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8‐Acylquinolines



8‐Acylquinolines

N 100 mol % Rh(PPh3)3Cl L
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100 mol % anhydrous HCl
DCM, 35oC, 20min R

R

N 100 mol % Rh(PPh3)3Cl
DCM, 40oC, 10min

N. R.

J. Williams Suggs, Sherman D. Cox, J. Organomet. Chem.1981,122, 199
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8‐Acylquinolines

100 mol % [RhCl(=)2]2
R = benzyl
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J. William Suggs, Chul-Ho Jun, J. Am. Chem. Soc. 1984, 106, 3054
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8‐Acylquinolines

Ashley M. Dreis, Christopher J. Douglas J. Am. Chem. Soc. 2009, 131, 412



8‐Acylquinolines

10 mol % hydroquinone added

Ashley M. Dreis, Christopher J. Douglas J. Am. Chem. Soc. 2009, 131, 412



8‐Acylquinolines
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8‐Acylquinolines
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8‐Acylquinolines

Christopher J. Douglas et. al Angew. Chem. Int. Ed. 2009, 48, 6121
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8‐Acylquinolines

N N5 mol % [RhCl(=)2]2
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Christopher J. Douglas et. al Angew. Chem. Int. Ed. 2009, 48, 6121



8‐Acylquinolines

Jianhui Wang et. al. Angew. Chem. Int. Ed. 2012, 51, 12334
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8‐Acylquinolines



8‐Acylquinolines

N

250 mol % PhB(OH)2
200 mol % CuI

200 mol % K2CO3
10 mol % RhCl(PPh )

under N2 for 48h, 0%
under air for 48h, 93%N

OMe

10 mol % RhCl(PPh3)3
xylene, 130oC

under 1 atm O2 for 12h, 72%

Jianhui Wang et. al. Angew. Chem. Int. Ed. 2012, 51, 12334



2‐Amino‐3‐picoline



2‐Amino‐3‐picoline
Me

O

+ C4H9

5 mol % RhCl(PPh3)3
100 mol % 2-amino-3-picoline

toluene, 150oC, 48h C4H9 Me

O

4a, 84%
Ph+

trace
1a 990 mol %

with no 2-amino-3-picoline, no 4a formed, and 1a completely recovered

NN + C4H9
5 mol % RhCl(PPh3)3

toluene, 130oC, 6h
NN Ph+

Chul-Ho Jun, Hyuk Lee, J. Am. Chem. Soc. 1999, 121, 880

Me
toluene, 130 C, 6h

C4H9 Me
50% 36%

990 mol %



2‐Amino‐3‐picoline



2‐Amino‐3‐picoline

1000%000%

Chul Ho Jun Hyuk Lee Sung Gon Lim J Am Chem Soc 2001 123 751Chul-Ho Jun, Hyuk Lee, Sung-Gon Lim, J. Am. Chem. Soc. 2001, 123, 751



2‐Amino‐3‐picoline

Chul-Ho Jun, Hyuk Lee, Sung-Gon Lim, J. Am. Chem. Soc. 2001, 123, 751



2‐Amino‐3‐picoline

500 mol %

Chul-Ho Jun, Kwan-Yong Chung, Jun-Bae Hong, Org. Lett. 2001, 3, 785



2‐Amino‐3‐picoline



2‐Amino‐3‐picoline



2‐Amino‐3‐picoline

among K2CO3, Na2CO3,
Cs2CO3, NaHCO3, KOH, NaOH,
K2CO3 was most effective

Chul-Ho Jun, Dae-Yon Lee, Yeon-Hee Kim, Hyuk Lee, Organometallics, 2001, 20, 2928



2‐Amino‐3‐picoline



2‐Amino‐3‐picoline
t-Bu

Chul-Ho Jun, Dae-Yon Lee, Yeon-Hee Kim, Hyuk Lee, Organometallics, 2001, 20, 2928



2‐Amino‐3‐picoline

Chul-Ho Jun, Dae-Yon Lee, Yeon-Hee Kim, Hyuk Lee, Organometallics, 2001, 20, 2928



2‐Amino‐3‐picoline

N NH 1a
3 mol % wilkinson's
200 mol % CyNH2

5 mol % benzoic acid Cy N
Cy

Ph

2a, 120 mol %

5 mol % benzoic acid
toluene, 130oC, 12h

Me

N

H

Cy
+ + Me

N

Ph

8a 7a
quantitative by GC

H+/H2O

Me

N

H

Cy
+ Me

O

Ph
3a 98%3a, 98%

terminal alkyne

Chul-Ho Jun et al. J. Am. Chem. Soc.2001, 123, 8600

terminal alkyne
N. R.
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2‐Amino‐3‐picoline

Me

N NH

Ph

+
Me

Me

120 mol %

3 mol % wilkinson's
toluene, 130oC, 1h

N N

Ph
Me

Me

H2O with RhI O

Ph
Me

Me

66% E/Z 94/6quantitative by GC 66%, E/Z = 94/6

N N
x mol % CyNH2

10 l % b i id H+/H2O
O

x = 50 47%N N

Ph
Me

Me

10 mol % benzoic acid
toluene, 130oC, 6h

H /H2O
Ph

x 50, 47%
100, 93%
200, 94%

Chul-Ho Jun et al. J. Am. Chem. Soc.2001, 123, 8600



2‐Amino‐3‐picoline
N NH 10 mol % wilkinson's

( )

C5H11 H

Cy

H C5H11

O8d

Ph

C H

C5H11

800 mol % CyNH2(5)
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toluene, 130oC, 12h+ C5H11

N
Cy

Ph

H+/H2O
C5H11

O

Ph
1

C5H11
2d, 800 mol %

C5H11

N
Cy

C5H11 C5H11

O
C5H11 1.217

GC determined
N NH2

GC determined

N NH2N NH2

Chul-Ho Jun et al. J. Am. Chem. Soc.2001, 123, 8600



2‐Amino‐3‐picoline

1) 5 l % ilki ' (3 )

CHO
C5H11

1) 5 mol % wilkinson's(3a)
330 mol % CyNH2(4)

60 mol % 2-amino-3-picoline(5)
10 mol % AlCl3(6)

O
C H 90%CHO C5H11

3:1

10 mol % AlCl3(6)
toluene, 130oC, 12h

2) H+/H2O

C5H11 90%
2a1a

Chul-Ho Jun et al. J. Am. Chem. Soc. 2003, 125, 6372



2‐Amino‐3‐picoline

47%

Chul-Ho Jun et al. J. Am. Chem. Soc. 2003, 125, 6372



2‐Amino‐3‐picoline

C5H11

1) 5 mol % wilkinson's(3a)
330 mol % CyNH2(4)

60 mol % 2-amino-3-picoline(5) C5H11

O
C5H11 87%

CHO
C5H11

C5H11

1:20

60 mol % 2-amino-3-picoline(5)
10 mol % AlCl3(6)

toluene, 130oC, 12h
2) H+/H2O

2a1a

C5H11

Me

O
C5H11

4%, GC

Chul-Ho Jun et al. J. Am. Chem. Soc. 2003, 125, 6372



2‐Amino‐3‐picoline
CHO

CHO

Chul-Ho Jun et al. J. Am. Chem. Soc. 2003, 125, 6372



2‐Amino‐3‐picoline



2‐Amino‐3‐picoline

C H

300 mol %
nC4H9

O

Ph nC4H9

Sung-Gon Lim, Chul-Ho Jun, Bull. Korean Chem. Soc. 2004, 25, 1623



2‐Amino‐3‐picoline
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2‐Amino‐3‐picoline

Chul-Ho Jun et. al. Adv. Synth. Catal. 2006, 348, 55



2‐Amino‐3‐picoline

Dong Hun Lee, Eun-Ae Jo, Jung-Woo Park, Chul-Ho Jun Tetrahedron Lett. 2010, 51, 160
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Pyridine

Takashi Niwa, Hideki Yorimitsu, Koichiro Oshima, Angew. Chem. Int. Ed. 2007, 46, 2643



Pyridine

Takashi Niwa, Hideki Yorimitsu, Koichiro Oshima, Angew. Chem. Int. Ed. 2007, 46, 2643



Pyridine

Hu Li, Yang Li, Xi-Sha Zhang, Kang Chen, Xin Wang, Zhang-Jie Shi
J. Am. Chem. Soc. 2011, 133, 15244



Pyridine



Pyridine

Hu Li, Yang Li, Xi-Sha Zhang, Kang Chen, Xin Wang, Zhang-Jie Shi
J. Am. Chem. Soc. 2011, 133, 15244



Pyridine



Pyridine

Zhang-Jie Shi et. al., Angew. Chem. Int. Ed. 2012, 51, 2690



Pyridine

Zhang-Jie Shi et. al., Angew. Chem. Int. Ed. 2012, 51, 2690



Pyridine



Pyridine

26%

83%

Zhang-Jie Shi, Chem. Sci. 2012, 3, 1645
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Pyridine



Pyridine

Zhang-Jie Shi, Chem. Eur. J. 2012, 18, 16214



Pyridine

47% (61%) 57% (71%)47% (61%) 57% (71%)

Zhang-Jie Shi, Chem. Eur. J. 2012, 18, 16214
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Pyridine

Zhang-Jie Shi, Chem. Eur. J. 2012, 18, 16214



Pyridine

Zhang-Jie Shi et. al. Angew Chem. Int. Ed. 2012, 51, 9851



Pyridine
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Pyridine



Pyridine

Zhang-Jie Shi et. al. Angew Chem. Int. Ed. 2012, 51, 9851
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Phosphinite

Klaus Ruhland, et. al. J. Organomet. Chem. 2005, 690, 5215



Phosphinite



Phosphinite

Klaus Ruhland, et. al. Eur. J. Inorg. Chem. 2007, 944



Phosphinite



Phosphinite

[Biphen(OPCy2)RhCl]2[Biphen(OPCy2)RhCl]2 [Cy-1,2-CH2(OPPh2)RhCl]2

Klaus Ruhland et. al. J. Organomet. Chem. 2008, 693, 874

DFT study indicated the energy barrier for the cleavage of
the bridging C-C single bond is about 30 kcal/mol



Phosphinite Breaking‐Through!!

Klaus Ruhland, Organometallic, 2008, 27, 3482
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Phosphinite

Klaus Ruhland, Organometallic, 2008, 27, 3482Klaus Ruhland, Organometallic, 2008, 27, 3482
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Phosphinite

Klaus Ruhland, Organometallic 2011 30 171Klaus Ruhland, Organometallic, 2011, 30, 171
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I

Naoto Chatani, Yutaka Ie, Fumitoshi Kakiuchi, Shinji Murai, J. Am. Chem. Soc. 1999, 121, 8645
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Summary

•Milstein’s work not included 
•Stable Intermediate
• Compatible with various reactions
• Competition with C‐H activation can be controlled
β H li i ti ll f t• β‐H elimination usually very fast

• Removable directing groups and more target C‐C 
bonds undevelopedbonds undeveloped
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O 5 mol % RhCl(PPh3)3
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O
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O
EtH
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10 mol % 4-CF3-benzoic acid

50 mol % CyNH2
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