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Photochemical and Electrochemical Borylation Involving
Aryl and Alkyl Compounds

Du, Linlin® Zhang, Hua™**
(“School of Chemistry and Chemical Engineering, Nanchang University, Nanchang 330031)
(> School of Chemistry and Materials Science, South-Central Minzu University, Wuhan 430074)

Abstract Organoboron compounds are important building blocks in organic synthesis and have been widely applied in mate-
rials and pharmaceutical science. The development of practical and concise borylation reactions to synthesize organoboron
compounds has always been one of the core topics of organoboron chemistry. Recently, photochemical and electrochemical
borylation reactions have gained rapid development and emerged as important methods towards the synthesis of organoboron
compounds. The recent research progress concerning photochemical, electrochemical and photoelectrochemical borylation
involving aryl and alkyl compounds from the view of energy resources and substrates is reviewed. Additionally, research

trends of this area are also discussed.
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Organoboron building blocks
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Scheme 1  Applications of organoboron compounds
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Scheme 2 Photoredox catalysis and electrosynthesis
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Scheme 4 Photochemical borylation of aryl bromides and iodides
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Scheme 5 Photochemical borylation of aryl chlorides
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Scheme 6 Photochemical borylation of aryl fluorides
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Scheme 7 Photochemical borylation of alkyl halides
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Scheme 8 Photochemical borylation of aryldiazonium salts and arylazo sulfones
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Scheme 9 Photochemical borylation of alkyl pyridinium salts
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Scheme 10 Photochemical borylation of aryl quaternary am-
monium salts

1.2.4 by R F MR S
2022 4F, FRATERAABISLI 7wl WIeAEH 05 %
() B — ZBRE AL S 2, & Tl 5 Tl AN v 5 Jig e A Hh &5
B 5 B 2R AL AR R D7 SRR . R BTG TR A
y“cfféwﬁﬂﬁiﬁﬂu?ﬂ 1E 2 7S S 56 A T BRI AT iR ik
PRI SEIG g SRR, SRR R R A I DG BRER ER
%H)HEEE SEEG, FRATERE TR REM R BIHLER: T4,

HEM =830, 781 & LED WS N4 o8 B iE
IR SRR 10, WEIRE 10, PRt 555 ik 4=

HH TR, S92 BEAET O A HEHE
T15; /)5, BHEHE T 155 Boyping XM, A RHFR
FE S BRI AN B B T 16, B, H IS
+ 16 f1 O F R Ao 7RI FE, 152181~ 17 F
FLEAS 10, (Scheme 11, a). [A4E, Kuninobu 144 B4R
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(a) Zhang, 2022

R 1
|

N< blue LED
X R2 ; _ PR EEE
R@r + Bpiny 1,4-dioxane, air R
rt, 48 h

(b) Kuninobu, 2022

£y

N

NH;  DMC (0.67 mollL) X BN
T

R Boping

J=
<\ /?

air (open)
427 nm blue LED

Proposed mechanism (Zhang, 2022):

o+
Ar_NR2 [Ar_NHRzl 15
Boping
3 blue LED —
0 —— "0 o
reaction 2 2
system >< Ar=Bpin
} o+
RoN—Bpin [ R,N—Bpin]
17 16

B 11 FFRERD AL B

Scheme 11  Photochemical borylation of anilines

BT CHEAATIR RIS 2 5 WmT Wk 540 5 %
) Ji B AK S B2 (Scheme 11, b). %7 35 A 95 I 6
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AT HEAMN, BEEBREATI L. PLBESCER T
TR, 1% SO FE AR AT BER A U 2 H AR R AR
FX.
1.2.5 AR & 69 AL F A R 2

2022 4F, FATRBAPUT HIEL B AE AL,
Bopiny {E BV, NaHCOs 7E Jabit, 77T WOt R i) S5 A
FEEEL T O SR AR R 2R I AL ) M. (Scheme 12). & H
FLHE =0 T R = T AR E N 2 M E R B R
HRBENGUR H 3 A0 9 AE BT H bR =), 1% R T R HL
FAFIAN, s BRI A AR A T —Fh e R R 2k

IRz
AN NNFHCL - EosinB @mot) L Bpin
R * PPN NaHCO,, CHLCN -
air, rt., 10 h
blue LED

B 12 7RI R s AL N
Scheme 12 Photochemical borylation of arylhydrazine hydro-
chlorides

1.3 R FR-RE R &

BRI AT AR, RE&FSE0R N, 2
— KRB A HLA BT, 1 E S FIRR B R A L
REME (o 2 A AUR AT AR, A3 HARRTAED.
DR, R HI B 702 — DR A A R TAE. 2017 4F,
MG R R PO S T — o AL B AR T ) R
W7, RITETCIINFRIAFAE o] WG4, K g i e
FRIRATEE I, N-FR R A0 — L A2 S (NHPI i) 5%
A AR I [ e ZE T R 1 B U U R 25 (Scheme 13, ). [
4, Glorius 8 2HBTHRIE T Af WL i 4k T 07 BRI
NHPI &) H R A BRI R B, 12 % NG i i
EEERNSY, 1E5R IR R4 T 68 928 (Scheme
13, b).

Aggarwal T BSILL Bocat, VE IR, 7 4] B A1
(S5 T VPRSI T e 3 52 1R 1) JBi 2 B A% I B (Scheme
13, c). fAITHH 2 S b S R ER 54 Ak AR BL () NHPIT fis,
SREFREATINAL. A0 . BUGIER IR AN — L RKIR =)
Iy FHRBEMA M A S 0. 2019 4E, FNEMF LB |
R 7 N T A0 B e, ARATTASE AR AR B R 2% A,
H4 TR 22 AT 0 JE G B2 (PUFA) 5 Ak 22 R b 0 i s i
FRHE(PUFB), F%fixX L6y 778 HCT116 41 5 L4t
U I AT TR AL
1.4 RFHR-FEMCR
1.4.1  RACFBEE L5674 0y ML B

2019 4£, Studer @R G5 T 00, 4 HsL
LT PR RRURE R E BT AL B, 38T — R
H| bt KBRS (Scheme 14, a). R TAhEE, 1EF Jois Hiak
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(a) Li, 2017
[Ir(ppy)2dtppylPFe (1 mol%)
- B,(OH), (4 equiv.)
I NPhth R=BF3K
0 DMF, 45 W CFL, 12 h
then KHF,
[Ir(ppyB)zdepy(/lPFs (1 )mol%)
2PNy (4 equiv. .
W “NPhth R=Bpin
o) DMF/MeCN/H,0 (V:V:V = 1:1:1)
45 W CFL, 16 h
(b) Glorius, 2017
O
7N O/NPhth+ Boin Cs,COj3, pyridine R Xy BPin
T I _— —_
R P2 e A, 35 °C >
400 nm LED
(c) Aggarwal, 2017
(0]
DMAG, 14 h R! _Bpin
R! NPhth ,
ST o + Bacaly blue LED r2T
R°R3 then pinacol, Et;N R

B 13 N-FRIEAT R R L i 10 ' A 2 i R DA s
Scheme 13 Photochemical borylation of N-hydroxyphthalimide
esters

1A R B R BRI, SRS E T &R 2 5 1 4%
T, PL=(E )R (TTMSS) 5 B 3 77
R SR BEIRIB AL S S, X TS, T = 23 SR R IS
TR, AT DA SR AR e A A B () R B, SRS
T AR T A A 1 R SEIUBURE I AL R B2, [+
T, Aggarwal TREAHWIIT & T — Mk b B A0 ke
FEUR R IS 1) e A 2 7 v, AT St b R R AT TS 4L,
H4 LA AR LI e LB AR IR TR, S8 J5 75 T8 Y6 BT Al
H G R AFERI 2T, TR e B AR R e 1247
H A, 5k AR T R 2, 2R
T2 L[ AR =Wt e DA Ry 1 SEAA I B B AL S AR L)
HARr=4). FLEERF TR Bk, MR, i
BRERTE 18 F1 Bocat BN MMAWIVER, Apk H HH2EPH B
THCE) 19 A0S EE LB 1 20, 20 KA
JEAREIPT 3 21; SRE, 21 DI NIMEE IR R E
HH2E 22, 22 RAEREA AR ER BE 23 ALtk H
HHE 24; ¥, 16 N,N-—HE B (DMF)E EgN (L)
TAAERIZAE T, 24 5 Bocat, )V, 48 H H 3% A )44 25,
155 B b 7= 4 e 35 0 B2 156 A0 R 5 3Bl R v OB B F 2
26; o, 26 SERACHRIRES 18 KAl TR, BARK
7555 H B E 21 AR 5 Wi N &4 27 (Scheme 14, b).
142 HALFEE 47T A WML B

2020 4, Larionov W@ SIPALE 5% ) 15 1 Wy 188 e 258
T EWIE e, Boping 1 ABIAEIRF, Cs.COs 1E
N, TR ILEAE B RSB T R O BE R (B AL S B
(Scheme 14, ¢). FIH i FE A 7 H R (PCET)HNE, %
FEAEAFIBEN TR AT A HI AT WG Sl Il R,
NI SEBRIX AV A P S BRI AL s 2. 2021 4F, Kénig B
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SR SHR

=]

At

RRZH PO T | —F DUBR B SR A A, R R AT A
WA 75 HE R (8 B A S 5 75 B AR
P Je FLAth 5 2 75 BE s (R AL R e . — S TR e .
P T R 2 2 PR R IR ) — 2R IR 70 R JUR b 6 AT L Ak
SN (Scheme 14, d).
1.5 FUHEBHRMBET IR

=2 e AN

2019 47, MR 2GR H 51N E S Ao ok S
FHUR TS & B A e BRI AL S B (Scheme 15, a), fifi]
55 FH oy IR A IV A G RNV WA S A S5, A = 9 P il
BRI (AR F T, mnde 3 P s B AR R R0 A R AR
ik, SRFEERT WO HIVE R 4R SR A i iR s, 1
R/ BERTI W bk S (B Y N ) VA A F= I K DA v 2 e
AT RE5 JEUAL AR R 1 JEE S FE PR Wy R g G RO PH 5 1
EHEELEPS

—H LR, Bk AT E a5 kAL 7 1A
RLPESZ R T A SKIGE. J7 B Sh 20 1] S A B
I R I R RS AR BB AR E 1) 7 B E R, T R e
G B AR E Y e B B R — B — Mk 2021
M, SO BRI WHRIE [ ik R SR S Bacaty 1)
LI AR, 1% BTG 7 I & B AN IR 2 5,
AXCEE AT W' 1) HESR S R e i T e A At 6 380 o 0 1R T

(a) Studer, 2019

TTMSS, AIBN, DMF

or
TTMSS, DMAc

RL_O. _X blue LED R!
H>( T + Bocat, L_» H
R2 S then Et3N, pinacol R2
9 | 1 mol%), DMF 1
R o r(ppy)s (1 mol%), R! _Bpin
25( OMe + B,cat, blue LED A 3
R R O then Et3N, pinacol R R3
(b) Aggarwal, 2019
I Et3N, DMF R
RZ O O e then pinacol, EtsN g2
(c) Larionov, 2020
PTH1 or PTH2
AN OPOIOE): o~ 12mol%) N
R + Boping ———— > R [B] :
¥z Cs,C0O3, MeCN Z 3
LED light ([B] = Bpin or:
(then KHF,, or KF)

N
H

PTH2

B 14

Bpini

BF3K) |

HIFEAL. 7 8 A AR e ik — AR B A R S A = U
BRI FH N bk i 5 AR (TT) B IR S fI43 (1, B BA
FITFEW RN TR R A A A R
A BOEE. HT YR AL, EEIRE T Bl
RIS LB B4, bikk —mACE M Baocat, DMA
In-&Y1E 152 EDA FCE) 29, v ULEXT 29 FHEST 5]
KT HHEES R, AT bEEE B 30,
BcatsDMA &) 31. DMA F25€ B E 3% 32 #1 TT;
e, KidkE 3E 30 55 Bocat, DMA JIEWIR N, 4
HHERAY) 33 WAL, 192074k 200 R I A1 B
HAE 32, ffa, IR AR SR 28 LN E 2 32
W, £ BeatDMA &) 31 FIkEHE H B2 30
(Scheme 15, b). [Al4F, Dilman BREZHHIET 5T 15 PR
Mk e JE R e S AL Y 5 Bocats 1 [ M. (Scheme 15, c). T
A B A BB FE AL R B NTUR M A A= I 4K S R
RIS R, DU UMbt e A 32 1 R F 4 B e 2 el
FE A R A .

BAE L3 A4H T Konig 82 PO FBR
B SRR AR, FEGRE SR T LBl T BRI 54
Bk — B AL S L. At AT aE I SO R R S R R R AL
AR, FEARLR AR R R SEE T 05 SRR R 05

' (d) Kénig, 2021

B i _ 2-PySNa (40 mol%) X BPin
Rt + Bypin it
Pz CsF, MeCN Pz
PG =Boc, SO2R, 385-390 nm LED

P(O)R2, C(O)R

. Proposed mechanism (Aggarwal, 2019):
o+
BocatyEtsN
BacalyEtN. Bty
hv

R s
RZJ\o)ko 1g| -
18 R" s
[RZkoJ\o }
20
U

/ »
A A
18 R O (0)
%/ 21 \
A jl'i S
O\
O ol
o 22
26
R /\ 2 R 1 o
R2 R R
RzJ\B(cat) @Eo_ TOD 5;{5 o)Ls
-B--B
ol* o R
25 Bocat, + L
L = DMF or EtzN 2

W S By R AT AE M B e 2 A B

Scheme 14 Photochemical borylation of alcohol and phenol derivatives
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(a) Wang, 2019
R R

. (c) Dilman, 2021

R F

23 B,pin, § 3DPA2FBN (1.3 mol%)
Tf,0, DCM 4CzIPN (5 mol%) R-s— N * Bycaty D':/IhF' 6 ~ 18 T ;??\ln:;:ED R=Bpin
-40°Ctort,1h DMAP, CH3CN, Ny, rt. en pinacol, EtzN,
blue LED o F F
H @) Bpin !
|
CoO
O
23 NPh,
i 3DPA2FBN
(b)esm, 2021 (d) Zhang, 2022
DMA, 12 h BQ (20 mol%) )
’ SM .
ot o oy, 40nmblue LED N e . B 1,4-dioxane < @/BP'”
Alkyl=S S + ca Alkyl=Bpin o 2PNy ————————> -
y ® 7“2 then pinacol, EtzN, r.t. yI=bpin Z air, r.t., 72 h N
blue LED
Proposed mechanism (Shi, 2021):
\®/
B,cat,*DMA N
SN |
O
o)\ radical initiation X_T@EOB ||30]©
B,caty*DMA ~—0_ 10 o]
AIkyI—TT® ®OTf 228 VIR E;/L B—B. j@ AIkyI Alkyl@
) ~~0 O 33
OTf T 29 radical chain propagation
_ \
Akyl—S. S @/N
O~ Beat . Alkyl—Bcat
EDA complex OTf 31 @N—( /O
e
AIkyI TT o o
S
TT

BR 15 GeEA7 S e AL s 8
Scheme 15 Photochemical borylation of alkyl and aryl sulfides

IR B~ B BRI b s B, 2022 4, FRATTUER AR 1 iE
TRLESES S WL HES T Oy By r HiE
BB B IAL SR (Scheme 15, d). %7 2 LAW 4 LED 1
FPGIR, 14-ZRERAE LB, 75 S E R %4 Tk
REK 25 Pl By BE TR ) 05 ZEBRAL W 3 Ah o 05 JE I R .
1.6 FUFHR-SEMCR

ot ek e PP B - B A S B A2 A B AL A
FIEAR A R 1. 2020 4, Aggarwal i ZH 4R IE T )
FEFMeE Csp®)—H BRI X FP 75k ReaE1E
T8 S 5 MR & TR e R A oy A
AN E Y, BARKMB AN E. ESEERE,
JE A R AR B L RS- EUREE L AP . AU R AR AR
(PR - S A o R AL, @A SER
THERL MG, (H b ke (i - Sk R AR 3, T A5
e sl 2, B 1% E S 0T & R B A
i, EARI SN IR G R fEEIR MR, BRI ALK
RPN 34 IR TE R 35, 35 i Bocat, ISR, it
IR G A B BB 1 36; BEJS, 36 KA B-
Wr 445 21 [ 27 37 A1 =4 L BE 5 H 3L 38; 38 A&
Ft(ClBcat) BEREAH HAE A S B R AT 39, NEERAE
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TG T E 3 ()44 40; SR )5, 40 5K 41 RAESR
FHFE(HAT) A 39, bk H 2L 42 A1 HCL, 725
WIIERR, 42 5 Bocaty [ B, 28 FH H E] 44 43 AR R,
153 H bR e HEm R s A BRI JE R R B o )4 44
)5, 44 S AR B IE 34 KA TR,
TR E H SRR 40, M 5ERK T AL IER(Scheme
16).

IAER, 4B AR 512 C(sp?)—H MMk
NASE] T EORRIR R, B R 455 I k- i 1k

TSR B A B, DLRAE AL e SR Ak 5 1 ) ik — LB
o, ARTELSEI T H COYAL I RS, T

CML I R RIS AR A o, X2 CQ)NH ek
M wE S5 40 A W M DA A BRI i R B . 6 T b )

Leonori £ 8ZH I AL AR £ Minisci < B 5] )\@J/}k
ZRTFI, W SEBLARZ DT I CQRBLIAL 8. 2021
S, AT DA = R R - e AR SR, DL A
75 AE AT IR 264 T QI M ST 1 b AR, XA
CQNLE fe ML E 45 ML &I & g it 7 — M
AR, %7 R ARG R: Ek, fEn L
TSR, JefEibF PC BEBURTE BB RS H PC*,
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BIKE

ik SR

PC*IE i # L FHERS I FE B (L B ER AR B8 1 47 #1L
KN E HEAE T 48, FNE3E B EHE T
PC'"; )5, 48 5 =R -kl KA SR TR
(HAT)A3 215242 M 03 1 -1 2 | e 2 49; B2, 49 X i
FALHIEY) 50-H BT S BV, TR CQRYNMLE
ReM s B 3L PR a4 51; Bn, 515 PC R AE
THRISAE, [FIBTE 25 0 T4 Ja 25 s A i & 4 05 18
JRFE 52-HY;, EME 51 W DI EE SRR T
47 RAEBBE TR, SR E ST B T3 52-H"
(Scheme 17, a).

2023 4F, WARRUEAWISLIL T A] WG SR T
BA4 IR 2540 A Wk e 9 [1,2-a] Ik BE 5 NHC-BH; )
Minisci 4 H B0 R B, SR T — RS COALI{L
(R IR I F[1,2-a )M BE AT A= 40(Scheme 17, b). 2022 4E, B
FEN RS R IE T o] WIEER T N-F A 2 S
e UL S B2, 22 b By B (AT AR bt e 36 #05&E A T
1% X ¥i(Scheme 17, c). ALEAFFTFR B, N-H &ML £
oA BETE T WO R R R AR, A R
AR PH B TR U B s B, AR A RS

MR AR T, BEDEmEELREE, &
BIEHbRFEY). 2023 4, AR ORI H SR
A 1) E TR - 32 AR (EDA)YBC &, 928l T ] ok 4%
AT BB e A BB e 5 e R 8 46 ) . (Scheme 17,
d). o, FBlbe A BN b AF Dy A, niknE SRR
M52k, P S AL &, 193] 7 OkIEYE EDA
BLE). RIS 21N, EDA ICEIN KA BT
R, ARTHE B, R)E, E st kR e
It S A S B, ATTAS 2 B AR =4, IR I TAE N6
BN EL A BHE G RS 5 R &E A 200 B bR
TN, 2022 4F, Hong PR ZH S ULE TG A I GHEEGHR AR
WIS 5T, FFRE T —Fh X 45505 5 11 e — S
AL 7 7%(Scheme 17, e). S Wi F2 AR AR ORI ) BB &t
R I R B g 2R C() A, MIAERR T — &5
C(A AL RE AT A=)

2 BEUFMtR M

YR 1L F AR R
2002 4F, Dufiach 5@ P2 38 7 — i fad Ji

2.1

ClIB(cat) (20 mol%) ; o O
1 . )
RYH +  Bycat 29 (1 equiv.) RYBpm c—g
MeCN (0.025 mol/L) 2 bo N‘O/\CF
R? 390 nm LED R 3
f ClIB(cat) O 34
then pinacol, EtzN
Proposed mechanism
o violet light o Ba(cat), - O J-scission o N
N N SET N + O CFg
NN AN . - _
0 CF3 o) CF3 -Bz(Cat)2+ O/\CF3 N 38
O 34 O 35 O 36 0 37
99
0B
F3C_/ \O h Bzcatz
Radical 39 /
equilibrium HAT 42
3f LbH Hel o
41
ClBcat NH E
CI"'B/OQ °® 43 e
F,c Yo7 0 B(cat)
40 -
o Cl
cl’
N-
+
39 O 45
i ‘o A
ClI—B_ B(cat)
e}

B 16 Helerb izt s

Scheme 16 Photochemical borylation of alkanes
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(a) Leonori, 2021

4CzIPN (2 mol%)

X NH,4)2S,0g, TFA N ;
R 4 HB-NMe, — o506 R :
kN/ CH3CN/H,0 (V:V = 1:1) N7 S NMes |
blué/DED Hy 1
(b) Cao, 2022
=N
4CzIPN R1—/\|/N\/)—R'
R/\r R+[% _(2mol%) \( f
"s TBpB, DCE” HB N
2.
rt, 12h Y
blue LED N
o+
(c) Chen, 2022
H R— -
L
TN oTf KH,POs (1.0 equiv.) N~ Bl
R, + RN-BH; — >~ e or (g
N "H CH4CN, -35°C, 12 h
OMe blue LED R
Lo
N
[B] = BHy-NR'3
(d) Quan, 2022
condition
X
R + RN—BH; 1or2or3 i N
NS NaHCO3, rt. PSR
OMe MeOSO; MeCN, 12 ~ 18 h H,
conditions:

1 no PS, blue LED (390 nm)
2 Ir(ppy)3 (2 mol%), blue LED (427 nm)
3 Eosin Y (2 mol%), green LED (525 nm)

' (e) Hong, 2022

§ Me3N—BH3 HAT  Boryl radical

(EtO)sP<
H ch.C 1 " BH,
HyCly, rt., 15h, N
EOPB = len
R R
7 + N
"' B, NRs
Ts” Et ) H.B
s
PhsP-BH3 CHyCly, r.t., 15 h, Ny N
blue LED | )—R
then NR3, 3 h NT
Proposed mechanism (Leonori, 2021):
‘ Me

Minisci
addition

-0-805
48
8

szo M

‘ S “ N g NMeg
LR
51

SET| -H* -HSO4|Chain

©i9:[ -NMe;

52-HJr

\g

B 17 FARIT DG A B

Scheme 17 Photochemical borylation of azines

SRl £ 07 SRR ) vk, o, 5 B AR A =kt
SEONER TR (E N I B4, DMF BP0 S PRI (THF)/E R R
W, EhR B BR VAR MK RRIE . 2 )5, %R
ZHS3-SOIRR B S | AL 2R 2R A T DT B AR TR AR
Wi 2 AR R AN T 2 T AR -5 AR R Joe Ry A
N, AT SRR IERES. 2014 4E, Menezes &
HBHRIE IR DT IR 5N R = = IS I AL 0k
N, AT — RS 5 =R AT, 1% N B BRI
B REHI 2%, B AR DT Rl e DL 55 & R 1=
FRILAY AR N IR 75 FEN R B . BEANERAE Ak FE A T
IR E AL SN . 2019 4, B LT R SR
HAL 2 SRS S L T B DY 2 5 Boping 1B AL I B
(Scheme 18, a). fETCILIES BAAAEMIRAIZZAE N, 20
H e BB AR S5 8 4 B8 08 I 3 5% 40 R AR N 1R 55
FNER NG, EAFE RS, %R TR 4 4R P .
T FU S AL, R AT T — R0 H IR SR

(EPR)SEZIGANIGIAR 22 (CV)SL 56, B & HS256 45 R0,
RN IEFEF AR T 5 R E 2 JEE I SRih gl R,
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75 BWURITE IR R AR T IR R AR, XN ) $E
AR T R AP SO HE %

2021 4F, FEREFESAPHE T LLE SRS S
F ke s AR IR &) I E AL SO, 12 B
RN—G RN = BRI A R AL T s RS A
HEA, R 2 M E R RIE T RIGFH AT, —
YE R AR PRI 259 oyt Re R s & AR e 1h. HLERR 5T
KW, Bacaty BRI & B E A AR R N, &
S5ER 7 H 3 LB (DMA)ELALE RN &4 53
TE IR R ARS8 IR S BT i 2 B 1 54, 54 B 50
FIE R, BEWS I e L R R A K B A, 2 5%kt
FEH HETRE L IR R MRS, 11 A bk E
5 MEY 53 RN, A=Y IR G A1 DMA fa g
HIH B 2L 55/56, ZAM E 2L RERE 2ok I e 2 AR,
WAELE IR B NI &9 57; #12 B: e a s
B 54 AR B - HEEREL, 19207 b R
%ﬁ@%%ss%@%%ﬁ%%&ﬂ&ﬁi%ﬁ%%
FasE, TR Rk R N 2 BT &R B
1737

http://sioc-journal.cn/



BilLE FIRSiRE
(a) Mo, 2019  (b) Lu, 2021
| PH(+)/Pt(-), 13 mA Bpin : » Mg(+)/CC(-) )
N , Cs,C03, MeOH X | 150 mA, "BuyNBF R
R +  Bypin, —2—2—— Rl P R2 S0 mA, TBUNBF, 5 .
O/ 2Pz 65°C, 3h O | RR?s_X *B oAt Ar RRZ_BP'”
undivided cell then pinacol, Et3N, 1 h

Proposed mechanism (Lu, 2021):

" (X=Br, I, Cl)

/
Q »/—N
N B0
- O 56
@O\ ,O_< anode
LA |
O Br y
0 >—N
o
L O 55 _

57

AGiy, = -22.3 kecal/mol

53

+ Cy—Bcat path A
AGH

=9.1 kcal/mol

Cy* 53

path B

N~ AGy,, = -55.8 kcal/mol Cy—Br o \\ o
AGyn=-224 O/B_ :

o )|
\ / + Cy—Bcat
Cros o
— (0]

58

B 18 AR H AL 2 A S
Scheme 18 Electrochemical borylation of halides

HE4T A (Scheme 18, b).
22 FEMFTEZTREHMNBUFMCR N

2021 4F, FIRIRBASOTT R T —MHiIris, 5%
AR = PP e 3 P e RURRE R AT 1 IR 1) AR R AL,
133 T ALHE 1 2 (FURIE) 2 78 9 19 2 M ee U )
77 H B0 TR 15 R FE B2 1 (Scheme 19). %07 AT
S EFSMINE R FI S5, I HiEH T e )

S
+ _
ONM63 OTf ©,Bpin
. RVC(+)|PY(-)
P2 DMF/MeOH (V:V = 1:1)
©/\Bpin

.
©/\NMe3 oTf BusNBF,, - 4V, rit.

undivided cell
B 19 O BEANF e Eh i) s Al 22 AN R B
Scheme 19 Electrochemical borylation of alkyl and benzyl
quaternary ammonium salts

2.3 keE N-FRELRE i I pREE R B AL F i = 2

2021 4=, Baran HERRZH O L {8 A N-FRIEARIE —H
WE V%, Sk e B BRI e AL AR BRI NHPL B, 285 BA
Bacaty {FE MGG, 75 B A B AL 52 26 A R S 1 e
Z NHPI Ji5 i 2 -0 s A6 [ % (Scheme 20, a). 2022 4F,
VEAE G ZH 2 50 T FLAL SR 1 1 e 2 NHPT R FrR it
BRI N 1% R N [FIFEAE — i i AT, TR 4
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BHEATIFIANOCEA TN S S, B RBLAFRF
JERADTE T FNE e B 52 1 4 5540 5(Scheme 20, b).

(a) Baran, 2021
o (+)graphite/graphite(-)
0.241 mA/mm?, 2 Fimol  R'__Bpin

R! _NPhth +
%o B2 |8y DCMIDMF (V:V = 9:1) R2>R(3

R2

R3 undivided cell

then pinacol, EtzN
(b) Xu, 2022
o Pt(+)|Pt(-), 10 mA
n, 1 .

R'l _NPhth + B t BU4NBF4, DMF, 4 h R Bpln
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