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Suzuki-Miyaura 188k iz M A FR#F 5Tt R
KEe WAL WEE e

AL RE T2l 55IE LR Jbat 100871)
(AR RS 5 F TS Jba 100871)

WE AN Suzuki-Miyaura MBI R MR H 818 &2 & BTk —. B L W RTE SR 1 9 R, AT
DA b A B et . AT WL AN R G B & B s v, i HL S A 3 e & B A MUAFIAH L B L i fae . %4
K3 BRTIESREREERS . Suzuki-Miyaura {RIER N BAT R BAAHRRAL . B Abmak. IRYIFEN T SR MME, &
B RACER G W C—C Ak, wH e St TG AP 32 M. Suzuki-Miyaura fEEL IS ) HL
RIEET ZMASEATFINEFAKEL. E=TF8, E2HAT T IHITR THMEINERA, BT
Suzuki-Miyaura B2 B H 22 10 SON EEE. Suzuki-Miyaura BB S S AL IERR AL N #6468 S5iERHE R =
A TR, AR IREGEIR T S FRA A A R R, HEREHAENAT ELESERES 5N EHS 5N
Suzuki-Miyaura 15 5 ¥ o

KB  Suzuki-Miyaura fECR RL HLERTSS, SN Be&E, TiEseE, TR HER
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Research Progress of Suzuki-Miyaura Cross-coupling Reaction
Mechanism

Zhang, Lei®  Yang, Chen®  Guo, Xuefeng*® Mo, Fanyang**
(® College of Engineering, Peking University, Beijing, 100871)
(® College of Chemistry and Molecular Engineering, Peking University, Beijing, 100871)

Abstract During the past several decades, Suzuki-Miyaura cross-coupling reaction has emerged and flourished as one of the
most remarkable and practical methods to construct C—C bond. The substrates, organoboronic compounds, are usually more
stable, less toxic and easier to obtain compared with other metal or metalloid alternatives. Suzuki-Miyaura cross-coupling re-
action possesses extraordinary merits of demonstrated efficiency, broad functional group compatibility and mild reaction con-
ditions. It has been the premier method to construct C—C bond for organic synthetic chemists and has been widely applied in
the industrial syntheses. The rapid development of Suzuki-Miyaura cross-coupling reaction is accompanied with the progress
of mechanism studies. It is well accepted that the catalytic cycle of Suzuki-Miyaura cross-coupling reaction contains three
main steps: oxidative addition of organic halides to Pd catalysts, transmetalation between oxidative addition intermediates and
organoboronic compounds, and reductive elimination from transmetalation intermediates to form C—C bond along with re-
generating Pd catalysts. However, these three main steps can be influenced by diverse reaction conditions, and different reac-
tion pathways may occur within each single step. Furthermore, beyond the oxidative addition and transmetalation intermedi-
ates, other transient but crucial intermediates may exist. To figure out these issues and discover more insights into Suzu-
ki-Miyaura cross-coupling reaction, numerous researchers have designed and conducted systematic investigations. Herein, we
will summarize and discuss the recent progress of mechanism studies. As for the oxidative addition step, one-electron mecha-
nism which involves Pd radical species, and Pd(IT)/Pd(IV) catalytic cycle are discussed. As for the transmetalation step, the
detection and characterization of pre-transmetalation intermediates are presented; the issue that the role of base is to activate
the organoboronic compound or the oxidative addition intermediate is discussed; the process started from the
pre-transmetalation intermediate is also discussed. As for the reductive elimination step, recent mechanistic investigations are
summarized. Moreover, we give a brief introduction of transition-metal-free and base-free Suzuki-Miyaura cross-coupling
reactions which show more possibilities of the reaction mechanism. Besides summary of precedent research works, we also
give our opinions about future development of the mechanism studies. Although breakthroughs have been made in the mecha-
nism studies, further investigations are needed to bring comprehensive knowledge of this reaction and help us further optimize
the reaction conditions.

Keywords Suzuki-Miyaura cross-coupling reaction, mechanism study, oxidative addition, transmetalation,
pre-transmetalation, reductive elimination

E LMV 24, AR (C — C) BRI AL S SLRE 29 A0 S A L I T 40 R ) BT,
TR R T2 R A5 Suzuki-Miyaura 8IS M RIS K EEAT 4r 1o 78 1979 4, HAMZSK Suzuki 5
Miyaura 1 X HIE 1 kU &R AL A ML) 5 s AR FERE B R AR SN, 2. Bl S, P A CNIX —(RIE5 ¥E1
RIEMHE T BTk, B AR AL A ML 0 5 CR) AL (7 I AR - Suzuki-Miyaura IR B . X —
IR VEEE RN AR .. Felbma. B EM . AV e s BoRIEZ SHRBL A, AERTE
FEAIL T 4L B2y LS, R4 SR NI AL T AR, IR SR = B /R B Tolk B T s A e -
HEATZ 1R 8. 18 Suzuki-Miyaura {5156 5 8 1) 85 35 S, E B R B Suzuki 435 T 2010 4R 19 DRI 2EK.,

Suzuki-Miyaura B B FIHE TR IR — 0 8 = AN FEAR TP IR 1): (1) AN B8k < 88 el ——
A (2) AVUHAFIM e R RER R L ——8 48 3) R AEE =S Z M (FM b 5 T
Ja S B RTE B — ML) —— I JE R . SHEMN B2 AL, Suzuki-Miyaura A8 N I HLEERT 7T
ARG . HAT, AT E AN 18 i 7 PRk A2 A ARSI 1A, T R R i AT S = R A . SEBRIY
Suzuki-Miyaura B M FESZ 2R 2 R R M, Sk, 48 518 R R =P BIAEA R R R LW T
Al LA R I AR R BB . A T AN [\ R 200 s SERVE ML, DA S adt— D M AR A S B 26, 8 2 R0 34 11
N TR, 2R E W IR T AEU LI« A SCRIST Suzuki-Miyaura 1855 e B LI AL HEAT R,
A B ] DUONBIE 038 A7 SR8 I e K
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1 Pd cat.
R'—X + szB(R)z _— R1=R2
base
LPd 1
RI_R? R'—X
ducti oxidative
reductive
addition
elimination
R? X
L—Pd L—Pd
R' R’
R*—B(R);
base
transmetalation

B 1 Suzuki-Miyaura {5 8 AL IE R
Scheme 1 Catalytic cycle of Suzuki-Miyaura cross-coupling reaction
Suzuki 5 Miyaura 7£ 1995 F KK | — s s2 MR 2R 0, XA WL #1445 . Suzuki-Miyaura {85 R B
DA RARERIVELE G O R S5 THAE 7 VRgEit I 18 . BT 00, AL EINT 1995 4 2021 AEH) 58 R SN ATLER
WA TAEREAT I8, FFR NPT BT EE: (1) 2UineG: (2) #&E: (3) iLEMk: (4) LTidERRES 5L
T2 51 Suzuki-Miyaura 155 58 .

1 S

AR B fR e RO AR, e IS T A, JFEREE AN EC AL IR . BRI S, I
& JE N P I LB 250 o Sn2 i fE . = o EERE . SavAr i FE S i TR S RS R (K 2)
10, rhul 0 e Bk p ALY B R s AR SE A I — B T 2 Sn2 1R, Hhele AT D SR AR T HE I e 2 Ak
Yy, BETGERE s AR T 2 e R (B 2a). D7 () SR Y TCES S S WA, EfTEY 5 A A A
PUBR e EEChL, AR =t P R A KB A BGE R (A 2b)2. ZHLER A, ST E e S L
SIBERALTE K - A S, BEETERER Pd. X 5 C vl RS . BEE [ROBLAEEAS 7 AT, 4
wJE Ad BUEH T 5EY) o*c x RBEPUE R ILAER] G 8 3 AL o BEAh, FR2r 9286 15 AR B THE 45 R 1B R W1 57
B pg (I S A B W] DAZE B SNAr I FESEIL(] 2¢). SnAT HLEE S = rfuO B FRIALEE 85 K X AIE T SnAr HLEET)
AT B (SvAr HLEERIE A Pd 5 X &R BT ARSI EAERD B W TR ENERESY) S
SR, NG OB I B A A IR SEEL A IS, OB R T R B SRR R (8 2d)1. AR
CAEAVER PR B A S R RE AN, (EE 3 B W 4 45 28] 2 R A AL A8 S A e ] 44
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(a) Sy2 mechanism

LM<”>:/—*}" -

(b) Three-centered concerted mechanism

.@ [ @ 1# Ar

LM™  +  ArX — — R —_— LM®O+2)
1
Y

| %
LM

; ]
LM7.L——>< — |_M<n+2>{ o — LXM(”+2)44

(c) SNyAr mechanism

.@ [ @ 1# Ar
LM(n) + ArX —_— —_— -y R 2)

| % |_|v|$+
(n)
LM m 8 X
(d) One-electron mechanism
R
LMD —x
LM™M + RX — + R LM(n+2)
R’ AN
X

B2 R e s L (8 M AR RS 3)
Scheme 2 Oxidative addition mechanisms of polar reagents (superscript of M meaning valence states)

P T 57 FEL R 5 A 7] 45 W 5 S L A4 B ) A AR K Suzuki-Miyaura {5 56 5 S 0 48 A I Bl 72 29
FILL SR e B . BT, Suzuki-Miyaura {3 IS 1 AN i BRI TSR B, 22 R AR I BRI A
FUE I B, FERAE RN RS EAT R &R S R, RS, bk sie A fE RE g2
M HA 5 KA B-H HEBRIEI RN, BT S ANt #21 Suzuki-Miyaura {555 s S 3E D Y, Fu S8 A
Xt he 3t kAL 1 Suzuki-Miyaura {5156 S SEAT 1 GHEGR A IE 7T 1 18, M e I o L0470 10 W B AE s i o 4 o A
WESE 7 Sn2 AL AR R R AR e, 5B ik i = s B A R ShAr I FER] DUR IS Hammett 287 B B8 SEI0 34T
[X 53] 190 19 4 Hammett J7 R p (EER/N, FW 05 56 [ HUARTE (1) o1 S80RE X S AR I e i 4 PR ) - gk 3 A 44k
DRGS0 A 7 B, ARG B = EE R Rz, B EH SvAr il fE . SN sod
B LB —ERE N FEER, R TE (EENERTHE TE) RNEEX 2 AR, SR
A=At SRR 2, BB FEBEREIFAZ I, MM TR Z &R Ak, BOREZ iR, 5
5E SN L A N B R BT DA A AR ARG, 2l NS BIDUMREL A, IXBEEEAS Suzuki-Miyaura J B
BLHEAT T PA(ID/PA(IV)IEFF N . PA(0)/PA(IT) B /& Suzuki-Miyaura 5237 H B WL FE 21, PA(ID/PA(IV)IEFF 5 f%
W0 PA(O)/PA(IEF I FRTEAL MM A A RATERIZE B AN F g Bl TR I FEA PA(I)/PA(IV) R
Suzuki-Miyaura ¥ .

1.1 BETHEBITIE

1992 %, Suzuki 5 Miyaura 6 NTERF FLAEMEAL B IL Y 5 9-FedE-9-BBN HIE I TAEH, HEW F M4 xT it
T B AN RS I 2 B R I R (B 3)22. AT 1A 6-it-1- U5 9-1E-F2E-9-BBN 1E MKW, 72D =
FILPAE SRERR AT 2 5 T I8 R S PSR TER =Y. 40%000 1E 5 BB S 21% PR B =1 . GBI =)
AIAZAE VLA T SN D SR AT BEAEAE 1 R SE ML R . At RS A7 BEL A R 3 I e th /T LA LA 4590117~ R 45 5148
B, XS B gk Bt B HERR T Sn2 AR I AR N
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NN
40%

K3PO,
NN NN Pd(PPhj),
NN + B “dioxane, 60 °C O\/\/"\AA
21%
>r\ K3PO,
L+ MeOOC A A~ S Pd(PPhs) (CHa)s_COOMe
B{ dioxane, 60 °C >rv 45%
B3 bR 5 A MU LR Suzuki-Miyaura B¢ B
Scheme 3  Suzuki-Miyaura cross-coupling reaction of alkyl iodides and Organoboranes
2014 4F, KBTI R HAEEIRIE T — Fhm RO0 AR A A 2RI R 5 AR R T R A SR B A () 4)3.
FERIA BINLERRE T, Al AT) R AR FE T 3645 (ET) I BRI AN B 2R s B H JE4M R0 28 I M AAAE N, ARER S R 2%
FRMEREAC(E 4b). Hitl, ABATHEN M AERC S Y e IR s A ST R TR, BERAE 75—
Pritgi S e & 1 SHAeE: B 2, BERALE A mESERE TS, 53 Zmm s max 2, &
) 2 220 Jm B 1) e 4 )8 530 SR BRAS MBI~ ) 5 FAE I MRS S YK 4c).

(a)
BrCF,R? Pd(PPhj),

2
+ M R1@CF2R
w/ or w/o Cul P
XN B(OH), ) o
R dioxane, 80 °C
|
=

R2 = -PO(OEt), w/o Cul
R2 = —CO,Et w/ Cul

(b) R' = p-Bu, R? = -~PO(OEt),, w/o Cul
Additive Yield / %
none 81
1,4-dinitrobenzene (0.2 eq.) 1
hydroquinone (0.2 eq.) 25
(c) SET

PdL, + R—Br ————> BrPdL, + R/
1

'/«Aer |
ArB(OH),

ArPd'L,R; BrPd"L R,
2
B4 J5RONER N — abe Al SR
Scheme 4  Difluoroalkylation of aryl boronic acids
BUb HAT, A THERB TR Suzuki-Miyaura S EAH CIRAE T HAR D o 5 J B 1B A% i R ) — A T A
FE T e 3 s A 55 AL AR A 7RV A B ) B A I B R T AR 2 R p-H O BR BN S I, R e S T e RS I R 1Y
Suzuki-Miyaura AT B A BB R L. KAL) — 20 = 2% st Ve LUl Sn2 AR5 2 A e, (He]
Al DOE L B PR AL I R, TEIRRI SORL AR PR R SR C— X B IE 1k, AL H T ) = i s VU SR 4 A (L A s
P B FEE 1) G )2 B Suzuki-Miyaura JeREAR, 8 E BN S5 FREEM . Heck (RIS C—H SIELEE SR
WA —EHERRIE 1. XURIE Bk Z XSG )t R b R AR B B R, (E T DU B T R R I AR
Suzuki-Miyaura 2 S fF R JESE S
1.2 PA(I)/PA(IV){EER

HELAYE WA =F: Pd0). PA(IT). PA(IV) LA H ¥ K& B 5 i 15682 [ B PA(D AT PAI (VRN 2H S
DLZziR 16.25) o rp PA(IV) IBC & P08 5 &2 )\ AR S5 84, B Wi . 1975 4F, Uson R AEH H XA B T PAIV)
4B ENEAEY), HlidasME A TR it et 7 RIE(E 5a)%. 1986 4, Canty KHAEE G H T H
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FALE) PAOVEC A, FHRIFIAZRE DA B X- 28 5 i AT S i e 7 B S i DA R (B Bb)7 . A ATT DA AN 4L &4
SRR R, IR, R T RIS 2B =, X — 45 B8 AR B DU AR A A n s A
AL T EEE H A IR .« Canty S8 N B TAEBGE 1 #/FFLE X PAAV)EEINR, 5 PA(IL)/PA(IV) &I [ RS LA
PR R 2.

(a) Uson
CeF N cl
675\ \/ 2, Can | /
CeFs N CH,Cl,
N L
N N H2N
R =H or Me
(b) Canty
4 = Me 4 =~
Me = N=F Mel Me | __N=
__—Pd — __PdT_
Me N= acetone Me | N=

S S

|
characterized by NMR and XRD

B 5 PA(IV)SE AN E) A PR B B
Scheme 5 The Synthesis of Pd(IV) oxidative addition intermediates

Catellani JH A1 5%+ PAIDAL S MEEMINEARE] PA(V)E SR FE AT R LRI 0. A AR IR UK
FEZ 5 R BNAAB R AP 3 AT LS MU G 29, 0 P9 2RI 30 DRI AR AT IS, #5331 PA(IV) S Ak I ™
YI(E 6a). AATRIFRZELNT PAQV)SEALINE = 3EAT T 3RAE, 1 BTG 2] T X AN PA(V) AL B=4 (1)
X-SF 26 B R AT 1S 1 31, 2000 4, AATTTE S SR AT AR R SEIR T FR UK 2 511 Suzuki-Miyaura fEC M, T B
KRBT C—X 4 a iz C—H BB 6b). fMfITANRMAERD F: (1) MRS 7 N,
2N HE L PO EAINET =) 45 (2) FEOKF G0V N2 4 F Pd—C B, ARG EEANIH A 5; (3) H
R 5 KA TN C—HEL, Pd R FIRAFIZSIE C—H , [FRFAEBRIIE R ok il S A5 2R 4E b a) 4k 6,
WA 6 5 e IR [ B, 15 2] PA(IV) AN BG4 7, Bl Ja AR TR bR, /% T C—C 48, [R5 2] Pd(IN)
HHE R 85 (4) PA(IT) B4 8 #E4T 51 F2(3) AU R R A3 2 rh B4k 95 (5) hlalfk 9 K ZE B-C kR, 132 FEUK A I LA
FoafA 105 (6) il 10 55 55 B0 kAR e N AS B R & 10 55 A= 0. R Rl 10 AN AT BLS A WL I
AT PASY B SR W PSRN A 25 8, 1331 Heck /)37 Sonogashira 28 5 i pa &A% fe S 25 724 22, i HL,
b ATT I R B AR S AR 2 R R Ak ARSI, R DAAS B AR B AR B P (B 62)%s
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Lb/Q Lb/Q L Lb/Q Lbﬂ@
_X
Pd PdL,X

3 R = Me, aIIyI benzyl
b
(b) R
Pd(OAc)s,,
@| + R-Br +  ArB(OH), Ar
K,CO3, DMF, RT
R
mechanism
=
Pd0 I
O 2 O 2L ) =
Pd—! -HI Pd
4 5 / 6 VN
Aﬁ R :
R-Br |
ST S
N -HBr
B —Br Pd
A r Pd NG

R
A&k@ ArB(OH),
R Pd Br — Ar
"’Br Ab

(c) R
R Pd(OAC),, Lb Q Ar
+  AB(OH),
: K,COs, DMF, 105 °C
)

B 6 FEuk 251 PAAD/PAIV)JEFR
Scheme 6 Norbornene involved Pd(IT)/Pd(IV) cycle

2007 4£, Putala X HA1E& ERF 7T F0E 4L 20(S)-11 1) Suzuki-Miyaura 75 JEALIT, K BB EE= M) 7 = 2 FE i
FAE N LA et (B 7)%. fAT5E i 7 — M BRI HLE R AR X — LR (B 7a): (1) B 28, BEFRIEAR
WAL )(S)-11 I —A C—1 B rh, 152015 WL Pd(I) S A s [al44 120 (2) 52 7E DL BB 78 TAE R Il 4% 4 it
TIPS SN BSEZ R ANE A K % 2NN EA UL ¥ 14 58 i (0 < J@ A ALl on) (B an A ALl ) i, rh ek
12254 Eﬁ*ﬂﬁﬂﬁ%uﬁﬁ%/ﬁ%ﬁﬁ, A EMBEC =) 13; 55— C— 1 ] LUd A [ i #4531 — 0% Bk,
= 14, T H RSO RE R TSR LR . (3) A HUNIR VS VEADN K, BN SRR Tk 12 =
WXt 73 A C— 1 BRI 72, DR S S At m) T T8 e DY A 48 r B] 4 155 rh [l 44 15 RIS L1V e fb 1) e
TRAIC 38, T BRMb I AR A Al 15 BE S 56 HLIIIR S S A5 3078 B AL ARIBG ™4 14. AR R X — MLt — 20
Brig s, AE A f - B8 775095 I B BCAR B W& 1 SR C— X BRI FE AR A AR R (Al 12 2 LR AR 93
TN PRI, &G MRS M DR B B 1S BMBI Y. BJE, VR BT IREAT 17 4L S50 R 58 IEIX
—AERE AR SR IT T AN ] AR PR I TC A o) s B () s e () 7)o 45 SR R, IR TEC A2 1) A1 FL T R ) 8 (FePCy, >
PPhs > P(Indolyl)s, &7 T &5 84iE), =i et Re e sy o B AR B IC AR 1 PR AR5 P T 38 JER 9 B e 2 o A 52 mn
HIEJF T BRI AR A R P AD, R B A 1 B R PR (R o AR B DU AR i R R AR R . i —4
%Eﬂﬂ, EZRIT T A C—X B BN 52w (B 7c). RS, A peis 1t T 551 C—Br # R 2215 2| 574k

SRR . MhAh, ROES1F B S SR =) 160 2 E] =) 16 ISR B R AL T DA By i 2

R, AR I BERC A 2 8] KNSR RS VAR« AEB AR LRI F LA R, st i~ 58 7 i) TV S A4 1
{5 F A AT DAAS 348 B ORFF IO AR IDC =4 170 ELY 5 1) — Bk W 7 T2 1 IR A PR A AE T 3 7T DAAS 38 257 e AL R B B =)
3, X2 Rt — U W4 B DO A b TR AT e R PR AR AE
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“ 90 90
R . [Pd]
/ | _
stereoconservative OO ﬂ, OO
pathway
., 13 14
/ PdL,|

ENeY]
racemized OO OO
pathway

Pl

Py

Py)

14
(b)
B(OH) Pd(dba),, Ba(OH), OO y
THF/H,0, reflux ©
+ —_— +
ligand
Me OO
(S)-14 (R)-16
ligand = FcPCy, 58%, 1% e.e. 15%, 55% e.e.
ligand = PPhg 52%, 7% e.e. 10%, 80% e.e.
ligand = P(Indolyl), 24%, 65% e.e. 19%, 15% e.e.

A

THF/H,0, reflux

()
oo,
X <> Pd(PPh3)4, Ba(OH),

(S)-14 (R)-16
(S)-11, X =1,99% e.e. 52%, 7% e.e. 10%, 80% e.e.
(S)-11', X =Br, 97% e.e. 46%, 95% e.e. 32%, 96% e.e.

B 7 PAIV)H A S 55 1T A A IBC S
Scheme 7 The Pd(IV) intermediate involved racemized cross-coupling

2007 4F, Iwasa MG 1EE G | —MELE S WEA T Suzuki-Miyaura fBIKSN (B 8a)%, iX— 4 AT
EYI(EY) 17) AT UL AN R N 57 S A s 5 2. RS 17 AT, ROSAAT BLRLE
i B P 2 A BB Y, 8 RN R R A R AT 58 4 SEHLEAL IR [, HLACA SR RR A . IS fE A 7 (1
B 18) 1 ZR T A HE AR 10 SR T A NI 1, (B TE VRSO 2. ATTEE— 2P IE I tH NMR i sk
B, AL SN B S IRAEAE . BEAh, OSSR T B G 19, AT LA & 49%I1) e.e 1S BIIKZE R
P, 3K 2 R s NI R R P R AR AR T S (P 8b). A AR S OB 75 15 5 U1 ELRLAT — e IR X AR i
PRS2, HEDME AL FEAS R 2 B 1 PA(O)/PA(ITEFR, 12 PA(I)/PA(IV) & .
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(a) cat. 17

K,CO3, DMF
(b) |
R!
cat.19
K3PO,4-H,0, CICH,CH,CI OO R
+ 2

X =Cl cat. 17 cat. 19
X =1 cat. 18

B8 Iwasa J LA {6 FALB S AL IR
Scheme 8 The report of Pd catalysts containing pincer ligand from Iwasa and co-workers

Frech &G 1E#E AL 2007 F4RiE | — 2K 7] LLs U4l Suzuki-Miyaura B RFFEZ S 9)%°. Rl
AW 20, EATLAAE 100 °C. HERAE AT BERRETVE TSR T, AU IR SRR AR I S B, 1 4k BV AT
LI 40%IEE R (LLRZE 5, 4.0 mmol, Z 44 20: 0.001 mol%). X —45 RERM, ZHENR BT EFH .
BEfG, TEEITR SRR TT 1 N2 5 ARSI AR SN I AR o DU T R IR e (PT AR TE #8104 K RIORE) B 0 KT B 8 P
WGP 2T o BEAh, BT A IR 7 A B AR AR I R0RE T ABOR B ST 354k, P DUIATTHEAT T T ok S5,
45 AW SN s AL A B A BT o AR TIEER T 1 S BE I AR AL 207 P — C BE S A SR . AT R
TR JAR NI, 0.1 mol%IFIZ &4 20 ML, /R N &5 R G IN/KBEAT G AL B, FERIHT GCIMS Har il 52 )32 7
Vb 2B 2 EORE-2,6- . S5 R BRI ORIE-2,6- R, X — S5 UL AT 07 Pd—C BT RRIR A
WA . 5 ik Iwasa S5 N TTARREL, AT SR & TERME KRG, B TR s A RIA FTA Pk,
B BEPEAAR o DL IR S 45 R W2 R NS AR AR A AT e 48 )2 PA(H)/PA(IV) T3

@ cat. 20 or 21
X + (HO)B —
+ (HO) K3PO,, PhMe

4
R ¢ R
Y =NH cat. 20; Y =0 cat. 21
9 Frech G EH R THLE SV RIE
Scheme 9 The report of Pd catalysts containing pincer ligand from Frech and co-workers

2012 4, Koley KIHA1EH G it — AR W A4+ <= -4 &4, ©AE Suzuki-Miyaura B B H R H T
SR TERE (B 10D 0, fEZ N 0.01 mol%ffEfk 77 22 8% 23, SEAZEIRLE =R N S0 6 /N i BT Bl 95%
7215 28] Suzuki-Miyaura R ). BE)G, (EEITRE 17— RPIA)E 2 & BAG (DFT)THERT T, 4R BRI
RER T PA(/PA(IV)TEIAFERE R _ELE PA(0)/PA(I)fE 3 5 A 7] 4L,

Chin. J. Org. Chem. 2021, 41, XXXX~XXXX © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 9



BILKE

cat. 22 or 23
NaOMe, 1,4-dioxane, RT
Ar—Cl + (HO);B—Ph Ar—Ph
i-Pr
i-Pr i-Pr
) PhYN /X\ N X =Cl cat. 22
Pr NO Pd\x/Pd O FPr X =Br cat. 23

B 10 FEE AR R -AE A YITE Suzuki-Miyaura 8IS 8
Scheme 10 The application of abnormal NHC-Pd Complexes in Suzuki-Miyaura cross-coupling reaction

ML 7T LU H 240 Suzuki-Miyaura ISR PA(H)/PA(IV) G R S = B #2 (1 SE 36 E4E (5] 40 PA(1V) H 8]
AT 3 28 B33 AN RS I 7 BBt DR v i) 4k 1) i) 25 ) o 175 L, PA(I)/PA(IV) I B P S 8L A A4 22 75 AR R (1 VS N0
JEM B HEALTISE R . Suzuki-Miyaura 1856 8 [ PA(I)/PA(IV) G R IE A FERHIF & FIE— 5817 . PA()/PA(IV) &R
FENLEE |5 PAO)/PA(IIEFAAN[E], [AIT & HAT T g SEILAS 1] () e FH VG 1L, DK s AL R - PA(I)/PA(IV)
TEIRIE BAA G KA B-H IHBRE R, XKEA UK, & Fh 2R 30 S5 bR R 2 R S iR AN 50 205 . BRit, ok
R PA(I)/PA(IV) FE A s W24 7E - e s HAT 5032 (i S H

2 BEER

e BRES SR T OEENEAEE R S —ASETOSE. e —MEkrRE oK, mEaH
Wtk 500 R FER A N B A BRI EZE, Wb EA S R N LA B AR . T
Suzuki-Miyaura N 5, 4@ a2 A FUIART B E HUIE N R 738 21 v 4@ 48 L A 72 . Suzuki-Miyaura
SN BARAE C—C i@y M 402, MR R RAR RS, (EAAT S R 48 R 0 6= R 08 i
N BFFE Suzuki-Miyaura S 54 SR R AE S E BT (1) HE BRI a2 m gk, 45
AT E, MEUURAE SRR BRI (2) emE RS, REERFEGR. B5. B AT R
I AR o X & JE A BT

L, B E W R SRR B R R A I T B, H SR RIAROCHE AR T EEN R ARE
BAHCHE R N =Ar d AT e, e (1) Bl & JE B RAPd—0—B HIAR)FIRIESHE; (2) #&EN
PR IR LR (B 2k A SERZR B), BPASAIN  [a)4 2 Ti%% & & rh IR ) W R T ek 7 (3) # & @b f2, B AT
4 AR AR B 4 4 Hp [RGB air A TR ik F2 B AL (B 12).

L

/
R2- 1
X R-BR), Uk R
L—Pd_ - O /R — > L-Pd_
R2 HO H B R?
R!
, Pd—O—B .
pre-transmetallation transmetallation

intermediate

B 11 HeEid
Scheme 11 Transmetalation process

21 TEEEREHiEF

FLEE 1979 4F, Suzuki 5 Miyaura 12 ¥ UCHUHE LI BRI 5 G E ML 10 (RIS R oh 2, LT XTI
WA FENEA], X RIS 5 8 T e i, (R, WIErkS Rt R 72 SRR,
ISAEE KRR LT 4 B R BRI 25K, k] BRI A (B IR ¥t L) 1998 46, Soderquist B Hh & {8
LA 52 36 5 5 B VARt 4 JR L R 477 PO — O— B TR A6 42, A 161 92 threo) 15 7 X (erythro) B 9-BBN
e SR HEAT Suzuki-Miyaura (RIS, RIVBIEF=HI00 P 8B 56 4 (R (B 12). ST E, Ml 4
TR R M R DU TEIR A, T R R S U M L T BB T (057 [ SRR o B2 A8 bE
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Wbk, MFEEN Pd—O0—B Bk K. MG, Pd—O—B AUy b A4k 1 A7 7E 13 B BoR R 22 [ BIF 58 1%
52, JEWARNTEE SR T k. 9 T UESE T e R AL T BRI AEAE, AT TE SR 1O BRI S R AL

phar —rrnak
NaOH, THF " I

threo
D D
B + PhBr —— pp,
D NaOH, THF
D
erythro
via H
|
NG
L,Pd /B\ - t
|
Ph c'f')
or S
L2Pd = B
; ®
o N Ph
L,Pd _
2I R/ ~
Ph

B 12 SCF &R A i R R R
Scheme 12  The preliminary investigation of pre-transmetalation intermediates

FLfE Soderquist £ Pd—O—B (A& 2 1, Canary A H: A 1F & w2 A H s % 55 1% (ESI-MS) W il
Suzuki-Miyaura J 5., {H A AN R (A1 4R 4 4 Ja A r ) 4 (G Ji 4 ik i H 1) ) 95 LIRS 21 43, 2007 4, Monteiro
L AEAEERI ESI-MS B FERAUR e 5 A WU SR, 3 &3 Pd—O—B llfk. 2018 4, Mclndoe &
ARG 7 SRR SN HLE 55 5 % “4(pressurized sample infusion electrospray ionization mass spectrometry,
PSI-ESI-MS) L 1l Suzuki-Miyaura 5287, {EATSA A SEHLAT Pd—O—B a4 [ & I 45,

BRI AL, AR R — i i AR UV 1 v (R A R B . 2008 4F, Cid K HA1E# R SIP NMR Bl 1
Suzuki-Miyaura I N FE(E 13), FXFATAR 3P NMR 15 53047 T 0 5 V38 %0, 4k 57 I0 = 28 B 7 e i
Frp e A — MR R AA, (BT 24 M1 25 AN RS 5 1 RSz = X — Ak, B AL AL AH R,
R HERR T e S m i R k. dhah, BRIk, = RFEEAIE . B B =R SR — R
PRECFETE S, R 25 Z 51 R RIE KL T — MHE S . fEESS DFT tH5E, YN —Hi {5 5 RET
HHUMER A 75 Pd BCALI R aIfA 26, HoAh S /ENECALR F o SR, 5 #3580 XX — A T 3 — 25 R AL .

Br B(OH), Ph
| X Pd(PPhg), | XN
+
N/ Ph aq. KzCOg, toluene N/ Ph
24
Ph B(OH), Ph
‘ AN @ Pd(PPh3), ﬁ
+
NT D Br aq. K,CO3, toluene NT NPh
25
PPh; OH
i N, |1
) P|d<—o—|‘3
OH
Ph PPhs

proposed intermediate 26
3P NMR = 22.74 ppm

B 13 ) PRl A 0 O < o v 1] A ) S

Scheme 13 The attempts of detecting pre-transmetalation intermediates via NMR

2016 4, Denmark J¢ HA{F35 7 Suzuki-Miyaura {515 S N e g Ja i A2 ROBT 72 P S 1 RS, CRAEDE
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Wi 7 GBI R R AE I R (R 470 TRUONAR GE3RAE T+ BOME DA SE I 4 J8 il A2 00 i (A4 T #f o, W 78 3 AR IR IR
TR T bR B A% B 4R (rapid injection nuclear magnetic resonance, RI-NMR)$A 8. % TAF dAR B &4 5 % A
PR AR e it ), e i 428 )il B2 55 I S SR A SR AR B0 F e T =M il 5 @ rh A& (B 14a, BCEY) 27, 28 F129). It
Gb, AERZIALKA NGRS Pd—OH B alik s Ri(E 14b, 1. 2 #1 4), &2 DURCAL A HLEEH S Pd—
| bl A S BB 14b, 303 1 5), HRAT AFEREAT AN [F] B S A1 T 49 1 = Fofr o () 4% (O < J O P AR 4, VRIS 18 L
TNIC) R, BT E A CE T AR R TS B RAE 1 I e (AR, SEH] AN [F R AL A i 1R [ R R ) A (] 14b
ﬁl 213, K4 R5), H—BHe 7T REENSR. BRZ TAEERTC R e AR R NSRS, #eEidfEEE
TR R A, HIXESE IR Pd—O—B B (AR HS n] LAgEAT e @ Ak, g T Ak Ji V8 R 1S B AR G 4 (] 14c)o

@ F F

> 0,8 2,

o B oH i-PrgP—Pd—O—Pd—Pi-Prs H\O/B\o

| | -
i-PrsP—Pd—Pi-Pr; H/O\B/O\H i-PrsP—Pd”
D “OH
F
Foo27 28 F 29
(b) c|>H
i-PrsP—Pd—Pi-Pry i B(OH),
A I
BOH):2  pipry, THF-dg ! AEEEN THF-dg
+ R O Pd)/( _ 28 (4)
. 78 °C then -30 °C /@ ~78°C to 60 °C
F 3h quantitative then ~100 °C quantitative
OH 3h
| ,
i-PrP—Pd—Pi-Prg 0 ‘ B(OH),Tl
B 7]/ Pi-Prs, THF-dg ! PP THF-dg
+ 3 27 (2) PV( 28 (5)
F ~78 °C then —60 °C O/ ~78°C 10 -50°C, 1 h
F 36 h 50% conv. then -100 °C ~50% conv.
I
i-PraP—Pd—Pi-Prj B(OH)3TI Pi-Prs, THF-dg 1 B(OH),
dibenzo-22-crown-6 : CH30H, THF-dg
+ 27 (3) 28 + — = 29 (p)
~78 °C then —30 °C | -60°C
3h 10% conv. F quantitative
© THF, MeOH THF

29 —

F
B(OH), , ~78°Cthen-55°C -30°C ‘ Pi-Prs, THF
-
28 + /©/ 20 °C 27
F THF
F

-78 °C then -30 °C

Bl 14 TR <) v T AP 5 B
Scheme 14  Synthesis of pre-transmetalation intermediates

22 WEZASKEB

=LA NI B B8 5 Wit , FTLLY Suzuki-Miyaura S8 H BN FEIBSAE FLAE T2 SRR AR 2 4 50 (ate
complex); S ALIIERH PR AAdLw] DL SRR S N, A A BC A S el . B FEE MR Y Suzuki-Miyaura S Bk 4 AN [ 4
H, — B A48 G PR T RERI B2 (B 15)%: (A) Pd—X AL in sk H ) 4 B 32 A -G HLI AL (1 B &)
SR, SEUEE G R RE; (B) Pd—X SN A 1B 44 5 S0 0 1 1 A AR B AR Sg #4581 PA—OH AU a4 )5 1 5
TR SN, SR R R . 0 T IX UM ER L, ANFIWT T E L AR i, AT JRIT R T AAE
(S8 AR THEBE T, K4 3% Suzuki-Miyaura S A 45 J (125 2% .
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OH
RZ—E:310H
OH
\ R
Path A \
| ‘ ‘/ B(OH),
R'—Pd—X R'=Pd—0
| Path B | H
\ | / pre-transmetallation
N Rj_Td_OH intermediate
HO R2-B(OH),

B 15 HemidRmkE A 5% B
Scheme 15 Path A and path B of transmetalation
Soderquist A G AEE AT FTRIN, AU 8 5100 e < s s AT B L RE e 420 AT S il 58 4 S,

KIAE Suzuki-Miyaura f5cH R-9-BBN Lt R-OBBD A H mHvEEER 1), (HEAT LIS C—C s e, Fbfa,
AbAT IR I AZ R 0 S BTt R, R I BAE Y A ER D R A SR AL R AR B AN R RIVE AT . R-9-BBN BE %% 5 S50 47 B TG Az,
BEJE AT LA a A 30 PR S NS RIMEIG Y, R EAHK 2 A. R-OBBD T 5 Wiy, TS5
BTE BBC S 4. R, BRT DLSEBILS o a) 44 30 FOFCAR A2 e, AR pcrb i) 31 J5 5 R-OBBD S, S84 ) =2 2%
2 B(& 16).

£ 1 R-9-BBN 5 R-OBBD [f)ii 1t Lh s
Table 1 The comparison of R-9-BBN and R-OBBD in reaction activity

B/R PhBr, Pd(PPh3),
B—R and/or 3 Ph—R
NaOH, THF

R-9-BBN R-OBBN
S JS2 N I ] SN e
Bu-9-BBN 40% Ph-Bu
1 1h Hex-9-BBN 48% Ph-Hex
Hex-9-BBN 86% Ph-Hex
2 12h Bu-OBBN 0% Ph-Bu
Bu-9-BBN 84% Ph-Bu
3 12h Hex-OBBN 0% Ph-Hex
Bu-OBBN 44% Ph-Bu
4 12h
Hex-OBBN 49% Ph-Hex
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Pd(PPh3), Pd(PPh3)s Pd(PPhs),
- PPhg - PPhg
PhBr HO™
— (PPh3),PhPdBr ——— (PPh3),PhPdOH
30 31
Path A

HO™ - /OH
B—Hex — B<
Hex

PhBr, Pd(PPh;),

h—Hex
NaOH, THF
Path B
Hex - _ Hex
B M0 B
e} = o0 OH
not observed
PhBr, Pd(PPh3),

R h—Hex

NaOH, THF
F 16 R-9-BBN 5 R-OBBD &5 [ M AL
Scheme 16  The mechanism of reactions related to R-9-BBN and R-OBBD

2011 4F, Amatore 5 Jutand 55 A FIH BAAL AR (TEHR 2255 1HI LIE) SEBL T %) Suzuki-Miyaura B3]
F1EE T LG — B LR 5T 0. Bk, ATt A I B T A AU S SR R T LR S A I B )
I 5 E AR B TAAE R P8 (Kee>>Ke, B 17 b)) BJE, ARAT3E— 50 GR35 0 8 IF e 1 A ik
W R e A (B A AR S 0 S B AT, R T I R B S [ AR ) R R 2
XFE, AR SEIL 7% Suzuki-Miyaura OSSR )N 275 I . B 72 SR B, BRI R R 1) LS X s B Tk A
FIRKFMT . 23X —HBIFE 0.7(B/RINIR) /e A i, OB AR oK X — Hfl e 1 80 0 I, OB FR AT ]
RN HEPSEInR Y], ik 32 FHESEFMAE T RATMA G A TSR, MESRE T
WRE N (DRFFrh B A 32 (O 4Ha), DUECAL AR5 rh B4 32 S i R il BRI~ P& 17 7). fHE L, Esiinss
B, MEE VNSRBI FRE )2 B, [RIN 70 H S 25 A OB E R s (1) S8 b a4k 32 Je 5, 18
RS AR AT B A4 33; (2) 1B A EMR U 7 2 FE B B & RIS P 00 =B AL B, A s DY C Az 0 5 X
A, T 2= B e R I RO

NMR
Kg
Ar'B(OH), + HO ==  Ar'B(OH);
Ar? Ar?
B Kea |
Phsp—Pd—PPh; + HO~ <——=——=—== php—Pd—PPh;
-X
X OH
32 33
Electrochemistry
Ph—Ph
PPh, .
PPhg n-Buy,NBF,
— pg— ————> Pd(PPh
Ph—Pd—OH + DMF, 25 °C (PPhg);
PhB(OH), +
PPh; PPh;
PPh, n-BuyNBr
CN-CgH,—Pd—Br + Prne n-Bu,NOH ti
p- -CeHy— —Br —0> no reaction
PhB(OH); DMF, 25 °C

PPhs
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B 17 46 AERR I R SRR R 7
Scheme 17 The distinction of reaction pathways facilitated by electrochemical techniques

TERE J5 BIRE L, Amatore 5 Jutand S5 N IE I <6 ik A Hh R AR B B S AR GRS T AR B /E (1
18a)5. 3657 5 B AT LA S5 e ¥ o () 4k 32 AR IC A4 5 46 s o AT e 4 SRV IR Ry Hh R 44k 34, SURT RAAEAL = Re fir
AR o X —RIF T 45 SR8 oI s TG < J& rh I A AR IR 7 R SR T R U 1, EONRATR R TR, 5l
TANZBELT Z M4BT, Amatore 55 Jutand %5 NAEJS R0 70, BRI T BRI BH B X0 5% & R i) s ——
<RIBS Al LLS Ak 33 454G, XS EEHS SR SRS, W20t & 8 i 127 A4 — & B4 1
FH (& 18b)%2. A [F) 6 4 J@ BH &5 115 ek 33 2% G RE U], DR e AT TAE AR IR S R b BB AN RIS M QU p R
27N A n-BusN*™> K*> Cs*> Na*).

(a)

Ar?B(OH)3.F, (n=1~3)

F ||HO

PPh - PPh PPh

|° o F | ° . AMZB(OH), ’
x—PId—Alr1 — F—Pd—Ar" ————— A2—Pd—Ar'

PPh, -X PPh; PPh;

32 34

© PPh PPh PPh

P | ° . APB(OH) |
HQ—PId—Ar1 Ho—PId—Ar1 —_— ArLPId—Ar1

M" PPhg PPh, PPh,

33
BI18  #UE T Miui<i J PH B 15 i 4 Ja 1 R 1) s i
Scheme 18 The influence of fluorinion and alkali metal cation on transmetalation

2011 4, Hartwig MHEIEZETTR T — RV LB, JFHBE RN R N 5) et 18, OH T a8
R 3. BEFERW], HER Pd—OH AU rh A & 5 R0 R 5 & P — | BY v )4 55 DU BT A7 R B 647 T LAAS 2145
W=, it Uik A SRR2k B 78 SO R i AT AT e R AR o AT BTN, T s R R PR RH R R g 1Sk
bR N R 2 I ER 26 . ARG T T 5 IR S50 Pd—OH B rp ek 5 R B 1. Pd—X B rf a4k 582
() (R~ DA RAE SRR 2 b = A R 55 DUTRC A PO B R #h 1) =F BEAHIE, Pd— X AU [a) 4k 5 Pd—OH 24 rh [EIA R AH
MR EZN, HEMNN—MNESR. i, 7£-40 °CF, Pd—OH FIEk 36 SR 1) S Nk R Hoe
Pd—X Zdr[alfk 35 L5 PURC AT FIBINER 2h 1020 1.4 X 104 f5(E 19). Hitk, MATARTE RS R MR, # 4 Eid
Z MR B JA, AT SIS VONIERBRAE % 1A R N RS TR B #HATH &8 . A2, IR
25 R (< —40 °C)i#t4T Pd—OH 2 Hh ) 44 36 5 X S A RO SR A R I8 PR S8, A3 1 3 (R oA i 1w TR A A A
Fo X AREH AR DAEMESEAE TP E RN 5B, (BR3P RIE SR .

PPhg PPh;

| BIOH):K 18-crown-6 Ph
e+ [ e Oy
THF/H,0
PPh 2
-30°C
35
relative rate constant 1 (calculated for 40 °C)
H
Ph3P, o)
S S e
+
©/ 2 THF/H,0O
36 -40°C
relative rate constant ~1.4x10%

B 19 H&ERPE) 155
Scheme 19 Kinetic studies of stoichiometric reactions

[FI4E, Schmidt K H 1 3 ) IS S5 8% 18] 4 i o) S B B 2 24T 1 [X 73 %% A ATTIN AN NaOAc. Pd(OAc), Al
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PhB(OH), X8/t &4, [ vin] LGt 4@ 53] Pd—Ar BUrbfa) ik, Z A Bt — S % 4R LIS 2] Ar—
Pd—Ar BIduEfa, BEJEIE R BRED RIS BRI . fE& K, TEAE NaOAc HI4EAFIEAMF T, NaOAc #
PhB(OH), 562 i 56 1R & i S R (- 20b).s b NaOAc Fl PA(OAC), 264 i oSG 1R & A SO (8 20a)id . AT ]
LI 52 N7 A 22 FH ) R 2R B

@)

DMF, H,0
—_—

NaOAc + Pd(OAc)z] +  PhB(OH), Ph=Ph
) 22°C
pre-mixed
relative rate 1
(b)
DMF, H,O
NaOAc + PhB(OH), + Pd(OAc), ———o~ > Ph=Pnh
pre-mixed 22°C

relative rate  1.3~2

B 20 AR RIB) I
Scheme 20  Kinetic studies of model reactions

BN E, DA ESRIGARRWIIKL B AE8) /1% EREINA R BRSCIRISUESL, AT E RN tkir 7oK E B ig Tt
JL 208 46,55 3 4 #t Suzuki-Miyaura Sz SId B sl SR AR T ML B R R A RE BN LE . BB THIRLAE B I R BR 2L A
fEfeE BILERZE B A F] . EAERN R, AMERERIIES R, @RI THE 4R R GeE— e R L i B i)
Al BRUESEYS Y 1 SEPUN S8 P MR B RAE S I, ZHAEH 7 AEREREY, JEIA TR RN AN T 8
FERE KRB T I B 2, IR B8 PR 3R A2 DX S B 1 2 485 i BRI i s SR SO R TH RO RS, £
KRR IR (140, R BEBCAA TRy PHa),  H o2 e 2 52 b S B i Fe v B8 9 B s ZAERG IR N R 2k . BUAT,
DA 5 FAH I T S A 2R S AL i < JR R 2R (0 (X 03, 2 S BEAR AR SRS, SR ) B et T E R AR AR . DAL,
Suzuki-Miyaura J N %% <5 8 % 2k v] AT 75 ZE 90 1)k — P IR R AR I
23 HeREiE

I < R T RO AU Dy e SR T RS T A 38 2 <53 e v TR AAR TR S BE I AR () IR e < R 7). %5 T Denmark &3
TP R AR, X R AT AR — R Ay R TR G R i A S e SR AR (B 1) AN R EHS T
2 v )k 3 TG <6 v AR R I AR, Bl B U B e R il iR .

BUEHAT, PSRN Denmark M HAEF S T X B A BAEAE. 2017 4, Denmark M H-&1E
HENANBOAT T 1w P B N, A T R AR AR 2 R R %6
231 EHEREIETRELSH

YEHAE—40 °C. =30 °C. —20 °CHI-10 *CPURHA [FR N, M AZRE > BT 7 A rh T 44 29 Hi & SIMBIR1)
AR, FERIA Arrhenius AT 71X —dFEH-30 °C I E WS (B 21a). XEHEHSHIEES DFT iHE
SO M, U TAEE A R E TR HERR I . A, VRSB R I (Al 28 J 29 HVH R SR AR
BRI AT . X — G R U IZAR R, ML TIE R, e R PR D,
2.3.2 BEECARRT R BOE R KRN

g 21b fos, VEF SR T 2 B0 A FUBEECR 10 50 g Hh a4 . SeIe g5 R W e AT B AR RETE, 18
AR I OB R B — e 2 . R EL R DPPF BB HH ARG B/, VBB A Z R MR TE R AR 4
J& 2T B AT AR R R B8 o PhaP TR T [RIMASTE L LE i-PraP BORH B — 28, AR 20 A R IS A4 R K /N0t fe 7
RARELAN, TR B PR TR I o e < T R T B K —— I A B L (R L SR MR SS), BB R R
UL
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(a) .
R F F
B(OH), O
A THF _OH O
FPryP—Pd—O—Pd—Pi-Pr;  + —_— H‘o/B\O _ F
o b iPryp—pa- |~ Pd(EPrsP) R
H” \B\; “H F 8 — B(OH)s AG"=17.7 £ 1.1 keal/mol
H
Q AH'=15.98 + 0.79 keal/mol
F* o AS "= -0.0069 + 0.0032 keal/mol-K
F 29
(b)
Pd o/ HE F entry L Krel
\ , 1 DPPF  1.00
» \4< >* 10°C O 2 PP 294
' OH F 3 PhsP 3.61

B 21 e a1 b S A2 B IRRIC A 0T I 3 =6 ) B2 )
Scheme 21 Activation parameters of transmetalation process and effect of phosphine ligands on reaction rate

233 HeRUEFENBELTRE

PEBAERT TP A 27 25 RBHIEN ) R A, B IR L RE I (A AR AN — RS MR, T SR
T SN ESE . AEE TRV E b R 27 ISP ARRK (B 14b, 3 1) A EREAT — AT TEIR RN
PR LR, e SRR [k 270 DRI — e B2 A7 A 2 S5 AR BB S N 58 4, IR S ™ A 4R P o 10 A1 3B S 2
o, BIRR A AR T EHREK . BRI, PR 27 AR I R SO, K AR AR TRk 27 AT T R
MBI RE, MR SARAN OSREAT BB RS, AR R A K 2 i BRSO T AR TR, TR RO
IR AREAT, ARIDE S RO IR (18] 22) NIRAEIX — 548, AEFBEAT TSGR SRR TR . Bk, 1EERA T
ANTF] 245 R IC A0S S ML SE IR, 45 RE R BRIC AR B 2 BB, S NI AR (B 22a) . XU T AN 27 AT
Hew)m, WIRESERAE T IR MRS AR R b Ak 37, T H., e S B BERCAR IR &, I 10 HEK, x
POER W R T #5585, EEIE 1 P iafk 29 #Aouhia ik 27 fImT4T (B 22b). fEHAE-78 °CN, [HH[E
4 29 1) THF ¥ NN i-PrsP, THIRE] 20 °C, BIRI{GE| a4k 27, FFAERD SRR ER. &5, (FESE
TR 27 (G RO, mﬁﬁz&ﬁﬂﬁ@a@ﬂ’ﬁﬁﬂ?ﬂ(@ 22¢) . IXFERBAR R B KBTI, T H SR 45 Rt BoR
I AR 27 AR UABRIBC = W B D) il B — R . DA b SEBe A5 RARGF MBI AR 7 AEE ARG AR, T A R W58
TEREAS— %€ 5 EEHT B PO RTE AL (R LA 27 OB R TN =BeAL) . AT, 1E 3 i dE DL SEIe S5 R0V 58 e kR
HARATRERIER AR, LSRN AT LA b Al 27 B4k bl 29 J5, b a4k 29 HY AR HEAT e G Jmad 72 .
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Autocatalysis mechanism

Pi-P Pi-Prs
TR H i-PrgP | H
F@»Pld—o\ - F@quo\
B F \
Pi-Pry / \O o\ < > F
HO { OH
38 H 29
H
r 20 resting state H20 L
Pl Pr;
Pi-Pry Pi-Prs
I | ,:
F Pld—o\ F Pd—0_ _
o B F i-PrsP BOF
HO H
27 37
[0=B(OH)], B(OH);
Supported experiments
a
@ Fl’i—Pr3 F
_ i-PrgP
F@ﬁd O\ s, ‘ amountofi—PQPH reaction rateﬂ
pipr. B F THF, 20 °C
3/
HO F
27
(b)
Pi-Prs H Pl Prs
|y IPr3P THF
F Pd—0O_
B F 78°C then 20 °C P, Pr3 O
o\ 2/
{ OH
H 29
) OH
-PrsP—Pd—Pi-Pr, frPrs
7]/ Pi-Prs, THF F@
/©/ ~78 °C then 20 °C P: Pr3 ¥ O
36h
75% conv.

B 22 HeEdiEdr et
Scheme 22  Autocatalysis in transmetalation
2.3.4 JFFEMRREEN &R ERRE
2018 £, Denmark N EAEE NRGWITT 1 ANF 77 HO IR G 1 e Rl 72 570 W 708 S BN S A 1 1 () 1)
B R Pd—O—B AR IR E M, MM &R i PR R 2 (K 23). Biltn, X wmURHINER 1SR R IR 5
I I S AR C S A SO A I B e e b R A, (RN BRI . oA SRR BB BEAE SIS I SN
AT LS AR RS A S N AS B T < R A . 1 45 S SEIR A5 RN RE R THR 0 M 17 ANIR] 00 <5 e v 1) A= £
BRI SOSE R, D IIRREE IR B 2R 2 o B e R R i OBl R (L) IR 12840 07 SNSRI E SR
EZINR 2R RN i ) AV B S B A B ) A P AR TR AR TR R B s (2) 55 4T T S F) 40 b 8 T RS oz
AMEFERC EVINE HIEE, €52 RUFE T BIBRE RN (B, i 2 afe) 5 Ui ek B A R AL B S i ;- (3)
75 A A G R, 32 SR T BB /N B I (B B K, S e ) i B D7 R B T R R
T HEIE R RAS Ty) o SEURULIN B B e ML 5 DA = AN R R ER A B 45 2R
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H .
. ] O0-R Pi-Pr3
FPrsR 0 - THF | H
pd>/< 9 —— F Pd-0_
A + -78 °C then -30 °C \‘O’B@F
F -
F R R/O
Pi-Pr3 Pi-Pr3
F—QPd—O/H F Pld o i
\ C
D 5 _— /B‘O _—
D C
R F
F

— proposed intermediates -

cl. c OMe .

o-R oH o@ o\

! Cl W
“%;B\o’R Beon B 0 o OMe o 2 %
- ~ (@) B B B =0

-0« -0

complex

Krel 1.00 4.27 0.0022 4.20 5.78 —
[ IS T o N SR N
H 520 By ~E~0-iPr -0 ~"~0Me 0 By ©
complex

Krel — 1.42 23.01 21.45 9.33 0.39

B 23 D7 ELMEREE X H 4 L AR
Scheme 23  The influence of boronic esters on transmetalation process

Denmark M HAEF FIABEHTTT, NI T EZHGRERRGNT. MR RR, Kk — DR FE .
ANTRI ST B X0 RS T o e < i el AR ) R i S

B ERTRNETT R L, ERENESRIENRRAZ, AR, ML E. KhnEES
BNy 17 T E (S P e (T el DR o R = e N R s S o N S IR W S R0 1 R e
BN I R S R IR AN e B — R R A E o ik, ARG oA SR R R AR S R R
DA AR I8 6 X L AR R B AR R S b7, A I i & @ I R T iR . Hodb Denmark K A 1E#
M TAE, FHUE T T4 )8 T IR AR AR AE, kb HERE T Suzuki-Miyaura e SMHLFEEF R K FE. SR1MT, 4Bl fin
DA T AT V50 79 AR R - (L)% < Jm i R e 2 O O 8 #0414 ) S PRI A5 0 4518, H BTIE Rk = — MRt AR
s (2)SEBRIF Suzuki-Miyaura S S 5 i 7] F 48 IR Pd—O—B (a4 3E 475 4 )8 075 IH AR H1s (3) Tl 4 & fb b [ 4
' Pd—O—B MR T G A LA oy At 5, M H AT S 2 G Jm b A (@)A1 T & Jmid FR it gk
ZARGMBIT . AL, FRATIE T ERE WA I TS 5 v 180 14 (EL 2 R BRI B TOUR <6 Ja A < Jas v 1) A4 A )3 1
e ) (0BT B AR B T SR, AT RS A TE 22 1) A SR VIR B R 7

3 TIRER

R BR AT LR R A IS R . RSO, DA R EC A (0 7 A L AR AT AR B, BRI AS R
/N Ao Suzuki-Miyaura BN I8 R BRI RN EE S B T R R, RE/3E] C—C BRI~ LK AN &
/N VAR B SO LN B AR EC A ) . Suzuki-Miyaura SN )% 428 th AR LS A PAd—C 4, B2 0 AR B 3
ket el 75 5 o X A I R A M UG U s (L) e RO A (1% 4 ) b (AR S 5 R AR B-H I BRI S B, Ay
HoiX — @IS, MW T f-H HIFEBIE AT Xt B %8, (2)%F A7 (trans) B — 5% i B A7 (145 4 J v Ta) 44 o AH 24
R, RETERFRM A AT L @438 %, HEl, 5%T Suzuki-Miyaura BN 34 J7 3 BRic R2 1) B B0t 5T ik
T8 HA
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WIFFE 3 — AR I SR A 8 T 4 (AL s A 15 240 488 S 7 4 81 ) A AL a7 A% R R 8 S R 15 e <
J& R AAs,  BETTA TOL R BRI R 5860, EF] 2004 4F, Osakada KA EH B UARE T WA WL Y H K A5 215 4
JE P IRMAR B SONE, 55— A AEXTFR R A 57 BAR A ) AR DL B RRAE (B 240 O, AR fTTRASEAL s B v 1e) 14 39
AN IR N IR, AR IR I (e 2t e & )R I AE), A2 =R T3 2 1 PN 57 2 AL T X437 (trans) RO % < & [ 44
40. rhAfR 40 HIALAPEBIARSE, EAE 100 °C AR 24 h AN KA JRTERRIERE . a4k 40 ARG 1 —J7 TR I
T/ trans #7385 BRI AR RS BN SERIAL T AR AL (cis) 4 2 kA SO, ARE ARG EEIR Ak T C—B
SEARALAT F R AT BEAG Hh (] 44 40 A/ trans-cis MR HARHIVE AT, BE BEATIE B IH BRod FE ) A2

R PEt3
F@*Pdl @B(OH

F F PEt3
PEt; R
Ag,0 |
— F F
toluene/H,0, RT |
F PEty F
trans 40

characterized by NMR and XRD

PEt3 R F R
toluene-dg
>>:<< >>j " 100 °C FF
F PEt3 F FF
B 24 05 SRS A L IR T
Scheme 24  Reductive elimination of trans-diarylpalladium complexes

BEJ5, Osakada Mz H&1E#HERE—LHIWT AL AR SLBl 1 cis B =05 B S fm b AR & (B 25) 5%, Aififf]
R TR B BRI 2548, SR PA(INAC S PE MR, it O Bisr 8570 53] TRC &) 42 Al 43, BLEY)
42 1 43 HRT LATER AT RTINS N R AR RO RR ISR, SRR Y. LAY 42 BRI BRI & TR E ) 43,
YEZ BT T TIAY 42 B R HEBR IS 712 . "BAE 45°C, 50 °C. 55 °CHI1 60 °C F#RfE/R T — % B 1 3l 11 24
fiE. fEFICFIA Eyring TS 2] TR E M BRI FEAE 25 °C R ITELAES L. AL, 1EEIE R IUE R PR R

BEATEE S BT, NS SR = LT85 AT LA 1) 2 585 A

@) OMe

\./
AN /@ \/ /@
[ Pd
N s Ag,0
N - .
/\
F THF/H,0, RT
X
X B(OH), X=H 42
X=F 43

characterized by NMR and XRD

N/ R
N benzene-dg
W, e
/N/ 50 °C
F
\ e
42 M Ap*=101 kIimol 94%

AS = -10 Jimol-K
AG" =103 kJ/mol
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B 25 R O R G A P ik S
Scheme 25 Reductive elimination of cis-diarylpalladium complexes
Amatore 5 Jutand ZE N SOSLRI AT AL SRR, MU TR B (W B 50), SR T ORI R B i AR )
MEHFFT. LIRE, #HE&Ep ik ——I"it Arlt—Pd—Ar2 B aI{A 44 ARESE, TSNS EE 7 7ok
R TR DU HEIE S BRI o AR T e G s rh [V BEAT 38 TR B A P 2k % A2 (&1 260 () A IS5 1 %A%
T, WA B 5 X (trans) 7 42 & RARBCAL, TER T B TR AL AR A, ISR 1 s it JEE BR s (2) B S
ST, HaE R R s o (Re 22, SOV IR ZNR), SRS FREAT I0 S5 B (S SO 2R o

X=0OHorF
Ar? _\
|l
,l_ X AH—Pld'\L
Ar'—Pd—OH / fast X fast N\
| L Path A Ar'—Ar?
L transmetalation |
. ArLITVdelr2 *
Ar2-B(OH) L \ Path B [Pd°Lg]
re= 2 \ /
trans Ar2
44 slow | fast

Ar*—F{d—L
L
cis
reductive elimination

Bl 26 st i SR T B A R
Scheme 26 The influence of anions on reductive elimination

Amatore 5 Jutand Z5 N\ B45 TR 4 SR AR RIS, ELFE B AR VR A DA R AN IEIE T 62, (R IEE RN
(1) S5 A SN AR R B A RS 4 i AR e = (Bl alA 33 5 34); (2) {RitF: 4 g i)
PRI R TE BRI AR . HHIPER A (1) SRR IEH A s A # & B s DU RS AL A s (2) SECARSS e Ak (1
WA EAk 33) A, HiiEE e R .

ML EBFR TAE R LA, 548 v a4 i A 7R 5 8 TR Y Bt A LA IR K I 5E . B2 Ah, BoAA i) 1R E
J5E S 1) 255 A B 77 5 P PR AR T o S SRV B A B A B SR R 52 83, Suzuki-Miyaura {8 I s H R w8 O AR N
E 4RI R, X R SR BRI R T AR ) — AN R R . FRATT a0 SR SR BRI R A T S B AR,
A S ANE R RIS . B4 8 ANE JEH 14 SR 4% Suzuki-Miyaura SN, T & & R AS [8] S62F T 14

—/NSEHE[K) Suzuki-Miyaura B EE SN AL IS EIRSEA LN A #4548 U GR R R = A0 58, TR E
[ NAR 22, DFT TH&E AT DA Bh B AT BEAME AL PR 58 0 4= T AR 200¢, gbak, DFT 1HELERT 5T Suzuki-Miyaura
TRECIIMEAL TR TEAL 200 840 Rl ORE 05, RIEFEME 60 SN A IRAE T A JIEIR SCHE . FRISAEME S, SR
Suzuki-Miyaura I N B A BT 2 F RCR e 8, WS 21 T 8oRE 2 (N 87, SR AL 5 AT DA
S S TR R AR AR K R 08, AR 4N K UL 2 1T AT LA & AR s AL M B A I S R, R BCRT VA I A AR A R B A B
SN REAT 99,
4 #FHER Suzuki-Miyaura BB K R

M Suzuki AR5 B 1k BB BLAE DY+ 2 AE i i (] 5L, B 8 e R R T 250 2 FE 1 Suzuki-Miyaura J v 287,
Wk 5 AR T Suzuki-Miyaura 2 5 A A6
4.1 JEHBELFIRIERHHISSEIR Suzuki-Miyaura BBk

TCRHEN—MEEE, EE MBS e 1A ] N 2 ok . SRR EZILAWIHIRE, e REH T4
Bl BRRIERSE AL 2 511 Suzuki-Miyaura RSN 0 AL, Bl CRE 4R 2 511 Suzuki-Miyaura fH 5

AT AL, 2018 4F, PEVE M EVEE HERIE T AR S m AL Suzuki-Miyaura SeR(E 27a)™. flATIA A
GO 45 AE LT, Sl TR EE s ) 5 07 SRR IR AR SO, X — OB REBIL 1A WL/ 73 T AE AR I S v o
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ISP YIS
F
Ar'” X . cat. 45, K,P,0;
+  AZBOH), ———— 2T AN
X = Cl, Br MeCN, 110 °C
OMe

N OMe
L.
B 27 LidiE4ES 51 Suzuki-Miyaura 155 [ N
Scheme 27  Transition-metal-free Suzuki-Miyaura cross-coupling reaction

Suzuki-Miyaura 5K S N — B f F A L AL PIE 2k ki . BE# Suzuki-Miyaura 55K SN (AN BT A e, ok
2 R 2% f R T DU 5 A DU B A ER S Sz, A0 35 : % (C— N SIS 4k) 72, 77 B R IR IR (CO— O HiHAL) ™,
FRTR T HER (O H C—O VG Ib)™. BEIR 5 B FE(U7 5 C—O VG Mh)™S. J7R(C—H BGIL) S H 2 A8 AL, X g
TR AR B S S B K 4 )& T Suzuki-Miyaura s BEFS PTG, T HAHSR K DT THE(S W& 2K S8 5 9225 SCRRD
NISALERSR AL T B2 4 .
4.2 XWEZE 5/ Suzuki-Miyaura {8Ex

T2 55 1) Suzuki-Miyaura X RENS 1 — 20 40 R RDVE Bl S0 X UK RO JER A7) (R 31 2 Tl B0k ) A LB R ) o
2013 4, Ogoshi N HE1EE KR T —MEWZ 5 AR )6 5 75 IR B B0 772 (8 28a)"7. FAE AT U
BN O C—F 8, [t Eg, §ESEIT AR SR SR HRERE, 52577,
2018 4=, Sanford K& HAEHIRE T —Fh LIS 5840 H) Suzuki-Miyaura 29 5z 37 (B 28b)78, it FEdr, mEIEH
AL SARAEAL T OB, B RFEAS ) Ar—Ni—F BUh a4k, B PS5 AU SN, meZ A3 2SI Y. LLEmA
WEFE AR SR R PT B2 R—M—F YA sl b ) i BAT AR G ) 6 < B s 4. 2017 4%, Carrow KA 1E# K e
T 57— FhSRm R S E 2 511 Suzuki-Miyaura B EC(E] 28¢)7. A1 1 75 5 EASRAE ASER, BT blS %
AR A FH 7P A B S - R SR A I B T, X — v ()4 ] DAZE SR AN 2 18 N 507 A L, i A A e
FEo BHES 7R rp AR A7 7R S 1B 5 A o B, Monteiro 5 Amgoune 28 A\ FHRRIR I BERGAE IR, BTl
SLHTCHZ 5 11 Suzuki-Miyaura FEIE SR (SR I EA & (1) = G LA PCysHBF, S N7 3 H el AT 14) (&
28d)%0. W15 AL ELRIE 7t 2 B A I RS 1] % B 5 e P A v e < Je o 2 B A SRR T
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@ Pd(dba),
R F 0 Pi-Prs, THF, 100 °C F F
—( + A-B >< —
F F o] via E Fl’ Ar F
Pd—F
FQ? |
F P
(b) Ni(cod),, PPh,Me
O THF, 100 °C
Ar*—( + AP—B(OH), ——————> Ar'=A?
F via fi’
Ar'—Ni—F
P
(c) PAd3, Pd(dba),
Lt ) THF,RT o
Ar'=N,BF, + Ar“—B(OH), - Ar'=Ar
via Fl’
Ar'—Pd +
S
S = solvent
(d)
o o Pd(OAc), o
N * ATBOH:  TERN THE RT Ar
F F F F
o)

via p ©
Q |
Pd—N
R |
FF P o
B 28 TCHES 51 Suzuki-Miyaura BB [ B
Scheme 28 Base-free Suzuki-Miyaura cross-coupling reaction

5 NEERE

it =+ Mk ke, Suzuki-Miyaura BN RIFLERRT 70452 7L IR R . BFFEH AMURIL T A AR
P m 5 R B = A HEN R E AT, SRR TS SR &8 2 51 Suzuki-Miyaura {51k,
BE— P TR & R AT AR SRR BB S MR i T A S

R, FATREREES], Suzuki-Miyaura IS SALEEH (13587 508 7 BT AU E [t — DR (1) Ak
LR P R RS LB LK PA(N)/PA(IV) 3R I R sk = ZR S8 HOIAIR,  [R] I S B v [ A PR R AE -5 600 4 7 2k —
Loe; (2) HemA T2 2 RN FIFRIRTI, © 1RSI — RS A SRR A4 (3) R
JS2 2 AT WA TS < B (AR 2 AR AT, X R R A A ORIRIE ;s (4) TEikZ 51 Suzuki-Miyaura {15 S
R e R 2 T ReE, B AL I T < v 1B ARG 1R S S GRS AL L IR A i AL . R IR A £y
ZREERTE T > EGE T PE AR, (ER X R BRSSO RE IR 2 st A Se B 2 PR+ > L
Mo

wJa, FATIHE—D BT Suzuki-Miyaura S NALHE 32204 LUN A SE0G (1) WU I8 IO b 8ot SN kA
AR, B I FRAL S N PR SR e (] 44 (2) T 78 3 3 ol Ao PR v g 1) 2 23 L 22 T 2 2 A 00 5 B (191
LI TROLIENE O SR AR * By 1 e 8 ) SEEIN S B R (K SRR RN, #ETT R Suzuki-Miyaura SN
HEOMLEL Ao PR SIS AR AR I, R8T 1B (A 1R 45 J 5 AR AL BT B A T BUWE T R ML AR, I, B BeR
T B S 3 Rt T e 4 R BRI I v T A
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The catalytic cycle of Suzuki-Miyaura cross-coupling reaction contains three main

steps: oxidative addition of organic halides to Pd catalysts, transmetalation between
Zhang, Lei; Yang, Chen; Guo, Xuefeng*,  oxidative addition intermediates and organoboronic compounds, and reductive elimina-
Mo, Fanyang* tion from transmetalation intermediates to form C—C bond along with regenerating Pd
Chin. J. Org. Chem. 2021, 41(X), XXXX catalysts.
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