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Fig.1 Molecules with cis-alkenes structures
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(a) Challenges in cis-hydrogenation of alkynes to cis-alkenes

HAT T2 . B S0, 15 G ax @l
FI R I, FRG, LA A IR S A
PRI SN AT LA — s ™ (& 2(b)),
{LENTN 0 R o DS e AN WS E i /NI 1 P S o
L R, PRk I AR R R AT
AR E R DTTE M.

Isomerization

» R!
> \/\ .
[Cat.] /—\
R —_— R? - R! R2 ]
H,
over-hydrogenation 1
> R \/\ R?
(b) Copper-catalyzed reduction of alkynes using alcohols as hydrogen source
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Fig.2 Copper-catalyzed selective reduction of alkynes
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1.2 HEREFEEEBSURNTR

1E N, “SURTFEFE, M AR 1R 10 mL
TH: A [ A Cu(OTh),(9.1 mg, 0.025 mmol),
Xantphos(17.4 mg, 0.03 mmol) 1 5% N i (0.5 mL).
FETHFE 1 hJE M AFES (7.0 mg, 0.1 mmol).
R, 1A S TP R EE L4 (89.1 mg, 0.5 mmol)
15 P (0.5 mmol). K Sz 487 Hh &4 & Tl
WP, 1E 130 °C F RN 24 h, W S5 G, K g
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BRI R FR, BGE & VIR R TR R,
1t GC I 2 e A RN . Bt I 5 S I T 22
A REAE R M B Al (fimiE), 153774 2a—2c.
2e-2l.

PR T

(2)-12- "2 M5 (2a): W% 85%; T o 14,
ZIEAH KT 99/1 i 5 GC K9 35 7% ; 'H NMR
(400 MHz, CDCl,) § 7.26-7.11 (m, 10H), 6.59 (s, 2H);
“C NMR (101 MHz, CDCLy) § 137.3, 130.3, 128.9,
128.2, 127.1.

(2)-4- TR KL M (2b): WK 50%:; K
{k; ZIE (859 98.5/1.5 J&il4f GC #ill3k75%; 'H NMR
(400 MHz, CDCLy) 6 7.27-7.13 (m, 7H), 7.02 (d, J =
11.4 Hz, 2H), 6.55 (s, 2H), 2.30 (s, 3H); "C NMR
(101 MHz, CDCL) § 137.5, 136.9, 134.3, 130.2,
129.6, 128.9, 128.9, 128.8, 128.2, 127.0, 21.2.

(2)-3-H R IR KL 208 (20): WR: 71%; TC(a )
fh; ZIEERT 99/1 it GC Kl 3k 45, 'H NMR
(400 MHz, CDCL,) 6 7.25-7.16 (m, 5H), 7.10-6.99 (m,
4H), 6.56 (s, 2H), 2.25 (s, 3H); "C NMR (101 MHz,
CDCly) 6 137.8, 137.4, 137.2, 130.4, 130.1, 129.6,
128.9, 128.2, 128.1, 127.9, 127.1, 125.9, 21.3.

(2)-4-H AL T RIL IR (2e): R 32%; TR BT
@R, ZIE/3 (B 87/9/4 2 GC K345 'H
NMR (400 MHz, CDCL,) 6 7.28-7.16 (m, 7H), 6.77-
6.73 (m, 2H), 6.55-6.48 (m, 2H), 3.78 (s, 3H); "’C
NMR (101 MHz, CDCl,) 6 158.7, 137.7, 130.2, 129.8,
129.7, 128.8, 128.8, 128.2, 126.9, 113.6, 55.2.

(Z)-4-FBZHFL 7 (20): W 74%; T ARk,
ZIEAE R T 99/1 238 i3 GC # I 3575 ; 'H NMR
(400 MHz, CDCL,) 6 7.24-7.18 (m, 7H), 6.92-6.88 (m,
2H), 6.60-6.52 (m, 2H); "C NMR (101 MHz, CDCl,)
§163.1 (d, J=370.1 Hz), 137.1, 133.2 (d, J = 5.0 Hz),
130.6 (d, J = 12.1 Hz), 130.3, 129.1, 128.8, 128.3,
127.2, 115.3, 115.0.

(2)-4-BFIL I (29): WR: 91%; Tk,
Z/EfH K F 99/1 2 38 i GC # I 3k 75 ; 'H NMR
(400 MHz, CDCL,) 6 7.24-7.14 (m, 9H), 6.60 (dd, J, =
12.0 Hz, J, = 60.0 Hz, 2H); "C NMR (101 MHz,
CDCly) 6 136.9, 135.7, 132.8, 131.0, 130.2, 128.9,
128.8, 128.4, 128.4, 127.3.

(2)-4-T A HL 05 (2h): W%e: 88%; ToamifAk;
ZIEfE R T 99/1 38 i GC #: I 35745 ; 'H NMR

(400 MHz, CDCLy) 6 7.33 (d, J = 8.4 Hz, 2H), 7.24-
7.20 (m, SH), 7.11 (d, J = 8.4 Hz, 2H), 6.63 (d, J =
12.2 Hz, 1H), 6.50 (d, J = 12.2 Hz, 1H); "C NMR
(151 MHz, CDCL) & 136.8, 136.1, 131.4, 131.0,
130.5, 128.9, 128.8, 128.4, 127.3, 120.9.

(2)-1,17-HRR-4-TK L0 (21): YR 85%; H ([
1K, Z/E (KT 99/1 J&ii it GC #3545, 'H NMR
(400 MHz, CDCl,) & 7.60-7.57 (m, 2H), 7.47-7.40 (m,
4H), 7.34-7.18 (m, 8H), 6.62 (s, 2H); °C NMR (151
MHz, CDCl;) 6 140.7, 139.8, 137.4, 136.3, 130.5,
129.8, 129.4, 128.9, 128.8, 128.3, 127.3, 127.2, 126.9,
126.9.

(2)-1-RFE-33- T H I T IR (2)): WK 49%; To
A ZIE KT 99/1 2l id GC i3k, 'H
NMR (600 MHz, CDCL,) & 7.28-7.25 (m, 2H), 7.21-
7.17 (m, 3H), 6.41 (d, J = 12.6 Hz, 1H), 5.60 (d, J =
12.6 Hz, 1H), 0.98 (s, 9H); "C NMR (151 MHz,
CDCly) & 142.7, 139.4, 129.0, 127.6, 127.1, 126.2,
34.2,31.2.

(2)-1-3,3- " H JE-1-T M )-4-H 7K 20 (2K):
WA 49%; To A, Z/E HRT 99/1 J&ilit GC K
MFK45; "H NMR (600 MHz, CDCL,) 6 7.09-7.06 (m,
4H), 6.37 (d, J = 12.6 Hz, 1H), 5.57 (d, J = 12.6 Hz,
1H), 2.33 (s, 3H), 0.98 (s, 9H); "C NMR (151 MHz,
CDCly) & 142.5, 136.4, 135.7, 1289, 1283, 127.1,
34.1,31.3,21.2.

(2)-1-(3,3- - - 1-T s )-4-F K S0 (21): Yk
R 40%; AR, Z/E KT 99/1 &l it GC
MiFk15%; "H NMR (600 MHz, CDCLy) & 7.14-7.11 (m,
2H), 6.97-6.94 (m, 2H), 6.34 (d, J = 12.6 Hz, 1H),
5.61 (d, J=12.6 Hz, 1H), 0.97 (s, 9H); °C NMR (151
MHz, CDCl;) 6 162.3 (d, J = 244.3 Hz), 143.3, 130.4
(d,J=8.5Hz), 126.0, 114.5, 114.4, 34.2, 31.2.

2 HFREITIE

2.1 FGEK

e, R B S (1a) AARUERE Y . AL
TEEPCA B . SN A SR AN R, AU A
Cu(OTH), 1E NI TR, DL 50% B IR Y54 1L 5
92/8 W) Z/E WEFEMEAS B =UIA 42 (% 1, Entry 1). B
Jei, W T A [R) A4 X 32 BN 5% ) (% 1, Entry
2-11). 255 R, BRI A S fe % I8 A% I N7 ) 44
A tkgE. 241# H dppb Al Xantphos MHECARRT, #41L3%R
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515 68%(Z/E = 94/6) Fl 65%(Z/E = 99/1) UL
(# 1, Entry 5 1 7), (A& BL VR R RESCRARAT BT
WA, 2 F L) Xantphos e A BRI 25E47 T
58, Horh DL BEAT (CHLOK) S i Y S5 i 245 2 B
4 (3 1, Entry 14), 10 4 AIAGKET, 125 WA KA
(3% 1, Entry 16). JEANEXT 52 B AN AT 140
&, 2R 140 °C KN 12 h B, BL 80% FE AL
58] T4 (% 1, Entry 17), kLG8 i) ) 2

24 h JE AR ARIA B 90%(F 1, Entry 18). 11 24
SOV IREE N 130 °C, S WA A 24 h i, 1225 0 LA
91% M AL 32, 85% 1Y 73 B IR 3, Z/E H KT 99/1
BRNAREE (32 1, Entry 19). fJ, 4T AE
PIBEFNIE T Bk &R, A3 SIS 2 11% 1 10%
FIR 2 (1, Entry 20 #1 Entry 21). f1lt, 5@
TR PR A Ak SN I B I R AR A LA
Cu(OTf), HHARTH . Xantphos HH A, CH,OK K

&1 REFHAL

Table 1 Screening of reaction conditions’

Cu(OTH), (5%)
Ligand (6%) —
O=0 -~ S - G0
130°C,12 h
1a, 0.5 mmol 1 mL Z-2a E-2a
Ph,P PPh, ©\ PPh.
Ay @LOQ Fe ’
#=l:dppm  n=4: dppb PPh PPh © = PPh
n=2: dppe n=5: dpppe ’ ’ PPh, PPh,
n=3: dppp n=6: dpph DPEphos Xantphos dppf
Entry Ligand Base H-Source Yield /% (Z/E)
1 - ‘BuOK 'PrOH 50 (92/8)
2 dppm ‘BuOK 'PrOH 11 (99/1)
3 dppe ‘BuOK PrOH 7(98/2)
4 dppp ‘BuOK '‘PrOH 8 (97/3)
5 dppb ‘BuOK PrOH 68 (94/6)
6 dpppe 'BuOK 'PrOH 17 (98/2)
7 dpph ‘BuOK PrOH 5 (94/6)
8 Xantphos ‘BuOK 'PrOH 65 (>99/1)
9 DPEphos 'BuOK 'PrOH 27 (96/4)
10 BINAP 'BuOK 'PrOH 8(99/1)
11 dppf ‘BuOK 'PrOH 39 (>99/1)
12 Xantphos 'BuOLi 'PrOH 17 (94/6)
13 Xantphos ‘BuONa 'PrOH 55 (>99/1)
14 Xantphos CH,0K 'PrOH 66 (>99/1)
15 Xantphos CH,0ONa 'PrOH 60 (98/2)
16 Xantphos / 'PrOH 0
17° Xantphos CH,0K ‘PrOH 80(>99/1)
18% Xantphos CH,0K 'PrOH 90(99/1)
19° Xantphos CH,0K 'PrOH 91 [85](>99/1)
20° Xantphos CH,0K "PrOH 11 (>99/1)
21° Xantphos CH;0K "BuOH 10 (>99/1)

a. Reaction conditions: 1a (0.5 mmol), Cu(OTf), (0.025 mmol), Ligand (0.03 mmol), Base (0.1 mmol), Solvent (1 mL), oil bath 130 °C, 12 h, yields are

determined by GC-analysis based on area normalization method; b. 140 °C; c. 24 h; d. Isolated yield
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. PrOH N FAIAHF, 78 130 °C F ¥ 24 h,
2.2 RMIHRR

FER A o FE R A% 1, G H 1 3 17 71 e
37258, N3k 2 PR, B 5, 487 23 (Al BH AL,
A3 A — AR XL (R sl AR Y SR
TIOFHEE O (1b-1d) MR TERRMESRIET, LA XT
AR B LR 1b A1 e SRS T 50%

1 71% WCR A 55 3 205 2b F 2¢, Z/E HA35)
A 98.5/1.5 FKTF 99/1. (RS2, {2 BHLAHXT 4 K iy 415 H
FEUR 05 3k e Eam i KL 2 10% )5,
J7 BRI 204 68% Ay = Jd & 7= A, ZZE fE R F
99/1. Hiyk, 88 T HUR LAY L P20, 2 BITE — 2K
RO H P — NIRRT L] R (Te), T
(1f), % (1g). 18 (1h) FIAEE (). 7EARME SR T,

R 2 RERYIE R EE 5

Table 2 Substrate scope for alkynes®

Cu(OT), (5%)
Xantphos (6%
phos (6%) H H - .
CH,OK (20%) )
[ + ; R — + — + R
R! R ‘PrOH E >_< 2
— 130°C, 12h > < ~R
R! R? R! H
1 1 mL z-2 E-2 3
2a, 85% 2b, 50% 2¢, 1% 2d, 68%"«
ZIE >99/1 Z/E =98.5/1.5 ZIE >99/1 ZIE >99/1
OMe F Cl Br
2e,32% 2f, 74%" 29, 91%" 2h, 88%"
Z|E/3=87/9/4 ZIE >99/1 ZIE >99/1 ZIE >99/1
Ph Me OMe
2i, 85% 2j, 49%" 2k, 49%" 21, 26%"¢
ZIE >99/1 ZIE >99/1 ZIE >99/1 ZIE >99/1
7(@ .
F
2m, 40%" 2n, 28%* 20,ND
ZIE >99/1 ZIE >99/1

a. Reaction conditions: 1 (0.5 mmol), Cu(OTf), (0.025 mmol, 9.1 mg), Xantphos (0.03 mmol, 17.4 mg), CH;OK (0.1 mmol, 7.0 mg), PrOH (1 mL), 130 °C, 24
h, isolated yield. Z/E ratio is determined by GC analysis of the reaction mixture; b. Cu(OTf), (0.05 mmol, 18.2 mg) , Xantphos (0.06 mmol, 34.8 mg); c. Yields

were determined by GC based on the area normalization method.
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X F AR SRR Y Rk 2 e D JE SR
Y 3e 24, IR IR IR 2e WK Ty 32%, Z/EABE K
87/9/4. & K ZE W 3 MIEYITELL 10% FH > A Ak 57
i, 2 AEUS T 74%(2F). 91%(2g) Fil 88%(2g) Y
AR ), Z/E AR T 99/1. ik 2L & 1 R 1)
P AL i — 2B A B RE AL IR A X7
A IRIERT (1), FEFRUESRAE T LA 85% ISR AR A5
AR 20, ZE (HAB KT 99/1. 35, X5 Hbe It 2
B (1j—1n) P17 T 5 SRR, MR T R

R, N M FR X T R 2 R R TS PRI, TR AL
FIFHHE A 10% B, WCRALE 26%~49% Z 18], 1 Z/E 14
WK IH KT 99/1. e Jm, BL —he S bk 7-+ D ke
(10) MY S FEAAR AT, AT g2 T 7-+ 71
N E B, AR A IS, S8 N MELL
AT
2.3 REHBRR

HE T RYE TSR, Xt R S HLEREAT T 40
HARR (B 3). TR ML, 43 B4

- H Cu(OTHY), (5%)
Xantphos (6%) H Ph Ph
>:< CH;O0K (20%) P
+ PrOH > + 6y
Ph Ph 130°C, 24 h Ph . Ph
cis-2a trans-2a, ND 3a,ND
Cu(OTY), (5%)
. h Xantphos (6%) H H Ph
CH;OK (20%) N +
>:< +  PrOH > @
130°C,24 h
Ph H Ph Ph Ph
frans-2a cis-2a,ND 3a,ND
CuOTf*4CH,;CN (5%)
Xantphos (6%) H H H Ph
CH,0K (20% J— —
Ph Ph  + ProH 0K 20%) >—< + >—< ©)
130°C,24 h Ph Ph Ph H
cis-2a, 39% trans-2a, <0.5%
Cu(OTHY), (5%)
Xantphos (6%) H H
CH;O0K (20%) P
Ph Ph  + ‘PrOH = + 4
130°C,24 h Ph Ph Y @
, Confirmed by
1a cis-2a, 91% GC and GC-MS
o
CH,0K (20%)
)J\ ) > ®)
Me Me ‘PrOH (1 mL) o
130°C,24 h
’ Confirmed by
GC and GC-MS
% +EI TIC Scan YAA-X230413-05. d
1
8l m/z=138
o
6 /
4+ |
2+
0k S -
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Counts vs. Collection time/min

&3 PLEERSE

Fig.3 Mechanistic investigation
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FE R £ R A = G0 AR (T iy (2 08)
=R R R (D) B, i R AT RE DL 39% (SRR3R
193 cis-2a, W] Cu(l) M RE2MALTHEED A OF 2
2 (3)). 38 ik XA AR B W i AT GC-MS i GC 43
B, LA K55 S A0 2 s oA o €2 3 0 o i P A 7 L

BT, XA S Bh AR ) SN, 25 A T T 25458, 452
FWIAEBAT1E 26 AF T B 2485 S b 2K O i
3 (5)). Hiik, AT DU e e e 1AL A2 Al
SR H 2 A .

454 O 1Y SCERAGE FIXT HL 5250, FA T —
4 D L IE (TG R AR A o, DR 00 ) S AL B
Wir (F4): L, D) Fea ek A1 F TS 5
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Cu — O
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Fig.4 Proposed reaction mechanism
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R AT e B ) A = A, s R fz. L ik
KT 99/1. FEIZ A F v, AN 2 2 iy i i) P 5
Yy, AT B R AL RIS, AR A
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W FNE B 2RO SRR, BAT AR E ]
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Copper(II) Triflate-Catalyzed Selective Transfer Hydrogenation of
Alkynes for Synthesizing Cis-Alkenes

YU Ai-ai"’, XU Ke"?, WEI Wen-ting', XIE Yin-jun’
(1. School of Materials Science and Chemical Engineering, Ningbo University, Ningbo 315211, China; 2. Key
Laboratory of Advanced Fuel Cells and Electrolyzers Technology of Zhejiang Province, Ningbo Institute of
Materials Technology and Engineering of the Chinese Academy of Sciences (CAS), Ningbo 315201, China)

Abstract: Cis-alkenes are essential structural units in many bioactive molecules and have a wide range of
applications in the field of materials science, medicinal chemistry and pesticides. Herein, a copper-catalyzed
selective transfer semi-hydrogenation of alkynes to cis-alkene (up to Z/E > 99/1) was developed, in which using
'PrOH as a hydrogen source and Cu(OTf),/Xantphos as a catalyst. This reaction system does not require high-
pressure equipment, which is simple and safe to operate and shows good compatibility with halogen-substituted
alkynes such as fluorine, chlorine and bromine. Finally, the possible reaction mechanism was proposed on the
basis of control experiments.

Key words: copper catalysis; alkyne; isopropanol; transfer hydrogenation; stereoselective



	1 实验部分
	1.1 试剂与仪器
	1.2 炔烃选择性转移氢化反应步骤

	2 结果与讨论
	2.1 条件优化
	2.2 底物拓展
	2.3 反应机理探究

	3 结论
	参考文献

