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Why Ruthenium???

Reason 1: Previous group seminar topics.

m Presenter
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Rh Alpay, Huang, Rachel, Brandon
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Ir Wallace, Hayemin and Momo

Reason 2: The papers we have published.

m Papers published

Pd 1 JACS and 1 ACIE
Rh 2 JACS and 1 ACIE
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The price for metals on Dec. 7, 2012
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Y% Question 1

Four different mechanisms for C—H activation

oxidative addition

H | H
H 270 -
i LM + oo LM—1 —— L”M“F:e — LnM\R Low valent late-
transition-metals
o-bond metathesis
’RI H ]/Rl\\ i R'
W LM+ n LM, . -H - LMo Early transition metals
electrophilic substitution
® X X ® )
(i) LM +R".' . LM H —— LM+ |1|X High valent late-
R R ..
® transition-metals
base-assisted metalation R
ok A
Rl
Jo, o< 070 ,
(iv) LM Tg + g—» LM, O — LM H High valent late-
RN R .y e
R--H transition-metals




Ru(0) catalyzed C-H activation (1, 2, 3, 4)

1. Seminal paper

@
éjk RuH,(CO)PCys)p _ @(ﬁo
R

l toluene, reflux

R
[Ru]©® <
/

N

Ru(0) Ru(ll)

~_

Murali, S.; Kakiuchi, F.; Sekine, S.; Tanaka, Y.; Kamatani, A.; Sonoda, M.; Chatani, N. Nature 1993, 366, 529.



Ru(0) catalyzed C-H activation

2. Catalysts prefer their own directing group.

o NBu
Sl(OEt)3
+
Ru3(CO)12 RuH,(CO)(PPh3);
5h
toluene, reflux
(EtO)Si
o)
N'Bu
. N'Bu
(EtO)3Si 100% 96%

tBu

Megsl/iiiiSI(OEt)gg 750

Kakiuchi, F.; Sato, T.; Tsujimoto, T.; Yamauchi, M.; Chatani, N.; Murai, S. Chem. Lett. 1998, 27, 1053.



Ru(0) catalyzed C-H activation

3. Alkynes also work

O

Me3Si
M
N eo
R—=——SiMe;

-
-t

RuH,(CO)(PPhs);

toluene, reflux
83%

'Bu._O _SiMe,

Y

a) Kakiuchi, F.; Uetsuhara, T.; Tanaka, Y.; Chatani, N.; Murai, S. J. Mol. Catal. A: Chem. 2002, 182, 511.
b) Kakiuchi, F.; Tanaka, Y.; Sato, T.; Chatani, N.; Murai, S. Chem. Lett. 1995, 679.

4. How to generate Ru(0)

RuH,(CO)(PPhs); Hy

RUHCI(CO)(PPhs)s

[RuCl,(p-cymene)],

or
RuCl,

base




Ru(ll) catalyzed C-H activation
1) Arylation

The first example was reported by Oi and Inoue in 2001. Using ary! halides as
both arylation reagents and oxidants.

Br  [RUCl(CgHg)l - 2.5 mol% O O

Aemm YOO LT
C L ¢
S |

= IN K,CO3, NMP, 120 °C, 20 h

N
PhBr (1 equiv)/ KoCO3 (2 equiv) 71% 11%
PhBr (3 equiv)/ Ko,CO4 (6 equiv) 0% 77%

Oi, S.; Fukita, S.; Hirata, N.; Watanuki, N.; Miyano, S.; Inoue, Y. Org. Lett. 2001, 3, 2579.



Ru(ll) catalyzed C-H activation

1) Arylation

Ar-Br

Ar—Ru'V-Br
8

Oi, S.; Fukita, S.; Hirata, N.; Watanuki, N.; Miyano, S.; Inoue, Y. Org. Lett. 2001, 3, 2579.



Ru(ll) catalyzed C-H activation

1) Arylation

N "R 4 PPh; (10 mol%)
+ Ar-Br
K,COj3 (1 mmol), NMP
120 °C, 20 h
OMe
R=Me 0%  (81) (19)
Yield mono:di
~ _Ar Br _
@/\Nf ©’ 1.2 equiv 52% 10:90
3 equiv 92% 0100
Br
. 85 100:0
A Br
-~
N /©/
74 100:0

Ar = 4- MeO-CgH,

Oi, S.; Ogino, Y.; Fukita, S.; Inoue, Y. Org. Lett. 2002, 4, 1783.

i Ar Ar
[RUClx(CgHg)lz - 2.5 mol% N /£ R



Ru(ll) catalyzed C-H activation

1 1 1
1) A ry I at I O n R 2 [RUC'Q(CGHs)]z - 2.5 mol% R 2
X R PPh; (10 mol%) X R
| + Ar-Br ~ |l e ©)
~N K,CO3 (1 mmol), NMP =N Ar
120 °C, 20 h
H H H
100% 86% 85% OMe 86%  CF,
xR
T R | o
| N Ar =N
o
[RuX, 5 _Pd- X-Pd X-Pd
\, LS R2 _ATPAX Ar ]
HX R H — Rt H
R? rZ TAr

| H
R X R |
| T | _N---RuX - X-Pd-H 1 AT
/N--—-[F‘aux2 ; - R’ﬁ/

. 2
Ar-X '

13
Oi, S.; Sakai, K.; Inoue, Y. Org. Lett. 2005, 7, 4009.



Ru(ll) catalyzed C-H activation

1) Arylation

D [RUCh(CeHg)l, - 2.5 mol%

Ry + | > !
Z R1// NMP, K,CO3 (1 mmol)
XY = N/O/S 120°C,20h
N

N

D
N

\ N
S

Oi, S.; Sasamoto, H.; Funayama, R.; Inoue, Y. Chem. Lett. 2008, 37, 994.



Ru(ll) catalyzed C-H activation

1) Arylation

-
|
N"  + HetBr
= Het =
[RUCL,(CsHe)lo - 2.5 mol%, 4 PPh | |
- N° + N (12)
K,CO3 , NMP
120 °C, 20 h Het Het
0
% /
- =
Equiv of HetBr N . > |
) N
d
B63%
1.0 — 71 S / \ b
90% 9
22 % 99% 93%

Oi, S.; Funayama, R.; Hattori, T.; Inoue, Y. Tetrahedron 2008, 64, 6051.



Ru(ll) catalyzed C-H activation

1) Arylation

Ar'N Me @) Me

R

O~__Me

Me

a) [RuCl,(p-cymene)], - 2.5 mol%
(Ad,P(O)H) - 10 mol% Ar
+ Ar-Cl > (19)
K,CO;, NMP, 120°C, 16-24h
b) 1N HCI (aq), 3h

75% 79%

O-__Me

0]
O Me OMe
O OEt [

Ackermann, L. Org. Lett. 2005, 7, 3123.




Ru(ll) catalyzed C-H activation

1) Arylation

FG OH
D
LRSS

Me—@—i-Pr

Ru:10 FG ¢

e =2
MesCO;” \ R
O)\ Mes 5mol% | N X
p- TsCl, K,CO4 /
H,O or PhCl or neat R’

100°C - 120°C, 18h

OMe 78%

Ackermann, L.; Pospech, J.; Potukuchi, H. K. Org. Lett. 2012, 14, 2146.



Ru(ll) catalyzed C-H activation
1) Arylation

CV3|T Cl

_ (Fl\’fl:CHPh _
+ ArCl A

H r
— K,CO3, NMP, 120°C, 22h —

R R? R'" R?

RN | =

| =N F ~N

N

H NS

Ph OMe

92% 62% 64%

Ackermann, L.; Born, R.; Alvarez-Bercedo, P. Angew. Chem., Int. Ed. 2007, 46, 6364.



Ru(ll) catalyzed C-H activation

1) Arylation

=N Cl N

=
RuCl. xH,0 - 5 mol% —-R?
A [RuCl;z xH; mol% R s (54)
| N 2 K,CO3, NMP, 120°C, 20h
=N o EtOC i N . CO,Et ,N
cone
55% 94% 7%

(a) Ackermann, L.; Althammer, A.; Born, R. Tetrahedron 2008, 64, 6115.
(b) Ackermann, L.; Althammer, A.; Born, R. Synlett 2007, 2833.



Ru(ll) catalyzed C-H activation

1) Arylation-—-Mechanistic studies

@1

’ CI CHZCN NCMe)
2 KPFg N
NaOH |
45°C =

Fernandez, S.; Pfeffer, M.; Ritleng, V.; Sirlin, C. Organometallics 1999, 18, 2390.

R B ﬁ N
=
Cl \( N~
,\/'3”\/ > CI\\Ru/
Cl Ill’/ CI//
H
A B
N ﬂ SN
N~ =
CI\R u/ CI>3U/ o CI\R/
Cl// \: CI Il” CI
O‘-H’ r'H H\
/& O (@] H
~
0 e H @]
\O 0 O
C D E

Dixneuf, P. H. and et al. J. Am. Chem. Soc. 2008, 130, 1156.



Ru(ll) catalyzed C-H activation
2) Allylation

| R [RUCly(cod)], - 5 mol%
X N PPhs (10 mol%
RE y + )\/OAC 3 ( °

xylene / 2-picoline (10:1)
KoCO3 (1 mmol)
120°C, 20h

86 : 15

82%_FaC SN

/XOAC ——
AN

Oi, S.; Tanaka, Y.; Inoue, Y. Organometallics 2006, 25, 4773.



Ru(ll) catalyzed C-H activation

2) Allylation
TN /Cp* OTf
Ru=——=Ru
X ‘PrS/’|/\l"~§Supr (5 mol%)
Cl
QR +Ar”"0H 0 .
R' 100°C, 1h, Toluene

, R
R
Ar X . /X
WR %\/(17)
R Ar

2% 75 : 2 9% 72: 4

Onodera, G.; Imajima, H.; Yamanashi, M.; Nishibayashi, Y.; Hidai, M.; Uemura, S. Organometallics 2004, 23, 5841.



Ru(ll) catalyzed C-H activation

3) Alkylation with alkenes

@)

NN
N/
/

4

N _N

/

TR gk g @l

TpRu-R(L)(NCMe)

1
@u ‘R + CeHs l - <Ru“-CeH5
R-H
~CH
H CeHs = (Ru" CeHs
CeHs

Foley, N. A; Lail, M.; Lee, J. P.; Gunnoe, T. B.; Cundari, T. R.; Petersen, J. L. J. Am. Chem. Soc. 2007, 129, 6765.



Ru(ll) catalyzed C-H activation

3) Alkylation with alkenes

R2 R2

| RuCl; (1 - 20 mol%)
N SN AgOTf (2 - 40 mol%) . q S (69)
R . R - R
F X DCM, 60°C -70°C = X
X=C,NR,O
82% 92% 63% :

RuCl; (1 mol%)
MeO X AgOTf (2 mol%)

DCM, 60°C, 4h

99%
Youn, S. W.,; Pastine, S. J.; Sames, D. Org. Lett. 2004, 6, 581.



Ru(ll) catalyzed C-H activation
3) Alkylation with alkylhalides

FG [RuCl,(p-cymene)], - 2.5 mol%

1-AdCO,H - 30mol% Ry
| N * Ray—Br ~ i
L KzCOs NMP, 100°C, 20h 347

R1
| = | N N X
ZN ~N | ZN | ZN
nOct nTetradec Me
Me
Me

80% 80% 51% 57%
Oh
89% 87% 43% 6%

Ackermann, L.; Novak, P.; Vicente, R.; Hofmann, N. Angew. Chem., Int. Ed. 2009, 48, 6045.



Ru(ll) catalyzed C-H activation

3) Alkylation with alcohols

[RUH(CO)(PCy3)(CeHg)IBF 4

R1/\\/H + RZVOH > R1/\/\R2 (81)
CH,CI, or PhCI
- H,O
OMe O OMe
: ,Et O . .. /
90°C, 6h, 88% 75°C, 5h, 91% 75°C, 4h, 87% 90°C, 5h, 71%
9 O~ O~
25°C. 3h. B6% 90°C. 3h. 87% 75°C,2h,95%  90°C, 2h, 94%

e O

110°C, 8h, 71%

geraniol
Lee, D.-H.; Kwon, K.-H.; Yi, C. S. Science 2011, 333, 1613.



Ru(ll) catalyzed C-H activation

3) Alkylation with alcohols

(-)-16, 57% (28% rsm) (+)-17, 81% (11% rsm) (-)-18, 84% (7% rsm) (-)-19, 73% (12% rsm)
conditions: 90 °C, 6 h conditions: 90 °C, 6 h conditions: 90 °C, 4 h conditions: 90 °C, 5 h

H,CO
HO N_/ ArCH,OH  (HO m% HO G
110°C,6 h e ."N
—_— ~

MeO X MeO
|O~ O
P

N
(-)-quinine )-20, 58% (24% rsm) (-)-sinomenine (-)-21, 62% (21% rsm)

27
Lee, D.-H.; Kwon, K.-H.; Yi, C. S. Science 2011, 333, 1613.



Ru(ll) catalyzed C-H activation

3) Alkylation with alcohols

L R'CH,OH .
G T ~[Ru]—\
CeHs, PCys 20 R Iy 'XR

Hzoﬂ [Ru] = Ru(CO)L Kj.
L = alk icohol
alkene, alcoho R/\/\R'

OH
@ |
| @) BF,&9 H [,R|U] —~ [RU]
~-RuZ REN =N 23
H d F’Cy3 R R

Lee, D.-H.; Kwon, K.-H.; Yi, C. S. Science 2011, 333, 1613.

28



Ru(ll) catalyzed C-H activation

3) Alkylation with alcohols

OH OH
H [RuH(CO)(PCy3)(CgHg)IBF 4 - 1 mol%
| ~ + 27 > A R2
R1_| R OH Toluene, 100°C, CgHg (10 mol%) R1_:@/\
_HZO \
OH OH OH C5H8
0]
MeO MeO MeO

8h, 95% 8h, 88% 6h, 91%
OH OH OH
h [
e i
MeO cl
8h, 92%, 6h, 91% 10h, 88%

Lee, D.-H.; Kwon, K.-H.; Yi, C. S. J. Am. Chem. Soc. 2012, 134, 7325.



Ru(ll) catalyzed C-H activation

3) Alkylation with alcohols

PCys, . .
Ph-OH CgHg HO: HOMN

u N [F(;%] RCCEOH \,[Fl%]
1 7N B - HO, - o
5 S
OH
O O,, \{ &
Ej/ “R
[Ru] = Ru(CO)L, HO o z
OH

I
[L = alkene, alcohol

HO—[Ru] Ph-OH

\H / -~ [Ru®
<. o o .
| @ BF4

Lee, D.-H.; Kwon, K.-H.; Yi, C. S. J. Am. Chem. Soc. 2012, 134, 7325.

30



Ru(ll) catalyzed C-H activation

4) Acylation

o)
! #aCOs
CI”” "NR,

(2.5 equiv)

RuCly(PPh3); 10mol%
toluene
120°C, 24 h

0
P
cl” “OR R

(2.5 equiv)
RuCl,(PPhs); 10mol%
toluene
120°C, 12 h
] ] g
N ~
™ e U
NMe, OEt OEt
e} 0] O
76% (48h) 50% 6%

Kochi, T.; Urano, S.; Seki, H.; Mizushima, E.; Sato, M.; Kakiuchi, F. J. Am. Chem. Soc. 2009, 131, 2792.



Ru(ll) catalyzed C-H activation

4) Acylation
< ]
Zaa Z K,CO
R— | N [Ru']—Cl R— | N° o B0,
™ zZ Y ™
A
O \»KHCO3+KCI
o
=~ N
R— | / = \N
T RuM—g S
; xR
c 0 \\/o B
CI)J\Z

Kochi, T.; Urano, S.; Seki, H.; Mizushima, E.; Sato, M.; Kakiuchi, F. J. Am. Chem. Soc. 2009, 131, 2792.



Ru(ll) catalyzed C-H activation

4) Acylation

ArSO,—Cl H =
B ~
K,COj3, 4A MS N
cat. Pd(CH3CN),Cl, SO,Ar
Dioxane, 120 °C H

ArSO, - Cl

cat. [Ru]

Base

/ SO,Ar

WN =
I N=[Ru] Ru-C,, o-bond
Z directs SgAr

H
H

Saidi, O.; Marafie, J.; Ledger, A. E. W.; Liu, P. M.; Mahon, M. F.; Kociok-Kohn, G.; Whittlesey, M. K.;

Frost, C. G. J. Am. Chem. Soc. 2011, 133, 19298.

33



Ru(ll) catalyzed C—-H activation

4) Acylation
o<

K>COj3 (2 equiv)

]
N —
= MeCN, 115 °C

4 3a Quant.
H Me
O\\ _Cl
S
N}
Me
K2CO3 (2 GQUiV)

> 0=S=0
MeCN, 115 °C

4 (10 mol %)

Saidi, O.; Marafie, J.; Ledger, A. E. W,; Liu, P. M.; Mahon, M. F.; Kociok-Kohn, G.; Whittlesey, M. K.; 3,4
Frost, C. G. J. Am. Chem. Soc. 2011, 133, 19298.



Ru(ll) catalyzed C-H activation

4) Acylation

AFSOZ-C|

Y

cat [Ru]
Base

ArSO,Cl

Saidi, O.; Marafie, J.; Ledger, A. E. W.; Liu, P. M.; Mahon, M. F.; Kociok-Kohn, G.; Whittlesey, M. K.;
Frost, C. G. J. Am. Chem. Soc. 2011, 133, 19298.



Ru(ll) catalyzed C-H activation

5) Alkenylation
R
0.4% [Ru] R
Ar-H + — + 0.50, = + H0
2atm O3, 6.1 atm CO Ar
180°C, 48h
R
0.4% [Ru] R R
Ar-H + — - A/‘*‘“‘~/ + S
2 atm Ar, 6.1 atm CO r
180°C, 48h

Yield 30-47%

Weissman, H.; Song, X. P.; Milstein, D. J. Am. Chem. Soc. 2001, 123, 337.



Ru(ll) catalyzed C-H activation
5) Alkenylation

{{(PCy3)(CO)RUH]4(k4-O)(u3-OH)(L2-OH)}

>

O
/ HBF4 OEt,
+ h
Cl CgHsCI, 110°C, 5h
(0]

+
CI/@\Ph cl

T @ R © ’O/

R [Ru] 90 : 10 (35%
[Ru] o — )

l @ /

R [Rul-0 \
\H@ N ©/K
@
[Ru] )\/R N o
+HO 4

Yi, C. S.; Lee, D. W. Organometallics 2009, 28, 4266.

o
) (99

)



Ru(ll) catalyzed C-H activation

5) Alkenylation

O
oD
+
X 5 equiv

o)
RuH(CgHg)(CO)PCya)]* BF -
[RUH(CgHg)(COXPCy3)]” BF4 . O NR, . NR,
CH,Cl,, 80°C X b X
X = OMe, R= Me, Me 91 : 9 (76%)
X=Cl, R=Me, Me 88 : 12 (73%)
X=H, R=H, Ph 100 : 0 (56%)
X=H, R=H, pOMeCgH, 100 : 0 (57%)
X=H, R=H, p-Cl-CgH, 100 : 0 (55%)

Kwon, K. H.; Lee, D. W,; Yi, C. S. Organometallics 2010, 29, 5748.



% Question 2
Ru(ll) catalyzed C-H activation

5) Alkenylation

NMez
@)
A’\ .
‘ L = Alkene, Amide
PhCONMe,
NMGZ NMEz
o P
®/ \TRU'—L

Ru—L = TN
X \H E§ COH
co

Kwon, K. H.; Lee, D. W,; Yi, C. S. Organometallics 2010, 29, 5748.
39



Ru(ll) catalyzed C-H activation
5) Alkenylation

vty + 7 COBu
COzBU
1) [RuCly(p- -2 mol% =7
) RuChpoymene)lp -2mof%  2) Mol [” IC:one
Cu(OAc); (2 equiv) K,COs Y
LiOAc (3 equiv)
DMF, 80°C, 6h

Ueyama, T.; Mochida, S.; Fukutani, T.; Hirano, K.; Satoh, T.; Miura, M. Org. Lett. 2011, 13, 706.

; /\© [Ru(OAC),(p-cymene)] - 5 mol%

Cu(OAc)2 HZO (20 mol%)
2.5 equiv 1mL
100°C 5h Air

Arockiam, P. B.: Fischmeister, C.: Bruneau, C.; Dixneuf, P. H. Green Chem. 2011, 13, 3075.



Ru(ll) catalyzed C-H activation
5) Alkenylation

[{RuCl;(L)}]
2 Ag* Me
-2 AgCl /@AO
Br -AcOH
~ [RULS,J[SbF] NS
Me < L = p-cymene, S, = OAC

@] Cu(OAc), .H,O
e
Br R Me
Me \
~
. — O’t \\:O
H ’RU - B R:
‘\ r u\ )
R 7R

H

Padala, K.; Jeganmohan, M. Org. Lett. 2011, 13, 6144.



Ru(ll) catalyzed C-H activation
5) Alkenylation

AN AN
L) RuCls 5 mol% U
= , K,COj3, NMP, 150°C,6h 2
+ R—= - 2
1 X Benzoy! peroxide Rl X R
R'q P or (Benzoic acid) .
| X
=N

96% (79%) 83% (66%)

Cheng, K.; Yao, B. B.; Zhao, J. L.; Zhang, Y. H. Org. Lett. 2008, 10, 5309.



Ru(ll) catalyzed C-H activation
5) Alkenylation

/\
o

A\
[RuCly(p-cymene)], - 5 mol% N.
AgSbFg - 0.05 mmol Ph N Ph

» Ph. .~ . _Ph
AcOH - 1 mmol
Dioxane, 100°C, 5h

85%

Hashimoto, Y.; Hirano, K.; Satoh, T.; Kakiuchi, F.; Miura, M. Org. Lett. 2012, 14, 2058.



Ru(ll) catalyzed C-H activation

1 0]
5) Alke nylatlon R [RuCl,(p-cymene)],
X N’ 4 — a4 5mol%
R2 H *R-—=-R
Z Cu(OAc), . H,0
t-AmOH, 100°C, 22h
O
N N'R1
2 CuOAc RG | H
[Ru]ll
2 H*
2 Cu(OAc),
0
X
R P ,N—R1
1 o [Ru]
R2l N N’
% R4
R3
R3-——R*

Ackermann, L.; Lygin, A. V.; Hofmann, N. Angew. Chem., Int.
Ed. 2011, 50, 6379.




Ru(ll) catalyzed C-H activation
6) Others
Me—@—i-Pr

Rw
© MesCO;~ »\Mes
R X N(i-Pr), 6 (1.0 mol %) R1E N N(i-Pr),
= PhI(OAc), (12equw) l

: TFA/TFAA, 120 °C

N(i-Pr), /@LN@-M N(i-Pr),

2h: 92% 82% . 79%

O
N(i-Pr), N(: Pr), dN(LPr)g
IVIeOQC OH

2k: 70% 2l: 42% 2m: 86%

Q

MeO

e

Ph

Thirunavukkarasu, V. S.; Hubrich, J.; Ackermann, L. Org. Lett. 2012, 14, 4210.

45



Ru(ll) catalyzed C-H activation

6) Others
Me—C__p—i-Pr

/Ruu.o
H O MesCO; \o»‘Mes OH O

ﬁr-su (1.0 - 5.0 mol %) - /©)Lt—8u
R Phi(OAC), R

TFA/TFAA, 120 °C

1 2
OH O OH O OH O
t-Bu t-Bu -Bu
Me FsC Ph
2f: 80% 2g: 63% 2h: 57%
OH O OH O OH O
t-Bu t-Bu t-Bu
F Cl Br
2i: 81% 2j: 83% 2k: 69%
OH O
t-Bu
I
21: 78%

Thirunavukkarasu, V. S.; Ackermann, L. Org. Lett. 2013, 10.1021/01302956s

46



Ru(ll) catalyzed C-H activation

6) Others

N CO,Et 2.5% [RuCl,(p-cymene)], R@COZB
R_'(;l/ TFA/TFAA, oxidants N

Me OH

3 61%

/©:002Et
cl OH

7 77%

Ph OH

11 61%
Rr

4 60% 5 71% 6 71%
/©:002Et : :CozEt i :COQEt
8 84% 9 74% 10 76%

12 66% 13 83% 14 75%

Yang, Y.; Lin, Y.; Rao, Y. Org. Lett. 2012, 14, 2874.

47



% Question 3
Summary

1. Frequently used Ru(ll) catalysts:

[RuCl,(p-cymene)], Ackermann's group
'RuCl,(CgHg)l- Oi's group
[RUH(CO)(PCy;3)(CeHe)IBF 4 Yi's group
2. Typical reactions R0 J§ B Ol Oh
e R ’ ’
/\R :,:;,’;‘\
. o] ,”\/A
2 Ru(lly ¢ v R
- — |
R——R ,:_1:\\
— |
LQ:;/, % R
iy
[O] L
L} |L



Summary

v’ Inexpesive

v’ Stable

v Multiple valents

v’ Many reaction types

We have these Ru catalysts.
Having an idea? Try it! Good luck!!!

RUC'Q(PPh3)3 [Cp*RUCI2]n
RuH,(CO)(PPh3), [RuCl,(p-cymene)],
RuCl,(bpy)s [RuCl,(benzene)],

RuH,(PPh3), [RuCl,(coe)s]s

CpRUCI(PPh3)2
RuC|3'XH20

Ru(OAc)s
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Thank you for your attention!
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Four different mechanisms for C—H activation

oxidative addition
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Y% Question 1

Ru(0), Rh(l)

Early transition metals

Pd(11), Pd(IV), Ru(ll),
Rh(1ll)

Pd(I1), Ru(ll)
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Ru(ll) catalyzed C-H activation

5) Alkenylation

Y% Question 2

DRy H
1>

NMe, 1

r\

L = Alkene, Amide

NMe, X
Ru(ll) Q—% K/ ‘Q:é{;; Ru(ll)
| ~L
CcO

NMEz

50
::RIu—L Ru(1V)
N | N

PhCONMe;
NMGZ
~
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Ru(ll uL~
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CoH

Kwon, K. H.; Lee, D. W,; Yi, C. S. Organometallics 2010, 29, 5748.
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Conclusion

1. Frequently used Ru(ll/Il) catalysts:

WA @ @T"<Z>i:‘@

[RUCl,(p-cymene)], [RUCl,(CgHpg)lo
Ackermann's group Oi's group
< o
[RUH(CO)(PCy3)(CeHg)IBF 4 Fllu@ BF,4
H | H“‘ ‘ HPCYa
Yi's group 0C

Y% Question 3



