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TS 5 B8R 18 0 75 E MBS AN TR RO (B BX S ML 7T 3%

UL

(7K 5 e B 22 e

WE WS H5NEAET, 9T Cu

Bl A 5 PR - 1 6 11 7 1B S bz

FEE SkA

FH7K 323000)

R RONE R MR R BOSE SR

fitk, SRFEHIEZS A, BL1,10-FERSIE-BE TR 4 4k 7, DMSO/HZO(V. v=1: DIERNER], RNIRE R 60 C, LA

B A G5 AR

R MR N BRI DY IEONER; 1,10-SERD0E; R

Base-Free Cu(ll)-Catalyzed Coupling Reaction of Arylboronic
Acids and Thiols

Yang, Minghua* Pei, Ji

Yan, Guobing

Weng, Qiuyue

(Colllege of Science, Lishui Universtiy, Lishui 323000)

Abstract Baes-free Cu(Il)-catalyzed coupling reaction of arylboronic acid and thiols was described. After optimization of
reaction conditions, such as solvents, reaction temperatures, copper salts and ligands, the results show that some biarylsulfides

were synthesized in good yields using 1,10-phenanthroline-Cu(OAc),*H,0 as catalyst, DMSO/H,O (V . V=1

under air atmosphere at 60 C.

. 1) as solvent,

Keywords coupling reaction; thiol; arylboronic acid; 1,10-phenanthroline; cupric acetate

05 BRI A HLE B AR, T2 T4
R LA, PP, NiPIAT Cul 455 I 4 s fi Ak &
J S FERR AT 5 22 AR o r a5 5 LK VR 2 Cu
L5 5 ki 5 SR Ak, S, KSCN VL i
PR BRI, R OV R B o BRI B
Fik. 07 FERNIRAE b — i B 57 AR 2 N T
IDE BB, AR Tk 1) 5 AN A L3R GE. 2000 4F
Guy S DURF B /AR, 55 SRR B IR CLEhR I (1)
C—S A8 UM/ N A il ik, SN A ZAEH] 1.5
equiv.iEER M, 117 BIL LA 1. 2009 4F Punniya-
murthy /NHUHFHGK CuO AL T 2R 2R 6R 19} ) R
IV, 7EN, N80 C&M 10h, 1H 16%HIM=%. A N
FFEENEE 23 9 N-BREAH T B e A — k)
SN g, 1930 T IS5 . AR IR ATHE R AT,
Feng %51 PHRIE T 76 i A/ AAAE R, I 0.5 mL 1)
40% n-BuOH 4##(0.5 mmol Ji&4), H CuSO,-1,10-FEH8
Wk P A4 57 RS P R I 1 e I, D v 45 38 vy R AL %645 21

* E-mail: mhyang@lsu.edu.cn

THiEE. FAOBIT R A B C— A, A
52 Punniyamurthy /N2 2B RN SRR 1) i it A v,
R RINAR b K, T BUKOKH i e . A
EBRATO RS NAE T — R0, 85 RR M, AT 20
Z 5, L DMSOH,0 (V : V=1:1D)NEH, 7
Cu(OAc),-1,10-FEMZ WK (1,10-phen * H,O) i 4L T, 45 h
60 C/V 8 h, 75 FERNRR AR SN, AT LUASE = e 15
B )5 REBi R (Bq. 1).

Cu(OAC),+ H,0(5 mol%)

(OH), SH 1,10-Phen- H,0 (5 mol%)
2 1l
(j R O/ DMSO/H,0 (V:V = 1:1)

Air, 60 °C, 8 h
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1 WL
1.1 UE5RF

M3 R4%: Bruker AMX-300, LA TMS b N ¥5,
SRAREA A, 7 7= S W MR AE R GC-MS:
Varian GC/MS (431 GC-220 MS). JtH 24 i 35 4y 1l 854>
Mrali, BREFaEmAh, REdt—Dab .

1.2 MUKEH—BTE

FCAA(0.05 mmol). i & B A 416 42)(0.05 mmol)
AR 1.5 mL, 23l N, Z=il N 4EE 10 min,
I ZENE2(0.5 mmol)Fl 3- F A2 JE 2K A% 19 (0.6mmol),
PR 45 CHEFER N 8 h. WHIZEZME, A SmL LR 4
BEFI 3 mL 7K, FEMIA 0.5 mL 3% 4 1.0 mol/L — Ak ik
(1 LR OB, s hidtis, H GC-MS R illafise ™
% GC 43k 4 Varian VF-5ms (CP8944), 60 ‘C T4 LA
20 C/min A & FHEL 3 B il B2 280 °C, 2RI N 0.5
mL/min; PR PIAR K AREE 8.642 min, P54
9.993 min; 3- FFACEE 2R 9Y AR IR EI ™4 — At ik 12, 260
min.

1.3 BUKFETRER FNERER S L B9 — AR 18

¥ 1,10-3E"2WK(0.05 mmol), Cu(OAc),*H,O (0.05
mmol). 0.75 mL DMSO F1 0.75 mL*H,0 4 I J v
b i N BERE 10 mine F0ON BUAR R B0 2 (0.5
mmol) FIR3(0.6 mmol), =il 60 CHidt: MY 8 h. 4]
RER, AN SRR OEEFIKS 3 mL, 730, H OIR
LEERIUK M =B mLX3), &IFEHAM, HIK
NaSO4 115, LLER e A Wk v H AT J2 47 40 15 45 40
il

XPTRTNER D 2-Si 5 R R I R B, R V45 ),
3NN 3 mL Z 2 ZFEA1 3 mL 2 mol/L (¥ NaOH ¥,
FRT TG W, e KAH, 1 mol /L 1 ERFRIR AL,
PR P AR I =R, ARG AR ST o B A4,

B F=s o Atk &4, Bl '"H NMR Al PC
NMR EAE, #50=Preis Ao .

TR BEM: LMWk, '"H NMR (300 MHz,
CDCly) 0: 7.24~7.39 (m, 10H); *C NMR (75 MHz,
CDCly) d: 135.7, 131.0, 129.2, 127.0; MS (EI) m/z (%):
186.4 (M", 100), 109.5 (6).

2- FAZFEZRARIE) L4 "H NMR (300 MHz,
CDCly) 6: 7.20~7.33 (m, 9H), 2.40 (s, 3H); *C NMR (75
MHz, CDCl;) 6: 140.2, 136.5, 133.9, 133.2, 130.9, 129.9,
129.4, 128.2, 126.9, 126.6, 20.9.

2-RB R HR: Ak, mp. 166~168 C
1t mp. 166.5~167.0 ‘C); 'H NMR (300 MHz,
CDCly) 6: 13.2 (br s, 1H), 7.94 (d, J=7.5 Hz, 1H), 7.51~
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7.55 (m, 5H), 7.36 (d, J=7.5 Hz, 1H), 7.23 (d, J=7.5 Hz,
1H), 6.75 (d, J=7.8 Hz, 1H); *C NMR (75 MHz, CDCl5)
0: 167.5, 141.7, 135.2, 132.5, 132.3, 131.0, 130.2, 129.4,
127.9, 127.1, 124.8.

4-HIZEFERBR A o Ei4A; "H NMR (300 MHz,
CDCly) d: 7.17~7.38 (m, 9H), 2.39 (s, 3H); *C NMR (75
MHz, CDCLy) o: 137.4, 137.0, 132.1, 131.2, 130.0, 129.7,
128.9, 126.3, 21.0; MS (EI) m/z (%): 200.2 (M*,100),
185.3 (5), 91.5 (5).

A-IRAFEIRBRBE), TE 1A "TH NMR (300 MHz,
CDCLy) J: 7.24~7.41 (m, 7H),7.17 (d, J=8.4 Hz, 2H); "*C
NMR (75 MHz, CDCly) 6: 135.5, 134.8, 132.2, 132.0,
131.5, 129.3, 127.5, 120.8; MS (EI) m/z (%): 266.1 (M",
100), 185.3 (50).

4- 51 R 2R FE IR e A, TH NMR (300
MHz, CDCly) d: 7.31~7.38 (m, 5H), 7.21~7.28 (m, 4H),
2.91~2.99 (m, 1H), 1.29 (d, J=6.9 Hz, 6H); *C NMR
(75 MHz, CDCly) o: 149.1, 137.6, 132.7, 132.5, 130.8,
129.8, 128.1, 127.2, 34.5, 24.6.

4- WA LR L IRB R, o aifk; "H NMR (300
MHz, CDCLy) d: 7.44 (d, J=8.7 Hz, 2H), 7.20~7.26 (m,
5H), 6.92 (d, J=8.7 Hz, 2H), 3.83 (s, 3H); *C NMR (75
MHz, CDCL3) 0: 160.6, 139.3, 136.0, 129.6, 128.9, 126.4,
125.0, 115.7, 56.0.

2 #ZR51He
21 MR &EE

326 FH 2RI T AR ) A A0 DR I A R AR 0] I
P AAFREAT T AR, S50 1.

BAIEM T Cuy0-2,2-HKIEHE (bpy) 7E A fE L5,
DMSO M7, 45 CRN 8 h, {LLL 22%KI %45 37
ft, RIS AT 31% 01 (] FA R0 My 1Y) 1 SRR =4
TR A (Bntry 1), G139 ONAE N, AT LA AR
Fedh, AR 20%01) Bk (Entry 2). BT PR R
ik P (AR KNI, 3 4 A LR X, BT LAA
PCEE m = R, T B> R T R P A
B SCHR[14] R I8 R0 R 2 5 16 s AT BUIn /b (1K,
P AFRATIFE#S 5 DMSO H il T H,O [V(DMSO)/
V(H,0)=2/1). farit R, AMU=RY 85, JfH
AR IR R LA B SR D . K R B N ISCR A A

I, DMSO 5K ARFIEE A 1/1 B 45 30 55 e (R
(Entries 3~5). R T, DLl T Hopd ) — 404 &1
Cul, CuBr A CuCl LK —#r4fiZh CuO, CuCl,*2H,0,
CuSO0,4*5H,0 F1 Cu(OAc),*H,0, KT CuSO,*5H,0
TETER ZE AN, HABE AL N, RETH BT 45%IF i
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Table 1 Screening for optimal conditions

[Cu] (10 mol%) H3;CO OCH
(OH), HsCO ngand (10 mol%) H3C ®
©/ \©/ Solvent 1.5 mL) \© G @
1 air, 45°C, 8 h

Entry [Cu] Ligand Solvent 338{1e1d"/%4 =
1 Cu,0 bpy DMSO 22 31
2 Cu,O bpy DMSO Trace 20
3¢ Cu,0 bpy DMSO/H,0 (V - V=2 11) 47 12
4 Cu,0 bpy DMSO/H,0 (V' - V=1 1.1) 54 11
5 Cu,0 bpy DMSO/H,0 (V - V=1 12) 27 43
6 CuBr bpy DMSO/H,0 (V' : V=1:1) 45 13
7 Cul bpy DMSO/H,0 (V' - V=1 1.1) 60 Trace
8 CuCl bpy DMSO/H,0 (V' : V=1:1) 47 11
9 CuO bpy DMSO/H,0 (V- V=1 1.1) 61 22
10 CuCl,*2H,0 bpy DMSO/H,0 (V' : V=1:1) 72 11
11 CuS0,4*5H,0 bpy DMSO/H,0 (V' - V=1 1.1) 19 52
12 Cu(OAc),*H,0 bpy DMSO/H,0 (V- V=1 1.1) 77 15
13 — bpy DMSO/H,0 (V' : V=1:1) ND 45
14 Cu(OAc),*H,0O — DMSO/H,0 (V - V=2 11) Trace 57
15 Cu(OAc),*H,0 1,10-Phen*H,0O DMSO/H,0 (V- V=1 1.1) 81 13
16 Cu(OAc),*H,0 L-Proline DMSO/H,0 (V- V=1 1.1) 9 56
17 Cu(OAc),*H,0O N,N'-Dimethylethylenediamine DMSO/H,0 (V- V=1 1.1) 21 48
18 Cu(OAc),*H,0 1,10-Phen*H,0O THE/H,O (V. V=1 1) 13 48
19 Cu(OAc),*H,0 1,10-Phen*H,0O DMF/H,O(V : V=1 11) 77 11
20 Cu(OAc),*H,0 1,10-Phen*H,0O EtOH/H,O(V - V=1 1) 5 53
21 Cu(OAc),*H,0 1,10-Phen*H,0O DMSO/H,0 (V- V=1 1.1) 93 Trace
208 Cu(OAc),*H,0 1,10-Phen*H,0O DMSO/H,0 (V- V=1 1.1) 91 Trace
23/ Cu(OAc),*H,0 1,10-Phen*H,0 DMSO/H,0 (V' : V=1 ":1) 72 9

¢ RBEZAF: 1(0.5 mmol), 2 (0.6 mmol), [Cu] (0.05 mmol), ALH4(0.05 mmol), ¥#7(1.5 mL),
CTEN, FRIV; 7 60 ‘CRI; € WA 5 mol% Cu(OAc),*H,0 I 5 mol% 1,10-3EMH(1,10-phen*H,0); " A 2 mol% Cu(OAc),*H,0

SHEAD 15 ¢ AR R 2;
12 mol% 1,10-FERS k.
K (Entries 6~12), HH Cu(OAc),*H,O Ak IHME
i, RETSE] 77%M0R, (H& iR Bk &P L AR
K. R AR R A AR R A TF ), e — A A3
FE), AHGE T UG 3 45% DL b 1% 6 Bk I~ ) (Entries
13, 14). F 5 WABCAA D 1,10-3E00Mk. L-Fili iR AN
N-Z R4 S TR RS, RIL 1,10-3E08
%%%ﬁ%ﬁm%%&%@mmswwn)ﬂﬁ&%g
VI 20, ¥ DMSO H A /K P (1)%5 71 THF, DMF
8 BtOH AUHF, AMEWCERFRK, 1 H ZmifkE] =4 L
B3N (Entries 18~20). 4 & Wil T+ #2160 C I, W
FEE R E] 93%, milkE] PR & (Entry 21). 160
C M, MHEAF Cu(OAc),*H,0-1,10-phen*H,0 ¥ H]
H R 5 mol%, WK IR , H2 M ih 7]
FHE KRR E] 2 mol%, WORFFKE] 72% (Entries
22, 23). FrACAL S I RN 45 AL £ Cu(OAc),* H,O-
1,10-FEMZIK(5 mol%) My 4L 7, DMSO/H,0 (V@ V=1 :
AT, NVHEE R 60 C.
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SR 45 C RN 8 hy P GC-MS J= % (T 263 —HRmEN FAR); © A

2.2 WREpFNFE ELRER AY /e L

TEPACI SO AT, 2558 T BRI Iy A 5 A0
PRI I N, 43R W3R 2.

MFE 2 R, R IR AR Iy 1 e AR
BN, DA AR B RS2 A9 2074, DIREIR 55 4 Fi L
ACTRIR I A e N i) L H, 2RO b I3 1 25 8] 50y
X S N A e A ] B AR A AR L A7 EA i 12 22
i, 1 Me, C1F1 Br HARABAZI, 25124 50%, 73%
F79%, AHE 1% SO AR EIXSAL IS, W02 53 7 34
F| 71%, 78%K1 87% (Entries 3~6 vs. 8~10). 2447 FLH
K 2-Z51 5 2K R S NI, AN AR B 54% il
(Entry 11). 4-FEZRIMIR . 3- LML . 4- 57 N FEIRA
B TRy [ N, BELL 72%~ 86% A% 45 21| AH M. 11 B
fif(Entries 12~14). VAR FR P EE SLVFIAREE F, CL, Br,
COOH H CN [MAAAE, RARAFEENE. 52431 2-
S BE Wy 15 2R s N LA 69% PRI %43 2 7= ) (Entry
16). {E AR ORNE, - FEaR W T S e 5 0 iR
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Table 2 Reaction of arylboronic acids with thiols

Cu(OAC)y s HoO (5 mol%)

% 1,10-Phene H,0 (5 mol%)

R + Ar—SH
Z DMSO/H,0 (VIV = 1/1)
Air,60°C, 8 h
R Nr—S—Ar
N~
Entry R Ar Yield®/%

1 H 3-Methoxyphenyl 88
2 H Phenyl 93
3 H 2-Tolyl 50
4 H 2-Chlorophenyl 73
5 H 2-Bromophenyl 79
6 H 2-Fluorophenyl 86
7 H 2-Carboxyphenyl 63
8 H 4-Tolyl 71
9 H 4-Chlorophenyl 78
10 H 4-Bromophenyl 87
11 H 2-Naphthyl 54
12 4-Me Phenyl 85
13 3-CN Phenyl 72
14 4-i-Pr Phenyl 82
15 4-OMe Phenyl 86
16 H 2-Thienyl 69
18 H Benzyl 28
17 H n-Butyl <5

NS 5 FE R (0.5 mmol), i (0.6 mmol), Cu(OAc),*H,0 (5
mol%), 1,10-FEMIK(S mol%), DMSO/H,O (¥ : V=1 : 1) (1.5 mL), &K F
60 °C 2% 8h; b 2> B,

SN, WA AR (Entries 17, 18).
2.3 HER

75 FENIR 5 5 AL A W YA B ek TR LB LA
g e s e WA B R 1), HheKE
ArB(OH), & 3% A2 i v 58 & () PhB(OH); 7, F45 Cu
MIRCA Y A N AR B, RG] #e B 5000 R VA4
i D, FHEJEE LS e, FAR E, Sk )E R E
A, SEREALAEIR. 55— FinT fE L ORI S A A ik,
RIGS B N, g5 =4, TR AR A 1 v 4
CB, ¢ Him kb & ArB(OH); R MNAE S D, SR )5 A4
—IRRSERAR IR, 2055k S 510
S IR, T 7K B ALk B W R IENS. K g e kX
SN, — 7T T AEK AR ArB(OH), VAR, % —
Jri7K e ArB(OH), o AR =i M B i (1) ArB(OH);
NIESE (S A R RN O FNAE DT s ke

H T WU ML R A, AT 3-FR
BT BRI S RRAEA L I A E R OB, B 55% I
REE TP HI(Eq. 2). fERNRA RN 4, AR T
KBTI T B SE=Y) —6ils, XSRS — FyL e
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(] APSH-

cu'L

Ar' B(OH)Z/i_/
H0 l Ar'cu'L
Ar'B(OH); B

B ATREM AL

Figure 1 Proposed reaction mechanism

Cu(OAC), - H,O (5 mol%)

1, 10 Phen H,0 (5 mol%)
< Q >> DMSO/H,0 (VIV =1/1)

o

Air, 60 °C, 8 h
S
oL
CHg
55%
ST REAELEI.
3 it

AL LA BEA RS B 4 - 1,10-3E 2 Wk 4 ik 57, Ak
5 SR R By A B SN, DAASE ey (B3 45 LR 1 T
#ﬁ%%%%,ﬁmmﬂ#%w¢ oy s, Htfk
gt b 5 5 ki ok D5 A A R, AR R R AN iR
FUSRAR, BT A4 S et JC 25 5 7. HILL Feng /M
MIRTEST, RV i 5 v, (S BB AE SR HEAT,
ANFEEINK RN n-BuyNOH 1E My, H0 =R
WA Frde s, KIS E S N I HEAT, PEAN AL
HRWE S IEAE AT .
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