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Hydrogen Source:
B Hydride Reducing Agent N toxicity
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W Hydrogen gas chemoselectivity
Pd/C, Raney-Ni, Pt/C, etc...
flammable gas
B Organic compound as a hydrogen donor
HCO,H : Leuckart-Wallach Reaction high temperature
HCO,NH, : Leuckart Reaction
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B Synthesis of Primary Amines using Ir-PA catalysts

(o} Ir-PA cat NH,
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R7R AcOH R7R'
Solvent, 60 °C-reflux
ci—t ci—tr ci—tr
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B Synthesis of Secondary and Tertiary Amines using Ir-QN catalysts
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)k RIRANH —— B
R7°R HCO,H R™R
Solvent, 30-60 °C
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Ir-QN1 Ir-QN2
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yield (%)
o Ir cat. X =CHjg X=Cl X=Br
<©)\ + HCONH, ___ "PAT <©/§\ Ir-PA1 29 45 18
X X
sea R an Ir-PA2 85 90 69
S/C = 1,000 Ir-PA3 72 86 85
NH, NH, Ir cat:
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NOS 96 9 OCH, 100 98 OCH, 100 92 / \ / \
CN? 100 96 cl 100 99 CHj, 51 35
Br* 100 99 NO 100 98 F 99 96
OMe 100 v —— 83 41 Ir-PA1 Ir-PA2 Ir-PA3
2 Conditions: 60 °C Br 66 21
NO, 13 0 5 Z‘Jbh{il;?@%%%)??thjz//xﬁd)ﬁm
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i 3eq. MeOH, 60 °C, 4 h ryl
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@ Conditions: HCO,NH, (5 eq.), AcOH (2 eq.), 80 °C, 6 h
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O o | O NH, O NHCHO
t
+ HCONH, " +
» e, O 0O
5eq. MeOH, reflux, 4 h

SJ/C =4,000 amine formyl
Ir cat yield (%)
amine  formyl
Ir-PA1 15 6
Ir-PA2 72 15
Ir-PA3 38 1
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AcOH (2 eq.)
5 eq. MeOH, reflux, 4 h
S/C = 2,000

Ir cat yield (%)
Ir-PA1 59
Ir-PA2 95
Ir-PA3 73
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% COEt 4 HCO,NH, Ir cat f CO,Et
AcOH (1 eq.)
3eq. MeOH, 60 °C, 6 h
S/C = 1,000

Ir cat yield (%) cis/trans
Ir-PA1 61 99:1
Ir-PA2 90 97:3
Ir-PA3 76 98:2
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o NH,
Ir-PA2
©)J\ + HCOQNH4 _ >
AcOH (2 eq.)
5eq. MeOH, reflux, 4 h

S/C = 10,000
M9 ‘BS/CEHTTOHE—R7IVDERN
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o NH, OH
Ir cat
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AcOH (2 eq.)
7 cl 3eq. MeOH, 60 °C, 4 h & cl 7 cl
S/C =500 amine alcohol
yield (%)
entry Ircat conv.(%)  amine alcohol
1 IrPA2 100 34 54
2 IrPA1T 100 73 15
3 IrPA4 100 81 9
4 Ir-PAS 98 82 8
Ir cat:
| - 1 < - 1 < 1
Cli—ir , Ciir , ci—ir Ci—ir
N N N N NON N NOCF N NOND
Ir-PA1 —N  Ir-PA2 Ir-PA4 —N  Ir-PAS
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Ir cat X x= NH, (amine)

(o}
+ HCO,NH
RJ\R' 27 R)\R' OH (alcohol)

AcOH (2 eq.)
3eq. MeOH, 60 °C, 4 h
SIC =500
yield (%)
R R' Ir cat conv. (%) amine alcohol
N Ir-PA2 100 30 45
N oh Ir-PA1 100 51 27
E _ Ir-PA4 100 70 18
N Ir-PA5 95 65 14
Ir-PA2 100 51 19
ON CH Ir-PA1 100 57
3 Ir-PA4 99 76 5
Cl Ir-PA5 96 68 4
ON Ir-PA2 100 53 23
2 oH Ir-PA1 100 73 6
3 Ir-PA4 98 82 3
Br Ir-PA5 93 69 5
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1

S/C =10,000 1.2 eq. 88% yield
Ir cat:
Cl7l‘r\o
N
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H H
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o L) Ir-QN2 N
N HCO,H (3 eq.)
THF, 60 °C, 24 h
1.5 eq.
S/C = 10,000 97% yield
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