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Lewis-Base Boryl Radicals Enabled Borylation, Radical
Catalysis and Reduction Reactions

Jin, Jikang Xia, Huimin Zhang, Fenglian Wang, Yifeng*
(Department of Chemistry, University of Science and Technology of China, Hefei 230026)

Abstract Free radical reactions represent an efficient and significant tool to construct organic molecules by taking ad-
vantages of the high-efficiency, remarkable selectivity and good functional groups tolerance. Lewis-base boryl radicals are a
class of species that possess unique structures and chemical reactivity, and a variety of synthetic applications have been devel-
oped. This account summarizes the research advances in this research field mainly contributed by our group. The results in-
clude Lewis-based boryl radicals enabled borylation reactions, Lewis-based boryl radicals-catalyzed new reactions, and Lew-
is-based boryl radicals promoted reduction reactions. These reactions feature mild reaction conditions, good functional groups
compatibility, high yields, and excellent chemo-, regio-, and stereo-selectivities.
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(a) Radical borylation/cyclization cascade of 1,6-enynes
R2 Me
R' AIBN (20 mol%)
I ) [ D—BH, CoH19C(CH3),SH (50 mol%)
N CH3CN, 80 °C, 12 h
Z Me
1 (1.2 equiv.) 2a

R? R1HH Me

NN
\) R = Ar, CO,Me
R? = Me, CH,OH, CH,CH=CH,

3 Z=NTs, O, C(COEt),

(single diastereomer)
16 examples, 29% ~ 92%

Ar 3 Me
R AIBN (20 mol%)
(- . [ >—BH, CsH1sC(CHg),SH (50 mol%)
)“(*7} N CH4CN, 80 °C, 2~ 11 h
z n Me

2a (1.5 equiv)
Me HH Ar R

C_f\)( R3= Me

Z = NTs, C(CO,Et),
n=1,2,3
13 examples 35% ~ 81%

(b) Plausible mechanisms
Me Me

[ )—BH; — ™ » [ )—BH, (1) (

Me Me

2

R’ Me Radi |R R! 6-exo
adica
M J) [ >—BH, addiion w*ﬁ < B cyclization
N J

Radical Ar R3 6-exo

M f/ [/>—BH addltlon : JJ cyclization

V4
2a \V

Ar Ar

f\)( RSH f\)(

BRI 1 L6-Mi) B R A A e 3Bk e
Scheme 1 Radical borylation/cyclization cascade of 1,6-enynes
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(a) Radical borylative cyclization of 1,6-dienes (a) Synthesis of boron-handled amidines
R2 R Me AIBN (20 mol%) Ar 2a (1.2 equiv_.) Me
) N CgH19C(CH3),SH (50 mol%) AIBN (0.2 equiv.)
3y & + || )—BH N CoH19C(CHa)SH \>/
R 3 o
] N CH4CN, 80 °C, 12 h LN 0.2 equi
+ Pz (0.2 equiv.)
z Me N CH4CN, 80 °C Me NH
12 2a R
R® R H H Me 22 23 R
H R' = Ar, CO,Et, CONEt, R'=Ts, Ar, Bn, Boc 18 examples, 51% ~ 91%
j/ R?, R®=H, alkyl substituents (b) Synthesis of boron-handled quinazolinones
Z = NTs, O, C(CO,Et), R Me
r
18 examples, 42% ~ 90% & N [ >_'
(b) Synthesis of boron-handled polycyclics (6 examples) L Z 2a (1.2 equiv.) <1
y N AIBN (1.4 equiv.) 'V'e
° 2a (10 equiv) \,  CHON,80°C
O AIBN (20 mol%) /Q3 o o CHCN, 807
X o —_ =
Me /Y CgH1gC CHa)st | P R O _;RZ
N (50 mol%) Me 24 PLI
| 0/ ~ 0,
” (1T; “ CH4CN, 80 °C, 12 h /Pr/z/}:\é ve HM AT 6 examples, 47% ~ 63%
.2 equiv. 0
Ts 45 N;(E—;‘\/_?fN LR AIBN
A\
Di ificati f I-h led P i N\ N. q
(c) Diversification of boryl-handled Paroxetine Ar K/N Me __
(0]

6 standard Y F
| conditions S
F 85% o

H/ (4,5-trans:cis = 1.3:1) N >
N \/©/ T 1
Ts N

O
(4,5-trans:cis = 1.6:1)

19 ér
(b) HCI O F
F Pinacol . (@)H0, ©/
82% 86%
N
) Ts” OH
Bpin (4,5- trans c:s =1.3:1)
(4,5-trans:cis = 1.4:1)
18
2%
(d) (1) KHF, NHBn
(2) SiCly, BnN3 4 5-trans:cis = 1.6:1)

20

B3 1L6-JH0 H R A b S

Scheme 3 Radical borylative cyclization of 1,6-dienes
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Scheme 4 Synthesis of boron-handled amidines and quinazoli-
nones
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A Hi(Scheme 5a). 1% N I H A 5 R B B a- X 400
Bk, AT % B2 oK B (DFT) vH R3] ) 540 7,
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(a) Radical hydroboration of «,f-unsaturated compounds
2a (1.0 equiv.)
AIBN (0.2 equiv.) 'YI
tert-dodecanethiol (50 mol%)
RzJ\ )L or PhSH (20 mol% RzJ\ _7
R4 + N

CH3CN, 80 °C
(o) Me’
26 27
1.2 equiv. 34 examples, 39% ~ 95%
(b) Synthesis of boron-hadled benzazocines (5 examples)
2a (1.0 equiv.) R'
R' AIBN (0.2 equiv.)
thioglycolate TN WAr
J\/\ OZequw) \B/NHC
Ar CH4CN, 80 °C N I\
R OH H
29
V.
)uﬁ,I/Ar
\IB\/NHC
R

BR5 o f-NAIERIEA S PIH E R0 A 8

Scheme 5 Radical hydroboration of a,f-unsaturated compounds
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2a (1.0 equiv.) Me
AIBN (0.2 equiv.) H H |

PhSH (20 mol%) | -~ /B\(—?
CH4CN, 80 °C EWG
30 e

1.2 equiv. 34 examples, 42% ~ 99%
EWG = CF3, PO(OEt),, CN, SO,Ph, Bpin

Ar/\a/ EWG

B 6 70 TR B B S S R

Scheme 6 Radical hydroboration of electron-poor alkenes
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7a). i DFT 5, KIIERNE 1) o- XSk £
fe BRI R R B I EOE Fr e, FE#R T2
Ny b, BRI R R A BN RR TR o A7
AR G B 55 AR, AEAEE TR T
HBORE L {3 KOBu Xt a- —SUke S IL &4 33a
BEAT AL, B N REWS DL g BB ISR AT B BRI R -
BEEUR M B 5UA K 34 (Scheme 7b). AZ4R4L, IR
A B e A R BRI R e RE A ELRE R SR A
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(a) Radical hydroboration of gem-difluoroalkenes

Me ACCN (20 mol%)
F MeOCOCH,SH R F
R1\|/ [ />—B _H __ (0.5 equiv.) RH/ \B/NHC
B R2 \+ CN CH3CN, 95 °C R2 H tN
Me
32 2b 33
(1.0 equiv.) (1.2 equiv.) 21 examples, 46% ~ 83%
ACCN: CN
N N
CN
(b) Transformations of monofluoroalkenyl borons
R F
\/
Ar\/\é/NHC (a) KO'Bu Ar\/l\é/NHC
—_— /
H/ \CN quantative H \CN
33a 34
(Ar = 4-MeOCgHy4)
(b) Sc(OTf)3 F
EtO,CCHO An\jg CO,Et
57% \(
OH
35
(c) Sc(OTf)3 E
- Ph,CHOH
one-pot 2 Ar \%I Ph
manner 61%
Ph
36
¥
(d) M92N=CH2|_ II:
55% Ar A~ _NMe,
37

B 7 8 R R A S

Scheme 7 Radical hydroboration of gem-difluoroalkenes
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JE AT B IA R - A 9l B 3 ATk sE i
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BRI, Rl B e 2 7 A2 77 2, RIS R AR
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W e 877 \(Scheme 8). 7R TAEH, ZRH K
- Rk T I A P A2 (Scheme 8a). Bl A,
B 1 R IO e B v RS2 AR ) B R R A TR A
SRS RS EI R SINEENS 1) EEIETEENS 1| R e G E
S BI AL 4 39. BeAh, BA LM 55 F A N5
FARA, ECHRAR TS, SEHL T e B 5 A B
(Scheme 8b). {Ei% R H, LA B H FHES TN
T EAREIM B R B Pk IV, hiE A TV
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(a) Defluoroborylation of trifluoromethyl-substituted alkenes il 7:7 /jé, %EZ iz HT & f% £f] é‘ﬁk 5 ﬁ\: qq i {E fjm\}% 1%
2a (1.2 equiv.) L\ NHC o WU THEAL DU B A0 E 02 . SR T,
PO\ Aews ooy 3 o) R e B EF e SRS AN SRS HBEAT L. ST
¢ DM, biue LED (30 W) ;I; SR 1 ER AR — R MR, ARSI AR A
38 30°C,36h, N, 39 PRI, 6T [ i B R A s o, fn R RS TT R
"""""""""""" e RKIHEAL ST, 5 S ST A 77 v S BL  4G HLA
NHOBRT T e WLLE PRIE . ERT, e AR A S TR PR T B 1
2 RUAN Lo S FIVES) Y P 2 8 0 05 R B TR S 5 68 R B A i 24,
(i) Ir(1V) c?:;i)ﬁilg AT 2014 4, Maruoka VR BZH HRIE 7 — 61 Tk 6% B 3
blue /6“ : F TGS ATRR A R BL. 2019 4, 14 SR AR I iR
EED (i) ANSFoC e . S VR PRI e 0 T R TRCA SRR, R ER R A AL
R S A, SZELT MR R4 TR R R R, TERE T
(b) Radical arylboration of alkenes H /f\‘ Q Hﬂ%ﬁ{%f{?ﬁiﬁm?ﬁ&)ﬂ 2019 £|£’ ﬁi‘ﬂ‘ﬁ%@éﬂ[m
. H--NHC TR B R -0 ) e S AE AL, ST — Bl
oN oo moy AN A HLo- -5 HE 1 B HE 9 (Scheme 9). E SR Rie,
[%}W+MvAWD$Z$$3;M .- P B SR AR T 57 PR LR B 2 o, 75 R 7 P 4
):o “ 30 °C, 24 h, N, \X'_R B E A AR T (Scheme 9b). BJS, AKAEFE IR IS 3T
________________________________________________ 2 BBt ch ik VI g ik VIR A p-iigd
. . pNHC 13 BUMERRAR ™) 44, BB A R RS-0 B 2,
SN SEILT R AR, T ESELHLE i A b, 3R
2 v e IR B 1 R SE AR EAT 7 DET iH4, 38k isese
" e W S A 1 PR AL SOSERLE. % T AR FFRE T 00
bl 40N - NG o SEAE [ IR HT R, N G SRR -

“Ir(i) (e moe” [ e 42 [ ph Ak T T AR TR B 5 T ISz g S i

X

v " 3 WEmERHNTERNARER
B8  IHAL LR EREE SiN VAR R IRE IS Ak A e AL
Scheme 8 Borylation reaction enabled by photoredox catalysis FIFH "BusSnefEm8 = R S 2 Fh | B 3558 IR e B, T

RUR R A R E S T v Rk ORIRE N RIS, 2T, BT AL
SEARIE, MBI VL hial g v g g SOTBRAIE IR, BORHUIRE] 1 ILAEATHLE R R
BT ERIRAN MY 42, ZehEi, rmTa ALk, ZHONFERE S E-IER "BusSn-
R T L S O 2 B B B [ B Sy H B BRI R AR, SEI T 2 RORIF I A
[ 4 R B T —FORT IO B BE RT3, RATEIL SR (R BEREURRL B, Curran SRR RURIE 5%
dek. WK SIK . [ R TR, Ee TR ME RS T — RIAEHLKY, SRR L
TR BB 2 i UL AR R R T ity ORI
e I BN 2015« SRR 2, fEALE R BA
500 T, B A 2 O8I 2 f S A 2 RN ES B, S8 BRI AR 419 0 AL
S, SCHLT —BIT S R B R R SR E y WEH. ST RIS T HE LT Raney AL
WAL, Be4b, Curran AR AL IR, Zo/HCUREIE. SR, ke S 85Uy
GG R R SR, SeIL T — Bl TRy R RNIREE R, BRERIE AR, B Ak
V4TS R, e Be BB 14300 e & B, R —BR R SRR (5 68 M B4 CIEI% Y

AR T —FI AT 47 [ 7 . Sy AT R L. 2018 4, BATIRAIALSR Xt
. T B e A B B & (DMAP-BH,e), 7E IR R 444
2 WEHREEUEEMRER T S2HL T WA 1938 JEUS S (Scheme 10a). 7F M2 7

T A0 2 IR A9 T 285 W A7 WL 43 T () — o 8 34 4% o, R A N I B A RS 0 B 1 R D Rl T AR
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(a) NHC-boryl radical catalysis for skeletal rearrangement

R2
H Z
R! = 2a (20 mol%) 1 H /
7 R
h\ o) AaWQmm%)P\ X
_ >
= CH5CN, 95 °C
w)k@ R2 3 = l}l 0

R3 = R3
43 44

20 examples, 21% ~ 97%

(b) Proposed mechanisms
NHC-BH;

mlt
NHC- BH2 A_, _.
addition
first aryl-
44 migration

second
aryl-
migration

B9 il E t R et i s RS

Scheme 9 NHC-boryl radical catalysis for skeletal rearrange-

ment

KRB R T L, B3 o-FilkbiiE s g mk 1
BE 5, H A AR T ARG Ry 48 B 143 3 v e 44
IT A H . a4 1T 5525 DMAP-BH,SH Rl =44
FSCAH N P ST e TR . 7 ek PRt Y i 3 P e - e
PR JEAEFT, S0 o A4 450 TR A RO R 7 0 LR 72400
46. SN HAE R I E 2R RS 1 — 2D AR 1 DT 4B HY
S B g S e A 5t (DMAP-BH;) b &R F E B4k
R RS e A ER E R AR, SEE T R
SN LG IR, SRT, HEId R4 R o e SER AR Ik i o
ANEH, FBEAR Ese A S8 HE A 5T ik
RUERE R AR B e A SRR EAT S LIS, SN AR B o fi
Je ik [ 2R P AR BRSSO B B DU BT A 98, SR
Z R AL S = Bk 2 (Scheme 10¢)*).

10 H 2 B A, il E 2 A — 2 E ) v (A
Rlt, ZFh =40k B 12 TR D@y K AR H. &
RGP HA KIS iz, BRI 215 . FIH R ER M
R, USRI AR 2 — L R R FE (NHPT B i iR,

AR A RN EE TR P g ma
NHPI Bl 52 i Je 38 TAEPY, J4Esk, £ %0 NHPI S i 22
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(a) Desulfurizative reduction reactions

Me\N/Me
S TBHN (20 mol%)
| X PhSH (1 19
Ar\N/l\R1 N SH 0 mol%)_— Ars g
H Z toluene, 80 °C H
- 46
BH
45 2 3 22 example
Me 24% ~ 97% yield
TBHN: N )<Me
MeX NTTO7 "Me
(b) Proposed mechanism
” AI'\ N1
A ~
I H/ \R1 H R
46

45 DMAP-BH, 2c

| [H]
SH PhS’ BH2 DMAP

DMAP-H,B . Ar, g
LL. Ar\ /\ ~ N R
Ar< /\
o N R ;' DMAP-BH,SH

c) Radical annulation of thioamides (8 examples)

THPO 2a (1.5 equiv.)
AIBN (50 mol%)
PhscSH (20 mol%
/\ Bu toluene, 80°C
48
THPO NHC OTHP
BHZ _n-Bu
/\
B/NHC

OTHP

&

—n—Bu

T

BRI 10 BRI 4 B R SR AN AL Js 15

Scheme 10 Desulfurizative reduction and annulation of thio-
amides
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AR . EmABE RO R TAER)HEAE -, 2019 4F,
WATER AR HH e 7 — 151 ¢ 5 - ) el 34 3k )
NHPI /i 1) Barton Jit 2 5 . #1 Giese < ¥ (Scheme 11). 7E
BERONE R, g St e A 2R R 3 R 1 b
BT NHPI P 3L A5 7 B BRI o- 2 b5 E
ph 3 Al44 T (Scheme 11¢)PY. [t JE, whlalfk 1 &4 -l
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T o B- AN FRIEAL G015 2S5 YRR o- Bk H H A
HEA. a-HBE Dk B R gE— A5 Al M UL BC b AORE — F i
BenbnE-mibe FEEEE T, SRR 50 FEE
AR o T R e - EH 2, SREIL TR R Giese
NLIEALIERR. 7E Barton iR R M, SRR EE H
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(a) Giese reaction of NHPI esters

Z>ewa (1.0 equiv.)
o) 2c (1.5 equiv.) 1

(6] : R EWG
- | AIBN (0.2 equiv.) RPK\/
R2 o~ 5 toluene, 80 °C R3
R3
49 50

17 examples, 51% ~ 85%

(b) Barton decarborxylation of NHPI esters

w&?

10, 2°, 3° aIkyI acid

2c (1.1 equiv.)
AIBN (0.2 equiv.) R H
PhSH (0.2 equiv.
quiv.) st(

toluene, 80 °C R3

52
8 examples, 57% ~ 86%

(c) Proposed mechanism

DMAP-BH3; 2¢
/nlt
B

MAP BH2
: \S ,N
R2
(0]
49 or 51

detected by HRMS
PhSH PhS’

N\ R>| u 52

B 11 NHPI B Barton i 5 N F1 Giese S B
Scheme 11 Barton decarborxylation and Giese reaction of
NHPI esters
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