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Nickel - A Brief History and Modern Application

In the 1890s, Ludwig Mond discovered a process to extract and purify nickel
28 58 6934 oxides to pure nickel in what is now known as the Mond process.

Nickel was discovered by the Swedish chemist
Axel Fredrik Cronstedt in the mineral niccolite

(NiAS) in 1751 who mistook the ore as a 2914
copper mineral. 1453 This process utilizes nickels propensity to reversibly bind carbon monoxide to
give nickel carbonyl which decomposes to Ni(s) upon heating.
The name is from the German word Nickel N I
which means "Old Nick", a name for the devil. NiO(s) + Hy(g) —— » Ni(s) + H,O(q)
This name also personifies the fact that copper- 200 °C
i i i i Ar]3d®4s2?
nickel ores resisted refinement into copper. 59] 23 Ni(s) + 4 CO(g) — NiI(CO)(g)

Ni(CO)4s(g) —— Ni(s) + 4 CO
250 °C

The first nickel catalyzed reaction was performed by Paul Sabatier in 1897 in which ethylene was hydrogenated to ethane at 40 °C. A mixture of equal
volumes of hydrogen and ethylene were cleanly converted to ethane when passed over freshly reduced nickel without the formation of any byproducts.
Most importantly, he noted that the nickel was completely unchanged and could be used repeatedly.

In 1912 Sebatier was awarded a Nobel Prize in chemistry for his work improving the hydrogenation of organic species in the presence of metals.

Ziegler, Wilke, and coworkers accidentally discovered the dimerization of ethylene while investigating
the production of polyethylene and ethylene oligimers during what is know now as the Ziegler Process. X, \

It was noted that only 1-butene was recovered from the "oligimerization" of ethylene, however they also
noted that there were nickel and acetylene contaminants.

Insertion L CEt Association

It was then discovered that nickel catalyzes the dimerization of ethylene gas through the mechanism
shown to the right. This transformation was coined The Nickel Effect X, H X\ /\

Ni
s /
In order to utilize the nickel effect for the continuous dimerization of ethylene to 1-butene, a stable L \/ \/
nickel catalyst needed to be developed. Et
The study of the nickel effect led to the simultaneous discovery of the stable nickel complexes & Iigaﬂd )
Ni(COD), and Ni(CDT). exchange Insertion
X, H X,
N Ni ,Ni\/\
7 \ L
L /\Et Et
Ni(cod), Ni(CDT) B-H elimination
18e complex 16e complex
"100 years of organonickel chemistry seems to be just a beginning." : General Outline and References taken from:

-Glnther Wilke

T. F. Jamison Nature 2014, 509, 299-309

(1) J. Chem. Soc., Trans., 1890, 57, 749-753; (2) Angew. Chem. Int. Ed. Engl., 1988, 27, 185-206; (3) Tamaru, Y. (ed.) Modern Organonickel Chemistry (Wiley-VCH, 2005)
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Properties of Nickel

Robert Demoret

Nickel is a late electropositive d"® transition metal which
allows oxidative addition to occur quite readily, however
this corresponds to a more difficult reductive elimination.

This feature has led to the development of cross-
coupling reactions that can utilize nickel in place of
palladium or platinum.

Due to the facile oxidative addition, nickel can be used
to couple electrophiles that were unsuitable for
palladium catalyzed cross-couplings such as phenol
derivatives.

Nickel

-1,0, +1, +2,+3,+4
Smaller atomic radius
Less electronegative
Harder
Facile oxidative addition
Facile B-migratory insertion
Radical pathways are more accessible

Palladium

0, +1, +2,+3,+4
Larger atomic radius
More electronegative

Softer
Facile reductive elimination
Facile B-hydride elimination

$0.488/mol

$1,817.84/mol

............................................................ e T

Tetrahedral complexes are important with bulky
ligands such as phosphines

[Vt 11

"Free ion"

Tetrahedral

Octahedral

Most Ni(ll) complexes are square planar because
the square planar configuration avoids occupation
of the high energy antibonding orbital.

Common nickel catalyzed transformations

422 |
X'y . .
Ar-X % Ar-Ni—X oxidative
addition
Ar—Ni(ll) M—R Ar—Ni(ll) ,
)I( | MX transmetallation
Ar—Ni(ll .
o A-R + No) ~reductive
elimination
Me
Gy == Me B-migratory
l insertion
X—Ni(ll)-R X—Ni(ll) R
d 2
z
Me o /X'Me B-hydride
' H X'Nil(") R elimination
EX—Ni(II) R H
—Ni H—Ar —Ni
Tetragonal . R 'Ih(") —> R hlh(") HX C-H activation
i g' dy, dyz ' X Ar
distortion ' :
Square /
planar /\ . ) idafi
Ni(0) — 3 Ni(ll) oxidative
\\( cycloaddition

J. Am. Chem. Soc., 1979, 101, 6319-6332; J. Am. Chem. Soc., 2009, 131, 16573-16579; Greenwood, Chemistry of the elements; p. 1347
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The typical Suzuki coupling uses 2-4 mol% palladium loading while the average nickel catalyzed coupling requires anywhere from 3-10 mol%. Nickel catalysis also had very poor
substrate scope for the synthesis of hetero-biaryl compounds until a new method by Hartwig and Ge was reported in 2012. This method requires very low catalyst loading (0.5
mol%) and can be applied to the synthesis of biaryl systems. Notably, the nickel precatalyst (dppf)Ni(cinnamyl)Cl is an airstable catalyst.

(dppf)Ni(cinnamyl)CI Method A Boc

"::?\| ) BOH, + Xt 2.5 mot >-':' || >—/j + HetA or N
- 2 ! .. ‘ etAr—x
Sy N7 KCO; 15H0 (deq) Snp~d K : Q_B(OH) Method B Il/\/)_""’tAr

CH3CN, 50 °C, 12 hr

Y

' 0,
Y=0,8,NH X = Cl, Br method A 79-97% 5 82-96%
. dppf)Ni(cinnamyl)CI
(HO),B (dppf)Ni(cinnamyl)CI Y. (dpp )O.ES mol% v Y.
OO CL = ’ W -
' > 5 KsPO4 (4 eq)
cl OMe  K3PO4(4eq) O : B(OH), 1,4-dioxane, 80 °C, 8 hr HetAr
1,4-dioxane, 80 °C, 8 hr 94% OMe
moethod B ' Y=0orS 87-91%

'
.................................................................................................... Lecccccccccccccccccccccccccccccccccacccccccccccccccccccccccccccccccccccccccns

A related method was soon after disclosed by Garg et al. in 2013 where the the efficiency of the method was further improved upon, including the employment of green solvents
such as 2-MeTHF and t-amyl alcohol.

Over 30 different solvents were surveyed and more than half gave quantitative yields for the formation of a biaryl system using the same catalytic system.

(PCy3)NICl, (5 mol%) o (PCy3)NICl, (5 mol%)
KsPOy (4.5 eq.) PN KsPOy (4.5 eq.)
(HehAr—X + (HO),B— (Het)Ar > (Hegar—(Hetar 1 (/ N B W, - ( :>_<j
- - , _ _ o o
X = Cl, Br, OCONEt,, OMs, t-amyl alchol oor 2-MeTHF 47-100% ; N B(OH), 2-MeTHF, 100 °C
0SO,NMe,, OPiv 100 or 120 °C, 12 hr 5

97% gram scale

Angew. Chem. Int. Ed. 2012, 51, 12837 —12841; Org. Lett., 2013, 15, 3950-3953
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While it i . . . . . ' fo) fo) VAN
ile it is now possible to prepare a wide array of aryl, polyaryl, vinyl, allyl, and alkyl halides these species are : o, 0 W
much less available from natural sources. ! )S( Ar— ,S\
' Ar\o CF, (o] (CF,)s;CF3
Over 50,000 phenol and polyol derivatives are commercially available while enol derived electrophiles can _
also be prepared from abundant carbonyl starting materials. 2 2
o. .0 o_.,0 o_,0 w2
I L . . . N7 N7 Ng” °Z
Oxidative addition is not nearly as straightforward across a C-O bond as it is for a C-X bond due to the high S ,S S X >
D A< Ar~o” 1ol A'~0” “NR o3
bond strength of the C-O bond. : O Me p-To 2 < c
' o 9
This high activation energy rivals the energy pathways for deleterious side reactions which diminishes the o o o % §
selectivity for the cross-coupling. w <
VA Ar Jj\ Ar\OJLNR
Previosly, In order to overcome this issue the C-O bond has to be activated through conversion to more o R o OR 2
reactive sulfonates. :
Ar_ __Me A"\O/TMS
A major drawback to this method is the lability of the sulfonate and it has to be noted that as the lability of the o -
sulfonate is decreased, the ease of oxidative addition also decreases.
With thi§ in mind, nickgl has t?een known to agtivqte and gxidatively add across C-O (PCy3)5NiCly (5 mol%)
bonds since 1977 and it readily undergoes oxidative addition. PCys (10 mol%)
Original methods coupled a vinyl or aryl carbamate and an organomagnesium reagent. ' Ar—OMe + Ar'MgBr ol Ar—Ar
i Dankwardt (EtO),CHy
Major advancements came from the work of Dankwardt with the Kumada type coupling (2004) 23-100 °C, 15 hr
of aryl ethers with arylmagnesium reagents. .
' Ni(cod), (10 mol%)
Chatani further advanced the field with the Suzuki type coupling between aryl ethers ,0 Me PCy3 (40 mol%)
and boronic esters. By moving away from organomagnesium reagents the authors ! Ar—OMe + Ar'—B\ - Ar—Ar'
considerably improved the substrate scope of these couplings. . Chatani Fo) Me CsF (4.5¢eq.)
. . . . . (2008) PhMe, 120 °C, 12 hr
Shi and Garg simultaneously reported the coupling of aryl pivalates or esters with aryl
boronic acids. '
-------------------------------------------------------------------------------------------- A ONeR (PCy3)2NiCl, (5 mol%)
oH (PPh3)oNiCl, R \ﬂ/ +  ArB(OH), - Ar—Ar
A + RMgBr Y Core RO_ s K3POy (4.5 eq.)
Swierczewski (1977) ar%'zooé) e PhMe, 80 °C, 24 hr
R = Me, Ph, PhCH,
OH OH o R (PCY3)2N|C|2 (10 mol%)
(dppe)NiCl, Ar” \n/ . (ArBO); Pcys (0-20 mol%)
N +  BuMgBr > S o) > Ar—Ar'
_ Shi: R = Me, Et, i-Pr, t-Bu, K3POy4 (4 €q.)
_ OC(O)NiPr Ph, Mes H>0 (0.88 eq.)
Dixon (2008) dioxane, 110 °C, 12 hr
(1989)

J. Organomet. Chem., 1977, 127, 371-384; Synlett 1989, 52—-54 (1989); J. Org. Chem. 1992 57, 4066—-4068; J. Am. Chem. Soc. 2008, 130,14468-14470;J. Am. Chem. Soc. 2008,
130, 14422-14423
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Ni(cod), (5 mol%)
. OMe rac-BINAP (10 mol%) OMe
+ MeMgl >
: Ar)\/Me PhMe, RT, 24 hr A N Me
Benzylic C-O bonds are also activated by low valent nickel to undergo Ar
coupling reactions with organometallic reagents. A
2 e Ph
. . . . 3 . ' '~~
HIS.tOI’ICE.i”y racemization of the sterf)center of the sp” electrophile occured : OC(O)R Ni(cod), (10 mol%) RN
during nickel catalyzed cross-couplings. . P Me Ligand L = PCys
' lr:‘ N Ph + Ar—B\ ' or
Jarvo reported the first stereocinvertive alkyl-alkyl cross-coupling without & i o Me th'glﬁ' ((23 GQ-)) Ar
. . o RO n-Bu eq. o ;
the aid of a chiral catalyst or a directing group. THF/PhMe, RT, 20 hr 57 Ph
' R= N-C-C4H8, t-Bu, -
Jarvo then reported a stereoretentive or stereoinvertize Suzuki coupling of Ph, Ot-Bu R
benzylic esters with aryl boronic esters depending on which class of ligand : L = SIMes
is used for the transformation. . Ni(cod), (5 mol%)
. OPiv NaOMe (2 eq.) Ar'
Simultaneously, Watson reported a very similar stereoinvertive )\ * (ArBO)s > /\
] . . Ar R PhMe, 70 °C, 3 hr Ar R
transformation in the absence of any ligand. !
_ . , : (PCys3),NiCl, (10 mol%)
Mechanism: The mechanism has not currently been elucidated, however | _.~. PCys (20 mol%) -
. . . e . . . 23 OH 3 r::‘ Se R
the most common theory is that oxidative addition into nickel is stereo- o + RMgX > ;
retentive in the presence of a phosphine ligand. It is also well known for .- n-BuyO/PhMe (1:3) Y.L
other metals that transmetallation and reductive elimination are stereo- 60 °C, 24 hr
retentive as well, which explains the stereochemical outcome of the
reaction in the presence of a phosphine ligand. R2 R3 (PCys3)2NiCl, (10 mol%) R; R,
H TBAI (20 mol%
_ _ _ o L X ( i XY coH
Shi has reported the coupling of benzylic alcohols with Grignard reagents | Zn (5eq.) |
through an activated magnesium alkoxide. R// CO5 (1 atm), DMA, RT R/ F
™ 1
Martin et. al. has used this chemistry to transform benzylic halides to the (HO),B— Ar,
corresponding phneylacetic acid with CO, as the carbon source. . K Ni(cod),/PPh,Cy
. —> Ar,;” _ NMe; Ary Ar,
. : OTf CsF or K3PO4
Watson and co-workers have also expanded the scope of the benzylic R dioxane, 40 °C, 24 hr
electrophile to include benzylic ammonium salts by activating the ;1 MeOTf
corresponding benzylic amine with MeOTf. YA NM (HO);B—R;, Ni(cod),
1 €2 “;I'e P(o-Tol); or t-Bu-XantPhos Me
, —> /\ + > )\
' Ry=HorMe Ary” _ NMe; K3POy4 or CsF, dioxane Arq Rz
: oTf 70°C, 6 hr

J. Am. Chem. Soc. 2011,133, 389-391; J. Am. Chem. Soc. 2013, 135, 3303-3306; J. Am. Chem. Soc. 2013, 135, 3307-3310; J. Am. Chem. Soc. 2012, 134, 14638—14641; J.

Am. Chem. Soc. 2013, 135, 1221-1224; J. Am. Chem. Soc. 2013, 135, 280-285
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Suzuki reported the first Csps-Csps coupling of primary alkyl iodides with alkyl boranes with Pd and Ni in 1992 however there was a significant amount of reduction and
elimination products.

Knochel Improved upon the nickel catalyzed coupling method by treating primary iodides with organozinc reagents in the presence of 4-(trifluoromethyl)-styrene which acts as a
promoter and facilitates the reductive elimination of the dialkyl Ni(ll) species.

The bigest contribution to the field of Csp3-Csps coupling was by Fu and co-workers in 2003 in which the coupling of secondary alkyl bromides with 3-hydrogens and
organozinc reagents was reported. This opened the door to the formation of asymmetric syntheses of tertiary or quaternary centers.

The key to the success of these couplings lies in the ligands which slow the rate of B-hydride elimination since the tridentate ligands do not leave a vacant coordination site.
Another report by Hu introduces the Ni-pincer complex which is active for Kumada and Sonogashira couplings with primary alkyl iodides.

The first asymetric secondary Csp3-Csps cross-coupling was perfromed by Fu et. al. in 2005 with the aid of a directing group and an (R)-PyBOX ligand.

Ni(cod); 4 mol%)  gToTmmmmmmmmmmmmommmmnmmmmmeeel
Me s-Bu-PyBOX, 28 (8 mol%) Me

)\ +  ZnBr—n-Nonyl >
DMA, RT, 20 hr Me n-nonyl

i o
Me Br E </, N 1
iOlae o H N N
NiCl, glyme (6 mol%) : ;

ligand 31 (8 mol%)

Br - Ph R 28 = s-Bu Ry = ;
+  9-BBN- " “Ph KOt-Bu (1.2 eq.) O/\A ___________ B=ppr :
i-BUOH (2.0 eq.) e .

dioxane, RT Pd has only been been
Bopiny(1.5 eq.) reported to cross-couple
Me Me NiBra - diglyme (10 mol%) e M secondary sp® electrophiles N
> ) ry sp Y ; h :
Ph Br ligand 33 (13 mol%) Ph Bpin in a few cases. : MezN—r\fi—NMez :
+ KOEt (1.4 eq.) : cl :
n-BuMgBr i-PrO/DMA, -10 °C E Nipincer |
, 34 ,
Ni-pincer 34 (3 mol%) e I .
AcO\/\/\/ Br t AcO\/\/\/ n-Bu h
o ; . (o} (o]
DMA,-35 °C, 30 min h NiCl, - glyme (10 mol%)
. Bn\N Et (R)-33 Bn\N Et
Ni-pincer 34 (5 mol%) n-Hex " : | = I
n-Hex\/\ =——n-Hex > : Ph Br o Ph  n-Hex
X Cul (3 mol%), [Nal or n-NugNI] n-Hex : * DMITHF, 0 °C
X=1,Br,Cl Cs,CO0g3, dioxane 100-140 °C n-Hex—ZnBr

Chem. Lett. 1992, 21, 691-694; J. Am. Chem. Soc. 1998, 120, 11186-11187; J.Am. Chem. Soc. 2002, 124, 4222-4223; J. Am. Chem. Soc. 2003, 125, 14726-14727; J. Am.
Chem. Soc. 2013, 135, 624-627; Angew. Chem. Int. Edn 2009, 48, 2656—2670; J. Am. Chem. Soc. 2008, 130, 8156-8157; J. Am. Chem. Soc. 2005, 127, 4594-4595
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Proposed Mechanisms for C(sp?)-C(sp?) Cross-Couplings

Robert Demoret

Fu-type Cross-Coupling mechanism

Nickel Source

DG R4 Chiral ligand DG R
T e ¥
(o)
| | \ X . transmetallating R;
\ N\N_/N Racemic agent
R I' = starting material Enantioenriched
Br product
R,—R, ”l DG\/R1 D(‘% R4
L,—Ni(l)—B MR, e ' -
—Ni(l)—br NG —1 * f
n R, rill(ll) L R /lill(ll)
L*
X X
reductive .
elimination transmetallation B _
.
! L,—Ni(l)—R, or R N R
L,—Ni(ll)—-R, )N | \
N =N e SN T T N
Br R/ \@NI(") R R @ 'ill(") R
I L Ry i
L R4 .
oxidative addition Redox active ligands are thought to go through a
R, R,—Br mechanism similar to that seen above where
L, —Ni(ll) oxidative addition of the electrophile proceeds
n N through a ligand-centered redox as opposed to a
R,  Br metal-centered redox
Ni-pincer Complex Mechanism
R;—MgClI R—MgClI R,—Br _Br
LoNi(ll)—cl <—— L,Ni(ll)—c1 ———> L Ni(ll)—Rr; ———> LnNi(III)\ + R
coordinated transmetallation ) Inner-sphere Ry
complex 1—MgCl Ri—MgCl SET
coordinated
complex
L,Ni(ll)—ciI
L,Ni(l)—R /Rz + Re-enter
’ i Ni(l)L catalytic cycle
Ry’ — » Lan(III)\R1 (L, L Ni(I)—R, ytic cy!
Reductive
elimination Ri—R;

J. Am. Chem. Soc. 2011, 133, 15362-15364 ;J. Am. Chem. Soc., 2006, 128 (40), pp 13175-13183; J. Am. Chem. Soc., 2013,135, 12004—12012; Nature, 2014 509, 299-309
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Reductive Cross-Coupling

Robert Demoret

Reductive cross-coupling joins two electrophilic components, and mitigates homo-dimerization, without the formation of a stoichiometric organometallic species.

This method circumvents the need for any nucleophilic reagents which can be costly, unstable, and/or cause undesired side reactions, but the difficulty is differentiating between

the two electrophiles and preventing homodimerization.

This method utilizes all of the available oxidation states of nickel and matches the properties of the electrophilic halides to the capabilities of the catalyst which avoids side reactions.
- Aryl haildes more readily undergo polar oxidative addition (Ni(0)/Ni(ll))

- Alkyl radicals are more stable than aryl radicals (Ni(I)/Ni(lll)).

This method has also been rendered asymmetric by the Reisman group through the use of chiral ligands.

Ph—I

N\

"CH,R

CHR
N|(III)\

Nil,- H,O
| A X4 R; ligand, Zn(0), or Mn(0
+
R// CI)\R2 [Nal], pyridine, DMPU l
1
cl R3
NiCly(dme) (10 mol%)
)oj\ X ligand (22 mol%) R
|l
Mn(0), DMBA,
R Cl Rz// DMA/THF, 3 & MS, RT

X

//

(N" NI
., NI
N7 ( )\Ph

R3

X

S

R;

\ Ph,P

MacMillan

\

Boc C
N
Boc

*Ir(1I) Ir(1l) Me
< - N|(I)

PPh, :

Ir(1)

CHR,

N,
(N,Nu(m)\

Ph

o

Z | OMe
Ns
N/
N ! N-. Ni
OMe E <N’ i(0)
: |
LA
Me E \©\
- ! Me
/k/o . (N:, Nl ol
: s Ni
By | N7 gy
] 5 E\g
Ns E N\
Boc
NZ I :
X t-Bu

z
|

4

J. Am. Chem. Soc. 2013, 135, 16192-16197; | J. Am. Chem. Soc. 2013, 135, 7442-7445
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(o)
The difficulty with C-H activation lies in the selective N | Xy Sm
activation of a specific C-H bond in the presence of H N_

chemically similar C-H bonds.

(o}
Itami et. al uses decarbonylative coupling of aryl and Ph—Ni—I
heteroaryl esters and (benz)oxazoles with an air stable N AN Ni(0) —>
nickel pre-catalyst. H |
7 ﬁ)k
N|

Chatani and co-workers reported the first example of a Ph

nickel catalyzed chelation-assisted C-H activation with the
aid of a directing group. o NiXs SM
A proposed mechanism for the reaction is shown to the right: e):l(?haanndge 'i‘ | N ligand
Nie—N_ _—
- Coordination of the amide to the Ni center followed by Ph : HX exchange
ligand exchange with the concomitant generation of HX

gives the Ni complex 1, which undergoes reversible 4
cyclometalation to give 2, probably via a concerted-
metallation-deprotonation mechanism. o
N o . . . N|<—N

- The oxidative addition of iodobenzene gives the high X
valent Ni(IV) complex 3. The Ni(IV) complex 3 undergoes ']‘ |

reductive elimination to give 4 which, on protonation, affords Nie— N_ _~
. . . . . VRN Me,CO5Na +
the desired arylation product with the regeneration of Ni(ll). Ph 1
o Nach3
3
It should be noted that nickel(ll) - (IV) catalytic cycles are
very rare. oxidative N | A MeSCO,NA + NaX
additon ~ Phl Ni<—N P +NaHCO3
2 Cyclometallation
. (o)
. ' i 0,
L N\ o (dcype)Ni(CO), (10 mol%) 5+ N\ ; 0 Ngg%d)% 4(3 ?n rglg/logo)
' - ' ' 3
“ “: >_H " J\ K-PO. (2 > ,I]: >_Ar‘ : N X) PhMe, 160 °C, 6 hr N |
v~z PhO” “Ar, - K3PO4 (2 eq.) RN 4 : H I > P N_
dioxane, 150 °C, 24 hr . N__— _ R,
Z2=0,S : H Ri——R;
........................................................................................ ,R1
o Ni(OTF), 10 mol%) o ; o Ni(OTf); 10 mol%) 0
R, X MesCO,H (20 mol%) PPh3 (20 mol%)
R N | Na,COj3 (2 eq.) N B ; N i A Na,COj3 (2 eq.) N S
5 N > H I : H > H I
H Z DMF, 160 °C, 24 hr A N_ : H N~ PhMe, 140 °C, 24 hr 5 N__—
Arl (2 eq.) r R3Br (2 eq.) 3

J. Am. Chem. Soc. 2012, 134, 13573-13576; J. Am. Chem. Soc. 2014, 136, 898-901
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Computational work with Pd and Ni proposes lower energy barriers for 1) Ni(cod), (5 mol%) o
oxidative addition and migratory insertion for Ni in contrast to to faster - dppf ( 5 mol%)
hydride elimination and catalyst regeneration for Pd. i °
Y/ ystreg N oTf . A onBu Cy,NMe, dioxane, 100 ﬁ S Me
, — 2) 6 M HCI, RT R
Skyrdstrup and coworkers developed a general method for the coupling R—T _ ) ’
of electronically biased enol ethers and aryl triflates to generate methyl )
ketones. NI(COd)z, PCy2Ph
or
i(o- X
Regio-selectivity is one of the key issues for the heck reaction for RS c * AN (PCy)eNi(o-Tol)C) > R 1 R,
electron rich alkenes. R1—! R TESOTT, Et;N NS
- This issue can be overcome by employing a cationic Ni species after Z R, = H, alkyl PhMe, RT
oxidative addition through dissociation of a the halide as opposed to the
ligand itself _ X Ni(cod), (10 mol%) N
- This mechanism (shown below) is now commonly employed for the T . AN ligand (12 mol%) g Ry
Heck reaction Re— Rz > Ri—
DABCO, PhMe or THF
The other major issue with the Heck reaction occurs with electronically _ _ [TESOTI], 60 °C
unbiased olefins which tend to give a mixture of branched and linear X = OTf, Cl, OMs, OTs, OSO:NMe; R; = alkyl
isomeric products depending on which position of the olefin the metal
inserts.
- Jamison and co-workers overcame this problem by employing a nickel EtsN-HOTf NN
catalyzed cationic Heck pathway that utilizes the fact that the shorter Ni- EtsN )
ligand bond lengths make steric differentiation between a proton and an Ni(O)L>
alkyl substituent feasible. I.‘
Y\Ph Tfo—rfi—H L
Jamison's group then developed an air stable Ni precatalyst which L ‘Ni—;©
obviates the need for a glovebox and also showed that COD is a R CII
noninnocent ligand in the heck reaction. TMSOTf
L
o L TMSCI
®Ni—H )
Cl.. _PCy,Ph OTf @ pev.pPh / OTf
PhCyZP/Ni TESOTf ,Ni’ Y2 Y\@ ° L
————> PhCy,P ] oTf & Ni—
X R +
Me Me
+
B-hydride \ 4/ R
L.Ni(0) ~e———— (PCy,Ph),Ni(o-Tolyl), elimination Ligand
-
~—{—— (PCy,Ph)Ni(CI)(OTf)  transmetallation N eori L exchanee

with precatalyst ©O0Tf L,
@/Ni—)
R ~— AN
B_—migra_tory R
Organometallics, 2004, 23, 2114-2123; J. Am. Chem. Soc. 2013, 135, 1585-1592 instertion
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L. HSR; BR; Hy L  SiR Ni(0) : o Ni(cod), (10 mol%) O R, H
i Ni 1) ’ imx~ - A WX | R Rq IPr HCI

N v X N F\/‘x _andsoon o Ni(ll) X : H ! > W

g ' N~ I | - A KOt-Bu, MeOH MeO R4

: R, R; THF, 50 °C R; R;
Reductive coupling involves the joining of two n-components with a o OMe
reducing agent to form a new C-H s-bond. : 0 Rz LoNi() ©-NiLn MeOH (D)H- “*~NiLn
E HJH S — /R, Jr,
The reaction is thought to proceed through an oxidative cycloaddition . | R4
followed by o-bond metathesis with the reducing agent and subsequent H Ry
reductive elimination. :
The major developments in this field include the discovery of milder
reducing agents as well as tuning the regioselectivity of the reactions. (D p-hydride OMe
- : OMe H(D) OMe LnNi” elimination  (D)H o’NiLn
Montogomery and co-workers were able to use MeOH to facilitate an H y - _—
internal redox during the coupling of enals with alkynes : o R Ry o “Z R, /R,
1 R4 R,
R B A Oxicliati.ve adgition
o NiBr2' 3H20 (10 mOl%) H Reductive LnNi(o) with inversion
| | PhMe,P (40 mol%) HO _ elimination
> R
i-PrOH, H H Ni
o, DM LnNi -

X 60 °C X HON '\

A B H R /
X =0, NBn, CH,

o
(o)
Jamison and co-workers have also shown that i-PrOH can also )]\ Migratory insertion
act as a mild reductant. with retention
Most notably, they were able to perform this transformation eﬁi';?':;it?:n
under very mild conditions without the use of Ni(cod),.
H . Oi-Pr

Recent studies by Beletskaya and co-workers have shown that HOD d LnNi
phosphine ligands are capable of reducing Ni(acac)eH,O salts L) = R
to the active Ni(0) species in situ without any special H

precautions or handling procedures. (o) ‘\(

J. Am. Chem. Soc., 2008, 130, 469-471; Org. Lett., 2011, Vol. 13, No. 15; Organometallics, 2010, 29, 5098-5102 -PrOH
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Reductive Coupling

01/18/16 Robert Demoret
Additive AB
o ) H OH n-Hex H
n-Hex Ni(cod), | Me None >95:5
= Me additive X Me
/\/ ¥ H > Z ™, Z Me PBus 1:1
M Et3B, EtOAc 3
e n-Hex Me OH
PCys 5:95
A B

In order to tune the regioselectivity of the reductive coupling Montgomery and co-workers utilized a pendant alkene which could act as a ligand to the Ni after coordination of

the alkyne.

The ligand sphere could then be altered by adding different phosphine ligands which in turn changed the entire course (mechanism) of the reaction as was proven by Jamison

and co-workers.

Montgomery and co-workers also showed that
the regioselectivity of the oxidative cycloaddition
could be influenced through the use of bulky
NHC ligands.

By switching to a bulky NHC ligand, the alkene
repositions itslef in such a manner to reduce the
steric hinderance, which in turn changes the
regioselectivity of the reaction

Recent work by Morken and coworkers has
shown that dienes can undergo regioselective
oxidative cycloaddtion into aldehydes followed
by regioselective transmetallation, which is
influenced by the ligand being employed.

position 3, but the employment of P(SiMes);
results in borylation at position 1. This is
thought to be an electronic as opposed to a
steric effect becasue P(SiMe); has the same
cone angle as P(-Bu);. P(SiMe3)s is thought
to act as an electron acceptor which may
facilitate reductive elimination prior to allyl

PCys ligands result in the allyl borylation at
isomerization.

: H  OSi(i-Pr); Me _H
: Me o Ni(cod),, ligand |
: / > n-Pr N n-Hex * n-Hex
© nPr n-Hex” “H i-Pr3SiH, KOt-Bu n-Pr
: Me OSi(i-Pr
: A B (i-Pr);
2 i Prh Ph Pr
: _— - \/ ol
: N B N
: /O/ N \O\ NN
Me Me Me Me
: AB 87:13 iPr  i-Pr
AB 6:94
RS
5 mol% Ni(cod), .
o i B(pin)
10 mol% ligand
(o] Rz Bz(pin)z (o] Rz NaOH, H202 OH R2
' NS i > NS
RJLH RGNS THR 22°C6Hr R)\I/:\/S\ B(pin) RWOH
R R
(pin)B—-B(pin) L )
o L. .L L -Ni-B(pin) B(pin)
L L Oxidative Ni ) c-bond ) Reductive inB
o Ni. R, / cycloaddition o N ( metathesis (pln)B~0 elimination (pin) o
.’ “~/ —_— —_—
HR; R R, R R, R R,
Ry Ry Ni(0) Ri

J. Am. Chem. Soc., 2004, 126 (47), pp 15342-15343; J. Am. Chem. Soc., 2010, 132, 6304-6305; J. Am. Chem. Soc. 2008, 130, 16140-16141; J. Am. Chem. Soc., 2010, 132, 7576-7577
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01/18/16 Nickel in Total Synthesis
Jamison
H OTMS
0l
o H OTMS
g
Me = Ni(cod), (10 mol%) STIN Me Me
\Me (R)-ferrocenyl-phosphine (10 mol%) Me H H
+ t z N g
(o)
oTBS =B H OH
HJ]\/Y\/Y\/ 85% yield
Me Me 2.6:11rr, 2:1dr

Robert Demoret

Jamison OTBS
Z Y

Ni(cod)s (10 mol%) Me
Ph Me BusP (20 mol%) TBSO | y
> Me OH —_—
* Ets, 1t, 14 hr Bh” > H
o
I>/\/ Me alkyne-epoxide 8:9/503’"2'?
o reductive coupling °

Me

Ni(cod), (20 mol%)
BuP3 (40 mol%)

Et3B, PhMe, 60 °C

alkyne-aldehyde
reductive coupling
and macrocyclization

OMe o H

Ni(cod), (20 mol%)
dcype (40 mol%)
K3POy4 (2 €q.)
—_—

1,4-dioxane, 165 °C
39%

J. Am. Chem. Soc. 2003, 125, 11514-11515; J.Am. Chem. Soc. 2004, 126, 998-999; J. Am. Chem. Soc. 2012, 134, 13573-13576
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