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Dimerization Coupling Reaction of Terminal Alkyne Promoted by
Cul/DEAD

Xu, Xiaoliang* Wang, Hong* Li, Xiaonian
(College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014)

Yang, Zhenping Wang, Bingnan

Abstract The dimerization coupling reaction of terminal alkynes is an important method for the synthesis of conjugated car-
bon-carbon triple bond compounds. Catalyzed by Cul and assisted by diethyl azodicarboxylate, a variety of aromatic and ali-
phatic alkynes could be dimerized to give the Glaser coupling products using a catalytic amount of N-methylimidazole as a
base. The effect of copper catalysts and solvents on this reaction was surveyed. It has the advantage of high yields, simple op-

eration, and mild reaction condition.

Keywords Cul; diethyl azodicarboxylate; terminal alkyne; Glaser reaction

HEHRERE RN —F 2 DRt ik, BT HAr%
() HL - S5 R RN 1) S SR, FE R LA R3] 17
2RI M. A8 5 R R A — SR A A 9 R R
HREAMAEY, WEE LKA ER =R =S
(DMAD). & R Zl(DEAD). fB% _HHK 5%
HABE(DIAD). A% — H iR —"FlE(DBAD)%.

H Curtius 2P kRIE T FRRERE AN &
B R LSk, B % Diels, Karasch, Hisgen, Alder 51!
XHZ AR B AT, 8 R G T 46 12 A A ATT AT
. JERTE Mitsunobu [N HRIE 2 5, HAEEHLE K
IR A B TR R R, SN HL R R ) 5
Mg, A8 28— R I 1) U OB R 85 5 2 SR A% A )ik
FIATHEEL. Tk, R R S5 Z R K
BIPE LR, =8O e Bt a1 2 P A A F
GERRE R BR AR DB A 5, 7 fE U I B il 125 Bl %
MANAEY. BIHAD NI, BEZFEREE N AN KRR
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FEARE Mitsunobu SN G N (U s RN 2
PRI o, B- AN RIS ALY 0 P PR A B Bl XL
R R E AT 35 FH SRR 25 R 5 A R
R Huisgen B &1 RS FRIER R 59
) AR A Ea R A=W ANy - ra il 3D 115953
Jo7 S B AR A G R T ARV 2 ML RN AL 2 B
AR I T AR IAE F, (B R AR LA B — R ATk
(BT C 301G Fr R IR

SLHE B B e BB W T & Rl = O A R R
eagEH T, DL RN ERH Glaser B 52 N2 5 FH 1) &
T2 —. 4 BRI AL T, ZEAR R RIEAL
FIMAELE R, ST HUR M R ABEL. Glaser 252k
RIE T HEZKF S SAFAE T CuCl AL I 2B Rk 1,4-
THEHE-1,3-T . Eglinton 251U HE & Cu(OAc),
TE MR R R R PRV B AR R, AN 75 S 4y B U] e 3 2
B, SR IR T Glaser BB HE LA
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oS, DR R TR KR 1 A R R B A5 ) B
Hay!" "} 2 B 7 52 ek, SR CuCl FIPY AL 2,
TR R RSB T st bR ARG, R B A R
CuCl FPYH R 2, — %, FF HAE = \EA A S TR AT
KA. Rossi SUSHRGE 78 A AL LA SE R T SR
H e, =R, &AEM, R R RL, U
HXFF IR, PRI 94%, 1 g W bR A KR A,
1E 48%~50%/ 44, T HIE S BB Z K=, AT e
JE 7 R OB, P2 %, Burton 2514 PA(PPhs),Cl, A
7], RN, KR 0.5 equiv. IR AL
7, P R (0 7 2 K P 4 v

B 7L HIAN, TSR NIk e 4 A E
Glaser 2% 1. Periasamy 254K I8 T TiCIL/EtN 14 R4
BERIZR 2B B SRR B, iR N 6 h BT,
Krafft 22048 H Co,(CO)s/1,10-ABJEME Ik AL 14 R, 7E
101 kPa ) CO 1, £4d 18 h e, i&FEAE 70 CH A,
PR E ik 91%. Kabalka 25 P2RE 7E s 0 BI F,
CuCl, Ak [t BB, SR K 752 8 min, P~ 3REIA[IA
B 75%, HRATL T RV, Yadav ZEPHRGETE =R
T, LA [bmim]PF AV, 72 ik 95%, JEH
BRI B 0] L2 RIS, 1T 5T Bh Tk
FIRIE. Wang Z5P7E R IR LK L CuCl, 1R AL,
P2 ERAIE 60%~85%. Li 2K H] NaOAc 1EHH, MesNO
YESEAT, 7EARAIAR LA T S2B T HLE T Glaser ¢
L

JUE I Glaser SEP2OMH I s B A 1R £ SCHkRIE,
SRIMA L i — R e 2 b, WjE b F iR 2. Fg i
PR ICR RS B, WRNBRER T2 kG, KIE
HH BT 7 2 MR X S ) S E B R R —. A
FECLHT Wt DEAD [3EAE F, ASCEL Cul AL,
DAMEAL R N-FRIEBKIE 6, LA DEAD A Sk Sl
T BRI R AR B

1 &HR510R

BATLLZE ZBN RS, 2R T AR HT SR A A7) S B
TN Z S BL RS20, TR — AN 0RO 26 R (Eq. 1,
x£1).

M 1 FELUES], LA Cul N, 785 FhE7)
HHARRESRIF LB R R, R =T 80% (R
1, Entries 1~10). ¥ 77 bR PE RS 12 — SRAR K B 3% A
ECIE, BT A8 A TR AN T BRI B K A .
FRAE DL N7, BL0.05 equiv. Cul NHEALFIAT 0.05
equiv. N-FEEBRMENHE, L 0.6 equiv. DEAD N 21K,
E TN 14 h, Glaser BB 2a (17725 0] LA F]
98% (5% 1, Entry 7). 4 HMERE KA N-F K
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W, FEFRFERIZFMET 2a MO EECERE 81% (R 1,
Entry 10). H'& 8 #4741 Cu(OAc),, CuBr,, CuCl
AL R AR XS 8222, {E CuBr, AL T, 2a 3Bk
R A 54% (% 1, Entries 11~13). HALER 4G
ARG IR I AT RS DEAD BUA LT 2 1AL,
FEAB I S 8L R A B FRIARAN 4 A S 0 i, 56 BRURBE TR
RIS CuBr IR L Cul B 22— 5, o BIleE
A 92%(# 1, Entry 14). fEAMBEAEGL T, REER
18, KR HA 12%(E 1, Entry 15)27,

</ \: __ ., Cucatalyst, solvent
— M
— base, 0.6 equiv. DEAD
1a
O W o
2a

R OWH. WEE TR SR A] ) G
Table 1 Screen of solvents, copper salts, bases and reaction
time

Entry  Copper catalyst Solvent Time/h  Yield“*/%
1 Cul DMSO 17 82
2 Cul DMF 18 92
3 Cul THF 20 85
4 Cul CH,Cl, 20 88
5 Cul 1,4-Dioxane 20 80
6 Cul Toluene 20 83
7 Cul MeOH 14 98
8 Cul CH;CN 18 91
9 Cul Ether 20 82
10 Cul MeOH 20 81°
11 Cu(OAc), MeOH 20 86
12 CuBr, MeOH 20 54
13 CuCl MeOH 20 81
14 CuBr MeOH 20 92
15 Cul MeOH 20 12

© 2015 Chinese Chemical Society & SIOC, CAS

“ Reaction condition: phenylacetylene (1 mmol), N-methylimidazole (0.05
mmol), copper catalyst (0.05 mmol), solvent (2 mL), DEAD (0.6 mmol), room
temperature. * Isolated yield based on phenylacetylene. ° Pyridine (0.05 mmol)
instead of N-methylimidazole (0.05 mmol).

RN T RKAZ SR FE T B, 7E S I 1 s B 2 A
T, FE T — RZYEkR 1) Glaser B M (Eq. 2, £ 2).
AT LLE i, BT R ER R R 3R A R 4 B F5 i
JERA b A AN R W F - DA R AR A 7 PR AR 56T e
WA RENR . R TR SR 78 S R 52 R
(% 2, Entries 2, 4, 12, 16). ANEGEFBUR KA B fT4
VIR RIS BRI 5 L. TG T IR 1) o R AT A 4 1- Pt
RENGURI 0 A A — SRABIC S N, SR AT LLIA B 74%(GR 2,
Entry 10); A B i (1040 5 i e A7 A2 40 (P AR B AT 6 A1
RE(F 2, Entry 15). H =5 FRIUREERI 2K LR

Chin. J. Org. Chem. 2015, 35, 207~211



Chinese Journal of Organic Chemistry

MEAREF, 43 BRI H] T 88%(K 2, Entry 11). PAZFER
W& Wy Ay B4R P iy BT B 7 468 R IR A5 0L 53 AR B = (R
2, Entries 13, 14). {615 — 2RI RIRE 5 & £ B
IR EE S SIX AN B, W AT LLAE] 90%, A K
JiiAeE £ (1Y) (3K 2, Entry 3).

5 mol% Cul, MeOH
0.6 equiv. DEAD

R———H — R——=——R (2)
5 mol% N-methylimidazole
1a~1p 2a~2p
X2 RMMRE
Table 2 Scope of substrates
Entry R Product Yield/%
1 Ph 2a 98
2 3-CIC¢H4 2b 88
3 Ph;Si 2c 90
4 4-FC¢H, 2d 92
5 4-EtC¢Hy4 2e 84
6 4-t-BuCg¢H,4 2f 81
7 4-PrCqH, 2g 87
8 4-MeCgH, 2h 98
9 4-MeOC¢H,4 2i 84
10 n-Pentyl 2j 74
11 2-CF;CeHy 2k 88
12 3-FC¢H,4 21 79
13 2-Thienyl 2m 95
14 3-Thienyl 2n 87
15 PhSCH, 20 89
16 4-CIC¢H, 2p 84

“ Reaction condition: terminal acetylene (1 mmol), N-methylimidazole (0.05
mmol), Cul (0.05 mmol), MeOH (2 mL), DEAD (0.6 mmol), room tempera-
ture. * Isolated yield based on terminal acetylene.

BT R[5~ 17IFZ LI LR AN &5 IR, T REm
SRS (Scheme 1): SibRAEAR ERUHEAL T, 7E N-H
FEIK AR SR BR8N BCAR R BT, A2 BROSURR 4
R AR, SR I ST B AR =, [ B A 7 S B
. DEAD 1E Al A2k, K& 2H-DEAD 11 2 )% 25
IS AT ARSI 3.

Cul, DEAD
N-methylimidazole
R———-~H
2H-DEAD
R——Cu——R R———=—R
L, N\
cu'L,

B 1 wRER RS

Scheme 1 The possible mechanism
2 Zig

£ Cul HIMEALTS, DUEEACER N- T SE KM,
DEAD JESZ, A SEHL 1 Skit ¥ Glaser {15k S B
2SN AT WY S R U R M L 1 20O, N2 S Rl
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Z, I HIBEAERA, 775, & M a s
SEHE BB B S Y HHT T .

3 LIRS
3.1 UE5EHH

&Ry B RERE 200~300 H(F SilFEib T ),
X-4 7 R A s E AP TRAGER A IR A
A, HERERIE); HEIEILHRICN Bruker AMX-500
MHZ 5% Bruker Advance 400 MHZ, DY IERE4E P
b, W54 CDClLy. B GRS i 45 43 pr 4l 5l 2% 40
WA, AdE—DHRal. BT MR SR ZSRY. Sk
FI DEAD M B[z T 30751 2 7 I 5.
3.2 XWHE

] 15 mL [ MIE AR I 2 mL FEE, 1 mmol ¥
$ 1a~1p, 0.05 mmol [ Cul (9.5 mg), 0.05 mmol [1] N-
FHJEIRIA(Z) 4 ul), 2212 HbE 0 0.6 mmol [¥] DEAD.
Roeke s, bR, SEHEHE 14~20 h, TLC R
BRI, S SOV L R IR AT 73 B AR 2724 2a~2p,
Ve MLIBCA A R B A RN LR R TR AR

14- 8 R-13-T —H@a)®: 15 99 mg KA
&, I 98%. m.p. 88~90 ‘C; 'H NMR (CDCls;, 500
MHz) d: 7.35~7.42 (m, 6H), 7.55~7.57 (m, 4H); "°C
NMR (CDCls, 125 MHz) &: 73.9, 81.6, 121.8, 128.4,
129.2, 132.5.

1,4-WB-FAKIE)-1,3-T —5@b)®: 5 119 mg &
AR, R 88%. m.p. 72~73 C; 'H NMR (CDCls,
500 MHz) 6: 7.29 (d, J=7.8 Hz, 2H), 7.37~7.39 (m, 2H),
7.42 (d, J=7.6 Hz, 2H), 7.52 (t, 2H); *C NMR (CDCls,
125 MHz) §: 74.7, 80.6, 123.3, 129.7, 130.7, 132.3, 134.4.

1,4- (= 2R FRER)-1,3-T 2 hk@e)®: 5 255 mg
KEAGEE, BR 90%. mp. 257~258 C (dec.); 'H
NMR (CDCls, 500 MHz) &: 7.40~7.43 (m, 12H), 7.46~
7.49 (m, 6H), 7.66~7.67 (m, 12H); *C NMR (CDCl,, 125
MHz) 0: 82.2, 92.0, 128.1, 130.3, 132.2, 135.6.

1,4-W(4-5 K FE)-1,3-T —hr@d)*™: 5 109 mg &
Ao AR, IR 92%. mp. 188~189 ‘C; 'H NMR
(CDCls, 500 MHz) §: 7.03~7.07 (m, 4H), 7.51~7.54 (m,
4H); *C NMR (CDCl;, 125 MHz) &: 73.6, 80.5, 115.8,
116.0, 117.86, 117.88, 134.52, 134.59, 162.1, 164.1.

1,4-W(4- 2 FEHKFE)-1,3-T Zh(2e)P%: 15 108 mg K
AR, R 84%. mp. 90~91 C; 'H NMR (CDCls,
500 MHz) 6: 1.25 (t, J=7.6 Hz, 6H), 2.68 (q, J=7.6 Hz,
4H), 7.18 (d, J=8.0 Hz, 4H), 7.46 (d, J=8.1 Hz, 4H); °C
NMR (CDCls, 125 MHz) 6: 15.2, 28.9, 73.5, 81.6, 119.0,
128.0, 132.5, 145.7.
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1,4-X0(4-30 T A F)-1,3-T k@2HP: 15 127 mg
KEAGEE, WL 81%. mp. 193~194 C; 'H NMR
(CDCls, 500 MHz) 6: 1.34 (s, 18H), 7.38 (d, J=8.5 Hz,
4H), 7.49 (d, J=8.0 Hz, 4H); *C NMR (CDCl;, 125 MHz)
5:31.1,34.9,73.5,81.5,118.8, 125.5, 132.3, 152.6.

1,4-X0(4- R FEFIE)-1,3-T “hk(2g)": 5124 mg K
o E AR, E 87%. mp. 102~104 C; 'H NMR
(CDCls, 500 MHz) 0: 0.96 (t, J=7.3 Hz, 6H), 1.66 (q, J=
7.5 Hz, 4H), 2.61 (t, J=7.5 Hz, 4H), 7.16 (d, J=8.1 Hz,
4H), 7.45 (d, J=8.1 Hz, 4H); C NMR (CDCl;, 125 MHz)
5:13.7,24.2,38.0,73.5,81.6, 119.1, 128.6, 132.4, 144.2.

1,4- X0 (4-F R 2K FE)-1,3-T e @n)P: 48 112 mg
KEAEEE, B 98%. mp. 181~183 C; 'H NMR
(CDCls, 500 MHz) §: 2.38 (s, 6H), 7.15 (d, J=7.9 Hz,
4H), 7.43 (d, J=8.0 Hz, 4H); ’C NMR (CDCl;, 125 MHz)
5:21.6,73.4,81.5,118.8,129.2, 132.4, 139.5.

1,4- X0 (4- AL A )-1,3-T k2™ 75 110 mg
KEAGEE, WL 84%. mp. 137~138 C; 'H NMR
(CDCls, 500 MHz) 8: 3.83 (s, 6H), 6.87 (t, J=9.8 Hz, 4H),
7.47~7.49 (m, 4H); *C NMR (CDCl;, 125 MHz) : 55.3,
73.0,81.3, 114.0, 114.2, 134.0, 160.3

6,8- DURE —He2j)P?: 15 70 mg W ORAE, IE
74%. 'H NMR (CDCls;, 500 MHz) 6: 0.90 (t, J=7.2 Hz,
6H), 1.29~1.39 (m, 8H), 1.49~1.54 (m, 4H), 2.24 (t, J=
7.0 Hz, 4H); °C NMR (CDCl;, 125 MHz) ¢: 13.9, 19.1,
22.1,28.0,31.0, 65.3, 77.4.

L4-WQR-ZH PR AEF)-1,3-T 2hk@r)P: 15 148
mg AEEE, R 88%. mp. 68~69 C; 'H NMR
(CDCls, 500 MHz) o: 7.48~7.51 (m, 2H), 7.54~7.57 (m,
2H), 7.69~7.72 (m, 4H); *C NMR (CDCls, 100 MHz) ¢:
78.5,78.6,119.1, 119.5, 121.7, 124.5, 125.9, 127.2, 129.0,
131.4,131.9,132.2, 132.5, 132.8, 134.9.

1,4-W G- AIE)-1,3-T k@D 15 94 mg A
4k, R 79%. m.p. 115~116 C; '"H NMR (CDCl;,
500 MHz) §: 7.09~7.13 (m, 2H), 7.22~7.25 (m, 2H),
7.32~7.34 (m, 4H); *C NMR (CDCl;, 100 MHz) : 73.5,
80.57, 80.6, 116.7, 116.9, 118.9, 119.2, 123.1, 123.2,
128.3, 128.33, 129.9, 130.0, 160.8, 163.3.

1,4- X0 (2-WEWy 36)-1,3-T —kk2m)™: 75 101 mg
o E A, UE 95%. m.p. 89~90 C; 'H NMR (CDCl;,
500 MHz) §: 7.01~7.02 (m, 2H), 7.34~7.37 (m, 4H); *C
NMR (CDCl;, 100 MHz) &: 76.6, 77.7, 121.7, 127.1,
128.7, 134.2.

1,4- 30 (3-MEWy 3E)-1,3- T — k@) 7593 mg A
[k, Z% 87%. m.p. 103~104 C; '"H NMR (CDCl,,
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500 MHz) §: 7.19~7.20 (m, 2H), 7.29~7.31 (m, 2H),
7.60~7.61 (m, 2H); °C NMR (CDCls, 100 MHz) 6: 73.5,
76.5,120.7, 125.5, 130.0, 131.1.

1,6- W (IR HE)-2,4-C —H20)P7: 15 131 mg kii%
EREFIAA, W% 89%. '"H NMR (CDCl;, 500 MHz) o:
3.67 (s, 4H), 7.27~7.30 (m, 2H), 7.32~7.36 (m, 4H),
7.45~7.47 (m, 4H); °C NMR (CDCl;, 100 MHz) 6: 67.9,
74.6,127.1, 128.9, 130.3, 134.3.

1,4- X (4-5 A F)-1,3-T ke2p)P: 5 114 mg A
& 44, IR 84%. m.p. 220~221 C; 'H NMR (CDCl;,
500 MHz) &: 7.34 (d, J=8.4 Hz, 4H), 7.47 (d, J=8.4 Hz,
4H). ZAEWTE TR P IE AR AR/, BRI S
SCHRARTE A — L

#Bh#1 %L (Supporting Information) =4 2a~2p ] 'H
NMR Fl °C NMR 3 &, 3248} A] PA 4 2 AT 93l
(http://sioc-journal.cn/)_E T %K.
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