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WD 2005/ 044803 PCT/ EP2004/ 011244 BENGAM DE

DERI VATI VES, METHOD FOR THE PRODUCTI ON THEREOF AND

USE THEREOF FOR THE TREATMENT OF CANCER 5 Cancer is a
dV¥e #0050744803ans and ani mal s which is fdPCTHP20041011244
part fatal and which is caused by the uncontroll ed
grow h of endogenous cells. Cancer is the termfor

the formation of nalignant tumors (malignomas) and of
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tunor cells arise as the result of the transfornmation

. _Th [ . f.
CrnERI8EIREERERT hiimahs nd By Wich s e tRae: Peffata
i and rwhibtle iabcaused bf 1lhbeunmﬂtrdlledggmwthnoh&ndogenous cells.

UBh REd RS ked géFfrﬂfb?rthé‘WnYﬂtfon Q@r{é?\tftur% d@éi‘gﬂoh%‘é) and

structure ans row |
i Off W@ma@mﬁg(twaﬁr% pr oar@m@nﬁsmstfabyhm gnalignent degereragion

faHdT@ﬁsthI*be@f rr@t%ﬁﬁh rtift\lvﬁ?fé l:fldi@d eh3 SR kedia ab%bat@é‘r&%r)
om t he % eﬁ ﬁl I's hiave een sg{ r¥

vé"g‘/"%ﬂf el Br &m%rc ‘F]é‘rl’-"?nﬁ‘ﬁ the sregultQfy hestign efmatfo of

rmidogeanug ceflanThe malighaacyiof tthe dapskr fcemweﬂpre@aw és the

BoiRl o, s, HIBRAT (AE L 16" el BB BT BF e Bty in e
rainhjbited mesgenandiwithosit beingittatbinto (bhna strectuie of the organs
RPRISaIRb qorg\éwm an %‘f‘ilﬂéﬁrﬁ] n{a‘?iﬁé\‘ a*he‘?élf% Eg?frévfm@ fbs&tﬁ@ The

ossibilities for treat
5@&@%Pé&l's&i%ﬂab@/n%émﬁg\st%e}sgy@ adiptapse pomatj/@ “turaor,
wfteaysmor BN BERE bapl spRsbd bww& Y6f Y blobH orﬁh@&ﬁﬁbh is a

not hera can _on be used d ext
ST BT S BBy Chnos, o plel & ey bhst $iatht Chises o
death iy humearsd @indi theraeatis dhereforeeh | grepoireedsior methods and

PR ELing BERERInd flalbha dRbIRIR, 005 ' olrgi ca
treatnent or irradiation. These substances interfere

aeﬁfa o th¥, n‘n gsggfs@ de%QC%aa@éaz' Per‘ﬁSkél f‘fhé't%or the

E means’ tissues cont proporti'on
BPS%I Uities Fy wmng maligihani ursers laglusilgeyragmlﬁaj th@rmsv using
P(H%?Q E8-rays agtraig@ ra?adsﬁ-Péiyst I:Mﬁ#uhotﬂé\%pgyé&ﬁ bﬁéh@tiﬁiﬁw SAt

are us

EJHBEB%%‘?FH @PY can gn!y be tsed t0 a%[mi?ed extent The chemo-

therapy of tumors is understood as meaning the administration of cell

_poisons (cytostatic agents) for treating tumors and tumor cells which

remain, usually following local surgical treatment or irradiation. These
substances interfere specifically in certain processes in cell division, which
means that tissues containing a high proportion of dividing cells, such as
rapidly growing tumor tissues, react more sensitively. The cytostatic agents
which are used are alkylating compounds, such as cyclophosphamide,
antimetabolites, such as methotrexate, alkaloids, such as vincristine, and
antibiotics, such as daunomycin or adriamycin. However, due to massive
side-effects, all these agents suffer from severe disadvantages, such that
the death of the affected patient is only delayed and not averted.
Furthermore, the degenerate (cancer) cells develop resistances to the

- 'agents which are used; while the medicaments which are being used at the

time then no longer have any cytostatic effect, they are still toxic as a
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anti netabolites, such as nethotrexate, alkal oids, such
as vincristine, and antibiotics, such as daunonycin

or adrianycin. However, due to nmassive side-effects,

all these agents suffer frongsevere di sadvant ages,

such that 35 the death of the affected patient is only
dedrepgdencel aidhe aside-eéfdcts. Furaduiiomrie hat Hecehe fprmelr titad the
(Ressy dotfisled bf SXaRRHEEaHE EBBARIN Arififay?EEisequence

ar e canment
wexcgeds thak achiened tedsing a single ayiestatinpoept batsa@ﬁh@rapy)

&éﬁcﬁcés d h@éﬂifﬂrl? |§t}:io|s§.|b1é”ih§t ?r?e %u&taﬁﬁﬁ%ﬁé%ﬂé%t@fam not
di.tion ound t hat

si de- ef
ARGl s o chia D GRP G <SRG B 2l thessysentnovel
aﬂrdmnataenamunc agerts e nhigenthy aeqdised aid arhittarefbréybeing

cytostatic agent (nonotherapy) and, as
a r“@g ﬁ’f’ﬁa%dgs possi bl e that the substanti al

side-effects are not 5 additive in connection with

pﬁ{é’ £ DERRIAP Bf bgﬂﬁal‘ﬁlrdes here b%ﬁpé%s ﬂoé’ avhlch are
ah

nmot h erap uti c are ur requl
tdaslesrped- %’@ﬁﬁ*@'te%@ﬂgﬂhﬁ GRRM "ﬂe’lngrﬁé fW'f“§h wigniselaied

Cffonbem@a@ede% rﬂfde@OIﬁB@@d (Rmikh 'Gﬁbp@li‘:%’aeloorder

%ﬁ?dogﬁ?&gyﬁ%epé%@)e i °' oo b Rar ofo8s. 51,

@dOir AA8) @hdnnebprtébm@bemld’@eac tmr@t&karyﬁmellst ndmaBJdes and
?%Hé?%horl da) (Adanczewski et al., J. Og. Chem 1986,
497-4498) and reported to be biotoxic to

eukaryotic cells, nematodes and bacteria. 15

amigecEH | COOHOHd NHOWw OH20 and its
N-net hyl ated derivati ve bengam de F are exanpl es of
benganm de derivatives which have been denonstrated to
possess antit urmlH activity. :

N 0

H 4

OMe OH

and its N-methylated derivative bengamide F are examples of bengamide
derivatives which have been demonstrated to possess antitumor activity.
Bengamide E inhibits cell proliferation by stopping cell division at the G1/S
restriction point and in the G2/M phase of the cell cycle. Bengamide B
derivatives inhibit the proliferation of MDA-MB-435 breast cancer cells

(Kinder et al., J. Med. Chem. 2001, 44, 3692-3699).

A feature shared in common by the known bengamide derivatives is that
they have been isolated from sea sponges of the genus Jaspis sp. or
Pachastrissa sp. (Thale et al., J. Org. Chem. 2001, 66, 1733-1741).

it has now been found that the microorganism strain Myxococcus virescens
5T200611 (DSM 15898) is able to form novel bengamide derivatives which
inhibit cell proliferation at low concentrations and are consequently suitable
to be used for the treatment and/or prophylaxis of cancer diseases. '




Bengam de E inhibits cell proliferation by stopping
cell division at the GL/S restriction point and in
the @&/ M phase of the cell cg'cl e. Bengarri de B

d i fern

oifLadfiuiBel e prsdrdanisidn Fidbt ' a YorRirkPof i formuta
201, 44 3692-3699). A feature shared in comon by

the known bengagi de derivatives is that they have

been isolated fibm 6ea sponges of the genus Jaspis sp.

or Pachastri fél 8k, J. Og. Chem

s[ndw been found t hat

the micro I{l i

ST200611 (DsSM 98) i o form novel bengamn de
derivatives which inhibioMeeDR,prolifleration m) | ow
concentrations and are consequently sui tabl e

used for the treatnent and/or prophyl axis of cancer

di seases. 35 ---- - ------- 3 1n afirst aspect, the
wleseii i nvention relates to a conpound of the fornula

[/ z HOW OR3 (1) wherein RL
sHorQ@%&%?%{\l R2 is Hor OH and R3 is H or
RZ =Qjis H@rOEtﬁ;mdl kyl, or to a physiologically

i nd of the formula (1). In a
'th‘Jcongg g‘g"’zg( O?IQC?G@ %’ invention relates to a
PR 40 ﬁmi%nlmailydolﬁ@sa'@dt satirofp opmpeiind obthe feamulaoie
compound of formula (1) or of a physiologically

19! £rticBAd Sééﬁedth%ﬁéq:freséﬁ Wénﬂﬁﬁ RPAYE: 1ol @nl Ipharma-zceutlcal

conbi nation wWith east one pharnmaceut |
sompasitienc sempasingu st tlgasie one compound of formu!a () or of a

physiologically tolerated salt thereof, as defined above; in combination with

at least one pharmaceutically suitable carrier substance.

In a third aspect, the present invention relates to he pharmaceutical
composition comprising at least one compound of formula (Il) or of a
physiologically tolerated salt thereof, as defined above; in combination with
at least one pharmaceutically suitable carrier substance.

In a fourth aspect, the present invention relates to he pharmaceutical
composition comprising at least one compound of formula (lll) or of a
. physiologically tolerated salt thereof, as defined above; in combination with
at least one pharmaceutically suitable carrier substance.

In a fifth aspect, the present invention relates to the pharmaceutical
composition comprising at least one compound of formula (IV) or of a
physiologically tolerated salt thereof, as defined above; in combination with
at least one pharmaceutically suitable carrier substance.

independently of each other, Ry is preferably H or methyl and Rj is
preferably H.




In a third aspect, the present invention relates to he
phar maceutical conposition conprising at | east one
compound of formula (I1) or of a physiologically
tolerated salt thereof, as 8&fined above; in
conbination wwth at |east one pharmaceutically
suitable carrier substance. In a fourth aspect, the
present invention relates to he pharnmaceutica

L | S t ound of
A3FRERLA 198 RIS GG R IR T ol er et e s ¢
ttier edf H atangthivi,ned above; in conbination with at
Ieast ; r eutically suitable carrier substance.
Ilﬁaa ﬁ?&r@gbg@ , the present invention relates to
Rse piddmaceutical conposition conprising at | east
one conpound of fornmula (IV) or of a physiologically
tolerated salt thereof, as defined above; in

trisieirddkydris @ straight-chaiaser branchadratiyegroupahayging 6 carbon

' Lar t e d nt. a
Sl Yo, SRl T R st FRIBPER s ckaRimyR bty or
prhepcek pEpferably maethyl scl osed is a conpound of the
formula (1) in which Rt is Hor nethyl, R2
isHorOH and, R3is H (Cl-C6)-A kyl is a ) )
@t@é{ N, c Higclosad geakcaumpound of dhe Hawnwlg €l)caviich is
cHepaBterized beetth fdul£hly! - n-propyl,
i so- propyl ,b9t ert ES?@I‘l Bgtrhe( n- he>|<a§fl,n preferably nethyl.
In addition, disclosed is a conmpound of the formula
(') which is #gharacterized by a conmpound of the
formula (11) H NGOOHOHd NHOw OH(Il), a

conpound of muta (Idd) oH

Z

I=z

OMe OH )

a compound of the formuia (III)




4 M CNOOHOANOW OH (Ill') and a conmpound of
the forrula (IVV H NOO OGHOH HO-NH Ow CH (1V)
Al so disclosed are all obvious chem cal equival ents of
the conpounds of the formulda (l1). These equival ents
are conpounds ich exhibit only a slight chem cal

di fference, and haye the sane pharnmacol ogi cal effect,
or which ar rtded iﬁbo tcma conmpounds under mld

condi tions.{ Sai d\ equifval eats :also include, for
exanple, s Qs ~QOxidation
products, € S, iethefs, acetals of am des of the
compounds of the fornul@vel pHas wel I as equjyal ents

whi ch the skilled person can prepare using { ndar d
met hods and, in addition to this, all the optical

anti podes and di astereoners and all the
sindraecompound of the fosmuld ¥) osed herein is a process
for preparing a conpound of the fornmula (V) R O OR3
ORB RZNNR4 HOWw OR3 wherein Rt is Hor

- -al kyl, YR2 is Hor ,
(Clcs)'lkl",*Ron oH 5
‘HO N =
H

OMe C:)H (V3.

Also disclosed are all obvious chemical equivalents of the compounds of the
formula (). These equivalents are compounds which exhibit only a slight
chemical difference, and have the same pharmacological effect, or which
are converted into the compounds under mild conditions. Said equivalents
‘also include, for example, salts, reduction products, oxidation products,
esters, ethers, acetals or amides of the compounds of the formula (1) as
well as equivalents which the skilled person can prepare using standard
methods and, in addition to this, all the optical antipodes and diastereomers
and ali the stereocisomeric forms.

Disclosed herein is a process for preparing a compound of the formula (V)

V),

0] OR; OR, -
H
' . OMe ORj
wherein

R1 is H or (C1-Cg)-alkyl,
Ro is H or OH,
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R3is Hor -C(=0-(C1-C6)-alkyl, and R4 is nethyl or
ethyl, or to a physiologically tolerated salt of a
conmpound of the formula (V),_ 5 which conprises 1. the
strain Myxococcus virescens 87200611 (DSM 15898), or

f. gt i\ Gt tants, bei f ted

Réer 5t PR EO e, AL Cult ure medi um unt
dRe oris metbyladr athy, conrpounds  of the formula (V)
RO RS ROk Bt s WS TERLY CombRur o 4T ERAIRS )
medi um and 3. the conpound of the formula (V) being
q}ﬂ*iiEH%B}'rgﬁi@es\gh?re approprija_te, and/ or, y\,hlere_ .
bl er dheaiain Vxeeodsiscyisseans S 12Bp4E QUSHF 4886 orone of
p{ ﬁpi’iﬁis?_glaﬁliaﬁﬁsgpélrmfr ofndthntsf obaiga feihentedr ainde$ isuitable
e : . produc such. a prpcess corres )
corolFRRaEPRS RS puflreiTieth BERCREE pf Bl 308 Laspdunas
Al so dif ¢t fosealila §V)eagoroe(ss i fher cyliuep mrdaditgna conpound

the f I ' f '
S ner 2 AP g ehu, RIRRAE Rolfll 1RRF e cplture
addi.ti'@i’dlUWhéﬂ@ is disclosed a process for preparing a
GONPO il %ri;tzﬁnd 29ff ghaufcnduld) (VR BEIRgoveavalizéde where

formula (11)) and conpound of the forpul a I as_._ .
wel I 2BPiapuiaten ARG B, SPAREe o Reng tghvelkd Thto a

ot her phgsiologibaliatteldratetgatthi ral centers in the

conpounds of the formula (I) and (V) can be present

in the Rconfiguration or in the S 3 nfjgurati.Qn.
Pirclosarbist ? GHOGRISIOEPIBRANG 8 q%pwdo ety gl (V) where
Q178 RIS TRBShrbAuSH 6F SRdtS anprocesdricsirdsgends s @smpound of
enantiomeric mxtures and diastereoneric m xtures.

e fareuiry (1 as deseired abe¥e-sal t s of conpounds of the
formula (1) and (V) are 35 understood as being both

their_ organic salts and their inorganic salt as are
Asse issloperisre AreRrsn i MERARRE émcpemougai féfﬁtt&?qrw'@m V)

@hetd CRdepéfdently of each other, R¢ is H or methyl, R; is H and Ry is
ethyl.

In addition, there is disclosed a process for preparing a compound of the
formula (I1), a compound of the formula (lll} and a compound of the formula
(IV) as well as the bengamide derivatives E and F.

Unless otherwise indicated, the chiral centers in the compounds of the .
formula (I) and (V) can be present in the R configuration or in the S
configuration. The invention relates both to the opfically pure compounds

" and fo stereoisomeric mixtures, such as enantiomeric mixtures and

diastereomeric mixtures.

Physiologically tolerated salts of compounds of the formula (I) and (V) are
understood as being both their organic salts and their inorganic salts, as

~ are described in Remington’s Pharmaceutical Sciences (17th edition, page

1418 (1985)). Because of their physical and chemical stability and their
solubility, sodium, potassium, calcium and ammonium salts are preferred,

~inter alia, for acid groups; salts of hydrochloric acid, sulfuric acid or
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1418 (1985)). Because of their physical and chem ca
stability and their solubility, sodium potassium
cal cium and amonium salts age preferred, inter alia,
for acid groups; salts of hydrochloric acid, sulfuric

?ﬂog Abri® acﬁH‘OSrPB%hPo&%ii acls of sﬁg&*i’ie.xé(éi&& Afdrdss Hcetic
ul 8n_|_c acl ds, such as ac&_lc Jaclid, citric acid, | _
it obitricareid, baarer addi maleic raid, fumearia adidriedarie agid @nd

RbludhdseifoRiarid fRBiteReled, ifdCall, Foradsfsigrdupber
alia, for basic groups. 5 The culture nediumis a

nutrient solution or a solid medi umcontaining at
I'‘restulere megdiuamiy ¥ mArndensclatisre er ambl':nii Mdg?m contaimiag at
c i.no :
Beantoos Shetoifary LB Sdhrbf ArEf AR gl as well as the
sustimarylinogeniusalts. telsyiroxy/gsine 06 addedSmiis ggiyre medium,
G SR B RIS 8 carle STRIBRIR, LOOM ot ©rodces a
SPTHINEE0 theafgsmuta V) frhishs Rer G P 2 G et ob figsiing
HBRyRsind. as described above where R2 is OH and

ere'the culture nediumin step 1 contains
hydr oxy-1ysi ne. 15 The process can be used for

Di’édlm)gd féléa?ﬁro%{g‘s@%i‘ fﬁr@byriﬁgﬁi @pﬁ‘i(?ohbﬂ | d)1|t e fEmMUlat®) as
scal e) an or fernenting on,an industrial scale .
desgnliechabaye where\Re 5008, Ang ythere 4hs swiltdis m%ﬁumoln step 1
EBRtaliy MRS A-IVathear € assinil abl e carbohydrates and
sugar al'cohol s, such as glucose, |actose, sucrose or

D-mannitol, as well as carbohydrate-containing
natural products, such as nmalt extract or yeast
extract. Exanples of nitrogen-containing nutrients are

Fhe rplzoe@ésiean 2o ?@mi ?‘&%nﬂ@ﬁtilﬁg @inch W@ocﬁ‘ﬁﬁbr?'st%‘alé (Rilfliter to
reakdo oducts, .for exanple . casein, peptones or

@}FQ 5?%ﬁﬁ5€‘8 i@%ff@%bmw;arvgﬁgﬁt"akﬁqai%(@eb'@ tgrscale).

ground seeds, for exanple fromcorn, wheat, beans,

soya or the cotton plant; distillation residues from
Buibahleicaghar solmcks forthe feoaentatippase assimitablescarbohydrates

. o i ssimi
0 PRl =RBR, ik 8 Fhodke G Sida XD, =

wall /asasarbpbydratdcantaining ynatural ipsedugis,osuch as malt extract or
WL e Ret | %rhﬁies@@ﬂiﬂbﬁén%nmﬁhg FltFiesB 4@ amfho acids;
chl orides, carhonates, )

peptides and proteins and also their breakdown products, for example
casein, peptones or tryptones; meat extracts; yeast extracts; gluten; ground
seeds, for example from corn, wheat, beans, soya or the cotton plant;
distillation residues from producing alcohol, meat meals; yeast extracts;
ammonium salts; nitrates. Preference is given to the nitrogen source being
one or more peptide(s) which has/have been obtained synthetically or -
biosynthetically. Examples of inorganic salts are chlorides, carbonates,
sulfates or phosphates of the alkali metals, the alkaline earth metals, iron,
zinc, cobalt and manganese. Examples of trace elemenis are cobalt and

manganese.

Conditions which are suitable for forming the bengamides according to the
invention are as follows: the bengamides according to the invention are
preferably formed in a culture medium which contains from 0.05 to 5%,

preferably from 0.1 to 2.5%, yeast extract; from 0.2 to 5.0%, preferably
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sul fates or phosphates of the alkali netals, the

al kaline earth nmetals, iron, zinc, cobalt and
manganese. Exanples of trace elenments are cobalt and
manganese. 35 Conditions whigh are suitable for

form ng the bengam des according to the invention are

Frorh @ 1 w@%,t &H%ltﬁﬁégﬁﬂﬂncb?@z a6 0%, rgﬁefeeaﬂlmohna%ttb®5%

L e WG mgBO50 0 e 8 0P8 Mas s »

- 7 BY) wgndsfrorax0.10860 1 % tmmﬂn%tcyaﬁlcﬁ%a[anmﬁ eThblperdentage

f 0.1.t0 2%. casitone romo, 02 0% .

YRR Whieh piEb iR ot 1B Schogiectased fnaneisiont of e tota
Owubdentsoluts?. preferably from0.05 to 0.7% MSO4 X 7
H20 and from 0. 00001% to 0.001% cyanocobal ani n. The

percentage values which are given are_ in each case
bcmicsRokgaRIsRiig Atltued esohisally, that isufor iexampis submsiged

W’ﬁlenbéihgoér%’éhsé? étﬁré‘dliﬁ §hﬁ€ln%qra%kb‘2ﬂ| fedmehtedd, drsen solid
for ,.exa e, subner.

el n n or St
il Hosre: SRROPUAE Whileaie PE OXyHen S diama Passaq b The

\niercdrggpisopcarabe oMtuledl iai a tempevat@erralngehﬁlfmn pheseds to

T e e
. dihef pldrraagewsh
| WTheTEﬁchr A% |§ R(e Q?r@ﬁ%d@r%ﬁ@sé@ondmons for a

be Meenm @adt 1@upeeferablyt b@tme@n $.6 and

refera ween m Ccroorgani_sm |

QSH@M IW&@I tpu%éiaxﬁw@é@fefﬂ%@f ferHi 2itei§8aurg The mitcro-
@ﬁjarﬁﬁnois hevantd é@;slp déﬂufad m %feQéﬁslmIStepé ife. O@ma?brt dore

5 s b, TS T 09 Ha b, v

- thvaslel priefieniyanyuduliuress theenebeaing tmcaxtd[arteﬂr iafmathedad¢tnalaproduction

H urﬂéfs‘g:t{ﬁlgﬁﬂ%tnnaﬁfupég‘ggy‘%ﬁ%}nafeqﬁsaereﬂ?%y} \Wklﬂﬁreyof from 1:10

tﬁ 4. i e pn@mmlumy culture tin obtaingdc §rt xampleo by dregiiaing
tHe §trz§|ﬁt D iy fdﬂ Bﬁegétamé’ %ﬁs H frdn?i’n%l< béQ]@s Tﬁ@ a nutrient

RS hon e csting Heosgrous T harm bt 20 e Bl Soraspreferably
Rﬂ' fremorsf 10U IQBIHeré)OVégétatméltdéllé thtﬂ/br Efﬂl‘ tfngS dblidsoan be
aRGiEd, 3ot Ratnpie, by Bliowing inarstiainda brafirtor et dbeut o to

t&dbys,apréferatily (ot ifrogn Bodd ek days,ben alsodid nediigdidr nutrient
%@Mt@’fopéxgrlnlppe%é%ttaggr strain to grow for from about
o '

A bengamide derivative of the formula (V) is isolated or purified from the
culture medium using known methods and taking account of the chemical,
physical and biological properties of the natural substances. HPLC was
used to test the concentrations of the respectivé bengamide derivatives in
the culture medium or in the individual isolation steps, with the quantity of
the substance formed expediently being compared with a calibration

solution.

For the isolation, the culture broth or the culture together with the solid
medium is Iyophilized, after which the bengamide derivatives are extracted
from the lyophilizate using an organic solvent, for example methanol or
2-propanol. The organic solvent phase contains the natural substances
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L o by bl e

15 days, preferably for from4 to 10 days, on a solid
or liquid nutrient 25 substrate, for exanple yeast
agar. A bengam de derivative of the forrmula (V) is
i sol ated or purlfled fromtHe culture nedi um usi ng
known,.nme ds.and .t aki ng acco
sy e iarantel i spiaitited where SPRTRIAL. in vacuo
smdsdudjested tdiRitbenpsirifdatissed to test the
concentrations of the respective bengam de derivatives
h cultu.erredl or in the individual i.sol
e o iiag, inui Gt A heotOr rgres boHTRl Jf meflecd by

maﬁhtﬁgidp%gb%mgsmmr eshtetisle, aﬁfﬁérdtbiﬁt ifon example on
sol uti on i sol ati on, e, culture brot

Wée%tﬁ"t%?\éeso 8@&"@ gel PR alwainym oXideé, o |g%eg<ghangers oron
éd?ﬂhef l ZQ@fsm%f t teﬁr\Mlﬂl @:hht r@\/@@mm Jshadesi va(RPeE ar Fhis
rac rom the i1 u or
S RabE Y S Hhobearsfe e BefdaRlied (diafives. The
begganmdesodfefemt:vmaale clbmwatugrapleemausmgl bgligieda mepigous
\Agiu"ﬁﬁﬁ of ARt Bik%?qdéBYﬁrHrioo&g QFcé ufecent r at ed,

ere appropri ate n vacuo subjected to furt her
purification. The further purification of one or nore

: mwéﬁaq@e&fsf&@% iB¥%0lLRioRBIRERINABFAOOY a8beiny alhhiater-

g]l%q;éllgaclnrz;ﬁngqr p(plggﬁﬁ Peffg%béf Xaqﬁamio%gggggbﬁfgéﬁfzetonitrile,
ak ah aogesrerationoof frad\ssrtmegswsoh@nmpmienab%efmad 5 to 40%
RGBS 1Rk iork RREAR A o 130N 8 SRRRAE e
awg@rmmmr@rabawﬁm nghishf e éa l:ﬁ]ueﬁaqis are ghe same as
%aﬁé@ggo% m xtures of aqueous and organic

sol utions

xtures of aqueous or organic solutions
are understood as being all water- m scible organic

$ﬁé"[ﬁ§ﬁg€am[§é€ﬁéﬂv@h{!ys &F—‘é E‘@;atea ehomén@és@rof thelr d]ffermg

2R 21 foEPER Srese AdupmstadATlN, ot Sl on

)or® bt(éﬂ%r%@r afpE® UffoR| Mttsmﬂshmhualbam)r mﬂanbﬂm WKIAID

A SRBH RS, oF Brconk Budtanbob’ HALSINS LRy Gt SR RAE or
R8s phiaves. br addidipar atee@epamtibhecmsmeﬁéctweby means of

d' farin ﬁa%“g %'anﬂ'}' éll}ﬁ for g&gﬁ*nep%] il S 581, SH AR Oxide

and the like.

The bengamide derivatives are chromatographed using buffered, basic or
acidified aqueous solutions or mixiures of aqueous solutions with alcohols
or other water-miscible organic solvents. Preference is given to using
acetonitrile and methanol as organic solvent. |

Buffered, basic or acidified aqueous solutions are understood as being, for
example, water, phosphate buffer, ammonium acetate and citrate buffer at
a concentration of up to 0.5 M, as well as formic acid, acetic acid, trifluoro-
acetic acid, ammonia and triethylamine, or all commercially available acids
and bases known to the skilled person, preferably at a concentration of up
to 1%. In the case of buffered aqueous solutions, particular preference is
given to 0.1% ammonium acetate.
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MCI (adsorber resin from M tsubishi, Japan) or
Anmberlite XAD (TOSOHAAS), or on other hydrophobic
materials, for exanple on RP-8 or RP-18 phases. In
addi tion, the separation cambe effected by neans of
nor mal - phase chr omat ogr aphy, for exanple on silica

JFHe cﬁltolmﬁtﬁ Grapdyi Wes odpriedh dut fﬂ:%lrigl kagragh?; eigaiedan with
atives are chr usj.ng bu
ofp0o) e SAE AR o e P ugBfoordRRy dwes

yoeferaldy sumivith sliresrgradient ofdfrdre s taettdh acetovithlee

organi c solvents. Preference is given to using 30
acetonitrile and nmethanol as organi c sol vent.

Alterestively, bhds calse pessiblei td cafyiedils asaeluchisrmaatageaphy or

WheShaioRPsbIAS drei M@iropifBbic epRdEse. Tw@tﬁél’ cﬁhﬁﬁ@b@f@hy |s

buffer, "amodnj um acet at e and C|trate egcgfer at

Safiachevtan Balyaeramids gels omcoag YIer 98l sHish rﬂScB'SS?bP 2®
BRIAG) éFFF’acté@élfTSRr QB a0fc H\Wér‘ékaGéﬁmaﬁgEUm@ s@gdence of

triethylamne,” or all conmerci al avai | aci
iheiabarementinnag @fuomeéomphlcﬁeﬁwbhe f%\f%rﬁ%q’ ably at a

concentration of up to 1% In the case of buffered

ous sql ution part cul ar, pref nce is ven
H5TSL Emangniogs hee RIesae B h pBsEGamsT, Mgl LA be
capaiatet msingjknogrnanmthokﬁanforvdmarﬂrplbelg;annmmm of 1gEparation
W@fn%r @m?a with 100% sol vent; the chromat ography

prefe y run with a linear gradient of fromb5

to 95% acetonitrile. 5 Alternatively, it is also
ﬁﬂ%sdemvﬁtlié%tdhaéf theOOH @'09% i 'ﬂﬁ@@i&bQﬂfaﬂPBf’ tHI*aIr compounds of

15 B APARs (L ts ROR dsieh e d) iaivs BE acyl o (Re

(1 |nC$mEH yaRy - @@F“E\/S)Z(ﬁu(:b)-a&yﬁu@@ﬁéeﬂédaﬁsn)g ni@hodsawhichr are
kPO BT 35 0 Mel AR STraPR BNy, LT R Sons
At eadiich, 1992))sfifraexampleertganhesrss afe rgaaivenwiths an acid
AR e A achi SERF 2149 brel Sa0imgs, 11
6A7 1684 dasicdbe tha seattt@m‘mtln wagetic anlnﬁfndef torgive @wcgm%@d Of
yﬁ)kﬁﬁg @e?.@;?alt %)qfq wiligh 19 oo en the fornul ae

an

IS 1n eac to gi ve an acyl

-~ group (R4

The alkylation of the NH group in the caprolactam ring of a compound of
formula (1) or (V) (R1 is in each case H) is likewise effected using methods

which are known per se (J. March, Advanced Organic Chemistry, John

 Wiley & Sons, 4th Edition, 1992), for example by reaction with Me2CO3 or

Me2S0y4, to prepare the corresponding N-methylated derivatives, or by
reaction with {(C4-Ceg)-alkyl bromide in the presence of a base.

An isolate of the microorganism strain Myxococcus virescens ST200611
was deposited in the Deutschen Sammlung von Mikroorganismen und
Zellkulturen [German Collection of Microorganisms and Cell Cultures]
GmbH (DSMZ), Mascheroder Weg 1B, 38124 Brunswick, Germany, in
accordance with the rules of the Budapest treaty, on 11.09.2003 under the

following number: DSM 15898.
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is in each case -C(=0 -(Cl1-C6)-alkyl) is effected

usi ng net hods which are known per se (J. March,
Advanced Organic Chem stry, John Wley & Sons, 4th
edition, 1992), for exanple qgy neans of reaction wth
an acid 20 anhydride. For exanple, Adantzeski et al.,
JThé\wvegélative cBils .of 1R8&trald DSM 6{5395%\:@6&@ idaefotinewhich is

[ SSLERRN s EAGERIRY I alegho B YEoh, FORRAY K ares
TMgxatacgliat iveesednst HeTRDG o u(tDSM 115|88895 aﬁ)fmSacnraﬁg¢1yﬁﬁow
OIfrwﬁn%BH?i%H%Q{ coﬁi%tr{ R y>(ds)p s(V) (RLis in each

case ew se fect usi ng nethods which are
known per se (J. March,. Advanced Organic Chem stry,

Jabead¥f B 0N &Bo%*obc@'vfrb@ébnslgwaJOS‘fpl(DSWT%%)bﬁ is

c%?ﬁ(’:&’lé’%g'ﬁg hbuﬁpﬁjgt W?%Rtgoﬂf}ff@?ﬁ \l,%{{qr\}gﬁ?gl? swﬁlesze one or

rma:ﬂbfothe\moh’fpo(uﬁﬂis@&):ea:hrkgto thednvetdionn t he presence of
a base. 30 An isolate of the mcroorgani smstrain

_ %xococcus virescens ST200611 was deposited in the

prgsnkis Saninfapnganism i whisbr o 05 mereagrnes in the genome
ZF%S'IHF&H)et %%H h{SeifiER) %' %g'ué)f Mtﬁéoﬁéﬁéé“ WFﬁcfﬁﬂQ/are

Cel | tures her oder
3@&@%% I8 NS ﬁe Gg@nhsefythq Praanisiac i d%{'H@BC t%ﬁ tepapound

raccorting td the iPustaRpsiendisia¥unstidnklaf® hafitsdlainder the
foll owi ng nunber: DSM 15898. 10 The vegetative cells

of the strain DSM 15898 have the rod formwhich is _
Gunhamttanis tak beprotyiged.documannee koews .peDses ubing physical

' T
e e o R
€hamigal my nﬁyﬁé%oﬁﬁ‘e@thﬂ mﬁﬂmsaukf@natﬁe(&l\{l%. %hydroxy—

Wm@ﬂﬂﬁglei?%zﬁ%@l@{ﬁés I@%‘S@ﬁo@ﬂmhﬁb;twkrllﬁeﬁﬁr?{wrﬁtréﬁagu%hﬁﬂne
ORI, foris HaSeibet, by Bioek el @M&@PW@WS&“S

tFhrenficevidal,ipeiges BB8O4THIE4)i s a m croorganl smin which
one or nore genes in the genone has/have been

nodi fied, with the gene, or the genes, which is/are
PAesarandiiblaephenotype ditheimicradrgahisnoridiendarganisms bake éhe

LBt R0 their environment and therefore exhibit highly developed
physiological flexibility. All the cells of the microorganism are involved in the
phenotypic adaptation, with the nature of the change not being genetically
conditioned and being reversible under altered conditions (H. Stolp,
Microbial ecology: organism, habitats, activities. Cambridge University
Press, Cambridge, GB, page 180, 1988).

Screening for mutants and/or variants which synthesize one or more of the

compounds according to the invention takes place in accordance with the

following scheme:

- lyophilizing the fermentation medium;

- extracting the lyophilizate with an organic solvent

- extracting the compound from the culture filtrate using solid phases

- analyzing by means of HPLC or TLC or by testing the biological
activity.




according to the invention remaining functional and
heritable. 15 Such nutants can be produced, in a
manner known per se, using FﬁSIca| nmeans, for
exanple irradiation, as with ultraviolet rays or

% érm@ﬁt@tlgﬁ%gngﬁ%wggﬁﬁa Hggn PesBhitd apply for Myxo-

nesul T onat
4C(?ﬁ§3ttﬂﬁd5(lgﬂ§§ﬁ§$)|&:{_8 oné1 (NOB) 15898yand for mutants and/or variants
dfy!l -N -nitro-N-nitrosoguanidine (MNNG, or as
descri bed by Brock et al. in "Biology of
M cr oor gani sns" 20 Prentice Hall, pages 238-247

5 (Disgd3ed i wmwof the rﬁacnhﬁg;mnewxo&mw VifcReEASBT200611

ADEM JoRBR) B o B HBHiarE A Ol YaAN b TP ARG POSRIT

%nthfogmrypa@\&ﬁoe@"amund of
ey sfooiuds o), fih epaiiclidrya ébinpbhﬂdceﬂtﬁeoforfdma (IV), or a

IR ERIEl lFea e tas & deruttadalenct bei ng

‘genetically conditioned and being reversible under
10 altered conditions (H Stolp, Mcrobial ecology:

o B0 R BB SoaBiiuhe ARSI T

fimempibyed forajeléctingviaei inhibtiothot telb pruliferatiore Ibss;ep@srsible to

RSyt Winor BRI SuAL oG 557 Bnd TbUE Ih R tost, the

N&b hrbmﬁemt afmetabdiicakyeactive callseativesnin edueifarase geacrt@n as
15 ay;ﬁegguaez&rttﬁeﬂu}ﬁbe?%fﬁg,g?%ﬂ solvent 35 - extracting

he conpoun omthe cufture filtrate using solid
phases anal yzing by nmeans of HPLC or TLC or by

H‘h&é@c{fﬁ pbhifddiop Eﬁ@ lf@rﬂﬁuga a(ﬂjJé\Vl)tWerbel gsecT ve tihes te@Nhad isingle
ondi t,i ve been’ describe
ggee st 48 r Al scimsErcepmiensyyShAs 7 SESALAI s with

a4y and \(HB) mmteﬁchtda‘seedénotﬁmgthsthbsteafbma ofntheus@n?bund of
ganl sm Myxococcus virescens ST200611 DSM
20 HRElresah

of a nutant and/or variant, for preparing a
conpound of the formula (V), in particular a conpound

Tl T AR g st [ 1
expressed as TCS50 value in uM

Compound Hep-G2 Colo 205

) 16 27

(I1A) 17 33

(IIB) 6 | 10

(111 9 15

(V) >40 | 42

Bengamide E 36 46

Bengamide F 27 | 33

Disclosed is the use of the compound of the formula (I} or of a
physiologically tolerated salt thereof as a pharmaceutical in human or
25 animal medicine, in particular for the treatment andfor
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A test which is based on determning the intracellular
concentration of ATP 1is enployed for detecting the
inhibition of cell proliferation. It is possible to

'use known tunor cell lines suth as Hep-& and Col 0205.

thléxisetﬁ’[oanb@ﬁd tsé559§ OPF(k e r d?§cl6§écﬂ@CIhlle§e| of élébm‘b%und

ceI erv in a luciferase reactiaon,

R Brivta fuftbarPlaysielpgically Saleraded el éanB@am breast

Qfaﬁcbe fom’tyétmaﬁl | )ce(ﬁ@eﬁr wergtoagl | nedritert estive a cancer,
- 40 M and dose dep ndenc ven

Sin ose of
3 b Srial Tmors. GaOPRROALCINGoE) 1SnaT BHRTEr AL Uscle

Ctmlkn‘aromoma;lIllaﬁa&ﬂbakaﬁearcﬁrﬁom_b&)f(t!@émga@@nﬂfnecg_@m!idtmfs.
formula (11): Table 1: Activity of the bengam des in a
val ue

ell proliferation test ressed . as TC5
a8 asisian. idissiesed s 3 Phesmageiiical haying 7 ooRfent0fk leGst one

(dohﬁ)odhdlﬁf tHd fdrmula ¥B of bf/)a Eﬁﬁhld@gchW@@l@r&@d Fsalbtiteof,
Be gam? 27 33 Disc|osed |s t @! use of the conmpound
Nt he #or nlEFF'ﬁg( 1) PesiBie a  Bhysi Beogi COMRPUN er aﬂred the

sohipduirisest thé%‘oﬁmﬂﬁa(l)n‘t%cl?é”auﬁﬂhlsté?e@lé%%cﬂror %Eéferably, to
rtlcular for t trea

i mal di ci E
BRAPBTSSTS Mo oigiE Mo PhEaE aroie: 9B Jue CUSaIPRRe Pharma-
dobgicalyduitablehertisesiistancaypoaudiarpsubiantes.mul a
(I'), or of a physiologically tolerated salt, for

TheRbripshupgast st&!ﬁ@%rtge's@:ilﬁ%ttéteaénociﬁn&ﬁﬁh ﬂl’i range

cancer, l'1ver cancer nor s ovarla
@%B@W‘éﬁféb? andrd.an, partieualar Saakdr, and, ﬁﬁﬁ:C@nFa?Ctt@ﬂGe can be

nec[iﬁd?@f@ﬂ lnior‘c%ﬁg@r{gél'énﬁ?ﬁd&gg ifon naf the head and

nuscles. In a on is a
pharnaceutlcal havi ng a content of at |east one

%r Hin rﬁ L&ereotf'ﬂan(ll’é %mlﬁ sb&eBh¥|%JllgS&gP5P%Ht¥rally a
qqq:@aldgﬁqg@@uo #ossipe in pnncaple Examples of sultabie solid or liquid
galenic preparation forms are granules, powders,
tablets, sugar-coated tablets, (micro)capsules, suppositories, syrups,
emulsions, suspensions, aerosols, drops or injectable solutions in ampoule
form, as well as preparations giving a protracted release of active
compound, in connection with whose preparation use is customarily made
of pharmacologically suitable carrier substances or auxiliary substances,
such as disintegrants, binders, coating agents, swelling agents, glidants,
lubricants, flavoring substances, sweeteners or solubilizers, for example
magnesium carbonate, titanium dioxide, lactose, mannitol and other
sugars, falc, milk protein, gelatin, starch, vitamins, cellulose and its
derivatives, animal or vegetable oils, polyethylene glycols and solvents,
such as sterile water, alcohols, glycerol and polyhydric aicohols.

Where appropriate, the dosage units for oral administration can be micro-
encapsulated in order to delay release or to extend it over a relatively long
period, for example by means of coating or embedding the active
compound in particle form in suitable polymers, waxes or the like.

Preference is given to producing and administering the pharmaceutical
preparations in dosage units, with each unit containing, as the active
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10 conpounds of the forrmula (I) to be adm ni stered as
such or, preferably, to be present in a mxture wth
one or nore of the customary,, pharma- cologically

sw tabl e carrier substances 1):7' auxi |l i ary substances.

ISRV ALRAER APLPohD DGOl SLALE PO bipoarice
p@?rt\-iaélME%rOfSthﬁn ruilaa by, !m&acawﬁmdc@sw@nub@ such as
'tﬁﬁﬁs‘i@q{a@is@féé BHQ sﬁ ;56&{8%! &ﬁé %Bhé o@h%hﬁttb%ut 500 mg,

I cal s_can dm ni ste oral

el A BBAEYEE oM Rbovch-1 1o200snd) 46l o s Gags 3 mection

ool ie. arhpeniel mm]gﬁpstulét&hlt@mh%;dpﬁéfeda litbwed@r, from
r ion forms are granu ers,

tg%oq%iocspo Fﬁg@bﬁ&ﬂga Ytabl ets, g(m Cro) capsul es,

supposi tories, syrups, enuIS|ons suspensi ons,

aﬁ{@agfa? dog%q@ﬁlcﬂrls ip] t?&taﬁmiﬁs%?é&'tde%%ﬁdb ’I%r?'ﬁﬂi’eg’ %gﬁywexght

t1rons
B8¥ee 88% apfl copditipa ofd ﬁﬁwﬁmahan setbm%dwmve/m highanes tower

Riadp &ﬂc@ée*lsoma%%léos gﬁ??'g@”gé'cg?rﬂégﬁﬁgeﬁi '?éan%aé!g dose can be
DRSS B by mitins &, Gneonly, A anan ihenisgmsor @
sm@e dgsagemlnﬁ ob ekl inngpvegsrdraallegl dodageunits, and by means

S A tpte sbiO640, SR AGE uoBHr SLORRIR Borvas

t| tani um di oxi de, | actose, mannitol and other sugars,

c ] g f t am
T8 pnaithoodtithR By pitiire bt 1R W o of the
ePMPOURds yadt Hw dormylay Yl intand suitabdet orm o radasinistration,
c y I I
8*1&¢dllﬁ er ’ Qp%ﬁ%%fma lao‘f‘?ﬁé’ cHng?’)géﬁuééwgf % stances or
a@ﬁﬂlawwbatar@ﬁscan be m cro- encapsulated in order to
del ay release or to extend it over a relatively |ong

Phe il @yl O sl RISeRinaPE B ip moye deal

witheuldinaitipg lifgrasope imargswvayr the |ike. Preference is
gi ven to produci ng and adm ni stering the

- phar maceut i cal prepar ations in dosage units, with

daless uptherwisat idiaied. Bercentaoec vRlues1@fer dasthet weight and

ﬂmm@ﬁai.o@qﬁeh@t;a@@efmﬁma@faepmwmnef the bengani de
derivatives of the formula (l1). I'n the case of solid

‘dosage units such as tablets, capsules and

- Bxamplei 1:06t@ihg  tMieocdeses careé&@nypstfgoa@@vt(tﬁ@m TBB98) at

qﬁgtérably however, from about 0.1 to 200 ng, and, in
ase of injection

An agar plate (1% fresh baker’s yeast, 1% CaCly x 2 H20, 20 mM HEPES,
0.00005% cyanocobalamin, 1.5% agar, pH 7.2) is inoculated with the strain
Myxococcus virescens ST200611 (DSM 15888) and incubated at 30°C for
approx. 7 days. The cells in this surface culture are scratched off the agar
surface using a sterile spatula, resuspended in 0.5 m! of casitone medium
(1% casitone (Difco), 0.15% MgSO4x 7 HO, pH 7.0) and stored at
-135°C.
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5 solutions in anpoule form up to about 200 ny,
preferably, however, from about 0.5 to 100 ng, per

day. The daily dose which is to be adm nistered

depends on the bodywei ght, 4ge, sex and condition of

t he mammal i an subj ect. However, higher or |lower 10
dakaypode Preparing so pebminary tdtuap podpMyabecchevirescens
dai [ by neans of
O%I%d%@f)ﬁ %@1%%@%H ﬁ%ﬁhﬁ?{éapﬁ %%km of a single

dosage unit, or else in several smaller dosage units,

aned Ay dﬁﬂﬂﬁen@fso!hh@n b4 fiRbR SHkErel pédsAt ﬂ%%fClz x 2 H20,

AL GRS € OaPboth 6 Jitis ATSabBE R ) dfes cterle 300 mi

CEr[érh'ﬂeyero fipski nete m‘octﬂmed ayithlIthe (dtyaih NMyxécsosut alitescens

of 3081 TORNE! Sl yre. R imbubdRELF 4 e 38

and [l 8@rpmserbatratating. shzkem e of ithisiprglirianp celfurarase then
'dge%rfgﬁﬂ éﬁr}ﬁrit‘ﬁp%@'nﬁ'alwﬁﬁitbr@éem' on in nore detail

W t hout scope in any way. Unl ess
ot herw se indicated, percentage values refer to the

leawoprerpaxmgg ar ﬁaulas mdin t Qanrasser Alykdcietss virfsebns

M%éﬁébgﬁdéé @EXDSM e 1. Storing Myxococcus

15898) at -135C An agar plate
(1% fresh baker's yeast, 1% CaCl2 x 2 H2O, 20 niM

e e e e
§wm§loel(@ %%sma_ssg@ﬂyacanl 57 @asmr@ej Bt B 2aGlpr< 2 &bt X2%

Thﬂ?@ebkﬁwo@% §n§<%5 III W Q} a “ihoculated with
scrat che ace u5|

eril

St of %Pmléamaéﬁ@!&ue.(ﬁe@esampleo?) @a@ @deée Méuﬁmlhas gropn
oasa fresh ddarfiiate (19 Fe¥h Makets &eéét 312@ Cdt % DH@N20 mM

13 C._ 14 Exa r epar
HEES, 20008574 EnsPoRyRE R 72  Eont BT agw1 and
(MotbbikBaBBOTD = 80 gmeyes shbRek THY mdximiimnproduetidn of

50 A GRS T30 o M A 6 o

£2486 heusolW siubmerged culture (inoculation quantity approx. 5-10%)
from the same nutrient solution as described in example 2 is sufficient for

| inoculating from 10 to 200 | fermenters.

Example 4: Preparing a liquid main culture of Myxococcus virescens
ST200611 (DSM 15898) while feeding in hydroxylysine for producing the
bengamide derivative (IV)

A sterile 300 ml Erlenmeyer flask containing 100 ml of the following nutrient
solution (0.5% yeast exiract, 0.5% casitone, 0.1% CaCl2 x 2 H20, 0.2%

MgSO4 x 7 H20, 0.00005% cyanocobalamin and also 1 mM hydroxylysine

pH 7.4) is inoculated with 5 ml of a preliminary culture from example 2 ora
- culture which has grown on a fresh agar plate (1% fresh baker's yeast, 1%

'_CaCIz x 2 Ho0, 20 mM HEPES, 0.00005% cyanocobalamin, pH 7.2, plus
1.5% agar) and incubated at 30°C and 180 rpm on a shaker. The maximum
production of the bengamide derivative (V) is reached after 72-96 hours.
HPLC-MS was used for the analysis. A 72-96 hour-old submerged culture
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Erl enmeyer flask are inoculated with the strain
Myxococcus virescens ST200611 (DSM 15898) and the
culture is incubated for 4 days at 30C and 180 rpm on
a rotating shaker. 5 m of t48s prelimnary culture

are then wused for preparing the main cultures. 10 -
Htzomilatios: qeartiyr apgrox. 15-6Qf6) froan rihe udanoe evubrfient solution as

AP AR R s ToeR P ndco Mo Re P 2o kBeners.

follow ng nutrient 15 solution (0.5% yeast extract,
OE%ﬁl@SStPFt?)arﬂ Eén@@@ﬁ@e&eﬁvé’ﬁ@s iR ad¥mleP4 x 7
H2O, 0. 00005% cyanocobal am n, 4) is inocul ated
with 5 nm of a prelimnary culture (see example 2),
ofha&a 16 ubhd 36 Ivﬂlan'mdmtbwgrewperatnd anderdhé falpaving banditions:
(1% fresh baker's yeast, 1% CaCl2 x 2 H2O, 20 nM
HEPES, 0.00005% cyanocobal amn, pH 7.2, plus 1.5%
dgacylurrand 20 i ncubappxab¥80C and 180 rapprox 996
FEkfInter/ Ne maxi mumggroduction of the bgpgam des
ordln to the invention is reached after 72-96
Fignt 'ﬂ digh:g6 houPeREYARWEHERr ged cul t (§8S example 2

(Inmmioattempemtarélswcapprox 5-10% fr3pwct he same
'Eﬁt rient solution a u‘?iescrl bed i n exanpl IS
SFF‘?{‘"@PSR for ino 5‘?|ngfrom10t02 Pm
fAarationiers. 25 ExanPli/eid: Preparing a | idfioh mai n
tihy: MY xococcys Vi 2006

Wfééf eed| ng in hygl glﬁy?zéfﬁm@eﬁ'floﬁprodﬁonﬁlgﬁh%ﬁg%ﬂT5

regudioner i vat i veong V) 30 A sterile 300ni
ErI enrreyer flask containing 100 m of the foll ow ng

tri ution 5% yeast r 5% casi t,one, 0
NeypRiwes” 2y et daist, URioot0n Keboonorasoeaively. 10%
¢1Q@®m| erarfonnaﬂmm@ba;bel snM)fas@eomy y@e:medlwadanﬁ Gisrol
i—-N0C t 5 0 i nar cu
ERE 268" ibatis Dindti TR, Mot Psilicion i€ Feached
alfler appraxe72 19@6hesis.baker' s yeast, 1% 35 CaCl2 x 2
H2O, 20 mM HEPES, 0.00005% cyanocobal am n, pH 7.2,

ED{ ml 5% agar) and incubated at 30C and 180 rpmon a
a

e 6Tieolating rhengaprideudetivatives (ile anshdlbi das well as
BSﬁgarﬁrde\éq; (aln\@ F' fro ﬁ@eﬁag&ggﬁfé@%ﬁour%&%@ cubiesbbns

ana ysSI s nerged

gﬁﬁpggy (DSM 15898

After the Myxococcus virescens ST200611 (DSM 15898) fermentation had
come to an end, the culture broth from example 3 (301 culture broth),
together with the biomass, was lyophilized and the lyophilizate was
extracted with methanol (2 x 5 I). The methanol extract was reduced to 1.2 |
under vacuum and then loaded onto a prepared column which was packed
with approx. 1.5 liters of CHP-20P material (MCI® gel, 75-150 p, Mitsubishi
Chemical Corporation). The column was eluted with 95% methanol. The

column flowthrough (120 mi/min) was collected and reduced down to a

volume of 1.5 | in vacuo.
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15 (inoculation quantity, approx. 5-10% fromthe

sane nutrient solution as described in exanple 2 is
sufficient for inoculating 10 to 200 | fernmenters.

Exanpl e 5: Preparing bengamide derivatives in a
fermenter 5 The 10 I and 30 | fernenters were operated
uideEmplele Paseparatipge badgdmiales derivatives| (in arep gl px angdalso
cYelely 199 , [ dium see
exar‘?gﬁ?ﬁgd Jge{ﬁﬁ%ﬁgﬁgﬁrﬁégﬁgﬁ%@ﬁéﬁrh ture: 30C
30C Stirrer speed: 112 rpm 150 rpm Aeration: 8 1/mn
41 Q/I ¥ meoé‘blﬁﬁﬂ%ﬁfdlﬁﬁ aé H@gérﬂiédﬂn%xb ep¢§'67wéref Ibﬁ&édpb'nto a

. to ¥ P ul ati on; none_none
W/%[Wﬁ"@j‘ulldm@d u%@ﬁg q o (HCBIUMY elizast .5@emm X zé%mm)
t | X
Sty 1 LA, 01, 08,09 PRI Rt
ANt elgted (Gh% smmeniwaraceieaptict Sapgivsied with @getic
Wid) QWe$ S0mMIRdisg & ﬂaaiérﬂtdf %nbs%gmsi% é’@étbmﬂe\nemter

(ﬁ“@? Pt ot e 15@*‘/ T oEBRCHE i TioRo e S#aBoadh M.

HBgak b@&BWwerbprddent irt ﬁnaactl\m:scﬁsg ct:g 1 \dndekz-d4ds ST200611
(DSM 15898) fernmentation had conme to an end, the
culture broth fromexanple 3 (30 1 culture broth)

{Fxgame 8: Rurifyinpe hengamide degvativephi(ll) zaad arftl) t lmsd  also
Ibggggmrde@,aégnaqs extracted with nmethanol (2 x 5 1).
The™nmet hanol extract was reduced to 1.2 | 30 under
vacuum and then | oaded onto a prepared col umm which

Wae individed! fractishsafromogxariple 7 weas o@f‘nl@b‘ﬂ’ a%QPpurifled once

By dpelhs of HFet%Eamﬁ’héﬁgm’sn% R e 1D s s Ghkgiumn

@imerSoht ot MW 25OHEY (bRSesdinqr 41 xwerra®l Pesp edisarchs
ducegd, down to a .volu 1 in vacuo
1 pm (Waters, dimension. 1réex % mm?gnprecolumn The column was
eluted using a gradient of from 5% to 40% acetonitrile in water over 40 min
(in the added presence of 0.1% ammonium acetate, pH 8.8, adjusted with
triethylamine). The column flowthrough (50 mi/min) was collected in
fractions (7.5 ml fractions in each case). Fractions 5-9 from example 7
contained the compound of the formula (Ill) and, after chromatography and
lyophilization, yielded 86 mg of bengamide E (purity > 95%). After chroma-
tography, fractions 10-11 from example 7 yielded 145 mg of bengamide (lI)
(purity > 95%, 70/30 diastereomeric mixture} and 5 mg of bengamide F
(purity > 95%). 35 mg of bengamide (IIt) (purity > 95%) were obtained as a
diastereomeric mixture, in a 75:25 ratio, from fractions 12-14 from
example 7. The diastereomers are in each case the corresponding C-16

epimers.

Example 9: Isolating the hydroxybengamide (IV) from the shaken cultures
of Myxococcus virescens ST200611 (DSM 15898)

~ After the Myxococcus virescens ST200611 (DSM 15898) fermentation had

come to an end, the cuiture broth from example 5 (10 | of culture broth),
together with the biomass, was lyophilized and the lyophilizate was

extracted with methanol (2 x 3 1). The methanol extract was reduced under
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16 Exanple 7: Preseparating bengam de derivatives

(11) and (Il11), and also bengam des E and F, by neans
of RP-18 chromatography 1.5 1 of the solution obtained
as described in exanple 6 wgrre | oaded onto a 5
Phenonenex Luna(r) 110g C18 (2) columm (size: 50 nm x
Aaéuom to gofark andgthanlicadéd JoritO g Eiépdray wlemal which had

Aol PR ot G ST o HE QS BTy DR o5t Plh. Mirsypion
dreamical @iommratlmg) magerall #he afiurhnosad Wuted 9&M 5% to 95%
SHEhERL  e TTHE Sl TS R Al A ol bRt
diectiens avar B0Jwin (hS rsingper fractiomnd hpzfraatlor@a@r@a@m the
B’é%lrét‘l 'd&wﬁﬁ?@ %ﬂhgﬁorﬁe r453’@9) V\ﬁére( hb%le@%d rédlcedth vacuo

di vidual fractions

%PM xaa H@eﬁf\fﬂoem yophl I i zed and purified once
nmore by means of HPLC on a Phenomenex Luna(r) 10m C18

SRbplfh Y s EBLARL B iR e IERL RS §P-10

tbramdtogragdyl uim. The col utm was el uted using a

gradi ent of from5%to 40% acetonitrile in water over

40 min 20 (in the added presence of 0.1% amoni um

dbetsaldionpirpp. exaraplieds wes then hoaded enteya Erhenm@;nenewéuna
f 5
@gu%@gn@wgﬁmz% S0 4015 SELLESIe Prengmenes
buna f iy &%)@mcoléam wlm@aspne%&maun@odnnﬂr@d eluted
f@ﬂW'aﬁ)rﬁéM:M %Qtat@ EFF 8@”9(‘]]9 Erﬁﬁﬁytngﬂﬂ/!amme using a

ati bengam
geaghent Aff?'am %r(P sa@%@ﬂﬁmyn Waift@'E:P‘i’er@O AN fﬁ’hq h%% rate

wasMms0anlimin ghd sk fabticrosioé werzEBhilerraktion 22m¢htanryed>the
350/ 70/ 30 dJaB{ﬁrre neric mxture) and 5 ng o
%?{ i})% 95% . 35 ng of bengamde(lll)

(puri ty > 959 were obt ai ned as a diastereoneric

exan‘g e117| plr'ﬂ.g’rrgq ast@?otrbg% eng é&é ﬂ%i&gﬂsc;?eltdrh];r o
corresponding C-16 30 epinmers. Exanple 9: Isolating
RS AR SIS
mgREE oel HPLEr e8c enfhereossex =] 151@9!871 rf‘e}am(ﬂ a&elemn
(ﬁﬁ’ﬁension: 21 mm x 250 mm) possessing a Waters XTerra Prep MS C18
10 pm precolumn (dimension: 19 x 10 mm). The column was eluted with a
gradient of from 5% to 95% acetonitrile in water over 60 min (in the added
presence of 0.1% ammonium acetate, pH 4.6, adjusted with acetic acid).
The column flowthrough (50 mi/min) was collecied in fractions (7.5 ml
fractions in each case). The bengamide-containing fractions (fractions 26-

28) were combined, desaited and freeze-dried. In connection with this,

7 mg of behgamide (IV) were obtained as a diastereomeric mixture in a
ratio of 75:25.

Example 12: Characterizing the compound of the formula (II)

‘Empirical formula: C1gHz2N20g

Molecular weight: 372.47

" Diastereomeric mixture: 75:25
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rati o of 75:25. Exanple 12: Characterizing the
conpound of the formula (Il) 35 Enpirical fornula:
C15H32N206 WMbl ecul ar wei ght: 372.47 Diastereoneric
m xture: 75:25 18 H1 O3 flgOOHOCH 2 g 10" 12 ' 1

16 18 N9 11 = 13 15.17 5 6 H Qv 2-
NIgR- chem cal shi{0s81f benganmi de (f168 di astereonefic
xttutre,—c =3t BWBO—306#K—Posi ttom 1H 13C

1173.99 2 7.91 - 3 3.19/3.06 40.56 4 1.74/1.20
28.75 5 1.87/1.64 27.55 6 1.87/1.36 30.72 7 4.39
51.27 8 7.78 - 9 - 169.61 10 3.69 81.60 10-Ow 3. 25
57.32 11 3.58 70.72 11-OH 4.46 -




12 3.33 72.80 12-CH 4.36 -
- 14 5.37 129.05 15 5.48 136.57 16 1.99 37.41 16-Me

13 3.97 72.46 13-0H 4.56

0.93 19.90 17 1.26 29.15 19 18 0.81 11.58 20

Exanpl e 13: Characterizing tAge conpound of the formula
formul a: CL9H34N206 Mbl ecul ar wei ght:

(1)

Enpi ri cal

IBample5t Di Bhamctaining thendompmend Ghth2JoTaldhdlI13:

NVR- chemi cal
m xture

shifts of bengamide (I11),
in DMSO, 300 K. Position 1H 13C

1Empiricel iaismuta 23'@53352@3 3 3.61/3.21 49.20 4

%w&%&&m§¥w£§h
9 1@6@%6@?5097@88 P23 57 70. 69

84 - 9 -

86391 82/1.67 27.11 6 1.84/1.32 30.80
169.54 10 3.69 81.55

| Table 3: NMR-chemical shifts of bengamide (IIl), diastereomeric
mixture, ¢ = 3 mg/ml in DMSO, 300 K. _
Position Ty 3¢
1 - 171.95
2 2.91 35.28
3 3.61/3.21 49.20
4 1.71/1.31 26.13
5 1.82/1.67 27.11
6 1.84/1.32 30.80

| 7 4.55 51.14

| 8 7.84 -
9 - 169.54
10 3.69 81.55
10-OMe 3.25 57.28

111 3.57 70.69
11-OH 4.45 -
12 3.33 72.77
12-OH 4.37 -

113 3.97 72.47
13-OH 4.56 -
14 - 5.37 129.04
15 5.48 136.58
16 1.99 37.41
16-Me 0.93 19.89
17 1.26 29.15
18 0.81 11.58

di astereoneric




11-0H 4.45 - 12 3.33 72.77 12-0OH 4.37 - 13 3.97 72. 47
13-0OH 4.56 - 14 5.37 129.04 15 5.48 136.58 16 1.99
37.41 16-Me 0.93 19.89 17 1.26 29.15 18 0.81 11.58
21 Exanple 14: Characteriziggg the conmpound of the
formula (1V) Enpirical formula: C18H32N207 Mbl ecul ar
viexarhple RB88CHardotddiziart ibecmmpoundoithefemuld(2§ Tabl e
4. NVR-chemi cal shifts of bengam de (IV),

i [ rhG Xt ur c =3.1 my/mM in DVMSO 300 K
P RS e aNg0s S5 5 7 02 S 5 565 0
4@olkBulat viight: 88348 4-0OH 4.60 - 5 1.81/1.75 34.28 6

R R R

Table 4: NMR-chemical shifts of bengamide (1V), diastereomeric
mixture, ¢ = 3.1 mg/mi in DMSO, 300 K.

Position ' 1 H 130

1 - 1173.45
2 7.55 -

3 3.35/3.02 45.05
4 3.74 63.48
4-OH 4.60 -

5 1.81/1.75 34.28
6 1.68/1.64 24.25
7 4.32 51.18
8 7.77 -

9 - 169.63
10 3.70 81.59
10-OMe 3.26 57.30
11 3.58 70.73
11-OH 4.47 -

12 3.34 72.82
12-OH 4.38 . -

13 3.97 72.47
13-OH 456 -

14 5.37 129.06
15 548 136.57
16 1.99 37.41
16-Me 0.93 19.90
17 : 1.26 29.15
18 0.81 11.58




11 3.58 70.73 11-CH 4.47 - 12 3.34 72.82 12-CH 4.38
- 13 3.97 72.47 13-0H 4.56 - 14 5.37 129.06 15 5.48
136.57 16 1.99 37.41 16-Me 0.93 19.90 17 1.26 29.15
18 0.81 11.58 22 Exanple 1%2 Characterizi ng bengan de
E Enmpirical fornmula: C17H30N206 Mol ecul ar wei ght:
F5&amgleS| 5T abharabterikivig- lodveyemigk Shi ft s of bengani de E,
c =3 my/m in DVSO 300 K. Position 1 H13C 1 -
174.01 2 7.91 - 3 3.19/3.06 40.56 4 1.74/1.20 28.75
g=mpigizahfopnulay C3gHaeN2087/ 1. 36 30.72 7 4.39 51.27 8

TdBcalaPweight%8ia410 3.69 81.61 10-Ove 3.25 57.30

Table 5: NMR-chemical shifts of bengamide E, ¢ = 3 mg/ml in
DMSO, 300 K. -
Position 3 | 136
1 - | 174.01
2 7.91 -
3 3.19/3.06 40.56
4 1.74/1.20 28.75
5 1.87/1.64 27.56
6 1.87/1.36 . 130.72
7 4.39 - 51.27
8 7.78 | -
9 - 169.60
10 3.69 81.61
10-OMe 325 57.30
{11 3.56 70.74
11-OH 4.49 ]
12 3.33 72.78
12-OH 4.38 -
13 3.96 72.38
13-OH 4.57 -
14 5.38 127.68
15 | 5.58 137.85
16 2.24 30.08
A7 0.95 22.27
18 0.95 22.17




10

11 3.56 70.74 11-CH 4.49 - 12 3.33 72.78 12-CH 4. 38
- 13 3.96 72.38 13-0H 4.57 - 14 5.38 127.68 15 5.58
137.85 16 2.24 30.08 17 0.95 22.27 18 0.95 22.17 23
Exanpl e 16: Characterizing @8ngam de F Enpirical

formul a: CL8H32N206 Mol ecul ar weight: 372.47 5 Table
d=xavie dife v harb ctehizingsberigapeidgdmi de F, ¢ = 3 ng/nml in
DIVBO, 300K Positioan 1- 2291 33.62/3.21 4
1E69/133 1.84 9 6 1.84/1.33 7 4.56 8 7.84 9

rgirigalAgrmyla. Eve 32 20611 3.57

Molecular weight: 372.47

Table 6; NMR-chemical shifts of bengamide F,
¢ =3 mg/ml in DMSO, 300 K.
Position 4
1 -
2 2.91
3 3.62/3.21
4 1.69/1.33
5 1.84/1.69
6 1.84/1.33
7 4.56
8 7.84
9 -
10 3.70
10-OMe . 3.25
11 3.57
12 3.33
13 3.97
114 5.38
15 5.59
116 2.25
17 0.95
18 0.95

Example 17: Separating the diastereomers of compound (i)

The diastereomeric mixture of the compound of formula (II) from example 8
- was seperated on a chiral column (AD/H, Daicel, 20 x.200 mm, 0.5 ml flow,
mobile phase: acetonitrile:methanol 4:1 + 0.1% NHsAc). The optical purity




12 3.33 13 3.97 14 5.38 15 5.59 16 2.25 17 0.95
18 0.95 Exanple 17: Separating the diastereoners of
compound (I1) The diastereoneric m xture of the
conmpound of formula (11) fromexanple 8 10 was
seperated on a chiral colum (ADH, Daicel, 20 x.200
muas @hBcked bhawm anapiicdl GADJhla&?!ummaimI} (4. B& 268t imam a30°C,
N URI C
anoafle Bt HEPh P BRNEER 1R D ijaad B ZERTHEN. R
JEak1: Bdbmire Rtreeek2: 4@8troim)tril e: nethanol 4:1 + 0.1 %
NH4Ac 0.75 m flow, Rt peakl 9. 9 mn Rt peak2

ITI Id.UI S I I\|IVI'(' bIIUIII bd.l DIII I ts UI ll]U

di aE@we%nMW -gherpisabsiiiftelef the giastaseemgrsngf/bangamigsvib),
300 K. 1H (A) 1H (033= 31@@“%29,’9@% @bm@ 173. 99 173 99

2 7.91 7.91 - - 3..19/ 40.56 4
SRR SR T NATT
?'033. gé 3.76518%76088; I 7'1r71?r{\./e_ 327!:3'%9 5295?1137?2%%2
P1 3.58 3.587.80.72 70.77.9111-OH 4.|46 4.47 - -|-

3 3.19/3.06 3.19/3.06 40.56 40.56
4 1.74/1.20 1.74/1.20 28.75 28.75
5 1.87/1.64 1.87/1.64 27.55 27.55
6 1.87/1.36 1.87/1.36 30.72 30.72
17 4.39 4.39 51.27 51.27
8 7.78 7.78 - -

9 - - 169.61 169.61
10 3.69 3.69 81.60 81.60
10-OMe 3.25 3.25 57.32 57.32
11 3.58 3.58 70.72 70.77
11-OH 4.46 4.47 - -

12 3.33 3.33 72.80 72.85
12-OH 4.36 4,36 - -

13 3.97 3.97 72.46 72.37
13-OH 4.56 4.56 - -

14 5.37 5.38 129.05 129.01
15 5.48 5.49 136.57 136.44
16 1.99 1.99 37.41 37.28
16-Me 0.93 0.92 19.90 19.86
17 1.26 1.26 129.15 29.06
18 0.81 0.82 11.58 11.48




10

15

20

12 3.33 3.33 72.80 72.85 12-0OH 4.36 4.36 - - 13 3.97
3.97 72.46 72.37 13-0H 4.56 4.56 - - 14 5.37 5.38
129.05 129.01 15 5.48 5.49 136.57 136.44 16 1.99

1.99 37.41 37.28 16-Me 0.9%5.92 19.90 19.86 17 1.26
1.26 29.15 29.06 18 0.81 0.82 11.58 11.48 25 Exanple
1Bxarplel 1aor6e1i parlifration meessurementss pedorfweched vamious tumor
V%P(@é%btu cell lines The tunor cell lines Hep-Q&

HB- 8065) and COLO 205 (ATCC 5 No. CCL-222)

were used for determning the cell proliferation. The

CEid tdrhéesell m?éseHéss@Q I(ATEE NoC HH-8065) B colad ZOBG(ATCC

oo Cliad) vere lul[séé%}zﬂ%ﬁ% i he vl 155 KR s

Ivéteassivioth CoR. cultOrEl\/htbdmmf ar theemté&df DO0hetisavall [Hep-G2]

rofsaBlyn BIPRAL (G208 SudoubpiRd i 4 UGt ot

@TrG\MdeS%(GO% G bco) L-glutanmine (1 % G bco),

fetal calf serum(S% PAA)]. Medium for COLO 205: RPM
1640 (G bco), 8I utamne (1% G beco), 15 HEPES (1% .
&flediuin for HeprGabrlbeseammadiied kage's pradiym4 Hrmssh 12 mix
éGW“NEAW {10%{ hbhassuifial b?ﬁm@%@ld@e@éﬂ)dgédﬁnﬁlﬁ:vnﬁate

175 SRS, BB Cloh Bl BedlEal bt T L. o

72 hours at 37C and 5% CO2. The 20 intracell ul ar

SRR (5O 05, 0 HRE (SR L0RhfTbe! AR inco)

SRS &1 % Civea) cleta) caﬂf@errwpsdrw&/d RAAk able 1. 26

Cl ai ns

After 4 hours, compounds (II), (Ill) and (IV) and bengamides E and F,
dissolved in DMSO/cell culture medium, were added at various dilutions
and the mixtures were incubated for 72 hours at 37°C and 5% CO,. The
intracellular content of ATP was determined using the test reagent

‘CellTiterGlo (Promega).

The results of the cell proliferation tests are reported in table 1.




1. A conpound of the formula (1), R(lI) ITT U O OR3
OR3 R-"\~"~\Nf Ow OR3 wherein R is Hor
(G-Co6)-alkyl, R2is Hor OH and R3is Hor -C(=
O-(G-06)-alkyl, or a physjeologically tolerated salt

t hereof. 2. The conpound according to claim1, wherein
&gims H or nethyl. 3. The conpound according to claim
1, wherein R3is H 4. The conpound according to claim
2, wherein R3is H 5. The conpound according to claim

1, hayj he, f a I (1) HNUOOHOH NIi
1(]\/9 %—#@ﬁp‘%’?@j 8@%&%%&& ding to claim 2, having
the formula (I1). 27 7. The conpound according to
claim3, having the fornmula (11). 8. The conpound
according to claim4, having the formula (Il 9. The
conpound accorﬁbﬁ ng to claiml1, having the formula

(rery (1w me_wm $H OH
0 OR; ORj

RS NJKH\)\’//’Y\
H
OMe ORj
wherein

R1is H or (C1—Cg)-alkyl,
Ryis H or OH, and

Rsis H or —C(= O)—(C1~Cg)-alkyl,

or a physiologically tolerated salt thereof,

2. The compound according to claim 1, wherein Ry is H or methyl.
3. The compound according to claim 1, wherein Rz is H.
4, | The compound according to claim 2, wherein Rz is H.
5. The compound according to claim 1, having the formula (11)
an
H
N

6. . The compound according to claim 2, having the formula (l1).




0, OH 10. The conpound according to claim 2, having
the formula (111). 11. The conpound according to
claim3, having the formula (111). 12. The conpound
according to claim4, havi the formula (111). 13.
The conpound according to claim1, having the fornul a
A1'V) e dompblhdPastdatingto dihi3, Kdindtie f%f‘rpul )
compound according to claim 2, having the for a
(1V). 15. The conpound according to claim 3, having
he *. I 16. The,co und agcordin cl ai m
8t_4, hg\ﬁe@rﬁ%‘é‘”ﬁ?%ﬁﬂ’ '"?F?/)C.‘a' O g e tormiBdi; cal
conposition conprising at |east one conpound of
formula (1) or of a physiologically tolerated salt
% her ddre cosprennd ageardingitaickaim: 1, havingthsi fosmuler(INi t h at
| east one pharmaceutically suitable carrier substance.
18. The pharmaceuti cal conposition conprisingat | east
one conpoundyof formula (1) or of a physiologically
tol erated sallt thereof, according to claim 2; in
conbi nat i on.-Wi | east one pharmaceutically
sui tabl e sufjst an@® 18" The pharmaceutica
conpositi I Si at 3| eastz ogg,conp und of
formul a (1'%_or /of " ph ol bg1 rated salt
t her eof , accordingﬁto ckaim:3; in conbination with at
| east one phar maceut i cP¥le s%%table cafrier substance.
20. The pharnmaceuti cal conposition conprising at | east
one conpound of fornmula (1) or of a physiologically
tolerated salt thereof, according to claim 4; in
18onbiThatcospamndracgordiag éa ciaine & havingctbefomal ).
suitable carrier substance. 21. The pharnaceutica
conposition conprising at |east one conpound

11. The compound according to claim 3, having the formula (1ll).

12.  The compound according to claim 4, having the formula (!ll).

13.  The compound according to claim 1, having the formula (V)

Iy

HO

14.  The compound according to claim 2, having the formula (iV).
15.  The compound according to claim 3, having the formula (1V).

16. The compound according to claim 4, having the formula (1V).




of formula (11) or of a physiologically tolerated salt
thereof, according to claimb5; in conbination with at
| east one pharmaceutically suitable carrier

substance. 22. The pharnmacegd i cal conposition
conprising at |east one conmpound of formula (111) or

. a Adphaimcdcagitical compoesigorcempsising dthed @he cess sHd e
im9; in combination with at | east one

ftaﬁav'%@&mf enpiclegically lerated salt thepend: aeensdingdo claie 1;
iREBARERIO i) CREBOSHS bBaGRIcAID Sulyie EafHert)Bstance.

tolerated salt thereof, according to claim113; in

onbi_nation with _at | east one pharnaceuticall
it gﬂ]eeangp]chptic@ PPERARoN cc?mprising at least ong compound

of formula (1) or of a physiologically tolerated salt thereof, according to claim
2; in combination with at least one pharmaceutically suitable carrier

substance.

19.  The pharmaceutical composition comprising at least one compound
of formula (I} or of a physiologically tolerated salt thereof, according to claim
3; in combination with at least one pharmaceutically suitable carrier

substance.

20.  The pharmaceutical composition comprising at least one compound
of formula (1) or of a physiologically tolerated salt thereof, according to claim
4; in combination with at least one pharmaceutically suitable carrier

substance.

21.  The pharmaceutical composition comprising at least one compound
of formula (I1) or of a physiologically tolerated salt thereof, according to
claim 5; in combination with at least one pharmaceutically suitable carrier

substance.

22.  The pharmaceutical composition comprising at least one compound
of formula (1) or of a physiologically tolerated salt thereof, according to
claim 9; in combination with at least one pharmaceutically suitable carrier

substance,

23.  The pharmaceutical composition comprising at least one compound
of formula (IV) or of a physiologically tolerated salt thereof, according to

claim 13; in combination with at least one pharmaceutically suitable carrier

- substance.




