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Introduction

Radical-induced 1,2-migrations

Neophyl rearrangement semi-pinacol rearrangement
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Introduction

1,2-Metalate migrations of boron ate complexes

Hillman's work
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Introduction

Radical-induced 1,2-migrations of boron ate complexes

Radical-induced 1,2-boron ate migrations to spz carbons: Radical-induced 1,2-boron ate migrations to sp3 carbons:
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1, 2-Migration to sp? Carbons

First example

Bpin + _Bpin

RI (5.0 eq.)

Bpin

3L Li BEt; (5 mol%), air
%\Fv ROLi(11eq) %\Fv 3 ( o) ir R R
Et,O MeCN, 80 °C, 24 h R2R

R? 0°Ctort, 30 min R?

Selected examples
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A. Studer et al, Science, 2017, 355, 936

Bpin

C4F9 \/kph

68%

Bpin

PhO,S
2 %Bu

92%

Bpin

Et02C Bu

65%, dr=1.6:1



1, 2-Migration to sp? Carbons

Mechanistic study

a) Electron catalysis, outer-sphere ET:
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A. Studer et al, Science, 2017, 355, 936



1, 2-Migration to sp? Carbons

Light initiation

. R\
Bpin R2Li (1.1 eq.)> +

R! MTBE,0°Ctor.t.

RI (1.5 eq.) Bpin

—» R
DMI. blue LED \/}\R1

r.t.

Selected examples

Bpin Bpin

M
gy 'C Bu

88% 74%
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25%

V. K. Aggarwal et al, J. Am. Chem. Soc. 2017, 139, 5736
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1, 2-Migration to sp? Carbons

Proposed mechanism
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1, 2-Migration to sp? Carbons

Mechanistic study

s - Lit Rl (2.0 eq.) gmmmmmmmmmmmenes
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O°Ctort N mmmmmmm——aaa
Proposed mechanism
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P. Renaud et al, Chem. Eur. J. 2018, 24, 11498
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1, 2-Migration to sp? Carbons

Radical clock experiment

1) "BuLi (1.05 eq.)

2)1(2.0eq.)
BEt; (2.0 eq.)
/\Bpin DTBHN >
TBME, 60 °C
' MeO,C Li*
i MeO,C Bpin
' "Bu

Atom transfer experiment

1) "BuLi (1.05 eq.)
2)2aor2b (2.0 eq.)
BEt; (2.0 eq.)
AIBN
TBME, 85 °C

N

Bpin

P. Renaud et al, Chem. Eur. J. 2018, 24, 11498

no cyclization observed

NC Bpin

from 2a: 21%
from 2b: no product

2a X =Br
2b X = SePh

Similar atom transfer ability
Different reduction potentials
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1, 2-Migration to sp? Carbons

Radical 1,2-migration experiment

1) PhLi (1.05 eq.) —OH
0 pgpin 2 BusSnH (1.3 eq))

AIBN, 85 °C 0 + 0 R
PhSe ’ > ):>
\)\Ph 3) H,0,, NaOH ):>
A B

34% 5-10%
trans/cis 10:3 trans/cis 12:3

- o mm e,

Oxygen 1,2-migration experiment

BuLi, ICH,CO,Et
BEt; (2.0 eq.) ‘Bu o><'<
A Boin DTBHN (30 mol%) | +
P MTBE, 60 °C, 1.5h EtOzC/\)\Bpln EtOZC/\)\IIB’O
Bu
68% 7%

B-0O bond is much stronger than a B-C bond

P. Renaud et al, Chem. Eur. J. 2018, 24, 11498



1, 2-Migration to sp? Carbons

Metal-induced 1,2-migration

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

Li [(methallyl)NiCl], (2.5 mol%) R ; \i ;
0, N [
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R-X > & ; -
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J. P. Morken et al, J. Am. Chem. Soc. 2017, 139, 17293
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1, 2-Migration to sp? Carbons

Proposed mechanism

A\ i R\)\.B_pin

NiL,

- I E
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2 B_pin L
i
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J. P. Morken et al, J. Am. Chem. Soc. 2017, 139, 17293
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1, 2-Migration to sp? Carbons

Control experiment

Li 0
@)

N

Bpin OMe
Ph

Li O
D -—
(b) \/\Bpin + Br\)LOMe
Ph

Li

(©) /\B_pin +  "Budl
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J. P. Morken et al, J. Am. Chem. Soc. 2017, 139, 17293

Nal (1.0 eq)

[(methallyl)NiCI], (2.5 mol%)
(S,S)-PhPybox (6 mol%)

THF, 60 °C

TEMPO (1.0 eq)

Nal (1.0 eq)

>

[(methallyl)NiCl], (2.5 mol%)
(S,S)-PhPybox (6 mol%)

THF, 60 °C

[(methallyl)NiCl], (2.5 mol%)
(S,S)-PhPybox (6 mol%)
Nal (1.0 eq)
THF, 60 °C
TEMPO (1.0 eq)

[(methallyl)NiCl], (2.5 mol%)
(S,S)-PhPybox (6 mol%)

THF, 60 °C

Bpin
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O
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Bpin
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D
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OMe

94% yield
50:50 er
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DII|<
S
vs]
c

>11:1 dr, >99:1 er
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1, 2-Migration to sp? Carbons

Proposed mechanism

Bpin
Ph/.\/R
NiL, R-X
+
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/\B—pin +
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| X-NILn + R- L’ R\/\B_pm
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Ph/\/Nan
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R
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J. P. Morken et al, J. Am. Chem. Soc. 2017, 139, 17293
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1, 2-Migration to sp? Carbons

Boron migration

+ RBr (1.0 eq.)
. _ MgBr  Ru(bpy)s(PFe)2 (1 mol%) .
R PINB g TBAB (0.5 eq.) PinB, -
RZ2 B,Pin, 2 P Kl (1.0 eq.) R
MgBr ——— > RW/\W > Bpin
3 THF, -78 °C MeCN, blue LED R,
R R3 R
Selected examples
0 0 0 O
Bpin Bpin Bpin Bpin
M pi MeO pi o p
Bpin Bpin Bpin Bpin
77% 74% 52% 81%
0 0 0
e S B =0 " 2. ool e
Bpin Bpin F F Bpin Bpin
71% 51% 42% 69%
0
/
Me (0]
pinB 1 pi”BWL /\/@(Me
© -K/Ie [ 7 e
Bpin Me Bpin
from 17a-Methyl-Drostanolone from Nopol

52%

Z. Shi et al, Angew. Chem. Int. Ed. 2019, 58, 9448

70%
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1, 2-Migration to sp? Carbons

Proposed mechanism

X Bpin

SET
Bpin
I
\/B_p”l .
MgBr Ru*(bpyf
BzPinz
=
BrMg -~

Z. Shi et al, Angew. Chem. Int. Ed. 2019, 58, 9448

initiation

pinB\/\

Bpin

T 1,2-migration

+ Bpin
Ru(bpy)s T

/\%B_pin

SET
2+
Ru(bpy)s
A Radical chain
propagation
Bpin
|
Bpin Bpin
I -
\/B_pin X~ *MgBr
+*MgBr B
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1, 2-Migration to sp? Carbons

1,4-Diene ate complexes

R1 R2 R4 L \)R‘]\)R\Z ’
-Li - Li
R3 . ————3» RI_A~ _
Bpin  Et,0,0°Ctort Bpin

R5-| R5
MeCN, hv

Selected examples

\)\/'\Bu Mw
CFan X Bpin NC X" Bpin

69%, E/Z = 9:1

NC X Bpin

64%, E/Z = 4:1

82%, E/Z = 26:1

Me. Me Bu

EtOZCprin

60%, E/Z = 23:1

AL
NC X Bpin

68%, E/Z = 9:1

EtO,C X Bpin

81%, E/Z = 9:1

Proposed mechanism

_ L7 R i R U 4 pomiarati R’
o R AL R Fonl ,2-migration
NBP'” —_— Bpm _— \/\/\Bpin —_— R\/\)\Bpin
R R R!
A

A. Studer et al, Org. Lett. 2018, 20, 3666
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1, 2-Migration to sp? Carbons

Heterocycle ate complexes

OaY,
Lt $  F,cSOs
\ 3 3
>—ton —Co

X R MeCN/MeOH FsC
rt., X=0,S, NBoc

ﬁBpin
X R

1) 15, Ko,CO
2) HCI F5C

e
X

Selected examples

FsC
529, 47%
MeO
AN 3
FsC7 o7 Ph FsC™ Mo
47% 45%
OMe
F3C o) /\
FiC™ ™o

72%, er = 95:5

0 - .
es = 100% 41%, er = 99:1

es = 100%

V. K. Aggarwal et al, Angew. Chem. Int. Ed. 2017, 56, 1810.

F3c’[,\:\>\0y

|
Boc

52%
| \
FsC™ Mo
JO
73% O

~
/@\Q
FsC™ s

53%, dr > 25:1
ds = 100%
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1, 2-Migration to sp? Carbons

Proposed mechanism

_Li +
Q—Bpin ReCFs - CFy
! initiation

radical

Bpin propagation addition

V. K. Aggarwal et al, Angew. Chem. Int. Ed. 2017, 56, 1810.
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1, 2-Migration to sp? Carbons

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

Aryl-aryl coupling ' 3
Bobbitt's salt (15 mol%) P AcHN—{ +N=O0 !
ae A o AP NaNO,, H,S0,4 (30 mol%) ; BF, |
\L?’ r_» Ar\é,_Ar ) 0, (2 bar)o > Ar—Ar
Ar M= Lior MgX A M MeCN, 60 °C ! Bobbitt's salt :
Selected examples
Me
! Me g
Me
Me
88% 88% 88%
CF,
OMe
< . ¢
C g B
MeO
CFs
75% trace 50%
¢ ¢ <
C o C
24

A. Studer et al, Angew. Chem. Int. Ed. 2020, 59, 15468



1, 2-Migration to sp? Carbons

Proposed mechanism

R2 R2
/ Bobbitt's salt 2
M /4 \ obbitt's sa M* \
— \ - -
A=/ \ . Ar\/B 1,2-migration
/ Ar -
0 TS
A 4-AcNH-TEMPO A
R A R
_ R? R2
R2 4-AcNH-TEMPO \ \
N N /N
A
AN 8 Ar\,B B
| SR A ( AN
S . N
A \
NHAC o K o
i
N
N >(g<
OBAr NHAC
D

25
A. Studer et al, Angew. Chem. Int. Ed. 2020, 59, 15468
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1, 2-Migration to sp? Carbons

BCB boron ate complexes

o 1) BuLi, THF R
(1] o .
Rprln + /S '78 C tor.t. > p|nB|""
pTol \N 2) R'l, THF
blue LED, -78 °C R'
Select examples
Me Cy tBu Ph
pianntL pil"annuI:L pinBrum piann':L
CFs CF3 CF3 CF,

66%, dr = 11:1

OMe

piann

CF3
62%, dr = 6.8:1

Cy

pinBlull
CN

75%, dr = 3:1

74%, dr > 20:1

Cl

pinBlml

CF;
50%, dr = 2:1

Cy

pianlu
CO,Et

64%, dr = 5.3:1

V. K. Aggarwal et al, J. Am. Chem. Soc. 2019, 141, 9511

33%, dr > 20:1 75%, dr = 4.5:1

Me Ph
pinBun
CF3
90%, dr > 20:1 61%, es = 100%
es = 100%
R R

pianu
CONH,

51%, dr = 6.5:1

pianu
SO,Ph

69%, dr = 8.4:1
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1, 2-Migration to sp? Carbons

Proposed mechanism

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

)
AL,
o
+

T
m
=
o

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

o,-
0rp H
N EWG
c R' R?

1,2-migration I

R

pianu-
EWG
1 R2

R

V. K. Aggarwal et al, J. Am. Chem. Soc. 2019, 141, 9511

R1
—R?
EWG

Initiation
=

Radical chain

propagation
+
o Li
0f H
EWG
B RIR?2
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1, 2-Migration to sp? Carbons

HAT induced 1,2-migration

n R" _L * 0, .
Li R"-Bpin \ Ir(ppy)s (1 mol%) Bpin

4\ _Etp0 or THE__ Bpin CFal(15eq) /)\
R R'/R)\H R R

0 Cwor CH3CN/DMSO (10:1) g
blue LED

C(sp?)-C(sp°) coupling:

Bpin Bpin Bpin
CF
tB 3
CFs !
67%  Bpin 61% 66%

61% (from d—tocopherol)

C(sp°®)-C(sp®) coupling:

70% 58% rr = 32:1 50% 32% (from gemfibrozil)

A. Studer et al, J. Am. Chem. Soc. 2019, 141, 14126



1, 2-Migration to sp? Carbons

Stern-Volmer fluorescence quenching experiments

4,5 y=0,4517x+1 [
4 R*=0,9656 ..
o
35 e
3 o Boron ate
=25 o . @ complex
2 T °
-------- . o CFjl
15 e e ® 3
1 quiit @ ® y=0,2155x+1
4 R?=0,9508
05
0
0 2 4 6 8

[Quencher] (mM)

Fac-Ir(ppy); Solutions Quenched by Boron Ate Complex and CF,l.

Proposed mechanism

'CF3
CFjl

. Rll R"
PC - R _Bpin

R8P e—— " =°

PC Photoredox B :CF3 H A

cycle
k R" CF;l
I

hv PC RYﬁpin —>RYBpin
c 1,2-Migration R" D

A. Studer et al, J. Am. Chem. Soc. 2019, 141, 14126
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Summary and Outlook

Initiation:

Ry : ET oo hv
RI— > R-+R—I| | RI— R-+ |7 ! RI—» R-+ |-

Radical-induced 1,2-boron ate migration to sp? carbons:

Rll , , . : ,
R'OL!_OR' R-X R'O.__OR via R ?R ‘
5 e X
= radical R N R .
L p-addition R \)
R
ET and
Radical-induced 1,2-boron ate migration to sp? carbons: 1,2-migration
G A \ \ via: OR'
R O\é/_OR X-Y R O\B/OR R"\éTOR'
)\ H-atom )\ . )
R H abtraction R R R
K.X

Other migration groups such as heteroatom group?
Heteroatom-centered radicals as a reactant partner?
Enantioselective process?
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