Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2024

Supplementary material

Green Synthesis, In Silico Modeling, and Biological Evaluation of N-
substituted (Z)-5-Arylidene imidazolidine /thiazolidine-2,4-dione/4-thione
Derivatives Catalyzed by Bu SO;H Core—Shell Nanostructures

Malihe Akhavan!, Zohreh Esam!?, Atefeh Mirshafa’, Maryam Lotfi‘, Saeed Pourmand*, Froug
Ashori!, Motahare Rabani', Golbahar Ekbatani', saeed tourani', Reza Beheshti!, Zahra

Keshavarzian', Zahra Ghanbarimasir®, Ahmadreza Bekhradnia*!

! Pharmaceutical Sciences Research Center, Department of Medicinal Chemistry, Mazandaran University of

Medical Sciences, Sari, Iran

2Department of Medicinal Chemistry, School of Pharmacy, Babol University of Medical Sciences, Babol, Iran
3Ramsar campus, Mazandaran university of medical sciences, Ramsar.Iran

4Department of chemistry, NOVA, scholll of science and technology, universidade NOVA de lisboa, Portugal
SDepartment of chemical Engineering, Tabriz University of chemical Engineering, Tabriz, Iran

®Department of Organic Chemistry, Faculty of Chemistry, university of Mazandaran, Babolsar, Iran

Corresponding author Email: abekhradnia@mazums.ac.ir; abekhradnia@gmail.com

Section 1: The analytical and spectroscopic data for the intermediate
compound.

Cl

Yield: 85%: mp: 183-187 °C
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C1,H3CIN,0, MW: 284.70
IR (KBr, cm™) vy, 1042.95, 1094.38 (C-OH str.), 3310.2 (O-H str), 2910.8 (C-H str)

Fig S1. (FT-IR). (6-chloroquinoxalin-2-yl) butane-1, 2, 3, 4-tetraol s (7-chloroquinoxalin-2-yl) butane-1,
2, 3, 4-tetraol
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Fig S2. Mass Spectra. (6-chloroquinoxalin-2-yl) butane-1, 2, 3, 4-tetraol s (7-chloroquinoxalin-2-yl)
butane-1, 2, 3, 4-tetraol
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Fig S3. 'HNMR spectra. (6-chloroquinoxalin-2-yl) butane-1, 2, 3, 4-tetraol s (7-chloroquinoxalin-2-yl)
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butane-1, 2, 3, 4-tetraol
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Fig S4. 'THNMR expand spectra. (6-chloroquinoxalin-2-yl) butane-1, 2, 3, 4-tetraol s (7-chloroquinoxalin-
2-yl) butane-1, 2, 3, 4-tetraol
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Fig S5. BCNMR spectra. (6-chloroquinoxalin-2-yl) butane-1, 2, 3, 4-tetraol s (7-chloroquinoxalin-2-yl)
butane-1, 2, 3, 4-tetraol
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Fig S6. BCNMR expand spectra. (6-chloroquinoxalin-2-yl) butane-1, 2, 3, 4-tetraol 5 (7-
chloroquinoxalin-2-yl) butane-1, 2, 3, 4-tetraol.
6-chloroquinoxaline-2-carbaldehyde and 7-chloroquinoxaline-2-carbaldehyde
o) o)
H N Cl N
N H N H
o0y X
Ci N , H N
Yield: 86%: mp: 175-183 °C

CyH;sCIN,O, MW: 192.60
IR (KBr, cm) vy, 1713.83 (C=0 STR.).



'"H NMR (400 MHz, DMSO-dg) 8 (ppm): 10.17 (s, 2H, H Aldehyde), 9.38 (s, 1H, 3-H Quinoxaline
(compound 4)), 8.41 (d, 1H, J = 2.4 Hz, 8-H Quinoxaline (compound 4)), 8.34 (d, 1H, J =2.4 Hz,
5-H Quinoxaline), 8.32 (d, 1H, J = 8.8 Hz, 5-H Quinoxaline (compound 4)), 8.25 (d, 1H, J = 8.8
Hz, 8-H Quinoxaline), 8.08 (dd, 1H, J = 8.8 and J = 2.4, 6-H Quinoxaline), 8.05 (dd, 1H, J = 8.8
and J = 2.4, 7-H Quinoxaline).
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Fig S7. (FT-IR). 6-chloroquinoxaline-2-carbaldehyde and 7-chloroquinoxaline-2-carbaldehyde



hbundance
1200000

1100000

1000000

800000

800000

700000

600000

500000

400000

300000

200000

100000

50.1

137.0

Scan 602 (3.730 min): DIP_001396-3-22-5 ddata ms
19p.0

164.0

0]
Cl N
-~
H N
]
N
-
Cl N

2320 2480 2640 27912931 3002 3259

=

40 S0 AN TO RO 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 2T0 280 290 300 310 320 330 340 350 360 3

351.1 365.3

Fig S8. Mass Spectra. 6-chloroquinoxaline-2-carbaldehyde and 7-chloroquinoxaline-2-carbaldehyde
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Fig S9. 'THNMR spectra. 6-chloroquinoxaline-2-carbaldehyde and 7-chloroquinoxaline-2-carbaldehyde
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Fig S10. "THNMR expand spectra. 6-chloroquinoxaline-2-carbaldehyde and 7-chloroquinoxaline-2-
carbaldehyde.
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Fig S11. BCNMR spectra. 6-chloroquinoxaline-2-carbaldehyde and 7-chloroquinoxaline-2-carbaldehyde.
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Fig S12. BCNMR expand spectra. 6-chloroquinoxaline-2-carbaldehyde and 7-chloroquinoxaline-2-
carbaldehyde.

1-phenyl-1H-pyrazolo|3,4-b] quinoxaline-3-carbaldehyde

Yellow powder; yield: 91%, mp: 107°C.
C16H10N40, MW: 274.28 g/mole.
R (KBr, cm!) v: 2861 (CH aldehyde), 1672 (C=0).



'"HNMR (400 MHz, CDCl5) 8 (ppm): 10.46 (s, 1H, Aldehyde), 8.39-8.46 (m, 3H, H-8 Quinoxaline,
H-2 and H-6 ring D), 8.31 (d, 1H, J = 8.4 Hz, H-5 Quinoxaline), 7.98-8.12 (m, 2H, H-7 and H-6
Quinoxaline), 7.71-7.88 (AB quartet, 2H, J = 7.2 Hz, H-3 and H-5 ring D), 7.55 (tt, 1H, H-4 ring
D,J=7.2 and 1.2 Hz). 3C-NMR (400 MHz, DMSO d¢) & (ppm): 114, 116, 122 (Aromatic carbons
ring D); 125, 130, 132, 136, 142, 144, 190.0 (C Aldehyde).
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Fig S13. (FT-IR). 1-phenyl-1H-pyrazolo[3,4-b] quinoxaline-3-carbaldehyde .
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Fig S14. "THNMR spectra. 1-phenyl-1H-pyrazolo[3,4-b] quinoxaline-3-carbaldehyde .




ONA-NO A WD M- 00~ o O W = 0

MO A0 N A0 0 MM W WMoy [Tl i N W

TTTTFTFTONMAMM cCooooooo === (TolTy] BRUKER
0000 00D @0 Mmoo o0 CD 00 0O 00 00 00 M@ = = == t:_d.:::h(::--:)

Current Data Parameters

HAME Janl7=ae
EXENO 10
PROCHO 1
F2 = Bogquisition Parameters
Date_ 201280119
Time 1.44
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zg3l
TD 65536
SOLVENT oME0
N5 128
D3 2
SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262976 sec
R 22.6
oW 41.600 usec
DE 10.00 usec
TE 304.6 K
D1 1.00000000 sec
TDO 1
N -------- CHANNEL f] === ———
z N, sro1 £00.1337060 MHz
BI C N NUC1 18
N / Pl B.10 usec
N PLW1 5.24259996 W
() F2 = Processing parameters
H s1 32768
SF 600.1300000 MHz
WowW EM
SSB Q

Jﬂ I Il JAA £ e

T T T T T T T T T

T T
8.4 8.3 8.2 8.1 8.0 7.9 78 7.5 ppm
RS

QPR w W

Fig S15. "THNMR expand spectra. 1-phenyl-1H-pyrazolo[3,4-b] quinoxaline-3-carbaldehyde .
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Fig S16. 3CNMR expand spectra. 61-phenyl-1H-pyrazolo[3,4-b] quinoxaline-3-carbaldehyde
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Fig S17. Mass Spectra. 1-phenyl-1H-pyrazolo[3,4-b] quinoxaline-3-carbaldehyde

3-(2-(4-Bromophenyl)-2-oxoethyl) imidazolidine-2,4-dione: IR (KBr): vy, = 3400 (NH), 2950
(CH aliphatic), 1740-1690 (3 C=0), 1560-1463 (CH aromatic), 667 (C-Br) cm~!;'"H NMR (400
MHz, DMSO): §4.93 (s, 1H, NH), 5.20 (s, 2H, CH;), 7.77-7.80 (m, 3H, Ar-H), 7.89-7.94 (m, 3H,
Ar-H) ppm.
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Fig S18. (FT-IR). 3-(2-(4-bromophenyl)-2-oxoethyl) imidazolidine-2,4-dione

(Z)-5-(Quinoxalin-2-ylmethylene) imidazolidine-2,4-dione: IR (KBr): vy, = 3500-3100
(NH, br), 2920 (CH aliphatic), 1735, 1694 (2 C=0), 1690-1475 (CH aromatic&olefinic, C=N),
1275 (C-N) cm™!; 'TH NMR (400 MHz, DMSO): 64.94 (s, 1H, NH), 7.72 (s, 1H, CH), 7.79 (d, 2H,
J=28.4 Hz, Ar-H), 7.98 (d, 2H, J = 8.4 Hz, Ar-H), 8.25 (s, 1H, NCH),10.62 (s, 1H, NH) ppm.
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Fig S19. (FT-IR). (Z)-5-(Quinoxalin-2-ylmethylene) imidazolidine-2,4-dione.
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Fig S20. 'THNMR expand Spectra. (2)-5-(Quinoxalin-2-ylmethylene) imidazolidine-2,4-dione
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Fig S21.

THNMR Spectra. 3-(2-(4-bromophenyl)-2-oxoethyl) imidazolidine-2,4-dione
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IR (KBr): 3448 (NH), 3100 (C-Hyiny1), 2918 (CH str.), 1701 (C=0), 1640 (C=N), 1244 (C=C) cm™".
'H NMR (400 MHz, DMSO-dy) 6 (ppm): 8.45 (d, 1H, J = 2 Hz, 8-H Quinoxaline (Compound 8)),
8.17 (d, 1H, J =2 Hz, 5-H Quinoxaline (Compound 7)), 8.30 (d, 1H, J = 8.8 Hz, 5-H Quinoxaline
(Compound 8)), 8.12 (d, 1H, J = 8.8 Hz, 8-H Quinoxaline (Compound 7)), 7.99 (dd, 1H, J = 8.8
Hz and J = 2.4 Hz, 6 -H Quinoxaline (Compound 8)), 7.88 (dd, 1H, J=8.8 Hzand ] =2.4 Hz, 7 -
H Quinoxaline (Compound 7)), 7.63 (s, 1H, NH), 7.23 (s, 1H, Hyiny), 9.40 (s, 1H, 3-H
Quinoxaline); 3C NMR (100 MHz, DMSO-dg) & (ppm): 191 (Cc-0), 172 (Cc=o), 166 (Cc-0), 152
(C-2 Quinoxaline), 147 (C-3 Quinoxaline), 147 (Ccc)) 145 (C-4a Quinoxaline), 142 (C-8a
Quinoxaline), 139(C-6 Quinoxaline), 134 (C-8 Quinoxaline), 132 (C-5 Quinoxaline), 130 (C-4
phenyl), 130 (C-1 phenyl), 130 (C-2 and C-6 phenyl), 129 (C-3 and C-5 phenyl), 127 and 128
(C=C vinyl), 47 (CH,), 34 (CH3).
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Fig S22.3CNMR Spectra. (Z)-5-((6-chloroquinoxalin-2-yl) methylene) thiazolidine-2,4-dione
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Fig S23. BCNMR Spectra. (Z)-5-((6-chloroquinoxalin-2-yl) methylene) thiazolidine-2,4-dione
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Fig S24. FTIR Spectra. (Z)-5-((6-chloroquinoxalin-2-yl) methylene) thiazolidine-2,4-dione
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Fig S25. 'THNMR expand Spectra. (Z)-5-((6-chloroquinoxalin-2-yl) methylene) thiazolidine-2,4-dione
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Fig S26. '"HNMR expand Spectra. (Z)-5-((6-chloroquinoxalin-2-yl) methylene) thiazolidine-2,4-dione

IR (KBr): Vinax = 3451-3243 (4 OH, br), 2910 (CH aliphatic), 1663-1562 (CH aromatic, C=N),
1370 (C-N), 1125, 1108, 1044 (3 C-OH) cm.
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Fig S27. (FT-IR). (1S,2R,3S)-1-(quinoxalin-2-yl) butane-1,2,3,4-tetraol

O
N
N H
N

IR (KBr): vinax = 2862 (CH aldehyde), 1699 (C=0), 1640-1609 (CH aromatic&olefinic, C=N),
1359-1329 (2 C-N) cm™!; 'TH NMR (400 MHz, CDCls): & 7.80-7.98 (m, 2H, Ar-H), 8.22-8.29 (m,
2H, ArH),9.49 (s, 1H, CHgjefinic), 10.33 (s, 1H, CHO) ppm. MS (m/z, %): 158 (M*,100).
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Fig S28. (FT-IR). quinoxaline-2-carbaldehyde

yellow crystal (94%); mp: 168-169 °C; IR (KBr, Vinag, cm-): 3468, 3135, 3039, 2703, 1731, 1643,
1395, 1347, 1205, 1174, 897, 876, 788, 787, 662, 542 cm’'; 'H-NMR (400 MHz, CDCls): 5 (ppm)
4.26 (s, 2H, CH,), 12.88 (bs, 1H, NH); 3C-NMR (100 MHz, CDCl5); 40.6, 175.5, 201.
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Fig S30. "THNMR spectra. Thiazolidine-2,4-dion



Section 2: The analytical and spectroscopic data for the unknown final
products.

(Z)-3-phenyl-5-(quinoxalin-2-ylmethylene)-2-thioxothiazolidin-4-one(L8a); IR (KBr, cm™'): v
=2918.12 (C-H aromatic), 1660 (C=0), 1596 (C=N). '"HNMR (400 MHz, DMSO d) & (ppm): 9.42
(S, 1H, H-3 Quinoxaline), 8.14 (S, 1H, HC=C) ),8.28- 8.31 (m, 1H, H-8 Quinoxaline), 8.15-8.17
(m, 1H, H-5 Quinoxaline), 8.03 (S. 1H, HC=C), 7. 94- 8.00 (m, 2H, H-6 and H-7 Quinoxaline),
4.12 (q, 2H, J=7.2 Hz, CH,), 1.23 (t,3H, J=7.2 Hz, CH).

Name
Administrator 415~ Sample 041 By Administrator Date Tuesday, November 13 2018

Fig S31. (FT-IR). (Z)-3-phenyl-5-(quinoxalin-2-ylmethylene)-2-thioxothiazolidin-4-one (L8a)
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Fig S32. 'THNMR Spectra. (Z)-3-phenyl-5-(quinoxalin-2-ylmethylene)-2-thioxothiazolidin-4-one (L8a)
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Fig S33. 'THNMR expand spectra. (Z)-3-phenyl-5-(quinoxalin-2-ylmethylene)-2-thioxothiazolidin-4-one
(L8a)
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Fig S34. (FT-IR). (Z)-3-methyl-5-(quinoxalin-2-ylmethylene)-2-thioxothiazolidin-4-one (L6a)

(Z)-3-methyl-5-(quinoxalin-2-ylmethylene)-2-thioxothiazolidin-4-one(L6a); IR (KBr,
cm), 2917.91(C— H aromatic), 1239(C=C). 1709(C=0), 1603 (C=N), HNMR (400 MHz, DMSO
dg),! HNMR (400 MHz, DMSO dg) & (ppm): 9.41 (S, 1H, H-3 Quinoxaline), 8.22- 8.30 (m,1H,
H-8 Quinoxaline), 8.14-8.21 (m, 1H, H-5 Quinoxaline), 8.13 (S. 1H, HC=C), 7.29 8.00 (m, 2H,
H-6 and H-7 Quinoxaline), 3.46 (t,3H, CHj).
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Fig S36. 'THNMR expand spectra. (Z)-3-methyl-5-(quinoxalin-2-ylmethylene)-2-thioxothiazolidin-4-one
(Lea)

(Z))-3-ethyl-5-(quinoxalin-2-ylmethylene)-2-thioxothiazolidin-4-one (L7a): IR (KBr,
cm™'): v =2918.12 (C-H aromatic), 1660 (C=0), 1596 (C=N)..HNMR (400 MHz, DMSO d6)
(ppm): 9.40 (S, 1H, H-3 Quinoxaline), 8.22- 8.30 (m,1H, H-8 Quinoxaline), 8.13-8.20 (m, 1H,
H-5 Quinoxaline), 8.03 (S. 1H, HC=C), 7.89-43, 8.01 (m, 2H, H-6 and H-7 Quinoxaline), 4.12 (q,
2H, J=7.2 Hz, CH2), 1.23 (t,3H, J=7.2Hz, CH;.
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Fig S37. (FT-IR). (Z)-3-ethyl-5-(quinoxalin-2-ylmethylene)-2-thioxothiazolidin-4-one (L7a)
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Fig S38. 'THNMR Spectra. (Z)-3-ethyl-5-(quinoxalin-2-ylmethylene)-2-thioxothiazolidin-4-one (L7a)

(Z2)-3-(4-nitrophenyl)-5-(quinoxalin-2-ylmethylene)-2-thioxothiazolidin-4-one(L2b) ;
IR (KBr, cm™): v=2919 (C-H aromatic), 1680 (C=0), 1597 (C=N).HNMR (400 MHz, DMSO d) : 10.57
(S, 1H, H-3 Quinoxaline), 9.6 (S, 1H, HC=C) 8.4-8.2 ,(m, 2H, H-5 and H-8 Quinoxaline), 8.21(d, 2H, J=8
Hz, H-2 and H-6 phenyl)7.83 ,(d, 2H, J=8 Hz, H-3 and H-5 phenyl), 8.04-8.07 (m, 2H, H-6 and H-7

Quinoxaline).
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Fig S39. (FT-IR). (Z)-3-(4-nitrophenyl)-5-(quinoxalin-2-ylmethylene)-2-thioxothiazolidin-4-one (L.2b)
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Fig S40. 'THNMR Spectra. (Z)-3-(4-nitrophenyl)-5-(quinoxalin-2-ylmethylene)-2-thioxothiazolidin-4-
one (L2b)
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(3-(2)-4-bromophenyl)-2-oxoethyl)-5-(quinoxalin-2-ylmethylene) thiazolidine-2,4-
Dione(L5b); IR (KBr): 1743 and 1684 cm™! (C=0); "THNMR (400 MHz, DMSO dy) 6: 9.38 (s, 1H,
H-3 Quinoxaline), 8.32 (s, 2H, CH), 8.23-8.28 (m, 1H, H-8 Quinoxaline), 8.14-8.19 (m, 1H, H-5
Quinoxaline), 8.04 (d, 2H, J = 8.4 Hz, H-2 and H-6 Phenyl), 7.93-8.00 (m, 2H, H-6 and H-7
Quinoxaline), 7.84 (d, 2H, J = 8.4 Hz, H-3 and H-5 Phenyl), 5.37 (s, 2H, CH,);!3C NMR (100
MHz, DMSO d) 6: 208, 191, 170, 165, 148, 147, 141, 133, 132, 131, 130, 129, 126, 47



™
450.0

40 | 623.92
1902.82 678.93
354 180532 539.90
30 |
25| o14.39
1937.36
60240
%T 20 | 2802.93 989.40 bl4.46
| b8
s 128819 8485 583}11
1 832.3 558.4
1742}80 126.3) 73802 50130
10 e 16123 1330.85 y 489,16
106949 805.28 470.15
1585.53 122936 10592 759.81
5 24101 1475.46 1170.12
2491.17 1433 81 1153.83
2975/70 1397.74 1035.73
0 2937.08 1684.48 1382.31
2738.79
_4A3 T T T T
4000.0 3000 2000 1500 1000
cm-1

Fig S41. (FT-IR).
Dione (L5b)

(3-(2)-4-bromophenyl)-2-oxoethyl)-5-(quinoxalin-2-ylmethylene) thiazolidine-2.,4-
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Fig S42. "THNMR Spectra. (3-(2)-4-bromophenyl)-2-oxoethyl)-5-(quinoxalin-2-ylmethylene)

thiazolidine-2,4-Dione (L5b)
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Fig S43. 'THNMR expand spectra. (3-(2)-4-bromophenyl)-2-oxoethyl)-5-(quinoxalin-2-ylmethylene)

thiazolidine-2,4-dione (L5b)

3-(2)-4-chlorophenyl)-2-oxoethyl)-5-(quinoxalin-2-ylmethylene)

O

LT -Or

0]

thiazolidine-2,4-dione

(L9a); IR (KBr): 1743 and 1684 cm™! (C=0);'HNMR (400 MHz, DMSO dg) 8: 9.39 (s, 1H, H-3
Quinoxaline), 8.33 (s, 2H, CH), 8.24-8.29 (m, 1H, H-8 Quinoxaline), 8.16-8.20 (m, 1H, H-5

Quinoxaline), 8.13 (d, 2H, J

Quinoxaline), 7.70 (d, 2H, J =

= 8.4 Hz, H-2 and H-6 Phenyl), 7.94-8.001 (m, 2H, H-6 and H-7
8.8 Hz, H-3 and H-5 Phenyl), 5.38 (s, 2H, CH.);
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thiazolidine-2,4-dione (L9a)
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3-(2)-4-chlorophenyl)-2-oxoethyl)-5-(quinoxalin-2-ylmethylene)



I
| )
|I lul JII.Jlllhull | l uL'n'[

Fig S45. THNMR expand spectra. 3-(2)-4-chlorophenyl)-2-oxoethyl)-5-(quinoxalin-2-ylmethylene)
thiazolidine-2,4-dione (L9a).
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Fig S46. Mass Spectra. 3-(2)-4-chlorophenyl)-2-oxoethyl)-5-(quinoxalin-2-ylmethylene) thiazolidine-2,4-
dione (L.9a)

3-(2)-4-methoxyphenyl)-2-oxoethyl)-5-(quinoxalin-2-ylmethylene) thiazolidine-2,4-dione
(L6b); IR (KBr): 1743 and 1684 cm™! (C=0);'HNMR (400 MHz, DMSO dg) 8: 9.39 (s, 1H, H-3
Quinoxaline), 8.32 (s, 2H, CH), 8.23-8.30 (m, 1H, H-8 Quinoxaline), 8.14-8.20 (m, 1H, H-5
Quinoxaline), 8.09 (d, 2H, J = 8.4 Hz, H-2 and H-6 Phenyl), 7.93-8.01 (m, 2H, H-6 and H-7
Quinoxaline), 7.13 (d, 2H, J = 8.4 Hz, H-3 and H-5 Phenyl), 5.30 (s, 2H, CH,), 3.89 (s, 3H, CH3);
13C NMR (100 MHz, DMSO dy) 8: 208, 191, 170, 165, 148, 147, 141, 133, 132, 131, 130, 129,
126, 47



MHz

0 usec

5.6
15. 99900062 W

T T T T T T T T 1
13 12 1 10 9 8 7

Fig S47. 'HNMR Spectra.

3-(2)-4-methoxyphenyl)-2-oxoethyl)-5-(quinoxalin-2-ylmethylene)
thiazolidine-2,4-dione (L6b)
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Fig S48. 'THNMR expand spectra. 3-(2)-4-methoxyphenyl)-2-oxoethyl)-5-(quinoxalin-2-ylmethylene)

thiazolidine-2,4-dione (L6b)



T T T T I T T T
200 180 160 140 120 100 a0 60

Fig S49. BBCNMR Spectra. 3-(2)-4-methoxyphenyl)-2-oxoethyl)-5-(quinoxalin-2-ylmethylene)
thiazolidine-2,4-dione (L6b)
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5-((1-phenyl-1H-pyrazolo[3,4-b]quinoxalin-3-yl)methylene)imidazolidine-2,4-dione

(L1a); 'THNMR (400 MHz, CDCl3) 6 (ppm): 8.56 (S, 1H, N;H Imidazolidine), 8.27 (S, 1H, N,H
Imidazolidine), 7.84-7.89 (m, 2H, H-2 and H-6 ring D), 7.78-7.83 (m, 2H, H-5 and HS
Quinoxaline), 7.44-7.57 (m, 4H, H-6 and H-7 Quinoxaline, H-3 and H-5 ring D), 7.53 (S, 1H, H
Arylidene), 7.47 (tt, 1H, H-4 ring D, J= 7.2 and 1.2 Hz). *C-NMR (400 MHz, CDC]ls) 3 (ppm):

119.2, 122.3, 123.5 (Aromatic carbons ring D); 127.3, 129.1, 129.6, 130.5, 134.7, 139.6, 142.9,
152.8.
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Fig S50. 'THNMR Spectra. 5-((1-phenyl-1H-pyrazolo[3,4-b]quinoxalin-3 yl)methylene)imidazolidine-

2,4-dione (L1a)
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Fig S51. "THNMR expand spectra. 5-((1-phenyl-1H-pyrazolo[3,4-b] quinoxalin-3 yl) methylene)
imidazolidine-2,4-dione (L1a)
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Fig S52. BCNMR spectra. 5-((1-phenyl-1H-pyrazolo[3,4-b] quinoxalin-3 yl) methylene) imidazolidine-
2,4-dione (L1a)
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Fig S53. BCNMR expand spectra. 5-((1-phenyl-1H-pyrazolo[3,4-b]quinoxalin-3
yl)methylene)imidazolidine-2,4-dione (L1a)

3-(2-0x0-2-(thiophen-3-yl)ethyl)-5-(quinoxaline-2-yl methylene) thiazolidine 2,4 dione
(L3c); 'H-NMR (400MHz, DMSO); 6:9.37(s,1H, H-3 Quinoxaline),5.13(s,1H, H-Vinyl),8.15-
8.22(m,1H,H-8 Quinoxaline), 8.05-8.11(m,1H,H-5 Quinoxaline) 8.11(d,d,1H,J=5Hz and
J=1.2Hz, H-3 Thiophen) 7.87-7.92(m,2H,H-6 and H-7 quinoxaline) 7.30(AB Quartet,1H,J=4.8Hz
and J=4Hz)5.23(s, 2H,CH,); 3C-NMR (100MHz, DMSO); 6:184.91,170.76,165.60 (C=0), 148.9,
147.7, 141.4, 136.9, 135.5, 132.1, 131.8, 129.6, 129.4,1 26.8, 48.0(CH, ).



Fig S54. 'THNMR Spectra. 3-(2-oxo-2-(thiophen-3-yl)ethyl)-5-(quinoxaline-2-yl methylene) thiazolidine

2,4 dione (L3c¢)
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Fig S55. BCNMR Spectra. 3-(2-oxo-2-(thiophen-3-yl)ethyl)-5-(quinoxaline-2-yl methylene) thiazolidine
2,4 dione (L3c¢)

3-(2-oxo0-2-phenyl ethyl)-5-)quinoxaline-2-yl methylene)thiazolidine 2,4 dione(L4b);
IR (KBr, cm'!) vmax:1695,1754cm™(C=0),1544cm'(C=N),1499cm ! (C=C)1447cm ' (C-N)'H-
NMR400) MHz, DMSO); 9:8/99(s,1H, H-3Quinoxaline), 4.42(s,1H, H Vinyl),5.17(s,2H,



CH,C=0), 8.14-8.16(d, d,2H, Quinoxaline), 7.89-7.91(d, d,2H, Quinoxaline)7.78-7.80(m,2H,
Acetophenone)7.53  7.55(m,2H, Acetophenone)7.48-7.50(m,1H, acetophenone); '*C-NMR
(100MHz, DMSO); 191.3, 172.4, 172.1, 146.0, 139.1, 133.1, 129.6, 129.4, 129.1, 127.6, 127.5,
48.0.
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Fig S56. 'THNMR Spectra. 3-(2-0x0-2-phenyl ethyl)-5-)quinoxaline-2-yl methylene)thiazolidine 2,4 dione
(L4b)
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Fig S58. FTIR Spectra. 3-(2-oxo-2-phenyl ethyl)-5-) quinoxaline-2-yl methylene) thiazolidine 2,4 dione
(L4b)

(Z)-5-((6-chloroquinoxalin-2-yl) methylene)-3-methyl-2-thioxothiazolidin-4-
one(L5a); IR (KBr, cm™) v: 2922(C-H aromatic), 1706(C=0), 1474(C=N), 1299(C=C)."HNMR
(400 MHz, DMSO dg) 8: 9.04(S, 1H, H-3 Quinoxaline), 7.85(S, 1H, H.—.), 8.02(d, 1H,J=9.2 Hz,
H-8 Quinoxaline), 8.14(d, 1H,J=2.4, Hz H-5 Quinoxaline), 8.08 (d,J=9.2 Hz1H, H-7 Quinoxaline),
3.59(s, 3H, CH;) ppm;'*C NMR (100 MHz, DMSO-d6) &: 29.70 (C-Me), 123.05,127.97, 128.38,
130.42, 132.35, 132.68, 137.38, 141.54, 147.96, 178.82, 203.01.
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Fig S59. FTIR Spectra. (2)-5-((6-chloroquinoxalin-2-yl) methylene)-3-methyl-2-thioxothiazolidin-4-one
(L5a)
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Fig S61. 'THNMR expand Spectra. (Z)-5-((6-chloroquinoxalin-2-yl) methylene)-3-methyl-2-

thioxothiazolidin-4-one (L5a)
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Fig S62. "THNMR expand Spectra. (Z)-5-((6-chloroquinoxalin-2-yl) methylene)-3-methyl-2-
thioxothiazolidin-4-one (L5a)
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Fig S63. 3CNMR expand Spectra. (Z)-5-((6-chloroquinoxalin-2-yl) methylene)-3-methyl-2-
thioxothiazolidin-4-one (L.5a)



5-((1-phenyl-1H-pyrazolo[3,4-b] quinoxalin-3-yl) methylene) thiazolidine-2,4-
dione(L3a) ;IR (KBr, cm!) v;0,:3334.32cm™(NH),1509.99¢m ! (C=0),1424.17cm}(C=S);'H-
NMR (500MHz, DMSO); 8:9.36(s,1H, NH),8.28(s,1H, H-Vinyl),7.98(d,2H, j=8, H-2’and H-
57,7.81(d,2H, j=8, H-3"and H-4"),7.52-7.59(m,4H, H-2, H-3, H-5 and H-6),7.39(t,1H, j=14.5, H-
4); BC-NMR (125MHz, DMSO); 4:119.5,122.4,126.6,130.1 (Aromatic carbons ring
D),127.6,129.8 (Aromatic carbons ring A),142.9,143.8,152.7 (Ring B),139.5 (Ring C),131.2 (C
Vinyl),133.7 (Cs),168.7 (C=0),183.6(C=S).
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Fig S68. BCNMR Spectra. 5-((1-phenyl-1H-pyrazolo[3,4-b] quinoxalin-3-yl) methylene) thiazolidine-
2,4-dione (L3a)
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Fig S69. 'THNMR expand Spectra. 5-((1-phenyl-1H-pyrazolo[3,4-b] quinoxalin-3-yl) methylene)
thiazolidine-2,4-dione (L3a)
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Fig S70. FTIR Spectra. 5-((1-phenyl-1H-pyrazolo[3,4-b] quinoxalin-3-yl) methylene) thiazolidine-
2,4-dione (L3a)

(Z2)-3-(2-(4-Bromophenyl)-2-oxoethyl)-5-(quinoxalin-2-ylmethylene)imidazolidine-
2,4-dione; IR (KBr): vy = 3433 (NH), 2863 (CH aldehyde), 1728, 1700, 1694 (3 C=0), 1690-
1647 (CH aromatic&olefinic, C=N), 1324 (C-N), 665 (C-Br) cm!;'"H NMR (400 MHz, DMSO):
04.07 (s, 2H, CHy), 5.56 (s, 1H, NH), 7.19-7.54 (m, 4H, Ar-H), 7.72 (s, 1H, CH), 7.79 (d, 2H, J
= 8.4 Hz, Ar-H), 7.98 (d, 2H, J = 8.4 Hz, Ar-H), 8.25 (s, 1H, NCH) ppm.
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Fig S71. FTIR Spectra. (2)-3-(2-(4-bromophenyl)-2-oxoethyl)-5-(quinoxalin-2-ylmethylene)

imidazolidine-2,4-dione (L3b)
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Fig S72. 'HNMR Spectra. (Z)-3-(2-(4-bromophenyl)-2-oxoethyl)-5-(quinoxalin-2-ylmethylene)
imidazolidine-2,4-dione (L3b)



3-(2)- (E)-3-(2-(naphthalen-2-yl)-2-oxoethyl)-5-(quinoxalin-2 ylmethylene)
imidazolidine-2,4-dione;’ H NMR (400 MHz, DMSO-ds) & (ppm): 5,19(s, 1H, CH,) 6.90
(s, 1H, Hviny1), 7.59 (M, 2H, H- Phenyl), 7.73 (M, 3H, H- Phenyl), 7.80 (M, 2H, H- Phenyl)
8.04 (d, 1H, J = 8.8 Hz, 6 or 7-H Quinoxaline), 8.49 (d, 1H, J = 8.8 Hz, 5-H Quinoxaline),
8.22 (s, 1H, 8-H Quinoxaline), 9.13 (s, 1H, 3-H Quinoxaline), 9.25 (s, 1H, Hnn).
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Fig S78. 'THNMR Spectra. 3-(2)- (E)-3-(2-(naphthalen-2-yl)-2-oxoethyl)-5-(quinoxalin-2 ylmethylene)
imidazolidine-2,4-dione(L8¢)
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Fig S79. 'THNMR expand Spectra. 3-(2)- (E)-3-(2-(naphthalen-2-yl)-2-oxoethyl)-5-(quinoxalin-2
ylmethylene) imidazolidine-2,4-dione (L8c)

(Z)-5-((6-chloroquinoxalin-2-yl)methylene)-3-ethyl-2-thioxothiazolidin-4-one; IR
(KBr, cm™!) v :2922(C-H aromatic), 1718(C=0), 1630(C=N),1289(C=C).'"HNMR (400
MHz, DMSO d¢) & (ppm): 9.04(S, 1H, H-3 Quinoxaline), 8.02(d, 1H, J=8.8 Hz H-8
Quinoxaline), 8.14(d, 1H, J=2.4 Hz H-5 Quinoxaline), 7.85(S. 1H, H.—.), 8.08(d, 1H, J=8.8
Hz H-7 Quinoxaline), 4.28(q, 2H, J=7.2 Hz, CH,), 0.93(t,3H, J=7.2 Hz, CH3). 13C NMR
(100 MHz, DMSO-d6) 6: 14.13, 47.39, 124.46, 128.94, 132.20, 132.32, 136.17, 143.40,
147.07, 147.17, 147.94, 176.07, 207.03.



BT
3]

5 & =

|!I."\.

mE

Name Oesxipio

| jAdminstator! 23 Sampke 121 By Administanr Daie Saunday, Apri 27 2019

Fig S80. FTIR Spectra. (Z)-5-((6-chloroquinoxalin-2-yl)methylene)-3-ethyl-2-thioxothiazolidin-4-one
(L7¢)
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Fig S81. 'HNMR Spectra. (Z)-5-((6-chloroquinoxalin-2-yl)methylene)-3-ethyl-2-thioxothiazolidin-4-
one (L7¢)



2

Current Dals Faressisrs
Sk lEsjausl=dfiloin 1H
(m ] a
e en

F2 = Aogulskticn PFarsssters

WG L
i 13,83 caeo

¥

¥Ll & i

FLLE 11.1HENT] &

25+ 00, 1300830 mHa

Fl = Bodphisliog pai

il

Ny .Y oy B 106105083 e

= £

11 L]

5 6.0 mi

=1 a

rc 1.0

a3 8.z &1 80 T TA 7.7 7.6 7.5 TA ] ?.I? 74 ppm
LILI L J
§| 3l I3 -

Fig S82. 'HNMR expand Spectra. (Z)-5-((6-chloroquinoxalin-2-yl)methylene)-3-ethyl-2-
thioxothiazolidin-4-one (L7¢)
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Fig S83. 'THNMR expand Spectra. (Z)-5-((6-chloroquinoxalin-2-yl)methylene)-3-ethyl-2-
thioxothiazolidin-4-one (L7¢)



5-((1-phenyl-1H-pyrazolo[3,4-b]quinoxalin-3-yl)methylene)-2-thioxothiazolidin-4-
one(2a); IR(KBr, cm)v,:3334.32cm'(NH),1509.99cm™!(C=0),1424.17cm™(C=S); 'H-NMR
(500MHz,DMSO); 6:9.36(s,1H,NH),8.28 (s,1H,H-Vinyl),7.98(d, 2H, j=8,H-2"and H- 5"), 7.81(d,2H, j=8,
H-3"and H-4"),7.52-7.59(m,4H, H-2, H-3, H-5 and H-6),7.39 (t,1H, j=14.5, H-4); 3C-NMR (125MHz,
DMSO); 6:119.15, 122.42, 126.69, 127.67(Aromatic carbons ring D), 129.89, 130.12(Aromatic carbons
ring A), 131.26,133.79(Ring B), 139.59, 142.90, 143.82 (Ring C),152.76 (Vinyl), 152.78(C=C),
169.79(C=0), 183.67(C=S).



Fig S84. FTIR Spectra. 5-((1-phenyl-1H-pyrazolo[3,4-b]quinoxalin-3-yl)methylene)-2-
thioxothiazolidin-4-one (2a)



Fig 86 3CNMR Spectra. 5-((1-phenyl-1H-pyrazolo[3,4-b]quinoxalin-3-yl)methylene)-2-
thioxothiazolidin-4-one(2a)



Fig S87. 'THNMR expand Spectra. 5-((1-phenyl-1H-pyrazolo[3,4-b]quinoxalin-3-yl)methylene)-2-
thioxothiazolidin-4-one (2a)



