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of nedi caments for the treatnent and/or prophylaxis of dis- eases, in
particul ar bacterial infectious diseases. The bacterial cell wall is

synt hesi zed by a nunber of enzymes (cell wall biosynthesis) and is
essential for the survival and reproduction of m croorgani sns. The structure
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antibacterial activity.

The antibacterial activity of lysobactin and katanosin A is furthermore described in O’Sullivan, J.
etal., J. Antibiot. 1988, 41, 1740 — 1744, Bonner, D. P. et al., J. Antibiot. 1988, 41, 1745 —
1751, Shoji, J. et al., J. Antibiot. 1988, 41, 713 — 718 and Tymiak, A. A. et al,, J. Org.
Chem. 1989, 54,1149 - 1157.

It is one object of the present invention to provide alternative compounds having comparable or
improved antibacterial activity and better tolerability, e.g. lower nephrotoxicity, and better distribu-

tion in the body, i.e. better pharmacokinetic properties such as, for example, an increase in the free
fraction (f,), for the treatment of bacterial diseases in humans and animals.

The invention relates to compounds of formula



|

——

fraction (Q for the treatnent of bacterial diseases in humans and ani mal s.
The invention relates to conpounds of fornula 2 0 NH2 HOHN NHHO HN
HOOCH3 OONHCH3 OOCH3 OOHHNOOH(n, HN R2?~\HHHHOH HCH
H3C CH3 N CH3 HN. , NH2 R NH in which Rnrepresents hydrogen, and R2
represents 2, 2-di net hyl but-1-yl, 2-ethyl-2-methylbut-I-yl,
2,2-diethylbut-I-yl, 2,2- dinethylpent2l-yl or trinethylsilylnmethyl, or Rm
represents trifluoronethyl, and R2 represents 2, 2-di met hyl prop-1-yl,
2, 2-di net hyl but-1-yl, 2-ethyl-2-nethylbut-I-yl, 2,2-diethylbut-I-yl,
2, 2-di nethyl pent-1-yl or trimethylpgsilylnethyl, and their salts, their
sol vates and the solvates of their %, Conmpounds of the invention are the
conmpounds of formula (1) and their galts, solvates, solvates of the salts
and prodrugs, the compounds whigdare eﬁconpassed by formula (1) and are of
formul ae nenti oned bel ow, and t hepr é]tjg/gmﬂﬁﬂi , solvates of the salts
and prodrugs, and the conpounds Nch arfe engonpagsed by formula (1) and

di i@ent nd thelsr salts, solvates,

are mentioned bel ow as exenyl ar
sol vates of the salts and HO

in which
R! represents hydrogen, and

R? represents 2,2-dimethylbut-1-yl, 2-ethyl-2-methylbut-1-yl, 2,2-diethylbut-1-yl, 2,2-
dimethylpent-1-yl or trimethylsilylmethyl,

or
R represents trifluoromethyl, and

R represents 2,2-dimethylprop-1-yl, 2,2-dimethylbut-1-yl, 2-ethyl-2-methylbut-1-yl,
2,2-diethylbut-1-yl, 2,2-dimethylpent-1-yl or trimethylsilylmethyl,

and their salts, their solvates and the solvates of their salts.

Compounds of the invention are the compounds of formula (T) and their saits, solvates,
solvates of the salts and prodrugs, the compounds which are encompassed by formula (I)
and are of formulae mentioned below, and their salts, solvates, solvates of the salts and
prodrugs, and the compounds which are encompassed by formula (I) and are mentioned
below as exemplary embodiments, and their salts, solvates, solvates of the salts and
prodrugs, insofar as the compounds which are encompassed by formula (I) and are
mentioned below are not already salts, solvates, solvates of the salts and prodrugs.

Depending on their structure, the compounds of the invention can exist in stereoisomeric forms
(enantiomers, diastereomers). The invention therefore relates to the enantiomers or diastereomers and
their respective mixtures. The stereoisomerically pure constituents can be isolated in a known manner
from such mixtures of enantiomers and/or diastereomers.

Where the compounds of the invention can exist in tautomeric forms, the present invention
comprises all tautomeric forms.
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prodrugs, insofar as the conpounds which are enconpassed by forrmula (1) and
are nentioned below are not already salts, solvates, solvates of the salts
and prodrugs. Depending on their structure, the conpounds of the invention
can exist in stereoisoneric forms (enantioners, diastereomers). The

I nvention therefore relates to the enanthpers or diastereoners and their
respective mxtures. The stereoisomericall’y pure constituents can be
isolated in a knomm manner from such m xtures of enantloners and/ or
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i nvention refrg‘(?ale‘t"ge Sf%? R of: CBHlaWnW‘L}h form

a conplex in¥ YHE solid or Ii quid state t hrough coordi nati on wi th sol vent

nol ecul es. Hy, tes are a, speci l.v n whi ch the coordination
t akes pI ace 'r?f%renﬁﬁa‘tsgtvenﬂ&"é‘fo flﬂ/m‘flé"’thé@rmounds of fornula (1), in
whi ch esent s thd dd R2 represents , 2-di met hyl but-1-yl or
trinet hyI si | %net gpreserits

represents 2,2-dimethylbut-1-yl or trimethylsilylmethyl,

L)(? ogen, an

or
R'  represents trifluoromethyl, and
R®  represents 2,2-dimethylprop-1-yl, 2,2-dimethylbut-1-yl or trimethylsilylmethy],
and their salts, their solvates and the solvates of their salts.
Preference is also given to compounds of formula (I) in which
R! represents hydrogen, and

R? represents 2,2-dimethylbut-1-yl, 2-ethyl-2-methylbut-1-yl, 2,2-diethylbut-1-yl or
trimethylsilylmethyl,

and their salts, their solvates and the solvates of their salts.
Preference is also given to compounds of formula (I) in which

R'  represents hydrogen, and



or R represents trifluoronethyl, and R2 represents 2, 2-di nethyl prop-1-yl,
2,2-dimethyl but-I-yl or trimethylsilylnmethyl, and their salts, their

sol vates and the solvates of their salts. Preference is also given to
conmpounds of formula (1) in which R represents hydrogen, and R2 represents
2,2-dinethyl but-1-yl, 2-ethyl-2-nethylbut- | -yl, 2,2-diethylbut- | -yl or
trimethylsilylnmethyl, and their salts, atheir solvates and the sol vates of
their salts. Preference is also given to conpounds of formula (1) in which
R represents hydrogen, and 4 R2 represents 2, 2-dinethyl but-1-yl,

2- et hyl - 2geet hy, WZ delm&hﬁb@hﬁ;lhﬂe@M zina(ﬂylb& 119 DRMIRRNLy, izyl or
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or one of its salts, its solvates or the solvates of its salts.

The invention further relates to a method for preparing the compounds of formulae (1),
whereby the compound of formula

(D,

is reacted with compounds of formula



or one of its salts, its solvates or the solvates of its salts. The

I nvention further relates to a nethod for preparing the conpounds of
formulae (1), whereby the conmpound of formula O NH2 HO.... HN ~NH HO N
HOOOCH3 0;-/ OOONHCH3 O0OCH3 H2ZNHNO O H (Il), HOH HCH3 H3C CH3
CH3 HN' /NH2 NH is reacted with conpounds of formula 5 OX z NHZN4 R
HHHN(IIl), R inwhich R and R2 havé the neani ng indicated above, and
X represents hal ogen, preferably brom ne, chlorine or fluorine, or hydroxy.
If X is halogen, the reaction generally takes place in inert solvents,
where appropriate in the presence ofpa ‘preferably in a tenperature
range from-30C to 50C under giNmOspljeric/pressure. Inert solvents are for
exanpl e tetrahydrofuran, methyl% r e, pyridine, dioxane or dinethyl-
formami de; methyl ene chlori de og?di et ofmani de are preferred. Bases are,
for exanple, triethylam ne, d||sod'r’opyl et'ﬂyl am ne or N-nethyl norphol i ne;

di i sopropylethylamne is preferred. 7 |
XN,
R1
in which

R' and R? have the meaning indicated above, and
X' represents halogen, preferably bromine, chlorine or fluorine, or hydroxy.

If X' is halogen, the reaction generally takes place in inert solvents, where appropriate in
the presence of a base, preferably in a temperature range from -30°C to 50°C under
atmospheric pressure.

Inert solvents are for example tetrahydrofuran, methylene chloride, pyridine, dioxane or dimethyl-
formamide; methylene chloride or dimethylformamide are preferred.

Bases are, for example, triethylamine, diisopropylethylamine or N-methylmorpholine;
diisopropylethylamine is preferred.

If X' is hydroxy, the reaction generally takes place in inert solvents in the presence of a
dehydrating reagent, where appopriate in the presence of a base, preferably in a tempera-
ture range from -30°C to 50°C under atmospheric pressure.

Inert solvents are, for example, halohydrocarbons such as dichloromethane or trichloro-
methane, hydrocarbons such as benzene, nitromethane, dioxane, dimethylformamide or
acetonitrile. It is likewise possible to employ mixtures of these solvents. Dichloromethane
or dimethylformamide are particularly preferred.

Suitable dehydrating reagents hereby are, for example, carbodiimides such as, for example,
N,N'-diethyl-, N, N, -dipropyl-, N, N'-diisopropyl-, N,N'-dicyclohexylcarbodiimide,
N-(3-dimethylaminoisopropyl)-N"-ethylcarbodiimide hydrochloride (EDC), N-
cyclohexylcarbodiimide-N -propyloxymethyl-polystyrene (PS-carbodiimide) or carbonyl
compounds such as carbonyldiimidazole, or 1,2-oxazolium compounds such as 2-ethyl-5-
phenyl-1,2-oxazolium-3-sulfate or 2-fert-butyl-5-methylisoxazolium perchlorate, or
acylamino compounds such as 2-ethoxy- 1-ethoxycarbonyl-1,2-dihydroquinoline, or
propanephosphonic anhydride, or isobutyl chloroformate, or bis(2-0xo0-3-0xa-
zolidinyl)phosphory! chloride or benzotriazolyloxy-tri(dimethylamino)phosphonium -
hexafluorophosphate, or O-(benzotriazol-1-y1)-N, N, N’ N'-tetramethyluronium hexafluoro-
phosphate (HBTU), 2-(2-ox0-1-(2H)-pyridyl)-1,1,3,3-tetramethyluronium tetrafluorobo-
rate (TPTU) or O-(7-azabenzotriazol-1-yl)-N, N, N', N'-tetramethyluronium hexafluorophos-
phate (HATU), or 1-hydroxybenzotriazole (HOBt), or benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (BOP), or N-
hydroxysuccinimide, or mixtures thereof, with bases.
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If X is hydroxy, the reaction generally takes place in inert solvents in
the presence of a dehydrating reagent, where appopriate in the presence of
a base, preferably in a tenpera- ture range from-30C to 50C under

at nospheric pressure. lnert solvents are, for exanple, hal ohydrocarbons such
as dichl oronmethane or trichloro- methane, hydrocarbons such as benzene,
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chr omat ogr aphy by processes known to the skilled person, in particular by
use of polyner-bound bases such as, for exanple, polyner-bound

hydr ogencar bonate. The invention further relates to a nmethod for preparing
t he conpounds of forrmula (I) or their solvates according to claiml, in
whi ch salts of the conmpounds or solvates of the salts of the conpounds are
converted into the conpounds by adding a base. The conpound of formula (11)
can be synthesized fromlysobactin (Exanple 1 A) by double Edmann
degradation, as described in Exanple 2A in the experinmental section. The
conpounds of Synthesiabchefapd | ) are known or can be synthesized fromthe
corresponding starting materials by known processes. The preparation of the
conmpounds of the inventie wgan be illustrated by the follow ng synthesis
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The compounds of the invention show a valuable spectrum of pharmacological and pharamacoki-
netic effects which could not have been predicted. They shown an antibacterial effect.

They are therefore suitable for use as medicaments for the treatment and/or prophylaxis of
diseases in humans and animals.

The compounds of the invention are distinguished by a lower nephrotoxicity compared to
lysobactin.

The compounds of the invention are distinguished by better pharmacokinetics compared to
lysobactin. While the pharmacological activity is the same or improved, they show a better
distribution in the body, resulting in a lower therapeutic dose and a wider therapeutic
treatment window.

The compounds of the invention have a higher free fraction (f;) in plasma than lysobactin.
The described nonadepsipeptides act as inhibitors of the bacterial cell wall biosynthesis.

The preparations of the invention are particularly effective against bacteria and bacteria-
like microorganisms. They are therefore particularly suitable for the prophylaxis and
chemotherapy of local and systemic infections caused by these pathogens in human and
veterinary medicine.

In principle the preparations of the invention can be used against all bacteria and bacria-
like microorganisms which possess a bacterial cell wall (murein sacculus) or the relevant
enzyme systems, for example the following pathogens or mixtures of the following patho-
gens:
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of the invention show a val uabl e spectrum of pharnmacol ogi cal and
pharamacoki - netic effects which could not have been predicted. They shown
an antibacterial effect. They are therefore suitable for use as nedi canents
for the treatnment and/or prophylaxis of diseases in humans and animals. The
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foll ow ng patho- gens: S G amnegative cocci (Neisseria gonorrhoeae) as

wel | as G ahe segelistof pathogens isath bainterpretedronlyanyt way cfesampleand in #swieasi chi a
col i, Haenpphictius Digehdes WhichanayRsanenionebshiciKhe kaused by kiwe, pattiogersmat-er ( C.
freundil, GeonedioY HixddSnfectimls AR Enl R nteld] ellibaited§ diictifed by wliecprEpirations  bact er

(E aerogegmuﬁemmgllr@fg%m Hafnia, Serratia (S. marcescens),
Provi dencia, Yersinia, as wel I as the genus Aci netobacter, Branhanella and

Chl anydi a. mmlseéfcﬁ§easéshﬁhmﬁ£ﬁslshélﬁs8fdr 8kan$iE Ghéothplicatet us@orhplicalll Y anaer obi ¢
bacteria s Efe fact rﬁéctﬁﬁsa'm SnplfRafed Skin afid SlperficiAR fHftdtidons, cORpEGElsRin ves of
the genus cfgo %ﬁqﬁfec S &159& mh itatGhd asih dullfatiele ﬁcormal
Clostridiu ur} gac algxlf g ﬁ psrrpounds
of the |n eac 1ns o¥c0 noufce b?f) &[ r&g%ftlve
cocci, e. g oé r\?}e 1a, acut smusms strep 0 P aryngl 1§, bac ena mermgl 1S, 0

plicated gonococcal and non-gonococcal urethritis/cervicitis, acute prostatitis, endocarditis,

uncomplicated and complicated intra-abdominal infections, gynaecological infections,

pelvic inflammatory disease, bacterial vaginosis, acute and chronic osteomyelitis, acute

bacterial arthritis, empirical therapy in febrile neutropenic patients, furthermore bacterae-

mias, MRSA infections, acute infectious diarrhoea, Helicobacter pylori infections, postop-

erative infections, odontogenic infections, ophthalmological infections, postoperative

infections (including periproctal abscess, wound infections, biliary infections, mastitis and

acute appendicitis), cystic fibrosis and bronchiectasis.

Apart from in humans, bacterial infections can also be treated in other species. Examples
which may be mentioned are:

Pigs: diarrhoea, enterotoxaemia, sepsis, dysentery, salmonellosis, mastitis-metritis-
agalactiae syndrome, mastitis;

Ruminants (cattle, sheep, goats): diarrhoea, sepsis, bronchopneumonia, salmonellosis,
pasteurellosis, genital infections;

Horses: bronchopneumonia, joint ill, puerperal and postpuerperal infections, salmonellosis;

Dogs and cats: bronchopneumonia, diarrhoea, dermatitis, otitis, urinary tract infections,
prostatitis;

Poulty (chickens, turkeys, quails, pigeons, ornamental birds and others): E. coli infections,
chronic airway disorders, salmonellosis, pasteurellosis, psittacosis.

It is likewise possible to treat bacterial diseases in the raising and keeping of productive
and ornamental fish, the antibacterial spectrum thereby extending beyond the previously
mentioned pathogens to further pathogens such as, for example, Pasteurella, Brucella,



cocci (S. aureus, S. epidermdis, S. haenolyticus, S. carnosus), enterococci
(E. faecalis, E. faecium and streptococci (S. agal actiae, S. pneunoni ae,
S. pyogenes). The above |list of pathogens is to be interpreted only by way
of exanple and in no way as restrictive. D seases which may be nentioned
whi ch are caused by the pathogens nmen- ti®ned or m xed infections and can be
prevented, aneliorated or cured by the preparations of the invention are
for exanple: Infectious diseases in humans such as, for exanple,
unconpl i cat edCasipsllobsuigr] Lisetie Erysipdlotatiy, JoryprbactetabBbreias TreporeaiipNbeaadied ski n
and super fi ciRatkettih exdrdimas, conplicated skin and soft tissue infections,
pneunoni a acquired in hospital and as an outpatient, nosocom al pneunoni as,
acut e exacer lTat pRsént aiventinoRAR TMlateak! (BE usklof titf Rfipbarids o8 thediveatiorfor the
bronchitis, tReeRt Mok pﬁapﬂﬂdmaofai@éafs@s i pakfcllak 8f bavtekiaPhReAGEAiseRRAr yngi tis,
bacterial meningitis, uncomt plicated gonococcal and non-gonococcal
urethritis/ cemny bfelsérit §weﬁt€dﬁtfﬁrtﬂér(?§51€§ totthéuse%&m%fr@bﬁﬂ@ of thénprinhbn fortid and
conpl i cated ifbiin Gﬁb?gfb? ylhﬂ BE iSRS, in ?éﬁﬁe‘ﬁfé? bRGEGEhedhEs8isQRs:,  pel vic
i nfl ammat ory di sease erial vagi noSi acute and chronic osteonyelitis,
acute bact ernahreddr E}{vbﬁﬁo% ﬁlﬁﬁa}'rélhﬁé‘{o thé‘ﬁsfe%?)‘he' Brrp6lids!of tHeShYenBRERE the
patients, fur E (dta &ifn@ @ FreattlRRY kot ? h Bis oPfidlaSes Ek%@&&lhﬂﬂé
e
0

dlarrhoea AGh& di I'n ectlons pos eratlve I nt
odont ogeni ¢ |nfec I'ons, [)%halnnloglcal |nfect|ons post operative
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di arrhoea, d

h
Poul hi e emta(?E/I?é o the g JF? BF waﬁ%fnmww e
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psi ttacosis. Y4 V‘ tysin paftichiat a sypplemenlagy snsctyy af ackixity.@pe/ar argSkreagIgic tp thet he

raising and EeBRouRgs ofitheiwenttoni ve and ornanental fish, the antibacteri al

spectrum t hereby extending beyond the previously nentioned pathogens to

further pathdgeFmRAyads %fstge nyention samack systeieallyraaffon locgllyy Eet this pugpose, they

Canpy! obact efan b agministgred i g syitsbleavayrsheh asCfor pxastple; ocallyaparseraily, ipalmon-

Tr eponens, m&hma‘ﬂy, subhngua ly, lingually, buccally, rectally, dermally, transdermally, conjuncti-
vally, otically or as an implant or stent.

The compounds of the invention can be administered in administration forms suitable for
these administration routes.

Suitable for oral administration are administration forms which function according to the
prior art and deliver the compounds of the invention rapidly and/or in modified fashion,
and which contain the compounds of the invention in crystalline and/or amorphized and/or
dissolved form, such as, for example, tablets (uncoated or coated tablets, for example
having enteric coatings or coatings which dissolve with a delay or are insoluble and control
the release of the compound of the invention), tablets or films/wafers, which disintegrate
rapidly in the mouth, films/lyophilizates, capsules (for example hard or soft gelatin cap-
suies), sugar-coated tablets, granules, pellets, powders, emulsions, suspensions, aerosols or
solutions.

Parenteral administration can take place with avoidance of an absorption step (e.g. intrave-
nous, intraarterial, intracardiac, intraspinal or intralumbar) or with inclusion of an absorp-
tion (e.g. intramuscular, subcutaneous, intracutaneous, percutaneous or intraperitoneal),
Administration forms suitable for parenteral administration are, inter alia, preparations for
injection and infusion in the form of solutions, suspensions, emulsions, lyophilizates or
sterile powders.
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Ri ckettsia, Yersinia. The present invention further relates to the use of
t he conpounds of the invention for the treatnment and/or prophyl axis of
di seases, in particular of bacterial infectious diseases. The present
invention further relates to the use of the conpounds of the invention for
the treatnment and/or prophylaxis of diseases, in particular the

af orenenti oned di seases. The present |W\/ent|on further relates to the use of
t he conpounds of the invention for the production of a nedicanment for the
treatment and/ or prophylaxis of diseases, especially the aforenentioned

di seases. Siitblclonthewitits adrhinisratiormmoetes axenfoaexample pbaratakcgutigglfdmisfor t he
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as an i rrplmHQerpr eardgaents. The conpounds of the invention can be admi ni stered
in admnistration forns suitable for these adm nistration routes. Suitable
for oral AHePresest inxention fartker selatesogredicaments Mevighecompristiatileasteneamac cor di ng t o
the pri opoundtof dhedneimtibmesuallydogetirep with@se of mptednért; nentokiorphasmacauticaind/ or i n
nmodi fi ed haeptabla excipiaats,vdnd tdthe asd theneof foethe afppemerdioned purpeses.nvent i on in
crystalline and/ or anorphized and/or dissolved form such as, for exanple,
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rel ease ofestltyeand ompraladuinistratidnahe dosage fsiabov 0.01 tel§0 engkgopreteiablird/Sual®r s, whi ch
di si nt egr mgks, of bgslyweighti n t he nouth, fil m;/ I yophi | i zates, capsules (for
exanpl e hard or soft gelatin cap- sul es) ar-coat ed t abl et s, granul es,
pel | ets, Bongyarescrthelesy b npgessary eqﬁmmgatea@ dawe Fomythe staled amews, itpar ent er al
adni ni st r pattiglar@ag A fungtien pfbmiafwm hrm%@numsflﬁﬁoanndwmﬂkhqh@ﬂoﬁpep (e.qg.
i ntrave- wards the active ingredient, type of preparation and time or interval over which administra-

tion takes place. Thus, in some cases it may be sufficient to make do with less than the

aforementioned minimum amount, whereas in other cases the stated upper limit must be

exceeded. In the case of the administration of larger amounts it can be advisable to divide

these into a plurality of individual doses over the course of the day.

The percentage data in the following tests and examples are, unless indicated otherwise,
per centages by weight; parts are parts by weight. Solvent ratios, dilution ratios and
concentration data for the liquid/liquid solutions are in each case based on volume.



nous, intraarterial, intracardiac, intraspinal or intralunbar) or with

i nclusion of an absorp- tion (e.g. intranuscular, subcutaneous,

i ntracut aneous, percutaneous or intraperitoneal). Admnistration forns
suitable for parenteral adm nistration are, inter aria, preparations for
injection and infusion in the formof sol utions, suspensions, enulsions,

| yophil i zates or sterile powders. 10 Suitable for the other adm nistration
routes are, for exanple, pharmaceutical fornms for inhalation (inter alia
powder i nhal e, SExanpsl | zers), nasal drops, solutions, sprays; tablets
films/wafers or capsules for lingual, sublingual or buccal adm nistration,
supposi t or i esAbbrpvietiéisat i ons for ears or eyes, vaginal capsul es, aqueous
suspensions (lotions, shaking mxtures), lipophilic suspensions, ointnents,
creans, transgermal therapaousc systens (such as, for exanple, patches),
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exanpl e, C aC|d) .g. inorganic pignents such as, for
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high pressure, high performance liquid chromatography

HR high resolution
Lv. in vacuo
LC-MS coupled liquid chromatography-mass spectroscopy
LDA lithium diisopropylamide
m middle (in UV and IR spectra)
multiplet (in NMR spectra)
MALDI matrix-assisted laser desorption/ionization
MIC minimum inhibitory concentration
min minute(s)
m.p. melting point
MRSA methicillin-resistant Staphylococcus aureus
MS mass spectroscopy
NCCLS National Committee for Clinical Laboratory Standards
neg. negative
NMM N-methylmorpholine
NMR nuclear magnetic resonance spectroscopy
p.a. pro analysi
Pd Palladium
Pd-C palladium on carbon

pos. positive



The percentage data in the follow ng tests and exanpl es are, unless

I ndi cated otherwi se, per centages by weight; parts are parts by weight.
Sol vent ratios, dilution ratios and concentration data for the
liquid/liquid solutions are in each case based on volune. 11 A Exanples
Abbrevi ations ag. aqueous area (peak) area BH brain heart infusion Boc
tert-butyl oxycarbonyl Dbr. broad signdl (in NVR spectra) calc. calcul ated
conc. concentrated D doublet (in NWR spectra) DCl direct chem cal
ionization (in M5) DCM dichloromethane DIEA N, N-diisopropylethyl am ne
DVAP 4- N, NEE net hyl anpoippyafludraechyledSO di met hyl sul f oxi de  DVF

N, N- di met ydnt. or mam dequabtatitdyl acetate (acetic acid ethyl ester) EDC

1- et hyl - 3ré3yEicret hyl pugrsopiaspmPlLcar bodi i m de (al so EDCI) EDCxHCI

1- et hyl - 3r3- di net hyl| deinneRp&amte car bodi i m de hydrochloride El electron

i mpact iogization (inepMRio e Gh@picgspray ionization (in M5 ESIneg anion
scan in E% mass specé‘ oﬂﬁ%ﬁﬁwaﬂSﬂl@@%ctFﬂtion scan in ESI mass spectroscopy

Ex. exanple h hour :
O (7- azggénzot ri azo:_‘-pi lgt ((IIDI\FW?Wa-)t et ranmet hyl uroni um hexaf | uor ophosphate
HOBt 1- hytfi'axybenzotr or'e HP ' ; BSSUI I.gh. performance |iquid
chr onmat oé?ag § HR hi gé{agr@g 124 Hﬁoﬂsﬁ}}v&rﬁ r‘ﬁge'ﬁ%‘h‘ uwﬁlm |
trafluoroborate
TCTU O-(1H-6-chlorobenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
tetrafluoroborate
TFA trifluoroacetic acid
TFE 2,2,2-trifluoroethanol
THF tetrahydrofuran
TLC thin-layer chromatography
TOF time of flight
uv ultraviolett
vis visible
VRSA vancomycin-resistant Staphylococcus aureus
w weak (in UV and IR spectra)
Z,Cbz benzyloxycarbonyl
References

For the nomenclature of the peptides and cyclodepsipeptides, cf.:

1. A Guide to IUPAC Nomenclature of Organic Compounds (Recommendations 1993),
1993, Blackwell Scientific publications.

2. Nomenclature and symbolism for amino acids and peptides. Recommendations 1983.
TUPAC-IUB Joint Commission on Biochemical Nomenclature, UK. Biochemical Jour-
nal 1984, 219, 345-373, and cited literature.

General GC-MS, LC-MS, HR-MS, HPLC and gel chromatography methods

Method 1 (TOF-HR-MS): TOF-HR-MS-ESI+ spectra are recorded using a Micromass
LCT instrument (capillary voltage: 3.2 KV, cone voltage: 42 V, source temperature:
120°C, desolvation temperature: 280°C). A syringe pump (Harvard Apparatus) is used for
sample introduction for this purpose. Leucine encephalin (Tyr-Gly-Gly-Phe-Leu) serves as
standard.

Method 2 (preparative HPLC): Instrument: Gilson Abimed HPLC; UV detector 210 nm;
binary pump system; column: Waters Symmetry-PrepTM Cis, 7 um, 300 x 19 mm; elu-

ent A: 0.2% trifluoroacetic acid in water, eluent B: acetonitrile; flow rate: 25 ml/min;
column temperature RT; 0 min 20% B, ramp 0-10 min 70% B, ramp 10-10.1 min 20% B,
15 min 20% B.

Method 3 (gel chromatography on Sephadex LH-20): Gel chromatography is performed
without pressure on Sephadex LH-20 (Pharmacia). Fractionation (ISCO Foxy 200 fraction
collector), is carried out according to UV activity (UV detector for 254 nm, Knauer)
column dimensions: 32 x 7 cm (1000—100 pmol scale); 30 x 4 cm (100-10 umol scale);



LC-MS coupl ed liquid chromatography-mass spectroscopy LDA Iithium
diisopropylamde mmddle (in UV and IR spectra) mmultiplet (in NWR
spectra) MALDI matri x-assisted | aser desorption/ionization M C mninmm
inhibitory concentration mn mnute(s) MP. nelting point MRSA
methicillin-resistant Staphyl ococcus aurells MS nass spectroscopy NCCLS
National Commttee for Cdinical Laboratory Standards neg. negative NVM
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of the chromatography column.

Method 5 (LC-MS): Instrument: Micromass Quattro LCZ mit HPLC Agilent series 1100;
column: Phenomenex Synergi 2pu Hydro-RP Mercury 20 mm x 4 mm; eluent A: 1 1 of
water + 0.5 ml of 50% formic acid, eluent B: 1 1 of acetonitrile + 0.5 ml of 50% formic
acid; gradient: 0.0 min 90%A -> 2.5 min 30%A -> 3.0 min 5%A - 4.5 min 5%A; flow
rate: 0.0 min 1 ml/min, 2.5 min/3.0 min/4.5 min 2 ml/min; oven: 50°C; UV detection: 208-
400 nm.

Method 6 (LC-MS): MS instrument type: Micromass ZQ; HPLC instrument type: Waters
Alliance 2795; column: Phenomenex Synergi 2p Hydro-RP Mercury 20 mm x 4 mm;
eluent A: 1 1 of water + 0.5 ml of 50% formic acid, eluent B: 1 1 of acetonitrile + 0.5 ml of
50% formic acid; gradient: 0.0 min 90%A - 2.5 min 30%A - 3.0 min 5%A - 4.5 min
5%A; flow rate: 0.0 min 1 ml/min, 2.5 min/3.0 min/4.5 min 2 ml/min; oven: 50°C; UV
detection: 210 nm.

Method 7 (LC-MS): MS instrument type: Micromass ZQ; HPLC instrument type: HP
1100 series; UV DAD; column: Phenomenex Synergi 2p Hydro-RP Mercury 20 mm x 4
mm; eluent A: 11 of water + 0.5 ml of 50% formic acid, eluent B: 1 | of acetonitrile + 0.5
ml of 50% formic acid; gradient: 0.0 min 90%A -» 2.5 min 30%A -> 3.0 min 5%A - 4.5
min 5%A; flow rate: 0.0 min 1 ml/min, 2.5 min/3.0 min/4.5 min 2 ml/min; oven: 50°C; UV
detection: 210 nm.

Method 8 (analytical HPLC): HPLC instrument type: HP 1050 series; UV DAD 1100
series; column: Kromasil Ci3, 60 x 2 mm, 3.5 um; eluent A: water/0.5% perchloric acid,
eluent B: acetonitrile; gradient: 0—~0.5 min 2%B, 0.5-4.5 min 2-90%B, 4.5-9.0 min 90%B,
9.0-9.2 min 90-2%B, 9.2-10.0 min 2%B; flow rate: 0.75 mV/min, oven: 30°C, UV detec-
tion 210 nm.

Method 9 (analytical HPLC, Agilent Zorbax Cs): Instrument: Agilent 1100 with DAD
(G1315B), binary pump (G1312A), autosampler (G1313A), solvent degasser (G1379A)
and column thermostat (G1316A); column: Agilent Zorbax Eclipse XDB-C8 4.6 x 150x 5
mm; eluent A: 0.05% 70% perchloric acid in water; eluent B: acetonitrile; gradient: 0—

1 min 10%B, ramp, 4-5 min 90%B, ramp, 5.5 min 10%B; flow rate: 2.00 ml/min; column
temperature: 30°C.

Method 10 (gel chromatography on Sephadex LH-20): Gel chromatography is per-
formed without pressure on Sephadex LH-20 (Pharmacia). Fractionation (ISCO Foxy 200
fraction collector), is carried out according to UV activity (UV detector for 254 nm,
Knauer) column dimensions: 32 x 7 cm (1000—100 pmol scale); 30 x 4 cm (100~10 pmol
scale); 25 x 2 cm (10—1 pmol scale).



TOF time of flight UV ultraviolett vis visible VRSA vancomyci n-resi stant

St aphyl ococcus aureus w weak (in UV and IR spectra) Z, Cbhz

benzyl oxycar bonyl References For the nonenclature of the peptides and

cycl odepsi peptides, cf.: 1. A Guide to | UPAC Nonencl ature of Organic
Compounds (Recommendations 1993), 1993, Bl ackwell Scientific publications.
2. Nonencl ature and synbolism for am na aci ds and peptides. Reconmendati ons
1983. | UPAC-1UB Joint Comm ssion on Biochem cal Nonenclature, UK

Bi ochem cal Jour- nal 1984, 219, 345-373, and cited literature. General
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1(TOF- HR- NG} Lok bl f?wagqqme}bommm guaiass LCT
|t rutent ol a!v Ealyoakt i eléent’-al%@?mﬁr ﬁ%g@.lggn\{s et |
Appar at us FEFEr gsgf Ry LB AbW te: A ibldin, OvPHLAGR2OAR,

ose ucin

R ar*w%%%ﬁser%ﬁ m@«?ﬂ{ww %nugawyesﬁaz“ve

Q
system c BT F!{F nt A 0.2%
Lt uorog@@moecege.aald 1?1 %a?g 44 ipgse f’i“ dientDs 1 /i n;
col umm t ePrdaniatlQveB, rapp, éoﬁ’lsﬁmEQ ?lwfﬁ%:’@ H‘p 10-10.1 min
20% B, 1€etetign 200mmB. Met hod 3 (gel chrorrat ography on Sephadex LH 20): Gel
chromat ography is performed wthout pressure on Se ha@.dex(s‘}3 %Sﬂé é;ar maci a) .
Fr act i onaMethod(13<premasative IBLE WaterpSymmgtry s dpstrum 1lson E‘EF LGccor di ng
to UV act binanyypurmpsysteraceodma: oV atos SymmetrrPaerer Cm,Jdnn,rﬁQ & WeAm els: 32 x 7 cm
(1000- 100ent@: 0)5% ifluo®a@cetic 4cidrin WaEn-egntiy 0. Lré)qorqasetlczasmnzc@ml( 10-1 nol
scal e). Atrile)lgradienwiO- hmih hA%6B, ramp, HB3&mBOIWHB,i 38-4fseith ¥03sB;feow wate: from 1 nmol
to |1l nmob0 ml/min; U detection 21 0@nd r acti ons are col |l ected manual |y and wi t hout

an upstream UV detector. The fractions are assigned by HPLC (nethod 9).

Met hod 4 Metlepbld(preparstile FIPKChiagriment Gilsorc Abimed) HPIL Crdtimanyrpuwrnp G | son

Abi med  Hjlsfe; tblumal Wateps SyhlfetryyPrep a1y 7 prapBOtsy $9 mm; ebehuATWwatkw®2fési | - | 00A
G's, 5 m ydhbroaetidAcidléluerit BoWeetdtiteile; ghaditht: 01 10, migl 23€55%6 By thetre genefitidn- 0. 5%

aceti C achfthe %Uﬁ%gx%bhﬁ&ﬁ&:ﬁﬂ,i flow rate: 25 ml/min; UV detection 210 nm.

Method 15 (chiral HPLC Daicel Chiralpak): Agilent 1100 HPLC; column: Daicel
Chiralpak AD-H 5 um; 250 x 20 mm; isocratic: 75% iso-hexane, 25% 2-propanol with
0.2% trifluoroacetic acid and 1% water; flow rate: 1.0 ml/min; oven: 25°C; UV detector
212 nm.

Method 16 (preparative HPLC): Instrument: Gilson Abimed HPLC; binary pump
system; column: YMC ODS-AQ S um, 250 x 30 mm; eluent A: 0.05% trifluoroacetic acid
in water, eluent B: 0.05% trifluoroacetic acid in acetonitrile; gradient: 0-3 min 10%B,
ramp, 30-38 min 90%B, 38-45 min 10%B; flow rate: 50 ml/min; UV detector 210 nm.

Method 17 (GC-MS): Instrument: Micromass GCT, GC6890; column: Restek RTX-
35MS, 30 m x 250 pm x 0.25 um; gradient: 60°C (maintain for 0.30 min), 50°C/min —
120°C, 16°C/min — 250°C, 30°C/min — 300°C (maintain for 1.7 min); constant flow rate
with helium: 0.88 ml/min; oven: 60°C; inlet: 250°C.

Method 18 (HPLC): HPLC instrument type: HP 1100 series; UV DAD column: Zorbax
Eclipse XBD-C8 (Agilent), 150 mm x 4.6 mm, 5 um; eluent A: 5 ml of HCIO4/1 of water,
eluent B: acetonitrile; gradient: 0-1 min 10%B, 1-4 min 10-90%B, 4-5 min 90%B; flow
rate: 2.0 ml/min; oven: 30°C; UV detection: 210 and 254 nm.

Method 19 (HPLC): column: Kromasil RP-18, 60 mm x 2 mm, 3.5 um; eluent A: 5 ml of
HC1O4/1 of water, eluent B: acetonitrile; gradient: 0 min 2%B, 0.5 min 2%B, 4.5 min
90%B, 9 min 90%B; flow rate: 0.75 ml/min; oven: 30°C; UV detection: 210 nm.

Method 20 (HPLC): column: Kromasil RP-18, 250 mm x 4 mm, 5 pm; eluent A: 5 ml of
HCIO4/1 of water, eluent B: acetonitrile; gradient: 0 min 5%B, 10 min 95%B; flow rate: 1
ml/min; oven: 40°C; UV detection: 210 nm.



trile; gradient: 0-3 min 5%B, 3-30 mn 5-100% B, 30-38 mn 100% B, then
regeneration of the chromatography colum. Method 5 (LG-MS): Instrunent:
M cromass Quattro LCZ mit HPLC Agilent series 1100; columm: Phenonenex
Synergi 2 Hydro-RP Mercury 20 nmx 4 nun; eluent A- | | of water + 0.5 ni
of 50%formc acid, eluent B: 1 1 of acetppitrile + 0.5 m of 50%formc
acid; gradient: 0.0 mn 90%A 4 2.5 min 30%A 4 3.0 mn 5A 4 4.5 m n 5%
flow rate: 0.0 min | m/mn, 2 5 mn/3.0 m'n/4 Smn 2 rﬂlm'n oven 50C,

UV detection Mgt §d ff el %; s(l stru eﬁj&rg\ M Ggomass
g‘a % ?‘9 i3 E&‘\}g %"“0’8 %hst“f/i‘“’ ﬁ%f ’%é engq%e‘%‘fm §50%

ﬁ

ZQ HPLC i nméc{ elud yner gi
2 Hydro-RP

fornmc aci d é(F'heAfﬁ éﬁ"@‘?ﬁ‘ Loetfn&nl tril e + 0 5 m of 50%form c acid;
gradi ent : il;h ?g()ﬁc 30%\ 4 %&é_ﬁ} 50A; fl ow
rate: 0.0 m H’F ntrB'i‘? yney

det ecti on: H%SW&%H Q?WB? $%§%E§ %r&‘ﬁ%@ﬁﬂéﬁ HPLC
i nst runent t ypevatarf6.02 n@éraF ; eluopt Byggetoairile(d0 Wy eradisat: §i 2

Hydr o- RP Mer &Prrylrdbm%BﬂM Imin E}Qﬂ?!pﬁ 3Al4§n1m8f) S\Q%{deuovqn é0€ OWIRLe5 0%
form c acid, O mEmin, BV detection: 2@amonitrile + 0.5 m of 50% formic acid;
gradient: 0.0 mn 90%A 4 2.5 min 30%A 3 3.0 mn 5A 4 4.5 mn 5% flow
rate: 0.0 ni Method 23{HPLO):3IRLGringtrament type: BP A5 serins; AN RAILVEN: sedaC, UV
det ection: 2XOlummSymmdiryBred Y GiaWaterss 50 x RRLG); 3.5iROC eluest A uwater!0.85pe: HP 1050
series; UV DAffhictGHeticsarid, eRientdsrl aceronitrie;@radient: 09 min 6406%B, $1hl nin 300PpBel uent
A wat er/ 0. 5%l dermihl10040&6B3 thed\, regebrdtion ofthe elrematography @lurg;ade@@0°C,dlo®: 5 m n
298, 0.5-4.5 rife0.2mPHB UV d&edliod: 2M0hnP0%8B, 9.0-9.2 min 90-298B, 9.2-10.0 mn
298; flowrate: 0.75 m/mn, oven: 30C, UV detec- tion 210 nm Method 9
(anal ytical Hpéthod M(duﬁahtame BYNMR spectioidop R Approfiiatedn10 hi Q0 adthutael PAD
(GL315B), bi Rafighed saiiplé ab3thRéd and @ @ﬁmxyzﬁoﬁ, &@cﬁ)atelwe ealdegasser
(GL379A)  andsjirothéviRathudRIbaRseha bre(d; :Dyfifling R meku sdée&aspse
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? LT e hod o

5.5 mn 109B: owrate

| ch t h - f d
M Ehout " presonuaatys %Eg}ﬁ’ ﬁ%@%ﬁ n%%g’ %9”%% E&s«ff’ e%?% esd) 200

fraction col LeeHhRAl diyent:S L ‘gor
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X 4 cm (100- 3p uFEQ.J,ound bath for 3 min and made up with water The sample is filtered through an ion-free
cellulose acetate filter (Por 0.45 pum) and injected. Quantification versus external standards
(0.5 mg/l - 10 mg/l).

Starting compounds

Example 1A

D-Leucyl-N'-{(3S,6S,125,15S,18R,21 $,2485,2785,28R)-6-[(15)-2-amino-1-hydroxy-2-oxo-
ethyl}-18-(3-{[amino(imino)methyl}amino } propyl)-12-[(1.)-1-hydroxyethyl]-3-(hydroxy-
methyl)-24-[(/R)-1-hydroxy-2-methylpropyl]-21-isobutyl-15-[(15)-1-methylpropyl]-
2,5,8,11,14,17,20,23,26-nonaoxo-28-phenyl-1-0xa-4,7,10,13,16,19,22,25-octaazacy-
clooctacosan-27-yl}-L-leucinamide bistrifluoroacetate (lysobactin)



scale); 25 x 2 cm (10-1 pnol scale). 14 Method 11 (preparative HPLC
Symretry): Instrunent: G |lson Abinmed HPLC, binary punp systen colum:
Symmet ryPrepTMCi s, Waters, 7 m 300 nmx 19 mm eluent A: water/0.2%
trifluoroacetic acid, eluent B: acetonitrile; gradient: 0-10 m n 15-65%B,
then regeneration of the chromatography colum; flowrate: 25 m/mn; W
detection 210 nm Method 12 (preparati6ve HPLC Kromasil): Instrunment: G| son
Abi med HPLC, binary punp system colum: Kromasil Cs, 5 pm 100 A 250 X
20 mm eluent A® 0.05% trifluoroacetic acid in water, eluent B: 0.05%
trifluoroacetic acid in acetonitrilep _gradient: 0-3 mn 1098, ranp, 30-38
mn 9098, 3 8-45 mn 1098; flow rate: NH/ nin; UV detection 210 nm

Met hod 13 (preparative HPLC Waters Sy try): Instrunment: G 1|son Abined
HPLC, binary punp system col um:HOMY (s metry-Prep TMCis, 7 gm 300 x
19 mm elu ent AHO. Q5% i fl uoroacelic acl W'é@ eluent B: 0.05%
trifluoroacetic acid|jn acetoni- iNesk gradgj ent:f O- n 1098, ranp, 30-38
mn 9098, 38-45 min BB, fl ¢ /8 n; teCson 210 nm  Met hod
14 (preparative HPLC): Instru i | son Abi n®@d HPEC, binary punp system
colum: Waters Symretry-/ obm 300 x 19 @plquent A water/0.2%
trifluoroacetic acid, el acetonltrlle g0 X 010 mn 25- 6598,

t hen regeneration of the yaphy colum; fl 5m/mn; W
detection 210 nm Met hog (cﬁ' raI HPL Gy Dai ceb Chi £al pa : gi | ent 1100
HPLC, col um: DaHgh| [ isocratic: 75%

| so- hexane, 25% 2- prgpanol i f1Qproagetic ack‘g an F’L%Water;
flowrate: 1.8, N nrn

(preparative HPL . HBTSwn Kbi ped HPLC { bi nary np system

col um: YMC ODg-AQ 5 pm 30 mm [ECtig ~0305% trifl Groacetic acid
in water, eluent B: O. 05H/6tr| d:lu:prqqgatlc Nln acefonitrile; gradient:
0-3 min 1098, ranp, 30-38 mn 90%B,"~ 38-45 m rCHOYB;HN| OWNHite: 50 ni/mn;
UV detector 210 nm Method 17 (GC-M5): Instrunment: Mc bmass GCT, G06890;
colum: Restek RTX- 35M5, 30 mx 250 mx 0.25 gm gradi gpt: 60C (maintain
for 0.30 mn), 500 mn --> 120C, 16C/ mn -> 250C, 30C/ mn -* 300C (maintain
for 1.7 min); constant flowrate wth helium 0.88 m/mn; oven: 60C,
inlet: 250C. Method 18 (HPLC): HPLC instrunment type: HP 1100 series; UV DAD
colum: Zorbax Eclipse XBD-C8 (Agilent), 150 nmx 4.6 nm 5 pm eluent A 5
m of HC X4/ 1 of water, eluent B: acetonitrile; gradient: 0-1 mn 1098, 1-4

mn 10-909%8, 4-5 . mn 90%3 fl ow
Fermentation:

Culture Medium:

YM: yeast-malt agar: D-glucose (4 g/l), yeast extract (4 g/l), malt extract (10 g/1), 1 litre of
Lewatit water. Before sterilization (20 minutes at 121°C) the pH is adjusted to 7.2.

HPM: mannitol (5.4 g/l), yeast extract (5 g/l), meat peptone (3 g/l).
Working preserve: the lyophilized strain (ATCC 53042) is grown in 50 ml of YM medium.

Flask fermentation: 150 ml of YM medium or 100 ml of HPM medium in a 1 1 Erlenmeyer
flask are inoculated with 2 ml of the working preserve and allowed to grow at 28°C on a
shaker at 240 rpm for 30-48 hours.

30 1 fermentation: 300 ml of the flask fermentation (HPM medium) are used to inoculate a
sterile 30 1 nutrient medium solution (1 ml of antifoam SAG 5693/1). This culture is
allowed to grow for at 21 hours 28°C, 300 rpm and aeration with sterile air at 0.3 vvm. The
pH is kept constant at pH = 7.2 with 1M hydrochloric acid. In total, 880 ml of 1M hydro-
chloric acid are added during the culturing period.

Main culture (2001): 15 x 150 ml of YM medium in 1 1 Erlenmeyer flasks are inoculated
with 2 ml of the working preserve and allowed to grow on a shaker for 48 hours at 28°C
and 240 rpm. 2250 ml of this culture are used to inoculate a sterile 200 1 nutrient medium
solution (YM) (1 ml of antifoam SAG 5693/1) and allowed to grow at 28°C, 150 rpm and
aeration with sterile air at 0.3 vvm for 18.5 hours.




rate: 2.0 m/mn; oven: 30C, UV detection: 210 and 254 nm Method 19 (HPLC):
colum: Kromasil RP-18, 60 mnmmx 2 mm 3.5 pm eluent A- 5 m of HCLO4/ 1 of
wat er, eluent B: acetonitrile; gradient: O min 298, 0.5 mn 298, 4.5 mn
9098, 9 min 90%8; flowrate: 0.75 m/mn; oven: 30C, UV detection: 210 nm
Met hod 20 (HPLC): columm: Kromasil RP-18,17250 nmx 4 nm 5 pm eluent A 5
m of HCIO4/1 of water, eluent B: acetonitrile; gradient: O mn 598, 10 mn
9598; flowrate: 1 m/mn; oven: 40C, UV detection: 210 mm 15 Method 21
(HPLC) :  col umurlysapassi (50 i ak takebfd diBakthé cdliide oF tiferrfidnitich 1Anl of nikha@ébl

HCI O4/'1 of wes s mﬁddﬂ@d&n&cuﬁqﬂdaea td. DInflof HSP&NMRE Brothhndhe mirtde isffllerdr at e:

1 m/mn; oyg tﬁt@xt 96 fihisstiberiidn B biuifted Grle%é\@HPL'@(dné&ﬁfdr ument
type: M Cromy % Intru ﬁt tS %e HFI‘1 1100 serlje,s UV DAD; col um:
GomSil 120 "x 2 mm 3.0 pm eluent A wat er/ 0. 025% f or ni ¢

ccdl L o pePiy 2 7 %%éfo;éﬁt“? oo the b B ensSldfhBliivediatafa 11 o
m/mn, W dé?dé[@?qt(% dPPun. Met hod 23 (HPLC): HPLC instrunent type: HP

1050 seri es; Ul\ié DAD 1100 series; colum SymetryPrepTMC, B, Waters, 50 x 2.1
mm 3.5 pm «lﬂo 3 A water/0.05% trifluoroacetic aci d, eluent B

t tril di ent 000 ' 0 100- 098,
: ﬁZno?'egéhe?%%%&%% o1 %ﬁﬁ i Somieledituonag Bidots” )
i . OV oG Bygroxid sp wemlan wal?ﬂl e ‘% Conteils)

spect roscopy)é“iu '85&%‘12?"'&3‘ W béeqé‘ﬁ‘HB’t ance
and appr oxi nifitbpyresmethanope obfco %“ﬁ T@F%%G%Pbﬁsﬁéﬁqoﬂﬁfr“obenzene

are di ssol ve&ratieﬁupwmwaﬁ@ln@&@m@adwoflgﬁ NVR spectros- copy. 6 - 74
(TWA) and -132.0 (1, 4-di bronotetrafl uorobenzene) are integrated and com

pared. The TEhe esipalggueoys phase isonnd mﬂlqaepk@mﬁncbwpm@d 4. CoBiatage Fiashpl e
subst ance.  FBtIAcB0xE, KO 18R tai20gmadflop) ratet dhmb/mingreditent; mcqidnitride/waterm wi t h
suppr essor sysitaEnng Ad % tifludroatdticiatid; gredientt 00%, 13 aml 40 acefonBtiley. Phe30%uar d,
separating cadetonitrile/phatdPiRhizh4oftains theafhinamowit 0€Bkimple 2ANcsm@htuediar bonat e
and 2.4 M s oghiug Ehdyibscs eﬁt@afybﬁﬁmee (LT3 gyet1ds mvfthl@Wfsélﬂfs?sseQatheHng The
sanple is di ﬁmb«msm bERRRk mzw/ onfithdd"s, sfubﬂﬁhexﬁ@ treated in
an ul trasound.atd} ffigho %ac&ngce cﬁr ‘ﬁt ?1%66’5" o, s filtered
t hrough an i ol G EeticGE ldi ﬁmﬁ?r ﬁ? bﬁ r??’ d 1'nj ect ed.
Quantification versus ex erna n ﬁfaé' 10 ng/1). Starting
conpounds E’fﬁl%l'o%es]sAffords 2250 mg of Example 1A.

The sediment is taken up in 4 1 of acetone/water 4:1, 2 kg of Celite are added, the mixture
is adjusted to pH = 6 using trifluoroacetic acid, stirred and centrifuged. The solvent is
concentrated in vacuo, and the residue is freeze dried. The lyophilizate obtained (89.9 g) is
taken up in methanol, filtered, concentrated and separated on silica gel (method 21).
Example 1A is then purified by gel filtration (Sephadex LH-20, 5 x 68 cm, wa-
ter/acetonitrile 9:1 (containing 0.05% trifluoroacetic acid), flow rate: 2.7 ml/min, fraction
size 13.5 ml) to give the pure substance.

This process yields 447 mg of Example 1A.
HPLC (method 18): Ry = 6.19 min
MS (ESIpos): m/z = 1277 (M+H)"

'"HNMR (500.13 MHz, d;-DMSO): & = 0.75 (d, 3H), 0.78 (d, 6H), 0.80 (¢, 3H), 0.82 (d,
3H), 0.90 (d, 3H), 0.91 (d, 3H), 0.92 (d, 3H), 0.95 (d, 3H), 0.96 (d, 3H), 1.05 (m, 1H), 1.19
(d, 3H), 1.25 (m, 2H), 1.50 (m, 4H), 1.51 (m, 2H), 1.55 (m, 1H), 1.61 (m, 1H), 1.65 (m,
1H), 1.84 (m, 1H), 1.85 (m, 1H), 1.86 (m, 1H) , 1.89 (m, 1H), 1.95 (m, 1H), 2.75 (m, 2H),
3.40 (m, 1H), 3.52 (m, 2H), 3.53 (dd, 1H), 3.64 (m, 2H), 3.66 (m, 1H), 3.68 (dd, 1H), 3.73
(m, 2H), 4.00 (dd, 1H), 4.02 (br., 1H), 4.13 (br., 1H), 4.32 (dd, 1H), 4.39 (t, 1H), 4.55 (m,
1H), 4.75 (dd, 1H), 5.19 (t, 1H), 5.29 (d, 1H), 5.30 (br., 1H), 5.58 (m, 2H), 6.68 (m, 3H),
6.89 (d, 1H), 6.93 (m, 3H), 6.94 (br., 1H), 6.98 (d, 1H), 7.12 (br., 1H), 7.20 (br., 2H), 7.23
(m, 2H), 7.42 (m, 2H), 7.54 (d, 1H), 7.58 (d, 1H), 8.32 (br., 1H), 9.18 (br., 1H), 9.20 (m,
2H), 9.50 (br., 1H).



D Leucyl -N -f (3S,6S, 12S, 15S,1 8R, 2 1S, 24S, 27S, 28R) - 6-[ (1S) - 2- ami no- |

- hydr oxy- 2- oxo- ethyl]-18-(3-{[am no(i m no)net hyl]am no}propyl)-12-[(1

S) - | - hydr oxyet hyl ] - 3- (hydr oxy-

met hyl ) - 24-[ (1 R) - 1- hydr oxy- 2- met hyl propyl ] - 21-i sobutyl - 15-[ (I S) - 1- et hyl pr op
yl]-

2,5,8,11, 14, 17, 20, 23, 26- nonaoxo- 28- phelyl -1 - oxa- 4, 7, 10, 13, 16, 19, 22, 25- oct aaz
acy- clooctacosan-27-yl}-L-Ieucinam de bistrifluoroacetate (|ysobactin) 16
ONH2 HOB,,, HHO HO /CFa HNICH3 ~II( N- OHOB,,, OOOOONHCH
CH3 O O GC-RMR (15 7N MHL) d DNBSO 5N 19.3105.3, 1906,319.2,100.16, 2608 26.9, £2.03223, H3C
H3C_~ CH32BIBQ2 1 234:3; 24.4, 233 251, 288, 2714(130.53504 30 31 4®8):40Qy 41 6 #1.1VBdisym  YM
yeast - nal $523985.9, 58:205618.0579, 64.896012,.611€836, XL, 786! 7174, 73/9, 128 .mAI28 6ext ract (10
9/1), | 1ii86.¢ 068, kesmtizh. 1Weloes, 178ef on S ﬂlegubazzatnom(ﬁe mnutes at 121C)
the pHis adjusted to 7.2. HPM nanni t of (5.4 gil), yeast extract (5 gl1),
meat pept qn@aés?gnﬁleﬂoofmgﬂawwarcﬁﬁeaw aceHirl M@ﬂwésmgﬁﬂerﬁrdéehaemmc 53042)

| S 07 OWN ifkroheltt 1odto, Y41 RRGH, T erd] ASidiB Eﬂ%tﬂ Py-72650 m of YM medi um or

100 M of diumin a 1’1 Erlenneyer ask are In culated with 2 m of
t he wor ki ng preserve and allowed to grow at 28C on a shaker at 240 rpmfor
30-48 hours. 301 fernentation: 300 mM of the flask fernentati on (HPM nmedi um
are used to inoculate a sterile 301 nutrient mediumsolution (1 m of
antifoam SAG 5693/ 1). This culture is

Example 2A

De(1-D-leucyl-2-L-leucyl)lysobactin bistrifluoroacetate (Edman’® degradation product)

Lysobactin bistrifluoroacetate (60.0 g, 39.88 mmol) is dissolved in pyridine (840 m1) under
an argon atmosphere. Then phenyl isothiocyanate (32.35 g, 239.28 mmol, 6 equivalents) is
added, and the reaction mixture is stirred at 37°C for 7 h. The solvent is then distilled off
on a rotary evaporator at a bath temperature of 40°C. The residue is mixed with methyl
tert-butyl ether (1400 ml) and stirred vigorously for 30 min. The mixture is then filtered



allowed to grow for at 21 hours 28C, 300 rpmand aeration with sterile air
at 0.3 vwvm The pHis kept constant at pH= 7.2 with I M hydrochl oric acid.
In total, 880 m of | Mhydro- chloric acid are added during the culturing
period. Main culture (2001 15 x 150 mM of YMnmediumin I 1 Erlenneyer fl asks
are inoculated with 2 mM of the working preserve and allowed to grow on a
shaker for 48 hours at 28C and 240 rpm 2250 ml of this culture are used to
i noculate a sterile 200 1 nutrient nedium solution (YM (1 m of antifoam

SAG 5693/ 1) a#ith satticBuplPa Glasri@ {pofSdidthl A 3IcRidiameter) aiedhieffedidt Prodiiceri | e
air at 0.3 WQE&Min®18egadd@ibh ﬁrodﬁt?t) 1s"§?)‘l’dtéd$f1n%%me%ld5p7 andrefctéPRRert O check

t he course ofyilHag: d&kagnt ation 1 of methanol” (0.5%trifluoroacetic acid)
is added to. 2 m of this culture broth and the mxture is filtered through

a 0.45 mfil tpef thlS‘?IQ]r;wse Ghe &rlis r%&'t%n?fsﬂﬁés@ﬁe@fnﬁnﬁﬂ@rbyéﬁg aly (f@@@rﬁ) gidef iz C

(et hod 18 r& ad stivle PafR r'?he 108 trh @o Qh ot e mai n
culture is S rét 1Bv§ eig %m ure%? rﬂlmethyl

| sol ati on: i

concentr at ed % Sd‘,’t“ %acgme ﬁ)roé i ﬁ\g ‘ffts ?-][E | oaded
onto a Lewapd] ?{B“Z

carried out F’é‘? Pﬁ‘goé‘%’)i“ 0% F\ pur e
met hanol (coﬁ?‘&?ﬂﬁoﬁ “EF‘ir%{‘tFﬁif'VFth@rR?&!%FP dighlp éﬁ? £8ydej 5

concen- tr at @Pquet IZ igfbintvacug. § &g plicrade deflrodeecyp ob.m@n él’Str thB)a&etatW he
resi dual aquéBdmanifdegtadatiompreduct) we obtaingd gel C18 and separated (MPLC,
Biotage Flash 75, 75 x 30 cm KP-C18-WP, 15-20 m flow rate: 30 m/mn;
el uent : acet Jmeenide evosﬂmtes dissodved avithontfusher ysorkuprin puvidine 61080 miunder @ adi ent :
10% 15% and angdfcatasphere.tThieh phenylrisethib@9anatedd@ g0t 80 hel, phepivalents) tsaddaht ai ns
t he mai n anpand thefredgsiammixurk A5 stined a3 tted0? @ fead h. The valeendisctheh distiied gffent | y
| yophi | i zed (ard@rygvapotitorsatiaibath temperatufedfi403C.i Thesesidueds miked with rdetliyl 1g#pr t i ons
first on a pibayhethér (Y400Hh1) @nd setddatofduslys The Rintaratis themfiltered withlsidtiohogd ON
Sephadex LH- s fit pof®width 3 ACnP iafklel) ETNEhRFmédidte ptddu@IEAmSHS Qegradttion Ni NY
0.05% trifl pRiasatisdadtindcridedidd BPS:’, Eﬁﬂd Bﬁéﬂ%ﬁm e S}n Wad 20) .
This process dﬂeétﬂrﬁgﬁol%g@ﬂtﬂﬂ &Ba @Q&? ) er
of acet one/ wg} ﬁf p# thén genggl

dsi

h ?eka‘ﬂﬁ edt ”d4 1
pH = 6 using bgtlhl 95&%%? bfcn tak %trn ﬁp ii‘t\%egte |:[50
lS en ert-
@‘% % e, iy ’h‘é ﬂ&

bt ai ned (o e VigufGy] w 10 B3 0  ond

separ at ed on " gtqn Fﬁf iAmetar); B gel

filtration ( % orometha.ne (14 0 ml) and collected by
ation each time. 55 g of the crude product are obtained. This is purified by preparative

HPLC (method 14). 28.55 g (56% of theory) of the title compound are obtained.
HPLC/UV-Vis (method 23): R, =4.71 min,

Amax (qualitative) = 220 nm (s), 255-270 (w).

LC-MS (method 22): R, = 1.65 min;

MS (ESIpos.): m/z (%) = 526 (100) [M + 2HJ**, 1051 (15) [M + H]J".

Example 3A



I

ter/acetonitrile 9:1 (containing 0.05%trifluoroacetic acid), flowrate: 2.7
m/mn, fraction size 13.5 m) to give the pure substance. This process

yi el ds 447 nmg of Exanple IA. HPLC (method 18): Rt = 6.19 mn M (ESIpos):
nr/z = 1277 (MrH' 'H NMR (500. 13 MHz, d6-DMSO: S = 0.75 (d, 3H), 0.78 (d,
6H), 0.80 (t, 3H), 0.82 (d, 3H), 0.90 (d, 3H), 0.91 (d, 3H), 0.92 (d, 3H),
0.95 (d, 311), 0.96 (d, 3H), 1.05 (m 2011), 1.19 (d, 3H,1.25 (m 2H), 1.50
(m 4H, 1.51 (m 2H), 1.55 (m 1H), 1.61 (m IH, 1.65 (in, IH, 1.84 (m
1H, 1.85 (m 1H), 1.86 (m IH), 1.89 (m 111), 1.95 (m 111), 2.75 (m 2H),
3.40 (m Mé)hyl R752- {[(PenBxy)Gurtidyllaino }-B6-te¥lbortethylpyidin3-ctyiate 1H) a) 68

(dd, 1H), 3.73 (m 211), 4.00 (dd, 11-1), 4.02 (br., 1H), 4.13 (br., |
4.32 (dd, IH), 4.39 (t, IH, 455 (m IH, 4.75 (dd, 1H), 5.19 (t, 1H),
5.29 (d, 1H), 5.30 (br., 1H] 58 (m 2H), 6.68 (m 311), 6.89 (d, IH),
6.93 (m 3H). 6.94 (br., IH 08 (d. 1. 7.12 (br., 1H), 7.20 (br., 2H),
7.23 (m 2H), 7.42 (m 2H), ¥/ 5471, ., 3.58 (d, 1H), 8.32 (br., IH)),
9.18 (br., 1H), 9.20 (m 2H), 9.50 (H' H) 13C- NVR (125. 77 Mz,
d6-DMBO): 8 = 10.3, 15.3, 19.0, 19.2, 0.9, 22.0, 22.4, 230,

41, 6 44, 1 51. 5 52. 7 55, 9 56. : 57. 9 58. 8 60. 2 61. 1 62. 6
70.1, 71.6, 71.7, 75.5, 128.1, 128 136.7, 156.8, 168.2, 170.1, 170.4,
171.2, 171.5, 171.9, 172.2, 172.4 1737, The assi gnnent of t he signals was
carrled out according to the as8 gnnlint described in the literature (T.
Kato, H Hnoo, Y. Terui, J. Antibiot., 1988, 61, 719-725). Exanple 2A

De(1-D-le i
Gouradat | aendﬁua ﬁw&?ﬁé y%é%%ﬁéﬂyﬂe Ligy %; bm%;gk% ﬁg&ag}g ’% o N O
O CH Hoy Iisol {{L Ei g Ec opﬁ\ﬁty é, "N,N, Mt ethylguanidine

(6.38 g, 55.39 mmol, 6.95 ml, 2.0 equivalents) is slowly added dropwise and the mixture is

then stirred at -70°C for 4 h and subsequently at RT for 12 h. The reaction mixture is

concentrated and then extracted from water with ethyl acetate (2 x 100 ml), and the com-

bined organic phases are washed with saturated brine and dried over sodium sulfate. After

concentration in vacuo the crude product is chromatographed (silica gel, eluent: toluene
then toluene/ethyl acetate 10:1). 6.93 g (66% of theory) of the title compound are obtained.

m

HPLC/UV-Vis (method 8): R, = 4.60 min.

HPLC/UV-Vis (method 9): R; = 4.54 min.

'H-NMR (400 MHz, ds-DMSO): 85 = 3.74 (s, 3H, OMe), 5.10 (s, 2H, CH,), 7.27 (s, 1H,
PyrH), 7.33-7.38 (m, 5H, ArH), 7.94 (d, /= 8.5 Hz, 1H, PyrH), 8.27 (d, /= 8.5 Hz, 1H,
PyrH), 8.93 (s, 1H, B-CH), 9.51 (s, 1H, NH).

LC-MS (method 7): R; = 2.44 min; MS (ESIpos.): m/z (%) = 381 (100) (M + H]"; MS
(ESlneg.): m/z (%) = 379 (100) [M — HJ.

HR-TOF-MS (method 1): C1sH16N204F; [M + H]" calc. 381.1062, found 381.1065.



H3C CH3 HNyNH2 O  NH _Lysobactin bistrifluoroacetate (60.0 g, 39.88 mml) is
di ssolved in pyridine (840 nl) under an argon atnosphere. Then phenyl

i sot hi ocyanate (32.35 g, 239.28 mml, 6 equivalents) is added, and the
reaction mxture is stirred at 37C for 7 h. The solvent is then distilled
off on a rotary evaporator at a bath temperature of 40C. The residue is
mxed wth nmethyl tert-butyl ether (1400 m) and stirred vigorously for 30
mn. The mxture is then filtered 19 wth suction through a glass flit
(pore Wi dth Fy.de§h di anmeter). The intermediate product (Edman5

degradati on is isolated in a crude yield of 72 g and reacted
further  w t RojBeylok a:bE Blas&m}&&@éi@l yrithn-8ryidealahing iethyl &stéhi ssol ved in
trlfluoroacetlc acid ) under an ‘argon atnosphere and stirred at RT
for 30 mn. The solutlon |s then gcQncentrated on a rotary evaporator in
vacuo at a bath tenperature of 2 i i

tert-butyl ether (1400 nl) and § d vbgorqysly until a powdery anorphous
solid is produced. This is colle 2 v§ébumgflltrat|on on a frit (pore
width 3, 18 cmdianmeter). The solid is th \\;Lgired wi th diethyl ether
(1400 m) and again collected by filtrati 6 ame procedure is repeated
with 2 portions of dichloronethane (900 mi eatch). he crude product is
dried in vacuo. 58 g of crude de(1l-r -|I I yso tin bistrifluoroacetate
(Edmanr degradati on product) are obtaijned:] The crude product is dissolved
wi thout further workup in pyridine (1080 pi)) under an argon atnosphere.
Then phenyl isothiocyanate (107 g, F 0 |, 20 equivalents) is added and

t he reaction nixture is stirred at 37 to 40C for 7 h. The solvent is then

distilled off_on [.a bat raf. QC. The
residue is m’% rp:lgfﬁ 83%% ﬁgg;?ﬁ{% (g%wgngoei mgln ?lﬁl’rred

vi gorousl y. fQ:? smg@qe ?ﬁé%?nfsiﬂaf frit (pore
width 3, 13 degbislégecsd Ibsesnelerlonciadisas) @ ation
product) is |496palpb<9 qlﬁeamealem@l P@eél I@fdr%ngw&ﬁﬂwa? @F“E Ay dogeer o |
punp vacuum pressurecf4 baI@PéS'cRP&IIQIh i{hffrlfﬁltI@iF@éb@Pgh:klﬁ&qlSilh( i@etbawl) IS under an
ar gon at nos pHellewedry condentrasivn of theRTuatey Th@ crudé prodidids choomatographed (silieagel,
concent r at ed ebrentatahenefethybacatater 21)o09. 9ig(9 V4o theaty) af tho ditlh comppundatenbtaingd. 20C.
The residue is taken up in nmethyl tert-butyl ether (1400 m) and stirred

vi gorously uf]*fn. & 2éWer §.09mmithansl)sol i d i s produced. This is collected by
vacuum filtration on a frit (pore wdth 3, 18 cmdianeter). The solid is

t hen stirred HRDGGUV-Vis (fnettbé 8 R, =dtIdarin( 1400 nl) and then with

di chl oronet hane (1400 m) and collected by filtration each time. 55 g of

t he crude pr HRNCYUSEFEs Ginethod @)Y R, 4149 min. puri fied by preparative

'H-NMR (400 MHz, ds-DMSO): 85 = 2.99 (dd, J = 3.5, 11.0 Hz, 1H, B-CH), 3.22 (dd, J =
3.5, 11.0 Hz, 1H, B-CH), 3.66 (s, 3H, OMe), 4.40 (m, 1H, a-CH), 4.97 (s, 2H, CH), 7.23
(m, 2H), 7.29-7.33 (m, 3H), 7.83 (d, J = 6.5 Hz, 1H), 7.93-7.98 (m, 2H), 8.65 (s, 1H, NH).

LC-MS (method 7): R, = 2.40 min; MS (ESIpos.): m/z (%) = 383 (100) [M + H]*; MS
(ESIneg.): m/z (%) = 273 (100), 381 (50) [M — HJ".

HR-TOF-MS (method 1): CigHjsN2O4F3 [M + H]+ calc. 383.1219, found 383.1223.

Example SA
3-(6-Trifluoromethylpyridin-3-yl)-L-alanine methyl ester

0



HPLC (method 14). 28.55 g (56% of theory) of the title conpound are
obtained. HPLC WV-Vis (nethod 23): Ft = 4.71 mn, knmax (qualitative) = 220
run (s), 255-270 (w). LC-Ms (nmethod 22): R = 1.65 min; M5 (ESIpos.): niz
(99 = 526 (100) [M+ 21-112+, 1051 (15) [M+ H'. Exanple 3A 20 Methyl
(22) - 2 { [(benzyl ox y)car bonyl] am no%

-3-(6-trifluoromethyl pyridin-3- yl)acry?ate DOY 0 O HNO CH3 F 3 C N

6- Tri f 1 uor met hyl pyri di ne- 3- car bal dehyde (4.85 g, 27.70 mmol) and met hyl {
[ (benzyl oxy) - carbonyl ] am no} (di met hoxyphosphoryl)acetate (9.17 g, 27.70
mol , 1. 0 ThedopdudtfioneExampde 44 ¢9.9@ ¢, zsmqmﬂﬁobmlsao)vedrmw@@n@&l(wdnb7oc At
- 70C N, NU¥irly-ai e dla g diyib gassed diough frab& Sgnin5bd B@nMdain, cathod §10¥, 999. 0

equi val enhﬁ%w Hided. WWdvogRasiRA idlcono auf uaded a hidropéndiressareiof 4 tahaml A RTr red at
-70C for 26111q #hapﬁmﬁwm}d ugh &leséfgutir & follewéd byltvacémadon amd deyingunderi S

Concen”afoﬁ ﬁélhfﬁg%‘%ﬁb%Bpfﬁb&?)@ﬂ’thwxﬁ@c&ﬁﬁwhdacet ate (2 x 100 m),
and the com organi ¢ phases are washed with saturated brine and dried

over sodi sulig & apgeptration in vacuo the crude product is
chr omat og:f(quhgﬂ (él |€gqgi1n£ 'uent: toluene then toluene/ethyl acetate

10:1). 6. Y, =8f34th@. title conpound are obtained.
HPL Cf UV- V%L%nfgt@ﬁe%%éftthﬂqﬁf g60 mn. HPLC/W-Vis (method 9): R4 = 4.54

3.74 3H, OWe), 5.10 (s, 2H, CH2),
r77127 (s, ?‘E’Ld@fé wmsfﬁgyﬂ;if 32%%% ArH§S 7.94 (d,)J: 8.5 |(4§ 1H PyZH),

8.27 (d, h 3 1H, (3- , 9.51 , 1H, NH).
LG I\/B((rret]ﬁv‘ﬁf" aegfﬁ t'3§15PY‘f3351)339 ﬁ/g% 1dzﬁpos ): (mgH)(% = 38(15(100) [W+ H +;

VB (ESIneE ?d'j] H?sT 1'}45 (OB BQﬁ(&dJ-
R A sl

ester

LC-MS (method 7): R, = 1.74 min; MS (ESIpos.): m/z (%) = 249 (100) [M + HJ".

HR-TOF-MS (method 1): C;2H;sN30,F; [M + CH;CN + HJ" calc. 290.1116, found
290.1122.

Example 6A

N-(tert-Butoxycarbonyl)-3-(tert-butyl)-D-alanyl-3-(6-trifluoromethylpyridin-3-yl)-
L-alanine methyl ester

H,C
H,C3] CH,

o) 0]
I ? jO ,CH,

HC

F.C

N-Methylmorpholine (12.92 g, 127.72 mmol, 14.04 ml, 5 equivalents) and HATU (9.71 g,
25.54 mmol, 1 equivalent) are added slowly to a solution of the compound from Example
5A (6.34 g, 25.54 mmol) and N-(fert-butoxycarbonyl)-3-tert-butyl-D-alanine (6.27 g, 25.54
mmol, 1.0 equivalent) in dry DMF (240 ml) at —~30°C. The reaction mixture warms slowly
(about 3 h) to RT, with complete conversion being observed by means of HPLC (method
9). Potassium dihydrogenphosphate (34.76 g, 255.44 mmol, 10 equivalents) is added, and
the reaction mixture is stirred for 20 min and then filtered, diluted with ethyl acetate and
washed with a saturated aqueous sodium hydrogencarbonate solution (10 ml). The organic
phase is dried with sodium sulfate, filtered and concentrated. The crude product is purified



The conpound from Exanple 3A (10.15 g, 26.69 mmol) is dissolved in nmethanol
p.a. (100 m). Using a needle, argon is passed through for about 5 mn and
then (+)- 1,2-bis[(2S, S5)diethyl phosphol ano] benzene(cycl ooct adi ene) dnd unll)
triflate (289 ng, 400 pnol, 0.015 equivalents) is added. Hydrogenation is
carried out under a hydrogen pressure ofp34 bar and at RT for 12 h. Then
filtration through kieselguhr (nmethanol) is followed by concentration of
the eluate. The crude product is chromatographed (silica gel, eluent:

tol uene/ et hyb Eﬁt&}d?naﬁo%ﬁ %mﬁcgge(l %‘Vp@fz f é}%mhxﬂaneiemgh&eta&é %;sd,&qymound are
b d L& Ov- hod 8
CP)ttaI 2650 m n %E%E@ ftﬁe d‘% ﬂ@“@% m n. I—I—U\N/I\/R ?4(()gef\/Hg )
drDVBO) : 56 = 2599, IH, (3-CH), 3.22 (dd, J 3.5, 11.0
o, IH) (3. %" 6%51? (c 3?484%%‘§‘é‘h§‘°20 (m ||(4 (CQCH), 5 89 (s, 2H CH2).
4 23 2 J= 6.5 Hz, IH), 7.937.98

6 65 (?hpié/ﬁﬁﬁz‘s?‘gfmaﬁhef‘%g%ﬁ”f =240 ni n;H)lvrs (ESI pos.):(mmz
% = 383 (1 ES Mz (% = 273 (100), 381 (50) [M -
(/?. AL %%l%‘{f ﬂ‘ﬂithg@)sg*r‘wg%ﬂé M-erl—l](/()calc 253 1)219 found |
383 1223. '(ﬁ'@g 295311:;45‘1 §5°F§3b21¥%@¥560d11@631]0¥11 i&éo gdzg”' ne met hyl

ester HZNJQ rrpoun rom-exanple 0 g 25. 89

RESER L i st A e S

for 12 h. Th&rCHZ)t 3.-p&s, 3H, OMed I (m, 5 4.6 (molfflm@bl) 8%@n~éer$t5rlé¥,l on
and dryi ng uhteNH).0W18 (piuh‘p&ﬂd&ndhﬁ, P)NPBJ'H 4 @, $=8. QB&%H)ﬂ’YIHﬂ@&ﬁQ/Xd d=the title
corrpound [ aB-ST9QNH, NH),3.64 (s, HH,Pytld6 in nethanol). |-1PLC/UV-Vis (nethod

8): R 3.3 mn. HPLOW-Vis (nmethod 9): Rl= 3.22 min. IRvm. (NaCl, cm
1): 3415, 1736;M$@ethod TB®, =20 min! MSNEBIDOS Do) = 47OUB0), [MSBHE; MSB5 (dd,
J= 5.5, 13.5(E8neg)Hm/ 20 4003801 474@0) M -H]J5, 13.5 Hz, IH a-CH), 3.61 (s,
3H, Ow), 3.63-3.69 (m 1H, a-CH), 7.82 (d, J = 7.5 Hz, 1H), 7.93 (d, J=
7.5 Hz, 1H), HR-BQFMMS (riéthod DOCMIHgiNy@t;ch[M ¥H]" &lc. 476.2772, found 4W52368S| pos. ) :

mz (%9 = 249 (100) [M+ H' HR- TOF- M5 (method 1): CLl2HL5N3Q2F3 [M + CH3CN
+ H + calc. EsdmdldI® found

N-tert-Butoxycarbonyl-3-fert-butyl-D-alanyl-3-(6-trifluoromethylpyridin-3-yl)-L-alanine
H,C CH,

M
0o o)
HN j/OH
N— -,

A solution of lithium hydroxide hydrate (1.16 g, 2.5 equivalents, 48.37 mmol) in water
(20 ml) is added to a solution of the compound from Example 6A (9.2 g, 1.0 equivalent,
19.35 mmol) in THF (360 ml) and water (100 ml) at —20°C. The reaction mixture warms
(about 1.5 h) to +15°C, with complete conversion being observed by means of HPLC
(method 9). For working up, potassium dihydrogenphosphate (26.33 g, 10 equivalents,
193.5 mmol) is added (about pH 7). The reaction mixture is filtered and concentrated in
vacuo. The crude product is purified by gel chromatography (method 10, mobile phase
methanol/acetone 4:1), resulting in 4.72 g (53% of theory) of product.

[y = +51.3° (¢ = 0.402 in methanol).

HPLC/UV-Vis (method 8): R, = 4.63 min.



{

290. 1122. Exanpl e 6A

N- (tert-Butoxycarbonyl)-3-(tert-butyl)-Dalanyl-3-(6-trifluoronethyl pyridin-
3-yl)- t.-alanine nmethyl ester H3Q\I/CH3 O0~If 0 O HN ~02CHs H3C N H H3C
H3C N F3C N-Met hyl norpholine (12.92 g, 127.72 mmol, 14.04 m, 5

equi val ents) and HATU (9.71 g, 25.54 mmol, 1 equivalent) are added slowy
to a solution of the conpound from Exatple SA (6.34 g, 25.54 nmmol ) and
N-(tert-butoxycarbonyl)-3-tert-butyl-Dalanine (6.27 g, 25.54 mmol, 1.0
equivalent) in dry DM (240 mM) at -30C. The reaction m xture warns slowy
(about 3 IHPLCANRVIs (ikthéd DORPR! £45enigonver si on bei ng observed by means of HPLC
(method 9). Potassi um di hydrogenphosphate (34.76 g, 255.44 mmol, 10

equi val entii y,,.i Naalj dad): 33030295 663, @ 5t 1308, 1173t LA4e1086. stirred for 20 min and
then filtered, diluted with ethyl acetate and washed with a saturated
agueous sdﬂimhswmﬁnaﬁnmmt&ssolmté OH, (BW), N6-1.17 8, I gRCHR), 13ase s
dried w thgqg !'H‘B;@I-fﬁtlefm (fs' 1 o), ard (ﬁof‘fﬁfﬂ oHAH, E&@HQﬁLBdB(IBf@dUCt 'S

purified 3_ 1%%%{ r}Q'@ }(1?1 6%44 r%ﬂslq l;{-}f; 9
cycl ohexa %‘ f,_nt7 hgS 824 heory) of
Eﬁezgli)él g)s %&?ou% I?é?laé/l{\;(isg:n%t hod 9 &rret hanz’l 75%1‘%LC{ ?U\O/\Zl\; >

z 40 i N
e R B R e e i S =
(o5 TP b b N B B P Sl B il g g (7, 3, 3D

PyrH), 7.94 (d, J= 8.0 Hz, 1H, PyrH), 8.34 (d, J= 8.5 Hz, 1H, NH), 8.64 (s,
1H, PyrH).



LC-Ms (nethod 7): Rl= 2.67 mn; M (ESIpos.): mz (%9 = 476 (100), [M + Hl+;
M5 (ESIlneg.): mz (% = 400 (80), 474 (40) [M- Hl-. HR-TOF-Ms5 (nethod 1):
C22H33N3G8F3 [M + H1+ calc. 476.2372, found 476.2364. Exanple 7A
N-tert-Butoxycarbonyl-3-tert-butyl-Dal anyl -3-(6-trifluoronethyl pyridin-3-yl
)-L-alanine H3C CH3 FI3CtOOOOH HNHICH H3 CCH3 N F3C A solution
of lithium hydroxide hydrate (1.16 g, 2. § equi val ents, 48.37 mmol) in water
(20 mM) is added to a solution of the conpound from Exarrple 6A (9.2 g, 1.0
equi val ent, _19. 35 mmol) in THE (360 mM) and water (100 m) at -20C. The
reaction m x ms (about 1.5 h) to +15C wi th conplete conversion

bei ng observed b ans of
di hydrogenph§é é" b%":‘:{l' 'te’i?’ I Vl' 1% mfﬁfﬁ)\é%?wn%d;ws gB (about
pH 7). The rStbOrIgwryksielareyi ppa %ﬁ?f ®oncentrated in vacuo The
crude product is purified by gel chro ography (method 10, nobile phase
nmet hanol / acetone 4:1), resulting in 4, % of theory) of product
[al'Na =+51.3 (c = 0.402 in rrethanol) LC/ BV-Vis (nethod 8): R 4.63
mn. 24 HPLCW-Vis (nethod 9): R 5 mm. IR v.ax (Nad, cm'): 3305,
2959, 1663, 1519, 1336, 1173, 1134, ﬁ. Yk 00 HOZ, erWBC»: SS =
0.77 (s, 9H, tBu), 106113(m IH N ! | H [3-CH2),

1.34 (s, 9H OBu), 3.01 (t3 J = B3 (br d,
J=11.0 Hz, IH, /113 CH2) , 4.42 (br s, IH,
as-CH), 6.90 %5 H PyrH,
7.86 (d, J = Cﬁ%/f: | H PyrH.
LC- M5 (net hod 7 0), 462 (85)
[M+ H +; )E"Q‘?n@ ( met hod
1): C=1H31N305F3 [M+
\H/CF3
H,C o
c
Hy CH, NH
N\_N 2
F.C NH

N-Methylmorpholine (2.77 g, 3.01 ml, 5 equivalents, 27.38 mmol) and HATU (4.37 g,

2.1 equivalents, 11.50 mmol) are added slowly to a solution of the compound from Exam-
ple 2A (7.00 g, 1.0 equivalent, 5.48 mmol) and Example 7A (3.03 g, 1.2 equivalents,

6.57 mmol) in dry DMF (119 ml) at -30°C. The reaction mixture warms slowly (about 1 h)
to RT, with complete conversion being observed by means of HPLC/UV-Vis (method 9).
The reaction is quenched with potassium dihydrogenphosphate (7.45 g, 10.0 equivalents,
54.76 mmol). The reaction mixture is purified by gel chromatography (method 10, mobile
phase methanol/acetone 4:1), resulting in 12.63 g (quant.) of product.

HPLC/UV-Vis (method 8): R, = 4.78 min.
HPLC/UV-Vis (method 9): R; = 4.35 min.

LC-MS (method 7): R, =2.28 min; MS (ESIpos.): m’z (%) = 697 (100) [M + 2H]*", 1493
(15) [M + H]*; MS (ESIneg.): m/z (%) = 745 (100) [M — 2HJ?, 1491 (5) [M — HJ".

HR-TOF-MS (method 1): C67H104N16019F3 [M + H]+ calc. 1493.7616, found 1493.7594.

Example 9A and Example 10A

(25)-N-(tert-Butoxycarbonyl)-3-(trimethylsilyl)alanine and (2R)-N-(tert-butoxycarbonyl)-
3-(trimethylsilyl)alanine

Synthesis takes place according to M. Merget, K. Giinther, M. Bernd, E. Giinther, R. Tacke, J.
Organomet. Chem. 2001 628, 183-194. The separation of the enantiomers takes place by prepara-



!

M.

Exanpl e 8A

N-tert-But oxycarbonyl -3-tert-butyl-Dal anyl -3-(6-trifluoronethyl pyridin-3-yl
)-L-al anyl - de(1-D | eucyl-2-L-1eucyl)lysobactin trifluoroacetate O NHZ HO"'
NHNCCH3 HO- NH CH3 H3C CH3 9NO O O O NH HN YH H HOYCF3 H3C H N N 11
HOOHHOHCCH3 /CH3 3 CH3 / H3C CH3 HN(NH2 N F3C NH

N- Met hyl norpholine (2.77 g, 3.01 m, 52equivalents, 27.38 mmol) and HATU
(4.37 g, 2.1 equivalents, 11.50 mmmol) are added slowy to a solution of the
conmpound from Exam ple 2A (7.00 g, 1.0 equivalent, 5.48 mvol) and Exanple
7A (3. 03 give HPIZ &fdidhyall phike SGilsbn AFimBAHPI.C;i cBlutthyDdRChifalfdk ADMH 8um; 208G The
reacti on Qo ¥injélgentAr 35hédamklMent BOI2 acktitiicid/ 1% whidn/2-priopdiol; 36qatR fove@ry er si on
bei ng obses meai)yvraeaas: 11k nidPTie/iddreldiafe Adighed BEIHRX)C compagisoh i Mithentic quenched
Wi t h pot asaiplesfdi-(ryrasuegecutivagphaitemétifylsiSlalnind QRRoappsnd, M cickem AMR. 76 nmol ) .
The react sapsoyi xture is purified by gel chromatography (nethod 10, nobile
phase net hanol /acetone 4:1), resulting in 12.63 g (quant.) of product.

HPLC/ UV- ViEsamipiefhod 8): R = 4.78 min. HPLCW-Vis (nmethod 9): R = 4.35
mn. LCM (nethod 7): Rt = 2.28 min; M5 (ESIpos.): mz (%9 = 697 (100) [M +
2H] 2+, 1493 teritBuggxygashonylHp-B:trilmBhylsisiataaipe 25 catipoufd) = 745 (100) [M - 2H] 2 1491
(5 [M- H-. HRTOFM (rrethod 1): C67H1L N160O19F3 [M + H] + cal c.

1493. 7616, found 1493. 7594. Exanmpi€i;9A _and Exanpl e 10A
(2S)-N-(tert-Butoxycarbonyl) - B | met silyl)al ani ne and

(2R)-N-(tert-but oxycarbonyl) - f hyl sQl yl ) al ani ne Synt hesi s t akes

pl ace according to M Merget, Gunth , Bend, E. @Qunther, R Tacke, J.
Organonmet. Chem 2001 628, 183- 194 T ar®Hon of the enantioners takes

|ace b repar a
p y prep HC\

Chiral HPLC (method 15): R;=4.16 min, e.e. > 99%.
[oa]p? =+1.1 (¢ = 0.83 in methanol)

Example 10A
N~(tert-Butoxycarbonyl)-L-3-trimethylsilylalanine (2R compound)

CH,
Hsc7(
H,C ‘( \/U\
OH

H, C\s J
H,C” \CH3
Chiral HPLC (method 15): R, =9.27 min, e.e. > 99%.
[a]p? =—1.6 (¢ = 0.66 in methanol)
Example 11A
Methyl N-(tert-butoxycarbonyl)-3-(pyridin-3-yl)-L-alaninate



26 tive HPLC on a chiral phase: G lson Abinmed HPLC, columm: Daicel
Chiralpak AD-H5 m 250 x 20 mm eluent A iso-hexane, eluent B: 0.2%
acetic acid/ 1% water/2-propanol; isocratic; flowrate: 15 m/mn; W
detector 212 nm The isoners are assigned by HPLC conparison with an
authentic sanple of N-(tert-butoxycarbonyl)-L-3-trinethylsilylalanine (2R
conpound, Mercachem AMR 39.260). Exanple 9A

N-(tert-Butoxycarbonyl)-D 3-trinethylsilylalanine (2S conmpound) CHB H3C O
-/-- 00 HICHNOH H3C'S HBC CHQ;HChl ral HPLC (nethod 15): R = 4.16

mn, e.e. > 99% [aa] D20 =+1. i n met hanol ) Exanple IOA

N-(tert But oxycar bonyl ) - L- 3- tr| IaI ani ne (2R compound) CH3 O
H3C(OL -~/ O H3C HN--,~CH HSCEISS gipl HPLC (nmethod 15): R =
9.27 nin, e.e. > 99% [a]u20=-16(d" @ﬁ rréthanol) Exanpl e 11A

Met hyl I\I—(tert-butoxycarbonyl)-3 (pyridin- 3 yl)-L-alaninate 27 CH3 H3C - O
"\0- O -
X

=
N

Preparation takes place in analogy to B. Neises, W. Steglich, Org. Synth. 1985, 63, 183-
187.

(25)-N-(tert-Butoxycarbonyl)-3-(pyridin-3-yl)alanine (25.00 g, 93.88 mmol) is dissolved in
300 ml of dichloromethane under argon. Methanol (11.4 ml, 9.02 g, 281 mmol, 3 equiva-
lents) and a small crystal of DMAP are added. The mixture is then cooled to 0°C. EDC
(19.80 g, 103 mmol, 1.1 equivalents) is added. After 5 min., the ice bath is removed and
the mixture is stirred at RT for 1 h. The mixture is then concentrated in vacuo, and the
residue is mixed with ethyl acetate and extracted with a saturated sodium hydrogencarbon-
ate solution. The aqueous phase is back-extracted once with ethyl acetate, and then the
combined organic phases are washed with 0.5 M citric acid and then once again with a
saturated sodium hydrogencarbonate solution. The organic phase is dried over sodium
sulfate, filtered and concentrated in vacuo. A clear oil remains which crystallizes on drying
under an oil pump vacuum. Yield: 23.60 g (90% of theory).

HPLC/UV-Vis (method 9): R, = 3.28 min.
LC-MS (method 7): R,= 1.21 min, MS (ESIpos.): m/z (%) = 281 (100) [M + HJ".

'H-NMR (400 MHz, ds-DMSO): 85 = 1.30 (s, 9H), 2.86 (m, 1H), 3.04 (m, 1H), 3.63 (s,
3H), 4.22 (m, 1H), 7.28 — 7.39 (m, 2H), 7.69 (d, 1H), 8.43 (m, 2H).

Example 12A

3-(pyridine-3-yl)-L-alanine methyl ester bistrifluoroacetate

)
HZN\/[LO/CHa HO\”/CF3

)
‘ X
HO CF
N T
o

The compound from Example 11A (11.8 g, 42.09 mmol) is dissolved in trifluoroacetic acid
in dichloromethane (160 ml; 30% solution) and stirred at RT for 30 min. The mixture is
then concentrated in vacuo. The residue is taken up in a little water and lyophilized. The
lyophilizate is then mixed with toluene and concentrated in vacuo. The product is finally
dried to constant weight under an oil pump vacuum. Yield: 17.15 g (quant.).



[

Fi 3C HN-LOCH3 N Preparation takes place in analogy to B. Ne| ses, W
Steglich, Og. Synth. 1985, 63, 183- 187.

(2S) - N-(tert- But oxycar bonyl ) - 3-(pyri din-3-yl)al anine (25.00 g, 93.88 mnol)
is dissolved in 300 m of dichloronmethane under argon. Methanol (11.4 m,
9.02 g, 281 mml, 3 equiva- lents) and a small crystal of DVAP are added.
The m xture is then cooled to OC. EDC28(19.80 g, 103 nmmol, 1.1 equival ents)
is added. After 5 min., the ice bath is renoved and the mxture is stirred
at RT for 1 h. The mxture is then concentrated in vacuo, and the residue
is mxed WPLOABY VIS (mieddd)eRa088 li.act ed with a saturated sodium

hydr ogencar bon- ate sol ution. The aqueous phase is back-extracted once with
et hyl acepat™s (aatod MeR, + .86 ninN$ (ESipes )y arti €6)FhEBIe 0B M wilhed with 0.5 M
citric acid and then once again with a saturated sodi um hydrogencarbonate
sol uti on. 'HRMR mrMHzmamqso; 331 B9 @derHy 09 yad, 151 3.60 @, 3H), Bi631agd and
concent ra]ﬁf7l3@(mamp76é(g 8o 821 Emr ai ns which crystallizes on drying
under an oi " punp’ vaduum Yiéid: 23.60 g (90% of theory). HPLC/ W-Vis

(et hod 9Exa%;e13§ 28 mn. LGM (nethod 7): R=1.21 min, M5 (ESIpos.): mz

(%9 = 281 + H' 'H-NIVR (400 MHz, d6-DMBO): 8S= 1.30 (s, 9H), 2.86
(m 1H ., Bl & tllh')t m@én D-Aiy1-B c_l'm@g{l) -LBlahthafem 2H)
7.69 (d, 1I9l)giﬂ7 I(}er oxy% anp e g (pyr): d::?l)gn L- al ani ne met hyl
ester bi strlfluoroacetate c HZN-") L OCHB HO CF8H,N O y HOLCF3 O The

trifluoroacetic acid in hane, (16 7 30% solution) and stirred
at RT for 30 mn. The mx hen ncenfrated in vacuo. The residue is
taken up in a little water and |yopgili ne lyophilizate is then m xed
wi th toluene and concentrated in valqu . Thg product is finally dried to
constant wei ght under an oil punp vacyum Yi el 17.15 g (quant.). 28

HPLC/ TV-Vis (method 9): R = 0. BgCnig; LC- | thod 7): Rt = 0.46 nin, M
(ESIpos.): mz (% = 181 (100) HVcf (400 MHz, d6-DWVBSO): 86 =
2.79 (dd, 1 H, 2.92 (dd, | H), 3366“3_%5 3 N63 (m

compound from Exanple 11 A (cé}&ecb'; 42. 09 ngol) s’di ssol ved in

The compound from Example 9A (10.31 g, 39.4 mmol) and the compound from Example
12A (16.10 g, 39.4 mmol, 1 equivalent) are dissolved in DMF (186 ml) at 0°C. Then
N-methylmorpholine (17.34 ml, 16.00 g, 4 equivalents) and HATU (22.49 g, 59.16 mmol,
1.5 equivalents) are added. The mixture is stirred at RT for two hours. fert-Butyl methy)
ether is added, and the mixture is washed with a saturated sodium carbonate solution. The
aqueous phase is back-extracted once with fers-butyl methyl ether, and the combined
organic phases are then washed with 1 M aqueous citric acid and again with a saturated
sodium carbonate solution, dried over sodium sulfate, filtered and concentrated in vacuo.
Filtration through silica gel is carried out (cyclohexane/ethyl acetate 2:1). Yield: 14.1 g
(84% of theory).

HPLC/UV-Vis (method 9): R, = 3.91 min.
LC-MS (method 7): R, = 1.90 min, MS (ESIpos.): m/z (%) = 424 (100) [M + HJ".
'H-NMR (400 MHz, ds-DMSO): 88 = —0.09 (s, 9H), 0.56 — 0.75 (m, 2H), 1.47 (s, 9H),

2.90 (dd, 1H), 3.09 (dd, 1H), 3.62 (s, 3H), 3.98 (m, 1H), 4.49 (m, 1H), 6.68 (d, 1H), 7.26
(dd, 1H), 7.61 (m, 1H), 8.20 (d, 1H), 8.40 (m, 2H).

Example 14A
N-(tert-Butoxycarbonyl)-3-(trimethylsilyl)-D-alanyl-3-(pyridin-3-yl)-L-alanine



1H, 7.30 (m IH, 7.62 (d, IH, 841 (m 2H . Exanple 13A Mt hyl

N- (t ent - but oxycarbonyl )-3-(trinethylsilyl)-D alanyl-3-(pyridin-3-yl)-L-al ani
nate H3C CHCH3 30 O HBCOONN HH s HC-1 CH3 The conpound from
Exanmpl e 9A (10.31 g, 39.4 nmmol) and the conpound from Exanple 12A (16.10 g,

39.4 mol, | equivalent) are dissolved in,oVF (186 m) at 0C. Then
N- et hyl norpholine (17.34 m, 16.00 g, 4 equivalents) and HATU (22.49 g,
59.16 mml, 1.5 equivalents) are added. The mixture is stirred at RT for

two hours. tert-Butyl nethyl eP_‘hgr is added, and the m xture is washed with
a saturated sodi um carbonate sol 8f\ ofH;The aqugous phase is back-extracted
once with tert-butyl nethyl et q_?rc, nd e E)onbi organi ¢ phases are then
washed with | M aqueous citric &cid agalifn wi tth a saturated sodium
carbonate solution, dried over sodi um sNLf ~Nf1tered and concentrated in
vacuo. Filtration through silica gel iH darriigd dut (cycl ohexane/ et hyl
acetate 2:1). Yield: 14.1 g (84% of bheo y) . ] UV-Vis (nethod 9): R =
3.9l min. LGM (nmethod 7): R = 1. i, M5 s.): mz (% = 424 (100)
[M+ H . *HNW (400 Miz, d6-DVSO)H,®B8L5 - 0. 9H), 0.56 - 0.75 (m

2H), 1.47 (s, 9H), 2.90 (dd, I H, 3.097(#d, | 3.62 (s, 3 H, 3.98 (m
1H, 449 (m | H, 6.68 (d, 1 H, 7.26 (dd, 11-1), 7._61I_§m IH), 8.20 (d,
| H), 8.40 (rhhezpppoynd xamaple 13A (7.4 g, 17.56 mmol) is takenup in T F/wat.er 6:4)apd

N- (t ert - But oxepelad koD, pndalithiuni hysirenjdesonohydmated 1 44 gl 3813 pol,di equiyalgnts)is - al ani

t
ne 29 H3C Cldd@d-Th: Mixbiteds Birred pt 09C. Nftet-brid hoki§ @ f@ther equivalent (0.74 g) of
lithium hydroxide monohydrate is added, and stirring is continued for one hour. Most of
the THF is distilled off in vacuo, and the aqueous phase is washed with two portions of
methyl tert-butyl ether and then adjusted to pH 4 by adding citric acid. A solid precipitates.
The mixture is extracted with three portions of ethyl acetate, whereby the solid dissolves.
The combined organic phases are dried over sodium sulfate, filtered and concentrated. The
crude product is purified by gel chromatography (method 3, mobile phase: methanol).
Yield: 6.67 g (93% of theory).

HPLC/UV-Vis (method 9): R; = 3.73 min.
LC-MS (method 7): R, = 1.68 min, MS (ESIpos.): m/z (%) = 410 (40) M + H]".
'H-NMR (300 MHz, ds-DMSO): 85 = -0.090 (s, 9H), 0.56 — 0.75 (m, 2H), 1.35 (s, SH),

2.90 (dd, 1H), 3.09 (dd, 1H), 3.98 (m, 1H), 4.41 (m, 1H), 6.70 (d, 1H), 7.26 (dd, 1H), 7.60
(m, 1H), 8.00 (d, 1H), 8.37 (m, 2H).

Example 15A

N-(tert-Butoxycarbonyl)-3-(trimethylsily!)-D-alany!-3-(pyridin-3-yl)-L-alanyl-de(1-D-
leucyl-2-L-leucyl)lysobactin trifluoroacetate



NSRS

H3C/ CH3 N The conmpound from Exanple 13A (7.4 g, 17.56 mmol) is taken up in
THE/ water (6:4) and cooled to OC, and lithium hydroxi de nonohydrate (1.47
g, 35.13 mmol, 2 equivalents) is added. The m xture is stirred at 0C. After
one hour, a further equivalent (0.74 g) of [lithium hydroxide nonohydrate is
added, and stirring is continued for one hour. Mdst of the THE is distilled
of f in vacuo, and the aqueous phase i $0washed with two portions of nethyl
tert-butyl ether and then adjusted to pH 4 by adding citric acid. A solid
precipitates. The mxture is extracted with three portions of ethyl

acetate, whereby the solid dissolvesO_ Th conbi ned organi c phases are dried
over sodiumsulfate, filtered and con Hi ed. The crude product is
purified by gel chronmatography (method 3, bil e phase: nmethanol). Yield:
6.67 g (93% of theory). HPLC/ UV- VHO'('imst had 9) ; R Fn3. 73 min. LG MS (met hod
7): R =1.68 min, M5 (ESIpos.): mzH(YAY = + H+ 'H NWR (300
MHz, d6- DVBO): SS = -0. 090 (s, 9H), U - 75MCH 35 (s, 9H), 2.90
(dd, 1 H), 3.09 (dd, 1 H), 3. 98/(1‘71 eré 6270 (d, | H), 7.26
(dd, 1 H), 7.60 (m 1H), 8. ¢0(d wH, 9. 37 ( 2H) LExanpl e 15A

N- (t ent - But o m;g)- S y!)- D-al anyl HH(@Hy din-3-y1) - L-al any
| -de(l - | euc 2LIe trifluor ce’tat 30 ONH2 HOH N N
CCH3 HOHSOH:.,GZ«/ ,H HN, HO-~CF37 H CGHRC\ HO H -. HCH
O HC1CH3 a H

&N NP Therorrpound from Exanpl e
oA (3.00 g, 2.35 |)

Exampl e 1.4 3.52
mol , 1.5 equi vaI en DliFﬁ‘Q and ﬁ)é%ﬁdéfg oC

N
o!
e,

CH, HN.__NH,

NH

The compound from Example 2A (3.00 g, 2.35 mmol) and the compound from Example
14A (1.44 g, 3.52 mmol, 1.5 equivalents) are dissolved in DMF (50 ml) and cooled to 0°C.
Then firstly 4.7 ml (4.7 mmol, 2 equivalents) of 1 M solution of 4-methylmorpholine in
DMF are added. Immediately thereafter, HATU (1.52 g, 3.99 mmol, 1.7 equivalents) is
added and the mixture is stirred at 0°C for 15 min. Then a further 4.7 ml (4.7 mmol, 2
equivalents) of the 1 M solution of 4-methylmorpholine in DMF are added dropwise. The
mixture is then stirred at RT for 2 h. The crude product is subjected to gel chromatography
(method 3). The product is reacted further without fine purification. Yield: 3.6 g (82% of
theory).

HPLC (method 9): Ry = 3.90 min.

LC-MS (method 7): R, = 2.00 min, MS (ESIpos.): m/z (%) = 721.8 (100) [M + 2 H**;
1442.1 (5) M + H]".

Alternative process: The compound from Example 2A (14.00 g, 10.95 mmol) and the
compound from Example 14A (5.38 g, 13.14 mmol, 1.2 equivalents) are dissolved in DMF
(280 ml) and cooled to -20°C. Then N-methylmorpholine (5.54 g, 6.02 ml, 5 equivalents)
is added and subsequently HATU (6.66 g, 17.52 mmol, 1.6 equivalents). The mixture is
slowly warmed to RT and stirred overnight (about 16 h). Then potassium dihydrogenphos-
phate (14.91 g, 10 equivalents) is added with stirring, and stirring is continued for 30
minutes. The crude product is subjected to gel chromatography (method 3, mobile phase:
methanol). The product is reacted further without fine purification. Yield: 14.35 g (61% of
theory).

Example 16A
2,2-Dimethyl-1-butanal



Then firstly 4.7 m (4.7 mmol, 2 equivalents) of 1 Msolution of

4-met hyl norpholine in DV are added. Imrediately thereafter, HATU (1.52 g,
3.99 mmol, 1.7 equivalents) is added and the mixture is stirred at 0C for
15 min. Then a further 4.7 mM (4.7 mmol, 2 equivalents) of the I Msolution
of 4-nmet hyl norpholine in DMF are added drdpwi se. The mxture is then
stirred at RT for 2 h. The crude product is subjected to gel chronmatography
(method 3). The product is reacted farther without fine purification. Yield:
3.6 g (82% of theory). HPLC (nethod 99H R.or 3.90 min. LCGM (nethod 7): Rt
= 2.00 mn, M5 (ESIpos.): mz (%9 = 721.8H100) [M+ 2 H 2+, 1442.1 (5) [M
+ H+. Alternative process: The conpound flrom Exanple 2A (14.00 g, 10.95
mmol ) and the conpound from Exanpl e HgX (538 g, 13.14 mmol, 1.2

equi val ents) are dissolved in DWW (280Hy8) land cooled to -20C. Then

N- et hyl nor phol i ne (5.54 g, 6.02 mi, 5 equi¥dhkents) is added and
subsequently HATU (6.66 g, 17.52 mmol, 1.6 equivalents). The mxture is

sl owl y war neg A DinethydNbutdnol (cﬁﬁg,@@%rﬂblg Rtdidsaledin &ﬁll&bmefﬁhﬁé‘%} 8tAR 8AAIM
di hydr ogenphqmlﬁhaatcﬁudel(é 9@ , 28 nﬂrQ)l %qhwaieﬁ@} é)d ﬂyﬁdﬁkﬂﬂﬁé’mw& oﬁltater('ie gg, and

stirring is ﬁé}nﬂfb? eﬂSThe ?or'l%lffd Hhenifetbat 0 gel
chr ot cor ?ﬁﬂghggﬂ%%fp lgph%%g. AeIgaEo ll gg g A o
16A 2, 2-Di meLy ¢ %F"t gTSS"Ir—?@ g poyak ? Ut anol
(4.0 g, % di ssol ved in dichloronethane (136 nl), and al um nium

S ﬁfmf’_,s SR (iRt 23 2D B S e o SRS EFA: °RT for
Concentrat Lht‘ﬁaﬁﬂ%@ S8 GRS 5 0.8 L i 093 e, LEbg Lo T ooy O

(boi ling poi $(990 nbar)). Yield: 2.97 g (75% of theory). GC-I\/IS
(et hod 17): femled’ "'y \g (ESI pos. ) :rﬂz(%:999(5) [l\/] "H NMVR

(400 Mz, CDﬂéﬁyl%% ?f%be{mzyloxylﬁdrbonyﬂ fno}-4%ineghyﬁ1ex (Zqénoa 42 (s, 1H.

Exanpl e 17A

e O  “NH

3
/ 0\
H3Ci\/kn/ CH3

H,C 0

The compound from Example 16A (2.55 g, 25.46 mmol) and methyl {[(benzyloxy)-
carbonyl]amino}(dimethoxyphosphoryl)acetate (8.43 g, 25.46 mmol) are dissolved in 50
ml of THF and cooled to 0°C. N,N,N",N"-Tetramethylguanidine is added dropwise, and the
mixture is then stirred, firstly at 0°C for 15 min and then at RT for 5 days. About 20 g of
silica gel are added to the mixture, which is concentrated and chromatographed (silica gel
Biotage 40M, ZIF-SIM, cyclohexane/ethyl acetate 87:13). Yield: 1.20 g (13% of theory).

HPLC (method 9): R; = 3.71 min.
MS (DCI): m/z (%) = 323.3 (100) [M + NHg4].

'H-NMR (400 MHz, CDCLy): 85 = 0.83 (m, 3H), 1.13 (s, 6H), 1.49 (q, 2H), 3.75 (br s, 3H),
5.72 (br s, 1H), 6.58 (br s, 1H), 5.12 (s, 2H), 7.36 (m, 5H).



!

Met hyl (2Z)-2-{[ (benzyl oxy)carbonyl ] aniino)-4, 4-di et hyl hex-2-enoate yo
H3C0 NH H3C O CH 3 H3C O The conpound from Exanple 16A (2.55 g, 25.46 mol)
and nmethyl { [(benzyl oxy)- carbonyl]am no}(di net hoxyphosphoryl)acetate (8.43
g, 25.46 mmol) are dissolved in 50 m of THE and cooled to OC.

N, N, N, N -Tetranet hyl guani dine is added dropwi se, and the mxture is then
stirred, firstly at OC for 15 min and3hen at RT for 5 days. About 20 g of
silica gel are added to the m xture, which is concentrated and

chromat ogr aphed (silica gel Biotage 40M ZIF-SIM cycl ohexane/ethyl acetate
87:13). Yield: 1.20 g (13% of theory). HPLC (nethod 9): R = 3.71 mn. M
(DA): mMz (%9 = 323.3 (100) [M+ NH4]. 'H NWR (400 MHz, CDC13): 86 = 0.83
(m 3H), 1.13 (s, 6H), 1.49 (q, 2H), 3.75 (br s, 3H), 5.72 (br s, | H),
6.58 (br s, I H, 512 (s, 2H), 7.36 (m 5H). 32 Exanple i SA Mt hyl

N- [ (benzyExampledBAonyl ] - 4, 4-di met hyl -D-norl eucinate OCH3 H O/N O O CH3
CH CH3 The conpound from Exanple 17A (1.2 g, crude product, 3.26 mmol) is

di ssol vedMethybdNHéwrotyloxy)erbongl)-4m-dimethyl-penoslevainaié e, argon i s passed t hrough
for about 5 min, and then (+)-

1, 2- bi s[ (2R, 5R) di et hyl phosphol ano] benzeae@d'igol oodadi ar) rhodiun(l) triflate
(28 ng, 0,04 mmol, 0.0 12 equival gpts)Yis added and di ssolved in an

ul trasound bath. Hydrogenati orb%(ﬁ:larr d out under a hydrogen pressure of

3 bar and at RT for 24 h. The myfureyis €ncen- trated and chromat ographed
(silica gel Biotage 25M cycl ohegane/ gthyl acetate 9:1). Yield: 920 ng (92%
of theory). HPLC (nethod 9): R1="4\96 M™dT. M5 (method 7): Rt = 2.76 mn;
M5 (ESIpos.): mz (% = 308 (25) [M + H NVR (400 MHz, CDC13): 88 =
0,80 (t, 3H), 0.86 (s, 6H), 1.29 2 |,.|3011341 (dd, I H),

The compound from Example 17A (1.2 g, crude product, 3.26 mmol) is dissolved in ethanol
p.a. (60 ml). Using a needle, argon is passed through for about 5 min, and then (+)-

1,2-bis[(2R,5 R)diethylphospholano]benzene(cyclooctadienc)rhodium(I) triflate (28 mg, 0.04
mmol, 0.012 equivalents) is added and dissolved in an ultrasound bath. Hydrogenation is
carried out under a hydrogen pressure of 3 bar and at RT for 24 h. The mixture is concen-
trated and chromatographed (silica gel Biotage 25M, cyclohexane/ethyl acetate 9:1). Yield:
920 mg (92% of theory).

HPLC (method 9): R; = 4.96 min.
LC-MS (method 7): R, = 2.76 min; MS (ESIpos.): m/z (%) =308 (25) [M + HJ".

'H-NMR (400 MHz, CDCl3): 86 = 0.80 (t, 3H), 0.86 (s, 6H), 1.29 (q, 2H), 1.41 (dd, 1H),
1.73 (dd, 1H), 3.72 (s, 3H), 4.40 (m, 1H), 5.02 (d, 1H), 5.11 (m, 2H), 7.35 (m, SH).



1.73 (dd, IH, 3.72 (s, 3H, 4.40 (m 1H), 5.02 (d, 1H, 5.11 (m 2H), 7.35
(m 5H). 33 Exanple 19A N[ (Benzyl oxy) carbonyl]-4, 4-di net hyl - D- nor | euci ne
OH HOy O OCH3 CH CH3 The conpound from Exanple 18A (915 ng, 2.98 mol)
is dissolved in THE (12 m ). The solution is cooled to OC and then 3.7 m
(7.4 mmol, 2.5 equivalents) of 2 Msolutien of |ithium hydroxide
nonohydrate in water are added and stirred vigorously for I h. Ctric acid
(1 M is then added dropwi se until the reaction is acidic, and the m xture
is extracted gMinpld 19Ahy! acetate. The organic extract is dried over sodium
sul fate, concentrated and chromatographed (nethod 16). Yield: 434 ng (50%
of theory). Ijlﬁzt(geﬁj(pmxlymrb%yl R4-dindthshpHofleucidfe M5 (nmethod 7). Rt = 2.44 mn,
M5 (ESIpos.): mz (% = 294 220) [M+ H'. "HNW (400 MHz, d6-DVBO): 88 =
0.80 (t, 3H, 0.83 (s, 6H, 1.21 (q, 2H, PH3 (dd, 11-1), 1.60 (dd, IH),
3.9 (m IH, 5.02 (s, 2H), 7.35 (m 5 58 (d, 2H), 12.52 (br s, 1H. 34
Exanpl e 20A Met hyl N-[ (beuzyl oxy) -di net hyl -D-norleucy |1-3
-(pyridin-3 -yl)-L-alaninate O OLNH O ri3C CH3 N The conpound
from Exanpl e 19A (430 ng, 1.47 mol )0 Dgﬁ?und from Exanpl e 12A (809

ng, 1.47 mmol, | equivalent) are dissollved 3(5 m) at OC and then

4- met hyl nor pholine (644 |, 5.86 nmol, lents) and HATU (836 ng, 2.20
mmol, 1.5 equivalents) are added. The ® Ps stirred at RT for three
hours. Ethyl acetate is added, and i xture is washed with a saturated

sodi um hydr ogencar bonate sol uti on. Thex-4queous phase is extracted once with
ethyl acetate, and then the conbi ned organi c phases are washed with I M
aqueous citrig, %hxgo&ﬂ%&@gﬁkﬂn ﬁ@A@l%ﬁtglrzgm% BRIV P TRPER m)PHRAT €
sol ution, dr 's%iiti@( [0SRl Y PCSAR RS 7 ol {7 £ 1nfafl 2 ¥e uithtnt bAS Sibolflioy BEUO-  The
residue lithium hydroxide monohydrate in water are added and stirred vigorously for 1 h. Citric
acid (1 M) is then added dropwise until the reaction is acidic, and the mixture is extracted
with ethyl acetate. The organic extract is dried over sodium sulfate, concentrated and
chromatographed (method 16). Yield: 434 mg (50% of theory).

HPLC (method 9): R¢ = 4.54 min.
LC-MS (method 7): R; = 2.44 min, MS (ESIpos.): m/z (%) = 294 (20) [M + H]".

"H-NMR (400 MHz, ds-DMSO): 85 = 0.80 (t, 3H), 0.83 (s, 6H), 1.21 (g, 2H), 1.53 (dd,
1H), 1.60 (dd, 1H), 3.99 (m, 1H), 5.02 (s, 2H), 7.35 (m, 5H), 7.58 (d, 2H), 12.52 (br s, 1H).



i s chromat ographed (nethod 16). Yield: 496 ng (74% of theory). HPLC (nethod
9): R =3.94 mn. LGM (nethod 7): Rt = 1.85 mn; M5 (ESIpos.): mz (%9 =
456 (100) [M+ H'. "H NWR (300 MHz, d6-DMsO: 88 = 0.80 (m 9H), 1.10 (m
3H), 1.30 (dd, I H, 2.91 (dd, IH, 3.12 (dd, 1H), 3.30 (s, 3H), 4.02 (m
IH, 451 (m IH, 501 (d, 1H, 5.06 (d, IH, 7.22 (dd, IH, 7.30 (m 5H),
7.63 (m IH, 840 (m 2H) . Exanple 21%& r

N-[ (Benzyl oxy) car bonyl ] - 4, 4-di met hyl - n-nor | eucyl - 3- (pyri di n-3-yl ) -L-al ani ne
O OONHOH NaOH /H33 OCH3 35 The conpound from Exanpl e 20A (490 ny,

1. 08 nmol Exampii26a0l ved in THE (5 m ). The solution is cooled to OC and
then 1.35 mM (2.7 mol, 2.5 equivalents) of 2 Msolution of [lithium

hydr oxi de MethybNy[(heatydoxy)cankxingt]-4d-dinzettd-ob-reonigucytl-3r (pruidini3gyd)-oabaninafeor | h.
Ctric acid (1 Min water) is then added dropwi se until the reaction is
acidic, and the mxture is extraded with ethyl acetate. The organic
extract is dried over sodium sulf e and concen- trated. Yield: 484 ng
(quant.). HPLC (nethod 9) R, nin LCG-§5 (nmethod 7): R = 1.88 min;
M5 (ESIpos.): nlz (% = 442 (10) [M+ HH . H—NI\/R (400 MHz, d6-DVMBO): 86 =
0.70 (m 9H), 1.14 (m 3 dl Hy1H), 2. 75(d 1H), 2.89
(dd, 1H), 3.11 (dd, 1H), (m 1H), 445 (m Hy, 4.98 (d, 1H), 5.05 (d,
1H, 7.22 (dd, 1 H, 7. 8.40 (m 2H). 36 Exanple
22A
N-[ (Benzyl oxy) car bonyl ] - 4, 4- di r%sq:iyl norl eu .é -3
e(1-D leucyl-2-L- Ieucyl)-lysobactln t#ifluoro

(pyridin-3-yl)-L-alanyl -d
ate ONH2 HOW. N H H HO

The compound from Example 19A (430 mg, 1.47 mmol) and the compound from Example
12A (809 mg, 1.47 mmol, 1 equivalent) are dissolved in DMF (5 ml) at 0°C and then
4-methylmorpholine (644 pl, 5.86 mmol, 4 equivalents) and HATU (836 mg, 2.20 mmol,
1.5 equivalents) are added. The mixture is stirred at RT for three hours. Ethyl acetate is
added, and the mixture is washed with a saturated sodium hydrogencarbonate solution. The
aqueous phase is extracted once with ethyl acetate, and then the combined organic phases
are washed with 1 M aqueous citric acid and again with a saturated sodium hydrogencar-
bonate solution, dried over sodium sulfate, filtered and concentrated in vacuo. The residue
is chromatographed (method 16). Yield: 496 mg (74% of theory).

HPLC (method 9): R; = 3.94 min.
LC-MS (method 7): R, = 1.85 min; MS (ESIpos.): m/z (%) = 456 (100) [M + HJ".
'H-NMR (300 MHz, ds-DMSO): 85 = 0.80 (m, 9H), 1.10 (m, 3H), 1.30 (dd, 1H), 2.91 (dd,

1H), 3.12 (dd, 1H), 3.30 (s, 3H), 4.02 (m, 1H), 4.51 (m, 1H), 5.01 (d, 1H), 5.06 (d, 1H),
7.22 (dd, 1H), 7.30 (m, 5H), 7.63 (m, 1H), 8.40 (m, 2H).

Example 21A
N-[(Benzyloxy)carbonyl]-4,4-dimethyl-D-norleucyl-3-(pyridin-3-yl)-L-alanine
O



NSRRI o

NTeCHSOOHOOOONHCHSOOPOOCHS 0 O NH HN YNH HN HO CF3 H3C N
NONy HHOHHO CH3t~CH3 H H3C CH3 6XN 3C CH3 HN.NH2 NH The conpound
from Exanpl e 2A (0.28 g, 0.22 nmol) and the conmpound from Exanple 21A (148
0.33 mml, 1.5 equivalents) are dissolved in DM (4 mM) and cooled to
OC Then firstly 0.47 m (0.44 mol, 2 gguivalents) of a 1 Msolution of

N- et hyl norpholine in DVF is added. Imedi ately thereafter HATU (141 ny,
0.37 mml, 1.7 equivalents) is added and the m xture is stirred at 0C for

15 mn. The a furth r

sol ution of06 "1;@1 ﬁ?gjr le(2§Ag§;dwo O‘B-g' {%“é"d:&;)u}rggi )[3ﬂ’ |s

then stirre

(et hod 3, r#ﬁghﬁv wﬁj Wafrﬁeeéﬁgg g@fb‘a@c‘flg?fe" sz

prepar at i ve a0l (@ M tﬁwther)addw dropwise yotilhe ragipnds adidiedn )t C‘PPE’@’(Srret hod

9): Rt = 3. oxtrasted WLtlcctlmsl gcataten bbie qrganigexteactis dgedipyer sogdium qﬁegnqeonmnz (% =

737 4 (100) trated+ Yilg: #84 migi@gant).2) [M + H +. 37 Exenplary enbodi nents
Exanple 1

3-tert - But yl HRL.G(method B: R6=876Mminor onet hyl pyri di n-3-yl)-L-al anyl -de(1-D-1 euc

yl-2-L- Ieucyl% | ysobactin bistrifluoroacetate 0 NH2 HO H N NH HO HO 0 CF3

N -MS (method 7): R; = 1.88 min; MS (ESIpos.): m/z (%) = 442 (100) [M + HJ".

'"H-NMR (400 MHz, ds-DMSO): 83 = 0.70 (m, 9H), 1.14 (m, 3H), 1.30 (dd, 1H), 2.64 (4,
1H), 2.75 (d, 1H), 2.89 (dd, 1H), 3.11 (dd, 1H), 4.03 (m, 1H), 4.45 (m, 1H), 4.98 (d, 1 H),
5.05(d, 1H), 7.22 (dd, 1H), 7.30 (m, 5H), 7.61 (m, 1H), 8.40 (m, 2H).



HOO O TL(#U.CHS 0 O O==e/NHH3 OCH3 OY~-~NO OOH HHN ONH3H
HN-N HOQCF3 H 3 HO CH3. HH3C HC O 3 CHN 3 HNY NH2 F3C NH Tri fl uoroacetic
acid (150 M) is slowy added dropwi se to a solution of the conpound from
Exanple 8A (10.3 g, 1.0 equivalent, 4.48 mol, crude product) in
di chl oronet hane (150 ml) at RT. The reaction mxture is stirred at RT (10
mn), with conplete conversion being3bserved by means of HPLC (nethod 9).
The reaction mxture is concentrated on a rotary evaporator and purified by
preparative HPLC (nethod 11), whereby 3.48 g (48% of theory) of product are
obt ai ned. Eklithple@¥AVis (nmethod 8): R = 4.03 mn. HPLOUW-Vis (nethod 9): Rc
= 3.64 min. LCM (nethod 7): RL =1.69 min; M5 (ESIpos.): mz (%9 = 697
(100) [ M N-[Abdn2yloxy)3&Bony( 54,4 {dithethyfiD-nordBey 1B3S{pyeiding 3-yDALzal4r(-de(1685 ( 100) [M -
2H| 2-,  13R4cy120)-1eubf)-lysbbactin triffuoMyEet4t400 MHz, di-pyridine): 88 = -67
(Ar-CFA-74 (CRF3COCH), -132 (1,4- dibronotetrafl uorobenzene as reference).
TFA content: 14.3% by weight. HR-M5 (@ethod 1): C62HI6N16017F3 [M + H| +
cal c. 1393.7091, found 1393.7119. Exa 2
3-(Trinethylsilyl)-Dalanyl-3-(pyridin- H
-yl')-L-al anyl -de(1-D-1eucyl - 2- L- | eyg@!") N ysfbactin }hﬁstrifluoroacetate 38
H

p NH2 HO"" HHO CF N 'IN NH HO HOyCF§H 3 ‘A, -- CH3 OO O NH CH3
] T
/llu,,' O \ ¢ 3
HO 0 O :
0O
O

o) F‘IH
o _:/ CH,
Y o NH
HN HO\H/CF3
CH,

CH, HN.__NH,

NH

The compound from Example 2A (0.28 g, 0.22 mmol) and the compound from Example
21A (148 mg, 0.33 mmol, 1.5 equivalents) are dissolved in DMF (4 ml) and cooled to 0°C.
Then firstly 0.47 ml (0.44 mmol, 2 equivalents) of a 1 M solution of N-methylmorpholine
in DMF is added. Immediately thereafter HATU (141 mg, 0.37 mmol, 1.7 equivalents) is
added and the mixture is stirred at 0°C for 15 min. Then a further 0.44 ml (0.47 mmol, 2
equivalents) of the 1 M solution of 4-methylmorpholine in DMF is added dropwise. The
mixture is then stirred at RT overnight. The mixture is purified on Sephadex LH 20
(method 3, mobile phase: methanol). The crude product is purified by preparative HPLC
(method 13). Yield: 149 mg (43% of theory).

HPLC (method 9): R; = 3.93 min.

LC-MS (method 7): R; = 2.13 min, MS (ESIpos.): m/z (%) = 737.4 (100) [M + 2H}**, 1473
()M +H]*



OOOCH3 HZNNHHN1 Op HH3 C HHNNHOCF3 H3CSi HOCHHCH3 0 H3 C
H3C N CH3 HN ~r NH2 NH The conpound from Exanpl e 15A (9.12 g, 4.93 mmol,
crude product) is taken up in trifluoroacetic acid in dichloronmethane (65
m; 30% solution). The mixture is stirred at RT for 20 mn. The solvent is
distilled off. The residue is dried undes7an oil punp vacuum and then
purified by chromat ography (nethod 14). Yield: 5.54 g (67% of theory). HPLC
(et hod 9) Rt 332 mn. LCM (nethod 7): R = 1.41 min, M (ESIpos.):
Mz (% = 67gye bddigiestsH 2+ HR-TOF-MS (method 1): C60HO7NL6OL7SI [M
+ H' calc 1341.7019. 'H NWR (500 MHz, d5-pyridine): 65 =
-0.172 (s, Sfbam e(§11 (d, J= 6.9 Hz, 3H), 0.881 (d, J = 7.9 Hz, 3H), 0.948
(d, J=6.3 Hz—ﬂ%_ 0.954-0.997(m 6H) 1.135 (d, J= 6.0 Hz, 3H), 1.208(m
211), 1.361 . 3-8 riflubrohadhyiridt=B-y1) L -ABH 1Hdeq] -bducy 2-O5Gcyly  2H) ,
.04 (m IH)fyﬂié;é Xﬁzﬁlig @iiitr@ 372 (n%(IWBH) g)ﬂl% eﬂ1H) 3y266 (m 1H),
.563 (d, J= i . 726 (dd, J= 12.2, 14.95 Hz, IH), 3.840 (d, J=
.6 Hz, 1M 3.960 (m 1H) 4152(m 1H)04198(m 1H), 4.278 (m IM
. 382 (m IH), 4.488 (m 1H), 4.565 (dd, \3=—BH3, 9.6 Hz, 1H), 4.628 (m |H),
.630 (m 11-1), 4.779 (d, J= 12.2 Hz, 1W), 5 069 (m IH) 5 159 (dd J=
.3 Hz, 1H), 5.264 (m 1H), 5.362 (s,H 5 8 (d, J= , 6.351
(dd, J= 8.5 Hz, J= 8.7 Hz, 1H), 7.169 (1y Hﬁ) 1 7 382 (d, J
= 9.9 Hz, IH), 7.512 (HO CF;583-7 (m 2H) 78 m 2H), 7.90 (d,
J = 8.7 H, 1H), 8.126 (n] 3H), 8/3‘41(m 085 336Hz 1H),
8.695 (m 2H), 8.793 (m H) , 9’."@3 o1I—|) 9) 15 (m 1 10. 957 (br

s, 1H), 11.268 (br s, 1H). , ds- pyrldl
=-1.8,11.08, 15, 84, 18. 8, 18. 8. . 93, cssvpzs 83 24.78, 26.57,
O41. 25, 44 38 \94, ~,52. 82,
2. 55°CH

26. 88, 28.80, 31.04, 34.06, 36564,
55.99, 56.10, 56.74, 58.40, 05@ 0, D.72, 72.06,
75.58, 75.65, 123.6H,N128, Ni 36. 77, 137.18,

, 169,69, 170. 21,

149,17, 158.11, 162. 15,

172.57, 173.27, JH,’§:44, . 119s6.CBg  19F- NVR
- ronot et faf | uor -

o)

(400 MHz, d3-pyr
benzene as refer’g??ﬁ

N
F.C NH

O~hpbhOWN

N HN

Trifluoroacetic acid (150 ml) is slowly added dropwise to a solution of the compound from
Example 8A (10.3 g, 1.0 equivalent, 4.48 mmol, crude product) in dichloromethane

(150 ml) at RT. The reaction mixture is stirred at RT (10 min), with complete conversion
being observed by means of HPLC (method 9). The reaction mixture is concentrated on a
rotary evaporator and purified by preparative HPLC (method 11), whereby 3.48 g (48% of
theory) of product are obtained.

HPLC/UV-Vis (method 8): R; = 4.03 min.
HPLC/UV-Vis (method 9): R; = 3.64 min.

LC-MS (method 7): Ry = 1.69 min; MS (ESIpos.): m/z (%) = 697 (100) [M + 2H]*", 1393
(5) M + HJ'; MS (ESkneg.): m/z (%) = 695 (100) [M — 2HJ*, 1391 (20) [M — HJ".

'F-NMR (400 MHz, ds-pyridine): 88 = —67 (Ar-CF3), —74 (CF3COOH), -132 (1,4-
dibromotetrafluorobenzene as reference). TFA content: 14.3% by weight.

HR-MS (method 1): CeHoeN1407F; [M + HJ" calc. 1393.7091, found 1393.7119.

Example 2

3-(Trimethylsilyl)-D-alanyl-3-(pyridin-3-yl)-L-alanyl-de(1-D-leucyl-2-L-leucyl)-lysobactin
tristrifluoroacetate



The structure is confirmed by a single-crystal X-ray structural analysis.
Exanple 3

3-(Trinmethylsilyl)-Dal anyl-3-(pyridin-3-yl)-L-alanyl-de(1-D-1eucyl-2-L-1euc
yl)-lysobactin trismethanesulfonate 0 NH2 CH3 CH3 HON 0=3=0 O S-O N
~NHHO O ~,HHO,,,,,. 00 OCCcHH / O3 OO0 OCH3 H2NNH HN, OO N H CH3
Fi3QA H HNN O=S=O H3C-Si HO CH3- HCH38 O H H3C/ H3C 6 N CH3 HNNH2 NH
3-(Trinmethylsilyl)-D al anyl -

-(pyridin-3-yl)-L-al anyl -de(1-D-I| eucyl - 2-L-1 eucyl )l ysobactin

tristrifluoroacetate (447 ng, 0.270mmol) is dissolved in 22 n of water.
Met hanesul fonic acid (70% is adde m xture is stirred vigorously and
then | yophilized. The lyophili- zatdg is aken upin water (3.4 m), and a
70% sodi um et hanesul f onat e sol #0BN\( 0. dded. The m xture is
stirred at RT for 10 min. The proddct is‘ybréh\ Q ed by Qtrlfdga- tion.
472 nmg of crude pFare obt ai Cruge pr uc ror sever al
bat ches (total 1053 , 0. %]/rmi)') arg, sulpe Ber (5!M) and
stirred at RT for 4 ans tniflugation |sOepea ed and t heQbt ai ned

o of theor uct are obtai ned.
(rrethodg-'r’)‘é,) rOHj"1 49 mn, M

IN+ 2 H 2+, 13 |.{:5M+ H]+ " H NVR
0 (s,p91- 1)Q.0. 2 (d, J 6.3 Hz, 311),

.m,,(d J =06. 2¥E, 3H), 0.966 - 1.069 (m

HPLC (nethod 9): R =
(ESIpos.): mt (% = 671
(500 WHz, dj-pyridinepd “
0.867 (d, J =HgN

9H), 1.186 (d, J , \)L
HC, N"™ N HO\n/CF3
3 / 3= CH3 o
H,C = \(
[l e CH
\_N 5 HN.__NH,
NH

The compound from Example 15A (9.12 g, 4.93 mmol, crude product) is taken up in
trifluoroacetic acid in dichloromethane (65 ml; 30% solution). The mixture is stirred at RT
for 20 min. The solvent is distilled off. The residue is dried under an oil pump vacuum and
then purified by chromatography (method 14). Yield: 5.54 g (67% of theory).

HPLC (method 9): R; = 3.32 min.
LC-MS (method 7): Ry = 1.41 min, MS (ESIpos.): m/z (%) = 671.7 (100) [M + 2 H)*".
HR-TOF-MS (method 1): CeoHo7N6017Si [M + H]" calc. 1341.6987, found 1341.7019.

'H-NMR (500 MHz, ds-pyridine): 85 = —0.172 (s, 9H), 0.611 (d, J = 6.9 Hz, 3H), 0.881 (d, J =
7.9 Hz, 3H), 0.948 (d, J = 6.3 Hz, 3H), 0.954 — 0.997 (m, 6H), 1.135 (d, J = 6.0 Hz, 3H), 1.208 (m,
2H), 1.361 (d, J = 5.4 Hz, 3H), 1.439 (m, 1H), 1.497 (m, 1H), 1.953 (m, 2H), 2.04 (m, 1H), 2.154
(m, 3H), 2.372 (m, 3H), 3.111 (m, 1H), 3.266 (m, 1H), 3.563 (d, J= 14.95 Hz, 1H), 3.726 (dd, J =
12.2, 14.95 Hz, 1H), 3.840 (d, J = 9.6 Hz, 1H), 3.960 (m, 1H), 4.152 (m, 1H), 4.198 (m, 1H), 4.278
(m, 1H), 4.382 (m, 1H), 4.488 (m, 1H), 4.565 (dd, J= 9.5, 9.6 Hz, 1H), 4.628 (m, 1H), 4.630 (m,
1H), 4.779 (d, J= 12.2 Hz, 1H), 5.069 (m, 1H), 5.159 (dd, J= 9.3 Hz, 1H), 5.264 (m, 1H), 5.362 (s,
1H), 5.98 (d, J= 9.9 Hz, 1H), 6.351 (dd, J= 8.5 Hz, J= 8.7 Hz, 1H), 7.169 (m, 1H), 7.246 (m, 1H),
7.382 (d, J = 9.9 Hz, 1H), 7.512 (m, 2H), 7.583 — 7.614 (m, 2H), 7.728 (m, 2H), 7.90 (d, J =
8.7 Hz, 1H), 8.126 (m, 3H), 8.341 (m, 1H), 8.576 (d, J = 3.6 Hz, 1H), 8.695 (m, 2H), 8.793 (m,
1H), 9.139 (br s, 1H), 9.715 (m, 1H), 10.957 (br s, 1H), 11.268 (br s, 1H).

3C.NMR (126 MHz, ds-pyridine): 86 =-1.8, 11.08, 15.84, 18.8, 18.8, 19.79, 20.89, 20.93,
21.65, 23.38, 24.78, 26.57, 26.88, 28.80, 31.04, 34.06, 36.84, 40.95, 41.25, 44.38, 50.94,
52.82, 55.99, 56.10, 56.74, 58.40, 59.10, 60.34, 60.72, 62.33, 62.55, 70.72, 72.06, 75.58,
75.65, 123.66, 128.25, 128.95, 129.80, 132.39, 136.77, 137.18, 149.17, 158.11, 162.15,
162.41, 162.70, 162.96, 169.01, 169.69, 170.21, 172.57, 173.27, 173.44, 173.66, 174.07,
174.36, 175.34, 175.56.



1.315 (m 2H), 1.448 - 1.501 (m 6H), 2.010 (m 1 H , 2.084 (m 3H), 2.180
- 2.365 (m 4H), 2.540 (m 1H), 3.082 (s, 9H), 3.166 (m 1H), 3.325 (m
1H), 3.623 (d, J= 14.05 Hz, 40 1 H), 3.865 (dd, J= 13.7, 14.05 Hz, | H),
3.967 - 3.986 (m 2H), 4.257 (m | H), 4339(m 2H), 4.410 (m I|H), 4.566
(m IH, 4.591 - 4.686 (m 2H), 475(d H J= 12 1 Hz, IH), 4.859 (m 1
H),5086(m|H),5229(m1H) zfg( | ,5375(s 1 H 6.02 (d,

J = 10.0 Hz, | ,6403(m| ,7068(d J=9.8H, | H, 7.222 (m
3H), 7.544 d. J= 7.6 Hz, |
7%21 (d, J(JIpQ‘IMB(iLEOM 35@"’6 5 ‘-7% &ébkéal?%zl ‘gggrﬂ(#b‘d‘e‘éaﬂ?@‘s (br s, v
|H), 8.420 benzenp-asgefarepge). %00%6%114’3("@”%18&‘0 , ,'8.701 (m 1 H),
8.874 (br s 10. 175 (m 0941 (br s, 1 H).

7
19F- NVR (py?haftﬁ@fwe@%ﬁ@ed&étaﬁwbzﬂysté é 76& S@“ﬁtgfljﬂ N sisp. 20) -132.0 (s,
1, 4- dibronptetrafl uorobenzene, 1000.0), TFA = 0.02% by wei ght. Alternative
Process: 32%_'&21_é)wex 1X8-400 (HA forrr) are packed into a colum (35 mm
di aneter). About 60 mi sodlum r ox are t he
col um, f ol 3-(Femedylsiylye- ailﬁnyl\j/l? la‘!’ﬂldga ?"GY b\e‘d’c 155%58%’(?;)‘& oni ng
with 60 nl ismetigpesylenpiesul f oni c aci d and subsequent washing with
approximately 100 m of water until the eluate has a neutral reaction.
(Macherey & Nagel Tritest). Then 2.00 63 1. rrm)l) of
3-(trinmethylsilyl)-Dalanyl-3-(pyridin-33 %Ealanyl de(1-D- | qsig %I-Z-L-Ieuc
yl )l ysobactin trlstrldﬂuoroacetate (Exa | ey2) are dissolved in V0 nl of

wat er, and the sol utiadn %s loaded a@'s el ut ed e cdDeb—0s washed
with about 20 m ofO®X®P. Product-con i mgfﬁaﬂes re co ned and

subj ected to microfiligagion (por e/uS,I and Iy ‘/j Hza-~ tHon. The
colum is reconditioned 8nd reyged. 79 do(1.40 '; 929% of theory) of
Exanpl e 3 are obtained from,2800 ngp 19 nmol) le 2. Exanple 4
4, 4- Di net hyl - D- nor | eucyl - - 3- yQ L-al any - H@ucyl 2-L-1eucyl)
| ysobactin tristrifluoroace H HO-CF® .. NHOu 3 H
~NO I I NO,. 0 CH3 HO ~ :/NHCHS CH3
NH . O o O N
HN
2 )J( )\/ \)\ H CH,
H3C\SI ” ", HO HN u O:?:O
H,C™; CH: "cH
H,C = * 3 O~H
/ H,C
\_N CH, HN\”/NHZ
NH

3-(Trimethylsilyl)-D-alanyl-3-(pyridin-3-yl)-L-alanyl-de(1-D-leucyl-2-L-leucyl)lysobactin
tristrifluoroacetate (447 mg, 0.27 mmol) is dissolved in 22 ml of water. Methanesulfonic
acid (70%) is added. The mixture is stirred vigorously and then lyophilized. The lyophili-
zate is taken up in water (3.4 ml), and a 70% sodium methanesulfonate solution (0.9 ml) is
added. The mixture is stirred at RT for 10 min. The product is then removed by centrifuga-
tion. 472 mg of crude product are obtained.

Crude products combined from several batches (total 1053 mg, 0.63 mmol) are suspended
in water (5 ml) and stirred at RT for 4 days. Centrifugation is repeated, and the obtained
solid is dried in vacuo. 575 mg (55% of theory) of product are obtained.

HPLC (method 9): Ry = 3.30 min.

LC-MS (method 7): R; = 1.49 min, MS (ESIpos.): m’z (%)= 671.8 (100) (M + 2 H]2+,
1342.1 (5) [M + H]".

"H-NMR (500 MHz, ds-pyridine): & =~0.170 (s, 9H), 0.702 (d, J = 6.3 Hz, 3H), 0.867 (d, J
= 6.1 Hz, 3H), 0.972 (d, J = 6.2 Hz, 3H), 0.966 — 1.069 (m, 9H), 1.186 (d, J = 6.5 Hz, 3H),
1.315 (m, 2H), 1.448 — 1.501 (m, 6H), 2.010 (m, 1H) , 2.084 (m, 3H), 2.180 — 2.365 (m,
4H), 2.540 (m, 1H), 3.082 (s, 9H), 3.166 (m, 1H), 3.325 (m, 1H), 3.623 (d, J= 14.05 Hz,



OCH3 9," ONHHZN YHNHNO HOCFS HBCHNNY HOHHO CH3~-CH H3CCH
6"NI 3CH3 HNJNH2 NH The conpound from Exanple 22A (149 ng, 0.09 mmol) is
di ssolved in nmetha- nol/containing 0.05%trifluoroacetic acid (10 m).

Pal | adi um on activated carbon (10% 20 41 ng) is added and then

hydr ogenation is carried out with hydrogen at atnospheric pressure and at
RT for 2.5 hin total. The crude produgt is filtered to renove the catal yst,
and the filtrate is concentrated. The residue is purified by chrorratography
(method 13). Yield: 68 ng (46%of theory). HPLC (nethod 9): R 3.29 mn.
LC- M5 (et Obsiés (dJRtJ—1317 49 031HY, 1B 3(F6P30986)(m, 0H3, 4247 (m, B, 403393(&0) [M
+2H 2+, 13 4F566 (Iﬂ*ﬁlg%ghfﬁdmt(ﬁpmw 75@@2149:8%@@@ Vs, H*

cal c. 133 ,ufxp 2&3&-1)7 639 (m 1@9@@7 H’f?)@?f;.ﬁ eucyl) 1 ys

3-tert- But 9
obact| n t7ré2 ;@é
00| )95
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1H),8701 (m 1H),8874 (brs, 1H), 10.175 (m, 1H), 10.279 (m, 1H), 10.941 (br s, 1H).

F-NMR (pyridine, 400 MHz, method 24): & ~74.0 (s, TFA, 0.20), ~132.0 (s, 1,4-
dibromotetrafluorobenzene, 1000.0), TFA = 0.02% by weight.

Alternative process: 32 g of Dowex 1X8-400 (HCI form) are packed into a column (35 mm
diameter). About 60 ml of 1 M sodium hydroxide solution are put onto the column, fol-
lowed by 60 ml of HPLC water. This is followed by conditioning with 60 ml of 1 M
methanesulfonic acid and subsequent washing with approximately 100 ml of water until
the eluate has a neutral reaction. (Macherey & Nagel Tritest). Then 2.00 g (1.19 mmol) of
3-(trimethylsilyl)-D-alanyl-3-(pyridin-3-yl)-L-alanyl-de(1-D-leucyl-2-L-leucyl)lysobactin
tristrifluoroacetate (Example 2) are dissolved in 90 ml of water, and the solution is loaded
and slowly eluted. The column is washed with about 20 ml of water. Product-containing
eluates are combined and subjected to microfiltration (pore size 0.20 pum) and lyophiliza-
tion. The column is reconditioned and reused. 1.79 g (1.10 mmol, 92% of theory) of
Example 3 are obtained from 2000 mg (1.19 mmol) of Example 2.

Example 4

4,4-Dimethyl-D-norleucyl-3-(pyridin-3-yl)-L-alanyl-de(1-D-leucyl-2-L-leucyl)lysobactin
tristrifluoroacetate

HO

NH cn_
CH,
NH
Ho\n/ca
o
HN\H/NHZ

The compound from Example 22A (149 mg, 0.09 mmol) is dissolved in metha-
nol/containing 0.05% trifluoroacetic acid (10 ml). Palladium on activated carbon (10%; 20



H3C HO CH3. HCH O H3C 3 H3C CH3 HN NH2 HO 1 ~CF3 N 01 ~ NH 42 Exanple 6
(Trimethylsilyl)-Dalanyl-3-(pyridin-3-yl)-L-al anyl -de(1-D-1eucyl-2-L-1Ieucyl
)l ysobactin tris-hydrochloride O NWZ HOHHNNHHO NHOOO ~,,.... CH3
/' A\ OONHCH3 001 O0CH3 HZNYNHHNO O OHH3C,, HHN N H3CGS HO
CH3: CH3 H3C ~ H3C N CH3 HNUNHZ x 3 HCHUINH 32 g of Dowex 1X8-400 (HC
form are packed into a colum (35 mmdianeter). About 60 m of | M sodium
hydr oxi de solution are put onto the colum, followed by 60 m of HPLC water.
This is fol mgyigddded a6@ tith hiy@opéativn {sita®idd Bl With hydbdey At aefdkphetic pResuee and
subsequent Wasihik RY 9 2.5 h iR OrteBRidR | prodieOis filterell toRhRWe tidichlalysh@ndthelat € has
a neutral refghieqdlconciiialtar the sidRS purlfidd BSdhtomatdgi@shydnidthod 163 Yidld:rggol ) of
3-(trinmet hylﬁgl(w% bﬂh@or?ﬁy' -3-(pyridin-3-yl)-L-al anyl -de(I -D-Ileucyl - 2-

LI eucyl )l ysobactin tristrifluoroacetate (Exanple 2) are dissolved in 90 ml
of water, a RON 4 naded and slowy eluted. The colum is
washed V\,ithnglt))fég'?m%%% 'gf \?vaz'?élllyg Product- contai ning eluates are conbi ned

shed | 207" of uater. -
The column | &0 ha AR B RGP b AS Fosthe, MO RO BE T TR0 o

Exampl e 6

HR-TOF-MS (method 1): Cs;HsN 1507 [M + H]" calc. 1339.7369, found 1339.7368.
Example S (comparative example)

3-tert-Butyl-D-alanyl-3-(pyridin-3-yl)-L-alanyl-de(1-D-leucyl-2-L-leucyl)lysobactin
tristrifluoroacetate




!

are obtained from 2000 ng (1.19 mol) of Example 2. HPLC (method 9): R =
3.30 mn. LGM (nethod 7): R =1.47 mn, M5 (ESlpos.): mz (% = 671.5
(100) [M+2 H 2+, 1341.4 (20), [M1711+ lon chromatography (nethod 25): d -
(calc.) =7.43% d- found = 7.1% TFA (found) < 0.1% 'H NWR (500 MHz,
d3-pyridine) 58 = -0.170 (s, 9H), 0.580 (d, J = 6.3 Hz, 3H), 0.772 (d, J =
5.7 Hz, 3H), 0.920 (d, J = 5.8 Hz, 3H¥2 0.974 - 0.985 (m 61-1), 1.147 (d, J
= 6.4 Hz, 3H), 1.250 - 1.358 (m 21-1), 1.411 (d, J = 5.7 Hz, 3H), 1.468 (m
11-1), 1.604 (m 11-1), 1.959 - 2.049 (m 31-1), 2.154 - 2.228 (m 3H),
2.380 (mExiple®. 935 (m 11-1), 3.120 (m 1H), 3.300 (m 1H), 3.607 (d, J=
14.9 Hz, 1H), 3.762 (dd, J= 14.7 Hz, 1H), 3.882 (d, J= 9.1 Hz, 11-1), 3.938
(m | H, driibhylsityl)i-hlanyl8-@58diad-yl)-Halangl-@€0-Dtlaycyl-PhL-lencylvsobantinlH) , 4. 589
- 4.661 (fifs-1glfochléri®6 (d, J= 12.1 Hz, IH), 5.027 (m | H), 5.202 (dd, J=
9.4 Hz, 1 H, 5.289 (m | H, 5.390 (s, I H, 6.000 (d, J =9.5 Hz, | H),
6.394 (dd, J= 9.0 Hz, 1H), 7.173 (m 7.428 (m IH), 7.54 (d, J= 7.0 Hz,
11-1), 7.664 - 7.973 (m 3H), 7.767 (d NH; 6, 11-1), 7.918 - 7.973 (m
3H), 8.038 (br s, 2H), 8.098 (br s, IH/ 8.185 (br 43 s, IH), 8.253 (d, J=
8.6 Hz, IH), 8.582 (m 1H), 8.684 (HO'JXY..§ Hz, 8.741 (br s, IH,
8.782 (m 1H), 9.928 (br s, IH), : . IH), 10.886 (br s,
IH), 11.135 (br s, IH. "F-NW (}»{,ri I nme 8H24): TFA < limt
of detection. Exanple 7 N
(Trinmethylsilyl)-D-al anyl - 3-

| - D-1 eucyl - 2-L-1 eucyl

)l ysobactin tris-L- |actatg ©H300~,,,... Cli3
O O000C=Z NHCH3 0OO0O¢( H HN N
CH,
HN
H3C\
H,C—
H,C —
/
\_N HN.__NH,

x 3 HCI NH

32 g of Dowex 1X8-400 (HCI form) are packed into a column (35 mm diameter). About 60 ml of 1
M sodium hydroxide solution are put onto the column, followed by 60 ml of HPLC water. This is
followed by conditioning with 60 ml of 1 M hydrochloric acid and subsequent washing with
approximately 100 ml of water until the eluate has a neutral reaction. (Macherey & Nagel Tritest).
Then 2.00 g (1.19 mmol) of 3-(trimethylsilyl)-D-alanyl-3-(pyridin-3-yl)-L-alanyl-de(1-D-leucyl-2-
L-leucyl)lysobactin tristrifluoroacetate (Example 2) are dissolved in 90 ml of water, and the
solution is loaded and slowly eluted. The column is washed with about 20 ml of water. Product-
containing eluates are combined and subjected to microfiltration (pore size 0.20 um) and lyophili-
zation. The column is reconditioned and reused. 1.54 g (1.06 mmol, 89% of theory) of Example 6
are obtained from 2000 mg (1.19 mmol) of Example 2.

HPLC (method 9): R, = 3.30 min.

LC-MS (method 7): R, = 1.47 min, MS (ESlpos.): m/z (%) = 671.5 (100) [M+2 HJ**, 1341.4 (20),
[M+H]".

Ton chromatography (method 25): CI' (calc.) = 7.43%, CI" found = 7.1%; TFA (found) < 0.1%.

'"H-NMR (500 MHz, ds-pyridine) 85 = —0.170 (s, 9H), 0.580 (d, J = 6.3 Hz, 3H), 0.772 (d, J =
5.7 Hz, 3H), 0.920 (d, J = 5.8 Hz, 3H), 0.974 — 0.985 (m, 6H), 1.147 (d, J = 6.4 Hz, 3H), 1.250 -
1.358 (m, 2H), 1.411 (d, J = 5.7 Hz, 3H), 1.468 (m, 1H), 1.604 (m, 1H), 1.959 — 2.049 (m, 3H),
2.154 - 2.228 (m, 3H), 2.380 (m, 3H), 2.935 (m, 1H), 3.120 (m, 1H), 3.300 (m, 1H), 3.607 (d, J=
14.9 Hz, 1H), 3.762 (dd, J= 14.7 Hz, 1H), 3.882 (d, J= 9.1 Hz, 1H), 3.938 (m, 1H), 4.204 (m, [H),
4253 (m, 1H), 4.389 (m, 1H), 4.465 (m, 1H), 4.589 — 4.661 (m, 4H), 4.806 (d, J= 12.1 Hz, 1H),
5027 (m, 1H), 5.202 (dd, J= 9.4 Hz, 1H), 5.289 (m, 1H), 5.390 (s, 1H), 6.000 (d, J = 9.5 Hz, 1H),
6.394 (dd, J= 9.0 Hz, 1H), 7.173 (m, 2H), 7.428 (m, 1H), 7.54 (d, J = 7.0 Hz, 1H), 7.664 — 7.973
(m, 3H), 7.767 (d, J = 8.6, IH), 7.918 — 7.973 (m, 3H), 8.038 (br s, 2H), 8.098 (br s, 1H), 8.185 (br
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H3 FIC CGpi HOCFi3 CH3 3 6XN H3C OCH3 HNNHZ HO, OY OHHO. NH CH O
OHHO, CH3 OH CH3 32 g of Dowex 1X8-400 (HCO form are packed into a
colum (35 mmdianeter). About 60 mMl of 1 M sodium hydroxide solution are
put onto the colum, followed by 60 mM of HPLC water. This is followed by
conditioning with 60 mM of I Mlactic aC|4 and subsequent washing with
approximately 100 m of water until the eluate has a neutral reaction.
(Macherey & Nagel Tritest) Then 2.00 g (1.19 rrm)l) of

3{trinmethylsil d| n- 3- de(l- | eucyl ucyl
AR L N
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colum is gﬁg di oned and reused. 1903 ng (1.18 mmol, 99% of theory) of
Exanple 7 ar ned from 2000 ng (1.19 nmol) of Exarrpl e 2. HPLC (nethod

oy T (100 &g% By B B e Sl - ae@@-lmcﬁz BB RRRis i 2 (%) =

ds- pyridi ne) -0.170 (s, 9H), 0.754 (d, J 6.3 Hz, 3H), 0.836 (d, J =
6.1 Hz, 3H), 0.922 (d, J= 6.2 Hz, 3H), 0922 - 0. 957 (m 6H), 1.054 (d, J=
6.4 Hz, 3H), 1.190 (m 2H), 1.416 (d, J ﬂHléiz 1.439 - 1.662 (m
4H), 1.529 (d, J = 7.0 Hz, 3H), 1.598 (d, 5 Hz '3H), 1.669 (d, J= 6.9
Hz, 3H), 1.923 - 2.280 (m 9H), 3.057 266 (m 1H), 3.564 (d, J=
14.5 Hz, IH), 3.761 (dd, J= 13.7 Hz, w 3 8216' HOt. 049 (m 1H),
4.109 (m IH, 4.164 (m 1H), 4.202 4.410 (M 1Y), 4.484 (m | H),
4.616 (dd, J = 6.7, 13.6 Hz, IH), #4856 (M\IHQ 4.6 r9,“ ddCHs 7.0, 13.9
Hz, 1H), 4.780 (d, J= 13.0 Hz, 1I-|)|Q4.91(rrpIH), (dd,” J= 9.6 Hz,
1H), 5.281 (m 1H), 5.363 - 54778 (mP 362 (s, IH) NB. 889 (d, J= 9.8
Hz, 1H), 6.323 (m IH, 7. 80 (m ||@):/?3 gm IH, 7.596
(m 1H), 7.671 - 7.925 (m 1H), 8. 208, 31@1| 8.412 (m
IH), 8.551 (d, J= 3.6 Hz, 8.7 (nh 1H) 298 (br s,
11-1), 10.938 (br s, AM.
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32 gof Dowex 1X8-400 (HCI form) are packed into a column (35 mm diameter). About 60 ml of 1
M sodium hydroxide solution are put onto the column, followed by 60 ml of HPLC water. This is
followed by conditioning with 60 mlof 1 M lactic acid and subsequent washing with approximately 100
ml of water until the eluate has a neutral reaction. (Macherey & Nagel Tritest). Then 2.00 g (1.19
mmol) of 3-(trimethylsilyl)-D-alanyl-3-(pyridin-3-yl)-L-alanyl-de(1-D-leucyl-2-L-leucyl)lysobactin
tristrifluoroacetate (Example 2) are dissolved in 90 m] of water, and the solution is loaded and
slowly eluted. The column is washed with about 20 ml of water. Product-containing eluates are
combined and subjected to microfiltration (pore size 0.20 pm) and lyophilization. The column is
reconditioned and reused. 1903 mg (1.18 mmol, 99% of theory) of Example 7 are obtained from
2000 mg (1.19 mmol) of Example 2.

HPLC (method 9): R, = 3.29 min.

LC-MS (method 7): R, = 1.38 min, MS (ESIpos.): m/z (%) = 671.7 (100) [M+2 H}*, 1341.8 (20),
[M+HT",



19F-NVR (pyridine, 400 MHz, nethod 24): TFA < limt of detection. Exanple 5
(Trimethylsilyl)-Dalanyl-3
-(pyridin-3-yl)-L-al anyl -de(l-D-1eucyl -2-L-1eucyl)lysobactin
tris-D-tartrate ONHz HOHHNNHHOO O. CH3 HONO OOONHCH3 00O
/ CH3 H2N O H3QA NHNNGCGSi' HHOCH3 H 3 1 CH3 H3C H3C 0 N CH3 HNoANH2
NO., 0O OHHO,, N\H OHHO,, HOOH ""@®@ HO CH HO- 0 "OH 0 0 Conditioning
of the ion exchanger: 5 g of DONEX 1 X8 400 (HCO salt) are washed with a 1
M sodi um hydroxi de solution until the eluate has an al kaline reaction. This
i s fol | owed-NNa (560NMIHA U5 Phridine: §5G4 LOMTO (S loMmas7saf(d,wet 813 HaNeH}, oapes w, k- | M
D-tartari e.1a4 8H) 0521 (df e 6.2¢1zL3H)R0.902S- (937 48] 6H)C1.053q6,1/1 0014 HA B, 11190 () | oved
by washi ngHyi téeuates s8mzj 3HY ha3el uasem,stH), 1.529 (d, J = 7.0 Hz, 3H), 1.598 (d, J =

6.5 Hz, 3H), 1.669 (d, J = 6.9 Hz, 3H), 1.923 —2.280 (m, 9H), 3.057 (m, 1H), 3.266 (m, 1H), 3.564

(d, J= 14.5 Hz, 1H), 3.761 (dd, J= 13.7 Hz, 1H), 3.840 (m, 1H), 4.049 (m, 1H), 4.109 (m, 1H),

4.164 (m, 1H), 4.202 (m, 1H), 4.410 (m, 1H), 4.484 (m, 1H), 4.616 (dd, J = 6.7, 13.6 Hz, 1H),

4.656 (m, 1H), 4.669 (dd, J = 7.0, 13.9 Hz, 1H), 4.780 (d, J= 13.0 Hz, 1H), 4.921 (m, 1H), 5.144

(dd, /J=9.6 Hz, 1H), 5.281 (m, 1H), 5.363 - 5.426 (m, 3H) 5.362 (s, 1H), 5.989 (d, J=9.8 Hz, 1H),

6.323 (m, 1H), 7.122 (m, 1H), 7.180 (m, 1H), 7.381 (m, 1H), 7.596 (m, 1H), 7.671 - 7.925 (m,

6H), 8.036 (br s, 1H), 8.208 (m, 3H), 8.412 (m, 1H), 8.551 (d, J = 3.6 Hz, 1H), 8.714 (m, 2H),

8.794 (m, 1H), 10.298 (br s, 1H), 10.938 (br s, 1H).

F-NMR (pyridine, 400 MHz, method 24); TFA < limit of detection.

Example 8

(Trimethylsilyl)-D-alanyl-3-(pyridin-3-yl)-L-alanyl-de(1-D-leucyl-2-L-leucyl)lysobactin
tris-D-tartrate .

Conditioning of the ion exchanger: 5 g of DOWEX 1X8 400 (HCl salt) are washed with a
1 M sodium hydroxide solution until the eluate has an alkaline reaction. This is followed
by washing with 2 column volumes of water and then with 1 M D-tartaric acid until the
eluate has an acidic reaction. This is followed by washing with water until the eluate is
neutral (Macherey & Nagel Tritest).



neutral (Macherey & Nagel Tritest). 45 100 ng (59 snol) of Exanple 2 are
then dissolved in 10 mM of water and | oaded onto the colum. Washing is
subsequently carried out with several portions of about 10 mM of water. The

precursor dissolves only sparsely and part remains on the col um.
Product-containing eluate fractions ared4tonbi ned and | yophilized. 57 ng (31
spectrum indicates a stoichionetry of 1:3 for
(trinethyl snlom(@a AhRDYOf Exatpler £ thes diédolved-ift @il bf Haled ardd b&ie@htodhd - | eucy!
(method 7): Re mc&rs§r7d1§§oﬁes Pénd) artrfélﬁalﬁs/@n i‘he@gﬂ:lmzl PR Q0t-coMiiingl
1341.9 (20) ,ejug iy T 15%*%5fth£brg a(es 9
produc Tht
314), 0.954 g0 WHy i, -'aanyl-
2.051 (1H, rtarsn aflf’ (m 31) 2 402 (m 3H) 3 129 (m 1H), 3.305 (m
11.1), 3. 60 ( ﬁ Z09 , 3.799 (dd, J= 14.6 Hz, IH), 3.893 (d, J=
12.3 He, (@Ehoq T Ko “21!“228 (m IH), 4.276 (m 1H), 4.409 (m 111),
(s 6H)5 d, J= 9.7 Hz, 1H), 6403(dd J—89Hz 111), 7.182 (m
7 551 95 853_(_d0 %‘)\gggg 8t 8;]3 gg %J_lo 0
’ %% H)§0951t 099 Ef% @dH=57%4,8 1(3
146 2 m, 1 97 2H 051 (1 2174
c%% 1& sl 44 L2 it gleuyl )
| ysobactin 93 d ¥= Q}f),4228 (m, %342 19) lHod e, O
O O CH3 1H),4468 (m, 1H), 4.578 - 4669 (m, 4H), 4.791 (d, Jug = 11.5 Hz, 1H), 5.044 (m, 1H), 5.226 (dd,
J= 8.9 Hz 1H), 7.182 (m, 1H), 7.551 — 8.210 (m, 13H), 8.589 (d, /= 3.6 Hz, 1H), 8.711 (d, /=
10.0 Hz, 1H), 8.782 (m, 2H), 9.902 (br s, 1H), 10.358 (m, 1H), 10.882 (br s, 1H), 11.093 (br s, 1H).

nmol, 52% of theory) of the product are obtained. Integration of the 'H NWR
)l ysobact i n o} Waishiap isGsuBde ﬁb@ntl RhiFed BBt wigfseQeral fRrtionsdf 28outll 0 ml 'ef‘:wh@
0.597 (d, J= ‘°“Sa,§
1.434 (d, J3 3 dﬁ%ET ge 'D' 231 RIv m 3y
4. 468 (m 1 5 Ny . = : 5. 044
(m 1S *:,?A@Ztﬁoﬂf‘% 6%%@%@81@%8&5%? ST L0 - 417
11 093 (br
(Tri net hyl SI(

J=9.4 Hz, 1H), 5.190 (m, 1H), 5.362 (s, 1H), 5.417 (s, 6H), 5.997 (d, J = 9.7 Hz, 1H), 6.403 (dd,

Example 9

(Trimethylsilyl)-D-alanyl-3-(pyridin-3-yl)-L-alanyl-de(1-D-leucyl-2-L-leucyl)lysobactin

NH,

NH

Polymer-bound hydrogencarbonate PL-HCO; (Polymer Labs, capacity 1.8 mmol/g) is packed into
a column. 396 mg (corresponds to 12 equivalents of hydrogencarbonate) of the resin are used to
react 100 mg (59 pmol) of the compound of Example 2. The resin is washed with pyridine. Then a
solution of Example 2 (100 mg, 59 umol) in pyridine (0.75 m1) is put onto the column and slowly



HZN "NHHN' OOONH H3Q HHNN H3C51 HOCH3: HCH H3C 3 H3CCH )N 3
HNNNH2  NH Pol yner - bound hydrogencar bonate PL-HCO3 (Pol yner Labs, capacity
1.8 mmol/g) is packed into a colum. 396 ng (corresponds to 12 equival ents
of hydrogencarbonate) of the resin are used to react 100 ng (59 nol) of the
compound of Exanple 2. The resin is washed with pyridine. Then a solution
of Exanple 2 (100 ng, 59 nol) in pyridfthe (0.75 m) is put onto the col um
and slowy 46 eluted. The colum is washed firstly with further pyridine (2
m) and then with water (about 2 m). Al the eluates are conbi ned and
concent r atebittdthgeplumn s washed firstly it fydthetpytiding @aml) andshen withhwatergaboutdmb.esi due

i s di ssol vdldth¢ pluatesf asquceimbied anfl consensrated yader 08 @uwp Jrquar Withopoheat igputalhe The
title compeuresiqus ipdissalveddn asfey deens oifirwages and fezp Hisiad withowt edelay.Hieditlenet hod
9): R = 3omgpupq is obtpiged\as a colpyrigsspmpiphoyg pewder49 nin, MS (ESIpos.): mz (% =
671. 8 (10%4:%2 oﬂ@ﬁ 1341.9 (10), [M+H', M5 (ESlneg): mz (% = 669.9
(100) [M (methogd R 33PMY- M H ". 19F- NMR (pyridine, 400 MHz, nethod 24):
TFA 2. 9%

le 10 - _ ; : 3. o) = JUgS
(v et ST i e SRR P ey

VI HO ™, QEQRMR (pyridist 200 Pikz, method 24): TFA 2.9%.

Example 10

(Trimethylsilyl)-D-alanyl-3«(pyridin-3-yl)-L-alanyl-de(1-D-leucyl-2-L-leucyl)lysobactin = mesylate
trifluoroacetate

Iz

The title compound can be obtained as crystalline substance by recrystallization of Example 3 from
TFA-doped water at RT (slow evaporation of the solution).

LC-MS (method 6): R, = 1.41 min, MS (ESIpos.): m/z (%) = 671.9 (100) [M+2 HJ*", 1342.1 (10),
[M+HJ", MS (ESIneg): m/z (%) = 669.9 (100) [M-2 HJ*, 1340.1 (80) M-HT.

HR-TOF-MS (method 1): CeHg7N1017Si (M + H]" calc. 1341.6982, found 1341.7006.

The structure and the salt form is confirmed by a single-crystal X-ray structural analysis.
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/'\ O0O0Z NHCH3 O NCHO HzNON\HHN, 0 OO3H hi13QA HHNNF x '"CH
H3CGSi HOCH3 HF F H3C ~ H3C N CH3 HNJNH2 NH The title conmpound can be
obtained as crystalline substance by recrystallization of Exanple 3 from
TFA- doped water at RT (sl ow evaporation of the solution). LC-M5 (nethod 6):
R =1.41 nmin, M5 (ESIpos.): mz (% = 6%.5’[.9 (100) [M+2 HI' +1 1342.1 (10),
[MtH ', M5 (ESIlneg): mz (% = 669.9 (10 [M2 H 2', 1340.1 (80) MH"

HR- TOF- M5 (et hod 1): CGoH97N16017Si [M+ H' calc. 1341.6982, found

1341. 7006

: T s‘truct re tlhe aIt, Jormis confirmed by a single-crystal
X-ray st ructBr I on of the phy5| ol ogical activity
The in vitro,activity, conpou of. the inv C shown in the
fol I owi ng g&fmf%t b N RO b P S0 BB, |
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Representative in-vitro activity data and f, data for the compounds of the invention are shown in
Table A:

Table A

2 0.125 0.125 1 0.5 12.3
3 0.5 0.125 1 0.5 -
4 0.25 0.125 -- 1 6.1
S 0.5 0.5 1 1 8.6
6 <0.063 <0.063 -- 1 -
7 0.063 0.125 -- 1 --
8 0.25 0.125 -- 2 --
1A 0.5 0.063 0.5 0.5 0.67

The suitability of the compounds of the invention for the treatment of bacterial infections
can be shown in the following animal model:

Systemic infection with Staphylococcus aureus 133:

Cells of S. aureus 133 are grown overnight in BHI broth (Oxoid, New York/ USA). The overnight
culture is diluted 1:100 in fresh BHI broth and incubated for 3 hours. The cells which are then in
the logarithmic growth phase are centrifuged off and washed twice with buffered physiological
saline. A cell suspension in saline is then adjusted photometrically to an extinction of 50 units.
After a dilution step (1:15), the suspension is mixed 1:1 with a 10% mucin solution. 0.25 ml/20 g
mouse of this infection solution are administered intraperitoneally (corresponding to 1x10°
microbes/mouse). Therapy takes place intraperitoneally or intravenously 30 minutes after infection.
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dy~ f F 2 0.125 0.125 1 0.5 12.3 3 0.5 0.1251 0.5 -- 4 0.250.125 -- 1 6.1
50.505118.6 6 <0.063 <0.063 --1 --70.063 0.125 -- 1 -- 8 0.25
0.125 -- 2 -- 1A 0.5 0.063 0.5 0.5 0.67 The suitability of the conpounds of
the invention for the treatnment of bacterial infections can be shown in the
foll owi ng ani mal nodel: Systemic infection with Staphyl ococcus aureus 133:
Cells of S. aureus 133 are grown overrfidght in BH broth (Oxoid, New York/
USA). The overnight culture is diluted 1:100 in fresh BM broth and
i ncubated for 3 hours. The cells which are then in the logarithmc growh
phase ar eFamitCHW Lged amfufeddordhenafttiod expiivent\he puriividlfof the anipply siresiorlgd c al
sal i ne. Aowehpervdisffedass.on in saline is then adjusted photonetrically to an
extinction of 50 units. After a dilution step (1:15), the suspension is
m xed 1: 1Thé prhpqtld_mfbthﬂ.mmpomstﬂflmnv@ﬂ%W#W@@e‘é to Wﬁl!i%‘@l E?ller%tﬂlo 1y CARf ect i on
sol uti on be shosarin thiefokoveidg amimahmedélt oneal |y (corresponding to Ix 106
m cr obes/ nouse). Therapy takes place intraperitoneally or intravenously 30
m nutes after infection. 48 Female CFWI mce are used for the infection
experinment. The survival of the animals is recorded over a period of 6
days. The properties of the conpounds of the invention wth respect to the
renal tolerability can be shown in the foll ow ng ani mal nodel : Muse nodel
for det er Mousemodeldbr détermining Rephire! @ffetst oxi ¢ side effects of the
nonadepsi pepti des are anal ysed by hi stopat hol ogi cal exam nations of the
Ki dneys |Nepimtema§14eeﬂﬁectm bf thp henadepsipeptidasraest anelyised by Jistoapthelegiqahexamingtigfe.  For
this, I f (4-6 ¥nithal®4re

{)@tﬁée HF(‘} gs l?rrﬁce tﬁ'életﬂ&lﬁ;q g@lklytraﬂbﬁmpah@ﬁlﬁ%?agé)%} this{ 3 Xn

i nt raperl st ances ar e |1 S- 801 ved in an aqueous
sol ution teatedi daly aithsr ntrevpn@:rslygw Jopintrapgeioneally §ia-owith pubgtance hichatedlisyi ned by

l'ight-m Cg&v%ﬁqphlpﬂueﬁ %&m%&fad&%r@ts%wl 'Nfbpﬁr@@xﬁ%@s irbi@&drmedeaibped

paraffin sections of dneys. periodi ¢ acid Schif PAS) Flglact lon is

opti onal | yg!wqwse@r@bessqsmenaomwpxy\w g@f’aﬂ%éﬁ#@h staiged paraftin, peetigns o

Nephr ot oX kfanéf.f4 Pefody RidERhi GEA S PeRLiibaANSribmlll vsahyd cﬁlmlforaaﬁd%ramudménoas the
degrees of severi tcyNof t he tubul ar basophili.a.and Feﬁ%ener %p/re eneratlon

occur ri ngo{ghegpretsias.Mepkratouir eifsrts e defingd serigpagtitatively for ¢ach pnima
sl ight ef {egleritydftheBAIRF Bdsephilfafaf€ degertratioBRYMERtidnaR bRty (degldeof severity: 0

= no effect; 1 = minimal effect; 2 = slight effect; 3 = moderate effect; 4 = severe lesions). The

average degree of severity of the tubular degeneration/regeneration and the incidence (number of
affected aminals) is calculated for each animal group or derivative. Kidney changes going beyond
this, such as tubular dilatation and necroses as well as the accumulation of necrotic material, are

likewise listed.

Rat model for determining nephrotoxic effects:

Nephrotoxic side effects of the nonadepsipeptides are analysed by histopathological examinations

of the kidney in rats after multiple administration of a particular dosage. For this, 5 animals are
treated each day intravenously (i.v.) with substances which are dissolved in saline or Ringer’s
lactate solution. Nephrotoxic effects are determined by light-microscopical assessment of haema-
toxylin and eosin (H&E) stained paraffin sections of the kidneys. A ‘periodic acid Schiff’ (PAS)
reaction is optionally carried out for a better visualization of glycoproteins. Nephrotoxic effects are
defined semiquantitatively for each animal as the degrees of severity of the tubular basophilia and
degeneration/regeneration occurring (degrees of severity: 0 = no effect; 1 = minimal effect; 2 =
slight effect; 3 = moderate effect; 4 = severe lesions). The average degree of severity of the tubular
degeneration/regeneration and the incidence (number of affected aminals) is calculated for each
animal group or derivative. Kidney changes going beyond this, such as tubular dilatation and

necroses as well as the accumulation of necrotic material, are likewise listed.

Principle of the determination of the free fraction via Transil:
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average degree of severity of the tubul ar degeneration/regeneration and the
I nci dence (nunber of affected amnals) is calculated for each aninal group
or derivative. Kidney changes goi ng beyond this, such as tubular dilatation
and necroses as well as the accunul ati on of necrotic material, are |ikew se
listed. Rat nodel for determ ning nephrojgpoxic effects: Nephrotoxic side
effects of the nonadepsi peptides are anal ysed by hi st opat hol ogi cal
exam nations of the kidney in rats after nultiple adnministration of a
particul ar r YA enously
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t ubul ar deggmgggf,érg%g&gﬁqgg Ah4f) and the incidence (nunber of affected
amnals) is calculated for each aninal group or derivative. Kidney changes

goi ng beyon%gah@,enm%ﬁa“gm rgﬂds%g on and necroses as well as the
accunul ati on of necrotic material, are 11 Kew se Ilsted Principle of the
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Transil (r)/plasma partitioning ratio (MApi.a) by incubating the test
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membrane affinities are expected to be high, the Transil® dispersion can be diluted up to 20
times with phosphate buffer of pH 7.4, e.g. Dulbecco’s PBS. Phosphate buffer of pH 7.4 is
provided in the incubation vessels, and the Transil® is pipetted in after thorough mixing.
The test substance is pipetted in at a concentration of, for example, 200 ng/ml, n = 6. The
proportion of organic solvents should be <2%. The mixtures are incubated at room tem-
perature i.e. on a mini-shaker at an angle of about 45°, at about 400 rpm for 30 min. The
100% value is determined by taking at least one aliquot of, for example, 100 pl, and the
remaining mixture is centrifuged at about 1800 g for about 10 min. At least 2 aliquots (e.g.
100 pl) of the supernatant are taken from each sample for the concentration determination.

Determination of MA jjaim, in undiluted or diluted plasma:

The total incubation volume and the added volume of Transil® depend on the expected free
fraction. The total volume is usually 0.5-1 ml, and the Transil® volume is 10-100 pl. If the
free fractions are very low, the plasma of the species to be investigated is diluted e.g. 10—
400 times with an isotonic buffer solution, pH 7.4, and then Transil® is added. The subse-
quent procedure is as described above for determining the M Ay, values.

Principle of the determination of the free fraction via ultrafiltration:
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the free fraction of drugs strongly bound to plasnma proteins."” Journal of
Phar maceuti cal Sciences 2004, 93, 816-830. Determ nation of the menbrane
affinity of a test substance after partitioning between Transil(r) and
buffer (MAb, f e): Al incubations are carried out in suitable glass
vessels, e.g. glass vials, ground-joint test tubes. The total volune is
usually 0.5-5 m, and the Transil(r) wolunme is 10-100 I. If the nenbrane
affinities are expected to be high, the Transil(r) dispersion can be diluted
up to 20 tinmes with phosphate buffer of pH 7.4, e.g. Dul becco's PBS.
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menbr anes ve excl usio W4 f I is. doped with
the substance® Pﬂﬁléciﬁﬂ%e dtolrf)gffs(flgelegh5§%g§§%%%2%%Y§§g£§?¢;%4ﬁ%ﬁ of
sol vent g P&E » Wm0t polyuinyipyiotifgags (G P LEABEPREIEP ST 0
m nutes, e’ PEQEASRESIUMMSIRAAte-oq i nto the ul ftrafiltrati on system and
centifuge t 1800 for 10 mutes. .The. concenktrati on of substance in the
ultrafilt ?ﬁ%‘ Y%gftzg%]%uﬂwmgf%ﬁédl%ﬂ%@mafgf iqgﬁ)m'and in the plasma
bef ore ceEtri fugati on (C, total substance concentration) is neasured. The
free fra calculated by the fornmula f* (% = C" /C* 100. C
Exenpl ary ,enbodi nent.s of Pharmaceutical .co oslaﬁﬁidon The ¢ Otln of the
; C T A 0 Y 1€ 1o, : () t1
R I e R e R R

for 5 min. This mixture is compressed with a conventional tablet press (see above for

format of the tablet). A guideline for the compressive force used for the compression is 15
kN.

Suspension which can be administered orally:

Composition:

1000 mg of the compound of Example 1, 1000 mg of ethanol (96%), 400 mg of Rhodigel
(xanthan gum from FMC, Pennsylvania, USA) and 99 g of water.

10 ml of oral suspension correspond to a single dose of 100 mg of the compound of the
invention.

Preparation:



foll ow ng ways: Tablet: Conposition: 100 ng of the conpound of Exanple 1,
50 ng of | actose (nonohydrate), 50 ng of maize starch (native), 10 ng of
pol yvi nyl pyrol i done (PVP 25) (BASF, Ludw gshafen, Gernmany) and 2 ng of
magnesi um st earate. Tabl et weight 212 ng. Dianeter 8 nm radius of curvature
12 nm Preparation: A mixture of activedlingredient, |lactose and starch is
granulated with a 5% solution (nifm of the PVP in water. The granules are
dried and then m xed with the magnesiumstearate for 5 min. This mxture is
conpr essed wiht Rhadigelnysspéndadiin dtliznbl andithe setive sempaimhie added to the swsptnsadn. t he
tablet). A Jhedater sadfiat whitkestiexmg Tae sixterefiostiveed dfereabohites h ttd tieooswrilegsifon i s
15 kN. SuspierRhadigelBicofaplegsn be admini stered orally: Conposition: 1000 ng
of the compound of Exanple 1, 1000 ng of ethanol (96%, 400 ng of Rhodi gel
(xant han gurSofutiomwhi€h cdncadusinisvered itrdvergushind 99 g of water. 10 m of oral
suspensi on correspond to a single dose of 100 ng of the conpound of the

i nvention. oapesidbn.on: 51 The Rhodigel is suspended in ethanol, and the
active compound is added to the suspension. The water is added while
stirring. THE0-Q0Kmgrof tHeomipbtridest BxampRQUs g 6f Polyethylend glecod wed andaF0qfof t he
Rhodi gel i s vasatifdrdhjectionol uti on whi ch can admi ni stered intravenously:
Conposition: 100-200 ng of the conmpound of Exanple 1, 15 g of pol yethyl ene
gl ycol 400 a_a%aaﬁsn;g of water for injection. Preparation: The conpound of
Exanple 1 is dissolved together with polyethylene glycol 400 in the water
Wi th stirri e cdiipounalofEkafiple $ iSdissolvel Zp@thbywith bblyetylene glpeslaoeinhet er 0. 22
m and di speRebthisaaRg. FReERNltonGPNAEH1IZe® B filtration (R84 didheter 0.0Z fh) ki USi on

bot tles. Theigpaist@®hndF Ssepfid Afions info heaf-HeilRd HBABEbGHIANFhe lahEmed caps. 52
d ai ms closed with infusion stoppers and crimped caps.



1. Conpound of formula O NH2 HOHHN ~\ NHHO NHOOOCH3 O 00 ONMNH
CH3 OCH3 O OHHNOOOHA), HNRZ?2~HHHOHHCH H3ICCH3 , | N CH3
HN. /NH2 R NH in which R represents hydrogen, and R2 represents
2,2-dinmethyl but-1-yl, 2-ethyl-2-nethylbut-I-yl, 2,2-diethylbut-I- yl,
2,2-dinmethylpent-1-yl or trimethylsilylmethyl, or Rl represents
trifluoromethyl, and R2 represents 2, 22di met hyl prop-1-yl,

2,2-di methyl but-1-yl, 2-ethyl-2- nmethylbut-1-yl, 2,2-diethylbut-I|-yl,
2,2-dimethyl pent-1-yl or trinmethyl- silylnmethyl, or one of its salts, its
sol vates or the solvates of its sal tglaimg. Conpound according to claimi1,
characterized in that Rl represents hydrogen, and R2 represents

2, 2-di met hy| KCompbupd ofbformulanet hyl sil yl nethyl, or Rl represents
trifluoronethyl, and 53 RZ represents 2, 2-di net hyl prop-1I-yl,

2,2-dinmethyl but-1-yl or trinethyl 'IyNH met hyl . 3. Conpound according to
claim1l1, characterized in that 2

HO
0
o Oy N .
H2N>/[L H
: N[
R: H
H H HO
~
. N
R1
in which
R! represents hydrogen, and

R? represents 2,2-dimethylbut-1-yl, 2-ethyl-2-methylbut-1-yl, 2,2-diethylbut-1-
yl, 2,2-dimethylpent-1-yl or trimethylsilylmethyl,

or

R' represents trifluoromethyl, and

R? represents 2,2-dimethylprop-1-yl, 2,2-dimethylbut-1-yl, 2-ethyl-2-
methylbut-1-yl, 2,2-diethylbut-1-yl, 2,2-dimethylpent-1-yl or trimethyl-
silylmethyl,

or one of its salts, its solvates or the solvates of its salts.

2.  Compound according to claim 1, characterized in that

R! represents hydrogen, and

R? represents 2,2-dimethylbut-1-yl or trimethylsilylmethyl,

or

R' represents trifluoromethyl, and



R represents hydrogen, and R2 represents 2,2-dinmethyl but-1I-yl,
2-ethyl-2-nmethylbut- | -yl, 2,2-diethylbut-I- yl or trinmethylsilylnmethyl. 4.
Compound according to claim1 having the foll ow ng structure
3-(trinethylsilyl)-D

al anyl - 3- (pyridin-3-yl)-t.-al anyl - de(1- Ega:_gucyl -t.-leucyl)lysobactin O
NH2 HO H H N HO NNH\HO,,,OOl. OONHOO:I—BOOOOCI—B
H2ZNH H3 O N -.,- : %HSQ)HNHN'NHCSiHOSCHS HCH HSC H3C 6\ N 3
CH3 HN~NHZ NH ,or one its
salts. 5. Met ho% for r?’r i n*'stzﬁzqglme@%ﬁg iﬁ?ff 8}6 El 0accor EIISlld?to claim
1, characterized t he conmpound of formula 54 0 NH2 HO'" ,IN HO H
rCH, N HO 9 0 8019pc|)\lulﬁldgc_lgbr8ng to%m H%Rlarchl}lerlcz)eg) inﬂhgtll) >

R! represents hydrogen, and

R? represents 2,2-dimethylbut-1-yl, 2-ethyl-2-methylbut-1-yl, 2,2-diethylbut-1-
yl or trimethylsilylmethyl.

4.  Compound according to claim 1 having the following structure 3-(trimethylsilyl)-D-
alanyl-3-(pyridin-3-yl)-L-alanyl-de(1-D-leucyl-2-L-leucyl)lysobactin

or one of its salts, its solvates or the solvates of its salts.

5. Method for preparing a compound of formula (I) according to claim 1, characterized
in that the compound of formula
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NNHOHHCH3 H3C CH3 CH3 HN. /NH2 NH is reacted with a conpound of
formula O0 X HZNAN 4", HHHN(H), R in which R and R2 have the
meani ng indicated in claim1l1l, and Xl represents hal ogen, preferably brom ne,
chlorine or fluorine, or hydroxy. 6. Conpound according to one of clains 1
to 4 for the treatnent and/or prophylaxis of diseases. 7. Use of a conpound
according to one of claims 1 to 4 for S¢he production of a ne- dicanment for
the treatnment and/or prophyl axis of diseases. 8. Use of a conmpound according
to one of clainms 1 to 4 for the production of a nme- dicanent for the
treatment and/or prophylaxis o®. b erial infections. 9. Mdicanent
conprising a conpound according)fo éne of clains | to 4 in conbina- tion
with an inert, non-toxic, phgtmacewically acceptable excipient. 10.

Medi cament according to claimg otN traa ment and/or prophyl axis of
bacterial infections. 55 11N | edfst §ffe onpound according to one of
claims 1 to 4, a nedi capeatgcconyi ng t 2l m%sor a medi cament accordi ng
toclaim7 or 8 for 'ng-cQntr llindg bac'tﬁrial i nfections in humans and

ani mal s. o O:/\N/(C"'a
o)

0 :: \/CH3
HN w2 o ]}: (),
N\)\\ N
H - H
HO . 'ICH,
CH
HC \(
CHy  HN_ “/NHZ
NH
is reacted with a compound of formula
0O 0 X
HZ%
z N “,
R H y
~
~x-N a,
R1
in which
R' and R? have the meaning indicated in claim 1, and
X! represents halogen, preferably bromine, chlorine or fluorine, or hydroxy.

6. Compound according to one of claims 1. to 4 for the treatment and/or prophylaxis of
diseases.

7. Use of a compound according to one of claims 1 to 4 for the production of a me-
dicament for the treatment and/or prophylaxis of diseases.

8.  Use of a compound according to one of claims 1 to 4 for the production of a me-
dicament for the treatment and/or prophylaxis of bacterial infections.

9.  Medicament comprising a compound according to one of claims 1 to 4 in combina-
tion with an inert, non-toxic, pharmaceutically acceptable excipient.

10. Medicament according to claim 9 for the treatment and/or prophylaxis of bacterial
infections.
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11. At least one compound according to one of claims 1 to 4, a medicament
according to claim 9 or a medicament according to claim 7 or 8 for use in
controlling bacterial infections in humans and animals.





