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FIELD OF THE | NVENTI ON The invention relates to
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derivatives thereof. The invention 10 is also directed
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BACKGROUND OF THE INVENTION

Fused pyrrolocarbazoles display various
phafmaCOlogical activities. For example, fused
pyrrolocarbazoles are useful for treatment of neurological
disecases or disorders, and some display antifungal,
antimicrobial, or antitumor activity. In some cases this
is accomplished by modulation of neurotrophic responses -
through effects on protein kinase activity (Bexrg et al.
J. Biol. Chem. 267:13-16 (1992)}. Fused carbazoles. and
their derivatives have been isclated from a various
microorganisms, including 5. staurosporeus, N.
aerocoligenes, Actinomadura and Nocardiopsis sp, (Kase et
al., Biochem. Biophys. Res. Commun. 142: 436-440,
{1887})).

Specific fused pyrrolocarbazoles, such as
indolocarbazoles, which have been characterized inciude
the following: staurosporine and rebeccamycin (Moody et

al., supra); K-252a, K-252b (Kase et al., supra); K-252c



(al so cal l ed staurosporine aglycon) (Mody et al.,
supra), K-252d and derivatives thereof (published
Japanese patent applications 60-257652, 60-295172,
62-327858, 62-327859, and 60-295173). K-252a, K-252b,

kwaesseegl K-252d are 5 insoluble in water (Nakesiosdnsrors
et al., J. Antibodies, 34:1066, (1986)). In general,

fused pyrrol ocarbazol es display_very |ow water
soI ubi lity. Dry pharmaceutical preparations (dragees,
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of their low oil solubility.

25 SUMMARY OF THE INVENTION
Accordingly, one object of the present invention is
to provide particle-forming compositions containing fused
pyrrolocarbazoles or derivatives thereof. Particularly,
the compositioné of the present invention are non-agueous
30 and contain an amount ofi surfactant syfficient to make a
fused pyrrolocarbazole or a derivative thereof particle-
forming.
It is another object of the invention to provide a

stable suspension that comprises suspended fused



-3 pyrrol ocarbazol e-containing particles that greatly

i nproves bioavailability upon oral admnistration. It

i s another object of the invention to provide a
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present invention with an aquepus nedium It is
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I nindeREederred enbodi ment, the fused pyrrol ocarbazol e
has Forrmula |: WD 2005/ 051958 PCTQUS%OO4/ 37928 -4
G-XAW ‘A TﬁeSFRgﬁliﬂ‘ _gt]@a@ céa:r_ec'(t@t)ﬁa ich will become apparent

during the following detailed.description, have been.
15 achieved by the inventor's discovery that fused
pyrrolocarbazoles and derivatives thereof can be
Formilated with suitable concentrations of one or more
gurfactants to make a non-agueocus, particle-forming
composition, wherein the composition spontaneously
20 disperses into guspended particles upon contact with an

acqueous medium.

DETAILED DESCRIPTION OF THE INVENTION
Thus, in a first embodiment, the present invention
25 provides a non-agqueous, particle-forming composition
comprising a fused pyrrolocarbazole and a surfactant. In
a preferred embodiment, the fused pyrrolocarbazole has

Formula I:



Q Z R or a stereoisoner or pharmaceutically

acceptable salt form thereof, wherein: 5 ring B and

ring F, are independently selected from a) an
unsat ur at ed 6-nenbered carbocyclic aromatic ring in
whviocdodososs 1 to 3 carbon atons may be repl acedriy004/037928
nitrogen atons; 10 b), an unsaturated 5-nenbered
carbocyclic aromatic ring; ang-c) an unsaturated

5- menbered carbocyclic aromatic ring in which either:

1) one carbon atomis repl aced 'th an oxygen, 15

nitrogen, or sulfur; 2) two garb
with a sulfur and a nitroge
nitrogen, or two nitrogens;
are replaced with thr 20
sel ected from a)Flh

on atons are repl aced
Ah oxygen and a
: three carbon at ons

-CH(R1) - (=0 - N(R1) - - e=0) - CH(Rl) 25
Z1 and Z2, at each occurrenc\e,a are i ndependently
selected fromH H H OR B, SR H NR2; and a
group wherein Z1 and Z2 together forma noiety

selected from=0, =S, and :NR”\Mtr1the provi so that
at

| east one of the WO 2005/ 051958 PCT/ US2004/ 037928

-5 pairs.Z1 and Z2 form=0; Ris selected fromH,
suhsﬁiaLﬁﬁaiemasumsmbefiphammhqﬂdqmcalﬁavEngept@Mﬂq_a&iﬂiform
carkl_l5 y haV|ng from1l to 4 carbons, °
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Rl Ria 0(CH2) PNR1oRl a
ring B and ring F, are independently selected from:

a) ant unsaturated 6-membered carbocyclic aromatic
ring in which from 1 to 3 carbon atoms may be
replaced by nitrogen atoms;

b). an unsaturated 5-menmbered carbocyclic aromatic
ring; and

c) an unsaturated 5-membered carbocyclic aromatic
ring in which either:

1) one carbon atom is replaced with an oxygen,
nitrogen, or sulfur;

2) two carbon atoms are replaced with a sulfur
and a nitrogen, an oxygen and a nitrogen,
or two nitrogens; or

3) three carbon atoms are replaced with three
nitrogens;

G-X-W is selected from:

a) -(z'z%)c-N(RY)-C(2'Z%) ~;

b) -CH(R!)-C({=0)-N{(R")-; and

c) -N(R*)-C(=0)-CH{R")-;

7l and 7%, at each occurrence, are independently selected
from ¥, H; H, OR; H, SR; H, N{(R),; and a group wherein

7' and Z? together form a moiety selected from =0, =S,

and =NR; with the provigo that at least one of the



5 CH2), 10R b, substituted or unsubstituted aryl al kyl
having from6 to 10 carbons, and substituted or
unsubstituted heteroarylalkyl; Rl is selected

i ndependently from a) H, substituted or unsubstituted
awbybosmawssng from 10 1 to 6 carbons, substitpteUsioed/037928
unsubstituted aryl, substituted or unsubstituted

arylal kyl, substituted or unsghstituted heteroaryl,

and substituted or 15 unsubstituted heteroaryl al kyl ;

b =0 O NHRi b, NRLCRla,
()CH% pgiﬁ%ﬁz %*&?kbf"%ﬁ"o zCHz) pORI b and 0
( CHkz YispNRILeREad BOOR B, | sibsdlidsited PFOWNSWRSES FHResh adivl

unsubstiagﬁeter@}&wl toSléSb%Ekaﬁgd O, Lmﬁwa@tlhb%ag from 1

arvyl ;
st T ool GrohmRbad o0 B wymwaifrﬁﬁg SRR,

carbonsy (28, )Rbﬁuan@uﬁlsalaﬁ@e@agﬁ uﬂgiﬁma@aﬁbayarylalkyl
sel ect ed from H, substituted. or unsu stltut al k¥l

havi ng PRBHY $%P@ & &4 BOnSATRABS A TRAIGYRF

the forﬂﬂlgabéQ‘gﬁtze&(Ihe(t@tdoa):?ialkﬂ S sel ect ed from
30 R2.is 3s_el ected fromH SO02R2a,

COfRZé'tS ﬁf%ﬁ@‘gmr&’( R4 alkyl of 1-8

car bonsa) al kﬂnyd;uhizftﬁ:xﬁe@alobonsﬁubatklwtyéd @flx318having from

car bons, e al | b KERY, %&Q:b%'t@éﬂ)%d
10's unsubstl J%st %%EZ) Séé%ﬁlg‘llﬁy@,éral enyl, and
al kynyl argl WO 2005/ 051958 PCT/ US2004/ 037928 -6
‘gsubstituted or unsubstituted arylalkyl, !

85

substituted
or unsubstituted hetercaryl, and substituted or

15 unsubstituted heterocarylalkyl;
b}  C(=0)R';
) OR'P;

d)  C(=0)NHR'™, NRR*®, (CH;) NRR'?, (CH,),OR™,
0 (CHz) gOR'® and O (CHj) NR@¥RM;
20 R¥™ is selected from substituted or unsubsgtituted alkyl,
‘ substituted or unsubstituted aryl and heteroaryl;
R is selected from H and substituted or unsubstituted

| alkyl . ' '

having from 1 to 6 carbons;

25 R and R are each independently selected from H,
substituted or unsubstituted alkyl having from 1 to 4
carbong, and a linking group of the formula
~ (CHz) 2~X"- (CHz) 2—;

X' is selected from -0-, -S-, and -CH;-;

30 R Jis selected from H, SO;R*®, COR™, C(= O)R"a,_ C(—O)NRch‘LZd,;}

and alkyl of 1-8 carbons, alkenyl of 2 8 carbons,

alkynyl of 2-8 carbons, wherein:
1) each alkyl, alkenyl, and alkynyl is
unsubstituted; ox

35 2) each alkyl, alkenyl, and alkynyl is



substituted with 1-3 R5; R 2a is selected from al kyl

of 1 to 6 carbons, aryl, OR2b, CONH2, NR2cR2d,

(CH2) PNRcR2d, and O(CH2) PNR2cR2d; Rzb is selected from
H and substituted or unsubstituted 5 alkyl having
fworndsnses$ carbons; R2 and R 2d are each PCT/US2004/037928
i ndependently selected fromH, substituted or
unsubstituted al kyl having from1l to 6 carbons, and a

l'i nki ng group of thefornulal -(CH2) 2- X1- (CH2) 2-; RS

‘and R4, at each o¢ rr dently sel ected
S B S

from a) H, aryI

CN, CF3,

NO2z22 G, s TRt <@ euz)rpumkmzof 103(c=®) mb@@gmpmumf

ﬁlglg(c%%ﬁﬁl%@fmw%@%ﬁ R%‘ékingﬁ?iRﬁ%Z CD2RI10,

C( =0 RDs <=tk FROD B ERENORIg:it mounspbﬁz}tuted

PN

S( 07y

2 , (CH2) pNHRL4 , and 20 CH=ENNR'RL2 : d)
. (CH2) pS(0) YRO , CH2S(0)' RL4; e) al kyl having

from 1 h@vgngtafmsl = Kef@rPREFing from2 to 8
carpong, s atd ALKVayEn NBYidndche1d s6BEHOaS, exhegi n

25 1) each al kyl, al kenyl, or alk

unsubst FEBEEHEIERA 9T amsyRgtigrte I%L]ﬁa %%Flr’aﬁ o L to 6

group i &arﬁé&b:.sl 44 ed WdKink b@oﬁp%f R i fosellect ed ‘

fromaryl VI ng L 6 to 10 carbons, 30 heteroaryl,
WSF

1Gryl al ko>§ Hef.&er

04l koxy, 1 hydroxyal koxy,

al kg ama a‘f kaxy edupdoaxyai-kyté hiare ialdepepdanicliit Bebected
F, O, Br, I, ON N2, OH OR9, X2 (CH2) pNRI1R12 ,
X2 (CH2F PR (=0) NRL1R12 .
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a) H, aryl, heteroaryl, F, Cl, Bx, I, CN, CFi;, NOz,
OH, OR?, O(CH;) NRMR'? , 0C(=0)R’, OC(=0)NRYR',
0 (CHy) gOR*?, CH,OR'?, NRU'RY?, NRS(=0),R’, and
NR®C (=0)R%;

b)  CHORY;

c)  NRUC(=0)NRMRY, CO,R'®, C(=0)R®, C(=0)NR™R?,
CH=NOR™, CH=NR'®, (CH;) NR™R'?, (CHz) NHR', and
CH=NNR11R12;

d)  S(0)yR®, (CH)pS{0)yR® , CH,S(0),R™

e) alkyl having from 1 to 8 carbons, alkenyl having
from 2 to 8 carbons, and alkynyl having 2 to 8
carbonsg, wherein
1} each alkyl, alkenyl, or alkynyl group is

ungubstituted; or
2) each alkyl, alkenyl, or alkynyl group is
substituted with 1 to 3 R;

R® is selected from aryl having from 6 to 10 carbons,
hetefoaryl, arylalkoxy, heterocycloalkoxy,
hydroxyalkoxy, alkyloxy-alkoxy, hydroxyalkylthlo,
alkoxy-alkylthio, F, Cl, Br, I, CN, NO;, OH, OR’,

%2 (CHp) pNRM™RY, X% (CHz),C (=0)NR™R*?,

%% (CH,) gOC (=0)NRMR™, %% (CHz)pCO-R®, X*(CHa)pS (0)R’,

%% {CH, ) pNRIOC (=0) NR*R'?, 0C(=0)R®, OC(=0)NHR',



X2 (CH2) pOC (=0) NR11R12 , X2 (CH2) pCO2R9 , X2 (CH2)
pS (O yR9 , 35 Xz(CH2)PNR1OC(=0) NR11RI 20C(=0) R9,

OC(=0 NHR10 WD 2005/ 051958 PCT/ US2004/ 037928 -7
O-tetrahydropyranyl, NR11R12, NR10C(=0) R9, NR10CO02R9,
NROQGHsAE)obRY . R12 NHC( =NH) NH2, NR10S(O) 2R9, S( ey/iB82004/037928
CO2R10, C(=0)NR'Rl1z C(=0)R9, CH2OR 10, CH=NNR11R12
CH=NOR10, CH=NR9, CH=NNHCH( N=NH) NH2, S(=0) 2NR11R12 5
P(=0) (OR10) 2, OR14, and a nonosaccharide having fromb5

to 7 cayhons wherebhr-aagh, ety ngreurodk® f her''co.r®,

nonosacchari de i s.inde endentl eith unsupstituyte
or is r@%ﬁ%&e@@iﬁﬂf gﬁ Nﬁg{‘ﬁ(f) @%%45(0% g

igr bons(lj%@hkylcqagob@]p%fﬂlgé%y (?(aalo)m@ , feayor2? 1 m}&mm‘bé‘ﬁg,

or a oxy .havi ng_f,rom. o on 3

S or R0 i S et S o et

5 unsubstptiﬁ)em}&Pkyl er® ofant- 3 manbsmchaﬁjﬁiéz)haarmg from 5
substitut | ene, of 1-3 ¢ ons. 4 ,
S o) Y ahycerond Tapeeyn ot &) By SRRty
C( ORL 1)m66rRiS'|E)C: cl’@(r—"—ﬁ)ECITI(s RiSfiep@Mie1B)LCe0her GERIDFRI tuted

cszc:H2°l“2 S Betha LR K)ok frm]%w%gz?m‘h% ‘s

C (=0) qa@qnmomkylcaahanykm RV ing sfé'IOéthe&Of BofinEpons,

S02R2a, o LOZRA.y Redn Gr (£0)o NRLGRiRnsand al kyl
10 Jf 8 clg?%ons %aéggb ofm2 8 carobons alnlfynyl of

2 & ch¥ bonsS e i 25 1) each al kyl, al kenyl, and

aI r_ﬁgl sk3eclBgUbsiht uted; 2) each al kyI , al kenyl ,
gnyL I S substituted with 1-3 R5; or
aI tern

veI iwhen Qis NR6 or C(R10)2, R6 or one Rl
joins BP widh Rdrethenged alkylene of 1-3 carbons;

15 3) a substituted alkylene of 1-3 carbons;
4) CH=CH, CH(OH)CH(OH), O, S, S{(=0), S(=0)., C(=0),
C(=NOR'), C{OR™) (R**), C(=0)CH(R*¥), CH{RP)C(=0),
C(R®),, C(=NOR¥)cH(R'?), CH(RY)C(=NOR'), CH:Z,
%-CHz, CHpZCHy;
20 % is selected from C(R'YM) (ORY™), 0, §, C(=0), C(=NOR'), and
NRJ';; .
RS is selected from H, SO.R*®, COR*®, C(=0)R?*, C(=0)NR'°R,
and alkyl of 1-8 carbong, alkenyl of 2-8 carbons,

alkynyl of 2-8 carbons, wherein:
25 . . 1) each alkyl, alkenyl, and alkynyl is .
ungubstituted;
2) each alkyl, alkenyl, and alkynyl is
substituted with 1-3 R®; or
alternatively, when O is NR® or C(R),, RS or ome R joins

30 with R® to form:

R’ Y R®

(CHE)QJ /(CHz)n



R7-~rY'~-Rs (CH2\ ,JCH2)n J WO 2005/ 051958

PCT/ US2004/ 037928 -8 wherein R7 and R8 are each

i ndependently selected fromH, OH alkyl having from

1 to 6 carbons, alkoxy having from 1 to 6 carbons,
swbsbdstogieggl or unsubstituted 5 aryl al kyl havi pgr/fisomiG792s
to 10 carbons, substituted or unsubstituted
heterparylalkyl, (CH2) pOR10 (&£H2) pOC(=0) NR11R12, and
(CH2)i, NR11R ' z; or R? and R8 together forma |inking

gro of the fo d
“'i#) ﬁﬁs sérect ea fr%ng%?xké%%?wsﬁégfétgg b 5,

caKths (C}E)raryl and (CH2)rheteroaryl; R'0 is
sel ect ed gﬁ%) o3V B9 6f EQ%Qm&O £ ®B%ing from

( CH2) ra?‘y

eteroaryl; 15 and 2, at

each ocautpeﬁcearbﬂnﬁn ﬁﬁ@ﬁéﬁ@éﬁ?ﬁy°§eP%%WQﬁquqqﬁ% 1)

- ( CH2) oupguberpygted Ztﬁbﬁr%ré’éﬁél‘%’

T and Sgggggiﬁf%ﬁl Flst st %eﬂoa&gmboﬁ@,vmﬂgnstﬁmﬁéd or
ca or 2

ons 1 and_R12 id ?

P@R s N( RLO)

, N+ (0 ():HQROCQLO)NM@F&O)and aod,) SEPR?I b5 sel ected

omth oup conS|st|ng b
Lf o e R e S0 L P80 S G (E50 S
C( (l\iz (N:E BOiI)Z)X?’—N(HBJJ) CE(SRE)Z3 N( SE OOg y(R9R)1 5 N(S(O yNR*R12) ,
0 CH CH
an &1 605%3&0)&% @ (=0 R9) R13 |fc,o;2e| eé?e%
fromﬂ ajek)slelbauedgffmm)mmcylo naviagbdnso 6aggibongd (CHa)raryl
aryl al k% q&hg)grheg:ggbgrlg?' 14 car bons;
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R is selected from H, alkyl having from 1 to 6 carbons,
(CHg) caryl and (CH;) heteroaryl;

R and R, at each occurrence, are independently selected
from:

1) H and gubstituted or unsubstituted alkyi having
from 1 to 6 carbons; oOr
2} R™ and R together form - (CHp)p-X'-(CHj)z-;

v ig selected from O, S, N(R'Y), N'(07}(R*), N(OR'), and

CHz; _

T is selected from the group consisting . of a bond, O,
cH=CH, S, C(=0), CH(ORYM), N{(R'"), N(OR'®), CH(R"R'),
C(=0)N(R"), N(RY)C(=0), N(S(0)yR°), N(S(Q),NR"R™),
N(C(=0)RY}, C(R¥R'Y), N'(07) (R'®), CH(OH)CH(OH), and

. CH(0(C=0)R’)CH{OC (=0)R’) ;

R is selected from alkyl having from 1 to 4 carbons,

aryl,
and arvlalkyl having from 7 to 14 carbons;

R is the residue of an, amino acid after the hydroxyl
group of the carboxyl group is removed;

RY and RS, at each occurrence is selected from H, OH,
C{=0)RY, 0(C=0)}R’, alkyl-OH, and COR'’;

R is selected from the group comnsisting of H, alkyl,

aryl, and heterocaryl;



30 R14 is the residue of an amno acid after the

hydr oxyl group of the carboxyl group is renoved; R15
and R16, at each occurrence is selected fromH, OH,

C(=O R10, Q(C=0)R9, al kyl-0OH, and CO2R10; R17 is
swibeodsadiskg om t he group consisting of H, al kykb¢T/u8H04/037928
aryl, and heteroaryl; WO 2005/051958 PCT/ US2004/ 037928
-9 mand n are independently selected fromO, 1, and

2; p is independently selected from1, 2, 3, and 4; r
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10 Sel dobaennbb oAl ke reRduRiSTangd. R16 are
i ndependently selected fromH, alkyl, OH CH2CH,

al koxy, and CO2al kyl. In 1ertiﬂn e(\sen nore preferred

li-a

In certain more preferred embodiments, z' and Z*® are

H, B’ and R® are selected from H, alkyl, Cl, Br, CH,OH,

CH,S0CH,CH3, CH3;S0,CH,CH;, NHCONHCgHs, CHzSCH,CH;z, CH5CsHs,
15 WHCO;CH;, CH,0OC {=0)NHCH,CH;, N{CHz),, CH=NNH, CH,N(CHz)a,

CH,0CH,CH;, R’ is selected from H and-alkyl, and R™ and R'®

are independently selected from ¥, alkyl, OH, CHyO0H,

alkoxy, and C0,alkyl. In certain even more preferred

embodiments, the fused carbazoles are indolocarbazoles as
20 set forth in Tables 1-A and 1-B.



enbodi nents, the fused carbazol es are indol ocarbazol es
as 20 set forth in Tables 1-A and 1-B. WD 2005/ 051958
PCT/ US2004/ 037928 -10 In certain preferred

enbodi nents, the particle- form ng conposition further
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20 solvent is selected from propylene glycol, propylene
carbonate, dimethyl isosorbide, and polyethylene glycol

(PEG). In othexr preferred embodiments, the antioxidant is

selected from ascorbic acid, a fatty acid ester of
ascdorbic acid, and butylated hydroxyanisole.
25 In certain preferred embodiments, the fused
pyrrolocarbazole is present at a concentration of about 1
to about 300 mg/ml. In certain more preferred
embodiments, the fused pyrrolocarbazole is present at a
concentration of about 1 to about 100 mg/ml. In certain
30 further more preferred embodiments, the concentration is
about 1 to about 50 ﬁg/ﬁl.

In certain embodiments, the composition is a semi-
solid or solid at room temperature. In certain more
preferred embodiments, the semi-solid or solid is in the

35 form of a capsule or tablet.



about 1 to about 50 ng/m . In certain enbodi nents, the
conposition is a sem- solid or solid at room
tenperature. In certain nore preferred enbodi nents,

the sem -solid or solidis inthe 35 formof a
capdsdsees t abl et . WO 2005/ 051958 PCT/ US2004/ 837/824804/037928
-11 In anot her enbodi nent, the present invention

provi des a stable suspension_p{_fused

pyrrol ocarbazol e-containing particles in an aqueous
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conpr P§?ﬁ@rr%%)m%‘%@oIt@@nﬁaétf-ﬁ%%“df%]ﬂf%ﬂ SCTPRFFG-8% wS

a NEBn:AGHEQUS: th GH GoeeBhial REAgum SHITAEEANt ThhadBther
amount _from about 2096to %rea er _than 99% to.forma

13ar PrEFerF e ity ioborihss PRE 6R S Ento o8 7% ) S TRRSALLP ﬁ‘gls

t hecpathéet@- DM 430 a@;@@]@@gn feanuwi ih varo aqueous .
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enbodi meh®, 2R SUSE %ﬁ ?%Vﬁﬂggﬂﬁentlon provide

a method of forming a stable suspension of fused :
pyrrolocarbazole-containing, suspended particles,
20 comprising:

{a} dissolving a fused pyrrolocarbazole in a.non—
agqueous liquid containing a surfactant in an amount from
about 20% to greater than 99%, to form a particle-forming
composition; and

25 (b) contacting the particle-forming composition with
an agueocus medium to form a stable suspension.

In another embodiment, the present invention provides
a method of treating a disease or disorder in a mammal,
comprising administering a therapeutically effective

30 amount of a fused pyrrolocarbazole in a non-aguecus,
particle-forming compositioﬁ comprising a surfactant in an
amount of at least 20% {(w/w) to the mammal.

In another embodiment,‘the present invention provides

a method of treating a disease or disorder in a mammal,



a method of treating a disease or disorder in a

mamal , conprising admnistering a therapeutically
effective 30 anount of a fused pyrrol ocarbazole in a

non- aqueous, particle-form ng conposition conprising
awobdsasiant in an anmount of at |east 20% ( whg)/ut004/037928
the mammal . I n anot her enbodi nent, the present

i nvention provides a nmethod ofztreating a di sease or

di sorder in a manmal, WO 2005/ 051958 PCT/ US2004/ 037928
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Lrected, non- S . . s
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neous sperses I nto suspende particl es,
t hehelpin are incorporated by reference. Unless otherwise
defined, all technical and scientific terms are intended
20 to have their art-recognized meanings.

The present invention is directed to non-agqueous,
particle-forming compositions which contain_a fused
pyrrolocarbazole, and a surfactant. Upon-contaét with an
aqueous medium, the particle-forming composition

25 gpontaneously disperses into suspended particles, thereby
forming a stable suspension that provides greatly improved
bicavailability of orally administered fused
pyrrolocarbazole compounds.

The particle-forming compositions of the present

30 invention may be a ligquid, semi-solid, oxr solid‘at)room
temperature. If liquid, the composition may be contained
in a capsule. If semi-solid or solid, the composition can
be in the form of a capsule or tablet.

As used herein, "non-aqueous" composition is intended

35 to mean a composition that contains from 0% to about 10%



formng a stabl e suspension that provides greatly

i nproved bioavailability of orally adm nistered fused
pyrrol ocar bazol e conmpounds. The particle-form ng
conpositions of the present 30 invention nmay be a

| Wwoubksoedri -solid, or solid at room tenper apeures2o004037928
liquid, the conposition nay be contained in a

capsule. If sem -solid or solLgz-the conposition can

be in the formof a capsule or tablet. As used herein,
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20 dissolved in a non-agqueous, particle-forming composition,
a fused pyrrolocarbazole may havée a higher solubility as
compared to itg solubility when placed directly in a
‘comparable agueous suspension containing preformed
particles.

25 The particle-forming composition can be contacted
with an aqueous medium in vitro, i.e., subjected to
predilution, prior to ingestion by a mammal.
Alternatively, the initial contact with an aqueous medium

can be in vivo, e.g., contact with acueous contents of the

30 gastrointestinal composition of a mammal. )

When the particle-forming composition is subjected to
predilution, the dilution ratio preferably is from about
1:1000 (1 part formulation to 999 parts agueous medium) to

about 1:2 (1 part formulation to 1 part aqueous medium).



conpar abl e aqueous suspensi on contai ni ng preforned
particles. 25 The particle-form ng conposition can be
contacted wth an aqueous nediumin vitro, i.e.,
subjected to predilution, prior to ingestion by a
ROEBds0s1044 ternatively, the initial contact wethuedeoso379zs
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20 - optical transparency, i.e., bluish haze invisible ox
nearly invisible, generally indicates a particle size of
less than 100 nm. A distinct bluish haze generally
‘indicates a particle size from about 100 nm to about 400
nm. Without intending to be bound by theory, it is noted

25 . that particle size tends to be essentially comnstant for a
given formulation, regardless of the dilution ratio. If
particles fail to form, an increase in dilution ratio may
be used to promote particle formation.

Whether a formulation according to the invention is a

30 liguid, semi-solid, or solid at room temperature, may
depend upon the selection of components, or other concerns
such as commercial viability, administration and the like.

For example, a semi-solid or solid formulation is
convenient for manufacturing unit doses of a fused

35 pyrrolocarbazole in -the form of a capsule, including both
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20 ' components of the formulation. For example, decomposition

of polysorbate 80 can occur at temperatures above 60°C.

Instability of certain fused pyrrolocarbazoles has been

obhserved in the presence of short chain polyethylene

glycols, e.g., PEG 400, at temperatures in the range of
25 about 60°C to 90°C.

Decomposition of polysorbate 80 may occur if
maintained at 90°C for more than one hour. As will be
appreciated by one those of ordinary skill in the art, any
deleterious effects of heat accumulate with time.

30 Therefore, when heat is applied, tlme and temperature w111
'typlcally be balanced against one another.

There is wide latitude in formulation of all
particle-forming compositions of the present invention.
Preferably, all non-fused pyrrolocarbazole components in

35 the particle-forming composition are food grade materials-



than 60C. Wil e noderate heating can be usef ul
excessive heating can cause deconposition of one or
nore 20 conponents of the formulation. For exanple,
deconposition of polysorbate 80 can occur at
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of short chain polyethylene ghgcols, e.g., PEG 400,
at tenperatures in the range of 25 about 600C to 90C.

Decgppgghti @@e@éré@lﬂlyy $RRahe 80 ARYsLELH rmdﬂ‘erl als.

mai nt al ned at nmor € t han one hour. W |
appFeéparadiey @h@%ﬁ@t@ﬁfléﬁ-él Aar e kﬁcmnd AT H@aértf-ve

any Ing'?le?'i eht 0(?'@1(:% f %‘iﬁl@i’leaeﬁiz BEE UL atf%d@! hat bPRyg

ereore when eatlsapled time and
t enﬁémapa FETRFION (Bjpiiearry oéeDﬁag aHEERI Ry oAk RegRETrces,

52N0RAGIK~yi Thel eumys, Wile diatibudeei 8r fwiian atd orebyal |
particl e- form ng conpositions of the present

i nveREPBEROTa PPN WbYanlefEBﬁnFﬁsEa Y5 redest¥azol e

- CONpeReRt tel Mngbedin Paildiidel @rboLdefda COMPOSIY icdnadle
food grade materials WO 2005/%51958 PCT/ 2004/0% % 8 a1l
- 16 BRCERRS RENETENY REESGRT 268 ARPCAE) HatdFals ¥

I nf apprbirea dfué?@%ﬁdﬁ@usrb&b&eﬂﬁhybﬂafk&ﬂﬁﬂIﬂmn Mamanvese
Ingredl te QU de, %gkgsgfd?ﬁ%}ﬁggﬁ %F 1n6%8glgﬂd £¥é%hrably

9 Adni ni's ratloﬁofb VIi'sToh o or mat |
Resountesn & Rocladtang,. NBﬂthDhghdth@I&nﬂﬁﬁ;ﬁﬂhbmmayhbe

p%gext H%H;P%[n%tu%@ %&%hnrgééui@é ei@rgcg,aﬁfctﬁ forming

nac I ve I'ngredient CGuide provides a
Ilstfpﬁ@oéﬂta@#lr RiCEly €OMRgR&ti-ent sCoRiesightfhay about 20%

appLavedeqt s ondid ignraldey a @aefa&egn@lr UCPRSQENGNS, the
currently marketed for human use. The ca

OSI t | g
1%f PREUBFeSENFUT RRHTORS ﬁFeﬁ@F‘ﬁBl %70%&413?1 405, ox at
sur flagkantos Al ddesigh dohepdur taet aati vbynale cqmrgeﬁmtsu Bf the
any anount which results in a particle-form ng
confiBEPPPSRCEypi cal conpositions contain from about
20% to gpuetdeEtantbatn8dtdef lauismfactcantlimPtefietabl y,
thepolyoxyethylene stearates, polyvoxyethvlene castor oil,

20 polyoxyethylene sorbitan fatty acid esters (sorbitans),
polyethylene glycol ethers, saturated polyglycolized
glyvcerides, fatty acid esters of polyethylene glycol,
hydroxylated lecithinsg, medium chain monoglycerides,

medium chain fatty acid esters, polyethylene/propylene
25 glycol copolymers, polyethylene glycol stearate, d-o-
tocopheryl polyethylene glycol succinate, poloxyl stearate
(e.g., Myrij® 52) and poloxyl castor oil.
Polyoxvethylene sorbitan fatty acid esters
(polysorbates) are non-ionic surfactants (3etergentes) that
30 may consist of a mixture of fatty acids. Commercially
available examples are Tween® 20 (polyoxyethylene (20)
sorbitan monolaurate), Tween® 40 (polyoxyethylene (20)
sorbitan monopalmitate), and Tween® 80 (polyoxyethylene

{20} sgorbitan monooleate).



15 anmobunt of surfactant is at |east 30% at |east 40%
or at |east 50% depending upon the additiona
conmponents of the conposition. Surfactants include,
but are not limted to, polyoxyethylene stearates,

PROYESSToRY | ene castor oil, 20 pol yoxyet hyl eperus2004/037928
sorbitan fatty acid esters (sorbitans), polyethylene

gl ycol ethers, saturated polygls.colized glycerides
fatty acid esters of polyethylene glycol,

hydr oxyl af h [ NI Vi -
nedlun1éh ?gf?gf?é]% 1g§?g%gl&EgF§%thylengﬁiﬁﬁﬁiﬁéne
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that 30 may consist of a mixture of fatty acids.

Conwe?E9 199 avail abl e exanpl es are Tween(r) 20
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(| moke0ehtior®3ER,) ; Cﬁpﬁuéth@xﬁlﬁﬂdﬁ8mﬁkoxystear1c‘acid fe.g.,
Solutol® HS 15). Some surfactants are solid or semisolid -
20 at room temperature, e.9., Poloxamer 188, glyceryl
monocaprylate, and Gelucire® 44/14. Additional
surfactants are those found in The Handbook of
Pharmaceutical Excipients, 2nd Ed., published by The
Pharmaceutical Press, London and American Pharmaceutical
25 Association (1994), a common text in the field, which is
hereby incorporated by reference in its entirety.

The particle-forming compositions may also include an
organic solvent, a lipid, an antioxidant, or a combination
of these components. Such components include those found

30 in The Handbook of Rharmaceutigal Excipients, and include
any which are known in the arf to be acceptable for use in
pharmaceutical formulations. The selection of gsuitable
components is within ordinary skill in the art.

T some embodiments of the invention, inclusion of an



medi um chai n nonogl yceri des and di gl ycerides, e.g.
gl yceryl capryl ate/caprate (Capnul (r) MCM; 15

pol yet hyl ene/ propyl ene gl ycol copol yners; bl ock
copol yners of ethylene oxide and propyl ene oxide
(®Wo2o0soEPspxanmer 188, Pluronic(r) F-68); ethegyisiedsros
castor oil (e.g., Crenophor(r) EL); and ethoxyl ated
hydroxystearic acid (e.g., Sglgutol(r) HS 15). Some
surfactants are solid or senlsolld 20 at room

te erat.ure : r
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reference inits entirety, The particle-for
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conponent s uch ¢o ents in e found, 3
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ar tpollyemﬁmerrbwmém( EE@f t Hes mw@nhemmu, népasyefhylene .

2005/, Q5 1 15 4/£37928 -18 organic
soléikéggl€§%ov%gésoﬁ Eggl%bggglfﬁe fused )
pyrenl sddrh aediveeri aft hhepaeterd e FosrNiAg il ORFFdSTA 1.

Cerflfbysef Uls Qrgapkersel vents forma solid (or senmi-

soli1d) at room tenperature, ol et | ene I
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depgieh oxddarRanls, laelhhédpaétacuﬂmybﬂamiedf the particle-
pyrrol ocar bazol e , |ncludeg é artigle fornh [
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20 . promoted by oxygen or peroxides. Antioxidants include,

but are not limited to, ascorbic acid; fatty acid esters
of ascorbic acid, e.g., ascorbyl palmitate; bubtylated
“hydroxytoluene (“BHT”); propyl gallate; and butylated
hydroxyaniscle (“BHA”). An appropriate antioxidant also
25 includes mixtures of antioxidants, such as a mixture of
BHA, propyl gallate and citric acid. An antioxidant is
particularly useful when the fused pyrrolocarbazole
contains a functional group susceptible to oxidation,
e.g., a thiol or a thioether. A specific example of such
30 . a fused pyrrolocarbazole is the indolpcarbazole compound
ITa-51, which contains two thioether'functionalities. An
antioxidant can function either by scavenging oxidative
compounds or inhibiting oxidation reactions.
In some embodiments of the invention, a suitable

35 1lipid is included as a component of the particle-forming



pol yet hyl ene glycol (PEG. As used .herein,

"pol yethyl ene glycol"” or "PEG' neans a |iquid or

solid polyner of the general fornula H(OCH2CH2) nCH,
wherein n is at least 4. 15 In sone enbodi nents of the

| Wo0dsidvsg @ suitabl e antioxidant is includedcassmod/nsros
conponent of the particle- formng conposition. As

used herein, "antioxidant" is.jdg.ntended to indicate

any substance useful to retard deterioration by

OXi 98&#8&@{0& 0 iaghiRkl Hheagth onsy B0 Ppr Q.@E%@eﬁ&led to

oxyge per oxi des. Ant i oxi dants i ncl ude, are
not infihdatel a fatas@dihi ¥akei B-eF Ak ¢ yg]é’cﬁedfoésfeg 8L of
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m xture, of BHA, pro al lLate and citri
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susceptlble g

t hi 5Bt R&TE ii%pe0| %%eg%gtl 2 ¢ ng%%%$%%fa fused

pyr bobacat bazidlieyi.s t he |ndolocarbazole conpound
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ant i oxi can function elther by scavengl n%
OXI danrebvaklonoundy Y ﬁhﬁﬁﬂ@@lﬁ*@l%xﬁl&%ﬁﬁ%e with poor

reagti, 0h8s ééﬁéﬁﬁﬂiE%”QQQ&EEBE§1QE1&§G'MﬂyQﬁth&&eaformlng
suitable 35 lipid is included as a conpopnent of
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The |nc 351 6 of ‘
a - Bopifgean. Ch&ngeIpaﬁktabéychahacfﬁﬂ¢®tpxxrolocarbazole is

including 5 partic y.ln [ i gi,d
canpfﬁﬁﬁgg aga?t? %ﬁggég erlg?lgé 1@@:& %§53|n T mors
for@aeﬁenabiya.tmec&nﬁﬂhEwrmnlpa@hbazwlﬁuﬂﬁnnﬁﬁﬁa&§ at a

LIpEQhEQQH%&Qi&Q%ﬂg%&mut 1 to 50 mg/nl.
20 ‘As used herein, "fused pyrrolocarbazole" is intended

to mean a compound having a fused pyrrolocarbazole core’

structure:

*

25 wherein at least one of G, X, or W is a nitrogen, B is an
aryl or heteroaryl group, and * indicates the attachment
point of an additional fused ring system.

The core structures provided herein are presented by
way of general guidance, and are not to be taken as

30 limiting the scope of the invention. For example, certain



in particle characteristics can al so affect

bi oavail ability. 10 Al though the conpositions

descri bed herein may conceivably enpl oy any

t herapeutic substance with poor aqueous solubility
cRanakiBigsstics, the particle-formng conpospéi/osMos/037928
-preferably contain a fused pyrrol ocarbazol e.

Preferably the fused pyrrol ocarbazole is present in

the 15 particle-formng conpdé%QTon at a concentration

of 1 to 300 /m. Nbre referabt%6hthe fu% . )
pyr¢Q¢QﬂxﬂﬂﬁﬂﬁﬂQ§ ithe Bresente feut Poniblugtrative
Q@i . fVen1M0be apbeéerabdy cHdte shubedtoms may

yrrolocarbazole IS esent at a concentratjion of

D GRended 6 G PR oS RS e aFDl e FRLEGE Sebstituted
pyr&ﬂtﬁ@ﬁwkﬁﬁﬁidtlnbsfrnmeﬁﬂedspixn&nnﬁ1uhe:mnpennﬂon
havi ng a_fused ol o arb zol e core t
SN 25 ahdPPn BYPLRRST R GOk, Epear et Hi iy ue
B i sramotaryimiorecheber saryd:tvgr@mqu aﬁtd:mlillan@acat es t he
attachnment point of an additigpal fused ring system
The core structures provideddfergyn are presented by
way of general guidance, and @re/not to be taken as 30
For exanpl e,
: -20 cores
i ndi cate the presencelc® fai ny= i | lustrative
purposes. It will be a 1 ch atonms may
bonded to additional groups,}\ or nay be further
substituted wi thout deviating fromthe spirit of the
invention. 5 Thus, pyrrolocarbazole core structures
include, but are-not limted tdﬂ structures of

formula la: GV a B F Q,
wherein O may be a moiety containing one or more nitrogens

10 or carbong. Such structures include, but are not limited
to, indolocarbazoles, indenocarbazoles, and bridged
indenocarbazocles.

As used herein, "indolocarbazole" is intended to
indicate a compound of formula Ia, wherein Q is nitrogen

15 and Y is a bond:

These compounds are intended to include, but are not
limited to, structures in which the nitrogens of the

20 carbazole and the indole form a cyclic bridged moiety:



-a wherein Q may be a noiety containing one or nore
nitrogens 10 or carbons. Such structures

i nclude, ' but,are not limted to, indolocarbazol es,

i ndenocar bazol es, and bridged i ndenocarbazoles. As
uwedoizesekd, "indol ocarbazole" is intended topcT/US2004/637928
i ndi cate a conpound of forrmula la, wherein Qis
nitrogen 15 and Y is a bond:_43XS. a B F N N These
conmpounds are intended to include, but are not

l[imted to, structures in mhlch)ghe nitrogens of the
20 carbazole and the indole fgmgycyclic bridged

noi ety: WO 2005/ 051958 PCT/U82004f037928 -21- GX, W

aBFN ! IV c~y Such brldo ructures i ncl ude,
but are not limted to, oe v e

m crobi al -deri ved mat e as K-252a.
As used herein, "indeno z nded to

i ndi cate a conpound of fornul fn which Qis not

ni trogen. These conpounds inchude,/ but are not limted
to, conpounds wherein Qis one Of nore carbons. For 10

exanpl e’Ség% &%&E@%g %\ggﬁge&dﬁ%’%@ﬁ%{e,% 8 gréiﬂc%ellmlted

car bon use ereln
i ndénop%mraj@aretﬁami &he gicrabiatedetivehaataréas referred

gonpgupd eisdornula la in which Q is a noiety

contai ning at | east one carbon which_joins .
As used herein, "indenocarbazole" is intended to

indicate a compound of formula Ta in which @ is not
nitrogen. ‘These compounds include, but are not limited
to, compounds wherein Q is one or more carbons. For

10 example, in certain indenocarbazoles, Q is a single

carbomn:
AN
(=
\
15 Ag used herein, "bridged indenopyrrolocarbazole'" is

intended to indicate a compound of formula Ia in which O -
igs a moiety containing at least one carbon which joiné'
with the nitrogen of the carbazole derivative to form a -
bridged moiety:

X

180

20



with the nitrogen of the carbazole derivative to form
a bridged noiety: GW B NO '"'' 20 WO 2005/ 051958
PCT/ US2004/ 037928 -22 The fused pyrrol ocarbazol es
suitable for the particle-form ng conpositions of the

PWB6Rlosisgyention are stable conpounds. As ugeshus2004/037928
herein "stable conmpound” or 5 "stable structure" is

meant to indicate a conpound that is sufficiently
robust to survive isolation t6“a useful degree of
purity froma reaction m xture, and preferably

capable of lation intp an. effic. her peutlc
Cont. Tor TP SO R PO R AP bES T AIr (% G Eher
su Qﬁtﬁttluu@d FoARitg ecbmer=imi,onss piistheéupeaddents interided are
to .indicate that one, or 0g
i ndi gdCOQPSFﬁ“%{% r:% a%ggi e{}%‘ié Sgpgc%gn@oﬁbd&f o
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atons, such as nethyl, ethyl, propyl,
|s<ﬂ9€t§lﬁ¥yl 20 butyl, isobutyl, sec-butyl, tert-butyl,
1obentyl, Théoﬁm/éd @Mhaz&i@éhyiﬁm)ﬁurm@xyl

ooty itcton ol ang', xonsntilL, Tue ol ol It oo
al kexyicarkonybr and et kydbwmimarageanyktomgr anpshe haslicated
N L
as «efd nedbabdveenhl chpoondead thato thecarbanstuppdgton's
159rQ%ﬁ§m&@di%|§$k gggs&a&&,QﬁﬂiQﬁﬁﬁdtﬂktQhﬁstitution results
in a stable compound.
~ As used herein, the term "alkyl" means a straight-
chain, cyclic, or branched alkyl group having 1 to 8
carbon atoms, such as methyl, ethyl, propyl, isopropyl,

20 butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isoamyl,
neopentyl, l-ethylpropyl, hexyl, octyl, cyclopropyl, and
cyclopentyl. The alkyl molety of alk?l—containing groups,
such ag alkoxy, alkoxycarbonyl, and alkylaminocarbonyl
groups, has the same meaning as alkyl defined above.

25 Lower alkyl groups, which are‘preferred, are alkyl groups
‘as defined above which contain 1 to 4 carboms.

Alkyl groups and alkyl moieties contained within
gubstituent groups such as aralkyl, alkoxy, arylalkoxy,
hydroxyalkoxy, alkoxy-alkoxy, hydroxy-alkylthio, alkoxy-

30 alkylthio, alkylcarbonyloxy, hydroxyalkyl and acyloxy
groups may be substituted or unsubstituted. A substituted
alkyl group has 1 to 3 independently-selected
substituents, preferably hydroxy, lower alkoxy, lower
alkoxy-alkoxy, substituted or unsubstituted arylalkpxy~

35 lower alkoxy, substituted or unsubstituted



substituent groups such as aral kyl, al koxy,

aryl al koxy, hydroxyal koxy, al koxy-al koxy,

hydr oxy- al kyl t hi o, al koxy 30 al kyl t hi o,

al kyl car bonyl oxy, hydroxyal kyl and acyl oxy groups nay
bwodisaisidssit ed or unsubstituted. A substitut edcrabiogdnsrozs
group has 1 to 3 independently-selected substituents,
preferably hydroxy, |ower alkgxy, |ower

al koxy- al koxy, substituted or unsubstituted aryl al koxy
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chalamhyhawtagyat mmyme}c@ay&ogroapbon 2y iysasl Bewgin,

EX%ERJ xﬂf"ghhﬁﬁy%"ggé) Bﬂ%bu ﬁc@ﬁa¥n%%ralght chain,
propynyl utyny cycl ohex groups.
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" QUP$CRUCArBSnaEY! OXY 1 RUPS Ebc%mb@%@ng%dai}@yﬂﬂmg‘i@%p%
strai ght-chai n, branched, or cyclic alkanoxy §&§
cetyl,

15 ha\H ude etRYBL c RERRVEonS TEGEK L RECYRY
@ﬂexynpmtgfyupsvaleryl pi val oyl or hexanoyl AS

use her ei n, e term"carb LIC" refer
groups # Vﬁﬁ THE | ﬁé ??¥ n' T%l%%%ﬁgi goFéFbalnlng
of anken sakthnas ahﬁsﬁxyrgﬁdmﬁa ibutinapadadt tédiimdledle a
oétraight—chain, branched, or cyclic alkanoyl group having
20 1 to 6 carbon atoms, such as formyl,lacétyl, propanoyl,
bﬁtyryl, valeryl, pivaloyl or hexanoyl.

As used herein, the term "carbocyelic" refers to
cyclic groups in which the ring portion is composed solely
of carbon atoms. These include, but are not limited to,

25 cyclopfopyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl. The term "carbocyclic aromatic
ring"' is intended to include carbocyclic rings which are
also aryl rings. The terms "heterocyclo® and
"heterocyclic" refer to cyclie groups in which the ring

30 portion includes at least one hetercatom such as O, N, oxr
g. Heterocyclyl-gxoups include heterocaryl and hetercalkyl
groups . ‘

As used herein the term "aryl"™ means an aromatic ring
having 6 to 12 carbon atoms such as phenyl, biphenyl and

35 naphthyl. Preferred aryl groups include unsubstituted or



25 cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycl oheptyl, cyclooctyl. The term "carbocyclic
aromatic ring" is intended to include carbocyclic
rings which are also aryl rings. The terns

"Woleisacwes 0" and "heterocyclic" refer to cycpéfasz004/037928
groups in which the ring 30 portion includes at | east

one heteroatomsuch as 0, N, qQr. S. Heterocyclyl
groups include heteroaryl and“feteroal kyl groups. As

used _herein the term"ary ans an aro
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pre erably I ower alk r ox | ower Koxy,
cardysRIps | oﬁé@%lﬂ%ﬁ??@a@@@nylSUb%ﬁlttﬂJ&edaﬁﬁﬁ%roﬁ’Wow Gad
di -d.gvati ided arbiRyl ageb i QR have 1 to 3 independently
selected substituents that are preferably lower alkyl,
20 hydroxy, lower alkoxy, carboxy, lower alkoxycarbonyl,
nitro, amino, mono- or di-lower alkylamino, and halogen.
' Preferred heterocyclic groups formed with a nitrogen
atom include pyrrolidinyl, piperidinyl, piperidino,
morphelinyl, morpholino, thiomorpholino, N-
25 . methylpiperazinyl; indolyl, isoindolyl, imidazole,
imidazoline, oxazoline, oxazole, triazole, thiazoline,

. thiazeole, isothiazole, thiadiazoles, triazines, isoxazole,
oxindole, indoxyl, pyrazole, pyrazolone, pyrimidine,
pyrazine, quinoline, iosquinoline, and tetrazole groups.

30 Preferred heterocyclic groups formed with an oxygen atom
inelude furan, tetrahydrofuran, pyran, benzofurans,
isobenzofurans, and tetrahydropyran groups. Preferred
heterocyclic groups formed with a sulfur atom include
thiophene, thianaphthene, tetrahydrothiophene,

35 tetrahydrothiapyran, and benzothiophenes.



Preferred heterocyclic groups forned with a nitrogen
atominclude pyrrolidinyl, piperidinyl, piperidino,

nor phol i nyl , nor pholino, thionorpholino, N 25

met hyl pi perazinyl; indolyl, isoindolyl, imdazole,

i wiocheasmisiss®, oxazol i ne oxazol e, triazole, thiaecolubmes037928
t hi azol e, isothiazole, thiadiazoles, triazines,

i soxazol e, oxindol e, indoxyLsspyrazole, pyrazol one,
pyri m di ne, pyrazine, quinoline, iosquinoline, and

tetrazole QLAUPSre3Q, Prabersesh 1h«§}13r YeblCa gt o4 PRyl

formed wth an oxygen atom _include furan,
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2005/051958 PCT/ US2004/ 037928 -25 As used herein,
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| SehaChEG | LFIgh yar RS eBr AE0By SRR TRy Sroups

Pr @S@NE8rBhn @l AN A aker albalshed altk@igh GOYRSgen
are al kyl groups that ar e attached t hrough an oxygen

at GrP™and "car bonyl oxy" groups are carbonyl groups

that arms aldedc hegetihr, ough a@rrﬁn(ygmtemb@moaskﬁedand
the ter "heteroc

15 BB RO e Bk P EE RRCPY Lo 3 dfloxy aronp that
t hatas hahe'aetm&wmmmlggmupcheﬂa’chethti alihd aldigty

MOk elY.eqr! h&ﬂ&‘)% Ak h%:éﬁ%@"égy' ALK Var, ga%s?,a@mp
Ikoxy rou as an group attache
alk@btnhaetqn aryl group attached to the alkyl moiety :
thereof. As used herein, the term "alkylcarbonyloxy"
20 means a group of formula ~0-C{=0)-alkyl.
As used herein, the term "alkyloxy-alkoxy" denotes an
alkoxy group that contains an alkyloxy substituent
. attached to its alkyl moiety. The texm "alkoxy-alkylthio"
means an alkylthioc group (i.e., a group of formula -5-

25 alkyl) that contains an alkoxy substituent attached to its
alkyl moiety. The term "hydroxy-alkylthio" means an
alkylthio group (i.e., a group of formula -S-alkyl) that
contains a hydroxy substituent attached to its alkyl.
moiety.

30 As used herein, the term “ponosaccharide" has its
accustomed meaning as a simple.sugar. As used hereln, the
term "amino acid" denotes a molecule containing both an
amino group and a carboxyl group. Embodiments of amino
acids include a-amino aclds; i.e., carboxylic acids of

35 general formula HOOC-CH(NH2)-({side chain). &ide chains of.



thereof. As used herein, the term "al kyl car bonyl oxy"
20 nmeans a group of fornmula -0-C(=0)-al kyl. As used
herein, the term "al kyl oxy-al koxy" denotes an al koxy
group that contains an al kyl oxy substituent attached

twoizbasoaloky! moiety. The term "al koxy-al kyl t hieot/us2004/037928
means an al kylthio group (i.e., a group of fornula -S

25 al kyl) that contains an al kegy substituent attached
toits alkyl noiety. The term "hydroxy-al kylthio"
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i ncor por at ed reference he
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Cld fter removal_of the roxyl_ noi, of the
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C(eﬂﬁe@tt:(N—lZa)mo(mtderelﬁara)ton dysett of compound ‘
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COﬁpOSI I ons crib ereln in peuti ca
ef f @esdnderanoivnch Adsgsderheredudey 'h\ﬁelﬁé{ﬁeuptcép-myted to,

those pathological and neurological disorders associated

20 with the aberrant activity of target receptors, wherein
the treatment or prevention comprises inhibiting,
inducing, or enhancing the actiwvity thereof by contacting
the receptor with an active drug substance. As will be
readily understood, the concentration and dosages of the

25 fused pyvrrolocarbazolesg will depend upon factors such as
‘the total dosage of the drug to be administered, the
-chemical characteristics of the compounds employed, the
route of administration, the age, body welght and éymptoms
of the patient, etc. By way of general guidance, human

30 doses may range from about 0.1 mg to about 1000 mg
administered per day. Preferably, the dosage is about 1
to about 500 my administered two times a day. Even more
preferably, the dosage is about 10 mg to about 300 mg, two

times per day.



effective amount” refers to an anount of conpound
effective to prevent or treat the synptons of

particul ar disorder. Such disorders include, but are

not limted to, those pathol ogical and neurol ogi ca
dwanekaismsassoci ated 20 with the aberrant act pgtay2006037928
t-arget receptors, wherein the treatnent or prevention
conpri ses inhibiting, |ndu0|ng or enhanci ng the
activity thereof by contacting 7fhe receptor with an

active drug substance. _As wll be readily understood,
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f or @empnghHdeonHUtoianh Rtk WitBdat Beasonable benefit/risk
pharnaceutlcally acceptabl e salts, prodrugs,
pol YA5-BHs, stereoisoners, and 5 the like. As used
herei n, nbeubefinhé ﬁ@ﬁfn&@ﬁu&haabhylcammgp&c&égféhmafeasts"
to thase ounds erd conmpositions
dos 308 Fof MeBRh CRESFE S PRt RETBEES Lo ulliyorein
15vedictal ppudghentypsuid dld eoldfiednbachakitnd adink or base
tls 0 bej d_an '
0° Bagrar EIHBE, PRI TR UL oL R CRRR Y SbLe
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ben%E H/Ebﬁ%s Bftﬁéghc'%%éﬁ@%%shgﬁ@hnas amines; alkali or

‘phar maceutical Iy accept abl e salts”
organic salts of acidic residues such as carboxylic acids;

20 and the like. The pharmaceutically acceptable gsalts

include the conventional non-toxic galts or the guaternary
ammonium salts of the parent compound formed, for example,
from non-toxic inorganic or organic acids. For example,
guch conventional non-toxic galts include those derived
25 from inorganic acids such as hydrochloric, hydrobromic,
sulfuric, sulfamic, phosphoric, nitric and the like; and
the salts prepared from organic acids such as acetic,
propleonic, succinic, glycolic, stearic, lactic, malic,
tartaric, citric, ascorbic, pamoic, malelc, hydroxymaleic,
30 phenylacetic, glutamic, benzoic, salicylic, sulfanilic, 2-
acetoxvbenzoic, fumaric, toluenesulfonic, methanesulfonic,
ethane disulfonic, oxalic, isethionic, and the like.

The pharmaceutically acceptable salts of the present
invention can be synthesized from the parent compound

C) which contains a basic or acidic moiety by conventional



refer to derivatives of the disclosed conpounds

wherein 15 the parent conpound is nodified by naking
acid or base salts thereof. Exanpl es of

pharmaceutically acceptable salts include, but are

@b 2bdssisssl to, mineral or organic acid saltecots2004/037928
basi c residues such as am nes; alkali or organic

salts of acidic residues such.gs. carboxylic acids; 20

and the like. The pharmaceutically acceptable salts
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conventional WO 2005/051958 PCI/ US2004/ 037928 - 28 .
cheMpeamdsr i dec s8R FRY | §OVRLERt BAIRW e cpEriers which

pr epal &tk e hd eaativag phlent r @eugcdcbsraimgs eof soamuUDE I or
t hese cog%)oun s wth a stoi chignektlr,i c amount of Fhe, ,
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ethyl -acetate, ethanol
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Phay maceutj cal- .SCi .ed., K ++Rublj shi :
CoEIRS LS 55 2006l i, o) yRUCLRERLAN, of che
20of wheednt sirnerabyn mesr bor debiveyed effepaedeug form.  Thus,

the present invention contemplates prodrugs of the claimed
compounds, compogitions containing the same, and methods
of delivering the same. Prodrugs of a compound of the
present invention, for example Formula I, may be prepared

25 by modifying functional groups present in the compound in
such a way that the modifications are cleaved, either in
routine manipulation or in vivo, to the parent. compound.

Accordingly, prodrugs include, for example, compounds

of the present invention wherein a hydroxy, amino, .or

30 carboxy group is bonded to any group that, when-the
prodrug - is administered to a mammalian subject, cleaves to
form a free hydroxyl, free amino, or carboxylic acid,
respectively. Examples include, but are not limited to,

acetate, formate and benzoate derivatives of alcohol and



The fused pyrrol ocarbazol es of the present invention
may exist in prodrug form As used herein, "prodrug"

is

i ntended to include any coval ently bonded carriers

which release the active parent drug according to
Feormabsasiosor 15 ot her forrmul as or conpounds oPCT/US2004/037928
the' present invention in vivo when such prodrug is

adm nistered to a nmanmal i an sgbject. Since prodrugs

are known to enhance nunerous desirable qualities of
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t he present | nvention prepare
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forms of a structure are intended, unless the specific
stereochemistry or isomeric form is specifically
indicated. It is well known .in the art how to prepare and

isolate such optically active forms. For example,

.mixtures of sterecisomers may be separated by standard

techniques including, but not limited to, resolution of.
racemic. forms, normal, reverse-phase, and chiral
chromatography, preferential salt formation,
recrystallization, and the like, or by chiral synthesis
elther from chiral starting materials or by deliberate
synthesis of target chiral centers.

. Ag will be readily understood, functional groups
present may contain protecting groups duting the course of
synthesis. TFor example, the amino acid side chain
substituents of the compounds of Formula Ia can be

substituted with protecting groups such as
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exanpl e, by the nethods described bel ow, or variations

10 thereon as appreciated by the skilled artisan. All
processes disclosed in association with the present

i nvention are contenplated to be practiced on any
S&al6os0sio8e! uding milligram gram nultigram peT/uS2004/037928
kilogram nultikilogramor commercial industrial

scale. 15 It will be appreci atg d that the conpounds of
the present invention may cont ain one or nore

asymmet ti cal | stitu arbo and
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be sel ecti vel aggen ed to and renove

f uFettieshalNPei eé UctB s hfdrioxyr: g?o%% %:ﬁ%l Cardftheyi®
5 a7,aéRs 872heses gt oUPS; &y &2Ar,8980t 51,818, TheM&ad 5,599, 808;

COZE%H%%T publication Nos. WO 93/08809 and WO 97/46565, the
discloses of which are hereby incorporated herein by
reference in their entirety. Additional methods of
preparation are set forth in Moody et al., J. Org. Chem.
57:2105-2114 {1992), also incorporated herein by
reference. ‘

Fused pyrrolocarbazoles, such as indenocarbazocles, as
well as additional compounds wherein Q is not a single
nitrogen, may be synthesized by methods taught, for
example, in U.S8. Patent Nos. 5,475110; 5,521, 855;
5,594,009; 5,705,511; 5,616,724; and 5,801,190; the
disclosures of which are hexreby incorporated herein by
referencerin their entirety.

Fused pyrrolocarbazoles, such ag bridged
indenocarbazoles, may be prepared by methods taught, for
example, in U.S. Patent Application Serial No. 08/325,140,



to render such functionality inert to chem ca
reaction conditions to which the conpound is exposed.
Any of a variety of protecting groups nay be enpl oyed
with the present invention. Preferred protecting
owowss/ospss ude 10 t he benzyl oxycar bonyl (Cbz; péjrugio®iaprozs
and the tert- butyl oxycarbonyl (Boc) group. O her

- preferred protecting groups acgfrdlng to the
i nvention may be found in G een T.W and Wits,
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Ed. 3§b%s uf59§P%Tgﬂﬂh§%g%€§Fr Igggéggﬁéghig herein
sucﬂayaaseiamthrlcm:ambaml estih®gty.be synt hesi zed by
met hods S4ischakent iNosil foregoin
4923, 98%%%&%##% ?693@4199%23%%5 4(%5](_: 1%:: going
5, 468 7S GXE TOOLeBpERied (FoT sissgny e gagticle-forming

5, 5%% 9&6 1 &0 HCEnRuBLEsakE %d&cefclowo 93£08808x@nt ary
46565, the 20 discl oses whi ch are. he

reb
i nCBRPRR R PR AEH LoF oF BT ¢ %Q?QH%&anéﬁ?i?%tigt forth
Addiﬁ'@@@iemlm%dofz Bpr fREFSin Gadl ensely Bortéisponds to the
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pyrrol ocarbazol es, such as imabBgeeorahbazol e6, as well
as additional conpounds wherein, Qis not a single
nitrogen, may be syntheS|zEd byHnethods taught, for
exanpl e, in U S, Patent No§,“%/47541@; 5,591, 855;
5,594, 009; 5, 705,511; 5, 61E, ; And 5,801,190; the 30
di scl osures of whi gt ¥ 1\gcor pa ateﬁfherein by
reference in their enty { b 3y gcar bazol es,
such as bridged indengQ prepared by
ent

. met hods taught, for pleN i?
Application Serial No. 09 %ﬁ vy WO 2005/ 051958
i scl osure of which is

PCT/ US2004/ 037925 -31 th
hereby incorporated hereing? reference inits
entirety. The fused pyrrolocarﬁa?oles di scl osed in al
f or egoi ng

U'l

II-a
10 .
Compound  R? R3 R13 R'® 7l; 22
ITa-1 H H CHsN5 OH H;H
15 Ila-2 NHCONHC¢Hs H CO,CHs QOH H;H
ITa-3  CHpSO0CHs H COCH; CH H;H
I1a-4 H H CH,CH QOCHa H:H
ITa-5% a H CONHC,Hg OH H:H
IIa-6 ‘H H CH=NNH-2- OH H;H
20 imidazecline
IIa~7 H H CHoNH-Gly QH H;H
ITa-8 H H CON{CHa) 2 CH H;H
Ifa-9 H H —CH;NHCO,- (with X} H:;H
ITa-10 Br H CO,CH3y CH H;H
25 IIa-11 H H CONH; OH H;H
ITa-12 H H CH,0OH OH H;H



references are contenplated for use in the
particle-formng 5 conpositions of the present

i nvention. O her exenplary fused pyrrol ocarbazol es are
t he i ndol ocarbazol es set forth in Tables I-A and |-B,

wivereesmseagh entry corresponds to the acconpaOyismo4/037928

structure. Table I-A H Z~-Np Z2R3/ / \'\' R4 NO
N H3 R les Rls 11-a 10 Conpaysd R4 R3 R15 R16 ZI;
Z2 lla-1 HHCH2N3 CH HH 15 Ila-2 NHCONHC6HS H

C@Qﬁg;lHHﬁlaSCl—lZSGﬁZl—ISHC%%c HH llg4 H

H CH2OH OCH3 HH Ila-5 H H CONHC2. F5 HH lla-6 H

H OHERNWE2- O H H 20 i nmifdazol i neCTaNE-Farineco i G v

P SRRV ek IR M oo A
W t a- r

IIaIfE‘IC%H OHHH fa-12 H BB o1 H H%o

20054851958 PGI/ US2004/ 037928 - 32c0kamddold H r(20MHC3 H7
OH Hill gl la-1g HHGR2RHSerine Qb protine on

Ira-19 = H H CH=NNHC (=NH)NH,  OH
IIa-20 Br Br COCH3 CH
10  IIa-21 H H CONH (CH;),0H  OH
TTa-22 H H CO,CH; oH
ITa-23 H 3 H OH
IIa-24 H H CH=NNHCONH, OH
IIa-25 H g CH;0COCH; oH
15  ITa-26 H H ~CH,0C (CH;) 50~ (with X)
TTa-29  NHCONHCHs H C0O,CH; OH
ITa-30  CH,SCHHs H CO,CH; OH
TTa-31 Br H CH,0H - OH
ITa-32 Br Br CO4CH; oH
20 TIIa-33  CH,SCeHs H COzCHs OH
ITa-34 cl cl CO,CH; OH
IIa-36 H H CONHC6Hs OH
Ifa-37  H . H CH,SO OH
ITa-38 H H CH,NHCO,CsHs OH
25 TIa-39  NHCONHC,H; NHCONHC.H; CO,CH; OH
ITa-40  N(CH3)» H CO,CH; OH
TTa-41 CH; H CO,CH; ~ oH
TIa-42  CH,OCONHC,Hs H CO,CH; OH
IIa-43  NHCO;CH; H CO,CH; OH
30 IIa-44 Br Br CH,0H OH
IIa-45 Br Br CONHC6Hs OH
TIa-46 Br Br CONHCH,CH,0H  OH
ITa-47  CH,0C;Hs H CO,CH; ~ oH
ITa-48  CHN({CHs), H CO,CH; OH

35 IIa-49 CH350,C3Hs H CO2CH3 : OH

H;H



lla-15 HH CH2SOCH3 OH H/H Ila-16 HH CH=NOH CH H,H 5
Ila-17 H H CON-norpholine OHHH Il1a-18 HH

CH2NH- Proline OH HH Il1a-19 H H CH=NNHC(=NH) NH2 OH H;

H Ila-20 Br Br C02CH3 OH =0 10 Ila-21 HH

ColH03k2)929H OH HH 1l1a-22 HH CORCH3 OH =0 pri/as®ssddr92s
HHOHHH Ila-24 HH CH=NNHCONH2 OH HH Ila-25 HH
CH2OCOCH3 OH H; H 15 Il1a-26 H H3£H2O0C(CH3) 20- (with X)
H;H 1la-29 NHCONHC2H5 H CO2CH3 OH H;H Il a-30

CH2$E2H50 H QRRGH3 OH H Hul | a- 31 BroJdeCH20H OH Hofd H;H
Ila-32 Br Br CO2CH3 OH H H 20 Ila-33 CH2SOBH5 H OCRCH3
OH FHERr5S}| a-FSEiq  CBPedBieor H 19 Fa-36 H H HiH
CONHEBH5, OH it | a- 37 HeH CH2SO @dce H | 1 a- 3801-H H  uH
CH2NHCOQ(:6H5 H H 25 I 39 N H5 NHCON
COERB~OH H FH25 | a- 40 N )2 H%%]—IH;H a41 HiH

5CH3 1 ik QR CH 10 (Bl) H IIa B2 CH20COMMHC2EDS H COZCI—BHO—I H;H

CI—IZHEJI-FO%?“ P R7 45 Br CE%V%E%&@OHHEI |4|4aB§fE HiH

Br COAHEH2 CH2GHCEH H H CH&@H 47 CHXzZHs H COZCHSOBH H, H;H
H [la-48 CH2N(CH3)2 H C02CH3 OH H; H 35 Il a-49 .
CH2SR2C2H5 H C02CH3 OH H; H WD 2005/ 051958

PCTEU32904/ 037928 - 33 H CHoNHCO2CHs OH H;d
10 ITa~58 "Br H CONHz OH H;H
ITXa-~-5%9 H H CH,5CgHs OE H;H
IT7a-60 ‘H H CH,8-2-pyridyl OH H;H
Ila-61 H H CH;S0CgHs OH H;H
15
Table I-B

V-a
20 Compound R* R’ R? R® A A
Tva-1*t H H CH,CH=CH; H H;H
TVa-2 Br H H 31 H;H
TVa-3 H H . CH,CH=CH; CH,CH=CH, H;H
25 TvVa-4* H H H . CH,CH=CH, H;H
Iva-5 H H H 2 =0
IVa-6 o) H H q H;H



I1a-50 CH2S H CORCH3 OH HH Ila-51 CH2SC2H5 CH2SC2HS
ORCH3 OH HHH Ila-52 CHENNH H CO2CH3 OH H: H Il a-53

CH2S H CORCH3 OH HH 5 Ila-54 CH2S(O) H C02CH3 OH H; H
I1a-55 CH2S(0) H CORCH3 OH HH Ila-56 CH2SC2H5 CH2OH
C02CH3 OH H'H I[la-57 H H CH2NHOORCH3 OH H; H 10 Il a- 58
Br HCONH2 OH HH I11a-59 HH CH2SC6H5 OH HH |1 a-60

H H CH2S-2-pyridyl OH HH |la- 61444 GH2SO06H5 CH H; H
15 Table 1-B ZNO Z2R3i ARK N~NRR IV-a 20
Conpound RO R3 R2 R6 z1; z2 IVa-1' H H CH2CH=CH2 H H; H

IVaZBrHHHHHIVaSH CH=

25 | VaT¥a-1 apf) Eochre %1ii§}€é%gcﬁf¢$$E¥FeC%? §¥${°0m9°nents
HHHHH Heﬁ%ﬁlnopibfarkeandnﬂvaoéaabazaleSare gogpounds

m xture of the ent rtAli rr €1 h th
i ndol AEFHI}F éﬂf%ﬂ%ﬁm’% £e;k|%)6[naze %gdf%]%armﬁl aving the
| 18- 4, £é1 Bodng aseckdditantds having the 5 f0||OMAng

structures. -H NONO

H
N =0
g N _o_N ‘
H,C
MeO™ bsoH CH,OH

lla-4 Ha-12

CH,SCH,CH,

lia-51

10 The non-agqueous particle-forming compositions of the
inventionAprovide greatly improved bioavailability of fused
pyrrolocarbazoles. For ex;mple, in water Compound ITIa-12
has es-sentiaily no solubility. In pure Tween 80, it has a
solubility of 28.43 mg/ml. When placed directly in an

is agqueous solution of 2% Tween 80, Compound IIa-12 has a
colubility of 0.18 mg/ml. When initially dissolved in Tween



NON / \'I NON HCGC MOHO CH2CH ZH Ila-4

l[la-12 O CH3CH2sSCH? / / \ \ CHZSCHCH3 N HSC HO

C02CH3 Ila-51 10 The non-aqueous particle-formng
conposi tions of the invention provide greatly inproved
biveaw@iokaks | ity of fused pyrrolocarbazol es. F@rUs2004/037928
exanple, in water Conpound Ila-12 has essentially no
solubility. In pure Tween 80, it has a solubility of
28|43 ng/ m . \When pl aced di rect y in an 15 aqueous

sol ution of 2% Tween 80, Conpound lla-12 has a .
Solfibi % PRrbECboTEONg Y  CONRRB AT | AT S REBIRRidy, Filuted
Twe_ﬂnf?é@d]ga%hosﬁaaés Pﬁlpim&é/ 8378288eous5s@lution of 2%
particle Si 1), ;q0d ., sups dlluted
50-FBE \ﬁoghn]\iggefl%gg ugé%gnléqgegﬁgﬁg”f%t i on

2% Tmeenuﬁp)dlgduﬂﬁmn@mthgoEubﬁﬂ|perQlQDéﬁbanyMﬁ 1n1t1a11y
5aUS: 'SSO' Yng, Ll % SECLRIEQL OGR! BEABLE; LA Il kves a

ar | cu orm ng npo
achientes ahabeBt arfohénm@c@aaﬁ dni ﬁ@ﬁéésﬁwgéiwazole
yrééﬁégﬁi @58 1nceﬂge§£ﬂéﬁ'é31dtﬁohhe EbRAh =S Of it iGN

Because 1 nitia contact wth an agueous medi um occurs
i N sdnttectorikh eRvoduerhR FRIHEY FE6HESpaPt VEFER {RF mMthgLvo

COWH&?&kﬁpﬁﬁuQBESUﬁﬁ?Hicié”féH%ﬂﬂ@eE@ﬁ@dbh@lons are useful for

adm nistration of a fused, pyrrol ocarbgzole t
10mmnTarPRé 6T adBiRL P ReaRi ¢hip laPed FaG: BY B5 hosmaple to 2
of fQkmEing 'a stable suspensi on of fused

pyrrol ocar bazol e- cont t Th
typlcalF?euH%?%ﬁ@éQEFQ%H%ngsgséngg%EEres e n%ﬁl%ﬁof forming

a stable suspension of fused pyrrolocarbazole~containing

particles. The method typically includes: (a) dissolving an

15 fused pyrrolocarbazdlé in a non-aqueous liguid containing a
surfactant in an amount from about 20% to greater than 99%,
thereby forming an fused pyrrolocarbazole-containing,
particle-forming composition, and (b) contacting the
particle-forming composition with an agueous medium. The

20 particle-forming composition can be contacted with the
aqueous medium in vitro or in vivo. Preférably, the amount
of surfactant ig at least 30%, and more preferably, it is at
least 40%, with 50% being particularly preferred. The
particle~forming composition optionally includes an organic

25 solvent, a 1lipid, an antioxidant, or a combination of those
components.

The present invention additionally features methods for
preparing the particle-forming compositions described
herein. In one ewmbodiment, the first step involves heating

30 at least one organic solvent. Preferably the solvent is
heated at a temperature that either liquefies those solvents
that are solid or semi-solid at room temperature, or that
maximizes the solubilization of the active agent, but below
that which leads to degradation or instability of the

35 mixture. Some compositions may require addition of at least



15 fused pyrrol ocarbazol e in a non-aqueous |iquid
containing a surfactant in an anount from about 20%
to greater than 99% thereby form ng an fused

pyrrol ocar bazol e-contai ning, particle-form ng

CRBROGIkised, and (b) contacting the particl eetosmagos
conposition with an agqueous nedi um The 20

particle-form ng conposition can be contacted with the
aqueous mediumin vitro or in W%0. Preferably, the

anmount of surfactant is at |east 30%. and nore

pr epeadhyiofidany &0 rHeAREz800F9dat S0y Weithg composition.

part gl dsédnd Ly rleidrowae ﬁﬂﬂm@l’ﬁxé @0HiRg agent into the
conposj tion .0 tlonal n _orga

sol $&Ated S‘?]r‘%ffbt Ogn t| OXI 8%7?& or?l}gcucéenb 8 ggtiye agent
t hosaclcda@detmseﬂw@ygm@éenarbms mmaqdohalfﬁyn

f eabuLes 51 ods ifhkinky ¢RaELAE é@ea RardH ERedor wieg 2 high
conposi tions, descri bed hﬁr ein. one enbadi.men
a

fi r §heRF SPLFIRDIRTE Re &L am%e%’ﬁ% %W&a&rfﬂ@ affiount of
sol mgringPrafieratl o hosouybhy dsspdiest eheatckive agent.

teffe%?gygﬁw h@ﬁe ﬁhﬁ&aﬁaltqf&ﬂct&%et{@%nﬁ%}éfﬁ%e‘a mmeﬁre

roomtenperature, or
rraxil‘hﬁzéhlx%esfsem G’é‘ivloll?&?l eﬁdeFl?lﬁeofa&%e’%%&%?nBuﬁnd any
1obe| awlthalﬁay\m:&m;h%m& te dagracabdean rd inisttalrel.i ty

oo SR AP AN O i v

-36h9megam$!td<|r@amurteo PENMAFSE e gttadativvh sBreech

conpasit EQRk c&ﬁﬁ%éﬂ%ﬂ@&dc&heﬁelaﬂﬁﬁéﬁﬁédnﬁﬂﬂﬁygématln or HPMC
active agent into the ted sol VE r]:eat

ool GBREUNPRITH & “ATE SGHIVERGaRT 21 HATTHeD i
15pyr hdkecnabivales tis @IO@@@GOheﬁen ke 55 e fanrodisidy ophepray

m Xi.ag é§lg@n£héufdiéﬂegh;&B@@gse&ﬁEf‘ﬁhfliﬂb‘ %ﬁ%@hlatlng and
m X1 ng deV| ce or_honogeni z &o mnimze th 54(3
m xPAEREERE 3l 49 %FL} 8fts ‘P%eg%%ﬁe Jé’cﬁrvg&’
agentpsulPeef erably the resul tant mxture is :
noTDgen£eG MALHLE: it Shebr DUokYE, ML son of
2@ he thenogepozidi erisktafl e€he Prefenhbiyvensl erldiqupghgles heating
exciLpi enl sy a5Le Syiddfd idhQehbCand. optionally one or more
antioxidants, followed by addition of a fused
pyrrolocarbazole and mixing with a high shear homogenizer,
followed by addition of one or more surfactants. In
25 particﬁlar, the present invention includes a method for
preparing a composition of comprising a fused
pyrrolocarbazole, at least one organic solvent, at least one
surfactant, and optionally at least one antioxidant wherein
the gompaésion is non-agqueous and particle-forming
30 ‘ comprising:
{(a) heating the organic solvent and optionally
the antioxidant to about 50-90 °C to form a heated mixture;
{b) wmixing the fused pyrrolocarbazole in the

heated mixture with a high shear homogenizer to form a

35 homogenized mixture; and



honogeni zed m xture, or mxed in at a | ow speed. The
resul tant conposition can be dispensed into gelatin or
HPMC capsul es as a warm sol ution and allowed to
solidify. 15 Alternatively, the solution can be slab
cwol W6k/819s8pray congeal ed and further processgedubywos037928
mlling, granulating and blending and dry-powder

filled into gelatin or HPMC capsules. In a further
enbodi nent, the nethod for preparation of 20 the
conposi tions of theypresen divieiidseit €8NBhESESmogenized
heating at |east one organic solvent and optionally
on@EtU¥Bre antioxidants, followed by addition of a

Lused Méﬂéﬁ%@ Faéegﬁe%@ d&i&!dﬂﬁ:i\%ﬂiﬂaﬁthigmm with the
onogeni, zer, ol | one ition_of one or nmore .
SuPFEPARt E°LYFR 95 pﬁﬁ%é%%ﬁaiy,Ebﬁetﬁwggﬁ$ﬁuﬁﬁnf FecoAs 50-70
5i Nk UJLSA andmd e deetblPr epasd Ao eazonmposi tion of
conprising a fused pyrrolocarbazole, at |east one.
or gani ¢ Thel eventien |dan feasursdr RaBPRAPY @indreating a
optianalldyidtayl e@sta98eo AN i glant herBiiall Ne.g., a human.
conmpassion _Is non-agueous and particle-f rn1n% fo - ,
conprisimRFRoCa i nReAE PR gE PR RigET @ dosgenpyRhglocarbazole in
optd ol abuddie , artibedi gianto Tdr aikiHo 1208t Kihing Orparticle-
heq%ed m xture; ,%b% nixiqg.the fused YL Lo ocar bazol e £
10] SR RACBIEREAEAPR TR I G SRETFRBRtoERI ToroTat ©
f oram ales35 lROBDJ@iv ¢ dand xddmie i srec- WG 2005408030881 cally - -
PCT/ 1US2004/ 037928, -37.{C) Xl t rf .0
he TR AR 2F (A8 AP il BGhARLL R fon to the
antmanriadant Trs oeeatstofindnt hef Wrgamitdode!| vhatparticle- .
Pre he 1 at ur i S..50Q- . ,
R L L
15f earites, aandichodaoktebbat $yrpensimsur oPoghearrarsteakly
or %%E%H {ﬂe'éﬁd%ngagﬁa ?ugt&blez%dgﬂgﬂkionTﬁg pBLAOd

includes formulating a fused pyrrolocarbazole in :
administered to the mammal. “In an alternative embodiment, a

therapeutically effective amount of the particle-forming
composition is administered directly to the mammal, where. it
- 20 contacts an aqueous medium in vivo.
The invention also features a method of treating
cancer, including prostate cancer, in a mammal, e.gﬂ, a
human. The method includes formulating a fused
pyrrolocarbazéle in a non-agueous, fused pyrrolocarbazolem
25 containing, particle-forming composition containing a
surfactanﬁ in an amount of at least 20% (w/w), and |
administering a therapeutically effective amount of the
particle~forming composition to the mammal. In one
embodiment of the method, the particle-forming composition
30 is contacted with an agueous medium in vitro, to form a
stable suspensicon. 2A therapesutically effective amount of
the stable suspension ig then administered to the mammal.
Tn an alternative embodiment, a therapeutically effective

amount of the particle-forming composition is administered



a non-aqueous, fused pyrrol ocarbazol e-contai ni ng,

particle 10 form ng conposition containing a -

surfactant in an anmount of at |east 20% (w w), and

adm nistering a therapeutically effective anmount of

tWe 2p@fosises - f ormi ng conposition to the manMBET/UEM04/037928
one enbodi nent of the nethod, the particle- formng
conposition is contacted w th afgaqueous mediumin 15
vitro, to forma stable suspension. A therapeutically

ef f 8&?&(\.(@139(?@ rgheognagﬁait thSré UBP &1 S alh €Bueocus medium
adm ni st ere he mammal . I'n an alternative

enbodi wene, a therapeutlcally ef fective amount of the
particl exf,Qr ¢ GRS ik @R elrS 1 AUHL D SL &1 & dﬂlfee(fblliow:mg
to the mamm ere it 20 contacts_an aqueoqus nedi um

in grewPlahe |TheefeREwLlePsBT PeRF R kit ARt Addusfration

gr eﬁﬁkﬁgs e§ %}w SridC hdiNgrBr 06t At ® KaRGRIstrhieddas limiting
e human. The_, met hod i hcl udes

forﬁﬂ?aﬁ??@ﬁe?#LﬁﬂﬂfenﬁyPﬁoFB@a??%ﬁQﬁ%?q|1 a

non- aqueous, fused pyrrol ocarbazol e 25 cont ai ni ng,
particle-form ng conmposition containing a surfactant

in an anount of at |east 20% (ww), and adm nistering

a therapeutically effective Erauplesf the

[Partlcle fqrn1ng conposition to the mammal . I n one
1 1§55t he nethod, the particle-forning
ConpOSInmﬁM@ﬁa&sl@azemtagtfmkmﬁﬂd1dmmpaqmeQUﬂsnadtmwding to the
vitro, to, forma .stable suspension. A eut|

of  SEVPREL SR SF R e R TRPRY Sl R R R s in
admivak $tves esinduntsh e etmimmie. toi ananambtleamat i‘I\h@ formulations
L t Ll e LY/ I

par (061 o AR P Sl AR G o P oot e an
1520054054958 ﬁ@KﬁUSZOO4/037928 -38 directly to the

manmal , where it contacts an agueous nedium in-vivo.
The invention is further illustrated by the foll ow ng
exanpl es. The exanples are priaR¥eed for illustration 5
purposes only, and they are not to be construed as

limting the scope or content of the invention.

20 ' Exemplary Formulations
Form ' Component Component Amount Solid/Lig
No. {category) (specific) (room temp)
B - 1 indolocarbazole | Compound Ila-51 100 mg/ml ;
oL " | organic solvent |PEG 1450 C70% - solid
4 surfactant Poloxamer 188 30%

indolocarbazole | Compound ITa-51 100 mg/mi
2 organic selvent |PEG 400 70% Aiquid
surfactant polysorbate 80 30%

indolocarbazole |Compound IIa-51 100 mg/ml

3 organic solvent |PEG 1450 60% solid
organic solvent |propylene glycel 20%
surfactant Poloxamer 188 20%
indolocarbazole |Compound IIa-51 25 mg/ml

4 oxganic solvent |PEG 400 25% liguid
organic solvent |propylene glycol 25%

surfactant polysorbate 80 50%




Exanpl es
conpositions according to the

formul ated using vari ous conmponents in

anounts relative to one anot her.

vari ous

The formul ati ons

10 Fornul ati ons Nunerous particle-formng
;i nvention have been

for

S@helosfad ticle-form ng conpositions are pregepiu§Mod/idros
15 Table 2, below { Table 2 20 Exenpl ary Formul ati ons

For m Conponent . Conponent Anopunt Solid/Liq No.
(category) (specific) (roon1tan%?‘|ndolocarbazole

Conpound 11a-51 100 nmg/m 1 organic solyent PEG 1450
70% sol id "isurfactant Polloxamer 188 30% 1id/nd
i ndoF8¥%r bagzol ERBAPSRd || | a- g/ 1 ABCPhani go1id/ bl
solphM¥sht  PEQG AOFFWWHHI dspeaid t _hol VSOr baf £T¥8pm temp)
30% i ndol ofRuBAZekE. £OEPUASbukkarE1s100 Bligrh 3 |
or dani 6, sol MeatnRECo14nh0 o@(DI id organi c2ssol vent liquid
pr opyl ene gl grgoric@%dsaE f n*Poloxam=r 188 20%
|ndolocarbazolg Q%F gpound | Jo i gp/ M 4 gpganic |
sollvent PEG 4002 Yo | i qui organlc sol yent propyl ene
gl ycol 25% surfactant pol sorbate 80 50% WO
2005/ 051958| PETLLY g fEs len @ﬁlm cagﬁg@ﬂenﬁ Liquid
Corfponent A 1y ego y) af{ sRecilfic)
(rgom tenp) |ndolocarbaz Iemﬁbmmauadal a-51 5 ng/m
5, lorgani ¢ SOIGREIERPEG 40259t qdPd orgafifc sl vent
pr ¢py-ene—25%carbonrate—surfactant—potysorbate-8$6-56%
indolocarbazole |Compound ITa-51 25 mg/ml
7 crganic molvent |propylene glycol 25% liguid-
| surfactant glyceryl 25% ‘
T monocaprylate .
| surfactant polysorbate 80 50%
1 indolocarbazole |Compound ITa-51 1 mg/ml
3 organic solvent |propylene glycol 40% )
surfactant glyceryl 30% ligquid
monocaprylate
surfactant | glyceryl 30%
caprylate-
caprate
indolocarbazole | Compound IIa-51 50mg/ml
9 organic solvent |propvlene glycol 50% liguid
organic¢ solvent |{propylene 25%
carbonate
surfactant polysorbate 80 25%
‘10 indolocarbazole Compound IIa-51 100 mg/ml solid
surfactant glyceryl 100%
‘ monocaprylacte '
indolocarbazole |Compound IIa-51 100 mg/ml
11 surfactant glycervl 70% solid
monocaprylate
gurfactant Poloxamer 188 30%
indolocarbazolé Compound IIa-12 25 mg/ml
i2 | organic solvent |propylene glycol 40% solid
surfactant Gelucire7 44/14 60%
indolocarbazole |Compound IIa-12 25 myg/mi
crganic solvent |propvlene glycol 30%
13 lipid Captex 200 14% liguid
. surfactant Capmul7 MCM C-8 11%
surfactant polysorbate 80 45%




i ndol ocar bazol e Conpound Ila-51 5 ng/m 6 organic
surfact ant

sol

gl yceryl
5%

vent
47.

Propyl ene gl ycol

5%

swovestospisopyl ene gl ycol

gl yceryl
50%

25%
i ndol ocar bazol e Conpound Ila-51 1 ng/m

47.5% 1liquid

25% | i qui d

nonocapryl at e surfactant Pol oxaner
i ndol ocar bazol e Conpound Ila-51 25 ng/m 7 organic

sur f act aptT/US2004/037928
nonocapryl ate surfactant pol ysorbate 80

8

organi ¢ sol vent propyl ene gl ycﬁ\4 20% sur f act ant

188

gl yceryl 3096I|0U|d nnnoranrvlatp surfactant
gl yceryl 30Pc gr%l at e- capr | nd(%l oca azoLe
Solid
Conp&aie | | f ?gr% Avent “BPODYI enk :_mq
g|\(wﬂ 50904 |r1||| F’K ni pgn 1nq-)njlell ene25% foom temp)
carbonat e >mdﬁaa§daaﬂatzom@| mﬁ@ﬁhen&@u% 0 A0 mg/m1
i ndol ocar ba 7@¢g@n@omb@nd Idrapbleng COvegy M sH d o
surlf actént ééggntloo% enﬁﬁ ‘ﬂﬂxat e o liquid
I ndol ocar baz ~Lohpound | W0spo/ M %
surnffactant glyceryl 70% sbll rmnocapr Iate
surffact ant Io ane 8 % d npound
[14-12 25 m f&g j?r azo§ ung | mg/nic}) rpl
q-12 2¢ 8ot I 1\@@@ glgsapi engysgdl y¢o
40% sohs d ;wﬁlact ant Cel 60% 14% liguid
I ndol ocar ba,zalréa@w?ound Illﬁamic@?zs)sng/ m orﬁéni c
solfvent prop§HTéaetagFycol [Fydysorbate 8 8
indolocarbazole Compound Iia-l12 25 mg/ml

16 * | organic solvent |propylene glycol 50% liquid
surfactant polysorbate 80 50%

17 { indolocarbazole |Compound 1Ta-12 16.7mg/ml
organic solvent |propylene glycol 10% solid
surfactant Gelucire7 44/14 90%

| indolocarbazole | Compound Ila-12 25 mg/ml
18 organic solvent {|propylene glycol 10% liguid
} crganic solvent |propylene 40%
carbonate
surfactant polysorbate 80 50%

. | indolocarbazole |Compound ITa-12 25 mg/ml

19 | organic solvent |propylene glycol 10% licuid
organic solvent |dimethyl- 40%

lsosorbide
surfactant polysorbate 80 50%

20 indolocarbazole .| Compound ITa-12 15 mg/ml solid
surfactant Gelucire7 44/14 100%
indolocarbazole | Compound IIa-51 1 mg/ml

21 | organic -solvent |propylene glycol 25% solid
surfactant Gelucire7 44/14 75%

22 indolocarbazole |Compound IIa-51 100 mg/ml solid
surfactant Gelucire7 44/14 100%
indelocarbazole |Compound ITa-51 12 my/ml .

23 surfactant Poloxaner 184 90% liguid
surfactant Capmul7 MCM 10%

Other exemplary formulations include compositions

compriging a fused pyrrolocarbazole, a polyethylene glycol

and a polyoxyl stearate.

In certain embodiments,

the fused




13 lipid Captex 200 14%Iliquid surfactant Capnul 7 MCM
C-8 11% surfactant pol ysorbate 80 45% WO 20051051958
PCT/ US2004/ /037928 -40 Form Conponent Conponent

Amount Solid/Lig No. (category) (specific) (room

t @ BRos0sdeP! ocar bazol e Conpound |1a-12 25 ny/ pérus2004/037928
organi ¢ sol vent propyl ene glycol 30% 14 |ipid Captex7

200 14% liquid surfactant Cen_tilo_l ene7 A 11%
surfactant polysorbate 80 45% 1 ndol oca‘r bazol e

ound |la-12 ropyl 3
gl 3@6 cg’]d%?af? O%%dn‘%am?@%ﬂ%?%o i qui é’e sggfgﬁasnlt =
| rrvwitlmasﬂ éﬂt&dﬁmm?mf abemlm@mrmtgéy%l@% a molecular

di L | 6
soI ven pr opq+ %r?g(&qpsggl t%og}g?l@q%ldeméﬁr ok Fg%tgéﬂk}gly fxom

pol 4&r ¥ ® 180 tBO% - o 19Te w%@ﬂa&éﬁr@mcé%ohmo Daltons.
5l 1 a-42 36, Ao ABARES €84 VSay REOPH RESa8kY £ MO 52 .

solid surfactant Gelucire7 44/ 14 90% i ndol ocarbazol e
Conpoundnl kddipiose hypwampigrsr Fanralasioent Progsere

gl r&fb@éfﬁ%ﬂdie Qﬁgéahﬁoéﬁﬁvfig 1&‘”@ﬂd€%ﬁe4ﬁd§yethylene

carbonat e act ant E sorbate 80

i ndgloek by AFE-E8NpoBRE-PPR- 1@%1%9 morlé’ESr 1430 vt the

Progyl 208 v G p%Q%fbkyguseeaﬂ@@m§ 1easfent . divrf Rdeio of.
40% i sosqrhbi de surfactant gyjlysorbate 80 50%

10j ndeP-bealrbayBie BEFPGRALY PR L S Gh§ HP g6Pi gmm 50:50 to
80:20, preferably the ratio is 50:50 ox 80:20C. :

In other exemplary formulations, the organic solvent
cann be a mixture of polyethylene glycols. 1In one
embodiment,:the'polyethylene glycols are selected from PEG-

15 400, PEG-600, PEG-1000 and PEG-1450. In other embodiments,
" the mixturélof polyethylene glycols can be PEG-400/PEG-1000,
" PEG-400/PEG-1450, PEG-600/PEG-1000, PEG-600/PEG-1450. In
further embodiments, the surfactant is a polyoxyl stearate,
and is preferably Myrj 52. The ratic of a polyethylene
20 glycol mlxture polyoxyl stearate ranges from 50:50 to 80:20,
preferably the ratio is 50:50 or 80:20. In certain
embodiments the composition comprises PEG-400:PEG-
1900:polyoxyl stearate in a rétio of 25:25:50, or PEG-
400 :PEG-1450:polyoxyl stearéte in a ratio of 25:25:30, or:
25 | PEG-600:PEG-1000:polyoxyl stearate in a ratio of 25:25:50,
- or PEG-600:PEG-1450:polyoxy]l stearate in a ratio of
‘ 25:25:50. In other embodiments, the composition comprises
PEG-400:PEG-1000:polyoxyl stearate in a ratio of 40:40:20,
or PEG-400:PEG-1450:polyoxyl stearate in a ratio of
30 40:40:20, or PEG-600:PEG-1000:polyoxyl stearate in a ratio
of 40:40:20, or PEG-600:PEG-1450:polyoxyl stearate in a
ratic of 40:40:20.



surfactant Gelucire7 44/14 100% i ndol ocarbazol e

Conpound Ila-51 1 ng/mL 21 organi c sol vent propyl ene

gl ycol 25% solid surfactant Gelucire7 44/ 14 75% 22

i ndol ocar bazol e Conpound Ila-51 100 ng/m solid
swolassidpks Gel uci re7 44/14 100% i ndol ocar bazpéeus2004/037928
Conpound Ila-51 12 ng/m 23 surf actant Pol oxaner 184
90% liquid surfactant Caprmul 7 MCM 10% O her exenpl ary
formul ati ons include conpositi®rfs conprising a fused

pyrrol ocarbazol e, a pol yet h)_/LI ene glycol and a

pol yoxyl stearate. mmt he fused

WO 2005/.051958 _PCI/ 4 I
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sol vent ¥adgn SpEaguaiRE @ atsHo M Fh GLERR ﬁ%g&ﬂ%’Fs. a}?cﬁ"“s LV
?ne asgbogdinmnist kel pekyethyl eatl g&a&gnl srapeoseliestedvy :
rom PEG 15 400, P 00, .PEG OOO and PEG 1450
ot hERVaFBOt? Ml & iR 3ot oot yéfh:’hw S3du1blions vere .
gl yesl secant theil REGMO0PES, 106Dow . PEGHO0/2RPEGN1 480, is not a
fEG 600/ PEG- 1000, o PEGmGOO/ PEG,1450. In further .
erbBat Rt L PHE KU FERPEAE TS a pol yoxyl stearate,
and is preferably Myrj(r) 52. The ratio of a
pol yet hyl ene 20 gl ycol m xture: pol yoxyl stearate
ranges from 50:50 to 80: 20,



preferably the ratio is 50:50 or 80:20. In certain -
enbodi nents the conposition conprises PEG 400: PEG

1000: pol yoxyl stearate in a ratio of 25:25:50, or PEG
400: PEG- 1450: pol yoxyl stearate in a ratio of 25:25:50,
owo 286/0Fss 600: PEG 1000: pol yoxyl stearate in BCT/@$2001/037928

of
ar

25: 25: 50,

ati o of

or PEG 600: PEG 1450: pol yoxyl stearate in
25:25:50. I n other-ggbodi nents, the

conposition conmprises PEG 400: PEG 1000: poI yoxyl
stearate in a ratio of 40:40pZR1e 24
PEG 400: PEG- 1450: pol yoxyl stearate in a ratio of 30

40:
rat

stearate in a rati oFeFmatakiersy in\RBaso§

40: 20, o
io of 4

r PEG 600: PEG 1000: pol yoxyl stearate in a
0: 40: 20, or PEG 600: PEG 1450: gol yoxyl
1881958
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Forrmul ations I n Rat Study

10

15

20

Blood samples were colliected at predetermined time

points.

Plasma levels of Compound IIa-12 were determined by

HPLC. The mean values for the pharmacokinetic parameters

are summarized in Table 3, below. In Table 3, Cpax is peak

plasma concentration; Twx is time to peak plasma

concentration; Ty 18 apparent elimination half-life; AUC).4

is area under the curve {serum conc. vs. time}; and P% is

absolute

bicavailability (total dose/AUC).

Table 3

Pharmacokinetic Data Summary

{a)

Route Dose Crax Trax Tesz AUCy.q F %
/Form ng/kg ng /mk Hr hr ng*hxr /mk
i.wv. 4.0 NA NA 0.9 2541 Na




5 Form Conponent Conponent Anmpunt Solid/Liq.
(category) (specific) (roamtenp.) (a)

i ndol ocar bazol e Conpound Ila-12 5 ng/m organic

sol vent PEG 1000 40% liquid organic solvent PVP C30
19%Q60RNse Sol vent benzyl al cohol 2% water yai@5200H087928
(b) 1 ndol ocarbazol e Conpound Ila-12 5 ng/m organic
sol vent propylene glycol 25% solid surfactant

Gel ucire7 44/14 75% (c). i ndol‘ééar bazol e Conpound
l1la-12 5 ng/nd_organic solvent propylene glycol 30%

l'iquid tsurf%:t ant Capnul7 |MCM G- 8| 11% surf aghant F s

Capt, L 49 ﬁfgf alct agfarPollysakbat € 88 45% Bhoog/mr
sanpltes weue CGI'I elcted at predetermned tijme 10 .
poi[nt®:°2-Pl asnd-q eviel ¢50F Conpduhd |1 a2 ver e 123 -4
detter#hed by—HPEC—Thengan—valugs—fFor—tihe
phar mpcoki netiocépalr aMst.8f s | ared surmadized in Fable B, -6
bellow!Pt n Table 3, Crax-i-s-{peak—pl enty o
Tmax (s.time inspepkiqy.asmg cangentraiion;| Tt, 82d s 7.7
apparent ellimnatipn half-llife; AUCo 4 15 is area
under the curve (serumconc. vs. tinme); and F%i1s
absol ute bioavailability (total dose/ AUC). Table-3 20
" Phar macoki netic Data Sunmary Route Dose C. T. Ttiz

CAUCD_ 4 F _ .

"NA NA O. 51{%5%% g% Sl‘g‘ %g%%w%s%am For kn¥- nfafopnilic
PCTI82004£087928) thih Howt éhpgoperEicie-feymingucsmpopttions
%’-(b) and {c).. Thege data suggest that biocavaillability in

U

ﬁanfrofn omn:
AT

rats may be improved significantly, i.e., more than 300%, by

using the particle~forming composition of the invention.:

Bioavailability in Dogs

10 Bioavailability of fwo liguid compound ITa-12
formulations was determined in fasted beagle dogs. Using a
crossover study design, two separate formulations,
formulations 16 and 18 f£rom Table 1 were administered to a-
group of six dogs: An intravenous dose was included as the

15 third formulation in the crossover design. Each dog
received a 10 mg dose of compound ITa-12. The plasma
concentrations, as determined by HPLC with f£luorescence
detection, were normalized to a 1 mg/kg dose.
Pharmacokinetic parameters, including peak plasma

20 concentration (Cupax), time to peak plasma concentration
(Taax) » @pparent elimination half life (t,,z), area under the
curve (AUC.,) and the absolute biocavailability (F%) were
determined. _

The plasma concentration time profile of compound ITa-

25 12 following a 1 mg/kg intravenous dese was fitted to a two
compartment open model with apparent volume of distribution
values of 0.96 L/kg (range 0.70-1.43 L/kg) and 1.35 L/kg
{(range 0.69-202 L/kg) for V. and Vg, respectively. Plasma



10

/| Form ng/ kg ng/mL H hr nghr/nL P.O 8.0 26.43 2.0
1.6 123 2.4 (a) P.O 10.6 102.57 2.8 3.3 442 6.6 (b)
P.O 10.6 108.39 3.5 1.4 520 7.7 (c) The oral
bi oavail ability was |ower for the hydrophilic
fWOFedsab1988 (a) than for the particle-forni ngecr/us2004/037928
conposi tions .(b) and (c). These data suggest that
b| oaval | abil'i ty in rats may be,iznproved significantly,

e., nore than 300% by wusing the particle-formng

osition of th venla bj _
0 BRERRAEFEDPRP o5t 1 L eopBtade] 1Ay Lo 9B
f ormfeatdrons 16arodes etmnmj G 1B ésﬁédhbeag) e ddys plasma
crossover : 1 rat u
for%%angﬁso ¥8h éfaiyndae_sl bo14 00 AEPAT ALy (kg bolus

ations rom Ta '
\Nermta:xmlamlosnsededetuna@r%ufﬁﬂ)fo §|9xldbgskgA|ﬁrange 0.40-1.08
|ntr s dose was |ncluded as the 15 thlrd

>f orthu at| nin the crossover design.
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- concentration time profi] und lla- 25 12

20

25b

f olbmwlébf%morn%%v%&o B R

ec%[gg N+gpPgn Hh sapRacent , vedipmeofvel

d| s?rl q{é’t rﬁvtgFgeg %I:‘i@dﬁ 3Ml/leB range 0.70-1. 43 Ve

L/ kg) aBdsep@Bate Koiogveddgeioiby. sbpdy/ kgyo¥pmoyCogrgund

Vp'ﬂfeﬁﬂe% P8 Ye ol 85 FnMD2@8akL054988i cle formlng
U82004 037928 -45 concentrations decli rl_ged W t

t ePRER1ELPRE NERT oFfEl g out using dogs.

parameters were measured following oral dosing of eight

armasco 1net1c

separate formulations. Dosage‘was 50 mg of Compound ITla-12
‘per dog per day. Each formulation was evaluated in a group
of three dogs, using a parallel study design.

Beagle dogs weighing 7.9-14.2 kg werelused in the
study. The dogs were fasted overnighﬁ prior to dosing, but
were permitted water ad Iibitum. Food was returned to the

| énimals at the completion of the study.

Each formulation (capsule or liquid) was administered
to a group of three dogs, in a dose of 50 mg. The
formulations were aé described in Table 4, below.

Formulations C and D are not par;icle-forming compositions.



life of 1.16 hours (range 0.89-1.38 hours). The plasma

cl earance of conpound Ila-12 followng a 1 ng/kg bol us

i ntravenous dose in dog was 0.79 L/ hrkg (range

0.40-1.08 5 L/hrkg). Compound Ila-12 was rapidly
aheasR@shoky om both of the [1iquid fornmul ati onscwutdoos/o37928
peak concentrations recorded within two hours of

dosi ng. Peak plasma concentrations averaged 269175

ng/mM (range 94-469 ng/m) and'%§9143 n/m (range 10
96-458 ng/m ) for the Tween/ ylene car bonat e/ PG and
Tween/ PG fornul ati ons, respe The absol ute

bi oavailability for the two fornulations was very
simlar, averaging 41.68.4 and 39.311.3 percent,
respectively. "A separate bioavailability study

i nvol ving Cormpound  #5rivhBatd Lok il intioe $tiuay
non-aqueous, particle formng conpositions was
Tarried out using dogs. Pharnmacokinetic. paraneters

were neasured following oral dosing of eight <separate
f ol clnnant hons, Dgsea e wds Schigpo f.Co rrpoundparlo!uge 12 R&fia/ria.
dog per day. (e prnllatlgﬁmwggcgvaluate N a §grQdem temp)
20 fof—TnT ee oogS“ usi ng a parallel St udy de5|9n. ) i
Beagl ¢ dog @?Pﬁg v3@ e uset? fH Fhe| semi-solid
d h r Ta ? fﬁilene w/out
st ydy: T i&g liﬁ 100 PFi or 6§ dopichguie
- bu Wer ¢ pern1tte0 MB[ET ad IIDIIUWI Hood was . .
retur ped %%ﬂQ?H%Pr ? §§o °u§ig§1§ | etf ofP /?Wwe ?imigggiig
st ydy. 25 SERChs far bt -at & fEcé: W€ or | |qu55§ was :
admnistered [O a grOLp or tnree dogs, | in a dose[of . _
50 ng,, Théndlarrrraticonse zﬁadl@scrl bed M/ Fabl e #1id in
bellow® K8 atjons Ci§ °r° BT e hot parti Iré-for i ngoesute
: Latd.ons C paftig ng
COIfpoST tTions. Vl)éUUSTbbleB PCI7TUSZ2004 U3 /926 - 40
Tabl e 4 |FefotoraRe Iaaylz 5 For nent seitd in
S . capsule
CofpoRent| S Qﬁt éﬁﬁ category)| (spegd fic
(roomt erm ter water 9%
‘ 1 indolocarbazole |Compound IIa-12 25 mg/mt
® jorganic solvent |propylenes glycol 30% : liguid
' gurfactant " | Captex7 200 14% :
i surfactant Capmul? MCM 11%
j surfactant polysorbate 80 45%
1 indolocarbazole |Compound ITa-12 25 mg/ml
F organic solvent |propylene glycol 30% liguid
| Lipid Captex7 200 14% -
surfactant Centrolene A 11%
surfactant polysorbate 80 45%
iindolocarbazeole |Compound IIa-12 25 mg/ml
organic solvent |propylene glycol 30% liquid
G surfactant Captex7 200 14%
surfactant Inwitor7 308 11%
surfactant polysorbate 80 45%
indolocarbazole |Compound ITa-12 25 mg/ml
H organic solwvent |propylene glycol 50% liguid
surfactant polysorbate 80 50%
indolocarbazole |Coampound IIa-12 25 mg/ml
I organic solvent |propylene glycol 10% solid
surfactant poloxyl 40 90%
stearate
indolocarbazole |Compound IIa-12 25 mg/ml
J organic solvent |propylene glycol 10% ligquid
surfactant poloxyl 35 castor a0%
oil




I ndol ocar bazol e Conpound Ila-12 25 ng/m sem-solid A
organi ¢ sol vent propyl ene glycol 40% w out surfactant

Gel uci re7 60% capsul e indol ocarbazol e Conpound |1a-12

25 ng/mM sem -solid B organic solvent propyl ene glycol
4Wesnsappul €  surfactant Gelucire7 60% PCT/US2004/037928
i ndol ocar bazol e Conpound Ila-12 50 ng/m solid in C

other croscarnellose 5 ng capsuj¢. surfactant SDS 5 ny

i ndol ocar bazol e Conmpound 1| a- 12 50 ng/mM solid in D

| + D 110NN 27N
or garte—sevent—PEG1080—7F0% capsute—organi c—sotyent

sol bid:@l | 21%cnBhait Watier 9% mdoned ocar pazmdoentConposyidd/ric.
I1@a-12 25 ngkatedorpy gani ¢ stireeifiichr opyl ene gl yco| (36%% temp)
l'iquid surfactan q%pt 200 }404)25urfac§@|31 s&apul 7

MM 14% |§ J"Z"catr fe xég’}geg;léngo 45% 70% solid

i ndol ocal bazol e Corrpour rlvtel- 125025 ng/ nl F organi
sollvent peoppkene gl ycqbPobo®ses d8fd | pi d Sept ex
l4%surta crant Cent r]10|ene A 1%;;_/(0% surfactag_rh L
pol ysorbdt1 dec EZFS’?@C’ end§ T npo ?‘g ri‘ L2 25.-.

nghm Cor g8HE S SIVERT | gqﬁfy @O%I ycol B0%Tiquid G Soiid
suff act angu&ptmﬁ? 200 bé%@mréfoact ant | jw tegy/ 308 11% -

suttfact ant pol ysor bat e |8¢e85% i ndol ocal bazol e

Conpound /m H or ,sol ven
gl ycol, 50 i’“ f’lc’caﬁiﬁ%f Clant fﬁgﬁ%@r paf 6" BACEE
i ndol ocal bazmkeadtonmpour oi&ls&rﬂa&eZ@ ng/m | atﬁganl

solvem—propyt ene grycol 10% 50T d surfactant pol oxyl
40 90%

¥

~ )

200

ne j
liquid

11

%4

The reference formulation and Formulations A-C were
administered during the first week of the study.
5 Formulations D-G were administéred following a one-week
wash-out period. The liquid formulations A, E, F, and G
were thoroughly mixed prior to dosing. Each liquid dose

(2 ml) was placed in a syringe and squirted into the back of

the throat of each dog and followed by about 10 ml water. A
10 similar amount of water was adminigtered to each dog
receiving a capsule formulation.
Sequential heparinized blood samples were cobtained from
the jugular vein of each dog prior to desing and at 0.25,.
;0.5, 1.0, 1.5, 2, 3, 4, 6, 9, and 15 houxrs after

15 administration of each formulation. The blood samples were
promptly chilled in an ice bath. Within two hours of

collection, the samples were centrifuged (2500 rpm for 10

min.), and the plasma was transferred to polypropylene tubes

and frozen at -20°C for later analysis.

20 Plasma levels of Compound IIa-12 were determined by
HPLC, as described below. The plasma coancentration in each
sample was calculated by least squares linear regression
analysis (unweighted) of the peak area ratio
(parent/internal standard) of the spiked dog plasma
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Sstearate

organi ¢ sol vent propyl ene glyco
35 castor 90% oi

sur f act ant

i ndol ocar bazol e Cbnpound lla-12 25 mg/mM J

pol oxyl

PCT/ US2004/ 037928
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_47_ Form Conponent Conponent
(category) (specific) (rooPCi/esmps/037928

| ycol

1450 s

nmg/ M K organic

ur f act ant

|ndolocarbazo e Conmpound Ila-12 25

| vent

A

Steara

indmdrm&&izﬁﬁﬂu@ @oﬁpmghhglﬁ@saz 25 ng/mM M organic

sol vent
pol ysor
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water A 10 simlar anount of water was adm ni stered
to each dog receiving a capsygafogmul ation.
Sequential heparini zed. bl ood sanpl es were obt ai ned
from the Jugular veln of each dog prlor to d05|ng and
at 0. 25, 0.5, 1. g ? QﬁmgggY15 hour s
in i
after 15 adn1n|strapaon o eacﬁ ornJratlon The bl ood
~sanpl es were
Form. Crax Trax Tera AUC .y % of .
ng/mh Hr hr ngehr/ml Formulation H
A' |1935.8 1.5 0.83 5860.0 80.3
+455.7 +1062.5
B {2468.1 0.5 — 7608.8 104.2
+766.0 +3267.4
c 11.2 2.3 1.94 46.8 0.6
. 1+6.0 +25.0 :
D 940.9 2.0 1.15 2964.3 40.6
+501.9 . *1B51.6
E 784.6 1.3 1.07 2204.2 30.2
[+1010.3 +2804.4
F 2260.6 1.5 0.90 4761 .4 88.9
+690.7 +4465.4
G 1746.4 1.7 1.19 6491 64.0
+1820.5 +1766.3
H 2736.2 1.0 1.14 7299.8 100
+2154.1 £4395.4
I 1045 1.6 1.1 3590.0 89.7
+420.5 +1468
T 608.5 1.8 1.2 2143.2 53.5
+466.5 +1542.7
K 1373.0 1.6 1.1 4480.2 111.9
+789.4 +2576.5

T



pronmptly chilled in an ice bath. Wthin two hours of

coll ection, the sanples were centrifuged (2500 rpm for

10 mn.), and the plasma was transferred to

pol ypropyl ene tubes and frozen at -20C for |ater

el HesloSies20 Pl asma | evel s of Conmpound I a- 12p¢Ei€2004/037928
determ ned by HPLC, as described bel ow. The pl asna
concentration in each sanple s cal cul ated by | east

squares |inear regression anal'ysis (unweighted) of
t hFJ’)PF]k area ratio. - Lr'g’a_r_enf [inter nol st-andar rl) of theo

OT C1TC

splkﬁgmdoc pl asma VfD20Q5/05195%UECTIUS%@@4403W928%of

8 st anddr dspg/ar.sug conaent rjat iien. Pl agfer/mL__ | Formulation H
concentrafi ons were ‘normalized. tp & 5 Kg dose. Theg
mean Val ugg §§§ N=3) for t he pharnaFokhQQEh&

p annt Ay o o

HeEtet afe-—-Sugf | L'CLT I n—abte DL PDETOW. Idbi e
l

5,1 5 @CU ijg3peak pl asmalcédnecept rtati on; #*004.4 tlne t 0100
peiak pl asmai4ék&dncentiration; Tf,2 is jappabEnt
elTmnation halt-Tife; AUCo_4 is area under the curve
(plasma conc. vs. tine); and Formulation His relative:
bi oavailability. 10 Table 5 Pharmacoki netic Data
Summary o, gfg}?gi wided Wit AdCRe4 £ %081 0 QQ/Enhéﬂréw last
nghr/nL ormulation H A 1935.8 1.5 0.83 5860.0 80 3
4551gasEGEE 5 D1BSPaGeoNCERratiopsfdng Poans) afgep dosing was
532625fbd§égbd2u%1% 1tﬁé ﬂﬁné%ﬁ)ﬁiaﬁ%ﬁglaéloruib9ﬂ8r9tﬁb(blasma—'
1.15 2964.3 40.6 g 1851.6, E 784.6 1.3_1, % é 3
30.ia PHS T 1804, IR 2ORUIEH TG SEFTA7BDI2CEE, B0 Intinity.

determined as the final measured plasma concentration (Ce)

divided by the terminal elimination rate constant, was added

to AUCe. to produce the total area under the curve (AUCq-4).
10 The bicavailability relative to that of formulation REF was

calculated by dividing the AUC.. of each formulation by that

obtained for formulation REF.

‘The plasma concentrations of Compound ITa-12 were
determined by reverse phase HPLC with fluorescence detection

15 following ligquid~liquid extraction of the samples with ethyl
acetate:hexane {(1:1, by vol.) at neutral pH. Following
evaporation of the organic solvent, the samples were
reconstituted with sequential aliquots of methanol and 0.1%
trifluoroacetic acid in water {final ratio 1:1, by vol.).

20 The parent compound and internal standard -(Compound ITa-4)
were separated from co-extracted plasma contaminants on a 25
em x 4.6 ¢m 5 yum Prodigy column. The mobile phase consisted
of-acetonitrile:methanol:0.01 tetramethylammonium
perchlorate in 0.1% aqueous trifluoroacetic acid (45:5:55).

25 Flow rate was 1.0 ml/min. Fluorescence detection (A = 288
nm, Aex = 390 nm) was used for guantitation of the analytes.
This HPLC assay for indolocarbazoles was linear over the -
concentraiion range of 0-5000 ng/ml. These data suggest

that bicavailability in dogs may be improved significantly,



690.7 4465.4 G 1746.4 1.7 1.19 6491 64.0 1820.5
1766.3 H 2736.2 1.0 1.14 7299.8 100 +2154.1 4395.4
1045 1.6 1.1 3590.0 89.7 420.5 1468 'IT 608.5 1.8 1
2143.2 53.5 +466.5 1542.7 K 1373.0 1.6 1.1 4480.2

" Iwh. 280506888 4 2576. 5 WO 2005/ 051958 PCT/ US2004pO819:084/037928
-49 Form C~ T. Ttiz AUCO_4 %of ng/nmL H hr nghr/nL
Formulation H L 1138.8 1.9 1.158703.9 92.5 609.2

1706.5 { M1305.0 1.4 1.1 4004 0 100 148.9 604.3

The jagea d[ﬁ ré hc%a"ry%\b%f’”%?‘ Qsiﬂg tﬂ@lﬂasrt(ﬂcﬁ%—formlng
msasurabl asma concentration time point) after
dospn@p%stl@ﬁ dieatieyensiiAg-the |inear trapezoidal
rule for the plasma- tine profiles. The residual area
extrapol ated to infinity, determ ned as the final

neasur ed pl asma condgevadilahiléey i y the

4 ermnaly gliiJg.Ratibgn 1l el escist Blito1Mas adigduntiorTa-51
AUCo-t to 1groduce the total area under _the curve

(AUSermylated THe TRTARBIGCAS! | PRYELelatfr@ing qemposftions was

for @Hké&é@noﬁEFugmg realkeslsat ednbymalboididg d r;mau@aeﬁs weze
of each for ?,ﬁltl on by that
a

obt ai ped for._f.0 ati,o
 REFTeRRET 3 iRt EEV GRS 1Bt {tohb Rty S
det aﬁ:emne_ﬂ @y) rmmuﬁmenHPL@m téstd |amnesddnios consisted
et ection foIIovvl ] I|qU| extract
1qdhe aﬁﬁ’lnés T &t %-u OPee exan@.lp(l 1.\;:1 kéO% <‘%Ifa)s
at . aémtna$t§¢bdiﬁﬁlanhqﬁys, at a dosage level of 3 mg/kg.

oral doses were administered as soft gelatin capsules, at a

I
.2

The

15

20

dosage level of 10 mg/kg (2 capsules/monkey/dose). The oral
formulations were as described in Table 6, below.
Table 6
Formulaticns in Monkey Study
Fofmuia Component " Component Amount Solid/Lig.
{category) © {gpecific) (room
temp.)
A indoclocarbazole Compound Ifa-51 20 mg/ml solid
surfactant Imwitor7 308 . 100%
B indelocarbazole Compound IIa-51 20 mg/ml
surfactant Imwitor7 308 70% solid
surfactant Pluronic? F68 30%
C 1 indolocarbazole Compound IIa-51 20 mg/ml
surfactant Imwitoxr? 308 70% solid
surfactant Pluronic7? F68 20%
organic solvent | propylene glycol 10%
D indolocarbazole Compound ITa-51 20 mg/ml
crganic solvent PEG1450 70% solid |
surfactant Pluronic7 F68 30%
The i.v. formulation was PEG 1450:Pluronic7; F68:

hydroxypropyl-p-cyclodextrin:water.




evaporation of the organic solvent, the sanples were

reconstituted with sequential aliquots of nethanol and

0.1% trifluoroacetic acid in water (final ratio 1:1,

by vol.). 20 The parent conpound and internal standard

(Womeunehss | a-4) were separated from co-extr aei@so04/037928

pl asma contami nants on a 25 cmx 4.6 cm5 pm Prodi gy

colum. The nobil e phase consigted of

acetonitrile: methanol : 0.01 tetranethylannonlum

per chl of te in O 196a ueous rifluoroacet

(45:5: f & ma%iicEFéI (% qﬁ S%%%gggnglme

deﬁjuﬂmbsn (P@asma-lé&EﬂSIHﬁ Cxmpo884 ﬁﬁv Phsversedidtermined by

quantltatlo an P

st aruaiaPes i [k sor LR Eranafied Siore

rar@@mﬁt@%mmwmmpmt@ét aeshggest Thegeean values for
ol 0 [

5 V0 508 DE T8 p (IO D080 e oot A [P ehike 7,

t hétnel%@% IpyTakiag? t Hewpdrt REPS- Péﬁﬁmﬁgco%%?i‘b@%ﬁtﬁ%ﬁ Toax 18

of ke BV 8Bkl 0PI aBho aveh dadtidaitt ¥ni; NTMVINkeYSoSarent

bloavallabllltﬁ%study i nvol vi.ng .Conpound I]a-51

f orshirdE4 1 PR é“xbéﬁtﬁfﬁg o ﬁ?nﬁhe curve; and ¥%
C OO S0 NS eVWBSoa 6l Td1e iait. usi ng nonkeys. .

Phar macoki neti c paraneters asured foll'om ng

10§ ntravenous (i.v.) adninist?ﬁ??%ﬁ oral (p.o.)
adm ni stration. The test conp05|t|on consisted 10 of
four mal e cynonol gus nonkeys. The _i.v. dose was

adni ni stered as a BBrf@Reokinetic Bakay SFEMAKY 3 ny/ kg.

The oral -doses were administered as soft gelatin
capsul es, at a dosage |level of 10 ng/ kg (2

c psules/ onkey/ dosg). The oral fornul gtions were @as F %
.desE?ﬂ':Bed I%ﬁmi,e 6, béﬂ;;gvv. 15 T%{_Fe 6 Fgﬁ‘@ i ons
| n—ﬁ%@ey— Forntt=a u’)II}J'UIIUIII. CapPo
Sal i d/d g.) (ca&egory) (®Ppeci fic) 3(Poom 2498.1 NA
+347.6
p.o. 31.2 +15.1 4 4.7-7.2 392.8 4.3
A ; _ ’ +173.0
p.0. 67.5 8.9 4 4.7-7.2 613.7 6.8
B £270.3
p.o. | 77.6 +12.4 4 4.7-7.2 678.6 7.3
C ‘ : 1230.5
p.o. 50.5 +25.2 1.3 4.7-7.2 1 '977.3 10.2
D , , : +59.8
15.

Following an i.v. dose, the mean clearance value was
1.1 #0.1 L/hr/kg, and the mean volume of distribution was

4.9 £0.7 L/kg. The results demonstrate that after i.v.

20 administration, Compound I¥a-51 had a large volume of
distribution, rapid clearance,. and moderate Ty,2. Based on
oral dosing, formulation D had better biocavailability than
the other formulations examined in this experiment.

Compound IIa-51 was better absorbed from hydrophilic



tenp.) A indol ocarbazol e Conmpound Ila-51 20 ng/m

solid surfactant ImMtor7 308 .100 B indol ocarbazol e
Compound Ila-51 20 ng/ M surfactant ImMvtor7 308 709
solid surfactant Pluronic7 F68 30% C i ndol ocar bazol e
Gaopossndioss a- 51 20 ng/ Ml surfactant | mwit or 7p8085300£637928
solid surfactant Pluronic7 F68 20% organi ¢ sol vent.

propyl ene glycol 10% D i ndol ocaghazol e Conmpound |1 a-51

20 mg/ M organi c sol vent PEGL450 70% solid surfactant

Pl U%Q%fglé:sﬁaclﬁs&/ofmﬁl ilﬁopﬂ?if@lﬁéfﬁbl@ RE@icating a
145 uroni c’/
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pr edet ofh HOACE Bt LEST el Vhet HEE ST RERER B S inflerovs
Il m@dlﬁmmtmserandwefdrbﬁttlﬂéﬁe@%et@]@l‘@wtcmventlon are
Ph%g@g%ige{ﬂ Clzl%q{ta%%t €hsa éﬁ‘ﬁé@e esdimmied bye is therefore

non- conpart nent a he mean val ues for 5 th

phaun@%@ﬁ¢¢@¢|%hﬁaﬂﬁ#@ﬂér§hﬁr§C@Eﬁnﬁﬁ|§R§1ﬁH@eﬁgﬁﬂec#almS' the

bel oo i JAbhS, he GraXth schesknolassd tgmap%@t rs@bb@ﬂ:.cally
Tmax is . tinme to peak plasma concen r t|on

app@?%ﬁ¥lb%ﬁ|?ﬁ¥ﬁﬁq«m?ﬁﬁal ?| PFRPe A dF@?nGﬁSErl?h%ntended
CUr ¥8; eddéhnte s | 51 1aRsehuarbhohyas | abl lity. 10 Table 7

Phar macoki netic Data Summary Route C. T. Terz AVCo 4 F
Formng/mL H hr nghr/nmL i.V. NA NA 3.0 2498.1 NA

347.6 P.O 31.2 15.1 4 4.7-7.2 392.8 4.3 A 173.0

Ul



P. 0. 67.58.944.7-7.2 613.7 6.8 B 270.3 P.O 77.6
12.4 4 4.7-7.2 678.6 7.3 C 230.5 P.O 90.5 25.2 1.3

4.7-7.2 977.3 10.2 D 59.8 15 Following an i.v. dose,
t he mean cl earance value was 1.1 0.1 L/hr/kg, and the

mean vol unme of distribution was 4.9 0.7 L/kg. The

results denonstrate that after i.v. 20 adm nistration,
Compound Ila-51 had a | arge volunme of distribution,

rapi d cl earance,. and noderate T% 2. Based on ora

dosi ng, formul ati on D had better Bloavallablllty t han

the other formul ations examned in this experinent.

Compound 1l a-51 was better absorbed from hydrophilic

WO 2005/ 051958 PCT/ US2004/ 037928aim52 particles than

from |ipophiljc, partjcles, indicating a
forndwgﬁi&ﬁ-ﬁ%%gﬁﬂ%ﬂﬁ‘absorptlon As those skilled in

the art will appreciate, numerous nodifications and
varlatlons of the present invention are 5 possible in

| i°ght of the Ab6PEPPEAELPRgEEMAL siingt defusfast wyrrolocarbazole
undergt-nothé hatrdiiikhi N t he scope of the appended

claims, the invention may be practiced otherw se than

as specifically described hereig, and the scope of

the invention is intended to er pd3s all such
variations. -53- o Cains Wat ig clained is: 5 1. A
conposition conprising a fused ol ocarbazole wth

the formula: H NOHF;_’,S R

wherein

10 R and R' are selected from H, alkyl, Cl1, Br, CHOCH,

CH,SOCH,CH,, CH,SO,CH,CH,, NHCONHCH,, CH,SCH,CH,, CH,SCH,,
NHCO,CH,, CH,0C (=O)NHCH,CH,, N(CH,),, CH=NNH, CHN(CH,),, and
CH,OCH,CH,; R’ is selected from H and alkyl; and R* and R* are
independently selected from H, alkyl, OH, CH,0H, alkoxy, aund

i5 CO,alkyl; or a stereoisomer or vharmaceutically acceptable

salt form thereof; at least 20% {w/w) of a poloxyl stearate;
and at least one polyethylene glycol. '

2. The composition of claim 1 wherein the fused

20 pyrrolocarbazole is present at a concentration of about 1 to

25

about 100 mg/ml.

3. The composition of claim 2 wherein the fused
pyrrolocarbazole is present at a concentration of about 1 to
about 50 mg/mb. . '



ONR7 RS Res wherein 10 R3 and R are selected
fromH alkyl, d, Br, CHZOH CH2SOCH2CHS,
CH2SO2CHCH3, NHCONHC, H5, CH2SCH2CH3, CHZSC6HS,
NHCO2CH' CH20OC( =0) NHCH3CH3, N( CH3) 3, CH=NNH,
CH3N(CH3) 3, and CH2OCH2CH3; R7 is selected fromH and
al kyl ; and R15 and R36 are independently selected
fromH al kyl, OH, CH2OH, al koxy, and 15 CO03al kyl; or
a stereoi somer or pharmaceuti cali5%-acept abl e sal t
formthereof at least 20% (ww of a pol oxyl

stearat e: 4.andThe demss iddenpef yetadin én@hgi“?%fblthez fused
The ceppesiddbaeblrel BAY dndheieinathe fused 20

pyrrol ocarbazole is present at a concentration of
about 1 to about 100 ng/nL. 3. The conposition of
claim2 wherein the fused pyrrolocarbazole ig present
at a concentrati gmQf.cabout 1 to 25 about 56 orL.

pyrr ol ocar ba oIe e formula: N ON.O N
H3C H3C g X H NO
a ) %
CH2SCH2CH3 LABCN CH3 or 5 N o N
M HO
" Lo CH,OH
CHZCH,SCH, GH,SCH,GH,
HO
or CO,CH,
'5
5. The composition of claim 4 wherein the fused

pyrrolocarbazole has the formula:

‘0 CH,OH



5.

The conposition of claim4 wherein the fused

pyrrol ocarbazole has the formula: NO NO N H 3C 07
HO 10 CH2OH -55- 0 6. The conposition of claiml
wherein the polyethylene glycol has a nol ecul ar

wei ght from about 300 to 8000 Daltons. 5 7. The
conposition of claim®6 wherein the polyethylene

gl ycol has a nol ecul ar wei ght from about 400 to . 3350
Dal tons. 8. The comnposition of eB&m% wherein the 10
pol yet hyl ene gl ycol has a nol ecul ar wei ght from about
400 to 1500 Ceit¢ crspo8itibe cbhnpedit Llowhefeill dihd 5

wher ej 81{7@1&81%8%3/8%%&‘&?%&|aY?rB|1eEt§l§P|m?é?Lt %%lm about 300 to

PEG- 400, PE

G- 15 1000, and PEG 1450. . The

conpo8P¥9 di#l$engk ai m 9 wherein the pol yoxyl stearate
is Mrj(r) 52. 20 11. The conposition of claim10
wherein the ratio of polyethylene glycol:pol yoxyl
sbear at e Tangd®ef cenpeoition f gdaly, 6 (ghergHa the

conpqsd tyedhybne! giyachl necenbl AeLdraticd gdt £hof abdit 400 to
ene ol:ggl%oxyl stearate is 50:50. 25 polyethyl ene
et 113" PRe“8%Rposition of claim 11 wherein the ratio
of polyethyl ene glycol:polyoxyl stearate is 80:20. 30

14. The conposjition of claim 1l conprising a, 7
pol yet hyl®ne GR§cBPRASEH® S&I elewn % pbfprein the
REG 4004BERGy 1800 glycol has a molecular weight from about 400 to

15

20

25

30

1500 Daltons.

9. The composgsition of claim 5 wherein the
polyethylene glycol is selected from PEG-400, PEG-600, PEG-
1000, and PEG-1450.

10. The compogition of claim 9 wherein the polyoxyl

stearate is Myri® 52.

11. The composition of claim 10 wherein the ratio of
polyvethylene glvcol:polvoxyl stearate ranges from 50:50 to
80:20.

12. The composition of claim 11 wherein the ratio of

polyvethylene glycol:polvoxyl stearate is 50:50.

13. The composition of claim 11 wherein the ratio of

polyethylene glycol:polyvoxyl stearate is 80:20.

14. The composition of claim 1 comprising a
polyethylene glycol mixture selected from PEG-400/PEG-1000,
PEG-400/PEG-1450, PEG-600/PEG-1000, and PEG-600/PEG-1450.



PEG 400/ PEG 1450, PEG 600/ PEG 1000, and

PEG 600/ PEG 1450. -56- o 15. The conposition of claim

14 wherein the ratio of the polyethylene glyco

m xt ur e: pol yoxyl stearate is from 50:50 to 80:20. 5

16. The conposition of claim 15 wherein the ratio of

t he pol yet hyl ene gl ycol m xture: polyoxyl stearate is

50:50. 17. The conposition of claim15 wherein the

rati o of the polyethyl ene glycol5&xture: pol yoxyl

Stearate is 80:20. 10 18. The conposition of claim16
wherein t hé- cdippsiompppitbmproSasiaim 14 wherein the ratio of
PEG 49R:R ; Y, S .3 at. .

25 25 B0 P RS by A ey 4 from
the eBmbda®8i2Bonprises PEG 400: PEG 1450: pol yoxyl
stearate in a ratio of 25:25:50. 20. The conposition

of claim 17 wherein the 20 conposition conprises

PEG 400. PEG 1006 polpositict ed alleiinnls avlleatcin the ratic of
40: 4Q. 0 sition of clai,m17.wherein the
cormodit Psirerny e i PIRRaL, 8hx Pied TR BT ke 18 50:50.
stearate in 25 a ratio of 40:40:20. 22. A nethod of
treating a disease or disorder in a nanmal

_conpri si ng -adfPRi SPEIITIFignc ofipesaim okb ofeskan nghe ratio of

12, ehelfolpeshsidhiceelyidl NBBE IR oxpd Aarkle is 80:20.

met hod of claim 22 wherein the disorder 15 a

eur ol ogi cal disorder. -57- 0 24. The nmethod of claim

22 whereip t [ L. LS. cancer,. . _Jhe method of
ol ai m 24 per B4 B Eakedp FE Rl 3 St B 06
The BempRRL tgfonc cainpr Pe s RHGe49 0t REC e 2d®rpdlyoaylit stearate in

a ratio of 25:25:50.

i5 19. The composition of claim 16 wherein the

2

composition comprises PEG-400:PEG-1450:polyvoxyl stearate in .
a ratio of 25:25:50.

20. The composition of claim 17 wherein the
0 composition comprises PEG-400:PEG-1000:polyoxyl stearate in
a ratio of 40:40:20.

21.  The composition of c¢laim 17 wherein the
composgition comprises PEG-400:PEG-1450:polyoxyl stearate in

25 a ratio of 40:40:20.

30

22. A method of treating a disease or disorder in a
mammal, comprising administering a composition of claims 1,
12, or 19 to a gubject in need thereof.

23. The method of claim 22 wherein the disorder is a

neurological disorder.



nyel ogenous | eukem a.

wE7= ©

24, The method of claim 22 wherein the disorder is

cancer.

25. The method of claim 24 wherein the cancer is
5 prostate cancer.

26. The method of claim 24 wherein the cancer is acute
myelogenous leukemia.



