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Abstract

An environmentally benign, new, simple and effective protocol
for the synthesis of azo-Linked bis coumarinyl methanes by a
nucleophilic addition reaction of one equivalent of synthesized
aldehydes and two equivalents of 4-hydroxy coumarins in the
presence of 3,3'-(butane-1,4-diyl)bis(1,2-dimethyl-1H-imidazol-
3-ium) hydrogen sulfate ((BDBDMIm]HSO4) as a novel and
efficient ionic liquid under stirring in room temperature is
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 conditions, green chemical
media, excellent yields, short reaction times and simple work-up
procedures. Different derivatives of azo-Linked bis coumarinyl
methanes consist of electron withdrawing groups or electron
releasing groups were synthetized and all of them were
characterized by their physical constant, IR, *H NMR, *C NMR

spectroscopy and elemental analysis.
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3-((5-(2-(4-nitrophenyl)diazenyl)-2-
hydroxyphenyl)(4-hydroxy-2-oxo-
2H-chromen-3-yl)methyl)-4-hydroxy-
2H-chromen-2-one (3a).

FT-IR (KBr): v 3447, 1711, 1672,
1645, 1612, 1533, 1389, 1240, 1205
cmt. 'H NMR (DMSO-dg, 500 MHz):
& = 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, J = 2.1Hz),
7.77 (s, 1H), 7.51 (t, 1H, J = 7.5 Hz),
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 = 7.6 Hz), 7.09 (d, 1H, J = 8.2
Hz), 5.71 (s, 1H) ppm. *C NMR
(DMSO-ds, 125 MHz): & = 160.7,
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 ppm. Anal
Calc. for C31H1gN3Og: C, 64.47; H,
3.32; N, 7.28. Found: C, 64.53; H,
3.27; N, 7.33.

3-((5-(2-(2-chlorophenyl)diazenyl)-2-
hydroxyphenyl)(4-hydroxy-2-oxo-
2H-chromen-3-yl)methyl)-4-hydroxy-
2H-chromen-2-one (3b).

FT-IR (KBr): v 3172, 3066, 2937,
1709, 1662, 1618, 1236, 1207, 759
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8.8 Hz), 7.88 (dd, 1H, J = 8.8 Hz, J =
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 = 7.6 Hz), 5.85 (s, 1H)
ppm. ¥C NMR (DMSO-ds, 125
MHz): 6 =161.1, 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  ppm. Anal Calc. for
Ca1H19IN207: C, 56.55; H, 2.91; N,
4.25. Found: C, 56.48; H, 2.79; N,
4.34.

3-((5-(2-(4-bromophenyl)diazenyl)-2-
hydroxyphenyl)(4-hydroxy-2-oxo-
2H-chromen-3-yl)methyl)-4-hydroxy-
2H-chromen-2-one (3e).

FT-IR (KBr): v 3443, 1713, 1663,
1618, 1560, 1240, 1211 cm™. H
NMR (DMSO-dg, 500 MHz): & = 8.13
(d, 1H,J = 7.6 Hz), 7.89 (dd, 1H, J =
8.8 Hz, J = 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) ppm. 3C NMR (DMSO-
ds, 125 MHz): 6 = 160.8, 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 ppm. Anal Calc.
for C31H19BrN207: C, 60.90; H, 3.13;
N, 4.58. Found: C, 61.03; H, 3.26; N,
4.67.

3-((5-(2-(2-methyl-4-nitrophenyl)
diazenyl)-2-hydroxyphenyl)(4-
hydroxy-2-oxo0-2H-chromen-3-
yl)methyl)-4-hydroxy-2H-chromen-2-
one (3f).

FT-IR (KBr): v 3182, 3084, 2928,
1680, 1578, 1512, 1462, 1346, 1288,
1225 cm™t. *H NMR (DMSO-ds, 500
MHz): 6 =8.17 (dd, 1H, J = 8.0 Hz, J
= 1.6 Hz), 7.88 (dd, 1H, J = 8.8 Hz, J
= 2.4 Hz), 7.77- 752 (d, 2H, J = 8.4

cm™. 'H NMR (DMSO-ds, 500 MHz):
d=28.10(dd, 1H,J=8.0Hz,J = 1.6
Hz), 7.85 (dd, 2H, J =8.4 Hz, J = 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) ppm. **C NMR (DMSO-
ds, 125 MHz): & = 161.5, 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 ppm.
Anal Calc. for Cs31H19CIN20O7: C,
65.67; H, 3.38; N, 4.94. Found: C,
65.59; H, 3.25; N, 5.02.

3-((5-(2-(3-chlorophenyl)diazenyl)-2-
hydroxyphenyl)(4-hydroxy-2-oxo-
2H-chromen-3-yl)methyl)-4-hydroxy-
2H-chromen-2-one (3c).

FT-IR (KBr): v 1700, 1650, 1616,
1240, 1205, 753 cm?. 'H NMR
(DMSO-de, 500 MHz): 6 = 8.13 (dd,
1H, J = 8.0 Hz, J = 1.6 Hz), 7.89 (dd,
1H,J=8.8 Hz, J = 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) ppm.
13C NMR (DMSO-ds, 125 MHz): § =
163.1, 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,
115.4, 22.5 ppm. Anal Calc. for
C31H19CIN207: C, 65.67; H, 3.38; N,
4.94. Found: C, 65.69; H, 3.45; N,
4.82.

3-((5-(2-(4-iodophenyl)diazenyl)-2-
hydroxyphenyl)(4-hydroxy-2-oxo-
2H-chromen-3-yl)methyl)-4-hydroxy-
2H-chromen-2-one (3d).

FT-IR (KBr): v 3443, 1701, 1653,
1616, 1558, 1242, 1209 cm™. IH
NMR (DMSO-dg, 500 MHz): 6 = 8.14
(d, 1H, J = 6.8 Hz), 7.91 (d, 2H, J =
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13C NMR (DMSO-ds, 125 MHz): § =
161.3, 156.0, 152.34, 152.0, 149.9,
1495, 133.6, 133.3, 125.6, 125.3,
1247, 124.2, 123.7, 123.6, 123.2,
119.4, 118.0, 114.0, 112.9, 53.1, 21.6
ppm. Anal Calc. for C32H22N20s: C,
68.32; H, 3.94; N, 4.98. Found: C,
68.42; H, 3.83; N, 5.10.

3-((5-(2-(3-methoxyphenyl)diazenyl)-
2-hydroxyphenyl)(4-hydroxy-2-oxo-
2H-chromen-3-yl)methyl)-4-hydroxy-
2H-chromen-2-one (3i).

FT-IR (KBr): v 1705, 1650, 1620,
1250, 1200 cm™. *H NMR (DMSO-ds,
500 MHz): 6 = 8.15 (dd, 1H, J = 7.6
Hz, J = 1.2 Hz), 7.87 (dd, 1H, J = 8.8
Hz, J = 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), 3.82 (s, 1H) ppm. 3C
NMR (DMSO-ds, 125 MHz): & =
162.9, 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, 22.1 ppm. Anal Calc. for
C32H22N20g: C, 68.32; H, 3.94: N,
4.98. Found: C, 68.43; H, 3.81; N,
5.06.

3-((5-(2-(4-methylphenyl)diazenyl)-
2-hydroxyphenyl)(4-hydroxy-2-oxo-
2H-chromen-3-yl)methyl)-4-hydroxy-
2H-chromen-2-one (3j).

FT-IR (KBr): v 3209, 2928, 1707,
1663, 1616, 1240, 1209 cm™. H
NMR (DMSO-de, 500 MHz): 6 = 8.17
(dd, 1H, J = 8.4 Hz, J = 1.6 Hz), 8.10
(dd, 2H,J =8.8 Hz, J = 2.4 Hz), 7.94
(dd, 1H, J =8.8 Hz, J = 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), 2.35 (s, 3H) ppm. 3C NMR
(DMSO-ds, 125 MHz): 6 = 162.1,
152.4, 152.0, 151.6, 150.1, 149.2,
133.8, 132.6, 125.1, 125.0, 124.5,

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), 2.39 (s, 3H) ppm. *C NMR
(DMSO-ds, 125 MHz): 6 = 161.8,
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, 18.9 ppm. Anal Calc. for
C32H21N3Og: C, 64.97; H, 3.58; N,
7.10. Found: C, 65.09; H, 3.70; N,
7.04.

3-((5-(2-phenyldiazenyl)-2-
hydroxyphenyl)(4-hydroxy-2-oxo-
2H-chromen-3-yl)methyl)-4-hydroxy-
2H-chromen-2-one (39).

IR (KBr): v 1685, 1653, 1610, 1248,
1202 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 Hz, J
= 2.0 Hz), 7.85 (d, 1H, J = 8.3 Hz),
7.82 (dd, 2H, J =7.2 Hz, J = 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) ppm.
13C NMR (DMSO-ds, 125 MHz): § =
160.7, 152.4, 152.2, 133.1, 132.8,
131.9, 129.8, 125.1, 1245, 123.8,
123.1, 123.0, 123.0, 118.0, 117.0,
116.7, 116.6, 114.0, 25.5 ppm. Anal
Calc. for C31Hi19N3Og: C, 64.47; H,
3.32; N, 7.28. Found: C, 64.53; H,
3.27; N, 7.33.

3-((5-(2-(4-methoxyphenyl)diazenyl)-
2-hydroxyphenyl)(4-hydroxy-2-o0xo-
2H-chromen-3-yl)methyl)-4-hydroxy-
2H-chromen-2-one (3h).

IR (KBr): v 3340, 1720, 1660, 1630,
1250, 1206 cm™. 'H NMR (DMSO-ds,
500 MHz): 6 = 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), 3.84 (s, 3H) ppm.

¥ I



Y C_ujmu@\p,;ww\ Gtz saoks i slosS e w16 ,58 505 W g iy S e

3.09. Found: C, 68.92; H, 3.26; N,
3.18.
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R 1a-

[BDBDMIm]HSO4

Room Temperature

124.3, 123.9, 123.1, 122.2, 118.8,
118.0, 113.5, 111.9, 23.3, 19.1 ppm.
Anal Calc. for C32H22N207: C, 70.32;
H, 4.06; N, 5.13. Found: C, 70.43; H,
4.17; N, 5.27.

3k: FT-IR (KBr): v 1705, 1648, 1602,
1250, 1202 cm?. 'H NMR (DMSO-
ds, 500 MH2z): 6 = 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 H2z),
7.33-7.37 (m, 1H), 5.86 (s, 3H) ppm.
13C NMR (DMSO-ds, 125 MHz): & =
169.1, 163.5, 154.3, 153.6, 150.8,
149.1, 135.2, 133.5, 129.1, 127.0,
125.9, 124.8, 123.6, 121.0, 119.2,
113.7, 32.7 ppm. Anal Calc. for
C7sH4sN3021: C, 68.87; H, 3.33; N,

3a:R=4-NO, ; 3b: R=2-Cl; 3¢: R=3-Cl ; 3d: R=4-I; 3e: R=4-Br ; 3f: R=2-CH;-4-NO, ;
3g: R=H; 3h: R=3-OCHj ; 3i: R=4-OCH; ; 3j: R=2-CHj;

[BDBDMIMIHSO4 55 sole 55 Wi 5 oS 550 F)m oy 55 ) sl

oslital o tws g3 S L;LAGLA B Lajfj:JUlS
(s slamle o 3l oL ialasl slaesls s
s LSS a5l e SRS
V=Y lacis; O dads) cwd bl
Lyl 5 g oS sl Ol Oldlae (il (pioman
gs;j'i GLA )\ Y mL )‘ oslaiul L: cu:“gb rl}u‘
Cewsas B sles 53 5 [BDBDMIM]HSO4

OHSls Olyen (Gols ol B8 Gl
LYa ol kadl ) mmol STy 51« se
Voo bsS Sesda-Y 31 Ymmol
5 oslizad U1 gles L3 Jpbl JU> ) Jes
3o B Jsame () iy O Jsd)

5 el e X0 o33 Lol FA L35S

L5>._J'~’ )‘ ‘JLLSU ‘hi‘f':’ﬁ ob)'L_’ S g LS‘JJ cdalsl

\al



VRO Okl — Sl ol osled Il Sl ( JT oo asliliad s

(\' g_,&.ib) A d),\;—) .,\fjda

s, * gl Sk oL o33k
(cel) | (D
\ ;)CNLS RERe - A Yo
Y H3BOs +/+0 mmol \Y N
v nano-FesOa +/+0 mmol 7 7
¥ nano-SiO: +/+0 mmol 4 0
o p-TSA +/+0 mmol VY al
s Cu(OAc)2 +/+0 mmol VY <
v [BMIm]Br mLY Y vy
A [BMIm]OH mLY ¥ A
q [BDBDMIm] mL\ | AA
HSO4
V. [BDBDMIm] mLY \ qy
HSO4
0 [BDBDMIm] mLy \ S\
HSO4

5 ekiS0s Sl glaodanl sl sl
1288 5l e 55 g st a0y S
ssbaraS ol pl Sl (S g5 slaesls
Lile) oS 05 Sl (Slacddnl 5 g 5 ¢ o
Sob (o f Lo f e oy S
oSy 035l 5 3 ph o STy el Oles RalS
sbadaal o Jos bl o s 5o
© et L S O ledasts S
3 ol L sty el 6l 5 SV b 0L

Fow Sl Slds H8 lsl s camd o
Wa(pslesS oS 3on¥) = o Slizie L
Sxogl S0 Y ML) we Lils
oslizal (GBI clos 55 s [BDBDMIM]HSO,
03 ek LS 5 das 4 by e slaesls s
L oolS 5 den Sltle ccadlotsl ¥ Jsas
5 BCNMR HNMR FT-IR b

ROEK S J K P g rn [
B obls gbeaadl JSlidss S8 ol 3

W‘I



Y C_La)'lnu.:.«\l.,jjgjl..aj\ shls slaoke JouslesS s s 16 SO C,I;)@;.u...;&g.xw

(Y Jsa)

ol Fowslul 5 Ll 28Ty 5l st essl

[BDBDMIMIHSOs 5 syl 51 s3bitl b (cppla S oS 55kt s 55 ¥ J g

3y | Jgamee® Sl R ol o33k
(a2ds) B(1)
\ 3a 4-NOz2 S qy
Y 3b 2-Cl q. AA
v 3c 3-Cl q. A¥
¥ 3d 4-1 £ AY
o 3e 4-Br I q.
I3 3f 2-CH3-4-NO2 q. AY
v 39 H 9. AS
A 3h 3-OCHs s Q.
q 3i 4-OCHs q. VY
' 3j 2-CHs \Ye A

6 [BDBDMIMIHSOs iy mb & oo

(X Js) ol ealisd L5 L oy

3 adeee aslaal 5 cabl clbB caslsl s

St RIS Ol s G b
O 51 S @l s ey O S50

M‘L f’"‘i V)Lé}* r},w rjb J}\ Olabds
q. s 5 5 5 5 (4i33) Ol
AY % ay 4. ay | ay (1) o33

AL s BUI sles 5 [BDBDMIM]HSOq
¢FT'IR fw;i.:.b L' Lﬁcb‘)j“).é O'i‘ ‘)L:}Lw

ol Dosbme 3 (leS Sssds

|



VRO Okl — Sl ol osled Il Sl ( JT oo asliliad s

) Kl
slacsl 3 a8 wlls o 3 dabsy OB
il 5 ey Al ool sl oKl
S pl el s (OIS Okl el

sl anils 1 S5 S sl

References

[1] Y. Zhou, T. Kijima, S.
Kuwahara, M. Watanabe, T. lzumi,
Tetrahedron Lett. 49 (2008) 3757.

[2] R.O.Kennedy, R.D. Thornes,
Coumarins: Biology, Applications and
Mode of Action; John Wiley and Sons:
Chichester (1997) 360 pages, ISBN:
978-0-471-96997-6.

[3] M. Zabradnik, The Production
and  Application of  Fluorescent
Brightening Agents; John Wiley and
Sons: New York (1992).

[4] R.D.H. Murray, J. Mendez,
S.A. Brown, The Natural Coumarins:
Occurrence, Chemistry and
Biochemistry; John Wiley and Sons:
New York, (1982).

[5] S.A. Rodroguez, M.A.
Nazareno, M.T. Baumgartner, Bioorg.
Med. Chem. 19 (2011) 6233.

[6] J. Jung, J. Lee, S. Oh, J. Leed,
O. Park. Bioorg. Med. Chem. Lett. 14
(2004) 5527.

[7] M. Khoobia, L. Ma’mania, F.
Rezazadehb, Z. Zareieb, A.
Foroumadia, A. Ramazanib, A.
Shafieec, J. Mol. Catal. A: Chem. 359

5550 Spas U0 5 BCNMR HNMR
L P U P -3 R g W
elmil Oloy 53 (slabamYa LB 5 gy o 2ST
ol omeman 38 sbul Lol es3b 5 STy
Sl S 5 L Gn sbgl
G b s el e |y e
6L = 6 [BDBDMIMIHSO:s s wle

c O] 3 aalanal 9 &LJL}JL’

(2012) 74.

[8] M.R. Yazdanbakhsh, H.
Yousefi, M. Mamaghani, E.O. Moradi,
M. Rassa, H. Pouramir, M. Bagheri, J.
Mol. Lig. 169 (2012) 21.

[9] P. Walden, Bull. Acad. Imp. Sci.
St. Petersburg. (1914) 405.

[10] N.V. Plechkova, K.R. Seddon,
Chem. Rev. 37 (2008) 123.

[11] P.A.Z. Suarez, JJ. Dupont,
Chim. Phys. 95 (1998) 1626.

[12] DJ. Adams, P. Dyson, S.T.
Taverner, Chemistry in Alternative
Reaction Media. John Wiley & Sons
Ltd. (2004).

[13] M.J. Earle, K.R. Seddon, Pure
Appl. Chem. 72 (2000) 1391.

[14]  N.V. Plechkova, K.R. Seddon,
Chem. Rev. 37 (2008) 123.

[15] V.I. Parvulescu, C. Hardacre,
Chem. Rev. 107 (2007) 2625.

[16] M. Nikpassand, L. Zare Fekri,

w |



Y C_La)'lnu.:.J\L,j)'TJLAJ\ shls slaoke JouslesS s s 16 SO C,I;)&,!jx...;&,gm

M.R. Mousavi, Lett. Org. Chem. 9 [19] M. Nikpassand, M.

(2012) 375. Mamaghani, F. Shirini, K.
Tabatabaeian, Ultrason. Sonochem. 17

[17] M. Nikpassand, L. Zare Fekri, ;(2010). 301.

P. Farokhian, Synth. Commun. 45 [20] M. Nikpassand, M. Mamaghani,

(2015) 2303. F. Shirini, K. Tabatabaeian, Ultrason.
Sonochem. 17 (2010) 301.

[18] . L. Zare Fekri, M. Nikpassand, [21] M. Nikpassand, L. Zare, M.

K. Hassanpour, Curr. Org. Chem. 12 Saberi, Monatsh. Chem. 143 (2012)

(2015) 76. 289.

COPYRIGHTS

@ © 2022 by the authors. Lisensee PNU, Tehran, Iran. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution

4.0 International (CC BY4.0) (http:/creativecommons.org/licenses/by/4.0)

\td




