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Cu,0O-Catalyzed Green Oxidative Terminal Alkynes
Homocoupling without Bases

Ma, Nan

Zeng, Xianghua*

(College of Biological, Chemical Sciences and Engineering, Jiaxing University, Jiaxing 314001)

Abstract A high efficient method for the synthesis of 1,3-diynes derivatives which employed terminal alkynes as the sub-
strates and copper(I) oxide as the catalyst was developed. This method possessed the character of base-free and mild reaction
conditions. The reaction mechanism was also studied. Furthermore, this reaction could be magnified to gram scale and the

catalyst of copper(I) oxide could be recycled.

Keywords copper(I) oxide; homocoupling; terminal alkynes; base-free

1,3-T R B T0) 2 AFAE TR 23RN
Aoy i, A SER S 4 R 4 B A S
Z(Diplyne A)HA EAEIPLHRFFIEME", MASH
4y B B K ¥ (Falcarindiol) B A5 470 % % 3R B8 v 12k 1),
it 2% 28 A& 25 265 ) (Thiarubrine A) B A Pk 5 KL YL # S
PR 1), eAh, EHE Rt R A R IEE B
SARPL A I SR B B AR G R} ak e (R
fhl203036]

PRIk, 1869 4F Glaser™ I8 1 FH 4 fi Ah i 3 e A
BB 1,3- T RSG5, kA K& P SCkik
W T L E B AR AT Py el &0
RIS ARI101 g lNAE - Lo e 4 1 Ak 70 B 52 KK
Tk, AP ERAL AR BRI 0T . Ak
T N R A 2 I N K= R T TN ¥ P 22T N
RERG AR, BB A LA R PUR R R, RIEHNZ
FAHE AL AR 222 W& R I 1 2 AT 7 1) 2 — 112,

BT, Tang 2RI T U5 TR 9K S0 0 AR Ak S
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Y, WFEINA PP % 2 % (TMEDA), &7 54
A ARTL A4, Yao ZESHRIE T Cu/CaN, (A b 3
FAEEAAUR M EEE, (BT I GRS AL, T
CL_EWF 75 56 R0 22 AH A Ak A A A7) 5 T IR IsCR A 1 A
R, BAVFER BB TS 5 15 A 17 B i
b 70) T 8 Ak o bR B BB AR L, FRATTIRIE T —
DMSO 1E RN 23 i S 5 A A T 1 4R (51,
A ity FEE AR IR J2 .
1 GHR5TR
1.1 REFHHMTL

BATHE S LK LN RIS | B S AT T ARk
(F1). HLLZ R H(DMSO)NIEFIN, 235 LL Cu
CuO 1ENHEALF, 75 80 'C N XM 12 h 533 3RS Hbx
F=¥)(Entries 1 f12, & 1). LA EALFA Cu,0 B, Hf
1T 95% IR K= WI(Entry 3, F 1). 2R, XL Cu0
JIEALFR, 3 LL MeCN. N,N-—- Fi 3L H it fi& (DMF) Al
VU & W IR (THF) A I, 76 RIFE R BN A6 R, =4
(R 2 HA FIT FAIG (Entries 4~6, % 1). 2 )5, fERFE%
R, BATE P E4EEE] 8 h J&, PR s
A (Entry 7, & 1), {H2& YRV E 6 h, =)
FIUSCR N %2 90% (Entry 8, £ 1). 285, A% MR
FEAT T HE, HYREER 70 CH, JE3] 87%M
W2 (Entry 9, £ 1); SRR 90 CHf, A LA4i%kE
% 6 h (Entry 10, & 1). $, FMERBKMET, Al
FIHEFEZ 5 mol%it, =% 1A 80% (Entry 11, & 1).
NTH—PHETHPNEARRRSE T RN, AT
B TR AR AR AR PRSI, RS (Bntry 12,
F DATLAERE R 5 h SERUR A, (HAETEZES T (Entry 13,
X DEMEICE TR E 28%, XEPFSHNESS S
TR, fJa, BATHEE 7% 25 K 0 BUEE (Entries
14 A1 15, 2 1). DI 1 equiv. /K29 iR TG,
{HE KA 20 equiv. i 72 R R AR BA R, IXRIFIZA
RHABEEDHEK. Ik, %58 H B N & A
22555, PL 10 mol% Cu,O NEALF]. DMSO N
7. 80 'CF R 8 h.
12 RYINER

TEIRMF I AR IR LA PR, BATTO S B R 3 AV
BT TH AR 2). WK 2 TLLE Y, 753 LR
FEL 0B ) N PR PR B — e SRR A
B, o FRE. ETHE., ERE. FEREMRES
Prrg 7B AR, #RA]SRAF LTS R I bR = ) (3a~3i,
91%~98%, #* 2). SR YA E A 9, HiEE
RAF P SF BRI (3], 78%, £ 2). #AERATHE
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K1 P&

Table 1 Optimization of reaction conditions

/N Catalyst (10 mol%) 72D N -
:—: T Solvent, Air Q o @

Entry Catalyst Solvent Temperature/C Time/h Yield®/%
1 Cu DMSO 80 12 0
2 CuO DMSO 80 12 0
3 CuwO DMSO 80 12 95
4 CuO MeCN 80 12 76
5  Cu0 DMF 80 12 92
6 Cu0 THF 80 12 <10
7 CuO DMSO 80 8 95
8  Cu0 DMSO 80 6 90
9  CuwO DMSO 70 8 87
10 Cu,0 DMSO 90 6 94
11°  Cu,0 DMSO 80 8 80
12 Cu,0 DMSO 80 5 96
13 Cu,0 DMSO 80 8 28
14 CwO DMSOﬁL.HZO 80 8 95

(1 equiv.)
15 Cu0 b MSO+_H20 80 8 32
(20 equiv.)

© 2018 Chinese Chemical Society & SIOC, CAS

“ All reactions were carried out with alkyne (0.2 mmol), catalyst (10 mol%) in
solvent (1.0 mL) at 80 C under air atmosphere unless otherwise noted.
? Isolated yield. ¢ With 5 mol% of catalyst. ¢ Under O, atmosphere. * Under N,
atmosphere.

BT AR IR, N 2- Z R IEIEN (1K) AT 3- 243k
WEW (1) RIS, YIT3RTE 96% USRI 3k F1 31
(Entries 11 #7112, 3 2). 285, WH9C 7 BERunddbe, i2-
-3 T Be-2-BE(1m) Al 3- T R EE(1n), 2 N\ =% IR0
AIRT 3RS 78%F1 87%[H1 H A5 /=¥ (Entries 13 Al 14, 3 2).
ZJa, BE TR RS 1-25(10) (Entry 15, & 2),
1B 3R 35% SR 1729, 33X 10 W 244k 22 ) AR i 2Rty 2%
RO, BJa, T kB A%k R s T,
TRATTHI 7T T 95 Felr ity B P — 58 S B 1 190 (Entries 16~ 18,
® 2), HRMGRATLLE H, AERMF &R R
Se— Pl AR BN 7 —Fh o7 e 5K, H B AR
AR,
1.3 ETITEIAFI A RAIE R B

T B R ZAR R ) S PR RN 2 A i Ak A
AT T A TRTSCRI F AR 5, B S 7 T S8 A U 0 A
W 1a PEIAFI GO, MR 3 HHaT DA, A7) 4
EHEIEH 6 UG, HAEEEREA TR, (27
IR 90%. #8JE, WHFT T untkbk 1a 1 1n HI 504
TR L 2). 242K 2 (1a)fil 3= k- 1-F2(1n) 20 51 i
KE|SFI2 gf, SEK MRS ]S, 30T BLSr AI5R1S 91%
A 75% R H bs =4, 1 ARG A 4R AT LA R
A, XA F B AR A N .
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Table 2 Substrates scope
Rl—= , R2— Cu,0 (10 mol%) Rl — o
1 P DMSO, 80 °C, 8 h, air 3
Entry R R? 3 Time/h Yield”/%
1 @ Q 3a 8 95
2 ch@ H3C@ 3b 8 96
HsC HsC
| - - o
4 Et4®7 Et4®7 3d 8 96
5 n-Pr@ n-Pr@ 3e 8 97
6 n-Bu@ n-Bu@ 3f 8 96
7 n-pentyl4©7 n-pentyl4©7 3g 8 96
H,C HsC
9 HZN@ HzN@ 3i 8 91
10 F@— F@ 3j 8 78
S S
11 M M 3k 8 96
12 SS/ SS/ 31 8 96
13 C(CH3),0H C(CH3),0H 3m 18 78
14 HO ™" HO " 3n 18 87
15 HSC\/\/ H3C\/\/ 30 18 35
HaC, 32 (3p)
16 @ o@ 3p 18 60 (3a)°
55 (3h)°
40 (3q)
17¢ @ C(CHj3),0H 3q 18 51 (3a)
32 (3m)°
28 (3r)
18 @ HO " 3r 18 62 (3a)°
47 (3n)°

“Reaction conditions: 1 (0.2 mmol), 2 (0.2 mmol), Cu,0 (10 mol%), DMSO (2.0 mL), 80 ‘C, Air. *Isolated yield.  Calculated according to the initial alkynes.
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£33 AR EAC AR R E AR
Table 3 Recycling of Cu,O catalyst

Cu,0 (10 mol%)

Q_: DMSO (2.5 mL) Q _ O

1a, 1 mmol 80 °C, Air, 8 h
Run 1st 2nd 3rd 4th 5th 6th
Yield/% 95 95 93 94 92 90

Cu,0 (0.71 g,10 mol%)
/ N\ __ _ DMSO(10ml)

— 80 °C, Air, 24 h 3a,91%,4.519g
Recycle Cu,0: 0.58 g

Cu,0 (0.29 g,10 mol%) HO o

HO _  DMSO(5mL) ==
= OH
DMSO, Air, 80 °C, 48 h

3n,75%, 1478 g
Recycle Cu,0:0.15g

1n,2.0g

B 1 KR

Scheme 1  Scale-up reactions

1.4 RNVIBHR

TEAC R B SR AR I, I ROBNAE N SR, RBE
WA D R A B, X SCERIGE AR T R &
FE AR F AR, R, BRATBET T b sk
KM 5T H e BIALEE(Scheme 2). 2478 £k A48 AY VAR AE
N, TR, 7] LAy B A3 2 48% 2 2K 2 . iR
IR CPAAEACT, TEARMERBLZMET, ATLURTS 94%
W) 3a; RAh, AR RS R, ATk
3] LLIRAS 95% ISR (1) 3a, SN TEMPO J&1% [ v A
SR, X RIIZRMNAE B IR M. TR R R,
FATIHE DM Z AR R 0 AL PR AT B /& (Scheme 3): 157G,
FRAEAL AR B Cu'-n-e b [aAC™T] 235 JEUT e
A A, SR G B 2 S TP R AR R 3a AR
NEAR, ITHEN T — MEPEER L.

DMSO (2.0 mL)

Ph—= + Cu,0 Ph—=——=Cu
o] .

1 mmol 0.5 mmol 80 °C, Np, 24 h yield: 48%
o Ph—==—Cu (10 mol%)

Ph—= p— Ph—=—=—ph

0.4 mmol  DMSO (1.0 mL), 80 °C, Air, 8 h 3a, yield: 94%
. DMSO (1.0 mL) _

Ph——=——=Cu Ph—=—=—=—=—Ph

0.4 mmol 80 °C, Air, 8 h

3a, yield: 95%
Cu,0 (10 mol%)
0,
— TEMPO (20 mol%) Ph—=——=—pp,
DMSO (1.0 mL), 80 °C, Air, 8 h

0.4 mmol 3a, yield: 95%

B2 =il

Scheme 2 Control experiments
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R—={=H
2R—=—H o> \4
cut H,O
\—/ H—=l=R
Cu0 2R—=——Cu
R————R O,

B3 AR RN

Scheme 3 Proposed reaction mechanism
2 #Hig

HATCLsmIE PN IRY), LA Cu,0 NHELFTAT DMSO
NIEFE RSP RSB T SR A BRI SN
AR R E T LS 5%

3 SCIEES

31 E5EHA

"H NMR F1 *C NMR #J7E 3£ [ Varian 24 7 400 MHz
R IEARA I 5E, CDCL N7, TMS NN bR, Jit il 21
P 0 52 SR FH 92 B Water 2] GCT Premier A (ii-
TRAT I AL BB 1 A X-6 A #F TN S E . K
JEMHE T 200~300 HEERE. SE36HT RIS T Energy
TR 2 =] RN 2 4R B4 ) A PR 2 A
32 FWHE

£ 10 mL B ME RIS 1 (0.2 mmol). 2
(0.2 mmol)s DMSO (1.0 mL)F! Cu,0 (6 mg, 10 mol% ),
SRIGTE 80 CIaJE T+ 8 h. MAFILE,
RBEHAIIA 3 mL K, FiH R CBEG mL X 3)AHL,
AN TE7K MgSO, 1, ek He Ak J= il 25 95 711, K™
m AR ENT IR AL, BRI AN A EE R LR S BR (Vv =
20/1).

14- R F 13- T ZH@a)P: [ @@k, 77 %
96%. m.p. 87.5~88.0 C (Lit."" 86~87 C); 'H NMR
(400 MHz, CDCls) 6: 7.52~7.55 (m, 4H), 7.32~7.40 (m,
6H); *C NMR (100 MHz, CDCly) o: 132.49, 129.21,
128.43, 121.75, 81.54, 73.88.

1,4- T (4-H A HE-1,3-T @b [k,
P23 96%. m.p. 182.0~183.0 C (Lit.""! 183~184 C);
'H NMR (400 MHz, CDCl5) d: 7.41 (d, J=8.0 Hz, 4H),
7.14 (d, J=8.0 Hz, 4H), 2.36 (s, 3H); *C NMR (100 MHz,
CDCly) 6: 139.48, 132.37, 129.19, 118.74, 81.52, 73.40,
21.62.

http://sioc-journal.cn/ 1559
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1,4- = (3-H 3E) K H-1,3-T Zk@Be)™: [l ik,
FEE95%. mp. 71.0~73.0 C (Lit"1 74~75 C); 'H
NMR (400 MHz, CDCly) d: 7.32~7.34 (m, 4H), 7.17~
7.24 (m, 4H), 2.34 (s, 3H); *C NMR (100 MHz, CDCl;) 6:
138.15, 132.96, 130.11, 129.59, 128.31, 121.59, 81.58,
73.60, 21.22.

14- (48 H-1,3-T @) ARk,
FEE 96%. m.p. 95.0~96.0 C (Lit."? 96~97 C); 'H
NMR (400 MHz, CDCl;) d: 7.59 (d, J=8.4 Hz, 4H), 7.18
(d, J=8.4 Hz, 4H), 2.67 (q, J=7.6 Hz, 4H), 1.25 (t, J=7.6
Hz, 6H); °C NMR (100 MHz, CDCLy) J: 145.75, 132.49,
128.04, 118.99, 81.58, 73.46, 28.94, 15.29.

14- " (@-1ER ) ER-13-T k@) HgfE
., P& 97%. mp. 107.0~1082 C (Lit"7 107~
108 C); '"H NMR (400 MHz, CDCLy) J: 7.46 (d, J=8.4
Hz, 4H), 7.15 (d, J=8.4 Hz, 4H), 2.60 (t, J=7.6 Hz, 4H),
1.65 (dt, J=10.8, 7.6 Hz, 4H), 0.95 (t, J=7.2 Hz, 6H); "*C
NMR (100 MHz, CDCly) &: 14423, 132.40, 128.62,
119.01, 81.59, 73.50, 38.05, 24.30, 28.94, 13.78.

1,4-—(4-1F T 3K FE-1,3-T 2 Hh@n!™: [l ik,
AR 96%. m.p. 64.5~65.0 ‘C; 'H NMR (400 MHz,
CDCl;) 6: 7.44 (d, J=8.0 Hz, 4H), 7.15 (d, J=8.0 Hz,
4H), 2.62 (t, J=7.6 Hz, 4H), 1.56~1.64 (m, 4H), 1.31~
1.39 (m, 4H), 0.94 (t, J=7.2 Hz, 6H); *C NMR (100
MHz, CDCL) d: 144.46, 132.40, 128.56, 118.97, 81.58,
73.47, 35.69, 33.32, 22.32, 13.93.

1,4- T (A-TE R R HE-1,3- T 4@ [ @
1, P73 96%. m.p. 84.5~85.0 C (Lit."! 84 C); 'H
NMR (400 MHz, CDCl;) d: 7.44 (d, J=8.0 Hz, 4H), 7.15
(d, J=8.0 Hz, 4H), 2.61 (t, J=7.6 Hz, 4H), 1.56~1.65
(m, 4H), 1.32~1.34 (m, 8H), 0.90 (t, J=7.2 Hz, 6H); "°C
NMR (100 MHz, CDCly) &: 144.49, 132.40, 128.56,
118.97, 81.58, 73.49, 35.97, 31.44, 30.87, 22.53, 14.03.

14- —(4- I HE 13- T —H@En)Ph [ E
e, PEE 95%. mp. 138.5~139.7 C (Lit! 139~
140 C); '"H NMR (400 MHz, CDCLy) §: 7.46 (d, J=8.8
Hz, 4H), 6.85 (d, J=8.8 Hz, 4H), 3.82 (s, 6H); °C NMR
(100 MHz, CDCly) o: 160.19, 134.02, 114.10, 113.89,
81.21,72.91, 55.33.

1,4- (4= ) HFE-1,3-T @)™ 2 @[ 4k,
FEZ 91%. m.p. 234.0~235.0 ‘C; 'H NMR (400 MHz,
CDCly) 6: 7.29 (d, J=8.4 Hz, 4H), 6.59 (d, J=8.4 Hz,
4H), 3.37 (s, 2H); *C NMR (100 MHz, CDCl;) d: 146.83,
133.46, 114.57, 111.49, 84.59, 74.88.

14- (A=) HR-1,3-T @GPt Ak, »

1560 http://sioc-journal.cn/
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K 78%. m.p. 193.0~194.5 ‘C (Lit."7 192~193 C); 'H
NMR (400 MHz, CDCl;) d: 7.50~7.53 (m, 4H), 7.02~
7.06 (m, 4H); *C NMR (100 MHz, CDCly) 6: 164.27,
161.77, 134.56, 134.47, 117.79, 117.75, 116.01, 115.79,
80.40, 73.49.

1,4-(2-MEM 3E)-1,3- T — 4@k i ffEfk, 7
# 96%, m.p. 91.0~92.6 C (Lit."789~90 °C); '"H NMR
(400 MHz, CDCls) §: 7.32~7.36 (m, 4H), 6.99~7.02 (m,
2H); *C NMR (100 MHz, CDCLy) §: 134.42, 128.93,
127.23, 121.90, 77.77, 76.65.

1,4- —(3-MEM K)-1,3-T 4 3DP: A 4k, ™
# 96%. m.p. 112.2~113.5 C; '"H NMR (400 MHz,
CDCLy) d: 7.59 (d, J=2.0 Hz, 2H), 7.28 (d, J=4.8 Hz,
2H), 7.17 (d, J=4.0 Hz, 2H); *C NMR (100 MHz, CDCl5)
0: 131.25,130.15, 125.61, 120.85, 76.56, 73.49.

2,7- W3 5.~ 42 7- B S EEGEm)!M Y B
&, P7# 78%. '"H NMR (400 MHz, DMSO-d;) d: 5.67 (s,
2H), 1.34 (s, 12H); *C NMR (100 MHz, DMSO-d;) o:
86.02, 65.43, 64.13, 31.40.

3,5- T 4-1,8-C. ¥ (3n): ORI, 2F 87%. 'H
NMR (400 MHz, CDCl3) 0: 3.72~3.75 (m, 4H), 2.51~
2.54 (m, 4H), 1.94 (s, 2H); "*C NMR (100 MHz, CDCl;) ¢:
74.61, 66.76, 60.75, 23.56. HRMS caled for CgH,,0,
138.0681, found 138.0678.

+ = ke-5,7- R Bo)Y: MK, PF 35%. 'H
NMR (400 MHz, CDCl;) d: 2.21~2.25 (m, 4H), 1.47~
1.54 (m, 4H), 1.38~1.42 (m, 4H), 0.88 (t, J=7.2 Hz, 6H);
C NMR (100 MHz, CDCl5) J: 77.44, 65.18, 30.34, 21.89,
18.85, 13.51.

1- 2R3 4-(4- A ) KB -13- T e Gp)P™t At
A, 722 32%. m.p. 137.0~138.0 ‘C; 'H NMR (400
MHz, CDCly) d: 7.45~7.52 (m, 4H), 7.33~7.44 (m, 3H),
6.85 (d, J=8.8 Hz, 2H), 3.82 (s, 3H); >C NMR (100 MHz,
CDCly) d: 160.33, 134.11, 134.02, 132.41, 129.01, 128.39,
121.97, 114.13, 113.66, 81.79, 81.00, 75.41, 72.69, 55.34.

2-F - 6- K HE-3,5- T hk-2- O B! At A,
FEE 40%. mp. 72.1~73.5 C; '"H NMR (400 MHz,
CDCly) 0: 7.46~7.49 (m, 2H), 7.29~7.36 (m, 3H), 1.58
(s, 6H); *C NMR (100 MHz, CDCl;) d: 132.50, 129.24,
128.41, 121.49, 86.64, 78.78, 73.09, 67.03, 65.75, 31.10.

6-ZKFE-3,5- " H-1-CUBE(3r): ABEE, 2R 28%.
m.p. 68.5~69.0 ‘C; '"H NMR (400 MHz, CDCLy) ¢:
7.47~7.49 (m, 2H), 7.26~7.35 (m, 3H), 3.80 (t, J=6.0
Hz, 2H), 2.64 (t, J=6.4 Hz, 2H); *C NMR (100 MHz,
CDCly) d: 132.54, 129.06, 128.38, 121.68, 80.92, 75.37,

Chin. J. Org. Chem. 2018, 38, 1556~ 1561
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NOTE

74.40, 66.87, 60.79, 24.01. HRMS calcd for C,,H;,O
170.0732, found 170.0735.

B A %L (Supporting Information) PhC=CCu HIZ4h
FERE =) 3a~3r MRZHLSLHR . X eepbkln] L%
B WAT M (http://sioc-journal. cn/) %K.
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