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BT ERNERK

L EEERtAMERES

R’ R' R’
X\[]/H ﬂb R/&-\ o e /H_ —_— /&
N, R’ \N:N' R N, R X
X = PO(OR), R/Ko Ez\v

X = SiMe;

Thomas, R. Chem. Rev. 1974, 74, 87-99.
Moritani, T. J. Chem. Soc., Chem. Commun. 1992, 721-722.

2. SIHEXLYIRYHEER

Kirmse, W. Angew. Chem., Int. Ed. 1965, 4, 1-10.
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3. EBRIGEFRE
B 7 S
& BuO
PtBr, (5 mol%) +=PtBr,
oBuU———> ———-‘"&
MeCN
S 120°C,12h |\ /OB
i _ 60% Yield
Yamamoto, Y. J. Org. Chem. 2006, 71, 6204-6210.
ﬁ
4. BMBELCMERGERE
T86 L IPh C3H7
IPh NaN -
Z o, [ J\
CeH1a 18-crown 6 N, C H, CgHys
-Phl N,

Stang, P. J. Tetrahedron Lett. 1988, 29, 1887-1890.
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5. 0GB RBEEHRENKRERE

OSiEt, 0o - OSiEt, (0)
H I BF4 , t s I
xES. LiN(H)*-Bu ™ tS.
R/\l/\/'Lthez > R/Y\-/Fl,h NM92
R THF R
OSiEt, OSiEt,

Raabe, G. J. Am. Chem. Soc. 2002, 124, 10427-10434

: = 2 nBuNF
R X - /\./ » R
S R I THF, t
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34
1. 1,5 C-HEEH N\ R 2
(RO) II’I H
2
o \ﬂ/ - H MePh- Me
MeN N2 U 1,5 C-H insertion z»Ph
'Me - .
5 H KOt-Bu - Ve ()
THF, -78 °C A .
73%
Gilbert, J. J. Org. Chem. 1985, 50, 2557-2563
3 4F
2. 1,5 O-X#EN sz
™S Li - -
X
oxX hig . X o °
N, O 1,5 O-X insertion /b\
Me ] -1
Ph M Jk)\ph Me Ph (2)
0 THF, -78 °C e
- . X=H, 21%
X=TMS, 81%

1,2-shift
1)

O
I

X
Feldman, K. J. Org. Chem. 2000, 65, 8659-8668.
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3. FBWEHER

H>.=: [H{J—» H—R (3)

Fritsch-Buttenberg-Wiechell
Rearrangement

Chang, N. J. Chem. Phys. 1997, 106, 3237-3242

SIEEFENS-UBHE, BHEETRIEELZ(XTFELS keal/mol

4. N0 R% = bz
A

H ) orN
-

. R
= >=<L or }:@ ()
R Cycloadittion R o H

“EHEFERFRA
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BB FES SRR

BEE R EMN4+11FI[2+1] =L

[ ] / Mn Ph
Ph,  Br NaOH/CqH Ph )\/ '> >
BuNHSO,4 Ph Ph Ph

product ratio 78 : 22 total Yield 37%
Ph
ant @
Ph

Ph Br  NaOH/CyH; 40% Yield
Ph \/ Br
BuNHSO,
Ph>= =<©
* .
Ph
60% Yield

Otsuji, Y., Angew. Chem., Int. Ed., 1991, 30, 984-986.
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I TELRIBE R E[2+1] A DR R

ol [NDIINiz(CeHe)
&N . l/\Rs (10 mol%)’_ R,

Cl Rz Zn (3.0 equiv.) : i-Pr .
Et,O'IDMA, i, 24 h Rs ; iPr

Uyeda, C J. Am. Chem. Soc. 2017, 139, 11686—11689

HIEANBE R E[SHI IR M

Co(dme)Br, (5 mol%) _ ; N
t-Bu-Quinox (6 mol%) " Z o
A/ - : N
Zn (3.0 equiv.) : Br—C|o~N

t 16 h, DMA Ph Br

Uyeda, C J. Am. Chem. Soc. 2020, 142, 4598—4603
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Mz RECRIRE R E[4+11F IR b

c-Pent
Ry . E __ —/_ Me
Rq (“PeMNDI)Ni2Br2 (10 mol%) VAR § Ve \ N/\?r\\Ni/N
Clw = Zn (3.0 equiv.)b : \N/Ni</ ot
Ry ' Rs 24 h, tt R4 E c-Pent Br
Rz cl R, E c-Pent
Uyeda, C., Science, 2019, 363, 857-862
FURIRIRE B R R[4+ FR AR L
: — o R
R E \ —/ N/ .NJ.LR
N : 2,
H8UPhZnapbox)Niz(OAc) (10 mol%) R N W Bu

( ) 0—( -

Zn (3.0 equiv.) ¢+ R —Ni{ ™o

/\(\ - cl - . N O\/<
R4 .”Rz R

35 °C, 48 h, 5:1 MTBE/DMA

R = H (*BYnapbox)Ni,(OAc)

Uyeda, C., J. Am. Chem. Soc., 2020, 142, 17294-17300
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W% RN SHC-CH

P

e L

i-Pr\ 0 O /iPr

iPr —P—

O =, (Y0

:) 7’
$1427
iPr " /i.pr /i-Pr

Ni(COD), .
Ni(dme)Cl, Ni(dme)Cl
Y

WaW ;

—P—iPr

Theodor A., J. Am. Chem. Soc., 2010, 132, 6296-6297.
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Ni(COD), [
o T i BN O
Z 25 °C. Toluen ? m
p ICRLSEI Pr,Pi PiPr,
—_— i-Pr—Ni—l"‘i—Pi-Pr —_—

WAZIRELAIRIS AL

kernD)

Pr

j@ COD);_ (2.0 equiv.)

90 °C, Toluene

Samuel A. J., Chem. Commun, 2011, 47, 9233-9235

CeHs

Uyeda, C., Inorg. Chem., 2014, 53, 11770-11777.

17



iz R EIL TR

A
Me Me
Me Me
N N
2\\ N N 'JS
0 | S [ 0O
N~

*%Znapbox 1

Ni(cod), (1.5 equiv.)

Ni(OAc); (0.5 equiv.)
=

60% Yield

(Me2napbox)Ni,(OAc) 2

\

. /
N-}Me
SI,
Me

o

iz BRE IR SR AR 251

(M=2napbox)Ni,(OAc) 2

Ni1-Ni1
N1-C1
C1-C2
N2-C2
N3-C3

C3-C4
N4-C4

/
1.261(5) A
1.479(4) A
1.329(4) A
1.261(5) A
1.479(4) A
1.329(4) A

2.372(1) A
1.282(5) A
1.436(6) A
1.379(5) A
1.282(5) A
1.439(5) A
2.372(1) A

Uyeda, C., J. Am. Chem. Soc., 2020, 142, 17294-17300
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WX IRMECTIRISOMOITE, EPRGIERFELE

(M*Znapbox)Ni(OAc) (2)
SOMO

[ W

-1.0m

300 320 340 360 300 320 340 360
B(mT) B(mT)

Uyeda, C., J. Am. Chem. Soc., 2020, 142, 17294-17300

1.0 15 -2.0

Potential vs Cp,Fe/Cp,Fe" (V)
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Mz R ELRIGE T ER2+11 I D0 R i

HEFENTIBSFBWEHIEHERES

metal-halogen

_ H L M exchange S X
R>= e T R>= " R>_<X = R>—<X

H : ]
>=<L Z R H’{ _
R s S| Bl | —e -——=r

Vinylidene Transfer Vs Fritsch-Buttenberg-Wiechell
Rearrangement

Uyeda, C J. Am. Chem. Soc. 2017, 139, 11686—11689
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Ry
& HCirymit:
N . Ao Gtalyst (Smol%) O/W
0
0 Cl Zn (3.0 equiv.) o
Et;O/DMA
Meipr R’
ClN
Me \l\‘li ]
wpr N g
iPr
[** NDIJNiy(CgHg) 1 [ NDIJNi,Cl, 2 SRR, K= 3 S8 Yied GEs 95
94% Yield E/Z = 1:5 87% Yield E/Z = 1'5 R=Et,R'=H 4 50% Yield E/Z = 1:1
R=R'=Me 5 <2% Yield
[ (T n-ar I N— VAY

Me N/ We /N‘N; —N. -,N / Ar~ \Ni' “Ar

I \ Ni |

_~N—Ni N. COoD COD
Ar” ¢’ Yol Ar cop
T PDIJNi,Cl, 6 [ IP]INi(COD) 7 [BPY]Ni(COD) 8 [*DAD]Ni(COD) 9
<2% Yield <2% Yield <2% Yield <2% Yield

Uyeda, C J. Am. Chem. Soc. 2017, 139, 11686—11689
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& [EY:

R

ol ["'NDINi2(CeHs)
Rq/\r . ’/\Rs (10 mol%) - R,
Cl R, Zn (3.0 equiv.)
Et,O/DMA, it, 24 h  Rs

X
0
(o)
OMe
87% Yield 93% Vield 71% Yield 72% Yield
(E/Z)=1:3 (EIZ) = 1:4 (EIZ) =1:4 (E/Z) =131
[**NDI]Niy(CgHg) S
N Cl . (10 mol%) - /@/\/\
cl + Zn (3.0 equiv.) MeO
MeO latm g o/DMA, 1t, 24 h ©
" MeO - 76% Yield
(EIZ > 20:1)

Uyeda, C J. Am. Chem. Soc. 2017, 139, 11686—11689
23
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& HIHEESCLE
1. ZnINIHEMC TR B AR

M:;-Pr Mo
\ 2 _N”% > Cj 2 N- § >
Me 4 N\;':.I>/Ni/ (excess) /Nl No Further Reduction
N—~Cl iPr -Pr

i-Pr i- Products
iPr
Pr .
[ NDINi:Cl> [ NDINCH

2. ZnER AR T IEE NN ERY

iPr
; ) Cl
Ph
\;;?J Y\ + A4 - %A\Ar
Pr ’\' Ph
67% Yield

i=

% ~ 1.0 equiv. 1.0 equiv. ,

[ NDI]Ni,Cl _ - NDIINLCI E/Z=12
2.0 equiv. Ar = p-MeOPh- | JNECI2

Uyeda, C J. Am. Chem. Soc. 2017, 139, 11686—11689 24
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3. MARICNIEEE D T W

D
[""NDINi»(C gHg) (5 mol%) ) 1:4.0
(o] 2{LgFle) \© MOl Cis/Trans
Y\Ph + D\/\Ar - ’/AAI'
Ph

Cl Zn (3.0 equiv.)
Ar = p-MeOPh- Et,O, DMA

N

32-Z-d,

D
iPr . o 3.7:1
cl ~pn . (\Ar [’ ND|]NI2(C5H5) (5 mol /o)’. ) Cis/Trans
Y\ D ) Z Ar
Ph

Cl Zn (3.0 equiv.

Ar = p-MeOPh- Et,0, DMA
32-Z-d,

Uyeda, C J. Am. Chem. Soc. 2017, 139, 11686—11689
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1/2 ZnCl,

=
>

& RMHE:

1/2 ZnCl;

1/2 Zn

Uyeda, C J. Am. Chem. Soc. 2017, 139, 11686—11689
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FIENDII LR {E (L AY[2+1] R .

R
o Ni(dme)Cl5 (16 mol%) \1
R/\( + / NDI* (8 mol%)
Cl R2 Zn (1.2 equiv.)
DMI/CPME, 0°C, 24 h Rs
up to 96:4 er
N R Me wim Me
Me | Z Z Me F 2 F
*Ar NDI* Ar*
F F

Cramer, N., Angew. Chem. Int. Ed., 2020, 59, 16425 -16429
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EEFERE[411F IR RIHE S

R

R\H/R f NG — pM\R 0y

| *:
[4 + 1] * cnsone lone-pair
- M repulsion

Uyeda, C., Science, 2019, 363, 857-862.
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Cl Z
Me + &
Me OMe

Binucleating Ligands

2 Ni(dme)Br,

R | | R
N N
Me I N N Me
a2
Steric Hindrance
1
of Catalyst Nieed
R =Me (L1) 12%
R =Et (L2) 22%
R =i-Pr(L3) 52%

R = c-Pent (L4) >99%

catalyst (5 mol%)  Me
"o

Zn (3.0 equiv.)
24 h, t, NMP

Mononucleating Ligands: no cycloaddition

2 Ni(dme)Br,
+
N AT\N

Uyeda, C., Science, 2019, 363, 857-862.

29



MIZIMECRIGERE R R

B9 [4+11 DN R 2 L

& [EY):

. Zn (30equuv) R, =\p
Z Ry ! \|/‘\Rs NMP, 24 h, t ’
R

Ni(dme)Br; (10 mol%)
L4 (10 mol%) R4

Selected Dichloroalkene Scope:

92% Yield

N

Cl Cl
Parent

Me

—_—

Me

R=H 91% Yield
O R=SMe  99% Yield R
R=CF, 73% Yield |
| R =Br 84% Yield .
Q R=CN 84% Yield
R=CO,Me 84% Yield - .
Me Me R = BPin 84% Yield
Cr 7
—
N O
. OMe
Butadiene 90% Vield 43% Yield

Vinylidene

Uyeda, C., Science, 2019, 363, 857-862.

59% Yield

30



Mz PR ELRER R ER[4-+11 M D0 R R i

& K
o : ¢ :
BnO E :
\ 7/ : < :
BnO ; — :
1-substituted ' 2-substituted Me 1, 3-substituted
62% Yield 08% Yield | o o 74% Vield
1362 16 EZ 91 E/Z

BnO ?
L~
e BnO

1, 3-substituted

) e ) OMe
@ Q

BPin

Me

1. 2-substituted

r ENERSRE 62% Yield 74% Yield 86% Yield 75% Yield
1:5 E/Z 161 E/7 ~20:1 E/Z ~20:1 E/Z

Uyeda, C., Science, 2019, 363, 857-862.
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MIZIMEC IR E R R[4+ DA R ML

& TH{sCIE:

OMe

-
Ar
- 1. BH5eSMe (1.0 equiv.) 1. n-BuLi (1.1 equiv. )!- Me -
Me
2. NaOH, H,0, 2. FeBr; (0.6 equiv.) A,/\q/\m
HO Me Ar = 4-(OMe)CgH,
650/0 Yield 600/0 Yield
: OMe OMe
M :
y oMe OMe N MeO
. . i i ()0
1. (™ NDINiy(CHg) (10 mol%) O : T €7 NDINiACete) (10 ot
Zn (3.0 equiv.) fol . Squv. - :
c1” el : + .
ic1” el 2. Crabtree's Catalyst (10 mol%) QJ
: OH
. 2. BF2Et,0/AcOH s : Ho (1 gbm) /
: Me
\ ( 0 : \ / 81% Yield
0 .
w— 63% Yield : e

Uyeda, C., Science, 2019, 363, 857-862.
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MIZIMEC IR E R R[4+ DA R ML

& FHEIRELFHENCD ?rWEl’J[4+1])§F'

Ni(dme)Br, (20 mol%)

c;l/c' (S,5)-L10 (10 mol%)
: Zn (3.0 equiv.) g:)
Me Me . -
: : I t. NMP TeN
N N + TsN ™ H
L N N :
d T O : 65% Yield, (90% ee)
N -
(S,S)-L10
. Ni(dme)Br, (20 mol%)
— Me ¢ C : (S,S)-L10 (10 mol%)
2= : I Zn (3.0 equiv.) - S RS
\ N’M A \
Bra :
Me~ "\dbl‘fi/ Me AN N\/\J , NMP " H
N/ I\B

ﬂ’(m 92% Yield, (86% ee)

cle ) Ni(dme)Br, (20 mol%) Me
| (S,5)-L10 (10 mol%) e : ; o
Zn 30e UiV.) E OH wnl
Me I ( - - = H Me/N Me >
\/\) TsN E H H

TsN t. NMP . Me
H
91% Yield ¢ Incarvilline Alkaloid 251F
78% ee

Uyeda, C., Science, 2019, 363, 857-862.
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Mz PR ELRER R ER[4-+11 M D0 R R i

& HIE3LEE:
1R R N AR R A B[4+ 110 R R 2 [2+1 1300 A%/ 1,3-EE HE

OMe
!
cl OMe
MeQ (" NDI)Niz(C gHg) (5 mol %) O (¥ NDI)Nio(C gHg) (5 mol%) o,
Zn (3.0 equiv.) Ph | Zn (3.0 equiv.)
+ - -
on 24 h, ft, Et,O/NMP Q 24 h, t, ELO/NMP OMe
76% Yield Me no rearrangement
. >20:1E/Z
Me
Me Bh
2. Y B [Ni|RI[4-+11FRI0 AR & Iz
iPr
— ) e
— Z
M mCI ﬁ)L -[NDI]Ni,Cl, Mo
Me \ /NI + Me -_—
\Y Ni + Cl MeO
or N (|: | iPr MeO Me 1h, i, NMP Me
iPr | - 20 equiv. withn = 2.0, 7% Yield
1.0 equiv. q ,
% n equiv. with n = 3.0, 49% Yield

Uyeda, C., Science, 2019, 363, 857-862.
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»

& MR

+ 122Zn

C|J\C| Me
i-Pr
‘ 1/2 ZnCl, :
i

Pr

migratory
insertion

reductive
elimination

%

.

— { \
K‘ ’ _’ K = g \
o~ ({ - " ‘
[0 kcal/mol] +7.1 kcal/mol -20.8 kcal/mol +2.6 kcal/mol -34.7 kcal/mol
Migratory Insertion Reductive Elimination 35

Uyeda, C., Science, 2019, 363, 857-862.
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Uyeda, C J. Am. Chem. Soc. 2020, 142, 17294-17300
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FIERKMECHIEEF

=

=3
~

A4

B [4+1] I D0 Rk = R

& [E1): - |
R, (““Y""“napbox)Ni,(OAc) (10 mol%)
/\(\R . Cluz Zn (3.0 equiv.)
2
R, .
R, . 35°C, 48 h, 5:1 MTBE/DMA R
2.0 equiv. 1.0 equiv

1,1-dichloroalkene Scope

4

=y |

)

Me
75% Yield
98% ee, >20:1 Z/E

F;C

78% Yield
96% ee, >20:1 Z/E

1,3-diene Scope

MeO

Me

83% Yield
98% ee, >20:1 Z/E

73% Yield
98% ee, >20:1 Z/E

Uyeda, C J. Am. Chem. Soc. 2020, 142, 17294-17300

70% Yield
91% ee, 14:1 Z/E

53% Yield
89% ee, 6:1 Z/E

59% Yield
83% ee, 9:1 Z/E

43% Yield
74% ee, >20:1 Z/E
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FEN LR ELC VG E K R [4-+1] DN BY 2 ML

& HE

i

=

Mph

-

VA
Lo OMe
By (S,S)-(BP"2napbox) (5 mol%) —
Ni(dme)Cl; (15 mol%)
o) T z e DY
Cl

A~ o

o
(S,8)-(*B“""2napbox) (5 mol%) . 73% Y'e.'d
Ni(dme)Cl, (15 mol%) 97% ee,>20:1 Z/E
MeO
1.3:1 E/Z mixture
Ci BuPh2 > /
— (S,SH ““™*napbox)Niz(OAc) (10 mol%) Me Q
cl
47% Yield
93% ee, 13:1 Z/E
Me Me
/'\/\N
OMe Me
[-ocimene
2:1 E/Z mixture -
cl
— (S,SH *BUPhZnaphox)Ni(OAc) (10 mol%)
Cl

64% Yield
88% ee, >20:1 ZIE

Uyeda, C J. Am. Chem. Soc. 2020, 142, 17294-17300
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»

& MR

+ 122Zn

C|J\C| Me
i-Pr
‘ 1/2 ZnCl, :
i

Pr

migratory
insertion

reductive
elimination

%

.

— { \
K‘ ’ _’ K = g \
o~ ({ - " ‘
[0 kcal/mol] +7.1 kcal/mol -20.8 kcal/mol +2.6 kcal/mol -34.7 kcal/mol
Migratory Insertion Reductive Elimination 39

Uyeda, C., Science, 2019, 363, 857-862.
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FEN LR ELC VG E K R [4-+1] DN BY 2 ML

Migratory
Insertion

[0 kcal/mol]

C-C Reductive
Elimination

Uyeda, C J. Am. Chem. Soc. 2020, 142, 17294-17300
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FEN LR ELC VG E K R [4-+1] DN BY 2 ML

Migratory Insertion Transition States
Major Diastereomer

N
o

/

~

gl I

pro-R,Z +12.5 kcal/mol pro-S,E +13.5 kcal/mol pro-R,E +14.3 kcal/mol

ligand (
dissociation \
¢ )
Zr AN,

S~

pro-S,Z +21.3 kcal/mol

Reductive Elimination Transition States

Major Diastereomer

< L -
| \ p -
D ” \3_.‘
pro-R,Z +12.2 kcal/mol pro-S,E +16.9 kcal/mol pro-R,E +21.6 kcal/mol

pro-S,Z +10.9 kcal/mol

Uyeda, C J. Am. Chem. Soc. 2020, 142, 17294-17300
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HIELHNEERENSHI IR M

HARIIERA

E[5+1]1093k ik

R, -
R, | R,
j metal catalyst or |>Jv// 'R,

[2+1] or [5+1]

Uyeda, C J. Am. Chem. Soc. 2020, 142, 4598—4603
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fHELAYEE R ERS+H1FFINR /s

%R MECHI S ThE L TIRIRTEL -

Co(dme)Br, (5 mol%) Q MeO
i tBu Quinox (6 mol%
Zn (3.0 equiv. ) +
Ar 4- MeOPh t 16 h. DMA Q
Ph
a b
iPr
== Me
— N/ | N
\ N N
Me N\NI/NI N‘/ | °
o N D Br-Co—N
iPr Br Bu
(“P'NDI)Ni,(C ¢He) (*BuQuinox)Co
Combined Yield (a+b) 87% 90%
[5+1] vs. [2+1] (a:b) 1:1 >20:1
Setreoselectivity (b-E:b-Z) 1:3 >20:1

Uyeda, C J. Am. Chem. Soc. 2020, 142, 4598—4603
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& =300

E B MeO
A Co(dme)Br2 (5 mol%) :
t-Bu-Quinox (6 mol%) 2 Co(dme)Br; (5 mol%)
- : t-Bu-Quinox (6 mol%)
Zn (3.0 equiv.) : —3=- N0 reaction
1, 16 h, DMA : Zn (3.0 equiv.)
| : 1, 16 h, DMA
C..............................................................‘:.......................................................................
OMe
¢ “ioD g
Cl - Co(dme)Brz (5 mol%) : = MeO
L t-Bu-Quinox (6 mol"./c,l § Cl oMe Co(dme)Br; (5 mol%) Z
OMe 7n (3.0 equiv.) : + t-Bu-Quinox (6 mol%)
* 4, 16 h, DMA Ph Z o — - Ph
AN : Zn (3.0 equiv.)
o 64% Yield  ° t 16 h, DMA 50% Yield
2Eu20q E1Z>20:1

Uyeda, C J. Am. Chem. Soc. 2020, 142, 4598—4603
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¢
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=
=

Ar C-C redcution

elimination
Ph/v/l -k

Ry
Y
o
R
||
R,
/
Co
Ph

Uyeda, C J. Am. Chem. Soc.

Yy

Ph

ring
expansion

ot

Ar

Co

Ph

-H elimination

o

2020, /42,4598-4603

Ar
Co Z

C-C redcution

elimination

P

C-H redcution

elimination
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HIECRIFERN R0 R M

: N
(>*89PDI)CoCl, P el L e
. ' N
ci CI Zn (2.0 equiv.) Me Me I | I
>( ZnBr, (1.0 equiv.) 5 N=—fo—N
THF, #t, 24 h : 5 5
Yield up to 95% * tBu - B
Me Me ) . Me
Simmons-Smith Catalytic
. OH condaituons
i A\ P OH
§ . Me 7 O ™ Me Z
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