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CYSTOBACTAMIDES 

0001 Cystobactamides are novel natural products that 
have been isolated from myXobacterium Cystobacter velatus 
(MCy8071; internal name: Cystobacter ferrugineus). Cysto 
bactamides exhibit a good antibiotic activity, especially 
against Selected Gram-negative bacteria, such as E. Coli, P 
aeruginosa, and A. baumannii, as well as a broad Spectrum 
activity against Gram-positive bacteria. 
I0002 The present invention provides compounds of for 
mula (I) 

(I) 

R– Ar–L– Ar°–L?– Ar°–Lº–Ar“–L“–Ar°–R? 

wherein 
[0003] Ar“ is an optionally substituted phenylenegroup or 
an optionally Substituted heteroarylene group having 5 or 6 
ring atoms including 1, 2, 3 Or 4 heteroatoms Selected from 
Oxygen, sulphur and nitrogen: 
0004 Ar“ is an optionally substituted phenylenegroup or 
an optionally Substituted heteroarylene group having 5 or 6 
ring atoms including 1, 2, 3 Or 4 heteroatoms Selected from 
Oxygen, sulphur and nitrogen: 
[0005 Arº is an optionally substituted phenylenegroup or 
an optionally Substituted heteroarylene group having 5 or 6 
ring atoms including 1, 2, 3 Or 4 heteroatoms Selected from 
Oxygen, sulphur and nitrogen: 
[0006 Ar“ is absentoran optionally substitutedphenylene 
group or an optionally Substituted heteroarylene group haV 
ing 5 or 6 ring atoms including 1, 2, 3 Or 4 heteroatoms 
Selected from Oxygen, sulphur and nitrogen: 
[0007 Arº is absentoran optionally substituted phenylene 
group or an optionally Substituted heteroarylene group haV 
ing 5 or 6 ring atoms including 1, 2, 3 Or 4 heteroatoms 
Selected from Oxygen, sulphur and nitrogen: 
[0008) L“ is a bond, an oxygen atom, a sulphur atom ora 
group offormula NH, CONH, NHCO, COO, OCO, CONR°, 
NR°CO, OCONH, NHCOO, NHCONH, OCONR°, 
NR°COO, NR°CONR“.NR°,–CNR°––CO––SO– 

having 5 or 6 ring atoms including 1, 2, or 3 heteroatoms 
Selected from Oxygen, sulphur and nitrogen, ora heteroalky 
lene group; 
[0009) Lº is a bond, an oxygen atom, a sulphur atom ora 
group offormula NH, CONH, NHCO, COO, OCO, CONRº, 
NR°CO, OCONH, NHCOO, NHCONH, OCONR°, 
NR°COO, NR°CONR“, NR°,–CNR°––CO––SO– 

having 5 or 6 ring atoms including 1, 2, or 3 heteroatoms 
Selected from Oxygen, sulphur and nitrogen, ora heteroalky 
lene group; 
0010) Lº is absent or a bond, an oxygen atom, a sulphur 
atomora group offormulaNH, CONH, NHCO, COO, OCO, 
CONRº, NR°CO, OCONH.NHCOO, NHCONH, OCONR°, 
NR°COO, NR°CONR“.NR°,–CNR°––CO––SO– 
SO2–, SONH–, NHSO2– SO-NRº– 

having 5 or 6 ring atoms including 1, 2, or 3 heteroatoms 
Selected from Oxygen, sulphur and nitrogen, ora heteroalky 
lene group; 
[0011 L“ is absent or a bond, an oxygen atom, a sulphur 
atomora group offormulaNH, CONH, NHCO, COO, OCO, 
CONRº, NR°CO, OCONH.NHCOO, NHCONH, OCONR°, 
NR°COO, NR°CONR“, NR°,–CNR°––CO––SO– 

having 5 or 6 ring atoms including 1, 2, or 3 heteroatoms 
Selected from Oxygen, sulphur and nitrogen, ora heteroalky 
lene group; 
[0012| R is a hydrogen atom, a halogen atom, a hydroxy 
group, anamino group, a thiol group, a nitrogroup, agroup of 
formula –COOH, –SO-NH2. –CONH2,–NO-or –CN, 
analkyl, an alkenyl, analkynyl, a heteroalkyl, a cycloalkyl, a 
heterocycloalkyl, an alkylcycloalkyl, a heteroalkylcy 
cloalkyl, an aryl, a heteroaryl, an aralkylor a heteroaralkyl 
group, 
[0013 R“ is a hydrogen atom, a halogen atom, a hydroxy 
group, anamino group, a thiol group, a nitrogroup, agroup of 
formula –COOH, –SO-NH2. –CONH2,–NO-or –CN, 
analkyl, an alkenyl, analkynyl, a heteroalkyl, a cycloalkyl, a 
heterocycloalkyl, an alkylcycloalkyl, a heteroalkylcy 
cloalkyl, an aryl, a heteroaryl, an aralkylor a heteroaralkyl 
group, 
[0014) the groups Rºare independently from each othera 
hydrogen atom ora Calkylgroup; and 
[0015 the groups R“ are independently from each othera 
hydrogen atom Ora C1-6 alkylgroup; 
I0016 or a pharmaceutically acceptable salt, solvate or 
hydrate or a pharmaceutically acceptable formulation 
thereof. 
I0017 The expression alkylrefers to a saturated, straight 
chain or branched hydrocarbon group that contains from 1 to 
20 carbon atoms, preferably from 1. to 15 carbon atoms, 
especially from l to 10 (e.g. 1, 2, 3 Or 4) carbon atoms, for 
example a methyl, ethyl, propyl, iso-propyl, n-butyl, iso 
butyl, Sec-butyl, tert-butyl, n-pentyl, iso-pentyl, n-hexyl, 2,2- 
dimethylbutylor n-Octyl group. 
I0018 The expressions alkenyland alkynylreferto at least 
partially unsaturated, straight-chain Orbranched hydrocarbon 
groups that contain from 2 to 20 carbon atoms, preferably 
from 2 to 15 carbonatoms, especially from 2 to 10 (e.g. 2, 3 
Or 4) carbonatoms, forexample an ethenyl (Vinyl), propenyl 
(allyl), iso-propenyl, butenyl, ethinyl. propinyl, butinyl, 
acetylenyl, propargyl, isoprenylor heX-2-enylgroup. Prefer 
ably, alkenyl groups have One or two (especially preferably 
One) double bond(s), and alkynyl groups have One or two 
(especially preferably one) triple bond(s). 
I0019 Furthermore, the terms alkyl, alkenyland alkynyl 
refer to groups in which One or more hydrogen atoms have 
been replaced by a halogenatom (preferably For Cl) such as, 
forexample, a 2.22-trichioroethylora trifluoromethylgroup. 
I0020 The expression heteroalkyl refers to an alkyl, alk 
enyloralkynylgroup in whichone or more (preferably 1 to 8: 
especially preferably 1, 2, 3 or 4) carbon atoms have been 
replaced by an Oxygen, nitrogen, phosphorus, boron, Sele 
nium, siliconor Sulfur atom (preferably by an Oxygen, Sulfur 
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Ornitrogen atom) or by a SO or a SO2 group. The expression 
heteroalkyl furthermore refers to a carboxylic acid or to a 
group derived from a carboxylic acid, such as, for example, 
acyl, acylalkyl, alkOXycarbonyl, acyloXy, acyloXyalkyl, car 
boxyalkylamide oral kOXycarbonyloXy. 
I0021 Preferably, a heteroalkylgroup contains from 1 to 
12 carbon atoms and from 1 to 8 heteroatoms selected from 
Oxygen, nitrogen and Sulphur (especially Oxygen and nitro 
gen). Especially preferably, a heteroalkyl group contains 
from l to 6 (e.g. 1, 2, 3 Or 4) carbon atoms and 1, 2, 3 Or 4 
(especially 1, 2 or 3) heteroatoms Selected from Oxygen, 
nitrogen and Sulphur (especially Oxygen and nitrogen). The 
term C1-C5 heteroalkylrefers to a heteroalkylgroup contain 
ing from l to 6 carbon atoms and 1, 2 or 3 heteroatoms 
selected from O, Sand/or N(especially 0 and/or N). The term 
C-C4 heteroalkyl refers to a heteroalkyl group containing 
from 1 to 4 carbon atoms and 1, 2 or 3 heteroatoms selected 
from O, Sand/or N(especially 0 and/or N). Furthermore, the 
term heteroalkylrefers to groups in whichone or more hydro 
gen atoms have been replaced by a halogen atom (preferably 
For Cl). 
I0022 Especially preferably, the expression heteroalkyl 
refers to an alkyl group as defined above (straight-chain or 
branched) in whichone or more (preferably 1 to 6; especially 
preferably 1, 2, 3or 4) carbonatomshave been replaced by an 
Oxygen, Sulfuror nitrogen atom; this group preferably con 
tains from l to 6 (e.g. 1, 2, 3 Or 4) carbonatoms and 1, 2, 3 or 
4 (especially 1, 2 or 3) heteroatoms Selected from Oxygen, 
nitrogen and sulphur (especially Oxygen and nitrogen); this 
group may preferably be substituted by one or more (prefer 
ably 1 to 6; especially preferably 1, 2, 3 or 4) fluorine, chlo 
rine, bromine or iodine atoms or OH, =O, SH, =S, NH2, 
=NH, N, CN or NO, groups. 
I0023 The expression heteroalkylene group refers to a 
divalent heteroalkylgroup. 

hydrogen atom, a C1-C5 alkyl, a C2-C5 alkenyl or a C2-C5 
alkynylgroup: R“ beinga hydrogen atom, a C-Coalkyl, a 
C2-Calkenylora C2-Coalkynylgroup: Rºbeinga hydrogen 
atom, a C1-C5 alkyl, a C2-C5 alkenyl or a C2-C5 alkynyl 
group: R“ beinga hydrogen atom, a C-Cs alkyl, a C2-Cs 
alkenylora C2-C5 alkynylgroup andYabeinga bond, a C1-C5 
alkylene, a C2-C5 alkenylene or a C2-C5 alkynylene group, 
wherein each heteroalkylgroup contains at least one carbon 
atom and One or more hydrogen atoms may be replaced by 
fluorine orchlorine atoms. 
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I0025 Specific examples of heteroalkylgroups are meth 
OXy, trifluoromethoxy, ethOXy, n-propyloXy, isopropyloXy, 
butoxy, tert-butyloxy, methoxymethyl, ethoxymethyl, 
–CH-CH2OH, –CHOH, –SOMe, methoxyethyl, 
1-methoxyethyl, 1-ethoxyethyl, 2-methoxyethyl or 
2-ethoxyethyl, methylamino, ethylamino, propylamino, iso 
propylamino, dimethylamino, diethylamino, isopropylethy 
lamino, methylamino methyl, ethylamino methyl, diisopro 
pylamino ethyl, methylthio, ethylthio, isopropylthio, enol 
ether, dimethylamino methyl, dimethylamino ethyl, acetyl, 
propionyl, butyryloXy, acetyloXy, methoxycarbonyl, ethoxy 
carbonyl, propionyloxy, acetylaminoor propionylamino, car 
boxymethyl, carboxyethylor carboxypropyl, N-ethyl-N-me 
thylcarbamoyl or N-methylcarbamoyl. Further examples of 
heteroalkylgroups are nitrile, isonitrile, cyanate, thiocyanate, 
isocyanate, isothiocyanate and alkylnitrile groups. 
I0026 The expression cycloalkyl refers to a saturated or 
partially unsaturated (for example, a cycloalkenyl group) 
cyclic group that contains One or more rings (preferably 1 or 
2), and contains from 3 to 14 ring carbon atoms, preferably 
from:3 to 10 (especially 3, 4, 5, 6or 7) ring carbonatoms. The 
expression cycloalkylrefers furthermore to groups in which 
One or more hydrogen atoms have been replaced by fluorine, 
chlorine, bromine oriodine atoms or by OH, =O, SH, =S, 
NH2, =NH, N or NO2 groups, thus, for example, cyclic 
ketones Such as, for example, cyclohexanone, 2-cyclohex 
enone or cyclopentanone. Further Specific examples of 
cycloalkylgroups are a cyclopropyl, cyclobutyl, cyclopentyl, 
Spiro4.5|decanyl, norbornyl. cyclohexyl. cyclopentenyl, 
cyclohexadienyl, decalinyl bicyclo4.3.0|nonyl, tetraline, 
cyclopentylcyclohexyl, fluorocyclohexylor cyclohex-2-enyl 
group. 
I0027 The expression heterocycloalkyl refers to a 
cycloalkyl group as defined above in which One or more 
(preferably 1, 2 or 3) ring carbonatomshave been replaced by 
an Oxygen, nitrogen, silicon, Selenium, phosphorus or Sulfur 
atom (preferably by an Oxygen, Sulfuror nitrogen atom) or a 
SO group or a SO2 group. A heterocycloalkyl group has 
preferably 1 or 2 ring(s) containing from:3 to 10 (especially 3, 
4, 5, 6or 7) ring atoms (preferably selected from C, O, Nand 
S). The expression heterocycloalkyl refers furthermore to 
groups that are substituted by fluorine, chlorine, bromine or 
iodine atoms or by OH, =O, SH, =S, NH =NH, N or 
NO2 groups. Examples are a piperidyl, prolinyl, imidazolidi 
nyl, piperazinyl, morpholinyl, urotropinyl, pyrrolidinyl, tet 
rahydrothiophenyl, tetrahydropyranyl, tetrahydrofuryl or 
2-pyrazolinyl group and also lactames, lactones, cyclic imi 
des and cyclic anhydrides. 
I0028 The expressionalkylcycloalkylrefers to groups that 
contain both cycloalkyl and also alkyl, alkenyl or alkynyl 
groups in accordance with the above definitions, forexample 
alkylcycloalkyl, cycloalkylalkyl, alkylcycloalkenyl, alkenyl 
cycloalkyland alkynylcycloalkylgroups. An alkylcycloalkyl 
group preferably contains a cycloalkyl group that contains 
one or two rings having from 3 to 10 (especially 3, 4, 5, 6 or 
7) ring carbonatoms, and One Ortwo alkyl, alkenyloralkynyl 
groups (especially alkyl groups) having 1 or 2 to 6 carbon 
alOmS. 

I0029 The expression heteroalkylcycloalkylreferstoalky 
lcycloalkyl groups as defined above in which one or more 
(preferably 1, 2 or 3) carbonatoms have been replaced by an 
Oxygen, nitrogen, silicon, Selenium, phosphorus or Sulfur 
atom (preferably by an Oxygen, Sulfuror nitrogen atom) or a 
SO group or a SO2 group. A heteroalkylcycloalkyl group 
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preferably contains 1 or 2 rings having from 3 to 10 (espe 
cially 3, 4, 5, 6or 7) ring atoms, and One Ortwoalkyl, alkenyl, 
alkynylor heteroalkylgroups (especially alkylor heteroalkyl 
groups) having from 1 or 2 to 6 carbon atoms. Examples of 
Such groups are alkylheterocycloalkyl, alkylheterocycloalk 
enyl, alkenyl-heterocycloalkyl, alkynylheterocycloalkyl, het 
eroalkylcycloalkyl, heteroalkylhetero-cycloalkyl and het 
eroalkylheterocycloalkenyl, the cyclicgroups being Saturated 
or mono-, di- or tri-unsaturated. 
I0030 The expressionaryl refers to an aromatic group that 
contains One or more rings containing from 6 to 14 ring 
carbon atoms, preferably from 6 to 10 (especially 6) ring 
carbon atoms. The expression aryl refers furthermore to 
groups that are substituted by fluorine, chlorine, bromine or 
iodine atoms or by OH, SH, NH2, N or NO2 groups. 
Examples arethephenyl, naphthyl, biphenyl, 2-fluorophenyl, 
anilinyl, 3-nitrophenylor 4-hydroxyphenylgroup. 
I0031 The expression heteroaryl refers to an aromatic 
group that contains One Ormore rings containing from:5 to 14 
ring atoms, preferably from 5 to 10 (especially 5 or 6or 9or 
10) ring atoms, and contains One Ormore (preferably 1, 2, 3 or 
4) Oxygen, nitrogen, phosphorus or Sulfur ring atoms (pref 
erably 0, S or N). The expression heteroaryl refers further 
more to groups that are Substituted by fluorine, chlorine, 
bromine or iodine atoms or by OH, SH, N, NH2 or NO2 
groups. Examples are pyridyl (e.g. 4-pyridyl), imidazolyl 
(e.g. 2-imidazolyl), phenylpyrrolyl (e.g. 3-phenylpyrrolyl), 
thiazolyl, isothiazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, OXa 
diazolyl, thiadiazolyl, indoly1, indazolyl, tetrazolyl, pyrazi 
nyl, pyrimidinyl, pyridazinyl, Oxazolyl, isOxazolyl, triazolyl, 
tetraZolyl, isoxazolyl, indazolyl, indolyl, benzimidazolyl, 
benZOxazolyl, benzisoxazolyl, benzthiazolyl, pyridazinyl, 
quinolinyl, isoquinolinyl, pyrrolyl, purinyl. carbazolyl, 
acridinyl, pyrimidyl, 2,3'-bifuryl, pyrazolyl (e.g. 3-pyrazolyl) 
and isoquinolinyl groups. 
I0032 The expression aralkylrefers to groups containing 
both aryland also alkyl, alkenyl, alkynyland/or cycloalkyl 
groups in accordance with the above definitions, Suchas, for 
example, arylalkyl, arylalkenyl, arylalkynyl, arylcycloalkyl, 
arylcycloalkenyl, alkylarylcycloalkyland alkylarylcycloalk 
enyl groups. Specific examples of aralkyls are toluene, 
Xylene, mesitylene, Styrene, benzylchloride, o-fluorotoluene, 
1H-indene, tetraline, dihydronaphthalene, indanone, phenyl 
cyclopentyl, cumene, cyclohexylphenyl, fluorene and indane. 
Anaralkylgroup preferably contains One Ortwo aromatic ring 
Systems (especially 1 or 2 rings), eachcontaining from 6 to 10 
carbon atoms and One or two alkyl, alkenyland/or alkynyl 
groups containing from 1 or 2 to 6 carbon atoms and/or a 
cycloalkylgroup containing 5 or 6 ring carbon atoms. 
I0033 The expression heteroaralkylrefers to groups con 
taining both aryl or heteroaryl, respectively, and also alkyl, 
alkenyl, alkynyland/or heteroalkyland/or cycloalkyland/or 
heterocycloalkyl groups in accordance with the above defi 
nitions. A heteroaralkylgroup preferably contains One Ortwo 
aromatic ring Systems (especially 1 or 2 rings), each contain 
ing from 5or 6 to 9 or 10 ring carbon atoms and one or two 
alkyl, alkenyland/or alkynyl groups containing 1 or 2 to 6 
carbon atoms and/or One or two heteroalkylgroups contain 
ing 1 to 6 carbon atoms and 1, 2 or 3 heteroatoms Selected 
from O, S and N and/or one or two cycloalkylgroups each 
containing 5 or 6 ring carbon atoms and/or One or two het 
erocycloalkylgroups, eachcontaining 5or 6 ring atoms com 
prising 1, 2, 3 Or 4 Oxygen, Sulfuror nitrogen atoms. 
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I0034 Examples are arylheteroalkyl, arylheterocy 
cloalkyl, arylheterocycloalkenyl, arylalkyl-heterocycloalkyl, 
arylalkenylheterocycloalkyl, arylalkynylheterocycloalkyl, 
arylalkyl-heterocycloalkenyl, heteroarylalkyl, heteroarylalk 
enyl, heteroarylalkynyl, heteroaryl-heteroalkyl, heteroaryl 
cycloalkyl, heteroarylcycloalkenyl, heteroarylheterocy 
cloalkyl, heteroarylheterocycloalkenyl, 
heteroarylalkylcycloalkyl, heteroarylalkylheterocyclo-alk 
enyl, heteroarylheteroalkylcycloalkyl, heteroarylheteroalky 
lcycloalkenyl and heteroarylheteroalkylheterocycloalkyl 
groups, the cyclic groups being Saturated or mono-, di- or 
tri-unsaturated. Specific examples are a tetrahydroisoquino 
linyl, benzoyl, 2– or 3-ethylindoly1, 4-methylpyridino, 2-, 3 
Or 4-methoxyphenyl, 4-ethoxy-phenyl, 2-, 3- Or 4-carbox 
yphenylalkylgroup. 
I0035 Asalready stated above, the expressionscycloalkyl, 
heterocycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, 
aryl, heteroaryl, aralkyland heteroaralkylalso referto groups 
that are substituted by fluorine, chlorine, bromine or iodine 
atoms or by OH, =O, SH, =S, NH2, =NH, N or NO 
groups. 
I0036 The expression “optionally substitutedº especially 
refers to groups that are optionally substituted by fluorine, 
chlorine, bromine oriodine atoms or by OH, =O, SH, =S, 
NH2, =NH, N or NO2 groups. This expression refers fur 
thermore to groups that may be Substituted by one, two, three 
or more unsubstituted C-Coalkyl, C2-Co alkenyl, C2-Co 
alkynyl, C-Co heteroalkyl, C3-C1s cycloalkyl, C2-C17 het 
erocycloalkyl, C4-Coalkylcycloalkyl, C2-C19heteroalkylcy 
cloalkyl, C6-C8 aryl, C-C7 heteroaryl, C7-C2o aralkylor 
C2-C19 heteroaralkylgroups. This expression refers further 
more especially to groups that may be Substituted by one, two, 
three or more unsubstituted C1-C5 alkyl, C2-C5 alkenyl, 
C2-C5 alkynyl, C-Cs heteroalkyl, C-Cocycloalkyl, C2-C9 
heterocycloalkyl, C7-C12 alkylcycloalkyl, C2-C11 heteroalky 
lcycloalkyl, C-Coaryl, C-C9 heteroaryl, C7-C12 aralkylor 
C2-C11 heteroaralkylgroups. 
|0037 Especially preferably at group Ar“, Ar“, Arº, Ar“and 
Arº, the expression“ optionally substitutedºrefers to groups 
that are optionally Substituted by one, two or three groups 
independently Selected from halogenatoms, hydroxygroups, 
groups offormula –O-alkyl (e.g. –O–C-5 alkyl Such as 
OMe, –OEt, –O-nPr, –O-iPr, –O-nBu, –O-iBu or 

–O-tBu), –NH –NRºR“ (wherein Rº“ and R“ inde 
pendently from each Other are a hydrogen atom or an alkyl 
group Such as a C-5 alkyl group), –SO-NH2, –CONH2, 
–CN, -alkyl (e.g. –C-5 alkyl, –CF), –SH, –S-alkyl 
(e.g. –S–C-5 alkyl). 
[0038 Mostpreferably at group Ar“, Ar“, Arº, Ar“ and Arº, 
the expression “optionally substitutedº refers to groups that 
are optionally Substituted by one, two or three groups inde 
pendently Selected from F, Cl, hydroxy groups, groups of 
formula –O–C-5 alkyl (especially –O–C-4 alkyl Suchas 
OMe, –OEt, –O-nPr, –O-iPr, –O-nBu, –O-iBu or 

–O-tBu), and –Calkyl (e.g. –C1-aalkyl Such as –CH 
Or–CF). 
[0039) Especially preferably at group Ar“, the expression 
“optionally substitutedº refers to groups that are optionally 
Substituted by One, two or three groups independently 
Selected from halogen atoms, hydroxygroups, groups offor 
mula –O-alkyl (e.g. –O–C-5 alkyl Such as –OMe, 

OEt, –O-nPr, –O-iPr, –O-nBu, –O-iBu or –O-tBu), 
–NH2. –NR“R“ (wherein Rº“ and R“ independently 
fromeachotherarea hydrogenatom oranalkylgroup Suchas 
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a C-5 alkyl group), –SO-NH2. –CONH2, –CN, -alkyl 
(e.g. –C-5 alkyl, –CF), –SH, –S-alkyl (e.g. –S–C-5 
alkyl) and NO2. 
I0040 Most preferably at group Ar°, the expression 
“optionally substitutedº refers to groups that are optionally 
Substituted by One, two or three groups independently 
selected from F, Cl, hydroxygroups, –NH2, –NO2, groups 
Offormula –O–C-5 alkyl (especially –O–C-4alkyl Such 
as –OMe, –OEt, –O-nPr, –O-iPr, –O-nBu, –O-iBuor 
–O-tBu), and –C-5 alkyl (e.g. –C-4 alkyl Suchas –CH3 
or –CF). 
|0041 The term halogen refers to F. Cl, Bror I. 
I0042 According to a preferred embodiment, allalkyl, alk 
enyl, alkynyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, het 
erocycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl, 
aralkyland heteroaralkylgroups described herein may inde 
pendently ofeach other optionally be substituted. 
I0043 When an aryl, heteroaryl, cycloalkyl, alkylcy 
cloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkylor 
heteroaralkylgroup contains more than One ring, these rings 
may be bonded to each other via a single or double bond or 
these rings may be annulated. 
I0044 Owing to their substitution, compounds offormula 
(I) may contain one or more centers Ofchirality. The present 
invention therefore includes bothallpure enantiomers andall 
pure diastereoisomers and also mixtures thereof in any miX 
ing ratio. The present invention moreOVer also includes all 
cis/trans-isomers of the compounds of the generalformula (I) 
and also mixtures thereof. The present invention moreover 
includes all tautomeric forms of the compounds offormula 
(I). 
[0045 Preferably, when Ar“ is absent, also Lºis absent. 
[0046 Further preferably, when Arº is absent, also L“ is 
absent. 
[0047 Preferably, Ar“ is an optionally substituted 1,4-phe 
nylene group or an optionally Substituted 1,3-heteroarylene 
group having 5 ring atoms including 1, 2, or 3 heteroatoms 
Selected from Oxygen, sulphur and nitrogen. 
[0048) Further preferably, Ar“ is an optionally substituted 
1,4-phenylene group. 
[0049 Preferably, Ar“ is an optionally substituted 1,4-phe 
nylene group or an optionally Substituted 1,3-heteroarylene 
group having 5 ring atoms including 1, 2, or 3 heteroatoms 
Selected from Oxygen, sulphur and nitrogen. 
|0050 Further preferably, Ar“ is an optionally substituted 
1,4-phenylene group. 
[0051 Preferably, Arº is an optionally substituted 1,4-phe 
nylene group or an optionally Substituted 1,3-heteroarylene 
group having 5 ring atoms including 1, 2, or 3 heteroatoms 
Selected from Oxygen, sulphur and nitrogen. 
[0052 Further preferably, Arº is an optionally substituted 
1,4-phenylene group. 
[0053] Preferably, Ar“ is an optionally substituted 1,4-phe 
nylene group or an optionally Substituted 1,3-heteroarylene 
group having 5 ring atoms including 1, 2, or 3 heteroatoms 
Selected from Oxygen, sulphur and nitrogen. 
[0054 Further preferably, Ar“ is an optionally substituted 
1,4-phenylene group. 
[0055) Preferably, Arº is an optionally substituted 1,4-phe 
nylene group or an optionally Substituted 1,3-heteroarylene 
group having 5 ring atoms including 1, 2, or 3 heteroatoms 
Selected from Oxygen, sulphur and nitrogen. 
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[0056| Further preferably, Arº is an optionally substituted 
1,4-phenylene group. 

[0057 Further preferably, Ar“ is absent. 
|0058 Further preferably, Arº is absent. 
I0059. The term 1,3-heteroarylene group having 5 ring 
atoms including 1, 2, or 3 heteroatoms Selected from Oxygen, 
sulphur and nitrogenespecially preferably refers to one of the 
following groups: 

wherein A is 0, S or NH; Uis Nor CH: V is Nor CH: Wis N 
or CH: and X is Nor CH. 
[0060) Further preferably, L“ is a group of formula 
CONH–, NHCO–, SONH– NHSO 

–CH=CH– –CRº=CR“– oran optionally substituted 
heteroarylene group having 5 ring atoms including 1, 2, or 3 
heteroatoms Selected from Oxygen, sulphur and nitrogen, 
wherein Rºand R“ are independently from eachothera C-6 
alkylgroup. 

[0061 Further preferably, Lº is a group of formula 
CONH–, NHCO–, SONH– NHSO-, 

–CH=CH– –CRº=CR“– oran optionally substituted 
heteroarylene group having 5 ring atoms including 1, 2, or 3 
heteroatoms Selected from Oxygen, sulphur and nitrogen, 
wherein Rº and R“ are independently from each othera C1-6 
alkylgroup. 

[0062. Further preferably, Lº is absent or a group of for 
mula –CONH– –NHCO– –SONH– –NHSO2–, 
–CH=CH– –CRº=CR“– oran optionally substituted 
heteroarylene group having 5 ring atoms including 1, 2, or 3 
heteroatoms Selected from Oxygen, sulphur and nitrogen, 
wherein Rº and R“ are independently from each othera C1-6 
alkylgroup. 
[0063 Further preferably, L“ is absent or a group of for 
mula –CONH– –NHCO– –SONH– –NHSO2–, 
–CH=CH– –CRº=CR“– oran optionally substituted 
heteroarylene group having 5 ring atoms including 1, 2, or 3 
heteroatoms Selected from Oxygen, sulphur and nitrogen, 
wherein Rº and R“ are independently from each othera C1-6 
alkylgroup. 
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[0064 Further preferably, L“ is NHCO (wherein the nitro 
genatomisboundto Ar“)ora group ofthe followingformula: 

OR30 

MeO 
O 

V H O 

', N 
X NH 

" Ö „“ 
O § 

NH2 

MeO 
O 

'. H 
“, N 

X NH 

X O „“ 
O 

(wherein the NH group is bound to Ar“), wherein R“ is a 
hydrogen atom ora C-3 alkylgroup. 
[0065 Especially preferably, L“ is NHCO (wherein the 
nitrogen atomis boundto Ar“). 
|0066 Moreover preferably, Lº is NHCO (wherein the 
nitrogen atom is bound to Ar“) or a group of the following 
formula: 

OR30 

MeO 
O 

% H O 

', N 
X NH 

' Ö „“ 
O F 

NH2 

MeO 
O 

'. H 
“. N 

X NH 

X O „“ 
O 

(wherein the NH group is bound to Ar“), wherein R“ is a 
hydrogen atom ora C-3 alkylgroup. 
|0067 Especially preferably, Lº is NHCO (wherein the 
nitrogen atomis boundto Ar“). 
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[0068 Further preferably, Lº is absent or a group of the 
following formula: 

g. O 

„“ Of 

„“ SN 
H 

A O 

„“ Of 
g O 

„“ N 
g H 

ÖMe OR30 
OR3 () 

MeO 
O 

X H O 

', -N 
& NH 

& O „“ 
O f 

NH2 

MeO 
O 

", -N 
& NH 

V O „“ 
O 

(wherein the NH group is bound to Arº), wherein R“ is a 
hydrogen atom ora C-3alkylgroup. 
[0069 Further preferably, L“ is absent or NHCO (wherein 
the nitrogen atom is bound to Ar“). 
[0070 Moreover preferably, Rºº is a hydrogen atom. 
[0071 Furtherpreferably, Risahydrogenatom, ahalogen 
atom or a group of formula –OH, –NH2. –COOH, 
–SO-NH2. –CONH2, –NO, –CN, -alkyl (e.g. –CF), 
–O-alkyl, –O–CO-alkyl, –NH-alkyl, –NH–CO-alkyl, 
or an optionally Substituted heteroaryl group having 5 ring 
atoms including 1, 2, 3 Or 4 heteroatoms Selected from Oxy 
gen, sulphur and nitrogen, or an optionally Substituted het 
erocycloalkylgroup having 5 ring atoms including 1, 2, 3 or 
4 heteroatoms selected from Oxygen, sulphur and nitrogen. 
[0072) Moreover preferably, Rºisa hydrogenatom, ahalo 
gen atom or a group of formula –OH, –NH2. –COOH, 
–SO-NH2. –CONH2. –NO, –CN, -alkyl (e.g. –CF), 
–O-alkyl, –O–CO-alkyl, –NH-alkyl, –NH–CO-alkyl, 
or an optionally Substituted heteroaryl group having 5 ring 
atoms including 1, 2, 3 Or 4 heteroatoms Selected from Oxy 
gen, sulphur and nitrogen, or an optionally Substituted het 
erocycloalkylgroup having 5 ring atoms including 1, 2, 3 or 
4 heteroatoms selected from Oxygen, sulphur and nitrogen. 
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I0073 Preferred examples of optionally substituted het 
eroaryl groups having 5 ring atoms including 1, 2, 3 Or 4 
heteroatoms selected from Oxygen, sulphur and nitrogen and 
of optionally Substituted heterocycloalkyl groups having 5 
ring atoms including 1, 2, 3 Or 4 heteroatoms Selected from 
Oxygen, sulphur and nitrogen as groups R and R“ are isos 
teres of carboxylic acid Such as groups of the following for 
mulas: 

all these groups may optionally be further substituted. 
[0074 Especially preferably, R“ is a group of formula 
–NH2 –NO, COOR“, or –CONR“R“; wherein R“, 
R“ and Rºareindependentlyahydrogenatomora C-6 alkyl 
group: moreOVer preferably, R“ is a group of formula 
–COOH. 

|0075 Further especially preferably, R* is a group offor 
mula –NH –NO, COOR“, or –CONRºR“: 
wherein R“, R“ and R“ are independently a hydrogen 
atom ora C-6 alkylgroup; moreOVerpreferably, Rºis a group 
offormula –NH2 or –NO2. 
0076 Further especially preferably, R“ is a heteroaryl 
group having 5 ring atoms including 1, 2, 3 Or 4 heteroatoms 
Selected from Oxygen, sulphur and nitrogen, and which is 
Substituted by a hydroxygroup. 
|0077 Further especially preferably, R* is a heteroaryl 
group having 5 ring atoms including 1, 2, 3 Or 4 heteroatoms 
Selected from Oxygen, sulphur and nitrogen, and which is 
Substituted by a hydroxygroup. 
I0078 Especially preferred are compounds offormula (I) 

wherein 

I0079 
group, 

Ar“ is an optionally substituted 1,4-phenylene 
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[0080) Ar“ is an optionally substituted 1,4-phenylene 
group, 

[0081 Arº is an optionally substituted 1,4-phenylene 
group, 

[0082) Ar“ is absent or an optionally substituted 1,4-phe 
nylenegroup 

[0083] Arº is absent or an optionally substituted 1,4-phe 
nylenegroup 

[0084 L“ is a group offormula –CONH– –NHCO– 
–SO-NH– or –NHSO2– or a group of the following 
formula: 

M 
O 

X O 
X 
V. 
& 

W 
X 
V. 

R 

R 

M 
O 

(wherein the NH group is bound to Ar“): 
[0085 L“ is a group offormula –CONH– –NHCO– 
–SONH– or –NHSO2–: 
[0086) Lº is absent or a group of formula –CONH–, 
NHCO– –SO-NH– or –NHSO2– or a group of the 

following formula: 

OR 

e(O 

NH 

O 
O 

NH 

e(O 

NH 

O 
O 

ge O HN O 

„“ Of 
P O 

„“ N 
H 

OMe 

O HN O 

„“ Of 
W O 

„“ N 
P H 

OMe OR39 
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–SO-NH2. –CONH2, –CN, -alkyl (e.g. –C1-6alkyl, 
–CF), –SH, –S-alkyl (e.g. –S–C-5 alkyl); and 
[0098 R“, R“, Land Lº areas defined above. 
|0099. Further preferred are compounds offormula (IV) 

(IV) 

R7 5 

R R H R 

HOOC 
O O 

wherein 
[0100 Rº is a group offormula –O–Calkyl: 
[0101 R° is a hydroxygroup: 
[0102 Rºis a group offormula –O–C-alkyl: and 
[0103 R“ is a hydrogen atom, an alkyl, an alkenyl, an 
alkynyl, a heteroalkyl, a cycloalkyl, a heterocycloalkyl, an 
alkylcycloalkyl, a heteroalkylcycloalkyl, an aryl, a het 
eroaryl, an aralkylora heteroaralkylgroup. 
[0104 Preferably, Rºis a hydrogen atom ora group of the 
following formula: 

NO2 

Of 

wherein R° is COOH or CONH2 and Rº is COOH or 
CONH2. 
[0105 Moreover preferably, Rº is a group of formula 
–O–C-4 alkyland Rºis a group of formula –O–C-4 
alkyl. 
I0106 Further preferred are compounds offormula (V) 

(V) 

R53 
R52 E 

N } S- Aré R51-O )- f »-- O 
O R54 O 

R55 

wherein 
[0107I Rºº is a hydrogen atom, ora C-6 alkylgroup; 
[0108 Rºº is a hydrogen atom, F, Cl, a hydroxygroup, a 
C-5 alkylgroup ora group offormula –O–C-5 alkyl: 

May 26, 2016 

(0109) Rºº is a hydrogen atom, F, C1, a hydroxygroup, a 
C-5 alkylgroup ora group offormula –O–C-5 alkyl: 
[0110 R“ is a hydrogen atom, F, C1, a hydroxygroup, a 
C-5 alkylgroup Ora group offormula –O–C1-6alkyl; 
[0111 Rºº is a hydrogen atom, F, C1, a hydroxygroup, a 
C-5 alkylgroup ora group offormula –O–C-5 alkyl: 
0112 Dis Nor CR°: 
I0113 Eis Nor CR°7: 
0114 Gis Nor CR“: 
I0115 Mis Nor CR°: 
[0116 R“ is a hydrogen atom, F, C1, a hydroxygroup, a 
C-5 alkylgroup ora group offormula –O–C-5 alkyl: 
[0117 Rºº is a hydrogen atom, F, C1, a hydroxygroup, a 
C-5 alkylgroup ora group offormula –O–C-5 alkyl: 
[0118 R“ is a hydrogen atom, F, C1, a hydroxygroup, a 
C-5 alkylgroup Ora group offormula –O–C1-6alkyl; 
[0119) Rºº is a hydrogen atom, F, C1, a hydroxygroup, a 
C-5 alkylgroup ora group offormula –O–C-5 alkyl; and 
[0120 Arºisan optionally substituted (by one, two or more 
substituents such as eg. R“, Rºor NHR“)phenylgroup oran 
optionally substituted (by one, two or more substituents such 
as e.g. R“, R* or NHR“) heteroaryl group having 5 or 6 ring 
atoms including 1, 2, 3 Or 4 heteroatoms Selected from Oxy 
gen, Sulphur and nitrogen; 
I0121 or a pharmaceutically acceptable salt, solvate or 
hydrate or a pharmaceutically acceptable formulation 
thereof. 

I0122 Especially preferred are compounds of Formula (V) 
wherein: 

[0123] R“ is a hydrogen atom, ora C14 alkylgroup; 
[0124 Rºº is a hydrogen atom, F, C1, a hydroxygroup, a 
C-4 alkylgroup ora group offormula –O–C-4 alkyl: 
[0125 Rºº is a hydrogen atom, F, C1, a hydroxygroup, a 
C-4 alkylgroup Ora group offormula –O–C-4alkyl; 
[0126 R“ is a hydrogen atom, F, C1, a hydroxygroup, a 
C-4 alkylgroup ora group offormula –O–C-4 alkyl: 
[0127 Rºis a hydrogen atom, F, C1, a hydroxygroup, a 
C-4 alkylgroup ora group offormula –O–C-4 alkyl: 
I0128 Dis Nor CR°: 
I0129 Eis Nor CR°7: 
I0130 Gis Nor CR°: 
I0131 Mis Nor CR°: 
[0132 Rºº is a hydrogen atom, F, C1, a hydroxygroup, a 
C-4 alkylgroup ora group offormula –O–C-4 alkyl: 
[0133 Rºº is a hydrogen atom, F, C1, a hydroxygroup, a 
C-4 alkylgroup ora group offormula –O–C-4 alkyl: 
[0134 R“ is a hydrogen atom, F, C1, a hydroxygroup, a 
C-4 alkylgroup or a group offormula –O–C-4 alkyl; and 
[0135 Rºº is a hydrogen atom, F, C1, a hydroxygroup, a 
C-5 alkylgroup ora group offormula –O–C-4 alkyl. 
I0136 Especially preferably, Only one or two (especially 
only One) of D, E, G and Mis/are N. 
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I0137 Further preferred are compounds offormula (VI) 

(VI) 

f N ** R 

wherein 
[0138 R“ is a hydrogen atom, ora C-6 alkylgroup; 
[0139] Rºis F, Cl, ahydroxygroup, a C-6 alkylgroup ora 
group of formula –O–C-5 alkyl (especially preferably a 
group Offormula –O–C-5 alkyl); 
|0140 Dis Nor CR°: 
[0141 R“ is a hydrogen atom, F, Cl, a hydroxygroup, a 
C-5 alkylgroup ora group offormula –O–C-5 alkyl: 
[0142. Rºº is a hydrogen atom, F, Cl, a hydroxygroup, a 
C-5 alkylgroup ora group offormula –O–C-5 alkyl: 
[0143) R“ is a hydrogen atom, F, Cl, a hydroxygroup, a 
C-5 alkylgroup ora group offormula –O–C-5 alkyl: 
[0144) Rºº is a hydrogen atom, F, Cl, a hydroxygroup, a 
C-5 alkylgroup or a group offormula –O–C1-6alkyl; and 
[0145| Ar°is an optionally substituted (by one, two or more 
substituents Suchase.g. R“, Rºor NHR“)phenylgroup oran 
optionally substituted (by one, two or more substituents such 
as eg. R“, Rºor NHR“) heteroaryl group having 5or 6ring 
atoms including 1, 2, 3 Or 4 heteroatoms Selected from Oxy 
gen, Sulphur and nitrogen: 
I0146 or a pharmaceutically acceptable salt, solvate or 
hydrate or a pharmaceutically acceptable formulation 
thereof. 
I0147 Especially preferred are compounds of Formula 
(VI) wherein: 
[0148| R“ is a hydrogen atom, ora C-4 alkylgroup; 
[0149) Rºis F, Cl, ahydroxygroup, aC-4 alkylgroup ora 
group of formula –O–C-4 alkyl (especially preferably a 
group offormula –O–C-4 alkyl); 
I0150 Dis Nor CR°: 
[0151. R“ is a hydrogen atom, F, Cl, a hydroxygroup, a 
C-4 alkylgroup ora group offormula –O–C-4 alkyl: 
[0152. Rºº is a hydrogen atom, F, Cl, a hydroxygroup, a 
C-4 alkylgroup or a group offormula –O–C1-aalkyl; 
[0153 R“ is a hydrogen atom, F, Cl, a hydroxygroup, a 
C-4 alkylgroup or a group offormula –O–C-4 alkyl; and 
[0154) Rºº is a hydrogen atom, F, Cl, a hydroxygroup, a 
C-4 alkylgroup ora group offormula –O–C-4 alkyl. 
|0155 Further preferred are compounds offormula (VII) 

(VII) 

R57 
R53 H NHR8 

D | 'N-N 
R51-O -S R61 

O O R59 R58 O R60 
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wherein 
[0156| Rºº is a hydrogenatom, ora C-6 alkylgroup; 
[0157. Rºis F, Cl, ahydroxygroup, a C-6 alkylgroup ora 
group of formula –O–C-5 alkyl (especially preferably a 
group Offormula –O-C-5 alkyl); 
[0158. Dis Nor CR°: 
[0159) R“ is a hydrogen atom, F, C1, a hydroxygroup, a 
C-5 alkylgroup ora group offormula –O–C-5 alkyl: 
[0160) R“ is a hydrogen atom, F, C1, a hydroxygroup, a 
C-5 alkylgroup Ora group offormula –O–C1-6alkyl; 
[0161] R“ is a hydrogen atom, F, C1, a hydroxygroup, a 
C-5 alkylgroup ora group offormula –O–C-5 alkyl: 
[0162 Rºº is a hydrogen atom, F, C1, a hydroxygroup, a 
C-5 alkylgroup ora group offormula –O–C-5 alkyl: 
[0163] R“ is a hydrogen atom, F, C1, a hydroxygroup, a 
C-5 alkylgroup Ora group offormula –O–C1-6alkyl; 
[0164) R“ is a hydrogen atom, F, C1, a hydroxygroup, a 
C-5 alkylgroup Ora group offormula –O–C1-6alkyl; and 
[0165 R“ is a hydrogen atom, an alkyl, an alkenyl, an 
alkynyl, a heteroalkyl, a cycloalkyl, a heterocycloalkyl, an 
alkylcycloalkyl, a heteroalkylcycloalkyl, an aryl, a het 
eroaryl, an aralkylora heteroaralkylgroup. 
I0166 or a pharmaceutically acceptable salt, solvate or 
hydrate or a pharmaceutically acceptable formulation 
thereof. 
I0167 Especially preferred are compounds of Formula 
(VII) wherein: 
[0168) Rºº is a hydrogenatom, ora C-4 alkylgroup; 
[0169) Rºis F, Cla hydroxygroup, a Calkylgroup ora 
group of formula –O–C-4 alkyl (especially preferably a 
group offormula –O–C-4 alkyl); 
I0170 Dis Nor CR°: 
[0171 R“ is a hydrogen atom, F, C1, a hydroxygroup, a 
C-4 alkylgroup Ora group offormula –O–C-4alkyl; 
[0172 R“ is a hydrogen atom, F, C1, a hydroxygroup, a 
C-4 alkylgroup or a group offormula –O–C1-aalkyl; 
[0173] R“ is a hydrogen atom, F, C1, a hydroxygroup, a 
C-4 alkylgroup ora group offormula –O–C-4 alkyl; 
[0174) Rºº is a hydrogen atom, F, C1, a hydroxygroup, a 
C-4 alkylgroup ora group offormula –O–C-4 alkyl: 
[0175) R“ is a hydrogen atom, F, C1, a hydroxygroup, a 
C-4 alkylgroup or a group offormula –O–C-4 alkyl; and 
[0176| R“ is a hydrogen atom, F, C1, a hydroxygroup, a 
C-4 alkylgroup ora group offormula –O–C-4 alkyl. 
[0177. Preferably, Rºis a hydrogen atom ora group of the 
following formula: 

wherein R° is COOH or CONH2 and Rº is COOH or 
CONH2. 
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I0178. Especially preferred are the following compounds: 

(1) 

OMe 

H2NOC O 

O NH HN 

O 
HN 

O NH O 
O 

-s OH HN 

-- COH: 
NO2 

Cystobactamide A 

(2) 

OMe 

HO2C O 

O NH HN 

O 
HN 

O NH O 
O 

-s OH HN 

-- COH: 
NO2 

Cystobactamide B 

(3) 

H2N 

O 

HN 

O 
O 

-s J 
Cystobactamide C 

-continued 

CO2H 

Ö 
O NH 

OH 

OMe 

NH 

ºO NH OMe 
NH2 d o--->NHz; an 

O NH O 

NO2 
Cystobactamide D 

NH OMe 

R“. 
O 

O NH O 

NO2 
Cystobactamide E 

(R is NH2 or OHand R“ is NH2 or OH) 

May 26, 2016 

(4) 

(5) 
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I0179 Moreover especially preferred are the following 
compounds: 

CO2H 

O 
NH 

OH 

O 

NH 

ºO NH OMe 
o--> NH2, 
O NH O 

NO2 
Cystobactamide F 

CO2H 

O 
NH 

O 

NH 

ºO NH OMe 
-----NH2. and 

OS NH O 

OMe 

H 

O 

O 

NO2 
Cystobactamide G 

(6) 

(7) 

O 

0180 

ON 

-continued 

CO2H 

OMe 

NH 

OH 

V 
O 

NH 

ºO NH OMe 
O 
O NH O 

NH2. 

NO2 
Cystobactamide H 
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(8) 

Moreover preferred are the following compounds: 

OH HN 

(1a) 
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-continued -continued 

(2a) (5a) 

ON ON 

OH HN OH HN 

OH HN -s HN 

(3a) (6a) 

ON ON 

OH HN OH HN 

(4a) (7a) 
ON 

ON 

OH HN 

OH HN 

O 

O S. OH O 

-s O 



US 2016/0145304 A1 

-continued 

(8a) 

ON 
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-- HN 
O 

OH HN 

OH 
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-s O 

(9a) 

ON 

O 

O HN 
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O 

OH HN 

OH 
O 

-s O 

(10a) 

ON 

O 

OH HN 

O 
O 

-s HN 
OH 
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-continued 

(11a) 
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ON 

HO 

-continued 

(20a) 

O 

O 

HO 

| COOH 

(21a) 

O 

O 

(22a) 

15 
May 26, 2016 

-continued 

(23a) 
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-continued -continued 
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-continued 
(32a) 
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--> 
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O 

OH 
O 

-s 
I0181 The present invention further provides pharmaceu 
tical compositions comprising One or more compounds 
described herein or a pharmaceutically acceptable salt, sol 
Vateor hydratethereof, optionally incombination with one or 
more carrier Substances and/or One or more adjuvants. 
I0182 The present invention furthermore provides com 
pounds Orpharmaceutical compositions as described herein 
for use in the treatment and/or prophylaxis ofbacterial infec 
tions, especially caused by E. coli, P aeruginosa, A. bauman 
nii, other Gram-negative bacteria, and Gram-positive bacte 
13. 

I0183 Moreover preferably, the presentinvention provides 
compounds for use in the treatment and/or prophylaxis of 
bacterial infections, especially caused by Pseudomonas 
aeruginosa and other Gram-negative bacteria. 
I0184 It is a further object of the present invention to 
providea compoundas described herein ora pharmaceutical 
composition as defined herein for the preparation of a medi 
cament for the treatment and/or prophylaxis of bacterial 
infections, especially caused by selected Gram-negative bac 
teria and Gram-positive bacteria. 
I0185 Examples of pharmacologically acceptable salts of 
Sufficiently basic compounds are Salts of physiologically 
acceptable mineralacids likehydrochloric, hydrobromic, Sul 
furic and phosphoric acid; Orsalts oforganic acids like meth 
anesulfonic, p-toluenesulfonic, lactic, acetic, trifluoroacetic, 
citric, Succinic, fumaric, maleic and Salicylic acid. Further, a 
Sufficiently acidic compound may form alkali or earth alkali 
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metal Salts, forexample Sodium, potassium, lithium, calcium 
or magnesium Salts ammonium Salts: or Organic base salts, 
for example methylamine, dimethylamine, trimethylamine, 
triethylamine, ethylenediamine, ethanolamine, choline 
hydroxide, meglumin, piperidine, morpholine, tris-(2-hy 
droxyethyl)amine, lysine or arginine Salts; all of which are 
also further examples of salts of the compounds described 
herein. The compounds described herein may be solvated, 
especially hydrated. The hydratization/hydration may occur 
during the process of production oras a consequence of the 
hygroscopic nature oftheinitially water free compounds. The 
Solvates and/or hydrates may e.g. bepresent in solidor liquid 
form. 

I0186 The therapeutic use of the compounds described 
herein, theirpharmacologically acceptable Salts, Solvates and 
hydrates, respectively, as well as formulations and pharma 
ceutical compositions also lie within the Scope of the present 
invention. 

I0187 The pharmaceutical compositions according to the 
present invention comprise at least one compound described 
herein and, optionally, One or more carrier Substances and/or 
adjuvants. 
I0188 As mentioned above, therapeutically useful agents 
that contain compounds describedherein, their Solvates, Salts 
Orformulations are also comprised in the Scope of the present 
invention. Ingeneral, the compounds describedhereinwillbe 
administered by using the known and acceptable modes 
known in theart, eitheralone orincombination withany other 
therapeuticagent. 
I0189 For oral administration such therapeutically useful 
agents can be administered by one of the following routes: 
oral, e.g. as tablets, dragees, coated tablets, pills, Semisolids, 
soft or hard capsules, for example Soft and hard gelatine 
capsules, aqueous or oily Solutions, emulsions, Suspensions 
or Syrups, parenteral including intravenous, intramuscular 
and Subcutaneous injection, e.g. as an injectable Solution or 
Suspension, rectal as Suppositories, by inhalation or insuffla 
tion, e.g. as a powder formulation, as microcrystals oras a 
Spray (e.g. liquid aerosol), transdermal, for example via an 
transdermaldelivery System (TDS) such as a plaster contain 
ing the active ingredient or intranasal. For the production of 
Such tablets, pills, Semisolids, coated tablets, dragees and 
hard, e.g. gelatine, capsules the therapeutically usefulproduct 
may be mixed with pharmaceutically inert, inorganic Or 
Organic excipients as are e.g. lactose, Sucrose, glucose, 
gelatine, malt, silica gel, starch or derivatives thereof, talc, 
stearinicacid ortheir salts, dried skim milk, and the like. For 
the production ofsoft capsules One may use eXcipients as are 
e.g. Vegetable, petroleum, animal or Synthetic oils, waX, fat, 
and polyols. For the production ofliquid Solutions, emulsions 
or Suspensionsor Syrups one may use as eXcipients e.g. water, 
alcohols, aqueous Saline, aqueOus dextrose, polyols, glycerin, 
lipids, phospholipids, cyclodextrins, Vegetable, petroleum, 
animal or Synthetic oils. Especially preferred are lipids and 
more preferredare phospholipids (preferred Ofnatural origin; 
especially preferred with a particle size between 300 to 350 
nm) preferred in phosphate buffered Saline (pH-7 to 8, pre 
ferred 7.4). For Suppositories one may use eXcipients as are 
e.g. Vegetable, petroleum, animal or Synthetic oils, waX, fat 
and polyols. For aerosol formulations One may use com 
pressed gases Suitable for this purpose, as are e.g. Oxygen, 
nitrogen and carbon dioxide. The pharmaceutically useful 
agents may also contain additives for conservation, stabiliza 
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tion, e.g. UV stabilizers, emulsifiers, Sweetener, aromatizers, 
salts to change the osmotic pressure, buffers, coating addi 
tives and antioxidants. 
0190. In general, in the case of oral or parenteral admin 
istration to adult humans weighing approximately 80 kg, a 
daily dosage of about 1 mg to about 10.000 mg, preferably 
from about 5 mg to about 1000 mg, should be appropriate, 
although the upper limit may be exceeded when indicated. 
The daily dosage can be administered as a single dose or in 
divided doses, or for parenteral administration, it may be 
given as continuous infusion or Subcutaneous injection. 
0191 The compounds of the presentinvention can bepre 
pared by fermentation (e.g. by fermentation of Strain 
MCy8071 DSM27004) or by chemical synthesis applying 
procedures known to a person skilled in the art. 
0192. Forexample the compounds ofthepresentinvention 
can be prepared according to the following procedures: 
0193 Starting from the respective optionally substituted 
building blocks (eg. Ar“, Ar“, Arº, Ar“ and Arº), these build 
ing blocks can be linked to each Other using acid chlorides or 
coupling reagents whichare known to a person skilled in the 
art, e.g. according to the following reaction Scheme: 

0194 If L', L“, Lº and/or L“ is a group of formula 
–CH=CH– (or another olefine group), the respective 
optionally substitutedbuilding blocks (eg. Ar“, Ar“, Arº, Ar“ 
and Arº) can belinked to eachotherusinga Wittig ora Homer 
reaction, e.g. according to the following reaction Scheme: 

0195| If L“, L“, Lº and/or L“ is a heterocycloalkyl or a 
heteroarylgroup, the respective optionally substituted build 
ing blocks (eg. Ar“, Ar“, Arº, Ar“ and Arº) can be linked to 
each Other applying similar reaction conditions. 
0196| Identification of the cystobactamide biosynthesis 
gene cluster: 
0197. The genome of the cystobactamid producer has 
been Sequenced by Shotgun-Sequencing. As themainbuilding 
block of the cystobactamides is the non-proteinogenicamino 
acid p-aminobenzoic acid (PABA), p-aminobenzoic acid Syn 
thase (query, NP_415614) was used as query for the identi 
fication of a putative cystobactamide biosynthetic cluster in 
the genome of CbV34. Importantly, a p-aminobenzoic acid 
synthase homologue could beidentified (CysD, FIG. 12 and 
table A), which is forming an operon with non-ribosomal 
peptide synthases (CysG, Hand K) in the context of an in 
silico predicted –48 kb large NRPS cluster (FIG. 12, assign 
ment: table A). The genes in this NRPS cluster have been 
analysed by pfam, NCBI BLAST and phyre2. Aside the 
p-aminobenzoic acidsynthase homologue, two further PABA 
biosynthetic enzymes can be found in the cluster: an amin 
odeOXychorismate lyase (Cysl) and a 3-deoxy-d-arabino 
heptulosonate-7-phosphate (DAHP) synthase (CysN). 
DAHPsynthase (CysN) is akey enzyme for the production of 
shikimate and chorismate. In the main trunk of the shikimate 
pathway, D-erythrose 4-phosphate and phosphoenolpyruvate 
(DAHPsynthase) are converted via shikimate to chorismate. 
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Cysland CysD allow the direct biosynthesis of PABA from 
chorismate. Furthermore, the cluster contains ap-aminoben 
Zoic acid N-Oxygenase homologue (CysR). 
0198. FIG. 12 shows the cystobactamide biosynthetic 
cluster of the invention. 

0199 A recombinant biosynthesis cluster capable of syn 
thesizing a cystobactamide Selected from the group consist 
ing of cystobactamide A, B, C, D, E, F, G and H, wherein the 
cluster comprises all of the polypeptides, or a functional 
Variant thereof, according to SEQ ID NOs. 40 to 73. 
0200 The term “functional Variantº as used herein 
denotes a polypeptide having a Sequence that is at least 85%, 
90%, 95% or 99% identical to a polypeptide sequence 
describedherein. A“functional Variantºofapolypeptide may 
retain amino acids residues recognized as conserved for the 
polypeptide in nature, and/or may have non-conserved amino 
acid residues. Amino acids can be, relative to the native 
polypeptide, substituted (different), inserted, or deleted, but 
the Variant has generally similar (enzymatic) activity or func 
tion as compared to a polypeptide describedherein. A“func 
tional Variant' may be found in nature or be an engineered 
mutant (recombinant) thereof. 
(0201 Theterm“ identity“ refers to aproperty ofsequences 
that measures their similarity or relationship. Identity is mea 
sured by dividing the number ofidentical residues by the total 
number of residues and multiplying the product by 100. 
|0202 The terms “protein“, “polypeptide“, “peptideº as 
used herein define an organiccompoundmade oftwoor more 
amino acid residues arranged in a linear chain, wherein the 
individualamino acids in the Organic compoundare linked by 
peptide bonds, i.e. an amide bond formed between adjacent 
amino acid residues. By convention, the primary Structure of 
a proteinis reported starting from the amino-terminal (N) end 
to the carboxyl-terminal (C) end. 
(0203 As used herein, “comprisingº, “including“, “con 
taining, “characterized by“, and grammatical equivalents 
thereofare inclusive oropen-ended terms that do not exclude 
additional, unrecited elements or method Steps. “Compris 
ing, etc. is to be interpreted as including the more restrictive 
term “consisting ofº. 
(0204 As used herein, “consisting ofº excludes any ele 
ment, step, or ingredient not Specified in the claim. 
(0205 When trade names are used herein, it is intended to 
independently include the trade name product formulation, 
the generic drug, and the active pharmaceutical ingredient(s) 
of the trade name product. 
(0206. In general, unless defined otherwise, technical and 
Scientific terms used herein have the Same meaning as com 
monly understood by one ofordinary skill in theart to which 
this invention belongs, and are consistent with general text 
books and dictionaries. 

|0207 Preferably, the NRPS enzyme of the invention is a 
not naturally occurring NRPS. The NRPS of the invention 
may also be a hybrid NRPS comprising modules, domains, 
and/or portions thereof, or functional Variants thereof, from 
two or more NRPSsor fromone or more polyketide synthase 
(s) (PKSs). 
(0208 The cystobactamide biosynthesis cluster of the 
invention preferably includes the elements ofTable A. 
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TABLE A 

Cystobactamide gene cluster of the invention. Gene and NRPS domain 
annotation With the gene Cluster Sequence COrresponding to SEQ ID NO. 1: 

NRPS 

location within the location within the 
gene cluster Sequence protein sequence 

location Within the gene Cluster sequence (bp bp 33 

Name Min. MaX. direction Length aa Domains length Min. MaX. length Min. Max. 

Orf1 15 845 reVerSe 831 276 
Orf2 912 1148 reverSe 237 78 
Orf3 1339 1827 reVerSe 489 162 
Orf?! 1907 2170 reverSe 264 87 
Orf5 2347 2796 reVerSe 450 149 
CysT 3035 6838 reverse 3804 1267 
CysS 7049 8977 reVerSe 1929 642 
CysR 9086 10087 reverse 1002 333 
CysQ 10162 10956 reverse 795 264 
CysP 11029 11730 reverse 702 233 
CysO 11764 12375 reverse 612 203 
CySA 12715 12927 forward 213 70 
CysB 12996 13949 forward 954 317 
CysC 13959 15338 forward 138 45 
CysD 15464 17662 forward 2199 732 
CysE 17749 18480 forward 732 243 
CysF 18503 19540 forward 1038 345 
CysG 19580 25558 forward 5979 1992 AMP-binding 1451 19694 21145 483 39 521 

domain 
PCP domain 209 21221 21430 69 S48 616 
Condensation L 893 21485 22378 297 636 932 
CL domain 
AMP-binding 1451 2.2880 24331 483 1101 1583 
domain 
PCP domain 21S 24404 24619 71. 1609 1679 
ThiOesterase 788 24728 25516 262 1717 1978 
domain 

CysH 25626 28553 forward 2928 975 AMP-binding 1199 2.5737 26936 399 38 436 
domain 
novel domain 332 27231 27563 110 S36 645 
type 
AMP binding 170 28032 28202 56 803 858 
domain C 
terminus 
PCP domain 197 28284 28481 65 887 951 

CysI 28555 29373 forward 819 272 
CysJ 29392 30375 forward 984 327 
CysK 30450 44087 forward 13638 4545 Condensation L 323 30459 30782 107 4 110 

CL domain 
AMP-binding 1 SOS 31239 32744 501 264 764 
domain 
PCP domain 197 32820 33017 65 791 855 
Condensation L 893 33072 33965 297 875 1171 
CL domain 
AMP-binding 1 SOS 34461 35966 501 1338 1838 
domain 
PCP domain 197 36042 36239 65 1865 1929 
Condensation L 890 36285 37175 296 1946 2241 
CL domain 
AMP-binding 1574 37668 39242 524 2407 2930 
domain 
PCP domain 359 39165 39524 119 2906 3024 
Condensation L 893 39579 40472 297 3044 3340 
CL domain 
AMP-binding 1 SOS 40968 42473 501 3507 4007 
domain 
PCP domain 197 42S49 42746 65 4034 4098 
Condensation L. 896 42801 43697 298 4118 4415 
CL domain 

CysL 44084 47155 forward 3072 1023 AMP-binding 1445 45665 471 10 481 528 1008 
domain 

CysM 47152 47268 forward 117 38 
CysN 47280 48353 forward 1074 357 
Orf6 48490 50067 reverse 1578 525 
Orf7 50064 50849 reverse 786 261 
Orf8 50855 52156 reverse 1302 433 
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Cystobactamide gene cluster of the invention. Gene and NRPS domain 
annotation With the gene Cluster Sequence COrresponding to SEQ ID NO. 1: 

location within the 
gene cluster Sequence 

NRPS 

location within the 
protein Sequence 

location Within the gene Cluster sequence (bp bp 33 

Name Min. MaX. direction Length aa Domains length Min. MaX. length Min. Max. 

Orf9 52161 54266 reverse 2106 701 
Orf10 54266 55027 reverse 762 253 
Orfl 1 55486 56679 forward 1194 397 
Orf12 56760 57134 fOWard 375 124 
Orf13 57166 57504 reverse 339 112 
Orf14 57504 58418 reverse 915 304 

I0209 The present invention also provides isolated, syn 
theticor recombinant nucleicacids thatencode NRPSs of the 
invention. Said nucleic acids include nucleic acids that 
include a portion or all of a NRPS of the invention, nucleic 
acids that further include regulatory Sequences, such as pro 
moter and translation initiation and termination sequences, 
and can further include Sequences that facilitate stablemain 
tenance in ahost cell, i.e., sequences that provide the function 
of an Origin of replication or facilitate integration into host 
cell chromosomal orother DNA by homologous recombina 
tion. These NRPSs may be used as research tools oras mod 
ules in recombinant NRPS or PKS clusters. 
(0210 Preferably, the invention relates to an isolated, syn 
thetic Or recombinant nucleic acid comprising: 

(0211 (i) a Sequence encodingacystobactamide biosyn 
thesiscluster, wherein the Sequencehasa Sequence iden 
tity to the full-length sequence of SEQ ID NO. 1 fromat 
least 85%, 90%, 95%,96%, 97%,98%, 98.5%, 99% or 
99.5% to 100%; 

(0212 (ii) a sequence encoding a NRPS, wherein the 
Sequence has a Sequence identity to the full-length 
sequence ofany of SEQ ID NOs. 8, 9, 12 or 13 fromat 
least 85%, 90%, 95%,96%, 97%,98%, 98.5%, 99% or 
99.5% to 100%; 

(0213 (iii) a sequence completely complementary to the 
full length Sequence ofany nucleic acid sequence of (i) 
or (ii); or 

(0214 (iv) a Sequence encoding apolypeptide according 
to any of SEQ ID NOs. 46, 47, 50 or 51. 

(0215 The phrases “nucleic acidº or “nucleic acid 
Sequence“ as used herein refer to an oligonucleotide, nucle 
otide, polynucleotide, or to a fragment of any of these, to 
DNA of genomic Or Synthetic Origin which may be single 
Stranded or double-Stranded and may represent a Sense or 
antisense strand, natural or Synthetic in Origin. “Oligonucle 
otideº includes eithera single stranded polydeoxynucleotide 
Ortwo complementary polydeOXynucleotide Strands that may 
be chemically Synthesized. Such synthetic oligonucleotides 
have no 5“ phosphate and thus will not ligate to another 
oligonucleotide without adding a phosphate with an ATP in 
the presence of a kinase. A Synthetic oligonucleotide can 
ligate to a fragment that has not been dephosphorylated. A 
“coding sequence' ofor a “nucleotide Sequence encoding“ a 
particular polypeptide or protein, is a nucleic acid sequence 
which is transcribed and translated into a polypeptide or 
protein when placedunder the control of appropriate regula 

tory Sequences. The nucleicacids used to practice this inven 
tion may be isolated from a Variety of Sources, genetically 
engineered, amplified, and/or expressed/generated recombi 
nantly. Techniques for the manipulation ofnucleicacids, Such 
as, e.g., Subcloning, labeling probes (e.g., random-primer 
labeling using Klenow polymerase, nick translation, amplifi 
cation), Sequencing, hybridization and the like are well 
described in the Scientific and patent literature, See, e.g., 
Sambrook, ed., MOLECULAR CLONING: A LABORA 
TORY MANUAL (2NDED.), Vols. 1-3, Cold Spring Harbor 
Laboratory (1989); CURRENT PROTOCOLS IN 
MOLECULARBIOLOGY. Ausubel. ed. John Wiley & Sons, 
Inc., New York (1997): LABORATORY TECHNIQUES IN 
BIOCHEMISTRY AND MOLECULAR BIOLOGY: 
HYBRIDIZATION WITH NUCLEICACID PROBES, Part 
I. Theory and Nucleic Acid Preparation, Tijssen, ed. Elsevier, 
N.Y. (1993). A nucleic acid encoding a polypeptide of the 
invention is assembled in appropriate phase with a leader 
Sequence capable of directing Secretion of the translated 
polypeptide or fragment thereof. 
(0216 The term “isolatedº as used herein means that the 
material, e.g., a nucleicacid, apolypeptide, a Vector, a cell, is 
removed from its Originalenvironment, e.g., the naturalenvi 
ronmentifit is naturally occurring. Forexample, a naturally 
Occurring polynucleotide or polypeptide present in a living 
animal is not isolated, but the same polynucleotide or 
polypeptide, separated from Some or all of the coexisting 
materials in the natural System, is isolated. Such polynucle 
otides could bepartofavectorand/or such polynucleotides or 
polypeptides could be part of a composition and still be iso 
lated in that such Vector or composition is not part of its 
natural environment. 

(0217 The term “syntheticºas used herein means that the 
material, e.g. a nucleicacid, has been Synthesized in vitro by 
well-known chemical Synthesis techniques, as describedin, 
e.g., Adams (1983) J. Am. Chem. Soc. 105:661; Belousov 
(1997) Nucleic Acids Res. 25:3440-3444: Frenkel (1995) 
Free Radic. Biol. Med. 19:373-380; Blommers (1994) Bio 
chemistry 33:7886-7896: Narang (1979) Meth. Enzymol. 
68:90: Brown (1979) Meth. Enzymol. 68:109: Beaucage 
(1981) Tetra. Lett. 22: 1859. 
(0218 The term“recombinantº means that the nucleicacid 
is adjacent to a “backbone“ nucleic acid to which it is not 
adjacent in its natural environment. Backbone molecules 
according to the invention include nucleicacids such as clon 
ing and expression Vectors, self-replicating nucleic acids, 
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Viruses, integrating nucleicacids and other Vectors or nucleic 
acids used to maintain or manipulatea nucleic acid insert of 
interest. Recombinant polypeptides of the invention, gener 
ated from these nucleic acids can be individually isolated or 
cloned and tested for a desired activity. Any recombinant 
expression System can be used, including bacterial, mamma 
lian, yeast, insector plant cell expression Systems. 
(0219 Also provided is a Vector comprising at least one 
nucleicacid according to the invention. The Vector may be a 
cloning Vector, an expression Vector Oran artificial chromo 
SOINC. 

0220 As used herein, the term“vector“ refers to a nucleic 
acid molecule capable of transportinganother nucleicacid to 
which it has been linked. Vectors, including cloning and 
expression Vectors, comprise a nucleic acid of the invention 
ora functional equivalent thereof. Nucleicacids of the inven 
tion can beincorporated into a recombinant replicable Vector, 
forexample acloning Orexpression Vector. The Vector may be 
used to replicate the nucleic acid in a compatible host cell. 
Thus, the invention also provides a method ofmaking poly 
nucleotides of the invention by introducing a polynucleotide 
of the invention into a replicable Vector, introducing the Vec 
torinto a compatiblehost cell, and growing the host cellunder 
conditions which bring about replication of the Vector. The 
vector may berecovered from the host cell. Suitable host cells 
are described below. The vector into which the expression 
cassetteor nucleicacid of the inventionisinserted may beany 
vector which may conveniently be subjected to recombinant 
DNA procedures, and the choice of the Vector will often 
depend on the host cell into which it is to be introduced. A 
Variety of cloning and expression Vectors for use with 
prokaryotic and eukaryotic hosts are described by Sambrook, 
et al, Molecular Cloning: A Laboratory Manual, 2nd Ed., 
Cold Spring Harbor, N.Y. (1989). 
I0221 A vector according to the invention may be an 
autonomously replicating Vector, i.e. a Vector which exists as 
an extra-chromosomalentity, the replication of whichis inde 
pendent ofchromosomal replication, e.g. a plasmid. Alterna 
tively, the Vector may be one which, when introduced into a 
host cell, is integrated into the host cell genome and replicated 
together with the chromosome(s) into which it has been inte 
grated. 
I0222 One type ofvectoris a “plasmid', which refers to a 
circular double stranded DNA loop into which additional 
DNA segments can beligated. Anothertype ofvectoris a viral 
vector, wherein additional DNA segments can be ligated into 
the viral genome. Certain Vectors are capable of autonomous 
replication in ahost cell into whichthey are introduced (e.g. 
bacterial Vectors having a bacterial Origin of replication, and 
episomal mammalian Vectors). Other Vectors (e.g., non-epi 
Somal mammalian Vectors) are integrated into the genome of 
ahost cellupon introduction into the host cell, andthereby are 
replicated along with the host genome. Moreover, certain 
Vectors are capable of directing the expression of genes to 
whichthey are operatively linked. Suchvectors are referred to 
hereinas “expression Vectors“. In general, expression Vectors 
of utility in recombinant DNA techniques are often in the 
form ofplasmids. The terms “plasmidº and “vectorº can be 
used interchangeably herein as the plasmid is the most com 
monly used form of Vector. However, the invention is 
intended to include Such Other forms of expression Vectors, 
Such as coSmid, viral Vectors (e.g., replication defective ret 
roviruses, adenoviruses and adeno-associated Viruses) and 
phage Vectors which Serve equivalent functions. 

May 26, 2016 

0223 Vectors according to the invention may be used in 
vitro, for example for the production of RNA or used to 
transfect or transforma host cell. 
0224 A vector of the invention may comprise two or 
more, for example three, four or five, nucleic acids of the 
invention, for example for OVerexpression. 
0225 The recombinant expression vectors of the inven 
tion comprisea nucleicacid of the inventionina form Suitable 
for expression of the nucleicacid in ahost cell, which means 
that the recombinant expression Vector includes One or more 
regulatory Sequences, Selected On the basis of the host cells to 
be used for expression, which is operationally linked to the 
nucleic acid sequence to be expressed. 
0226 Within a Vector, such as an expression vector, 
“operationally linkedº is intended to meanthat the nucleotide 
Sequence ofinterest is linked to the regulatory Sequence(s) in 
a manner which allows for expression of the nucleotide 
Sequence (e.g., in an in Vitro transcription/translation System 
or in a host cell when the Vector is introduced into the host 
cell), i.e. the term“operationally linkedº refers to a juxtapo 
sition wherein the components describedare in a relationship 
permitting them to function in their intended manner. Aregu 
latory Sequence Suchas a promoter, enhancerorother expres 
sion regulation signal “operationally linkedº to a coding 
Sequence is positioned in Such a way that expression of the 
coding sequence is achievedundercondition compatible with 
the control sequences or the Sequences are arranged So that 
they function in concert for their intended purpose, for 
example transcription initiates at a promoter and proceeds 
through the DNA Sequence encoding the polypeptide. 
0227 The term “regulatory sequenceº or “control 
Sequence“ is intended to include promoters, operators, 
enhancers, attenuators and other expression controlelements 
(e.g., polyadenylation signal). Such regulatory Sequences are 
described, for example, in Goeddel: Gene Expression Tech 
nology: Methods in Enzymology 185, Academic Press, San 
Diego, Calif (1990). 
0228 The term regulatory or control sequences includes 
those Sequences which direct constitutive expression of a 
nucleotide Sequence in many types of host cells and those 
which direct expression of the nucleotide Sequence Only in a 
certain host cell (e.g. tissue-Specific regulatory Sequences). 
0229 A Vectororexpression constructfora givenhost cell 
may thus comprise the following elements operationally 
linked to each other in a consecutive order from the 5'-end to 
3'-end relative to the coding strand of the Sequence encoding 
the polypeptide of the invention: (i) a promoter sequence 
capable ofdirecting transcription of the nucleotide Sequence 
encoding the polypeptide in the givenhost cellº (ii)optionally, 
a signal sequence capable of directing Secretion of the 
polypeptide from the given host cell into a culture medium; 
(iii) optionally, a Sequence encoding for a C-terminal, N-ter 
minal orinternalepitope tag sequence oracombination ofthe 
aforementioned allowing purification, detection or labeling 
of the polypeptide; (iv) a nucleic acid Sequence of the inven 
tion encoding a polypeptide of the invention; and preferably 
also (V) a transcription termination region (terminator) 
capable of terminating transcription downstream of the 
nucleotide Sequence encoding the polypeptide. Particular 
named bacterial promoters include lad, lacZ, T3, T7, SP6, 
K1F, tac, tet, gpt, lambda P, P, and trp. Eukaryotic promot 
ers include CMV immediate early, HSV thymidine kinase, 
early and late SV40, LTRs from retrovirus and mouse metal 
lothionein-I. Selection ofthe appropriate vectorandpromoter 
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is well within the level of ordinary skill in the art. Down 
stream of the nucleotide Sequence according to the invention 
there may be a 3' untranslated region containing One or more 
transcription termination sites (e.g. a terminator). The Origin 
of the terminator is less critical. The terminator can, for 
example, be native to the DNA Sequence encoding the 
polypeptide. Preferably, the terminatoris endogenous to the 
host cell (in which the nucleotide Sequence encoding the 
polypeptide is to be expressed). In the transcribed region, a 
ribosome binding site for translation may be present. The 
coding portion of the mature transcripts expressed by the 
constructs will include a translation initiating AUG (or TUG 
or GUG in prokaryotes) at the beginning and a termination 
codon appropriately positioned at the end of the polypeptide 
to be translated. 

I0230 Enhanced expression of a polynucleotide of the 
invention may also beachieved by the selection ofheterolo 
gous regulatory regions, e.g. promoter, Secretion leader and/ 
orterminator regions, which may serveto increase expression 
and, if desired, secretion levels of the protein ofinterest from 
the expression hostand/orto provide for the inducible control 
of the expression of a polypeptide of the invention. It will be 
appreciated by those skilled in the art that the design of the 
expression Vector candependon such factors as the choice of 
the host cell to be transformed, the level of expression of 
protein desired, etc. The Vectors, such as expression Vectors, 
of the invention can be introduced into host cells to thereby 
produce proteins or peptides, encoded by nucleic acids as 
described herein. 

I0231 The Vectors, such as recombinant expression vec 
tors, of the invention can be designed for expression of a 
portion or all of a NRPS of the invention in prokaryotic or 
eukaryotic cells. Forexample, a portion or all of a NRPS of 
the invention can be expressed in bacterial cells such as E. 
Coli, Bacillus strains, insect cells (using baculovirus expres 
sion Vectors), filamentous fungi, yeast cells or mammalian 
cells. Suitable host cells are discussed further in Goeddel, 
Gene Expression Technology: Methods in Enzymology 185, 
Academic Press, San Diego, Calif. (1990). Representative 
examples ofappropriate hosts are describedhereafter. Appro 
priate culture media and conditions for the above-described 
host cells are known in the art. 

I0232 As set out above, the term “control sequences' or 
“regulatory Sequences' is defined herein to include at least 
any component which may be necessary and/oradvantageous 
for the expression of a polypeptide. Any control sequence 
may be native or foreign to the nucleic acid sequence of the 
invention encoding a polypeptide. Such control sequences 
may include, but are not limited to, a promoter, a leader, 
optimal translation initiation sequences (as described in 
Kozak, 1991, J. Biol. Chem. 266: 19867-19870), a secretion 
signal sequence, a pro-peptide Sequence, a polyadenylation 
Sequence, atranscription terminator. Ataminimum, the con 
trol Sequences typically include a promoter, and transcrip 
tional and translational Stop signals. A Stably transformed 
microorganism is one that has had One or more DNA frag 
ments introduced Such that the introduced molecules are 
maintained, replicated and Segregated in a growing culture. 
Stable transformation may be due to multiple or single chro 
mosomalintegration(s)orby (an) extrachromosomalelement 
(S) Suchas (a) plasmid Vector(s). Aplasmid Vectoris capable 
of directing the expression of polypeptides encoded by par 
ticular DNA fragments. Expression may be constitutive or 
regulated by inducible (or repressible) promoters that enable 
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high levels of transcription of functionally associated DNA 
fragments encoding Specific polypeptides. 
0233 Expression vectors of the invention may also 
include a selectable marker gene to allow for the selection of 
bacterialstrains thathave been transformed, e.g., genes which 
render the bacteria resistant to drugs such as chlorampheni 
col, erythromycin, kanamycin, neomycin, tetracycline, as 
well as ampicillin and other penicillinderivatives like carbe 
nicillin. Selectable markers can also include biosynthetic 
genes, such as those in the histidine, tryptophan and leucine 
biosynthetic pathways. 
0234 The appropriate polynucleotide sequence may be 
inserted into the Vector by a Variety ofprocedures. In general, 
the polynucleotide Sequence is ligated to the desired position 
in the Vector following digestion of the insert and the vector 
with appropriate restriction endonucleases. Alternatively, 
bluntends in both the insertand the vector may be ligated. A 
Variety of cloning techniques are disclosed in Ausubel et al. 
Current Protocols in Molecular Biology, John Wiley 503 
Sons, Inc. 1997 and Sambrook et al, Molecular Cloning: A 
Laboratory Manual 2nd Ed., Cold Spring Harbor Laboratory 
Press (1989). The polynucleotide sequence may also be 
cloned using homologous recombination techniques includ 
ing in vitro as wellas in vivo recombination. Suchprocedures 
and others are deemed to be within the scope ofthose skilled 
in the art. The Vector may be, for example, in the form of a 
plasmid, a viral particle, or a phage. Other Vectors include 
chromosomal, nonchromosomal and synthetic polynucle 
otide Sequences, derivatives of SV40; bacterial plasmids, 
phage DNA, baculovirus, yeast plasmids, Vectors derived 
from combinations of plasmids and bacteriophage DNA, 
viral DNA such as Vaccinia, adenovirus, fowl pOX virus and 
pseudorabies. 
0235 The invention also provides an engineered or 
recombinant host cell, i.e. a transformed cell comprising a 
nucleic acid sequence of the invention as a heterologous or 
non-native polynucleotide, e.g. a Sequence encoding the cys 
tobactamide biosynthesis cluster ora NRPS of the invention, 
or a Vector of the invention. The host cell may be any of the 
host cells familiar to those skilled in the art, including 
prokaryotic cells, eukaryotic cells, such as bacterial cells, 
fungal cells, yeast cells, mammalian cells, insect cells, or 
plant cells. 
0236 Preferred mammalian cells include e.g. Chinese 
hamsterovary (CHO) cells, COScells, 293 cells, PerC6 cells, 
hybridomas, Bowes melanoma or any mouse or any human 
cell line. Exemplary insect cells include any Species of 
Spodoptera or Drosophila, including Drosophila S2 and 
Spodoptera Sf-9. Exemplary fungal cells include any Species 
of Aspergillus. Preferred yeast cell include, e.g. a cell from a 
Candida, Hansenula, Kluyveromyces, Pichia, Saccharomy 
Ces, Schizosaccharomyces, or Yarrowia Strain. More prefer 
ably from Kluyveromyces lactis, S. Cerevisiae, Hansenula 
polymorpha, Yarrowia lipolytica, or Pichiapastoris. Accord 
ing to the invention, the host cell may be a prokaryotic cell. 
Preferably, the prokaryotic host cell is a bacterial cell. The 
term“bacterial cellº includes both Gram-negative and Gram 
positive as well as archaeal microorganisms. Suitable bacte 
ria may be Selected from e.g. Escherichia, Anabaena, Cau 
lobacter, Gluconobacter, Rhodobacter; Pseudomonas, 
Paracoccus, Bacillus, Brevibacterium, Corynebacterium, 
Rhizobium (Sinorhizobium), Flavobacterium, Klebsiella, 
Enterobacter Lactobacillus, Lactococcus, Methylobacte 
rium, Staphylococcus or Streptomyces. Preferably, the bacte 
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rial cellis selected from the group consisting of B. subtilis, B. 
amyloliquefaciens, B. licheniformis, B. puntis, B. megate 
rium, B. halodurans, B. pumilus, G. OXydans, Caulobacter 
Crescentus CB 15 Methylobacterium extorquens, Rhodo 
bacter Sphaeroides, Pseudomonas putida, Paracoccus ZeaX 
anthinifaciens, Paracoccus denitrificans, E. coli, C. 
glutamicum, Staphylococcus carnosus, Streptomyces liv 
idans, Sinorhizobium melioti and Rhizobium radiobacter. 
The selection of an appropriate host is within theabilities of 
those skilled in the art. 

0237 The Vector can be introduced into the host cells 
using any of a Variety of techniques, including transforma 
tion, transfection, transduction, viral infection, gene guns, or 
Ti-mediated gene transfer. Particular methods include cal 
ciumphosphate transfection, DEAE-Dextranmediated trans 
fection, lipofection, orelectroporation (Davis, L., Dibner, M., 
Battey. I., Basic Methods in Molecular Biology, (1986)). The 
nucleic acids or vectors of the invention may be introduced 
into the cells for Screening, thus, the nucleic acids enter the 
cells in a manner Suitable for Subsequent expression of the 
nucleicacid. Themethodofintroductionis largely dictated by 
the targeted celltype. 
I0238 Exemplary methods include CaPO4 precipitation, 
liposome fusion, lipofection (e.g., LIPOFECTINTM), elec 
troporation, viral infection, etc. The candidate nucleic acids 
may stably integrate into the genome of the host cell (for 
example, with retroviral introduction) or may exist either 
transiently or stably in the cytoplasm (i.e. through the use of 
traditionalplasmids, utilizing standard regulatory Sequences, 
Selection markers, etc.). AS many pharmaceutically important 
Screens require human or model mammalian cell targets, 
retroviral Vectors capable of transfecting such targets can be 
used. 

I0239 Where appropriate, the engineered host cells can be 
cultured in conventional nutrient media modified as appro 
priate for activating promoters, Selecting transformants or 
amplifying the nucleic acids of the invention. Following 
transformation of a Suitable host strain and growth ofthe host 
strain to an appropriate cell density, the Selected promoter 
may be induced by appropriate means (e.g., temperature shift 
or chemical induction) and the cells may be cultured for an 
additional period to allow them to produce the desired 
polypeptide or fragment thereof. Cells can beharvested by 
centrifugation, disrupted by physical Orchemical means, and 
the resulting crude extractis retained for further purification. 
Microbial cells employed for expression of proteins can be 
disrupted by any convenient method, including freeze-thaw 
cycling, Sonication, mechanicaldisruption, oruse of cell lys 
ing agents. Such methods are well known to those skilled in 
theart. The expressed polypeptide or fragment thereofcan be 
recovered and purified from recombinant cell cultures by 
methods including ammonium Sulfate or ethanol precipita 
tion, acid extraction, anion or cation eXchange chromatogra 
phy, phosphocellulose chromatography, hydrophobic inter 
action chromatography, affinity chromatography, 
hydroxylapatite chromatography and lectin chromatography. 
Protein refolding steps can be used, as necessary, in complet 
ing configuration of the polypeptide. If desired, high perfor 
mance liquid chromatography (HPLC) can be employed for 
final purification Steps. The constructs in host cells can be 
used in a conventionalmanner to produce the gene product 
encoded by the recombinant sequence. Depending upon the 
host employed in a recombinant production procedure, the 
polypeptides produced by host cells containing the Vector 
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may be glycosylated or may be non-glycosylated. Polypep 
tides of the invention may or may not also include an initial 
methionineamino acid residue. Cell-free translation Systems 
can also be employed to produce a polypeptide of the inven 
tion. Cell-free translation systems can use mRNAs tran 
Scribed from a DNA construct comprising a promoter opera 
tionally linked to a nucleic acid encoding the polypeptide or 
fragment thereof. In Some aspects, the DNA construct may be 
linearized prior to conducting an in Vitro transcription reac 
tion. The transcribedmRNA is thenincubated with an appro 
priate cell-free translation extract, such as a rabbit reticulo 
cyte extract, to produce the desired polypeptide or fragment 
thereof. 

0240 Host cells containing the polynucleotides of inter 
est, e.g., nucleic acids of the invention, can be cultured in 
conventional nutrient media modified as appropriate for acti 
Vating promoters, Selecting transformants or amplifying 
genes. The culture conditions Suchas temperature, pHand the 
like, are those previously used with the host cell selected for 
expression and will be apparent to the ordinarily skilled arti 
san. The clones which are identified as having the specified 
enzyme activity may thenbe sequenced to identify the poly 
nucleotide sequence encoding a portion orall of a NRPS of 
the invention. 

0241 Recombinant DNA can be introduced into the host 
cell by any means, including, but not limited to, plasmids, 
coSmids, phages, yeast artificial chromosomes orother Vec 
tors that mediate transfer ofgenetic elements into ahost cell. 
These Vectors caninclude an Origin of replication, along with 
cis-acting control elements that control replication of the 
vector and the genetic elements carried by the vector. Select 
able markers can bepresent on the vector to aid in the iden 
tification ofhost cells into which genetic elements have been 
introduced. Means for introducing genetic elements into a 
host cell (e.g. cloning) are well known to the skilled artisan. 
Other cloning methods include, but are not limited to, direct 
integration of the genetic material into the chromosome. This 
can Occurby a Variety ofmeans, including cloning the genetic 
elements described herein On non-replicating plasmids 
flanked by homologous DNA sequences of the host chromo 
Some upon transforming said recombinant plasmid into a 
host the genetic elements can beintroduced into the chromo 
some by DNA recombination. Such recombinant strains can 
be recoVered if the integrating DNA fragments contain a 
Selectable marker, Suchas antibiotic resistance. Alternatively, 
the genetic elements can bedirectly introduced into the chro 
mosome ofa host cell without use of a non-replicating plas 
mid. This can bedone by synthetically producing DNA frag 
ments of the genetic elements in accordance to the present 
invention that also contain homologous DNA sequences of 
the host chromosome. Again if these synthetic DNA frag 
ments also contain a selectable marker, the genetic elements 
can beinserted into the host chromosome. 

0242 The cystobactamide biosynthesis clusterora NRPS 
of the invention may be favorably expressed in any of the 
above host cells. Thus, the present invention provides a wide 
Variety of host cells comprising One or more of the isolated, 
synthetic or recombinant nucleic acids and/or NRPSs of the 
presentinvention. Thehost cell, when culturedunder Suitable 
conditions, is capable ofproducing acystobactamide Selected 
from the group consisting of cystobactamide A, B, C, D, E, F, 
Gand H that it otherwise does not produce, or produces at a 
lower level, in the absence ofa nucleicacid of the invention. 
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I0243 The inventionalso relates to an isolated, syntheticor 
recombinant polypeptide having an amino acid sequence 
according to any of SEQ ID NOs. 40 to 73, oran amino acid 
Sequence encoded by a nucleic acid of the invention. 
I0244 The present invention further provides a method for 
the preparation of a cystobactamide Selected from the group 
consisting of cystobactamide A, B, C, D, E, F, G and H, said 
method generally comprising: providing a host cell of the 
present invention, and culturing said host cell in a Suitable 
culture medium under Suitable conditions Such that at least 
one cystobactamide Selected from the group consisting of 
cystobactamide A, B, C, D, E, F, G and His produced. The 
method may further comprise a step of isolating a cystobac 
tamide Selected from the group consisting of cystobactamide 
A, B, C, D, E, F, G and H, i.e. Separating and retaining the 
compound from the culture broth. The isolation step may be 
carried Out using affinity chromatography, anion eXchange 
chromatography, Orreversed phase chromatography. 

EXAMPLES 

Conditions of Production 

Strain for Production 

I0245 The strain Cystobacter velatus MCy8071 belongs to 
theorder MyXococcales (MyXobacteria), suborder Cystobac 
terineae, family Cystobacteraceae, genus Cystobacter. The 
comparison of the partial 16S rRNA gene sequences with 
sequences of a public database (BLAST, Basic Local Align 
ment Search Tool provided by NCBI, National Center for 
Biotechnology Information) revealed 100% similarity to 
Cystobacter velatus strain DSM 14718. 
|0246 MCy8071 was isolated at the Helmholtz Centre for 
Infection Research (HZI, formerly GBF) from a Chinese soil 
sample collected in 1982. The strain was deposited at the 
German Collection of Microorganisms in Braunschweig 
(DSM) in March 2013 under the designation DSM 27004. 

Cultivation 

|0247 Thestrain MCy8071 grows wellonyeast-agar (VY/ 
2: 0.5% Saccharomyces cerevisiae, 0.14% CaCl2×2 H2O, 0.5 
ug Vitamine B12/1, 1.5% agar, pH 7.4), CY-agar (casitone 
0,3%, yeastextract 0.1%, CaCl2×2 H2O0.1%, agar 1.5%, pH 
7.2) and P-agar (peptone Marcor 0,2%, starch 0.8%, single 
cellproteinprobione 0,4%, yeast extract 0,2%, CaCl2×2 H2O 
0,1%, MgSO 0.1%, Fe-EDTA 8 mg/l. 15% agar, pH 7.5). 
The working culture was nurtured in liquid medium CY/H 
(50%CY-medium+50 mMHepes, 50%H-medium: soy flour 
0.2%, glucose 0.8%, starch 0.2%, yeast extract 0.2%, 
CaCl×2 H2O 0.1%, MgSO 0.1%, Fe-EDTA 8 mg/l. Hepes 
50 mM pH 7.4). Liquid cultures were shaken at 180 rpmat 
30° C. For conservation aliquots a 2 ml of a three days old 
culture were storedat –80° C. Reactivation, even after several 
years, is no problem On the abovementioned agar plates or in 
20 ml CY/H-medium (in 100 ml Erlenmeyer flasks with plugs 
and aluminium-cap). After one-two days the 20 ml cultures 
can be upscaled to 100 ml. 

Morphological Description 

I0248 After two days in liquid medium CY/H the rod 
shaped cells ofstrain MCy8071 have a length of 9.0–14.5 um 
and widthof 0.8-10 um. On the abovementioned agar-plates 
Swarming is circular. On VY/2-agar the Swarm is thin and 
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transparent. Yeast degradation is visible on VY/2-agar. On 
CY-agar the culture looks transparent-Orange. On P-agarcell 
mass production is distinctive and Swarming behaviour is 
reduced. The colony colouris orange-brown. Starch in P-agar 
is degraded. 
0249 MCy8071 is resistant against the following antibi 
otics: ampicillin, gentamycin, hygromycin, polymycin, baci 
tracin, Spectinomycin, neomycin, and fusidinic acid. Weak 
growth is possible with cephalosporin and kasugamycin and 
no growth is possible with thiostrepton, trimethoprin, kana 
mycin, and Oxytetracycline (final concentration ofall antibi 
otics was adjusted to 50ug ml“). 

Production of Cystobactamides A, B, C, D, E, F, G and H 

0250 The strain produces in complex media. He prefers 
nitrogen containing nutrients like single cell protein (Pro 
bion) and products of protein decomposition like peptone, 
tryptone, yeast extract, soy flour and meat extract. Here the 
production is better with several of the mentioned protein 
mixtures compared to a single One. 
0251 Cystobactamides are produced within the logarith 
micalto the stationary phase of growth. After two days in 100 
liter fermentation (medium E) the amount of products did not 
increase anymore. 
0252 Cystobactamides are delivered to the medium and 
bind to XAD-adsorber resin. XAD is sieved by a metal sieve 
and eluted in acetone. Different production temperatures 
were tested (21° C., 30° C., 37° C. and42°C.) whereby at:42° 
C. no production was possible. The optimal temperature was 
at 30° C. with maximal aeration. 

|0253 Fermentation of MCy8071 was conducted in a 150 
liter fermenter with 100 liter medium E (skimmed milk 0,4%. 
soy flour 0,4%, yeast extract 0.2%, starch 1.0%, MgSO4 
0,1%, Fe-EDTA 8 mg/I, glycerine 0.5%; pH7.4) andina 100 
liter fermenter with 70 liter medium M (soy-peptone 10%. 
maltose 10% CaCl2×2 H2O 0.1%, MgSO 0.1%, Fe-EDTA 
8 mg/I; pH 7.2) for fourdays at 30° C. The pH was regulated 
with potassium hydroxide (2.5%) and sulfuric acid between 
7.2 and 7.4. The stirrer speed was 100–400 rpm, aerated with 
0,05 VVm compressed air. The dissolved Oxygen content 
within the fermentation broth was regulated by the stirrer 
speed to pO 40%. To bind cystobactamides 1% adsorber 
resin was added to the fermentation broth. The fermenter was 
inoculated with 5 liter of a three days old pre-culture (E or 
M-medium, respectively). The production during the fermen 
tation process waschecked by HPLC-MS-analyses and serial 
dilutiontest of the methanol extract against Escherichia coli. 
The strain produces Cystobactamides A, B, C, D, E, F, G and 
H. 

Knock-Out Experiments 

0254 To confirm that the cystobactamide biosynthesis 
geneclusteris responsible for the production ofthecystobac 
tamides, aknock-out (KO) experiment was carried Out, where 
CysK (NRPS) and CysL (benzoyl-CoA ligase) was knocked 
out, respectively. Specifically, PCR products of 1000 bp frag 
ments of CysK and CysL genes were produced from 
MCy8071 genomic DNA using Taq polymerase. The primers 
were designed to add 3 stop codons on the extremities of the 
PCR products. 
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CysL KO For 
TGATTGATTGATCGGCGCGATTCGGCCTCTGG 

CysL KO Rev 
TCAATCAATCATCGGGTCGCGGTCTCAGGCTC 

Cys K KO For 
TGATTGATTGAAAAACAGTCGGAGGAGTTTCTTGTCC 

CysK KO Rev 
TCAATCAATCAACTCCCAGTGCCCTCAGCCTC 

|0255 The PCR products were gel purified using the 
Nucleospin(R) Gel and PCR Clean-up kit from Macherey 
Nageland cloned into apCR2.1-TOPO Vector. The construct 
was integrated Via heat shock into chemically competent E. 
coli HS996 and the selection was doneon kanamycin-Supple 
mented LB agar plates. Single colonies were Screened for 
correct constructs via alkaline lysis plasmid preparation and 
restriction digest by EcoRI. The constructs were then 
Sequenced to ensure the Sequence homology. 
0256 A correct construct for each KO was transformed 
into non-methylating chemically competent E. coli SCS110. 
Plasmids were prepared using the Gene]ET Plasmid Mini 
prepkit from Thermoscientific and integrated into MCy8071 
via electroporation. Selection oftransformedclones was done 
on kanamycin-Supplemented CTT agar plates. KO mutants 
and wild typecultures were grown in parallel in the presence 
ofanadsorber resin(XAD-16) and samples of crude extracts 
of the cultures were analysed. 
0257 The results showed that in the KO mutants there was 
a complete absence of cystobactamide production indicating 
that CysK and CysL are essential for the production of the 
cystobactamides. Furthermore, the resultindicates the essen 
tialnature of the cystobactamide biosynthesis genecluster for 
the production of the cystobactamides. 

Structural Analysis: 
|0258 HRESI(+)MS analysis of cystobactamide A (1) 
returned a pseudomolecular formula ion (M+H)“ consistent 
with the molecular formula C4-H45N„O4, requiring twenty 
eight double bond equivalents (DBE). The °C NMR 
(DMSO-d5) data revealed Seven ester/amide carbonyls (d. 
163.7 to 1696) and a further 30 sp* resonances (d 1142 to 
150.8), accounting for 22 DBE. Consideration of the 1D and 
2D NMR data (Table 1) revealed a set offive aromatic spin 
systems, three of which were attributed to para-Substituted, 
1,3,4-trisubstituted and 1,2,3,4-tetrasubstituted benzene 
rings. A set of HMBC correlations from the aromatic signals 
H-6,6' (d 7.96) and the NH (d 8.92) to the amide carbonyl 
C-4 (d. 166.5): NH(d 1082) to C-7/7" (d. 1198) and to the 
secondamide carbonyl C-10 (d 1646); H-12/12 (0,8.20) to 
C-10 established the connectivity of two of the para-Substi 
tuted aromatic ring systems (FIG. 1). Further examination of 
the Hand COSY NMR data established the connectivity of 
the amide NH (d 8.92) across to the methines H-2 (d 4.96) 
and H-1 (d 4.70). The downfield characteristic of H-1 (d. 
79.4) suggested Substitution by an Oxygen, which was con 
firmed from a HMBC correlation from H-1 to 1-OMe (d. 
3.53, d. 59.6). Also observed were HMBC correlations from 
H-1 and H-2 to an ester/amide carbonyl (d. 1696) leading to 
the construction of subunit A (FIG. 1). 
|0259) For the 13,4 trisubstituted benzene ring HMBC 
correlations were observed from H-17 (d 7.58) to an ester/ 
amide carbonyl C-15 (d. 167.3), an Oxy quaternary carbon 
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C-18 (d 1468), C-19 (d 1336) and C-21 (d 122.9). The 
isolated spin system for the 1,2,3,4 tetrasubstituted benzene 
ring showed HMBC correlations from i) H-25 (d 7.82, d. 
8.7) to an ester/amide carbonyl C-23 (d 163.7), C-27 (d. 
136.2) and aquaternary oxycarbon C-29 (d 150.8); ii) H-26 
(d 7.42) to C-24 (d 117.3) and C-28 (d 139.5) along with 
the phenolic hydroxyl (Ö 11.25) showing correlations to 
C-24 and C-28) The tri and tetra-Substituted benzene rings 
were attached parato eachother by HMBC correlations from 
the amide NH (ð, 10.98) to C-20 (d 119.8) C-18 (d 1467) 
and C-23 (d 163.7) (FIG. 1). The last of the para-Substituted 
aromatic spin system H-33/33 (0.8.11, d, 8.3) and H-34/34' 
(d 7.44, d, 8.3) showed attachment to the 1,2,3-trisubstituted 
benzene ring by HMBC correlations of the amide NH (d, 
9.88) and H-33/33' to the amide carbonyl C-31 (d 1643). 
Additional interpretation of the COSY data revealed two sets 
of isopropoxy residues (H-39 (d 1.38)-H-38 (d, 4.76)-H- 
40 (d, 138)) and (H.-42 (d 125)-H-41(d, 4.30)-H-43(d, 
125). The two isopropoxy residues were confirmed to be 
attached to the Oxy quaternary carbons C-18 (d 146.7) and 
C-28 (d 139.5) based on ROESY correlations from H-38/H- 
39 to H-17/NHand H-42/43 to NH/29-OH/H-33/33'(FIG. 1). 
Alink between subunitA and B was notestablished, however 
based on structural similarity to cystobactamide B, the point 
of attachment of subunits A and B were inferred. Having 
accounted formajority of the resonances, N2O-Hand 1DBE 
were left to account for.. The UV spectrum of the compound 
showed a Y„ of 301 and 320 nm which Suggested a conju 
gated System which was only possible to have beengenerated 
by theattachmentofa nitro functionality para-to the aromatic 
System On Subunit A. The remaining MF was adjusted to 
generate a carboxylic acid residue (C-15) on the 1,2,3-Sub 
stituted aromatic ring in Subunit B generating the 4-amino-3- 
isopropoxybenzoic acid moiety leading to the construction of 
the planar structure of cystobactamide A. 
|0260 HRESI(+)MS analysis of cystobactamide B (2) 
returned a pseudomolecular formula ion (M+H)“ consistent 
with the molecular formula C4-H4NOs, requiring twenty 
eight double bond equivalents (DBE). The NMR data (Table 
2)of2 was highly similar to (1) with now the NH (d, 10.19) 
and the Oxymethine H-1 (d, 4.32) seeing the carbonyl C-37 
(d 1686) confirming the point of attachment of subunits A 
and B. In addition to this the only change was that the carbo 
nylamide was now adjusted to a carboxylic acid which was 
later proven by generation of cystobactamide B dimethyl 
eSter. 

|0261 HRESI(+)MS analysis of cystobactamide C (3) 
returned a pseudomolecular formula ion (M+H)“ consistent 
with the molecular formula C2„H22N4O7, requiring 15 
(DBE). The H NMR data for cystobactamide C showed 
aromatic signals whichwere reminiscent of cystobactamide 
A and B, howeverit lacked aromatic resonances for two sets 
of para-Substituted aromatic units. The COSY data revealed 
the existing two sets of isopropOXy residues along with One 
Set ofpara-Substituted aromatic ring System. Interpretation of 
the 1D and 2D NMR data (Table 3, FIG. 2) identified cysto 
bactamide C (3) bearing resemblance to the eastern part of 
cystobactamide A and B, consisting of3-isopropoxybenzoic 
acid, 2-hydroxy-3-isopropOxybenzamide and a para-ami 
nobenzamide unit. 
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TABLE 1 

NMR (700 MHz, DMSO-da) data for Cystobactamide A (1 

26 

öff, mult 
pOS (J in Hz) d* COSY HMBC ROESY 

1 4.70, d (6.9) 79.4 2 2, 1–OMe, 1-OMe, 3 
CONH2 

2 4.96, dd 55.6 1, 3 1, 1-OMe, 3,34 
(8.2, 6.9) CONH2,4 

3 8.92, d (8.2) 2 4 1, 2, 6" 
4 66.5 
5 28.6 

6, 6" 7.96, d (8.6) 28.9 7,7) 4, 6, 6, 8 3 
7,7 7.91, d (8.6) 19.8 6, 6' 5, 7, 7. 9 
8 42.2 
9 10.82, s 7, 7, 10 7, 12' 
10 64.6 
11 40.4 

12, 12' 8.20, d (8.6) 29.5 13, 13' 12, 12, 10, 14 9 
13, 13' 8.39, d (8.6) 23.8 12, 12 11, 13, 13, 14 
14 49.6 
15 67.3 
16 26.2 
17 7.58, s 14:2 15, 18, 19, 21, 38, 40 
18 46.7 
19 33.6 
20 8.50, d (8.2) 19.8 21 16, 18 21 
21 7.60, d (8.2) 22.9 20 15, 17 20 
22 10.98, s 18, 20, 23 25,39 
23 63.7 
24 17.3 
25 7.82, d (8.7) 25.2 26 23, 24, 29 22 
26 7.42° 16.3 25 27, 28 30 
27 36.2 
28 39.5 
29 50.8 
30 9.88, s 26, 27, 31 33, 41 , 42, 43 
31 64.3 
32 34.0 

33, 33' 8.11, d (8.3) 29.5 34, 34' 31, 33, 33, 35 30, 41, 42, 43 
34, 34' 7.44° 25.6 33, 33' 34, 34', 32 1-OMe, 2 
35 37.3 
36 11.53, s 
37 NO 

1–OMe 3.53, s 59.6 1 1, 2 
38 4.76, spt (6.0) 72.1 39,40 17 
39 1.38, d (6.0) 22.1 38 38, 40 22 
40 1.38, d (6.0) 22.1 38 38, 39 17 
41 4.30, spt (6.0) 76.0 42,43 30, 42,43 
42 1.25, d (6.0) 22.4 41 41, 43 30, 33' 
43 1.25, d (6.0) 22.4 41 41: 42 30, 33' 

CONH2 1696 
29–OH 11.25, s 27, 28 

“Overlapping signals, 
*Assignments supported by HSQC and HMBC experiments. 

TABLE 2 

NMR (700 MHz, DMSO-da) data for Cystobactamide B (2 

öff, mult 
pOS (J in Hz) öc COSY HMBC ROESY 

1 4.31, m“ 82.0 2 2, 37, COH, 2, 3, 36, 
1-OMe, 1–OMe 

2 5.07, dd 54.4 1, 3 CO-H 1, 1–OMe, 3, 
(8.1, 5.6) 36 

3 8.50° 2 4 1, 2, 6" 
4 166.0 
5 1293 

6, 6' 7.90, m“ 128-6 7,7 6, 6, 8 
7,7 7.90, m“ 1 19.8 6, 6" 7,7 9 
8 1417 
9 10.79, s 7, 7, 10 7, 12' 

May 26, 2016 
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TABLE 2-continued 

May 26, 2016 
27 

NMR (700 MHz, DMSO-da) data for Cystobactamide B (2 

öff, mult 
pOS (J in Hz) öc COSY HMBC ROESY 

10 64.5 
11 40.5 

12, 12' 8.20, d (8.3) 29.6 13, 13' 12, 12", 14, 10 9 
13, 13' 8.38, d (8.3) 23.8 12, 12' 11, 14, 13, 13' 
14 49.6 
15 67.2 
16 25.9 
17 7.58, s 14:2 15, 18, 19, 21, 38, 40 
18 46.6 
19 33.5 
20 8.50“, d (84) 19.9 21 16, 18 21 
21 7.59, d (84) 23.0 20 15, 17 
22 10.98, s 20 25,39 
23 63.9 
24 16.8 
25 7.81, d (8.7) 25.2 26 23, 29 22 
26 7.52, d (8.7) 1 S.6 25 27, 28 30 
27 38.8 
28 NO 
29 50.7 
30 9.62, s 31 33, 33', 26, 

41, 43 
31 64.5 
32 29.3 

33, 33' 7.97, d (84) 28.6 34, 34' 31, 33, 33' 30, 41, 42, 43 
34, 34' 7.90, m“ 19.8 33, 33' 34, 34', 32 1–OMe 
35 41.7 
36 10.20, s 34, 37 1, 2, 1–OMe 
37 68.6 

1–OMe 3.49, s 59.3 1 1, 2, 34, 36 
38 4.75, spt (6.0) 72.1 39, 40 17 
39 1.38, d (6.0) 22.1 38 38, 40 22 
40 1.38, d (6.0) 22.1 38 38, 39 17 
41 4.30, m“ 76.1 42, 43 30, 42,43 
42 1.25, d (6.0) 22.4 41 41, 43 OH 
43 1.25, d (6.0) 22.4 41 41: 42 OH, 30, 33' 

CO-H 170.7 
OH 11.22, s 28, 29 

TABLE 3 TABLE 3-continued 

NMR (500 MHz, DMSO-d6) data for CYStobactamide C (3 

öt, mult 
pOS (J in Hz) d* COSY HMBC 

1 67.3 
2 26.1 
3 7.57 s 14.1 1,5 
4 46.8 
5 33.6 
6 8.49, d (84) 20.0 7 2, 4 
7 7.58, d (84) 23.0 6 1, 3, 5 
8 10.95, s 6 
9 64.0 
10 16.0 
11 50.5 
12 37.5 
13 NO 
14 7.65, d(8.7) 14.5 15 10, 12 
15 7.78, d(8.7) 25.3 14 9, 11 
16 9.12, s 14, 17 
17 64.7 
18 20.4 

19/19" 7.69, d (8.8) 29.4 20/20' 19/19, 21, 17 
20/20' 6.62, d (8.8) 13.2 19/19" 18, 20/20' 
21 52.8 
22 4.75, m 72.0 23/24 

23/24 1.37, d (6.0) 22.1 22 23/24 

NMR (500 MHz, DMSO-d6) data for CYStobactamide C (3 

öff, mult 
pOS (J in Hz) d* COSY HMBC 

25 4.33, m 75.8 26/27 
26/27 1.28, d (6.1) 22.5 25 26/27 
OH 11.23, s 25 10 

NO–Not Observed, 
*Assignments supported by HSQC and HMBC experiments 

0262 HRESI(+)MS analysis of cystobactamide D (4) 
revealed a pseudomolecular ion (M+H“) indicative of a 
molecular formula (C4-H„ON7) requiring twenty eight 
double bondequivalents. Interpretation ofthe NMR (DMSO 
ds) data (Table 4) revealed magnetically equivalent aromatic 
protons H-12/12 (d, 8.17, d, 80) and H-13/13' (d 8.36, d. 
80) accounting for the first para-Substituted benzene ring. 
Further interpretation of the H-H COSY data revealed the 
presence of two additional para-Substituted benzene rings, 
(H-35/35) (d 7.80, d, 8.1) and H-36/36 (d 7.94, d, 8.1);the 
second setofaromatics were heavily Overlapped (H-6/6“) and 
(H-7/7" (d 7.88). Diagnostic HMBC correlations of the aro 
matic protons (H-12/12) to an amide carbonyl C-10 (d 165. 
1) along with the eXchangable (NH) (d 10.82) coupled to 



US 2016/0145304 A1 

C-10, C-7/7" established the connectivity of the two para 
substituted aromatic rings (FIG. 3), which was further cor 
raborated by ROESY correlations between NH/H-12 and 
NH/H-7. The COSY data revealed an additional spin system 
fromanoxymethine H-1 (d.408, d, 8.0) throughana-proton 
H-2 (d 4.91, dd, 80, 7.7) to an exchangable proton (NH) O. 
8.47). HMBC correlations from (i) H-2 to three amide carbo 
nyls C-4 (d 1664), C-15 (d 1718) and C-32 (d 169.2), (ii) 
NH (d 8.48) to C-4 (iii) NH (d 10.54) to C-35/35" (d. 
119.5), (iv) H-6/6"to C-4 further extended the partialstructure 
of cystobactamide D (4). Consideration of the 1-D and 2-D 
NMR data revealed an additional 1,3,4-trisubstituted and a 
1,2,3,4-tetrasubstituted benzene ring. HMBC correlations 
were observed from the aromatic protons H-27 (d, 7.55) and 
H-29 (d 7.60) to the carbonyl C-31 (d 1678) and the qua 
ternary carbon C-25 (d 1330), while H-30 (d. 847, d. 7.0) 
and a methoxy signal (Ö 3.96) were coupled to an Oxygen 
bearing carbon C-26 (Ö 149.1), hence revealing a 4-amino 
3-methoxybenzoic acid moiety, which was laterconfirmed by 
esterification. Moreover, HMBC correlations were observed 
from the exchangeable proton (NH) (d 7.46) to the Oxygen 
bearing carbons C-1 (d 80.8), C-18 (d 1410) and the aro 
matic carbon C-22 (d 116.2), while H-22 (d 7.48, d, 8.8) 
and the methoxy showed couplings to C-18 and H-21 (Ö, 
7.77, d, 8.8) coupled to an amide carbonyl C-23 (d 1648). 
The presence ofa hydroxyl functionality ortho to the meth 
Oxy was later confirmed by esterification (4a) (FIG. 4), 
revealing the presence of a 4-amino-2-hydroxy-3-methoxy 
benzamide. The attachment of the 4-amino-3-methoxyben 
Zoicacid and 4-amin0-2-hydroxy-3-methoxybenzamide Sub 
stituents were confirmed by ROESYand HMBCcorrelations 
from the exchangeable NH’s observed from the cystobacta 
mide D dimethylester (4a). The missing Substituents were to 
be assigned at C-14 (d 1500) and the carbonyl C-38. The 
? (320 mm) and the downfield chemical shift of C-14 was 
suggestive of a nitro Substituent at C-14 and the primary 
amine attached to the carbonyl C-38, generating the planar 
structure of 4. 

TABLE 4 

NMR (700 MHz, DMSO-da) data for Cystobactamide D (4 

öff, mult 
pOS (J in Hz) d, COSY ROESY HMBC 

1 4.08, d (80) 80.7 2 32 
2 4.91, dd 56.4 1, 3 33 1, 4, 15, 32 

(8.0, 7.7) 
3 8.478 2 4 
4 66.4 
5 29.5 

6/6' 7.91, m“ 29.0 7/7" 4, 8, 6/6" 
7/7" 7.91, m“ 20.4 6/6" 5, 7/7: 
8 42.4 
9 10.82, s 12/12,7/7 7, 10 
10 65.1 
11 40.9 

12/12' 8.17, d (8.0) 29.9 13/13' 9 10, 12/12, 14 
13/13' 8.36, d (8.0) 24.3 12/12' 9 11, 13/13", 14 
14 50.0 
15 71.8 
16 NO 
17 29.5 
18 41.0 
19 NO 
20 16.5 
21 7.77, d (8.8) 25.8 22 23 
22 7.48, d (8.8) 15.3 21 18, 20 

28 
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TABLE 4-continued 

NMR (700 MHz, DMSO-da) data for CYStobactamide D (4 

pOS 

23 
24 
25 
26 
27 
28 
29 

30 

31 
32 
33 
34 

35/35' 

36/36" 

37 
38 

1–OMe 
18–OMe 
26–OMe 

öff, mult 
(J in Hz) 

NO 

7.55, s 

7.60°, d 
(7.0) 

8.47“, d. 
(7.0) 

10.54, s 

7.80, d, 
(8.1) 

7.94, d, 
(8.1) 

3.30, s 
3.76, s 
3.95, s 

“overlapping signals, 
°C shiffs obtained from 2D HSQC and HMBC experiments, 
NO–not observed 

pOS 

11 
12/12' 
13/13' 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

33.0 
49.1 
1 1.7 
26.3 
23.3 

20.1 

67.8 
692 

42.7 
19.5 

29.3 

29.4 
65.5 
58.4 
61.0 
56.8 

COSY ROESY 

30 

29 

2,35/35' 

36/36" 33 

35/35' 

TABLE 5 

HMBC 

25, 26, 31 

25, 27, 31 

26, 28 

35/35, 37 

34, 36/36, 38 

18 
26 

NMR (700 MHz, DMSO-d6) data for cystobactamide 
D dimethylester (4a 

öff, mult 
(J in Hz) 

4.10° 
4.92, dd 
(80, 7.8) 

8.50, d(7.8) 

7.91, m“ 
7.91, m“ 

10.82, s 

8.21, d (8.7) 
8.39, d (8.7) 

9.65, s 

7.88, d (8.8) 
7.95, d (8.8) 

10.94, s 

7.60, s 

7.67, d (8.6) 
8.61, d (8.6) 

80.4 
56.1 

65.6 
29.4 
28.8 
20.1 
42.0 

64-8 
40.8 
29.7 
24.0 
49.9 
NO 

29.5 
44.7 
52.1 
21.8 
26.1 
18.9 
62.6 

32.8 
48.3 
112 
24.9 
23:2 
19.1 
66.4 
692 

COSY ROESY 

2 3 
1, 3 3,33 

2 1, 2, 6/6 

7/71 3 
6/6" 

12/12, 7/7 

13/13' 9, 13/13' 
12/12' 12/12' 

18-OMe, 
36/36" 

22 
21 

19–OMe 

26–OMe 

30 30 
29 29 

HMBC 

4, 8 

7/71 

10, 12/12, 14 
11, 13/13", 14 

38 

19, 23 
18, 20 

30 

25, 29, 31 

27 
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TABLE 5-continued 

NMR (700 MHz, DMSO-d5) data for cystobactamide 
D dimethylester (4a 

öff, mult 
pOS (J in Hz) d, COSY ROESY HMBC 

33 10.59, s 2,35/35' 
34 1428 
35/35' 7.83, d, 1 19.2 36/36" 33 35/35, 37 

(8.1) 
36/36" 7.97, d, 129.1 35/35' 16 34, 36/36, 37, 

(8.1) 38 
37 1293 
38 165.5 
1–OMe 3.31 58.1 
18-OMe 3.91, s 61:2 16 18 
19-OMe 4.10“, s 62.0 24 19 
26-OMe 4.05 56.7 27 
COMe 3.86, s 52.4 31 

ºoverlapping signals, 
°C shiffs obtained from 2D HSQC and HMBC experiments. 
NO–not observed 

|0263 HRESI(+)MS analysis of cystobactamide E (5) 
revealed a pseudomolecular ion (M+H“) indicative of a 
molecular formula (C25H28O9Ns) requiring eighteen double 
bond equivalents. The "H NMR spectrum was similar to 
cystobactamide D with the principle difference being the 
absence of signals reminiscent for the 4-amino-3-methoxy 
benzoic acid and 4-amino-2-hydroxy-3-methoxybenzamide 
moieties. Detailed analysis of the 1-D and 2-D NMR data 
(Table 6) lead to the planar structure of cystobactamide E (5). 

TABLE 6 

NMR (700 MHz, DMSO-dº) data for Cystobactamide E (S 

öff, mult 
pOS (J in Hz) d, COSY ROESY HMBC 

1 4.08, d (8.2) 80.2 2 1-OMe, 2 
2 4.90, dd 56.1 1, 3 17 1, 4, 15, 16 

(8.2, 7.7) 
3 8.50, d(7.7) 2 6/6" 4 
4 165.5 
5 1292 

6/6" 7.91, m“ 128-6 7/71 3 4, 6/6', 8 
7/71 7.91, m“ 120.0 6/6" 9 5,7/71 
8 142.0 
9 10.82, s 7/7, 12/12 7/7, 10 
10 1646 
11 140.5 
12/12' 8.21, d (8.4) 129.6 13/13' 9 10, 12/12, 14 
13/13' 8.38, d (8.4) 1239 12/12' 11, 13/13", 14 
14 149.9 
15 171:2 
16 1689 

29 
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TABLE 6-continued 

NMR (700 MHz, DMSO-dº) data for Cystobactamide E (S 

öff, mult 
pOS (J in Hz) d, COSY ROESY HMBC 

17 10.54, s 2, 19/19', 16, 19/19" 
20/20° 

18 1428 
19/19" 7.77, d (8.2) 1190 20/20' 17 19/19, 21 
20/20' 7.90, m“ 130.6 19/19" 17 18, 20/20, 22 
21 1256 
22 1672 
1–OMe 3.29 58.1 1 

ºoverlapping signals, 
°C shiffs obtained from 2D HSQC and HMBC experiments 

0264 HRESI(+)MS analysis of cystobactamide F (6) 
returned a pseudomolecular ion (M+H)“ consistent with the 
molecular Formula C4H22N4O13, requiring 28 DBE. Inter 
pretation of the NMR (DMSO-d) data (Table 7) revealed 
three sets ofmagnetically equivalent aromatic protons which 
could be connected via COSY (6/6' and 7/7", 12/12 and 
13/13', 33/33' and 34/34') and additionally in contrast to all 
Other cystobactamides a Set of magnetically equivalent aro 
matic protons (26/26" and 27/27") which could be also con 
nected via COSY. These four sets accounted for four para 
substituted benzene rings in the molecule instead of three as 
found in all other cystobactamides. Only one 1,2,3,4-tetra 
Subsituted benzene ring could bedetected where HMBC cor 
relations of the aromatic proton H-22 (d 7.22) could be 
observed to the carbon C-18 (d 137.1) and C-20 (d 1140) 
and from the aromatic proton H-21 (d 7.51) to C-23 (d. 
167.3). Protons H-21 andH-22 couldbeconnected via COSY 
correlations. Since carbons C-17, C-19 and C-22 were not 
observable, the HR-MS/MS mass of all peptide-fragments 
has been established and revealed the presence of7 carbons, 
11 protons, One nitrogen and three Oxygen in the respective 
fragment, confirming the presence of a 1,2,3,4 Substituted 
para-amino benzene moiety on this position (see FIG. 1). 
HMBC data further confirmed the connection of H-37 (d. 
4.93) to C-18 (d 137.1). HMBC and COSY data confirmed 
an identical linker between the two aromatic parts of the 
moleculeas found in cystobactamide D. HMBC correlations 
from the exchangeable protons H-9 (d 1082) to C-10 (d. 
1639) and C-7/7" (d. 119.4), H-3 (d 8.49) to C-4 (d. 165.1), 
H-31 (d 10.56) to C-30 (d 1683) and C-32 (d 1415) and 
H-16 (d 8.91) to C-36 (d 163.1) and C-18 (d 137.1) and 
COSY correlations from H-2 (d 4.92) to the eXchangeable 
proton H-3 (d 8.49) as wellas HRMS fragment data estab 
lished the serial connectivity ofall fragments. The location of 
the nitro-group and the presence ofthe free amide group in the 
linker between the aromatic chains was established using 
HR-MS/MS fragments to generate the sum-formula of the 
respective fragments. 

TABLE 7 

NMR (700 MHz, DMSO-d6) data for cystobactamide F (6 

pOS 
öt, mult 
(J in Hz) d* COSY ROESY HMBC 

4.10, d(8.08) 79.7 2 1-OMe, 3 1-OMe, 2, 15,30 
4.92, 55.9 1, 3 31 1, 4, 15,30 

dd(4.10, 4.10) 
8.49, d(8.14) 2 1 1, 2, 4 

165.1 
128.7 
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TABLE 7-continued 

NMR (700 MHZ, DMSO-d) data for CyStobactamide F (6 

öt, mult 
pOS (J in Hz) d* COSY ROESY HMBC 

6/6" 7.91, m“ 28.1 7/7" 4, 6/6, 8 
7/71 7.91, m“ 19,4 6/6" 9 5, 7/71 
8 41.6 
9 10. 82, s 7/7, 12/12 7/7", 8, 10 
10 63.9 
11 40 
12/12' 8.21, d(8.71) 29.1 13/13' 9 10, 12/12, 14 
13/13' 8.39, d(8.71) 23.3 12/12' 11, 13/13' 
14 49 
15 70.6 
16 8.91, s 34/34', 38/38" 18, 36 
17 NO 
18 37.1 
19 NO 
20 14:9 
21 7.51, d(9.02) 27.5 22 23 
22 7.22, d(9.02) NO 21 18, 20 
23 67.3 
24 15 very broads 
25 44.5 
26/26" 7.78. d(8.57) 18,4 27/27" 26/26, 28 
27/27" 7.86, m“ 30.1 26/26" 25, 27/27", 29 
28 23,4 
29 67.3 
30 68.3 
31 10.56, s 2, 33/33' 30, 33/33' 
32 415 
33/33' 7.83, m“ 18.9 34/34' 33/33, 35 
34/34' 7.87, m“ 27.5 33/33' 16 32, 34/34", 36 
35 292 
36 63:1 
37 4.93, m“ 71 38/38" 18 
38/38" 1.21, d(6.18) 22.4 37 16 37 
1–OMe 3.31, s 57.4 1 1 

“Overlapping signals, 
NO = Not Observed, 
*Assignments supported by HSQC and HMBC experiments. 

|0265 HRESI(+)MS analysis of cystobactamide G (7) 
returned a pseudomolecular ion (M+H)“ consistent with the 
molecular Formula C4-H4N„O4, requiring 28 DBE. Dueto 
Overlapping aromatic signals in DMSO-d5 the NMR data 
acquired in Methanol-d4 was used to establish the partial 
structures of the aromatic and the linker fragment (Table 8). 
The para-Substituted benzene rings could be established via 
COSY. HSQCand HMBC correlations. The configuration of 
the 1,3,4-trisubstituted benzene ring (4-amino-3methoxy 
benzamide) and the methoxy-Substituent (1-OMe, (d 55.2, 
d. 3.50) was established via HSQC, COSY and HMBC cor 
relations. Since not all signals On the 1,2,3,4-Substituted ben 
Zene moiety could bedetected in methanol-d4 the NMR data 
measured in DMSO-d5 was interpreted to establish a 
4-amino-3-isopropoxy-2-hydroxy-benZamide and an identi 
cal linker between the aromatic parts as identified in cysto 
bactamide D. The connection between C-39 (d 74.4) and the 
carbons C-40/40' (d 22.7) was established by COSY corre 
lations of H-39 (d 4.82) and H-40/40' (d 1.31) and the 
connectivity between the 1,2,3,4-Substituted benzene ring 
and H-39 (d 4.82) was established via HMBCcorrelations of 
h-39 to C-18 (d 1373 in DMSO-d). The configuration of 
this benzene moiety was further confirmed with HMBC cor 
relations in DMSO-ds of H-22 (d 7.04) to C-18 (d 1373) 
and C-20 (d 116.1) and HMBC correlations of H-21 (d. 
7.45) to C-23 (d 1654) as wellas COSY correlations from 

H-21 to H-22. The Overall sequence, the location of the nitro 
group and the presence of the free amide group in the linker 
between the aromatic chains was established using HR-MS/ 
MS fragments to generate the sum-formula of the respective 
fragments. 

TABLE 8 

NMR (700 MHz, Methanol-d4) data forcystobactamide G (7), including 
100 MHz, DMSO-da) data fordos. 17-23 and 39-4040. 

Ö, mult 
pOS (J in Hz) d* COSY ROESY HMBC 

1 4.17, d(7.45) 82.1 2 1-OMe, 2, 15, 32 
2 5.08, d(7.37) 572 1 1, 4, 15, 32 
3 NO 
4 1689 
5 130.5 

6/6" 7.93, m“ 1294 7/7" 4, 6/6", 8 
7/71 7.89, d(8.83) 121.1 6/6" 5, 7/71 
8 1429 
9 NO 
10 166.5 
11 1416 
12/12' 8.16, d(8.77) 1299 13/13' 10, 12/12, 14 
13/13' 8.38, d(8.74) 1245 12/12 11, 13/13' 
14 150.9 
15 174.4 
16 NO 
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TABLE 8-continued 

NMR (700 MHz, Methanol-d4) data forcystobactamide G (7), including 
(700 MHz, DMSO-d) data fordos. 17-23 and 39-40/40'. 

Ö, mult 
pOS (J in Hz) d* COSY ROESY HMBC 

17 39.4 
18 NO NO 

19 NO 
20 NO 

21 7.74, d(8.83) 125.4 22 23, 17 
22 7.51, broad d NO 
23 68.7 

24 NO 

25 33.5 

26 49.9 

27 7.67, s 12.7 25, 26,28. 29, 31 
28 31,8 

29 7.61, d(8.22) 1299 30 27, 30, 31 
30 8.45, broad d 120.5 29 
31 74.8 

32 69.5 

33 NO 

34 42.8 

35/35' 7.83, d(8.64) 120.8 36/36 35/35, 37 
36/36" 7.93, m“ 28.9 35/35' 34, 36/36, 38 
37 31:2 

38 66.4 

39 4.82, 74.4 40/40' 40 

water peak 
40/40' 1.31, d(6.13) 22.7 39 39 
1–Ome 3.50, s 55.2 1 
26-Ome 4.02, s 55.9 26 
17 NO 

18 137.3 

19 NO 

20 116.1 

21 7.45, d(8.83) 1239 22 23 
22 7.04, d(8.66) 99.7 21 18, 20 
23 1654 

31 
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TABLE 8-continued 

NMR (700 MHz, Methanol-d4) data for cystobactamide G (7), including 
700 MHz, DMSO-da) data for doS. 17-23 and 39-40/40). 

öff, mult 
pOS (J in Hz) d* COSY ROESY HMBC 

39 5.05, m 69.7 40/40' 18,40/40' 
40/40' 1.17, d(5.98) 22.5 39 39 

“Overlapping signals, 
NO = Not Observed, 
*Assignments supported by HSQC and HMBC experiments. 

|0266 HRESI(+)MS analysis of cystobactamide H (8) 
returned a pseudomolecular ion (M+H)“ consistent with the 
molecular Formula C43H89N„O4, requiring 28 DBE. The 
linker configuration between the aromatic chains was found 
to beidentical as the one found in cystobactamide D. inter 
pretation of HSQC, HMBC and COSY data acquired in 
DMSO-d5 revealed three para-Substituted benzene units as 
found in cystobactamide A, B, D, F and G. Further interpre 
tation of the COSY. HSGC and HMBC data revealeda iden 
tical 1,3,4-trisubstituted benzene moiety which showed 
HMBC correlations to a methoxygroup as found in all other 
cystobactamides except cystobactamide F (confirmed by 
HMBC correlation of1-OMe (d. 3.27) to C-26 (d. 147.4)). 
Analysis of the NMR data revealed–in accordance with the 
Other cystobactamides–a 1,2,3,4-Substituted benzene moi 
ety. Significant change came from the establishment of a 
ethoxy unit via COSY correlation ofmethylene protons H-39 
(d 4.17) to methyl group H-40 (d 127) and the HMBC 
correlations of methylene group H-39 (d 4.17) to C-18 (d. 
139.5) expanding thereby the Substitution pattern of the 
4-amino-2-hydroxy-3-X-benzamide moiety to X=methoxy, 
isoproropOXy or ethOXy on position 3. The Sequential 
sequence of cystobactamide H was established by HMBC 
correlations of the eXchangeable protons H-9 (d 10.93) to 
C-10 (d 1639) and C-7/7" (d. 119.6), H-33 (d 10.85) to 
C-32 (d 1687) and C-35/35" (d. 118.8), H-16 (d 8.91) to 
C-38 (d 163.1), C-18 (d 1395) and C-22 (d 100.4) and 
H-24 (d 14.71) to C-20 (d 116.1), C-25 (d 1310), C-26 
(d. 147.4) and C-30 (d 1185) and H-2 (d. 485) to C-4 (d. 
165.5) as well as HR-MS2 fragmentation-data which also 
enabled the localisation of the nitro-group and the establish 
ment of the free amide group in the linker moiety. 

TABLE 9 

NMR (700 MHz, DMSO-d6) data for CYStobactamide H (8 

pOS 

; 

11 
12/12' 
13/13' 
14 
15 
16 
17 

Azz, mult 
(J in Hz) d* COSY ROESY HMBC 

4.22, d (8.60) 79.8 2 3,33 2, 32, 1-OMe 
4.85, 56.3 1,3 3,33 1, 4, 15, 32 

dd (842, 8.42) 
9.02 S 2 

165.5 
1288 

7.93 m° 128.3 7/71 4, 6/6", 8 
7.91 II° 1 19.6 6/6" 5,7/71 

1417 
10.93 S 7/7, 12/12 

1639 
140.3 

8.22, d(8.72) 129.4 13/13' 10, 12/12, 14 
8.38, d(8.72) 123.5 12/12' 11, 13/13' 

149.2 
170.7 

8.91 S 22, 39,40 18, 22, 38 
NO 
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TABLE 9-continued 
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32 

NMR (700 MHz, DMSO-da) data for CYStobactamide H (8 

Azz, mult 
pOS (J in Hz) d* COSY ROESY HMBC 

18 39.5 
19 NO 
20 16.1 
21 7.45, d(8.63) 24.1 22 18, 23 
22 6.95, d(8.66) 00.4 21 16 18 
23 65.8 
24 14.71 S 26-OMe, 39 23, 25, 26,30 
25 31.0 
26 47.4 
27 7.46, s 11.1 25, 26, 29, 28, 31 
28 33.9 
29 7.38, m“ 21.3 30 27, 28, 30 
30 8.44, d(8.29) 18.5 29 25, 26, 28, 
31 69.9 
32 68.7 
33 10.85 S 1, 2, 35/35' 35/35' 
34 41.9 
35/35' 7.85, m“ 18.8 36/36" 37 
36/36" 7.85, m“ 27.7 35/35' 34, 38 
37 29.5 
38 63:1 
39 4.17, q(703) 654 40 18,40 
40 127, t(707) 15.7 39 39 
1–Ome 3.27, s 57.4 1 
26-Ome 3.84, s 55.2 26 

“Overlapping signals, 
NO = Not Observed, 
*Assignments supported by HSQC and HMBC experiments. 

FIGURES 0276 Average MIC Values on Gram-positive bacteria, 

0267 FIG. 1: Key 2D NMR correlations (700 MHz. 
DMSO-d5) for cystobactamide A (1) 
|0268 FIG. 2: Key 2D NMR correlations (500 MHz, 
DMSO-d5) for cystobactamide C (3) 
0269 FIG. 3: Key 2D NMR correlations (700 MHz. 
DMSO-d) for cystobactamide D (4) 
|0270 FIG. 4: Key 2D NMR correlations of cystobacta 
mide D dimethylester (4a) 
|0271 FIG. 5: Key 2D NMR correlations of cystobacta 
mide E (5) 
0272 FIG. 6: Key 2D NMR correlations (700 MHz. 
DMSO-d) of cystobactamide F (6) 
0273 FIG. 7: Key 2D NMR correlations (700 MHz. 
MeOH-d4) of cystobactamide G (7) 
0274 FIG. 8: Key 2D NMR correlations (700 MHz. 
DMSO-d5) of cystobactamide H (8) 

BIOLOGICAL EVALUATIONOF 
CYSTOBACTAMIDES 

I0275 As summarized in Tables 10a/b, cystobactamides 
were evaluated against Severalmicroorganisms and cell lines. 
All derivatives demonstrated a potent inhibitory effect on 
Various E. coli strains, including a nalidixic acid resistant 
(NAL“) isolate. Overallpotency (average MIC values) ofthe 
tested derivatives increased in the following order: CySA1, 
CysC<CysB<CySA, CysG<CysF. Importantly, the patho 
genic Gram-negative Strains A. baumannii and P. aeruginosa 
were also inhibited by the most active derivatives, CySA, 
CysB, CysG, and CysF, in the low ug/ml range, which is in 
terms of MIC Values only by one order ofmagnitude higher 
than for the reference drug ciprofloxacin. 

Suchas E. faecalis, S. aureus, and S. pneumonia were partly in 
the Sub-ug/ml range and the average potency of CySA and 
CysB exceeded that of ciprofloxacin. 
0277 Furthermore, it was shown that cystobactamides do 
not inhibit the growth of yeast and mammalian cells, respec 
tively. Thus, the cystobactamides did not cause apparent cyto 
toxicity. 
Susceptibility of Mutant E. coli Strains to Cystobactamides 
0278 Quinolones are a widely used class of antibiotics 
that target the type II topoisomerases, DNA gyrase and topoi 
Somerase IV. Resistance to quinolones is thereby Often medi 
ated by mutations in chromosomal genes that lead to alter 
ations in the drug targets. In GyrA the quinolone-resistance 
determining region (QRDR) is located between amino acids 
67 and 106, whereas amino acids 83 (Ser) and 87 (Asp) are 
most often involved.“ In analogous regions of ParC, the 
Secondary target of quinolones, changes of amino acid 80 
(Ser) are found to confer quinolone resistance.“ 
0279 Cystobactamides were screened using a panel of E. 
Coli strains with typical mutations in gyrA and parC genes 
(Table 11). With ciprofloxacin the MIC values increase 
approximately by factor 30 for the Single-Step gyrA muta 
tions (strain MIand WT-32). However, a combination ofboth 
gyrA mutations (strain WT-3) results already in nearly clini 
cal resistance (1 mg/L). AparC mutation (strain WT-4 M2.1) 
leads to a two-fold increase of the MIC of ciprofloxacin. 
However, MIC Values for cystobactamides did not or only 
marginally increase for gyrA and parC mutant E. Coli strains, 
which Suggests that cystobactamides might interfere with 
amino acids 87 and 83 of GyrA and amino acid 80 ofParC to 
alower extent than observed forciprofloxacin. 
0280 High-level quinolone resistance often results froma 
combination ofseveraltarget site mutations and alteredeflluX 
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mechanisms. The in vitro selected mutant WT III (marR A74 
bp) does not produce functional MarR, whichacts as a repres 
sor ofmarA expression. This, inturn, leads to Overproduction 
of MarA and AcrAB and overexpression of the AcrAB effluX 
pump is associated with the MAR (multiple antibiotic resis 
tance)phenotype.“ E. coli strain WTIII was less susceptible 
to ciprofloxacintreatment by a factor of ca. 4 (cp. E. coli WT). 
In comparison, MIC values of cystobactamides B, F, and G 
were still in the ug/ml range. Notably, the MIC of CysF on 
strain E. coli WT III only increased by factor 2 compared to 
wildtype E. coli DSM-1116, whereas the MIC of ciprofloxa 
cin increased by ca. factor 10. 

TABLE 10a 

Antimicrobial activity Of cystobactamides (Cys). 

CySA CySA1 CysB CysC 
Test Organism MIC Lug/ml 

Acineiobacter baumannii 7.4 58.9 3.7 32.5 
DSM-30008 
Burkholderia cenocepacia >59 >59 >59 >65 
DSM-16553 
Chromobacterium violaceum >59 >59 14.7 16.3 
DSM-30191 
Escherichia Coli DSM-1116 09 14.7 18 16.3 
Escherichia Coli DSM-12242 09 29.4 3.7 8.1 
(NAL“) 
Escherichia coli DSM-26863 (tolC3) O.S 7.4 18 4.1 
Escherichia Coli ATCC35218 09 14.7 18 16.3 
Escherichia Coli ATCC25922 O.S 7.4 09 8.1 
Enterobacter aerogenes DSM-30053 >59 >59 >59 >33 
Klebsiella pneumoniae DSM-30104 >59 >59 >59 65 
Pseudomonas aerginQSa PA14 >59 58.9 14.7 65 
Pseudomonas aerginOSa >59 58.9 14.7 65 
ATCC27853 
Mycobacterium Smegmatis >59 >59 >59 >65 
mc°155 ATCC700084 
Bacillus Subtilis DSM-10 0. 12 1.8 0,46 2.0 
Enterococcus faecalis ATCC29212 0,06 3.7 0.23 4.1 
Micrococcus lutes DSM-1790 0,06 7.4 0.23 4.1 
Staphylococcus aureus ATCC29213 0. 12 14.7 0. 12 8.1 
StreptocoCCS pneumoniae 0.23 14.7 0,46 8.1 
DSM-20566 
Canadiada albicans DSM-1665 >59 >59 >59 >65 
Pichia anomala DSM-6766 >59 >59 >59 >65 

Test Organism CysF CysG CIP 

Acineiobacter baumannii “ “ 0.2 

DSM-30008 
Burkholderia cenocepacia “ “ 6.4 

DSM-16553 
Chromobacterium violaceum “ “ 0.006 

DSM-30191 
Escherichia Coli DSM-1116 0,4 09 0.006 
Escherichia Coli DSM-12242 “ ().05 

(NAL“) 
Escherichia coli DSM-26863 (tolC3) 0,4 09 s0.003 
Escherichia Coli ATCC35218 “ “ 0.006 

Escherichia Coli ATCC25922 “ “ s0.003 

Enterobacter aerogenes DSM-30053 “ “ 0.2 
Klebsiella pneumoniae DSM-30104 “ “ ().025 
Pseudomonas aerginQSa PA14 3.4 7.1 0:1 
Pseudomonas aerginOSa “ “ 0:1 

ATCC27853 
Mycobacterium Smegmatis “ “ 0,4 

mc°155 ATCC700084 
Bacillus Subtilis DSM-10 “ “ 0:1 

Enterococcus faecalis ATCC29212 “ “ 0.8 
Micrococcus lutes DSM-1790 “ “ 1.6 

Staphylococcus aureus ATCC29213 “ “ 0:1 
StreptocoCCS pneumoniae “ “ 1.6 

DSM-20566 
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TABLE 10a-continued 

Antimicrobial activity Of cystobactamides (Cys). 

Candida albicans DSM-1665 “ “ Z6.4 

Pichia anomala DSM-6766 “ “ Z6.4 

CLPreference antibiotic ciprofloxacin 
– not determined 

TABLE 10b 

Cytotoxicity of cystobactamides (Cys). 

GISo M 

Cell lines and primary cells CySA CySA1 CysB 

CHO-K1 (Chinese hamster Ovary) 37–111 >111 >111 
HCT-116 (human colon carcinoma) “ “ >50 
HUVEC (human umbilical vein “ “ >50 
endothelial cells) 

GISo M 

Cell lines and primary cells CysC CysF CysG 

CHO-K1 (Chinese hamster Ovary) ca. 111 > 1 1 1 37–111 
HCT-116 (human colon carcinoma) “ “ “ 

HUVEC (human umbilical vein “ “ “ 

endothelial cells) 

– not determined 

TABLE 11 

Antimicrobial activity Of cystobactamides 
(Cys) against E. Coli mutant strains. 

CySA CySA1 CysB CysC 
Test Organism resistance mutations MIC Lug/ml 

Escherichia Coli WT O.S 14.7 1.8 8.1 
Escherichia coli MI gyrA(S83L) 3.7 29.4 3.7 16.3 
Escherichia coli WT-3.2 gyrA(D87G) 3.7 29.4 3.7 32.5 
Escherichia Coli WT-3 14.7 >59 7.4 >33 
gyrA(S83L, D87G) 
Escherichia coli WT-4 M2.1 parC(S80I) 0.5 14.7 1.8 8.1 
Escherichia coli MI-4 gryM(S83L), O.S 14.7 1.8 16.3 
parC(S80I) 
Escherichia coli WTIII marRA74bp 14.7 58.9 3.7 65 

CysF CysG CIP 
Test Organism resistance mutations MIC g/ml 

Escherichia Coli WT “ “ ().013 

Escherichia coli MI gyrA(S83L) “ “ 0,4 
Escherichia coli WT-3.2 gyrA(D87G) “ “ 0,4 
Escherichia Coli WT-3 “ “ 0.8 

gyrA(S83L, D87G) 
Escherichia coli WT-4 M2.1 parC(S80I) “ “ ().025 
Escherichia coli MI-4 gyrA(S83L), “ “ 0,4 
parC(S80I) 
Escherichia coli WTIII marRA74bp 09 3.6 ().05 

CLPreference antibiotic ciprofloxacin 
– not determined 

Experimental Procedures Cell-Based Assays 
0281 Cell lines andprimary cells. Human HCT-116 colon 
carcinoma cells (CCL-247) wereobtained from the American 
Type Culture Collection (ATCC) and Chinese hamster Ovary 
CHO-K1 cells (ACC-110) were obtained from the German 
Collection of Microorganisms and Cell Cultures (DSMZ). 
Both cell lines were cultured under the conditions recom 
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mended by the respective depositor. Primary HUVEC (hu 
man umbilical Vein endothelial cells; singledonor) were pur 
chased from PromoCell (Heidelberg, Germany) and cultured 
in Endothelial Cell Growth Medium (PromoCell) containing 
the following supplements: 2% FCS, 0.4% ECGS, 0.1 ng/ml 
EGF, 1 ng/ml bFGF 90 ug/ml heparin, 1 Ug/ml hydrocorti 
SOIC. 

0282 
I0283 Bacterial wildtype strains used in susceptibility 
assays were either part of Our Strain collection or purchased 
from the German Collection of Microorgansims and Cell 
Cultures (DSMZ) or from the American Type Culture Col 
lection (ATCC). E. coli strain WT“) and E. coli mutants were 
kindly provided by Prof. Dr. P. Heisig, Pharmaceutical Biol 
ogy and Microbiology, University of Hamburg. 
I0284 
|0285 Cells were seededat 6×10° cells per wellof96-well 
plates (Corning CellBind{R) in complete medium (180ul) and 
directly treated with cystobactamides dissolved in methanol 
in a serial dilution. Compound were tested in duplicate for 5 
d, as wellas the internal solvent control. After 5 d incubation, 
5 mg/ml MTT in PBS (20uL) was added per well and it was 
further incubated for 2 hat 37° Cº The medium was then 
discarded and cells were washed with PBS (100 ul) before 
adding 2-propanol/10N HCl (250:1, V/v; 100 ul) in order to 
dissolve formazan granules. The absorbance at 570 nm was 
measured using amicroplate reader (EL808, Bio-Tek Instru 
ments Inc.). 
0286 
0287 MIC Values were determined in microdilution 
assays. OVernight cultures were diluted in the appropriate 
growth medium to achieve an inoculum of 10“-10° cfu/mL. 
Yeasts were grown in Myc medium (1%phytone peptone, 1% 
glucose, 50 mMHEPES, pH 7.0), S. pneumonia and E. faeca 
lis in tryptic soy broth (TSB: 1.7% peptone casein, 0.3% 
peptone soymeal, 0.25% glucose, 0.5% NaCl, 0.25% 
K2HPO; pH 7.3); M. Smegmatis in Middlebrook 7H9 
medium supplemented with 10% Middlebrook ADC enrich 
mentand 2 ml/lglycerol). Allother listedbacteriawere grown 
in Müller-Hinton broth (0,2% beef infusion solids, 1.75% 
casein hydrolysate, 0.15% starch, pH 7.4). Cystobactamides 
and reference drugs were added directly to the cultures in 
sterile 96-well plates as duplicates and serial dilutions were 
prepared. Microorganisms were grown On a microplate 
shaker (750 rpm, 30-37° C., 18–48 h), except S. pneumonia, 
which was grownat non-shaking conditions (37°C.,5% CO, 
18 h). Growth inhibition was assessed by visual inspection 
and the MIC was defined as the lowest concentration of 
compound that inhibited visible growth. 

Bacterial Strains. 

Cytotoxicity Assay. 

Susceptibility Testing. 

Target Identification 

I0288 To test the anti-gyrase activity of cystobactamides, 
commercial E. coli gyrase Supercoilingkits (Inspiralis) were 
used. Cystobactamide Ainhibited the E. coli gyrase (20.5 nM 
eq. 1 unit) showing anapparent ICso of6 uM. Cystobactamide 
A1 inhibited the E. coli gyrase (20.5 nMeq. 1 unit) showing 
an apparent ICso of2.5 uM. Cystobactamide Dinhibited the 
E. Coli gyrase (20.5 nMeq. 1 unit) showing an apparent ICso 
of 1 uM. Cystobactamide Cinhibited the E. coli gyrase (20.5 
nMeq. 1 unit) showing an apparent ICso of7.7 uM. Cysto 
bactamides thus are novelinhibitors ofbacterial DNA gyrase. 

34 
May 26, 2016 

0289. ICso values of cystobactamide A-D in the Gyrase 
inhibition assay: 

Compound ICSo/M 

cystobactamide A 6 +/– 1.4 
cystobactamide A1 2.5 +/– 0.8 
cystobactamide C 7.2 +/– 0.74 
cystobactamide D 0.7 +/– 0.4 

|0290 FIG. 9a show the results of the Gyrase inhibition 
assay. The gyrase reactions were titrated with Varying con 
centrations of cystobactamide A, A1, Cand Dandresolved by 
agarose gelelectrophoresis. For ICso determination the band 
intensity of the Supercoiled plasmid was determined using 
Adobe Photoshop, plotted Vs. cystobactamide and fitted 
using Hill's equation. 
0291 Prokaryotic DNA gyrase and topoisomerase IV 
Share a high degree of homology and gyrase inhibitors typi 
cally show a topoisomerase IV inhibitory activity.“ Totest the 
influence of the cystobactamides on topoisomerase IV a com 
mercial E. coli topoisomerase IV kit (Inspiralis) was used. 
0292 Cystobactamide A inhibited the activity of E. coli 
topo IV only at the highest tested concentration of 815 uM. 
Cystobactamide A1 inhibited E. coli topo IV showing an ICso 
Value of 6.4+/–18 uM. Cystobactamide Cinhibited the activ 
ity of E. coli topo IV only at the highest tested concentration 
of300uM. Cystobactamide Dinhibited E. coli topo IV show 
ing an ICso Value of 10+/-3 uM. 
0293 ICso values for cystobactamide A-D in the E. coli 
Topoisomerase IV inhibition assay: 

Compound ICSo/M 

cystobactamide A >160 
cystobactamide A1 6.4 +/– 1.8 
cystobactamide C >60 
cystobactamide D 10 +/– 3 

|0294 FIG. 9b shows the result of the Topoisomerase IV 
inhibition assay. The topo IV reactions were titrated with 
Varying concentrations of A-D and resolved by agarose gel 
electrophoresis. For ICso determination the band intensity of 
the Supercoiled plasmid was determined using Adobe Photo 
shop, plotted Vs. cystobactamide and fitted using Hill's 
equation. 
0295 Prokaryotic DNA topoisomerase IV and eukaryotic 
topoisomerase II share a high degree of homology (type IIa 
topoisomerases) and inhibitors of the prokaryotic enzyme 
often also inhibits the eukaryotic counterpart.“ To test the 
influence of the cystobactamides On eukaryotic topoi 
Somerase IV a commercial H. Sapiens topoisomerase II kit 
(Inspiralis) was used. 
0296 Cystobactamide A inhibited the activity of human 
topo II only at the highest tested concentration of 815 uM. 
Cystobactamide A1 inhibited human topo II showing an ICso 
Value of9+/–0.03 uM. Cystobactamide C inhibited the activ 
ity ofhuman topo II Only at the highesttested concentration of 
300 uM. Cystobactamide Dinhibited human topo II showing 
an ICso value of 41.2+/–3 uM 



US 2016/0145304 A1 

I0297 ICso values for cystobactamide A-D in the H. sapi 
ens Topoisomerase II inhibition assay: 

CompOund ICSo/M 

Cystobactamide A >160 
Cystobactamide A1 9 +/– 0.03 
cystobactamide C >60 
cystobactamide D 41.2 +/– 3 

|0298 FIG. 9c shows the result of the Topoisomerase II 
inhibitionassay. The topo II reactionswere titrated with Vary 
ing concentrations of A-D and resolved by agarose gel elec 
trophoresis. For ICso determination the band intensity of the 
Supercoiled plasmid was determinedusing Adobe Photoshop, 
plotted Vs. cystobactamide and fitted using Hill's equation. 
I0299 Aside the ATP-dependent type IIa topoisomerases 
like E. Coli gyrase, topolV and human topoII, the activity of 
cystobactamides On the ATP-independent human topoi 
Somerase I was tested as well. 
|0300 ICso values for cystobactamide A-D in the H. sapi 
ens Topoisomerase I inhibition assay: 

CompOund ICSo/M 

Cystobactamide A -10 
Cystobactamide A1 -0.7 
cystobactamide C -6 
cystobactamide D -33.6 

|0301 FIG. 9d shows the result of the Topoisomerase I 
inhibitionassay. The topo I reactions were titrated with Vary 
ing concentrations of A-D and resolved by agarose gel elec 
trophoresis. For ICso determination the band intensity of the 
Supercoiled plasmid was determinedusing Adobe Photoshop, 
plotted Vs. cystobactamide and fitted using Hill's equation. 
I0302 ICso(gyrase) vs. ICso(topoisomerase IV) value 
comparison of cystobactamide A-D: 

ratios ICsa/LIM 

ratios gyrase TopO IV ICSo(topO IV)/ICSo(gyrase) 

cystobactamide A 6 -815 -136 
cystobactamide A1 2.5 6.4 -2.6 
cystobactamide D ().7 10 -14 
cystobactamide C 7.2 -300 -42 

I0303 Cystobactamides A and C show a strong preference 
for gyrase as molecular target (40-100 fold stronger prefer 
ence for gyrase). Al and D both target gyrase and topoi 
somerase IV almost equally well (2.6–10 fold stronger pref 
erence for gyrase). 
I0304 Generally, there are two described inhibition 
modes/binding sites for gyrase inhibitors: 
I0305 1. Compounds like the fluoroquinolones bind to the 
GyrA DNA complex and avoid the religation of the nicked 
dsDNA (gyrase poisoning); and 
0306. 2. Aminocoumarins on the other hand bind to the 
ATP binding pocket on GyrB (competitive inhibition).8 
I0307 To test if cystobactamides follow any of those two 
inhibition modes, DNA/gyrase complex linearization assays 
(A) and ATP competition assays (B) were performed using 
cystobactamide D. (A) Here, the complex of DNA and gyrase 
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is trapped using SDS and the gyrase is digested using pro 
teinase K. If the gyrase/DNA complex is trapped by a gyrase 
inhibitor oftype 1 this will lead to the formation of linearized 
plasmid (as the religation is inhibited). Type 2 inhibitor 
boundor compound-free samples will not show the formation 
of linearized plasmids. The results of the assay are shown in 
FIG. 10a Ciprofloxacin (a known gyrase/DNA stabilizer) 
and cystobactamide D show the formation of linearized plas 
mid after proteinase K treatment. This effect is not seen for 
the untreated control. Therefore, it appears likely that cysto 
bactamides stabilize the covalent GyrA-DNA complex in a 
fashion comparable to the fluoroquionolones. (B) Here, stan 
dard gyrase reactions were inhibited using a constant amount 
of cystobactamide D and titrated with increasing amounts of 
ATP If ATP and cystobactamide D would compete for bind 
ing at the ATP binding pocket on the gyrase GyrB subunit, 
increasing amounts of ATP would lead to the formation of 
Supercoiled plasmid in the assay. FIG. 10b shows the assay 
results. Even at the highest ATP concentration of 10 mM 
(2000 fold cystobactamide concentration) the gyrase activity 
is not regained, indicating that the ATP binding pocket is not 
the binding site of the cystobactamides. This resultis in line 
with the linearization assay results. 
|0308 FIG. 11 shows the results of the DNA/gyrase com 
plex linearization assay. 

Experimental Procedures 
Gyrase Supercoiling Assay 

I0309 To test the anti-gyrase activity of cystobactamides, 
commercial E. Coli gyrase Supercoilingkits (Inspiralis, Nor 
wich, UK) were used.3 Forstandard reactions 0.5 ug relaxed 
plasmid were mixed with 1 unit (-20.5 nM) E. coli gyrase in 
1× reaction buffer (30 ul final Volume, see kit manual) and 
incubated for 30 minutes at 37° C. The reactions were 
quenched by the addition of DNA gelloading buffer contain 
ing 10% (w/v) SDS. The samples were separated on 0.8% 
(w/v) agarose gels and DNA was Visualized using Roti-Gel 
Stain (Carl Roth). 
I0310 All natural products stock solutions and dilutions 
were prepared in 100% DMSO and added to the supercoiling 
reactions giving a final DMSO concentration of 5% (v/v). 
Ciprofloxacin stock Solutions and Dilutions were prepared in 
10 mMHCland 50% DMSO and used 1:10 in the finalassay. 
I0311 Following naturalproduct concentrationswere used 
in the assay: 
|0312 Cystobactamide A: 815,8 M; 163 uM; 80 uM, 16 
uM: 8 uM: 1.6 uM; 0.8 uM: 0.16 uM; 0,08 uM: 0.016 uM 
|0313 Cystobactamide A1: 543.5 uM: 108.7 uM: 54 uM; 
10.8 uM: 5.4 uM: 1087 uM: 0.54 uM: 0.108 uM: 0.054 uM; 
00108 uM 
|0314 Cystobactamide C: 300 uM:60 uM: 30uM: 6uM: 3 
uM; 0,6 uM: 0.3 uM; 0,06 uM: 0,03 uM: 0,006 uM 
|0315 Cystobactamide D: 347 uM: 173.5 uM; 86.75 uM; 
43.38 uM: 2169uM: 1084 uM: 5.42uM: 2.71 uM: 1.36 uM: 
0,68 uM; 0,34 uM; 0.17uM:0085 uM: 0.042 uM: 0,021 uM: 
00106 uM: 00053 uM 
I0316 Control reactions were: no enzyme and a standard 
reaction in presence of 5% (v/v) DMSO. 
I0317 All reaction samples were equilibrated for 10 min 
utes atroom-temperature in the absence of DNA. Then the 
relaXed plasmid was added to start the reaction. 
Proteinase K Linearization Assay 
I0318 To test if cystobactamides stabilize the covalent 
complexbetween DNA gyrase andthenicked DNA substrate, 
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proteinase K linearization assay were performed (See a). 
Standard gyrase Supercoiling assays were run in the presence 
of cystobactamide D (18 uM: 1.8 uM). Control reactions 
contained no gyrase, no inhibitor or the known gyrase/DNA 
complex stabilizer ciprofloxacin (1 uM). The reactions were 
quenched by the addition of 1/10 Volume of 10% SDS. To 
linearize the nicked DNA-gyrase complexes, 50 ug/ml pro 
teinase K were added to the reactions and incubated for 30 
minutes at 37° C. The samples were separated on 0.8% (w/v) 
agarose gels and DNA was visualized using Roti-GelStain 
(Carl Roth). To detect linearized plasmid bands the relaxed 
plasmid was digested by the Single-cutting restrictionenzyme 
Ndel. 
Gyrase Supercoiling Assay with Varying ATP Concentrations 
|0319 To test if cystobactamides compete with ATP for 
binding to the ATP binding pocketon GyrB, standard gyrase 
Supercoiling assays (see a) with Varying ATP concentrations 
were performed. Standard reaction mixes (1 mMATP) were 
supplemented with ATP (0.5M ATP stock solution, ATP was 
purchased from Sigma-Aldrich) to final ATP concentrations 
of 2.5; 5 and 10 mM. All reactions were performed in tripli 
CaleS. 

Topoisomerase IV Relaxation Assay 

I0320 Totest the anti-topoisomerase IV activity of cysto 
bactamides, commercial E. coli topoisomerase IV relaxing 
kits (lnspiralis, Norwich, UK) were used.4 Forstandard reac 
tions 0.5 ug supercoiled plasmid were mixed with 1 unit 
(–20.5 nM) E. coli topoisomerase IV in 1× reaction buffer 
(see kit manual) and incubated for 30 minutes at 37° C. The 
reactions were quenched by the addition of DNA gel loading 
buffer containing 10% (w/v) SDS. The samples were sepa 
rated on 0.8% (w/v) agarose gels and DNA was visualized 
using Roti-GelStain (Carl Roth). 
I0321 Following naturalproduct concentrationswere used 
in the assay: 
|0322 Cystobactamide A: 815,8 M; 163 uM; 80 uM, 16 
uM: 8 uM: 1.6 uM; 0.8 uM: 0.16 uM; 0,08 uM: 0.016 uM 
|0323 Cystobactamide A1: 543.5 uM: 108.7 uM: 54 uM: 
10.8 uM: 5.4 uM: 1087 uM: 0.54 uM: 0.108 uM: 0.054 uM: 
00108 uM 
|0324 Cystobactamide C: 300 uM: 60puM: 30uM: 6uM: 3 
uM; 0,6 uM: 0.3 uM; 0,06 uM: 0,03 uM: 0,006 uM 
|0325 Cystobactamide D: 347 uM: 173.5 uM; 86.75 uM: 
43.38 uM: 2169uM: 1084 uM: 5.42uM: 2.71 uM: 1.36 uM: 
0,68 uM; 0,34 uM; 0.17uM:0.085 uM: 0.042 uM; 0,021 uM: 
00106 uM: 00053 uM 
I0326 Control reactions were: no enzyme and a standard 
reaction in presence of5% (v/v) DMSO. All reaction samples 
were equilibrated for 10 minutes atroom-temperature in the 
absence of DNA. Then the relaxed plasmid was added to start 
the reaction. 

Topoisomerase II Relaxation Assay 

I0327 To test the anti-topoisomerase II activity of cysto 
bactamides, commercial human topoisomerase IV relaxing 
kits (Inspiralis, Norwich, UK) were used.4 Forstandard reac 
tions 0.5 ug supercoiled plasmid were mixed with 1 unit 
(–20.5 nM) E. coli topoisomerase II in 1× reaction buffer (see 
kit manual) and incubated for 30 minutes at 37° C. The 
reactions were quenched by the addition of DNA gel loading 
buffer containing 10% (w/v) SDS. The samples were sepa 
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rated on 0.8% (w/v) agarose gels and DNA was visualized 
using Roti-GelStain (Carl Roth). 
I0328 Following naturalproduct concentrationswere used 
in the assay: 
|0329 Cystobactamide A: 815,8 M; 163 uM; 80 uM, 16 
uM: 8 uM: 1.6 uM; 0.8 uM: 0.16 uM; 0,08 uM: 0.016 uM 
|0330 Cystobactamide A1: 543.5 uM: 108.7 uM: 54 uM; 
10.8 uM: 5.4 uM: 1087 uM: 0.54 uM: 0.108 uM: 0.054 uM; 
00108 uM 
|0331 Cystobactamide C: 300 uM:60 uM: 30uM: 6uM: 3 
uM; 0,6 uM: 0.3 uM; 0,06 uM: 0,03 uM: 0,006 uM 
|0332 Cystobactamide D: 347 uM: 173.5 uM; 86.75 uM; 
43.38 uM: 2169uM: 1084 uM: 5.42uM: 2.71 uM: 1.36 uM: 
0,68 uM; 0,34 uM; 0.17uM:0085 uM: 0.042 uM: 0,021 uM: 
00106 uM: 00053 uM 
I0333 Control reactions were: no enzyme and a standard 
reaction in presence of5% (v/v) DMSO. All reaction samples 
were equilibrated for 10 minutes atroom-temperature in the 
absence of DNA. Then the relaxed plasmid was added to start 
the reaction. 

Topoisomerase I Relaxation Assay 
I0334 To test the anti-topoisomerase II activity of cysto 
bactamides, commercial H. Sapiens topoisomerase Irelaxing 
kits (Inspiralis, Norwich, UK) were used.4 Forstandard reac 
tions 0.5 ug Supercoiled plasmid were mixed with 1 unit 
(–20.5 nM) H. sapiens topoisomerase I in 1× reaction buffer 
(see kit manual) and incubated for 30 minutes at 37° C. The 
reactions were quenched by the addition of DNA gel loading 
buffer containing 10% (w/v) SDS. The samples were sepa 
rated on 0.8% (w/v) agarose gels and DNA was visualized 
using Roti-GelStain (Carl Roth). 
I0335 Following naturalproduct concentrationswere used 
in the assay: 
|0336 Cystobactamide A: 815 uM: 81.5 uM: 8.15 uM 
|0337 Cystobactamide A1: 543 uM: 543 uM: 5.43 uM 
|0338 Cystobactamide C: 300 uM: 30 uM: 3 uM 
|0339 Cystobactamide D: 277 uM: 27.2 uM: 2.77 uM 
I0340 Control reactions were: no enzyme and a standard 
reaction in presence of5% (v/v) DMSO. All reaction samples 
were equilibrated for 10 minutes atroom-temperature in the 
absence of DNA. Then the relaxed plasmid was added to start 
the reaction 

Quantification and Analysis 
I0341 To determine IC50 values, the formation of Super 
coiled (gyrase) or relaXed (topoisomerase I, II IV) plasmid 
was quantified using Adobe Photoshop (Histogram mode). 
Plotting of these Values Versus the compound concentration 
yielded sigmoidal shaped curves, which were fitted using 
Hill's equation (Origin Pro 8.5). All determined IC50 values 
are the averages of three independent experiments. 
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Synthesis of Cystobactamide A and C 

I0350 First, the synthesis of cystobactamide Cis described 
which canfurtherbe elaborated to the othercystobactamides. 

1.1. Cystobactamide C 

I0351 The following Schemes 1 and 2 provideanoverview 
on the synthesis of individual aromatic building blocks fol 
lowed by assembling these to generate cystobactamide C. 
I0352 Alternatively, step e) in Scheme 1 can be modified 
by using another alcohol (R'OH) instead of PrOH. If for 
example EtOH is used, building blocks of cystobactamide H 
can be prepared. The same applies for Step b) in the Second 
reactionsequence given in Scheme 1. Here, also "PrOH canbe 
exchanged by any other alcohol (R'OH). If for example 
MeOH is used, building blocks of cystobactamides C, Gand 
H can beprepared. For the preparation of cystobactamide F. 
p-amino-benzoic acid derivatives Such as p-aminobenzoic 
acidor corresponding N-protected aminobenzoic acidderiva 
tives and p-nitrobenzoic acids are employed instead ofbuild 
ing block B. 

Scheme 1: Syntheses ofarenes A and B followed by amide coupling. 
(central aromatic moiety) 

Br O Br 

| a)-e) -- d)-f) ms- ms 

OH O Ph 

OMe OMe 

-- g)-i) =- 

ON O Ph 

S. 
O O 

OH )-1) OH 
ms 

ON OH ON OBIl 

-- “. 
A 

a) BBr3, CH2C12, -40° C.-rt, 17 h (95%); b) NaBH4, THF, –40° C.-rt, 30 min (91%): 
c) PhCH(OMe)2, pTSA-H2O, THF, rt, 5 days (56%); d) Ni(NO3)2-5H2O, pTsOH-H2O, 
acetone, rt, 2.5 h (74%); e) PrOH, DEAD, PPh3 THF, rt, 17 h (85%); f) Pd»(dba)3, 
(PhO)zP, PrOH, dioxane, 80° C., 1.5 h (70%); g) Camphor-10-sulfonic acid, 
CH2Cl2/MeOH (1:2), 0° C.-rt, 17 h (90%); h) MnO2, CH2Cl2, rt, 17 h (81%); i) 2 
methyl-2-butene, NaC1O2/NaH2PO4, BuOH, rt, 17 h (75%);j) TMSCHN2, 
MeOH/PHMe, 0° C.-rt, 30 min (57%); k) BnOH, DEAD, PPh3 THF, rt, 17 h (90%); 1) 
LiOH, THF/H2O (1:1), rt, 17 h (99%). 
(terminal trisubstituted aromatic moiety) 
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-continued 
CO2H CO2 Me 

a)-c) 
ms 

ON H2N 

OH S. 
B 

a) TMSCHN2, MeOH{PhMe, 0° C.-rt, 30 min (90%); b) PrOH, DEAD, THF, rt, 17 h 
(quant); c) Pd/C, MeOH, H2 atm, rt, 17 h (quant). 

(merging aromatic moieties A and B) 

ON 

COH + H2N 

-s OBIl O 

CO2Me 

a) 
=s- 

A -- 
B 

CO2Me 

S- OH O 
O 

N 
H 

O 

ON S. 
a) I. A. Goshez's reagent, CH2Cl2, 40° C., 3 h; II. B, DLPEA, CH2Cl2, rt, 10 min, then I., 
40° C., 2 days (68%) 

Scheme 2: Finalization of cystobactamide C synthesis. 
Cystobactamide C (finalization ofsynthesis) 

CO2 Me 
O 

–– 
O 

O2N OBIl S. 

-- 
CO2Me 

O 

N –– 
H 

O 

H2N OBIl S. 

-- 
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-continued 
CO2H 

b)-d) 

D 
S. 

BOCHN 

O 

O N 
H 

N OH 
H 

O 

H2N S. 
Cystobactamide C 

CO2H 

a) Pd/C, MeOH, H2 atm, rt, 3 h (96%); b) I. 4-Bocaminobenzoic acid, Goshez's 
reagent, CH2Cl2, rt, 1 h; II. B. DLPEA, CH2Cl2; then I., rt, 1 day (72%); c) TFA/CH2Cl2 
(10:1), rt, 17 h (quant.); d) LiOH, THF/H2O (1:1), rt, 17 h (99%). 

1.2 Cystobactamide A 

I0353 The more complex cystobactamides consist of the 
bisamide that represents cystobactamide C, a bisarylamide 
(fragment C) and a chiral linker element. In this Section frag 
ment Cand the chiral linker elementare reported first which 
is followed by theassembling ofall three elements to provide 
cystobactamide A. 

Scheme 4: Synthesis of carboxylic acid D starting from methylcinnamate. 

OH 

CO2 Me a) CO2 Me b) p-†s- –s- -- –s- 
OH 

Ph 

OMe 

NH2 O 

--«- 
OMe 

k) 

38 

CO2Me c) 
---- –Is 
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1.2.1 Synthesis of Bisarene C. 
0354 

Scheme 3: Synthesis ofactivated fragment C. 
Fragment C 

CO2 Me CO2 Me 
a)-c) 

–– ms 

H2N ON 
O 

O O 

ON H OEt 

C 
a) P(OMe)3, I2, THF, 3 days (75%); b) LiOH, THF/H2O (1:1), rt, 17 h (80%); c) ethyl 
chloroformate, EtzN, CH3CN, 0° C. 30 min (67%). 

1.2.2 Synthesis of the Chiral Building Block D with Bisarene 
C Attached 
I0355 The Synthesis starts from methyl cinnamate and 
chirality is introduced by the Sharpless asymmetric dihy 
droxylation. The phenyl ring Serves as protecting group for 
the second carboxylate which is oxidatively liberated. 
Finally, building block C is attached to the free amino group. 
The corresponding enantiomeric fragment (ent)-D was pre 
pared using AD miX C. instead of AD miX (ß. 

N3 

CO2Me d), e) 
Ph -- 

OAC OAc 

N3 O N3 O 

CO2Me f), g) h) i), j) 
–- Ph O –- HOC O –s- 

OMe OMe 

O 
O O 

N o 
H OEt 

C 

O 
O 

-O“, O N 
ON H 

OMe 

OMe 
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-continued 
O OMe 

NH 

NO2 

a) HOAt, EDC-HCl, DIPEA, CH2C12, rt, 17 h (75%); b) LiOH, THF/H2O(1/1), rt, (95%). 

2. EXPERIMENTALS 

2.1 General Experimental Information 
I0356 All reactions were performed in Oven dried glass 
ware under an atmosphere of nitrogen gas unless otherwise 
stated. 'H-NMR spectra were recorded at 400 MHz with a 
Bruker AVS-400 Or at 500 MHZ with a Bruker DRX-500. 
°C-NMR spectra were recorded at 100 MHz with a Bruker 
AVS-400 and at 125 MHZ with a Bruker DRX-500. Multi 
plicities are described using the following abbreviations: 
S=Singlet, d=doublet, t=triplet, q=quartet, m-multiplet, 
b=broad. Chemical shift values of Hand °C NMR spectra 
are commonly reported as Values in ppm relative to residual 
solvent signalas internal standard. The multiplicities referto 
the resonances in the Off-resonance decoupled Spectra. These 
were elucidated using the distortionless enhancement by 
polarization transfer (DEPT) spectral editing technique, with 
secondary pulses at 90° and 135°. Multiplicities are reported 
using the following abbreviations: S=Singlet (due to quater 
nary carbon), d=doublet (methine), t=triplet (methylene), 
q=quartet (methyl). Mass spectra (EI) were obtained at 70 eV 
with a type VG Autospec spectrometer (Micromass), with a 
type LCT (ESI) (Micromass) or with a type Q-TOF (Micro 
mass) spectrometer in combination with a Waters Aquity 
Ultraperformance LC System. Analytical thin-layer chroma 
tography was performed using precoated Silica gel 60 F254 
plates (Merck, Darmstadt), and the spots were visualized with 
UV light at 254 nm or alternatively by staining with potas 
sium permanganate, phosphomolybdic acid, 2,4-dinitrophe 
nolorp-anisaldehyde solutions. Tetrahydrofuran (THF) was 
distilled under nitrogen from sodium/benzophenone. Dichlo 
romethane (CH-Cl) was dried using a Solvent Purification 
System (SPS). Commercially available reagents were usedas 
Supplied. Preparative high performance liquid chromatogra 
phy using a Merck Hitachi LaChrom system (pump L-7150, 
interface D-7000, diode array detector L-7450 (A=220-400 
nm, preferred monitoring at ?-230 mm)) with column (abbre 
Viation referred to in the experimentalpart given in parenthe 
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O 

HN 

-s JJ O 

OH HN 

-s. CO2H 

Cystobactamide A 

ses): Trentec Reprosil-Pur 120 C18 AQ 5 um, 250×8 mm, 
with guard column, 40×8 mm (C18-SP). Flash column chro 
matography was performed on Merck silica gel 60 (230–400 
mesh). Eluents used for flash chromatography were distilled 
prior to use. Melting points were measured using a SRS 
OptiMelt apparatus. Optical rotations C. were measured on 
a Polarimeter 341 (PerkinElmer) at a wavelength of 589 nm 
and are given in 10“ deg cm“ g“. 

22 Specific Procedures 

4-Aminomethylbenzoate 

I0357 

CO2Me 

NH2 

|0358 MeOH (200 mL) was provided in a flaskandacetyl 
chloride (2.6 mL 36.5 mmol, 1 eq) was slowly added. Then 
4-aminobenzoic acid (5.00g, 36.5 mmol) was added and the 
solution was stirred 7 days atroom temperature. The Solvent 
was removed under reduced pressure and 4-aminomethyl 
benzoate (5.38 g, 35.59 mmol, quantitative) was obtainedas 
a beige Solid. 
I0359 The titled compound decomposes before reaching 
its melting point. 
0360 ATR-IR (neat): ü=2828, 2015, 1724, 1612, 1558, 
1508, 1430, 1316, 1280, 1181, 1109, 1072, 1022, 984, 959, 
853, 786, 757, 686, 653 cm“. 
0361 H-NMR (400 MHz, CDOD): d8.19-8.13 (m, 2H), 
7.53-7.48 (m, 2H), 3.93 (s, 3H) ppm. 
[0362 °C-NMR (100 MHz, CDOD): d 1672 1370, 132. 
4, 131.7, 1242, 530 ppm 
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|0363 HRMS (ESI): Calculated for CsHoNO2 (M+H)“: 
152.0712. found: 152.0706. 

4-(4-Nitrobenzamido)methyl benzoate 

0364 

COOMe 
O 

N 
H 

NO2 

|0365 A solution of P(OMe) (3.5 mL, 29,8 mmol) in 
CH-Cl (100 mL) was cooled withanice bath, then I. (7.56g, 
29.8 mmol) was added. After the solidiodine was completely 
dissolved, p-nitrobenzoic acid (5.52 g, 29,8 mmol) and EtN 
(4.70 mL 33.7 mmol) were added in sequential order, and the 
Solution was stirred for 10 minutes in a cooling bath. 4-ami 
nomethylbenzoate (3.00 gr. 19.9 mmol) was added and the 
mixture was stirred for 10 minutes. After removing the cool 
ing bath, the reaction mixture was stirred for 3 days atroom 
temperature, then diluted with saturated aqueous NaHCO3 
and extracted with dichloromethane (3×). The combined, 
organic layer was sequentially washed with H2O, 1 MHCl, 
H2O, andbrine. The combined organiclayers were dried with 
anhydrous MgSO4 and the Solvent concentrated in Vacuo, 
yielding the title compound (44 g, 1465 mmol, 75%) as a 
beige solid. mp: 245-246° C. 
0366 H NMR (400 MHz, DMSO) d 10.87 (s. 1 Hz), 
8.39 (d, J=8.8 Hz, 2H), 820 (d, J=8.8 Hz, 2H), 7.99 (d, J=8.8 
HZ, 2H), 7.95 (d, J=8.8 HZ, 2H), 384 (s, 3H») ppm. 
[0367 °C NMR (100 MHz, DMSO) d 1662, 1649, 149. 
77, 1436, 140.7, 130.7, 1298, 1253, 1242, 120.2, 524 ppm. 
[0368 HRMS (ESI): Calculated for CsHNO-Na 
(M+H)“: 301.0824 found: 301.0828. 

4-(4-Nitrobenzamido)benzoate 

0369 

COOH 
O 

N 
H 

NO2 

I0370 4-(4-Nitrobenzamido)methyl benzoate (4.32 g, 
1438 mmol) was dissolved in a mixture 1/1 of THF/H2O 
(77/77 mL). Then, solid LiOH (5.16 g, 21566 mmol) was 
added and the system was stirred atroom temperature for 17 
hours. 1M HCl was added until pH-1 and the resulting solid 
was filtered and dried in Vacuo. The title compound (3.3 g, 
11.54 mmol, 80%) was obtained as a pale yellow solid. mp: 
322–324° C. 

[0371 'H NMR (400 MHz, CDs) d 10.83 (s, 1H-22), 
834 (d, J=8.6 Hz, 1H), 829 (d, J=8.6 Hz, 1H), 8.13 (d, J=8.6 
HZ, 1H), 8.06 (d, J=8.6 Hz, 1H), 7.75 (s, 1H<) ppm. 
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0372 °C NMR (100 MHz, CDs) d 1682, 1646, 1622, 
1497, 1439, 141.1, 131.1, 129.8, 123.5, 120.4 ppm. 
|0373 HRMS (ESI): Calculated for C14HNOs(M–H): 
285.051 1. found: 285.0506. 

(Ethylcarbonic) 4-(4-nitrobenzamido)benzoic 
anhydride 

I0374 

O O 

O’- O“ H O2N 

I0375 To a stirred solution of 4-aminobenzoic acid (1.5 g, 
10.9 mmol) and N, N-dimethylaniline (20 g, 10,9 mmol) in 
acetone was added 4-nitrobenzoylchlorideat 0° C. Then, the 
reaction mixture was allowed to warm to room temperature 
and stirred for another hour. The resulting solid was filtered 
and purified by recrystallization in DMF to afford 4-(4-nitro 
benzoylamino)-benzoic acid (2.75 g, 88%). 
I0376 4-(4-Nitro-benzoylamino)-benzoic acid (0.6 g, 2.1 
mmol) was dissolved in 14 ml CH.CN. Then EtN (0,31 ml, 
2.2 mmol) was added at 0° C. To this resulting solution ethyl 
chloroformate was added. After stirring for 30 min at 0° C., 
the white precipitate was filtered and washed with cold 
CH3CN, then dried under high Vacuum atroom temperature 
to afford the title anhydride 0.5 g, 67%. 
0377 H-NMR (400 MHz, DMSO, DMSO=2.50 ppm): 
d=1.33 (dd, J=72 Hz, 3H), 4.37 (q, J=72 Hz, 2H), 8.02-8.09 
(m,4H),821 (d, J=8.8 Hz, 2H), 8.40(d, J=8.8 Hz, 2H), 11.01 
(s, 1H). 

3-Hydroxy-4-nitromethylbenzoate 

I0378 

CO2Me 

ON 

OH 

0379 TMSCHN (20 Min Et-O, 13.20 mL 26.48 mmol) 
was added to a solution of 3-hydroxy-2-nitrobenzoic acid 
(2.50g, 13.65 mmol) ina mixture oftoluene/methanol (81/36 
mL) at 0° C. After stirring at 0° C. for 30 minutes, the solvent 
was evaporated in Vacuo to give an oily residue, which was 
purified by flash chromatography (petroleum ether/ethyl 
acetate=9:1) to yieldthe title compound (2.43 g, 1233 mmol, 
90%) as a yellow solid. 
0380 mp: 91-92° C. 
[0381 H NMR (400 MHz, CDCl3) d 10.49 (s, 1H_2), 
8.17 (d, J=8.8 Hz, 1H), 7.83 (d, J=1,8 Hz, 1H), 7.61 (dd, 
J=88, 1.8 Hz, 1H), 3.96 (s. 3H) ppm. °C NMR (100 MHz, 
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CDCl) d 1650, 1548, 138.1, 1254, 121.8, 120.74, 53.1 
ppm. HRMS (ESI): Calculated for CsHNOs (M–H)“: 196. 
0246. found: 196.0249. 

3-IsopropOXy-4-nitromethylbenzoate 

0382 

CO2Me 

ON 

-- 
|0383 3-Hydroxy-4-nitromethylbenzoate (2.30 g., 10.89 
mmol) was dissolved in THF (100 mL). PrOH (1.10 mL, 
14.16 mmol) and PPhs (3.90 g, 14.70 mmol) were added, and 
the mixture was stirred until all components were dissolved. 
DEAD (2.2 M in toluene, 14.16 mmol, 6.50 mL) was added 
and themixture was stirredatroomtemperature 17 hours. The 
solvent was evaporated in Vacuoto giveanoily residue, which 
was purified by flash chromatography (petroleum ether/ethyl 
acetate=95:5) to yield the title compound (2.61 g, 10.91 
mmol, duantitative) as a yellow oil. 
0384 H NMR (400 MHz, CDCl) d 7.75 (d, J=84 Hz, 
2H), 7.64 (dd, J=8.3, 16 Hz, 1H), 4.77 (hept, J=6.1 Hz, 1H), 
3.95 (s, 3H), 1.41 (s, 3H), 1.40 (s, 3H) ppm. 
[0385 °CNMR (100 MHz, CDCl)d 165.5, 1509, 1346, 
125.2, 1212, 117.1, 73.2, 52.9, 21,9 ppm. 
[0386 HRMS (Qtof): Calculated for CsHNOs (M+Na)“: 
262.0691; found: 262.0700. 

3-Isopropoxy-4-aminomethylbenzoate 

I0387 

CO2 Me 

H2N 

-- 
I0388 3-Isopropoxy-4-nitromethylbenzoate (2.60g, 10.87 
mmol) was dissolved in MeOH(91.0mL) and degassed. Pd/C 
(10% wt., 0.58 g, 0.54 mmol) was added and Vacuum was 
applied under cooling to remove air. The flask was flushed 
with Hand the suspension was stirred for 17 hours atroom 
temperature. The catalyst was filtered over Celite(R), washed 
with MeOH and the solvent was removed under reduced 
pressure. The crudeproduct was purified by flash chromatog 
raphy (petroleum ether/EtOAc=7/3). 3-Isopropoxy-4-ami 
nomethylbenzoate was obtained (2.27 g, 1085 mmol, quan 
titative) as a light orange solid. 
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[0389 mp: 55-57° C. 
0390 'H NMR (400 MHz, CDCl) d 7.51 (dd, J=82, 1.7 
Hz, 1H), 7.46 (d, J=1.7 Hz, 1H), 6.66 (dd, J=8.2, 5.1 Hz, 1H), 
4.63 (sept, J=5.1 Hz, 1H), 385 (s, 3H), 136 (s, 3H), 135 (s, 
3H) ppm. 
[0391 °C NMR (100 MHz, CDCl)d 167.5, 14424, 142. 
3, 1240, 119.5, 114.1, 113.5, 70.9, 518, 223 ppm. 
|0392 HRMS (ESI): Calculated for CHNO, (M+H)“: 
2.10.1130 found: 210.1126. 

6-Bromo-2,3-dihydroxybenzaldehyde 
I0393 

Br O 

H 

OH 

OH 

I0394 To a solution of 6-bromo-2-hydroxy-3-methoxy 
benzaldehyde (25.0g, 108.2 mmol) in CH-Cl (270 mL) at 
–30° C. was slowlyadded BBrs (1 Min CH-Cl2, 2000 mL, 
2000 mmol) via additional funnel over a period of 45 min 
utes. The solution was allowed to warm to room temperature 
and stirred 17hours. H2O was added and the reaction mixture 
was stirred for additional 30 minutes. The solution was then 
extracted with EtOAc (3×) and washed with H2O. The com 
bined, Organic layers were dried OVer anhydrous MgSO4, 
filtered and concentrated in Vacuo to give the title compound 
(22.16g, 102.11 mmol, 95%) asa yellow solid. mp: 135-136° 
C. 
[0395| H NMR (400 MHz, CDCl) d 12.13 (d, J=0.5 Hz. 
1H_2), 10.27 (s, 1H_2), 7.07 (d, J=8.5 Hz, 1H), 7.02 
(dd, J–8.5, 0.5 Hz, 1H), 5.67 (s, 1H_2) ppm. 
[0396 °C NMR (100 MHz, CDCl)d 1984, 1512, 1450, 
1244, 1220, 117.5, 116.1 ppm. HRMS (ESI): Calculated for 
C„HBrO (M–H)“: 214.3943 found: 214.9344. 

4-Bromo-3-hydroxymethylbenzene-1,2-diol 
I0397 

Br 

OH 

OH 

OH 

I0398 Asolution of6-bromo-2,3-dihydroxybenzaldehyde 
(22.16 g, 102.10 mmol) in THF (650 mL) at –40° C. was 
treated with NaBH4 (3.86g, 102.10 mmol) portion wise (3×). 
The resulting mixture was stirred for 30 minutes at room 
temperature. A Saturated aqueous Solution of NH4Cl was 
added and the mixture was stirred for another 10 minutes, 
before being finally treated with 1MHCl. After 10 minutes of 
additional stirring, the aqueous phase was extracted with 
EtOAc (3×). The combined, organic extracts were dried over 
anhydrous MgSO4 and filtered. The Solvent was removed 
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under reduced pressure to yield the title compound (2027 g, 
92.53 mmol, 91%) as a colorless solid. 
0399 mp: 90-92° C. 
|0400 H NMR (400 MHz, MeOD) d 6.88 (d, J=8.5 Hz. 
1H), 6.64 (d, J=8.5 Hz, 1H), 482 (s, 2H)ppm. 
|0401 °C NMR (100 MHz, MeOD)d 147.1, 146.1, 1269, 
123.9, 1166, 1144, 61. 1 ppm. HRMS (ESI): Calculated for 
C„HBrO (M-H)“: 216.9500. found: 216.9505. 

5-Bromo-2-phenyl-4H-benzo-1,3-dioxin-8-ol 

|0402 

Br 

O 

-s O Ph 

OH 

|0403 Asolution of4-bromo-3-hydroxymethylbenzene-1, 
2-diol (20.27 g, 92.53 mmol) in THF (550 mL) was treated 
with PhCH(OMe) (208 mL, 138.8 mmol) and pTSA.H2O 
(0.19 g, 1,02 mmol). The mixture was stirred atroom tem 
perature for 5 days. CH-Cl2 was added and then washed 
Successively with 5% aqueous NaHCO and brine. Theaque 
ous phase was extracted with EtOAc (3×). The combined, 
organic extracts were dried Over anhydrous MgSO4, filtered 
and the solvent was removed under reduced pressure. Purifi 
cation by flash chromatography (petroleum ether/EtOAc=95/ 
5) afforded 5-bromo-2-phenyl-4H-benzo-1,3-dioxin-8-ol 
(16.02 g, 52.16 mmol, 56%) as a colorless solid. 
|0404 mp: 89-91° C. 
|0405| H NMR (400 MHz, CDCl) d 7,62-7.55 (m, 2H), 
7.50-7.43 (m, 3H), 7.07 (d, J=8.6 Hz, 1H), 6.78 (d, J=8.6 Hz. 
1H), 597 (s, 1H), 5.40 (s, 1H_2), 4.99 (s, 2H) ppm. 
|0406 °C NMR (100 MHz, CDCl)d 1440, 141.8, 136.1, 
130.1, 1288, 126.7, 1249, 121.0, 1150, 109.4, 100.0, 67.8 
ppm. 
|0407 HRMS (ESI): Calculated for C14HBrO3 (M–H): 
304.19813. found: 304.19813. 

5-Bromo-7-nitro-2-phenyl-4H-benzo-1,3-dioxin-8- 
ol 

|0408 

Br 

O 

ON -s Ph 
OH 

|0409 5-Bromo-2-phenyl-4H-benzo-1,3-dioxin-8-ol 
(6.00g, 19.54 mmol; maX. amount) was dissolved inacetone 
(250 mL). Then, Ni(NO)25H2O (5.68 g, 19.54 mmol) and 
pTSA.H2O (3.72 g, 19.54 mmol) were added. The mixture 
was stirred atroom temperature for 2.5 h. The reaction mix 
ture was filtered Over Celite(R), washed with CH-Cl and con 
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centrated in Vacuo. Purification by flash chromatography (dry 
load: SiO2+CH-Cl2; petroleum ether/ethyl acetate=9:1) 
yielded the titel compound (5.08 g, 1443 mmol, 74%) as a 
bright yellow solid. 
0410 mp: 154–156° C. 
0411 H NMR (400 MHz, CDCl) d 10.60 (s. 1H ), 
7.96 (s, 1H), 7.65-7.57 (m, 2H), 7.48-742 (m, 3H), 602 (s, 
1H), 4.99 (s, 2H) ppm. 
|0412 °C NMR (100 MHz, CDCl)d 1449, 135.5, 1332, 
1302, 1290, 1289, 126.7, 1192, 109.2, 99.9, 674 ppm. 
0413 HRMS (ESI): Calculated for C-H-BrNOs 
(M-H)“: 359.9664 found: 349.9660. 

5-Bromo-8-isopropoxy-7-nitro-2-phenyl-4H-benzo 
1,3-dioxine 

0414 

Br 

O 

ON -s Ph 

-- 
0415 5-Bromo-7-nitro-2-phenyl-4H-benzo-1,3-dioxin 
8-ol (13.79g, 39.16 mmol) was dissolved in THF (429 mL). 
iPrOH (400 mL 50,91 mmol) and PPhs (1387 g, 52.87 
mmol) were added, and the mixture was stirred until all 
components were dissolved. DEAD (2.2 M in toluene, 23.1 
mL 50.91 mmol) was slowly added (via Syringe pump) and 
the mixture was stirred atroom temperature 17 hours. The 
solvent was evaporated in Vacuoto giveanoily residue, which 
was purified by flash chromatography (petroleum ether/ethyl 
acetate=96:4) to yield the title compound (13.08 g, 33.18 
mmol, 85%) as a colorless solid. 
0416 mp: 87-89° C. 
|0417 HNMR (400 MHz, CDC1) d7.59 (s, 1H), 7.59-7. 
54 (m, 2H), 7.50-7.43(m,3H), 5.97(s, 1H), 5.00(s, 2H), 4.69 
(hept, J=6.2 Hz, 1H), 1.31 (d, J=6.2 Hz, 3H), 1:28 (d, J=62 
HZ, 3H) ppm. 
0418 °C NMR (100 MHz, CDCl)d 216.8, 1490, 1445, 
139.9, 135.7, 130.1, 1288, 1264, 126.2, 119.8, 112.7, 99.7, 
78.1, 67.6, 22.6, 224 ppm. 
0419 HRMS (Qtof): Calculated for C-H-BrNOs 
(M+Na)“: 416.0110 found: 416.0101. 

8-Isopropoxy-7-nitro-2-phenyl-4H-benzo-1,3-di 
Oxin, 73 

|0420 

O 

ON -s Ph 
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|0421 5-Bromo-8-isopropoxy-7-nitro-2-phenyl-4H 
benzo-1,3-dioxine 72 (400 g., 10.15 mmol), Pd(dba), 
(0.93g, 1.01 mmol), (PhO) P(0.53 mL 2.03 mmol), Cs-CO, 
(4.30g, 13.19 mmol) and PrOH (4.7 mL 60.88 mmol) were 
dissolved in 1,4-dioxane (28 mL). Theoilbath was preheated 
to 60° C. and the mixture was stirred at 80° C. for 1.5 hours. 

The reaction mixture was filtered through Celite(R) and 
washed with EtOAc. The combined, organic extracts were 
dried Overanhydrous MgSO4 and concentrated in Vacuo. The 
crude material was purified by flash chromatography (petro 
leum ether/ethylacetate=96:4) to yield the title compound 
(2.24 g., 7.10 mmol, 70%) as a pale yellow solid. 

|0422 mp: 80-82° C. 

|0423 H NMR (400 MHz, CDCl) d 7.65-7.55 (m, 2H), 
751–741 (m, 3H), 7.37 (d, J=8.5 Hz, 1H), 6.81 (d, J=8.5 Hz. 
1H), 6.01 (s. 1H), 5.19 (d, J=15.5 Hz, 1H), 5.03 (d, J=15.5 Hz. 
1H), 471 (hept, J=6.2 Hz, 1H), 132 (d, J=6.2 Hz, 3H), 1.28 
(d, J=6.2 HZ, 3H) ppm. 
|0424 °C NMR (100 MHz, CDCl) d 147.67, 144.27, 
140.55, 136.26, 129.85, 128.72, 126.54, 126.34, 118.82, 116. 
69, 99.61, 77.71, 66.44, 22.65, 22.41 ppm. HRMS (QTof): 
Calculated for C„H„NO-Na (M+Na)“: 338.1004. Found: 
338. 1003. 

6-Hydroxymethyl-2-isopropoxy-3-nitrophenol 

|0425 

OH 

ON OH 

-- 
|0426 To a mixture of 8-isopropoxy-7-nitro-2-phenyl-4H 
benzo 1,3-dioxine (4.24 g, 1343 mmol) in MeOH (102 mL) 
and CH-Cl (42 mL) at 0° C. was added camphor Sulfonic 
acid (3.12 g, 1343 mmol). The mixture was stirred atroom 
temperature for 17 hours. The reaction mixture was quenched 
with EtNuntil pH-8, concentrated in Vacuo and purified by 
flash chromatography (petroleum ether/ethylacetate=7:3) to 
yield the title compound (2.75 g, 12.09 mmol, 90%) as a 
brownish solid. 

|0427 mp: 39-41° C. 

|0428 H NMR (400 MHz, CDCl) d 7.46 (d, J=7.4 Hz, 
1H), 7.12 (d, J=7.4 Hz, 1H), 6.61 (s, 1H_2), 481 (d, J=3.5 
Hz, 2H), 4:39 (hept, J=7.4 Hz, 1H), 136 (s,3H), 135 (s,3H) 

|0429 °CNMR (100 MHz, CDCl)d 148.9, 138.5, 1324, 
122.1, 116.5, 79.2, 613, 22.5 ppm. 
|0430 HRMS (ESI): Calculated for CoHNOs (M–H): 
226.0715. found: 226.0717. 
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2-Hydroxy-3-isopropoxy-4-nitrobenzaldehyde 

|0431 

O2N OH 

-- 
|0432 6-Hydroxymethyl-2-isopropoxy-3-nitrophenol 
(2.97g, 13.05 mmol) was dissolved in CH-Cl (58 mL). Then 
MnO2 (1135 g, 130.53 mmol) was added andthemixture was 
stirred at rt 17 h. The mixture was filtered over Celite(R) and 
washed with CH2Cl2. The Solvent was concentrated to give 
the titlecompound (2.38 g, 10.57 mmol, 81%) as abrownoil. 
|0433 HNMR (400 MHz, CDCl3) d 1144 (s, 1H ), 
9.97 (s, 1H_2), 7.39 (d, J=84 Hz, 1H), 7.23 (d, J=8.4 Hz, 
1H), 488 (hept, J=6.2Hz, 1H), 1.33 (s,3H), 132 (s,3H)ppm. 
|0434 °C NMR (100 MHz, CDCl) d 19639, 156.53, 
14936, 139.74, 12728, 122.57, 11432, 77.42, 77.16, 22.51. 
ppm. 
|0435 HRMS (ESI): Calculated for CoHoNOs (M–H): 
224.0559. Found: 224.0535. 

2-Hydroxy-3-isopropoxy-4-nitrobenzoic acid 

|0436 

O 

OH 

O2N OH 

-- 
|0437 2-Hydroxy-3-isopropoxy-4-nitrobenzaldehyde 
(2.36g, 10,49 mmol) was dissolved intert-buthanol (71 mL). 
2-Methyl-2-butene (2M in THF, 36.7 mL 7345 mmol) anda 
solution of NaClO2 (2.85 g, 31.48 mmol) and NaHPO4 (6.32 
g, 47.22 mmol) in H2O (51 mL) were added in sequential 
order. The reaction mixture was stirred atroom temperature 
for 17 hours. 6MNaOHwas added untilph-10 and the solvent 
was concentrated in Vacuo. H2O was added and the Organic 
layer was extracted with petroleum ether (2×). The aqueous 
layer was acidified with 6M HCl until pH-1 and extracted 
with ethylacetate (3×). The organic extracts were combined, 
dried Over MgSO4 and filtered. The solvent was concentrated 
in Vacuotoyieldthetitlecompound (1.90 g., 7.87 mmol, 75%) 
as a dark waX. 
|0438 H NMR (400 MHz, MeOD) d 7.72 (d, J=8.7 Hz, 
1H), 7.15 (d, J=8.7 Hz, 1H), 486-482 (m, 1H), 128 (s,3H), 
1.26 (s, 3H) ppm. 
|0439 °CNMR (100 MHz, MeOD)d 1727, 1580, 1400, 
125.8, 1174, 1138, 77.5, 22.6 ppm. 
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|0440 HRMS (ESI): Calculated for CoHoNOs (M–H): 
240.0508. found: 240.0510. 

2-Hydroxy-3-isopropOXy-4-nitrobenzoate 

|0441 

O 

OMe 

ON OH 

-- 
|0442 TMSCHN (20 M in Et-O, 0.87 mL, 1.75 mmol) 
was added to a Solution of 2-hydroxy-3-isopropOXy-4-ni 
trobenzoic acid (0,32 g, 1.35 mmol) in a mixture oftoluene/ 
methanol (10.4/2 mL) at 0° C. After stirring at 0° C. for 30 
minutes, the Solvent was evaporated in Vacuo to give an Oily 
residue, which was purified by flash chromatography (SiO2. 
EtN; petroleum ether/ethylacetate=95:5) to yield the title 
compound (0.24 g, 0.94 mmol, 57%) as a yellow oil. 
|0443 “H NMR (400 MHz, CDCl3) d 1129 (s, 1H_2), 
7.63 (d, J=8.8 Hz, 1H), 7.12 (d, J=8.8 Hz, 1H), 484 (hept, 
J=6.2 Hz, 1H), 400 (s, 3H), 132 (s, 3H), 131 (s, 3H)ppm. 
|0444 °C NMR (100 MHz, CDCl)d 1982, 1889, 176.1, 
1700, 1570, 1492, 1398, 1239, 115.7, 1134, 77.4, 53.2, 
22.5 ppm. 
|0445 HRMS (ESI): Calculated for CHNOs (M–H): 
254.0665. found: 254.0666. 

2-BenzyloXy-3-isopropoxy-4-nitrobenZoate 

|0446 

O 

OMe 

ON OBIl 

-- 
|0447 2-Hydroxy-3-isopropoxy-4-nitrobenzoate (0.17 g, 
0,69 mmol) was dissolved in THF (7.5 mL). BnOH (926 uL, 
0,89 mmol) and PPhs (0,24g, 0.93 mmol) were added, andthe 
mixture was stirred until all components are dissolved. 
DEAD (2.2 M in toluene, 0.41 mL, 0.89 mmol) was slowly 
added (via Syringepump) and the mixture was stirred atroom 
temperature 17 hours. The Solvent was evaporated in Vacuoto 
give an oily residue, which was purified by flash chromatog 
raphy (petroleum ether/ethylacetate=95:5) to yield the title 
compound (0.20 g, 0.58 mmol, 85%) as a colorless oil. 
|0448 H NMR (400 MHz, CDCl) d 7.53 (d, J=8.6 Hz. 
1H), 7.50(d, J=8.6 Hz, 1H), 7.48-7.44 (m, 2H), 7.42-7.35(m, 
3H), 5.14 (s,2H),474 (hept, J=6.2Hz, 1H),386 (s,3H), 1.28 
(s, 3H), 1.26 (s, 3H) ppm. 
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|0449 °C NMR (100 MHz, CDCl)d 1653, 1534, 1484, 
1457, 1364, 130.9, 1287, 1287, 1287, 125.1, 119.3, 782, 
76.4, 528, 22.5 ppm. 
|0450 HRMS (QTof): Calculated for CsHNONa 
(M+Na)“: 368.1110. found: 368.1112. 

2-BenzyloXy-3-isopropOXy-4-nitrobenzoic acid 

O 

OH 

O2N OBIl 

-- 
|0452 2-Benzyloxy-3-isopropoxy-4-nitrobenzoate (0.23 
g, 0.67 mmol) was dissolved in a mixture 1/1 ofTHF/H2O 
(3.5/3.5 mL). Then, solid LiOH (0.16 g, 6.67 mmol) was 
added and the reaction mixture was stirred atroom tempera 
ture for 17 hours. The aqueous layer was acidified with 1M 
HCl until pH-1 and extracted with EtOAc (3×). The organic 
extracts were combined, dried over anhydrous MgSO4 and 
filtered. The Solvent was concentrated in Vacuo to yield the 
title compound (0.21 g, 0.63 mmol, 95%) as a yellow waX. 
|0453 H NMR (400 MHz, CDCl) d 7.91 (d, J=8,7 Hz, 
1H), 7.58 (d, J=8.7 Hz, 1H), 741 (s, 5H), 5.35 (s, 2H), 
4.71-462 (m, 1H), 136 (s, 3H), 135 (s, 3H)ppm. 
|0454 °C NMR (100 MHz, CDCl)d 1643, 152.8, 149.7, 
1447, 134.1, 129.8, 1294, 1292, 126.98, 120.0, 79.1, 77.7, 
22.5 ppm. 
|0455 HRMS (ESI): Calculated for C„HNOs (M–H): 
330.0978. fOUnd: 330.0976. 

4-(2-(BenzyloXy)-3-isopropOXy-4-nitrobenzamido)- 
3-isopropoxybenzoate 

|0456 

CO2Me 
O 

N 
H 

O 

O2N OBIl S. 

-- 
|0457 2-Benzyloxy-3-isopropoxy-4-nitrobenzoic acid 
(515 mg, 0.16 mmol) was dissolved in CH-Cl (8 mL) and 
preactivated with Ghosezºs reagent (66.0uL, 0.50 mmol) for 
3 hours at 40° C. 3-Isopropoxy-4-aminomethylbenzoate 
(0.12 g, 0.55 mmol) was dissolved in CH-Cl (8 mL) and 
N,N-diisopropylethylamine (DIPEA) was added (0.20 mL, 
1.12 mmol). The Solution containing the acid chloride was 
then added and the reaction mixture stirred for 2 days at 40° 
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C. The solvent was then removed and the crude product was 
purified by preparative HPLC (RP-18; run time 100 min; 
H2O/MeCN=100:0–>0:100; tr=80 min) providing the title 
compound (56.9 mg, 0.11 mmol, 68%) as a light yellow oil. 

|0458 H NMR (400 MHz, CDCl) d 10.33 (s, 1H ), 
8.55 (d, J=8.5 Hz, 1H), 7.85 (d, J=8.7 Hz, 1H), 7.70 (dd, 
J=8.5, 17 Hz, 1H), 7.59 (d, J=8,7 Hz, 1H), 7.57 (d, J=17 Hz, 
1H), 7.25-7.12 (m, 5H), 5.25 (s, 2H), 475-467 (m, 1H), 
4.67-459 (m, 1H), 3.93 (s, 3H), 1.40(d, J=6.2 Hz, 6H), 1.28 
(d, J=6.0 Hz, 6H) ppm. 
|0459 °CNMR (100 MHz, CDCl)d 1670, 1614, 1511, 
147.9, 146.1, 145.2, 134.1, 1329, 1329, 1300, 1294, 128.7, 
125.79, 1256, 123.3, 120.1, 1195, 1133, 78.9, 774, 717, 
52.3, 22.6, 22.1 ppm. 
|0460 HRMS (ESI): Calculated for CsHNOs (M+H)“: 
523.2080 found: 523.2075. 

4-(4-Amino-2-hydroxy-3-isopropoxybenzamido)-3- 
isopropoxybenzoate 

CO2 Me 

N 
H 

O 

H2N OH S. 

-- 
|0462 4-2-(Benzyloxy)-3-isopropoxy-4-nitrobenza 
mido-3-isopropoxy-benzoate (7.9 mg, 0,015 mmol) was dis 
solved in MeOH (0,5 mL) and degassed. Pd/C (10% wt., 2 
mg, 0.0014 mmol) was added and Vacuum was applied under 
cooling to remove air. The flask was flushed with Hand the 
Suspension was stirred for 3 hours atroom temperature. The 
catalyst was filtered off over Celite(R, washed with MeOH 
and the solvent was removed under reduced pressure. The 
crude product was purified by flash chromatography (petro 
leum ether/ethyl acetate=7:3) and the title compound was 
obtained (5.8 g, 0,014 mmol, 96%) as a yellow oil. 

|0463 H NMR (400 MHz, CDCl3) d 1221 (s, 1H_2), 
8.81 (s, 1H_»), 8.49 (d, J=8.5 Hz, 1H), 7.69 (dd, J=8.5, 1.8 
Hz, 1H), 7.58 (d, J=1,7 Hz, 1H), 7.07 (d, J=8.8 Hz, 1H), 6.28 
(d, J=8.7 Hz, 1H), 480–472 (m, 1H), 4.72-4.63 (m, 1H), 428 
(s, 2H_\2), 3.91 (s, 3H), 1.44 (d, J=6.1 Hz, 6H), 1.34 (d, 
J=6.2 Hz, 7H)ppm. 

|0464 °C NMR (100 MHz, CDCl)d 168.5, 1669, 156.4. 
146.5, 1460, 132.7, 1320, 125.1, 123.40, 121.5, 119.1, 113. 
4, 106.5, 1063, 774, 744, 720, 52.3, 22.9, 224 ppm. 
|0465 HRMS (ESI): Calculated for CH2-N-Os (M–H): 
401.1713. found: 401.1716. 
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4-(tert-butOXycarbonylamino)benzoic acid 

|0466 

CO2H 

BOCHN 

|0467 4-Aminobenzoic acid (100 g., 7.29 mmol) was dis 
solved in 1,4-dioxane (15 mL) and H2O (7 mL). Et N (2.0 
mL, 14.58 mmol) was added to the solution and the reaction 
mixture was stirred for 5 minutes atroom temperature. Di 
tert-butyldicarbonate (3.18 g, 1458 m mol) was then added 
to the Solution in One portion and the reaction mixture was 
stirred for 24 hours. Following removal of the solvent in 
Vacuo, 3M HCl was added to the residue yielding a white 
precipitate. The slurry was thenfiltered andwashed with H2O 
before drying in under high Vacuum. Recrystallization from 
hot methanolyielded the titled compoundas a colorless solid 
(1.63 g, 6.85 mmol. 94% yield). 
|0468 mp: 192-194° C. 
|0469 "H NMR (400 MHz, DMSO) d973 (s, 1H_2), 
7.83 (d, 2H, J=8.9 Hz), 7.55 (d, 2H, J=8.9 Hz), 147 (s, 9H) 
ppm. 
|0470 °CNMR (100 MHz, CDCl)d 167.1, 1526, 1438, 
1304, 1240, 117.2, 79.7, 28.1 ppm. 
|0471 HRMS (ESI): Calculated for C-H-NnaO 
(M+Na)“: 260.0893 found: 260.0897. 
|0472 The spectroscopic data are in accordance with those 
reported in the literature (J. Am. Chem. Soc. 2012, 134, 7406– 
7413). 

Methyl-4-(4-(4-(tert-butoxycarbonyl)amino)benza 
mido)-2-hydroxy-3-isopropxybenzamido)-3-isopro 

pOxybenzoate 

I0473 

CO2Me 
O 

O N 
H 

O 
N OH 
H 

S. 
|0474 4-(Tert-butoxycarbonylamino)benzoic acid (40.0 
mg, 0.17 mmol) was dissolved in CH-Cl (84 mL) and pre 
activated with Ghosezºs reagent (22.5 uL, 0.17 mmol) for 2 
hours atroomtemperature. 4-(4-Amino-2-hydroxy-3-isopro 
poxybenzamido)-3-isopropoxybenzoate (68.4 mg, 0.17 
mmol) was dissolved in CH-Cl (84 mL) and N,N-diisopro 
pylethylamine (DIPEA) was added (59.2 uL, 0.34 mmol). 
The Solution containing the acid chloride was then added and 
the reaction mixture stirred for 1 day at room temperaturet. 
The solvent was then removed and the crude product was 
purified by preparative HPLC (RP-18; run time 100 min; 
H2O/MeCN=100:0–>0:100; tr=70 min) providing the title 
compound as a light yellow oil (473 mg, 0.076 mmol, 72%). 

BOCHN 
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|0475 'H NMR (400 MHz, CDCl) d 7,98 (d, J=7.5 Hz, 
2H), 7.78 (d, J=14 Hz, 1H), 7.72(dd, J=7.5, 14 Hz, 1H), 7.69 
(s, 1H ), 7.68 (d, J=7.3 Hz, 3H), 7.56 (d, J=7.5 Hz, 1H), 
7.17 (d, J=7.5 Hz, 1H), 5.72 (s, 1H_z), 5.49 (s, 1H_z), 
4.02-3.96 (m, 2H), 3.95 (d, J=3.7 Hz, 3H), 1.49 (s, 9H), 1.46 
(d, J=5.6 Hz, 6H), 1.41 (d, J=5.5 Hz, 6H)ppm. 

|0476 °C NMR (100 MHz, CDCl) d 166.89, 166.67, 
166.61, 15888, 154.93, 146.90, 14147, 135.07, 13468, 131. 
70, 130.38, 130.38, 127.26, 127.17, 123.25, 121.40, 120.63, 
12063, 115.87, 114.85, 11339, 10606, 80.65, 75.89, 74.13, 
52.08, 28.41, 28.41, 28.41, 21.80, 21.80, 21.80, 21.80 ppm. 

|0477 HRMS (ESI): Calculated for CH-NO, (M–H): 
620.2687. found: 620.2689. 

Methyl-4-(4-(4-aminobenzamido)-2-hydroxy-3-iso 
propxybenzamido)-3-isopropoxybenzoate 

CO2 Me 

O 

S. 

O 

O N 
H 

N OH 
H 

O 

H2N S. 

|0479 Methyl-4-(4-(4-(tert-butoxycarbonyl)amino)ben 
Zamido)-2-hydroxy-3-isopropxybenzamido)-3-isopropOXy 
benzoate (400 mg, 0.064 mmol) was dissolved in a mixture 
10/1 dichloromethane/trifluoroacetic acid (1 mL) and stirred 
17 hours at room temperature. The solvent was removed 
under reduced pressure and the residual acid was removed 
under high Vacuum to give the titled compound (33,4 mg, 
0.064 mmol, quantitative) as yellow oil. 

|0480 H NMR (400 MHz, CDCl) d 7.86 (d, J=14 Hz, 
1H), 7.83 (s, 1H ), 7.79 (dd, J=7.5, 14 Hz, 1H), 7.75 (d, 
J=7.5 Hz, 1H),770(d, J=75 Hz, 2H),765 (d, J=7.5 Hz, 1H), 
7.05 (d, J=7.5 Hz, 1H), 6.94 (s, 1H_^), 6.75 (d, J=7.5 Hz, 
2H), 6.09 (s, 1H_2), 402-3.97 (m, 1H), 3.95-389 (s, 3H), 
3.92 (m, 1H), 3.85 (s, 2H_^), 1.47 (d, J=5.7 Hz, 6H), 1.40 
(d, J=5.5 Hz, 6H) ppm. 

|0481 °C NMR (100 MHz, CDCl) d 166.89, 166.67, 
166.61, 15888, 152.59, 146.90, 135.07, 13468, 131.70, 130. 
93, 130.93, 127.17, 123.25, 122.42, 121.40, 115.87, 114.85, 
114.35, 11435, 11339, 10606, 75.89, 74.13, 52.08, 21.80, 
21.80, 21.80, 21.80 ppm. 

|0482 HRMS (ESI): Calculated for CsHNO„(M+H)“: 
522.2162. found: 522.2160. 
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Cystobactamide C 

|0483 

CO2H 

N 
H 

-- 

O 

O 

N OH 
H 

O 

H2N S. 
|0484 Methyl-4-4-(4-aminobenzamido)-2-hyd roxy-3- 
isopropxybenzamido-3-isopropoxybenzoate (300 mg, 
0,058 mmol) was dissolved in a mixture 1/1 of THF/H2O 
(03/03 mL). Then, solid LiOH (13,9 mg, 0.58 mmol) was 
added and the reaction mixture was stirred atroom tempera 
ture for 17 hours. The aqueous layer was acidified with 1M 
HCl until pH-1 and extracted with ethylacetate (3×). The 
Organic extracts were combined, dried OVer anhydrous 
MgSO4 andfiltered. The solvent was concentrated in Vacuo to 
yield the title compound (27.4 mg, 0.054 mmol, 93%) as a 
yellow oil. 
|0485 H NMR (400 MHz, CDCl) d 7.91 (d, J=14 Hz, 
1H), 7.87 (dd, J=7.5, 14 Hz, 1H),7.70(d, J=7.5 Hz, 2H), 7.65 
(d, J=7.5 Hz, 1H), 7.53 (d, J=7.5 Hz, 1H), 7.05 (d, J=7.5 Hz, 
1H), 6.95 (s, 1H_z), 6.77 (s, 1H_\), 6.75 (d, J=7.5 HZ, 
2H), 6.12 (s, 1H_2), 3.97-3.89 (m, 2H), 385 (s, 2H_^), 
140 (d, J=5.5 Hz, 6H), 1.39 (d, J=5.5 Hz, 6H) ppm. 
|0486 °C NMR (100 MHz, CDCl) d 167.79, 166.67, 
166.61, 15888, 152.59, 149.81, 136.38, 135.07, 13468, 130. 
93, 130.93, 125.08, 123.25, 122.80, 12242, 120.37, 11435, 
11435, 113.76, 11339, 10606, 75.89, 74.13, 21.80, 21.80, 
21.80, 21.80 ppm. 
|0487 HRMS (ESI): Calculated for CsHNO,7 (M+H)“: 
508.2006. found: 508.2008. 

(2S,3R)-Methyl 2,3-dihydroxy-3-phenylpropanoate 

|0488 

OH O 

OMe 

OH 

|0489 AD mix 3 (20.0 g) was dissolved in a mixture of 
tBuOH/H2O (1:1: 142 mL) at 25° C. Afterwards, 
CH2SONH2 (1.36g, 14.3 mmol, 1.0 eq) was added and the 
reaction mixture cooled to 0° C. Then, methylcinnamate 
(2.31 g., 14.3 mmol, 1.0 eq) was added and the resulting 
mixture was vigorously stirred for 16 hat 0° C. Stirring was 
continued for additional 6 hat 25° C. The reaction mixture 
was hydrolyZed by addition of an aqueous Na-SO solution 
(214 g. 170 mmol, 12.0 eq.) and stirring was continued for 
additional 2.5 h. The reaction mixture was diluted with ethyl 
acetate and the layers were separated. Theaqueous layer was 
extracted with EtOAc (3×). The combined organic layers 
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were washed with H2O (1×) and dried Over Na-SO4, filtered 
and concentrated under reduced pressure. Purification by 
flash chromatography (petroleum ether/ethyl acetate=1:1) 
afforded the desired diol (2.21 g, 11.3 mmol, 79%) as a 
colorless solid. The Spectroscopic data are in accordance with 
those reported in the literature. 

|0491 H-NMR (400 MHz, CDC1, CHC1–726 ppm): 
d=7.42-729 (5H, m, ArH), 5.03 (1H, dd, J=2.7,72 Hz, H-3), 
438 (1H, dd, J=2.7,60 Hz, H-2), 3.82(3H, S, H-8), 3.12 (1H, 
d, J=6.0 Hz, OH- ), 2.76 (1H, d. J=72 Hz, OH-ß) ppm: 
|0492 °C-NMR (100 MHz, CDC1, CHCl =77.16 ppm): 
d=1733 (q, C-1), 140.1 (q, C-4), 1286 (2C, t, C-6), 1283 (t, 
C-7), 1263 (2C, t, C-5), 74.8 (t, C-2), 746 (t, C-3), 53.1 (p, 
C-8) ppm; HRMS (ESI): m/Z calculated for CoH2ONa 
M+Na“: 219.0633 found 219.0633. 

(2R,3S)-Methyl 
2-acetoxy-3-bromo-3-phenylpropanoate (3) 

|0494 To (2S,3R)-Methyl 2,3-dihydroxy-3-phenylpro 
panoate (2.15 g., 10.9 mmol, 1.0 eq) was added HBr/HOAc 
(33%; 16.9 mL) dropwise at 25°C. The resulting mixture was 
heated to 45° C. and stirred for 30 min. Then, the reaction 
mixture was cooled to 25° C. and poured into an ice-cooled 
NaHCO3-solution (40 mL). Theaqueous layer was extracted 
with Et-O (3×). The combined organic layers were washed 
with H2O (1×) and with brine. Then, the combined organic 
layers were dried over NaSO4 filtered and concentrated 
under reduced pressure. Purification by flash chromatogra 
phy (petroleum ether/ethyl acetate=12.5:1) gave the title 
compound (2.32 g, 7.71 mmol, 71%) as a colorless solid. The 
Spectroscopic data are in accordance with those reported in 
the literature. 

|0496 H-NMR (400 MHz, CDC1, CHC1–726 ppm): 
d=7.46-744 (2H, m, H-6), 7.36-7.30 (3H, m, H-5, H-7), 5.65 
(1H, d. J=6.3 Hz, H-3),535 (1H, d. J=6.3 Hz, H-2), 3.71 (3H, 
s, H-9), 2.11 (3H, S, H-10) ppm: 
|0497 °C-NMR (100 MHz, CDC1, CHC1–77.16 ppm): 
d=1697 (q, C-1), 167.5 (q C-8), 1368 (q, C-4), 1293 (t, 
C-7), 1287 (4C, t, C-5, C-6), 75.4 (t, C-3), 52.9 (p, C-9), 49.3 
(t, C-2), 20.6 (p, C-10) ppm: 
|0498 HRMS (ESI): m/z calculated for CHO-BrNa 
M+Na: 322.9895. found 322.9891. 
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(2S,3R)-Methyl 
2-acetoxy-3-azido-3-phenylpropanoate 

I0499 

OMe 

OAC 

I0500 (2S,3R)-Methyl 2-acetoxy-3-azido-3-phenylpro 
panoate (2.27 g, 7.55 mmol, 1.0 eq) was dissolved in DMF 
(270 mL) at 25° C. Then, NaN (196g, 302 mmol, 40eq) 
was added and the resulting mixture was heated up to 40° C. 
for 3 h. After cooling the reaction mixture was cooled to 25° 
C. and EtOAc was added. The organic layer was washed with 
H2O (2×), followed by brine (1×). The combined, organic 
phases were dried Over Na-SO4, filtered and concentrated 
under reduced pressure. Purification by flash chromatogra 
phy (petroleum ether/ethylacetate=10:1) afforded the title 
compound (1.77g, 6.71 mmol, 89%) as yellow oil. The spec 
troscopic data are in accordance with those reported in the 
literature. 

|0502 IR: V=2955 (w), 2103 (s, azide), 1747 (s, C=O), 
1495 (w), 1454 (m), 1437 (m), 1373 (m), 1210 (s), 1099 (m), 
1030 (m), 910 (m), 751 (m), 701 (s) cm“; 
0503 H-NMR (400 MHz, CDC1, CHCl =7.26 ppm): 
d=7.42-7.33 (5H, m, ArH), 5.24 (1H, d. J=48 Hz, H-2), 5.07 
(1H, d. J=48 Hz, H-3), 369 (3H, S, H-9), 2.14 (3H, S, H-10) 
ppm: 

[0504 °C-NMR (100 MHz, CDC1, CHCl =77.16 ppm): 
d=169.9 (q, C-1), 1680 (q, C-8), 134.6 (q, C-4), 129.3 (t, 
C-7), 1290 (2C, t, C-6), 1276 (2C, t, C-5), 74.9 (t, C-2), 65,4 
(t, C-3), 52.8 (p, C-9), 20.5 (p, C-10) ppm: 
[0505 HRMS (ESI): m/z calculated for CHNO-Na 
M+Na“: 286.0804 found 286.0805. 

(2S,3R)-Methyl 
3-azido-2-methoxy-3-phenylpropanoate 

0506 

OMe 

OMe 

I0507 (2S,3R)-Methyl 2-acetoxy-3-azido-3-phenylpro 
panoate (2.5 g, 1.0 eq) was dissolved in 190 ml THF at 0° C. 
Thena solution of KOH (0.5M, 10.0eq) was added dropwise 
and the reaction mixture was stirred at 0° C. for 5 h. After 
wards, aqueous 2NHClwas added to the reaction mixtureand 
the aqueous phase was extracted with ethyl acetate. The 
Organic phases were combined and dried OVer Na2SO4, fil 
tered and concentrated under reduced pressure to afford the 
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Cystobactamide A Synthesis of Cystobactamide C Derivatives 

I0545 
I0539 

(1a) 

Q OMe ON 

HO S O 

O< NH HN 
HN 

O 

HN O 

O NH -- O OH HN 
O 

OH HN O 

-- O O -- O CO2H -s O 
NO2 

(2a) 

I0540 Methyl-4-4-4-((2S,3S)-2,4-dimethoxy-3-(4-(4-ni- ON 
trobenzamido)benzamido)-4-Oxobutanamidobenzamido)- 
2-hydroxy-3-isopropxybenzamido)-3-isopropoxybenzoate O 
(15.2 mg, 0.016 mmol) was dissolved in a mixture 1/1 of 
THF/HO (0.2/02 mL). Then, solid LiOH (3.8 mg, 0.16 OH HN 
mmol) was added and the reaction mixture was stirred at 
room temperature for 17 hours. Theaqueous layer was acidi- O 
fied with 1M HCl until pH-1 and extracted with ethylacetate 
(3×). The organic extracts were combined, dried over MgSO OH HN 
and filtered. The solvent was concentrated in Vacuo to yield 
the title compound (133 mg, 0,014 mmol, 90%) as a yellow O 

W3X. O -- 
[0541 C.,°=–19.1° (c 1.1, EtOAc) -s O 
[0542 H NMR (400 MHz, CDCl) d 8.35 (d, J=7.5 Hz. 
2H), 8.15 (d, J=7.5 Hz, 2H), 8.00(d, J=1,8 Hz, 2H), 7.98 (d. 
J=1,8 Hz, 2H), 7.90(d, J=1,8 Hz, 1H), 7,86 (dd, J=7.5, 18 Hz. (3a) 
1H), 7.78 (d, J=7.5 Hz, 1H), 765 (s, 1H), 7.63 (d, J=7.5 Hz. 
2H), 7.58 (s, 1H H), 7.54 (d, J=7.5 Hz, 2H), 7.51 (s, 
1H_z), 7.10 (s, 1H_v), 7.03 (d, J=7.5 Hz, 1H), 6.35 (s, O 
1H_N), 5.57 (S. 1H_N), 542 (s, 1H_O), 4.93 (s, 1H), 
4.70 (s, 1H), 401 (hept, J=5.6 Hz, 1H), 3.95 (hept, J=5.6 Hz, O HN 
1H), 3.38 (s, 3H), 1.48 (s, 6H), 147 (s, 6H) ppm. S 
[0543 °CNMR (100 MHz CDCl)d 17330, 169.54, 168. 
18, 168.07, 167.77, 166.88, 166.82, 158.83, 151.01, 149.88, 
140.78, 13942, 138.71, 136.26, 134.97, 134.55, 130.00, 130. OH HN 
00, 129.41, 12941, 129.39, 129.39, 128.12; 127.53, 125.15, 
124.17, 124.17, 123.28, 122.84, 122.61, 122.61, 121.78, 121. O 

r. 

ON 

78, 120.41, 11382, 11330, 106.09, 77.86, 75.89, 74.13, O 
58.51, 54.58, 21.80, 21.80, 21.80, 21.80 ppm. -s 
|0544 HRMS (ESI): Calculated for CHNOs 
(M-H)“: 920.2865. found: 920,2866. 
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1.1. Synthesis of the Different Used Individual Rings 

I0546 The preparation ofthe different individualrings that 
were used during the synthesis of the cystobactamide C 
derivatives is described here. 
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Preparation of Ring A 

I0549 

ON 

a) 
COOH 

OH 

ON 

ON 

OH 

-- O 
A1 

a) BrCH(CH3)2, K2CO3, DMF, 90° C., overnight; d) NaOHAMeOH, 45° C, overnight 

1.2. Coupling of Ring Band C to Give the Different 
Prepared BC Fragments 

I0550 

ON 

–– 

COOH 

OH 

H2N 

O m) 

O S. ms 
-s 

C1 

ON 

H 
N 
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CompOund Scaffold R R R2 R3 CompOund Scaffold R3 

(25a) V 
(20a) II – Me 2-OH, H S 

3OMe --> 
(21a) IV – Me 2-OH, H N 

3OMe 

(22a) IV – Me 2-OMe, H 
(26a) V 

3OH 

(23a) IV – iPr 2,3-diOMe H Q/ 
1.3.2. Coupling of Ring a with BC1 Fragment to Synthesize OH 
the Cystobactamide C Derivatives (24a)-(31a) (27a) V 

S C O O H 

O 

(28a) VI 

-s O (29a) VI 

H2 

| |N R 
O 

m) 
/ 

O 

WH 
S 

B C1 
-A 

(30a) VI G, O H O 

-- O -- O 

V (31a) VI 

R3 R 
| d) 

O 

OH 
H t 

O N 

Q 1.3.3. Coupling of Ring a with BC4 Fragment to Synthesize 
OH OH O the Cystobactamide C Derivatives (32a)-(33a) 

O 

-s O O2N 
VI –– 

d) NaOH/MeOH, 45° C, overnight; m) PCl3, CH2Cl2, Xylene, 145° C, 2 hours 
COC 

B H 
t S N 

Compound Scaffold R3 O N p) 
t –s- 

(24a) V / W -s O O 
O S. -s O 
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Q_ -^ 
B H 

O S N 
O N 

-s O O 
O S. >< 

H2N 

J R -^ 
B H 

O S N 
O N 

-s O OH O 

-s O 
(33a) 

d) NaOH/MeOH, 45° C, overnight; p) CH2Cl2, pyridine, rt, overnight 

2. EXPERIMENTAL 

2.1. General Experimental Information 
I0552 Starting materials and solvents were purchased 
from commercial Suppliers, and used without further purifi 
cation. All chemical yields refer to purified compounds, and 
not optimized. Reaction progress was monitored using TLC 
Silica gel 60 F254 aluminium sheets, and visualization was 
accomplished by UV at 254 nm. Flash chromatography was 
performed using silica gel 60 Ä. (40-63 um). Preparative 
RP-HPLC was carried Out on a Waters Corporation setup 
contains a 2767 Sample manager, a 2545 binary gradient 
module, a2998 PDAdetector anda 3100 electronspray mass 
spectrometer. Purification was performed using a Waters 
XBridge column (C18, 150×19 mm, 5 um), a binary solvent 
system A and B (A=water with 0.1% formic acid; B-MeCN 
with 0.1% formic acid) as eluent, a flow rate of 20 mL/min 
and a gradient of 60% to 95% B in 8 min were applied. 
Melting points weredetermined ona Stuart Scientific melting 
point apparatus SMP3 (Bibby Sterilin, UK), and are uncor 
rected. NMR spectra were recorded either on Bruker DRX 
500 (H, 500 MHz; °C, 126 MHz), or Bruker Fourier 300 
(H, 300 MHz; °C, 75 MHz) spectrometerat 300 K. Chemi 
cal shifts are recordedas 6 values in ppm units by reference to 
the hydrogenated residues of deuterated Solvent as internal 
standard (CDCl: d=7.26. 77.02: DMSO-ds: 6=2.50, 39.99). 
Splitting patterns describe apparent multiplicities and are 
designated as s (singlet), br S (broad singlet), d (doublet), dd 
(doublet of doublet), t (triplet), q (quartet), m (multiplet). 
Coupling constants (J) are given in Hertz (Hz). Purity of all 
compounds used in biological assays was 95% as measured 
by LC/MS Finnigan Surveyor MSQ Plus (Thermo Fisher 
Scientific, Dreieich, Germany). The System consists of LC 
pump, autosampler, PDA detector, and Single-quadrupole 
MS detector, as well as the standard Software Xcalibur for 
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operation. RP C18 Nucleodur 100-5 (125×3 mm) column 
(Macherey-Nagel GmbH, Dühren, Germany) was used as 
stationary phase, and a binary Solvent System A and B 
(A=water with 0.1% TFA: B=MeCN with 0.1% TFA) was 
used as mobile phase. In a gradient run the percentage of B 
was increased froman initial concentration of 0% at 0 minto 
100% at 15 min and kept at 100% for 5 min. The injection 
Volume was 10 uLand flow rate was set to 800 uL/min. MS 
(ESI) analysis was carried out at a spray Voltage of 3800 V, a 
capillary temperature of 350° C. and a source CID of 10 V. 
Spectra were acquired in positive mode from 100 to 1000 m/Z 
and at 254 nm for UV tracing. 

22. LC/MS Data for the Triaryl Derivatives 
I0553 

Compound LC/MS m/z (ESI+) 

(1a) 521.99 ||M + H|“ 
(2a) 537.87 M + H“ 
(3a) 579.90 M + H“ 
(4a) S40.07 ||M + H|“ 
(5a) 580. 11 ||M + H|“ 
(6a) 479.98 M + H“ 
(7a) 496.02 M + H“ 
(8a) S37.99 ||M + H|“ 
(9a) 509.98 M + H|“ 

(10a) 538.11 M + H“ 
(11a) 492.02 M + H“ 
(12a) 508.01 ||M + H|“ 
(13a) 550.02 M + H* 
(14a) 550.13 M + H“ 
(15a) 449.87 |M + H“ 
(16a) 465.93 |M + H“ 
(17a) 508.07 ||M + H|“ 
(18a) 492 M + H“ 
(19a) 435 M“ 
(20a) 482 M + H|“ 
(21a) 452 M + H“ 
(22a) 452 M + H“ 
(23a) 494 |M + H|“ 
(24a) 466.20 M + H“ 
(25a) 478.07 M + H“ 
(26a) 493.17 M + H“ 
(27a) 509.12 M + H|“ 
(28a) 423.53 |M + H“ 
(29a) 436.13 M + H“ 
(30a) 45110 M + H“ 
(31a) 467.11 |M + H“ 
(32a) S35 ||M + H|+ 
(33a) 493 ||M + H|+ 

2.3 General Synthetic Procedures 
I0554 a) A mixture of the acid (25 mmol), isopropylbro 
mide (52 mmol) and potassium carbonate (52 mmol) in 100 
ml DMF were heated overnight at 90° C. Excess DMF was 
thenremoVedunder reduced pressure and the remaining resi 
due was partitioned between water and ethyl acetate. The 
Organic layer was dried OVer Sodium sulphate and the excess 
solvent was then removed under reduced pressure to give the 
pure product. 
|0555 c) To a stirred solution of the nitro derivative (10 
mmol) in EtOH (60 mL), ironpowder (2.80 g, 50 mmol) was 
added at 55° C. followed by NHCl (266 mg, 5 mmol) solu 
tion in water (30 mL). The reaction was refluxed for 1–2 h, 
then iron was filtered while hot and the filtrate was concen 
trated under Vacuum tilldryness. The residue was diluted with 
water (30 mL) and basified by NaHCO3 (saturated aqueous 
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solution) to pH 7-8. The mixture was extracted with EtOAc. 
The combined organic extract was washed with brine, dried 
(MgSO4), and the solvent was removed by Vacuum distilla 
tion. The obtained crude material was triturated with n-hex 
ane, and collected by filtration. 
I0556 d) Ester hydrolysis was done according to the fol 
lowing reported procedure.“ The ester (0,1 mmol), sodium 
hydroxide 1M (3 mL) and anhydrous methanol were heated 
Overnight at 45° C. On cooling, the reaction mixture was 
acidified to pH 1 (3 mL, hydrochloricacid 1 M) and extracted 
with dichloromethane (3×150 mL). The organic was dried 
Over sodium sulphate and the solvent removed under reduced 
pressure to leave give the pure product. 
I0557 m) Amide formation was done according to the fol 
lowing reported procedure.“ Aboiling solution oftheacid (1 
mmol) and theamine (1 mmol) in Xylenes 2.5 ml was treated 
with a 2M solution of PCl5 in CH-Cl (0,4 mmol). After 2 
hours the excess Solvent was evaporated and the residue was 
purified using column chromatography. 
I0558 n) To a stirred solution of the acid (2 mmol), amine 
(24 mmol) in anhydrous CHCl (50 mL) under a nitrogen 
atmosphere, dichlorotriphenylphosphorane (3.0 g. 9 mmol) 
was added. The reaction was heated at 80° C. for 5 h. Solvent 
was removed by Vacuum distillation. The residue was then 
purified using flash chromatography. 

24 Specific Synthetic Procedures 

Methyl 3-methoxy-4-nitrobenzoate 

I0559) 

ON 

O O< 

O 

I0560 To a stirred mixture of 3-hydroxy-4-nitrobenzoic 
acid (9.16 g, 50 mmol) and K-CO3 (15.2 g, 110 mmol) in 
DMF (150 mL), dimethyl Sulfate (25.2 g, 200 mmol) was 
added portion wise then the reaction was stirred at 90° C. 
OVernight. After cooling the mixture was poured on to ice 
cooled water (400 mL), the precipitate was filtered, washed 
with coldwater then n-hexane. 
|0561 Yield 95% (pale yellow solid), m/z (ESI+) 212 
M+H“. 

3-Methoxy-4-nitrobenzoic acid 

0562 

ON 

OH 
O 

O 

I0563 To a stirred solution of methyl 3-methoxy-4-ni 
trobenzoate (2.11 g, 10 mmol) in MeOH(30mL), KOH (1.68 
g, 30 mmol) in water (30 mL) was added. The reaction was 
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refluxed for 2 h then MeOH was evaporated by Vacuum dis 
tillation. The residue was diluted with water (20 mL). The 
solution was cooled in an ice bath and acidified by KHSO4 
(Saturated aqueous Solution) to pH 3-4.The precipitated Solid 
was collected by filtration, washed with cold water then 
n-hexane. 

|0564 Yield 96% (off-white solid), m/z (ESI+) 198 
M+H“. 

6-Chloro-2-isopropoxy-3-nitropyridine 

I0565 

ON 
2 -é 

S 

-- N C 

I0566 To a stirred solution of 2,6-dichloro-3-nitropyridine 
(3.86g, 20 mmol) in toluene (30 mL), isopropanol (1.44 g, 24 
mmol) was added. Themixture was stirredat 0°C. for 15 min. 
then NaH(50-60% in mineraloil, 1.22g, 28 mmol) was added 
portion wise under a nitrogen atmosphere, and the reaction 
was allowed to stiratroom temperature overnight. The reac 
tion was quenched with brine, then diluted with water and 
extracted with EtOAc. The combined organic extract was 
washed with brine, dried (MgSO4), and the solvent was 
removed by Vacuum distillation. The residue was dissolved in 
toluene and purified using flash chromatography (SiO2, 
n-hexane-EtOAc=5:1). 
|0567 Yield 70% (yellowish white crystals), m/z (ESI+) 
217 M+H“. 

2-IsopropOXy-3-nitro-6-Vinylpyridine 

0568 

ON 
2 -? 

--- 
I0569 To a stirred solution of 6-chloro-2-isopropoxy-3- 
nitropyridine (650 mg, 3 mmol), and tributyl(vinyl)tin (1.0g, 
3.15 mmol) in toluene (20 mL) undera nitrogen atmosphere, 
tetrakis(triphenylphosphine) palladium(0) (180 mg, 5% eq) 
was added. The reaction was refluxed Overnight. Brine was 
added, and the reaction was extracted with EtOAc. The com 
bined organic extract was washed with brine, dried (MgSO), 
and the solvent was removed by Vacuum distillation. The 
crude product was used directly in the next step without 
further purification. Yield 90% (yellow liquid), m/Z (ESI+) 
208 M†. 
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6-Isopropoxy-5-nitropyridine-2-carboxylic acid 
I0570 

ON -é 

S 

-- N COOH 

I0571 To a stirred solution of 2-isopropoxy-3-nitro-6-vi 
nylpyridine (625 mg, 3 mmol) in acetone (10 mL), KMnO4 
(1.9g, 12 mmol) solution in 50% aq. acetone (50 mL) was 
added. The reaction was stirredatroomtemperature for 24 h. 
NaOH 0.5 M (5 mL) was added, then the mixture was filtered 
and filtrate was concentrated under Vacuum. The residue was 
cooled in an ice bath and carefully acidified by KHSO4 (satu 
rated aqueous solution) to pH 4-5, thenextracted with EtOAc. 
The combined organic extract was washed with brine, dried 
(MgSO4), and the solvent was removed by Vacuum distilla 
tion. The obtained crude material was triturated with n-hex 
ane, and collected by filtration. 
|0572 Yield 75% (beige solid), m/z (ESI+) 227 M+H“. 

Isopropyl 3-isopropoxy-4-{[(6-isopropoxy-5-nitro 
pyridin-2-yl)carbonylamino}benzoate 

I0573 

ON >e 

| g 
S N 

O N 

>< O 

I0574 To a stirred solution of 6-isopropoxy-5-nitropyri 
dine-2-carboxylic acid (226 mg, 1 mmol), and isopropyl 
4-amino-3-isopropoxybenzoate (237 mg, 1 mmol) in a miX 
ture of anhydrous CHCl (50 mL) and DMF (1 mL) undera 
nitrogen atmosphere, HOBt (676 mg, 5 mmol) was added at 
0° C. followed by EDC.HCl (958 mg, 5 mmol). The reaction 
was allowed to stirat 0° C. for 2 h. then atroom temperature 
Overnight. Solvent was removed by Vacuum distillation. The 
residue was dissolved in toluene and purified using flash 
chromatography (SiO2, n-hexane–EtOAc=2:1). Yield 70% 
(pale yellow solid), m/z (ESI+) 446 M+H“. 

2-formyl-6-methoxyphenylacetate 
I0575 

CHO 

OAC 

64 
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I0576 To a stirred solution of 3-methoxysalicylaldehyde 
(4.56g, 30 mmol), and pyridine (2.43 mL 30 mmol) in DCM 
(40 mL), acetylchloride (2.36 g, 30 mmol) was added drop 
wise. The reaction was stirred atroom temperature OVernight 
then the solvent was removed by Vacuum distillation. The 
residue was triturated in cold dil. HCl and filtered, washed 
with coldwater then n-hexane. 
0577 Yield 94% (off-white solid), m/z (ESI+) 195 
M+H“. 

6-formyl-2-methoxy-3-nitrophenylacetate 
I0578 

CHO 

OAC 

I0579 To a stirred ice-cooled Suspension of 2-formyl-6- 
methoxyphenylacetate (1.94g, 10 mmol), and KNO3 (1.01 g, 
10 mmol) in CHCl (15 mL), trifluoroacetic anhydride (12 
mL) was added. The reaction was stirred in an ice bath for 2 
h. then at room temperature OVernight. The reaction was 
diluted very carefully with water (50 mL) and extracted with 
CHCl. The combined organic extract was dried (MgSO4), 
and the solvent was removed by Vacuum distillation. The 
residue was dissolved in toluene and purified using flash 
chromatography (SiO2, n-hexane–EtOAc=3:1). Yield 45% 
(yellow semisolid), m/z (ESI+) 239 M|“. 

2-hydroxy-3-methoxy-4-nitrobenzaldehyde 
I0580 

O2N 

O CHO 

OH 

I0581 To a stirred Suspension of 6-formyl-2-methoxy-3- 
nitrophenyl acetate (957 mg, 4 mmol) in water (30 mL), 
NaOH(0.8g, 20 mmol) was added. The reaction was refluxed 
for 2hthenallowed to stiratroomtemperatureovernight. The 
solution was cooledinanice bathand acidified by HC12 M to 
pH 3–4 The precipitated solid was collected by filtration, 
washed with coldwater then n-hexane. 
|0582 Yield 90% (yellowish brown solid), m/z (ESI+) 197 
M“. 

2-hydroxy-3-methoxy-4-nitrobenzoic acid 
I0583 

O2N 

COOH 

OH 
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I0584 To a stirred solution of2-hydroxy-3-methoxy-4-ni 
trobenzaldehyde (788 mg, 4 mmol), and NaOH (0.8 g, 20 
mmol) in water (50 mL), AgNO3 (34 g., 20 mmol) was added 
portion wise. The reaction was refluxed overnight, then 
allowed to coolandfiltered through celite. Filtrate was cooled 
in an ice bath and acidified with HCl 37% to pH 3-4. The 
precipitated solid was collected by filtration, washed with 
coldwater then n-hexane. 
|0585 Yield 65% (beige solid), m/z (ESI+) 213 M|“. 

Isopropyl 3-isopropoxy-4[({6-isopropoxy-5-(4- 
nitrobenzoyl)aminopyridin-2-yl}carbonyl)amino 

benzoate 

0586 

ON 

O 

HN 
S 

1 - - 

SEQUENCE LISTING 

< 16 O> NUMBER OF SEQ ID NOS : 73 

< 210 > SEQ ID NO 1 
< 2 11 § LENGTH: S 84 S 6 
< 212 > TYPE : DNA 

< 213 > ORGANISM: Cystobacter velatus 
< 22 O & FEATURE : 

< 22 1> NAME/KEY: misc_feature 
< 222 > LOCATION: (1) . . (158456 ) 
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|0587 To a stirred solution of isopropyl 4-{(5-amino-6- 
isopropoxypyridin-2-yl)carbonylamino}-3-isopropoxyben 
Zoate (207 mg, 0.5 mmol), and pyridine (0.1 mL) in DCM (20 
mL), 4-nitrobenzoylchloride (185 mg, 1 mmol) was added. 
The reaction was stirred atroom temperature OVernight then 
the HCl 2 M (20 mL) was added. The mixture was extracted 
with DCM then EtOAc. The combined organic extract was 
dried (MgSO4), and the solvent was removed by Vacuum 
distillation. The residue was dissolved in toluene and purified 
using flash chromatography (SiO2, n-hexane–EtOAc=1:1). 
Yield 80% (yellow crystals), m/z (ESI+) 565 M+H“. 
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6. ACTIVITY OF THESE COMPOUNDS 

|0590 Several of these compounds were tested for their 
activity against an E. coli strain (TolC-deficient) according to 
the procedures described above. Most tested compounds 
showed an activity (MIC) offrom 1. to 320 uM. 

< 223 > OTHER INFORMATION: Cystobactamide biosynthetic gene cluster 

<400 > SEQUENCE: 1 

gtaga CqCCg CqgCt. Cagag gg CggtqCCq CagtqCttqC agtqqtqCSC gt. CCaggt Cg 6 Q 

tqSCCCt-SC3 SSCCSCaSCC SSSäCaqSCS CSCSSSt-CSga t-SSCStSCt-S CCSSSt-CSCC 12 Q 

tqqqCgagCt. CCaCqqa CaC gatqCCCqtg ggCaCCqCga qgatgCCqta qCCCatgat C 18Q 

at CaaCaCCg aqqCgatga a Ctgt CCqqqC aCCgt Cttgg qCgagaggt. C t CCqtagCCC 24 Q 

aCCgtqgt Ca t Cgt CaCgat gqCCCaataC at CCCCCqCg ggatgCtgt. C gaagCCqttg 3 QQ 

gCqCqCCCCt CCaCCatgt a Cat CaCCqCq CCCatgatga CgaCCgtqCt. CagCaCCqCC 3 6 Q 

CCgaggaaga Cqatgat Ctt CCqCCqa Ctg gCCC qgagCq Cggt gagCag CaCgt CCqCC 42 Q 

t. CCCC gagga aqCtqqCgag Cttgagt aCg Cggaaga CqC qCag CagqCq gaaCaCCCqC 4 8Q 

aCCaCCagCa gqqa CtqCat gCCqqqCag C at CaaqCt. Ca gCaCCgaqSq CaqqatqqCC S4 () 

aqCagat CCa CCaqCCCgaa gaaqCt. CagC qCataqCqCa gCggCCgt tºt CaCCqa CagC 6 QQ 








































































































































































































































