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1. Introduction



1.1 [1. 2]-Rearrangement Reaction

Carbocation Intermediate
Wagner-Meerwein Rearrangement \

Radical Intermediate
Neophyl Rearrangement

cat. CoCl,
Ph
)\/Ph

PhMgBr
4\/CI >
15% yield

Carbanion Intermediate

Favorskii Rearrangement
o
OC,H
Cl C2H5ON3 275
Carbene Intermediate
Wolff Rearrangement
Q ] cat. Ag,0 R
" - o=/
N R
2

Single o-bond Two o-bonds
Migrate. Migrate

Dyotropic Rearrangement Type |

S, —

B

Dyotropic Rearrangement Type II

a) H. Meerwein, et al. Liebigs. Ann. Chem. 1914, 405, 129-175; b) M. Kharasch, et al. J. Am. Chem. Soc. 1944, 66, 1438; c) A. Favorskii, et al. J. Russ. Phys. Chem. Soc. 4
1905, 37, 643.d) L. Wolff, et al. Liebigs. Ann. Chem. 1902, 325, 129; ) M. Reetz, et al. Angew. Chem. Int. Ed. 1972, 11, 129-131.



1.2 Type | Dyotropic Rearrangement

Winstein group (1952)

C-C Bond
as Scaffold

1952

Mulzer group (1977) Tang group (2012 and 2021)

0

e v/ EXAICI, (1.1 equiv) N\

/A R Tol, r.t., 20 min

o
o—f .
(| R MgBr, (1.0 equiv) - (0]
Me7\¢‘) Sr2  Et,0,22°C, 5 min

Me Me

R = CH3, 11a,13-dihydroxanthatin
R = CH,, Xanthatin

98% yield

R =CH; or CH, 83-99% vyield

5
a) S. Winstein, et al. Helv. Chim. Acta. 1952, 35, 782; b) S. Mulzer, et al. Angew. Chem. Int. Ed. 1979, 18, 793; c) Y. Tang, et al. Angew. Chem. Int. Ed. 2021, 60, 4221-4230.



1.2 Type | Dyotropic Rearrangement

C-Si bond as Scaffold

Haszeldine group (1973) Reetz group (1977) Ishikawa group (2008)

E E SiMe; SiMe; Me;Si. OSiMe;
C'X BOﬂd E ' AcO Me Ph OAc : 1 Me3Si—\Si' Mes
N/ 100 °C N (Y 190 °C : MegSi—Si—C=Mes 550 ¢ Y
as Scaffo|d —Q_Si— ———>» —C-Si— ! Ph—C-Si-Me ——— > Ph— c s. Me ! —
/=i c’ N i PH M we  WMe ! — S_Z
E E Me Me Me Me
82% yield 75% yield 53% yield
o
C-0O bond as Scaffold : C-N bond as Scaffold
Reetz group (1977) . Malpass group (1985)
D3C CD3 3C CH3 => <= "
Ph Ph Ph :
Ph_l si-cp, 50 °C Ph._ Si-CH,  pp cfa 70°C -0 : V/|>_\ __ A0, /|>_\
,CJ_O ‘——‘ C—O P —_— Ph/l \ : /C Me\c’N
H;C-Si D;C- s. H;C- S| Ph Si—CH; J M 30 min
/N / N\ : / e |
H,C CH,3 D,C CD, HyC CHj H3C CH3 ; Cl
62% yield : 70% yield

a) R. Haszeldine, et al. J. Organomet. Chem. 1973, 47, 53; b) M. Reetz, et al. Angew. Chem. Int. Ed. 1977, 16, 712; ¢) M. Ishikawa,et al. Organometallics. 2008, 27, 2922; 6
d) M. Reetz, et al. Adv. Organomet. Chem. 1977, 16, 33; e) J. Malpass, et al. Chem. Comm. 1985, 686.



1.2 Type | Dyotropic Rearrangement

Barber group (1990)

C'M BOnd i ngy 2~ Dyotropic z
\ | nBU2CULi ot
as Scaffold [

JBu H "Bu
N Rearrangement ~Nc 20 X
B— C=Cu-"Bu > >
00'4 ,

I
o Cu_ Protonation OH
.+ "Bu
L 2Li i
1990 Cuprate 83% yield
(
Goldman group (2010)
PBu PBu ' PBu
P2 C-H Bond Addition L o2 Dyotropic , DUz
' 1 A~ F Rearrangement . F
Ir'--/7 +  CHsF — — in— > i
: R ' SCH,
PBu, PBu, P'Bu,

a) C. Barber, et al. Pure Appl. Chem. 1990, 62, 1933-1940. b) A. Goldman, et al. Science. 2011, 332, 1545-1548.



1.2 Type | Dyotropic Rearrangement

Wayland group (1989) Beck group (1991)

C-M Bond :

1 1 (PEO)Rh Me Rh(OEP) E (OC)sRe Re(CO)s

as Migration e o MU L
Group Rh(OEP) (PEO)RH  Me : Mn(CO)s (0C)sMn
t) OEP = octaethylporphyrin E Stoichiometric amount metals and synthetically useless
([
Advantage
O\ > Catalytic amount of metal.

» A new strategy for the C-C bond activation.

\/

» Anew C-C and C-M bond would be formed simultaneously.

» A new useful catalytic transformation.

a) B. Wayland, et al. Organometallics. 1989, 8, 1438; b) W. Beck, et al. Chem. Ber. 1991, 124, 1059.
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2. Transition Metal Catalyzed Dyotropic Rearrangement Reaction



2.1 C-C Activation by Dyotropic Rearrangement

Zhu group (2021)

Pd(AdCO,), (10 mol%) FAC

Pyrox ligand (12 mol%) Ar N
CONHR _N/_C' _ Na,COj (3.0 equiv) F | o
1 + o ABOHR o+ U477 2BF, > "CONHR N
R N: AdCO,H (1.0 equiv) 4 \ Phi
F DCE (c 0.05 M), 50 °C, Ar R N
2.0 equiv 2.0 equiv Pyrox ligand Ph

\. J

Carbon-Carbon Activation

@ r Thermodynamic Stability

O—é—o Great Challenge <

Reaction Design

. Kinetic Stability

Ar

Ar F
R Pd(AdCO,), -.R’ Dyotropic Rearrangements ||)le
+  ArB(OH), > NHR = Or
CONHR Selectflour / NHR
+PdV,q ’
: R0

10
J. Zhu, et al. Nat. Chem. 2021, 13, 671-676.



2.1 C-C Activation by Dyotropic Rearrangement

e N
Pd(AdCO,), (10 mol%) FsC X COOH
cl Pyrox ligand (12 mol%) Ar |
CONHR 7 _ Na,CO; (3.0 equiv) F z o)
.N 3 g N
1 + ArB(OH), + [ +\7 2 BF, > "“CONHR \ Ph
R N> AdCO,H (1.0 equiv) 4 N
F DCE (c 0.05 M), 50 °C, Ar R!
2.0 equiv 2.0 equiv L Ph AdCOOH

Scope of Aryl Boronic Acids

F ) F F F
. —_— 3 .
“Ph — v “Ph 2
oG 3 Ph B Ph

70% yield, 92% ee 43% yield, 92% ee 52% yield, 83% ee 63% yield, 88% ee
Scope of Amides Scope of Migrating Groups
COzMe F F F
\4 "CONHP“ “ICONHPh "'CONHPh “ICONHPh
", "Me "'OME
MeO @\ MeO MeO
F
59% yield, 93% ee 70% yield, 84% ee 38% yield, 91% ee 27% yield, 95% ee 26% yield, 80% ee
11

J. Zhu, et al. Nat. Chem. 2021, 13, 671-676.



2.1 C-C Activation by Dyotropic Rearrangement

Pd(ll) Complex a

‘Bu ‘Bu
CONHR
[><R1 +  ArB(OH),

Na,CO; (3.0 equiv)
+ Pd(OAc),
\

r
DCE (c 0.05 M), r.t.

Selectfluor (2.0 equiv) o P

- LCONHPh o R ~CONHPh
- + > < >_< I

Na,COj; (2.0 equiv)

DCE, 50 °C,12 h F

(*) b, 21% yield

=2

Ph
(¥) c, 38% yield

Dyotropic 0
Rearrangement

>

Failed to observe by "F NMR spectroscopy

Detected by HRMS

12
J. Zhu, et al. Nat. Chem. 2021, 13, 671-676.



Selectfluor (2.0 equiv)

o F“‘CONHPh 0 P'{ CONHPh 0 P'!_ CONHPh
' + +
NaF (2.0 equiv) j < > < j >—®—<j
Na,COj; (2.0 equiv) Ph F
DCE, 50 °C, 12 h +

(¥) c, 38% yield

0 CONHPh
—> Substrate Partial Decomposition
Na,CO; (2.0 equiv) ‘o,
DCE, 50 °C, 12 h Ph
(*) h, Nd

CONHPh Ph
SET Oxidant (2.0 equiv) >_H : CONHPh
Na,CO; (2.0 equiv)

DCE, 50 °C,12 h

(£) h, Nd (%) i 12-40% yields

Pd(lll) Species

13
J. Zhu, et al. Nat. Chem. 2021, 13, 671-676.



2.1 C-C activation by Dyotropic Rearrangement

Selectflour

OMe

F\ BF4 OMe
Ar +Pd'VX @
... NHPh
: O \Q‘( Ar

OMe Ar $_NHPh
. S \QLWNHPh
o]
v (o)
X
OMe
Dyotropic
Rearrangements
- Path A Path B
F  BF,
Ar +pd'VX
-+, [CONHPh
N
TS-A
OMe

J. Zhu, et al. Nat. Chem. 2021, 13, 671-676.



2.2 o,B-Difunctionalization of Saturated Amide

Transition Metal Catalyzed [B-C-H Activation

X \
! Oxidant o
Cat. Pd(OAC), L—Pd"::0 xidan
—_—
H Y - | y Z Y
R1 R2 R! R? .
R! R? This Work:
Y = OH, NR3R%, NMeOMe A Z = OAc, OMs, Ar o

An Elegant Method for Editing a Quaternary Carbon

Well Established:
o) Editing the quaternary carbon via C-H functionalization

H/\HLNMeOMe
R! R?

H Y
R1 R2

_/

Elusive:
Diect editing the quaternary itself via C-C functionalization

J. Zhu, et al. J. Am. Chem. Soc. 2022, 144, 14047-14052.

Pd(OAC), (10 mol%)
AgOAc (50 mol%)

15



2.2 o,B-Difunctionalization of Saturated Amide

Pd(OAc), (10 mol%), AgOAc (50 mol%)

(’1“/_(:' MesCO,H (1.0 equiv), HFIP (c 0.1 M), 50 °C, Air
' - >
HYLNMeOMe [N+\7 7ER Ary]\NMeOMe
‘+
Af R F F
2.0 equiv
o)
o) o) o) o)
NMeOM
NMeOMe NMeOMe NMeOMe NMeOMe AW ebiie
F Me F Me F Me F Me
H Br F3C Ar0,S
68% yield 65% yield 60% yield 41% yield 50% yield
o) (o]
o) o) NMeOMe F
NMeOMe H NMeOMe
NMeOMe NMeOMe Standard
F conditions
F Et F "Bu
F
43% yield 44% vyield 43% vyield 65% yield
16

J. Zhu, et al. J. Am. Chem. Soc. 2022, 144, 14047-14052.



2.2 o,B-Difunctionalization of Saturated Amide

Control Experiment

F (o)
N,OMe
I
Me Me
b
(o)
N,OMe
Me I
H Me
c
KIE Experiment
(o) (o)
H3;C N,OMe Ds;C N,OMe
H,;C I + D5C [
s Me 3 Me

Me

Pd(OAc), (10 mol%), AgOAc (50 mol%) K)(IL
MesCO,H (1.0 equiv), Selectfluor (1.7 equiv) (o) ©,

> OMe
M
HFIP (1 mL), 50 °C, Air, 2 h n-oMe
Me [
F Me
Dyotropic rearrangement
aNd "
transition state
Pd(OAc), (10 mol%), AgOAc (50 mol%)
MesCO,H (1.0 equiv), Selectfluor (1.7 equiv) 0
.OMe
HFIP (1 mL), 50 °C, Air, 2 h Me ';l
F Me Pd"’ Me
-quorlnation
a Nd intermediate
Pd(OAc), (10 mol%), AgOAc (50 mol%)
MesCO,H (1.0 equiv), Selectfluor (1.7 equiv) o
’
HFIP (1 mL), 50 °C, Air, 2 h N,OMe DZC _OMe
H;C [ D C
¥ F Me 3

TH NMR yield Ky/Kp = 5.7

17
J. Zhu, et al. J. Am. Chem. Soc. 2022, 144, 14047-14052.



2.2 o,B-Difunctionalization of Saturated Amide

‘Bu ‘Bu
AN
F F . Me | Y/ F
H O Pd(OAc); (1.0 equiv) N Fﬁ/ N\ 7~ N/
2-Methylpyridine (2.0 equiv) : N N
SKU\N » Z__SNuwePd'—N >
Ph Hoo CsF (2.0 equiv), DCE, 100 °C, 24 h Me F DCM, r.t.
e o]
Ph” Me

F F
Ph O
Dyotropic Rearrangement
> N
Reductive Elimination H

F+ Oxidant (1.5 equiv)

Solvent F Me F
B
F* Oxidant Solvent Yield (%)
1 Selectfluor HFIP 63
2 Selectfluor MeCN 87
3 NFSI HFIP 68
4 Pyridinium Salt HFIP 50

18
J. Zhu, et al. J. Am. Chem. Soc. 2022, 144, 14047-14052.



2.2 o,B-Difunctionalization of Saturated Amide

F Pd(OAc), H O
R1
R2 NMeOMe
Reductive Elimination = CMD Sp®C-H Activation
F AcO
~pdY ~ _ “pd'--0
R! -0 X 1 I
I NMeOMe
R2
NMeOMe har R' R?
RU|.F
D . o A
RZ
NMeOMe N/—C'
+ -
L Ts-C - [,N 2 BF,
+
F
Dyotropic Rearrangement Oxidition

19
J. Zhu, et al. J. Am. Chem. Soc. 2022, 144, 14047-14052.



o OAc

7 ed'-o

0. |
HY Y NMeOMe

> Et —

Ph |
] | Me 1
Ts-a A
0
AT X TN °
," \‘s \P{jlv_o
4 : “I
. HOAc - I
P Me - S\, NMeOMe
0.0 A ) "
: 0“0 ™ Me—< ~PdV-0 B )
y o / —8 o . o/ VFI Ts-c
Pdl-0 TR > NMeOMe 30 N
> NMeOMe PR, Et k
PR VEt X NMeOMe B k
Ph™ "Et Selectfluor ™,
A . B 7 Ts-b
\\ //, I - —— o ‘\
. 344_,_---- -31.2
o, = * \‘\ ~...~‘~
Me—<' “ + . T
s pylVo-=0 R
o=—Rd-E|
Hi,' s ~NMeOMe D
H \‘ ’1 Et Me
- -52.6
- i Ph /N
Ts-b - o 'o
Path B lPd"
(4 \\
F O
I
3 NMeOMe
Ph" "Et

J. Zhu, et. al. J. Am. Chem. Soc. 2022, 144, 14047-14?)52.

Et c NMeOMe 20



2.3 6-endo-trig Cyclization Reaction

Intramolecular carbometallation initiated domino processes

B(OH),
©i (J‘l/_CI PdX,, Ligand, base R
' - F
+ + 7 2BF >
0/\( [ N 4 ©\/jL
’r+
R F 0
Pd',

R

Zhu group (2022) 5-exo-trig Cyclization Selectfluor Oxidition
v
1,2-Aryl/Pd Dyotropic Rearangment
(o)
Favored
B(OH), PdX R
Transmetallation
y —_— E—— F
0/\( o/\(
R R 0
R
6-endo-trig Cyclization Pd" Selectfluor Oxidition
y
o Reductive elimination
21

J. Zhu, et al. Angew. Chem. Int. Ed. 2022, 61, €202211470.



2.3 6-endo-trig Cyclization Reaction

‘Bu ‘Bu
Pd(dba), (10 mol%) \ /

B(OH), 4,4'-di-tert-butyl-2,2':bipyridine (12 mol%) 7\ -
/—Cl NasPO, (3.0 equiv), 5 A Ms (50 mg/0.1 mmol), R >_<\ /
s Nl7 2 BF,~ > F =N N
O/Y N DCE (1.0 mL), 80 °C, 24 h
R F o

4.4'-di-tert-butyl-2,2'-bipyridine

0.1 mmol 1.5 equiv \S /
H Me MeO Me F.CO Me m Me cl Me
| 0 F
—
0 0 0 o 0
55% yield 34% yield 45% yield 40% yield 37% yield

Me By Me "Bu
0] F (o) 0]
41% yield 48% yield 38% yield 30% yield 38% yield, d.r. 2.5 : 1

22
J. Zhu, et al. Angew. Chem. Int. Ed. 2022, 61, €202211470.



2.3 6-endo-trig Cyclization Reaction

B(OH),
: :o/\( ¥

Me

0.1 mmol

B-H Elim

iation

L
OM

0.1 mmol

Pd(ll) species

X

B(OH),

i

/¢l Without Pd(dba), R
/i Nl7 2 BF,~ - F
N
Fr o

1.5 equiv Nd
Reductive
; Elimination
Standard Me F
Conditons X F ! H H I!'d“’+
' A\ + + m » v ‘X
(o) (0] (o) i €
; (o)
48% yield Nd Nd ; D
Dyotropic
Rearrangements
Pd(OAc), (1.0 equiv)
4,4'-di-tert-butyl-2,2'-bipyridine (12 mol%)
Naz;PO, (3.0 equiv), 5 A Ms (80 mg)
DCE (15 mL), 70 °C, Ar, 12 h HF
|1+
Hn, PdIVX
Me
Selectfluor R o
- O
DCM, r.t., 2 h o
62 % yield

J. Zhu, et al. Angew. Chem. Int. Ed. 2022, 61, €202211470.

F'* Transmetallation

Pd’(dba),

_Pd" Me
X
A
5-exo-trig Cylization )

H
Hu, PdIIX
Me
(1/—CI
/i N~ 2BF, o
N
+ B

Oxidation

23



Wacker Reaction

pd", cu", 0, OH B-H Elimination OH Isomerization o
N > )\/Pd" > )l\
R™ X R R R
Semi-Pinacol Rearrangement Reaction
o HO I
g Grigg's conditions: PdCl,, CuCl,, O,, benzene, H,0, 0 °C, R = H, 75% yield Pd
'
R Wahl's conditions: PdCl,(MeCN),, ‘BuONO, H,0, EtOH, 30 °C, R = Ph, 92% yield R R
Tiffeneau-Demjanov Reaction
NH, N, QL0

" 3-4 steps R HNO, " Rearrangement S’ 3-4 steps ! !
‘ > ' —_—— ' . > or y

(o) OH OH (o) o

This Work: Dyotropic Rearrangement Reaction

Pd" o . Dyotropic o OH Reductive --
o OH Oxidation J OH Rearrangement Elimination ’
S [ > Pd'v > - _»
Pd | pglV

Oxidant X |
X

24
J. Zhu, et al. Science. 2023, 379, 1363-1368.



Pd(MeCN),(BF,), (10 mol%), Oxidant (1.2 equiv)

"CoH1s™ "Cellis MeCN/H,O (viv = 4:1, ¢ 0.2 M), r.t., 2 h > "CoHas cothe
Product
X X B ) )
| CT)/ . | f‘)/ Ti0® | ﬁt o, C'JL/ET'D\C'B% A ﬁg/\%F ) A h.‘g/\((%F )
F F ! F F
LS, RO vcos X . O e Selectfluor ..
Entry Oxidant Con. (%) Yield (%)

1 Ox1 <5 0
2 Ox2 32 0
3 Ox3 <5 0
4 Ox4 25 6
5 Ox5 >99 58
6 Selectfluor >99 75
7 NFSI <5 0
8 Oxone 88

J. Zhu, et. al. Science. 2023, 379, 1363-1368.

25



)k- Pd(MeCN)4(BF,4), (10 mol%), Selectfluor (1.2 equiv) “\‘/«

> 1y
™I, MeCN/H,0 (viv=4:1,¢c 0.2 M), r.t., 2 h "‘/

'S ymmetric linear Alkenes

E o) o) o) o) 0 :
: nCeH CH,CH,COOEt CH,CH,COMe CH,CH,CH,Br CH,CH,COOH !
'1CsH 13 613 EtOOCHZCHch\ 22 MeOCHZCHch\ 22 BrHZCHZCHch\ 2T HOOCHZCHZCJJ\ 22 ;
L 72%vyield 53% yield 68% yield 52% yield 55% yield
«Symmetric Cyclic Alkenes : :" Macrocycles K
5 i 0 0 o | °
E P 16 !
i HOOC (o Ph .
L 61% yield 63% yield 63% yield 58% yield P 70% yield
‘Unsymmetric Alkenes
: 0 o 0 o E
‘ O '
: PhHZCHch\ J\ 5
E NCeHqs "C7H15 Bn Bn E
1 47% yield, r.r. =4:1 49% yield 63% yield, r.r. =6.5: 1 59% yield 59% yield, r.r. =1.4 : 1 ':

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

J. Zhu, et al. Science. 2023, 379, 1363-1368.



2.4 Dyotropic Rearrangement in Wacker Reaction

OH Pd(MeCN),4(BF,4), (10 mol%), Selectfluor (1.2 equiv) }_
-- - > . I OH

W, & MeCN/H,O (viv=4:1,¢0.2M),r.t.,2h noe s,
' Linear Unsymmetric Alkenes
' o o] o :
i [{ Me_Me P o~~~ COOH !
' Ph '
: Me™ Me COOH COOH :
: 90% vyield, r.r. =10 : 1 89% yield, r.r. =13 : 1 93% yield, r.r. =11 : 1 E
: cl :
: \@\ o COOH COOH 0 :
COOH —» — /\n/ — ;
: o k/COOH ;
: CI HOOC EtOOC COOH EtOOC :
E 49% yield, r.r. =1.7 : 1 85% yield 72% yield, r.r. =7 : 1 E
0 0 0
COOH COOH H CH,CH,Ph
—_— COOH —>» COOH a
H CH,CH,Ph
COOH COOH
69% yield 75% yield 61% yield, r.r. =1.7 : 1

27
J. Zhu, et al. Science. 2023, 379, 1363-1368.



2.4 Dyotropic Rearrangement in Wacker Reaction

(o)

MeCN/H,0 (viv=4:1,¢c0.2M), r.t, 2 h

o
Pd(MeCN),4(BF,4), (10 mol%), Selectfluor (1.2 equiv) m (o)
> _ )l\ +

(0
nootkatone 43% yield 7% yield

Regioselectivity 6:1

Pd(MeCN)4(BF,), (10 mol%), Selectfluor (1.2 equiv) o)
(o) - )l\ + o) ~N
MeCN/H,0 (viv=4:1,¢c 0.2 M), r.t., 2 h o)

0

(S)-carvone 45% yield 11% yield
Regioselectivity 4:1

Pd(MeCN)4(BF,4), (10 mol%), Selectfluor (1.2 equiv)
>
: MeCN/H,O (v/v = 4:1, ¢ 0.2 M), r.t., 2 h ﬁ\ _
~ o) H o
/\

N

L-menthone derivative 61% yield Nd

28
J. Zhu, et al. Science. 2023, 379, 1363-1368.



] Pd(MeCN),4(BF,), (10 mol%) Selectfluor (1.2 equiv)
Partial - 0]
decomposition . cN/H,O (viv = 4:1, ¢ 0.2 M), r.t., 2 h COOH MeCN/H,0 (c 0.4 M), r.t., 2 h

S o
F
47% yield
|
Selectfluor (1.2 equiv) HO Pd(MeCN),4(BF,), (10 mol%) o
y y C-H
CegH CgH CgH CegH 613
6113 67113 MeCN/H,0 (c 0.4 M), r.t., 2 h o3 513 MeCN/H,O (viv=4:1,¢c02M),rt,2h  CeHis~ 07
10% yield Nd
o) 0 s A
Pd(MeCN)4(BF4), (10 mol%)
Selectfluor (1.2 eqUiV) - + 68% yleld
MeCN/H,'80 (v/v = 4:1,c 0.2 M), r.t., 2 h 180 Product/ ®0 Product = 2.5 :1
q J
180 Product 160 Product

29
J. Zhu, et al. Science. 2023, 379, 1363-1368.



2.4 Dyotropic Rearrangement in Wacker Reaction

Pd(OAc), (10 mol%), PhCOOH (2.0 equiv) (o) NaOH (c 2 M)
MeCN (c 0.25 M)

Selectfluor (1.2 equiv), MeCN (c 0.4 M), r.t., 2 h

Pd(OAc),
83% yield
- 4 p
Pd'X Fog e O Ph
| Pd'VX FS Y
o Ph
hig o _Ph 0
o bl
o
Cc
- Nd
F BF4 \_ J
*PdVX
|
Sg)lsg;‘g(‘llzr O\"/Ph Dyotropic Rearrangement

30
J. Zhu, et al. Science. 2023, 379, 1363-1368.



2.5 Switchable Dyotropic Rearrangement

=<CF3
Ligand A R3
Kong group (2022
g group (2022) - .
Aryl/Ni Exchange
A
Nil
Br R?
I|?1 Ni catlyst >> o
N . ‘77, :‘{f Modifying the Ligand
R?2 Mn N Changing Oxidation States of Nikel
O O “R! —>
(0]
CF;
Ligand B :R3
r r
Acyl/Ni Exchange Switchable
Conditions
B
+

W. Kong, et al. J. Am. Chem. Soc. 2022, 144, 11626-11637.



2.5 Switchable Dyotropic Rearrangement

Conditions A:

B NiBr,(DME) (10 mol%), P"PDI Ligand A (20 mol%)
oy R CF3 Mn (3.0 equiv), ‘BuOLi (1.0 equiv), DMSO, 4 A MS, 80 °C, 48 h
2 N , * =< >
R Conditions B:
(o] (0]

Ni(acac), (10 mol%),Terpyridine Ligand B (20 mol%),
Mn (2.0 equiv), KI (2.0 equiv), DMSO/THF, 4 A MS, 80 °C, 48 h

2.0 equiv

Conditions A 1,2-Aryl/INi Rearrangement
NC

LigandB 50% yield 45% yield 52% yield 26% yield 51% yield3
W. Kong, et al. J. Am. Chem. Soc. 2022, 144, 11626-11637.



2.5 Switchable Dyotropic Rearrangement

Conditions C:
Ni(acac), (10 mol%), Terpyridine Ligand B (20 mol%)

CF, Mn (3.0 equiv), MnBr, (1.0 equiv), DMSO/THF, 4 A MS, 25 °C, 48 h
==< '
R3 Conditions D:
Ni(acac), (10 mol%),Terpyridine Ligand B (20 mol%),
Mn (2.0 equiv), MnBr, (2.0 equiv), DMSO/THF, 4 A MS, 80 °C, 48 h
d.r. >20:1
2.0 equiv Conditions C Conditions D

Conditions C o
Me,

Me_ .
\o
M F
oo

Conditions D
111} CN
F

Me ¢\(@
: i: |
oo

NH"Bu NHBnN

1,2-Acyl/Ni Rearrangment

68% yield 69% yield 39% yield 52% yied| 57% yield 33
W. Kong, et al. J. Am. Chem. Soc. 2022, 144, 11626-11637.
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2.5 Switchable Dyotropic Rearrangement

Radical Trapping Experiments:
1,2-Aryl/Ni Rearrangement

NiBr,(DME) (10 mol%), P'PDI Ligand A (20 mol%)

CN
Br n
IBu Mn (3.0 equiv), ‘BuOLi (1.0 equiv)
N + >
Me DMSO, 4A MS, 80 °C, 48 h, BHT (2.0 equiv)
O O
CF,

ipr

ipr ipr

Ligand A

1,2-Acyl/Ni Rearrangement

CN
Br Ni(acac), (10 mol%),Terpyridine Ligand B (20 mol%),
’I'Bu Mn (2.0 equiv), MnBr, (2.0 equiv)
N +
Me DMSO/THF, 4 A MS, 80 °C, 48 h, BHT (2.0 equiv)
o (o)
CF;

CN

69% vyield Ligand B

34
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2.5 Switchable Dyotropic Rearrangement

Br
R! '
’ ]
N ) '
R : Me Ni(acac), (10 mol%)
L] - - 0,
o o : terpyridine (20 mol%) Me Me
' Mn (3.0 equiv)
' MnBr; (2.0 equiv)
: 0 > + o
Ni'Br ' DMSOI/THF (1/1), 25 °C
R ' Cl N 4
, ) R HN
N ) - "R’
R : o e 2
o o : Me Nd 63% yield
A :
5 (o]
- : NN
6-exo Cyclization : cl ‘n/ R
E Y o y,
RZ ,—Ni'BrL : Me Ni(acac), (10 mol%) Me
o} ! CN terpyridine (20 mol%)
. Mn (3.0 equiv)
: MnBr; (2.0 equiv)
N\R1 : (o) + (0]
o cl N._, DMSO/THF (1/1), 25 °C HN.,
B A CFs R
: (o]
L ' 31% yield
B-C Elimination » 7-endo Cyclization E
LNi \n/N\R,I :
0 L}
c 35
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2.5 Switchable Dyotropic Rearrangement

Br
CC
N
o
(o) (o)

Dark ourle Aryl bromide
Ni(COD), solu‘t)ion >
Tol, r.t.,, 12 h .
Complex A
81% yield
O
Br
CN
+ MnBr; (1.0 equiv), Mn (3.0 equiv)
DMSO/THF (1:1),r.t., 48 h
CF;
Complex A 3.0 equiv 1,2-Acyl/Ni Rearrangment

45% vyield

36
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2.5 Switchable Dyotropic Rearrangement

Without Mn°
>
DMSO/THF (1 : 1), 30 °C, 18 h N« e
o
Protonolysis Product
30% yield
Me Me
Mn® (3.0 equiv) o
>
DMSO/THF (1 : 1), 80 °C, 18 h N me
0

Protonolysis Product
30% yield

Complex A

W. Kong, et al. J. Am. Chem. Soc. 2022, 144, 11626-11637.

Dimerization Product
22%

Me

1,2-Acyl/Nikel
Rearrangement Product
40% yield
37



2.5 Switchable Dyotropic Rearrangement

(! Br
7 Me _
N [
| N
N/ N We
Cro o
=N N= Aryl B id
. Yellow ryl bromide
Ni(COD), > solution >
THF, r.t. 12 h
B Complex B
73% yield
— — .0
Br
CN
+ ‘BuOL.i (1.0 equiv), Mn (3.0 equiv)
y
DMSO, 80 °C,48 h
CF;
- - 1,2-ArylINi Exchange
Complex B 3.0 equiv grouduct g

Without Mn, trace
Mn (3.0 equiv) 29% yield 38
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2.5 Switchable Dyotropic Rearrangement

D (94% D) Me D (92% D)
Ni(acac), (10 mol%) Me o
Br , " Terpyridine Ligand (20 mol%) _ . o
I
N Mn (3.0 equiv), D,O (10 equiv) N/"Bu N\
Me DMSO/THF, 30 °C, 48 h "By
0O O o o
35% yield 29% yield
e D(76%D) D (79% D)
Br . Ni(acac), (10 mol%) Br Br Me fwe/o )
 BU PPrpp| Ligand (20 mol%)  Bu ,Bu o
N - — N NH o
Me Mn (3.0 equiv), qu, (10 equiv) Me N, N
o o DMSO/THF, 30 °C, 48 h o o) o Bu ‘ngy
o) o
Recover 21% yield 45% yield 17% yield 7% yield

Ni(acac), (10 mol%)
PrpDI Ligand (20 mol%)

-
CN Mn, LiO'Bu, DMSO, 80 °C, 48 h
Br "BE D (87% D)
|
N +
Ph
o o
CF; Ni(acac), (10 mol%)
Terpyridine Ligand (20 mol%)
>

Mn, MnBr,, DMSO/THF (1:1), r.t., 48 h

47% yield

39
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2.5 Switchable Dyotropic Rearrangement

Possible Mechanisms

Mnll
NHR'
Mn?
LNi'F R®

CF,

CF,

R3
40
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2.5 Switchable Dyotropic Rearrangement

(o)
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3. Summary and Outlook

C-C Activation
Pd(AdCO,), (10 mol%)

Pyrox ligand (12 mol%) Ar
,—CI |
CONHR N _ Na,CO; (3.0 equiv) »F
+ ArB(OH), + N+ 2 BF, - “CONHR

N: AdCO,H (1.0 equiv) 4
F DCE (c 0.05 M), 50 °C, Ar R!
2.0 equiv 2.0 equiv

a,B-Difunctionalization
Pd(OAc), (10 mol%)

o] ,—CI AgOAc (50 mol%) 0]
- MesCO,H (1.0 equiv)
H NMeOMe * r;:\7 2 BF, > A NMeOMe
o F,',f HFIP (c 0.1 M), 50 °C, Air

Ar F R
2.0 equiv
Wacker Reaction
o]
A Pd(MeCN),4(BF,); (10 mol%), Selectfluor (1.2 equiv) \/[(
» 1
o I o MeCN/H,0 (viv=14:1,¢0.2M),r.t., 2h [Yn
: \Y

Swichable Dytropic Reaction

Br R CF NiBry,(DME) (10 mol%)
) 3 Ligand (20 mol%)
N R2 + = " -
R3 n (3.0 equiv),
o 0]

Adiitives , DMSO, 4 A MS, 80 °C, 48 h
42




3. Summary and Outlook

Transition Metal

» Try new transition metals and change the oxidation states of them to adjust the reactivity.
Pd", Ni!, M"?

Development of new ligand to adjust the migratory aptitude of different group.

» Move from the Pd''/Pd'V catalytic cycle to Pd®/ Pd' catalytic cycle to avoid oxidants
Scaffold

» Move from the C-C to C-X bond.

43



Thanks For Your Attention



Bf >

45



Type | Dyotropic Rearrangements

S. Winstein group (1952) Earliest examples of a dyotropic rearrangement

S. Mulzer group (1979)

o) : o
°| I R MgBr (1.0 equiv) : MgBr, (1.0 equiv) 0\ R
o X o H : > 2
7( R2 Etzo, 22 °C, 5 min : Etzo, 22 °C, 5 min Me\‘ R
: H
E 98% vyield
H. Black group (1988) E
o 0 E 0 H
(o . : o . 2.0
( | MgBr, (1.0 equiv) o) R ' 2 MgBr, (1.0 equiv) o
o > : ‘s’ >
m{) “r Et,0, 20 °C, 30 min ; ‘) R Et,0, 20 °C, 30 min
H H : H R
42-86% yield 5 R = Ph, OPh, SPh 98% yield

a) S. Winstein, et al. Helv. Chim. Acta. 1952, 35, 782; b) S. Mulzer, et al. Angew. Chem. Int. Ed. 1979, 18, 793-795; c¢) H. Black, et al. Synth. Commun. 1988, 29, 1747-1749. d) H. Black, et
al. Synth. Commun. 1988, 29, 1747-1749. 46



1.2 Type | Dyotropic Rearrangement

S. Winstein group (1952) Earliest examples of a dyotropic rearrangement

S. Mulzer group (1979)
o)
o| I \R' MgBr; (1.0 equiv) MgBr;, (1.0 equiv) (o) R
- N ° : 2
Me7\\s R2 Et20, 22 °C, 5 min Etzo, 22 °C, 5 min Me\“’ R
Me" me H
98% yield
H. Black group (1988)
o) O o] o)
o _ o .
v/ | MgBr, (1.0 equiv) - (o] R | MgBr; (1.0 equiv) o R
Me7\¢") R Et,0, 20 °C, 30 min Me—7~ Me7\-") “R Et,0, 20 °C, 30 min Me—7~
Me més H Me” me Me mé H
syn

Me' e
anti syn
47

anti
a) S. Winstein, et al. Helv. Chim. Acta. 1952, 35, 782; b) S. Mulzer, et al. Angew. Chem. Int. Ed. 1979, 18, 793-795; c¢) H. Black, et al. Synth. Commun. 1988, 29, 1747-1749. d) H. Black, et

al. Synth. Commun. 1988, 29, 1747-1749.



