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Pd-Catalyzed Cross-Coupling Reaction of Alkynes with
Allylic Alcohol in lonic Liquids

Li, Jianxiao Yang, Shaorong*
(School of Chemistry and Chemical Engineering, South China University of Technology, Guangzhou 510640)

Abstract A Pd-catalyzed method was developed for cross-coupling reaction of a wide range of alkynes with allylic alcohol
in ionic liquids. In the presence of PdBr,, [Bmim]Br and HBr,,, the cross-coupling products can be obtained in moderate to
good yields, and the reaction displayed high regio- and stereo-selectivities. The catalyst system could be recycled four times
without loss of activity.

Keywords ionic liquid; palladium-catalyst; alkyne; allylic alcohol; cross-coupling reaction

UZRAFWRA 140 B4 o, B
PR T LA RSP BT AR o R,
TAN, VARG R NG T, 14- IR
EPEH) ZNFE RS R 2RI 2 T R &)
2 B EREY REAE A 14, JLaERe. L
D 2 =5 A A S5 I i P S I 14 —ge e E l—k J -
Bl N AT 1AL W S B TT IR R AR = R AT AL
HREM B T AT eI 12, WOL & et W % 32 5%
FEE

HAT, SRR LA I i A R, 3%
AN IGIRIR . R R ], LAS N Ak
R FAIAED T, T B 2 49 R T4 S 065 A Rk A
WA AR 1,4- 13 W 1 S B A A 4R ™, e
LS E VAR 21 WA o 1

PRI, AT A TR AL OV ST S B AT S A I
SN A b, 32D URBIBRIE N Y, LS 13I

* E-mail: lisryang@scut.edu.cn

Received June 7, 2013; revised July 3, 2013; published online July 10, 2013.

I REA SRR, 7 B AR TP T e AT T RS S IE )
M. 25K, LL PdBr, FEfEAGGT]. &4 [Bmim]Br
I HBr /KEWAERF, S5 TR &%
(61%~93%) a1 it « mE PR IEHLA B R B IRAR-1,4- 18 0
FILEM(EI 1), JF BLAEAAR R AT AR R FH 4 2T PR
PEAAR,

on  PdBra (3 mol%)

R—~R? + - .
1 [Bmim]Br/HBr, r.t.
2
R2
Br%
R!
3

R'= alkyl, aryl; RZ = H, CI, alkyl,ester, carboxy, ketone, amide
B B AR R Ak 1) 5 I TR () 28 SUAR R [

Figure 1 Pd-catalyzed cross-coupling reaction of alkynes with
allylic alcohol in ionic liquids
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Table 1 Optimization of conditions for the cross-coupling reac-
tion of 1a with allylic alcohol

Q%COOEt + /\/OH

1a 2
R2

BI’K\%\/\

R
3a

PdBr; (3 mol%)

lonic liquids/HBr, r.t.

Entry Solvent HBr/mL Pdcat. Cat./mol%

GC
vieldw ZE

1 [Bmim]Br 0.10 PdCl, — —
2 [Bmim]Br 0.10 PdCl, 5 61 982
3 [Bmim]Br 0.20 PdCl, 5 73 982
4 [Bmim]Br 0.25 PdCl, 5 80 982
5 [Bmim]Br 0.30 PdCl, 5 80 982
6 [Bmim]Br 0.25 PdCl, 3 80 982
7 [Bmim]Br 0.25 PdCl, 1 71 982
8 [Bmim]Br 0.25 PdBr, 3 92 932
9 [Bmim]Br 0.25 Pd(OAc), 3 45  96/4
10 [Bmim]Br 0.25 Pd(PPh;), 3 0 —
11 [Bmim]Br 0.25 Pd(PPh;),Cl, 3 39 96/4
12 [Bmim]BF,; 0.25 PdBr, 3 74 73/27
13 [Bmim]PFs 0.25 PdBr, 3 66  64/36
14 [BuPy]Br  0.25 PdBr, 3 81  95/5
15 — 0.25 PdBr, 3 86  74/26
16 H,O 0.25 PdBr, 3 87 51/49
17 CH;CN 0.25 PdBr, 3 84  57/43

B

“ J ¥ 44+ 1a (0.5 mmol), 2 (0.6 mmol), & T¥AK(0.5 mL), 5T FE kR
M 12 h. [Bmim]Br: JR4L 1-T 2%-3- FAEBRME [Bmim]BF,: 1- 7 £5-3- L0k
W PU AR R [Bmim]PFe: 11 35-3- HIAEIK M S IR 4h; [BuPy]Br: i/
AR N-TT RN E .

HBr F &S50 R (3R 1, Entries 2~5), ™ HBr
M4 0.25 mL I, JeNATREF A2, [A]I HBr (1)
MEWREADGEE 1, Entry 4). TR KGR 1,
Entries 4, 6, 7)& W, UEALHEN 3 mol%hy, KNH
BUFH GC B A, [RIIAEA R I T S B GR 1,
Entry 6). fEAGIFETHE LI R W3 1, Entries 6, 8~
11), 4 PdBry fEAMEAL T, SN HATELFH GC ¥
AR FEREEGR 1, Entry 8), #HfiE PdBr, 1E R %45
A EARIGE 1, Entry 8).

BT WK 4(FK 1, Entries 8, 12~ 14) &8, 244#
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F[Bmim]Br/HBr (aq.)[{¥RA RN, SNA KL GC
AR, HoAh g7k, Wi[Bmim]BF,, [Bmim]PFs, LA
J[BuPy]Br K N[¥] GC FAb R R R IR AT 5, )
A% R, [Bmim]Br &5 A 3G 10 2 k. %
FIIE—25 %84 1, Entries 15~17) %7, ¥ HO Al
CH;CN [, BRSOV B (1) GC b (R
1, Entries 16, 17), {H N EEEPERT B A, DAk, 10
R A E W RN A RNVERA 05 mL
[Bmim]|Br 1 0.25 mL HBr. f£4£7]>4 3 mol% PdBr,.
1.2 TREBEER G

TEA AT T 5 SEAN R JEORERT S N TR 5600,
I EIRIRER(R 2, la~1c)ib & RIRY IBRIR (R 2,
1d, le), SN H A 177 %(76%~92%). HAFT
AL, TEAAAE N B () AT 19 i (1)t g SR IR H AR
U BB AR B, i, BRBEEGAE A HBr AR5 AT
T, BELL 63% " H A F| Hbrb &9 3g. dE—H 11, K
FRJE (T~ 1) 7 S W A1 g SR e ™ 22 (R Ak [N,
55 3 EBARIEAT B R RI (h~1j), %N L3545
WA, SR R PN (k) S A SEE B v 7 R I e Ak 4 AN
XIFREEDICAn 11, 1m)isy, BEAE PeRE R EE g, %
FRIR L. IR, 1T REAZ DA BicRE R K 3 3
Tt 23 B V9 i FEL - 2 20 A 22 SR A /IR . 9ok, N
TEPEAS F B S I, To), tBEESELH 267 K (1 L.

T2 IR RS AR RN @
Table 2 Cross-coupling reaction of alkynes with allyl alcohol
R2

PdBr, (3 mol%)
R1:R2+/\/OH—>"/ AN

1 2 [Bmim]Br/HBr, r.t. R!
3
R' = alkyl, aryl; R? = H, ClI, alkyl, ester, carboxy, ketone, amide
Entry Alkyne R! R?  Time/h Product Yield"/%

1 la Ph COOQOEt 24 3a 85
2 1b Ph COOMe 24 3b 90
3 Ic Me COOEt 24 3¢ 76
4 1d Ph COOH 18 3d 88
5 le n-CsHy, COOH 18 3e 92
6 1f Ph COCH;3; 24 3f 85
7¢ 1g Ph CONH, 24 3g 63
8 1h p-MeCiH, H 24 3h 80
9 1i  p-EtC¢H, H 24 3i 72
10 1j 0-CIC¢H,y H 24 3j 81
11 1k CH,CI CH,CI 12 3k 93
12 11 Ph Me 24 31 82
13 Im Ph Et 24 3m 73
14 In p-EtC¢H, Cl 32 3n 67
15 lo p-BrC¢Hy Cl 32 30 61

© 2013 Chinese Chemical Society & SIOC, CAS

@[ 1 (0.5 mmol), 2 (0.6 mmol), 3 mol% PdBr, (4.8 mg), 0.5 mL
[Bmim]Br, 0.25 mL HBr, 45T %%V, P40 B 7% 4%, “ I 0.5 equiv. HBr.
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1.3 ey e H A

DL A MR 2486 (L) S5 s A 2 T A8 SR TR S5 I Ay A
%, 3 mol% PdBr, Jj#4L 71, 0.5 mL [Bmim]Br 1 0.25 mL
HBr ¥, 2l T 2% SRRSO, S 25 10,
% 3.

x3 AR ER A TERE
Table 3 Reusability of the catalyst

Entry Run Time/h Yield"/%
1 1 12 92
2 2 12 92
3 3 12 87
4 4 12 83
5 5 12 67
6 6 18 55
7c 7 12 92

“ KPR 2.6 (0.5 mmol), 2 (0.6 mmol), 0.5 mL [Bmim]Br, 0.25 mL HBr,
AT IR  GC 62, © A 1 equiv. HBr.

SIS A AR, AR AR R 0T LA R 4 2 i
WRCREEA R RC. (HE, 56 5 IRIE PR 2 BRI,
56 URI AL 2R T BRI [ I s 0 I TR) A B
JR PRI AT BE AL AR 2 RO AR R = AR R, P EGE T
TARUR FEBRAR, TR S N FE v HBr # S AE, R T
PRFR HUR B BRI B A AR NI a5 7 e B A
ZHNN 1 equiv. HBr B}, S AL 3R X I F 5
(Entry 7). X—J7 AR FAESROE Tl gE, 75—
D5 AR S T B3R HEm i E A v
1.4 FPEHIEEIRIE

LA MZ5 4 IR, '"H NMR, °C NMR, MS il
T TR . ZLAMIR S R, HARL A WAL
b 3085~3062 cm ' (RIS (R U4y C=C—H 4
LI, BEEE 1690~1630 cm ' WRIE Ky C=C {#
GEPRBRE. AT HARMEA I TH NMR AJ 40, 6 4
5.90~5.70 Kb 2 EIE A AR b da A A AL RS .
AR, 0 K 5.16~5.07 LI 5.11~4.98 b, 435 B dd 14,
h AR i AR A AL R

2 Zig

AT T LA Sy 45 (0 e VA T A i D ) 1 5
WA SCRR IR I Y. — R BE 545 R W 1
PdBr, (3 mol%), [Bmim]Br (0.5 mL), HBr (0.25 mL), =
WAAET, SR Ly i BE g 43 21 v 45 LA IR A48
W™= e, T L S N AT A5 A 1 DX sl gk 6 4 R ST AR 12
PE. JF HAE A ZR AT MR 4 IR 5 W
RS, MO S E= K HBr I, [ONAA R BRI
R PR A TS PR R IR
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3 KEES
3.1 XE5RH

2 [H PERKIN-ELIMER 1730 FT-IR ZL4PGHEAX,
KBr JE& fi; ## [ Bruker 237 400 MHz DRX-400 4% 3t
AL, ¥ CDCl;, WFRTMS; 32 [E LCQ Deca XP MAX
AR L B e A (55 3& [ FINNIGAN TRACE DSQ
FUBAX, 70 eV); WA THEESAR AR X-5 2 WM
I A

B RAE i al, Kadt—Daith. 81
WAA(Bmim]Br", [Bmim]BF,"*, [Bmim]PF¢"*!, [BuPy]-
Brl )2 h S SOk A
3.2 ZWHE

25 mL B F I 0.5 mmol $t(1a~1o), 0.6 mmol
15 A%, 3 mol% PdBr; (4.8 mg), 0.5 mL & A& 0.25
mL HBr, X URE R =@ Hike, TLC BRER. V&S
WG, AN 10 mL 2/ 2510 mL X 3), #HY,
HHUZ /KW R BT, sechs ig 438 v, A JEAT 1S
3a~30. RMNJGIIMAIAER, KRG, EHEAMAH 4 K.
Hirb &W4i82 "TH NMR, “C NMR, IR, MS Fl
HRMS #fiilF.

(Z2)-2-(IR () T H 3 )-4- RF R £ W6 (3a): # (0
1, =% 85%. "H NMR (400 MHz, CDCl;) &: 7.40~7.33
(m, 5H), 5.78~5.73 (m, 1H), 5.10 (dd, J=8.4, 0.8 Hz,
1H), 5.08 (dd, J=10.8, 0.8 Hz, 1H), 4.35 (q, J=7.2 Hz,
2H), 3.04 (d, J=6.0 Hz, 2H), 1.35 (t, J=7.2 Hz, 3H); °C
NMR (100 MHz, CDCly) §: 167.50, 137.18, 133.87,
133.44, 130.83, 129.26, 128.40, 117.17, 61.29, 37.25,
14.20; IR (KBr) v: 3074, 2983, 2930, 1725, 1637, 1485,
1443, 706 cm™'; HRMS (ESI) caled for C4H;sBrO,Na
(M*+Na) 317.0148, found 317.0143.

(Z)-2-(BRLCRHE) TP 8 )-4- 1345 1% P G (3b): €3
&, 7% 90%. "H NMR (400 MHz, CDCl;) §: 7.39~7.34
(m, 5H), 5.79~5.71 (m, 1H), 5.09 (dd, J=4.8, 0.8 Hz,
1H), 5.07 (dd, J=5.2, 0.8 Hz, 1H), 3.84 (s, 3H), 3.04 (d,
J=6.0 Hz, 2H); *C NMR (100 MHz, CDCLy) ¢: 167.95,
137.13, 133.92, 133.85, 130.62, 129.32, 128.42, 128.35,
117.16, 52.13, 36.20; IR (KBr) v: 3077, 2950, 2903, 1734,
1635, 1489, 1436, 705 cm '. HRMS (ESI) caled for
C,,H,,BrO, (M +H) 281.0172, found 281.0168.

(2)-2-(1-1R Ik 24598 )-4- IR MG R 2. TE Be): # (0
&, 7% 76%. "H NMR (400 MHz, CDCl;) J: 5.81~5.71
(m, 1H), 5.10 (dd, J=8.8, 1.2 Hz, 1H), 5.06 (dd, J=15.2,
1.2 Hz, 1H), 4.24 (q, J=7.6 Hz, 2H), 3.08 (d, J=6.0 Hz,
2H), 2.18 (s, 3H), 1.31 (t, J=6.4 Hz, 3H); °C NMR (100

http://sioc-journal.cn/ 2409
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MHz, CDCl;) 6: 167.42, 133.35, 133.31, 128.48, 116.69,
61.01, 34.94, 23.07, 14.14; IR (KBr) v: 2920, 2850, 1631,
1365, 708 cm”'; HRMS (ESI) caled for CyH;3BrO,Na
(M +Na) 254.9991, found 254.9988.

(Z2)-2-(IRCRIE) W H IE)-4- A5 12 (3d): ¥ (B i AR,
F“ % 88%. 'H NMR (400 MHz, CDCl3) 0: 7.43~7.35 (m,
5H), 5.85~5.78 (m, 1H), 5.13 (dd, J=4.4, 1.2 Hz, 1H),
5.09 (dd, J=6.4, 1.2 Hz, 1H), 3.09 (d, J=6.0 Hz, 2H); "*C
NMR (100 MHz, CDCly) &: 172.56, 137.44, 136.90,
133.95, 129.49, 129.33, 128.47, 128.19, 117.24, 36.10; IR
(KBr) v: 3076, 2926, 1699, 1640, 1489, 1413, 707 cm ';
HRMS (ESI) caled for C;,H;¢BrO, (M —H) 264.9870,
found 264.9866.

(Z)-2-W5 N 3 -3-1R-2- 18 LG (3e): T AA, 77
% 92%. '"H NMR (400 MHz, CDCl;) 6: 5.85~5.75 (m,
1H), 5.13 (dd, J=10.4, 1.2 Hz, 1H), 5.07 (dd, J=16.0, 1.2
Hz, 1H), 3.14 (d, J=6.0 Hz, 2H), 2.45 (t, J=7.6 Hz, 2H),
1.62~1.59 (m, 2H), 1.34~1.27 (m, 4H), 0.91 (t, J=6.8
Hz, 3H); °C NMR (100 MHz, CDCLy) J: 172.48, 141.92,
133.74, 126.78, 116.71, 36.49, 34.52, 31.09, 27.07, 22.42,
13.91; IR (KBr) v: 3080, 2933, 1690, 1645, 750 cm ';
HRMS (ESI) caled for C;H;(BrO, (M —H) 259.0339,
found 259.0332.

(Z)-3-(IRCEIL) TP 7 HE)-5- U0 -2- (36): ot iiA,
FEF 85%. 'H NMR (400 MHz, CDCl3) &: 7.41~7.37 (m,
5H), 5.78~5.67 (m, 1H), 5.09 (dd, J/=10.4, 1.6 Hz, 1H),
5.05 (dd, J=16.0, 1.2 Hz, 1H), 3.02 (d, J=6.0 Hz, 2H),
2.50 (s, 3H); C NMR (100 MHz, CDCl;) §: 203.52,
138.58, 137.04, 133.84, 130.41, 129.29, 128.95, 128.44,
117.46, 36.510, 30.98; IR (KBr) v: 3080, 2934, 1692,
1644, 772 cmfl; HRMS (ESI) caled for C;3H;3;BrONa
(M +Na) 287.0042, found 287.0038.

(Z)-2-(IR (R FE) W H 3 )~ 13 -4- 47 Bk e (3g): 11 €2 i
&, P* % 63%. mp. 183.4~184.6 C; 'H NMR (400
MHz, CDCL3) 6: 7.42~7.37 (m, 5H), 6.04 (s, 1H), 5.98 (s,
1H), 5.83~5.75 (m, 1H), 5.11 (dd, J=10.4, 1.2 Hz, 1H),
5.06 (dd, J=10.8, 0.8 Hz, 1H), 3.06 (d, J=7.2 Hz, 2H);
C NMR (100 MHz, CDCls) d: 169.48, 137.09, 133.98,
133.57, 130.66, 129.26, 128.49, 128.39, 117.38, 36.47; IR
(KBr) v: 3076, 2980, 2931, 1723, 1638, 1485, 1440, 706
ecm”'; HRMS (ESI) caled for C,H;;BrNO (M "+ Na)
266.0175, found 266.0173.

(E)-1-(1-¥R-1,4- 8 I 35)-4-H 2R (3h): SOk,
% 80%. 'H NMR (400 MHz, CDCl3) 6: 7.23~7.17 (m,
4H), 6.10 (s, 1H), 5.80~5.70 (m, 1H), 5.07 (dd, J=8.0,

2410 http://sioc-journal.cn/
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1.2 Hz, 1H), 5.03 (dd, J=9.6, 1.2 Hz, 1H), 3.14 (d, J=6.4
Hz, 2H), 2.35 (s, 3H); >C NMR (100 MHz, CDCl;) ¢:
140.90, 137.43, 134.90, 134.68, 128.88, 128.11, 117.28,
114.11, 41.49, 21.27; IR (KBr) v: 3072, 2926, 1696, 1510,
1432, 720 cm ~'; HRMS (ESI) caled for Cj,H;Br
236.0201, found 236.0200.
(E)-1-(1-1R-1,4- 1% I 3)-4- L FEFK(3i): (A,
77 % 72%. "H NMR (400 MHz, CDCl;) d: 7.26~7.19 (m,
4H), 6.10 (s, 1H), 5.82~5.71 (m, 1H), 5.09~5.03 (m,
2H), 3.20 (d, J=6.8 Hz, 2H), 2.65 (q, J=7.6 Hz, 2H), 1.25
(t, J=6.8 Hz, 3H); *C NMR (100 MHz, CDCl;) : 143.66,
140.87, 135.01, 134.72, 128.14, 127.63, 117.26, 114.08,
41.46, 28.59, 15.27; IR (KBr) v: 3076, 2965, 2920, 1721,
1694, 1459, 752 ¢cm™!; HRMS (ESI) calcd for Ci3H;sBr
250.0357, found 250.0353
(E)-1-(1-78-1,4- 138 ) ik )-2- 500K (3): % (s A,
F2# 81%. 'H NMR (400 MHz, CDCl) d: 7.35~7.30 (m,
4H), 6.00 (s, 1H), 5.10~5.05 (m, 2H), 2.80 (t, J=7.6 Hz,
2H); *C NMR (100 MHz, CDCl;) d: 135.35, 135.23,
134.57, 130.53, 130.00, 128.48, 127.66, 116.02, 33.67; IR
(KBr) v: 3082, 2927, 1675, 1560, 1484, 729 cm™'; HRMS
(EI) calcd for C;1H;(BrCl 255.9654, found 255.9649.
(Z)-5-1R-6-F-4-(FH H H)-1,4- 2 IR (3k): # AR
%, 772 93%. "H NMR (400 MHz, CDCl;) §: 5.83~5.73
(m, 1H), 5.16~5.11 (m, 2H), 4.30 (s, 2H), 4.250 (s, 2H),
3.10 (dt, J=6.8, 1.2 Hz, 2H); *C NMR (100 MHz, CDCl5)
0: 135.37, 133.14, 130.50, 117.94, 44.89, 43.65, 34.77; IR
(KBr) v: 3086, 2924, 1521, 1270, 735 cm”'; HRMS (EI)
calcd for C;H¢BrCl, 241.9265, found 241.9262.
(E)-1-(1-3-2- F - 1,4- R M 55) R 31): B (A,
P 82%. 'H NMR (400 MHz, CDCl5) d: 7.33~7.28 (m,
5H), 5.74~5.64 (m, 1H), 5.07~5.00 (m, 2H), 2.81 (d, J=
6.0 Hz, 2H), 1.98 (s, 3H); °C NMR (100 MHz, CDCL) ¢:
139.11, 135.34, 132.22, 128.91, 128.18, 128.06, 127.39,
116.49, 39.57, 19.68; IR (KBr) v: 3062, 2924, 1726, 1599,
1454, 1447, 723 cm '; HRMS (EI) caled for Cj,H;3Br
236.0201, found 236.0195.
(E)-1-(1- ¥ -2- £ -1,4- 10 —I& H) 7K 3m): B (49
&, 2% 73%. "H NMR (400 MHz, CDCl;) §: 7.35~7.28
(m, 3H), 7.23~7.19 (m, 2H), 5.75~5.67 (m, 1H), 5.06
(dd, J=10.0, 1.2 Hz, 1H), 5.01 (dd, J=17.2, 1.2 Hz, 1H),
3.16 (d, J=6.4 Hz, 2H), 2.56 (q, J=7.2 Hz, 2H), 1.24~
1.20 (m, 3H); *C NMR (100 MHz, CDCly) 6: 141.60,
134.61, 133.73, 128.56, 128.53, 127.83, 126.86, 116.06,
39.14, 29.12, 12.77; IR (KBr) v: 3080, 2964, 1645, 1454,

Chin. J. Org. Chem. 2013, 33, 2407~2411
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753 cm™'; HRMS (EI) caled for C,3H;sBr 250.0357, found
250.0356.

(2)-1-(1-1R-2-5-1,4- 1% I 3)-4- 37K (3n): i fh
WA, 723 67% (109.6 mg). 'H NMR (400 MHz, CDCl;)
5: 7.26~7.18 (m, 4H), 5.83~5.78 (m, 1H), 5.13 (dd, J=
10.4, 1.2 Hz, 1H), 5.08 (dd, J=16.4, 1.2 Hz, 1H), 3.19~
3.14 (m, 2H), 2.67~2.64 (m, 2H), 1.27~1.22 (m, 3H);
C NMR (100 MHz, CDCly) 6: 145.21, 136.50, 133.82,
128.51, 127.99, 126.85, 124.16, 117.60, 43.05, 28.67,
15.32; IR (KBr) v: 3079, 2967, 1602, 1456, 761 cm ';
HRMS (EI) caled for Cj;3H,BrCl 283.9967, found
283.9958.

(2)-1-1R-4-(1-YR-2-50-1,4- I8 —Ji 25) K (30): Bt
K, 72# 61% (115.2 mg). "H NMR (400 MHz, CDCl5) 6:
7.50~7.47 (m, 2H), 7.20~7.18 (m, 2H), 5.78~5.74 (m,
1H), 5.14 (dd, J=10.0, 1.2 Hz, 1H), 5.06 (dd, J=17.2, 1.2
Hz, 1H), 3.15 (d, J=6.0 Hz, 2H); *C NMR (100 MHz,
CDCly) 6: 138.04, 133.42, 131.79, 130.23, 127.80, 123.21,
122.48, 117.84, 43.04; IR (KBr) v: 3080, 2923, 1641,
1483, 739 cm '; HRMS (EI) caled for C;;HyBr,Cl
333.8760, found 333.8751.
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