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CuSO,*5H,0/NaAsc 1L T KI5 & F K i R4 B9
Sonogashira 188Xz Iz

RAH NEE ETEF*

(FHALIRTE R A 2L T2 FE 22 M 730070)

P 5

WE K CuSO, 5H,0/NaAsc MIAHME AR R, ST T MU S AR il i) Sonogashira [k M. BLHEA A RER T
— I Pd/Cu S5 & IR IR R, HAAMATIERM 218, JERMmE R, RSAESHZSE F#ITER A, fFasal
ZEK.

REE MR, KERERE; CuSO,4+5H,0/NaAsc; Sonogashira {8

CuS0,4*5H,0/NaAsc-Catalyzed Sonogashira Coupling Reaction of
Aryl lodides and Terminal Alkynes

Qi, Haitang Song, Guanglin Quan, Zhengjun Wang, Xicun™
(College of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou 730070)

Abstract In this paper, the homogeneous catalytic system of CuSO4*5H,0/NaAsc was used to realize the Sonogashira reac-
tion of aryl iodides and terminal alkynes. This catalytic system replaces the general catalytic system of Pd/Cu-bound phospho-
rus ligand, which has the advantages of cheap catalyst, simple post-treatment, reaction under homogeneous conditions, and

meets the requirements of green chemistry.

Keywords aryl iodides; terminal alkynes; CuSO4*5H,0/NaAsc; Sonogashira coupling

Sonogashira 5B N K Cy—Cy,” B ¥ 5 E 5
%, BEE AEEPAMEEEESEML T, S0
B AE R S R s MR I A8 BB S . BAAE 1975 4F,
Heck!", Cassar®Fll Sonogashira® gifii& 7% M M. %%
A2 HUSLF T 254 RN RIR = A .
%4 Sonogashira < KA /& Pd/Cu W4 B EALIA R,
#iltn: PA(PPh;),Cl,/Cul®, PdCL,/Cul'®, Pd,Cl,-(PPh;),/
Cul”, Pd(OAc),/TPPTS/Cul™, (NHC)-Pd/(NHC)-Cu”,
Pd/Cu gk A4 R FATE R R T R Pd 1L
#1: Pd(PPhs);!"?!, Pd(PPh;),Cl,'"*, PACL,(MeCN)/X-
Phos!", IR A9 % — R A AR B AL 77 2 5 1)
AR R Au MEAFIE B Tz RN Bl E LR
A R ILBOE & T/NE RN, 7R3 T
W2 AR —J7H, &8 Pd 28R4~
BCA s = HEEMER. 5 —TJ71H, — 28 Pd AL 0 7K
M OB, O 75 B A e K G, BRI R

B, 1993 4, Miura WA & BIAN Pd SEHLY
Sonogashira XN, 52X E K, J5 RS H I
T HEZ AR AR AL HT Sonogashira M. 540, 4
Eh/Bs IR AR, AR /U AARO XUR BE AR A A £R
YA B i B P e A AP B 5 R X
KT 4 )@ Pd 4L Sonogashira [N, 1RKFERE E &K
TRPMLEAS, $eim 7z BTG RT REPE. BRIGZ 4P,
A H el 4 R AL Sonogashira < M, 1U1: Bolm
PR P kAR Y Feu Ni/Cul Y508 4k (1) [ R £

1E CARIE A AR R R, R 537 — O A ek
WA R, FRATEEALH CuSO,4+5H,0/NaAse & R Ak
ISEPL T C—N/C—O/C—S MBI M7, %A AR Ak 1A
REAEWE, RIBE S, CuSO45H,0/NaAsc JE4 Bk
fr, T H R TR AR AT IR A B O, H NaAsc
MR SRR, X AT B TR Z R
IR R RIS B BN At T OB iRt T7 8, AL
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5 CuSO,4+5H,0/NaAsc F T AR 55 48 F A diig R 42 F
Sonogashira I VL.

1 HR510R

T, MAMESAARTRE TR L) 4-F
FMOR 2a) R B B, 45 R EIAE CuS04e5H,0/
NaAsc 46T, EkPEMEHIS 2] T3 200 B BB
3aa. SLIGZE R, BURIR CHAE b 261 T ik £k
153 T BB~ 3aa~3ce (Eq. 1), PRILR, &
83%. M EH S BB MG &R ARG EER X
P81, FRATIEAE AR F AR I E) T s AR
CF= ). 2 SE0 25 H 5 SRR (1) 45 S AH — 2L

P
s 7 X Z N1 e _CuSO45H,0NaAso, Al
LI +
R ) Cs;,CO4 DMF, 110°C, 24 h
1 2

/ |\ = = | \ (M
1 1
R 3aa ~ 3cc R
3aa 78% 3bb 83%
A==
/ \
3cc 80%

N T AR S 2R REER R B, BATHE
AR N T T SR8, TR, %R BIR H 1S
T2 3a, HPEREBUE. Kk, FATUAZE Z R 4-F
BEMR I RN R BB SRIG AL T S RS, SEaa s
WL 1. 1E CuSO45H,0/NaAsc AL @S5 T, 209
SR T AN [ (R RT3 TR0 S R 45 R AR R e, 245 SR R I
RN B KHIE W S48 BN B, RN ARE
(Entry 9); 484 K,COs 3% KsPO, I, 3a IF=F 43N
64%7#1 66% (Entries 6, 7); 484 Cs,COs ¥ 718 DMF
W, RBFEERIL 79% (Entry 3). 24BN CuSOye

SH,O B, SN ANKAE, 25 A S 3 A 355t &8
(M (Entry 4). R4 A0 A AL RIARE, &
PR R FFA AR, PR 61% (Entry 10). {HAZ,
WA SN R RO B AR A, S NS BT
Pe i (Entry 11). Jy 7 56 UF 4 A0 7 1) 455 50 12 ) B (1)
s, AT A HEAT T REE (EDS) 40 #r. SEI 45
R, BT ARG, B A R AR R 1 S
[F;, RAESLIR TR R, ERTIRT, B
W) BRI CRFNIAR 55 1 28 SR B2 405 T AE TG 4
SRR, FERN AR SR E BB M
(Entry 5). ), A HIZRMNFREFMF: RN
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AR, L7 CuSO45H,0 (10 mol%), Aifk NaAsc (20
mol%), B Cs,COs (1.5 equiv.), ¥&7 DMF, 7E 110 ‘C4k
PEF S 24 b, BIRT % A 2R S e RS 55 928 P 22 S AR

RN
®1 KM

Table 1 Optimization of reaction conditions

P2 |
Z \@\ CuS0,4-5H,0/NaAsc
_— -
* CHj Ar, Solvent, Base
1 2

OH
HO_
D=0 = oy
3a HO 0
Entry Catalyst Ligand Base Sovent  Yield’/%
1 CuSO45H,0 — Cs,CO; DMSO —
2 CuSO45H,0 NaAsc Cs,CO; DMSO 68
3 CuSO45H,0 NaAsc Cs,CO; DMF 79
4 — NaAsc Cs,CO; DMF —
5 CuSO45H,0 NaAsc Cs,CO; DMF 16
6 CuSO45H,0 NaAsc K,CO, DMF 64
7 CuSO45H,0 NaAsc K;3PO, DMF 66
8 CuSO45H,0 NaAsc KOH DMF 41
9 CuSO45H,0 NaAsc Et;N DMF —
10  PdCl, (5%) NaAsc Cs,CO; DMF 61
CuSO4°5H20/
11 NaA Cs,CO DMF 85
PACL, (2%) anse B2

© 2017 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: under argon atmosphere, 1-iodo-4-methylbenzene (1.2
mmol), ethynylbenzene (1.0 mmol), CuSO4*5H,0 (0.1 mmol), ligand (0.2
mmol), base (1.5 mmol), solvent (3 mL), 110 C, 24 h. ° Isolated yield.  The
catalytic reaction was performed in air.

BAVRI T &SRS PN, 152174 3a~3h.
IR SRR Eq. 2 FoR, MR 1P RUNZEIR, JRY) 2
R NI L TSP (R ), AR BRSP4 3b A 3¢
A ARHAR PR R oy A B, s P EUR IR (R AR
NIRRT R =) 3a 0 3e, A%, & 80%.
MEY 1R RONARFEBURIE(FF ., AR IR,
JEYD 2 R RP AT (B, T8 EREE HL 3 [ (R A3
i, A9 3d, 3f, 3g, 3h #AETFE] 80% LA L FIF=4K.
SEIGUE, FER SR AT, KRGS KR
Ja 2 1B A A8 SCARBR S B, - 1T g g e P AR i e A 5 1 AR 5
FEI SN I ASERAR,. TE ONEK G, BE R ) B AR
Y 3i~3k, XULHAITEIZMEILIR R T, R A i H R
TEPEAS K 5 B AR IR, XA G SRR — ek b
REP, HFEFEE AR, REREER AL S
%, MARME RS AR R, W50 T St FE
SR o 64K F A 5 P (Scheme 1), A5 5 8 58 5 % 4.

SEECHRARIE, FRATT S N I HLERBEAT T AT RE
FIHET AN Scheme 1 Frzws, HA L RISACA LN NaAsc, &
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FIRLIE AE AT AR SN HH (path a), B, Cu’, NaAsc

et | N o CuS0,-5H,0/NaAsc, Ar R/ \ ®
P Cs,CO3, DMF,110 °C, 24 h |-
X=1,Br R?
1 2 3a~3h
O—=COo =0 O—0Or
3a79% 3b 86% 3c 84%
v =A o O=en mel =)™
3d 87% 3e 80% 3 89%
H;CO O = O Br  HicO O = O OCH,4
39 85% 3h81%
R\ 0 iR CuSO4#5H,0/NaAse B XLt Pd/Cu 4551
./~ I_‘"Cu""C\\\C ) BRI IR R, FRAIR T LI RRA, &5t AFH
2 / B A UK ER IR BUR O BETR PR A E, NaAse BENRSE,
L zcAr . HRR 545, BRILZ b, R/ R AR A AR B
L\‘.Cu\'\\\‘ CIUC SRR SRR RN B S RER RN, 3T T
<X Sl Ses, — 7 {58 ) D2 R B 1) £ PR 7 LR 74,
\. 7R path a A J
- o 3 STWES
r —
D 1 3.1 IBSHHA
= S cut L = Asc/solvent : et
3a Cs2C0s KGR FH Varian Mercury plus-600 MHz #% f

Ar
Ar——- | "
F Cs,CO3
' NaAsc + Cu?
homocoupling path b

.
R Ar————=Cu
Ar——=——=—"Ar \p—=— (> D
3aa E \_/

0,

AR 1 AR
Scheme 1 Possible reaction mechanism

ANA S RSB AN 7 2E AL AR R ()4 A, Bl R4 H—
ANALAEF A A B, Halfk B -5 AU TR g
OIECIRES C, HE ik R ERIE AL H bR~ Y) 3a. 1E path
b 1, NaAsc {EAIEEFIP, 2 Rig P dia ik D,
EA TP Al TR E TR O EH B3 F, OFE H%
F [ SRS 3] 3aa.

2 g

AR T — M, TR ARREA R, Sl
TR T AR I 28 £ B Sonogashira BRSNS
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PRAI 5, CDCl; Al DMSO-d N7, MeySi AW FF; i
W Bruker Daltonics APEXII47e FT-ICR spectrometer
by ESI; # i XT-4 2 50a SUAE, @ THRRLIE.

B ARG R ot ali, A8 BT ASMBUE (T A 2E.

3.2 XWHE

FETF-157 4 7 Schlenk 3 71, I CuSO,4+5H,0
(25 mg, 10 mol%), NaAsc (40 mg, 20 mol%), M7 (1.2
mmol), ZKZH(1.0 mmol), Cs,CO; (488 mg, 1.5 equiv.),
DMF (3.0 mL), £ 110 ‘C N 24 h. RMZ5 54
RER, MA 15 mL BAENEER, FH R OEEAE
(20 mLX3), IR, HIEK Na,SOs T, 1%
bR 2RI, B A s o (R P R R
M, BRI, ARAESERRIE O, S N\ JE 424
i, SRR ESREAR, KE 3 WE, FREEITAR
WeZgfh, SRIGTERFLL RS 3~5 min. HFilCE T RN
Tt Enddd 2 8.

1,4- 2K F3E-1,3-T 4 (3aa): A EE A (161 mg,
80%). m.p. 84~85 C [N LR ZER)/ V(A MK =1 :
80]; 'H NMR (600 MHz, CDCl;) §: 7.53 (dd, J=8.1, 1.3
Hz, 4H), 7.37~7.32 (m, 6H); “C NMR (150 MHz,

http://sioc-journal.cn/ 1857
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CDCly) 0: 132.48, 129.18, 128.41, 121.78, 81.53, 73.89.
HRMS (ESI") caled for CiH;; ((M+H]") 203.0861;
found 203.0868

1,4- %F 2R 6 -1,3- T 6k (3bb): 1 0 [ 44 (189
mg, 82%), m.p. 196~197 C; 'H NMR (600 MHz,
CDCly) d: 7.41 (d, J=7.9 Hz, 4H), 7.14 (d, J=7.8 Hz,
4H), 2.36 (s, 6H); °C NMR (150 MHz, CDCl;) J: 139.46,
132.36, 129.19, 118.77, 81.52, 73.43, 21.60. HRMS (ESI")
caled for CigH,s ((M+H]") 231.1174; found 231.1162.

1,4- X0 (4- 48 FE R 3E)-1,3-T bk (3ee): A o fE 44
(220 mg, 84%). m.p. 137~138 ‘C; 'H NMR (600 MHz,
CDCly) d: 7.46 (d, J=8.8 Hz, 4H), 6.85 (d, /=8.8 Hz,
4H), 3.82 (s, 6H); >C NMR (150 MHz, CDCl;) 6: 160.21,
134.01, 114.11, 113.93, 81.21, 72.93, 55.32. HRMS (ESI")
caled for CigH;50, ((M+H]") 263.1067; found 263.1061.

1-(4-H 2K -2- K FE 2.6 (3a): A EE 4161 mg,
84%). m.p. 72~73 C; 'H NMR (600 MHz, CDCl;) o:
7.53 (d, J=6.2 Hz, 2H), 7.43 (d, J=7.9 Hz, 2H), 7.35~
7.32 (m, 3H), 7.16 (d, J=7.8 Hz, 2H), 2.37 (s, 3H); "*C
NMR (150 MHz, CDCl;) 6: 138.61, 131.77, 131.72,
129.34, 128.53, 128.29, 123.70, 120.40, 89.78, 88.94,
21.75. HRMS (ESI ") caled for CisH;3 ((M+H] ")
193.1017; found 193.1023.

1-(4-F R FE)-2- K H 2, H(3b): 1 L] 44 (163 mg,
77%). m.p. 82~83 ‘C; '"H NMR (600 MHz, CDCl;) o:
7.52 (dd, J=6.5, 3.1 Hz, 2H), 7.46~7.44 (m, 2H), 7.36~
731 (m, 5H); C NMR (150 MHz, CDCl;) J: 134.23,
132.78, 131.57, 128.66, 128.45, 128.36, 122.91, 121.77,
90.29, 88.21. HRMS (ESI™) calcd for C14H;,Cl ((M+H]")
213.0466; found 213.0458.

1-(4- TR R F)-2- T8 B 2B (3e): A B[ #4214 meg,
84%). m.p. 94~95 ‘C; '"H NMR (600 MHz, CDCl;) o:
7.49 (dd, J=23.6, 7.7 Hz, 4H), 7.35~7.31 (m, 3H), 6.88
(d, J=8.7 Hz, 2H), 3.83 (s, 3H); *C NMR (150 MHz,
CDCly) d: 159.82, 133.26, 131.66, 128.52, 128.14, 123 .81,
115.60, 114.21, 89.57, 88.28, 55.53. HRMS (ESI") calcd
for C14H,oBr ((M+H]") 256.9960; found 256.9964.

1-(4- F R 5 )-2-(4- F B ORIk ) 2B 3d): A A 44
(183 mg, 81%). m.p. 141~142 °C; 'H NMR (600 MHz,
CDCLy) d: 7.43 (dd, J=16.7, 8.3 Hz, 4H), 7.31 (d, J=8.5
Hz, 2H), 7.16 (d, J=7.9 Hz, 2H), 2.37 (s, 3H); *C NMR
(150 MHz, CDCly) d: 138.63, 134.02, 132.71, 131.47,
129.13, 128.62, 122.00, 119.84, 90.51, 87.59, 21.50.
HRMS (ESI") caled for C;sH,Cl ([M+H]") 227.0622;
found 227.0617.

1858 http://sioc-journal.cn/
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1-(4-H A B IR BE)-2- K FE 2. (3e): A (L[] 440 (162
mg, 78%). m.p. 81~82 C; '"H NMR (600 MHz, CDCl5)
d: 7.53~7.52 (m, 2H), 7.48 (d, J=8.4 Hz, 2H), 7.39 (d,
J=8.4 Hz, 2H), 7.35~7.34 (m, 3H); *C NMR (150 MHz,
CDCly) d: 132.95, 131.55, 131.53, 128.45, 128.33, 122.83,
122.40, 122.17, 90.43, 88.23. HRMS (ESI") caled for
CysH,30 ([IM+H]") 209.0961; found 209.0956.

1-(4- 2R Jk )-2-(4- F R DR IR ) 2 (30): 1 8 8] 4
(232 mg, 86%). m.p. 148~149 C; 'H NMR (600 MHz,
CDCLy) d: 7.47 (d, J=8.4 Hz, 2H), 7.41 (d, J=8.0 Hz,
2H), 7.37 (d, J=8.5 Hz, 2H), 7.16 (d, J=7.7 Hz, 2H), 2.37
(s, 3H); °C NMR (150 MHz, CDCl;) §: 138.67, 132.93,
131.55, 131.46, 129.14, 122.44, 122.21, 119.80, 90.69,
87.65,21.51. HRMS (ESI") calcd for C;sH,Br ((M+H]")
271.0117; found 271.0121.

1-(4-1R R 5L)-2-(4- A LR IR) b (3g): 1 Al 4
(254 mg, 89%). m.p. 149~150 C; 'H NMR (600 MHz,
CDCLy) 6: 7.47~7.45 (m, 4H), 7.36 (d, J=8.5 Hz, 2H),
6.88 (d, J=8.8 Hz, 2H), 3.83 (s, 3H); *C NMR (150 MHz,
CDCly) 6: 159.78, 133.04, 132.83, 131.53, 122.58, 122.03,
114.98, 114.04, 90.53, 87.03, 55.30. HRMS (ESI") calcd
for C;sH,BrO ([M+H]") 287.0066; found 287.0069.

1,2- X (4-H AL 2RI 28 (3h): B B8 4(198 mg,
83%). m.p. 153~154 °C; '"H NMR (600 MHz, CDCL3) ¢:
=7.45 (d, J=8.6 Hz, 4H), 6.87 (d, J=8.6 Hz, 4H), 3.82
(s, 6H); °C NMR (150 MHz, CDCl) §: 159.37, 132.85,
115.71, 113.95, 87.94, 55.27. HRMS (ESI") caled for
CigH,50, ((M+H]") 239.1067; found 239.1061.

i Bh#4 &l (Supporting Information) fi 5 & b &4
f¥) "H NMR A1 °C NMR B &, 3X £t} n] DL 4 8 AR T
X3 (http://sioc-journal.cn/) b T %K.
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