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WO 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.

di sease of humans and animals which is for the nost

PAQ 200%/QK488Ad which is caused by the umfohERA004011244
grow h of endogenous cells. Cancer is the termfor

the formation of nmalignant tunors (malignomas) and of
neopl asns (tunors or carcinomas) or for the malignant
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endogenous cells. The malignancy of the cancer
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%éh@r% thdfertRr ﬂ{egﬁj?&atlﬁﬂ%f%él@ntaﬁt 8IrRdYsi (Fh '@nomasi and
f||trat|n manner, thereby destro thsue
rPRARIASMS FtHNQIS A ﬁéf‘?'%?@a?)n@f der g[é@e%ja lignagt 6‘?8?%@(@&'0”
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R oIS Sctitaf orld GristOR ine eyt Wi B kifsimatien of
@&ndogenots |cail$1uﬂw1$naitgmwnyeroé the daneertel is axgresaed in the
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pedrtiibited mﬂl.n@aﬁn d gyitheiug é’lelr}geﬁﬁﬁﬁbl”tfbth slaugtureef therrgans
rmsalabltbtgraw hoan umfmum nieried nmetswaagﬁoy.ngltuaee The

RO of st Raatye SRR asiashos fa ayehee Frmcts Amor

iaften hanbe callsy haen beah)spbeadengapoﬁtHe biobd dbrethedynph, is a
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treatnent or”irradi Q|on These substances interfere
specifically in certain processes in cell division,
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X-rays, a-rays, B-rays and y-rays, immunotherapy and chemotherapy. At

present, immunotherapy can only be used to a limited extent. The chemo-

therapy of tumors is understood as meaning the administration of cell

. poisons (cytostatic agents) for freating tumors and tumor cells which

remain, usually following local surgical freatment or irradiation. These
substances interfere specifically in certain processes in cell division, which
means that tissues containing a high prdportion 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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whi ch are used are al kyl ati ng conpounds, such as
cycl ophospham de, antinetabolites, such as

net hot rexat e, al kal oi ds, such as vincristine, and
antibiotics, such as daunonygi n or adriamnycin.
However, due to massive sideé-effects, all these

FeRBtoe B the P SIEES. ‘g*af?ﬁ@fé%%ﬁﬁ%%ﬁ%@ tha} the
nefficapenshigved by using expetatic ipgentsgerrarakinalien At #r yequence
oL EL spos tynepy £ 3hgs aemske it tmarerey
LR o8 e Tha® IRRGIEe Haab e subyEpEeL e St are not
t ddditivay | drindctivoxwith pelyeheothesasyu ¢t @lldhesd eeasons, novel

sj,de- £.Syi | itio [ n, f d he .
o ibs e te Bt 4re rgehby JBRUPRE Bgb P theRiork"Being
ceotghtatorldrwide. i n sequence exceeds that achi eved by
using a single cytostatic agent (nonotherapy) and, as

a result, it is possible that the substanti al

she figst re@mplas Of hengsmidrs weve hengaptidre A and | twhich are
P dechnoptdipsanited for the baplogstameas®and WA were isolated

; B ;
G c2Be ongroSorgHs wor 1 Gl (el | Gy Buoer
oEhdrestiganB destropéosidbl (Aydarn deswski andil BJ. \@rigeiChene 1988, 51,

(e b Lt OR: : j

WPTERSY sritRpriol b ol EEBLAYACHEELIS, Penddes and
dwmaterigea (fanily Coppatiidae, order Choristida B
Astrophori da) (Adanczewski et al., J. Og. Chem 1986,

, 4487-4498) and reported to be biotoxic to
%@W@J 8E cel | s, nematodes and bacteria. 15
Bengam de E 20 and its N-nethyl ated derivative
bengam de F are egxanpl es of bengam de derivatives

whi ch have been dtem)nétrat ed to possess antitunor
activity. Ben ighi bigep gslyl” proliferation by

stopping cell divisifjon af the GL/S restriction point

and in the @&/ enganm de B

derivatives i nhiti pr¢liferation off MDA- MB-435
OMe OH ’

breast cancer cells

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
ST200611 (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 diéeases.
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form novel bengam' de derivatives which inhibit cell
proliferation | ow concentrations and are
consequently suﬂab e to be used for the treatnent
and/ or prophy, of gancejr diggases. 35 3 The
present invertion irelajes tjo & pofpound of the formul a
(), (1)
or OR and RB i HC(=0) - ( ,
physi ol ogi cal Iy tol erate@MealdRpf a cdnpound g{ t he
formula (1). 10 I ndependently of each other, ) is
preferably Hor nethyl and R3 is p‘referably H The
invention preferably relates to a conpound of the
f\meralra (I) in which 15 Rl is Hor nethyl, R2is H or
(1915055 aﬁ(gl C6)-Al kyl is a straight-chain or
branched al roup having 6 carbon 20 atons, for
nplieHhet QUL apile) , et hyl, n-propyl, iso-propyl,
tFS%t bsitybr (= ol)}_(bq)(yé),mmefer ably nmethyl. In
a

i tion, thelnventlon relates to a compound of
5 Aoy ]:g\y(sglogqﬁqa Mojesated salt of a compound of he formula (I)

Independently of each other, Rq is preferably H or methyl and Rz is
preferably H.

The invention preferabiy relates to a compound of the formula (1) in which
R1 is H or methyl,

"Rz isHorOH, and

Rz isH.

(C1-Cg)-Alkyl is a straight-chain or branched alkyl group having 6 carbon
atoms, for example methyl (Me), ethyl, n-propyl, iso-propyl, tert-butyl or
n-hexyl, preferably methyl.

In addition, the invention relates to a compound of the formula (I) which is
characterized by a compound of the formula ([l)

(),

a compound of the formula (1)




characterized by a conmpound of the forrmula (11) 25 a
conpound of the formula (I11) and a conpound of the
formula (1V) HO The present invention furthernore
relates to all obvious chenigal equi val ents of the
conpounds of the formula (I)™according to the
invention. Thgse equival ents are conpounds which
exhibit only & slight chem cal 10 difference, and have
the sane pharn gigal gifedy or which are
converted i c ounds according to the

i nvention ondit Lens .~Saj ui val ents

al so i ncl ude; anmple, salts, reduction products,
oxi dation products, est@me, O¢f hers, cetals(ﬁ@ am des
of the conpounds of the formula (1) as wel N'&s
equi val ents which the skilled 15 person can prepare
usi ng standard nmethods and, in addition to this, al
tangl a epripoand aithetuewiady) di ast ereoners and al | the
stereoi soneric fornms. The invention also relates to a
process for preHaring a conpound of the formula (V)
20 wherein Rl jjs Hor (Cl-C6)-alkyl, 25 R2 is H or

OH, 5 R3 is HoN _b'(c@%) kyl, and R4 is
$'3i 0
Qr

|
’

met hyl or et r topa p [ P ically tolerated
salt of 3_@ e ich

conpri se . trgin xocdccus” vi rgscens ST200611
(DSM 15898), or one of ignge V@K ants ahd/ or m&gnts,
5 being fernented under suitable conditions int&+

' culture nediumuntil one or nore of the conpounds

The present invention furthermore relates fo all obvious chemical -

equivalents of the compounds of the formula (l) according to the invention.

These equivalents are compounds which exhibit only a slight chemical

10 difference, and have the same pharmacological effect, or which are

converted into the compounds according to the invention 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 (I} as well as equivalents which the skilled

156  person can prepare using standard methods and, in addition to this, all the
optical antipodes and diastereomers and all the stereocisomeric forms.

The invention also relates to a process for preparing a compound of the
formula (V)
20

(V).

wherein
R is H or (C1-Cg)-alkyl,
25 Rz isHorOH,
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of the formula (V) accrue(s) in the culture nmedium 10
2. a conpound of the formula (V) being isolated from
the culture nedium and 3. the conmpound of the
fornmula (V) being derivatized, where appropriate,
and/ or, where appropriate, b&ing converted into a
PRYSI O | tol erat 15 The invention

pr éfer%gﬁﬁpfgqjq)égk_gg)ggﬂyggbés for preparing a
cBapouisdnethyl emethylbr nul a (V) where R4 is ethyl. The

o R Ph S ioRHER FAERAGE Sar SR GSTRRINS S ERTRRLS

i nvention parti cuI arly preferably relates to a process
f@ﬁicﬂr&iﬁ%ﬁs@g a conpound of the formula (V) where,

{and s Sta pgresoresdthacenn, S TAETAIBSN dA5PBl & ce o

to a m@cmﬁwr apdepamuent, ca&n@nf@rménte% driter  suitable

conpouipriorisyB & BIRRESefiug) Ugel Gor'er Sndve 58 Hoathaupes
der i vatfi thesﬁo@da(ﬂVFacclﬂneéss):m theheultuirs mmédidingcat ed; t he

ohi r al L?nd e Rg m@ﬁgﬁz ﬁéin¢ heolaty o t(1|!a) culture

and (\7)1 can resent configuration or
the S Mmed '@'6?11‘5! ur ati on. The invention rel ates both to

tde onhecaiohmme chOPfﬁ@Uﬂ’&‘ﬁnu!Qmé\/z Obéﬁ"@r Qﬁrﬁ@’f@éd C where
m xt ur es Cth as_gnant homertc mixtu e':? "

di ast eﬁ%ﬂ%ﬁ‘ o eWNeisy ARREPRIRIE R 18119 o‘F%}‘@F‘SH into a
salts mfysccdmg]oaﬂmlanétedlmltf ormula (1) and (V) are 35
under st ood as being both their organic salts and their
inorganic salts, as are described in Rem ngton's

P irveatien erefertly relates(tora preasissi fon prepeging a sopound of

(tﬁ88’ﬁ.9rh1ulé36(®f}uﬁtﬂeﬁé RpE! efY S TRl p%‘t!hc‘f hgmseigh a process
stabilit their salu pot assi um

&aﬂzﬁseﬁnéﬁao ﬁﬁﬁﬁ?ﬂ%‘?ﬂéﬁlﬂﬂé %J' t ){%ﬂéfiéﬁ%aﬂbeq AP@Ye.al i a,

for acid groups salts of hydrochloric acid, sulfurlc
?&ie? nyiregﬁglg POS ic %r:gﬁ pg%cfleﬁb@? rr%I%EeSC ?or %og)a%lclegs ?or prepanng a
compound of the formula (V) where, independently of each other, Rq is H
or methyl, R3 is H and Ry is ethyl.

In addition, the invention relates to a process for preparing a compound of
the formula (lI), a compound of the formula (Ill) 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 (l) and (V) can be present in the R configuration or in the S
configuration. The invention relates both to the opfically pure compounds
and to sterecisomeric mixtures, such as enantiomeric mixtures and
diastereomeric mixtures.

Physiologically tolerated salts of compounds of the formuia (1) 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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acid, citric acid, benzoic acid, nmaleic acid, fumaric
acid, tartaric acid and p-toluenesulfonic acid, are
preferred, inter alia, for basic groups. 5 The culture
mediumis a nutrient solutiog or a solid nedium
containing at |east one customary carbon source and

B8 R s B Al I e of EEIBHE Ay oS aceti
rastdl ueifric abid, Senzdin agid ovelsic aicid, femednsaci dadslic achbknd
xg&gﬁénﬁmkl&%@, 'aaréﬁi?@@%@, g{te,t ok, ff&fwaéiéi\%{o\ébs! n

R2 1s OH as esult of digesting
hydr oxyl ysi ne. One part of the subject matter of the

PTHRS enlkurenvedtiun® s b%dt?@r?tﬁécﬂ?@orﬁolr @rwﬂsmeﬂgrm co_ntair:jing at
fepari n a,Cco oun (0] e or .a as escri pe

L On 0T e s R o AT THdalt saiTes as Wl B the

Susforhagoinbedamc bgity. dklyydrdsylysiaene addee et eslture medium,

ARE SSEHE ACLIEEA (SN, S BSSIPLoa Rl PRuRy =

- feeompaingeat they famua (VhdusthieR2 sc e agcabesuliref digesting

5}@@#@,} lyshi Sui t abl e carbon sources for the
f rmar% ation are assimlable carbohydrates and sugar

al cohol s, such as glucose, |actose, sucrose or

- Dmerprt of , thassubjett mstet asth ity predent dapéstion RY therefore a

nat ural . products. such as extract ygast.

SRbHR oM ot sl Bh b Ktie ) msdeRElioe gpave

avhiare RxisdoH amd pbpre thesculhue pnedisimin siepl Tatadainhdiydroxy-
down products, for exanple casein, peptones or

tTyptones; neat extracts; yeast extracts; gluten;

ground seeds, for exanple fromcorn, wheat, beans,
Sl?ﬁggﬁﬂ{cr?%?dgeﬁdi?@ t@'tﬁ@tir?r\éearﬁig?lt Ean gEa' %%tc{ ﬁ}(‘;r'tigf’rﬁénﬁrﬁg)@n a
A ssal arillitar g iter Soae} and ferderaeniing Ahiap industrial
Bthlkogabicaneterechie).ng 30 one or nore peptide(s) which
has/ have been obtal ned synthetically or

bi osynthetically. Exanples of inorganic salts are
Sulitabledearbon soborest fos the fennBatadionare @ssbpitale sadfohytmies

ace elenments ar

a2% carhphydrate-containing natural products, such as malt extract or
yeast extract. Examples of nitrogen-containing nutrients are amino acids;
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 salis; nitrates. Preference is given to the nitrogen source being
one or more peptide(s) which has/have been obtained synthetically or
biosynthetically. Exampies 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 elements are cobalt and

| gg%gﬂgdaifﬁécj%n@or{s,ggg%@!agégggn%eggé%@s?fg@érﬁs iJrQﬁ-lmaﬁﬂit;b‘?,’ as

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 exiract;, from 0.2 to 5.0%, preferably
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manganese. 35 Conditions which are suitable for _
form ng the bengam des according to the invention are
as follows: the bengam des according to the invention
are preferably fornmed in a ?ulture medi um whi ch
contai ns fromO. 05 to 5% prfeferably fromO0.1 to

G B S4B rhEOR, ] B e dBGEHTRl0S & 0.5%
rﬁa@@m@llh@,rmcﬂ 0B to d. 5765 pyefe il from 0. 05|2to)0 TYoMgSO4 x
E&%% %ﬂ#ﬂﬁ%ﬁﬂo@&?@mb#% G080 kseindeBodafhy, YHS erbontage

whiph arepives aikiisreanhecaga based enitheaveigihicakthe total

qﬂﬁﬁgnpgbmm wei ght of the total nutrient solution.
The mcroorganismis cultured aerobically, that is,

for exanple, subnmerged while being shaken or stirred
| Thes htidriop e riiaa ks cmtun{earmnb@eﬂy, that @nfc&@xadwplgesnmrged

ed
YIS PR ERIER. 5, M8 8 e Riog IAR98 e B9 P3P Lot
treepieinat wherer apgr@pmate‘ md:ﬁeamow d&gep isIing pasted dbl he

g—g@&&gﬁﬁ@ﬂﬂbaﬁ%é&ﬂﬁ@ éi E tQ&rnga&H eaﬁ?ng% défr fgﬁﬂm 2bouP 18 to

- ﬁ@%mﬁﬁt&éﬁt\%m 8baLtAM0 F2, iMmarisuarod Mo 30°C.
GRREpR fahg‘éUéﬁdm@q)eJBQﬁ&eémaSﬁad:qodpiéfe%ii Betvieen 6.5 and

Dk e hiclonadety s Ser et o LeRL e st cohaons Jor a

qriodr efdromn 2Steve0 daystrerpferablyeof frome 7@rtom@8ehours. The micro-
RRERHEHT T BB eSS 0"yl fbd ' dePd eBBEES; LN ofle or more
quichininasy phéwebearﬁgnltlﬁﬂy: tﬂramai@du inta E:qwg mdtle!aﬂ medlum with

: ﬁﬁé’@ Félfﬁ'ﬂnaiy? s ltheeh Pélﬁ% HBblﬁlafé& fn% ﬁ1e E\QtruaPiSF’dHUcﬁon

in ati o
%C?PFH h&r ecmﬁtrU‘F qrg f@BﬁéﬁﬂW 'W%Fa@%ﬁ?'{ém@o‘}f from 1:10
It@OICIIJO@t T?@ pl‘?llmihanﬁtdzunur@, isl dtabthmédf %rnéﬁémp%g[ﬂyalhbu@latmg
or .fruiting bodies,.in nut.r.i ent .. SO
e Trefth i he o o SaeRative el oS Bocied” il £ Rutrient
lsoluten gt Bbowiblyit td grovt famirdi® alwoli@thtoul 20 hvage tpacfevably

?&J lfr%p?'lfyb‘f’d Q{Sr %Jréngleﬁgfgt 8&% Qﬁd/o?bf?@’[i&f%od@sr can, be

from abo
pbtajned for exampie by allowing the straln to grow for from about 1 to

15 days, preferably for from 4 to 10 days, on a solid or liquid nutrient
substrate, for example yeast agar.

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 respective 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 isplation, the culture broth or the culture together with the solid

medium is lyophilized, after which the bengamide derivatives are extracted
from the Iyophilizate using an organic solvent, for example methanol or
2-propanol. The organic solvent phase contains the natural substances
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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
isolated or purified fromth cul ture nedi um usi ng
known net hods and taki ng accdount of the chem cal,

physical .a bi ol ogical. properti.es of the natural .
s%{??fcﬁﬂ%é% Eﬁlﬁﬁ\@r&gg’ s &8856'?%3@5%?%appmp”a?& n vacuo
concsittjected oo furtifertphieificatippect i ve bengam de derivatives
in the culture nmediumor in the individual isolation
steps, wth the quantity of the substance forned

el dudhen pupBeafipre sipane domimerea ceaipounds j ageording to the
SeVeHtiopnis effecksd b hﬂzrbﬁa@lt@g{riaaﬁy ohheuitbld HReh48! BreFérably,

the culture toget FrWIth he ;sol i rreag@}glmls ) .

TObBXATPIEe 0N P ESHIANSIRYES, QB HERGSSH B8 AN P¥ide. gndon

@xlt:hang@d of rcmmtiberbleyqeﬁlrisi Fatcm msd/erreedtrplwlr@a%RPs). This
nme n -Ppr (0] .

e RRloacly. I8 VR BT 5800k e BRBGARRR el ifives, s The

deagaorids n@em{atiuhs arev estromafographed cesiognbufiered, aqueous

%ﬁlt%.n@%?rnﬂﬁfdr%gf?d&b%ﬁ?% ovi%%ﬁicsé’&hﬁ&{sed to further

purification. urther pur cation of one or nore
conmpounds according to the 5 invention is effected by

OhnisRed 0paGIRBLSOSY GrdbhRMAutBRseirbalntierdto6d asakRling all ater-
exalr l%(j on.. mol Iecu{ ar S e%lﬁs, 0 S|]I ica %el N - ~etonitril
TSDIe, g soNg s anclegahly, meatoh, 2 Bippanab phapstonitrite
abs eencentoatione ok froed SHHka 9586 (SRRent, prafsrably from 5 to 40%
t Qor [ a : .
GONETE, SO ) BuiIed cletRRStabons QuiaTIRE Aikcivle with
SreHatwveined hasbuliersumhishe graxdaclrisisero ase I thei sage as
@Pemﬁé@ BhBge Of aqueous and organic solutions. MXxtures
of aqueous or organic solutions are understood as
being all water- mscible organic solvents, preferably
Mbkehberadamide pdenpatiots Qire asaplapdtet| bhethe basia of their differing

ntrati f from 0.,.95% sol ven ef er abl
%?E%g‘ﬁs% BY sBBeri of aPtRried tth, SlolyaBhEy B iaturigson
B Ut | (@dsoskter c nesin e fiois c Mitsabisht, h Japaglarorc Arabesits sSXAD
g‘fﬁg?ﬁé@égbomﬁgth%ﬁ' %yﬁ?op%%b?cs%%tg‘ﬁaqs,t%? eig%lg%n RP-8 or
RP-18 phases. In addition, the separation can be effected by means of
hormail-phase chromatography, for example on silica gel, aluminum oxide

and the like.

The bengamide derivatives are chromatographed using buffered, basic or
acidified aqueous solutions or mixtures of agueous 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 ali 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.




The bengam de derivatives are separated, on the basis
of their differing 20 polarities, by neans of
reversed phase chromat ography, for exanple on M (r)
(adsorber resin from M tsubi gshi, Japan) or Anberlite
XADa (TOSOHAAS), or on othef hydrophobic materials,

for | RP- 8 RP- 1 h . 1n additi he .
<o, AR BrCBibniCvap G o YRS wrecerl Wabh kel i
ctiSawatpraphy, efided exidnpl (%nsalvémntc ahgethroatatography was
e R

aqueous sol utions or m xtures of aqueous sol utions
VA itdnaliveW0ltSis 8lsc0bbSsibeat® 'caiys 6LPl£ ol IMrbmatography or

sol vents.” Preference i ivep to usjng 0 .
- RuPDRIRGRPRY of ﬁaécfrﬁaﬁ%h%caeﬂ%%msfbesSﬁeeqw?matography is

Risirfied dt ohavlyacoylamidalbbisest apoRMsr ok Llianss Bidyel-P 2°

wat er |

. nder st ood as bejn for | e, yhat e
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GRE ePBYEMEnAONEd cﬁllfbnﬁéiogré‘_phM steps bBhlbeagvéred ¢ acid,
acetic acid, trifluoro 35 acetic acid, amonia and

triethylamne, or all commercially avail able acids

 dnsbfbasas kewyamidest hee spicksbat! geerdiasterqunedrer ahkey aanabe

;s%'ﬂ%%’:&& aﬁ#iﬂg. Ia‘fovH'P m @oi‘:% fdrne%\ﬁg%a% meahgf&eggﬁi?ration
quéous sol utions, particul ar preference 1s given 1o
singa ghireealwinicet ate. 9 The chromat ogr aphy was

carried out using a gradient which began with 100%

t d epded, wit 00% sol t, the ch t h
ofhs et o Misn i 91pUoS niaaisids SeE o 67 CPRBRLBS of
ttoe Sarvaae (I rintforl (%) (R tieimeachy eage Hi to giveadrsacyl group (R4

) | CALIr t chr opr.a .

U E s ot fkicBumiin oo sRERLEPLaRPyGihods which are
ddnoemetergea@harsh, Advariced GrganinChemyjstor, yohnmiVWideygélSons,

I , ) . .

cRR e, T MR, B 0B ookl e
enhydride. diwverampleoAdamsresiheat el dpAnt GhaspsSeant 89, 111,
reweatﬁﬁaes&%el fﬁt%q{eat:ﬁ@m}aﬁ%ﬁb%%yaﬁ@e BS R8N cé®pound of
%lng ormuta ﬂ?gﬁd/orrz\%/incveﬂicg%:; is -C(=0)-CHa3.

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
MeoSOy4, to prepare the corresponding N-methylated derivatives, or by
reaction with (C1-Cg)-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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separ at ed usi ng known net hods, for exanple by neans of
‘separation wusing a chiral colum. 15 The

derivati zati on of the CH groups in the side chain of
t he conpounds of the formulge (1) and/or (V) (R3 is
i n each case to give an acyl group (R4 is in each

mﬁgﬁe%ga??"ﬁ Qﬁiﬁc%ghgl §¥E{' bi}ﬁeﬁﬂ% N @\gﬁ]zfé%g@ngﬂc{md?nch is

Chirariastarigtic Jown nWWkbegecokisSoimsscensét hOrdeolicb mutd&®2 substoates,

NARBeSos TRSEee BTFBRORT IDS Phe) Tofle qrange-yellow
dﬁ@ﬁmgg@diesmblgh cpmam reud BAoeRaEsi be the reacti on
with acetic anhydride to give a compound of the

aleliel pbiesSirainchikpdast ieeeres STAOPAT IR RGOS Tt i

aaleo uysitse Qé kus%Bsté PlUtEhE éthd/oﬂwaflét’hts(\ﬁﬂag:hs%nmﬁmﬂ one or
i kew usj n t hods which are
B0 O e e TR Fa e VB o chem <ty

John Wley & Sons, 4th Ed|t| on, 1992), for exanple by

' t t
AR 8 U SIEHRGH 0 WASPI el BERPRERd e genomo

r eaglbavm fmrh m@ilf%) Vﬂﬂ’k)lheb%ﬂ? deéri the I@ﬂﬁses‘é!ﬂiéb tfare
are'@ﬁﬁﬁSIb%o & the AHkG of tﬁ@%rﬁbﬁfsﬂ@rtgaﬁfcﬁf@cét frd Rompound

xoc s Vi rescens ST2006 s .de ited in the
Rl O%Mvsﬂﬁovﬁmmnmépaﬁgﬂ%ﬁéﬁqm Bl
Zel i kuI t uren [ Ger man CoI I ectl on of M croorganisns and
é?ldé}%vﬁ\}uéé%&%]n R E I'n 5 accor ang{g%%-{ %é(}é%%]l%miéﬂgﬁcal
tmeamnd e sxampiaitiyadietion 30 wibo 3ilttmdlet trags or X-rays, or
f HdrRishneni sd?:ﬁ%é@tﬁ?l n‘?é?haﬂ_éb%lf‘éﬁg M‘Sﬁ, Qfﬂﬂcﬁ’oxy-
C‘{Tthe strai $M158 ave orm s .
geieesmeszeehenanaws &EstmeBEV 'é"tf -gigppeguanidine
NOANNG)! osubsdés@hbéd byVBraukoet Hi i i“Basieeyn of Midtdpdanisms”,
CFDEM 15 forng § g?gzgg‘ﬁ low fruiting bodies which
3??1 Rﬁg‘?ﬁ/ % ? nstead of the strain

Myxococcus virescens ST200611 (DSM 15898), it is

A variant is a phenotype of the microorganism. Microorganisms have the
ability to adapt to their environment and therefore exhibit highly developed
physiological flexibility. All the celis 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 cuiture filtrate using solid phases

- analyzing by means of HPLC or TLC or by testing the biological
activity. | '
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al so possible to use its nutants and/or variants which
synthesi ze one or nore of the conpounds according to
the invention. 10 A nutant is a mcroorgani smin which
one or nore genes in the gen has/ have been
nodi fi.ed, with the gene, or 1ﬂ§ genes, which is/are

of t

PRBITDN R0 coblFaR Y et e BRI, BB B -

f covrivisomvalscems Sﬁ“@ﬂDﬁabI(BSML%%&}HmﬂchanhstammaWor variants

Pi@eluigzed, in a nanner known per se, using physical
neans, for exanple irradiation, as with ultraviol et
rays or X-rays, or chem cal nutagens, such as ethyl

“‘Fﬁé‘a&%‘ééhf Qﬁ\?&rﬁloﬁEyﬁb réafdt8@Xite use of the microorganism
t hoxybenzopheno

VEPFRACURY VIFR aslng?@@)éﬁw dPRR8): (INRGE Myftagl and/or
destintbést byegiringk aetomipouhd oOBited olgymala (V), in particular a

M SE0LAE0 AR S SR PR 38 et =

‘Measonibed aposes have the abl lity to adapt to their
‘envi ronment and therefore exh|b|t hi ghly developed

physi ol ogical flexibility the cells of th

i deoviyjahiiss hesgdon ﬂe&wamgﬁht& Hetrasellglas ﬁenwteaﬂon of ATP
3¢ aph@bledm for\MIéthﬁir@tHeathlb%dﬁ of b8l prARgatiaetit tsepdsxgsubie to

eneti cal | condi.t1 oned ver.s

dreckadi et PRl uhes sk SR HESRE Ao Cooedh s test, the
dh DR roatent lvdmatab slicallg brive cells. setaedrin ddacifégrase rsadtion, as
P 0, 1988). 30 Screening
f%ﬁ%ﬁaﬁ%*%{@“ %g}f%?eq\%grﬂ}@ fcse%\%hl ch synt hesi ze one or

nore of the conpounds according to the invention -
t'ﬁ@%oﬁip%ﬁﬁdé 'bf%é%ﬁﬁﬁl‘éeglm(‘/h weRe uked 'lr‘i’\‘&hé@eﬁclheﬁ%lngle

atii on nedi

dashs GBI+ 0 BMLaGH 3 0GE GPEBRTRIY Vish @st T C50 valld, with

| E(mt\p 2eidi @)tuheeamnmmdeﬁmm bhdiastetdamer bf tHer edmpound of

S phases - anal yzing by neans of HPLC or TLC
3593‘3’”3'@ t(ﬁ)ng the biological activity. 11 The

fernmentati on conditions which have been descri bed

ARy 11 ﬂﬁtlm the bengamides in a cell prollferatlon test,
expressed as TC50 value in uM

Compound Hep-G2 Colo 205

(1) 16 27

(HA) 17 33

(IIB) 6 10

(1 9 15

(V) >40 |42

Bengamide E 36 46

Bengamide F 27 33

The invention therefore also relates to the use of the compound of the
formula () or of a physiologically tolerated salt thereof as a pharmaceutical
in human or animal medicine, in particular for the treatment and/or
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coccus virescens ST200611 (DSM 15898) and for nutants
and/or variants thereof. 5 The present invention also
relates to the use of the m croorgani sm Myxococcus
virescens ST200611 (DSM 15898), or of a nutant and/or
variant for preparing a co und of the formula (V),

RBRLENE ofarPer BREPRETGTRG il bRy HiaeRofng use

 atiom eomp@uadt efsthevibimotla §), rsefda physielogioaiipitolgratad salt, for

| L AGHL bk dkh £ EHE A ncéi‘fﬁef‘Tgr n | @Bh@é(reqlvEP rc;ancer

det ect™ ng tﬁecl |b| t1ron erati on.
pyady Bineorse OV@@% KPS Qﬁﬂmﬁg@él ¢anqeﬁer§n§h@@n%e§ aqébneﬁcie

agesll Sntipdhia, i paitidufr cafdinorhB®f tHY Re§®Bh8 MecRmuscles.

.netabollcally active cells serves, in a luciferase

reaction, as 15 a neasure of the nunber of |iving
Clal bddltléﬁhetrm)rnn@wrdsmoénﬂldre rélaten e g bh}arr(\éﬂ:éutmr daving a

b A0phbnd BooRh P & et oy AR

(tplesytadnsekhcme e vdidn dit baglgaposableerf@"om compawed or the
Céam;%urfasoéf théForhlaf a mub@ aGH!h[steTé@ 28 shichAsit b¥dibsa, to

t he engam des LN a cel ro i f eratl?n test, ex ressed
ReEValnue Mmixteg w%mﬁd% eecsf dhe s q>m§mznharma-

(ddld@ldﬂlgﬁamﬂab@ Edifief blbatanded bNamdHtY sBesgagsle E3646

Bengami F2733 The invention therefore also relates
to the use of the conpound of the forrmula (I) or of a
phescanpgucdd hgcardingrtattee isegnttioneatdbladn the solid state and

RRRGIRBAYH G3H range of between 2 and 9, in particular 5 and 7, and, as
a consequence, can be incorporated into customary galenic preparations.

While the pharmaceuticals according to the invention can be administered
orally or parenterally, a rectal use is also possible in principle. Examples of
suitable 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, talc, 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 alcohols.

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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25 in human or animal nmedicine, in particular for the
treatnment and/or 12 prophylaxis of cancer diseases.

The invention preferably relates to the use of a
conpound of the formula (1), , or of a physiologically

t ol erat ed salt, for treati r?é)’ breast cancer,

inte cer sto ch cancer, liver ca r, .
RO e SRR oke ikt SF REh epsiindB 1B benanmice
ccmmalnvemd)f rthe dbemulee(l). loathei casenof isplighaicisagel wmits such as

bR WAty LERLRAESHYS B586 L8R bl i 31dbb1800 mg,

marefafgbla, h@\@ﬁvearnfrom aia@utl Cbéé@ wﬂ@@,@mbwm@w%ca%@f injection
félﬂlﬁ‘ﬁﬂr% il dm 6ul@ffo?mPDi’59cbcﬁbQﬂj't 28abInyg, ﬁr@lf@rbBFyeﬁo%lvér from
t ere e|n possi bl e for the conpound
g’%%ﬂm%pﬁ defe formula (1) to be admnlstered
as such or, preferably, to be present in a mxture
.t h one or npr.e cust.anar harma-. . cgl ogi.cal |.
olie 9B oBhe Wh 6 b i AH RN BPRPTE et fieafedheiton,
Tue, serpod s diionorfdha gnaromialtien isnbject. iloweiss, Bighet er iower
J%?I\Xe%ée% ?ﬁaéﬁ %l&f‘%as%y Be éb‘r@'pﬂﬁ% | hé o%i‘fyfé‘é%e gh be
@stiaistereg hoth Hy n'eear\scefr 9@?%9@'& adm@lsét?élpan!artye form of a
%hgaaldbsag@mﬁabr @R inV¥deraltdisalRitalosageUinieabhd by means

' ﬁﬁ@é\%éﬂﬂg? é‘pwn'St{gil[@g%)%db}ﬁ@g?g%gpg%agggérrqf ;@tqualal Iy

principle. Exanples of 20 suitable solid or liquid

tgﬁ-LﬁeEbgm%%E%l fgﬂf‘gﬁPqﬁbg 9\(&[%' e?I"e @%‘ﬁﬁﬁéé by bringing

gar Coa

anepersinots phthe egmpeiwnds efithedpongla (HLagsenrdingite the invention
BftcOF Qh%blé O 6 adrﬂinﬁéiﬁa%@heoﬁﬁ?éﬂgl! QB§ethBr W‘m%ﬂeeor more
orm as aratlons |\(|n rotracted

roélt@%§%3f8maé¥:9?m§f SHE%BG%OFP Xty BKER t h whose

preparation use is customarlly made 25 of

T ERaRRRuits 218 WG HLEkTeritaandnieh fimars cotal

watitoub Imémgritssscapeehlanygvagent s, gl i dants,
| ubricants, flavoring substances, sweeteners or

-sol ubilizers, for exanple rmagnesi um carbonate,

tUnless wihervse dedicatad: pescentagmiveliesareiesttnethe wtsand

trﬁikfhg ratibKirPhet&isa. ofgighﬁi's' rBfer$é M Poluid am ns,
| Ul ose and its 30 derivatives, animl or veget abl e

0|Is pol yet hyl ene gl ycol s and solvents
Example 1: Storing Myxococcus virescens ST200611 (DSM 15898) at

-135°C

An agar plate (1% fresh baker’s yeast, 1% CaCl2 x 2 H20, 20 mM HEPES,
0.00005% cyanocobalamin, 1.5% agar, pH 7.2) is inoculated with the strain
Myxococcus virescens ST200611 (DSM 15898) 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 ml of casitone medium
(1% casitone (Difco), 0.15% MgSQO4 x 7 H»0, pH 7.0) and stored at
-135°C.
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such as sterile water, alcohols, glycerol and

pol yhydri c al cohol s. V\here appropriate, the dosage

units for oral admnistration can be mcro-

encapsul ated in order to del %]y rel ease or to extend it

over a relatively lIong 35 pe for exanple by nmeans
or enbeddi ng.t he actlve '

rainekd Pofnarios d raarbiteer yife SEESRHls riasens

R E2@OGINc@® S 1did@énin an prledmayegflasid adnmi ni stering the

pharmaceutical prepar ati ons in dosage units, wth

each unit containing he active 13 constltuent a

JHI) b @f quddends S@Haowﬁ%orr@sed@ﬁi@uﬁonseaﬂ Ve Ggérlz n? g0,
g MR EPESOTD. b?@oé%r erﬁac(:bh}anhﬁ ‘p'P-?? Qijl?«ﬁ 8fstefki 900 ml

ge units SUC sul

capsul es
PYYr flagk arRi @086@@9& h%pStf%n Mg’iﬁ?c%élsnﬁr escens

s 2 gosabl ]{/DSIVIOV%%),arfd ¢e abbue ©. lhcubatéaofoﬁg% d@}sdat B0°C
tlon sol t| o oul e

t he e of inj ec

L G EerBoen mystrarielys M S dva broRE Y sl asélnen
tusetdor pepavieg ttjaynafmmeltdmsly dose which is to be

adm ni st ered depends on the bodywei ght, age, sex and

condition of the mammualian subject. However, higher or
| lxgerpled®: dBrappriags s ligwig aajo ﬁujﬂé’ebp@ MEXWﬁéﬁerﬁsé?ens

oty DEe 5gag) be  adm ni stered both by neans of
once-only adm nistration in the formof a single

dosage unit, or else in several smaller dosage units,
andtde geans Erdgnrivdneerialsk icohtaimidgi100shl eft thedoledwing nutrient

0, d f . . 0, o)
St e gpee, S Do B a0, 2 oo, 0.2

| ﬂ\ﬂ@a@aed 76312®r 01005 % myanoeobalaminf pil he 4} derjoeeidateds with

¢ .
S| SppBteiminaly @G%d(%?éte?‘%rﬁﬁ }L%‘?."%Lﬁ W*g&% rown
\an A feasd aganripte (156 fiass Rakersnmast cifer Zr?
Icrﬁ_laﬁﬁl | D@%OS%S&ﬁiﬁ%gb?%\%ﬁ? rﬁ] 7.2 04 m)'?% ¢>@z@plagar)ar and
e ot doFE R Teb Bomuan Sranghie Bt Rigkict production of
Qh@%ngamudmac@irerﬂlg tbethe&maralen\wlre@anerdeémr TI»960murs. A
\5‘2 %ﬂt an?q&génsu o gegt tituré (ir@c%lé:t%%eqﬂgn{ifngb&%x.r %f—%%)
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 extract, 0.5% casitone, 0.1% CaClz x 2 H20, 0.2%
MgSQO4 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 or a

~ culture which has grown on a fresh agar plate (1% fresh baker’s yeast, 1%

'CaCIg x 2 H20, 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 (IV) is reached after 72-96 hours.
HPLC-MS was used for the analysis. A 72-96 hour-old submerged culture
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Exanpl e 1: Storing Myxococcus virescens ST200611 ( DSM
15898) at -135C An agar plate (1 %fresh baker's
yeast, 1% CaC 2 x 2 H2O, 20 mM HEPES, 30 0.00005%
cyanocobal amn, 1.5%agar, pH 7.2) is inoculated with
the strain Myxococcus virescens ST200611 (DSM 15898)

a d| ubat ed at 30C for, a The ce
B ESn. el 61 RR B s i il Side s

sd&s‘cmbed irs ergmples2 & sufbcispaionlirgculaings Peted2D | ferrdebtars.

of casitone nedium (1% casitone (D fco), 0.15% MgSH

X 71-120, pH 7.0) and stored at 35 -135C. 14 Exanple

Exampledri ﬁ@i@rwg&qngiaﬁmd@ detivatives iofa FyreBisEcus

virescens ST200611 (DSM 15898) in an Erlenneyer flask

}101&3 &dﬁgd Q%jrfl entntg%lovlfltﬁlf@o ég.;{? f@ﬁ%ﬁ%&bg%ﬁorwﬁg %gﬁgilﬁbns:
cyanocobalamn, pH 7.2) in a sterile 300 m

rl er flask are ipoc ted with the

599%@8 us virescen pp§$‘z§ 611 (DSM 1589%@rggdé}){°he
chgrmarden:s i ncubat e@0flor 4 days at 30C #Hhd 180 rpm on
6\\Iut?|(eﬁ{ Hé@uﬁﬁ‘aker %eE‘ x%w%‘?s prelim ”?éé’ exathp ltéfze

are t used for ari the main CU tures

ésaa%lmt@naeﬁmeé@@re n&O liquid main cul tup
- Vi rescenq12$ﬁ',2~.00611 (DSM 1589@0 r‘brﬁt erile

0 Erl enrreyer fl,ask. containing 100 of the
f’%ﬁ’ PITW ng nutrient El%"gol ution (0.5% yE%EE“ Rxtract,
(pFbvegaatidrone, 0. 19dr6a0id %8 20 WP .50. 2% iyBEH & TrtohHD7.5
ﬁa{.f\nocobal pH 7.4) is ino ed wwth 5
?ﬁ@%g@%re i m naryﬂcB:h?ture (see exanpl g%ifet or a

: uIture whi ch has grown on-a fresh agar plate (1 %

l-PEWe?é ahwif ullate@ Gy 0% KBH of0 @é\ﬂecﬁﬁaﬁs 10%

gﬂxﬁo CEabaieanagae caa‘dbmlppﬁﬁsa%' 5 chsar 303 daing Werol

(XA BB PCOGHIS DORsefiland P@nmgmﬂmnawwwtm isoreideRed

a?t\é?ratpb(r)onx |7§ to%%cl'lpoeudr after 72-96 hours.

Example 6: Isolating bengamide derivatives (Il) and (i), as well as
bengamides E and F, from the shaken cultures of Myxococcus virescens
ST200611 (DSM 15898)

After the Myxococceus 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 1). 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 ml/min) was collected and reduced down to a
volume of 1.5 | in vacuo.
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72-96 hour-old subnerged culture (inoculation quantity
approx. 5-109% fromthe sanme nutrient solution as
described in exanple 2 is sufficient for inoculating
from10 to 200 I fernenters., 25 Exanple 4. Preparing a
liquid main culture of Myxoc ccus virescens ST200611

M 15898). while f ' i I
@R irsepalihnP ol Sl AN EF ) SR W opnd caiso
Jehgamites EmamelyEr by hmhscxﬁrlﬂl’aﬂﬁldlgorme’@grapl’mf t he
followi ng nutrient solution (0.5% yeast extract 'O 5%

casitone, 0.1% CaCl2 x 2 H2O, 0.2% MSO4 x
0l.D00bEW egiuiiert obiainad as dﬁacrm%blnﬁmmntsrér\tmﬁ lyad% onto a

nitrJno‘Me & | MR at@tt Ve 4 ) FZ)mcoﬁ.fmﬁ‘ E&sfé' rycmh-vx 250 mm)

ture rom ex 2 or cul ture which gr own
Rnosaessing haaguma pl a@ ) @ﬂ% f(E)esme@@lu@m édwon 184 smm x

%xa&, 1@3/0%;1/5ar and [ nCQ[%%{E@dQPQ%%%?é&@HH Sipetic

rqgtd)dweg Gg}mq*eysmqwegr hgnhahiros sduta Petr asetppivile in water
bERgafEwersier mea! i 15D fl/Min | anaemeﬁaafdnersd@ Pas 200 ml.

urs. . HPLGC- M5 was, us A 72-96
oS re P I Fartioness B, A0t Sr1Auant i cy.
approx. 5-10% fromthe sanme nutrient solution as

suf hgogHhatdnao
FRRIP8% OB Briids SRR 157 ahd0 DD ol plso
dengartidesE and i f er nent er 5 The 10 | and 30 |
fermenters were operated under the follow ng
condj tions: I nqgculum  Fer r: 10 Nutrient msd
RGBT (e rary xarple £ erg i\@aﬁlzsgratq Bhitiechance
medre! 18 hdzins of HPLC on a Phenomenex Luna 10 um C18 (2) column
(dimension: 21 mm x 250 mm) possessing an )(Terra® Prep MS C18
10 um (Waters, dimension: 19 x 10 mm) precolumn. 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 ml/min) was collected in

fractions (7.5 mi 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 (ll)
(purity > 95%, 70/30 diastereomeric mixture) and 5 mg of bengamide F
(purity > 95%). 35 mg of bengamide (Il}} (purity > 95%) were obtained as a
diastereomeric mixtute, 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 Myxococeus virescens ST200611 (DSM 15898)

After the Myxococcus virescens ST200611 (DSM 15898) fermentation had
come to an end, the culture broth from example 5 (10 | of culture broth),
together with the biomass, was lyophilized and the lyophilizate was
extracted with methanol (2 x 3 ). The methanol extract was reduced under
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15 PO2 regul ation: approx. 5% approx. 9% 301 101 see
exanple 2 see exanple 2 30C 30C 112 rpm 150 rpm 8
I/mn 4 1/mn frompH 7.8 to pH 7.5 frompH 8.1 to pH
7.5 none none The pH was always regul ated using 10%
KOH or, respectively, 10% SO4. Foam formation can

(BsTHRE BB Ioh BaH P ER e T gﬁééf%& Qg RAich had
rbesnh pelcke2D witht 816 kitpprodxCHP26R (MCINogek . 75450, dMigsubishi

[ LV I 0
SR AEL BRI rEA SLYE  VaS TRl i o3 1 5
aheiliarocincwatery iThesednan flopgbosgh (IOSVNIB8Ysyag solidcted in
thé%nW%‘%?E&fﬁm‘gﬂ r(@%clﬁ!?)s Béﬂ_%%%érﬂr) ( r%éﬁc%e) contalnlng the

fermentatio cul ture brot

desired dafabve ((r@@h@n% a15rm99 W ﬁpoledt BEtrREHCSA tlrh vacuo

td’@ﬁvrbiooéméﬁjmél\@si’(b{yﬁ@_hl lized and the |yophilizate was
extracted with nethanol (2 x 5 1). The nethanol

extract was reduced to 1.2 | 30 under vacuum and then
|Ehashesle ol oP@puribeg ¢ie bgtraxgbahgarhideadVp by keeansvof RP-18

%@pﬁ@émg}?ﬁ iters of CHP-20P material (M (r) gel,

) subi shi  Chem cal Corporation). The col um
vvas eluted with 95% nmethanol. The col um flowt hrough

1'% scﬂh{l fﬁ)g‘/‘%ﬁaﬁlﬂté @%ﬁth@ﬂ%é&&?‘%ﬁﬂq dPherddnéhex Luna®

I N vacuo - Pr esepar ating
ﬂ&wm%@-)mrumat (sizes 50mm aé’éo(mrmo yposgaesiag foPhenomenex

henra®m 6l sc s W FplacolimiediRferionR2118 nf A LCsRHRGY AR EIuted
(0.1% ammonium acetate, pH 8.8, adjusted with triethylamine) using a
gradient of from 5% to 40% acetonitrile in water over 60 min. The flow rate
was 150 ml/min and the fraction size was 225 ml. Fraction 22 contained the
desired bengamide derivative.

Example 11: Purifying the hydroxybengamide (IV)

Fraction 22 from example 10 was lyophilized and purified once again by
means of HPLC on a Phenomenex Luna® 10 pm G18 (2) column
(dimension: 21 mm x 250 mm) possessing a Waters XTemra® 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 ml/min) was collected in fractions (7.5 ml
fractions in each case). The bengamide-containing fractions (fractions 26-
28) were combined, desalted 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 (})

'Empirical formula: C1gH32N206

Molecular weight: 372.47

"Diastereomeric mixture: 75:25




1.5 1 of the solution obtained as described in exanple
6 were | oaded onto a 5 Phenonenex Luna(r) 10g C18 (2)
colum (size: 50 nm x 250 nn) possessing a Luna(r) 10
C18 (2) precolum (dinension; 21.2 mmx 60 nm and

el uted (0. 196annnn|un1acetaf@% pH 4.6, adjusted with
acetic acid) over 60 mn using a gradient of from5%
to 95% acetonitrile in water. The flow rate was 150
m/mn and the ﬁractlon size was 200 m. 10

Bengam des wer eNpt nt in fractions 5-9, 10-11 and
12-14. ExanpPg 8: furi Byi n@ben§Bni de derivatives (11)
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'(EbSM 15898) 35 Afit ef8t he Myxococcu$ virescens ST200611
(gpSM 15898) fermgntation had cone 1%9 @ end, the
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10 3.69 81.60

10-OMe 3.25 | 57.32

11 3.58 170.72

11-OH 4.46 -

12 3.33 72.80

12-OH 1436 -

13 3.97 72.46

13-OH 4.56 |-

14 , 5.37 129.05

15 | 5.48 136.57
|18 1.99 37.41
| 16-Me 0.93 19.90

17 S 1.26 29.15




together wth the biomass, was |yophilized and the
~lyophilizate was extracted with nethanol (2 x 3 1).
The net hanol extract was reduced under 17 vacuumto
400 mM and then | oaded onto1% prepared col um which
had been packed with 0.6 liter of CHP-20P (Ml (r)

, (5-150 , NltﬁﬁEHShl Chemcal1 oration)
terial. The col was el uted wilth 5% to 95%
“nmethanol in water. The col um fl owt hrough (100 m / m n)
was collected in 5 fractions over 60 mn (0.5 mn per
fraction). The fractions containing the desired
derivative (fractions 45-109) were pool ed and reduced
in vacuo down to a volume of 700 m . Exanple 10:
Prepurifying the hydroxybengam de (I1V) by neans of
RP-18 10 chromat ography The sol ution from exanple 9
was then | oaded onto a Phenonenex Luna(r) 10 C18 (2)
colum (size: 50 mMm x 250 mMm) possessi ng a Phenonenex
Luna(r) 10 C18 (2) precolum (dinension: 21.2 nmx 60
nmm) and el uted 15 (0. 1% ammoni um acetate, pH 8. 8,
adjusted with triethylam ne) using a gradient of from
5%to 40% acetonitrile in water over 60 min. The flow

rate was 150 m/mn and the fraction size was 225 nl .
Fraction 22 contained the desired bengam de '
derivative. 20 Exanple 11: Purifying the

hydr oxybengam de (I1V) Fraction 22 from exanple 10 was
| yophilized and purified once again by neans of HPLC
on a Phenonenex Luna(r) 10m C18 (2) colum Prep M5 C18
(di mension: 21 mm x 250 mm) possessing a Waters
XTerra(c) 25 10 m precolum (dinmension: 19 x 10 nmm).
The colum was eluted with a gradient of from5%to
95% acetonitrile in water over 60 mn (in the added
presence of 0.1% anmoni um acetate, pH 4.6, adjusted
with acetic acid). The colum flowt hrough (50 m /mn)
was collected in fractions (7.5 m fractions in each
case). The bengam de-containing fractions (fractions
26 )




30 28) were conbined, desalted and freeze-dried. In
connection with this, 7 ng of bengamde (1V) were
obtained as a diastereoneric mxture in a ratio of
75:25. Exanple 12: Character' ing the conmpound of the
formula (11) 35 Enpirical | a: CL18H32N206

T dbtegtor Bhiieii @&?ﬁ%ﬁ?ﬁ%ﬁfﬁ‘é*&ﬁ“@%ﬁ i de

(I'l), diastereoneric mxture, ¢ =3 nmg/mM in DVBO, 300
KBl Rl GHE N5D99 27. 91- 33. 19/ 3. 0640. 56

41.5 Ef 2028. 75 ‘g §7;1 06427. 55 61.87/ 1. 3630. 72 |
Molosiar aveight; 386.49- 169. 61 103. 6981. 60 10- OMVe3. 2557. 32

133sRS4L8mérAc Hidaréd. Afo5123. 3372. 80 12- OH4. 36-
133.9772. 46 13- OH4. 56-

Table 3: NMR-chemical shifts of bengamide (lIl), diastereomeric
mixture, ¢ = 3 mg/ml in DMSO, 300 K.
Position _ H 13n
1 - 171.95
2 2.9 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 13.69 81.55
10-OMe 3.25 57.28
{11 3.57 70.69
11-OH 4.45 -
12 ' 3.33 7277
12-OH 4.37 -
13 | 397 | 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
118 0.81 11.58




5

145. 37129. 05 155.48136.57 161.9937.41 16- Me0. 9319. 90
171.2629.15 19 18 1 0.81 1 11.58 20 Exanple 13:
Characterizing the conpound of the formula (111)

Enpi ri cal

formul a: Cl19H34N2Q6

386.49 5 Di astereoneric m xture:

TR PR £ CnsMda i AR B oA Frse

1-171.95 22.9135. 28 33.61/3.2149. 20 41.71/1. 3126. 13
SEmiich] Branla CaHeMp073230. 80 74.5551. 14 87. 84-

9'?{‘3’%%2%1&;9(@53%3%% 5 10 OVe3. 2557. 28 113.5770. 69

Diastereomeric mixiure; 75/25

Mol ecul ar wei ght:
75/ 25 Tabl e 3:

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

Position Ty c

1 - 173.45
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-CH 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




12-0OH4. 37- 133.9772.47 13-O#4.56- 145.37129.04

155. 48136. 58 161.9937.41 16- Me0.9319.89 171.2629. 15

180.8111.58 21 Exanple 14: Characterizing the conmpound

of the formula (1V) Enpiric§ formul a: CL8H32N207

Mol ecul ar wei ght: 388.46 5 Zstereomeric nmixture:

75/ 25 Tabl e 4. NMR-che ts of bengam de (1V),

e e BeESemEEE = T P 300 K

Positionl H13C 1-173.45 27.55- 33.35/3.0245. 05
81/1.7534.28 61.68/1.6424. 25

TEmpA R AN 105 7081, 50 10 Oves. 265730

Molecular we;ght 358.44

Table 5: NMR-chemical shifts of bengamide E, ¢ = 3 mg/mlin
DMSO, 300 K.
Position Ty | 134
1 - _ 174.01
2 7.91 -
3 3.19/3.06 40.56
4 1.74/1.20 28.75
5 1.87/1.64 127.56
6 1.87/1.36 . 130.72
7 4.39 o 51.27
8 7.78 | ' -
9 - 169.60
10 _ 3.69 81.61
10-OMe 3.25 57.30
11 3.56 70.74
11-OH 4.49 -
12 3.33 72.78
12-OH 4.38 -

113 3.96 72.38
13-OH 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




113.5870.73 11-OH4.47- 123.3472.82 12-OH4. 38-
133.9772.47 13-0OH4.56 145.37129. 06 155.48136. 57

161. 9937.41 16- Me0.9319.90 171.2629.15 180.8111.58 22
Exanpl e 15: Characteri zi ng ngamni de E Enpiri cal
formula: CL7H30N20O6 Mol ecul©ar wei ght: 358. 44 Tabl e 5:

- ] [ : ] E, c =3 nmg/nm in
fB%E%ﬁF%SEﬁﬁ?h%%gﬁ%?gﬁ%ﬂ%%%%@ﬁ%%ﬁ_01 27.91-
33. 19/ 3. 0640. 56 41.74/1.2028.75 51.87/ 1. 6427. 56
GmBiHchl RRRRIF T LM3R5D27 87. 78 9-169. 60 103.6981. 61

Molecular weight: 372.47

Table 6: NMR-chemical shifts of bengamide F,
¢ = 3 mg/m! in DMSO, 300 K.
Position 1
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
15 559
|16 ' 2.25
17 0.95 -
18 0.95

Example 17: Separating the diastereomers of compound (Il)

The diastereomeric mixture of the compound of formula (1) from example 8
was seperated on a chiral column (AD/H, Daicel, 20 x 200 mm, 0.5 ml flow,
mobile phase: acetonifrile:methanol 4:1 + 0.1% NH4Ac). The optical purity




10- Owe3. 2557. 30 113.5670.74 11-OH4. 49- 123.3372.78

12-OH4. 38- 133.9672. 38 13-OH4. 57- 145. 38127. 68

155.58137. 85 162.2430. 08 170.9522. 27 180.9522.17 5 23
Exanpl e 16: Characterizi ng bengamni de F Enpiri cal
fornul a: Cl8H32N206 Mol ecul&r

NRCEnSRFon B

wei ght :

372.47 Tabl e 6:

of mde F,_c = / In R
v B IBBCa s sHel) BB 32 530°C.
ShoBild phaSeb 2cehitrildanZthak6l 871 8409% NHAc, 0.75 m! flow, Rt
peak1: 9.9 min, Rt peak2: 10.9 min). |

Table 7: NMR-chemical shifts of the diastereomers of bengamide (I1),
¢ = 3 mg/mi in DMSO, 300 K.

"H @) "H (B) Pc () c @®)
1 ; . 173.99 173.99 -
2 7.91 7.91 - - |
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
7 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 4.48 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 1.26 126 - 29.15 29.06
18 0.81 0.82 11.58 11.48




10

15

20

103.70 10- OVe3. 25 113.57 123.33 133.97 145.38 155. 59

162.25 170.95 180. 95 Exanple 17: Separating the

di astereoners of conpound (11) The diastereoneric

m xture of the conmpound of fz%r mula (11) fromexanple 8
10 was seperated on a chiral®™colum (AD/ H, Daicel, 20

e Vo8l Brollie@ifon TRBS Fe Bl peromed on various, tumor

peellilings24 was checked on an anal ytical ADH col um
(Daicel) (4.6 x 250 nm 30C, nobile phase:

etonitrile; nmethanol 4:1 + 0 1% NH4Ac, 0.75 f1 ow,

e Bt celblines iep-ae (pAgs No hiEbBae) and Gyl 205 tTCe
Eﬂlﬂﬂlﬁ-@belﬁzz?weﬂ/? Hsb_& forf d ét%ﬂnéﬂiir@ﬁﬁ ?I@bﬁfe@étidﬁﬁ g@arﬁed dines

, C =. in , |

irbseSpn £58 e gty Jbihs vatd 8 tdlchediishiif ivep-ca)
3Bd] 9ESpatel9/ 3 0N6eHIsietD [Ga0205] and incubated for 4 hours at

° ~~A 1. 2028. 7528. 75
g? ?7%# %%#@é/ 1.6427.5527.55
61.87/1.361.87/1.3630.7230. 72 74.394. 3951. 2751. 27
Medi8h fBHep-G2: Dulbecco’s modified Eagle’s medium / Ham's F12 mix
(Gibco); NEAA (10%; nonessential amino acids, Gibco), sodium pyruvate
(1%, Gibco), L-glutamine (1%, Gibco), fetal calf serum (5%; PAA)].

| Medium for COLO 205: RPMI 1640 (Gibco), L-glutamine (1%, Gibco),

HEPES (1%, Gibco), fetal calf serum (10%, PAA).

After 4 hours, compounds (Il), (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
‘CeliTiterGlo (Promega).

The results of the cell proliferation tests are reported in table 1.
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25

'37C and 5%

9--169. 61169. 61 103. 693. 6981. 6081. 60
10- OMe3. 253. 2557. 3257. 32 113. 583. 5870. 7270. 77
11-OH4. 464. 47-- 123. 333. 3372. 8072. 85 12-O#4. 364. 36- -

©133.973.9772.4672. 37 13- OH4. 564. 56- -

140 206581AB0305129. 01 155. 485, 49136. 57136CA4P2004/011244
161. 991. 9937.4137. 28 16- Me0. 930. 9219. 9019. 86

1%?...261. 2629. 1529. 06 180. 810.8211.5811.48 25 Exanpl e
1821881 | proliferation measurenents performed on

various tunmor cell lines The tunor cell lines Hep-Q&

i Aot ERIIE R el | pr ol reration The

cell lines were.sown in cell culture nediumat the
rate of 1000 ceRk]s/well [Hep-Q&] and, respectively,
3500 cel I s/ well ]J[C0b0205] and i ncubated for 4 hours at
N I\/Ed' - . ]

: bum Dy, Hep: G2: Dul becco' s
modi fi ed Eagl/e's Ms| Fl12 nix (G bco); NEAA
(10% nonegseqti C T SHCo), di um
pyruvate (4% bcay, utlam ne (1{% G bco), fetal
cal f serum (5% PAA)].

L4gl
w@g’leu@%r COLO 205: RAM 1640
(G bco), L-glutamne (1% G bco), - 15 HEPES (1 %
G bco), fetal calf serum (10% PAA). After 4 hours,
corrpouvr\}ﬁgregrlI 1), (11'1) and (I1V) and bengam des E and F,
R1 is H or (C1-Cg)-alkyl,
Ro is Hor OH, and
Rz is Hor-C(=0)-(C1-Cg)-alkyl,
or a physiologically tolerated salt thereof.

2. A compound as claimed in claim 1, wherein R; is H or methyl.
3. A cbmpound as claimed in claim 1 or 2, wherein R3 is H.
4. A compound as claimed in one of claims 1 to 3, wherein R1is H or

methyl, R2 is H or OH, and R3 is H.

5. A compound as claimed in one of claims1 to 4, which i_s
~ characterized by a compound of the formula (1)

(.

6. A compound as claimed in one of claims1 to 4, which is a |
compound of the formuta (l[1)




di ssolved in DMSQO' cel |l culture nmedium were added at
various dilutions and the m xtures were incubated for
72 hours at 37C and 5% CO2. The 20 intracellul ar
content of ATP was determ nefl] using the test reagent
Cell Titerdo (Pronmega). The Tesults of the cell
proliferationpgsts are reported in table 1. WO

2005/ 044803 26! C|8i ms 1. A compound of the formula
(1), 5 wherei isaH O C )-alkyl, - R2 is Hor
OH, and 10 is\H ofOC(:%]-E(CJ%@Cg)-aI kyl, or a

physi ol ogically - I ~(l) 2. A
conpound as ' 7 laim1l, wher¢in R is Hor
methyl. 15 3. A conpoudMea®H| ai ned'in claiml or 2,
wherein R3is H 4. A conpound as cl ai ned irg_ )ne of
clains 1 to 3, wherein RLis Hor nethyl, R2is Hor
X, and R3 is H 20 5. A caonpound as clained in one of
cf-ai neP 1C9PUNGNRE (elRiged: Har aRe eff ?@!F“ﬁ)ﬂ éocﬁnﬂ%% 1S a
of  t hecdrapducRof( the)fofbdlaERAO04/ 011244 25 6. A conpound
as claimed in one of clains 1 to 4, which is a
compound of the formula (I11) 27 7. A conmpound as
clainmed in one Ef claims | to 4, which is a conpound
of the formul a GHO 8. The uéﬁ of a conpound of the
formula (1) of & phisi o19Gi cH

HO N
H

y
=

8. The use of a compound of the formula (I) or of a physiologically
. tolerated salt thereof as claimed in one of claims 1 to 7 for producing
10 a pharmaceutical.

0. The use of a compound of the formula (I) or of a physiologically
tolerated salt thereof as claimed in one of claims 1 to 7 for producing
a pharmaceutical for the treatment and/or prophylaxis of cancer

15 diseases.

10. A pharmaceutical having a content of at least one compound of the
formula (1) or of a physiologically tolerated salt thereof as claimed in
one of claims 1to0 7.
20 _
11. A process for preparing a compound of the formula (V)

Nn” 0 oR, OR,
R
H
OMe ORj _

25 wherein

(V)!
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30

tolerated salt thereof as clainmed in one of clains 1
to 7 for producing 10 a pharmaceutical. 9. The use of
a compound of the formula (1) or of a physiologically
tolerated salt thereof as cliggnmed in one of clains 1
to 7 for producing a pharmaceutical for the treatnent
and/oerronbyLl @p((@ -Ck)-ep@ter 15 diseases. 10. A

phar euti C?L he)H)ng a content of at |east one
conpound of Sth8 ~fbrnula (1) or of a physiol ogically

t ol eraled sialH ot {&=EnH(CasCe)-alkpieendn one of clainms 1
to 7. 1 e for preparing a conpound of the
forrrul %S('%tﬁ{ﬂé%%ﬁ\grei n 28 RL is H or

(C1- OGOr—abkydsologEﬁlly olétated Shif ofR8 compduad of the formula (V),
-(=0-(C1-C6)-al kyl, and R4 is nethyl or ethyl, 5 or
a physiologically toI erated salt of a conpound of t he

f or mulwhighycompghised conprises 1. the strain My/xococcus

vari ants and/or nutants, C{wg fernented un 10
suitabl e cdi@ ©f d‘ﬁsvwﬁrﬁsan /9 E¢tanisy qﬂﬂlﬁrr@ﬁ@egrunder

{nﬁr e olf t t hEsLmamaeoctmtﬂtl@'fs trhe cfmuwlmecﬁ??: @gtﬂrwﬁl &) midre of
r n [
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conpound ofmediant,or mul a (V) bel ng derivatized and/or

ggg;’ef ted iESnBolhy Bt HePRinatd W)lidifg MoRfted #Hdm i &ifure

virescensy Stﬁc?:%@f@ml\/fﬁg%é&%gﬁ}esc@hs @I"E%JO@C’H%D‘SM 15898), or

medium, and

3. the compound of the formula (V) being derivatized and/or
converted into a physiologically tolerated salt, where appro-
priate. '

12.  The process as claimed in claim 11, wherein Ry is ethyl.

'13.  The process as claimed in claim 11 or 12, wherein, independently of

each other, Ry is H or methyl, Rz is H and R, is ethyl.

14.  The process as claimed in one of claims 11 to 13, wherein Ry is OH
and wherein the culture medium contains hydroxyiysine.

15.  The microorganism Myxococcus virescens ST200611 (DSM 15898).

16. The use of the microorganism Myxococcus virescens ST200611
' (DSM 15898), or of a mutant and/or variant thereof, for preparing a
compound of the formula (V)
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priate. 12. The process as clainmed in claim11,
wherein R4 is ethyl. 20 13. The process as clained in
claim 1l or 12, wherein, independently of -each other,
Ri is Hor nmethyl, R3 is Hayg R4 is ethyl. 14. The
process as clainmed in one of clains 11 to 13, wherein
R2 is WHerel® and wherein the culture nmedi um contains
hydr oxyl ysine, 1 I croor gani sm Myxococcus

Vi rescéﬂls ﬁ%@é?@'ﬁéﬁ%ﬁ%&%). 16. The use of the

m cr ooRgani s By Kdt,occus virescens ST200611 30 ( DSM
15898) . or qof t,~Aand/or,varignt thereof, for
prepa-r?ﬁg ag %gﬁp[%%@"@"eﬁ)églm;‘iﬂhﬁa (V) (V), 29
wher ei R4 RilisirsetAyber ¢toyh C6) -al kyl, R2 is Hor OH R3
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