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Hi ghly bridged peptides from Acti nomadura nam bi ensi s
Several highly bridged peptides are known in the
WO 2q0enzam463 e, for exanpl e conopepti des i sol at edPET/BR2009/001982
cone snails (for a review see e.g. Terlau & divera,
Physi ol . Rev. 2004, 84, 41-68) or the so-called
| antibiotics (Chatterjee et al., Chem Rev. 2005, 105,
633- 683) from Gam positive bacteria source. The said
pepti des have variouys . utilities. The |l antibiotic
H'th‘bf fidgeq pep P& ACNQIERAURNAMEREISr eser vat i ve
since many years. The conopeptides are useful for the
treatment of pain, diabetes, multiple sclerosis and
Several Higblyelsridded peptidessare lkamawre 'erilheri'ttelyatmred&rr@(ample conopeptides
, reclinical or I ni cal. develo es
solalésh BTG SISOl e iU R D | BB YSiol. Rev. 2004,
84, Iﬁ—@gggr%ﬁ’e ss%ﬂé&%ﬁﬂﬂ.&ticsl([c?na%teﬁ)ee%ﬂ%l acteh. (F%@\ﬂ%%ems 633-
NPACRVNNOHVC, connecti vit 4), wherein
Gssmw@nmmanuaemomnaweoma The sewnwmitdesu hawa vanmtetdltles The
| téﬁ gtjono hecstelnelnvo ved i.n_each ﬁ Le
antigio 8|"b'*rﬂ" ar EAgL e fHH 8%%? B’OdfF?rPé?“’f”‘B"? RINE "RABY yeufs.
second to fourth as in a-@D. S S
H2N- G u- Cys- Cys- Asn-Pro- Al a-Cys-Ad y-Arg-Hi s-Tyr-Ser-Cy .
The soappeptides aegiseful for the treatment of pain, diabetes, multiple sclerosis and

cardiovascular diseases and currently undergo preclinical or clinical development.
Examples of conopeptides are a-Gl (sequence: ECCNPACGRHYSC*, *amidated,
connectivity: 1-3,2-4) and a-GID (sequence: IRyYCCSNPACRVNNOHVC, connectivity:
1-3,2-4), wherein O/Hyp is hydroxyproline and the connectivity indicates the position of
the cysteine involved in each specific disulphide bonds, for example, first to third and

second to fourth as in a-GID:

H,N-Glu-Cys-Cys-Asn-Pro-Ala-Cys-Gly-Arg-His-Tyr-Ser-Cys-OH(NH,)

S-S
|

l S—S

(a-Gl),
S-S

H,N-lle-Arg-Cys-Cys-Ser-Asn-Pro-Ala-Cys-Arg-Val-Asn-Asn-Hyp-His-His-Cys-OH
| os |

(a-GID).

A novel group of highly bridged peptides named Labyrinthopeptins has been
discovered recently (European patent application EP06020980.6). The so-called
Labyrinthopeptins exhibit a unique bridging motif across their peptide chain, as

illustrated by the compound in formula below:



(a-d), -S-SH2N-

|1 e- Arg- Cys- Cys- Ser - Asn- Pro- Al a- Cys- Ar g- Val - Asn- Asn- Hy
WE22MPa2HBS- Cys-OH | s s 1 (a-G@ D). A novel gr oRI/BP2009/001982

hi ghly bri dged peptides naned Labyrint hopepti ns has

been di scovered recently (Eurfpean pat ent application

EP06020980. 6). The so-cal |l ed Labyri nt hopepti ns exhibit

a unique bridging notif across their peptide chain, as

illustrated by the conpound in formula below It has

now been found that furthe h'QghI y bridg ti des of
t he Labyrinthopeptin cla can be isg ed m
m croorgani smstrain Agfi ( ani bi en (DS

6313). The conmpounds

@. fromthe 2
Labyri nt hopeptin d ' Hp et

appl i cati on EP06Q209B0. 6. [ aH ege

i nvention isHa ) {wherei/n
{A} is a gro [ L t

from H,N ﬂ‘ H ﬁ o

C
O

ZT

S
/ \
YL ] L CH2

It has now been found that further highly bridged peptides of the Labyrinthopeptin
class can be isolated from microorganism strain Actinomadura namibiensis (DSM
6313). The compounds are distinctly different from the Labyrinthopeptin derivatives as
described in patent application EP06020980.6.

An embodiment of the present invention is a compound of the formula (1)

S(O)m
HoC Ha
H
H
R{HN {A} N {B}— N
H
o) 0
SR3
$(0) R4S
HyC GHa CH, \
HyC CHy
R
{CY
R N N
2 N H_H/\H NT H
o 0 °© "0 "o 0



{C} is a group selected fromR is a group R' or a
groupwherein RLis H C(O-(Cr Cg)alkyl or C(O-0O(C
WO 2@8N214RY | ; R2 is OH, NH2, NH (C 1-C6) Bl kYl , RM/ER2009/001982
C4) al kyl ene-phenyl or NH (C -C 4)al kyl ene-pyridyl; R3
and R4 are independently of each other H (CC
6) al kyl, (d-C 6)al kylene-C(O NH 2,
(Gi - CeJdal kyl ene- CCQINHt Ci - Cral kyl or
t G - CeJdal kyl ene- Gt QJNKd- C*al kyl k, or R3 and R4
whetefyet her with the S atons to which they are attached
forma disulfide group S-S; R5 and R6 are
i ndependently of each other Hor OH or R5 and R6
{A} is agebhprsetgated-@omm and n are i ndependently of one
another 0, 1 or 2 ; with the proviso that if {A} is
{B} is {C isR3 and y not forma disulfide group
S-S together with th atons to which they are
attached; in anysterdockem cal formgor a mxture of

any stereochem dpnl fg in any rati or a
NH, NH,
E— N ——N N
H

H H H
0] O and 0] O ;
5
{B} is a group selected from
N B
H Il H Il
o and 0 X
{C} is a group selected from
— NH
| ‘H\/Z’I NTH
N N N N m
H H H o Ho Hpo
10 © o o and
Nﬁ%gﬁﬁw—
H 6 Hg Hg Mo .
R is a group Ry’ or a group
0O
OH
R,'HN



physi ol ogically tolerable salt thereof. Preferably,
{A} is {B} is {C is Further preferred,{A} iS {B} is
WQ @j0of1z148% i s preferably a group RI' . R ' i sPCT/EP2009/001982

preferably HH R2 is preferably OH R3 and R4 are

preferably independently of e%ch other H (G -C

6)al kyl, (C-C 6)al kylene- C(ONH2, or forma

di sulfide group S-S together with the S atons to which

they are attached, r referred, R3 and R4 are H or
Whef%’f'#@Sd'l"s@(@‘ffé'@ﬁ%?gg §(pg‘§é‘f(‘ EpSW"ﬂH; the S atons

to which they are attached. Myst preferred, R3 and R4

forma disulfide group S-S together with the S atons

R; is OHNH: NHE -Dspaliaylt NEhECh-65)atiylerR6pherylmref er abl y H
NH_?@@&%Y\@%”%_SW%JYI;RS is OHthen R6 is Hand if R5 is H

5
Rz and R, are independently of each other H, (C1-Cg)alkyl, (C1-Csg)alkylene-C(O)NH,,
(C1-Ce)alkylene-C(O)NH(C1-Cy)alkyl or (C1-Cg)alkylene-C(O)N[(C1-Cs)alkyl]y,
or R; and R4 together with the S atoms to which they are attached form a disulfide
group S-S;
10

Rs and Rg are independently of each other H or OH, or Rs and Rg together are =0,

m and n are independently of one another 0, 1 or 2;

15  with the proviso that if

{A}is
o __NH

NH,
—N N

H oH o

20 {B}is

H |l
o)

{C}is



R6 is OH or R5 and R6 together are =0 More
preferred, RS is OHand R6 is H or RS is Hand R6 is
W@ g8Er abl y, conpound (1) is characteri zedP@GI/EB2009/001982

conmpound of the forrmula (I1) wherein RL is RL or a

group wherein R1I' is H C(O-£Cr C6)al kyl or
C(O-0(G-C6)alkyl, preferably H Further preferred,
compound (I) is characterized by a conmpound of the
formula (lIll)wherein R is Ri or a group wherein Rl

is H CO-(G-C 6)alkyl O-0(C Co)al kyl,
preferably H R2 is OH N NH (Cl-C 6)-al kyl,

N[ (G -C 6)-al kyll2, NH (d-C4)yalkyNene-phenyl or
NH (CrC 4)-al kyl en ﬂkﬂl ferghly R2 is H, and
R3 and R4 are | ndegkend ntlﬁy on’p‘_‘,e chHther H (CGC
6)al kyl or (G -C4)-al k?l ene- § O NP 2. npounds of the

formulae (Il) and (111) wherein R is R' are
subsequent |y nanmed Labyrint hopeptins A 1. Conpounds of

s s AR A e SESRR SR ey

are dtthedr ed, conpound (1) is characterized by a conpound
of the formula (1V)

5
in any stereochemical form, or a mixture of any stereochemical forms in any ratio, or a
physiologically tolerable salt thereof.
Preferably,
10
{A}is
O
—N N
H oH o .
{B}is
N
H ol
15 o ;
{C}is

20  Further preferred,



10

15

20

wherein RLis H C(O-(C-C6)alkyl or C(O-0(C-C
6)al kyl, and R2 is OH, NH2, NH(d-C 6)-alkyl, N (C-C
w@eoahkmBl 2, NH (Cr C4) - al kyl ene- phenyl or NHBCQ/EE2009/001982
4) -al kyl ene-pyridyl, and R3 and R4 are i ndependently
fromeach other H (CrC 6)alkyl or (G-C
4) - al kyl ene-C(O) NH 2. Conpounds of the formula (1V)
are named Labyrinthopeptins A2. Preferably, in the
conmpounds of the formula (1), mand n are both 0, or m
and n are both 2, or mis O and nis 2, or mis 2
{A}iénd nis 0. Mst preferred, mand n are both 0 . The
present invention furthernore relates to all obvious
chem cal equivalents of the conpeynds of the fornula
(1) according to the inventi on. se equivalents are
conpounds whi ch exhi bit onl *@ chem cal
di fference, and have the sghe phaspacol ogi cal effect,
or which are converted i fyhef conpounds according to
the invention under nild di&' Qns. Sai d equi val ents
al so include, for exanpl® s&4l{s,Areduction products,
oxi dation products, partial hydrol'ytic;processes
esters, ethers, acetals or am des of the conpounds of
the formula (1) as well as equival ents which the
{B}iskill ed person can prepare using standard nethods and,
in addition to this, all the

N
H |l
o ;and
{C}is
PR N
N—r N—1 N H
H o) H HO ®) |

3

R is preferably a group Ry'.

Ry is preferably H.

R: is preferably OH.

Rs and R4 are preferably independently of each other H, (C1-Cg)alkyl, (C1-Cg)alkylene-
C(O)NH,, or form a disulfide group S-S together with the S atoms to which they are
attached. More preferred, R3 and R4 are H or form a disulfide group S-S together with
the S atoms to which they are attached. Most preferred, R; and R4 form a disulfide
group S-S together with the S atoms to which they are attached.



opti cal antipodes and di astereoners and all the

stereoi soneric fornms. Unless otherw se indicated, the
w@piopari48ent ers in the conpounds of the fornmul BCT/EP2002601982

be present in the R configuration or in the S

configuration. The invention jelates both to the

optically pure conpounds and to stereoisoneric

nixtures such as enantioneric m xtures and

Rs 28U e BIPTEAFRBMAG G WRSTR e & PF) hehd is s QA5 Rsis H then

R .sggr{;gk R P R IdRitherCh CVRAS bref@idd! Rﬁ ig omsﬁamng H, or Rs is

, as are described in Rem ngton's Pharnmaceuti cal

H an8cReisc@Hl. (17t h edition, page 1418 (1985)). Because of

their physical and chem cal stability and their

sol ubility, sodium potassium calcium and anmoni um
Prefén%'b‘lyﬁ c@h@p&fr@f@;".g%aréétéﬁie@by@ cdripo@sd Bf BielfeRula (I1)

salt’s of hydrochloric acid, sulfuric acid or

phosphoric acid, or of car boxyfte acids or S&D&OHIC

acids, such as acetic acid, Lit ic aci en20|c

mal ei ¢ acid, fumaric acid, '

p-toluenesulfonic aci d,

tart hl S d
re prefieffred, |nt oﬁor
basi ¢ groups. Mre pre @rred th conpounds o
formulae (1) to {V) ar ract gfi z
st ereochem stry as/sho @r a C ou d of t he
(V), that is &t®npyund Hor

ZT

H,C 2
_ NH
= HO
H Ho H H
o Ho H o Ho o Ho o) o) o) o)

0o

(I,

wherein Ry is H, C(O)-(C4-Cg)alkyl or C(O)-O-(C4-Ce)alkyl, preferably H.

Further preferred, compound (l) is characterized by a compound of the formula (lIl)
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{A} is{B} is {C is RLis wherein Rl' is H R2 are H

R3 and R4 together with the S atons to which they are
W@ea0aariass f orm a disul fide group S-S; R5 i s H PGRGEP2)09/001982

OH, and mand n are 0:nost preferred, as described in

the formula (M) A further engpodi nent of the present

invention is a conmpound of the formula (1),

characterized by the formula (VII)preferably by

formula (M 11) wherein the forpulae (V) and (VI) refer

to Labyrint hopeptin A3, and 2f ormul ae (\$P)@aad
a furthc&

(MII'l) refer to Labyrintho

characterizati on of the cghpoundsy CHo
i nvention, the peptide r€sidues \werle convert OM O
their probabl e precursgr bpsonal peptji dRH
synthesis. The al pha rno” agl dd?
in residues 4 and H
R4HN N N
o] o)
//S(O)n \CH
2§ 2 R4SCH,
R3 SCH, CH,,
NH
™
WQX{H Ho Hj(LA::j HO H
R N
2 N N N—W/£;> N N N— N N N
{m
wherein

R1is Ry or a group

OH
R,' HN
0

wherein Ry’ is H, C(O)-(C4-Cg)alkyl or C(O)-O-(C1-Ce)alkyl, preferably H;

Rz is OH, NH», NH-(C4-Cs)-alkyl, N[(C+-Cs)-alkyl]z, NH-(C4-C4)-alkylene-phenyl or
NH-(C-C4)-alkylene-pyridyl, preferably R is H; and

Rs and R4 are independently from each other H, (C4-Cg)alkyl or
(C4-Cy)-alkylene-C(O)NH,.

Compounds of the formulae (II) and (lll) wherein Ry is Ry’ are subsequently named

Labyrinthopeptins A1.



precedence in the literature. The said am no acids may
be descri bed as a Ser residue, where the hydroxyl
wWQe@ap2:E83 t he beta-position is substituted, asPGHBRV09/001982

bel ow for the conpounds of the forrmulae (11) and
(11r1): (SEQ 1D NO 1). In a pgecedi ng European patent
application for Labyrinthopeptin A2 (EP06020980. 6),
the follow ng ri bosorral precursor was assuned in the
absence of know ed on e bios hesis: (SEQ I D NG

Comppuings of e EAgTAs DA [NSHBRIGN i 15 BOTaHBsy hes! s
of Labyrint hopeptins (see bel o&/) t he biosynthetic
precursor for conpounds of thegformula (1V) is
descri bed as follows: (SEQ I H3). The invention
also relates to a process, for preparing a conpound of
the fornula (1) accordi g HNY ¢ 1 conprising a)
fermenting the strain Actinonmagura nam bi ensi s ( DSM
6313), or one of its variantsand/or nutants, under

are @bde%bbﬁtl)ﬁﬁﬁﬁieﬂl 4By rinfh@peptinx3® nedi um until one or
nore of the conpounds of the fornmula (1) accrue(s) in
the culture nmedium b) isolating a conpound of the

5 F urtrﬁé)rr pgpélf&red )cotﬁpodﬂntahﬁ) @Lghta%@teﬂféj& Bg‘a &ﬂﬂpound of the formula (1V)

%%\u 89; 4

H
N
O 0 o) o)
S(0) R4SCH,
R3SCH, / n \CH CH,
HO H
—n* H NT N
o o o) o)
° (V)

wherein

10 Ry is H, C(O)-(C1-Ce)alkyl or C(0)-O-(C+-Ce)alkyl, and

R2 is OH, NH2, NH-(C+-Cg)-alkyl, N[(C1-Cs)-alkyl]z, NH-(C4-C4)-alkylene-phenyl or
NH-(C4-C4)-alkylene-pyridyl, and

15 Rz and R, are independently from each other H, (C1-Cg)alkyl or
(C4-C4)-alkylene-C(O)NH,.

Compounds of the formula (IV) are named Labyrinthopeptins A2.
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c) derivatizing, where appropriate, the conpound

isolated in step b) and/or, where appropriate,
w@awvaeBhg t he conpound isolated in step b) oPCT/RR2009/001982

derivative of conpound isolated in step b) into a

physi ol ogically tolerated saljf. Preferably, the

conpound isolated in step b) is characterized by

formula (I1) wherein mand n are both O, R is R' or

PrerGaBhe U Semedui o s ool B kg i, o m ana n e
bothL?Q)an‘\ rE DGR Is A% rgm ?rhrﬁ}‘rl?fseﬁ UGBkt yre{#;),eﬁréer%lamﬂn bfe both 0.
n (0] t he (0]

c) to a conpou rmul a wherein m
andnare both 0, RLis H R2is OH, andRBand R4 are

The Ig?%%?rgﬁ% ﬁ%ﬁ%@r@%&?ﬁé? gcl? E@ }?lgu NH((,% equivalents of the
coméo%@bkﬂﬁ'e fBFm(:@ld)C@cﬁ‘JrHi}‘leBQh@GrQéﬂtlbﬁ) Thede éhﬁwlale?‘rts are

he culture nediumis a natrient solution or a solid
compedndswbisit exhibib gniyta skghttchemical 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, partial hydrolytic processes esters, ethers,
acetals or amides of the compounds of the formula (l) as well as equivalents which the
skilled person can prepare using standard methods and, in addition to this, all the

optical antipodes and diastereomers and all the stereoisomeric forms.

Unless otherwise indicated, the chiral centers in the compounds of the formula (I) can
be present in the R configuration or in the S configuration. The invention relates both to
the optically pure compounds and to stereocisomeric mixtures, such as enantiomeric

mixtures and diastereomeric mixtures.

Physiologically tolerated salts of compounds of the formula (I) 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

phosphoric acid, or of carboxylic acids or sulfonic acids, such as acetic acid, citric acid,

“benzoic acid, maleic acid, fumaric acid, tartaric acid and p-toluenesulfonic acid, are

preferred, inter alia, for basic groups.

More preferred, the compounds of the formulae (1) to (IV) are characterized by the
stereochemistry as shown for a compound of the formula (V), that is a compound of

the formula (1), wherein

{A}is
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customary carbon source and at | east one nitrogen
source as well as one or nore custonmary inorganic

W@ 200082148he process according to the inventi onPCEEP1989/001982

used for fernmenting on a | aboratory scale (milliliter
to liter scale) and for fermgyting on an industria
scale (cubic nmeter scale). Suitable carbon sources for
the fernmentation are assim |l able carbohydrates and
sugar al cohols, such as gl uycose, |actose, sucrose or
D-mannitol, as well as carlohydratecontai ning natura
products, such as nalt e r yeast extract.
Exanpl es of nitrogen-con [ utrients are am no
aci ds; peptides and proteinqaand | so their breakdown
products, for exanple casein, peptones;or tryptones;
nmeat extracts; yeast extracts; gluten; ground seeds,
for exanple fromcorn, wheat, beans, soya or the

{B}isotton plant; distillation residues from producing

al cohol ; nmeat neals; yeast extracts; anmonium salts;
nitrates. Preference is giv o the nitrogen source
bei ng one or nore peptide(s) i ch has/ have been
obt ai ned synt hetically or—bNos tically. Exanples
of inorganic salts are chlorides, carbonates, sulfates
or phosphates of the alkali netals, sthe al kaline earth
nmetals, iron, zinc, cobalt and nanganese. Exanpl es of
trace elenments are cobalt and nmanganese.

{C}is
__NH
| {EZ‘I N
N N N N N |
Ho HE HE o Ho H .
R1iS
o)
OH
R,'HN
o)

wherein Ry’ is H;

Rza
R3a
S-S;

re H;

nd R4 together with the S atoms to which they are attached form a disulfide group

Rsis H,
Re is OH; and

m and n are 0:



Condi ti ons which are especially suitable for formng
t he Labyrinthopeptins according to the invention are
w@goobaril4esns: from 0.05 to 5% preferably from BCI/EP2909/001982

2.5% vyeast extract; fromO0.2 to 5.0% preferably from
0.1 to 2% casitone; fromO. qélzto 1.0% preferably
fromO0.05 to 0.5% Cad 2 x 2 O from0.02 to 1.5%
preferably from0.05 to 0.7% MSO x 7 H20 and from

0. 00001%to 0.001% cyanocobal am n. The percent age

val ues which are given are i Hé‘ach case b 8 n the
wei ght of the total nutriedAt sol ution,
' [ [ _ [ that

m croorganismis culture
exanpl e, subnerged whi l

shaking fla§ks or fer n solid [

wher e appy at e ge s b

in. The m crgkrga H
range of fidm ESC@ ﬁre e abl i atl N
about 20 to 328 in partl cular at Trom27 to 300 Theo

pH ranges
betweepr 6.5 and 7. 5. Thg mcroorganlsmls general y

cult ﬁ ¢ under—these co fperiod of f 2
ays, preferably of from7 o [i68 hours. The
rhzér oorganismis advant ageously

stéps, i} e. one e prellmn\r
|n|thall repare a liquid ny
ol 12 P! g A, A ;
N N N N
NI Wl/\ —n/\ —rr —n/\

3\
]

T
N
i ()

WO

llll

'W‘ ‘ﬂ/(J\Lm/\N_"/\N—"/\N‘n/\N TR0 18 1]

A further embodiment of the present invention is a compound of the formula (|),

characterized by the formula (VII)



cul tures then being inoculated into the actual
production nmedium i.e. the main culture,for exanple

WO p009/1283 0 by volume of from 1:10 to 1:100. TPEI/EP2009/001982

prelimnary culture is obtained, for exanple, by
inoculating the strain, in the form of vegetative

cells or spores, into a nutrlent sol ution and al |l ow ng

it to grow for fromabout 20 to 120 hours, preferably
for from48 to 96 hours. Vegetative cells and/or
spores can be obtained, for
strain to grow for froma
for from4 to 10 days,
substrate, for exanple
Labyri nt hopeptin deri
purified fromthe c
and taki ng accoun
bi ol ogi cal pro
was used to test the concentrations of "the respectlve
Labyr i nshepeptin—deri-vatres—na—the—et-ture—reasum or

in the/individual isolation steps, with the quant\ty
of th&, suhstaree—formed expedienty—heing conpare

W tHh a<dalibration solution. Foy e|§olat|on t he

are

preferably by formula (VIII)

I
N
/m
0
I
N

I
N
s ()

III"

¥wing the
,?My

trient ~CHy

toe |rzg an *or anEc scl vent
E'B ﬂ@g aB Tl G N
09 or"g‘;an c Gol vezmt E)C&ﬁf)" fOor'dami ¢’ vl vemts' ' O

HO\'/__H/(J\L\H/\N_H/\N_H/\N_H/\ ‘ o uﬂ_o(

Vi),

(Vil),

wherein the formulae (V) and (V1) refer to Labyrinthopeptin A3, and the formulae (VII)

and (V1) refer to Labyrinthopeptin A1.
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met hanol and 2-propanol. The organi c sol vent phase
contains the natural substances according to the

WO pagenLi4eh; it is concentrated, where appropri BEHEP10A9/001982
vacuo and subjected to further purification. The
further purification of one qy nore conpounds
according to the invention is effected by
chronatography on suitable materials, preferably, for

For gﬁ?ﬁﬁj Lﬁlﬂag%tgngéa%% 8 Siegeggvﬁé’ 2 S#g}liegpﬁeg%ﬁgrg%tion the peptide
residi L%%o nare"(’forﬂt@ﬁ%@“r%f&% Jﬁgﬁ‘ﬁ?ébéﬂi?%}ecumbl% from ribosomal peptide

togra IS used to separate t
synthesig.r T me hlpﬂnapalphadimbwtuteéamlmh acidsbinrresidbepdpand 13 are without

prechibhs eSS B RS ARAE SR BELSGPBeq B3] Ser resioue
whe@HheXy@Roxd gtelip bt ﬂfésbetMﬁdéiFﬁls(gub%ﬂt!ﬂ@@lSaé)éh&hﬂ pRidw for the
sol uti‘ons "are understood as being all water-mscible

compeyrds of thelfoanulae (H) endr(Hbl y net hanol , 2-propanol or
acetonitrile, at a concentration offrom5 to 99%
organi c solvent, preferably fromb5 to 50% organic

R,-ARLSERRsn- AR S&L\%i-T?d Giboys: @j?sﬁgeraFWWSeIS'n'Iplﬂdl-PFtSPMélﬂ'ﬁrhCys-Cys R,

Tare|m sc th organ c olvent buffers whi ch
are be us 1:0) & speC| f| 8(50),, l
Labyri nt hopeptin deri vat | v gr,Separ ated, on the R,S

basis of their differing pol ariti‘es, by nmeans of
(SEéqmq\qéeqi)_phase chromat ogr aphy, for exanpl e on M

In a preceding European patent application for Labyrinthopeptin A2 (EP06020980.6),
the following ribosomal precursor was assumed in the absence of knowledge on the

biosynthesis:

H,N-Ala-Asp-Trp-Ala-Leu-Trp-Glu-Ala-Cys-Ala-Thr-Gly-Ala-Leu-Phe-Ala-Ala-Cys-OH

S-S

(SEQ ID NO: 2).

On the basis of new insights in the biosynthesis of Labyrinthopeptins (see below), the

biosynthetic precursor for compounds of the formula (IV) is described as follows:

R1-HN-Ser-Asp-Trp-Ser-Leu-Trp-Glu-Cys-Cys-Ser-Thr—GIy-Ser—Leu-Phe-Ala-CTs—Cys-R2

‘S(O),y | |i/ S(0),, 'I
SR R,S

4 3

(SEQ ID NO: 3).

The invention also relates to a process for preparing a compound of the formula (1)
according to claim 1 comprising ,
a) fermenting the strain Actinomadura namibiensis (DSM 6313), or one of its variants
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(adsorber resin, Mtsubishi, Japan) or Anberlite XAD
(TOSOHAAS), or on ot her hydrophobic materials, for
wewaptesdbn RP-8 or RP-1 8 phases. | n additi onPCT/ER2009/001982

separation can be effected by neans of nornmal - phase
chromat ography, for exanple qg silica gel, alum num
oxi de and the |ike. Buffered, basic or acidified
aqueous sol utions are understood as being, for

wat er hgstglhate uffer a ni um.acet

a

fe an
2B ormatants ides BURREIG foBrtions bia GHEs meigreuy og8 br more of
the t;brr@%uhes )] %@girﬁm@pﬁbb&u@gé)qn thé bﬁltl&#‘éﬁ%@ﬁﬁﬁ c
acid, anmonia and trie commercial |y
b) |snlamngabloenmnm cfribe lﬁwrmslal(hdmmtthe t:h&urel«nledwn JAhton,
preferably at a concentration of to 1% |n e _case
o) Brvpfiiner S AryBeneh Uik sRBrdyniisaidieninsidh by 8rERT where
apPrébrits, é&\lénlng%r@mﬁpam\@fs%uﬁba in S Em:wﬁetd&rvanw of
can be carried out using a gradient which began with
coonrrundt isplatadinestee &) witora ploysielogigaly tolerdted salt. t he
chr omat ography was preferably run with a |inear
gradient of from5 to 95% acetonitrile. Aternatively,
Prefétablys thé sompoundibslated inaitey bgig clrargélerizbt GyefongurRpiYy wherein m
or chromat ography on hydrophobi ¢ phases. The gel
and BW@M*&)Qr aphy can e.g. be carried out on

R, isP bo% %@n?ieogglds or copolynmer gels. The sequence of
O
OH
R, HN
0]

wherein Ry’ is H, and
R, is OH.

Further preferred, the compound isolated in step b) is Labyrinthopeptin A2 which
subsequently derivatized in step c) to a compound of the formula (V) wherein

m and n are both 0,

Ry is H,

R is OH, and

Rs and R4 are independently of each other H, (C1-Cs)alkyl, (C1-Cg)alkylene-C(O)NH,,
(C1-Cs)alkylene-C(O)NH(C-Cs)alkyl or (C1-Ceg)alkylene-C(O)N[(C+-Cs)alkyl]>.

The culture medium is a nutrient solution or a solid medium containing at least one
customary carbon source and at least one nitrogen source as well as one or more

customary inorganic salts.

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

scale).
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chr omat ogr aphi ¢ steps can be reversed. I|nsofar as

Labyri nt hopeptins are present as stereoi soners, they
we@awohei48epar at ed usi ng known net hods, for exaPgi/BP1999/001982

means of separation using a chiral colum. The

derivatization of the OH groug to an ester or ether

derivative is effected using nethods which are known

per se (J. March, Advanced Organic Chem stry, John

Wl ey& Sons, 4th edition, 1992), for exanple by neans

of reaction with an acid anhydride or by reaction wth

SuitdeHarBbif ¥bu ks Fontefefhefitatdnkate fsdirhitdle carbohydrates and sugar
Derivatization of the COOH group to an ester or amd

alcobelsi sueh ae glucases lastese, ssicrapenet Baoannital cas wed asrarhohydrate-

okl 8, SIS SIS0 . PR
nitrogentctainig mittiBngnarerdirainoadide gepsiaes tandepretd®and also their

roup, or wth an optionally activated al kyl conpound
breakgdowRerrpdypisc fanaxagime Icagsine peptofiegAritoptenes; meat extracts; yeast

exteat50Iles) Sro UBes, Toferpe bty nBat Begns, sgya or the
cottérnplaneistillation residyes fitoine pegducinglalcolial, nveattmeals ygeast extracts;
or air. Reduction_ of disulfides, optignally followed
ammgnigmsalis; Nirates. Riederente &t BiYS toithe pitragiertspuiics Bging one or
orB D i AL S0 teehi el by AREIFEr LiRShiEaly
Exampldshefdngigapiosalts are ¢hlotidés)ssarbonates, sulfates or phosphates of the

etk ethEelavefabes epinararl. 1ol efGstorrhaRs meridpese. Examples of

trace elements are cobalt and manganese.

Conditions which are especially suitable for forming the Labyrinthopeptins according to
the invention are as follows: from 0.05 to 5%, preferably from 0.1 to 2.5%, yeast

extract; from 0.2 to 5.0%, preferably from 0.1 to 2%, casitone; from 0.02 to 1.0%,
preferably from 0.05 to 0.5%, CaCla x 2 H20; from 0.02 to 1.5%, preferably from 0.05

to 0.7%, MgS0O4 x 7 H20 and from 0.00001% to 0.001% cyanocobalamin. The

percentage values which are given are in each case based on the weight of the total

nutrient solution.

The microorganism is cultured aerobically, that is, for example, submerged while being
shaken or stirred in shaking flasks or fermenters, or on solid medium, where
appropriate while air or oxygen is being passed in. The microorganism can be cultured
in a temperature range of from about 18 to 35°C, preferably at from about 20 to 32°C,
in particular at from 27 to 30°C. The pH range should be between 4 and 10, preferably
between 6.5 and 7.5. The microorganism is generally cultured under these conditions
for a period of from 2 to 10 days, preferably of from 72 to 168 hours. The micro-
organism is advantageously cultured in several steps, i.e. one or more preliminary
cultures are initially prepared in a liquid nutrient medium, with these preliminary

cultures then being inoculated into the actual production medium, i.e. the main culture,
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Springer, Berlin, 1986, pp. 244-255), for exanple the

reduction by neans of dithiothreitol, and the
W@RMWYN2at48bN usi ng al kyl i odides. Sul fide reduckCHEP1009/601982

conmpound of the forrmula (1) wherein R3 and R4 are H,

(Cr Co)alkyl, (C-C6)alkyleng-C(ONH 2, (G-C

6) al kyl ene-C(O NH(C 1-C4)al kyl or (G -C

6) al kyl ene-C( O N[ (Ci -C 4)al kyI ]2 can be achi eved by

o el R ol ol SRS RSB e s
h
T G 1 MG AI AL t i

sporgs, it ageitriertSolt®Nadnd bkowing(iCIONHO® fprma)mlabyut 20 to 120 hours,

prefefBbBaRE oG 4810 NP Yageiplun oLy Sndiogsibiss.gan Be bBained, for
exarhple?8¢ Allbwirly the! strdh t@grdw forrforsdiciit 4 t8f15 #8ys, preferably for from

m cr oor gani sm strai n ACti nomadura nam bi ensi s was

4 to 40 sty ed amsplidcwdigsid pariept swhstiate, focexample yeasteagar.
identification reference FH A 1198 in the Deutsche
Samm ung von M kroorgani snen und Zel | kul turen [ Ger man

The E@bkgﬁlhbpép’mf dbfivathesgrin Serisotdated Geidl plﬁﬂieﬁur@ﬁ]thﬁa‘blture medium
Mascher oder V\ég 1B (as of 2008: Inhoffenstr,

US'”QB}(HOB’SIEQTW&[?{E@C aaceaingghife ¢heraicabmhypical and h'ologlcal
propieﬁges; %’f:tﬁé n%ftufahglrj]%{gﬁeﬁm %%q;&é’wgéh &e@@thé@&#éﬁ@%ﬁbns of the

oW ng nu croorganism s
respéctivenbatgrinthopeptinodemsitives sn the tiluredesdiurbedinithe \Mdikidual
t al. i
isola%on%tepsl, r\]/vith the quantity of the substance formed expediently being compared

with a calibration solution.

For the isolation, the culture broth or the culture together with the solid medium is
optionally lyophilized, and the Labyrinthopeptin derivatives are extracted from the
lyophilizate using an organic solvent or a mixture of water and an organic solvent,
preferably containing 50-90% organic solvent. Examples of organic solvents are
methanol and 2-propanol. The organic solvent phase contains the natural substances
according to the invention; it is concentrated, where appropriate, in vacuo and

subjected to further purification.

The further purification of one or more compounds according to the invention is
effected by chromatography on suitable materials, preferably, for example, on
molecular sieves, on silica gel, on aluminum oxide, on ion exchangers or on adsorber
resins or on reversed phases (RPs). This chromatography is used to separate the
Labyrinthopeptin derivatives. The Labyrinthopeptin derivatives are chromatographed
using buffered, basic or acidified aqueous solutions or mixtures of aqueous and

organic solutions.

Mixtures of aqueous or organic solutions are understood as being all water-miscible

organic solvents, preferably methanol, 2-propanol or acetonitrile, at a concentration of
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I nternational Journal of Systematic and Evol utionary

M crobi ol ogy 2003, 53, 721-724.lnstead of the strain
WOopMDEBIur a nam bi ensis (DSM 6313), it is al BGI/EP2009/001982

possible to use its nutants and/or variants which

synt hesi ze one or nore of thggconpounds according to

the invention. A nutant is a mcroorganismin which

one or nore genes in the genonE has/ have been

d, with the gen n which i /are
fromrggbéé‘& dyoenicGroNL. BisTeral P 55 5P sk idant ks uaEelse al
buffér@@ ?%@IL@B%WMBH ar® dl&ﬂbléWFﬁ'i‘bfgﬁhlé §l‘3ﬁ/lel‘1t§1 The buffers which
functi ona heritabl e. Such nutants can

are tprimlusetiare thessare@ @derspecdied aglmvese, usi ng phyS| cal
means, for exanple irradiation, as with ultraviol et
rays or X-rays, or chem cal nutagens, such as ethyl

The @b?ﬁﬂﬁéﬁéﬁﬁ?ﬂébﬁvét%)are separated, on the ba3|s of their differing
hydr oxy- 4- met hoxybenzophenone ( MOB

polauuenatbtyyneans of teversedphase @bmat@gmtwfmxar@plew MCI

(aas§fi sy GaNeHEISRE SeBhoT bt Adharfle AR TEI506A4%), apgy other

hydrﬂ:ﬁ@ﬂilbaﬂétehalsafdﬂ‘eﬁwhﬁMQQ)nORPt81Gr RIFC 8 phgaes Smaddition, the
croorgani snms have the ability to adapt to their

sepasation sm@memd 2} mm%ofémmmlwhaﬁgmwora@mra@@d for example
on SR B, Afitm o A el o phenotypic.

adaptation, with the nature of the change not bei ng
Buﬁgregehgglglolr aC|d0Pedé Eaaggglﬁjs gglgtlgr% 2 e {Jre1 ers ooJ 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, trifluoroacetic acid, ammonia and
triethylamine, or all commercially available acids and bases known to the skilled
person, preferably at a concentration of up to 1%. In the case of buffered aqueous

solutions, particular preference is given to 0.1% ammonium acetate.

The chromatography can be carried out using a gradient which began with 100% water
and ended with 100% organic solvent; the chromatography was preferably run with a

linear gradient of from 5 to 95% acetonitrile.

Alternatively, it is also possible to carry out a gel chromatography or chromatography
on hydrophobic phases. The gel chromatography can e.g. be carried out on
polyacrylamide gels or copolymer gels. The sequence of the abovementioned

chromatographic steps can be reversed.

Insofar as Labyrinthopeptins are present as stereoisomers, they can be separated

using known methods, for example by means of separation using a chiral column.

The derivatization of the OH group to an ester or ether derivative is effected using

methods which are known per se (J. March, Advanced Organic Chemistry, John Wiley
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under altered conditions (H Stolp, Mcrobial ecol ogy:

organi sm habitats, activities. Canbridge University
woer@ss214€nnbri dge, GB, page 180, 1988). ScreenbP@hHEP29N9/001982

mut ants and/ or variants which synthesize one or nore

of the conpounds according tqgthe invention is

achi eved by optionally |yophi I9| zing the fernentation

nmedi um and extracting the | yophl lizate or the

fer tlon t anc olvent aor a_ . .
& S AT ETUPTWSA). HhIEXA R G HEats o} Actan vilh fnagid anhydride or
by réHRA¥A wan‘ n "E‘J‘i‘%h??ﬁbé‘l%o‘?ﬁété“@?ﬂ?alﬂ/l te. Perhltiz8fioRbf the COOH

testing t gical activity. The fernmentation
groupdadin éstasonamid derypgtiviedd effectent umogmiehadszwhlm eresklsown per se

- MaieheAdvartnsdtiraatic Fehsty btn ik s 8ons A Edifar 1992, for
exarﬁgleaoyﬁﬁl%ﬁgréﬁ r&Actidnewiti® aiftthéhib)to tRS rékgiddhiod @@N}‘E grf)@;ﬁ or with

e treatnent of bacterial infections, especial &%/
an optienallyi agtivatgdealkyleampaurd tb the r@saﬁctp@alkvl&stea xidation of

oL LRI RLEEECH Lo Bt | B SOEHESANEASL Sl LA b achivea

upon éfgb@dﬁ@tﬁé bespeces Léﬁymhﬁpeﬂ'Md@b@/tﬁled@&Q(ygbﬂd)r air. Reduction

icament (also referred to as pharnaceuti cal

of dipuiides.antenally folleaadly athytaélpncqu&h FAYPE.JRehiestedhusing
metFESEHEH B8 TPy 8 L 3900085, ARERAWTI B bl csigues
disulfitie dnidges camd s bifmgdral groapssn proteimg, inaB. WVittomarm-Liebold, J.

Sal pl{%fi(%() Iggr?alrlx YEés 5 Adv %ln%eg(’?\/lethgas ?’rrrtl)t%?rl Mi Cl‘é'sé’é"ﬂ:eeﬁée Analysis,
Springer, Berlin, 1986, pp. 244—-255), for example the reduction by means of
dithiothreitol, and the alkylation using alkyl iodides. Sulfide reduction to a compound of
the formula (I) wherein Rz and R4 are H, (C4-Cg)alkyl, (C1-Cg)alkylene-C(O)NH,,
(C1-Cp)alkylene-C(O)NH(C4-Cy)alkyl or (C4-Ce)alkylene-C(O)N[(C1-Cs)alkyl], can be
achieved by reacting a compound of the formula (I) wherein R3 and R4 form a disulfide
group S-S together with the S atoms to which they are attached with an (C4-Cg)alkyl-
halogenide or halogen-(C1-Cg)alkylene-C(O)NH,, halogen-
(C4-Cp)alkylene-C(O)NH(C1-C4)alkyl or halogen-(C-Cg)alkylene-C(O)N[(C1-Cs)alkyl]2
in the presence of dithiothreitol (general literature). Halogen is F, CI, Broor I.

An isolate of the microorganism strain Actinomadura namibiensis was deposited by
Hoechst AG, Frankfurt, Germany, under identification reference FH-A 1198 in the
Deutsche Sammlung von Mikroorganismen und Zellkulturen [German Collection of
Microorganisms and Cell Cultures] GmbH (DSMZ), Mascheroder Weg 1B (as of 2008:
Inhoffenstr. 7 B), 38124 Braunschweig, Germany, in accordance with the rules of the
Budapest treaty, on 23.01.1991 under the following number: DSM 6313.
Microorganism strain Actinomadura namibiensis is further described by Wink et al. in

International Journal of Systematic and Evolutionary Microbiology 2003, 53, 721-724.
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descri bed above, and at |east one pharnmaceutically
acceptable carrier, preferably one or nore

WekwpHRieelt i cal | y acceptabl e carrier substanceBCT/BP2009/001982
vehi cl es) and/or additives (or excipients). The
medi canent can be administereg orally, for exanple in
the formof pills, tablets, |lacquered tablets, coated
tabl ets, granules, hard and soft gel ati ne capsul es,

i s RGeS S TOSDE RSB, e SRSl to use

its nﬂ}t'ént‘s%‘?fd%rl Varian® which®)rithé$izé BRel @b of the compounds according
uppositories, or parenterally, for exanple

to thennv&nt@mousl y, intranmuscul arly or subcutaneously, in
the formof injection solutions or infusion solutions,
m crocapsul es, inplants or rods, or percutaneously or

A mbtapt 524 hMcroB?t%arﬁ%rﬂﬂﬁ'vmtﬁ‘ oh@fbrfn%r@ $Ened iRttAB ePome has/have
solutions or tinctures, or in other ways, for exa

| e
been madified, ayith tbe gﬁyeogmlge gengsywinich gﬁ/g;ﬁgrespﬁgsmle formhe ability of

B L e

and hBatabld., pharnmaceutically acceptable inert inorganic
and/ or organic carrier substances and/or additives
being used in addition to the conpound(s) of the

Such ?ﬁd?yll\@ dd)béd Eh&f‘%eat ﬁ{gﬂ%}ﬁ{gr%lomfnoﬁép sl sﬂldTbﬁ();s%aq means, for
of any stereochemcal forns In any rat

examplesrratiagionpds withallraibled rays or Xrragbeon cdualmleqmwsagmts, such as

ethy} %%Eheaogésuﬁgnate (EMS); 2-hydroxy-4-methoxybenzophenone (MOB) or

N-methyl-N’-nitro-N-nitrosoguanidine (MNNG), or as described by Brock et al. in

“Biology of Microorganisms”, Prentice Hall, pages 238-247 (1984).

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 cells of the microorganism are involved in the phenotypic adaptation,
with the nature of the change not being genetically conditioned and being reversible
under altered conditions (H. Stolp, Microbial ecology: organism, habitats, activities.
Cambridge University Press, Cambridge, GB, page 180, 1988).

Screening for mutants and/or variants which synthesize one or more of the compounds
according to the invention is achieved by optionally lyophilizing the fermentation
medium and extracting the lyophilizate or the fermentation broth with an organic
solvent or a mixture of water and an organic solvent as defined above, and analyzing

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

The fermentation conditions may be applied to Actinomadura namibiensis (DSM 6313)

and for mutants and/or variants thereof.

A further embodiment of the present invention is the use of a compound of the formula
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descri bed above. For the production of pills, tablets,
coated tablets and hard gelatine capsules it is
wWeoweipl4e3 t o use, for exanple, |actose, corn sPEFEP2009/001982

derivatives thereof, talc, stearic acid or its salts,
etc. Carrier substances for 3qft gel ati ne capsul es and
suppositories are, for exanple, fats, waxes, sem solid
and l'iquid polyols, natural or hardened oils, etc.

ducti on of

bl e carr r.s anc for, the
(), 23 fiRaraE, o7 g HBRUARRT Bt bFdaHGrBEREHE by bacterial
mfecﬁi“o’ﬂls.%a@@éd ‘b?{ @wm%sawe bafc%néﬂ@ﬂﬁeetreé‘tﬁfe?ﬂ of viral infections and/or
sal i ne, al co ycerol, polyols, sucrose, invert

for trs@gaatmgmww Qﬁ@@@!ailul@ttﬁw%t icepain oinflasematenitrigeered pain.
substances for m crocapsules, inplants or rods are,
for exanple, copolyners of glycolic acid and lactic

The abbde dEBErifdwRmMBRICIthet(alsd Rfeied toas phéfrﬁébé%@?t@diatlon or
about 0.5 to about 90 % by wei ght of a conpound o

phamagautisal gompesitien) eadainsanaffeqtivgiarapynt %@ééﬁﬁﬁsémn@ compound of
t

tne EFLURMLH Sty SIREORRE AL B8 AR oy flERhpHfcal foms i

any Fatiomor arphaysmlaglualej tolerable sdleoechdmitateaduivalems th'enreahyas

rati i ol ogi c tolergple salt or chemc
descslper ARt SR It e RRASACBUAN RS SPIabIE Rafmer, preterably one
or m@?éjbﬁéﬁﬁé‘éétﬁgﬂfﬁ%é ptabld éé}ﬁbﬁgﬁlgétaﬂcés gd? vahRuds) dHflor additives
prefera romabout 1 to a ng. In
(orea(dqixlentsh to the active ingredients of the fornula (1)
in any stereochemcal form or a m xture of any
stereochem cal fornms in any ratio, or a

The PABGIEShESE &1 by adRliRisBIE] oFally, f& example in the form of pills, tablets,
lacquered tablets, coated tablets, granules, hard and soft gelatine capsules, solutions,
syrups, emulsions, suspensions or aerosol mixtures. Administration, however, can also
be carried out rectally, for example in the form of suppositories, or parenterally, for
example intravenously, intramuscularly or subcutaneously, in the form of injection
solutions or infusion solutions, microcapsules, implants or rods, or percutaneously or
topically, for example in the form of ointments, solutions or tinctures, or in other ways,

for example in the form of aerosols or nasal sprays.

The medicaments according to the invention are prepared in a manner known per se
and familiar to one skilled in the art, pharmaceutically acceptable inert inorganic and/or
organic carrier substances and/or additives being used in addition to the compound(s)
of the formula (I) in any stereochemical form, or a mixture of any stereochemical forms
in any ratio, or a physiologically tolerable salt or chemical equivalent thereof, as
described above. For the production of pills, tablets, coated tablets and hard gelatine
capsules it is possible to use, for example, lactose, corn starch or derivatives thereof,
talc, stearic acid or its salts, etc. Carrier substances for soft gelatine capsules and
suppositories are, for example, fats, waxes, semisolid and liquid polyols, natural or
hardened oils, etc. Suitable carrier substances for the production of solutions, for

example injection solutions, or of emulsions or syrups are, for example, water, saline,
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chem cal equival ent thereof, as described above, and

to carrier substances, the pharmaceutical preparations
W@ 20098218381 n one or nore additives such as, foPCT/EP2009/001982

exanple, fillers, disintegrants, binders, |ubricants,

wetting agents, stabilizers, semulsifiers,

preservatives, sweeteners, colorants, flavorings,

aromati zers, thickeners di l uents, buffer substances,

sol u zers achi evin

d .
alcofifee G oSiok ey S bSe: RESH sbond mufisen veltishie R etc. Suitable

carr@P%bé@né@@fBr&ni@Foc@ﬁsM@é‘ #Aplapts Jhﬁjdsfeﬂ@ ﬁirsé%aﬁ%lé atdpolymers of
two or nore conpounds of the formula (1)

glyceliccacid @ndniaetic a¢idr fhe phasmaceuticad poepa;rayons normally contain about

0.5 Gl EPRoReSfvs oRE PEp BBl fbiPe sHlmia ) anglovtein

physﬁchag@aﬂy atbetabR salhaidyBemidin sradruyse mhreaém@umcmhéla@ﬁve
two or nore conpounds of the formula (1), the

ingreghiericafithea f@mwlﬁél)un@.nvm%rﬁocb@m feren,crd |Ebriueg olany
f
steregcﬁ?'n%r'rﬁdééluf?}’rﬁg m Lang B%tﬁd;?o‘?g %ggbgi&éﬁ%rcg&agﬂ%%ﬁ P)r/ chemical

equm@lteﬁhthewofpau miésmnlbéu abserihdhe theditarments n@aiallgris frayn about 0.5
be conbi ned wi th i’;\ | ong- actin nt?)tcon'pound of | ower

to about 4000 mgpreferab Yofrq’mta}b%’ér 3hqut wOPMgespect to the

choi ce of substituents in the conpounds of the formula
(1) allows a great deal of control over the biol ogical
In amﬁﬁbrptwﬁ;iemtimeingrmﬂiems @pm& faemutd (1) heanpetemmmf&araindl form, or a
all ows the sel ef%:) on of such desire

mlxtlfgrgrqff?eqyngpéeoqqqnaaﬂ mgs i gnyfatiy @ physuologngﬁy {]oqerable salt or

chemical equivalent thereof, as described above, and to carrier substances, the
pharmaceutical preparations can contain one or more additives such as, for example,
fillers, disintegrants, binders, lubricants, wetting agents, stabilizers, emulsifiers,
preservatives, sweeteners, colorants, flavorings, aromatizers, thickeners, diluents,
buffer substances, solvents, solubilizers, agents for achieving a depot effect, salts for
altering the osmotic pressure, coating agents or antioxidants. They can also contain
two or more compounds of the formula (I) in any stereochemical form, or a mixture of
any stereochemical forms in any ratio, or a physiologically tolerable salt or chemical
equivalent thereof. In case a pharmaceutical preparation contains two or more
compounds of the formula (1), the selection of the individual compounds can aim at a
specific overall pharmacological profile of the pharmaceutical preparation. For
example, a highly potent compound with a shorter duration of action may be combined
with a long-acting compound of lower potency. The flexibility permitted with respect to
the choice of substituents in the compounds of the formula (I) allows a great deal of
control over the biological and physico-chemical properties of the compounds and thus
allows the selection of such desired compounds. Furthermore, in addition to at least
one compound of the formula (I), the pharmaceutical preparations can also contain

one or more other therapeutically or prophylactically active ingredients.

When using the compounds of the formula (1) the dose can vary within wide limits and,
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one conpound of the formula (1), the pharmaceuti cal
preparations can al so contain one or nore other

WQ bwpapasi i cal ly or prophylactically active  PCI/EP2009/001982
i ngredi ents. Wen using the conmpounds of the fornula
(1) the dose can vary withinogide limts and,as is
customary and is known to the physician, is to be
suited to the indi vi dual conditions in each individual

[t depends on .t he

as iscgrinAl SR RSiw S i Eaican OB h Be.S0ER bl fginqiygual
condi'trcﬁ%ﬂﬁ%atdh |H§|v¥dtﬁfﬂb8§’e IPBeEQﬁdémglee?é‘rﬁpleh%n&ﬁé%ﬁébiﬁc‘lfompound
adm ni strati on, an acute or chronic

employedi on #he nature @@ﬂ@ﬁVGrltyAnfeﬂWﬁedIS@SﬂoﬂWb%\i(EQtGds oodheiregde and

e bRy RREPRREE AL5RORR BRFAEARER s veate

or wB&Rer propHylxisiRi tatrid@witf An apploRidte dobage @8R ibeegktablished using
results in an adult weighi ng about 75 kg is from about

cliniga! @ppfqacéw@élwelhlgmvn@;m@e medicat apl I gengfahie dagy dose for

achléi\aﬂ%r){%&r?é&‘ 9esd| dg%@ééoﬁ}ﬂ @é.g%é%%&gﬁ%g% 3/3 frAngnS%?:;Lh 0.01 to

aboutn®@0daglky, dca‘eraﬂﬂylfrbm dbautd®d to iabopaSOimgykgr ini partibglar from about
case of the admnistratiqon of relatively

0.1 tGABGHE 40 TGS, B FEFAICASP O MEBBREKGORDOW WG, Thg gy dose can
be d o”'nr?héﬂfch%ﬂsin tHS cHS8'BF theP SRRMY thleo?\”of‘ r@%t‘(lb%g@} e amounts,

avi o I't may be necessary to deviate upwar
into s@mabf@seﬁampietﬂa@ ar4 | partiadministiattaatse ds lEscmlmclepeItdmg on
indivﬁ{é%ﬁ) E{a@%'glggr @ %%%lsééjrﬁo%few ‘fe uBSV%?Q downwards from the

daily dose indicated.
Example 1: Preparation of a cryoculture of Actinomadura namibiensis (DSM 6313)

100 ml culture medium (10 g starch, 2 g yeast extract, 10 g glucose, 10 g glycerine,
2.5 g cornsteep powder, 2 g peptone, 1 g NaCl, 3g CaCOs; in 1 | tap water, pH 7.2
before sterilization) were seeded with the strain Actinomadura namibiensis (DSM
6313) in a sterile 500 ml Erlenmeyer flask and incubated for 72 hours at 27°C and 120
rem on a shaker. Subsequently, 1 ml of the culture and 1 ml sterile conservation
solution (20 g glycerine, 10 g saccharose, 70 ml de-ionised water) were mixed and
stored at —80°C. Alternatively, small pieces of a well-grown culture on agar were
transferred into Cryotubes® (Vangard International) with 1.5 ml 560% sterile glycerine

solution and stored at -196°C in liquid nitrogen.
Example 2: Preparation of Labyrinthopeptins

A sterile 500 ml Erlenmeyer flask containing 100 ml of the culture medium described in
Example 1 was seeded with a culture of Actinomadura namibiensis (DSM 6313) which
was grown on an agar plate and was incubated at 27°C and 120 rom on a shaker.

After 72 hours, further Erlenmeyer flasks containing the same culture medium in the
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100 M culture medium (10 g starch, 2 g yeast extract,

10 g glucose, 10 g glycerine, 2.5 g cornsteep powder,
wQ2@opzsdbne, 1 g NaCl, 3g CaC33 in 1 | tap waRE&FEPI9PP/001982

7.2 before sterilization) were seeded with the strain

Actinomadura nami biensis (DSKH;6313) in a sterile 500

m Erlenneyer flask and incubated for 72 hours at 27C

and 120 rpm on a shaker. Subsequently, 1 m of the

samg aalint vibre seefied Julf2rdl IR prire e 87r8 apdacdiadd under
identi&| %oﬁh?f‘%ﬁs%‘m@é AHEAS. Nlten‘%}n/éﬁ 2801 Erleveier $8Bk lcontaining
pi eces of a well-grown cul ture on agar were
100 mi ahifeccultive inmediudr gesaribed(in)Exaupig dr was seeded wittnacylture of
red

Actirfymeddga oL (DS SHURT EnaRge A 2 2R TTBRR. Afer 72

hour8{ fuFhRY E'rl@h P\‘Ib@l@s Costaftihg the94mel cﬁh?@ﬁ@éﬁ(ﬁh if t1is Kame
cont ai ni ng of the culture nedium described in

amomte\wpt@sqecwaiswgleédabowmwp@ -eulfurgreachranstincrbatedunder identical
M 631 3) which was grown on an agar

Cond&%swogﬁéémgﬁncubat ed at 27C and 120 rpmon a

shaker. After 72 hours, further Erlenmeyer flasks

cont a| ni ng the sane cul ture nediumin thesame anount
Exampglec3 e extraghionf Lighysntopepting ur e each and

|ncubated under identical conditions for 168 hours.

Alternatively, a 300 ml Erlenneyer flask containing
After]xﬁﬁnplletioh of he40:b4fennmemtatidm ofmAdésamiablech hamibienss ¢€DSM 6313) the

culture %roﬂeﬁ\as een ﬂtereg UJI'he culturfe filtrate (ca. 30 L) has been loaded onto a
column (dimension: 160 x 200 mm) filled ca. 3 L of CHP-20P material. Compounds
were eluted at a flow rate of 250 ml/min using a gradient from 5% to 95% of
isopropanol in water. Fractions have been collected every 4 min over a period of 45
min. Fractions containing the Labyrinthopeptins have been pooled and freeze-dried
(Fraction 8: MW = 2190 Da; Fraction 9: MW = 2190 and 2074 Da; Fraction 10-12: MW
= 2074 Da).

Example 4: Pre-purification of Labyrinthopeptin A1 using RP-18 Chromatography

Fraction 10-12 (670 mg) from Example 3 has been dissolved in 500 ml methanol and
loaded onto a Phenomenex Luna® 10y C18 (2) column (dimension: 50 mm x 250 mm)
with a Phenomenex Luna® 10y C18 (2) pre-column (dimension: 21.2 mm x 60 mm).
Compounds were eluted with a gradient from 5% to 75% acetonitrile in water over a
period of 40 min at a flow rate of 190 ml/min (buffer: 0.1 % ammonium acetate, pH 9.0,
adjusted using a 30% aqueous ammonia solution). Fractions were collected every
minute. Fractions 21-22 contained the desired Labyrinthopeptin (MW = 2074 Da). After

freeze-drying, 322 mg crude product was obtained.

Example 5: Final purification of Labyrinthopeptin A1
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Acti nomadura nam bi ensis (DSM 6313) and i ncubated at
250C and 180 rpm After 72 hours, further Erlenneyer

WO pgiB148bnt ai ni ng the sane cul ture nedi um i n PEHEBWA%001982
anmount were seeded with 5 m of this pre-culture each
and incubated under identicakhsconditions for 168
hours. Exanple 3: Solid phase extraction of
Labyri nt hopeptins After conpletion of a 40

Frackinb 2 PR A R B S350 35 Rbinanol and
load&d lbhtdh PHGRME X U spechs (PRAkd @Nifn3dHEAEIBh: 30 mm x 100
(di mension: 160 x 200 filled ca. 3 L of CHP-20P

mm)rwitheaiVilatereXfissa® Prep MS €18t Hp pre-eolunmw(dimession: 28 10 mm).

m /m,n using .a.gradient fr 5% % of | sopr opan
CompiLf ayete huBa it RwehERR Y Soto 2% Soslap il B ilter over a
peridV8f 4@ nii fat AW rfté ofi70- mimae B URS: G Adadrihidthidrh@cetate, pH 4.6,

Labyri nt hopepti ns have been pool ed and freeze-dried

adjustedasing aqageows peeticl agd pd:hereldentsdiave begn eolfeisled imd0 ml-

vac B3 L o MR P FERBLF 1 ave e

pool&dr At fegs g biyitg, at ingroflrblZintHop@ptip)A f have Bsenpibeaifed.
has been dissolved in 500 m nethanol and | oaded onto
a Phenonenex Luna(r) 10m C18 (2) columm (dinension: 50

ExarfiBle’6:25PrdBlrrification of Labyrinthopeptin A3 using RP-18 chromatography

Fraction 8 (~ 850 mg) from example 3 has been dissolved in 500 ml methanol and
loaded onto a Phenomenex Luna® 10y C18 (2) column (dimension: 50 mm x 250 mm)
with a Phenomenex Luna® 10u C18 (2) pre-column (dimension: 21.2 mm x 60 mm).
Compounds were eluted with a gradient from 5% to 75% acetonitrile in water over a
period of 40 min (buffer: 0.1 % ammonium acetate, pH 7.0) at a flow rate of 190
mi/min. Fractions were collected every minute. Fraction 19 contained the desired
Labyrinthopeptin (MW = 2190 Da). After freeze-drying, 48 mg crude product was

obtained.
Example 7: Final purification of Labyrinthopeptin A3

Fraction 19 from example 6 (48 mg) has been dissolved in 50 ml methanol and loaded
onto a Phenomenex Luna® 5u C18 (2) Axia column (dimension: 30 mm x 100 mm)
with a Waters XTerra® Prep MS C18 10 pre-column (dimension: 19 mm x 10 mm).
Compounds were eluted with a gradient from 5% to 75% acetonitrile in water over a
period of 40 min at a flow rate of 70 ml/min (buffer: 0.1 % ammonium acetate, pH 9.0,
adjusted using a 30% aqueous ammonia solution). The eluents have been collected in
fractions using UV-triggering. Labyrinthopeptin-containing fractions (F9-12) have been
pooled. After freeze-drying, 12 mg of Labyrinthopeptin A3 have been obtained.
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wi th a Phenonmenex Luna(r) 10m C18 (2) pre-colum

(dinmension: 2 1.2 mmx 60 mm). Conpounds were el uted
WwWoRab/12148F adi ent from 5% to 75% acetonitril e i PCIWEPZO9/001982

over a period of 40 mn at a flowrate of 190 m/mn

(buffer: 0.1 % ammoni um acet ake, pH 9.0, adjusted

usi ng a 30% aqueous ammoni a solution). Fractions were

coll ected every minute. Fractions 21-22 contained the

desi fed Labyrint hopeptin (MV= 2074 . After .
Examplesde.- 959{%@?@3@@ m&%&aﬁe? A«qé%n%\@é?vn@ah performance
. » - |« _ I . _ _
i EEATR AR i BRI B3 b gpuc e eBlatch (iPLC-DAD
MS)di ssol ved in 50 nl nethanol and | oaded onto a

Phenonmenex Luna(r) 5m C18 (2) Axia colum (dinension:
30 M x 100 nmm) with a Waters XTerra(r) Prep Ms C18

Labykmihepepting! ATBnd AIward fQﬁélyi@d BnPWERRFs ASGRBUDPECYEYstem with

eluted wth a gradient from5%to 75% acetonithle in
Sampia banager, Binpar $olyeot Mapagenaad PDA (Bhotodiasieohrray Detector). As

[ i buff.er: 1. % i .
uPLE o Hlarkls Al UPTECRERIRE) PheraKiofafivy was yed and
elutdiegtna flow rats 600 Brmitinvithat iaelient s et Aedtoh@dier(©ng.within 15
~ Labyrinthopeptin-containing fractions (f. 9-12) have
min tyeggp foaceignitile; all spiveaisbdifgiedgyith 6. 3pgMammonium acetate to pH

! : i _

+. AP BRI nd OIS PRESBCRAIG Ai AR Befigon 200 ane

600 nhr. dassospeabiaywereaddondedwith 8B fukey IO CeM&nyirg an orthogonal
h . ,

electrgssprgs(lagni(sjét?osno,lavseadmlpfi]ng-ggtengf O@maannoé a%?ection-limit of 1560-1500

atomic mass units.
Example 9: Characterisation of Labyrinthopeptins A1

Labyrinthopeptin A1 eluted at 5.46 min (PDA). The UV spectrum is featured by Amax Of
218 nm (sh) and 279 nm.

Doubly-charged molecular ions were observed at m/z (I): 1035.87 (4539), 1036.37
(5566), 1036.87 (4086), 1037.37 (2296), 1037.87 (1034) and 1038.37 (280) in the
negative mode. In positive mode doubly-charged molecular ions of m/z (l): 1037.88
(2925), 1038.38 (3252), 1038.88 (2492), 1039.38 (1396), and 1039.88 (623) were

observed.

Characterisation of Labyrinthopeptin A1 by high resolution ESI-FTICR-mass
spectrometry: A solution of Labyrinthopeptin A1 in methanol (c = 0.2 mg/ml) was
admitted through a syringe pump at a flow rate of 2 pl/min to a Bruker Apex Il FTICR
MS (7T magnet) equipped with an electrospray source. Spectra were recorded in the

positive mode using an external calibration.

m/z observed in Da (z=2, M+2Na" ion) 1059.8693
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Conmpounds were eluted with a gradient from5%to 75%
acetonitrile in water over deriod of 40 mn (buffer:
0.1 % anmmoni um acetate, pH 7.0) at a flow rate of 190
m/mn. Fractions were collected every m nute.

Er ﬂr‘fl onh—19 cont sn nar~| t ha Hacn rarl I gh\lrn At hnnanfn B / MA/

Exact2n000fegtopisfrnass bf Beutfalo[M,h ng, 4829@3 2602e pr oduct

was_ obt ai ned annrpl e 7 - Final purJ fication of

Thdorbtical mhasspitfon CasH 550,68, 19 fr gROEXABP0e 6 (48 ny)
has been dissolved in 50 M nethangl and | oaded onto

MoReareIsmealuna(r) 5m Cl18 (2) Axialg LIENSi on:

30 M x 100 nm) with a Waters XTerna rrg#%gégﬁl\% C18
10m pre-colum (dinension: 19 mMm x 10 nmm). Conpounds
were eluted with a gradient from5%to 75%

Example M.@hana@terﬁa«aﬂ@ff Labyrinthopeptin@3of 40 nin at a
flowrate of 70 M/ mn (buffer: 0.1 % anmoni um
acetate, pH 9.0, adjusted using a 30% aqueous anmoni a

Labyrinthidpeptin AT letuted weat 79 hny ¢PDARTeo UNesperrtrunm is featured by Amax of
fractions using UV-triggering.

218 pab(sh) RPEATERMASBbNt ai ni ng fractions (F9-12) have
been pool ed. After freeze-drying, 12 ng of
Labyri nt hopepti n A3 have been obtai ned. Exanpl e 8:

Doublyasterged nssecular iohs lvedrgrobsenvgabat mizs (I8 1098088 AR263), 1093.88

(1587 YbLLES U SN F004.89 (686) and 1095.38 (195) in the negative mode. In
positive mode, doubly-charged molecular ions of m/z (I): 1095.40 (365), 1095.91 (433)
and 1096.41 (294) were observed.

Characterisation of Labyrinthopeptin A3 by high resolution ESI-FTICR-mass

spectrometry (method as described in Example 9):

m/z observed in Da (z=2, M+2Na" ion) 1117.3847
Exact, mono-isotopic mass of neutral {M] 2188.7900
Theoretical mass [M] for CgosH124N24028S4 2188.7900
Molecular formula CosH124N24028S4

Example 11: Amino acid analysis of Labyrinthopeptin A1

Hydrolysis: Labyrinthopeptin A1 (0.05 mg) was hydrolyzed in nitrogen atmosphere with
6 N HCI, 5% phenole at 110°C for 24 h. The hydrolysate was dried in a stream of

nitrogen.

Achiral GC-MS: The hydrolysate was heated with bis-(trimethylsilyl)trifluoroacetamide
(BSTFA)/acetonitrile (1:1) at 150 °C for 4 h. For GC-MS experiments a DB5-fused-
silica-capillary (I = 15 m x 0.25 ym fused silica coated with dimethyl-(5%-



10

15

20

25

l'iquid chromat ography with diode-array and nass

spectronetry detection (HPLC DADVMS) Labyri nt hopepti ns
WO2Wand8A3 were anal yzed on a Waters Acquity RIPI/EP2009/001982

Systemw th Sanpl e Manager, Binary Sol vent Manager and

PDA (Phot odi ode Array Detectoeg). As UPLC colum a

Waters Acquity UPLC BEH C18 ? 1 .7m 2.1x100 mm) was

used and eluted at a flowrate of 0.6 mM/mn with a

radjent of t epacetqnj tril 91 wthin 15 m to
pheripelyAcRaliRIcaREed: 2t 1Ly PO . 5
65°/€V@VQBO“@D@§§%EQ to pH 4.6. W spectra wer e recorded

A detector at wavel engt hs between 200 and 600
nm Mass spectra were recorded with a Bruker mlfOF LC

. ,Ag-an ort onal el ect °
Chirgdat RS TRE Ydeelvens wes R 8 RIELR08R! 2 HETin Bthanot at 110 °c
for 3@5\Qm1a5&f)dﬁé@r$@b nH{i the: mbxarentss Qcylated with 25 pl trifluoroacetic

Char acterisation Labyri nt hopeptins A 1

acid iaabydiide Kbpdp) |nn100 pl dichtosamegthamesat MBI mm)m famandried. For

oo A i AR B B

6T =
T Tl AR TR e G

55°/3 he2HEHE ) ve rmde In positive node doubl y-charged
nol ecul ar ions of mlz (1): 1037.88

configuration
Amino acids 1 Ala, 1 Thr, 1 Asx, 2 Cys, 1 Phe, 1 Gix, |all S-amino
2Trp, 1Gly, 2Val, 1 Pro=13 AS acids, except
for 2 Cys in the

R configuration

Example 12: Identification of the structural genes for Labyrinthopeptins A1 and A3

A cosmid bank of the microorganism Actinomadura namibiensis (DSM 6313) was
generated by Agowa GmbH, Berlin, based on the pWEB-cosmid vector (Epicentre
Biotechnologies, Madison, USA). Filters were prepared by RZPD GmbH, Berlin, |
applying a methodology described in: Zehetner & Schéfer, Methods Mol. Biol. 2001,
175, 169-188.

Based on the known structure of Labyrinthopeptin A2, elongated degenerated primers
were deduced from the N-terminal and C-terminal end (Fw:
5-CAGGAAACAGCTATGACCGAYTGGWSNYTNTGGG-3" (SEQ ID NO: 4); Rev:
5‘-TGTAAAACGACGGCCAGTRCANGANGCRAANARRC-S‘ (SEQ ID NO: 5); Dabard
et al., Appl. Environ. Microbiol. 2001, 4111-4118.). The 5°-elongation of the primers
was to enhance the expected PCR-product size for better detection and handling
(PCR-conditions: 3 min 95 °C; 30 x (60s 95 °C; 30s 50 °C;60s 72 °C) 7 min 72 °C;
Taqg-polymerase). The PCR-product was gel-purified and cloned into the vector pDrive
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(2925), 1038.38 (3252), 1038.88 (2492), 1039.38
(1396), and 1039.88 (623) were observed.

W@bwpazZHes i sati on of Labyrinthopeptin A 1 by hP@HEP2009/001982
resol ution ESI-FTI CR-mass spectronetry: A solution of
Labyrint hopeptin A 1 in nmethagol (c = 0.2 ny/m) was
admtted through a syringe punp at a flow rate of 2
m/mn to a Bruker Apex Il FTICR M5 (7T nmagnet)

(QiaBaEh TR NGHESHESS 11 0 TRe QI ERal S5us g from the middle of
the &ﬁkb;tehé NG EFTAECCAECEBARBEN 1DAND28). Based on this 18

yrint hopeptin A3 Labyrinthopeptin A3 eluted at 4.7
nuclaohde( DY) knowre s &yueres; ar two-$tepfRGR uepdered tbmameﬁeq&@ce

o B e PS8 TR S
degé(rile'?g)@d re]d@%decﬁ%w-'b?%r, ofkﬂ@@-@’@nﬁ@ﬁ@ncﬁé@i()% 38

in the negative node. In positive node,

G R@ABI@AMG&%N RELTee- 3or$3EQf|DrNQ ()and arpgssperific forward(fw)-

prim B AR RTR T AP ACT Ttk BTG SRS’ S D No:8)

(PCRasolditlonen 3 Rin- SFST’WROW(MEB §I966(L‘f 495387 C(, 3e3 A 723C); 30 x (45 s
descri bed in Exa e 11: Am no_acid
95°Girf § 52sCo8. Qragy?grﬁ)r{@ﬁgmﬂanAqu -polymerase). After an exonuclease-I

digest in order to digest the primers (5 yl PCR-sample + 0.5 pl exonuclease-1 (20U/ul);
15 min 37°C; 15 min 80°C heat inactivation), the PCR-sample was used as template
for a second PCR (PCR-conditions: 3 min 95°C; 30 x (45 s 95°C; 45 s 56°C; 3,5 min
72°C) 5 min 72°C; Taqg-polymerase). The second PCR was performed in a nested-
PCR manner with a primer pair consisting of the unspecific fw-primer from the first
PCR and a specific rev-primer, including the known 18 nucleotides
(5°-CTTCCCGTGCTACAGCACTCCC-3", SEQ ID NO: 9). The 0.4 kbp product was
gel-purified and cloned into pDrive. Sequencing showed the expected amino acid
sequence of the C-terminal end of A2. Out of this 0.4 kbp sequence, a Dig-labelled
probe was constructed by PCR (Fw: 5’-ATGGACCTCGCCACGGGCTC-3", SEQ ID
NO: 10; 5-CTTCCCGTGCTACAGCACTCCC-3", SEQ ID NO: 11). This Dig-labelled
probe was used to screen the filters by hybridization and detection via anti-Dig-
antibody labeled with alkaline phosphatase. In this manner, one positive cosmid was

obtained and sequenced.

Sequence data were analyzed by local blast and frameplot. The analysis yielded the
following open reading frame (orf) that included the structural gene of Labyrinthopeptin
A2:

TGACGCCCGCACACCGTTCCACCGATGAGAGGTGACAGTCCCATGGCGTCGATC

CTGGAACTCCAGAACCTGGACGTCGAGCACGCCCGCGGCGAGAACCGCTCCGA

CTGGAGCCTGTGGGAGTGCTGTAGCACGGGAAGCCTGTTCGCCTGCTGCTGA
(SEQ ID NO: 12)
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Hydrol ysis: Labyrinthopeptin A1 (0.05 ng) was

hydrol yzed in nitrogen atnosphere with 6 N HCl, 5%
Wek@aarigsht 1100C for 24 h. The hydrol ysat e WaBCHEP2969/001982

in a streamof nitrogen. Achiral GG Ms: The

hydr ol ysate was heated with

bis-(trimethylsilyl)trifluoroacetam de

(BSTFA)/ acetonitrile ( 1 :1) at 150 OC for 4 h. For

GC- MS experinments a DB5-fusedsilica- capillary (I =

15 mx 0.25 mmfused silica coated with

I -
w0 D AN g i gt Y or

Labmmtm@pepm@ AL leTter memoyzsfatlweaby@oeepmdaaenowdlhg 3gguence
at 110 OC for 30 mn and dri ed.
f°”°‘§ﬁﬂ§)é(qﬂgﬂt°|°9°nelth(gaﬂ1 xture was acylated with 25 m
trifluoroacetic acid anhydride (TFAA) in 100 m
di chl oronet hane at 1100C 10 min for and dried

ATGEEGEBCEHATEd. %M%%G%@TW@QJQQAGCA%CQGGCGGCGA

GA%E?@(E@%@@k@f@@%ﬂéf@%@%?@%@%gMGCCTGTFCGC

CTGCTGEFGHN 3, 2/ 180 0C). Exanple 12: Identifi ¢(GEQID ND: 13)
the structural genes for Labyrinthopeptins A1 and A3

A cosm d bank of the m croorgani sm Acti nomadura

Tran%gé;(i}opir]cf’?ri & ?)l\fd@@%gﬁﬂth@ e%%ﬁo%qﬁ ﬁ@ qDWOAgQ‘@%vgmé"followmg

ase cosmd vector picen
amino acid sequence of prepro-Labyrlnthopeptln A2 (SEQ ID NO: 14) and of pro-

Labyrinthopeptin A2 (SEQ ID NO: 15):
MASILELQNLDVEHARGENR SDWSLWECCSTGSLFACC (SEQ ID NO: 14)
SDWSLWECCSTGSLFACC (SEQ ID NO: 15)

The propeptide sequence is transformed into Labyrinthopeptin A2 by posttranslational
modifications by enzymes of the microorganism Acfinomadura namibiensis (DSM
6313).

Example 13: Structure determination of Labyrinthopeptins A1 and A3:

The upstream region of the A2 gene displays another small orf with high homology to
the structural gene of Labyrinthopeptin A2. This open reading frame (orf) included the
structural gene of Labyrinthopeptin A1 and A3. The orf for Labyrinthopeptin A1 has the

following gene sequence:

TGAACATCCACCATGGCATCCATCCTTGAGCTCCAGGACCTGGAGGTCGAGCGC
GCCAGCTCGGCCGCCGACAGCAACGCCAGCGTCTGGGAGTGCTGCAGCACGGG
CAGCTGGGTTCCCTTCACCTGCTGCTGA (SEQ ID NO: 16)
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Bi ot echnol ogi es, Madi son, USA). Filters were prepared

by RZPD GrbH, Berlin, applying a nethodol ogy descri bed
WO pooZz8: ner & Schafer, Methods M. Biol. 20BAT/EP2¥%H)01982

169- 188. Based on the known structure of

Labyri nt hopeptin A2, elongateq degenerated priners

wer e deduced fromthe N-termnal and Cterm nal end

(Fw. - CAGGAAACAGCTATGACCGAYTGGABNYTNTGGEG S (SEQ | D NO

withirinic s e ElHE SRATECe TRRSENS, e S N ahe 5F Prepro-
Labﬁ@l@ﬂope#ﬁn&l&‘r 4hd X3 (leadéresequente W@%W@b?bré;hﬁ)til’él-é?ﬁfo‘amg

was to enhance the expected PCR-product size fo

sequencedpllowed byistep-gadondiz) ng ( PCR- condi ti ons: 3 m n
95 C, 30 x (60 s 95 0C, 30 s 50 C 60 s 72 0C) 7 min
72 C, Tag-pol ynerase). The PCR-product was

ATGBLAPCCATEOTAGAGCICOAGBATC TBGABGICGAGCGCGCCAGCTCGGCC
ae %I ve Q agen GASe uencing resulted in a 18 nucl eoti

TEAS M'@G@fTQ%GM\Cé@@@CAGCTdGGGTTCC
Cnnugﬁg ong knoisEquLSn’c?lg g)tv\g?ztegp?%légWDSN&W)
render ed to nore sequence information. In the first
Tranglegiegafahe LN sebaraces Bopwariniardb WHe 1 £3eue i dplowing
amlrﬁﬁ%’cr:{gf e Sﬁg%gEWWﬁﬁmQ%Q@mmnd of pro-

Labynnthopeptln A1 (SEQ ID NO: 19):
MASILELQDLEVERASSAADSNASVWECCSTGSWVPFTCC (SEQ ID NO: 18)
SNASVWECCSTGSWVPFTCC (SEQ ID NO: 19)

This amino acid sequence was in agreement with the expected amino acid
composition of Labyrinthopeptin A1 based on results of amino acid- and MS-analysis
of Labyrinthopeptin A1 (vide supra). Posttranslational modifications of side chains were
deduced that are analogous to those of Labyrinthopeptin A2. The stereochemistry of
amino acids has been taken from the amino acid analysis (Example 11). Finally, a
dehydration of the threonine (Thr) residue to give dehydrobutyric acid was deduced to
match the empirical molecular formula calculated from high-resolution MS. On the
basis of the stereochemistry of the posttranslationally modified amino acid of the
analogous Labyrinthopeptin A2, formula (VIII) is derived for Labyrinthopeptin A1.

Previous mass analysis suggested an Asp as the difference between
Labyrinthopeptins A1 and A3. This was confirmed by the coded sequence, which
included an Asp in position -1 ahead the protease cleavage side of Labyrinthopeptin
A1. Under the assumption that that Labyrinthopeptins A1 and A3 are encoded by the
same gene, differing only in the protease cleavage of the leader sequence, the

additional Asp is at the N-terminus of Labyrinthopeptin A3. In this manner, formula (V)
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primer ( ' - CACGGTACCTAGACTAGTGACCAAGIGCECCGGTC-S '

SEQID NGO 8) (PCR-conditions: 3 mn 95C 10 x (45 s
WO@3EI/1288% 38C, 3.5 min 72C); 30 x (45 s 95C;, BGI/EPDIYN01982

3.5 mn 72C) 5 min 72C, Tag-pol ynerase). After an

exonucl ease-|1 digest in orderto digest the prinmers (5

mM PCR-sanple + 0.5 m exonuclease-I (20U/m); 15 mn

37C, 15 min 800C heat inactivation), the PCR-sanple

was eyl 5 Cobysiarnstin A% On 15 Bagsar e slepAchopisty Bt the
postffhﬁslgg&aIWoneﬂr@ﬁﬁ}%eémd maéﬁﬁélaéoﬁ%%ﬁntﬁébéﬁlr WRQ, formula

In a nested- PCR manner with a prinmer pair consisting
(VI) sfderivedfos pabyrintbopeptiyt Ader fromthe first PCR and a
specific rev-prinmer, including the knowmn 18
nucl eoti des (d - CTTCCCGTGCTACAGCACTCCC-S SEQ | D NG
Exarble ﬂ}eCI@aéaéj@ Bf fHeodigafideatsridi) oflibyrinetbpRiptincA PaAd subsequent
into pDrive. Sequencing showed the expected am no acid
alkylgaqu@ntbeméthythnéld@term nal end of A2. Qut of this 0.4
kbp sequence, a Dig-labelled prpbe was constructed by

PCR (Fw. - ATGGACCTCGCCA SEQID
- CTTCCCGTGCTACAGCACTCCC:- S ID NO Th|s
Di g-1 abel | ed probe was us thefll s by

hybri di zati on and detectfon via ntf Di gant i Oy OH
| abel ed with al kaline phat ase 1 n th| S maneNH one
positive cosmid wa$, :

CH,SCH, § 1, CHSCH,

Labyrinthopeptin A1 (50 mg, 0.024 mmol) was dissolved in methanol (3 ml) and a
dithiothreitol solution was added at room temperature (1 ml, freshly prepared from 75
mg dithiothreitol in a solution of 40 mg NaHCO3 in 1 ml water). The mixture was stirred
for 1 h at 60 °C. Afterwards it was cooled down to room temperature and methyliodide
(50 ul, 0.80 mmol) was added. After 4 h at room temperature the mixture was filtered
and purified by reversed phase HPLC using a Phenomenex Luna® Axia 5 um C18 (2)
column (dimension: 100 mm x 30 mm) with a Waters XTerra® Prep MS C18 10 pm
pre-column (dimension: 19 mm x 10 mm). The gradient was running from 5% to 95%
acetonitrile in water within 30 minutes (buffer: pH 2.0, adjusted with formic acid). The
flow was 60 ml/min and the peaks were fractionated by UV. Fractions 12 and 13 were
combined and yielded 23.1 mg (45.5 %) of the desired compound after lyophilization.
The product was characterized by UV spectroscopy and mass spectrometry (Bruker

Daltonics MicroTof).
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obt ai ned and sequenced. Sequence data were anal yzed by
| ocal blast and franeplot. The anal ysis yielded the

WO 20000483 open reading frane (orf) that incl uBEHEP}989/001982
structural gene of Labyrinthopeptin A2:
TGACGCCCGCACACCGT TCCACCGAT GAGAGGT GACAGT CCCATGGCGTCGATC
CTGGAACT CCAGAACCT GGACGT CGA GAACCGCTCCGA
CTGGAGCCT GTGGGAGT GCTGTAGCACGEGAAGCCTGT TCGCCTGCTGCTGA
(SEQ ID NO 12)Wthin this orf, the foll ow ng sequence
represents the structural gene of prepro-

RTm.natyas%@e encoén: AHethb§348h ESfiAe & fol I owed by

ropept i I ng sequence followed by stop-codon
uv (I%) 217 nm (sh), 279 nm
ATGGCGT CGAT CCTGGAACT CCAGAACCT GGACGT CGAGCACGCCCGCGGCGA
ESI-M&oess EHBH4 GEGAGT GCT GTAGCACGGGAAGCCT GTTCGC

Expm%&ﬁé@ﬁ?m@?f#g&@ssTWb%B @poof the DNA

sequence as ave the follow ng
Neutmﬁ monaisotbpsEmass mlanﬂatpdefpr 69&&55N23@§&81p290318m2 ( SEQ

Molei:g Dl Pormiuta: 809 On2ES;g -abyrinthopeptin A2 (SEQ 1D NO

Chemical molecular weight = 2105.44.

Example 15: Cleavage of the disulfide-bridge of Labyrinthopeptin A1 and subsequent

alkylation with iodo-acetamide

Labyrinthopeptin A1 (50 mg, 0.024 mmol) was dissolved in methanol (3 ml) and a
dithiothreitol solution was added at room temperature (1 ml, freshly prepared from 70
mg dithiothreitol in a solution of 40 mg NaHCO; in 1 ml water). The mixture was stirred
for 1 h at 60°C. Afterwards it was cooled down to room temperature and iodo-
acetamide (40 mg, 0.216 mmol) was added. The mixture was stirred over night at
room temperature. The solution was filtered and purified by reversed-phase HPLC
using a Phenomenex Luna® Axia 5 pm C18 (2) column (dimension: 100 mm x 30
mm) with a Waters XTerra® Prep MS C18 10 ym pre-column (dimension: 19 mm x 10
mm). The gradient was running from 5% to 95% acetonitrile in water within 30 minutes
(buffer: 0.1% ammonium acetate, pH 4.6, adjusted with acetic acid). The flow was 60
mi/min and the peaks were fractionated by UV. The following compounds were

obtained:

Bis-acetamided Labyrinthopeptin A1:
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MASI LELONLDVEHARGENR SDWSLWECCSTGSLFACC (SEQ I D NG
14) SDWSLWECCSTGSLFACC (SEQ I D NO. 15) The propeptide
W@ eWoariees i s transfornmed i nto Labyri nt hopept i nPGREPR2009/001982
posttransl ati onal nodifications by enzynes of the
m croor gani sm Acti nomadura napgi bi ensis (DSM 6313).
Exanpl e 13: Structure determ nation of
Labyri nt hopeptins A 1 and A3: The upstreamregi on of
the A2 gene di splays another small orf with high
honol ogy to the structural

of Labyrint tin

A2. This open reading fra i:;;gded/?ﬁgep\\\\\\\
structural gene of Labyri pht hopeyti 1 and 3 The CH,
orf for Labyrinthopepti t he fol | owi Rg_gene oH
sequence:
TGAACAT CCACCAT GGCAH! £ : G

GCCAGCT CGECCGECCGA f?‘ééqeé :
CAGCTGGGTTCCCTTCREETQCTHCTEN (B YWtRinTw T
thie orf, the follow ng sequence represeﬁts the

stryctural gene of prepro- Labyrinthopeptins A 1 and
A3 (I'seger sequence fol | Oél\Bd by propeptl de- encq_th
2

sgquenc ol | owed—by ST 0p> COAOTTFEA—y
ATG%ClI_'AT ATCCTTGAGCT CCAGGACCT GGA
£ 2 §
: H i Ho H E s
Ho\n/(_n/( N._A 3
N u*( fuqﬁw—(\g-ﬁH

Fractions 7 and 8 were combined and yielded 13.3 mg (25.2 %) of the desired
compound after lyophilization. The product was characterized by UV spectroscopy and

mass spectrometry (Bruker Daltonics MicroT of).

RTmin = 5.09 min (PDA; LC-method as in Example 8)

UV (Amax): 218 nm (sh), 280 nm

ESI-MS (neg): [M-2H]* = 1093.9022

Experimental neutral monoisotopic mass, [M] = 2189.819

Neutral monoisotopic mass calculated for CggH127N25027S4: 2189.822
Molecular formula: CggH127N25027S4

Chemical molecular weight = 2191.49.

Mono-acetamided Labyrinthopeptin A1:
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GCCGACAGCAACGCCAGCGT CTGEGAGT GCTGCAGCACGEECAGCTGEGTTCC

CTTCACCTGCTGCTGA (SEQ ID NGO 17) Transl ation of the
wopRIdzigsEnce as shown in SEQ ID NO 17 gave tPEI/EP2009/001982

foll owi ng am no aci d sequence of

pr epro- Labyhnt hopeptin A 1 (§Eg I D I\IO 18) and of pro-

Labyri nt hopeptin A1 (SEQ ID

MASI LELQ)LEVERASSAADSNASVV\ECCSTGSV\X/PFTCC (SEQ I D NG

18) SNASWECCSTGSW/PFTCC (SEQ LD NO. 19) This am no

aci d sequence was in agreenen '

acid conposition of Labyrin

results of am no acid- an

Labyri nt hopeptin A 1 (vi

nodi ficati ons of side

anal ogous to thoseHof

st ereochem stry of '

am no acid anal y§#" !

dehgdrati on of the threonine (Thr) residte to’ gi ve

dehydrobutyric acid was deduced to match the enpirical

ecHar fornmul a cal cul aged from hi gh-resol uti on Ms.
t he E er eochem st+y—of che
podt trangEational |y nodified anin %f t he HS
anal%‘gous Labyri nt hopeptin A2, f laf(Vli I ) [cH

derlzved f@r Labyr i weptl n A 1l :
H O Ho 7

Fractions 10 and 11 were combined and yielded 5.3 mg (10.3 %) of the desired
compound after lyophilization. The product was characterized by UV spectroscopy and

mass spectrometry (Bruker Daltonics MicroTof).

RTmin = 5.31 min (PDA; LC-method as in Example 8)

UV (Amax): 217 nm (sh), 280 nm

ESI-MS (neg): [M-2H]* = 1065.390

Experimental neutral monoisotopic mass, [M] = 2132.794

Neutral monoisotopic mass calculated for Cg4H124N24026S4: 2132.800
Molecular formula: CgsH124N24026S4

Chemical molecular weight = 2134.44.

Example 16: Synthesis of a Boc-protected Labyrinthopeptin A1
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Previ ous mass anal ysi s suggested an Asp as the
di fference between Labyrinthopeptins A 1 and A3. This
woer®aarsi rmed by the coded sequence, which i NnRCTEROHON1982

Asp in position - 1 ahead the protease cl eavage side

of Labyrinthopeptin A 1. Undgg the assunption that

that Labyrinthopeptins A 1 and A3 are encoded by the

same gene, differing only in the protease cl eavage of

the | eader sequence, the additjgnal Asp is at the

N-term nus of Labyrinthopepti 3. In this :
formula (V)was derived for by\i nt hope n A3. On e
basi s of the stereochem st CH
posttransl ationally nodi A ed am o am d of tR

anal ogous Labyri nt hope ion A2, foxrfula (M)

for Labyrinthopept Hn ‘ %,
di sul fi de- br%eﬂof > abM Q a]Q ’
subsequent alk atN o tkoyIH od H H

Labyrint hopeptin A 1 (50 rTg, 0. 024 mol) vvas d| sso?ved
in nmet hansi—(—fi—nH—aﬁd—a—eH—t—hi—oi—hraﬁ—sd—tﬂ—mﬂ-SNas

added a room t enperat ur & freshly pr epar ed
from7 ,_rrg._d.l—t—h-l—et‘h‘r‘e'l’t’o—llna f40rrg

2

ZI

Na ﬁ-l m water). The m xtur |rred for c

atHﬁ) OC EAf t erwards it was cool € to I 0QWEH, H2
terrrﬁeratuee and rret nodi de (50 . 80 (1m‘5|) %as %
addeed nAfte 4hat m_t enqer at t emxtupe/was H %

"H] ed pu |fsed by r versed phas HPLC u3| g
M)Lhﬁ M By C ‘n/

To a solution of Labyrinthopeptin A1 (50 mg, 0.024 mmol) in dimethylformamide (3 ml),
di-tert-butyl-dicarbonate (11 mg, 0.048 mmol) and n-ethyldiisopropylamine (6 mg,
0.048 mmol) were added at room temperature. The mixture was stirred for 2 h at room
temperature. Afterwards it was purified by reversed-phase HPLC using a Phenomenex
Luna® Axia 5 um C18 (2) column (dimension: 100 mm x 30 mm) with a Waters
XTerra® Prep MS C18 10 um pre-column (dimension: 19 mm x 10 mm). The gradient
was running from 5% to 95% acetonitrile in water within 30 minutes (buffer: 0.1%
ammonium acetate, pH 7.0). The flow was 60 ml/min and the peaks were fractionated
by UV. Fractions 4-7 were combined and yielded 21.4 mg (40.8%) of the desired
compound after lyophilization. The product was characterized by UV spectroscopy and

mass spectrometry (Bruker Daltonics MicroTof).

RTmin = 5.30 min (PDA,; LC-method as in Example 8)

UV (Amax): 219 nm (sh), 278 nm

ESI-MS (neg): [M-2H]* = 1085.895

Experimental neutral monoisotopic mass, [M] = 2173.805

Neutral monoisotopic mass calculated for Cg7H127N23027S4: 2173.815
Molecular formula: Cgo7H127N23027S4

Chemical molecular weight = 2174.49.
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colum (dinmension: 100 nmx 30 nMm) with a Waters

XTerra(r) Prep M5 C18 10 mm pre-colum (dinension: 19
WOorpe02/12883nm) . The gradi ent was runni ng from 5%CDERS9H/001982

acetonitrile in water within 30 m nutes (buffer: pH

2.0, adjusted with formc acizg). The flow was 60

m/mn and the peaks were fractionated by UV.

Fractions 12 and 13 were conbined and yielded 23.1 ng

(45.5 9% of the desired conmpound after |yophilization.

The product was characterized by UV spectroscopy and

r Hdiié' croTof). RTm n =
Exa@®1ﬁ%i£)§\8 Flgéltl-vr%gtdrfo?bgs I'n E)E)grﬁrppll\"e 8) W (I mx) :

217 nm (sh) 279 nm ESI - M5 (neg): [M2H] 2 = 1050. 894

To a,\gﬁtﬂet}oé{rgﬂoqaﬁyr@gtﬁ)o:ﬁ%lél %@Zﬁ@m 031 g%ga gll) LnN!jlmet%yl(?ormamlde (2 mi),
dl-te%l}&ﬁm@?@% (1@1% 8@@4h'bhﬁﬁéllb 3éncf CH B%Hyﬂ:lus@ﬁl"d‘ﬁ&?a’ih%e (7 mg,

Chemi cal nol ecul ar wei g npl'é 15

0. 0541 m@@;evv@lfe tetddedi shlrﬁod'e-temp@g@tum Aﬁsyﬂ rh raipeqqmntemperature
oot RIS oaok: Gl TSR B e, 962 mmo
and inﬂprf@yh@ﬁ@épﬁ@wi@a)cicﬁ%h@rdride (T3P®, 50 pl, 0.072 mmol, 50 % in DMF)
were added. The mixture was stirred for 2 h at room temperature. Afterwards it was
purified by reversed-phase HPLC using a Phenomenex Luna® Axia 5 ym C18 (2)
column (dimension: 100 mm x 30 mm) with a Waters XTerra® Prep MS C18 10 ym
pre-column (dimension: 19 mm x 10 mm). The gradient was running from 5% to 95%
acetonitrile in water within 30 minutes (buffer: 0.1 % ammonium acetate, pH 7.0). The
flow was 60 ml/ min and the peaks were fractionated by UV (220 nm). The following

two compounds were obtained:

Mono-benzyl derivative of Labyrinthopeptin A1:

I
I\)
n ()
SR ]

©\/ ; Q ‘.‘\‘\,\“\\\\\\‘\\ HOII'./’,"/,,’""’ H ’—'E'—.__'
7’/{ W/( J\( rN‘"AN—H/\NW/\ y ufufmﬁf



10

15

20

dithiothreitol solution was added at roomtenperature

( 1 mM, freshly prepared from70 ng dithiothreitol in
wa:2@olesdn of 40 ng NaHCGs in 1 ml water). ThRCHER2009/601982

was stirred for 1 h at 600C. Afterwards it was cool ed

down to room tenperature andjgodoacetam de (40 ny,

0.216 mmol ) was added. The m xture was stirred over

ni ght at roomterrperature. The solution was filtered

B e P Wl B TR
comﬁ&ﬂ@ﬁé‘?‘#@ @Ili’g’tﬁ{ S héTr?rbﬂﬁétr \)/af Eﬁﬁrd@rﬁ%‘% B@U“V%pectmscopy and

| mensi on: The dradi ent

massr\apeu:tmmetng (BnMerﬁ)meI@H%ca@'Eofaxnl t hI e in water within
30 mnutes (buffer: 0.1% amoni um acetate, pH 4.6,

adj usted with acetic acid). The flow was 60 m/mn and

RTm. be; o akin (PBRE LIG-Afdthodaked Exvunigre gfhe fol | owi ng
conmpounds vvere obt ai ned: Bi s-acet am ded

UV (Laky 217t irogehy, |275mm1 Fractions 7 and 8 were conbi ned
d yi % of the desired conpound

ESI- Q‘%@% WE@%I"&. Zat {%n‘gﬁhe product was characterized by

ExperfhSRECHE RPA PRINGES HaSBEM]=00B6% BeBBr uker

Xp érgnl Cs Mcrono )oﬁﬁ)S 3 emg mn (PDA LC— nmet hod

Neutea_i mondiselopicemaps Loarlopllatad)‘or. le81aaN1z<Qda§34

Molecular formula: C194H134N24026S4

Chemical molecular weight = 2264.63.

Bis-benzyl derivative of Labyrinthopeptin A1:

Fractions 13 and 14 were combined and yielded 9.9 mg (17.5 %) of the desired
compound after lyophilization. The product was characterized by UV spectroscopy and

mass spectrometry (Bruker Daltonics MicroTof).

RTmin = 8.31 min (PDA; LC-method as in Example 8)



ESI-MS (neg): [M2H 2 = 1093.9022 Experi nent al
neutral nonoisotopic mass, [M = 2189.819 Neutral
wWorwoizesdpi ¢ mass cal cul ated for 96H12 N2SO2 IBAT/EP2009/001982
2189. 822 Mol ecul ar forrmula: 96H 27N25Q27S4 Chemi cal
mol ecul ar weight = 2 19 1. 4939Mono-acet am ded
Labyri nt hopeptin A 1:Fractions 10 and 11 were conbi ned
and yielded 5.3 ng (10.3 % of the desired conpound
after ophi |ization. The product was characterized by
uv (WXQ*p?elf'tyrr‘%s(éa mass spectrorretry ( Bruker
) f aof): = 5.31 mn (PDA, LC nethod
ESI Q;&{d&gm%(ﬂkg}r UV1(1iBEirll;ﬁ 217 nm (sh), 280 nm
Expédzishental ﬁetﬂetgal mbhbidelopc ma]s@ﬁﬂllp@%&ﬂu@é&r?i ment al neutral
nbNoi sot opi ¢ nass, =.2132.794 Neutral Lsotopic
NeuladBopaRoIPiR B 67 CUipE JaN Bt o Nas Dby 2 B0 04 |
5 Moldl£%Yindhiaf er i, AN 4124N24C26S4 Chemi cal nol ecul ar
© we!ght = S‘lgﬂhﬁﬁ ﬁg%p%e 16: Synthesis of a
CheBoa! pralcadaedelghb wra3fihépeptin A 1To a sol ution of
Labyri nt hopeptin A 1 (50 ng, 0.024 mol) in
di met hyl formam de (3 m),
Example 18: Acylation reactions at the N-terminus of Labyrinthopeptin A1

N

HZC

i
\\\“\\‘l\\F

/@ - HO/ HE‘-.

“‘Y( ‘n/( *anm—mfuo T

10
To a solution of 2-chloro-4,6-dimethoxy-1,3,5-triazine (CDMT, 5 mg, 0.028 mmol) in
dimethylformamide (2 ml), n-methylmorpholine (8.6 mg, 0.085 mmol) was added at
room temperature. After 1 h at room temperature n-hexane carboxylic acid (3.3 mg,
0.028 mmol) was added. After stirring the mixture for 30 minutes Labyrinthopeptin A1

15 (50 mg, 0.024 mmol) was added followed by stirring for 2 h at room temperature. The
mixture was purified by reversed-phase HPLC using a Waters XBridge Shield® 5 ym
C18 column (dimension: 100 mm x 30 mm) with a Waters XBridge Shield® C18 10 um
pre-column (dimension: 19 mm x 10 mm). The gradient was running from 5% to 95%
acetonitrile in water within 30 minutes (buffer: 0.1% ammonium acetate, pH 7.0). The

20  flow was 60 ml/min and the peaks were fractionated by UV (220 nm). Fraction 39
yielded 2.0 mg (3.8%) of the desired compound after lyophilization. The product was
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di -tert-butyl -di carbonate ( 1 1 ng, 0.048 nmol) and

n- et hyl di i sopropylamne (6 ng, 0.048 mmol) were added
WQ@eo0pa283 enper at ure. The m xture was stirred PGFER20A9/001982

at roomtenperature. Afterwards it was purified by

reversed- phase HPLC using a Rjenonenex Luna(r) Axia 5

mm C 18 (2) colum (dinension: 100 mMmmx 30 mm with a

Waters XTerra(r) Prep M5 C18 10 mm pre-col um

di nensi on: nm x 10 . The di ent '
Chaf%?‘@ﬁ?%é/@b’g’\éﬁﬁ}@% Recsnyand mass spackpmEtyHERker Dilinites
Mlcré'bé‘f?rlf 0. 1% ammoni um acetate, pH 7.0). The flow was

60

/min and the peaks were fractionated by UV.
Fractions 4-7 were conblned and yielded 2 1.4 ny

40, 899 .of d q Cvophi i oot
RTm The>: gﬁé‘&' éf%g'%s 8‘?%3 g%nmp ?J%?spe%:/??olscloést 13?13
uv (gﬂegg 25{239,9,2-,5@ ,(rﬁr uker Daltonics McroTof). RTm n. =

mathod as in Exanple 8) WV (I max) :
ESI- M&(nag)([M)ZH]dZ%SWBAQJ% MS (neg): [M2H 2 = 1085. 895

t al t i = 2173. 805
e ek b A TR
NeuRdiFondaSRpilmaNBIcaRllRedITeF CUlH,oNQBHIET De3 PR3e4
Molecular formula: CggH129N23026S4

Chemical molecular weight = 2173.52.
Example 19: Antibacterial activity for Labyrinthopeptins and derivatives

The compounds were dissolved in water with 10 % MeOH to a final concentration of 1
mg/ml. For the bioassay sterile Nunc plates with a size of 24 x 24 cm were used. For
one plate 200 ml of agar were used. The agar was cooled after autoclaving to 55°C
and 2-4 ml of culture suspension of the test organism were added before plating. To
each plate 64 filter plates with 6 mm in diameter were added.

To each filter 20 pl of the test solution were added and incubated for 1 to 3 days at 28
°C or 37 °C. The inhibition zone in mm was reported. For a detailed description of the
methods, see Bauer et al., Amer. J. Clin. Pathol. 1966, 45, 493-496; Muller &
Melchinger, Methoden in der Mikrobiologie, Franckhsche Verlagshandlung, Stuttgart
(1964); Mueller & Hinton, Proc. Soc. Expt. Biol. Med. 1941, 48, 330-333.

Streptomyces Bacillus
murinus subtilis
Tested compound (DSM 40091) [ (ATCC 6633)
28°C 37°C
Labyrinthopeptin A1, Ex. 7 13 16,5
Labyrinthopeptin A1 derivative, Ex. 16 0 9
Labyrinthopeptin A1 derivative, Ex. 18 7 8
Labyrinthopeptin A1 Bis-benzyl derivative, Ex. 17 7 9
Tetracycline (control substance, 1 mg/mi) 24 32
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Chem cal nol ecul ar wei ght = 2174. 49. Exanpl e 17: Benzyl
derivatives of Labyrinthopeptin A 1 To a sol ution of

wo 2099n28hopeptin A 1 (50 ng, 0.024 mol) in PCT/EP2009/001982
dimethyl formam de (2 m), di-tert-butyl-dicarbonate
(10 ng, 0.046 nmol) and n-ethyl di i sopropyl am ne (7 ng,
0.054 mmol) were added at roomtenperature. After 1 h
at room tenperature, Labyrinthopeptin A 1l was
conpl etely di sappeared. Benzylam ne (6.8 ng, 0.063

| ) and n-prapyl . phosphoni ¢ acid anhydride (T3P(r),
Exagnwg?#o.?ﬂggwtmﬁép!rf)ggl\g i n DVF) were added. The

m xture was stirred for 2 h at roomtenperature.
Afterwards it was purified by reversed-phase HPLC
LabyrinthgpeptiPhh ovasnstudiednathg spared Gerver igiugy (SIN1) cadusmmodel of

neuispafi/ReELB G65H BRST L BV B h BRIt S e genera

anadSthesidNtheIfwaFingfor DhaRcheyof the doidt® mefvé on 88l male C578B6 mice
acetonitrile in"water within 30 m nutes (buffer: 0.1

(weightrdai 8gn+adk32SEMphave bgen fipater| anl trarswwted. with theawal nerve

ot PR MRS BEL KB g Bl o ey st

usinger dvabineedid stiah e planesregkin of Aink: ;Fa\ﬁ@Wa@@(piSseﬂdo 8 pressure
were conbi ned and yielded 10.4 ng (19.1 % of the

stimyisi qfe@cr@aﬁwguﬁ@néﬁy 8P toyognihe BHP? dfhgram% apwhigicthe\gpimal
respPE ﬁ{gf\? ga\nﬁlhﬁréﬂ“iﬁ_&v?? .%fsgeyasaél o35t P e5tI@ TREdVhia. The

nics croro
study was performed 7 days after nerve lesion over 6 hours with an additional

measurement after 24 hours. Within two days after nerve transsection, tactile allodynia
developed completely and remained stable over at least two weeks. The compound
was administered intravenous as a single application (3 mg/kg). As a vehicle for the
intravenous application was the 1:1:18 (ethanol:solutol: phosphate buffered saline)

vehicle chosen.

Paw withdrawal threshold (PWT) measurements have been used to calculate
significant treatment effects, and for AUC calculations over a reference time period (6
hours) and subsequent % benefit calculations. For the statistical analysis the PWT
values of the ipsilateral hind paws were used in two ways: first, with a 2-way ANOVA
based on the PWT values for specific times (within a period of 24 hours) and second
with a 1-way ANOVA on non-transformed delta AUC values |AUC1-6hour|.

Two-way analysis of variance with repeated measures (Repeated factor: TIME,
Analysis variable: PWT) followed by a Complementary Analysis (Effect of factor
GROUP for each level of factor TIME (Winer analysis), Analysis variable: PWT) and a
subsequent Dunnett's test for factor TREATMENT for each level of factor TIME (Two
sided comparison vs level VEHICLE) revealed highly significant differences from the
vehicle group from 1 to 6 hours after intravenous application for each compound. The
effect was gone 24 hours after application. 1-way ANOVA using delta |JAUC1-6hour]

values revealed a p value of p <0.0001. Dunnett analysis and gave significant



RTmin = 7.03 min (PDA;, LC-nethod as in Exanple 8) W

(Ilmax) : 217 nm (sh), 275 nmESI-M5 (neg): [M2H 2 =
wa1®9/123%3 Experi nental neutral nonoi sot opi ¢ NMERGT/EPPI/601982

2262. 868 Neutral nonoi sotopic mass cal cul ated for

Cl04H134N242654: 2262. 878 Mpbecul ar fornmula: C

104H134N2426S4 Chem cal nol ecul ar wei ght = 2264. 63.

Bi s- benzyl derivative of Labyrinthopeptin A 1:

3 d.
wealmentstiaptspr L ABYGRBPPERIR Sp Al Pesrre AR Af e Gefhent was
evallBdRIsHtY fHe WASC FloR0ARNVRIELHF thi |b§'fla‘i&%¢§/éﬁ§@@ﬂbu§r@% benefit)

mass spectronmetry (Bruker Daltonics M croTof).
and 8ll JAUGI rBHcRDRyalues wétheoconttalateraeides of 8l tbveelgligl)tgs (1 00% benefit

= magal B el el G AEN TP PSR METE s Sty LGP epfiny Lachieved

95%denkfit 937 Neutral nonoi sotopic mass cal cul ated for
C nH 141N259 25S4: 2351 .941 Mol ecular formula: GiiH
141 N25q 25%4

In conclusion, the compounds of the formula (1) significantly reduce tactile allodynia in

the SNI mouse model of neuropathic pain.



Chem cal nol ecul ar wei ght = 2353.77. Exanple 18:

Acyl ation reactions at the N-term nus of
wo.awyneshopeptin A 1 To a sol ution of PCT/EP2009/001982

2-chl oro-4, 6-di met hoxy-1 , 3,5-triazine (COMI, 5 ng,

0.028 mmol) in dinethylformagkde (2 nl),

n- met hyl nor pholine (8.6 ng, 0.085 mmol) was added at

roomterrperature After 1 h at roomtenperature

High GO SO oM A et 2 WO a0 it b

Labyri nt hopeptin A 1 (50 ng, 0.024 mmvol) was added
followed by stirring for 2 h at roomtenperature. The
Claimsxture was purified by reversed-phase HPLC using a
Waters XBridge Shield(r) 5 nmm C18 col um (di nensi on:
100 mmx 30 nm) with a Waters XBridge Shield(r) C18 10
5 1. 'MARGRIFRINGTGY the ifemmAhq [9): 19 mMmm x 10 nm). The gradi ent
was running from5%to 95% acetonitrile in water
within 30 m nutes (buffer:

anmoni um a st@afe, pH
7.0). The flow was 60 m/m

the p wer e

fracti onated by UV (220 n b 39 y| ed 2. Ha
ng (3.8% of the desire af t er O. .OH
| yophi li zation. The pregduct wascharacterize
spectroscopy and gas ( Bruker
M croTof). RTmin .41 min (PDAXLC nethod as J H
exanpl e 8) UV RiHvax)—21&nm (§h) T N T N
SR3
SOp—ou_ RyS
e " o2 g N\
HyC CHy
R
H H R H
R €} - N ° N N
2 N N
o Ho Hg Ho Hg Ho
wherein
{A} is a group selected from
o) _NH 0
NH, NH,
—N —N
10 o o and 0 o ;

7
T

O=



ESI-MS (neg): [M2H 2 1084. 906 Experinental neutra
nonoi sotopic mass, [M 2171 . 827 Neutra
WOorei1ze8dpi ¢ mass cal cul ated for CI98HL29N23O2BSHEPZD¥101982

. 836 Mol ecul ar formul a: CI98HL29N2326S4 Chemi ca
mol ecul ar wei ght = 2173.52. fjanple 19: Antibacterial
activity for Labyrinthopeptins and derivatives The
compounds mere di ssolved in water with 10 % MeOH to a
final con tion of 1 ng/m . For the bioassay

{C}igpgrPHR SR e%?ﬁﬂbs with a size of 24 x 24 cmwere
used. For one plate 200 ml of agar were ysed. The agar
was cool ed after autoclaving to 55C andg
cul ture suspension of t st organis
before plating. To each e 64 filter
mmin dianeter we . To chyfil tg
test solution wer and bat ed dor 1 to 3 days

at 28 C { NhNbi | z0 n S
reported. F aodetfbl I@d Heocri pQ on' ¢ t HeOnet hods,d
see Bauer et al., . din. Pathol. 1966, 48"

493-496; Mler & I\/EI Chl ng Met hoden in der
M kr obi ol ogi e, Franckhsch rl agshpandl ung, Stuttgart

(1964); Mueller & Hinton, Expt. Biol. Md.
1941 , 48, 330-333. Exa Ie 20: | Neur pathlc pai n
activity

R+ is a group Ry’ or a group

OH
R,'HN
0

wherein Ry’ is H, C(0)-(C4-Cg)alkyl or C(0)-O-(C+-Cg)alkyl;

Rz is OH, NH;, NH-(C4-Cg)alkyl, NH-(C4-C4)alkylene-phenyl or
NH-(C4-Cs)alkylene-pyridyl;

Rs3 and R; are independently of each other H, (C1-Cg)alkyl, (C1-Cs)alkylene-C(O)NH,,
(C1-Cs)alkylene-C(O)NH(C1-Cy)alkyl or (C1-Ce)alkylene-C(O)N[(C1-Ca)alkyl]a,

or R; and R4 together with the S atoms to which they are attached form a disulfide
group S-S;

Rs and Rg are independently of each other H or OH, or Rs and Rg together are =0O;

m and n are independently of one another O, 1 or 2;

with the proviso that if
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Labyrint hopeptin A 1 was studied in the spared nerve
injury (SNI') nouse nodel of neuropathic pain in order
Wo pnaies3 t he activity on tactile all odynia. UPCEEP2009/001982
general anaesthesia, the two major branches of the
sciatic nerve in adult nmale G37B6 nmice (weight: 22.8g
+/- 0.35 SEM have been ligated and transsected, wth
the sural nerve left intact. Tactile allodynia has
been determned with the automatic von Frey test:
using a dunp needle stick, the plantar skin of hind
{A} iPaws was exposed to a pressure stinulus of increasing
Intensity up to 5 g. The force in grans at which the
ani mal responded w th hindpaw witlidrawal was used as a
read-out for tactile allodynia. study was
perfornmed 7 days after nerye | over 6 hours with
an addi ti onal neasurenent hours. Wthin two
days after nerve transse factile allodynia
devel oped conpletely and,r ed_stable over at | east
two weeks. The conpound was it stered i ntravenous
as a single application (3 . As a vehicle for
the intravenous application was the 1: 1 :18
(et hanoksol utol : phosphate buffered saline) vehicle
{B}ighosen. Paw wi thdrawal threshold (PW) neasurenents
have been used to cal cul ate significant treatnment
effects, and for AUC calcu[zELSns over a reference

time period (6

N
H
o , and
{C}is
H 6 H 5 Hg Ho

R3 and R4 may not form a disulfide group S-S together with the S atoms to which they

are attached;

in any stereochemical form, or a mixture of any stereochemical forms in any ratio, or a

physiologically tolerable salt thereof.

2. A compound of the formula (l) according to claim 1, wherein

{A}is



hours) and subsequent % benefit cal cul ations. For the
statistical analysis the PW values of the ipsilatera
WhRewd/1pss were used in two ways: first, w th BCRERNYI/001982

ANOVA based on the PW val ues for specific tines
(wthin a period of 24 hoursygand second with a 1-way
ANOVA on non-transformed delta AUC val ues
| AUCL- 6hour|. Two-way anal ysis of variance with
repeat ed neasures (Repeateg factor: TIMg Analysis
vari able: PW) followed byja Conpl enentary Anal ysis
(Effect of factor GROUP f NC | evel of factor TIME
(Wner analysis), Analysi I . PWI) and a
subsequent Dunnett's tesH f {ia or TREATMENT f or
each level of factor TIME (Two sided conparison vs
| evel VEHI CLE) reveal ed highly significant differences
fromthe vehicle group from1l to 6 hours after

{B}is ntravenous application for each conpound. The effect
was gone 24 hours after application. 1-way ANOVA using
del ta | AUC1- 6hour| values reé led a p value of p
<0. 0001 . Dunnett analysis a gave
significanttreatnment effectyg f byri nt hopeptin A1
The percent benefit of the treg nent was eval uated
usi ng the | AUC1- 6hour| values of the ipsilatera
vehi cl e group (0% benefit) and all | AUCL-6hour| val ues
of the contralateral sides of all three groups ( 100%

{C}ibenefit = maxi mal possible effect). Conpared to these
mar gi ns Labyrinthopeptin A 1 achieved 95% benefit.

__NH
| M
N N N N NT—
H HY o Ho Ho

O o)

N
H

3. A compound of the formula (I) according to claim 1, wherein

{A}is
o __NH
NH,
_ N
H oH o .
(B} is
H |l
o)
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I n concl usion, the conpounds of the formula (1)
significantly reduce tactile allodynia in the SN
worewe2eiiel of neuropat hic pain. H ghly bri dgeRCT/EP2009/001982
pepti des from Acti nonmadura nam biensis Clainms 1. A
conpound of the fornula (1) wherein {A} is a group
selected from{B} is a group selected fromand{C} is a
group selected fromRlL is a group F or a group wherein
is H C(O-(CC6)alkyl or C(O-0(d-C 6)al kyl; R2
{C}'§s OH, NH2, NH CCOr Cedal kyl, NHt Cr Cal kyl ene- phenyl or
NH CCr Cral kyI ene- pyri dyI R3 and R4 are independently
of each other H, (G -C ( yI, Cl1- C6) al kyl ene-C(O) NH
2, (Cl-Co)al kyl ene-C( O Nd | kyl or
(Cl C6) al kyl ene-C(O N [ C 1- )aI kyl]2, or R3 and R4
toget her w th—theNS— b Nl‘rqu—are attached
forma disul fidetrogp $S,g H o H

; and
R, is preferably a group Ry'.
4. A compound of the formula (I) according to any one of claims 1 to 3, wherein Ry’
is H.
5. A compound of the formula (l) according to any one of claims 1 to 4, wherein R»
is OH.
6. A compound of the formula (I) according to any one of claims 1 to 5, wherein R;

and R, are independently of each other H, (C4-Cg)alkyl, (C4-Cg)alkylene-C(O)NH,, or
form a disulfide group S-S together with the S atoms to which they are attached.

7. A compound of the formula () according to any one of claims 1 to 6, wherein R;
and R4 are H or form a disulfide group S-S together with the S atoms to which they are

attached.

8. A compound of the formula (1) according to any one of claims 1 to 7, wherein
Rs and Rg are H or OH wherein if Rs is OH then Rg is H, and if Rs is H then Rg is OH,

or Rs and Rg together are =0.

9. A compound of the formula (1) according to any one of claims 1 to 8, wherein Rs
is OH and Rg is H, and Rs is H and Rg is OH

10. A compound of the formula (I) according to any one of claims 1 to 9,

characterized by the formula (ll)



R5 and R6 are independently of each other H or OH, or
R5 and R6 together are =0 mand n are independently

wotoognzi4ahot her 0, 1 or 2 ; with the proviso tPGEUEPI)N)01982

is {B} is {C is R3 and R4 may not form a disulfide
group S-S together with the gatons to which they are
attached; in any stereochemcal form or a m xture of
any stereochemcal fornms in any ratio, or a

physi ol ogically tol erable salt lghereof 2. A compound
of the fornula (1) according laim1, whePahn {A}
is{B} is {C is 3. A conpouyrd fthe rrula(l)

according to claim1, wherein { { B} and{ C} ~CH,
is o OH
0
H %\ij\_
R{HN N N
oH O

H
N
o) 0
s s
S(0
/""'_ ( )n \CHZ
HoC
HO
TKQV;( N 7}/
o Ho

wherein R4 is R4’ or a group

OH
R,'HN
0

1

wherein Ry’ is H, C(O)-(C4-Cs)alky! or C(O)-O-(C-Cs)alkyl, preferably H.

11.

A compound of the formula (I) according to any one of claims 1to 9,

characterized by the formula (lII)

(1,
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Ri is preferably a group R'. 4. A conpound of the

formula (I) according to any one of clains 1 to 3,
wob@eatrsRl' is H 5. A conpound of the fornmulBCT/EP2009/001982

according to any one of clainms 1 to 4, wherein R2 is

OH 6 . A conpound of the foggula (1) according to any

one of claims 1 to 5 wherein R3 and R4 are

i ndependently of each other H (G -C 6)alkyl, (G-C

6) al kyl ene-C(O) NH 2, or formg disulfide group S-S

together wwth the S atons to 01 ached.

7 . A conpound of the for to an ne

of clains 1 to 6 , whereid R3 apndy orma ~CH,

di sul fide group S-S toggther wit\h fhe S ato o Wokeh
aonmpound\of the forml anyl)

a

according to any elne of /el gi s 1 er gl
R6 are H or OH_whepgi N %L@
' an

N Hy dN. N
R5 is Hthen REMR QH Horgd Hoget Rer Jare EOH
9. A conpound of the formula (1) according to any one
of clains 1 to 8 wherein R5is OHand R6 is H and RS
is Hand R6 is OH
S(O)n\
R4SCH
R3 SCH,
Hg H
wherein
R1is Ry’ or a group
0]
OH
R,'HN
0]

wherein Ry’ is H, C(O)-(C4-Cg)alkyl or C(O)-O-(C4-Ceg)alkyl, preferably H;

Rz is OH, NH,, NH-(C4-Cg)-alkyl, N[(C1-Cg)-alkyl],, NH-(C4-C,4)-alkylene-phenyl or
NH-(C4-C4)-alkylene-pyridyl, preferably R; is H; and

R3 and R4 are independently from each other H, (C1-Ceg)alkyl or
(C4-C4)-alkylene-C(O)NH-.

12. A compound of the formula (I) according to any one of claims 1 to 9,

characterized by the formula (IV)

an)
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10. A conmpound of the forrmula (1) according to any one
of clains 1 to 9, characterized by the formula

W@ RdopibigBEin R is Ri' or a group wherein Rl PGI/ERP2009/001982
C(O-(d-C6)alkyl or C(O-0O(C-C 6)alkyl, preferably
H. 11. A compound of the forrggla (1) according to any
one of clains 1 to 9, characterized by the fornula
(I'1')wherein R is Rl' or a group wherein R1' is H,
CCOMC-r CeJal kyl or C(O-0O( C6)a| kyl, preferably H,
R2 is OH NH2, NH CCrCel- N[ CC1-28}°m
NH ~- CM- al kyl ene- phenyl H- C 23<al kyl ene-p

preferably R is H a are i endent
from each ot her (G-C

4) - al kyl ene- C(O) NB2% 12 npound of {hend

() accordlngHtoa clfai me 1™t

characterized er e

c(O-(G-* (®1HCe aﬁky Han Is
OH, NH2, NH (G -C 6)- aIkyI N (G- C6) akyl] :

NH-(CrC 4) - al kyl ene- phenyl or NH (G -
4) - al kyl ene-pyridyl, and

RqSCH, / S(©0), \ R4SCH
0 i (V)
wherein

R, is H, C(O)-(C+-Cg)alkyl or C(0)-O-(C1-Ce)alkyl, and

Rz is OH, NH, NH-(C4-Cg)-alkyl, N[(C1-Ce¢)-alkyl]z, NH-(C1-C4)-alkylene-phenyl or
NH-(C4-C4)-alkylene-pyridyl, and

R3; and R4 are independently from each other H, (C1-Cg)alkyl or
(C4-Cy)-alkylene-C(O)NH,.

13. A compound of the formula (1) according to any one of claims 1 to 12, wherein

mandnare0;ormandnare2;ormisOandnis2;ormis2 andnis 0.

14. A compound of the formula (I) according to any one of claims 1 to 13 wherein m

and n are 0.

15. A process for preparing a compound of the formula (I) according to claim 1
comprising
a) fermenting the strain Actinomadura namibiensis (DSM 6313), or one of its variants

and/or mutants, under suitable conditions in a culture medium until one or more of



R3 and R4 are independently from each other H,

(G -Ce)alkyl or (O 4)-alkylene-C(ONH2. 13. A
w@avpomaes of the forrmula (1) according to any RPEEERF009/001982

claims 1 to 12, wherein mand n are 0; or mand n are

2, or mis Oand nis 2; or myis 2 and nis 0. 14. A

conpound of the fornmula (I) according to any one of

claims 1 to 13 wherein mand n are O 15. A process

S CaRRRAGs B GOmR o I a Bl i in FAE B BurkirhafRor o1 o
b) ISSHATPERBHIDURABHIhE Rsrnull PR3 15 cumﬁre%edmn i

vari ants and/ or nutants, under suitable conditions in
c) derivatizing.evherdi appropriate, $recompaund lsﬁlaﬂed in stgmbhardier, where

PR B ERE iR AT sHiaf 1) b prE e Rervative of

5 coHpoing isEIicdin s18l b Intder pivaidlagically dieraed salt.
appropriate, the conpound isolated in step b) and/or,

wher e appropriate, converti ng t he compound isolated in

6. 55 PReBlodlg PEOMTAL BN {5, RBRAS TRt Pt o

charact@eleéc bgdeangdlan®) t o cl ai m 15, wherein the conpound
isolated in step b) is characteri zed by formul a (II)

S(O)
OH
" 4::‘_
R{HN N

o) Ol"I 0

ZT

S S

HoC CH

2
HoC 2
Y(Q -
R M N
N N
J\L eIt

CH GHy
HO H

N NN
o o "o Ho o

(1),
10 whereinmandnare0,

R1is Ry’ or a group

wherein Ry’ is H, and
R is OH.
15
17.  The process according to claim 15, wherein the compound isolated in step b) is

Labyrinthopeptin A2, and wherein in step c) said compound is derivatized to a
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wherein mand n are O R is R' or a group wherein
R1' is H and R2 is OH 17. The process according to

W@ R@on21483 wherein the conpound isol ated in stREI/BP200%5001982
Labyrint hopeptin A2, and wherein in step c) said
conpound is derivatized to acgnpound characterized by
formula (I'V) wherein mand n are both O RL is H R2
i's O—| and R3 and R4 are independently of each ot her

combrtbe G K 2 (0
6) al kyl ene-C(Q N[ (G -C 4) alggy] | 2. 18. U%io)of a

compound accordi ng to any0he of clai 4 for
the preparation of a nes _nt f thetreatma

bacterial infections, ct| ons a| nCHz
19. A pharnmaceutica ris
acc rdin ne
one phar maceu [ ca y H
$(0) R4SCH
R3SCH, He— " TcH

one conpound of t
H H HO
R2 N N‘H/LN N N N
o Ho H o H H H H

of clains 1t
o "o 70 (),

accept abl egl

Z

wherein m and n are both 0,

R is H,

R, is OH, and

Rs and Ry are independently of each other H, (C1-Cg)alkyl, (C1-Cg)alkylene-C(O)NH.,
(C4-Ce)alkylene-C(O)NH(C-Cy)alkyl or (C4-Cg)alkylene-C(O)N[(C1-C,)alkyl]..

18.  Use of a compound according to any one of claims 1 to 14 for the preparation of

a medicament for the treatment of bacterial infections, viral infections and/or pain.

19. A pharmaceutical composition comprising at least one compound of the formula
() according to any one of claims 1 to 14 and at least one pharmaceutically acceptable

ingredient.

20. DNA coding for prepro-Labyrinthopeptin A2 having the nucleic acid sequence
as shown in SEQ ID NO: 13.

21.  Prepro-Labyrinthopeptin A2 having the amino acid sequence as shown in SEQ
ID NO: 14.
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20. DNA coding for prepro-Labyrinthopeptin A2 having
the nucleic acid sequence as shown in SEQ ID NO 13. 2

WQ200PH2BD- Labyri nt hopeptin A2 havi ng t he am nBCHEP2909/001982

22.

NO:

23.

sequence as shown in SEQ ID NO 14.22.
Pro-Labyrinthopeptin A2 havigg the am no acid sequence
as shown in SEQ ID NO 15. 23. DNA coding for

pr epr o- Labyrint hopeptin A 1 having the nucleic acid

ue ce as, shown . IDNQ 17. 24. .
SaBSrSRRAIG S hAA theAeEai% Soauenes agphown in SEQ. ID
nguence as shown in SEQ ID NGO 18. 25.
Pro- Labyrint hopeptin A 1 having the anmi no acid
sequence as shown in SEQ |ID NO 19.

DNA coding for prepro-Labyrinthopeptin A1 having the nucleic acid sequence

as shown in SEQ. ID NO: 17.

24.  Prepro-Labyrinthopeptin A1 having the amino acid sequence as shown in SEQ
ID NO: 18.
25.  Pro-Labyrinthopeptin A1 having the amino acid sequence as shown in SEQ. ID

NO:

19.



