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Methodology for the nickel(0)-catalyzed homologation of alkyl halides using organozinc reagents Compatibility with Bronsted acidic functionality:
(Knochel, JOC, 2002, 79.):

Ni(acac), (10 mol %) Pent,Z (3 equiv.), Ni(acac), (10 mol %),

p-fluorostyrene (20 mol %), CO.Et THF, NMP, p-fluorostyrene (20 mol %), CO,E
n-BugNI (3 equiv.), THF, NMP, -5 °C : 2 —30 °C; 56%
alkylzinc iodide + alkyl iodide product ! BocHN BocHN
E 1 Pe
5 Pent,Z (3 equiv.), Ni(acac), (10 mol %),
' 0 THF, NMP, p-fluorostyrene (20 mol %),
alkylzinc iodide alkyl iodide product yield —30 °C; 60% o
| D Y
| o -
o) ! ! O\/\/ F
n-pentZnl PhCO(CH,)3l 78%
Ph)J\Oct E
o Kumada coupling (Nickel(0)-catalyzed Csp? to Csp?/Csp3 centers; Kumada. Bull. Che
(o] )J\ ! Jpn., 1976, 1958. Kumada, Tetrahedron, 1982, 3347. Kumada, Tetrahedron Lett., 19
" O“ k/\l O‘l Hept 62% Kumada, Pure & Appl. Chem., 1980, 669. Kumada, J. Am. Chem. Soc., 1972, 4374.).
o o NiCl,+dppe (0.7% mol %), 5
' -BuMgBr (2 iv.); 94% n-bu
" BuCO(CHy)s! )J\ 50% ! C[ n-BuMgBr (2 equiv.) ©i
Bu~ “Oct '
' Ci n-Bu
NiCly+dppe (0.7 mol %),
n EtO,C(CHy)g| OCctCO,Et 48% 2-naphthyl MgBr; 80% X
5 el
0 E NiCly*dppp (0.5-1 mol %),
! N TMSCH,MgCl; 72% N
PivO(CH,)sZnl PhCO(CH,)sl Ph 57% . | _ | _ ™S
: N Br N
PivO '
o i NiCl,=dppp (0.5™ mol %),
i-ProZn PhCO(CHy), ) 63% ! N n-BuMgBr; 71% N
PhM i-Pr ! | |
| Z pZ
o ' N Br N n-Bu
c-HexoZn PhCO(CHy)s! 69% !
Ph M c-Hex : . .
: NiCly+dppp (0.5 mol %),
' AN 2-thiophene MgBr; 78%
" PivO(CHy)sl PivO” " "cHex 56% | | Z
: N~ "Br

" NC(CH-)l A - CHex 67%
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Kumada—Negishi coupling (Lipshutz, Tetrahedron, 1996, 7265.):

p-t-BuBnCl
Ni(PPhg)4, (5 mol %),
hexanes, 0 °C

FBuAl” " npent

Ni(PPhg),4 (5 mol %), OMe
) hexanes, 0°C MeO Me
LBUAI X (CHo),0AIi-Bu,
2 H,),0AIli-B

OMe MeO N~ (CH),OAlFBu,

MeO Me OMe

cl

MeO

OMe

Nickel(0)-catalyzed 4 + 4 cycloadditions and applications to the total syntheses of (+)-Asteris-
canolide and Dicyclopenta[a,d]cyclooctene 5-8-5 Ring Systems (Wender, J. Am. Chem. Soc.,

1988, 5904. Wender, J. Am. Chem. Soc., 1997, 4908.)

isopropenyl MgBr; 57% isobutyric anhydride; 99%

Z>CHo = _
OH
S 1. LAH; 93%

=z LDA, -78 °C to 0 °C; 69% 2. Swern [O]; 88%

Named Reaction COzH 3. L

1. Swern [O]; 89%

2. LAH/Darvon; 97% Red Al; Me3sSnCl; 83%

HO SnMe;

n-BuLi; CO,; 56%

(isomers carboxylated separately)

[o]
o Ni(COD),, PPhg,
90 °C; 67%
7\
mechanism?
\

Red Al, CuBr; 74%

(+)-Asteriscanolide

vinyl MgBr; HBr; 70%

mechanism?

1. .
Li 99%
A _

2. Red Al; 91%
3. TMS-Imid.; 99%

1. TBSCI, Imid.; 99%
2. 9-BBN, 60 °C;

H,0,, NaOH; 86%
3. PCC; 92%

A
O

1. NaCN; 98%
2. i-BuyAlH; 72%

7\
Br
Ni(COD), (10 mol %),
PPhs (20 mol %), 60 °C
VR TBAF; 60%
N\ /
TMSO
1. K(TMS),N, Et3B,
allyl iodide
2. PdCl,, H,0, CuCl, O
88%, 2 steps
Named Reaction
TBSO °

1 M KOH; 85%

TBSO o) 0

TBSO
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Nickel(0)-catalyzed 4 + 2 cycloadditions: room tempereature Diels-Alder reactions that produce
1,4-cyclohexadienes (Wender, J. Org. Chem., 1995, 2962. Wender, J. Org. Chem., 1996, 824.)

20 mol % Ni(Acac),,
40 mol % EtAIOEt,

< > //< i\ 60 mol % P(O-CH(CFa)o)s, 65 °C O .»"'
TMS—— 50% TMS “l

20 mol % Ni(Acac)y,
40 mol % EtAIOEt,

/A TMS 50 mol % P(O-CH(CFa)a)s, 65 °C O Q H
/ ~< 5

Mechanism:

EtMgBr; oxetane Swern [O]

(\/\
OMOM

79% OH 78%

Y
\\/\OMOM

(\/\
N OMOM

O A
1. +BuLi, —78 °C
BrsCHCHjg, PPhg, MgBr,; A
/N +BulLi, —78 °C /N 2. TMS-imid.
MeO (o] —_— Me04©—/_>7 -
31% Br 55%, 2 steps
OMOM
20 mol % Ni(COD)s,
N Il 40 mol % P(O-CH(CF3),)3, 80%
90%
TMSO
MeO

Pd/C, H,, EtOH

24%

Ac,0, py, 4-DMAP B-Br catechol borane

_ >

73%

93%

1. Jones's [O]
2. SOCly; AICl3

49%, 2 steps
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1. N32003,
NH, = Br N/\
T™MS o T™MS
N\ A\
2. EtgN,-78 °C, N
N N
cocl =
| =
55%, 2 steps
1. (PPhg)sRhCI, Hy; 93%
1. Boc,O TMS 2. TsOH; 69%

2. 20 mol % Ni(COD),, 3. POCIs, benzene, reflux;

60 mol % P(O-CH(CF3)2)s WN NaBH,, MeOH; 86%
88%, 2 steps Eoc o |:| Named Reaction
PtO,, Hy

Named Catalyst

R

=p hydrogen: 33%
(+)-yohimban

= o hydrogen: 34%
(+)-alloyohimban

R

Nickel(0)-catalyzed reductive coupling of Alkynes and Epoxides (Jamison, J. Am. Chem. Soc.,

2003, 8076.): )
Ni(COD), (10 mol %),
n-BuzP (20 mol %),
Et3B (2 equiv.) R3
R3 3! 17
R'——R? >~ R

o RZ2 OH
R1 R2 R3 yield
Ph Me Me 71%
Ph Me n-Hex 68%
Ph Me Ph 50%

n-Pr n-Pr Et 35%

Ni(COD), (10 mol %),
n-BugP (20 mol %),
Ph Et3B (2 equiv.)

\/X\/d

X
X yield
CH2 45%
(0] 50%
NBn 65%

C(CO,Me)  88%

Proposed Mechanism:

P(n-Bu),
Ph n-BugPNiL,, ph  Ni—O
oxidative addition \ migratory insertion

to least hindered
C-0 bond of epoxide

P(n-Bu)s Et. .P(n-Bu)s
Ph Ni_ Et;B Ni
\ 0 OBEt, ——»
. Ph™ X .
o-bond metathesis B-hydride
between Et-B and elimination
Ni—O bonds
H
i—Ni-P(n-Bu), Ph X OH BLPNIL
N OBEt, — n-BugFNiLn
Ph reductive elimination
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Coupling of an enone, alkyne, and organozinc (Montgomery, Acc. Chem. Res., 2000, 467.): Proposed Mechanism:

L L
. o (o] R2 . o \Nl'
Ph Ni(COD), (5 mol %) Z Ni(0) . I_R? R3,Zn
‘ /\/\ch| Bu R1 —_— R / B ———
| | 65% _ oxidative o-bond
Ph cyclometallation metathesis
0 zncl 9 o . iy ) R®
= Ni(COD), (5 mol %) R3ZnO L,Ni R
/ = R? _ 1 7/
1 4 - R
76% R reductive
elimination
I\ B-hydride
¥z (0] Ni(COD), (5 mol %) elimination
N MeZnCl (L= PPhy)
\ Ph 74%
A o

R2

Coupling of an aldehyde, allene, and organozinc (Montgomery, Acc. Chem. Res., 2000, 467.
Montgomery, Org. Let., 2002, 4009.)

N = NI(COD), (5 mol %)
N | MeZnCl YN Y
87%

o o CO,Me

Ni(COD), (5 mol %) y 10-20 mol %,
MeO OMe MeZnCl MeO,C Ni(COD),,
| . 68% THF, 0 °C HO,
[0} T MeoZn
LN 70%
N
o o CO,M T
Ni(COD), (5 mol %) 2ie $
MeO ™" “ome EtpZn MeO,C 4
FZ 83% 10-20 mol %,
Ni(COD),, Et

THF, 0 °C
(o] MeZnCl
' 69%

(o]
o
1 :
[o]
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Enantioselective total synthesis of (+)-Testudinariol A (Montgomery, J. Am. Chem. Soc., 2002, 9366.):

(+)-Testudinariol

Ph

(o] Me py, 0 °C to rt; 99%

Bn”~ ~SO,Mes

o
XcJ\/\/\

(c-Hex),BCl, EtsN, 1. MEMCI, i-PryEtN; 79%
—78 °C, then 2. LAH, 0°C; 87%

3-benzyloxypropanal; 72% 3. Swern [O]; 93%
- Xc OBn
Named Reaction

TIPSOTY, 2,6-lut.;
Li% NHz, —78 °C; 87%

OMEM

OMEM
OTIPS

Ni(COD), (10 mol %), 0Bn
Me,Zn, Ti(O-i-Pr),, 0 °C; 62%

OMEM

PPhg, imid.,
I, 0 °C; 91%

1. Bry (2 equiv.)

2. LDA; TMSCI; ™S

79%, 2 steps X -BuoAlH; Bry; 75%
NNF N
X
TMS
s-BuLi, —78 °C

Br\|/\_/§r Br then B, warm to rt; 38%

™S TMS  (13% monoalkylation;
54% recov. SM)

.

-

CIEt,Al, —78 °C
to rt; TBAF; 55%

_ =

Named Reaction

(+)-Testudinariol

Coupling of an aldehyde, alkyne, and silane (Montgomery, Acc. Chem. Res., 2000, 467.):

T™MS
cat. Ni(COD),,
Il EtsSiH, n-BugP
93%
CHO
1. Swern [O]
2. cat. Ni(COD)5,,
CN;\ Et,SiH, n-BugP N "
Ph
55%, 2 steps; H
OH 85:15 dr OTES

Total synthesis of (+)-allopumilotoxin 267A (Montgomery, J. Am. Chem. Soc., 2000, 6950.):

2 1. KH, BnBr
2. TBAF
o 3. Swern [O]
N J( KOH; C, i-ProEtN; 74% If 73%, 3 steps

OSEM

ﬁ

e,

1. HF-py
2. Li% NHg
81 %, 2 steps

Et3SiH, cat.
Ni(COD),,
n-BusP; 95%

(+)-allopumilotoxin
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Total Synthesis of dl-Elemol (Corey, TL, 1969, 1779; JACS, 1967, 2758.):

1. Nal, acetone
2. NaH, dimethyl

THPOMBr malonate, 40 °C THPO\/Yj\ NaH, 40 °C

dl-elemol

I

Me i

Me MeO,C~ "CO,Me Br
oTolcoz/Y\/ !

Me H

1. KOH, MeOH i

THPO 2. DHP, TsOH THPO '
N OHP, . X !

Me o 3. iFBuyAlH, —70 °C Me cou ;

Tol = .Me THP = 2Me '
o-Tolco, CO,Me © CHO :
Me Me '

THPO N 1. TsOH, MeOH

NaOMe, MeOH, A Me 2. PBry '
THPO™ N CO,Me 5

Me E

Br Ni(CO),, CO, ;
NMP, 50 °C H

Me H

Br = CO,Me Mechanism?
Me ;
MeMgBr

i



John A. Montgomery,
Wayne State University, Ml

Timothy F. Jamison, MIT |
Paul A. Wender, Stanford



