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Recent Progress on 1,2-Metallate Shift Reactions Based on
Tetracoordinate Boron Intermediates
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Abstract Organoboron compounds are important and versatile synthetic building blocks in synthetic chemistry. Owing to the
unique characteristics, they manifest great value in organic synthesis. In view of the versatile transformations, migration reac-
tions of organoboron compounds have attracted great attention from chemists in recent years due to their high efficiency and
mild reaction conditions, which are widely utilized for rapid constructions of carbon-carbon and carbon-heteroatom bonds.
Recent progress on 1,2-migration reactions based on tetracoordinate boron intermediates is summarized according to various

reaction conditions and bond formations.

Keywords carbon-carbon and carbon-heteroatom bonds; tetracoordinate boron intermediates; 1,2-migration reactions
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Scheme 1 Migration reactions based on tetracoordinate boron
complexes
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boronate complex
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Scheme 3 Synthesis of allylic gem-silylboryl alkanes
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(1) n-BuLi/K(O'Bu), THF, -78 to -40 °C Me3zSn_ SiMe,Ph
(2) Me3SnCl, THF, -78 °C to r.t. Me;Ge™ Bpin

Tetrametalmethane

ER 4 L . . BRI AR
Scheme 4 Synthesis of boryl (germyl) (silyl) (stannyl) methane
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SiMe,Ph
59% vyield

B 5  3-0like-3-REbeHA T H 414k
Scheme 5 Synthesis of 3-boryl-3-silylcyclobutene
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Scheme 7 Asymmetric synthesis of allylsilanes
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Scheme 8 Stereospecific mono- and difluoromethylation of
boronic esters
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Scheme 10 Deoxygenative gem-diborylation and gem-silyl-
borylation of aldehydes and ketones
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Scheme 15 Modular synthesis of azetidines
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Scheme 16 Difunctionalization of bicyclo[1.1.0]butyl boronate
complexes

Chin. J. Org. Chem. 2022, 42, 1013~1032

© 2022 Chinese Chemical Society & SIOC, CAS

Bpin R? o3
R' LR
/ R R-M (1.3 equiv.) Electrophile (2 equiv.) R (.~ ~E
R2 THF, -78 °C ~r.t. THF/DMF inB""’
R® P

® A

B 17 P OIEEMIRER % ST 521 1,218
Jpi

Scheme 17 1,2-Metallate rearrangement induced by ring ex-
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Scheme 18 Deoxygenative arylation of aromatic amides with
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Scheme 19 Enantioselective catalytic 1,2-boronate rearrange-
ment
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Scheme 20 1,2-Migration between trialkylboranes and carbon
monoxide
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Scheme 21 Stereoselective synthesis of alkenes via Zweifel
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B 22 TSR 1,2- 8
Scheme 22 Proton-induced 1,2-migration of lithium Ethynyltri-
alkylborates
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Scheme 23 1,2-Migration of etheny- and ethynylsilylboranes
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(Scheme 23, b).
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R = SiMe,Ph, up to 89% yield
R = Bpin, up to 93% yield
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R2; <X2 (2) R-Bpin R2 (R
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deprotonation at -90 °C (X2 = H)

1 1 R (x'L*
R>_<X R-Bpin >:<_
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Scheme 24 Synthesis of 1,1-diborylalkenes or 1-boryl-1-silyl-
alkenes

2014 4, Aggarwal @ H 2538 T JCid U5 2 )8 1

’ 1,2-migration
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OO WA AR N = e R IR S s T 0
BRI TS IRIBETTIE, s pee v st g
sp?-sp® SESE AL T —FhAHr i SRS AUE A 7. 1ROV
A RUFIE RERIHANE, MR T 4.
S5 NE S 4 B R M A R A T R e DU T A7 P B TR
HE ik, SRIGAEA TG E GRS 5 4 P SLAERE M 1
1,2-3E%%, B 5 I3 Bk 72 2507 05 W A0 S 13 3 i 4 1 18
=4I (Scheme 25).

n-BuLi, THF NBS R3
[\ _-78°Ctort. 1h [N~ |-78cinl \5.,,,¥/R2
o - o5 | 0" TBein, 0
pinB, R /’er R!
then -78 °C A R R2

up to 91% vyield
96 ee
I\ - =
Bpin NBS Br— NP g 12shift
© /V\ Aromatic electrophilic 9 B\
R” "R' substitution R OR!
»—Nu
~ @& elimination /7Y g
Br R o
© R
R

B 25 Jor LRI X R FEAE K sp?-sp® AOAEIER S
Scheme 25 Enantiospecific sp?-sp® coupling of alkyl boronic
esters

2015 4, Sawamura BRI K H —FhAr B

1 2
X=0,N
Y=0O,N,S
N, Bpin HO Bpin
3 ©: — or — av/
X Bpin R Bpin
/tBU /’BU
H-O ) H-O
/ Li Bpin ( Li Bpin
N bl 0‘5 I
@E U S IS
X - R -

\

or

Tl 14 A P 3 T A ity o A5 A 2 R e g I I U 4
JEZAT TSI 1,1- 0 OB, 12 B LA IRV 771,
16 40 CHERMZFM FRIATHT, &—ME R 1,1-2=)
W51 A1 38 J7 15 (Scheme  26). 1% S I 1] DL 3 25 4% Fh oK 3t
W, FETNREREE . PIARBEIGAT 2- 2 dkme, 733111
FEPERS 1,1- R ERAE A LA B A R R
1. FSIATRENLER AN R 1 e AR R 1 7R A B
REBRRU T IR R 05 5 T G ek 8 v ) o B
Y, B SN 2 DRCAL S 7R B o A7 R
TEEREWHFEH T RAEMR 1,2- 85205
B VBRI N A, R RUT R EE R R 21
PR, S8R AR A A A, g TR A R DA A S A
W RN R E BT 3.

b5, Aggarwal SEfRiER T B & F MR EE M
SRS FEMEIIR SR N, B, TR Zwifel itk
S B H LR A RS rARRRD, AT DAAS BB A s X
B JG AR, ST BT A 2 AR AE T F A LT 50 A A
FTAE o sG], R DA R 1S i 0 = R 1
), CEARFZM T EE R AAZ FEE(Scheme 27).
1E 2019 4, Aggarwal PREZH 28 I 1,2-3L 7% (1) SR IS & A%
T—F4 1,3-“HBURXGA[L 1100k, o sl i % a0k
FUISEAZ 3 B S B A B (R 2, 4k 1T -5 s L R I T
A7 75 2] DY P, PR A T R T 6 mp R, A S 7 AILEE T R

2
N Bpin
\
@: S—==—Bpin
N >
O

LiO'Bu (10 mol%) Y= __Bpin

CH4CN, 40 °C H  Bpin
3

up to 89% yield

0 o+
»M—="LiBuoH
R

1
or

N — o+
@E S—="Li"'BuOH
X

N
Li'BUOH

Bpin

>%épin
A =

Li'BuOH

B 26 A7 BTSTARS Bl e 0 1 A i e Je AT PR A0 0 e I 14 52 2

Scheme 26 Bronsted base-catalyzed reaction between terminal alkynes and bis(pinacolato)diboron
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Bz
R6 (R?
I @\l)‘\Bpin
R® I
7—Bpin—

WM + (R7-Bpin re @RI

ArSeCl N
- Bpin

SeAr

base
anti elimination

oxidation

_ oARaol
syn elimination

@yI\RG

up to 88% yield

RG

@l

B 27

up to 90% yield

TR RO R IS SLAR 2 R R R S A B

Scheme 27  Stereodivergent olefination of enantioenriched boronic esters

AT R 220 Zweifel MR A4 S M7 31 i 24 B4k

R3 0 Ar
NN | W
K17~ #)(Scheme 28). R1| Bpin \;\‘o op, 310 mol%) ®é) gpin
_spr —UOmol%)
@ _ 0 R ~\
R®  Bpin sz Li 60 °C, EtOH i R
= 0.3 mmol 1 2 0 4
'} Ar-MgBr, Et,0 R R 1 | OO
— 100°C, 1h LiCI (2 equiv.) —— H= R | N se
L ArS . Bpin | Nt NG-Pr),
I, (0.3 mmol) R" R > !
2 up to 88% yield !
MeONa (3 equiv.) 96% ee I 3

MeOH, -78 °C to r.t.

AK—<R3
Ar

B 28 13- HURBIA[L L1 IbE i A A
Scheme 28 Synthesis of 1,3-disubstituted bicyclo[1.1.1]pentane
Ingleson RPN 2018 FEHRIE 1 # M 5 HrR il
el g — R R 03 P WA S 5B T 1,20

B 30 %o B 43 0 B U A 1 P A7 B B T P B B A I
I

Scheme 30 Enantioselective, lewis base-catalyzed carbosul-
fenylation of alkenylboronates

R
% LA 1 BPhs #19-Ph-BBN 24 ATy R AF Il 55% ik 771 - BPinRLiELO ° BPiNpS 0,5, H, 2 - ¥ Bpin

SEPUE IR UL, 153 1,1,2- =04 ) P2 Y0 (Scheme . 78°Ctort b, | L2 CH4CN, rt., 12 ht. SCEH
N N N N 2!

29) [EJE'E Denmark ﬁ@éﬂ[zgl?&ﬁTﬁjﬂﬁ)ﬁ;ﬁ‘ EE[[Z&};?U%E up to 78% yield
dr>20:1

B WWAERTESMEEMRESN 12-2#
(Scheme 30), J 3B A R 4 (1) X0 Bl e 5 14 A0 6 e ik

EE

BRj3 = BPhj, up to 71% yield

\N SC

R3 @ 3 3

R1 R
Bp 1 98 R

in 1 ]
]/ R3LI/EL,0 Rﬂ/ o) j/Bp'“
- . ® — >
RZ 0 °C tor.t. R2 Li CH3CN, -40 OC, 12 h R2 -.,SCF3

up to 88% yield

BR; = Ph-BBN, up to 52% yield ER 31 EHEBRCEGRAISE S G EMEREE T 1, 2- 2Rk
>
B 29 KON 5 Wi 7 5 I 0 s TR Scheme 31  Electrophilic fluoroalkylthiolation induced dia-

Scheme 29 Boryl-anion migration induced by soft borane Lew-
is acid

2020 4F, PEH IR UREA BULE 2 Hi A [ 56 B 55
SRR SR 2R 1,2-10 8% B HE Rl AR b, HR0E 19
B BRI AR RS 31 Zweifel OB, H
R PR 60 PR R et = 3 PP R 37 20 ) E AN (R ) 2
T S AR S AR — g Y A R = 98 FP R A, AT
JE BB, SR AR EE T, AL & A
NEFAE. [FI, 72 A e R D R FE R
I, 49 203 ik BA AR w8 4 XS B # 1%E (Scheme
31). [F4, Studer PRGBS | — Ml 2% 1,3-X-(ll
FLY ot e K0 e 28E BT VE, A SR AT L e SE ) il PR
1020
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stereoselective 1,2-metallate migration of alkenylboronates

AR08 B B R 15 (LCH Bpin) /6 24 37 284 (R0 53 F k), mT A
5 VUECAL I LI R Sh 4 W R AR S IR 1,2-3F
%, HEZEBERFEY)(Scheme 32), — It Al LAEE] 1,3-
K- ( 3 ) e Je 3 b B A B 3L e A A A AL (1) B AL
W, A BOZRA S IR AT SR AR b2
[CEESIER

1E 2020 4, Martin W4 P H T Bl 10 oA X nT
A A i i I ST AR B M AT Ak, BERE i R
il 86 2 B T IEAT A B 1, -0 R R SR AL S 4.
R & WAORERIR T, #4870 CRIRMEMET, 1,2-—5&
CHEAEHF, R TR S A LN = F R R
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P

o Bp|n
%5% 0 1 Bpin

Ry Li
SN
Bpin ( second 1,2-migration
first 1,2-migration /i\/B
pin.

B 32 BIRRMR 5 T L AL 1,2-00 8 SR
Scheme 32 Boronic ester-induced consecutive double 1,2-
migration reactions

L (KHMDS) 5l 6 7 JR T 45 57 1 H Sz 310 A i bk 42 1)
1,1-1 2 A 2 fb . i OB B R G I S A ik
(Scheme 33), B 5efE KHMDS 1E T~ it i A i Heds 1)
TS RERRRIE F 15 2 DU BC A7 (0 RSB, 4k R
AEREE 1,2-0 8, PSRRI, %SRS B
I & 8 G A I 5 AT ARG B ELAR.

Ha Bpin

. — 1+ EL.SiBpi KHMDS (20 mol%) —
a 3 p DCE, 70 °C @ SiEts

up to %3% yield

Bp|n up to 91% yield

B 33 SLARIEFEVERRAE AT 1,1-0 3 (8 00 e 5 A
Scheme 33 Stereoselective base-catalyzed 1,1-silaboration of
terminal alkynes

[{4, Uchiyama @2H B & T 8 B A ity bk
FEEIVOHNAL S L, [EIAE 2l I 7% SR, oA insE i
RANE ST, X T IR DU RECAL R RER H a4

) 1,2-0E 88, T DU RC A7 f) B R B ER I 2 b 1A 44 i)
WA 1,2-TE A & LA XE ), DFT 1HE R B iZid 7
TERT 5 FHEDGHAT. 30 T RO S S
IER IR R A, RT 05 B sk U, w7 A RE AR o
RN EEUR 75 S L &) 1,2- iR, 15
BT 1,1- W BB 078 1 o 1A A P K 5 TN e A e
Be R AEAIRT 2S5 1) Bpin 008 (1) 0T, m&AEK
HERTFRTWAAR 1L,0,22-IU0k &9, 3kt bg
KA, FTEH 100 CRIMMGEBARE I AL
M iZid #2(Scheme 34).

A4, R IR HD HRIE T I0id % 4 8 5%+
NI AR R A K, A =R T R R, R
PRAED, 120 CFRIE 5 M0 1107 =R A 12
(1) 1,2-1E 8 S 05 B SR NG R, 2R R 1 05
FEMG, —H g SRR SRR A, JFRER T
WS oy N2 51K R . DFT 1HRR ]
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(1) n-BuLi (1 equiv.)
dioxane (1.0 mol/L)

Ar, H
pinB——&Bpin

(2) Bopin, (2.5 equiv.) pinB  Bpin
uv, r.t., H,O up to 92% yield
A
Li i |
S} Bpin
,,,,,, Ar—=—=—Bpin ____EJ_\{____Ar—@ R
| itati .
Li Bpin Excitation Bpin
(1) n-BuLi (1 equiv.) Alkyl
Alkyl—=—H dioxane (1.0 mol/L) pISiEB Bszm
(2) Bopin, (2.5 equiv.)

o) i
100 °C, H,0 up to 57% yield

B 34 AR DUB AL S
Scheme 34 Quadruple borylation of terminal alkynes
RERIHLEEIERE AN R . B e 731 1A 0 S TR i 7K 75 1 R
B, 283 55—k 1,2-57 5 )5 19 B R, 2eid
IR 1,2- 07 BT RS SR KA, 452 HAR)(Scheme 35).

- Ar—B(OH),  KgPO, (4 equiv.) e
R-N=C + ercrooe L
Ar—B(OH),  GCeFsCF3,120°C  , p,
OH - R
A-BOH) g R-N=C AN N
. — HO-B—=N-R—= Il on
-HO Ar—p Ar
Ar—B(OH), oH A6
B
|
OH
R, R\N
NH Ry M ow

_R
HN™ 2H0 )\
)\Ar "B(OH)5 /6 AR
(HO),B Ar

Scheme 35 JOI i 5% fF 1 IRIUUHE N AR I i — 07 56 H ik
Scheme 35 Transition-metal-free double-insertive coupling for
diarylmethanamine synthesis

1.3 BN EMSERKEYRNRN

2009 4, Valdés P& ZH BP0 1 i R HH &k A oM
NIE, EDRBRERVER, 1,4- S NHMEWREHA), 110 'CF
555 HNER A 1,2- 1T R B 07 FAL I =), %R
B B RE A e s MR P, 243 Al g
MR ae R irth 2 5 R, [FIET 68 DU & IR = 26 S
P — BRI SRS, $EH T — Pl B ik B 1) v SR A
WM. [HAFERME, AR TR IEAE, HEM% R B
AT BE AL BRI R i B R ) A T I E B S T
(Scheme 36). %, EEMAY T o] Lod it s
TR EEA A Y5 5 R AE A3 31 DY B A7 14+ 8]
0, S FIE 12- BRI EMR vV, 55—
M, V BRI R = LB R R, Hrh &
BAAEY TG TR N, P A 1R 5= TS 05 B
VEFAR 318 Frh Ak IV, 1,2-3TF8 J5 ERME 21 - 54

N
(|| OH_B(OH), A ~B
J\ I/o I — AI’\/’:(I)
Ar /N
HO OH
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R SR

BHLE
NNHTs K,CO3 (1.5equiv) H R® ‘ %912 i, Eiﬁ”?&%[37317?@%H%E/‘J%MLXQ:FE‘%%
R17OR? R*—B(OH), dioxane, 110 °C  R1” “R2 RUHEAT 7RIS, R TA P FEC A R A e 1 s i o e il o A

up to 99% yield

.y 2
R? Ar B(OH), —= _, &cH
“NEN=( I 2J\Ar ’ RZ/ITAr
|, R v \
\'N2 R! /
* 1 Ar-B(OH) 4 _oH
[ R1/\R2] 2 |:R2 K?‘OH
Ar

B3R 36 RN 3L AR IBG S
Scheme 36 Reductive coupling reaction between boronic acids
and tosylhydrazones

TR ORI 5 AL 15 B R 479 VI 2012 4F, Valdés
ZEDOOITE B R A3 B R SR R ST & R %
R 38 JE AR TR R B i B () B, DATRIRE ) SR X%
A 2 HP s S PR PP T VRN AT, 7 OB 2% A A
TEAEEUE, T DLSZELB AL A 4 1 05 2540 5B (Scheme
37). (AR —IEHZ, I 7 A B B AT KA T
AT DA B e S A A PR =, T R e A R Bl R 7 Ak
BAEINFANT DL AR 2R A B 7=, A BT R
Z M. 1E 2016 4F, Valdés ZEPCI7E 2 Ji i H Ok 5 75 3500
PR S MR C—C BERFERE b, 78 22 K0 B R TR
FU, I %R WS KAL) B AL FE ) (Scheme 38). 2021 4,
Qin PR POISZHL T IE LI 4 8 254 T Eh B R R
it R St R I 1) AR A Ay 7

R K,CO R
x_B(OH) 2CO3
+ e 2 £ - 5
Rz/gNNHTs o 1,4-Dioxane, A sz\/\A,
up to 96%
R! )
K,CO3, CsF, 1,4-dioxane
+ X B(OH), 2LU3, , 1
RZ’gNNHTs Alkyl MW, 150 °C, 30 min
R1
RZV\amw
up to 69%

B 37 IR EEIIR 5 s A A S
Scheme 37 Olefination of carbonyl compounds between acids
and tosylhydrazones

0O

NNHTs
- R\ B %MR
MW, 120 °C
o up to 90% yield

Bz 38 IR AN FE AR ) 22 KT AL S
Scheme 38 Domino carbocyclizations n-tosylhydrazones with
alkenylboronic acids
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IR, 5 IR S NPT A B — R 8 b SRR R 2R
L EY)(Scheme 39). [EE—IRAIZE, AAANFEMEIEA
WA TR, S Sk ARG B DX ). 224 FH TR A0 1 A0 e e
VERIIRI, 28k 8 5000 6 4 AN G e o 3R 1t i T 67
A1 2-IER AR B SR AL A TE F RN AR R,
FRREAE R IR 261 T, BN B 74645 2 B A= 4).
OI RN D7 FE . Witk ISR AL U IR AR BE AR A, 4
AR B e A R, SR A 1,2-1E8 )5 B 2=
W, Zad REN AN E RS . 5 R DL S AN [R5
B doe FE B i Ak B i AR e e ZS . 2014 47, F 8 IR
AR AT RR ) 1,2-3E 88 [ B FE il B AT IR AN,
ZHT B AR IR AMEAR BXUMAL 1) 728, TR R ARERR
TELE. TR TAR A ISR A 7 B S s K AN B AR
O R BN AR, R P DA X5 AT R A X 7] 4 S 75 Bt
FEAE AN RER 2R 4L & Y0 (Scheme  40), B 1Y) % 4 o]
DUBH 2 40 A o 7 ® = A . B, I
SEBTIN Rl S 1) 1,2-3E 7% OBl Tt — R &R, ME
R EIMATA T T S, el TR EM 575
FETN IR AE T I U 45 2R AT T R0 It A1 BB s 7 44 8 e Tl
H#(Scheme 41). LM a-ZHEBEE a- 2 5 O AT H
K, EVAERN G EAE R R EA A R E A SRS
W, 555 MR RO R AE 1,2-1E R kM3 a- 75 FERE AT a-
HEERERE.
NaOMe, MeOH

Toluene, 90°C,3~12h

R Bpin

up to 85% yield

RSNNHTs *+ Boping

NNHTs BTMAC (10 mol%) ) Bpin
)J\ NaOMe HBpin, 90 °C, 1 ~24 h
R R’ toluene, r.t.,, 1 h R R

up to 81% yield

B 39 MIEH A& B MR B A &)
Scheme 39 Synthesis of pinacol alkylboronates from tosylhy-
drazone

R .
. Bpin
w R1><Bpin

R
\—NNHTs NaH, toluene, A [ R>=N2} up to 86% yield
R’I

R1
WR SiPhMe,
"Boin” g
R P
up to 83% yield
B 40 Tt ES R KM FIEA B A LA

L7
Scheme 40 gem-Diborylation and gem-silylborylation of N-
tosylhydrazones
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COOEL NaNo,, NH,CI

B(OH)
@ i COOEt
NH:Cl PhMe/H,0 (V:V = 20:1)

100 °C up to 99% yield

NaNO,, NH,CI

‘/B(OH)2+ rCN CN
@ NH,CI PhMe/H,0 (V:V = 20:1)

50°C up to 97% yield

B 41 IR 6 oS AN 035 NS 2
Scheme 41 Synthesis of a-aryl esters and nitriles from aryl-
boronic acids

2013 £, Molander WEHPHRIET a- =% HIEH
UL &V A R, I A AR B =90 TP R R L ke
5 =R B TR N 2 1,2-iIE s, 1M
Ja H KHF, &b P15 2 5 24 7)) (Scheme  42). 7E 2014 4F,
IR PR SR R T SRR EE A LS 1,2-1T
M SR, MR R A%k 7, KRAEELEMUGT
#, DA BRI 0 A S0 ik 32 35 A28 Ay s <087 X0 = 9% Y 3 1)
AHIALEY).

(NHscl NaNO,, 1 h, 0°C
FaC CIC,H4CIH,0 (V:V = 10:1)

(1) R-BF3K (1 equiv.), [Si] 1.1 equiv.)

rt. or 40 °C, overnight CF3
(2) KHF, (3 equiv.) R” OBF:K
up to 92% yield

B 42 o- =5 R GRS W& K
Scheme 42 Synthesis a-trifluoromethylated alkylboron com-
pounds

2015 4£, Ferndndez V84 PR 1 F 1 AR 5 o7
R H ERAEY R SEIAKI IR 1,1- =81k, XM
ORI 123 BB @A LA & P8 5 3+ 72,
TE 2 10 S 2032 (R 50 A, 1 FE B R AT e s
H R A R FR I A R, A TAEHRIE T
B 2 5 0 5 BE BB )44 &R (Scheme 43). TR &
XU Bpin-Bdan, J8id Bpin #5r-5 EALA A HE A
WEMIRA S T45 4, EZMER RN Bdan 1271t
17 1,2-IER 3, 15 2HEXRRIME R A1, 1%
WEER R AEXT R 2 AL A T R BN, BE
Fernandez P& 2H P E 1 it iy A R 18 e 0 o 1) 5 o
(Scheme 44), X F % BUAR A0 77 A 338 — 25 S e i
btk

2020 4, SCE PGB WONRIE T IR &8 &1
T E AR S A A Wy B R EE 1 A8 SR B N AL A
C(sp?)—C(sp®) 8. 1%/ B ] LLAE I FH 26 2R DL AU
R IRAT BP0 FE B JE EUAR 1 SR By B 22 (Scheme 45),
S A ER 5 Mk, FRREE A TS T I A
1k
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NNHTs (1) NaH, toluene, r.t. N,
R™RI(H) (2)toluene, 110 °C R)J\R1(H)
pinB—Bdan pinB_ Bdan
R™ R'(H)
up to 71% yield

BR 43 AR 1L 1- LS A R
Scheme 43 Synthesis of unsymmetrical 1,1-diborated com-
pounds

hexane, 50 ~ 70 °C Me3s'\(8p'”
SR
up to 95% yield

Me;Si N2 + RS—Bpin

B 44 = F IR e 0 o 50 o X s i e ) 4 N e 2
Scheme 44 Trimethylsilyldiazomethane insertion into pinB-SR

R2
2 Me  k,co, N
R + R2-B, o mm e R |
S o o MeMeCN/DCM, 55°C OH
R? = aryl or alkenyl up to 96% yield

BIsR45  EEEMEL S ) LR BNRREE 1T C(sp>)—C(sp?) IR X
M
gcheme 45 C(sp*)—C(sp?) cross coupling of diazo quinones
with catechol boronic esters
1.4 EFRFEFH 1,235
141 w©&RTe9EA4

2001 4%, Petasis PRARZLHHRIE T W KAE N EALFH)
FR 57 IR R S S L, ) FE R R i S A S R S o
A F2 R E N R AP RO BS £ 2R 1, KA 1,2-IER 5 mdE
BB A AW, AR By by 3 H oy ) ERL B B 2R
A alA, ARSCNTZ A3 AR DA SE A AL RR
B R, ELEEBINEMELT, — BB 2RAT
VIR, (HZTTEE — € R R PR P (Scheme
46). 2007 4F, Kianmehr ¥4 42— 0 00 B T Bl 4L
MR SREME, HRIE T ¥R i 1) SRR #h AT HLBN AL & W0 1) S L
(Scheme 47), # SeFHE LA B-FROMER, MRS
AMCALE, Bl NR 250, 230 TAR 1,2-8#
WG R B RAC Y, T2 SR 57 S 00 1 A0 0 1 P
JEVIFREEME 2. 2012 4F, Falck A5 ZH 1R F 55 3 (1) U4

H,0, (30%)
2

up to 88%
A
1 HOO 1
! _/OH Hzo :
""" > B-OH Bl
~— O—-OH
N

B 46 S A AT IR
Scheme 46 Oxidation of arylboronic acids with hydrogen per-
oxide
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BIULE

EtOH

BR = Bpin or B(OH), up to 93%
; A
{ NH,OH | Ho0
A '
_R _R
H*,O*NHz O<NH;

B 47 FRIEAUL S SR

Scheme 47 Oxidation of arylboronic acids with hydroxylamine
WA EAGT, X5 A R B R B i 47 S A 45 31
My KRG, 1ZTT AR, S T BRI B R Bk
BRI PR AL, RN IR T REE 1 ST R
RENEVIL I BCALHITRYI AR, SR 2end 1,2-3E8 5
TAAT B f 2% A S AL K 7 ) (Scheme 48). (B 15— $i2
(R, 1Z SRS AT LA OF SERIZR 3R 07 L0, thae
R B Ao TR 1K) 7 i 0 2 W R = T R B &, 1 e
SEIL R A

o)
BR
2 12equiv. 3 OH NT
h
DCM, r.t. open flask /©/
1 2
up to 97% yield 3
,,,,,,,, ‘/
N7 \
Ar +"0O- N
oH Ars~, OH

o]
T
+
(@)
o
T T
'z
O
T
o
o
T +Z—
/

2 v 1]

BRI 48 5Ll 3457 L s b e g 5 SR AL B P g e 2
(A=A

Scheme 48 Hydroxylation of aryl/heteroaryl boronic acids and
boronate esters with N-oxides

142 ®RRTa9LH

2010 4, Molander B ZH I & T — B & Bk
Bk i vk, FAARSE B = S AR A R 1 1% 52 MR S 1k
TR B AT, SRS S RS E A A R
BT RCALAS B DY B AL B Rk, B R 1,2-1T %,
RANENBE LRRE L, REKMAR— RSN ET
I fée ik & #)(Scheme 49).

2012 4 Kiirti PRAHEHRIE T —Fh B3 N5 FINER
Jli A A5 21— 2 55 B B i 77 7% (Scheme  50), 1% SR i& 3t
T—MEA R E R R R IZ AR, A,
SRR, AR SRR DU R R R A B 4540 2 FE I
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O [©) @
+ R'-N—N=N

HBF,*Et,0 (2 equiv.) /ﬂ\
R” “BF4K CH, N, 0°Ctort. R
®

' o 0 ("\‘2
iLewis acid N H,O
e - R)’LB/F ffffff - R B e\R1 ------------
I / \
F F F

BK 49  BEE: = SIRR 5 & BRI RN

Scheme 49 Reaction of acyltrifluoroborate with azides

3 (1.2 equiv.) i O.
B(OH ! NH
(OH), toluene, 50 °C NH, ! 2
O,5N NO,
2 i 3

up to 88% yield

&

é/\ HO\B?Z G
OH 4 HN-L6 — \‘i:ﬁ/\’
2
LG = leaving group

R = aryl, alkyl, halogen

e
hydrolysis

primary anilines

B 50 o A AL Bl ST A R ) e A S 2
Scheme 50 Amination of arylboronic acids with electrophilic
aminating agents
— R AR IR, A A e AR, G AN Re il
L ) 57 TR A0 75 6% i e 0 P O VP <6 AL 1 7 vk
8, FEARSCRAF T BIRE S %, RN A2
) N-Z2 05 FAL R R AR, 3R AR T LB S AR
SERIZRE 95 T NG AR

XF T B A SR, Kirti SRAEZH 52 1 FRR R ) 2%
HEACRT S I 57 A R IR AL S SE, - REWS il 46— 2R 571
SER R — D, 2RISR T By S A O 1 R A,
PR S VA R GF I FAEE, SRR T He S
e R 57 BRI RR IR 1X KA WL R A REAR S & H . R
4, Morken UREZH 6T il 24 F) HY S 3 fig 1k 71 A 55 5
FEEEBIER IR R S, E—78 CAMF TN IE T 24,
RIGTHRZE 60 CTAREL N, HAEE AR AIER T
Jii 511+, B 5 e ik B B IR 1R T i D T A7 FR) B TR
#h, FIH 1285w, WEIIEAE LN, K&
S A TR R ) s S5 e, 1) 6 e R I R e A
t BRI R T B, TR AN S T Kirti
TREZH R IE (1) 5 S (Scheme 51).

2012 4, ESIPIRSAYHRIE 7R 2 51 1,2-
TERE S L IS, BT 0T BRI, AE T AT
R SORE, T2 FH R F IS O s L 3k ], A K
— R =R AY)(Scheme 52).

2015 4, McCubbin VR HSHRIE 7 7ER AR IR
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R—Bpin MeONH,, n-BuLi R=NH,
-78°Cto60°C,12 h

up to 89% yield

R =aryl
MeONH,, n-BuLi .
R—Bpin S, MU, R=NHBoc up to 82% yield
-78°Cto60°C, 12 h
then Boc,0
R = alkyl

B 51 O R albe SR Ol IR R 1 B4 ST A PR e A S
Scheme 51 Direct stereospecific amination of alkyl and aryl
pinacol boronates

Ar
‘ R K,CO4 R

_B. /
00 4 BZO-N s AN

A /é\O/é “ R1 dioxane, 130 °C R
! ' up to 99% vyield

BK 52 O-FHBENES 5RO RR I 2% AL S
Scheme 52  Electrophilic amination of arylboroxine with
O-benzoyl hydroxylamin

O BRAN o R PE AR Z R R HoN-OSOsH (HSA)L
75 FEWIIR SR A ) 2% AS [\ BUAR 1) 95 % (Scheme 53). 1%
D7 E BRI LT, JIROER P SRR, S B A
XF SR U3, RS IR IR 2R A & W) B R AR 1% K 2R
Wi B DFT BfF5T 5 Seaagh RARGE &, R B2
A T BRI G R AR, AR5 e i Sk Bh )
1,2-75 FEIE A%, X i AR 20T T 5 2 1) e D 1 8L 2
REE, JFH o IR SEIUAE S I X IR AT A 24k )
7. %S ERAE T, SRR, R R A s
FRAE N EARR B — RIUARA GV, RN H %5
W3 TT DA 5 AR —#ik Ok, T8I A AR R
P A P S B BT e A

B(OH)Z H,NOSOH "
NaOH (aq.), MeCN, r.t.
p to 97% yield
Bul i 0
B 8 g(?)l;Llér)THl;szg tg rt. ‘/NH2
(3) HoNOSO3H, NaOH (aq.)
up to 91%

B 53 GUEBER LR — U6 R
Scheme 53  Synthesis of primary anilines with H2N-OSO3;H
2018 4, Csaky WA K 1 AEE IR SR 2
8] TG ok U 45 i i 28 AM B S N (Scheme  54). 1% 2R #& Fl
P = 2 3 A O i 20t SR T B, S B v AR DR,
BREBIH ALY, RONZRAFERAM, J5AbH T, T
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N=0 * B(OH)2 P(OE), toluene, rt.
)14

up to 97% yield

- Path Il @
N N OH
@ 7~
“on N HO
won O O
o- PR3 O-PR,
Path | QFB" 3/

Q
<:§ “OH -<0thrto
e O+
B 54 WAHER SR A R 05 5

Scheme 54  Synthesis of di(hetero)arylamines from nitro-
soarenes and boronic acids

FE, BEGS & B Pl — 05 B AN 3R 05 A k. [F4E, 4
KOG k7 —FE =& O HE R N N-fedk
¥4 e A HLI R 4t 4T % Ak iR AN 1) 77 5 (Scheme  55).
T2 SRS T TR AN 7 IS ISR (1 =S O, R
TEEAEVE ) 28 °C B AT KE A HUBI R e A D9 AH L A i
ANTA) - CASE B A e fb S s, A SOF =& 5 1E AR
S SRR AR, RS 2 R RS 255 F5E 5,
BHAE KA 1,25 1500 A5 2 Ak () 7= 4.

1Z

Z

H

H BOH:  ¢lcen Neg
RTTOH * 'BUOH, 28 °C
up to 99% yield
R 9N CC
Lo Ef ABOH,  (TV NH
R 07 >co, T Ar/E?O‘OH

BRI 55 N-Gedk s 5 4 MU R I st S v
Scheme 55 Amination of organoboronic acids with N-alkyl
hydroxylamines

2019 4F, 52 22 A HR 38 1A 5] I 0 e £ 1) 55 ek
MR R, KRR ZH T &t — ok B e R,
B iz WRPE I YE, Beis s 77 B IR me A1 & A | Al
AU LW R TS B v Ak S IR 4K, I HLARHR HL ST A4
B! (Scheme 56). iHit = 2.4 — & (DABCO) 5 #2 i fifh i
(H.NOSOsH) IR Ak [ B J Jm B Ab B, AT DA 2] — Ff A2
& HARSEH & FE A = A PI(HN-DABCO), it %
WA EC A T E A, K DABCO #204F N B AT 8 25 55 1]
KA 1,2-10%, SCOLBLII A I FR, O S e A e
SRS (1) S S 45 AR08 AN F). 1% SRS 1] 55 4 1 A
A DA B SOTAR S R 45 G TR, ] R SOUR RS 420 S B e 20X
FeAb e B, %708 IR YING Bz, B RE S o,
YN

http://sioc-journal.cn/ 1025



a2
BHlE

/A (1)HNOSO3H, H,0, 90°C, 1 h A\ o

- H,N-N@ ®NH| 21
\__/ (2)KyCOjy, rt., 10 min ~_/
R o
(3) HI, EtOH, -30°C, 1 h H,N-DABCO
KOBu (2.4 equiv.)/H,N-DABCO
Alkyl—Bpin Alkyl=NHTFA

THF, 1h then TFAA (2 equiv.) .
1h, 80 °C up to 95% yield

KO'Bu (2.4 equiv.)/H,N-DABCO
(oo (oo
THF, 1 h then TFAA (2 equiv.)

1h,100°C up to 90% yield

Bz 56 HaN-DABCO 25 (i fre Jk 557 S 0 R I 1) Jlee A S 12
Scheme 56 Amination for alkyl and aryl pinacol boronates with
H>N-DABCO

2 FESEEMLR 1,235

21 TEE£EELHNE sp KEFHITER

1974 47, Pelter M@ ZH2HRIE T RIETRER 25 &40
e AR AR AR F R &3 1,2-1E 3047 e a0 Rk )
N, R SE I T S I XUE fE . = F SRR I A A
YKL 5 15 2 B 2R 4L &) (Scheme 57). 1983 4E, Wrack-
meyer URAZLIHRIE 1AL A Y05 S0 I B BRI £h
f) 1,2-iE7%.

Bu

CY\‘2\©\
—_— |
BCy2 \/\ oM

(OC)5Fé

€]
BF,

[C)
(Cy)B—=—Bu + | @
W OMe

(OC);Fé

e

Bu

Me;NO Cym
© oM

46% yield

e

B 57 BEBFEFHEEIER IR AP 1,2-10%
Scheme 57 1,2-Migration of alkynyl boronate complex induced
by iron salt

1990 4, Deng UR@IZHS3HE T FRKIR ) 74 i A4
fEAL TR AL ER B ISR B 2, DUR = (ST AR PR A3 2
A 1,2-3F7% (1) 72 4)(Scheme 58).

N\

o OCH,

Pd(PPhs)s (5 mol%)
(octyl)B——=—" + 24 >

OCO,Et

octyl o OCH3; AcOH octyl o OCHj3;
(octyl),B H
A A
up to 77% yield

Z/E > 95:5

B 58 I PIRAE AL 1,4- T ZMm&
Scheme 58 Pd(allyl) complex-catalyzed synthesis of 1,4-dienes
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2007 4F, Murakami BR@EZ1SRIE T YE &R A
YV EBAE A AN ER N, DASCEL 1,2-FHE EMES
55 2 AR B AN R A 4R S B S =0
SRR R, JE A BN 15 2 = BRI s Aok B
4% (Scheme 59). 2009 4F, 1Z AR S®I4k SRk iE T
B A0 1 2 B T R IR 5 05 ik A IR A B Y
(Scheme 60). HLEE Fyf, S pAIHLE]# 52 K,
RZ R N R 307 PR R 1 1 B A4, T AEAR I T 1)
IERE I A2 ST AR 25 AR OCAR e T A

©

BPh; Ph
® Pd,(dba); (2.5 mol%), ArBr A
NMe, || 2(dba)s ( ) " “BPh,
P(o-tol) (6 mol%), DCM, r.t.
CsHqq
CsHy4
Ph
AcOH(D)
_— Ara o~
rt,3h %H(D)
CsHqq

up to 88% yield, Z/E: 95:5
B3 59 FEAEAL R BRIERIER IR 45 &4 5 07 FEIRA R ) A BBk
Scheme 59 Pd-catalyzed coupling of alkynyl boronate com-

plexes and aryl bromides

Me Me

~ "B
. B PhP o _-PPh F
NMes; o \\P/d/

Ph o
R .
Et toluene, 70 °C, 0.5 h
OMe

83% yield

B 60 HELAEILLREL 9-BBN Bk 547 5 57 SRR (R K s

Wi
Scheme 60 Pd-catalyzed coupling of alkynyl-9-BBN ‘ate’
complexes with aryl bromides

AFO %+ /BN THAGOI (10 mol%), LiO'Bu (1.5 equiv.)
B
3 =N MeOH (1.1 equiv.), toluene, 45 °C

Ph
i-Pr
i-Pr
ArO Bn | 5“’<N
‘\_\_/_/ Tri= N

up to 95% yield, Z/E > 300:1

i-pr i-Pr

IR 61 A L s A5 A S
Scheme 61 Silver-catalyzed hydroalkylation of alkynes

2019 4%, Lalic SRASZALHRIE 1 id I 48 15 T 1) 2
VSRRV € A <R it <ob ta s /LN s e B < 0=
AL EW, WA A LA R e, — ok,
E BRI E BB i, a5 EATRER Z BYa
K B BUOR PR A< SR AR I A6 ke 15 e 2
BBN [ 1,2-iE#%, BB 51)n, mRoswiimsl Z
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B 47552 (Scheme 61), HLERRF 7R, TR FEE T
HAT AR IR P
22 WHESEEKEE sp? kEFIEH

1991 4, Ishikura BRI RIE T — R 5105 AT AE
(17 DY FCA RIS SRR 78, e B I R 3k 2R A G I A
B EW RS 5 3 BBN #2E 1,2- 5
B F: T ML JE IR I 2P0 (Scheme 62). 5%, FEAALF
TERR, &Di— AR E 5 7 AL i 72, fEAR SR A
A5y F W RIS FE AT ASE IR, 437 A0 R0 0 Bt AT BAIEAT
JE R, FEFT5 R R G 2h 45 A 1,2- BB I 7,
Ready 4@ ZH 50056l T8 7 DAL e = T B 438 1 o) 1 e
FE TR ZRBE (Scheme 63, a). BEE 4K 425 1378 & )8 %
5 (1 W] ORI TR B ) AN X B B8 I IR AT, Studer PR AR
ISR IE T =5 PR S s B iR, (B R A K
JTIR A REHAT AR RN, AR 7RSS HARFRIE T,
R85 DL B T g 8 1 A 2 — A8 A B % B (Scheme
63, b). ZALH| P IRSFEE B A SRR FEE .

PhOCO )
1\—e> Pd(PPhs), (10 mol%) A

A\
[::I:}}*BBN THF, reflux N

Me Me
56% yield
Bl 62 HIL5 3 1AW | AR 28 ot o T 6 5 R TR ke e
M

Scheme 62 Pd-catalyzed addition of indole boronates com-
plexes to allyl electrophiles

@ . L
Li Hy
(:[§k&mjg/wmmmm“mmM) \Bpin
N R N R
R \

OAc R
up to 76% yield
________________________________________________ R%ee _____
(b) Lo
I
[:::[j§>*®' H;%ﬁ¥<COOEt Sc(OTf)3 (10 mol%)
Bpin 4+
N Ph Ph COOEt  Mel, THF, 35 °C
Me

76% yield, 92% ee, >15:1 dr

B 63 i < HEAL IS R BRI 25 5 10 5 M T R IR AN S AR
fRRIBR S L

Scheme 63 Transition-metal-catalyzed asymmetric coupling of
indolylboronate complexes and allyl acetates
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2015 4, Morken VPG 78I I 4 8IS
CIFHETNER R 1,2-3 R ISE,  [R] I 7 T PR T A4 (1) 1 4%
T, RefE EDn G B LA B — RAIE E AN E R T
b AUl ER R, MHLER Eorar, A I A 4 1 0 2k
MEREE, 1.2-FEH G0 E RS B R &), BA R
BERRAE “a56 8 BB, R RS FE AR
FICHENUAIE LR & FE. fEfEf T TH, et ie
SEEMIMEs G, J7 7 =5 P REER IR 3F 77 3 pa A 1
FER G, X — @B gaE 2 2 0 HEER, 78
TEAIFIRE LT, AT — AR = R < & &
RIEHA 1 mol%, xR i2E47 (Scheme 64).
FAREE AL TITE 20 FE R R AR B R B2 2 AR
R, AHRAR T C(sp?)s AR 1 i S SRS
BRI R BN 2 o iR, fES & RIS Th a7t 1
BRI G A, T 58 05 R s AR o Bl A
FEF I IEARIAEAE T, BE LAR s o ik £ 1 15 3
FH N (4 A5 5% 7= 4 (Scheme 65). 7E _E ik T 1E 1 3 mk L,
Morken VR4 S35 J) T HE FARMEAL K C(sp®)oRHE
R 2 5 I8 JE 00 R 2R 10 45 & 28 B BRI M. SR 3R
B, BRI &P s n] DUE R0E Nz R, SRR
TG DUHe AN F B B Re 1, I BT DS K1 [ 57
{Ri%F(Scheme 66). (HEFFEN 2, fEHAT 1,2-1T8
T, ek S H R AR AR 2 R ) s S AL P T A A [ (1)
AR, AAmpUR T B R AR R AR R, I H A
L IR A e AE AR TG A2 rh TR BA, oAt 5% /AR ZE 8
TEMPO Z J&, M523 7 ).

2.3 WHESBEELHE spd kEFHEH

1997 ¢, Jadhav PREEZH S I 15Tk % 25 B2 i
HFISEIL T AR W ek S B, 7T DAAS 21 B EAME
HIFE a- = AKH(Scheme 67).

2019 4, Aggarwal BREUZH OB IE | —Fh i XA
[1.1.0] T fe 280 &, S5 ML= 96 TR R 21 R 7
G55 IS SRR B SE, AN FH T 2 Wi FR 0k 2 B 7R 6 1 28,
FIFH X Ak I35 R O 25 f tha] SEBL 1,2- B HE OB
(Scheme 68).

3 BHEESN1,2-TBEN

3.1 BHEEFSME sp? ikE FRITH

2017 4, Studer UREHA MR IE | ald 5 Bt 5 b2
X CIRFETNER R H A, AFIEST 1,2-1E% RN
(Scheme 69). ZJEFEMIERES /& Suzuki-Miyaura 38 X fHEE
SN ) B A, SR, BRI A B AR A
IRADRZBIRVE. AAEX B ER T — P . B lEE
Z 5P R R, TR 261 T BB = RO A &
PP U RN BE. HLIER B S NI RT Be 4 Iy LR P Fhig
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BIULE

R SR

Method A
Ry—Li +/\B(neop) Me Me
Method B > O\ROSO
Ru—B(neop) + 2> RM/B
NN
Ph
Rzp \ ArX
Fe  NMe,
P
., PR, N
NM92 CP/Pd

L: R = 4-MeO-3,5-xylxyl

BLQ/&
P A
NG
P
R

Pd(OAC); (3 mol%), L (3.6 mol%) o o
sp
C(sp?)-OTf, THF, 60 °C, 14 h, R~ >
then NaOH, H,0, up to 83% yield
94% ee
/\S/R A B +Ry—Li
CP\Pd’Ar L2 -—
P’ X ¥ AL +Ry—B
P Ar
,PdS —~R
P \/\Be

B 64 AL IR I S 00 R I8k 2% 5 P 0 W 56 P 4 A2 A BB

Scheme 64 Pd-catalyzed enantioselective conjunctive cross-coupling of alkenylboronate complexes

acac > (5 mol%)
Ry ¥-BBN, THF 9-BBN, THF 6 mol%)
then & >Lj R‘\»@ Ar-l, THF, 60 °C
NaOH, H202

up to 80% yield
94% ee

L 3
MeHN

B3R 65  HRMEA AR FE DN BRI 45 & W onf Wt PP H 5 A
153

Scheme 65 Ni-catalyzed enantioselective conjunctive cross-
coupling of alkenylboronate complexes

NHMe

®
R;'fgpm [(methally)NiCI] (5 mol%) Bpin .
L6 mol%) C(sp®)-I, THF, B0 °C Ry > ©
B up to 57% yield, 96% ee
o) | | NG ‘ 0
Q/N N
AFj Ar
L: Ar = m-xylyl

Bz 66  HLAEALIAIEIIIRERS: G105 Clsp®)a AL BT 3%
& X Ak

Scheme 66 Ni-catalyzed conjunctive coupling of alkenyl-
boronate complexes with C(sp?) electrophiles

@

Li Cl i
-BuL o ¥ Bpin

mB( rBULL e —C! Yb (20 mol%) b

40 C, 5min éu H Ligand (50 mol%)

@

n-Bu

Cl
up to 86% yield
54% ee

Ph Ligand

ER 67 5 MMREALKAKR 1,2-1 28

Scheme 67 Lewid acid-catalyzed asymmetric 1,2-migration
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©

THF §\ '
Li + Ry—Bpin Bpin

e MTEP 78 °C ®

Li
Ar
Pd(dba), (3 mol%)
dippf (3.6 mol%), ArOTf, 40 °C /
R Bpin
up to 62% yield
>98:2dr

Bz 68  FEMEALHITK IR 1,2-10H8 i
Scheme 68 Pd-catalyzed ring-opening 1,2-migration reaction of
strained bicycles

12 SR ROIIR 6 FR S &) A AT IR, 7
A AR S IR A 9 25 1 E B3 BG& 1% a). 7R 5 0 E
TR SOE R, IEY B & JiNE TR AL,
DMEIBFH MR T C. R\ P AR, B TEEER
Z R—I, M4 R H R 4ERr (L. 7ERE 5 1S+
12-RUEF A, BREURIE NI B a-iRIE T B
FRAFEH S C—C BRI HE 4t D ZUIRES. 1815 b
AL T — R BRI NI TR, 7R IX R g
T, btk AR B B AT LUK RIABLSE 75688 Hiok, 19
PR FHB Y E, & LLt—5 2 5 Matteson 2854 f
1,2-R"-iEF%, DASRHLAHE B4 D. it #h8((B £ C)ak
WERB 2] E)ZHT I A 7R BT he 5 R RT AR m)
R AR = R R TR, MRS EE
Tk AR H S T B AR AT .
2018 4F, Studer PRI ZH 10014k B4 T8 T 245 FE A R T
B“EMZ S5 EBEFESN 1,2 T8RN, FIFZRE,
A LA 8 — R A - T TR o o Pl 36 12 11 4 Sl o )&
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. RS
Bpin _Bpin L

. )
/kw R3Li (1.1 equiv.) /kw

Et20, 0°Ctort. R2

R RO. OR

/ M~ padditon S-addition R\) M -|V”

" Y
R O\E/OR, . RO. I/OR
SR A
M paddition R\) M’
A

RI (5 equiv), BEts (5 mol%)

Bpin

MeCN, 80 °C, 24 h

R -

R

RZ
up to 86% yield

R'O. ! /OR RO\B/OR
R
\) R\)\Ru
D
R'O_I /OR R'O\B/OR'

RMK M* oMl

B 69 ZIHIEHRRIRZS &4 Bt B AT SR R it

Scheme 69 Design for radical-polar crossover reaction of vinyl boronate complexes

(Scheme 70). [F4F, 529 ¥ CIEHETNRE SR AL &9 B
FHE MR 22 SO R %, Studer BRERRZHIO0HR T8 T L0
TR SR AR N B B2 AR, MITIAE H B
BCE 1S 2R 5L B B R AR, B e R I S i
1R BE TN HE R IR KA &4, RIS STAR GRS BR
s, BEIRRZ I E-B M 42 7= ) (Scheme
71).

R4
Bpin - L .
+ AL 2 Bpin R*-1 Bpin

RULRUEGO, 78°Ctort. A% s MeCN hv,24h |
R? R ICR!

RZ

B 70 SEARZEFEE R TR R A B H AR X
Scheme 70 Stereospecific radical-polar crossover reaction of
chiral boronic esters

2 R4
R3 R ) R* R
o R? R4-Li RS—I R Bpin
— Et,0,0°Ctort. MeCN, hv, 18 h . —
; R
Bpin 3
! A
H R1 R2 :
s R A
+
Li Il?“

B 71 ARIERNER BRGS0 B R EE AR S S R
Scheme 71 Radical-polar crossover reaction of dienyl boronate
complexes

B, MMM MR AREZE, Ag
garwall®?l, Renaud®°F1 s RO RUEUAR 7 1 H 580 A%
RN A SCARIR B2 R A T A 7] 9 #h 78 (Scheme 72). &
%6, Aggarwal VRS H SO GHEAL 7B AR Studer 42t
I H 3 51 AR 2 3 A5, Renaud PRSI HL
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BRI G 7 s ZI AN FEAN VAR ARRE . T S S R A2 A

DAL IR RE R 2 5%k &R, &1 —RIIH
Iz E .
Aggarwal (2017)
f Rzé in L Bpin
Bpin R2Li (1.1 equiv.) /\p " RI (1.5 equiv.) R\/i\Rz
R! Et,0,0°C, 1h R' DMI, blue LED
rt. 16 h

up to 95% yield

Renaud (2018) RI (2 equiv.)
L :

Bpin ) ) N BEt; (2 equiv.)
P R2Li (1.1 equiv.) Bpin Li'  pTBHN (30 mol%)
R'"  MTBE, 0°C,1h R’ MTBE, 60 °C, 1.5 h
Shi (2019)
Bpin
R\/|\R2
R
up to 95% yield
inB._
R B,pins P Bpin L|
R2 RZ2
%MgBr THF, -78°C, 2 h j/kw
R3 R®

RBr (1 equiv.)
Ru(bpy)3(PFg)2 (1 mol%)
TBAB (0.5 equiv.) Bpin

Kl (1 equiv.) R R
MeCN, blue LED, 24 h R g3 P
up to 81% yield
ER 72 HHEEFNOEEMR N 1,208 R B

Scheme 72 Radical-induced 1,2-migration of vinyl boronate
complexes

2017 4F, Aggarwal HREIACHRIE T = HF LA H
F ST R 6 A A 4 R A P T TR 5T A P A R T 4%
G =R, R % 772 (Scheme 73) AT DAIX 3
PR K 25 2 B ARSI = AR SR A 5N BIE
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Bz LR SR
% L
_Li _
@Bpin CFs CF450s f}spm (1) I, K;CO4 ﬁR
X "? MeCN, MeOH, r.t., 3h F3C X R (2) HCI F3C X
X =0, S, NBoc
3
n-BuLi, THF, -78 °C tort, 1h ]\ NBS, -78°C, 1 h I\ RRe
0 g a¥:
o e P8R o R’
then-78°C "~ £ R' k2 up to 91% yield
______________________________________________________________________________________________ 9688 .
@_Spin'-i ICH,EWG, Ru(bpy)sCly (1 mol%) I, KOAG B ,R;z
o 3\\-k\R1 Blue LED, DMF/THF, rt., 1 h EWG Jd &
R ra
E EWG\/E>7BPin A
A OR3“‘k\R1 _____________________________
R2
B 73 HBEE SRR MIRREET 1,2-158 %
Scheme 73 Radical-induced 1,2-migration of heteroarenes with boronic esters
TR R 358 4y, PR B R R O R S R, o . R
(1) BuLi, THF, -78 °C
HE7 4 [62b] R—Bbi , - pinB
z"\ggarwalﬁé T 2V gk P ot AL Dy Umemoto 12 pin ;)—Tol)& (2)R'l. THF, Blue LED, -78 °C tL 1
FIE A, 0 BT O 11 eh R, RREEA o 10 62% yols
F1Z M. 2019 4E, Aggarwal B O2HRE | B i35 6.8:1 dr

S RIRTK I 4G OB, G R T IR ER R IX 2
28, FIFHSE PR B B B BUR B R R 2% 51, TR AL
PR o-Bl B ER L P B TR R AN 1210 TR,
SEARIE RN HOAS BIAEIA Y, NP TERE TR
22 2% (] (Scheme 74).

O\B/O BuLi (2.1 equiv.) M

R2i.)_ THF -78°Ctort. Rzo © 0

EWG #_P

(1.5 equiv.) O~..0 EWG

DMI, r.t. p
1
R | R Blue LEDs 6\;
R1
®
: H (1) SET
1
R ReOe N PRl ]
R e © EWG (2) 1,2-migration

B 74 SUFE AT ST 480 SR A R T S R I
Scheme 74 Synthesis of cyclobutyl boronic esters via radical-
induced strain-increase ring contraction

3.2 BEHEFSWE spPRFEFH 1,2-E%

2019 4F, Aggarwal BREZHISHRIE T XA T ke 4 (1 b
SRR ERAE N B A2 AR, 1E 3 BRI BRI, R
12- B3 8 HA EEZNERIF T s 82Ky
(Scheme 75).
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BX 75 B HFEESRAT FlREER 1,2-28%
Scheme 75 Radical-induced 1,2-migration of bicyclobutane
boronate complexes

(a)
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R™ Hoecthenrt. R H CH3CN/DMSO (10:1, V:V) R~ Ar
blue LED, 1 h _
__________________ . up to 76% vyield
! [ 1 A
| Ar Ar i Ar |
1 .
i pinB R'" CF CF3l
777777 N @Y _~2T3, pinB R'_ZT3 , pinB R ______.
,,,,,,,,,,,,,,,,,,, .
(b) MgBr
RH\zH W
R ) 0o.-,0 . Bpin
B,pin, (1.2 equiv.) B~Bpin CF3l (1.5 equiv.)
DME, 0°C, 1h RH\H CHyCN, 365nm Rz Bpin

R2 -20 °C, over night
up to 80% yield

BR 76 SR THRE IR MERER 5 A N5 R 0 8
oS

Scheme 76 HAT induced coupling of alkyl boronic esters with
organometallic reagents
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76, b).
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