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Introduction: Background of C-C Bond Cleavage
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C-C Bond Cleavage:

%< To Find Its Fundamental Scientific Interest and«Potential
S Ability in Organic Synthesis

= %< To Reduce the Pressure of the Energy Crisis and Enviro
-mental Pollution |
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C-C Bond: Thermodynamic Stability

~ Introduction: Background of C-C Bond Cleavage

}< To Increase the Energy State of the Starting Materials

< To Lower the Energy State of the C-C Bond Cle ",ed

To Relieve Ring Energy
To Induce Aromatic Stabilization

Complexes
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To Form Stable Metallacyclic Complexes A

Transition-Metal-Mediated

/

Reference: 2

FENE 2o A G4

SHANGHAI INSTITUTE OF ORGANIC CHEMISTRY, CAS

SR




p—

Jerem——

Bond Formation
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}( Several Factors Favor C-H over C-C Bond Activation

(90 kcal/mol)

C-C Bond Activation

/

Reference: 3

- Introduction: Background of C-C Bond Cleavage
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C-C Bond Activation
(Oxidative Addition)

C-C Bond Formation
(Reductive Elimination)

VS

C-H Bond Activation
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}( C-C Bond Activation is Thermodynamically Much Less Favored than the C-C

(20-30 kcal/mol
per bond)
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- Itroduction: Background of C-C Bond Cleavage
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C-C Bond Cleavage: Chelation Assistance
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Stoichiometric Reactions

Catalytic Reactions
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- Strategies for Unstrained C-C Bond Cleavage of Ketones

- Metal-Organic Cooperative Catalysis (MOCC)

(Ph3P);RhCI (5 mol%)

== (o) - T o
— ‘B 2-amino-3-picoline (100 mol%) Ph
)%«',\,/\Ph - ﬁ ! > )J\/\tBu 9 —/
— toluene, 150 °C, 48 h
93‘/ 84% trace
Jun, C. H. 1999
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- Metal-Organic Cooperative Catalysis (MOCC)
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Cyclometalation Models Hydroiminoacylation of Olefin with Aldimines
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"~ Hydroacylation of Olefin with Aldehydes

ez
(Ph3P)3RNhCI (5 mol%)
e j ) " R 2-amino-3-picoline (20 mol%)
< — -~
- Ph”“~H
o{ toluene, 150 °C, 24 h
e R= alkyl or aryl

- Strategies for Unstrained C-C Bond Cleavage of Ketones

Hydroimination
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- Metal-Organic Cooperative Catalysis (MOCC)
— )J\;\Ph
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Strategies for Unstrained C-C Bond Cleavage of Ketones

{RhCI(C,H,),}, (5 mol%)

e @E \S PhMe, 130 °C, 48 h
o 7/

Py

Me
oot Douglas, C. J. 2009
condition condition condition condition
substrate yield a substrate yield a substrate yield a substrate yield a
A A B A
94% 81% 25% 93%
o/\A
JE—
A A (03 A
b
82% 80% 75% 63%
J—

Me

4|solated yield after chromatography with SiO,. b Reaction stopped after 24 h. ¢ Condition A: 5 mol% {RhCI(C,H,),}>, PhMe, 130 °C, 48 h.
Condition B: 5 mol% Rh(OTf)(COD),, PhMe, 130 °C, 24 h. Condition C: 10 mol% RhCI(PPh;);, PhMe, 130 °C, 24 h.
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Strategies for Unstrained C-C Bond Cleavage of Ketones

95% Douglas, C. J. 2009

condition

substrate yield a

\ B-H elimination /

C-C activation step is e
slower: electron donation 10%  75%
from the 2-amino group

4|solated yield after chromatography with SiO,. ¢ Condition A: 5 mol% {RhCI(C,H,),},, PhMe, 130 °C, 48 h.
Condition B: 5 mol% haTf)(COD)Z, PhMe, 130 °C, 24 h. Condition C: 10 mol% RhCI(PPh;);, PhMe, 130 °C, 24 h.
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6%$f¢' Johnson, J. B. 2011
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Strategies for Unstrained C-C Bond Cleavage of Ketones

RhCI(PPh;); (cat.)

>

PhMe, 130 °C

Johnson, J. B. 2011

12C /13C Kinetic Isotope Effects / s1 P1
/ \ PPh, / RhCI(PPh;); \PPh:,,
0.998(5) Me
(o)

resting
0.999(4) state

1.002(6)

1000 N\ 1.002(5)
(assumed) Me ~ 4 .002(4)
(o} e 1.003(5)

1.028(4)
1.027(5) \
1.026(5) turnover-limiting
step 5

/ ©°\/l\

AH*= 27.8 + 1.0 kcal/mol [Rh] e [Rh]
AS*=-4.3 t 2.4 eu.
/

15 Reference: 15 ¥R 2L AR NN

SHANGHAI INSTITUTE OF ORGANIC CHEMISTRY, CAS




Strategies for Unstrained C-C Bond Cleavage of Ketones

[Rh(C,H,)Cl], (cat.)

. PhMe, 130 °C
oﬁ\“i Johnson, J. B. 2012
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/ Rate Law \ / Activation Parameters \
d[s1] AH*= 28.4 + 1.3 kcal/mol

_ - 1 1 - — e
T k[Rh]'[S1] k=17.59+102 M 1s~1 AS*=-26.4 + 2.6 eu.

12C/13C Kinetic Isotope Effects Alkene Substitution Effect

0.999(4)
1.001(4)

N 1.001(5)
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o L 1ot

1.001(4) PhMe, 130 °C

1.012(4)
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1.016(5) / k= 2.62+102 M-s"
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The Energy Barriers to C-C
Bond Activation and Alkene

- S‘Erateg’ies for Unstrained C-C Bond Cleavage of Ketones

[Rh(C,H,)CI], (cat.)

Insertion are Quite Similar

(for non-Me alkenes)
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o Alkene Insertion
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S‘trategfes for Unstrained C-C Bond C'eavage of Ketones f
i Chelation

Assistance
|

[Rh(cod),]OTf @ N7 {RhCI(C,H,),},
- + >
THF, 100 °C @ O  PhMe, 130 °C

/°H

{

C-C activation d C-H activation
50% 79%

Douglas, C. J. 2009

C-H Activation is More Favorable than C-C Activation
Kinetic Consideration: _—:
><The Generally Easier Approach ohf,\,the Metal Center to C-H Bonds
< The Higher Activation Energy for :the Insertion of Transition-

Metal Atoms into C-C Bonds N
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- Strategies for Unstrained C-C Bond Cleavage of Ketones
BAS - X
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C-C activation
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(x) C-H activation
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Douglas, C. J. 2009

C-H Activation is More Favorable than C-C Activation
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C-H Orbital Directionality /
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- Strategies for Unstrained C-C Bond Cleavage of Ketones
BAP -
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pe= Ph =0 = + 5
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— /°H

C-C activation (x) C-H activation
50% 79% -

Douglas, C. J. 2009
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C-H Activation is More Favorable than C-C Activation

Thermodynamic Consideration: I
}<The Higher Bond Dissociation En
}(The Generally Consnderably nghqr Strengths of M-H Bonds

rgy of C- C Bonds
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- S‘Erateg’ies for Unstrained C-C Bond Cleavage of Ketones

4
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[Rh(cod),]OTf {RhCI(C,H,),},
Ph =0 = .
B —H THF, 100 °C PhMe, 130 °C
/ S \
— | P =]
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p— Ph/ | o X/ l \H —1
= @ C-C/Bond. Activation
VS
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~ Strategies for Unstrained C-C Bond Cleavage of Ketones ;
— R 720 g‘A
S— 0=< ’ [(CO),Rh(acac)] (5 mol%) R
N — - N . ‘
s [ =, PhCl, 140 °C, 8-24 h [ N\
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— shi, 2.J. 2012
o i Rhodium Complex is the Catalytic
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- Strategies for Unstrained C-C Bond Cleavage of Ketones

N ;"‘
— \ ' Chelatio
— R 720 A
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N "/_ >
H— % PhCI, 140 °C, 8-24 h (_
— R2\— 7R R1

Shi, Z.J. 2012
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Strategies for Unstrained C-C Bond Cleavage of Ketones

L\ BOH,  [Rh(PPhy),CI]
. 2R -
= K,COs, Cul,

xylene, air, 130 °C

N
—
N
0~ "Ph o)
[

(Ph3P);RhX]

b X
Rh N

ppnrh 2 PPh, } WX
B(OH); 3 Rh . ve [Rh(PPh;);Cl],
+ X~ PPh; K,CO;, Cul,

Ph(OH), Ph(OH), xylene, air, 130 °C
+ OH"

YO C
+ X~ N/
+ +
) CINE
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molar ratio of P1: P2=1: 0.9
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[Rh(COD)CI], (2.5 mol %),

/

X j\ ) dppf (6 mol%)
1 /be\ PhCl, reflux
R R?
p—
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R'———=—R? 17N R2
[Rh(dppf)Cl],
i— or
Step 4: Rh(I)(CO)L,,
Reductive Elimination
(of0)
—— Step 1:
Ligand Substitution
m— O
(,:O
k- R'——Rnh(lll)—=—R?
Rh(I)
Step 3: Step 2:
== Decarbonylation C-C Activation
- (Oxidative Addition)
Rh(III)
[ — R1

—/\*'
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RhCI(PPh,),

Rh(CO)CI(PPh,),
unreactive

R'—

\ Miiller, E. 1969/

Bidentate Phosphine Ligand:
To Accelerate CO Dissociation and
Reductive Elimination

— R?2
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- Summary and Outfook == —
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ChQ’Oﬂo ‘
/Assistancm

The Appropriately Located Coordinating Group Attracts
The Metal Complex in Proximity to the C-C Bond to be
Cleaved and the Stable Metallacycle is Formed.

Further Development of New C-C Bond Cleavage Reactions in this Field
will be Expected to Explore New Catalytic Systems with Inexpensive

Transition-metal Catalysts, under Mild Conditions,

Sustainable Oxidants, and with a Wide Substrate Scope.
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