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Z . E Selective Preparation of Disubstituted Internal
Alkenes and Trisubstituted Alkenes

Guo, Ping  Zhou, Yong  Zhao, Jie*
(School of Chemistry and Molecular Engineering, East China University of Science and Technology, Shanghai 200237)

Abstract Olefin is one of the most important bulk chemicals in industry as well as commonly used starting materials in
pharmaceutical field. Since Z-olefins and E-olefins exhibit great differences in physicochemical properties and biological
activities, the Z . E configuration control has been playing important roles in olefin preparation. The selective synthetic
methods of Z : E configurations of disubstituted inner alkenes and trisubstituted alkenes are reviewed, including the Wittig
reaction, substituted alkane elimination reaction, olefin isomerization reaction, olefin metathesis, olefin coupling reaction, and
alkyne addition reaction. The catalyst types and controlling factors of Z : E selectivity in these synthetic examples are

described in detail.
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Scheme 1 Ruthenium-catalyzed cross-olefination of diazo compounds with sulfoxonium ylides
Reproduced from Ref. [31] with permission from John Wiley and Sons
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Scheme 2 Reaction and possible mechanism of selective for-
mation of Z-a,f-unsaturated esters by a-alkyl diazo esters cata-

lyzed by TrBF4
Reproduced from Ref. [32] with permission from the Royal Society of

Chemistry
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Scheme 3 Photocatalytic configuration transformation of olefin
Reproduced from Ref. [33] with permission from the Royal Society of
Chemistry
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Scheme 4 Immobilization of the photoredox catalyst in ionic

liquid for the photoredox isomerization of stilbene
Reproduced from Ref. [34] with permission from John Wiley and Sons
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Scheme 5 Ru complex catalyzed high Z-selectivity and enanti-

oselectivity ring-open/cross metathesis reaction
Reproduced from Ref. [37] with permission from the American Chemical

Society
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Scheme 6 Mo compound catalyzed olefin metathesis reactions

to obtain trifluoromethyl-substituted olefin
Reproduced from Ref. [39] with permission from Springer Nature
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Scheme 7 Selective semi-hydrogenation of alkynes catalyzed

by ruthenium
Reproduced from Ref. [40] with permission from the American Chemical

Society
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Scheme 8 Mechanism of semi-hydrogenation of alkynes cata-
lyzed by an unsupported nanoporous palladium catalyst
Reproduced from Ref. [41] with permission from the American Chemical
Society
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Scheme 9 Preparation of cis-alkenes by selective semi-hydro-
genation of heterogeneous palladium-catalyzed alkynes
Reproduced from Ref. [42] with permission from the American Chemical
Society
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Scheme 10 Palladium-catalyzed ligand regulating selective
hydrogenation of alkynes

Reproduced from Ref. [43] with permission from John Wiley and Sons
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Scheme 11 Palladium-catalyzed alkyne reduction coupling
reaction

Reproduced from Ref. [44] with permission from John Wiley and Sons
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Scheme 12 Nickel catalyzed selective semi-hydrogenation of
alkynes
Reproduced from Ref. [45] with permission from John Wiley and Sons
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Reproduced from Ref. [46] with permission from the American Chemical
Society
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Scheme 14 Possible mechanism of hydrogenalkylation of al-
kynes catalyzed by silver
Reproduced from Ref. [48] with permission from the American Chemical
Society
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Scheme 15 Preparation of olefin by direct decarboxylation of
phenylacetic acid
Reproduced from Ref. [49] with permission from the American Chemical
Society
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Scheme 16 Fe-catalyzed o-olefination of methyl-substituted
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Reproduced from Ref. [51] with permission from the American Chemical
Society
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Scheme 17 Decarbonylation strategies for electron donor-acce-
ptor reactions
Reproduced from Ref. [52] with permission from the Royal Society of
Chemistry
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Scheme 18 Nickel-catalyzed stereoselective alkenylation of
ketones mediated by hydrazine
Reproduced from Ref. [53] with permission from the American Chemical
Society

860 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

122 Mz FH4L B e

5 1) Bl — B XU 7% 1 1 B 4 mT LASRAS AR 2 e
SRR, X IE A2 s RN MEATA L
IR ZEOCEE. 2020 4F, EmEESIF R T —ME
EREAL B-BURIE 20 53 It N, /15 T HA
K45 oh B8 i 52 v R L AR R B E-JR R 55
(Scheme 19). S8 PAZEE —BEARCAR, DL Z-F1 E-I ke )
BEVINRIGIFRL, ShiEAFHER 0.1 mol %, BIR{5
B EDEREVEN E-WIRE - Z Eik 99 1), WP IR
HEMH, 80)-2UMFEEE RS S T .

CoCl, (0.1 ~ 2.5 mol%)

— 54 (0.12 ~ 3 mol%)
A AR

53 R NaBHEt; (0.3 ~ 7.5 mol%)
toluene, r.t., 1h

E/Z-mixtures 28 examples
E/Z upto 99/1

S/C upto 1000

N
H

PPh, ' PPh,
54

B 19 B p-BURCE 206 Z-E bRy
Scheme 19 Cobalt-catalyzed Z to E isomerization of f-substi-
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Reproduced from Ref. [54] with permission from the American Chemical
Society
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Scheme 20 Iridium catalyzed monoisomerization of 1-alkenes
to trans-2-alkenes

Reproduced from Ref. [55] with permission from John Wiley and Sons
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Scheme 21 Visible-light-cobalt catalyzed selective isomerization of olefin
Reproduced from Ref. [56] with permission from John Wiley and Sons

5 mol% 64
Cl—CgHs rt., 3h

Me0\©\/\
X

Metalloradical induced 1,3-H atom relocation

(1)@ V/\,O
H [Ni™] H o [Ni]

Me0\©\/\
& M

63 65, 90%, > 98:2 E/Z

| cl
! n/ \(
° NN |Pr—(r\}i—\§\1?—|Pr
| \
: \—=/ ]
IPr 64

H-atom abstraction & rapid relocation via metal relay

B 22 (NDO-fELD T 1,3-EE TIER
Scheme 22 (Ni)P-catalyzed intramolecular 1,3-hydrogen atom relocation
Reproduced from Ref. [57] with permission from the American Association for the Advancement of Science

1 mol% 67
SN 1.5 mol% KBHEt,
n THF, 60°C, 24 h

66

| or
! 6
: N/ﬁ
! Me\(_ T;N—Mes
/H\/\ ! Nlln,,, @ coO
n : /"Mn/
68 i Eh \ \CO
! 2 Cco
! 67

R 23 Mn(DETEEEAYIE N—H b FAE A 3 A 5 B4 e
Scheme 23 Mn(I) pincer complexes catalyzed olefin transposition via N—H cooperativity
Reproduced from Ref. [S8] with permission from the American Chemical Society
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HiLILF
O
I
€] -eto—P\ @
" o] N
Mes " O / *
~ —
| _OEt |>oEt R R
OEt OEt
69 70 7
O
HO® Mes*\ o o + le 72 R
P — Mes*—FP™\ \=\
/ 1 | R 2
HO R H L R
— Mes —/P\o@ 73
H

BT 24 IS0 R I (A 2 PO 1R ) 5 SCAR R e 182
Scheme 24 Cross-coupling of aldehydes facilitated by phosphonyl phosphonate esters
Reproduced from Ref. [59] with permission from the American Chemical Society

2018 4E, Milstein ZE0S2H] T 4R MEAL RS 74 5/
P Pt A BB s I ) A W . 1% T R E RO AEAE T AT DA
THEE BRI, 8 nT DU 5 8 A R &
Wi s, I R FH 4 A A6 75 (Pr-PNTP)Mn(H)(CO),,  7E 3
BN A Z AR E T, A E-ER 75, 76
(Scheme 25), E © Z>90 : 10.

N,H, inTHF
2 RoH——————— @
74 7

AN/NHz -Ha,- Ny, -H,0

R

/\

R, OH —————
74 THF 76

B 25 AL S5 I i SR B A e
Scheme 25 Manganese catalyzed dehydrogenation of alcohol to
hydrazine/hydrazone directly to alkenes

Reproduced from Ref. [60] with permission from John Wiley and Sons

[F4FE, ZREHZE GO T —F UL 77 505
Bk 79 A Heek (BRI, 1X— RIS 7E A X1k
YA I L R IRREAT, BEA . BARKIX
T E B P2 ) (Scheme 26). i BhZ% JR T2 & R0, 3R
?%Tﬁtﬁﬂ@l:iﬁziﬁﬁ‘ré 23] E-JfIEr=y) 80, E L Z>

D10, RMEBTZRRDTEE, WS, R B
HK. WEMEE. BB E TR EAm 2. X 24
e oA UL R T 207 1 A R e A S R

j N,H,- H,0 - NH2
Arl r.t., 30 min J
Ar'
77
79
Ni(cod), (10 mol%)
dcype (10 mol%) Ar1M\AI’2
DIPEA (2.0 equiv.)
THF, 100 'C, 12 h 80

B 26 BRI DT IR 5 IR I 2L Heck ABI06 S B
Scheme 26 Direct dehydrogenative alkyl Heck-couplings of
aryl alkenes with aldehydes catalyzed by nickel

Reproduced from Ref. [61] with permission from Springer Nature
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2019 4F, T o AU R IE T TR A v 7
IR G R & 4% Pd-& BN ILANIER G DL
(Pd@83), H W7t 2 E AL Heck b7, iFei it ik
T2 E-FE) 84, AR R POP-9 83 flisk £ B i (ki
SCEEFI>100 0 1), BRI 1 B, ONIE
B S 20 mol% Cu(OTH, IZ 5 T ek, &M
POP-9 83 5111 Scheme 27 Fi.

20 mol% Cu(OTf), /_!R|
X

KT
DMA, O,, 40 'C R

g‘ég *
N
N\/

B 27 Heck F LSS A POP-9 4544 ]
Scheme 27 Oxidative Heck reactions and ligands structure of
POP-9
Reproduced from Ref. [62] with permission from John Wiley and Sons

[F4F, B PR SHRIE | —Fh DL 2-1R11% A AL
AT WG 2 PR AR e AR (R F e B A S RE. SCH AL 2-
IREY AT, DLa ke SR iL ) 86 I, 78 7] WOt
RS RSB T 0% 85 (1) Heck BB, FEAFH| E-
J#5 12 7= W) 87 (Scheme 28), =¥ E © Z>69 : 1.

o)) ) Blue LEDs

0.1 mol Pd@83

In/br> 100:1

2-Bromophenol (10 mol% R
R\¢ +  IR¢ P ( ) =0
K,COj (2.0 equiv.) Rf
85 86 DMSO, rt., 16 h 87

B 28 2-IRMEAL AN RS 5 BRI RLL Y Heck {35 S B
Scheme 28 2-Bromophenol catalyzed Heck coupling reaction
of alkenes with fluoroalkyl iodide

Reproduced from Ref. [63] with permission from the Royal Society of
Chemistry
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2020 4F, A JTRESECNRIE TIEREMEAL T, W 88 5
Bopiny & AE B SEFIIAL B, A RO AE G 89 L
SO R AN 2075 IR, 1% 8k s B B N 2k 1R IR A,
JRPINEE T, B R A 2 M A SR AL WLER R SR,
fiil 90 15 e 23T Ru AL IAR, 2 MBI A R4 A ids &
91, BfiJ5 1 Ru AL JA I AL A % 207 FE R 92 A1
R IR =Y (S B ALEE WL Scheme 29), E @ Z>
76 : 24.

2022 4F, ERACAEIREAHHOHRGE T Cu(DfiEfL 3-75 2
2R IR -2(3 H)- B 93 FIAL C(sp®)—H # ) C—H Ik
SN, BL99/1 X ki Bt AR S b i) Z-F0 E R
L. Horh EHIE 95 (16 B, 72230k 94%, E © Z1K 99
). IR DS 3-05 FORFFRIR-23H)-I 93 5k
94 TEARMEAL T R AR X IE Rt C—H it R B (Scheme
30).

0
0 a
AN R
88 b
ketones
O
O
B in Me
P Rh—H 0
B,pin,
or HBpm
RhCl(cod
H RCileodly __ o oo

Bpln B,pin,, base

Cycle Il
RhxOBpin
OBpln

Bpln

124 WHEEHBEN

2016 4F, Hoveyda {f /821 SHRIE T 2 772445 i A8
TR IR R B o R OSN3l ) 4
E- B MEE R it I A R T 3R 72 R 2 R
I E A 99 A, T H AT R & = AR
FISE AR B PE(Scheme 31). MAFF 1.0~5.0 mol%f
BT, A (AT DA 2 ORI 7K 2 R FR A s SR ) 7
XS5 R

2019 4, Klarek 251508 T 5 2 A 31 L0 3E
ﬁﬂﬁﬁa‘%‘%ﬁﬂéE@Wiﬁ%ﬁﬂﬂ%@%ﬁéﬁfiﬁ(s,cheme 32). (E)-1f
FEWNIR 102 FAT R = 7= 2R R A5 B SR X S k.
e R S S B 2 B 4 mol% [ Ru AL FIBEAT 2.0
FEHER £ 101 Hun i 100 1932 BB, WEE 8~16
K.

oM OBpin
1 R? > ] R2
Bpin Bpin
OBpin
2 2
R . R . R1/\/R

alkenes

2
Rh RN R
Bpin
Rh—H vinylboronate
B,pin,

or HBpin

B 29  BEAEALIKIAR S Bopina KA IO A FIIIAL S L

Scheme 29 Rhodium-catalyzed deoxidation and boration of ketone with Bzpina
Reproduced from Ref. [64] with permission from the American Chemical Society

94
CuBr, I,

16 examples
yield up to 94%

R3
74\
=/ \
94
95
E isomer
E/Z > 99/1

B3R 30 CuDfiEf 3-77 EALIEMRAE-2(3H)-BFL C(sp®)—H Y C—H = Ab ipi
Scheme 30 Cu(I)-catalyzed C—H alkenylation of tertiary C(sp®)—H bonds of 3-aryl benzofuran-2(3H)-ones
Reproduced from Ref. [46] with permission from the American Chemical Society
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BIKE

ik SR

3.0 ~ 5.0 mol% 98
GJ + C|/\/CI nlo 2 G%c|
% 97 benzene, 22°C,2~4h 99

But % But
s /

SQPPZ

B 31 AL I J 10 52 00 P s S e 3 P A 2% i AU
Scheme 31 Molybdenum-catalyzed selective preparation of
halogenated olefin by olefin metathesis reaction
Reproduced from Ref. [65] with permission from American Association
for the Advancement of Science

100
R = aryl, alkyl, boryl

/
/ [Ru] B )
B v . \
R—// v D PEG or =2
101 PEG/scCO, 102

« High catalyst activity
* Excellent selectivity

R 32 R W T OIGEMRREL S I i AT a1

(178
Scheme 32 PEG-mediated recyclable borylative coupling of

vinyl boronates with olefins
Reproduced from Ref. [66] with permission from Elsevier Inc.

JIr i 77 v ] R O A A AR 0, ks> BRVH B4 1t
BHUEF P AR L= M ER & &, HREES
(K64 E(TON ik 440), E @ Z>84 : 16.

Kwon 27550 T BAA/Fel A5 1 B bt 45 1 A e
B SN I LA/ Fe! A5 1 E RN, B
130 JFRHA 12 103 5 p-fiF 2K 2475 104 5 i (Scheme 33).
RNAER A A F T, B R IRCR AR LA
R, HHmZ— R ERE]. FIHZIESI TR
SR i 5 B SR WM (E)- A0 AL e B & 1, ER T
T2 (3E V. HAS IR B IE (0 7= R 4 i B 1
E:Z>18:1.

R 03, MeOH, -78 °C:;
r,\A FeS04+7H,0 (3.2 equiv.) I/\I/\/A’
Lo 104, (1.0 equiv.) NP
~ 103 0°C, 5min 105
Ar/\’NC>2
104

B 33 REV/Fe! - e TR e Al e b
Scheme 33 Reaction of ozone/Fe!-mediated dealkenylative
alkenylation

Reproduced from Ref. [67] with permission from John Wiley and Sons

1.2.5 )%k B R
2015 4F, Mankad P84S HRIE T — Ag-Ru XU
EJRECEVEALT, SRR 106 RN A & Hik

864 http://sioc-journal.cn/
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P (Scheme 34). DL K BN ERMIEAT LSRN, 7T
DASZEUE i B R, E 0 2>90 110, £EILAtATE R
HREHICANEE . B AR FIAETE T, ik Bt lR
A
H, (101 kPa)
(IMes)AgRp (20 mol%)

Xylene, 150 °C, 24 h
106 107

B 34 Ag-Ru X B ML IEE N AL
Scheme 34 Ag-Ru heterobimetallic catalyzed selective semi-
hydrogenation of alkynes
Reproduced from Ref. [68] with permission from the American Chemical
Society

2016 4, Grela BRARZHEO] £ T —F0 Ru 4L 109,
Hoks FLRF T Bt SRR, 78 80 CAHIH
B2 NaH HI44FF, LASIAH Ru BC& ) 109 AL, s
LT HeAE 108 11 mde B 2 A A SN E i X AR i
50T S PN A= S R B IR R BE A7 A4 3% # (Scheme 35).
FLBE AR, E-J A B PR . Ak I B AT
DATEMR I ) 2644 FaEAT, X T &K E e e #A &
JE I B

O=4D o™ e
—
NaH, CO,H O

108 80°C, 24 h 110
SiMes E/Z =99:1
| Cl
Ru=

o |
\(O
109

B35 ATEALRIBRIE IR S S R & E-Mfe
Scheme 35 Ruthenium catalyzed E-selective semihydrogena-
tion of alkynes
Reproduced from Ref. [40] with permission from the American Chemical
Society

[F4E, Komatsu BREH % T —MERBED
(PdsPO)E A mnde B 1t B p - A AR, A . .
FR TR RN G 55 [ 1) 25l ke S AL 15 B AN 1) E-J e 112
(Scheme 36), £ E:Z7>99 : 1. %E iz K FiE(DFT)it
HR, PdsPb EATHAR MWL R, RS HE,
[E IR K. B PdsPb/SiO, 4 H B 21 S Ak B A
ek R AT RhSb/Si0 2H A I 18 S 44 R A A Ak &= ]
SEIRTH R IRIE IR — A E-1 )5 6 Al

2018 4, Jackowski AR K& T —Ff Pd Al Znl,
G EbiE R, FERH TR 13 kLA %
N. BAEAA R TR, 101 kPa ) Hy Al THF 7£ 25 C %A
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R’
P 101 kPa Hy, rt. AR
Pd,Pb/SiO, + RhSb/SiO
R™ 111 3 192 192 112

R' = OH, CHO, C(O)Me,
COOH, COOEt, Ph

Bz 36  Pd:Pb/SiO: Fl RhSb/SiOx B A AL A HIE 1) — 44 E-

WA

Scheme 36 Pds;Pb/SiO2 and RhSb/SiO2 cocatalyzed one-pot

E-olefin synthesis of alkynes

Reproduced from Ref. [69] with permission from the American Chemical
Society

AT DASEILN E-J IR 114 1R 50E £ (Scheme 37). Znl,
MMAZXEZE, EWANZEHES S KRB @
LLPd(PPhs), A ik PdO F E-iFE Ak, HFH Znl, B8
5 Pd® 45607 DMERE Mk, AR, AR
BEAE IR 261 N AR E-W R B i e 0, HE
7>96: 4.

Rz H2 (101 kPa), CLPA(PPhs); (5 mol%)

Zn (3 equiv.), Znl, (1 equiv.) 2
/ R1/\/R
R’ THF, 25°C
113 114

Bz 37 Pd #1 ZnL fEAL A HAR A BRI EPE S S AL
Scheme 37 Pd and Znl; catalyzed selective semi-hydrogenation
of alkynes
Reproduced from Ref. [70] with permission from the American Chemical
Society

2018 4 Prabhu VR SHRTE T — P2 4H Pd {4
AL LK 117 AE AR NS B, fE=EIR T
PLZAF 116 AT, @i A EMECARIE R, e T
HRAEN RN, B LLSZELX E- M 1E e kB
(Scheme 38). FIH PCy; FLiA &R E-MslE, A &R T
SEARIERRIE. A LA R E-— 2K 20 118
B R ARSI AR, 2T FIRE B IR AN,

Ph Pd(OAc), (5 mol%) H

PCy; (10 mol%) Ph
Ph Y

/ + Boping + H,O0 ———=2~— — """~
Ph rt., 24 h, toluene

15 16 117 H
18 (72%)

> 99% conversion
Z/E = 0:100

B 38 LML A SR
Scheme 38 Palladium-catalyzed semi-hydrogenation of alkynes
Reproduced from Ref. [43] with permission from John Wiley and Sons

2018 4F, Whittaker BEERHT R T — MR A1) . BE
I F IR, R TR SRR, ST
T REAE RN, #E 65 CHI THF 357K, B
A0 G (R AR AR AR AT DA S BT i 119 1) 1 BE E-iE 61
(Scheme 39). 75 7 Fi F1 Ag i Ml #4587 LA SR AT o % AL 2R (1)
E-J&MR 120, H Z: E>96 : 4. 55 B LW AR AL
FIRT BTG e 8 R e e S5 LA v P8 A 2 R S AR B
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SRR AN, BATAR i A AT R L.

o 1.5 equiv. PPhg 0
1.5 equiv. PhCO,H
= XN
/ OEt 25 equiv. H,0 R/\)]\OEt
R 19 THF, 24 h, 65 °C 120

BX 39 B SHE A RN
Scheme 39 Phosphine-mediated semi-hydrogenation of alkynes
Reproduced from Ref. [71] with permission from the Royal Society of
Chemistry

2019 4F, Furstner Z72R AR 1)—28 Ru 4L,
FRINIE FH T 450 2 A & e B v e S A OBy, I
AN R E-R PRI, JAE] E 1 Z=98 1 2. 7£ 101
kPa H, M REUEF & B Bt IR &R, e
AL E-1% 4% (Scheme 40). 7E[Cp*RulEfEAL7 122
HIREEIR, WAL 121 @SR N E] ERRE 123,
W o-TEMMEBIFAIEIIRE, R TIXAER.
[Cp*Rulfi AR A Ak s SR TR (1) 2644 T B a] 45 2]
o A 2 35 3 1 R ST AR P

122 (5.5 mol%)
AgOTF (5 mol%)

o H
? ? H, (1.01 MPa)
\—): CH,Cly, 30 min ~
89% H
121 123 E:7=982
\
\
122

B 40 ik P b A SR
Scheme 40 Ru-catalyzed selective semi-hydrogenation of al-
kynes
Reproduced from Ref. [73] with permission from the Royal Society of
Chemistry

2019 4F Beller PR & T —FhJC 5 20 18
7, FER AT T PR R B S R B I
Ni(NOs), AT FT IR g KR 1, 76 120 CAl
3.0 MPa ] Ho IRAE T, DIANERRE 1) 2 UGBk 125, W]
DASZERIRIE 124 (1) /5 B STARE R AU b, 1331 1)
AN E-W R 126 BB RS REEME © Z
>99 1 1) (Scheme 41). HLAHEAL N2 P bR AN A Sy b
DA B AN R HAR 2 R R [ 1 o de A 88 v PR A 2 R ST
(USvEEI

2020 4, RSFARREAU R T —Fl Fe LR
sk 127 AR SAEEGE 128 MIREEIL M. 7F
30 ‘CHI THF ¥4, A5 vT DASEEbe R
Sy, HEBBESAIAERE, Wi Fe LAk m)
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BIHEFE SRR
Ni(NO3),*6H,0(4mol%) , 133 (Scheme 44), /"W E 1 Z>99 : 1
triphos 125 (8 mol%) H R
RI-=—R? — =
3.0 MPa H,, acetonitrile, 120 °C 1 Z
R" H Z
124 126 Ph
132
L L HBpin Mg\/\\
\/\P/\/
Bu—Mg—Bu%
O
Bpin-Bu Mg\ / ~B’
125 " N
u
. )\/Bpin Ph
B 41 SRR SRR & B LI I
Scheme 41 Preparation of frans-olefin by nickel-catalyzed
semi- hydrogenation of alkynes HBpin
Reproduced from Ref. [45] with permission from John Wiley and Sons N\g\H

WARETT DS e B AR R, REAE i ARSI E-iE
B4 (Scheme 42), H E D Z>92 1 8. Ah, iZfEL
P 2R DLE I 7 o b AR A R EAR T 2R i
Pl i X I B, IR AR S g .

[Fe] (1 mol%)
EtMgBr (2.4 mol%)

— .
PSS+ phsit THE 30°C Ph 5 sik,ph
127 128 129

B 42 PR e Sl SR
Scheme 42 Iron catalyzed hydrosilylation of alkynes
Reproduced from Ref. [74] with permission from the American Chemical
Society

2018 4, Whittaker BR@IZH7HRIE T B T IBRIE
ERRIEICJFAE Y E-IfIe. R SR R BLAC PRI, I8 R
Him, HEA RGN EREBIFHA M (Scheme 43), H E :
7>96 : 4.

0 1.5 equiv. PPhy 0
1.5 equiv. PhCO,H
X
/OEt 25 equiv. H,O R/\)I\OE"
R THF, 24 h, 65 °C
130 ’ ’ 131

B 43 [P R BRI SR AR B E-I
Scheme 43 Phosphine mediated selective reduction of alkynes
to E-alkenes
Reproduced from Ref. [71] with permission from the Royal Society of
Chemistry

2019 4F Rueping @A T —FEEL I B
TR, X FhBE I Ak [ R B A S R R AT
2 HE TR bR . XEFRFIA KRR R, 5T E
B REFI AT LAAH Y. UERA T 7R AR X IR AN R S 444 TR R
ACHIHE AL 513 R (7~10 mol%), T MgBu, /& — i)
PASRAS R P~ 2 R0k £ 0 (0 0 PR AR kAt &t
DFT 522 0, He 132 A0 E AL 2 38 i JFA ik
BuMgH¥I%, Bija KAEA LB, R4 Mg/B 3 #,
FAEREYE BuMgH 08 B OH B 1) 205 80 5 7= 40
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B 44 BRAEAL AP A A HLEE

Scheme 44 Mechanism of magnesium catalyzed borohydro-
genation of alkynes
Reproduced from Ref. [75] with permission from John Wiley and Sons

2019 4, ZE AR A0 %% 7 —Fh = A Ak Al 6
R T Cu AT, XA EATITE 2 Fhpue g £
PEB A S5 B A R I HH A s (v M. TE Z AR R AT A
SEILAHE 134 FIBIEAL, TREE Cu AL SR T LIS
FIAA L E-J592% 136 (Scheme 45), . E 1 Z>99 : 1. 1
SEAEMER T E 2 7R Cu—0 8, @R 2
O3 F, AR S b A AR 2 R E AR T B, T ik
PRI E AR R, $ 5 2 40 Cu 457 Cu—O Bk
P, AT TR T AR AL B R I TE P, SRS R

A4k S A0 ST AR R
<> — . BPn Cu-SACs X BPin
2 EtOH ©/\/

134 135 136

B3 45 A 5 LA A R B AR S A n 8 5 52
Scheme 45 Copper single-atom catalyst catalyzed hydrobora-
tion addition of alkynes

Reproduced from Ref. [76] with permission from Elsevier Inc.

2018 4, Lalic S¢U7HRAE 1 R4 6 A4 771 Bip [ 6 £
Atk 137 HIAEXT Bk B AT R N, X A EA
A IR P 3 3 P T DA I AR R 0 A ) A 2 T A
ez, 5 A [ AR R AL A G, R IR R
MG 5 I ) E R Z AERT e SRR A, X R A DT A I B
B RIFHRM M, SRR, B2, it s e,
IWENEY) . FEFIREAG. 48T B i Tl AN B 5
PIr] ON. #E 60 °C HIEE 141 2544 F A LASEEL B E-idk
FEME(Scheme 46). 3% 8 36 as 2 74 I 7] 1 FH 2 0F 17 B2
PR, RBFAEM, BA R IR B ST AR kB
PE. UEESCEG R B, HURIHR AL RITE Z-A Bk B Sk

Chin. J. Org. Chem. 2023, 43, 855~872



Chinese Journal of Organic Chemistry

REVIEW

S ERANE. BRAMWEH S5 T Sonogashira 1
BR, (HAE Z-E B O R, 200 i 32 22 ol 4 R A4 771
139 Rk, MAE BGRB8 JE A 14 AR
i EAL AL 140.

IPrCuCl 139 (10 mol%)

Pd(OAc), 140 (5 mol%) Ar
R\Q + Ar—Br I\I/\Ilez(i)-tPIrBSil-(izQ eq'ui;/.) R/=/
aOl-bu equiv.
137 138 then MeOH 141 (5 equiv.) 142
19 examples
>10:1 dr

B 46 AN AL ) # X Sonogashira 8 AN 238 5 I N
Scheme 46 Copper and palladium catalyzed series Sonogashira
coupling and semi-reduction reaction
Reproduced from Ref. [77] with permission from the American Chemical
Society

2018 4F Sakai BRI A 7 o — SR A fHE A0 A4
R, SEHUL TR 143 RIS ELRAGA) 144 (I8 )RS AR,
BRI E-JGJE 145, 75 80 C2AMF T, MR R
AL D A A R ) E-J7 )8 (Scheme 47), H E !
Z>94 6. AR S A AR R S AL B DX g B AR
BRI A, DRI S8 A (e 44, b AR 2R 5
KAeEGEEA, FEAMMN )RS, Himmikieh
FRER =), X PR SR AR B T Bt N T B
itk iz, BR. HZE. RN, BER RN PLE Z AT E R
) E-45 )2 1) i) 2%

PdCl, (1 mol%)
Cp,HfF5 (1 equiv.)

EtO);SiH (2.5 equiv.
Ph— + Ar—l ( )3 ( 9 )‘ Ph/\/AI’
toluene (2 mL)
143 144 80°C,13h 145

B 47 AR AR S B 57 SR 03 S AR IR S5 L
Scheme 47 Palladium-catalyzed reductive coupling reaction of
terminal alkynes with aryl iodides

Reproduced from Ref. [78] with permission from John Wiley and Sons

2019 4E Lalic i RRZLE ST T — P DAAK S bk 146 Al
WAL 147 AJER, SEARE RE % E-IG 1S 148 1077
. R I N A AR AR AR AL R ik LA P R kAT
1, B RGN RD KESEE. EERAMHT, S8
AR DL R A i pa i ke 24k, AT LA 3158 42
(1) E-iE B PE(Scheme 48). RN A% Z NEYITEHE], 7]
DITERE. JiE D520, BE. ey, RKBEmasfi g
RIS AP T 5E K.

2021 4, Laile PARZHBOEF K T —FF Cu fEA A b
H 149 5 o IR PEE 150 ST BRI AE i Th REfL E-
A 151 (77, AR IR AR T IROSIAT SEBIL S FE (1) E-i
FEPE(Scheme 49). [FIIEHA T Z EYNE R, 7T LALE
GHIEE R E ALY 05 B A RN 5 0 IR AR AE T SERR, 3
A B R, ML SEIG R, eSS 2k
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R1
R—=— + )\ R/\)\Rz
| R2 R3SiH, LIOR 148
146 147 100% E
+1° & 2° alkyl iodides anti-Markovnikov
*broad scope

BIZ 48 H MR A0 IR AR 3 bR (14 s B U 44 S R
Scheme 48 Copper and nickel catalyzed anti-markovnikov
hydroalkylation of terminal alkynes
Reproduced from Ref. [79] with permission from the American Chemical
Society

151
single regioisomer
> 50:1 E-selectivity

B 49 FNIIRIGIE a-IRERE: LARE £ I
Scheme 49 Cu-catalyzed stereoselective coupling of terminal
alkynes and a-bromo carbonyls
Reproduced from Ref. [80] with permission from the American Chemical
Society

A v T B o R A Sl R R T R R IR AR S Y.
SNSRI AN, R
2 =RRBEHERK
21 ZHRHEK
2.1.1 HEFMILE S

2018 4, Gilmour MBS HRIE T 2K LG &Y
152 TEYC R AR A R AR A AR i s B 1 = AR
4% 153 [/ % (Scheme 50). [F]I 5 5 3R1F 1) E- A4 A it
ITEIZMCHEA T L, TR E RS R S I
PR SE PR 0 Z- S5 hk, L Z D E=94 D 6.

Me Me

Bpin Ir 1 mol%
©)\/ : (PoY | ) AN
Bpin

149 150

MeCN, r.t., 450 nm, 16 h
B 50 ZKOIEE E-Z SR B
Scheme 50 Photocatalytic £-Z isomerization of styrenyl boron
species
Reproduced from Ref. [81] with permission from John Wiley and Sons

212 HIRIRERR

2022 4F, MRTFIRBAPIFA 7 —Frmik £ Rh(l)
HEALI(E)-B- N IR IREE 154 S5HER 155 A i
TERIDR SN, LM S L A5 3] Y 7 0 g M e R R 2 1) — A
Z-Jf e 156, T H ) B RAF Y dr(AER MR K
K EGAE ) (Scheme 51), F2¥) Z @ E>99 & 1. S2IG AT
FEUESE, Rh(DIERE -F WHERIL T 554 B-H T ER AR AL i
&R,
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B —
[Rh(COD)(OH)], (1.5 mol%)
H _ COR BINAP or dppb (4.5 mol%) Phy/COR
+ PhB(OH),
£ bn K,COs3, 1,4-dioxane/H,0, 75 °C H _ Ph
(E) @
154 185 1%

B 51 MBI E-50 0 0 i a1 BBk S 7
Scheme 51 Rhodium(I)-catalyzed defluorinative coupling of boronic acids with monofluoroalkenes
Reproduced from Ref. [82] with permission from John Wiley and Sons

2.13 BRIEARERE

2018 4F, Geetharani Z5B34RIE T Lewis fEAL AR
FI Je 1) DX Sl B PE I A A R BL. RBLAE 5 mol%
Sc(OTH); #15 mol% NaHBEt; L6 44 R, Bk 157
i fE¥ T LIS HBpin (pin=0C-Me>,CMe,0) 158 KA ik
BHEME R B, & REF T Z IR A,
JiE R B PP W A R gk 0 Bk R HLERAF AR B,
1% S Nl I I 3BT 5 HBpin 2 8] ) 6 B[R] 5 5 i A2 3K
15 80—y 7Y {5 (Scheme 52), 74 Z 0 E=95 @ 5.

2020 4E, SSFARUR ARG Tk Ak 1 A i A1
PR bR S AR A 1 ST AR S T XS8R B R Joe S A S
FHod g 2,9- 05 56-1,10-3E B MRECAA BRI &4 162 1E
P i A RE S B 2 B AR A i, T HLAGE
Tt AR T A P AR g D AT 5 4 30 e % b () X ek ik
FE1H%:(Scheme 53), 17 H B A L7 4 A0 75 14 (TONs Al i&
F1) 35500). 1% N — MR IR S A T AR KRS 2%
AR = R ) RO T

2019 4F, o E ' SRAH R T —FhE TG RCAAF
TR R, SEBL T Ir A0 IR - bRAZ SRR S .

HI3E XARBR S, He Z,Z 0 ZE>99 © 1, FEEEIA 98%
(Scheme 54). ZMERRT, |72 BN M EERZ R AT 1
RNABBRRY), A A LR B B R ST R 3 B 1
(Z,2)-T Z )5 28 167, SHEEREKELAYI[1IrCl(cod)], 3K
PSS SURRER IR SE,  PT DA iy L s 7 R e .

2020 4, ZREHZESEESHRIE T AU I fE 168 5 05
AR B 169 17 A e 3410 B (Scheme 55), fFHIK
SREE R R AL A B, 1B A F A k. Skt
T 5 A B4 e 1) XSRS AR B Z-0 0% 170,
FEYIZ L E>90 110, T HEAT T Z M E BRI AN. it
Gb, RIRF=WIR 2T AP B R SR U T O B
FUREA SRR E . XOE BN BOE F . HLEET
REWATAEH Pd-S4b 5 5 M.

22 E-HREEIEK
2.2.1 Wittig B2

2009 4, HALYLSEEOHRIE T B FHIEE 171, o-X
RIRFEAL G 172 R Ik 173 =H 1k R, Likik
PerE & R 2 BURE R 174, BE OB ] LA Rt & iR E-
Wk, E2Z>99 0 1, BAR &R E-1E#F M
(Scheme 56).

7E 70 CHIHEE A T AT LASEIL N I e % 165 Ak 166
Sc(OTf)3 (5 mol%) H Bpin

j: NaBHEt; (5 mol%) C;=< Bpin ~ H
{ >7 . ; <

Toluene (2 mL)
157 159 160

100°C, 24 h
BR 52 Sc(OTHs ALK X kit B e il A0 Sse 13
Scheme 52  Sc(OTf)s catalyzed regioselective hydroboration of alkynes
Reproduced from Ref. [83] with permission from the Royal Society of Chemistry

Fe(0) RH,Si.  H
——{ 162 — =
: R R®
Fe(ll)

RS|H3

S|H2R
1ezg — R’ C C-RS
Fe(ll) 161

Ar of 162g

B 53 SRAEL AL PR AR S
Scheme 53 Reaction of Fe-catalyzed selective hydrosilication
Reproduced from Ref. [74] with permission from the American Chemical Society
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O~ _N R® Os_N R
[IrCl(cod)] » (2 mol %) .
H o F | | RN R
R . MeOH , 70 °C z z
H

R2 R R2
165 166 167
Z,Z/Z,E up to > 99/1
up to 98% yield

B 54 SRAEAL IR S Bse SRR s )3
Scheme 54 Iridium-catalyzed alkene-alkyne cross coupling
reaction
Reproduced from Ref. [84] with permission from the American Chemical
Society

Pd(ally)Cl], (2.5mol%) R2
NNH [
2 — PCys (10 mol%)

N2 T - DBU (1.0 equi PRy R
R R (1.0 equiv.)

168 169 1,4-dioxane Ph

110 'C,5~18h 170

B 55 AR ST S BUCIUE 5 R R U i A S
Scheme 55 Palladium-catalyzed formal hydroalkylation of aryl-
substituted alkynes with hydrazones

Reproduced from Ref. [85] with permission from John Wiley and Sons

X PPh,
PhCHO + \HkOEt —_— OEt
Y o EWG
171 172 173 174

BRI 56 - FHIME . o-pd RIRFEAL S IMUR Ik Joe = 40
(L3

Scheme 57 Phosphine-mediated three-component system of
aldehydes, a-halo carbonyl compounds, and terminal alkenes
Reproduced from Ref. [86] with permission from John Wiley and Sons

222 RBEIER R R

2018 4, Tunge “5EETHRGE | —FloOUHE L SRR, B %
MR 2 R R A 07 BE 0 e i 176 N PN Tt i TR i
(Scheme 57). X F il Al & R 1) 77 RAH A HLOE AL E
JEE A A RS Ji AR, ol AT S O ) A AR ST B R
R, BRI SR RIFH E-EBE, E 0 2>80 : 20.

hv H
@ -

N
N
Boc
175 -COy, -H; 176

B 57 S SR/ B XSUREAL ARV B N-ToE 5L S AR
Scheme 57 Decarboxylative elimination of N-acyl amino acids
via photoredox/cobalt dual catalysis
Reproduced from Ref. [87] with permission from the American Chemical
Society

[FAF, J8 &R AR T A AN R =S LA
TEWENG T R A A SUABI SUNE. 12 J NTE 3 AL 77 RS
IFIRIE LR, ERE GRS ™05 I A LR EE 177 F1
HEPIENAEY 178 KA SAREL, B2 T 723 L)
E # R = U2 179 (Scheme 58), P*¥I E © Z>20 : 1.
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Na N2 Blue LEDs EWG
P + X
Ar” CEWG COOEt DCM (0.1 mol/lL), rt. Ar
177 178 174COOE!

B3 58 Wit Uy B o S SRR AN R S AE X
TR

Scheme 58 Blue light-promoted cross-coupling of aryldiazo-
acetates and diazocarbonyl compounds

Reproduced from Ref. [88] with permission from the Royal Society of
Chemistry

223 MBI B

2018 4, von Wangelin V@14 SR IE 1 v %50 Bl fi
H(E)- = e 34 I 42, RE M L ThRefL, °F
e LA, A& TR (2 mol% Cat., 20 C, N
Wik, 3h)it 2 KA E Ae ], Btk e, B, JE. B
M T5 k. TE 2R RFAET, LLJ5 Em i o J5 R
A DS B sk B R = IURUE R, O E D Z2>100 11
(Scheme 59). 1% I N A i 374435 35 1 6 1R A 11 11 8 e
FEA R B B — M1 5. 5 AH G Rl R A4 i R 5
Heck-type M ANE, BIEE KR i ¢ &R T H 1
H I EEEENLHIS 1E, M8 T 4k 2 o R A A S5 71

2 mol% CoBr,/dppdz Br
Ar—— 5 mol% Zn
r —
acetone/H,0, 20 °C, 3 h AN
EtO,CCF,Br CF,CO,Et
180 181

B 59 HhifiEAPURIR R AL R L
Scheme 59 Cobalt-catalyzed bromo-carboxydifluoromethyla-
tion of alkynes
Reproduced from Ref. [89] with permission from the Royal Society of
Chemistry

2019 FALRFHEMALIR K T —F ZHM 2% 2
fie 183, 7EWEHR N S5k 182 M Rtk e p, 78
TAEATIR T AT T, B AE R T A e 5
AP, A = IR R R HES R AT LSS Y — Ut Js
WM, W EF IR E-iE 5 (Scheme 60). PATIA
IR A LR, R S =1 186 RIE A Akt
Al S SE R A, X RVE B T2 S L, g R
Fo . B 5 Mg SR AT AR i R A R I R

[F4E, WA MRS T —Ff DL 2- VR AL
FURT WG B b e Ak 1 i, A8 = IR kT e o
N, ATLLE AR R 187 Ikl 0 R, B R E-dE
P4 189 (Scheme 61), E : Z>69 & 1. 1% N ] DL
SO R 77 SR 38 AN [ ) S AR, AT Tz )
0 BRI v 1) A 2 AR DX e R . T B T DA S i 9
SN S AL SR A B e R B PR A P R

[F]4F, Engle BRAZHMHRIE T —Fp L A1 Cu 1L
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Bl
| 60 ‘CHl THF 3556 AF T, AT DL i ot A AT BG4 1) 4,
RONAR S B 8 LI 7 FE M (Scheme 63). 71BN st Tk 045 # £
1(;';20005 iﬂ%ﬂﬁ?TUTE‘**ﬁiﬁﬁﬁ TERAR S 5l N &
iododifluoroalkylation PR AR T B YR o, AT SE IR B A A ST A
22 examples, 54% ~ 92% yield 3@3‘%[‘ )
R'———R?
132 T e Re— 2 + Q) Pd@POL, NEt, Rz‘grw
CF,COOEt  C52C0a 1t CF,COOEt THF, 60 °C, 12 h
183 185 193 Si=SiHPh,, SiPhs, ......

hydrodifluoroalkylation
6 examples, 77% ~ 85% yield

2
RIS R
CF,COOEt

184
difluoroalkylation
15 examples, 44% ~ 89% yield

B 60 Wt MRS R AR L HE N AU B
Scheme 60 The addition of alkynes to ethyl difluoroiodoacetate
under blue light
Reproduced from Ref. [90] with permission from the American Chemical
Society

@) ) ) Bl LEDs
Re= + I, 2-Bromophenol (10 mol%) |\(/\Rf
KOACc (2.0 equiv.) R
187 188 DCE, rt., 16 h 189

B3 61 2-VRP AL B I ke o6 A e
Scheme 61 2-Bromophenol catalyzed preparation of of alkenes
by addition of alkynes
Reproduced from Ref. [63] with permission from the Royal Society of
Chemistry

FIMEAC R AR Sk E S FE SR N, fEEIR T, &L
AT LA v S5 AL I ) & i (Scheme 62), SEI s
AL 2 B AL AR SRV, IR IRARIE 1 AR i
B 190 JyJEURL, Gl AEL, AR A K 1A
Bpin FE [ F1 Bdan J& 111 1,1- 81K 192, HAb, 75 5EHL
AP ATe S AR R T ASEE E-i B e k.
(1) Cu(OAc), (5 mol%)

PRI v > it
R/ - Hedan (2) HBpin (1.2 equiv.), r.t.,16 h /\Brdan

190 191 192

B 62 AL RIA R E-IE I 1,1- 0L S 57
Scheme 62 Copper catalyzed E-selective 1,1-diboration of ter-
minal alkynes
Reproduced from Ref. [91] with permission from the American Chemical
Society

2022 4, PRUGFEIRH O R T — M2 LA N
RRENVE N Pd JE-F LT, EED?%WTV\])@%
193 [WiEEfL R, H E: Z WEAAR 100 : 1. 7

870 http://sioc-journal.cn/
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mﬁ ‘f

B 63  FHIEAEILRIR AL N
Scheme 63 Heteropalladium-catalyzed hydrosilylation of al-

kynes
Reproduced from Ref. [92] with permission from Springer Nature
2022 Rl NIBREAL I T TR AL CO, Sl
ke — B REHIA SRONL — BRI 196, CO» A=kt
FWE 197 FHfEAL =4 RIS, 2% S AT e EE R
DAL AR RN, AR T L1-E EFHE™ Y 198
(Scheme 64).

Ph— + CO, + BEt;

196 197
IPrCuCl, MeOK | dioxane, r.t.

geminal addition vicinal addition

' ' : l

CO,H CO,H HO,C Et
/_<Et /_<CO H >_/ P?_/

198 199 200 201

1,1-E-selective 1,1-Z-selective  1,2-selective 2,1-selective
(78% yield)  (not observed) (not observed) (not observed)

B 64 ALK BRI XU AL S
Scheme 64  Cu-catalyzed alkyne difunctionalization
Reproduced from Ref. [93] with permission from the Chinese Chemical
Society (CCS), Shanghai Institute of Organic Chemistry (SIOC), and the
Royal Society of Chemistry

3 IL,\—I:| %E

AR TR 2 E RIS INE, R
BT ARE, —HURIEIE Z 0 E SR
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