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A mixture of 2-aminopyridine (5 mmol), malononitrile (5 mmol), and the corresponding aromatic 
aldehyde (5 mmol) was added to a lactic acid-based DES prepared from Lactic acid, Maltose, and 
Amla Juice (Indian gooseberry Juice) in a 3:1:3 molar ratio. The reaction mixture was stirred at 
room temperature for the appropriate time, as listed in Table 3. The progress of the reaction was 
monitored by thin-layer chromatography (TLC) using petroleum ether and ethyl acetate (9:1, v/v) as 
the eluent. Upon completion, the reaction mixture was poured into water to precipitate the product. 
The solid was collected by filtration, washed thoroughly with water, and dried. The crude product 
was then recrystallized from a mixture of ethanol (4 mL) and water (0.5 mL) to afforded the pure 2-
amino-4-phenyl-1,8-naphthyridine-3-carbonitrile. 
 
Solvent Characterization 

Density measured by using Pyknometer and Refractive Index measured by using Refractometer 

 
Table S2 : Density measured by using pyknometer and refractive index measured by using 

Refractometer 
Sr. No. Deep Eutectic Solvents Test Parameter 
  Refractive 

Index at 270C 
Density at 
27℃ g/cc 

PH 

1. Lactic Acid-Maltose-Amla Juice 1.309 1.1820 1.37 
2. Lactic Acid -Maltose- Water 1.401 1.1887 2.48 
3. Lactic Acid-Proline-SnCl2 1.447 1.3412 2.56 
4. Lactic Acid- Maltose - Aloe vera Juice 1.310 1.1693 1.39 
5. Lactic Acid - Proline - Aloe Vera Juice 1.309 1.1717 2.60 
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Figure S1: IR Spectra of L1 Lactic Acid-Maltose- Amla Juice 
 

 

  

 

Figure S2: IR Spectra of L2 Lactic Acid-Maltose- Water 
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Figure S3: IR Spectra of L3 Lactic Acid-Proline-SnCl2 
 

 

 

Figure S4: IR Spectra of L4 Lactic Acid-Maltose- Aloe Vera Juice 
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Figure S5: IR Spectra of L5 Lactic Acid-Proline-Aloe Vera Juice 
 

 

 

Figure S6: IR Spectra of Pure Lactic Acid 
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Figure S7: 1H-NMR (500 MHz, CDCl3) Spectrum of L1 Lactic Acid-Maltose- Amla Juice  
 
 

 

Figure S8: 1H-NMR (500 MHz, CDCl3) Spectrum of L2 Lactic Acid-Maltose- Water 
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Figure S9: 1H-NMR (500 MHz, CDCl3) Spectrum of L3 Lactic Acid-Proline-SnCl2 
 

 

 

Figure S10: 1H-NMR (500 MHz, CDCl3) Spectrum of L4 Lactic Acid-Maltose- Aloe Vera Juice 
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 Figure S11: 1H-NMR (500 MHz, CDCl3) Spectrum of L5 Lactic Acid-Proline-Aloe Vera Juice 
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 Figure S12: 1H-NMR (500 MHz, CDCl3) Spectrum of Pure Lactic Acid 
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Figure S13: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-Amino-4-phenyl-1,8- naphthyridine-3-    
carbonitrile (4a) 
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Figure S14: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-Amino-4-phenyl-1,8- naphthyridine-3-
carbonitrile (4a) 
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 Figure S15:  HR-ESI-MS Spectrum of 2-Amino-4-phenyl-1,8- naphthyridine-3-carbonitrile (4a) 

 



 
© 2025 ACG Publications. All rights reserved. 

  13 

Jan13-2024.001.001.1r.esp

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
Chemical Shift (ppm)

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

N
or

m
a

liz
e

d
 In

te
n

si
ty

6.652.082.092.012.02

CHLOROFORM-d

7
.6

9
7

.6
5

7
.4

0
7

.4
0

7
.3

8
7

.3
8

7
.2

7 6
.9

7
6

.9
6

3
.9

9
3

.9
4

Figure S16: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-Amino-4-(3,4-dimethoxyphenyl)-1,8-
naphthyridine-3-carbonitrile (4b) 
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Figure S17: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-Amino-4-(3,4-dimethoxyphenyl)-1,8-

naphthyridine-3-carbonitrile (4b) 
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Figure S19: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-Amino-4-(4-Chlorophenyl)-1,8-

naphthyridine-3-carbonitrile (4c) 
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Figure S20: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-Amino-4-(4-Chlorophenyl)-1,8-
naphthyridine-3-carbonitrile (4c) 
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 Figure S21:  HR-ESI-MS Spectrum of 2-Amino-4-(4-Chlorophenyl)-1,8-naphthyridine-3-
carbonitrile (4c) 
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 Figure S22: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-Amino-4-(3,4-dihydroxyphenyl)-1,8-
naphthyridine-3-carbonitrile (4d) 
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 Figure S23: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-Amino-4-(3,4-dihydroxyphenyl)-1,8-
naphthyridine-3-carbonitrile (4d) 
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 Figure S24: HR-ESI-MS Spectrum of 2-Amino-4-(3,4-dihydroxyphenyl)-1,8-naphthyridine-3-
carbonitrile (4d) 
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 Figure S25: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-Amino-4-(3-nitrophenyl)-1,8-naphthyridine-
3-carbonitrile (4e) 
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Figure S26: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-Amino-4-(3-nitrophenyl)-1,8-naphthyridine-
3-carbonitrile (4e) 

 



 
© 2025 ACG Publications. All rights reserved. 

  20 

Savitribai Phule Pune University - Central Instrumentation Facility

Analysis Info Acquisition Date 1/12/2024 4:34:21 PM

Analysis Name D:\Data\2024\JAN\SPPU COLLEGE\H. R. M. Rajgurunagar\RUPALI VADAK\D4_RA6_01_6777.d

Method dlc_ms20-1200mz_10min_0.120ml flow_90b_dec 23.m Operator Nitin S. Kadam CIF
Sample Name D4 Instrument impactHD 1819696.00184

Acquisition Parameter
Source Type ESI Ion Polarity Positive Set Nebulizer 0.8 Bar
Focus Active Set Capillary 4500 V Set DryHeater 200 °C
ScanBegin
Scan End

20 m/z
1200 m/z

Set End Plate Offset
Set ChargingVoltage
Set Corona

-500 V
2000 V
0 nA

Set Dry Gas
Set Divert Valve
Set APCI Heater

7.0 l/min
Source
0 °C

Intens.
x104

1.5

1.0

0.5

0.0

290 295 300 305 310 315 320 325m/z

Meas. m/z # Ion Formula Score m/z err [mDa] err [ppm] mSigma rdb e¯ Conf N-Rule Adduct
292.082899 1 C15H10N5O2 100.00 292.082901 0.0 0.0 133.9 13.5 even ok M+H
314.067045 1 C15H9N5NaO2 100.00 314.064845 -2.2 -7.0 495.9 13.5 even ok M+Na

D4_RA6_01_6777.d
Bruker Compass DataAnalysis 4.2 printed: 1/23/2024 11:21:29 AM by: Nitin S. Kadam CIF Page 1 of 1

+MS,1.6min #89

312.1208
316.0964

289.2169

301.1786

C15H10N5O2, [M+H]

292.0829 298.1040 319.1028 322.1443

287.2359 308.1346 C15H9N5NaO2, [M+Na]

 Figure S27: HR-ESI-MS Spectrum of 2-Amino-4-(3-nitrophenyl)-1,8-naphthyridine-3-carbonitrile 
(4e) 
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Figure S28: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-amino-4-(4-dimethylaminophenyl)-1,8-
naphthyridine-3-carbonitrile (4f) 
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 Figure S29: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-amino-4-(4-dimethylaminophenyl)-1,8-
naphthyridine-3-carbonitrile (4f) 
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Figure S30: HR-ESI-MS Spectrum of 2-amino-4-(4-dimethylaminophenyl)-1,8-naphthyridine-3-
carbonitrile (4f) 
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Figure S31: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-amino-4-(3-hydroxy-4-methoxyphenyl)-1,8-

naphthyridine-3-carbonitrile (4g) 
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Figure S32: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-amino-4-(3-hydroxy-4-methoxyphenyl)-1,8-
naphthyridine-3-carbonitrile (4g) 
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 Figure S33: HR-ESI-MS Spectrum of 2-amino-4-(3-hydroxy-4-methoxyphenyl)-1,8-naphthyridine-
3-carbonitrile (4g) 
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Figure S34: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-amino-4-(2,4-dimethoxyphenyl)-1,8-

naphthyridine-3-carbonitrile (4h) 
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 Figure S35: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-amino-4-(2,4-dimethoxyphenyl)-1,8-
naphthyridine-3-carbonitrile (4h) 
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 Figure S36: HR-ESI-MS Spectrum of 2-amino-4-(2,4-dimethoxyphenyl)-1,8-naphthyridine-3-
carbonitrile (4h) 
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Figure S37: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-amino-4-(3-ethoxy-4-hydroxyphenyl)-1,8-
naphthyridine-3-carbonitrile (4i) 
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 Figure S38: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-amino-4-(3-ethoxy-4-hydroxyphenyl)-
1,8-naphthyridine-3-carbonitrile (4i) 
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 Figure S39: HR-ESI-MS Spectrum of 2-amino-4-(3-ethoxy-4-hydroxyphenyl)-1,8-naphthyridine-3-
carbonitrile (4i) 
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 Figure S40: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-Amino-4-(2-methoxyphenyl)-1,8-
naphthyridine-3-carbonitrile (4j) 
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 Figure S41: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-Amino-4-(2-methoxyphenyl)-1,8-
naphthyridine-3-carbonitrile (4j) 
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 Figure S42: HR-ESI-MS Spectrum of 2-Amino-4-(2-methoxyphenyl)-1,8-naphthyridine-3-
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 Figure S43: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-Amino-4-(2,3-dichlorophenyl)-1,8-
naphthyridine-3-carbonitrile (4k) 
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 Figure S44: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-Amino-4-(2,3-dichlorophenyl)-1,8-
naphthyridine-3-carbonitrile (4k) 
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Figure S45: HR-ESI-MS Spectrum of 2-Amino-4-(2,3-dichlorophenyl)-1,8-naphthyridine-3-
carbonitrile (4k) 
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Figure S46: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-Amino-4-(4-nitrophenyl)-1,8-naphthyridine-
3-carbonitrile (4l) 
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 Figure S47: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-Amino-4-(4-nitrophenyl)-1,8-
naphthyridine-3-carbonitrile (4l) 
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 Figure S48: HR-ESI-MS Spectrum of 2-Amino-4-(4-nitrophenyl)-1,8-naphthyridine-3-carbonitrile 
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 Figure S49: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-Amino-4-(4-hydroxyphenyl)-1,8-
naphthyridine-3-carbonitrile (4m) 
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Figure S50: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-Amino-4-(4-hydroxyphenyl)-1,8-
naphthyridine-3-carbonitrile (4m) 
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Figure S51: HR-ESI-MS Spectrum of 2-Amino-4-(4-hydroxyphenyl)-1,8-naphthyridine-3-carbonitrile 
(4m) 
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 Figure S52: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-amino-4-(2-nitrophenyl)-1,8-naphthyridine-
3-carbonitrile (4n) 
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 Figure S53: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-amino-4-(2-nitrophenyl)-1,8-naphthyridine-
3-carbonitrile (4n) 
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Figure S54: HR-ESI-MS Spectrum of 2-amino-4-(2-nitrophenyl)-1,8-naphthyridine-3-carbonitrile 
(4n) 
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Figure S55: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-amino-4-(4-methylphenyl)-1,8-

naphthyridine-3-carbonitrile (4o) 
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Figure S56: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-amino-4-(4-methylphenyl)-1,8-
naphthyridine-3-carbonitrile (4o) 
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Figure S57: HR-ESI-MS Spectrum of 2-amino-4-(4-methylphenyl)-1,8-naphthyridine-3-carbonitrile 

(4o) 
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Figure S58: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-Amino-4-(2-thiophenephenyl)-1,8-
naphthyridine-3-carbonitrile (4p) 
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Figure S59: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-Amino-4-(2-thiophenephenyl)-1,8-
naphthyridine-3-carbonitrile (4p) 
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 Figure S60: HR-ESI-MS Spectrum 2-Amino-4-(2-thiophenephenyl)-1,8-naphthyridine-3-carbonitrile 
(4p) 
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Figure S61: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-Amino-4-(2-bromophenyl)-1,8-
naphthyridine-3-carbonitrile (4q) 
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 Figure S62: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-Amino-4-(2-bromophenyl)-1,8-
naphthyridine-3-carbonitrile (4q) 
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Figure S63: HR-ESI-MS Spectrum of 2-Amino-4-(2-bromophenyl)-1,8-naphthyridine-3-carbonitrile 
(4q) 
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Figure S64: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-amino-4-(2-hydroxyphenyl)-1,8-
naphthyridine-3-carbonitrile (4r) 

Apr02-2025.010.001.1r.esp

200 180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)

0.05

0.10

0.15

0.20

0.25

N
or

m
a

liz
ed

 In
te

ns
ity

16
0.

1
0

1
59

.0
5

15
5.

4
2 15

3.
5

8
15

0.
8

4

13
4.

5
5

1
32

.7
3

12
8.

2
9

12
4.

7
1

12
3.

5
3

11
6.

4
3

11
6.

1
3

11
2.

5
2

10
2.

3
3

8
7.

32

75
.7

6

0.
0

0

 

Figure S65: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-amino-4-(2-hydroxyphenyl)-1,8-
naphthyridine-3-carbonitrile (4r) 
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 Figure S66: HR-ESI-MS Spectrum of 2-amino-4-(2-hydroxyphenyl)-1,8-naphthyridine-3-carbonitrile 
(4r) 
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Figure S67: 1H-NMR (500 MHz, CDCl3) Spectrum of 2-amino-4-(4-methoxyphenyl)-1,8-
naphthyridine-3-carbonitrile (4s) 
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Figure S68: 13C-NMR (125 MHz, CDCl3) Spectrum of 2-amino-4-(4-methoxyphenyl)-1,8-
naphthyridine-3-carbonitrile (4s) 
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 Figure S69: HR-ESI-MS Spectrum of 2-amino-4-(4-methoxyphenyl)-1,8-naphthyridine-3-
carbonitrile (4s) 

 


