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{54) Title: PLURAFLAVINS AND DERIVATIVES THEREOF, PROCESS FOR THEIR PREPARATION AND USE THEREOF

(57) Abstract: The invention relates to a compound of
formula (1) wherein R, is a sugar; Ra is -CHa-O-(Ry)m,
Ry representing a sugar, or Ry is -COOH: R; is an
epoxide-comprising group, Cy-Cg-alkyl or Ca-Cg-alkenyl.
unsubstituted or substituted by at least one OH; Ry is H,
C)-Cg-alkyl, Co-Ce-alkenyl or Cy-Ce-alkynyl; Rs, Re Ry

{I) and Ry, independently of one another are H,C;-Cg-alkyl,

C»-Cy-alkenyl. Ca-Cy-Alkynyl, -XsH, or -X5Ry3, or Ry and
R together and/or Ry and R together are =X,: X, is O,
NH, N-C;-Cs-alkyl, N-Cp-Cg-atkenyl, N-Cy-Cg-alkynyl
or 8; Ryps is C)-Cg-Alkenyl, Co-Cyralkynyl, Co-Co-alkynyl,
aryl or acyl; and m and n are 1 or 2; and its physiologically

o acceptable salts. The compounds are obtainable from a culture of the microorganism Actinomycetales species HAG 003959, DSM
12931, by fermentation. Accordingly, the invention relates to a process for their preparation and to the use of the compounds as

=

pharmaceuticals, for example as anti-tumor agents.



and R err] independently of one another are Herr]Cerr]-Cler r1] al kyl ,
Clerr]-Cerr]-al kenyl. Clerr]-Cerr]-Akkynyl, -X[err]H, or -X['ed AUR[ &b,

or Rlerr] and R[err] together andlor R err] and R err] together are
=X[err]; Xerr] is 0, NH N-Cl-C6-alkyl, N C2-C4-al kenyl, N C2-C6-al kynyl
or §; R12 is Cl-C6-Al kenyl, C2C6-al kynyl, G C6-al kynyl, aryl or acyl; and
mand n are 1 or 2; and its physi ol ogi cal |y acceptable salts. The conmpounds
are obtainable froma culture of the nj croor gani sm Acti nomycet al es speci es
HAG 003959, DSM 12931, by fernmentation. Accordingly, the invention relates
to a process for their preparation and to the use of the corrpounds as
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Pl urafl avins and derivati , HPFegess for their preparation and use
t hereof. One enbodl(ﬁjt S conpounds of fornula | |
wherein R, R n are as defined below The
conpounds of formula I ca i ase, can have a cytostatic
action and may be particul g : treatingltunors. The conpounds
of fornmula | can be obtai ned Att.i nonycet al es species HAG
003959, DSM 12931, in a -cul tur& Hm Accltdi ngly, enbodi ments may rel ate

wherein Ry, Rz, R, Ra, Rs, Rs, Rs, Rig and n are as defined below. The compounds of formula |
can inhibit transcriptase, can have a cytostatic action and may be particularly suitable for
treating tumors. The compounds of formula | can be obtained by growing Actinomycetales
species HAG 003959, DSM 12031, in a culture medium. Accordingly, embodiments may relate
to a process for preparing the compounds of formula |, to the use of the compounds for
preparing a pharmaceutical for the treatment of malignant disorders and of diseases which can
be treated by inhibiting transcriptase, and to pharmaceutical preparations comprising at least
one compound of formula 1.

Cancer is a disease of humans and animals which is in most cases fatal and which is
generally caused by the uncontrolled growth of endogenous cells. Cancer is the term used for
the formation of malignant tumors (malignancy), of neoplasms (tumors or carcinomas) or for the
malignant degeneration and dysmaturity of white blood cells (leukemia). Cancer or tumor cells
are generally formed by transformation of endogenous cells. The malignancy of the cancer cell
expresses itself in the autonomy of growth, i. e. its capability of growing uninhibitedly and
without integration into the organ system and infilirating, with destruction of tissue. A sure sign
of malignancy is the formation of metastases far from the tumor after hematogenic or
lymphogenic spreading of tumor cells. Cancer is one of the most frequent causes of death in
humans, and there is therefore a great demand for methods and agents for curing or treating
malignant degenerations.



to a process for preparing the conpounds of formula I, to the1W§§ Bf éhe
conpounds for preparing a pharmaceutical for the treatnent of v gw
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pharmaceuticals no longer have any cytostatlc action, but they are toxic, owing to

the side-effects. Furthermore, it has been found that a combined andfor sequential use of
cytostatics exceeds the activity of an individual cytostatic (monotherapy), and it is therefore
possible that the considerable side-effects in polychemotherapy are non-additive. For all these
reasons, novel chemotherapeutics are urgently required and thus investigated world-wide.

Surprisingly, it has been found that the microorganism strain Actinomycetales species
HAG 003959, DSM 12931, can be capable of producing highly effective novel cytostatics which
may inhibit cell growth even at very low concentrations. Hereinbelow, the novel compounds can
be referred to as pluraflavins, and they may form, together with pluraflavin derivatives, part of
the subject matter of the invention. The pluraflavins are antibiotics which may comprise a p-
quinoid ring skeleton and various sugar building blocks. They may inhibit transcription by
intercalation of nucleic acid double strands and, if appropriate, additional alkylation. The ring
skeleton was described for the first time by
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wherein

R, is a sugar group,



Accordingly, a first aspect of the present invention relates to a conpound
of formula (1) (Rl)n 1 wherein R is a sugar group, 1 8 AUG 29 Kt#l&g R3
is -COOH or -CH2 O(R7)m wherein R7 is a sugar group; is chosen from
epoxi de- conprising groups, 'Cl-CS al kyl groups and C2 C6 al kenyl groups,
wherein said al kyl groups and al kenyl groups are optionally substituted
wth at | east one OH group; R5 is chosen froma hydrogen atom C, -Cs al kyl
groups, C2-C6 al kenyl groups and C2-C6-al kynyl groups; R4, R6, R6 and R a,
are each i ndependently chosen from hydrogen atons, C, -C6-al kyl groups,

C2- C6- al kenyl groups, C2-C6-al kynyl groups, X2H groups wherein His
directly bonded to the first atomof X2 , and X2R 2 groups wherein Ri2 is
directly bonded to the first atomof X2, and optionally R4 and R6 together
are a doubl e bonded X2 group, and, optionally R and Ro together are a
doubl e bonded -X2 group, wherein each X2 is independently chosen from
oxygen atons, -NH groups, -N-C -C6 al kyl groups, -N C2-C6 al kenyl groups,

hdep | ‘Eﬁ{ %%g&w“mﬁa%m%q@%n‘)”f%é@gea&%es:fEEEZF Sroups, .
C27C6 .
o dendSientFohERa R BhigSLatiR R biBEKL, O Ll BB ARECR R o ana
m xt uraisemfl griwgss; vitwrein $aid alkyl greups andrulkeriyft gr@hbésar‘e‘ StickRlty »Ausgﬁtel?é@b' e

salts and deFi vatives. 1 8 AUG 200%
ith at least one OH group;

R, is chosen from a hydrogen atom, C,-Cg-alkyl groups, C,-C-alkenyl groups and
C,-Cs-alkynyl groups; .
R, Ry, Ry and R_“,, are each independently chosen from hydrégen etoms, C-Cealkyl-
groups, Cz-Cs-alkenYI groups, C,-C.-alkynyl groups, -X,H groups wherein H is direetlyA
bonded to the fi rst atom of X, , and —Xsz groups wherein R,zfis direcﬂy bonded to the
first atom of X,,-and opttona!ly R,and R, together are a double bonded -X, group, and
optionally Rg and R,, together are a double bonded -X, group, |
wherein each X, is lndeperndenﬂy chosen from oxygen atoms, -NH groups, -N-C,-C,-
alkyl groups, -N-C,-Cg-alkenyl groups, —N—Cz—Ce—alkynyl groups and sulfur ato‘ms, |
‘wherein each R, is independently chosen from C,-Cg-alkyl groups, Cz-Cs-alkenyl
groups, C,-Ce-alkynyl groups, aryl groups and acyl groups; and

m and n are each independently chosen from 1 and 2;

in all its stereochemical forms and mixtures of these forms in any ratio, and its*

- physiologically acceptable salts and derivatives.



4a In formula (1), C -C6-alkyl may be a straight-chain or branched alk
having froml| to 6 carbon atons, for exanple, nethyl, ethyl, 1§0bﬁbﬂ%,
tert-butyl and hexyl. C2-C6-al kenyl nmay be a straight-chain or branched

al kenyl having from2 to 6 carbon atons, for exanple, allyl, crotyl and
pentenyl  C2- C6-al kynyl may be a straight-chain or branched al kynyl having
from2 to 6 carbon atons, for exanple, propynyl, butynyl and pentynyl.
Aryl is an aromatic ring structure, f exanpl e, phenyl, benzyl or 1- or
2-naphthyl. Aryl may be optionally substituted, for exanple by hal ogen,
such as chlorine, bromne, fluorine, by alkyl having 1-4 carbon atons, for

exanpl e, hydr oxyl, by al koxy having 1-4 carbon atons, for
exanpl e marr'? %}ﬂﬁ%b/ or by trifluoronmethyl. Acyl can be aliphatic or

aromat i ¢ adytCerliog pwy bErestedightichainor hrarichediglkilchaging o ditd6 oarbah atmys,

pref er, 4 t. ] , acetyl, propionyl, butyryl,

hexang(;s’/lllj‘:lf)éé E:er’y; ofﬁ%@dgﬁ%@lﬁl{g%rbggf %’ﬁ“g@%"m ch can be substituted

further, fdé-(axalkgiyemby bhalstra@nt-clait br branchdd alkényehavingitom, to sl aadsdrmne, by

am no, / ) ' -4 carbon atons, such as nethyl- or
at@rﬂg, O ex2ih g‘?el %\WI,%[?P&] @?’ﬁ n?échg%

et hyl am no groups. "Aronmatrc , for exanple, be benzoyl or naphthoyl,
whi ch can GiGsealiynybmby bé astreighf-chiaimer hrahchedealiumyl leaving fioah Ade 6 casionh  as

chl ori ] ny aving 1-4 carbon atons, for exanple
met hyl, B?/q%ygr gﬁ)ﬁ’?k@ﬁ%{mﬁ%&é%ﬁé@@ﬁ'ch as, exanple ethylamno, or by
al koxy gr odyy ihaw aregnatic Ting atrbeinreaton eramplec phargyl, bedzyt ar boor 2ahaphthyl. Argir

i snocfa Ty plaly HUBCRHBR rof Bxarbis b RoR e b SR IS ARTE b Tk g ol 1 .
The neitotbavtml-#dartoamitres, dorrxanple, (r€shyl. 1206)gxyf, by alkexnhaling &4 @rstrhexose,
rsrgﬁgsgaz%rﬂagrfl&r:%@? %@%ﬁﬁ%@?)o&??ﬂ@@&ﬁrﬁtﬁ u'bg:i) t gﬂag?t ??\Séplggent ly of one
anot her, by\cH caarpe aligptic agaremaiid gcyl gipupk ilng aliptaticydcylanaly baveoky carbioar e t he
gogzd/a%mgﬂréfgrabm RABBAGHINY, 508 58%ormRR 22BHI, BR‘BidnI, %ﬁ&%ﬁ%@aﬁgyl,l 8 AG

acryloyl, crotonoyl, propioloyl, which can be substituted further, for example by halogen, such as

chlorine, bromine, fluorine, by amino, and/or by alkylamino having 1-4 carbon atoms, such as

methyl- or ethylamino groups. Aromatic acyl can, for example, be benzoyl or naphthoyl, which

can also be substituted further, for example by halogen, such as chlorine, bromine, fluorine, by

alkyl having 1-4 carbon atoms, for example methyl, by hydroxyl, by amino groups, such as,

example ethylamino, or by alkoxy groups having 1-7 carbon atoms, such as 1-4 carbon atoms,

for example methoxy.

The sugar (R+/R;) may be a monosaccharide (n=1) or a disaccharide (n=2), where two
monosaccharides are linked glycosidically. The monosaccharide can be a hexose (C¢H,,0s), for
example an aldohexose, such as, D-(+)-glucose, D-(+)-mannose or D-(+)-galactose. The
monosaccharide can be mono-, di- or tri-substituted, independently of one another, by H, OH,

NH>, NH(alkyl), N(alkyt),, alkyl and alkoxy, where the H and/or OH of the monosaccharide can
be optionally replaced by



5 substituents. The term "sugar', as used herein, may include a}rq ROG SHFars-
An am no sugar may be a nonosaccharide or di saccharl de opti onal
substituted as descri bed wherein at | east one OH or H group of the nono-
or disaccharide nmay be replaced by an am no group such as NH2, NH(al kyl)
or N(alkyl)2. In one enbodinent, mnmay be 1. R7 may be an am nosugar group
of formula (Il1) R\ "R 26 {Z\ 18 '34 NR20Rn wherein R13, R141 R16, R18,
R20, R22 R24, R26 and R28 are each indgpendently chosen fromH, OH NH2,
NHal kyl , N(al kyl )2 and al koxy, where al kyl and al koxy have from1 to 4
carbon atons. Exanples of Cl-C4-al kyl are, for exanple, nethyl, ethyl,
propyl qusﬁtQBh'ﬁsWh@i@;% Batigar, ab Usecpl?érbincma?rlncrmfe%[no gﬁgargxﬁ'{%ﬁ\% s‘ﬁg;ar may .

Cl- C4- al koxy are exanpl e I SO

parti chf amqveﬁmiaﬁmdw’ (&%Cb@’ld&rpp&ﬁnaiéﬁuaatﬂuf@ﬂ aﬁ@iueﬁ@nb&d onrhepem aﬁeamem so
be an I EhrRsl f
f or mul ‘2”; o T R e, B PRy oy 2 o OB S HENPY
anot helNH M%é’(ﬂkyﬂ-l NH2, NHal kyl, N(al kyl)2, or 0- alkyl, vvherel n al kyI

may be a ano%gﬁmpnerﬁqmnaays@e jret hyI et hyl, propyl, isobutyl and butyl,
in particular methyl, and Oal kyl is C - C4- aI koxy, for exanpl e, met hoxy,

et hoxy, i sdpr®avRE aaramimw@ﬁwomobfarmwé&ll)ar met hoxy. RT in one enbodi nent,
may have the fornmula (I IIA)

13

R il
e

wherein
Ri3, Ry4, Rie, Ria, Rao, Roz Ros, Rog and Ry are each independently chosen from H, OH, NH,,
NHalkyl, N(alkyl), and alkoxy, where alkyl and alkoxy have from 1 to 4 carbon atoms.

Examples of C,-C,-alkyl are, for example, methyl, ethyl, propyl, isobutyl and butyl, in
particular methyl, and examples of C,-Cs-alkoxy are, for example, methoxy, ethoxy, isopropoxy
or butoxy, in particular methoxy.

Ry can be an aminasuaar of formula (lIA):

0. _CH,

- - HA
OH
H, CH,
R; may also be an aminosugar. In one embodiment, n may be 2.
Ry may be a group of formula (ll1)



OH HO ~----1CH3 H3C-N | CH3 R3 can be an epoxi de-conprising group. The
epoxi de-conprising group can be a straight-chain or branched qlgmmGOQB‘

al kenyl group having from2 to 12 carbon atons, such as from2 to 6 Carbon
atons, which may conprise one or two epoxide rings (oxiranes). Possible
exanples are: CH3 1 8 AUG 2004 7 CH3 and CH CH=CH- CH3 O her than an

epoxi de-conpri sing group, F3 can be a straight-chain or branched al kyl
having froml to 12 carbon atonms, suchgas 1 to 6 carbon atons, for exanple,
met hyl, ethyl,. i§?geryl, tert-butyl, hexyl, and also, for exanple, octyl,
dodecyl, or a t Schai n or -branched al kenyl having from2 to 12
carbon atons 8 6 carbon atons, for exanple, allyl, crotyl,
pent enyl , anBs where these al kyl or al kenyl groups can al so
be nono- or such as di- or tri-substituted, for exanple
by hydroxyl . "An nt accordingly may relate to pluraflavin A of
formula (1A) HXo gse 11 CH3, OH ' CH

, R34 R32 _R"’O
wherein Rz to Rgo, independently of one another, may be H, OH, NH,, NHalkyl, N(atkyl),, or O-
alkyl, wherein alkyl may be a C,,-C, group, such as, methyl, ethyl, propyl, isobutyl and butyl, in
particular methyl, and O-alkyl is C4,-C,-alkoxy, for example, methoxy, ethoxy, isopropoxy or
butoxy, in particular methoxy.

R: in one embodiment, may have the formula (111A)
OH

HO CH,

o

CH;, 1A

Rs can be an epoxide-comprising group. The epoxide-comprising group can be a
straight-chain or branched alkyl or alkenyl group having from 2 to 12 carbon atoms, such as
from 2 to 6 carbon atoms, which may comprise one or two epoxide rings (oxiranes). Possible
examples are:

O

H3C'—*>\CH3



Hexose 11l H2ZN 3 to pluraflavin B of fornmula (1B) 1 8 AUG 2004 AlhﬁZE@_‘
elrn

Hexose 11l H2N 'CH3 and to pluraflavin E of formula (1E) | E wher exose
| can be a 2, 6-di deoxyal dohexose; hexose 11 can be a
2, 3, 6-trideoxy-3-di met hyl am nohexose and hexose |1l can be a

2, 3, 6-trideoxy-3-am no- 3-net hyl al dohexose, in all their stereochem cal
forms and m xtures of these forns in any ratio, and their physiologically
acceptable salts. 1 8 AUG 2004 9 In ong enbodi nent, the conpounds may be
chosen fromfornmulae (1A, (IB) and (I1E), wherein hexose | is oliose,
hexose 11 is rhodosam ne and hexose Ill is 3-epi-vancosam ne. According to
an enbodi ment, i} he ¢brmpounds of fornula | may be obtainabl e by
cultivation, exadnmpl e by fermentation, of the Actinonycetal es species
HAG 00395 Gl its variants or nutants, under suitable
conditions i re medium until at |east one of the pluraflavins of
formula (1A) for ('E) is .present in the culture nmedium The

pl ur af | avi nsGhigy subsequently isolated-fromthe culture medi um and
purified and, if appropriate, converted into chem cal derivatives and/or
into their physiologically acceptable salts.

and

H,C |
CH-CH=CH-CH,

Other than an epoxide-comprising group, R; can be a straight-chain or branched alkyl
having from 1 to 12 carbon atoms, such as 1 to 6 carbon atoms, for example, methyl, ethyl,
isopropyl, tert-butyl, hexyl, and also, for example, octyl, dodecyl, or a straight-chain or branched
alkenyl having from 2 to 12 carbon atoms, such as 2 to 6 carbon atoms, for example, allyl,
crotyl, pentenyl, and also dodecenyl, where these alkyl or alkenyl groups can also be mono- or
polysubstituted, such as di- or tri-substituted, for example by hydroxyl.

Another embodiment accordingly may relate to pluraflavin A of formula (1A)

OH

Hexose |

1A

Hexose ll

| > oH
Hexoselll HN. CH,

to pluraflavin B of formuia (I1B)



A second aspect of the present invention relates to .a proceﬁs Qgé @@*ing at
| east one conpound of formula | or a physiologically accepté%l S
.thereof, which conprises cultivating, for exanple by fernenting, the

nd croorgani sm Acti nomycet al es speci es HAG 003959, DSM 12931, or one-of its"
©variants or nutants, under suitable conditions in a culture medium until

at | east one conpound of fornmula (1) is present in the culture nedium:

" followed by isolation of the conpound. I an enbodi nent, the isolated
.conpound may be converted into chemi cal derivatives and/or physiologically
acceptabl e salts. The strain HAG 003959, DSM 12931, its nutants and/or
‘variants are in one enbodinent, nay be cultivated in a nutrient solution
(also referred to as cul t giig nmedi um which nmay conprise at | east one
"source of carbon ato | east one source of nitrogen atons .and the
customary inorganic i at | east one nov %gpluraflavin IS present
in the cuHexese! medi um- lurafl avins may B s equently isolated from
t he cul ture nmedi um and, opri ate, separaed-jinto the individua
.active conmponents. The culfiva ' ¢d out *under aerobic
conditions. The cultivati @ : at .a. tenperature ranging
from 18 to 35C and at a pH rf the literature, a large
.nunber of reactions faoq gui nones have been
described. I'n one enbodi naft, oGt he qui nofe forms of 1
'8 AUG 2004 10 tHesxoS®mpoundgsycan be sing chem cal reactions
~which are known per se. A r%duction qui none f.ornms of 'the
_conpounds can, for exanple, be achieved £ wi t hh hydrogen, or

wi th metal hydrides, 'such as al um num hyadrides or ~bs Fides. A
further suitable exanple is the conversion of quino t h- hydr oxyl am ne
or with its derivatives into oxines which for their 3 be further
chenical |y converted. A further embodi menge.y ¥Pfeg§h

- a conmpound of

forrmula OH wherein R, R2, R3 and n may.be as defin 3, inall its
stereochernical forns and m xtures ‘ L .
and to pluraflavin E of formula (IE)
Hexose | .
CH,
"Hexose I HaC\N 0 -

|
CH

wherein hexose | can be a 2;é-didedxyaldohexose;

hexose |l can be a 2,3,6-trideoxy-3-dimethylaminohexose and

hexose Il can be a 2,3,6-trideoxy-3-amino-3-methylaldohexose, in all their
stereochemical forms and mixtures of these forms in any ratio, and their physiologically
acceptable salts.



of these forns in any ratio, and its physiol ogically acceptablieg aahtfp The
pluraflavin derivatives of formulae (IVA), (1VB) and (I VE) (below), my be
derived fromthe pluraflavins of formulae (1A, (IB) and (lE),
respectively, and they may also formpart of this invention. Athird
aspect of the present invention provides a conposition of forrmula (1), or a
physi ol ogi cally acceptable salt or derivative, and an acceptabl e vehicle.
An embodi ment nay relate to: a conpoungd of formula (IVA) 1 8 AUG 200 WO
01/ 60832 PCTI EP0O1/ 01660 11 a compound of formula (IVB): OH HOB L CH3 OH OH
5 and a conpound of fornula (IVE): 1 8 AUG 2004 12 OHIVE CH3 OH 0 in all

their ster ' . ' 0 f ' | and
their phyanonser syt Tie Batecltl i betnob o Tm rGiiliag (aF UF) AL B ot

i nventwhemeipr ovi des a conpound of the fornmula (1), or a physiologically
accept al t: derivative thereof, for use in the inhibition of
transc%glf)% g[%og?é%t | east one doubl e stranded nucleic acid. A fifth aspect
of t hdeppsshisrhpgesamin®antrovi des use of a conpound of fornula (1), or a

hexose I is 3-epi-vancosamine.

According to an embodiment, the compounds of formula | may be obtainable by
cultivation, for example by fermentation, of the Actinomycetales species HAG 003959, DSM
12931, or its variants or mutants, under suitable conditions in a culture medium, until at least
one of the pluraflavins of formula (IA), (IB) and/or (IE) is present in the culture medium. The
pluraflavins may be subsequently isolated from the culture medium and purified and, if
appropriate, converted into chemical derivatives and/or into their physiologically acceptable
salts.

A second aspect of the present invention relates to a process for making at least one
compound of formula | or a physiologically acceptable salt thereof, which comprises cultivating,
for example by fermenting, the microorganism Actinomycetales species HAG 003959, DSM
12931, or one of its variants or mutants, under suitable conditions in a culture medium, until at
least one compound of formula (1) is present in the culture medium, followed by isolation of the
compound.

In an embodiment, the isolated compound may be converted into chemical derivatives
and/or physiologically acceptable salts.

The strain HAG 003959, DSM 12931, its mutants and/or variants are in one
embodiment, may be cultivated in a nutrient solution (also referred to as culture medium) which
may comprise at least one source of carbon atoms and at least one source of nitrogen atoms
and the customary inorganic salts, until at least one novel pluraflavin is present in the culture
medium; the pluraflavins may be subsequently isolated from the culture medium and, if
appropriate, separated into the individual active components.

The cultivation can be carried out under aerobic conditions. The cultivation can be
carried out at a temperature ranging from 18 to 35°C and at a pH ranging from 6 to 8.

In the literature, a large number of reactions for chemical derivatization of quinones have

been described. In one embodiment, the derivatization of the quinone forms of



physi ol ogi cal |y acceptable salt or derivative thereof, for tpg n@ cture
of a cytostatic. A sixth aspect of the present invention provides of a
conmpound of forrmula (1), or a physiologically acceptable salt or
derivative thereof, for the manufacture of a nedicament for the treatnent
of colon tunors. A seventh aspect of the present invention provides use of
a conpound of fornmula (1), or a physiologically acceptable salt or
derivative thereof, for the manuf act ur,g of a nedi canent for the treatnent
of mammary (breast) tunors. An eighth aspect of the present invention
provi des use of a conpound of formula (1), or a physiologically acceptable
salt o j \ve the ' : f i nt .for the
treat n@ﬁ% 8%}5%%89%%%0&;3?%%& u&]?’%]]gb gg%'{é@? f%%&[oﬁé%vgfc&ag%gﬁ %@@%t?eoé\ provi des
use of reductimmdo tirohyatfodfuinome fams| of theoconapouphly san fargExeripley baackiptabl e salt or

derivaf] . . 3 i . e treatnent
of " pr oty WA byar8en, S REBBATEANES, Lot BRI hrbRLonitien,

i nvent hysinides. dviudber suitable fexample riptherndnaofrsibo ohgliaords)withomydeoxylapsine@bowiicisd | y
accept -sal. . der | i ot re.of a nmedi canent
for th@QIV? tr“ze%t'#g%?(mg% \4/%%[(@}@15&%%#%%}.g\?gﬁémetrgg%rg%? hk{)&%}R’%retg%r esent invention
provi des ush fwtheaembogioentmey rdiate na b aonppund afformnytdnysi ol ogi cal | y accept abl e
sal t ﬁ@vferi vative thereof, for the manufacture of a nedicanment for the
treatnent of m.crobial infections. Hereinbelow, the invention is described

in detail, for exanple in at |east org enbodinment. The pluraflavins
according to thée invention e produesd by Actinonycetal es species, in one
enbodi ment by Acti nonycetaljes. 5 HAGP03959, DSM 12931. The

Actinomycetal es spgri@ / . 12931, has abeige-red nycelium and
can be identified by co are typi-cal for actinomycetes. A
t axonomni ¢ exani nation of ’ QoLeBni sm Acti orrycet al es Spec HAG 003959,

wherein Ry Rz, R3 and n may be as defined above, in all its stereochernical forms and mixtures
of these forms in any ratio, and its physiologically acceptable salts.

The pluraflavin derivatives of formulae (IVA), (IVB) and (IVE) (below), may be derived
from the pluraflavins of formulae (IA), (IB) and (IE), respectively, and they may also form part of
this invention.

A third aspect of the present invention provides a composition of formula (1), or a
physiologically acceptable salt or derivative, and an acceptable vehicle.

An embodiment may relate to: a compound of formula (IVA)



DSM 12931, gave the following result of the determ nation afg gbe 280 ai n:
the diagnostically inportant fatty acid anal ysis by gas chromat ography
showed high proportions of. Anteiso 15:0 fatty acid, Iso 16:0 fatty acid
(isopalmti i Iso 17:0 fatty acid (isomargaric aci I 17:0
fatty acid %gﬂeolggszorrargari c acid) and cis[9] 18:1 fatty agl?c %ﬁg?%gaci d),
in addition to | ower concentrations of other fatty acids. 1 8 AUG 2004 WD
01160832 PCT/ EP01/01660 13 This fatty ac{fl conposition profile permts

Acti nonycet al es HAG 003959 (DSM 12931) to be assigned taxonomically to the
genus Saccharothrix. An isolate of the m croorgani smwas deposited at the
Deut schen Sanm ynpg von M kroorgani smen and Zel | kul turen GvbH, Mascher oder
Wg 1 B, D 5 Braunschwei g, Germany, according to the rules of the
Budapest & 316 July 1999 under the follow ng nunber

Acti nonycet al g§s spg¢ci es HAG 003959, DSMp, 12931. Instead of the strain

Act i nonycet al speci es HAG 003959, DSM I2031, it is al %possi ble to use

its nutants and Ye at tdast one c ound 10 of the
pl urafl avins ac Such mutants can be produced in a
manner known per Y, exanple irradiation, e.g. with
ul travi ol et X- i such as, for exanple, ethyl

Xypenzophenone (MOB) or

NG~ 15 The process according to
Qn on a | aboratory scale

met hanesul f
N-nmet hyl -N -nftrp- N
the invention cdeHpe used

(milliliter to Titer range) or oh an industrial scale (cubic neter scale).
Unl.ess indicated otherwise, all @prcentaggs ar@_bagggl on weight. In the
case/of liquids, mxing ratios are based onyt heyvol the, unl ess stated
ot herw se.
OH
H,.N CH,

a compound of formula (1VB):

IVB

OH
HN CH,

5 and a compound of formula (IVE):



I n one enbodi nent, sources of carbon atons for aerobic fer ngrstgﬁgé opare 20
assi m | abl e carbohydrates and sugar al cohols, such as gl ucose, |actose,
sucrose or D-mannitol, and hydrocarbon-conprising natural products, such
as, for exanple, malt extract. Suitable sources of nitrogen atons for
cultivation are: am no acids, peptides and proteins and their degradation
products, such as peptones or tryptones, furthernore neat extracts, yeast
extracts, ground seeds, for exanple of;,mai ze, wheat, 25 beans, soya or
cotton, distillation residues of alcohol production, nmeat neals or yeast
extracts, but al amonium salts and nitrates. Inorganic salts contained
in the nutrient dolution can, for exanple, be chlorides, carbonates,

sul fates ol f the alkali metals or alkaline earth netals,

iron, zinc, copalt Bnd nmanganese. The [faorm@Hon of the pluraflavins

ention proceeds.i ] 3q culture medi um whi ch conpri ses
about-0.1 to 5%~ sUchcps 0.3 to 2%, of glaCcogiHand 1 8 AUG 2004 WD

01/ 60832 PCT/ EPQI/ 01660314 0.2 to .G sugh as 05 to 3% of soya neal and
0.05 to 2% suchUas o7 ] > steep and 0.05 to 1.0 g/l, such
as 0.1 to 0.5% of He £hd D05 to 1.0-gll, such as 0.1 to
1.0 9/1, of [gui umichl orl d are inlNach case based on the
wei ght of thed enNi’r e e culture medi um

Act i nonycet al es cies’ produces a m xture of

pl uraflavins. De di ng on~ye ) or_ofOllhe culture medium the
proportion of at |east one of thefpluraflafi ns according to the invention
may vary. Furthernore, via the capgositionCof the medium it is possible to
control the synthesis of individual pluraflavins, so that one or even nore
of the pluraflavins are not 10 produced at all by the m croorganism or in
an anviaral th sigrebbitentiedl ésririseimdl riliutes dfithadeFomdinding®atlo, ahditheful ture

conpri ses. one det ect e pluraflavin. In further enbodinments the
PESIeRecall PRIl

pl ur af Sformed. In addition to the pluraflavins A B and
E ( conpounda fafrthfazpattlcfittediesent binticantovides a compound of the formula (1), or a

physiologically acceptable salt or derivative thereof, for use in the inhibition of transcription of at
least one double stranded nucleic acid.

A fifth aspect of the present invention provides use of a compound of formula (1), or a
physiologically acceptable salt or derivative thereof, for the manufacture of a cytostatic.

A sixth aspect of the present invention provides use of a compound of formuta (1), or a
physiologically acceptable salt or derivative thereof, for the manufacture of a medicament for the
treatment of colon tumors. '

A seventh aspect of the present invention provides use of a compound of formula (I}, or
a physiologically acceptable salt or derivative thereof, for the manufacture of a medicament for
the treatment of mammary (breast) tumors.

An eighth aspect of the present invention provides use of a compound of formula (1), or a
physiologically acceptable salt or derivative thereof, for the manufacture of a medicament for the
treatment of lung tumors.

A nine aspect of the present invention provides use of a compound of formula (1), or a
physiologically acceptable sait or derivative thereof, for the manufacture of a medicament for the
treatment of prostate tumors.



(I'E), respectively), other related conmpounds, which differ from;t% 2
conpounds 15 represented in the fornulae ([A), (IB) and (1E) in tphat i191_1ey
are glycosylated differently, are also forned in the culture nedi um of
Actinonycet al es speci es HAG 003959, DSM 12931. Thus, as by-product, a
further pluraflavin (pluraflavin C) with a nolecular v weight of 974 Da
and a degradation product of pluraflavin A, nolecular weight 692.77,
C37H44N2011, were detected. In the Iattgg conpound, hexose | is mssing;
under acidic 20 conditions, the 2,6-di %xyaldohexose can be

hydr ol yti cah tentrchgmeekaf tid prebemtrimvepkion pfdviales nséof 4 bempowrdad faramias(t), osa

St iy SPIPRERRC A Eplabin e Br opl MR PR o WA RALES dindt B i o

of ai rtreatmexbof¢eeemia can be carried out in a tenperature range from

approxi mat e 5 fr.om approximatel y 25 t 2C i pel udi ng
From 27 to AbetVeriflacrdime PSR ARye iR PRERIE P on s sbrBowi ariemua B om

6. 5 t cora fhysidhgieally heeptablersdittar dagvyative rereofcioothegamugantine of e mexdiddment

cul tiy rigd ranging fromz24 to 3000hours, such as from36 to
140 ho@é@gt%\éﬁ?n\?gfﬁgﬁ%% ’@8§§Hgageousl y carried out in several stages,

i .e. at | edsdreinhelo@0thprimentidruiselessrifadris telail dpas:athplainaatlleagtione nut ri ent

medi u%‘%‘ﬁg is then inoculated into the 1 8 AU 2004 WD 01/60832

PCTI E '6 15 actual production nmedium the main culture, for exanple
i n the vol ufre platflaviids ddordiyeto the Bwahtionrsee psodobédbyn Adinchgcealaarspkees, iy

for - apsroamauiry bRl dleliss @b 003 bRY AR She RbRE SRS 9O
nycel ispecieahAiR003258| NSH, 12081, scanidige-rdaymaddliomi angt dahdedderdified bp gr ow f or

about . f to 10 days, on a solid or liquid
nutri ec%p%hcéoﬁpﬁa%vﬂﬁ%fareejﬂa%l g& aﬁgrhn_\ rEat agar or oatneal agar. The progress
of the fer nktixatdroic examinaomoithe oiedoiganisheAgiinomfcdthles spkd HABDBH59,

DSM 12931, gave the following result of the determination of the strain: the diagnostically

important fatty acid analysis by gas chromatography showed high proportions of:
Anteiso 15:0 fatty acid,

Iso 16:0 fatty acid (isopalmitic acid),

Iso 17:0 fatty acid (isomargaric acid},

Anteiso 17:0 fatty acid (anteisomargaric acid) and

cis[9] 18:1 fatty acid (oleic acid), in addition to lower concentrations of other fatty acids.



the nyceliumvolune, and al so by chromatographi c nmet hods, such as, for
exanpl e, thin-layer chromatography or high pressure liquid dry b%t%r aphy
or testing the 10 biological activity. The pluraflavins according to the

i nvention may be found in both the nyceliumand in the culture-filtrate.
The i sol at i‘ﬁﬁoﬁﬁ%é’ess described below generally serves t oPGUEPGLpLGhe

pl uraflavins according to the invention, such as to purify the
pluraflavins A, B and E. Isolation and/or_purification of the pluraflavins
according to the invention from 15 the &8l ture mediumis carried out by
known met hods, taking into account the chem cal, physical and biol ogical

ti t t I d . To.test th I | avi trati _
" Fhe. cul Tl Bticaidspbiosof Loms aeTnin Armareiadsign Fad fodosd OST Hin b o
to use t hith et RABROAICANTIE thEQerRS URLRaRASL| | ca gel - usi ng

chl orof or mf met hanol / gl aci al acetic acid/water m xtures (for exanple in the
rati o 20 8:1:1:An igplade oftits miergitgarismowasBeidsiled attibe Deutschap Sammiung

chr omat ogr.aphi,c _separati on, ection e carrjed out, for exanple,
sl g s o e SBERRINST unch 2EhERrel amBRb MRS eReladeE Yed 4B, Grerad ne
amount of BlaanseHedigNCRrhanRtcORIRIRAHE ?iikk bf tl@%%ﬁ&g%ﬁeﬁﬁéd Qﬁ %' on
solution. According to the i'nvention, pluraflavins nmay be 1solated from

ei t her nyobily 1999 undesthedfbliawieg nudibem Adinomyaktajes sirexiey/HAG 008959, iDEM al |y
separ at ed ﬂg?, fromthe culture nediumby the customary nethods, and the
pl urafl avi are subsequent |y extract ed fromthe cell material using an
optional [y Wat qhstha i the’soaif AtiRoMPLUBIS spellEd 19ABAY38505 Bt NoB AR &
contains pluraflavins according to e Invention; I f appropriate, they are
concent r atalsb poskiblertedisedts mutastsuane earithnisiwhichesynthesizecat lesstderosdrysstind
bel ow. Jf Bf%UG 004 WO 01/60832 PCT/EP/01/01660 16 If %ppro&;iat_e, t he
cul t ur e 19 Fiiie pliralaving BeeRuding;te the ixen Thuitasits cAR berpredysaghinet r act
and ext r aGhafnaH rbwh S&f SBY By riddie] £ SRRioRCL YL U i
exanpl e wi th n-but f\:ﬁ‘o?& 'I%?Err‘gam C e!p a’sgﬁieggt en seﬁ%‘roglt leaée%lh Jc’;llﬁl’)l%\,"c)lle]t
appr opr i at@,X~rays, or chemical mutagens, such as, for example, ethyl methanesulfonate

(EMS}, 2-hydroxy-4-methoxybenzophenone (MOB) or N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG).

15 The process according to the invention can be used for fermentation on a

laboratory scale (milliliter to liter range) or on an industrial scale (cubic meter scale).
Unless indicated otherwise, all percentages are based on weight. In the case of
quuids; mixing ratios are 'based on the volume, unless stated otherwise.
In one embodiment, sources of carbon atoms for aerobic fermentation are
20 assimilable carbohydrates and sugar alcohols, such as glucose, lactose, sucrose or
D-mannitol, and hydrocarbon—comprisihg natural products, such as, for example, malt
extract. Suitable sources of nitrogen atoms for cultivation are: amino acids, peptides
and proteins and their degradatioh products, such as peptones or tryptones,
furthermore meat extracts, yeast extracts, ground seeds, for example of maize, wheat,
25 beans, soya or cotton, distillation residues of aicohol production, meat meals or yeast
extracts,' but also ammonium salts and nitrates. Inorganic salts contained in the
nutrient solution can, for example, be chlorides, carbonates, sulfates or phosptrates of
the alkali metals or alkaline earth metals, iron, zinc, cobalt and manganese. |
The formation of the pluraflavins according to the invention proceeds in a

30 culture medium which comprises about.0.1 fo 5%, such as 0.3 to 2%, of glucose and



concentrated under reduced pressure. To defat the product of 4 the
concentrate 5 can be diluted with an non pol ar sol vent mhereln Pﬁe
pluraflavirs according to the invention are only sparingly sol uble, such
as, for ex%ﬁg%ﬁ wi th hexane, petroleum ether, diethyl ether. Th|s causes
the plurafl W83, precipitate, and the |ipophilic inmpuriGyEROLY

di ssol ved and are renoved by custonmary solid-liquid phase separatlon. The
preci pitate; which contains all pIurafIai%ns to be isolated, is dissolved
10 in 1/30 of the original volune of water/methanol. The precipitate is

di ssolved conpletely and is |yophilized. The lyophilizate, which is

ot uraf it S SUEn BR AR s BRSO BsBlend AT R ot B P st o

one or noreerekidepeari] 0.08ftb ave §A, arbisid.Ndo 0B6%Nef cdlélM@trEdrB&'lété PRI 6.b5 % out
by chronato&raphy on suitable materials, such as on nolecular 15 sieves,

on normal phadesualy as Brlsto LOGH, absodiun chisidlel dhespercentages arminedciecasen on

exchanger or on.reversed phase nediunms (RP).
Wth the Sba%gd%?l tﬁgs‘gé@ﬁtr‘gr;ﬁ ﬁfffpﬁg{ rﬂ“r afl avins are separated. The
chromat ogr aphy [Rthe blmmrelm@cﬁﬁhamﬂﬁommﬁéé 'sﬁéc@éﬁHA@ ipngobyf Hned 2agyeous
sol utions or m xtures of gﬁueous and organl ¢ solutions. 20-M xtures of

aqueous orPredyprasi & midira o Siraeﬂﬁ@lﬂanm o9 esthesconpagitidn ofihe eulturs sci bl e

conaent r at TR tns HiphoRor Gt ESSs B R Rlur SEIRCSEAIG k6 i abefiors 006
sol vent, Qhay ¢afe Falrthe!mbf@rwéitm&ﬁwsnt&m éﬁth@%dmhcnlsaﬁ@ss?slé% Ebﬁtr (}he

organic solvents The buffers to be used may be the’sanme as indicate
above. 25 systhesix ofdndividuahplupafiavirs, a9 that dnesEven md’:rel of the piusafiavingpaieandtt y:

b t h id_of d h L f
ol o orPrhieeeh Hatfi s fuGaisnl S STBEn poloWIB R oA IEH 1 e
XAD(r) ( TOSOHAASbne@mbadifneAt, the BiElire RbflprisesBhedetddabls Whirafsvinf i further
exanpl e, on RP-8 or RP-1 8 phases. Mbreover, separation can be carried out

with the aﬁ@@ﬁlmﬁdtmnih@@ﬁvmﬁn“grﬁ’a@roﬁﬂ@meﬂor 30 exanple on silica gel,
alum na and t h‘?n Eﬁlonjto%he p%raszavmsA B and E (compounds of formula (1A), (iB) and

(IE), respectively), other related compounds, which differ from the compounds

15 represented in the formulae (IA), (IB) and (IE) in that they are glycosylated differently,
are aiso formed in the culture medium of Actinomycetales species HAG 003959, DSM
12931. Thus, as by—product a further pluraflavin (pluraflavin C) with a molecular
weight of 974 Da and a degradation product of pluraﬂavm A, molecular weight 692.77,
CaHuN,0y,, were detected. In the latter compound, hexose | is missing; under acidic

20 conditions, the 2,6-dideoxyaldohexose can be hydrolytically cleaved off from
pluraflavin A.

The microorganism is cultivated aerobically, i.e., for example, submersed with
shaking or stirring in shaker flasks or fermenters, if appropriate with introduction of air
or oxygen. If can be carried out in a temperature range from approximately 18 to

25 35°C, such as from approximately 25 fo 32°C, including from 27 to 30°C. The pH
generally should range from 6 io 8, such as from 6.5 to 7.5. Under these conditions,
the microorganism is generally cultivated over a period ranging from 24 to 300°hours,
such as from 36 to 140 hours.

Cultivation is advantageously carried out in several stages, i.e. at least one

30 preculture is first prepared in a liquid nutrient medium, which is then inoculated into the

.
s

)



WO 01/ 60832 PCTI EPOL/ 01660 17 The chronmat ography of the pl ﬁréalf | avins may
be carried out using buffered or acidified agueous sol utions S0 ur es
of aqueous solutions with al cohols or other water-mscible organic

sol vent s. T\ngg,g&?pi c solvent used can be propanol and aCﬁ%’g’%H{Zj’ilLﬁ? 5
| . ror

Buf fered or aci I ed aqueous sol utions are understood as

exanpl e, water, phosphate buffer, ammonium acetate, citrate buffer in a
concentration from1l mMto 0.5 M and alygo form c acid, acetic acid,
trifluoroacetic acid or all comrercial acids known to the person skilled
in the art, for exanple, in a concentration ranging fromO0.01 to 3% such

as from 0. actual grodGbriemAicalira AL &N cRRURAFDTBRNE iINBERBI NS FA £Ab. The

starting with 100% aqueous buffer and ending wi th 100% sol vent;
exanmpl e a Piasaliyregs stptained.fangxamplet byinocolatiog s0wycaliunyinte pmufrientlsohrtion

ot oor 65 ROk bl AR o Bt 2 ¥ S b nowe.
chr omat ogr ApdynyeRliumecaiale bbirdd, feexae e GyyaIRWi tl@ﬁtfﬂ_}_ﬁé E@WA%%‘EE)%P@ S

such as, for exanple, Biogel-P 2(r) (Bi orad), Fractoge rck,
Ger many or tor days ssichasApr 4 to dA deypremiaselid of iguid natrient Meuisa) far eSawgin) .

The order t Les menti oned above can be reversed. A
further, hﬁ‘é%@éf%@%%‘g%grﬁ%; ion step for pluraflavins is _
crystal | i zati onThd peogré8s 8f hedemntatorf Easbadi®rdd emr@bﬂwqm@cdrﬁréé ggni ¢

solvents and from m xtures of water w th organic solVvents. ystallrzation
can be carinedayerlium volumes andralstbyphioatategraphismetbrdsysushins, foresxentplat i on

or .coolin ~ | urafl avi.n sol utions. ,The plurafl avins agcordi ng
t o‘é‘:ta:ﬁe | n\g/tgﬁ{ '%%F §5@“§%8§%’Wr?fﬁ%‘ }grgp?lgeglgg{decl”%@a?qgrag % ﬁeéﬁ@? ﬁlﬂ/i ng a
pH r angif0ohibioyiBad abvify. THY plRIdTERING dccemimt to'thE mantBRINANEY AR in$dth
therefore be incorporated into customary pharmaceutical preparations. The
pl ur af | avi e reycelisrand in the culigre filsateh chheisblation ipragassetesdeabed/belotvher ef r om

generally serves to purify the pluraflavins according to the invention, such as to purify |

the pluraflavins A, Band E.

Isolation and/or purification of the pluraflavins accbrding fo the invention from
15 the culture medium is carried out by known methods, taking into account the chemical,

physical and biological properties of the natural products. To test the pluraflavin

concentration in the culture medium or in the individual isolation stages, it is possible

to use thin-layer chroma}ography, for example on silica gel us'ihg

s chloroform/methanol/glacial acetic acid/water mixtures (for example in the ratio

o

20 8:1:1:0.2) as mobile phase, or HPLC. In the thin-layer chromatographic separation,
detection can be carried out, for e)éample, using staining reagents, such as
a-naphthol/sulfuric acid, where the amount of the substance formed is expediently
compared to a calibration solution.

According to the invention, pluraflavins may be isolated from either mycelium or

25 culture medium. Generally, the mycelium is inﬁially separated off from the culture
medium by the customary methods, and the pluraflavins are subsequently extracted
from the cell material using an optionally water-miscible organic solvent. The organic-

' solvent phase contains pluraflavins according to the invention; if appropriate, they are

concentrated under reduced pressure and purified further as described below.



can be converted by methods known to the person skilled in the art into the
correspondi ng physi ol ogically acceptable salts. Physiol ogi cal ByAtkc&Bpt abl e
salts of conmpounds of fornula (1) are understood as 30 neaning both their
organi c ang,ggiRbgani ¢ salts, such as are described i n Remppgh@hi/disdn 8 AUG
2004 WO 01/60832 PCTI EP01101660 18 Pharmaceutical Sciences (17th edition,
page 1418 (1985)). Based on the physical and chemcal stability and the
solubility, sodium potassium calciumdaéd ammonium salts, inter alia, are
possi bl e enbodi ments of acidic groups; salts of hydrochloric acid,

sul furic acid, phosphoric acid or of carboxylic acids or sulfonic acids,
such as, for S5Sifeppmprate dbetculiurdilmateds combinadividth thenoacentratedf thel ei c
acid, funaric a%ie#j, %aéé arijc aq?it}% andg g-tol uenesul fonic acid, inter alia,
are possi BIYESRHBSerfTRehaRd sxiragted withactifiedlenwaterpauicikia organinseivert for

enbr aces | ' [1C TRV \ rrad :

edvat  vaetPleC R B e AL Pher < i SpP i b e T bRty ca
di f f er encepnéentratethintieh@dacedpresane. it defat sheqprodbiiadf vahie, e eoroaiiags
into 10 .t he conpound according to the invention under mld cgnditions. The
equi val ehfd gﬁ@?t%‘é‘lﬁh ?ﬁd]%"d&larf%’ﬁ"eé‘iﬁ’ll?ﬁf%[‘ thesplurafiaying aaoeeting teBigpl exes

and al so 21 : n ' tion.
Eoters aniaion A offyapdfhal Tol b SEORS BEBATER, Wifthaant et dliR |
pr ocessesethesaiethytiethert Thisl sauseathe glurdflavine tappdipitate, sdithedipdpRiigani c

Synt hesi s, 4" 15 edition, J. March, Jo ' & Sons, 1992. The carboxy

. t n Wle |
group (folmririiesgematsiissalyed dad s34 reRe bSbFUQtﬁé‘a&bﬁ?MJlﬂ}ﬁd BRaste fornul a

(1) can b t t waster. . ch
Catero i nerinateh; e foaftas, ghicyfonishsrin FRfavicUbs SOR Fltond ™" )
for exapinel/38aftied erigingdl kelumkof Water/mbihahpl rTheypeeipitate isslisgavedconpl exes

be formed with 20 physiologically

of the congoupﬂ(ils of the fornula -%I) milé or m . %e
accept abl E°TR By and 'EéXQRS'HE?fjsJ@ '%89"’&! aig, WhiQy is fatpreed toras crude prediish
| nvent i ONLerlNAGER, BpRl&d 6.8't8 BEBS bfpllndTFinGnd! 8 %is68 THAMRAS: Bhiation.

The further purification of one ar more of the pluraflavins according to the

invention is carried out by chromatography on suitable materials, such as on molecular

15 sieves, on normal phase carriers, such as, for example, silica gel, alumina, on ion
exchangers or on adsorber resins and/or on reversed phase mediums (RP). With the
aid of this chromatography, the pluraflavins are separated. The chromatography of
the pluraflavins is carried out using buffered aqueoué solutions or mixtures of aqueous
and organic solutions.

20 Mixtures of aqueous or organic solutions are understood as meaning all water- )
miscible organic solvents, such as methanol, propanol and acetanitrile, in a
concentration ranging from 10 to 80% solvent, for example from 40 to 60% solvent, or
else all buffered aqueous solutions which are miscible with organic solvents. The
buffers to be used may be the same as indicated above.

25 Separation of the pluraflavins based on their differing polarity may be carried

| out with the aid of reversed phase chromatography, for example on MCI® (adsorber
resin from Mitsubishi, Japan) or Amberlite XAD® (TOSOHAAS), on further :
hydrophobic materials, such as, for example, on RP-8 or RP-18 phases. Mareover,
separation can be carried out with the aid of normal phase chromatography, for

. 30 example on silica gel, alumina and the like.



formula (1). Centers of asymmetry of the conpounds of fornulae &)@) (113)
and (I E) can, independently of one another, in each case ml@ﬁ em"he S
configuration or the R configuration. The oxiranes of the

epoxi de- COnwpipgjshig2 Y oup can be in any position; 25 for exgpplggy I anes
whi ch i ncorporate the carbon atons 2' and 3'. The inventionfﬁ)i ncllldt;jlg@s al |

possi bl e enantioners and di astereoners, and also m xtures of at |east two
stereoi soneric forns, for.—exanple m xturgqy of enantioners and/or

di astereoners, in any ratio. Thus, the invention provides enantioners in
enantionmerically pure form both as |aevorotatory and as dextrorotatory

anti podes, R anthéchwnhatggraphy@ishe plrdfzeindGndp becafridps@iRphansegidy t he
f orm of m'xt.Hres of the two enantioners in any ratio. If 1 8 AU G204 WO

01/ 60832 iied AaYEeYs sohjons, eF mixtres of pgueeimsolitonwits micohbls omathat i on .

T any v at o GBI orgBn i e The Pifenis SRl S b Pmart G (he

conpounds aeetomitriieng to the invention are suitable for use as
pharmaceyticals_in human and/or 5 veterinary nedicine. They have
anti bi ot Pc act i Buifgred s acidifiechagugans sobitions aseunderstend as meaningnfor

antimycoti g, €. OLrl ORI DLt | ' ta ogeni.c fungi, ..
anti pr ot oz%)l(acmplgh‘ggggr?l‘t P%%%% f’@ﬁ%’r 8%&4q%%?ﬁ%¥tgﬁﬁ%rﬂﬁﬁpﬂgﬁ@@twq he
i nvention Tam bmMi&ed.5 M af@akRY fotficacid, acetic aaderiflubfiacele BBidbrad _
chenot herapeutics. OMng to their cytostatic properties, 10 such as their

pot ent ant tQUmercialagids kKgown tpitheperpen skitedin the atk forsxampleyin@an be used,

f or. exanpl ] 0 ' n ral,,ons in animals and
huﬁ*eiﬁs. In %‘%ﬁ:@ﬁ%’@'ﬁ'ﬁiﬁ?ﬁ‘c@ﬁ@’?ﬁ%*s'gﬁ%%%ﬁﬁ\?gf%ped resi stances to
conventitOnal  aQmmhsatogriphytevdle &EREd sul\difg a drAdeaPSiatirAliy 100®Juat e
effect. Thus, the | urafl avins according to the invention and derivatives

t her eof of 3qusiqHs kufier pnaaneling with §80%neahent;, fos ramplsna liaear gradigntranging
e . P38 R EOLER 2 P Sed i o o =0 relaves to

Alternatively, it is also possible to carry out ge! chromatography or
chromatography on hydrophobic phases.

15 Gel chromatography can be carried out on polyacrylamide or mixed polymer
gels, such as, for example, Biogel-P 2® (Biorad), Fractogel TSK HW 40® (Merck,
Germany or Toso Haas, USA) or on Sephadex® (Pharmacia, Uppsala, Swedenj.
The order of the éhromatographies mentioned above can be reversed.
N A further, highly effective purification step for pluraflavins is crystallization. The
" 20 pluraflavins crystaliize from solutions in organic solvents and from mixtures of water
with organic solvents. Crystallization can be carried out in a manner known per se, for
“example by concentration or cooling of saturated pluraflavin solutions.

The pluraflavins according to the invention are stable in the solid state and in

solutions having a pH ranging from 3 to 8, for example from pH 4 to 6, and they can
25 therefore be incorporated into customary pharmaceutical preparations.

The pluraflavins of formula (1) and the chemical derivatives derived therefrom
can be converted by methods known fo the person skilled in the art info the  »
corresponding physiologically acceptable salts,

Physiologically acceptable salts of compounds of formula (1) are understood as

30 meaning both their organic and inorganic salts, such as are described in Remington's



| east one of the pluraflavins according to the invention and/or derivatives
thereof. Plurflavins may be used in a mxture with at IeasnI BOR@Cf%HAtable
auxiliary or excipient. The excipients used for humans can

phar macol o caII accept abl e excipients 20 and/or auxiliaries.

i nvention §1 %Vates to a process for preparing a pharnﬁ@gﬁ?ﬂw%ﬂm
according to the I nvention which conprises bringing at | east one conpound
according to the invention into a suita adm nistration formusing a

phar maceutical ly suitabl e and physiol ogically acceptabl e excipient and, if
25 appropriate, further suitable active conpounds, addi tives or

Ui ar : . : r
2 ni ot o cgaseiaA SPEALL YR ARRH, agh P (TR EREt HDRRIEIZ | ¥,
is also paﬁsiidmlemicéilstalabm@rﬁidhedolubmty ISquUCh mmmmttau@ah AEaANHiah

forms are, for exag‘p granul es powders tablets, coated tablets,
(mi cr o) capélis.dater @ & Rossiblaembodimants ehasidicameuprss salls o Bydioehleric acid,

?22\82"'28049(%“%%920%@,%%@%@%#588%“%s@.ﬁﬁ‘a’”éﬁ'ﬁ‘)‘?fﬁ b PR HLAEeE o
active chemempit, dceticheie citicaeid Abérmpicxdd rhakicaddduraeididdid, esrtaisicd

auxiliaries, such as disjintegrants, binders, coating agents, swelling -
agent s, glaﬂéﬁﬁoéu%esluifﬁf"ﬁ?ﬁé dnter alig, gr¢ REEsibis\REladiaestsT basiagotpsers are

customar 1) ARG AER SR BNl g B BT

mentioned are magnesi um cC

| act ose, mafenictiab a&ﬁdemdmés§sugﬁleszommﬁﬂnds of &irtrmmsi (1) ®hith tgRlead b htSt arch,
vitam ns, cellulose and its derivatives, aninal. veget abl e oi

pol yet hy| €hemiga) diffesensr) i gonhishihave the same 3‘-‘6‘#’%52%1%13!0@ cagy kg mré/%dénto
al cohol £ b ¥5bBlLnd AloBRkNAbk iR Bher inia BORGRBIL 1fie chFARARE, Un LS

can be m croenc mnis ease
or to ext thttohed riecleds sfoperamplel estaty ared sthbm)@opmlexyé arfd alsoreedusdtioh as,

1Or EXATP Eaauicks SFfhe dotmpounds accordity to the Tavention. - © C' ' V€ conmpound Tnto
Esters and ether derivatives and reduction products can be prepared by
processes described in the literature, for example in *Advanced Organic Synthesis", 4"
15 edition, J. March, John Wiley & Sons, 1992. The carboxy group (formula {E, IVE) and
hydroxy groups of the compounds of the formula (I) can be converted to an ester
group or ether group, for example. Such esters include, for example, (C,-C,)-alkyl
esters. Such ethers includs, for example, acetals and ketals 6f the hydroxy groups.
Stable complexes of the compounds of the formula (I} may be formed with .
20 physiologically acceptable inorganic cations, such as calcium or magnesium. ' q‘)
The present invention embraces all sterecisomeric forms of the compounds of
formula (l). Centers of asymmetry of the compounds of formulae (1A), (IB) and (IE)
can, independently of one another, in each case may have the S configuration or the
R configuration. The oxiranes of the epoxide-comprising group can be in any position;
2_5 for example, oxiranes which incorporate the carbon atoms 2' and 3'. The invention
includes all possible enantiomers and diastereomers, and also mixtures of at least two
stereoisomeric forms, for example mixtures of enantiomers and/or diastereomers, in
any ratio. Thus, the invention provides enantiomers in enantiomerically pure form,
both as laevorotatory and as dextrorotatory antipodes, R and S configurations, in the

30 form of racemates and in the form of mixtures of the two enantiomers in any ratio. If



sui tabl e polyners, waxes or the |ike. The pharnmaceutical preparations may
be produced and administered in dose units, each unit conprigihbg 28 active
i ngredient a certain dose of at |east one 15 conpound of the pluraflavins
according to the invention and/or chem cal derivatives thereof. In the
case of sol V@ UWE®¥E2 units such as tablets, capsul es and supB6I/EPIPEE) this
dose can be up to-approxi mately 200 ng, but can be approxinmately 0.1 to 100
ng, . and i.n the case of solutions for iBjection in ampoule formup to
about 200 ny, but can be about 0.1 to 10d ng, per day. 20 The daily dose to
be adm ni stered depends on the bodywei ght, age, sex and condition of the
manmmal i an | ect .. However ., higher .or | ower dail oses.may also be called
for he. qiers & cisMBtR iSomaip e Benibirouon polieheris rermmntisdeans
occasi on i forinhhd @bdurek o@tﬁééwoﬁngﬁﬁsn\)}lfﬁtib. or inthe formof several
smal l er dose units, or else being given on several occasions, at

predet er mi ned i @naceaust ofitheit heeflibpharofacokgical pripeiriies] tiwsempolihds | nvent i on

is illust réa% ed further.in {ihe exanPHes whi ch follow. Percentages are based
on” wei ght . 35PTIRE 1 Hig inyention, arejsuitabls fop yse é?ip&r@?%e%ﬁ’!?d“dww andonnl ess
stated of H £al e L@tihinki s @t ; - esent
nventi on bar ey MENCTE; ey a8 chtibloti 3Lty i, FL ARG 16 g AR R
01/ 60832 P&ticEPanfidyestt, i.21fufghimpibiting:irmhplirg phRopathogehiefungi, antibresion

cul ture of 'Ac‘ﬁti@q% %‘ﬁtal es eci es HAG 003959, DSM 5 12931. 100 m of
nutrient sSICUER rpé £ er t 2.0% yeast extract 0.2% glucose 1.0%

(NH4) 2HPO4 0. 05phe BbBoliidd Accbrdih§ 't tfe MIENTBn &3r B WEYE fol dtRkrdiRS

i nocyl ated
0, diseases, for example as chemotherapeutics. Owing to their cytostatic properties,

10 such as their potent antitumor activity, and an antimicrabial action, they can be used,
for example, as cytostatics for malignant degenerations in animals and humans.

In the case of tumor cells which have developed resistances to conventional
agents, only novel agents have a therapeutically adequate effect. Thus, the
plurafiavins according fo the invention and derivatives thereof of formula (I) have a

15 potentially excelient activity even against these problem celf types.

The invention also relates to pharmaceutical preparations which comprise at
least one of the pluraflavins according to the invention and/or derivatives thereof.
Plurflavins may be used }n a m_ixture with at least one suitable auxiliary or excipient.

: ) The. excipients used for humans can be alf pharmacologically acceptable excipients
20 and/or auxiliaries.

The invention also relates to a process for preparing a pharmaceutical
according to the invention which comprises bringing at least one compound
according to the invention into a suitable administration form using a
phamaceutically suitable and physiologically acceptable excipient and, if

25 appropriate, further suitable active compounds, additives or auxiliaries.

The pharmaceuticals according to the invention are generally administered
orally, topically or parenterally, but rectal administration is also possible. Suitable solid
or liquid pharmaceuticai preparation forms are, for example, granules, powders,
tablets, coated tablets, (micro)capsules, suppositories, syrups, emulsions,

30 suspensions, aerosols, drops or injectable solutions in ampoulie form, and preparations



with the strain Actinonycetal es speci es HAG 003959, DSM 12931, and
incubated on 10 a rotating shaker at'28C and 180 rpm for 7; gajg oghs S5 m of
this culture was then diluted with 1.5 m of 99% strength glycerol and
stored at ¢ anple 2 Preparation of a culture or a pr n an
Er | ennmeyer f ‘g?ﬂgéf Actinonycetal es 15 species HAG OOSQSW@%@%
sterile 300 m Erlenneyer flask which contained 100 M of the follow ng
nutrient solution: 15 g of _glucosell, 15@ of soya neal/l, 5 g of corn
steep/l, 2 g of CaC®BIl and 5 g of NaClll was inoculated with a culture
grown on an oblique tube 20 (same nutrient solution, but wth 2% agar) or
with | n h@inng Phielcadd elddser st acfies compatnd einlw)hcﬁ;@cbréﬁﬁr‘élﬂéh%ﬂc:lﬁiérﬁs ahaker
at 180 rpm and 30C. The nmaxi num production of at |east one conpound of the
pl uraf | av |aﬁ|§1t%f§§ areiaguxiiaties surab@ﬁtdlsmte@a@ts,rlaa@ef@dcmtmamtsmmmour s.

cul ture. ( S0eIR bR or Aietrisehal B  ufetbRam dreo GRS ot Gestbmy

sol uti on waads@Ffréqwerﬁt?tuse@@mk@xtéoPéésaﬁér?éslwiﬁicﬁfrnéme Héﬁﬁiﬁﬁé@‘éfé‘sfop 33\0 A9

1 fermenter was operated under the follow ng condit’ions: AUG 200%
01/ 60835 gzammer,ur@mnmn@afbonateg tiggnignudiod ,|lactos;e..rgaosmt@@y|d atbedt gugars, g

of corn Sﬁiﬁgﬁ?ct%g 6tgn gela%'n starch V&IBms, cgllul‘:l’o& E(!)rfld {%léagela{i\lléﬁ\}%g, gmpnaq Brl or to

steriliza
vegetable oils, polyethylene glycols and solvents such as, for example, sterile water,

alcohols, glycerol and polyhydric alcohols.
_ If appropriate, the dose units can be microencapsulated for oral administration £

10 to delay the release or to extend the release over a relatively long period of time, such
as, for example, by coating or embedding the particulate active compoundinto
suitable polymers, waxes or the like. _

The pharmaceutical préparations may be produced and administered in dase
units, each unit comprising as active ingredient a certain dose of at least one

15 compound of the pluraflavins according to the invention and/or chemical derivatives
thereof. In the case of solid dose units such as tablets, capsules and suppositories,
this dose can be up to-approximately 200 mg, but can be approximately 0.1 to 100 mg, .
and in the case of salutions for injection in ampoule form up to about 200 mg, but can
be about 0.1 to 100 mg, per day.

20 The daily dose fo be administered depends on the bodyweight, age, sex and
condition of the mammalian subject. However, higher or lower daily doses may also
be called for. The daily dose can either be administered by being given on one
accasion in the form of a single dose unit or in the form of several smalier dose units,
or else being given on several occasions, at predetermined intervals, in the form of

25 subdivided doses.

The invention is illustrated further in the examples which follow. Percentages
are based on weight. In the case of liquids, miﬁ(ing ratios are based on volume; unless
stated otherwise.

The following are illustrative examples of the present invention but not limitative

30 of the scope thereof.

(W)



Duration of the process: 92 hours I|ncubation tenperature: 2§§ @Z@ger
speed: 300 rpm 10 Aeration: 51 mn' PCT/EPOL/ 01660 By repe t% ition
of ethanolic polyol solution, it was possible to optionally suppress the
formation The production maxi nrum was reached after_ahout 70 to 96
hours. 15 %ﬁrﬂg@g}ﬁ | sol ati on of the pluraflavin m xture fé%ﬁ?’fﬂﬁ}é’l@ﬂl ture
sol ution of Actinonycetal es species HAG 003959, DSM 12931. 20 After the
fermentation of Actinonycetal es species $4AG 003959, DSM 12931, ended, the
culture broth of the fernenter, obtained according to Exanple 3 (90
liters), was filtered with the addition of about 2%filter aid (for
exanpl e Cglxahfpled ), and the cell nmaterial (0.6 liter) was extracted with 3
liters of methanol. The active-conpound 25 contai ning nmethanolic solution
was freed frommyceliumby filtration and concentrated under reduced

pressure. E%%ﬁ] ioqcentrate was, together with the culture filtrate (7
liters), a PS'to a prepared 0.4 liter @& GEL, CHP20P columm. Elution

was carri eelepawﬁowfaglﬁle@m@it@fétQMctﬂaohy"éeﬁér@é %@é(‘éiﬂg@oé@éﬁ gm0 1 %

acetic acid in 2-propanol. The colum flowthro Ifers’per hour)
was col %d2831in fractions (of 0.25 liter 1 8 AUG 2004 WO 01/ 60832 23
PCTI EPOL/ 03660 each) and the pluraflavin-containing fractions (20 to 23)
wer e pool ed. Concentration under reduced pressure and freeze-dryi ng gave

1.4 g of a broywngpR\WPlitrient solution (malt extract 2.0%, yeast extract 0.2%, glucose
1.0%, (NH,),HPO, 0.05%, pH 6.0)'in a sterile 300 ml Erlenmeyer flask was inoculated
} with the strain Actinomycetales species HAG 003959, DSM 12931, and incubated on
10 a rotating shaker at 28°C and 180 rpm for 7 days. 1.5 ml of this culture was then
diluted with 1.5 mi of 99% strength glycerol and stored at -20°C.

Example 2 .
Preparation of a culture or a preculture in an Erdenmeyer flask of Actinomycetales
15 species HAG 003959, DSM 12931

A sterile 300 ml Erlenmeyer flask which contained 100 ml of the following
nutrient solution: 15 g of E:;lucoseli, 15 g of soya meal/l, 5 g of com steepl, 2 g of
CaCO4fl and 5 g of NaCll was inocutated with a culture grown on an oblique tube

20 (same nutrient solution, but with 2% agar) or with 1 ml of a glycerol culture (see
Example 1) and incubated on a shaker at 180 rpm and 30°C. The maximum
production of at least one compound of the pluraflavins according to the invention was
reached after about 120 hours. For incculating 10 and 200 | fermenters, a 48- to
96-hour old submersed culture (amount for inoculation about 10%) from the same

25 nutrient solution was sufficient.

Examb{e 3 ' .

Preparation of the pluraflavins

30 A 9l fermenter was operated under the following conditions:



Example 5 5 Enrichnment of the pluraflavin conponents by gel %ihr@émz graphy. .
1.4 g of the product obtained according to Exanple 4 was apﬂ)l ale oy
columm with a capacity of 3.9 liters (width x height = 10 cmx 50 cm
filled w tduiaesnoel (r) TSK HWA40 s. The nobil e phase walcgrdrafielseni trile
(1:1) was punped through the colum 10 at a flowrate of 50 ml per m nute,
and the colum flowthrough was collected in fractions (65 m). The
pluraflavins were mainly -n fractions 13220 16. They were pooled and freed
fromthe solvent under reduced pressure. They gave 130 ng of pluraflavin
m xture. 15 Exanple 6 Separation of the pluraflavin conponents on reverse
phase RP- Mutrignfomegdimnait i ve HPLC col&gofglddosa/icapacity of 122 ml (1.25 cm
(ID) x 25cmH was filled with (r%NucIeosiI 100-7 C18 HD, and the 130 ngy
of the pluraflavin nixture 20 obt ailA&PTSO¥8MRaW to Exanpl e 5 was appli ed.
Elution was carried out using 10% egf%ﬁ' | 0.1 M aqueous anmoni um
acetate solution. The col um flow-tﬁgoug y é%s‘?ﬁe;gaﬂ’('r m nute, and fractions
of in each case 50 nml content were 2@ldfe3d@d,/l; Fraction 6 conprised the .
pl urafla$/i n E, the pluraflavin Cwas in fractions 12-17, the pluraflavin B
was in fPactions 25 to 27 and the pP@HMNaGMlin A was in fractions 35 to 37.
25 After concentration under reduce . e-drying, the
foll owi ng amobunts were obtained: p ﬁ%‘?@ﬁ@"%ﬁ%ﬁg ESI + M5: 823 Da
(MtH ) {, Dyhtiombf thei proBesst8 ng, ESRhois 841 Da ( MtH )+, pluraflavin C 11
ng, ESI+ : 974 Da (MrH )+, 30 pluraflavin E- 5ng, ESI+ Ms: 712 Da (MtH)
Vusien omre

1.1 > AMS 832 PCTI E&/ 01660 24 Exanple 7
Stirrer speed: 300 rpm £
10 Aeration: 5 | min™

By repeated addition of ethanolic polyol solution, it was possible to optionally
suppress the formation of foam. The production maximum was reached after about 70
to 96 hours.
15

Example 4
Isolation of the pluraﬂavi,ﬁ mixture from the culture solution of Acﬁnomycetaies species
HAG 003959, DSM 12931. _
20 i

After the fermentation of Actinomycetales species HAG 003959, DSM 12931,

% -‘“‘_‘
o7
"

ended, the culture broth of the fermenter, obtained according to Example 3 (90 liters),
was filtered with the addition of about 2% filter aid (for example Celite®), and the cell
material (0.6 liter) was extracted with 3 liters of methanol. The active-compound- -

25 containing methanolic solution was freed from mycelium by filtration and concentrated
under reduced pressure. The concentrate was, together with the culture filirate (7
liters), applied to a prepared 0.4 liter ®MCIl GEL, CHP20P column. Elution was carried -
out using a gradient of 0.1% acetic acid in water to 0.1% acetic acid in 2-propanol.

The column flow-through (1.2 liters per hour) was collected in fractions (of 0.25 liter



Final purification of pluraflavin A and conversion into theqg aug 2004
trifluoroacetate salt form 5 The fractions 35 to 37, obtained according to
Exanple 6, were, after freeze- drying (22 ng), dissolved in 10%
acetonitrile in water, adjusted to pH 2.8 with trifluoroacetic acid and
appl i ed to WO256083D Li Chrospher RP-18e (5pm)(r) colum. EPQI/ERH/O466E
carried out using 0.05% aqueous trifluoroacetic acid in 11 to 22%
acetonitrile. Concentration under reduced. pressure and freeze-drying gave
18 mg of 10 pluraflavin A-trifluoroaceta#@® salt. Exanple 8 Identification
of pluraflavin A 15 Appearance: a deep-yell ow substance which was sol uble

in polar ot i ol vents but onl) aringly soluble in water. The acid
addi tion sgg?@ "%}de 'E'Pa}‘é‘&f‘rﬁﬂ“ .'“‘%fo%%eﬂ%@ﬂm@ fadveye sgpied. Cenaantestioand
mldly aci ghd ' L Ak ' rqongly acidic
range. W foﬁghgﬁp%gﬁgé%ﬁ%%ﬁ% Brﬁ%g%ﬁ?%%ﬁ#%%&waeﬁ

wat erl acetonitrile (8:2), pH 2 and 20 214, 243, 270 (Sh), 290 (Sh) and 426

nmin Wateﬁ&%%@ ogitrile (6:4), pH 7. IR bands: 3424, 1680, 1600, 1464,
1427, 1300, 71131, 1066, 1009, 801, 721 cri 1. By high resolution

nmass sped ' f | nd for (M + *
823. 378631Eg§ﬁ%g?fr§3%%qrﬁg‘é\{?@cgﬁgﬁgﬁg@ﬂ%&i} {'Jorrﬁ\n%ﬁ%giagaﬁy pl ur a1S | avi nH)A of

25 CA3H$4N20O14. El ectron spray ionization (ESI, positive) gives, via M/ M
fragnentati on, 1the | 1 ow nq i ons: .823, 693, 680, 550, 480, 390, 320, 144
and 131 Da. NVR' & $GRGe produc ‘phiaed accordingdo Exantpla Advassapledrto ansolaimi t <

8f1/ gggggf :3%‘_'{_!/1 Eé%?f%%&gmﬁéfscwﬁcﬂﬂq .%%zd% chitx 8b c?r’r%%e% ﬁﬁh%cé%%?@ \'/f\%K
J HW-40 s. The mobile phase water/acetonitrile {1:1) was pumped through the column
10 at a flow rate of 50 m! per minute, and the column flow-through was collected in
fractions (65 ml). The pluraflavins were mainly in fractions 13 to 16. They were
pooled and freed from the soivent under reduced pressure. They gave 130 mg of

pluraflavin mixture.

15 Example 6

Separation of the pluraflavin components on reverse phase RP-18.

A preparative HPLC column with a capacity of 122 ml (1.25 cm (ID) x 25 cm H)
was filled with ®Nucleosil 100-7 C18 HD, and the 130 mg of the pluraftavin mixture
20 obtained according to Example 5 was applied. Elution was caried out using 10%

s
SR
R

acetonitrile and 0.1 M aqueous ammonium acetate solution. The column flow-through
was 50 mi/minute, and fractions of in each case 50 mi content were collected.
Fraction 6 comprised the pluraflavin E, the pluraflavin C-was in fractions 12-17, the
pluraflavin B was in fractions 25 to 27 and the plurafiavin A was in fractions 35 to 37.
25 After concentration under reduced pressure and freeze-drying, the following amounts
were obtained:
pluraflavin A: 22 mg, ESI+ MS: 823 Da { M+H )*, ’
pluraflavin B: 18 mg, ESI+MS: 841 Da ( M+H )", |
pluraflavin G:11 mg, ESI+ MS: 974 Da (M+H )",
30 pluraflavin E: Smg, ESI+ MS: 712 Da ( M+H )*.



25 net hanol - d4DMSO-d, position73C 1H 13CtH b (Ppm5 (PPm 889(1PQE) 30 (PPmM
2168. 39165. 62 3111.956. 37s110. 396. 27s 4180. 25177. 56 4al26. AUG 740k
5150. 44- 148. 22- 6121.348.61 s119.058.43s 6a138. 34-136. 28- 7182.68181. 12-
7al133.23131. 18- 8120.057.86 d118.297.78 d 9135.637.90 d134.417.87 d
10137. 35138060832 161. 06159. 39- 11-OH-13.38s - , brd 11aY¢EERWCIEHE 43
12189.12187. 39- 12al122.00-120.35- 12b157.66155.50- 1370.835.38 d, 5.63
d68. 485.30 d, 5.51 d 1461.1759. 35- 15632g93.41 g61. 613. 48 q

Exémple 7

Final purification of pluraflavin A and conversion into the trifiuoroacetate salt form.

5 The fractions 35 to 37, obtained according to Example 6, were, after freeze-
drying (22 mg), dissolved in 10% acetonitrile in water, adjusted to pH 2.8 with
trifluoroacetic acid and applied to a 250/10 LiChrospher RP-18e (5um)® column.
Elution was carried out using 0.05% aqueous trifluoroacetic acid in 11 to 22%
acetonitrile. Concentration under reduced pressure and freeze-drying gave 18 mg of

10 pluraflavin A-trifluorcacetate satt.

Example 8

Identification of plurafiavin A.

15 Appearance: a deep-yellow substance which was soluble in polar organic
-solvents but only sparingly soluble in water. The acid addition salts are water-soluble.
The compound was stable in neutral and mildly acidic medium, but unstable in the
alkaliné and strongly acidic range.

UV-Maxima: 214, 243, 270 (Sh), 290 (Sh), 426 nm in water/acetonitrile (8:2), pH 2 and

20 214, 243, 270 (Sh), 290 (Sh) and 426 nm in water/acetonitrile (6:4), pH 7.

IR bands: 3424, 1680, 1600, 1464, 1427, 1300, 1203, 1131, 1066, 1009, 801,
721 cm™.
By high resclution mass spectometry, the foliowing molecular weight was found for (M
+ H)*: 823.370631 Da, corresponding to the empirical formula for pluraflavin A of
25 CuHgNO,,. Electron spray ionization (ESI, positive) gives, via MS/MS fragmentation,
| the follpwing ions; 823, 693, 680, 550, 480, 390, 320, 144 and 131 Da.
NMR signals: see Table 1.

Table 1: 'H and ®*C chemical shifts of pluraflavin A in methanol-d, and DMSO-d,
30 at 300°K -

e
LAY
£y

Rl

£



1620. 241. 92s19. 321. 86 s 1713.691. 27 d12.931.22 d 1' 98. 905. 04
brd 2'37.242.05, 2.1235.501.87,-1.95 3'58.32-56.33 3' M24. 57
s, brd 4'71.153.27 s,

3' NH2- 8. 16
g68. 194. 01
nmet hanol -

2.35 brd, 2..78 nlbrdbrd 3"6

o Pt

brd68. 653.17 d 4'-
8 AUG 2004 MD 01/ 60832 PCT/ EPOL/ 01660 26
2 positionl13C 1H 13C 1H 6 (pPm5 (PPM 6 (PFHEBILGIAS)
6'17. 211. 34 d16. 751.18 d 70.235.51 t68.215.44 brd 2"28.00 brd2.48 m 2.91
5.193.45 m bréil)BZ. 193.43 brd 3"Nwme43. 24 brd,

OH--5.47 d 5'70.444.00

1988 4. ©

41. 65
methanol-d, DMSO-d;
pasition | 2C H BC H
3 (ppm) 5 (ppm} 5 (ppm) B (ppm)
2 168.39 - 1656.62 :
111.95 6.37s 110.39 6.27 s
4 180.25 : 177.56 -
4a 126.08 - 124.33 -
5 150.44 - 14822 .
121.34 861s 119.05 8.43s
) 6a 138.34 : 136.28 -
i 7 162.68 - 181.12 -
7a 133.23 N 131.18 -
120.05 7.86d 118.29 7.78d
9 135.63 7.90d 134.41 7.87d
10 137.35 N 135,79 —
11 161.06 - 159.39 -
11-0H |- . - 13.38 s, brd
11a 118.14 - 116.43 -
12 189.12 - 187.39 -
12a 129.00 NE 120.35 -
12b 157.66 - 155.50 -
- 113 70.83 5.38d,563d 68.48 5.30d,551d
12 5117 R 59.35 -
15 63.69 341q 61.61 348q
16 20.24 1.92s 19.32 1.86 s
17 13.69 127d 12.93 1.22 d
T 98.90 5044 96.57 5.06 d, brd
2 37.24 2.05,2.12 35.50 1.87,1.95
3 58.32 : 56.33 -
3I'Me 2457 150s - 135s
INH, |- - - 8.16's, brd
ry 71.15 3.27 s, brd 68.65 3.17d
400 |- : - 547 d
5 70.44 400q 68.19 4019




3.05 brd, 3.05 brd42.14, 39.252.89, 2.97 brd 3"NH+--8.78 brd 3"%5@&34. 32 s,
brd71.884.20 s, brd 5"72. 553, 97 g, brd70.223.75 q, brd 6" 18. HY!
d17.541.28 d 1"'101.395.24 m brd98.895.11 brd 21"33.402.05, 2.1032.071.75,
1.92 311 Qé,g %% n64.173.96 m brd 3"1-OH-4.70 s, brd perepoioisso
41"71.983.6770.133.45 brd 4"'-O+ y--4.44 s, brd 69.524.16 q, brd67.054. 10
g, brd 6"'17.511.28 d16.941.10 d For the al dohexose Ill, the observed NOEs
were consistent with a relative SRSS or 26RSRR st ereochenm stry at the chiral
centers 1', 3, 4, 5 (see HIIl). This corresponds to the C 3 epiner of

vancosam ne. R Rel ative stereochemstry 113 6' 0.," , 0 ". CH3 51 8 AUG
2004 WO 01 Wm | .
PCT/ EPO1 NCE effects observed fnr e hexqgse 11 _favor]the
relative mstry Rsbs ‘H
& (ppm) 3 (ppm) 3 {ppm) & (ppm)

g' 17.21 1.34d 18,75 1.18d

1" 70.23 5.51t 68.21 5.44 brd

2" 28.00 brd 248 m, 2.91 2.35brd, 2.78

m,brd brd
3" 65.19 3.45m, brd 62.19 3.43 brd
3'NMe |43.24 brd, 41.65 | 3.05 brd, 3.05 brd | 42.14, 39.95 2.89, 2.97
" brd S)

3"NH* |- - - - : 8.78 brd ~

ry 75.13 4.32s, brd 71.88 230, brd

5" 72.55 3.97 q, brd 7022 3.75q, brd

6" 18.09 1.40d 17.54 1.28d

1™ 101.39 5.24 m, brd 98.89 5.11 brd

2" 33.40 2.05,2.10 32.07 1.75, 1.92

3" 66.61 412m 64.17 3.96m, brd

3"-OH |- - - 4.70 s, brd

4" 71.98 3.67 70.13 3.45 brd

4"0H |- - - 4.44 s, brd

5 69.52 4.16 q, brd 67.05 4.10 q, brd

&" 17.51 1284 16.94 1.10d oy

Vo

For the aldohexose i, the observed NOEs were consistent with a relative SRSS or
RSRR stereochemistry at the chiral centers 1', 3', 4', 5' (see H-1l). This corresponds
to the C-3 epimer of vancosamine.

R Relative stereochemistry




or- SRRR for the chiral centers 1 ", 3", 4", 5" (see H1 1). 5 Relative
stereochemstry RdH3 O4.' H3C,, ,~ .31 2 CH3 HIIl. RelngiAus 2004
stereochem stry of hexose 11. 10 The sane relative stereochen stry (RSSS,

SRRR) for ty tric carbon atons 1111, 3"', 4', 511 consi st ent
with the detéé’?’gms of hexose | (see H1). Relative ste&%@:ﬁ%’ﬁqlgﬁ(’ry OH
HO. CH .'' 3 3 15 HI. Relative stereochem stry of hexose |I. Exanple 9

I dentification of pluraflavin B. 20 Appeafrance: 1 8 AUG 2004 WO 01/ 60832
PCT/ EPOL/ 01660 28

H-IH, Relative stereochemistry of hexose III.

The NOE effects observed for the hexose Il favor the relative stereochemistry RSSS
or SRRR for the chiral centers 1", 3", 4", 5" (see H-i).
5

Relative stereochemistry

R

I
0.,

=
l‘: !\.‘
I g™
NI.
8]
o)

1.'1 ‘\) HSC\ ot

H-1l. Relative stereochemistry of hexose II.

10 The same relative stereochemistry (RSSS, SRRR) for the asymme'tric-carbon atoms
1", 3", 4™, 5" was consistent with the detected NOEs of hexose | {see H-I).

»

Relative stereochemistry

15 H-l. Relative stereochemistry of hexose |.

Example 9

Identification of pluraflavin B.

20 Appearance:



deep yel |l ow substance whi ch was sol uble in polar organic solvents, but only
sparingly soluble in water. The acid addition salts are watled ABBI20M e. The
conpound was stable in neutral and mldly acidic medium but unstable in

t he al kal i ne range. 5 W maxi ma: 214, 243, 270 (Sh), 290 &S&) 426.nmin
wat er / acet 8Y? P¥69BE (8:2), pH 2 and 214, 243, 270 (Sh), (B

In water/acetonitrile (6:4), pH 7. Pluraflavin B has the enpirical formula
C43H$6N2015, the nol ecul ar wei ght was 849,9 Da. NMR signals: see Table 2.
10 Table 2: 1H and 13C chemi cal shifts of pluraflavin B in nethanol -d4 and
conparison wth pluraflavin A at 300K Pluraflavin B

(rrethanol .1 13C 71..1.6
(PPM b ( PPM) (P[?ﬂ %@Qﬁ%ﬁ% iR BRIkl iPAgil bfhtsdilernd. Bt sniseparingly
4181. 26- 1&@ldtie dah2fer9 Gh26adkB a8dfion 431 5@ wWateb 53 LLABSTRR 8dmAboRAS WakSstabl
6a138. 12138. 34 7}82 66-182. 68- 7al133.16-133.23 8120. 047.81 d120. 057. 86- d
0135. 527. 43 "gv8 gad mydlypcidie mediumahutymstable in the alkaline range.

5 UV maxima: 214, 243, 270 (Sh}, 290 (Sh), 426 nm in water/acetonitrile (8:2), pH 2 and
214, 243, 270 (Sh), 290 (Sh) and 426 nm in water/acetonitrile (6:4), pH 7.

Pluraflavin B has the emplrlcai formula C,3HsgN,045, the molecular weight was 840.9

Da.
NMR signals: see Table 2.
10 Table 2: 'H and ®*C chemical shifts of pl_uraﬁaviri B in methanol-d, and comparison
with pluraflavin A at 300°K

Pluraflavin B (methanol-d,) Plurafiavin A {methanocl-d,)

position 1G H 3G H
3 (ppm) & (ppm) 3 (ppm) 5 (ppmy)
176.38 - 168.39 -
111.10 6.73s 111.95 6.37s

) 181.26 S 180.25 -

4a 125.96 - 126.08 -

5 150.43 - 150,43 -

8 121.03 8.52s 121.34 861s

6a 138.12 - 138.34 -

7 182.66 - 182.68 -

7a 133.16 - 133.23 -
120.04 7.81d 120.05 7.86d
135.52 7.83d 135.63 7.90d

10 137.44 - 137.35 -

11 161.02 - 161.06 -

11-0OH - - - -

113 118.01 . 117614 »

12 189.24 - 189.12 -

12a 121.89 - 122.00 -

12b 157 41 - 157.66 -

YOKEY 426 nm



11161. 02-161.06 11-OH- 11a118.01-118.14- 12189.24189.12 12al121.89122. 00-
12b157. 41- 157. 66- WD 01/60832 29 1 B AUG 2004 PCT/ EPOL101660 Pl uraflavin B
(et hanol -d4) Pl urafl avin A (et hanol -d4) Position73C 1H %\%C ﬂ,H %( PPM) 6
(PPmM 6 (PPm5 (ppn) 1370.835.36 d, 5.60 d70.835.38 d, 5.63 0"14%P 67-61. 17
1572. 614. A0VQEY6E3B. 41 g 1623. 901, 67s20.241.92 s 1717. 001. BETAER®B/W6D. 27 d
1'98.875. 05 dd98. 905. 04 dd 2'37.202.09 nB7.242.05, 2.12 3'58.39-58.32- y

3' Me24. 451. 51S24. 671. 50S 3' NH2---- 4'71.083.29 s, brd71.153.27 s, brd
4 - O 29
Pluraflavin B {(methanol-d,) Plurafiavin A (methanoi-d,)
position ®C H 3C H
3 (ppm) & (ppm) 3 {ppm) & (ppm)
13 70.83 536d,560d |70.83 5384 563d
14 77.67 R 61.17 - '
15 72.61 240 q 63.69 -~ (3414
16 23.90 167s 20.24 192s
17 17.00 1.35d 13.69 1274
T "198.87 505dd 98.90 5.04 dd
i 2 37.20 2.09m 37.24 2.05,2.12
3 58.30 - 58.32 S
3'Me 24.45 151s . 24 .57 ;7111808
INH, - - . ‘ -
¥ |71.08 3.59'5, brd 71.15 T [327s,brd
4OH - - - -
5 70.42 401 q 70.44 400 q
& 1719 1.33d 17.21 1.34d
1" 7013 5481 70.23 551t ,
2" 27.74 2.50 m, 2.88 m (28.00 brd 2.48 m, 2.91 m,brd
3" 65.14 ~13.46 m 65.19 3.45.m, brd
3"Nivie 4330,4140 |3.01s,3.12s |43.24brd, 4165 |3.05brd, 3.05 brd
l\} - brd
3"NH* - - - -
g 75.02 4.32s, brd 75.13 4.32s, brd
5" 7261 397q,brd  |72.55 397 q, brd
6" 11815 1.39d 18.09 1404
™ 101.38 5.24'm, brd 101.39 5.24 m, brd
2 33.42 2.07m 3340 2.05, 2.10
3" 66.59 413 m 66.61 412m
3"0H - P - -
7" 71.97 3.67 brd 71.88 367
4"-OH N . - -
5% 69.52 [4.76 q, brd 69.52 4.16 q, brd
6" 17.49 1274 17.51 1.284d




5'70.424.01 q70.444.00 q 6'17.191.33 d17.211.34 d 1"70.135.48 AM@O%%S. 51 t
2"27.742.50 m 2.88 n28.00 brd2.48 m 2.91 mbrd 3"65.143. 46 nbS. .45. m
brd 3"Nwe43.30, 41.403.01 s, 3.12 s43.24 brd, 41.65 3.05 brd, 3.05 brd brd

3" NH+- 4" 7@’?9@&“%%8_81 brd75.134.32 s, brd 5"72.613.97 q, l}gi&‘%{)é@?ﬁ 7 q,

brd 6"18.1 091.40 d 111'101.385.24 m brd101. 395.

241' 33.422. 07 nB3.402.05,2. 10 31"66.594. 13n66. 614. 12m 3W -0+ 41"71.973. 67
brd71.983.67 4" -OH- 69.524.16 q, brd6%®24.16 q, brd 611'17.491. 27
d17.511.28 d 1 8 AUG 2004 WD 01/60832 PCT/ PPOL101660 30 Exanple 10 Fi nal
purification of pluraflavin E. 5 Fraction 6, obtained according to Exanple
6, was, after freeze-drying (5 ng), dissolved in 10% acetonitrile in

wat er, adjusted to pH 2.8 with trifluoroacetic acid and applied to a

250/ 10 Li EREO¥HAAP RP-18e (5 n)(r) colum. Elution was carried out

Final purification of pluraflavin E.

5 Fraction 6, obtained according to Example 6, was, after freeze-drying (5 mg),
dissolved in 10% acetonitrile in water, adjusted {o pH 2.8 with trifluoroacetic acid and
applied to a 250/10 LiChrospher RP-18e {5 um)® column. Elution was carried out
using 0.05% aqueous trifluoreacetic acid in gi"adient mode from 11 fo 22% of

I's

acetonitrite. Concentration under reduced pressure and freeze-drying gives 2.7 mg of j

N

10 pluraflavin E - trifluocroacetate sait.

Example 11

ldentification of piurafiavin E.

15 Appearance: a deep-yéliow substance which was soluble in polar organic solvents but
only sparingly soluble in water. The acid addition salts are water-soluble. The
compound was stable in neutral and mildly acidic medium, but unstable in the alkaline
and strongly acidic rangé.

UV-maxima: 213, 244, 270 {Sh}, 290 (Sh), 426 nm in water/acetonitrile (8:2), pH 2,

20 and 213, 244, 270 (Sh), 290 (Sh) and 426 nm in water/acetonitrile (6:4), pH 7.

The following molecular weight was found by mass spectrometry for (M + H)+: 712 Da,
“corresponding to the empirical formula C,;H,,NO,, for pluraflavin E.
NMR signals: see Table 3.

25 Table 3: H and *C chemical shifts of plurafiavin E in methanol-d, at 300°K

position BC H *
8 {(ppm) 8 (ppm)

2 176.48 -
110.30 6.69s




usi ng 0. 05% aqueous trifluoroacetic acid in gradient node from1l to 22% of
acetonitrile. Concentration under reduced pressure and freegg-q_[ayizdﬁg gi ves
2.7 mg of 10 pluraflavin E - trifluoroacetate salt. Exanple 1

| dent i fi caty luraflavin E. 15 Appearance: a deep-yel nce
whi ch was s‘gﬁﬂgﬁf?:?n pol ar organic solvents but only spar*"%’)ﬁ@"’@@f& ble in
wat er. The acid addition salts are water-soluble. The conpound was stable
in neutral and mldly aci-dic nedium but aynstable in the alkaline and
strongly acidic range. UV-maxi ma: 213, 244, 270 (Sh), 290 (Sh), 426 nmin
wat er/acetonitrile (8:2), pH 2, 20 and 213, 244, 270 (Sh), 290 (Sh) and

426 nm i nf peiti&r 7 acet oni tri1 6. 4), pr 7. The [t ow g notecutaty wei ght
was found by nass spectronefiry for (M+ H)+: 712 Da, correspondilng to the
enpiricalj formul a C36HA1NOL4 2 FEﬂ‘“)pl uraflavin H3RRR signals: see|Table 3.
25 Table (3¢ 1H and 13C chem|aad.3ghi Tt's of plurfatavin E T mettanol -d4 at
300K posift7-ont3€—tH-3—(PPM-3-PRPM—2176-48 3110. 306 69s = 1 8 AWUG 2004 WO
01/ 60832 |PCT/ EPO1/ 01660 31 pdttds on13C 'H S (gdpm S (pprm) |
5 149.56 -
6 121.17 7.92s
Ba 138.95 -
7 182.40 -
7a 13321 - -
_h.;:."j;,g} 8 , 119.82 7.60d
G 7.74d
10 TE7/ :
11 161.33 -
11-OH - "
[Ta T18.04 :
12 189.21 e
12a - 121.59 -
12b 156.86 -
13 175.28 -
14 L 77.69 -
15 72.61 435q
5 16 2378 1625
'''' 17 17.09 1.31d
1" 70.34 5.46 dd
2 ' 27.35 2.86m, 244 m
3" 64.88 3.50m
3"NMe ) 42.5 brd 3.08
3"NH* - -
4 75.22 4.30 s, brd
5" 72.29 3.87 q, brd .
& 18.25 1354 .
™ 701.40 —|523m
2" 33.43 2.08m,2.06 m
3" 66.61 4.12m




4178. 39 4al124.69 5149.56 6121.177.92s 6al138. 95- 7182.40 7al33.21
8119.827.60 d 9135.61.7.74 d 10137.04 11161.33 11-O4 11a118.04 12189. 21-
12a121.59- 12b156.86- 13175.28 1477.69 1572.614. 35 q 16231 BBALG 2004

1717. 091. "70.345.46 dd 2"27.352.86 m 2.44 m 3"64.8 3" NWe42. 5
br d3. 08 3%%1%“8; .224.30 s, brd 6172.293.87 g, brd ¥l
— 32
position H\e H
5 {ppm) & (ppm)

Sm_OH _ -

4" 72.03 3.67 s, brd

4"-0OH - -

5" 69.50 4,17 q, brd

6" 17.52 1.28d

Example 12 | £

(a) Examination of cytostatic activity. i

.5 To determine the cytostatic activity, rat hepatoma cells were used which were

obtained from the strain collection American Type Culture Collection under the number

- ATCC CRL-1548, Jo No. 223 and 228. The strain was kept in the "MEM (EAGLE) with
Glutamax" medium [GIBCO BRL No. 4108-028] with 10% fetal calf serum [GIBCO
BRI No. 10270-108] and 10 pl of penicillin-streptomycin [GIBCO BRL No. 15140-

10 114]/ml. 96-well microt‘rterﬁiates [Greiner , No. 15140-114] were used. Each well was
inftially charged with 140 pl of culturing nutrient solution and in ‘each case inoculated
with 215,000 cells. The plates were then incubated at 37°C and 5% CO, for 20-24
hours. A dilution series of_ pluraflavins with concentrations of 100, _50, 25, 12.5, 6.25,
3.125, 1.5625, 0.7813, 0.3906, 0.195, 0.094, 0.047 and 0 uM, which had been

15 prepared beforehand, was then pipetted in the corresponding order. After a further
incubation time of 22 hours at 37°C in an atmosphere of 5% CO,, the liquid medium
was then aspirated. The cells that remained were stained with 100 pl of RPMI 1640
[GIBCO BRL No. 32404-014]/well and 20 p! of Cell Titer 96 Aqueous [PROMEGA No.
G5430)/well. Light absorption at 590 nm was measured directly after additibn and

20 after 2 hours of incubation, as above, Thé cytostatic effect was 'calculated from the

change in light absorption.

< 50 nM;
< 50 nM.

IC4, for pluraflavin A

1Cs, for pluraflavin B



6"18.251.35 d 11"101.405.23 m 21"33.432.08 m 2.06 m 3"'66.614.12m 1 8 AUG
2004 WO 01/60832 32 PCT/ PP01/ 01660 positionl3C 1H 6 (pPm S éPW@ [ 1- OH -
4"' 72.033.67 s, brd 4"'-0OH 511' 69.504.17 q, brd 611'17. 5211 8 @mpl e 12
(a) Exami nation of cytostatic activity. 5 To determ ne the cytostatic
activity, rWOuedtoma cells were used which were obtai ne#Crmemsilier strain
col l ection Anerican Type Culture Collection under the nunber ATCC

CRL- 1548, Jo. No. 223 and 228. The strain was kept in the "MEM (EAGLE) with
d ut anmax” nedium [ G BCO BRL No. 4109-02883with 10% fetal calf serum [ G BCO
BRL No. 10270-106] and 10 pl of penicillin-streptomycin [G BCO BRL No.
15140 10 114]/m . 96-well mcrotiterplates [Geiner, No. 15140-114] were
used. Each well was initially charged with 140 pl of culturing nutrient

Then 1 noubeled SRS 7 B Biratbyid Adint hcBRdST op¥ieied imer el
pl ur af | aviliteswi t h concentrations of 100, 50, 25, 12.5, 6.25, 3.125,
1.5625, 0.7813, 0.3906, 0.195, 0.094, 0.047 and 0 pM whi ch had been
5 MTT, a water soluble tetrazolium salt, is converied to an insoluble purple
formazan when' dissolved by cleavage of the tetrazolium ring by dehydrogenase
enzymes in active mitochondria. Dead celis do not cause this change. This method
was used to quantitate proliferation in order to determine activity of potential
1) chemotherapeutic compounds. ,
10 All cells were maintained in RPMI 1640 (Life Technologies, Gaifhersburg, MD)
containing 10% heat-inactivated Fetal Bovine Serum, penicillin /streptomycin and
supplemented with L-glutamine. Cells were plated in 96-well tissue culture plates at

the following densities:

15 Breast - 2500 cellsiwell
Prostate 2500 cells/well
Colon 1000 cellsiwell
Lung 1000 celis/well
tx) ‘ : |
w20 Cells were allowed o adhere overnight at 37°C, 5% CO,. Pluraflavin A was

diluted in culture media with the final concentration of compound as foliows:

50.0, 16.67, 5.56, 1.85, 0.617, 0.206, 0.069, 0.023 pM

Flavopiridol was diluted at: 2.0, 0.667, 0.222, 0.074, 0.025, 0.008, 0.003, 0.001 HM

Both compounds were tested in triplicate at all concentrations. The cells were washed
25 with fresh media and the compounds added to the cells in a final volume of 100 ul.

The cells plus compound were allowed to incubate at 37°C, 5% CO, for approximately

72 hours. At the desired time point, 25 pl of MTT (10 mg/mi in HBSS) were added to

each well. Plates were incubated at 37° C‘ for 24 hours. MTT and media were

removed and 200 pl DMSO were added per well. Readings were taken at 570 nm. The

30 resuits are given below:



15 prepared beforehand, was then pipetted in the corresponding order. After
a further incubation tinme of 22 hours at 37C in an at nosghgmeGoiie%% C02,
the liquid medium was then aspirated. The cells that renmi ned were stained
with 100 1640 [QA BCO BRL No. 32404-014]/wel | i..of Cell
Titer 96 %8&2’3@3 PROVEGA No. Gb430]/well. Light absorpt ?gﬁmﬁmﬁg nm was
nmeasured directly after addition and 20 after 2 hours of incubation, as
above. The cytostatic effect was cal cul 8§¥ed fromthe change in |ight
absorption. 1C50 for pluraflavin A =< 50 nM 1C50 for pluraflavin B =< 50
nil. 1 8 AUG 21j 0% WD 01/60832 PCT/EPOL/ 01660 - 33 (b) Antiproliferation
effects of pluraflavin A and flavopiridol on selected tunor cell lines. 5
MIT, a water soluble tetrazoliumsalt, is converted to an insol uble purple:
formazan Gkl di ssol ved Plyraflaemvaif@s,of t he t et r aFlalvopindoli iGg, by

dehydrog%ﬁase enzynes in_actjve mtochondri a. d_celTs do not cause this
230 5

change. TRI&8Shethod was® to quantitate prol P¢8Mation in order to

det er m nep ity of p i al chenot herapeuti ounds. 10 Al cells
wer e mai ntglfsr}léet in RPM qldéﬁlgl (Li fe Technol ogi es,g%gil her sburg, MD)

cont ai nbngolb®% heat - i nact.BEaled Fetal Bovi ne Ser8dmMpenicillin

/[ streptonycin and supplenmented with L-glutam ne s were plated in
96-wel | t+4¥¥e culture ﬁ-gt’@@ at = the foll ow ng %Q:gg’{ti es: .15 Breast 2500
cells/well Prostate 2500 cells/well Colon 1000 cells/well Lung 1000
cells/well 20 Cells were allowed to adhere overnight at 37C, 5% CC2.

Pl.ur af | avima sofiagar assay, pluraflavin A and flavopiridol were tested against leukemia cells.

The IC,, results were: 60 nM (pluraflavin A) and 0.5, 0.6uM (flavopiridol). .é*"j)

10




di1uted in culture nedia with the final concentration of conpound as
follows: 50.0, 16.67, 5.56, 1.85, 0.617, 0.206, 0.069, 0.033 pb& 2004

Fl avopiridol was diluted at: 2.0, 0.667, 0.222, 0.074, 0.025, 0.008, 0.003,
0. 001 pM ounds were tested in triplicate at all nirations.
The cells \i‘gégl"%ged 25 with fresh nedia and the corrpounfa(gﬁlg@&ébﬁ%{’o t he
cells in a final volune of 100 pl. The cells plus conpound were allowed to
i ncubate at -37C, 5% CO2 f.ar. approxi matelys 72 hours. At the desired tine
point, 25 pi of MIT (10 mg/m in HBSS) were added to each well. Plates
were incubated at 37 C for 2-4 hours. MIT and nedia were renoved and 200
pl DVSO watlgingglded per well. Readings were taken at 570 nm The 30 results
are given below. 1 8 AliG =4 WO 01/60832 PCT/ EPOL/ 01660 34 Cells
Pluraflavih A IAcsomppandof formblall C50 Breast < 23 nM 90 nM Prostate 10 nM
80 nM 5 Colon 0.35 nM30 nM Lung 3.0 nM90 nMIn a soft agar assay,
pluraflavin A and flavopiridol were tested against | eukema cells. The

| C50 results were: 60 nM (pluraflavin A) and ®.5, 0.6pM (flavopiridol). 10

18AUR14 WD 01/60832 PCT/ EP01/01660 35 Caijms: 1. A conpound of fornula
| RO 4 R6 O (Rd} n.

wherein
R, is asugar group;
R, is—COOH or -CH,-O-(R,)m, wherein R, is a sugar group;
Rs is chosen from epoxide-comprising groups, C,-Cg-alkyl groups and C,-C.-
10 alkenyt groups, wherein said alkyl groups and alkenyl groups are optionally substituted
with at least one OH group;
Rs is chosen from a llydrogen atom, C,-Cg-alkyl groups, C,-C-alkenyi groups and
C,-Cq-alkynyl groups;
) R4 Re Rg and Ry, are each independently chosen from hydrogen étoms, C,-C.alky!
“¥ 15 groups, C,-C,-alkenyl groups, C,-C.-alkynyl groups, -X,H groups wherein H is directly
bonded to the first atom of X, , and ;X2R12 groups wherein R,, is directly bonded to the
first atom of X,, and optionally R, and R, together are a double bonded -X, group, and
optionally Rg and R,, together are a double bonded -X; group,
wherein each X, is independently chosen from oxygen atoms, -NH groups, -N-C,-Cg-
20 alkyl groups, -N-C,-C.-alkenyl groups, -N-C,-C,-alkynyl groups and sulfur atdms,
wherein each Ry, is independently chosen from C,~-C;-alkyl groups, C,-C.-alkenyl
groups, C.-Cs-alkynyl groups, aryl groups and acyl groups; and
m and n are each independently chosen from 1 and 2;
in all its stereochemical forms and mixtures of these forms in any ratio, and its

25 physiologically acceptable salts and derivatives.



| 5 wherein
is a sugar
groups and

R, is a sugar group; R2is -COOH or -CH2 O (R7)m wherein R7
group; R3 is chosen from epoxi de-conpri sing grgﬁpgu 1C6-alkyl
C2-C6 10 al kenyl groups, wherein said al kyl grodp %. al kenyl

groups ar egeRijseaal |y substituted with at |east one OH gpp¥RpofRacéeS Chosen
froma hydrogen atom C, -C6 al kyl groups, C2-Cs al kenyt groups and C2

C6- al kynyl

hydr ogen at-

groups; R4, R6, R8 and R10, are each independently chosen from
ons, C, -C6-al kyl 15 groups, 362- C6-al kenyl groups, C2-C6-al kyny

groups, X2H groups wherein His directly bonded to the first atomof X2 ,

and - X2R12

groups wherein Rte is directly bonded to the first atomof X2,

and optionally R4 and Rs together are a doubl e bonded X2 group, and
optionallé R.dgnd R10 together are a doubl e bonded X2 group, wherein each
pen

X2 is ind

FEMpotRd ferordingiasdaige b, whersdn Ry IgpRaiesudan: C1- c6- 20

al kyl groups, -N-C2-C6-al kenyl groups, -N C2-C6-al kynyl groups and sul fur
atons, wherein each R12 is independently chosen from C, -Cs al kyl groups,

C2- C6- al k&n
and m and
st er eocheni
physi ol ogi c

PCT/ EPOL/ 01660 36 2 A-X

am nosugar .
formula 5

10 5.

15

yl  Arcompounccardihd joptaing 1t @i 25 wharsth Ry leisthedmgndgy| groups;

n are each independently chosen from1 and 2; in all its

cal forms and m xtures of these fornms in any ratio, and its 25
ally acceptabl e lts and derivatives. 1 6 AUG 2004 WD 01/ 60832

A compound according to any one of claims 1 — 3, whereinnis 2,

A compound according fo any one of claims 1 — 4, wherein R, is an

aminosugar.

A compound according to any one of claims 1 -- 5, wherein R, has the formula

[

OH
HO CH,

O

A compound aécording to any one of clams 1 — 6, wherein R, is chosen from

groups



O-CH3 OH H2N CH3 4. A conmpound according to any one of clainms 1 - 3,
wherein nis 2. 10 5. A conmpound according to any one of clains 1- 4,

vvherel n R is an amnm nosugar. 6. A conpound according to hﬁf"@n@%f cl ai s
1 -- Q,g(sg has the formula OH HO",~CH3 15 7. Aco ound accor di ng
to any one %% 1 - 6, wherein R is chosen from grou’ﬁ%’ﬁ% 9% 2904
WO 01/ 60832 PCT/ EPO1/ 01660 37 8. A corrpound according to claim1l, of
formula (1A A5 in all its stereochem ?1 fornms and m xtures of these
forms in any ratio, and its physiologically acceptable salts and
derivatives. 10 9. A conmpound according to claim1, of formula (IB) 1 8 AUG
2004 WO 01/60832 P EPOL/ 016641 38 OH IB in all its stereochem cal forns

and m xtures of thes rms éll;l any reij dPHand its physiologically
acceptabl e sal tig, de SCH

_8. A compound according to claim 1, of formula (1A)

OH
HO CH,

{0y
b e

in all its stereochemical forms and mixtures of these forms in any ratio, and its
physiologically acceptable salts and derivatives.

10 9. A compound according to claim 1, of formula (IB)



5 10. A conpound according to claim11, of formula (JE) VIE 10 1 8 AUG 2004 .

WO 01/60832 PCT/ EP01101660 39 in all its stereochem cal forns and m xtures
of these forns in any ratio, and its physiologically acctptslfl @isalts and
derivatives. 11. A conpound of fornula (1) as clainmed in %% cl ai s
| - 10, ob¥YQPH#SP% by 5 cultivating Actinomycetal es spec?gi"#$§§1 3959,
DSM 12931, or one of its variants or nutants under suitable conditions in a
culture nmediumuntil at | east one conpoypd of forrmula (1) is present in
the culture nmedium followed by isolation of the compound. 12. A conpound
according to claim1l, wherein said isolated conpound is further 10
converted into 8K | east one conpound chosen from derivatives and

physi ol ogi cal cceptable salts. 13. A conposition conprising at |east one:
conpound H.f opmyl 3. Gd) according to any one of claims | - 12, or a
physi ol ogi call y adceptable salt or dﬁtj\/f fve, and an 15 acceptable

vehicle. 14.
vehicle is a
maki ng at | east

{m 13, wherein said acceptable
e i cle. 20 15. A process for
one tonpound of fofnuld (1) or a physiologically
acceptabl e salt Fevf as gljai ppd i@ amky one of clainms | - 10, which
conprises cultivgtingjthe m Jor ga i smfActi nonycet al es speci es HAG
003959, DSMHE2Q31:~\Qr : Rhan *(2r nmut ant sjgunder suitable
conditions in ajculture ne | east one conpound of fornmula (1)
is present in tbmscultur- ed by 25 isolation of the conpound.

ar megidut i cal 'y acgep

@)

0 O.__O.__CH,

P
W

OH
HN CH,

in all its stereochemical forms and mixtures of these forms in any ratio, and its
physiologically acceptable salis and derivatives.

5
10. A compound according to claim 1, of formula (IE)

o

OH
HO. CH,

IE

10



16. A process according to claim15, wherein said isolated conpound is
further converted into at |east one conpound chosen from derivatives and
physi ol ogi cal acceptable salts. 30 1 8 AUG 2004 WD 01/ 608{3@ élﬁEOl/ 01660

40 17. A prpg8ssesdscording to claim15 or 16, wherein the nis
carried out under aerobic conditions at a tenperature betF enﬁ%@u&ﬁﬁd 35C

and at a pH between 6 and 8. 5 18. A process according to any one of
claims 15 -17, wherein the conmpound of f9ornula (1) is converted into a
derivative using a reducing agent. 19. A conpound of the fornula (1)
according to any one of clainms I - 12 or a physiologically acceptable salt
or deri vatinwad itsheterothefioal forms and ixtirebiobtHdsefohs ilay RBCER@IEON of at

| east one doubl e stranded nucleic acid. 20. Use of a conpound of fornula
(1) accor dPW§'leoisally arceptable paitsygnd derivelivesr a  physi ol ogi cal | y accept abl e
salt or derivative thereof, for the manufacture of a cytostatic. 15 21.
Use of a conmpound of fornula (1) according to any one of clains | - 12, or

a . physi oltogi cah cympoand ol fdrmuln(l} astialhesd iediywend beElamis 1010, dbainable by
manuf ac;gre of a nmedicanent for the treatnent of colon tunors. 20 22. USe

of a conpdiiyyalngrntirgrycetaleserasian ROCAP395), BSM 32931, aarmnelof itsMariavts ar

hysi ol ogi - or .derj vat | f t h fact
b g et BREERAAbE Sdiudts 18 Nt AT LER ot o h SoBRBUNES T °,
conpound dbrholari)lie ptésentircthiediuttore mediun, dokovisd BY Riolatioh of tA& coboand 25

physi ol ogi cal |y acceptable salt or derivative thereof, for the manufacture
of a nedi canent for the treatnent of |ung tunors.

o ) 12. A compound according to claim 11, wherein said isolated compound is further
10 converted into at least one compound chosen from derivatives and physiological
acceptable salts.

13. A composition comprising at least one compound of formula (I) according to any
one of claims 1 — 12, or a physiologically acceptable salt or derivative, and an
15 acceptable vehicle.

14. A composition according to claim 13, wherein said acceptable vehicle is a

pharmaceutically acceptéble vehicle.

} 20 15. A prdcess for making at least one compound of formula (1) or a physiologically
acceptable salf thereof as claimed in any one of claims 1 - 10, which comprises
cultivating the microorganism Actinomycetales species HAG 003959, DSM 12931, or
one of its variants or mutants, under suitable conditions in a culfure medium until at
least one compound of formula (i) is present in the culture medium, followed by

25 isolation of the compound.

18. A process according to claim 15, wherein said isolated compound is further
converted into at {east one compound chosen from derivatives and physiological
acceptable salis.

30



24. Use of a conpound of formula (1) according to any one of claims 1 - 12,

or a physiologically acceptable salt or derivative theregf , ffgkmtﬁhe
manuf acture of a 30 nedi canent for the treatnent of prost {BeAY s. 18AUR

WO 01/ 6083¢,RGENLERO / 01660 41 25. Use of a conpound of f oppilsdefdikeo
according to any one of clainms 1 - 12, or a physiologically acceptable
salt or derivative thereof, for the manufacture of a nedicanent for the
treatment of |leukema 5 26 Use of. a cofgpound of forrmula (1) according to
any one of claims 1 - 12, or a physiologically acceptable salt or
derivative thereof, for the manufacture of a nedicanent for the treatnent

of nicrobildal i pfpotesnaccdtfingo cixiriiosy1S; wWileesin the clktisatithGsA23%P o (IDSM
12931).
) under aerobic conditions ata temperature between 18 and 35°C and at a pH between

6 and 8.

5 18. A process according to any one of claims 15 —17, wherein the compound of

formula (1) is converted into a derivative using a reducing agent.

19. A compound of the formula (I} according to any one of claims 1 - 12 ora
physiologically acceptable salt or derivative thereof, for use in the inhibition of f‘}

10 transcription of atleast one double stranded nucleic acid.

20. Use of a compound of formula (I) according to any one of claims 1 - 12, ora
physiologically acceptable salt or derivative thereof, for the manufacture of a
cyifostatic.

15
21.  Use of a compound of formula () according o any one of claims 1 - 12, ora
physiologically acceptable salt or derivative thereof, for the manufacture of a

medicament for the treat}nent of colon tumors.

20 22. Use of a compound of forrula (1) according to any one of claims 1-12,0ora L
physiologically acceptable salt or derivative thereof, for the manufacture of a

medicament for the treatment of mammary (breast) tumors.

23. Use of a compound of formula (I) according fo any one of claims 1 - 12, ora
25 physiologicaily acceptable salt or derivative thereof, for the manufacture of a

medicament for the treatment of lung tumors.

24. Use of a compound of formula (J) according to any one of claims 1 - 12, ora

physiologically acceptable salt or derivative thereof, for the manufacture of a

30 medicament for the treatment of prostate tumors.
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25.  Use of a compound of formula (1) according to any one of claims 1 - 12, or a
physiologically acceptable salt or derivative thereof, for the manufaciure of a

medicament for the treatment of leukemia
26.  Use of a compound of formula (l) according to any one of claims 1- 12, or a
physiologicaily acceptable salt or derivative thereof, for the manufacture of a

medicament for the treatment of microbial infections.

10 27.  Actinomycetales species HAG 003959 (DSM 12931).



