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BENGAMIDE DERIVATIVES, METHOD FOR THE PRODUCTION
THEREOF AND USE T"HEREOF FOR THE TREATMENT °OF CANCER

Cancer is a disease of thumans and animals which is for tte most part fatal
and which is caused by the uncontrolled growth of erndogenous cells.
Cancer is the term for thhe formation of malignant tumors (rmalignomas) and
of neoplasms (tumors or carcinomas) or for the maligneant degeneration
and disturbed maturati-on of white blood cells (leukemia ., blood cancer).
Cancer cells or tumor cells arise as the result of the tiransformation of
endogenous cells. The malignancy of the cancer cell is esxpressed in the
autonomy of its growtk, that is in the ability of the ceMlI to grow in an
uninhibited manner and without being fitted into the structiare of the organs
and also to grow in an infiltrating manner, thereby destroeying tissue. The
formation of dissemina tions (metastases) at a distance from the tumor,
after tumor cells have oeen spread by way of the blood otr the lymph, is a
sure sign of malignancsy. Cancer is one of the most frecquent causes of
death in humans and -there is therefore a great need foor methods and
means for curing or trea ting malignant degenerations.

Aside from the, if pos sible radical, surgical removal of the tumor, the
possibilities for treating mmalignant tumors include radiologic=al therapy using
X-rays, a-rays, B-rays &nd y-rays, immunotherapy and ctiemotherapy. At
present, immunotherapyw can only be used to a limited exteent. The chemo-
therapy of tumors is uinderstood as meaning the admiristration of cell
poisons (cytostatic agesnts) for treating tumors and turmnor cells which
remain, usually followirhg local surgical treatment or irr:adiation. These
substances interfere specifically in certain processes in celll division, which
means that tissues confaining a high proportion of dividineg cells, such as
rapidly growing tumor tisssues, react more sensitively. The ccytostatic agents
which are used are alk<ylating compounds, such as cyc:lophosphamide,
antimetabolites, such ass methotrexate, alkaloids, such as vincristine, and
antibiotics, such as dau nomycin or adriamycin. However, due to massive
side-effects, all these aggents suffer from severe disadvant:ages, such that
the death of the affeccted patient is only delayed an d not averted.
Furthermore, the degererate (cancer) cells develop resiistances to the
agents which are used; wvhile the medicaments which are bezing used at the
time then no longer ha ve any cytostatic effect, they are still toxic as a
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consequerce of the side-effects. In adedition, it has been found that the
efficacy achieved by using cytostatic age=nts in combination or in sequence
exceeds thhat achieved by using a sing le cytostatic agent (monotheerapy)
and, as a result, it is possible that thee substantial side-effects amre not
additive in connection with polychemothe=rapy. For all these reasons , novel
chemother-apeutic agents are urgently required and are therefore being
sought womrld-wide.

The first e xamples of bengamides were bengamides A and B, whiech are
dodecanoywl-substituted on the caprolactzam ring and which were issolated
from the sea sponge Jaspis cf. CorFacea (family Coppatiidae, order
Choristida B Astrophorida) (Adamczewskki et al., J. Org. Chem. 1886, 51,
4497-4498 ) and reported to be biotoxic teo eukaryotic cells, nematodess and
bacteria.

Bengamidee E

OMe OH

and its N-nmethylated derivative bengamicde F are examples of bengaamide
derivatives which have been demonstrafted to possess antitumor activity.
Bengamide= E inhibits cell proliferation by stopping cell division at the G1/8
restriction pooint and in the G2/M phase of the cell cycle. Bengam ide B
derivatives inhibit the proliferation of MIDA-MB-435 breast cancer cells
(Kinder et aal., J. Med. Chem. 2001, 44, 36<92-3699).

A feature s hared in common by the knowwvn bengamide derivatives i=s that
they have been isolated from sea spormges of the genus Jaspis sp. or
Pachastriss-a sp. (Thale et al., J. Org. Che m. 2001, 66, 1733-1741).

It has now toeen found that the microorgariism strain Myxococcus viresscens
ST200611 (CDSM 15898) is able to form novel bengamide derivatives wvhich
inhibit cell peroliferation at low concentratio ns and are consequently su itable
to be used for the treatment and/or prophy~laxis of cancer diseases.



10

15

20

25

3

The present invesntion relates to a compound of thme formula (1),

g 0O  OR, OR,
.
R2 N/LH)\KK/\\(\
H
OMe OR,
wherein

R4 is H or (C=1-Cg)-alkyl,

R2 is Hor OH, and

R3 is H or -C(=0)-(C1-Csg)-alkyl,

or to a physiologyically tolerated salt of a compoun d of the formula (1) .

0

Independently of each other, R1 is preferably H or methyl and R3 is
preferably H.

The invention preferably relates to a compound off the formula (1) in wvhich
R1 is H or meethyl,

R2> is Hor OH, and

R3 is H.

(C1-Ce)-Alkyl is a straight-chain or branched alkZyl group having 6 carbon
atoms, for exarmple methyl (Me), ethyl, n-propywl, iso-propyl, tert-toutyl or
n-hexyl, preferalbly methyl.

In addition, the invention relates to a compound =of the formula (1) vvhich is
characterized by a compound of the formula (ll)

(1,

a compound of tthe formula (1)



(i,

(V).

The: present invention furthermore relates to all obvious chemi cal
equ ivalents of the compounds of the fomula (I) according to the inventieon.
The:se equivalents are compounds wehich exhibit only a slight chemi cal
10 diffeerence, and have the same phamacological effect, or which ==re
con=verted into the compounds acco-rding to the invention under nmild
conaditions. Said equivalents also inc:lude, for example, salts, reduct ion
procducts, oxidation products, esters, ethers, acetals or amides of #he
compounds of the formula (I) as we=Ill as equivalents which the skillded
15 persson can prepare using standard mez=thods and, in addition to this, all fthe
optiecal antipodes and diastereomers ard all the stereocisomeric forms.

The invention also relates to a processs for preparing a compound of ®&he
formmula (V)
20

whe rein
R4 is H or (C1-Cg)-alkyl,
25 R2 is H or OH,
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R3 is H or-C(=0)-(C1-Cg)-alkyl, and
R4 is methyl or ethyl,
or to a physiologically tolerated salt of a cormpound of the formu la (V),

which co mprises

1. thee strain Myxococcus virescens ST200611 (DSM 158983), or one of
its variants and/or mutants, beiing fermented undier suitable
conditions in a culture medium until one or more of the compounds
of the formula (V) accrue(s) in the ciulture medium,

2. a compound of the formula (V) koeing isolated from the culture
meedium, and
3. the compound of the formula (V) being derivatized, where

appropriate, and/or, where approgoriate, being convesrted into a
physiologically tolerated salt.

The inve-ntion preferably relates to a proce=ss for preparing a compound of
the formula (V) where R4 is ethyl. Thne product of such a process

correspo-nds to a compound of the formula  (l) as described abowe.

The inveantion particularly preferably relatess to a process for preparing a
compourd of the formula (V) where, indepoendently of each otker, Rq is H
or methy-l, R3 is H and Ry is ethyl.

In addition, the invention relates to a proce=ss for preparing a ccompound of
the form ula (I1), a compound of the formwmula (Ill) and a compeound of the
formula C1IV) as well as the bengamide deriwvatives E and F.

Unless otherwise indicated, the chiral cesnters in the compo unds of the
formula (l) and (V) can be present in tlhe R configuration or in the S
configuraxtion. The invention relates both #o the optically pure compounds
and to stereoisomeric mixtures, such as enantiomeric meixtures and
diasterecomeric mixtures.

Physiolo gically tolerated salts of compoun ds of the formula (I) and (V) are
understowod as being both their organic saalts and their inorga nic salts, as
are described in Remington’s Pharmaceut ical Sciences (17th edition, page
1418 (1985)). Because of their physical and chemical stability and their
solubility-, sodium, potassium, calcium ancd ammonium salts ase preferred,
inter alima, for acid groups; salts of hycdrochloric acid, sulferic acid or
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phosphoric acid, or of carboxxzylic acids or sulfonic acids, such as =acetic
acid, citric acid, benzoic acid, maleic acid, fumaric acid, tartaric acied and
p-toluenesulfonic acid, are preferred, inter alia, for basic groups.

The culture medium is a nutrieent solution or a solid medium contain ing at
least one customary carbon ssource and nitrogen source as well ams the
customary inorganic salts. If hwdroxylysine is added to the culture me=dium,
the strain Myxococcus viresecens ST200611 (DSM 15898) producces a
compound of the formula (V) in which Ra is OH as a result of digessting

hydroxylysine.

One part of the subject mat®er of the present invention is therefsore a
process for preparing a compeound of the formula (V) as described &=above
where R7 is OH and where the culture medium in step 1 contains hycdroxy-

lysine.

The process according to the invention can be used for fermenting on a
laboratory scale (milliliter to litesr scale) and for fermenting on an indiustrial
scale (cubic meter scale).

Suitable carbon sources for thee fermentation are assimilable carbohyddrates
and sugar alcohols, such as gglucose, lactose, sucrose or D-manniteol, as
well as carbohydrate-containirmg natural products, such as malt extre=act or
yeast extract. Examples of nit-rogen-containing nutrients are amino &xcids;
peptides and proteins and al so their breakdown products, for exaample
casein, peptones or tryptones; meat extracts; yeast extracts; gluten; gmround
seeds, for example from corm, wheat, beans, soya or the cotton plant;
distillation residues from prod ucing alcohol, meat meals; yeast ext racts;
ammonium salts; nitrates. Pref"erence is given to the nitrogen source being
one or more peptide(s) which has/have been obtained synthetica lly or
biosynthetically. Examples of inorganic salts are chlorides, carborates,
sulfates or phosphates of the azalkali metals, the alkaline earth metals,. iron,
zinc, cobalt and manganese. BExamples of trace elements are cobal t and
manganese.

Conditions which are suitable for forming the bengamides according t-o the
invention are as follows: the Eoengamides according to the inventiomn are
preferably formed in a culture- medium which contains from 0.05 to 5%,
preferably from 0.1 to 2.5%, wyeast extract; from 0.2 to 5.0%, prefezrably
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7 e
from 0.1 to 2%, caasitone; from 0.02 to 1.0%, preferably from 0 .05 to 0.5%,
CaClp x 2 HoO; frrom 0.02 to 1.5%, pre—ferably from 0.05 to 0.724, MgSO4 x
7 H2O and from 0.00001% to 0.001% cyanocobalamin. The percentage
values which are given are in each ca se based on the weight of the total
nutrient solution.

The microorganisr is cultured aerobically, that is, for example, submerged
while being shake=n or stirred in shakirg flasks or fermenters, or on solid
medium, where amppropriate while air eor oxygen is being pas sed in. The
microorganism ca n be cultured in a termnperature range of from about 18 to
35°C, preferably &at from about 20 to 322°C, in particular at from 27 to 30°C.

The pH range sheould be between 4 a nd 10, preferably betwezen 6.5 and

7.5. The microorgganism is generally cialtured under these condditions for a
period of from 2 tc 10 days, preferably of from 72 to 168 hours - The micro-
organism is adva.ntageously cultured in several steps, i.e. o ne or more
preliminary culturess are initially prepare=d in a liquid nutrient maedium, with
these preliminary cultures then being iroculated into the actua.l production
medium, i.e. the nmain culture, for exampple in a ratio by volume «of from 1:10
to 1:100. The pre=liminary culture is obetained, for example, by~ inoculating
the strain, in the ®orm of vegetative ce lIs or fruiting bodies, into a nutrient
solution and allowwing it to grow for frormn about 20 to 120 hourss, preferably
for from 48 to 965 hours. Vegetative cells and/or fruiting bocdies can be
obtained, for exarmple, by allowing the strain to grow for fromm about 1 to
15 days, preferab ly for from 4 to 10 edays, on a solid or liq uid nutrient
substrate, for exarmple yeast agar.

A bengamide deri vative of the formula (V) is isolated or purifieed from the
culture medium ussing known methods &and taking account of thme chemical,
physical and biolcgical properties of thhe natural substances. HPLC was
used to test the ceoncentrations of the r-espective bengamide desrivatives in
the culture mediurm or in the individual isolation steps, with thea quantity of
the substance foermed expediently besing compared with a calibration
solution.

For the isolation, the culture broth or the culture together with the solid
medium is lyophili=zed, after which the b engamide derivatives ar-e extracted
from the lyophilizaate using an organic solvent, for example rmethanol or
2-propanol. The ©rganic solvent phases contains the natural substances

231
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according to th e invention; it is concentrated, where approspriate, in vacuo
and subjected t-o further purification.

The further puarification of one or more compounds ac=cording to the
invention is effeected by chromatography on suitable mater-ials, preferably,
for example, o molecular sieves, on silica gel, on aluminu m oxide, on ion
exchangers or on adsorber resins or on reversed phas.es (RPs). This
chromatograph+y is used to separate the bengamide d erivatives. The
bengamide de rivatives are chromatographed using buffered aqueous
solutions or mixxtures of aqueous and organic solutions.

Mixtures of aqu- eous or organic solutions are understood as being all water-
miscible organiec solvents, preferably methanol, 2-propanol. or acetonitrile,
at a concentration of from 5 to 95% solvent, preferably -from 5 to 40%
solvent, or else all buffered aqueous solutions which aree miscible with
organic solvenfts. The buffers which are to be used are the same as
specified above .

The bengamide= derivatives are separated, on the basis oof their differing
polarities, by mmeans of reversed phase chromatography, #or example on
MCI® (adsorbear resin from Mitsubishi, Japan) or Armberlite XAD®
(TOSOHAAS), cor on other hydrophobic materials, for examaple on RP-8 or
RP-18 phases. In addition, the separation can be effecteed by means of
normal-phase ¢ hromatography, for example on silica gel, &aluminum oxide
and the like.

The bengamide derivatives are chromatographed using buftffered, basic or
acidified aqueowus solutions or mixtures of aqueous solution:s with alcohols
or other water—miscible organic solvents. Preference is agiven to using
acetonitrile and umethanol as organic solvent.

Buffered, basic eor acidified aqueous solutions are understocod 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, aceticc acid, trifluoro-
acetic acid, amrenonia and triethylamine, or all commercially available acids
and bases knowwn to the skilled person, preferably at a conczentration of up
to 1%. In the caase of buffered aqueous solutions, particula r preference is
given to 0.1% armmonium acetate.
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The echromatography was car-ried out using a gradient whi ch began with
100% water and ended withh 100% solvent; the chromaatography was
prefe rably run with a linear graadient of from 5 to 95% acetonittrile.

Alterratively, it is also poss#ible to carry out a gel chrormatography or
chrormatography on hydroph obic phases. The gel chrormatography is
carriead out on polyacrylamide gels or copolymer gels, such &s Biogel-P 2
(Bior&ad) or Fractogel TSK HWV 40° (Merck, Germany). The= sequence of
the albovementioned chromatosgraphic steps can be reversed .

Insof=ar as bengamides are present as diastereomers, they can be
separ-ated using known methods, for example by means of separation
using a chiral column.

The derivatization of the OH cgroups in the side chain of the compounds of
the fomulae (1) and/or (V) (R3. is in each case H) to give an zacyl group (R4
is in e2ach case -C(=0)-(C1-Ce)-alkyl) is effected using methmods which are
know:n per se (J. March, Advamced Organic Chemistry, John Wiley & Sons,
4th edition, 1992), for exarmple by means of reaction with an acid
anhydride. For example, Adareczeski et al., J. Am. Chem. S=oc. 1989, 111,
647-6554 describe the reaction with acetic anhydride to give & compound of
the fosrmula (1) and/or (V) in whaich R3 is -C(=0)-CH3.

The aalkylation of the NH grou p in the caprolactam ring of aa compound of
formula (1) or (V) (R1 is in eacdh case H) is likewise effected Lusing methods
whiche are known per se (J. March, Advanced Organic Ctemistry, John
Wiley & Sons, 4th Edition, 1992), for example by reaction waith Me2CO3 or
Me2S= 04, to prepare the corresponding N-methylated deri-vatives, or by
reacti on with (C1-Cg)-alkyl brormide in the presence of a base .

An iseolate of the microorgani=sm strain Myxococcus viresceens ST200611
was ddeposited in the Deutschen Sammlung von Mikroorganismen und
Zellkualturen [German Collect@on of Microorganisms and eCell Cultures]
GmbH (DSMZ), Mascheroder- Weg 1B, 38124 Brunswick, Germany, in
accorsdance with the rules of tHe Budapest treaty, on 11.09.2 003 under the
follow-ing number: DSM 15898_
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The vegetative cells of tThe strain DSM 15898 have the rod frorm which is
characteristic for Myxococcus virescens. On solid nutrien—t substrates,
Myxococcus virescens ST200611 (DSM 15898) forms omrange-yellow
fruiting bodies which confkain round myxospores.

Instead of the strain My=xococcus virescens ST200611 (DSVl 15898), it is
also possible to use its mutants and/or variants which synth esize one or
more of the compounds &ccording to the invention.

A mutant is a microorga nism in which one or more genes in the genome
has/have been modifiecd, with the gene, or the genes, which is/are
responsible for the abillity of the organism to produce th e compound
according to the inventior remaining functional and heritable.

Such mutants can be prcoduced, in a manner known per se, ussing physical
means, for example ir—adiation, as with ultraviolet rays or X-rays, or
chemical mutagens, such as ethyl methanesulfonate (EMS ); 2-hydroxy-
4-methoxybenzophenones (MOB) or N-methyl-N-nitro-N-nitreosoguanidine
(MNNG), or as describe d by Brock et al. in “Biology of Micr-oorganisms”,
Prentice Hall, pages 238—247 (1984).

A variant is a phenotypes of the microorganism. Microorganissms have the
ability to adapt to their e nvironment and therefore exhibit higinly developed
physiological flexibility. A_ll the cells of the microorganism are irvolved in the
phenotypic adaptation, wwith the nature of the change not beirng genetically
conditioned and being reversible under altered conditiomns (H. Stolp,
Microbial ecology: orgamnism, habitats, activities. Cambridgge University
Press, Cambridge, GB, poage 180, 1988).

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

compounds according to the invention takes place in accordaance with the

following scheme:

- lyophilizing the fer_mentation medium;

- extracting the lyophilizate with an organic solvent

- extracting the conmpound from the culture filtrate using ssolid phases

- analyzing by means of HPLC or TLC or by testing sthe biological
activity.
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The fermentaticon conditions which have beera described apply for— Myxo-
coccus virescer-is ST200611 (DSM 15898) and' for mutants and/or wariants
thereof.

The present imvention also relates to the use of the microor-ganism
Myxococcus vi“rescens ST200611 (DSM 158938), or of a mutant and/or
variant, for presparing a compound of the feormula (V), in parti cular a
compound of tte formula (1V), or a physiologicallly tolerated salt the reof, as
described abov-e.

A test which is based on determining the intraczellular concentration of ATP
is employed for— detecting the inhibition of cell goroliferation. It is posssible to
use known tumaor cell lines such as Hep-G2 amd Colo205. In this t- est, the
ATP content of metabolically active cells servess, in a luciferase reac=tion, as
a measure of thme number of living cells.

The compound s of the formula (ll)-(Vl) were used in the test in & single
dose of 0.3 - 4-OuM and a dose dependency given as a TC50 valiue, with
(1A) and (1IB) &®n each case denoting a diaste reomer of the compeound of
the formula (l1):

Table 1: Activityy of the bengamides in a cell prosliferation test,
expressed as T C50 value in uM

Compound Hep-G2 Col.0 205

(1 16 27

(1A) 17 33

(11B) 6 10

( 9 15

(V) >40 42

Bengamide E 36 46

Bengamide F 27 33

The invention #therefore also relates to the usse of the compouncd of the
formula (1) or off a physiologically tolerated salt thereof as a pharmazceutical
in human or animal medicine, in particular- for the treatment and/or



10

15

20

25

30

35

12

prophylaxis of cancer diseases. The inven tion preferably relaftes to the use
of a compound of the formula (I), or of a physiologically tole rated salt, for
tre:ating breast cancer, intestinal cancer, stomach cancer, liver cancer,
braain tumors, ovarial tumors, esophageal e=ancer, renal cance=r and muscle
celll carcinoma, in particular carcinoma of e head and neck nmuscles.

In addition, the present invention relatess to a pharmaceut ical having a
cornitent of at least one compound of the fformula (I) or of a pohysiologically
tolesrated salt thereof, with it being posssible for the compoound or the
cormnpounds of the formula (I) to be adminiistered as such or, preferably, to
be present in a mixture with one or me:cre of the custormaary, pharma-
col ogically suitable carrier substances or asuxiliary substances —

Thee compounds according to the inventiorn are stable in the s.olid state and
in ssolutions in a pH range of between 2 anad 9, in particular 5 &=and 7, and, as
a cconsequence, can be incorporated into ¢ ustomary galenic pmreparations.

While the pharmaceuticals according to thee invention can be administered
oraally or parenterally, a rectal use is also ppossible in principle.. Examples of
sui table solid or liquid galenic preparatiomn forms are granu les, powders,
tabolets, sugar-coated tablets, (micro)caapsules, suppositosries, syrups,
ermmulsions, suspensions, aerosols, drops oer injectable solutiors in ampoule
formm, as well as preparations giving &a protracted releaxse of active
cormpound, in connection with whose prepsaration use is custsomarily made
of pharmacologically suitable carrier subsstances or auxilian substances,
such as disintegrants, binders, coating acgents, swelling ageents, glidants,
lubsricants, flavoring substances, sweeten ers or solubilizers, for example
mamgnesium carbonate, titanium dioxide , lactose, mannitcol and other
sugars, talc, milk protein, gelatin, starcch, vitamins, cellmlose and its
derrivatives, animal or vegetable oils, pol yethylene glycols aand solvents,
succh as sterile water, alcohols, glycerol ancd polyhydric alcohoMs.

Where appropriate, the dosage units for coral administration c=an be micro-
encapsulated in order to delay release or fto extend it over a mrelatively long
per-iod, for example by means of coa.ting or embeddin.g the active
cornpound in particle form in suitable polynmers, waxes or the liike.

Pre=ference is given to producing and aciministering the prharmaceutical
presparations in dosage units, with each unit containing, &as the active
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constituaent, a defined dose of one or rmore compounds of the Bbengamide
derivati=ves of the formula (I). In the ¢ ase of solid dosage uni—ts such as
tablets, capsules and suppositories, thiss dose can be up to abo ut 500 mg,
preferakoly, however, from about 0.1 to 2200 mg, and, in the case of injection
solutiorms in ampoule form, up to about 200 mg, preferably, howvever, from
about 0 .5 to 100 mg, per day.

The daiily dose which is to be adminisstered depends on the b odyweight,
age, sex and condition of the mammaliaan subject. However, high er or lower
daily dcoses may also possibly be ap-propriate. The daily dosse can be
adminisztered both by means of once-only administration in the= form of a
single dlosage unit, or else in several samaller dosage units, and by means
of the multiple administration of subdividled doses at defined inter~vals.

The phaarmaceuticals according to the Bminvention are produced D>y bringing
one or rmore of the compounds of the fcamula (1) according to thes invention
into a swuitable form for administration, optionally together with orne or more
of the caustomary carrier substances or amuxiliary substances.

The folleoowing examples are intended to explain the invention in rmore detail
without limiting its scope in any way.

Unless otherwise indicated, percentag e values refer to the wweight and
mixing r-atios in the case of liquids refer tZo the volume.

Example= 1: Storing Myxococcus vires cens ST200611 (DSM 15898) at
-135°C

An agar plate (1% fresh baker's yeast, 1 % CaClz x 2 H20, 20 mM™ HEPES,
0.00005-~% cyanocobalamin, 1.5% agar, goH 7.2) is inoculated withe the strain
Myxocoeccus virescens ST200611 (DSVBl 15898) and incubated aat 30°C for
approx. 7 days. The cells in this surfaces culture are scratched o#ff the agar
surface using a sterile spatula, resuspemnded in 0.5 ml of casiton-e medium
(1% cassitone (Difco), 0.15% MgSO4 =< 7 H20, pH 7.0) and stored at

-135°C.
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Example 2: Preparing a preliminary cultur-e of Myxocsoccus viresc ens
ST200611 ( DSM 15898) in an Erlenmeyer fla sk

100 ml of mmutrient solution (1% fresh baker—’s yeast, 1% CaCl2 x 2 H 20,
20 mM HEFES, 0.00005% cyanocobalamim, pH7.2) in a sterile 300 m!
Erlenmeyer flask are inoculated with the strain Myxoc=occus viresc ens
ST200611 aDSM 15898) and the culture is incubated fomr 4 days at 3«0°C
and 180 rprn on a rotating shaker. 5 mi of thais preliminaryw culture are t hen
used for pre=paring the main cultures.

Example 3: Preparing a liquid main cultu re of Myxoczoccus viresc-ens
ST200611 (_.DSM 15898)

A sterile 30€0 ml Erlenmeyer flask containing 100 mi of the following nutr-ient
solution (0.25% yeast extract, 0.5% casitone2, 0.1% CaCl 2x 2 H20, 0 .2%
MgSO4 x 7 H20, 0.00005% cyanocobalamin, pH 7.4) iss inoculated with
5 ml of a preeliminary culture (see example 2), or a culture which has grown
on a fresh =agar plate (1% fresh baker's yeasst, 1% CaClz x 2 H20, 20 mM
HEPES, 0 .00005% cyanocobalamin, pH 7.2, plus 1..5% agar), and
incubated aat 30°C and 180 rpm on a shakemr. The maxim um productiom of
the benganmides according to the invention iss reached aftesr 72-96 hourss. A
72-96 hour—old submerged culture (inoculaation quantity - approx. 5-1eQ0%)
from the samme nutrient solution as describeed in example 2 is sufficient for
inoculating —from 10 to 200 | fermenters.

Example 4. Preparing a liquid main cultuzre of Myxoccoccus virescens
ST200611 (DSM 15898) while feeding in hwydroxylysine #For producing the
bengamide derivative (IV)

A sterile 3080 ml Erlenmeyer flask containing 100 ml of the following nutr-ient
solution (0. 5% yeast extract, 0.5% casitone2, 0.1% CaCHl2x 2 H20, 0 .2%
MgSO4 x 7 H20, 0.00005% cyanocobalamir and also 1 rmM hydroxylyssine
pH 7.4) is iroculated with 5 ml of a preliminaary culture fromm example 2 or a
culture whicch has grown on a fresh agar platke (1% fresh toaker’s yeast, 1%
CaCly x 2 0, 20 mM HEPES, 0.00005% cyanocobala:min, pH 7.2, golus
1.5% agar) and incubated at 30°C and 180 rgom on a shak. er. The maxinmum
production of the bengamide derivative (IV) is reached aafter 72-96 hasurs.
HPLC-MS \wvas used for the analysis. A 72-S6 hour-old smubmerged cul ture
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(inoculatiom quantity, approx. 5-10%) from the same nutrient solution as
described ®n example 2 is sufficient for inoctulating 10 to 200 | fermenters .

Example 5 : Preparing bengamide derivativees in a fermenter

The 10 | amd 30 | fermenters were operated under the following conditiorms:

Inoculum: approx. 5% approx. 9%
Fermenterz 301 101

Nutrient medium: see example 2 see example 2
Incubation temperature: 30°C 30°C

Stirrer spee=d: 112 rpm 150 rpm

Aeration: 8 I/min 4 |/min

pH regulataon: frompH7.8topH 7.5 from pH 8.1 to pH o .5
pO2 regulaation: none none

The pH wvas always regulated using 10=% KOH or, respectively, 1'0%
H2S04. Foam formation can be suppresse=d by repeatedly adding Clesrol
FBA 265 & Cognis Deutschland GmbH). MBaximum production is reacted
after approex. 72 to 96 hours.

Example 6 : Isolating bengamide derivativves (ll) and (Ill), as well as
bengamidess E and F, from the shaken cuBtures of Myxococcus viresceens
ST200611 (DSM 15898)

After the Myxococcus virescens ST200611 (DSM 15898) fermentation had
come to aan end, the culture broth from example 3 (301 culture bro—th),
together vwvith the biomass, was lyophilia=zed and the lyophilizate v-vas
extracted vvith methanol (2 x 5 I). The metha&nol extract was reduced to 1 .2 |
under vactuum and then loaded onto a prep ared column which was pachk<ed
with appro=x. 1.5 liters of CHP-20P material (MCI® gel, 75-150 p, Mitsubmshi
Chemical &Corporation). The column was eluted with 95% methanol. Whe
column flo.-wthrough (120 ml/min) was colleected and reduced down to a
volume of ~1.5 | in vacuo.
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Ex<ample 7: Preseparating beng=amide derivatives (Il) and (lll), an-d also
beangamides E and F, by means of RP-18 chromatsography

1. 51 of the solution obtained as dlescribed in exam:ple 6 were loaded onto a
Phenomenex Luna® 10 p C18 (2) column (size: 50 mm x 25 0 mm)
pOssessing a Luna® 10 C18 (2) precolumn (dimension: 21.22 mm x
60 mm) and eluted (0.1% ammormium acetate, pH 4.6, adjusted with acetic
aczid) over 60 min using a gradiert of from 5% to 5% acetonitrile in  water.
The flow rate was 150 mli/mi n and the fracction size was 200 ml
Be=ngamides were present in frac tions 5-9, 10-11 aaund 12-14.

Excample 8: Purifying bengamid e derivatives (BI) and (lll) andl also
beangamides E and F

The individual fractions from exa mple 7 were lyopshilized and purifiecd once
m.ore by means of HPLC on a Plhenomenex Luna ® 10 um C18 (2) ccolumn
(d imension: 21 mm x 250 mm) [possessing an ,‘->(Terra® Prep MS C18
10 ym (Waters, dimension: 19 x 10 mm) precollumn. The columm was
elmuted using a gradient of from 5% to 40% acetonitrile in water over =40 min
(irm the added presence of 0.1% sammonium aceta te, pH 8.8, adjusteed with
trisethylamine). The column flo=wthrough (50 ml/min) was collectted in
fraactions (7.5 ml fractions in ea ch case). Fractions 5-9 from exaemple 7
contained the compound of the fomula (lll) and, aafter chromatograpky and
lycophilization, yielded 86 mg of beengamide E (puri ty > 95%). After cihroma-
toegraphy, fractions 10-11 from exzample 7 yielded 145 mg of bengam ide (Ii)
(p urity >95%, 70/30 diastereonmeric mixture) ancd 5 mg of bengarmnide F
(p urity > 95%). 35 mg of bengam ide (Ill) (purity > ©5%) were obtaine-d as a
dizastereomeric mixture, in a w525 ratio, frormn fractions 12-14- from
excample 7. The diastereomers amre in each case the corresponding C-16
epimers.

Ex<ample 9: Isolating the hydroxybengamide (IV) from the shaken cuiltures
of Myxococcus virescens ST20068 11 (DSM 15898)

Af-ter the Myxococcus virescens SST200611 (DSM  15898) fermentation had
cosme to an end, the culture bro—th from example 5§ (10| of culture Boroth),
toegether with the biomass, wams lyophilized ard the lyophilizatee was
exztracted with methanol (2 x 31). The methanol exxtract was reduced under
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vacuum to 400 ml and then loaded onto a prepared c—olumn which had
been packed with 0.6 liter of CHP-20P (MCI® gel, 75 -150 pu, Mitsubishi
Chemical Corpo-ration) material. The column was elutecd with 5% to 95%
methanol in wateer. The column flowthrough (100 mi/min ) was collected in
fractions over 680 min (0.5 min per fraction). The fractiosns containing the
desired derivatiwe (fractions 45-109) were pooled and reduced in vacuo
down to a volumee of 700 ml.

Example 10: Prespurifying the hydroxybengamide (IV) bys means of RP-18
chromatography

The solution frorm example 9 was then loaded onto a Ph enomenex Luna®
10 1 C18 (2) collumn (size: 50 mm x 250 mm) possessirg a Phenomenex
Luna® 10 u C18 (2) precolumn (dimension: 21.2 mm x 6 0 mm) and eluted
(0.1% ammoniumm acetate, pH 8.8, adjusted with triettnylamine) using a
gradient of from 5% to 40% acetonitrile in water over 60 wmin. The flow rate
was 150 ml/min &nd the fraction size was 225 ml. Fractior 22 contained the
desired bengami.de derivative.

Example 11: Pumrifying the hydroxybengamide (IV)

Fraction 22 from example 10 was lyophilized and purifieed once again by
means of HPLCC on a Phenomenex Luna® 10 um C18 (2) column
(dimension: 21 nrmm x 250 mm) possessing a Waters XTer'ra® Prep MS C18
10 pum precolumrm (dimension: 19 x 10 mm). The column ~was eluted with a
gradient of from 5% to 95% acetonitrile in water over 60 mmin (in the added
presence of 0.1%% ammonium acetate, pH 4.6, adjusted with acetic acid).
The column flowwthrough (50 ml/min) was collected in fractions (7.5 ml
fractions in each case). The bengamide-containing fractiaons (fractions 26-
28) were combired, desalted and freeze-dried. In conmnection with this,
7 mg of bengam ide (IV) were obtained as a diastereonmeric mixture in a
ratio of 75:25.

Example 12: Cha:aracterizing the compound of the formula (i)
Empirical formulaz : C1gH32N20g

Molecular weight= 372.47
Diastereomeric miixture: 75:25
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Table 2: NMR-chemical =sshifts of bengamide (ll), diaste=reomeric

mixture=, ¢ = 3 mg/m! in ODMSO, 300 K.

1

13

Positiom H C

1 - 173.99
2 7-9 -

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-OMe= 3.25 57.32
11 3. 58 70.72
11-OH 4.-46 -

12 3.33 72.80
12-OH 4.36 -

13 3.97 72.46
13-OH 4.56 -

14 5.37 129.05
15 5.-48 136.57
16 1.99 37.41
16-Me 0.3 19.90
17 1.26 29.15
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Example 13: Characterizing the compoun d of the formula i)

Empirical formmula: C19H34N20¢g
Molecular weight: 386.49
Diastereome ric mixture: 75/25

Table 3: NMR-chemical shifts of bengamidie (lll), diastereormneric
mixture, ¢ = 3 mg/ml in DMSO, 300 K.

Position H 13~

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 2711
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
11 3.57 70.69
11-OH 4.45 -

12 3.33 72.77
12-OH 4.37 -

13 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
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Example 14: Characterizing the compourd of the formela (Z/)‘

Empirical formula: C1gH32N207
Molecular weight: 388.46
Diastereomeric mixture: 75/25

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

Position " 135

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-OH 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




Example 15: Characterizing tbengamide E

Empirical formula: C17H3pN206
Molecular weight: 3568.44

Table 5: NMR-chemical shifts of bengamide E, ¢ = 3 mg/mt

DMSO, 300 K.

Position TH 13

1 - 174.01
2 7.91 -

3 3.19/3. 06 40.56
4 1.74/1.20 28.75
5 1.87/1.464 27.56
6 1.87/1.36 30.72
7 4.39 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 -

13 3.96 72.38
13-OH 4,57 -

14 5.38 127.68
15 558 137.85
16 2.24 30.08
17 0.95 2227
18 0.95 22.17
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Exampl e 16: Characterizing bengamide F

Empiric al formula: C18H32N20g
Molecullar weight: 372.47

Table 6 : NMR-chemical shifts of bengamide F,
¢ = 3 m+g/mlin DMSO, 300 K.
Positiom H

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

g -

10 3.70
10-OMe= 3.25

11 3.57

12 3.33

13 3.97

14 5.38

15 5.59

16 225

17 0.95

18 0.95

Examplez 17: Separating the diastereomers of ccompound (Il)

The diasstereomeric mixture of the compound of~ formula (1l) from example 8
was sepoerated on a chiral column (AD/H, Daice=l, 20 x 200 mm, (0.5 ml flow,
mobile pohase: acetonitrile:methanol 4:1 + 0.1%o NH4Ac). The opetical purity
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was checked on an analytical AD/H column (Daicel) (4.6 x 2260 mm, 30°C,
mobile phase: acetonitrile:methanol 4:1 + 0.1% NHgAc, 0.775 mi flow, Rt

peak1: 9.9 min, Rt peak2: 10.9 min).

Table 7. NMR-chemical shifts of the diastereomers of bencggamide (),
c = 3 mg/ml &n DMSO, 300 K.

A gT=) Bc ) B¢ )
1 - - 173.99 173.99
2 7.91 7.91 . -
3 3.19/3.06  |3.19#306 | 40.56 40.56
4 174/120 | 1.74#120 | 2875 28.75
5 1871164 | 1.87#164 | 27.55 2755
6 1871136 | 1.877136 |30.72 30.72
7 4.39 4.39 51.27 .51.27
8 7.78 7.78 - —
9 - - 169.61 169.61
10 3.60 3.69 81.60 :81.60
10-OMe 3.25 3.25 57.32 a57.32
11 3.58 3.58 70.72 ~70.77
11-OH 4.46 4.47 ] _
12 333 3.33 72.80 —72.85
12-OH 4.36 436 . —
13 3.97 3.97 72.46 =Z2.37
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 =7.28
16-Me 0.93 0.92 19.90 ~19.86
17 1.26 1.26 29.15 —9.06
18 0.81 0.82 1158 T1.48
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Example 18: Cell proliferation measurements performe=d on various turmor
cell lines

The tumor cell line=s Hep-G2 (ATCC No. HB-8065) and COLO 205 (AT CC
No. CCL-222) wer—-e used for determining the cell prolifer—ation. The cell lires
were sown in cell culture medium at the rate of 1000 celis/well [Hep-&32]
and, respectively, 3500 cells/well [Colo205] and incub:ated for 4 hourss at
37°C and 5% CO5 ..

Medium for Hep-GS2: Dulbecco’s modified Eagle’s mediLam / Ham's F12 mmix
(Gibco); NEAA (1+0%; nonessential amino acids, Gibco), sodium pyruv—ate
(1%, Gibco), L-glu tamine (1%, Gibco), fetal calf serum (5%; PAA)].

Medium for COL+QO 205: RPMI 1640 (Gibco), L-gluta mine (1%, Gibco),
HEPES (1%, Gibc:0), fetal calf serum (10%, PAA).

After 4 hours, cormpounds (Il), (Ill) and (IV) and ben gamides E and F,
dissolved in DMS Ofcell culture medium, were added at various diluticons
and the mixtures were incubated for 72 hours at 37°C and 5% CO,. Whe
intracellular conteant of ATP was determined using the test reag ent
CellTiterGlo (Promega).

The results of the scell proliferation tests are reported in t. able 1.

"223W
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Clai ms
1. A compound of the formula (1),

ﬁ%

N O

0 OR, OR,
RZ NW\&\(\
H
OMe OR,
5 (1)
wherein

R4 is H or (C1-Cg)-alkyl,
R2 is H or OH, and
10 Rz  is Hor -C(=0)-(C1-Cg)-alkyl,
or a physiologically tolerated salt there-of.

2. A compound as claimed in claim 1, wheerein Ry is H or mesthyl.
15 3. A compound as claimed in claim 1 or 2, wherein R3 is H.
4. A compound as claimed in one of clai ms 1 to 3, whereir Rqis H or

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

20 5. A compound as claimed in one of claims1 to 48, which is
characterized by a compound of the fo rmula (Il)

(.

25 6. A compound as claimed in one off claims1 to 4, which is a
compound of the formula (11l)
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7. A compound as claimed in one of clairms 1 to 4, which is a
compou nd of the formula (IV)

(IV).

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

9. The use= of a compound of the formula (I or of a physiologically
tolerateed salt thereof as claimed in one of claims 1 to 7 for producing
a pharrmaceutical for the treatment and/ow prophylaxis of cancer

15 disease s.

10. A pharrmnaceutical having a content of at leaast one compound of the
formula (I) or of a physiologically tolerated ssalt thereof as claimed in
one of cclaims 1to 7.
20
11. A proce:ss for preparing a compound of the feormula (V)

OR, OR,

0
N 0
R
H
OMe OR,

25 whereirns

(V).
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12.

13.

14.

15.

16.

28
is H or (C1-Cg)-alkyl,
is Hor OH,
is Hor-C(=0)-(C1-Cg)-alkyl, aned
is methyl or ethyl,

or a phys-iologically tolerated salt of a ccompound of the fosrmula (V),

which coamprises

1. the strain Myxococcus virescerrms ST200611 (DSM 15898), or

ome of its variants and/or mufkants, being ferme=nted under
su itable conditions in a culture medium until one= or more of
thes compounds of the formulaa (V) accrue(s) in the culture
me=dium,

. a ccompound of the formula (V) Boeing isolated fron— the culture

me=dium, and

. thee compound of the formula (V) being derivattized and/or

cosnverted into a physiologicallwy tolerated sait, w-here appro-
priate.

The proc ess as claimed in claim 11, wlherein R, is ethyl.

The proc=ess as claimed in claim 11 or- 12, wherein, indegoendently of
each otheer, R, is H or methyl, Rz is H &and R4 is ethyl.

The proc=ess as claimed in one of clairms 11 to 13, wheresin Rz is OH
and whemrein the culture medium conta ins hydroxylysine.

The micr ocorganism Myxococcus viresccens ST200611 (D SM 15888).

The use of the microorganism Myxeococcus virescens ST200611
(DSM 15 898), or of a mutant and/or \wariant thereof, for preparing a
compourd of the formula (V)

(V7).
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wherein
R4 is H or (CC4-Cg)-alkyl,
R2 is H or OH,
Rz  is H or -CC(=0)-(C1-Cg)-alkyl, and
R4 is methy I or ethyl,
or a physiologiczally tolerated salt thereof.
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