Title: PLURAFLAVINS AND DERI VATI VES THEREOF. PROCESS FOR THEI R PREPARATI ON
AND USE THERECF [err] [err] Abstract: The invention rel ates td %wgn@%nd
of formula (1) wherein Rlerr] is a sugar; Rerr], is -CHerr]-O(Rerr])m
Rlerr] representing a sugar, or Rerr] is -000H, Rerr] is an

epoxi de-conprising group, Clerr]-Cerr]-alkyl or (Jerr]-Cerr]-al kenyl,
unsubstituted or substituted by at |east one OH Rerr] is H
Cerr]-Cerr]-alkyl, (err]-Clerr]-alkenyl or (Jerr]-Clerr]-al kynyl;
Rlerr], Rerr], Rerr]

Pluraflavins and derivatives thereof, process for their preparation and use thereof.

One embodiment may relate to novel compounds of formula |

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.



and Rl err] independently of one another are Herr]Cerr]- C[err ?}'Eﬂg
Cerr]-Cerr]-alkenyl. (Jerr]-Cerr]-Akkynyl, -Xlerr]H, or - E} pﬁ']

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 S; R12 is Cl1-C6-Al kenyl, C2C6-al kynyl, G C6-al kynyl, aryl or acyl; and
mand n are 1 or 2; and its physiologically acceptable salts. The conpounds
are obtainable froma culture of the mcroorgani sm Acti nomycetal 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 conpounds as
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antibiotics, such as daunomycin (The Merck Index, 12th Ed. page 479), and adriamycin {The

Merck Index, 12th Ed. pages 581-582). However, owing to massive side-effects, all these

agents have significant disadvantages, so that the death of the diseased person can, in many

cases, only be delayed, but not prevented.

Furthermore, degenerated (cancer) cells become resistant o the agents used; in this case, the

conventional pharmaceuticals no longer have any cytostatic 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



to a process for preparing the conpounds of formula I, to t ijr@ ?da t he
conpounds for preparing a pharnaceutical for the treat ment O]B I ftant
di sorders and of diseases which can be treated by inhibiting

transcri ptase, and to pharnaceutical preparations conprising at |east one
conpound of forrmula I. Cancer is a disease of humans and animals which is
in nost cases fatal and which is generally caused by the uncontrolled
growt h of endogenous cells. Cancer is 4he termused for the formation of
mal i gnant tunors (malignancy), of neoplasns (tunors or carcinomas) or for
the rmalignant degeneration and dysmaturity of white blood cells
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wherein

R, is a sugar group,
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wherein each X, is lndependently chosen from oxygen atoms, -NH groups, -N-C,-C,-
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in all its stereochemical forms and mixtures of these forms in any ratio, and its*

- physiologically acceptable salts and derivatives.



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 2D84AUG 9% 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- aal 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 t?f?ﬁﬂﬁnﬁat(q the first atomof X2 , and X2R 2 groups wherein Ri2 is
directly bonded {o %’he first atomof X2, and optionally R4 and R6 together
are a doubla-Gorlk thaxbegr sitgightathain or bprichedibky! HavingrichriRb td 6 getbbantans a
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Aryl is an aromatic ring structure, for example, phenyl, benzyl or 1- or 2-naphthyl. Aryl
may be optionally substituted, for example by halogen, such as chlorine, bromine, fluorine, by
atkyl having 1-4 carbon atoms, for example, methyl, by hydroxyl, by alkoxy having 1-4 carbon
atoms, for example methoxy, and/or by trifluoromethyl.

Acyl can be aliphatic or aromatic acyl groups. The aliphatic acyl may have 1-7 carbon
atoms, preferably 1-4 carbon atoms, such as, formyl, acetyl, propionyl, butyryl, hexanoyi,
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



4a In formula (1), C -C6-alkyl may be a straight-chain or bran jﬁﬂ
having froml| to 6 carbon atons, for exanple, nethyl, ethyl, |soprop
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, fog exanple, phenyl, benzyl or 1- or
2-naphthyl. Aryl nmay be optionally substituted, for exanple by hal ogen,
such as chlorine, bromne, fluorine, by alkyl having 1-4 carbon atons, for
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hexano acrig crotonoyl, propioloyl, which”can b
furth (aheyf) a8 ﬁ%l’& by hal ogen, such as chlori ne, brom ne, fluorine, by

am no, and/mron%n@ddﬁxfh@rmmnéy% g 1-4 carbon atons, such as nethyl- or

et hyl am no Igroups Aromatic acyl can, for exanple, be benzoyl or napht hoyl,
which can Bi ®8Y Be 28 @54pesugeeeronp ot Enulaf®r exanpl e by hal ogen, such as
chlorine, bromne, fluorine, by alkyl having 1-4 carbon atons, for exanple
met hyl , by hydroxyl, by af no groupsi*.such as, exanple ethyl ani no, or by
al koxy groups having 1-7 caryon an;yRsuch as 1-4 carbon atons, for
exanpl e net hoxy. The sugarg(RY ¥2e a nonosaccharide (n= 1) or a

di saccharide (n=2), where t nongsacphari des are |inked glycosidically.
The nonosacchari de can be a g 1811206) Igr exanpl e an al dohexose,
such as, D-(+)-glucose, D (R)- seRor D-(+)-gal actose. The

m)nosaccharl de can be nono-, de oM tr'-substituted, independently of one
another, by H OH  NH2, NH(aI kyl), NRguﬂzgyl)Z al kyI and al koxy, where the
H and/wher@H of the nonosaccharide can  be optionally replaced by 1 8 AUG
2004

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)



5 substituents. The term "sugar', as used herein, may include am no sugars.
An am no sugar nmay be a nonosaccharide or disaccharide optiona§layg 2004
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 (I1l1) 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 ) R ang al koxy, where al kyl and al koxy have from1 to 4
carbon atons. BxanRl gssof Cl-C4-al kyl are, for exanple, nethyl, ethyl,
propyl, .isobutyN ans b in particular nethyl, and exanpl es of

Cl- C4- al koxyhg ' pl e, met hoxy, ethoxy, isopropoxy or butoxy, in
parti cul ar L n%phe an am nosuaar of formula (I1A): R nmay also
be an am nosdgar. odinment, n may be 2. Rl may be a group of
formula (111) RB 4%\I| \/\/nereiR1 Rau to Rfio, independently of one
anot her, may be IEm Hal kyl , eal kyl)2, or 0- alkyl, wherein alkyl
may be a Ci, - an as, nmethyl, ethyl, propyl, isobutyl and butyl,
in particul a%g@it\ and{O al kyl is C,,-C4-al koxy, for exanple, nethoxy,
et hoxy, 1sopropoxy N , in particular nethoxy. RT in one enbodi nent,
may have the for a (I ‘ :

R34 332 :
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

0

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



OH HO ~----1CH3 H3C-N | CH3 R3 can be an epoxi de-conpri sing agiﬁi’G'QGUkThe
epoxi de- conpri sing group can be a straight-chain or branched alkyl or

al kenyl group having from2 to 12 carbon atonms, 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, suchyas 1 to 6 carbon atons, for exanple,
met hyl, ethyl, isopropyl, tert-butyl, hexyl, and also, for exanple, octyl,
dodecyl, or a straight-chain or branched alkenyl having from2 to 12

car bon at ons, 2 to 6 carbon atons, for exanple, allyl, «crotyl,

pent enyl , odecenyl, where these al kyl or al kenyl groups can al so
be nono- ~GHed, such as di- or tri-substituted, for exanple
by hydroxyl. 2r \enbodi ment accordingly may relate to pluraflavin A of

formula (1A) | A Hexose 11 CH3 OH ' CH

He®@ode
CH, H
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)



Hexose 11l H2N 3 to pluraflavin B of formula (1B) 1.8 AUG Zq%éﬁg!ﬁm'hgjose

Hexose Il H2N 'CH3 and to pluraflavin E of formula (1E) IE
.l "can be a.2, 6-di deoxyal dohexose; hexose 11 can be a N
2,3, 6- trldeoxy 3- di met hyl am nohexose and hexose |11 can be a

2, 3,6-trideoxy- 3-ani no- 3- et hyl al dohexose, in all their stereochenlcal
forns-and m xtures of these forns in any gatio, and their physiologically
" acceptable salts. 1 8 AUG 2004 9 In one efrbodi nent, the conpounds may be
chosen fromfornulae (1A), (1B) and (I E), wherein hexose |I is oliose,
hexose 11 is rhodosam ne and hexose Ill is 3-epi-vancosam ne. According to
-an enbodi nent, the conmpounds of formula | nay be obtai nabl e by -
culti-vation, for exanple Ryyfernentation, of the Actinonycetal es species
"HAG 003959, DSM - 129@& or its variants or nutants, under suitable
conditions in a cult until at |east ope of the pluraflavins of
formul a (Hexesgl B) and/ i's present in Hbe ture nedium . The '
pl'urafl avins may be subss % i sol ated-from\he | ture medi um and
.purified and, if appropri af pohverted i nthCctigm cal *deri vatives and/ or
i'nto their physiol ogicallyo ptable salts. , ' ‘

Ce : ' Q OH O O

HaC\N 0O N IB

Hexose It
. - OH
Hexoselll H N CH,

and to pluraflavin E of formula (IE)

Hexose |

"Hexose 1| IE

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.



A second aspect of the present invention relates to a process 1f@pygBpng at
| east one conpound of formula | or a physiologically acceptable salt

t hereof, which conprises cultivating, for exanple by fernenting, the

m croor gani sm Acti nonycet al es speci es HAG 003959, DSM 12931, or one of its
variants or nutants, under suitable conditions in a culture nmedium until
at | east one conpound of fornula (1) is present in the culture nmedi um
foll owed by isolation of the conpoun In an enbodi ment, the isolated
conmpound may be converted into chem cal derivatives and/or physiologically
acceptabl e salts. The strain HAG 003959, DSM 12931, its nutants and/or
variants arg .l . i cul ] j {0 ution
(al so ref erlﬁghgteg%gg' cu ?ﬁég&n %Jlnggn%‘n%ec Og%rﬁtll@&@g%ﬁi%e@@f IZIPZ%IS“% a%ine

sour cevhgfreinar bon atons and at | east one source of nitrogen atons and the
custo [ nQr jc salts, until at |east one novel pluraflavin is present
in thg%?:%?ét {}rggggg#édi um the pluraflavins may be subsequently isolated from
t he culexose!l isgtipdonamnine aid  appropriate, separated into the individual

acti vq]egﬁég.)mﬁgge?m%&gs%ﬂng vation can be carried out under aerobic

condi t1 Ivation can be carried out at a tenperature ranging
from 18 t o BBgdingtosn emipdimanighagompomds daf forBwla Imayhiee bbtamebleloye, a | ar ge

osor | pyatih e ahplelly AR, Sihe Kalcr ek Sop B PRESSOSBE DSOS o
8 AUG 12801, ardistvadanie npowtwits, oaderisgitatie corstiticnatin asultuge olfediting,aintit atdedst ons

whi ch . . j ' h
Compounge! SatkaRRling B offuis (R e AabE € PO A ReBBP dbkn or
wi t h raturafiavinsgnaylbe subsggtendly isdlatad fram thy duliLde siediunbamdpurified dinddiés. A
furth - Do . . \ | am
1" o5 SHBRIS o A5 00RNEL Sy o (t PARSIAEID iy o e
cheni ¢&lt$.y converted. A further enbodinent may relate to a conpound of

formula OH A oﬂ%i %s%ct B?the%?es%ﬂginoem rD5te@% JPfdREL R MK hg dtTeddt bnd TS
stereochernical for and xtures
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



of these forns in any ratio, and its physiologically acceptaﬁheA %?m The
pluraflavin derivatives of formulae (IVA), (1VB) and (I1VE) (bel o@i, y 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 enbodi nrent may relate to: a conpou E] of fornula (I1VA) 1 8 AUG 200 WO
01/ 60832 PCTI EP01/ 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 1 cal, f m -0 i ny_ ratio, and
their ﬁ'%%@l?%{]@%el %gll qey&g@ep ggiﬁé)%%fﬁé[ rg%d%otég?&hma%gg@{w%ﬁ e'%/%eé resent

i nvent ieductpndo felydeoquope ferchsaff theheonfifmunds aar(, fYr,example, bplagkieeddgi cal | y
accept -Sal L i I I f e ln Rkl bition of
tr ansc(r?ﬁq}f)l |'%ﬂy %v}gtﬁéycﬂ%é%ﬁé?{ Méﬁg} egaﬁ;&gﬁlidess t glg:r?lcv]%cfi I%ﬁ'@f"&lﬁydzna@%’%ég%&”&q fth aspect
of t hehysiridee i furtheemitala eparople detheuwsavartion of quiponasdvithf hyidooxylanging br) withoits a

derivatives into oximes which for their part can be further chemically converted.

A further embodiment may relate to a compound of formula
(V)

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)



physi ol ogi cal |y acceptable salt or derivative thereof, for 1th@aueediii act ure
of a cytostatic. A sixth aspect of the present invention provides use of a
conmpound of forrmula (1), or a physiologically acceptable salt or
de'rivative‘{,&gff&g% for the manufacture of a nedicament fol;C /ﬁ?m,gisrssat ment
of colon tunors. sevent h aspect of the present invention provides use of
a conpound of fornmula (1), or a physiologically acceptable salt or
derivative thereof, for the manufacture §f a nedicanent 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 or derivatiggg thereof, for the manufacture of a nmedi canent for the
tunors. A nine aspect of the present invention provides

_ mula (1), or a physiologically acceptable salt or
derivative thdgreof ; for the manufactur&of a nedicament for the treatnent
of prostate t | LRt h. gspect of e present

i nvention provi for mit 3(l), or hysi ol ogi cal | y
accept abl e salt or the manufacture of a nedi canent
for the treatnen ¥h aspect of the present invention

provi des us or a physiologically acceptable
salt or derﬁ&g£$N

: e MMxapfasiyire of a medi canment  for the
treatment of mcyobial inf D rbre nbelow, the invention is described

in detail, for exHgple in'at keastrapezenbodi nent. The pluraflavins

according to the invention are pfoduced by Actinonycetal es species, in one
enmbodi ment by Actinonycetal es Spgp HAG 008
Acti_homycetal es species HAG 003959, DSM 12
can be identified by conidiophores which ar

typgi cal for actinomycetes. A
jATO tal es Spec HAG 003959,

IVB

OH
HN CH,

5 and a compound of formula (IVE):



DSM 12931, gave the followi ng result of the determ nation of gt hgs Shgiai n:
the diagnostically inportant fatty acid anal ysis by gas chromat ography
showed hi gh proportions of. Anteiso 15:0 fatty acid, Iso 16:0 fatty acid
(isopalmtic acid), 1Iso 17:0 fatty acid (isomargaric acid), Anteiso 17:0
fatty acid (antei somargaric acid) and cis[9] 18:1 fatty acid (oleic acid),
in addition to | ower concentrations of other fatty acids. 1 8 AUG 2004 WD
01160832 PCT/EP01/01660 13 This fattyacid conposition profile permts

Acti nonycet al es HAG 003959 (DSM 12931)  to be assigned taxonomically to the
genus Saccharot hgypx. An isolate of t-he mcroorgani smwas deposited at the
Deut schen Sanm u von M kroorgani snmen and Zel | kul turen GrbH, Mascher oder
Weg 1 B, DH8B12 Br@tlhschwei g, Gernmny, according.to the rules of the
Budapest ‘Conveptionfon 16 July 1999 er Qthe fol I.owi ng number

Act i nomycetal e spggi es HAG 003959, . D 13931. Instead of the strain
Actinonycet al es eci gpl. HAG 003959, DSMY Hjt is also possible to use
its nutants and dariafit§ which synt'ﬁél z¢ at | east one conpound 10 of the
pl urafl avi ns accOkdi o the jnvention-y\Quch mutants can be produced in a

manner known per se fors exanple irradiation, e.g. with
ul traviol et gar. X-rhys,

such B& for exanple, ethyl
met hanesul f onat N (ENB [ggnzophenone (MOB) or
N- et hyl - N -n-ftr&”;l—
t he i nvention cakl'ize

15 The process according to

used g A2 A 4 1aboratory scale
(mlliliter to Titer range) or ontan indusfjrial scale (cubic neter scale).
Unl ess indicated otherw se, all meHcentage® are based on weight. In the
case of liquids, mxing ratios are based on the volunme, unless stated
ot herw se.

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

A fourth aspect of the present invention provides 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 n one enbodi ment, sources of carbon atons for aerobic fer rrent1a? ZGQF 20
assim | abl e car bohydrat es and sugar al cohols, such as gl ucose acto
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 qa wheat, 25 beans, soya or
cotton, distillation residues of al cohol %r oductl on, neat neals or yeast
extracts, butendi aspeamfﬂhé preseEt|insenéiod providea iss of 4 nmngrarﬂdoofs&ahﬂ.usa ¢wotai ned

s 1 acrAUSBlooRAl SRaBleb e3P el Ry B8 f B o SRR R Ty e

iron, talmentc:zblmkémaznd manganese. The for rratl on of the pluraflavins

about 0.1 13 Boerlé SnEbREBER Rkl il 67 RO G G °°
816 60852 8 PGSOEBILANAAROLbie Gl teriidve smmdmfafsr ﬁle&narng%&%rgmf gsr{gcgcamﬁt 232 i
tf8E %é&re%bﬁﬁ n5?§m§:|r%ti %}qu%%}%ﬁ'gnat e ancom o5 th 1 : : 5 0.

as 0. d 0.05to 1.0 gll, such as 0.1 to
1.0 g/, ofHereutbelowcthiedmiedtion ihiesprireddn Haigé Sore@ample patieasbeee based on the
Weight cﬁ'ﬂg entire culture medium 5 In the culture medi um

Act i noftyce %s speci es HAG 003959, DSM 12931, produces a m xture of

pl ur af | avi rikne fhepéadnsnarcordingie th@‘mwestimiam pafdutéeby Attinone/cetategispaties, lie

pr opor n | di tp the |nvention
may va&r y er}lu_bﬁrdturﬁéer}tng%cimgmgce?% %becméﬁ ?éigdor)%t“ﬂif%d h‘ﬁ%{\cf’r{omyscet%eém ble to
cont r clpetiee H@G@&%@l BSkif1206d,; hasombdugepreﬂ rmafdedivinrend a0 biehidéntified bpr even nore
of the at all by the mcroorganism or in
an armcl?ﬁ[%ﬁa}e% rﬂ& %éﬁgg%‘ (f)ojr% H’“"W%F% one enbodi nent, the culture
conpri ses ohaxdetreicteabinmapbuotihe avcmorgbnlsMcttlhemyc@albedpereh‘lt\@ a0Bes9,
pI ur af i , r. | it he. pl ayd A, B and
E (co rrd]))%“\té A?@S ﬁ,}ga?g ?r{rreu Hﬁg&(ﬁ%&eféﬁﬁﬁgl)e Jau]eﬁegg\gr{attlbr? Br ﬁng SEI'&I?I. ﬁle%a% |caﬂ)§

important fatty acid analysis by gas chromatography showed high proportions of:

Anteisp 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.



(I1E), respectively), other related conpounds, which differ fron1t
conmpounds 15 represented in the formulae ([A), (IB) and (1E) ‘%Aggé@mthey
are glycosylated differently, are also formed in the culture nedi um of
Acti nonycet al es speci es HAG 003959, DSM 12931. Thus, as by-product, a
further pIJWQPVQVRh (pluraflavin C) with a nolecular v wePGHEPG0IG¥4 Da
and a degradation product of pluraflavin A nolecular weight 692.77,
C37H44N2011,- were detected. In the latter, conpound, hexose | is m ssing;
under acidic 20 conditions, the 2, 6- dldé%xyaldohexose can be

hydrol ytically cl eaved off from pIurafIaV|n A. The nicroorganisn1is

| tivat b d h k
Stirring i FUEFReras cuRgsBnPaRlie RENE: ARmUppRider S APaBos feSButesa b
of air Ofto@@/%“gnéotta%ﬁor'ﬁﬁzaﬁﬂdﬂh% RS detcRalolifper at ure range from
approximately 18 C, such rom approxi mately 25 to 32C, including

from 27 to 30CAMiselaieiof fenmicaddrgasisoulas depegitedrairthe Deatsthes Sxmmiurig om
6.5to 7.5, th d | |

Ut vat e/ BuIoTsaRRaT bRt Sl VershRues Wed 18- Dats tetom 36 1o
140 hour §.B/guhbéadit OGehﬁa 1\28h h¥ rGRS 'dr 8tk BHHaﬁéﬁt%‘h@éﬁfiorfBﬁQ%s

i.e. at least one 30 preculture isTirst prepared In a rient

medi um whiubh1999 uhder thedolidwing dumbeoa A@momy&emmgamles/mmmm DSM
PCTI EPO / 0166 15 actual production medium the main culture, for exarrpl e
in the vol gratio 1:10. The preculture is obtai ned, for exanple,

i nocul ating a rmgz%halbmé\gﬁalﬁmwngg%tﬁ §;5%e o@gsgwm'&?gq @ s°W

for approxi mately 36 to 120 hours ours
ITyCEhI um calso pessibliedonese itsfroutaetscamd 'eanams whlodmymg-neslm aitleastrorieccanpauridr

ﬁg'? lrJ|t eﬁgarfggﬁ‘%g{u% V"é%(é&élﬂr ?‘gfﬁ‘ghe '{/‘(‘-Sﬁ’éf{mhggag"b ﬁ%gql’l gdgig Ucﬁﬁg‘lng? ogress -

of the ferfBAREHRIMANTHE LELYBRYSIRI ftbag, it exBRp irtdifation! Y. GithQUitraviolet
or 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



the mycel i um vol ume, and al so" by chromatographic nethods, sugh ag 2@@
exanpl e, thin-layer chromatography or high pressure liquid chromat raph
or testing the 10 biological activity. The pluraflavins according to the

i nvention e found in both the nyceliumand in the culture-filtra

The isol ati 12 *8¥ess described bel ow general ly serves top%[r'i:q ﬁ@lqﬂﬁe

pl uraflavins according to the invention, such as to purify the
pluraflavins A, B and E. Isolation and/ Oi purification of the pluraflavins
according to the invention from 15 the culture nmediumis carried out by
known net hods, taking into account the chem cal, physical and biol ogical

Proper 1 o5 2% SIE 0 455 15 A Sy bl DI B VAL R YRR 57

to use thidorh 8iep &t 00BLHOALEBAYsuchQis @1 2510).8% 06F @dréluﬁnacassbnété'aha 0.05 to
chl orof ornf et hanol / gl aci al acetic acid/water mxtures (for exanple in the

rati o 20 &t-@gf; gich agi8. ntett. Ogllpﬁh%ﬁﬂlummhl@d@ The pereentages kg reach case

h t b d out, f |
o g st S iHARA SRR AN e SRERGIR BRSPSy her e e
anount of the gyksd amaseresdiesh, A%tn%ﬁ?éﬁt@lé&'sf‘)ec@%m@@%ggaD@h '1999*1' on

solution. According to the i nventi on luraflavins may be isolated from
ei t her nydﬁpdldﬁﬁscﬂ miggrecof pluraflamiog @ﬂpe@mmﬂ the, cqrmnpatt;arednﬂtbmcuuunrmu tially
separ at ed and the

pl uraf | aw'ﬁ% ' tBEOEJ(j’({:f‘zQ{{ ﬁ%ﬁ&zﬁ eoélﬂl{q PE‘FE ustsg%aq% HRg i‘? ﬁ'ﬁﬁs'hug?w an

optional | ynm@rly- [FUitHepdre) Wi tHeCedrp ositin of the enémﬁnit?s pSLiNEHG cB &he
contains pluraflavins accordin g to the invention; if appropriate, ey are,

concent r at@¥athesizcof indiidsabiplrafiayinse sa it pwei Cfrueerenfrmnenﬁrthaplmiafhmms)enb not {7
R ¥ 2 MR Sl T N T
and extracted W bhe@nddimahe tH@Eakurk BhiprisBs 8ne dedsutable Yltaihvin{ 8 further
exanpl e with n-butanol. The organic phase is then separated off and, if
appr opr i at@nbodlments the pluraflavins A, B or E are formed.
- In addition to the pluraflavins A, 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



concentrated under reduced pressure. To defat the product of value, .the
concentrate 5 can be diluted with an non pol ar sol vent mheréi%‘+ﬁemm
pluraflavirs according to the invention are only sparingly sol uble, such
as, for ex I ,t h hexane, petroleum ether, diethyl et Thi s causes
t he plurafﬁggwﬁgm%% precipitate, and the |ipophilic inpurpﬁﬁggmggﬁﬂin

di ssol ved and are renoved by customary solid-liquid phase separation. The
precipitate, which contai.ns all pluraflavigns 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

referred tactasl groddetign Abddim, themeainkeltaw, faedfipken BeJoine P! 10. The
pluraflavin and is used for further isolation. The further purification of

one or nor Brésuituneds gbigined.dor axampleobyinegutating memyteliveminto s nutrierdsohdidnout

b h . I Lals, | i ,
o0 Tor 284 8BeingT fHarbRfor BRI R dlbl as oo R, Slen tor s a Bahotem on
exchanger sThe niytelld®Qtdrete bBRIMSR], i@ ByeMRWHR tRNGRSEh B HoW Ror Egghtrﬁe

Wth the_aid of this chromatogra hy, the pluraflavins are séparate
chr omat ogr EpH days, susb asifar 4o 40idays, en s selid edliquid nutrient nadidne fod cagmpts

sol utions Iy and organic solutions. 20 M xtures of

agueous orﬂ%#tg)ae’?r%%géé%ﬁ%I?agﬂté%ggiarunderst ood as neaning all water mscible

organi ¢ sol venthe prigteds ofMpklfaiintaisPEANBE nitkoASEbPHd piilof thd gm?lre%&/
(0] 0

concentration ranging from 10 to 80% sol vent, for exanple from4
sol vent, ofhe rayeglium volunie, énd s ciromatdgrapbicsnethods, sarch as, Eridxamplét h

obond © 25 AERVaY o ¥aBia bl it eRR e BB et aP iy oresling ol ar i ¢y
may be darbibR@icadubtivity MR BlurARVRE d&&ﬁﬁr@@u@i@gﬁ&r&i@g% Bg ?&ﬁ%g rt{a:ﬂ;i o

exanpl e on MCI(r) (adsorber resin fromMT
XAD(r) ( Tdbernyssliunmpand in theequltureiltretey B isoladion pradess desctibed belbar

win the sgegriy Soel d piol \BR Pl BATEH Ry ing FE RS bySRIAS Surh ap o BUTRel -
al um na anitetgigrafibtis A, Baf@e. 2004
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.



WO 01/ 60832 PCTI EPOL/ 01660 17 The chromat ography of the pluraflavins may
be carried out using buffered or acidified aqueous sol uti ont8dUGTR200% ur es
of aqueous sol ut ions with al cohols or other water-m scible organic

sol vents. ?nl c solvent used can be propanol and aeeigPbidisbe: S
Buf f er ed or aC| d| | ed aqueous sol utions are understood as neaning, for
exanpl e, water, phosphate buffer, ammonium acetate, citrate buffer in a
concentration from1l mM.to 0.5 M and dbBso formc 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 0.1 % If Bpppriatethgcalitne fitsate fecambined dvithutheusinogniratg rofi dhe nt

cxanpl o aMYERIR e3lradl S CTAGRS HthE AR WaleSBVAESIG XA RalHent, dor
acet oni t rbkﬁngl@'\h?r’i RGO Trelor génlelpﬁﬁ%é’gstﬁéﬁ é&t&@&ﬁ%{@, i&ﬁﬁ}opna_te,

chromat ogra chronat ogra I C phases

chr onat ogcomianteted bederareduesd ptﬁssurre Pl gefat $hegurbdactast veiues thepednosritratgel s,
such as,.  for ex | e, . Bi ogel - (r Bi or ad Fract ogel TSK HW 400 ( Mer ck,
Ger many Sofaf B@ﬁﬂ&&’s\mﬂwgﬂ) O(FrPQﬁ‘F 5& W (EF'%' ﬂlﬁpﬂéﬂﬁfﬁ‘!l"é aqgefsting to tI'Qmaden)
The order ;@

further . IRl 8 S Rperb g SRRt 38 2fr BRatE|cs M TR Y afbleuth
crystal li ether ajiethijhetheZOThlswaa@bahmﬂuraﬂ;auhaltd) pzm:i[ﬁtta‘.bma?m thilippphitio or gani ¢

solvents and from m xtures of water wth organl c solvents. Crystallization
can be calpwHiegiemain dissalyrd and asererperedy cygipmagy apfish- '@Lﬂﬂlphﬁent ration

or cool | ngedrafian. TAG e BbHAR! witth SoRfit IPBBrarlmsRb HeAloBed IR AEEAUEL NI ")

to the inv I on are € SO ean avil ng a‘-

pH randitnin 1/80m0f $hé original wslukraimiateimelinanbl. 4THeopcipitate i&shﬁssodwni 25
therefore be klrt]é:orporat ed inta custonaré?g;ar maceuti cal preparations. The

pl ur af | avFeRPlstely @nghis dyqphjlizgdy Thedyophd which} isafarieddto asrGrydel Producés r om

hereinbelow, comprises 0.5 to 50% of pluraflavin and is used for further isolation.
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.



can be converted by methods known to the person skilled in tm &é into the
correspondi ng physiologically acceptable salts. PhyS|oIog|ca 9 é@@ptable
salts of compounds of fornula (1) are understood as 30 neanlng both their
organi ¢ andwipn9keapi ¢ salts, such as are described in Remp So1eed AUG
2004 WO 01/60832 PCTI EP01101660 18 Pharmaceuti cal Sciences 17t% edition,
page 1418 (1985)). Based on the physical and chemcal stability and the
solubility, 'sodium potassium calcium ang¢ 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 5 Ehachictategeiphy cithalplueafiaving rAsy Be cBRPOG WRMEbuffBkaid
aci d, fumar i acid, tartaric acid and p-toluenesulfonic acid, inter alia,

are possi b?‘ég’@ﬁﬁ@auﬁe% solytiops §F Mbguiss s aquaeus svlufienswith @aohelsmmather

“dedvat  veaHeR s ERRD RN PhE sl iR Bl b B 8rrBR S neri cal
di f f er enceacstositril@hi ch have the sanme activity or which can be converted

into 10 %‘Pe cggaound accordi to the invention under mld conditions. The
equi val e viferg dJl'laﬁ?!ﬂl aqyanussaokiions ar%ﬁﬂ@e@mma@meenmg. fwmpl exes

and al so r (o) r the inventi.on.
Esters and %ﬁﬁlb at‘?%%@!%*%ﬁﬁ*%eﬁ@%‘%%%ﬁ% E%"?P"H%rﬂ? 8FaPegNRHon
processes ﬁlemcr iriddtb 015 Mhand ki fafrhicaacid, acefix atiE! RifluBroztdH@BEAGr@lgani ¢
Synt hesi s" "t 15 edltlon J. March, John W1 ey & Sons, 1992. The carboxy

gr oup (for?ﬁmﬁ‘ef%al qoids kagwn ky thedsersen skilled ¥ thetast, dermxammple, iofa t he for mul a

1 b t Qup, f |l e. Such
Coter o norRHEEIGH il B 601 pOREh SRR 0 RLD . O ner e Thci | do.
for exartpl e, aoeh@hﬁatagri?ﬂhgtoahs’oeﬁéamed Bet thmﬁgg a@faaléﬁﬂﬁém i gogaypl exes

of the conpounds of the mul a - may be Tornmed with 0 physiologically

accept abl e2qirausdnifier aadiansing wﬁbﬁo % %QiVQ!'Ituf@l' ekamglia §nean gradienbranging
I nventi on eaRrAFRSE ustid s PRopHET bt ScdiShilfie Of the C_O”p"“”ds of

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 crystallize 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



formula (1). Centers of asymmetry of the conpounds of fornulae Q3), (113)
and (I E) can, independently of one another, in each case at-\ lﬂgﬁl%,‘he S
configuration or the R configuration. The oxiranes of the
epoxide-cogprising group can be in any position; 25 for exanple oxi ranes
whi ch i ncolSH %082t he carbon atoms 2' and 3'. The inventi & VEPRIIGERs al |
possi bl e enantioners and di astereoners, and also m xtures of at |east two
stereoi soneric forns, for exanple m xtur of enantioners and/ or

di astereoners, in any ratio. Thus, the Invention provides enantioners in
enantionmerically pure form both as |aevorotatory and as dextrorotatory
ant i podes, : [ | i .~n the
Form of i aco iR RS AfeailcR, balfe #18 1dRep), BERE) Vo
01/ 60832 RGH/dRRAHCAl Halllity Hhdtthe selubiiityy soditi, pabsssiugoneditiam aridi@miieahi on
provi des bo&h the cis formand the trans _formand m xtures of these forns
in any rafSRES. igier gz e Passiie empodisants opacidiegrenrsiselis of hwireeklods acide
conpounds ¢ B#GE&OLAHN ' i '

phar maceuts |Ucal sé(lqﬁ’ ﬁﬁér%nﬁogﬁcf‘/: (i)ar/ Sr’l%‘ é\%@?%&ﬁ%é#}égﬁeéﬁﬁ'ﬂé a Hﬁ‘ﬁeg‘fﬁl‘a%% for

ant i bi ot5 examiple;idogtioadid, citricdcld | bearzoloadidiamaleld &nd,fafriatic i, tataric acid
antinmycotic,, | I ncl udi_.ng phyt gpat hogeni ¢ fungi,

.. 1.e. fungi-inhibiting, . ( :
ant i pr ot o28AP-tolirnesylippigasid. dnter %iabp'i‘éﬁ’ ppesible mrbodimgbiseidasicgiotbPag to t he
I nvent'i on can r : ~ i : .
chenot her apeut ﬁ@? q%t{rﬁ’g f{" gﬁ%ﬁ@g léi%%%%a?@ﬁ%'ﬁ%@é? Lﬁé{]gmg 39%5%% alsﬁ)ei r
pot ent ante¢fenemdito ast'detivatives df the contpotinds @b farmutes {1) which! ik £8liyHe used,

for exanple, as cytostatics for malignant degenerations in aninmals and .
humans. | fhemicad ddftergnce, dpowhich havefie sAmeARIVELORVBisBLandig cenvested ity

conveniantcopfEligec BB SBRPATJIBNE ORHOARE! ERELRIMEFRY°

e
ef fect. hus, ns accordi n einve atives

t her eof oiméntiometdndlige Hav example, esteandndéihers; xoaiplers Art algd radurdtien
agai nst the@ﬁ' problem cell types. The invention also relates to
phar maceutPFoicts pEfhe campendaceardieg s thednygntion.

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,-Cp)-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



| east one of the pluraflavins according to the invention and/or derivatives
thereof. Plurflavins may be used in a mixture with at | east gopeG Mt abl e
auxiliary or excipient. The excipients used for humans can be all

phar macol og\ivcal | y acceptabl e excipients 20 and/or auxiliaries. The

i nvention a Qd'”ﬁé%t es to a process for preparing a phar ma®EWEPEHI1660
according to the invention which conprises bringing at | east one conpound
according to the invention into a suitable adm nistration formusing a
pharmaceutically suitable and physi ol ogi 6‘§I | y acceptabl e excipient and, if
25 appropriate, further suitable active conpounds, additives or
auxiliarieg. The pharmaceutical s according tao.the jnyention are generally
admi ni st er@g re r%Eﬁsafaqsdﬁ?@ﬁf'?W' te 'B‘é?rg‘r?f"g?rawfj?? %Bhlt RS larmaand fiestrang i on
IS al so pofsmdrel mRired R eha@! fofins ¥ ahy Aiiod Phar maceutical preparation
forms are, for exanple, granules, powders, tablets, coated tablets,

(m cr o) capsul esOnsgppusiafdhéie ssefsipharmacelogicsl properidss, shis pempoands

aer osol s, ops. or_injectaple solutipns in anpoul e form and preparations
LBALG 2004 B dR b et Sish fg’b“ﬁ%ﬁ? agMBrRHticals Bdureareasd/ont

A F o BRasiflary ot THEGINA@'aABiOR SLRVI R ) daad it e gy ftilida

auxiliaries, such as disintegrants, I nders, “coati ng agents,

agents, gl &eliom sntimycaolfs, i.eafungi-inhibiting, inclsiing phgtbpatiogenic fangiybitiprotidiar
custonari I% used. g.r[.eg,uentr@/ used excipients or auxiliaries which may be
ment i oned A1bANYRATASHE PIORAMIES. \panesi um car bonate, titani um di oxi de,

l'act ose, manni t'phe aRRBLAG a Sihgf'totﬁeafn%nﬁd’}f: beL8LE # ﬂ%n%%i‘ s Starch,
eri or abl e ol s,

vitamns, cellulose and its vatives, ani ma vege
poIg,y,ét hyl edieegges; firexampls ab vhatmimrapeuts. Qwingtatimiccytotatic Ipeopr@ties,,

can be PRt Bl afirape et ke apiohiog agoneiney RS Gsehse
o S eI SRRt Al g Sl eh o Bl EATRBHE! 1

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 mixture 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



suitabl e polymers, waxes or the like. The pharnmaceutical preparations nmay
be produced and adm nistered in dose wunits, each unit conﬂﬁglm Gheppas active
ingredient a certain dose of at |east one 15 conpound of the pluraflavins
accordi ng R, dhgsdnvention and/ or chem cal derivatives t vole t he
case of solid dose units such as tablets, capsules and suppositories, this
dose can be up to-approxi mately 200 ng, but can be approximately 0.1 to 100
ng, . and in the case of_solutions for 9mjection in anpoule formup to
about 200 ny, but can be about 0.1 to 100 ng, per day. 20 The daily dose to
be adm ni stered depends on the bodywei ght, age, sex and condition of the
nmanmmal i an hewviviges protideysy Rlleaskl dfRetivd Eompvand dﬁWﬂbs@Qﬁ‘éﬁaﬁéﬁ&Sn eiBieneard! | ed
for. The daily dose can either be adm nistered by being given onh one

occasi on &ddites ppdfarguxitiades gueh @sshisinieoranss, hindemecoating agends svalling

ler d )
o edet er medgats Aidanart 1R ol SwSaeBa G ot 88 cusfmenbent  on
i's illustiabedFretidifly dsedidxeipRAsBl 8exidticshwhieh ey bé’ﬁfe@ﬁiﬁhé@%@? fgf € based

on weight. In the case of liquids, mxing ratios are based on volune unl ess
stated dt RXRTIPEs Mmagnresivn Icavhqmgteart@erwum oxide, lactogs amphinitol endtdikepsueses

f th h
01/ 0852 By eBBPrceis SRl ety it ASRESSe SFL S parvaiNesr Tl pt cr o
cul ture oived6tabROGIL; PoRletsy é-;mg@ y6sis AP ORRABIsudA, f6r SaRidie, ét@ﬁlemdat%f'

nutrient solution malt ext 2. 0% ?/east extract 0.2% gl ucose
(NH4) 2HP0:$I@hOEIV<QlYGHFCG 20y falyhydse aldohe

i nocul at ed

5300 mM Erl enneyer flask was
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, sexand 5
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.



with the strain Actinonycetales speC| es HAG 003959, DSM 12913§ lﬁ;“n?ﬂn
I ncubated on 10 a rotating shaker at'28C and 180 rpm for fs % 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 | ture |n an
Er | enneyer ‘%?gisf??%c%f Actinonycetal es 15 species HAG 0039591?&%%%

sterile 300 m Erlenneyer flask which contained 100 m of the foIIovm ng
nutrient solution: 15 g af_glucosell, 15¢g of soya neal/l, 5 g of corn
steep/l, 2 g of CaC®Il and 5 g of NaCllIl was inoculated with a culture
grown on an oblique tube 20 (same nutrient solution, but wth 2% agar) or
with | nl Ebripled ycerol culture (see Exanple 1) and incubated on a shaker
at 180 rpm and 30C. The maxi mum production of at |east one conpound of the
pl uraflavins according to the invention was reached after about 120 hours.

For inocu%hﬁ;e 0O and 200 1 fernmenters, a 48- to 96-hour old submersed
culture (a I nocul ati on about 10% fromthe sane 25 nutrient

sol ution Wép&df“éﬂl 6f§@;‘lyce5eﬁ%’iﬁﬂhl% &ﬁétﬁ RATyRELMSY eélé?HR@?@%éS?’ Ug%o S0 A9

1 fermenter was operated under the follow ng conditio 0% WO
01/ 6083% 2298Wit ri ent nmedium 15 g of glucose/l; 15 g of soya neal/l; 5 g
of corn steep, solid/l; 2 g of CaC3/l; 55 g of NaCl/I; pH 7.0 (prior to
sterilization)

100 ml of nutrient solution (malt exiract 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:



Duration of the process: 92 hours I|ncubation tenperature: 22;t l?jéi Mier .
speed: 300 rpm 10 Aeration: 51 mn' PCT/EPOL/ 01660 By rep AR i ti on
of ethanolic polyol solution, it was possible to optionally suppress the
formation @fpd18s: The production maxi mum was reached aft ecraipaibisdd to 96
hours. 15 Exanple 4 |Isolation of the pluraflavin m xture fromthe culture
sol ution of Actinonycetal es species HAG 003959, DSM 12931. 20 After the
fermentation of Actinonycetal es species PAG 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 Cdluttiedtnpdivamd t he cel | Matgesfighhicos@/is |iter) was extracted with 3
liters of methanol. The active-conpound 25 contai ni ng et hanolic sol ution
was freed frommyceliumby filtratiled Hs@yesrallitrated under reduced
pressure. The concentrate was, toge ' e ture filtrate (7
liters), applied to a prepared 0.4 %’?‘écrc%etegff@w&%PZOP colum. Elution
was carried out using a gradient of gbfCd0@getic acid in water to 0.1 %
acetic a!gid in 2-propanol. The colum flowthrough (1.2 liters per hour)
|Rcted in fractions (of 0.25°@iafd¥aGl/ls AUG 2004 WO 01/ 60832 23

was col
wer e pool ed. Concent ration  under rBaucaiTRr SESBHIEIIT  core- drying gave
1.4 g of duratiomopthederocess: 92 hours :
 Incubation temperature: = 28°C | |
Stirrer speed: 300 rpm :i)
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

5

>

n

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

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



Exanple 5 5 Enrichnment of the pluraflavin conponents by gel jchirggeknar aphy.
1.4 g of the product obtained according to Exanple 4 was appl led to a
colum with a capacity of 3.9 liters (width x height = 10 cmx 50 cm
filled wwth Fractogel (r) TSK HW40 s. The nobil e phase water/acetonitrile
(1:1) was pleP&asshr ough the colum 10 at a flow rate of S5BCIVEPEEM6ew nut e,
and the colum flowthrough was collected in fractions (65 m). The
pluraflavins were mainly in fractions 13 to 16. They were pooled and freed
fromthe sol vent under reduced pressure. 2hey gave 130 ng of pluraflavin
m xture. 15 Exanple 6 Separation of the pluraflavin conponents on reverse

(D) x 25 eac)MERE FluatEurgarisitng tichons (40 toaet) meregoriset dancdrdatian ny
Of e Pl utniberediosd Kiasoarng BeraBRA0GAIL iy Lo BIGIRbE e 0Pl i ed.

El ution was carried out using 10% tri
acet ate solution. The colum flowthrough was 50 ml/m nute, and fractions

in eachgggg_‘% m content were collected. Fraction 6 conprised the
pI ur af | avi pluraflavin C was in fracti ons 12-17, the pluraflavin B

was in ffSaEhh@Iﬂﬁeﬁﬁofttﬁe%fu&gﬂ%rifg g @gHéﬁtfs' ‘ddl andQ@OQ&pgr actions 35 to 37.

25 After concentration pres dryl ng, the
foll owi ng amobunts were obtained: pluraflavin A: 22 ng, ESI+ Ms: 823 Da
(MtH ) {, pl ur flav'%ﬁB: &8 ESI+ V5. 841 Da ( MtH )+, pluraflavin C 11
mg, ESI+ MS: 97 { Hprpduct @%ﬂl@% aawramgrto@xame dpgasiapmliedtoa @elugivH)
b1 AUGRAGpaUR) Bt @Clﬁé’\% (iWhath RGP et s RS d ith Fractogel® TsK
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%

.._1.‘_‘
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 )*.



Final purification of pluraflavin A and conversion into th?
trifluoroacetate salt form 5 The fractions 35 to 37, obtalﬁhﬁugé@Hrding to
Exanple 6, were, after freeze- drying (22 ng), dissolved in 10%
acetonitrile in water, adjusted to pH 2.8 with trifluoroacetic acid and
applied toWROMSEBI0 Li Chr ospher RP-18e (5pm) (r) colum. EFUEPYA1H#S

carried out using 0.05% aqueous trifluoroacetic acid in 11 to 22%
acetonitrile. Concentration under reduc?g. pressure and freeze-drying gave
18 ng of 10 pluraflavin A-trifluoroacet©dte salt. Exanple 8 ldentification
of pluraflavin A 15 Appearance: a deep-yell ow substance which was sol uble

I n polar organic solvents but only sparingly soluble in water. The acid
addition salts are water-soluble. The conpound was stable in neutral and
midly acEsdamplkeri um but unstable in the V alkaline and strongly acidic
range. W_Maxima: 214, 243, 270 (Sh), 290 (Sh), 426 nmin '
wat er | acefal puificatipg of plurgiavin Arrand overion piBthetrifugrsapetagosalt &in.and 426
nmin water/acetonitrile (6:4), pH 7. IR bands: 3424, 1680, 1600, 1464,

1427, 1300, 1203, 1131, 1066, 1009, 801, 721 crr 1. By high resolution

nmass spéct onet The frabiforis0dd @Ven Qabﬁlh@& b\bé’drd"‘@ t@@xa\ﬁﬂe Bouese, fa‘?lrer flMazé- H) *:

823. 370631 Da, correspondi ng t'o the enpirical formila for plurafliavin A of
25 CA3H$4ADDDA(22mNg) mlwgrlaﬂo%amﬂamﬁrda i wster, @d:ssmd\teplrlﬂ Basgith vi a M5/ VS

LS 751 HtRiaaceit atiant et § 8 2007 UL Rospher RSB (Semig oatia ohi 11 &

of bl ur af ERibR viad chrf1BA BaPRling'S. o5 aBNER S BinuBRAREISAOK i 19 15957004 VIO

acetonitrile. Concentration under reduced pressure and freeze-drying gave 18 mg of f)

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

N
i
£
[N ]
et

+ 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 -



25. net hanol - d4DMSO-d, position73C 1H 13CtH b (Ppm5 (PPM5
2168. 39165. 62 3111. 956. 37s110. 396. 27s 4180. 25177. 56 4al26. 08
5150. 44- 148. 22- 6121. 348. 61 s119. 058. 43s 6a138. 34- 136. 28- 7182. 68181. 12-
7a133. 23131, 18- 8120. 057. 86 d118.297.78 d 9135. 637. 90 d134.417.87 d
10137. 35135V9816%842 51 06159. 39- 11-OH-13.38s - , brd 11alRE€TERL1{0165043
12189. 12187. 39- 12a122. 00- 120. 35- 12b157. 66155. 50- 1370.835.38 d, 5. 63

d68.485.30 d, 5.51 d 1461.1759. 35- 1563. 62%3 41 g61.613.48 ¢

Yo

e

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 -
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 - 120.35 -
12b 157.66 - 155.50 -
113 70.83 5.38d,563d 68.48 5.30d,551d
13 6117 - ' 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




1620. 241. 92s19. 321.86 s 1713.691. 27 d12.931.22 d 1'98.905. 04 qggszfﬁw 06 d,
brd 2'37.242.05, 2.1235.501.87,-1.95 3'58.32-56.33 3' Me24. 573 B5s
3'NH2-8.16 s, brd 4'71.153.27 s, brd68.653.17 d 4'-O+4--5.47 d 5'70.444.00
g68.194.0 wdan 8 AUG 2004 WD 01/ 60832 PCT/ EPOL/ 01660 2 0

met hanol -1‘?,%!\/%05'&’&3% positionl3C 1H 13C 1H 6 (pPm5 (PPM 6 o P"b”(lgi‘o"n)
6'17.211. 34 d16.751.18 d 70.235.51 t68.215.44 brd 2"28.00 brd2.48 m 2.91
2.35 brd, 2.78 mbrdbrd 3165.193.45 m Iped62. 193.43 brd 3"Nwe43.24 brd,

41. 65

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

methanal-d, DMSO-d,
pasition | *C H Bc H

& (ppm) 3 (ppm) 3 {ppm) & (ppm)
6 17.21 1.34d 18,75 1.18d
1" 70.23 551t 68.21 5.44 brd
o" 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 |43.04 brd, 41.65 | 3.05 brd, 3.05brd | 42.14, 39.25 2.89,2.97

brd S)
3'NH |- - - 8.78 brd
ry 75.13 432s, brd 71.88 Z30s, brd
5" 72.55 3.97 q, brd 7022 3.75q, brd
6" 18.09 1.40d 1754 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 3.96 m, brd
o0 - - - 470's, brd
4" 71.98 367 70.13 3.45 brd
4"-0H |- - - 4.44 s, brd
5 69.52 416 q, brd 67.05 4.10q, brd
6" 17.51 1.28d 16.94 1.10d _,z;_,}

Vo



3.05 brd, 3.05 brd42.14, 39.252.89, 2.97 brd 3"NH+--8.78 brd 4"75.134. 32 s,
brd71.884.20 s, brd 5"72.553.97 q, brd70.223.75 q, brd 6" 18.109IAUE02004
d17.541.28 d 1"'101.395.24 m brd98.895.11 brd 21"33.402. 05, 2.1032.071.75,
1.92 311'6 nb4.173.96 m brd 3"1-OH-4.70 s, brd

41"71. 983. g%'%f’i‘%é%s brd 4" -OH y--4.44 s, brd 69.524. 16 ?G7Hd8%%s54. 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 oRSRR stereochenistry 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 01HEDB32 Relkhivd bter&sdtiniviey 6t 85@RegN stry of hexose I11.

PCT/ EPO1/ 01660 The NCE effects observed for the hexose Il favor the
relati ve stereochem stry RSSS

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.,

4

N
UI .
O
/
=
I g™
NI.
8]
o)

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:



or SRRR for the chiral centers 1 ", 3", 4", 5" (see H1 1). 5 Relative
stereochem stry R dH3 O4.' H3C,, ,~ .31 2 CH3 HIIl. Relat ihue 2004
stereochem stry of hexose 11. 10 The sane rel ative stereochen stry (RSSS,
SRRR) for the asymmetric carbon atonms 1111, 3"', 4', 511' was consi stent
with the déY(éﬁlt’(é%”NOEs of hexose | (see H1). Relative st &dFEMoetry OH
HO. CH .'' 3 3 15 HI. Relative stereochem stry of hexose |I. Exanple 9

| dentification of pluraflavin B. 20 Appe%ance: 1 8 AUG 2004 WD 01/60832
PCT/ EPOL/ 01660 28

deep-yeliow 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 range.

75 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. .

Plurafiavin B has the émpiricai formula C,3HsgN,045, the molecular weight was 840.9

Da.
NMR signals: see Table 2.
10 Table 2: 'H and G chemical shifts of pluraflavin 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 -




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 water-soluble. The
compound was stable in neutral and mldly acidic nedi um, Sgt, L%@t able in
the al kaline range. 5 UV maxi ma: 214, 243, 270 (Sh), 290 l) 6.Nnmin
wat er / acet oMPOEPI8E2 (8: 2), pH 2 and 214, 243, 270 (Sh), 29BCT/Bhji/der® 426 nm
In water/acetonitrile (6:4), pH 7. Pluraflavin B has the enpirical formula
C4A3H$6N2015,. t he nol ecul ar_wei ght was 840.9 Da. NWR signals: see Table 2.
10 Table 2: 1H and 13C chenical shifts o9l uraflavin B in nethanol -d4 and
conparison with pluraflavin A at 300K Pluraflavin B

( met hanol poladd)l nositionl3C 71 .1 13C 71..1 6
(PPM b (PPM 5 ( PPIfYiasNg (meihepolddl 6. 3pPlurefievin A{pethamidl 11. 956. 3]s
4181. 26- 1bhbsition 4a128. 96126, 08 Hp150. 43~ I 44 6121 0385251213484 61s
6a138. 121p8. 34 71‘ 66 182. 68 , 7a133. 16£}33 23 8120.(047. 81 d120. §57. 86-d
9135. 527. B3 d135. 6380 d 1013¥PTA137. 3K 6 (ppm)
13 70 83 536d,560d [70.83 5.38d,563d
14 77.67 - 61.17 - -
15 72.61 2404 63.69 - [347q
16 23.90 1675 30.24 163 s
17 17.00 1.35d 13.69 1274
T 188,87 5.05dd 98.90 5.04 dd
I 7 37.20 2.08m 37.24 2.05,2.12
3 58.30 - 58.32 S
3'Me 24.45 151s . 24 .57 ;"1 11.80s
INH, - - . ‘ —
¥ |71.08 3.59'5, brd 71.15 T [327s,brd
4-0H : - - -
g 70.42 401 ¢ 70.44 4.00q
3 17.19 133d 17.21 134d
1 70.13 5481t 70.23 5.51t 7
2" 27.74 2.50m, 2.88m (28.00 brd 248 m, 2.91 m,brd
3" 65.14 »13.46m 65.19 3.45,m, brd
3"NiMe 43,30, 41.40 3.01s,3.125 43.24 brd, 41.65 3.05 brd, 3.05 brd
FNE - - - -
re 75.02 2.32 s, brd 75.13 4.32s, brd
5" 7 72.61 3.97 q, brd 172.55 3.97 q, brd
6" .118.15 1.38d 18.09 140 d
™ 161.38 524m brd | 101.39 5.24 m, brd
2" - 33.42 2.07Tm _ 33.40 2.05, 2.10
a €6.59 413 m 66.61 412 m
37-0H - P : -
4™ 71.97 3.67 brd 71.98 - 3.67
4"-OH - - - -
5" 69.52 ] 4.16 g, brd 69.52 4.16 q, brd
6" 1749 1274 17.51 1.284d




11161. 02-161.06 11-OH- 11a118.01-118.14- 12189.24189.12 121ag.2\%68%#22. 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 13C 1H 5 (PPm 6

(PPM 6 ( PPR,5 1370.835.36 d, 5.60 d70.835.38 d, 5.6 77 67-61. 17
1572. 614. 4 qoé&g%g)?,#l q 1623.901, 67520. 241. 92 s 0717, gos Pkl 27 4

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---- 4'71.8183.29 s, brd71.153.27 s, brd
4' - OH :

Example 10

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 - triﬂqoroacetate salt.

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




5'70.424.01 g70.444.00 g 6'17.191.33 d17.211.34 d 1"70.135.48 t70.235.51 t

2"27.742.50 m 2.88 n28.00 brd2.48 m 2.91 mbrd 3"65. 143. 4”33[@"02@@' 45. m
brd 3"Nwe43.30, 41.403.01 s, 3.12 s43.24 brd, 41.65 3.05 brd, 3. rd brd
3" NH+- 4"7 s, brd75.134.32 s, brd 5"72.613.97 g, b 7 q,
brd 6"18. 1%8%@'6@%8. 091.40 d 111'101.385.24 m brd101. 395. féglzfraf{’aZ"ﬁﬁ“%

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 g, brd692%24.16 q, brd 611'17.491. 27
d17.511.28 d 1 8 AUG 2004 WD 01/60832 PCI/ PPOL101660 30 Exanple 10 Fi nal
purification of pluraflavin E. 5 Fraction 6, obtained according to Exanple

6, was, dffoceitiod reeze-dryingleg ng), di Ssof Vvedrigm 10% acetoni-tri+he in
water, adjusted to pH 2.8 wi|th trifluoroacetic| acid and applied|to a
250/ 10 Li[Chr ospher RP-18e (5°8PM) col urm. El uti®Fwas carried oyt
4 178.39 -
4a 12469 -
149.56 -
6 12117 7.92s
Ba 138.95 -
7 182.40 -
7a 133.21 -
_h.;:."j;,g} 8 , 119.82 7.60d
N G 7.74d
10 77— :
11 161.33 -
11-OH - "
NEEE 118.04 :
12 189.21 BE
12a - 121.59 -
12b 156.86 -
13 175.28 -
14 L 77.69 -
15 72.61 435q
ﬁ) 16 23.78 1.62s
""" 17 17.09 1.31d
N 70.34 5.46 dd
2" ' 27.35 2.86m,2.44m
3" 64.88 3.50m
3"NMe ) 42.5 brd 3.08
3N . -
4" 75.22 4.30 s, brd
5" 72.29 3.87 q, brd |
6" 18.25 1.35d .
™ 701.40 —|523m
2" 33.43 2.08m,2.06 m
3" 66.61 4.12m




usi ng 0. 05% aqueous trifluoroacetic acid in gradient node from1l to 22% of
acetonitrile. Concentration under reduced pressure and freeze-drying gives
2.7 nmg of 10 pluraflavin E - trifluoroacetate salt. ExanplBeAUlil 2004
Identific pluraflavin E. 15 Appearance: a deep-ye st ance

whi ch wasa\g@%ﬁ@%gzl n pol ar organic solvents but only spa%cﬁé‘ﬁpgﬂggf%bl ein
water. The acid addition salts are water-soluble. The conpound was stable
in neutral -and mldly acidic nmedium bu unstabl e in the alkaline and
strongly acidic range. UV-nmaxi ma: 213, 4 270 (Sh), 290 (Sh), 426 nmin
wat er/ acetonitrile (8: 2) pH 2 20 and 213 244, 270 (Sh), 290 (Sh) and

426 nmip d@’fﬁbr’?” aceton tritesg 6-4)7 prl 7 TheTfpttowng—rotecttay wei ght
was found by mass spectrongt re/ for H)+: Y12 Da, correspondjng to the:
enpi rical fornmula C36HA1NOL® (PR pl ur af I aV| n ES (VR si gnal s: see| Tabl e 3.
25 Tabl e[FpgH and—1I3C chenicat shifts of proyraftavrmE T ettanol - d4 at
300K posjtionl3C.1H 3 (PPM!3 (PPM 2176 48 3110 306.69s ~ 1 8 AUG 2004 WO
01/ 60832] CT/ EPO1/ 01660 31 p7&§3t|on130 HS (ppsY S TPHpm -
: u_OH _

L 69.50 4,17 q, brd

6" 17.52 1.28d

Example 12 ’)

(a) Examination of cytostatic activity.

.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 M, whiﬁ:h 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.

IC5, for pluraflavin A < 50 nM;

< 50 nM.

1Cs, for pluraflavin B



4178. 39 4al124.69 5149.56 6121.177.92s 6al38. 95- 7182.40 7al33.21

8119.827.60 d 9135.61.7.74 d 10137.04 11161. 33 11-OH 11a11%§iﬂ@2%‘189. 21-

12a121. 59- 12b156.86- 13175.28 1477.69 1572.614.35 q 1623.

1717.091.31 d 1"70.345.46 dd 2"27.352.86 m 2.44 m 3"64.883.50 m 3"NWe42.5

br d3. 08 3" NM@ 04/6G882224. 30 s, brd 6172.293.87 q, brd PCT/EP01/01660

— 33

(b)  Antiproliferation effects of pluraflavin A and flavopirido! on selected tumor cell

lines.

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 cells/well
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 M

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 pi.

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:



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 § RBY) UM [ 1- O -
4"' 72.033.67 s, brd 4"'-0OH 511'69.504.17 q, brd 611'17.521.28 d Exanple 12
(a) Exam i cytostatic activity. 5 To determne th i C -
activity, r\?gto%%sggtorm cells were used which were obtai ngg,f%?gl?n&t 0e strain
col l ection Anerican Type Culture Collection under the nunber ATCC

CRL- 1548, Jo No. 223 and 228. The strai §4vvas kept in the "MEM (EAGLE) with
d ut amax” medium [ G BCO BRL No. 4109-0281 with 10% fetal calf serum[d 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
solution @aells i n each casPluraflavin A1@g wit h 215, OBiavogititisl. ICThe pl ates were
t hen incupated at 37C. an§ 5% CO2 for 20-24 hou&q.wé dilution series of

pl ur af | a/P¥&Shi t h concent 3 ns of 100, 50, 25,748%5 6. 25  3.125,
1.5625, Opjgfilde 0.3906, fH AR5, 0.094, 0.047 and §zppM which had been

5 Colon 0.35nM 30 nM
Lung 3.0 nM : 30 nM

In a soft agar assay, pluraflavin A and flavopiridol were tested against leukemia cells.
The IC,, results were: 60 nM (pluraflavin A) and 0.5, 0.6uM (flavopiridol). & j)
10 |




15 prepared beforehand, was then pipetted in the corresponding order. After
a further incubation tinme of 22 hours at 37C in an at nosphar au®fzm% CO2,
the liquid medium was then aspirated. The cells that renai ned were stained
with 100 p 1640 [QA BCO BRL No. 32404-014]/wel | f Cell
Titer éwgguﬁ %ROVEGA No. (Gb5430]/well. Light absorpt %@@%Qnm was
rreasured directly after addition and 20 after 2 hours of incubation,

above. The cytostatic effect was cal cul aggd fromthe change in |i ght
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
ef fects ofClaimg-afl avin A and fl avopiridol on selected tunor cell lines. 5
MIT, a water soluble tetrazoliumsalt, is converted to an insoluble purple
f ormazan vihen d seppoead bffosnelalage of the tetrazoliumri ng by

dehydr ogenase enzynes in active mtochondria. Dead cells do not cause this
change. This nethod was used to quantitate proliferation in order to
determne activity of potential chenotherapegtic conpounds. 10 Al'l cells
were maintained in RPM 1640 (Life Technol ogi Gai t her sburg, M)

contai ni ng 10% heat -i nacti vat e% 5eteR B rurn penicillin

[ streptomycin and suppI(R nt e ¢ Cells were plated in
96-wel | tissue culture platé gxdensities: 15 Breast 2500
cells/well Prostate 2500 cell 000 ©el I s/wel | Lung 1000
cells/well 20 Cells were allo ger ni ght  at 37'C 5% CQO2.
Pluraflavin A was

L) Re R

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.

o



diluted 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, O. 8§3A'P%A2

Fl avopiridol was diluted at: 2.0, 0.667, 0.222, 0.074, 0.0Z5, .%BS, 0. 003,
0. 001 pM RBetheeaspounds were tested in triplicate at all pe@Refikati ons.
The cells were washed 25 with fresh nedia and the conpounds added to the
cells in a final volume of 100 pl. The cells plus conmpound were allowed to
i ncubate at- 37C, 5% CO2 f.or approxinmatel3g 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 were added per well. Readings were taken at 570 nm The 30 results
are given_below. 1 8 AliG =4 WD 01/60832 PCT/EPOL/ 01660 34 Cells '
Pl ur af | avén A Aesanouad acepidieg 19 elgin 1avharein &, SamMutesyeRrr ost ate 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 resuBts wkicemp@dindMocpidingiid elsing 1Ay 2amdhefein ROhEe Foinariapi ridol ). 10
18AUR14 WD 01/60832 PCT/EP01/01660 35 Clains: 1. A conpound of fornula
| R50 45R6 O' (Rd} n.

O CH,
OH
H,N CH, 0
4. A compound according fo any one of claims 1 — 3, wherein nis 2.
10 5. A compound according fo any one of claims 1 — 4, wherein R, is an
aminosugar.
B. A compound according to any one of claims 1 -- 5, wherein R, has the formula
OH )
HO CH,
i
o

15

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

groups



| -5 wherein R, is a sugar group; R2is -COOH or -CH2 O (R7)m wherein R7
is a sugar group; R3 is chosen from epoxi de-conprising groups, C -C6-al kyl
groups and C2-C6 10 al kenyl groups, wherein said al kyl grbﬁdﬁmaﬂ@*alkenyl
groups arevg éh&ﬁ |y substituted with at |east one OH group; R5 is chosen
froma hydr g om C, -C6 al kyl groups, C2-Cs al kenyt gr%ﬁﬁEHHW&%QZ
C6- al kynyl groups; R4, R6, R8 and R10, are each independently chosen from
hydrogen atons, C, -C6-al kyl 15 groups, - C6- al kenyl groups, C2-C6-al kynyl
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 a Rs together are a doubl e bonded X2 group, and
optionally R and Rl Egthgﬁ are aofpupHe bonded X2 group, wherein each
X2, is independemic osbehlaf %1@H geh aj ons, -NH groups, -N-Cl-C6- 20

al kyl groups, -N C2-[C6-al kenyl gro C2- C6- al kynyl groups and sul fur
atons, wherein each R12 is indepengéntly en fromC, -Cs al kyl groups,
C2- C6- al kenyl groups, C2-Cs-al kynyl groups, aryl groups and acyl groups;
and mand n are each independently chosen from1 and 2; in all its
stereocherg cal forns and m xtures of these for {n any ratio, and its 25
physi ol ogi®al | y‘{a%%'BBPE{ P@?Q!f\gsf%?ﬂimd{;rq?\%m%”le 6 AUG 2004 WD 01/ 60832
PCT/ EPQL/ 01660 36-2. A conpound according to claim1l1l, wherein R7 is an

am nosugar. A conﬁound according to claim1l1 or 2, wherein R7 has the
formula 5 O

N HO CH,
&9

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)



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 clainms 1- 4,
wherein R, is an am nosugar. 6. A conpound accordi ng to hfyAun@tdef cl ains
1--5 wherein R has the formula OH HO",~CH3 15 7. A ﬁ Eﬁﬁbj@q %%cordi ng
to any onév®P883¥s 1 - 6, wherein R is chosen from gro g ¥c 2904
WO 01/ 60832 PCT/ EPO1/ 01660 37 8. A conpound according to claim1l, of
formula (1A A5 in all its stereochem,gal forns and m xtures of these
forms in any ratio, and its physiologically acceptable salts and
derivatives. 10 9. A conmpound according to claim1, of forrmula (IB) 1 8 AUG
2004 WO 01/ 60836 PCT/ EPOL/ 016641 38 OH IB in all its stereochem cal forns
and m xtures of l_lhese forms in any ratio, and its physiologically

accept abl HOsal Werivati ves. '

HaC\N B

)
L
(4]
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)
OH
HO CH,

IE

10



5 410. A conpound according to claim1, of fornmula (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 acc Eaﬂﬁe%ﬁ lts and
derivative conmpound of forrmula (I) as clainmed in a cl ai s
| - 10, obts‘gt?%ggqsgz by 5 cultivating Actinomycetal es speci eés{T/!E&gmg §959,
DSM 12931, or one of its variants or nutants under suitable conditions in a
culture nmediumuntil at |east one conpougd of forrmula (1) is present in
the culture nmedium followed by isolation of the compound. 12. A conpound
according to claim 11, wherein said isolated conpound is further 10

conver t ed inraldtsaterepehemiozt foronemddixtires e tfosefodrs invady ito, andlits

physi ol ogi (i_'al . .acceptable salts, 13. A_conposition conprising at |east one
conpound dinyeiegically ageeptakle galarddamaivese of clains | - 12, or a
physi ol ogi cal |y acceptabl e salt or derivative, and an 15 acceptabl e
vehicle. 14. A conposition according to claim 13, wherein said acceptable
vehicle islfa pheompoand iotﬁirhwlai?)tﬁ@t:lahh@d iredriycoge oPllaik®s 1A 10, @beSRabie by

maki ng ai | east, one conmpound of fornmula (1) or a physiologically
accept abI15 é-“gféHatt'”g nstiBemysstalessrasies W‘@réﬁ) 8. QSNEI" 59% qr onelaf iiswairiahts or

003050, - DAV FaG el SitaiediR Al A bBRY i Z g aRe e of
condi ti onsformula (§us presentirdinensultotd medium, lfeimtedbg isotRAWLTING bofnpbiHba (1)
Is present in the culture nmedium followed by 25 i1solation of the conpound.

) 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



16. A process according to claim 15, wherein said isolated conpound is
further converted into at |east one conpound chosen from %(Zakw ves and
physi ol ogi cal acceptable salts. 30 1 8 AUG 2004 WO 01/ 608 POL/ 01660

40 17. A p@qﬁ%gﬂﬁccor ding to claim15 or 16, wherein thepeyldpbMatkPn 1S
carried ou nder aerobic conditions at a tenperature between 18 and 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 4@rnula (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 derivatl7ve pheoeess atcurdingdo ichairmhié omtd, bilerain tioé clliviti@nisaamdd eat of at

| east one doubl e stranded nucleic acid. 20. Use of a_conpound of formula
(1) accor $NAgF aeroRig conitions atiademperature between 18 and 39 8pd @hpinf hew@snabl e |
salt or d%réﬁloaéive thereof, for the manufacture of a cytostatic. 15 21.

Use of a compound of fornula (1) according to any one of clains | - 12, or

a physiologically acceptable salt or derivative thereof, for the

manuf acture of a nmedicanent for the treatnent of colon tunors. 20 22. Use
of a corfbd@ndAdirocessaceerging ta ey cae claimady oife Whrerein dhesormpoung of or g

hysi ol ogi Sal : ' ' f h f
o a oot k(O FE PRl 38 4 adfveltfe LRl B BeRent, 0T 0 25 LB of a

conmpound of forrmula (I) according to any one of claims I - 12, or a 25

physi ol ogi cal |y acceptable salt or derivative thereof, for the manufacture
of a medi d&rent sunpeund okt darmila ¢ aceargingdadny one of claims 1 - 12 ora

physiologically acceptable salt or derivative thereof, for use in the inhibition of ;J

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.



24. Use of a compound of fornmula (1) according to any one of clains 1 - 12,
or a physiologically acceptable salt or derivative thereof, for the

manuf acture of a 30 medicanent for the treatnent of prostatle Aifoilgk 18AUR
WO 01/ 60832 PCTI EPO /01660 41 25. Use of a conpound of formula (1)

accordi ng tYO&HG88he of clainms 1 - 12, or a physiol ogi cal PGTAREGIEED| e
salt or derivative thereof, for- the manufacture of a nedicanent for the
treatment of. | eukemia 5 26. Use of. a comnpound of forrmula (1) according to
any one of clainms 1 - 12, or a physiol ogﬁcally acceptable salt or
derivative thereof, for the manufacture of a nedicanent for the treatnent
of mcrobial infections. 10 27. Actinonycetal es speci es HAG 003959 (DSM
12931). -

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).





