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EEXTEFATRIMLEYIR C—S BEXR X

REET B OB mEE FEE RKRA
KAM BT

(LT REAL A T 2B KR 030006)

WE DK REBOVERIE, 7RISR 2T, S AR R S—S BT, SRS
oIS T 95 FEBE, SR TH NMR Fil °C NMR 5 H AR A YI3EAT 7 RAE, F05E T M 4. fE2K I Fion sk
LAY — R B YR R 2 01, 4L Cul FEN 10 mol%, 78— F 3 (DMSO), &N ik E
110 °C, BfIA] 12 h B, F=2IK 5] 89.9%. [FINS, M i fm R0BUAH (i (HLPC)BEAT FRIE MG I, XHZ S S IR EAT T 4R
RERIE  JFALGREE; IR TUCAIE, IR AR, = SR

C—S Coupling Reaction of Heteroaromatic Compounds via
Copper Catalyst

Zhang, Bianxiang* Chen, Kai Yang, Lihua Xu, Yutao Zhang, Ruijie

Zhang, Lina Shi, Ruixue
(School of Chemistry and Chemical Engineering, Shanxi University, Taiyuan 030006)

Abstract In this study, the direct copper-catalyzed C—S coupling reaction of heterocyclic compounds with diphenyl disul-
fide, without the existence of ligands and alkalis, has been developed. It showed that the yield of target product was 89.9%
when the reaction was carried out at 110 “C, the reaction time was 12 h, dimethylsulfoxide (DMSO) was used as solvents, and
the molar ratio of heterocyclic compound to biphenyl disulfide was 2 : 1. The structures of the target products were confirmed
with '"H NMR and "*C NMR. The effects of various conditions on the reaction were investigated by high performance liquid
chromatography (HPLC) analysis and its reaction mechanism was discussed.

Keywords aryl thioether; benzo heterocyclic compounds; diphenyl disulfide; HPLC

F7 ke — 2N NI EEG IS, T 2N K, KRS T EESLhRE RN E. L4k,
MFEEZ. ol Gl TV RIThRER BT, #5525 B8 1ok I 4 A AR IR B ISR R e, — R VT 1
% JE 1R 55 B I A Sy 4 6 A i 1 40 o R 24 0 ) S etk 2 T A NLA R, 505 FERBE A& R R T8
SR I, A R 24 A B T AU A TR — 1 B
fihn: 55 FRARE Y (Arylthioindole) & — R g B &

I 7] BRSE B 18k (U fiprazole) & — M & IS IT B

R‘I
R5
4 N=
R —— Ve R SR T A 3L § @[“Hr&}
TR (Cefazolin) W I AT ER T . Fii A BRI . BEBRIR (BBk un—s S R® ™o N ?
RZ

WERAN KT R . &R EAE . 7Ol A RE. i)
JEAT TR A Ao, 7 U100 7 S T I 1) 5 Rl 5 >R P 07 4
B A0 5 T P B S K ) S L, 3 2R e R ey LI 1]

Arylthioindole Ufiprazole
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N~ HO,
_</SAN 0
SNA N0 Ney
Jag e

S H H
Cefazolin

H HTA R 2% S5 10 5 Bt Wk 10 7 725 K 80mT BL4r N
PR, —RR R 5 B B E R IR T C—S B
BECHI B P Eq. 1), BRI E S BEAT,
L7515 2-3 K I Hoe LAY R AE C—S 1
BRI, 15 2 AH B 057 LR BE AL S 9)(Bq. 2). AT, 1
X f7 W A OKER TR ELR A JE AL, smEb i Ak e
{5 — 2257 R AR, [RIESF iR FH BB U8 — AR &) S
HEA MR SRR B R G, XK — e FE
R TSR A, MR RS AL ER AT R T N, B
T, FERATHER L LRI FIN, Azeredo!, Kumar', Yang
1OV 53 S FRE T P M R e 0300 47 1 R PO B 5 64
R, HEA) B0 T IR . A SR E X R G
T E PR 07 A R BIEAT T e, LR
i Bk B, 7E G SR AR BC AR ) 254 T, i i Ak ST 4R
fEALEE S—S BT, FS5RIFTLnML &R N
R T 5 R BR(Eq. 3). AR IR TN B =
WEFERIF=A R, A6 SR IE T2 B 245
MRS AR T S A S0 Ak 4

(0] ) o /Ar
@E )+ ASsH CuBrLigand @[ P 0
N Cs,CO; , DMF N
Ar

Cul/Ligand /
mSH + ArX —g> N S 7))
N K,CO3, DMF N
H H

Y v Ph
Cul /
@E\> + PhSSPh ——> »—s (3)
X ) DMSO X

1 3

1 #R5TR
1.1 BREHRERE

DL N-FF SR B 55— 2% i ik ) S N R AR S R
THE T AT RS ROSHERE . AR I S S R 5
M, S5HanR 1 Fios.

MFE 1 AT, YRR 100 °C, R (A]
12 h, FTHFIN DMSO B, 78 N AR & H AN
AR Cul, F2ERAFTAR. 24 Cul A 1 mol%3E iz
10 mol%Hf, FERIFEIEE, ZINZE 15 mol%hf, FERE X
AR XA RER Cu B SEMMEAFIFE, 5
HIMEAL 0%, 743 DMSO. DMF. — I ZEMEIEFIY
WS H AL, F DMSO 1R IR P~ 2 i m. B R SIS
(PRI N, 77 A IR I, H 2 S B TR I 12 h )5,
FEEIEE AR, Cul EA 10 mol%, N DMSO,
JSLIFR] A 12 b, B SO SIIR BE B T i, 7 SEaB i 1
hn, B2 NEEREES 110 Ca, dmFEI=Y R,
FEEAA R Ll DL B RO SRR R AT A 7R N-H
B 5 0K TR RE ) R SR R, B RO 2%
#&: Cul FHHEN 10 mol%, 57N DMSO, MR EA
110 °C, WA 12 h, F=RiEF] 89.9%.

RNTY RN E G, 78 Bk i s v 2644
T, AT T RYVEH OIS O BRI RO, 4
Rk 2 fror. IR 2 AT RATRAN, WML, IRIFMEmy 2K
(PR LG, RGBT = 2w 1) 3 A7 AR A =

R RN

Table 1 Optimization of the reaction conditions

s—Ph
Cul
@Z_§ + PhSSPh ————>= ®_§
N
|

N
|
Entry Cul/mol% Solvent Time/h Temp./C Yield/%

1 1 DMSO 12 100 249
2 5 DMSO 12 100 53.6
3 10 DMSO 12 100 79.7
4 15 DMSO 12 100 67.3
5 10 DMSO 12 80 443
6 10 DMSO 12 110 72.1
7 10 DMSO 12 130 78.3
8 10 Xylene 12 110 Trace
9 10 DMF 12 110 15.7
10 10 DMSO 9 110 67.9
11 10 DMSO 12 110 89.9
12 10 DMSO 15 110 83.9

“ Isolated yields after silica gel chromatography.
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2 JFEEGIRE 3a~3f (K5
Table 2 Synthesis of aryl thioethers 3a~3i

Y Cul
Yo (Phs)y, N pn
DMSO, 11°C P &
X

1 X 2 3
QTS‘CeHs Q—SS\CsHs \CGHSS
s H [IS “CeHs
3a 68% 3b 83% 3c 62%
- S—
N N~ CeHs N
| I H
3d 89 % 3e 78% 3f 60%
s o Qs
N/)\S_CeHs N/)\S—CGH5 N/)\S/CGH5
39 45% 3h 39% 3i 35%
“ Isolated yields after silica gel chromatography.
) 3a~3f; 4 3 A PURERSE T 2 ALRERIE ), S—ph
M A BRI S E] T 3 CLERRIE Y, I HEUREE (;E}*“+%%%—EE; (jj§¢hw
f0 25 TS BELES I 1 2 7 % Be. e. 3). LEAHIFIG o 2 N
SR ZR R, 2R IR [ N JE A 13 B R =8, ] 3e
e R IR ANEER, —ERE LAR T o BT 1648
=0 H HR A S TR FEDRIE ZRIEREmE oK FETE 2
KRR, H I R A i, A& 1390
HE— BT % 1052 3
12 REHIBHYS S 754
ik B BEAN . AR e AERYDE VO BT R A K
EL V2 45158 T 0 1O SIS P 073 R 5 S5 Y o B o K 490
— (RN 7E Fukuzawa HRE HO2E HEIEM: 5 — 95 5 156 [
— BRI R R L. FEARL 101 kPa L. 1 S,
FHEMZ S M Z4E T Cu(T)-Cu(ID)-Cu(0)-Cu(T) I AL 1 '1400.00 1.00 2.00 3.00 4.00
$R K% ArCuSPh A I B, ZEFRATTHEAT BISE B, 3% s t/min
HRNER, RMBHESSPIET. ATRIESSHH b 3
AR IR, Sl T AR R AR R 3T RN, 1350
gERFER I 78%IR R T 80%. Kb, W LAHENZ M > 1052
HLEEAIFF Fukuzawa $RIE 2R FERERE 5 — 28 iR Bk £
L. F4b, 1E Taniguchi $i3E R PE 2648 T 4 Sh 110 )G é 754
15 R TR R IR R R A, ARATT A R i R R 8 455
Cu(l) & 5c 58 J& 7 B A7 T2 R Bt By 1E 251, FFadt o
BEE T, Cu(l)i W) & B A k. T I3 156 b2
SOSATLER, FRATTLL 1-F I8 -2- ZR FE 05| Wk (1e) Il — 2K Bk 140
1 SN BI(Eq. 4), TEAH R R Z4F T, il s 0.00 1.00 Zi?n(:m 3.00 4.00

L) o P R B, R R v 2O A R s 8 AT R i i N
NS . . - B 1 A R I A
B, PTG TR 24 h R L RAIH) Hﬁﬁ”%%( LA 2). Figure 1 Performance liquid chromatogram
MHE 1 JUEH, RNAEETE, JLTFEERIY (a)1e:2=1: 1;(b) e : 2=2 : 1. 1, Material; 2, naphthalene (internal

standard); 3, product 3e
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gl MIETHRILLAR AL 2 1-FJE-2- R FEm W (1e) 5 —
BB R 2 01 B, R E R
AL TIRFAG2 1%, AR A SN A F PR 3R
i B (4R AR BB IB B 2 AR &R e EDI AL
HUNE 2 Fros: MR E T, AR AR
S—S IR A B — 2 T IR R L8 A — 2 T
PhSCu HH a1k, SRJ5 R 1E 8 5 BEBCATE Tun a3k
BT E RO 3 AT, A TR,
[FJ IR 22 9 237 (K] PhSCu Hr AR 7E DMSO FIfER N
TR 2 B AL AR, SE IR TR, B, fE
SN 24 hJE SRSAR R HIE AT R R IR R

X
Ql Ph@ SPh
X PV Phs H ~_~ ©\/\g~Ph
X
Ph?"—SPh/—\

[Cu] PhSCu

\ ) DMSO, I
Cul + PhSSPh

B2 AIRER ML
Figure 2 Possible catalytic cycle

2 Zhig

RSB IE TOR TR RS ORI R A S OB, 19
BT RYVE IR T BB S . 1% MR & 8
TR IV ) A A7), T R B PR B R ] S By e A
K5, JahbERTEAE. R, FI R ROR A €kt T e
() S SATLEEEAT 1 HEM. AHE TN A S 2 I 2
IR BB G PR 7 3R, T B2
(R R BB T Hr i 7 1.

3 X
3.1 UES5HF

ZF-C M= FIAMY, 85-3 RUEIREL /1 fi P o, X-4
B B BAE A AL, TU-1901 B E8 ARG,
BS223S M4y #r K P, SHZ-D (ID)7E ¥R /K X E 2%,
RE-52C Jigf% 78 Kk 4%, 300 MHz #8 SAZ SR (Bruker
DLX 300). R2030 = G AH 15 4% (SunriseC18,5 um). Ft
FHARFI35 9 4 b 4.

3.2 ZLWAHE

7E 100 mL [RERESHEH A A 1 (2 mmol)Fl —
K HiEA2) (1 mmol), JIA 5 mL —FEH(DMSO)
BHAAR G, TN 10 mol% b W4, KHE T 110 C
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MR R 12 he RNEERE, RGN 3R,
AN CERIF s A IZ, HARKGERJ0
mL X3)AHE, ZJFH /K Na,SO, T4, i385 e+
WA, TR ENT 2 SR E B AR 3.

3- KB K IR ME Wy (3a): LMK, 'H NMR
(CDCLs, 300 MHz) &: 7.11~7.26 (m, ArH, 5H), 7.38~
739 (m, ArH, 2H), 7.72 (m, ArH, 1H), 7.79~7.81 (m,
ArH, 1H), 7.88~7.91 (m, ArH, 1H); °C NMR (CDCls, 75
MHz) §: 125.5, 128.6, 129.0, 129.7, 130.4, 131.2, 133.1,
135.4, 135.8, 138.5, 138.9, 140.4.

3-R B A 3b): A EFE K. mp. 150~152 C
(1it.*% 152~154 °C); '"H NMR (CDCl;, 300 MHz) o:
7.04~7.15 (m, ArH, 6H), 7.17~7.28 (m, ArH, 1H),
7.28~7.31 (m, ArH, 2H), 7.43~7.45 (m, ArH, 1H), 8.35
(s, NH, 1H); *C NMR (CDCls, 175 MHz) §: 103.4, 111.1,
119.2, 120.1, 122.2, 1262, 129.0, 129.1, 130.4, 134.6,
135.4, 136.4.

5-FA 3 3-SR Jk 2-FR B L E Wy (Be): LAk, 'H
NMR (CDCl;, 300 MHz) 8: 2.42 (s, CH3, 3H), 7.04~7.11
(m, ArH, 1H), 7.16~7.27 (m, ArH, 7H), 7.40~7.48 (m,
ArH, 4H), 7.64~7.78 (m, ArH, 1H); *C NMR (CDCls, 75
MHz) §: 22.4, 123.1, 123.2, 125.5, 127.9, 128.9, 129.8,
130.5, 132.1, 134.1, 135.4, 135.8, 138.5, 138.9, 140.4,
141.5, 141.5.

1- 363 2K R 5| Wk (3d): 1 (L [ 4. mup. 82~
84 °C (1it.***184.9~87.2 C); '"H NMR (CDCl;, 300 MHz)
d: 3.85 (s, CHs, 3H), 7.05~7.22 (m, ArH, 6H), 7.26~7.35
(m, ArH, 2H), 7.40~7.42 (m, ArH, 1H), 7.64~7.66 (m,
ArH, 1H); *C NMR (CDCl;, 75 MHz) J: 32.9, 101.4,
109.2, 120.5, 120.8, 122.6, 124.7, 125.7, 128.7, 129.8,
134.1, 137.7, 138.7.

1- AR 2- R L 3 OR AR 2L 05| Wk (3e): A [ 4. mup.
105~106 C (lit.!**) 98~100 C); 'H NMR (CDCl;, 300
MHz) §: 3.75 (s, CHs, 3H), 7.01~7.19 (m, ArH, 7H),
7.22~7.26 (m, ArH, 1H), 7.32~7.37 (m, ArH, 5H), 7.41
(m, ArH, 1H); *C NMR (CDCl;, 75 MHz) 6: 30.6, 106.9,
110.8, 120.4, 123.5, 124.4, 128.3, 129.1, 129.8, 130.2,
130.4, 131.7, 133.1, 133.3, 136.2, 137.1, 140.0.

2- F 3 3 B L MG Wk (3): B (O [E AR, mop. 112~
115 C (lit.**® 110.9~111.2 C); '"H NMR (CDCl, 300
MHz) 6: 2.50 (s, CHs, 3H), 7.01~7.04 (m, ArH, 3H),
7.08~724 (m, ArH, 4H), 7.32~7.34 (m, ArH, 1H),
7.51~7.54 (m, ArH, 1H), 8.21 (s, NH, 1H); *C NMR
(CDCLy, 75 MHz) §: 20.6, 103.9, 111.4, 119.1,120.4,
122.3,125.7,129.1, 129.2, 129.5, 131.7, 136.4, 137.0.
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2- KT HE DR IR K M 3g): (I AL [E AR, mp. 200~
202 C (1it?” 202~205 C); '"H NMR (DMSO-d;, 300
MHz) d: 7.16~7.48 (m, ArH, 9H), 12.79 (s, NH, 1H); "*C
NMR (DMSO-ds, 75 MHz) §: 110.3, 118.4, 121.9, 122.0,
127.5, 127.6, 130.9, 131.7, 135.7, 140.1, 145.0.

- BN R EIFE M (3h): KM A. '"H NMR
(CDCls, 300 MHz) &: 7.24~7.25 (m, ArH, 3H), 7.39~
7.46 (m, ArH, 4H), 7.59~7.61 (m, ArH, 1H), 7.69~7.70
(m, ArH, 1H); *C NMR (CDCls, 75 MHz) 0: 120.6, 121.7,
124.1, 126.0, 129.6, 129.8, 132.2, 135.1, 135.3, 153.6,
169.2.

2-ZRB B IR FFEME3): I EAEfE. mp. 52~53 C;
'H NMR (CDCl;, 300 MHz) 6: 7.06~7.21 (m, ArH, 1H),
721~734 (m, ArH, 1H), 7.34~7.44 (m, ArH, 3H),
7.44~758 (m, ArH, 1H), 7.58~7.67 (m, ArH, 2H),
7.81~7.83 (m, ArH, 1H); °C NMR (CDCl;, 75 MHz) o:
121.6, 121.6, 122.8, 125.1, 127.0, 130.7, 131.3, 136.0,
136.1, 154.7, 170.5.

HHBh# &L(Supporting Information) =4 3a~3i 1%
MERAETE . X ek} ] DL f 2 AAS ) 9 35 (http://sioc-
journal.cn/) I F#%.
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