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The Supporting Information file contains spectral characteristics, drug-likeness assessments, and
molecular dynamics (MD) simulations, which reinforce the results and interpretations discussed in the main
text. Schemes S1-S2 illustrate the docking interactions between the ligands and the receptor, as well as the
MD simulation process of compound 41 (pose 612) with the 4J5T enzyme. Figs. S1 to S82 provide the FT-
IR, 'H NMR, *C NMR, and HR-MS spectral data of compounds 1, 2, 3, and 4a to 4q, confirming their
structures. Tables S1-S8 present the ADMET (absorption, distribution, metabolism, excretion, and toxicity)
profiles, demonstrating the drug-likeness and potential safety of the compounds. Figs S83—S96 provide the
in vitro antibacterial and antifungal profiles of the synthesised compounds and reference drugs, comprising
agar plate assays and minimum inhibitory concentration (MIC) measurements. Figs S97-S102 present the
molecular dynamics (MD) simulation results for the 41-4J5T complex, illustrating its conformational
stability, hydrogen-bonding interactions, and binding behaviour throughout the 100 ns trajectory.

e Scheme S1. Framework of docking between ligand and receptor.

e Scheme S2. MD simulation of 41 (pose 612) with 4J5T enzyme.

e Figs.S1-S82. FT-IR, 'H-NMR, *C-NMR, HR-MS spectra of compounds (1, 2, 3, 4a—4q).

e Table S1. Physicochemical properties of compound 41.

e Table S2. Medicinal chemistry descriptors of compound 41.

e Table S3. Absorption properties of compound 41.

e Table S4. Distribution properties of compound 41.

e Table S5. Metabolism properties of compound 41.

e Table S6. Excretion properties of compound 41.

e Table S7. Toxicity profiles of compound 41.

e Table S8. Toxicophoric alerts of compound 41.

e Figs. S83-S96. Supplements on the inhibitory potential in vitro bioactivity of compounds and

positive controls

o Figs. S97-S102. Result MD of 41-4J5T complex
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illustrated by an enzyme or the crystalline structure of an enzyme, such as 1 T8I, 4WCU, and 4J5T.
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Table S1. Physicochemical Chemistry of the compound 41

Property Value Comment
LogS -7.57 Log of aqueous solubility (log mol/L); Optimal: -4 to 0.5
LogD 4.43 LogP at physiological pH 7.4; Optimal: 1-3
LogP 5.89 Octanol/water partition coefficient; Optimal < 5
TPSA 98.34 Topological Polar Surface Area; Optimal: 0140 A2
MW 474.53 Molecular weight: Optimal: 100—600 Da
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Property Value Comment
nHA 7 Number of hydrogen bond acceptors; Optimal: 0—12
nHD 2 Number of hydrogen bond donors; Optimal: 0—7
nRot 5 Number of rotatable bonds; Optimal: 0—11
nRing 4 Number of rings: Optimal: 0—6
Density 1.12 Density = MW/Volume
Table S2. Medical Chemistry of compound 41
Property Value Comment
QED 0.661 Quantitative Estimate of Drug-likeness; Attractive: >0.67
SAscore 3.15 Synthetic accessibility score; SAscore <6 = easy to synthesize
Fraction of sp* hybridized carbons; Fsp® > 0.42 considered
Fsp? 0.22
suitable
Medicinal chemistry evolution index; MCE-18 > 45 considered
MCE-18 26.0 ]
suitable
NP-likeness -1.10 Natural product-likeness score; Range: -5 to +5
Lipinski rule Accepted MW <5005 logP < 5; H-acc < 10; H-don <5
logP > 3; TPSA < 75; Compounds exceeding limits are likely
Pfizer rule Accepted )
toxic
GSK rule Rejected MW < 400; logP < 4; Compound does not satisfy GSK criteria
. 200 <MW <500; -2 <logD < 5; Favorable ADMET profile
Golden Triangle Accepted
expected
Table S3. Absorption properties of compound 41
Property Value Comment
Caco-2-
. -4.97 Optimal: > -5.15 log unit
permeanbility
Category 1: inhibitor; Category 0: non-inhibitor; Probability of
Pgp-inhibitor 0.137 _ o
being an inhibitor
Category 1: substrate; Category 0: non-substrate; Very low
Pgp-substrate 0.001 -
probability
HIA 0.013 Human intestinal absorption; Optimal: > 0.3
F(20%) 0.968 Fraction absorbed > 20%; high absorption probability
F(30%) 1.000 Fraction absorbed > 30%; excellent absorption
Table S4. Distribution properties of compound 41
Property Value Comment
PPB 98.7% Plasma protein binding; Optimal < 90%; high binding may
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Property Value Comment
reduce free drug level
VD 0.38 Volume of distribution (L/kg); Optimal range: 0.04-20
BBB penetration 0.152 Probability of crossing the blood—brain barrier
Fu 4% Fraction unbound in plasma; Low: <5%; indicates strong
plasma binding
Table S5. Metabolism properties of compound 41
Property Value Comment
CYPI1A2 inhibitor 0.824 Category 1: inhibitor; compound may inhibit CYP1A2
CYP2C19
Chibitor 0.334 Category 1: inhibitor; moderate probability
CYP2C9 inhibitor 0.476 Category 1: inhibitor; possible CYP2C9 inhibition
CYP2D6 inhibitor 0.201 Category 0: non-inhibitor; unlikely to inhibit CYP2D6
CYP3A4 inhibitor 0.547 Category 1: inhibitor; potential CYP3 A4 inhibition
CYPIA2 subsirate 0.198 Category 0: non-substrate; unlikely to be metabolized by
CYP1A2
CYP2C9 substrate 0.741 Category 1: substrate; likely to be metabolized by CYP2C9
CYP2D6 substrate 0.835 Category 1: substrate; likely to be metabolized by CYP2D6
CYP3A4 substrate 0.118 Category 0: non-substrate; not a substrate for CYP3A4
Table S6. Excretion properties of compound 41
Property Value Comment
CL 4.86 Clearance rate (mL/min/kg); Low: <5
Probability of long half-life; 0.5—1 indicates moderate half-life
Tie 0.69 potential
Table S7. Toxicity properties of compound 41
Property Value Comment
hERG blocker 0.062 Probability of cardiotoxicity; <0.3 = safe
H-HT 0.926 Human hepatotoxicity: high probability of liver toxicity
DILI 0.811 Drug-induced liver injury; compound at risk of liver toxicity
AMES toxicity 0.045 Ames mutagenicity test; non-mutagenic
FDAMDD 0.054 Maximum recommended daily dose (FDA); safe
Skin sensitization 0.489 Probability of skin sensitization: moderate
Carcinogenicity 0.567 Probability of carcinogenicity: moderate
Eye irritation 0.031 Probability of eye irritation: low
Respiratory 0.098 Probability of respiratory toxicity: low
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Property Value Comment
Table S8. Toxicophoric alerts of compound 41
Property Value Comment
Acute toxicity rule 0 alerts No structural alerts for acute oral toxicity
Genotoxic
carcinogenicity 2 alerts Two substructures associated with genotoxic carcinogenicity
rule
Skin sensitization ) o
| 1 alerts One structural alert for potential skin irritation
rule
Aquatic toxicity _ o
0 alerts No alerts for aquatic toxicity
rule
Non- . . oy
' 0 alerts Biodegradable; no non-biodegradability alerts detected
biodegradable rule
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CPU # Job Type Ensemble Temp. [K] Sim. Time [ns] # Atoms # Waters Charge
1 mdsim NPT 300.0 100.102 63649 16882 0

Protein Information

Tot. Residues Prot. Chain(s) Res. in Chain(s) # Atoms # Heavy Atoms Charge

799 A ict_values([799] 12813 6547 -42
5 10 LS 20 5 1 315 A0 a5 S0 55 &0 65
- A 1 EEYQRFTNESLLWAPYRSNCYFCMRPRYVHESPLIMGIMWFNSLSQDGLHSLRHFATPQDELOKYGWEVY ™0
- BBA — i [  ——c — S eron——y
) L) §5 #0 95 100 105 110 115 30 125 130 135
- ; i GEPLDPERPSTASVVLYFSQNGGEIDGEKSSLAM 140
B o et B e e T e
] 1‘}L_I 13% 160 16% 1T 175% 180 185 o0 195 200 205
- A 141 IGHDGPNDMEFFGYSEELGEYHLTVEDNFGHYFENPEYETMEVAPGSDCESKTSHLSLQIPDEEVWEARDV 210
........ 854 - E— e |
15 2z0 35 230 I35 340 245 50 55 60 265 70 275
- A 211 PFOSLVESDSIRDILEKEETKORPADLIPSVLTIRNLYNFNPGNFHYIQKTFDLTEKEDGFOQFDITYNELGTT 280
—T- N ) —SE e —
285 280 FH 100 105 30 315 120 325 130 315 1240 345
- A 281 QSISTREQVTELITWSLNEINARFDKQFSFGEGPDSIESVEVERRFALETLSNLLGGIGYFYGNQLIDRE 350
-------- 55A B e
155 kL) 385 m ] 3180 385 0 385 400 a3 414 ali
- A 351 TEFDESQFTEIKLLNAKEEGPFELFTEVPERGFFPRGFYWDESFHLLOQIMEYDFDLAFEILASWFEMIED 420
........ 88A e e - e — T ————
425 410 435 440 445 450 455 460 485 470 aTs 480 485
- A 421 DSGWIAREIILGNEARSKVPQEFQVQNPNIANPPTLLLAFSEMLSRAIENIGDFNSDSYHOVMFNSRTAE 4900
- BER —_—e—— L2 S —
495 500 505 510 515 530 525 530 515 S8 545 550 555
- A 491 FMTHNNLEANPELLTEYAKKIYPELLKHYNWFRESQTGLIDEYEEILEDEGIWDEIHENEVYRWVGRTFTH 560
-------- 88A —_— o=y
565
- A 561 GM
........ S8A
- A 631
-88R
= A 701
-8BA
- A 771
S85A

Ligand Information
SMILES clecee(c1c23)n(CC)e2eee(e3)/C=N/N=c(\[nH]4)sccd-c(c5)cce(0)c5C0

Fig. S 96. Information protein 4J5T and ligand (pose 612 of compound 41)
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Ligand Properties
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Fig. S 97. Ligand (pose 612 of compound 41) properties

59

100




Res. % SSE

Ligand Torsion Profile
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Fig. S 98. Ligand (pose 612 of compound 4l) Torsion Profile

Protein Secondary Structure

% Helix % Strand % Total SSE
29.35 1715 46.49
100
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0
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Fig. S 99. Protein (4J5T) Secondary Structure
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Total contacts
o

PHE_353 -
ILE_361 -

LYs_362

LEU_363 -

ARG_386

PHE_388 -

TYR_389
TRP_390
ASP 391
ARG_427
GLU_428
PHE_443

ILE_450
ALA 451
ASN_452

PHE_558 -

THR_559

HIS_560 -
CYS_56L -
LEU_562
GLY_565
ASP_567
ASP_568
GLU_706 -
TYR_708
TRP_708 -
ASN_T16 -
GLL_770 -

Protein-Ligand Contacts (cont.)

100
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T
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Fig. S 100. Protein — Ligand contact
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Ligand RMSF

Fig. S 101. RMSF Ligand (pose 612 of compound 41)
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Injection Details

Injection Name: MINH AN_4E Run Time {min): 30
Vial Number: GE4 Ijection Volume: 2,00
injection Type: Unknown Channei: uv_VviIs_2
Calibrafion Level: Wavelength: 254
Instrument Method: TEST Bandwidth: 4
Processing Method: NATPRO Dilution Factor: 1.0000
Injection Date/Time: 25/Deci25 13:06 Sample Weight:  1.0000
|Chrumatogram
250 '3 [manually integrated] MINH AM_4E U WIS 2
2254
(3}
200
1754
150]
=
=
E 125]
:
£ 1004
]
F=]
<
754
G0
257
04 pl 533 T 1S L
T T 1 T
-25dl T T T T T T T T T 1
00 2.5 5.0 7.5 10.0 125 150 17.5 20,0 225 250 275 30.0)
Tima [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAL*min mAL %o Yo .8
1 10.333 0.178 0614 0.29 0.28 n.a.
2 12.573 0.044 0.358 007 AT na.
3 13.150 0400 1.488 065 0.69 n.a.
4 14.983 0183 0831 0.30 0.38 na
5 16.453 0.032 0155 0.05 007 na
B 18.197 60.619 212.812 58.64 98.41 na.
Total: 61.457 216.257 100.00 100.00

Fig. S102. HPLC of compound 4e.
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Injection Details
Injeclion Name: MINH AN_4F Run Time (min}: 30
Vial Number: GE3 Irjection Volume: 2,00
Injection Type: Unknown Channei: UV _WVISs_2
Calibration Level: Wavelength: 254
Instrument Method: TEST Bandwidth: 4
Processing Method: NATPRO Dilution Facfer:  1.0000
Injection Date/Time: 25/Dec/25 12:29 Sample Weight:  1.0000
I{Ihmmatogram
e 'E [manually integrated] MINH AN _4F Uy WIS 2
225
200
175
150
=
=L
E. 125
:
£ 100
]
E=]
<L,
75
50
25
[} LL - 1 |3|| 4 | il | |
-25 r T T T T T T T T T T 1
0.0 2.5 8.0 7.5 10.0 125 15.0 17.5 200 225 250 75 30.0
Tima [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area | Relative Height | Amount
min mAL"min mALU Yo Yo ..
1 10.320 0134 0.648 0.24 0.44 n.a.
2 10523 0.067 0.421 012 029 na.
3 12563 0.118 0.558 021 0.38 na.
4 13.170 0.283 0.804 0.51 0.535 n.a.
5 14.947 0.138 0E674 0.25 0.48 n.a.
B 18.667 24.610 143.850 98.66 g97.89 n.a.
Total: 55.350 146.993 100.00 100.00

Fig. S103. HPLC of compound 4f.
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Injection Details

Injection Name:

Vial Number:
Injection Type:
Calibration Level:
Instrument Method:
Processing Method:
Injection Date/Time:

MINH AN_4G
GE5
Unknown

TEST
NATPRO
25/Decl25 15:38

Run Time {min):
Injection Volume:
Channel:
Wavelength:
Bandwidth:
Dilution Factor:
Sample Weight

30

2.00

UV VIS 2
254

1.0000
1.0000

Chromatogram

2004

'ﬂ [manually integrated]

MINH AN_4G

UvV_VIS_2

150
180
1704
160
150
1404
130
120

= 1104

Emo_

90

80

70

60

50

40

Absorbance

304
204
104

04 'ﬁ/*L

104

.25

5

0.0 25

12.5

15.0
Time [min]

Integration Results

No. Peak Name

Retention Time
min

Area
mAU*min

Height
mAL

Relative Area
%

Relative Height
Y

Amount
n.a.

& Wk =

10.280
10.953
13.197
15.010
16.627

0.856
0.130
0.278
0.205
32.266

2612
0.416
0.959
0.794
109.886

254
0.39
0.82
0.61
95.64

228
0.36
0.84
069
95.83

na.
na.
na.
na.
na.

Total:

33.736

114.667

100.00

100.00

Fig. S104. HPLC of compound 4g.
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Injection Details

Injection Name: MINH AN_AL Run Time (min): 30
Vial Mumber: GE2 injection Volume: 2.00
Injection Type: Unknown Channel: uwv_wVis_2
Calibration Level: Wawvelength: 254
Instrument Method!: TEST Bandwidth: 4
Proceszing Method: NATPRO Dilution Factor: 1.0000
Injection Date/Time: 25/Dec/25 14:22 Sample Weight:  1.0000
Chromatogram
400 rﬂ [manually integrated) MINH AN_4L U VIS 2
380 3
360 4
340 4
320 4
a00 3
280
2ED§ &
2409
g 22D§
E. 200 ]
8 1803
m |
2 1807
=] 3
§ 1403
1203
1003
804
a0 4
403
20:
o3 ply 3 phB T k 2 110,112 13 348817
E | .| T 11 T rrT I W ) ) i [ |
204
-mzl T T T T T T T T T T 1
0.0 25 50 7.5 10.0 125 150 17.5 200 225 250 275 30,0
Tima [min]
Integration Results
Mo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mALU % % n.a.
1 5713 0.027 0.184 0.05 0.07 n.a.
2 §.340 0.029 0.124 0.05 0.05 na.
3 §.620 0.059 0.409 .11 0.18 n.a.
4 9.930 0.037 0.232 0.07 0.08 n.a.
5 10.340 0117 0.562 0.21 0.21 n.a.
6 10.510 0.044 0.235 0.08 0.08 n.a.
7 11.030 0.269 1.320 0.49 0.50 n.a.
B 12.300 52.316 250.875 84.37 85.15 n.a.
8 13113 0.308 1.310 0.55 0.50 n.a.
10 13.880 0.150 0.879 0.27 0.33 n.a.
11 15.010 0.289 1.158 0.52 044 n.a.
12 15.563 0.454 1.327 0.82 0.50 n.a.
13 16.830 0.070 0.357 0.13 0.14 n.a.
14 17.403 0.104 0.478 0.18 0.18 n.a.
15 1723 0.181 0.843 0.33 0.32 n.a.
16 1B.107 0.858 2918 1.57 1.11 n.a.
17 18.650 0.118 0.450 021 0.7 n.a.
Total: 55.434 263.656 100.00 100.00

Fig. S105. HPLC of compound 4.
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Injection details

Sample name 4L Vial position 50
Sample file name SR. wiff2-MINH AN Anject volume 2.00
Aequisition date 24/12/2025 01:10:35 PM Acquisition method ESI_POS_SCAN_IDA
Operaior CB21261708 Instruanent name X500, QTOF
Full mass spectrum
- e 0180, 15

EFEESEE

Expanded spectrum
L LAk_{+ESHOA, Exporinm 0,160 s 15
1505
L]
3 1,065
5004
1910291 2030096 2221174 ST
0.060%
180 190 200 210 220 230 240 250 260 27
o 00
- i 0 160 mn 15

0 HESHIOA, Expaimart 0. 104 TOF 843 (0. 20003 bom 0160 i
1)

LA
Procursor. 443.2 Da, +1, CE 450,
7000

6000 196.1118
207.0915
1 191.0275 s
i oo
2000 205.0438
e 194.0974 ’”im’ l l Zrtgeat
o
*—% 185 200 205
[r—
MINHAN_ AL _4L_(+)ESHDA, Experment 9, +IDA TOF MSMS (50 - 2000) from 0,150 mn
Procursor 443 2 Da, +1, CE 450, 15),
20000 2231216
15000
]
g 10000
5000 2221157
2211081 |
y | | 241278 3550394 2331154 248.0507
225 230 235 240 25 250
ason. 00
L 4L MINK AN_4L_(+)ESHDA, Expeniment 9, <IDA TOF MSMS (50 - 2000) from 0.150 mn
Procursor 4432 Da,o1.CE 430, oy
1500
4251450
g 1000
g 500 366.1629
3831218 3981322 425.1013 | 426.1857
o i
360 370 380 30 00 0 %0 @0
onaChage O

MS/MS spectrum of 223.1244
Spectrum from MINH AN 4L _($)ESHIDA wiff2 (sample 2) - MIM’IAN oL ID)ESIIDLEWNMJ +IDA TOF MSMS (S0 - 2000) from 0.138 min
Procursor: 223.1 Da, +1, CE: 45.0. noise filterad (noise multipler = 1.5), Gaussian smoothed (0.5 points)
167.0650
60
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ot
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MS/MS spemma{m 1560
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Precursor: 443.2 Da, +1, CE: 45.0. =15)
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E 10000
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200 117.0566 340183
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Fig. S106. MS/MS of compound 41.
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