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Previous work on Ni-catalyzed

Cross-coupling reactions

O Unactivated primary and secondary alkyl halides:
10 % NiBr,.diglyme

Ar Ar
R1 12 O/O \' /\/R1
X 1.4 KOt-Bu R2
racemic 2.0 equiv. ,1p?2?)orl_’:

J. Am. Chem. Soc. 2012, 134, 5794—5797

O Coupling of tertiary alkyl halides with diboron reagents:

10 % NiBr,.diglyme

O 2 O
SR

—N N
Ok womn 2 om (O
INb-
1.3 equiv. i-Pr,O/DMA
rt., 67 %

J. Am. Chem. Soc. 2012, 134, 10693—106%97



Cross-coupling of Tertiary Alkyl

Halides: Oshima’s work

O Allyl-grignard:

cat. [CoClz(dppp)]

CHz:CHCHzMQCl JJ\
ﬂ-Cal"‘|17>< Br n-CanX/\ +n'CaH17

THF, -20°C

Angew. Chem. Int. Ed. 2002, 41, 4137-4139

Alkyl R!
BrMg R' cat AgNO; Y
Alkyl—X 4+ -~ Nyt ., R29
1 R2 E0,25°C,3h Alkyl X
(1.5 equiv) Rl RZ 10

Org. Lett., 2008, 10, 969-971

O Cyclopentadienyl-
grignard:

Alkyl—X 1

5 mol % Cu(OTf),  Alkyl Alkyl
+ - +
@ i-Pr,0,25°C, 3 h 3\® 3'\@
MgBr*

(2.0 equiv, in t-BuOMe)
Org. Left., 2008, 10, 2545-2547

O Allyl- and benzyl-zinc:

. 5 mol®%e AgOTf .
R N R
N ZnCHLCI  + &XR T >"\><R
(1.2 equiv) 1 -
. X 5 mol% Ag salt N
ZnClLiCl Br solvent, 25°C, 0.5 h
(2.0 equiv)

Chem. Asian J. 2010, 5, 1487 — 1493

O Indenyllithium:

5 mol% AgB
Alkyl—X + Ui O O Ak O
Q Et,0, 10 h 2

3
1 / Et,0, hexane 2

Tefrahedron, 2010, 66, 5993-5999



Model Reaction

10% NiBr,.diglyme

<:><Br 11% 1 Ph
(9-BBN)—Ph -
Me 24 LiOt-Bu Me

2.5 equiv. 2.4 i-BuOH
Benzene, 40 °C

Variations from standard conditions Yield (%)
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Model Reaction

10% NiBr,.diglyme

<:><Br 11% 1 Ph
(9-BBN)—Ph -
Me 2.4 LiOt-Bu Me

2.5 equiv. 2.4 i-BuOH
Benzene, 40 °C

Variations from standard conditions Yield (%)

- 88

No catalyst <2

No ligand 1 38

No LiOt-Bu <2

KOt-Bu or NaOt-Bu instead of LiOt-Bu <2

(+Bu t-Bu)
7 N\__(




Model Reaction

10% NiBr,.diglyme

<:><Br 11% 1 Ph
(9-BBN)—Ph -
Me 2.4 LiOt-Bu Me

2.5 equiv. 2.4 i-BuOH
Benzene, 40 °C

Variations from standard conditions Yield (%)
- 88
Ligand 2 instead of 1 /2
Ligand 3 instead of 1 63
Ligand 4 instead of 1 /
(+Bu t-Bu) Ph Ph
N\ I\ 7N/ \ "
N\ /) _ N/ _ _
=N N N N N N MeHN  NHMe
1 2 3 4
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Model Reaction

10% NiBr,.diglyme

<:><Br 11% 1 Ph
(9-BBN)—Ph -
Me 2.4 LiOt-Bu Me

2.5 equiv. 2.4 i-BuOH
Benzene, 40 °C

Variations from standard conditions Yield (%)
- 88
Toluene instead of Benzene 45
Cyclohexane instead of Benzene 34
Et,O instead of Benzene 13
1.8 equiv of (9-BBN)-Ph 62
5 % NiBr,.diglyme, 5.5 % of 1 53
0.1 equiv H,O 89




Scope of the Electrophile

Standard

conditions
%Br (9-BBN)—Ph > %Ph

Tertiary alkyl bromide Yield (%)
Br
C e 84

Me
Me%—Br /1
Me

Et
Et%—Br 70
Et

n-Pentyl
< ><Br 53



Scope of the Electrophile

Standard

conditions
%—Br (9-BBN)—Ph > %—Ph
Tertiary alkyl bromide Yield (%)

Me Me
Ph/\>< 2 86
Br
AL et 7e
Me X Br

CI/\/\><Br 67



Scope of the Electrophile

O Coupling of lodo-adamanthane

Standard Catalyst
(9-BBN)—Ar -
| Cyclohexane, 40 °C Ar
IFPr

Ar=Ph (74 %)  Ar= _§©(61 %)

O Coupling of Trialkyl-chloride

M Standard M

€ conditions €

Me%—Cl (9-BBN)—Ph > Me%—Ph
Me 50 % Me




Scope of the Nucleophile

Standard

<:><5Ire (©-BBN)—Ar condiions <:><are
T T
e 60
;@ 61

P @ 74

; @ 57

§© | 54



Scope of the Nucleophile

Standard

Br conditions Ar
<:><Me (9-BBN)— Ar > <:><Me

Examples of Recalcitrant Aryl-(9-BBN) Coupling Partners :

Ar yield (%) Ar yield (%)
Me OMe
_§© <5 g@ ~20
Me

'%OOMe <5 'E‘Q -
_g@p 15 '\:e

CF5
_§_< >_ph <5 _EG <5
‘E /0 - St-Bu
—

_§ <5



Proposed Mechanism

Me L, Nil-X (9- )—Ph

Reductive Transmetalation
elimination
MePh L,Nil-Ph
L, Nill -
\Br Oxidative addition

Ph
Br Me
O




Proposed Mechanism

Reaction in Toluene:
Formation of diphenylmethane

@ﬂph

L,Nil-X

Reductive
elimination

|_ N,III/

Ox1dat7ve addition
O g
L, N|“
Br
Me
X, Orm

O

Epimerization:

e

Me
Br

Standard
conditions

Me

(9-BBN)-Ph — > Ph

73 %

Ph

1.2:1 mixture
of diastereoisomers



Conclusion

O Suzuki arylation of terfiary alkyl bromides

O Use of commercially available catalyst system

O No isomerization of the alkyl group:

Ar L-NIGO M R R?

R? R R*7NIL
Reductive Trans- '
Elimination metallation :

X 'Isomerization
~ 1]
\ 1 P-Hydride H =NiL
LNi R LA
Rt ML Elimination ~/ R?
R’>( \ [~ B - 3 g‘,ﬂ
3 7 "2
Ondaive ArX Dissociation
=" R3 R0 -
Rl + 2c

J. Am. Chem. Soc. 2011, 133, 8478-8481



