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Organic Borylation Reactions via Radical Mechanism
Liu, Qianyi®  Zhang, Lei® Mo, Fanyang**®®
(% College of Engineering, Peking University, Beijing, 100871)

(° Jiangsu Donghai Silicon Industry S&T Innovation Center, Lianyungang, 222300)

Abstract Organoboronic acids and esters are highly valuable building blocks in cross-coupling reactions and practical
intermediates of various functional group transformations. Additionally, organoboronic acids can be utilized directly as small
molecule drugs. Therefore, development of efficient methods to synthesize organoboronic compounds is of significant
importance. Traditional pathways to synthesize organoboronic compounds mainly rely on electrophilic borylation of
organometallic reagent and transition-metal-catalyzed borylation. Radical intermediates have unique chemical property. It is
quite different from the property of polar intermediates resulted from the heterolysis of chemical bonds, and also different
from the property of the organometallic compounds during transition metal catalysis. As such, borylation based on radical
mechanism can realize distinctive reaction process, substrate scope, reaction selectivity, etc., and have great potential in
synthesis of organoboronic compounds. In 2010, the Wang’s group first reported borylation via radical mechanism. This
method realized an efficient direct conversion of anilines into aryl organoboronic esters. Inspired by this innovative work,
more and more borylation methods via radical intermediates have been reported and developed as a new avenues for C—B
bond formation in the past decade. A series of studies showed that organoboronic acids and esters could be efficiently
constructed by the reaction of aryl/alkyl radicals with diboron compounds. In this paper, we summarized the recent
development of borylation reactions via radical mechanism, including aryl and alkyl radical borylation. As for aryl radical
borylation, activation of substrates containing C—N, C—0, C—S, C—X (X = halogen) bonds and carboxylic acids to C—B
bond was summarized respectively. As for alkyl radical borylation, activation of substrates containing C—N, C—0, C—X (X
= halogen), C—C bonds and carboxylic acids to C—B bond was summarized respectively. Finally, we made a perspective on
the future development direction of this research area.

Keywords radical chemistry; borylation reaction; diboron compounds; aryl radical; alkyl radical
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Scheme 1 (a) Organoboronic acids and their common derivative; (b) Bioactive molecules containing organoboronic acid groups
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Scheme 2 Application of organoboronic compounds in synthesis
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Scheme 3  Electrophilic borylation and transition-metal-catalyzed
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Scheme 4  Direct conversion of arylamines to the pinacol boronates and mechanism

(a) Yan, 2012

A ;\] I;F + Booi eosin Y (5 mol%) Ar—Bpin

r— 2PIN5 - I
2B5Fa T BRI T CONL 1, 25 W ;
lamp 13 examples !

(b) Yamane, 2012

N—N :
Ar—N G + Bopin,

(c) Blanchet, 2014
1) NaNO,, HCI

water, 0 °C, 15 min
2) B5(OH),4, NaOAc
water, rt, 20 min

BFg’OEtQ

———————= Ar—Bpin
MeCN, 0-60 °C

19 examples
30 - 83% yield

Ar—NH, Ar—B(OH),

24 examples
11 -77% yield

(d) Xue and Xiao, 2014
Bopiny, rt

Ar—Bpin
NaNO,, HCI 24 examples
Ar—NHy; ——— 45 - 97% vyield
MeOH/H,0 B,(OH)a, 1t

L= > Ar—B(OH),
11 examples
55 - 90% yield
B 5 T HAHENBEREEE C—N#S C—B il
Scheme 5 Conversion of C—N to C—B based on radical mechanism
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(e) Pucheault, 2014 __
TiCp,Cly (1 mol%)

or ZrCp,HCI (1 mol%)

+ - BH,-N'Pr, (2 equiv Ni-Pr;
Ar—N,BF, 2NPrs (2 equiv) r—B
MeCN, tt, 2 h 9
1) MeOH ,
- Ar—Bpin
2) pinacol
25 examples

37 - 79% yield
eosin Y, t-BuONO

(f) Ranu, 2016

Ar—NH, + Bopi Ar—Boi
2 2Pin2 MeCN. 1t 2 h r—Bpin

blue LED 15 examples
- 0, H

(9) Wu, 2017 72 - 92% yield

Sn Zn(ClOy4), (5 mol%)
Ar—N,BF, + B,pin, ——————— Ar—Bpin
2504 TP T eoH, 40 °C
28 examples

46 - 94% yield
(h) Fang, 2018

Ar—Bpin
R 21 examples
AT/N\N/Sone Blue LED, rt, 17 h 13 - 80% yleld
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or B,(OH),4, MeOH Ar—BF 3K
then KHF» 4 examples

20 - 37% yield
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Glorius, 2016
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Scheme 6  Visible-light-promoted borylation of benzotriazoles
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Scheme 7 Borylation of pyridinium salts
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(a) Li and Lin, 2016

WUUL 15 pL/min

TBAF (0.1 equiv)
TMEDA (0.5 equiv)

N x ;
EDG + Bopiny
/

high-pressure mercury lamp

N Bpin
EDGr
=

X = OMs, OTF, 2€quV 4 etone/H,0MMeCN, -5 °C, < 1 h 9 examples
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(b) Li, 2017
O .
O.l_CF Nal (0.5 equiv) Bpin
R{Ejij/ S TMDAM (1 equiv) E:ij/ .
T + B;pm; _— R_|
= o _ hv. (254 nm) =
2 equiv MeCN, rt, 24 h

(c) Larionov, 2020

I N X .
R+ _ + Bypiny

1.2 - 3.0 equiv
X = OPO(OEt),,
NR3X, Cl, Br, |

PTH1 (2 - 12 mol%)

hv. (400 - 420 nm)
MeCN, rt, 20 h
(then KHF 5, or KF)

Bl 8 X C—O BINIELIL R
Scheme 8 Borylation of phenol derivatives
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12 examples
45 - 72% yields

~ B s
J a0

; N
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42 - 85% yields i PTH1

R

&4, B Jm 28 10 B R A 30 JR 5 SR IR NHPT i,
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(a) Glorius, 2017

o Bopins (3.5 equiv)
0 Cs,CO;3 (0.5 equiv)
NHPI, DCC )j\ N pyridine (1.5 equiv) Ar—Boin
Ar” "OH  EtOAc,rt,3h Ar~ "O” hv. (400 nm) ’
0 EtOAc, 35 °C, 24 h
31 examples
28 - 89% yields
(b) Fu, 2017 ;
o 0 N<:>*COOBU(15mN%)
)J\ N + Bopin, Ar—Bpin
Ar” "O7 ) PhCF3, 110°C, 15 h
o} 2 equiv 30 examples
42 - 91% yields
(c) Proposed mechanism R
X
P
+N
o —
i pinB—Bpin o
_N = § .
A0 R =H or COO'Bu )J\ AT Bopiny Ar—EBpin
0 SET Ar” "0+ -CO,
Bl 9 JSIERBRATENINNR NS 1L S R
Scheme 9 Decarboxylative borylation of aryl N-hydroxyphthalimide esters
Kang, 2019 2\
NHPI (2 equiv) NC>~COO‘Bu Ar—Bpi
ey, LB (20 mol%), ‘BUONO (3 equiv) = (30 mol%) e
r 3 4 A M.S. MeCN, N2, 80 OC, 24 h ngmg (2 eqUiV) 45 examp|es

Proposed mechanism
BUONO

phth—OH  phth—0O"

N 0

Ophth

Ar—CHj, Ar

HAT

B 10 27558 NHPI FRi Caryl)— CH; #lifig 1t [ 5
Scheme 10  Borylation of C(aryl) —CHj; bond via N-hydroxyphthalimide ester
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B E SRR E e A, HAh st e ek R
TR N (B 11a) P
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11b) 20 %7 W AR I U & A A 95 2
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PhCF3, Ny, 110°C, 15h 6 - 77% yields

7
N(:j>—000®u

Bypin;
A

Ar—Bpin
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(a) Ritter, 2019

F s F Bpin
j@[ +j©[ pyridine (5.0 eq.)
F S F + Bypin Ru(bpy)s(PFg), (2.0 mol%)
BF4 blue LED, MeCN, 22 °C, 18 h
2.5 equiv R )
76% yield
R L‘z{O Me (0] /N
=T U
(6)
(b) Ga, 2o+19 pyridine (5 equiv)
Ar—SMe, + B.pin, _ acetone/H,09:1 Ar—Bpin 26 ex?mples
“OTf hv. (254 nm), rt, 12 h 20 - 82% yields
3.5 equiv

Proposed mechanism

+ + .
SMe, hv SMe,
D O

0]

_ ,
Bopin, + pyridine — O\$*Bp|n

N

AN

=

B 11 553 C—S pEe b v

Scheme 11  Borylation of aryl sulfonium salts via C—S activation

25 FHHC—X BB R K

75 B I A A 1) A O B R I A R e L AR 1) Ji
Bl Gndr SRR A% IR B & Miyaura B A6 R B, X
e JE T Y E R R SR R . B it
& SR AVTNZ 5105 E L 8 i 4
ANV R2FETRAR KR RRLLAE 2013 E3R0E (B 12a)%,
FERME T B TIR)R, LA C—X AT
REAMAEU LKA E . R, SdwEP LT,
MATTHERR T B B AL DL S A R G ER 5 5.
2019 4, FATRB AR IR 5 b g5 G, R J7 2k
THAL P 7E B AR ) B 70 SRt A2, SBT3 T 5 2
FREG I POE A R (B 12b) . BT SR (EPR)
53R (CV) BISLinss TR, RN ZH H
JUR -

BEAN, BRG] k05 3 C—X BEW R =4 H B2,
] g — B AAR 2 D7 RN IR IR . 2016 4, PSSR
SRS IR AROE T FE NONNYN'- DY FE R SRR
(TMDAM) 1EFR, SRR AALYILE 365 nm [
AN LN (B 12¢) 2,

[[4F, O. V. Larionov MR IRIE T 7E 254 nm KL
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©/3Me2' -SMe,
—_—

o+

2
O\I|3*Bpin

N

N

=

ANEHEACAE TR, 05 225 A ) -5 SOC T TR B XA e 5 2
HEATH R AL AN ER AL S N (B 12d) 0. H5oih, F53E
B A IR SHUEYIE A T i, T R
B b TT DATEARUE IO 264 T SRl tb (0728 C—N 81
BRSNS, 2RISR AT AT AR AR BH PR A2
LRRIE T RBIAR KA N RN C—ClL #1 C—F
BEOIER L (B 12e)% . At LT RE A 97 &L
AR IV & SR M IR PEIRAR, 171X 9 4514
TEHSSEIL T X FRAEHEAA RS, 1 BT AL
FOHIN RN = 2R A 1) AR 5 I8 A S L 1) e TR R (R
8a). IXTEH Tk 1= H 1) TR e B AT IO, 2% AR T AN I ) e
AR S, JFOSBNHT T EAEE ST
47

2017 4F, JHHERFEFRRBHRE 7 4-K 50k
TEAR IR 5 55 i A 5 IR I e Ak s . (B 126
¥, it [ 2 Clock &M A1 EPR S256 %5 5 JAE ] 1
SN2 B R 20, % B ST AL . SR
MAEANENER, HFHERBHAER L. b, M
Pucheault P& HRIE 1 MERE 5] A 1 75 R0 40 ) B
v (B 12g) 40,
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(a) Zhang, 2013

Cs,CO
Ar—l  + Bypiny '] Ar—Bpin
MeOH, reflux, 48 h
15 examples
26 - 96% yields
(b) Mo, 2019
Cs,CO )
Ar—| + Bgpin = Ar—Bpin
MeOH (5 mL)
(*)Pt, () Pt, 13mA 11 examples
65°C,3h 30 - 76% yields
(c) Li, 2016

TMDAM, hv, rt, 4 h
MeCN/H,O/acetone

— Ar—[B

Ar=X Bopin,, Byneop,, [6]
pin-B(dan) or B,(OH),,

X=Br, |  then KHF; 34 examples

37 - 93% yields

(d) Larionov, 2016
B2(OH)4 or B2(OR),4

Ar—X Ar—[B]

hv, MeOH, 3-24 h

40 examples

_ +
X=F, ClBr1 NRs 43 - 98% yields

B 12 J5E C—X B IRG 1k N
Scheme 12  Borylation of aryl halides via C—X activation

3 IEBHBEMESL R M

KB IR ER BB R - TR B 1 /2 B2

AHEE T 55 36 H f2E, fedd E i 3E S B4 1
AL S b R A5 e . B3 2017 EA B WRIE. %
ATIE R EF A GRS HOE T OB AR SRR NHPI
B ey B SR -D B Ak s o (B 13) *1, B IR EL T ki
FH 2 AR A SR o 122 s s FH 7 B0 1) 5 v 0 e T 1
OGRS FEXT BRI Boping SECHNERE NBIYR, $eft T
— MR AT A T

Li, 2017

3.1

B,(OH), or Bopin, (4 equiv)
o [Ir(ppy)2(dtbpy)IPFe (1 mol%)
)j\ DMF or DMF/MeCN/H,O

Alkyl™ “Ophth  hy, (CFL), it, 14 h
then KHF;, for By(OH),4

Alkyl—[B]

[B] = BF3K, 15 examples, 40 - 84% yields

1°,2°
[B] = Bpin, 15 examples, 10 - 89% yields

CFL = compact fluorecent lamp, max at 465 nm.
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' (e) Li and Lin, 2016

B,pin,, TBAF, TMEDA

| N X
EDG
=

Bpin
EDG©/
X=F,Cl

25 examples
25 - 85% yields

high-pressure mercury lamp
acetone/H,O/MeCN, -5°C, < 1h

+ () Jiao, 2017

Ph@N (20 mol%)

Ar—X Ar—Bpin
Bopin,, MeOK
MTBE, 80 °C, 12 h 42 examples
X=Cl,Br, | 19 - 95% vyields

(g) Pucheault, 2017

B,pin,, CsF, pyridine

Ar—I| Ar—Bpin
DMSO, 105 °C, 2 h
40 examples
16 - 98% yields
Bl 13 2R ORI e FR R ) J R - W i A S R

Scheme 13  Decarboxylative borylation of alkyl esters from Li’s group

[F4F, D& AR B EFE RS V. K. Aggarwal PREZH DA
PR NHPI R S5 INRR AR Ml (Bycaty) IR
W, (R IS T BUR-IIER LR . (B 14) P
TSN R ORI, JRMIAATEET, — % =
AN = I FEFR TR NHPI Bg ¥y n BE47 B4 s ™, i H
HIARRIRTYIWRIL T RIFHFRA M. HLEEHFTIA A
5, Bscat, 575 DMAc FEKY NHPIL g4 &4
E, ZM&YIR) B—B s LU ES 1) Bacat, A BT TS s
BEfS, MEY E MUK N RAEMRL, ERIETIE
Beat H % H 50EY F, [ER B EEE I B &
H— DR BN R e 5 B 2. ek B AL
Ko JaEER RN LGl F AR AR AT . i
HH AL 50 B (1) Bocat, (EH AR HE &Y G, FEAER
FIVEH T &4 B—B Bl 205 28B40 B A5 = A
fb Beat HHHZE Ho H X — St B Y FhaT DL —
SRR R AL G, AR VUL AL A 0o 1 B 2R 2%
G, EEE N—O SRR B A b E
H3E, RGN .
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Aggarwal, 2017

(0] B,cat, (1.25 equiv), DMAc
hv. (blue LED), rt, 14 h
Alkyl )J\Ophth ( - ) Alkyl—Bpin 38 examples
then pinacol, Et3N 16 - 91% yields
1°,2°,3°
Proposed mechanism \"/NMeZ
O\I.O o Alkyl Ophth
B,cal, + DMAc ~———= BB -~ E
0] o

\n/NMez

o\o 0
/BiiiB V. O\ .
Alkyl B-Q
y + / \>/

Alkyl~__O. o
\[f % OBcat Me,N
(0] {
& |
B,cat,

AIkyI AIkyI
¥ @E bo
F
DMAc
. DMAc
Me,yN O\
):O“$\O Alkyl—Bcat

o) B-0
N o 3
Alkyl )J\o Mej/
o %

PN H
Alkyl Ophth

Bl 14 Aggarwal PRI L FEHR IR (10 02D B 4, i
Scheme 14  Decarboxylative borylation of alkyl esters from Aggarwal’s group

2018 4F, P. S. Baran 1 D. G. Blackmond i 40 (a) Baran and Blackmond, 2018

SEIRARIE 14 AL R BB R R NHPL SR 5R B 560 o (L:-ngcch)é (3‘1(; mol%)
PRI 15a)7 . R BIAE R T 10 4380 P RIAT 58 AL AIkyI)J\Ophth NIIgCI; (i.SEa q.)eq.) Alkyl—Epin
Kefb, $RAL T R RO B R L k. 2020 4F, 2 10 29 30 S (3 equ) 23 examples
PN R 2 1 PR R B2 DL TR & S R R TE AL B e R R R dioxane/DMF, rt, 10 min  up to 86% yields
NIEY, TR CRRAMEAA], B R7E SR T SCElEE A (b) Han, 2020
(A 15b)*. o) B.cat, (1.3 eq.)
Alk I)J\O/O cl DMF, Ar, rt, 20 min_  Alkyl—Bpin
Y then pinacol, EtgN
0 t,1h 28 examples
1°, 20, 3° 42 - 97% yields

B 15 Baran/Blackmond M5 P 1580 21 Jt 2 32 2 1) Jd - B 1 s 7
Scheme 15 Decarboxylative borylation of alkyl esters from
Baran/Blackmond and Han’s groups
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3.2 & C—N MRS R K

15 55 B 1 3 WAL R AL S AN [RD, ot R i T ik
MERSREE S, PUER, BT a8 Bk
fre e C— N B2 I A 75 LR R & USRI . 2018 4F,
V. K. Aggarwal @411 F. Glorius BfARZH J1-F [F] i 5280
T e BT A I R A R o Al AT O K e B e
2,4,6- = 2K FEMLIR EREE A0 N-Kt FE-2,4,6- — 2R Bkt e &6,
SR 5 Bocat, FERDGIHEAAE R T BEATIIER AL S L (P
16a) *°, JRAIE FH Y B — ORI ) N-fe Rt ne £ .

HLFRHTFCIN: Baocat, 20 T EHIZEIR NS BT 553,
L N O R B2 275 il P R B G B U AT
XNRAE o %G, ERHE T4 1K-% (Electron

(a) Aggarwal, 2018. Glorius, 2018

Ph

R'._NH, =
<R?|_|r + Ph@0+ BF4'—>>

Ph
Proposed mechanism

Ph Ph o,
y | B,cat,, DMAc @O,’
—_— "
) Ph_ |

RS

R N«
+
R?l/ BF4'
H P

\"/NMez
0

0 == = O, 0 =

\OD hv., SET @O,B*B"OD

donor-acceptor, EDA) &), X —4-G W1 IIEUK
™R A2 Bocat, [FIHEIE #5 1R A L A6 RS I AR, AR O R
) N-fedkntbng 5 2 ag . BT 308 5 Mk i HESh
71, X—HEERAAR C—N A ERRAK 2.4,6-
=ORFRMbE, [FRPRCH AL B AR (B 16b). S
etk H B R 53 B ) Bocat, 18 AR BB AL 40«
BRIGHEAL R e R C—N B0IEE 1L e B4, 2018 4F,
B KA O B PR GE | N-Besentng ZR15 B 10%
(1 4,4°- ZBUT 2E-2,2°-IKIEE (dtbpy) AHELT, FE0N
IS T IER LR S, (B 16c) . P=Ibk T 54k N
AR RE AL, AT URAL Ayl i = AR B 6

= | Ph Bocat, (1.5 equiv)

blue LED, 6 - 14 h Rgl/ Bpin
DMAc, 30-60°C . R?
then pinacol, EtzN

Aggarwal's work 31 examples, 24 - 91% yields
Glorius's work 27 examples, 29 - 98% yields

\n/NMez

“ BFy

BF. Ve
ph R*N;;\}Ph BF, Ph
R*N;}Ph

Ph
EDA complex PH
Ph J
N
| + R
Ph” 7 ph
(b) Shi, 2018
Ph_~ Ph B,cat, (1.5 equiv) ;
| dtbpy (10 mol%) RS _-Bpin BFK 28 examples

RT._Na

Rl * BF,
H Ph then pinacol, Et;N

or KHF,

Bl 16 Hidk C—N s ik s R
Scheme 16  Borylation of N-alkylpyridinium salts
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R1
or

47 - 74% yields
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3.3 % C—O BB R

2019 4E, B K2E AL Studer IR IRIE T ke dk
T F B R R T PO B s A e v (I 1720 ¥, $RME T ke
SRR R IE I R IR 1) T 1 o 2T VA B B R3] K
7] AIBN 8644, 75 = (=W mERMER T,
BERBEATAEY S Bocat, N AR RGeS R G . HLEEAT 7T
WA EE, AIBN 1N E HE 5 R FRITE AT 72 A4
THE A 3, iZ 8 h 3 TIMSS AR FAER=(=
e BlE; MG, X—rEraO | BTl R
TR TG ) A SEREVER S TR P A EAE A, 19 20kt 2
W&, FERERUH e H A, 3mSR v A
FIALT=1

[F]4F, Aggarwal PRARZHARIE T WEGHEALAE AN btk
i 11 405 A 2 4 2 B Ok IR TR 0T AR P O s Ak e BE
17b) 8, Z PR IR AT T 5 C—T sk
WA IR A R N SEIL C—O B, BELH
FEMEAT B 2G| R SR IE JFE R B A
3.4 fRE C—XEMEE RN

Btk ALY BRI 215 TR AFAER R, RN
fe ik o A R B e O R I B B AE . 2018
., A. Studer PREAIRIE T ORI LML Y 5
Bscaty N AE R AL = M0 S L (B 18a) o RN
& BIRIE R ke 2 s AL ) B S AL 53

(a) Studer, 2018

B,cat, (4 equiv)
blue LED, DMF, rt, 24 h

- R—Bpin
R then pinacol (4 equiv) P!
19 20 o 3° EGN, rt1h 21 examples
' 56 - 94% yields
(b) Mo, 2019
B,pin,, 'BuOLi _
R-X —
MeOH/H,0, 50 °C R=Bpin
X=1,Br 27 examples
1°and 2° up to 86% yield

(c) Jiao, 2019 B,cat,, MeONa

4-PhPy (20 mol%)

R—Br .
MeCN, 400 nm LED R=Bpin

X=1,Br then pinacol, EtzN 27 examples |

1° and 2° 41 - 80% yields

B 18 fedk C—X BIME L B
Scheme 18 Borylation of alkyl halides

2019 4, JATREAMRIE 7L EeES 50, 3F
Sef AL ek s A B E SR A S L (B 18b) .
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LRk
(a) Studer, 2019
R/O SMe ;'Iré\:l\lssl (1.1? equiv)
T + Bycat, (1 equiv) R-Bpin
S DMF, 70 °C, 15 h
4 equiv then pinacol, Et;N 9 examples

56 - 88% yields

TTMSS (1.15 equiv)
+ Bycat, blue LED, DMAc, 35 °C,
S then pinacol, EtzN
4 equiv
R =2° or 3° alkyl
X = SMe or imidazolyl

R—Bpin

5 examples
35 - 90% yields

Proposed mechanism

AIBN O~ SMe  Oy_SMe
l A S S(SiMes)s

NCMe,C* .
TTMSS 2 (Mes3Si)3Si U R’

(b) Aggarwal, 2019
Et3N (2.0 equiv), DMF
.0.__0O o
RO + Bca, bluelED, 28°C, 12h
S | then pinacol, EtzN
1.3 equiv
R =1° or 2° alkyl

B 17 bl Cc—O BN 1k
Scheme 17  Borylations of alkyl alcohols

R—Bpin

22 examples
32 - 85% yields

1 Proposed mechanism from Mo's group

-B—B

ate complex O 0

R'O
o | R—I
m _
B *«1 _
R'O—B, B,pin,

+ O R*

SRS R BIIER Boping AHXSBRAT, K S ANBURE,
SRS SEIR R E R S AT . B4, il IEH B 715

http://sioc-journal.cn 11
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PR S2n . T REESER (EPR) S2B& LN DFT 545
ik, BAMEHW N NHLEE: B, T RENET
H1 Byping J N A A W R PE R IN &4, it s
R RN e I s A I R, AR RSB R B A E I
Pl B S, bEdd E iR U S AR E F AR RO El
& d, HRE B—B KR4S 3] B bR =41 Bpin
HHEE K KPR drilee, sl ] LN 7R3
W EEARIAE AR L &ad— bt
TERGIE R 5 — o T BB A T B UG 38

A4, FETE REZHARGE 178 4- R EEEfE AT, Ok
LI e R IR I B AL 8 (B 18¢) ' iZ RN
ST B M B ) et C—Br 83 C—B B
3.5 fiE C—C #EMMEsIL & L

2018 4F, P52 32 1 K 5 FR I s R 2 4 1 1 DY oA
5 5 IR FO T PRI S m (B 19) 22, 3X S i 2
H R I — Bl ke dE C—C SEMIERIL [N o 1% [ St
51k, AT LR AR R L 2 E R3S, B R A B-
WO BRI, FrA bt i, e S IR S B 3
WAk =4n.

Guo, 2018
N/OCOCSFE,

R"
B,(OH), (3.0 equiv.), DMA, rt

|
é}ﬂ' m”x*mm
R R

then Et3N, pinacol
R R

23 examples
30 - 85% yields

Bl 19 skJI¥kedt C—C SEmNE (L S

Scheme 19 Borylation of strained rings via C—C activation

4 INESRE

ARSCRAEE T T T B B YL R A HLIN S 1L
iR, LG T 9 AR R S SR N
AT B R SN R IR, AR BT
WilE. }URERRERZHEMNEY . Fallh, B
FH A G A0 S N A AR, 22 B0 NAE S T B AT =2
HiE C—B 8, B TSR C—H ik
T A s B 75 BN E o A, B B SERES fb s B
T TR 3R B R S A R A A B R I B e
B, R, E H SRS b s S U 4 e AL B S 1k
Hormiis e mEE=AN R, JERAT AR R,

H2, UMY B E B ERES A 7 VA7 LE R R 1
WREH PSR SRR, K. B BB RER
F 1) B eh A A S O T T X A N fRT R R A AT
A, SINEHIE . HEEM TN R T B EL AL 2L
2, WM T RBE TR, NEEa el
Ko Uk, XA, BE. BB LSRR 2 T BB
BRI B AR L. BN, BRI AW A R
S 4 B ANIE JF CIB(NMe,),, 733 Bo(NMe,), BN
&Y, 15 & NS RIBIER ¥ SRR R
T OB RS B LR, R T A A A BRI R
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ALz eim @i, Bril, BEALE P 22 B & it
RN B PIABHRER .

MR A SCI R, T 07 AL C—NL C—O0.
C—S. C—X BLLREE MR B tH IS ER L ) B L2
H— RHI I AR, X TE WAL S o ki 1) C—
C Al C—H #81 B B AL BR AL S N 78 H e+ B =
BCETER, R OROR B RN B AT T R Ay kR E T
S

C—C BIENEVMHAEYIIEE, EREARNLE
B —, C—C BEIEFEL 90 kcal/mol, #J122MER
fasg; MH C—C#4bT C—H #A C—X b 225
FIEEH, AGeEEFEE. i, BT EVNE
YIE A ZABEMI C—C #, mFMEWRIFEL
C—C o BEAPlME. Bk Har, C—C 8/ A mi
TG A S AN A SR TR R R A 2 1) — o o, i EL N 7%
BURFIR VU sk JIIMENIEY) . AR — MMM C—C
B B AR R AT AR SEE (B 20a). % TR
PE) C—C iEL I EE AL S X 73+ B 2B 2 A 1
HEME N, X — 77 [ 2 0 5 R Bk 2 1t 5
IR

(a) @@ ‘diboro.n“\ 0B
% via —n

®) diboron
S ————~ ©®
4 via —0\

Bl 20 C—CH'5 C—H#ME dFELM R E
Scheme 20  Outlook on radical borylation via C—C and C—C activation

5 C—C 8, C—H B 2HE YA R
AR — . T MNETEGF &P BT L
kv, C—H #EEE Re AR 2 i AR i B i itk
HIMEE AR . (ER, JEIROTRET TR, JEdIE & E M
e, 2T B HES RN C—H BEIIMIL s A
JL4RE (B 20b). C—H 81 SR ER AR 2 Bk
aetE, T EMNENASRE, WEE T HEENE RN
TH I TR o

EEEN
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MiEpH, LFRFILFE2017 B4, AFREL T
TRFLFR, HEHBRITPAELERFBRARTR, TE2AF
HAUA by I B AT T B R LA R T R A R

KE, LT RFILFER 2016 BHEEA, 2012-2016 T
AFRHEIRFRMFE L, 2016 £ 24, AZJUERFHH
RRAFEF TR EFE, TEAFAMNBALE SRS TE
BB B B AR T,

FAE, LR KRFIEREEHAR. HEAEFT. &
FF 2004 52006 F AL TEL KFEHELFE L 5M %
(05 B& AR . 2006 £ 2010 F3kik T ® KFF
55 FIRERE, EAAMLEHELSSE (505 T40k#
#).2010 £ 2012 44 Scripps At 5T A FH LG5 (F07:
ROR BHAZ) 5 2012 £ 2015 4245 50 5 A 0 R AT IT oA
WFEHE BT (FW: E75 W), 2015 FAlEibw X
FIZRFEART, T2 H G OIETRFOGA A
R EF EFREYH R AR S F T,

B

B E R 8RR F LTS (No. 21772003,
21933001); B 5t K- AU PSRRI E o
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