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Synthesis of Azo-Linked Bis Coumarinyl Methanes Using [DBU] OAc lonic
Liquid at Room Temperature
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An environmentally benign, effective, new and simple protocol for the synthesis of azo-Linked bis coumarinyl methanes by a
nucleophilic addition reaction of synthesized aldehyde and two equivalents of 4-hydroxy coumarins in the presence of
2,3,4,6,7,8,9,10-octahydropyrimido[1,2-a]azepin-1-ium acetate ([DBU]JOAc) as a ionic liquid under stirring in room
temperature was reported. All reactions are performed in the absence of solvent in high to excellent yield during short reaction
times. Further, the ionic liquid can be reused and recovered for several times without loss of activity. This work consistently has
the other advantages such as mild reaction condition and simple work-up procedures. There are ten derivatives of azo-linked bis
coumarinyl methanes were synthetized. All of synthesized compounds were characterized by IR, *H NMR, C NMR
spectroscopy and elemental analysis. J. Color Sci. Tech. 11(2017), 137-143®©. Institute for Color Science and Technology.
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3C NMR (DMSO-dg, 125 MHz): & = 160.7 (C=0), 155.5,
152.7, 151.4, 149.3, 148.7, 133.2, 132.8, 125.4, 125.1, 124.5,
1245, 123.9, 123.7, 123.1, 118.2, 117.0, 116.9, 115.7, 19.8
(CH) ppm. Anal Calc. for C3;HgN3Og: C, 64.47; H, 3.32; N,
7.28. Found: C, 64.53; H, 3.27; N, 7.33.

(¥b): 3-((5-(2-(2-chlorophenyl)diazenyl)-2-hydroxyphenyl)(4-
hydroxy-2-oxo-2H-chromen-3-yl)methyl)-4-hydroxy-2H-
chromen-2-one), FT-IR (KBr): v 3172 (O-H stretching), 3066,
2937, 1709 (C=0 stretching), 1662 and 1618 (C=C Aromatic
stretching), 1236 and 1207 (C-O stretching), 759 (C-CI
stretching) cm™. *H NMR (DMSO-dg, 500 MHz): & = 8.10 (dd,
1H,J =8.0, 1.6 Hz), 7.85 (dd, 2H, J = 8.4, 2.0 Hz), 7.78 (d,
1H, J = 2.0 Hz), 7.72-7.59 (m, 5H), 7.56 (s, 1H), 7.52-7.39 (m,
4H), 7.31 (d, 1H, J = 8.0 Hz), 5.86 (s, 1H, CH) ppm. *C NMR
(DMSO-dg, 125 MHz): 8 = 161.5 (C=0), 152.4, 149.6, 148.1,
134.3, 133.1, 133.0, 131.1, 128.4, 126.7, 126.0, 125.3, 125.1,
124.5,123.0, 122.49, 118.13, 118.0, 116.9, 116.5, 114.0, 29.2
(CH) ppm. Anal Calc. for C;;H19CIN,O7: C, 65.67; H, 3.38;
N, 4.94. Found: C, 65.59; H, 3.25; N, 5.02.

(Yc): 3-((5-(2-(3-chlorophenyl)diazenyl)-2-hydroxyphenyl)(4-
hydroxy-2-oxo0-2H-chromen-3-yl)methyl)-4-hydroxy-2H-
chromen-2-one, FT-IR (KBr): v 1700 (C=0 stretching), 1650
and 1616 (C=C Aromatic stretching), 1240 and 1205 (C-O
stretching), 753 cm™. 'H NMR (DMSO-dg 500 MHz): & =
8.13 (dd, 1H, J=28.0, 1.6 Hz), 7.89 (dd, 1H, J = 8.8, 2.4 Hz),
7.84-7.81 (m, 2H), 7.75 (d, 1H, J = 2.0 Hz), 7.72 (t, 1H, J =
8.4 Hz), 7.63-7.58 (m, 3H), 7.53 (m, 2H), 7.49 (t, 1H, J = 7.2
Hz), 7.37 (d, 2H, J = 8.1 Hz), 7.32 (d, 1H, J = 7.6 Hz), 5.86 (s,
1H, CH) ppm. C NMR (DMSO-ds, 125 MHz): & = 163.1
(C=0), 153.5, 150.9, 149.4, 135.6, 133.9, 133.6, 132.2, 129.0,
127.0, 126.9, 126.1, 125.5, 124.1, 123.7, 121.7, 119.7, 119.1,
117.4, 116.8, 1154, 22.5(CH) ppm. Anal Calc. for
C3;H19CIN,O7: C, 65.67; H, 3.38; N, 4.94. Found: C, 65.69;
H, 3.45; N, 4.82.

(¥d):  3-((5-(2-(4-iodophenyl)diazenyl)-2-hydroxyphenyl)(4-
hydroxy-2-oxo0-2H-chromen-3-yl)methyl)-4-hydroxy-2H-
chromen-2-one, FT-IR (KBr): v 3443 (O-H stretching), 1701
(C=0 stretching), 1653 and 1616 (C=C Aromatic stretching),
1242 and 1209 (C-O stretching) cm™. 'H NMR (DMSO-ds,
500 MHz): 8 = 8.14 (d, 1H, J = 6.8 Hz), 7.91 (d, 2H, J = 8.8
Hz), 7.88 (dd, 1H, J = 8.8, 1.6 Hz), 7.75-7.71 (m, 3H), 7.63 (d,
2H,J=8.8 Hz), 7.59 (t, 2H, J =8.8 Hz,), 7.52 (t, 1H, J = 8.0
Hz), 7.47 (d, 1H, J = 8.0 Hz), 7.37-7.33 (m, 1H), 7.30 (d, 1H,
J=17.6 Hz), 5.85 (s, 1H, CH) ppm. *C NMR (DMSO-dg, 125
MHz): § = 161.1 (C=0), 152.7, 152.3, 151.9, 150.6, 142.4,
135.4, 134.0, 129.6, 127.7, 124.4, 124.3, 123.8, 123.4, 123.0,
118.54, 117.7, 116.7, 114.7, 20.7 (CH) ppm. Anal Calc. for
Cs1Hy9IN,04: C, 56.55; H, 2.91; N, 4.25. Found: C, 56.48; H,
2.79; N, 4.34.

(Ye): 3-((5-(2-(4-bromophenyl)diazenyl)-2-hydroxyphenyl)(4-
hydroxy-2-oxo-2H-chromen-3-yl)methyl)-4-hydroxy-2H-
chromen-2-one, FT-IR (KBr): v 3443 (O-H stretching), 1713
(C=0 stretching), 1663 and 1618 (C=C Aromatic stretching),
1240 and 1211 (C-O stretching) cm™. 'H NMR (DMSO-ds,
500 MHz): 6 =8.13 (d, 1H, J = 7.6 Hz), 7.89 (dd, 1H, J = 8.8,
2.4 Hz), 7.79- 7.70 (m, 6H), 7.64-7.57 (m, 2H), 7.53-7.46 (m,
2H), 7.39-7.32 (m, 2H), 7.21 (s, 1H), 5.86 (s, 1H, CH) ppm.
3C NMR (DMSO-ds, 125 MHz): & = 160.8 (C=0), 152.7,
152.4, 151.6, 149.3, 138.8, 133.1, 132.7, 129.0, 125.1, 124.8,
124.4, 123.9, 123.1, 123.1, 118.0, 117.0, 116.7, 114.0, 20.7
(CH) ppm. Anal Calc. for C3H;9BrN,O;: C, 60.90; H, 3.13;
N, 4.58. Found: C, 61.03; H, 3.26; N, 4.67.
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(Ya):  3-((5-(2-(4-nitrophenyl)diazenyl)-2-hydroxyphenyl)(4-

hydroxy-2-oxo-2H-chromen-3-yl)methyl)-4-hydroxy-2H-

chromen-2-one, FT-IR (KBr): v 3447 (O-H stretching), 1711
(C=0 stretching), 1672 and 1645 (C=C Aromatic stretching),
1533 (NO, Asymmetric stretching), 1389 (NO, Symmetric
stretching), 1240 and 1205 (C-O stretching) cm™. ‘H NMR
(DMSO0-dg, 500 MHz): 6 = 8.22 (d, 2H, J = 8.8 Hz), 8.03-7.99
(m, 2H), 7.86 (d, 2H, J = 8.8 Hz), 7.82 (dd, 1H, J =8.7, 2.1
Hz), 7.77 (s, 1H), 7.51 (t, 1H, J=7.5Hz), 7.39 (t, 1H,J=7.6
Hz), 7.34-7.30 (m, 2H), 7.36 (d, 1H, J = 8.8 Hz), 7.20 (t, 1H ,
J=7.6Hz),7.09(d, 1H, J =8.2 Hz), 5.71 (s, 1H, CH) ppm.
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stretching) cm™. *H NMR (DMSO-dg 500 MHz): & = 8.15 (dd,
1H, J = 7.6 Hz, J = 1.2 Hz), 7.87 (dd, 1H, J = 8.8, 2.4 Hz),
7.75-7.70 (m, 2H), 7.64-7.57 (m, 3H), 7.54-7.46 (m, 5H),
7.38-7.34 (m, 3H), 7.12-7.09 (m, 1H), 5.86 (s, 1H, CH), 3.82
(s, 1H, CH3) ppm. **C NMR (DMSO-dg, 125 MHz): § =162.9
(C=0), 153.6, 151.0, 150.4, 135.1, 133.6, 133.3, 132.7, 129.4,
127.6, 127.0, 126.7, 125.2, 124.2, 123.7, 121.9, 119.0, 119.0,
118.3,117.2,115.9, 55.4 (CH3) 22.1 (CH) ppm. Anal Calc. for
C3H»N,0g: C, 68.32; H, 3.94; N, 4.98. Found: C, 68.43; H,
3.81; N, 5.06.

(¥j): 3-((5-(2-(4-methylphenyl)diazenyl)-2-hydroxyphenyl)(4-
hydroxy-2-oxo-2H-chromen-3-yl)methyl)-4-hydroxy-2H-
chromen-2-one, FT-IR (KBr): v 3209 (O-H stretching), 2928,
1707 (C=0O stretching), 1663 and 1616 (C=C Aromatic
stretching), 1240 and 1209 (C-O stretching) cm™. *H NMR
(DMSO-dg 500 MHz): 6 = 8.17 (dd, 1H, J = 8.4, 1.6 Hz), 8.10
(dd, 2H, J = 8.8, 2.4 Hz), 7.94 (dd, 1H, J = 8.8, 2.0 Hz), 7.84
(d, 1H, J = 1.6 Hz), 7.74 (t, 1H, J = 8.4 Hz), 7.67-7.61 (m,
3H), 7.55-7.48 (m, 4H), 7.39-7.33 (m, 2H), 5.88 (s, 1H, CH),
2.35 (s, 3H, CHs) ppm. °C NMR (DMSO-dg, 125 MHz): & =
162.1 (C=0), 152.4, 152.0, 151.6, 150.1, 149.2, 133.8, 132.6,
125.1, 125.0, 124.5, 124.3, 123.9, 123.1, 122.2, 118.8, 118.0,
113.5, 111.9, 23.3 (CH), 19.1 (CH3) ppm. Anal Calc. for
Ca,H»N,04: C, 70.32; H, 4.06; N, 5.13. Found: C, 70.43; H,
4.17; N, 5.27.

(YK): FT-IR (KBr): v 1705 (C=O0 stretching), 1648 and 1602

(C=C Aromatic stretching), 1250 and 1202 (C-O stretching)
cm. *H NMR (DMSO-dg, 500 MHz): & = 8.34-8.42 (m, 8H),
8.12-8.18 (m, 4H), 8.10-8.15 (m, 6H), 7.93-8.03 (m, 6H), 7.78
(m, 7H), 7.59 (d, J = 8.4 Hz, 2H), 7.50 (t, 1H, J = 7.2 Hz),
7.45 (d, 1H, J = 8.4 Hz), 7.33-7.37 (m, 1H), 5.86 (s, 3H, CH)
ppm. ¥C NMR (DMSO-dg, 125 MHz): & = 169.1 (C=0),
163.5, 154.3, 153.6, 150.8, 149.1, 135.2, 133.5, 129.1, 127.0,
125.9, 1248, 123.6, 121.0, 119.2, 113.7, 32.7 (CH) ppm.
Anal Calc. for Cz;gHsN3O,: C, 68.87; H, 3.33; N, 3.09.
Found: C, 68.92; H, 3.26; N, 3.18.
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(¥f):  3-((5-(2-(2-methyl-4-nitrophenyl)diazenyl)-2-hydroxy-

phenyl)(4-hydroxy-2-oxo-2H-chromen-3-yl)methyl)-4-
hydroxy-2H-chromen-2-one, FT-IR (KBr): v 3182 (O-H
stretching), 3084, 2928, 1680 (C=0 stretching), 1578 (C=C
Aromatic stretching), 1532 (NO, Asymmetric stretching),
1346 (NO, Symmetric stretching), 1288 and 1225 (C-O
stretching) cm™. *H NMR (DMSO-ds, 500 MHz): § = 8.17 (dd,
1H,J=8.0, 1.6 Hz), 7.88 (dd, 1H, J = 8.8, 2.4 Hz), 7.77- 7.52
(d, 2H, J = 8.4 Hz), 7.76-7.45 (m, 1H), 7.72 (d, 1H, J = 2.0
Hz), 7.65-7.58 (m, 2H), 7.50-7.48 (m, 2H), 7.40-7.36 (m, 4H),
5.88 (s, 1H, CH), 2.39 (s, 3H, CH3) ppm. *C NMR (DMSO-
de, 125 MHz): 3 = 161.8 (C=0), 151.9, 150.1, 149.3, 135.4,
134.9, 133.4, 131.1, 129.4, 127.0, 126.3, 125.9, 125.6, 124.5,
123.6, 122.5, 119.1, 119.02, 117.3, 116.8, 115.4, 28.1 (CH),
18.9 (CH3) ppm. Anal Calc. for CzH,N3Og: C, 64.97; H,
3.58; N, 7.10. Found: C, 65.09; H, 3.70; N, 7.04.

(¥g):  3-((5-(2-phenyldiazenyl)-2-hydroxyphenyl)(4-hydroxy-
2-0x0-2H-chromen-3-yl)methyl)-4-hydroxy-2H-chromen-2-
one, IR (KBr): v 1685 (C=0 stretching), 1653 and 1610 (C=C
Aromatic stretching), 1248 and 1202 (C-O stretching) cm™. *H
NMR (DMSO-ds 500 MHz): 6 = 8.14 (dd, 1H,J=7.6 Hz, J =
1.2 Hz), 7.87 (dd, 1H, J = 8.8, 2.0 Hz), 7.85 (d, 1H, J = 8.3
Hz), 7.82 (dd, 2H, J = 7.2, 1.8 Hz), 7.74-7.70 (m, 2H), 7.63-
7.52 (m, 7H), 7.47 (d, 1H, J = 8.14 Hz), 7.33 (d, 1H, J = 8.0
Hz), 5.89 (s, 1H, CH) ppm. 3C NMR (DMSO-ds, 125 MHz):
& =160.7 (C=0), 152.4, 152.2, 133.1, 132.8, 131.9, 129.8,
125.1, 124.5, 123.8, 123.1, 123.0, 123.0, 118.0, 117.0, 116.7,
116.6, 114.0, 25.5 (CH) ppm. Anal Calc. for C3;H;9N30q: C,
64.47; H, 3.32; N, 7.28. Found: C, 64.53; H, 3.27; N, 7.33.
(Yh): 3-((5-(2-(4-methoxyphenyl)diazenyl)-2-hydroxyphenyl)
(4-hydroxy-2-oxo-2H-chromen-3-yl)methyl)-4-hydroxy-2H-
chromen-2-one, IR (KBr): v 3340 (O-H stretching), 1720
(C=0 stretching), 1660 and 1630 (C=C Aromatic stretching),
1250 and 1206 (C-O stretching) cm™ H NMR (DMSO-ds,
500 MHz): & = 8.14 (d, 1H, J = 6.8 Hz), 7.86-7.82 (m,
4H),7.72 (t, 1H, J = 7.6 Hz), 7.68 (s, 1H), 7.61 (t, 1H,J=7.6
Hz), 7.57-7.44 (m, 3H), 7.38-7.14 (m, 2H), 7.07 (d, 2H, J =
8.8 Hz), 5.86 (s, 1H, CH), 3.84 (s, 3H, CHj3) ppm. *C NMR
(DMSO-ds, 125 MHz): 8 =161.3 (C=0), 156.0, 152.34, 152.0,
149.9, 149.5, 133.6, 133.3, 125.6, 125.3, 124.7, 124.2, 123.7,
123.6,123.2,119.4,118.0, 114.0, 112.9, 53.1 (CH3) 21.6 (CH)
ppm. Anal Calc. for C3,H,,N,0g: C, 68.32; H, 3.94; N, 4.98.
Found: C, 68.42; H, 3.83; N, 5.10.

(Yi): 3-((5-(2-(3-methoxyphenyl)diazenyl)-2-hydroxyphenyl)
(4-hydroxy-2-oxo0-2H-chromen-3-yl)methyl)-4-hydroxy-2H-

chromen-2-one, FT-IR (KBr): v 1705 (C=0 stretching), 1650
and 1620 (C=C Aromatic stretching), 1250 and 1200 (C-O

Ja: R=4-NO2 : 3b: R=2-Cl ; 3¢: R=3-Cl ; 3d: R=4-1: 3e: R=4-Br: 3f: R=
2-CH3-4-NO2 ; 3g: R=H ; 3h: R=3-0CH3 ; 3i: R=4-0CH3 ; 3j: R=2-CH3
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