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General procedure for the synthesis of 2,3-bis (bromomethylquinioxaline) series (3a, 3b) 

O-Phenylenediamine derivatives (1a, 1b) (100mg) and 1,4-dibromobutane-2,3-dione (2) (1.1 
equivalent) were dissolved in ethanol and adequate amount of silica gel was added to it to 
make the slurry. The slurry was further dried under vacuum. The mixture was taken in 
microwave vessel and kept for stirring under microwave at 60 watt (100° C) for 10 min. The 
progress of reaction was monitored by TLC using hexane/ethyl acetate (3:1) solvent system. 
After completion of the reaction the silica gel slurry was washed three times using hexane 
followed by filtration. The collected filtrate was evaporated to dryness and further 
recrystallized from hexane.White needle like crystals of 2,3-bis bromomethylquinoxalines 
(3a,3b) were formed with 90-95% yield.

Characterization of 2,3-bis (bromomethylquinioxaline)series (3a, 3b) 

2,3-bis(bromomethyl)quinoxaline (3a): Yield: 95%;mp: 150°-155° C;Rf: 0.75 (1:3 
ethylacetate :hexane); 1H NMR (CDCl3, 400 MHz): δ  8.07 (dd, 2H, J1 = 6.4 Hz, J2 = 3.6 Hz, 
ArH, H-1,H-4), 7.79 (dd, 2H, J1 = 6.4 Hz, J2 = 3.6 Hz, ArH,H-2, H-3), 4.93 (s, 4H, CH2, H-9, 
H-10); 13C NMR (400 MHz, CDCl3): δ 30.5 (2 x CH2, C-9, C-10), 129.7 (2 x CH,C-7, C-8), 
130.9 (2 x CH, C-5, C-6), 143.6 (2 x CH, C-1, C-4), 150.9 (2 x CH,C-2, C-3); IR (KBr, cm-

1): 3018 (sp3 C-H stretching), 2962 (C–H Ar stretching), 1485 (C-H bending),  1425 (CH2 
bending), 1209(C-N stretching), 765 (C-H stretching of o-di-substituted group),628(C-Br 
stretching); LC-MS (CH3OH): m/z 317 [M+H]+.

6-bromo-2,3-bis(bromomethyl)quinoxaline (3b):1H NMR (400 MHz, CDCl3): Yield: 98%,  
mp: 165° C-168° C, Rf: 0.79 (1:3 ethylacetate : hexane); 1H NMR (CDCl3, 400 MHz): δ 8.25 
(s, 1H, H-4), 7.92 (d, J = 8.8 Hz, 1H, H-2), 7.85 (d, J = 8.8 Hz, 1H, H-1), 4.89 (s, 4H, CH2,H-
9, H-10); 13C NMR (400 MHz, CDCl3): δ 151.8 (CH, C-7), 151.2 (CH, C-8) ,142.1 (CH, C-
5), 140.3 (CH, C-6), 134.5 (CH, C-4), 131.40 (CH, C-1), 130.3 (CH, C-2), 125.1 (CH, C-3), 
30.21 (CH2,C-9),  30.11 (CH2, C-10); IR (KBr, cm-1): 3028 (sp3 C-H stretching), 2972 (C–H 
Ar stretching), 1595 (C=C), 1473, 1415 (CH2 bending), 1209.37 (C-N stretching) 721.38 (C-
H stretching of o-di-substituted group). 634, 567 (C-Br stretching); LC-MS (CH3OH): m/z 
395 [M+H]+.

General procedure for the synthesis of 2,3-bis (azidomethylquinioxaline)series (4a, 4b) 

2,3 bromomethylquinoxalines (3a, 3b) (50 mg) and sodium azide (2.5 equivalent) were 
dissolved in ethanol followed by the addition of adequate amount of silica gel (100-200 
mesh) to make the slurry. After complete air drying the solid supported form of this reaction 
mixture was kept for stirring in microwave for 10 min at 70° C (270 watt). The progress of 
the reaction was monitored by TLC (3:1 Hexane/Ethayl Acetate). After completion of the 
reaction, the mixture was transferred into a 250 ml of beaker followed by addition of ethanol 
to extract the desired product from the silica gel. Finally, the ethanol was evaporated to 
isolate the blackish crystals of azidomethylquinoxalines (4a, 4b).



Characterization of 2,3-bis(azidomethylquinioxaline) series (4a, 4b) 

2,3-bis(azidomethyl)quinoxaline (4a): Yield: 95%;  mp: 145°-148°C, Rf0.68 (1:3 
ethylacetate : hexane); 1H NMR (CDCl3, 400 MHz): δ  8.10 (dd, 2H, J1 = 6.4 Hz, J2 = 3.6 Hz, 
ArH, H-1,H-4), 7.78 (dd, 2H, J1 = 6.4 Hz, J2 = 3.6 Hz, ArH, H-2, H-3), 4.70 (s, 4H, CH2, H-
9,H-10); 13C NMR (400 MHz, CDCl3): δ 148.3 (2 x CH, C-7, C-8), 140.9 (2 x CH, C-5,C-6), 
130.3 (2 x CH, C-2, C-3), 128.7 (2 x CH, C-1, C-4), 52.9(2 x CH2, C-9, C-10); IR(KBr, cm-

1): 3053 (sp3 C-H stretching), 2129, 2083 (N=N=N Stretching), 1566 (C-H bending), 1452 
(CH2 bending), 1240 (C-N stretching), 761 (C-H stretching of o-di-substituted group); LC-
MS (CH3OH): m/z 241 [M+H]+.

2,3-bis(azidomethyl)-6-bromoquinoxaline (4b): Yield: 95%,  mp: 145°-148° C, Rf  0.68 
(1:3 ethylacetate :hexane); 1H NMR (CDCl3, 400 MHz): δ 8.32 (s, 1H,ArH, H-4), 8.0 (d,1H, 
J = 9.2 Hz, ArH, H-2), 7.90 (d,1H,J= 10.8 Hz,ArH, H-1),  4.71 (s, 4H, CH2); 13C NMR (400 
MHz, CDCl3): δ 150.4 (CH, C-7), 149.7 (CH, C-8), 141.9 (CH, C-5), 140.1 (CH, C-6), 134.3 
(CH, C-1), 131.5 (CH,C-4), 130.4 (CH, C-2), 124.5 (CH, C-3), 53.3 (CH2, C-9),  53.2 (CH2, 
C-10),IR(KBr,  cm1): 3045 (sp3 C-H stretching), 2943 (C–H Ar stretching), 2094, 2069 
(N=N=N Stretching), 1597 (C-H bending), 1477 (CH2 bending), 1427 (CH2 bending), 1143 
(C-N stretching), 740 (C-H stretching of o-disubstituted group); LC-MS (CH3OH): m/z 319 
[M+H]+.

Synthesis of CuO Nanoparticle

 25ml of ethanolic solution of 0.2 M Cu(CH3COO)2 mixed with 25 ml of ethanolic 
solution of 0.01mol NaOH in R. B. flask. Then, 0.5 g of PEG was added to the 
reaction mixture. It was kept in microwave for 10 min. After 10 min brown black 
precipitate was obtained and then it was cooled at room temperature. Then the 
precipitates were washed with distilled water, ethanol followed by acetone. Finally, 
CuO nano particles were dried at room temperature and characterized.

1H NMR of compound 3a 
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IR spectra of compound 3a

LCMS of compound 3a

1H NMR of compound 3b
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IR spectra of compound 3b

LCMS of compound 3b
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1H NMR of compound 4a

H-9,H-10

H-2,H-3H-1,H-4

H-2,H-3H-1,H-4

N

N N3

N3

1
2

4

5

6

7

8

3

13C NMR of compound 4a

N

N N3

N3

1
2

3
4

5

6

7

8

9

10

C-9, C-10C-5,C-6C-7,C-8

C-1,C-4C-2,C-3



IR spectra of compound 4a

LCMS of compound 4a
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1H NMR of compound 4b
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IR spectra of compound 4b

LCMS of compound 4b

1H NMR of compound 6a
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IR spectra of compound 6b

LCMS of compound 6b

1H NMR of compound 6c
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13C NMR of compound 6c
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IR spectra of compound 6c

LCMS of compound 6c
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1H NMR of compound 6d
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LCMS of compound 6d

1H NMR of compound 6e
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LCMS of compound 6e

1H NMR of compound 6f
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IR spectra of compound 6f

LCMS of compound 6f

1H NMR of compound 6g
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IR spectra of compound 6g

LCMS of compond 6g
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1H NMR of compound 6h
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1H NMR of compound 6i

N

N
N

N

NN

N N

N

N

Br

1
2

3 4

5

6

7

8

9

10

11

12

13

14

15
16 17

18
19

20
21 22

23
24

H-9,H-10

H-17,H-23

H-19,H-24
H-4

H-16, H-21

H-2,H-18,H-23
H-1,H-12,H-14

IR spectra of compound 6i

5001000150020002500300035004000
1/cm

0

20

40

60

80

100

%T

35
35

.52

33
61

.93 29
56

.87

16
00

.92 14
71

.69
14

21
.54

12
28

.66
11

28
.36

10
49

.28
92

9.6
9

82
5.5

3
77

9.2
4 61

7.2
2

50
9.2

1

4Br-EP

N

N N

N

N
N

N
N

N

N

Br



LCMS of compound 6i



1H NMR of compound 8

N

N
N

N

N
N

N
N

COOCH3

COOCH3

COOCH3

COOCH3

1
2

3
4

5

6

7

8

9

10

11

12

13 14

15 16

17

18

19 20

21 22

H-14,H-20
H-16,H-22

H-9,H-10

H-1,H-4 H-2,H-3

13C NMR of compound 8

N

N
N

N

N
N

N
N

COOCH3

COOCH3

COOCH3

COOCH3

1

3

2

4

5

6

7

8

9

10

11

12

13 14

15 16

17

18

19 20

21 22

C-13,C-21

C-15,C-19
C-7,C-8

C-12,C-17

C-5,C-6

C-11,C-18

C-1,C-2,C-3,C-4

C-14,C-16,C-20,C-22

C-9,C-10



IR spectra of compound 8

LCMS of Compound 8
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1H NMR of compound 9b
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1H NMR of compound 9c
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1H NMR of compound 10a
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IR spectra of compound 10a
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1H NMR of compound 10c
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IR spectra of compound 10c

LCMS of compound 13c

5001000150020002500300035004000
1/cm

0

20

40

60

80

100

%T
34

12
.08

30
82

.25

16
00

.92 14
50

.47
14

21
.54

12
92

.31

11
34

.14 10
53

.13
99

7.2
0 87

3.7
5

78
3.1

0
75

6.1
0

61
9.1

5
51

8.8
5

2EP+PA

N

N N

N

N
N

N
N

N

N

N N

N

N
N

N
N

N



1H NMR of compound 10d
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IR spectra of compound 10d

LCMS of compound 10d
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1H NMR of compound 10e
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IR spectra of compound 10e

LCMS of compound 10e
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Fig. S1. X-ray diffraction pattern of CuO nanoparticle

           (a)                                                                                           (b)

Fig. S2 (a) SEM image and (b) EDX spectra of CuO



Table S1. Elemental analysis in EDX

Element Weight
%

Atomic%

     

O K 26.58 58.97

Cu L 73.42 41.03

Totals 100.00



  

 

 



 

 

 



 

Fig. S3 TEM images of synthesized CuO nanoparticle

Table S2 Elemental analysis of CuO in TEM

Element  Series     Net unn. C norm. C Atom. C Error (3 Sigma)

                        [wt.%]  [wt.%]  [at.%]          [wt.%]

--------------------------------------------------------------

Oxygen  K-series  11327   8.85    8.85   27.84            0.91

Copper  K-series 130681  91.15   91.15   72.16            8.32

--------------------------------------------------------------

                 Total: 100.00  100.00  100.00
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Fig. S5 Plausible catalytic pathway for Cu(II) mediated click reaction

          T.S                                                                         T.S
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ΔS2   
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                    Reaction Coordinate (R.C)                                                   Reaction Coordinate (R.C)

ΔE= Activation energy; ΔS= Stabilisation energy, ΔE1> ΔE2 and ΔS1< ΔS2 implies that Cu(I) 
catalysed cycloaddition  stabilizes the transition state (T.S) more than that of Ir(I) catalysed 
click reaction.

Fig S6. Energy profile diagram for Ir(I) & Cu(II) catalysed click reaction
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Fig. S7. UV-visible titration of compound (a) 6g and (b) 10a in 5 mM Tris-HCl buffer with 
incremental addition of CT-DNA at pH 7.2.   [DNA]/ (εa-εf) vs. [DNA] linear plots of 
compound (c) 6g and (d) 10a
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Fig. S8.  Fluorescence quenching of BSA on addition of compound (a) 6g and (b) 10a in 5 

mM Tris HCl buffer at pH 7.2 (λex = 295; λem = 350 nm). Plot of I0/I vs. concentrations of 

compound (c) 6g and (d) 10a.  Scatchard plot of log ([I0-I]/I) vs. log [compound] for BSA in 

the presence of compound (a) 6g and (b) 10a.
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Fig.S9. Stability study of compound (a) 6g and (b) 10a in MTT assay condition (phosphate 

buffer and 5% DMSO)



          

                              (a)                                                                                              (b)

Fig. S10. bioorthogonality study (a) before the reaction (b) after the reaction
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Fig. S11. Relative viscosity (η/η0)1/3 study of compound 6g and EtBr
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Fig. S12. Relative viscosity (η/η0)1/3 study of compound 10a and EtBr

Experimental Section
In vitro cytotoxic activities (MTT assay)1

In vitro cytotoxicity study was performed by standared MTT protocol.2 This assay is based on the 
reduction of the yellow MTT tetrazolium salt (3-[4,5-dimethylthiazol-2-yl]-2,5diphenyltetrazolium 
bromide) by mitochondrial dehydrogenases to form a blue MTT formazan in viable cells. Synthesized 
triazoles were dissolved in 0.1% DMSO followed by serial dilution with medium. Two different types 
of cancer cell lines i.e. human colorectal adenocarcinoma cell line (Caco-2), human Epitheloid Cervix 
Carcinoma (HeLa), and one normal Human embryonic kidney cells (HEK-293) were used for this 
assay. Closely 1 × 104 cells per well for all these three cell lines were cultured in 100 μL of a growth 
medium in 96-well plates and incubated at 37 °C under a 5% CO2 atmosphere. Afterward these cells 
were treated with different concentrations of the compounds (1-200 µM) in the volume of 100 
µM/well. Cisplatin and RAPTA-C were used as standard positive control drug. After 24 h, the 
medium was superfluous and cell cultures mixed with 100 µl MTT reagent (1 mg/ml) and then 
incubated for 5 h at 37o C.  After that the suspension was placed on microvibrator for 10-15 min and 
successively the absorbance was recorded by the ELISA reader at λ = 570 nm. The experiment was 
also performed in triplicate. The data were expressed as the growth inhibition percentage calculated 
according to the equation: % Cell viability = [ODsample-ODblank/ODcontrol-ODblank] x 100, where ODsample 
is the measured absorbance in wells containing samples, ODcontrol is the absorbance measured for cells 



with a medium and a vehicle and ODblank is the absorbance measured for blank well (no cells). Dose 
response curve was fitted in Origin 8.5 software and IC50 was calculated.  

Cellular imaging assay1

Cellular imaging experiment was accomplished by using cancerous HeLa cell line obtained from 
NCCS. This study was conducted using 6 well plates. Cultured cells with 80% confluence were 
trypsinized using 1-2 ml of 1X trypsin. At that, it was transferred to fresh 15 ml falcon tube and 
centrifuged at 2000 rpm for 1-5 min. DMEM fresh media (80 µl) was added to the pellet formed at the 
bottom of the tube and the cells were seeded in 6 well plates. Subsequently, the test compounds (20 
µM concentration) in PBS buffer were added to the well plates. After incubating for 2-4 h at 37 °C, all 
the wells were washed twice with PBS buffer (pH 7.4). Finally, the fluorescence images were 
recorded using the glass slides with an Olympus Fluorescence microscope at 480-550 nm excitations.3

DNA binding study1

The calf-thymus DNA (CT-DNA) binding property of the compounds was monitored by electronic 
spectra and competitive binding assay using a classical DNA intercalator, ethidium bromide (EtBr) by 
fluorescence spectroscopy.

UV–visible studies1

DNA binding experiments was conducted by using compound 6g and 10a in Tris-HCl buffer (5 mM 
Tris-HCl in water, pH 7.4) in water medium.4 The concentration of CT-DNA was determined from its 
absorbance intensity at 260 nm and its known molar absorption coefficient value 6600 M-1 cm-1. UV 
titration was performed by gradual increase of CT-DNA concentration. The sample was equilibrated 
with CT-DNA for about 5 min before each measurement. Then the absorbance of the compounds 
were measured after each 5 μL addition of CT-DNA. The intrinsic DNA binding constant (Kb) was 
calculated using the equation (i):

[ ] [ ] 1 ( )
( ) ( ) ( )a f b f b a f

DNA DNA i
K     

 
  

Where [DNA] is the concentration of DNA, εa is the apparent extinction coefficient observed for the 
compound, εf corresponds to the extinction coefficient of the test compund in its free form, and εb 
refers to the extinction coefficient of the test compound when fully bound to DNA. Data were plotted 
using Origin 8.5 software to obtain the [DNA]/(εa-εf) vs. [DNA] linear plot. The ratio of the slope to 
intercept from the linear fit gives the value of the intrinsic binding constant (Kb).

Ethidium bromide displacement assay1

The ethidium bromide fluorescence displacement assay was performed to identify the mode of 
binding between the potent complexes with DNA.5 The intercalation of EthB to DNA is accompanied 
by strong fluorescence emission owing to the formation of the EtBr-DNA complex. Once a second 
molecule intercalates into DNA, there is a decrease of number of binding sites on the DNA available 
to EthB giving rise to reduction in the fluorescence intensity. The apparent binding constant (Kapp) of 
the complex to CT-DNA was determined from the emission spectral measurements using ethidium 
bromide (EtBr) as a spectral probe in 5 mM Tris-HCl buffer (pH 7.4). EthB showed no apparent 
emission in Tris-buffer medium because of fluorescence quenching of free EthB by solvent 
molecules. The emission intensity gets significantly enhanced due to its intercalative binding to 
duplex DNA. A competitive binding of the complex to DNA is found to reduce the EthB emission 



intensity. The relative binding propensity of the complex to DNA was estimated from the reduction of 
the emission intensity. The values of the apparent binding constant (Kapp) were obtained by using the 
(ii) equation:

  50[ ]app EtBrComplex EtBr ii    

where Kapp is the apparent binding constant of the complex studied, [Complex]50 is the concentration 
of the complex at 50% quenching of DNA-bound ethidium bromide emission intensity, KEthB is the 
binding constant of the EtBr (KEtBr = 1.0 x 107 M-1), and [EtBr] is the concentration of ethidium 
bromide (8 μM). The Stern-Volmer quenching constant (KSV) has been calculated by using Stern-
Volmer equation.6

Protein binding studies1

The interaction of the test compounds with bovine serum albumin (BSA), a structural homolog with 
human serum albumin (HSA) has been studied from tryptophan emission quenching experiment. The 
emision quenching of BSA at λ = 340 nm was observed with increasing the compound concentration, 
which confirms that the interaction between the compound and BSA have occurred. The compound 
solutions were gradually added to the solution of BSA (2 μM) in 5 mM Tris-HCl/NaCl buffer (pH 
7.2) and the quenching of the emission signals at 340 nm (λex = 295 nm) were recorded. The 
quenching constant (KBSA) has been determined quantitatively by using Stern-Volmer equation iii.  
Stern-Volmer plots of I0/I vs. [Compoud] was made using the corrected fluorescence data taking into 
account the effect of dilution. Linear fit of the data using the equation (iii):

    0 01 1BSA qI I Q k Q iii   

Where, I0 and I are the emission intensities of BSA in the absence and in the presence of quencher of 
concentration [Q], gave the quenching constant (KBSA) using Origin Pro 8.0 software. kq is the 
quenching rate constant, τ0 is the average lifetime of the tryptophan in BSA without quencher reported 
as 1x10-8 s. For such static quenching interaction, the binding constant (K) and the number of binding 
sites (n) can be determined according to the Scatchard equation (iv) 7:

    0log log logI I I K n Q iv  
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