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B Type and structure of LB-BH; complexs

LB + -
BH.eTHF or  BH.,eSMe - LB—BH
3 3eoMe2 THF, 0 °C 3
R1
3 1
R\1+ - R\1+ - J N\t - RGN+
RZ—/N—>BH4 RZ—/P—>BH3 ¢ N—BHs I S—BHj
R3 R3 R™“Y— R4 N\ )
R
e 2 ALk O AR e RAEIFEEMER

HH OMe ’
LB® + O B Q —> LB—>B 'H | °
H SRl ﬁ[ - B 888 (-t
FEm| %ﬁlﬂlﬁﬁ‘ 0 Me
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Discovery of boryl radicals

M Early studies for boron radical

'BuOO'Bu
Et;N-BH;  + 'BuO-

'BuO-
Et;N-BH, + 'BuOH

(a)
(b)

256

+ -
Flg_li_l'e 1. Es.r. spectra at 193 K of (a) Et;N-BH:; generated from
Et,N-BH, (975 atom9%, “B) in cyclopropanc—THF (3:1 v/v)

and (b) EtaN"BDg generated from Eth—BDs (81.2 atom9% 'B)
in cyclopropane-[*Hg]THF (3:1 v/v). Some unidentified lines
are present in both spectra No e.s.r. signals were observed during

photolysis of Et,N-BH, alone in cyclopropane-THF.

B. P. Roberts, et. al. J. Chem. Soc., Chem. Commun. 1983, 1224.




Discovery of boryl radicals

B BDE of LB-BH;complexs

Pyr-BH; (72)
DMAP-BH; (77)

(" N\

{
Pyr-BH; —299° . pyriBH,.
1y
DMAP-BH, —2u9° DMAP-BH,e

Chem. Eur. J., 2010, 16, 12920.

------------

i n-BusSnH (78)

[ R3N-BH, (94-104) Robert
Me4P-BH5 (90) oberts
1y
R3N-BH BuO- RsN-BH,e
BuOe
MesP-BH; —————  MezP-BH,e
Chem. Soc. Rev. 1999, 28, 25.

| PhS-H (87) |

~---d--s------5 +--MeOH (105)

BDE (M-H): Kcal/mol
70 74 78 | 82 86 90 100 ' 110
__________________________________ (Me3S|)3S|H (84) BH3 (107)
""""""""""""""""" THF-BH; (105)
NHC-BH3 (74-80) Curran
Me Me
N+ _ AIBN N+ _
[ S>—BH; ——— || D>—BHye
N N
Me Me
J. Am. Chem. Soc. 2008, 130, 10082.
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» Reduction reaction promoted by boryl radicals
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NC._Na
x N><CN
N @ N
AIBN | C’@ N—Ph
T+ NHC.BH, AIBN orELBIO, . GBHS

R“OJ\SMe -
. B-H _=_?9 keal/mol B-H =80 keal/mol
>\,, SMe
Et Z O o\0 0. HH
Substrates Bno'ﬁ's\r Bnow \ :
(8),4

OX OO
X = C(=8)SMe \\(
HH
. nO™\ %5
Products BnO'ﬁs\J: m 09\(

65% 67% 61%

D. P. Curran, et. al. J. Am. Chem. Soc. 2008, 130, 10082.
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Reduction reaction promoted by boryl radicals

B NHC-BH; mediated Barton-McCombie deoxygenation reaction

. . precursor isolated
iPr iPr yield 6a

J( N CN heat J'\ + N2 Eg>_gzs g SCH 2a 79%
NC” N \l/ — = 2NC | VAR 8 2b 66%

NHC-BH; ——

AIBN I |Pr\©/|Pr 2c 700/0
HAT :
Lt NHC~BH /l\
NCJ\ SR o

6a
| I
. _BH, NHC o u : ﬁ Exptl. 300K
NHC-BH, + R‘oj\SMe _addition 519/ j,\SMe —_—e R+ NHC—H23’3_<8M3 J '\/\ IW {MJUWI bj\ M /V\N\ﬂ / l /L L ITT—.
0 m v v PR
SR Toe
HAT |

R+ NHCBHy —— R-H +  NHC-BH,

TIRRTY
W v ’ y W‘M m"J \-N {UJ ﬂﬂ M M Ay

Figure 7. Solution EPR spectrum of NHC-BH»* radical 3a. Top: First

derivative experimental spectrum at 300 K in -BuPh. Bottom: Computer
simulation with parameters noted in Table 1.

D. P. Curran, et. al. J. Am. Chem. Soc. 2009, 131, 11256.
_ BRE. BEZE. KX, 51T \ The Xiao Group




Reduction reaction promoted by boryl radicals

B NHC-BH,; mediated radical reductions of halides

Me with PhSH
N
R-X * [ >+_BH3 AIBN or (IBUO)Q R-H
N
X =1 or Br Me without PhSH

..........................................................................................

A -

83% 82%

D. P. Curran, et. al. J. Am. Chem. Soc. 2012, 134, 56609.
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Reduction reaction promoted by boryl radicals

fast

Y

NHC-BH+ + R-X
ky > 105 M~" s~

slow

Y

NHC-BH; + R-
ky <105 M~ s~

B NHC-BH,; mediated radical reductions of halides

NHC-BH,X + R 1)

NHC-BH,» + R-H  (2)

fast
PhS-H + R-e » PhSe + R-H (3)
k3= 108 M-1g™"
fast
NHC-BH3; + PhSe » NHC-BH,» + PhS-H (4)

kys=12x108 M1s~1
for rxn of 1 with PhSe

PhS+ + NHC-BH; ——>=  PhSH + NHC-BHy' 4 1 NVWW\,- Experimental spectra
IBU‘;\-I'O_ fast Bu. -0
NHC—BH, + | S i
s+ M o BH, NHC 2 JWWW\f Simulated spectra
PBN nitroxide o , ,
spin adduct 3310 3320 3330 3340 3350 3360 3370 3380

D. P. Curran, et. al. J. Am. Chem. Soc. 2012, 134, 56609.

B (G)
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Reduction reaction promoted by boryl radicals

B NHC-BH,; mediated reductive decyanation

O.
>0

Ve DTBP " Me .
RU R N orer omo) [N B2 M) | pragmentaton RL_R
N t-BuOH N R'| then HAT\ NC™ "H
I‘\Ae 120°C, 16 h Me NG R!
: : j NHC—BH3 (CN),
Ih:n=1-2
CN
0O CN
m Ph\/\I/CN CBHﬂr CSH1? ( Y\/)(
/@/\rCN Ph CN C’BH‘?XCBH«]? ( OY\/j\rCN
cl H H NC H OMe  /H
93% 96% 91% 94%

D. P. Curran, et. al. J. Am. Chem. Soc. 2015, 137, 8617.

BRfE. BEZ. K. 51T \ The Xiao Group



Background

M Early studies for boron radical addition reaction

Roberts, 1985 . R | R R-R Re R
EtsN-BHye + Xy, R —— Et3N-HzB/\./R : BuOe 1,5-exo0 _
: T s, | .BH
R = H, not detected by EPR +_BH; + _BH,e N
R = TMS, poor signal ' N N y
» P g E Mez |\/|e2 |V|62
+ R=HorMe detected by EPR
( A Et,B/0 Me 5 N B
Ar 3- 2 N + ' Ar- N N~ar Ar-No N~ar —
N+ orABN N h e [\
_ _OrAIBN ,
[ \>—BH3 >\BH2 ! -BH, 'BuOe -BH, [S-scission Ar~N<o N=ar \
N N ! H _— = Y +
: . -BH
/7 ° B not detected o ?
not detected by EPR detected by EPR
N N- N N- Me Me Ph
Ar ﬁ/ Ar Ar ﬁr/ Ar N+ Ph N+ .<
'BuQe N o — N\ -
-BH, _2Y¥_ -BH, [ >—BHye + =< ~——— [ »—BH, Ph
N

. N Ph \
. Me Me
Curran, 2010 | detected by EPR

detected by EPR

J

D. P. Curran, et. al. J. Am. Chem. Soc. 2015, 137, 8617

/ K/, —
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Background

H
NHC-BH4
o BHNHC < NHEEs
n k<10°M1s™
slow
Ph"Xx + NHC-BHye — oh - BH2-NHC
| k=108 MTs" I
nucleophilcity nucleophilcity
fast
k=12 x108 Mg |NHC-BHs
' fast
H k=108 MTs
+ R-S. -t

Ph)\/ BH,-NHC -N RSH

\Y} Polarity reversal catalyst

electrophilicity

The Xiao Group
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» Cyclization cascade reaction promoted by boryl radicals
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Cyclization cascade reaction promoted by boryl radicals

B Radical borylation/cyclization cascade of 1,6-enynes

Ar

Rt
1 f Me l{ f?? M H H Ar
R' H H Me 77 2 N+ 27 M 4 ‘%
\r [ > Y
\) initiated N initiated ¥ Me
from alkenes Me from alkynes
3, 16 examples, 29-92% yield 1a 5, 13 examples, 35-81% yield
conditions: AIBN (20 mol%), CgH1C(CH3),SH (50 mol%), MeCN, 80 °C, 2-12 h;
R' = Ar, COMe, Z = NTs, C(CO,Et),, n = 1, 2, 3; AIEN = 2,2'-azobis(isobutyronitrile)
representative products initiated from alkenes representative products initiated from alkynes
Ph H H Me F'h H H Me Me H H Ph |"«/'|e|:\'l H ,H Ar
N Me B Me
Y \r Y - N
N7 N. .
Me” + + Me N * Me
Ts EtO,C CO,Et
3a, 84% 3b, 52% 5a, 55% 5b, 41%
(Ar = 4-CO,EtCgH,)
Me
Ar HBH 1 MeO -/ " N
\(_? Me HH 7'y e HH Ay
" Y\J’ D r° ‘fjp o
EtO,C CO,Et **Me Q,
T H +'Me H
s Ts
3¢, 70% 3d, 58% 5¢, 81% 5d, 60%
(Ar = 4-CO,EtCgHy) (Ar = 4-CO,EtCgH,) (Ar = 2-CICgH,)

Y.-F. Wang, et. al. J. Am. Chem. Soc. 2017, 139, 6050.

FR1E. EX. K. EH1T \The Xiao Group




Cyclization cascade reaction promoted by boryl radicals

B Radical borylation/cyclization cascade of 1,6-enynes

Generation of boryl radical I; E Me

2 [ >_BH2 RSH RSH \>_,‘3H2

- 1a
[ \>—BH3 Me n
N
Me 1a
;
A || G ?_\(-_ R initiated initiated ’Y“
B from alkenes RS - from alkynes M
M . Int-1 Int-3
[ \>_BH2
6-exo 6-exo
Me (= B) cyclization 5 cyclization
(1
Int-2 Int-4

Y.-F. Wang, et. al. J. Am. Chem. Soc. 2017, 139, 6050.




Ar
\K\i Me
N N+ H
Fh H H Me Me r.\'ﬁ E\>—B Ar
o (R R ) o4
“»—BH
[N>_ 3 Me N NH
2 et e e
7, 18 examples, 42-90% yield 1a 9, 17 examples, 51-91% yield
condition: AIBN (20 mol%), CgH1gC(CH3),SH (20 mol%), CH;CN, 80 °C, 12 h
R' = Ar, CO,Et, CONEt,, R? = Ts, Ar, Bn, Boc, Z = NTs, O, C(CO,Et),
representative products from 1,6-dienes representative products from N-allylcyanamides
Ar H H Me PhHH Me |H N+H /\
SoutIinesvSIRe W
+
N Me
Ta, 80% o o o
(Ar = 2-CICgHa) 7b, 72% 9a, 83% 9b, 66%
Ar H H Me Me Me
EtO\/ H H '
Y HH Me N+ KB N+ H
1, -1_H
Py \[/\) [ S=B"" Ph [ =8~ Ph
\(\j ‘r\) A e e
Me ™ Et0,C COzEt Me N\~ SNH Me N ~=NH
1 1
Bn Boc
0,
7c, 61% 7d, 63% 9c, 71% ad, 66%

(Ar =4-CO,EtCgH,)

Y.-F. Wang, et. al. Org. Lett. 2018, 20, 2360.
Y.-F. Wang, et. al. Org. Lett. 2018, 20, 7558.

BR{E, EZX. k3L, EH1T \ The Xiao Group




Outline

» Hydroboration reaction promoted by boryl radicals

The Xiao Group



Hydroboration reaction promoted by boryl radicals

B o-Regioselective radical hydroboration of activated alkenes

AIBN (20 mol%)
R° O tert-dodecanethiol (50 mol%) ! H H Me
or PhSH (20 mol% 1
HJV\RQ . 2a ( ) _ R pe o) B- 15/ YJ
R* CH,CN, 80 °C, 12 h
1 3

a~boryl-f-aryl esters
0]

( —a-vs. - bory.'aﬁon— )
.~ B OEt CNLOB
+
3b : R*= 2-Me, 78% N ° 7 /%J\OE Ph)YLOEt

3c:R*=2-NH,, 77% & ocos b Me

3d : R%= 3-OH. 74% 31 - 82%° m : 95% 3p-a: 22%P 3p-p: 53% (dr > 95:5)°
3e : R*=4-F, 85%

3f : R%= 4-CN, 52%"°

a-bory|-p- arylamldes a-boryl -p-aryl ketones and acids OMe o
O Me 9
i MeO
/\)\ PhWN O O Ph OH
/\J) B 5 N7 wmeo o oH B
M
3q : 86% 3ab: 94%” 3ac : 86%” 3ad : 91% M 3ae : 70%"

Y.-F. Wang, et. al. Nat. Commun. 2019, 10, 1934.

A& The Xiao Group




Hydroboration reaction promoted by boryl radicals

B o-Regioselective radical hydroboration of activated alkenes

AIBN (20 mol%)
R® O tert-dodecanethiol (50 mol%) R® O H H Me
or PhSH (20 mol%)

1 2 + 2a - . —
N + CH,CN, 80 °C, 12 h Fl1'j\HLFl2 S \rj
1(1.2 equiv) B 3 Me”

(— a-vs. p-borylation— )

0 B O 0 B O
Me/\)J\OEt +Me)\‘/LLOEt Me/\f)J\ NHTs + Me)\'/U\NHTS
B V-4

3af-o: 41% 3af-p: 26% 3ag-a: 49% 3ag-p: <5%
3af-a: 22%" 3af-p: 45%"

(' —a-borylation only— )

0 : O : Me O
= : OEt !
Me OEt ! : Me OEt
B I 1ah : B
3ah: 64% (EZ=2:1) Meeeeeecccnecaeeas ' 3ai: 56% (43%")

(@) Me O Me O
woa WMG Me NHTSs
B B B

MeMe
3aj: 39% (dr = 1:1)° 3ak: 70%" 3al: 47%

Y.-F. Wang, et. al. Nat. Commun. 2019, 10, 1934.

A& The Xiao Group




Hydroboration reaction promoted by boryl radicals

A proposed mechanism
Me
N+ _
[ \>_BH3
N

Me
2a

(I

AIBN

—_—

B o-Regioselective radical hydroboration of activated alkenes

Me
N+ _
[ Y—8H, (1)
N
Me (=5)
U]
R® O
R R2 @
B R*
(I
R3 H @)
R r2 + RS (9
B R
3
B + RsH




Hydroboration reaction promoted by boryl radicals

B o-Regioselective radical hydroboration of activated alkenes

o Me AIBN (20 mol%)
N+ - PhSH (20 mol%)
A gg + [y — e Ot
Ph OFt N MeCN, N,, 80 °C, 12 h
Me 3a, 77%
1a 2a (only o-product)
TG'bbS energy (kcal/mol) o-Radical hydroboration pathway
.B o ¢ —— [-Radical hydroboration pathway
Ph” " Ot
1a-TS-1" 1aTs2 5 o ~# HH M
(+7.7) (+7.5)
. B O ~— Ph" " "OEt B= % - YJ
(6.4 N H
\Ph OEt .- :
“1aTs- 15 N oty . SR
,:’ o T N laeint-17 2 N =
i \‘ N (+0.2)/,T \ RSH = PhSH
—pPh " OEt \ ™ RSH _.(+06) "
(0'0) B 7 1a-TS-2
/\)‘I\OEt (1a) o ‘\‘ _|1: ‘.
=+ \ B O S.
. + R
B() ’\(U\OEt 5. 9 /\T)J\OEt \(-8.5) pp OEt

1a|nt1

Radical addition Hydrogen atom transfer

a
(-122) RS
/%OEt
| < ~|

k dd(ln a) =522 % 107 M—1 5—1 kH(Bn /PhSH) 3.0 x 105 M_1 =
a -

(Refs. 60)

Y.-F. Wang, et. al. Nat. Commun. 2019, 10, 1934.
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Hydroboration reaction promoted by boryl radicals

B o-Regioselective radical hydroboration of activated alkenes

Me AIBN (20 mol%)

o N+ PhSH (20 mol%) /\T)I\
+ N—RB
we~Hoog + L3 okt + e

MeCN, N,, 80 °C, 12 h

Me
1af 2a 3af-x, 22% 3af-f, 45%
T Gibbs energy (kcal/mol) o-Radical hydroboration pathway
/\)L ¥ 1{+lj'2l'§}l = [}-Radical hydroboration pathway
a
ot N SR TH HH Me
AN 1af-TS-lI H O B +
; /9.8 “ /\)\ (+7.5) ' B="% ""F
/ atTsr OBt == wme OEt ,NJ
; B o —|¢ \\ {+2 5) (+71) B Me
2 e Aoy N\ Matintl B “‘BTSEF RSH = PhSH
; RSH”f Me OEt Y\
" H ‘\\
00 (0.9) ¢R
1af-Int-I N
Me/vJ\OEt (1af) B 0 B o
+ /K,)L + RSH
B0 Me OEt L N (o.9) Me/l\'/u\OEt
‘\‘ \‘_. aaf-B
.“. o
\(-13.9) /% + RS
| Radical addition | Hydrogen atom transfer Me B Ot
3af-o.
add =128 x TsT Me,CH /PhSH) = 1.0 x 108 M~ s~
(INaf) =1.28 x 10° M~ s~ (Me,CH /PhS SMts™
(Refs. 60)

k4q(M1ah) = 1.27 x 10° M~ 15~

Y.-F. Wang, et. al. Nat. Commun. 2019, 10, 1934.



_______________________

j\ Lﬁ Ir(ppy)(dtbbpy)PFg (1 mol%) )OL j)\/? i H\B,H Me :
t ~ 1 — ! 1
Ph” N 7 “Me -BuSH(20 mol%). NaH (20 mol%), pp~ >N Me | (g = &N
H 2a (2 equiv), MeCN, rt H 5 \ \/) ;
| Me” i
Ta 8a (O e_ __________ '
(@)
0] @) B
k/L (>~ o
O/LL J\/l\ N HN B Ph)J\N
Boc H
8a,R'=H, 77% 8s. 65% Me 8aa, 53%
8b, R' = p-Me, 64% 8n, 62% dr >20:1 Ph
8c, R' = p-Ph, 56%
8d, R'= p-F, 74% o O B

o o (B O o B
8e, R' = p-Cl, 60% A PR M N
’ ’ Ph
8, R'=p-Br, 27% | V)LH Me Ph™ N

89, R' = m-F, 62% Me
8h, R' = o-F, 55% 80, 52% 8y, 59% 8ee, 67% dr=4:1

I=

J. Xie; S.-H. Li; C.-J. Zhu, et. al. Angew. Chem. Int. Ed. 2020, 59, 12817.
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Hydroboration reaction promoted by boryl radicals

B p-Regioselective radical hydroboration of activated alkenes

standard o O B
conditions N Jl\/’éMe (Eg. 1)
2 9 ) A S
)i N+ _ a, o 1 e
(j)'L N )Ka’/" Me™* [N‘* BHs | AIBN (20 mol%)  {enly fproduct) L@ =%t ‘F"‘/')‘ !
Me tert-dodecanethiol 0o O H Me' N H
7a 2a (50 mol%) NN Me o ’
MeCN, 80 °C H @ (Ea.2)
Wang' reaction a', 77% o:f=571

conditions (& pmduct major)

\ Ac
(kcal/mol) aﬂu’iﬁ EFI IB-]‘%
,,,,,,,,,,,, , t :
w0 - o B_|'
{R= : ~
. ZJLPh ' NJ\/ Me J\( Me JY Me \ ~Me
\ 0 .
' 2
30 TR1= Ay ! 7a'-Ts 7a’ Ini 8a’ Int1 gaTs2 SR 1
: : o SR
| R?= Me )
8a'-Int1 x R
20 ° i 7aTs e N Me
______________ R2SH 14.4 H
i " — B
—_— S 8a'-TS2
i ! — Ir" LN
10 RTINS N @5 8aTS2 - -l
L 7a-TS . 7a'-Int ) 28 Sel e
4 SO 14 L0 N i, el a2 '
00 4 Me \\\‘—’/ i I 5 J{ 8a-Ts1® R 1225 Ba + st
= — . S— -3. N, e 82" *
B N e n\ N e
™ 2 AGger = 4.2 9a-In 7a ,
) Me AN
-10 AN
\\
t i AY
20 - o B_]- 0o B JCL/ f:ii\ R J?\/?—l *
Sl LN O G U5 LN At .
~ - N Me
N e T e YT e Y heh
“NRR! e
30 7a-TS 7a-Int 8a-Int1 8a-TS1 10
T T A% 1] 4
B [
-50 >

f~Radical hydroboration pathway Heating induced hydroboration pathway

= -Radical hydroboration pathway

J. Xie; S.-H. Li; C.-J. Zhu, et. al. Angew. Chem. Int. Ed. 2020, 59, 12817.
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B p-Regioselective radical hydroboration of activated alkenes

8) ‘ H !
M )k J\/ y Ir(ppy)2(dtbbpy)PFg (1 mol%) N )J\ k/l y | %{,@,H NM+B |
Ml 9\ e—m’wa(ze el B =Yy
quiv), MeCN, rt : N\/) :
i Me” ,
/r HJJ\/l\Me Ta 8a U e_ __________ )
Photoredox Entry Variation of standard conditions Yield [%]®!
cycle O B 8a
-H* e o )j\/LMe 1 None 77
o 0 2 Ru(bpy)sClz ND
N 3 4CZIPN ND
- 7
10 O O s 2 4 Eosin Y trace
AG=T7.7
)J\NJJ\/\ME W NHC- BH2 5 blue LEDs instead CFL 25
11 Casq 2, 6 without ‘BuSH 27
7 without light ND
t 1 * +
BusH pgtl:1sb AG=6.3 8 Without photocatalyst ND

measurements always mean these should be taken only as guidelines. The oxidation
potentials of Amide aonic (10) (E;,°¥%ton = (.53 V vs SCE), ‘BuS- (£},,°%1%0n = ().52
V vs SCE). The oxidation potentials of Amide ionic and ‘BuS- is similar, both of them

are lower than photocatalyst Ir(ppy)2(dtbbpy)PFs (E12*III/II = +0.66 V vs SCE) [
J. Xie; S.-H. Li; C.-J. Zhu, et. al. Angew. Chem. Int. Ed. 2020, 59, 12817.

BRfE. BZ. KX, EiT \ The Xiao Group




A2 e Ir(dtobpy)(PPY):PFe a2~ Me
N~ N\+ _ BnSH, NaH JN\H 1 N
I + [ >—BH; - )
Ar1J N MeCN, rt At > BHy N
\ 33 W CFL Ve
150 Mf_ﬂ 151
Ph_
1% 56% 35%

S 3

Ph BH, N BHz
52% Me 65% Me

J. Xie; C.-J. Zhu, et. al. Angew. Chem. Int. Ed. 2018, 57, 3990.
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B Radical hydroboration of imines

_Ph
N
| . 2a The standard 4a + HRMS [10+H"]
conditions 79% calcd: 393.2325
Me found: 393.2321
1a
\
+N
HB—C ] S
12 + 2a + ﬂ The standard_r 423 + N—d N . N-O Ph
N conditions 0% /
© 11 11-A
3 equiv HRMS [11+4H]  HRMS [11-A+H']

calcd: 266.2398 calcd: 280.1730
found: 266.2393 found: 280.1732

The standard | He Me
1a + 2a + Ph eslarl <l - 4a + %\‘/N
conditions 0% +I\}j
.

3 equiv Me
12, 21%

J. Xie; C.-J. Zhu, et. al. Angew. Chem. Int. Ed. 2018, 57, 3990.
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Hydroboration reaction promoted by boryl radicals

Radical hydroboration of imines

NHC BH3
P 2a c
Pl
||| Path b
hotocatalysis organocatalysis + - Hz
P 4 9 Y HC BH2 NHC
Ar 9
I3h‘N|—|
R-SH
© HN,Ph patha™ |-
Ar BH2 R S@
1a ). Ar)' 4a NHC i
Ar
Ar = -(4—M€)C6H4 6 7

J. Xie; C.-J. Zhu, et. al. Angew. Chem. Int. Ed. 2018, 57, 3990.

BRfE. BZ. KX, EiT \ The Xiao Group




Hydroboration reaction promoted by boryl radicals

B Radical hydroboration of activated alkenes by photoredox catalysis

\
J\ Ir(ppy).(dtbpy)PFg &N
NHC-BH3 + R~ “cp, KHPO, R 0O - qu—<\] E,,=034V
N+

THF, rt 3 /
1 2b-2t 30 W Blue LED 3b-3t

3b, 87% vyield 3¢, 75% yield 3d, 91% vyield 3e, 65% yield 3j, 82% yield

B
J { AN F N F R _/=
S F “ i
F n=1or2
of n.d. n.d.
3p, 80% yield 3r, 76% yield

H.-Y. Xiang; X.-Q. Chen, H, Yang, et. al. Angew. Chem. Int. Ed. 2020, 59, 6706.

BR{E, EZX. k3L, EH1T \ The Xiao Group



Hydroboration reaction promoted by boryl radicals

B Radical hydroboration of activated alkenes by photoredox catalysis

/ \
N _ Ir(ppy)2(dtbpy)PFg J:e &~ N
[N/>—BH3 + R JJ\ > e = |.|23__<\ ]

T UR? MeCN, rt RY "R? N
+
1;\ da-do 30 W Blue LED 5a-50 /
Ph Ph Ph Ph
Cl
Cl
5a, 54% yield 5b, 52% yield 5c, 58% yield 5d, 55% yield
= CO,Et
S EtO,C._ @] B
7 Ph B
B B ONg Ph
s OO, Ot O
5), 55% yield Sk, 56% yield 5m, 60% yield 5n, 68% yield 50, 72% yield

H.-Y. Xiang; X.-Q. Chen, H, Yang, et. al. Angew. Chem. Int. Ed. 2020, 59, 6706.

EH’?%\ E%\ skgg\ ’ﬁ?j_- The Xiao Group




Hydroboration reaction promoted by boryl radicals

B Radical hydroboration of activated alkenes by photoredox catalysis

E..=034V NHC-BH, |
1/2 | B 2] ﬂ’?

Ar
NHC-BH; -H*T A

< F
't o1 w2 —F F

1a [NHCHs-B]  RipuR* 7. Q

A
*|p3* 1
| R 5 Ar
Photoredox  Ir** Q__g/\Rz R2=CF
cycle R Ar 3
C

Ir

3+ RZ

H.-Y. Xiang; X.-Q. Chen, H, Yang, et. al. Angew. Chem. Int. Ed. 2020, 59, 6706.
BRfE. BEZ. K. 51T \ The Xiao Group



( Ir(ppy)3 (3 mol%) B
N+ F.C KF (1.5 equiv) H H CH3
[ S—8H, + T Ewe RN Ewa 58
N R DMF, blue LED (30W), o= \\/J
CH, 30°C, 36 h, N, F~ °F
3
1a 2 (1.2 equiv) 3 N )

3b, R =3-F: 89%

3c, R =4-F: 75% 0]
= B ) < B B / \ B N~ B
R | 3d, R=3-CN:71% coLE . |
COEt 3¢ R =2-Cl: 71% 2 | CO.Et CO,Et CO,Et
FF F7OF F™OF E7 O E

F* °F 3f, R=H:65%
3g, R = 4-OMe: 43% 3i:51% 3j: 53% 3k: 60% 31: 329%
3h, R = 4-Me: 35%

et O C e

3m: 50% 3u: 80%

3aa: 64% (dr = 1:1) 5 : (2" ed = 22V vs. SCE)

Y.-F. Wang, et. al. Angew. Chem. Int. Ed. 2020, 59, 12876.

BRfE. BZ. KX, EiT \ The Xiao Group




Hydroboration reaction promoted by boryl radicals

B Radical hvdroboration of activated alkenes by photoredox catalysis

(a) Stern-Volmer quenching experiments

1.6
. 1a N/+ B F102C CO,Et
1.5 4 e 2a [ \>_BH3 =
A2 N
14 v \ CF3
1a, Eppp =0.76V 2a, Eppp =-1.41V
1.3
. 7'///' <O CO,Et MeO CO,Et
1.2 e . (e} = =
114 /0///‘ . : - CF3 CF3
; :,,:f’ = = 2i, Eppp =-1.61V 2g, Eppp =-1.63V
104 »=—=8 - - - - —a
0.0 05 10 15 20 25 30
C(mM)
H :
NHC—BH3; NHC-BH, — " NHC oF
1a 2B 3 t_
" (I o >§_/002Et G* = +11.3 keal/mol
Ir (pPY)C! - (IV-B)
& v radical ,,"/
D J \ I (ppy)3 coupling _\
I (ppy)s - L
fe ca g @ ] - G* = +6.3 keal/mol
M G e ¥ = NP ok 7 CO,Et
/4 2
Ar Ar = CF3
2a ) (V)
|—_‘ 3a
(h\ Pranncad marhaniem far radiral arvlharatinn af Ra F

Y.-F. Wang, et. al. Angew. Chem. Int. Ed. 2020, 59, 12876.

FRE. B, KL, E1T \ The Xiao Group



Outline

» Minisci reaction promoted by boryl radicals




Minisci reaction promoted by boryl radicals

B A radical approach for the selective C—H borylation of azines

4CzIPN (2 mol%)

AN (NH4)2S20¢g (2.0 equiv.), TFA (10.0 equiv.) R = |
I —
F{—K _ + H3;B —NMej; - %N B’NMea
N (4.0 equiv.) CH,CN-H,0 (1:1) (0.05 M), o/n H,
. Blue LEDs
(1.0 equiv.) 3-41

(jl @ Qi: ~' fl T)\V

88% 50%8 b 72% 54%
Gram-scale 7%

X
m <
~
Cl N B B
36, Quinoxyfen 37, Cinchonidine Fasudyl 40, Voriconazole
44%° 35%9 38: R = H: 28%*P ¢ 46%%9
Gram-scale 39: R = Bz: 30%*P9 Gram-scale

D. Leonori, et. al. Nature 2021, 595, 677.




Minisci reaction promoted by boryl radicals

B A radical approach for the selective C—H borylation of azines

b Me
—-HSO H o
4 / Minisci N
. MeN—B addition ®_
HAT H N o
MesN—BHj3 — C |

Boryl radical

-HSO,4~ | Chain

Ne SCIPAN

3-H*

hv

D. Leonori, et. al. Nature 2021, 595, 677.

The Xiao Group



Outline

» Discovery of silyl radicals

» Generation of silyl radicals from Si—H reagents

» Generation of silyl radicals from Si=Si reagents

» Generation of silyl radicals from Si-CO,H reagents

The Xiao Group



Background

B Silyl radical precursor

, HAT
Si—H - @
Si.
PN
4 ) O\
Si—S;i SET Silyl
. Radical
Si—CO,H L )
X-H BDE (kcal/mol)
TMS H
TMS-Si=H N MeO=H Cl=H Br=H PhS=H
TMS
84 100-110 105 102 88 87

BR{E, EZX. k3L, EH1T \ The Xiao Group




Outline

» Generation of silyl radicals from Si—H reagents

>
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L 2c SRs
N\
2ii O3
H+
R3SiH HA o .
2 z PC
SET
ZH*
SET
B\ e
*

ST
SIR3
2iii
‘l

The Xiao Group



selected examples

Me
Me_ |

~si
Ph”" " CN

3a, 66 %

Me Me
Me_ | Ph .l
_Si _Si
Ph j/\Cone Ph Y\COZMe

COzMe
3e, 70 %

Me

B Hydrosilylation of alkenes via HAT

TBADT (2.0 mol%)

,/\EWG

R CH3;CN, hv (310 nm), <40 °C, 24 h
2 17 examples, up to 90% yield
Me Me Me
Me | Me

si
Ph” " S0,Ph

3b, 80 %

COZMe
3f, 90 %

Ph”

Ph_

|
COzMe

3¢, 85 %

Frh

Si

Ph”

COzMe
COZMe

3g, 63 %

3d, 47 %

T™S
T™MS_ |
Si

T™MS” CO,Me

COzMe
3h, 80 %

M. Fagnoni, et. al. ChemCatChem, 2015, 7, 3350.

The Xiao Group



a) ™ hv (310 nm)
.1 MeCN, 24h

\\/SI
] ZCN
1€, 02 M 2d,0.1M

TBADT (2 mol%)

100% mol Benzophenone

Bmmry Wb AW

d)

hv (310 nm)
MeCN, 24 h

B Hydrosilylation of alkenes via HAT o : ]

Si-H TBADT (2 mol%)
\( ( Z>CN

1,02 M 2d,0.1 M

= -
: o'Lwi;o§l a e
S P el
T
NC
CN CN
H + +
Sl . 16¢
Et” E Et’?"H _SiH
16a Et e
16b
50% overall (16a:16b:16c = 3:1:1)
31% overall (16a only)
NC
N
CN c
- + -
P ’Si“"P SiH 19¢
SR R iPro. _SiH
iPr iPr” IPr
1
%a 19b

52% overall (19a:19b:19¢ = 3:1:2)

M. Fagnoni, et. al. ChemCatChem, 2015, 7, 3350.

FRIE. BEX. = The Xiao Group



B Hydrosilylation of alkenes via HAT

4CzIPN (3.0 mol%)

R HAT cat. 1 (10 mol%) R : :

\ 2 | OAc !
RZ-Si—H + < “EWG - R L/ :
CH,CN, Blue LEDs, it, 24h  R¥® " “ewg 4N ;

RS
1 26 36 examples, up to 90% yield 27 HAT cat. 1

selected examples

t t t Me
e g Ph e Mevqi
1
Bt ~" CO,Bn  Et” Et” " so,fh Ph” " CN
Me O
27a,81% 27b, 53% 27c, 65% 27d, 45%
» Z EWG "
R2-Si- R -
h R-1]
RS I SEwe
27411
AjOAc PC
1
R N , R
R?-Si—H 2741 R -
R? R3S~ “EwG
OAc 27111
.
[: PC lH*
R1
R2 |
H* ﬂ\\//OAC PC* RYY ~"SEwe
[N hy 27

J. Wu, et. al. Angew. Chem. Int. Ed. 2017, 56, 16621.

BRfE. BEZ. K. 51T \ The Xiao Group



Generation of silyl radicals from Si—H reagents

B Hydrosilylation of alkenes via HAT

4CzIPN (3.0 mol%)
HAT cat. 2 (5.0 mol%)

R DIPEA (5.0 mol%) R! Y
R-Si—-H + <~ “EDG R —Si—SH
Rfs 1,4-Dioxane or THF RY \/\EDG )\

Blue LEDs, rt, 12~24 h
1 28 29 HAT cat. 2
21 examples, up to 95% yield = rmmsemsssmsomses
selected examples
Me Me Me 0 Me
Me\sl. - Me\sl_ Me\sl_ Me\ |
i i i
P M Ph” Ph” \/\Né S si08),
29a, 90% 29b, 77% 29c, 64% 29d, 94%
R1 ///‘\EDG R.I 'Pr:,SiSH R1
R2 | RZ |
R2 4%’ ~Si
SIepe s R " “EDG
'Pr,SiSe
294 - 29
PC
iPrySiS. + H
29
PrySis”
PC l
H?
2
R 5' PraSiSH
iPrySiSH

hv

J. Wu, et. al. Angew. Chem. Int. Ed. 2017, 56, 16621.

FRE. B, KL, E1T \ The Xiao Group




L 2c SRs
N\
2ii O3
H+
R3SiH HA o .
2 z PC
SET
ZH*
SET
B\ e
*

ST
SIR3
2iii
‘l
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Generation of silyl radicals from Si—H reagents

B Silacarboxylation of alkenes via HAT

R 4-CzIPN (3 mol%) )_9
HAT cat. (20 mol%) HOOC OAc
H + CO, -
RZJ\ + @ > 7 DMSO (0.025 M) R’ [NAJ/
1 2

18 W Blue LED, RT, 4 h R?
3 HAT cat.
COOH COOH COOH COOH
O)\/SiEh /@/‘\/SiEt3 SiEts O)\/Si5t3
o
NC FaC MeOOC
3a, 75% 3b, 76% 3c, 67% 3d, 72%
HOOC o
SiEt, O Ph. 819
-\—/\O)SCSEQ MezN)k'/\SiEt;; Y sigts
NC O HOOC L — COOH
0, 0,
p— 30, 79% 3p. 48% , 3q, 68%

J. Wu, et. al. Angew. Chem. Int. Ed. 2018, 57, 17720.

BAfE, EZ. K. FIT \ The Xiao Group




Generation of silyl radicals from Si—H reagents

B Dehydrogenative silylation of alkenes via HAT

Me CI
4CzIPN (2 mol%) Me\):|,N O-H
Me R®  Co(dmgH),PyCI (5 mol%) R3 oN-CoN©
\( + R3-$i—H quinuclidine (20 mol%) R Sli-R3 v Hs [Aj H<0 N‘|ﬁ”‘e
R R pyridine, MeCN, 25 °C R4 N @
blue LEDs Co(dmgH),PyC|
Selected substrate scope of alkenes: ]
(@) 0O
Ph._ _ 0

N Si(TMS)3 C'\l Si(TMS); _

| N Si(TMS)5

Et

70%
87% 85%
COan COztBU COanU
SITMS)3 A Si(TMS)3 A\ Si(TMS);
58% 65% 71%
. N Si(TMS)
N Si(TMS), N sl @[ \>—< 3
| N N =~ O
~
61% 66% 54%

P.-F. Xu, et. al. Angew. Chem. Int. Ed. 2019, 58, 10941.

FRE. B, KL, E1T \ The Xiao Group



Generation of silyl radicals from Si—H reagents

B Dehydrogenative silylation of alkenes via HAT

R1
R1
S
radical R! ¥
i addition ~Rj'/\sli—R1 R Co(ili) R
Me R Me R2 Me C i Si-R!
R'-Si- R?
R? Co(ll) Cobalt ¢ yy)—p
R B catalysis
cycle

|
R-SH _HAT \
R? / pe’ ™ H, + Py
HAT / X~ Co(lll) N
catalysis A PyH
[ N cycle SET Photoredox

catalysis

Ny \\/

Scheme 3. A proposed mechanism.

P.-F. Xu, et. al. Angew. Chem. Int. Ed. 2019, 58, 10941.

FRE. B, KL, E1T \ The Xiao Group



Generation of silyl radicals from Si—H reagents

B Arylsilylation of alkenes via HAT

[Ir(dF-Me-ppy),dtbbpy]PFg (0.5 mol%)
Ni(COD), (5.0 mol%), dtbbpy (6.0 mol%) Ar

(TMS);Si—H + > + Ar—Br Si\)\
Na,COj3 (2.0 equiv) R
1,4-Dioxane, Blue LEDs, rt, 12 h Si=TMS,Si
9 10 1 40 examples, up to 84% yield 12
selected examples
CO,Me SO;Me BPin CF,
B
=
Si Si Si Si
CO,Me CO,Me CO,Me CO,Me
12a, 74% 12b, 57% 12c, 74% 12d, 59%
CO,Me CO,Me CO,Me CO,Me
i
Si O o~ Si O Si Si. ; M
AT ” CN o~ ™~
0 ~_-NBoc O  CO,Et
12e, 67% 12f, 71% 12g, 84% 12h, 14%

X.-L. Hu, et. al. ACS Catal. 2020, 10, 777.

FRE. B, KL, E1T \ The Xiao Group




Generation of silyl radicals from Si—H reagents

B Arylsilylation of alkenes via HAT

Z>C0o,Me :
a2 Meozo/\
Si - ;

) E




Generation of silyl radicals from Si—H reagents

B Hydrosilylation of alkynes via HAT

Mn,(CO)1o (10 mol % R?
2(CO)1p ( 0)} R1X

decalin, rt, 12 h SiMe,Ph

6 W blue LEDs Oij
SiMe,Ph S SiMe,Ph Me/\/\/\ +EHE

95% 84% 76% SiMe,Ph
Z/E : > 99:1 Z/E * > 991 ZIE : =93:7

R'—=——=—R? + PhMe,Si=H

(b) Internal alkynes®

|
_R "
| R
\ Rl/\r
R-—— .
__  SiMe,Ph SiMe,Ph
25, R=H, 95% (Z/E = 97:3) 29, R' = Ph, R" = Me, 82% (Z/E = 97:3)
26, R = 4-Me, 75% (Z/E > 99:1) 30, R'=Ph, R"=Et, 81% (Z/E = 98:2)
27, R = 4-F, 85% (Z/E = 95:5) 31, R'=Ph, R" = nPr, 90% (Z/E = 96:4)
28, R = 3-Me, 71% (Z/E > 99:1) 32, R'=Et, R"=Et, 65% (Z/E = 98:2)

Z.-H. Zhang, B. Zhang, et. al. Org. Lett. 2019, 21, 2750.

BR{E, EZX. k3L, EH1T \ The Xiao Group




HMn(CO)s )—( RS

R Sl
. < R5—-— / ( R5}A Z-vinylsilanes
|

—~————

R3 ‘R4 Propagation Mn(CO)s
B
H- s| R4
HMn(C
'Sl -R*

Z.-H. Zhang, B. Zhang, et. al. Org. Lett. 2019, 21, 2750.
BRE. BEZE. KX, 51T \ The Xiao Group



Generation of silyl radicals from Si—H reagents

B C-H silylation of heteroarenes via HAT

[Ir(ppy)2(dtbbpy)]PF g
(1 mol%) iMe-!
Me XN, NayS,0 (2 equiv) Me X, Me \/\ﬁ'Mez S
_N  H-SiMe,Bu(5 equiv) N ¥ _N
23 W CFL
22a 1 DMSO/DCE (1:1) SiMe,'Bu SiMe,'Bu
30 °C, 24 h, open to air 22¢ 22d

g px jesrwonz: JF
22 H-eloo Bl up to 82% (major)  (minor)

Selected substrate scope of isoquinoline:

SiMe,'B SiMe,'B SiMe,'Bu
72% (18:1) 61% (20:1) 69% (>20:1)

Selected substrate scope of other heteroarene:

he X O
=N

Ph 4
Z H N"NsiMe,'Bu
N” “SiMe,'Bu SiMe,'Bu O .
73% 58%

82%
H. Li, W. Wang, Y.-Q. Zhang, et. al. Chem. Sci. 2019, 10, 3817.

BRfE. BZ. KX, EiT \ The Xiao Group




Outline

» Generation of silyl radicals from Si=Si reagents
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Generation of silyl radicals from Si—Si reagents

B Hydrosilylation of alkenes via oxidative Si—Si bond cleavage

[Ir(dF(CF3)ppy)2(5,5™-d(CF3)bpy)]PFg 0

§'iMe'3 \J\ (3 mol’%) I"u’le?’Si‘\Si/\).LOBn OH
R-Si-SiMe; + "\, > RS - C/k -
SiMe, HFIP (0.2 mol/L), degass SiMe3 3 CF3
30 W blue LED, 24 h HFIP
1 2a (2 equiv) 3
: e3Siw_. ) _
MeBSI\Si/\)LOMe 3Ph’SII Ph Me33|\8i/\‘)‘hN/ Me3SI\Si \N
Ph™ 1 SiMes Ph” | Ph™ 1.
SiMe; . - SiMes SiMe;
3ab, 59% Jal R=H, 40% 3an, 64%l!
y I97 3aj, R = Me, 74%!2 L2 3ar, 70%!

O

Me;Si 0 0
O 3aa, R=H, 70% 320 /\)J\
| ’ ’ Si OBN Messi i
Mee‘s"s/\/lLoan 3ba, R = Me, 62%° SiMes 3 “:Si/\)J\OBn Me33"si’\)Losn
; 3ca, R = OMe, 73%!!

R I, C-oH" 1
SiMe SiMes 2% SiMe,
3 3da,R=F, 60%
R

3ea, R = CF; 59% 3ha, 69%°! 3ia, 67% (R = SiMe3) 3ka, 50%
’ ’ 3ja, not formed (R = Si(SiMe3)s3)

A. Studer, et. al. Angew. Chem. Int. Ed. 2021, 60, 675.

EH’?%\ E%\ skgg\ ’ﬁ?j_- The Xiao Group



Generation of silyl radicals from Si—Si reagents

B Hydrosilylation of alkenes via oxidative Si—Si bond cleavage

H
™S _OR o TMS__ ., )O\
Ph-Si-Si— __  Ph-Si—Si-OR F.C” CF,
™S /) ™S 7\ HEIP

H* + Me3S|OCH(CF3)
SiMes SiMe3
Ph— Sl SiMe, HFIP Ph— SI -

SIMeg \ SIM63
1a-l
r(l)*

Me3SI\SI/\\/EWG
Ph”
SIMe3

MesSig /\/EWG +H*

—_—
Ph” |

SlMe3 1a-lll

A. Studer, et. al. Angew. Chem. Int. Ed. 2021, 60, 675.

BRfE. BEZ. K. 51T \ The Xiao Group




Generation of silyl radicals from Si—Si reagents

B Hydrosilylation of imines via oxidative Si—Si bond cleavage

b) (Ir(dF (CF 3)ppy)2(5,5-d(CF3)bpy)IPFg R2 R
Me;Si, 0 R RS (3 mol%) | j‘\
R—Si—SiMe; + )J\ + N Me,Si 1
Me;Si HFIP, Blue LED, rt, 12 h R™ |
SiM93

53 examples, up to 82% yield

O e O ®

N N~ NH N
Me3Si ~ )\/\ Me3Si ~ )\/\ Me3Si ~ )\/\ Me3Si ~ )\/'\
Si Ph Si Ph Si Ph Si
Ph” | Ph” | Ph” | Ph” |
SiMe; SiMe, SiMe, SiMe4
61a, 80% 61b, 61% 61c, 57% 61d, 71%

A. Studer, et. al. Angew. Chem. Int. Ed. 2021, 60, 23335.

FRE. B, KL, E1T \ The Xiao Group



Generation of silyl radicals from Si—Si reagents

[Ir(dF(CF3)ppy)2(5.5-d(CF3)bpy)IPFg

()

(3 mol%)

HFIP (2 mL), 2X435 W blue LED p,

B"
\‘)‘Lo/

o Me;Si

4a, < 10% yield

SiMes O o
Ph—Si-SiMe; + [j +
éiMe3 H Ph/\)I\H
1a 2a 3a
®
N
O.
L
o]
detected by HRMS

Ph. .SiMe;
si o.
MesSi” ﬁ Bn
o)

detected by HRMS

- /\/L\ ,SiMe3 2
Si

~~Ph

B Hydrosilylation of imines via oxidative Si—Si bond cleavage

. Stern-Volmer
C: JK¥1a b
A+B: JiK¥)2a+3a

0 0.5 1 1.5 2

2.5 3 3.5
Quencher Concentration (mM)

d) Proposed mechanism

H* + Me3SiOCH(CF3),

HFIP

SiMes

Ir(ln)*

N

visible

/ \ Ph—Si‘ N
SiMes .
/\)\H

N
HFIP
light 23 + 33 ——— Ph/\)\

3a-l

A. Studer, et. al. Angew. Chem. Int. Ed. 2021, 60, 23335.

FR1E. EX. K. EH1T \The Xiao Group




Generation of silyl radicals from Si—Si reagents

B Hydrosilylation of imines via oxidative Si—Si bond cleavage

o]
[Ir(dF(CF3)ppy)2(5,5'-d(CF3)bpy)IPFs [ j

i o)
$Mes 9 (3 mol%) N
Ph-Si-SiMe; + SiMe;
| N H
H

* > _ k duct
: HFIP (2 mL), 2X45 W blue LED VJ\SI.\ +  Unknowh produc
SiMej ' ~Ph
Me;Si
1a 2a S3 S4, 10%
0
. Ir(dF(CF3)ppy)z(5,5'-d(CF3)bpy)]PF [ ]
o o [ 3 3 6
?IME{S Ph (3 mol%) Ph N SiM
Ph—Si-SiMe; + * H > PM€s L Unknown product
SiMe; N HFIP (2 mL), 2X45 W blue LED si.
H MesSi N
1a 2a S5 S$6, <10%
difficult to isolate pure product
) ) ® )
NT N NT N
N N NN Phoar2\,,  Ph =

. H

A. Studer, et. al. Angew. Chem. Int. Ed. 2021, 60, 23335.

BRfE. BEZ. K. 51T \ The Xiao Group



Outline

» Generation of silyl radicals from Si-CO,H reagents
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1 1. Lithium, rt
R \Si,CI 2. CO,, -78°C
2 -
R™ &4 THF
R! R®
\Y
R2-8i—COOH + %\Ra
R
69 70
selected examples
Ph Ph
Ph sl, Ph é
I I
Me” " >CO,Bn Bu”" " >CO,Bn
71a, 76% 71b, 76%
Me " Me ||
e e
“si ~si
Me Me | ~
N~
CN
T1e, 74% 71f, 64%

4CzIPN (5.0 mol%)

CH4CN, Blue LEDs, rt, 12 h

24 examples, up to 93% yield

Ph FI’h Me
;‘Si\)\
Me CO,"Bu

71c, 82%

F

Ph_ "

_Si
Me CO,Et
"Pr

71d, 40%

C. Wang, M. Uchiyama, et. al. Angew. Chem. Int. Ed. 2020, 59, 10629.
BA{E. BE. K=,
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Generation of silyl radicals from Si-CO,H reagents

B Hydrosilylation of alkenes via decarboxylation of silacarboxylic acids

E"2(PC*PC™) = +1.35V  E"?(PhzMeSiCOQ+/Ph2MeSiCO0") = +1.32V

R1 R1
R, R2-$i—COOH
ol ’
R3 \/\R R3
71 69
R1 R1
R2-§i—C0O0 R -
R3 R3 \/\R
69-1 f:\\ 69-IV
hv
pC* PC
e_/& ._ f\ e..
R’ Pe R’
R2-$i—CO0* Rd
o Rs.Si\/\R
R3
69-11 69-11l
R1
\
R2—Si ..
CO, R3 ZZ

C. Wang, M. Uchiyama, et. al. Angew. Chem. Int. Ed. 2020, 59, 10629.

BRfE. BEZ. K. 51T \ The Xiao Group



Seminal reviews

Reviews for boryl radicals

Lewis base-boryl radicals enabled borylation reactions and selective activation of
carbon-heteroatom bonds. Y.-F. Wang, et. al. Acc. Chem. Res. 2023, 56, 169.

Advances in chemistry of N-heterocyclic carbene boryl radicals. T. Taniguchi, Chem.
Soc. Rev. 2021. 50. 8995.

Boryl radical addition to multiple bonds in organic synthesis. T. Taniguchi, Eur. J. Org.
Chem. 2019, 2019, 6308.

Reviews for silyl radicals

Recent development of photo-mediated generation of silyl radicals and their
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Conclusion and future prospects
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