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WO 2008/ 040469PCT/ EP2007/ 008294 ANTI BACTERI AL AND
ANTI VI RAL PEPTI DES FROM ACTI NOVADURA NAM BI ENSI S 5
Field of invention The present invention relates to
t he novel peptides isolated from Actinomadura
WORHY/MPEAsi s (DSM 6313), a nethod for its pri&garatq7gps294
and its use in the nanufaéture 10 of a nedi canent for
the treatnment of bacterial infections, for the
treatnent of viral infections and/or for the
ANTEETERAL Ao BRI RATSHOES Prl ACORABDRApIENsis
literature, for exanple conopeptides isolated from
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,
F'kjl 5 q33-683) from G ampositive bacteria source. The
ield QLIYENA i des have various utilities. The lantibiotic
nisin has been used, anobng other utilities, as a 20

The pigRent TyEnirb AR16R d T EOYG BpTides SaIEIGILIAM A arae
namitihdis ﬁbgM%%H%‘) 0 h%tl%ﬂjfd?%%ré’ﬁa?éﬁéﬁ 8hd s %@é%ﬁ%@i‘?ﬂnufacture

curre undergo preclinical or clinical devel opnent

of a nedigamhery f@rfthedmap@gnt efhacienal @f@tl%efgﬁ@m treatment of viral

mfectngﬁ?g’ﬁgéwggéﬁa e nﬁFFF@%ﬁSNPAE%URlﬁS—&/ \é' ty: 1-3,2-4)

connectivity: 1-3,2-4), wherein O/Hyp is

hydroxypraql i ne. and the connectivity indicates the
Bac"%é'é’i‘é)f)gﬁ'egf“’?rﬁ@”cyst ei ne involved in each specific

di sul phi de bonds, for exanple, first to third and

second to fourth as in a-@D. S S

Severgbhjgtly hridged ppplides are known indhe-litgratuse forexample. Ser - C

cono@hﬁ’ﬁg &%a@@nﬁ%& @QIIS Aﬁ)r aF;ewexi seee. g Xﬁanaw&] Olj vera

Physisin Ridyp2094 84, 41@&}@&8 sS-c(aﬂiedSla[D)hb&c@asﬂﬁhatterjedﬂsam ﬁhem.

Rev. {21105 654 Hp Ao ob ST BrF e sopigt TheReRl pétites

have YidusQITHtLS. Héﬂﬁhﬁbl@f@h%lr( BREVb&G L 3ded RtharLoeritillties, as a
for the treatnent of bacterial infections, viral

food pragevaliheingd B1a6Y ¥§3Mh. wherein RL is H,
C(0)-(Cl-Co)al kyl or C(0)-0-(C1-0C6)alkyl;
R2i sOH, NH2, NH- ( C1- C6) al kyl , NH- (Ci - C4) al kyI ene- phenyl o
The cenopeptides 0g ald ysefubfgnthe treatmed cﬁ@aimﬁiaham;@mdﬁpiel y

sclero%fo eﬁ?acgaﬂgi?r\]/g%%d_' :I:np %g%eggéﬁﬁurgémg eh%%‘l@caleoroq%mca[

develé’pméﬁt ERAmPl (ﬁ%ﬁ’e@ﬁbﬁt&iesﬂ‘ &elp- GJ"(semd%lsé UEECHPANEGRHYSC*,
stereochem cal forns in an%hr atio, or a

*amidptegs p@n@@tww |y3 2ot eanihive Ehfsequerges SRYCCRNRAGRWNNOHVC,

r d . of .
conndF3E, 40,208 G VS it o GRIRAMRENTH o,
mdicatehﬂhbrmitmrdf tiod cysteinerinvoived freedchaspecifici disdlphide bonds, for
fections and/or pain, In a third aspect, there is
examB‘PoUﬁsﬁgbl hird ang seeend e E‘H-Frﬂb%‘i"rﬁb%ﬁ[pon conpri sing at
| east one conpound of éhg formula (1) as defined
above afd at | east oné€ pharmaceut | caII accept abl e

HoN- é@o{?iéj?vﬁ &Snag@pé{ao %St ARl avor e%ﬁégw@ﬁ?}ﬁﬁzge?l y

as eflned§§Qg whi ch conprises a) the strain

Act i nomadu an1b|en3|s (DSM 6313), or one of its

vari ants and/or nmutants, being fernmented under (o-Gl)
suitable conditions in a culture nmediumuntil one or

nore of the conpounds of the fornmula (1) accrue(s) in

the culture nedium b) a compound of the formula (1)
being isolated fromthe culture nmedium and c) the
compound of the fornmula (1) being derivatized, where
appropriate, and/or, where appropriate, being

converted into a physiologically tolerated salt.




WD 2008/ 040469PCT/ EP2007/ 008294 3 a physi ol ogi cal |y
tolerable salt thereof. In a further enbodinent, the
compound of the forrmula (1) is characterized by a
conmpound of the formula (I1) 5 wherein Rl, R2, RS,
R4, mand n are as defined above. Rl is preferably
H R2 is preferably OH R3 and R4 are preferably H or
OH wherein if R3is OHthen R4 ggeﬁ, and if RBis H
then R4 is CH or R3 and R4 together are 10 =0. Nbre|

i el - BRErARF - 8 op Vs s RS His Hiys-on
Preferabl[y man(énn§are botﬂ O, or mand n are both

2, or mis O and mis 2 and n is 0. Most

preferred, mand n are both 0 15 A further enbodi nent

of the present invention is a conpound of the for %aGID

(1) or of the formula (I1) wherein RLis H R2is ; ).
Sudtnig and R4 are H or OH wherein if R3is OHthen R4

is H and if RBis Hthen R4 is OH and mand n are

i ndependent|y of one another 0, 1 or 2, preferably

LEP
It Wérgjnm&gﬂé' %lli’sgrtr@y eeHVI\gu@QQﬁét%gﬁlgngﬁg E&%%éé@%%% %olated
from enetfoorgasisty simmn%dmbaraoyar@nememraﬂs (D3MB I 3hred @ot hseful
to e bl.e salt thereof. Mst

fordhe FleaPabPd baeBiRfifacions. Gl igdfs andigpad.

compound of the formula (111) For a further

characterizati on of the conpounds of the present .

In 2 divedmsped, there isppisvided a eamped gidhe feipmefd ed back

to their probable precur s fromribosomal peptide

10 synthesis. The al pha a- di subs 'ﬁ(ﬁ) amno
‘acids in residues 1 a are w_tAout - prece ce |n
the literature. Sai ¢ram\ ﬁl(‘d may be /de crlbe

an Al a residue bri thyI ene

substituted at tH® be ifion, ‘ ow

H2N- Al a- Asp- Tr p- ‘m-/d u- ) S hn+ --A
| a- Leu-Phe- %V /L s 'nsrm

15 R~y N-U BT H r

al | obvi ols che'Fh cél HquPl \'/"al ats o Hh np@uﬁ'ds ®f
the formulae (1), (I11) and (111) according to the

i nventio S”I‘h'ese—e'q-t:r1—v'a'I-e1'rt-ra'|-e—tcrrrptm-nds—\mﬁu\cLLa
exh| b onl y a sli ght chem cal difference

ve
CH»

Jﬁﬁfﬁiﬂ% ¥>

0

(h
wherein
R1is H, C(O)-(C+-Cg)alkyl or C(O)-O-(C+-Cg)alkyl;
R2 is OH, NH;  NH-(Cs-Cglakkyl, NH-(C- C4)alkylene phenyl  or
NH-(C+-Cs)alkylene-pyridyl; - '
R3 and R4 independently of each other H or OH, or R3 and R4 together are =0;
and



WD 20081040469PCT1EP20071008294 5 t he sane

phar macol ogi cal effect, or which are converted into
t he conpounds according to the invention under mld
conditions. Said equivalents also include, for
exanpl e, salts, reduction oducts, oxidation
products, partial hydrol ytiC" processes esters,

m ehél@rfe n&!‘é%ieﬂblén ofedfied@sothér § heocnpounds of the
formul ae and (111) 5 as well as equi val ent s

in \RRY oﬂewggwqa& &ermbepis armpdiieppleply stereperpraicantpig in any
all the optical -
raffE o A RAbaidy AR ORal e b B e
stereoi soneric forms. Unl ess othermnse |nd|cated the

0 S BhacRERE o it REoGASDIT iy B o B0 SRS bded Soove

foraRBpraptiratiombf a Theditarent fopthe Bbaemt bo bhcteral inctions, viral
optically pure conpounds and to stereoisoneric

infaetiong2esV/orNAh as enantioneric nixtures and
di astereoneri c m xtures. Physiologically tolerated
salts of conpounds of the formulae (1), (11)- and
In @ithiry aspect] $hardds sroddecha mimrn‘@CButlttaltd@mnosmogamrnanlng at

lts and th rga S scrlb
eoRE i EOeo U 8L AR e Pl SR  BF 184 one
phaagsccldit 8y 43p)able Bgeadisst. of their physical and
chem cal stability and their solubility, sodium
potassiun] cal cium and amonium salts are preferred,
In b%gﬁh Fgct irﬂarre%gpo\wéw%r SAst for Bfe Cfi’@fﬁboéﬁbﬁlbbﬁnd of the
acl uric acid or phosp oric acl of of
fOI”Um{Ebdk)y b cdefirieds abpve 0whidhospm paiskeisa) e tstrain dadipmadura

naBignsis (OB pEFY pr BERET 1S Bf afe BRI G B, b Rhferted

' unﬂérefs@i‘tﬁﬁlé conditonslihaa toltureasmedigmouptl. one or Timere of the
of the piesent have been n

C°m£B 'F EhP tsptmule DRSTRFHBLI t{‘ﬁecu’étlfeewg'”ﬁﬁ& ) @ compound of
thé foreid 95‘ béin QSélﬁiéﬂt §mttﬁe§:dﬁ[lﬂ§ﬁ%‘élufrﬁrarﬁﬂ ep#e Bémpound of
onpound he fornmula (I) wherein mand n are

the mmmawemg agrivatisechnwberer apropriate, andiani where appropriate,
ri - A ura nani bi ensi s
be@%%ngér%sl lnt{i;%l ;}g{“&oﬁ{d@%ug @%Htgﬁggeand/ or 30nutants,

- being fernmented under suitable conditions in a
t.u nedlu ntil ane or nore of the conpounds of

et P EinienBeS) °f o he cultbre rmmam %h)
.a conpound of the fornmula (1) being isolated fromthe
cul ture nedium and c) the conpound of the formula

An@mibastiinggt didhe wagsent invenfien i aspiepHndebthedpanula, ()
where appropriate, being converted into a
physiologically tolerated salt. WO
2008/ 040469PCT/ EP2007/ 008294 6 The i nvention
preferably relates to a process for preparing a
conmpound of the fornula (1) wherein the compound (1)
is characterized by. a conpound of the formula (11),
nore preferably the invention relates to a process
.for preparing a conpound of the formula (1) or
preferred (I1) wherein mand n are both 0, or mand n
are both 2, or mis O and nis 2, or mis 2 and n is
O Particularly preferred, the invention preferably
relates to a process for preparing a conmpound of the
formula (1) wherein the conpound (1) is characterized
by a 10 conpound of the formula ON The culture:
mediumis a nutrient solution or a solid nmedium
contai ning at | east one customary carbon source and
at | east one nitrogen source as well as one or nore
customary inorganic salts. 15 The process accordi ng
to the invention can be used for fernmenting on a
| aboratory scale (mlliliter to liter scale) and for
fermenting on an industrial scale (cubic nmeter



For the isolation, the culture broth or the culture
together with the solid nediumis optionally

| yophili zed, and the Labyri nthopeptin derivatives are
extracted fromthe WO 2008/ 040469PCT1EP2007/008294 8
| yophi li zate using an organjc solvent or a m xture of
wat er and -an organi c sol ve 9 preferably containing
50- 90% organi ¢ sol vent. Exgnpl es of or%?nlc sol vent s
are met hanol and 2-prop 2" The or vent
phase contains the nat subst es accord

the invention; it i :

i n 5vacuo and subj

' exanpl e, o
al um.num dki de, ﬁcnQ B‘n
resins or on reversed phases (RPs). ThIS

déptrvat m@ﬁﬂﬁ%&Léﬁlng bu&ﬁered b

v
P ?ed aqueptrs, sol utions o aqu

chronmat o ﬁphyfTS—USEd‘TTT?ﬂﬂRﬂ?ﬂT?Tﬁﬂ?—————‘
Lab ,yﬁfﬁgpeptln derh% tives. The. Labyrlnthopgﬁrx ‘
20
equs
H

or acidif
- and|organic sol ut . 15|M xturks %% 0
‘org i on bei
R \.S! NpIE I@
2- H at a2 ‘6o cen{r tlw
f soIQent preferably fromb5 to ()

50% or gani c solvent, or else al | buffered aqueous
Whesilit i ons which are nmiscible with organic sol vents.

_F?Q@EEF%E&S éﬁ%ﬂQﬁé@Qgﬁi E%—r|nt dL:p:Pﬁ ZZFFvgflvesi

R2ar eissep@Hat edyHgn tKie- (Ba@&%ibyl t h&iH-(Qli-Cf)alkylepe-phenyl  or .

it ns of reversed phase
N%&B@?@f@ﬁ@% r exanple on MCl (adsorber resin,
R3¢ RAIisdepend@pBn bf eackihater IH beONAbr Rmm%getﬁér are =0;
ot her hydrophobic nmaterials, for exanple on RP-8 or
angp. 18 phases. In addltlon the 25 separation can be
hr omat ogr aphy, for
n1§&iﬁ%ﬁ§ﬂgﬁ%§ﬁﬁ éﬂﬁh$ﬁ%ﬁf§%?de and the like.
in BOY fsteregcheynisiat f@rm a@n di mixtutreaofuany stesedchanaingl forms in any
ratimder st ood as being, for exanple, water, phosphate
buffer, amonium acetate and citrate buffer at a
concentration of 30up to 0.5 M as well as formc
acid, acetic acid, trifiuoroacetic acid, anmonia and
triethylamne, or all commercially avail abl'e acids
and bases known to the skilled person, preferably at
a concentration of up to 1% In the case of buffered
aqueous sol utions, particular preference is given to
0. 1% amoni um acetate. WO
2008/ 040469PCT/ EP2007/ 008294 9 The chromat ogr aphy can
be carried out using a gradient which began with 100%
wat er and ended with 100% or gani c sol vent; the-
chromat ography was preferably run with a Iinear
gradient of from5 to 95% acetonitrile. 5
Alternatively, it is also possible to carry out a ge
chr omat ogr aphy or chr omat ogr aphy on hydrophobi c
phases. The gel chronmatography can e.g. be carried
out on pol yacryl am de gels or copol yner gels. The
sequence of the abovenenti oned chronmat ographi c steps
can be reversed. 10 Insofar as Labyrinthopeptins are
present as stereoisoners, they can be separated using
known net hods, for exanple by nmeans of separation
using a chiral colum. The derivatization of the OH
group to an ester or ether derivative is effected
usi ng nmet hods which are known per se (J. March,
Advanced CXganlc Chen1stry, John 15 Wley & Sons, 4th

e o o
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R2. M ocap Ies npl argt s or rod
opl anﬁFL

A further enbodi nent of the present invention is the
use of a conmpound of the fornmula (I), preferably a
conpound of the formula (I1l1) or (I11), as defined
| r the treatnment of bacterial infec
espeC| aﬁ?y bacterial infecfions caused by Gﬁgﬂ}ﬁﬁzov\gusm
2008/ 040469PCT/ EP2007/ 008294 11 positive bacteri a,
aph¥§5|DP%|f*f%maigﬁemﬁal i nfections and/or for the
rea pain, especially neur opat hi ¢ pain or
~inflammatory triggered pain. The above descri bed
s
ina {FGE EAERL Gl Bel RERIGRE e prlR IR REISRrized by e
compauref ¢fehé forenudangitint of at | east one conpound of the
formula (1), in any stereochen1cal form or a mxture
of any stereochem ca
physi ol ogically toler

n any rab{@,,or a
A0 4 sa[;ﬂgL/fﬁ§n1caf\équLX?Ient
thereof, as describgll abdve d at = one Ha

: pharnaceutlcally_,_Ca :Ne) ﬁ%arrler

~exci pi entH) ' ¥renk canfbe ad
or al | B~ of R '

- D Q
soft gelatin capsules, solutions, syrups, enulsions,
suspensi g8 A i on,
howev, can 15 al so be carried out rectal |y, >or

g | e |Prlﬂ§_igﬁﬂﬁx@hl sitories, or QﬁZ

pg?entﬁeg v, for xanpfgpfﬁ??“ ousthsz %

~intranusgul arly E;;fgb?ﬁizﬂeous y, Joff fa;n1of 1
i ng eqt i-oh solutl si on ae1ut|

" or _per neq r
o 'lﬁtiaﬁ(ﬁ.;_lr

fo

ol |6ns[?w @ln tuwesH or |noot eP way® foﬁ)exaﬁ%Ie(")
in the form of aerosols or nasal sprays. 20 The ‘

wher6RMRTREMS RE,aarahidngateoas tefinedvebalieon are prepared
in a manner known per se and famliar to one skilled
in‘the art, pharmaceutically acceptable inert

R1 is aﬂ?@f ch Wfscﬁre%rréﬁp ICH 98 bh& R4saeraferasly W OH wherein

s being used in addition to the conpoun d(s)
if R3 &f OHntbeﬁ a4l l‘&eaf(d if Ridns érhtilegtRﬁr deiepn Baland dthiogethes are

xt.ur t r
=0. WbP el PP IR PP SPGB Eslr BB it Ruffhen @4 4, ana
R3 isad|tharaiRe g c]|-her eof, as described above. For the
producti on of pl||S tabl ets, coated tablets and hard
gelatin capsules it is possible to use, for exanple,
Prefelrﬁ% 0P Gandy? S bathQl) P HR4 n\ak ibe8S2 [d18h 890 ankidl 8.2, or miis 2
stearic acid or its salts, etc. Carrier substances
and rf isr0. ddrst Pg@‘leﬁﬁﬁnﬂ‘t:aﬂﬂsnlaé%bﬁmp suppositories are, for
exanple, fats, waxes, sem solid and 30liquid polyols,
natural or hardened 0|Is etc. Suitable carrier

A furthebetbodiseritaf thés ereseatiinvention isfa swhpourehst thé dormula (1) or of

he f b% nj ectlon sol utions, or of enul sions or
t e<nggg ' Wor exanpl e, water, saline, alcohols,

R1,sghycerol polyols, sucrose, invert sugar, gl.ucose,
etable oils, etc. Suitable carrier substances for
Rzisﬁ? rocapsules i mpl ants or rods are, for exanple,

R3 o R s R R PREER PR M R et R e i

OH; qmbparatlons normal |y contain about 0.5 to about 90 %

m and PtE oKty SEPRe aaeRer bt ok 2 Hédabiym 3Rd e both o,

prodrugs. The amount of the active ingredient of the
formula (I) in any stereochemcal form. or a m xture
of any stereochenmical forns in any ratio, or a '
physi ol ogically tolerable salt or chem cal equival ent
t hereof, as described above, |n the medi canent s
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15

in Exanple 1 was seeded with a culture of
Act i nomadura nam bi ensis (DSM 6313) which was grown
on an agar plate and was incubated at 27C and 120 rpm
ker. After 72 hours, further Erlen
“'%ﬁfﬁ‘ P2007/00829
?Ls cont ai ning the sarre4culture 30- nediumin N ?1 / !
sams anount were seeded with 2 m of this pre-culture
nﬁgm QFédA?étn%J B%% ¢'akehn us Qeaut Gk dandlistd Qfﬁtlcftﬂ’érlyl&%ferred
ours ternatively, a 300 m Erlenneyer
m argbmieg bothd; 100 n  of the culture medi um descrl bed in
ample. 1 W a culture of Actinomadura
Oraﬁﬁﬁqﬁpgiﬁgﬁlﬁiﬁéﬁﬁ%& Ia(fzf i ncubated at 25C and 150
~rpm After 72 hours, further Erlennmeyer flasks
con a| n|n t he- same WD 2008/ 040469PCT/ EP2Q07/
Mostpre mRBHPGAY B CHATRCISHARS LA RMRRANG deeitar i 1)

5m of thls pre-cul tur ach and |ncubat ed under

i dentical conditions f#r§ £68 hours. e 3: :
| sol ati on of Labyri opgptins % HyfI 0 er-cel
~ di at omaceous earth ; rcell; @ Dar nmst

Ger many) were gi f the cul

cont ai ni ng acc
~filtrated; . ; ‘ e E

t he cul t uk i . | trdtfe was
glven ONTOY [ 'It-le V\ﬁ

resin (col udn F?Jll a@é’ferOSHS oan’ ca l'J'hn melfgho:
and washed with 51 deoni sed vvater and 51 20 A
methano S

h’z@wat n ntalnleg]fractl __3
wer e H%@\: tified HPLC- DAD angf [2C- ESk VB2,
c&llecti' ely co trate on a rota#y ﬁ@a r'ator % .

urkt %ggéﬁueous s 1 @bt ai ned™

HO. Euﬁ ze-.elx W’W
bta d ngigbnm pBr or A eHI quu—pl
hromﬂograpyvmtlﬁ)d -array de t|on (H ° (.

PLC- DAD) of Labyri nt hopeptl ns 20 Col urm Nucl eosi 1100 -
Cl18; 20 + 125 mmx 4.6 nm 5 p-(Machery-Nagel) Mbile -

or B I S St i o s

res:da@@w%&mmteﬂ barkEb tlezit prdbabir pracpﬁormﬁomfntibsoma! peptlde

syt o7 B AR Bl e oD a s T Tob e Segnd Al gre

wathoaégsecéaénwm th8GitdrBturd Said infiRb ize mwbeqfesbh@ed as an Ala
yrint hopeptin of- the fornmul a 75 m nut es.

residgg bEstwb Py agnethylgRe PR @Hﬁﬁé‘ési't#iﬁﬁ; af tam beteapesiiiarptap shown
belowM t h el ectrospray ionization nmass spectroscopy
HPLC- ESI - M5) of Labyri nt hopeptins Col um: Pur ospher
RP-18e; 125 mm x 4 mm 5 p (Agllent) V\l)

008/0 O469PCT/ 07/0 82 4 |
HoN-Rr APy Py a6t e COrA s - B ﬁ{sﬁ eaﬂﬂa- C6-OH

t@*ﬂﬂgﬁ\lace %& idlin Ac t rill (E B)
I't near gradil en )tnom 5% t 00 % El uent | El uent |A
over a period of 10 m nut S5

The flow to the ES interface -of the nass spectrorreter o
was reduced to 0.4 nl per minute via a T splitter.

The rredfonGRhRl sy IRER ek Bar g AR e b apas of e
compaoaﬁyaeme fdfndlae (r)?ﬂ'e)@hdqm)tadfﬁerdﬁg totbe rnventlon These

rinthopeptin of the formula (111) was 5,

equwﬁfeﬁ%i @& COrPPURKSAIFR XRiRE LIRS Sﬁ@'ﬁ? ea“c%ﬂéff%%c% and have
Purificati-on of Labyrinthopeptins 15 The
Labyri nt hopeptin crude product obtained according to
Exanple 3 (300 ng) was dissolved in a m xture of
di met hyl sul f oxi de, nethanol and water (1:3:6) and the
conponents were separated via chromatography on a
Nucl eosil 100 - G g colum (particle size: 10 p,

-1"
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30 Exanple 8: Hi gh resolving ESI-FTI CR- nass
spectrometry WO 2008/ 040469PCT/ EP2007/ 008294 16

FTICR M5 (7T nagnet) equi pped with an el ectrospray
wiPiEfossorect ra were recorded in the positi yerBsfizoos2s
using an external calibration. mz observed in Da

(z=2, Mr2Na+ ion) 984.3333 Exact, nono-isotopic’ nmss

o St kel 85 B e s

accotmﬁg-lldmﬁmm urﬁeEnaldmoeidmonmﬁald equivalentsmplgeiinclude, for

drolysis rint
cxaror G B BB b 428 el gpeses
esterghemhels azbtaldOarmhies f tie cd’rhﬁmh‘r)tw:ﬁltiytsﬁirmmm(lﬂr(llmd (CL);
in a stream 100f mtro& Achiral GC-Ms: , The
as wel as sAyateatshich &g sidiicd person can prepare using standard methods

and, ?‘E%qéglj %@E&y L the/ ?ﬁﬁdafl EH%&esaéiﬂtcﬁgétgs%omers and all the

tonitri at. 150C for 4 h. For GG M
stereeisperaricdatras.a  DB5- fused SI lica-capillary (I = 15 mx
0.25 pmfused silica coated with di nethyl-(5% 15 '
. phenyl net hyl ) - pol ysi | oxane, df = 0.10 pm tenperature
Unlew oljenwine indicated 3he cmsamﬁy@rsqumomwﬁlth@rmb ®

can e GBS U KR e Al s

both tdigierspticaepwe Sorgduatis cirdi tolstétBoipbmeéfidvidires) sﬂlelfi) apl
gﬁnhl or qQnet hane &t 110C 10 W for and dried. For

enanggmpac mixtyesand FE‘&VEQJH‘B"‘F Yeas used (1 = 22 mx
0.25 pmfused silica coated with chirasil-S- Val

(Machery- Nagel ), di= 0 erat ure pr.ogranme
Physilogiey4oiered bt of corpadpafdee BTAIASD. A6 ans I are

unde(?t@d ds Epfng bgmrtrlljrﬁtblrac é‘ﬁﬁ s;ﬁ %ﬁnﬁ th%r P?@arﬁﬁ%l& a8 afk P

descmmtmrmsmmgjon mammaam&mz(ome}ﬂmm@é 124B

(1983 RRERS SRy DhvioRo0™a Enoirise! Sipbitm anck Yl solfEfify, sodium,

potad§iim, Jaldiem A drmbhiuea shiRpack piefdired, mtémalig, frastid groups;
triple resonance probe head and on a DRX500 NVR:

salts Qb@tfif\?@'?i@f"é Acif Bpulisic, agihpr BherRhOTICAFHRAY 9T ebppiEgcids or
sulfor%'étﬂlfdgl ?uéﬂ%ga(%t daé?& Qatic RRRA beRY&E §§|d5n%ié?@§9i%aﬂ1m%nc

oW ng ta I'e shows the signals obtalned in
acid, terbsicranic and p-toivEnedsulfonioacid harel rasferied intgregdiog for biasic
the formula (I1l) in DVMSO-d6: 1H 0.68; 0.71; 0.75;
OrouRy: 78; 1.05:1.07; 2.00; 2.10; 2.17; 2.26; 2.77;, 2.86;
3.20; 3.24; 3.29; 3.30; 3.39; 3.59; 4.13; 4.14;

he kgt o ol CaaolTanislhpchy iyt e
text. 1.40; 1.42; 1.49; 1.90; 1.96; 2.90; 2.97; 3.03; 3.14,

3.16; 3.18; 3.18; 3.67; 3.67; 3.72; 3.99; 4.02; 4.03;
4.10; 4.45; 4.49; 4.59; 6.96; 7,26; 7.00; 7.04; 7.24;

The u?ve%’@x’on %[e?oér(()ela?ei%%ﬁ Br@tﬁass?eﬂ%repﬁnﬁ%a can%ung o 919 fordila (1)

whereig npand paarg independently af ong anothgvo,ﬂ 013%, whlcb 5ompnses

a) th\%%rér;n ,ﬁ@? aﬁa?az@& 283:3 ‘(‘Bsﬁn 6§P3), or_oAf% §f71t_s4&n%nts and/or
mutants, being fermented under suitable conditions in a culture medium until one
or more of the compounds of the formula (1) accrue(s) in the culture medium,

b) a compound of the formula (1) being isofated from the culture medium, and

C) the compound of the formulé (I} being deri_vatized, where appropriate, and/or,

where appropriate, being converted into a physiologically tolerated salt.
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- 48.7; 49.0; 51.2; 51.4; 52.5; 52.6; 52.7; 53.2;
53.5; 54.0; 56.9; 60.0; 60.3; 66.4; 109.8; 110.6;
1%% 2; 111.2; 117.4;. 118.1; 118.1; 118.2; 120.7;

1 7: 122.1; 123.4; 126.5; 127.2; 127.3; 1.8 :
WOBGUMA36 0; 136.1; 136.6; 140.8; 169 4; -"ﬁ?g"‘”""“m“
174.3; 176.9. Exanple 11: X-ray crystallography

- of- Labyrintopeptin (111) 1O Crystallization
conditions: The protein was dissolved in 0.02 MTris

The |nvlehfn’or2px(emrabtyrrbtms tina ﬁrcmgasmfor pmmrmgaa sogpeundiof theom

ol TRoRS bR & ol ER L p o

(1N, mBR% dﬁr%fé}ﬁﬁlglthe hvErlb PRGRaRRA0 a (rofess it pasbavingacesrapeund of
sadi um chl or-i de. Cr staltgéégrew W thin

the fortida () onereiserd (Hlbé%%ﬁeé‘r@rﬁ“ xarebol #TfeARd N ateboth 2, or
m|5033-{d|a fstfq,rcm glfﬁgo’s circle diffractonmeter with

'ng ano m rror nonochromat ed CuK-al pha
radi ati on. Inten3|t| es vvere col l ected on a SMART 6000

Paricgaty proae Bem Ao st s R 0 A Ree s or peapaigo

compc%% MNAERGNAS (19 9hePedin Fins Gbinpound gmts QR28ctafzeBBya82
Crystal system ort hor honbi ¢  Space group P 21 21 2

: -compc(umi ofibg forppula (IB&1 | di mensi ons a = 41.1360 A

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).

Suitable carbon sources for the fermentation are assihmilable carbohydrates and
sugar alcohols, surch as glucose Iéctose sucrose or D-mannitol, as well as |
carbohydrate—contamlng natural products, such as malt extract or yeast extract.
Examples of nitrogen- contamlng nutrients are amino acids; peptrdes and protems
and also their breakdown products, for example casein, peptones or tryptones; meat
extracts; yeast extracts; gluten; ground seeds, for example from com, wheat, beans,
soya or the cotton plant; distillation residues from producing alcohoi; meat meals;
yeast extracts; ammonium salts nitrates. Preference i is given to the nitrogen source
being one or more peptide(s) which haslhave been obtained synthetically or
biosynthetically. Examples of inorganic salts are chiorides, carbonates, sulfates or
phosphates of the alkali metals, the alkaline earth metals, iron, zinc, cobalt and

manganese. Examples of trace elements are cobalt and manganese.

Conditions which are especially suitable for forming the [abyrinthopeptins according
to the invention are as follows: from 0.05 to 5%, preferably from 0.‘_1 to 2.5%, yeast
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b =12.8850 A ¢ = 25.5900 A Cell volume 13563. 66
A3 Z 4 Density, calculated 1.087 g/cn83 Pearson |
code oP732 Formula type NO4P20Q48R85 V\yckoff
sequence c181b3a  Atom c coordi nates: No.

WORDEHMS? X y z e--density O Na NA 0.26282 1P€I@§%°“7’°°8294
-0.20024 1.0 1 N 18NH O. 16643 0. 62593 0.30751 2

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%, CaClp x 2 H20; from 0.02 to 1.5%, preferably from

0.05 to 0.7%, MQSO4 x 7 H20 and from 0.00001% to 0.001% cyanccobalamin. 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 stir_fed 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 pamcu!ar at from 27 to 30°C. The pH range should be between 4 and

10, preferably between 6 5and 7.5. The microorganism is generally cultured under

.these'condltlo_ns for a period of from 2 to 10 days, _preferably of from 72 to

168 hours. The microorg'_anism is advantageously cuttured in several steps, i.e. one
or more preliminary cultures are initially prepared in a liquid nutrient medium, with
these prerlriniinary cultures then being inoculated into the actual production medium,

"i.e. the main culture, for example in a ratio by volume of from 1:10 fo 1:100. The

prehmlnary culture is obtained, for example, by inoculating the strain, in the form of

' vegetatlve cells or spores, mto a nutrient solution and allowmg it to grow for from

about 20 to 120 hours, preferably for from 48 to 96 hours. Vegetative cells andfor
spores can be obtained, for example, by allowing the strain to grow for from about 1

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

'example yeést agar.

The Labynnthopeptln denvatwes can be lso!ated and punf ed from the culture
medium usmg known methods and taking account of the chemical, physmal and
biological propertles of the natural substances. HPLC was used to test the
concentrations of the respective Labynnthopeptm dertvat_lves in the culture medium
or in the individual isolation steps, with the quahtity 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 Iyophilized, and the Labyrinthopeptin derivatives are extracted from the
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8240 0.86116 O. 23780 0.710

lyophilizate using an organic 'solvent or a mixture of water and an organic -SOIVent,

‘ preferably containing 50-90% organic solvent. Examples of organic solvents are

methanol and 2- propanol The orgamc solvent phase contains the natural

- substances according fo the mventlon it is concentrated, where appropnate in

vacuo and subjected to further purification.

The further purification of one or more t_:ompounds according to the invention is

eﬁepted by cihromafography on suitable materia[s preferably, for example, on

molecular sieves, on silica gel, on alummum oxide, on ion exchangers or on

' adsorber resins or on reversed phases (RPs) This chromatography is used to

separate the Labyrinthopeptin derivatives. The Labyn_nthopeptm derivatives are
chromatog‘rapheq using buffered, basic or acidified aqueous solutions or mixtures of

aqueous and organic solations.

Mixtures of aqueous or organic solufions are understood as being alt water-miscible

organic solvents, preferably methanol, 2-propanol or acetonitrile, at a concentration

of from 5 to 99% organic solvent, preferably from 5 to 50% organic solvent, or else

all buffered aqueous solutions which are miscible with organic solvents. The buffers

which are to be used aré the sa'me as specified above.

The Labyrinthopeptin derivatives are separated on the basis of their differing'

polarities, by means of reversed phase chromatography, for example on MCI

A(adsorber resin, MltSUbIShI Japan) or Amberlite XAD (TOSOHAAS) .or on other

hydrophobic materials, for example on RP-8 or RP-18 phases. In addition, the

_separation can be effected by means of normal-phase chromatography, for example

on silica gel, aluminum oxide and the like.

Buffered, basic or acidified aqueous solutions are understood as being, for example,

' watér phosphate buffer, ammonium acetate and citrate buffer at a concentration of

up to 0.5 M, as'well as formlc acid, acetic acid, trifluoroacetic acid, ammonla and
tnethyiamlne or all commercially available acids and bases known to the skilled
person, preferably at a concentration of up to 1%. In the case of buffered aqueous

solutions, particular preference is given to 0.1% ammonium acetate,
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0. 19839 0.49670 0.35604 0.570 11 N 17N H1 0.17994
0.49779 0.40196 0.430 12 C 17Cal 0. 20056 0.49833

0.430 13 C 17Cb 0. 20165 0. 38479 O.
W §s
‘iiﬁg @‘@ 0.16523 0.3200640. 32001 15 C 17 12%('37%38294

0. 57036 0.31036
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 hydrop_hobi(; phases. The gel chromatography can e.g. be carried out on
pd[yacry_lamide 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 & Sons, 4th edition, 1992), for example by means of reaction with an acid

nhydride or by reaction with an dl-alkyl carbonate or di- aikyl sulfate. Denvat:zatlon '

. of the COOH group toan ester or-amid derivative is effected using methods which

are known per se (J. March Advanced Orgamc Chemlstry, John Wiley & Sons, 4th
edition, 1992), for example by means of reactlon with ammonia to the respective

CONH; group, or with an optlonally actlvated alkyl compound to the respective atkyl

ester. Oxidation of -CH,-S-CHz- groups to a -CH,-S(0)-CHz- or a “CH-S(0)-CHy-
~ group can be achieved upon exposing the respective Labyrinthopeptin derivative to

oxygen or air.

An isolate of the microorganism strain Actinomadura namibiensis was deposited

under identification reference FH-A 1198 in the Deutsche Sammlung von

M]kroorga'ni_smen und Zelkulturen [German Collection of Microorganisms and Cell

Cultures] GmbH (DSMZ), Mascheroder Weg 1B, 38124 Braunschweig, Germany, in

~ accordance with the rules of the Budapest treaty, on 23.01.1 991 uhder 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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0.570 20 C 16CC2 0. 17744 0.51223 0. 44580 O.
WOHIHINH469PCT/ EP2007/ oosi?94 19 21 0 16002 %&@2’“"&94
0.50283 0. 46026 0.570 22

Instead of the strain Actinomadura namibiensis (DSM 631 3), itis al_so pbs’sible to
use its mutants and/or variants which synthesize one or more of the compounds

accbrdirig to the invention.

A mutantis a m:croorganlsm |n which one or more genes in the genome has/have
been modifi ed, with the gene or the genes, which lslare respon3|ble for the ablhty of

'jthe organism to produce the compound according to the invention remaining

functional and heritable.

Such mutants can be produced, in a manner known per se, using physical means,

for example irradiation, as with uliraviolet rays or X-rayé, or chemical mutagens,
such as ethyl méthaneSquonate-_(EMS);l 2-hydroxy—4—rr_)ethokybenzophenone:(MOB)
or N-méthyl—N'—ni’crd-N_—nitrosoguanidine {M NNG): or as described by Brock et al. in
“Biology of Microorganisms”, Prentice Hall, pages 238-247 (1984). '

A variantis a phelhotype of the microorganism. Microorganisms have the ability to

adapt to their environment and therefore exhibit highly developed physiological

'wﬂexibi[ity. All the cells of the microorgénism are involved_ in the phén_otypic

adaptatibn with the nature of the change not being genetically conditioned and
being reversible under altered conditions (H. Stoip, Microbial ecology organism,
habitats, activities. Cambridge University Press, Cambridge, GB, page 180, 1988)

Screening for mutants and/or variants which synthesize one or r_horé of the
compounds according to the invention is achieved by opfiohaliy lyophilizing the
fermentatlon medium and extracting the lyophilizate or the fermentation browth with
an organic solvent or a mixture of water and an organlc 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 (1), preferably a compound of the formula (I} or (II), as defined above, for

the treatment of bacterial infections, especially bacterial infections caused by Gram-
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WO 0R04PHIH 0. 08606 0. 28654 0.38875 1.0 28 C BEIALP2007/008294

0. 08545 0. 33846 0. 43783

posmve bactena for the treatment of viral infections and/or for the treatment of pain,

especially neuAropath:c pain or lnﬂammatory triggered pain.

"The above descnbed medicament (also referred to as pharmaceutical preparation or

pharmaceutlcaf composition) contains an effect:ve amount of at [east one compound
of the formula (1), in any stereochemical fon*n or a mixture of any stereochemical
forms i an any ratio, or a physmiogncally tolerable salt or chemical equivalent thereof,
as descrlbed above and at least one pharmaceutucally acceptable carr:er preferably
one or more pharmaceutlcaliy acceptab!e carrier substances (or vehicles) and/or '

additives (or excipients).

A The medicament can be administered orally, for example in the form of pills, tablets,

lacquered tablets, coated tablets, granules, hard and soft gelatin capsules, 'solutions,
syrups, emulsions, suspensmns or aerosol mixtures. Administration, however, can
also be carried out rectally, for example in the form of suppositories, or parenteraily,
for example lntravenously, intramuscularly or subcutaneously, in the form of mjectlon
solutions or infusion solutions, microcapsules Imp!ants or rods, or percutaneously or
top:c_ally, 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 morgamc

~and/or organic carrier substances and/or additives being used in addition to the
- compound(s) of the formulae (1) 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

‘téblets and hard gelatin capsules it is possible to use, for example, lactose, com

starch or derivatives thereof, talc, stearic acid or its salts, etc. Carrier substances for

soft gelatin 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, alcohols, glycerol, polyols, sucrose, invert sugar,
glucose, vegetable oils, etc. Suitable carrier substances for microcapsules, implants

or rods are, for example, copolymers of glycolic acid and lactic acid. The
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phérmaceuﬁéa! preparétions normally contain about 0.5 to abbu_t 90 % by weight of a
compound of the formula ()] and/or their physiologically acceptable salts and/or their

. prodrugs. The amount of the active ingredient of the formula (1) in any

stereochemical form, or a mixture of any stereochemical forms in any ratio, or a
physiologically tolerable salf or chemical equivalent thereof, as described above, in

the medicaments normally is from about 0.5 to about 1000 mg, preferably from about

1.to about 500 mg.

In addiﬁon to the acfive iﬁgredients of the formula (1) in any stereochemical form, or

_a mixture of any stereochemlcal forms in any ratio, or a physuologlcally tolerable salt

or chemical equwalent thereof, as described above and to carrier substances the
pharmaceutical preparatlons can contain one or more additives such as, for
example, fillers, disintegrants, binders, lubricants, wett:ng agents, stablhzers

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 formulae () in any
stereochemical form, or a mixture of any stereochemical forms in any ratio, or a

pharmaceutlca! preparation contains two or more compounds of the formulae (1), the

physioio’gicaliy tolerable salt or chemical equivalent thereof. In case a

' selectson of the mdw;dual compounds can aimata specific overall pharmacologlcal

prof ile of the phannaceutlcal preparatlon For example, a highly potent compound
with a s_horter duration of action may be cor_nblned with a long-acting compound of
Ingr potehcy. The ﬂexibility permitted with' respéct to the choice of substituents in
the compounds of the formulae () allows a great deal of control over the biological :
and physico-chemical properties of the compounds and thus allows the selection of
such desired compdunds Furthermore in addition to at least one compound of the
formula (1), the pharmaceutical preparatlons can also contain one or more other

therapeutlcally or prophylactlcally active ingredients. N

When using the compounds of the formulae (1) thé dose can vary within wide limits
and, as is custorary and is known to the physician, is to be suited to the individual
conditions in each individual case. It depends, for examplé, on the specific
compdund employed, on the nature and severity of the disease to be treated, on the
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mode and the schedule of administration, or on whether an acute or chronic

- condition is treated or whether prophylaxis is carried out. An appropriate dosage can

be established using clinical approaches well known in the medical art. in general,
the daily dose for achieving the desired results in an adult weighing about 75 kg is
from about 0.01 to about 100 mglkg, preferably from about 0.1 to about 50 mg/kg, i in

" particular from about 0.1 to abo_ut 10 mglkg, (in each case in mg per kg of body

weight). The da ily dose can be divided, in particular in the case of the administration -

of relatively large amounts, into several, for example 2, 3 or 4, part administrations.

' 'As usual, depending on individual behaviour it may be necessary to deviate upwards

or downwards from the daily dose indicated.

' Exémrple 1: Preparation of a cryoculture of Acﬁhomadura h_amibiensis (DSM 6313)

100 ml culture medium (10 g starch, 2 g yeast extract, 10 g glucose, 10 g glycerine,

259 cornsteep powder, 2 g peptone 19 NaCl 3g CaCOa in 1 1tap water, pH 7.2
before stenilzat:on) were seeded with the strain Actinomadura namibiensis (DSM

~ 6313} in a sterile 500 m Erlenmeyer flask and incubated for 72 hours at 27°C and

120 rpm on a shaker. Subsequently, 1m| of the culture and 1 ml sterile conservation

solution (20 g giyberine, 10 g saccharose, 70 mi de-ionised water) were mixed and

“stored at —80°C. Alternatively, small pieces of a well-grown culture on agar were

transferred Cryotubes@ (Vangard lnterhaﬁonal)'with 1.5 ml 50% sterile glycérine
solution and stored at -196°C in liquid nitrogen. ' '

Example 2: Preparation of Labyrinthopeptins

A sterile 500 ml Erflenmeyer flask containing 100 m! 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 rpm on a
shaker. After 72 hours, further Erlenmeyer flasks containing the same culture
medium in the same amount were seeded with 2 ml of this pre-culture each and
incubated under identical conditions  for 168 hours. 'Alternatively, a 300 mi
Edenmeyer flask containing 100 mi of the culture medium described in Example 1
was seeded with a culture of Actinomadura namibiensis (DSM 6313) and incubated
at 25°C and 180 rpm. After 72 hours, further Erlenmeyer flasks containing the same
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culture medium in the same amount were seeded with 5 ml of this pre-culture each

and incubated under identical conditions for 168 hours.
Example 3: Isolation of Labyrinthopeptins

2 % Hyflo Super-cel diatomaceous earth (Hyflo Supercell; VWR, Darmstadt,
Germany) were given to 10 | of the culture broth containing according to Example 2
and the culture was filtrated through a filter press in order to separate the culture
solution from the mycel. The filtrate was given on to column containing 1 | Amberlite
XAD-186 resin {column diameter: 5,5 cm, column height: 42 cm), and washed with 51
deonised water and 5 |1 20 % methanol in water. The Labyrinthopeptin was eluted
with 5 1 60 % methanol in water and 5 | 80 % methano! in water. The
Labyrinthopeptin containing fractions were identified by HPLC-DAD and LC-ESI-MS,
coliectively concentrated on a rotary evaporator until an aqueous residue was

obtained and subsequently freeze-dried. 300 mg crude product was obtained.

Example 4: High performance liquid chromatography with diode-array detection
(HPLC-DAD) of Labyrinthopeptins

Column: Nucleosit 100 - Cg; 20 + 125 mm x 4.6 mm, 5 4 (Machery-Nagel)
Mobile phase: 0.1% H3PO,in water (Eluent A) and acetonitrile {(Eluent B)

linear gradient from 0% to 100 % Eluent B in Eluent A

over a period of 15 minutes

Flow: 2 mi per minute

Detection by UV/Vis absorption yielded peaks at 210, 230, 260, 280, 310, 360, 435
und 500 nm.

The retention time of the Labyrinthopeptin of the formula (11): 7.75 minutes.

Example 5: High performance liquid chromatography with electrospray ionization
mass spectroscopy (HPLC-ESI-MS) of Labyrinthopeptins

Column: Purospher RP-18e; 125 mm x 4 mm, 5 p (Agilent)
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Mobile phase: 0.1% trifluorc acetic acid in Wasser (Eluent A) and
0.1% trifluoro acetic acid in Acetonitril (Eluent B)
linear gradient from 5% to 100 % Eluent B in Eluent A
over a period of 10 minutes
Flow: 1.5 ml per minute. The flow to the ES interface of the mass
spectrometer was reduced to 0.4 ml per minute via a T splitter.

Detection by UV absorbtion at 210 nm and ESI-MS (positive mode) wherein an ion

trap was used as mass analyzer.

The retention time of the Labyrinthopeptin of the formula (lil) was 5.9 minutes. The

molecular mass was 1922 Da.
Example 6: Purification of Labyrinthopeptins

The Labyrinthopeptin crude product obtained according to Example 3 (300 mg) was
dissolved in a mixiure of dimethylsulfoxide, methanol and water (1:3:6) and the
components were separated via chromatography on a Nucleosit 100 - C4g column
(particle size: 10 y, column size: 250 x 16 mm) using isocratic elution (water + 0.1 %
formic acid / methanol 35:65) at a flow rate of 20 ml per minute. The fractions were
analyzed with HPLC {cf. Example 4). 62 mg Labyrinthopeptin of the formula (l1l) was
obtained in 99% purity.

Example 7: General characteristics of Labyrinthopeptin (11})

The compound of the formula (lil) was oxidated upon exposure to air to the
respective sulfoxides. The compound of the formula (lll) contains 2 cis-amides
between 2Asp-*Trp and "' Thr-"*Gly.

Example 8: High resolving ESI-FTICR-mass spectrometry

A solution of the Labyrinthopeptin of the formuia (lil) in Methanol {c = 0.2 mg/ml} was
admitted through a syringe pump at a flow rate of 2 gl/min to a Bruker Apex |iI
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0.17540 0.16440 57 N 11NH 0. 18026 0.23392 0.10274

58 C 11Ca 0.18245 0.14769 0.06491 59 C 11Cb 0.21437

0. 08040 0.07601 60 0O 110g 0.24067 0.15367 0.06932

WD 2008/ 040469PCT/ EP2007/ 008294 20 61 C 11Cg 0. 21483
WO W0HHB%9 0. 03877 62 C 111950 0. 15298 0. 08188 ¢/ Efg907#408294

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) 084.3333

Exact, mono-isotopic mass of neutral [M] 1922.6872
Theoretical mass [M] for CasH11oN2002454 1922.6885
Molecular formula CasH110N2002454

Example 9: Amino acid analysis

Hydrolysis; Labyrinthopeptin (l[i) (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)trifluoro-
acetamide (BSTFA)Acetonitrit (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%-
phenyimethyl)-polysiloxane, d;i = 0.10 ym, temperature programme: T =
65°/3°/6/280°C) was used.

Chiral GC-MS: The hydrolysate was esterified with 200 41 2 N HCl in ethanol at
110°C for 30 min and dried. Subsequently, the mixture was acylated with 25 ul TFAA
in 100 1 dichloromethane at 110°C 10 min for and dried. For GC-MS a fused-silica-
capillary was used (I = 22 m x 0.25 pym fused silica coated with chirasil-S-Val

(Machery-Nagel), d; = 0.13 pym; temperature programme: T = 55°/37/3,2/180°C).

configuration
Amino acids 1 Ala, 1 Thr, 2 Leu, 1 Asp, 2 Cys, 1 Phe, |all S-amino
1Glu, 2 Trp, 1 Gly acids

Example 10: NMR spectroscopy



63 0 110C 0.14289 0.05192 0.01723 64 N 10NH 0. 15427

0. 48630 0.10547 65 C 10Ca 0. 15553 0.39216 0.13693

66 C 10Cb 0.12680 0.38774 0.17495 67 C 1000 0. 15563

0. 30214 0.09785 68 0 100C 0.13341 0.29174 0.06737
WOR0F@4016/H 0. 15921 O. 62732170. 02599 PCT/EP2007/008294

2-D NMR spectra (COSY, TOCSY, NOESY, HSQC, HMBC) were measured on an
AMX 600 MHz NMR spectrometer (Bruker, Karisruhe, Germany) equipped with a 5
mm Z-Grad triple resonance probe head and on a DRX500 NMR spectrometer
(Bruker, Karlsruhe, Germany) equipped with a 5 mm Z-Grad broad band inverse

5  probehead. The following table shows the signals obtained in the measurements.

NMR data for the Labyrinthopeptin of the formula (lIl) in DMSO-d6:

'H |0.68;0.71;0.75; 0.78; 1.05; 1.07; 1.10; 1.35; 1.40; 1.42; 1.49; 1.90; 1.96;
2.00; 2.10; 2.17; 2.26; 2.77; 2.86; 2.90; 2.97; 3.03; 3.14; 3.16; 3.18; 3.18;
3.20; 3.24; 3.29; 3.30; 3.39; 3.59; 3.67; 3.67; 3.72; 3.99; 4.02; 4.03; 4.10;
4.13;4.14; 4.16; 4.19; 4.34; 4.36; 4.45: 4.49; 4 .59, 6.96; 7,26; 7.00; 7.04;
7.08;7.08;7.10; 7.18; 7.22; 7.23; 7.24, 7.24; 7.31; 7.35; 7.36; 7.42; 7.51;
7.53;7.65; 7.65; 7.69; 7.77; 7.84; 7.98; 8.00; 8.01; 8.56; 10.80; 10.81.

BC 119.7; 21.3; 21.4; 22.6; 23.04; 23.2; 23.7; 26.4; 26.4; 27.1; 33.4; 35.2; 35.4;
36.7; 38.3; 40.0; 40.5; 40.7; 40.8; 40.8; 41.2; 41.2; 43.4; 48.4; 48.7; 49.0;
51.2; 51.4; 52.5; 52.6; 52.7; 53.2; 53.5; 64.0; 56.9; 60.0; 60.3; 66.4; 109.8:
110.6; 111.2; 111.2; 117.4; 118.1; 118.1; 118.2; 120.7; 120.7; 122.1;
123.4; 126.5; 127.2; 127.3; 127.8; 129.4; 136.0; 136.1; 136.6; 140.8;
169.4; 173.0; 174.3; 176.9.

Example 11: X-ray crystallography of Labyrintopeptin (lif)

10
Crystallization conditions: The protein was dissolved in 0.02 M Tris pH 8.2
{(concentration 7 mg/ml). Crystals grew at room temperature by vapour drop diffusion
from a 1:1 mixture of the protein solution with a solution of 60% ethanol, 0.75% PEG
6000, 0.025 M sodium acetate and 0.05 M sodium chloride. Crystals grew within

15 about one week.

Measurement: X-ray data were collected on a Bruker 3-circle diffractometer with
rotating anode and mirror monochromated CuK-alpha radiation. intensities were
coliected on a SMART 6000 CCD area detector.

20
Crystal data:



70 C 9Ca 0.17078 0.65813 0.07761 71 C 9Cbl 0. 15364
0. 74568 0.10696 0.650 72 S 9592 0.11348 0.70773
0.12986 0.650 73 C 9Cbh2 0.14430 0.73147 0.09699 0. 350
74 S 9Sgl 0.15631 0.80140 0.15424 0.350 75 C 9C0
W‘b%ﬂﬁﬂf‘g‘%f%o. 56593 0.11423 1.19 76 0 90C 0. 1930¥F fERs8H¢es294

Formula Na Nzg C35 Sa 043 Na Cg5 Nzo 024 S,
Formula weight 2220.29 1834.82
Crystal system orthorhombic
Space group P 21212 {no. 18)
Unit cell dimensions a=41.1360 A

b=12.8850 A

¢ =25.5900 A
Cell volume 13563.66 A
4 4
Density, calculated 1.087 glom®
Pearson code oP732
Formula type NO4P20Q48R85
Wyckoff sequence c"'ba

Atomic coordinates:
No. | Atom | AtomNo. | x y z e-density
0 Na NA 0.26282 1.11633 |-0.20024 | 1.0
1 N 18NH 0.16643 0.62593 |0.30751
2 C 18Ca 0.15933 0.69120 | 0.26221
3 C 18Cb 0.12264 0.69329 | 0.24928
4 S 188¢g 0.11248 0.78619 }0.19945
5 C 18CO 0.16446 0.80225 |0.28144
6 O 180C1 | 0.15211 0.83361 |[0.32212
7 0} 180C3 |0.17868 0.86558 | 0.25381 0.290
8 @] 180C2 10.18240 0.86116 |0.25780 | 0.710
g N 17NH2 | 0.17255 (0.50082 |0.39461 | 0.570
10 |C 17Ca2 |0.19839 0.48670 |[0.35604 | 0.570
11 N 17NH1 ] 0.17994 0.49779 10.40196 | 0.430
12 | C 17Ca1 0.20056 0.49833 | 0.35678 0.430
13 |C 17Cb 0.20165 0.38479 }0.33630 | 1.0
14 [ 8 1381 0.16523 0.32006 | 0.32001
15 IC 17C0O 0.19312 0.57036 | 0.31036
16 |O 170C | 0.21276 | 0.57136 |0.27366
17 N 16NH1 | 0.11776 | 0.48825 |0.45694 | 0.570

18 |C 16Cat 0.14725 0.54296 | 0.47554 | 0.570
19 |C 16Cb2 | 0.14824 0.52387 | 0.53451 0.570
20 | C 16C0O2 10.17744 0.561223 ]0.44580 | 0.570




0. 15084 77 N 8NH 0.18541 0.52953 -0.09746 78 C 8Ca
0. 16349 0.52728 -0.05346 79 C 8Cb 0. 15665 0.41428
-0.03791 80 S 4S1 0.14207 0.33194 -0.08922 81 C 8C0
0.17870 0.57819 -0.00528 82 0 80C 0.20763 0.56423
WOOpHHes? 83 N 7NH 0. 2063219

PCT/EP2007/008294

21 |0 160C2 | 0.20586 |0.50283 10.46026 | 0.570
22 |N 16NH2 | 0.12522 | 046605 |0.47460 | 0.430
23 |C 16Ca2 | 0.15695 |0.50741 |0.48039 | 0.430
24 |C 16Cbt | 0.17666 |0.42678 |0.52110 | 0.430
25 |C 16C0O1 | 0.17829 0.54862 |0.44623 | 0.430
26 |0 160C1 | 0.19399 |[0.62818 |0.45350 | 0.430
27 |N 15NH 0.08606 |[0.28654 |0.38875 [1.0
28 |C 15Ca 0.08545 |0.33846 |0.43783

29 |C 15Cb 0.07342 | 0.26519 |0.48191

30 |{C 15Cg 0.07342 | 0.31743 |0.53443

31 |C 15Cd1 | 0.09641 0.30051 | 0.57015

32 |C 15Ce1 [0.00892 |0.34692 |0.61802

33 |C 15Cz 0.07361 | 0.41607 | 0.62963

34 |C 15Ce2 | 0.04891 0.43679 | 0.59512

35 |C 15Cd2 | 0.04787 | 0.38914 |0.54580

3 |C 15C02 |0.11795 |0.38518 |0.45303 | 0.570
37 |0 150C2 |0.14083 ]0.32503 |0.46100 | 0.570
38 |C 15C0O1 |0.11985 | 0.37400 |0.45272 | 0.430
39 10 150C1 |0.14260 | 0.31215 |[0.44467 | 0.430
40 |N 14NH 0.09663 | 0.22957 |0.28367 |1.0
41 |C 14Ca 0.06493 |0.21832 |0.30973

42 |C 14Cb 0.05881 0.10260 |0.32228

43 |C 14Cg 0.06148 | 0.01917 |[0.28163

44 |C 14Cd1 | 0.05246 |-0.08320 |0.30793

45 |C 14Cd2 ]0.04038 | 0.05153 |0.23556

46 |C 14CO | 0.06073 |0.27513 |0.35936

47 | O 140C | 0.03420 |0.31036 |0.37413

48 | N 13NH 0.14348 | 0.21739 (0.21016

49 {C 13Ca 0.13259 | 0.32131 |0.22415

50 |C 13Cb 0.15887 | 0.37393 |0.25639

51 |C 13CO | 0.10174 | 0.31603 |0.25729

52 |0 130C | 0.08431 0.39162 |0.25920

53 | N 12NH 0.13789 | 0.04315 |0.10383

54 |C 12Ca 0.14494 | 0.06092 |0.15913

55 |C 12CO ]0.12665 |0.15374 |0.17941

56 | O 120C | 0.09846 {0.17540 |0.16440

57 |N 11NH 0.18026 |0.23392 |0.10274

58 | C 11Ca 0.18245 | 0.14769 |0.06491

59 |C 11Cb 0.21437 | 0.08040 |0.07601

680 |O 110g 0.24067 {0.15367 |0.06932




0.49826 -0.20125 84 C 7Ca O.
1.0 85 C 7Cb 0.20977 0.68941
0. 23965 0. 69290 -0.24846 87
-0.21942 88 0 702 0.27356 O.

21045 0.59830 -0.17558
-0.21403 86 C 7Cyg

C 7Cd 0.27179 0.70780
77789 -0.18617 89 0 702

PCT/EP2007/008294

WOR08894590. 64688 - 0. 23185 2090 C 7C0

61 |C 11Cg 0.21483 | -0.00652 {0.03877

62 |C 11CO | 0.15298 |0.08188 [0.06213

63 |O 110C | 0.14289 | 0.05192 {0.01723

64 [N 10NH 0.15427 | 0.48630 |0.10547

65 |C 10Ca 0.15553 | 0.39216 |0.13693

66 |C 10Ch 0.12680 | 0.38774 |0.17495

67 |C 10CC 10.15563 {0.30214 |0.09785

68 |O 100C | 0.13341 0.29174 |0.06737

69 |N ONH 0.15921 0.62732 | 0.02599

70 |C 9Ca 0.17078 | 0.65813 |0.07761

71 |C 9Cb1 0.15364 | 0.74568 |0.10696 | 0.650
72 |8 9Sg2 0.11348 |0.70773 |0.12986 | 0.650
73 |C 9Cb2 0.14430 | 0.73147 |0.09699 | 0.350
74 S 9Sg1 0.15631 0.80140 [0.15424 | 0.350
75 |C 9Cco 0.17309 | 0.56593 |0.11423 | 1.0
76 |O 80C 0.19300 | 0.56593 |0.15084

77 |N 8NH 0.18541 0.52953 |-0.09746

78 | C 8Ca 0.16349 | 0.52728 |-0.05346

79 |C 8Cb 0.15665 |0.41428 |-0.03791

80 |S 451 0.14207 |0.33194 |-0.08922

81 |C 8CO 0.17870 | 0.57819 |-0.00528

82 |0 80C 0.20763 | 0.56423 | 0.00430

83 [N 7NH 0.20632 |0.49826 |-0.20125

84 |C 7Ca 0.21045 |0.59830 |-0.17558 |1.0
85 |C 7Cb 0.20977 | 0.68841 |-0.21403

86 |C 7Cg 0.23965 | 0.69290 |-0.24846

87 |C 7Cd 0.27179 | 0.70780 ]-0.21942

88 | O 702 0.27356 | 0.77789 |-0.18617

89 |O 702 0.29422 | 0.64688 |-0.23185

90 |C 7CO 0.18551 0.60947 | -0.13036

91 |O 70C 0.16934 | 0.68669 |-0.12474

92 |N 6NH 0.14508 | 0.31502 |-0.23408

93 |C 6Ca 0.17581 0.36438 | -0.24779

94 IC 6Cb 0.17865 |0.38440 |-0.30618

95 |C 6Cg 0.21065 |0.42228 |-0.32263

96 |C 6Cd1 0.24023° | 0.37835 |-0.31634

97 | N 6Ne 0.26396 | 0.43927 |-0.33810

98 | C 6Ce2 0.24957 | 0.52674 |-0.35877

99 |cC 6Cd2 0.21551 0.51704 | -0.34959
100 | C 6Ce1 0.19382 | 0.59341 |-0.36554




WOR0R/0406%3 0. 37835 - 0. 3163241 97 N

0. 18551 0.60947 -0.13036 91 0 70C 0. 16934 0. 68669
-0.12474 92 N 6NH 0. 14508 0. 31502 -0.23408 93 C 6Ca
0.17581 0.36438 -0.24779 94 C 6Cb 0.17865 0.38440
-0.30618 95 C 6Cg 0.21065 0.42228 -0.32263 96 C 6Cd

PCT/EP2007/0082%4

101 | C 6Cz1 0.20739 0.67707 | -0.39101

102 | C 6Ch 0.24169 0.68111 }-0.39910

103 | C 6Cz2 0.26459 0.61009 |-0.38421

104 |C 6CO 0.17783 0.46644 | -0.21817

105 | O 60C 0.15276 0.51859 |-0.21294

106 | N 5NH 0.09092 0.22755 |-0.18031

107 | C 5Ca 0.10636 0.17447 |-0.22462

108 | C 5Cb 0.08579 0.17788 |-0.27331

109 |C 5Cg1 0.06556 0.08855 |-0.29223 | 0.400
110 | C 5Cd2 0.05562 0.00295 [-0.25553 | 0.400
111 | C 5CD3 0.03406 0.13232 |-0.31950 | 0.400
112 |C 5Cg2 0.05122 0.12511 |-0.26843 | 0.600
113 | C 5Cd1 0.05227 | 0.02119 |-0.24021 | 0.600
114 | C 5Cd2 0.03647 0.22422 | -0.25795 | 0.600
115 | C 5CO 0.14049 0.21405 |-0.23552 [ 1.0
116 | O 50C 0.16220 0.15250 | -0.24447

117 | N 4NH 0.04424 0.285631 |-0.10297

118 {C 4Ca 0.07828 0.26318 |-0.08968

119 | C 4Cb 0.09901 0.36213 |-0.08847

120 | C 4CO 0.09150 0.19084 |-0.13193

121 (O 40C 0.10378 0.10656 | -0.12020

122 |N 3NH -0.02040 | 037136 |-0.10602

123 | C 3Ca -0.01386 | 0.26387 {-0.12087

124 | C 3Cb -0.02263 0.24478 |-0.17726

125 | C 3Cg -0.05642 |0.26752 |-0.19336

126 | C 3Cd1 -0.08244 {0.28646 |-0.16303

127 | N 3Ne -0.10966 | 0.30431 |-0.19328

128 | C 3Ce2 -0.10062 | 0.29888 | -0.24451

129 | C 3Cd2 -0.06697 |0.27528 |-0.24627

130 |C 3Ce1 -0.05275 | 0.26512 |-0.29539

131 |C 3Cz1 -0.07001 0.27753 |-0.33970

132 | C 3Ch -0.10351 0.30097 |-0.33634

133 |C 3Cz2 -0.11805 }0.31339 {-0.29019

134 | C 3CO 0.02125 0.22763 |-0.11313

135 | O 30C 0.02703 0.13349 | -0.11547

136 | N 2NH 0.00873 0.33093 |-0.00078

137 |C 2Ca -0.02584 | 0.34024 |-0.01079

138 | C 2Ch -0.04293 |0.38712 {0.03587

139 | C 2Cg -0.07852 10.41234 {0.02763

140 | O 20d1 -0.08430 | 0.35452 |-0.00285




6Ne 0.26396 0.43927 -0.33810 98 C 6Ce2 0.24957

0.52674 -0.35877 99 C 6Cd2 0.21551 0.51704 -0. 34959

100 C 6Cel 0.19382 0.59341 -0.36554 WO

2008/ 040469PCT/ EP2007/ 008294 21 101 C 6Cz1 0. 20739
WOROgBfOABIES - 0. 39101 102 C 6Ch 0.24169 0. 6811 FPCIERIYGPRE294

103 C 6Cz2 0.26459 0.6100%

141 | O 20d2 -0.09060 |0.48825 |0.05303
142 | C 2CO -0.02912 | 0.40784 | -0.06006
143 | O 20C -0.03851 | 0.49803 | -0.05444
144 | N 1NH 0.07381 0.20163 | 0.05701
145 |C 1Ca 0.06250 0.25417 | 0.00903
146 | C 1Cb 0.07969 0.20450 |-0.03763
147 {C 1CO 0.02526 0.24331 | 0.00649
148 | O 10C 0.01235 0.15645 | 0.00653

Example 12: Oxidation of Labyrinthopeptin (Ill)

[¥)]
o /
o
T

HC
H H 9 Y ,
HO :
N N
; e

5 50 mg Labyrinthopeptin (111} (0.026 mmol} were dissolved in 1 mi DMSO and mixed
with 11 mg 1-Hydroxy-1-oxide-1,2-Benziodoxol-3(1H}-one (IBX, 0.039 mmol) at
room temperature. The mixture was stirred for 6 h at 40 °C and further 12 h at room
temperature, and subsequently purified by reversed-phase HPLC on a Phenomenex
Luna® Axia 5 ym C18 (2) column (dimension: 100 mm x 30 mm) with a XTerra®

10 Prep MS C18 10 uym pre-column (Waters, Dimension: 19 x 10 mm). A gradient of 5%
to 95% acetonitrile in water over 30 min (contaiming 0.1% ammonium acetat, pH
7.0) was used as the eluent. Column flow (60 ml/min) was fractioned and by UV
detection. Fraction 7 to 11 contained the desired compound. The said fractions
yielded 25 mg (50 %) after lyophilization. The product was characterized by mass

15  spectroscopy (Bruker Daltonics MicroTof).
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-0.38421 104 C 6C0 0.17783 0.46644 -0.21817 105 0
60C 0.15276 0.51859 -0.21294 106 N 5NH 0. 09092
0.22755 -0.18031 107 C 5Ca 0. 10636 0.17447 -0.22462
108 C 5Cb 0.08579 0.17788 -0.27331 109 C5Cg 1
WOR0pE849 0. 08855 - 0. 29223 203. 400 110 C 5Cd 2 & §07/008294

UV: 222 sh, 278 nm

ESI-MS: MW = 1920.66518 (mono MW)
Molecular formula: C85H108N20024S4
Molecular weight (MW) = 1522.2

Example 13: Peptid synthesis on the C-terminal end of Labyrinthopeptins (lil)

40 mg Labyrinthopeptin (11} (0.021 mmol) were dissolved in 2 ml abs.
dimethylformamid and treated with 10 mg (0.045 mmol) di-fert-butyl-dicarbonate
(Boc20) and 7 mg (0.054 mmo!) diisopropylethylamin for 1 h at room temperature.
Subsequently, 6.8 mg (0.063 mmol) benzylamin and 50 pl (0.072 mmot) a 50 %
solution of propyl phosphonic acid anhydride in DMF was added. The reaction
mixture was purified via reversed-phase HPLC on a Waters XBridge Shield® 5 ym
€18 Saule (dimension: 100 mm x 30 mm) containing a XBridge Shield® C18 10 um
pre-column (Waters, dimension: 19 x 10 mm). A gradient of 5% to 95% acetonitrile in
water over 30 min (contaiming 0.1% ammonium acetat, pH 7.0) was used as the
eluent. Column flow {60 ml/min) was fractioned and by UV detection. Fraktions 30
and 31 were combined and yielded 9.6 mg (22 %) of the desired compound. The
product was characterized by mass spectroscopy (Bruker Daltonics MicroTof).
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0. 00295 -0.25553 0.400 111 C 5CD3 0. 03406 0.13232

-0.31950 0.400 112 C 5Cg2 0.05122 0.12511 -0.26843

0.600 113 C 5Cd 1 0.05227 0.02119 -0.24021 0.600 114

C 5Cd2 0.03647 0.22422 -0.25795 0.600 115 C 500
WH2003/Pi8¢6%0. 21405 - 0. 23552 1.0 116 0 50C 0. 16DCHEP2007/008294

0.15250 -0.24447 117 N 4RH

UV: 222 sh, 276 nm

ESI-MS: MW = 2111.79018 (mono MW)
Molecular formula: CO97H125N2102554
Molecular weight (MW} =2113.5

Example 14: Peptid synthesis on the N-terminal end of Labyrinthopeptins (lII}

5 mg (0.028 mmol) 2-chloro-4,6-dimethoxy-1,3,5-triazin (CDMT) were dissolved in 2
ml abs. dimethylformamid and mixed with 8.6 mg (0.085 mmol} N-methylmorpholine
(NMM). The mixture was stirred for 1 h at room temperature. 3.3 mg (0.028 mmol) n-
capronic acid was added and the mixture stirred for further 30 min at room
temperature. Subsequently, 40 mg {0.021 mmol) Labyrinthopeptin (lll) was added
and the resulting mixture was stirred for further 2 h at rrom temperature. The
reaction mixture was purified via reversed-phase HPLC on a Waters XBridge
Shield® 5 yum C18 Saule (dimension; 100 mm x 30 mm) with a XBridge Shield® C18
10 um pre-column (Waters, dimension: 19 x 10 mm). A gradient of 5% to 95%
acetonitrile in water over 30 min {containing 0.1% formic acid, pH 2.0) was used as
the eluent. Column fiow (60 ml/min) was fractioned and by UV detection. Fraktions
38 to 40 were combined and yielded 11.0 mg (26 %) of the desired compound. The

product was characterized by mass spectroscopy (Bruker Daltonics MicroTof).
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0. 04424 0.29531 -0.10297 118 C 4Ca 0.07828 0.26318
-0.08968 119 C 4Cb 0.09901 0.36213 -0.08847 120 C
4C0 0.09150 0.19084 -0.13193 121 0 40C 0. 10378
0.10656 -0.12020 122 N 3N H -0. 02049 0.37136

WOHRBEY 123 C 3Ca -0.01%?6 0. 26387 - 0. 120%AER2H07/068294

UV: 220 sh, 278 nm

ESI-MS: MW = 2020.75738 (mono MW)
Molecular formula: C91H120N2002554
Molecular weight (MW) = 2022.3

Example 15: Antibacterial activity

After culturing the organisms in liquid beef extract broth, the suspensions of bacteria
were adjusted to a defined density by dilution with fresh culture medium (5-10°

organisms/ml).

Labyrinthopeptin (1!} was dissolved and diluted with water in a geometric dilution
series (factor 2). 1.5 ml of the solution in the individual dilution steps were mixed with

13.5 ml liquid agar (Miiller-Hinton agar) at approximately 45°C.

The maximum compound concentration in the petri dish was usually 100 mg/l. An

agar plate with no compound served as a control.

After the culture medium had cooled and solidified, the agar plates were inoculated
simultaneously with 20 different bacterial strains using a Multipoint Inoculator
delivering 5-10* colony forming units {cfu) per inoculation spot and then incubated at

37°C for 17 hours under aerobic conditions.

Afier incubation, the plates were examined macroscopically for the lowest compound
concentration at which bacterial growth is no longer visible. A single colony or a haze

growth at the inoculation spot was disregarded.

The antibacterial effect was assessed as the Minimum inhibitory Concentration of
the test compound (MIC: lowest compound concentration at which bacterial growth

is no longer macroscopically visible):

Test organism MIC

Staphylococcus aureus SG 511 12,5 mg/l

Staphylococcus aureus 285 12,5 mg/l
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Staphylococcus aureus 503 3,13 mgft
Stireptococcus pyogenes 308 A 3,13 mg/l
Streptococcus pyogenes 77 A 3,13 mg/l
Streptococcus faecium D 6,25 mg/i

Example 16: Antiviral activity

Viruses can only muliply in fiving cells. The viral studies were therefore carried out in
cell cultures. The viruses were selected either because of their importance as

infectious agents or typical biochemical or morphological structures.

A dilution series of Labyrinthopeptin (lll) was prepared in 86-well microtiter plates.
Hela or Vero cells, according to the infecting virus, are added to give a confluent
monolayer within 24h of incubation. After incubation for 3 hours, the respective virus
is added to the cells in a concentration which is expected to completely destroy the
cell monolayer within 2 days. The cultures are incubated at 37°C in a gassed
incubator (5% CQO; in air). After 24 hours the maximal tolerated dose of test
compound (MTD) in the cell culture is evaluated by microscopic examination. The

results were compared with non-infected tissue control and a corresponding infection

control:
No. | Host organism | Test organism Inhibition [mg/l]
1 Vero cells Mycovirus (RNA/Influenza A/Aichi) 44,44
2 Hela cells Herpes (DNA), Simples 1 133,33
3 Vero cells Herpes (DNA), Simplex 2 VR 734 44 44
4 Hela cells Adenovirus (DNA), 5° 133,33

Example 17: Neuropathic pain activity

Labyrinthopeptin (ll1) was studied in the spared nerve injury (SNI) mouse model of
neuropathic pain in order to proof the activity on tactile allodynia. Under general

anaesthesia, the two major branches of the sciatic nerve in adult male C5786 mice
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(22.7g + 0.26SEM) have been ligated and transected, with the sural nerve left intact.
Tactile allodynia has been determined with the automatic von Frey test: using a
dump needle stick, the plantar skin of hind paws was exposed to a pressure stimulus
of increasing intensity up to 5 g. The force in grams at which the animal responded
with hindpaw withdrawal was used as a read-out for tactile allodynia. The study was
performed 7 days after nerve lesion over 6 hours with an additional measurement
after 24 hours. Within two days after nerve transection, 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
(6hours) 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 imes (within a period of 24 hours) and second
with a 1-way ANOVA on non-transformed delta AUC values |JAUC1-6hour].

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 treatment effects for both compounds. The percent benefit of the
treatment was evaluated using the |JAUC1-6hour| values of the ipsilateral vehicle
group (0% benefit) and all |JAUC1-6hour] values of the contralateral sides of all three
groups {100% benefit = maximal possible effect). Compared to these margins
Labyrinthopeptin (l1l) achieved 97% benefit.
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In conclusion, the compound significantly reduces tactile allodynia in the SNI mouse

model of neuropathic pain.
Example 18: Inflammatory triggered pain activity

Labyrinthopeptin (1) was studied in the carrageenan (CAR) induced hindpaw
inflammation model in mice in order to proof the activity on thermal hyperalgesia, a

typical readout for inflammatory triggered pain.

Induction of hind paw inflammation: Under slight general Isofluran anaesthesia, CAR
2% (Sigma, Deisenhofen, Germany) in 20p] saline was injected into the plantar
aspect of both hind paws in male C57B6 mice. Paw withdrawal latencies (PWL)
were determined on exposure of the paws to a defined thermal stimulus using a
commercially available apparatus (Plantar Test Ugo Basile Biological Research
Apparatus, Comerio, ltaly} fitted with a mini camera to ensure proper placement of
the infrared heat below the hind paw of interest. Mice were kept in the test cages

over the whole study period (6 hours).

Measurement of thermal hyperalgesia: The timer which measures the duration of
reflecting infrared light by the hind paw is siarted by the investigator and stopped, if
the animal is shaking the affected hind paw. A cut off was set at 16 seconds to
prevent tissue damage. The study was performed before and over 6 hours after CAR
injection. Paw withdrawal latencies in seconds were u'séd as readout for further

analysis.

As a vehicle for the intravenous application was the 1:1:18 (Ethano! : Solutol :

phosphate buffered saline} vehicle chosen.

Paw withdrawal latencies (PWL) measurements have been used to calculate
significant treatment effects, and for AUC calculations over a reference time period
(6hours) and subsequent % benefit calculations. For the statistical analysis the PWL
values of both hindpaws were used in two ways: first, with a 2-way analysis of
variance (ANOVA) based on the PWL values for specific times (within a period of 6
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In conclusion, the compound significantly reduced thermal hyperalgesia in the CAR

mouse model of inflammatory triggered pain.
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