CARBAZOLE COMPOUNDS AND THERAPEUTIC USES OF THE COMPOUNDS
CROSS-REFERENCE TO RELATED APPLICATION [0001] This application claims the benefit of
U.S. provisional patent application No. 61/102,913, filed October 6, 2008, incorporated by reference
herein in its entirety. FIELD OF THE INVENTION [0002] This invention relates to carbazole
compounda RE ARCOE 0 preQdiNG She Dbl RaeP Bl AH A 0 SESLGda TEOR pE3RIRGLI8Btining the
compounds, and to their use as therapeutic agents. In particular, the invention relates to carbazole
compounds and their useR68S/RIGHE BIRNGESEGHB Bl E FIRcA R d (has El€dnent of cancers.
‘BACKGROUND OF THE INVENTION [0003] The frequency of cancer in humans has increased in the
developBW4idridTass i bopitaidrirhagadede ftorfddrentpyescnrt apicatsppliratestige of disease at
diagnosis, mar ity aaciIRdaly sAiRe hteaakinaidwed slanfianininseraakyears despte

extensive research. Induction of ¢ell déath is one of the most attractive cancer tréatment strategies.

There is a significant need to identifyggents iayprersanaRiprefinducing cell death in tumor cells
and/or that potentiate chemotherapéeutic and radiation therapies. SUMMARY OF THE INVENTION

[0004] Tiae@esent disclasiierisditectesta-comamnis andoamnegitions épatinduee cell death, and

to therapeutic uses of the compounds in the treatment of a cancer and other conditions in individuals

in need STEREANESIMIRA PGB SATHICHIGRRT SRt ARB A EOH R FRd M 8B SrBRITSSTY the

therapeytic camposndss [AQQaldders Raticyiaionhe 2se sebhdisciasbmisoditested tesompounds and
methods of treating diseases and conditions such as cancers, inflammatory diseases, microbial

infectiorid, &/ el syt R PAHBACSRSE Sa UATRS i L eatis o SBRAFIS are useful in a method

effective amount of a compound of structural foimula (I) to
Body R AXELIR LN 1) 4 2 provided carbazole
compounds having a, structural formula (I): WO 2010/042445PCT/US2009/059558 Rb (O, wherein
Ra is seldt&d 4§ .féqﬁ?B%%é%g%‘é g%‘ﬁ%‘? R e _66/7?8130%@?? %e%ﬁc%ﬁyl,
heterocygipalkiyhnatiyt, ieteroapdo @\ yDURE)2amBch S tiadternatividyseithar RagandsR or NW and Rl
together witg,t,e carpon e}t]oms to which they are attache fprgé,a five or six-membered aliphatic
carbocy G BICHE RS SRR N Jaien 18 SR IBP R HEPSAB CoRSEEHY SFRVABEER, C1.6 alkyl, C1-6
haloalkybxexeina! ke heterocynitialk vl asyld&mbeikoaylo QM iNER 22 anid SAh calternativaly, either RE

and R6 or NW. and R6 together with the carbon atoms to which they are. attached form a five or
six-menBEres &iphatic b%?&b%’y\évf@%ﬁfbe8‘?§ﬁ€%“8%’:%%§rﬁ agraer %I%EF% ig%élfﬁ}‘c%%ﬁg%r heterocyclic

rng;  death in tumor cells and/or that potentiate chemotherapeutic and radiation therapies.
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SUMMARY OF THE INVENTION

[0004] The present disclosure is directed to compounds and compositions that induce cell
death, and to therapeutic uses of the compounds in the treatment of a cancer and other
conditions in individuals in need of such treatment. The present disclosure is also directed to

methods of preparing the therapeutic compounds.

[0065] More particularly, the present disclosure is directed to compounds and methods of
treating diseases and conditions such as cancers, inflammatory diseases, microbial infections,
viral infections, and protozoan infections. The compounds are useful in a method comprising
administering a therapeutically effective amount of a compound of structural formula (I) to

an individual in need thereof.

[0006] In particular, in one aspect, there is provided carbazole compounds having a

structural formula (I):



Re is selected from the group consisting of hydrogen, Ci4, alkyl, Ci.ohydroxyalkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, and C(=O)W, or W and Rd are taken together to form a five, six, or
seven-membe(r)eé:loali&ha}LC ring, optionally containing an oxygen atom; Rd is selected from the
group consis‘?l)ng o]f%ygﬁo‘gen, C1.6 alkyl, cycloalkyl, heterocycloalkyl, aryff ‘Fi‘é!fé%’&&?ﬁ}ﬁ%ﬁ% C(-0)W, or
Rd and R7 together with the atoms to which they are attached form a five or six-membered aliphatic
ring; Re, independently, is selected from the group consisting of hydrogen, C1.6 alkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl,®r tws. Re groupgfaken together with a nitrogen to which they
are attached to foini a five or six-merr ic ring;
independently, are selected from tR& gro isting of

heterocycloalkyl, aryl, heteroaryl, halo, OW, Cf<:-0) A’ (=0)012e, OC(-0)W, C(=0)N(W72,
C(=0)NReS02W, N(Re)2, NWC(-O)V\BNW(:O)NRW) YCN,NO2, CF3, OCF3, SW, SOW, SO2W,
SO2N(W)2, and OSO2CF3; R7 is selegtéd from,jhrQroup consisting of hydrogen, C1.6 alkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryﬁénq{ﬂ is0,1,2,3,4,or5, orapharmaceutically
acceptable salt or hydrate thereof. [0007] In anoél{fr aspect, there is provided carbazole compounds
having a structural formula (11): wherein Rgds Sgiected from the group consisting of hydrogen, CI.6
alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and C(0)Rh, or’'Rr and Rg are taken together to
form a five, six, e red.aliphatic ring optionally containing an oxygen atom; Rgis
selected from th%f&%\fi%ﬂg&ﬁ%ﬁ]%%%ﬁ@ r%é*e"n",f%f_gﬁ%ﬂ’&%ﬁ%&a%ﬁﬁm Gietdiodycloalkyl, aryl,
heteroarﬁlaﬁt}]@‘(g%ﬂ?b{:ﬂ@ﬁﬂ?@dw@ﬁﬁsyuig@ﬁ}émmmtherammmeymww@m are-attached foini a five
or six-membeiad aipRalis HAg, RR | tly, Is,.selected from the group copsisting of hydrogen,
CI_6 alkyl, cyclo H}? %ﬁ%c%éﬁ%ﬂ@?%ﬁ%% ﬁ%%?gmﬁﬁgﬁp wo Sg%‘ﬂﬁé"ta’lbéﬂ‘ﬁéﬁ&ther with a
nitrogen %Wﬁ%if/&%é Gaendia-tbomharediivtisixahomobren bliphaticliingsg; RS is selected
from the group corisisdiegeafthydnag Lé&alk hgter lpalkyl, aryl, and heteroaryl;
R9, Rio, Eeiiél%gl%zf R13, and R14 in%?r]%ndentl mga%%%%é é’?f %Fn{%igﬁjﬁ%d};%ans‘{ging of hydrogen,
C1_6 alkyl cyeroai RS Saloibamii hsisioHeteriny YR AGRR Teiomtive = RIR OC(=0)Rh,
C(=0)N(RI2R G=DR\TRIFSGagR, N (RiN)  NRIGEAIRR.RBGFONR LH20 GNNO2s GF3, OCF3,
SRh, SOQQ@@Q@B&I%QI %#451@2 %5‘9 g@%OZCFS;ﬁ is0, 1,2, 3, 4, or 5, with the proviso that when p
is 2, one of Rr and Rg'is differen froms VITEr A HHATASEREIR s mbaie suftaseleirate thereof.
[0007al h?t%f%(ﬁﬁt’d’é?gaspect, there is provided a compound having a structure formula:

R® is selected from the group consisting of hydrogen, Cy4 alkyl, C\.shydroxyalkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and C{(=0)R®, or R® and R are taken together

to form a five, six, or seven-membered aliphatic ring, optionally containing an oxygen atom;

R%is selected from the group consisting of hydrogen, C,.4 alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, and C(=O)R®, or R and R” together with the atoms to
which they are attached form a five or six-membered aliphatic ring;

R®, independently, is selected from the group consisting of hydrogen,

Cr.s alkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, or two R® groups taken together
with a nitrogen to which they are attached to form a five or six-membered aliphatic ring;

R', R? R, R¥ R® ,and RY, independently, are selected from the group consisting of
hydrogen, C\ alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, halo, OR®, C(=0O)R,
C(=0)OR?, OC(=O)R®, C(=C)N(R"), C(=0)NRSO:R", N(R);, NR°C(=0)R,
NRC(=OIN(R),, CN, NOy, CF3, OCFs, SR*, SOR®, SO:R®, SO,N(R%),, and OS0O,CFj;

R is selected from the group consisting of hydrogen, C, ¢ alkyl, cycloalkyi,
heterocycloalkyl, aryl, and heteroarvl; and

nis0,1,2,3,4,0or5,



02N '\j [0007Db] In one embodiment, the compound isCompound 100 [0007c] In another aspect, there
is provided the use of a therapeutically effective amount of a compound as disclosed above in the
preparation of a medicament for treating a cancer. [0007d] In still another aspect, there is provided the
use of a therapeutically effective amount of a compound as disclosed above in the preparation of a
medicament fopiteeighimu agentitathnaacenyabiiseadco0odred theyerfanother aspect, there is provided the
use of ar% grPayisalin &S Qé’t tﬂ@@%ﬁ%%&@%BMa%ﬂfﬁS{ﬂﬁﬁ%%ﬂg% QAkg prpparation of a
medicament for treating a croblal Infection, a protozoan infection, or a viral infection. 1000711 In yet
anotherfaspstt,(Ihkere is provided the use of a therapeutically effective amount of a compound as
disclosed above in the preparation of a medicament for treating a disease or condition selected from
the group consisting of the diseases and 83nditions dR¥losed in paragraph [0278] herein. [0008] A
disease or condition that can be teggted i accordanc } with ggsent invention includes, for example, a
cancer, inflammation, autoimmune dis&g Ection, protozoan infection, viral infection,
graft versus host disease, a condltlon a ‘ infection, or pre-cancerous cells. Forms of
cancer that can be treated include, Bt arg notI ited Yo, reRal cell carcinoma, sarcoma, prostate
cancer, breast cancer, pancreatic cancer gftyel@mng, rryeloid and lymphoblastic leukemia,
neuroblastoma, glioblastoma, or a cancer caus%b_lengLV infection. 100091 In some embodiments,
the compound has a general structural formula (la): wherein Ra is C1"3 alkyl, C14 haloalkyl, C3.5
cycloalkyl, N(Re)2, or OR', or Ra and Ri togg{hé?‘w{gh the carborg?iioms to which they are attached

form a five or six- membered aIiphatic carbocyclic rng; Rbis alkyl, C1-4 haloalkyl, C3.5
cycloalkyl, N(RW%Z ar (!{3{? 6 to Q%% gyél; ag Cg n egt%ns 18, h&@ﬁyﬁre attached
form a five or six-menm ere ﬁ atic carbe nng or flve F Six-merm er }1at|c rng

containihgtaneyitraijeh amhhd%asrﬂlalﬁié]](y{,) ' vk icalkR Gﬂ@nydwﬂyaikylfom Rd is
hydrog (f] #/C]A al%@é&t{ng}%&%ﬁg l c?ia? %;%lganqllc:\; ) %Jgoﬁ%g ;ghatlt] %)%} éH%E&XV hich they are

attached form & five oF Six-membere g containing on itroge atom or Re and Rd are
taken together R f@ﬁﬂ@;@d(ﬁonsérmmpnmmmmﬂfmdmm, Eptiehall y%@ﬁﬂalh}rhg an oxygen atom;

e TSSOt 1 SFAPRR lofeb AR MUPRAGRR R chetRI Wi deafbfliagen. hydroy.
which they are attached form a five or six-membered aliphatic ring;

R", independently, is selected from the group consisting of hydrogen,

Ci¢alkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, or two R groups taken together
with a nitrogen to which they are attached to form a five or six-membered aliphatic ring;

R is selected from the group consisting of hydrogen, C alkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;

R'g, Rm, R’ 1, Riz, RP , and RM, independently, are selected from the group consisting
of hydrogen, Cy alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, halo, OR", C(=0)R",
C(=0)OR", OC(=O)R", C(=0)N(RM),, C(=0)NR*SO,R", N(R"), NRC(=O)R",
NRPC(=0)N(R"),, CN, NO,, CF3, OCF3, SR", SOR", SO:R", SO;N(R",, and OSO,CFs;

pis0,1,2,3,4,0r5,

with the proviso that when p is 2, one of R’ and R® is different from ethyl,

or a pharmaceutically acceptable salt or hydrate thereof.



R3 and R4, independently, are hydrogen or C1.3 alkyl; R5 is hydrogen, hydroxy, Ci..3alkoxy, or halo;
R6 is hydrogen, Cl..3alkyl, Ci.3alkoxy, or halo; R7 is hydrogen or C1..3 alkyl; and nis 0, 1, 2, 3, 4, or 5,
or a pharmaceutically acceptable salt or hydrate thereof. [0010i In other embodiments, the compound
has a general structural formula (fb): 00 Il Raen2 40 ns c¢,Rb IR4 CH2)n HC- R7 ReRd(Ib),

wherein [Bé¢0ikaindthydt etieyhen qspeplyliheyeliopmapylictl (G Bpuod 0&HR esRectmel Rinedether with the
carbon atoms to which they are attached form @ five-membered aliphatic carbocyclic ring; Rb is
methyl, ethyl, n-propyl, cyclopropyl, NH(CH3), ar 6CH3, or Rh and R6 togeitigs with the carbon atoms
to which they are attgched form a five-memk aliphatic carbocyclic ring or a five-membered
aliphatic ring containing one nitrogen atom;
2-hydroxyethyI;H3C ISt

to which they are attachg

and Rd are taken togeth

Compound 100

[6007b] In one embodiment, the compound is

[6007¢] In another aspect, there is provided the use of a therapeutically effective amount of a

compound as disclosed above in the preparation of a medicament for treating a cancer.

[0007d] In still another aspect, there is provided the use of a therapeutically effective amount
of a compound as disclosed above in the preparation of a medicament for treating an

inflammatory disease.

[0007¢] In vet another aspect, there is provided the use of a therapeutically effective amount
of a compound as disclosed above in the preparation of a medicament for treating a microbial

infection, a protozoan infection, or a viral infection.

[0007f] In yet another aspect, there is provided the use of a therapeutically effective amount
of a compound as disclosed above in the preparation of a medicament for treating a disease or
condition selected from the group consisting of the diseases and conditions disclosed in

paragraph [0278] herein.

[0008] A disease or condition that can be treated in accordance with present invention
inchudes, for example, a cancer, inflammation, autoimmune disease, microbial infection,

protozoan infection, viral infection, graft versus host disease, a condition associated with HIV

-3a -



piperidinyl moiety; amoiety, or amoiety; Ri is hydrogen; R2 is hydrogen. hydroxy, or methoxy; R3 and
R4 are hydrogen; R5 is hydrogen, hydroxy, methoxy, or fluoro; R6 is hydrogen, methyl, methoxy or
fluoro; R7 is _hydrogen: and nis | or 2, or a pharmaceutically acceptable salt or hydrate thereof. tool 11
In other emb‘(’géi%r%grﬁé;iﬁse compound has a general structural formula (1f 4 %?%%%(CHZ)p R_’12
CH-R8 N, RfRg wherein Rf is C1,6 alkyl; Rg is hydrogen or C14 alkyl, or Rg and R8 together with
the atoms to which they are attached form a five or six-membered aliphatic ring containing one

nitrogen &atEmiioRPisphydangenue©r@ils3 Rdkyls &l dsnhyditegenn hydrestyd arcGiB: Akoxys ft and R12,
independgnily, %?rg%q r&@le&r%fn%&}a?sgx”égllﬁa, prostate cancer, breast cancer, pancreatic cancer,

myeloma, myeloid and lymphoblastic leukemia, neuroblastoma, glioblastoma, or a cancer

caused by HTLV infection.

[0009] In some embodiments, the compound has a general structural formula (Ia):

9 X RO O
O
R? N R?
R3 l R4
(CH,

H?“R7
.N.

R TRd (Ia)

wherein R is Cy.; alkyl, C4 haloalkyl, C3.5 cycloalkyl, N(R®),, or ORS, or R* and R!
together with the carbon atoms to which they are attached form a five or six-membered
aliphatic carbocyclic ring;

Ris C4 alkyl, Cy.4 haloalkyl, Cs.s cycloalkyl, N(R%),, or OR®, or R® and R® together
with the carbon atoms to which they are attached form a five or six-membered aliphatic
carbocyclic ring or a five or six-membered aliphatic ring containing one nitrogen atom;

R® is C) alkyl, Cy.scycloalky, or Cishydroxyalkyl;

Réis hydrogen, Cy 4 alkyl, or Cs.5 cycloalkyl, or RYand R’ together with the atoms to
which they are attached form a five or six-membered aliphatic ring containing one nitrogen
atom, or R and RY are taken together to form a six- or seven-membered aliphatic ring,
optionally containing an oxygen atom;

R®, independently, is hydrogen or C 3 alkyl;

R! is hydrogen or 1.5 alkyl;

R is hydrogen, hydroxy, or C,.; alkoxy;

R* and RY, independently, are hydrogen or C, .5 alkyl;

R is hydrogen, hydroxy, Ci.;alkoxy, or halo;

Ris hydrogen, C).;alkyl, C,.jalkoxy, or halo;

R'is hydrogen or Cy.3 alkyl; and

nis0,1,2,3,4,0r 5,



R'3 is hydrogen, hydroxy, C1_3alkoxy, or halo; 14 K is hydrogen, Ci_3alkyl, or Cl.3alkoxy; R8 is
hydrogen or C1,3 alkyl; and p is O, I, 2, 3, 4, or 5, with the proviso that when p is 2, one of R1 and Rg
is different fr, r a pharmaceutically acceptable salt or hydrate thereof [00121 In still other
embodimentgﬁr%q%?r%ﬁmd has a structural formula (jlb): 02N NO2 (Cﬁé)eTp f_fffl,?ggﬁ&vfﬁg(”b),
wherein Rf is methyl or ethyl;,  R2 is hydrogen or methyl or Itg and R8 together with the atoms to
which they are attached form a five-membered aliphatic ring containing one nitrogen atom; R8 is
hydrogen; and pris phamiconix pharmraprblcsllyadodptabiessalf.or hydrate thereof. 100131 One
aspect of the present invention is to provide a method of treating a condition or disease by
administdfii0h the piprrriebng et srermedhone smerelstusipd deanotastionstural formula (1),
(la), (Ib), (1), (ha), or (11b), or a composition comprising one or more of a compound of structural
formula (1), (1a), (Ib), (1), (Ha), or (lib), ¢ vi ikhee@thereof. The composition can further
comprise a death receptor activator oA peplrle. The activator can be a TN F
polypeptide, such as one or more &NG 7 /4-1§BL, TNF-a, CD134L/0OX40L,
CD27L/CD70, FasL/CD95, CD30L, TN and, TRAIL. [0014] Another aspect of the
present invention is to provide pharmgce positions %omprising one or more compound of
structural formula (1) or (1l), and use of the d@fmp{o ip['?ng‘ﬁn a therapeutic treatment of a disease or
condition. o

}-1(1: -R7
R TR (Ib)

wherein R" is methyl, ethyl, n-propyl, cyclopropyl, NH(CH;), or OCHa, or R* and R
together with the carbon atoms to which they are attached form a five-membered aliphatic
carbocyclic ring;

R" is methyl, ethyl, n-propyl, cyclopropyl, NH(CH3), or OCHa, or R” and R® together
with the carbon atoms to which they are attached form a five-membered aliphatic carbocyclic
ring or a five-membered aliphatic ring containing one nitrogen atom;

R’ is methyl, ethyl, n-propyl, isopropyl, cyclobutyl, or 2-hydroxyethyl:

R¢is hydrogen, methyl, ethyl, or cyclobutyl, or R* and R’ together with the atoms to
which they are attached form a five-membered aliphatic ring containing one nitrogen atom;

or R® and R are taken together to form a morpholino moiety; a tetrahydrofuryl moiety; a

N ?
Q ‘*‘—N
piperidinyl moiety; a moiety, or a moiety;

R'is hydrogen;

R?is hydrogen, hydroxy, or methoxy;

R and R? arc hydrogen;

R’ is hydrogen, hydroxy, methoxy, or fluoro;
RS is hydrogen, methyl, methoxy or fluoro;
R’ is hydrogen; and

nislor?2,

or a pharmaceutically acceptable salt or hydrate thereof.
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10015] Yet another aspect of the present invention is to provide a method of treating an individual
undergoing a chemotherapeutic or radiotherapeutic treatment for a medical condition comprising
administrati ound of structural formula (1) and/or (II) in combination with a
chemotheraoﬁ{‘lfe(gtgl(‘?1 ggﬁ%:’a radiotherapeutic agent, or both, to the individL%qRUﬁa%qw%ﬁﬁsgs indication
treated by this method is a cancer. [00161 The above and additional aspects of the present invention
will become apparent from the following nonlimiting detailed description of preferred embodiments of
the presdfiftiileriionhd RitbEDESCRIR TION@EK ks E(GIRESicfeal Bl Ridaéldx is a plot of fold to
NF- ic.B activity relative to DMSO control vs. concentration for carbazoles of the present invention;
Figure lb is a plot of EC50(uM) for p53 adi@¥ation andkMF-KB inhibition for carbazoles of the present
invention; Figures 2a through gjgare plots of % ceall viah’ﬂjgy vs. concentration (gM) for various
tumor cells treated with carbazoles of i FSETL ion; Figure 3 contains a plot of tumor
volume vs. days of treatmentin an H Gisc xehograft model using the compound of Example 7;
WO 2010/042445PCT/ U S2009/059558 F’?bure 1 is a%¢hematic showing the three dimensional
analysis of active carbazole compounds; R" Figare B'is a schematic showing the three dimensional
analysis of inactive carbazole compounds; Jrigwe 6 is a schematic showing the three dimensional
structure of an active carbazole compound, i.e.P{! Example 2; Figure 7 is a schematic showing the
three dimensional structure of an inactive cagtiazute compound(,ljagz., Compound 200; Figure 8
contains plots of tumor volume (rnin3) vs. days of treatment for individual tumor growth in mice treated
with a control vettieteigRifis8a) @uiklin mice treated with the compound of Example 7 (Fig. 8b);

Figure 9 contai lots,of tumor volu ((inoﬁgg. Vs, gays of treatment with a control vehicle and with
the compound g?é I%(%ﬁ%?g&?; o d‘ﬁﬁg%% r cogﬁlpgf}ls%%%&%%ﬁ%%%&%ﬁ\%sv%fé%%f i%diVidual mice vs.
days afterttwhéddoutaditne pvmiserteatterddmitipithte controhve hioleoffeigitiQa andnmice treated with the
compound of E)E@M%Zo%;gq]r%’,).ﬁ, gllﬁg,h Figure 11 coptains pIot§ of concentration of Compound
100 (uM) vs. relative Cell survival for thirteen cancer cell lines showing that a present carbazole
compound is arfeffédiifEcggertaanisehtimeréosvypes of cancer; Figure 12 contains bar graphs

showing the antiparagific’agtidbRivariovs salRazals-eompaynds against Plasmodium .falciparum
(strain D10); and; . Fﬁﬁjre 13 contains plots showin? the antibacterial activity of various carbazole

compounds againstEYaMETEg RV 1S 485 Bh G AR positive bacteria (Fig. 13b). DETAILED
DESCRIPTIONIOHMERRERERRED ENMBQRIMENTS 100181 With respect to the compounds,
compositions, a dirs‘rlletgr%dg d(i)§ ose tlegi%i , the terminology used is for the purpose of describing
particular embo iments and is notintendéd to be limiting. As used in the specification and the
appended claingsisthelsihgukardofms "a," "an" and "the" include plural referents unless the context

clearly dictates QHieIUSvIAPHILHG PR OhUVARIER RedUaRieRiP £9IBRYNOS having a general

structural foiula
or a pharmaceutically acceptable salt or hydrate thereof.

[0012] In still other embodiments, the compound has a structural formula (IIb):

O,N NO,
|
{

CHz)yp

RS (1ib),

wherein R is methyt or ethyl;
R® is hydrogen or methy! or R® and R® together with the atoms to which they are
attached form a five-membered aliphatic ring containing one nitrogen atom;

Ris hvdrogen; and



(I) and (11). The carbazole compounds disclosed herein are useful in the treatment of diseases and
conditions, such as cancers, inflammatory disease, microbial infections, viral infections, protozoan
infections, owéwﬁ@ ne disease. (I), wherein IV is selected from the ro%g consisting of
hydrogen, Ci_olkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, ORe, N(ﬁ‘é? ,Sa%ﬁ @ﬁé,ﬁor either Ra
and Ri or NRe and RI together with the carbon atoms to which they are attached form a five or
six-membered aliphatic carbocyclic or heterocyclic ring; Rb is selected from the group consisting of
hydrogen, CI_edlk§lt @i26haloalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, ORe, N(R52, and
SRe, or either R} @@ﬁaﬁﬁ’a@éﬂ51?{?9&&,@1{)%3?&R%‘}.‘ﬁ@ﬂ}a@%‘?a&gﬁn atoms to which they are attached

. . ; t 1§ . . .
form a five or six-membered aliphatic carbocyclic ring or a tive or six-membered aliphatic carbocyclic

or heterogyelis| e aspRe d$ telBRIRATTANAe LA B BRI SRGRIDYEERTER: ChoRlitls o
Cl_ohydr%%glslé;ﬂ (f:TycIoaIkg/L heterocycloalkyl, aryl, heteroaryl, and C(=0)1e, or Re angrhé are taken
W ARSI P E A FasT AR Té@fé?ﬂﬁéﬁﬁlﬂ‘rﬁ%},Qfﬂ?@ﬁ’éll?%éﬁﬁﬁﬂﬂ%g’éﬁﬁ)xygen atom;

together toT0rm
Rd is sel@ut@fdlmirfoﬂmelgl(d)yplatpnﬁi}st(mlg, @mayd.tqm,@l.&mﬁybi%kgﬁd{ﬁﬁisifﬁgt@ﬁewq{ﬁ@%k}/', aryLf
heteroary =0 r R7.together wi e atoms to which they are attached form a five
or six-meér’wfggrgé‘gégﬁg é’?ﬁé%ﬂlr‘%wégg?ﬁ‘ éabg%&gr?ﬂ\é\fgrg &bfe%lé%] HHPhE GO eshalimreest hydrogen,
C1_6 alkfieesadiodhgromaesitopcioalylherybnaprishettroangcaprdne Ratgrodpsrtakemingether with a
nitrogen ich sheyare attached to for ' ix-membered aliphatic fipg, RI, R2, R3,
R4, R5, a?r?d , inde endcgnt%? Sr%’gg{gg:@? #ﬁ%ﬁ%ﬁ%ﬁgﬁﬁmﬁn@fgtﬁ% gf%?/g&)%%n?%?%r“alkyl,
cycloalkyt Rététde kYN B, (Het@ A R 404100 DI LAIBOYREs T (CDR € TDO=TYR4/ C{=0)N(R52,
C(=0)NReS02ReaM(Re)21 NReC(=0)Re, NReCe--0)N(Re)2, CN, NO2, CF3, OCF3, SRC, SORe,
SO2Re, SO2N(Re)2, and OSO2CF3; R7 is selected from the group consisting of hydrogen, C1.6 alkyl,

cycloalkylfthdlerdoytteatisykand iianstdeteiaantiang © {Fids granthc@liRaPbadYiaipaseutically
acceptabs 8 ﬁ or hé/drate thereof 100 OJfIn prefe{r d embodiments, the com%ounds have general
structural ?orﬁwﬁa%la :e 81'%056 ﬁ?ﬂ?ﬂm o1 structural tormula (1) or (II), and use of the

compositions in a therapeutic treatment of a disease or condition.

[0015] Yet another aspect of the present invention is to provide a method of treating an
individual undergoing a chemotherapeutic or radiotherapeutic treatment for a medical
condition comprising administration of a compound of structural formula (D) and/or (11} in
combination with a chemotherapeutic agent, a radiotherapeutic agent, or both, to the

individual. A nonlimiting indication treated by this method is a cancer.

[0016] The above and additional aspects of the present invention will become apparent

from the following nonlimiting detailed description of preferred embodiments of the present

invention,

BRIEF DESCRIPTION OF THE FIGURES

0017} Figure 1a is a plot of fold to NF- «B activity relative to DMSO control vs.
concentration for carbazoles of the present invention;

Figure 1b is a plot of ECso(puM) for p53 activation and NF-xB inhibition for
carbazoles of the present invention;

Figures 2a through 2k are plots of % celt viability vs. concentration (uM) for various
tumor cells treated with carbazoles of the present invention;

Figure 3 contains a plot of tumor volume vs. days of treatment in an HCT 116 s¢

xenograft model using the compound of Example 7;
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CH2a)n HC-R', ,N" ReRd(la), wherein le is Ci.3 alkyl, CIA halOalkyl, C3-5 cycloalkyl, N(Re)2, or
ORe, or le and RI together with the carbon atoms to which they are attached form a filve |?<r | N(Re)2
six-membered aliphatic carbocyclic ring; R"is Ci _4 alkyl, Ci4 haloalkyl, C3 5 cycloalkyl, e)2,
or OR, orle ‘évr?dzﬁgl%zé%?her W?{[h the c%rbon atoms to which they are att gi{%ﬁ%*?ﬁ%fﬁ?ﬁe or
six-membered aliphatic carbocyclic ring or a five or six-membered aliphatic ring containing one
nitrogen atom; R2 is C1-6 alkyl, C3.5 cycloalkyl, or C13 hydroxyalkyl; Rdis hydrogen_, Cl-4 alkyl, or
C3,5cycloalkyl, &igRet anglaR7htogeibehawihgitie: aboen slite ankiii Hheyi e ettatheddoupc:five or _
six-memhered glighatic ring containing one nitrogen atom or R and Rd are takpn together to fprm a six
or seven-membered aliphatic ring, optionally containing an oxygen atom; Re, independently, is
hydrogen or C1B&IK§/P 512 sshienajih sherins Be BratgimRBienhlarageis ciynireriy; er@kdealkoxy; R3
and R4, ingepengently, are hydrogen or C1,3 alkyl; RS is hydrogen, hydroxy, C|__3alkoxy, or halo; R6
is hydrogen, Ci_3alkyl, C1,3alkoxy, or halo; R7 is hydrogen or C1.3 alkyl; and n'is O, 1,. 2,3,4,0r5,or
a pharmaceuticAN“Ec e IshesRi OroyPaEhebres fitnapionshstnererp refferrectizprisdetimints, the
compounésmiavad genexahgiagtural formula (Ib): ORb, I, R4

Figure 7 is a schematic showing the three dimensional structure of an inactive
carbazole compound, i.e., Compound 200;

Figure § contains plots of tumor volume (mm") vs. days of treatment for individual
tumor growth in mice treated with a control vehicle (Fig. 8a) and in mice treated with the
compound of Example 7 (Fig. 8b);

Figure 9 contains plots of tumor volume (mm’) vs. days of treatment with a control
vehicle and with the compound of Example 7;

Figure 10 contains plots of the relative weight of individual mice vs. days after cell
inoculation in mice treated with the control vehicle (Fig. 10a) and mice treated with the
compound of Example 7 (Fig 10b); and

Figure 11 contains plots of concentration of Compound 100 (uM) vs. relative cell
survival for thirteen cancer cell lines showing that a present carbazole compound 1s an
effective agent against numerous types of cancer;

Figure 12 contains bar graphs showing the antiparasitic activity of various carbazole
compounds against Plasmodium falciparum (strain D10); and

Figure 13 contains plots showing the antibacterial activity of various carbazole

compounds against Gram negative (Fig. 13a) and Gram positive bacteria (Fig. 13b).
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] With respect to the compounds, compositions, and methods disclosed herein, the
terminology used is for the purpose of describing particular embodiments and is not intended
to be limiting. As used in the specification and the appended claims, the singular forms "a,"

"an" and "the" include plural referents unless the context clearly dictates otherwise.

{0019] The present invention is directed to compounds having a general structural formula
(1) and (II). The carbazole compounds disclosed herein are useful in the treatment of diseases

and conditions, such as cancers, inflammatory disease, microbial infections, viral infections,
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(CH4n HC? -R7 ReRd(Ib), wherein R is methyl, ethyl, n-propyl, cyclopropyl, NH(CH3), or OCH3,
or Ra and RI together with the carbon atoms to which they are attached form a fi\)/e mgrgazred f ;
aliphatic carbocyclic rin Rb is methyl, ethyl, n-propyl, cyclopropyl, NH(g H3), or or fe an
R6ptogether Wﬂ%?#g 35%5% atoms to which they are attached form a five £ fﬁﬁ@r‘%’%ﬁﬁ%atlc
carbocyclic ring or a five-membered aliphatic ring containing one nitrogen atom; Re is methyl, ethyl,
n-propyl, isopropyl, cyclobutyl, or 2-hydroxyethyl; Rd is hydrogen, methyl, ethyl, or c_yclol:_)ut)_/l, or
Rd and Ridogethenigitivtivecatonasitdmvhick theysare attached form a five-membered al!phatlc ring
containing one nitrogen atom, or R and Rd are taken together to form a morpholino moiety, a
tetrahydrofuryl moiety, a -N piperiding moi&ty, or amoi&fy, aﬁnmety, Rl is hydrogen; R2 is hydrogen
hydroxy, or methoxy; 117 and R4 arg )
hydrogen, methyl, methoxy, or quBro R
salt or hydrate thereof. 100221 In anathe e present mventlon also is directed to
carbazole compounds having a strudtural 3 rmuI@(II) i (CI-Ri)p R12 &i-R8 ,.N,

R CH;_)GR“

HC R?

,N -
R RS M)

?

wherein R® is selected from the group consisting of hydrogen, C;_galkyl, Cy.¢haloalkyt,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, OR®, N(R®),, and SRS, or either R? and R or
NR® and R' together with the carbon atoms to which they are attached form a five or six-
membered aliphatic carbocyelic or heterocyclic ring;

R is selected from the group consisting of hydrogen, C, salkyl, C_¢haloalkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, OR®, N(R%),, and SR, or either R” and R® or
NR® and R® together with the carbon atoms to which they are attached form a five or six-
membered aliphatic carbocyclic ring or a five or six-membered aliphatic carbocyclic or
heterocyclic ring;

R® is selected from the group consisting of hydrogen, Ci.ealkyl, C, ¢hydroxyalkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and C(=O)R", or R® and RY are taken together
to form a five, six, or seven-membered aliphatic ring, optionally containing an oxygen atom;

R? is selected from the group consisting of hydrogen, Ci. alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, and C(=0)R®, or R and R’ together with the atoms to
which they are attached form a five or six~-membered aliphatic ring;

R®, independently, is selected from the group consisting of hydrogen,

Cis alkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, or two R® groups taken together
with a nitrogen to which they are attached to form a five or six-membered aliphatic ring;

R, R% R, R* R’ and R independently, are selected from the group consisting of
hydrogen, Ci. alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, halo, OR®, C(=O)R,
C(=O)OR?, OC(=O)R®, C(=0)N(R ), C(=0)NR*SO.R®, N(R%),, NR*C(=O)R®,
NRC(=0)N(R)2, CN, NO,, CF3, OCF3, SR®, SOR®, SO,R®, SOuN(R"), and OSO,CF3;

R’ is selected from the group consisting of hydrogen, C,.4 alkyl, cycloalkyl,
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RfRg wherein R selected from the group consisting of hydrogen, Ci.6 alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, and C(=0)Rh, or Rf and Rg are taken together to form a five, six, or
seven-membered aliphatic ring optionally containing an oxygen atom; Rg is selected from the
group consisWrﬁ}gZBH@&f%@en, C1.6 alkyl, cycloalkyl, heterocycloalkyl, aryFREIETSHANISEIH C(=0)Rh, or
Rg and Rh together with the atoms to which they are attached form a five, six, or seven-membered
aliphatic ring; Rh, independently, is selected from the group consisting of hydrogen, C1.6 alkyl,
cycloalkyheheterobydlodl iyl anyd, lanetdweieraatyl, or two Rh groups taken together with a nitrogen to
which they are %t'{gﬁh d2t% fgrrg %five or six-membered aliphatic ring; R9, R1, R11, R12, R13,
and R14, independently,’are selected from the group consisting of hydrogen, C1.6 alkyl, cycloalkyl,
heterocycloalkybrarphanetmaydindi] hatos @iRic G QY RIy@B(HIRHN, C(=0)N(Rh)2, C(=0)NRhS02Rh,
N(Rh)2, NRhC(=0)Rh, NRh2=0)N(Rh)2, CN, NO2, CF3, OCF3, SRI\ SORh, SO2Rh, SO2N(Rh)2, and
0S02CHE028]  In mgfesredriphedirsnisibegronposadsiuiteettgbvouenraibsnalkylilagycloalkyl,
heterocycloalkyl, aryl, and heteroaryl; and p is 0, 1, 2, 3, 4, or 5, with the proviso that when p is 2, one
of Rand Rg is different from ethyl, or %pharﬁiaceutical‘ 6acc%)table salt or hydrate thereof. 100231 In
: f@r\n&tgla (Ha): R14 02NNO2 R13 R13 1

RZ R3
s
. (CHgJn
H(;-~R7
RC‘N“Rd (ia)

wherein R* is Cy.3 alkyl, C;4 haloalkyl, Cs.s cycloalkyl, N(R®),, or OR®, or R* and R!
together with the carbon atoms to which they are attached form a five or six-membered
aliphatic carbocyclic ring;

R®is Ci.4 alkyl, C4 haloalkyl, Cs_s cycloalkyl, N(R%)s, or OR®, or R and R® together
with the carbon atoms to which they are attached form a five or six-membered aliphatic
carbocyclic ring or a five or six-membered aliphatic ring containing one nitrogen atom,

R* is Cy alkyl, Cs.5 cycloalkyl, or Cy.3 hydroxyalkyl;

R%is hydrogen, C4 alkyl, or Ca.scycloalkyl, or R? and R’ together with the atoms to
which they are attached form a five or six-membered aliphatic ring containing one nitrogen
atom or R® and R? are taken together to form a six or seven-membered aliphatic ring,
optionally containing an oxygen atom;

R, independently, is hydrogen or Cy.; alkyl;

R' is hydrogen or C; .5 alkyl;

R?is hydrogen, hydroxy, or C,.3 alkoxy;

R’ and RY, independently, are hydrogen or Cy_5 alkyl;

R? is hydrogen, hydroxy, C;.salkoxy, or halo;

R®is hydrogen, Ci.;alkyl, Cy.3alkoxy, or halo;

R’ is hydrogen or Cy.; alkyl; and

nis Y, 1,2, 3,4, or 5,

or a pharmaceutically acceptable salt or hydrate thereof.
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wherein Rf is C[6 alkyl; Rg is hydrogen or C1_4 alkyl, or Rg and R8 together with the atoms to
which they are attached form a five or six-membered aliphatic ring containing one nitrogen atom; R9 is
hydrogen or C1 3 alkyl: Rl is hydrogen, hydroxy, or C1.3 alkoxy; RI | and RI2, independently, are
hydrogen or%ﬂ@&@%‘iﬁl\? is hydrogen, hydroxy, Ci.3alkoxy, or halo; -14K'{EH)#HE5ER® c1_3alkyl, or
Ci"3alkoxy; R8 is hydrogen or C1_3 alkyl; and pis 0, 1, 2, 3, 4, or 5, with the proviso that when p is 2,
one of Rf and Rgq is different from ethyl, or a pharmaceutically acceptable salt or hydrate thereof.
[00241 Inj&siipthir eorbeeifegBisve dienneune daspausidy Gl frmpulas il DN NO2 (CHA 1 N,
Rg, (lib) wherein RI- is methyl or ethyl; Rg is hydrogen or methyl, or Rg and R8 together with the
atoms to wWhich they

0O R R O
[} it
Ra’ O O C ~ Rb
R? : N R3
r3 l R*
( CHJn
H(lj* R’
- N'-.
R¢ TR (Ib)

wherein R” is methyl, ethyl, n-propyl, cyclopropyl, NH(CH3), or OCH;, or R* and R/
together with the carbon atoms to which they are attached form a five-membered aliphatic
carbocyclic ring;

R® is methyl, ethyl, n-propyl, cyclopropyl, NH(CH3), or OCHs, or R® and R® together
with the carbon atoms to which they are attached form a five-membered aliphatic carbocyclic
ring or a five-membered aliphatic ring containing one nitrogen atom;

R® is methyl, ethyl, n-propyl, isopropyl, cyclobutyl, or 2-hydroxyethyl;

R%is hydrogen, methyl, ethyl, or cyclobutyl, or R® and R” together with the atoms to
which they are attached form a five-membered aliphatic ring containing one nitrogen atom, or

R® and R are taken together to form a morpholine moiety, a tetrahydrofuryl moiety, a

N ?
O MN
pipentdinyl moiety, or a moiety, a moiety;

R'is hydrogen;

R? is hydrogen, hydroxy, or methoxy;

R? and R" are hydrogen;

R® is hydrogen, hydroxy, methoxy, or fluoro;
R® is hydrogen, methyl, methoxy, or fluoro;
R’ is hydrogen; and

nislor2,

or a pharmaceutically acceptable salt or hydrate thereof.
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WO 2010/042445PCT/US2009/059558 are attached form a five-membered aliphatic ring containing
one nitrogen atom; R8 is hydrogen; and p is 1 or 2, or a pharmaceutically acceptable salt or hydrate
thereof. [0025] As used herein, the will]. "alkyl" means straight chained and branched hydrocarbon
groups contairiy & ttficated number of carbon atoms, typically methyPETYB28ME5a%ght chain and
branched propyl and butyl groups. The term "cycloalkyl" is defined as a cyclic hydrocarbon group
containing the indicated number of carbon atoms, e.g., cyclopropyl, cyclobutyl, cyclohexyl, and
cyclopenipip20D26] Iientersmbbeteketyclopldivh eanD MNP EYEisRICkClisLande tricyclic cycloalky!
groups containing, one or more heterpatoms selected from the group consisting of oxygen, nitrogen,
and sulfu‘rxfﬁlﬂ%r%ﬁ VIRRATE A=A Bﬁfcib%kyl" group also can contain an oxo group (-0) attached
to the ring. Nonlimiting examples of heterogycloalkyl %Qups include, but are not limited to,
1,3-dioxolane, 2-pyrazoline, pyrazolidine, 1P

Iperazine, a pyrroline, 2H-pyran, 4H-pyran,
morpholine, thiopholine, piperidin&:¥ 4-dithiane, and-4,4-di@sane. [0027] The teiiii "halo" or "halogen"

:W: term "haloalkyl" means an alkyl group
substituted with one or more, e.g., L1s O~SUb ents,, ither fluoro, chloro, bromo, iodo, or
combinations thereof. Similarly, "halocyclgalkylis defined as a cycloalkyl group having one or more
halo substituents. [0029] The term "aryl," ﬁloné%{z?ﬂ @ombination, means a monocyclic or polycyclic
aromatic group, preferably a monocyclic or bicyétic-8fomatic group, e.g., phenyl or naphthyl. Unless
otherwise indicated, an "aryl" group can be urf1§|uk\)stituted or substituted, for example, with one or
more, and in particular one to three, halo, alRyl, hy&roxyalkyl, alk&y, alkoxyalkyl, haloalkyl, nitro,
amino, alkylamino, acylamino, alkylthio, alkylsullinyl, and alkylsulfonyl. Exemplary aryl groups include
phenyl, naphthyl, tetra‘ﬁsﬁ"r%ﬂatﬁ)Fﬁﬁﬁ?‘i‘?éhfwfﬁﬁ%ﬁ?ﬁ%geﬁﬁﬁ%%éﬁﬁﬂﬁd&é%%mi’ékﬁﬂh 2-methylpheny,
4-methoxypheiiy], Sdiverandthyiphendcfoniopeor-ard herlikad[R03Q]The tepmnbateroary!”
means a ongg%clic.or bicg‘(/:éiig:_lrin%bs stem ?éontaining one oy two aromatic rings and containing at

® i

C, S1X, OL 3 FaFGEn SRECTHY, AIPIIHIBRE S BER A b stituted or

least one %ﬁ?ogen,’oxygen, of Sulfur ato
substituted, for exampRe, inticorrd Gomdre gamg ivpdticg lei Todeoteihae, Skiistiurnatgylike halo, alkyl,

nycroxy: kel Alkoonalkosyeliyl Splealyl, o, aming, allaming, acylamino, alkyifio

alkylsulfmyl, and alkylsulfonyl. Examples 0 roaryl groups incfude, but are Aot fimited to, thienyl,

furyl, pyridichiliezons, afarmer forse qdirelyixiet styknrsaohdrdd ethibeatytinisoxazolyl, imidizolyl,

benzofhiazolyl, pyraziny, Ryt germds Aotk ediagpul A0GRL g g "alkylene” means
or example, the term " er

an alkyl %ou having a substituent. 1.3alkylenearyl” réfers to an alkyl group

containing'¢Adts fideriatn BrigRsHdoay s apditatbrelFintah a’fW@rB%ﬁfqm@mﬁ@?éhm "hydroxy"

means -Qlith haH83de heviaieh tadloxy hmeso@RnWIRISH Rdisalkserl®aB4dadhgderm "amino”
means -NH2, and thegr .'{;aﬁﬁqu{Q;' @anar-%fiz, wherein at !east one R is alkyl and the second R is
alkyl or hydrogen. [00351 THe term "acyldh "’r’tﬁ’gﬁﬁ%’%ﬁbﬂ\ﬁ?\ﬁmﬁ‘f@ﬁﬁ@’%tﬁﬁ(ﬁ%ﬂ’aryl. 100361

The termcfaﬂiyi'thﬁﬁﬁ'fﬁﬂwhn@eéﬁﬂ;-Mﬁlib}’éicyadsih}kyiel&@aﬁlﬂﬂmﬁe eyl nistefoareRhalodNOR? 100381 The
tem "rpreet ajeRnsoE b 09RO TRS B N BSIN R e RRR QS e 100401 The t

“Cyano” means - N _
NR'C(=0)N(R"), CN, NO,, CF3, OCF;, SR”, SOR®, SO,R", SO,N(R"),, and 0SO,CFy;

R? is selected from the group consisting of hydrogen, C, 4 alkyl, cycloalkyl,

means fluorine, bromine, chlorine, and

heterocycloalkyl, aryl, and heteroaryl; and
pis0,1,2,3,4,or5,
with the proviso that when p is 2, one of R" and R® is different from ethyl,

or a pharmaceutically acceptable salt or hydrate thereof.
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100411 The term "alkoxyalkyl" means an alkyl group wherein a hydrogen has been replaced by an
alkoxy wow. 100421 The term "hydroxyalkyl" means an alkyl group wherein a hydrogen has replaced
by a hydroxy group. [00431 The term "alkylsulfinyl" means R-S02-, wherein R is alkyl. L0044] The tell!!
"alkylsulfony g‘% 4H9803-, wherein R is alkyl. 100451 The term "morphbil i8R means
100461 The term "tetrahydrofuryl moiety” means r 10047! The term "piperidinyl moiety"
meansoptionally substituted with an -OH or -CH20OH group. [0048i The terms "effective amount" and
"therapeyticzdly affedivemtnalinghwheawsadindeteregeedal aeampaUBshRIlLgmposition, means a
sufficient amount of the compound or composition to provide the desired result. The exact amount
desired or required will vary depending or®the particgf#r compound or composition used, its mode of
posible,\;gzspecify an exact "effective amount" or
forop ffate éffective amount can be determined by
one of ordinary skill in the art informed Znt digclosure using only routine experimentation.
100491 The term "suitable” meansiah enity, e}y, a thoietiR ‘Substituent, or compound, that is
compatible with the compounds or compesitiogsHagg prévided herein for the stated purpose. Suitability
for the stated purpose may be determined by ghe okordinary skill in the art using only routine
experimentation. 100501 The term "administer'), when used to describe the dosage of a compound or
composition, means a single dose or multipke'd%s@@ of the com%ﬁg{ud or composition. 100511 "In vivo"
means within a living subject, as within an animal or human. Iri this’context, agents can be used
therapeutically in a suBjgct.io figata condition or disease, or a symptom thereof The agents also can
be used as a prophylactic to prevent the occurrence or regurrence of a disease conditions or

symptoms associated Rét&viR2e0058 1 ki Rmenhi deasteravititbesiviace ERighples of ex vivo
cell populaipBs M0 EUALAAERGT/ HSRBPRI0505E include imnnitig 684 ultyras.ard biological
samples such as fluid of tissue samples from humans or animals. Such samples can be obtained by
methods well known i tH%%H/ﬁfﬁgr‘ﬁrp%rﬁ/%]i‘é’ vgical fluid samples include blood, cerebrospinal fluid,
urine, saliva. ExemplaRy tissyersamplesiinciude tuaks:and biopsies thereof. In this context, the
present compounds cansbe in,mumerous applications, both therapeutjc and experimental. [0053] The
term "radiosensitizer" ?{n]egrr%qé déir]ng thd %%m?ﬁ?&ﬁé%% grhdr‘hgﬁl(}gf‘ other animal in a therapeutically
effective amount to indk&dsé e gendiidingpf Celldkowlectieimagnetic radiation and/or to promote the
treatment of diseases ﬁeq;qgjgr EH,%?Q&[@EQ&@@%}@Q%“O” [0054] The terms "electromagnetic
radiation" and "radiation” mean, but are not limited to, radiation having the wavelength of 10-2 to 100
meters. [0055] The tefn cBHgeH o htearidkyprddess wherein cell functioning, proliferation, and
metabolism is stopped, {0056]2Thedesns "cancer treatment” means any treatment for cancer known in

% il

the art including, but notﬂ ited to, chemotherapy and radiation thge_rag)t(.
with the proviso that when ps 2, one of R and R is different from ethyl,

"therapeutically effective amount". Ho

or a pharmaceutically acceptable salt or hydrate thereof,

[0024] In still other embodiments, the compound has a structural formula ([Ib):

N

]
{CHz)p

. (Ib)

wherein R is methyl or ethyl;

RE is hydrogen or methyl, or R® and R® together with the atoms to which they
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[0057] The term "combination with", when used to described administration of a present carbazole
compound and any additional treatment, means that the carbazole compound can be administered
prior to, simultaneously with, or after the additional treatment, or a combination thereof. 100581 As
used herein,‘YHez?é‘H?f’s?;‘f?eat," "treating,” "treatment,” and the like refer to BRRAIRE S &R ucing, or
ameliorating a disease or condition and/or symptoms associated therewith. Although not precluded,
treating a disease or condition does not require that the disease, condition, or symptoms associated
therewithrbateemydl eiely cfivinatethefed uipihlieraip ctheateimtitraftdgineatimg,” "treatment,” and the
like may include "pro%yilagtigﬂt)r%%tngggt," which refers to reducing the probability of redeveloping a
disease or condition, or Of A fettfrefice of a previously-controlled disease or condition, in a subject
who does not have, bptdd at sk of or is susceptible to, redeveloping a disease or condition or a
recurrence of the disease it “freat” contemplate administering a
compound of the inveﬁ%ﬁ%ﬁ#%%%g g??r%% r%%ﬂ’e% Sg? gﬁ%@ﬁ%ﬁ?ﬁoow] Within the meaning of the
invention, "treatment"” also includes relapse prophylaxis or phase prophyl xhs as wel| as the treatment

of acute BPZAkorfis LRSS e TR rdARn cHatsh! $hrined AR BHAEAR A&

symptomadigadlyedenaxamplpdicastippistesyiopiomatdican pedifeated/D v shostpeatiod, be

oriented gver a medium term, ar can be a long-t reatment, for example within the context of a

maintenécﬁﬁlé1 fher rﬁ?f:%é86‘115%3%%%%ty%%%aﬁ%c%ﬂescﬁﬂcriﬁlf}%ﬁsﬁ lcso@n%%%\%oaﬁ %ﬁ?ﬁ%s (e.g., dogs,

cats, andibrses)ipzgorapimaisifeg thzebiasicd epmbatsfaathdargenats)s fovdigparsd animals (e.g.,

Cows, pi%%l%@ﬁ{fl’ (90%@ p}m Q?,Jﬁ egigh animals (e.g., rats, mice, goats, and guinea pigs). 100611
antinv n’t??nlsd?f’ % n §

The presentin ecte part, to the discovery that pharmaceutical compositions

comprisifgcfarprz lgcompritne oiiganearalsiMehdaLiR itk €)aadl)yaanbedised to modulate

NF-KB activity, such as NF-KB-medijated immune respgnses and conditions d%scribed in International
t

Patent ABONPAFORIBETAIRD LI BHS A ctEHNASY SHECUMR IS BE® SREEEREHE 8B hich are
incorporaiad hareiikyirefereneeinf0abinreprefareatoemhatime atewgf dscarhnzeimicampeoind of

structural formula (1), Ra is methyl, ethyl, NH(CH3), OCH3, or forms a five-membered aliphatic ring
ot Rt FOFGT QI aE dhBe e S S 1 RIEETD) DR e e membered
aliphatic singumithtRéied forhs difwelaenerads ntqgeazobdtanmy cdiivkmatieprragiwitls R6. In another
preferred embodimant, Rd i hxdrgoen. mettvl iyl a0y Ade-membered aliphatic ring with RY.
100631 Iﬁyﬁ%ggfgﬁgr%%g’dimegrgé, RI is%droden ggr ?orm’sgg%ve-mérﬁbered aliphatic ring with R. In
other pred&rxaticembodiments, R2 is hydrogen or hydroxy. In still other preferred embodiments, R3 is

hydrogen. In further preferred embodiments, R4iﬁ hydrogen. |n yet further preferred embodiments, R5
is hydrod@AZ3H hydrosminheinTplefasat BIFBE H?é%,%‘i’é‘ﬁﬂ%ﬁ@ﬁ,% N95'3%ive-membered

aliphatic fj ith.Rb, or forms a fiye-membered, nitrogen-contajning aliphatic ring with Rb. In prefelled
embodin&rg%séﬁl R%% ﬁ?&r(%zg?]a%?ﬁ#o@ne@é; ﬁee-n?'ér%rglé?gé:’ br?%%&ve\an NRd’ rg ?/%?]f(ff?mge’%'bpet e?r’ed

em bodirﬂerh@ssui?siistﬂeotSSeiﬁﬁéIGﬂl}dmm_kﬁeneht@nm@dimen@mbalm&m@p fipolmty.of structural
formula (), B BNERYVLOK SN 58 SNERBR IR SV IRIMBAYS mEmbered. nittogen

containing aliphatic ring with Rand R8; or R ydrogen, R9, Rio, R',, n1213 R R -, and Ri4 are
hydrogenglinyet itytheremhedimenis: is28manlR0fRhdnonadditianel sakiszedacompounds useful
in the treatment of a variet%/ of WO 2010/042445PCT/US2009/059558 ccr%iitiogs an@ltgs&ases are
CH3 10086 #HeSraReRERTRNBMARIGHEL S PEXEH5 &S RIRE EBHRe fsar i Gro Mt 88 ers of the
compoundg) efssikestuial fahenstd, (hhand (1 robpeprésentibviniahdnalbs#stbhtforagempdecompounds
and optically active isomers, When a compaund of structwral formula (1) or (ll) is desired as a single
enantiom‘é“f’%toggﬁ bed 3‘.’6%8 RASH %?’&Bﬂgﬁrgﬁ’ §fi {%’ea#ll(l?z{aflg r%] 6\0’?1%?8657(% é?(éospecifiC synthesis
from eithehdmmkmbéiwlhﬁastﬂmmmmﬂaﬂmma@ﬁ/htmhimlaﬁwktﬁawaﬁeﬂg‘dﬁnﬁb_ﬁe&ample, see Z.
Ma et al, RRINSHPNECNEEING B(B),PRRRKERRAGE IH0(), Resalanphit final product, an

intermediate, or a starting e achieved by any suitable method known in the art.

Additionaliyhinrsitberidnd-vterrksnrbricid apphensdripetiius mats dcrasioreyRReRY¥) or (11) are

possible,;&gﬂgﬁﬁq@ﬂgxﬁqg}?ﬂ ﬁﬁ%?ﬁ&@ﬂ%ﬂh@ﬁk@“ tautomeric forms of the compounds, 100671
0

Prodrugs of compounds’of structural formula (I) and (ll) also can be used as the compound in a
method ofpii pregentinvaniianivis mehesiablisbatithatbacpehdrig appeaachmhiereimsaocompound is
derivatized into a farm sui%avgle for fo.rmulialtiorg and/or administration, ttf n gglea%ea% as a gﬁrgg in vivo,
has been &M L BIS) B B AR Sidrt 1oc g isieraverdbly) afer tha phySicochamical properties
of the compound (see, H. Bundgaard, Ed., "Design of Prodrugs," Elsevier, Amsterdam, (1985); R.B.
Silverman, "The Organic Chemistry of Drug Desigd and Drug Action,” Academic Press, San Diego,
chapter 8, (1992); K.M. Hillgren et al., Med. Res. Rev., 15, 83 (1995)). [0068] Compounds of the
present invention can contain one or more functional groups. The functional groups, if desired or
necessary, can be modified to provide a prodrug. Suitable prodrugs include, for example, acid
derivatives, such as amides and esters. It also is



WO 2010/042445PCT/US2009/059558 appreciated by those skilled in the art that N-oxides can be
used as a prodrug. 100691 Compounds of the invention can exist as salts. Pharmaceutically
acceptable salts of the compounds of the invention generally are preferred in the methods of the
invention. A?&%‘H‘%@‘Féﬁ the term "pharmaceutically acceptable salts” réfefEURIES or& witterionic
forms of the compounds of structural formula (1) and (11). Salts of compounds of formula (I) and (ll) can
be prepared during the final isolation and purification of the compounds or separately by reacting the
compournthyithdwlacidchavingnaubsitaintd catiantiiiel phasnaaplsicatly accantable salis of compounds
of structural formula (). and (I1).are aci %di ion salts, formed wjth pharmaceuytically acceptable acids.
Exampleg 0 %%f%so {/}vef#%:ﬂ?ﬁegh gsgtmuf)qu)% %})’ %@t’rﬁﬂr}?\lag%%g%t@ﬁ?}?}ggce’gta%fgxgalts include inorganic
acids suctkaxyaiicid, hdrdkblydicohtonioohyiddbromiccsidfunio, alkgifhiasphpisc|fanyt aiganic acids such
as oxalic [ CGHI (] imiti I f nds,of. the invention
elude, B e e B e e ot 2

hydroxye?hE sl psAz] phseprhtsonyiardye miniss shagel vhdesthinzatiib sexaspfiriateidizphttate,
benzoate,hissifata BUpaienRappharats carnpRorsHfonalgadigluconate, glycerolphsphate,
hemisulfate, heptanoate, hexanoate, formate, succinate, fumarate, maleate, ascorbate, isethionate,
salicylatgpomathaimesufanaley mesipiene sulfonatgongphthylenesdionate, micetinalge, the

2-naphthalenegsulfgnate, oxalat moate, pectinate, persulfate, 3- pheny|proprionate, picrate,
pivalate, %ﬁ)npi(? ﬁ'ét%?%r?%ﬁ?&ogg%ﬁgsﬁe‘f %ﬂfﬁ%oﬁo%r@é}f)a‘fgf}%h%g%ﬁ%et? d]ﬁ?&rﬁ%@?%@&%@ﬂgte,
paratoluenéstilfornbteihumdeyhpeate, lactate, citrate, tartrate, gluconate, methanesulfonate,
ethanedisulfbnate, benzene sulphonate, and p-toluenesulfonate salts. In addition, available amino
groups pfeddH: i hsdemmbuiiags’ areres ifEhtion can be quatemized with methyl, ethyl, propyl, and
butyl chlarides, bromides, and iodides; dimethyl, diethyl, dibutyl, and diamyl sulfates; decyl, lauryl,

"

myristyl, M&&erﬁ‘éfﬂﬁﬁa@gowoﬂ%f% seraRE Rafidsahzyl and phenethyl bromides. In light of

the foreggj reference 1o gompounds of t?i resent invention,appearing.herein is intended to
include c@r&%ﬁin Sor Strutiral 3an1nlfla Ahd §rlp I? a5 v%@ﬁ?'%glﬁﬁat’g%%ﬁ ic 13‘/"%%%3%?5ble salts,
hydrates @sprodRigsthdrant t1O8701dThé etrmbaundsogestructural formula (1) and (11) also can be
conjugated or linked to auxiliary moieties that promote a beneficial property of the compound in a

method dffiélapEitikimersimpiednrpae’ Eshenitdireein livedodfdhendompounds to a particular

anatomical ﬁe or.region of jnterest (e.g., a tumaor), enable sustained therapeutic concentrations of the
e

compound®i¥tardstedils AT AR Re RSt Sridifiadodynarnic properties of the compounds,
and/or i the therapeutic. index ot safety profile of the compounds. Suitable auxiliary moieties
include n@&@mqgfg?%nrﬁin%%%igsagﬁggﬁ?ﬁtides, or polypeptides, e.g., antibodies such as monoclonal

antibodieg g5 Other eRginealRA.aiRAdigRANdRatural or synthetic ligands to receptors in target cells
or tissues. Other suitable auxiliaries include fatty acid or lipid moieties that promote biodistribution

and/or uptmse of he compeimdntaige! cells(see s g., Bradley et al., Clin. Cancer Res. (2001)
7:3229). 100711 Compounds of the present invention are potent inhibitors of NF-KB. Thus,
compouni@84sfifoirheltarh) "ameh (i neramof-terest for use in therapy, specifically for the treatment of a
variety of conditions where inhibition of NF-KB is considered beneficial. NFKB inhibition is particularly
attractivel #4fdéts Bedisusd diseryitkibitoerprovidbkylafeersductine ysbprosibastimicrdbied,
antiprotog0ah.aiMiralzand anti-inflammatory, all of which are beneficial in the treatment of various
disease states. The compounds of foimula (1) and (Il), therefore, have utility in the treatment of a
number gholiggrders, teliseaseseantkopndiingsn L0681 2olp e pateneh ol Riesepakazgle compound
is determirhe((jkg)ﬁ/ measuring an ability of the compound to inhibit NF-KB activity or to activate p53.

Y

Activatioft )i%?gglly is measured using a dose-response assay in which a sensitive assay

system i c ' nd.of i ver a range of concentrations, including
concent%ﬁgir?;]a aﬁv%%&gn%%%gl %é&?gé‘t;?g%t%@rve& %h%gugﬁ ?@ﬁler concentrations at which
partial efigglig ohsRREH, ISALIRIRE CRRCSRIAHNNS.AlWNIGR R Maximum effect is observed.
Theoretically, such assays of the dose-response effect of activator compounds can be described as a
signoidal curve expressing a degree of activation as a function of concentration. The curve also
theoretically passes through a point at which the concentration is sufficient to increase activity to a
level that is 50% that of the difference between a baseline and the maximal activity in the assay. This
concentration is defined as the Effective Concentration (50%) or EC50 value. Determination of an
EC50 value is made using conventional biochemical (acellular) assay techniques or cell-based assay
techniques. 100731 Comparisons of the efficacy bf activators often are provided with reference to
comparative EC50 values, wherein a higher EC50 indicates that the test compound is less potent, and
a lower EC50 indicates that the compound is more potent, than a reference WO
2010/042445PCT/US2009/059558 compound. Compounds of the present invention exhibit
unexpectedly good potency, i.e., p53 activation, in a luciferase reporter cell line assay. Compounds of

the invention subjected to a cell-based assay described below exhibited EC50 values for p53
actin/atinn 0f lace than ahniit 1 26 RPM In cartain embodimente eomnoniinde of the invvention evhihited



[00791 For oral administration, including buccal administration, the composition can be in the form of
tablets or lozenges formulated in conventional manner. For example, tablets and capsules for oral
administration can contain conventional excipients such as binding agentséfor example, syrup, acacia,
gelatin, sorbﬁvo(?; 2[%‘5%{%?%, mucilage of starch, or polyvinylpyrrolidone), fll T@ﬁ@f’%ﬁ?ﬁ?ﬁle, lactose,
sugar, mic-rocrystalline cellulose, maize-starch, calcium phosphate, or sorbitol), lubricants (for
example, magnesium stearate, stearic acid, talc, polyethylene glycol or silica), disintegrants (for
example, potato starch or sodium starch glycolate), orj wetting agents (for example, sodium lauryl
sulfate). The tablets can be coated according to meth8ds well known in the art. [00801 Alternatively,
compounds of the present invention can be incorparated|into oral liquid preparations such as agqueous
or oily su Egiio%, %olutipns, grrilulsions, syrups, orelixts, for example. Moreover, formulations
containin@% ese coem%%%nlalglg B8 g}%tggfm a dry product for constitution with water or other
suitable vehicle before use. Such liquid preparations canjcontain conventional additives, for example
suspending agents, such as sorbitol syrup, methyl cellulgge, glucose/sugar syrup, gelatin,
hydroxyethylcellulose, hydroxypropylmethylcellulose, ¢arboxymethylcellulose, aluminum stearate gel,
and hydrégaishtethedite faisaleriuiBifyingagentassuc cithin, sorbitan monooleate, or acacia;
nonaqueous vehicles (which can include edible oils), such as almond oil, fractionated coconut oil, oily
esters, propylene glycol, and ethyl alcohol; and presekvatives, such as methyl or propyl
p-hydroxybenzoate and sorbic acid. 100811 Such rations also can be foimulated as
suppositories, e.g., containing conventional suppository bases, such as cocoa butter or other
glyceridego@ompisitiens fpipitaatian picalbueambe Droyidediin thssiareofasaiutign suspension,
or emulsiﬂgaﬁhqﬁhcan be administered as a dry powder or in the form of an aerosol using a conventional
propellant, stc < tehlorodifluoromethane or trichlorofluoromethane. Typical topical and transdermal
formulati ' ventional ki 20US. V

ointments, oﬁgrr:;i,gﬁ 51% pa{]sfg%églpgﬁeﬂl %‘iﬁw{)&?&&;m&gﬁ éa)g#e?clcgtg%gﬁ 1z;rsetgrrr,}O|c§larllttc§h‘,fvor membrane. 100821
Additiondicrenes o gidomeaither seerprii iieve Arignscan B fornmuietatiofbihparemeratiadministration by
injection gk RRINRYS FRIVRIOMSRURMAtANS fordnigcliamean Baindns Inanaf sispgysions,
solutions, or emulsions in oily or aqueous vehicles, and can contain formulation agents, such as
suspend it eSAiBHiohi}e Mo i< BN hefeFREPRRSRTaAEN ttme de oY edmiristigitteanche in powder
form for chn sttt toRawithi amsyiakigsveRisied & pesieyila, Ryt oerefiae waler:before use. [0083] A
composit,'ua]ne %f t6h : &rfselg}t i?vention e%j,s an be formulated as z{g%{)ot preparation. Such long acting
formulations eBR be-adrmiistered By hipfARtatSh {orEXaPHBIE CEPtATBRL KB Phtramuscularly) or
by intramissewianddjer ton oAccindmghij thetibompotindsdbihdiventiotiscazibe doirpulated with
suitable polymeric %@égfap E(.)bic materials (e.g., an emulsion in an acceptable oil), ion exchange
resins, or as sparingly soluble derivatives (e.g., a sparingly soluble salt). {00841 The composition also

can be fogmdgtedhasaiPesripR PRRRASHAMKHHIS UPasame PraRaflion, SaNEAMRHEHRgsOmes
which penetrate the cells of interest or the stratum comeum, and fuse with the cell membrane,
resulting SATBRIVRIR "GFtHEcComBntadsian e RRssHiRas At e dsinarie Sossssieciasentsed, for
example SitabSitf atemicNatd, drpdtindl: be PatentNe b4.62:1:0211a0¢ bk iPalenk Ngnd, 508,703,
each inc%morat d herein.I% reference. (00851 For veterinary use, a compound of formula (1) or (11),

ora pharma?&reolﬁllélgllg/xg?:%ep 1Bi8%alt or prodrug, is administered as a suitably acceptable foimulation

in accordges Wih0MmalueIRHNEY RIGIGR, ToaEIRInAraN.an feadiiy delerine the dosing
regimen and route of administration that is most appropriate for & particu aPanimal. Animals treatable
by the prée@fesiinipdsas afddsalersds meltitls dsewaré hetlimied doypetplivistock, show WO
2010/042445PCT/US2009/059558 animals, and zoo specimens. SYNTHETIC METHODS 100861

113

CompouhlB&t forfhafxe(1yAs (v s A iBrepibiechBy AHie wamed emBamasolmiisthe art, or by the
following qainees sgennhish foure aiéapshadcarssant OMpolRN:di PRLIGWREL 6oaMRaMds Of structural
formula (I ang %Ih?an ?eﬁlreg%aretd ccordiFg to the foIIowinE%synthetic schemes. [0087] In the
synthetic MBMads e Exariped SASHSPE RGBT e SRS A MEVEBbISASABHERATE the
followingrevearings:fl2NiFedimethyifiormansidepiatd soditisrhyidriceithin minutes TLC thin layer

chromatography
[0052] “Ex vivo" means outside a living subject. Examples of ex vivo cell populations

i%les such.as gye gsrg s, creams,
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CH2CI2 methylene chloride CHCI3 chloroform MeOH methanol Na2S0O4 sodium sulfate AIC13 _
aluminum chloride MCI acetyl chloride LC-MS liquid chromatography-mass spectrometry , Et20 diethyl

i i iqui hy h hours
ether NaZC%BOSZ%%I}ErJ{]TZ ‘&%rbonate HPLC high performance liquid chromathg%ilﬁ)s Y3 nours

include in vitro cell cultures and biological samples such as fluid or tissue samples from
humans or animals. Such samples can be obtained by methods well known in the art.
Exemplary biological fluid samples include blood, cerebrospinal fluid, urine, saliva.
Exemplary tissue samples include tumors and biopsies thereof. In this context, the present

compounds can be in numerous applications, both therapeutic and experimental.

{0053] The term "radiosensitizer” means a compound administered to a human or other
antmal in a therapeutically effective amount to increase the sensitivity of cells to
electromagnetic radiation and/or to promote the treatment of diseases treatable with

electromagnetic radiation.

[0054] The terms "electromagnetic radiation” and "radiation” mean, but are not limited to

k)

radiation having the wavelength of 10°° to 100 meters.

[00S5]  The term "cell death” means a process wherein cell functioning, proliferation, and

metabolism is stopped.

[0056] The term "cancer treatment"” means any treatment for cancer known in the art

including, but not limited to, chemotherapy and radiation therapy.

[0057] The term "combination with", when used to described administration of a present
carbazole compound and any additional treatment, means that the carbazole compound can
be administered prior to, simultaneously with, or after the additional treatment, or a

combination thereaf.

[0058] As used herein, the terms “treat,” “treating,” “treatment,” and the like refer to
eliminating, reducing, or ameliorating a disease or condition and/or symptoms associated
therewith. Although not precluded, treating a disease or condition does not require that the
disease, condition, or symptoms associated therewith be completely eliminated. As used
herein, the terms “treat,” “treating,” “treatment,” and the like may include "prophylactic
treatment," which refers to reducing the probability of redeveloping a disease or condition, or
of a recurrence of a previously-controlled disease or condition, in a subject who does not
have, but is at risk of or is susceptible to, redeveloping a disease or condition or a recurrence
of the disease or condition. The term “treat” and synonyms contemplate administering a

compound of the invention to an individual in need of such treatment.

[0659] Within the meaning of the invention, “treatment” also includes relapse prophylaxis
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NaHCO3 sodium bicarbonate NaCl sodium chloride HCI hydrochloric acid g gram eq equivalent mol
mole mmol millimo e mL milliliter H2SO4 sulfuric acid K2CO3 potassium carbonate Pd(OAc)2

alladium acetate
P WO 2010/042443 PCT/US2009/059558

or phase prophylaxis, as well as the treatment of acute or chronic signs, symptoms and/or
malfunctions. The treatment can be orientated symptomatically, for example, to suppress
symptoms. It can be effected over a short period, be oriented over a medium term, or can be

a long-term treatment, for example within the context of 2 maintenance therapy.

[0066] The term "mammal" includes humans, companion animals {e.g., dogs, cats, and
horses), zoo animals (e.g., zebras, elephants, and large cats), food-source animals (e.g., cows,

pigs, goats, and sheep), and research animals (e.g,, rats, mice, goats, and guinea pigs).

[0061] The present invention is directed, in part, to the discovery that pharmaceutical
compositions comprising a carbazole compound of general structural formulas (I) and () can
be used to modulate NF-xB activity, such as NF-kB-mediated immune responses and
conditions described in International Paient Application PCT/US05/25884, designating the

United States, the contents of which are incorporated herein by reference.

{0062] In preferred embodiments of a carbazole compound of structural formula (D, R is
methyl, ethyl, NH(CH;}, OCHa, or forms a five-membered aliphatic ring with R'. In other
preferred embodiments, R%is methyl, ethyl, NH(CH;), OCH;, forms a five-membered
aliphatic ring with R®, or forms a five-membered, nitrogen containing, atiphatic ring with R®,
In another preferred embodiment, R? is hydrogen, methyl, ethyl, or forms a five-membered

aliphatic ring with R’

[0063] In preferred embodiments, R’ is hydrogen or forms a five-membered aliphatic ring
with R". In other preferred embodiments, R? is hydrogen or hydroxy. In still other preferred
embodiments, R” is hydrogen. In further preferred embodiments, R” is hydrogen. In yet
further preferred embodiments, R is hydrogen or hydroxy. In some preferred embodiments,
R® is hydro gen, forms a five-membered aliphatic ring with R®, or forms a five-membered,
nitrogen-containing aliphatic ring with R®. In preferred embodiments, R’ is hydro gen or

forms a five-membered ring with RY, In yet further preferred embodiments, n is 2 or 3.

[0064] In preferred embodiments of a carbazole compound of structural formula (ID, R is
methyl or ethyl, R® is hydrogen, methyl, ethyl, or forms a five-membered, nifrogen containing
aliphatic ring with RY and Rg, orR%is hydrogen, Rg, Rm, r! %, Rm, RP ,and R are hydrogen.
In yet further embodiments, p is 2 or 3.

[0065] Two additional carbazole compounds useful in the treatment of a variety of
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Pd(PPh3)4 tetra(triphenylphosphino)palladium P(OEt)3 triethoxyphosphine NaH sodium hydride WO
2010/042445PCDUS2009/059558 TfOH triflic acid EtOH ethanol NMR nuclear magnetic resonance
spectromet%(l)ig(gﬁl%gmgl acetate THE tetrahydrofuran NaOH sodium hyﬂ%um 059558

conditions and diseases are

CHa
i '
3
|
(?Hz)z {?Hz}z
N N
CoHs” TCyHs CoHs” "CoHs
Example 26 and Compound 17b

[0066] The present invention includes all possible stereoisomers and geometric isomers of
the compounds of structural formula (I) and (11I). The present invention includes both
racemic compounds and optically active isomers. When a compound of structural formula (I)
or (1) is desired as a single enantiomer, it can be obtained either by resolution of the final
product or by stereospecific synthesis from either isomerically pure starting material or use of
a chiral auxiliary reagent, for example, see Z. Ma et al., Tetrahedron.: Asymmerry, 8(6),

pages 883-888 (1997). Resolution of the final product, an intermediate, or a starting material
can be achieved by any suitable method known in the art. Additionally, in situations where
tautomers of the compounds of structural formutla (1) or (IT) are possible, the present

invention is intended to include all tautomeric forms of the compounds.

[0067] Prodrugs of compounds of structural formula (1) and (IT) also can be used as the
compound in a method of the present invention. It is well established that a prodrug
approach, wherein a compound is derivatized into a form suitable for formulation and/or
administration, then released as a drug in vivo, has been successfully employed fo transiently
(e.g., bioreversibly) alter the physicochemical properties of the compound (see, H.
Bundgaard, Ed., "Design of Prodrugs,” Elsevier, Amsterdam, (1985); R.B. Silverman, "The
Organic Chemistry of Drug Design and Drug Action," Academic Press, San Diego, chapter 8,
(1992); K.M. Hillgren et al., Med. Res. Rev., 15, 83 (1995)).

[0068] Compounds of the present invention can contain one or more functional groups.
The functional groups, if desired or necessary, can be modified to provide a prodrug.

Suitable prodrugs include, for example, acid derivatives, such as amides and esters. It also is
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NMP N-methylpyrrolidinone DBU | ,8-diazabicyclo[5.4.0Jundec-7-ene MsC1 mesyl chloride TEA
triethanolamine Na2S04 sodium sulfate (Boc)20 ditert-butyl carbonate Py pyridine PdC12(PPh)3
dichloro-triphenylphosphino-palladium (II) PhNO2 nitrobenzene KOAc potassium acetate Pd(dppt)CI2
dichIoro-((big‘fﬁi%%m%ﬁ%sphino)ferrocenyl)-palIadium(II) PCT/US2009/059558

appreciated by those skilled in the art that N-oxides can be used as a prodrug.

{0069] Compounds of the invention can exist as salts. Pharmaceutically acceptable salts of
the compounds of the invention generally are preferred in the methods of the invention. As
used herein, the term "pharmaceutically acceptable salts” refers to salts or zwitterionic forms
of the compounds of structural formula (I) and (II). Salts of compounds of formula (1) and
(11} can be prepared during the final isolation and purification of the compounds or separately
by reacting the compound with an acid having a suitable cation. The pharmaceutically
acceptable salts of compounds of structural formula (I} and (1) are acid addition salts formed
with pharmaceutically acceptable acids. Examples of acids which can be employed to form
pharmaceutically acceptable saits include inorganic acids such as nitric, boric, hydrochloric,
hydrobromic, sulfuric, and phosphoric, and organic acids such as oxalic, maleic, succinic, and
citric. Nonlimiting examples of salts of compounds of the invention include, but are not
limited to, the hydrochloride, hydrobromide, hydroiodide, sulfate, bisulfate, 2-
hydroxyethansulfonate, phosphate, hydrogen phosphate, acetate, adipate, alginate, aspartate,
benzoate, bisulfate, butyrate, camphorate, camphorsulfonate, digluconate, glycerolphsphate,
hemisulfate, heptanoate, hexanoate, formate, succinate, fumarate, maleate, ascorbate,
isethionate, salicylate, methanesulfonate, mesitylenesulfonate, naphthylenesulfonate,
nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate, persulfate, 3-
phenylproprionate, picrate, pivalate, propionate, trichloroacetate, trifluoroacetate, phosphate,
glutamate, bicarbonate, paratoluenesulfonate, undecanoate, lactate, citrate, tartrate, gluconate,
methanesulfonate, ethanedisulfonate, benzene sulphonate, and p-toluenesulfonate salts. In
addition, available amino groups present in the compounds of the invention can be
quaternized with methyl, ethyl, propyl, and butyl chlorides, bromides, and iodides; dimethyl,
diethyl, dibutyl, and diamyl sulfates; decyl, lauryl, myristyl, and steryl chlorides, bromides,
and iodides; and benzyl and phenethyl bromides. In light of the foregoing, any reference to
compounds of the present invention appearing herein is intended to include compounds of
structural formula (I} and/or (11} as well as pharmaceutically acceptable salts, hydrates, or

prodrugs thereof.

{0070¢] The compounds of structural formula (I) and (I]) also can be conjugated or linked to
auxiliary moieties that promote a beneficial property of the compound in a method of

therapeutic use. Such conjugates can ephance delivery of the compounds to a particular
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AcOK potassium acetate PPh3 triphenylphosphine PPh30 triphenylphosphine oxide BBr3
tribromoboron CH3CN acetonitrile PhSH i thiophenol Cs2CO3 cesium carbonate STAB sodium .
triacetoxyborohydride NEt3 triethylamine DMF dimethylformamide [0088] It should be understood that
protecting gr\%’%@é‘l‘f%@sutlhzed in accordance with general principles of &yHIRE#*Ergaiic chemistry
to provide compounds of structural formula (1) and (ll). Protecting group-forming reagents are well
known to persons skilled in the art, for example, see T.W. Greene et al., "Protective Groups in Organic
Synthesiﬁﬂia&@bﬁ@it@dsf@&mdﬁ@w&%@qmlﬂ&} M&é,blré %s(i%@)harbpaeiprotecting groups are

removed when necess ré%})rognat(-:-t baS|c CI |c o dro enot tlc dltlons known to persons
skilled m%%%aﬂ%% Iy, ﬂ%‘ﬁp FHEISFS frgucturaffrg f%mm sp% ficy,gﬁly exemplified

herein candperprepétbe dwynpeuads&sﬂ(bednprdwe it therapeutic index or safety profile of the
compounds. Suitable auxiliary moieties include, for example, amino acids, oligopeptides, or
polypeptides, e.g., antibodies such as monoclonal antibodies and other engineered antibodies;
and natural or synthetic ligands to receptors in target cells or tissues. Other suitable
auxiliaries include fatty acid or lipid moieties that promote biodistribution and/or uptake of

the compound by target cells (see, e.g., Bradley et al., Clin. Cancer Res. (2001} 7:3229).

[0071] Compounds of the present invention are poient inhibitors of NF-kB. Thus,
compounds of formula (I) and (II) are of interest for use in therapy, specifically for the
treatment of a variety of conditions where inhibition of NF-kB is considered beneficial. NF-
kB inhibition is particularly atfractive targets because such inhibition provides effects such as
apoptosis, antimicrobial, antiprotozoan, antiviral, and anti-inflammatory, all of which are
beneficial in the treatment of various disease states. The compounds of formula (I) and (1),

therefore, have utility in the treatment of a number of disorders, diseases, and conditions.

[6672] The potency of a present carbazole compound is determined by measuring an ability
of the compound to inhibit NF-«B activity or to activate p53. Activation of p53 typically is
measured using a dose-response assay in which a sensitive assay system is contacted with a
compound of interest over a range of concentrations, including concentrations at which no or
minimal effect is observed, through higher concentrations at which partial effect is observed,
to saturating concentrations at which a maximum effect is observed. Theoretically, such
assays of the dose-response effect of activator compounds can be described as a sigmoidal
curve expressing a degree of activation as a function of concentration. The curve also
theoretically passes through a point at which the concentration is sufficient to increase
activity to a level that is 50% that of the difference between a baseline and the maximal
activity in the assay. This concentration is defined as the Effective Concentration {50%) or
ECsq value. Determination of an ECs value is made using conventional biochemical

(acellular) assay technigues or cell-based assay techniques.

[0073] Comparisons of the efficacy of activators often are provided with reference to
comparafive ECsy values, wherein a higher ECs; indicates that the test compound 1s less

potent, and a lower ECsp indicates that the compound is more potent, than a reference
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[00891 In addition, compounds of foiniula (I) and (Il) can be converted to other compounds WO
2010/042445PCT/US2009/059558 of formula (1) and (). Thus, for example, a particular R substituent
can be interconverted to prepare another suitably substituted compound of formula (1) or HD.
Examples of" 3B Interconversions include, but are not limited to, BREGRIAEFBY suitable
means (e.g., using an agent such as SnCI2 or a palladium catalyst, like palladium-on-carbon), or
amino to substituted amino, such as acylamino or sulphoylamino, using standard acylating or

sulfonylatiogsenditicns 40090 dragmpaknds Riiamum ikl ﬁ%i;ffwt&ﬁ'j‘ g@oeﬁs‘&a;@gtﬁé,ie%vidua'
e

stereoisomterstas a racernic mixture. Indiﬁi(gjual stereoisomers of the compounds o invention can
be prepafEd frORMYHLR HESE Y, FREBITSH UBMY et SHEPRHBN P il nsr¥SR tibissisdriaion of
racemic miktbesedntsahdisaiirstitaint sthiBSIRTES Safossciarillactcifg P LGsoRa ahital column,
such as Hypersil naphthyl urea, or using separation of salts of stereqjsomers, Compounds of the
inventionﬂégl%r?@é}'is%?g%g I?neéns%‘é)(g%% on sﬁ{#ggﬁ,gnq%’&glg&fggow@} éfﬁ%%ﬁ P¥EHHE 8F evaporation
of, an apprésphiatebolyérit MEENERE SYNTIHETHCIRROSEDURESSotieambitieei®gal procedure for

kylaton g 2rhazalandQ08RLGaI i d 135 SHspYGr O LPRICEA I PP, Thet, NaH (3 ea)

was added. The mixture was stirred at room temperature over 0 aming
ceased. AR NHredhloride (1.3 eq) was added, and the reaction mixture was kept at 50-60C

over a perd%%j)f 2-16 h (T.L%ﬁmonitoring; eluents: CH2C12/ethyl acetate, 1:1 for the presence of the
starting cAlDAZoIe CHERETSHSBRLTEA! 6 e st BERTER i RYFOIRHO TR hibet e st difidted with
water. If agoecipitateliammaibit swasdilierecoiiiandai-drieshi naaresinitate, fanmeas(table 1), the

mixture wasextracted.with ethyl acetate. The extr s dried over Na2SO4. evaporated, and the
s VLS By Ao AT An ST A G A C ESRTCOS PG IR AHBUAE 2a and 25

are showheire Febladd dﬂl@l@@l@/@ﬁ@dﬂﬁﬁ@?ﬂu&m@@l@%SWW@&Wr&mE@cylation of
alylted gafbazples 10052 Aeabpeala duandlpoiad Rplishenene, Thesoluin was cooled in
cCl (5 eq dded. t

an ice bath, then AIC13 (5 eq) and were a he reaction mixture was held over a
period of IEEHECISTHONRYARPRIKS IR efrbre, eaction arixtors wae ditatedywithl B6D, and the

latter was;sggamas it amudhs DesiRiiSHhenAissolvesinMe0t, Jhe fesytipgipixure was diluted

with water, neutralized with Na,CO3, and extracted with CHC13. The extract'was evaporated. The
residue v&%geﬁfﬂ’i‘fied first by chromatography in a short silica get column (CHC13/MeOH) to remove the

nitroben ~then, if necessary, in a silica gel column o HPLC. The. yields of products 3a and 3b
are show r(}r‘? ate)‘[I%ﬁ .eg‘gﬁlé%eeg ’g%fg%%(%?ﬁéﬁ%%%%% ?‘iﬁgf’é‘ﬁgﬁ)é’&‘?&é&% #9%!9%56.1 mol) was
dissplvedf@iﬁﬁpbeﬁ&em@@@ﬁcmtdjﬁm&dma&%@1"Bhéﬁ4tﬁeg3r@sémﬁ{/)emtaﬁlad§m}nmﬁler stirring and
qullng V\ﬂgg @f‘c&ﬁ&@%s-@??&ﬁ@&h@%%}ﬂ; 91‘?1 gﬁ% W Suf’ilgla(?ledagclz()\l\{% ergaQWfase?éo hc? Iéteactlon
mixture was allowed to warm to room temperature under stirrin ancflﬂep over a per od &f 13 h. Water
(500 mL)PRETAGIEEIhcampospismispRiainge ciber prfivitFoai tredrathcheof aatind atbonis removed,

and the ngixturenwas fluxedauaiadanindLhah and extracted with CHCI3 (3 x 150 mL). The
combined extracts were sequentially washed with saturated solutions of NaHCO3 and NaCl1, dried

with anhyjfi6Gah N&RSQ4pandevigersiaaniinectenit uen WaspritiedaNcalumiseheamataoraphy (silica
gel, CHC&%@\@ in{!lati) t%\{‘ﬁ %’2.15%%&380{8) 3];;1?1”6'tdiacet Ic%%?a%ole (4). 5(11941LEJ:or the alkylation of
compound 4, the general procedurs fof the alkyTaton o EsH z%’l'ggt)%%i QEBYa QLB 8f the
products Betzacesdiehrrinpbsitien or WENRBLOO /PGS PRE Tt GRO0SAEAbMB Séheme 3 Preparation of
b romoal@ﬂ%@@dﬁ@{pﬂ%@?ﬁ@&ic&ompﬁsmg a compound of the formuta (I) or (II) together with a
pharmaceutically acceptable diluent or carrier therefor. Also provided is a process of
preparing & pharmaceutical composition comprising admixing a compound of formula (1) or

(II) with a pharmaceutically acceptable diluent or carrier therefor.

[0077]  Accordingly, the present invention further provides pharmaceutical formulations
comprising 2 compound of structural formula (I) or (II), or a pharmaceutically acceptable
salt, prodrug, or hydrate thereof, together with one or more pharmaceutically acceptable

carriers and, optionally, other therapeutic and/or prophylactic ingredients. The carriers are

- 22



[0095] Diacetylcarbazole 4 was dissolved in DMF, then NaH (3 eq) was added. The mixture was
stirred over a period of 10 min at room temperature. A dibromoalkane (7 eq) was added. The reaction
mixture was kept over a period of 1 h (5a at room temperature; 5b at 40C; Sc over a period of 20 min
at 70 C; TLCYRoiftHtdicH2C 12/ethyl acetate, ethyl acetate 4:1). The nf&ETFESIPRYPHES diluted with
water and extracted with ethyl acetate. The combined extracts were washed with water and brine,
dried with Na2S0O4, and evaporated. The residue was purified by column chromatography (silica gel,
CHCI3) tacgipRabre'(21 By sakbd 29 %einaROnaa{bA0)inky ladieni aheminesolitte formulation
bromoalkyldiacetylcarbazoles 5a-,(§}.“[/00§6l A bromide 5 was dissolved in DMF, the an amine was
added (é’?éé?é,@ieée’?aﬁé%}?@fﬁg R W4s kept at 60 C overnight. (TLC monitoring, CH2C12/ethyl
acetate, il {0 RERIEIECS PHIG21ATNG SUBREQIS GHIGHIMERH, S LG AIREHEE Purit). The
reactlon[mlx re was diluted Wi ater and extracted ethyl acetate. The combined extracts were dried
with Na2BOrkaEhent esidadndigst phidifies¢sy woluns rowlioo mracodrabby taiicaugesabHea.3/MeOH). The
product wag disselved i &, 0ubiie. A iR 2 and MeREh AR, indinxang Wasagddesh and the

mixture was evaporated. The residue was triturated with Et20 and, if necessary, with ethyl acetate or
acetone (FaerAEHe Sethd pbtriataioaln BrsasmhAlirBrtian inglydss RHITREAEYIRTR of 2, a
procedutgsitaiiandoithaldess ihedinrehamadonascusednifiauields oltprodeatsa-d are shown in

Table 4. Scheme 5 3,6-Bis(chloropropiony1)-9-N,N-diethylaminoethylcarbazole (8) 100981 A solution
of 1-N,N%‘f@'ﬁﬁ?%ﬂﬁfﬂg@fﬁ?fﬁ%?}kfgfb‘@Sfﬁ?ﬁgngﬁlﬁ?%w&aoqﬁﬁ‘g{%ﬁf%ﬁm%bg@éﬁ% 85 cooled in an ice

bath. Al{di{§.b Nigc #SWIDEN) BT 8-ghlotpiapiPiyheliaritel {OMcnls #:2, rEngbihdyeBhadded. The
reaction mixture was, stirred overnight (LC- nonitoring) and diluted with aquegous HC 1. The product
was extractat %%néllgfb‘@,l a{fﬁéﬁ 'g%ﬁﬁ?gaefgl%%&%gfgﬁml %gr‘évsﬁqﬁ;ﬁ%g%qaﬁ?gﬁf%ﬁr?ﬁed by
chromatofjthpbynipaishorssitidhagel dotunmnttTc 1.8/MEGENto give 0.38 g (91%) of the compound 8
as its hydrochloride. o _ S . .

1,2,10,1 109 % arkerocs-MiRinifFEnp arslsdns Rersabrdieisistatas, §1e ARl 2 RHE (9) [0099]

Compoupg 2038 @10ty I nab v asaisselyeddon98%4 iR ME: ThenpRCtinmtare was
heated to 95C, kept at this temperature over a period of 2.5 h (TLC monitoring, CHC13/MeOH, 4:1),
and pour@lSH foe o edBRIRTAY MIAD RO WAS ALXPRIOLE RIFRFY RRSE &P TNIPEMF I d with
CHC13. {Ebeeexthphi, wase vapeiatethianshthroiesitiseanths mtDa20 b0 B42U AP CT/US2009/059558
purified by column chromato hy (CHC13/MeOH). The obtained crude product (0.08.q) was
Cissonved T DR I HETT A T IREh D AR o3 e e o SRR S5 e was
suspendetdrih Maokiarithshleasusperrbiort Wabmediix €thr ERampislich ditiasoirdigsatve.isiehiacprocess.) The
suspensigonwas.c ' filter: { 944%p) aheem as its
hydrochlt%lg| é@%&ﬁgrkr%gj éﬂ %%l hca?gg?m%)iﬁﬁfﬁk%p%%rﬁg %%ea% 1 ?)ei Ola/ %—%/Ieth Igﬁ%{{rzg?goronic acid
(0.64 g, 4@'41'%r&‘dl‘)@éfﬁﬁ)=%W@i@&?§ﬁ§@d@(ﬁ€ﬁ@l’lﬁosﬂﬁgﬁgblWéﬁfbsﬂiggﬁ]v@ﬁ%? BEARPHF MeOH (20
mL) and wate! §4:0hdn @GP ddstvai &b mmahnane Pd(OAc)2 (0.018 g, 0.08 mmol) were added. The
reaction mixture was flushed with argon, heated to 50C, kept overnight at this temperature, and filtered
through Qrlgiel Thadatierwaswashedndthiv efisent he éitiatecuvalsevapprated, andotiak residue was
used further.without éiQ.urificat('h(l)n. 4 4jcb[31ime%r}9x¥d2-grilgrio-%,1'- uig(r)lesn)élr&](gpc)nloslogl or
4-Methox%uﬁeﬁgﬁ%rrolr?fésasi%lc @%g 187 OIY and 4-chloro-3-hitroanisole &8% g, 11.6 mmol)
were disstilvied for zxmixplere Mbaiovan &0 ationa nehteate (thosetomKR@OBB. hd pyexBi2dnmol) and
POPPD (B HRald #alna(&wﬁﬁsmﬂﬁ%m%f%ﬁ@a%ﬂimmw@%%@éqgén 0PN JRPOC, kept at

this temperature overnight (TLC monitoring: hexane/ethyl acetate, 4:1), cooled, and filtered through
Celite. THECRIRIRRSYESHET G HOTL 2ddiFyem £ RrABR BvAT IR ASEN PR B SHue was

dissolved i1 26k, AR heRpliDn MRS LY ARPEHEH, taive Byd:8:.0karyderkipbenyl 10h that was
cyclized without purification, [0101] An analogous procedure was used to obtain béphenyls | Ob-g. WO

2010/0 42‘4@%@@%6@%@%’ carboxymethylceliulose, aluminum stearate gel, an
hydrogenated edible fats; emulsifying agents, such as lecithin, sorbitan monooleate, or acacia;

nonaqueous vehicles (which can include edible oils), such as almond oil, fractionated coconut
oil, oily esters, propylene glycol, and ethyl alcohol; and preservatives, such as methyl or

propyl p-hydroxybenzoate and sorbic acid.
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General procedure for the synthesis of carbazoles 101021 A crude biphenyl 10 was dissolved in
(Et0)3P. The reaction mixture was kept at 125-140C in a flow of argon over a period of about 48 h
(TLC monitoring: hexane/ethyl acetate, 1:1) and diluted with water. The precipitate was filtered off and
washed with"E¥2819{%8! brecipitate formed, the product was extracted with €H248485085%he extract
was evaporated, and the residue was purified in a short silica gel column (hexane/ethyl acetate). The
yields of the products lla-g are shown in Table 5. 2,7-Dimethoxy-911-carbazole (11h) 101031 The
reaction Wa8ldarkechauenaraivi abhearbdédsiphiersd 0808 Yy s. dissultaing P(OE03 (36 mL).
The vial was duRhr b aren v The ssacion mxbieras RS 300 Aeptaldiis gmperature

overnight, and cooled. As a result the carbazole precipitated. 0/CH2C12 mixture was added. The
precipitatehflaimterieed s hasidediticHzo el trialvirasweandoapor sredsiP (R 3 was added
again, anddihe mixtHrasnasleftderexeization fae 2A-oFhsse-ongralions weatedensated until the

precipitate formation ceased, and TLC indicated that the starting biphenyl disappeared. In total 2.9 g of
the carb&ﬁ%‘?@%% sdﬁihﬁsi d@%@%@%ﬁ%%@%‘ﬂéﬁ%g%‘fﬁﬂhm tﬁ&%ﬂ?ﬁ%ﬁ&ﬁ@“@ompound 11,

the genetiahpioced tefal dhenabodatine afisathazales;wasdsatnifeyieldenafitheseempounds 12a-i
are shown in ;I'ats)l%r[éaloslga%%{stqgt%c Iatian og‘téLSZb a agéoc?ﬁiuie simé'lar to thatt escribed for Scheme
1 was usgg.q-IDcR/\fever, rihe Thotioace yla IO e amsuht of REET 8 8%%& e B¢ reased to 1.5
eq. The yiglds of vemipoands 13a-j are shown in Table 2.
4,4,5,5-Tetramethyl-2-(4-indanone-1-y0-11,3,21-dioxoborolane (14a X=CH2) 101061
4-Trifuorbif&thy 1 dsifsignally. tomaasibaes @ the pserainrenfiandasiseiemandried) iboromigrala g, 45.0
mmol) wegg:Hisselvadin siexaned 1R mkiud A8 Sra AU RY ARSRHIRpDG1R(1.3 9, 1.8

mmol) were added. The reaction mixture was heated in a flow of argonto 80 C, kept at this

temperatire &I SHRIRE Lo RGO A STER ISR et PRI FE 9o AP SR The residue
was dissaivediiniél shaad 2wnncpsrifedding shomsilicagebealuerithexans/etytagatale) to give 9.5 g
of a product containing,.20% (mass) of bis(pinacolato)dijboron. The product was used for the next step
ot AN BERRL A 7 e BT SURP BT I8 PR JHLESCpred in the same
way. If 1 steritd, bis@unadoiateitibdrdnrwes:used, a more pure product was obtained.
4,4,5,5-Tetramethy1-2-1442-methylisoindolin-1-one)-y11-11,3,21-dioxoborolane (14b X = NMe)
101081 40888 olocArarRsiiewindgimprsaat (8vestipmalss eamet)fareniisthbaidctined)diboron (4.72 g, 18.6

mmol) were,eigseh/esuith xR O & il AR BOAniBifme))antRaidRrRZC12 (0.5.9, 0.7

mmol) were added. The reaction mixture was heated in a flow of argon to 80C, kept at this

tem peraﬁi‘rf’é%%rf‘ﬁaﬁ‘ﬂfaé%}g’& A FABRSEHATS) Gh BRI S i SRR O SPUTHREY: e residue
was dissolvesbim@GH2Gi Inrastipuifieddiashiartstn gataobmRthexane/pthyiassiate) to give 4.2 g
of a product cont énin%gog@u&m%ss a%f bis tins)?col to)dibor%n. Thewf)rpductﬂ WaS.Uﬁed f?rbﬁhe next step
without addifional p’gﬁ ication. 1Iglplheny"il 15 ? €61 ,Iﬁn:%‘: YRGS, O as sparingly soiuble
4,4,5,5-Tdstrivphiotbn/(E-2-(d sproanrgbrieciilyie dt)3, 2]-dioxoborolane (2.17 g, 8.4 mmol) and
o-nitroiodobenzene (2.70g, 10.9 mmol) were dissolved in a mixture of dioxane (30 rriL) and water (5
mL). K2de984b. 35§ camreriiABY sherrBEPERERid 28 imspmmstporaieradbetlimsemsaction mixture
was heatagpfaii0\welargnniaiferie Aty sIarmRerAE: QYeha-B8 1P ehek 24 TLC monitoring:
hexane/ethyl acetatg, 4:1), coqled, and filtered through Celite. The filtrate was evaporated. The

residue WA EHESGIEAHT AR BT sCAmERBatee SRedp sty smefife o iortraieitrate was partially
evaporatighsant: therpredulit Was purtiedddaciad, dlicagabto any(rexanaletybacetate) to give 2.5

g of a product containin 0. roduct.was cyglized without additional purification. WO
100G s B e TSN DRt e S SGTORE Fetets by
4,4,5,5-Tefeaenethy1-2-(4-indanone-1-y1)-(1,3,21-dioxoborolane (1.20 g, 4 6 mmol) and
o-nitroiodobenzene (0.87 g, 4.6 mmol) were dissolved in a mixture of dioxane (10 mL) and water (2

mL). K2d¥983h . I3y Y I oinami sl can ¢ mEERA S tomIad Dovp (s p wesranageisiatihie reaction mixture
was heateddprabflow ol argRmie @qgmm%@é&@@t@mméa&%ep@a\s% BRRHQERN 24 d M afemonitoring:
e

hexane/ethyl acetate, 4:1), cooled, and filtered through Celite. The filtrate was evaporated. The

residue WAD GEZBR SBLFHERRAREAH R n LS SR et Rt A SIS B DR STRET RIS was partially
evaporated] anttheapradushwastpurifiechn pehoslica gehadunnihexaneiathyl acetar) to give
1.25¢9 ofba {Qdi%Ct containing PPh30. &hg product was ¢ cIizled.wi hout adii_itional urification.
Bipheny! ZY 2 (R: ﬁﬁl&;‘ 801&;):%8(1% Ipetho s include, but are not limited to, pets, livestock, show
4,4,5,5-Tetramethyl-2-[4-(2-methylisoindolin-l-one)-y1]-[1,3,2]-dioxoborolane (2.43 g, 8.9 mmol) and
o-nitroiodobenzene (2.44 g, 9.80 mmol) were disgélved in a mixture of dioxane (30 mL) and water (6
mL). K2CO3 (2.50 g, 18.1 mmol) and Pd(PPh3)4 (0.51 g, 0.4 mmol) were added. The reaction mixture
was heated in a flow of argon to 80C, kept at this temperature over a period of 24 h (TLC monitoring:
hexane/ethyl acetate, 4:1), cooled, and filtered through Celite. The filtrate was evaporated. The
residue was dissolved in C1-12C12. An undissolved precipitate was filtered off. The filtrate was

partially evaporated, and the product was purified in a short silica gel column (hexane/ethyl acetate) to
anea 2 20 of a nrodiict containinn PPh2R0O The nrodiiet wae evielized withoir it additional niirification



Biphenyl 15d (X= NMe, R=OMe) 101121
4,4,55-Tetramethy1-214-(2-methylisoindolin-l-one)-ylk[1,3,2]-dioxoborolane (0.97 g, 3.6 mmol) and
4-chloro-3-nitroanisole (0.67 g, 3.6 mmol) were dissolved in a mixture of dioxane (10 mL) and water (2 °

mL). K2CO

(8 g4 (j 4’}"'fsmmol) and Pd(PPh3)4 (0.21 g, 0.2 mmol) were OG> e TR tion mixture

was heated in a flow of argon to 80C, kept at this temperature over a period of 24 h (TLC monitoring:
hexane/ethyl acetate, 4:1), cooled, and filtered through Celite. The filtrate was evaporated. The
residue wagdisselvischinsBEi2E@IB. An undissolved precipitate was filtered off. The filtrate was partially
evaporated, and the product was purified in a short S|I|ca geI column (hexane/ethyl acetate) to give

0.76 g of a product containing PPh30 StReLEEd

Carbazole 16a (X=CH2, R=H 10113] The reaction was carried out in a vial.

4-(2-NiroHERY 1)iFrerRRE RS

1¥ed without additional purification.

englafh) 87 HIBISRAS BIERBIVE Y A B @ oL RN was

flushed with zafg@rbﬁ the fﬁaﬁﬂm mmmm&ea&dgm&ﬁ%&m&aﬁw&t@mpeﬁam@n@mg ht, and

cooled. As are

sult car

washed With &
was left fsmttwhzauhnﬁcr 24 h. These operations were repeated unt|I the precipitate formation ceased,

and TLC indicated that the starting biphenyl disappeared. In total 0.58 g of the carbazole was
obtained [¢98Mazslée shnietc MeiRED Ry TIIRPLF THE fhemstbauyts ceeriidedaninle vial.

4-(4-Methguys RithaphRRY - 10HR ARG 4kigR:

AR e prad S iR

.0, 4.4 mmol) was dissolved in P(OEt)3

ate was filtered off and
galﬁ "&nd the mixture

(8 ml). The vial

was flushed with argon. The reaction mixture was heated to 90C, kept at this temperature overnight,

and cooled. A
and washed v

sraviesult the

carhenslgdpresiitated. CH2C12 was added. The precipitat

e was filtered off

I}@QHZClZ

RefiFalgi¥@s evaporared. P(OEO3 (1 ML) was added ags

mixture was lef;

IIl'ﬂ'I(I)l[ LyLIILdlI

nchientad
|uu,atcu

nnnnnnnnn tatal - 0-20-a-af-tha

+ -t dln
1e-St T Uuoappccucu H-totarvus9 g ot

in, and the

ltéS4 h—These UpEIdLIUIIb were tepeated-untit-the-precipitate formation

carbazole was

ceased, and T
obtained. Car

hazole-16e-{X

G oo

layer ere ed ; )

4-(2-Nitropher,

FAL TS OT7
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was flushed w
and cooled. A|
and washed w
mixture was le

iJ ¢fon, The

FBKEABMixture was heated to 90C. kept at this temperat

qmﬁfhmﬁftﬁiﬁtﬁ&*?é%q g,-8.5 mmol) was dissolved in P(OEO&(lO mL) The vial

ure overnight,

sMe@Bult the

carphaotd precipitated. CH2C12 was added. The precipitat

e was filtered off

iMaCIDLh. Th

esdiitmbeswiascevaporated. P(OEt)3 (0.5 mL) was added ag

ain, and the

i cyclizati

oRlignRdhhehlifiege operations were repeated until precipita

te formation

carbazole was

ceased, and T %cmdlca[ed %E&%@%HQQ Dlpnenyl dlsappearea intotal V.4 g of the
obtained. Car Jg@)ﬁg.ou \)\ \aﬂl{a dﬁm&ﬁ\'tégt)aﬁ%*ﬁ% s&gsctt%%é'ﬁ* was carried-out-in
4-(4-Meth0xy =t UIJIICI |y| a} %Hcltll NSOMoM=--ofe(u1og;=-o-MMmMor-wasS dissolved

mL) The vial was:

vial.

T |ehor~| \All

1e-reaction-mixture was hnated_tg_gggwkepLat“

overnight, anca

N@?}Gﬂ% As a

rﬁ‘%(tltl%(@rpf-m@%nlp precipitated. CH2C12 was added. Th

in P(OEt)3 (6
this temperature
2 precipitate was

filtered off and
and the mixtu

formation ceas
carbazole was mitained. [011s4diharcthermikylation of 16, the general procedure for the
carbazoles WctSH@ed The ylegqﬁ&htggoo({ggucts T7a-fare shownin Tabte 1. J.UJ.J.UJ F

of 17, a proce
are shown in

fWBShed with|

digheormasnisdhsaipsaBy. P(OE03 (0.5 mL) wa

1s added again,

rdiwas left for

chretistation for 24 h. These operations were repeated until

brecipitate

eCHAIO: TLC

inditatetithdtotheestarting biphenyl disappeared. In total, O

34 g of the

alkylation of

was dissolve

one methoxy grovp

reaction mixtu

CHC13/MeOH,
I FaSdihe aqueatiSdnecwias extracted once more with CH2C12. The combined extracts

was separate(
were dried wit]
(CHC13/MeOk

Nd
ré&was heatec

Fglb‘ blllllldl T %hut;'bumeu IUI Dbllb‘lllc was Ubb‘u Illb' yICIUD UI l.lll:'
bte-2—Sehet uenera. procedure-for-dimethylation-{0119-A-met
ScHaci2 T m"t

#on \Alwwmmummem

t@‘%@ﬁlﬁemperature kept over a period of | h (TLC moni

z11), and pol

iredlilite a mixture of aqueous NaHCO3 and CH2C12. The

azs04 an

dRvapriategsdiag:product was purified by column chroma

PAORYETS

Of IR RIANE L 9a-hrare showmn im Table 6.
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roducts 18a-d
hoxy compound
1 DCM (4 eq, for
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» organic layer
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2-Hydroxy-9-N,N-diethylaminoethylcarbazole (20) (01201 2-Methoxy-9-N,N-diethylaminoethylcarbazole
12g was dissolved in CH2C12 (10 mL). The solution was cooled to -40C. A 0.5M solution of BBr3
DCM (6 mL, 3.00 mmol) was added in a flow of argon. As a result an orange suspension formed. The
reaction mixRiRAN9L44ied to room temperature, kept over a period of 1*5 HUSHE5EEY into a
mixture of aqueous NaHCO3 and CH2C12. The organic layer was separated, and the aqueous layer
was extracted once more with CH2C12. The combined extracts were dried with Na2S0O4 and

evaporated. Therprpduct wasHauefied by column chromatography (CHC13/MeOH) 16 gllve 0.176 g
(92%) of t(;u; pr@gﬂqt 2- ACG[QM-IN N= dletnyl‘aminoethyiearbaioie (2D [ul_zil ,:\ wi#ion o(; .
compoun 67,062 Y asrefiuxed-over-aperiod-of-36-min and poure
into \r/)vater. Theﬁ%ﬁ 't..g.g P _ﬁu%e%{i{l!?i@chraﬁébé “}Nﬁ.. Ri% EB3 4R extr;cted ethyl-acetate. 'IPhe
extract was eva ?&e‘? F7Qlﬂ\ of the product
3-Acetyl-2-hy jefl ‘ az .16 g, 0.49 mmol)
was dissolved NaﬁFﬂ\IOZ (2 rﬁ@%bw&r@a@e(o 1 g 0.75 mmol) was added. The reactipn mixture was
heated in an ¢iNbdth to 100Cykephatpthisbedmperature over a period of 2 h, diluted with water,
neutralized witlhBa2CO3, and satiagiegdb. HQladethp@xract was evaporated. The residue was
purified by chromatography |&@§r@ﬂbﬁ@|§a gel column ((,H(,ldllvleUH )10 give 0.0449 (28%) of
compound 22 TEabie I ARy iR EgENazoles — Yietd 2a~100% i I===r+127100%

NaSO, sodium sulfate

(BochO ditert-butyl carbonate

Py pyridine

PdCL(PPh); | dichloro-triphenylphosphino-palladium (IT)

PhNO, nitrobenzene

KOAc potassium acetate

Pd{dppH)Cl2 | dichloro-((bis-diphenylphosphino)ferrocenyl})-palladium(Il)

AcOK potassium acetate

PPh; triphenylphosphine

PPh;0 triphenylphosphine oxide

BB1; tribromoboron

CH:CN acetonitrile

PhSH thiophenol

CeyCOy cesium carhonate

STAB sedium triacetoxyborohydride

NEts iriethylamine

DMF dimethylformamide

[0088] It should be understood that protecting groups can be utilized in accordance with
general principles of synthetic organic chemistry to provide compounds of structural formula
(I) and (JI). Protecting group-forming reagents are well known to persons skilled in the art,
for example, see T.W. Greene et al., "Protective Groups in Organic Synthesis, Third Edition,"
John Wiley and Sons, Inc., NY, N.Y. (1999). These protecting groups are removed when
necessary by appropriate basic, acidic, or hydrogenolytic conditions known to persons skilled
in the art. Accordingly, compounds of structural formula (I} and (II) not specifically

exemplified herein can be prepared by persons skilled in the art,

{60897 In addition, compounds of formula (I) and (II) can be converted to other compounds
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of formula (I) and (II). Thus, for example, a particular R substituent can be interconverted to
prepare another suitably substituted compound of formula (1) or (1I). Examples of
appropriate interconversions include, but are not limited to, OR® to hydroxy by suitable
means (e.g., using an agent such as SnCl; or a palladium catalyst, like palladium-on-carbon),
or amino to substituted amino, such as acylamino or sulphoylamino, using standard acylating

or sulfonylating conditions.

[6090] Compounds of formula (I) and (II) can be prepared as individual stereojsomers as a
racemic mixture. Individual stereoisomers of the compounds of the invention can be
prepared from racemates by resolution using methods known in the art for the separation of
racemic mixtures into their constituent stereoisomers, for example, using HPLC on a chiral
column, such as Hypersil naphthyl urea, or using separation of salts of stereoisomers.
Compounds of the invention can be isolated in association with solvent molecules by

crystallization from, or evaporation of, an appropriate solvent.

GENERAL SYNTHETIC PROCEDURES

Scheme 1

o
RRN(CH,},Cl * HC,
NaH . AcCl, AICH,
PRNO
N DMF ]n 1 z N
H ]n“t
N e
_ R e 2a R=R'=Et, n=2 N
] 2b R=R'=Mz, n=3 R Sr Zab

General procedure for alkylation of carbazoles

[0091] Carbazole 1 was dissolved or suspended in DMF. Then, NaH (3 eq) was added.
The mixture was stirred at room temperature over a period of 5-10 min until foaming ceased.
A chloride hydrochloride (1.3 eq) was added, and the reaction mixture was kept at 50-60°C
over a period of 2-16 h (TLC monitoring; eluents: CH,Cly/ethyl acetate, 1:1 for the presence
of the starting carbazole; CHC1/MeQH, 9:1 for the product purity}. The resulting mixture
was diluted with water. If a precipitate formed, it was filtered off and air-dried. If no
precipitate formed (Table 1), the mixture was extracted with ethyl acetate. The extract was
dried over Na;SO4 evaporated, and the residue was purified by chromatography (silica gel,
CHCl3/MeOH). The yields of products 2a and 2b are shown in Table 1.
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General procedure for acylation of alkylated carbazoles

[0092} A carbazole 2 was dissolved in nitrobenzene. The solution was cooled in an ice
bath, then AICl; (5 eq) and AcCl (5 eq) were added. The reaction mixture was held over a
period of 2--16 h (LC-MS monitoring). A sample of the reaction mixture was diluted with
Et;0, and the latter was decanted from the precipitate, then dissolved in MeOH. The
resulting mixture was difuted with water, neutralized with Na,CQj3, and extracted with
CHCl;. The extract was evaporated. The residue was purified first by chromatography in a
short silica gel column (CHCl/MeOH) to remove the nitrobenzene; then, if necessary, in a

silica gel column or by HPLC. The yields of products 3a and 3b are shown in Table 1.

Scheme 2

=0
Q——D AcCl, AICI _ RCLNaH O
N 7 PhNO, \ y O
" 1 3c-f
BB b
3,6-Diacetylcarbazole (4)

[6093] Carbazole 1 (16.9 g, 0.1 mol) was dissolved in nitrobenzene (300 mL). Anhydrous

AlCl; (54.0 g, 0.4 mol) was added under stirring and cooling with an ice bath. Tﬁen, AcCl
(55.5 g, 0.7 mol) was added slowly dropwise. The reaction mixture was allowed to warm to
room temperature under stirring and kept over a period of 13 h. Water (500 mL) was added
in small porticns under cooling with an ice bath. The cooling bath was removed, and the
mixture was refluxed over a period of 2 h and extracted with CHCl; (3 x 150 mL)., The
combined extracts were sequentially washed with saturated solutions of NaHCO; and NaCl,
dried with anhydrous NaySOy, and evaporated. The residue was purified by column
chromatography (silica gel, CHCl;/MeOH) to give 12.5 g (50%) of 3,6-diacetylcarbazole (4).

(6694] For the alkylation of compound 4, the general procedure for the alkylation of

carbazoles was used. The yields of the products 3¢-f are shown in Table 1.
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Scheme 3

0O O ] 6]

Q Br(CHz oBr, Nak O O RR'NH O O
DMF DMF
N N
5a n=2
(J]n.1 5h =2 (ﬂ]m
4 5¢ n=4 Ga-h

N\
Br R R

Preparation of bremoalkyldiacetylcarbazeles Sa-¢

[0095] Diacetylcarbazole 4 was dissolved in DMF, then NaH (3 eq) was added. The
mixture was stirred over a period of 10 min at room temperature. A dibromoalkane (7 eq)
was added. The reaction mixture was kept over a period of 1 h (5a at room temperature; 5b at
40°C; 5c over a period of 20 min at 70 °C; TLC monitoring, CH,Cly/ethyl acetate, ethyl
aéetate 4:1). The mixture then was diluted with water and extracted with ethyl acetate. The
combined extracts were washed with water and brine, dried with NaxSOy4, and evaporated.
The residue was purified by column chromatography (silica gel, CHCl3) to give 5a (21%), 5b
(29%), and 5S¢ (74%).

Alkylation of amines with bromoalkyldiacetylcarbazoles 5a-c.

[0096] A bromude 5 was dissolved in DMF, the an amine was added (excess, see Table 3).
The mixture was kept at 60 °C overnight. (TLC monitoring, CH,Cly/ethyl acetate, 1:1 for the
presence of the starting carbazole; CHCI/MeOH, 9:1 for the product purity). The reaction
mixture was diluted with water and exiracted ethyl acetate. The combined extracts were
dried with Na;SOs. The residue was purified by column chromatography (silica gel,
CHC13/MeOH). The product was dissolved in a mixture of CH,Cl, and MeQH. 4M HCl in
dioxane was added, and the mixture was evaporated. The residue was triturated with Et;O
and, if necessary, with ethyl acetate or acetone. The yields of the products 6a-h are shown in
Table 3.

220 .



31% --, 11 117b11/N28% SINi- 12hd 100%

WO 2010/042445 PCT/US2009/059558

Scheme 4

O " 5
i PhNO, N
ln-‘z
rﬂ (d]n-‘i
AN
R =3

2a R=R'=Ft, n=2 N
Zb R=R'=Me, =3 R r 7a-d

{0097} For the acylation of 2, a procedure similar to that described in Scheme | was used.

The yields of products 7a-d are shown in Table 4.

Scheme 5

Cl cl
Q@ cHcHcocl,  © 0 O O
’ %

AN

Et Et

N N,
2a B VBt 8 B et 9

3,6-Bis(chloropropionyl)-9-N,N-diethylaminoethylcarbazole (8)

[0098] A solution of I-N, N-diethylaminoethylcarbazole (0.23 g, 0.86 mmol) in 2 mL of
nitrobenzene was cooled in an ice bath. AICH; (0.57 g, 4.3 mmol) and 3-chloropropionyl
chleride (0.4 mL, 4.2 mmol) were added. The reaction mixture was stirred overnight (LC-
MS monitoring) and diluted with aqueous HClL. The product was extracted with CHCls, and
the filtrate was evaporated. The residue was quickly purified by chromatography in a short
silica gel column (CHCly/MeOH) to give 0.38 g (91%) of the compound § as its
hydrochloride.

1,2,10,11-Tetrahydro-6-N,N-dimethylamioethyl-6 H-dicyclopentafc,g]carbazole-3,9-
dione (%)

[0099] Compound 2 (0.38 g, 0.79 mmol) was dissolved in 98% H>SO4 (3 mL). The
reaction mixture was heated to 95°C, kept at this temperature over a period of 2.5 h (TLC
monitoring, CHCl;/MeOH, 4:1), and poured into ice. The resulting mixture was neutralized

with dry Na;COs and extracted with CHCl3, The extract was evaporated, and the residue was
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purified by column chromatography (CHCl;/MeOH). The obtained crude product (0.08 )
was dissolved in MeOH. 4M HCl in dioxane was added, and the mixture was evaporated.
The residue was suspended in MeOH, and the suspension was refluxed. (The solid did not
dissolve in the process.) The suspension was cooled, and the solid was filtered off to give
0.007 g (2%) of compound 9 as its hydrochloride.

Scheme 6

B(OH
Pd(OAc)z, KpCO3
2
ag. MeOH Ko
P
Xt N \‘“/\Y
RR'N{CH2),,.4Hal, Y
NaH S AcCl, AICH,

N
DME ! PRNG,

=

R 132+ R Mg

2-Methyl-2'-nitro-1,1'-biphenyl (10a)

[06106] 2-Methylphenylboronic acid (0.64 g, 4.7 mmol) and 2-nitroidobenzene (1.0 g, 4.0
mmol) were dissolved in a mixture of MeOH (20 mL) and water (4 mL). K;CO; (1.1 g, 8.0
mimol) and Pd(OAc): (0.018 g, 0.08 mmol) were added. The reaction mixture was flushed
with argon, heated to 50°C, kept overnight at this temperature, and filtered through Celite.
The latter was washed with MeOH. The filtrate was evaporated, and the residue was used

further without purification.

4,4'-Dimethoxy-2-nitro-1,1"-biphenyl (10h)

[0100] 4-Methoxyphenylboronic acid (3.00 g, 19.7 mmol} and 4-chloro-3-nitroanisole (3.69
g, 11.6 mmol) were dissolved in a mixture of dioxane (40 mL) and water (10 mL). K,CO,
(5.44 g, 23.2 mmol) and Pd(PPhs)4 (1.14 g, 0.6 mmol) were added. The reaction mixture was
heated in argon to 80°C, kept at this temperature overnight (TLC monitoring: hexane/ethyl
acetate, 4:1), cooled, and filtered through Celite. The latter was washed with CH,Cl,, and the
filtrate was evaporated. The residue was dissolved in CH,Cl, and the solution was

evaporated to give 6.0 g of crude biphenyl 10h that was cyclized without purification.

[0101] An analogous procedure was used to obtain biphenyls 10b-g.
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General procedure for the synthesis of carbazoles

[0102] A crude biphenyl 10 was dissolved in (EtO);P. The reaction mixture was kept at
125-140°C in a flow of argon over a pertod of about 48 h (TLC monitoring: hexane/ethyl
acetate, 1:1) and diluted with water. The precipitate was filtered off and washed with Et,O.
If no precipitate formed, the product was extracted with ethyl acetate, thé extract was
evaporated, and the residue was purified in a short silica gel column (hexane/ethyl acetate).

The yields of the products 11a-g are shown in Table 5

2,7-Dimethoxy-SH-carbazole (11h)

[0103] The reaction was carried out in a vial. The crude bipbenyl 10h (6.0 g) was dissolved
in P(OEt); (36 mL). The vial was flushed with argon. The reaction mixture was heated to
90°C, kept at this temperature overnight, and cooled. As a result the carbazole precipitated.
Et,O/CH,Cl, mixture was added. The precipitate was filtered off and washed with CH,Cl,.
The filtrate was evaporated. P(OEt}); was added again, and the mixture was left for
cyclization for 24 h. These operations were repeated until the precipitate formation ceased,
and TLC indicated that the starting biphenyl disappeared. In total 2.9 g of the carbazole was

obtained (65% calculated for two steps.)

10104] For the alkylation of compound 11, the general procedure for the alkylation of

carbazoles was used. The yields of the compounds 12a-i are shown in Table 1.

0105} For the acylation of 12, a procedure similar to that described for Scheme 1 was used.
However, for the monoacetylation the amount of AcCl and AICI; was decreased to 1.5 eq.

The yields of compounds 13a-j are shown in Table 2.

Scheme 7
- ]
X bis{pinacoiatediboron ?O X\ [/ | X
Bror TfO =0 tharon, ! Halide, : !
% \L Pd{dppfiCly, KOAC O/B -~y 8] Pd(PFhs),, K2003 SN G
\?/f’ Dioxane ] i L Dioxane
144, b
Ao
1
RR'N{CHZ). 1 Hat,
P(OE), Y == NaH " _ ACLAGHY
o \ Vs PhNOz
N b
H
16a-d o /N“‘R' 17a-f
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4,4,5,5-Tetramethyl-2-(4-indancne-1-y)-[1,3,2]-dioxcborolane (14a X=CH,)

[0106] 4-Trifuoromethylsulfonyloxy-1-indanone (9.7 g, 34.6 mmol) and
bis(pinacolato)diboron (11.4 g, 45.0 mmol) were dissolved in dioxane (100 mL). AcOK (6.8
g, 69.2 mmol) and Pd(dppf).Cl; (1.3 g, 1.8 mmol) were added. The reaction mixture was
heated in a flow of argon to 80 °C, kept at this temperature overnight, cooled, and filtered
through Celite. The filtrate was evaporated. The residue was dissolved in CHzCl; and
purified in a short silica gel column (hexane/ethyl acetate) to give 9.5 g of a product
containing 20% (mass) of bis(pinacolato)diboron. The product was used for the next step

without additional purification.

[0107] The boromc ester from the bromide was prepared in the same way. If 1 eq of
bis(pinacolato)diboron was used, a more pure product was obtained.
4,4,5,5-Tetramethyl-2-[4-(2-methylisoindolin-1-one)-yl}-{1,3,2]-dioxoberolane (14b X =
NMe)

[0108] 4-Bromo-2-methylisoindolin-1-one (3.23 g, 14.3 mmol) and bis(pinacolato)diboron
(4.72 g, 18.6 mmol} were dissolved in dioxane (60 mL). AcOK (2.80 g, 28.6 mmol) and
Pd(dppf»Cla (0.5 g, 0.7 mmol) were added. The reaction mixture was heated in a flow of
argon to 80°C, kept at this temperature overnight, cooled, and filtered through Celite. The
filtrate was evaporated. The residue was dissolved in CH,Cl; and purified in a short silica gel
column (hexane/ethyl acetate) to give 4.2 g of a product containing 20% (mass) of
bis(pinacolato)diboron. The product was used for the next step without additional

purification.

Biphenyl 15a (X=C1l,, R=H)

[6109] 4.4,5,5-Tetramethyl-2-(4-indanone-1-yl)-[1,3,2}-dioxoborolane (2.17 g, 8.4 mmol})
and o-nitroiodobenzene (2.70 g, 10.9 mmol} were dissolved in a mixture of dioxane (30 mL)
and water (5 mL). KoCO5(2.30 g, 16.7 mmol) and Pd{PPh;z)s (0.48 g, 0.4 mmol) were added.
The reaction mixture was heated in a flow of argon to 80°C, kept at this temperature over a
period of 24 h (TLC monitoring: hexane/ethyl acetate, 4:1), cooled, and filtered through
Celite. The filtrate was evaporated. The residue was dissolved in CH,Cl;. An undissolved
precipitate was filtered off. The filtrate was partially evaporated, and the product was
purified in a short silica gel column (hexane/ethyl acetate) to give 2.5 g of a product

containing PPh;O. The product was cyclized without additional purification.
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Biphenyl 15b (X=CH,, R=0Me)

[0110] 4.4.5,5-Tetramethyl-2-(4-indanone-1-y1)-{1,3,2]-dioxoborolane (1.20 g, 4.6 mmol)
and o-nitrolodobenzene (0.87 g, 4.6 mmol) were dissolved in a mixture of dioxane (10 mL)
and water (2 mL). KoCO; (1.28 g, 9.2 mmol) and Pd(PPhs)s (0.27 g, 0.2 mmol) were added.
The reaction mixture was heated in a flow of argon to 80°C, kept at this temperature over a
period of 24 h (TLC monitoring: hexane/ethyl acetate, 4:1), cooled, and filtered through
Celite. The filtrate was evaporated. The residue was dissolved in CH>Cl,. An undissolved
precipitate was filtered off. The filtrate was partially evaporated, and the product was
purified in a short silica gel column (hexane/ethyl acetate) to give 1.25 g of a product

containing PPh;O. The product was cyclized without additional purification.

Biphenyl 15¢ (X= NMe, R=H)

{0111 4.4,5,5-Tetramethyl-2-[4-(2-methylisoindolin-1-one)-y1]-[1,3,2]-dioxcoborolane

(2.43 g, 8.9 mmol) and o-nitroiodobenzene (2.44 g, 9.80 mmol) were dissolved in a mixture
of dioxane (30 mL) and water (6 mL). K;CO; (2.50 g, 18.1 mmol) and Pd(PPh;)4 (0.51 g, 0.4
mmol) were added. The reaction mixture was heated in a flow of argon to 80°C, kept at this
temperature over a period of 24 h (TLC monitoring: hexane/ethyl acetate, 4:1), cooled, and
filtered through Celite. The filtrate was evaporated. The residue was dissolved in CH»Cl,.
An undissolved precipitate was filtered off. The filtraie was partially evaporated, and the
product was purified in a short silica gel column (hexane/ethyl acetate) to give 2.3 gofa

product containing PPh;0. The product was cyclized without additional purification.

Biphenyl 15d (X= NMe, R=0Me)

[0132] 4.4,5,5-Tetramethyl-2-[4-(2-methylisoindolin-1-one)-y1}-[1,3,2]-dioxoborolane
(0.97 g, 3.6 mmol) and 4-chloro-3-nitroanisole (0.67 g, 3.6 mmol) were dissolved in a
mixture of dioxane (10 mL) and water (2 mL). K»COs (0.98 g, 7.2 mmol) and Pd(PPha)s
(0.21 g, 0.2 mmol) were added. The reaction mixture was heated in a flow of argon to 80°C,
kept at this temperature over a period of 24 h (TLC monitoring: hexane/ethyl acetate, 4:1),
cooled, and filtered through Celite. The filtrate was evaporated. The residue was dissolved
in CH,Cly. An undissolved precipitate was filtered off. The filtrate was partially evaporated,
and the product was purified in a short silica gel column (hexane/ethyl acetate) to give 0.76 g

of a product containing PPh;O. The product was cyclized without additional purification.
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Carbazole 16a (X=CH,, R=H)

[6113] The reaction was carried out in a vial. 4—(2-Nir0phenyi)indanéne»1 (2.54 ¢, 10.0
mmol) was dissolved in P(OEt); (8 mL). The vial was flushed with argon. The reaction
mixture was heated to 90°C, kept at this temperature overnight, and cooled. As a result the
carbazole precipitated. CHyCly was added. The precipitate was filtered off and washed with
CH,Cl;. The filtrate was evaporated. P(OEt); (2 mL) was added again, and the mixture was
left for cyclization for 24 h. These operations were repeated until the precipitate formation
ceased, and TLC indicated that the starting biphenyl disappeared. In total 0.58 g of the

carbazole was obtatned.

Carbazole 16b (X=CH,;, R=0Me)

[0814] The reaction was carried out in a vial. 4-(4-Methoxy-2-nitrophenyl}-indanone-1
(1.25 g, 4.4 mmol) was dissolved in P(OEt); (8 mL). The vial was flushed with argon. The
reaction mixture was heated to 90°C, kept at this temperature overnight, and cooled. Asa
result the carbazole precipitated. CH»Cly was added. The precipitate was filtered off and
washed with CH,Cl;. The filtrate was evaporated. P{OEt); (I mL) was added again, and the
mixture was left for cyclization for 24 h. These operations were repeated until the precipitate
formation ceased, and TLC indicated that the starting bipheny! disappeared. In total 0.39 g of

the carbazole was chtained.

Carbazole 16¢ (X=NMe, R=}I})

[0115] The reaction was carried out in a vial. 4-(2-Nitrophenyl}-2-methylisoinolin-i-one
{2.29 g, 8.5 mmol) was dissolved in P(OEth (10 mL). The vial was flushed with argon, The
reaction mixture was heated to 90°C, kept at this temperature overmght, and cooled. Asa
result the carbazole precipitated. CH,;Cly was added. The precipitate was filtered off and
washed with CH,Clz. The filtrate was evaporated. P(OEt); (0.5 mL) was added again, and
the mixture was left for cyclization for 24 h. These operations were repeated until precipitate
formation ceased, and TLC indicated that the starting biphenyl disappeared. In total 0.4 g of

the carbazole was obtained.

Carbazole 16d (X=NMe, R=0Me)
[0116] The reaction was carried out in a vial. 4-(4-Methoxy-2-nttrophenyl)-2-
methylisoinolin-1-one (0.76 g, 2.6 mimol) was dissolved in P(OEft); (6 mL). The vial was

flushed with argon. The reaction mixture was heated to 90°C, kept at this temperature
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overnight, and cooled. As a result the carbazole precipitated. CH,Cl, was added. The
precipitate was filtered off and washed with CH,Cly. The filtrate was evaporated. P(OEt);
(0.5 mL) was added again, and the mixture was left for cyclization for 24 h. These operations
were repeated until precipitate formation ceased, and TLC indicated that the starting biphenyl

disappeared. In total, 0.34 g of the carbazole was obtained.

[0117] For the alkylation of 16, the general procedure for the alkylation of carbazoles was

used. The yields of the products 17a-f are shown in Table I.

[0118] For the acylation of 17, a procedure similar to that described for Scheme 1 was used.

The vields of the products 18a-d are shown in Table 2.

Scheme §
fMe OH
X~ \*:l—y - =y
7 BBr; \
N DCM N
r‘)]n (A]n
N 13,18 .
R R 3 R"/N”‘R' 1%a-h

General procedure for dimethylation.

[0119] A methoxy compound was dissolved in CH,Clo. The solution was cooled to —40°C.
A 0.5M solution of BBr3 in DCM (4 eq, for one methoxy group) was added in a flow of
argon. After 10 min the cooling bath was removed. The reaction mixture was heated to
room temperature, kept over a period of 1 h (TLC monitoring, CHCl;/MeOH, 4:1), and
poured into a mixture of aqueous NaHCO, and CH,Cl,. The organic layer was separated,
and the aqueous one was extracted once more with CH»Cl,. The combined extracts were
dried with Na,SO, and evaporated. The product was purified by column chromatography
(CHCl:/MeOH). The yields of the products 19a-h are shown in Table 6.
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2-Hydroxy-9-N,N-diethylaminoethylcarbazole (20)

[0120] 2-Methoxy-9-N,N-diethylaminoethylcarbazole 12g was dissolved in CH,Cl, (10
mL). The solation was cooled to —40°C. A 0.5M solution of BBr; DCM (6 mL, 3.00 mmol)
was added in a flow of argon. As a result an orange suspension formed. The reaction
mixture was heated to room temperature, kept over a period of 1.5 h, and poured into a
mixture of aqueous NaHCO; and CH,Cl. The organic layer was separated, and the aqueous
layer was extracted once more with CH;Cl;. The combined extracts were dried with Na,SOy
and evaporated. The product was purified by column chromatography (CHC1./MeOH) to
give 0.176 g (92%) of the product.

2-Acetoxy-9-N,N-diethylaminoethylcarbazole (21)

{6121} A solution of compound 20 (0.176 g, 0.62 mmol) in Acy;O (2 mL) was refluxed over
a period of 30 min and poured into water. The resulting mixture was neutralized with
NaHCO; and extracted ethyl acetate. The extract was evaporated to give 0.16 g (79%) of the

product.

3-Acetyl-2-hydroxy-9-N,N-diethylaminoethylcarbazoie (22) _
{0122} Compound 21 (0.16 g, 0.4% mmol) was dissolved in PhNO; (2 mL), and AlCl; (0.1
g, 0.75 mmol) was added. The reaction mixture was heated in an oil bath to 100°C, kept at
this temperature over a period of 2 h, diluted with water, neutralized with Na,COs, and
extracted with HCl;. The extract was evaporated. The residue was purified by
chromatography in a short silica gel column (CHCl;/MeOH) to give 0.044 g (28%) of

compound 22.
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* Contains DMF. ” The vield is not precise. Crude carbazole was used for the
preparation. Purification via hydrochloride. ¢ Purification via hydrochioride. ¢
Isolated as crystalline substances immediately after diluting the reaction mixture with

water.
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* After HPLC Purification. ° A mixture with the starting compound was

isolated and was used further without separation.
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a After HPLC Purification. A mixture with the starting compound was
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“ Precipitated as crystals. ° The product contained {(EtO);PO and was used without purification, °
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[3-(9H-carbazol-9-yDpropylldimethylamine (30).

[0123] Carbazole 3.0 g (18.0 mmol) was dissolved in DMF (20 mL). Then, 60% NaH in
paraffin (2.5 g, 62.5 mmol) was added, and the mixture was stirred for 10 min. 2-N,N-
dimethylaminopropy! chioride 3.0 g (19.0 mmol) was added in portions, whereupon the
temperature rose to 45-50°C. The reaction mixture was kept at this temperature for 2.5 h
(TLC monitoring, CHCl;/MeOH, 9:1). The obtained mass was carefully poured into
ice/water mixture and extracted with ethyl acetate. The extract was dried with Na,SO, and
evaporated to give compound 30 (4.8 g, 100%) as a brown fluid oil.

1,1°-{9- {3—(dimethylamino)propyl]-9H-carbazoie-3,6—diyl}bis(z-methylpropan- 1-one)
(Example 1).

[0124] Compound 30 (0.25 g, 1.0 mmol) was dissolved in nitrobenzene (5mL). AlCH (0.6
g, 4.5 mmol} and then isobutyroyl chloride (0.6 mL, 5.7 mmol) were added in portions. The
reaction mixture was stirred for 40 min (LC/MS monitoring). The obtained mixture was
poured into ice/water mixture and extracted with CHCl;. The combined extracis were
evaporated, and the residue was purified by chromatography in a short thick silica gel column
(eluent: CHC1:/MeOH 99:1 — 90:10) to afford 0.189 g (47%) of the product. 'H NMR
(DMSO-ds): & 1.20 (12H, d, J=6.7 Hz); 1.90-1.97 2H, m); 2.11 (6H, s); 2.18 (2H, t, J=6.7
Hz); 3.91 (2H, septet, J=6.7 Hz), 4.50 (2H, t, J=6.6 Hz); 7.76 (2H, d, J=8.7 Hz); 8.14 (2H, dd,
3=8.7 Hz, J=1.5 Hz); 9.11 (2H, d, J=1.5 Hz). ELSD: 100%, ESI-MS: m/z 392 [M+H]".
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1,1'-(9H-Carbazole-3,6-diyl)diethanone (31).

[0125] Carbazole (16.9 g, 0.1 mol) was dissolved in nitrobenzene (300 mL). Anhydrous
ALCL (54.0 g, 0.4 mol) was added under stirring in an ice bath. Then AcCl (35.5 g, 0.7 mol)
was added slowly dropwise. The reaction mixture was allowed to warm to room temperature
under stirring and kept for 13 h. Water (500 mL) was added in small portions under cooling
in an ice bath in order to avoid violent foaming. The cooling bath was removed, and the
mixture was refluxed with a condenser for 2 h. The product was extracted with chloroform
(3 x 150 mL). The combined extracts were sequentially washed with saturated solutions of
NaHCO4 and NaCl, dried with anhydrous Na;8QOy, and evaporated. The residue was purified
by column chromatography (silica gel, CHCl; - MeOH) to afford 1 12.5 g (50%).
1,1'-{9-[2-(1-Methylpyrrolidin-2-yl)ethyl]-9H-carbazole-3,6-diyl} diethanone (Example
2, 3c).

{0126] The diacetyl derivative 31 (0.97 g, 3.86 mmol) was dissolved in DMF (7 mL}). NaH
(0.54 g, 13.5 mmol) was added, and the mixture was stirred for 3—3 min at room temperature.
2-(2-Chioroethyl)- 1 -methylpyrrolidine hydrochloride (1.07 g, 5.8 mmol) was added. The
reaction mixture was stirred for 24 h at 60°C (TLC monitoring, CHCls/MeOH, 9:1), diluted
with water, and extracted with ethyl acetate. The extract was dried with Na;SO;4 and
evaporated. The residue was purified by column chromatography (silica gel, CHCl;/MeOH
99:1 —» 90:10) to give 0.90 g (64%) of the product. 'H NMR (DMSO-dg): 8 1.41~1.49 (1H,
m); 1.54-1.73 (3H, m); 1.76-1.85 (1H, m); 1.97-2.13 (3H, m); 2.14 (3H, s}; 2.70 (6H, s);
2.86-2.93 (1H, m); 4.46-4.50 (2H, m); 7.72 (2H, d, }=8.8 Hz); 8.12 (2H, dd, J=8.8 Hz, J=1.6
Hz):; 9.04 (2H, d, I=1.6 Hz). ELSD: 100%, ESI-MS: m/z 363 [M+H]".
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[2-(3H-Carbazol-9-ylethylldiethylamine (32).

[0127] Carbazole (10.0 g, 59.8 mmol) was dissolved in DMF (60 mL). Then, 60% NaH in
paraffin (7.2 g, 180.0 mmol) was added in portions. The mixture was stirred for 10 min. 2-
N,N-Diethylaminoethyl chloride hydrochloride (10.5 g, 61.0 mmol) was added in portions,
whereupon the temperature rose to 50°C. The reaction mixture was kept at this temperature
for 2.5 h (TLC monitoring, hexane/ethyl acetate 4:1). The resulting mass was carefully
poured into ice/water mixture and extracted with ethyl acetate. The extract was dried with
NapS0; and evaporated to give compound 1 (16.0 g, 100%) as a fluid brown oil.
11"-{9-[2-(Diethylamino)ethyl]-9H-carbazole-3,6-diyl} bis(3-chloropropan-i-one)
hydrochloride (33).

[0128}] A solution of compound 32 (17.9 g, 67.3 mmol)} in nitrobenzene (150 mL) was
cooled in an ice bath. AlCl; (45.0 g, 337.1 mmol) was added in portions. Then 3-
chloropropionyl chloride (32.4 mL, 336.7 mmol) was added dropwise for 10 min. The
reaction mixture was stirred for 40 min (LC/MS monitoring), poured into a mixture of ice
with diluted HCl, and extracted with CHCl;. The extract was evaporated. The residue was
purified by chromatography in a thick short column (silica gel, CHCl;/MeOH 99:1 — 90:10)
to afford 22.9 g (76.3%} of the hyvdrochioride 33.
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6-[2-(Diethylamino)ethyl]-10,11-dihydro-1H-dicyclopentalc,gjcarbazole-3,9(2H,6 H)-
dione hydrochioride (Example 3).

[0129] The hydrochloride 2 (22.9 g, 51.3 mmol) was dissolved in 98% H,SO4 (150 mL).
The solution was kept at 80°C for 4 h (TLC monitoring, CHCl3/MeOH 4:1) and poured into
ice. The resulting mixture was neutralized with Na>COj; and extracted with CHCls. The
extract was evaporated. The residue was purified by chromatography in a short thick column
(silica gel, CHCl3/MeOH 99:1 —» 90:10) and recrystallized from MeQH to give 0.562 g (3%)
of the _prodﬁct. The latter was dissolved in CH,Cl, HCI in dioxane was added, and the
mixture was evaporated to dryness. The residue was washed with ether and dried to give
0.6358 g the hydrochloride. "H NMR (DMSO-dy): & 1.26 (6H, t, J=7.4 Hz); 2.77-2.80 (4H,
m); 3.42-3.47 (ZH, m); 3.23-3.34 (4H, m); 3.83-3.85 (4H, m); 5.88 (2H, t, ]=7.8 Hz); 7.84
(2H, d, J=8.6 Hz); 7.97 (2H, d, J=8.6 Hz); 10.75 (1H, br.s). ELSD: 100%, ESI-MS: m/z 375
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4-{4,4,5,5-Tetramethyi-1,3,2-dioxaborolap-2-ylindan-1-one (34).

[0136] Potassium acetate (17.8 g, 181.6 mmol) and Pd(dppfC); (3.3 g, 4.5 mmol) were
added to a solution of 4-bromo-1-indanone (19.3 g, 91.5 mmol) and bis(pinacolato)diboron
(23.2 g, 91.3 mmol) in dioxane (300 mL). The mixture was heated to 80°C under argon, kept
at this temperature for 16 h, cooled, filtered through Celite, and evaporated. The residue was
dissolved in CHyCla. The product was purified on a short thick column with silica gel
{(eluent: hexane—ethyl acetate 100 : 0 — 50 : 50). Yield of 34: 23.4 g. The product

containing bis(pinacolato)diboron (about 7 molar %) was used in the next step without
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additional purification.

4-(4-Methoxy-2-nitrophenyhindan-1-one (35).

0131} Potash (7.5 g, 54.3 mmol) and Pd(PPh3)4 (1.6 g, 1.4 mmol) were added to a solution
of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhindan-1-one 34 (7.0 g, 27.1 mmol) and 4-
chloro-3-nitroanisole (5.1 g, 27.1 mmol) in a mixture of dioxane (80 mL.} and water (20 mL).
The mixture obtained was heated to 80°C under argon, kept at this temperature for 16 h (TLC
monitoring, eluent: hexane—ethyl acetate, 1 : 1), cooled, filtered through Celite, evaporated,
and dissolved in CH,Cl;. Then the mixture was filtered off from the insoluble portion,
evaporafed with silica gel, and purified on a short thick column with silica gel (eluent:
hexane— CHyClp 100:0 — 0:100, CH,Clz-ethyl acetate 100:0 ~ 50:30). Yield of35:5.59 ¢,

The product was used in the next step without additional purification,

8-Methoxy-1,6-dibydrocyclopentajc]carbazol-3(2H)-one (36).

[0132] Biphenyl 35 obtained (5.59 g} was divided into five portions (1.11 g each); then
P(OEt); (per 7 mL) was added to each portion. The resulting mixture was subjected to argon
blow in a flask, heated up to 90°C, kept at this temperature for 3 days, and cooled down.
Carbazole was precipitated. Then the reaction mixture was diluted with ether; the precipitate
was filtered off and washed with CH,Cl,. If the initial biphenyl remained in the filtrate (TLC
monitoring, cluent: hexane-ethyl acetate, 1 : 1), this filtrate was evaporated and P(OEt); (per
1 mL into each flask) was added. The mixture was subjected to repeated cyclization for a
day. The procedure repeated until the precipitation ceased and TLC data showed the absence
of the initial biphenyl. Total yield of carbazole 36: 2.16 g.
6-[3-(Dimethylamino)propyl}-8-methoxy-1,6-dihydrocyclopentajc]carbazol-3(2H)-one
3.

[6133] Compound 36 (1.0 g, 3.98 mmol) was suspended in CH,Cl, (10 mL); NaH (0.75 g,
12.0 mmol, 3 eq.) was added. The mixture was stirred at room temperature for 5-10 min;
then 3-dimethylamino-1-propyl chloride hydrochloride (0.75 g, 4.74 mmol, 1.2 eq.) was
added. The reaction mixture was heated to 70°C, kept at this temperature for 2 h (TLC
monitoring, eluent: CH,Clr—ethyl acetate, 1 : 1 - the presence of initial carbazole, CHCl;—
MeOH, 9 : 1 ~ purity of the product). The resulting mixture was diluted with water, extracted
with ethyl acetate, evaporated, and purified on a short thick column with silica gel, eluent:
CHCI;-MeOH 99:1 — 90:10. Yield of 37: 0.84 g (63%).
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Q—Acetyi—ﬁ-[3-(dimethylamino)propyi}-ﬂ-methexy—l,6~dihydrocyclopenta{ cjearbazol-
3(ZH}-one (38).

{0134] A solution of compound 37 (0.84 g, 2.51 mmol) in PANO; (20 mL) was cooled in an
ice bath. Then AICI (1.7 g, 12.7 mmol, 5 eq.) and after that, AcCl (0.9 mL, 12.7 mimol, 5
eq.) were added. The mixture was kept for 40 min (LC/MS monitoring), difuted with water,
neutralized with Na;CO;, extracted with CHCl,, and evaporated. The product was purified
on a short thick column, eluent: CHCI;-MeOH 99:1 — 90:10. Yield of 38: 0.658 g (69%).
9—Acetyi~6~{3-(dimethylamine)pmpyl}-s-hydroxy-l,fimdihydrocyciopenta{c]carbazai-
3(2H)-one (Example 4; 19¢).

[0135] A 0.5 M solution of BBr; (16.5 mL, 5 eq.) was added dropwise under argon to a
solution of compound 38 (0.658 g, 1.74 mmol) in CH>Cl, (100 mL) cooled to —40°C. The
mixture was kept for 10 min; then a cooling bath was removed and the mixture was heated to
room temperature and kept for 1-2 h (TLC monitoring, eluent; CHCI3/NH;-MeOH, 9 : 1),
The resulting mixture was poured in a mixture of aqueous NaHCO; solution and CH,Cl.
The organic layer was separated; the aqueous one was extracted with CH,Cl,, dried over
NayS0Qy, evaporated, and dissolved in a mixture: CHCl3-MeOH-water, 40 : 9: 1. The
product was purified in a silica gel column with the use of the latter mixture as an eluent,
Yield of Example 4: 0.258 g (41%). For the preparation of hydrochloride, the product
isolated was dissolved in a mixture: CH,Cl,-MeOH; a solution of HCI in dioxane was added.

The resulting mixture was evaporated to dryness; the residue was washed with ether.,
[0136] 'H NMR spectrum (DMSO-dg): 8 2.14-2.20 (2H, m); 2.70 (6H, d, ]=4.9 Hz); 2.78-
2.81 (2H, m); 3.12-3.17 (2H, m); 3.60-3.62 (2H, m); 4.51 (2H, t, J=7.1 Hz); 7.28 (1H, s);

7.73 (2H, s — degenerated AB system); 8.55 (1H, sj; 10.40 (1H, br. 5); 12.76 (1H, s). ELSD:
100%, ESI-MS: m/z 364 [M+H]."
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4.4'-dimethoxy-2-nitrobiphenyi (39)

[0137] Potash (9.10 g, 65.9 mmol) and Pd(PPh;)4 (1.90 g, 1.6 mmol) were added to a
solution of 4-methoxyphenyiboronic acid (5.0 g, 32.9 mmol) and 4-chloro-3-nitroanizole
(6.17 g, 32.9 mmol) in a mixture of dioxane (80 mL) and water {20 mL). The resulting
mixture was heated to 80°C under argon, kept at this temperature for 16 h {TLC monitoring,
eluent: hexane—ethyl acetate, 4 : 1), cooled, and filtered through Celite. The product was
washed off with CH;Cly. The residue was dissolved in CH,Cl; and purified on a short thick
column (eluent: hexane— CH;C1,100:0 — 0:100, CH,Cly—ethyl acetate 100:0 — 50:50).
Yield of 1: 8.47 ¢.

2,7-dimethoxy-9H-carbazole (40)

[0138] Compound 39 (8.47 g) was divided into eight portions (1.06 g each). Then, P(OEt)
{per 7 mL} was added to each portion. The resulting mixtures were subjected to argon blow,
heated to 90°C, kept at this temperature for 3 days, cooled, and diluted with ether. The
precipitate obtained was filtered and washed with CH>Cl,. Yield of carbazole 40: 3.33 ¢
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[3-(2,7-dimethoxy-9H-carbazol-9-yhpropyl}dimethylamine (40)

[0139] Compound 40 (0.7 g, 3.1 mmol) was suspended in DMF (6 mL). Sodium hydride
(0.4 g, 10.0 mmol) was added and the mixture was stirred at room temperature for 5-10 min.
Then 3-dimethylamino-1-propyl chloride hydrochloride (0.73 g, 4.6 mmol) was added. The
mixture obtained was heated to 50-60°C, kept at this temperature for 16 h (TLC monitoring,
cluent: CH,Clo—ethyl acetate, 1 : 1 — the presence of the inifial carbazole; CH,Cl~-MeOH, 9 :
1 — the purity of the product), and diluted with water. The white precipitate obtained was left
to settle for 1 b, filtered off, and dried in air. Yield of 41: 0.96 g (100%).

1,1'-{9-[3-(dimethylamino)propyl}-2,7-dimethoxy-9H-carbazole-3,6-diyl}diethanone (42)
{0146] Compound 41 (0.96 g, 3.2 mmol) was dissolved in PANO; (20 mL); the solution was
cooled on an ice bath. Then, AcCl (1.1 mL, 15.4 mmol) was added, followed by AICI; (2.1

g, 15.7 mmol) in portions. The resulting mixture was kept for 40 min (LC/MS monitoring),
diluted with water, neutralized with NayCOs, extracted with CHCl;, and evaporated. The
product was purified on a short thick column with silica gel. Yield of 42: 0.787 g (62%).
1,1'-{9-[3~(dimethylamino)propyl]-2,7-dihydroxy-9H-carbazole-3,6-diyl} diethanone
(Example 5; 19b).

10141] A 0.5 M solution of BBr3 {22.5 ml.)) was added dropwise under argon to a solution
of compound 42 (0.787 g, 1.99 mmol) in CH,Cl; (90 mL), cooled to —40°C. After 10 min, a
cooling bath was removed; the mixture was heated up to room temperature and kept for 1-2 h
(TLC momitoring, eluent: chloroform—methanol, 4 : 1). The resulting mixture was poured in
a mixture of agueous soda solution and CH,Cly. The organic layer was separated. The
aqueous layer was extracted with CH,Cl,, dried over Na;SQ,, evaporated, and dissolved in a
mixture CHCly-MeOH-water, 40 : 9 : 1. The product was purified on a cotumn, Yield of
Exampile 5: 0.379 g (52%).

{0142] Then the product was dissolved in a mixture CH,Cl,-MeOH. A solution of HCl in
dioxane was added. The resulting solution was evaporated to dryness; the residue was

washed with CH3;CN and ether. From a base form of the product (0.379 g) 0.339 g of the
hydrochloride was 1solated.
[0143] "H NMR (DMSO-dg) 8: 2.09-2.13 (2H, m); 2.72 (6H, s); 2.77 (6H, s); 3.13-3.16

(2H, m); 4.34 (2H, t, J=7.1 Hz); 7.13 (2H, s); 8.84 (2H, s); 10.17 (1H, br. 5); 12.82 (2H, s).
ELSD: 100%, ESI-MS: m/z 369 [M+H]'.
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4-(2-Nitrophenyhindan-1-one (45).

[0144] Potash (8.1 g, 58.7 mmol) and Pd(PPhs)s (1.7 g, 1.5 mmol) were added to a solution
of compound 44 (7.51 g, 29.1 mmol) and 4-chloro-3-nitrobenzene (4.6 g, 29.1 mmol) in a
mixture of dioxane (80 mL) and water (20 mL). The mixture obtained was heated under
argon to 80°C, kept at this temperature for 16 h (TLC monitoring, eluent: hexane—cthyl
acetate, 1 1 1), cooled, filtered through Celite, and evaporated. The resulting product was
dissolved in CH>Cls and an insoluble residue was filtered off. The resulting product was
evaporﬁted with silica gel and purified on a short thick column (eluent: hexane~
CH,CL100:0 — 0:100, CH>Cly—ethy! acetate 100:0 — 50:50). Compound 45 (5.0 g} was

isolated and used in the next step without purification.

1,6-Dihydrocyclopentalc]carbazol-3(2H)-one (46).

[0145] Compound 45 (5.0 g) was divided into five portions (1.0 g each). P(OEf); (per 7
mL) was added to each portion. The resulting product was subjected to argon blow in a flask,
heated to 90°C, kept at this temperature for 3 days, then cooled. The carbazole precipitate
was diluted with ether. The precipitate was filtered and washed with ether. If the initial
biphenyl was present in the filtrate (TL.C monitoring, eluent: hexane—ethyl acetate, 1 1}, this
filtrate was evaporated, then P(OEt); was added (1 mL to each flask), and subjected to

-57-



NO2 liga)--0/ 1)1No2 L), 41, No, 48% IP a Precipitated as crystals. The product contained
(Et0)3P0 and was used thout purification. Only the yield of the target regioisomer is given. Table 6.

WO 2010/042445 PCT/US2009/059558

cyclization for | day. The procedure was repeated until the precipitation ceased and TLC

showed the absence of the initial biphenyl. Carbazol 46 (2.7 g) was obtained.

2-Nitro-N-propylbenzenesulfonamide (49).

{0146] A solution of 2-nitrophenylsulfochloride (8 g, 36 mmol) in ethyl acetate (25 mL)
was added dropwise at room temperature to a mixture of propylamine (3 mL, 36.0 mmol),
ethyl acetate (15 mL), Na;COj3 (4 g, 37.7 mmol), and water (25 mL). The resulting solution
was stirred for 2 h (TLC monitoring, eluent: CH,Cly). The organic laver was separated,
washed with water, a citric acid solution, dried over Na;SOy, and evaporated. The precipitate

crystallized as a white mass, which was washed off with hexane. Yield of 49: (7.47 g, 85%).

N-(3-Bromopropyl)-2-nitro-N-propylbenzenesulfonamide (50).

[0147] 1,3-Dibromopropane (8.5 mL, 82.0 mmol, 10 eq.) was added to a solution of
compound 49 (2.0 g, 8.2 mmol) in DMF (20 mL). Then NaH (0.6 g, 15.0 mmol) was added
in portions. The temperature rose to 50-60°C. The mixture was stirred at this temperature
for 20 min (TLC monitoring, eluent: CH,Cly). Then the mixture was carefully poured into
ice. The product was extracted with ethyl acetate, and the extract was evaporated. The
residue was washed from 1,3-dibromopropane with hexane. The resulting product was
dissolved in CHyCl; and purified on a short thick column with silica gel, eluent: hexane—
CH2CL 100:0 — 0:100. Compound 50 (1.87 g, 62%) was isolated as rapidly crystallizable
oil. '
2-Nitre-N-{3-(3-0x0-2,3-dihydrecyclopentajec]carbazol-6(1H)-yDpropyl]-N-
propylbenzenesulfonamide (47).

[0148] Compound 46 (0.538 g, 2.43 mmol) and bromide 50 (0.9 g, 2.46 mmol) were
dissolved in CHoCly (30 mL). Then NaH (0.15 g, 3.75 mmol, 1.5 eq.) was added. The
reaction mixture was stirred for 20 min (TLC monitoring, eluent: hexane—ethyl acetate, 1 : 1).
Then, the mixture was poured onto ice. The product was extracted with ethyl acetate, and the
extract was evaporated in a rotary evaporator. The residue of CH,Cl, was removed in high
vacuum. Methanol was added to the hardened precipitate. The product was triturated; the
precipitate was filtered off. Yield of 47: 0.638 g (52%).
N-[3-(9-Acetyl-3-0x0-2,3-dihydrocyclopentajc|carbazol-6(1H)-yl)propyl]-2-aitro-N-
propylbenzenesulfonamide (48).

{0149} Compound 47 (0.638 g, 1.26 mmol) was dissolved in PhaNO, (7 mL). The solution
was cooled on an ice bath, AlCl; (0.67 g, 5.02 mmol) and then AcCl (0.45 mL, 6.31 mmol)
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were added. The mixture was kept for 40 min (LC/MS monitoring), diluted with water. The
product was extracted with CH,Cly. The extract was evaporated. The residue was
evaporated, and the product was passed through Celite, eluent: CH,Cl;—ethyl acetate

100 : 0 — 50:50. Yield of 48: 0.453 g (66%).
9-Acetyl-6-{3-(propylamino)propyl]-1,6-dihydrocyclopenta(c]carbazol-3(2ZH)-one
(Example 6).

[0150] Compound 48 (0.496 g, 0.91 mmol) was suspended in a mixture of MeOH (10 mL)
and CHCl; (15 mL). The mixture was heated to boiling. Then Cs,COs3 (0.6 g, 1.82 mmol)
was added and at once PhSH (0.2 mL, 1.96 mmol) was poured {the solution turned blue).
The resulting solution was refluxed for 2 h (TLC monitoring, eluent: CHCl;-MeOH, 9 : 1).
During this period the reaction mixture turned green. Then, the mixture was evaporated to
dryness. A dilute solution of citric acid was added. A yellow precipitate was filtered off,
washed with ether, suspended in CH3CN, and refluxed. After cooling, the beige precipitate
was filtered off from the yellow filtrate, and then washed with ether. The resulting product
(0.251 g, 76%) was isolated. For the transformation of basic form into hydrochloride, the
product was dissolved in CH,Cl,—methanol mixture. (The mixture was added until the
product was completely dissolved.) Then, a solution of hydrochloric acid in dioxane was
added. The solution was evaporated to dryness. A dark-lilac precipitate obtained was

washed with methanol and acetonitrile. Yield of Example 6 as hydrochionide: 0.118 g.

[6151] H'-NMR (400 MHz, DMSO-ds) spectrum: 8 0.88 (3H, t, J=7.32 Hz); 1.53-1.62 (2H,
m); 2.13-2.20 (2H, m); 2.73 (2H, s); 2.80-2.83 (4H, m); 2.95-2.96 (2H, m); 3.65-3.68 (2H,
m); 4.68 (2H, t, J=7.3 Hz); 7.81 (1H, d, J=8.6 Hz); 7.85 (1H, d, ]=8.6 Hz); 8.15 (1H, dd,
J=8.6 Hz, J=1.3 Hz); 8.70 (1H, br. s); 8.71 (1H, d, J=1.3 Hz). ELSD: 100%, ESI-MS: m/z
362 [M+HT".
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N-(2-Hydroxyethyl)-2-nitrobenzenesulfonamide (54).

[0152] Ethanolamine (10 mL, 165 mmol) was dissolved in ethyl acetate (60 mL). Then a
solution of Na,CO3 (22.7 g, 214.2 mmol) in water (100 mL) was added. Then, a solution of
2-nitrobenzenesulfonyl chloride (35.0 g, 157.9 mmol) in ethyl acetate (100 mL) was added
dropwise under stirring. The resulting solution was stirred at room temperature for 2 h (TLC
momtoring, eluent: CH,Cl,). The organic layer was separated, washed with water and a
solution of citric acid, dried over Na; S04, and evaporated. Yield of 54: 29.5 g (73%) as

white crystals.

2-{[(2-Nitrophenyl)sulfonyljamino}ethyl methanesuifonate (55).

[0153] Triethylamine (20 ml., 144.6 mmol) was added to a solution of compound 54 (29.5
g, 119.9 mmol) in ethy! acetate (300 mL). The mixture was cooled to 10°C in an ice bath.
Then, a solution of mesyl chloride (10.2 mL, 131.8 mmol) in ethyl acetate (50 mL) was
added drepwise at a temperature <20°C. The resulting solution was stirred at room
temperature for 3 h (TLC monitoring, eluent: hexane—ethyl acetate, 4 : 1). The reaction
mixture was filtered to remove the precipitate ~ triethylamine hydrochloride. The filtrate was

washed with aqueous NaHCO3, water, and evaporated. Yield of 55: 32.2 g (83%) as crystals.
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1-{(2-Nitrophenyl)sulfonyljaziridine (56).

[0154] A solution of KOH (1.73 g, 31 mmol) in water (50 mL) was added to a solution of
compound 55 (10 g, 31 mmol) in ethyl acetate (100 mL). The aqueous layer stained in
vellow. The mixture was stirred at room temperature for 1 h (TLC monitoring, eluent:
CH,Cly—ethyl acetate, 1 : 1). If necessary, additional portions of KOH solution (0.5 eq.) were
added. The organic layer was separated, washed thoroughly with water, a solution of citric
acid (to pH 7), again with water, dried over Na,SOq, and evaporated. Yield of 56: 6.6 g
(93%) as a yellowish fluid oil.

N-{2-(9H-Carbazol-9-yl)ethyl]-2-nitrobenzenesulfonamide (51).

[6155] Carbazole (1.10 g, 6.59 mmol) was dissolved in CH3CN (40 mL). Then sodium
hydrate- (0.33 g, 8.25 mmol) was added, and the mixture was stirred at room temperature for
15-20 min. Then, a solution of aziridine 56 (1.5 g, 7.89 mmol) in CH3CN (30 mlL) was
added in one portion. The resulting mixture was stirred for 1 h (TLC monitoring, eluent:
hexane—ethyl acetate, 1 : 1), poured mto water, acidified with HCI to pH 1, and stirred again
at room femperature. Gradually, an orange product precipitated from the turbid solution.
The precipitate was filtered, and washed with MeOH and ether. Yield of 51:2.15 g (83%) as

orange crysials.

N-[2-(3,6-Diacetyl-9H-carbazol-9-yl)ethyl}-2-nitrobenzenesulfonamide (52).

[0156] Compound 51 (5.0 g, 12.7 mmol) was dissolved in PhNO, (30 mL). The solution
was cooled in an ice bath. Then AICl; (8.5 g, 63.7 mmol) and after that AcCl (4.5 mL, 63.1
mmol) were added. The mixture was kept for 40 min (LC/MS monitoring), diluted with
water, extracted with chloroform, and evaporated. The product was purified on a short thick
column with silica gel, eluent: CH,Cly—ethyl acetate 100:0 — 50:50. A mixture of ethanol
and 25% aqueous ammonia (4 : 1) was added to the residue. The resulting product was
refluxed for 1.5-2 h. A hot suspension was filtered off. Product 52 was isolated (4.11 g,
68%) as beige crystals.

1,1'-[9-(2~-Aminoethyl)-9H-carbazole-3,6-diyljdiethanone (53).
[0137] Compound 52 (4.11 g, 8.58 mmol) was dissolved under reflux in a mixture of
CH3CN (150 mL) and methanol (50 mL). Then, Cs:CO; (8.4 g, 25.78 mmol) was added and

at once PhSH (2.6 mL, 25.48 mmol) was poured in. The resulting mixture was refluxed for

2.5 h (TL.C monitoring, eluent: chloroform—methanol, 9 : 1) and evaporated to dryness.
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EXAMPLES Examgle 1 /3-(9H-earbazol-9-yl)propylidimethylamine (30). [0123] Carbazole 3.0 g (18.0

mmol) was LA H BiviF (20 mL). Then, 60% NaH in paraffin (2.5 g, Y ?ﬁW{%’W&?ﬁ% added, and

the mixture was stirred for 10 min. 2-N,Ndimethylaminopropyl chloride 3.0 g (19.0 mmol) was added in
portions, whereupon the temperature rose to 45-50C. The reaction mixture was kept at this
temperaflirenfor2eb dnd Bl Glononitd iG], WHCHIAdeBls 2 DedylitT hit thbtaiik grodass was: carefully poured

into |ce/vy1§ter mggt e and.extracted Whtlftl etre?/l acettatE Th egglr ct wa egllqg{jﬂ\{\énlgtl\leragesag%ﬁ and

evaporateés%v&ve coer%%ohcn%l%%’?ﬁ.sé)g,liﬁ %) as a ér%W% fUid oo

1,P-19-18-teienthyrilewn o) propyikOH Jezieh was lec @G liisdl bistParsrdthtist oplatiduorfdY{BKample 1). [0124]

Compoupd 30:{0-wRid: &9, MMRLWASAIRIE] 17 QIHHARENZERG (iU drblSidP Bl Ggfhi.mmol) and
then isobutyroyl chloride (0.6 mL, 5.7 mmol( were added in portions. The reaction mixture was stirred

for 40 mingL eI AESH A CRHEd therwatehotfréd ihto &M aetsisiedre and extracted

with CHGL@¢alhe combined extracts were evaporated, and the residue was purified by
chromatography in a short thick silica gel column (eluent: CHC13/MeOH 99:1 --+ 90:10) to afford 0.189
g (47%) ofitheedsaprdpy MR JRMA 86 aBrhzA0e (3 AHTidl) diedhdida) (EDnipBr7¢2H).m); 2.11 (6H,
s); 2.18 J=6.7 Hz)<3.91 (2H, J=6.7.Hz). 4.5Q (2H, t- J=6.6 Hz): 2H,d.J=8.7 Hz);
8.14 (2H%?3,§ XAt Ezl.S’H%; 9?‘%‘%%%‘1‘:&3,3\‘?‘:161%6’&23? R B Fi/l@%énﬁz %%3 [M+H]t WO
2010104448 Pe £/idS2000/08955%en STAB (3.0 g, 14.15 mmol) was added. The mixture

obtained was stitred at room temperature for 4.5 h (TLC monitoring, eluent: CHCl3-MeOH,
9 : 1) and then poured into an aqueous solution of NaHCOs. The organic layer was
separated. The aqueous layer was extracted with CH,Cly. The product was dried over
Na,S0, and evaporated. The residue was purified on a column, eluent: CHCl;-MeOH

96 :1 -+ 90:10. Example 7 (1.04 g, 73%) was isolated as a rapidly crystallizing oil. For the
preparation of its hydrockloride, the base was dissolved in CH,Cl. Then, a solution of HC
in dioxane was added. The mixture was evaporated to dryness. The product was washed

with ether.

[0159] 'H NMR (DMSO-dg) spectrum: & 1.25 (6H, d, J=6.6 Hz); 2.72 (6H, s); 3.33-3.39

(3H, m); 4.87 (2H, t, J=7.3 Hz); 7.92 (2H, d, ]=8.7 Hz); 8.17 (2H, dd, J=8.7 Hz, J=1.6 Hz);
9.01 2H, d, J=1.6 Hz); 9.24 (1H, br. s); 9.33 (1H, br. s). ELSD: 100%, ESI-MS: m/z 336

[M+H]."
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Example 2 1,11-(9H-Carbazole-3,6-diyl)diethanone (31). [0125] Carbazole (16.9 g, 0.1 mol) was
dissolved in nitrobenzene (300 mL) Anhydrous AIC13 (54.0 g, 0.4 mol) was added under stirring in an

ice bath. Then Ac%l 55.5 g, 0.7 mol) was added slowly dropwise. The react}on mj)>/<tyr_e was allowed
to warm to réom e ature under stirring and kept for 13 h. Water (SOOP %{}]%3% A36ad in small

portions under cooling in an ice bath in order to avoid violent foaming. The cooling bath was removed,
and the mixture was refluxed with a condenser for 2 h. The product was extracted with chlorofoini (3 x
150 mL). [¥Helttorhkirmdtestinefswarensd Guemiadisswvisiied Ritmghtdrated solutions of NaHCO3 and
NaC1, dried with anhydrous Na2S04, and evaporated. The residue was purified by column

chromatographyddidd- o repropanoyikdHy ey bkt itbethyiishedirobenzenesulfonamide
1,11-19-1371-Methylpyrrolidin-2-Aethy1]-9H-carbazole-3,6-diylidiethanone (Example 2, 3c). (0126]
The diaceogldprivatingodad® 9 (20, B860mmehbyyasdinsalMad in PMELI MbmNpRd@e4 g, 13 5 mrnol)
was added, and the mixture was stirred fqr 3-5 min at room temperature. |

2-(2-ChIosr{())lg?ﬁ))[/ll)‘fr f’n%%xhy 5%%ﬁ%‘iné‘ﬁ%yéﬁbeéh%%(%:%%&%% mBhahaisadad rhe reaction
mixture wasstiprexidoy!2hloratc60C (THIC 2h06itonnd), CCARid e OHe Sik}udilutadyyitiovater, and
extracted, it . The extract w ried wi 4 and evaporated. The residue was
purified %ﬁé&%@n@%ﬁﬁgﬁnﬁ%ﬁg %ﬁfgl}%:‘é‘g’%f%&‘ﬁ&?@%%ﬁﬁ%gﬁﬁ 8°é?ve“6‘.*§g% 4%) of the
product |RRNIIRID MIO H8) sBavgolond presiniiyter Shtdizg (B filtgretl 768 Wwash ¢divith tie87-2.13 (3H,

m); 2.14 (BlaD 277 9u(By $332,$6-2.93 (IH, m); 4.46-4.50 (2H, m); 7.72 (2H, d, J=8.8 Hz); 8.12 (2H,
dd, J=8.8 Hz, J=1.6 Hz); 9,04 (2H, d, J=1.6 Hz). ELSD: 100%, ESI-MS: m/z 363 [M+Hr. Example 3

CICI  [2x9lsOneharelt 2 ypxtwildiptyiamine il tealafcRaznle dil-fiRand & nmol) was
dissolvethitrbidfz(a0sakgn diaat, 8890 NaH in paraffin (7.2 g, 180.0 mmol) was added in portions. The

mixture irred for- 10 min, 2= N.N-Diethylamingethyl chloride hydrochloride (10, 61.0 mmol)
was add gﬁ?ﬁ)o?ﬁ%rf%mwcgar&(&ﬁl e eser%%xe&r“ca[?grg@g%e%egoﬁﬁgnéégcﬁg% 7i§’ta?e%/as kept at this
temperatoredbr2as 4Tl G peohiesying ek et/ hatetatedd ) afthecrestltingamassiwas carefully

poured ingg ice/watermixisig aRA.cxtiactes vt ethvh acstate. Th as dried with Na2S04 and
evaporated tofﬁive Eompound 1(16.0 g, 100%) as a fluid brown oiﬁT e Hhg TXHalc was

1,1'-{0-[20DHEthYRtRTo ) SRSy OHpTE s o Iwes BlargtisiSi avestefoprefais vithe) mijdvechforide (33).

0128) A solitioMSAMPOUNTTEE (ehiath GG e3; pHRIeNIR NTRPERZERLALRAHNL) WiasIsegied in an ice
bath. AIC13 (45.0. § 7.1 mmol) was added in portions. Thepn 3- chloropropionyl chloride (32.4 mL,
336.7 mmo| E”gd SR BAiERTEr YT PR Y 2ot Hilture was stirred for 40 min (LC/MS

monitori red | xture of ice with diluted HC1, and extract ith.CHC13, The extract was
evaporate ?%nr%e)g%g@%v%i%%l&géqﬁ%%#%ﬁ%gf%?%:ﬁﬁ‘ﬁaﬁ’tﬁg%’sﬁfﬂ%ﬁﬁb 'ﬁl?&'ﬁé%%el,
CHC13/M@eBRlod-ruprooni) & 62attsrd. 3D ranepl r 6 :89%)spentedHpdrothtonds @8eroform (200

mL) and methanol (200 mL). Then Cs,COs5 (4.3 g, 13.20 mmol) and at once PhSH (1.3 mL,
12.74 mmol) were added. The solution was refluxed for 18 h (LC/MS monitoring) and
evaporated to dryness. Then, an aqueous solution of citric acid was added. The solution
obtained was neutralized with an aqueous NaHCO; solution. The precipitate was filtered off,
washed with CH;CN and ether. The product isolated was used in the next step without
purification.

6-[2-(isopropylaminc)ethyl}-16,11-dihydro- 1 H-dicyclopentalc,g]carbazoie-3,9(2H,6H)-
dione (Example 8)

{0164] Crude compound 59 (1.69 g) was suspended in CH,Cl, (200 mL). Then acetone (4
mL) and STAB (3.4 g) were added. The mixture was stirred for 24 h (TLC monitoring,
eluent: CHCl;-MeOH, 9:1), then poured into an aqueous NaHCOs solution. Then, another
portion of CH>Cl; and MeOH was added. The organic layer was separated, evaporated,
washed with MeCN and ether. Yield of Example 8: 0.759 g. For the preparation of
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6-12-(Diethylamino)ethyll-10,11-dihydro-1H-dicyclopentalc,glearbazole-3,9(2H,6H)- dione
hydrochloride (Example 3). 101291 The hydrochloride 2 (22.9 g, 51.3 mmoal) was dissolved in 987)/0
1-12804 (158’ f_(ﬁi.o‘igﬁ??olution was kept at 80C for 4 h (TLC monitoring,P(';: : Tﬁ@ﬂ?}{%ﬁr’-ﬁ%;l) and
poured into ice. The resulting mixture was neutralized with Na2CO3 and extracted with CHCI3. The
extract was evaporated. The residue was purified by chromatography in a short thick column (silica
gel, CHC1Blvidpiige. g0 sbbiahproducy stadlizspefrdm leGiidito: gieH,6h 21g! (3%0)i0f tthe product. The
latter was gl A € iy dio d and the mixtur evaporated to

dryn ess.gﬁi&gﬁr)ggi%%{e@ W%?v%ﬁeeg%hgagﬁie%r%%?g% trgl%dlt\{/%e& 8?3%‘53&80{#5%%%5%%% 3%% 1H NMR
(DMSO-d8yamh v adeipd iote repidye Tire pthanplikl soh)ti 8o49ag 47 y2ed, am) cBdSLBA (heH, m);
3.83-3 85 dbphafil 5 BRAZN, bidr B HFkn R K26 Ao TR b A (2 . (rRAIRD): 10.75 (41,
br.$). ELSD: 100%, ES1-MS: m/z 375 Mﬁ—i]. Example 4

4-(4,4,5,5PMR SR did 1&8h 78 HiHauR-170R€ $341 {on 3D 3Pk Eihracetate (17.8 g,

181.6 mme)-anehReilppeda (3.8 9543 Mmyoh yereiadded o g, soiusiop af 4-preerjyindanone (19.3
g, 91.5 mmol) and bis(pinacolato)diboron (23.2 g, 91.3 mmql) in dioxane (300'mL) The mixture was
h

eated to 80¢2EhErsArddm Rept%e st p@’/ééﬁ@ 8+, cooled, filtered through Celite, and

evaporatﬁgihTh? rgsidue was dissolved in C1-12C12. The product was purified on a short thick column
with siIica‘gE%ﬁ:rent: hexane-ethyl acetate 100 : 050 : 50). Yield of 34: 23.4 g. The product containing
bis(pinacolato)diboron (about 7 molar %) was used in the next stey without WO ¢

@ purification. 4e(4- =i indan-1-one
(35). 10134 _Potask (7.5 g, 54.3 mn ne-Pd(RRR3)4(1.6 g, 1.4 mmolrwe ed to a solution of
4-(4,4,5 @ I’ﬁ%g;%ifﬁioxaborol -2-y0in’2§f§cn-i-one 34(7.0¢9,271 ¥ mol) and:4o,
chloro-3-nitroafisole (5.1 g, 27.1 rnmol) in a rn;xtur%”%zf dioxane (80 mL) anr(%vater (20 mL) The
mixture obtained was heated to 80C under” rgon, kept at this temperature fo#ﬁ,@'ﬁ (TLC monitoring,
eluent: hexane-ethyl acetate, 1 : 1), céoled, filtered through Celite, evaporgied, l@d dissolved in
CH2C12. Then the mixture wasjltered offfrom the insoluble portign, evaporated with silica gel, and
purified on a short thick cotui WA feluent: hexang C12 0@6 00, CH2C12-ethyl
acetate 100:0-' 50:50). Yield of .59 he product was used bxt $tep without additional
purification. 8-Methoxy-1,6-dihyd oevi%)\pnta [c] carbazol-3(21-1)~6nex36)¥ 101321 Biphenyl 35

obtained (5.59 g)was divided into five-portions (1.LL£y 83ch); then P(OEQ3 (per 7 mL) was added to
each portion. The resulting mixture waslsubjected f6°4Fg®n blow in a flask, heated up to 90C, kept at
this temperature for 3 days, and cooled ddwn. Carbazole was precipitated.fhen the reaction mixture
was diluted with ether; the precipitatezwas filtered off and washed \ﬁiﬁ‘i“@l%Z@lZ. If the initial biphenyl
remained in the filtrate (TLC monitoring,gellig it.hexane-ethyl acetate, I: 1), this filtrate was evaporated
and P(OEO03 (per 1 mL inte &ash flaskywasladded. The.mixture was subjitted to repeated cyclization
for a day. The procetlurétepeated until tAe precipitation teased and TC datarshBwed the absence of
the initial biphenyl. Total yield of carbazode 36:2.16 g. 84
643-(Dimethylamino)propy1]-8-methoxy-1,6-dihydrocyclopentalelearbazol-3(2H)-one (37). [01331
CompouRtHbpt-8-gitzebenzaney ifpragudpéhtled in C1-12C12 (10 mL); NaH (0.75 g, 12.0 mmol, 3 eq.)
was addegliéBne midltewasstinedakraam isparaiue (sl mmiien Ieimeiaylamino-l-propy!
chloride hy %orideé%?%gg.m mmol, 1.2 eq.) was added. The reaction mixture was heated to
70C, keptat this R B0V SHTIE HEIREOTHE '© aaRE i 06 DAY S Redaming _ the
presencd Bf mitj @30arinad(letHFHCE Be MEOHL 19, Na, @Oty b the2preaughind hetesubing mixture was

diluted wj ter, extracted with ethyl.ac vaporated, ified on a short thick column with
el pc RO R i R e S

separated, washed with water, with a solution of citric acid, dried with Na,SOy, and

evaporated. The residue solidified into a white crystalline mass. The latter was triturated

with hexane, filtered off, and dried to give 134 g (92%) of the product.
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9-Acety1-613-(dimethylamino)propy11-8-methoxy-1,6-dihydrocyclopenta[c[carbazol3(211)-one (38).
[0134) A solution of compound 37(0.84 g, 2.51 mmol) in PhNO2 (20 mL) was cooled in an ice bath.
Then AIC13\EﬁQ72‘]gl,BT?%%1mOI, 5 eq.) and after that, AcCIl (0.9 mL, 12.7 rﬁ’ﬁ%ﬁ%@&’.‘}s\?\?&e added. The
mixture was kept for 40 min (LC/MS monitoring), diluted with water, neutralized with Na2CO3,
extracted with CHC13, and evaporated. The product was purified on a short thick column, eluent:
CHC13-Me(=-a8tihop:9pyIP-NYeeio bt -33:-01enBeg daPi) amide (64).

9-Acetyl (dj i - oxy-1,6-dihydro tafcicar azol3(211)-one
(Exampleigdfi;%%c)@%%g‘é%lﬁqﬁg 8@;{;@,&%&%@’ 8%%@%% i(sfgq%e\éndﬁl @{\e%oas?/%gl g}iﬁé%dropwise under argon
to a solutidhrefsonepaund 38:(0 BERLNMTY andnbBnim@pACI2NAO(21Lg, 63dleahtol} 4688 The mixture

was kept f@ih0Mmin-thsn @cealing hath 1QYEE. it 9,/99m
temperature and kepthor 1-2h (%C mo%%ﬁi%g%%ge%t%%fgﬁH{ss-(l\e%e%gvl‘—ll%?g{?%é%eIF’esuIting

mixture WEERSSRHEE T 4 Aixidreriisuesus et omesditimsddrtHseattnmistamnisdayer was

separateditheratuenushgnewas extasied with ChidhhdbdrietkovanNazeRd. Laperated, and
' HC13-MeOH-water, 40 ; 9 : 1. The#)roduct was purified in a silica gel column

dissolved in a mixture:
wlith ti:/e Jé%‘%‘fﬁﬁ%ﬁ@‘%‘?ﬁ%‘&?ﬁ?é%?&% SRIBROUNEIG 6F Eainpte Has Dsner @194)S%85 the preparation

of hydrochitinigeyithe product isolated was dissolved in a mixture: CH2C12-MeOH; a solution of 1-IC1
in dioxane was added. The resulting mixture was evaporated to dryness; the residue was washed with
ether. [0 TSEHEHHIR barad tPayh PPN SONI6Th B-2- it (2REsnifp RaBOdEK60)l, J=4.9 Hz); 2.78- 2.81

(2H, m); 361878 1F4RhoR)435% 3263 (o ndadni?t ?t"i 51976 g%lﬁ:fi %@é&)&ﬁﬁ&&%&%ﬂ S

-degenerated AB system); 8.55 (1H, s); 10.40 (IH, br. s . ‘ D: 100%, ESI-MS: m/z 364
e s NG S0 DoAY S5O oRRioB S8 BeaAtielsn PESBIOISRabHe

4,4 -dimethapyrdunittolinb 0y (38)d0d31hP ataehé%49:6:68 Mol end.Bg(RRR3)4 (1.90g, 1.6

mmol) were adg%(]j Eo as?l tion of 4-methax )ohen lhoronic acid (5.0 g, 32.9 mmol) and
‘chloro- B IFOIS 117 4 45 A T8 SR IUREF ABKEHEEEBT ALY SR MIBTET20 mL). The
resulting Hixteselwasdsentecital 800 whder bigonlkepratipiisderaparatstesfrlbdnéd k&C monitoring,

eluent: h%@pgae{gﬁyg elates 4 j&;’ 0oled, and filtered through Celite. The product was washed off
with C1-12C12. T fgil/é%e wa |§dqsl%$Ved in CH2C12 and purified on a short thick column (eluent:

hexane- 0¥ /|  400:0-:4-a9:R0iedd of 1: 8.47g.
27d|me§gﬁ:§gﬂg§§g§§gm%§§]ﬁ %ﬂgﬁ?g&%ﬁ?%} %ﬁig)pﬁagt g\lgvi%ed into eight portions (1.06 g

oo S5k A i coeh porln, T e s ot suleced
precipitate itaiheidwasiiiterdd andiwdsheg with GHACAR Hield ohrathazaledhiady. WO
2010/ 042(@%5#:9-%'@ %9]9(%5%691%5&%(16& The reaction mixture was kept for 40 min (LC/MS
monitoring), dituted with water, and extracted with CH2Cly. The extract was evaporated.
The residue was purified by chromatography in a short thick column (eluent: CH,Cly/ethy!
acetate 0:100 — 50:50. The residue was triturated with ether, filtered off, and dried to give
7.60 g (81%) of a greenish crystalline product.
N-{3-(3,9-Dioxo~1,2,3,9,10,11-hexahydro-6H-dicyciopentaje,g] carbazol-6-ylypropyi]-N-
ethyl-2-nitrobenzenesulfonamide (62).
[0169] H»S0; (110 mL) was heated to 40°C. Compound 61 (7.6 g, 12.3 mmol) was added
in portions. The reaction mixture was heated to 100°C, kept at this temperature for 2 h (TLC
monitoring, CHaCly/ethyl acetate 4:1), and poured into ice. The formed gray precipitate was
filtered off. Then CHCL/MeOH 4:1 (500 mL) was poured into the filter. The solid on the
filter dissolved, and the formed solution was transferred into a separation funnel. An aqueous

solution of Na;CO; was added. The organic layer was separated, dried with Na,SQ4, and
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[3-(2,7-dimethoxy-9H-earbazol-9-yl)propylldimethylamine (40) 101391 Compound 40(0.7 g, 3.1 mmol)
was suspended in DMF (6 mL) Sodium hydride (0.4 g, 10.0 mmol) was added and the mixture was
stirred at room temJ)erature for 5-10 min. Then 3-dimethylamino-1-propyl chloride hydrochloride (0.73
g, 4.6 inmol)“v?a%u%\éﬂééﬁfsThe mixture obtained was heated to 50-60C, ke%?ypﬁ%%j Efeﬁ%‘:’esrature for 16 h
(TLC monitoring, eluent: CH2C12-ethyl acetate, 1 : 1 - the presence of the initial carbazole;
CH2C12-MeOH, 9 : 1 - the purity of the product), and diluted with water. The white precipitate obtained
was left tovaptiiedor AdudiltethRonalf adnetidsige iraducy ialtafd il Bitag: (Q0M) ered off,
1,1.-19-13-(dimethylamino)propyl11-2, 7-dimethoxy-9H-earbazole-3,6-diy|ldiethan 42) 101401
Compour‘{"!oag g gac .Cﬁnnu[ﬁb %/{/}a%h&irsé%ﬁgé |ntﬁ>ﬁﬂ|”6?zg2§§ Fn ()?}f’)tﬁg%{é?ﬁﬁFoﬁW%%ﬁg(goled on an ice
bath. Thempdwe€1 (1.1 mL, 15.4 mmol) was added, followed by AICh (2.1 g, 15.7 mmol) in portions.
The resulting mixture was kept for 40 min (LC/MS monitoring), diluted with water, neutralized with
Na2CO3 SehitiEidtedamtpogmensl]-d8d vlibpiace ey pravuadelogdcprbmiendech H2héM thick column
with silicaligaie apmgiad).0.787 g (62A).
101411 A O 5 LSOO o M3 (25 SrmL )t aclod chopmse et e 1o 3 o of
tion t- 5. mL) was added dropwise under argon t olution o
compoun@ﬁ%@%&%?’l@&ﬁﬁéh%%- 5%5“@ h )t,hgﬁbrl’@aefg%tﬁ%%gﬁeﬁl i, gscgooling bath
was removed|theradtise Whs deaated mpx toreoam tefhnpelr &t teha . Qepsitaodng, h (TLC monitoring,
eluent: ¢ orm- nol.4: 1). The resulting mixture was. poured in ixture of aqueous soda
colution SR CHORTE e ssapbrt AR R R S R
CH2C12 vehieguiabizdia2 604 seldiporaf@thtHid:disholivetidd preniptiate CHOI8-dMalbkwesbed, 40 : 9 : 1.

The prodyetas PUilied 00 SO R YIel 6 SXAEle A AST O(RR 101431 Theq the product

was dissolved in"a mixture CH2C12-MeOH. A solution of HCI in dioxane was added. The resulting

solution W& e\efibeared e djisdadet s dseriermed iy s hedrosiie odes Al ey aneietionrom a base
form of theipreguat(03493:010 83%6 afdhahwdipehicrdemes isalatad 018143t did NMR (DMSO-d6) 8:
2.09-2.13 (2H, m); 2.72, (6H, SQ; 2.77gH g 3.13-3.16 (2H, m);_4.34n%H, t, J=7.1 Hz); 7.13 (2H, s);
8.84 (2H "eyreehiprider IR (DM Ooflp)sy IO iohoh B EIMS i B6E NI Ity 7
2010/042<445i)|;}g;%/.@§aoﬂ9¢,@59§5,&@5ammqﬁ{41@;mnmmmmgmmma(ét?)amgﬁh,l FOtaSh 8.1
g, 58.7 mma Pd(PPh3)4(1.7.9,.1.5 a to.a i0 cQl 44(7.51 g, 29.1
mmol) angkféﬁ%%gz(ﬁ?rgﬁéré%%é&g d@ %néog%ﬁfggﬁ {%?g%ﬁ&)[u dig@ﬁ’e%{gg%)’%d water (20
mg The mixaynd-dbifained was heated under argon to 80C, kept at this temperature for 16 h (TLC
monitoring, eluent: hexane-ethyl acetate, 1 : 1), cooled, filtered through Celite, and evaporated. The
resulting BasaeiptesyHEatidddlved in CH2C11 and an insoluble residue was filtered off. The resulting
product was evaporated with silica gel and purified on a3hort thick colugn (eluent:

hexaneClf,C12100:00:100, Cl-12&32-ethyl -f*50:50). Compou >

and used in the ne wigbouifgjlficatio P ocyclopentalelearl-3 one (46)
101451 0@ (5.0 g) was divided into fiveportions (L&:g®ach). P(OE)S (p&f 7 mL) was
added to ea¢hrportigh. The resulting product was subjected to argon blow in a flask, heated to 90C,

kept at this temperature for 3 days, then cooled. T bazole precipitate was dilited with ether. The
precipitate was fiftered and washed with ether & the-ihitial biphenyl waspmresent in the filtrate (TLC
monitoring, eluent: hexane-ethyl acetate, 1 : 1), this filtrate was evaporated, then P(OEt)3 was added
(1 mL to ¢@H Fladhky, amthssibjefctetipouny dizatisactired daysaimdepfocedure was repeated until the
precipitation ceased and TLC showed the absence of the initial biphenyl. Carbazol 46 (2.7 g) was
obtained. 2ltdonetrbpymsdidibreelidyinifel fhvdrsondepan snierb arad-HEAd praayfsiifochloride (8
g, 36 lmmpiim]etm&muat%(@rgt) .lswaﬁl@dqﬁdaam@wisaiaﬁ ORI LM BETAIES tzgaairwmuge o{ )
propylaming (3 mL, 36.0 ol),.ethyl acetate (15 mL), Na2CO3 (4 g, 37.7 mmol), and water (25 mL).
e Tl GO A G BT W s I REORIBRE R 3) B GHE fayer was
separatedhiwashied i asigtpy reobidiie aeithablstidn {Qded DYVe ridal 504, sdieleViporatede The
precipitate crystallize a White mass, which was wa % with hexane. Yigl 9: (7.47 g, 85%).
N Bron St ST AN LRI MASAEE rsIssy tORSRE R Catt

MeOH, 9 : 1). The resulting mixture was poured into water. The product was extracted with

ethyl acetate, dried over Na)SOu, and evaporated. The residue was triturated with ether. The
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[0147] 1,3-Dibromopropane (8.5 mL, 82 0 mmol, 10 eq.) was added to a solution of compound 49(2.0
g, 8.2 mmol) in DMF (20 mL). Then NaH (0.6 g, 15.0 mmol) was added in portions. The temperature
rose to 50-6Qfe JpigeRaiire was stirred at this temperature for 20 min (ThEyRQpjtRrRgkgluent:
CH2CI2). Then the mixture was carefully poured into ice. The product was extracted with ethyl acetate,
and the extract was evaporated. The residue was washed from 1,3-dibromopropane with hexane. The
resulting product was dissolved in CH2C12 and purified on a short thick column with silica gel, eluent:
hexaneCRIATRE A (585081960 CEomistlRESO 387 § (6960 wWaiseseintad A33api6R brysitlizable oil.
2-Nitro-Nihisng3-0x0-2,3-dihydrocyclopentajcicarbazol-6(1H)-yppropyl]-N- propylbenzenesulfonamide
(47). 1101481 Compound 46 (0.538 g, 2.43 mmol) and bromide 50 (0.9 g, 2.46 mtnol) were dissolved
in CH2C P22@0yirfi-] 2T hamebbahp Ot Bin2-35)enngt] 1165 oy dmiaschiad T harBadignynixture was
stirred for2e @AkaELS Mowitbling, eluent: hexane-ethyl acetate, 1 : 1). Then, the mixture was poured
onto e hosroBFiARSITaGed Ml EIIM ALCIAANILNG, SRSt was Gvaparated,in a rotary

[

evaporator. The residue of CH2C12 was removed in high vacuum. Méthanol was addéd to the

hardened{3fe@pitddovhe sroda bethad homraled; the TreipitamWhentiiaftedtion, AEIHOB47: 0.638 g
(52%). Nrfd:(9-4ceidt3x0:d linvdragusia pemdiadel sathazal:6d 1)y ORIgPy11-2-6 itro-N-
propylbenzenesu Ifonamide (48). [0149] Compound 47 (0.638 g, 1.26 mmol) was dissolved in PhNO2
(7 mL). TRELBITABh WaledsEiBa'a raﬁ%%%éﬂ‘?,‘%&féi@“&?wg%é FRHBPPapEIBsEs A1 (0.45 mL,
6.31 MmO AOR0EQHEARA45 PEETHISRAG040 DR ERare sdeladic-EReImbd R Mas kept for 40 mm
(LC/MS ftoring).dil with water. The.pr s extracted with CH2C12, The extract was
evaporatrgg(.51 he%é%gug%%isoé 5%%1%2&1? (Z?n%a%y ‘ér\@guéef GAALh 3esP BRI, eluent:
CH2C124@itig)-acetate 100: 0 --* 50: 50 Yield of 48: 0.453 g (66%).
9-Akeetyl-643-(propylamino)propyl11-1,6-dihydroeyelopentaMearbazol-3(2H)-one (Example 6). [01501
Compoum&l& g, 0.91 mmol) was suspended in a mixture of MeOH (10 mL) and CHC13 (15
mL). Thermixyre masheatnddo haifigeckben £526934Q16:9nml, 82mmah was aAddeghand at once

PhSH (0.2 mL, 1.96 mmol) was poured (the solution turned blue). The resulting solution was refluxed
for 2 h (TEEMBntdnrg BlEhtTE XA 3 kedi- 6> B Bulmy hiEPehddthe Féddtisn: Aidture tamed
green. THels, thid, mixB10svsas evEpanatedas drypessm; dikiessolytionof.citds acid was ggded. A

yellow pregipi S fi d e?d(iL i%hge her, suspended in CH3CN, and refluxed. After
cooling, tﬁg(%@ézgg?egiétig% vﬁgg };\lfl?gr% 6\% r ﬁ& ’%‘é@@%ﬁfﬂﬁ%@%ﬁ&t%ﬁ%a@ﬁeﬁ $ith ether. The
resulting Prodiect (0253 1, (1606), Walsidbtated.cBqt thétranskigtation st Besisirmynteshydrochloride,
the proquﬁyms,dissolved in CH2C12-methanol mixture. (The mixture was added until the product was
completely dissolved.) Then, a solution of hydrochloric acid in dioxane was added. The solution was
evaporated to dryness. A dark-lilac precipitate obtained was washed with methanol and acetonitrile.
Yield of Example 6 as hydrochloride: 0.118 g. 101511 1-11-NMR (400 MHz, DMSO-d6) spectrum:
30.88 (3H, t, J=7.32 Hz); 1.53-1.62 (2H, m); 2.13-2.20 (2H, m); 2.73 (2H, s); 2.80-2.83 (4H, m);
2.95-2.96 (2H, m); 3.65-3.68 (2H, m); 4.68 (2H, t, J=7.3 Hz); 7.81 (1H, d, Jr-8.6 Hz); 7.85 (IH, d, J=8.6
Hz); 8.15 (1H, dd, J=8.6 Hz, J=1.3 Hz); 8.70 (1H, hr. s); 8.71 (1H, d, J=1.3 Hz). ELSD: 100%, ESI-MS:
m/z 362 [M+HI. WO 2010/042445PCT/US2009/059558 Example 7
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Example 7N 6h 55\/H2 0/ANs co56 Et N-(2-Hydroxyethyl)-2-nitrobenzenesulfonamide (54). 101521
Ethanolamine (10 mL, 165 mmol) was dissolved in ethyl acetate (60 mL). Then a solution of Na2CO3
(22.7 9, 2142 4Mmnek @uygater (100 mL) was added. Then, a solution of ZM% %Ifonyl chloride
(35.0 g, 157.9 mmol) in ethyl acetate (100 mL) was added dropwise under stirring. he resulting
solution was stirred at room temperature for 2 h (TLC monitoring, eluent: CH2C12). The organic layer
was separated, washed with water and a solution of citric acid, dried over Na2S04, and evaporated.
Yield of M@&?B%) as white crystals. 2-{1(2-Nitrophenyl)sulfonyllannno}ethyl methanesulfonate
(55). [019iy3yiethylamin e o, .44 ﬁe@mﬂ@b vas agdeddonasoiiian,ob eampeupg 54,(29.5 g,

119.9 mmoal) in eth%/l acetate (300 mL). The mixture was cooled to 10C in an ice bath. Then, a solution

of mesyl TAIGHAP (@ blom 21 @élrﬁ}n%ftﬁﬁ%th?i SeetaE B M Adad Hdded didpwise dith
temperatgne S2OC, 4”Eheﬂeﬁgitm$@|§lﬂ©w&§ Sloed abreemdgnanaraure fog 3dy. (146 mpnitoring,
eluent: hex ure was filtered to remove the reC|p|tate -
tnethylan%irg%i ?%)érﬁg?loa tﬁT%e fi ra[%%ré? \?t/glgﬁ év?n alaa@egt}sg M&h%é %t/%tef’ gn]d evaporated
Yield of 5%2.)38.20d (B380)-als<cHmtals. 721 (1IR-Mitspp Eesyl) sulfonybiazviding £56) 115471 A solution of
KOH (1.73 g, 31 mmol) in water (50 mL) was added to a solution of compound 55 (10 g, 31 mmol) in
ethyl acetarthego chExammestfueous layer stained in yellow. The mixture was stirred at room
temperature for 1 h (TLC monitoring, eluent: CH2C12-ethyl acetat\%l_:sg If necessary, additional
portions of KOH solution (0.5 eq.) were added. The organic layer a C)parated washed thoroughly
with water, a solution of citric acid (to pH 7), again with water, dried o“aer Na}%sgéand evaporated.
Yield of 56: 6.6 g (93%) as a yellowish fluid oil. /B\

N-12-(9H- Carbazol 9-ypethyl1l-2- nltrobenzenesulfonamtde (51) [ 5 arBagtS)Ie (1.10 g, 6.59
mmol) was d inACH3CN ( TherTiS@dlum 2y o. g, mol) was added, and
the mixtur stifged at room te e WIS’ZO n "a"“smutmn c» Ine 56 (1.5 g, 7.89
mmol) in CH3CN®(30%mL) was added in ne portion. Theres t|ng mixtw-e wasstirfgd for 1 h (TLC
monitoring, eluent: hexane-ethyl acetate, kR 1), poured |ntc§ water acidified with HCf to pH 1, and

stirred again at room temperature. Gradually, an orange product precipitated from the turbid solution.
The precipitate was f||tered and washed with MeOH and ether. Yield of 51: 2.1p g (83%) as orange

crystals. N- 4 ty%-9ﬁ3§arbazol-9-yl)ethy 2-nitrobenzenesulfonatnide (5 <561
Compound™s mmobh-was dissolved in ﬁ 02 (30 mL§ he solut s bled in an ice

bath. Then A@' g >
mixture was Keptfef 20 mm (LC/MS monitdrir g,, ditdted wrth water extracted W r ch oroform and
evaporatedsiThe product was purified on a short thick column with silica get, eluent: CH2C12- -ethyl
acetate 100:050:50. A mixture of ethanol and 25% aqueous ammonia (4 : 1) was added to the residue.
The resulting vas refluxed for 1.5-2 h. A hg spenS|on was filtered off. Product 52 was

Azimoethyl)-9H-carbazole-3,6-diyl1diethanone

\< Example 50
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[01571 Compound 52 (4.11 g, 8.58 mmol) was dissolved under reflux in a mixture of CH3CN (150 mL)
and methanol (50 mL). Then, Cs2C0O3 (8.4 g, 25.78 mmol) was added and at once PhSH (2.6 mL,
25.48 mmolr)%vwas oured in. The resulting mixture was refluxed for 2.5 h g'LC monitoring, eluent:
chloroform- é%ﬁgﬁjé??ﬁ‘li) and evaporated to dryness. Then, water and GBI ETIRE! were added.
As a result, all the solid products were dissolved. The acidic aqueous solution was extracted with ethyl
acetate until the latter ceased to become yellow. The aqueous layer was neutralized with a saturated
solution sfeNaHERrexiiactad IMtied86H2C12-Me011 mixture (4 : 1), and the extract was evaporated.

e e A Rabal e D EaR b b S iRkt sb enadhie) o B 02

crystals. EE-{ 12-(Isopr9pylam|no)e‘qhyleH-carbazoIe-B,6-diy| (glet anone (Example 7; 6h). [01581
Acetone Y¥raIA168: 20! afhiol) Wasearidiag w duselvashesfedoinpeiitd thepsiimeg far Bhmidsl) in CH2C12

(50 mL)..TRERIRAEH3-BoBickddrmmabprassdaed The il aiainesiwassatired at room

temperature for 4.5 h (TLC maonitoring, eluent;: CHC13-MeOH, 9 : 1) and then poured into an aqueous
solution BYRISREYIS Ahe SreEnEsaiaiRn b ratate e Alitradusaisr s extritted with CH2CI2.
The produgtmasddiicd ayverb aEsOshansheyaparatedyihbaresiduwas priifiedian a column, eluent:
CHC13-MeOH 99 : 1 --i. 90 : 10. Example 7 (1.04 g, 73%) was isolated as a rapidly crystallizing oil. For
the prep&regidn bbis-hydddchionidd-ihddsateWedidissoledahime QHREIA: (BAEN, a solution of HCI in
d'oxa”eﬁ'@?iddﬁ%’ﬂimﬁﬂ e Y%%Sg,e&%ﬁ%%%?%g HYDESphAG RIQHHER WS g@?hed with ether.
(01591 H NM (DMSO-dg) spectrum: 8 1.25 (6H, d, J=6.6 Hz); 2.72 (6H, s); 3.33-3.39 (3H, m); 4.87
(2H, t, J=Pmpepyd BoadE) gofEy Wl SH7lopt . JEE 7epBtine ME M) "aOEPEEdd0D=1.6 Hz);

9.24 (1HyiDreied- B3 B setakake Bt d 00 Wabirht M Wafe3A03IM b @mplecti WO
2010/042445PCT/U $2009/059558 [01601 The gﬁynthesis of compound 51 was described in Example

7. N-12-1908/852- BRARS Epr Sy roris -6l 0/ 5aaisn 19 St abant LN iforhtlide (57) 101611
Compousshipb R0 £7gs 9aB Hinel) was dissolved in PhNO2 (130 mL) and the solution was cooled in
an ice bath. Then AIC13 (34.0 g, 254.7 mmol) and after that, 3- chloropropionyl chloride (25.0 mL,
259.8 inffish) ketdaédddtcTiranstixiniedladiieghdoel40-2rid) (@M Bame (itbring), poured in a mixture of
diluted Hi} Afjd igenSHFRUGE: 'txﬁkgﬂ%@a@siﬁﬂﬂa%i@(%ggog%&}rﬁﬁ\étf)?&@eoé?ﬂ@@%?d obtained

was filtered and washed with ether. Yield of 57: 18.47 g (63%).
N-12-(3,Q%ﬁdﬁ@ii?zi,3’@;1‘@?&@3%938?8}8?6@%%H?Qy%l8§é9ﬁ?ﬂ%,bi@ﬁ?b%?@-@-?p%@?y?ﬁf—lzg%
nitrobenzgnesidiarande (535 3Q1621 Sulfurissagislii2RQdsleiwasdheatad W4 0&iukbenneampound 57
(18.47 g, 32.12 mmol) was added i ortiops. The mixture was hea‘%ed 0 90C and kept at this
temperaftiE YFTERH ‘“(‘ﬁ‘ﬁ%f‘ﬁ%%ﬁit FoBItRRIMEHICIS SHRPPEAEtAtS e #ie resulting mixture
was pourdtoanto gesphEevgteyhyed tip EateAwhsfilteseld off raasine dwamasn fil pedasiitéd rmdxittire of

e remaining precipitate (on.adilter) was recrystallized, with DME, washed with
%\]ga OT 4 %gtgﬁlzwa 10X(£/3l.§g,rl5% )u} 09 cotmpouird 8% a5 ﬁ%gt yeﬁowl\él(!):hdl.v

CHC1S-MeOlL (). Th
CH3CN ana ether. Yiel? ure

6-(2-amikesihyl)- Qﬁgf%gg@};;&ﬁqmﬂg;@wak,glearbazole-3,9(2H,61-1)-dione (59) 101631
m

Compound 58 (2.2 g, 4. mol) was suspended in a mixture of chloroformi;ZOO mL) and methanol

(200 mL} A8 OsgaserspRgeld oAt S bhct BHEW (18RI 7R PG Wfere added.

The solugipmwasdsBflpaadiior 18 & (.CMS Manritoxngxa0; eyapoiaiediothyakbssdcthaapidn aqueous
solution of citric acid was added., The solution obtained,was neutralized with a u NaHCO3
colution. T B At e R e S CHSER e Bt e SRS v
used in thie)next srepaviddodit Pheifigation.layer was separated and extracted with EtOAc (2x500

6-12-(isopy ,Xlﬂi%%@&ﬂig&éd%9&%{9&%@8@%%%19%@%&&&%@J@Q\@J&ﬁe (GH8h)s fione
(Example 8) 101641 Crude compound 59(1.69 g) was suspended in CHZC12 (200 mL). Then acetone

(4 mL) aneSTERNS hagridkraraded durfedhixetanedstinaggepza R irdsRgSluent:
CHCI13-Medk, 9: 59?‘3%@%9{?31@8/@8@1%’&{5 NaHG¢O318014EM. Then, another portion of CH2C12
and MeOH was added. The organic layer was separated, evaporated, washed with MeCN and ether.
Yield of Example 8: 0.759 g. For the preparation of WO 2010/042445PCT/US2009/059558
hydrochloride, the isolated product was suspended in a mixture of CH2CI2 and MeOH, then a solution
of HCI in dioxane was added. The resulting mixture was evaporated to dryness, and ethanol was
added to the residue. The ethanolic solution was refluxed and cooled, and the precipitate was filtered.
Yield of compound Example 8 hydrochloride: 0.684 g. IH-NMR (DMSO-D6) spectrum: 8 1.24 (6H, d,
J=6.6 Hz); 2.77-2.79 (4H, m); 3.34-3.43 (3H, m); 3.81-3.84 (4H, in); 4.91 (2H, t, J=7.3 Hz); 7.83 (2H, d,
J=8.6 Hz); 7.91 (2H, d, J=8.6 Hz); 9.11 (2H, br. s). ELSD: 100%, ES1-MS: m/z 360 [M+1-1].+ Example
9 N-Ethyl-2-nitrobenzenesulfonamide (63). - 69 -



[0165] A solution of 2-nitrobenzenesulfonyl chloride (140 g, 361 mmol) in ethyl acetate (250 mL) was
added dropwise at room temperature to a mixture of 70% aqueous ethylamine (50 mL, 630 mmol),
ethyl acetate (%O‘(]) %Iﬁhi\la2003 (67 g, 632 mmol), and water (250 mL) Tpeﬁggzct{i)%r}srsp_igure was
stirred for 4 monl?oring, CH2C12). The organic layer was separated, Washed with water, with a
solution of citric acid, dried with Na,SO4, arid evaporated. The residue solidified into a white crystalline
mass. The latter was triturated with hexane, filtered off, and dried to give 134 g (92%) of the product.
N-(3-Brostepho py2ifiklydeteybB-niteblyentalnbsuifenedmitlen© 6001661 Compound 63(7.8 g, 33.9 mmol)
was dissplygr] IHBDMEHGQQ (%z 35 3mbiPIRMPRIMABAG AR WerS4RQMMARANAHER 4 portions NaH
€d,

(2.7 g, 6/.5 mmol) were added, whereupon the temperature rose to 50-60C. The reaction mixture was
stirred abiigdehlgEratarsTsht nARECIRERESRIFRPIE IPCL A UEa BT PBEINE s TREIVater mixture,

and extragted with ethyhagriate-dhe pxitaciwasaianosatehihgitesiduawasied witl hexane to
remove the(%,{i—dibromopr ane, Co_m‘%ound 64(9.7 g, 82%%& obtained as a viscous?yellow oil.
SRR

N1349H YK 5520 RNy A- RIS RO PRI e T SRBSRIE RS RS (60 TP E MaZofe ¥4.15 g, 24.8

mmol) apd brogide 64 (9,7 g, 27.6 mmol) wer 3i solyed in DMF mL). NaH (2.0 g, 50.0 mmol, 2
eq) was %9' 3e%r?na§8%?o§rf%, (\i)v %‘%ﬂégfﬁnﬁ%‘}éoﬂéﬁ%‘ Fi 3%’%05%' 060C. The reaction mixture was stirred

for 1 h (T8 S oty dnetdherstbgtnietisrsbam)egornedinfodcelwarerahiter susmeddsdtimcted with

ethyl acefates e, igsislug yasdiiurated with ethers Fheyshawrigcipitate was, litated,off and dried to
afford 6.65 g (61%) of the product.

N-{343, 6Bt RiotprEyansyadgHisrh A£6iL §2yHBrbpYi-hmst - 2 hhitrBiiaRdstRsAamide (61).
[0168] Campaunshed: (:65@ 23 2.napelrwasdirsoied inRb PQ2pRemin:y e saluion was cooled
in an ice path. AIC13 (12,2 g, 91.4 l) and then 2-chlorgpropionyl chloride (8.8 mL, 91.4 inmol)
were ad(ﬁtc‘f.mfjh e %t[i%ﬂ W?l uwr‘g%n@ii%ﬁ%}Eﬁeﬁﬂﬂ??étg%%éﬂ?%%ﬁg’eﬁéﬁé% %hhtfivater, and
extractegiwith £4128G%.of BeextiratPwiiisyduapHratethpehiakdsidhesias-phgified by chromatography in a
short thick column (eluent: CH2C12/ethyl acetate 0:100 -? 50:50. The residue was triturated with
ether, filtsterToff; anety tiicddidiyive-§-6oly (s hphayplepnihlchysediinel plookect92)
N-13-(3,%E?A@romﬁ@«J&é@%}W@@ﬁ-&ﬁ@y@wma&e&tgam&méqRxlgj\h—s 2
ethyl-2-nitrobenzenesul?onamide 62). %1}169] 1-12S04 (110 mL) was heated to 40C. Compound
61(7.6 g™2°8 FRAIBNHNAE A0t h BEHINEITHE PERCHBReMM IR IEBRREAEE 1BOTHHE WEDt at this
temperattee:{olibn(di s draniiaiagdCH2dib2datbybacetote B nand) peurelddata Gepkhe folioed gray
precipitate eas,[irl‘:t)ered ﬂf Ige{.\ CHCJfglMeOHtA:l(gSfOO rgL was oured intotthe %ter. The solid on the
filter diss%']verd?lanéefﬁe ormad Soltion was trans err%ra3 n ol%asép%r?a%nﬁ fihner. ?\na%ueous solution
of Na2C OB Whs a¢deshdierodyanictayertwasisephiafos préetbimiti el SO4 wadiiv®d
2010/0424A5RGT. YARP A jtri ' eige
precipita%gﬁvggés%#ggg%gﬁl \(?i/%g%gg%ith aggﬁlﬁﬁrﬁﬁ%ﬁ%%%ﬁsggﬁﬁe?é% i\ﬁl%S %L(ijé% ré??QS%) of a
beige crysgiiitabasebeisrit 12 (2.7mmol, 35.5% from converted material) of the alkylated carbazole
6-13-(Ethylaminedpteayidd-10,11-dihydro-1H-dicyclopentafc,glearbazole-3,9(2H,611)- dione (Example
9). [0170] Compound 62(1.56 g, 2.86 mmol) was suspended in a mixture of CHC13 (80 mL) and MeOH
(80 mL). G152 8 @2 (28149.. B- S8 yamob) @nd-ihepinmsdaiglyiDhStldPettalp]c -5 sirmbhnyere added.
The readiipdrsebdaie s satibieedfor 6 h (TLC monitoring, CHC13/MeOH 9:1) and evaporated to
dryness. ous, citrie agid w, The soluti ralized with, a.solution of NaHCO3. The
formed p[recip tatt%a%s ?%?eldg%?fa}\?\%%%}gg%t %géﬁ)%égglt%a%%:%g%%%ﬁlé%aévggt%?fn;)g%}ﬁ with
acetonitriieatadhat Wit etiresrroelive \GiarsseplrEss) lopthécprortaareTihe aisrd et rYABIs PG EDtO its

hydrochlgridesAfigrevanottion it 4MG1 do sicansthssasiduiasvaigd with MeOH to afford
0.59 g of the hydrochloride. IH NMR (DMSO-d6): 8 1.66 (ISH, t, J=7.3 Hz); 2.09-2.17 (2H, m); 2.73-2.77

(4H, m); Bigebongte @nd fiisrolobile sofavanpua fred xperiumn siromaggaphy (SHEEL MO g0 (2H, d,
J=8.6 HZ)p/l BFfRbtiodls I5Briita) i8:831(Riddist Nefk LORAA0% o2l S aMES6UIMIL Examples 10

and 11 [0171] The syn is of compound 46 is described in Example, 6 642-0-
ety oy TR B R 8RB APESE S R HE ERF01721 Carbazole 46
(0.4 g, 1.@% roondl) vwas i SS6 vl In3C hiidC 12967 til)acheh Nakifd22-6(5E0 mmol) was added. The

mixture was stirred at room temperature for 5-10, min,,and 2-(2- chloroethyl): 1-methylpyrrolidine
ydrochEr B 0 S O A poce i Moo e B AR AR o i

temperatiiedfor 4 h (TLC monitoring, eluent: CHC13- MeOH, 9 : 1). The resulting mixture was poured
into water. The product was extracted with ethyl acetate, dried over Na2S04, and evaporated. The
residue was triturated with ether. The - 70 -



WO 2010/042445PCT/US2009/059558 precipitate was filtered off. Yield of 65: 0.365 g (61%) -
S-isomer and 0.336 g (55%) - isomer. one 9-acety1-6-[2-(1-methylpyrrolidin-2-yflethyll
,6-dihydroeyelopentalelearbazol-3(2H)- one (Examples 10 and 11). 101731 Compound 65 (0.336 g,
1.00 mmol) Was A1283REd in PANO2 (7 mL). The solution was cooled doﬁﬁgﬁjgﬁ%@%gﬁﬁ Then,
AIC13 (0.67 g, 5.02 mmol) and after that, AcC1 (0.36 mL, 5.04 mmol) were added. The resulting

mixture was kept for 40 min (LC/MS monitoring), diluted with water, neutralized with aqueous NaHCO3
solution, [@x84ctediviiICHBIS Cadd evaperdidd 2T Hes fbbudtdhas Bhnfid 4 o &5hottdhiek column,
eluent: 100;090:10:Yiald afpraqyes Q.39 g £82%0)(R); §yisomen wagQRtained similarly (77%).
Example%%s)[gqg%d%‘% h-eil{‘i‘?\’/lR (DM O)-DG) spglcﬂt%ﬁm: 8 1?6921.79 (1H, m);tﬁs&g-zm (2H, m); 2.07-2.24
(2H, m); @vhendsRfRampI2si3 (3H, s); 2.75 (3H, d, J=5.12 Hz); 2.79-2.82 (2H, m); 2.96- 3.05 (1H,
m); 3.36-3.43 (IH, m); 3.49-3.57 (1H, m); 3.64-3.6 C(ZH, m); 4.62-4.75 (2H, m); 7.80 , d, J=8.6 Hz);
; ; - e, d, J=1.5
S2009/059558
.05-2.24 (2H,

: R (B £mn); 1.86-2.01 (ZH,yn);
in); 2.40-2.46 (1H, in); 2.73 (3H/5); 2.75 (3H, d, J:S.f Hz); 8.79-2.82 (2H, m); 2:98:3.02 (IH, m);
3.36-3.43 (1H, m); 3.47-3.57_(IH, m); 3.63-3.66 (2H, m); 4.62-4.75 (2H, m); 7.890 (IH, d, J=8.6 Hz);
7.87 (1H, d, J=8.6 Hz); 7.96 (1H, d, J=8.8 Hz); 8.18 {1H, dd, J=8.8 Hz, J=1.4 Hz); 8.69 (1H, d, J=1.4
Hz); 10.72 (1H, br. s). ELSD: 100%, ES1-MS: in/z 374 [M-rii]. Synthesis of Example 50 Step 1.
4-hydrox§inddn Fdnni8e)ylonnepcmdirarbazeBS D0 g, 0.68 mol) was added dropwise to mixture
150 g Naigilsgpd-@gq a W@b%@@ R resulingamixivg washeaiedaect8eG, then stirred for 8 h.

The mixture then was cooled to room temperature and 1 kg of crushed ice was added with intensive

stirring. AREIRERTOYSHRSABIE tHETSinddife WaRofl sy dey EQ Wb T IWEREF "d dried to give
about 80804 iy deapindas-raneBh) aiyrmy solickiGiepBe hydxezgnIwityidro-1H-inden-4-y1
trifluoromethanesulfonate (87) 101771 Triflic an ide (,152 54 m as added. dropwise to
soluon 80LL BF CHAUURENBEINEr K6 BT R I o 3ae e e R B R e
refluxed foo2hespetetite rooerdampeaikies fltersdraidshad mithrivater (O1ficyrmgudoersatitric acid
(50g/0.5 ine {Q.5L), dried ; , ated to gi mpound 87
as dark |iL82%Ji%r.P%rté8“§’ ?fﬁfg%l-t%{t%rz%%t ?1-%@%%‘(a%grgfﬁ%ﬁ%&%ﬁ%ﬁ%@%@%ﬁ781 A
mixture cGrSRAIMG-bf Porasehmms ostares(B®ly coimdicd|wvids ég)e HiffhtéWmabeg tr36itiol, 1.1 eq),
bis(pinacoladinrane, (&00:8:0r38 b AR RIHE BRR4RG (:82-010), $:06.0Q)«ARGRECHI(PPN3)2

(6.9 g, 0.01 mol, 0.03 eq) in degassed toluene (2 L) was refiuxed under arggn atmosphere overnight.
The resufihd) WisaGAshEY KPRt AL sAR kTGS oG YAPHEHARIH BB 8 EtoAc/hexanes
1/5. Fractigpgic@niining desiresh prosiuct waisnealigstaid pnebevaporatee 16 givdabausibog (57%) of
compound 88 as light-yellow solid.

Step 2. 3,6-di(4-chloropropan-2-one-yl)-9-(2-dimethylaminopropyljcarbazole (93)

[0186] 9-(2-Dimethylaminopropyljcarbazole 2b (25 g, 99 mmol) was dissolved in dry
CH,Cly (150 mL). Anhydrous AICI; (40 g, 300 mmol) was added portion-wise with stirring
and cooling in an ice bath. 3-Chloro-propionyl chioride {30 mL, 312 mmol) was added
dropwise, while maintaining the internal temperature below 5°C. The reaction mixture was
stirred at this temperature overnight, poured into crushed ice and extracted with
CHCI/MeOH 1/1 (3x500 mL). The extracts were evaporated to dryness, and the resulting
green oil was triturated witﬁ diethyl ether (2x250 mL) to give 20 g (46 mmol, 47%) of 3,6-
di(3-chloropropionyl)-9-(2~dimethylaminopropyl)-carbazole 93 as gray powder.

Step 3. 6-(3-Dimethylaminopropyl)-1,2,16,11-tetrahydro-6H-bis-(cyclopentafcjcarbazol-
3,9-dione (Example 51)

[0187] 3,6-Di-(3-chloropropionyl)-9-(2-dimethylaminopropyi)carbazole 93 (20 g, 46 mmol)

was added portion—wise to trifluoromethanesulfonic acid (100 g) with stirring at room

-71 -



Step 4. 4-(2-nitrophenyl)-indan-1-one (89) 10179] Degassed toluene (0.5 L), borolan 88 (10 g, 39
rnmol), 2-chloro-1-nitrobenzene (6.3 g, 40 mmol), Pd(PPh3)4 (3 g, 2.6 mmol) and 2M Na2CO3 (200
mL) were mlxed under a rapld flow of argon, and the resulting mixture was refluxed overnlght Water
(200 mL) and JEOAL @fﬁ) mL) were added. The aqueous layer was sepaﬂé‘f’e“&%%%’& ERthtted with
EtOAc (2x500 mL), and the combined extracts dried over Na2SO4. The solvent was evaporated at
reduced pressure and the crude product purified by column chromatography (20% EtOAc in hexanes)
to give 9 @nPtrihef thethireenidintexmadiateB%abta yEI0waalight St-'erﬁ:eB cooling to room

1,2- dlhyd[ro -6H- %}/clogent C|carba%ole -3- one 9(9 01801 B h@@/l 89. 35m or)§

trlethylphorsn fite were added 1o a sealed HHES R %t 126E 6% gjchwa,i\ FE86l g to room
temperatwmkddezmmthr@twaseﬂImmogmbomgaoﬁﬂdﬁﬂdnwuff@gahcymmﬁﬁobﬁimmlee one.
Precinialg il IR AINGLEedn AN .01 ARSI PO NIUICL OMBRRYIe G 0 as yellow

powder was 77.5% 6. 9-acet ro-6H-cyclo enta cI one 191811
1,2- drhydmtbmyar@@mﬁ[tqt%mméceim@@@ e@@@vdlowm()l%glmmnmrw dry CH2C12 (100

mL). Anha.q);ryg%m&r@ghée‘aWEm fAded il stTing e Paiudgligwe by the dropwise

addition of AcClg .4 mL, 33.2 mmol). The reaction mixture was stirred at about 5C for 24 h, and
poured iMftSHER T atets "Fhléepﬁ‘éﬁi!pltated grey solid was filtered off, washed with water (2x100 mL),

o-acoty 3Ry ERHbh o SIS APDA A i o1 S p - 271 ¢ (69, 278 m 45D,

9-acetyl- B, 25diniiHa-8-42 @i netiop ycyadiope Rfajdl (@arhagdié3s onid)(92) 101821 NaH (2 g of 60%, 50
mmol) was added to a suspension of compound 91 (4 g, 15.2 mmol) in dry DMF (100 mL), and the
mixture wiléestatdee éwnibmtierﬁﬁémieséﬁcmdllﬁ mlﬂi‘@b@mtﬂfcﬁwemv}d?@gen ceased.
1, 2 dibromethane (20g, 10 O 23 t|op mixture was

j e 17 dter (300 mL). The
precipitated grey sef it \ @ ifi L matography

alkylated carbazole 92 a cream solid. Step 8. N
9-acetyl-1,2-dihydro-6-(2-(2-propyl)aminoethyla)-eyclopentalci carbazole-3-ore hydrochloride
(Example 50) 101831 mide 92 (1 g, 2.7 mmofyand 2-propylamine were gdded to sealed bomb and
heated at 180C overnight After cooling to roo temperature the mixture was evaporated to dryness,
the residue was wo?gﬁ P \yith 100 ml satur?t yv r solution of sodium, blcer%nate and filtered.
Filter cake was purified by column chromatograpﬁ % HC13/MeOH 10/1). Fractions containing desired
product were collected, evaporated to dryness, diluted Wrth 40% water HCl (10 mL), evaporated to
dryness and reevaporated uene 001y y ‘

9-acetyl gro-6-(2- (2 propy')amlnoe y
(Example gray soliducWy/€h2010/0424458

1.23d (6H), 2. 245 (3H), 2.83 nr¢2H), 3.67 m (2H), 4.3
8.71 s (IH), 8.9t9.2 wide s (2H). Synthesis of Examplegﬁl Step 1

9-(3-dimethyla ,lr¢opropy1) -carbazole (2b) 101851 NaLl (14.4 g of 60%, 360 mmol) as added
portion-wises (Lejqargoﬁ to a suspension of carbazole 1 (20 g, 119.8 mmol) iy W@’OFmL) The
mixture was stirted. @oom temperature for about | h until the evolution of the hydrogeﬁT[;@gsed

3- D|methylammopropylchlorrde rfbydrochlorlde €28 g, 180 fmol) was added portio

temperatuye: The [ i
and poured 0, The prod
layer was back xtracted vﬁﬁ%ﬁ%HCl (200 m ‘ Fe
remove the ur]r/eeaéﬁed carbazdfe® Saturated ammo g (3200 mL) was “88ded and the p
again with Et0%& Evaporation of the solvent afford d 25 g (99 mmol, 83%) of
9-(2-dimethylaminopropyl)carbazole 26 as a brown o Step 2. NEL
3,6-di(4-ehloropropan-2-one-y0-9-(2-dimethylaminopropyl)carbazole (93) [01861 HCIEIOH
9-(2-Dimethylaminopropyl)carbazole 2b (25 g, 99 mmol) was dissolved in dry CHZ84 (.69 mL).
Anhydrous AIC13 (40g. 300 mmol) was added portion-wise with stirring and cooling in an ice bath.
3-Chloro-propionyl chloride (30 mL, 312 mmol) was added dropwise, while marntar%r'ﬁ'apfﬁe internal
temperature below 5C. The reaction mixture was stirred at this temperature overnight, poured into
crushed ice and extracted with CHC13/MeOH 1/1 (3x500 mL). The extracts were evaporated to
dryness, and the resulting green oil was triturated7vith diethyl ether (2x250 mL) to give 20 g (46 mmol,
47%) of 3,6- di(3-chloropropiony1)-9-(2-dimethylaminopropyl)-carbazole 93 as gray powder. Step 3.
6-(3-Dimethylamittopropyl)-1,2,10,11-tetrahydro-611-bis-(cyclopentalelcarbazol- 3,9-dione (Example
51)




[01871 3,6-Di-(3-chloropropiony1)-9-(2-dimethylaminopropyl)carbazole 93 (20g. 46 mmol) was added
portion-wise to trifluoromethanesulfonic acid (100 g) with stirring at room WO
2010/042445PCT/1)S2009/059558 temperature and the reaction mixture was heated to 95C
overnight. ARE? %:[881?%4% room temperature, the reaction mixture was poﬁ?g@ms’i@é”ﬁgter. The
precipitate was filtered off, worked up with saturated sodium bicarbonate, and filtered off again. The
resulting filter cake contained about 80% desired product and 20% isomer. After a single crystallization

from metieage], thalpsecipiatesasanorkadnip anithodNIHGl dioxena(let-mby eyaporated to dryness

and recrystallized gom FtOH Rcfg give aqgut 2.8 g (7.1 mmol, 15.4%% of 95% Ex Ble 1 as white solid.
01851 LOMEE TOOMPAIER MO SR BTy 5§ 23Rl ST (Ha. 16 m (21
3.83 m (MRX4@BspecRbiheRiB8 dOOMHY, 10h6 tol el biakAkesmatiVesShnthbsizof fexbmyples 15 and 17
and Synieeis Gldaample 68 raapieat o HE0LHAIASE BIeNVISe ia'ed. fregaliRend solvents

were used as received fro mmercial suppliers. Proton nuclear magnetic resonanhce spectra were

obtainedgp HRGUKEAREAID-RLEHRINQEY) at 400MHz. The solvent peak was used as the reference
peak for proton s ectra4 The rogye of re cg%n was controlled by TLC qr/and LC-MS analysis.
9-(2-Dietﬁ%h%%inﬁﬁﬁ&b-éﬁtﬂ’f?&&(gé‘i ’[’6’3?@%] 8&%&%&% PHGOR- B HISI 8%, \Fas added
portion-vsse¢tder d@gobatola SLgpension 6f earblazalg) (h)K200/H 1208 minoTHeetikiardry DMF (200
rnL). The fgﬂjé ure V‘A?§O§$Hr%d at It %@ft%r?(p%rat%%f r 39 rpi unt%lttlb evolution of tg hydrogen
ceased. 2- Die ylaminoet ynfgﬁiorlde ﬁydrocmorl e%'gf g? ?ﬁg rﬁmo‘l%?f %%ﬁvggass%d ed in

portion-wiketlzt aovnoddiy plkatdedy it kbaitiol hixt@femvas stifred)fer2@ihid iatprotmm temperature,
then at 6QC fon 3hsuhbG. MAiRHNE, ARLAURILRIR LRI WALEE (L bhod NS BLodHG! Wag extracted

with EtOAC (5x200 inL); the organic layer was back extracted with 10% HC1 (400 mL) and acidic layer
was extratfSdwith Biond k6 rerblasinge andrevirsdieasddotater ik IbH bhapvestisiayer was adjusted

to about Swith{ 26@ 8 @k thr WedIct qﬁ@g@ﬁk@ﬂgéﬁ%’&%&@é&r@@m@m@{mmvent
afforded 29.5 g (93%) of 9-(2- diethylaminoethyl)carbazole (68) as a brown qil.

> )ca
3,6-Di(4-EHib APPSR & PSR diviASethiRAY b AYOIE RAHEESBhRe (o o] ioAd 1)
9-(2-Diethy/lamunasihph) oarbar oiee(68)atbitP gvilv 3 0tmeahdesy prasudissatvaddagiy dhghloromethane
(150 mL hydrous A1C13 (45 g,.337 | W d rtion-wise with stirring and cooling
in an ice)%{g%\.%-'cﬁ? ?6@33?86%%?] %?'llifgrr'l%zé %%%5 r%?l?%%%rﬁ’i%?l,gé&gq) was added dropwise, while
maintainihgtiy&uim@retal teperate (e elombBEIITNE reaction mixture was stirred at this temperature for
15 h, poured into cold 3% HC1 (violent foaming should be avoided) and extracted with CHC13 (5x500
mL). ThedéxPadrs erersoapontats I hié-tiehvbaniseeth pllenrhrzede ydnasidaide (88 (5x50 mL) to

give 24 gT4£p) of3.6:dit3ehipkapropiarykhR-(8sdiethyamincetybrcacbpralaRysikaghioride (69) as

(240, B TSP OV T AT A (1 gy s af Al o™ 410 92
g-éBE)Di(e;h/ydlamiﬁomWi}g-?lﬁ,ﬂz@oli_ilgéihl‘lahy@rbaﬁiﬂ-bi@(@mjml mnt@ﬂockehmml :d cﬁé.%grghpm (70) 1019|3:]L. )
,6-Di-(3-chlar yvI)-9-(2-djetk e ochlori .33 mmol, 1 eq
was adde p%’rctgi?)ér%f/v‘%%at%)d%r?ﬁﬁjrgFﬁn%%%%%ﬁ?é?ﬁ%%%%@%%ge% egq?u:g%%geq “v%?m(%%t‘i?rrﬁ?lg at room
temperattfestEmonhdysavton it hivigmemagei o 5Thopewigdintnedd ooliHd toirdorm temperature,

the react't%migtgg@uma% ROFRA IR CR MR TR RIhO[ 4RSoAgHEP UBRAKELDWAS Adjusted to 9 with

10% NaOH and the product extracted with EtOACITHE = 3/1 mixture. The solvents were evaporated
out and tRERIRIEI RSt i etsp il @6 mitaliedphy trods B mbn egre Hfegive 1.12 g

(29%) of @ure)ivtarmediatei sk pewhiiasolid- A&h9dh MStEE ) ciidzote Rlarsc il Gb-NVR
(DMSO-%G)' 0.70 (t, 6H), 2.41 (g, 4H), 2.68 (m, 6H), 3.73 (M, 4H), 4.55 (t, 2H), 7.77 (s, 4H). Example
15 [0195 atf et atlitte 70(1.12 g, 2.99 mmol, 1 eq) was dissolved in CH2C12 (20 mL) and 10% HC1

solution i nol (348, mmo|,30.e de ing formatjon, of a veluminous
precipitat@. gfe SO v%ﬁatg &%e?{rde%%\r/%%graf}eo thgtiggc?tfzzggqbéi{éﬁ 'ﬁegla% %hﬁﬁrgqé%%%’ %%Fagt‘}é%c(%ith hot
MeOH to Yile 81007 1839%8)13H(Eximiphel ¢%sagtal Dfdd/hitd Bolid. 101961 Purity: 97.3% by HPLC;
MS(ESI): m/z = 375.3 [M-HCI+Hr; m.p. = 312.1 - 314.7T
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[01971 Examples 17 and 20 are prepared by an identical process using the proper chloroamine, i.e.,
(CH3)2CH-NH-CH2CH2-ClI or (C2H5)NHCH2CH2-CI. Alternative Synthesis of Example 7 (Compound
6h) 0 HCI NH Experimental 101981 Unless otherwise noted, reagents and solvents were used as
received fromt e3MMErdE suppliers. Proton nuclear magnetic resonance BpE&S 2 M5B tained on a
Bruker ARX 400 spectrometer at 400 MHz. The solvent peak was used as a reference peak for proton
spectra. TLCs were run on silica, unless otherwise noted. 3,6-Diacetylcarbazole (4) 101991 Carbazole
(20 g, 0.12(Bliethaiprpinsethidhd & 1A- e thskly dve- OHBE A 2y(300mbjcjnataagan-anthéhe resulting
mixture cdd8ed to 0C. AIC13 (95.5 g, 0.72 mot, 6 eq) was added to the mixture followed by the

drop-wis¢gadgdjtionmHageivh AR kdm D a0 MR &) _gﬁom%%@ﬂ%ﬁkeé

mnternal
temperatur aﬁbout 0C. After 3 hours stirring at 0C, another portion of acetyl chlori @?é@nL 0.07
mol, 0.6 é”q(;Q/v HEded SRHYAR SRS B P HerparhamstHEon s 2061 (The Addction mixture

was pounechinfc loe; winile stitiinge: Thensalidpsascolipsiad Rydilbatinpnnasheswith G261, then water
and dried_in a‘vgguxgu overgr.]at E?OC. Yield 16.3 % (54%) of carbazole 4. The filtrate and washings were

combined and extracted with R28Y3 (3705 e A BRI AR ROWTER Waidied with saturated
NaHCO3%aix30thent) afithbrinetx300tinh vasfteidrying overNa2SQ4otheddlatewasevaporated to

oness G0l U85 el e sty s ptaton, CEELL UGS -

252.0 [M+1-1]* 2-N-Boc-2-N-|sopropylarn|noe'thar?osl i r)1
added toPACStRE Bedbicd prop ghanmmatistiaahn [72) F2013 imEIT8eh 1036 Imdly RMSAH (200 mL).
The reachion xRy sUTedat ampient temperature for 4 hours then diluted with water (1.2 L) and
the product extracted with EtOAc (4x400 mL). The combined EtOAc extracts were washed with brine

1(31X4O|0 nlﬂlw;‘rld diisdE dyemha2 S54. [’R}nefﬁbwepm};/ﬁ@(%g@@g@@(%@@m%?[ ’ez@_f%duct purified
y colu e e S: A m 4.1 to 1:1) to give 19.5 g (70.5% yield) of pure 73 as viscous
oo el o () 1B 51

oil. 3-isoprop %?:&S(é 'mL, 0.109 mol) was added dropwise to a

solution gfthe alcphol (73) (18.5 g, 0.091 mol) and TEA (19 mL, 0.137 mol) in anhydrous TI-IF (200
mL) cooled to -%0 with vigorous stirring. The reaction was allowed to warm up slowly to ambient

temperatfEf3 nbisenetise SQidsivere el bydiltrasidissateedashBdClitRTHE) @@ mL). Saturated

Na2CO3)(Hmidonanaddadd the fikrate andibe i%mhﬁe&%ﬁ&&%dfm&fmempefam
overnight,oﬁhen diluted with water (200 mL) and extracted with EtOAc (3x200 mL). The combined EtOAc

extracts WerS WAShEE R Too HETUBBH I e SRR (29 06 Rskup ethrasrsdre vad NiIg2S@ue The solvent

was evaponateciovitiichgivécBIB o (F580! yield) af ey elit carhamates(Zdbaniah wagiused further without
purification.
[0196] Purity: 97.3% by HPLC; MS(ESD): m/z = 375.3 [M-HCI+H]"; mp. = 312.1 —

314.7°C

{01971 Examples 17 and 20 are prepared by an identical process using the proper
chloroamine, i.e., (CH3)»CH-NH-CH,CH,-C1 or (C:Hs)NHCH,CH,~CI.

Alternative Synthesis of Example 7 (Compound 6h)
Q

e
¢ o

N

\( .
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102041 MS(ES1): m/z = 130.1 [M+H]t 3,6-Diacety1-9-(2-N-isopopylaminoethyl)-carbazole (71) 102051
A mixture of 3,6-diacetylcarbazole (4) (15.12 g, 0.06 mol), 3-isopropyl-2- oxazolidinone (74) (7.80 g,
0.06 mol), Csizcggyﬁ%g , 0.12 mol), and DBU (9 mL, 0.06 mol) in NMP (150 mL) was stirred at 190T
for 24 hours?‘tﬁen poured into H20 (500 mL) and extracted with EtOAc (3 SEYHLY FREt ombined
EtOAc extracts were washed with brine (2x200 mL) and dried over Na2S0O4. The solvent was
evaporated and the crude product purified by column chromatography (eluent -(5 to 20%) MeOH

(containing 0.1% of NH3H20) / EtOAc).The first fr&tions contained the ungeacted stajting material

(-1.7 g). The pure fragtion re co ofvent evapagated to dryne e 936¢
(contained @ bw%i\ﬁ&égob&pure @‘@! pure-fractions-were ¢, il
2010/042445P S20 evaporateg dwith EtOAc to give

y A 4
another 3.47 g of the pure éﬁ%ﬁﬂac?? Total yield'- 54.5% (aﬂ%‘%% FAGERG e amount of Et0AC); (61.6%
yield based on rélacted starting material). 102061 MS(ES1): miz'= 337.1 [M+H]t ComiJound 6h 02071
Intermediate (71) (3.47 g, 0.0103 mol) was dissolved in CH2C12 (30 mL) and\ti@*?esulting solution
cooled to about 5C. 10% HC}/ EtOH soltjtion (5.6 g, 0.0153 mol) was added dr

pwise with stirring.

into 6h. [0208 f?‘ialysis_Data: Purity}f 99.5% bysHRkGarMRUFspdiz = 337.3 [M-HC1-4-1]+ m.p. =
292.7 - 294.1C Riternative Synthegis cﬁcfz'xample 4 WO 2010/042445PCT/US2009/059558 102091
Step 1. 4-Hydroxy-I-indanone (Z6)Nwas synthesized by aluminum chloride induced re-cyclization of
dihydrocumarin (75), according to Org. Lett., 2007, 9(15), p. 2915-2918. The reaction was performed
on 100 g of (75) to furnish (76) wmihpRS% yield. 102101 Step 2. The indanone (76) was converted to
triflate (77) with 90% yield by ré&ewsthith triflic anhydride in CH2C12 in the presence of Py, followed
by flash chromatography. 1021%&2§tep 3. Tridate (79) was %/ntfj]esized in tgosame manner with
quantitative yiel%"ﬁimﬂra)gi from—gmf 4%ﬁe‘ﬂwxy(g.ynitr 161 £78). Steps 4 and 5. Following
the protocol for onT%-pot syr% esis 'of’bip en compouha%‘7 g;oim Syntheti¢-CGommunications, 2006, 36
p. 3809-3820, interriediate (81)wyas obtained in 80% yielgsiasting from 604y of triflate (77). 102131
Step 6. The cyclization of the biphenyl intermediate (81) by heating with excess of triphenylphosphine
in 1,2-dichiretimentsie was carried out on a small scale first to afford the expected carbazole (82) with
-50% yield {bg-optim ipitati | ixture with g{fr. The same reaction
was scalgjl(ggrto?i%mﬁ%gg? gy%l%%% %&&%@?&%ﬁ?ﬁ%ﬁ%&g&ﬁ% 8817. The acetylation of
the interFSBREGEDEPIEY SEaR) Wakemnea S oMEe IRt vidineptaithe @ar@aidprotocol to
give 26 guBOV4nIeliabthadnienmesiate (88).sbAZhblcSten. 8. 4fiar anexaYSHvE gxfraction with a 1:1

containing a'baseline impurity by

mixture of EtOAC/THF, It 68% yield of.the crude product (84)
TLC, wad %ab?giﬁ%%?rﬁ'ﬁé?s%géﬁﬁ%\ym?@ %e‘iﬂkﬂ?ft&fhe%ﬁ\ﬁﬁﬁgut further purification. 102161 Step 9.

The remayvalaf th [FerlféXI gLy from (84) was accomplished by heating the substrate in a 1:1 mixture
of Py*HCI/NMP a?tvlélo %OreBOE;I. After purification by column chromatography, 7.8 g (37% yield) of

Examplel#1§fHe baskralas2tathemewhsarsatetrwitndeddn mEvdsolaidhii:EI0Eiio give 8.4 g of
pure Exammple &oon and the resuiting mixture cooled to 0°C. AICI; (95.5 g, 0.72 mol, 6 eq) was

added to the mixture followed by the drop-wise addition of acetyl chloride (25.5 mL, 0.36
mol, 3 eq), while maintaining the internal temperature at about 0°C. After 3 hours stirring at
0°C, another portion of acetyl chloride (5 mL, 0.07 mol, 0.6 eq) was added and the stirring

continued for another 2 hours.

[0260] The reaction mixture was poured into ice while stirring, The solid was collected by
filtration, washed with CH,Cl, then water and dried in a vacuum oven at 50°C. VYield 16.3 g
(54%) of carbazole 4. The filtrate and washings were combined and extracted with CH,Cl,
(3x300 mL). The CH,Cl, extracts were washed with saturated NaHCO5 (1300 mL) and
brine (1x300 mL). After drying over NaySQs, the filtrate was evaporated to dryness to give

« 75 .



EXPERIMENTAL [02171 Unless otherwise noted, reagents and solvents were used as received from
commercial suppliers. Proton nuclear magnetic resonance spectra were obtained on a Bruker ARX
400 spectror{lwetez{) %'5 ﬁg‘&l\q/le. The solvent peak was used as the reference %eak for Oproton spectra.
The progress St FER&H3HS was controlled by TLC or/and LCMS analysis. %Hg&?g%igﬁﬁaﬂone (76)
102181 Anhydrous aluminum chloride (550 g, 4.135 mol, 4 eq) and sodium chloride (105 g, 1.795 mol,
2.7 eq) were mixed and heated t0150C. Dihydrocoumarin (75) (100 g, 675.7 mol, | eq) was added
slowly méintairdiagrthiedntetid temperdtuitbdot iveber h&OELG0G. After the addition, the temperature
was increased to 200C and the reaction mixture stirred for 1.5 h, and while hot, poured into a porcelain
dish to cHR0TIheN8Iafldnrass WA MtEN and added to a vigorously stirred mixture of ice and water
(4L) containing 400 mL conc. HC1. The resulting suspension was stirred for 1 h, filtered, washed with
water andriiriéertd-giviecssogyBsomasteraeid ithy droxy-I-indanone (76) as a grey solid. It was

sufficientiyzenre (@oe-Used ) the nexbitepq Tviuedastethangstifenic2agid 1-oxoindan-4-y1 ester (77)

el R L S N ST el
pyridine (Bikimt: W8 Bmerhal a8 e whibermtaintaink g thethwerial e mpkrattre(belohe6C e reaction
mixture was,gllewed e WATHB AQ raom dsmperaluts, At g:RYuing eninyed (AL B fiH2C12 (300
mL) and P/vater (%6 mL) were added to the reaction mixture, the organic layer was separated, washed

subsequéritly WithCPurd-Hod seiediorer a0 mHhasdveaturatey aretaiebs:{ 28d 08 siieand dried over
Na2SO4, GHaChewas @cg&&ﬁ{%&% @a@qaﬁb‘%:%@gooﬁ%s&y@h%rafwﬁ@w@%b.%r%n%t%graphy (5% to
10% Etog\p in Hexanes) to give 90 g (90%) of pure 77 as a brown liquid. [0220] IH-NMR (DMSO-d6):
2.76 (t, 2A§'H 2OPHrOH) A B ERIONN), 7.94 (2d, 2H). Trifluoromethanesulfonic acid

4-methox ,-2-nitropE| nyl este i;‘(?78) 21] Trifluoromethanesulfonic acid anhydride (60 mL, 350 mmol,
1.2 eq) WAL ABEERY '(?'éy’%?ﬁ ‘g Bt hethoxy-2-nitrophenol (78) (50.57 g, 298.9 mmol, 1 eq) in dry
CH2C12{@B88Im Dy wrd H§rding. (92 Batily B9 dadnblBves) jomitdutieintbinérdctieliiiéinal temperature
below 5C1 {85, Bagian Ml emies sawed o HRIMAQ AR IS TREEIIG RN aiue oygrniont. Water
(100 mL) was added to the reaction mixture, the organic layer was separated, washed subsequently
with solutfers thiV72OIPIe siEsRAIoNNeHEH SaruFatedl N COBIEN IR BieANEPS04. The CH7C12

solution wasfiltered threuah arpachabsSiRearethihe SOMERLIRMAYEd IBnacdmTieriye 89,9 (99%) of
the pure triflate 79 as a pale gellow quyid. 0222] IH-NMRéDMSO-dG): 3.92 (s, 3H), 7.49 (dd, 1H), 7.71

(d, 1H), PEYREd Ng2C4l Y35 Ry ALY (R S TBEP BB P ST ASHIGAE consisting of
potassiumaceiaten{g4drg o Cenipind, thebeRuttidftaieh (Waikf 6100400 0222 sxwhcled e, EtOAC

bis(pinacglo)dibor, 60.94q9, 0.24 mol, 1.2 eq), PPh3 (3.15q,.0,0 006 eq), and
PdClZ(P%ﬁ%%)(W.@T g, 8.%%%}%8?2,%%@%% |%c§e%gseswe%$€8%uvv§n% tf”l L%‘@vgg %&fﬁ&ne(j ’L?rlilélgr argon
atmosphéreXderdight drive mﬁaﬁé%$%(mxﬁdogv@@m}’&pe@}t§@d@@ 2394 §B1283 s @?'@_K[l}nol, 0.05
eq). and BMLNRECO (00 mb) sk added eansraubielila baaame fask under a rapid flow of
argon, and the resulting solution was refluxed overnight. Water (200 mL) and EtOAc (500 mL) were
added, theaayeausaysr was-separatgdignd extracted with EtOAc (2x500 mL) and the combined
extracts dried over Na2S0O4. The solvent was evaporated at reduced pressure and the crude product
purified by colisvdnatrgpntegisiVa@aeBipiednbaexrn@s) to give 44 g (80%) of the biphenyl
intermedi 1) as a yellow,solid. 8-NMethoxy-1,2-dihydro-6H-cyclopentalcicarbazole-3-one (82)
oo Ao S S s e ol 1 o) anc
triphenylphospitmeie (64 435 sritsl n8 bl in(d diciNerabe hz aré) (400 1Y (fasrefléietalith vigorous

stirring Top, A NaBERRIRH d0 Ak Piet etheridLanaddss.ans e eresinitats fillered off, washed
with diethyl ether (3x100 mL) and dried to give 17 g (46%) of (82). The filtrate was evaporated out and

the resid G&THEEHe WO MaRrEX 1 Obarn BB MurtiaHA MBG Ehes) WikHE Barbazole (82).
Tot)al yicilg@% 2700 @@%&{?@)LM%M%@?@% arJSAe(zﬁ';‘)ogfh@d %Q})(&br@dé)pl%{ﬁﬁt(s, 3H), 6.90 (d,
1H), 7. S, , (.4 , IN), 7.5 .1H), 7.97 (d, 1H . , 11-1).. o ok

9-Acety|-§‘-lf?1é‘f &%ﬁﬂ%ﬁ&%@é@@%%@mﬁca&%&%& ?9@@%%@%811 oot
8-MethoxyH;2,dihydr0-64)1 -Cirelbpe ftattjaadoaroteBdonen(Bap s 8rgnd Hih&mahiel,. teg)) was dissolved
in dry dichloromethane (300 mL). Anhydrous A1C13 (29. 221.5 mmol, 2 was added in portions
with s TG S S R At AL Aol LR DR R T mol, 3 e, The
reaction Keixttaigad29BtiFethatbad o Gifper24 1 anthp busauhintoeitersaters viotldmddaming should be
avoided). The precipitated orange solid was filtered off, washed with water (10x100 mL), CH2C12
(3x50 mL), acetone (3x50 mL) to give 26 g (80%)76f-
9-acety1-8-methoxy-1,2-dihydro-6Hcyclopentalc]carbazole-3-one (83).
9-Acetyl-8-methoxy-1,2-dihydro-6-(3-dimethylaminopropyl)-eyelopentale] earbazole-3- one (84)



[02271 NaH (6.88 g of 60%, 171.95 mmol, 2.5 eq) was added to a suspension of 9-acety1-8-
methoxy-1,2-dihydro-6H-cyclopenta[c]carbazole-3-one (83) (26 g, 68.78 mmol, 1 eq) in dry CH2C12
(300 mL), and the mixture was stirred at room temperature for 20-30 min_unii ion of
hydrogen c'eg‘s}ezéf.1 %{-sﬁﬁsethylaminopropylchIoride hydrochloride (16.3 g, %%%%%%%%85 eq) was
added portionwise under nitrogen. The reaction mixture was stirred for 30 min at room temperature,
then at 60C for 24 h and poured into ice water (4 L). The aqueous solution was acidified to pH about 2
with con€VrRaddaideyrrearidicstarting ritateida veidir Btttk Wit Et0nmREHF 47 8/dfmhixture. Upon
adjustin er. ed. wijth 1.1 EtQAC; TI-IF mixture
(1 OXSO%pgr%%)f.&t'i'r?e{)E:er%%eg %ﬁ%a%%%%%%e%%?ﬁ%ﬁ?g %ﬁgﬁé\%g@gé%%ggﬁﬁgglvem
evaporatBdeeh HEmeEeE68%) of crude carbazole (84), reasonable pure by LC/MS. It was used
in the ne>[<_{i s(}glo wi hOéJt further purification. [0228] 111-NMR (DMSO-d6): 1.88 (t, 2H), 2.13 (s, GH),
2.16 (t, 2M¥ .62‘@,( BN 397570 T IHMBT (in, 2H), 4.01 (s, 3H), 4.52 (t, 2H), 7.32 (s, 2H), 7.65 (dd,
4H), 8'326(?51&12'6'&113' cetyl-8-hydroxy-1,2-dihydro-6-(3-dimethylaminopropyl)-eyelopenta
[elearbazo e-3-One 229] A solution of 9-acetyl-8-methoxy-1,2-dihydro-6-(3-dimethylaminopropyl)-
cyclopentBféUarbaizorcdne’ {343-(224)-8802 mehola digya@ned pyidaelh(ifroohlerdel 34.4 g, 1164
mmol, 2G.&ahifgNMER AT s R AweiHON TR GASIAN VYU VeI gaoledlto room

(3L). The precipitat

temperature and poured into the 10% aqueous K2CQO3 solution ed dark green solid

was filteréifehdRaRisd SRS Bleotdmiydenitrisdy o evapuen proburdsvsscpumtids by column
chromatagsripbyvgluaet 40%er-h2dPoMeRrinErOAC kiR give (BL(3i638) Of AQimilarly, the

9-acety1-8-hydroxy-1,2- g dro-6-( érén thylaminopropy1)- cyclopenta[c]carbazole-3-one as a pale
yellow so??%}?%ld%ﬁ(ﬁj?fg{g %)%’??192/‘&% %Wﬁﬁ’r“rﬁ%i]ﬂmﬁb@msox 1.86 (t, 2H), 2.17 (s, 6H), 2.20
(t, 2H), 2 , . 3H)..3. , A3 7.15 (s 7.66 (dd, 4H), 8.50 (s, 2H),
{24 (S’[ﬁ%g]‘EX%'%%z e%%%fs Zg'lln?’y%@a 53 sl /w2 s 21§04 AH) &
9-Acetyl-8Hpdfox32t, 2 dihydro-6-(3-dimethylaminopropyl)-cyclopenta[c] carbazole-3-one (7.81 g,
21.46 mmol, 1 eq) was dissolved in a mixture of water (20 mL) and 10% HC1 solution (20 mL) in
ethanol (2HEHYvasaRHetis Hdgemaris< solution evaporated to dryness. The residue was dried in
vacuum overnight to give 8.47 g of Example 4 as a gray.sofd. [0233i Purity: 99.2% by HPLC; MS(ESI):
& ; 1H-NMR (DMSO-d6): 2.15t (2H), 2.68 s
(3H), 2.69 s (3H), 2.80 m (2H), 2.82s (3H), .55 m (2H), 4.53 t (2H), 7.29s (2H), 7.73 dd
(4H), 8.52s (2H), 11.00 s (1H), 12.76 s(Hb1)>4( ompounds of structural lomla (11) are prepared
similarly to compounds of structural formula (1), jzainclude for example, Example 23Example 24

02N._ NH Example 25 - 82 - WO 2010/042445P, /%009/059558
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102351 Additional carbazole compounds of the present invention are: CH3 Example 17b Example
26 OH Example 37 WO 2010/042445PCT/0S2009/059558 [0236] A compound useful in the

methods of the present invention has a structure: IN NO2 C iti
WG B0 ompound 100 1023 ladditonal

examples having a structural formula (1) include, but are not limited to:
[0209] Step L. 4-Hydroxy-1-indanone (76) was synthesized by aluminum chloride induced
re-cyclization of dihydrocumarin (75), according to Org. Lett., 2007, 2(13), p. 2915-2918.
The reaction was performed on 100 g of (75) to furnish (76) with 85% yield.

[0210] Step 2. The indanone (76) was converted to triflate (77) with 90% yield by reaction
with triflic anhydride in CH2Cl; in the presence of Py, followed by flash chromatography.

[0211] Step 3. Triflate (79) was synthesized in the same manner with quantitative yield,
starting from 50 g of 4-methoxy-2-nitrophenol (78).

[6212] Steps 4 and 5. Following the protocol for a one-pot synthesis of biphenyl
compounds from Synthetic Communications, 2006, 36, p. 3809-3820, intermediate (81) was
obtained in 80% yield starting from 60 g of triflate (77).

[0213] Step 6. The cyclization of the biphenyl intermediate (81) by heating with excess of
triphenylphosphine in 1,2-dichlorobenzene was carried out on a small scale first to atford the
cxpected carbazole (82) with ~50% yield (un-optimized) after precipitation from the reaction
mixture with ether. The same reaction was scaled up to 42 g of (81), yielding 27 g(73%
yield) of pure (82).

[6214] Step 7. The acetylation of the intermediate (82) (27.8 g scale) was carried out in'
CH,Cl, according to the standard protocol to give 26 g (80% yield) of the intermediate (83).

[0215] Step 8. After an exhaustive extraction with a 1:1 mixture of EtOAc/THF, about 68%
yield of the crude product (84), containing a baseline impurity by TL.C, was obtained. It was

used for the de-methylation step without further purification.

[0216] Step 9. The removal of the methyl group from (84) was accomplished by heating the
substrate in a 1:1 mixture of Py*HCIUNMP at 190°C for 10 h. After purification by column
chromatography, 7.8 g (37% vield) of Example 4 (free base) was obtained. It was treated
with 10% HCI solution in EtOH to give 8.4 g of pure Example 4.

EXPERIMENTAL

[0217] Unless otherwise noted, reagents and solvents were used as received from
commercial suppliers. Proton nuclear magnetic resonance spectra were obtained on a Bruker
ARX 400 spectrometer at 400MHz. The solvent peak was used as the reference peak for

proton spectra. The progress of reactions was controlled by TLC or/and LCMS analysis.
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4-Hydroxy-i-indanone (76)

[0218] Anhydrous aluminum chloride (550 g, 4.135 mol, 4 eq) and sodium chloride (105 g,
1.795 mol, 2.7 eq) were mixed and heated to150°C. Dihydrocoumarin (75) (100 g, 675.7
mol, 1 eq) was added slowly maintaining the internal temperature between 150-160°C. After
the addition, the temperature was increased to 200°C and the reaction mixture stirred for 1.5
h, and while hot, poured into a porcelain dish to cool. The solidified mass was broken and
added to a vigorously stirred mixture of ice and water (4L} containing 400 mL conc. HCL.
The resulting suspension was stirred for 1 h, filtered, washed with water and dried to give &5
g (85%) of crude 4-hydroxy-1-indanone (76) as a grey solid. It was sufficiently pure to be

used in the next step.

Trifluoromethanesulfonic acid 1-oxcindan-4-yl ester (77)

[0219] Trifluoromethanesulfonic acid anhydride (72.3 mL, 429.7 mmol, 1.2 eq) was added
to a suspension of 4-hydroxy-1-indanone (77) (53 g, 358.1 mmol, 1 eq) in dry CH>Cl; (450
mL) and pyridine (87 mL, 1074 mmol, 3 eq), while maintaining the internal temperature
below 5°C. The reaction mixture was allowed to warm up to room temperature and the
stirring continued for 1 h. CH»Cl; (300 mL) and water (100 mL) were added to the reaction
mixture, the organic layer was separated, washed subsequently with 2% HCI solution (3x100
mL), and saturated NaHCO; (2x100 mL), and dried over Na;SO4. CH;Cl; was evaporated
out and the crude product purified by flash chromatography (5% to 10% EtOAc in Hexanes)
to give 90 g (90%) of pure 77 as a brown liquid.

[0220] 'H-NMR (DMSO-ds): 2.76 (t, 2H), 3.19 (t, 2H), 7.65 (dd, 1H), 7.94 (2d, 2H).

Trifluoromethanesulfonic acid 4-methoxy-2-nifrophenyi ester (78)

[0221} Trifluoromethanesuifonic acid anhydride (60 mL, 350 mmol, 1.2 eq) was added to a
solution of 4-methoxy-2-nitrophenol (78) (50.57 g, 298.9 mmol, 1 eq) in dry CH,Cl; (550
mL) and pyridine (72.5 mL, 897 mmol, 3 eq), while maintaining the internal temperature
below 5°C. The reaction mixture was allowed to warm to room temperature and stirred
overnight. Water (100 mL) was added to the reaction mixture, the organic layer was
separated, washed subsequently with solutions of 7% HCI solution, then saturated NaHCOs,
and dried over N2;SOs. The CH;Cl; solution was filtered through a pad of SiO; and the

solvent removed in vacuum to give 89 g (99%) of the pure triflate 79 as a pale yellow liquid.

[0222] 'H-NMR (DMSO-de): 3.92 (s, 3H), 7.49 (dd, 1H), 7.71 (d, 1H), 7.81 (d, 1H).
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4-(4-Methoxy-2-nitrophenyl)-indan-1-one (81)

[0223] A mixture consisting of potassium acetate (29.44 g, 0.3 mol, 1.5eq), triflate (77)
(61.44 g, 0.22 mol, 1.1 eq), bis(pinacolo)diborane (60.94 g, 0.24 mol, 1.2 eq), PPhy (3.15 g,
0.012 mol, 0.06 eq), and PACl(PPh): (4.21 g, 0.006 mol, 0.03 eq) in degassed toluene (2 L)
was refluxed under argon atmosphere overnight. The triflate (79) (60.24 g, 0.2 mol, 1 £q),
Pd(PPhs)s (11.55 g, 0.01 mol, 0.05 eq), and 2M Na,CO; (800 mL) were added consecutively
to the same flask under a rapid flow of argon, and the resulting solution was refluxed
overnight. Water (200 mL) and EtOAc (500 mL) were added, the aqueous layer was
separated and extracted with EtOAc (2x500 mL) and the combined extracts dried over
Na;SO4. The solvent was evaporated at reduced pressure and the crude product purified by
column chromatography (20% EtOAc in hexanes) to give 44 g (80%) of the biphenyl

intermediate (81) as a yellow solid.

8-Methoxy-1,2-dikydroe-6H-cyclopentafc]earbazole-3-one (82)

[0224] A solution of 4-(4-methoxy-2-nitrophenyl)-indan-1-one (81) (42 g, 148.4 mmol, 1
eq) and triphenylphosphine (116 g, 445 mmol, 3 eq) in o-dichlorobenzene (400 mL) was
refluxed with vigorous stirring for 4 h, then cooled to 0°C. Diethyl ether (4 L) was added and
the precipitate filtered off, washed with diethyl ether (3x100 mL) and dried to give 17 g
(46%) of (82). The filtrate was evaporated out and the residue washed with cold MeOH
(5%100 ml) to give an additional 10 g (27%) of the carbazole (82). Total yield 27 g (73%).

[0225] "H-NMR (DMSO-dg): 2.74 (m, 2H), 3.50 (m, 2H), 3.88 (s, 3H), 6.90 (d, 1H), 7.08
(s, LH), 7.47 (d, 1H), 7.58 (d, 1H), 7.97 (@, 1H), 11.79 (s, 11L).

9-Acetyl-8-methoxy-1,2-dihydro-6H-cyclopenta[c]carbazole-3-one (83)

{0226} 8-Methoxy-1,2-dihydro-6H-cyclopenta[c]carbazole-3-one (82) (27.8 g, 110.8 mmol,
leq) was dissolved in dry dichloromethane (300 mL). Anhydrous AICl; (29.5 g, 221.5
mmol, 2 eq) was added in portions with stirring and cooling, followed by the dropwise
addition of AcCl (24 ml, 332.4 mmol, 3 eq). The reaction mixture was stirred at about 5°C
for 24 h and poured into ice water (violent foaming should be avoided). The precipitated
orange solid was filtered off, washed with water (10x100 mL), CHoCly (3x50 mL), acetone
(3x50 mL) to give 26 g (80%) of 9-acetyl-8-methoxy-1,2-dihydro-6H-

cyclopenta[c]carbazole-3-one (83).

- 80 -



00 I CN"  Example 40Example 41 00 Itll 7NN/fr"OH Example 42Example 43 WO 2010/042445
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9-Acetyl-8-methoxy-1,2-dihydro-6-(3-dimethylaminopropyl)-cyclopenta/c} carbazele-3-
one (84)

[0227] NaH (6.88 g of 60%, 171.95 mmol, 2.5 eq) was added to a suspension of 3-acetyl-8-
methoxy-1,2-dihydro-6H-cyclopenta[cjcarbazole-3-one (83) (26 g, 68.78 mmol, 1 eq) in dry
CH,Cl; (300 mL), and the mixture was stirred at room temperature for 20-30 min until the
evolution of hydrogen ceased. 3-Dimethylaminopropylchloride hydrochioride (16.3 g, 103.16
mmol, 1.5 eq) was added portionwise under nitrogen. The reaction mixture was stirred for 30
min at room temperature, then at 60°C for 24 h and poured into ice water (4 L). The aquecus
solution was acidified to pH about 2 with conc. HCI and the unreacted starting material
extracted with EtOAc/THF = 3/1 mixture. Upon adjusting the pH of the water layer to about
9, the product was extracted with 1:1 EtOAc:THF mixture (10x500 mL). The combined
extracts were washed with brine, dried over Na;SO4 and solvent evaporated out to afford 22 g

(68%) of crude carbazole (84), reasonable pure by LC/MS. It was used in the next step

without further purification.

[0228] 'H-NMR (DMSO-ds): 1.88 (t, 2H), 2.13 (s, 6H), 2.16 (t, 2H), 2.62 (s, 3H), 2.75 (m,
2H), 3.47 (m, 2H), 4.01 (s, 3H), 4.52 (¢, 2H), 7.32 (s, 2H), 7.65 (dd, 4H), 8.32 (s, 2H).
9-Acetyi-8-hydroxy-1,2-dihydro-6-(3-dimethylaminopropyl)-cyclopenta [cjcarbazole-3-
one

[0229] A solution of 9-acetyl-8-methoxy-1,2-dihydro-6-(3-dimethylaminopropyl)-
cyclopenta{c]carbazole-3-one (84) (22 g, 58.2 mmol, 1 eq) and pyridine hydrochloride (134.4
g, 1164 mmol, 20 eq) m NMP (150 mlL) was refluxed for 10 h. The reaction mixture was
cooled to room temperature and poured into the 10% aqueous K,COj solution (3 L). The
precipitated dark green solid was filtered off, washed with water (53100 mL) and dried. The
crude product was purified by column chromatography (eluent 10% - 20% MeOH in EtQAc)
to give 7.81 (37%) of pure 9-acetyl-8-hydroxy-1,2-dihydro-6-(3-dimmethylaminopropyl)-

cyclopentalcjcarbazole-3-one as a pale vellow solid.
[0230] MS(ESI): m/z = 363.3 [M+H]

[0231] NMR 'H (DMSO): 1.86 (t, 2H), 2.17 (s, 6H), 2.20 (t, 2H), 2.79 (m, 2H), 2.81 (s,
3H), 3.52 (m, 2H), 4.43 (t, 2H), 7.15 (s, 2H), 7.66 (dd, 4H), 8.50 (s, 2H), 12.71 (s, 1H).

Example 4
[0232] 9-Acetyl-&hydroxy-1,2-dihydro-6-(3-dimethylaminopropyl)-cyclopentafc]

-81 -
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carbazole-3-one (7.81 g, 21.46 mmol, 1 eq) was dissolved in a mixture of water (20 mL) and
10% HCl solution (20 mL) in ethanol (200 mL), and the homogeneous solution evaporated to
dryness. The residue was dried in vacuum overnight to give 8.47 g of Example 4 as a gray
solid.

{0233]  Purity: 99.2% by HPLC; MS(ESI): m/z = 363.3 [M-HCIHHT"; m.p. = 241.3°C
(Decomposition); 'H-NMR (DMSO-dg): 2.15 t (2H), 2.68 s (3H), 2.69 s (3H), 2.80 m (ZH),

2.82 s (3H), 3.11 m (2H), 3.55 m (2H), 4.53 t (2H), 7.29 s (2H), 7.73 dd (4H), 8.52 s (2H),
11.00 s (1H), 12.76 s (1H).

[0234] Compounds of structural formula (II) are prepared similarly to compounds of

structural formula (1), and include for example,

O,N NO, O,N NO,
' Nj ' l N .

< CHs

_N N

~

Exampte 21 Example 22

Ty ey
9 <
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N

Example 23 Example 24
- ‘ : : ‘ -
N
_-NH
Example 25
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[0235] Additional carbazole compounds of the present invention are:
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Example 26
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Example 28

OH
Example 37
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cH, Example 53 102391 The potency of a carbazole compound is determined by measuring an ability
of the compound to activate p53. In particular, a p53 responsive luciferase reporter cell line is used to
identify comw%&&&g&ble of aptivating p53. The activation of p53 is re%%?&s%ﬁ»%%?s% so value,
which is the effective concentration of the compound needed to increase p vity by 50% over a
baseline p53 activity. 102401 The p53 activation assay for determination of the EC50 value was
performed as follows: Definitions and Terminology [0241] ConALuc: p53 responsive luciferase reporter
construciff¥el 2] Drasooubihvetiyl wutie g os 43 FrBBesRithiysviine SevdriEelisment 102441 96 well
luminometer-fluoroscan (e.g., Fluoré)scan LabSystems Inc, '\slsttlngs program, integration time is 0.1
sec, PMT voltage is 1000, and zero PAGTT ehannél pipette 50-300ul range [0246] 96
well plates Materials [0247] Reporter cel D80-L (human tibrosarcoma cells with
ConALuc reporter) [0249] RCC45ConALu )an reryél cell carcinoma cell line with ConALuc
reporter) 102501 Standard DMEM Medium 102511 Standard RPM! Medium [0252] Pen/strep 100x
[0253] Trypsin-EDTA 10x-dilute to 1X in sterile PBS [0254] PBS 10255] Bright-Glo luc ferase assay
system (Fisher PR-E2620) 102561 9-aminoacgidine (9aa) 20 mM in DMSO (Sigma A38401), p53

activator (positive control) ‘/ \l

Compound 100

[0237] Additional examples having a structural formula (I) include, but are not limited to:

S oAEACwOR
/ (
C -

CHy
Example 29 Example 30
0O 8] O O
\ I \\c (Li
20wt
|
N Ho N HN # o
Ve %
Exampie 31
Example 32
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10257] Compound 100 20mM in DMSO (Chembridge), p53 activator (positive control) [0258] DMSO
(Fisher D128-500) ( negative control) Method 1.Two types of standard cells were used, either
HT1080-L or RCC45ConALuc WO 2010/042445PCT/US2009/059558 cells. Both cell lines stably
express a p%)r@%@%‘ﬁ% luciferase reporter construct. 2. HT1080-LPE§1E%{'e{’|9é069r%%n in DMEM
medium containing 10% FBS. RCC45ConALuc cells were grown in RPM1 medium containing 10%
FBS (Pen/Strep can be added to a final concentration of 1%, if desired). Both cell lines were gown in a
humidified incultor at 37C with 5% CO20For normaIQ*\uIturing, both cell lines \Sﬁere split using IX
trypsin-EDTA at a\t\éatio of 1:20 for 108(3;L and 1.5 fo\rcRCC ConALuggells eyery 3-4 days (when
m

- cells are 80-90%,€on fuenty i day before the experi b trypsinized for about 5
minutes in Ix tripsin/EMTA_gqluti 37 C incubator and pla z all plates. HTI080-L cells were
seeded at a density of 1X104Avell in"'standard DMEM medium in a vplume of 50 pi RCC45ConALuc
were seeded at a density of 2X104/well in the volume of 50uL in stahdard RPMI medium. 4. The
next day, various carbazole £ompounds were prepared by dilutiorf of stock solutions in standard
DMEM medium such that thecells were treated with the final chemnjcal concentrations in Table 1
below. Stock solutioR& e made up in DMSO. Typically, che icathere made up as 20 mM stock
solutions. However, this cbncentration is dependent on the solubility of a given compound and
therefore actual stock-edncentrations were noted at time of experiment (e.g., less soluble compounds
can have a stock concepg%ti%r%?f 5 or 10 mM). 5. Each testepicmpound used two rows of a
96-well plate, thus four éomﬁounds (e.g., W, X, Y, Z) were tested in one plate simultaneously. In
addition to test compounds, each plate inclyged posigve and negative controls; As positive control,
9aa was used at a §ipse of 3 u.M. As a negdjive contré{, DMSO was used in fir(fld:al concentration 0.1%.
WO 2010/042445P SYas A | afplate with fmal

concentrations of chem ontrol Pos.

S O

Example 38 Example 39
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Cpd W DMSO 3 uM 9aa 0.039 0.078 0.156 0.313 0.625 1.252.55 10 20 Cpd W D SO 3 uM 9aa
0.039 0.078 0.15610.313 0.625 1.25 2.5

WO 2010/042445 PUT/US2009/059558
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510 20 Cpd X DMSO 3 uM 9aa 0.039 0.078 0.15610.313 0.6251.25 2.5 5 10 20 Cpd X D SO 3 uM
9aa 0.039 0.078 0.156 0.313 0.625

WO 2016/042445 PCT/US2009/059558

N N

\\\\N \O
Example 46 V Example 47

O O L
\\*C“S RUaN

Example 48 Example 49

10238] Compounds of the present invention therefore include, but are not limited to:
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1.252.5510 20 Cpd Y DMSO 3 uM 9aa 0.039 0.078 0.156 0.313 0.625 1.25 2.5 5 10 20 CpdY
DMSO 3 uM 9aa 0.039

WO 2010/042445 PCTAIS2009/059558
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0.078 0.156 1 0.313 0.62511.25 2.55 10 20 Cpd Z DMSO 3 uM 9aa 0.039 0.078 0.156 0.313 0.625
1.252.551020 )

WO 2030/0424458 PCTMIS2008/059558
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Cpd Z DMSO 3 uM 9aa 0.039 0.078 0.1560.313 0.6251.25 2.5 5 10 20 I.Dilutions of chemicals added
to the plate were made up as 2X concentrations in standard DMEM and added to corresponding well
in a volume of 50 pl. 2. Chemicals were diluted in standard DMEM by two time serial dilutions
starting from*48 WA %f highest concentration, e.g., 20 pM). For one GHHHE§OFFmum volume
was 125 pL of 2X working solution of chemical of each concentration in standard DMEM. 3.1In
addition to a positive control added in one concentration in each plate, a positive control of Compound
100, or the mast active compourd on eagh-s ening, massay run in a full

: y comparison of
5 4, Slxtee hours fd ng compound
addition, all wells with the highest concentra ons\bf compoundstére ctieck®d microscopically for the
presence of toxic effect,-because death of cells caused by compounds may-not allow detecting
luciferase activity. If cytot xocity is evident, other dgses of the same compou ds were checked for the
presence of tqxicity. ,T St dose eausi™y toxlllﬁ effect was recordegkninegas cytoxmty was
observed at 3-4 Iowest c [

doses of compound to be tested ywtho '
of Bright Glo IR |ferase assay system werg

each chemlcaﬁﬁ/ere caI ulated by dividing the detected luciferase act|V|ty each chemical
concentration by the average of the luciferase activitytier the DMSO control an the same plate. The
folds then were plotted ver he chemical concentraktﬁn to determine wheth mpounds are
active. From the daf3"both the maximum fold®&RtRAftion land the Ef#edk (concentration causing maximal
p53 activation) were determined. 7. For each compound, this assay is repeated two additional
times. Once thr

Examples 10/11

CH, Example 13 CH, Exampie 14 CH3
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[02591 An assay was considered invalid when: a difference between two duplicates increases 10% for
more than 10% of readings; death of DMSO treated cells is observed,; less than 3 times luciferase
induction in cells treated with positive control (Compound 3a, 0.4uM) versus luciferase activity of
DMSO treat®fc#i18/042449nability to get dose-dependent curve of luciferad& TERIEAYASHAEH positive
control (e.g. Compound 100, 0.03-20uM). [02601 The following are nonlimiting examples of EC50
values for various carbazole compounds useful in the method of the present invention: Compound
EC59 value (p53 activation, Ul 00,1.30 Example 21 0.83 ({.—T:g(ample 22 0.53 Compound
3a 0.29 Compound 3b 0.49 Co ;

Exampie 15 CHy  CH, Example 16 \r
I ij I | | :‘{
e N N Hcs

Example 17 Y Exampie 18 CHg) 33 [/ \L

-
38 N 42 N

i

ﬂ i—nf J

/N\
NH; r

88 Example 20 Exampie 21

T

4

- O
- Example 22 Example 23 Example 24
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0.78 Example 25 0.88 Example 2 0.64 Example 27 0.54 Example 15 0.03 Compound 19a 0.40
Compound 3e 1 0.78 WO 2010/042445PCT/US2009/059558 Example. 7 0.37 Exam.le 4 0.07 Corn

ound 18c-1 0.08 Com.ound 8c-2
WO 2016/042445 PCTAUS2009/059558
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0.10 Com ound 19e 0.07 10.22 Exam le 13 Example 14 0.05 Example 6 0.24 Example 17 0.04
Example 18 1 0.09 Example 38 0.12 [02611 Compounds and pharmaceutical compositions of the
present inv%g%{&gwg‘% those wherein the active ingredient is administgleg iR 3 giargutically
effective amount to achieve its intended purpose. A "therapeutically effective amount” refers to that
amount of a present carbazole compound that results in achieving the desired effect. Toxicity and
therapeutic efficacy of the carkazole,compounds can be getermined by standard pharmaceutical
procedure%cin cell cultures or ekperime i g.,¢ar determining the TIDSUthe dose lethal to
50% of thg o.ln Ao § e doge thd ﬁ: i S

dose ratio betweemtgxi ¢l therapeuticeffécts 1S theftherapeutic i @ i expressed as the
ratio between LDSO(?nd D50. Compounds t? exhibit high therapeu# '

data obtained from guch data can be used in férmulating a dosage range for use in humans. The
dosage preferé?%xuﬁs within a range of cikculating-compound concentrations that include the ED50
with little or nd-taXxicity. The dosage can vary withifr'this range depending@pon the dosage form
employed, and thg roite of administration utitizesd sDeteiiiiination of a therapettically effective amount
is well within the capability of thosé skilled in the art, especgallly in light of the detailed disclosure
provided herein. 102621 A the apeuticﬁly effective amountgof a c%!rbazole compound f structural
formula (1) or, aties-withthe naturé oy sndition BEing treated, the
length of time™t . e condition of the'patient,and ultimately is
determined by the dtte da Lphysician. Dosage amounts and intervals can he adjusted individually to
provide plasma levels)of the carbazole compound that are sufficient to majatain the desired
therapeutic effects. The desired dose conveniently can be administered in § single dose, or as multiple
doses administered at appropriate intervals, for example as one, two, threg, four or more subdoses
per day. Multiple 3(3 often are desired, or regfuited. For example, a prasent carbazole compound
can be administered at a frequency of: four dos elivered as one dose’per day at four-day intervals
(q4d x 4); four do&gé) gggivered as one dose pelLARwat three-day intervalssgBasx 4); one dose
delivered per day at ﬁve-day intervals (qd x 5); one dose per week for three weeks (qwk3); five daily

doses, with o days rest, and aﬁlotherﬁive daily doses (5/28’5); or,fany dose regimen determined to be

appropriate fog t StanCce . /CC\ < O C
(LI N owl

N N A om
A QU
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[02631 The dosage of a composition containing a carbazole compound of structural formula (1) or (ll),
or a composition containing the same, can be from about 1 ng/kg to about 200 mg/kg, about 1 mg/kg
to about 100 mg/kg, or about 1 mg/kg to about 50 mg/kg. The dosage of a composition can be at any
dosage inclutifh&lB{H#H3? limited to, about 1 ttg/kg. The dosage of a compystibF1¥AF &%t any
dosage including, but not limited to, about 1 ug/kg, 10 ug/kg, 25 ug/kg, 50 tig/kg, 75 ug/kg, 100 ug/kg,
125 pg/kg, 150 [tag, 173 tig/kg, 200 fig/kg, %25 ug/kg, 250 ug/kg, 275 ug/kg, 300 ug/kg, 325 pig/kg,
350 ug/kg, 375 ug/kg, 4D0 ug/kg, 425 ug/kg; 450 ug/kg, 475 ug/kg, 500 ug/kg, 525 lig/kg, 550 ug/kg,
575 pg/kg, 600 ug/kge62* , 5 ?® BT5, ug/kg,b700 lig/kg, 725 tig/kg, 750 ug/kg, 775 ug/kg,
800 ug/kg, 825 lig/kg, 850g/ksy. 875 ug i 50~ugrkg o875 lig/kg, 1 mg/kg, 5
ing/kg, 10 mg/kg, 15 mg/kg, 20 mg/kg, 30 mg/kQ

g, 5 ‘
60 mg/kg, 70 mg/kg, 80 mg/kg, 90 thg/kg, 100 mg/kg, 125 mg/kgh 150Hrr(1;g/kg, 175 mg/kg, or 200
mg/kg. The above dosages are exem @Ee average case, b ete can be individual instances
ited,
her t

in which higher or lower dosages are me nd such are within the.sgope of this invention. [02641
When administered in combination with_ot herapeutics, a present carbazole compound may be
administered at relatively lower dogdges. In addition, the use of tArgeting agents'may allow the
necessary dosage to be relatively low. Certain,compoundsomay be admigistered at relatively high

gid to, low tex(city and ®~ atance. 102651 For human
alorie, but generally is
ith_reglard to the intended route of

O 2010/042445PCT/US2009/059558 formulated in a
conventional manner using one or more igajly acceptable carrier comprising excipients and
auxiliaries that facilitate processing of comp s of formul&(g) or (II) intagalsarmaceutical
preparations. [0266] The present céxierofe compounds can bé administered simultaneously or
metronomically with other anti-cancer treatments, such as chemotherapy and/or radiation therapy. The
term "simultaneous" or "simultaneously” means that e other ant=gancer treatment and the carbazole
compound are administerg ithi 3 houesipr less, of other. The term "metronomically”
means the administratie

use, a compound of st )
administered in admixture with a.pharpdacetitical carrier sel

accordance with the present invention

Roer treat \ 3 es different from the anti-cancer

be administered in any manner in¢luding, but not limited to,-orally, parenterally, sublingually,
transdermally, rectally, transmucosallyxigpically, vi‘a}iinhal tion, via ucgagl administration, or
combinations thereof. Parenteral administration inc udés; but is not fmied to, intravenous, intraarterial,
intraperitoneal, subcutaneous, jntramuscular, intrathecatHand intraarticular. The carbazole compound
also can be administered in the form of an implant, which allows a slow reled%e of the compound, as

cancers. For example, the carbazole c&%p urds cande used to enhance treatment of tumors that are
customarily treated with an antimetabolite, e.g., Nethotrexate or 5-fluorouracil (5-FU). 102691 Use of
carbazole compounds of the present invention gan result in partial or complete regression of cancer
cells, i.e., the partial or complete disappearance of siychselisfrom the cell population. For example, a
method of the invention can be used to slow the rate of tumor growth, decrease the size or number of
tumors, or to induce partial or complete tumor regression. 10270i A present carbazole compound can
be used fap,46atingA,disRASEA SARABIRRIRNAPY a@eam%@wmaﬂm%dm%ﬁkmaﬁd thereof.

The disease or condition can be a cancer. A variety of cancers can be treated including, but not limited

to: carcine?HESWHEIQdFiE Babcr BreiifHgad e FatBenahg dtase sRuitracel Heers Bighst, colon

(including, W 201/94344RREFMS 30RA PR 8B5S solnke Glalcanaes) pkReYpdied, g (including
small and non-small cell lung cancer and lung adenocarcinoma), Qvary, prostate, testes, genitourinary
ot ym BRSO RO R PR LAt SR R MRS S,
esophagusiistonacicgaldladdenisepdixathyinid, renal, and skin (including squamous cell
carcinoma); hematopoietic tumors of lymphoid lineage, including leukemia, acute lymphocytic
leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-cell lymphoma, Hodgkins lymphoma,
non-Hodgkins lymphoma, hairy cell lymphoma, hig 6cytic lymphoma, and Burketts lymphoma,
hematopoietic tumors of myeloid lineage, including acute and chronic myelogenous leukemias,
myelodysplastic syndrome, myeloid leukemia, and promyelocytic leukemia; tumors of the central and
peripheral nervous system, including astrocytoma, neuroblastoma, glioma, and schwannornas; tumors
of mesenchymal origin, including fibrosarcoma, rhabdomyoscarcoma, and osteosarcoma; and other

tumors, including melanoma, xenoderma pigmentosum, keratoactanthoma, seminoma, thyroid
falliciilar cancar teratocarcinnoma reanal cell carcinnoma (RCCY nancreatic cancer mveloma mvelnid



agent that can effect single- or double-strand DNA breaks or that can block DNA replication or cell
proliferation. Alternatively, a method of the present invention comprises administration of a
therapeutically effective amount of at least one present carbazole compound in combination with
therapies th&tthtlifi&14de of an antibody, e.g., herceptin, that has activity R iHHEIEHERE proliferation
of cancer cells. Accordingly, cancers, for example, colorectal cancers, head and neck cancers,
pancreatic cancers, breast cancers, gastric cancers, bladder cancers, vulvar cancers, leukemias,
lymphon{8348heldh® ArastErbirsats B &R S RteE e san E&rs \Baftempere B asarcomas, and
lung cargingas, are susceptible to enhanced treatment by administration of a present carbazole in
combination with a chemotherapeutic agent or an antibody. 10274j Cancers treatable by the present
inventiorbeiBniituivdadbldiinadsgy i.e., carcinomas and sarcomas. Carcinomas include malignant
neoplas Qﬂriv%g qumcegijtﬁgglo%%&l‘;e\/%@&gria%\gI]tgag% 1i-'eo i&\,/u%ge) surrounding tissues and give rise
to metastases. Adenocarc nomag are carcinomas derived 1rom glandular tissue, or from tissues that
form recognizableglandulalsiiciHigsAnother broad category of cancers includes sarcomas, which
are tumors whose cells are embedded in a fibrillar or homogeneous substance, like embryonic
connectiygzssueBRg:prasamdnvantion also enables treatment of cancers of the myeloid or lymphoid
systems, including leukemias, lymphomas, and other cancers that typically are not present as a tumor
mass, buEgeépeistributed in the vascular or lymphoreticular systems. [0275] Additional forms of cancer

treatanle yaifle REERESARARAIE SADRAUACR nclil- oL sramRe Aty LA Ssgtgigxi tric oncology,

growth of solid tumors/malignancies, myxoid and round cell carcin , locall nced tumors,
metastatiF EHAFe N g SBREHS Slb sear EdfTavo leudihg Bveiithzsdpedime cancer metastases,
including lymphatic metastases, squamous cell carcinoma, particularly of the head and neck,
esophagleﬂél4 quar Bt e BRHE MY > SPY-CERgRoma, blood cell malignancies, including multiple
myelom ﬁ%‘eraga%,eipc{&%i&ng acute lymphocytic leukemia, acute nonlymphocytic leukemia, chronic
Iymphocax(/?ic ukemia, Jhronic myelocytic leukemia, and hairy cell leukemia, effusion lymphomas
(body cayityihasgd lymphomas), thymic lymphoma lung cancer (including small cell carcinoma,
cutaneous T cell ymphoma, Hodgkin's lymphoma, non-Hodgkin's lymphoma, cancer of the adrenal
cortex, ABTHT1prEauRiR TIERES nonsmall cell cancers, breast cancer, including small cell carcinoma

and ductg].carci rointestinal cancers (including stomach W
2010/04&%@&%@8%%@5% E‘ésﬁicr:ceorr,né‘ioﬁ%@]s &%ﬁ‘e@f?“é’b%?er&%ﬂ%% cer, and polyps associated
with colofela) neeRAsE)RINCIAANEEARATJY e eangel aRAIAkcanERIs, (ncudipp bladder
cancer, such as primary superficia Iado?er tumors, invasive transitional ce Carcinoma of the bladder,
and musgigsdpvasivgdaladsiersangsnuprostate cancer, malignancies of the female genital tract
(including ovarian carcinoma, primary peritoneal epithelial neoplasms, cervical carcinoma, uterine
endometiigbeancrasdmagiraitanseioncancer of the vulva, uterine cancer and solid tumors in the
ovarian follicle), malignancies of the male genital tract (including testicular cancer and penile cancer),
kidney ca¥iteH (intinging rélal cell carcinoma, brain cancer (including intrinsic brain tumors,
neuroblastoma, astrocytic brain tumors, gliomas, and metastatic tumor cell invasion in the central

nervous E&tdn) I posEddntars ndilidniy b¥teoradedRPosteosarcomas), skin cancers (including

malignargq12 %bang a, tumor progression of human skin keratinocytes, and squamous cell cancer),
er, r

thyroid c oblastoma, neuroblastoma, peritoneal effusion, malignant pleural effusion,

mesotheﬂ&‘g V%jlm 'sCtApmor all bladder canger, tr lastic neoplasms, hemangiopericytoma
S L canger, raphe 8% : . :

and Kap stE;arconﬁ?a. 8c3?§|}?1gf)?,aggdar%lsrﬁ§ﬁal ﬁ%?ra presen 5carbazole compound is expected to

enhance fjegdnent Fagimens»{Q3/5 L& AmPaURdR ef IaRAresaRLMYENon Alse.can aaiantiate the

efficacy of drugs in the treatment of inflammatory diseases. The present carbazole compounds are
potent infBHGS of NF-KB response, which involves the suppression of expression/secretion of
pro-infla ry. NF-KB targets, such as TNF, IL-1, IL-6, IL-8, and many others. Therefore, the
bition L. W%ﬂﬁ?@&ﬁ%&ﬁé&&?&%&@@&hf&%@mepéap?ﬁra@é% SFBYAFAHEP Yy stemic
inflamm eagtions. Quinacrine, which is othesized to act by a mechanism very similar to the
present 3&%&0@%@@%&/ uislae%é:ljlﬁsB 5ad:ng %%/i&r)ﬁaflgﬁfﬁ%aft}roy agent for the treatment of autoimmune
diseasesygpg gipronic inflammation. 102771 Examples of diseases that can benefit from combination
therapy with compounds suitable for the method of the present invention are rheumatoid arthritis,
psoriasis, vitiligh, Wedeh PPt ahaitrdardsrisantrey it R sts efheth SIS (et s reatment of
arthritis, Wegener's ganulomatosis, and SLE often involves the use of immunosuppressive therapies,
such as ionizing radiation, methotrexate, and cyc?éphosphamide. Such treatments typically induce,
either directly or indirectly, DNA damage Inhibition of NE-KB and/or activation of p53 within the
offending immune cells render the cells more sensitive to control by these WO
2010/042445PCT/13S52009/059558 standard treatments. Psoriasis and vitiligo commonly are treated
with ultraviolet radiation (UV) in combination with psoralen. The present earbazole compounds induce

the killing effect of UV and psoralen, and increase the therapeutic index of this treatment regimen. In
nenaral the carbhaznle compnoirinde 1icafiil in methode nf the nreacant invventionn Nnotentiate control of



102851 Photodynamic therapy (PDT) of cancers employs visible light as the radiation activator of the
sensitizing agent. Examples of photodynamic radiosensitizers include the following, but are not limited
to: hcmatoporphyrin derivatives, PHOTOFRINg, benzoporphyrin derivatives, NPc6, tin etioporphyrin
(SnET?2), ph¥h e bacteriochlorophyll-a, naphthalocyanines, phthafi63VEFHE4533%
phthalocyanine and therapeutically effective analogs and derivatives of the same. 102861
Radiosensitizers can be administered in conjunction with a therapeutically effective amount of one or
more coregburBiglirceltibitontedly pressntcdiespiadueipoderdssuphrtompotnds including, but not
limited to, compounds that promote the incorporation of radiosensitizers to the target cells, compounds

that control the flow offtié PR teYs HtHammy nRdA BN qud it senaigeeddie fdhemotherapeutic
agents that-actson{Ae WMk WitkQryvth ok paditional raciation en othensb epapeuticaliy, effective
compounds for treating cancer or other disease. Examples of additional therapeutic agents that can be
used in c%ﬁﬁﬁ&?iéﬁ%?ﬁ%é@ﬁg}t?féréihﬁﬁa’é‘?@utgﬁé’ oK Himfitetets 2ofioiod mle%fz%),
leucovorimhcaxygen: Sabagansyedoel krnstusiobsinpariusiocanans: (@ ge Pil@eLR-DA), 2,3-
DPG, BW12C, calcium channel blockers, pentoxjfylline, antiangiogenesis compounds, hydralazine,
and L-BSOPUZBP s LRGP AHELH SOSHLEH b6 S5 afe AN SHEET ToEHE 67 bmpond that
induces alopiodisn téie phadtnatilegidhlargent or compound can be, for example, a small organic
molecule, peptide, polypeptide, nucleic acid, or antibody. Chemotherapeutic agents WO
2010/042445PCTMS 26GR10596 58! th s pernbatu Sevciil aveirimsiziredir lamits d toiralicylating agents,
a““.m.eta*??&'l%%si@@éﬁéﬁﬂ%%ﬁ{}gﬂlﬂtwlﬁﬁé%ﬁs&}{a g%%&%@@%ﬁ@@f&?. theiy sleriyatlyes.
radioisotopes, antibodies, as well as natural products, and combinations thereof. For example, a
carbazolevesnpaledaiof deasiresel iNertibin sandsel MRS edthwith antbiotics, Such as doxorubicin
and othey, ine. i ; I nasrﬁ'! e imidine analogs
such as SR%%?%%P%%Q%%%&?&%%?%% ?#(ﬂgt? ﬁg}t{]grzg?l(%nr%%gynt egﬁéngg#\%g(\i/es, and the
like. As aR8Mérekammple, in the case of mixed tumors, such as adenocarcinoma of the breast, where
the tumors include gonadotropin-dependent and gonadotropin-independent cells, the compound can
be administeredin cor{ﬂ}ﬁé‘ﬁéEWthV%ﬁ’ﬁfoq?&Eaé?ﬁ&Q%HP&yﬁfﬁ’eﬁ‘@%‘ﬁ@iBé’ dHLiBBS oHPH-RH). Other
antineoplagiie protoeolsdng DueRhenust o sicinhidithe campawndanita anatherfireatmentmodality, e.g.,
surgery or radiation, alsa_referred to herein, as ;'adjunct anti-neoplasti dalities." Additional
Chemone RS BBt e Toeh S e T oHe S e S tnereot
radioisotapes:icnitibotiessdratpral HiadvictsycaridlgonnkindtorsdhersahkOgdsfidxamples of

chemotheignelis saISHssi,or e uethas el ihe asent ovenin ate istes e following

table. TABLE 1 Alkylating agerits Niffogen mustards mechlorethamine cyclophosphamide ifosfamide
melphalal @ElBeghBLETNE K RSUBIEN (fein 245 SPNIGE KITFSUBA &80 BakhASHITE (BCNU) lomustine
(CCNU) semustingdmethyl @), chlormethine streptozocin Ethylenimine/Methyl-melamine
triethylenemelamine (TEM) triethylene thiophosphoramide (thiotepa) hexamethylmelamine (HMM,
altretamine) 5. Each tested compound used two rows of a 96-well plate, thus four compounds

(e.g., W, X, Y, Z) were tested in one plate simultaneously. In addition to test compounds,
each plate included positive and negative controls. As positive control, 9aa was used at a

dose of 3 uM. As a negative control, DMSO was used in final concentration 0.1%.

S T



Alkyl sulfonates busulfan pipobroman Triazines dacarbazine (DTIC) Antimetabolites Folic Acid
analogs methotrexate trimetrexate pemetrexed (Multi-targeted an fola e) Pyrimidine analogs
5-fluorouracil fluorodeoxyuridine gemcitabine cytosine arabinoside (AraC, cytarabine) 5-azacylidine
2,2% difluordteee¢itihe floxuridine pentostatine Purine analogs NatREFFFEHOMS A timitotic drugs
Taxanes paclitaxel Vinca alkaloids vinblastine (VLB) vincristine vinorelbine vindesine Taxoteret
(docetaxel) estramustine estramustine pho%%hk%te Epipodophylotoxins etoposide teniposide Antibiotics

actlmom?é#\‘@iclﬁﬁhﬁﬁ?y&ﬁ?m%m%fﬁs isicln ph grmseptiationn ok shemiraMarubicin bleomycin

splicam 'I\'l'ea' mye r‘\oi;":"itrgm yein-€ uabtinﬁfb'r'i’ry compound (Cpd W, X, Y, Z) (uM)
Control | Conirol o T

Cpd W i DMSO 3 uM Yaa 0.039 10078 10.156 [0.313 (04625 [1.25[25 [5 110 20
Cpd W | DMSO 3 uM %an £.039 10,078 (0156 (0313 10625 1125 (25 {5 |10 20
Cpd X | DMSO 3 uM Qaa 0.0639 | 0.078 10056 0313 (0625 125125 !5 |10 20
Cpd X 1 DMSO 3 uM Qaa §.039 0.078 (0.156 ]0.313 10625 |1.25 125 {5 10 26
CpdY | DMSO 3 uM Saa 0.039 10.078 10156 (0313 0625 12525 15 |10 20
CpdY | DMSO 3 uM 9aa 0.039 |0.078 (0.156 (0313 ;0625 125125 |5 |10 20
Cpd 72 | DMSO 3 uM Gaa 0.039 |0.078 |0.156 [0.313 [0.625 |1.25 (25 5 |10 20
Cpd Z {DMSO 3 uM %aa 0.039 ! 0.078 10156 (0313 0625 % 125125 5 |10 20

L. Dilutions of chemicals added to the plate were made up as 2X concentrations

in standard DMEM and added to corresponding well in a volume of 50 ul.

2. Chemicals were diluted in standard DMEM by two time serial dilutions
starting from 40 uM (2X of highest concentration, e.g., 20 uM). For one cell line, the
minimum volume was 125 uL of 2X working solution of chemical of each concentration in

standard DMEM.

3. In addition to a positive control added in one concentration in each plate, a
positive control of Compound 100, or the most active compound on each stage of screening,
was added to each assay run in a full concentration range to ensure proper and robust assay
performance (estimated by comparison of dose response curves of p53 activation among

Tuns).

4. Sixteen hours following compound addition, all welis with the highest
concentrations of compounds are checked microscopically for the presence of toxic effect,
because death of cells caused by compounds may not allow detecting luciferase activity. If
cytotoxocity is evident, other doses of the same compounds were checked for the presence of
toxicity. The lowest dose causing toxic effect was recorded. In case cytoxicity was observed
at 3-4 lowest compound doses (in a current dose scheme at 0.3 and lower uM), the compound
was retested separately in a lower concentration range, allowing at least 4 two-fold-different

doses of compound to be tested without signs of eytotoxity).

5. After microscopic examination, 15 pl of Bright Glo luciferase assay system
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aphidicolin epirubicin idambicin daunorubicin mithramycin deoxy co-formycin Enzymes
L-asparaginase L-arginase Radiosensitizers metronidazole misonidazole desmethylmisonidazole

pimonidazolg‘,%tg&ig@_égjg nimorazole RSU 1069 E09 RB 6145 Nonsteroigelr%%%&%%%g@s

6-mercaptopurine 6-thioguanine azathioprine T-deoxycofonnyc n (pentostati
erythrohydroxynonyl-ad ne (E fludarabine phosphate 2-chlorodeoxyadenosine (cladribine, 2-CdA)

gges ::TO %@i}{é‘% i Se%r%'chrﬂ{}'%fgéﬁ gaaé{g S%"&Q{? SRIeRAEGRR Hinoleran Blglodical esrgnsgmodifiers
plate luminometer with a measurement time of 0.1 sec. A shaking step was included before

measurement.

6. The folds of luciferase activaﬁon for each concentration of each chemical
were calculated by dividing the detected luciferase activity at each chemical concentration by
the average of the luciferase activity for the DMSO control on the same plate. The folds then
were plotted versus the chemical concentration to determine whether compounds are active.
From the data, both the maximum fold activation and the Emax (concentration causing

maximal p53 activation) were determined.

7. For each compound, this assay is repeated two additional times. Once three

runs were complete, the raw data was used to calculate the ECs value.

[0259] An assay was considered invalid when:
a difference between two duplicates increases 10% for more than 10% of readings;
death of DMSO treated cells 1s observed;
less than 3 times luciferase induction in cells treated with positive control (Compound
3a, 0.4uM) versus luciferase activity of DMSO treated cells;
inability to get dose-dependent curve of luciferase induction with positive control

(e.g. Compound 100, 0.03-20uM)}.

[0260] The following are nonlimiting examples of ECsq values for various carbazole

compounds useful in the method of the present invention:

Compound ECsg value (p53 activation, pM)
Compound 100 1.30
Example 21 0.83
Example 22 0.53
Compound 3a 0.29
Compound 3b 0.49
Compound 7d 0.64
Exampte 23 0.88
Example 24 0.78
Example 25 (.88
Example 2 0.64
Example 27 0.54
Example 15 0.03
Compound 19a 0.40
i Compound 3e 0.78 i

.08 .



retinoic acid derivatives Hormones and antauonists Adrenocorticosteroids/ antagonists prednisone and
equivalents dexamethasone ainoglutethimide Progestins hydroxyprogesterone caproate
medroxyprogesterone acetate megestrol acetate Estrogens diethylstilbestrol ethynyl estradioU
equivalents Rifti#8{8¢d tamoxifen Androgens testosterone propionate I HEEYETSE/equivalents
Antiandrogens flutamide gonadotropin-releasing hormone analogs leuprolide SR4233 flutamide

nicotinamide 5-bromodeozyuridine 5-iododeaxyuridine Albromodeoxycytidine Miscellaneous agents
Platinium coordination lcofBIBEes cisplatin 37

Example 4 0.07

Compound 18¢c-1 0.08

Compound 18¢-2 0.10

Compound 19e 0.07

Example 13 0.22

Example 14 0.05

Example 6 0.24

Example 17 0.04

Example 18 0.09

Example 38 L 0.12 :

[0261] Compounds and pharmaceutical compositions of the present invention include those
wherein the active ingredient is administered in a therapeutically effective amount to achieve
its intended purpose. A "therapeutically effective amount" refers to that amount of a present
carbazole compound that results in achieving the desired effect. Toxicity and therapeutic
efficacy of the carbazole compounds can be determined by standard pharmaceutical
procedures in cell cultures or experimental animals, e.g., for determining the LDz, (the dose
lethal to 50% of the population) and the EDsp (the dose therapeutically effective in 50% of
the population). The dose ratio between toxic and therapeutic effects is the therapeutic index,
which is expressed as the ratio between LDsg and EDsg. Compounds that exhibit high
therapeutic indices are preferred. The data obtained from such data can be used in
formulating a dosage range for use in humans. The dosage preferably lies within a range of
circulating compound concentrations that include the EDsp with little or no toxicity. The
dosage can vary within this range depending upon the dosage form employed, and the route
of administration utilized. Determination of a therapeutically effective amount is well within
the capability of those skilled in the art, especially in light of the detailed disclosure provided

herein.

[0262] A therapeutically effective amount of a carbazole compound of structural formula (1)
or (II} required for use in therapy varies with the nature of the condition being treated, the
length of time that activity is desired, and the age and the condition of the patient, and
ultimately is determined by the attendant physician. Dosage amounts and intervals can be
adjusted individuaily to provide plasma levels of the carbazole compound that are sufficient
to maintain the desired therapeutic effects. The desired dose conveniently can be

administered in a single dose, or as multiple doses administered at appropriate intervals, for
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carboplatin ox a lip lain anthracenedione mitoxantrone Substituted urea hydroxymea Methylhydrazine
derivatives N-methylhydrazine (MIH) procarbazine Adrenocortical suppressant mitotane (o,p"- DOD)

Gorivaives PCBERIR- benzoporphyrin deriatives Npeo i etoporpt i (LS} Sheoboride-a
bacteriochlorophyll-a naphthalocyanines phthalocyanines zinc phthalocyanines Radiation X-ray
ultravioleé{l;ia%lé[@ am orHéB} {\%g!%ir%%,vfiostil?g lrllgollte iQJB%B%QJSe‘?jﬁQ?.” Multiple doses often are desired,

or required. For example, a present carbazole compound can be administered at a frequency

of: four doses delivered as one dose per day at four-day intervals (q4d x 4); four doses

delivered as one dose per day at three-day intervals (q3d x 4); one dose delivered per day at

five-day intervals (qd x 5); one dose per week for three weeks (qwk3); five daily doses, with

two days rest, and another five daily doses (5/2/5); or, any dose regimen determined to be

appropriate for the circumstance.

[0263] The dosage of a composition containing a carbazole compound of structural formula
(I) or (I}, or a composition containing the same, can be from about 1 ng/kg to about 200
mg/kg, about 1 pg/kg to about 100 mg/kg, or about 1 mg/kg to about 50 mg/kg. The dosage
of a composition can be at any dosage including, but not limited to, about I ug/kg. The
dosage of a composition may be at any dosage including, but not limited to, about 1 ng/kg,
10 png'kg, 25 ng/kg, 50 pg'ke, 75 pg/kg, 100 pp/ke, 125 pg/ke, 150 pg/ke, 175 ugke, 200
ng/kg, 225 ug/kg, 250 uglkg, 275 ng/kg, 300 pg/ke, 325 ng/ke, 350 pg/kg, 375 ug/kg,

400 ug/kg, 425 pg/kg, 450 pgikg, 475 ugikg, 500 ug/kg, 525 pe/ke, 550 pg/kg, 575 pg/ke,
600 pg/kg, 625 ng/ke, 650 pg/kg, 675 pg/ke, 700 ng/kg, 725 ug/kg, 750 pg/kg, 775 pelke,
800 ug/kg, 825 pg/kg, 850 pg/ke, 875 nglke, 900 pg/kg, 925 pg/ke, 950 ng/ke, 975 ug/ke, 1
mg/kg, S mg'kg, 10 mg/kg, 15 mg/kg, 20 mg/kg, 25 mg/ke, 30 mg/ke, 35 mg/kg, 40 mg/ke,
45 mg/kg, 50 mg/kg, 60 mg/kg, 70 mgkg, 80 mg/ke, 90 mg/kg, 100 mg/kg, 125 mg/ke,

150 mg/kg, 175 mg/kg, or 200 mg/kg. The above dosages are exemplary of the average case,
but there can be individual instances in which higher or lower dosages are merited, and such

“are within the scope of this invention.

[0264] When administered in combination with other therapeutics, a present carbazole
compound may be administered at relatively lower dosages. In addition, the use of targeting
agents may aliow the necessary dosage to be relatively low. Certain compounds may be
administered at relatively high dosages due to factors including, but not limited to, low

toxicity and high clearance.

[0265] For human use, a compound of structural formula (1) or (II) can be administered
alone, but generally is administered in admixture with a pharmaceutical carrier selected with
regard to the intended route of administration and standard pharmaceutical practice.

Pharmaceutical compositions for use in accordance with the present invention can be
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microwave radiation [02891 Examples of chemotherapeutic agents that are particularly useful in
conjunction with WO 2010/042445PCT/US2009/059558 radiosensmzers include, for example,
camptothecin, carboplatin, cis-platin, daunorub cm, doxorubicin, interferon (gl ha, beta, gamma),
irinotecan, MYQYEE4&*chiorambucil, 5- fluorouracil (5-FU), methotrexate: - %%P&?&é&%ﬁ?osme,
fludarabine, azacytidine, gemcitabine, pemetrexed, interleukin 2, irinotecan, docetaxel, paclitaxel,
topotecan, CPT-4]1, anastrazqle, letrazole, capecitabine, reloxatine, cyclophosphamide, ifosamide,

droloxafiﬁ‘@?’&ﬂﬁt‘?ﬂ&éﬁé’ﬁﬁﬁﬁﬂ?‘@k@%\?@%ﬁéﬂg@geam%ﬁ\?&ﬁ%’éé by sapfBtabisx@erieRicrotubule
affecting agesisiiptextepewitbrerduar-mitosis augiare woldsawoivdhgardosthainaetxic activity.
Microtubule ffe?ting agents useful in the invention include, but are not limited to, allocolchicine (NSC
406042),0551?%%8 1t a(ﬁgt&%%’é%flgf%’fchicines (NSC 757), colchicines derivatives (e.g., NSC
33410), ati [ maytansine (NSC 153858), rhizoxin (NSC 332598), paclitaxel
(NSC 12%%%% T&%&%ﬁgn%g%ﬁ%%%ﬁegsb 3? OU‘RI 6380%8%{ i,qtﬁlgrceo ¢ r?c‘f%%nﬁgg y3%r1792), trityl cysteine
(NSC 83zBhpnanttaliiraiuithes INSGIBY ) rtnttistife sulfateoNS D B 7574) rafittikal and synthetic
epothilonge:gludinadu netlimited o spothilans.&.&aphilane Buand discaglercnplie (see Service,

(1996) Science, 274:2009) estramustine, nocodazole, MAP4, and the like. Examples of such agents
are also HEEEBEAA BefADazClo s Roe rscriritisioss wibin Phevda floomy mrlsss.Nbtl. Acad. Sci.
USA 94:108601k0564: MehiradidRGLS8neelRegainRRAdraadbo Nicolaqy (1997 Nature
397:268-272: Vas uggéfl% é Mol Biol, Cell, 8:973-985; and Panda (1996) J. Biol. Chem
271:2986'?—%’2??5%1 st Arnge A R B GRS P i AL BT Sreaieitcimited to,
hormoneslatidesterepest (nclindingtkynihetic tealogs)nid-awthiaylestadist, diethylstilbestrol,
testosterone, prednisone, fluoxyrnesterone, dromostanolone propionate, testolactone,
megestrdEéeiatel hneaiyappbdmmisuionsl, eratbyiptssiostaroreipre tnisotbas triameinokhren
h|0fOt“am@%@ﬁﬁxﬁk’f&@%yh%%‘%ﬁéﬁw%15@1561%%9&!{%‘9'ﬂﬁit@ﬂ@WEWS%‘?&%%X%E{BH%&%{P”eacetate’
ex.

leuprolide, tlutamide, toremifene, zola 2921 Other cytostatic agents are antiang |ogghics such as
matrix mEfNEpratdindsatFHpEn I dinde el HnibhaitionueirdsesliafBoREmivsoties and

small motesidpsissE s D Ghid.ang KAGRRANTETRIZRAIMAdISS AlsRINeY hetilizeds An EGFR
inhibitor is EKB-569,%an irreversi]ble inhibitor). Also included are antibody C225 immunospecific for the

EGFR ant i SRAlb It $0'9855 aub ulispts ifanseslarcipiathtrea gad ingremiegns e Ko
(bicalutaraithezdstranpvin2 AL/ 04244 bR RES200010T0RE 3 Zeraga)WHICh-FNRerS a slow
androge@ége%g)eegp%gtcl%arcinoma}ag ngﬁ-fproli{erativ%. Yl%%anomg)rsgﬁample of a cytostatic agent is the

antiestrogen TAMOXI ]ER?(I#? wihich NBibits “écﬁflofl eration or growth of estrogen dependent breast

cancer. IpabgPrsrat e, TANSAHCHRNRL G IHAS P GIANG SIORAL ALECYIRRIRIS AYS

t
Representative examples include epidermal growth factor inhibitors, Her-2 inhibitors, g/l K-1 kinase
inhibitor< REABKERMSR PRSI, BranpikilsRErRo s Khksairrmiisientinn PDBRAitors. [0294f
Due to theifmuhigus allity.incksaiaponiRsisomdumorsalisntiN miamimenbsers.are ¢opsidered to
be potential anticancer ph maceut‘i%%ls. Hchwever, many tumor cells escape proapoptotic acid of
death ligdh s&%éré?ﬁ:?rﬁ;da%[&ﬁ&’?ﬁg S8 BRREESE Jo RREBCa St e - LEMEiithe HRcers and allowing
the tumorust@sealyerhastimithunenaspostsditd ez sectioar:-inki bitorfoNnrkd ayi e used to sensitize
tumor cells to the killing of a death ligand, such as a TNF polypeptide. [0295] The TNF polypeptide can
be a mefBéPbf e TRRrSapdHanmigoohiigahths. Repnt sertiivecenamplics phfidlpolypeptides
include, Taall . 4QL 7k /4- 27L/CD70,
FasL/CD%HSIrI,]%%go 5%8@5&/%&?&3&&@%3% %%ﬁ Meﬁggeér%% iﬁégfgﬁggj%g}gé{fy are natural
proteins TR 48 SRYpRRIkG R therssimakancactied Ainkeé ottipe srrrhanecdyerdnvaheleiat can trigger
apoptosisf &iweoT ovaalyReptide imayReTRAer Whichinduses @EQ@?E@@%QM&WW but not in
normal cells. The actjvity of these so-called "death ligands" is believed to be mediated by binding with
member&SIESRiE PBceptor family, which contain structurally similar death domains in their
intracell rtiQns. Ligation of these receptors, specific for each death ligand, trigger activation of a
cascade 0 g%/%ntgs geésﬁ%ﬁarﬁ]d%%ggg? Ac f%/)g?%ﬁrj]e hgg%rgé)ggﬁﬁgﬁl\%eagﬁaer%sﬁl(grs%ﬁ‘ﬁ%%ﬂl rétéptors bound
by the TRFjs0Npeptidastinoiudd viitzhte wol itmited tTHeNGERY T 5p BRI, GDIST kBB/ILA,
TNFRI/p T35, CD27. FasiCD95/AP0-1, CD30/Ki-
LT-fl R, ggégg%&é%é%gﬁ%ggg{%&&r%%h%%%g%%%%@ggﬁt?eg%r%nd Sa%%(%g[%l%o contemplated
that othe?P'agfssidnciiivg aselenttepideetstinbladde puigpegigestreiaxtnspidingn antibody that
mimics the activity of a TNF polypeptide can be used. Representative examples of such antibodies
include, but are not limited to, an agonist antibdc}ﬂo“ FAS, TRAIL receptor, or TNFR. In addition,
aptamers and other synthetic ligands capable to activate the corresponding receptors may be used.
WO 2010/042445PCT/1JS2009/059558



102971 It also is possible to diagnose whether a tumor in a patient is capable of being treated by a
present carbazole compound. A sample of the tumor is obtained from the patient. Cells of the tumor

then are traRggugaphyvitisa p53 reporter system, such as a p53-responstiye|ac4epReyies. The

transduced cells then are incubated with the compound. The production of a p53-mediated signal
above controls indicates that the tumor can be treated by the carbazole compound. [02981 Figs. La

and Ib ar ing t e;present inhibit NF-KB transgriptional activity in
TN F-trea?ﬁﬁ% ﬁ%%gga@%p ’aig{)%ﬁ gla?llr%g@ﬁ?g? glc%%v%&rcﬂ O%E:A:ﬁ?}latsfg h F% lg—_“%@ggn\%ﬁﬁ%%? 5 1ﬁ&pSS activation
and NF-KBh#IBRAsA ¢riginp b Y {aropmosthie. pretsbracodivairoky tompomplstitayetsignifitamt anti-cancer

propertef gy, {Eic) ARYOFID 1Rl & SRASNE.EIRELAL iy, carhazole compounds
|

on tumor célls differing in their p53 states after treatment for | hour with different oncentrations of four
present cXAY45GIEESIn PGS reah Qtviia(inshdsgsssemarsrih sand isynmetispeine Bt staining.
Thereforexitdsstheigrizediduhagtralieddunoruthatipaactiyalins v tharigseni.garbazole compounds

may not be the primary death-inducing signal, but may rather reflect a type of cell stress caused by
inactivati%ﬁng 85%% ‘.fu‘)ébﬂé‘i%%%fé‘iﬂ%}@ﬁ%‘i‘a%%ﬁ SRR dhedEd s d X ME 1976 colon
adenocaldinighiaspSapkbiigh2a) cMDAMBeA] Hsdasttadengtaiak) ampRbRMUt AiideaB), DLD | colon
carcino t. (Fig..2¢), A549 lung adenocarcinoma p53 wt (Fig. 2d), Cakil renal cell carcinoma
p53 wt ?Iﬁ%g%%ﬁ&)ﬁé%%uc%%nogggﬁg%gr@?ﬁgﬁ?a%‘ggr&r}ﬁlﬁta |§.a§é$§'§§ t‘ﬁ’%ﬁgﬁ‘agﬁs’ocarcinoma p53
deletion (Fitremdps. MeHTdyrpistiadpmbearcinutiaip 53 ken(EigrPhyRed4S tienalicaticarcinoma p53 wt
(Fig. 20, Ao seiel &8l QIR (ionaNo 200 HEA BB NG TRIRAIGATAKIG Bl The tumor cel

tested in Fig. 3 is the HCT116 sc xenograft model. 10301I Thepresent carbazole comglghnds
analyzedéfieM o IKRSEY BRIV EEHARE T PABIes e xmsl erdginidnpladinsebriraromagytotoxity of the

present GaHBABAIGosOR AT 6iliSfrom A AHigURYRARE NeR: 6,6l StessdmyeIving NF-KB
suppression to which cancer cells are more sensitive than normal cells. This illustrates that the present

carbazol SRS THEh K F BRI AR Ge FPYRaTRt ARYEUA HRBIHRT SpReshicsTaiRgarcinoma, renal

2010/042415RC TG00/ 520G lallen {302 Summeasoof the eifestshpkriesenisarbazole
compounds %%gaggéoru &qiégicom are DNA and DNA-damage responsive signaling. Compound

b
cellular localizatton yalﬁrA stalr?l‘q’rﬁ(g)j {TM/ATR activation Chk1/2 phospho p53 phosphor Topo 11
inhibitionmsz

Transformation induced by tax of HTLV, a causative agent of human adult T-
lymphoblastic leukemia (ATL), may share the same molecular targets involved in RCC. For
example, NF-xB is constitutively active in fax-transformed cells. Similar to RCC, p53
activity is inhibited through activation of NF-kB in tax-transformed cells and p33 inhibition
does not involve sequestering of p300. Based on the shared mechanism of p53 activation, the
compositions may also be used to treat HTLV-induced leukemia. Regardless of their p53
status, the majority of human cancers have constitutively hyperactivated NF-xB. The
composition also is capable of inhibiting NF-«B by reprogramming transactivation NF-xB
complexes into transrepression complexes, which can be used for treatment of any tumor
regardless of their p53 status. The compositions further can be used for treating HIV
infections because HIV LTRs are strongly dependent on NF-kB activity.

j0272] The composition also can be used as an adjuvant therapy to overcome anti-cancer
drug resistance that can be caused by constitutive NF-«B activation. The anti-cancer drug

can be a chemotherapeutic or radiation, as described herein.

[0273] One method of the present invention comprises administration of a therapeutically

effective amount of a present carbazole compound in combination with a chemotherapeutic
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agent that can effect single- or double-strand DNA breaks or that can block DNA replication
or cell proliferation. Alternatively, a method of the present invention comprises
administration of a therapeutically effective amount of at ieast one present carbazole
compound in combination with therapies that include use of an antibody, e.g., herceptin, that
has activity in inhibiting the proliferation of cancer celis. Accordingly, cancers, for example,
colorectal cancers, head and neck cancers, pancreatic cancers, breast cancers, gastric cancers,
bladder cancers, vulvar cancers, leukemias, lymphomas, melanomas, renal cell carcinomas,
ovarian cancers, brain fumors, osteosarcomas, and lung carcinomas, are susceptible to
enhanced treatment by administration of a present carbazole in combination with a

chemotherapeutic agent or an antibody.

[0274] Cancers treatable by the present invention also include solid tumors, i.e., carcinomas
and sarcomas. Carcinomas include malignant neoplasms derived from epithelial cells which
infiltrate (i.e., invade) surrounding tissues and give rise to metastases. Adenocarcinomas are
carcinomas derived from glandular tissue, or from tissues that form recognizable glandular
structures. Another broad category of cancers includes sarcomas, which are tumors whose
cells are embedded in a fibrillar or homogeneous substance, like embryonic connective tissue.
The present invention also enables treatment of cancers of the myeloid or lymphoid systems,
including leukemias, lymphomas, and other cancers that typically are not present as a tumor

mass, but are distributed in the vascular or lymphoreticular systems.

[0275] Additional forms of cancer treatable by the present carbazole compounds include,
for example, adult and pediatric oncology, growth of solid tumors/malignancies, myxoid and
round cell carcinoma, locally advanced tumors, metastatic cancer, human soft tissue
sarcomas, including Ewing's sarcoma, cancer metastases, including lymphatic metastases,
squamous cell carcinoma, particularly of the head and neck, esophageal squamous celi
carcinoma, oral carcinoma, blood cell malignancies, inchuding multiple myeloma, leukemias,
including acute lymphocytic leukemia, acufe nonlymphocytic leukemia, chronic lymphocytic
leukemia, chronic myelocytic leukemia, and hairy cell leukemia, effusion lymphomas (body
cavity based lymphomas}, thymic lymphoma tung cancer (including small cell carcinoma,
cutaneous T cell lymphoma, Hodgkin's lymphoma, non-Hodgkin's lymphoma, cancer of the
adrenal cortex, ACTH-producing tumors, nonsmall cell cancers, breast cancer, including

small cell carcinoma and ductal carcinoma), gastrointestinal cancers (including stomach
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cancer, colon cancer, colorectal cancer, and polyps associated with colorectal neoplasia},
pancreatic cancet, liver cancer, urological cancers (including bladder cancer, such as primary
superticial bladder tumors, invasive transitional cell carcinoma of the bladder, and muscle-
invasive bladder cancer), prostate cancer, malignancies of the female genital tract (including
ovarian carcinoma, primary peritoneal epithelial neoplasms, cervical carcinoma, uterine
endometrial cancers, vaginal cancer, cancer of the vulva, uterine cancer and solid tumors in
the ovarian follicle), malignancies of the male genital tract (including testicular cancer and
penile cancer), kidney cancer (including renal cell carcinoma, brain cancer (inchuding
intrinsic brain tumors, neuroblastoma, astrocytic brain tumors, gliomas, and metastatic tamor
cell invasion in the central nervous system), bone cancers (including osteomas and
osteosarcomas), skin cancers (including malignant melanoma, tumor progression of human
skin keratinocytes, and squamous cell cancer), thyroid cancer, retinoblastoma,
neuroblastoma, peritoneal effusion, malignant pleural effusion, mesothelioma, Wilms's
tumors, gall bladder cancer, trophoblastic neoplasms, hemangiopericytoma, and Kaposi's
sarcoma. Accordingly, administration of a present carbazole compound is expected to

enhance treatment regimens.

[0276] Compounds of the present invention also can potentiate the effi cacy of drugs in the
treatment of inflamumatory discases. The present carbazole compounds are potent inhibitors
of NF-xB response, which involves the suppression of expression/secretion of pro-
inflammatory NF-xB targets, such as TNF, IL-1, IL-6, IL-8, and many others. Therefore, the
inhibition of NF-xB by a present carbazole would lead to the suppression of local and
systemic inflammatory reactions. Quinacrine, which is hypothesized to act by a mechanism
very similar to the present carbazole, was widely used as an anti-inflammatroy agent for the

treatment of autoimmune diseases and chronic inflammation.

10277} Examples of diseases that can benefit from combination therapy with compounds
suitable for the method of the present invention are rheumatoid arthritis, psoriasis, vitiligo,
Wegener's granulomatosis, and systemic lupus erythematosus (SLE). Treatment of arthritis,
Wegener's granulomatosis, and SLE often involves the use of immunosuppressive therapies,
such as ionizing radiation, methotrexate, and cyclophosphamide. Such treatments typically
induce, either directly or indirectly, DNA damage. Inhibition of NF-xB and/or activation of

p53 within the offending immune cells render the cells more sensitive to control by these
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S15, 46, 3921es rele ation neoat ve ND -- not determined 103031 In accordance with an important
feature of the present invention, a three dimensional (3D) superimposition of conformers of active and
inactive carbazole molecules revealed characteristics of the compounds that contributes to their
activity. One“miﬁ%lt”t’:%"t“éﬁaracteristic is the planarity of the carbazole coré).céwg?mﬁ?ﬁ%tiple three
dimensional alignments of the conformers, it was found that in all active carbazole compounds, the
carbazole core region was planar (Fig. 4). Inactive compounds can be planar or non-planar (Fig. 5).

Additionatesserd st HrEsin Bt NHL IR G erREH S Bt SHBUIBAY OvE Ftig dlecular
architectyigr confismed dhat pianasiharhiencarkazaleting dwaispimnpestadtie detiiitiging potency of

p53 activation by the carbazole compound (Figs. 6 and.7). An active carbazole, i.e., Example 2, is
Cnown i PIGHAS B A OIS AR aBOTER e SIAFTBLN G 280 10 SHb i e dimpound 200

has a strugtieral fheranaizdR3hadindistyl thahedrhiazd] ércpmpmtidseble totastivate p53 have
planar structure led to an unrelied upon.hypothesis tI}Fa: 1e me ' 1 B@g&ion of these compounds
is mediafé’&%‘i’é%ﬁ@ﬁl gr%gﬁtlésr}‘?affg)i(é iﬁq’/é& lesize tlg%qog ‘gtlj%?e%%&[i%ﬁ %etween p53 activation
potency anthihesplanesssteulctigee of carbazole core reflects an ability to intercalate DNA. To test this

hypothesis, the carbazole compounds were virtually intercalated into the three dimensional WO
2010/04 202 C TS HOOD0 35D TASHH e B EaRE T AR i PEETRARGHIR (1TUP PDB

structure), Hisiinitaldntgsclalionwasaefosmedas elows sharaaive sarkazelesmolecule, i.e.,
Compound 300, was superimposed upon the DNA structure such that the planar rin area was
positionedHatiseACRAT ﬁa?%fFFé‘m?)ﬂf%(f%ékﬁ‘fﬁsﬁa%@EH%f@‘*ﬁ Thitsitafite I MEIEEul then was placed
against Atg280:0iahk Thedg2aovesitoieisconsitienad febeanidiatifaripBRADMAtimeraction. See
M. Kitayner et al., Molecular Cell, 22 es 741-753, June 2006, Such.a brute force superimposition
violates \AFFHBY ’\ﬂgéfﬂflei?aac OnS J(;% SHEBREGr ﬁ‘{%tcfvﬂ\}g%??l}lgtﬁ eéﬁ?ﬂggn%the MOLOC molecular
mechanit¢ssofiwtferphckdige ste fentiane DiAdabapidhel th divwrEsendbmpiiterss ©ptimized to reduce
Van der Waals and tarsi pﬁgpl | ' j 5 : - ter the
optimizat}{(%%?%‘%%%%%@r? 0 thé%%%%gd?hggg%&?f %%ggtgﬂ%%ﬁé@?&%%ﬁy&%ﬁng plane that
is paralleftd Pigillasrgeking base pairs. As a result of this optimization procedure, hydrogen bond
acceptors (HBA) located on the carbazole ring substituents were osjt'ﬁoned.in the ma'£0r groove and

the side dARTYlattaarEaNS AL BRSSO NIESHEARAS O MBI I AZHAW fMfvcisg

oove. The
structuralfermuaiorGampenna 800 s Hatkdid 41 cl080p TAs@sBa dhapthiszotudyctaids DNA fragment
with an inside, cavity better shaped to accommodate p53 activating carbazole compounds was created.
Using theaﬁﬁ’lfg%%‘“\}&%re package, molecular docking was perfoimed on a variety of carbazole
compoun ith kno - vi - r i ve-molecules
(553 act ] B e e loeu s wih EC50>130
MM. The eonsedrirede oy dsservecs Msino & elSHpELUMIS AR TritBIRI BB SHISRET hside the cavity,
whereas }%}Sp%%ﬁbé,qsf%éii%Q@H@Qﬁéﬁ@@&%&@ﬁ@dﬁd@éﬁ@@@&%@&\ﬂﬁg weak p53 activation
potency. The majority of inactive molecules were characterized by very poor quality of fit WO
2010/042¢38R C TIHSA00M0n 96581 03064 abppiaper pbsitionimigraf theisabSttuentatached to the

carbazole nitrogen into.the minor groove of DNA may.be important f j 3 activity.
Simply, tHESE 16% ‘fﬁ%’ WS ARG (RE Er?iﬁl oF g%(‘;l\})éy f%%?gg\ll%lénp %%%ra?ﬁ%‘%%ggggggizole
compoundodinadtlitibninibeatitom bt mgessmdlyaizast theothpeendifie asioraliadipeimpesitsprof active
carbazole ampaLds shous gk esyEb, heiaerARIRATURIA e sllghain is important for

achieving‘activity. 10 e positions of HB (hydro?en bonding) atoms on the carbazole
substituermstpeaktiidipideemes caia thsorimorschemsseliBniadxAlcmETbw RRIAY BT HER atoms (i.e.,
nitrogen) jgads i v sakarivit:ehihacarhazalesompoaded herabsence of HBA atoms on
carbazole substituents renders a compound inactive. All highly active compounds have non-rotated
carbazolegpistituenisschheatioisingahpighly Aetiven (GBOX3GralA) anthizotiieratbcules (EC50
about 1nM) into the DNA cayity demonstrates that rotated carbazole s {tu ith good HBA
atoms can’ gté?é"h%sr%ﬁ%s:%%%rsgv%ﬁ%%ﬁ\l 155@%%{%?&?&?}%;%?}?%%5%5%%&%%‘0%%2% substituents
do not hydiegees bentgwithiDNAgmehichrieagsd thetehighcaitivity. 103081 The antitumor activity of
Example 7 (Compound 6h) was demonstrated using the B16 melanoma singenic tumor model as
follows. CH288Y6 ﬁ%w%ﬁ%@%%@ﬁﬁ&%%?@ﬁ%@%ﬁ%@%%@ﬁ #iPS x 104 murine
B16 melanoma cells. When at least one of the tumor inoculation sites developed a tumor (average
size about 6 mm3), treatment commenced. Mice were treated daily by oral gavage for up to 14 days
with either 0.5% methyleelluiose vehicle control btl%’mg/kg Example 7 (n=5 mice/treatment group).
Tumor measurements were collected by digital calipers every 1-2 days. The effect of treatment on
individual tumors is presented in Figures 8a and 8b. With the exception of one mouse from Example 7
treatment ;coup, no effect was observed on overall mouse weight for either treatment group (<10%
changes). By Day 9, there was an approximately 3-fold decrease in tumor growth in Example 7

treatment group compared to the vehicle control group (68% growth suppression). [0309] To confirm
tha anti—-tiimaor activvitns of Evambpnle 7 the carbazole compnoiind (20 mal/lkka) wae delivverad arallvy 1ieinn



WO 2010/042445PCT/US2009/059558 30 mg/kg of the compound of Example 7 in 0.5%
methylcellulose or a 0.5% methylcellulose vehicle control began when at least one tumor per mouse
reached 20-25 mma3 in size. The mice were treated until control tumors reached 1000 mm3. Following
commencemEREBIPaAtHRent, mice were monitored for overall condition, WeldhtIHELERE survival, as
well as for the size of tumors measured every other day. Table 2: Experimental groups Group Number
of mice Cell line Treatment Mode of administration Dose schedule Tumor measurement; monitorin
(control)dDrt@Hb6E:Q 5V hmethwivstutosepo’ Gfioeed dalddinps D8 M s DIgiete tumors reach

20-25 nun3s Yolme Of 230, L AR 4 i BAMS SlsidNtadiation (10727 to 107 m), X-ray radiation
(107 to 10" m), ultraviolet light (10 nm to 400 nm), visible light (400 nm to 700 nm),

infrared radiation (700 nm to 1 mm), and microwave radiation (1 mm to 30 cm).

[0284] Many cancer treatment protocols currently employ radiosensitizers activated by
electromagnetic radiation, e.g., X-rays. Examples of X-ray-activated radiosensitizers include,
but are not limited to, the following: metronidazole, misonidazole, desmethylmisonidazole,
pimonidazole, etanidazole, nimorazole, mitomycin C, RSU 1069, SR 4233, EQ9, RB 6145,
nicotinamide, 5-bromodeoxyuridine (BUdR), 5-iododeoxyuridine (IUdR),
bromodeoxycytidine, fluorodeoxyuridine (FUAR), hydroxyurea, cis-platin, and

therapeutically effective analogs and derivatives of the same.

[0285] Photodynamic therapy (PDT) of cancers employs visible light as the radiation
activator of the sensitizing agent. Examples of photodynamic radiosensitizers include the
following, but are not limited to: hematoporphyrin derivatives, PHOTOFRIN®,
benzoporphyrin derivatives, NPe6, tin stioporphyrin (SnET2), pheoborbide-a,
bacteriochlorophyli-a, naphthalocyanines, phthalocyanines, zinc phthalocyamine, and

therapeutically effective analogs and derivatives of the same.

[0286] Radiosensitizers can be administered in conjunction with a therapeutically effective
arnount of one or more compounds in addition to a present carbazole compound, such
compounds including, but not limited to, compounds that promote the incorporation of
radiosensitizers to the target cells, compounds that control the flow of therapeutics, nutrients,
and/or oxygen to the target cells, chefnotherapeu{ic agents that act on the tumor with or
without additional radiation, or other therapeutically effective compounds for treating cancer
or other disease. Examples of additional therapeutic agents that can be used in conjunction
with radiosensitizers include, but are not limited to, 5-fluorouracil (5-FU), leucovorin,
oxygen, carbogen, red cell transfusions, perfluorocarbons (e.g., F LUOSOLW®-DA), 2.3-
DPG, BW12C, calcium channel blockers, pentoxifylline, antiangiogenesis compounds,
hydralazine, and L-BSO.

10287] The chemotherapeutic agent can be any pharmacological agent or compound that
induces apoptosis. The pharmacological agent or compound can be, for example, a small

organic molecule, peptide, polypeptide, nucleic acid, or antibody. Chemotherapeutic agents
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Every other day once tumors are visible; daily monitoring; mouse weights every other day 10 HCT116
7.5 mg/kg of Example 7 in 0.5% methylcellulose 0 Once a day DI -D5, D8-D12, D15-019 once tumors
reach 20-25 mm3; volume of 250 ul per 25 g mouse weight D - day [0310] In this test, 100% of the
mice in GroW%’fWéﬁ the experiment. No weight loss was observed if CORtOIVERMTRE treated group
[, whereas in group 2, three mice lost 15-20% weight by the end of experiment. The weight of the
remainder of the mice in group 2 fluctuated in the range of 95-105% of original weight. No any other

abnolmahsignas trarehitdedribvharse bipiatdnca kX BAE 2SI Be AT SIS Y6554, In control

group |, HGT AR A0S S SxReRantall s asBspactRANvEl indviegulas deviasigieshetween faster
and slower growing tumors. In Example 7 treated grgf 2, growth of all tumors was éjc?l yed compared
t

with vehierdl 8o RtEreRERcraiY FOBRBREPTS BHER st AR STARBIMB S RS 1S SIS RIMORS attained the
size of thg.SIWES L AFENIRY GRMEAldUMRELR3 0 ma)ibintaseragegrowtinditimaods; ttreatment with

Example 7 suppressg%iumor, rowth by a factor, of abo t:ﬁ.S ?3%(pf %@}@QQ £ompared to vehicle
control gtBEEY RO PRI 8?19505%5%% Jéﬁ’b?%%gsc(gr%%% QI cured; and, on ‘autops%,' only a minimal
connectivg-tissUeflype danihaiioplwias Hedmdinrplace dfakkitsmonal hedsivetlstisagsiatiFéated tumors
not only ingreased more slqly than,contral umors, hut. flegreased which-isaigaive tumor cell
doath ar UG Sed L e pe T e e U S 2010/042445PC1/US2009/059558

the breast, where the tumors include gonadotropin-dependent and gonadotropin-independent

cells, the compound can be administered in conjunction with leuprolide ot gosereiin

(synthetic peptide analogs of LH-RH). Other antineoplastic protocols include the use of an

inhibitor compound with another treatment modality, e.g., surgery or radiation, also referred

to herein as "adjunct anti-neoplastic modalities." Additional chemotherapeutic agents useful

in the invention include hormones and antagonists thereof, radioisotopes, antibodies, natural

products, and combinations thereof.

[6288] Examples of chemotherapeutic agents useful for the method of the present invention

are listed in the following table.
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compound of Example 7. This result was observed for the first 3-5 days of treatment, then the treated
tumors continued to slowly grow. [0312] This experiment shows that the compound of Example? has a
suppressive effect on the growth of HCT116 subcutaneous xenograft tumors in nude mice. The growth
- supression v‘gfaéoi@”}g%fwhich is considered by NCI standards as a sign?ﬁ%ﬂ?%ﬂ?fgé?ﬁéer activity
(...42%)/0). The above results are illustrated in Figures 3 and 8-10. [03131 Figure 3 is an average curve
of tumor growth showing treatment of HCT116 colon carcinoma xenograft tumor with the compound of
Example? and a control (MC). Tumors treated g the compound of Example 7 exhibit a substantially

reduced tumor vglf.‘mem;l'hae ekggsr_s in the graph of tumQr tY;?alaLfmr% IS, glays of treatment represent the
f Examp:egg ;2

standard deviati@gﬁ‘ ins plots showing the,grawtE oL aividual tumors treated in mice with
the control vehiclg-{higeBahand with the compound o ig. 8b). 103141 Fig. 9 shows the
growth of individugdispimaissaipeto 100 mma3, in mice treated with the compound of Example?. Figure
10 shows that ruifeeizsizie decreased during the first daysmaf treatment, and tumors that were cured.
103151 Fig. 1 | desiibasirates a carbazole compound?¢léaxdompound 100, that activates p53 in the
above-described"¥8 B%hgbits a significant anti-ca%@b‘faé’@fﬂ}ﬂ ‘against a wide variety of tested cancer

cells. Each of thé';én%im'ﬁr%%g resented in Figure 11 wéi,ﬁc%l Sg&%& it 96 well plates. The next day, cells
were treated with a range of concentrations of CompQun bfﬁeo. Treatment occurred for 24 hours, at
which time compgisdsfiled medium was replaced withggmpound-free medium and cells were allowed
to grow until the esniralnvalisawhich were treated with-ondeeehigkegemtrol (DMSO), reached a
monolayer (typiceiyuwithiwdB8ours). Cells then weresttedi@rd stained with 0.5% methylene blue in
50% methanol TradsfaiasteifedNith 1% SDS andstreativeninmgetmeasured at 650 nm. Data is
presented as the®35EB1H4ISce at 650 rim versus the concentration of Compound 100. [0316] The
compounds of EXAHRBIEE™, 15, and 13 showed a poﬁ%ﬁ?ﬁ%@%@%ctivity. In an efficacy test using
these three compgunds, Athwinig nUds mice were in(?&@)gﬁg@ subcutaneously with a suspension of
Calcil human rengkgglLcakeingma eells into both rear flanks. When at least one tumor in a mouse
reached 20-50 mmdiraatmeiovsas-aanynenced. Migenwierrstreated orally by gavage with either 30
mg/kg of Example@hibtepg/kg of Example 15, or 25 mgfikgraf-&x&@mple 13 formulated in 0.2%
hydroxyrnethylcdlisagihseemositive WO 2010/042448RCIHISPEOBIBE9558 control, one group was
treated with 40 mgAPEUNERABIA approved drug fotHRE S B AGFOBEBhal cell carcinoma. Treatment
was given for 4 weeks on a 5 day on/2 day off schecﬁ[}lﬁ%ﬁ'@@?ﬂﬁéﬁé‘fmﬁﬁt was completed, mice were
monitored for an,addilo eeks to determine ho%}%&%ﬁﬁ%&%& yyth returned to normal. All
three compoundg;gausggrsignificant tumor growth inhibiigh.sampared to the vehicle control (Day 24
(end of treatment) Example 7 73,10 inhibition, Examgleai&befo inhibition, Example 13 62% inhibition).
This antitumor effeetioésExamples 7 and 13 and, to aateégBeriextent, Example 15 was substantially more
than the Sunitinidasemuer{4D94Y.) Interestingly, cessatiditofreatment with any of the present
compounds did nottl,ea(t:i tol,rag)id regrowth of tumor. I2EYHERst, the end of Sunitinib treatment resulted
in immediate tunGSwWRSEch that by Day 40, the@@éﬁ%&%igniﬁcam difference in tumor volume
observed betwegj. futinib and vehicle control graups,. 7}In summary, all three carbazoles
caused tumor grgythdghibition that persisted even after treatment was completed. The order of
potency is Exampleefrisggreater than or equal to Exapapleik3, which is greater than Example 15.
Treatment with Ex@ipleaTzeadsedwigapparent side bgetsgimmpared to Examples 13 and 15. The
severest side effects were observed with Example 18:a5@isge two mice had to be taken off treatment
short-term and oWemoved permanently due to weight loss that led to premature
euthanasia. Thug, Oé%rﬁrﬁfél 7.appeared to be the "S%We in this test. Because Example 15
OMGazole . .
only caused 10-1a%0.weidght loss that was short-term, this. compound was the second safest in this
tumor model. Basad:pn theiresults, Example 7 is a pyafgcrsd:&osmpasid with potent antitumor activity
(70-80% inhibition) Artheyabagnge of side effects. 10348didfr@nother test, the antitumor activity and
toxicity of Examplesagytkbreand 13, at the maximum teder&tededose (MTD) in nude mice bearing human
HCT-8 ileocecal adeddtwreiiomizReisgrafts, and intigeézaiice bearing human HT-29 colon
adenocarcinoma X8HEgP4fts, were evaluated. A comPard8f%f the antitumor efficacy and toxicity of
Examples 7, 15, P15t the MTD side by side agaj ?uman HCT-8 and HT-29 colon xenogafts

also was perforr’q;%&ime[g%ﬁ!E As shown above, Examy %éz r?;ﬂi?t aqﬂgn&%g%@onstrated antitumor
efficacy against various human tumour xenografts sc’in nude or mice (such as HCT-116, DLDI,
Calcil and MDA-MB-231 tumors, with the tumor C%I%;rs] inoculated as a cell suspension in to the mice).
The in vivo antitumor efficacy and toxicity of the's]e ree compounds were evaluated WO
2010/042445PCT/US2009/059558 at their repetitive MTD against HCT-8 (relatively sensitive to
chemotherapy, such as 5-FU and irinotecan) and HT-29 (relatively resistant to chemotherapy)
xenoigafts established in nude mice by transplanting about 50 mg tumor pieces. In this study, the
antitumor effect and toxicity of the three carbazoles against HCT-8 and 1-1T29 colon cancer tumors

were compared with treatment-beginning when the tumor size reached 150-200 mg (about 7 days after
frimor trancenlantatinn) Matariale and Maethnde 102201 Animale Einht to twelh/e-weealk-nld famale




WO 2010/042445PCT/US2009/059558 time as drug treatment and 3-4 times a week of post therapy.
103251 Maximum Tolerated Dose (MTD) and toxicity evaluation. The MTD was defined as the highest

drug dose t '
body Weigh?%%?q@%ﬁ%g

se drug-related lethality in mice with a weight I%SST}esgoth%Q RZSOS% of original
were reversible. The kinetics of drug-induced tOXiCitiea ?ﬂoﬁy weight loss,

diarrhea, and lethality) were deteimined daily for the first 10 days after treatment and every two days
thereafter. 1032@;@@5%%%@ctivity. Antitumor actiyityjyas assessed by maximum tumor growth
inhibition (MTRIxwhighaisdhe mean tumor weight of gieatest group (MTWTG) compared with untreated
control group (MaMMfeerinat the same time point (MTREGEMIMETG - MTWCG) MTWCG x 100%). The
tumor doubling time{HRweas:defined as the mearstimenddedhedidgmor to reach twice its initial weight.
Tumor response egstes@iressed as partial tumor respodsdetPRYiwhen tumor weight was reduced at
least 50% of the iRy SR -aaiee PRt tumbroreiserse{di®) was defined as the inability to

detect tumor upc?r‘i’?ﬁéﬂ fiBPP SR initial site of tum
.. . wrC COXVyadern 1 .
activity and toxicity Qf kX j[ "% and 13 in nud

in the following table show the antitumor activity an

a.10X

%{a&;ﬁargnce. Results [0327] (a) The antitumor

T-8 xgggsgrafts. (0328] The data

g coordiflalion comn

latim
[Ty Of vehicle controf, Example 15, Example

Cisia

7, and Example {3edmipistesadR«aahigiays on and(grg@yﬁigff per week to nude mice bearing HCT-8
xenografis. The datatdrididate that Example 13 and Xkhdigtdnoderate antitumor activity against HCT-8

xenografts with ithititery rates of 35-40/0 and delaysdhtarmardigrawth by 17% (Example 13) and 57%
(Example 15), re8pgétifely, compared to the vehiclerg@sria®iqeouble time: 4.8 days). The planned four

courses of treatrﬁgm'g EoriEgamlPIes l<13 nd 15 were og com leted because of the large tumor volume
that required theawg%%-ﬁé%ﬁ@e&cgﬁample 7 w%;ﬁﬁ%e active than Examples 13 and 15
Y0

against HCT-8 xgppgafts with an inhibitory rate of 65’

anda 142% delay of tumor growth. Example

7 did not produce any PR or CR. With respect to toxigiyy fiha:¥ehicke-Reeduced mild toxicity with the
animal group of idistichtiltiiCA=Bitamor 5 days on anch2daysditiacveel)x 2-4 weeks. WO
2010/042445PCHU82800/089858sTable 103291 Amtitearieriactivity and toxicity of Examples 15, 7, and

ig (s
Adrer € go%lsts
prednisone and equivalents
dexamethasone

ainoglutethimide

Progestins
hydroxyprogesterone caproate

medroxyprogesterone acetate
megestrol acetate

Estrogens
diethylstilbestrol
cthynyl estradiol/ equivalents

Antiesirogen
tamoxifen

Androgens
testosterone propionate

fluoxymesterone/equivalents

Antiandrogens
flutamide

gonadotropin-releasing
hormone analogs
leuprolide

[0289]
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CT-8 ileocecal adenocarc
586) TDT (day)

inoma xenografts Treatment (mg/kg/d)
rtical suppressant

mitotane{o,p - DDD)
ainoglutethimide

Cvtokines
interferon (a, B, v)

interleukin-2

Photosensitizers
hematoporphyrin derivatives
PHOTOFRIN®
benzoporphyrin dertvatives
Npeb

tin etioporphyrin {SnET2)
pheoboride-a
bacteriochlorophyH-a
naphthalocyanines
phthalocyanines

zinc phthalocyanines

Radiation
Xe-ray
ultraviolet light

. gamma radiation

visible light
infrared radiation
microwave radiation

Examples of chemotherapeutic agents that are particularly useful in conjunction with



CR (%) MWL lethality Control-Vehicle 4.8 0.3005.5 1.9 0 Example 15 (5) 40.018.6 7.5 3.500
10.0 3.8 0 Example 7 (30) 65.911.011.6 2500 '

WO 2010/042445 PCT/US2009/059558

radiosensitizers include, for example, camptothecin, carboplatin, cis-platin, daunorubicin,
doxorubicin, interferon (alpha, beta, gamma), irinotecan, hydroxyufea, chlorambucil, 5-
fluorouracil (5-FU), methotrexate, 2-chloroadenosine, fludarabine, azacytidine, gemcitabine,
pemetrexed, interleukin 2, irinotecan, docetaxel, paclitaxel, topotecan, CPT-11, anastrazole,
letrazole, capecitabine, reloxafine, cyclophosphamide, ifosamide, droloxafine, and

therapeutically effective analogs and derivatives of the same.

[0290] Microtubule affecting agents interfere with cellular mitosis and are well known in
the art for their cytotoxic activity. Microtubule affecting agents useful in the invention
inchude, but are not limited to, aliocolchicine (NSC 406042), halichondrin B (NSC 609395),
colchicines (NSC 757), colchicines derivatives {e.g., NSC 33410}, dolastatin 10

(NSC 376128), maytansine (NSC 153858), rhizoxin (NSC 332598), paclitaxel

(NSC 125973), TAXOL® derivatives (e.g., NSC 608832), thiocolchicine NSC 361792), trityl
cysteine (NSC 83263), vinblastine sulfate (NSC 49842), vincristine sulfate (NSC 67574),
natural and synthetic epothilones including but not limited to epothilone A, eopthilone B, and
discodermolide (see Service, (1996) Science, 274:2009) estramustine, nocodazole, MAP4,
and the like. Examples of such agents are also described in Bulinski (1997) J. Cell Sei.
110:3055 3064; Panda (1997) Proc. Natl. Acad. Sci. USA 94:10560-10564; Muhlradt (1997)
Cancer Res. 57:3344-3346; Nicolaou (1997) Nature 397:268-272; Vasquez (1997) Mol. Biol.
Cell. 8:973-985; and Panda (1996) J. Biol. Chem 271:29807-29812.

[0281] Cytostatic agents that may be used include, but are not Hmited to, hormones and
steroids (including synthetic analogs): 17-a-ethinylestadiol, diethylstilbestrol, testosterone,
prednisone, fluoxymesterone, dromostanolone propionate, testolactone, megestrolacetate,
methylprednisolone, methyl-testosterone, prednisolone, friamcinolone, hlorotrianisene,
hydroxyprogesterone, aminogluthimide, estramustine, medroxyprogesteroneacetate,

leuprolide, flutamide, toremifene, zoladex.

10292} Other cytostatic agents are antiangiogenics such as matrix metalioproteinase
inhibitors, and other VEGF inhibitors, such as anti-VEGF antibodies and small molecules
such as ZD6474 and SU668. Anti-Her2 antibodies also may be utilized. An EGFR inhibitor
is EKB-569 (an irreversible inhibitor). Also included are antibody C225 immunospecific for
the EGFR and Src inhibitors.

[0293] Also suitable for use as a cytostatic agent is CASODEX® (bicalutamide, Astra
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12.2 6.8 0 Example 13 (25) 35.7 20.05.6 1.2 8.5 2.9 0 [0330] MTR1: maximum tumor growth
inhibition; | T: tumor doubling time; PR: partial tumor response; CR: complete tumor response; IVIWL.:
maximum weight loss ofé)retreatment body weight. Control group was given 0.2% -
hydroxypror}y%?é'ﬂ‘fm%@ﬁ lose (vehicle) ) at 200 til per 20 g mouse body ﬁ&gﬁ?zﬁ?\?@%% were used
for each experimental group with 10 tumors (in left and right side flanks). [0331] (b) The antitumor
activity and toxicity of Examples 15, 7, and 13 in nude mice bearing HT-29 xenografts. 103321 The
data in thenfshowiightatsiéeshowiasad epgnisnorarviny as ReRier8 T deYicld omediCExample 15,

Example,Z, and BxAmRIa.43 Administeredbto g aysan Rus:R dayseffpeswerk to nude mice

bearing HT-29 xenografts, which is more resistant to most chemotherapeutic agents compared to
HCT-8. Tivdifsatn aicare el AV IRESE CERABLTACHEreTTSre AR BGAME RS MR than HCT-8.
Similarly, Fxampieiidos dagdrast aglive:compannRapargtiliedbrampidihiebikitory rates of 48%

and delayed tumor growth by 50%.(the tumor, dauble ti he contral was s). While
Exampl@@gm@é‘é‘ﬂ%ifﬁ‘ﬁ&ﬂ 18foé?oég?ﬁ%ffﬂﬁﬁ]6055(&&}%?E|tgﬁ3%g?e"sﬁéﬁ8¥{gﬁ’ egﬁégﬁ cifﬁ Bihor growth
delay (delaying:7.6%6 ushiRhe) Lerkpase dnidHixasmplé FDNG RRioro@R was produced by the three

agents. With respect to to_xicity, Example 7 and 13 produced less body weight loss. Example 7 was
more toXR2MhelT 2 Sheipwiime abibitrriparddctortap ITsTIBtenpE firent Witereb,rifei§Rtloss and 40%

lethality. WO 2040/042445RC T S2002/0R 3R 8 akig A3 IRAANHIURAY Actyitkand toxicity of
Examples 15, 7, and 13 in'nude mice bearing human HT-29 colon adenocarcinoma xenografts.
Treatm egﬁc@mm@wq\mwﬁq& of death ligands, thereby reducing the use of these agents to death

ligand-sensitive cancers and allowing the tumor to escape host imniune response. The use of
an inhibitor of NF-xB may be used to sensitize tumor cells to the killing of a death ligand,

such as a TNF polypeptide.

[0295] The TNF polypeptide can be a member of the TNF superfamily of ligands.
Representative examples of TNF polypeptides include, but are not limited to, NGF, CD40L,
CD1371/4-1BBL, TNF-a, CD134L/0X401., CD27L/CD70, FasL/CD93, CD30L, TNF-
B/LT-0, LT-B, and TRAIL. Members of the TNF superfamily are natural proteins that are
implicated in the maintenance and function of the immune system and that can trigger
apoptosis. The TNF polypeptide may be TRAIL, which induces apoptosis mainly in tumor
but not in normal ceils. The activity of these so-called "death ligands” is believed to be
mediated by binding with members of the TNF receptor family, which contain structurally
similar death domains in their intracellular portions. Ligation of these receptors, specific for
each death ligand, trigger activation of a cascade of events resulting in caspase activation.
Representative examples of TNF-R receptors bound by the TNF polypeptides include, but are
not limited to, LNGFR/p75, CD40, CD137/4-1BB/ILA, TNFRI/p55/CI3120a,
TNFRII/p75/CD120b, CD134/0X40/ACT35, CD27, Fas/CD93/APO-1, CD3O/Ki-1, LT-B R,
DR3, DR4, DR3, DcR1/TRID, TR2, GITR and osteoprotegerin.

[0296] It also contemplated that other agents can be used in the place of the TNF
polypeptide. For example, an antibody that mimics the activity of a TNF polypeptide can be
used. Representative examples of such antibodies include, but are not limited to, an agonist
antibody to FAS, TRAIL receptor, or TNFR. In addition, aptamers and other synthetic

ligands capable to activate the corresponding receptors may be used.
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Activity Toxicity (%) MTGI (%) TDT (day) PR (%) CR (%) MWL lethal Control-Vehicle 7.8 0.800 5.6
4.2 0 Example 15 (5) 58.4 6.413.12.30017.9 6.8

WO 2010/042445 PCT/US2009/059558

[0297] 1t also is possible to diagnose whether a twmor in a patient is capable of being treated
by a present carbazole compound. A sample of the tumor is obtained from the patient. Cells
of the tumor then are transduced with a p33 reporter system, such as a p53-responstive lacZ
reporter. The transduced cells then are incubated with the compound. The production of a
p53-mediated signal above controls indicates that the tumor can be treated by the carbazole

compound.

[0298] Figs. 1a and b are plots showing that the present carbazoles inhibit NF-xB
transcriptional activity in TNF-treated cells (Fig. 1a) and a comparison of active

concentration {ECsy values) on p53 activation and NF-xB inhibition (Fig. 1b).

[0299] The present carbazole compounds have significant anti-cancer properties in vitro
(Fig. 2) and in vivo (Fig. 3). Fig. 2 shows the effect of various carbazole compounds on
tumor cells differing in their p53 states after treatment for I hour with different
concentrations of four present carbazole compounds. Cell survival was assessed at 72 hours
by methylene blue staining. Therefore, it is theorized, but not relied upon, that p53 activation
by the present carbazole compounds may not be the primary death-inducing signal, but may

rather reflect a type of cell stress caused by inactivation of constitutively active NF-«B.

[6300] The tumor cells tested were HCT116 colon adenocarcinoma p53 wt (Fig. 2a), MDA-
MB-231 breast adenocarcinoma p353 mut (Fig. 2b), DLD1 colon carcinoma p53 wt (Fig. 2c),
A549 Jung adenocarcinoma p53 wt (Fig. 2d), Cakil renal cell carcinoma p53 wt (Fig. 2e),
HT29 colon adenocarcinoma p53 mut (Fig. 21), H1299 lung adenocarcinoma pS53 deletion
(Fig. 2g), MCF7 breast adenocarcinoma p53 wt (Fig. 2h), RCC45 renal cell carcinoma p53
wt (Fig. 21), ACHN renal cell carcinoma (Fig. 2j), and HT1080 lung fibrosarcoma (Fig. 2k).
The tumor cell tested in Fig. 3 is the HCT116 sc xenograft model.

[6301] The present carbazole compounds analyzed did not induce DNA damage (Table I).
It therefore is theorized, that the cytotoxity of the present carbazole compounds results from a
unique type of non-genotoxic cell stress involving NF-kB suppression to which cancer cells
are more sensitive than normal cells. This illustrates that the present carbazoles are a highly

effective, novel class of anti-cancer therapeutics.
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40 Example 7 (30) 58.517.417.3 48007.6 5.1 0 Example 13 (25)47.6 6.711.71.2 4.4 220
[0334] MTRI: maximum tumor growth inhibition; TDT: tumor doubling time; PR: partial tumor response;
CR: complete tumor response; MWL: maximum weight loss of pretreatment body weight. Control
group was gRertt ¥ ttrdroxypropylmethylicellulose (vehicle) ) at 200 tap&r 25 HEtEEDody weight.
Five mice were used for each experimental group with 10 tumors (in left and right side flanks).
Conclusion [03351 In conclusion, Examples 15 and 13 show moderate antitumor activity, while
ExamplePabdgilbetter antitumor efficacy against both HCT-8 and HT-29 xenografts, [0336] Example 15

was morgipic thaﬁxﬁ%@fﬁplﬂé drRod éﬁpl@s&iﬁ Hi2steishipfRady ink abkertivecie sponsgde most other
chemotherapeutl s, HT-29 xeno ﬁ/ere more sensitive to all three carbazoles compared to

the resp%é& H"i‘g?lé‘g?@%?é% n¥03381 The data shows that Example 7 is a preferred
md-a0 ot and- 1T
CompOV”& i %'{'u'a bpth 'li\f -8 a't—‘é&&d L%‘K‘ﬁfwlf‘:ﬁhkul ps3 Topo I} inhibition | Ames test
localization | staining | activation | phospho | phosphor in n
cells vitro
Compound 180 | cyioplasmic ne 10 no S392 no ligation | negative
Compound 6h | cytoplasmic no no no 8392 ND | lgation ! negative
Example 3 cytoplasmic no no no ND ND | lgation | negative
doxerubicin nucjear | ves yes ves  [S15,46,392] yes | relegation | negative

ND -- not determined

[0303] In accordance with an important feature of the present invention, a three dimensional
(3D) superimposition of conformers of active and inactive carbazole molecules revealed
characteristics of the compounds that contributes to their activity. One important
characteristic is the planarity of the carbazole core. Comparing multiple three dimensional
alignments of the conformers, it was found that in all active carbazole compounds, the
carbazole core region was planar (Fig. 4). Inactive compounds can be planar or non-planar
(Fig. 5). Additional structural studies of compounds having similar atom distributions over
the molecular architecture confirmed that planarity of the carbazole ring area is important in
determining potency of p33 activation by the carbazole compound (Figs. 6 and 7). An active
carbazole, i.e., Example 2, is shown in Figure 6. An inactive carbazole, i.e., Compound 200,

is shown in Figure 7. Compound 200 has a structural formula:
©\ O
N

/N\

[0304] The finding that carbazole compounds able to activate p53 have planar structure led
to an unrelied upon hypothesis that the mechanism of action of these compounds is mediated
via DNA intercalation. It is hypothesized that the correlation between p53 activation potency
and the planar structure of carbazole core reflects an ability to intercalate DNA. To test this

hypothesis, the carbazole compounds were virtually intercalated into the three dimensional
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[0339] In another experiment, the anti-tumor activity of Example 7 in a murine model of neuroblastoma
was demonstrated. The N-myc (TH-MYCN) transgenic mice carry the human N-myc oncogene under -
the control of a tyrosine hydoxylase promoter, which is expressed in neuroectodermal cells during
early developeii®4ittthe mice develop a murine equivalent of human FEHSBR8ERE hese mice
have proved to be an excellent model sharing several important features with the human disease,

including site of the tumor and its metastases, the histology of the tumor, positive staining for
neuroblaBismatastocitden frerkie ModMs) trenpteséhEeibPBhapeesrahdimeurdsdcretory granules,

gains and.losses: of CALAPASAMESITIRAANSSYRIBAIGHIL os% RRSRIVEY RRmaR nerroblastoma,

and the amplification of copy number of N-myc specifically in the tumors which develop. f0340] Modem
chemothBrEFy IR RRIASHRA R ARPIOV EEEHE SHHAV Bt S IR HARS VSR ESAPHBIRESEr, the

developrggrieaf, pHdtrahug esistanseaindheselinigal salingfenneurablasiamaeiswenre bic-tae major
causes of treatment failure aré%gircumventi,ng multi-d%f%rgsistance hff enQrmaus clinical potential.
§ B

Drugs th&gt}g}ﬁeﬁ‘rﬁa%loﬁgﬁ‘?w € ASEH BRSNS hiBRE AOSUTBISTASIBRRA Tl Brovide a new
avenue foféreaibreideretokalsmiédd kil Thedastreults shawed7Har sielJoasqimend efiexample? has a

remarkable antitumor activity.jn this mode] of neuroblastoma,. although high dos roved toxic in
come g AR TR A e G o EVhIe™F LT WA Tamut e ety (2 &
overnightinsome ¢ase) teditdrefonnttdeéathwithesmalbfivesrsandsigrsafidehytivation. Mice that
survived IRIARYYRIB IBOLIRR 21 ALSHRR LU YR RAQA IR |hoNF UL RN mice were not
treated according to the same schedule. Doses were altered according to weight loss. Based on the
results, ERasiopielT thrsibiteiersbB ezt et urrReY ONEPR Htfe S REAFEBIdEEAEI209421 Modem

chemothgtapyhas.diamatically improuscthe survivel ratesfer-mapicaneers piane s, the
development of multi-drug resistance in the clinical setting for neuroblastoma is one of the major

causes oPNéattAEAREIifcndd St AR HRToRTH 90 SIS N5 RGRY clinical potential.
Drugs thattapgeat navel yathways nol previoushhimplicateshin weyrahiaisiwd mabeldpoovide a new
avenue for treatmﬁ t Pr tor%QIs. 1tt03ﬂf3(ilthg]i9/ a%min'stre%tion of ExamRIe? also revents tumor onset in
an MMTVEREU R Q& * GO Gl O MAMMAN CANETO§enesis 054 4] Beadt tancer (BC) is a
serious haatthr garevissiibedtredonhighrinoidéncEwhphisii#Eiymancy and limited success of available
treatments. It is known that the family history of this disease along with several specific genetic factors
with substantial degree of probability Fﬁedispose individuals tﬁ BC. Therefore, women from high BC
risk groups theoretically can benefit frdiq g preventive anti-BE& therapy. The present carbazole
compounds can modulate several cancer 3 athways in a direction that leads to tumor
growth suppression. WO 2010/042445PCR{U520091859558 The compound of Example 7 causes no
serious side effects in mice when administeredﬁherapeutic doses (20-25 mg/kg). Example 7

showed no mutagenic activity in Ames assay. Ip-this study, Example 7 was tested as a preventive
agent for BC in mice. 10345) Animal model: MM TV-neu female mice on the background of FVB strain
express non-activated Her2 proto-oncogeneﬂn MMTYV promoter responsive to estrogen
stimulation. The mice develop spontaneous mammary tumors starting from 24 weeks of age with
70-80% of animals normally developing tumors by 10 months of age. The objectives of this test were

to (a) coniME tudor iesilefdeisntndce Welldd erERhmigiay wsideaidle beftarchoredér), and (b)
compare yeight gain. 28¢ generalaRResrncsHonias reatrdwith Examplesp uehigig control.

103461 Study design: 40 female mice were weaned from breeding parents at 21 days of age and
placed inraspasataekgeledaskEg e irmre Alvhishethhés R iaamrrr sl 28didmedto treatment
or controk@rouRs k40 Mies ieaskaBeaniveiohiin QohmoupsWasomeasysshoraeameek. Starting

from 4 weeks of age, mice from the treatment group were provided with water coptaini xample 7.
Licuid CoGIFBRA T AL AR CO B A BOTAEE SVEHP G BALLtir e

measuremeiitsnliguid biphsymptiongperzgrammnpomadserweiifotwiapositbolaicdsidndhk xavitple 7
concentration in drinking wa as adjusted to desirable therapeutic dose. Fresh.solutions of Example
7 were pr\él}p]grreeaa g&%@ﬁ@.tméﬁv\%‘%ﬂ%ﬁ%{%&%‘ %ﬁ%%%%%gﬂn%gﬁﬁ%@ra%?ﬁ\gﬁ%% %)/? the palpation of
mammarygiasds: Micecuelsavhficatbdirarnvameniendes Peueriiamvinaeddrsizeyreewhed the volume
of 1000 nﬁ%%it;%?ﬁ? Number of mice Targeted dose Delivery mode 1 20 None (water) Daily drinking

~-114 -



2 20 about 25 mg/kg Example 7 | Daily drinking Preliminary results: Mice from the treatment group
were consuming Example 7 at average rate of 20 mg/kg daily. Variability is due to limited accuracy of
drug delivery via drinking water. No differences between treatment and control group were observed in
weight distri%ﬁ?i%%%?‘% ormalities in animal appearance. 103471 In the B6%1 Wfﬁ%’éﬁﬁperiment
several spontaneous deaths occurred in the treatment and control groups. The cause of death was not
clear because the animals had no tumors and post-mortem gross pathology examination showed no
obvious HBMéimalitieseNprretiohihg ofiticesdistitecialtatimd sl attvetsiks mftegehénbedinining of

Example, £, A RIRKaIoh Rutnts G R IIGE.CANRLRIRG died ol o, a8 qliaNaulck a1 and 42

weeks, respectively. Seven mice died in the Example 7 group at different ages ranging from 12 to 45

weeks (ftbhsesheinvie KaesmserBopEgmARYco tise wipl it riihe srebarmbimemmsaagdt fwenty-one

and 19 miggi16aGhedimennsarngRosrimdheconttRkand reatasnt MauRs  rrERectively. Among
them, a tumor was developed in 14 (67%) of control mice and? (37%) of mice receiving Example 7.

(03491 T TRelesHEIRaENds Ta5 ¥R iR BANFSH SR PRBAR Y Mt THAR I Wiater at about 20

mg/kg pergansadsedinechanagesdi) mouse body weight;  (b) a higher death rate in Example 7
treated group versus control group, but the difference was not statistically significant and there was no
correlatigf3egiwédr lengthrand HBatihertquen ddraimeiaathsofmtieeagrdole (ojstilovds, raté of tumor

purden aganauniss tieaiathuih EamRle fyalaumgontiel anials, 113501 frarhazele compounds of

the present invention also'e It antiparasite activity. In particular, the effect of carbazole compounds

on the maiarizephlessitéofacadstetiity ebriaiigbprathsompmyial cidurabierss SBToFRIvEPS in the
presence.gh,ah3eaoakiest F&{&EQQH'&Qﬁxp%ﬁﬂé!%@&?‘vi{‘%&H‘éﬁg@ﬁ&b&@@csﬂ?mma@%wﬂﬁhfespeﬂ to

activating p53) were selected for tested, as vya%guinacrine, a conventional anti-malaria agent. Table 3

summariz¥aide Sl adst i Sompotrden s disehiatH hE ECd SV HHiE H53 activation

assay. WQ12Q:1&/042445BG THNS 2RO O PA5ES halyectohesheomporindsdCampoind Structure EC59,
IAM substituents with good HBA atoms can create hydrogen bonds with DNA atoms. In contrast,
the non-rotated carbazole substituents do not hydrogen bond with DNA, which leads to their

high activity.

[6308] The antitumor activity of Example 7 (Compound 6h) was demonstrated using the
B16 melanoma singenic tumor model as follows. C57BL/6 mice were inoculated
intradermally at 2 sites of the abdomen with 5 x 10° murine B16 melanoma cells. When at
least one of the tumor inoculation sites developed a tumor {average size about 6 mm’),
treatment commenced. Mice were {reated daily by oral gavage for up to 14 days with either
0.5% methylceltulose vehicle control or 30 mg/kg Example 7 (n=5 mice/treatment group).
Tumor measurements were collected by digital calipers every 1-2 days. The effect of
treatment on individual tumors is presented in Figures 8a and 8b. With the exception of one
mouse from Exampie 7 treatment group, no effect was observed on overall mouse weight for
either treatment group (<10% changes). By Day 9, there was an approximately 3-fold
decrease in tumor growth in Example 7 treatment group compared to the vehicle control

group (68% growth suppression).

[0309] To confirm the anti-tumor activity of Example 7, the carbazole compound (390
mg/kg) was delivered orally using the HCT116 xenograft model. In this test, athymic nude
mice were inoculated with 5X10° of HCT116 tumor cells into two sites. 90% of tumors

appeared between the seventh and eleventh days after inoculation. Oral daily treatments with
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30 mg/kg of the compound of Example 7 in 0.5% methylcellulose or a 0.5% methyleellulose
vehicle control began when at least one fumor per mouse reached 20-25 mm” in size. The
mice were treated until control tumors reached 1000 mm®. Following commencement of
treatment, mice were monitored for overall condition, weight loss, and survival, as well as for

the size of tumors measured every other day.

Table 2: Experimental groups

Group | Number | Cell line Treatment Mode of Dose schedute Tumor
of mice administration measurement;
monitoring
1 10 HCT116 0.5% po Onee a day D1-D3,
{control) methylcellutose DE-D12, bis-D19

once wmors reach

20-25 mm’; volume

of 250 ulper25 g
mouse weight

Every other day
once fWwMmors are
visible; daily

2 10 HCTI116 7.5 mg/kg of po Once a day Di-D5, momnitoring;
Example 7 in D8-D12, D15-D19 | mouse weights
0.5% once tumors reach | every other day
methylcellulose 20-25 murr’; volume

. of 250 ulper 25 g
| mouse weight

D - day

[0316] In this test, 100% of the mice in Group 2 survived the experiment. No weight loss
was observed in control vehicle treated group 1, whereas in group 2, three mice lost 15-20%
weight by the end of experiment. The weight of the remainder of the mice in group 2
fluctuated in the range of 95-105% of original weight. No any other abnormal signs were

noticed in mouse appearance, activity, or behavior of group 2.

[0311] In control group 1, HCT116 tumors grew exponentially, as expected with in a
regular deviation between faster and slower growing tumors. In Example 7 treated group 2,
growth of all tumors was delayed compared with vehicle control treated group 1. On day 14
after start of treatment, no treated tumors attained the size of the slowest growing control
tamor (530 mm®). In average growth of tumors, treatment with Example 7 suppressed tumor
growth by a factor of about 3.5 (73% of inhibition) compared to vehicle control group 1.
Importantly, one treated tumor was completely cured, and, on autopsy, only a minimal
connective tissue type formation was found in place of the tumor. The size of several treated
tumors not only increased more slowly than control tumors, but decreased, which is

indicative of tumor cell death and tumor destruction as a result of treatment with the
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103511 Example 2, Compound 400, and Example 7 were tested at 29, 57, and 143 nM
concentrations. Compound 500, Example 18, and quinacrine were tested at 143 nM only. 103521 In
each experiment, 1000 erythrocytes were assessed microscopically to determine the number of
infected cellg(?r%dggfl’i’%f’%xperiments (no test compounds added or PBS 585@3%? ?ﬁfeﬂspg)ﬁesr%entage of
infected cells varied between 1.6% and 6.4%. Infectivity reduction indexes determined in the study are
shown in Fig.12. Potency of p53 activation assay clearly, but indirectly, correlated with the inhibition of
Plasmodiumpfakipafiinamptird. Thicecdnmre wheks wctivve thethespb3 detiveliserisealy ttExamples 2, 7,
and 18) %@r%@é%%ﬁ%x@%mﬂl%@l@%@% %&g&parable to quinacrine. Compounds inactive in the p53

[ 0) sh

activation assay (Compounds 400 and 5 owed no parasitemia reduction. [0353] The compounds
of Examplaszf, 1aaeehdenmisosbayadantiwiairaan aelvyidiumnan Alseniypapesamiasis (HAT)
or "sleeping sickness" is one of the most important, WO _2010?{042445PCT/US 009/059558 but

equally rfSSEREGIRE, Tid i ap S HIRE RIS G R (B PP Bt an! AT SR HESORIE B Teei, which is
transmitteg e ibumansiiron g ttiadpite of Masetseaifiyi{ Gassinafpp) addthengh aeaity eliminated in the

1960s, HAT r eared on an epidemic scale in a pumper, of sub-Saharan areas inhabited by the
tsetse flf%%%?diiggt%mfg Wé‘}fa Eﬁ%ﬁ? X #Bgﬁllazllé%rﬁ? gk%lut 500,000 people currently carry
typanosgines andal die Jfieltantiealed SSIOR MR ASPRCARAIIFLUAT s at least in
part, to a'lack of eﬁﬁ:amous drugsthat can be easily administered. [0354] The drugs currently used to
treat HA Tkl erierafhdaimioulthchagnmimtad v themdls. ‘Sthatnndind Bértarhihfe which are

used to tieal LAy SIROQ AISGARFMTushhe- Nieaias: D auiniGatiPwevesd asesssdriealticlinics is
uncommon in the rural areas of Africa where the_disease is endemic. Moreover, many eEarIy stage

patients 885t SEARB A LTSS Thedya i BRITERE ARt e Santates ik is dgre to poor
screening e§akiiskpapmalinpshaswelinst heivaiialtenitareite it rand valatiieomitd nature of early

stage HAT symptoms. By the time obvious symptoms emerge, patients are often already in the late
stage of Ef?é“ﬁgg’é@eg ?r%éiﬁggﬁ@é? Fgfgpﬁgﬁgeogﬁﬁaﬁ%pe%gl%glI%@r’oublesome because it involves
Injection s'ﬂglarﬁg%%&%%ﬁ%%%‘@%ﬁ%ﬁdﬁ%%%%@%B‘?B‘%@%W?%'Qﬂcg hisdlgaiment isso
painful that many patients refuse treatment and have to be physically restrained and forced to receive
the medidatiormmordovidixamatierdopishrratisibenfichiat waverséedige e g esimtidare death of
5-20% of freatedhaticntahas these deasens. as well as the expected problem of drug resistance,
there is an urgent need to create a pipeline of new, orally bioavailable drugs to take the place of the
current apjpsqted;gmedications: Q32 htastschavershalyndhavihpoaatmpeynids eftlxampias 7, 13, and
15 have remarkable anti-T. brucei activity (low nanomolar 1050) in vitro. Preliminary T brucei
nactat B WSt or R TR TR M e B e S a oty
developméntsicstegedncalisetsellyf drdcell s gstrested!' ifoRiguncHurmanscRitGingiés welle performed
with the HipedstigamAAge ALCRAAIRAGERUSEILS B dlsRasrraung-Aeupiopmental stage.
ere

[0356] Td évaluate five anti-trypanosome activities of Examples 7, 13, and 15, and to
determind wrireeHesauatbiPol L Berradinpbish dmatsamrnsbidled thedparakiperiestd Vitucei was

exposed %ﬁﬂ@ﬂﬂ%%&&%ﬁ@d@éﬁ@%@ﬂ%e@@ BN ARy eRtianal anti-kiach drerg, was used as
a positive control. WO 2010/042445PCT/US2009/059558 [0357] Bloodstream. T. brucei was seeded

(3 x 103 ST IOl KR YE OO bFAE ML AFAPEr AENPBIALET IR LONCERI R BFthe
compoundsi{9:280:M freE xampiendd 20 M farcixamplaut3n 308 Gndthdvdior Heainplead 5) were
added to the cells (duplicate cultures). Control cultures received egual volumes of DMSO. All three test
compoun&lgtggﬁﬁﬁ}écie/gfgﬁf%ﬁﬂ‘gf ﬁaelgfg%lﬁftné”fe bné%aégﬁrseé? ﬁto(%%ﬁrggite@gv@é%j §e gcéé "After 48 hrs of culture
in the presencenfdheddiuys. Contr dlcuues ttestetl VeithpDMED¢vehicle) contained parasites at a

density of 3 x 106/mL [0358] Trypanocidal activity increased in the order Example 7 less than Example
13, whichi§$1é$s Terrempenpie e5ERMPIES0 Valned bf dssdaaimntansatse pHMtani about 0.5

nM, respegfively, Thed G30.0h SuaRIndS-Giaaey, HRnR00aMni Q3591 Therefare, compounds of the

present invention are excellent for develzpment as trypanocidal drugs. [0360] The compound of

Example S e#aeautba f8F AHRePaR AECHHE BT AR et h e BN RS HPNES SiSceptibility
testing wamglaneimeing ©sSoMd27AS and MIBAZ miethodsstonal, clnieat:andiabaraianefungal strains.
In general, the strains selected demonstrat di,f%ere t suscepiihility patterns far current antifungal
g, POV SEEAGRHEH GP L AR RS, B R SHErE L 68 Do CIRc SE 1 Chs bt
neoformans, @nd inPepaffomypks Babseniastiaing e hydestedet@BellbAaspergiliussppestrains: Eight
Aspergillus spp. strains were used throughout the study. Six A. fionigatus, one A. flavus and one A.
terreus also were used. The ,4. fumigatus group icluded two itraconazole-resistant strains (RIT13 and
RIT5 strains) (1), one triazole cross-resistant strain (MUT10) (2, 3), one echinocandin cross-resistant
strain (EMERSG678P) (4), and 2 wild type susceptible isolates (R21 and ATCC13073). The
"non-fumigatus” strains were susceptible to all available antifungal with the exception of the A. terreus

isolate (naturally less susceptible to amphotericin B) (5). [0362] Canclida spp. strains: 20 Candida

spp. clinical isolates and one laboratory control strain (C. alb/cans SC5314) was used in the study. hi
tha enllection ware inchiided: 102R2R1 B C albicanc ienlatee hwo wild fivvne eotrain (SCR214 and ATCC



WO 2010/042445PCT/US2009/059558 [03641 3 C. krusei strains, 1 ATCC control strain_ (ATCC 6258
- CLSI control), and 2 isogenic clinical strains (98 and 100). 100 is echinocand@n cross.reS|stant (8: 9)
[03651 2 C. glabrata strains, one wild type clinical strain (3168), and one_echlnocand|n_9ross-reS|stant
isolate (383 ?1%9)1.“@6?@%1 2 C. tropicalis strains, one ATCC control stralﬁc(jﬂq%@%%ﬁ?%nd one echi
ocandin cross-resistant (T3) (11). [03671 2 C. dubliniensis strains one wild type strain (394_19) and the
other with echinocandin paradoxical effect (M204). [0368] 4 naturally reduced echinocandin

susceptibﬂﬁW@h@@ﬁﬂ@@W@@?ﬂ@%MWﬂb@n SprmetbdsitoRist2a0Gta), C

parapsilogjs (AR CG1 224 GLSHeanal m%e,gwuwe&&d(wé\;fg&%@%ﬁ?&%%}f L(%%ﬁgggthef
Candida spp. and genera: 1 C. rugosa (M83), 1 C. lipolytica (M159), C. lusitaniae : 0)_, 1
prtococé{i‘i%h%%ﬁwa‘ﬁ%s (Oro0 it TIpRn SIS Snyseshinsaridiosrdd Seicaptisiityniosting:

Example A&invitiastiseaniioiiti iestinaiwasspne uging-teednlmbsirndardized.methods,fgr yeast
(M27A3)§§&Qz§nﬂ fgjr molds (M38A2) (15). The MIC (minimum inhibitory concentration) readings were

perfaime IHPHS TR s e I¥FUiets Sl pBBYiAS B R Geath B aapmiest EX%mple 15
Strain Orgefrilsiivfénatyple Phettatypebixanplenife 1 MG, (R4Medn?. SLMAGH A8 N5: 13

Examples 7 and 13 and, to a lesser extent, Example 15 was substantially more than the
Sunitinib control (42%). Interestingly, cessation of treatment with any of the present
compounds did not lead to rapid regrowth of tumor. In contrast, the end of Sunitinib
treatment resulted in immediate tumor growth such that by Day 40, there was no significant

difference in tumor volume observed between the Sunitinib and vehicle control groups.

[0317] In summary, all three carbazoles caused tumor growth inhibition that persisted even
after treatment was completed. The order of potency is Example 7 is greater than or equal to
Example 13, which is greater than Example 15. Treatment with Example 7 caused no
apparent side effects compared to Examples 13 and 15. The severest side effects were
observed with Example 13, where two mice had to be taken off treatment short-term and one
mouse was removed permanently due to weight loss that led to premature euthanasia. Thus,
Example 7 appeared to be the “safest” carbazole in this test. Because Example 15 only
caused 10-15% weight loss that was short-term, this compound was the second safest in this
tumor model. Based on the resuits, Example 7 is a preferred compound with potent

antitumor activity {70-80% inhibition) in the absence of side effects.

[6318] In another test, the antitumor activity and toxicity of Examples 7, 13, and 13, at the
maximum tolerated dose (MTD) in nude mice bearing human HCT-8 ileocecal
adenocarcinoma xenografts, and in nude mice bearing human HT-29 colon adenocarcinoma
xenografts, were evaluated. A comparison of the antitumor efficacy and toxicity of Examples
7,15, and 13 at the MTD side by side against human HCT-8 and HT-29 colon xenografts

also was performed.

f0319] As shown above, Examples 7, 15, and 13 demonstrated antitumor efficacy against
various human tumour xenografts sc in nude or SCID mice (such as HCT-116, DLDI, Cakil
and MDA-MB-231 tumors, with the tumor cells inoculated as a cell suspension in to the

mice). The in vivo antitumor efficacy and toxicity of these three compounds were evaluated
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at their repetitive MTD against HCT-8 (relatively sensitive to chemotherapy, such as 5-FU
and irinotecan) and HT-29 (relatively resistant to chemotherapy) xenografis established in
nude mice by transplanting about 50 mg tumor pieces. In this study, the antitumor effect and
toxicity of the three carbazoles against HCT-8 and HT29 colon cancer tumors were compared
with treatment beginning when the tumor size reached 150-200 mg (about 7 days after tumor

transplantation).

Materials and Methods

{0320] Animals. Eight to twelve-week-old female athymic nude mice (nu/nu, body weight
22-25 g) were obtained from Harlan Sprague Dawley Inc. (Indianapolis, IN) and maintained
at five mice/cage with water and food ad /ibitum according to an institutionally approved

animal protocol.

{0321} Drugs. All three compounds were formulated in 0.2% hydroxypropylmethylcellulose
at concentrations of 0.5 mg/ml for Example 15, 3 mg/ml for Example 7, and 2.5 mg/ml for

Example 13.

[0322] Tumors. Human ileocecal adenocarcinoma HCT-8 and colon adenocarcinoma HT-
29 xenografts were used. The xenografts were initially established by injecting s.c 10°

cultured cells and tumors were passed several generations by transplanting about 50 mg non-
necrotic tumor (2-3 picces) via a trocar from the passage tumors when the tumors reach to 1-

13g

[6323] Drug doses and schedule. All the compounds were given by oral (p.o.)
administration at the MTD with Example 15: 5 mg/kg/day; Example 7: 30 mg/kg/day; and
Example 13: 25 mg/kg/day, 5 days a week for 4 weeks (5 days/week x 5) or until the mouse
had to be sacrificed due to a large tumor. Treatment was initiated 7 days after tumor
transplantation when the tumors reached 150-200 mg. The mice in the control group
received the vehicle (0.2% hydroxypropylmethyleellulose) at 200 pl per 20 g mouse body
weight (same as the treatment groups). Five mice were used for each experimental group

with 10 tumors (1 tumor each in the left and right side flanks).

[0324] Tumor Measurement, Two axes {mm)} of tumor (L, fongest axis; W, shortest axis)
were measured with the aid of a Vernier caliper. Tumor wetght {mg) was estimated using a

formula: tumor weight = Y% (L x W2). Tumor measurements were taken daily at the same
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time as drug treatment and 3-4 times a week of post therapy.

[0325] Maximum Tolerated Dose (MTD) and toxicity evaluation. The MTD was defined as
the highest drug dose that did not cause drug-related lethality in mice with a weight loss less
than 20% of original body weight and toxicities were reversible. The kinetics of drug-induced
toxicities (body weight loss, diarrhea, and lethality) were determined daily for the first 10 days

after treatment and every two days thereafter.

[0326] Antitumor Activity. Antitumor activity was assessed by maximum tumor growth
inhibition (MTRI) which is the mean tumor weight of treated group (MTWTG) compared
with untreated control group (MTWCG) at the same time point (MTRI=MTWTG -
MTWCG) + MTWCG x 100%). The tumor doubling time (TDT) was defined as the mean
time for the tumor to reach twice its initial weight. Tumor response was expressed as partial
tumor response (PR) when tumor weight was reduced at least 50% of the initial tumor size
and complete tumor response (CR) was defined as the inability to detect tumor upon

palpation at the initial site of tumor appearance.
Results

[0327] (a) The antitumor activity and toxicity of Example 15, 7, and 13 in nude mice
bearing HCT-8 xenografts.

[0328] The data in the following table show the antitumor activity and toxicity of vehicle
conirol, Example 15, Example 7, and Example 13 administered p.0. 5 days on and 2 days off
per week to nude mice bearing HCT-8 xenografts. The data indicate that Example 13 and 15
had moderate antitumor activity against HCT-8 xenografts with inhibitory rates of 35-40%
and delayed tumor growth by 17% (Example 13) and 57% (Example 15), respectively,
compared to the vehicle control (double time: 4.8 days). The planned four courses of
treatment for Examples 13 and 15 were not completed because of the large tumor volume that
required the mice to be sacrificed. Example 7 was much more active than Examples 13 and
15 against HCT-8 xenografts with an inhibitory rate of 65.9% and a 142% delay of tumor
growth. Example 7 did not produce any PR or CR. With respect to toxicity, the vehicle
produced mild toxicity with the animal group of individual HCT-8 tumot 3 days on and 2

days off a week x 2-4 weeks.
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Table
{0329] Antitumor activity and toxicity of Examples 15, 7, and 13 in nude mice bearing

human HCT-8 ileocecal adenocarcinoma xenografis

Treatiment Antitumor Activity Toxicity (%}

(mg’kg/d)  MTGI(%) 1TDT (day) PR (%) CR (%) MWL lethality
Control-Vehicle -~ 48+03 0 0 35+£19 0
Example IS (5} 400+186 75+35 0 0 10.0+3.8 0
Example7(30) 6594110 116225 O 0 122+ 68 0
Example 13(25) 3574200 56412 0 0 §.5%2.9 0

[0330] MTRI: maximum tumor growth inhibition; TDT: tumor doubling time; PR: partial
tumor response; CR: complete tumor response; MWL: maximum weight loss of pretreatment
body weight. Control group was given 0.2% hydroxypropylmethylcellulose (vehicle) ) at 200
ul per 20 g mouse body weight. Five mice were used for each experimental group with 10

tumnors (in left and right side flanks).

[6331] (b) The antitumor activity and toxicity of Examples 15, 7, and 13 in nude mice bearing
HT-29 xenografts.

[6332] The data in the following table show the antitumor activity and toxicity of vehicle
control, Example 15, Example 7, and Example 13 administered p.o. 5 days on and 2 days off per
week to nude mice bearing HT-29 xenografts, which is more resistant to most chemotherapeutic
agents compared to HCT-8. The data indicate that all three compounds were more active
against this tumor than HCT-8. Similarly, Example 13 was the least active compound among
the three, with inhibitory rates of 48% and delayed tumor growth by 50% (the tumor double
time for the control was 7.8 days). While Example 135 produced similar tamor growth inhibition
(38%), it had less of an effect on tumor growth delay (delaying 76% vs 122%) compared to
Example 7. No PR or CR was produced by the three agents. With respect to toxicity, Example
7 and 13 produced less body weight loss. Example 7 was more toxic in the HT-29 experiment

compared to the HCT-8 experiment with 18% weight loss and 40% lethality,
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Table
[0333] Antitumor activity and toxicity of Examples 15, 7, and 13 in nude mice bearing

huaman HT-29 colon adenocarcinoma xenografts.

Treatment Antitumor Activity Toxicity (%)

(mgkg/d)  MTGI(%) TDT(day) PR (%) CR (%) MWL lethality
Control-Vehicle - 78408 0 0 5.6+4.2 0
Example 15(5) 584464 131£23 O 0 17.9% 6.8 40
Example 7(30)  585+174 (73+48 0 0 7.6+5.1 0
Example 13(25)  476+67 117+12 O 0 44+22 0

[0334] MTRI: maximum tumor growth inhibition; TDT: tumor doubling time; PR: partial
tumor response; CR: complete tumor response; MWL: maximum weight loss of pretreatment
body weight. Control group was given 0.2% hydroxypropylmethylcellulose (vehicle) ) at
200 ul per 20 g mouse body weight. Five mice were used for each expertmental group with

10 tumors (in left and right side flanks).
Conclusion

[6335] In conclusion, Examples 15 and 13 show moderate antitumor activity, while

Example 7 had better antitumor efficacy against both HCT-8 and HT-29 xenografts;
[0336] Example 15 was more toxic than Examples 7 and 15 in the HT-29 study;

[6337] Unlike the response to most other chemotherapeutic agents, HT-29 xenografts were
more sensitive to all three carbazoles compared to the response observed with HCT-8

xenografts;

10338] The data shows that Example 7 is a preferred compound against both HCT-8 and
HT-29 xenografts.

[0339] In another experiment, the anti-tumor activity of Example 7 in a murine model of
neuroblastoma was demonstrated. The N-myc (TH-MYCN) transgenic mice carry the human
N-myc oncogene under the control of a tyrosine hydoxylase promoter, which is expressed in
neuroectodermal cells during early development, and the mice develop a murine equivalent

of human neuroblastoma. These mice have proved to be an excellent model sharing several
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important features with the human disease, including site of the tumor and its metastases, the
histology of the tumor, positive staining for neuroblastoma-associated marker proteins, the
presence of synapses and neurosecretory granules, gains and losses of chromosomes in
regions syntenic with those observed in human neuroblastoma, and the amplification of copy

number of N-myc specifically in the tumors which develop.

{0340] Modern chemotherapy has dramatically improved the survival rates for many
cancers. However, the development of multi-drug resistance in the clinical setting for
neuroblastoma is one of the major causes of treatment failure, and circumventing multi-drug
resistance has enormous clinical potential. Drugs that target novel pathways not previously

implicated in neuroblastoma could provide a new avenue for treatment protocols.

[0341] The test results showed that the compound of Example 7 has a remarkable anti-
tumor activity in this model of neuroblastoma, although high doses proved toxic in some
mice. Mice treated with 30 mg/kg of Example 7 lost weight rapidly and unexpectedly (2 g
overnight in some case) and were found dead with small spleens and signs of dehydration.
Mice that survived therapy were tumor free for a period extending from 15 to 47 days,
however all mice were not treated according to the same schedule. Doses were altered
according to weight loss. Based on the resuits, Example 7 exhibits good efficacy in the TH-

MY CN madel of neuroblastoma.

[0342] Modern chemotherapy has dramatically improved the survival rates for many
cancers. However, the development of multi-drug resistance in the clinical setting for
neuroblastoma is one of the major causes of treatment failure, and circumventing multi-drug
resistance has enormous clinical potential. Drugs that target novel pathways not previously

implicated in neuroblastoma could provide a new avenue for treatment protocols.

[6343] Daily admunistration of Example 7 also prevents tumor onset in an MMTV-neu

transgenic mouse model of mammary cancerogenesis.

[0344] Breast cancer (BC) 15 a serious health care issue due to high incidence of this
malignancy and limited success of available treatments. It is known that the family history of
this disease along with several specific genetic factors with substantial degree of probability
predispose individuals to BC. Therefore, women from high BC risk groups theoretically can
benefit from a preventive anti-BC therapy. The present carbazole compounds can modulate

several cancer-refated cellular pathways in a direction that leads o tumor growth suppression.
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The compound of Example 7 causes no serious side effects in mice when administered at
therapeutic doses (20-25 mg/kg). Example 7 showed no mutagenic activity in Ames assay.

In this study, Example 7 was tested as a preventive agent for BC in mice.

{0345) Animal model: MMTV-neu female mice on the background of FVB strain express
non-activated Her2 proto-oncogene under MMTV promoter responsive to estrogen
stimulation. The mice develop spontaneous mammary tumors starting from 24 weeks of age
with 70-80% of animals normally developing tumors by 10 months of age. The objectives of
this test were to (a) compare tumor incidence in mice treated with Example 7 vs. vehicle
control (water), and (b) compare weight gain and general appearance of mice treated with

Example 7 vs. vehicle control.

[0346] Study design: 40 female mice were weaned from breeding parents at 21 days of age
and placed in separate cages (4 mice/cage). At this moment, mice were labeled and assigned
to treatment or control groups (20 mice in each). Body weight in both groups was measured
once a week. Starting from 4 weeks of age, mice from the treatment group were provided
with water containing Example 7. Liguid consumption in treatment and control groups was
estimated every day. Based on these measurements, liquid consumption per gram of mouse
wetght was calculated, and Example 7 concentration in drinking water was adjusted to
desirable therapeutic dose. Fresh solutions of Example 7 were prepared weekly. Mice were
monitored once a week for tumor formation by the palpation of mammary glands. Mice were

sacrificed at a moment when cumulative tumor size reached the volume of 1000 mm”.

Group | Number of mice Targeted dose Delivery mode
1 20 None (water) Daily drinking
2 20 about 25 mg/kg Example 7 Daily drinking

Preliminary results: Mice from the treatment group were consuming Example 7 at average
rate of 20 mg/kg daily. Variability is due to limited accuracy of drug delivery via drinking
water. No differences between treatment and control group were observed in weight

distribution or abnormalities in animal appearance,

[6347] In the course of the experiment several spontaneous deaths occurred in the treatment
and control groups. The cause of death was not clear because the animals had no tumors and

post-mortem gross pathology examination showed no obvious abnormalities. None of the
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3949 C. dublinien is WT Susceptible 0.16 0.16 204 C. dubliniensis WT Echinocandin paradoxical
effect 0.16 0.16 M159 C. lipolytica WT Susceptible 0.02 0.08 M83 1 C. rugosa WT Susceptible

WO 2010/042445 PCT/USZ069/059558

mice died earlier than several weeks after the beginning of Example 7 administration. During
the test, three control mice died at an age of about 15, 41 and 42 weeks, respectively. Seven
mice died in the Example 7 group at different ages ranging from 12 to 435 weeks (from 7 to 41

weeks since the beginning of the experimental treatment).

[0348] Twenty-one and 19 mice reached tumor bearing age in the control and treatment
groups, respectively. Among them, a tumor was developed in 14 (67%) of control mice and 7

{37%) of mice receiving Example 7.
[0349] This test showed:

(a) chronic administration of Example 7 with drinking water at about 20 mg/kg per day
caused no changes in mouse body weight;

(b) a higher death rate in Example 7 treated group versus control group, but the
difference was not statistically significant and there was no correlation between length and
treatment period and death of mice; and

{c) alower rate of tumor burden among mice treated with Example 7 versus control
animals.

16350] Carbazole compounds of the present invention also exhibit antiparasite activity. In
particular, the effect of carbazole compounds on the malaria parasite was tested by culturing
Plasmodium falciparum (strain D10) in vitre in the presence or absence of test compounds.
Active and inactive carbazole compounds (with respect to activating pS3) were selected for
tested, as was quinacrine, a conventional anti-malaria agent. Table 3 summarizes the

structures of the compounds, together with their ECsp values in the pS3 activation assay.
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0.1610.66 200450 C. lusi aniae WT Susceptible 0.04 0.16 ATCC6260 C. guillierinondii WT
Echinocandin cross- reduced susceptibility 0.08 0.16 ATCC 22019 C. parap ilosis WT Echinocandin

cross- reduced susceptibility 0.08 0.08 981224 C. orthopsilosis WT
WO 2010/042445 PCT/US2009/059558

Tabie 3. Test compounds

Compound Structure | ECs, uM
.y |
s
Example 2 Cﬁv 0.64
Compound 400 i Inactive
o T
Example 7 J n 0.37
Y
4} [
Compound 500 \/)‘;ﬁj Inactive
{)
i i
Example 18 J - .09
e
'
Quinacrine T
" /C about 5
QO N
i

{0351] Example 2, Compound 400, and Example 7 were tested at 29, 57, and 143 nM

concentrations. Compound 500, Example 18, and quinacrine were tested at 143 nM only.

[0352] In each experiment, 1000 erythrocytes were assessed microscopically to determine
the number of infected cells. In control experiments (no test compounds added or PBS
added), the percentage of infected cells varied between 1.6% and 6.4%. Infectivity reduction
indexes determined in the study are shown in Fig.12. Potency of p53 activation assay clearly,
but indirectly, correlated with the inhibition of Plasmodium falciparum in vitro. Three
compounds active in the p33 activation assay (Examples 2, 7, and 18) demonstrated anti-
malarial activity comparable to quinacrine. Compounds inactive in the p33 activation assay

(Compounds 400 and 500) showed no parasitemia reduction.

{0353] The compounds of Examples 7, 13, and 15 also showed anti-protozoan activity.

Human African trypanosomiasis (HAT) or “sleeping sickness”™ is one of the most important,
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Echinocandin cross- reduced susceptibility 0.16 0.16 2006-113 C. metapsitosis WT Echinocandin
cross- reduced susceptibility 0.16 0.16 20124 Debaryomyces hansenii WT Susceptible 0.16 0.16 499

Cryptococcus neoformans WT Susceptible 0.02 0.08
WO 2010/042445 PCT/US2009/059558

but equally most neglected, tropical infections. It is caused by a protozoan, Trypanosoma
brucet, which is transmitted to humans through the bite of a tsetse fly (Glossina spp).
Although nearly eliminated in the 1960s, HAT has reappeared on an epidemic scale in a
number of sub-Saharan areas inhabited by the tsetse fly. According to the World Health
Organization, about 500,000 people currently carry trypanosomes and will die i left
untreated. The high mortality associated with HAT is due, at least in part, to a lack of

efficacious drugs that can be easily administered.

[0354] The drugs currently used to treat HAT are old, toxic, and difficult to administer in
the field. Suramin and pentamidine, which are used to treat early stage disease, must be
injected in a clinic. However, access to health clinics is uncommon in the rural areas of
Africa where the disease is endemic. Moreover, many early stage patients do not seek
treatment because they are unaware that they are infected. This is due to poor screening of at
risk populations, as well as the variable, intermittent, and relatively mild nature of early stage
HAT symptoms. By the time obvious symptoms emerge, patients are often already in the late
stage of the disease. Treatment of late-stage HAT is especially troublesome because it
involves injection of melarsoprol, an arsenical that literally burns patients on injection. This
treatment is so painful that many patients refuse treatment and have to be physically
restrained and forced to receive the medication. Moreover, melarsoprol has significant
adverse side effects that result in the death of 5-20% of treated patients. For these reasons, as
well as the expected problem of drug resistance, there is an urgent need to create a pipeline of

new, orally bioavailable drugs to take the place of the current antiguated medications.

[0355] Tests have shown that the compounds of Examples 7, 13, and 15 have rernarkable
anti-7. brucei activity {low nanomolar ICsp) in vitro. Preliminary T, brucei inactivation
experiments were performed in vitro. The life cycle of 7. brucei involves a “procyclic”
developmental stage in a tsetse fly, and a “bloodstream” form in humans. All studies were
performed with the bloodstream stage of the parasite, because it is the disease-causing

developmental stage.

[0356] To evaluate the relative anti-trypanosome activities of Examples 7, 13, and 15, and
to determine the concentration of each compound that killed 50% of the parasites (ICs0), 7.
brucei was exposed to a range of compound concentrations. Suramin, a conventional anti-

HAT drug, was used as a positive control.
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*Geometric mean of two repetitions in RM. a Amino acid number corresponding to the C. albicans
equivalent: 103711 Aspergillus spp. Example 15 susceptibilities: The A, flavus and A. terreus strains
are more sensitive to Example 15 than A. fumigatus strains (24hs M1C Geom. Means 0.40 and 1.59
RM, respectV@y§1MBrébver, there were no MIC differences between sustepiBE®A§*a¥ble or
echinocandin resistant strains (Table 1). [03721 Yeast Example 15 susceptibilities: There were no
Example 15 MIC differences between azole- or echinocandin-resistant or -susceptible isolates. On
average, JE&5t MEsoderens- bl riewior tharedespergil oSceppniliGn(Tabletl)s i soplgained for

Example ible orhetter than MICs far conventiopal antifungal drugs. Azole and

echinocar%ﬁgfgii?ﬂﬁ%hg%?g%ngﬁﬁ%g or é?(ggrﬁ%?]ep Tg‘?c{%%%?%ﬁ%%%(‘i%ég‘é‘m&@ P54

Aspergillusvidriiganmpieatiliepd Prenvitfhariyaradavity ekExakigleotbearlih¢AfaoastatnrehHA.

fumigatuscusing Ul devizhilivasean e ailiaisda iz AN wasseleeled beeguse it is one of
atu

the best characterized strains and was the strain used for sequencing the A S.ffjorrﬁ]r%e ggenome. XTT

viability aS8ayRIEhEel tirthecrustpn A T erovatealattiied eBir G8TTY of ehliypeasdhcerefemenadione as
an eleclraFGRUPRY AU RERJSRIRINNSDISEWESE theAunbe L yARlS %J@&lsﬂgd the amount
of XTT redyéztio (/16 . Methods 10374] The same methods previously described in perfotiiiing the XI 1
assay (17‘3 weére udtd: Al293 conidia were plated on Sabouraud BHI slants with chlorarnphenicol and

gentamici ctgn Dickinson, MD), incubated for 7 t da oom temperature, and harvested by
washing tﬁeé%ﬁint%n ith 10 1r§n0lg]p Bvb[g‘%l %&5%(?11 § fhenom éflagg{ﬁﬁﬁ [ﬁ%ﬁb%‘@mﬁéps‘ﬁf%sion then
was passedetirbagisazadedr filidr|Countad ofi sbterma oo aveters-ana i utetsto@.0.x 226 CFU/mI.
Conidia tl{l%é@%@j|k{t€giéiéégii@%%r§ls(%gépﬁg%i£?968% esulfonic acid)-buffered RPM! (pH 7.0). A

stock solution of Example 15 dissolved in DMSO was used. Example 15 was diluted in MOPS-buffered
RPML (pif¥50) (friad-epnsensasinndaliddMSReR %ok addilon o fulgrl sispensions). Following
the addition of drucg![-l'c ntaining medium to each well, the conidial suspension (100 RI) was added (t = 0
h). ContrSPREHCE iWed conidia, medium, and vehicle without drug. Blank wells consisted of
medium it conidia. An.initial experiment using a wide range qf concentrations of Example 15
itnout e fure e S S AR Cot R Ao Ao b ST ArBr G the XTT
assay. PlatasplerbSifculyatedseargiblirarutine Wik Tlasday thea [fdrfarmet aidM 18 agsentially as
previously,desatiecs Sl ma@am% Ardaptaiens A Radk. 0 ion of KT fsigma Chemical, St

Louis, MO) was dissolved in NS (1 _m_g/m 0-mM solution o the elec ron-coupling agent
menadioESIgHACCHEFTRbSraRIbIE apatemsdes@menir tifienzalifinay. 1F00 the N&Juatiworking solution

consisting It Mpnd X1 E apsh2m IS@(_-:;@@Q@imp_[qp@@&gmgj@ég)yrpzﬁggf%ﬁ@?. Fifty microliters

of the coer}Jnation solution was added to each well, and plates were incubated for 2h at 37C. One
hundred MiCAEHETEGE (HE AR R 3thsferred to a new plate, and the optical density at 450

rim (013 as,determined by.using systems Multiskan Plus plate reader. Final
concenté?i%%w%yo@E%%ﬁé&%ﬁé?ﬁ%g%%ﬁa%fe@ﬁﬁaw&?ﬂ% G5 aREPAE st tively. 10375!
Example t5iadantitfintaractiviy dghinet &i@98¢ Thel@E0asasvappuedniabely. 2ibikMiComplete
suppressigh.af ingakaawWiR AGeUIaC rations greater than 12.5 uM, based on
visual ins%ec%én_of the Wellsl*é%%mlg (ir&Ahjl\t:ﬁ?I<l ?\Igg%&m n%gf,%%g QE%O% ﬂsﬁléfgg%.t T&?Jﬁl 2.G.
Garcia-ERTOH; TEERML858 SEHA WidroBiaRroeaizioocsdio 3nss-B:dsinHowiar tF MERISGIODE, Mt J

Antimicra@)Agentsy 28 $50s3s057Ad idokM.(ROEhAq e ?Q%).Aﬁﬂém&&ﬂ%qg%?s’chet”Other’
51:4174-6. [0380] 5.W.J. Steinbach, et al., 2004, Clin Infect Dis., 39: 192-8. [03811 6.G.S.
Garcia-Eff8HS Y AP %ﬁ?ﬁﬁﬂiﬁ%%&eﬁ%‘@%ﬁ%@@ﬁ#d@ﬁ?@?%9@@%‘&3@{‘%{4; gO0s Agstistficrob Agents
ChemothertdaiR6lees 84s{@aBdd «8 AvhphitakktieBaksR006, Antimicrob Agents Chemother, 50:2522-4.
103841 9.J.N. Kahn, et al., 2007, Antimicrob Agents Chet other, 51:1876-8.

[0362} Candida spp. strains: 20 Candida spp. clinical isolates and one laboratory control

strain (C. albicans SC5314) was used in the study. In the collection were included:

[0363] 5 C. albicans isolates, two wild type strain (SC5314 and ATCC 36082), one
echinocandin resistant isolate (M205) (6), and two fluconazole resistant clinical isolates
(3795 and 3184) (7).
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103851 10. J.D. Cleary, et al. 2008, Antimicrob Agents Chemother, 52:2263-5. 103861 11. G.
Garcia-Effron, et al. 2008, Antimicrob Agents Chemother, 52:4181-3. [03871 12 G. Garcia-Effron, et al.
2008, Antimicrob Agents Chemother, 52:2305-12. 103881 13D.S. Perlin, 2007, Drug Resist Update,
10:121-30. 198881 ¥4fifical Laboratory Standard Institute, C.L.S.1., 2008 CHE B8 48). 103901
15Clinical Laboratory Standard Institute, C.L.S.1., 2008, 2nd ed., 28(16). 103911 16J. Meletiadis, et al.,
2001, J Clin Microbiol, 39:3402-8. [0392] 17 Y.F. Brun et al., 2007, Antimicrob Agents
ChemothHi364(5)318041621 §0839311 @arbazntemd sipoutEiefTHe i €38t somesifipamaldo exhibit

antibacterigl, agtivify; oy RAicUIak NG Rife R CAURARAIS SAMPRURAS. Ol Rresent invention on gram
ubti e

§
positive (Bacillus s Is) and gam negative (DH5-a) bacteria was determined by the following

procedurgy gl is stpmsrizedindianesieaandid3t {33943 1hsYiURdest RKalalE the effect of
carbazole compounds on gé)?ﬁr%é and gram(+) bacteria, Equipment [0395] 96 well plate reader (e.g
A

MultiscarfTPSysy/staphisof [ Multichannel pipette 50-300uL range [03971 Filter tips [0398] 96

well plate ming,Costar Cat. No.: 359 3991 100 m I.dishes 104007 Sterile ] il inoculation
oops (FIET5 450 S0 ADTH S AR AR T U RA oL (PaR PP SEPBSH Whkterils
[0402] DHtsseréBistoli< Trath{3) bacteria) [0403] Bacillus subtilis (gram(+) bacteria) [0404] Difco LB

Agar (BD 244510-for DH5-a) [0405] Difco LB Broth (BD 244610-for DH5-a) [0406] Difco Nutrient Broth
(BD 2330086fdr B SuBuhisyieao FIapiF el rredarm 81940 200 0: fortBr suihilishinocandin

paradoxical effect (M204).
{0368} 4 naturally reduced echinocandin susceptibility Candida spp. (12): 1 C. orthopsilosis

(981224), 1 C. metapsilosis (2006-113), C. parapsilosis (ATCC 22019 CLSI control), and C.
guilliermondii (ATCC6260) (13).

[0369] Other Candida spp. and genera: 1 C. rugosa (M83), 1 C. lipolytica (M159), C.

lusitaniae (200450), 1 Cryptococcus neoformans (499), and 1 Debaryomyces hansenii.

[0370] Susceptibility testing: Example 15 in vitro susceptibility testing was done using the
CLSI standardized methods for yeast (M27A3) (14) and for molds (M38A2) (15). The MIC

(minimum inhibitory coneentration) readings were performed at 24 and 48 hours.

Table 1: In vitro susceptibilities of fungal strains against Example 15

Strain Organism Genotype Phenotype Example 15
MIC* | MIC*
{24 hs) | (48 hs)
ATCCI3073 | A fumigatus WT Susceptible 2.56  |5.13
R21 A. fumigatus WT Susceptible [1.28 12.56
MUTI10 A, fumigatus CypSlAp GI38C Triazole cross resistant 10.66 | 1.28
RIT5® A. fumigatus AfuMDR3 and AfuMDR4 | traconazole resistant  {0.66  1.28
constitutively
overexpressed
RIT13°® A. firmigatus ARMDR3 and AJUMDR4 | Hraconazole resistant [ 1.61 1.28
overexpression induced by
azoles plus Cyp51Ap G54E
EMFERS678P | A. fumigatus FislpS678P Echinocandin cross- 1.28 1256
resistant
AFCLF9128 1A flavus WwT Susceptible 0.33 1033
At123 A. terreus WT Intrinsically AMB 0.08 1.28
resistant
SC5314 C. albicans WT Susceptible 0.04 1008
{ATCC36082 | C, albicans WT Susceptible - 1004 1004
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Method Preparation of reagents 104081 To prepare plates for growing DH5-a, combine 40g Difco LB
agar per 1 liter MilliQ water. Autoclave on liquid setting. When the vessel containing the solution is
cool, pour into 100 mm Petri dishes and leave lids slightly off to prevent build up of moisture as agar
gels. Pop bufiB18% #4245t m prior to the agar setting. Store at 4C. 104091Pf3/Brépfa&Stigdium for
growing DH5-a, combine 25 g Difco LB broth per 1 liter MilliQ water. Autoclave on liquid setting to
sterilize. [0410] To prepare plates for growing B. subtilis, combine 23 g Difco nutrient agar per 1 liter

MilliQ watEtAutoclapve ahidigsid settifiglpdddeh vessel contaiBihguibendielution is chod, posinto, 100 mm
Petri dishes and leave lids slightly off to prevent build up of rrsistante as WO
2010/042485PC T/ J“@M@WRRR absg mﬂ 3ﬁie{K1k3|4Rhlpq iAo jsritsiteihe Agdr sefilfy Store at
4C. [041%1% prepars atid ) N i Em@%m‘%@ﬁﬂ?ﬂbn q'#ngn‘h Mﬂter MilliQ
water. AdtiSlave on C' g‘“‘[@r\,u... to 'I"I!I" Preparation-of u,.fglf"ﬂ/“ 21 Twolfalds pfldttohe start
of the cytol%%‘)oxicity as >a yf'ingcgcgﬁlate Eﬂ%zgggé B. subtilis |nt( “IO(C% nt% re%é;?)ondir{?(;I med?a rorr
glycerol Siggks; Alow g grow durmgsthe course of theday cg§slce¥m\glléldn3 §04131;gtreak each
bacterialon the appropriate agar plates using a sterile inoculggiesloop @Qg{ag&w to grow overnight at
37 C in thgbacteria incuhater. 104144 1Jsing a sterile inoculaiieriopp,(Ricka,singlescolamaof bacteria
and inogulate 5 ml of the corresponding media in a 14 ml sndjpoaptithesiGnay overnight (-lob) at 37 C
with shalifid). [0415] [Khérmext day, mdasifesfiéCOD600nm fdictmouldurertssensutd thatbiicteria is in
exponential.growth (0D600nm-0.4-0_8) Cytataxicity assay (1 fﬁﬁl_@’fﬁm Dilute 5 ml cultures of DH%-a and
B. subtili .'2.5@)D6 #r?ﬁ’?@ﬂh“nng mh r\nrrncnnnrlc to-a S‘F@?tﬁ}i‘hﬁ cells/mi Q&M)ﬂ;}ﬁg&ufﬂment
for the experiment (dgpgﬁﬁ’éﬁ[f on thB?]fﬁ]JPr%%ergf) plates) Pl E’J'Sgan‘?ﬁqﬁrfﬁ’i?ﬁseac PR CPQS%-weII
plates ()\'Bfgdéidth e A.I?igbfffﬂié%%vc WPUIIIIICIIL) {0417 ng oo %18 witt-be-ad .HSLU c}lé::b in 3 fold
dilutions 005-50 iV aecRrdmngye Tabie 2 {0418 Chepigds oy testing arg; prepareg; by dilution
of stock solutions in LB Broth or Nutrient Broth for DH5-a and B.qskliilissstudies, respectively. Cells are
treated With 3he final chemisateoncemnations presented in the:seberne below (Tahle 2); Giock
solutionsMi@ made UuginPMSO. Typically, chemicals are madecemisis 20 mM stockesoluiions.
Howevel2¢hisEoncentrdtigrrigielepeidént on the solubility of Segginsihiehemical anél®ctudl Ktock
concentri@fSHSMbist Se polenaineoF experiment. WO 20E6/0ecudbroTyUS2008/0505858 Table 4.
Scheme!of-ap-exper-ental-plate-with-final-concentrations-of.cH Jusceptibility
ATCC 22019 [C. parapsilosis | WT Echinocandin cross- 0.08  10.08
reduced susceptibility
981224 |C. orthopsilosis  \WT Echinocandin c¢ross- 016  {0.16
reduced susceptibility
2006-113 C. metapsilosis WT Echinocandin cross- 016 10.16
reduced susceptibility
20124 Debarvomyces  |WT Susceptible 0.16  |0.16
hansenii
409 Cryptococcus WT Susceptibie 0.02 [0.08
neoformans

*(Geometric mean of two repetitions in uM.

* Amino acid number corresponding to the C. albicans equivalent,

[0371]

Aspergillus spp. Example 15 susceptibilities: The A. flavus and A. ferreus strains

are more sensitive to Example 15 than A, fumigatus strains (24hs MIC Geom. Means 0.40

and 1.59 uM, respectively). Moreover, there were no MIC differences between susceptible

and azole or echinocandin resistant strains (Table 1).

[6372]

Yeast Example 15 susceptibilities: There were no Example 15 MIC differences

between azole- or echinocandin-resistant or —~susceptible isolates. On average, yeast MICs

were 8-fold lower than Aspergillus spp. MIC (Table 1). MICs obtained for Example 15 are

compatible or better than MICs for conventional antifungal drugs. Azole and echinocandin
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Pos Control Neg. Control Carbazole compound (Cpd W, X, Y, Z) (uM) Cpd W 100 ug/m1 ampicillin
DMSO 0.00762 0.0229 0.0686 0.206 0.617 1.25 1.85 5.56 16.67 50 Cpd W

WO 2010/042445 ' PCT/US2009/059558

resistant strains are sensitive for Example 15.

[0373] Effect of Example 15 on Aspergillus fumigatus viability: The antifungal activity of
Example 15 on the Af293 strain of 4. fumigatus using the XTT viability assay were
evaluated. This strain was selected because it is one of the best characterized strains and was
the strain used for sequencing the 4. fumigatus genome. XTT viability assay s based on the
. reduction of the tetrazolinm salt (X'TT) in the presence of menadione as an electron-coupling
agent. There is a relationship between the number of viable fungi and the amount of XTT

reduction (16).

Methods

[0374] The same methods previously described in performing the XTT assay (17) were
used. Af293 conidia were plated on Sabouraud BHI slants with chloramphenicol and
gentamicin (Becton Dickinson, MD), incubated for 7 to 10 days at room temperature, and
harvested by washing the slant with 10 ml of 0.05% Tween 20 in normal saline (NS). The
conidial suspension then was passed through a 100-pm filter, counted on a hemacytometer,
and diluted to 2.0 x 10° CFU/ml. Conidia then were diluted 1:50 in MOPS
(morpholinepropanesulfonic acid)-buffered RPMI (pH 7.0). A stock solution of Example 15
dissolved in DMSO was used. Example 15 was diluted in MOPS-buffered RPMI (pH 7.0)
(final concentration of DMSQO: 2% prior to addition to fungal suspensions). Following the
addition of drug-containing medium to each well, the conidial suspension (100 pl) was added
(=0 h). Control wells contained conidia, medium, and vehicle without drug. Blank wells
consisted of medium only without conidia. An initial experiment using a wide range of
concentrations of Example 15 without added fungus showed that the Example 15 reagent did
not affect optical density in the XTT assay. Plates were incubated at 37°C, and the XTT
assay was performed at 24 h essentially as previously described (16), but with a minor
adaptation. A stock solution of XTT (Sigma Chemical, St. Louis, MO) was dissolved in NS
(1 mg/ml). A 10-mM solution of the electron-coupling agent menadione (Sigma Chemical)
was prepared in acetone and then diluted 1:10 in NS. A working solution consisting of 4.0
ml XTT and 0.5 ml menadione was prepared immediately before use. Fifty microliters of the
combination solution was added to each well, and plates were incubated for 2h at 37°C. One
hundred microliters of the supematant was transferred to a new plate, and the optical density

at 450 nm (ODysy) was determined by using a Labsystems Multiskan Plus plate reader. Final
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100 psiml ampicillin DMSO 0.00762 0.0229 0.06861 0.206 0.617 1.25 1.85 5.56 16.67 50 Cpd X 100
gg/m1 ampicillin DMSO 0.00762 0.0229 0.0686 0.206 0.617 1.25

WO 2610/042445 PCTAUS2005/059558

concentrations of XTT and menadione in each well were 200 pg/ml and 25 uM, respectively.

[0375]

Example 15 had antifungal activity against Af293. The IC50 was approximately 2.5

pM. Complete suppression of fungal growth occurred at Example 15 concentrations greater

than 12.5 uM, based on visual mspection of the wells.
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Carbazole compound of the present invention also exhibit antibacterial activity. In

particular, the effect of carbazole compounds of the present invention on gram positive

{Bacillus subtilis) and gram negative (DH5-a) bacteria was determined by the following

procedure, and is summarized in Figures 13a and 13b.

[0394]

In vitro test to evaluate the effect of carbazole compounds on gram(-) and gram(-+)
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bacteria,

Equipment
[0395] 96 well plate reader (¢.g Multiscan, LabSystems, Inc)

10396] Multichannel pipette 50-300uL range

[0397] Filter tips

[0398] 96 well plates (Corning Costar Cat. No.: 3598)
[9399] 100 mm petri dishes

[0400] Sterile | pl inoculation loops (Fisher 22-170-209)
[6461] 14 ml snap-cap round bottom tubes (Falcon 352059)

Materials

{0402] DHS5-c (E. coli- gram(-) bacteria)

[6403] Bacillus subtilis (gram(+) bacteria)

{0404] Difco LB Agar (BD 244510-for DH5-0)

[0465} Difco LB Broth (BD 244610-for DH5-a)

[0406] Difco Nutrient Broth (BD 233000-for B. subtilis)
[0407] Difco Nutrient Agar (BD 212000-for B. subtilis)

Methed

Preparation af reagents
[0408] To prepare plates for growing DH5-, combine 40g Difco LB agar per 1 liter MillQ
water. Autoclave on liquid setting. When the vessel containing the solution is cool, pour into
100 mm Petri dishes and leave lids slightly off to prevent build up of moisture as agar gels.
Pop bubbles that form prior to the agar setting. Store at 4°C.

{0409] To prepare medium for growing DHS5-c, combine 25 g Difco LB broth per 1 liter

MilliQ water. Autoclave on liquid setting to sterilize.

[0410] To prepare plates for growing B. subtilis, combine 23 g Difco nutrient agar per 1
liter MilliQ water. Autoclave on liquid setting. When vessel containing the solution is cool,

pour into 100 mm Petri dishes and leave lids slightly off to prevent build up of moisture as
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agar gels. Pop bubbles that form prior to the agar setting. Store at 4°C.

[0411] To prepare medium for growing B. subtilis, combine 8 g Difco nutrient broth per 1

liter MilliQ water. Autoclave on liquid setting to sterilize.

Preparation of bacteria
[0412] Two days prior to the start of the cytotoxicity assay, inoculate DH3-a and B. subiilis
into 1 ml of corresponding media from glycerol stocks. Allow to grow during the course of
the day at 37 °C with shaking.

{0413] Streak each bacteria on the appropriate agar plates using a sterile inoculation loop

and allow fo grow overnight at 37 °C in the bacteria incubator.

[0414] Using a sterile inoculation loop, pick a single colony of bacteria and inoculate 5 mi
of the corresponding media in a 14 m] snap cap tube. Grow overnight (~16 h) at 37 °C with
shaking.

[0415] The next day, measure the OD600nm for the culture to ensure that bacteria is in

exponential growth (OD600nm=0.4-0.8)

Cytotoxicity assay (1)
[0416] Dilute 5 ml cultures of DH5-a and B. subtilis to an OD600nm of (.002, which
corresponds to about 2 x10° cells/ml in a volume sufficient for the experiment {dependent on
the number of plates). Plate out 50 ul into each well of X 96-well plates (X=# plates needed

for a given experiment).

[0417] Compounds will be added to plates in 3 fold dilutions from 0.005-50 pM according
to Table 2.

[0418] Chemicals for testing are prepared by dilution of stock solutions in LB Broth or
Nutrient Broth for DH5-a and B. subtilis studies, respectively. Cells are treated with the final
chemical concentrations presented in the scheme below (Table 2). Stock soiutioné are made
up in DMSO. Typically, chemicals are made up as 20 mM stock solutions. However, this
concentration is dependent on the solubility of a given chemical and actual stock

concentrations must be noted at time of experiment.
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Table 4. Scheme of an experimental plate with final concentrations of chemicals

Pos Neg. Carbazole compound (Cpd W, X, Y, Z) (uM)
Control Control —,
100 pg/ml ‘

Cpd W peml VSO | 000762 | 0.0229] 0.0686] 0.206 0.617 | 1.25 | 1.85| 5.56 |16.67 | 50
ampicillin

cpaw | L09BEml L nyen | g00762 | 0.0229) 0.0686 0.206 0.617 {125 | 1.85| 5.56 1667 | 50
ampicillin

cpdx | 1008Fmld bvien | 000762 | 0.0229] 0.0686] 0208 0.617 | 125 | 1.85] 5.56 11667 | 50
ampicillin

/

Cpax | 1008 byen | g00762 | 0.0220] 0.0686) 0206 0.617 {125 | 185] 5.56 11667 | 50
ampicillin 7

cpdy | 1008l e | ooo762 | 0.0220] 0.0686) 0.206 0.617 | 1.25 | 1.85] 5.56 11667 | 50
ampicillin

Cpdy | 100mEml | hyen | p00762 | 0.0220] 0.0686) 0.206 0.617 | 125 | 1.85| 5.56 | 16.67 | 50
ampiciliin

cpdz | PO0BEml L nyisn | 000762 | 0.0220] 0.0686] 0208 0.617 | 125 | 1.85] 5.56 |16.67 | 50
ampiciliin

cpdz | 190REEl Byveo | 000762 | 0.0220 0.0686! 0206 0.617 | 1.25 | 1.85| 5.56 |16.67 | 50
ampicillin

{0419] Each library chemical to be tested requires 2 rows of a 96-well plate, thus 4
chemicals (e.g. W, X, Y, Z) can be tested in one plate simultaneously. In addition to test
chemicals, each plate should include positive and negative controls. As positive control,
ampicillin is used at 100 pg/ml. As a negative control, DMSO is used in an amount equal to

the highest volume of test compound used (~0.25% DMSO for 50 uM).

[0420] Dilutions of chemicals to be added to the plate are made up as 2X concentrations in

appropriate bacteria media and added to corresponding wells in a volume of 50 ul.

[0421] Chemicals are diluted in appropriate bacteria media by three-fold serial dilutions
starting from 50 pM (e.g. 2X of highest concentration (e.g. 50 pM)=100 pM). 300 ul of
highest 2X concentration 1s needed in order to use 1/3 to make 1st dilution and 200 pl media
for all subsequent dilutions. 100 ul of the highest 2X concentration is mixed with 200 ul
media and then 100 ul of the first dilution is mixed with 200 pl of media to produce the next

dilution. This process is repeated until all 10 2X doses are prepared.

[0422] Besides a positive control added in one concentration on each plate, the positive
control of ampicillin is added to each assay run in a full concentration range (3 fold dilutions)
to ensure proper and robust assay performance (estimated by comparison of dose response

curves among runs).

{04231 Following the addition of carbazole compounds to 96-well plates containing
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0.617 1.25 1.85 5.56 16.67 50 [0419] Each library chemical to be tested requires 2 rows of a 96-well
plate, thus 4 chemicals (e.g. W, X, Y, Z) can be tested in one plate simultaneously. In addition to test
chemicals, hguld include positive and negative controls. As iti L .ampieillin is
used at 100%%?§P%§§§‘negative control, DMSO is used in an amount epgﬁﬁgz&%%ﬁgst volume of
test compound used (-0.25% DMSO for 50 uM). [04201 Dilutions of chemicals to be added to the plate
are made up as 2X concentrations in appropriate bacteria media and added to corresponding wells in
a volumebaftslaph! j0621} Clrevsivaldaviee difitebiteap propbidte badtehermedifdoyithree-fold serial
dilutions Saring, fram a2 %.0f HGRESIENCERIAHINE:9-1R01dAFHI0 PM). 300 RI of highest
2X concentration is needed in order to use 1/3 to make 1st dilution and 200 ul media for all
subsequensliltigngs 100 pi of the highest 2X concentration is mixed with 200 p.1 media and then 100
gl of the first dilutjon is mixed with 200 ul of media to produce the next dilution. This process is
repeatec ATl 5 5 HACO A BPeBLN o33 BB GRS A B G BB A e
concentratief®@noaachiplaie;ding pesitive godipehofampititlinsisscidded g ®achiassay 180 in a fUll
concentration range (3 fold dilutions). to ensure.pro robust ass rfQiniance (estimated by
compari B O L RO e
compourdisitdIoawell islateiscdonteininguishetesiaiplate soagentahsigreddehtine BR@visacteria incubator
for 48 hoys. Afte iheinrtbationhe.QRE0AME) far eachwellale:dervelLpiaiasyll be measured.

Data analysis 104241 The average OD600nm of the test compound solutions are compared to that of

the DMS@nantrathydividing the aveiage o DeOYIR aithetast solutionky that of the PMSO control
10010 produce the % DMSO conE{)oI (i.e. % cytotoxicity). The % DMSO control is

and multiplyin COl : 15(

plottod v CbUN AR ORUBRIELG Pt B ASARUGHb SHABSAPLG L Ak b HICare complete,
the raw dasdHior wilithree/funsris 1sed ddpdEblicalCulationsh{0dAa kpbhartdshoessdisishowed that the
carbazole compounds of Examples 15, 7, 4,.12, 13, 17,.and,18 apnd Compound 18c-1 and
Comonat Ha e L SE e o M e B e e e 6 o potencies.
Gram (+)Hactelda Hppehrédvnoreserdiiivevtoatinpresdnticdivadeierspiripouwddain dddition, several
of the carhazale. COMPOUIS, & s BXARISS AR AL & BT MAIS £sel YR Agajnst bacteria than the
ampicillin control. The present carbazole compounds therefore demonstrate a definite antibacterial
activity. WO 2010/042445PCT/US2009/059558 CLAIMS I. A compound having a structural formula:

- 136-



wherein Ra is selected from the group consisting of hydrogen, C1,6 alkyl, C1-6 haloalkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, 012e, N(Re)2, and SRe; alternatively, either le and Rl or NRe and RIi
together with the carbon atoms to which they are attached form a five or six-membered aliphatic
carbocyclic o BétBp8uy#T ring; Rh is selected from the group consisting GLAYERTYeNR3GE alkyl, C14,
haloalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, ORe, N(R72, and SRe, alternatively, either Rh
and Ru or NRe and R6 together with the carbon atoms to which they are attached form a five or
six-membeledalighatic carbocyclic ring or a five or six-membered aliphatic carbocyclic or heterocyclic
ring; Re is selected from the group consisting of hydrogen, C _6 alkyl, Ci_ohydroxyalkyl,
cycloalkyl, heterdcyclbaikybanyd, thetapoasd andi GindyRe, or Re and Rd are taken together to form a
five, six, or seven-membered aliphatic ring, optionally containing an oxygen atom; Rd is selected
from the group consisting of hydrogen(C1-6ealkyl, cyclgadkyl,feterocycloalkyl, aryl, heteroaryl, and

rgrrRthe group consisting of hydrogen, C

1 6 alkyl, cycloalkyl, heterocycloalkyl, ary. or two Re groups taken together with a

nitrogen to which they are attached toRorm ¥ five Nf sixyfiemRéred aliphatic ring; RI, R2, R3, R4,
R5, and Ra, independently, are selected frogs th@@%@{wnsisting of hydrogen, C1.6 alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, halo, ORe, C(z)R&,C(=0)ORe, OC(---0)Re, C(=0)N(Re)2,
C(=0)NReS02Re, N(R52, NReC(=0)Re, ReC(---lgﬁj( e)2, CN, NO2, CF3, OCF3, SRC, SORe,
SO2Re, SO2N(Re)2, and 0502CF3; R7 is selget ©m the group consisting of hydrogen, Cm, alkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl; and nis 0, 1, 2, 3, 4, or 5, or a pharmaceutically

acceptable salt ambyghate i%h@ﬁ@&fed fmn?th@%o%'@&%ﬁ’s@ﬂé’g %/icri?olg\é\ﬁr,'%r&i%ﬁpﬁ, compound has a
general Sg !Jf }%Eg.lalfl%rflr,ng;gltgL?])(yg%ellflalniggozkyi aryl, heteroaryl, OR®, N(R®),, and SR
5 s . s )2, and SR;
alternatively, either R* and R' or NR® and R! together with the carbon atoms to which they
are attached form a five or six-membered aliphatic carbocyclic or heterocyclic ring;

R’ is selected from the group consisting of hydrogen, C,_4 alkyl, C, 4 haloalkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, OR®, N(R®),, and SR*, alternatively, either R®
and R® or NR® and R® together with the carbon atoms to which they are attached form a five
or six-membered aliphatic carbocyclic ring or a five or six-membered aliphatic carbocyelic or
heterocyclic ring;

R® is selected from the group consisting of hydrogen, Cy alkyl, Ci.shydroxyalkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and C(=0)R", or R® and R are taken together
to form a five, six, or seven-membered aliphatic ring, optionally containing an oxygen atom;

R¢ is selected from the group consisting of hydrogen, C).4 alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, and C(=O)R", or R and R’ to gether with the atoms to
which they are attached form a five or six-membered aliphatic ring;

R®, independently, is selected from the group consisting of hydrogen,

Cis alkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, or two R° groups taken together
with a nitrogen to which they are attached to form a five or six-membered aliphatic ring;

R], Rz, R?, R4, R’, and RS, independently, are selected from the group consisting of
hydrogen, Cy. alkyl, cycloalkyl, heterocycloatkyl, aryl, heteroaryl, halo, OR®, C(=0)R®,
C(=0)OR®, OC(=0)R®, C(=OIN(R®),, C(=O)NR"SO:R", N(R®)z, NR°C(=0)R",

RC(=0)N(R®);, CN, NO,, CF;, OCF3, SRS, SOR, SO:R®, SO3N(R%,, and 0S0O,CF3;
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-is CHR4 4r, HC -R7 N. Re Rd wherein Ra is C1_3 alkyl, CIA haloalkyl, C3_3 cycloalkyl, N(Re)2,
or Or, or Ra and R1 together with the carbon atoms to which they are attached form a five or
six-membered aliphatic carbocyclic ring; Rh is C14 alkyl, C14 haloalkyl, C3 3 cycloalkyl, N(Re)2,
or Ole, or le%zﬁ%’%‘dgther with the carbon atoms to which they are até@{gﬁzﬂ? %‘F??ﬁ/e or
six-membered aliphatic carbocyclic ring or a five or six-membered aliphatic ring containing one
nitrogen atom; BY is C1_6 alkyl, C3.5cycloalky, or C1.3hydroxyalkyl; Rd is hydrogen, C14 alkyl, or
C3.3 cycloalkylr bisRe@nsl RétogetheuwibntheisgarnbybraghiciCiheykatecatiaetiot form a five or
six-membered aliphatic_ ring gontainin e nitrogen atom, or Re and Rd are taken together to folin a
Six- or seven-n&%ﬁoecl%:&o%%p}%’aﬁg ri%%g lgép% |%0r?5¥%g%rg&ntaining an oxygen atom, Re, independently, is
hydrogen or Cln 8 8JRyl2.RI s bydrogen or C1..3 alkyl; R2 is hydrogen, hydroxy, or C1.3 alkoxy; R3
and R4, independently, are hvd ; L en, hydroxy, C1_3alkoxy, or halo; R6
is hydrogen, Cii%%%/, afﬁé%l%@) y,%er%%a %%gﬁﬁ%%?égéﬂg%?qglj alkyl;andnis 0, 1, 2, 3,4, or 5,
or a pharmaceutically acceptable salt or hydrate thereof
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WO 2010/042445PCT/US2009/059558 3. The compound of claim 1 wherein the compound has a
general structural formula (Ib): wherein Ra is methyl, ethyl, n-propyl, cyclopropyl, NH(CH3), or
OCH3, or Ra and RI together with the carbon atoms to which they are attached form a five-membered
aliphatic car%ﬁ?ﬂﬂf"ﬁﬁ% le is methyl, ethyl, n-propyl, cyclopropyl, NB{EHSIAEHE3, or Rh and
R6 together with the carbon atoms to which they are attached form a five-membered aliphatic
carbocyclic ring or a five-membered aliphatic ring containing one nitrogen atom; 12." is methyl, ethyl,
n-propyl, isoprdpyl, Thelobupplyal & bipdrokydthgin the dd pevyihrage pemethnyipethyl, or cyclobutyl, or
Rd and Ff’7 toquﬁ'n r with the atoms to which they are attached form a five-membered aliphatic ring
containing one nitrogen atom; or le and Rd are taken together to form a morpholino moiety; a
tetrahydrofuryl moiety; a -N piperidinyl moi ty am0|et50r amoiety; Rl is hydrogen; R2 is hydrogen,
hydroxy, or methoxy; R3 and R4 are ydroen R5 is hydro en, hydroxy, methoxy, or fluoro; R6 is
hydrogen, methyl, methoxy or flu ' g tor 2, or a pharmaceutically acceptable
salt or hydrate thereof. WO 2010 4244 : 59558 4. A compound having a structural
formula: ROR14 R2

wherein R” is Cy.3 alkyl, Ci.4 haloalkyl, Ca.5 cycloalkyl, N(R%)s, or OR®, or R* and R’
together with the carbon atoms to which they are attached form a five or six-membered
aliphatic carbocyclic ring;

R is C4 alkyl, C4 haloalkyl, C;_s cycloalkyl, N(R%),, or OR®, or R® and R® together
with the carbon atoms to which they are attached form a five or six-membered aliphatic
carbocyclic ring or a five or six-membered aliphatic ring containing one nitrogen atom,;

R® is C\¢ alkyl, Cs.scycloalky, or Cy.ahydroxyalkyi,

RYis hydrogen, C,4 alkyl, or C;.5 cycloalkyl, or RYand R’ together with the atoms to
which they are attached form a five or six-membered aliphatic ring containing one nitrogen
atom, or R® and R? are taken together to form a six- or seven-membered aliphatic ring,
optionally containing an oxygen atom, '

R®, independently, is hydrogen or Cy.; alkyl;

R'is hydrogen or C,_; alkyl;

R? is hydrogen, hydroxy, ot C,.3 alkoxy;

R® and RY, independently, are hydrogen or C\_; atkyl;

R’is hydrogen, hydroxy, C,.salkoxy, or halo;

‘ R®is hydrogen, C|.jalkyl, C;.;alkoxy, or halo;

R is hydrogen or Cy_; alkyl; and

nis®,1,2,3,4,0r5,

or a pharmaceutically acceptable salt or hydrate thereof.
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02N 10 R1(CH2)p RI2 CH-R9 Rf-Rg wherein Ri is selected from the group consisting of hydrogen,
C1_6 alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and C(=0)Rh, or Rl and R8 are taken together
to form a five, six, or seven-membered aliphatic ring optionally containing an oxygen atom; R8s
selected fron{ th&@Hl8tid%onsisting of hydrogen, CI-6 alkyl, cycloalkyl, hetBfd&sI8eMessatyl,
heteroaryl, and C(=0)Rh, or R8 and R8 together with the atoms to which they are attached folio a five
or six-membered aliphatic ring; Rh, independently, is selected from the group consisting of hydrogen,
C alkyl, cycloalkyl, Heteronystoatky!,cirh andidretethargnootvd R grenpsl tetkemtagether with a
nitrogen gnvylmgf%%hey are attached to form a five or six-membered aliphatic ring; R8 is selected
from the group ¢ n)s'isting of hydrogen, C1_6 alkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl;
R9, RI, Ril, RI2, RI3, and RI4, indepepdent

ed fr8m the group consisting of hydrogen,
halgi Ole, C(=0)Rh, C(=0)0Rh, OC(=0)Rh,

02NINO2 R1010. R13 R1(CH2)p R12 CH-R8 Jjwherein Rf is C1.6 alkyl; Rg is hydrogen or C
A alkyl, or Rg and R8 together with the atoms tg@h'ﬁgh they are attached form a five or six-membered
aliphatic ring containing one nitrogen atom; [

R

¥

wherein R* is methyl, ethyl, n-propyl, cyclepropyl, NH(CH3), or OCHa, or R* and R’
together with the carbon atoms to which they are attached form a five-membered aliphatic
carbocyclic ring;

R” is methyl, ethyl, n-propyl, cyclopropyl, NH(CH3), or OCHs, or R® and R® together
with the carbon atoms to which they are attached form a five-membered aliphatic carbocyclic
ring or a five-membered aliphatic ring containing one nitrogen atom;

R® is methyl, ethyl, n-propyl, isopropyl, cyclobutyl, or 2-hydroxyethyl;

RY is hydrogen, methyl, ethyl, or cyclobutyl, or R® and R’ together with the atoms to
which they are attached form a five-membered aliphatic ring containing one nitrogen atom;

or R® and R® are taken together to form a morpholino moiety; a tetrahydrofury] moiety; a

N
Q o N
piperidinyl moiety; a moiety, or a moiety;

R'is hydrogen;

R” is hydrogen, hydroxy, or methoxy;

R® and R* are hydrogen;

R’ is hydrogen, hydroxy, methoxy, or fluoro;
R® is hydrogen, methyl, methoxy or fluoro;
R’ is hydrogen; and

nislor2,

or a pharmaceutically acceptable salt or hydrate thereof,
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R9 is hydrogen or C1.3 alkyl; - K is hydrogen, hydroxy, or Ci_3 alkoxy; R11 and 1212, independently,
are hydrogen or C1.3 alkyl; R13 is hydrogen, hydroxy, C,"3alkoxy, or halo; R14 R8 is hydrogen or
Cl.3alkyl;and pis 0, 1, 2, 3, 4, or 5, with the proviso that when p is 2, one of Wand W is different from

ethyl, or a pHaPANCEUESIly acceptable salt or hydrate thereof. 6. The coR§JdUE%810&%4H% 4 wherein
the compound has a structural formula (Jib): 02N NO2 CH-R8 N RI' Re wherein 12.1 is methyl or
ethyl; Rg is hydrogen or methyl or Rg and R8 together with the atoms to which they are attached
form a five-memhered alipbatieinngicgataining:an@mitiagen atom; R8 is hydrogen; and p is 1 or 2, or a
phalinaceutically acceptable salt or hydrate thereof

RQ R14

wherein R is selected from the group consisting of hydrogen, C, alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, and C(=O)R", or R and R® are taken together to form a
five, six, or seven-membered aliphatic ring optionally containing an oXygen atom;

RE is selected from the group consisting of hydrogen, C alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, and C(=O)R", or R® and R® together with the atoms to
which they are attached form a five or six-membered aliphatic ring;

R, independently, is selected from the group consisting of hydrogen,

Cis alkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, or two R" groups taken to gether
with a nitrogen to which they are attached to form a five or six-membered aliphatic ring;

R® is selected from the group consisting of hydrogen, Cy¢ alkyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl;

Rg, Rm, R“, R'? R”, and RM, independently, are selected from the group consisting
of hydrogen, Ci4 alkyl, cycloalkyl, heterocycloalkyi, aryl, heteroaryl, halo, OR", C(=0)R",
C=0)OR", OC(=O)R", C(=O)N(R");, C(=O)NR"SO,R", N(R);, NR°C(=O)R",
NR"C(=0)N(R"),, CN, NO,, CF;3, OCF;, SR", SOR", SO,RY, SO-N(R™),, and OSO,CFs:

p1s0,1,2,3,4 or5,

with the proviso that when p is 2, one of R and R is different from ethyl,

or a pharmaceutically acceptable salt or hydrate thereof.
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7. The compound of claim 1 wherein le is methyl, ethyl, NH(CH3), OCH3, or forms a five-membered
aliphatic ring with R1, le is methyl, ethyl, NH(CH3), OCH3, forms a five-membered aliphatic ring with
R6, or forms a five-membered, nitrogen containing, aliphatic ring with R6, and Rd is hydrogen, methyl,
ethyl, or form$P2itahbered aliphatic ring with R7. 8. The compouHdl 81 herein R1 is
hydrogen or forms a five-membered aliphatic ring with Ra, R2 is hydrogen or hydroxy, R3 is hydrogen,
R4 is hydrogen, R5 is hydrogen or hydroxy, R6 is hydrogen, forms a five-membered aliphatic ring with
Rb, or forms a five-mMambengdunittdgiintanihbrtig @kpbateunghaith RheRlsisdoyaaogen or forms a
five-me Oer%ql rgiﬁ with Rd, and n is 2 or 3. 9. The compound of claim 4 wherein 121 is methyl or
ethyl, Rg |snIT”|1y(?r ge)h, methyl, ethyl, or forms a five-membered, nitrogen containing aliphatic ring with
Rl and R8, or R8 is hydli{,ggen; R9, Iﬁ;,g R", R12, R13, and R14 are hydrogen, pis 2 or 3. 10. A
compound having a strugture formula: CH3 11. The compound of claim 1 or 4 having an EC50 value
for p53 activatiofizd $.35NR4. 12. A compound selected from the group disclosed in
paragraph [0238] herg herapeutically effective amount of a compound of claim 1. 4. or
10, or Compoundgt epieparedion-gila medicament for treating a cancer. 14. The use of claim
13 wherein the cancer i &ele%&g from a cancer disclosed in paragraphs [0270], [0273], [0274] and
[0275] herein. 15. The use of(c & 13 wherein the compound of claim 1, 4, or 10, or Compound 100,
is to be administered in conjuﬁ?&Tﬁﬁ with a chemotherapeutic agent. radiation therapy, a microtubule
affecting agent, a cytostatic atyent, a TNF polypeptide. and mixtures thereof 16. Use of a
therapeutically effective arfount %% a compound of claim 1, 4, or 10, or Compound 100 in the
preparation of awnedigathant fenikeating an inflammatory disease. 17. The use of claim 16 wherein the

inflammatory disgase ig selected, from a disease djsclosed in paragraph [0277] herein. 18. The use of
claim 16 Wherei%%taﬁe%gg?ﬂ%%?f df‘@llg?a‘i fr ,Qcﬁn :S%P%,e ’bﬁ%ﬁ\?‘f@g’% {8 B&MmigtEred in
conjunctiemmavlitd &ndmnfiveesuppressivecdraliphdi®c tisecohaittiesapeuticallyeitestjve amount of a
compound of cl?gm}s]h %T(())re%%r Cg&]ﬁound 100 in the preparation of a medicament for treating a
microbial infection, a protézoan |ﬁf3ect|8ri, or a viral infection. 20. The use of claim 19 wherein the
disease is malaRa. Bhviteeusduiaxhermpeuttatiyeffective amount of a compound of claim 1, 4, or
10, or Compoungk 1004 iR ‘te, REERAFAHRN HE ﬁ;&%%iéggg@gfgﬁ(y@ating a disease or condition selected
from the group cagsisting of the diseases and conditions disclosed in paragraph [0278] herein.

R" is hydrogen, hydroxy, C;;alkoxy, or halo;

R is hydrogen, Csalkyl, or C,salkoxy;

R® is hydrogen or C,_; alkyl; and

pis0,1,2,3,4, 0r5,

with the proviso that when p is 2, one of R and R is different from ethyl,

or a pharmaceutically acceptable salt or hydrate thereof.
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6. The compound of claim 4 wherein the compound has a structural formuia (IIb):

N

!
(CHgjp
I
(EZH"-—RB
N

Fo

Re

wherein R is methyl or ethyl;

RE is hydrogen or methyl or R® and R® together with the atoms to which they are
attached form a five-membered aliphatic ring containing one nitrogen atom;

RY is hydrogen; and

pislor2,

or a pharmaceutically acceptable salt or hydrate thereof.

7.  The compound of claim 1 wherein R® is methyl, ethyl, NH(CH3), OCHj, or
forms a five-membered aliphatic ring with 'R', R%is methyl, ethyl, NH{CH;), OCHj, forms a
five-membered aliphatic ring with R®, or forms a five-membered, nitro gen containing,
aliphatic ring with R®, and RY is hydrogen, methyl, ethyl, or forms a five-membered aliphatic
ring with R’

8.  The compound of claim 1 wherein R is hydrogen or forms a five-membered
aliphatic ring with R®, R%is hydrogen or hydroxy, R’ is hydrogen, RYis hydrogen, R®is
hydrogen or hydroxy, R® is hydrogen, forms a five-membered aliphatic ring with R®, or forms
a five-membered, nitrogen-containing aliphatic ring with R®, R’ is hydrogen or forms a five-

membered ring with RY, and n is 2 or 3.

9. The compound of claim 4 wherein R is methyl or ethyl, R is hydrogen, methyl,
ethyl, or forms a five-membered, nitrogen containing aliphatic ring with R’ and R%, or R® is

hydrogen; Rg, Rm, R! l, R'z, R”, and R'* are hydrogen, pis 2 or 3.
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10. A compound having a structure formula:

CHs
CH;
O N7 N
il |
C o
Sowsndicess
N N &
{ {
(CH2)

(?Hz)z ?Hz 2

N N
CoHs™ “CoHe CoHs™ TCoHg

and

11. The compound of claim 1 or 4 having an ECsq value for p53 activation of less

than about 1.35 uM.
2. A compound selected from the group disclosed in paragraph [0238] herein.

13. Use of a therapeutically effective amount of a compound of claim 1, 4, or 18, or

Compound 100 in the preparation of a medicament for treating a cancer.

14. The use of claim 13 wherein the cancer is selected from a cancer disclosed in

paragraphs [02701, [0273], [0274] and [0275] herein.

o

- The use of claim 13 wherein the compound of claim 1, 4, or 16, or Compound
100, is to be administered in conjunction with a chemotherapeutic agent, radiation
therapy, a microtubule affecting agent, a cytostatic agent, a TNF polypeptide, and

mixtures thereof.

16, Use of a therapeutically effective amount of a compound of claim 1, 4, or 10, or
Compound 100 in the preparation of a medicament for treating an inflammatory

disease.

7. The use of claim 16 wherein the inflammatory disease is selected from a discase

disclosed in paragraph [0277] herein.

18. The use of claim 16 wherein the compound of claim 1, 4, or 10, or Compound

100, is to be administered in conjunction with an immunosuppressive drug.

144



19. Use of a therapeutically effective amount of a compound of claim 1, 4, or 10, or
Compound 100 in the preparation of 2 medicament for treating a microbial

infection, a protozoan infection, or a viral infection,
20. The use of claim 19 wherein the disease is malaria.

21. The use of a therapeutically effective amount of a compound of claim 1, 4, or 10,
or Compound 100 in the preparation of a medicament for treating a disease or
condition selected from the group consisting of the diseases and conditions

disclosed in paragraph [0278] herein.



