Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2019

Supporting Information

Multisulfonate hyperbranched polyglycerol functionalized graphene oxide
as an  efficient reusable catalyst for green  synthesis of

benzo[a]pyrano-[2,3-c]phenazines under solvent-free conditions

Hossein Naeimi* and Maryam Farahnak Zarabi
Department of Organic Chemistry, Faculty of Chemistry, University of Kashan, Kashan, 87317,
I. R. Iran. Fax: +98-03155912397; Tel: +98-03155912388; E-mail: nacimi@kashanu.ac.ir.

Table of Contents

Data of COMPOUNGS. ......uiet it et e et et et e e ere e 2

NMR and IR of COMPOUNAS. ... .ottt et 6



Data of compounds
3-amino-1-phenyl-1H-benzo[a]pyrano|[2,3-c]phenazine-2-carbonitrile (6a)

Yellow solid, mp: 300-303 °C (lit. [25]: 298-300 °C); IR (KBr, v, cm™): 3443, 3312, 3174, 3055,
2188, 1659, 1623, 1593, 1493, 1397;"H NMR (400 MHz, DMSO-dj) (8, ppm): 5.49 (s, 1H), 7.08
(t, = 8.0 Hz, 1H), 7.21 (t, /'=8.0 Hz, 2H), 7.28 (m, NH,), 7.39 (d, /’=8.0 Hz, 2H), 7.90-7.94
(m, 3H), 7.98 (t, /'=8.0 Hz, 1H), 8.13-8.15 (m, 1H), 8.24-8.26 (m, 1H), 8.43 (d, /’=8.0 Hz, 1H),
9.21 (d, /’=8.0 Hz, 1H).

3-amino-1-(4-(dimethylamino)phenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile
(6b)

Orange solid, mp: 259-263 °C (lit. [25]: 261-263 °C); IR (KBr, v, cm'l): 3463, 3310, 3061, 2208,
1628, 1594, 1533, 1458, 1351; '"H NMR (400 MHz, DMSO-d;) (8, ppm): 3.38 (s, 6H), 6.84 (m,
NH,), 7.19 (s, 1H), 7.80-7.91 (m, 6H), 8.15 (d, /’=8.0 Hz, 1H), 8.28 (d, /'=8.0 Hz, 1H), 8.30-
8.32 (m, 2H), 9.25-9.27 (m, 1H), 11.55 (s, 1H).

3-amino-1-(2-chlorophenyl)-1H-benzo[a]pyrano|2,3-c]phenazine-2-carbonitrile (6¢)

Yellow solid, mp: 300-304 °C; IR (KBr, v, cm™): 3464, 3312, 3170, 3057, 2191, 1658, 1623,
1590, 1470, 1387; '"H NMR (400 MHz, DMSO-de) (8, ppm): 5.92 (s, 1H), 7.08-7.10 (m, 2H),
7.18-7.19 (m, 1H), 7.33 (m, NH,), 7.38-7.40 (m, 1H), 7.89-8.02 (m, 5H), 8.22-8.24 (m, 1H), 8.44
(d, =8.0 Hz, 1H), 9.21 (d, /’=8.0 Hz, 1H).

3-amino-1-(4-chlorophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6d)

Yellow solid, mp: 285-290 °C (lit. [25]: 288-291°C); IR (KBr, v, cm™): 3464, 3311, 3173, 3057,
2188, 1659, 1623, 1593, 1489, 1402, 1385; "H NMR (400 MHz, DMSO-ds) (5, ppm): 5.45 (s,
1H), 7.26 (d, /= 8.0 Hz, 2H), 7.32 (s, NH,), 7.41 (d, /= 8.0 Hz, 2H), 7.89-7.93 (m, 2H), 7.96-
8.0 (m, 2H), 8.08-8.10 (m, 1H), 8.22-8.23 (m, 1H), 8.41 (d, /= 8.0 Hz, 1H), 9.18 (d, /’= 8.0 Hz,
1H).

3-amino-1-(2,4-dichlorophenyl)-1H-benzo[a]pyrano|[2,3-c]phenazine-2-carbonitrile (6e)



Brown solid, mp: 307-310 °C (lit. [31]: 308-310 °C); IR (KBr, v, cm™"): 3478, 3313, 3168, 3069,
2186, 1659, 1624, 1589, 1468, 1403, 1385; "H NMR (400 MHz, DMSO-ds) (5, ppm): 5.84 (s,
1H), 7.14 (d, /= 8.0 Hz, 1H), 7.20 (d, ’=8.0 Hz, 1H), 7.40 (s, NH,), 7.54 (s, 1H), 7.88-8.0 (m,
5H), 8.21-8.23 (m, 1H), 8.41 (d, /'=8.0 Hz, 1H), 9.19 (d, /’=8.0 Hz, 1H).

3-amino-1-(2-bromophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6f)

Brown solid, mp: 284-286 °C; IR (KBr, v, em™): 3464, 3311, 3169, 3055, 2191, 1659, 1623,
1589, 1467, 1387; 'H NMR (400 MHz, DMSO-dy) (5, ppm): 5.88 (s, 1H), 6.97-7.01 (m, 1H),
7.10 (m, 2H), 7.36 (s, NHa), 7.57 (d, /’=8.0 Hz, 1H), 7.87-7.89 (m, 2H), 7.93 (t, '=8.0 Hz, 2H),
7.99-8.01 (m, 1H), 8.18-8.20 (m, 1H), 8.42 (d, ’=8.0 Hz, 1H), 9.17 (d, /’=8.0 Hz, 1H).

3-amino-1-(3-bromophenyl)-1H-benzo[a]pyrano[2,3-c|phenazine-2-carbonitrile (6g)

Brown solid, mp: 268-269 °C; IR (KBr, v, cm™): 3486, 3302, 3171, 3060, 2197, 1662, 1627,
1591, 1471, 1385; 'H NMR (400 MHz, DMSO-dq) (5, ppm): 5.51 (s, 1H), 7.19-7.23 (m, 1H),
7.29-7.33 (m, 1H), 7.40-7.44 (m, 1H), 7.46-7.49 (m, NH,), 7.61-7.63 (m, 1H), 7.95-8.02 (m,
4H), 8.14-8.17 (m, 1H), 8.27-8.31 (m, 1H), 8.43-8.48 (m, 1H), 9.22-9.26 (m, 1H).

3-amino-1-(4-bromophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6h)

Yellow solid, mp: 280-285 °C (lit. [25]: 283-285 °C); IR (KBr, v, cm™): 3467, 3320, 3173, 3056,
2187, 1660, 1623, 1591, 1485, 1401, 1384; '"H NMR (400 MHz, DMSO-ds) (5, ppm): 5.44 (s,
1H), 7.35 (d, /= 8.0 Hz, 2H), 7.40 (d, /= 8.0 Hz, 2H), 7.43 (s, NH,), 7.92-7.98 (m, 4H), 8.09-
8.10 (m, 1H), 8.22-8.23 (m, 1H), 8.42 (d, /'= 8.0 Hz, 1H), 9.19 (d, /’= 8.0 Hz, 1H).

3-amino-1-(2-fluorophenyl)-1H-benzo[a]pyrano|2,3-c]phenazine-2-carbonitrile (6i)

Yellow solid, mp: 270-272 °C; IR (KBr, v, cm™): 3449, 3312, 3058, 2189, 1661, 1625, 1591,
1490, 1406, 1387; '"H NMR (400 MHz, DMSO-ds) (5, ppm): 5.75 (s, 1H), 7.0-7.16 (m, 2H),
7.26-7.34 (m, 2H), 7.38 (s, NH,), 7.90-8.0 (m, 4H), 8.26-8.29 (m, 1H), 8.32-8.36 (m, 1H), 8.46
(d, =8.0 Hz, 1H), 9.24 (d, /’=8.0 Hz, 1H).

3-amino-1-(4-fluorophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6))



Yellow solid, mp: 275-280 °C (lit. [25]: 274-276 °C); IR (KBr, v, cm™): 3459, 3315, 3174, 3052,
2190, 1660, 1623, 1593, 1502, 1402, 1385; 'H NMR (400 MHz, DMSO-dq) (8, ppm): 5.49 (s,
1H), 7.03 (t, /= 8.0 Hz, 2H), 7.41-7.45 (m, 2H-Ar and 2H-NH,), 7.91-8.0 (m, 4H), 8.12-8.14
(m, 1H), 8.23-8.26 (m, 1H), 8.42 (d, /’= 8.0 Hz, 1H), 9.20 (d, /’= 8.0 Hz, 1H).

3-amino-1-(2-nitrophenyl)-1H-benzo[a]pyrano|2,3-c]phenazine-2-carbonitrile (6k)

Brown solid, mp: 279-283 °C; IR (KBr, v, cm'l): 3437, 3063, 2194, 1664, 1629, 1594, 1526,
1388, 1351; '"H NMR (400 MHz, DMSO-dq) (5, ppm): 6.11 (s, 1H), 7.31 (t, /= 8.0 Hz, 1H),
7.40 (d, = 8.0 Hz, 1H), 7.47 (t, J'= 8.0 Hz, 1H), 7.52 (s, NH,), 7.86-7.98 (m, 4H), 8.19 (d, /=
8.0 Hz, 1H), 8.24-8.26 (m, 1H), 8.28-8.31 (m, 1H), 8.42 (d, /’= 8.0 Hz, 1H), 9.13 (d, /’= 8.0 Hz,
1H).

3-amino-1-(4-nitrophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (61)

Yellow solid, mp: 277-280 °C (lit. [25]:281-283°C); IR (KBr, v, cm’"): 3440, 3318, 3204, 3068,
2197, 1672, 1628, 1593, 1514, 1385, 1346; '"H NMR (400 MHz, DMSO-ds) (5, ppm): 5.61 (s,
1H), 7.53-7.55 (m, NHa), 7.67-7.71 (m, 2H), 7.93-8.01 (m, 4H), 8.08-8.12 (m, 2H), 8.25-8.29
(m, 2H), 8.44-8.46 (m, 1H), 9.21-9.24 (m, 1H).

3-amino-1-(3-methoxyphenyl)-1H-benzo|a]pyrano[2,3-c]phenazine-2-carbonitrile (6m)

Yellow solid, mp: 238-243 °C (lit.[31]: 240-242 °C); IR (KBr, v, cm™): 3420, 3340, 3215, 2193,
1666, 1596, 1492, 1385; 'H NMR (400 MHz, DMSO-dq) (8, ppm): 3.67 (s, 3H), 5.48 (s, 1H),
6.67 (d, /= 8.0 Hz, 1H), 6.91 (d, /’=8.0 Hz, 1H), 7.01 (s, 1H), 7.13 (t, //=8.0 Hz, 1H), 7.40 (s,
NH,), 7.93-7.94(m, 2H), 7.99 (t, /'=8.0 Hz, 2H), 8.15-8.18 (m, 1H), 8.25-8.28 (m, 1H), 8.43 (d,
J=8.0 Hz, 1H), 9.21 (d, /'=8.0 Hz, 1H).

3-amino-1-(4-methoxyphenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6n)

Yellow solid, mp: 270-272 °C; IR (KBr, v, cm™): 3431, 3314, 3194, 3047, 2194, 1667, 1596,
1508, 1386; "H NMR (400 MHz, DMSO-dj) (5, ppm): 3.61 (s, 3H), 5.50 (s, 1H), 6.77 (d, /= 8.0
Hz, 2H), 7.19-7.21 (m, NH,), 7.33 (d, /°=8.0 Hz, 2H), 7.95-8.0 (m, 4H), 8.20-8.22 (m, 1H),
8.30-8.31(m, 1H), 8.46 (d, //=8.0 Hz, 1H), 9.26 (d, /’=8.0 Hz, 1H).

3-amino-1-(2,3-dimethoxyphenyl)-1H-benzo[a]pyrano|2,3-c]phenazine-2-carbonitrile (60)
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Yellow solid, mp: 287-291 °C (lit. [25]: 292-294°C); IR (KBr, v, cm™): 3426, 3312, 3174, 3051,
2187, 1659, 1624, 1592, 1491, 1387; "H NMR (400 MHz, DMSO-ds) (5, ppm): 3.84 (s, 3H),
3.88 (s, 3H), 5.83 (s, 1H), 6.73(t, J’=8.0 Hz, 1H), 6.95 (d, /’=8.0 Hz, 1H), 7.05-7.11 (m, 1H),
7.19 (s, NH,), 7.89-8.02 (m, 5H), 8.25-8.27 (m, 1H), 8.46 (d, /'= 8.0 Hz, 1H), 9.24 (d, /'’=8.0
Hz, 1H).

3-amino-1-(o-tolyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6p)

Yellow solid, mp: 256-260 °C; IR (KBr, v, cm™): 3486, 3309, 3174, 3061, 2194, 1662, 1627,
1595, 1386; "H NMR (400 MHz, DMSO-ds) (8, ppm): 2.18 (s, 3H), 5.44 (s, 1H), 6.89 (d, J’= 8.0
Hz, 1H), 7.10 (t, ’=8.0 Hz, 1H), 7.19 (m, 2H), 7.36 (s, NHy), 7.91-7.92 (m, 2H), 7.97-8.0 (m,
2H), 8.13-8.14 (m, 1H), 8.23-8.25(m, 1H), 8.43 (d, = 8.0 Hz, 1H), 9.20 (d, /’=8.0 Hz, 1H).

3-amino-1-(p-tolyl)-1H-benzo[a]pyrano[2,3-c|phenazine-2-carbonitrile (6q)

Yellow solid, mp: 295-297 °C (lit. [25]: 293-294 °C); IR (KBr, v, cm'l): 3441, 3311, 3177, 3054,
2187, 1659, 1623, 1594, 1496, 1387; '"H NMR (400 MHz, DMSO-d;) (8, ppm): 2.13 (s, 3H),
5.45 (s, 1H), 7.01 (d, /’= 8.0Hz, 2H), 7.27 (d, /=8.0 Hz, 2H), 7.34 (m, NH,), 7.91-8.0 (m, 4H),
8.14-8.16 (m, 1H), 8.25-8.27 (m, 1H), 8.43 (d, /'= 8.0 Hz, 1H), 9.22 (d, /°=8.0 Hz, 1H).



NMR and IR spectra of compounds:

%Transmittance

100

90

80

70

60

50

40

30

20

b b b b b b

Lol b dy

344345

317496

N
=
2

305543 -

44688 -

2000
Wavenumbers (cm-1)

3000

1000

IR of 3-amino-1-phenyl-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6a)

o -
ES
w

BRUKER

Current

PROCNO
B2 -
Date_
Time
INSTRUM
FROBED
FULPROG

Data Parameters
3H-4

1831

1

Acquisition Parameters
201

2896.3
62.400 usec
6.00 usec

300.0
5.00000000 sec
CHANNEL fl ========

15.00
-6.00 d
400.1336012

F2 - Processing parameters

32768
400.1300065 MHz
EM

0
0.30 Hz
0

1.00

'H NMR of 3-amino-1-phenyl-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6a)



100

90

80

915.34

3061.22
854.06

70

1086.02
1007.04
722.51

1484.53

3463.28
1406.35

528.67 5
4054941&?"? )

583.45

60

3310.99
1138.34

50

2208.45

%Transmittance
1628.55

153313

1458.81
1224.99

40

£ T

30

20

762.85

1504.58

4000 3000 2000
Wavenumbers (cm-1)

1000

IR of 3-amino-1-(4-(dimethylamino)phenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6b)

A A A TOTOY AT OO N
PEOTOUNANT-OITNO DM
NN AAOON®®©®©®®R©®©©

| Co<D
=\ ey

Current Data Parameters
NAME 3H-4
EXPNO 1932
\N/ PROCNO 1
F2 - Acquisition Parameters
Date_ 20170114
Time 11.59
INSTRUM +  spect
G P PROBHD 5 mm Multinu
PULPROG zg
Ny CN ™D 32768
| SOLVENT DMSO
: 8
07 "NH ol -
SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 2.0447731 sec
RG 1149.4
oW 62.400 usec
DE 6.00 usec
TE 300.0 K
Dl 5.00000000 sec
======== CHANNEL fl ss======
NUCL 1H
Pl 15.00 usec
PLL -6.00 dB
SFO1 400.1336012 MHz
F2 - Processing parameters
sI
SF 400.1300065 MHz
WDW EM
3SB 0
L8 0.30 Hz
GB Q
PC 1.00

T T T T T T T T T T T T T T 1

14 13 12 1 10 9

AV A
g o [EREEE @

65'

'H NMR of 3-amino-1-(4-(dimethylamino)phenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile
(6b)



100

90

g laaa g
\
A
\
P
S

80—

70

Ll

80

50

%Transmittance

C

z

I
=

40

3312.87"

30

20

755.98

pelv it e b

1668.93

r T
4000 3000 2000
[ Wavenumbers (cm-1)

1000 ‘

IR of 3-amino-1-(2-chlorophenyl)-1H-benzo[a]|pyrano[2,3-c]phenazine-2-carbonitrile (6¢)

v/ SRUBER

Current Data Parameters

NAME 3H-4
EXPNO 1834
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170102
Time

INSTRUM spect
PROBHD 5 mm Multinu
PULPROG zg

™ 32768
SOLVENT DMSO

NS 16

DS 0

SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 2.0447731 sec
RG 2896.3

DW 62.400 usec
DE 6.00 usec
TE 300.0 K

D1 5.00000000 sec
=s====== CHANNEL fl ===s===
NUC1 1H

Pl 15.00 usec
PL1 .00

SFO1 400.1336012 MHz
F2 - Processing parameters
SI 32768

SF 400.1300065 MHz
WDW EM

sSSB 0

LB 0.30 Hz
GB

PC 1.00

'H NMR of 3-amino-1-(2-chlorophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6¢)



Ll

©
=

I
\

80

%Transmittance

70 —

3057.33 .

60

346413

50

317398

40

Lo b by iy

30

20

Ll
3311.25

4000 3000 2000
Wavenumbers (cm-1)

[
SWH 8012.820 Hz
FIDRES 0.244532 Hz

= CHANNEL £1

H

15.00

-6.00 dB
400.1336012 MHz

F2 - Processing parameters
SI 32768
SF 400.1300065 MHz
WoW EM
SSB 0
1B 0.30 Hz
GB 0
PC 1.00
Mt st
T T T T T T T T

'H NMR of 3-amino-1-(4-chlorophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6d)




100
| 90 Il i
ol
~ 1 MDB
80 =3 o5
] | 8 MNagrRe
z | b | Iy 3 © W
o 10 b S |
2 2 i & = 2
s ; O | ¥ 58y
£ E | = [ |
@ o © a MNed
y 2 5 © LI a 5| R ges
= ] @ @ Ns CN o - 055
S g W = ‘ \ : I =" ig lo
= 3 | 07 NHy oy l's = * o
] || e = =
30 | I 8 & 8
] i . | ® §
20 J% =
] o
10| 2 b
3 @
-1 Te]
T o)
4000 3000 2000 2 1000

Wa_venur_nbers (em-1)

IR of 3-amino-1-(2,4-dichlorophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6e)

3.353
2.491

Current Data Parameters

NAME 3H-4
EXPNO 1829
PROCNO 1

F2 - Acquisition Parameters

Date_ 20170102
Time .
INSTRUM *  spect
PROBHD 5 mm Multinu
PULPROG zg

D 32768
SOLVENT DMSO

NS 16

DS 0

SWH B8012.820 Hz
FIDRES 0.244532 Hz
AQ 2.0447731 sec
RG 2896.3

oW 62.400 usec
DE 6.00 usec
TE 300.0 K

D1 5.00000000 sec
mmmmm=== CHANNEL f] ========
NUC1 1H

Pl 15.00 usec
PL1 -6.00
SFOl 400.1336012 MHz

F2 - Processing parameters
S1 3276

SF 400.1300065 MHz
WOW EM
SSB 0

LB 0.30 Hz
0

J JJM J J 5 1.00

LY
1.00 =

"H NMR of 3-amino-1-(2,4-dichlorophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6¢)

10



Ll L)

100 .
‘ ] | :lm;' |
e v | \ ol Ba Lk /)
Z / A @ | A [ =T
1 VAR Vo8 1,33 o'l e
| L= - 5 ©° 3 ALy P <
1 = 3 g “ I It 8 %ﬁﬁq
s 0 g 5 R SERR k=N - R
& = \/ 2 ol 2|
g 60 l & Il g5l
Z B o0 I @ | N &= |
£ ] Ny Il == =
s 5 Il Sk 2l
@ = @ > =
b . = 'y [ 3\%@5 |~ & ‘
s e i N=ag | ‘
B & L |
. = \J || o |
. ~ | ‘i | 5
30 I V
1 ® | 2
3 2 s @ ‘
|~ [
10 o 3
| =
g -
4000 3000 - 1000
L = = __Wavenumbers (cm-1)

IR of 3-amino-1-(2-bromophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6f)

10
7.997
7.928
7.890
7.880
7.356
7.098

8.0

5.882

3.340

2.493

Current Data Parameters

NAME
EXPNO
PROCNO

3H-4
1934
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PRCBHD
PULPROG
D
SOLVENT
NS

14

T

13

T T T

12 1 10

T T

9

103\

8 7
Ji - \ L =
I<l<leleldlelelele

T
6 5

\

=
=]
i

20170115

spect

5 mm Multinu
zg

32768

DMSO

16

0

8012.820
0.244532
2.0447731
2298.8
62.400
6.00

300.0
5.00000000

-6.00
400.1336012

400.1300065
EM

0

0.30

0

1.00

F2 - Processing parameters
32768

MHz

Hz

'H NMR of 3-amino-1-(2-bromophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6f)

11



100 ] :
90 | | / Al WL A
= . =4 | \ Sl | [ ‘o
] \ o | Ul [ ~ o ‘ad ey T
2\ | 8 4N EE LR
g 8 & e8| B e
70 ® = - ‘ | gl 2f & &
@ ] N & | | Ny N[ @l %
2 1 8 & ‘ A= P .
© N @ | | 1 | Rl S = |
I8 60- b I | BN e
E \\54: 5 28 s |
F _ ‘ R 7 &<
= - lled 2= (|
g 50 = @ g ~ 38 \
& . 5 T || & F 2
d ; .
. -]
30 | ~ I
1 2 I
- w b=
20 S
; 8
10 )
= Q ‘
- o~
- % -
4000 3000 2000 k3 1000

Wavenumbers (cm-1)

Co<)
e yalay

Current Data Parameters
AME 3H-4
EXPNO 1929
PROCNO 1
Br
O F2 - Acquisition Parameters
Date 20170114
% P Time™ ©1Le3
INSTRUM spect
N N PROBHD 5 mm Multinu
| PULPROG 29
D 32768
L 2 SOLVENT DMSO
NS g
DS 0
SWH 8012.820 Hz
FIDRES 0.244532 Hz
AQ 2.0447731 sec
RG 4096
DW 62.400 usec
DE 6.00 usec
TE 300.0 X
D1 5.00000000 sec
CHANNEL £l ===mmm==
1H
15.00 usec
-6.00 dB
400.1336012 MHz
F2 - Processing parameters
sI 32768
sF 400.1300065 MHz
WDW M
SSB 0
LB 0.30 Hz
GB 0
eC 1.00

T T T T T T T T T T T T T T T
14 13 12 1" 10 8 5 4 3 2 1 ppm

9 T 6
) 1.
= R B B B e B R -l

'H NMR of 3-amino-1-(3-bromophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6g)

12



~ %Transmittance

100
9
80
70
60
50 -
40 |
30

20

3467 .64

332046

3173.84

3056.36

2923.78

P2
)
(o]
=z
=
2187.50

1591.61623:16

1660.18

1485.73
79 -
136483 1291% 7
3931 27

955.19
829.34
67028
613.55
561.56 .

1163.27
11062414
105313%g4

758.92

40878

3000

2000
Wavenumbers (cm-1)

1000

IR of 3-amino-1-(4-bromophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6h)

Mo ®o®®©

T

= = \ oS
Ll Ll SO0S
W
Q O F2 - p\cquj:itjo:’)n‘g
ZN Tine- e

INSTRUM
PROBHD
PULPROG

D
SOLVENT

usec

400.1336012 MHz

F2 - Processing parameters
SI 27
SF 400.1300065 MHz
wDW EM
SSB ]
LB 0.30 Hz
GB 0
EC 1.00

'H NMR of 3-amino-1-(4-bromophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6h)
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'H NMR of 3-amino-1-(2-fluorophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6i)
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'H NMR of 3-amino-1-(4-fluorophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6;j)
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'H NMR of 3-amino-1-(2-nitrophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6k)
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'H NMR of 3-amino-1-(4-nitrophenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (61)
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'H NMR of 3-amino-1-(3-methoxyphenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6m)

18



- |
100 . ‘
N | 1
0] ., [ —
= . VA I | oo
E L
0 — | il re]
] [ | gi'. 1 1 a
70 _, | [ | TV | |
8 ‘-.'C"‘. 1] ‘ 3,!.“ | ;‘;‘l‘ ‘
5 60 82 AR ) I
x [ ~ @ | - an | Swo
€ 2] \ [ 3 0 | pay 4
] \ I V ® N ‘ ‘ ‘ gig <
g 50 i 3 1 ‘ Vs 3
= = e i < 5 7 2
= @ = | 2 || 5% e} 2
40 — - N © | o I ©
-] - 0 Yy 2\ | =
=5 I~ [ - U
L [ f @
30 = - | i
=, ) @ I =
| 2 (S
20 ‘ - ©
@0
o
10 o
N 5]
v I~
' ‘ ‘ -
| 4000 3000 2000 G 1000

| - Wavenumbers (cm-1) ‘

IR of 3-amino-1-(4-methoxyphenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6n)

o OV 0~ OV
- M= M N MDD ™
=i} O W nwm Mo
: o i <)
Current Data Parameters
NAME 3H-4
EXPNO 1833
OCH;, PROCNO 1
F2 - Acquisition Parameters
Date_ 20170102
Time 7.42
=N INSTRUM spect
| PROBHD 5 mm Multinu
Nx CN PULPROG zg
| T 32768
SOLVENT DMSO
0" "NHz ] 16
DS 0
SWH 8012.820 Kz
FIDRES 0.244532 Hz
AQ 2.0447731 sec
RG 2896.3
oW 62.400 usec
DE 6.00 usec
TE 300.0 K
Dl 5.00000000 sec
mm=s==== CHANNEL f1 m=======
NUC1
Pl 15.00 usec
PL1 -6.00 dB
SFO1 400.1336012 MHz
F2 - Processing parameters
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'H NMR of 3-amino-1-(4-methoxyphenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6n)
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1H
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F2 - Processing parameters
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"H NMR of 3-amino-1-(2,3-dimethoxyphenyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (60)
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F2 - Bequisition Parameters
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SOLVENT DMSO

NS 8

D 0

SWH 8012.820 Hz
FIDRES 0.244532 Hz
E%) 2.0447731 sec
RG 2298.8

o 62.400 usec
DE 6.00 usec
TE 300.0 K

D1l 5.00000000 sec
=== CHANNEL £l ==mmmmm=
NUC 1H

Pl 15.00 usec
PLL -6.00 dB
SFO 400.1336012 MHz

F2 - Processing parameters
b3 32768

5
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55B ]
LB 0.30 Hz
GB [
BC 1.00

'H NMR of 3-amino-1-(o-tolyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6p)
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F2 - Acquisition Parameters
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D1 5.00000000 sec
CHANNEL £1
NUC1 1H
Pl 15.00 usec
PL1 -6.00 dB
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F2 - Processing parameters
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SSB 0
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GB il
EC 1.00
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'H NMR of 3-amino-1-(p-tolyl)-1H-benzo[a]pyrano[2,3-c]phenazine-2-carbonitrile (6q)
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