Research Papers ARKIVOC 2025, v, S1-S16

Supplementary Material

Synthetic strategies and structure-activity relationships of 2-chloro-
tetrahydrocarbazolones: privileged organic scaffolds targeting
polyketide synthase 13 for antitubercular activity

Priyanka Sanjay Waghmare?, Anuruddha Rajaram Chabukswar*?, Samidha Sameer Bag?,
Pratik Sanjay Manka?, and Swati Changdeo Jagdale®

9 Department of Pharmaceutical Sciences, School of Health Sciences and Technology, Dr.
Vishwanath Karad MIT-World Peace University, Kothrud, Pune, Maharashtra, India- 411038
Email: anuruddha.chabukswar@mitwpu.edu.in

Table of Contents

Ny oLt (=1 N D) = OO PPRRRR S2
'H NMR Spectra (Figures S1-S8)
IR Spectra (Figures S9-512)
'H NMR Spectra (Figures S13-516)
13C NMR spectra (Figures $17-520)
HRMS Spectra (Figures $S21-S24)

Molecular docking (Figure S25 and Table S1).......ccuviiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeee e eeeeaaaees S14
Antitubercular activity (Figure S26 and Table S3) ... S14
PreADMET Study (TABIE S3) ..eeeeiieiiieiiiieieieeeeeeeeee ettt e e e e e eassaeseseessasasasessesssaaenes S16

Page S1 ©AUTHOR(S)


mailto:anuruddha.chabukswar@mitwpu.edu.in

Research Papers ARKIVOC 2025, v, S1-S16

o)
BRUKER
(<D

<+
™ I s I~ @IS W ~
w0 O SN O @M O AW S ™M
. MM a N O 060 H I~ 0w @ o o
o .
— N L R R R Moo =]

i ‘

/
1§
7
X
<

Current Data Parameters

NRAME Janl0-2024
EXPNO 7
PROCNO 1
F2 - Rcquisition Parameters
Date 20240111
Time 11.33
INSTRUM spect
PROBHD S5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT DMSO
Ne 16
Ds 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 88.29
oW 62.400 usec
DE 6.50 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 =
400.2324716 MHz
1H
13.00 usec

16.87000084 W

F2 - Processing parameters
SI 65536

SF 400.2300000 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

15 14 13 12 11 10 9 6 5 4 3 é 1 ppm
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Figure S1. 'H NMR of 1.
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Current Data Parameters

NAME Janl0-2024
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20240110
Time 17.16
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536

. SOLVENT DMEO
NS 16
Ds 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 88.29
DW 62.400 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1

CHANNEL f1 =
400.2324716 MHz
b

13.00 usec
16.87000084 W

F2 - Processing parameters
655

81

SF 400.2300000 MHz
WDW EM
ESB o

LB 0.30 Hz
Gl Q

PC 1.00
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Figure S2. *H NMR of 2.
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Current Data Parameters

NAME Janl0-2024
EXPNO 8
PROCNO 1

F2 - Acgquisition Parameters
Date 20240111
Time 11.44
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG z
SOLVENT DMS0

NS 16

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 71.38

oW 62.400 usec
DE 6.50 usec
TE 287.7 K
D1 1.00000000 sec
TDO 1

CHANNEL f1 == =
400.2324716 MHz

16.87000084 W

F2 - Procsssing parameters
&1 65536

SF 400.2300000 MHz
WDW EM
SEB 1]

LB 0.30 Hz
GB 0

BC 1.00

T T T T T T T

w1 -
-]

14 13 12 1 10 9 8 7 6 3 2 1 0 ppm
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Figure S3. *H NMR of 3.
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Current Data Parameters
NAME Janl0-2024
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20240110
Time 17.20
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG zg30
D 65536
SOLVENT DMSO
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
RO 4.0894465 sec
G 78.93
DW 62.400 usec
DE 6.50 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
HANNEL £1
SFOL 400.2324716 MHz
NUC1 1H
Pl 13.00 usec
PLW1 16.87000084 W
F2 - Processing parameters
8T 65536
SF 400.2300000 MHz
WDW EM
ESB o]
‘ LB 0.30 Hz
GB 1]
PC 1.00
T T T T T T T T T T T T T T T T 1
15 14 13 12 N 10 9 8 7 6 5 4 3 2 1 0 ppm
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Figure S4. *H NMR of 4.
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Current Data Parameters
NAME Janlo-2024
EXPNO 4
PROCNO 1
F2 - Acquisition Parameters
Date 20240110
Time 17.28
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULEROG zg30
TD 65536
SOLVENT DME0
NS 16
Ds 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0884465 sec
RG 97
oW 62.400 usec
DE 6.50 usec
TE 288.4 K
D1 1.00000000 sec
TDO 1
| == CHANNEL f1 == =
| SFO1 400.2324716 MHz
NUC1 1H
P1 13.00 usec
‘ PLW1 16.87000084 W
‘ F2 - Processing parameters
| 1 65536
SF 400.2300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
J BC 1.00
I T T I I T T T T T I I T T I 1
5 14 13 12 11 10 8 7 6 5 4 3 2 1 ppm
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Figure S5. *H NMR of 5.
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Current Data Parameters
NAME Janl0-2024
EXPNO 5
PROCNO 1
F2 - Acquisition Parameters
Date_ 20240110
Time 17.33
INSTRUM spect
PROBHD 5 mm PABRO BB/
PULPROG zg30
TD 65536
SOLVENT DMSO
NS 16
DS 2
CH] 8012.820 Hz
FIDRES 0.122266 Hz
pite) 4.0894465 sec
RG 110.44
DW 62.400 usec
DE 6.50 usec
TE 208.3 K
D1 1.00000000 sec
TDO 1
== CHANNEL f1l
SFO1 400.2324716 MHz
NUC1 1H
Pl 13.00 usec
PLWL 16.87000084 W
F2 - Processing parameters
SI 65536
SF 400.2300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
| GB 0
PC 1.00
T I I I T T T I I I T T T I I T 1
%5 14 13 12 M 10 8 7 6 5 4 3 2 1 ppm
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Figure S6. *H NMR of 6.
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Current Data Parameters
NAME Janl0-2024
EXPNO 1
PROCNO 1
F2 - Acgquisition Parameters
Date_ 20240110
Time 17.10
INSTRUM spect
PROBHD S mm PABBO EB/
PULPROG zg30
TD 65536
SOLVENT DMEO
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
RO 4.0894465 sec
RG 78.93
oW 62.400 usec
DE 6.50 usec
TE 288.2 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 = =
400.2324716 MHz
1H
13.00 usec
16.87000084 W
F2 - Processing parameters
SI 65536
SF 400.2300000 MHz
WDW EM
SEB o
LB 0.30 Hz
GB o
J PC 1.00
w1
T T T T T T T T T T T T T T 1
15 14 13 12 1 10 9 8 7 6 4 3 2 1 ppm
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Figure S7. *H NMR of 7.
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Current Data Parameters
NAME Janl0o-2024
EXPNO 9
PROCNO 1
F2 - Acquisition Parameters
Date_ 20240111
Time 11.39
INSTRUM spect
PROEHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT DMSO
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
RO 4.0894465 sec
RG .
oW 62.400 usec
DE 6.50 usec
TE 297.8 K
D1 1.00000000 sec
TDO 1
== CHANNEL f1 =
SFO1 400.2324716 MHz
NUC1 1H
P1 13.00 usec
PLW1 16.87000084 W
F2 - Processing parameters
81 65536
SF 400.2300000 MHzZ
WDW EM
SEB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T T T T T 1
15 14 13 12 1 10 9 8 7 6 4 3 2 ppm
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Figure S8. *H NMR of 8.

Page S5

©AUTHOR(S)



Research Papers ARKIVOC 2025, v, S1-S16

(=]
e \I N V \l 1
o w A LAY =TT
S A
B |I | | I‘II
8 II| |‘I \‘ H |JJ||||']|||II||‘ \Ill"u'f J l| !J||‘ Il.‘
= ",l,a lﬂ‘\uf l_n‘u.|_|" MHMH
= o | kj Il | “ |l \ | “ |‘\
o 8 Hial o R
: R
£ NAl ‘ It
= \ | | ubi
e | |
E I
|
e
\|
o | |

© © o~ © NoNonoo oo
- e o r~ Q= . MN@ONMO—O0R
2 g £ 3 E“’ 'ﬁ“’%r‘?ﬁ“m?‘?“?r“-‘mcs NS S+ B e o
= = =
o @ @ wQ ms?vmmwmmro$m§rmgég S%-—
5] & & T RERERIERRRRERF &5 D o~ = (O W B W 1|
T

T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

Figure S9. IR of 9.
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Figure S10. IR of 10.
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Figure S11. IR of 11.
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Figure S12. IR of 12.
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Current Data Parameters

NAME
EXPNO
PROCNO

Feb23-2024
2

1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

= CHANNEL £l

20240223
16.24
spect

5 mm PRBBO BB/
Zg30
65536
DMSO

16

2
80l12.820
0.122266
4.0804465
125.83
62.400
6.50

Hz
Hz
sec

usec
usec

sec

297.3
1.00000000
1

400.2324716
1H

13.00
16.87000084

F2 - Processing parameters
s8I 65536

SF
WDW

400.2300000 MHz
EM

0.30 Hz

1.00

_
T T T T T T T T T T T T T T T T T
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ppm
J Ij rJTT I J UL
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H 1
Figure S13. *H NMR of 9.
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NAME Feb23-2024
EXPNO 4
PROCNO 1
F2 - Acquisition Paramesters
Date_ 20240223
Time 16.29
INSTRUM spect
PROBHD S5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT DMSO
NS 16
Ds 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
RO 4.0894465 sec
RG 141.58
DW 62.400 usec
DE 6.50 usec
TE 287.1 K
Dl 1.00000000 sec
TDO 1
= == CHANNEL f1 =
SFO1 400.2324716 MHz
NUC1 1H
Pl 13.00 usec
PLW1 16.87000084 W
F2 - Processing parameters
SI 65536
SF 400.2300000 MHz
WDW EM
SEB
LB 0.30 Hz
GB
Y J BC 1.00
"
T T T T T T T T T T T T T T T T 1
5 14 13 12 11 10 9 8 7 6 4 3 2 1 ppm
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Figure S14. *H NMR of 10.
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Current Data Parameters
NAME Feb23-2024
EXPNC 3
PROCNO 1
F2 - Acquisition Paramsters
Date 20240223
Time 16.35
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT DMSO
NS 1s
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
prite] 4.08B94465 sec
RG 125.83
DW 62.400 usec
DE 6.50 usec
TE 297.0 K
D1 1.00000000 sec
TDO 1
Pl 13.00 usec
PLW1 16.87000084 W
[ F2 - Processing parameters
SI 65536
EF 400.2300000 MHz
WDW M
SSB 1]
LB 0.30 Hz
J oy :
h Ak :
T T T T T T T T T T T T T T T T T 1
%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ppm
1 Y. L J 3]
& e 33 A EEER
= el e el b 2=
- === olo o -
H 1
Figure S15. *H NMR of 11.
D3
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\ f L Current Data Parameters
I NAME Feb23-2024
EXPNO
PROCNO 1
F2 - Acquisition Parameters
Date_ 20240223
Time 15.43
INSTRUM spect
PROBHD S mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT DMSO
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
el 4.0894465 sec
RG 125.83
DW 62.400 usec
DE 6.50 usec
TE 297.4
D1 1.00000000 sec
TDO 1
SFOl 400.2324716 MHz
NUCL 1H
Pl 13.00 usec
PLW1 16.87000084 W
F2 - Processing parameters
g1 65536
SF 400.2300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
. : ] Tl

Figure S16. *H NMR of 12.
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Current Data Parameters
NAME Jund9-2025
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
20250609

12.00 h

spect

£108618_0837 |

zgpg30

65536

DMSO

514

4
24038 .4€1 Hz

200 180 160
Figure S17. 3C NMR of 9.
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T
140

T
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‘Il L]

T
100 80

60

20 ppm

0.73359€ Hz
1.3631488 sec
199.8
20.800 usec
6.50 usec
285.9 K
2.00000000 sec
0.02000000 sec
1
100.6479773 MHz
1ic
3.27 usec
Pl 9.80 usec
PLW1 70.75000000 W
EF02 400.2316009 MHz
NUC2 1H
CPDPRG[2 waltzges
pCceoz 50.00 usec
DPLW2 16.87000084 W
PLW1Z2 0.35198000 W
PLW13 0.17704000 W
F2 - Processing parameters
81 32768
EF 100.6379135 MHz
WowW
SEB
LB Hz
cB
T PC

Current Data Parameters
NAME Jun09-2025
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date 20250609
Time 12.47 h
INSTRUM spect
FROEHD 2108618 0837 |
PULPROG

297.0 K

2.00000000 sec
0.03000000 sec

1
100.6479773 MH=z
1zcC
3.27 usec
9.80 usec
70.75000000 W
400.2316009 MH=z

NUC2
CPDPRG[2

waltzes
PCPD2 90.00 usec
PLW2 16.87000084 W
PLW12 0.351598000 W
FLW13 0.17704000 W

F2 - Processing parameters
32768
100.6379135 MH=z

EM

0
1.00 Hz

0

T T T
200 180 160

Figure S18. 3C NMR of 10.
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Figure S19. 3C NMR of 11.
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Figure S20. 3C NMR of 12.
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Current Data Parameters

NAME Jun09-2025
EXPNO 4
PROCNO 1

- RAcquisition Parameters
20250605

e 13.48 h
INSTRUM spect
PROBHD Z108618_0837 (
PULFROG

TD

SOLVENT

NE

DS

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631488 sec
RG 199.8

oW 20.800 usec
E €.50 usec

297.2 K
2.00000000 sec
0.03000000 sec

100.6479772 MHz
13C
3.27 usec
9.80 usec
0.75000000 W
400.2316008 MHz
1H
[2 waltzEs
90.00 usec
16.87000084 W
0.35198000 W

PLW12 0.17704000 W
F2 - Processing parameters
s8I 32768

SF 100.6379135 MH=z
WoW EM

SSB 4]

LB 1.00 Hz
GB 0

PC 1.40

Current Data Paramesters
NAME Jun09-2025

EXPNO 5
PROCNO 1
F2 - Acgquisition P meters
Date_ 20250610
Time 12.42 h
INSTRUM spect
Z108618_0837
=gpg30
65536
DMS0
1238

4
24038.461 Hz
0.733596 H=z
1.3631488 sec
199.8
20.800 usec
&6.50 usec
295.0 K
2.00000000 sec
0.02000000 sec

100.6479773 MHz
13C
3.27 usec
9.80 usec
70.75000000 W
400.2316009 MHz
1H
waltzES
%0.00 usec
16.87000084 W
0.3515B8000 W
0.17704000 W

essing parameters
32768

100.6379135 MHz

EM
o

LE 1.00 Hz
GB 0
PC 1.40
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Intens . 4bdS, 1.5min #87)
wiod
1 CA12H1 1CIMO, [M+H]
4]
] 2208524
2
=
222 0497
1
T 225.1963
| C12H10CINMNa0, [M=Na]
T 2371120 243 1134
i Z17.1034 1 228 JESS l
o4 i r | L 1 A L A k L i b e w PN
215 220 235 30 235 240 245 260 255 miz
Meas. mfz # lon Formula Score mfz err [mDa] err [ppm] mSigma rdb e Conf N-Rule Adduct
II0.052421 1 CIZHIICING 100,00 220052368 0.1 0.2 97 7.5 even ok M+H
242035475 1 CIZHIOCINNaO 10000 242 034312 -1.2 .8 37.2 7.5 even ok M+MNa
Figure S21. HRMS of 9.
Intens. +NAS, 1 damiin MEL
G000+ C12H10CIFMNO, [M=H]
23IEABAZO
Elunny
21000
240,04 16
239 pave 241.18132
229 S533 2371098 247 D070
231.9619 FIAITTG 2421893 ey 1 249 1505
0 . Tl ik m.- IV Y “-I- pro | L " "
230 232 34 236 258 240 242 244 248 248 iz
Meas. m'z # lon Formula Scors m'z err [mi2a] emr [ppm] mSigma rdb & Conf MN-Rule Adduct

23R 03NE

1 CIZHIBCIFNG 100000 238 04209446 -0

Figure S22. HRMS of 10.
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Intens._ ] 4MS, 1.5min #87)
x10%
] C13H13CING, [M1H]
=4
234MEES
=
1 C13H12CINNaO, [M+Nal
25648514
1
2360663
ASROMET C13H12CIKNG, [M+K]
2320525 264 9555
1 250.1795 I 2TADELE
227 0558 241.1806 h |_ T
ol Lo d L ; e L ko I I T
o5 230 235 a0 245 =50 255 260 o655 o7 0 ovs | miz
Meas. mfz # lon Formula Score mfe err [mDa] err [ppm] mSigma rdb 7 Conf MN-Rule Adduct
234 068615 1 CIZHIICING 10000 234 OER01E 0.6 2.5 0.9 T.5 ewen ok M+H
256051304 1 CIZHI2ZCINMaG  100.00 256 04902 -L4 -5.6 3|6 T.5 ewen ok M+Na
ITZO2S5980 1 CIZHIZCIKNGO  100.00 272 0239000 2.1 76 1090 T.5 ewen ok M+K
Figure S23. HRMS of 11.
Intens. | +BAS, 1.4min #79
3000+
20004
1 C13H12CIFNG, [M+H]
1 2525593
25.4.9245
1000
256.p216
2589209
E 260.9158
520667 2579283
: 262 9797
] 248 9778 .

245 248 250 52 254 256 258 260 262 miz
Meas. mfx # lon Formula Score mfz err [mDa] err[ppm] mSigma rdb e Conf MN-Rule Adduct
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Figure S24. HRMS of 12.
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Figure S25. 2D interaction image of Isoniazid, 9(A3), 10(B3), 11(C3) and 12(D3).
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Figure S26. Image for MABA assay of antitubercular standard dru
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Table S1. Molecular Docking of derivatives on Pks 13 (PDB ID: 5V3Y)

Sr.No. Compound Docking score H-bondinteraction Other interaction
code (Kcal/mol) with distance
1 INH -5.9 ASN1640 (3.14,&) TYR1663, ALA1667, TYR1674,
ASP1644, ILE1643
2 9 -8.0 GLN1633 (2.99,&) TYR1637, SER1636, PHE1670,
TYR1582, TRP1579
3 10 -8.3 HIS1664 (3.13,&), ASN1640, ALA1667, PHE1670,
TYR1582 (3.14A) ASP1644, GLU1671
4 11 -8.4 HIS1664 (3.11A) ALA1667, ASN1640, GLU1671,
ASP1644, PHE1670
5 12 -8.8 HIS1664 (3.12/:\), ALA1667, ASN1640, PHE1670,

TYR1582 (3.18A)

ASP1644, GLU1671

Table S2. PreADMET Study of predicted analogues

Sr. Parameters 9 10 12 13

No.

1 CRV 0 0 0 0

2 MDDRV 1 1 1 1

3 RFV 0 0 0 0

4 MW 219.67 237.66 233.69 251.68
5 Gl absorption High High High High

6 ClogP 2.75 3.06 2.98 33

7 BBB Yes Yes Yes Yes

8 CaCo; 7.68436 33.8423 35.3545 36.6872
9 HIA% 93.144571 93.147361 93.28796 93.293013
10 PPB% 100 96.60791 100 100

11 H-bond acceptor 1 2 1 2

12 H-bond donor 1 1 1 1

13 Rotatable bonds 0 0 0 0

14 Hepatotoxicity Inactive Inactive Inactive Inactive
15 Carcinogenicity Inactive Inactive Inactive Inactive
16 Immunotoxicity Inactive Inactive Inactive Active
17 Mutagenicity Inactive Inactive Inactive Inactive
18 Cytotoxicity Inactive Inactive Inactive Inactive

Where: CRV: CMC rule violations, MDDRV: MDDR violations, RFV: Rule of Five violations,
Gl: Gastrointestinal, BBB: Blood Brain-Barrier, PPB: Protein Plasma Binding, HIA: Human
Intestinal Absorption.
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Table S3. Antitubercular activity results by MABA Method (MIC)

Sr. Sample MIC
No. 100 50 25 12.5 6.2 3.12 1.6 0.8
pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml ug/ml  pg/ml

1 9 S S S S R R R R
2 10 S S S R R R R R
3 11 S S S R R R R R
4 12 S S S S S S R R
5 INH S S S S S R R R
6 Ethambutol S S S S S R R R
7 Pyrazinamide S S S S R R R R
8 Rifampicin S S S S S R R R
9 Streptomycin S S S S S S R R

*MIC- Minimum Inhibitory Concentration
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