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Chitosan@Cu-Catalyzed C3-Sulfenylation of Indoles with Sulfur
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Abstract Aiming at the problem that the catalyst can not be recovered during the construction of the C—S bond in the indole
ring with sulfur powder as the sulfur source, 2-pyridinecarboxylic acid modified chitosan (PACS) catalyst with different type
of copper was prepared, which was used to catalyze the three-component reaction of indole, sulfur powder and iodobenzene to
prepare C-3 thioether-based indole in a one-pot method. The reaction yield is as high as 92%, and the substrate has good
applicability. The most suitable catalyst [PACS@Cu(OAc),]| was characterized and analyzed by thermogravimetric analysis
(TGA), scanning electron microscope(SEM), X-ray photoelectron spectroscopy(XPS), efc. It shows that the catalyst has the
advantages of no additional ligand, easy separation and reusable.
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Scheme 1 Preparation and application of PACS@Cu(OAc),
catalyst
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Table 1 Optimization of reaction conditions
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Catalyst, additive

Base, solvent

1a 2a
oY
Cry
N
|
3a
- 110
Entry Catalyst Base Additive Solvent Ylf/id /
1 CS@Cu(OAc), NaOAc  KI DMSO Trace
2 CS@CuSO, NaOAc  KI DMSO Trace
3 CS@Cul NaOAc  KI DMSO Trace
4 Cu(OAc), NaOAc  KI DMSO 0
5 PACS@Cu(OAc), NaOAc KI DMSO 50
6 PACS@CuSO, NaOAc  KI DMSO 5
7 PACS@Cul NaOAc  KI DMSO 10
8 PACS@Cu(OAc), Na,CO; KI DMSO 40
9 PACS@Cu(OAc), K,CO, KI DMSO 12
10 PACS@Cu(OAc), Cs,CO; KI DMSO 65
11 PACS@Cu(OAc), NaOH KI DMSO 0
12 PACS@Cu(OAc), NaHCO; KI DMSO 50
13 PACS@Cu(OAc), EtN KI DMSO 15
14 PACS@Cu(OAc), — KI DMSO 0
15 PACS@Cu(OAc), Cs,CO; NHJ  DMSO 55
16 PACS@Cu(OAc), Cs,COs I, DMSO 45
17 PACS@Cu(OAc), Cs,CO; — DMSO 0
18 PACS@Cu(OAc), Cs,CO;  KI CH;CN 0
19 PACS@Cu(OAc), Cs,CO;  KI DMF 88
20 PACS@Cu(OAc), Cs,CO; KI Toluene 0
21 PACS@Cu(OAc), Cs,CO;  KI  1,4-Dioxane 42
22 PACS@Cu(OAc), Cs,CO; KI DMF 53¢
23 PACS@Cu(OAc), Cs,CO; KI DMF  75¢
24 PACS@Cu(OAc), Cs,CO; KI DMF  88°
25 PACS@Cu(OAc), Cs,CO;  KI DMF 60

“ Reaction conditions: 1a (1.0 mmol), 2a (2 mmol), Sg (2 mmol), catalyst (100
mg), additive (10 mmol%), base (1.0 mmol), solvent (5 mL), 12 h, 110 C.
® Isolated yield. ¢ Under 90 °C. “Under 100 C. ¢Under 120 C.” Leaching
test of the model reaction conducted under optimized conditions for 6 h.
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Figure 1 FT-IR spectra of CS (a), PACS (b) and PACS@Cu-
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Figure 2 TGA of CS (a), PACS@Cu(OAc), (b) and PACS (c)
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Figure 3 XRD patterns of CS (a), PACS (b) and PACS@Cu-
(OAc), (¢)
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Figure 4 SEM images of CS (a), PACS (b) , PACS@Cu(OAc),
(c) and recovered PCCS@(OAC), after the second run (d)
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Figure 5 EDS images of PACS@Cu(OAc), (a, b) and recov-
ered PCCS@Cu(OAc), after the second run (c, d)
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Figure 6 XPS spectra of PACS and PACS@Cu(OAc), (a), copper pattern of PACS@Cu(OAc), (b), N1s pattern of PACS (c) and

PACS@Cu(OAc), (d)
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Figure 7 Recycling of PACS@Cu(OAc), catalyst
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Table 2 Indole C-3 thioetherification reaction catalyzed by PACS@Cu(OAc),

R1:—<j\/\> + RS:_<j/I + Sg PACS@Cu(OAc),, KI @i@ R3
Z~N = Cs,CO3 DMF, 110°C  RM-— T N
R N
1 2 3

=
ke
/@/Et /O/OMe
S S
N N
\ N \
3c, 86%

3d, 80%

3

) ;

3a, 88% 3b, 88%

/O/OCF3 /O/F

s s

Cry
N

\ \ \ \
3f, 83% 3g, 92% 3h, 60% 48% 3, 40%
Ac
s S s s S
NC O,N cl
N A\ A\ N N
N N N N N
\ \ \ \ \
3k, 0% 31, 85% 3m, 83% 3n, 84% 30, 32%
N N N N
\ \ \ \
3q, 45% 0 Ph Bn
3p, 40% 9, 45% 3r, 35% 3s, 55% 3t, 76%

[aes

3u, 86%

3v, 0%

¢ Reaction conditions: 1a (1.0 mmol), 2a (2 mmol), Sg (2mmol), PACS@Cu(OAc), (100 mg), KI (10 mmol%), Cs,CO; (1.0 mmol), DMF (5 mL), 12 h, 110 C.

Isolated yield.

Bt A 1 SN 2 Cs,CO5 B, KT A#R N7, DMF
R 110 °C.L Z R R E SR TIE 92%, )
W& FAPE R IF. % PACS@Cu(OAc), #4T 7 FT-IR. TG.
SEM. EDS. XRD. XPS %RME5 74, R
RILTFIMASNCA, BAEAR S 0B, JE4E
5 UATY REORFFA = RV 12k
3 IS
31 X5

'H NMR (400 MHz)#1 *C NMR (100 MHz)>¥ i #

+- 444 57, /A ] AVANCE 111 HD 400 MHz A% i 3L 9R A
5E; FEJENTHT FIRER K A Greagent 200~300 H fiEfik; 72
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ATl
32 ZWHE
3.2.1  2-wbvE VR UM ST R AR AR BT A A 09 A R

B N N-FREE K20 mmol) Al 2- M IE FR R (15
mmol)#% T 50 mL [P F 60 CFRM 2 h, B
B GERHER R(1.61 g, 10 mmol)FF FHE % 80 T4k
SEFFE 12 h. B SR ON B AR E B E IR, HIER B
BT H R R, BINTEK 2B 4k 4 8 DL b 36 7F
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[ A 2 THI (90 R s B2 0. e e K 3 U O 1 T AR R 2
50 CHEZTHEATINE 12 h, BEAR 2-0 g R
SME R B (PACS).

43 EL 0.2 g Cu(OAc), fl CuSO, ¥ATF 100 mL 25
Tk, BL0.2 g Cul T 100 mL Z. i, hn A _Eik PACS
HT 50 CTRHEH: 3 h )5, RO B A [ 4,
Z R DL BRI E TR AL RIR TR 2 58 A 25,
B AL R 50 CHRIEZ TR ANE 12 h, B5=
4 & Bt & %) PACS@Cu(OAc), - PACS@CuSOy
PACS@Cul, £l g = Ff A0 71 18 2 = 0518 0.164
0.208. 0.253 mmol/g.

322 "Wk C-3 f2mBk AL B R

1] B AR AR A AL (100 mg) V- FF 5E 5] Wk
(1.0 mmol). 75 % K £4(2.0 mmol). Sg (2.0 mmol). ¥
B3 (10 mmol%). (1.0 mmol)MI¥A7(5 mL), 7E 110 C
TR 12 h FEAEERR. BRSNS, JF
/0 15 mL ZF8 Z.B6F0 15 mL /KT, e LR
% CBEAH, IINTC/KBR BN IE— DB RIR AR IK, HIYE,
H4 T AR F e e 28 AN bR 25 TR iR, WP 3R15HH
FEA. DA R R ORI A IR BN A, i
FEEMT IR — B AF AR 4l i, TR .

1-FH L -3-(COR it 45 )- LH- P3| Wik (3a): [ €8 [l 4%, 7= 3¢
88%. m.p. 84~86 C (lit.*¥ 85~87 ‘C); "H NMR (400
MHz, CDCl;) 6: 7.64 (d, J=8.0 Hz, 1H), 7.42 (d, J=8.2
Hz, 1H), 7.37 (s, 1H), 7.36~7.29 (m, 1H), 7.23~7.15 (m,
3H), 7.15~7.10 (m, 2H), 7.10~7.03 (m, 1H), 3.88 (s,
3H); “C NMR (100 MHz, CDCl5) 6: 139.7, 137.6, 135.0,
129.9, 128.6, 125.8, 124.7, 122.6, 120.5, 119.8, 109.7,
100.6, 30.9. HRMS (ESI) caled for C;sH;,NS [M-+H]"
240.0847; found 240.0870.

1- P 3 -3 (4- P L 2R AR 8 )- L =M1 e (3b)*4: P9 (]
1, 722 88%. mp. 122~123 C (lit.PY 122~123 C);
'H NMR (400 MHz, CDCly) d: 7.67~7.65 (m, 1H), 7.41
(d, J=8.2 Hz, 1H), 7.36~7.30 (m, 2H), 7.22~7.28 (m,
1H), 7.10~7.04 (m, 2H), 7.01 (d, J=8.0 Hz, 2H), 3.86 (s,
3H), 2.29 (s, 3H); °C NMR (100 MHz, CDCl3) J: 136.5,
1349, 133.8, 133.5, 128.8, 128.4, 125.1, 121.4, 119.4,
118.7, 108.6, 100.1, 32.1, 19.8. HRMS (ESI) calcd for
C1H NS [M+H]" 253.0925; found 253.0947.

3-[(4- L FE I IR ]-1- F B 1 H-W5| DR (Be): (£l
1, P25 86%. m.p. 133~135 ‘C; '"H NMR (400 MHz,
CDCly) d: 7.72~7.64 (m, 1H), 7.50 (d, J=8.4 Hz, 1H),
7.41 (d, J=8.2 Hz, 1H), 7.23~7.18 (m, 2H), 7.11 (d, J=
8.4 Hz, 2H), 7.03 (d, J=8.4 Hz, 2H), 3.87 (s, 3H), 2.58 (q,
J=7.6 Hz, 2H), 1.20 (t, J=7.6 Hz, 3H); *C NMR (100

2014 http://sioc-journal.cn/
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MHz, CDCly) 8: 141.0, 134.9, 130.9, 129.9, 128.5, 128.3,
126.2, 122.5, 120.4, 19.8, 109.7, 101.3, 33.1, 28.3, 15.6.
HRMS (ESI) caled for C7H;S [M+H]" 268.1160; found
268.1179.

3-[(4-FF R L IR I AR 2L - 1- FE - 1 05| W (3d): (I (R
B4R, 722 80%. m.p. 60~61 C (lit®*¥ 60~62 C); 'H
NMR (400 MHz, CDCLy) 6: 7.73 (d, J=8.0 Hz, 1H), 7.42
(d, J=8.2 Hz, 1H), 7.39~7.31 (m, 2H), 7.29~7.16 (m,
3H), 6.83~6.77 (m, 2H), 3.83 (s, 3H), 3.78 (s, 3H); "°C
NMR (100 MHz, CDCly) o: 157.8, 137.6, 134.6, 130.1,
129.8, 128.5, 122.6, 120.5, 119.8, 114.6, 109.8, 102.4,
55.4, 33.1. HRMS (ESI) calcd for Ci¢H;s0S [M+H]"
269.0874; found 269.0881.

3-[(4- Z R IR I R FE - 1- 1 JE- 1 15[ Wk (3e): T
[E4A, 772 83%. m.p. 70~72 ‘C; 'H NMR (400 MHz,
DMSO-dy) 6: 7.73 (s, 1H), 7.53 (d, J=8.0 Hz, 1H), 7.44
(d, J=8.0 Hz, 1H), 7.28~7.19 (m, 1H), 7.16~7.03 (m,
3H), 6.86~6.72 (m, 2H), 3.92 (q, J=7.0 Hz, 2H), 3.84 (s,
3H), 1.27 (t, J=7.0 Hz, 3H); “C NMR (100 MHz,
DMSO-dg) d: 157.2, 137.7, 136.0, 129.5, 128.8, 122.6,
120.6, 119.0, 115.6, 111.0, 100.9, 63.6, 33.2, 15.1. HRMS
(ESI) caled for C;H;;NOS [M—}—H]+ 283.1031; found
283.1054.

1- -3 {[4-( =30 U 88 ) 2R 2R 22 - 1 H-15 W (3F):
FEfA, 773% 83%. 'H NMR (400 MHz, DMSO-dj) o
7.81 (s, 1H), 7.58 (d, J=8.0 Hz, 1H), 7.42 (d, J=8.0 Hz,
1H), 7.32~7.25 (m, 1H), 7.22 (d, J=8.2 Hz, 2H), 7.18~
7.05 (m, 3H), 3.88 (s, 3H); “C NMR (100 MHz,
DMSO-dg) d: 146.2, 139.3, 137.8, 136.9, 129.3, 127.2,
122.8, 122.2, 121.0, 120.5 (q, J=254 Hz), 118.8, 111.3,
98.1, 33.3. HRMS (ESI) calcd for C,¢H,5F;NOS [M+H]"
324.0670; found 324.0682.

3-[(4- TR I )R 5 ]-1-F BE- 1 M5 W (3g): 1 Eu il 44,
P23 92%. m.p. 55~58 C (lit.”* 56~58 C); '"H NMR
(600 MHz, CDCLy) 8: 7.62 (d, J=8.0 Hz, 1H), 7.41 (d, J=
8.0 Hz, 1H), 7.36 (s, 1H), 7.35~7.29 (m, 1H), 7.23~7.17
(m, 1H), 7.15~7.07 (m, 2H), 6.92~6.85 (m, 2H), 3.87 (s,
3H); C NMR (150 MHz, CDCly) d: 160.8 (d, J=246
Hz), 139.2, 136.2, 131.6, 128.8, 125.7 (d, J=19.5 Hz),
1249, 1223, 119.4, 114.3, 111.3, 100.3, 33.4. HRMS
(ESI) caled for CysH;sFNS [M+H]" 258.0753; found
258.0768.

3-[(4-F R IR BE - 1-F - 1 M| W (3h): (a4,
FEE 60%. mp. 136~139 C (1it.?* 137~138 C); 'H
NMR (400 MHz, CDCLy) 6: 7.60 (d, J=8.0 Hz, 1H), 7.42
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(d, J=8.0 Hz, 1H), 7.39~7.31 (m, 2H), 7.25~7.17 (m,
1H), 7.17~7.11 (m, 2H), 7.09~6.99 (m, 2H), 3.88 (s,
3H); *C NMR (100 MHz, CDCl3) §: 138.3, 137.6, 135.1,
130.5, 129.6, 128.7, 127.0, 122.7, 120.7, 119.6, 109.8,
100.2, 33.16 HRMS (ESI) calcd for C;sH;;CINS [M+H]"
274.0457; found 274.0461.

1- 363 [(4-F JE R ) B 36 - LH-5 W (31) ) 3 1
HEIRY, 772 48%. '"H NMR (400 MHz, CDCl5) J: 8.06~
7.96 (m, 2H), 7.55 (d, J=8.0 Hz, 1H), 7.47 (d, J=8.0 Hz,
1H), 7.43~7.34 (m, 2H), 7.26~7.20 (m, 1H), 7.18~7.10
(m, 2H), 3.92 (s, 3H); *C NMR (100 MHz, CDCl;) o:
150.2, 144.9, 137.7, 135.4, 129.2, 125.0, 123.8, 123.1,
121.1, 119.3, 110.1, 97.9, 33.3. HRMS (ESI) calcd for
CsH13N,0,8 [M+H]" 285.0698; found 285.0711.

1- FP R -3-[(3- i 2 2R 0 Bt 2k - 1 - e (3f): - 3 (9K
1K, F=Z 40%. "H NMR (600 MHz, CDCL3) J: 7.94 (t, J=
2.0 Hz, 1H), 7.91~7.89 (m, 1H), 7.57 (d, J=8.0 Hz, 1H),
7.45 (d, J=8.2 Hz, 1H), 7.42 (s, 1H), 7.40~7.36 (m, 1H),
7.36~7.30 (m, 2H), 7.21 (t, J=7.4 Hz, 1H), 3.92 (s, 3H);
C NMR (150 MHz, CDCLy) 6: 148.7, 143.0, 137.7, 35.5,
131.2, 129.3, 123.0, 121.0, 120.2, 119.6, 119.3, 110.1,
98.5, 33.4. HRMS (ESI) caled for C;sH3N,0,S [M+H]"
285.0698; found 285.0705.

1- F 3R -5 2 -3- (R A 25 )- 1 -5 e (31): - 1 el 4k,
FEF 85%. mp. 155~158 ‘C; 'H NMR (400 MHz,
CDCly) 8: 7.96 (s, 1H), 7.55~7.50 (m, 1H), 7.49~7.43
(m, 2H), 7.25~7.19 (m, 2H), 7.15~7.08 (m, 3H), 3.91 (s,
3H); “C NMR (100 MHz, CDCl5) 6: 139.1, 138.2, 137.0,
129.6, 128.9, 126.3, 125.6, 125.4, 125.3, 120.3, 110.8,
103.8, 103.1, 33.4. HRMS (ESI) calcd for C;gH3N,S [M+
H]" 265.0799; found 265.0810.

1- A -5 R 2 -3- (R 36 )- 1 -5 Wk (Bm): 3% £ ] 44K,
FEH 83%. mup. 184~185 C (lit!" 183~185 C); 'H
NMR (400 MHz, CDCl3) ¢: 8.57 (d, J=2.2 Hz, 1H), 8.20
(dd, J=9.2, 2.0 Hz, 1H), 7.51 (s, 1H), 7.43 (d, J=9.2 Hz,
1H), 7.24~7.17 (m, 2H), 7.16~7.09 (m, 3H), 3.93 (s,
3H); *C NMR (100 MHz, CDCl3) §: 141.5, 139.2, 137.1,
137.1, 128.3, 127.9, 125.3, 124.4, 117.2, 115.9, 109.0,
103.7, 32.6. HRMS (ESI) caled for C,sH3N,0,S [M+H]"
285.0698; found 285.0705.

1- -5 B-3-(CFR B 92 )-1H-15] o (3n): 1 £ [ 4
FEE 84%. mp. 136~138 C (1it.” 136~138 C); 'H
NMR (400 MHz, CDCl;) 6: 7.63 (d, J=2.0 Hz, 1H), 7.35
(s, 1H), 7.30 (d, J=7.6 Hz, 1H), 7.27 (d, J=2.0 Hz, 1H),
7.20 (m, 2H), 7.12 (m, 3H), 3.83 (s, 3H); *C NMR (100
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MHz, CDCly) 8: 139.2, 136.4, 136.0, 131.0, 128.8, 126.7,
125.8, 125.0, 123.0, 119.2, 111.0, 100.5, 33.4. HRMS
(ESI) caled for C;sH;;CINS [M+H]" 274.0457; found
274.0469.

1,2- I 3-CRBR IE)-1H-15| W (30): A (E A, 7
# 32%. mp. 109~110 C (1itPY 108~110 C); 'H
NMR (400 MHz, CDCl) 8: 7.69~7.55 (m, 1H), 7.38 (d,
J=8.0 Hz, 1H), 7.33~7.24 (m, 1H), 7.23~7.14 (m, 3H),
7.14~7.02 (m, 3H), 3.80 (s, 3H), 2.56 (s, 3H); *C NMR
(150 MHz, CDCLy) o: 142.9, 139.8, 137.1, 129.8, 128.6,
125.4, 124.4, 121.8, 120.5, 119.0, 109.0, 98.0, 30.34, 10.9.
HRMS (ESI) caled for CHgNS [M+H]" 254.1003;
found 254.1021.

1,5- = F L 3-(ZE R 5L )- 1H-M51 Wk (3p): # tiieiR 4,
P& 40%. 'H NMR (400 MHz, CDCl;) d: 7.52 (d, J=8.1
Hz, 1H), 7.29 (d, J=3.5 Hz, 1H), 7.22 (s, 1H), 7.16 (ddd,
J=10.1, 8.5, 6.4 Hz, 4H), 7.10~7.01 (m, 2H), 3.84 (s,
3H), 2.55 (s, 3H); *C NMR (100 MHz, CDCl3) d: 139.9,
138.0, 134.5, 132.6, 129.2, 128.6, 125.7, 124.6, 122.3,
119.4, 109.7, 100.4, 33.0, 21.9. HRMS (ESI) calcd for
C1sH NS [M+H]" 254.1003; found 254.1021.

1,6- — F R 3-(ZER L )-1H-M51 Wk (3q): 2 (iR,
P& 45%. '"H NMR (600 MHz, CDCl;) §: 7.50 (d, J=8.4
Hz, 1H), 7.29 (s, 1H), 7.21 (s, 1H), 7.19~7.14 (m, 2H),
7.13~7.10 (m, 2H), 7.08~7.04 (m, 1H), 7.04~7.01 (m,
1H), 3.84 (s, 3H), 2.54 (s, 3H); “C NMR (150 MHz,
CDCly) 6: 139.8, 138.0, 134.5, 132.5, 128.6, 127.7, 125.6,
124.6, 122.3, 119.4, 109.7, 100.0, 33.1, 21.9. HRMS (ESI)
caled for CigH NS [M+H]" 254.1003; found 254.1021.

1,7- — PR3- CERR - 1H-15| W 3r): 35 (iR Y,
7 35%. '"H NMR (400 MHz, CDCl;) §: 7.48 (d, J=17.6
Hz, 1H), 7.25 (s, 1H), 7.21~7.15 (m, 2H), 7.15~7.10 (m,
2H), 7.10~6.98 (m, 3H), 4.13 (s, 3H), 2.83 (s, 3H); "°C
NMR (100 MHz, CDCly) d: 138.6, 135.6, 135.2, 129.9,
127.6, 124.6, 124.2, 123.6, 120.7, 119.7, 116.9, 99.1, 36.1,
18.6. HRMS (ESI) caled for C;gH NS [M + H] "
254.1003; found 254.1021.

1-ZRHE-3-CR AR 5E)- L H-M5 e (3s)! 7 SRy, 7=
R 55%. 'H NMR (400 MHz, CDCL3) 6: 7.75~7.62 (m,
3H), 7.62~7.56 (m, 4H), 7.49~7.42 (m, 1H), 7.33 (dd,
J=8.0, 7.2 Hz, 1H), 7.30~7.19 (m, 5H), 7.17~7.09 (m,
1H); *C NMR (100 MHz, CDCl;) 6: 137.9, 137.8, 135.8,
132.8, 129.2, 128.8, 127.7, 126.1, 125.1, 123.9, 123.4,
122.3, 120.3, 119.0, 110.0, 102.9. HRMS (ESI) calcd for
CaoH NS [M+H]" 302.1003; found 302.1018.
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15 JE-3-CRBRJR)- 1H-W| 30T T ta iRy, 7=
# 76%. '"H NMR (600 MHz, CDCL3) 0: 7.66 (d, J=7.8
Hz, 1H), 7.44 (s, 1H), 7.40~7.35 (m, 3H), 7.35~7.31 (m,
1H), 7.30~7.27 (m, 1H), 7.20~7.19 (m, 4H), 7.18 (s,
1H), 7.15 (d, J=1.2 Hz, 1H), 7.14 (d, J=12 Hz, 1H),
7.10~7.06 (m, 1H), 5.39 (s, 2H); *C NMR (150 MHz,
CDCly) 6: 139.5, 137.2, 136.6, 134.5, 130.1, 129.0, 128.7,
128.0, 127.0, 125.8, 124.7, 122.8, 120.8, 119.9, 110.3,
101.5, 50.5. HRMS (ESI) calcd for CyH;gNS [M~+H]"
316.1160; found 316.1174.

1= R 2-3-CR 2R )- LH-M5| P Bu): B EOIHDIRY, 7=
% 86%. 'H NMR (400 MHz, CDCl3) d: 7.68 (d, J=8.0
Hz, 1H), 7.56 (s, 1H), 7.50 (d, J=8.4 Hz, 1H), 7.33 (t, J=
7.6 Hz, 1H), 7.21~7.19 (m, 3H), 7.17~7.12 (m, 2H),
7.11~7.07 (m, 1H), 4.77 (m, J=6.8 Hz, 1H), 1.62 (d, J=
6.8 Hz, 6H); *C NMR (100 MHz, CDCls) d: 140.0, 136.6,
130.4, 130.1, 128.8, 125.8, 124.7, 122.5, 120.6, 120.0,
110.2, 100.8, 47.8. HRMS (ESI) calcd for C,,H;sNS [M+
H]" 268.1160; found 268.1176.

¥ Bh#4 £} (Supporting Information) Fii & /% H b &
PIff) 'H NMR A1 °C NMR #. X 26444 ] LL G 5 A AT
WX 3k (http://sioc-journal.cn/) I T %%,

References

[1] (a) Chung, W. J.; Griebel, J. J.; Kim, E. T.; Yoon, H.; Simmonds, A.
G; Ji, H. J.; Dirlam, P. T.; Glass, R. S.; Wie, J. J.; Nguyen, N. A.;
Guralnick, B. W.; Park, J.; Somogyi, A.; Theato, P.; Mackay, M. E.;
Sung, Y.-E.; Char, K.; Pyun, J. Nat. Chem. 2013, 5, 518.

(b) Horita, Y.; Takii, T.; Chiba, T.; Kuroishi, R.; Maeda, Y.; Kurono,
Y.; Onozaki, K. Bioorg. Med. Chem. Lett. 2009, 19, 6313.

(¢) Ruan, L.; Fan, R.; Liu, X.; Chen, J.; Weng, J. Chin. J. Org.
Chem. 2015, 35, 1166 (in Chinese).

(BEBFI, WA, X, BRA, HEe, AL, 2015, 35,
1166.)

(d) Lee, E.-J.; Kim, K.-W.; Kim, G.-H.; Park, C.-E.; Choi, J.-H.
Fibers Polym. 2018, 19, 1791.

[2] (a) Dunbar, K. L.; Scharf, D. H.; Litomska, A.; Hertweck, C. Chem.
Rev. 2017, 117, 5521.

(b) Chekler, E. L. P;; Elokdah, H. M.; Butera, J. Tetrahedron Lett.
2008, 49, 6709.

[3] (a) Pourshab, M.; Asghari, S.; Mohseni, M. J. Heterocycl. Chem.
2018, 55, 173.

(b) Zhang, B.; Kang, Y.; Shi, R. Chin. J. Org. Chem. 2016, 36, 1814
(in Chinese).
(KA, JUKHE, IS, AMLE, 2016, 36, 1814.)

[4] Funk, C.D. Nat. Rev. Drug Discovery 2005, 4, 664.

[5] La Regina, G; Edler, M. C.; Brancale, A.; Kandil, S.; Coluccia, A.;
Piscitelli, F.; Hamel, E.; De Martino, G.; Matesanz, R.; Diaz, J. F.;
Scovassi, A. L.; Prosperi, E.; Lavecchia, A.; Novellino, E.; Artico,
M.; Silvestri, R. J. Med. Chem. 2007, 50, 2865.

[6] La Regina, G.; Coluccia, A.; Brancale, A.; Piscitelli, F.; Famiglini,
V.; Cosconati, S.; Maga, G.; Samuele, A.; Gonzalez, E.; Clotet, B.;
Schols, D.; Este, J. A.; Novellino, E.; Silvestri, R. J. Med. Chem.
2012, 55, 6634.

[7] Lavekar, A. G.; Equbal, D.; Saima; Sinha, A. K. Adv. Synth. Catal.

2016

http://sioc-journal.cn/

(8]
(9]
[10]

(1]

[12]

[13]

[14]

[15]
[16]
[17]
[18]

[19]
[20]

[21]
[22]

[23]
[24]

[25]
[26]

[27]

[28]
[29]

[30]

© 2020 Chinese Chemical Society & SIOC, CAS

2018, 360, 180.

Gandeepan, P.; Koeller, J.; Ackermann, L. ACS Catal. 2017, 7,
1030.

Liu, X. X.; Cui, H. H.; Yang, D. S.; Dai, S. C.; Zhang, G. Q.; Wei,
W.; Wang, H. Catal. Lett. 2016, 146, 1743.

Luckhurst, C. A.; Millichip, 1.; Parker, B.; Reuberson, J.; Furber, M.
Tetrahedron Lett. 2007, 48, 8878.

(a) Wang, C. C.; Wang, Z. H.; Wang, L.; Chen, Q.; He, M. Y. Chin.
J. Chem. 2016, 34, 1081.

(b) Fan, W. G; Yang, Q.; Xu, F. S.; Li, P. X. J. Org. Chem. 2014,
79, 10588.

(a) Jones, J. M.; Dupont, V. A.; Brydson, R.; Fullerton, D. J.; Nasri,
N. S.; Ross, A. B.; Westwood, A. V. K. Catal. Today 2003, 81, 589.
(b) Chu, H.; Wu, L. W. J. Environ. Sci. Health, Part A 1998, 33,
1119.

Rostami, A.; Rostami, A.; Iranpoor, N.; Zolfigol, M. A. Tetrahedron
Lett. 2016, 57, 192.

(a) Wu, W,; Ding, Y. C.; Xie, P.; Tang, Q. J.; Pittman, C. U.; Zhou,
A. H. Tetrahedron 2017, 73, 2151.

(b) Guo, T.; Wei, X. N.; Wang, H. Y.; Zhu, Y. L.; Zhao, Y. H.; Ma,
Y. C. Org. Biomol. Chem. 2017, 15, 9455.

(¢) Guo, T.; Wei, X. N.; Zhu, Y. L.; Chen, H.; Han, S. L.; Ma, Y. C.
Synlett 2018, 29, 1530.

(d) Ravi, C.; Reddy, N. N. K.; Pappula, V.; Samanta, S.; Adimurthy,
S. J. Org. Chem. 2016, 81, 9964.

(e) Thanh Binh, N.; Ermolenko, L.; Al-Mourabit, A. Org. Lett.
2013, 15, 4218.

Xiong, J.; Zhong, G. F.; Liu, Y. Y. Adv. Synth. Catal. 2019, 361,
550.

Shibahara, F.; Kanai, T.; Yamaguchi, E.; Kamei, A.; Yamauchi, T.;
Murai, T. Chem. Asian J. 2014, 9, 237.

Li, J.; Li, C.; Yang, S.; An, Y.; Wu, W.; Jiang, H. J. Org. Chem.
2016, 81, 7771.

Ge, X.; Cheng, L.; Sun, F. L.; Liu, X. M.; Chen, X. Z.; Qian, C.;
Zhou, S. D. Catal. Commun. 2019, 123, 32.

Thanh Binh, N. Adv. Synth. Catal. 2017, 359, 1066.

(a) Wang, S.; Zhou, H.; Song, S.; Wang, J. Chin. J. Org. Chem.
2015, 35, 85 (in Chinese).

(Em, FEZE, KbV, EFE, AMLE, 2015, 35, 85.)

(b) Yu, D.; Wu, M.; Hu, Q.; Wang, L.; Lv, C.; Zhang, L. J. Hazard.
Mater. 2019, 367, 456.

(c) Masuda, K.; Ichitsuka, T.; Koumura, N.; Sato, K.; Kobayashi, S.
Tetrahedron 2018, 74, 1705.

Bahuguna, A.; Kumar, A.; Kumar, S.; Chhabra, T.; Krishnan, V.
ChemCatChem 2018, 10, 3121.

Hong, K. B.; Lee, C. W.; Yum, E. K. Tetrahedron Lett. 2004, 45,
693.

Siddiki, S.; Kon, K.; Shimizu, K. Chem-Eur. J. 2013, 19, 14416.

(a) Tukhani, M.; Panahi, F.; Khalafi-Nezhad, A. ACS Sustainable
Chem. Eng. 2018, 6, 1456.

(b) Dong, Y.; Bi, J.; Zhu, D.; Meng, D.; Ming, S.; Guo, W.; Chen,
Z.; Liu, Q.; Guo, L.; Li, T. Cellulose 2019, 26, 7355.

(c) Liu, B.; Zhou, H.; Li, Y.; Wang, J. Chin. J. Org. Chem. 2014, 34,
2554 (in Chinese).

Kk, WZR, ZRK, X, AMLFE, 2014, 34,2554.)
Liu, X. M.; Chang, S.; Chen, X. Z.; Ge, X.; Qian, C. New J. Chem.
2018, 42, 16013.

Baran, T.; Mentes, A.; Arslan, H. Int. J. Biol. Macromol. 2015, 72,
94,

Chen, H.-Y.; Peng, W.-T.; Lee, Y.-H.; Chang, Y.-L.; Chen, Y.-J.;
Lai, Y.-C.; Jheng, N.-Y.; Chen, H.-Y. Organometallics 2013, 32,
5514.

Gu, F.; Geng, J.; Li, M.; Chang, J.; Cui, Y. ACS Omega 2019, 4,
21421.

Wang, Y.; Liu, Q.; Xu, M.; Shu, G; Jiang, M.; Fei, G;; Zeng, M. J.
Macromol. Sci. B 2017, 56, 670.

Jiang, Y.; Wang, Y.; Han, Q.; Zhu, R.; Xiong, X. Chin. J. Org.
Chem. 2014, 34, 2068 (in Chinese).

Chin. J. Org. Chem. 2020, 40, 2008~2017



Chinese Journal of Organic Chemistry

ARTICLE

[31]
(32]

[33]

Chin. J. Org. Chem. 2020, 40, 2008~2017

Iz, EER, WBH, KRR, MR, AALE, 2014, 34,
2068.)

Frindy, S.; Kadib, A.; Lahcini, M.; Primo, A.; Garcia, H.
ChemCatChem 2015, 7, 3307.

Wang, L.; Li, B.; Xu, F.; Shi, X.; Feng, D.; Wei, D.; Li, Y.; Feng, Y.;
Wang, Y.; Jia, D.; Zhou, Y. Biosens. Bioelectron. 2016, 79, 1.
Verma, S. K.; Ghorpade, R.; Pratap, A.; Kaushik, M. P. Green
Chem. 2012, 14, 326.

[34]
[35]
[36]

[37]

© 2020 Chinese Chemical Society & SIOC, CAS

Chen, M.; Huang, Z.-T.; Zheng, Q.-Y. Chem. Commun. 2012, 48,
11686.

Wang, P.; Tang, S.; Huang, P.; Lei, A. Angwe. Chem., Int. Ed. 2017,
56, 3009.

Chen, M.; Luo, Y.; Zhang, C.; Guo, L.; Wang, Q.; Wu, Y. Org.
Chem. Front. 2019, 6, 116.

Yadav, J. S.; Reddy, B. V. S.; Reddy, Y. J.; Praneeth, K. Synthesis
2009, 9, 1520.

(Li, L.; Fan, Y.)

2017

http://sioc-journal.cn/



