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Recent Progress on Chan-Lam Coupling Reactions Catalyzed by
Copper(ll) Complexes

Jia, Xuefeng™ Tong, Xiangjuan
(Key Laboratory of Magnetic Molecules & Magnetic Information Materials (Ministry of Education), School of Chemistry and
Material Science, Shanxi Normal University, Taiyuan 030032)

Abstract Copper-catalyzed Chan-Lam reaction represents an important and highly efficient method for the synthesis of or-
ganic molecules containing carbon-heteroatom (C—N, C—0O, C—S) bonds, which has many advantages such as mild condi-
tions, wide substrates range and high yields. Therefore, the Chan-Lam coupling reactions are extensively applied in organic
synthesis, medicinal chemistry and material science, efc. Although many catalytic systems using different copper salt alone or
in combination with various ligands for Chan-Lam coupling reaction have been extensively reported by different groups, the
studies on the Chan-Lam coupling reaction employing well-defined copper complexes as catalysts were underdeveloped. In
recent years, the Chan-Lam reactions catalyzed by copper complexes with different ligands have attracted more special atten-
tion from synthetic chemist and made many achievements. Some novel copper complexes have been designed and synthesized,
which were further used as efficient catalysts for Chan-Lam coupling reactions of arylboronic acids with various nucleophiles.
The recent progresses on Chan-Lam coupling reactions catalyzed by well-defined copper(Il) complexes are summarized from
two aspects of homogeneous catalysis and heterogeneous catalysis in detail. Then the homogeneous Chan-Lam reactions are
classified by the different coordination mode of copper complexes, and the heterogeneous Chan-Lam reactions are described
according to chronological order. The reaction mechanism on Chan-Lam coupling proposed by different research groups is
also straightened out and discussed. Finally, the development prospects of this research field are pointed out.

Keywords copper(Il) complex; arylboronic acid; nucleophile; Chan-Lam coupling; N-arylation
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YO R B s, R RE RO R R
R, A C—N. C—0. C—S BRI FIRAL T —Fh =20
AR Bk BT, AMTEETFR T V2 40 sl 3h/
He 420 & fE AL ) Chan-Lam 81 2 B, Lam™*!, Watsonl®,
Fernandes!®!. Lundgren!, Bty k8, ZLARPFIE B
FRlOEE G J5 0TI J7 T TAERET T HON R M LRIARGE.

: @

M = B(OH),, B(OR),, B(OR)3", BF37, SnMej, Si(OMe);
X=N,0,S
R' = aryl, alkyl, H

B 1 LT Chan-Lam B8

Scheme 1 Copper-catalyzed Chan-Lam coupling reaction

VAR SR B A W 45 4 AR (IDAC & ) AL B Chan-
Lam 8IS NI G 1 A AL ZE IR, IS T
—E R, ARPTREEN, BRSPS AA 2 AR AL
SRR A, MRAEECRRIAN R T & R4S K 2 4 1 A%
AR &P, A RS R ARRC & AT R I H
REOTERE, B1AnVE 2 <5 Jm B A <6 2 1 s PR A AL 1
A XZH S5 R BT, FEe BT H i $h 45 O SRS &4
Xt TR AN TE 259 7 5 D DR I VE AL BT
FE R M B AN R RS A SR AR E & ) AR AR R
S A, BR AR AT R BERAL ZA SIS T T
RO RAITERE. AHEE T 518 ((Rus Rh, Ir. PAAC
ST, FEC SR DU S HEAL A O ks
IR 20 AR 2 SR BE AR B S R R A
SERFA, DILRZ 2 T FEE 2 oRTE. A ST
MEALAN A AL T 7 T R4 T DA S AL T
75 HEAN R 5 AN [F) 56 4% 44 Chan-Lam BB SN ) 5 BT 78
HERE, XANE/NESE ) Chan-Lam A5 156 S B ATL B 3k

(a) Collman, 2000

AT TR, JFREER T AZ AT R R AT BE AT FE 75 0 A T i
Pk

1 $E(INEEEP19EELE Chan-Lam (B K

N7

1.1 N,N-ECA$E(1)EC &4 LAY Chan-Lam BEX R 2

2000 £F, Collman ZEU K K BLE&4H N,N,N,N-JY F
5 4 = Jf% (TMEDA) i & [ 41 i & 4 [Cu(OH)e
TMEDALCL, Af LB S A1 = Z. 1%, 1 Amkmeiib &
Y5 5% BB ER 3k 47 Chan-Lam 48 B 1) 4 %% 1 4L 75
(Scheme 2, a). MNAE 10 mol%fI[Cu(OH)*TMEDA],Cl,
AT, BFmo, £ AP ER BT,
A] DA = = 2R 1E — R A1 N-J5 A DR AT A= 4.

b5, 1R USRI TE T AN FE S5 R NN-X
T BCAR S B A AL TS P O 52 (Scheme 2, b). 455
FBH, TCAAR 1) AR 48 R AR (R DR /N I8 2 o) A I 44 i
G WA Chan-Lam A8 B & B 36 P2 A — 58 5210 .
TMEDA & S if e iRk 5. [, TMEDA B EE ()
7S TR EI KA SR NS AL k=2 kR S RN 4 B = AL K E|
RV TEC A4 1) 72 18] o7 BEL 5 58 30 7= 470 1) [X ok 3 2 ) 9%
HHRIICER. N X ik B 32 S B T AR U5
T E AN BRI (0 AR ELAE FH DL R O B e R B 1 Fmk
WA (1) A .

2004 4, Strijdonck ZFUOHRIE T AU AL 14 22 H
TR e 55 5 SR AR G S S (Scheme 2, b). 1E# F &
WEFL T AN [ S5 R (R AR XS e 2= 2 R B 1k sz ). A
F 5 mol% I AU 4l Bic & [ Cu(OH)*(Ligand) .Cl 1 fi
A, FETCIR A T AR, RSLTETR A ¥ A [N-F
B SR RH(NMP)Y/HL0, V2 V=1 : 1FIRFHEAT, K
AELEXS L RIS SR, 7= 2 =il 77%

R N . [ R
@B(OH)Z + </ l}R' [Cu(OH)- TMEDA],Cl, (10 mol%) TN N/§N
. N) CH,Cly, r.t., overnight, O, or air . \;\'J

(b) Collman, 2001 and Strijdonck, 2004

58% ~ 98% yield

R N

LN g %
(OH), + \

Q ’ <Hj

(c) Onaka, 2014

[Cu(OH) - (Ligand)],Cl, (5 mol%) - R@—N/}N
NMP/H,0 (V:V =1:1), r.t., air

— —

up to 77% yield

[Cu(OH) - TMEDA],Cl, (12 mol%)

z

K,CO3 (1.1 equiv.)

R N~

N g
N" "R

CH,Cl, r.t., O, ballon, 16 h

R N=
NN
O

N

up to 81% yield

B 2 [Cu(OH)-TMEDALCL {1675 HMIL 5 & BAFA T C—N fHI%
Scheme 2 [Cu(OH)*TMEDA]2Clz-catalyzed C—N coupling of arylboronic acids with nitrogen-containing heterocycles
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2014 4, Onaka %529F] F[Cu(OH)*TMEDA]CL, (12
mol%) AT, WIS TR SAEAE T S-BR M
75 SR 1 = 3R X SR B 2-75 B4k [ Vi (Scheme 2, ¢),
BT —FEFE SR 2,5- T HUR U mAL S 13T iR 45
X RT 5S-Fe AR YRR AT X e 1 N-J5 B AL 1)
HIKRIE.

2016 4, Phukan 552171 F AL V4 5 4- — FE & 2kt
WE (DMAP)TE — F AR A (A s B, D i) 46 1 — b
FLA VU TH A4 L ART &5 44) (14938 B4 4 iC & 40 [Cu(DMAP)4I]L.
ZHC AR DA RO A 55 3/ e SE R 5 e« TR« Tk
R BB NIRIEE) Chan-Lam {85 N (Scheme 3). fif
H1 2 mol%HI[Cu(DMAP)II AHEA T, S BEAE Y o 2

BT, fEAEH RS 1] Y (5~75 min) DL R 47172 2R
A BAF N (A BE P24, 9 C—N Al C—S S8R S it
TR R SR

2020 4F, Bhattacharya BREAHAPIRfE T —HRKEH &K
WM 1,4-%008 T 1l BB [p-RCaHAIN=C(H)(H)C=
NCsH4R-p; R=0CHs, CHs, H, Cl; L-R], ZEA[E I
H5 CuCle2H,0 = M) LTS ZIA A A AL A I H B &4
(Scheme 4). ULFBE A, AR —2HXUEMFIEIIN
AR B AP {Cul(L-OCH:)C1Y,] (1); 117 BA Z B N iEFH,
DU 3 45— 2 45 4 R ABL 1R SO SATR TB6 1) SOURZ 46 (1) B 45 470
[{Cu'(L-OCH3)CL},] (2). X B AT HT 26, BS54
1 FARI)REL T — AN AR NoCl, JUAIF9 5, i

R
H [Cu(DMAP)4I]I (2 mol%) ,{l
R-B(OH), + NS > "
(OH): R R MeOH, r.t. R "R .
72% ~ 93% yield
o H
N BOH) . [Cu(DMAP)I]I (2 mol%) N NTPh
R—‘ + 2 M RT
_— eOH, r.t. = (o}
Q N 65% ~ 80% yield
N B(OH) /(js\?o * [CuDMAP),I (2 mol%) A NHTs
I + R~
= MeOH, r.t. =
60% ~ 65% yield
N B(OH), . [CUDMAP),II (2 mol%)
|
= MeOH, rt.
76% ~ 85% yield
B3 [Cu(DMAP)IT AL T7 2/ b R S & Al BRsEAZ k) C—N Fl C—S fBEx

Scheme 3
philes

X@B(OH)z . HzN@Y

(X = H, CHa, CI; Y = H, CHs, Cl, OCHj, NO,)

[Cu(DMAP)al]I-catalyzed C—N and C—S coupling of aryl/alkylboronic acids with nitrogen- and sulfur-containing nucleo-

[{Cu'(L-OCH3)Cl}z] (1) §

(1 mol%) /@’ \©\
Y

Et;N, EtOH,5h
90% ~ 99% yield

u
H3CO\©\
N/Cu

\\

MO
OCH,

(X
Y

= H, OCH3,
=H, CHs, CI)
B 4
Scheme 4
troaldol reactions between arylaldehydes and nitroalkanes
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[{Cu"(L-OCH3)Cla},] (2)

{Cu'(L-OCH3)Clo}] (2) X
(4 mol%)
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CH4CN, 50 °C, 1 h R
Y X
56% ~ 93% yield

(R=R'=H, CHa)

LA T I AT A S S AL I RN 55 57 A G ) C—N BIBAN J7 & i 55 Al 3L e 42 (1 Nitroaldol 2

1,4-Diazabutadiene-derived copper complexes-catalyzed C—N coupling of arylboronic acids with aromatic amines and Ni-
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Be&d 2 HrARan 2 — M T TR &7 8 NoCls
PR, ARG A 2 AT I I VA AR R R O A 1k
N—IEECEY 1. AR EL SR LA T IR X Bos
SRR WS UG, EFRAR 22 A2 B e A TR A7 AE & O A
B A PR SR AR SR e B AL S PR TR A, A A
AR MBI A Y, EAXHRA AT, BUZH (D)
BEA4 1 A] DA U AG 75 S5 R 5 55 & %) Chan-Lam
BB R, AN &Y 2 7505 F RS 3 R m)
Nitroaldol J i HH ZR I HA I 2 R HE AL 85U

2020 4, Emerson ZFPEANER AT 1,10-28FEMS M
(phen) e 44 X6 4 FE A4 (1 L7 45 R R A4 S PR P s e
DA S A 2 T A4 T R 44 A A B0 OB IR 1B AR . PR3
1,10-20 FEMS Ik J HAAUA S AT AR BCAAR 5,6-31%A-1,10-26
FEMD Mk (edhp). 1,10-4BFERBIHE-5,6- —Hil(pdo). 4,5- %
2%l (dafo) 5 =& F REER T Cu(OTh), 7£ LB b,
il & 7 AH B2 B H B A 4 {[Cu(phen)(OTH]OTE (3),
[Cu(edhp)2](OTH)2 (4), [Cu(pdo)](OTH): (5), [Cu(dafo).]-
(OTf) (6)} (Scheme 5). X H AT AT R B, IXLLRHL A
T i S 25 A4 25 T A C A A TR IR A A B AR Ak
WAV BT EEA —Em. iEY 3~5 e
TFEAEE A I ES, MERAY 6 RAHEAR
A A S . AT TSR B, X DUANRTE & 9 #8 RE
HEAL K 5 R Y Chan-Lam {8 SN, HAEALIE I
RN 6>5>4~3 (92%, 41%, 22%, 9%), X 54
BB IN E AR JE B %) 2% R (Scheme 5).

1.2 N,O-Befisf(1)EL & 44 L BY Chan-Lam {854 &k K

2014 4, Bora SF24HRIE 7 —Ff ONNO VYA i A7 4
Ji& RA%(Cu-Salen)iL 54 7 7F Chan-Lam 8 [ {#E40 B
FH(Scheme 6). TFF R I, 7E 20 mol%HT 7 AL T, 753
R 5 07 B BB T LR AR i AT, =i AR
H BAE R 2 (T1% ~ 95%) 3145 — 07 R R &)
M4 = N R R R KM KA SR, RBLAE S
mol% M HEFIAFAE TS, BLSR INEE v 4], wTELELE )
F=H(63%~94%) 19 2] — R 51 N-J7 Al DK BEAT A= 4.
B B RTE IR 2 A DA A FE T R TR
(R ASE P A5 2 0 1 S B A 28 v ) S B S A 1.

EtOH, 2d
R

Cu(OTf), + 2L [Cully®* + 20TF

_______________________________________ 8-6
0 o 0 o

— - — 74 N
oXaYe \<\§§/\>\ i

N N— N N= N N= N N=
phen edhp pdo dafo

[Cu(dafo),]OT¥,

— N 0 - /=
I (8 mol%) N
\ B(OH), + R— ) ————— ¢ N
RQ : kN> K,COp MeOH R/ N\ ,
H  25°C, 24 h R
65% ~ 92% yield
R 5 1,10-403EM 0 4L (RS A4 10 i 4% S LA 5
TR 5 K IERT A= C—N Bk
Scheme 5 Preparation of copper complexes with 1,10-phen-

anthroline skeleton and its catalytic C—N coupling of aryl-
boronic acids with 1 H-imidazole derivatives

2018 4F, P{HBERBAPIG I &R —Im A n
B ON-FAYEIGH NO-XUARCA, i+ 7 VUFh&sfam]
WIARRC & Y0(8~11), @it X ST SATH A i
SE T BRI T 4544 (Scheme 7). PUFPERAD & ¥ 7E 2K
F% 5 2R J4 ) Chan-Lam A5 N H1 3 R I H — 2 FIfE 1L
PR dE AL, [ S mol% IR &4 11 Jufi
37, LAREEAT T, KoCOs M, flAI1SEIl 17— &4
R (BFE TS F AL TRifaig. PR ) S 75
EERIR IR C—N BB, DURLTS 17 2619 BIERATAE
¥J(Scheme 7).

HE— 20 R TR I, A ke SR o A A A
WK ) S SEINY, 2 R Ak A 0T DA o B ) 26 R R AT,
A 72%~98%I11 7 e 3i 45 N-J57 AL BRI AL 5 #)(Scheme
7, RNUHESERINE G AR T —Fh s ngt
MR, XA R AAAHRA, BRI AL, =%
m, FE VAR AYER) Chan-Lam fBEE N, A
N5 A EBA NN TACE DI E L.
1.3 N,N,O-EersR(I)E &4 LAY Chan-Lam B8k &
N7

2017 4, Schaper 7 1 — il 5 il — I iRk
BRI RREAC A7) 12. ZBC A VIR BUR, A h4%

H
— — Cu-complex 7 (20 mol%) == N X
¢ )—BOH) + HQNO —— I
R1S \ R ) K,CO3 (3 equiv.) S <, Ph
H,O (3 mL), rit., air R

R" 71% ~ 95% yield

Cu-complex 7 (5 mol%
& )BOH + RS plex 78 Mot X /N
R! N K,CO3 (2 equiv.) R’ R2
H -PrOH (1.5 mL), r.t., air 63% ~ 94% yield Cu-Complex 7

BR 6 4ID)-Salen Bt &YIHEALTT IEINIR 5 75 F e . BRIMERTAEMI C—N (B

Scheme 6 Cu(Il)-Salen complexes-catalyzed C—N coupling of arylboronic acids with aromatic amines or 1H-imidazole derivatives
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Cu complex 11 (5 mol%) R\* /
: \ /N
K,CO3 (2 equiv.) \R‘

CH30H, r.t., air

68% ~ 96% yield

R—= X Cu complex 11 (8 mol%) R\* /=N
@B(OH)2 + HfN/\N \ / N\;\’J
R

W
=

CH30H, r.t., air

72% ~ 98% yield

BX 7 NO-BCAHIADES &Y T IR Sk WRIERTAEMIR) C—N fREK

Scheme 7 N,O-Coordinated copper(Il) complexes-catalyzed C—N coupling of arylboronic acids with aromatic amines or 1H-imidazole

derivatives

AR E T, AR TN B S R R & ROV, (HAE—
RAWNGWI G 757 e 5 R ER () Chan-Lam 85 R R H
FUH IR = AL 7S PE(Scheme 8). S W A AN 7 LA
Bl FEOARAN 7R A, H R SRYAE — & RIBR 1%, A3
BRI I A, A& T ktne . HaE
MERE . AEpkAn PO mesE . HLIR BT TR B, MR TR
PR SEAA  BITR T R R I i AT R B A DA K 5 2R i A
SN % 4 S AU FH 45 B BEER Y.

Ba e, AP R A R T R A S T =
SN AR A = MR R R L L A 13, KN
F T Chan-Evans-Lam f&EX [ . (Scheme 8). AHBE MV [f& i
PR TG — 1A B T A (0 4 P HRRR 1 ARSI A T S e A 1 75
L AT DAY A0S S R SR R AR, it I s ik (1 1
FINALH A G B BITNER 41 b, 80 B A ()3
VA SNz, A MR A RE . ORI Re g S
2R TR A S N2, LG P | IR e 2 AR A PR T LA
50 CHIZAM T A BN, RNAR FR AP S B R A
R R (A S8R E R . 2,4,6- = FHR . ST
FEJERN AT BG4, DU m I SRR I 4.

2018 4, Schaper %P R AW T | FIATERR BRI IE
T HZHBC &4 13 FER IR 5 2 M & BRI (B 3505 7

2644 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

R copper complexes R
/
@B(OH)Z 4 oy 120113 (25 mol%) @_N
‘g CH3OH, rt., air, 12 h \

up to 92% yield

/
/@:N‘(/:u—OTf
0
S

Ar = 2,6-Me,CeHs g o

sulfonato-diketimine sulfonato-imine
copper complexes (12) copper complexes (13)
sulfonato-imine
copper complexes S~
<:> /XN 13 (2.5 mol%) =N
B(OH) _ S ettt A N
“THIN _J T Chy0H, 50 °C < > =
air, 12 h 99% yield
B8 IR (DI AW RN ER 5 k. DRIRAT A
Py C—N Bk
Scheme 8 Sulfoato-imine copper(Il) complex-catalyzed C—N
coupling of phenylboronic acids with amines or 1H-imidazole
derivatives
TR IAR I« AR A Jie J DK e 455 45 42 34 ) Chan-Evans-
Lam R H AT N, A Bh 2 Fh T BOM I SATLERLEEAT
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TERDE. MRS S T RNVAR R K B B
B AU TR RS K RN SR R AL I R

URCNR. SRR, 2 M R AT DU G R R B A
“'Iif“E’JEEE FEAE T — PR LI N-J5 B4 7, T
XTI e R i P AR R A, AHANE T S 2R F
i R ).

2019 4, Schaper S5EB00R] FmEIE-2- FHEE | ARz IR
FREL B- R BN IR 5 AN [F] )8R £ CuX, (X=CI. NOs. OAc.
OTH M, —Haikfil & 1 — FR AN e R IR e v e &
(B 1, a), BE T HRERNE AL A U R 156 %o 28 A 1 4
BCA& YDA PR BE RS2, SERER B, IX LR LS W (E
AR I SR R B AT SRR R VR, BARAEUE IR 17 th
AN R & B AR 5 KB ) Chan-Lam A5 EX M,
AELAHE A 5 P P L P g TP e i I s 0 5 0 T PR A1

(a) Pyridyliminocarboxylate copper(ll) complexes with different
anions

0 0
. O
X _X
N—CY N—CU
L Y
N | ~N
= =

(b) Pyridyliminosulfonate copper(ll) complexes with different
anions

O, e QLS
N
$ U -

(X = CI, NO3, OAc, OTf)

BT ORI T NN.O-HE fr S (IR A 5
Figure 1 Structures of N,N,O-coordinated copper(II) complex-
es with different anions

2020 4, Schaper BT —VE G T — RAIE
AFBEF(CIy NOsy v AcO OTH) 1 Hii B e -k e .
JEARRE S (K 1, b), LB EAE FIRTE 5 Rl &9
fiEft Chan-Lam fHEES MM, BE— B Hl B AT )
i A2 P 2 (4] 75 7 PR A A A8 H 00 T2 0 12 F 0 b )
PR CBAE . Al A [F) 2614 N (030 77 5 0 S5
RIN, AR B B 5 AR C S A s R FR) 5 - ) S0 it
[ SE A OTH <CI<NO; <AcO~. JL4& BTk E
X G S VAT TSI AR, (H il TAAAE R S
VAR SRR 91, B8 5 A e 30t ) A 771 ) S B
AR R, Fln, R 2hJ5E, =5 R
BV I NIE B T 80% A2 T He big ks
e FR T TR A C & WD LIRS A BE N EAL IR IR, AT TR 3R
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B, L SV Jr Tk R T 5 42 2R O A4 3 ) 8 7 1 e
AT, IX A4 UE B T RO SEATLEE AR B A Ao e — T
H ) AR S B R T 2 AR R 1D, T AN A2

2020 4, Belokon ZEBEiTA R T — RYIZET K
B A3 A2 A ) B 4R A A5 X ) B A% BORUR B e 5 )
(H 2), #HE T eENERE SR ER Chan-Evans-Lam
IS N H AL MERE. SRB0R B, BAH NNNNO ik
B (o7 455 2 T XURZAR BBC &40 19a~19¢ PR30 Y b H 3k
HIELAY) 19d Cu-salen BLE4) 14, ONO B &4
15~1 % NNO BB &) 18a~18¢ i (AL IE 1,
FEWE AT IR 53 F A 1RO 2 6] s B2 3 A 1) 5 T
(Scheme 9).

O

N_>Cu<—EtOH

- §
@o S AQ

Cu =

N |
Cu=<—MeOH u O
-z / u e \) (
E 0
Bu Bu
16

B ]2+
N
\ / \
/N\clu / 2X°
/ \X I
(0]
By Bu

L Bu —
18a: X = OAc 19a: X = OAc
18b: X = Cl 19b: X =ClI
18c: X = OTf 19c: X = OTf

Bu
19d

B2 KRR AR AR AT R (D R &
Figure 2 Copper complexes with different structure and coor-
dination mode derived from salicylaldehyde
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Dinuclear positively charged
copper(ll) complex 19a
5 mol% H
Ar—B(OH), + R'—NH, ( o =~ AN
MeOH (0.1 mL) R
rt., air, 24 h up to 96% yield

BR 9 A IE A U S (DA A WAL 75 B0 R S ) C—
INREDES

Scheme 9  Dinuclear positively charged copper(Il) com-
plex-catalyzed C—N coupling of arylboronic acids with amines

1.4 REFFER(NEEMHENLE Chan-Lam BB K
A2

% 2 A FE(N-heterocyclic carbene, NHC)&—Z5 H.
A RFIR S AL BE R R AL S 0, BRI ol
frfe sy, ERGIN bG8 JE 5 FE R RNV 52 31 K —5E 1Y)
R B, EREAAREEEALSYNK. B
ARG EVE RIS 5. B E R RR T ESIAAE
F1%) 5k (A1 AT U 7 JHL 22 [ 5 ) A R ARKNE, 3 T 2 P <5 T
EYIRIVERE, 0T LS & AR T RCAL D e ) H e A SR T
WS &, 51— 8O RCAL T U & AL S B,
X e NHC-<2 J& S IER RIS, B2 24136 [ i A0 37155 451
WA AT Z N . kA, NHC WIE N REFRIRCIA S
5 &R MBI HLSOREBY, FA B m] AR A LG
AL FAE A WL R 390,

2010 4R, [y 2 A U00E e e i R B R (D) -
NHC &Y 588 0 B L, il 1 = AR5 R Fe
MR BER ) R A B XA 2 A2 AR E 45 A — A 5 e Wy %
IR AL - XU IA R R & 4. XS Y 45 1

Ypilid X 2R TR U ER AT LA GRS AT ESI-MS
W A E. AT U R B, IX 28 NHC-Cu B YI7ERK
e 5% A IS 75 B ER ) C—N B I rp R H AR v P 4
HiEPE(Scheme 10). fEBEARMEILE(0.5 mol%)HIF2HEAr
BRI R =R AY 20 A6, RNAEEE T
TARSHMREAT, DLR GRS — R N-J5 5
=)

2020 4, Emerson S RIRTE T — 175 11557
W B R G AR e 1 HL A A AT s AR I S A R = A
BC&4 21, ZBCEPREL T — AN PR A A, &
TN A B R RO, AR, AR
JiR 1 3R B 7R 2SS AR 2 5 B A N R 1) = R AN TR Ak
. WFIRERW, % NHC-Cu B &Y ReIR I Hofi 4k 55 FE 00
R 5 75 B B ) C—N B M. (Scheme 10). 75 & ¥4 1)
AR 2 H T U0 s MG P (R S A0, (EL 2 ) o7 L g
B S PTG S S R . 2,6- = 2 B2 2K i 5 2R 0 8 F 41 Tt
IR 3%, Ak, SR R tBAE T g
Jiie 2R F I R R 2 Ak A ).
1.5 FEEESEE)EEELR Chan-Lam B K
AVA

2019 4, Bilyachenko 542 DL fe S it ey J5URY, i
it TMEDA #Bh H 4035 ) B, il 4 7 WRP 3T R 2R 0 £
ek EUE A (ID A A Y [(PhSiO| 5)s(CuO)3(TMEDA) e
(MeCN)s] (22)HMI[(MeSiO1.5)12(CuO)s(Py)s* TMEDA] (23),
FEK AT A L T 1 P 8 e A S R (ID B & )

NHC-Copper(ll)
Hydroxide complexes

R\— H

NHC-Copper(ll) hydroxide
Complexes (20)
(Chen, 2010)

R R
— /
20 (0.5 mol%) @—N
\
-

MeOH, r.t., air, 36 h

51% ~ 98% yield

Tetradentate NHC-
Copper(ll) complex (21)
(Emerson, 2020)

Tetradentate NHC-

Copper(ll) complex

21 (8 mol%)

H
AN
R+ | =R
Ko,CO3 (1 equiv.) > =

MeOH, r.t., air, 24 h

85% ~ 91% yield

B 10 FAARH R EFA)E S ML TS HIIER 5 ) C—N R
Scheme 10 NHC-Cu(Il)-catalyzed C—N coupling of arylboronic acids with amines
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[(PhSiO1 5)6]-[CuOTs[NaOo sJa[dppmOs]s (24)14) Al [(PhSi-
01:5)12(Cu0)s(NaOos)s] (25)*WENRKFREMNEY ST
FHEZ Chan-Lam C—O BB 135 AHE A F(Scheme 11).
S5 R, X Be A% Tk S UE A (I T & 490 36 0 L LA 11
FEAGTE 1, ARS8 T BRI A, H AR &4
24 [PEAGIE B . S BITOBEE S BoR, 1% s BT LA R
AR fh AR TR AN FH S, R OK 4 4 e S I T

TR N AR AR, ST R I = Re 1k ey
R, PGSR & AL Chan-Lam fHEX. [2,3]
A ERBUR. BB EAETL, RESRES
2 Tl BUAR 35 14D DU G PH e - 1 - R M| R 5 [2,3-a] HE . Bt
T, AR A — DR IE TR WG T A R
[R5 A0 55 BRI BR ¥) Chan-Lam {5 5¢/[3 4 213F 00 5 55 Bk s
N, il T 2 fE[4,3-c] FEREM b AL A P (Scheme 13),

Bt r= 4] 7 (8t A A F ) G R AT A= 4.
2021 4, T4 Kozlowski VR REZH 4SIEE & 41 1
T B AE /AR AL T 16 E f# 4k Cham-Lam {5 5%

1.6 AIILSE/AR() T E LR Chan-Lam BEX R M

AR ] WACAE A — MG i Be IR T v B bl
E RO FEWL 5 T A2 W FUE (9T, 2015 4F, Kobayashi

M R ZE Chan-Lam Meiesz, bl 0 TERIMSUETRE VR EAAE |, 2R
NH- = 55 3 98 W0 % 5 55 2 0 B2 9 iK%, 10 mol%

Sac-[Ir(ppy)s)VE N e S8 AL IE B 71, e IR A DA AL 7], 7E
Wt LED MR — R 5057 A il 55 57 S0 1 48 15 S bz
JGUA) M EAT, DL R GF I 3R 3R AT A L 1 7 ) (Scheme
12). %S R AT 3 — 203 i 25 SRl 1 BRI A 0y
SEINRR, RT3 T ORI AR,

2020 4, A SFEFEEIRIE T A EAN WL

Cu(O,CCFs3)*H,0 N, ZEEAHE, 24 HGITIE
U, |E NSRS T — R N-JF R 5 5
PRV AT A4, S TB0H ME— I~ ) E < (Scheme  14). 1%
SN ZAIRAN, TRAYIVEE T, JEFEAMINEC AR ER A, 2
P T — PR 0 T s R R N- 0 SR BRI Ak S P 1

T
W, 53 LA N-F2 52K 9F —1%-4-(HOOBT) . 7%
B ] B O _Me ]
sUNNe_o
Eh_o~f _/O\l\sfie Sll \/g\
O/Sl \l\ \MeSI\——lo\ /,O\siM%'Me
0 o O\ @\o o Mesi” o ‘/o
PAS~0.] pp_o—dpn SiPh NN L[ N\l =
S I /\ 7 N N/Cu\ /Cu~\ 0]
0 phsl\o N, / / [MeCNJ; —— o Cu/o\?c /\C|u---~-N > [[(Me:N);(CHyl
————— I u"\
,L ----- U/l’o\ / S'Ph U @ﬂé/l \o/| \079\
No—0i~—"7 = Pesisso | s [ one
k/” i N\ MeSi / O’l Me\O\"S{AeQ
I~ / \) RN N\ _

Cu complex (22)

Na

L
A
) N
AN
FRNEAN
o 4 o
WO / \/I
K \ SiR /7
B ph~O~_Ph-O ] RS (‘J-|—S\R '
o 5 \th | N/ cl,
\ C O, /
Phs /60\Ph/o\gh!/o N 9 N \ .
~~on |~ \ ! O HO 2 o o o | L],
5 | RSi—O!

C |- O _’,o;P> e J/ i, o,

e e . [ Na L 4

Nla/’j/’ Cu o) ot o \ Na“.o—P \\\ A \ % \S'R\' /
Ph, - \\ P\ u\\ R L h N Ny

N AN Na ci |
p "=0~-Na_ N\ O cy o\, 0" I l . SiR V4
[ o . )
o= L1 N\ I RS CNUSRL SR
Pr, OO il o":/ Nl Mo~ RSI/ I/\o/ o I/\
_|-si ’ Si = |
Y Ph\o” %h\o~| S\(')Ph o RO / O °
Phs Si i~ A
L \Q/Ph\o/Ph N | A\ ]

Cu complex (24)

Cu complex 24 (15 mol% Cu)
pyridine (1.0 equiv.)

(OH),
O/ (BuO), (3.0 equiv.) R
MeCN, MW, 130 ‘C, 40 min A

40% ~ 84% yield

B 11 A DB S AL T R 5 & AN R U R TR I C—O ik

Scheme 11  Cu(II)-silsesquioxanes-catalyzed C—O coupling of arylboronic acids with different substituted benzoic acids
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Cu(OAc), (10 mol%)
myristic acid (20 mol%)

O/ (OH), O/NHz fac-[Ir(ppy)s] (1 mol%) O/ \O
2,6-lutidine, toluene/MeCN (V:V = 1:1)
35 °C, blue LED, open air, 20 h 43% ~ 95% yield

B 12 fac-[Ir(ppy)s /B B A0 B [ (A 07 R 5 05 & e ) C—N 3Bk
Scheme 12 fac-[Ir(ppy)3]/Cu(OAc): dual-catalyzed C—N coupling of arylboronic acids with aromatic amines

R3

f
_OH =

Cu(OAc), (20 mol%) 0 5
B(OH), methylene blue (5 mol%) N,

o N + ]

| 9
R‘li/ ‘ 7 R2 R4
AN

17W white LED
pyridine, DCE, r.t.

| RS
OV
DAL

45% ~ 84% yield

B 13 A WOG/EE R ) F 46 1) Chan-Lam f5I6/[3 + 28R IR R Bk I B
Scheme 13 Photoredox/Cu(OAc)2 dual-catalyzed Chan-Lam coupling and [3+2] cycloaddition cascade reaction

- A3
o NH , CU(O,CCF3)pH,0 (10 mol%) Oy  MNTAT
/s\ + Ar’B(OH), D , o+ HzT
Ar' Ar2 EtOH, r.t., Argon, 48 h Arl Ar

sunlight

63% ~ 96% yield

B 14 ATHOGARMAL T NH-— 5 B0 e 5 75 B BR (K C—N Rk
Scheme 14 Photoredox/copper dual-catalyzed C—N coupling of NH-diaryl sulfoximines with arylboronic acids

2 {AECAMRHEEMLR Chan-Lam BB R &

U AR S LI Chan-Lam B B 2
A TE P = AN T A5 MRS B SR AR A, (R AR AR HE T 4
% R B AR g 5 1 . A EE 2 R, SR A s B 3E

FT N PR AR [ 8 B SRR A b, T B AR AL, R
ﬁ%f%%ﬂ%%ﬁﬁﬁ&ﬁ.ﬁﬁ%%ﬂ%ﬁ%ﬁﬁ
HARRIFLES R, WRTBUR, AR m Mg et
Hlve BE o v, (ERT 8, 5 T8, AR Tl
ISR, BT LA, SR 6 3d i A SB35 AR 0 7
mﬁmwmﬁ%utﬁﬁ%ﬁﬁﬁﬁa@%ﬁ EIE
PLHERG, RGOS — AN EE T, 7F T AUSE R
ﬁéfﬁfﬁmﬁ

2004 4, Chiang “FMNE BSR4 5 2 B-Hr BR IR A Ui 1)
FR CIHBAR A TR ] & T — N RE W 57 3040
PEAGTR), FR R AE D7 B R 5 A A S ARk )
A SABBR N, ISl 7 AR RN C—N Al
C—O BRI, 2006 4F, Kantam “5EEHRIE |4 58 #51
2K A1 (CuFAP) N S A AL T, KMk i 55 05 B B 7
R R =R S, DA RGP = 263848 — R 51 N-J5 54k
FEY. RVEIE ., @ T SR R 0 S B R
DRMERTAEYD S 5 B AN T G, M A 7R 28 17 Bt 8 i
[l use, o A 22 ORI AN 2 1 1k

2014 4, Kaboudin £ 4% T FesO4 Wi 44K ki 1
B8 1 2 — % VU 20 B8 (EDTA)-Cu(Il) it & 4 [Fe;04-
EDTA-Cu(Il)], HH4 1% HC &4 FH T8 A0 KA A 0 L0

2648 http://sioc-journal.cn/
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5B C—N 55X (Scheme 15). 7£ 5 mol% K AC &4 N
AR AR T, RMAEZSH 50 CHAT 2 h, AT LA
FERMA N — RV N-F A, BA RN %
PR AR R S 05 %75 sk & B
AEE A & B A 9 T B S bR MM E.
Ak, FesOs-EDTA-Cu-(10) i Ak 71 A i 3o i A 75 (e 1 ]
WCHRRI . (AL B R M S0 R, A A 57 AT DA A
it GG 8 Ik, (AR HEA TS K.

B(OH)2  Fe,0,-EDTA-Cu(ll) H

N (5 mol%) R” X
R-NH, + [ L | R

= H,0, 50 °C =

80% ~ 99% yield

B 15 Fe;04-EDTA-Cu(ID)/f A6 75 FEMIRR S ¥ C—N &1k
Scheme 15 Fe3;04-EDTA-Cu(Il)-catalyzed C—N coupling of
arylboronic acids with amines

2014 4E, Pitchumani 250520 J@ 7 3T =85 20V fi%
DhREA I FLIEAN R A PI(MCIP-1. MCIP-2)1FE A 23k
PR BIAR AL ) Chan-Lam fREXN. 1Z AL 71 FR 2 M,
TESEARMEAL TS A5 e 7-Z 26 6-Z R . 8-
e k) 5 05 B0 R 1 R H R B AR T
(Scheme 16). ZMEN LT B, AL A] = Al
F HA KRG, EH TS ARE AN 2T, 7=
R, NSRRI LIS R AP R T
i SR
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Cu/MCIP-1 (40 mg)

NH B(OH),
RO AN
| R
=
0 117.5 mg
(0.5 mmol)

Ph
NEt; (1 equiv.) ‘O C
DCE, O, ballon, r.t.

78% 93% yield

Cu/MCIP-1 (40 mg)
NEt; (1 equiv.)

B(OH
Ph (OH),
X
+ ‘ —R
NH, z
(e}

ROSNE,
DCE, O, ballon, r.t.

O 77% ~ 93% yield

BOH):  cyMcIP-1 (40 mg)

N NEt; (1 equiv.)
+ ‘ R / )R
= DCE, O, ballon, r.t. ¢
(0752 nTr%oD 0.6 mmol 58% ~ 94% yield

B 16  Cu/MCIP-1 LT BEMIER 15 05 & ity C—N ARk
Scheme 16 Cu/MCIP-1-catalyzed C—N coupling of arylboronic acids with aromatic amines

2015 4, Pathak 255317 FH 52 S0 S 2k Schiff il 5
Cu(OAc), [, 4 T =AN5eRBEHEE M) Cu(1D)-Schiff
BRAC &) 26. X LAV RTE N 2 Fl05 &/ M i s 5 05
FEPNER AT C—N AR =y 2 7 AH B A5 (Scheme  17).
SEAGERAH, (RIS FEEUR R &%) 26-C3 f£ Chan-Lam
SRS I B s A IE 1. AR ) DR LR
s g, R S IR, A RIS A S
Bage. BhAbh, ZFM R RS RARTh RE AL A A 5
175 (GO@AF-SB) 5 Cu(OAc)*H,O 7E £ 1 7 [A13i )
il & T S Ak A SR [ M Cu(I)-Schiff Bl AL A 9
(GO@AF-SB-Cu), FH4¥4 HAE A AT T I 5 05
FERER I C—N BRI B, B R (1A & AT R 4
RA% B 14 (Scheme 17).

B(OH), Cu complex 26-C3 (8 mol%) N
e K,COj (2 equiv.) A Nage
] NS on _
> R™R" CH,CN, reflux, 9~ 24 h ~

66% ~ 85% yield

*rO
{-HO N n 281 i
TN\ _O Jbo, d3%
o—Cil,_ =D -
N= 099 000
Y\_ Si 'si

_N‘\C(N_
Y =H, C4; p-OCH3, Cy; m-NO,, C3 O/) o

Chitosan anchored copper(ll)
Schiff base complexes (26)

GO@AF-SB-Cu (40 mg) N
K,COs (2 equiv.) e Nsge
R + R SR R~
= R CH4CN, 80°C, 12 h =
(1 mmol) (2 mmol) 70% ~ 88% vyield

BR17 - RO & VAL 55 BER S e ) C—N BTk
Scheme 17 Cu(I)-Schiff base complex-catalyzed C—N cou-
pling of arylboronic acids with amines
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2016 4F, Suresh SEESIF A 28R = FRR AT AR (1) 4 4
J& A HLHE ZE [Cu(tpa)-MOF N AL 7R, 2B 3 558 R b
WA, EATMECAR R 2 SRR, SEILT 75 50 R
IR AL S IR A BB, DMR SRR3R T
— R N-75 FBRMEATA4(Scheme 18). Cu(tpa)-MOF i
T AT He R 2 Fh B BRI BV RY), [RS4SR 5 24 1 B
T B AR S, WTEEEA 5 IR, BA TS
HE KRR, ZAE A R AR Chan-Lam 5B B4
P C—N BRI T — Rl nI RS SR,

Cu(tpa)MOF
R R'<w—N
 H-som, + L3
H

(7.6 mol%) Ko\ N
Et;N (1.2 equiv.) \/\J

B 18 Cu(tpa)-MOF A5 EIRR S UKPATAEM ) C—N

R

EtOH, rt., 12~ 18 h 70% ~ 99% yleld
Scheme 18 Cu(tpa)-MOF-catalyzed C—N coupling of aryl-
boronic acids with 1H-imidazole derivatives

2016 4E, Cai Z59F] ] 5 mol% [MCM-41-1,10-Phen-
CuSO. | AL, n-BusNOH (0=40% aq) A, ZEEH
W, EEAFMERAMT, KETAFGRE S 75
WERIEIAH Chan-Lam fEICRN, DL R 4F 2R TS (17~
R T — RIVAR IR =55 BBk (Scheme 19). %M

SO L
(SRl

67% ~ 89% yield

B 19 MCM-41-1,10-Phen-CuSOa fi 44, 75 F 0l 15 5 BR L 1)

C—S fH5k
Scheme 19 MCM-41-1,10-Phen-CuSOs-catalyzed C—S cou-
pling of arylboronic acids with thiols

MCM-41-1,10-Phen-CuSO,
(5 mol%)
n-BuyNOH (40% aq.)
EtOH, O,, r.t,, 8~24 h

http://sioc-journal.cn/ 2649



BIKE LRk S5t R
WHIRE Zyid pE I, EEMH 8 Wk, VyRIURREM 5o, R RLBARH 4- SRR 17 2 e e

ARG, N C—S BRI IL T —Fhat o 7 ik

2017 4F, Mokhtari £ 057 B JC I 77 BR B AR ) 2% 1
gk 2 fL & 8 H A HLE B A 2 [Cux(BDC)2(BPY)-
MOF] (BDC=XJK —H&E, BPY=44"-BLMLIE). %5
RROTIERT T R, PR, SR AR S, TR A A,
ZEABALE ) MOF FINUBRAL 26 R T 8T i 4. X o
LRATH(XRD) FHi LT BB (SEM) . IS L 7 25
BL(TEM)% Z M fir 45 - K W, Cux(BDC)2(BPY)-MOF
SERR BT RR T ol = 4 ST ARHE SR A LB ) A A 45 A
AL A D AE 5 B 5 2R SRR 1) 28 SR B s vE R 3R
AR = AL TE P, ma R R e R AR
J& T E A 2R, AL TS P A B 5L BRI (Scheme
20).

B(OH),  NHz  cu,(BDC),(BPY)-MOF

e (I G
‘ /*R KoCO3 (1.5 equiv.)
244 mg MeOH/H,0, r.t. 75% ~ 85% yield
(2 mmol) (1 mmol)
B 20 CuxBDC)BPY)-MOF i fk, 7% Bl B2 5 7% F & (1)
C—N Bk

Scheme 20 Cu2(BDC)2(BPY)-MOF-catalyzed C—N coupling
of arylboronic acids with aromatic amines

2018 4, 5K di MESESSIRI B 2 73 1 R 4 T
B AR R 407 5 R0 2 e 1 1 SR I . Jig S 0 A LAE
ZE(PI-COF), Ff¥ A 4 i A0 70 1A Rk k. AL s
5329, Cu@PI-COF & —Ff i Pk A AL 7, 770
AR AT EAR N 2 SR, W DU R it 5 2
1R 5 % Fh %) Chan-Lam 85X < 8 (Scheme 21). #4657
AT AENSE G 8 WX, A 45 S tbig A2 1k.
RN REYIERTE T, KRR, PR, AC—N
BERIR R AL T —FhEREE AU I SR G BT V2.

Ry R' cu@PI-COF (20 mg) R-7
— N MeOH/H,0, rt. \

R"
(1.25 mmol) (1 mmol) 67% ~ 93% y|e|d

Ex 21 Cu@PI-COF fiAb 77 FMRR 5 C—N Rk
Scheme 21 Cu@PI-COF-catalyzed C—N coupling of aryl-
boronic acids with amines

2019 4%, XIFUHESEPOVR R T BILIE DhRe (L3 F
BUHE B4 KL TpBpy) 7 45 [ 4 i A4 751 ke A0 1 05 B2 R S5
BRI C—N {836 S S (Scheme 22). SEILACAL ). 4
VR TS S R 8] 452261, B E Cu(OAc)@TpBpy &
FERMEAL ). 75 = CREONBR, FEERERI 2, ff
H Cu(OAc):@TpBpy AMEATFIFET0 C ¥4 h, A LAEE
(S0 Rk A1 Pk St/ M ) VT v~ S0 WS VAR i R A

2650 http://sioc-journal.cn/
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Cu(OAc),@TpBpy

R m
/\/ \ /N % @—
@—B( e <N} Et3N (1.2 equiv.) N\)

H  MeOH, 70°C, 12h ;5 629 yield

BX 22 Cu(OAch@TpBpy fil 1675 EEHIAL 5 IKME) C—N
7S

Scheme 22 Cu(OAc)@TpBpy-catalyzed C—N coupling of
arylboronic acids with 1H-imidazole

2019 4, Paul FFEOOGH T — RV E HEAL) SiO2-
TiO, 7 E M B A4 R 1) Pd-Cu W& &AL
S A5 IR, AR A 7R T DA s R A 5 R
1% 5 1) Chan-Lam 22 X ABEK R M. (Scheme 23), [V
[, =g, FAAREAN, AT EICRI A, A C—N
M C—C MBI T —FoB T RESE 1 & R R
AN [) i B K B %) - Jre A A D R ] 32 422 70 0 L 4
BB YA K SIURE () At o PR AN B A A k40 AR A,
o i SRR B 1 R (1,2- 2 ) Th R Ak 1 A B A AL )
(Pd;Cui@12DA-STS)FR I H He L I RUR.

R

R -
X PdiCu;@12DA-STS (0.19) (|

\ + R—NH, - R

K,CO3 (1.2 equiv.) N
B(OH), N
EtOH/H,0 (V:V =1:3), 70 °C

(1.2mmol) (1 mmol) up to 90% yield

B 23 PdiCu@12DA-STS #4675 EL0MEL 5 i) C—N 5k
Scheme 23 PdiCui@12DA-STS-catalyzed C—N coupling of
arylboronic acids with amines

2020 4, Pore SF1UF H iz Dy R b A 2 () G P
Y AL 1~ 57 B AL E I PR B iC & 1) [Cu-ACP-Am-Fe;04@)
SIO AT, = 2R b, SEIL T 05 FENmR 5 05 ik
fHMZ) Chan-Lam fHERR L, ARGV G i
A7 —Fp g R )%mﬁﬁE‘El%%}'f@%ﬁ‘]ﬁ%(&meme
24). AT P I AR R B, B S IR
TEALTE LK.

R CU-ACP-AM-Fe;0,@Si0, /R
P 80 mg (0.018 mol% of Cu) \
\ + H,N-R - ~ _R'
A Et3N (2 equiv.) N
B(OH), N
DMF, 60 °C, 2 h
(1.0 mmol) 88% ~ 95% yield

(1.2 mmol)

Bl 24 Cu-ACP-Am-Fe;04@SiO: AL F5 SEMIR 5 75 77 11 fiz
ff) C—N fH Ik

Scheme 24 Cu-ACP-Am-Fe304@SiOz-catalyzed C—N cou-
pling of arylboronic acids with aromatic primary amines

2020 4F, Bora SFO2H S Wi K-10 BRI 36
15 K0 BB E IR CuSO405H,0, 3K73[Cu(I)@MMT] 5
MR AZ A8 A 770 T 3 — 25 B 3 SR A Ak ks
FAE W5 75 HINR 128 BRI N, I H AR = A
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A3 PR D48 FRF F M (Scheme 25). AL FILE 2 UK A& PR
G, HEMEA SR, MG ERK. 1%
U RATFEAYEAS S, KUFEAME, B80T 5
FEWIER (1 T 2SI E F, SRARE AL R ) T 1%
JSLAE T AR 1 52 bR B

R
R = ‘
= N Cu(Il@MMT (w = 20%
A B(OH), N) K,CO3 (1 equiv.) R' —\\/N
H MeOH, 60 °C

75% ~ 93% yield

R 25

BB
Scheme 25 Cu(Ill)\@MMT-catalyzed C—N coupling of aryl-
boronic acids with 1H-imidazole derivatives

2020 4, I 50 AR B XU Th RE K E 2 F1E
A HUECARFIRR, 8 7 =Tl &5 R0 00 1°) 3R Sl I 5 R 40
HEZE(POVCFs)fk}, F£44HAE Y Chan-Lam fHHEI) =24
SR, £ 6 mol% POVCF 1 LIRS T,
— BRI AAE D)5 RN R/ i = RN 16 h, AT
PL 72%~ 89% [ 7™ F 3RAFAH N 7= H)(Scheme 26). %1
MR SR 7y 2, L T E AT GRS 3 UK,
WA AL S T I A K.

POVCF 1 (6 mol%) /

K,COj3 (2 equiv.) Q_NH

QB(OH)z + HN-R
MeOH, r.t., 16 h 68% ~ 89% yield

B 26 POVCF 1 L7 SRR 5 IZ ) C—N ik
Scheme 26 POVCEF 1-catalyzed C—N coupling of arylboronic
acids with amines

2021 4F, Paul F N B RECR A RIFRENE
FZ2 FLHE P SR ATT A OIS PR AT M ) & SR B AU i
(I BR 1 R 4 )R AL 77 [ Cu@K F-C/MFe,04, M=Co, Cu,
Ni, Zn]JA B, KF 48 16 46 15 1 1 4 11 10 77
[Cu@KF-C/MFe,O4 41 B R LU R AR, A B T-1EM#
I I NBRE AT A, 7 i Bk e 5 2R Al R 1) Chan-
Lam {5 H 20 H B s A s 1, BB fﬂ&%ﬁ:
N HEAT (Scheme 27). AT Z MR R, B

Cu(ID@MMT AL 75 HETNIR S RPEATAE Y C—N

BTG, WIEMER 5 Wk, BA W RS PR RIS,

UL R AR 8 PR AN T H A A A
Oz Rz cu@KF-crcoFe,0,
‘ y _ (0.1g, Cu222 mol%)
Tl EtOH, 90 °C
B(OH)2 29% ~ 85% y|e|d

Cu@KF-C/CoFe,0,

(0.1g, Cu 2.22 mol%)
+
HN\) EtOH, 90 °C

(1 mmol) (1 mmol) 80% yield

B3R 27 Cu@KF-C/MFexO4 AL 7 FETARR 5% WK C—

N fHIk
Scheme 27 Cu@KF-C/MFe204-catalyzed C—N coupling of
arylboronic acids with amines and 1H-imidazole derivatives

[ 4, gk SR HCVR R T —MdE T35 45K
A4 BB A B (g-CaNa) I 51 3R AR [ Cu/P-Cs N | 1E A 5+ 48
HefEA A, FEHECHRS TR AT 2- 2 g G
W5 55 FE IR ) = i Chan-Lam 48 B¢ J2 I (Scheme
28). MR SR 2R N-J7 ZE e -2- 1 i1 A2
()6 R AR AL 0%, & T & A A HUAR
FER . XU 7% M SR O RV 4 KBRS P B [ 28
5 Tz AR R AR Y, FEIR AT R BRI AN 5%
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Scheme 28 Cu/P-CsNs-catalyzed C—N coupling of arylboronic
acids with pyridine-2-amines under the irradiation of blue light
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LN R 0 FE IR 5 KT AE Y Chan-Lam 35 B
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R K>,CO3 (1.0 equiv.) J C

MeOH, r.t. 83% ~ 96% yield
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Scheme 29 CuCl2@PANpa-2F-catalyzed C—N coupling of arylboronic acids with amines with tosyl azide or 1H-imidazole derivatives
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Scheme 30 Initial mechanistic possibilities proposed by Evans
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Scheme 33 Stahl’s proposed mechanism on Chan-Lam etheri-
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