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7.70—7.67 (m, 3H, ArH), 7.46 — 7.43 (m, 1H, ArH),
7.24-7.20 (m, 2H, ArH), 7.11 - 7.08 (m, 2H, ArH),
6.95 (d, J = 8.0 Hz, 2H, ArH), 6.85 (d, J = 8.0 Hz,
2H, ArH), 5.50 (s, 2H, CHy), 3.82 (s, 3H, OMe),
3.68 (s, 3H, OMe); 3C NMR (101 MHz, DMSO-
de): S(ppm) = 160.3, 158.5, 153.1, 142.7, 135.8,
1305, 128.8, 127.9, 127.4, 122.3, 122.3, 122.0,
121.5,118.9, 114.3, 114.2, 114.1, 110.9, 55.3, 55.0,
46.9.

(S S GBIy S R
(30) Jsgound [d]5-1H

White solid; M.P.= 171-173 °C [Lit. 171-173 °C]
[\v]; *H NMR (400 MHz, DMSO-ds): 8(ppm) = 7.87
— 7.82 (m, 1H, ArH), 7.66 — 7.61 (m, 1H, ArH),
7.44-7.42 (m, 2H, ArH), 7.40 — 7.34 (m, 2H, ArH),
7.25 (d, J = 8.0 Hz, 1H, ArH), 6.98 (d, J = 8.0Hz,
1H, ArH), 6.90 (d, J = 1.9 Hz, 1H, ArH), 6.59 (dd, J
=8.3,1.9 Hz, 1H, ArH), 5.64 (s, 2H, CH>), 3.96 (s,
3H, OMe), 3.86 (s, 3H, OMe), 3.81 (s, 3H, OMe),
3.78 (s, 3H, OMe); *C NMR (101 MHz, DMSO-
de): 8(ppm) = 153.2, 150.0, 148.8, 148.6, 148.0,
142.6, 136.0, 129.3, 122.4, 122.3, 122.0, 121.6,
1189, 118.0, 1124, 111.8, 111.6, 110.9, 110.1,
55.6, 55.4, 55.4, 55.3.

[dlosTH—( L (uSgie ¥ uSga0-Y)-))-0
1(38) Jgib (oS g Y=( ! =V Jgslsen)

White solid; M.P.= 228-230 °C [Lit. 228-230 °C]
['A]; *H NMR (400 MHz, DMSO-ds): §(ppm) = 9.40
(s, 1H, OH), 9.05 (s, 1H, OH), 7.69- 7.67 (m, 1H,
ArH), 7.38- 7.36 (m, 1H, ArH), 7.24 — 7.17 (m, 3H,
ArH), 7.13 (dd, J = 8.3, 2.1 Hz, 1H, ArH), 7.05 (d,
J=8.3Hz, 1H, ArH), 6.84 (d, J = 8.0 Hz, 1H, ArH),
6.47 — 6.43 (m, 2H, ArH), 5.42 (s, 2H, CH2), 3.83
(s, 3H, OMe), 3.71 (s, 3H, OMe); 3C NMR (101
MHz, DMSO-dg): o(ppm) = 153.3, 149.1, 146.9,
146.7, 146.5, 142.6, 135.9, 129.4, 1225, 122.2,
121.9, 120.1, 118.9, 116.7, 116.2, 113.2, 112.3,
111.9, 110.9, 55.6, 55.5, 47.0.

[dlosTH-(s  (uSgte Y= uS5yna-¥)-))-F
{(3F) Jsib (oS 520 Y—( o] —¥—Jg3lx00]

Yellow solid; M.P.= 184-186 °C [Lit. 184-186 °C]
[\v]; *H NMR (400 MHz, DMSO-ds): 5(ppm) = 9.58
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1(38) Jgjlaea! [d] g0~ TH- Juid-v= Lo 30-)

White solid; M.P.= 133-135 °C [Lit. 133-134°C]
[a]; H NMR (400 MHz, DMSO-de): 3(ppm) =

7.76 — 7.73 (M, 2H, ArH), 7.56— 7.46 (m, 5H, ArH),
7.29-7.23 (m, 5H, ArH), 7.02 — 7.00 (m, 2H, ArH),
5.59 (s, 1H, CH2); *C NMR (101 MHz, DMSO-de):
S(ppm) = 153.2, 142.7, 136.9, 135.8, 129.8, 129.0,
128.9, 128.7, 127.4, 126.4, 126.0, 122.6, 122.2,
119.2, 111.1, 47.4.

Joihes) [A] g5 TH—(eid oY )-Y=(Jsie 9p5-Y)-)
(3b)

Yellow solid; M.P.= 154-156 °C [Lit. 154-155 °C]
[V#]; *H NMR (400 MHz, DMSO-ds): &(ppm) =

8.62 (t, J=4.0Hz, 1H, ArH), 8.54-8.51 (m, 1H),
8.35-8.33 (m, 1H, ArH), 8.30-8.27 (m,1H, ArH),
8.12 (s, 1H, ArH), 8.00 — 7.95 (m, 2H, ArH), 7.81 —
7.73 (m, 2H, ArH), 7.57 (d, J= 8.0Hz, 1H, ArH),
7.51 — 7.48 (m, 2H, ArH), 5.98 (s, 2H, CHy); *C
NMR (101 MHz, DMSO-ds): d(ppm) = 150.9,
147.8, 1425, 139.1, 136.0, 135.3, 132.7, 131.2,
130.6, 130.5, 124.5, 123.7, 123.5, 122.8, 122.5,
121.3,119.7, 111.2, 46.8.

(5 TH-{Js5 S5 (st (S5 ¥))
(36) et

White solid; M.P.= 126-128 °C [Lit. 126-127 °C]
['3]; *H NMR (400 MHz, DMSO-ds): 8(ppm) =

Jol JUw | ¥ o5lowid [V€4Y 5mb YA



ArH), 5.49 (s, 2H, CH,).; ®C NMR (101 MHz,
DMSO-ds): 8(ppm) = 157.7, 157.5, 153.3, 142.6,
138.3, 135.8, 131.2, 129.8, 122.6, 122.1, 119.4,
119.2, 116.9, 116.6, 116.0, 114.4, 112.6, 111.1,
47.4.

(HY=Jgslaesl [d]g3m TH= (st (ou8'gyaa-¥))-¥
(3)) s
White solid; M.P.= 208-210 °C [Lit. 208-209 °C]

[V#]; 'H NMR (400 MHz, DMSO-ds): (ppm) =

9.98 (s, 1H, OH), 9.42 (s, 1H, OH), 7.67 — 7.65 (m,
1H, ArH), 7.59 — 7.59 (m, 2H, ArH), 7.43 — 7.41 (m,
1H, ArH), 7.23 - 7.15 (m, 2H, ArH), 6.92 — 6.89 (m,
2H, ArH), 6.84 (d, J = 8.0 Hz, 2H, ArH), 6.69 — 6.65
(m, 2H, ArH), 5.42 (s, 2H, CH,): *C NMR (101
MHz, DMSO-de): 8(ppm) = 160.1, 157.9, 154.8,
144.0, 137.1, 131.9, 128.8, 128.4, 123.4, 123.1,
122.1,120.1, 116.8, 116.7, 112.2, 48.3.
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(s, 1H, OH), 9.00 (s, 1H, OH), 7.69 — 7.66 (m, 1H,
ArH), 7.50 — 7.48 (m, 1H, ArH), 7.26 — 7.18 (m, 4H,
ArH), 6.92 (d, J = 8.0 Hz, 1H, ArH), 6.70 — 6.65 (m
2H), 6.38 (dd, J = 8.0, 4.0 Hz, 1H, ArH), 5.45 (s,
1H, CHy), 3.72 (s, 1H, OMe), 3.64 (s, 1H, OMe);
13C NMR (101 MHz, DMSO-ds): 8(ppm) = 153.5,
148.1, 147.6, 147.5, 145.8, 142.6, 136.0, 127.8,
122.1, 122.0, 121.9, 121.1, 118.8, 118.5, 1155,
115.5, 112.9, 110.8, 110.6, 55.4, 55.4, 47.3.

Josbeodd [A]55- IR ¥)v (s Jeo¥)-)
+(39)

White solid; M.P.= 128-130 °C [Lit. 128-129 °C]
[V°]; '"H NMR (400 MHz, DMSO-des): 8(ppm) =
7.74 —7.72 (m, 1H, ArH), 7.63 (d, J = 8.0 Hz, 2H,
ArH), 7.42 —7.41 (m, 1H, ArH), 7.32 (d, J = 8.0 Hz,
2H, ArH), 7.25-7.21 (m, 2H, ArH), 7.08 (d, J=8.0
Hz, 2H, ArH), 6.90 (d, J = 8.0 Hz, 2H, ArH), 5.51
(s, 2H, CHy), 2.36 (s, 3H, Me), 2.22 (s, 3H, Me).;
13C NMR (101 MHz, DMSO-ds): 8(ppm) = 153.3,
142.7, 139.5, 136.6, 135.8, 133.9, 129.5, 129.3,
128.9, 127.3, 126.4, 125.9, 122.4, 122.1, 119.1,
111.0, 47.2, 20.9, 20.5.

13N Jyslssen! [d] 95— TH—(5 S =F)=v—( j 5,5-¥)-)

White solid; M.P.= 126-128 °C [Lit. 126-127 °C]
[\#]; 'H NMR (400 MHz, DMSO-ds): 8(ppm) = 7.77
~7.72(m, 3H, ArH), 7.62 — 7.59 (m, 2H, ArH), 7.52
—7.48 (m, 1H, ArH), 7.38 — 7.34 (m, 2H, ArH), 7.29
—7.26 (M, 2H, ArH), 7.01 (d, J = 8.0 Hz, 2H, ArH),
5.60 (5, 2H, CH2); *C NMR (101 MHz, DMSO-de):
S(ppm) = 152.0, 142.6, 135.8, 134.7, 132.1, 129.0,
128.9, 128.8, 128.8, 128.1, 128.0, 123.0, 122.4,
119.4, 111.1, 46.8.

(FY=Jgaeos [dlg55m TH= (Jojiv (ouSpaae¥)))-F
(3i) Jsib

Pink solid; M.P.= 257-258 °C [Lit. 255-257 °C]
[Va]; *H NMR (400 MHz, DMSO-ds): §(ppm) =

9.83 (s, 1H, OH), 9.46 (s, 1H, OH), 7.74 — 7.72(m,
1H, ArH), 7.41 - 7.39 (m, 1H, ArH), 7.32 (t, J = 8.0
Hz, 1H), 7.28 — 7.21 (m, 2H, ArH), 7.19 — 7.17 (m,
1H, ArH), 7.15-7.09 (m, 2H, ArH), 6.96 — 6.93 (m,
1H, ArH), 6.65 (dd, J = 8.0, 1.7 Hz, 1H, ArH), 6.49
(d, J = 4.0 Hz, 1H, ArH), 6.40 (d, J = 4.0 Hz, 1H,

Jol JUo | ¥ 0,0 [YE+Y jurly Y
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Efficient synthesis of benzimidazoles in solvent-free conditions
using chitosan-copper (11) complex extracted from Persian
Gulf shrimp shell
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Abstract: In this research, cheap, eco-friendly and reusable catalysis has been synthesized with a suitable method.
For this purpose, firstly, chitosan particles were prepared through the process of deacetylation from Persian Gulf
shrimp shell waste, and then the copper-based complex was successfully obtained on a bed of chitosan particles.
The structure of chitosan-copper(ll) complex was confirmed by using of various techniques such as Fourier
transform infrared spectrometry analysis, X-ray diffraction, scanning electron microscopy, X-ray energy
diffraction spectroscopy and visible-ultraviolet spectroscopy. Considering the wide application of benzimidazoles
in industry and pharmaceuticals, the catalytic properties of the chitosan-copper(ll) complex in the two-component
reaction of the synthesis of various benzimidazole derivatives were studied under solvent-free conditions. The use
of chitosan-copper(Il) complex catalyst in the synthesis of benzimidazole derivatives showed several advantages,
including significant efficiency, mild reaction conditions, short reaction time, easy separation of the catalyst and
avoiding the production of toxic waste. Furthermore, the chitosan-copper(ll) complex was easily recovered by
filtration and could be reused for five cycles without loss of catalytic activity.
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