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Single crystal data:  

Parameters 3aa 6bb 10 

Empirical Formula C24H20N4 C22H18N2 C24H22N4O 

Formula weight 364.44 310.38 382.45 

Crystal System Monoclinic Triclinic Monoclinic 

Space Group P21/n  P1 C2/c  

T (K) 100 100 100 

a (Å) 4.729 (6) 8.4314 (4) 11.4975 (6) 

b (Å) 36.33 (4) 9.1682 (4) 19.6301 (10) 

c (Å) 10.854 (16) 11.7324 (5) 17.6537 (9) 

α (°) 90 73.137 (1) 90 

β (°) 93.66 (3) 89.952 (1) 99.469 (2) 

  (°) 90 67.155 (1) 90 

V (Å3) 1861 (4) 793.39 (6) 3930.1 (4) 

D cal(g cm–3) 1.301 1.299 1.293 

Z 4 2 8 

R1[I >2(I)] 0.097 0.041 0.040 

R int 0.207 0.034 0.192 

wR2 (all) 0.238 0.1222 0.137 

Measured 

reflections 

45059 21699 26562 

Independent 

reflections 

3951 4072 4043 

Reflections with I>

2σ(I)         

2617 3860 3670 

Goodness of fit (S) 1.039 1.05 1.14 

X–ray 

Diffractometer 

Bruker  Bruker  Bruker  

CCDC number 2118290 2118289 2118291 

 

 



9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

2.982.031.941.035.171.043.000.990.981.00

CHLOROFORM-d

1.
13

1.
15

1.
17

1.
93

1.
95

1.
97

1.
99

3.
52

3.
53

3.
54

3.
54

3.
56

7.
27

7.
60

7.
61

7.
61

7.
62

7.
63

8.
05

8.
05

8.
06

8.
07

8.
17

8.
19

8.
65

9.
02

9.
04

9.
04

9.0 8.5 8.0 7.5
Chemical Shift (ppm)

1.035.171.043.000.990.981.00

CHLOROFORM-d

7.
27

7.
33

7.
35

7.
37

7.
37

7.
58

7.
597.

60
7.

617.
62

7.
63

7.
64

7.
64

7.
64

7.
657.

77
7.

79
7.

79
7.

81
7.

81

8.
04

8.
05

8.
058.
07

8.
07

8.
17

8.
19

8.
638.
63

8.
65

8.
659.
029.
02

9.
04

9.
04

N
N

N
N

3aa 400 MHz

1H

S4



150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

14
.3

4

23.47

29.77

11
7.

29
11

7.
4812

1.
66

12
1.

90
12

2.
81

12
7.

69
12

8.
99

12
9.

34
13

1.
47

N
N

N
N

3aa

S5



160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

CHLOROFORM-d

14
.3

4

23
.4

7

29
.7

7

76
.6

8
77

.0
0

77
.3

2

11
7.

29
11

7.
48

11
8.

37
12

1.
66

12
1.

90
12

2.
81

12
6.

74
12

7.
69

12
8.

49
12

9.
00

12
9.

33
13

1.
47

13
3.

27
14

0.
86

14
9.

68
15

3.
17

N
N

N
N

3aa 100 MHz

13C{1H}

S6



PSD-674 #326 RT: 2.36 AV: 1 NL: 4.04E5
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-697 #891 RT: 4.78 AV: 1 NL: 2.28E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PD-689 #908 RT: 7.63 AV: 1 NL: 9.14E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-709 #561 RT: 3.41 AV: 1 NL: 7.12E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PD-707_201231153038 #797 RT: 6.71 AV: 1 NL: 3.56E3
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PD-698_201231124221 #848 RT: 6.97 AV: 1 NL: 4.44E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PD-692 #938 RT: 7.97 AV: 1 NL: 1.30E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]

280 300 320 340 360 380 400 420 440 460 480 500 520
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

379.1922
R=58607

C 25 H23 N4 = 379.1917
1.1759 ppm

326.1540
R=62807

C 21 H18 N4 = 326.1526
4.1791 ppm

294.1965
R=65607

368.2519
R=57907

391.2838
R=56207

457.2388
R=51207

497.1989
R=49302

411.1620
R=53706

519.4390
R=43402

432.2809
R=44900

476.3064
R=30600

S31



10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.332.252.113.034.171.211.082.101.061.020.941.00

CHLOROFORM-d

1.
13

1.
15

1.
17

1.
58

1.
92

1.
94

1.
96

1.
98

3.
50

3.
51

3.
52

3.
54

4.
03

7.
27

7.
61

7.
62

7.
64

7.
65

7.
66

8.
05

8.
06

8.
07

8.
08

8.
19

8.
22

8.
61

8.
80

9.
04

9.
07

N
N

N
N

H3CO2C

1H

3ha 400 MHz

S32



150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

14
.3

2

23.51

29.74

52
.3

6

11
7.

54
12

0.
75

12
1.

47
12

1.
70

12
2.

88
12

5.
64

12
9.

26
12

9.
39

13
1.

73
N

N

N
N

H3CO2C
3ha

S33



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

CHLOROFORM-d

14
.3

2

23
.5

2
29

.7
4

52
.3

5

76
.6

8
77

.0
0

77
.3

2

11
7.

54
11

9.
87

12
0.

75
12

1.
47

12
1.

70
12

2.
88

12
5.

64
12

7.
30

12
9.

26
12

9.
39

13
1.

73
13

3.
24

14
8.

95
15

3.
09

16
7.

34

N
N

N
N

H3CO2C

13C{1H}

3ha 100 MHz

S34



PD-693 #900 RT: 7.66 AV: 1 NL: 7.24E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-829 #747 RT: 4.48 AV: 1 NL: 3.78E5
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PD-706 #721 RT: 4.35 AV: 1 NL: 2.71E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-830 #407 RT: 2.45 AV: 1 NL: 1.97E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]

369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384 385 386 387 388
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

379.1918
R=58307

C 25 H23 N4 = 379.1917
0.2102 ppm

377.1762
R=58402

381.2975
R=58002

380.1953
R=57002

378.1797
R=57402

382.3009
R=55907

383.1036
R=53802

371.1630
R=52000

374.9423
R=49300

385.1782
R=47000

387.2143
R=47800

376.1554
R=44200

373.1449
R=43200

S47



10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.172.002.021.155.243.051.020.970.89

CHLOROFORM-d

1.
12

1.
14

1.
16

1.
91

1.
93

1.
95

1.
97

3.
51

3.
52

3.
53

3.
54

3.
55

7.
27

7.
60

7.
61

7.
62

7.
62

8.
01

8.
02

8.
02

8.
03

8.
04

8.
04

8.
63

8.
65

9.
03

9.
03

N
N

N
N

Cl
3la 400 MHz

1H

S48



160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

14
.3

3

23.44

29.75

11
7.

07
11

7.
5612

1.
65

12
2.

34
12

2.
83

12
7.

33
12

9.
37

13
1.

62

S49



170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

CHLOROFORM-d

14
.3

3

23
.4

3

29
.7

4

76
.6

9
77

.0
0

77
.3

2

11
7.

08
11

7.
57

11
7.

75
11

8.
43

12
1.

65
12

2.
34

12
2.

82
12

7.
31

12
8.

08
12

9.
37

12
9.

54
13

1.
62

13
5.

19
14

9.
77

15
3.

12

S50



PD-705_201231151245 #485 RT: 4.12 AV: 1 NL: 3.85E4
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-704 #542 RT: 3.25 AV: 1 NL: 1.24E5
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PD-690 #945 RT: 7.99 AV: 1 NL: 1.79E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PD-696 #763 RT: 6.43 AV: 1 NL: 2.57E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]

250 300 350 400 450 500 550 600 650 700 750
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

395.1877
R=57207

C 25 H23 O N4 = 395.1866
2.7993 ppm

326.1539
R=62207

C 23 H20 O N = 326.1539
-0.2182 ppm

457.2384
R=49307

607.3075
R=43907

533.4553
R=43802

497.1991
R=44702

680.3953
R=34500

722.5039
R=32000

N
N

N
N

OCH3

3ac

S63



9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.001.922.000.941.930.971.860.801.130.930.951.88

CHLOROFORM-d

1.
17

1.
19

1.
20

1.
59

1.
95

1.
96

1.
98

2.
00

2.
02

2.
04

3.
65

3.
67

3.
67

3.
68

3.
69

7.
27

7.
46

7.
46

7.
65

7.
66

7.
67

7.
68

7.
80

7.
82

8.
05

8.
07

8.
18

9.
02

9.
02

9.
05

9.
07

9.
08

N
N

N
N Cl

1H

3ad 400 MHz

S64



150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

14
.4

1

23.60

29.99
11

6.
86

12
1.

67
12

2.
40

12
6.

4112
7.

42
12

9.
12

13
0.

92
13

1.
87

N
N

N
N Cl

3ad

S65



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

CHLOROFORM-d

14
.4

1

23
.5

9

29
.9

8

76
.6

8
77

.0
0

77
.3

2

11
6.

85
11

7.
18

11
7.

71
12

1.
66

12
2.

39
12

6.
40

12
7.

33
12

7.
76

12
9.

11
13

0.
92

13
1.

86
13

1.
98

13
5.

92
14

9.
64

S66



PD-703 #61 RT: 0.52 AV: 1 NL: 1.03E5
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PD-708_201231152143 #566 RT: 4.80 AV: 1 NL: 8.34E4
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PD-711 #592 RT: 4.89 AV: 1 NL: 4.89E5
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PD-720 #577 RT: 4.86 AV: 1 NL: 4.21E5
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-917_210505153209 #315 RT: 1.76 AV: 1 NL: 4.34E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-Simple #516 RT: 2.77 AV: 1 NL: 5.21E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]

230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

297.1392
R=65507

C 21 H17 N2 = 297.1386
1.9034 ppm

237.0793
R=74107

381.2975
R=57807

279.1590
R=67007

353.2660
R=60107

365.1053
R=58602

251.1254
R=69907

343.3391
R=60002

317.1144
R=61107

327.0078
R=60502

291.1952
R=49300

S87



10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.261.873.151.273.143.021.002.21

CHLOROFORM-d

0.
04

7.
34

7.
36

7.
40

7.
42

7.
46

7.
46

7.
47

7.
63

7.
65

7.
73

8.
80

8.
82

8.
84

N
N

Ph

6ca 400 MHz

1H

S88



136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

12
2.

47
12

2.
82

12
7.

71
12

9.
03

13
1.

61

132 131 130 129 128 127 126 125 124 123
Chemical Shift (ppm)

12
2.

47
12

2.
71

12
2.

82

12
4.

72

12
6.

87
12

6.
91

12
7.

00
12

7.
15

12
7.

21

12
7.

71

12
8.

32

12
9.

03

13
1.

16

13
1.

61

N
N

Ph

6ca

S89



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

CHLOROFORM-d

76
.6

8
77

.0
0

77
.3

2

12
2.

41
12

2.
65

12
6.

80
12

6.
86

12
7.

09
12

7.
15

12
7.

65
12

8.
97

13
1.

10
13

1.
56

13
6.

91
14

6.
35

15
2.

90

N
N

Ph

6ca 100 MHz

13C{1H}

S90



PSD 926
PSD 926 190 (3.475) AM2 (Ar,20000.0,556.28,0.00,LS 3); Sm (SG,
3x1.00)
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PSD-886 #515 RT: 3.12 AV: 1 NL: 9.75E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-887 #479 RT: 2.93 AV: 1 NL: 4.04E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD 924
PSD 924 201 (3.682) AM2 (Ar,20000.0,556.28,0.00,LS 3); Sm (SG,
3x1.00)

IISER PUNE
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PSD-876-A_210408111503 #559 RT: 3.39 AV: 1 NL: 3.83E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-877-A_210408110315 #330 RT: 2.00 AV: 1 NL: 6.36E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-881-A #337 RT: 2.06 AV: 1 NL: 3.12E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-880 #599 RT: 3.65 AV: 1 NL: 1.24E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-876_K_210408110908 #324 RT: 1.96 AV: 1 NL: 1.30E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-877-K #314 RT: 1.89 AV: 1 NL: 5.08E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-879 #346 RT: 2.12 AV: 1 NL: 1.07E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-917 #571 RT: 3.07 AV: 1 NL: 4.82E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-881_K #380 RT: 2.29 AV: 1 NL: 5.12E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-894-A_210408103547 #768 RT: 4.64 AV: 1 NL: 2.45E6
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-894-C_210408104740 #744 RT: 4.54 AV: 1 NL: 4.78E5
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD 927
PSD 927 153 (2.804) AM2 (Ar,20000.0,556.28,0.00,LS 3); Sm (SG,
3x1.00)
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PSD 934
PSD 934 172 (3.148) AM2 (Ar,20000.0,556.28,0.00,LS 3); Sm (SG,
3x1.00)
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Y 935 K
Y 935 K 158 (2.889) AM2 (Ar,20000.0,556.28,0.00,LS 3); Sm (SG,
3x1.00)
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PSD 925
PSD 925 194 (3.543) AM2 (Ar,20000.0,556.28,0.00,LS 3); Sm (SG,
3x1.00)

IISER PUNE

100
1: TOF MS ES+

7.22e4122.0604

95.0489

77.0369

333.1063

123.0640

148.0770

173.0443

!
301.0750!

201.0560

197.0426
334.1093

316.0798

273.0611

!
540.5351

439.3786
!

335.1045
!;411.3460

467.4096

512.5087
663.4529

!
541.5408

633.5046
599.5152 664.4577 717.5945

! !
773.6513

CALCULATED MASS
(M+H)+ 333.1061

0
50

m/z
800100 150 200 S 350 400 450 500 550 600 650 700 750

163



9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

0.923.001.031.031.051.181.202.171.111.081.11

CHLOROFORM-d

0.
02

1.
63

2.
30

3.
91

4.
75

4.
77

5.
24

5.
26

7.
17

7.
27

7.
32

7.
32

7.
39

7.
39

7.
42

7.
44

7.
82

7.
84

7.
88

7.
89

N
N

HO

7aj 400 MHz

1H

S164



144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

57
.3

1

70
.0

0

80
.7

6

12
3.

74
12

3.
9412

8.
66

12
8.

79

N
N

HO

7aj

S165



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

CHLOROFORM-d

57
.3

1

70
.0

1
76

.6
8

77
.0

0
77

.3
2

80
.7

8

12
3.

74
12

3.
95

12
8.

14
12

8.
22

12
8.

39
12

8.
66

12
8.

79
13

1.
83

13
3.

01
13

6.
03

N
N

HO

7aj 100 MHz

13C{1H}

S166



Y 943 Ph
Y 943 Ph 87 (1.599) AM2 (Ar,20000.0,556.28,0.00,LS 3); Sm (SG,
3x1.00)

IISER PUNE

%

100
1: TOF MS ES+

4.88e3239.1188

234.2038
230.2487

227.1416
!

231.0908
237.1008

240.1226

!
246.1024

!
246.0591

240.2318
243.2491

256.2611!
254.0240

253.0020250.1763
!

247.1089

!
261.1004259.1241

CALCULATED MASS
(M+H)+ 239.1184

0 m/z
228 230 232 234 236 238 240 242 244 246 248 250 252 254 256 258 260 262

N
N

HO

7aj

S167



9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

3.083.001.070.872.101.021.032.13

CHLOROFORM-d

0.
02

2.
52

4.
35

7.
27

7.
56

7.
65

7.
67

7.
68

7.
68

7.
69

7.
69

7.
75

8.
15

8.
71

8.
73

8.
73

8.
74

8.
75

S168



136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

13
.3

4

58
.4

7

12
2.

66
12

2.
88

12
5.

27
12

6.
33

12
6.

98

S169



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

CHLOROFORM-d

13
.3

4

58
.4

6

76
.6

8
77

.0
0

77
.3

2

12
2.

65
12

2.
88

12
3.

46
12

5.
26

12
6.

18
12

6.
33

12
6.

66
12

6.
98

12
9.

68
13

2.
13

14
6.

94

S170



Y 942
Y 942 122 (2.236) AM2 (Ar,20000.0,556.28,0.00,LS 3); Sm (SG,
3x1.00)
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PSD-Fluorscence #491 RT: 4.02 AV: 1 NL: 3.16E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-78K #562 RT: 3.08 AV: 1 NL: 1.15E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-81 #618 RT: 3.40 AV: 1 NL: 1.42E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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PSD-82 #528 RT: 2.90 AV: 1 NL: 1.06E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]
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Pyrene-PhNHNH2_211207141520 #539 RT: 2.40 AV: 1 NL: 1.42E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]

230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

307.1232
R=64507

C 22 H15 N2 = 307.1230
0.7307 ppm

279.1593
R=67807

297.0828
R=65907

237.0796
R=73307

285.0648
R=66307249.0912

R=70407
391.2846
R=56207

324.2172
R=61602 412.1812

R=52602
338.2328
R=58502

264.9546
R=66204

365.1057
R=54202

353.0523
R=54402

S223


