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Synthesis of 5-oxopyrrolidine derivatives 2-13
1-(4-Carboxyphenyl)-5-oxopyrrolidine-3-carboxylic acid 2
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Figure S1: '"H NMR of compound 2
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Figure S2: 3C NMR of compound 2



Methyl 1-[4-(methoxycarbonyl)phenyl]-5-oxopyrrolidine-3-carboxylate 3

K2 WFd g mm s N g
PROTCN DM§9 T,{\:'}‘,Greta} nmrsu 25 | 1 | | ! | | ! ! | | 1 SLARNAT

MOCQNEI“N& T

COzMe s

T | | || I K s i B
=] a

o =1
=] = 3
™

T

7 300

280
288

;
\

286
283
281
280

Lars
—25

1 T T T T —T—
4 82 80 78 75 74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 2 24

f1 (ppm)

Figure S3: "H NMR of compound 3
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Figure §4: 3C NMR of compound 3



Methyl 4-[3-(hydrazinocarbonyl)-5-oxopyrrolidin-1-yl]benzoate 4

Zepdofd g e
PRCﬂiCN DMS? {CAGreta} nmrsu 26 "“\"Ili' "il'

g NP B VYY)
0 g g
P DY P T T

NBPER LR I B

(19000

4

—a3s
405
403
401
390
388
387
386
15
320
3.18
3.7
3.5
278
276
274

rE

CONHMHa | | | i F17000

| | 16000
f . . 15000

14000

e |

w0 /J
13000
12000
11000

10000

9000

8000
7000
G000
(5000
(4000
3000
A ¥ 2000
U T b Il]l #»I 1000
' {

ro

0143 L—
086 e

l{
% = o F
. ;

T T T T T T T
9.5 9.0 8.5 8.0 75 70 6.5 6.0
1 {ppm)

Figure S5: "H NMR of compound 4
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Figure S6: 3C NMR of compound 4



Methyl 4-(4-(3,5-dimethyl-1H-pyrazole-1-carbonyl)-2-oxopyrrolidin-1-yl)benzoate 5
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Methyl 4-(4-((2,5-dimethyl-1H-pyrrol-1-yl)carbamoyl)-2-oxopyrrolidin-1-yl)benzoate 6
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Figure S9: "H NMR of compound 6
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Figure S10: 3C NMR of compound 6
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Methyl 4-(4-(2-benzylidenehydrazine-1-carbonyl)-2-oxopyrrolidin-1-yl)benzoate 7a
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Figure S11: '"H NMR of compound 7a

Methyl 4-(4-(2-(4-methoxybenzylidene)hydrazine-1-carbonyl)-2-oxopyrrolidin-1-yl)benzoate 7b
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Figure S12: "H NMR of compound 7b



Methyl 4-(4-(2-(4-(dimethylamino)benzylidene)hydrazine-1-carbonyl)-2-oxopyrrolidin-1-
yDbenzoate 7c
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Figure §13: "H NMR of compound 7c



1-(1-(4-(Methoxycarbonyl)phenyl)-5-oxopyrrolidine-3-carboxamido)-5-oxopyrrolidine-3-carboxylic
acid 8
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Figure S14: "H NMR of compound 8
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Figure S15: 3C NMR of compound 8



Methyl 4-(4-(2-benzoylhydrazine-1-carbonyl)-2-oxopyrrolidin-1-yl)benzoate 9

2616 g L [ pEEEnnenLETS RA5IE9EBERESEESBERRRSR 1000
PROTON BMSD {Ci\Greta) nmrsa 13 T T e T P o T D o T P o e e 3 S A e 10000
[ IR )5 aans RSASLSRL Ve et

: _ . 0 | i~
Meogc:N H ) B
b NL@ .
H
: o g oo’
iﬁ £
2 / f/ / ;/ / 17000,
eo0o
15000
4000
- +-3000°
112000
| 1000,
Jj |
U
N | :
. H—f Sy E T
3 | 8 S35 = |3 %
T T T T T T T ¥ T | T T ¥ T T T T T T - T ¥ T T T
W5 W0 95 2.0 8.5 8.0 7.5 70 6.5 55 50 4.5 4.0 3.5 30 25
. f1 {ppm) §

Figure S16: "H NMR of compound 9
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Figure §17: 3C NMR of compound 9



1-(4-(Hydrazinecarbonyl)phenyl)-5-oxopyrrolidine-3-carbohydrazide 10
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Figure S18: '"H NMR of compound 10
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Figure §19: 3C NMR of compound 10



N-(4-nitrobenzylidene)-1-[4-[2-(4-nitrobenzylidenehydrazinocarbonyl)lphenyl]-5-oxopyrrolidine-3-
carbohydrazide 11a
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Figure 520: '"H NMR of compound 11a
N-(4-chlorobenzylidene)-1-[4-[2-(4-chlorobenzylidenehydrazinocarbonyl)Iphenyl]-5-
oxopyrrolidine-3-carbohydrazide 11b
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Figure 521: "H NMR of compound 11b



1-[[5-Oxo-1-(4-[(phenylcarbamoylthioamino)carbamoyl]lpyrrolidin-3-carbonyl]-3-
phenylthlocarbamlde 12
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Figure 522: '"H NMR of compound 12
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Figure S23: 3C NMR of compound 12



4-(4-phenyl-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-3-yl)-1-(4-(4-phenyl-5-thioxo-4,5-dihydro-1H-1,2,4-
triazol-3-yl)phenyl)pyrrolidin-2-one 13
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Figure 524: '"H NMR of compound 13
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Figure S25: 3C NMR of compound 13



Synthesis of benzimidazoles 14-18
3-(1H-benzimidazol-2-yl)-1-[4-(1H-benzimidazol-2-yl)phenyllpyrrolidin-5-one 14
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Figure 526: '"H NMR of compound 14
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Figure S27: 3C NMR of compound 14



3-(6-methyl-1H-benzimidazol-2-yl)-1-[4-(6-methyl-1H-benzimidazol-2-yl)phenyllpyrrolidin-5-one
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Figure §28: '"H NMR of compound 15
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Figure 529: 3C NMR of compound 15



3-(1H-benzimidazol-2-yl)-4-[4-(1H-benzimidazol-2-yl)anilino]butanoic acid 16
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Figure 513: °C NMR of compound 16



4-((4-(1H-benzimidazol-2-yl)phenyl)amino)-3-(1H-benzimidazol-2-yl)butanehydrazide 17
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Figure S33: “C NMR of compound 17



4-((4-(1H-benzimidazol-2-yl)phenyl)amino)-3-(1H-benzimidazol-2-y1)-N-(2,5-dimethyl-1H-pyrrol-2-
yDbutanamide 18
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Figure S34: "H NMR of compound 18
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Figure S35: 3C NMR of compound 18



Synthesis of bisbenzimidazoles 19-24
Ethyl  2-(2-(4-(4-(1-(2-ethoxy-2-oxoethyl)-1H-benzimidazol-2-yl)-2-oxopyrrolidin-1-yl) phenyl)-1H-
benzimidazol-1-yl)acetate 19
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Figure §36: "H NMR of compound 19
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Figure S37: 3C NMR of compound 19



2-(2-(4-(4-(1-(2-hydrazinyl-2-oxoethyl)-1H-benzimidazol-2-yl)-2-oxopyrrolidin-1-yl)phenyl)-1H-

benzimidazol-1-yl)acetohydrazide 20
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Figure S38: '"H NMR of compound 20
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Figure $39: 3C NMR of compound 20



4-(1-(2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxoethyl)-1H-benzimidazol-2-y1)-1-(4-(1-(3,5-dimethyl-1H-

EALRI AR A TRARRNANNR REOINSELNINEANANESEEYIY | 2855858 & SRR
o [ A - mmmmmmva;jrijwivw ww r\|| 1 H\TT/“ 7000
; [ i i S _
M
\ i | | | | | | | | coon
N N
Kfo Pl kfo | 1 | 1 | | | Lsooo
© N
e Wl e :
\&’(N \f\_{(m | | | | | —
Me Me / |
; 7" 7 — o
4500
4000
B {d)
789
3500
Ad)
775
L= | | | I | | | | | | ~ Lo
2500
2000
1500
T T 1000
]
1 ! It
T | 500
\ ||| Ui‘\ 15
S J A )
i | | Lo
o i T an .
g9 = g-8 3 3 500
=+ ™~ ™ ™ —
T T T T T T T T T T T T T T T T T T T T T
B35 8.0 75 70 6.5 6.0 5.5 .0F o t;.s 4.0 3.5 3.0 2.5 2.0 1.5 1.0
1 {ppm
Figure 540: "H NMR of compound 21
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Figure S41: 3C NMR of compound 21



4-(1-((5-thioxo-4,5-dihydro-1,3,4-oxadiazol-2-yl)methyl)-1H-benzo[dlimidazol-2-y1)-1-(4-(1-((5-
thioxo-4,5-dihydro-1,3,4-oxadiazol-2-yl)methyl)-1H-benzo[dlimidazol-2-yl)phenyl)pyrrolidin-2-one
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Figure 542: "H NMR of compound 22
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2-(2-(-2-(5-0x0-1-(4-(1-(2-0x0-2-(2-(phenylcarbamothioyl) hydrazinyl)ethyl)-1H-benzimidazol-2-
yDphenyl)pyrrolidin-3-yl)-1H-benzimidazol-1-yl)acetyl)-N-phenylhydrazin-1-carbothioamide 23
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Figure S44: "H NMR of compound 23

N'-benzylidene-2-(2-(4-(4-(1-(2-(2-(benzylidene)hydrazinyl)-2-oxoethyl)-1H-benzol[d]imidazol-2-yl)-
2-oxopyrrolidin-1-yl) phenyl)-1H-benzol[dlimidazol-1-yl)acetohydrazide 24a
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Figure 545: "H NMR of compound 24a



N'-4-nitrobenzylidene-2-(2-(4-(4-(1-(2-(2-(4-nitrobenzylidene)hydrazinyl)-2-oxoethyl)-1H-
benzo[d]lmldazol 2-yl)-2-0x0pyrrohd1n- -yl)phenyl) 1H-benzo[d]1m1dazol -1-yl)acetohydrazide 24b
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Figure 546: '"H NMR of compound 24b

N'-(4-fluorobenzylidene)-2-(2-(4-(4-(1-(2-(2-(4-fluorobenzylidene)hydrazinyl)-2-oxoethyl)-1H-
benzo[d]imidazol- 2-y1)-2-0x0pyrrolld1n- -yDphenyl)-1H-benzo[d]imidazol- 1-y1)acetohydra21de 24c
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Figure 547: '"H NMR of compound 24c



N'-3-chlorobenzylidene)-2-(2-(4-(4-(1-(2-(2-(3-chlorobenzylidene)hydrazinyl)-2-oxoethyl)-1H-
benzo[d]imidazol-2-yl)-2-oxopyrrolidin-1-yl)phenyl)-1H-benzo[dlimidazol-1-yl)acetohydrazide 24d
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Figure 548: '"H NMR of compound 24d

N'-(2,3-dimethoxybenzylidene)-2-(2-(4-(4-(1-(2-(2-(2,3-dimethoxybenzylidene) hydrazinyl)-2-
oxoethyl)-1H-benzo[dlimidazol-2-yl)-2-oxopyrrolidin-1-yl)phenyl)-1H-benzo[d]imidazol-1-
ylDacetohydrazide 24e
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Figure S49: '"H NMR of compound 24e



Supplementary table 1

Bacteria strains used in the biological evaluation

Organism Strain number Source
Staphylococcus aureus ATCC 9144 ATCC!
Listeria monocytogenes ATCC 7644 ATCC!
Bacillus cereus ATCC 11778 ATCC!
Escherichia coli ATCC 8739 ATCC!
Pseudomonas aeruginosa NCTC 6750 NCTC?
Salmonella enteritidis ATCC 13076 ATCC!

1
2.

American Type Culture Collection.
National Collection of Type Cultures.



