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Recent Advance of Transition Metal-Free Catalyzed
Suzuki-Type Cross Coupling Reaction
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Abstract Transition metal catalyzed Suzuki coupling reaction serves as one of the most versatile and widespread methods for
the C—C bonds formation, which greatly promotes the development of synthetic chemistry. Currently, the Suzuki coupling
reactions heavily rely on noble palladium-catalyzed system. However, the high cost, toxicity and low reserves of palladium
have become the main obstacles for their development in organic synthesis. Over the past two decades, metal-free catalyzed
Suzuki-Type cross coupling reactions earned extensive concern, and a large number of efficient and new reaction systems have
been reported. In this review, the recent progresses of metal-free catalyzed Suzuki-Type cross coupling reactions are summa-
rized, mainly including bases, organometallic reagents and organic molecules promoted reactions. In addition, the mechanism

of reaction is also discussed in this review.

Keywords metal-free catalysis; Suzuki cross-coupling; organic synthesis; base promoting; coupling reaction
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A AR S NS, (AR B, SR R RR T
PR B I S B IR, IR, AR D3I BR R A 2
B Suzuki-Type 28 XABIE R B HEAT T BEHHRZE, 1CP-
MS 5 T 6 B R B P A R A AR B 1 4 JE AR B (50
ug/L), SEBRIX AN IR AT B A R R B A AL 1 S A
BRSO, AR e R 2448 P2 40 )5 B I i)
W, SOSIUASREREAT. AR & EH 5 N IRIR B IR 4
JEAMEAL TS, T CACAR R R S BB ). R IX
AN IS RT R A e e e AR (S R, (EL U B
FHiFSHSLI T it & BT Suzuki-Type 28 X A%
EISAVA
1.1 KoCOs1Ri#tHY Suzuki-Type 32 XABEE K [

2012 4F, Matteoli BR#EIZHI4HRIE T 75 IR 5 & H
TR IR A AR SN S PA R ZRAA T, BRIR
BN, 752K HRn#E] 90 C /M 3 h, AT BLEL 98%IH)
W45 2 Xk FEPER o- BB =4 4 (Scheme 1). X}
AR BUARE Y (R TR AT AE IR R B, 240 R 2k 3%
A TR, HER R NES. SHEELHE
I s AR b, B R A (R 3k 1) s A v DX e 6 . T
SR A 1) SR T = AR T A [R] IX 380 8 1 1) M R TR B .
N T HERR B Z AT RE A A U 4 X e B
AT OO, AE SR H R A 2 B AR R IO
WAEREAT 73 i (ICP-MS), il #4& R 5 Pd, Ni, Cu, Pt,
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Scheme 1 Suzuki-Type cross coupling reaction of allyl bro-
mides with aryl boroic acids
Ru &&= 5108 1.2, 4.1, 0.03, 2.7, 3.0, 0.22 pg/L, XLk
S A EIARTE IR i S N AT, DRI AT DAHERR L
< JE R B NS BRSE ARSI A R S R AT REZR g et
FEAE TR A I IR Z AR N &Y 3, SRJ5 7575 LLP)
A 77 SO TT FEN BRI B o-BRAS 2 H AR~ 4. 1R
A% SNSRI B IE PR, B-HAAT TE AR 1) i £X
KBRS, B BT B S BRI

2018 4, L AEREAIHRIE | PAS7 FEMIRR vk
B, ST o HUBR AR BE F) S AR S SR A AU
B AZSN LT 0-75 FE-a- IR 2 £ 1e 5 55 FE 0
BN, AE RSN BRI 101 R EE
A, SRR, 2P E] 50 'CV 48 h, DA
60% I, 96%H] ee AT H). &N AA
S (R0 e R A e &5 O L IS 2 (Scheme 2).

TEETYE a,0- =755 CBEIE @ PR FE ORI,
A T B PR R DT SRR I, S L RENUR
Ay AT B T DT SRR N, T 0T H SR MR BR AR,
PR SO PRAR BN BEAS 2 H AR 9. 53 4h, 2B
LR S AT S, MR BT VERESEIUR R R CB %
PROSTTE 25 il %6

WUERBIT TR, T ok P R A A 2 e AN VT A
HFAERTEILT, &Y 8 MGG LT IR RIS T A,
SRIG T A BT BRI B [ AR 45 5 B, 753
217> T I SN2 SRIZIAR S ZE B H FR 4 9. BT
I e FE A AE 127 5 S AN AT BAAS E AR B, kS
B IERWREIRES 5 57 HEIR KRR, B Bk 1 1E
RS N AR 173 AR SRONE, AREE T 23 N SEAARSE [l
AL AR B 1) K A (Scheme 3).

1.2 Cs2CO3{Ri#AI Suzuki-Type X X {BEL & K2

2012 4, Ryu BRI T TN UK EL 4 (e 3t (1
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Cl E H
“Bn “Bn
O O

yield 40% yield 72%
ee 90% ee 96%

Br : H E : H
o o]
yield 32% yield 71%
ee 88% ee 97%

B2 RN S 7 EEI R Suzuki-Type 58 AR SR
Scheme 2 Suzuki-Type cross coupling reaction of sulfonate
with aryl boroic acids

55 SETNER 5 065 TR R A8 XA IR S BE. F 7 R BILLE A5
CH.ClL/H,O (V@ V=10 : DIENIR GV, BRERHAE N
Bk, 80 CI 18 h, AT LALL 99% MU R 15 RIME I =4
(Scheme 4a).
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OMsH - oM ATBIOM),
Ar1/'\n/ “Bn Ar' o L
5 -H,0 1
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B3 RIS 5 o7 S0 R (3 1K v e o HL R
Scheme 3 Possible mechanism for coupling sulfonate with
boroic acids
I 3 3 5 M (Scheme 4b), BRI HE I % S B3k 72 1T
AP B R AR, BT YRE MLERGAE, 1F# SR 0
T A RENLEE(Scheme 4c), TEBAI/KAZTERIAR R, S
MREBOT TR AR sl b a4k 13, whlalfk 13 TSR 2
RAERA AN e R IS 14, BE& s 7N hFE
57 TS 2BV 12.

2013 4F, Ryu VREHIEFT IR TR Al B, BeTh
SEIL T BRI e i HE (R bR P LR 5 5T LR Y Suzuki-
Type 38 SABIR SR, 12564 A= 11 R e /E a7, 90 C
SR 18 h, B S W RS A BE IR 1) 84%. AN
FR AR % i DA 45 31 R B WA 2 45 31 vy X e £ 4
I 15 2 DUGe S Y IR 2% sk TR, S A
REHEAT. 2SI WT BELE DI HOBLAN N, Bt 2 A T SR
BEVCHS HER IR A IR £6 16, HhlalK 16 FI 5 HEIRAE
RN TOHARISERS 18, HJ54015 1 W R
ST BEI ) 19 (Scheme 5).
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Br 99
Cl 42
b
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1 OH 80°C, 18h 12 Additive Yield/%
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B\ Cs,CO B(OH 10 L OH ’
[ j/ OH 23 (OH); — 18 . BZ R
"0 Q Ri\/ke E \BZOH) R?
MeO MeO R Br ; 3 12
" 13 14 CsBr
B 4 ARG I7EMIIR ) Suzuki-Type 58 SUBHE S
Scheme 4  Suzuki-Type cross coupling reaction between allyl bromines and aryl boroic acids
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Scheme 5 Suzuki-Type cross coupling reaction between pro-
pargyl bromines and aryl boric acids
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Scheme 6 Two types of coupling reactions
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£ HLO/BTF(= A, V1 V=11 10)fR G, B
FREEVE B, 110 C ™ 18 h, A PALLH &5 sz
C(sp?)—C(sp’) KI5k (Scheme 7). {EFFEEMIE, &
EHER T C(sp)—C(sp)) M9 %, FHAIE T C(sp?)—
Csp?)A . HIRPIIFIRAELE C(sp®)—X BEAT C(sp?)—
X B, ZO7IERE AL IR B SE L C(sp?)—C(sp?)
BRI, TSR LI Suzuki 28 ARG SN U 75 3]
A FBBE T PR AP,
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OMe Br I I OMe

55% 46%
o, o,
68% 29% \
OMe NC OMe
30% 42%

B 7RI AN 5T HERIIR (1) Suzuki-Type 28 AR 55
Scheme 7 Suzuki-Type cross coupling reaction of benzyl hal-
ides and aryl boroic acids

2N A] BEZE T AL BRI K L VR R, 055
TR S50 A5 2107 Bl IR 2k 24, iRk 24 PRS0
BAER AN UREERS 26, &IG& 7T A E
)75 BT A5 2R ) 27 (Scheme 8).
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cs” | OMe
HOI‘B/OH #’
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P g
26 27

BRI 8 3k s b5 o7 JE AR A K FT RE AL 2L
Scheme 8 Possible mechanism for coupling benzyl halides and
aryl boroic acids

1.3 KsPOu {23 HY Suzuki-Type 32 X BEL KR KL

2016 F, HCERBAPISZI 7 o R L
) T Jo 2 i A0 A 3K ol A A 5 T R U R A IR 1
Suzuki-Type 28 XAREESSL. %G 1 56 % %2 T IH e )
Ktk i AR 5 05 I B AT ZE OB (R A EEG, S S R 3 L 3
WA RS Y. 2 DL RA R I S
LA B FHECR B AR, {5 ee (A PTFEIR. 2fE
HFEMEPRERARZS 5 ) B, AR S5 58 2 R FF
(Scheme 9).
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Scheme 9 Suzuki-Type cross coupling reaction of alkyl halides
or pseudohalides with alkenyl boric acids

VEZH BT T PUR X IR SEEG, o [ S AT RELE I ML ER
HHATIRER. TEFRHER BT, MRMNAARRF 5N E H
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THRT BALL 68% IS SRAF MBI =4 30, K HIZ IR B AT
AEANE T B HEERYI8 12 (Scheme 10a). [FA7 R AR 0S5
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K3POs R 3E AN [ HURSR BUG SR 5 2 Fh sp® 22 bl
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FIRERITEAEHER Suzuki-Type 38 XABEB M ARLE, %
HRIEXTAEVE ) sp® Ak AR 2 5 1 R R AR AR
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SN B R B2 IR & s A RN =
FH R TR T R et S5, OB g DA e b e B PR e 4 —
S AR, M0 R TS BIR .

N TR TCZ RN, 153 FbRaER R T2 51
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Scheme 10 Mechanistic verification experiments related to the
coupling of alkyl halides or pseudohalides with alkenyl! boric acids

R'_OTf + (HO) B[ HoPOu (2 0u) g1 Re
toluene R2
35 60°C,12h 37

Selected examples

70% 55%
)]\ ~__Ph Ph \/Y\/ Ph
By D07 TN
CN
% 92%

B 11 FEMER S sp® 2E BRI Suzuki-Type 38 AR TR %
%

Scheme 11 Suzuki-Type cross coupling reaction coupling of
alkenyl boronic acids with sp? electrophiles

FH T JGT N-FEIS A B e 26405177 TEMPO, f
FOGE R FIF A 2 ENH. Bk, %R B
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HR, Bk BCANRIZ “ate” 257 A, HIAE T
PERU B o BERZYENSR, RS sp® RALKIBE
B R 8 I 2R AL SN2 2R A% BOAR S L 15 31 #2477 W)
(Scheme 12).

©o © OH R1/\0Tf
K OR o 35
R—B(OH), R-B
toluene N
36 RO OH
A
OH ¥
I R
HO\/BéO\
R L@ N
\ X R "R
o]
1 \ 37
R Tf
B

B 12 GRS sp® 2% A R A G T e LB
Scheme 12 Possible mechanism for coupling alkenyl boronic
acids with sp?® electrophiles

1.4 KF {2i##Y Suzuki-Type X X IBEE KR N

15 2016 4F, TOIPIRAPRRE T ARk
AL ERSE ) 5 05 FETIIR Y Suzuki-Type 28 XABE.
JRIE, 1% N A =5 H RO T, A BT B
B, 7£70 'CF . 10~24 h, B LA EEFIRF5 (IR 15
F Hbrr=4(Scheme 13). 5 Ryu i @4 FTRIE 1 TA/EH
bb, 2N JE 423 FH 3 B T DARE — 25 7 i 30 2 2R
B2, 9 ik e i W B 1T A4 ) A 41% 0 52% [ fic e
BRI Y. 25k R & B £ R R0 FH 2R R
WRE, BT B 77%:; 477 BB AL A SR gt i
T AR, SCRTATIAE] 97%. AT HEBRAA R AT
R TE TR 1Y) B 4 J h I NS B AR, 42l ICP-

KF (2 equiv.)

AT OMs + (HO),B—Ar2 17 \Np 2
(HO). PhCFs, 70°C AT A
38 39 40
Selected examples
SRV, S
/ ©/\E/> Br OMe
41% 52% 83%
CLO
97% 80% 84%
PhOMe MeO | OMe
93% 91%

BIR 13 SR LS 35 L RRR Y Suzuki-Type % X I
R pi

Scheme 13  Suzuki-Type cross coupling reaction of benzyl hal-
ides with aryl boronic acids
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JE I B AAL T AR, AT DLHERR T B U 4 T i Ak
TS 55 S PR 5.

ZAEARA R I, AE F R BR AR 2 IR B S I
b 1 HERF=H a8, 3845 2]/ 5 AR R B RO [A] R R
B (i R g VAT Ny ata S e - 9 2 = S Sl 51 K N S|
TERAEX S5, AEE AT T — RV RIESEL.
Ja, TEARME SN 26 A R MR & oin o\ B el S 0 7
TEMPO, &3 B HH J: 4] 71 [ B 3% A 52, HH b 4
W12 S B AT REANZE I BRI S SRR R, ) RORE
PR Z N BRES F K55 N-H R W, T LABL 35% (1)
WG B 3-FE-N- RIS BHZ R BT B AR T
RO LB T AA; BE, fEF RIS
BAT 12 55-4, B TE AN, UF AR X R
WA, ARAE DA ESCER AR PR T T RO, BTy
FENERFNAL T FEH I B AE AR AW A, LS IR LR
B C—X B AA B. B f5 20 T 20 b 8 v S B
PR, i X AR RH B 2 8] A B A9 2 X 8k
I SRR )(Scheme 14).

LiO'Bu © Bn—X © H
- H ,
‘ B0

-B'Q, HO™ .\ . ©
B(OH), 1O o t ,O"-'“'X®
'BU x =g, clLOMs C  Bn

\ e

;_ ®
HBn

HO™ % 2 -B% B'Q
P - SANCEN S S
Bu gy’ Li—X 5
J major-products J

0,
Ho B, Z1i-x ©
0
By

minor-products

Bz 14 RIS L) 5 07 IR RR (B K AT BE AL EE
Scheme 14 Possible mechanism for coupling benzyl halides
with aryl boronic acids

1.5 NaOH 1Bi#HY Suzuki-Type 3z X ABF & [

FE TR (I 288 02 V22 R AR = ) AN 25 ) (1 B B A5
GRS, ) & AE X BRI ER R 1) 7772 32 B2 Friedel-Crafts
PRk S AL PRI i AR 1) Suzuki 15 BB6 5 B
B A 5 2 e A9 P IR L EE 261 2017 4F, Salunkhe PR
PROIFFER T —Fhmd. W, SCH A %L, CLFZE
NEEF, 787 R s B 2K IR AT A A T

minor-products
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P PR A8 AR IR S ML 8 T — 2R B AR X FR AR 2R A 5
(Scheme 15). ZJ7iEME ARt 2 15 10, AR 2EAEH
WA I e R EALR, OF HURAT B 1 BE R R
M. TEIX AN AR 1 1) P SR 05 55 B0 1% 1 38 AR BB 2 2
, B SOSLEE AN, AR P TR R

o) =
NaOH (4
@ al equw _ \ ’\/R‘
|7 tol, 100 °C, air \
“ /

43

Selected examples

Sasiieg ol

95% 88% 94%
Q (0] (6]
SRS
94% 92% 82%

B 15 % AU 5 SR 1Y Suzuki-Type 38 AR IR B
Scheme 15 Suzuki-Type cross coupling reaction of benzoyl
chlorides and aryl boronic acids

1.6 EZRR{RI#EAY Suzuki-Type XX BELR R

St S R TS A 9 — P B L A BT T DA ek T R
AL A B — R EE A YAEY T L. 2014 4,
Morken VR EPHRIE AT BEAAEEER P —HlA &4
A AR I A R B, & T — RV AL S
Y. Wir“%#&%u%ﬂﬂﬁiﬁﬁﬁﬁ%%ﬁﬁﬁYil -
S v SRR KR RRIE . X T A FRIZEAE )
fifhfé%%, S A BT R, 940 2 A R R
B — YW R AR, — R R R A B Bt
Ak, 24458 B R BE R S AL & 04 R IO AE, AT5R
AT DAL S 215 B e FE A 72 . W R, I
rhEE DK, oA IR AR AR . TR,
N TR AR A R, B B R A A A
K, REALETCKFA T HEAT (Scheme 16).

XTSRRI LER A 38 B8 H AT REAEAE =P R i ]
P — TR SRBR I S5 T U AL A AT e R AR A A
B A AR A R RES AR T AE R —
AR SR AlA B, =2t W SR S T A A
RGN C, SN RAEREENIEFE(Scheme 17a). A
TR ST BRAEE B A, VR EAT T DL RIS
WESEES: 24 A8 H B R 47 FUTARI R 48 55
VIR EIRG S5 RMNE, 15210657 49 B 93%,
SRR 94%; TiA6EH) 50 (RIUEE A 50%, AR/ T
5%, TN AL T LR AR, KR
iR B FAfEMIATREME. N THIE A B C BTHAKR
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B(pin) . NaO'Bu (3 equiv.) B(pin)
N — et e
R >Bpin) T RTX THE, 3 h, rt. R1VR2
44 45 46
Selected examples
B(pin) B(pin) B(pin)
- Ph
Ph n-CioHps  Cy~ “n-CqzHas
X=Cl:97% o Me Br
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i Ph in)B
B(pin) (p,n) (pin)
Ph? (;
Fh S Ph n-CizHos [)\
X = Cl: 84% X = Br. 99% X> 2%!165:/0

B 16 XL G5 KRR Suzuki-Type 58 AR SR
Scheme 16 Suzuki-Type cross coupling reaction of deboryla-
tives with halogenated hydrocarbons

(@) , , R0.©
Boin)  ro" )Z\(l:n) B(pin) B(pin)
R

RO B(pin) R” “B(pin)

B(pin) deborylation deprotonation ~ complexation
A B Cc
© ; . NaOBu (3 equiv.)
B(pin) B(pin) 7-CoobagBr
. + .
Ph b B(pin) BnO 4 B(pin) THE
47 48 rt., 3h
lpin) B(pin)
Ph D CigHas-n BnO g CioHps-n
49 50
93% yield 50% yield
(94% D) PR
(c)
19B(pin) NaO'Bu (3 equiv.)
Ph n-Cq2Ha5Br
B(pin) THF, rt, 3h
(S)-1%B-51
10118 pin) 10118 pin)
Ph -
o CizHag-n 7 Cggsn
(S)-52 (R)52

B 17 XUl A5 s AR AR B SC LR 56 U S 56
Scheme 17 Mechanistic verification experiments related to the
coupling of deborylatives with halogenated hydrocarbons

NEFREYEIRN, A AT TIRA R AR SEe, B
N LA 1B BRC I S-F P 0 51 AR, bR N 2%
PR AT LA E] R A1 S MBS EY), U s BN X i
I EA MR EAL A, SRR R, T

WAL O B RECR S, IR S B4 P ) R E) A C
Z 5 R, B4 H(S)-51 FI(R)-52 K737 A
A 1B F1 "B (Scheme 17¢). &M [F 4 Fbrid sL30 45
o, FaA C BR[O F bR i SL 00 W 22 2 i s
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WAERGHRNET ASERRMGSGE R, FIR M
AR R AT Be 2 7 T BB J2E LA 7= AR ok B S
T IFE.

Zet SR R A DA RS, Bk i 2% [l Az BEAE
Z N HLE S kAR 2020 4E, Ohmiya BRI 294
T8 TORCT AR AR I = R B 5 e 2 B 5 2 0 FE AR
FIM Suzuki-Type 28 XARBRI Y, Rk T K ALBH
ZEtr e, 12 NI AN [ 2828 [ Je R0 5 56 55 F AR 7
B BUT AR PE, SR SR A% R 52 PR T S R I,
X TR BRI s AR 5B AN BE R A2 (Scheme 18).

. 2
Ph_ B(pin) Cl _R* KOBu (1.5 equiv.) Ph R 4
2 4 B E—— 1 R
rR” R R3 dioxane R s
- R
53 54 100 °C,3h 55

Selected examples

68% 53% 2
O Ph Me Ph Me Ph Me
O nBu)ﬁ/ Me nBu)ﬁ "Bu
0 Me NBn
60% 94% 62% 88%
RE X KO'Bu (1.5 equi N
Ar1><B(pin) * LIS e ar
dioxane
56 57 120°C, 3 h 58

Selected examples

Me Ph Me_ Ph N Me_ Ph Me. Ph
"Bu | X tBU/\ﬁl/\j ’Bu>© By OMe
_N =

91% 68% 39%
96% °
x:(fN X=CN X=CN X =CN
82% 88% 41% 66%
X =0Me X =0Me X =

B 18 B IEINERER 5 5% AR 1Y Suzuki-Type 38 XAHEL
S JSE

Scheme 18 Suzuki-Type cross coupling reaction of tert-benzyl
borate esters with electrophilic reagents

RN TIRFUR N AT Be&e g 2, AE vt 7R
o R S0 R SIHLER AT TR, 4 R AR
—RUNREE 59 N NI, 1520 B bR ek A H
etk (Scheme 19a). M SFNEEARH K&, 41 Schlosser’s
Tl A L 1) 4 Bk £ S 1 R A, AR IR T SR 60
SR 60 h, AT EALL 64% KU A5 2 B bR /=4, X A4S
RERDY R4 R —8 1A, #id NMR 6

W RIS 26 2 5 B I A2 T8 R B ik 61 28 1 1l
&, RAG VI A Y-S b EE AR R AR C—
B #OZWR. N T HRBH—PHNEGEE, fEhRfER

FEEAF T UL 64 F1 65 RJRA, A& BRI S I =4
66 TR R [ gE ), WA 24%, FERIN 42% /K1)
bk g AR 65, S 45 oG A LS R B B2 SCIR 1)
P, UBHIZ O ] RE R T H AR IR, DA b seng
48 T2 S NPT R PRIMLEE A, b 2 0 R e 7 A 0 sk
T T SRk X RIE AT SN2 BISERZ IR N, SEEL
T B 1) 44 22 (Scheme 20).

(a) Me
Me Me

cl
Ve O/ KO'Bu (1.5 equiv.) Ph
- + H
—Ph O dioxane

Boin) 60 100 °C, 3 h o g

(R)-59,97% ee 58%, racemic

Ve, Ph KOBuBuLi_ Mey Ph e Mo Ph
Me” H  c-hexane Me™ "+ 25°C,5d Me
25°C, 2d o

() cl 4 .
Me)<ph Me j\/j KO'Bu (1.5 equiv.)
+ - -
Me” “B(pin) )\/\ dioxane

Me o O
64 65 100 °C, 3 h

cis/trans = 34:66

X

Me Me

Ph
Me “;:}O + )Mi/\Cl/Ij +
Me)\/\o o Me o" O

trans-66, 27%

Me
Me

trans-67 not deteced
42% recovered

B 19 BURIENER R 55 28 A R B AE LB IR S 06
Scheme 19 Mechanistic verification experiments related to the
coupling of fert-benzyl boronic acid esters with electrophilic
reagents

%<Q _Base %/Q X—R
B(pin)

B 20 BUREEIERMN 5 ok A kR I T e A AL R
Scheme 20 Possible mechanism for coupling tert-benzyl bo-
ronic acid esters with electrophilic reagents

2 SRAHRFIZHMN Suzuki-Type 32 X {EE:
R

2014 4, Aggarwal P8 H B E T — g AL )
PR FE —RINER NS . — BRI 5 77 F IRk
YL Suzuki-Type 28 XAREK M. RIS BiH, FPEH
R e 5 05 FAR R I AR BB RR SR 245 &4 70, 145G
VITE S 63 15 B R S B J5 A LR e PR S 7, s
RN N-RAUT ZBEER(NBS), (HX T —Le4E 1)
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JERA T B A NIS AR g v, DA S0 05 PRk — 20
1. fEE IR ATRER R ALEE N, BFRES T39I & 70 K4
1,2-3EF8, SR T M BRI ARY, f% & 15 2 S0 AR NS S PE AR
W= 4. %716 DAY e B = N ER I 1) 05 B4 ) i,
AT A8 g B A O S ST AR S 1 () 2= B 0 (Scheme 21).

JEAAE & PR TR IR, AT VAR E BT Tt
TP HE, TIRIR | Ry | M| R ARG B S S P
2R AR AT LAY R B 3 N Je s R, A ERA ) R A

lithiayion
Ar—BrH ——————
68 then RCB(pin)
R* R!
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 69
0,
B(pin) o~ H
N 73
Ph
72
Br.
Br : N
0= 1,2-shift
(_B(pin)
/”\\/2\\
Ph Ph
75
A= 21

O

WACTTIE 78 I IBLRENRA A A (H 2 25 & A H 4]
ERED 19 S5, 15 21 2 0 BRI A
Y AEST 3 SRR ES B =Y. SBOX b2 AR AT
AE 5 R R IR A B 12 iR eh 13 B1(EDG), LA78 A
SNSRI OL T, AR A T DR B B S 1 1R Ao
Pk sp? e O IR L. TE 79 R BRI IE T, X
TR N ANAEAE, BRI SE KA sp® Bk IR AL S B
(Scheme 22).

Ar, ©
RZ B(pin)| _NBSINIS RZ Ar
R R R "R
70 7
B
C
4
I
o .
B(pin) NBS
74
elimination o /5
: %(pin) H
Ph/”\\//\\

77

B TSR ETERER Suzuki-Type 38 XARER R B

Scheme 21  Suzuki-Type cross coupling reaction of electron-rich aromatics with borate esters

MeO B(pin)

©/0Me

Ph/ﬁ\\//\\ Ph/ﬁ\\/}\\
78
‘ elimination ’
[BrT~
Path A Br %
o) 0" 2o
Ph/A\”//\\ ph/ﬁ\\//\\ Ph/»\\//\\
MeO
ot Br
I:3(pin) Ph/\/k
PR MeO
79
@_ Path B
[Br+] ) B(pin) Sg2inv
Phw fast
[Br+|
B 22 BT 7RSI R R B 0T RE A ML EE

Scheme 22 Possible mechanism for coupling electron-rich aromatics with borate esters
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2018 4, Shirakaw i@ 2B F| H — 2,38 5 55 5]
T 52 7 R i) 6 5 BE AR, SEIL T F TR AL 1) Suzuki 38
N AR (Scheme 23). TEIZ I N2 AF T, BRIk
KT 99%, AT 5 5= 95%, EIEE I
RN MR 2, AT SRR TR, TR AE
A 22 R 7K A S 3 T AT A IR I, T 52 i 1 B
ANEES

(1) LiCl (1.5 equiv.)

Ar'B(OH), + EtyZn THF, 23°C, 1h Arl=—Ar2
(2) toluene/THF (V:V =1:3)
80 110 °C, 24 h
I—Ar?
81
PhB(OH),/(PhBO), yield
9317 95%
79/21 54%
1/>99 7%

BRI 23 J7 SO IR A 2 B2 0] e 12 R 5

Scheme 23 Effect of the purity of arylboronic acid on the reac-
tion

N T E R 55 BRI R i A2 W R B AT 5 S SR B SO,
3 A2 LR ) 4 57 R 4 0 2% AR RE Al _E i A\ B T A
S, AE 35 CIRML 12 h, RV ESHRIG MABREREE,
ZLLL 64% M SR B 0T MR ATAEY). (AR T =
#| 110 CH, A EtZn 1 LiCl AbFEJ5 MR S5, LA
20% WA R B T7 FEMI IR AT A . PRIk, A 2 DI AE
reim &, 07 R AT e AL O A AR 2 s ] A,
IX G e [A) A AT RE S AT O B S R FL IR 3 A A R
(Scheme 24).

HO\></OH

Et,Zn (0.75 equiv.) (3 equiv)
orB(OH LiCl (0.75 equiv.) NH,CI (1.5 equiv.)
(OM)2 = Guene-THF (VIV=1/2) 23°C, 10 h

temperature, 1 h

MgSO, QﬁL
12h B.

Ph™ "0
t Yield
23°C 64%

110 °C  20%

B 24 U DT SRR — C IR A T A Rl
Scheme 24 Elucidation of the species generated upon mixing
an arylboronic acid and diethylzinc

DRI, A Ao PR T -5 S R T I e 2
Jl 5 BRIk, SRS AE 110 C R 5 BRI T SR
S RL 24 h, BT BL BB R IR 7 AR A B R SR AL B
(Scheme 25). 1ZJ7iE HA BT I E REFIHAIE. M,
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77 R M o A7 5 [ A7 L A W L7 B8 v 7 R A 2
I, SN2 e LAR R SR A5 2 H AR 4. A, X

I AR TT RN 57 I R P e L 9, B M) 5 A=
(1) NMP
(Ar'BO); + ZnCl, + KOBu 237G, 1h Arl=Ar?
_ (2) Ar2—I|
1.2equiv. 2.1equiv. 1.5equiv. 110 °C 24 h 99%

Selected examples

MeO

95% 87% 91 % 87%
97% 86% 95% 92%

B 25  J7 MR SRR Suzuki-Type fBHK N
Scheme 25 Suzuki-Type cross coupling reaction between aryl
boric anhydrides and iodobenzenes

ANk, 1EE L% T 40 Scheme 26 Fizs vl BE
BUHE: 76 il 05 S0 BRI 2= 5% A i PRI, IX Fh
TEIEYI R A %N Ar'—Y. Ar'—Y B I—ArR 40 B T
FE(SET)F= 4 [1—Ar?]) ™ H HHERH & 1 ek, [T—Ar]
5 Arl'—Y MG EI[Ar'—Ar] A, [Ar'—Ar]
(B4 5 T—Ar? B PR (SET) 5 2 H AR =4 Ar'—Ar?,
FEE BT A I —Ar?) ™ B H B B R ak 2 5 23 1)
PG .

Fh :
0O-B : 0-ZnOBu
Ph—B O * ZnCly + KOBu —! ph_Bi
O-B ' 0—Bu
Ph

active struature

0-ZnOBu A
Ar'-B —— Ar'-Y T vI
0-Bu I Ar—Y
! active struature . K
, SET _
A ~ [ A1 [ Ar-AR|
ASY [ Ar-y] w
1 2
Ar'-Ar, Arc—|

B 26 J7 EEOIERIET S5 WOR R I AT AE A HLEE
Scheme 26 Possible mechanism for coupling arylboronic an-
hydride with iodobenzene
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BHLRAILE TS 2 WU A EER N, JCHEE
4T, BRSNS S A e, 18
2020 4F, Aggarwal @ 4 B2 8 1 BRI 1 S AR IE R
{10 R PR LA R 0 AR A RO, 8 e T B A A
(LDA) 55 5l B I Ji A7 A RS 11°) St il B G o ) 4, 80
PUE ) 1,2-3E R FE, 25 Bl Ak BB Ak,
AT LA73 5045 30 5 H AL B R R A . 1 RN
RIKYEN T 5, B ReHEHe AL, (A ERE,
%R NAR R BE RN T — S B AYNETE S AR, B
WRHEREATAEY) . B3R A HHERSE(Scheme 27).

3 BN FIRIFER Suzuki-Type T BB KR
i

3.1 BIRLAMEIHA Suzuki-Type XX BEL K N

BN T AL O BN A HUAL =B S ) — AN 2
Y. 2018 4F, BHIREIAPURIE T AL &Yl
(5 S AL AN 55 FE R 1) Suzuki-Type 38 AR SN
ZITE AWM TRALE PN AT, KoPO7 N,
110 “CI N 48 h, 15 2175 i A1 L0 ER s AR X 7= 4
FERIEF] 86% (Scheme 28). LATEFEJRAN 4- F A FE 21
TR AR BLJEYD, KaP2O7 NFETHEALTRIEEAT 1 k. 248
Al catd LRI, ATRALL 22%FIU0R1S 328 A Ik
FEA, AR WS B K B I ORI R A e Y AR
B, [FET cat.d [ a-Bi/E T BB &5 1 I 25 & s 1, Bl s
K&E o TRBEHE, SEUBMFIS RIS N T Bl
TR a-BR IR T4k, X =55 FEBAL AL T O Rl B AT
T AL, cat.2 AT BARAF 2] 10% 1158 AHEL

) FCH,! (3 equiv.)
B(pin) LDA (3 equiv.)

W, ABE R I N B S A 2D S R A
D5 A A TS PE S R, EAEA cat.3 AL
I, BL21% M 345 258 BB ), " FEIREI AR 40%,
FHEDUSCARAR ) S5 R W] R A TR SR A I 3 55 R 45 2R,
SR AZ M R B RRAC ) S A R T Eh P A R T R i
WA EH NH RN, SnEeAIRsRzE, A
BB AR IS T, (HORMEREE N-"NEAL IR SN k2.
AT cat.8 AL NS, DL 68%MIICRAZ 2] H br
Y. TR ERRAE AR R P B o AR R ], R
W SE 4 R I R TR T 2 86%.

RV EANEDTFURIN, w07 SRR B L
M) S REVE P, Sof AR . ORI AN 9-SE IR I
JEIIE, USRI REIA S 80%. R G I H T HUREE R
75 FETNRRIE AT BRIV B 2 R YL, 745 5 5 W S A
SOBE, AH I 22 B S B . IR AT RE T 0T B R
A 12- ), BT SR AR VR SE, A REEUAAH
&1 sp* Ak Bk b 1) 2 i A4,

TEE 4 T T RERINLIE, A HLRALYIRE R 47 156 %
B SORA BN LIS, ERAAERI RS, AR
HEAL T 5 i ARKE S 2 A Jlefint i SZ A b ), it i Sz A
R4 5 57 R S A B PIVE  T-) “ate™ 2%, B
JERAE 1,2-05 R, AN %, T2 o i
B (Scheme 29).

C(sp?)—C(sp®)3Z AR E AT LA b A ] sk 1
TR, HJ2 H A& TR ORI T 1o G A
2022 4, BIHIREAH BYE 2 HT B Fe R AL ol T —
v 0 P B BILR IR A 77, 7 55 JC AL BRI AN A 2% A

R1/'\R2 THF/Et,0, -78 °C

) FCHal (3 equiv.)
B(pin) LDA (3 equiv.)

R!” "R?

THF/Et,0, -78 °C

TBC (3 equiv.) CH,F

TFA (20 mmol)
CH,CI, 25 °C R "R
Selectfluor CHF,
AgNO4/TFA

CH,CI, 25 °C R" "R?

Selected examples

FSC\©\/\

42%

MeO

63%

Boc\,\(:L
CH,F CHF, NC CHF,

36% 52%

Me
R Me

Me 7
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TBSO“' H

44%

B 27 BRI ) S AL 3 ) H SRR — 380 Ak

Scheme 27  Stereospecific mono- and difluoromethylation of boronic esters
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= = KyP507 (2 equiv.) = =
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Q @@M O oo
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cat. 1 cat.2 cat. 3 cat. 5
,?\r
Me Ph N OMe
N N L
oD OO :
) S cat. 8
52% 62% X =Br68%
cat. 6 cat. 7 X =Cl 86%

Selected examples

4% X= CI 74% X =CI

79% X = Cl 74% X = Cl
(I O L
NPh, O OMe cl oM
81% X = Cl 84% X =Cl 61% X = Cl 52% X =Cl
Me. Et

Cl 51% X =Cl

65% X=ClI

Q. (x

Nucleophlllc o 1,2-metallate shift ~ B(OR),

\B@R»
O—B (OR),

"ate"comlpex

B 28 FEp Y5 T EIMRE Suzuki-Type R R B
Scheme 28 Suzuki-Type cross coupling reaction of benzyl halides with aryl boronic acids

\cg/ B(OH), T, SEHL T T R IR AT AR AN O B R AT AR ) < TR

B0t O)\ L?(OH O/KO C(sp?)—C(sp®) k. ﬂ’F%ftﬂiﬁﬁEWUi&Hﬂ‘ , ﬁ”%‘% Eﬁ

3 ot shi IR, RGHRALIR. A AIEIE, BRI

Zuwitterionic ate comlpex +H,0 REH BT (EFEFITE R, SRR

-B(OH)3 Ji IR AT e fRE AL R R T SR IR I 7 e, RREBR R TE R

~g ~s~ | F AT 2 I T [3, 3] B HE A e e 751 2 A0 R A0 s P A 1)
@ Organocatalyst EUF%(Scheme 30).

&mww SRR P o A B A R B, A IR SR [3,3]

HEs B A, RERAE AR S M. DR AR 255 X e A4 771

/ KC) HEAT L TIEM, 1 NS READRLI NS, RO

505 A B VR I 2 AR B S PRSP R Xoray

A SO SERITT LUV SE 3 P LR AL N, BRI AR Z A R

Nz X —J )7 %% 3 H) He Y AT A o e S T e

Scheme 29 Possible mechanism for coupling benzyl halides PHLLE 780 %7 SIS A P A S R IR B IE PERT jl‘
with aryl boronic acids RI, JBRE B R R R RO 2
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AN Ph

charge modulated
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BK 30 AHLN TR R

Scheme 30 Deactivation of organic small molecule sulfur catalysts

P, WEEA N M. BE. 4l BRI, & R
SR IHER 2 A, X Ty R, B
+ 5 R ) 5 SRR A AT LIRS N, TG e FE R
L 1 05 S R U Js 87 AE 2218 HL 6 AL AR, SR IR AT
e KT % EAR T M 1,2-E8%. ok, &
AL R A RO BERY), Bl T &
Mo MERR . A AEE. PG aREE. PHEERE . MEBEAI4EA R
IR, SRR A A2 e B2, FF HAR TR 344k e B2 AT 3k
3 R 4T ()7 % (Scheme 31).

2019 4, Taherinia ¥&IZHBSIDL — H R AR R ¥ 71,
SEMNBONIE, IS T 2-5 5 ORI AT
5555 AR 1Y) Suzuki A8 AR BL. JER A& MR L%
W, AT B SR, RBARE KA, &
Wi oL -2 A AT R R RS M m = T S A
FIHAEY)(Scheme 32). % W o] BEZE [ ) e S ATLEE
R WS R AR R R AR R SR B T, R S X

- B(OH),

IR P B TR # A2 BT ZE 25 1 H B 2 a, a LB
BRSO ik B SRR, 05 R e R 5 LR I
AR 355 FE B 3 R A e, ¢ S5 AL ERE F LI AE K
FEAETHBE, RERER-AETSE5T B
W, RIS H FRrey). tesh, ZHETRE B S
2-SRBEBA T SN, A AR A B . R R
S th 1A R B ST, AL AT HORE G 1R Siz g xf ik
AT 5 1IF(Scheme 33).

3.2 BHEELE Suzuki-Type 32 X BB R K

2020 4, BUAKER A PORIE T = IR B EL 1
77 HE AN A 5 05 FE R ) Suzuki-Type 28 AR %
M. JZ&AF LA NN-—F I 2 (DMA)Y AYE 7, BRIR
OB, 7 130 Crapls T 12 h, 7T BARL R 4l
BN AR =, R E T TR, 1% MR
VG HE A R, 757 2 44 2R s AL A PR T R I 1 ]

cat.9 (20 mol%)
K,CO3 (2.0 equiv.)

R1 + 20
2O Br R~

= Dioxane (1 mol/L), 75 °C, 24 h

Ny

\

Selected examples

)?\/\/©/0Me
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o_M
/ﬁ\/\/©/ \r
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/\/©:OM6
= OMe
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A
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)k/\/ij
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(e) 74
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HHVIN THABLI Suzuki-Type 38 XABEL [ B

Scheme 31 Suzuki-Type cross coupling reaction catalyzed by organic small molecule sulfur
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B(OH), A X 2-mercaptoethanol (3 equiv.) Z 2 r
+ R -
N DMSO, 80 °C
84 85 KOH 86

Selected examples

80% 35%

2z

OMe
68% 57%

e ad cadisadiva

60% 78%

85% CFs 759

B 32 J7EMIER 5 07 2 s (b Suzuki-Type (5K 3

Scheme 32  Suzuki-Type cross coupling reaction between aryl boronic acids and aryl halides
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S S< OH

g HOT HO > ™
0 C g :
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Ar
a
d _
X
KOH

B 33 Ny Tafeit Suzuki-Type fHBAT ERFIHLEE
Scheme 33 Possible mechanism of Suzuki-Type coupling facil-
itated by small molecule sulfur

AL X T SOV i) PR AR 2 1A 32 H mT Re AL
R #2(Scheme 34).

4 HESH Suzuki-Type XX BER &

2019 4, ZEAZEREHBRE T MRS m L
EWE 7R =R EE I Suzuki-Type 28 AR S
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B(OH), PPhz (40 mol%)
]\/j/ @ Cs,CO3 (1.0 equiv.)
DMA, 130 °C, 12 h N/

Selected examples

e O”©
» “(;I:

91% 90% 90%
Ph %
X X X
7 Z O 7
N H,CO™ °N N
81% 93% 94%
89% 92%

B 34 AP Suzuki-Type 38 XABEE

Scheme 34 Suzuki-Type cross coupling reaction catalyzed by
organophosphorus

V2SN SEAR IR AN, 75 TR R/ 7K TR A R s i K 280
nm YIRS, 15 °C B 10 h, Tuuﬁcﬁﬁﬁqﬁciﬁim
X ABBCF=Y)(Scheme 35). 2473 23t B2 = 4 FF IR AR
B2 R N A B G R S RE v P R s RS 3 FH Y R A T
PRITIT I, FCI R () S S5 A48 A 5 v (1) ' e AT T
S, AESRIRER 75 BN A5 R A7 3 3 4 i 45 1A [R] [X 33
TERFEIE R =, BT 1 — a5 AR H HE N2 s SHLEE AT B
217 BRI L
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Selected examples
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82% 71% 50% (04101

70% 50% %80% (0.6:1:0.2)

BR 35 S Suzuki-Type 28 X AR )

Scheme 35 Light-induced Suzuki-Type cross-coupling reaction

Xof B Saer a8 AR W, P EAE e BIGR), X% AT
AR A R, HAMOGEUR X 2 &M 1 e (2 24 H
i DFT tHEAIEMR 22 i 2B 7T, 14t 1 R
A SOSEATLER, A A S i = i PP R R AE DGR SR R 7
ARSI a F1573E =0 IR RS by B
KA b BABERRE RN, 8 SR a BH TR
152055 FEBH B 7 Bt rp A4 ¢ AR RS - | rh oA
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BT, SEHLBRAR B ) RIS 2 (W) {4 e; rhIA]A e 5 v 1]
A d BEAT B TR e A AR IR, R RS
W25 — B AEH (Scheme 36).

c

B 36 J6iES Suzuki-Type (IR GERIHLEE
Scheme 36 Possible mechanism of light-induced Suzuki-Type
coupling
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T SABBRN, EEAFER. 4 EA VR LA PN
AR R B BT PR, Joid I R A4 1 Suzuki-
Type 38 XABRBE R B A4S T — 28k g, (H72, TIfEfE
— UL R B PR R KR, R AT T, TR
R 3E (0 AR B s IV AT AT 7 AR FH — LS s, 9 i T P
B OBUT AN SmANLGR. X EEsRm i i A
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