SUPPLEMENTARY INFORMATION

Structural optimization and
photopharmacological studies of the
cystobactamids class of natural products

Der Naturwissenschaftlichen Fakultat der

Gottfried Wilhelm Leibniz Universitat Hannover

Teil der vorgelegten Dissertation
von
Giambattista Testolin, M. Sc.



NMR spectra:

2-Hydroxy-3-isopropoxybenzaldehyde
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2-Formyl-6-isopropoxyphenyl acetate
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6-Formyl-2-isopropoxy-3-nitrophenyl acetate
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2-(Allyloxy)-3-isopropoxy-4-nitrobenzaldehyde
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2-(allyloxy)-3-isopropoxy-4-nitrobenzaldehyde
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(S)-4-(2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-4-oxo-4-

Methyl

(tritylamino)butanamido)benzoate
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Methyl (S)-4-(2-(4-nitrobenzamido)-4-oxo-4-(tritylamino)butanamido)benzoate
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(S)-4-(2-(4-Nitrobenzamido)-4-oxo-4-(tritylamino)butanamido)benzo
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.
Methyl 3-hydroxy-4-nitrobenzoate
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Methyl 3-isopropoxy-4-nitrobenzoate

CBCS4861 RRRREE%E 8RRRERR =
CBCS4861 11 Té&taIlR T 7 > 00 TYTILSS e
GT1_245 T N

NO,

5% T 5 &
@SS - ~ 8
333 3 > 3
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5
f1 (ppm)
CBCS#861 g R % IS o s 2
CBC44861 2 1 Testoli s b 8 8 3 N S 5
GT1_p45 I [
| | !
| ‘ i ‘
T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 80 70 60 50 40 30 20

90
f1 (ppm)



3-Isopropoxy-4-nitrobenzoic acid
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Methyl 4-(3-isopropoxy-4-nitrobenzamido)benzoate
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Methyl 4-(4-amino-3-isopropoxybenzamido)benzoate
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Methyl

isopropoxybenzamido)benzoate

(S)-4-(4-(4-(4-amino-2-(4-aminobenzamido)-4-oxobutanamido)benzamido)-3-
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(S)-4-(4-(4-(4-Amino-2-(4-aminobenzamido)-4-oxobutanamido)benzamido)-3-

isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(4-nitrobenzamido)benzamido)-4-oxobutanamido)benzamido)-3-

isopropoxybenzamido)benzoic acid
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Allyl 4-aminobenzoate

B339 3 3 NRELNL NN S90 R PCEMNT NN DR BB
CBCRA#AZ ¢ © & BARBNRGL ©5558503 MMMMNANNNEE888Y
CBCW&olin G GGG GG ©GGGG G A A A KSR FF T

S o5 R B Y P W

I
|
NH,
|
|
L A A
gz T Ty T
8 g g g 8
< < 33 2
T T T T T T T T T T
78 7.6 74 72 7.0 6.8 6.4 5.6 5.2 4.8 4.0 3.6 3.2 2.8 2.4 2.0 16
f1 (ppm)
CBCF5443 2! Y NS 2
CBCF5444 2 1 Testolin @ aa SEs @
GT2_057]A | I (0N
| |
A | ‘ i

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
170 165 160 155 150 145 140 135 130 125 120 115 110 10? (100) 95 9 8 8 75 70 65 60 55 50 45 40 35 30
1 (ppm.



Allyl 4-(2-(allyloxy)-3-isopropoxy-4-nitrobenzamido)benzoate
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-3-isopropoxybenzamido)benzoate

-amino

Allyl 4-(2-(allyloxy)-4
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Allyl (S)-4-(2-(allyloxy)-3-isopropoxy-4-(4-(2-(4-nitrobenzamido)-4-oxo-4-
(tritylamino)butanamido)benzamido)benzamido)benzoate
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-2-(4-(4-nitrobenzamido)benzamido)-4-

-amino

Allyl (S)-4-(2-(allyloxy)-4-(4-(4

oxobutanamido)benzamido)-3-isopropoxybenzamido)benzoate
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(S)-4-(4-(4-(4-Amino-2-(4-(4-nitrobenzamido)benzamido)-4-oxobutanamido)benzamido)-2-

hydroxy-3-isopropoxybenzamido)benzoic acid
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4-(4-Nitrobenzamido)benzoic acid
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(E)-3-(4-(Allyloxy)phenyl)-2-methylacrylic acid
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4-Acetamidobenzoic acid
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Methyl 4-ureidobenzoate
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4-Ureidobenzoic acid
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Ethyl (E)-3-(4-cyanophenyl)-2-methylacrylate
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(E)-3-(4-Cyanophenyl)-2-methylacrylic acid
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4,5-Bis(allyloxy)picolinic acid
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(S)-4-(4-(4-(2-(4-(4-Acetamidobenzamido)benzamido)-4-amino-4-oxobutanamido)benzamido)-

2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-benzamidobenzamido)-4-oxobutanamido)benzamido)-2-hydroxy-3-
isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(4-fluorobenzamido)benzamido)-4-oxobutanamido)benzamido)-2-

hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(4-aminobenzamido)benzamido)-4-oxobutanamido)benzamido)-2-
hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(3-nitrobenzamido)benzamido)-4-oxobutanamido)benzamido)-2-

hydroxy-3-isopropoxybenzamido)benzoic acid
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Allyl protected intermediate
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(S)-4-(4-(4-(4-Amino-2-(4-(3-aminobenzamido)benzamido)-4-oxobutanamido)benzamido)-2-

hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(2-nitrobenzamido)benzamido)-4-oxobutanamido)benzamido)-2-

hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(4-cyanobenzamido)benzamido)-4-oxobutanamido)benzamido)-2-
hydroxy-3-isopropoxybenzamido)benzoic acid
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Allyl protected intermediate
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(S)-4-(4-(4-(4-Amino-4-oxo-2-(4-(4-
(trifluoromethyl)benzamido)benzamido)butanamido)benzamido)-2-hydroxy-3-

isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-4-oxo-2-(4-(4-ureidobenzamido)benzamido)butanamido)benzamido)-2-

hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(4-(4-nitrobenzamido)benzamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(2-hydroxy-3-isopropoxy-4-nitrobenzamido)benzamido)-4-
oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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Allyl protected intermediate
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(S)-4-(4-(4-(4-Amino-2-(4-(4-amino-2-hydroxy-3-isopropoxybenzamido)benzamido)-4-
oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(4-cyano-2-methylbenzamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(4-cyano-3-fluorobenzamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(4-cyano-3-methylbenzamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S,E)-4-(4-(4-(4-Amino-2-(4-(3-(4-hydroxyphenyl)-2-methylacrylamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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4-(4-(4-((2S)-4-Amino-4-oxo-2-(4-(2-
phenoxypropanamido)benzamido)butanamido)benzamido)-2-hydroxy-3-

isopropoxybenzamido)benzoic acid
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Allyl protected intermediate
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(S)-4-(4-(4-(4-Amino-2-(4-(isonicotinamido)benzamido)-4-oxobutanamido)benzamido)-2-

hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(4-(methylsulfonyl)benzamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-4-oxo-2-(4-(1-oxo-1,3-dihydroisobenzofuran-5-

carboxamido)benzamido)butanamido)benzamido)-2-hydroxy-3-

isopropoxybenzamido)benzoic acid
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(S,E)-4-(4-(4-(4-Amino-2-(4-(3-(4-cyanophenyl)-2-methylacrylamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic aci
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(S)-4-(4-(4-(4-Amino-2-(4-(6-cyanonicotinamido)benzamido)-4-oxobutanamido)benzamido)-2-

hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(5-cyanopicolinamido)benzamido)-4-oxobutanamido)benzamido)-2-
hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(3-chloro-4-cyanobenzamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(5-cyanothiophene-2-carboxamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(4-cyano-3-methoxybenzamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(3-(4-cyanophenyl)propanamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(2-(4-cyanophenyl)acetamido)benzamido)-4-
oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(4-cyano-1-methyl-1H-pyrrole-2-carboxamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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4-(4-(4-((2S)-4-Amino-2-(4-(2-(4-cyanophenoxy)propanamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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4-(4-(4-((2S)-4-Amino-2-(4-(2-((4-cyanophenyl)thio)propanamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid

gtel4_1225%Fm & gz 8 33 £532BBLIER §E88RRIAY 38 5098
gte14_12255Fm 174 Testolin eS8 o BB NRNNRNNNNNG FEFFEFEFE N ket gt
AR357 | | Y4 VoSV =\ =
o CONH,
H
N )
o N g OPr 2xNHj
/. S\HL 71 9 N oH | /
H H
_ O N
N 7’
o OH
(0]
‘\
I
|
|
I
1
I
1
| | LJ L‘
u I U
| )
ENRE) EEt g 1 gtylex ! It i 3
o - S - - - MEFOANS - - - © 0
———— ————— T
13.5 13.0 12,5 120 115 11.0 105 100 9.5 9.0 85 75 7.0 6.5 55 50 45 40 35 30 25 20 15 1.0 0.5
f1 (ppm)
gteR RIERD e=q BNHELREIER 2 e 5 |le -
oteF R RBEFAT 1 Testoln  TET HREEEMREEE g 709 8 N
ARSSE | ) NP P ]
I
I
I
1|
‘\ ! | I
I (] I
| | | |
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10

90
f1 (ppm)



(S)-4-(4-(4-(4-Amino-2-(4-(5-nitroquinoline-8-carboxamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(4-amino-2,3,5,6-tetrafluorobenzamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(5-hydroxy-4-oxo-1,4-dihydropyridine-2-carboxamido)benzamido)-4-
oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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4-(4-(4-((2S,3R)-4-Amino-2-(4-(4-cyanobenzamido)benzamido)-3-methoxy-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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4-(4-Cyanobenzamido)benzoic acid
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3-(4-Cyanobenzamido)benzoic acid
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4-((4-Cyanobenzamido)methyl)benzoic acid
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4-(2-(4-Cyanobenzamido)ethyl)benzoic acid
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4-((4-Cyanophenyl)sulfonamido)benzoic acid
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(S)-4-(2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-4-oxo-4-

ic aci

(tritylamino)butanamido)benzo
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Allyl (S)-4-(4-(4-(2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-4-oxo-4-

(tritylamino)butanamido)benzamido)-2-(allyloxy)-3-isopropoxybenzamido)benzoate
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(S)-4-(4-(4-(2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-4-oxo-4-

(tritylamino)butanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-N1-(4-((4-((4-Carbamoylphenyl)carbamoyl)-3-hydroxy-2-

isopropoxyphenyl)carbamoyl)phenyl)-2-(4-(4-nitrobenzamido)benzamido)succinamide
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(S)-4-(4-(4-(4-Amino-2-(3-(4-cyanobenzamido)benzamido)-4-oxobutanamido)benzamido)-2-

hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-((4-cyanobenzamido)methyl)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(2-(4-cyanobenzamido)ethyl)benzamido)-4-
oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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2-Hydroxy-3-isobutoxybenzaldehyde
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2-Formyl-6-isobutoxyphenyl acetate
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6-Formyl-2-isobutoxy-3-nitrophenyl acetate
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2-(Allyloxy)-3-isobutoxy-4-nitrobenzoic acid
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Allyl 4-(2-(allyloxy)-3-isobutoxy-4-nitrobenzamido)benzoate
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butoxybenzamido)benzoate

-3-iso

-amino

Allyl 4-(2-(allyloxy)-4
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Allyl 2-(allyloxy)-3-isopropoxy-4-nitrobenzoate
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-3-isopropoxybenzoate

-amino

Allyl 2-(allyloxy)-4
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Allyl 2-(allyloxy)-4-(2-(allyloxy)-3-isopropoxy-4-nitrobenzamido)-3-isopropoxybenzoate
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Allyl (S)-4-(2-(allyloxy)-3-isobutoxy-4-(4-(2-(4-nitrobenzamido)-4-oxo-4-

(tritylamino)butanamido)benzamido)benzamido)benzoate
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-2-(4-aminobenzamido)-4-oxobutanamido)benzamido)-3-

-amino
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(S)-4-(4-(4-(4-Amino-2-(4-(4-nitrobenzamido)benzamido)-4-oxobutanamido)benzamido)-2-

hydroxy-3-isobutoxybenzamido)benzoic acid
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-2-(4-aminobenzamido)-4-

-amino

Allyl (S)-2-(allyloxy)-4-(2-(allyloxy)-4-(4-(4

oxobutanamido)benzamido)-3-isopropoxybenzamido)-3-isopropoxybenzoate
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(S)-4-(4-(4-(4-Amino-2-(4-(4-nitrobenzamido)benzamido)-4-oxobutanamido)benzamido)-2-

hydroxy-3-isopropoxybenzamido)-2-hydroxy-3-isopropoxybenzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(4-cyanobenzamido)benzamido)-4-oxobutanamido)benzamido)-2-
hydroxy-3-isopropoxybenzamido)-2-hydroxy-3-isopropoxybenzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(5-cyanopicolinamido)benzamido)-4-oxobutanamido)benzamido)-2-

hydroxy-3-isopropoxybenzamido)-2-hydroxy-3-isopropoxybenzoic acid
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(S,E)-4-(4-(4-(4-Amino-2-(4-(3-(4-cyanophenyl)-2-methylacrylamido)benzamido)-4-
oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)-2-hydroxy-3-

isopropoxybenzoic acid
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(S)-4-(4-(4-(4-Amino-2-(4-(5-cyanothiophene-2-carboxamido)benzamido)-4-
oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)-2-hydroxy-3-

isopropoxybenzoic acid
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(1-((4-ethynylphenyl)amino)-1,4-dioxo-4-(tritylamino)butan-2-

(9H-Fluoren-9-yl)methyl

yl)carbamate
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inamide

(S)-2-(4-(4-Cyanobenzamido)benzamido)-N1-(4-ethynylphenyl)-N4-tritylsucc
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2-(Benzyloxy)-3-isopropoxy-4-nitrobenzoic acid
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Tert-butyl 4-(2-(benzyloxy)-3-isopropoxy-4-nitrobenzamido)benzoate
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Tert-butyl 4-(4-amino-2-hydroxy-3-isopropoxybenzamido)benzoate
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Tert-butyl 4-(4-azido-2-hydroxy-3-isopropoxybenzamido)benzoate
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4-(4-(4-(4-(4-Amino-2-(4-(4-cyanobenzamido)benzamido)-4-oxobutanamido)phenyl)-1H-1,2,3-

triazol-1-yl)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S,E)-4-(4-(4-(4-Amino-4-oxo-2-(4-(phenyldiazenyl)benzamido)butanamido)benzamido)-2-

hydroxy-3-isopropoxybenzamido)benzoic acid
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(S,E)-4-(4-(4-(4-Amino-2-(4-((4-(dimethylamino)phenyl)diazenyl)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S,E)-4-(4-(4-(4-Amino-2-(4-((4-cyanophenyl)diazenyl)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-isopropoxybenzamido)benzoic acid
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(S)-4-(2-(4-(4-(4-Amino-2-(4-(4-cyanobenzamido)benzamido)-4-oxobutanamido)benzamido)-2-

hydroxy-3-isopropoxybenzoyl)hydrazineyl)benzoic acid
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Tert-butyl (S)-2-(2-(allyloxy)-4-(4-(4-amino-2-(4-(4-cyanobenzamido)benzamido)-4-
oxobutanamido)benzamido)-3-isopropoxybenzoyl)hydrazine-1-carboxylate
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(S,E)-4-((2-(4-(4-(4-Amino-2-(4-(4-cyanobenzamido)benzamido)-4-

oxobutanamido)benzamido)-2-hydroxy-3-

isopropoxybenzoyl)hydrazineylidene)methyl)benzoic acid
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Chemical Formula:|G44H3sNgO19
Exact Mass: 888,2711
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