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Recent Advances in Copper-Catalyzed Boron-Reagent-Involved
Multicomponent Difunctionalization of Alkenes

Yang, Chen Jia, Xuefeng™
(Key Laboratory of Magnetic Molecules & Magnetic Information Materials (Ministry of Education), School of Chemistry and
Material Science, Shanxi Normal University, Linfen, Shanxi 041000)

Abstract The multicomponent difunctionalization of alkenes is an important and highly efficient reaction for the rapid
construction of molecules with structure diversity, which has some advantanges of high atom economy, wide substrate range as
well as mild conditions and becomes the main research hotspot in organic synthesis in recent years. Many examples on the
multicomponent difunctionalization of alkenes under metal-catalyzed or metal-free conditions have extentively been reported.
Among them, the asymmetric version of some reactions was successfully achieved by the use of chiral ligands. However,
compared with nobel metal catalysts such as ruthenium, rhodium, iridium, palladium and silver, the cheaper metal catalysts
including iron, cobalt, nickel, copper, manganese have attracted more special attention. In view of the application of copper
catalyst and organoboron reagents in organic synthesis, the advances in copper-catalyzed multicomponent difunctionalization
of alkenes with organoboron reagents since 2018 are reviewed. The major challenges and development prospects of this fields,
including the discovery of new reaction type and organoboron reagents, better stereoselectivity, and deeper understanding on
reaction mechanism are also discussed.

Keywords copper-catalysis; boron reagent; alkene; multicomponent difunctionalization
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BX. 2020 4F Engle URRHZHMESE T 8L R S AR
RURIE M Z A5y 1,2-R0K B R0 78 1) i 9 it B Mo-
lander A5 ZH ST Y6 A E JE /4R By R AL A R 1 1,2-3X0
R Z Ay [ ST T VA9, e SR FCTH I Bk
mg. TLMRUE R OZEIR T 0 AR =4 H e
R B, IX 4z R0 T & A WAL S Y 1A G A IR U
MZHME. SHREBEATIMEL, SEwiERN—3
KIFEFEE . M EE LREENESERMLT, BARK
WS AR, FEEE &R AL A AL S R T,
T A SR AE I I 100 U R R A B S AF 9T o 1 B2 F G S W
B, [FE, AL AIEA NS R 2 A DR
PRI 32, R 8 = 3 ) S AL A i & ik
JiiE— B AR HLA A R AR L AR B A
LR AS R, Hi AL T IR i 22 20 50 WU Refh 22
I I Rl S AR AT (@) EAEAEBCAAR . BRUORTAR 5 fr 15
BUR, B E— AR L.CuX ¥0F, 5B mR AT
P i (Bopina) 1 FH A2 Al 2R Ak 54 L.CuBpin, #:55
IR BRI SE AL B-I e BT & P a4k, A )
1A 5 53 FELAA W) I 87 20 0 JEUTH Bk O 3R IS XU BB AL =4,
FFAETEYER L,CuX; (b)TEAETE L A A B G AL 7 5%
R, RN Z TR (SET) A /Mg Mk i E 3

Re, FS5®ES MY RHT B 2, 1% H R
PR & A 7 FE TR 5 0 B . TC AR AR R I O 2 AR B S
ArCullL J 87, A R = A i Hh 18] P2 1) 2238 T T Bk JE 15
FIHARY), BE 1 ZEHBEEERES ArCu'L &7 T
TFEEAL Y, FHFA LCu'X f#4L57(Scheme 1). A
SORIE =R A A S AL 2 5 g R 2 A
RE R SLEAT T 45, FFXZ s kK R — R
H,

1 Bopin: 25MERZSHESNEREN K N

1.1 HENREN RN

2018 4, Kana PRAAEHRIE 1ML T 2K 20
Bopin, 5 3 fi (11545 BORH = Xof e S A S v = 2 23 A £
BRI, A A7 AT 10 WA & SR a- X093 5C y-
PR SEATAEYI(Eq. 1), 3B £E40 2 i T RO A R i
P, SN AT B RS P 70 1 BT — AN S SR
WA, 2T S T ARSI FSL A S EEAN Boping
RSN, DR 731 45 K6 2 R R SO R E 1) 20 3 1
FIESRAL 7B RSN,

(a) Borofunctionalization of alkenes with Bopin, via nucleophilic f-borylalkyl copper complex

L,CuX
B2pin2
L,CuBpin CuL,
N .
R™™ i
B [ R)\/Bpln
R = alkyl, aryl

nucleophilic f-borylalkyl
copper complex

E*

E
f R)\,Bpin

L,CuX E-= [C], [N]

(b) Difunctionalization of alkenes with ArB(OH), by radical relay coupling strategy

radical source LCu'X
SET| Cat. ArB(OH),
R /g\/ LCu'Ar e, )Ar\,
-/\ .
N [ B 22— S
(R' = alkyl, aryl) R R')\’R R

Lcu'X

aryl group transfer with LCu"Ar /

B 1 ARG 2 5 s e 2 4 WU ReAl S A

Scheme 1 Reaction pattern on copper-catalyzed multicomponent difunctionalization of alkenes with organoboron reagents
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[Fl4E, Hoveyda REIZICTA J 1 AT X0 i HE 14
AL 7 BRI e A0S W VR e B Ak S N (Eq. 2). 1R
L S A6 AN B T SEVERIT IT 1 2 A D A AR R ) HR
THREVE S SRNIRI L] 2 AR /IR B2 S50 S
X BRIE L SO, R TR A YRR LCuBpin ££
AL IR AR o ) S B4

CuCl (5 mol%) Ar\/\B )
pin

) Ligand (5.5 mol%)
Bopin, + AINZ 4 G —————— = 2
e Y NaO'Bu (1.5 equiv.) \( @
THF, 22°C, 14 h R

LG = OPO(OEt),, OCO,Ph

Ligand: )= PAr",
S\APAr,

Ar, Ar" = Ph; Ar' = Ph, Ar" = 3,5-Me,CgHj

1.2 BROMEENRRK

2018 4, EOIEERRE T — ML T R M
1) X 3aade B AL B (Bq. 3). 7E Cu(OAc), ML
A, 1,2-X0( 2K I ) 2K (dppbz) AL /4, KOBu M, 1,4-
TEONIRRIEFI AR R, T Boping ASERL I RITUE,
R G R AR, DL R IR IR — R
WAL IR AL AW, OB Hp R A A IR AR A A a4
BACED) o PR IR, DA Sk B 1 07 3RS
RAEM =)
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dppbz (12 mol%)  Ar' CO5R
N
2 KOBu (1.5 equiv.) g

7/ .
(Ar * Bapiny + Ar'ACOzR H,O (1.0 equiv.)  HN’ @)
R = Me, Et 1,4-dioxane, 40 °C Ar)\,Bpin

PPh,
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JEHIAKT R R IEM AL S (Eq. 4). M PL CuOTE AL
7, PvZPhos NT-HERCAK, J5HEM 12 Boping A1 O-2K HI T
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2282 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

SR SHR
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N\ —_— B
Alkyl THF/EIOH Aty
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Scheme 2 Copper-catalyzed asymmetric aminoboration of al-
kyl-substituted alkenes
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Brf LiO'Bu, THF, rt, 16 h Ar/k(R
Ar then NaBOj - 4H,0 OH
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PR AR B SR AL, IXPIAN S S35 AT LA
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(Scheme 4). 37 H 1] FH W& Wy -2 - AR WP 4 (CuTC) FF-14:
B EEEAA, i NHC-Cu-Bpin %5 3L 4L,
EVDEIINE, 72— A0 B & B 1) a- A DA T 1
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AT AR T — VR A AR I B, e 2% DL R BT (1) 72 2 0
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SIMesCuCl (5 mol%)
APhosPdG3; (0.5 mol%)
LIO'Bu (3 equiv.)
B,pin,, Ar?X
toluene/THF (V:V =10:1), 30 °C

A R
Ao Bpin
1,2-arylboration
SIMesCuCl (5.0 mol%)

PCy;PdG3 (1.0 mol%)
LiO'Bu (1.4 equiv.)

R
Ar1J\:/Bpin

Boping, Ar2X A
toluene/THF (V:V = 10:1), 30 °C 1,1-arylboration
Cu R
Ar1)Q/Bpin

cross-coupling of tertiary organometallic
(common intermediate)

B3 FEATEHI a-be IR TT e 1,1-80 1,2-57 21k

A
Scheme 3 Catalyst-controlled 1,1- and 1,2-arylboration of
o-alkyl alkenyl arenes
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. . -
X Bdan Chiral NHQ (15 mol%) R/\_/Bdan
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Cu(NHC)
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Pd(OAc), (2 mol%) Bpin
XPhos (4 mol%) R/'YAr

ArBr Bdan

up to >99:<1 dr
up to 96.5:3.5 er

Ph i-Pr O
Ph,, ,/( PCy,

Chiral NHC: N \,/N* i-Pr Xphos: i-Pr O j-Pr
i-Pr

SOs i-Pr
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S
Scheme 4 Copper- and palladium-cocatalyzed stereospecific
arylboration of alkenyl-Bdan compounds

2020 4, XITCALURAISTR R T AR 205 1)
B0 B RN, A N-SE AL IR A D 2 O AR,
Boping WG, 3R1G T 2 H0 C(2)- B REAL 1 MEMRAT A=
Y, AN AR S HLA A (Scheme 5).
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Scheme 5 Copper-catalyzed borylative heteroarylation of vinylarenes and proposed catalytic cycle
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NEREARA. W T REZHIGRERIRY), N H 72
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BT 58 J(Bq. 6). SN [FIRFIE T 0 i AR (1) — 38
I, a0 S T R A TR, 5 B L RE S AN
IFRROMIEIL AL SR, DA R B (R 0 e 3P 3R AR - 1 R
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0 R R
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RO SR
CuCl (10 mol%)
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R NN I LiO'Bu (2.0 equiv.)
|\ + BZPinZ + (\?\’ 2-M ) = A-
P iy -Me-THF/H,0 (V:V = 1:1)

“Ar 30°C, 72 h

R
Al
N 5 Nr @)

Bpin/

OGS
o

BE 5, Mt o PR L PO iR OE T — MR AL T 57
HLNfke . SEREREEA Boping I =40 BLRZ AL SN, 1%
N IE 5 UGS (1455 0 Je A URR R SR A, /T
LA RLBFI 7= 3 4 2 — RS AN B RERIN p-T AL B A
(Eq. 8). P*Wor 1 & A B AT IR e L 1], Wl ) )
TR T 25950 1 MR SR =D 5 1K

IMesCuCl (10 mol%)
/ NaO'Bu (1.5 equiv.) Oy, -NHR
+ Bypin, + RNCO

. 8
A toluene/hexane (V:V = 1:1) ArI’Bpm ®)

0 °C, 60 h, then NH,CI

Me Me

/ - \
IMesCuCl: Me NYN Me

Me Cu Mé
Cl

1.7 1HIRETRHRE N R R

2020 4F, Wu SR YR e T H Ak 1) R T A 4
ot I g AR — E AR (CO) AT Boping F I 2H 2 A8 EBE S 1o,
&8l IPrCuCl/Xantphos ffEfb A& &, SEHL T Ik 1 X 380k
PRI R IEL SN (Bq. 9). M2 AN, &R Tkt
Wl 07 BRI RIS R PR SRR, Dy p-il L AT AR
YA AR T — R T

[F4F, Wu BREZHPFRGE T Cu/Pd W4 & 1) [
AL 250 75 L st/ = SUEBRG . Bapiny A1 CO (1)
VU 2H 43 Bl Bk 3 4k [ B (Scheme 6). 7E % 4% 36 K 52 4
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IPrCuCl (10 mol%) .9
Xantphos (12 mol%) R R4
B,pin, (1.5 equiv.) R?
LiOMe (1.5 equiv.) ~ R® Bpin
DMA (0.2 mL/L), 60 °C

R!__R?
ﬂ/ + CO + R4
R3

fPr
N
Pr CU ’Pr PPh2 PPh,
CI Xantphos
IPrCucl

(IMesCuCl B¢ MIPrCuCl). AL M A 34 — B
[(173-C5Hs-PdClY, ) F & B FL A& (dppp) AL FIFE R, LA

I
R + Cco +
(500 kPa)
Me Me
I_\
Me N\/N Me
Me Me

IMes

OTf

R
+ CO +
(500 kPa) @

FEWOA A, S RT DA 2 A B 2 A AN E I B-
WZEERIL A, LLJS 5 — U RR e N A, W mT BAAS 3]
— BRI L RE R p-I3E 2R B AT AE Y. LB
HIHF 72 R W], NHC-Cu~ (5°-C3Hs-PdCl), A5 #f fic 74
(dppp) R IR B 1) R AR S G BEVE FH, R4 HEXUE AL D6 3A
R FR A, AR DT S, R AR e B R A T,
CO Fli N B 4 HH )R 1 J5 5 A0 IR R A (R4 10, 10
HAR S AL SRR A AL A T, B S 5 05
Y = 5L S . CO FIAE AT TR B O B AT Hp ) 4
IV RAER SRR N, V &R R MR G152 p-il2E 24
5 (Scheme 7).

IMesCuCl (5 mol%)

O

(n3-C3Hs-PdCl), (1 mol%) R
dppp (4 mol%)
Bopin, (1.5 equiv.) Bpi

NaO'Bu (1.5 equiv.) 36 examples
Toluene, 80 °C up to 94% yield
! . .
h Ph X 'Pr \‘ r 'Pr
~ IP/\/\FI’/ : —
Ph Ph NN
dppp ! N ;
I

Me|Pr

Me|prcuCl (5 mol%)
(n3-C3Hs-PdCl), (2 mol%)
dppp (4 mol%) N

B,pin; (1.5 equiv.)
NaOBu (1.5 equiv.)
Toluene,

Bpin
o 34 examples
100 °C up to 71% yield

B 6 G AEE i [R) HEAL 55 065 PR DY 2L B B S 7

Scheme 6 Copper and palladium cooperative catalyzed four-component borocarbonylation of vinylarenes
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"
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OPd”Ln OY Ar
\ _ 0
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BRI 7 AN EE Bl R A 55 0 1) DU 28 93 B ik A e i AT 2L

Scheme 7 Mechanism of copper and palladium cooperative catalyzed four-component borocarbonylation of vinylarenes
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2020 4F, Wu BB PRI CO RN RN C1 I,
R T~ AR AR DT . Baping 1 CO [ =40
AR SN, AR B A R T S R B A B A T
PERUAYI(Eq. 10). ZEW A St iE B
—A~ C—B AT N B ERE BRI A b, &8 —
B BeAb R L AR 75 10 72 22 5 A4 R v BRI A L 23
T RFLKAHRA, AL E R, EAVEBHHE
AR 0 R FANME, AHZ B A R e BT B R 1 )
7.

IPr-CuCl (4 mol%) Bpin
Xantphos (4 mol%)

NaOEt (1.5 equiv.)
DMAc (0.4 mol/L)
60°C, 12 h

R™X + Bypin, + CO (10)

Bpin

VEZ SR T I KEAL 5B AT e 1A A0 96 PR LB
554 CuCl. B8 Boping FIAH ELAF F A2 B 14 Y LCuBpin
BEY A, RNAAERAERIERR @R, R —F
Wb, A 5 CO B2 dd A7 A A LCu(C=0)Bpin H
[k G, B 5 Boping [N 3RAS DU LR B4k H; 7E

CuCl +L

NaOEt
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A—ESH, EREYEE A A S A ) Cu—Bpin
YRR R AR B, S S 5 — R R A R
R EIIR IR H M SRAF H AA C, b AR & 51 N E
HEFEAL N A D, & 1,3-801E 8 515 2]+ B4k E, E 35
b J5 S A N IR 2= A IS e R B, A i LCuOBpin Bt
EW)F, F 5 Boping R FFAEHARL G A 5 BOIEIA T
F£(Scheme 8).
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Pl XU AL, [RIBFE R 4+ b 5] N
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Scheme 8 Proposed mechanism of copper-catalyzed cyclopropanation of aliphatic alkenes
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Scheme 9 Copper-catalyzed reagent-controlled regioselective cyanoborylation of vinylarenes
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