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Transition-Metal-Free Alkynylation of Imidazoles with
Alkynyl Bromides

Yu, Jingyang Yue, Yixia Zhao, Yuzhuo Chen, Chunxia®

(Department of Chemistry and Chemical Engineering, College of Science, Northeast Forestry University, Harbin 150040)

Peng, Jinsong

Abstract Transition-metal-free alkynylation of imidazoles with alkynyl bromides was examined in detail. With K,CO; as
base in N,N-dimethylformamide (DMF) at 80 °‘C for 12 h, the reaction afforded the corresponding carbon-nitrogen
cross-coupling products in moderate yield. Imidazole-based aromatic ynamines were synthesized by the above method, and the
structure was characterized by "H NMR and '*C NMR spectra.

Keywords transition-metal-free; imidazoles; alkynyl bromides; C—N cross-coupling; aromatic ynamines
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Figure 2 Base-promoted alkynylation of imidazoles with al-
kynyl bromides

1 ZRETE
1.1 BEHEEFESHL

DL 2-ZRFE I T K MR eSS IR-N JEH, Tl 4
JEAEAL T I s AR A A 2 R gk 1 PR, g 1
ATRH, M UABRERET A0k, 75 NN-HE H B (DMF) %
IR 3 h, AR E G AR B R 4 SR iR, 7
80 CA&MF N N AL GF, WA, F NIk AR
15, FRLALIN R) P 2R AR, MRS A, 2- PRI IR I K )
IR ORI RGNS N A s 3 IR R =4 1b 23
sl SIS ST AR SE b BB OIS LB
1a FARAF RIS F 20 1a IR SRR IZ ) L
TH 28 AR 1, Entries 1~6). AAEBEZ SN ) NTF
AT, WRIE B A e B ARAR RV A, Qn AR Y
2N (THF), e omme g Al, W NN-— L 2 1k
(DMA)FIT N-H LN 2 B (NMP)S 2 W i FE AN, 6
A XAREC= YR (FE 1, Entries 7~11). A R HlitE
YRR . BT AR SEALE A A, B
P A 9 PR TR ot s 1 A R S B R B A 1 B i, S
RN R s N = bl 2 TR, N Ak S it AR
(% 1, Entries 12~15). LABRERBIAHK, N,N-— FF1 I F
Jle YRR, AE 80 C AT WIS IR )% B B Ak i R () 5
M B, Bl s NI TS G, Pe s bl 2 #9m, 12 h
Ja 7T I IARAAS PRI (R 1, Entries 16~19). TG
4IRS 5 IR R N A ARG T AR ST
R, ARIC SNV 1 R 2B ] B A R (el e A4 sl
FNFT & IR R 9% & @ Ae e A VR U7 sk, B0t
K,COs5 Bl BT 8 ik v 4 @ HEAT 7 At L4
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35 4 1 mg/kg, 8 2 mg/kg, i 2 mg/kg, ¥k 3 mg/kg.
LL'5 mol% Cul il AH7HI% 5t I8 5 Jm X 1% 407 S
UM AL, Cul ISR T 2R A% N B B 7 2,
W= BB S IR 7 8 Cul I AR T 15%(% 1,
Entries 5, 20), & RIS RF [ N AAR Z A8 I A7 A%
AEXARR AR, (1] 5 2, 2-FRFEFR TR 2k
FEIRAETC < IR AL 2 AR EAT A SIS B, LA DMF
TEHST, KoCOs ATk, 80 C R SV 12 h & H# .

1 RLMIER G 2RI IR B B P A
fiE S @

Table 1 Reaction condition optimization of alkynylation of
2-phenyl-1H-benzo[d]imidazole with (bromoethynyl)benzene

N
@[\%Ph + Br—=—Ph
N
Ph N
N=( @E\%Ph
=—Ph + N Br

Time/h

Yield®/%
Solvent =
1a

Entry Temp./’C Base

1b
1 120 K,CO; DMF 3 16 64
2 110 K,CO; DMF 3 27 45
3 100 K,CO; DMF 3 35 32
4 90 K,CO; DMF 3 44 20
5 80 K,CO; DMF 3 47 18
6 70  K,CO; DMF 3 38 14
7 80 K,CO; THF 3 RE 0
8 80 K,CO; HIZ 3 0 0
9 80 K,CO; DMA 3 0 24
10 80 K,CO; 14-—HAH 3 0 22
11 80 K,CO; NMP 3 0 17
12 80 Cs,CO; DMF 3 42 25
13 80 KOtBu DMF 3 27 44
14 80 KOH DMF 3 15 39
15 80 NaOH DMF 3 34 35
16 80 K,CO; DMF 6 50 20
17 80 K,CO; DMF 12 51 22
18 80 K,CO; DMF 24 50 25
19 80 K,CO; DMF 36 49 31
20° 80 K,CO; DMF 3 32 34

© 2014 Chinese Chemical Society & SIOC, CAS

RPN AA: 2-FIEAIFIKIE(116 mg, 0.6 mmol), K LHRIEIR (91 mg, 0.5
mmol), H#(0.6 mmol), ¥AFI(1.2 mL). ® K: (%4> B 4L < A 5 mol% Cul
(5 mg, 0.025 mmol){E {4k 7.

1.2 JRMBVR EE 33 b 5 & Rz BY $2 0
1.2.1  RZIE A 6B AR

TEIRTFELAE S N 4 T, W SCIR I T AN A AR
PR K PARATT A 40 5 R R YR B A T e — A8 AR IR I Y. 1)
T, HARTE R 2 Pos. J5 b 5 g D7 ek
RIKPIHREA S 5% E R N(K 2, Entries 1, 9),

http://sioc-journal.cn/ 1353
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IR A s 2 T K e 2 A7 JE ERA AR T IS ] A o 45 DLl
T TT BB F=H)(F 2, Entries 1, 9); 2 A73&E F AL a2
A A LI O R IR, 7= 2 rp 884 F (R 2,
Entries 2~4); ZRHBKMe 2 A7 4 75 FEHCACHE (4] AR A7 BH
BOVAHA I SAE T, & 07 AR R RN AR (R 2,

K2 RIS AR IR 5T

Entries 5~7); J5 fr WIEIRI7 B0 3% AW 7 AR S
IS S NEASR, W EEL - ) ISR BAIG(R 2, Entries
1,5, 8). Ak, A8 A FREAR R I KRR ) (U 5-4
SVH-ZRFERR M) I, 15 B A7), JLX Sk v L) 2
1T 1 1(3R 2, Entry 10).

Table 2 Effect of imidazoles and alkynyl bromides on the reaction

R2
PN .
[ _ K,CO3, DMF, 80 'C, 12 h N=
L~¢\,£\>_R2 , Br—=R' 238 CN —
S H 0™
(U,
Entry Alkynyl bromide Imidazole Product Yield’/%
N N\
N — )
. < > — [N> SN=Fh 74 (65)°
H 2
Me
N
[\%Me N‘< —
2 H |§/N ——FPh 43
3
C6H4-OMe-O
MeQ N_;<
; oS SRS &
N\
H
4
Ph Cl
Cl N
[ H—ph N
4 @%Br N |§/N — 27
H
5
Ph Cl
C-O =0
5 \ C( = 61
H
6
C6H4-C|-p
COe e
Cl —
6 N 36
H Cl
7
CGH4-OMe-p
CI—0- ot
OMe —
7 N 71
H Cl
8
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Entry Alkynyl bromide Imidazole Product Yield®/%
CGH4-Me-p
N\ N'—:<
H
9
——Br N N:\N J—
9 F I @ ﬁ} .
N
H
10
N= N=\
Cl N —‘\N — Ph N———~Ph
10 <i::>%4{zzefsr \Tﬂii:l:h; + 59 (1.1: 1)
H Cl
cr M

¢ RGAT: BRI 0.6 mmol, HIEBUERA 0.5 mmol, K,CO; 0.6 mmol, DMF 1.2 mL, 80 °C, 12 h. ® ¥ (4343 B340, < kM 12.0 mmol, 2 Z 4R 10.0 mmol,

K»CO; 12.0 mmol, DMF 30 mL, 80 C, 72 h.

2 Zi

ASCVEAIETT T WK IESEAT A ) 9 R JRAE E I I
SR AL T R AR AL S NI R, AR IR B
B, £ 80 ‘C AT T DMF ¥57H S AV 12 h B3k A5
SRR IR T BRI RA G ). AE BB hR e AF
N, AR YR AR IR A (K S5 R 1 kT RS H B
Yo, TR Tz OARE Ve S R IRYE. B2, A
WA () 5 ke 7 ¥ DA WK ARSI 57 e B fe ) o 1) 345 2 £
TR AR S A BT AN AT R A
R, RS YRR AN N AT T B E T 3
fil

3 ZEEHESHS
3.1 MESIKF

'H NMR L\ CDCl; H#7], TMS A HbR, [
Bruker /A F]; MP470 4> 12165 554X, 5F B g REAAE A
HL T AR R o B 4l i A, RIS
TR AL H,
32 EMKRBHRFEMERERAE
321 RIFFekedk KR 69 A AR

TERA BT AR BEE Y 50 mL FRAm
MIRINIANABZE " }4(0.277 g, 2.5 mmol). 2K FHER(0.61 g, 5
mmol)M 20 mL & /¢, 3] 190 'C R 3 h, £F %
ARSI I E NN 25 mL 20K, A o E 14
Brits, Hhog. Yeik, T 95% LBy gy, 758 His™
Wy 2- IR 0.42 g, K 86%. m.p. 295~297

Chin. J. Org. Chem. 2014, 34, 1352~1357

© 2014 Chinese Chemical Society & SIOC, CAS

‘C; '"H NMR (CDCls, 400 MHz) d: 12.92 (s, 1H, NH),
8.20~8.18 (m, 2H), 7.62~7.57 (m, 2H), 7.53~7.43 (m,
3H), 7.21~7.18 (m, 2H); *C NMR (CDCl;, 100 MHz) ¢:
150.8, 137.9, 137.9, 131.8, 129.4, 127.8, 125.7, 123.1,
122.8,121.3, 121.1, 116.8, 111.2.
3.2.2 B RA A AR

76 50 mL [FJEFEH PRI Z4e(1.532 g, 15
mmol), NBS (2.94 g, 16.5 mmol), AgNO; (0.25 g, 1.5
mmol)F1 30 mL A, =il NP 3 h, K46, M
WO B AR AE (UL A7 W) 5 s A 2.67 g, 72
# 98.5%. "H NMR (CDCls, 400 MHz) J: 7.45~7.42 (m,
2H), 7.25 (s, 1H), 7.24~7.22 (m, 2H); *C NMR (CDCl;,
100 MHz) J: 128.5, 128.4, 128.4, 132.4, 132.4, 122.8,
77.4,75.3.
3.2.3 AR M6 AR

76 10 mL %3 SN RN 2-45E 28 T K e
(116 mg, 0.6 mmol). K ZHRFEIHR(91 mg, 0.5 mmol). Fik
1% 41(83 mg, 0.6 mmol)A1 1.2 mL J/Kk DMF %7, T 80
CTHRM 6 h ffMIBEWAHR =R, IAS mL
UK, CIROBEFAE IR E I, WA EKEEE, T
IKORBRE T, I8, Wdd, AJENT Bk, Yl
h VA ) © V(LR LR =20 1 RIS RS H
4k 74 mg, P& 51%. mp. 193~195 ‘C; 'H NMR
(CDClLs, 400 MHz) 6: 7.81~7.79 (m, 2H), 7.49~7.48 (m,
1H), 7.43~7.42 (m, 1H), 7.33~7.32 (m, 1H), 7.32~7.31
(m, 1H), 7.25~7.24 (m, 2H), 7.26~7.25 (m, 2H), 7.24
(m, 1H), 7.23~7.22 (m, 1H), 7.22~7.21 (m, 2H); "*C

http://sioc-journal.cn/ 1355
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NMR (CDCls, 100 MHz) 0: 152.1, 141.6, 135.9, 131.5,
1312, 129.2, 128.9, 128.6, 128.5, 128.2, 124.7, 124.6,
120.7, 120.0, 111.2, 77.4, 75.3.

3.3 FEYIRIESH

(2)-1-(1-FKFE-2- 1R 297595 )-2- AL I F K (1b) 1 :
F A4, m.p. 151~153 C; '"H NMR (CDCls, 400 MHz)
5: 7.94 (d, J=8.0 Hz, 1H), 7.84~7.81 (m, 2H), 7.41~
7.37 (m, 4H), 7.36~7.31 (m, 4H), 7.29 (s, 1H), 7.24~
7.15 (m, 3H); “C NMR (CDCl;, 100 MHz) ¢: 142.3,
141.5, 138.7, 131.2, 130.9, 130.8, 129.6, 128.9, 128.8,
128.2, 127.7, 126.7, 123.3, 123.1, 115.5, 115.3, 80.7.
HRMS-ESI calcd for C,;H;5BrN,Na [M—|—Na]+ 397.0316;
found 397.0319.

1-(2-FHE Z B B 2) ) ({4 [ 4K, m.p. 42~
43 °C; '"H NMR (CDCls, 400 MHz) 6: 7.84 (s, 1H), 7.54~
7.50 (m, 2H), 7.39~7.36 (m, 3H), 7.22 (s, 1H), 7.11 (s,
1H); *C NMR (CDCl;, 100 MHz) §: 140.0, 131.7, 129.3,
129.0, 128.5, 121.7, 121.0, 78.1, 70.3.

2- I HE-1-(2- A5 3 2 Ik e (310 9% g e ] 4,
m.p. 32~33 “C; '"H NMR (CDCls, 400 MHz) ¢: 7.49~
7.44 (m, 2H), 7.35~7.31 (m, 3H), 7.05 (d, J=1.6 Hz,
1H), 6.88 (d, J=1.6 Hz, 1H), 2.51 (s, 3H); *C NMR
(CDCls, 100 MHz) J: 148.6, 131.4, 128.6, 128.3, 127.6,
1212, 121.1,78.1, 72.5, 13.2.

2-(2-HAR L IR IE)-1-(2- 2R 38 LB ) 2R 10K e (4):
O E A, mp. 76~78 °C; "H NMR (CDCls, 400 MHz) o:
8.30~8.26 (m, 2H), 7.82~7.80 (m, 1H), 7.66~7.63 (m,
1H), 7.57~7.51 (m, 2H), 7.41~7.35 (m, 5H), 7.07~7.04
(m, 2H), 3.89 (s, 3H); C NMR (CDCl;, 100 MHz) ¢:
161.6, 152.9, 142.2, 136.6, 132.3, 131.5, 130.9, 130.3,
128.7, 128.6, 124.3, 124.0, 121.8, 121.5, 119.9, 114.1,
110.9, 78.1, 75.4, 55.4. HRMS-ESI calcd for C,,H;sN,Na-
O [M+Na]" 347.1160; found 347.1162.

2- IR HE-1-[2-Q2-FU A L) PR IR ME(S): 1 €A B 4,
m.p. 67~69 C; '"H NMR (CDCl;, 400 MHz) ¢: 8.17~
8.14 (m, 2H), 7.49~7.42 (m, 5H), 7.32~7.23 (m, 3H),
7.17~7.16 (m, 1H); “C NMR (CDClL;, 100 MHz) o:
149.5, 135.8, 133.1, 129.8, 129.6, 129.5, 129.3, 128.9,
128.8, 128.5, 128.0, 126.6, 123.9, 121.6, 83.9, 69.5.
HRMS-ESI calcd for C;;H;;CIN,Na [M+Na]" 301.0508;
found 301.0511.

2- R FE-1-[2-Q2-F R KL ) LI Ik (6): 1
4%, m.p. 87~89 C; '"H NMR (CDCl;, 400 MHz) o:
8.35~8.33 (m, 2H), 7.86~7.84 (m, 1H), 7.75~7.73 (m,
1H), 7.55~7.51 (m, 4H), 7.47~7.38 (m, 3H), 7.32~7.24

1356 http:/sioc-journal.cn/
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(m, 2H); C NMR (CDCls, 100 MHz) J: 152.7, 142.2,
136.6, 135.4, 132.8, 130.8, 129.6, 129.5, 128.9, 128.8,
128.6, 126.7, 124.6, 121.9, 120.4, 111.3, 82.5, 72.9.
HRMS-ESI calcd for C,;H5CIN,Na [M+Na]" 351.0665;
found 351.0669.

2-(4- S A EE)-1-[2-(2- R IE) L PR AR TR K 1 (7):
O [E 44, m.p. 92~94 °C; "H NMR (CDCl;, 400 MHz) o:
8.33~8.31 (d, J=8.8 Hz, 2H), 7.85~7.82 (m, 1H),
7.74~7.72 (m, 1H), 7.55~7.51 (m, 3H), 7.49~7.47 (m,
1H), 7.44~7.38 (m, 2H), 7.35~7.29 (m, 2H); *C NMR
(CDCls, 100 MHz) 8: 151.6, 142.1, 137.0, 136.6, 135.5,
132.8, 130.1, 129.8, 129.6, 128.9, 127.3, 126.7, 124.8,
124.7, 121.7, 120.4, 111.3, 82.2, 73.2. HRMS-ESI calcd
for C,;H;,CLLN,Na [M+Na]* 385.0275; found 385.0278.

2-(4- FVAR R I )-1-[2-(2- S R 3k ) 4 B FE 1 2 1 1ok g
(8): AaE{E, mp. 97~99 C; 'H NMR (CDCls, 400
MHz) J: 8.34~8.32 (d, J=8.8 Hz, 2H), 7.82~7.80 (m,
1H), 7.72~7.70 (m, 1H), 7.56~7.54 (m, 1H), 7.49~4.47
(m, 1H), 7.42~7.36 (m, 2H), 7.34~7.28 (m, 2H), 7.07~
7.04 (d, J=9.2 Hz, 2H), 3.90 (s, 3H); *C NMR (CDCl;,
100 MHz) J: 166.7, 142.5, 136.5, 132.7, 132.5, 131.6,
131.4, 129.5, 129.2, 129.0, 128.7, 128.3, 125.1, 124.8,
121.3, 120.6, 111.6, 77.8, 75.9, 56.0. HRMS-ESI  calcd
for CpH;sCIN;,NaO [M + Na] ©  381.0771; found
381.0773.

2-(4- PP DR )-1-[2-(4- 96U R ) £ b R 128 O ok g
(9): FEtOE A, mp. 84~86 C; 'H NMR (CDCls, 400
MHz) 6: 8.19~8.17 (d, J=8.4 Hz, 2H), 7.84~7.81 (m,
1H), 7.73~7.71 (m, 1H), 7.65~7.63 (m, 2H), 7.55~7.51
(m, 2H), 7.42~7.34 (m, 2H), 7.12~7.07 (m, 2H), 2.45 (s,
3H); *C NMR (CDCls, 100 MHz) 6: 163.7, 153.1, 142.2,
141.1, 136.6, 133.5, 129.4, 128.6, 126.1, 124.4, 124.2,
1202, 117.8, 116.0, 1159, 111.0, 77.7, 74.4, 21.6.
HRMS-ESI caled for Co,H sFN,Na [M+Na]" 349.1117;
found 349.1121.

1-(F-1-H 05 - 2R IR Bk e 10y S (R B4, 'H
NMR (CDCls, 400 MHz) §: 8.02 (s, 1H), 7.78 (d, J=7.6
Hz, 1H), 7.53 (d, J=7.5 Hz, 1H), 7.36 (td, J=7.5, 1.1 Hz,
1H), 7.32 (td, J=7.6, 1.3 Hz, 1H), 2.46 (t, J=7.0 Hz, 2H),
1.64 (q, J=7.2 Hz, 2H), 1.52~1.42 (m, 2H), 1.38~1.26
(m, 4H), 0.90 (t, J=6.9 Hz, 3H); °*C NMR (CDCls, 100
MHz) §: 143.9, 141.8, 134.7, 124.4, 123.6, 120.5, 110.8,
73.6, 68.0, 31.2, 28.5, 28.5, 22.4, 18.3, 14.0.

1-(2-ZK 3 e 3 )-5- G 2R Tk (112)! ') JE €50k
FHWAK. "TH NMR (CDCl;, 400 MHz) J: 8.18 (s, 1H), 7.85

Chin. J. Org. Chem. 2014, 34, 1352~1357
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(d, J=1.6 Hz, 1H), 7.63~7.60 (m, 3H), 7.46~7.42 (m,
4H); *C NMR (CDCls, 100 MHz) §: 144.7, 142.8, 133.2,
131.8, 129.8, 129.2, 128.6, 125.4, 121.1, 120.8, 111.7,
75.9, 73.8.

1-(2-FK 3 £ e 3 )-6- S A IF Ik e (11b)!' ) T8 €5k
FHWAA. "TH NMR (CDCls, 400 MHz) o: 8.18 (s, 1H), 7.77
(d, J=8.4 Hz, 1H), 7.70 (d, J=1.8 Hz, 1H), 7.63~7.60
(m, 2H), 7.46~7.43 (m, 3H), 7.37 (dd, J=8.4, 1.8 Hz,
1H); *C NMR (CDCl;, 100 MHz) §: 144.2, 140.4, 133.2,
131.9, 130.8, 129.3, 128.6, 125.0, 121.7, 120.8, 111.2,
75.6, 74.1.
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