activity in néD I%f r tespeﬁnt ?ig‘[ﬁmg]f ose (%asjt ‘he corfag'oumfa[}gem ni stere

35 accolrdr ng teubditaneouwsit itopiddll, igftnsorenas b nfetamuANERMLPT the

particul ar crr ndi t | ek
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m ni stration,
PCT/ US96/ 0424%will contain from about 0.01 mg/kg to aly:ut 20 mg/d%g 9% fhe

condi tion bei ngrdiRatEshpirith SidiAls invertOit derprd fiyred Hanorumms

can be adnm nistered b t f t l.u
-t ransder nmal , will sllﬁ)é}?%oqrsosar & %’oﬂo rﬁ@&ﬁgﬁsﬁjﬁ%ﬁ’} rﬁ(.af)sogﬁtfa - f etcé aI
" intranasal rousut P rmg/itg J ndldwévems for tyqpicdl dedninidismtion aMttilcal
~contain frgm apout 0. 01 JEdikg ]F%C?%@%W/L@ égmééiﬁ'xd per aGi2 \6¥ e@ipound

referred dal oses be about 0. 05 to about
- 10 ny/ kg, ideadffectsditt Isse o Prefmmw,migerayphcmbmourrroroii Smgund

- admini stration,g § »&%&fé £4h HORRIS 0 TRh®butl 300 hpimB0Gndage conpound
per cn2 of an e

z d tigsue. ef er abl | ied

. conpound priferakly %tﬁﬂﬁ % rajtﬂ}%/ﬁ %ggh@p 5 %@,g%oscg

; pre; erag: Y, ;rmmbb 132,8 ﬁrbm?hﬁutZCHD nop catjaart |10Gny/ amds :

'.pre era rom about to about 100 T t

- "treati ng{g as used herefRe BHEE®| “o’é%atﬁ'gg-'" asn’éﬁﬁﬁeﬂ%ﬁ?"%hdd%%euel%%@athe
patient for thgamadaeat: aind ardwd iof) a patidmx dicease pompbdse orf qombating

di sorder and |t_;}gl u%fsseéshg, t‘F'r%n%Jhdn%Ipl st qﬁso& %r aar?@@?%!ﬁ%ég dH&Esent

_invention to he Synpt ons or i cations,
~alleviating t Mm:‘aﬁhstsgamimsoﬁra cxompoured |Qﬁrsgr@ereﬂ imventien the EF%‘é%FS‘é

- the onset of the symptoms. or complications, alleviating the
20 symptoms or complications, or eliminating the disease,

condition, or disorder. _
The term "isozyme selective" means the preferential
~ inhibition of protein kinase C beta-1 or beta-2 isozyme over
protein kinase C isozymes, alpha, gamma, delta, epsilon,

25 zeta, and eta. In general, the compounds demonstrate a
minimum of a eight fold differential (preferably a ten fold
differential) in the dosage required to inhibit PKC beta-1 or
beta-2 isozyme and the dosage required for equal inhibition
of the alpha protein kinase C isozyme as measured in the PKC

30 assay. The compounds demonstrate this differential across
the range of inhibition and are exemplified at che ICsp,
i.e., a 50% inhibition. Thus, isozyme-selective compounds
inhibit the beta-1 and beta-2 isozymes of protein kinase C at
much lower concentrations with lower toxicity by virtue of

35 their-minimal inhibition of the other PKC isozymes. '

As noted above, the invention provides compounds of
the Formula I which selectively inhibit protein kinase C.



condition, or disorder. The term "isozyne sel ective" neans
the pref ewandéssvoss i nhibition of protein kinase C beta-gcpiséifi :

i sozyme over protein kinase C isozynes, alpha, gamm, delta, epsilon,
25 1zeta, and eta. 1In general, the conpounds denonstrate a m ni num
of a eight fold differential (preferably ggten fold differential) in
the dosage required to inhibit PKC beta-1 or beta-2 isozyne and the
dosage required for equal inhibition . of the_al pha protein kinase C

i sozyme as- nEheupreferredicompourgls ofsddiis inventdepoames thesensompoundsi s
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PCT/ US96/ 042854m inorganic bas h 1 T
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wherein Z i seaytrmetal gpser bicarbppatgy¢ GReg, the mis

i ndependent | yiKe, 1as AL %sa@alﬁ.sl %ei’lved. from basic oﬁfaﬂh&t HRiREst BeLR
acidic g_tél eties e conpo
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and al kal i ne t t; X a nat e and t he
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al i phati c arePbasseun d:aa:lhme.alsloﬁhaml bldaahpn35¢ hgakokym hydndaxaﬂlenes '
and the |ikepee rPﬂ?@s di%%fhwl gr e@gh’yl@nEHfamlne, 3{#@%‘8{5 %g%émlne,

i nvent i on thus | nc ude ammnl um dr éxi pot ass sodi um
bi car bodat e, SERARe ikeénet'hyl ami ne, di et hyl ani ne,
et hyl enedi.ami ne, cycl Oﬂ?@daﬁﬁmd‘ﬂi‘ thﬂsE ba&tﬂwmwlwtﬁwet&adcbhpohh&e of

Because of t |et t e.C oun Iso exi st
as pharnaceu %]?r“gﬁ%/clazzggepta &ﬁgngs p BEP?FSH%%?{[& a%%e @
enpl oyed t o ddditisucisalals.s’ Ac1d|sncbmdenﬂyoegahozedctdsfmhswsh salt:s
hydfOCh'OrlfinéwﬁﬁéﬂdﬂHPdénlc ac1ds such’ as hydrochloric, hydrobromic,

20 hydroiodic, sulfurlc and phosphorlc ac1d as well as organic

acids such as para toluenesulfonlc, methanesulfonlc, oxalic,
para- bromophenylsulfonle, carbonle; succ1n1c, citric,
benzoic, acet*c acid, and related 1norgan1c and organic
acids. Such nnarmaceutlcally acceptable salts thus iriclude

25 sulfate, pyrosulfate, blsulface, Shlflte, bisulfite,
phosphate, mono hydrogenphosphate. dlhydrogenphosphate,
metaphosphafe pyrophosphace, chlorlde, bromide, iodide,
acetate, proplonate, decanoate, caprylate, acrylate, formate,
isobutyrate, heptanoate, ?roplglate,nokalate, malonate,

30 succinate, sunerate, sebaeate)mfumarate, maleate, 2-butyne-
1,4 dioate, 2-':h"éxyne 2, 'Sldibate, benzoate, chlorobenzoate,
hydroxybenzoate, methoxybenzoate phthalate, Xylenesulfonate,
phenylacetaee, phenylproplonace, phenylbutyrate, citrate,
lactate, hlppurate, B- hydroxybutyrate, ‘glycollate, maleate,

35 tartrate, methanesulfonate,_propanesulfonate, naphthalene-1-
sulfonate, naphthalene 2~ suifonate, mandelate and the like
salts. ' ' '




20 hydroiodic, sulfuric and phasphorlc acnd as Well as organic - acids
such as pawesssenesul foni c, methangsul f onig;;: oxalic, pRCT/US6/04245
bronophenylsulfonlc carbonlc succi ni c, C|tr|c benzoic, acetic acid,
and rel ated inorganic and organic - aci ds. Such pharmaceutical ly
acceptable salts thus include 25 sulfater bd¥rosulfate, bisulfate, sulfite,
bisulfite, phosphat e, nono- hydro_gn-h sphat e, di hydrogenphosphat e,

met aphosphat e, pyrophosphar.g.ssehl or Edesahrog hadide t2

pr opi onat e, -decanoat e, @ '-w-'*éO% cryrate, - ggtié':ﬁg acc%&§aga a%%lts'
hept anoat e, pouheulaaétsoaneaia¢ludédnaneth601n¥enthate TbahemaYeserve as
sebacate, fu €;,2 t o] 2
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pht hal at e, xypﬁnpguﬂtbﬂat@f Othephéﬂitaceﬁﬁcén bh@n&ﬂﬁﬁ%ﬁfbﬁé?éon and
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gl ycol | ate, mal eat 35 tartrate, t.ha suI onate prop nesu onate
napht hal ene- | - squ@W&t@ aﬁ&ﬁﬁ@ﬂ& ﬁﬁﬁ&@l&#i
l'i ke sal t 8f Formula I canV£l§5/39968 as varlous solvates, such as w1th
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conpoundﬁ_ i n Eggar d, préﬁér%BhQEeong%HEﬁ EéibﬁteogahnbéhfrbﬂeEhbfbﬁibbﬁe
and 5 character on O oundas “or “rnternme

~ The pharnaceuDﬁCGIY§ta&éepaabba.sanhsrgntcéﬁpébﬁd§01ven§fOﬁopﬁﬁpérﬁtéaﬁ or

al so exi st asdf%tan!il;:»gwaﬁesorsaabeﬁelmws to YALRT soEAaNol suehhanol
. dinmethyl formam de, ethyl acetate nd the ke. M xtures of such

sol vates can &P%BaBSS1GrepWéEBFBdtheTﬁ€°§8ngetBP EﬁﬁﬁeQBI%BYEnEéﬁnbe from
~ the sol vent of crystml |1|SZ&‘Te|c@@n1|zlé|deft¢ﬁit artibass elt\etrio iabnereea rfatrinsn

o or tal li zation tious_tQ such solven Sugc sgl es
Care mﬁthl th8f3568ec8?pPH8 EehPrwnisn?.gﬁY ekfs¥fkor gﬁQWPlFé R ndy
recogni zed thabntannoaschneaéocanbeniatbmrun the stbshétubegoatiylene

Formila | mmypgxbst: (RheCXBABbEnalY B normG8Tkabhefablr AL £EERAREELOGN

the substitute yl ene ol e ng nor mal prepar e
racemat es andcan ceanecenvéhYehelysgé asegugb, shuh, 1BG%V¥ﬁHﬁ¢|GB§Ft1°mer5

enanti OMers can pe isolated or synthesized by conventional techniques if
20 so desired. Such racemates and individual enantiomers and

mixtures thereof form part of the present invention.
The invention also encompasses the pharmaceutically
. acceptable prOdfugs of the éompounds of Formula I. A prodrug
is a drug Wthh has been chemlcally modified and may be

25 Dbiologically inactive at 1ts site of action, but which may be
"degraded or modified by one or more enzymatic or other jin

¥ivo processes to the parent bloactlve form. This prodrug
should have a dlfferent_pharmacok;net;c profile than the
parent, enabling easiet absorption across the mucosal

30 eplthellum, better salt formation or solublllty, and/or
improved systemlc stablllty (an increase in plasma half-life,
for example). Typically, such chemical modifications. include
the following: - .

1) ester or amide. derlvatlves whlch may be cleaved

35 by esterases or lipases;

2) peptides which may be recognized by specific or

nonspecific proteases; or



can be isolated or synthesized by conventional techniques if 20 so
desired.. BOooW3o0agecmat es and i ndi vi dual enantioners and POTIISYE/0R4S
thereof formpart of the present invention. The invention

al so enconpasses the pharnaceutically accept abl e prodrugs of the
conpounds of Formula I. A prodrug I & g2dcug which has been chemcally
nodi fied and may be 25 biologically inactive at its site of action, but
which may be . degraded_or nodified by one or nore enzymatic or other in
vivo processés t6 the phr@RFL¥ABI¥es /ehdtorarcumilate & ¢y site sfoacsivmve a
deferent phahﬂa@@kumsmbﬁaﬂgféeﬂetdﬂamnotre progaa@embrmfa@bblmgdseiéar
absor ption c | t.ter .sa rmation or
solubility, a§£§§§ué hfmqynpcbriﬁva%osys é&ﬁggls#nbl | ?’t %‘8( gh ase in . plasm
hal f-1ife, Convemtrona&ﬂnnqcéﬂqnasﬂﬂqr thecsedleetionl amddpfepatrabibeni ofl ude

the fol | aw ”ggltable prodrug d@rf¥§é¥bé%fa§%‘ﬁsséﬁﬁbggt'¥8§ gﬁaﬁgﬁgaylge

cl eaved 35 est er ase rEh™may be
recogni zed bY 43Xy ,tf otldd884d WD 96/ 30048

PCT/ US96/ 04245 The synthes1s of certaln bls 1nﬁ%1e—N—male1m1de 3)

derivatives that accunulate..at g_site of agtion: - t hrough nenbrane

sel ection of %Fiﬁ?ﬁﬁYﬁff%ﬁwﬂ?ﬁCQ%Qﬁﬁﬁqq bgvis ethodngSfoFﬁFeBF any

conbi nati on $f097 1618, hﬂnamh 1ncorp8&ateﬂtbynﬁEfaréﬁedUreseﬁéfalhﬁ the

sel ecti an SR t] suyi t.abl e _prodru erivatives are

descri be&g) f%?&éxarrpﬁa et %‘e prelgfe %"5&":5 E‘F‘g gSf pf’?BﬂFﬁésas(l%S)

The synthe5|50kﬁ0w&wtaln bi’s: |ndole N-nale|n1de "~ . derivatives is
described in Davis et al. US. Patent §£h§§£T%7 614 herei n i ncorporated by

reference. Generally, the .10 conpounds o e present i nveggi on may be

prepared as fQﬂiOMB f (R ) _ " Schene 1
j.-; 'n "

R

Halo Halo

(III) . (IV) T (V)
15 R L _
R1, m, and halo are the samé”as previously defined.
Halo ‘is preferapiy chloro, bromo,'or'iodo Compound III is
preferably 2,3~ dlchloro N- methylmalelmlde
The reactlon between Compound III and the 1ndole,
20 Compound IV, 1s commonly known as a Grlgnard reaction. The
reaction is carrled out in an inert organlc solvent, such as
toluene, at a temperature between room’ temperature and the
reflux temperature of the reactlon mlxture Most
significantly, the reaction deplcted in Scheme 1 is dependent
25 on solvent conditions When carried out in a
Toluene:THF: ether solvent system, the reactlon provides
- Compound V in greater than 80 percent yleld and greater than
95 percent purlty. The product is prec1p1tated from the
reaction mixture with ammonium ﬂhloride NH4CL. The
30 resulting 1ntermed1ate Compound V, may be isolated by
- standard technlques



15 - - [err] - o "Rlerr], m and

hal o ar e, t F086/30048s preV|oust defined.” Fﬁlo is preferab? TRISOH4345
bfono, or iodo. Conpound IIl is preferably 2,3-dichloro

N- et hyl mal ei m de. The reaction between Conpound |1l and the
i ndol e, 20 Conpound IV, is commonly known &3 a Gignard reaction. The
reaction is carried out in an inert organic sol vent, such as t ol uene,

o2 Lemperature bet neCh YN ARG 1 Wl ALY LR ©

Scheme 1 is dépupound Y5 man sbenehe cgnuertedsby ahkaliner hydroaysn-ﬁ &o
Tol uene: THF: eEE%rc%?&%@ﬁbn&iﬁbeHhh&dﬁlaéask'EHep?8¥hd§§ VI h?OEBEHBQqusn
greater than gEP rcenth¥ reat g % perce purit

product is pr ﬁPt & rBFFtﬁB espgé £ oﬁnnpfFﬂpﬁerFha M

chloride, NHAQ4: 28812802 2988y |.ngpreferabaIyat eompoupduvdi¥, reagted with

Légiﬁégg/giz4§ NF&%EQQrdeE %%g a€°a tempe¥gkgg%§9%%%ing from.zﬁg to

-3,4(3' -i ndol yefiuM.net hyl - pyrrole-2,5-dione, . Conpound V, may then be
converted by al kaline hydrolysis to t he correspondi ng anhydri de of the
- Fornmul a VI by -t echni ques known in the ar% and described in Brenner et
al ., Tetrahedron 5 -44: 2887-2892 (1988 : bly, Conpound V is
reacted with 5 N KOH in ethanol at a tenpefature ranging from25[err]C
to refl ux. - _— o .
: m (R )= —— (Ry)n
H H

10 ' - (VI)

Compounds of the Formula V are generslly more
stable than the compounds of the Formula VI. Therefore, it
is preferred that Compounds V are reacted in accordance with

15° Scheme 2 to produce the compounds of Formula I. However, one
skilled in the art would recognize that the compounds of the
Formula VI, may also be reacted accordlng to Scheme 2

L—”(CHZ)m

(VI) | -
or + Z=—R¢ —» (II)
(V)

20

(VII)

25 Z, Rg. and m are the same as previously defined. L is a good
leaving group such as chloro, bromo, iodo, mesyl, tosyl, and
the like. L may also be a hydroxy or other”precursor'that
may be readily converted to a good lea%ing group by
techniques known in the art. For example, the hydroxy may be

30 - readily converted to a sulfonic ester such as mesyl by



[err] Compounds of the Fornmula V are generally nore

st abl e t hwo ddrmoggonpounds of the Fornmula VI. Therefore, itpeTmsSe6is248
preferred that Conpounds V are reacted in accordance with 15 Schene 2 to

produce the conpounds of Formula I. However, one skilled in the art
woul d recogni ze that the conpounds of theiq - Formula VI, may al so be
reacted according to Schene 2. Schene 2 20

L- (CH2) err Rlerr], and mare the same as previously

defined. L Fgaﬁéb’%o‘:he hx%ﬁmg’%a}?msaéf@wwér &hlprids, tpopyoduesy|
tosyl, and thetmésylatce: 1éavﬁﬁg6§ﬁﬁﬁ@he ‘a ‘hydroxy.“or other precursor that

may be readlly convert to a ood | eavin echni ques known in
the art. For exanpl e, fﬂ% ?/nrﬁ %%5936&4):91‘56%‘33‘% Ferfed to a
sul fonic esteccemhlsbedrdaylamy of the WooRdy $e@heds of preparing N- :
PCT/U596@p4zéébs$Etute lndqlﬁﬁﬂ or s reactlgn usuailyhlnvolQFQCt'ng the

hydr oxy w t h net hanesul f ony e ate | eaving
group. approximatiky’ espsimada Ir@&@@@éﬁt@é EVES§WQW§EQQB§ts. although
acconpl i shed,bifeAMYafod e dpauin 1Rt meowé&eaﬁr the 5.‘1ky§at§ﬂ§sréab'éﬁﬁi
i ndoles. This reaction usuall |nvolves proxi mat el é equi nol ar

anounts of th® IHEFERRNEE S atdive - T@FhéFaFﬁﬁPlese ﬁ%ElﬁPF?l?ﬂose

wherein the @mkyiﬁuarnplarn;yrbtlc sdiwemteém@&oylﬁgeaﬁpennhuyemecahesalt
reaCt'OQO'S bgsothé”r§&% alkylatlon conditions as are appreciated in the
art. .When tnefleav1ng group 1s bromo or chloro, a catalytic
amount of 1odrﬁe;salt such as pota551um iodide may be added
to speed the reactlon Reactlon condltlons include the
following: Pota531um hexamethyld1s1la21de in
- 15 dlmethylformamlde or tetrahydrofuran, sodlum hydride in
dlmethylformamlde , ;';_

Preferably, the reaction ie“carried out under slow
reverse addltlon w1th ce31um carbonate 1n either
acetonitrile.: dlmethylformamlde (DMF) ,. or tetrahydrofuran

20 (THF). The temperature of ‘the reactlon is preferably from
about amblenr temperature to about the reflux temperature of
the reaction mrxture L
One skllled in the art would recognize that the
reaction descrlbed in Scheme 2 may be employed with compounds
25 of the Formula VIIa '
: Le—Y"
L—X

ViIa
30 b _ L
X' and Y areaa;protected carboxy, protected hydroxy, or a:
protected amine}"After the alkylation of Scheme 2, X' and Y'
may be converted to moieties capable:oi_coupling to form the
claimed compounds' This method is . the”preferred method of
35 preparing the compounds of Formula I wherein W is -S-, -0O-,
or NH. The coupllng of X' and Y' to: form the various ether,




out in a polar aprotic solvent enploylng an al kali- netal salt 10 or other
such al kyl aWOA#3M8di ti ons as are appreciated.in the ar t . PCIABSPEIONAS
| eavi-ng group is brono or chloro, a cat: L-tre anount of iodide salt,
such as potassium i odi de may be added “*tio 'speed the reaction. Reaction
condi tions include the f ol | ow ng: Poka§§iun1hexanethyld|srIazrde in 15
di met hyl f or mam de or tetrahydrofuran sodi um hydri.de in t

ou
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one skilled i %ért(%%d COOGE Wz e St AL -t SYDLhESE. 33847 ASTor HATPR
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L-Y [err] % Qﬁ Eﬁ gpﬁ a4l ﬁ?g%)carboxy protected hydroxy,
or a protegtéd &rE@r of Scheme- 2, X and Y

“may be converted to noi eﬂneesshmuaiﬂf met(:}'@laﬁhu gan%lQi fgarg’a tﬁ@:ognlgé adKepd

. conmpounds. S eferre t hod_ o reparin

coggounds of g&%&?%gﬁq Pg %c&FWE 5 HEF carrl&a NH% ?H@gb%ﬁR|QH§¥ﬂt?X
'and Y' to for protecrdngogzoupsens a two sﬁ@p9§yﬁﬁﬂésls.' That is, using

: PCT/ US96/ Pgt24 i her or
2 noet nerd decppIopriate protecting, grovps alpviaciolSor epch iHdodgh

‘exanpl e, |to, Nétrogen ehefhepramppund pf Formuda(¥) andovs- meysp(rpeee)i as

Kato, et al., gésceipey Rezein BHl two ste§§4(aiﬁ%}|£\é9§@ on@O.OL%B tyg%l)
mt ESZL,Z 12? 11°W4§’§*'er33 geﬁgtl%ﬁe%rldséheméorswgsyhe macrocycle

alkylation of the second indolyl.)

15 -Most unexpectedly, the compounds of the invention
. may be prepared in substantially higher yield when .the
alkylation is carried out under slow reverse addition to.
Cs2C03 in a. polar aprotic solvent. Slow reverse addition
involves combining a mixture of compound and alkylating agent
20 with the base at a rate from about 0.1 mL/hour to about 2.0
mL/hour. The concentration of each reagent in the mixture is
about 1.5 molar to about 0.001 molar. The slow addition
results in a concentration of reagents in the reaction vessel
of about 0.01 umolar to 1.5 molar. One skilled in the art
25 would recognize that at a higher rate of addition a lower
concentration of reagents could be used in the reaction.
Likewise, at a slower rate of addition, a higher
concentration of reagents could be used in the reaction.
Preferably, the combound is added at about .14 mL/hour with
30 the compound and the alkylating agent at 0.37 molar. It is
preferred that the Cs2C03 be added in excess -- most
preferably a 4:1 ratio Cs2C03 to alkylating agent. Preferred
polar aprotic solvents are acetonitrile, dimethylformamide
(DMF), acetone, dimethylsulfoxide (DMSO), dioxane, diethylene
35 glycol methyl ether (diglyme), tetrahydrofuran (THF), or
other polar aprotic solvents in_which the reagents are
soluble. The reaction is carriéd out at temperatures ranging



One skilled in the art would al so recogn'i ze that the reaction of
Schene: 2 WY9%R8048ar ri ed out using appropriate pr ot ect | RET/BESEHRS4SAS < A
two step synthesis. That is, using 10 appropriate protecting groups

al kyl ati on of each indolyl ni trogen of the conmpound of Formula V and
VI may proceed as described herein.ipgtw steps (al kylating one

i ndol yl under sl ow reverse addition and then closing the macrocycl e by
al kyl ation t he,second i ndoI Most unexpecte t he
conpounds o%f apRVE B gifr'l@)‘xbe Preptkihled %Hé!%rﬂﬂ%\lwqrﬂlalgh

yi el d when tdfezognizal khbat the ratierss eth® Uhi kDS S Qhe Q}eﬁﬁpiﬁxrﬁlﬁ@dd on to
CS2CxB in a I [.O olkvent. Slow r ver addition . i nvol ves

comnbi ni ng aEi &?SFEB& gggﬁ%of]ﬁdn Edcﬁ*%ﬁ’ éf T pd%idsh Ruefesaed at a
rate from althat Che meApentstaretmixe?. in a rauchmfr .0.Brecacentration of
each reagenteqiRvhReniLXbEr bo ut 0.001 nol ar.

The sl ow adgldfl ran nqb BE Fabﬁ Othegontt:%%%t 6551?%#1&?6]3@ q%qh? F§IoeHs are
reaction veddged 1:lef about 0.01 prnolar to 1.5 nol ar. One skilled in the

art 25 would recogni maenh#t igt Nach ghesmpesd of T agéli et éPWES the

concentration of rea ents cou Psed in the reaction. Li kew se, at a
sl ower rate 8Fr§ﬁBP’E1 Ahg inl?f’féﬁ’e‘& I et &likad igre hysFedvsisoul d be
used in thealkatinenhydrolysbsé eimbdlved ey ithd %&@Mdahﬁﬁout 14

nL/ h t t 37 l,
'y Mourag Basd, %ﬁg?cgﬁp%’g‘@%“&&?e%y‘%’a%@%%%@ naeeiael Bl cazpl
a 4:1 ratioCgsaéeghed tprsfexably gdmnolpr.eMMSCdwater .pdiaxaner/water,
| t f
R e e%’{ﬂ%ﬁ‘é“{f - 8Hokne” SEbR) Rogphe,

(di gl yne), ?ét?aﬁ?d?’é?ﬁ?’éﬁ‘@(yl'l-ﬁou‘brrefl%t h&h epmcealpr@ttmnsgtfvehES in

whi ch the reagevastdres nov S&tiienl. The reaction is carried out at

t enper atures rangi n 48, ) .
PC?PUS ) 04245 ging The anhygglde ?V is 0) is coqug;ed to the& r om about

O[err] C to meléimidénet skortrelh i hhammonolyslid. ammbacdgeizeihhalvebe
ratio of th I .S, not
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ratio of 0. Srt%n@mn@qmuwren&asmwnmﬁcem@e. bypmides eber ghlorideak
reagents arand Cj+fixedlldshol (preferably methanol) in an polar “aprotic

20 solvent such as DMF at room temperature. Preferably, the
hexamethyldisilazane or an ammonium salt 'is reacted at a
ratio greater than about 5:1 equivalents of anhydride.

Yet another method of preparing the compounds of
Formula I is outlined in Scheme 3. This method is
25 particularly useful when W 1s -NH.

Br
/
(VI) + m (H2C)
N\ N
OAc /
m (H_?C) ’
\

(VIII) | Xy




Whien V is NCH3, Conpound Il is converted to the correspondi ng

anhydri de.No9800a8 by al kal i ne hydrol ysis. Al kal i ne hydr PICYAIS96/04248| ves
feacting the conpound with a 10 base, such as sodium hydroxi de or

pot assi um hydroxi de, in C[err]- C4 al cohol (preferably ethanol).
DVSQ wat er, di oxane/ wat er, or acetond tya l-e/water at a tenperature
rangi ng from about 25 Cto preferably about reflux. The concentration
of the. reactants is not critical. 15 The anhydride (Vis O
I's ‘converted to the mal ei m de of Fornmula | by annnno&ysis. Ammonol ysi s
I nvol ves . reacting the anhydride .w th an excess of.hexanekpyldisilazane
or an amoni um salt (amoni um acetate, bronide, or chfo\idfF and
Clerr]-C4 al cohol (preferably methanol) in an pol = 20 sol vent

such as DMF  at roon1tenpera1;EE. ,f?%ﬂgggbl t e ™si | azane
or an amoni um{d&}Mt % reactet~atHa)m = ratio gigatler 3 31
equi val ents of anhydridg..”” o ~ Yet anotér Method gN pr¥€paring the
conpounds of Formul@®l is outlined in Schemg H3C) Thims(Hpe€tthod is 25
particularly useful when Wis -NH \ M Z-Ry Schene 3
[err] WD 96/ 30048 PCT/ USH6? 0445
ST : , . _ _

{(X) (XD

(XII) : (XIII)

~ Ac is acetyl. Rg, Z, and m are the same as
5 previously defined. The.aikylation of Cbmpound VI and VIII
occurs under conditions previously described and know in the
art. The alkylation of Compound IX with the «-halo ketone,
Compound X, occurs under coﬁdicions previocusly discussed.
The conversion of the anhydride_to-the_maleimide, Compound
10 XI, occurs as prévidusly déscribed. :Fbr example, the
anhydride may be converted tc.the bis-indole maleimide by
reacting the anhydridé with hexamethyldisiiéiane and methanol
in an inerc otganic solvent such as DMF at room temperature.
The pfotected'hydrOXy, represencéd by OAc, is
15 readily hydrolyzed to form an alcohol (for_example, K2CO3 in
aqueous methanol and THF) . The resulting alcohol is
converted to a leaving group by methods appfebiaced in. the
art such as'reacting the alcohbl with mesyl chloride in
triethylamine at 0°C. The leaving group is substituted with
20 an azide, such as NaN3 in DMF at 50°C. The resulting azide



0 Br [err] Ac is acetyl. R6, Z, and
m are the wwowe/300948 5 previously defined. The al kyl ati on of Cogpesssbayds and
VI occurs under conditions previously described and know in the

art. The al kylation of Conpound I X with the a-hal o ketone, Conmpound X,
occurs under conditions previously discusseg. - The conversion of the
anhydride to the nmal ei mde, Conpound 10 XI, occurs as previously described.
For exanple, the anhydride may be converted_to the bis-indole maleinde
by react i b Tednced &a ifgrmithie pravinee by EBPIPY ARgnbindlants haavalyst in
an i nertdongnhctls@Ipméﬁerme:ImjagizDNFThb ma?gbby&gelrﬁbuaﬁlbvlved -t(:jo cl?se The
protected hydroxy, represente e gleS readj |y zed to forman
al cohol (for ¥&Eﬂﬁﬁ(%ﬁﬁ€ﬂﬂéiﬁﬁ¥lé¥ g?&&ééu?éﬁﬁthaﬂb? ﬁE%1%$F§?SQh%sresulting
al cohol -is reduerdrunsen standaxd cgnditipnby sechods MaQWRE3} adedotlver he
art such @as r Lo, t .cohal with_ges dhde Lp . triefhylam ne
at 0C. Thg Ié%%?%% (éﬁ?ﬁgf’sU SFI utgggw*%ﬁ§§%9é%g§zége?ogﬂ%%aa "NaN3 in
DMF at 50[err]C. The recdulintgymedidte of the present invention is

prepared in accordance with Scheme 4. This scheme is
particularly useful in preparing compounds wherein W is -O-.

10 | Scheme 4 |
. OH
O .
Q’ ? /\Mgﬂalo /\) w,  _R:
",,R i / "l"l/
£ Cul
(XIV) {XV)
~ _Br
/ {CH>),
~ NaH
H" (CHZ)F HG (CH5) .. :
N N N~ : (CHy)
C .
/\/ . ] - \/ o
{/
. 114y HO K : /\/lu,,, s Ry
Ra Re
(XVIII) | (XVII) | (VI

Rg ié'N3} NH—protecting:group, amine pfotecting
group, Or hydrpxy protecting group;. h is independently 0, 1,
15 2, or 3; and L is a good leaving group such as chldfo, bromo,
iodo, mesyl, tosyl and the like. L is preferably mesyl. Rg
is preférably'é_protected hydfoxy. m¢s§ preferably -Otrityl.
Scheme 4 presents'a stereoselective synthesis of the linker
portion of thé'macrbcycle. The S-enantiomer is illustrated
20 above; however, one skilled in the art would recognize that
the complimencéry enantiomer or mixture of enantiomers could
be prepared ;n‘an analogous manner . Furthermoré, one skilled
in the art would recognize that an analogous reaction with a
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in the presence of H2. The macrocycle is al lowed to close via an

i ntranol ecul ar Schiff base. The Schiff base is teduced under standard

condi ti ons,

such as NaCNBH3 or other .5 reddcirng agents, to formthe

macr ocycl es of Fornmula I. An internediate of the present
invention is pet le%%'b%‘é il e RGC Je. %ﬁ%@%@ﬁ ?‘ S c%%!}?'%e' Yised
particularly useful n preparing npounds el n é%%

Schene 4 to prepare the varlous llnkers contalnlng a meghyl [err]
R8 is N3, NH-@mm@ngmm@dg@gupley@ ne protecting group, or hydroxy

protecting group; mi S “dﬁe%r#y % ]“ b quﬁ%oagwﬁir(éﬁlﬁﬁqswgilf%v"

| eavi ng group such as c
L is preféefablis opeyled usSiayr h Grlgnard reagent. The reactlon.ls carried
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out in the presence of copper complexing agent; however other
alkylating conditions are operative. The reaction is carried
out in an inert solvent at a temperature between -30°C and
reflux temperature of the reaction mixture. The reaction
produces Compound (XV) which may be further reacted without
purification. Compound (XV) is allylated under general
conditions known in the art for preparing ethers. The
reaction illustrated in Scheme 4 1s a Williamson synthesis.
The fofmation'of sodium alkoxide using NaH, NaOH, or KOH
followed by allylation with allyl bromide produces the diene,

- Compound (XVI). Compound (XVI)  is converted to the alcohol,

Compound (XVII), under standard techniques. . For example,
Compound (XVI) can be converted to an ozonide by treating
with ozone at low temperatures. The ozonide is then reduced
with NaBH4, LiAlH4, BH3 or catalytic hydrogenation with
excess H2 to produce the alcohol, Compound (XVII). The
hydroxy moieties of Compound (XVII) are converted to leaving
group, L, by standard techhiques-such as reacting the alcohol
with mesyl chloride in triethylamine.

In all of the above schemes, it is preferred that
the reactions be carried out with appropriate protecting
groups. In particuler, it is preferred that R; is protected
during the alkylations and/or acylations and subsequently
deprotected. Likewise, if Rg is to be a -NH(CF3), the
reactions are best carried out with an amino'protecting
group. However, one skilled in the ert recognizes that many
of these reactions cén be performed without protecting groups
if the appropriate reaction conditions, blqcking reagents, or
the like are used. It is preferred that when nacrocycle
contains a hydroxy moiety, it is protected as tert-
butyldiphenylsilyloxy (TBDPS) or triphenylmethyl (trityl)
during the alkylation or acylation of the indole. The



is preferably a protected hydroxy, nost preferably -Qrityl. - Schene 4
presents awoissIessel ecti ve synthesis of the |inker por t igtirniosoias
macrocycle. The S-enantioner is illustrated 20 above; however, one
skilled in the art would recogni ze that the conplinentary enanti onmer or
m xture of enantioners could - be prepargd 4 n an anal ogous manner.

Furt hernore, one skilled in the art would recognize that an anal ogous
reaction with a . WD 96/.30048 L . - _
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substituted @postdadardCGeghaiguésagent coul d be used - to prepare the
various |inkers contai r&i ng a get hél g suﬁs 1tuted al kyl ene.
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converted t oknbenahauher, Compound (XVII1), under standard techni ques.
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subsequent |y deprotected. Likewise, if R6 is to be a -NH(CE3), the 30
reactions are best carried out with an am'ﬁ‘uo protecting s
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R
20 In the following examples and preparations, melting point,
nuclear magnetic resonance spectra, mass spectra, _high
pressure liquid chromatography over silica gel, N,N-
dimethylformamide, palladium on charcoal, tetrahydrofuran,
and ethyl acetate are abbreviated M.Pt., NMR, MS, HPLC, DMF,
25 Pd/C, THF, and EtOAc respectively. The terms "NMR" and "MS"



group. However, one skilled in the art recogni zes that many of these
reacti.ons, oMA9530048: f or med wi t hout protecting groups . if tRETAIS604245at e
reaction conditions, blocking reagents, or the like are used. It is
preferred that when nacrocycte 35 contains a hydroxy. noiety, it is
protected as tert- but yl di phenyl si.l yl exy21( FBDPS) or tri phenyl net hyl
(trityl) during the al kylation or acylation of the indole. The
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MO0 00 | R SRR TSRS TR BT S dRRiTeda
by standard t esfirucfunee. . Conpounds of Schenmes 1-4 and any

ot her reagents required for the above reactions,. are either
commercially 5 available, known in the art, or can be prepared by nethods
known in the art. For exanple, ConpountreéParagiomel prepared by
t echni quessdescribed in EdQ i ‘CHaydo 184] Fanl30 4-didnkP91) ;

- Conpound |V i's preferabl [epared ip_situ b eact|[.ng an apprQpriately
substituted indole with %98{@£ %ﬁ?@*%@%né%i% %al?éémgﬁ h %%se?ﬁg?aabﬂe§ium
bromide in a solduiom deiteEining 2, 3-dichlorohial didd |amiydy ideams 36 and
preparations ovi ded rely .to furfher Jdllustr he dnvent |

The scope?jo%e‘% H@“ﬂ?vé?ﬂ‘fd’he%%n@om L?é:&’-’laf’glﬁéer e‘1E!{fPT’cotcﬁ'rsiés{| ‘|(‘ﬁdmig1) of
the follow ng jaxalfhimis.of Eretiit @wdki Thed mixthire ards stirndd drmlemova ng
structureqps r&d;g:&ég &b fhd | duisd B et 2o 16 HoWR'CIHY Urletf LHMAY 441

nonmencl ature a ereln:
_ 4 hours. The cooled mixture was poured into water (350 mL)

and extracted with EtOAc (3 x 75 mL). The combined organic
extracts were washed with 100 mL portions of saturated
aqueous NaHCO3, water and brine and dried (MgSO4). The

5 8Dy

15 solvent was evaporated under reduced pressure. The residue
was recrystallized from ethanol to give 3.82 ¢g (64%) of 2,3-
dichloro N-methylmaleimide as white crystals. Concentration
of the mother liquor and chromatography of the residue by

_ radial preparative layer chromatography (Chromatotron,

20 Harrison Research), gave~an additional 0.81 g of 2,3-dichloro

' N-methylmaleimide, raising the yield to 77%.

A solution of indole (10.5 g, 90 mmol) in 175 mL of
dry toluene was treated dropwise over 1 hour under'Nz with a
solution of ethylmagnesium bromide (1.0M in THF, 90 mL, 90

25 mmol). After the addition was complete, the light-green
solution was heated at 40°C for 30 minutes and then cooled to
25°C. A solution of 2,3-dichloro N-methylmaleimide (3.8 g,
21 mmol) in 50 mL of toluene was added over a 30-minute
period. The reaction mixture was heated at 100°C for 3

30 hours, then cooled to 25°C, and quenched with 100 mL of 20
percent aqueocus citric acid. The layers were separated. The
agueous phase was extracted with EtOAc (50 mL). The combined
organic layers were dried over anhydrous MgSO4.  The solvent
was evaporated under reduced pressure. The residue was taken

'35 up in 30 mL of acetone and allowed to stand at 5°C for 40
hours. The solids were collected and washed with ice-cold
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magneti-c "WO96/30088 Spectra, mass spectra, high pr essur eptTASYE0424S
chromat ography over silica gel, N N di et hyl f or mam de, pal |l adi um on
charcoal , tetrahydrofuran, and ethyl acetate are abbreviated M Pt.,

NVR, M5, HPLC, DMWF, 25 Pd/C, THF, and Et@ic.respectively. The ternms "NW'
and "Ms" - WD 96/ 30048

PCT/ US96/ 04245 - ~indi cate that
the spect r un®YREF dhFiem- 35 @h (t7ﬁepG€§P-F‘§d of 3s€r9éﬁuﬁ% -indolyl)-1-

Prepar ati on ret¥yl-pyrrole-2,5-dohedias @3 red@&eild);- dupan- 327‘6-@'799@

Sodi um et hoxi de (3.56 0] was ed to n co | ni ng
2, 3-di chl oromal ei ¢ anhg%r?'oseor%{gl%%' r ¥4 % (??nﬁ'll)“dgﬁrﬁﬁnsgﬁ F&
hydr ochl or| ctnyx(rhliﬂg% HRlienendn) 150 nLnof0erhanblawasi addeddSNTheHms(m ure

was stired yter hd Gui B Sild SHitide WhE.als 251 965 GLaTalf,poyrs and

t hen ref o0l ed 'm xXture was poure
(350 i) widih Jé& Me tofd wiaterr - Et Mest( 9fxthe ﬁt)iancrhewe@nmmmgdm c
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wat er and brj ne and dried 15 sol vent was evaporat ed under
reduced preskur é&he RREGiRd; Proﬂﬁ§trEéﬁyg%&FPFE‘@daﬁ“?dﬁ@%h%riﬂ-t}Po gi ve

3.82 g (64%wafer?, 3-The crdlld‘éhbeﬂthWEBYHﬂBEQL%delﬁSaV}ﬁliﬁﬁn&rﬁY§£ als.

Conoent 4§t | ey Qg oL 95 1L WA ARELGHT STBLEILACKYC O] e, £osi due by

radi al prepar ayer ch oma raph onmat ot r on
Resear ch), gﬂﬂe.can gfddletMnalg @i8h QOopeZcéndl BbOBcoin hedamettxy|girei ni de,

raising the Mir{ é%Tél%JEg}uy und (3.1 tre gkgggev of é@&éeé 0459, 90

mmol ) in 175 uene wa ropw se over our under
N2 with a Ptsot3Ri#8°%F et hyl magnesi um bronide (1.0Min THF, 90 mL, 90

15 S : . Preparation 2 -

To an anhydrous CH2Cl2 (110 mL) solution -of 3- -
~ buten-1-ol (15.g, 0.21 mol) was added imidazole (287 g, 0.42
20 mol, 2 eq), followed by tert—butyldimethylsilyl chloride (32
g, 0.22 mol!. After 90 minutes, the reaction was complete as
indicated by TLC (10% EtOAc/hexane). The CH2Cl2 solution was
transferred to a separatory funnel, diluted with CH2Cly (110 -
mL), washed with water (200 mL), and brine (200 mL). The
25 o;ganic_layer was collected, dried over MgSO4, filtered, and
| the solvent removed to yield an oil (1-(0O-TBDMS)-3-butene)
which was taken on to the next reaction. MS:
The above 0il was dissolved in a mixture of acetone
(400 mL) and water (50 mL). N-Methylmorpholine-N-oxide
30 (85.2 g, 0.63 mol, 3 eq) was then added. The resulting
slurry was cooled to 0° C, and after 10 minutes a catalytic
amount of 0sC4 (0.3 g) was added. The resulting slurry was
~allowed to stir overnight, gradually warming to room
temperature. TLC (25% EtOAc/hexane) indicated the reaction
35 - was complete. The reaction mixture was quenched with sodium
bisulfite, diluted with ether (1 L), washed with water (400
mL), and braine (400 mL). The organic layer was collected.




25 .mmol ).  After the addition was conplete, the |ight-green sol ution
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as a red soli rr o a.soluti
3, 4-bi s- (3 -5%58I9£§ %@Pﬁ? ki ‘SByFroPe4§ §°&roﬁeglﬁqiSUaﬁLaggeﬁtﬁghol

was added 5Nt&@Hsb&&t16nnh; aTbel&ﬂquth sairsnngredThehmasal&hn@S[err]C
and diluted s elyo~ VDS t n por_at ed
olﬁ@&%ﬁ %QQTEB d“@% 0°C. hfegr ng? g ?E @%ﬁuﬁ%@ arhe

under reduce§preasir e oSt gre “was t Ren-acl
preci pi t at ed CH26dact SRaBLY | BPduE#OBN @EngSKEabUFYAdiphepylsd lythshdogdde

product y@s dispseg, vgdllanmalm il QHm OC: ;Oagaggla ég%%o%ﬁrf ighst &5 ?xﬁtte%r ough
a two-inch colum of ilica gel elUting ﬁ ercent Et QAc 1.n hexane
to give P& er| fchsdaééﬁﬁeeﬁdwes femglﬁegepes&éﬁr}naswa& egnsanugd e

Efttgff:gﬁfgfg?]fbr ?i?lhours) The ??}utlon was CrgRsEatred 2o a

but vi di phenyPSPRIPOYSY. BUPARLs. g uEeH with cHacYy (250 mbd, oHeshEgorTh 1
m.) sol uti onweted, brinbutdmiedobveét5Mgs0q.,2andokE)ltueredddefhensddrents
(200 940 58,0000 ugfekoglbhoublalty H BibH| PREELENAS Brbagionic

i ndi cat ed byanl_gl@lowaemcnﬂexnneﬁuc&hwaw@rzfsgﬂubmalwasng (10%
transferred g@oacyRBRAALY' Ytf HAPSLghdh! HhEde Wb hukh264256118a gel. The

- eluting solvent was. removed in vacuo to leave a viscous oil
of the titled intermediate.. (78.1 g, 93 % overall yield). Ms

20

Preparation 3

_ To a methylene chloride (20 mL)./cyclohexane (100

25 mL) solution of the alcohol of Preparation 4 was added allyl
trichloroacetimidate (17.82 g, 88 mmols, 2.2 eg) under an N>
balloon followed by  trifluoromethanesulfonic acid (50 UL/g of
starting material, 0.92 mL). After 20 hours, the solution
was filtered, and the filtrate was washed with saturated

30 aqueous NaHCO3, water, and then brine. The organic layer wés
collected and dried over MgSO4. The solvent was removed to
give an oil, which was purified by flash chromatography on
silica gel eluting with hexanes and increasing the polarity
of the mobile phase to 5% ethyl acetate in hexanes over

35 several liters to vield 19.27 g of the allylic ether, 1-
(tert-butyldimethylsilyloxy)-3- (propeneoxy) -4-(tert--



m.), washed with water (200 nL), and brine (200 nmL). The 25 organic |ayer -
was col | ectwo9e/sboggsd over MgSH, filtered, and t he sol veptTsoenines t o

yield an oil (1-(O TBDWMB) - 3-but ene) whi ch was taken on to the next
reaction. M The above oil was dissolved in a m xture of

acet one (400 nL) and water (50 niL). NoMget-hyl norpholine-N-oxide 30
(85.2 g, 0.63 nmol, 3 eq) vvas then added. The resulting slurry was
cooled to 0 C and after m nutes a catalytic_ . . amount of (GsQ4 (0.3 g)
was added. ThbuFlé%GFPhﬂ@Y%HYJyO’ﬂé%‘bu‘:a%ﬁ Iacﬁ/véd Lighg |hr°&@eﬂ4llgﬁt97*

gradual 'y war¢iagaio rgem t enper at ur-e. TLC:(25% Et-QAc/ hexane) i ndi cated
the reaction 35 was co | et The . r tion m xtur s .quench

sodium ~ bisulfite, u?e@nﬁn t‘ﬁoe'f'ﬁg il]ut]:_J}on hq\g%e \/ﬁcl?ch Vet yVxl( ﬁ@er
m.), and brinélddDe gL)28 Ihemo i écﬁymam@de@ I9e @B .(9 - WD 96/ 30048

PCT/ US96/ Q424 he -agueousgnsl ayer
ext acted i { ROSEREFY 0Lyt jpgnaney, 0.5 M sodyioh mggr‘# e i
dried, filter®®olgndl.-1 egbncdrppwisg unsey épd‘.r,ggep@ T ¥- 3, hopwsan®Hfol

as an oil, twlalﬁmwslﬁak&hx%i%ﬁ hﬂxé‘@@acrt@.%‘ixt Is%wedS:hat the  The
above oil was dissglved in an yqﬁ)%s CH2C12 Lm dazol e (30

g, 0.44 nol, St8rEyRI Rt t%%ﬁﬂ dh oﬁ' §¥"§rss§P|IHt\9rPPhwas
stirring. Theddeduism@@ueous mrbwtlmmammoolledz mmpodssr,] €.1 &gher cooling

15 m nut C12 ) ut tvl di.pheny |

chl ori dee‘llsq) %bl W%Q)i)é "9 g% R Smi) dro}(ﬁ’ %rdgp\%llis?\é 8\%56% i&\dﬁé s,
After the addper@mdastl;@)r@alm.e 905182 mimed spa S é’om)nued‘h&t reactdporr] C for
2.5 hours. I e |, diluted
G h g 2 (SEAPLHateRe MEtig I BAbIAA quenciPRIAIARE bUrRL. o1 L
filtered. The59Yl (ige H%th)rermved under reduced pressure to give the crude

product as . an 0' | Ih@e?rydemi)ﬁ@@é@l s‘i@&nﬂwéﬁi&i&é’ vﬁ%lsiﬂdd&d FEOR B
Et OAc/ he e Eh% ugh a short col urg; of .silica gel elutin 8
Ve

sol vent %c"(ﬂnst?q‘%}'ée Vit RT 9GH; e layg.lr Vag fPrP¥gc;
I nt er medi at e. thé¢ 73q11e@.;s OBayé 10w | dxupigitd wilB ‘28her; the combined:

Preparation 3
1-(tert- butylglr?re?hcfllls?)r oxy?r%% e} (%lr gﬁ)ﬁltg)fvd a d the filtrate
but yl di nheny| €PRgeRSTICedithe give an oil. The crude 011 was purlfled by

flash chromatography on silica gel eluting with 10%

20 EtOAc/hexanes Ahd increasing the polérity to 20% -
EtOAc/hexanes after about 1.5 liters’ of solvent to y1eld 9.53
g of a light yellow oil (65% y1e1d).~

To an anhydrous 0°C ether_(lSO mL) solution of the

above alcohol Was added triethylaminé:(Z 93 g, 28.91 mmols.

25 1.5 eq.) followed by dropwise addltlon of mesyl chloride

' {3.31 g, 28.91- mmols, 1.5 eg.) with v1gorous stirring. Afcer
3 hours at 0°C, TLC (10% EtOAc in hexanes) indicated the
‘starting material was consumed. The reaction was diluted
with ether, washed with water, brine, dried over MgSO4, and

30 the solvent removed. The,reSultingiéil was passed through a
pad of silica'éluting with 25%'EtOA¢/hexanes, and the eluant
was concentratéd, To an acetone (200 mL) solution of the
resulting oil was added NaHCO3 (0.17ig} 1.93 mmols, 0.1 eq.},
and NaI (28.88 g, 192.7 mmols, 10 eq.). After stirring 30

35 minutes at room temperature under a nitrogen atmosphere, the
reaction was heated to 50 °C with a water bath. After 2.5
hours, TLC (1O%IEtOAc in hexanes) indicated that the mesylate



S

To a nmethyl ene chloride (20 m_)/cycl ohexane (100 25 nL) solution of the
al cohol.. OWOF68908at i on 4 was added al l'yl "+ - _trichl oroacet i REABW6O4AS32 g,
‘88 mmls, 2.2 eq) under an N2 bal | oon foll owed by
trlfluororrethanesulfonlc acid (50 pL/g of startlng material, 0.92 nL).
After 20 hours, the solution® . was filt+&%d, and'the filtrate was washed
wth saturated 30 aqueous NaHCCB wat er, and then brine. The organic

| ayer was co Ve T .

gi ze an oil, w é‘#ﬁ%ggpm% %&ﬁ%’%h@ﬁr orrer;lP'gé‘érggci ﬁ%e%ﬁﬁ?%a gel

el uting with mm Wh%rw @141§a§éna?rﬁ€t@r aqueqns tNReSRsbi MRtE¥ase to
5% ethyl ac | n _ I I el he
al (I) ylic et hgéﬁrie a gtgﬁé%ut v e;l%]l‘;%ﬁte ?exﬁc%r&% pr g%%%e%%@fgﬂé
(tert- ol gasgassed through a pad of s111ca eluting with 5% EtOAc

EC;” |U§96/F‘;042:|ﬂ§ l'lxexanes ti)o tglve the pur:.hftlet;i title c 7((:)}md- 1(_).3I d% as a
Tg Zx T:-IIF; ?g%‘cqsi‘alyjs%ﬁ%%qlohu e al | ;FV\Qt ﬁler ( 0(14. >1”669, 28.38
mol s, 1 eq) was added 9- BBN (9-- 5 borabicyclo[3.3.1] nonane, 0.5 M
sol ution in THF, 60 nL, 30 mvol sPrépdra&gjondd opwi se under nitrogen.
After 3 hours, TLC (10‘3/%@%496%&@@?) ﬁ'thﬁ Egggll on showed t hat
t he starting material e : ; tion was
?gdgdh3§pgqu.; ‘Géd.f' o 1 BOTeIVET OSoRLl o PEE Do Gt (10{3 nLaﬂ90 82
) gropwi e addlllon of L BSCHY 0¢Frole- 225 0l dfe
mmols, 3.2 eq). The reaction erature during t Berom de quench was
kﬁlpt bgl ow SO[GH]@{EPﬁE ??g_}‘;ta:;]-“tlon °f£Nr1§;£ mdoivl)] deti um
chioriae Wasuﬁélﬂg,dlwﬁy r | N 4Ry SaAg®E 1) 'E’ﬁtfhﬁﬁﬂﬂnf ey er
was renoved; 1éf a%queous Ia%ej[ s e tra]:gt ed w tqt}aﬁeeher tc%e conbi ned
organi ¢ | ay HPTRMIAS P4 ‘%‘\rﬁﬂa );'Tﬁf' HORYME hcent r at ed
to giva5an dibromofeexarieldis .064 gl Ipumidl e prispared fimsh mdmmeat ogr aphy on

To 200 et i e Hendh USRS Yy 'R AL 5

g of a |ightadded oveigid é(Bﬁ%mgﬁ @ump [Brer. a 15 hour Pefﬁ@dartcammﬁ)us ocC

(et2 hg; (1588mgls@%mt | PRy 118 cs,coabqee .2l gohsls . Yemmadgedrt Goebby! agkber
: , nol s, -
J 4 hours from completlon of the addltlon, the reaction was

20 cooled to room temperature, poured into water (1.5 L), and
| extracted with CHCl; (3 x 300 mL). The organic phase was
washed with water, dried, filtered and concentrated. The
concentrate was purified by flash chromatography. eluting with
10% to 25% ethyl acetate/hexane to give the macrocycle 3,4-
25 [(N,N‘-1,1'-(3'"'-3~ -tert- -
butyldxphenyls;lyloxymethylene)hexane) -bis- (3 3'-indolyl)]-
1l(methyl)-pyrrole-2,5-dione 2.95 g (43% yield) as a red oil.
MS _ .

30 | Preparation.s
_ To a cyclohexaﬁe'(400 mL} Solution of (S)-methyl 4-
tert-butyldiphenylsilyloxy-3- (hydroxy)butyrate (20.0 g, 53.7
mmol) was added allyl trichloroacetimidate (21.74 g, 107.4
35 mmol), followed by trifluoromethanesulfonic acid (1 mL,
50mL/g alcohol) in five portions over 30 minutes, with
stirring under a nitrogeh_atmosphere.' After 70 hours, the



25 1.5 eq.) followed by dropw se addition of mesyl chloride (3.31 g,
28.91 mmol Y096/30048. ) wWith vigorous stirring. After 3 hecTASe6H2E TLC
(10% Et OAc i n hexanes) indicated the starting material was consuned.

The reaction was dil uted with ether, washed with water, brine, dried
over MgSH4, and 30 the solvent renoved. ™egesulting oil was passed

t hrough a pad of silica el uti ng with 25% Et OAc/ hexanes, and the el uant

was concentrate To, an cet o3 200 utio sulting oil
was added NaHESS1f§. Fhag ?r% f:gh)i ’é%f; and tqh%ogﬁéﬁ (f@q‘&"{j‘ 192.7
mmol s, 10 eq. washedewishi cychgheﬁaﬂé, amdh Ut ees mlamn]raswqmratenroaremder a
ni trogen atno t ter

After 2.5 %%otlﬁ{os EFB% ﬁﬁb}i%d?, n exgﬁﬂ éjd ca e k?rkt%t\%c%es?/]l ate
WO 96/ 30048 washed with hexane, and product e uted pPEHUIDE @tihyd

- 25 - . gea'eegﬁesianeThenmafﬁap&i@aﬂm@ zdﬁk?séﬂdé“did r‘@stl'au%tlher

(500 m.), vvas e sat ur at ed aqueous

dried (MySO4) imddatendcae| 18417 raowever theanatagial was ‘:*"’-r(?"-ledv\&"1 passed
through a padwakthsuki €areheti parifitadlon: OAthe Eregndiwq»lequ) 2.6 ighof

Dy e LSS OIROYo0u I S, 21974 e s SR 1008y,

but yl di r phenyMsi.l yl oxynet hyl ene) hexane) bi - (3,3-indolvl)1-

1( et hyl )X@vrrol e- 2. 5-di one A DMF (50 nlL) solution of
bis-(3,3 -indolyl)]-1- (rreth ) - Byeper@CQQB @i one (3. 41 0 10 0 mmol)
containing the Rr D6 DY ; . QXN D

di bronohexane. (5.64 g, 11 rrm)l prepareim.deJ.EMner anaI ogous to the

benzoyl derivative in Px Sy d

over )a 15 hour period tcl)ﬁl%izil\/#il 9532)%6 ?ﬂr?él‘g %Cgm&g)e 34. 3
nmol ) at B9 [ eddpé drppyége oven %m%nweﬁn%@l%ﬂww afhe %mnﬁt&yl t he
reaction was ZQteQQObﬁéglelgﬁéﬂrI@ﬂaﬁI Gy B (DL Bky Nsutiaiatie ((3235 ,» sand

%E ;?f:t g?l \emdt Q%CE? Cgiéﬁgﬁﬁﬁe oh‘&e?f%‘?%?%%‘es %}E}%anhc djg‘acer'ft r':{tse vagm%surl f2\|Mef1Ih
by flash chromftegr apliyriéhgt1ng howts, the MRbsttonrddoast lallloweet aoeiagmane t o
give the mcrgibckeaﬁdd'ﬁuenched with 5% water in methanocl and a large
20 amount of Celite. The quenched reaction mixture was filtered
through a pad of Celite; the filtrate was concentrated and
partitioned between ether and 20% citric acid. The ether

layer was dried and concentrated in vacuo. The residual oil
was passed through a pad of silica eluting with chloroform to
25 yield 20.6 g (93%) of (S) 4-tert-butyldiphenylsilyloxy-3-
allyloxy-butan-1-ol. _ : _ :
_ To a methanol (500 mL) solution of (S) 4-tert-
butyldlphenylsllyloxy -3-allyloxybutan-1-ol (20. 6 g, 53.6mmol)
was added ozone at -78°'C for approximately 12 minutes. The
30 reaction mixture developed a faint blue color, NaBHg (12.2 g,
321 mmol, 6 eqg.) was added to the reaction vessel. The
reactioﬁ_was allowed to come to room temperature. The
volatiles were removed in vacuo. The residue was passed
through a plug of silica eluting with ethyl acetate to yield
35 16.4 g (79%) of (S) 4-tert-butyldiphenylsilyloxy-3-(2-
hydroxy-ethoxy) -butan-1-ol as a colorless oil.
To an ether (600 mL) solution of (S) d-tert-
butyldiphenylsilyloxy-3-(2-hydroxy-ethoxy)-butan-1-o0l1 (15.7



25 [(NN-I,1"-(3""-3-tert-
but yl di pheﬂo §/3004% xy et hyl ene) hexane) - bi s- (3, 3' -i ndol yl )] - - PCI/US96/04245

I-(met hyl ) - pyrrol e-2, 5-di one 2. 95 g (43%yi el d) as.a red oil. M5 30
Preparation 5 (S) met hyl--
4-tert-butyl di phenyl silyl oxy- 3- (aIIonxy)bu??rate To a

cycl ohexane (400 nlL) solution of (S)-nethyl 4-

tert-butyl di ph | 2

added 2|¥y|'Fs??ﬁbi?oé@8#¥n$aé?yer éX%Q“BXE%éﬁeé %ad dacad Frﬁftﬁgﬁ
trlfluoronethaﬂésﬂlmbmld2é0m30@1 fiollowe 5bﬁngsxﬂc§hépyldﬁ fPya8 pa¢¢|
over 30 ”‘nUtﬁﬁo&ﬁg P§58ﬁs§'hﬁh99 UEﬂSrsBlﬁtEBﬁgﬁasaEEQEEBEHe théf ter 70

hours, the
pCT/U396/0424§11trate was washed with water (2x),_ bgine (2x).,dried; gyer

foanEﬂ werf fN%bSOQdandndohbentrhteﬂ dak vacas. Thaasbsddwétbawchthxane,
t t i | d
on . plug of SPER) ARIERS BiemeRY1are ShonaNEL LaHoobroRILE e RS F o LR 00

ethyl 5 acet gnedigeetdy . \VRhientiicaesglhbe passdnsso&ﬁedesndaabtone i(di.dat e

gﬁﬁlf}SZ?logo Verpégﬁdg§h¢Fg§h Hg%tggiéhe?rgﬂ pOt?er g@PEa?B gh apgpox
22.2 g was deshnsdspﬂuduon wasoegided NaWB(9Q04 g, 603 mmol) and 0.05 eq.

Preparatiff 6yanco3 (1765h94 bﬁhb1butyhﬁbpbeaﬁESbhthxzuee(%agoﬁgpthexy) 1-
I odobut ane OMin toluene, 231 mol) was 15

i added dropmﬁs§5o¢eﬁ0102#1hep€§ 96 afééFﬁfﬁén gnd the. ﬁé@ﬁ??te was

: 3_terf bgty|dbﬁﬁ%ﬁ%h%hkéhO&h‘%a@@b'y|Owhb bébiﬂ&bewéﬁ3pﬁgtlﬁioned betiveen

~ dissol ved in anhydrou u i i

¢ 1.5 hours, th§4% apé égg &%@%ﬁéd éemﬁiﬁgfoﬂgg N%Bfeyﬁfég 1%&én%H9%

S with 5@6materdmueﬂebhamoNaaSO4a badgeoptengmated b gavetd7 . 9T§e dderdne@t
. reaction a _hiltrate was
. concentrat?d gﬁﬁ Wa%eﬁgr%SE§gg%EhEE§%ggggl ﬁgfgég%-ggaégﬁprl ?aéld The

. et her | aydodabutanecdsand codnrdessardd -i nThecoyerghd yasilduwrssiphs.

. was passed thygughma B28.8H;Sbbseavernyl 589 W-iteabateler FD, 0CHC13) .

- .Preparation 7

20

Following the same procedure described for the

:preparation of racemic dibromide, 3-(tert-
butyldiphenylsilyloxymethyl)-l,6-dibromohexane,-(S)-(-)-3—
(ter;butyldiphenylsilyloxymethyl)-1,6-hexanediol (4.85 g,

25 12.53 mmol) was reacted with N-bromosuccinimide (5.35 g, 30.1
mmol) and triphenylphosphine (7.87 g, 30.1 mmol) CH2Cl2 (150
mL) at 0°C to afford compound (S)-(-)-3-(tert- -
butyldiphenylsilyloxymethyl)—1,6-dibromohexane 4.81 (75%) as
é clear, colorless oil which was homogenous by TLC (Rf = 0.8,

30 10% EtOAc in hexanes. Both the TLC properties and 1y
spettra of this compound were identical in all respects with
racemic isomer. MS.

1§ NMR (300 MHz, CDCl3) 1.06 (s,9H), 1.35 - 2.10 (m, 7H),
35 3.55 (m,4H), 3.56 (app d, 2H, J = 4Hz), 7.40 and 7.64 (m,
10H) . ' -



25 yield 20.6 g (93% of (S) 4-tert-butyldiphenylsilyloxy-3-

al |yl oxy- mm To a nethanol (500 nlL) s um:smjs (S)
4-tert- butyldlphenyIS|Ionxy 3-al lyl oxybutan-1-ol (20.6 g, 53.6nmmol)
was added ozone at -78 C for approximately 12 minutes. The 30 reaction

m xture devel oped a faint blue color, NaBhg (12.2 g, 321 mmol, 6 eq.)
was added to the reaction vessel. The reaction was allowed to cone to
roonttenperature The ..volatiles were renpved in vacuo. The residue was
passed” - through a plug of S|Ilca.€¥®E¢¥§F¥94tﬁethyl acetate to y|eId 35
16.4 g (79% of exd [ -a%\ (234

hydr oxy- et hoxy) - but an- Irol as a Eoloiseae&oiir_l . T To an ether
(600 nm) solution of (S) 4-tert- :

but yl di phenyl si | yl oxy- $he2ahy¢1oeVHQIhdkybténﬁfbudylﬂlﬂéﬁhyﬁ31lyldﬂ9) 3-
96/ 30048 GL Ug96/ 4245

205309485 (aliydony) 47 (tert-pucyidinhe l)n-lbturtogeh 120.8164743.4 mmo1)
trlethylamntias dl%ﬁQiY?dn}n:mgthﬂnﬂB ﬁiﬂq odddapd weotedchbor-78e°CJudernt,
121 Mol pi e PbGEH . 3 DRBHS 1wat§”'€bu§5ﬂll§d Ci'i‘lt‘éa%hfe' EESE%Qont Qﬁd agtgkl jjate

was washed w th water (%#% brine (2x), dried over
w

concent r at e+ EER - qqgﬁ@hﬁ?ﬂ@%ﬁ§e2?y9T&c h€$99¢310?tbﬁé
bi smesyl at e asetate] |- Ovsdd:llun\(\ﬁhdﬂbl'bmlw riogd g, GOqull w8as! bilded ThR4
blsnesyl s di sko 1iatceton %} i&& had been distilled
from poth SSI % g'e r %g Do W3S Bh1RKE aaﬂeﬂaﬁﬂlt?gﬁoﬁmg, 603
nmol ) and O. cempgraﬂnrertumnzsmerhmnq; w&snmbhoveahénreaebbon Thet Heeidas
kept at fligltne el te

p wfs Gldlerrded M Lol fidoloCh. QenkL! Lha! GalR8a wieh

concentrated I n va resi due was art| |one
10% Na2SC8, Wakee®t A | g Rapesusabaskvashrdpwilb, etherdr | Bheogenbinedos,

and concent rc&at@:hicfs et Washed Wwith2Yriak,l8ried (Na2soq), filtered and

(S)-4-tert-butyl di phen Sj|y|OX - 3- (2-1 odoet hgxy) - 1- .1 odobut ane as a
oIorIegé gg?ﬂg) qu§vﬁ§595XQ)an 01%8 he Basesdal Wasrved: 559

(Mtertbutylpaé‘{a;d CE'IIGCBJ)gh a'silica pad with 5% ethyl acet&tephesanen 7 20

(9).3- (tert Byl gl phemd sl oLty Lensl L 830405840 ENgee

Fol | owi ng t he 'sane pr ure
acetate/hexane to provide 11 0 g {(50% yield) of the‘alcochol,

1- (tert-butyldimecthylsilyloxy)-3-(2- (hydroxy)ethoxy) 4-(terc-
20 hutyldiphenyl)-bﬁtane as a light yellow oil. MS. NMR.

To an anhydrous ether (200 mL) solution of the
alcohol, 1-(tert- butyldlmethy151lyloxy) -3-(2~
(hydroxy)ethoxy) -4- (tert-butyldiphenyl)-butane, (12:0 g, 21.9
mmol) under nitrogen at 5 °C was added triethylamine (4.6 mL,

25 1.5 eq) and methanesulfonyl chloride (2.5 mL, 1.5 eq). -after
1.5 hours the féaction was complete by TLC (5% ethyl
acetate/dichloremethane). The reaction'was diluted with
ether (250 mL), washed with water (2X), brine (2X), dried
(Na3S04), filtered and concentrated in vacuo to give an oil.

30 The material was passed throUgh a silica pad eluting with 5%
ethyl acetate/hexane félldwed by 25% ethyl acetate/hexane to
provide 11.6 g (91% yield) of the mesylate, 1-(tert--
buryldimethylsilyloxy)-3-(2- (methanesulfonyloxy)ethoxy)-4-
- (tert-butyldiphenyl)-butane as an oil. MS. NMR.
35 : . To an acetone {300 mL) solution of the mesylate; 1-
(tert-butyldimethylsilyloxy)-3-(2- '
(methanesulfonyloxy)ethoxy)-4-(tert-butyldiphenyl)}-butane,

[ S,




preparation of racem c di brom de, 3- (tert- L '
but yl di pheWM@I96/3#0d8 oxy et hyl ) - 1, 6- di br amphexane, (S)- (- ) - 3- : PCT/MUS96/04245
(tertbutyl di phenyl silyl oxynet hyl ) =1, 6- hexanedi ol .(4.85 g, 25 12.53 mmol)
was reacted with N-bronosuccinimde (5.35 g, 30.1 = nmol) and
tri phenyl phosphine (7.87 gi 30.1 mml) CH2Z%¥ 2= (15 “ nmL) at O[err]Cto
afford compound (S)-(-)-3-(tert-
butyl di phenyl si| ¥l gxygpt b : I ,
col or 1 b of ITnSch va8 WEbd) uiack heRPAGERGas Blatd Bafin togdat fik
hexanes. _Bogh 15eGQLCap@oﬁegiumsbandrpema$ei(1705m@ct9alOQth|sThenpound
wer e 'dent'Cﬁhxtﬁré'&aéefafﬁﬁﬁe&”EBr 18 ﬁé&?ﬁ‘felﬁ&ﬁ@& %&E%emoval r thR
(300 MHz, CDA 3 6 (s (m ) , .3.56
(app d, 2H, 3ce ape)mwaeuand ?he4r%wltmglwlaue was’ SespeRdedain
ECT/U59?ED4ZéEher, washed with water (2X), and the-a@feous backwashed
reparation

1-(tert- buthﬁFHe?ﬁ??ErlyTB?y?°§b%§e¢oﬁB@?ﬁd&?ﬁtﬁp?§év?re washed with 10%
but yl di phenyspdbumaselfite solution, bhénel F3X) etdeied (MgSOs), filtered

1-(tert-buty y

(al l'yl oxy) - Lg? %H%éﬁt*%égﬁe%nlya%u ane pr?%id% P-7 433 4 (87%|¥1e1d) Of

di ssol ved |nthﬁthahb¢ %9@Dgﬁt§sa@ﬂ ebblehich was ?%e@]WJQhG@t furtherrogen
Ozone mag;bu?ﬁ}gglbggpoﬁhe msactjpaR and after 11 mnutes it was judged
conplete by TLC(9 hexane/ 1l et hyl acetate). Sodi um borohydride (9.9 g,
6 eq) was added and 10 after 5 mnutes the reacti-on was allowed to warmto
room t enperature. The net hanol magpaeaayeﬁ fn vacuo. The resi due

was suspended i . ) v A% ' S

t he aqueous BDacRk
with brine, dried (hbfﬂth g uo to give

il. .cThe material | il |
erateASene e mddémgeﬁé?gsﬁﬂo ”?E "“Z?’Qdﬁ%? Bg?ﬁ“%é/oe#hﬁﬁgy
~ acet at e/ hexah?. 3 o~ prdelyb) 11~ Oﬂgﬂ@w%ma@}e Jtdieneohtd7.9 g,

1- (tert-but Yhﬂbﬂﬁti‘%éﬂﬂﬁ&éﬁ')nﬁzf éﬁ%@xaa%%@oa‘é%&n(éﬁﬁom?@e (68 4

but yl di phenyl ) - but ane as ow oi |
anhydrous et%er (?@b ntgos%ﬂ%t?%ﬁﬁiﬁ1¥9k§u593n51°n was -added the. 1°dlég

1- (te:c butyldimethylsilyloxy)-3-(2-iodoethoxy) -4- (rert-
20 buty1diphenylsilyloxy)—butane,.(10.7 g, 17.5 mmol).: The : .
reaction stirred for 18 hours at room temperature. TLC (5%

ethyl acetate/hexane) showed disappearance of the iodide.
The reaction was poured into ethyl acetate (1200 mL) and
washed with 1N HC1l (400 mL)} followed by backwash with ethyl

25 acetate (2X). The combined ethyl acetate portions were '
washed with saturated sodium bicarbonate solution, brine
(2X), dried (MgSO4), filtered and concentrated down in vacuo.
Dimethylformate was removed by azeotroping with xylene. The
resulting red gum was slurried in dichloromethane and

30 acetonitrile to give a solid suspension. It was concentrated
down, more diéhloromethane added, cooled and filtered to give
a red solid. Some of the desired product was extracted from
this solid by another trituration in dichloromethane and then
in ethyl acetate. The filtrates were concentrated in vacuo

35 and the resulting residue absorbed on silica and applied to a
large flash column. Dialkylated by-product was removed by
elution with 5 hexane/l ethYl acetate followed by elution of



al cohol, 1-(tert-butyldinmethylsilyloxy)-3-(2-

(hydroxy) etwr@nsidoods (t ert - but yl di phenyl ) -butane, (11.0 g, 21. Bermus
under nitrogen at 5 C was added triethylamne (4.6 nL, 25 1.5 eq

met hanesul fonyl chloride (2.5 nL, 1.5 eq). After 1.5 hours the
reaction was conplete by TLC (5% et hyl cetate/ di chl oronet hane). The
reaction was diluted with et her (250 n%? washed with water (2X), brine

(2X), dried (Na2SO4), filtered and concentrated in vacuo to give an
oi |- 30 The the @maduata¥vishs Johexnnedghethyl| acatane woprogide th. 5%

eyl acet ol (g cald ahbanyTatien! bybaace! 2 2f DELEDEa L Qunoey DIBM

11.6 g (91%vy Id,.qf the di met oxy) - 3-
(2- (nethanelukﬁ I'o W§V¥YidlphenYi§i%Y%ﬁ¥¥PHlp eh&F?r%Utane as an
oil. Il\/ts NI\/Rbtﬂ"é/ldlmethgls:Ll‘]Qoﬁ?)albﬁtiaﬁé)(3919%61—)2353911J140[111§ﬂ01h?—yl]-
mesyl at e, ut yl.Si -
(nethanesulfgﬁ§"§§%ygﬂh ie?? B dbﬁ? rdf%% n§$§ but ane, . WO

96/ 30048 - To a methanol (450 mL) soPGEAbRI6£06Ré5tert -

- 29 - 1 Nkt f pge S di umdodj de (44
g, 15 eq) ané é %J%eglg rggq#%t geg%o h i?g ji Y\@ ‘9?%59' £ rq )urde was

ref | uxed for.ﬂ?qﬁﬂhu§yﬂéﬂpbﬁﬁﬁlﬁy yéawyhtlot' th@ert- acetone |n vacuo. The
resul ting rewtyrqd&ih%tw;e@mﬂdxw bétsﬁéﬁrﬂﬂ@éﬂezi 2Xy1jand

t he aque C The conbl ned et portlons Wer e
washed wﬂfh %& met?‘yggdpﬁﬁfmhf?f'?té gb?ﬁ?l ;217 i ne- %ZB(}O ’dr‘% T \Sopgen
filtered and eanwant adfled pAtyBeeweswl fymm de kD, chgadtﬁﬂ%aweeu@) 1@f

the title i O(y de 0%% %H)OI l A%Eghzvﬁguyée%pgf%% | fl’#‘l}@f ace teD)Hel;Iatln%e}t ' on.

M5. NWR
3.4-[(N.N - 1show@@2theerpggu).oa to (19 -"early hyainmlee but'.raree)reacuon was

bis-(3,3 "i%%%hkhka bﬁﬂh EM& Blgoglg?d%ls_ Efrdohate (0:14 ¢)10 &Fhe

di met hyl f or mam de ( ut|on
(3,3 -int@l ymettlﬁ(lﬁ’ét W?F) rssvwetiele Baguene They wespleing residuamias 3 eq)
under nitrog@issaeivaddes e€hRyUNuEatLHOOAtRadi 4vith 0.AN bifilum TO the -

1 Ctert - but P netaSes P PAET Rl APLeC IRy SinsEedgna
but y| di phenylconicghoxayefutianeactdOtd givd7a Tedmidam Thehis matérial was
absorbed on silica and placed on a'silica pad Elution with
20 2 hexane/l ethyl acetate removed residual startlng material
followed by elution with 1 hexane/l ethyl acetate and 1
hexane/2 ethyl acetate to provide 6.4 g(91%) of the alcohol,
3-{(N-1-(2-ethoxy-(3'*'-(0)-4"'""'-(tert-.
'butyldlphenylsi;yloxy)—1"'-(hydroxy)—bﬁtane))-indol—3—yl]-4—
25 [indol-3-yl)-1N{methyl)-pyrrole-2,5-dione. MS. NMR.

To ah anhydrous ether (500 mL) solution of the
alcohol, 3-[(N-1-(2-ethoxy-(3'''-(0)-4'"'"'~-(tert-
butyldiphenylsilyloxy)—1"'-(hydroxy);bhtane))-indol-3—yl]—4—
[indol-3-y1]-1N(methyl) -pyrrole-2,5-dione (6.36 g, 8.9 mmol)

30 under nitrogen at 5 °C was added trlethylamine (1.9 mL, 1.5
eq) and methanesulfonyl chloride (1.0 mL, 1.5 eq). After 3
hours, additional triethylamine (1.25 mL, 1.0 eg) and
methanesulfonyizchloride (0.7 mL, 1.0 eq) were added. After
1 hour, the reaction was shown to be complete by TLC (50%

35 ethyl acetate/ﬁexane). The reaction was diluted with ether

(250 mL), washed with water, 0.1N HCl and brine {2X). The
ether was dried (MgSO4), filtered, and concentrated in vacuo



reaction stirred for 18 hours at roomtenperature. TLC (5% et hyl
acet at e/ h&¥%@A€30048 0ned di sappear ance .of the.iodide. The*"?@&@ﬁ?éﬂ S
poured into ethyl acetate (1200 nil) and washed wi.th 1IN HC (400 ni)
foll owed by backwash with ethyl 25 acetate (2X). “Theé ‘conbined ethyl acetate
portions were washed wi't h sat urat ed-s3di um bitar bonate sol ution, brine
(2X), dried (MgSO4), filtered and concentrated down in vacuo

o Plegmgm/r: &g;@? Tl e eeng)\éde%ﬂ o1’ g’%eess} (néég Q%d @P fa(i%:/eez"teonl i e .o' {Z]Ie %i "

sol i d susper'i‘om (tentmmmsadyloxydmm ' 'mmmﬁwﬁm@w) -

added, cool f|J Q9.
pr oduct vvasqgg(tract ed\L F&&d-gg’qt \rfllebs[lgl sfanot er t t) tlgtlon i n
di chl or onet HHfN&Nnd Mhen in ethyl acet ate. The fil trat es were

concentrgted in vacuo B8 aRnscéténé eg24d img) r%l@&'foﬁtﬁf”@t%’ t@é‘s?létéa ?gd

applied to ge.flash col umm. Di al kyl at ed by-prodyct was, renove
elution wi t&@’ﬂex&n@q‘%@hy@ acetie % ol "I wEF B "é:l}JO J@ﬁﬂeawlsﬂth-

96/ 30048 1'*'-(methanesulfonyloxy)-butane)) —u%ﬂ/-lﬁgﬁllw-“[&ndol 3-

(530 ot n RS A aeRRell thy AGLAl & L0 B (ndbn?

(O-4"""-(t evittrnger dwarwea@desi | syldcixayn) -1Iod1de(t(ér3t .3 g, 10.eq) and sodium

but y! di th)g sid )e bwsaf?.ﬁg)?vg' fiN%@?’ yl’I]heA'xr[J.'M(.):Je%LF\Q]stlrr}ed t SRS

IN(rrethy rrole- -di 0 a et hano
m.) sol uti o f khdquys- The Feaptdione Was Qqn,qermrmred in vacuo, ard

B(E(erl\tl (2 %%Sfl?et 1"fas(?;? Idﬁhlsggl)vegutlgltng% “ndol - Wﬁ[ !drf]’!dm 3 91’d]lmio
AN( met hyl ) - ;i}ﬁfféi ‘ﬁalmey(é‘y Javers r‘rZﬁﬂe) ¢ eﬁ'
S[err] C was pmittadarpwaﬂhmlmwrf qrml%c sodithm BFEHICE %Toelu(thlﬁ wated;, - 085

teg) o nigrl 327) hour(%’é)ﬂ‘% f %A) et acet %&'ea/t%%%?{’&f% N h%g%d the eact | on
bi car bonat e[:(a&sbﬁ ghroligh &5 sﬂaidaapald Mserlumwmjwmh/aclh(azxanwa mﬂlyllil ng

resi due was d a h 1N

hydr oxi de, brceta 5%%/3 He@‘a%?éqe%?f) ta%fet%([%% g:g) ggr(t?%'%e conc?nt rat h(? in
vacuo to gi ve@dideod .BodnN-Thi 2 -etboryal( 3udg - (0) -A8<drd&@xsm silica and

pl aced on abﬂtylmp@@im@ﬂylw N 20 (58409 MRahedl Nt hgdaekala yrgmved

residual startin
20 . [indo —yl] lN(methyl)-pyrrole -2,5-dione as a red SOlld

(quantitative yield for the two steps). MS. NMR.

To a dimechylformamide (1 L) suspension of cesium
. carbonate (12.0 g, 4 eqg) under nitrogen was .added the iodide,
3-{(N-1-(2-ethoxy-(3'''-{0)-4'"' '~ (tert-

25 butyldiphenylsilyloxy)-l"'-{iodo)-butane))—indol-3¥yl]—4-
[indol-3-y1]-1N(methyl})-pyrrole-2,5-dione (7.6 g, 9.2 mmol},
dissolved in dimethylformamide (25 mL) via syringe pump over
65 hours. Three hours after the addition was complete, the
feaction was concentrated in vacuo. The residue was

30 dissolved in ethyl acetate (700 mL), washed with water (2 X
300 mL), and the agueous layer backwashed with ethyl acetate
(2 X 200 mL). The combined ethyl acetate portions were

.washed with brine (2 X 200 mL), dried (MgSO4), filtered and
concentrated in vacuo to provide a purple residue. The

35 material was absorbed onto silica and applied to a flash
column. Eluted with 3 hexane/l ethyl acetate and then
lhexane/l ethyl acetate to give 5.2 g(82%) of the macrocycle,



followed by elution with 1 hexane/1l ethyl acetate and 1 hexane/ 2 et hyl

acetate to wooenopas6. 4 g(91% of the al cohol, 3- [ (N 1- ( 2 peiTNon9s5/04245
(3""-(0-4""-(tert- but yi di phenyl silyl oxy)-1""

- (hydroxy) -butane))-indol -3-yl]-4- 25 .
[indol-3-yl]-IN(nethyl)-pyrrole-2,5-dione. 336 NWR To an
anhydrous ether (500 nlL) solution of the al cohol ,

3L 1 (o et oy e (O '3 by -3 YY) Sy PRETYL LY o) -1

[indol -3-yll Hd‘d(vmlmﬂehyumwnex?ﬁbdtaﬁé)66136(31 38—&1d@13}11)}3131mmder
nitrogen at 5[err $@§ dded . trhgthéhgnlne (1.9

met hanesul fo rqgﬁq) e%f?ns s After 3 hours addltlona
triethyl arri ne (1.25 niL,A subpegsiond of thEethaehyth mayémlhﬂerisletlémﬂ Nis
1.0 eq) de fol 1. hour yLpe.ve | ete
by TLC (5 @6 q’eﬁ#fﬁ a%épafg)h%xané Il]The ?g dﬁi&ﬁiﬁﬁ%hg§§#¥%#§#yﬁ:her
(250 nl), wadweE@ng)rpigatids 3’ oindp )hnél(mrmr(@@ 2 TFredione ekthdiN \#QH

dried (MySHA)15f0 resd aeg c Y
aried (M 0424(550 9" a%a 8BHaRENCEIORES Wis §€&'Pr%d at rd’éﬁ) %;?}’fw%&ov. ure

Of nesylate ?r[éﬁ-P°PfseFH8x§hF§ for epe hour at 60°C. The reaction was
-(tert- bu&xkﬂwmhemﬁﬁsuhsbomy) in' vaéﬂBIh@ﬂésﬁééidu@(Bﬁépended in

b ane) 3o Loty Bo80°%t) bl v 1rd? el ol i copeentibieat”

[(N-l (2- et hdwyrochlori€Opedd. Therredi)uaqudm\memyiparisyimxy«)as extrakted
(”EthaneSU|f%?ih@éE%y?”%@E@éle'?QO? §%d|$Lg éff@%é éhd concentraﬁrod%% nas

yl'T-1 N(nmet hyl) -pyrro one
added sodi umvasdiadetP19i¥eg3-309eqF Thel @@m@naqlw rbxi%\raim@l (Z3my, 0.1

ed). The m xtpy, & wasistijiped- é{:héﬂ%?fﬂ G (0: -4 or 1g 8y -HRR drRAGH QN

was concentr va esi due was dissolved in ether and
washed wh? h %é?’gsod‘?‘gﬁiy?“sa‘??’t‘e s‘&T‘En%‘P%% asi PuRRYe SR seMf-at ed, and
t he et her portion \mmslaedz.methylﬁaérmaﬁln.dm $p60i R) sebLiit D dBiEe 15

brine(2X), %gdrggg cggﬁemﬁaﬁ %'Iniﬁ VE@D,_T{W ,E}ﬁ)sgd,u,e, (S:-e4t' . . passed

t hrough a SI exane ate and 1
hexane/ 2 eththéé@BHﬁe Péapﬁbvbu%-7363grxndQlE#)] funﬁn1k94 dione, (3.3

3- ((N-1-(2- etghox'ys( ﬁunol‘)(@xdér niéf@één wag added 1,1.1, 3, 3 3 - |
but yl di pheny |IyI ﬁ % but ane) ) -1 ndo 3 yI] -4- 20 _
[i ndol - 3¢§1 74 n‘s{chy )ilﬁgril%%e (32 flone? Rk '?ré%l ngihapol (3 mL, 10

eq). The reaction was stirred at room temperature for 16
hours and then heated at 60°C for 2. hours The
dlmethylformamlde-was removed in vacuo, and the resulting

residue was dissolved in acetoni;rile {250 mL). 1N HCl (50

25 mL) was added. The reaction was stirred for 15 minutes. The
reaction was concentrated, partitioned between ethyl acetate
(1 L} and water (250 mL).  The product was a solid that
precipitated giving the alcohol maleimide, 3,4-[(N,N'-1,1'-
((2"-ethoxy‘—3“;'(O)—4"'—(hydroxy)Qbutane)—bis-(3,3'—

30 - indolyl)]-l(H)-bYrrole—Z,E-dione, 0.92(28%) of product. A
small amount (50 mg) was absorbed on silica and applied to a
flash column.. -Eluced with dichloromethane, 5%
acetonitrile/dichloromethane and then 10%
acetonitrileidithloromethane to give.38 mg of analytically

35 pure material.  The ethyl acetate was concentrated and
chromatographed3to give an additional 8% of the crude
product. MS. '



(quantitative yield for the two steps). M5. NWR - To a

di met hyl f orWe96380481 L) suspension of cesium carbonate ( 1PCT/YR6U4245)
under nitrogen was added the iodide, L
3-[(N-1-(2-ethoxy-(3"""'-(O=4"""-(tert- 25 butyIdTbhényIsinony) S I

(1 odo) - butane))-indol-3-yl] -4- . = 33 -
[indol-3-yl]-1N(nethyl)-pyrrole-2, 5- dlone (7.6 g, 9.2 mol), di ssol ved
in dlnethylfornanlde 25 nL) via syrlnge punp over 65 hours. Three hours

after the addiHi MR ést@ﬁﬁﬂ)ete 0L.186 (1H, @iot iD rb%(sl}bor%)e‘nt}'aﬂed(lﬁv m);
- vacuo. The reglggg(ﬁﬁs ﬁp f Pt %fo kYgd h{;e3hyb ?fﬁtaﬁ? (ZOQQ”Vinh ?h pg

S water (2 X e aquéous’layer backwashed w th
. (2 X 200 ni). (3He @bnb#néﬁ élﬂylmaceﬁaﬁé b tlénsJMer% Hz) ; m&shéd(ﬂﬂthM)-

- brine (2 X 209 wb) (2fri gl; ($05E @m]r)s)fvlasr@ﬂnané J =conagp;ralsd iy,
~ vacuo to provide.a urgle resid mat er i al. was absor

silica an® apBli éd> Hi | dsh = 9cBELim! - B uf &8, Wit hY 3‘h§x§ﬁbi17e§%yﬂlﬂ'
' acetate and theng = alhgxanEOngthyﬁ agetate to give 5.2 g(82@6 of the

- macrocycle, = WO 96/ 30048. .

: PCT/ US96/ 04245 - 32 -
3,4-[NNN-1,1'-((2""-ethoxy)-3"""(O-4"""-(tert-

-~ butyl di phenyl si |l yl oxy).- but ane) - bIS (3,3 -|hdolyl)]-I(FD

~ pyrrole-2,5-dione. M5 NWR v suspenS|on of t he N—nethyl

- maleinide, 3;4-[(NNN- 5 1,1'-((2" ~
. -ethoxy)-3""'""(O-4"""-(tert-butyl di
: -indolyl)]-I(H-pyrrole-2,5-dione AUAS50 nL) and et hanol (300
i) was stirred at roomtenperature r hours and then for one hour
. at 60[err]C. The reaction was conce;??ated (150 nL) in vacuo, the

¢ residue suspended in 10 water, cooled to-&[err]C, and-acidified (pH 3)

- with concentrated hydr ochl ori ¢ aci d. need: agtieous suspensi on was

- but ane) -bis-(3,3

T

- extractedp with ethyl acetate (4 X 200 nlL), dried, and concentrated in
. vacuo to give 3.3 g of the crude anqurlde aJcohoI 2,3-
ane) bis- 15 .

[(N,N-1,1" - ((2'-ethoxy) 3"'(C» 4"
. (3,3 -indolyl)]-fural 2

. di met hyl.f or mang de. - Ut _ -
- 2,3-[(N, N -1, 1= DXy )~ g '

: (hydroxy) butane) bIS (3 3'-|ndonI)}dIQﬂ&uHQ*A&ﬂMbne (3. 3 9, 7.5

. Mol ) under nitrogen Wa%oaggegnﬂyaréus3d1§hl§romethane (140 mL) suspension
' | " of the alcohol, 3,4-[(N,N'-1,1'~((2"'-ethoxy)-3"'"'"'(0)-4"""-

{hydroxy) -butane) -bis-(3,3" -indolyl)]—1(H)}pyrfole-z;s-dione,

(472 mg, 1.07 mmol) under nitrogen waé'added pyridine (260
uL, 3 eqg) and methanesulfonic anhydrlde (242 mg, 1. 3 eq).
- 20 After 4 hours, the reactlon was dlluted wzth dlchloromethane,
- washed with 0.1N HCl (2X) and filtered to remove starting
matefial (54 mg). The dichloromethane portion was washed
with brine (2X), dried, and COncentratéd to give the crude
mesylate, as a purple solid. The material was absorbed on
25 silica and applied to a flash column which was sequentially
eluted with dlchloromethane, 5% acetonltrlle/dlchloromethane
and 10% acetonitrile/ dichloromethane to proVide 288 mg (52%
yield) of the mesylate, 3,4-[(N, N'-1, 1'-((2"-ethoxy)-
310 {0) - 4"'-(methanesulfonyloxy)-butane)—bls (3,3'-
30 1ndolyl)] -1 (H) -pyrrole-2,5-dione. MS. NMR.



20 hexanet hyl di silazane (32 nL, 2 eq) and nethanol (3 niL, 10 eq). The
reaction wi»96:30048 ed at room tenperature for 16 hour s apgrroSssoadesat ed
at 60[err]C for 2 hours. The di et hyl f or mam de was renoved in vacuo,
and the resulting resi due was di ssolved in acetonitrile (250 nL). I[N
HCl1 (50 25 nlL) was added. The reaction yms-stirred for 15 mnutes. The
reacti on was concentr at ed, partitioned betmeen ethyl acetate (1 L) and

wat er (250 niL). The product was .a sol i precipitated gjving the
al cohol mal ei nide, 3, &9 @&, %trfhiﬁdmfura(l( (320_gp) bgglubion of the

.'3'd' | (-lOg 4 ' 'esﬁrﬂﬂireorxz) 4bttt(grm) -bi, s*é@tz“'éﬂxoxyt 3o .
i ndo rro i 0 smal | anoun
(50 né) was. éﬁ%? gﬁ%§¥F RHQ fzéég §§ ?r 4§%¥ﬂx1xﬁ El ut ed
wi th dichl orpytm‘tdia'r@,. 55%lone,ad3_0_énmgr i 0e5%i b DY oweest headbedhrad 8.1eM 10%
acet oni tgi | %?%‘Eﬁ'oa[ B'EEB%QEhWaHiMS 28 fé}f&?édé’dfaﬁ?' Lrom&t Ogragehqe) 4 to

materi al was_concen
gi ve an addlptﬁt@ﬁ'alhea%lﬁﬂ t(ﬁé 8¢bd€°r 24 F}?mtlnmsealed ‘culs.98h®0048

PST/US96/04%%5ctlon Wfsgglluted with ethyl acetate f2éﬁ3ﬂf), wasﬂéﬁ“ﬂﬂﬂﬂ“NR
Elhe”] g}‘l(lfhe‘g §1‘6§% FPn%rﬁm ‘ét?tm'l % ; PIZPVPsie thrg mu% 4 35
(1H ™, 4 @ﬁm@kﬁylhmlﬁe darkbhthelés(étkoIﬂd Thé'ﬂétéﬁ&éllﬁas'7 44 (1H,
?%LH7 3’61 1?3@%%%)e o§3 %}Hca anédapgll%d I-é? 5%1%%}{_'('?]5&,\1 t%at )\»ias 9
sequentially eluted with 3 ethyl acetate/ 1 hexane, ethyl
acetate and 2% isopropylamine/ethyl acetate to give the
dimethylamine derivative 193 mg (70% yield) which was 90%
pure by HPLC. The dimethylamine derivative, 3,4-[(N,N'-1,1'-
15 ((2'‘*-ethoxy)-3'''{(0)-4'"'"'-(N,N-dimethylamino)~-butane)-bis-
(3,3'-indolyl) ) -1 (H)-pyrrole-2,5-dione,was purified to
greater than 95% as the triflouroacetate salt using reverse
phase size exclusion HPLC by eluting with 85 acetonitrile/15
(0.01%TFA/water) . | o |
20 The triflourcacetate salt of 3,4-[(N,N'-1,1'-((2'"-
ethoxy)-3'''(0)-4'''-(N,N-dimethylamino)-butane)-bis-(3,3"'-
indolyl)]—1(H)—pyrrole-2,5—dione was converted to the HCl
salt by suspending the salt in ethyl acetate and washing-
gently with 0.1N NaOH(5 X 50 mL)}. The ethyl acetate portion
25 ~was washed with brine (2X), dried, and concentrated to
provide the free base, 3,4-[(N,N'-1,1'-((2''-ethoxy)-3'"''(0)-
4"'—(N,N—dimethylamino)—butane)-bis4(3;35-indolyl)]-l(H)-
pyrrole—Z,S-dibne. To an anhydrous methanol (50 mL)
suspension of the free base, 3.4-[(N,N'-1,1'—((2"—ethoxy)-
30 3'''(0)-4'''-(N,N-dimethylamino)-butane)-bis-(3,3‘-indolyl}]-
1(H)-pYrrOle—2,S-dione was added 1N HCl in anhYdrous ether
(13 mL, 50 eq). The ether was evaporated and the residue
was dried under vacuum to give 143 mg (52% yield) of 3,4-
[(N,N’- 1,1'—((2"-ethoxy) -3 (0)~- 4'}‘—(N,N dimethylamino) -
35 butane)-bis-(3,3'-indolyl)]-1(H)-pyrrole-2,5-dione
hydrochloride salt as a red solid. 'MS.




10 . [err] .

Pr epar at.i- GWO98/30048 3.4- [[N.N-1,1-((2""-ethoxy) - 3+ PCEASH04245\ N
di met hyl am no) - but ane) - bi s- (3 3'-indolyl) 1-1(H) -pvrrole-2.5-

dione HC1 Salt 15 - xTo an anhydrous dichl oromet hane (140 ni)
suspensi on of the alcohol 3,4-[ (N, N--B51'-- ((2" “-ethoxy)-3"'' (O-4"""-
(hydr oxy) - but ane) - bi s-(3, 3 -|ndonI)] 1(H) - pyrrol e-2,5-di one, (472 ny,

1.07 mmol ) under nitrogen was a ded pyridine (260 qg g
met hanesul f orlitc N (e BMSPI 42 élgq)m’Qoz %ﬁtéFH4 Wburg ?hz Heatti gn

was di luted w tgh o4l chl:,()rﬂm(tlljpnﬁn ; Z\Basl*@qi Wint,h dEcl¥ b Eh¥kednd3.64

filtered to rerpve star terlal (54 ). The di‘chl or onet hane

portion was viddhedn): 3 -v'\ﬂ h(zéir:l e i(AXP07 dr |‘3e(¥8 i .c et 108 R0 Bivve the
crude TSy 113t €(2HAS 1 P Dise (%@i ' (iln, -ﬁh%Mﬁ{' d, s asnbed o 28w,

silica and applled to a flash col.um | S sequentlally eluted with
di chl or onBt hahe, @b%ﬁ:eﬁ%ﬁl tl?ﬁ)l'ellcﬂ - o(rléﬁe\gﬂane and 10% acetonitril e/
di chl oronet hane to provide 288 ng (5296" yield) of the nesylate
3,4-T(NN1,1'-((2" " -ethoxy)-

3" (0)-4""" - (methanesul fonyl oxy) - btanﬁ bs (3,3 - 30
indolyl)]-I(H)-pyrrole-2,5-dione. - ; WO 96/30048

PCT/.US96/ 04245

-34 - To a
tetrahydrofuran (20 ni) sol uti g . -
3,4-[ (NN -1,1"-((2,'-ethoxy)-§
(nethanesulfonyloxy) but ane) - bi S¥( 3 y
pyrrol e-2,5-dione, (304 ng, 0.59 mmol )/ wa§ added a 8 9 M 5 solution of
dlnethylanlne in tetrahydrofuran (7 140 eq). After heating (65
[err]C) for 24 hours in a seal ed tube, reaction was diluted with

et hyl acetate (200 nlL), washed with brM (@Fg), dr#@H, and concentrat ed
to provide the crude di met hyl am ne derivative as a solid. The materi al
was 10 absorbed on silica and applied to a flash colum that was
sequentially eluted with 3 ethyl acetatBkamphexhne, ethyl  acetate and
2@6|soprggylanine/et Vh_ tRterto giyer th L et hylgpigpe: deyyvative
193 nmg (70% yield) 0 . pure oy C. e di net m.ne .

derivative, 3,4-]
- (N, N-di et hyl ami no) - but ane) - bi s- pyrrole-2.5-dione
- 3,4-[(N,N'-1,1'-((2''-ethoxy)-3"'"''(0)-4"""'~(N-.
methylamine)-butane-bis(3,3'-indolyl)]-1-(methyl)-pyrrole-
15 2,5-dione prepared in a manner analogous to Preparation 10
(20 mg, 0.04 mmol) was dissolved in THF (10 mL) containing
triethylamine (6.1 UL, 0.044 mmol) under nitrogen. To this
solution was added carbon disulfide (3 microL, 0.05 mmol),
_ and after 15 minutes methyl iodide was added. The reaction
20 was complete after 12 hours. by TLC (10% MeOH in CH2Cl2}. The
reaction mixture was diluted with ethyl acetate, washed with
| water, brine, dried and concentrated to give a
dithiocarbamate (23 mg, expected mass) IS/MS 559 (M*+1)
expected mass 558.
25 . . - To a dichloromethane solution of the
~dithiocarbamate is added tetrabutylammonium dihydrogen-
trifluoride and N-bromosuccinimide. Work up and purification
by .chromatography generates the 3,4-[(N,N'-1,1'-((2'"'-
ethoxy)-3"'(O)-4"'-(N,N+(trifluoromethy)methylamino)-



(3,3 -indolyl))-1(H)-pyrrole-2,5-dione,was purified to greater than -
95% as t hewig9étdogysr oacet ate salt using reverse phase simernesosloysison
HPLC by eluting with 85 acetonitrile/1l5 (0. 01%FA/ water). 20

The triflouroacetate salt of 3,4-[(N,N-1,1"-((2""-

et hoxy)-3""'(O-4"""-(N, N-di net hyl am no)= bjg ane) - bi s- (3, 31-

i ndolyl)]-1(H)-pyrrol e-2,5-di one was converted to the HC salt by

suspending the salt in ethyl acetate and washing ently with 0. 1N
NaOH(5 X 50 futanenbisiyp’ géngalelbbrir bhetinyl Mww&m@«ﬁ t1iigneme (2X),

gr i4efl,( Na&d ¢ Qifﬁ%l(ht Elglt éﬂnz@rted- 2 pun'éeleniﬂaeméwﬁnﬂfé.e; - -
7 - il - 7 - - OX ¥ - 2 . :
47 LUN N di ot by ami P GEAOYOBPBRERY JamiRg Aot Y2 ¥ may also be

pyrrol e- 2, 5- greparedoasnfahbhyws ous net hanol (50 nl) suspensi on of the

free basex 3,4-[(N,N - - ~ = - 30 . .
3 oy UL (NNt ey Paiie0) SEAREEEN of 'che monomerhy3 amine is added
| (H) - pyrr ol edipzomodiéluasonetivans Nandit egraleds/ Ghimer mliamine ) -ethy Lene .50

eq). The etheg v a : ' : | vacuum
Lo give 143 %a‘é‘?%&?y?@?%%ﬁ%?%‘?ﬁgﬁ tRE JERLONE cri AT diidtly 1iicle
- et hoxy) - 3' ' degyvative N Rbei vt Flueremefby bylerivative would be

but ane) - bi s- c3n¥ertedoky! the | N+ -myIé DhAdL, &5 Pranr8 ouslyndtise@tiped.de salt
as a red €O|Id. IVS. WO 96/-30048 : _
PCT/ Us9etD4245 - -35- [err] H NVR

(d[err]-DVBO): [ err] 2 A83pkéMionkly2ndtedlHhe)compitndsSHhf tthe presents
el 52 Wl gfece kel SASp RO icopl i) 577
7.52 (1H, d, compognfg) arg gele¢ctive fof praread (kipasgsC, oM@ropthey s)
H [err] kinases. The ability of the compounds of the present
15 invention to selectively inhibit protein kinase C was
determined in the Calcium Calmodulin Dependent Protein Kinase -
Assay, Casein Protein Kinase II assay, cAMP-Dependent Protein
Kinase Catalytié Subunit assay and the Protein-Tyrosine
Kinase assay. ' '
20

: The Calcium Calmodulin Dependent Protein Kinase
Assay is described in the Journal of Neuroscience, 3:818-831
(1983). The assay components are in a total volume of 250
25 uL:. 55 mM HEPES (4-(2-hydroxyethyl)-l-piperazine-.
ethanesulfonic acid); pH 7.5, 2.75 mM dithiothreitol, 2.2 mM
EGTA (ethylenebis(oxyethylenenitrilo}tetraacetic acid, used
in the blank buffer), 1.1 mM calcium chloride (Sigma, St.
Louis, Missouri) (used in the control buffer), 10 mM
30 magnesium chioride (Sigma, St. Louis, Missouri), 200 pg/mL
histone type HL (Worthington}, 10 UL DMSO or DMSO/inhibator
and 30 uM (gamma 32P) ATF (DuPont). The reaction is
-initiated by the addition of calcium calmodulin dependent
protein kinase (isolated from rat brain homogenate),
35 -incubated at room temperature for 10 minutes and stopped by
adding 0.5 mL ice cold trichloroacetic acid (Amresco)
followed by 100 UL of 1 mg/mL bovine serum albumin (Sigma,



Exanple 1 10 3.4-F(NN-I,1"-((2 "' -ethoxy)-(3 ''(Q-4""-(N

trifl uor omeode/30048 no) - but ane) - bi s(3, 3" -i ndol vl ) 1- 1(H) - 'PCT/US96/04245
pvrrol e-2.5-di one .34 (NN -1,
1'-(2"'-ethoxy)-3"""(0)-4"""=(N-- met hyl ani ne). -+

-but ane-bi s(3, 3" -indolyl)1-1-(nmethyl)-pyfr¥3le- 15 2, 5-dione prepared in a
qﬁgnﬁioagigogous to Preparation ﬁol (20 ng, 0.04 nmmol) was dissolved in
ontaining ... __triethy LN . 0, 04
under-nitrogéﬁ: QBl?higlssougﬁfUtigﬁéﬁégégﬁé%§$%%r%%né%¥2€+%?%eb¥3vﬁ$%?%L,
2605 mol ), filtsatlieften gFassnfiiker nfihyérs candequant bfiied. brheowntingon
was conpl et r T % MeOH i n CH2C12). The
#ﬁ § BLLg sﬁg?gg%égggn t{%@ﬁé&/ )

reaction mxture was di e acetate, washed with wat er,
brine, driedBufilexoncmponentsd:to give a di t hi ocarbamate (23 ny,
expect ed grass) | S/ M5 559 (Merr] +l) expected mass 558. 25 To

a di chl oronet hane solution of the °~  dithiocarbamte |s ddeg
t et rabut yl anmoni um di hydr ogen-  Conthgy REEEE and NFB#B sBREERT i de. Work

up and purifpget W@NHEPES bpHC SMmat ogr aBEw2 Y rates the- 625 |
3,4-((N,N -1 lkﬁﬁ(ZIl_ et hoxy) - 3 il -

T (0)-4" - (RONBHL PFT| wor oret hy) et hyl arf4m)RE VO 96/ 50K

PCT/ US96/ 024histone : 1250 puL. - 36- bu23hedlbi s( 3, 3'

i ndol yl') - 1- thyl ).- role-2, 5,-dion which is converted_to the NH
mal ei m de. iHB i ZaEXEuﬂThe trifhxﬂ(ﬁ%%%JFénine derivative may al so be

prepared as 100! tMSEGTS . To a-BwBO-sol ution of the ¥®ndhet hyl
anmne i s addg{ yarefi bromodi fl uoronet hapng;f 450. pL
tetrakis(dinethy?anlne)-ethylene. ' Standard work up gives the desired
trifluoronethylam ne derivative. The trifluoromethyl derivative would
be convepkggyt Bompendhtik el ei m de as previously described. 10

As previously noted, tq%scagpgﬂg%%rof the present

L 25 BL calmodulin (250 pg/mL)
10 . 10 uL DMSO or DMSO/inhibitor .
.. .25, L. kinase: enzyme.
- 25 WL AT32P.

~Casein Protein Kinase II Assav (CK-II1) . .

15 - . - The Casein Protein Kinase II Assay is described in
Neurochem. Res., 13: 829-836 (1988). The assay components
are in a total volume of 250 ML: 20 mM Tris-HCl, pH 7.5, 5
mM sodium fluoride, 50 mg/mL Casein (Sigma, St. Louis,

_ Missouri), 10 mM magnesium chloride (Sigma, St. Louis,

20 Missouri), 10 WL DMSO or DMSO/inhibitor and 30 pm (gamma-
32P) ATP (DuPont). 1Initiation of the reaction is performed
by addition of casein protein kinase II (isolated from rat
brain homogenate), incubated at room temperature. for 10

o minutes and stopped by the addition of 0.5 mL ice cold

' 25 Trichioroacetic acid (amresco) followed by 100 uL of 1 mg/mL
bovine serum albumin (Sigma, St. Louis, Missouri). The
precipitate is collected by vacuum filtration on glass fiber
filters and quantified by counting in a beta scintillation
counter. |

30 '



invention are potent, protein kinase Cinhibitors. The conppunds are
sel ective fW096/30048i n ki nase C over other ki nases. The aljcdynisde@iaes e
conpounds of the present 15 invention to selectively inhibit protein

ki nase C was determined ir. the. Calcium Cal modulin Dependent Protein

Ki nase Assay, Casein Protein Kinase Il fgsay, cAWP-Dependent Protein
Kinase Catalytic Subunit assay and the Protein-Tyrosine Ki nase assay.
20 Cal ¢ci um Cal.nodul i n Denendent Protein Kinase Assay (CaM _
The Cal ci um CASSSYUCPRPPBEBREcAR PFdeR; ¢f l@ddifion . ~'Assay is described in

t he Journal of hburoscianGepLBBa£&e§3#Ni - (1983). The -assay -conponents are
in a total volunme of 25Q,.2 L: S ee .
(4-(_2-hydrpxyethy|)-|-pﬂ'eﬁ&'zgﬁepMgg °Etﬁ%§g§%Phﬁh}E?EC|d), pH 7.5, 2.75 mM
dithiothreitol, 2.2 mv 25 uEt(:;bFAf Ae3Rpl Enebpe(my@édﬂyégﬂhl ﬁﬁl!%ﬁlg%]%)%ﬁ;r ag;:et ic
acid, use in the bl,an : cihum chl ori de ! , .
Louis, M g%ouri) (used f% Fﬁeugoﬁ%%%wébﬁ¥$%%§€éﬁéynwﬂ30 magnesi um chl ori de
(Sigma, St. LBUffer\pxepared aofehigws: ~ 'histone type H L (Wrthington),
10 pL DVBO or (PSR 8610hE O 3.5 el aHbudMdIBFAERPE)ATR (DuPont) . The
reaction is initiated by the addi.tion of calciumcal'modulin dependent
protein kinase (isolated fromrat brain honbgenate), 35 incubated at room
tenperature fb6001pLnofiueeshand st @ppesMbyris-negddpag7 055 nL ice cold
trichloroggetic acid (Anesco) aégéhogggigx g?uo [L.of 1 ng/nL bovine

serum al bunmi n (Si gma, WD 96/ 3 ide _

PCT/ US96/ 04245 -~ 50 mg/mL Casein- 37 - St. Louis,

M ssouri). The precipitate is coLIgc&Edeyﬁgggﬂun1 filtration on glass
fiber filters_and qgantified by counting- a scintillation
counter. Btk Veb#pnents: 53.5 mL Control buffer
Bl ank buffer 200 mM HEPES pH 7.5 3125 pL . 625 pL

50 nNIDTEs 625 pL _ 125 pL hi st one

1250 pL . 250 pL 100 qNIcaIcrum' ‘ 125 pL.

caMP-Dependent Protein Kinase catalvtic Subupit Assav (PKA)
The Assay components are in a total volume of 250
ML: 20 mM HEPES (Sigma, St. Louis, Missouri) buffer pH 7.5,
200 pg/mL histone type HL (Worthington), 10 mM magnesium
20 chloride (Sigma, St. Louis, Missouri); 10 uL DMSO or DMSO
inhibitor and 30 puM (gamma- 32P) ATP (DuPont). The reaction
is initiated by addition of bovine heart cAMP-dependent
kinase catalytic subunit (Sigma, St. Louis, Missouri),
incubated to 30°C for 10 minutes and stopped by adding 0.5 mL
25 ice cold Trichlorocacetic acid (Amresco) followed by 100 ML of
1 mg/mL bovine serum albumih (Sigma). The precipitate is
collected by vacuum filtrated on glass fiber filters
employing a TOMTEC™ and quantified by counting in a beta
scintillation counter.'.This assay is done identical to the
30 protein kinase C (PKC) enzyme assay except that no
phospholipids or diacylglycerol are employed in the assay and
the histone substrate is speéific for the cAMP-dependent
catalytic subunic enzyme.

35 Protein Tvrosipe Kinase Assav (src)
The Assay components are the following:-
10 ML Raytide



100 mM EGTA ' : 50 pL D water

2375 pl...-WO 96/30048 450 pL I Assay ednponents: - PCTIUSICR42AS p |
Buf f er 25 pL cal nodul'in (250 pg/ ) 10 : 10 pL DVSO
or DWVBQ i nhi bitor 25 pL ki nase enzyne: 25 pL
AT32P. Casein. Protein Kid#se |l Assay (CK-11).... 15

The Casein Protein Kinase |l Assay is described in’’ Neurochem Res., 13:
829-836 (1988). The assay ‘conponents are in a‘fotal volunme of 250 ILL:
20 MM Tris-HCl. pH 7.510 KL Kin@s€odi um f | uori de, 50 ng/nL Casein (Signs,

St. Louis., M ssourg ju1, EgtMore oMed/dmheHiddrde (Sigma, St. Louis, 20
M ssouri), 10 pL DWVSO og ) DI\% nhi bitor and_3Q gm ( ganma- 32P) ATP
(DuPont) .- Initiation of #Hie & HEFES 'P@rf7o d by addition of casein
protein kinase Il (isolx¢d, AT at "~ brain honbgenate) incubated at

roomtenperature for 10 ., m nut.es and stopped by the addjtion of 0.5 nL
ice cold 25 TrichioroddeS @SEYd %A%%&%%%Yomgﬁpel(%’lﬁmﬁ' 06y nL

bovi ne ser uncakhugpProCSHaaRPKEE. (L990F. M ssouri). The precipitate is
coll ected by vacuumfiltration on glass fiber - filters and quantified by

counting in a beta scintillation counter. 30 WO 96/ 30048
PCT/ US96/ 04245 Surprisingly, the compounds of 3fe presentAssay

conmponent s i . _of dit L.an. _ P : er :

10 b o onseraeibial sRf! BLES isozyme-selectiver [inPhiPdrst phat 15y the

magnesi Ukl chcompgundssselectively iphpbibfreaegae kinaspufelpta-1 apdffer

prepared as {@khawsisozymekli Nghi¥0h U8By me3se1 Bkt i3TPYNa8f 48Be2m3A¥d) in
the PKC Enzyme Assay. . '

- PKC _Enzvme Assay
15 PKC enzymes = alpha, beta I, beta II, gamma, delta, epsilon,
| eta and zeta. - - A
Assay components'in a total volume of 250 ML are as
followss ~° = & o R _ | I
' 77 Vesicles ‘consisting of 120 pg/mL phosphat idylserine
'20 - (Avanti Polar Lipids) and sufficient diacylglycerol (Avanti
Polar Lipids) to activate:the_eniyme“CO'maximuﬁ'aCtiVity in
20 mM HEPES buffer (Sigma, St. Louis, Missouri), pH 7.5, 940
uM'calciﬁm chloride (Sigma, St.-Loﬁis, Missouri)rforwassaying
: thé-alpha, beta-1, beta—2'and gamma enzyme only,”l mM EGTA
"25 for all the enzymes, 10 mM magnesium'chibride (Sigma, St.
Louis, Missouri) and 30 pM (gamma-32P) ATP (DuPont). For all
the enzymes either histone type HL (Worthington) or myelin
basic protein is used as substrate. The'assay.is started by
addition of protein kinase C enzyme'incubafed at 30°C for 10
30 minutes and stopped by adding 0.5 mL of cold trichloroacetic
acid (Amresco) followed by 100 ML of 1 mg/mL bovine serum
albumin (Sigma, St. Louis;,Missouri). The precipitate is
collected by vacuum filtration on glasé fiber filters
employing a TOMTEC™ filtration system and quantified'hy _
35 counting in a beta scintillation counter. |



500 pL of each: 200 MM Tris-HO pH 7.5 10 50 niv
sodi um f | uwo 9630048 50 ng/ nL Casei n PCT/US96/G4245

+ 2 M. D water Tot al Vol une 3.5 nL 15 cAMP- Dependent
Protein Kinase Catal ytic subunit Assay (PKA) The Assay
conmponents are in a total volume cOF 250- 40 -AL: 20 mM HEPES (Sigma, St.
Louis, Mssouri) buffer pH 7.5, 200 gg/ nL histone type HL

(Wort hington), 10 wNInagﬂeS|un120 chloride (Sigm, St. Louis, Mssouri),

10 AL DMSO or fi SPTRPURGS @b ThE (knWARLiow Aphibit  pEOSEIR. The
reaction ksnasetﬁ: awth- ba;n anH g Maiun‘ dfovelewhd80t pmAVPIdepddiienon,

ki nase cataly c subuni t IS, M.ss ncub ted t
3000 for 10 1FAE EORHPAR b diHe, i aRboTh SELRE Lgely anbibit ‘chebetd-1
Trichl or oacetmdab¢@a(2\rﬁlt@?§ﬁ)n flidnasged Beorymegl apd havelangI@tobvaine

serum al bani nwi@hgﬁ@épeérthﬂ:d)r\ﬂfés@ lidorymes of ®R1becieduRy vacuumfiltrated
on glass fiber filters enpl oyi ng a " TOMIECTM and quantified by counting

in a beta sci nti| | ab$ odn cHmtRItoTRE RrEAtRin kinase Cdethiec gompounds 30
protein ki nas&:& w1 eﬁzm AT IRAEERE t:'aﬁalmons 1Hh9ﬁpéﬂl %Pbéélﬂr_

di acyl glycerol . are e | oye the assay and hi st one substrate is
specific for lﬂ'?éa strated, & rpliec iy ﬁl PaSHE REY- 35
Protein Tyrogmamdi&iungeﬁkﬁﬁgﬁﬁbﬁﬁChn.the art includbe Adsaueeegpﬁegniﬁugre

the foll Ra 96/ 30048
PCT/USQ6?§Q d its compllcatlons. é%%emla, 1nf amgg ion, central

pL Ki nase nervous system glispveers, DkBGiovhsbuler disease, AlzhelﬁepLs
_200 mM HEPES<Ef§g5§E dermatological disease and cancer.

Protein kinase C inhibitors have been shown to

10

block inflammétory responses such as neutrophil oxidative -

15 burst, CD3 down—regulation in T-lymphocytes, and phorbol- .
induced paw edema. Twoemy, B. et al. Biochem. Biophvs. Res.-
Commup, 171: 1087-1092 (1990); Mulqueen, M.J. et a1 Agents .-
Actions 3_ 85-89 (1992). Accordingly, as 1nh1b1tors of PKC,

- the present compounds are useful in treating inflammation.

20 Proteln klnase C act1v1ty plays a central role in
the functioning of the central nervous system.  Huang,:K.P.
I;gngg_uguagsg;* 12: 425-432 (1989). 1In addition, protean
kinase C inhibitors have been shown to prevent the damage
seen in focal and central ischemic brain injury and brain

25 edema. Hara, H et al. Q*_nggh*_ﬂlggd_zlgu Metab. 10: 646-
653 (1990): Shlbata, S. et al. Bxagn_ags* 524 290-294
(1992). Pecently, proteln klnase C has been determined to be
implicated in Alzheimer' s dlsease Shimohama, S. et al.,
Neurology 43: 1407 1413 (1993}. Accordingly, the compounds

30 of the.present invention are useful in treating Alzheimer's
disease and ischemic brain injury.

Protein kinaée C activity has long been associated
with cell growth, tumor promdtion and cancer. Rotenberg,
S.A. and WeinStein, I.B. E1gghgm‘_MQl;_Aﬁngggg_Sglﬁ Cancer 1:

35 25-73 (1991.. -Ahmad et al., Molecular Pharmacologv: 43 858-
862 (1993:. It is known that inhibitors of protein kinase C
inhibitors are effective in preventing tumor growth in



5descr|bed by Onogene Sci ence, |Inc.

10 FL AT32P 5 ThIS assay
3 Surprl si ngly, thmmspms of

Cat . #PKOWOAG300M83 (1990) .

the present i nvention are also'lsozyne sélective inhibitors, that is,
the 10 conpounds selectively inhibit protein kinase C beta-1 and
beta-2 isozynes. This |sozyne selectivitydlvas determned in t he PKC

Enzynme Assay. PKC_Enzyne Assay 15 PKC enzynes

= al pha, b :
PRAAALVNGE TR TN ST 48 SP5L2E5E wso;

Vesi cl es conakihagakaf SZOepgahi.gﬁngghakgﬂylsgf|m&8894852NaD991P0IaThe
the enzyne t SOMRRERER of Y B 45ERE L50¥Rk dp atogndt ot BT o8p8” 1S
M ssouri), pkevefsad4(MDR) adénts arakimd themn eceffegnive Stompounds whesouri )
25 for a1 pminiCeled lh oRh e B Wil Ve Adr B aRe By bte s TS
M ssouri) and9€Bt$M (gamma- 32P) ATP (DuPont). For all ‘the enzynes

ei ther histone type HLpg¥epifi ﬂggaaé €' aBYSViBy a1sBaplayEr ghempbgtmd as

substrate. The assay is.started tioh of proteln kinase C enzynme
i ncubat ed atr%b?e%?]Q??QﬁOYEFQMﬂa¥n¢&ﬁ%%S%nd Inerprsed \Prekety binase 6f

cold trichl oa@awiw 1n tt@@l@hédml@asﬁ had | el QYoﬂzQCt@Lcaisé iBérbased

bovi ne ru ouis, Mssp [ ec. tate S
ool | oot 87 by aseERRRT 145 0% G PiperCersinn” A tdm PreHein kiyase

TOMTEC] err] imhlb:amlorplsqﬁsemémhmaxnm‘emb by Bbldenurtibg eén albeala
;g}?bggE?Bnggﬁfhgﬁéi‘_axnﬁ;zhéEl%2£§DQ§§% -530 (19904b Because protein
The conpoundsirdse He inlvidpitoers idemanstrate cinhibitiomaet theineutnoplibrr
val ue of belgw é@@l@é“bdfb@ddléf&bm kidd¥e RNV K s tdiFe | AVESTLOBFUI

selectlvely nhi bit the beta
.1n treating cardiovascular ischemia and improving cardiac

function following ischemia. Muid, R.E. et al. FEBS Lett.
293: 169-172 (1990); SOnokl, H. et al. ngzu_mg_qnnkan 37:
669-674 - (1989).. _
_ . The:role-of;proteinvkinase C in platelet function
20 _has also been investigated and as shown elevated protein
kinase C levels being correlated with incfeased"response to
agonists. . Bastyr III, E.J. and Lu, J. Diabetes 42: (Suppl.
1) 97A (1993).  PKC has Heeh implicated in the biochemical
pathway in the platelet-activity factor modulation of
.25 microvascular permeability. - Kobayashi et al., Amer, Phvs.
- Soc, H1214-H1220 (1994). Potent protein kinase C inhibitors
have. been demonstrated tO'affect“agonist—induced aggregation
in platelets. Toullec, D. et al. J. Biol. Chem, 266: 15771-
15781 (1991). Protein kinase C inhibitors also block
30 agonist-induced smooth muscle cell prolifération;' Matsumoto,
H. and Sasaki, Y. Biochem, Biophvs. Res. Commun. 158: 105-109

(1989). Therefore, the present compounds are useful in

_treating cardiovascular disease, atherosclerosis and
restenosis. Y - '

35 ' Abnormal activity of protein kinase C has also been
linked ‘to dermatological disorders such as psoriasis. Horn,

F. et al. J, Invest, Dermatol. 88: 220-222 (1987); Raynaud,



and beta-2 protein kinase C isozynes and have an I Cferr] value 5 wth

respect to 09480z ynes of bel ow 10 pm . As aCTIosvchiIsr .Of
protein kinase C, the conpounds are useful in the treatnent of
conditions in which protein kinase C has denonstrated a-role in the

pat hol ogy. Condi tions recogni zed in the4art include: diabetes nmellitus
10 and its conplications, ischema, inflammtion, central nervous

zhei e

system di sordes s, I a | sease. 'S d| se
der mat ol ogi calei:r dlasngséeya%’dﬁgg' %é B. o ket %a%‘bG d1991).
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neut r ophi | Ox'léififat‘i J:g egurs oWS£§.lefﬁ’V\Q1@ %tca“ %‘Jé%*n )ix hocyt es,

and phor bol - uc

Res. mnﬁhowm to. 1M8b1EOerQEDEG¢Yth1bEferd\ﬂ1bn ein a ma‘i@féi:t That
Actions 375 853&31@.@992):he5909[')ééﬂ€§(%’as apge mﬁﬁ&sof %%emann the o

e ammat1 on
present conpoynrds, e'ﬁ&' n{ﬁ@-%{) (199[1He f&ﬂicltﬂq)m%@ -ofet

Protein ki nase™C &
the central nedvo

inyvestn Dékmg .R0: 240#2?‘?5(1|\ﬂgpschccje%dﬁ4m\,%ﬁ.}¢gz
1989 In a t ej inase C inhi bitors have been sho
E)reveZ]t t he dg%gggﬁp(){mgé a?nl RICArR e fEG a5 Usahud Hikitreatiingy and
brain 25 edeﬁaorlaialg,. H et al. J Cer eb. EI 0(2)(3 Fl. (9)\2/ Met ablgé(z) 646-
653 (199 Shi bat a
Receﬁltly,OJ)Oprotel n ki nasg§(§tﬁ Eéfg%gﬁR?erméglé%le‘?oﬂo‘é( t‘?n%ﬁ "iﬁ%]ed I n
Al zhei mer' s dfié€hggent swmtampf Sliahetgs. Excedmive agyiditylé@7ptétdin
(1093). Accokghageyc hie sedmopifieedlo oifnémnorsqgﬁ'athhgvmtf'e%@saa%ausef ul

in treating A di sease and i schemc
Protein Ki nas'éﬁ?;rﬁg‘?’?%l??/ the 1Y Heaiesastasics sgen lnwll’ynecélll dgnbeths.

tunor pronotiBarasikcahcest ot MAZ(ﬁind 1)‘6@!2@511@231 2B90) ;

Bi ochem Pl . cfspeck sg Sel,
Mol ecul ar Phar macol org 4!
him

i nhi bitors of (p¥dtki ashk-B5 et ahhwmf 26Bi:v63B8- -pBeventing

tunor growth (1993) . IﬁMaéﬁyé¥3¥“3stud1es have demozftrated a ma ?g
PCT/ US96/ 04245

Meyer, T. et HICT§3ge if RIghein kinags) Cggstivdgy) in tlsmeaagamn & be
al . Cancer Resysd&dptABRSB-t48W eIl comBlQ.catJ.oﬁgrmﬁla'ﬂdéxﬁéséaetBresent

'nvent'OQOalSﬁ&ﬁ@?gf?%éﬁié'éyﬂﬂltlons Lee, T.-S. et al. J. clin. Invest.
83: 90-94 (1989); Lee, T.-S. et al. Rzgg*_uagl*_agadﬁ_sgli
USA 86: 5141-5145 (1989); Craven, P.A. and DeRubertis,. F.R.
J. Clin, Invest. 83: 1667-1675 (1989); Wolf, B.A. et al. g.
Clin, Invest. ﬁ_ 31-38 (1991); Tesfamarlam, B. et al. J.
25 Clin. Invest. 87: 1643-1648 (1991). !

The compounds of the invention are also isozyme-
selective. The compounds preferentialiy inhibit protein
kinase C beta31 and beta-2 iéozyme over the protein kinase C
isozymes, i.e., alpha, gamma, delta,fepsilon, zeta, and eta.

30 In general, the compounds demonstrate a minimum of a ten fold
differential 1n the dosage required to-inhibit PKC beta-1 or
beta-2 1sozyme and .the dosage. requlred for equal inhibition
of the alpha protein kinase C 1sozyme as measured in the PKC

.5 adis

assay. Accordingly, compounds of the present invention

35 . inhibit beta-1 and beta-2 isozymes of protein kinase C at -
‘'much lower concentrations with minimal inhibition of the
other PKC isozy;nes.
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I n canj.un h ot her chenotherapeutlc s agents.

Protein kinase C activity al so plays an inportant role in

cardi ovascul ar di sease. Increased protein kinase C activity in the
vascul ature has been shown to cause incredded 10 vasoconstriction and
hypertension. A known protein kinase C I nhi bitor prevented this
increase. Bl der. G Fpegdushiof this RUEILRE0V X RidGimpSiias S2Pe 530
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Lu, J. D ab&SalusBciLoHa 89 119)5991A0(5§99%)9933KC Waéltﬁé@tasfrémdsﬂded in
the bi OCheme@.@vatlorP@f“‘@?(el 'HEttahEOs‘ola e | ‘?ﬁﬁna‘ﬂ t;%\lgt%cite%.h ?}&@J'ﬂfééépn of

25 mcrovascul ar pernea et al
H1214- H1220 SCFFRdRtedy twiith [S'-lh@tlé' RlEerede respemss ter ggonl%e Fastyr

denonsti@t ed1Ig aft:actamgw sir. pdaged ek QIZant(ISﬂ@pl 1)i rsml al1eloah)s. The
Toul l ec, D. .,et al . Biol. Chem: 26 1 771- 1578 %%155 Proteln
ki nase C i nfiusath, s"‘:zﬁ'i‘I“ErS1 H FEEeREOT, e FhosE &% T Ve,

proliferati phosiicsyleited by pHoteEd ﬁ?ﬁdﬁe,CIbeBchhﬂmnsBlophyz Res
Commun. 158 1 Ther. r t he nt__conpo S are
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useful in cardi‘ovasc

rest enosi s. ygctlonlng of AbeoresEDEeri.vi Heieh etoed

been 151 (ggraiohsdiaal 4199196 fislush ets aﬂsorﬁ polfothen, F

et al. J. Eﬁzet Mg 220 (1987); Raynau

96/ 30048 15118 5126 (1993) In addltlon.pgﬂcggg(;)ﬂ@gﬂyas shown

- 42 - that &he Em&hnzB&s@& m@ 1Brreépoﬁ%&%ﬁboEorleiytﬂieléﬁﬁeh£%91)

Psoriasis is Gharac eri zed %t i% feratlon of, %tlnocytes

Known pr ot eSfFRi RES Eerabin ﬁa§ eb a isozyme is invo Ve
megakaryocyte dlfferentlatlon in- these same. cells,_ Murray et

20 g;_z;gl*_gngm* 268: 15847-15853 (1993). '

The compounds of Formula I are preferably
formulated prior to admlnlstratlon Therefore, yet another
embodiment of the present invention is a pharmaceutical
formulation_comprisihg a compound of Formula I and one or

25 more pharmaceutically acceptéble carriers, diluents or
excipients. | . _

| The present pharmaceutlcal formulatlons are.
prepared by known procedures using well known and readily
available ingredients. In making the compositions of the

30 present invention, the active ingredient will usually be
mixed w1th a carrier, or diluted by a carrier, .or. enclosed
within a carrier which may be in the form of a capsule,
sachet, paper or other container. When the carrier serves as
a dlluent, it may be a solld, semisolid or liquid material

35 Wthh acts as a vehicle, excipient or medium for the active
ingredient. Thus, the compositions can be in the form of
tablets, pills, powders, lozenges, sachets, cachets, elixirs,



shown to inhibit keratinocyte proliferation in a manner that 5 parallels
their potengpognaeddgC | Nhibitors. Hegemann, L. et al . rﬁ%e W Eol-.
Res. 283: 456-460 (1991); Bollag, WB. et al. J. Invest rmat o

100: 240-246 (1993). Accordingly, t he conpounds as inhibitors of PKC
are useful in treating psoriasis. 10 Protei n kinase C has
been linked to several “different aspecfs “of diabetes. Excessive
activity of protein ki nase C has been linked to insulin signaling
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ki nase C activity in tigs susceptible to diabetic
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3G e B LY ARG sl Sl N gl fuc T
Ihvest 87: Zragacanyiy; gtéatanarcahvlﬁm silatatd, mibrd&rystalm&né 87:
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I sozyme- sel e:.conpou €in

ki nase Cl®et éf‘efhg’ﬁrd 311&195%0‘29 SvaRd t PrEORY ﬂmwbarsveoa@es, dalozyes,

i .e., al pha, mgamieivdelstaarepei 400, migéPal 0Ll StPhe %rﬂﬂaﬁ‘?ﬂﬁ{s@'car‘hhe

ff tial t
Goahon roqur ARk RRRt LA RAR CluBs! §e 155 Gqpnes, MEithg BePABR dosage
required fore@quhfynhgbandoauspendinghagemmﬁmimweﬁéﬁvhﬁgrﬁ?ﬁhdg| sozyne as
measured in S 0 e .pr.esent
i nvention SSE%ﬁﬁéglpgbe?éﬁégand gf%\%%%oz s of Pt StEEPSY i:3 @fat
much | owk? céheeAVantdas WRY hbei fermelated Ba iam tm‘ preride qutilokr,+ PKC

i sozymes. sustaWﬁb866§0@é5ayed release of the actiffel iU/ AAAO afrer
- 43 - this selectivity, the conpounds are

particul arl yagg‘éflaﬁtf'ﬁtf?%a?‘? nbh? I’R%"el%ﬂ"seé%lte SQOMROSItioRs @Fe protein
ki nase C |sopyafebabaylform®baae& fmeaéunﬁnndﬁsabe form, each ddsage

containing rrom about 1l to about 500 mg, more usualIy about 5
20 to about 300 mg, of the active 1ngred1ent However, it will
be understood: that the therapeutic dosage administered will
be determined by the physician in the llght of the relevant
circumstances 1nclud1ng the condltlon to be treated " the

choice of comppund to be admlnlstered ‘and the chosen route of

25 administratioﬁ}?and therefore the abdve dosage ranges are not
intended tc limit the scope of the invention in any way. The
term *unit uosage form” refers to phys1cally discrete ‘units
suitable as unltary dosages for human subJects and other
mammals, each unit contalnlng a predetarmlned quantlty of

30 active material calculated to produce the desired therapeutic
effect, in asadtiationswith a suitable pharmaceutical
carrier. R

In'addition to the above formulations, the

compounds of the present invention may be administered -

35 -topically. prical formulations are ointments, creams, and
gels. Lo o



For-exanpl e, the el evated bl'ood glucose:levels found in 5 diabetes |eads
to an i soMWO96/30848i fi c el evati on- of the beta-2 © 1 sozyne i RCYAISB6MH4245
tissues. Ilnoguchi et al., Proc. Natl’ Acad. Sci. USA 89: 11059-11065
(1992). A di abetes-Iinked el evation of the beta isozyne in hunman

pl atel ets has been correlated with theds -altered response to agonists.
Bastyr 10 111, E. J. and Lu, J. Di abetes 42:. (Suppl 1) 97A (1993). The

h t D t shown.to_be sekegtively, \
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differentiation I n these sane ray et 2
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preferably baséprvméet@.d TG idSuaBE MBdridit), tHe'Riive Wejradpéher
enbodi nent OI the Sentﬁﬁﬂ*ﬂftlon is a harq%%eu i cal formul ation
conpri si ng a.% &9 3 rqﬁﬁ%ﬁﬁﬁcally
accept abl e oawmwensxamhdnmwns or ex0|p|ents The present
phar maceyt i cal fornul ar e re ocedures. usi ng wel |
known a% readily a%%% % |%§}gﬁ$§§¥ gm$¥s ?hgp¥%%YCSﬂB8§F€ gsaﬁf
the 30 preseht Dhﬁﬁ#ﬂ(kﬂtennﬂﬂzﬂhaSHQArqpmﬂrxamngmdyplﬁakﬁy3£ix£d oilks xed
with a cartijjardéadidn echdy tﬁtecairallé§r’31ﬂfh%{% pethdlidy, carrier
et, paper or ot

which may be Jn the form of capsul e
cont ai ner. VW EHe Qgrriahd s’-’é?et/ésﬂ%%/ and Anjigquanus Rhags (RORL HBIGUE

seni sol i d orpHasgs d dﬁiﬁ;ﬂflsingg?waﬁ/éﬁ GhP Gy Wt Ukiie S ated
nedluntigr t he .,active gre [ t Thus, tQS (of0) OSI&E&S&&% q)be irlég
f orm of Fudht 4% 29499 & r}%o?m ¢ i Rhases &% ‘g %1486 r
WO 96/ 30048 an emulsn.fylng agent, for example, a surffabeJ3HUiBA2Hgent,
-sol4i4d- or in a‘&'fﬁqw g-l’oqﬁg" %@H:?]? %oénut I %&;@%ﬂgﬁg e Sl' (SauSCha as
acacia colloidal. clays,.veegum,-and the like. - Upon-formatlon
of the emulsion, the active:ingredient (compound} customarily
20 is added to an amount to achieve the desired concentration.
.Gels comprise a base selection from an oleaginous
_ base, water, or an emulsion-suspension base. -To the base is
added a gelling agent which forms a matrix in the base,
increasing its viscosity. . Examples of gelling agents are
25 . hydroxypropyl cellulose, acrylic acid polymers, and the like.
Customarily, the active ingredient (compounds) is added to
.the formulation at the desired concentration at a point
preceding addition of the gelling agent. _
The amount of compound incorporated'intb a topical
30 formulation is not critical; the concentratiqn should only be
a range sufficient to permit ready application of the
formulation to the an affected tissue area in an amount which
will deliver the desired amount of compound.
The customary amount of a topical formulation.to be
35 applied to an affected tissue will depend upon an affected
tissue size and concentration of compound in the formulation.
Generally, the formulation will be applied to the effected



suppositories, sterile injectable solutions and sterile packaged

powders. WO 96/30048 Sonme exanpl es of suitable carriers, oCIUssHirnas and
di l uents include | actose, dextrose, sucrose, sorbitol, manni t ol ,
starches, gum acaci a, cal ci um phosphate, al gi nates, tragacanth,
gelatin, calciumsilicate, mcrocrystallineqg - cellul ose,

pol yvi nyl pyrrolidone, cellulose, water syrup, 10 nethyl cellulose, nethyl
and propyl hydroxybenzoates, talc, magnesi um stearate and m neral oi

The fornul ati ¢issuenin an amauntoaﬁfbydmgl fdem | athoutcal ity sgmnt SO0 | ng

agents, i andosuspendi ents, _preser nts

sweet eni ng aggﬂ¥§%%%ﬁfgggo?ﬂ%ggg g %Egﬁﬁge o%*ﬁé&?1cng?%#Lﬁé£i¥1u§he

i nventi on may appliednamaust o6 asmpound owillk xangk, from alust @AGhemb @bout
del ayed rel eag@oofigl/ep2achbye. pﬁefeﬁlasm af £ &ih about ashﬂiu HBcid Pog 0 the

t t t t t d
Form  eacte dolden - siforBafh, PRI S Y R

usual | y about pg/2@2.to about’ 300 ng, of the active |ngred|ent However, it
wil | be under st ood hat ther eut c,. dosage adm nistered wl |

be determined by the phy<® f8 WlPHe #a5%°thx?%P gSmre illustrative
C|rcunstancesonﬂyladdngréhnotOﬁutémdﬁdttbt&nmi&%ﬂhﬁisddyb of thehdirienefion
conmpound to bq agggnhggered and the chosen route of 25 adm nistration, and
therefore the Ab8v age ranges are not ~intended to limt the scope
of the i@ntion in any way. The Eoprmud atikon losage fornf refers to
physical ly discrete uni gara gelabihABhpsifednhia! Yrdf2AR g WHEN

subj ects and at her manmal s, each unit -contai'’hing a predet’erm ned
quantity of 3&0lipvwipng ﬁﬁ?ﬁ?@bfn%%¥culated to produce the desired

t her apeutic effect, in association with a suitable pharnmaceuti cal
carrier. In addition to the above fornulabmgnsgltge
conmpounds of the present invention may be adnlnlstered 35 toglcqvvy

Topi cal formnulations are ointnments, creans, and

96/ 30048 . Active agent : PCT/U896/042$@

- 45 - starch, drfbgtnments generally are prepared usiBggeither (1)
an ol eagi nous base, _i.e., one consisting of fixed oils or

hydr ocar bons, mégﬁﬁségmmﬁF?%r%%?rolatunlor m neral* Qileear. (230 s

~Total 460 mg

15 : The above ingredients are mixed and filled into
hard gelatin capsules in 460 mg gquantities.

Formulation 2
20 A tablet is prepared using the ingredients below:
Quantity
(mg/capsule)
Active agent ; | 250
cellulose, microcrystalline 400
silicon dioxidé,_fumed o ' 10
stearic acid _ >
B Total _ 665 mg

The components are blended and compressed to form tablets
each weighing 665 mg.



an-absorbent base, i.e., one consi s’ti ng of an anhydrous E&}@é

substanc.&?ﬁﬂ‘?@ﬁscan absorb water, faor exanple anhydr o
"Customarily, follow ng formation of t he base, whet her ol eagi nous or
absorbent, the active ingredi ent (corg)ound)' is added to an anount
affording the desired concentrati on.4A0 Creans are

oil /water enul sions. They consist of an oi | phase (i nternal phase),

conprising typically fixed oils, &E%ﬂlﬁﬁﬂ?ﬂgﬂs tand the like, such as
waxes, petrolatum m neral _oi l and an aqueous phase
(cont i nuous phasehl 2EEEEPL| ﬁ@i\ﬁé&-@? hﬁdPEﬁPamtieW%BFBBP-@gsE €t ances,

15 such asfaipewisdl éSmporddiecd wo phases are stabilized by use of an
enul sifying agent, for exanple, a surface active agent, such as sodi um
| auryl sul fate; hydrophilic colloids, such as acaci a col |l oi dal clays,
veegum and the like. Upon formation of the emul si Quahkd tagti ve

i ngredi ent (conmpound) customarily 20 is added to an i.eve the
desired concentrati on. Gel s conpri se é%yggé’é’l %?on_ from

an ol eagi noAstive agert water, or an enul sion-suspensi on Bag8. To the base
IS add l'ing agent \Ahlchforrrsarratrlxmthe%@.sp_?]

i ncr easi ng Its viscosit Exanpl es of gelling agents are 25 ydr oxypr opyl
cel | ul ose, RBx9onel J@Ia‘él%e/pol yners, and the |iKke. Custonmarily, the active
i ngredi ent (conpenrsisddi slasktitedtane) the fornul ation atzd hsp desired
‘concentration at a point precedi ng addition or-r'r'rrg'en'l'rrg'?g'err.'

The anount of conpound incoF@bRated into a topical 30 f&PRuPBtion is not
criticak; the concentration should only be a range sufficient to permt
ready application of formulation fo the an affected t ssue area in
o avoant which " WFRE AEFHVEI CPREOURE; 12 P LREANYE T CRRTh

The cust omaixtanseinis cddded o calpdmnmﬂ afi athd @ﬂt@é’lﬂar&pma ed:dicﬁ)leﬂ] to
affected ti I N naff t. t size

concentrati ?ﬁd%f \g(%irrpoun%%%ﬁ rrul ;jtci %‘% devi ne a IZ mf]hr}ded

fornul ati oramgunt bies dgpern efed d‘-ct h?e Séfa‘let;'lteafs steel mm@d diluted

PCT/ US9g/ 0 he remai £ the t. The 4AT nits ldSsue in
an anount g%f efomna outo l1to fggﬁel&(%i © C(;,rfpélunl per cn? of

an af f ect ed‘-tﬁ% sﬁPéﬁtqurfé:f eﬁfl'bﬁal‘%Pn'-'taﬁéler
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preferably, fromabout 60 to abotit 400 " pg/tnR2. - The
followi ng fornul ati on exanples are illustrative only and are not
intended to linmt the scope of the inventto#8 - in any way. 10
Formul ation 1 Hard gel atin capsul es are prepared using the
fol |l owi ng ing%?digpts: S L
Quantity ve claim: | | o (ng/ capsul €)
Active agent 1. A compound of formul&P starch, dried
200 magnesi um st ear ate - . 10
Tot al 460 . ny 15 g - The above ingredients
are mxed and filled into *° hard gelatin'%apsules in 460 ng quantities.
Formul ation 2 _ A tabletc§s Pru. arerQSing the ingredients
bel ow. 20 a Quantity
(mg/ capsul e) Active agent 250
- cellulose, mcrocrystalline /= {1 icon dioxide,
i -fumed _ —(R1)m
5 Total)y/ The
conponents are bl ended apg, G0 dto each wei ghi ng 665
ny. WD 96/ 30048 o N y N~ PCT/ US96/ 04245
T ' ]
(CH;)m (CHz)m
\\\\W.
/
Rg
wherein:

W is 0, -S-, or NH; |

R1 iS independently hydrogen, halo, Ciiéifalkyl, 2
hydroxy, C31-C4 alkoxy, haloalkyl, nitro, —NH(Cl—Céwalkyl),
-N(C1-C4 alkyl)2, or -NHCO(C3-C4 alkyl); C

R2 is hydrogen, CH3CO-, NH2, or hydroxy ;

Z is -(CH2)p- or -(CH2)p-O- (CH2)p-;

Rg is -NH(CF3) or -N(CF3) (CH3):

m is independently 0, 1, 2, or 3; and

p is independently 0, 1 or 2; or
a pharmaceutically acceptable salt or solvate thereof.

2. A compound of Claim 1 wherein Rz is hydrogen.

[F2]

‘A compound of Claim 2 wherein W is a -0O-.
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Quantity (ng/capsule)
Active agent _ 0.25 et hanol

29. 75 Propel | ant 22 - (chl orod® Iuor omet hane)

70. 00 Tot al 100.00 5

The active conpound i ed with m.xture dded to.a
portion of the Propel ant§2§ OMPBYR do 0%13 %mjﬁnﬁ??ahﬂ ?taﬁgPeEPEHmﬁg’a

filling device. The required anmount is then fed to a stainless steel
container and diluted 10 with the renalﬁoer of the propellant. The val ve
units are ‘then fitted to the camiai WO 96/ 30048

PCT/ US96/ 04245 W claim

1. A conmpound of fornula:

whefein:z is ~CH2-; Rg is -NH(CF3) or N(CF3) (CH3).

5. A method for treating diabetes mellitus and its
complications, which comprises administering to a mammal in
need of such treatmeht a thérapeutic amount of a compound of
any one of Claims 1 through 4. '

6. A method of inhibiting protein kinase C, which
comprises administering to a mammal in need such treatment a
pharmaceutically effective amount of a compound of any one of
Claim 1 through 4.

7. A method for treating central ischemia brain
injury, which comprises administering to a mammal in need of
such treatment a therapeutic amount of a compound of any one
of Claim 1 through 4.

8. A method for treating cardiovascular ischemia,
which comprises administering to a mammal in need of such
treatment a therapeutic amount of a compound of any one of
Claims 1 through 4. :

_
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[err] wher ei n: or , Rlerr] is
I ndependent wy ggsg8489€N, “HI '!a mﬂrr] aI kyl, hydr oxy, PClesesipans
al koxy, hal oal kyl, nitrog alkyl), -N(Cerr]-C4 alkyl)2, or

-NHCO(( err]-C4 al kyl ) ; RQ i s hydrogen, CH3CO, NH2, or hydroxy;

Zis -(CH)p- or -(CHerr])p-O(CHR)p-; - 350 - R6 is -NH(CF3) or

TN(CFg)(CHg); I mis |ndependently 0, 1, 2, or 3; and p

i s independently 0, 1 or_2; a. phar maceuti cal | ept abl e sal

sol vat e thereof. 2. Z“e%%nﬁﬁlrﬁ?ﬁ ’@%Ymgf%%? S B

hyggogen;- : compri.ses?* -adiniaiEesnichg fr & simaminaihei e medd i sf asubh. treatment

H [err] a therapeutléngﬁgﬁkéﬁoéjéﬂégﬁéoun ‘%&'ényfoﬁQGOEOEHHLﬁs 1
through 4.

10. A method for treatlng restenosis, which
comprises admiﬁistering to a mammal in need of such treatment
a therapeutic amount of a compound of any one of Claims 1
through 4. o ' I

11. A method for treating atherosclerosis, which
comprises administering to a:mammal in need of such treatment
a therapeutic amount of a compound ef any one of Claims 1
through 4. '

12. A method for treating psoriasis, which
comprises administering to a mammal in need of such treatment -
a therapeutie amount of a compound of any one of Claims 1
through 4. | ' i

13. A method for treating Alzheimer's disease,
which compriees administering te_a mammal in need of 'such
treatment a therapeutic amount of a compound of any one of
Claims 1 through 4. '

14. A method for treating cancer, which comprises
administering to a mammal in need of such treatment a
therapeutic. amount of a COmpound-of:any'one of Claims 1
through 4. | '

15.. A pharmaceutical formulations comprising a
compound of any one of Claims 1 through 4 together with one
or more pharmaceutically acceptable excipients, carriers, or

diluents.

This Sheet Has Been Reilaced




wher ei n % |s | N(éFs)(cHs):. | 5. A pet hod
for t reaW bet immmimz\@i S conplications, whi cH’Q’G!?BF’P?é%
"administering to a 3uch treatnent .a therapeutic anount of

a conpound of any one of Cai#ns 1 throug i 6. A nethod of

I nhibiting protein kinase: C, which conprlées adn1n|ster|ng to a mmal in
need such treatment a pharmaceutically effective anpunt of a conpound of
any one of Claim1lt u [ C r

i schem a brain |nJurS¥@ Qﬂcérocesslggspggéfﬁﬁgggkygﬂgﬁﬁﬁuﬂd‘3% éﬁyrﬁﬁ%egkof
such treat (@img thef famsh&anmqa@hosoape%ﬁ&éum ing mrergound; af 1
through 4. the formula8- A nethod for treating cardiovascular ischem a,

whi ch conprises adnministering to a mal vin need of such treatnment a

t herapeutic amount of a conpound of a ainms 1 through 4. WO
96/ 30048 PCT/ US96/ 042 - 50 - '

9. A nethod for treat ' S ¢ q1n|ster|ng to a
manmal in need of such treat 1 - #f ¢ Wrounty of “a"conmpound of
any one of Clains 1 throughN. o

wherein: .

V is -O- or N-CH3;

W is O, -S-, or =NH;

R1 is independently hydrogen, halo, C1-C4 alkyl
hydroxy, C1-C4 alkoxy, haloalkyl, nitro, -NH(C1-Cg alkyl),
-N(C1-C4 alkyl)2. or -NHCO(C1-C4 alkyl);

Z is -(CH2)p- or -(CH2)p-O-(CH2)p-}

Re is -NH(CF3) or -N(CF3) (CH3);

m is independently 0, 1, 2, or 3; and

p is independently 0, 1 or 2.

with an excess of a.mixture of a reagent and a Ci-C4 alcohol
in an polar aprotic solvent, said reagent being selected from
hexamethyldisilazane or an ammonium salt.

17. A compound of any one of Claims 1 cthrough 4 for
. use as a pharmaceutical.
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16. A process of preparing a conpound of any one of d ai ns 1 t'hr ough 4

whi ch conprises reacting a conpound of the fornul a: - [ errd '
wher ei n: Vis -O or N CH3; “Wis 0, -S-, .or -NH

Rlerr] is independently hydrogen, halo, ([err]-C4 alkyl, hydr oxy, -
Clerr]-C4 al koxy, haloalkyl, nitro, -NH(C[err]-C4 al kyl), -N(C[err_]-C4

al kyl )2, or -NHCOQ(C[err]-C4 al kyl); Zis -(CH2)p--

-(CH2) p- O (CH2) p-; R6 is -NH(CF3) or -N(CF3)(CH3); mis
i ndependently 0, 1, 2, or -3; and P is i ndependently 0, 1 or 2.

wi th an excess of a mxture of a reagent and a CJerr]-C4 al cohol in an

sai d reagent being selected from
17. A corrpound of any

pol ar aprotic sol vent,
hexanet hyl di si |l azane or an amoni um sal t.
one of Claims 1 through 4 for use as a pharmaceutical .
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