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Buchwald ligand (1)

Surry, D. S. and Buchwald, S. L. Angew. Chem. Int. Ed. 2008, 47, 6338.
Hooper, M. W.; Utsunomiya, M.; Hartwig, J. F. J. Org. Chem. 2003, 68, 2861.
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Buchwald ligand (2) -Pd-arene interaction-

Barder, T. E.; Walker, S. D.; Martinelli, J. R.; Buchwald, S. L. J. Am. Chem. Soc. 2005, 127, 4685.
Barder, T. E. and Buchwald, S. L. J. Am. Chem. Soc. 2007, 129, 12003.
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Pd precatalyst from Buchwald's group

G1 (2008) G2 (2012) G3 (2013)

PdII
NH2

Cl L

a) Biscoe, M. R.; Fors, B. P.; Buchwald, S. L. J. Am. Chem. Soc. 2008, 130, 6686. b) Bruno, N. C.; Tudge, M. T.; 
Buchwald, S. L. Chem. Sci. 2013, 4, 916. c) Bruno, N. C.; Niljianskul, N.; Buchwald, S. L. J. Org. Chem. 2014, 79, 4161. d) 
Lee, H. G.; Milner, P. J.; Buchwald, S. L. Org. Lett. 2013, 15, 5602. e) Lee, H. G.; Milner, P. J.; Colvin, M. T.; Andreas, L.; 
Buchwald, S. L. Inorg. Chim. Acta. 2014, 422, 188. f) Ingoglia, B. T. and Buchwald, S. L. Org. Lett. 2017, 19, 2853.
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[L-Pd0]2(cod)
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Base barrier and assumed problems
ONf

Nf = -OSO2(CF2)3CF3

Pd2(dba)3 (1.5 mol%)
XPhos (6 mol%)

DBU (2.5 eq.)
toluene

MW, 150 °C, 15 min
99%

Tundel, R. E.; Anderson, K. W.; Buchwald, S. L. J. Org. Chem. 2006, 71, 430.
Norrby, P-O. et al. J. Org. Chem. 2014, 79, 11961.

1. Require Nf group

2. Harsh condition

3. 1o aryl amine
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Base effect in Pd catalyzed fluorination

Lee, H. G.; Milner, P. J.; Buchwald, S. L. J. Am. Chem. Soc. 2014, 136, 3792.
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modification of the catalyst

Maimone, T. J.; Milner, P. J.; Kinzel, T.; Zhang, Y.; Takase, M. K.; Buchwald, S. L. J. Am. Chem. Soc.
2011,133, 18106.
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AIPhos -efficient Buchwald ligand-

a) Maimone, T. J.; Milner, P. J.; Kinzel, T.; Zhang, Y.; Takase, M. K.; Buchwald, S. L. J. Am. Chem. Soc.
2011,133, 18106. b) Sather, A. C.; Lee, H. G.; De La Rosa, V. Y.; Yang, Y.; Muller, P.; Buchwald, S. L.
J. Am. Chem. Soc. 2015, 137, 13433.
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Screening of the catalyst

Dennis, J. M.; White, N. A.; Liu, R. Y.; Buchwald, S. L. J. Am. Chem. Soc. 2018, 140, 4721.
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Substrate scope

Dennis, J. M.; White, N. A.; Liu, R. Y.; Buchwald, S. L. J. Am. Chem. Soc. 2018, 140, 4721.
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R2R2

Correlation between Buchwald ligand and Pd-charge

Norrby, P-O. et al. J. Org. Chem. 2014, 79, 11961.
Dennis, J. M.; White, N. A.; Liu, R. Y.; Buchwald, S. L. J. Am. Chem. Soc. 2018, 140, 4721.

entry ligand

1 Brettphos

2 t-BuBrettPhos

4 AIPhos

Hirshfeld charge at Pda)

a) B3LYP/6-31G(d)-SDD/SMD(THF)
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1. Large R group and 2. electron-deficient aromatic ring
increases the acidity of N-H proton
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Mechanistic study

Dennis, J. M.; White, N. A.; Liu, R. Y.; Buchwald, S. L. ACS. Catal. 2019, 9, 3822.
Norrby, P-O. et al. J. Org. Chem. 2014, 79, 11961.
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positive first order on [Ar-NH2]
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31P NMR

(a) Ar-OTf + Pd precat. 
+ Ph-NH2 + DBU

(b) Ar-OTf + Pd precat. 
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NH2Ar

the same peak !
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Enhanced reactivity

Dennis, J. M.; White, N. A.; Liu, R. Y.; Buchwald, S. L. ACS. Catal. 2019, 9, 3822.

+

DBU (2.0 eq.)
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(1 mol% Pd)

2-Me THF
80 °C, 16 h
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A: DBU was added at once

N

N

N

46% (A)
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B: DBU was slowly added over 12 h

realize the coupling with 2o aryl amine
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The role of C3' substituent in AIPhos

Kim, S-T.; Pudasaini, B.; Baik, M-H. ACS. Catal. 2019, 9, 6851.
Barder, T. E. and Buchwald, S. L. J. Am. Chem. Soc. 2007, 129, 12003.
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Short summary

a) Tundel, R. E.; Anderson, K. W.; Buchwald, S. L. J. Org. Chem. 2006, 71, 430. b) Dennis, J. M.; White, N. 
A.; Liu, R. Y.; Buchwald, S. L. J. Am. Chem. Soc. 2018, 140, 4721. c)Dennis, J. M.; White, N. A.; Liu, R. Y.; 
Buchwald, S. L. ACS. Catal. 2019, 9, 3822.

X

+
1o aryl, alkyl amines

1o amidesHet

COD(AlPhos-Pd)2 (1% Pd)
DBU

t-butyl methyl ether
rt or 60 °C

X = OTf, Br

N

Het

rational modification of Buchwald ligand

1. large alkyl group at phosphine
2. substituent at C3'

Nf = -OSO2(CF2)3CF3

Pd2(dba)3 (2.5~5 mol%)
XPhos or t-BuXPhos

DBU
toluene

MW, 115-175 °C

1'. generation of cationic PdII-amine complex

2'. DBU/amine substitution

mechanistic investigation elucidation of the resting state

slow addition of DBU enhanced the reactivity

O coupling with 2o aryl amine

ONf

Het + 1o aryl amine

H
N

Het
Ar

R1

R2



19



20



21



22



23



24



25

Substrate scope

Liu, R. Y.; Dennis, J. M.; Buchwald, S. L. J. Am. Chem. Soc. 2020, 142, 4500.

Ni precat. (4 mol%)
Et3N (2.0 eq.)

2-MeTHF
100 °C, 16 h

OTf

Het +

NH2

Het

H
N

Het Het

(1.2 or 1.5 eq.)

X elecron rich Ar-OTf ?
X aliphatic amine
X 2 ° aryl amine

narrow substrate scope ?
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H
N
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91%

Me
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N

N

84%

MeS
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NC

N

CO2Et

81%

H
N

S

MeO2C

CN

94%

N

H
N

CO2Me

F3C

93%

Fe

P

P

Ar Ar

NiII

Ar
Ar

Ar = 3,5-CF3

Ni precatalyst

Me

OTf
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Proposed mechanism

Liu, R. Y.; Dennis, J. M.; Buchwald, S. L. J. Am. Chem. Soc. 2020, 142, 4500.

P1

([CF3]8dppf)Ni0

([CF3]8dppf)NiII
Ar

OTf

([CF3]8dppf)NiII
Ar

([CF3]8dppf)NiII
Ar

NHAr

(a) dissociation association

association
; dissociation

NH2Ar

Ar
NArNH2

Ar OTf

ArNH2

Ar NHAr

Et3N HOTf ?

([CF3]8dppf)NiII
Ar

OTf

0.0

+ 16.9
(kcal/mol)

([CF3]8dppf)NiII Ar

OTf

([CF3]8dppf)NiII
Ar

NH2Ar

+ 7.5
(kcal/mol)

OTf

OTf

G* was not
calculated

Et3N
M06/6-311+G(d,p)-SDD(Ni, Fe)//B3LYP
/6-31G(d)-SDD(Ni, Fe)

Fe

P

P

Ar Ar

NiII

Ar
Ar

P1
Ar = 3,5-CF3

Me

OTf
H H

OTf
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The character of bidendate phosphine ligand

Liu, R. Y.; Dennis, J. M.; Buchwald, S. L. J. Am. Chem. Soc. 2020, 142, 4500.

NiII
Ph

NH2Ph

Et3N

OTf

NiII
Ph

NHPh

M06/6-311+G(d,p)-SDD(Ni, Fe)//B3LYP/6-31G(d)-SDD(Ni, Fe)

reductive
elimination NiII

Ph

NPhG#
RE

H

entry pKBH+ of N-H

1

2

ligand G#
RE

15.3

13.4

6%

32%

dppf

[CF3]4-dppf

3 12.2 94%[CF3]8-dppf

Fe

P

P

Ar Ar

Ar
Ar

dppf: Ar = Ph
[CF3]4-dppf: Ar = 4-CF3

[CF3]8-dppf: Ar = 3,5-CF3

P

P

Ar Ar

Ar Ar

[CF3]8-dppbz
: Ar = 3,5-CF3

4 13.0 23%[CF3]8-dppbz

pKa of Et3N HOTf = 12.5
pKBH+ of PhNH2 = 28.5

17.2

16.7

16.4

17.9

yield

electrodeficient Ar group More cationic Ni(II)-amine specie

L
L

L
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The role of ferrocene backbone -my opinion-

a) Liu, R. Y.; Dennis, J. M.; Buchwald, S. L. J. Am. Chem. Soc. 2020, 142, 4500. b) Hayashi, T. et al.
J. Am. Chem. Soc. 1984, 106, 158. c) Mansell, S. M. Dalton Trans . 2017, 46, 15157.

Fe

P

P

Ph Ph

Ph
Ph

P

P

Ph Ph

Ph Ph

ligand bite angle

99.1°

83°

dppf

dppbz

dppf dppbz

1. facilitate the reductive elimination
2. decrease the pKBH+ of N-H proton ?
3. low binding ability of Et3N ?

Fe

P

P

Ph Ph

Ph
Ph

PdIICl2(dppf)

Pd
Cl

Cl
87.8°

: bite angle

Relative binding energies to Ni(II) complexa)

a) M06/6-311+G(d,p)-SDD(Ni, Fe)//B3LYP/6-31G(d)
-SDD(Ni, Fe)
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Summary

AIPhos

i-Pr

i-Pr

OMe
P(Ad)2

n-Bu
F

F

F
F

i-Pr

1. electron deficient Ar group at C3'
2. bulky Ad group at phosphine

1. electron deficient Ar group

2. wide bite angle of dppf liigand

3. 3-allyl group for the precatalyst

Fe

P

P

Ar Ar

NiII

Ar
Ar

Ar = 3,5-CF3

NiII precatalyst

Me

OTf

Realize the use of soluble and
weak organic base like Et3N and DBU

future work : Expansion of the substrate scope to 2o aliphatic amine

Ar X (X = OTf, Br)

+
primary amine (alkyl, aryl)

primary amide

(2o aryl amine)

Ar X (X = OTf)

+
primary aryl amine

base: DBU base: Et3N

Dennis, J. M.; White, N. A.; Liu, R. Y.; Buchwald, S. L. J. Am. Chem. Soc. 2018, 140, 4721.
Liu, R. Y.; Dennis, J. M.; Buchwald, S. L. J. Am. Chem. Soc. 2020, 142, 4500.


