REPLACENENT SHEET NOVEL PYRROLOCARBAZCOLES The present I nvention is

concerned wi th novel pyrrocarbazol e derivatives. thes —FET tion,

phar maceuti cal conposition containing the ‘ ﬁiéHEHWhM%BE he treatnent'
- of malignant disorders. 5 Mre particul arl onen&eprEDof g, , t

I nventi on concerns pyrrol ocarbazol e derivat' FE=FoT IOt a 1 - el n:

10 [err] is hydrogen or |ower alkyl; [err] IS heteroaryl and [-err]

and [err] are independently hydrogen or |ower alkyl; and the

phar maceuti cal | acc table salts .thereof. 15 a preferred aspect,

the invention r r’f’areﬁ%@t?rppdlfnd:sor’(ﬁewlé% 9y e"t icularly

I ncl udi ng mw&nmmammmmmieMdanivhenNhsbsthpdmogenpamdthemn]phaﬂM@cqmuiqﬂl I n
apother  ASRSfnodi I d BN ALY AEh ! Aot SANALICIH heA (SUTRGRL U
contai ning a therpeutic cti ve "anount” of a conpoun ormul'a | “or

. a pharnacemahxﬂﬂaptadmﬂmnﬁmne .salt thereof adm xed with at Ieast one
pharmaceutical |y acceptabl e excipient. 25 In still another aspect,

the invéntion relates to.a nethod of treating malignant disorders,
particul arly snafqre particularly, one aspect of the present invention

concerns pyrrolocarbazole derivatives of Formula I:

NN

is hydrogen or lower alkyl;

wherein:
10 R
is heterocaryl; and
and R4
and the pharmaceutically acceptable salts thereof.

are independently hydrogen or lower alkyl;

15 In a preferred aspect, the invention relates to certain
compounds of Formula I, particularly including the compounds

1 2 is thiophenyl.

where R™ is hydrogen and R
In another aspect, the invention relates to a
20 pharmaceutical composition containing a therpeutically
effective amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof admixed with at least

one pharmaceutically acceptable excipient.

25 In still another aspect, the invention relates to a
method of treating malignant disorders, particularly small
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-2- cell lung carcinoma, colon carcinoma, and renal and prostate tunors in
a manmmal, particularly in a human, by admnistering to a mammal in need of
such treatnent a therapeutically effective anount of a conpound of Formula
| or a 5 pharmaceutically acceptable salt2thereof. The term "l ower al kyl ™
means a nonor adi cal branched or unbranched saturated hydrocarbon chain

Contalnlngcé1h01§n§aeaee1ﬁbﬂas co4eh Eﬁrﬁghgﬁh ﬁhayEenQIPEBBYbrob§QEE0py|
n- 10 butyl, tert-butyl, n- entyl, n- hex The term’ het eroaryl™ refers to

a nonoval efPMGRSailr 8t BaTER waPPEtéﬁPBGE XIFB PabBPRER hBYi APANdSEGRATAI ng
of 5 or 6 @boEEmafmalofinWheel bi aubat ereagineAtchogsharbpedticadlegr S, 15

opt i anal |y SEEeRaRGe, sauny S8y ! cBferRlh 68" F RABYARIANPFY wi th hydr oxy,

Fower alskyphalroeeesutikally akkeptablleusadtr thetkodronet hyl and/or cyano. 20
"Optional"™ or "optionally" neans that the subsequently described event or
circunstance nmay or may not occur, and that the description includes
i nst ances wher e Th& aeeweﬂﬂomﬁrchdtwﬁﬁtan@aso@c@pgoaadibait@maasmem.which it
does not.. gRpranche@ s QQQEHEQQUhg&?thrﬁgﬁeghaghecéﬁké nﬁﬁé hergny salt
derived from an I'norgani ¢ or org term pﬁar ceutically
accept abl ecambon" atemsr s sucht B BALBHlof e5hYR  aBrBTraRYilyi 46°OPEPPYL TRE sal t
and/orlbhebgegqn aeetchasgn, natpbathe, bhohagigal |y or ot herwi se
undesi rabl e. The ani ons are derived from i norganic acids, such as
hydrochl ori c acid, ‘hydrobrom c acid, sulfuric acid (giving the

The term "heteroaryl" refers to a monovalent unsaturated

aromatic carbocyclic radical having a single ring of 5 or 6
atoms, one of which is a hetero atom chosen from N, O or S,

15 for example thiophenyl, furanyl, pyrrolyl, and pyridyl, which
can optionally be mono-, di- or tri-substituted independently
with hydroxy, lower.alkyl, lower alkoxy, chloro, fluoro,
trifluoromethyl and/or cyano.

20 "Optional™ or "optionally" means that the subsequently
described event or circumstance may or may not occur, and that
the description includes instances where said event or
circumstance occurs and instances in which it does not.

25 A "pharmaceutically acceptable salt" may be any salt
derived from an inorganic or organic acid. The term
"pharmaceutically acceptable anion" refers to the anion of
such acid addition salts. The salt and/or the anion are
chosen not to be biologically or otherwise undesirable.

30

The anions are derived from inorganic acids, such as
hydrochloric acid, hydrobromic acid, sulfuric acid (giving the
sulfate and bisulfate salts), nitric acid, phosphoric acid and
the like, and organic acids such as acetic acid, propionic

35 acid, glycolic acid, pyruvic acid, oxalic acid, malic acid,



sulfate and bisulfate salts), nitric acid, phosphoric acid and the |ike,
and organi c acids such as acetic acid, propionic 35 acid, glycolic acid,
pyruvic acid, oxalic acid, malic acid, 3-3- mal oni ¢ aci d, succinic acid,
"maleic acid, fumaric acid, tartaric acid,”“citric acid, benzoic acid,
cinnam c acid, mandelic acid, nethanesul fonic acid, ethanesulfonic acid,

salicylic agIbniclatignesuddnie aeid), aiitdléi‘tﬁ ddi. fumdid edgidtreat ment”

or "treati means any.treatment_ of a i sease | i ncluding: (i)
prevent i ngr%ﬁet?ﬁ’s%a%%yd‘t h%’tat’flsc 3% Y ?%Ol%la}cfﬁ‘%'alc%%fﬁf? e O éjt he

di sease notmdrdelicle|aqgid,lOnethanegul fonivhidiid netthenel kel c taetdi s,
arresting t P r | elieving the
di sease, J}%el d%?’fcé"ua{s@{;& Qéueéérjédg;é}rgezés‘f%yn O%Q?Cl&rﬂ&stﬂn%t%ﬁn%é The
rErn1fef5ect|ve anount” nmeans a dosage sufficient to provide treatnent for
the disease stat @e&@smtﬁeééégme@* w*éraﬂyneemggaﬂy éP@a@aéﬁ@%f
the disease and the treatnment bein fected 20 he ‘conpounds of
Fornmul a | & <d¥Rease okl fumammaky a’sn%llés%#fi‘-bed bel ow: [err] For exanple, the

conmpound of Fornmgip irW@ﬁelx%I@ue?Sdby@Ewpnthai@riA | Sadsifg openylini€s1]

is hydrogen and [err]_is ne
y g symptoms of the éfggase not to develop;
10 (ii) inhibiting the disease, that is, arresting the

development of clinical symptoms; and/or
(iii) relieving the disease, that is, causing the
regression of clinical symptoms.

15 The term "effective amount" means a dosage sufficient to
provide treatment for the disease state being treated. This
will vary depending on the ﬁatient, the disease and the
treatment being effected.

20 The compounds of Formula I are named and numbered as

described below:

H

Oy, ﬁ
2_0

0 3

N R?

7 Ns 5
NR3R*

For example, the compound of Formula I where R1 is

2 3 is hydrogen and R4 is methyl,

25 hydrogen, R“ is 3-thiophenyl, R
a preferred compound of the invention, is named:

| 1,3-dioxo-6-(3-methylaminopropyl)-1,2, 3, 6-tetrahydro—-4-
(thiophen-3-yl) -pyrrolo[3,4-c]carbazole. :

Other examples are shown below:



a preferred conpound of the invention, is named:

1, 3-di oxo- 6- ( 3- net hyl am nopropyl )-1, 2, 3, 6-t etrahydro- 4-

(t hi ophen-3-yl)-pyrrol o 3, 4-c] carbazol e. _ @ her exanples are shown bel ow.
-4- No. [err] [err] [err] - Jerr] 1

H

2-t hi ophen I : nmetthyl 3 > H
H nef . 4 Rpyrrol vyl
-5- are refppectivgly naned as fTjol lows: 1.

1, 3- di oxo- - (13- et yl ammopr opyl})) -I=th bhdrety ahydiro 8-
(t hi ophen- -yl) pPyrrorol 3, 4-c]gar bazole. b Z.
1, 3- di oxo- - rzet hylj- 8—matmwhy| gm eyniogptenyl, 2, 3}16- H

t' €t r ahydr off - pnen- Z2-yT ) -pyWrol o] 3, &-cJ car bagol €.
1, 3-di oxo- hyl ard nopr opyl ) - 3-2uBafiylet r ahy
(furan-3-yfy-pyrrqro[3;4-c]car dqazore. 2.

1, 3-di oxo- rret hyx-t am no) rom:-tﬁyﬂ;dzl.}al, 6 te1

4- (pyrrol - OI'vVE

organi c sol vent" or "inert solvent" nean a solvent inert under the
conditions of the reaction being described in conjunction therewith
(1 ncl udi ng,



15 for exanple, benzene, toluene, acetonitrile, tetrahydrofuran ("THF"),

di mret hyl f or mam de ("DMF"), chloroform nethylene chloride (or

di chl oronet hane), diethyl ether, nethanolg.pyridine and the Iike]. Unless
specified to the contrary, the solvents used in the reactions of the
present invention are 20 inert organic solvents. The term"qg.s." neans
adding a quantity sufficient to achieve a stated function, e.g., to bring a

sol ution targhgedpabteéezgluaﬁeai a8. fol@e%s.: 25 -6- Unl ess specified to
the contrary, the reactlo s desc ed ., herein Kk c at at herlc
pressure withi nla3rEt9&Pai urg h&gaFFBHPFQPﬂﬁ? g Peg -FSF§F Fy4From
[err] to [err]; (mhﬂ.bppleaf—er—qbl)ypgtrr'bﬂoqm 4oic]'carbiaentle .t enperature, e.qg.
Lerr]). 55 Burhar 3 ileas sohUgkUASG SREGELHETanliiBetaREn0n bl Bos and

condi ti3nsare i € “appr oxi'ma Iaée at “about
atnDspherlc pre$9mmehwdmhrﬁ-athenphear@rwlﬂangﬁroﬂOéﬁeﬁtCDGampaﬂol&bout

[err] (preger ab'lys g&@?@g%ut(sm&hy gmagtag&o%gﬁr) L, ao?p Fg-fE%ft:%%ﬁWoa-QQUt

[err]) ovef 'a pérfio bout 1 to"1 hour s erably about 5
hours). Paranet dfsrgnvadryild —prarpledpl dscdrarbaezed@ed to be specific, not

approxi matg. |sql %UdQ.Bx%D-‘%-RBU(B':Lﬁ@t gaaaﬁnbbgr%?n@uadé 3N¢-ateanpdi-at-es
descri bed herein’can be effecte esired any Suitabl e separati on

or purilPi cati on4pr{B¥EFALE 35y QgrrP&P[éxénﬁﬂEarPPFPF&t|on extraction,

crystallization, colum
The terms "solvent™, "inert organic solvent"™ or "inert

solvent™ mean a solvent inert under the conditions of the
reaction being described in conjunction therewith [including,

15 for example, benzene, toluene, acetonitrile, tetrahydrofuran
(“THF"), dimethylformamide ("DMF"), chloroform, methylene
chloride (or dichloromethane), diethyl ether, methanol,
pyridine and the like]. Unless specified to the contrary, the
solvents used in the reactions of the present invention are

20 inert organic solvents.

The term "g.s." means adding a quantity sufficient to
achieve a stated function, e.g., to bring a solution to the
desired volume (i.e., 100%).

25



chromat ogr aphy, thin-|ayer chromatography or thick-Iayer chromatography, or
a conbi natiron of these procedures. Specific illustrations of suitable
separation and isolation 20 procedures ca35be had by reference to the
exanpl es herei nbel ow. However, other equival ent separation or isolation
procedures can, of course, also be used. 25 The conpounds of Formul a
| can be prepare@ansé0$p©miﬁgedheoptheedmm@saﬂpscth@eﬂemetbmnmﬁd@scribed

f t
Lo SMTe, e e o WIGE o dbndSfid N ALl SWAMA U W drdhure
Summary of Range nﬂmué‘%\: | B@6°Gt trreferab kvl £0emdl0%D to SQ°C Theost
optional | Yp%&[bﬁéfatwi;?daé\' -Nz&e,rﬁ* oa&er"a&hﬂ%ﬁem aeﬂsém&léegoléh%se besapla 1

are comrerci ally avai |l abl e, may be readi|y prepare skiTled in

tTie art %S|wkftﬁﬁmmrylm|mvsm tﬁﬂqul%%d&%gﬁﬁa%#OIS teigep| and

N, N- di net h%&mi@i&wm@dﬁi@m&e@\& I&bl ﬂf&iﬂnﬁiﬂg) &, £herdHain ,
M | waukee, REACTI ON CHEME 1 10 where R is | ower alﬁy Egrnula
2 qﬁ*§q4?§Qq?p eric pressu e w thin a temperature ra

about 5°C to about 100°C (preferably from about 10°C to about

50°C; most preferably about 20°C) over a period of about 1 to
10 about 10 hours (preferably about 5 hours). ‘Parameters given

in the Examples are intended to be specific, not approximate.

Isolation and purification of the compounds and
intermediates described herein can be effected, if desired, by
15 any suitable separation or purification procedure such as, for
example, filtration, extraction, crystallization, column
chromatography, thin-layer chromatography or thick-layer
chromatography, or a combination of these procedures.
Specific illustrations of suitable separation and isolation
20 procedures can be had by reference to the examples
hereinbelow. However, other equivalent separation or
isolation procedures can, of course, also be used.

25 The compounds of Formula I can be prepared by following
the procedures described below with reference to Reaction
Scheme 1. As used therein the substituents, e.g., Rl, Rz, R3,
and R? have the same meaning as described in the Summary of
the Invention, unless otherwise indicated.

30



OH Formula 4 [err] Fornmula 5 -8- [err] Fornmula 4 Fornula 5a Y is an

am no protecting group; [err] Forrmula 5 or St ep5 Formul a 5a

['err] As illustrated in Reaction Schene 19 _Step 1, an 5 optionally
substituted N, N-di (I ower al kyl)am nonet hylindole of Fornmula 1 is converted
to an optionally substituted phosphoniumsalt of Formula 2 by the nethod

di scl osed i n Cafa¢i aptionaidm subskitBtedpN7¥2di1da8er 10 The
conpound Oélﬁgisfymnémee@%aehxsNONstmﬁwyiamoesm&bmgm s
di ssol ved rotic solvent referably nmethanol, and reacted with an

excess of ﬁﬁ@h}ﬁb#eduee a@YbbﬁmEeﬁdférrPrﬁeafeﬂrPY(bheﬁerabp}lﬁérFp)ther 1

to 10 hourérépﬁslﬁgaEbmménm9Uéﬁbloﬁeaugy&tﬂet@é ﬁaehuabza of tér _
trlphené phosphi ne”in_a polar sol yent éﬁreferabl di meth n1de) i's
ed

fhen ad eFBmPﬁﬁrpNoHueﬁmﬁﬁﬁyﬁﬂ@lﬂP%? @lﬁﬁgﬂ@ﬁlﬁédagﬁlgépﬁf PPBf er abl y
at reflux, Al@¢ki6h Chemical Company, Milwaukee, WI. -

REACTION SCHEME 1

10
oy S S LI fii:I:«>——\
XN NR x PPhy'T
H

Formula 1 Formula 2

where R is lower alkyl;

2
Formula 2 RCHO x N
H

Step 2
Formula 3
N o W
Formula 3 Step 3 - R “f:: l
N
\"ou
Formula 4
2
ra R
Formula 4 - Rl—— || N\ /
Step 4 X N
\_/\NRsR4



to 24 hours, preferably 16 hours. Wien the reaction is substantially
conplete, the optionally substituted phosphonium 20 salt of Fornmula 2 is
i'sol ated and purified by conventional neang preferably by crystallization.
As illustrated in Reaction Schene 1, Step 2, an -9- optionally
substituted phosphoniumsalt of Fornula 2 is reacted with a heteroaryl
al dehyde of Fornmula R2ZCHO in the presence of a base to Q% R
of Formula 3. 5 Fordifa #Pt i onal | y—substituted phagphes
Formula 2 is dissolved in a polar aprotiStepsial vent (pref erglt yNDMSO) and
reacted with an al dehyde of formula R2ZCHO in the presence of a \ainder BHRYY
base (preferably 1,5-di azabicycl o[ 4. 3. 0] non-5-ene or

1, 8-di azabi cycl o[ 5. 4. 0] undec-7-ene). Reaction is carried oyt 18 %{ [err]
(Preferably [err]) for about 2 hours, followed by stirring &l [err]
for 6-48 hours (preferably about 16 hours). Wen the reaction is

subst anti al ¥yisoapl eménot peotenylingdgkeupf Fornula 3 is isolated and
purified by conventional means, preferably by silicaHgel chronatography or
- 15 crystallization. As illustrated in Reaction S&pejg 1, Step 3, a
vinyIindoIngﬁmﬁggnula 3 is reacted with 1-iodo- 3- o

but yl ) di phenyl'si Tyl oxypropane, and deﬁ{otq’, e an N 20

hydr oxypropyl yinylindolFe—ef—Feormta 5. Al e of Formula 3 is
di ssol ved in a polar aproti#Psbl vent (pre orRDVSO) and treat ed
W th an Formula 5a N

L\V’A\hufkf

I

As illustrated in Reaction Scheme 1, Step 1, an
5 optionally substituted N,N-di(lower alkyl)aminomethylindole of
Formula 1 is converted to an optionally substituted
phosphonium salt of Formula 2 by the method disclosed in
Canadian J. Chem., Vol. 51, p 792 (1973).

10 The compound of Formula 1, preferably N,N-
dimethylaminomethylindole, is dissolved in a protic solvent,
preferably methanol; and reacted with an excess of methyl
iodide at between 10°C to 50°C (preferably 25°C) for 1 to 10
hours (preferably 3 hours). About 1 molar equivalent of

15 triphenylphosphine in a polar solvent (preferably
dimethylformamide) is then added to the product and the _
mixture maintained at 100-150°C, preferably at reflux, for 6
to 24 hours, preferably 16 hours. When the reaction is
substantially complete, the optionally substituted phosphonium

20 salt of Formula 2 is isolated and purified by conventional
means, preferably by crystallization.

As illustrated in Reaction Scheme 1, Step 2, an



al kali metal hydride, for exanple potassium hydride or sodium 25 hydri de
(preferably potassium hydride) at a tenperature of 0- [err] (preferably
[err]). After reacting for 5 mnutes to 3ghours (preferably 15 m nutes),

1-i odo- 3- (t - butyl ) di phenyl - silyl oxypropahe is added, and the reaction
stirred at the sanme tenperature for about 1-24 hours (preferably about 16
hours). 30ogkdontidyr sabistdtutedsphesphbndlumy sadtplét Eortiedasizl yis prot ect ed

conpound i § gglgraqtﬁn% Bg%ﬁ&gggyEyaﬁagﬁgﬁ. 8%abo¥ﬁ§&§ RRCRIE" %b%%epy

silica gel ronatogra € Si group 1s reno tr atnent W t
t et r abut yl 2FesSencs Plfuér ééeoitOpgnm BeVApIAdndade @fagpamuara
tetrahydrofuran or 35 di net hoxyethane at [err] for between 1 and 12 h

(preferably - 10- 2 hours). The N-hydroxypropyl vinylindole of Fornula 4
IS preférably pdhier onF iopadily @é‘béé—llt@ﬁ%mw um\Sa 4ty @f Eqrayplia, 2

React i on ?Qgegﬂs%oéSE@plﬁ atbélﬁf?égkbticg@guﬂeﬁt ﬂpFSEEQﬁbdyobmgthuh@.4
is converted to a di ower am_n @ vield a_conpound o

Fornmul a 5, rﬁﬁ@F@PHWF§&T &%ﬁgg °ﬁo%€g ﬁgy c¥9 i LBRoPrEEBSEMN a2

i ?‘ | di szo; v &d nide rieet byabenq;ﬁ@fehhmydg gl’—d(ihhadeQbEtb([Fr .af.on a:@lny—SdH%l‘nleylo&ﬂe

chl ori de ng tr.eat er se ti di I

2,4, 6- CO||ﬁdlngl V&gPng 6-1 Gt % n ), n%éllowggnglgn l% drried ot
trlfluamonathd@eé@wfﬁnKpraﬁhydblyeSQbeefmeeab@etr? hQUZSOCfQQﬂeﬁedabe
Lerr]) forst3-Bhadl ot Lok el PO 8LAR! Kodls!Iptetdiably LBBuR! adict s

then reacte an excess of
hours). When the reactlon is substantially complete, the

vinylindole of Formula 3 is isolated and purified by
conventional means, preferably by silica gel chromatography or
15 crystallization.

As illustrated in Reaction Scheme 1, Step 3, a
vinylindole of Formula 3 is reacted with l-iodo-3-(t-
.butyl)diphenylsilyloxypropane, and deprotected to give an N-

20 hydroxypropyl vinylindole of Formula 4.

The vinylindole of Formula 3 is dissolved in a polar
aprotic solvent (preferably DMF or DMSO) and treated with an
alkali metal hydride, for example potassium hydride or sodium

25 hydride (preferably potassium hydride) at a temperature of 0-
50°C (preferably 25°C). After reacting for 5 minutes to 3
hours (preferably 15 minutes), 1l-iodo-3-(t-butyl)diphenyl-
silyloxypropane is added, and the reaction stirred at the same
temperature for about 1-24 hours (preferably about 16 hours).

30 When the reaction is substantially complete, the silyl
protected compound is isolated and purified by conventional
means, preferably by silica gel chromatography. The silyl
group is removed by treatment with tetrabutylammonium fluoride
or pyridine-hydrofluoric acid in tetrahydrofuran or

35 dimethoxyethane at 20-30°C for between 1 and 12 h (preferably



of formula RBRANH, where R3 and R4 are |lower alkyl, at a tehperature of
[err] (preferably [err]) for about 3 hours, followed by reaction. at about
[‘err] for 6-24 hours (preferably 12 hoursé _Wen the reaction is
substantially conplete, the 20 am ne of F Pnula 5 is isolated and either
purified by conventional neans, preferably silica gel chromatography, or
used direct2 yhdnmrst ep 'ﬂaem-mydmm@m nwiRepkindolSchEntodmuBiep 4|, the

hydr oxy 25 ﬁﬂﬁr st one of [err]
and [err] |Igf rogen 'S convefQ%dg otectM@ﬁan1§£ %ﬁ%up to yield a

conmpound of Fornula 5a. The al cohol of Fornula 4 is dissolved in nethylene

30 chloride or cﬂkowméﬂté@é&f fﬁaﬁéacf@éﬁygéﬂéméhiors%ﬂ: andeheepiadowit h
a hindered base for ex%ggo lutidine or 2,4,6-collidine, preferably

776- Iutlﬁld%5°uﬁcﬁ NP ?9¢f?§mﬁQﬁEﬂ%%ﬂ%sh§f?ﬁﬁﬁe%ﬁﬁQdﬁ?d% @% hLPYHREN
[err] to [%Iﬂ}{li)%rﬁix% a@tdurh elfdi]}}lém 4 Scomponies 69 Hohdula (P) ehrssdly B9

35 n1nutes) ode ISt reacted wth an excess of am ne of
formula [er?¥ 5WM9¥F Oo¥ehst *of [err] and [err] is hydrogen, at a
tenperature of [err](preferably [err]) for about 3 hours, followed by

[ b 2 f h
eaction s 5 subitaribendl of fotRuls JOLE ELESHLyIE D8 hetnylRRR.  1°
eit her p@uri¢h3e¢,irb®ec@nv@hMmmrmeépmf@mthamwhleQac}gmnde) and

chromat ogr aphya ¢ &4 vb'ﬁ?&' A EE8ddYed bdde [HoL WhkdiRo1E8] 50 ue {8Enk ESH! t ANt
Internmediate amne IS primry or
2,4, 6-collld1ne, preferably 2,6-lutidine), followed by

trifluoromethanesulfonic anhydride at between -10°C to 20°C
(preferably 0°C) for 15 minutes to 1 hour (preferably 30

15 minutes). The product is then reacted with an excess of amine
of formula R3R4NH, where R3 and R4
temperature of 0-40°C (preferably 25°C) for about 3 hours,

are lower alkyl, at a

followed by reaction at about 0°C for 6-24 hours (preferably
12 hours). When the reaction is substantially complete, the

20 amine of Formula 5 is isolated and either purified by
conventional means, preferably silica gel chromatography, or
used directly in step 5.

As illustrated in Reaction Scheme 1, Step 4a, the hydroxy
25 group of a compound of Formula 4 in which at least one of R3
" and ré is hydrogen is converted to a protected amino group to
yield a compound of Formula 5a.

The alcohol of Formula 4 is dissolved in methylene
30 chloride or chloroform (preferably methylene chloride) and
treated with a hindered base (for example 2, 6-lutidine or
2,4,6-collidine, preferably 2,6~lutidine), followed by
trifluoromethanesulfonic anhydride at between -10°C to 20°C
(preferably 0°C) for 15 minutes to 1 hour (preferably 30
35 minutes). The product is then reacted with an excess of amine



10 secondary amine (i.e. where at |least one of [err] and [err] is
hydrogen), and it is protected by dissolving in a tertiary base (preferably
pyridine) and reacting with trifluoroacetig. anhydride for 5 minutes to 4
hours (preferably 30 m nutes) at a tenperature of about [err]. Wen the
reaction is 15 substantially conplete, the vinyl trifl uoroacetam do
corr}goungI ofochfrdMuaaFm-’ﬂmeolme&@' han;d LSt iond b:lsf @mh irdnals means,
preferably_sijJica gel .chrqmatogr . ter | v t i nt diate am ne
where at | S¥FFOGRE 2R 2 %e‘?‘?ﬁg%fﬂg”%’eer# &sgﬁgﬁdré’gye#q%aebp]%t&ﬁd ’%Sf

di ssol vi ng abouin 3 mentrssol fcditowad the yraseiore af abdwr 0% fdma$ge-24
(preferably triethyl am reactiing Wit L t-hutyl.di carponate, to form
the t-but ox¥1>9(‘:1arrsba( te?@g%?)ll\y:p,%vg%%) ) Whe&sq'lhlel us%‘r‘%({'tle(ﬁ1 ?‘nsbReact ion
Schene B, Sustantdalilyylcompledesf tier milnyls agving prsotiessileted and siither
such as a vy ylestry QR ) gg%& n ;i : ' nverted to a
conpound o;ﬁ)\%}oirfr%u da Iyug{/o reglf:ttq'lrgg%qw I %I g’l‘%ffﬁgr%y %15‘:2’.@;?_ e vinyl am ne
or prot ect CRTEMALOGHARRY rofPFMSed & iFrest 1y, ins ties foldaving Heamtedm-i c
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hours). When tH&§ R0t ’s‘gpﬁs"c‘%ﬂ’iaﬁq VRISt & R 9%l s- Al der
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base (preferably pyridine) and reacting with trifluoroacetic
anhydride for 5 minutes to 4 hours (preferably 30 minutes) at
a temperature of about 25°C. When the reaction is
15 substantially complete, the vinyl trifluorocacetamido compound
of Formula 5a is isolated and purified by conventional means,

preferably silica gel chromatography.

Alternatively, the intermediate amine where at least one
20 of R3 and R4
inert solvent in the presence of a tertiary base (preferably

is hydrogen is protected by dissolving in an

triethylamine) and reacting with di t-butyldicarbonate, to
form the t-butoxycarbamate derivative.

25 As illustrated in Reaction Scheme 1, Step 5, a vinyl
amine of Formula 5 or a protected vinyl amine, such as a vinyl
trifluoroacetamido compound of Formula 5a is converted to a
compound of Formula I by reaction with maleimide.

30 ' The vinyl amine or protected vinyl amine of Formula 5 or
5a is dissolved in an aromatic hydrocarbon (preferably
toluene) and refluxed with 2-3 molar equivalents (preferably 2
molar equivalents) of maleimide for 6-24 hours'(preferably 16
hours). When the reaction is substantially complete, the

35 Diels-Alder adduct is isolated and purified, preferably by



chloride, preferably benzene) and treated with 2-3 nolar equival ents
(preferably 2 nolar equivalents) of 5 dichlorodi cyanobenzoqui none at a
tenperature of [err] (preferably [err]),_{ r 15 minutes to 3 hours
(preferably 30 minutes). Wen the reaction 1s substantially conplete, the
resul tant carbazole is isolated conventionally. If the starting vinyl am ne
is of Formslidisa ged whotosetioggraphyup This iasid:uem)\isddl'ﬁs@hvemw arf the
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aci d, §wchlasrhmawadhlGmecramndaaecg the priodectdngygirentps cam fer m t he
trihydroch y II e fre ba [ ssql olar
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[err]. They Qe %%PQ.&@'r@Qn&%' ioa%ec('s%tﬁine%y&%&&a@eo5&%3@&uﬁﬁ'&yﬁ%o¥1@!¢9ht
out o SO'%%EP%H@ &1k% %i%f%%a%&ysgogiﬂh hydroxide) in a protic solvent
’

15 (for example methanol, ethanol, or a mixture thereof) mixed
with tetrahydrofuran for about 15 minutes at about 25°C in
order to cleave the trifluoroacetate protecting group.
Alternatively, if the amine is protected with a t-BOC group}
the protecting group is removed by treatment with acid. The

20 resulting pyrrolocarbazole of Formula I is isolated and

purified, preferably by silica gel chromatogtaphy.

The compounds of Formula I can be converted to

corresponding acid addition salts. The conversion is

25 accomplished by treatment with-a stochiometric amount of an
appropriate acid, such as hydrochloric acid (e.g., 3 molar
equivalents to form the trihydrochloride salt). Typically,
the free base is dissolved in a polar organic solvent, such as
methanol or ethanol, and the acid is added in water, methanol

30 or ethanol. The temperature is maintained at 0°C to 50 °C.
The corresponding salt precipitates spontaneously or can be
brought out of solution with a less polar solvent.

The acid addition salts of the compounds of Formula I can
35 be decomposed to the corresponding free bases by treatment
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The acid addition salts of the conmpounds of Formula I can 35 be deconposed
to the correspondi ng free bases by treatnent -13- with an excess of a
sui t abl e base, such as amoni a or sodi um pj carbonate, typically in the
presence of an aqueous solvent, and at a t€hperature between [err] and
[err]. The free base formis isolated by conventional nmeans, such as

extr af:t I on waitith aan escdysgaﬁiﬂ(:j & Gudasab LePalfsy, I @ﬁloa:r ad tafmmeow&dasdeiunh
Formul a | ere.lerr] i dr.agen .anq.R i.s 3-thi ophenyl .. Al so preferr are
Those compEthrreRsake | SV OFHS resdany Bk A ast S o e §
pref er abl y amet fat .a Faenigeratprmd detadeen 0tthesel Gdfgoundbentfirele dards forrhe
above- nent i, freat r.ef err IS t 0NRO . .
1,3-dioxo-63?ggﬁ%$ﬁ§#g§§%é%$§%§ﬁf§T; ,§g€ﬁ§,Iy%éi'gglgyiractlon with an

tet r ahydr o-orgamiicosediventy.l ) - pyrrol o[ 3, 4-c] carbazol e. 15 The conpounds of
the present invention are protein kinase C inhibitors useful as
chenot her apeutic agents for treating mammals, particularly humans, having a

variety of mali dirafiexiecdfaxe fitha compeunds Rf Eraulael (Wherg) Rarks nons,

col on 20 caeirdysh dneatk itsurith iGPHeesANdi 0 o peFer ddai v 43 sand
MDA-N cell I'ines, and_ PKC ogpnexg{e55|n% tunprg, sSuch as thgse

cor r espondSAFRORIETOMDRES & 1S G Fourdds IGeh & ntMHF
exhi bi t100r @atede radily niet QA NFurttldmiptdieiretl ateO sl dompaivirlss, as

can be det %vrhrgcrﬁe%ob i%oem&nel %b%sveeqmze%tr{%n%%jsfeatures. Most preferred is
the compound 1, 3-dioxo—-6-(3-methylaminopropyl)-1,2,3,6-
tetrahydro-4- (thiophen-3-yl) -pyrrolo[3, 4-c]lcarbazole.

15
The compounds of the present invention are protein kinase

C inhibitors useful as chemoﬁherapeutic agents for treating
mammals, particularly humans, having a variety of malignant
disease states including: small cell lung carcinoma, colon

20 carcinoma, breast tumors corresonding to MCS7, MDA-MB-435 and
MDA-N cell lines, and PKC overexpressing tumors, such as those
corresponding to CHO/PKC-g€. Different compounds of the
invention exhibit greater activity against certain tumors as
dpposed to others, as can be determined by commonly used

25 methods.

In vitro activity for protein kinase C inhibition, is
quantitated by measuring incorporation of 32p from 7-32P ATP
_ into synthetic peptide substrates.
390 ’ '

In vivo activity for chemotherapeutic agents,
particularly for treating malignant diseases, is determined by
tumor inhibition assays, for example as described by
Maneckjee, et al., in Proc. Natl. Acad. Sci. USA, Vol 89,

35 1169-1173 (Feb. 1992). Variations of the assay can be



In vitro activity for protein kinase Cinhibition, is quantitated by
measuring incorporation of [err] from[err] ATP into synthetic peptide
substrates. 30 In vivo activity for chenotherapeutic agents, particularly
for treating malignant diseases, is determned by tunor inhibition assays,
for exanple as described by Maneckjee, et al., in Proc. Natl. Acad. Sci.
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human dosage | evel s have yet be optim zed hé conpounds
i nventi on, Adedaistpt ignd ofi fheosempoundsnoihshe dnyepsisn ornhRy of body
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preferably about 1.0 to wei ght.. Thus, for adn1n|strat|on
to a 70 kgtb§r§§ﬁePFﬁ@-&Qgﬁﬁe°Féﬁ&€lﬂ&§Fﬁaﬁé°§b58F 29605 FRAG0 SSTVEer day,
preferablysaa@uhrsatathiE@Q ng per day, and nost

While human dosage levels have yet to be optimized for
the compounds of the invention, generally, a daily dose is
from about 0.1 to 20.0 mg/kg of body weight, preferably about

15 0.5 to 10.0 mg/kg of body weight, and most preferably about
1.0 to 5.0 mg/kg of body weight. Thus, for administration to
a 70 kg person, the dosage range would be about 7.0 to 1,400
mg per day, preferably about 35.0 to 700 mg per day, and most
preferably about 70 to 350 mg per day. The amount of active

20 compound administered will, of course, be dependent on the
subject and disease state being treated, the severity of the
affliction, the manner and schedule of administration and the
judgment of the prescribing physician.

25 In employing the compounds of this invention for
treatment of the above conditions, any pharmaceutically
acceptable mode of administration can be used. The compounds
of Formula I can be administered either alone or in
combination with other pharmaceutically acceptable excipients,

30 including solid, semi-solid, liquid or aerosol dosage forms,
such as, for example, tablets, capsules, powders, liquids,
suspensions, suppositories, aerosols or the like. The
compounds of Formula I can also be administered in sustained
or controlled release dosage forms, including depot

35 injections, osmotic pumps, pills, transdermal (including



preferably about 70 to 350 ng per day. The anmpunt of active 20 conpound

adm nistered will, of course, be dependent on the subject and disease state
bei ng treated, t he severity of the affliction, the manner and schedul e of
adnini stration and t he j udgnent of the prescrlblng physi ci an. 25 In

enpl oyi ng the compounds of this invention for treatnment of the above
condi tions elaqtmmmm)c@ldqcrma}emmbltélarddéce)f fomitliestpiliargerhn be
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and a conpo d ot Forind 'dr faceut i ca e sa t her eof .
| n addi 0 oxevenrssing @gendistd ons may i ncl ude ot her nedicinal agents,
pharmaceutical agents, carriers, adjuvants, etc., such as nultidrug

resi st ance
: Generally, depending on the intended mode of

administration, the pharmaceutically acceptable composition

will contain about 0.1% to 90%, preferably about 0.5% to 50%,
15 by weight of a compound or salt of Formula I, the remainder

being suitable pharmaceutical excipients, carriers, etc.

One preferred manner of administration for the conditions

detailed above is oral, using a convenient daily dosage

20 regimen which can be adjusted according to the degree of
affliction. For such oral administration, a pharmaceutically
acceptable, non-toxic composition is formed by the
incorporation of any of the normally employed excipients, such
as, for example, mannitol, lactose, starch, magnesium

25 stearate, sodium saccharine, talcum, cellulose, sodium
crosscarmellose, glucose, gelatin, sucrose, magnesium
carbonate, and the like. Such compositions take the form of
solutions, suspensions, tablets, dispersible tablets, pills,
capsules, powders, sustained release formulations and the

30 like.

Preferably the compositions will take the form of a pill
or tablet and thus the composition will contain, along with
the active ingredigpt, a diluent such as lactose, sucrose,

35 dicalcium phosphate, or the like; a lubricant such as



10 reversing agents. Generally, depending on the intended node of

adm ni stration, the pharnmaceutically acceptable conposition will contain
about 0.1%to 90% preferably about 0.5@6h§ 50% 15 by wei ght of a conpound
or salt of Formula I, the renminder being Suitable pharnmaceuti cal

excipients, carriers, etc. One preferred manner of adm nistration for the
condi ti ons mdeinaisieth atearate @raltheudiike ;a aha\achiiecierdauch @Gesagardh,

regi men which can he adjusted accordi.ng.tao the ree of .af.fliction. For
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conposi ti odeird vdhives lhhereo fi,n@amdpdubast ildkeof any of the normally enpl oyed
exci pients, such as, for exanple, mannitol, |actose, starch, nagnesium 25
stearate, sodium saccharine, talcum_cellulose, sodiumcrosscarnellose,
glucose,5 gel ati Fisuid eharnaagawdsiaat loasbrqist rahle meoMRa&it igns, can,
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30 |ike. PR&EMEnISPmRsndh Afodafiged dhave and Opt gt SRaFmRaqutdcalap| et
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di l uent such as | actose, sucrqse, 35 digal ci.umphosphate, 0 he ,l.i,ke; .a
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as starmh, t@higPedyadcrm [@0lsplivtyilomy roxolsudipess igel.at iDf desdineddgséehend _
pharmaceutical composition to be administered may also-contaiﬁ
minor amounts of nontoxic auxiliary substances such as wetting
agents, emulsifying agents, or solubilizing agents, pH
buffering agents and the like, for example, sodium acetate,

15 sodium citrate, cyclodextrine derivatives, sorbitan
monolaurate, triethanolamine acetate, triethanolamine oleate,
etc. Actual methods of preparing such dosage forms are known,
or will be apparent, to those skilled in this art; for
example, .see Remington's Pharmaceutical Sciences, Mack

20 Publishing Company, Easton, Pennsylvania, 15th Edition, 1975.
The composition or formulation to be administered will, in any
event, contain a quantity of the active compound in an amount
effective to alleviate the symptoms of the subject being

treated.
25
Dosage forms or compositions qontaining active ingredient
in the range of 0.005% to 95% with the balance made up from
non—-toxic carrier may be prepared.
30 For ofal administration, a pharmaceutically acceptable

non-toxic composition is formed by the incorporation of any of
the normally employed excipients, such as, for example
pharmaceutical grades of mannitol, lactose, starch, magnesium
stearate, talcum, cellulose derivatives, sodium

35 crosscarmellose, glucose, sucrose, magnesium carbonate, sodium



derivatives thereof, and the like. 5 Li qui d pharmaceutically

adm ni strabl e conpositions can, for exanple, be prepared by dissolving,

di spersing, etc. an active conpound as QSQLned above and opti onal

phar maceuti cal adjuvants in a carrier, such as, for exanple, water, saline,
aqueous dextrose, glycerol, glycols, ethanol, and the like, to 10 thereby
form a sol sacohapinsuspioanoand| €theetiked, $Shehpbempasitiional tabepbbetion

to be admioiste:ed ; . . e
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triethanolamnhe acetate, triethanolamne oleate, etc. “Actual nethods of
prepari fig BoefenabiygeOt briaB%are known, or will be apparent, to those
skilled in this art; for exanple, see Rem ngton's Pharnaceutical Sciences,
Mack 20 Publishing Conpany, .Easton, Pennsylvania, ,15th Edition, ,1975, The
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formed by ?ﬁgaPﬁ88ggéP3t¥§§E8§§an§r§faﬁgéi§%§ﬁa Pybéﬁﬁlggggngécyggénts,
such as, féy32Ragpbe phaPAm23ari satl 4rA¥Bs545.neFnrt 8l limnddodesagearch
Mgnes! UM £orm, the solution, e.g. in a polyethylene glycol, may be
diluted with a sufficient quantity of a pharmaceutically
15 acceptable liquid carrier, e.g. water, to be easily measured

for administration.

Alternatively, liquid or semi-solid oral formulations may
be prepared by dissolving or dispersing the active compound or
20 salt in vegetable oils, glycols, triglycerides, propylene
glycol esters (e.g. propylene carbonate) and the like, and
encapsulating these solutions or suspensions in hard or soft
gelatin capsule shells.

25 Other'useful formulations include those set forth in U.S.
Patents Nos. Re. 28,819 and 4,358,603.

Parenteral administration is generally characterized by

injection, either subcutaneously, intramuscularly or

30 intravenously. Injectables can be prepared in conventional
forms, either as liquid solutions or suspensions, solid forms
suitable for solution or suspension in liquid prior to
injection, or as emulsions. Suitable excipients are, for
example, water, saline, dextrose, glycerol, ethanol or the

35 like. In addition, if desired, the pharmaceutical



stearate, talcum cellul ose derivatives, sodium 35 crosscarnel | ose,

gl ucose, sucrose, nagnesi um carbonate, sodium -17 - saccharin, talcum
and the |like. Such conpositions take the rm of sol utions, suspensions,
tabl ets, capsul es, powders, sustained rele&ase fornulations and the I|ike.
Such conpositions may contain 0.01% 95% active ingredient, 5 preferably
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The percentage of active compound contained in such
parenteral compositions is highly dependent on the specific
nature thereof, as well as the activity of the compound and
the needs of the subject. However, percentages of active

15 ingredient of 0.01% to 10% in solution are employable, and
will be higher if the composition is a solid which will be
subsequently diluted to the above percentages. Preferably the
composition will comprise 0.2-2% of the active agent in

solution.

20

| Nasal solutions of the active compound alone or in
combination with other pharmaceutically acceptable excipients
can also be administered.

25 Formulations of the active compound or a salt may also be

administered to the respiratory tract as an aerosol or
solution for a nebulizer, or as a microfine powder for
insufflation, alone or in combination with an inert carrier
such as lactose. In such a case, the particles of the

30 formulation have diameters of less than 50 microns, preferably
less than 10 microns.

The following preparations and examples are given to
enable those skilled in the art to more clearly understand and
35 to practice the present invention. They should not be



Parenteral adm nistration is generally characterized by injection, either
subcut aneously, intranuscularly or 30 intravenously. Injectables can be
prepared in conventional forms, either a i quid solutions or suspensions,
solid forms suitable for solution or su§§§%@ion inliquid prior to

I njection, or as enul sions. Suitable excipients are, for exanple, water,
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wetting or enul sifying agents, pH bufferlng agents, solubility enhancers,
and the |ike, such as for exanple, sodium acetate, sorbitan 5 nonol aurate,
tri et hanol am ne ol eate, cyclodextrins, etc. A nore recently devised
approacts for parenteral adninistrationﬂﬁhﬁﬁhﬁslthe i npl antation of a
slowrel ea | T8 sS b ¢¥rmii@h ot hat a constant |evel of
dosage is %EF ta'alllﬁ A % Oﬁk S. S. afént No. 3,710,795.. 10 The
per cent age of active conpound contai ned in such parenteral conpositions is
hi ghly depq@pemgknlgfﬁydgygggic nature thereof, as well as the activity of
t he conpound and the needs of the_su Fbwever rcent.age ctive
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the above pargs rt':tn%% wFérse‘cm%&%@ %142€ methyl iodide (15 ml) and left for

3 hours. Evaporation of the solvent afforded a glass, to

which was added triphenylphosphine (11.6 g) and
dimethylformamide (DMF) (100 ml). The mixture was refluxed
15 overnight, then most of the DMF distilled off under reduced
pfessure, and the residue triturated with benzene (75 ml).
The crystals that formed were filtered off, washed with a
little benzehe, and dried under vacuum, to give indole-2-
methyltriphenylphosphonium iodide (10.4 g).
20
1B. Varying Rl
By following the procedure of Example 1A and substituting
2-diethylaminomethylindole by 2-diethylaminomethylindoles
substituted with the desired rl substituent, there are
25 obtained the corresponding compounds of Formula 2 where Rl is
methyl, ethyl, n-propyl, isopropyl, n-butyl, tert-butyl,
n-pentyl, n-hexyl, and the like, for example:
4-methylindole-2-methyltriphenylphosphonium iodide;
5-ethylindole-2-methyltriphenylphosphonium iodide;
30 G-n;propylindole—z—methyltriphenylphosphonium iodide; and
7-n-butylindole-2-methyltriphenylphosphonium iodide.



conposition will conprise 0.2-2%of the active agent in solution. 20 Nasal
solutions of the active conpound al one or in conbination with other
pharmaceutically acceptabl e excipients cgﬂoglso be adm ni stered. 25
Formul ati ons of the active conpound or a Salt nay al so be adm nistered to
the respiratory tract as an aerosol or solution for a nebulizer, or as a

m crofi ne powder for insufflation, al oBXAMPLEn2conbination with an inert
carrier su ctQse. - | cas t he ticles of the 30 '
formul ati o%eg\s/aeéa |la°matdefr s&érﬁ)lﬁqe}lscgs tﬁ%%ﬂ%aﬁ%ns, preferably | ess than 10
m crons. The follow ng preparations and exanpl es are given to enabl e those
skilled in e af} %%ykﬁ@g 0 practice the
present i nvzteﬁn't [ %. eﬁﬁ%%%rgagn%%/ %ﬂ;d,_egsg - cons%?%ir ed as limting the
stope of5 t he i nvEntd ofelwitomerle|y. @k Hahgindoletethy Mnirkerekent ati ve
thereof. 5phosphonium iodide in 60 ml-of|€@Nﬂ%ﬁ§£@dﬂfﬂ%¥&§'ﬁﬁb(Hd&EHWEWWdS
of Formula 2 1A [err] is E%gro en A solution o .

2-N, N- di ne%l%ﬁﬁthwf}ﬁﬂ%- cﬂaégmﬁaédge)hvﬂ? Edlevweshiny 2RAdL Soi8 Hung.
Vol 34, p 43%Aab363)914 16 40, Ollurfedet-tanol vafe msemird tWaseithidrddddirtee A 15

m) and Tefj, T HROYE 1PHRRY, A Ye RS For ¥y, Ishe Aty 1O

10 allowed to stir overnight at 20°C. The mixture was poured

into water and extracted with diethylether. The organic layer
was dried, the solvent removed under reduced pressure, and the
residue purified by crystallization from methanol. The yield
of 2-[2-(thiophen-3-yl)vinyl]lindole was 200 mg (44%).

15

1 2

and R
By following the procedure of Example 2A and optionally

2B. Varying R

substituting indole-2-methyltriphenylphosphonium iodide iodide

with other compounds of Formula 2, prepared for example as in
20 Example 1 above, and optionally substituting thiophene-3-
2CHO, there
are obtained the following compounds of Formula 3:

carboxaldehyde with other compounds of formula R

2-[2-(thiophen-2-yl)vinyl]lindole;
2-[2-(furan—-3-yl)vinyl]lindole;
25 2-[2-(pyrrol-3-yl)vinyl]lindole;
~ 2-{2-(pyrid-3-yl)vinyllindole;
4-methyl-2-[2-(thiophen-3-yl)vinyl]indole;
5-ethyl-2-[2-(thiophen-3-yl)vinyl]indole;
6-n-propyl—-2-[2-(thiophen—-3-yl)vinyl]indole; and
30 7-n-butyl=-2-[2-(thiophen-3-yl)vinyl]indole.



whi ch was added triphenyl phosphine (11.6 g) and di net hyl f or mam de ( DVF)
(100 mM). The m xture was refluxed 15 overnight, then nost of the DV
distilled off under reduced pressure, and2 he residue triturated with
benzene (75 m). The crystals that forned“were filtered off, washed with a
littl e benzene, and dried under vacuum to give indol e-2-

nmet hyl t ri phenyl phosphoni um i odi de (10. EXgMPLEO031B. Varying [err] By

fol |l owi ng e procedure of Exanple 1 d substjtuting
2-diethyl a "?ﬁﬁ%&ﬁ%ﬂﬁrﬁ ecw%?r&fset‘%lafna?ﬁ’ﬂ%"r?et%yl i ndol es substituted with
the desired [err] substituent, there are 25 obtained the correspondi ng

conpounds Forgul e 3 t,hyl Wi . - propyl, isopropyl,
n-butyl, tceg; - bu%n;ll,as ﬁh%ﬁe%%@?r[ énrg%e%(ylga%l?%kgé{]iie‘{ff or exanpl e:
4-net hyl3 ndol e- A nsedytt ion e ndt Prrotpniephentddy Wevinyl]lindole (200 mg)

5-ethylind : 2gs I 4 p Yolyl] i odi de- :
6- n- pr opyl ?Jrﬁoﬁ%{%%%aﬁgpfj;ﬁgn%%ﬁoo 'lufn%ngag?lcf? aanr% .tz?eated with 40
7-n-but yl i MdIE Potassium s pho fian ddi aeinutes.20-1Sodwety (-

Prepar at i oy gf 1%@@@%011‘ TP opare (5dEHd) WvadWHQo YUY, [Hid ltHes
t hi ophen- 3-yl y5 0 la ¥so| uimﬂon E;c%‘ 1.(04 go ) | ndol e- Z-é@t hyl t rtiﬁphenyl -

phosphoni uhSaH RN ML HER BFLAWGR IR | kAT TP HBRE RfetP Lrs” [AFHT of
t hi ophere- parayiond drhwdee ol ttanes gutwdeh [Elddhyléther and water, the

organic layer was dried, and solvent removed under reduced
pressure. The residue was purified by preparative TLC on
silica gel (eluting with 5:1 hexane/EtOAc). The yield'of 1-
[3-(t-butyldiphenylsilyloxy)propyl]-2-[2-(thiophen-3-

15 yl)vinyl]indole was 330 mg (71%).

The material was dissolved in 2 ml of tetrahydrofuran and -
treated with 2 ml of a solution of 1M tetrabutylammonium
fluoride .at 25°C for 2 hours. After partitioning the mixture

20 between diethylether-and water, the organic layer was dried,
and solvent removed under reduced pressure. The residue was
purified by preparative TLC on silica gel (eluting with 2:1
hexane/EtOAc) to obtain 121 mg of 1-(3-hydroxypropyl)-2-([2-
(thiophen-3-yl)vinyl]indole (68%).

25
3B. Varying R™ and R

By following the procedure of Example 32, substituting 2-

1 2

[2-(thiophen-3-yl)vinyl]lindole with other compounds of Formula
3, e.g., as prepared in Example 2 above, there are obtained
30 the corresponding hydroxypropyl compounds of Formula 4.

EXAMPLE 4
Preparation of Compounds of Formula S5a
35



di azabi cycl o[ 5. 4. O] undec-7-ene. The m xture was stirred under N2 at [err]
for 1 hour, then at [err] for 2 hours, and finally 10 allowed to stir
overnight at [err]. The m xture was pour into water and extracted with
di et hyl ether. The organic |ayer was dried;“the solvent renoved under
reduced pressure, and the residue purified by crystal lization from

nmet hanol he vyi of t hi jndej3e %,%([2% ( o9 .
15 2B. Var;I/;l ng [FngS] r’éﬁ{‘ére(r] gmp'%nlt% )Q JXr dcgdurl\gao a? N %2}lé and
optionally substPi t dts mgtibydol e- 2- met hyl tri phenyl phosphonl um i odi de i odi de
with other compungs @fi JordRIha B-HyarRangEt t33 dphetflFxanpl e 1

above, and optionally substltutln t hi ophéne-3- carboxa dehyde w th ot her

conpounds &) védnrlldndede (12depg) aid ébﬂ&lﬁ@dmﬁﬁéyﬂﬁpﬁoﬁpﬁ&rééﬁp&@ﬁds of
For mul a s3: t%'eh%'e(dt %%ha_w |)df' W'd—'lﬁﬂﬂ]d@uné'and cooled to 0°C.
B
5-et hyl - 2- h&té&hSQﬁ&Qﬁn@-fkaBwyhhhmd@bes ml of 40% aqueous methylamine
E7S 2 EL???” 2'%’[‘?'[22 (‘:ﬁh@b'% aﬁ‘% \Fi\f‘r?y %o:ge mi¥E Uff S5 i8sh A% r for 3
Conpounds bbousr.nulaEfter3At irerimg |f;>myajrﬁlgmhmclq drondrs att 1°Gphehes- vyl
10 reaction mixture was partitioned between methylene chloride
and water, the organic layer dried, and solvent was removed
under reduced pressure. Preparative TLC on silica gel
(eluting with 10% methanol/methylene chloride) gave 83 mg of
1-[3-(methylamino) propyl) -=2-[2-(thiophen-3-yl)vinyl]indole
15 (67%). This product was dissolved in 3 ml of methylene
chloride containing 150 Ml of pyridine and trifluoracetic
anhydride (40 pl) was added. After 30 minutes, the mixture
was partitioned between diethylether and aqueous sodium
bicarbonate, the organic layer dried, and solvent was removed
20 under reduced pressure. Preparative TLC on silica gel
(eluting with 3:1 hexane/EtOAc) gave 80 mg of 1-[3-(N-
methyltrlfluoromethylacetamldo)propyl)—2 [2-(thiophen—-3-
yl)vinyllindole (73%).
25 4B. vVarying RY, RZ, R® and R
By following the procedure of Example 4A and optionally

4

substituting 1-(3-hydroxypropyl)-2-(2-(thiophen-3-
yl)vinyllindole with the compounds of Formula 4, e.g., as
prepared in Example 3 above, there are obtained the

30 corresponding compounds of Formula 5 and 5a.



5 A solution of 2-[2-(thiophen-3-yl)vinyl]indole (200 ng) was
dissolved in 3 m of dinethylformam de and treated with 40 ng of potassium
hydride at [err] for 15 mnutes. 1-1odo-3-(t- butyldi phenylsilyl oxy)propane
(500 ng) was then added, and the reacti omhixture allowed to stir over ni ght
at [err]. After 10 partitioning the m xture between diethyl ether and water,
the organic | ayer was dried, and S°|Veﬁ3%§§§2¥5d under reduced pressure.
The residue was purified by preparative on silica gel (eluting with 5:1
hexane/EtO@EFPaHﬂ¥%ﬂRﬂQf(ﬁémpﬂunds of Formula I

[ 3-(t-butyl di phenyl silyl oxy)propyl]-2-[2- (thlophen 3- 15 yl)vinyl]indol e

was 330 ng (71%_q The materi al di sso] ved i - tetrahydrofuran, and
treated wi tsr(?‘ 2 oS & %‘Eﬂ?ﬁ?‘bﬂvﬁ v iR IRRR ;E? a‘ﬁrmrﬁ‘ urk§ I%‘ﬁl% S 3%Fr]

for 2 haurs. /ﬁtnﬂ igumeﬁnymn ng the n1xture 20 between di et hyl et her and

bressire. The r ob R ARE B25 17 Gir pF R AR oed SRS
(eluting vviprh:;ﬁg].’b Mzﬁwﬁmn—d-@m)aﬁmmhn@m (80 mg) in 2 ml of _
1- (3-hydr oxypy %D,%y ey [Feedddy QRASN2% Wlo vaa;autlxemaee £ 058ce PGty N0

[err] and [err Iomnng heé proce e 3A, stltutlng
[ 2- (t hi ophenveXnilghti ,nyiHe ragdiventi ms)tdmpmmmem @Siﬂmﬁda pressuyfe, as

prepar eg, | Gy %}%\/ Y Eﬁ%%v@ TIRE HPIJESRA
hydr ox3e/i|;0r opnv{%(co (;q:ueﬁsd1 or % a ¥ Pr epar ati onl of O?rﬁ}g'unds of
Formul a 5a @5e 20 mg of the Dlels—Alder adduct (20%)

ly NMR (CDCl3): 7.96 (m, 1H), 7.35-7.15 (m, 4H), 7.13
(m, 1H), 7.02 (m, 1H), 4.40 (d, 1H), 4.13 (t, 2H), 3.73 (m,
2H), 3.45 (t, 2H), 3.12 (m, 2H), 3.06 (s, 3H), 2.02 (5.2H).
15
This material was dissolved in 3 ml of benzene and
treated with 20 mg of dichlorodicyanobenzoquinone (DDQ).
After 20 minutes, another 10 mg of DDQ was added. After 10
minutes, -the reaction mixture was applied to a preparative TLC
20 plate and eluted with 2:1 hexane/EtOAc. In this manner 18 mg
of 1,3-dioxo-6-(N-methyltrifluoromethylacetamido)-1,2,3,6-
tetrahydro-4- (thiophen-3~yl)-pyrrolo([3,4-c]lcarbazole was
obtained as a yellow foam.

25 This product was dissolved in 4 ml of 1:1 MeOH/THF, and 1
ml of 1M NaOH was added. After stirring for 15 minutes, the
mixture was partitioned between methylene chloride and water.
The organic layer was separated and solvent removed under
reduced pressure. Preparative TLC of the residue (eluting

30 with 10% methanol in methylene chloride) gave 15 mg of 1,3-
dioxo-6-(3-methylaminopropyl)-1,2, 3, 6-tetrahydro-4-(thiophen-
3-yl)-pyrrolo[3,4~-c]lcarbazole. _

1y NMR (dg-DMSO): 8.96 (d, H), 8.00 (s, 1H), 7.95 (m,
1H), 7.74 (d, 1H), 7.62 (m, 3H),7.35 (t, 1H), 4.59 (t, 2H),

35 2.55 (t, 2H), 2.29 (s, 3H), 1.97 (t, 2H). HRMS calcd. for



-22- A [err] is hydrogen, [err] is thiophen-3-yl, [err] is hydrogen,
and R4 is nmethyl A solution of 1-(3-hydroxypropyl)-2-[2-(thiophen-3-
yl)vinyl]indole (121 ng) in 3 m of methylene chloride was 5 treated with
120 [err] of 2,6-lutidine and cooled to [&Fr]. Trifluoronethanesul fonic
anhydride (100 [err]) was added, and after stirring for 30 mnutes 5 m of

40% aqueoust{?q.; jﬁA%g\e Ve | Mg pdutsichd and 3¢ 18I i on mi xture stirred at
[err] for ours. ter stirring for a further 12 hours at [err], the 10

reaction mxture was partitioned between nethyl ene chloride and water, the
organic Iamﬁ; drvgﬁbl dR%pIH%nan&@m3reaned under reduced pressure.

P t TLC | ut th 10 t / met hyl
o o e e °“n§ou A€ SLE095 1 oA ORG IR 188/ JRE "YBLE tut ing

=1 3- (nes hy_l-a[B-nQ\)-pﬁelﬂ.wJ)tﬁ:fﬁacﬁtckmetﬂtﬂaé’e%rﬁi/dmmﬂépWX €2-452< 684 ophidn-s

e A T T el e Eh 9 2

m nutes, t km:epaote,d efmasemuple |ame'ch bt amplhe mﬁataMHhethm JXRIEOUS
sodi um bi ¢ a 20
VLA Es 1 & S 8RS, SEYEE ShdE6holhth 200 bve Mo HB5at £7DY O

under reduc pressure on si utlng wth 3

hexane/ Et O&9rmada BO ng of 1-[3-(N
nethylt%gfluoronethylacetanido)propyl)-2-[2-(thiophen-3- yl ) vinyl]indol e
(739 . 4B. Varying [err], [err], [err] and [err] By follow ng the
procedure of Exanple 4A and optionally substituting

1- (3- hydroxypropyl)-2-[2-(thi ophen-3- EXAMPLE 6

This example illustrates the preparation of a
15 representative pharmaceutical formulation for oral
administration containing an active compound of Formula I,
e.g., 1,3-dioxo-6-(3-methylaminopropyl)-1,2,3, 6~tetrahydro-4-
(thiophen-3-yl) -pyrrolo[3, 4-c]carbazole.

.20 | Quantity per

Ingredients tablet, mgs.
Active compound 200
lactose, spray-—-dried 148
25 magnesium stearate ' 2

The above ingredients are mixed and introduced into a

hard-shell gelatin capsule.

30 Other compounds of Formula I, such as those prepared in
accordance with Examples 1-6, can be used as the active
compound in the preparation of the orally administrable
formulations of this example.

35



yl)vinyl]indole with the conpounds of Fornmula 4, e.g., as prepared in
Exanpl e 3 above, there are obtained the 30 correspondi ng conpounds of
Forrmul a 5 and 5a. -23 - EAMPLE 5 Prep tion of Conpounds of Formula I
5A. [ERR] is hydrogen, [err] is thiophem3-yl, R is hydrogen, and 5
[err] is nmethyl A solution of 1-[3-(N-nethyltrifluoronethylacetam do)-
propyl)-2-[2-(thiophen-3-yl)vinyl]indoEgaMBOENEG) in 2 m of toluene was
treated with 40 ng of maleim de. After refluxing overnight, the solvent was"
evapor ated under reduced pressure, 10 and the residue purified by
preparative TLCThissidsiamplgelilliustytate? g pfepgdmatiial ofAlalertlseiduct

("7 bo e harrepeye orapmeeeitifil, Yppulalinh eh Budlt)y 102 (01,

3‘12 (ms5 2Ia)d,ml3lm:(as:,:.cehl) contedninEn ars ive sqmoemdalowym@@med in

?DQQ) ° A]P'?e%f%ind m nu:d(’é"g)qg anom?té{ﬁle%glmn&%%a\kg ?g?] After (? -
M nut es, - t W& hiepitenons 1N -pve nede [aiipﬂl"lcéd:atr@aéod-r%par ative TLC 20 plate
and eluted with 2:1 hexane/ EtOAc. In this manner 18 ng of

1, 3-di oxo-6-(N-nethyl trifluoronethyl acetam do)-1, 2, 3, 6Quantity per
tetrahygfo 4- (t HigRphe-ertd ) - pyrrol of 3, 4- c]carbazole wasEtai efk as a

yel | ow foam

Active compbund ' 400
cornstarch | : 50
lactose _ 145
15 magnesiﬁm stearate ' _ 5

The above ingredients are mixed intimately and pressed
into single scored tablets.

20 Other compounds of Formula I, such as those prepared in
accordance with Examples 1-6, can be used as the active
compound in the preparation of the orally administrable
formulations of this example.

25 .
EXAMPLE 7
This example illustrates the preparation of a
representative pharmaceutical formulation containing an active
30 compound of Formula I, e.g., 1,3-dioxo-6-(3-methylamino-

propyl)—1,2,3,6-tetrahydro—4—(thiophen—3-yl)-pyrrolo[3,4-
clcarbazole.

An suspension for oral administration is prepared having

35 the following composition:



25 This product was dissolved in 4 m of 1:1 MeOH THF, and 1 m of 1M
NaOH was added. After stirring for 15 mnutes, the mxture was partitioned
bet ween net hyl ene chloride and water. The.,organic | ayer was separated and
sol vent renoved under reduced pressure. ngarative TLC of the residue
(eluting 30 with 10% net hanol in nethylene chloride) gave 15 ng of 1, 3-

di oxo- 6- ( 3- nﬁlﬁgiggﬁgnmgopyl) 1,2, 3,6-tetrahydro- 4-(Am¢ﬁmmen-

3-yl) - pyrrol carba ole. [err] NVR ([err]-DVSO): 96 (d H), 8.00
(s, [err]),? 39‘56( ma%‘n 7.74 (d, 1H), 7.62 (m 3H), ﬂ%‘%t 4.59 (t,
2H), 35 2.H5dmdtic2kid2.29 (s, 3H), 1.97 (t, 2H). HRNS eal cd for -24
- [err]: 389.1197 oun © 389.1198. 5B. Varying [e err] and [err]
By foll ow n%"‘?’n‘émp‘?}bjc:%ﬁh ? of Exanpl e 5A and substi tut%r r?gés

1-T 3- ( N- srethgthiy 1 f pamaibemt hyl acet ani do) propyl ) - 2-[ 2- (t(hllormen-
3-yl)vinyl] h r conmpounds of Fornula 5 prepared for
SRR Gathe wibat 38

exanpl e as ove, there are obtained the ‘corr espondi ng
pyrrol ocar baqwet@brl'l/@%lmubmllﬂbrnul al. 10 EXAMPLE 2 8fhi%s exanpl e

illustrat esv%g?m{grgpw 4&PoPit acd D) representative pharnpeeuti cal

formul ati on or al mni stration containing an active _conpound of
Fornul a |, £lavoring. di oxo- 6- (3- met hyl ami nopropyl ) -1, 2 -0 ¢ r anydr o- 4-
10 colorings 0.5 mg
distilled water g.s. to 100 ml

Other compounds of Formula I, such as those prepared in
accordance with Examples 1-6, can be used as the active
15 compound in the preparation of the orally administrable
formulations of this example.

EXAMPLE 8
20
This example illustrates the preparation of a
representative pharmaceutical formulation containing an active
compound of Formula I, e.g., 1,3-dioxo-6-(3-methylamino-
propyl)-1,2,3,6-tetrahydro-4-(thiophen-3-yl) —-pyrrolo[3,4-
25 clcarbazole

An injectable preparation buffered to a pH of 7.4 is
prepared having the following composition:

30 Ingredients Amount
Active compound ' 0.2 g
Sodium Acetate Buffer Solution (0.4 M) 2.0 ml
HC1l (1N) g.s. to pH 7.4
water (distilled, sterile) . g.s. to 20 ml

35



(thi ophen-3-yl)-pyrrol o[ 3, 4-c] carbazole. 20

Quantity per Ingredients tabl et, ngs. Active
conpound 200 | act ose, spray-dried
148 25 magnesi um stearate -27- 2 The above

i ngredients are m xed and introduced into a hard-shell gelatin capsule. 30

O her conpounds c¥hd®rdem dnd§lt£iﬂ RSt 106 er Priv ek Iﬂhd#‘é?cg{&}fmdl\ﬂ'itrh
Exanpl es 1- 6 c be us actlve conpou nd in the eparatlon of the
oral Iy adm¥ & i £38 %35‘5 £h &) B CLIFRAVPLE 6
Thi s exarrplc@mplolumi riat ¢het Ip&emra&[aa:riam @f (tmeadmtjlwtarba}y EaintAlati®ons of
pharnaceut#§§] g{ f@j on for oral 5 admnistration, containing an active
conmpound o or mi e.g.

1, 3- di 0X0- 6- ( 3- nethylan1nopropy|) 1,2, 3,6-tetrahydro-4-

(thlophen 3-yl)-pyrrolo[ 3, 4- c]carbazole Quantity per 10 | ngredi ents
tabl et, ngs. Active conpound .. 400
cornstarch EXAMPLE 9 50 | actose

145 15 magnesi um stearate 5

This example illustrates the preparation of a
10 representative pharmaceutical formulation containing an active
compound of Formula I, e.g., 1,3-dioxo-6-(3-methylamino-
propyl)-1,2,3, 6-tetrahydro-4-(thiophen-3-yl) -pyrrolo[3,4-
clcarbazole.

15 A suppository totalling 2.5 grams is prepared having the
following composition:

Active compound 500 mg
witepsol H-15%* balance
20 (*triglycerides of saturated vegetable fatty acid; a product
of Riches-Nelson, Inc., New York, N.Y.).

Other compounds of Formula I, such as those prepared in
accordance with Examples 1-6, can be used as the active
25 compound in the preparation of the suppository formulations of
this example.

EXAMPLE 10
30 In Vitro Determination of Activity Utilizing Protein Kinase C
Inhibition Assay '

Protein Kinase C (PKC) inhibitory activity is quantitated
by measuring incorporation of 32p from 7-32P ATP into synthetic

35 peptide substrates. The inhibitory potential is measured



The above ingredients are mxed intimately and pressed into single scored
tabl ets. 20 O her conpounds of Fornula I, such as those prepared in
accordance with Exanples 1-6, can be used_as the active conpound in the

preparation of the orally adm nistrable T%ghulations of this exanmple. 25

EXAMPLE 7 This exanple illustrates the preparation of a representative
phar maceut i l@d 1.0 | Hi t 4.\ f I,
pharmaceut \¢@lnd ALIBL | AL AN 1M Hedif 4 Hih G0 IR VRO FAR 2o

propyl) - 1, hepttidet sutbgtorat &l - Tdr pdrear @G-ant g —-quyg -+ 18wt S d-set-cheagogea lan
suspension for oral admnistration is prepared having 35 the foll ow ng
conposi tion: -26- Ingredients Amount Active
conmpound A reaction mixture cont®imifgn$imMaEriys-HCl, pH 7.5, 2.5

075 g sogli yf old Q¥d4¥E, 1.0 mM EGTA, 20 UM substratel, 0L ug/met hyl paraben

0.1 g granul ated sugar - 25.5 sorbitol (70%

sol uti on) PpPhosphatidylserine 1(P5 P %é&lm%(%ﬂ& y¢expl {di-C8), and

1.0 g flavagg ngM ATP is spiked with Y- 2p ATP (>5,00003% /mmcll) teolprdwigke

0.5 ny approximately 106_CPM per reaction and 0.08 pg/mL PKC in a 50
Ml volume per well. The assay is run with or without test

10 compound, added at various concentrations. After five minutes
incubation at room temperature, the reaction is stopped by the
addition of 0.2V of a 50% TCA solution. A 30 Ul sample from
each well (control and test compound) is then spotted onto
Whatman P-81 ion exchange chromatography paper, and 32-P-

15 incorporation is then counted on a Beckman LS. 5000 TA liquid
scintillation counter. The percent inhibition of PKC
activated by 5 x 10—6 M dic8 and 1 pg/mL phosphatydil serine
is determined according to the formula: '

% Inhibition = 1.0 -[(sample CPM-basal CPM)/ (total CPM-basal

20 CPM)]1x100
and the concentration necessary to achieve 50% Inhibition is

determined.

The compounds of the present invention are active
25 inhibitors of protein kinase C when tested by this method; for
example
1,3-dioxo-6-(3-methylaminopropyl)-1,2, 3, 6-tetrahydro-4-
(thiophen-3-yl) -pyrrolo[3,4-c]lcarbazole - ICs50 30nM.

30
EXAMPLE 11
In Vivo Determination of Activity Utilizing Small Cell Lung
Carcinoma Xenograft Assay

35 This procedure is a modification of a procedure described



distilled water g.s. to 100 mMl O her conpounds of Formul a
|, such as those prepared in accordance with Exanples 1-6, can be used as
the active 15 conmpound in the preparation of the orally adm nistrable
fornul ations of this exanple. EXAVMPLE 8 2P This exanple illustrates the
preparation of a representative phar maceut i cal formul ation containing an

~active corr%%g%ngf x5 erruIe% b €. 9n phow d S-Ackdelgwd agdR- vol 89,

propyl)-1 tetra dro t'hi ophen- 3- y pyrrolo[3 42" 25 ¢l carbazol e An
|njectabIeH&ﬁ%m%L%§(i ebuf 1892 1o a pH of 7.4 is prepared having the
foll owi ng conposition: 30 | ngredi ents

Anmount Active caonpound q: Sodléjm

Acet ate Buffer 2t5%1t ¥ et hylung carcinoms bSQﬁC)HGeJ(mare hawe

Q'; a)r;sprZ:.oﬁx \@a:’fc%ren( :}itiidld laexdi gs:to@m |l@1) RPMI. Prior to irfjectilom,2Ghd 35
i th ExanplCe LR G1% STYRS hAS s SRR AR SRR HE: pr eparati on of
t he i nj ect @BSe sodnhil latzenh badentdrits mambqﬂrea Lﬁreparatlon {(Matrigel®)
(1:2) to concentrations of 5 x 105 or 1.5 x 10% cells/ml.
Female athymic nude mice, 4-5 weeks old (Harlan Sprague
10 Dawley) receive 200R/ mouse irradiation one day prior to
challenge, and are given 0.2 ml SCLC/mouse by subcutaneous
injection in the flank (concentrations of 1 x 105 or 3 x 105
SCLC cells/mouse). Groups of 30 mice are treated
intraperitoneally, once a day, with test compound at 10 mg/kg
15 (solubilized in DMSO and diluted to final vehicle
concentration of 20% DMSO in PBS). Treatments are started 2
hours post-challenge and continue for 45 days. ' Vehicle
treated and untreated mice are used as controls.

20 Statistical Analysis: A Fisher Exact test ([Kendall M.,
Stuart A., The Advanced Theory of Statistics, Vol., 2
(MacMillan Pub. Co. NY, 1979)] is used to compare tumor
occurrence rates between groups. The Mann Whitney U test
[Hollander N., Wolfe D.A., Non-parametric Statistical Methods

25 (John Wiley and Sons, Inc., NY, 1973)] is used to compare
differences in survival time and a log rank test (Kalbfleisch
J.D., Prentice R.L., The Statistical Analysis of Failure Time
Data (John Wiley and Sons, Inc., NY 1980)] is used to compare
the time for each tumor to reach 2000 mmS . '

30 Compounds of the present invention inhibit tumor growth

when tested by this method.

EXAMPLE 12

35 In Vivo Determination of Activity Utilizing Colon Carcinoma



EXAMPLE 9 This exanple illustrates the preparation of a 10 representative
phar maceuti cal formulation containing an active conpound of Formula I,
e.g., 1, 3-dioxo-6-(3-nethylam no-
propyl)-1,2,3,6-tetrahydro-4-(thiophen-31§9)-pyrrolo[3,4- c] carbazole. 15
A suppository totalling 2.5 grans is prepared having the foll ow ng

"~ conposi ti oXendRfraf: Gyyaund 500 ng wi tepsol H 15* bal ance
20 (*triglycerides of saturated vegetable fatty acid; a product of
Ri ches-Nel son, Inc., New York, N Y.). OQher conpounds of Formula I, such as

t hose prepared iBy afxlialairoe the procadims df Gxaepilecl2ismt asubstel tetinve
25 conpound,d pr rat] : U i ; td |
exanple. E LSEQ?OL é%q]aj'najaq(woé%e%lgfonn?ang%ﬁ}# 3{%}&{:%1:/%93 %‘taiqﬁl‘ %%‘{g&ﬁfot ein
Kinase G | ieldis,i growsde B stagigeriinadsionC QPO iqufjg telors/metdnd ty is
quantitat e% Egyrﬂga%{_.r | ' fd idn [ 1] £ YR [&1ls Adduddlt o

synt hetic pi'ep_t | de és({]u'gbasﬂ’t g?{adgg%de%nlﬁnbiﬁ)r y potenti al _si S r?easur ed

-28- usi ng adtd iy |againsieiorPia K¢ iciamatl HagheEHd ®%he synt heti ¢

pepti de substrate ala-lys-arg-arg-arg-|eu-ser-ser-leu-arg-ala. A reaction

m xture containing 25 mM Tris-HC, pH 7.5, 2.5 . e o ea s
Cé%pounds of the prégent invention inhibit tumor growth

10 when tested by this method.

While the present invention has been described with
reference to the specific embodiments thereof, it should be
understood by those skilled in the art that various changes

15 may be made and equivalents may be substituted without
departing from the true spirit and scope of the invention. 1In
addition, many modifications may be made to adapt a particular
situation, material, composition of matter, process, process
step or steps, to the objective, spirit and scope of the

20 present invention. All such modifications are intended to be
within the scope of the claims appended hereto. All patents
and publications cited above are hgreby incorporated by

reference.



5 mMM([err]); 1.0 mM EGTA, 20 [err] substrate, 1 [err]g/nL
phosphati dyl serine (PS), 5 x 10 6M di acyl gl ycerol (di-C8), and 50 [err] ATP

is spiked with [err] ATP (>5,000 G /nmmol)_to provide approximately 106 CPM

per reaction and 0.08 [err]g/nL PKC in a o [err]] vol urrealmmlmullllmlm”“l
assay is run with or without test 10 conpound, added at v

concentrations. After five mnutes inqggg%hgn at roonltenper gt ute,
reaction ’is stopped by the addition of 0.2V of a 50% TCA sol uti on. A 30
[err]] sanple fromeach well (control and test conpound) is then spotted
onto What man P- 81 i onp exGhiseised Chened Ot e Yy Paner fodmgh 82- P 15

i ncorporation is then counted on a Becknan Lﬁ?SOOO TA liquid scintillation
counter. The percent inhibition of PKCo.cthyated by 5 x [err] MdiC8 and 1
[Brr]g/nL phosphatydil serine is determNE coording to the fornmula: %

I nhibition = -[ (sanpl e CPN¢basaI CPM ot al CPM basal 20 CPM]x100 and
t he concentratlon necessary R nhibition is determ ned. The
conpounds of the present |nvent|~n f e § ?5 i nhibitors of protein

ki nase C when tested by this neth.-, S

1, 3-di oxo- 6- ( 3- met hyl am nopropyl ) -1, 2,13, 6-t et rahydr o- 4-
(thiophen-3-y|)-pyrro|o[3,4-c]carbazo|g\,/fqpé 30nM 30 In Vivo

Determ nation of Activity Wilizing Small Ce ung Carci nona Xenograft
Assay 3% This procedure is a nodification of a procedure described

wherein:

Rl is hydrogen or lower alkyl;
RZ
R3
10 or a pharmaceutically acceptable salt thereof.

is heterocaryl; and
and R? are independently hydrogen or lower alkyl;

2. The compound of claim 1, wherein Rl is hydrogen.
) 3.'- The compound of claim 2, wherein R2 is 3-thiophenyl.
15 . .
4, The compound of claim 3, wherein R3 is hydrogen and
R? is lower alkyl.
5. The compound of claim 4, wherein RS is hydrogen and
20 R4 is methyl, namely 1,3-dioxo-6-(3-methylaminopropyl)-

1,2,3,6-tetrahydro-4-(thiophen-3-yl)-pyrrolo[3,4-c]carbazole.

6. A pharmaceutical composition comprising a compound
or salt of Claim 1 and a pharmaceutically acceptable
25 excipient.

7. A process for the preparation of compounds of the
formula I given in claim 1 and pharmaceutically acceptable
salts thereof which process comprises reacting a compound of

30 the formule 5 or 5a



-29 - by Maneckjee, et al., in Proc. Natl. Acad. Sci. USA, Vol 89,
1169- 1173 (Feb. 1992). H82 small cell lung carcinoma T~ :

thawed 5 fromfrozen stock and grown in RPM. Prior tojjei the cells
are trypsini zed, counted, and resuspendé@zi'n PBS: sol Ub”"’mm'w H .
menbrane preparation (Matrigel[err]) (1:2) to concentratki ons Ol y or

1.5 x 106 cells/mM. Female athym c nude mce, 4-5 weeks old (Harlan Sprague

10 Dawl ey) receive 200R/ nouse irraghation on prior to challenge, and
are given 0.2 m SCLC nouse byRs t ajpe Zhjection in the flank
(concentrations of 1 x [err] or 3 SCLC cel | s/ nouse). G oups of 30

mce are treated intraperitoneally, ©Once S_ggy>rﬂp f test conpound at 10
ng/ kg 15 (solubilized in DMSO and diluted to final vehicle concentration
of 20% DMSO in PBS). Treatnents are started_2 hours post-challenge and

continue for 45 days. Vehicle treated ﬁﬁtreated m ce are used as
controls. 20 Statistical Analygis: A Fishep Exact test [Kendall M,
Stuart A., The Advanced Theory qf At cs AR, 2 (MacM Il an Pub. Co.
NY, 1979)] is used to conpare tRi ocdqlur “ence rates between groups. The
Mann Wi tney U test [Hollander N., . A n-parametric Statistical
Met hods 25 (John WIley and Sons, Inc., n 97§¥FRi used to conpare

differences in survival tinme and a | og rank test (Kal bfleisch J.D.,
Prentice R L., The Statistical Analysigrallafsai | ure Tinme Data (John W ey

and Sons, Inc., NY 1980 iS5 used to conpare .the _ti,ne for each tunor to
reach 2000 [errrherein %h-ﬁi are as defp%ed in claim 1 and % 18 an amino

protecting group
5 with maleimide, if required, removing the protecting group Y,
and, if desired, converting a compound of formula I into a

pharmaceutically acceptable salt.

8. The compounds of any one of claims 1-5 whenever
10 prepared by the process of claim 7 or by an obvious chemical

equivalent thereof.

9. The use of a compound or salt of claim 1 in the
manufacture of pharmaceutical composition for the treatment of
15 malignant disorders particularly small cell lung carcinome,
colom carsinome and venal and prostate tumors.

10. The novel compounds, compositions process and use as
described herein before.



30 Compounds of the present invention inhibit tumor grow h when
tested by this method. 35 In Vivo Determ nation of Activity Uilizing Colon
Car ci nona -30- Xenograft Assay By foll ng the procedure of Exanple 12
and substituting H82 small cell lung carcloma cells wit
- cancer 5 cells, growmn to a concentration of 5 x [err] c
adm ni stered at a concentration of 1 x ABETRAGT s/ nouse,
colon carcinoma is determ ned. Compounds of the present
tumor growm h 10 when tested by this nmethod. While the present invention has
been described with reference to the specific enbodinents thereof, it
shoul d be under o) ty various changes 15
may be nmade and%e i %%{}ss‘)ereggbeéegt?x ‘{ﬂieﬁgﬁm‘{]}%ut departing fromthe
tTue spirit and scope of the |nvent|on()ln addi ti on, many nodifications may
o’ i@l . conposition of matter,
process, process step or steps, to the offj e Ive, spirit and scope of t he
20 present invention. Al sugh_ny A are intended to be within the
scope of the clainms appended her f$ and publications cited
above are hereby incorporated by

TRISHEEOHAS BEEN
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5
wherein:
| Rl is hydrogen or lower alkyl:;
R2 is heterocaryl; and
10 R3 and rR? are independently hydrogen or lower alkyl;

and the pharmaceutically acceptable salts thereof, are useful

as chemotherapeutic agents.
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231 1. A conpound represented by the formula: H[err] 5 wherein: Ris

hygrbgen or lower alkyl; [err] is heteroaryl; and [err] and [err] are

i ndependent|y hydrogen or |ower alkyl; 10 or a phar madgtttecaty acceptanile

salt thereof. 2.  The conpound of claim1, wherein [¢gf REPLACERMENGFHEET3

The conpound of claim2, wherein R is 3thiophenyl. 3 4. .1 STREB ci38potind
-of claim3, wherein R is hydrogen and R& is | ower al Pateg. ... Fhe- ‘conpoind
"~ of claim4, NDOVEIcPYREOEOCAREAZOEESIr ogen and 20 [err] is nmethyl, nanely

1, 3-di oxo- 6- ( 3- net hyl am nopr opyl ) -

1h2 3, 6- tetralhydr'Dhé pidseph eimvent ond Wrs' @o@[c%rgaea] wathanotrel 6. A
arnaceutil ca sitlon 0 risi n oun or (0] a
o o eut | BTSSRl SRS, o rheTRO LR AR Soh, Phpatfdede A1

preparation cﬁmpmﬁqtnnnkpqﬁtaﬂnan@omMaMa angi tbeirnuseaim thanreatment of

phar maceut i ﬁ%ﬁg ts thereof mhlch process conprises reacting
a conpound g?é% t formﬁa or ]

More particularly, one aspect of the present invention
concerns pyrrolocarbazole derivatives of Formula I:

"
0 N
O
N\ R
N

L\v’ﬁ\buﬁRf

is hydrogen or lower alkyl;

wherein:

10 r!
r2

r3

and the pharmaceutically acceptable salts thereof.

is heteroaryl; and
and R4 are independently hydrogen or lower alkyl;

15 In a preferred aspect, the invention relates to certain
compounds of Formula I, particularly including the compounds

where R1 2

is hydrogen and R“ is thiophenyl.
In another aspect, the invention relates to a
20 pharmaceutical composition containing a therpeutically
effective amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof admixed with at least

one pharmaceutically acceptable excipient.

25 In still another aspect, the invention relates to a
method of treating malignant disorders, particularly small



-32-.Terr] Formula 5 Fornmula 5a wherein [err] are as defined in claim1 and
'Y i.s an am no protecting group 5 with maleimde, if required, renoving the

protecting group Y, and, if desired, converting a conpoun i
into a pharmaceutical ly acceptable salt. 8. The conmpouf|d® #AQEMENﬁéHEET

clainms 1-5 whenever 10 prepared by the process of claim Br P nglm
chem cal equival ent thereof. 9. The u conpound ﬁﬁrt“o &Iﬂ}

in the manufacture of pharmaceuti cal co%%%gééé%n for the treatnent of 15 —
mal i gnant di geViEs ehvrrbBicAraRsGiEsy smal |l cell lung carcinome, col om carsinone
and venal and prostate tunors. 10. The novel conpounds, conpositions

process and use as described herein before.
Compounds represented by the Formula I:

"
O
N,
O
Rle P Y 4
N R? '
N
5 k/\ NR3R4
wherein:
Rl is hydrogen or lower alkyl;
R2 is heterocaryl:; and
10 R3 and r4 are independently hydrogen or lower alkyl;

and the pharmaceutically acceptable salts thereof, are useful
as chemotherapeutic agents.



