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1. Introduction:

0 0 R’
R1J\I|\/\%Hz + MR? [Ni{cod}:] R?—gfﬁz

(MR® = R,Zn, RAl, of [Cp,CIZrCH=CHR])

o) 0
BulLi / ZnCl,
A " H
[Ni(cod),]
23

24, R = Ph (90 %)

H
T Ni(acac .
+ HSI(OE), M.. = "Si(OEt),
:: DIBAL-H x-H
H 27 (70 %)

J. Montgomery, et al. Angew. Chem., Int. Ed. 2004, 43, 3890.
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2. Reductive Coupling of Alkyne and Aldehyde

Early studies:

Ni(cod), (5 mol %)
Me,Zn (250 mol %)

Me OH

£ o

THF, 0 °C, 15-30 min

Ni(cod), (10 mol %)
BusP (20 mol %)
(CH3CH,)3B (200 mol %)

%

Ph

Ph
3

60% yield

H

THF, rt, 18 h

Ni(cod), (10 mol %)
BusP (20 mol %)
(CH3CH,)3B (200 mol %)

Ph

OH

> =3

Ph

Me
4

77% vyield
92:8rr

H

n-Hept

PhMe, rt, 18 h

OH

2 n-Bu/l\H\n—Hept

SiMe;
5

58% vyield
>98:2 rr

J. Montgomery, et al. J. Am. Chem. Soc. 1997, 119, 9065.
T. F. Jamison, et al. Org. Lett. 2000, 2, 4221.
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Mechanism discussion:

SiR;

S

L
j\ Ni(0), L I\lli R® Il\l_li
HOORT —— = Q7 N —-o'/Rs
-+ R3 \""R‘I /
R2% o R2 RT{ R2
Et,SiH
or EtsB
iy ZnR4, or H
MO / R3 2 MO / R3
Cp.ZrCIR*
R1 R2 H1 H2
3, M = ZnR*, ZrCICp, 2, M = SiFt, or BEt,
RS O
] H
. SiEts % L - 3
EgsH _NOLL N R H™ Rt B R
H > 1 2
4 R'ga R
R—— via: .
R1 H L Ni’SIEt3H1 Ln H
i Ni n or EtgSi Ni '
Et3SiO 4%=<N|Ln or \O‘S_<H t3Si0 Y '\r;l\ﬂa R R
— 1 2
5 R? R® 2 3 i i
L a 5b R R 5c al
O H * S :
: i OSiEt Et,SiH EtsSi 3
LNi— ] ES  Ni— | e T N\
H R U/ R L U R
6 7

J. Montgomery, et al. J. Am. Chem. Soc. 1997, 119, 9065.
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Computational study:

L L
WS N

.BEt
L R1\&<O R1\&<O' 3
-Ni oxidative R R odaate R R
- cyclization = cy_lc_gz1a.téon "g T trans?'llektallation
TS1-A aiky
3 R, PathiA . ll- migration)
BEt, N--Ni--O--BEt, TS2
o b md ¥ .
1 --'Ni.\ 1 “,'N( ’O Path B R, ; 3 N'l\ _BE,
\ ’ O\\\‘— \ \( R1\&<O
R R
Ry o ™8 Ry ™ R, R,
9
BEt, " H ||-
N g K B-hydrogen
i R Rs Ry i,,'Nt.J elimination and
2 R4 reductive
11 N\ +f RS Tvoss, elimination
R, Rs Rs TS3
1 2 10

K. N. Houk and T. F. Jamison, et al. J. Am. Chem. Soc. 2009, 131, 6654.




27.9 kcal/mol

orbital interactions
in TS1-A

PMe3 PM83

22.4 kcal/mol 30.3 kcal/mol -2.0 kcal/mol

‘ K. N. Houk and T. F. Jamison, et al. J. Am. Chem. Soc. 2009, 131, 6654.
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Enantioselective alkyne-aldehyde reductive coulping:

Ni(cod), (10 mol %) '
(+)-NMDPP (20 mol %)

R' = aryl, (alkyl)

OH ! i
R2 — ' '
/ + Et3B (200 mol %) _ - i R? = alkyl, SiMe; !
= - 51X 3 ‘ 3
R H”"R®  EtoAcDMI(1:1) R /\12/\'? ' R® = alkyl, (aryl) !
12 13 RE 94 ‘oommmommsormmesse ’
OH OH OH OH
' Me ; Me 2
Ph X Ph/\/’/\/ Ph X Me Ph7 X
Me Me BocHN Me SiMe, Me
14a 14b 14c 14d
95% yield 60% yield 43% yield 79% yield
90% ee 96% ee 92% ee 73% ee
>95:5rr >95:5 r >95:5 1r 91:9rr
e I B BE:
s Me i | T
: 4 . ~
: : Ni._ =~
o (T e
i - - L | F=OMe T e
' Me PPh, (R
i (+)-NMDPP : Meproposed favored
------------------- - conformer -

T. F. Jamison, et al. J.

Am. Chem. Soc. 2003, 125, 3442.
T. F. Jamison, et al. J. Org. Chem. 2003, 68, 156.




Regiocontrol strategies:

o r3  Ni(COD),, L OSiR,
R .
= , R = "R
R "H R2 R;3SiH =2
Electronic Control : Steric Control
: large small
I"JI_' Ha . IhE 3 r|‘|J- Rﬂ-
0 N v 0 Ny 0 N
N N N A
R R? : R' R? R' R?
favored by : 5. .
RZ=H SiR. CH.OR . WhereR"is where R is
R = ar1;rl allfn;nyl ZN R, . largerthan R?  smaller than R®




/ Alkene directing effects:

a)

b)

P n-Hex 0 M
\/ * HJ\( a
Me

| n-Hex 0
LB byt
H
3 Me

: PR; |*
Ni(cod), (10 mol %) OH (Ph3P)3RhCI (10 mol %) OH ' —Ni
PCyps (20 mol %) H, (1-3 atm) s %
NN Me Me N Me \ p
Et;B, EtOAc, 0°C PhMe ! -{
n-Hex Me n-Hex Me ' Me
15 16 5 ted 1,4-attack
64% yield 92% yield O anyne TS 47
>95:5 rr : 5
Me . R TR D S B A
Ni(cod), (10 mol %) H OH HOue | additive A:B
additive |
N Me + X" | none >95:5
Et;B, EtOAc 3 3
) n-Hex Me n-Hex PCyp; (20 mol %)  5:>95
Product A Product B PBuj (20 mol %)  ~50:50
reference alkynes effect of
(not alkene—directed) alkene—directed (this work) alkenyl group
— N 1a reverses
T T regioselectivity
e b
=20 1 1 =20
% Y increases
— +Bu = 1b reactivity
— Ao —and -
:: > = —tBu Vo controls
(do not couple) 1 >20 regioselectivity
\%< \\%Qd \%<1|' :
circumvents
L L b poor
b e P regioselectivity
2 1 1 =20 =20 1

T. F. Jamison, et al. J. Am. Chem. Soc. 2004, 126, 4130.




/ Alkene directing effects: mechanism study

(-

____________________

\ | M OH j
(4 s il ’
n-Hex NIC 6 n-Hex — N |
H\( ! 3 |
19 R : n-Hex Me |
: ' Product A
no strong ligand: NiZosacrestaassacaar
RCHO replaces L
RCHO
large phosphine replaces ,K
% N"\ (PCyp3): % N'/\ alkene
ik 18 b monophosphine- EHETIER l\pc;
s 20a YP3 20b PC
key intermediate Ni complex L
A Me | J
small phosphine (PBus): ' HO , R
diphosphine-Ni complex Ll Me
: sl § s ] H
i n-Hex - n-Hex \
/ Z>Ni-PBus ! ProductB | PCYPs
n-Hex NIQ 3 :
21 PBu3 """""""
\ f\)N,—PBu;;
unselective RCHO n-Hex
binding e R ey
ﬁ\) ,& 1:1 ratlo R = Products A and B
n-Hex
PBU3 &

L = weak ligand: solvent, COD, etc

T. F. Jamison, et al. J. Am. Chem. Soc. 2004, 126, 4130.
K. N. Houk and T. F. Jamison, et al. J. Am. Chem. Soc. 2010, 132, 2050.
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/NHCS ligand effects:

.+ %’ + Et,SiH  (10mol %)
1 — = R = "R/
A NN 2
Mes" ' "Mes
entry R R? R? yield (regioselectivity)
1 Ph CHj; Ph 84% (=98:2)
2 CegHis CH; Ph 82% (=98:2)
3 Ph H C(,ng T1% (}982}
4 Ph H Ph 72% (=98:2)
5 Ph CH; C4Hq 84% (1.3:1)
6 s-Bu CH; Ph 81% (=98:2)°
7 CsHsOCH; CH3; Ph 66% (=98:2)
8 Ph Ph C(CH3)=CH: 84% (=98:2)
9 Ph H CH=CHC¢H ;3 56% (=98:2)
10 Ph H (CH3)4OH 72% (>98:2)¢
. X
0 P04 ELSD NICOD):: g g0 )P
HJ\/\/ + Pr;SiH ligand
s 4
relative %
R X product from 1 from PBus
Et H 4a <2 25
Et D 4b 55 34
Pr H 4c 41 23
Pr D 4d <2 18

J. Montgomery, et al. J. Am. Chem. Soc. 2004, 126, 3698.




/~NHCs ligand effects: crystal structure

P

5-Hexenal
PR;=PCy; 1a 80°C,14h 2a-syn: 56%
o-Allylbenzaldehyde

PR;=PCy, 1b 60°C,24h 2b-syn:68% 2b-anti: 30%

--.--- e

Phy; 1c 60°C, 8h 2c-syn:57%  2c-anti: 43%
1c 25°C,16 h 2c-syn: 36% _ 2c-anti: 31%

CO (3 atm)| geDs: 1t

NI&Cﬂd]E quant
CeDs . ) Ni(CO)(PR3)4n
rt, 5 min Nl 1c’

n=23: PCy,

F'haP PFha n=2-4: PPh,

=0  Ni(cod), )’,—\
H PCy, \. PC'fg
.
* CeHs, rt,1 h toluene/ CysP” \_(
— n-hexane
-20°C, 24 h Ph
25e ’
( 9 1 40%

S. Ogoshi, et al. J. Am. Chem. Soc. 2004, 126, 11802.

S. Ogoshi, et al. Chem. Comm. 2008, 44, 1347.




NHCs ligand effects: computational study

crossover

H
- 3 R3SiO R®  products with
RBS'OJR products without ° >_/2_ pcroussou:rl'
H‘I HE
T

L,Ni(0 L,Ni(0)
R2 R1 H
L-Ni
Rﬂﬁ OSiR; + HaSi'O)_,fF”
Ni-L
.H Il' HI : 6 R1 R2
L-Ni o Ni R3 B
RsSIiO R3 NG _
)—/?_ monomer \} 1 // dimer
R' . R2 pathway H R' g2 pathway
4 HSiRz + L
H‘l R2 H1

L R?
Ni Ir< Nis SIHB
R3 . Rt
nLSH O)_%’ - N| NI ‘7% / o NI
SRS
R1 R2
5

HSiRg

@ K. N. Houk and J. Montgomery, et al. J. Am. Chem. Soc. 2014, 136, 17495.
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1 )
H / product
1a, R' =Ph
19, R' = 12

ﬁ AG(17-12)

SIMEia
O, —
: | | ]

. N7 _RT T % H‘
o |
TS5 SiMe;
AG*17.1s5) Mo, %5 M
l ¢ ' 2 »Ogm
TS5
crossover product
entry ligand ynal AGyrora Y e
1 PMe, 1g 20.3 25.9
2 P(i-Pr), 1g 15.2 24.2
3 [Ph 1g 23.7 44.9
4 [Mes 1g 14.0 36.1
5 PMe; la 22.3 31.8

dEnergies are in kilocalories per mole and with respect to 17.

@ K. N. Houk and J. Montgomery, et al. J. Am. Chem. Soc. 2014, 136, 17495.
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=\
Adm’N\__/N‘Adm
5c
%V, =361

N b) ligand =

@ K. N. Houk and J. Montgomery, et al. J. Am. Chem. Soc. 2011, 133, 6956.




/Kinetic study:

0 Ni(COD), (10 mol %) _ . H "
H _Ph + Et,SiH  PCys(20mol %) =o'
Z .
THF (0.1 M), -25 °C
7 (1.0 equiv) (2.0 equiv) (86%)
a 12 b 12
2 ©
2= :- 9
3 g
g e g »
3 - S 34
& Z
0 T T T 0 - - - -
0.00 0.01 0.02 0.03 0.00 0.04 0.08 0.12 0.16
[Ni(COD),] (moliL) [Ynal] (mol/L)
c 15
o
© 12 -
g s
g s : 3 ! s
< 61
=
=z
e 34
<
0

0.0 0.1 0.2 0.3 0.4 0.5
@ [Et,SiH] (mol/L)

J. Montgomery, et al. J. Am. Chem. Soc. 2011, 133, 5728.
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RS O
- H
. siet, = J_ | .
EtesiH _Ni0), L LnNii R2 4~ SRt EtgSi0 )_/e—ﬂ
'
R1

H
4

via: .
’ SiEt
1 3
h LN’ R

5b RZ2 R3

R
O . H .
S Et;SiH OSiEt
LoNi s p * Al LN
R1

3
Et,SiH EtsS
2
6 R

H R

H
Ly
] (- or Et.Si N
Et3SiO *%Z<N|Ln or \O‘g_<H t3SiO \( [ wf)\ﬂs
e R1 R2
L 53 Hz R3 50

2
2aR

) H
| RS
%
!  R2
7

J. Montgomery, et al. J. Am. Chem. Soc. 2011, 133, 5728.
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0.9 Et;SiH
[+]
£ /
E 06
foo| !
g 0.3
L :

Ni{COD)»/PCy

0.0 :
1400 2200 3000 3800
Time (seconds)

~ 091 EtgSiH + Ph
E / H G%
£ 0.6 S
L
“{?__., 0.3 ; T
L .

Ni(COD)./PCy

0.0 — ,
1400 2200 3000 3800

Time (seconds)

Et3SiH (mmol)

Et3SiH (mmol)

=
©

=
o

=
X

EtsSiH + O

/ Ph/\)I\H

!

0.0
1400

Ni(COD)»/PCys

2200 3000 3800

Time (seconds)

=
©

v

&~
o

<
X

0.0 |

Et;SiH + ynal 8

Ni(COD),/PCy,

TW

1400

2200 3000 3800

Time (seconds)

J. Montgomery, et al. J. Am. Chem. Soc. 2011, 133, 5728.
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A general strategy for regiocontrol:

: T

\ Ni
0/ \ -— 0/ \/
R,_ H Rs

1 a 13b




s

(-

OO

by

siMes (17)

IMes (16)

ITol (18)

?L . %RS R2,SiH RZ3Si0 fH
R "H R, Ni(0), L R R,
Rs
12b (major)
entry R RS R" R*;SiH L
1 n-Hex H i-Pr (i-Pr),SiH 16
2 Ph Me Ph (iPr)SiH 16
3  nHex Me chexenyl (i-Pr),SiH 16
+ n-Hex Me n-Pr (i-Pr),SiH 16
5 n-Hex Me n-Pr (i-Pr),SiH 17
6 n-Hex Me n-Pr (i-Pr),SiH
7 n-Hex Me  n-Pr (t-Bu),SiH,
L=

T _X
YT

IPr-BAC (19)

A general strategy for regiocontrol: small ligand protocol

RZSIO H

RS “Rs

Ry
. /=\ b o
12a (minor) Ar = NN OSiR,

% )|+ ) i [— A

= § Pr i Pr= ™% Et
yield 12b/12a \\ /O Me

74 >98:2 L=18 " ' ";/'Et 20 (major product)

— e -

74 >98:2 distal transition state

99 97:3

83 67:33

73 61:39

18 87:13

78 88:12

distal TS (AAG* = 0.0 kcal/mol) proximal TS (AAG* = 0.8 kcal/mol)
affords product 20

J. Montgomery, et al. J. Am. Chem. Soc. 2010, 132, 6304.
K. N. Houk and J. Montgomery, et al. J. Am. Chem. Soc. 2011, 133, 6956.
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L=

o e
R" "H Rp Ni(0), L
entry R R R®

1 n-Hex n-Pr Me

2 n-Hex n-Pr Me

3 n-Hex n-Pr Me

4 n-Hex n-Pr Me

5 n-Hex i-Pr H

il n-Hex i-Pr H

7 Ph Ph Me

8 Ph Ph Me
“Data from H

A general strategy for regiocontrol: large ligand protocol

R%Si0 H R%Si0 H
R? = RS or Rt = RL
RL RS
12a (major) 12b (minor)  Ar= - NmN T

R*,SiH L % yield 12a/12b AY n o OSiR,
(iPr),SiH 16 83 67:33 Me \ o — Me Y Et
i 3 <z r
(i-Pr),SiH 21 84 80:20 » P/ WL
(i-Pr),SiH 22 85 93:7 b Pr Et |
Et,SiH 23 o4 946 proximal transition state
(i-Pr),SiH 22 40 41:59°
Et,SiH 23 76 95:5
Et;SiH 22 65 58:42
Et,SiH 23 96 69:31¢

. A. Malik thesis, University of Michigan.

(-

IPr (21)

() DP-IPr (23)

sIPr (22)

M

Ph

distal TS (AAG* = 1.6 kcal/mol) proximal TS (AAG* = 0.0 kcal/mol)

affords product 27

J. Montgomery, et al. J. Am. Chem. Soc. 2010, 132, 6304.
K. N. Houk and J. Montgomery, et al. J. Am. Chem. Soc. 2011, 133, 6956.
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Et,;SiH (2.0 equiv)
Ni(COD), (30 mol %)

. / =
Mes’N\_(N‘Mes

N CHs .
H3C ., (/O ~CHg
25 (58 %, 4:1 dr)
o "'OTBS =
s S EtsSiH (2.0 equiv) HE 2 IC3H
24 \ Ni(COD), (30 mol %) . g
S ,CH3
PP Phipe HeC
)_N " OTBS
Q/NY i
i-Pr i-Pr 26 (59 %, single diast.)

23, (+)-DP-IPr




/ A general strategy for regiocontrol: large ligand/large silane protocol

1 2 3 6 7
k Equiv (i-Pr)

J. Montgomery, et al. J. Am. C 3hem Soc. 2015, 137, 958.

o Ni(COD), (12 mol %)
sIPreHCI (10 mol %) - -
Ph)J\H t-BUOK (10 mol %) OSi(i-Pr)3 OSi(i-Pr)3
+
+ - = i
 Me (-PraSH Ph Me Ph Ph
Ph/ THF (0.0125 M), rt Ph Me
8a 8b
a8 b 08
S 6- 2 0.6
2 .,?:
g g E 0.4 -
= : I S
S [ | <
£ 2 - E 0.2 -
I‘E. <
0 L] L L] L T 0.0 1 L L] T 1
1 2 3 4 5 6 1 2 3 4 5 6
Equiv (i-Pr)3SiH Equiv (i-Pr)3SiH
c 025
5 020 -
©
£
2 015 -
4
K
£ 0.10 4
£
e
Z 0.05 -
0-00 | I ) Ll L]




L
g HL RSO H
~ -~
o / \ / rds for 8a 0 CH; (i-Pr)zSiH  (FPr)sSIO Nio - RT N CH
= _ 3
R.I H Ph R1 Ph R1 CH3 Ph
9a Ph 8a
l 10a 1a major product
% o o . L PO H\N_ _L RsSi0O H
! Ni__py (PrsSH_(PS0 N7 T H,)\Ph
0}y d \\/ O / rds for 8b R K]’)\Ph
%;, )_; CHj,
R1T CHy RT  CHj CHa 8b
9b 10b 11b minor product

J. Montgomery, et al. J. Am. Chem. Soc. 2015, 137, 958.




entry

= - = L s

Ph
n-Hept
n-Hept
Ph

Ph
n-Hex
Ph

Ph

0 RS R2.SiH R%SiD H
ux + ;ggi’ ___T_E____’-' 1 = S
R"""H R_ Ni(COD)4 R R
temperature R,
12a (major)
M\
N ~ N
sIPr (22)
R" R’ R*,SiH
Fh Me (i-Pr),SiH
Fh Me (i-Pr);SiH
i-Bu Et (i-Pr),SiH
i-Pr Me (i-Pr),SiH
n-Pr Et (i-Pr),SiH
¢-hexenyl Me (i-Pr);SiH
i-Pr H (t-Bu),MeSiH
n-Hex H (t-Bu),MeSiH

or

R2;SI0 H

R'"SNF R,

RS
12b (minor)

temp (°C)

hEEgEEER

25
25

% yield
82
77
66
78
56
77
6l
69

12a/12b
>98:2
>98:2
93:7
>08:2
68:32
91:9
>98:2
95:5

[

J. Montgomery, et al

.J. Am. Chem. Soc. 2015, 137, 958.
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Large ligand, smaill silane protocol Small ligand protocol
L L
Ho L i L L He L
R%SI0 H R2,Si0 Ni , oV ~Re — RZSi0  'Ni R%Si0 H
i
R J\KLRS‘_ R1 J\#L R SSIH >__Z, )_"Z’ —‘__3 R? ’%RL » R1 J\I—ﬁLRL
R RL RL R Rs Rs Rg
12a 15a 14a 14b 15b 12b
A A
[ Governed by rate of formation of 14a vs 14b] | L I [Gaverned by rate of formation of 14b vs 143]
L
l Rs I\I R
Ni 0.\
o Y 4
R" Ry R1 H RS
13a 13b
| |
Large ligand, large silane protocol ¢ I
L L
[ | H L
R%Si0 H L - : I
=1 R%SIO NI o gy D-N'f Rs D'N'; Ry R%SiH R%SIO N Unproductive
- ——— -
R‘I J\KLRS R1 ’K#\RS >__Z, >__Z’ 7 - R1 J\NH)\RL pathwﬂy
RL RI. R? RL R RS RS
12a 15a 14a 14b 15b

[Guverned by rate of formation of 14a vs 15b]

(-

J. Montgomery, et al. Acc. Chem. Res.. 2015, 48, ASAP.
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3. Reductive Coupling of Different reaction partner

e
!

- —————— - —

-

e -

\
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
)

____________________________

T component:

4
U

1
=

\N————————————————’

————— -
e

N e e e e e e e e e e e e e e e e
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Selected examples of reductive coupling of alkyne and imines:
a)
Ni(cod), (5 mol %)

NM
Me B PCyps (5 mol %) Et  NHMe
/ * K N
Ph EtsB (300 mol %) Ph
Me MeOAc/MeOH, 50 °C o -
0

22
78% yield
>96:4 alkylative/reductive
919 rr
b)
. Ni(cod), (5 mol %) Ph
)
/Me+ /Il\ll\Me il 2 PCyps (5 mol %) SN NHMe
Ph H Ph H MeOAc/MeOH, 50 °C ™
Ph Ph
Ph
Me
23 24
68% yield
c) 92:8 rr
Ni(cod), (5 mol %) OTBS
nPr NOTBS | igand 25 (5 mol %) Et HN N
/ R = N
n-Pr H Ph Et3B (300 mol %) n-Pr Ph
MeOAc/MeOH, rt
n-Pr
AR @ ---------- i 26
: ) 85% yield
E @PK'uph E 89% ee
: 2-i-PrCqHy !

T. F. Jamison, et al. Angew. Chem., Int. Ed. 2003, 42, 1364.
@ T. F. Jamison, et al. Angew. Chem., Int. Ed. 2004, 43, 3941.
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10 mol% [Ni .R3 R3
N 11 mol% Iig[|ar]|d HN Et HN
PRm=— =+ JI *Fu vent.t P XN"ph N *
Ph solvent, Ph Ph Et
1a 2 3 4

entry R’ [Ni] ligand  solvent T gyygoYieldof
(h) 3(%)°

1 Ts(2a)  Ni(acac), Ph;P THF 1 2:1:1 36

2  Ts(2a) Niacac), (OPh),P THF 1 2:1:10 5

3 Ts(2a)  Ni(acac), (c-C¢Hj )P THF 1 5:1:03 48

4 Ts (2a) Ni(acac), n-BusP THF 1 23:1:3 66

5 Ts(2a) Ni(acac), dppe ¢ THF 8 1:1:1 15

6 Ts(2a) Ni(COD), n-BusP THF 1 24:1:3 86

7¢  Ts(2a) Ni(COD), #n-BusP DME 1 27:1:3 90

8¢ Ts(2a) Ni(COD), n»n-BusP DME 2 23:12 82

9gef (p) NCOD:  nBuP  DME 2 2211 88

(o]
10/ ‘i‘”i(zc) Ni(COD), »-BusP DME 2 28:1:1 87
5 mol% Ni(COD), _R3
. N 6 mol% 7f N
R'—R Jl + EiZ‘zn DME, rt - R1 R
R4 RE‘
1 2 3

exclusive cis addition across alkyne

up to 94% ee

7f

Q. L. Zhou, et al. J. Am. Chem. Soc. 2010, 132, 10955.
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a)

eductive coupling of alkyne and epoxides:

Ni(cod), (10 mol %)

] 1 —_ '
R2 BusP (20 mol %) OH | R =aryl (alkyl) .
zZ ¢t s — : - R | R2 = alkyl
1 R Et;B (200 mol %) RZ2 RS ' R3 = |
2 neat, rt, 24 h { R™=alkyl, (ary)) ;
27 28 Y 29 R R e ;
OH OH OH
Ph” n-Pr” Ph” S
Me Me n-Pr Et Me Ph
29a 29b 29c
71% yield 35% yield 50% yield
>95:5 rr (alkyne) -- 1t (alkyne) 88:12 rr (alkyne)
>95:5 rr (epoxide) >95:5 rr (epoxide) 83:17 rr (epoxide)

b

m=0,1

Ni(cod), (10 mol %)

)
s O BusP (20 mol %)
\)’ X \) 3 i
m
30

Et;B (200 mol %)
Et,O, t, 3 h

Ph/\(j/OH, ___________________
s 1 X = CH,, C(CO,Me),

O, NBn ’

OH OH
Ph/\(j/ Ph/\o/ e /\(\ TOH
O N
Bn

31a 31b 31c
50% yield 65% yield 50% yield
>95:5 rr (epoxide) >95:5 rr (epoxide) >95:5 rr (epoxide)

T. F. Jamison, et al. J. Am. Chem. Soc. 2003, 125, 8076.
T. F. Jamison, et al. Org. Lett. 2011, 13, 4140.
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/Reductive coupling of alkyne and epoxides: mechanism study

HD H D
Ph ° Ni(cod), (10 mol %) s OH
\/O \‘FO PhMeoP (40 mol %)  pp"~Xx o
Y H i-PrOH
60°C,3h O
32 33
D

33
H&k R
LaNi(0) H
H.
NiL, D ;
: reductive %

Ph)\(\/l-“OH elimination HD"- ; )/

i R
O (@) L,Ni
)j\ 38 ® -
Me~ Me Spy2-type
f-hydride oxidative addition
elimination (inversion)
H
M .
°~ONiL, D Gy
Me P X ~ ‘,\OH Ph H '/Nkhz
\0” TH
37 O Ex \30/.
35
carbonickelation
(retention)

e T. F. Jamison, et al. Org. Lett. 2011, 13, 4140.
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Reductive coupling of allene and aldehyde:

(-

a) 1 ¢ T
HyB Ni(cod), (20 mol %) OSiR OSRs i Ricaig ¢
+ jj)\ i el —dQmoX) R! R + RNAORS ! R2=alkylH 5
H™ "R® THF, i, 18 h ' R*=aryl, (alkyl) :
H™ "R? R? e | SiRy = TES, TBS!
47 48 49 50 RZ 51 ' DMPS, TIPS |
295% ee allylic, A homoallylic, H '~-vvmuumaaaann.. )
OSiEt, OSit-BuMe, OSit-BuMe, OSit-BuMe;
n-Pr | i Me
n-Pr Me Mo
50a 50b 50c 50d
80% yield 68% yield 71% vyield 56% yield
94:6 A/H 90:10 A/H >95:5 A/H >95:5 A/H
>95:5 ZIE >95.5 ZIE [CypsP rather
95% ee 98% ee than IPr]
b)
Me
Me Ph L EtsSiD
HIN-L — - H N' —L> OSlEt3
o) Cy OSiEt;
Cy H _T-; Cy H H
H H N' H D Ph
Ph L,Ni(0)
L 52 53 54 55

T. F. Jamison, et al. J. Am. Chem. Soc. 2005, 127, 7320.




Reductive coupling of alkene and aldehyde:
r-'*"“n r:;-.n
e I"*-. .LI I'\' ,ﬂ
2 [
v ﬁ Ni(cod), i & oR g
-’ PR Y~ PR3 PR,
o 4 — NN v SN
= CBDB! H (o] P, -o . "\0
H™ ™0 rst ) Ni R;P 5 R;P \__z
min | =
PR; 6y 0
l.'q_ e l.!._ L
i 5-Hexenal - e
PR;=PCy, 1a 80°C,14h 2a-syn:56%
8.2 kcsallmol = B ',,'." “
= Me;SiOTf
' e AHZX0 C.0g rt, 5 mi i
Ni 6lg ,t, 9 mMin __OSIM83
| quant Ni_
PR, R;P° OTf
1a-c 4a-c
e VT
e Ph R O,SiMEa Ni(cod),, PCy3
H>=Io Me,SiOTf N{ Me,SiOTf 0
= ' Ni CED& rt, / I\ CSDG! rt,
- 6 I A $ R™ 'H
4.0 keal/mol 35.5 kcal/mol 11.2 keal/m CysP” \PCya 5min  CysP  OTf  5min
quant 5a: R=Ph quant
orbital interactions 5b: R=Bu
in TS1-A
PM63 PMe3
pe)
=4 4
Me Me
d— 7" d—- "L

K. N. Houk and T. F. Jamison, et al.

J. Am. Chem. Soc. 2009, 131, 6654. S. Ogoshi, et al. J. Am. Chem. Soc. 2004, 126, 11802.
@ S. Ogoshi, et al. J. Am. Chem. Soc. 2005, 127, 1281&
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eductive coupling of alkene and aldehyde:

k- . Ni(cod), (20-30 mol %) DSIRs OSR; | R!=alkyl aryl |
) a . ;
-or- + J_ + ResiOTS Ligand(s) (40 S0OmAl %) i R2 + R _~ r2 | R?=anyl, t-Bu
Rl A H™ "R EtsN, PhMe, rt | RySi=TMS, TES, |
80 61 62 allylic, A homoallylic, H | 1: BSE
OSiEt, OSiEt, OSiEt,
Mo D Pha~
OMe
63a ‘ 63b 63c
L = P(o-anis); L = PCy,Ph L =IPr + P(OPh)3 L = P(OEt)Ph;
95% yield 72% yield 94% yield 99% yield
69:31 A:H >95:5 A:H 92:8 H:A, >95:5 E:Z
Moderate selectivity High selectivity
| } JA
. Am. Chem. Soc. 2006, 128, 5362.
J. Am. Chem. Soc. 2005, 127, 14194. oo igand system

Angew. Chem., Int. Ed. 2007,46, 782.

Conditions Alkene Ligand Major Product
A ethylene P(o-anis);3 n/a
B terminal alkene PCy,Ph A
C terminal alkene PPh3; or P(OEt)Ph, H
D terminal alkene IPr and P(OPh); A

—




r

eductive coupling of alkene and aldehyde: ligand effects

Mijgod),
Ligand DSiEts DSiEty
TESOTH
- TR 0 0
Et,H
Toluene
n allylic product (2b°) homoallylic product (2b)
entry ligand cone angle & veol yiald (2b") © yield (2b) ©  ratio (2b%2b) ¢ combined yield
(2b'+2b)
1 (n-Bu)sP 132 1915 11% 27% 20:71 383
2 (-Oct)zF 107 % 14% 23:77 21
3 (i-Pr)gP 160 1915 11% 2%, 85:15 13%
4 CypaP 10% 3% 7822 13%
5 CysF 170 1915 13% 3% 81:19 16%
(5 (HBU)sP 182 7% 2% 7802 (=5
7 CysPhP 162 1917 37% 16% T0:30 53%,
a8® Cya(o-tol)P 181 30% 5% 86:14 35%
g Cyalo-Ph-Ph)P 32% 22% 60:40 54%
10f CysFcP 143 2%, BE:12 16%

@ T. F. Jamison, J. Am. Chem. Soc. 2006, 128, 11513.




Ni{cod).
(0] Ligand

Et.SiOTf
n-hex X + o
Et:N
Toluene

OSIEtg

OSiEt;

afCEmAe

homoallylic product (2b) allylic product (2b')
entry ligand cone angle ¥ veo? combined yield ¢ ratio (2b:2b') ¢ EZ(2b)¢
(2b+2b)
1e Cy,PhP 162 1917 73 29:71 nd.
2 CyPh,P 153 1917 84 75:25 91:9
3 (o-anisyl),P 194 1919 70 83:17 80:20
4 FcPh,P 173 70 88:12 81:19
5 (p-1ol)aP 145 1920 78 92:8 67:33
6 PhgP 145 1922 73 92:8 67:33
7 (o-F-Ph)sP 145 1924 74 92:8 57:43
8 (EO)Ph,P 133 1926 81 955 75:25
9 (p-CF3-Ph)sP 145 1929 44 >05.5 69:31
10 (EtO),PhP 121 1932 20 >95:5 89:11
1 (PhQ),P 128 1951 <5 nd n.d.

T. F. Jamison, J. Am. Chem. Soc. 2006, 128, 11513.




OSiEt,

R1T)\R2

6
Ar 3
N
[}—Ni—cm‘
N

Ar

Ar"N\]/N“Ar

(-

= catalytic cycle stalls k*,

* Ni-H 3 catalyzes ;J

R2 side reactions
N B N
Ar— \]/ ~Ar
Rfﬂ“‘ﬁ‘b Ni
1
R°-CHO
Et;SIOTf

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

F P(OPh);

=alkyl,anyl |
‘zaryl, t-Bu !
Si=TMS, TES, !
TBS !
Ar
‘ F[DPhh
- |: >—N| OTf
H “OMe
K N 4 EtN

phosphite shunt ® V4
\Et3NH
Ar o
N TfO
[ >—Ni—P(OPh),
N
Ar

5

T. F. Jamison, Angew. Chem., Int. Ed. 2007,46, 782.




(c

rossed Tishchenko reaction:

o] H cat. Ni(cod),/SIPr O H H
+ )\
R)LH 07 “R' toluene RJ\OXR'
A B AB
O HH O HH O HH
A'B! A'B? AlR?
84%, 0.94° 88%, 0.92° 85%, 0.94°
(2/140/4) (4/40/4) (2/140/4)
O HH O HH O HH
[{
O/lko Bu O)Lo O)Loh
OMe
Bu
A'B* A'BS A'BS
81%, 0.89° 83%, 0.94° 82%, 0.87°
(2/140/4) (4/50/2) (2/40/4)

O HH O HH O HH
O*° pe %
A'B? A%B? A‘B?

47%, 0.98° 66%, 0.99” 65%, 0.94”
(2/50/2) (4/50/2)° (10/23/12)¢
O HH O HH O HH
O)LO o O >')L°
A'B? A?B? A%B?

47%, 0.98° 66%, 0.99° 65%, 0.94°
(2/50/2) (4/50/2)° (10/23/112)¢
O HH O HH O HH

1)
/ﬁ\xoyb\ /))koxgsu a)L(,x@
Bu
A?B? A4 A‘B?
66%, 0.94° 83%, 0.88° 62%, 0.78°
(4/40/4) (4/40/4) (10/23/12)

S. Ogoshi, et al.

J. Am. Chem. Soc. 2011, 133, 4668.




(c

rossed Tishchenko reaction: mechanism study

Path 2A

Path 2B
Ni(0) B Ni(0) B

Red. Elim. Red. Elim.

“ o & v o &

O W \ . w h.H

R-{ © R AVie WM N R /%
i ONi N o © H™ N

A" .

L H O HH L R Coas O HH y
C3as J,L 'S Clgg Jj\ X Clpg
R 8] R' =3 O R’

AB (Major B J A i B || A
p-H Elim. { ) ) T nseriion AB {Majnr]
R
R R
D_é’H R’ P & . S
R 0 7o ol R RSN /0
Ho Ni NI H—«—HI HoNi
L w L R Jl ov L
czﬁ‘g C1AB c4 Chg
Oxidative Cyclization As Oxidative Addition
Y 4 mol% Ni(cod),/SIPr X Y
X * o - (o}
Toluene, 50°C
Al B’ A'B”
Experiment X Y kn" KIE(N)" Selectivity
I H H 12.9(1) - 0.94
II H D 10.9(1) 12 093
11 D H 6.4(3) 2.0 0.83°
D D 6.7(1) 1.9 0.85¢

o .
N, S. Ogoshi, et a

. J. Am. Chem. Soc. 2011, 133, 4668.




@) H
SIS
y

(-

Alk

I
C3AA

> BB

17°-benzyl nickel intermediate

S. Ogoshi, et al. J. Am. Chem. Soc. 2011, 133, 4668.




éross—trimerization reaction of tetrafluoroethylene, ethylene, and aldehydes:

(-

F 5 mol% Ni(cod), FF o)
F&rF PN+ i 5 mol% IPr - )S(\/I.L
H”°R toluene, 150 °C, 1.0 h H R
F FF
(1.5atm) (3.5atm) 1 2

E
EF o _2_
H F
V/ FF F
D L
A

S. Ogoshi, et al. J. Am. Chem. Soc. 2015, 137, ASAP.
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3. Cycloaddition Reaction

insertion
Heterocycle -

CO, alkyne

R; )
Et;B or R X
L Et3S|H 1 \ "
);,iz/ ) )
R3 R4 Rs
ZnR', or
Cp,ZrCIR'




/Formation of pyridine through 2+2+2:

N Ni® — — ~

Oxidative . Reductive
Cyclization Insertion Elimination
10 mol% [Ni(cod)-] R 2
20 mol% phosphine f‘i
1 + R—=—R - |
CgDg, 100 °C R7ONT Y Ph
1
SO5Ph
R, R =Me PMetBu, 48h 6a 87%
PCy, 24 h 64%
PnBu;  24h 17%
P(o-tol)s 20 K 5%
R, R' = Et PMetBu, 70h 6d 64%
PCys, 24 h 26%

R=TMS,R'=H PMetBu, 18h Be 58%

NSO,Ph [Ni(cod),] Ph.  Ph Ph.  Ph
phoSH o g M o 20am_ I \so.pn
) CaDs RT PN nit > Nico),pey,) Ph ?

10min  CysP" 57 ppy 0
+
Ph—=—Ph 2b  quant 5 T8%

S. Ogoshi, et al. Angew. Chem., Int. Ed. 2007, 46, 4930.




Formation of azaaluminacyclopentenes:

AlMe; (1.1 equiv) R2 Ph
J'”'LSD-’-P"' Ni(cod), (10 mol%)
PCys; (10 mol®
PR H ys (10 mol%) o / 'NSO,Ph
+ toluene, rt ﬁ|kl
11— 2
R—R Me
Me-Me -
Me2Al~Nso,Ph
, PhJYH
[Nlmean/—\< Me 8
[ RZ  Ph Ni(O)L,
R1-"‘Zf ,NSDEPh i Ph SO Pl'l_'
Al NSO,Ph N2
AlMe; | H>T; \
Me 4 PR "H NI AIMe,
RZ  Ph cysP” \L
O Ph B B
o 2" .xiNH Y PTNSOZPh
’/,NI\,\ff “Ph Ni
L 0 o\ AlMes
1(L=PCys) T

RI———R?

@ S. Ogoshi, et al. J. Am. Chem. Soc. 2009, 131, 9160.




Formation of pyridine through 4+2:

R? R?
A 10 mol % Ni(cod), R! R?
|’| o 40 mol % PCy; - i
R®  toluene, 130 °C N A gs
R4 -H; R4
4 eq.
Ph Me Ph Ph Ph Bn
[ F |
NP me N ~pn NF~en
1 (88%; 48 h) 2 (81%; 12 h) 3 (77%; 38 h)?
Ph
Th N Nitcod)iL =
Nt I e = P ey
ZPnh L u/ I\L

L=PCy;: 20h 23a: 69%
IPr : 43h 23b: 75% (63% isolated)

@ S. Ogoshi, et al. J. Am. Chem. Soc. 2011, 133, 18018.




Formation of y-lactams through 2+2+1:

10 mol% Ni(cod),

3 1
R’ R3 20 mol PCy;
rr . | | + H._OPh 2.0 equiv NEt; o /i -
Rle 0O toluene, 70 °C, 24 h
R _ PhOH o
1 2 3
(2.0 equiv) (1.5 equiv)
Scope of alkyne (R! = Ph, R? = Bs = SO,Ph)
10 mol% Ni(cod),
R 20 mol% PCy; 1
n’ H. _OPh 2.0 equiv NEt;
N + + Y ' N..Rz
sz 0 toluene, 70 °C, 24 h
— PhOH (o)
4-7

(1.5 equiv) (1.5 equiv)

S. Ogoshi, et al. J. Am. Chem. Soc. 2014, 136, 15877.
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