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Introduction

« Carbon-carbon bond and carbon-hydrogen bond activation

Ligand N-Heterocyclic carbene
» R
Co-catalyst 2-aminopyridine

o)
Catalyst [Rh(CoHa)Cll
g
TR

DG: directing group
R'/f /4 . j=H

Dong, G. et al. Nature, 2016, 539, 546.

« Carbon-carbon bond activation Suzuki-Miyaura crosscoupling

@) cat. Rh/Ligand H
Jj{' cat. amine R’ O
R R' + AI'—[B] - = Jk
H,0 ~..-R” TAr

Dong, G. et al. J. Am. Chem. Soc. 2018, 140, 5347.

Unstrained carbon-carbon bond can be
- transformed to carbon-carbon bond. .
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Introduction

Trost, B. M.; Dong, G. Nature, 2008, 456, 485.
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Introduction

postdoctoral studies

(o}
P I
R R
H—[Pd]—X [M]—H
X—[Pd] .
>_\ Oxidation Reduction /_/
R OH "

HX

PdX "
’ ideal system” [M]—X

R/= + H,0 R/_/O

HX: proton source

H

Dong, G.; Teo, P.; Wickens, Z. K.; Grubbs, R. H. Science, 2011, 333, 1609.

https://donggroup-sites.uchicago.edu/page/about-guangbin
5



Today’s Content

1. Overview of C-C activation
2. C-H activation
3. SMC (Suzuki-Miyaura coupling)



Today’s Content

1. Overview of C-C activation



Utility of C-C cleavage

« Late stage functionalization
— C-C bond is usually inert.

early stage late stage
> C-X, C O, > > C-C
reactive bonds unreactive bonds

« Total synthesis

— Quick construction of complex skeltones Frdom O coupiing]

allylic alkylation

i NN e |~
o — / T \ | %
cyclo- 3\~ Sy e Q | -
propanation M ;;a-witﬁg reduction/ 'S
reductive amination [2+2] cycloaddition

(-)-cycloclavine

| 10 steps, 30% overall yield |

Dong, G. et al. J. Am. Chem. Soc. 2018, 140, 9652. ’



Methodologies of C-C bond activation

Oxidative addition Bcarbon elimination
CIJ M M C M C—M
” ~ 14
C > C C \Q—Yxo >V%=Yx.n
Ph [ Ph
Me Me
[Rh(dppp),ICI B
" V4 Ph
mo H", \\\Ph PhB Pd(OAC)z, CS2CO3 . Ph v
20 o L 31“[Rh] Ph C\‘OH * FBM T chiralligand (L¥) m
24 A — 99% yield, 77 %ee
Ph 7 | B-carbon elimination
Me -HBr
H., wPh H., Ph
o \>> ~ " Ph Ll Ph i (? Pd(L*)-Ph Ph@
' 0 pialls Pd(L*)-Ph
|- me O mé O " (L)
32 B 33 34

Murami, M.; Ito, Y. et al. J. Am. Chem. Soc. 1997, Nomura, M. J. Am. Chem. Soc. 2001, 123, 10407.
119, 9307.



Methodologies of C-C bond activation

4 )
Oxidative addition
C M
& > c” ¢
\_ J

We mainly focus on it today.

(Prof. Dong’s strategy)

Bcarbon elimination

C—M

C M
W "=
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Difficulty of C-C bond cleavage

« Thermodynamic factor
— Unstability of products

(i) hydration of ethylene (if) hydration of ethane

AH = -20.1 kcal/mol
H-OH AG = -9.4 kcal/mol
Hsc_H
. P R
------- -- H,C—CH, H-on HO—CHi
""""""""" HsC—CHjs T
AH = +4.2 kcal/mol
— Weak carbon-metal bond AG = +3.7 kecal/mol
é - Cz \C
90 kcal/mol 20~30 kcal/mol x 2

11
Murakami, M.; Ishida, N. J. Am. Chem. Soc. 2016, 138, 13759.



Difficulty of C-C bond cleavage

 Kinetic factor
— Interaction between metal orbitals and C-C bond

(a) with a C—C bonding orbital

M
CF;\COO‘\O/' c‘% T R\COOQC """ ,
R/ \ A S
RR R
(b) with a C—C anti-bonding orbital
0 Q 0
R P - D=
\ N 7 \:‘/R \C —
@I @l A |\
7 \ RR R

Distortion of C-C bond is needed.
12
Murakami, M.; Ishida, N. J. Am. Chem. Soc. 2016, 138, 13759.



Driving force of C-C bond activation

« Aromatization (Only stoichiometric reaction)

Me, ,Me Me
f Ity (Me,COR((-FCeHIPY  KTIZX > we
- \/ Me |
t-butylethylene, 150 °C Ir 12h IrMeL,

2

Crabtree, R. H. J. Am. Chem. Soc. 1986, 108, 7222.

 Strained moIecuLchas

Ph
Me Me
[Rh(dppp),ICI
) 0
Yo L [Rh]
30 31
Ph ]
Me
>§ [Rh)
Ph " Ph
—[}Qh] © Me 0 Me 0

32 33 34
Murami, M.; Ito, Y. et al. . Am. Chem. Soc. 1997, 119, 9307.



Driving force of C-C bond activation

« Directing group

=
& [Rh(C2Ha)Cll; £t |
SN CH,=CH, 6atm) __/ , >N
100°C
R @] Ph Et @)
a7 ( R =Me, CHoPh,—1 ) |
OMe
[Rh] s Et A
| ) » [Rh]
[N 7 o oMy
Rh e | Rh
\ 0|, R=Bu I o)
R 2 H 2

Suggs, J. W.; Jun, C. -H. et al. J. Am. Chem. Soc. 1984, 106, 3054.
Suggs, J. W.; Jun, C. -H. et al. J. Chem. Soc., Chem. Commun. 1985, 92.
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Driving force of C-C bond activation

 Temporary directing group
O O

(15 eq.) r /\)J\ _~ Ph/\)K

¢ Bu
Bu Ph(trace) |

o L X 56
_/ (PPh3)3RhC| ” N57 e
+

2-amino-3-picoline (57) i Z
O 0 - 0 | _

150°C N H20 |

e s, " NN

tBu/\)J\ Ph/\)J\
56 58 (84%) 62 [Rh] o
= | yZ
|

NN
g = A [Rll:]—lg NN
“Me [Rh]—C.
Me
~ | \_\’Bu \ / \_\Ph
Z 60
N° NH, |
;r \N N =\
2-amino-3-picoline R Ph
\ / \|-| \Me
61

Jun, C. -H. etal. . Am. Chem. Soc. 1999, 121,1§80.



Short summary

« Carbon —carbon activation is a promising reaction for
organic synthesis.
— Late-stage functionalization
— Total synthesis

« But, it has difficulty about both thermodynamics and
kinetics factor.
— Unstability of products
— Weak C-M bond
— Interaction between metal orbitals and C-C bond.
 Therefore, some strategies for driving force were
developed.
— Aromatization
— Strained molecules
— Directing group
— Temporary directing group



Today’s Content

2. C-H activation

17



C-H activation type reaction

Carbon-carbon bond and carbon-hydrogen bond activation

O
Jj\ Catalyst [Rh(C2H4):Cll5
1 Ligand N-Heterocyclic carbene :
"‘**R » R — —R
Co-catalyst 2-aminopyridine 2
DG: directing group
R./{‘ y/, . it v

Dong, G. et al. Nature 2016, 539, 546.
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C-C bond cleavage of unstrained molecule

1 equiv. Rh(PPh,).ClI
0 Il ]
Toluene, reflux, 8 days
0
Ph ST Ph
Murakami, M.; Amii, H.; Ito, Y. Nature 1994, 370, 540.

 Low efficiency (8 days)

e C-C bond activation of unstrained molecule is
usually difficult.
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Temporary directing group

O

Me Catalyst [Rh(coe),Cl], /\)LM/\/\
| Ligand PCy, "By NN
N N + //‘nBu Toluene, 150 °C . or o

|
Then H*/H,O
@L} en 2 ”Bu/\)k/\”Bu

=2,3,5,70r10, 76%-89% vyield
n=0,9% vyield; n =1, 5% yield

Jun, C.-H.; Lee, H.; Lim, S.-G. J. Am. Chem. Soc. 2001, 123, 751.

n

 For stable 5 or 6-membered ring, low reactivity was
observed.

20



Problematic point

Reversibility of oxidative addition step

O M catalyst

0
Oxidative addition MJ\|
— _R

&“*R (

Reductive elimination

stable
o | M c.:atalyst_ . 0
Oxidative addition
{5 - oowy
-« M
Reductive elimination
unstable

Due to stability of cyclopentanones, thermodynamic
driving force is lacked.

21



Reaction design

O O
e E]J\ - Catalyst [Rh(C,H,),Cl,
H q R Ligand N-heterocyclic carbene} R—1L D In
Co-catalyst 2-aminopyridine
il B
- N\ T .
DG ) DG N N\
v N N DG N
Rh C-C Rh C-H
J“\ activation <R activation Rh R
H TR —~ ~
H /
\ ’ /...--'
' K R’
_R / A N B C ]

* Overall thermodynamically favored transformation

(AG =~ -6 kcal/mol)

Dong, G. et al. Nature 2016, 539, 546.
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Substrate scope

5 mol% [Rh(C,H,),Cl],

0
b 10 mol% IMes i Me  — Me
; 10 mol% TsOHH,0 @ Y 5 @\ NN
/R s ' - : “NZ O NH, Me - Me
4 50 mol% H,0, 1,4-dioxane, 48 h . 2 Me Me

Me - Me |
Condition A: 25 mol% C1, 140°c  1P~2% Lo Lcd IMes

1a-29a Condition B: 50 mol% C1, 150 °C Major Minor E

C1-C2 C1-C5

0 Para- substituted aryl
(0] (0]
MeO PhO Ph )‘\@
1b Me !
Sondition A ob Me 4b Me 5b Me 6b Me 7b Me 8b Me
56% (>10:1)
58% (1 mmol scale) Condition A Condition A Condition A Condition A Condition A Condition A, 43% (>10:1)  Condition A, 54% (>10:1)
Condition B, 73% (5.8:1)  64% (>10:1) 65% (>10:1) 75% (>10:1) 69% (>10:1) 64% (>10:1)  Condition B, 63% (>10:1)  Condition B, 71% (>10:1)
Me
Me 0
0 0 o o0 9 9 0 Me>ZL 0 9
NC L= 1
C\@ R@ F4C. : i @ Me”> HoN Me O‘B\(ij "o
9b Me 10b Me 11b Me 12b Me 13b Me 14b Me 15b Me 16b Me
Condition B Condition B Condition B Condition B Condition B Condition B Condition A Condition A
72% (>10:1) 82% (>10:1) 73% (>10:1) 66% (>10:1) 85% (>10:1) 53% (>10:1) 45% (>10:1) 66% (8.2:1)

Dong, G. et al. Nature 2016, 539, 546. 3



Substrate scope

Meta-substituted aryl Ortho-substituted aryl Naphthyl _§l_1_l?§_t_i§pgp_t_s__qg_gxg!gg_e_p_t_a_pgng_‘
0 0 0 { 0 0 g
J(iﬁ ©$ gﬁ “ L |
17b Me 18b Me Me Me o Me Ph
19b : 23a o 23b ;
Condition B Condition B Condition A Condition B Condmon A Condition B ; Condition A :
44% (63%) (3.0:1) 63% (>10:1) 70% (94%) (3.5:1) 42% (72%) (1.4:1) 74% (9.0:1) 53% (65%) (4.3:1) . n%eon o
z 0 i N i
ﬁ) - | ﬁ
i Me P
i Ph 24a 200 ME Me| | I 25a
; Pl dr=151
} Condition A, 73% (95%) (3.9:1) | |  Condition B, 30% (6.0:1)

Condition B, 72% (>10:1)

Dong, G. et al. Nature 2016, 539, 546. .,



Scope of 6-membered ring

5 mol% [Rh(C,H,),Cl], O @] .
15 mol% IPr : b ipr
]e 20 mol% MeSO,H . . T @ . P M\
5 100 mol% 2-amino-6-picoline i X, : oo N\__/N
20 mg 4 A MS Me ME L E P
h e P i -
X=CH,0orO 14 dioxane (1.0 M), 150 °C, 48 h E Me 30b-36b | | 'PrPr
30a-36a Condition C 30c-36¢ L kickooos IPr
C1-C6 C1-C2
0 (0} 0
Mem’\ Meom/\ F o
Me Me Me Me Me Me Me Me
30c 31c 32c 33c
34% (73% b.rs.m.) 32% 31% 28%
46% (67% b.r.s.m.) (76% b.r.s.m.) (68% b.r.s.m.) (66% b.r.s.m.)
0 "h};{gl}Li;;&' cyclohexanone
O, :
Me Me
34c $ 219%
(77% b.rs.m.)
14% <5% 36¢

Dong, G. et al. Nature 2016 539, 546.
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Asymmetric synthesis of terpenoids

O
Me 1. Asymmetric MeQB(OH)z
<

addition K
2. This method o 0O
Me 64% vyield (over two steps) 4 <:/[/
(R)-2b 93.3:6.7 e.r.
(94.5% chirality transfer)
Seven steps Three steps Six steps
from racemic 2b from (R)-2b from racemic 2b
Me _Me
I

Y

Me Mel Me
Me '

Me H
Me
Me
Erogorgiaene (R)-ar-himachalene (-)-heliophenanthrone

Dong, G. et al. Nature 2016, 539, 546.



Selectivity of C-C activation

X
Rh 9
cleavage C,-C, —
> o
major WM
0 J ¢
X
Rh o
cleavage C4-Cs ©:‘é
—>
- —
minor Me

X=N(2-pyridine)
Why cleavage is occurred at hindered position? .,




Calculation study

L L

S ‘

Rh< o

-
AG,, 3
T(AHSQI) L= QNYN@\
Me Me

C1

1a + C1-HCI

PH 41b + 1b
Gl 4b TS2 1a 1 Me 1c Me 61
-7.0)
C-C activation | C-H metallation | C-C reductive elimination | Protonation |
‘C1—02 cleavage (black line); C1-C5 cleavage (grey Iine)’

Dong, G. et al. Nature 2016, 539, 546. 5



Calculation study

a L L
Me __ Me ‘
AG,, N N -
(AH, ) L= N Rh— ¢
Me Me 6
Me Me
IMes L
. Rh/
Clil
1 L
p%;:nh/ |
2 4 a4b
<|3' L TS1
Y
Ph LN A 11.2 , 1a + C1-HC|
N (8.0) (

C1

1a + C1-HCI

PH 41b + 1b
1a 1ib Me ic Me 6.1
(-7.0)
C-H metallation | C-C reductive elimination | Protonation |

relatively low barrier = reversible Dong, G. et al. Nature 2016, 539, 546. 2



Calculation study

L

S ‘

Rh<

-
AG,
EEREE S S o8
Me Ne

-

, 1a + C1-HC|

PH 41b + 1b
a2 Cl 1a 1 Me e Me 6.1
-7.0)
| C-C activation | C-H metallation | C-C reductive elimination Protonation |
‘C1—02 cleavage (black line); C1-C5 cleavage (grey Iin;\
30

determine selectivity.



Calculation study

TS3 (favoured) TS4 (disfavoured)
AG* = 31.6 kcal mol™ AG* = 37.5 kcal mol™!

Steric repulsion between ligand and C5 methylene
group, due to six-membered rhodacycle.

31



Where is TLS (turnover limiting step) ?

« According to calculation study, C-H metalation
requires large energy.

* |s C-H metalation step TLS?

a L L
Me Me
AGq, N_ N -
(AHsoI) L= \/ Rh 6
Me Me L 6
Me Me 37.5
| 313.1)
IMes |

. (20.1) L
N 43 <

1

42b o o e
Rh 5 5 BN
a cl Ph | Ph PH Ve 41b + 1b
1a ic

0
L Me
Gl 41b TS2 42 Cl 1ib 6.1
(-7.0)
C-C activation C-H metallation C-C reductive elimination Protonation 312
« > | < > | < > | < »

«
C1-C2 cleavage (black line); C1-C5 cleavage (grey line)



KIE experiment

He L/
1a

0.1 mmol

+

D/
d5'1a

0.1 mmol

5 mol % [Rh(C,H,4)-Cl]»
10 mol% IMes
10 mol% TsOH*H,O

r o

25 mol% 2-aminopyridine
50 mol% H,0

1,4-dioxane (0.5 M), 140 °C
Condition A

2 h, Py/Pp =1.50 (<10% vyield)

4 h, Py/Pp = 1.44 (<10% yield)

12 h, Py/Pp = 1.17 (28% yield)

According to calculation study, If C-H metalation is a sole
turnover limiting step, KIE=4.3.

This result indicated s/low and reversible C-H metalation step

(C5 scrambling).

Both C-H metalation and reductive elimination are TLS?
Dong, G. et al. Nature 2016, 539, 546.



Reversible C-H metalation step

HD O HD O
]
D D )
3
D D 5 f
H/D H/D
Deuterium Reserved at the C5-Position Deuterium Lost at the C5-Position
c-C ‘ 1
activation
7 N
Dg—\ N DG N Y D(\:‘.: N
N DG N N DG N _
_Rh c-D \ protonation ¢)-Rh c-D \ protonation j-Rh
¢ activation D Rh C1-HCI activation D Rh C1-HCl
- C1-DCI H D - C1-DCI H
D D D 5
D D p P D D p H D
D D D

Dong, G. et al. Nature 2016, 539, 546. 3,



Deuterium labeling experiments

) Q 5 mol % [Rh(C2H4),Cll, D 56 O
10 mol% IMes D O recovery experiments O
10 mol% TsOH*H,O 2 .
_ 25 mol% 2-aminopyridine 5 3 629 Condition A _

/ 50 mol% H,0 6h >
D/ 1,4-dioxane (0.5 M), 140 °C, 48 h Dozs Np . CeDs CeDa.76H0.24
ds-1a Condition A 62% total yield (NMR) ds-1a 60% recovered

* 5 mol % [Rh(CyHy),Cl], Do gs O 0 O

10 mol% IMes D
10 mol% TsOH*H,0

__ 50 mol% 2-aminopyridine D

2 R b e
. 81% - Condition B .

’ 16 h
4 50 mol% H,0 5 CeDs CeDa4.50H0.50
D/ 1,4-dioxane (0.5 M), 150 °C, 48 h %% Dy asx0.02 ds-1a 48% recovered

ds-1a Condition B 81% total yield (NMR)

« C5 scrambling is consist with reversible C-H step.

* Unreacted reactants showed deuterium lost at phenyl group.

Dong, G. et al. Nature 2016, 539, 546.  i;



C-H activation type reaction

« Carbon-carbon bond and carbon-hydrogen bond activation

O 0
.léj\) Catalyst [Rh(CaH4):Cll
Ligand N-Heterocyclic carbene
¥ FR— ! » R | R

Co-catalyst Z-aminopyridine
DG: directing group

H
reductive elimination

& protonation

 Due to reaction design, driving force is obtained.

Dong, G. et al. Nature 2016, 539, 546. 35



Today’s Content

3. SMC (Suzuki-Miyaura coupling)



Suzuki-Miyaura coupling type reaction

« Carbon-carbon bond activation Suzuki-Miyaura crosscoupling

)

R)FR- + Ar—I[B]

] /*\

)J\/

cat. Rh/Ligand H
R O

cat. amine - J.k
H,O ‘«._-R” TAr

transmetalation
C-C activation

H+

reductive
elimination

Dong, G. et al. J. Am. Chem. Soc. 2018, 140, 5347.
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SMC (Suzuki-Miyaura coupling)

Q- + Orm Mot
C-X bond activation

Q- Q=& Q- Qo

Ar-X
Ar-Ar M(n)L,,
oxidative
addition
reductive
elimination Ar
LnM(n42)
traditional \x
/Ar SMC
LnM(n{Z) X-BX',

Ar'

transmetalation

Ar'-BX', 39



C-0O or C-N bond activation

e C-O bond activation

i Pd(IPr)(cinnamyl)CI O
+ ArB(OH), -
S Suzuki-Miyaura R~ Ar
Catalytic C-0 Coupling

bond cleavage

Houk, K. N.; Newman, S. G. et al. J. Am. Chem. Soc. 2017, 139, 1311.

« C-N bond activation _ ..c.irne.

e
- @ (HO)B. KsPO,4nH0 or CsF H‘@
T + LI - ~
o, | —R ] =%
- 1,4-dioxane, 130 °C R
o . C3n

Ar =40 examples

/
M9 OveP—ro- (IR
Pr...
iPr Pr
MeO
via oxidative addition of Ar-NO,

Sasaki, S.; Nakao, Y. et al. . Am. Chem. Soc. 2017, 139, 9423.

40



C-C bond activation

« Strained molecules

i cat Rh()-P(tBu), 1
+ ArB(OH), -
\ Cs,CO, Ar
o . H
dioxane, 100 °C

O
Murakami, M. et al. Org. Lett. 2004, 6, 1257.

« Quinoline type

R__O  Rh(PPh,),Cl A 0 Ar___O
ArB(OH), R” |
N N N
E - 7 —_— 7z
Cul, K,CO
N s T2 3 A A
Xylene, air, 130 °C

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

C-C bond activation SMC is developed not so much. "



Catalytic cycle

éss

X
Protonation Rh'-X C C Activation
Me
Transmetaf!atron | N
P
N
\ Rh'-Ar L/
| RhY,
o
N N
C-C Activation 59

\ Ar—B

Transmetallation

Reductive elimination
Rhlll B-X
C SAr

60
Dong, G. et al. J. Am. Chem. Soc. 2018, 140, 534742



Optimization study

6 mol% [Rh(CH4)2Cll: '/- standard conditions

114 mol% €IMes, 45 mol% C1: o

20 mol% TsOHH,0 M Me

. 25 mol% ethyl crotonate p-Tol
Ta fb s HO, MeTHF .. : 1c
Entry Variation Yield (%)® | Entry Variation Yield (%)®
1 None 68(67)° : 10 C4 instead of C1 19
2 w/o [Rh(C;Ha):Cll, 0 o1 C5 instead of C1 11
3 wio C1 0 L12 C6 instead of C1 67
4 wio TSOHH,0 2 D13 C7 instead of C1 0
5 w/o Me|Mes 7 Lo 14 IMes instead of Me|Mes 58
6 w/o H,0 20 15 ICy instead of Me|Mes 41
7 w/o ethyl crotonate 59 ©16 IMxy instead of Me|Mes 61
8 C2instead of C1 19 i 17 130°C a6
9 C3 instead of C1 <1 18 1.5 equiv. 1b 56
o Me
p-Tol—B’oj p-ToI—B’O:><ME p-Tol—8, iMe p-Tol—B(OH),
1b1 O 12 0~ Me 163 07\ M 1b4
Entry 19, 65% Entry 20, 47% Entry 21, 14% Entry 22, 10%

Me Me Et Me
~ = ~
N7 NH, N "NH; Me N” |.,||-|2I ~ N° NHp N° 'NH, NH,
N~ "NH;
c3 c4

Cc1 Cc2 C5 Ccé Cc7
Me Me
Me Me Me >=( Me _
" \?,/ - MES"N\/N‘MES MeO " OMe .
h Me Me

IMes MejMes

Meimxy

43
'Bong, G. et al. J. Am. Chem. Soc. 2018, 140, 5347.



Scope of Arylborates

i} @3’\ e Y Ok N @J‘L /@ O

e e . % * Strain cyclobutane
1c-29¢ Entry 1,67%  Entry2,65%  Entry3.3c,58%  Entry4,64%  Emy5.64% ring jg remained
“ O GO O O
6¢c MeO 7c PhO MeSi oc Ph 10¢ F4CO 11c
Entry6,60%  Entry7,55%  Entry8.47%  Entry9.45%  Enty10,51%  Eny11,43% Various functional

groups which are

/@?a /@k M‘-'\@i'a MO %  Ph w F +« useful in cross-
FiC 122 F 13¢ 14c 15¢ 16¢ 17¢ coupling are

Entry 12, 35% Entry 13, 56% Entry 14, 64% Entry 15,61% Entry 16, 45% Entry 17, 43% tOIerated

(Entry 9, 13, 18, 20)

O, ooy L AL
F
18¢ 19 U 21c e T ove ** Ortho-substituted

Entry 18, 32%° Entry 19, 29%  Entry 20,31%  Entry 21,53%  Entry 22, 60% Entry 23, 53% SUDStrates are
% difficult.
Q PN X Q"&: X MO A\ %
0
o ¢ 25c  MeO 26 O 27c F 28c MeO 29¢
OMe Me F Me OMe
Entry 24, 52%  Entry 25, 42% Entry 26, 47%  Entry 27, 52% Entry 28 56%  Entry 29, 46%

Dong, G. et al. J. Am. Chem. Soc. 2018, 140, 5347.



Scope of substituted cyclopentanones

0 0 Me
major ‘I? minor A N Me /@ o~ Me
*(J° Me/© s0c1 e Me 30c2 The site-selectivity slightly favored
me’ Entry 30 : - :
¢, 50% yild, 3061:3062 - 1.4 the more sterically hindered side.
0 O Me
major 1? minor N Me /@ N ~Me
2¢7 N5
)— Me/© 31¢1 Me Me 31c2
Et oy Entry 31
42% yield, 31c1:31c2 = 1.6:1
o o] O Mes

major 1f| minor

27 N\5 A~ Me AA_Me
es
= - Me 32¢1 Me 32c2

//Me Entry 32
Me T 4a 50% yield, 32¢1:32¢2 = 1.6:1
0
&N Noo Ts—N =0
Meo:u 5a 6a Ta
l Entry 33 Entry 34 l Yy ¥
a 0O
o
) Me
A~ Me NN . \__,
Ve 33c CO,Me ,@ N7
Me e Me 35€¢ T1s

45
26%, r.r. > 10:1 28%, r.r. > 10:1 20% Dong, G. et al. ). Am. Chem. Soc. 2018, 140, 5347.



Scope of 1-indanones

exclusive o)

Ve FaH Me
) |
@ Entry 38 I*-fr-v”“n/g First example of C-C

3¢ o 3 activation of 1-indanone is
40% (78% brsm) Entry 37,61% (88% brsm)  qchieved.

O 38c O 39
Entry 38, 64% (79% brsm) Entry 39, 41% (76% brsm) Entry 40, 24% (73% brsm)
major
ml';;Cé Entry 41 W/:I/\(@/ /@/lL
O

62% (1.8:1)

b o L0
b ; O 44 F O 45c

Entry 42, 47% (51% brsm) Entry 43, 75% (86% brsm) Entry 44, 72% (86% brsm)
_\ @r
\_‘!’y’ ~ \'\’_/ )\\/\\/ Me
F o 46
Entry 45, 66% (86% brsm) Entry 46, 70% (83% t:rsm) Entry 47, 74% as% brsm)
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Scope of acyclic ketones

Entry 48 R = H, 29%, 85% brsm
exclusive o Entry 49, R = 4-OMe, 24%, 86% brsm

Entry 50, R = 4-F, 42%, 91% brsm
Entry 51, R = 4-CF5, 41%, 82% brsm
Entry 52, R = 4-Ac, 50%, 88% brsm

Entry §3, R = 3,4,5-tri-F, 50%, 81% brsm

c
16a-22a 42c Entry 54, R = 3-CF3, 53%, 88% brsm
0 0 O
o)
A Me Me Me
Me” Me e a2c O 16 7 o a9c
23a
Entry 55, 43%° Entry 56, 39%° Entry 57, 42%°
O
Nt oy
[ ) 24a 1
major
. 23% (2.8:1)°

Even acyclic bond can be activated.
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Synthetic utility

» Deriatization of natural product

Me 9

O

Ketone SMC

23a
Me Me
Ketone SMC

F 15a

O
51c, 41% vyield, 78% brsm

« Scalability and chromane synthesis

B. Ketone SMC

Cross

0O
p_T°|_B: :> F H 1. NaBH4 or
0 MeMgBr
= p-Tol ——
_ 2. NaH
F O

Gram-Scale 44c, 65% yield, 0.85 gram

coupling standard conditions
F \ SNAT
15a
5 mol% Ni(acac),
_ 5 mol PO ligand
Ph O mePTo! | =775 equiv. PhMgBr
Et,0,rt., 1h

54, 85% yield (from 53)

F@\p—ﬁwl -

52, R = H, 98% yield
53, R = Me, 95% yield
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Mechanistic insight

Alternative pathway?
Rh. B-carbon
j Rh-Ar s elimination M
/I_I\ -------- > /]<Ar ---------- - /IJ\ + Rh-R'
R™ "R BT 7 R™ TAr

cf. Murakami, M. et al. Org. Lett. 2004, 6, 1257.

-Tol OH
P10 without 1b R e T T T TN |
: O '
55 '

p-TOI N "

E standard |_, -/ !

N| P conditions _ 1c :
Me 56, 99% ylEld ' NOT observed E

p-Tol T
G without C1 and 1b
57

« B-carbon elimination pathway is denied.

49
Dong, G. et al. J. Am. Chem. Soc. 2018, 140, 5347.



Suzuki-Miyaura coupling type reaction

0 cat. Rh/Ligand H
J#" cat. amine R’ O
R R + Ar—[B] : > Jk
\ ; H,0 ‘«._-R” MAr
transmetalation N
C—-C activation H
B /*“\ ] -
reductive L
)J\ ,/ elimination / N
Rh—ar ~ Rh N

 Even 5§ or 6-membered ring and acyclic bond can be activated.

Dong, G. et al. J. Am. Chem. Soc. 2018, 140, 53475‘0



Summary

« Achievement

— Unstrained (5, 6-membered ring or acyclic) C-C
bond can be cleaved.

— C-H activation and SMC

* Future perspective

— Harsh conditions (Application to complex
molecules is difficult.)

— Mainly for ketone substrates



