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1. Inert Bond Activation C—H bond

1) Co(l) catalyzed addition of Aliphatic Aldehyde to Vinyl Silanes

Mes
‘@7 Mes
d =
_Co_,—TMS
N \(O0yTMS
Q ™S  @5mol%) @ 4 Bulky olefin

M+ s - )J\A T™S “ ligand is helpful
R™H Acetone, 20-45 °C R_ TMS for dissociation

anti-Markovnikov Mesg

o) =7 o
Selected examples: )\)}\/\ (I:0 )\)L
i 1 )\/ﬁ\/\ Y \>/ §
2
1

81% 92% 99% Z TS

6 electron complex

<=
O e} l
)\/U\/\ )\/\/k)l\ﬁ 6 Co
Ph TMS T™MS \.O
76% 98%
o 0]
MTMS MJ\/\ T™S
97% 99%
L0
: %H
. very slow

Lenges, C. P, et. al. J. Am. Chem. Soc. 1998, 120, 6965-6979. TMSJ/
Aromatic version, see: J. Am. Chem. Soc. 1997, 119, 3165-3166.




1. Inert Bond Activation C—H bond

2) Rh(l) catalyzed addition of Aromatic Aldehyde to Olefins

0]

’ [Rh] 5 mol%
+ E> toluene, 75 °C
MezN

1.5h

MezN

*Reductive elimination would increase for a
more electron deficient metal center.

Me4CF3

<<=
|
o \>/Rh\//—TMS

H . TMS 5 mol%
+ olefin > ketone
R toluene, T

1 :10

Selected examples:

0 0] @)
Me,N : MeO : Me’ :

75°C, 91% 7 mol% Rh, 75 °C, 94% 7 mol% Rh, 75 °C, 81%

0 o)
O)ko /©)v T™S
FsC Me,N

11 mol% Rh, 100 °C, 25% 100 °C, 85%

o o) o)
/©)J\/\tBU /@)J\( /©)J\CGH13
Me,N Me,N CaHo Me,N
N N J

75°C, 97%

100 °C, 86% (liner : branch =22 : 1)

Roy, A. H. et. al., J. Am. Chem. Soc. 2007, 129, 2082-2093. >



1. Inert Bond Activation C—H bond

3) [C.Me.Rh(olefin),] catalyzed Hydrogen/Deuterium Exchange Reactions

Synthesis of [C;MecRh(olefin),]:

<=
@ a Rh @ ﬂ, |
/Rh\ R
¢ N\ 47_
R 10
Hydrogen/Deuterium Exchange Reactions in C.Dq:
10a
CGDS — M —_
€s B Me5
A TS = =
Rh—C¢Ds| ~=—= —
Mes Kiq -5 XRh CeDs
= / e D H
o 4 Tms T™MS
_Rh—c¢D L - - —_—,
\> \D oo B c
B Me
T™S Me <
A X O ° |
k1> ko \[ [TMS
E

Lenges, C. P, et. al. J. Am. Chem. Soc. 1999, 121, 4385-4396;
Seiwell, L. P. . Am. Chem. Soc. 1974, 96, 7134-7135.

10a: R = SiMe;

10b: R = SiMe,OEt

10c: R = Si(O'Pr),

10d: R = SiMe(OSiMe;),
10e: R = SiPh,O'Pr

D ° . .
Rh 78 °C, deuteried ratio
TMS ’
T Y 9 min: o 80%, B 50%

™e Bp 17 min: o 100%, B 75%
" fast!
J toluene-dg
120 °C
CD
d:( 3)5
|
D rn B
\\/D \// S|(CD3)3
D D
(D3C)3Si D



1. Inert Bond Activation C—H bond

3) [C.Me.Rh(olefin),] catalyzed Hydrogen/Deuterium Exchange Reactions

Table 1. H/D Exchange between Benzene-dg to Other Substrates Catalyzed by 10a? M
e
=
0 innb |
entry substrate product Y%deuteration \/Rh\/—TMS
5h  24h > 4
d TMS
|5 ortho: 76 91 10a
— para: 93 97
/o\ /O\
2 H3C™ "By DsC” "Bu 31 44
/O /O
3 HsC™ ™ > TMS DsC” > TMS 46 62
d ds
4 @‘Fe'© 5 \@_Fe-[@\// 93 _
D
D D
D 49 46
. D
p D
O O
o L X 61 80

H;C~ "OCH,CH; D3;C” "OCH,CHj3

a8a (0.01 g, 2.3x10™ mol), substrate (4.6x10* mol) in C¢Dgat 110 °C.
b 9% deuteration estimated from residual 1H NMR signal intensities.

Lenges, C. P, et. al. J. Am. Chem. Soc. 1999, 121, 4385-4396. 7



1. Inert Bond Activation C—H bond

3) [C.Me.Rh(olefin),] catalyzed Hydrogen/Deuterium Exchange Reactions

Table 2. Isomerization of Alkoxysilanes to Silyl Enolates

10a (2 mol%)

/\S' O'Pr > i O
(OPr)s 4090 an~ (PrORELS \f 99%3
0
> SiMe,OFt EtMe,Si” 7 8%
O~
EtMe,Si Et 17.5%
ZSiMe,0"Bu Et
0
EtMe,Si” % 13%
O~
Z>SiMe,0CH,CH,'Bu EtMe,Si” WtBu 2%
0
EtMe,Si” > “Ph  53%
2> SiMe,0CH,CH,Ph Ph
0
EtMe,Si” A

aNMR yield.

Proposed mechanism: 10a

intramolecular way M Ligand exchange

Lenges, C. P, et. al. J. Am. Chem. Soc. 1999, 121, 4385-4396.
Diaz-Requejo, M. N., et. al. J. Am. Chem. Soc. 2003, 125, 2038-2039.

< 7Me5
|
. 0 [-Rh~||
(PrO),EtSi \[/ , -
(PrO);Si 43 Si(O'Pr);
<®7Me5 2|l (®7Me5
L _H Si(O'Pr)3 I H
Rh<_ Rh
|/
[Si.’O)L LSi——O
17 (O'Pr), (O'Pr), 14
@Mes ®M95,/
| |
H _Rh
WS i
H™>si—0 === Si0 g
16  (O'Pr), (O'Pr),
8



1. Inert Bond Activation C—H bond

4) Co(l) Catalyzed sp3 C—H Bond: Catalytic Synthesis of Enamines

X X Cp*(Co)(VDMS), X
[ j Protect [ J (4mol%) E j
N N CeDi2 80 °C N
o, —Si— —Si—
n = ’ ’
X = CH,, N(Me), O, S /
Substrate Product Yield
{  N-vDms {  N-EDmMS 80 °C, 6h, >99%
N-VDMS N-EDMS 80 °C, 6h, >99%
-
—N N-VDMS —N  N-EDMs 80 °C, 2h, >95%
/ /
-
G N-VDMs G N-EDMS 80 °C, 2h, >99%
7/ _/
s N-VDMS s’ N-EDMS M= Co, 80, 2h, 13%
N, \__/ M = Rh, 140 °C, 1h, >90%
N-VDMS N-EDMS 80 °C, 6, >90%
C ~VDMS C ~VDMS 80 °C, 6, >95%
=

VDMS: vinyl(dimethyl)silyl; EDMS: ethyl(dimethyl)silyl.

Bolig, A. D., et. al. J. Am. Chem. Soc. 2007, 129, 14544-14545.

Proposed mechanism:

Me Me
| 5 | H 5
KCO H —_— W [CO/
~——
si—N Si—jNO
Me, Me;
25 26
product substrate
Mes :SMes
Cl . Clo
P O
<
_N
Si‘N Si
Me, Me,
28 27
9



1. Inert Bond Activation C—H bond

5) [C;MecRh(olefin),] catalyzed Addition of Olefins to Aromatic Ketones

Me
<=
|
Rh TMS
o) \>/ Vi R" 0
AN R TMS 10a (5 mol%) X R i
R'—- + ZOR" > R-- -
= _ Cyclohexane, 120 °C =

Selected examples:

99% (23 h) 91% (18 h) 60% (24 h)

HE" S o

10% (12 h) 55% (12 h) 100% (1.5 h)

75% (72 h) 89% (72 h) 91% (72 h)

SR 3

0 [TMS 0 TMSEj)?\ tBuzj/?k |
of FsC FsC 5

0]
10a (5 mol%)
+ 2 — e O
Ej)k S CeHyo, 120 °C
™S o TMSO
+ + CoHy
60% 30%
Possible pathway:
Me Me Me
5 :I < €5 :I s C5
\f = J/Rhwé S J/Rh\o>¢
Ph TMS Ph TMS Ph
19 l 201
Mes Mes
<= C??
|
\\/7h"lu,>§ \\/7h"ulo
TMS PH TMS Ph
21 R.E 22 l R.E
(0] 0 OTMS
™
S\)J\Ph Ph

Brook rearrangement

Lenges, C. P, et. al. J. Am. Chem. Soc. 1999, 121, 6616-6623. 10




1. Inert Bond Activation C—H bond

5) [C;MecRh(olefin),] catalyzed Addition of Olefins to Aromatic Ketones

H
Q “[Rh]-—0 R
Rh]--- R o)
©)J\ [Rh] ©)\ R [Rh] IO /Ej)‘\
— >
?7?
(@) O
1 RuH,(CO)(PPh 2 mol% AN 1
Rz—'\ R" | o~y 2(CO)(PPh3)s ( 0) - Rl R
L Toluene, reflux Pz v
1
Ru(0) R /\Y
Xy N0
7 RL\J

H
Murai, S., et. al. Nature 1993, 366, 529-531.

11



1. Inert Bond Activation C—H bond

5) [C;MecRh(olefin),] catalyzed Addition of Olefins to Aromatic Ketones

0 o b0 D/H
SN CDs 10a (S mol%) CD; H/D\%\
5d_: _ + /\TMS CGD12, 80 °C * ™S
H/D D D/H
D/H
Mes Mes Mes
¥ 0. CDs =7 0 CDs = 0 Ps
| .
. Rh’ Rh’
A W - VRS, == T d
\SN [ H L . o ™S 5%
TMS Z g’ D D H X
Me5 Me5 (@] Me5
-
<= - rvs | = L ¥ O Me

Me5
| /,O Me
J/Rh” =
TMS
Proposed mechanism 24

Lenges, C. P, et. al. J. Am. Chem. Soc. 1999, 121, 6616-6623.

12



1. Inert Bond Activation C—H bond

6) Summary for Cp*M(olefin)2 catalyzed C—H bond activation.

/\/\)H
Mes Me H
' 5 /XT)\/ 120 °C
M . . L | ~
\>/ \//—R - Ligand dissociation R \/M N
> X=0,N...
R R 9
M = Co, Rh 16 electron
R=TMS... active species | AN ~80°C
=
o]
25-45°C
frequently used solvent: cyclohexane... R)kH
R = alkyl, aryl

H H H H
—M_| —m_
R RN e

Rl



1. Inert Bond Activation C—C bond

8) C—C bond activation of R—CN Using a Cationic Rh(lll) complex.

+ - + _ _ -
_Mes ] BAr, Mes | "BAY, Mes | "BAr; Mes | BAr,
| Me 1.0 PhySiH = 1.0 MeCN 25°C_

o B LA LKL I | nSi 4(3» | i
/Rh\ -(1:3 ((;;||-|4 /Rh;: \SiPh; CH,Cl, /Rh;;‘“s'Ph3 overnight /Rh“‘"\lvIe
Me3P C|CH20| 2~12 Me3P C|CH2C| Me3P NCMe Me3p \CNSIPh3
29 30 31 32
—
X@CN Me " BAr, ®Mes —| S
> 5 _| 4 C|7 .
X = H, CF3, OMe | ®/x Rn— SiPhs
- Rh- ™~
CH2C|2 / Me3p/ \ CN
25 0C MezP CNSiPhg 33
All ~100%
.
+ _ Me5 _| BAr'4
_ M '
Mes —|" BAr, >—CN = > | BAT @
_— | Rp—SiPhs
| S > Rh““‘< NN
Rh‘“\\ S|Ph3 CH20|2, 25°C / . Me3P/ //
Mg \CICH N MesP CNSiPh; R* 34
2 ~100%
+ - ¥ =
Me BAr' Me BAr'
on = | = | B
. | % |
Rh- Rh<N-SiPh
CeDsCl, 50 °C y N SiPhs
MezP CNSiPhj Me;P
~50% R 35

Taw, F. L., et. al. J. Am. Chem. Soc. 2002, 124, 4192-4193.

Possible intermediates

14



1. Inert Bond Activation C—C bond

8) C—C bond activation of R—CN Using a Cationic Rh(lll) complex.

+ _
Me BAr'
= |
|
/Rh“N—SiPh3
Me3P 7 e
OMe
. +
Me5—‘ Mes_‘ i
@ i@? Me
i | =7
Rh"m\SIPh3 /Rh*N_SIPhg, | O/R
N, ——  wmepp” AY —
‘\\C Me;P CNSiPh,
34 : I\R 35 R 36

Taw, F. L., et. al. J. Am. Chem. Soc. 2003, 125, 9808-9813.

15



1. Inert Bond Activation C—C bond

9) Decarbonylation of Aryl Ketones Mediated by Bulky Cp*Rh(ethylene),.

Me Me pr Bu

Me. Me Me. Me Me. Me Bu.

Me”~ | “Me Me”™ | “Me Pr” | iPr | "Bu
/Rh\ /Rh\ /Rh\ /Rh\
N 7 \§ 7/ TMS X 7 N 7
37 TMS 10a 38a 38b

Bu
Bu.
38b

O

CF;
X' 7 (25 mol)
O O CgD12, 120°C, 105 h O
FsC CF5 FsC

82% base on catalyst

t ‘Bu
- Bu PhCH,CH,COPh By o ‘Bu
@ 120°C t 150 °C Ph /C\ o
| 'Bu Bu 2 e NP gy (-rA=Rn
/Rh\ Ph \(Rh\o \C/
N 7 PhCH=CHCOPh L/( stilbene, 36% Bu O -
120 °C Ph
38

Daugulis, O., et. al. Organometallics 2004, 23, 527-534.

16



1. Inert Bond Activation C—C bond

9) Decarbonylation of Aryl Ketones Mediated by Bulky Cp*Rh(ethylene),.

t Bu By By
Bu\é ArCOR é| - Bu.
| By <~ Rh D t
_Rh_ CoHy /\o 4 B
X 7 @—/( A~ “COR
38b L R
39 “ 40
Bu ‘Bu
t Bu
oy o [y w
| Bu =-—— t
_Rh_ C,H, ,lah Bu / | 'Bu
X co ~co NI
AR Ar” | R
ocC
42 41 porn
dimerize
t t
Bu 8 ‘5L Bu
/7 \
Bu —Rh\:/Rh—
C
Bu O Bu
43

Daugulis, O., et. al. Organometallics 2004, 23, 527-534. 17



2. Dehydrogenation

1) Ir Pincer complex catalyzed alkane dehydrogenation reaction.

X
44 45
? ?
(Bu)P—Ir—P((Bu), (BuP— L P(Bu),
Cl Cl
X = Me, OMe, H, F, Arf
Brookhart. et. al Kaska, Jensen, Goldman, et. al.

Catalyst for alkane dehydrogenation

CeFs
O 9@0 ©
(‘Bu),P—Ir—P(‘Bu), . .
COA H | COE TON = 1150 in 8 min

44 Cl  (0.03 mol%)

»

NaOBu (1.1 equiv to cat.)

+
/\K neat, 200 °C /K

TBE TBA

Gottker-Schnetmann, 1., et. al. J. Am. Chem. Soc. 2004, 126, 1804-1811.
Gottker-Schnetmann, 1., et. al. Organometallics 2004, 23, 1766-1776.
For review, see: Goldman, A. S., et. al. Chem. Rev. 2011, 111, 1761-1779.

18



2. Dehydrogenation

1) Ir Pincer complex catalyzed alkane dehydrogenation reaction.

Mechanism Study:

)

X _
2 NaO'Bu X
2 COA solvent, 23 °C 2
? ? g
(‘Bu),P—Ir—P('Bu), 2 NaCl o |
C| -2 'BUOH (tBu)ZP_"-_P(tBu)Z
44 45
Catalyti le: Irl,
atalytic cycle ar’ -
¢ base
OA

TBA

/L/' (] \
%/\/[Ir]\

Gottker-Schnetmann, 1.,

O

et. al. . Am. Chem. Soc. 2004, 126, 9330-9338.

(‘Bu) P—Ir—P(tBu)z (‘Bu)ZP—Ir—P ‘Bu),

A
N

I

2 COE

COA, 80 °C

Other related papers:
J. Am. Chem. Soc. 2006, 128, 17114-17119.
Advanced Synthesis & Catalysis 2009, 351, 188-206.

Organometallics 2009, 28, 5432-5444,

19



2. Dehydrogenation

2) Catalytic Alkane Metathesis by Tandem Alkane Dehydrogenation-Olefin Metathesis .

The idea: oM 2 MH, 2MH, 2M R
; xR \ A N~
N 1 R olefin R/\/ R
2 ~UR 2 X metathesis
H2C:CH2 H3C_CH3
) 48 49
The reaction: . . ipr ipr
i |
('Bu),P—Ir—P('Bu), (HC)(F5C)COuy AN (0.2 mmol%)
— (0.1mol%)  (HsC)(F3C)CO™ " ScHC(CHa),Ph
\/\/\ - CZ ~ C15
n-hexane 125°C distribution
200 +2 M
-2 MH,
150 | \ W metathesis —~ o
{ = " NN CsH7/\/\C4H9
100 N l isomerization ¢ isomerization
: AP —
.\.\ NN CsH7/\/\C4H9
50 ] ¢ metathesis ¢ metathesis
. N CaHy Y
0 \l\._._. W H \/\C‘;Hg
i 2
CAC2+C3C4 C5 C7 CB C9 C10 Ci1 C12 C13 Cl4 CI5 \ -2M /

A
Goldman, A. S., et. al. Science 2006, 312, 257-261. S~

20



2. Dehydrogenation

3) Ir Pincer complex-Catalyzed Dehydrogenation of Primary Amines to Nitriles.

46
N N
(‘Bu),P—Ir—P(‘Bu),
H H 10 mol%)

H2N\¢/L\ + 2‘¢f\7<f - N= < + 2
CgD1, 200 °C, 24 h

TBE TBA

AL
H H

. TBE
NH,/Bu
TBA

NC'Pr [|r]—“2\)\
Z b 4 \
[|r]—N:—< /HJ\

[Ir]<
TBA y H \
TBE
H

H
e / H
H
D H
\ TBE
N \/k

Proposed mechanism:

Bernskoetter, W., et. al. Organometallics 2008, 27, 2036-2045. 21



2. Dehydrogenation

4) Rh(l)-catalyzed Dihydrocoupling of Phosphanes.

—p
Me
<=
|
H—P \/Rh\//—TMS
O™* Qo
70°C
- P—P + /\R
o OO
Me <®7M €s <®7M i
5
C?? HPPh, | HPPh, 1
e \>” “PHPh Ph,HP” PHPh,
N - 2 TMS 2 -2 TMs
™S  10a ™S 59 51
H, + Ph,PPPh,
Me5
|
2 HPPh, Rh
Ph,P~"/ = ~PPh,
H H
52

Bohm, V. P. W,, et. al. Angew. Chem., In. Ed. 2001, 40, 4694-4696. 22



3. Reduction reaction

1) Ir Pincer complex-Catalyzed Reduction of Alkyl Halides by Triethylsilane.

? ? Ph3C[B(CgF5)4] _
(tBU)zp_/"',,/_P(tBU)z Acetone, RT
H H
46
R-X Et,SiH 0.5 mol% 53 R-H + Et,SiX
— + : —
sSIH ©.D.Cl, 23-60°C 3!
Halide Yield

23°C, 0.3 h, 99%

@ﬂsr
©/\C|

23°C, 0.3 h, 99%

o~ C 60 °C, 7 h, 99%

N UBr 60 °C, 1.5 h, 99%

P UL 60 °C, 48 h, 99%

A~~F 60 °C, 50 h, 92% (2 mol% A)
Cl

60 °C, 2.3 h, 99%

/\)\

Yang, J., et. al. . Am. Chem. Soc. 2007, 129, 12656-12657.

|" B(CeFsla
@) @)

| |
(tBu)zP—/Ir\—P(tBu)z

Reaction rate:
Separate flasks R-Br > R-Cl > R—I

Same flask

R—I > R-Br > R-CI
Proposed mechanism:
M , H
* [Ir]\ Et;SiH + [“.1;
X-R ) RX /H
Et;Si
Et,SiH R

RX

H M Rx-siEt
o’ ‘7["] —AElEy
\H_/

RH + XSiEt,

23



3. Reduction reaction

2) Ir Pincer complex-Catalyzed Cleavage of Alkyl Ethers with Triethylsilane.

1 mol%

|7 BCFo R'ORZ +  EtSiH R'OSiEt; + R2H 1% cleavage
1.0 equiv. 2.2 equiv.
Bu)zP—lr—P Bu),
H O 1 mol% . ] ond g
53 Y R'OSiEt; +  Et3SiH . Et;SiOSiEt; + R'H cleavage
Four examples: 1 mol%
+ i > EtOSiEt; + CHsCH 3 h, 999
EtZO Et3SIH C6D4C|2, 239G 1E13 3 3 %o
Et,SiOSiEt, CHsCH; 23 h,98%
Pr,0 + Et;SiH 1 mol% - 'PrOSIEt + CH3CH,CH; 43.5h, 95%
2 327 TC.D,Cl,, 23 °C 3 3CHLHs 3.9, 95%
. 1 mol%
OMe + EtSiH > i + H 3 h, 99%
@ © 3% TCeD4Cly, 23°C QOS'Et3 CH,
lo\/}\ Cat. _ Et3S|OCH2CHzoS|Et3 |Onger times - Et3S|OS|Et3
H 2OH 65°C, 4 h CH3CH, CH4CHs
Poly(ethylene glycol) Et3SiH

large excess

Limitation: Aromatic ether does not work

Yang, J., et. al. J. Am. Chem. Soc. 2008, 130, 17509-17518.

24



3. Reduction reaction

2) Ir Pincer complex-Catalyzed Cleavage of Alkyl Ethers with Triethylsilane.

Proposed Catalytic Cycle for Reduction of EtOEt

H

+ /
[Ir
I\H Et,0

“SiEt,

Et;SiH

H +
/ + —0O—
. _H [Ir] $ Et (l) Et
[Ir] H SiEt;

~

CH3CH3 + EtzOSIEt3

Yang, J., et. al. J. Am. Chem. Soc. 2008, 130, 17509-17518.

Proposed Catalytic Cycle for Reduction of EtOSIEt;

H

’ [Ir];
H
\SiEt3 EtOSiEt;

H +
[Ir]i + Et—Q—SlEt3
H SiEts

CHsCH; + Et;SiOSiEt,

"Et3Si" +

25



3. Reduction reaction

3) Ir Pincer complex-Catalyzed Hydrosilation of Ketones and Aldehydes.

] B(CeFs) Q\ ~]" B(CeFsk
0 0 OSiEt,
PN

(‘Bu) P—Ir—P ‘Bu), + 2EtSiH —— (’BU)zP—/lr\—P(’Bu)z
SlEt3
53 54

Table 3. Hydrosilylation of Carbonyl Functions

§ 0 1. metal hydride
' +
entry  substrate t/h conversion / % product W 2. H30 _
o) OSiEt, i OH
1 0.3 quant.
A\ AN 3 WOH W
i OSiEL trans cis
2 0.5 quant. 3
T trans/cis
0 : -60 °C 92:8
OSiEt; | -30 °C 86:14
3 )J\Ph 0.3 quant. /Lph (94%) " ph (6%) 0 °C 77:23
o | 17 °C 70:30
e OSiEt, ) .
4 H” ~Ph 0.3 quant. 3 ,
H Ph [|r]\

TR
\ O-SiRs|

. o o
03 quant. EtOSIEt; (70%) + Et,0 (30%) 3 (
b \ f ! .
i T HS
- | H/

()]
_>:O
O
m

15t hydrosilylation

0.5 mol% cat., 3 equiv. Et3SiH, RT, C¢D5CI
Park, S., et. al. Organometallics 2010, 29, 6057-6064. 26



3. Reduction reaction

3) Ir Pincer complex-Catalyzed Hydrosilation of Ketones and Aldehydes.

Proposed mechanism:

H . H
s [|rl\ o Et3S|H i [Ir]/
-~ \
o acetone H
>— 'SiEt,
Et;SiH
acetone
_SiEt
. /H /H i +OI IEl3
[ir? [Irl{ M
solv. H
O,SiEt3,

N

Park, S., et. al. Organometallics 2010, 29, 6057-6064.

4) Ir Pincer complex-Catalyzed Hydrosilation of Epoxides.

~|" B(CeFsha

oY 0
Bu),P——Ir—P(‘Bu
(‘Bu)2 AN (‘Bu)2
H 0]
o (0.25~0.5 mol%) ?/ Et,SiO
AR Et;SiH (1.5 equiv.), CD,Cly, 22 °C R

70-100%

Park, S., et. al. Chem. Commun. 2011, 47, 3643-3645.



3. Reduction reaction

5) Ir Pincer complex-Catalyzed Reduction of Amides to Amines.

O
J\ R2 . 0.5mol% 53 ~_ _R? .
1 - » 1 -
R N + Et,SiH, CoDsCl, 60 °C R N + Et,HSiIOSiHEt,
R® R3
entry substrate t/h product yield
O
0,
\HJ\N/ Y 94%
1 | EtMe28|H 22 h, 66% |
O
2 Ph)J\N/ 1 Ph/\ITJ/ quant
|
o]
3 HLI\O 05 \'\O
quant
O
A V)J\N/\Ph 5 ﬁ\NAPh quant
kPh Ph
O
PN AN
" "N Ph ©/\N Ph
5 quant.
\_0 K ! \_0 Kph

T

N
/N\ quant.
N
0.5 mol% cat, 3 equiv. of Et,SiH,

Park, S., et. al. J. Am. Chem. Soc. 2012, 134, 640-653.

T

(Bu), P—Ir—P (Bu),

|-| O

53 Y

M M

catalyst resting states: ], [Ir=H
SIEtzH H S|Et2
~90% ~10%

Y
(tBu)zP—/h’\—P(tBu)z

44 H CI

'O
(tBU)zp_lr\_F’('BU)z
H  SiEtH
55, ~85%

NaO'Bu (1.1 equiv.)
+ Et,SiH, (10 equiv.)
toluene-dg, 60 °C, 4 h

O O
(tBU)zF’_Ir (tBU)z
\SIEtz
56, ~15%
28



3. Reduction reaction

6) Ir-Catalyzed Reduction of Esters to Aldehydes.

o [IrCI(coe),], (0.1-0.5 mol%) o SHEL  acidic 0
. . k
R1J\O’R2 Et,SiH, (1.5 equiv.) R1J\O/R2 workup R1J\
RT - 50 °C
entry substrate T/°C t/h yield
0
1 o 23 1 95%
0
2 o~ 23 2 99%
0
_Bn
3 0 23 1 99%
0
4 %)\o/\ 23 3 99%
0
5 N0 3 1 99%
0
-~
6 gL ] O 50 4 90%
-

Cheng, C., et. al. Angew. Chem., In. Ed. 2012, 51, 9422-9424.

coe _Cl_ coe e, EtHsiH ol fsiHEt

I —F \Ir/
coe” I’ “coe  ~4c0e Et,HSI"), Cl7 ) SiHE,
57 58
-2 HCI
R N .
EtzHSI_llr\ /llr_SIHEtZ
Si
H i, H
59
R? R2
R1 O/ 1 - R2
R (0] R»])\O/
rate
limiting
M - H
WN [Ir] [Ir]
SiHEt,

H-SiHEt,
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3. Reduction reaction

7) Ir-Catalyzed Reduction of Carbon Dioxide to Methane.

H
[’ + CO,
“H-SiR,
0 2/ RySiH OSRs  2/R,siH  H 2/R;siH N
SR A e
H”™ “OSiR;3 H7/ OSiR, H7/~OSiR3 HT™H
R3SiH . H H H H
(Ir] R;SiOSiR; R;SiOSiR;

Park, S., et. al. J. Am. Chem. Soc. 2012, 134, 15708-15711.

8) Summary for Ir Pincer complex catalyzed Reduction reactions.

| B(CeFs)a

0 0 . H Carbonyld
A S S H-SiR, o compounds | .
(Bu), - (‘Bu), — [ _ ———=> . Reduction reaction!
H 0 ‘H/SIR3
53 Y \?\;:ItIﬂ:ol'd reactive species
i
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4. Miscellaneous

1) Rh (I)-Catalyzed Homologation of Aromatic Aldehydes with Trimethylsilyldiazomethane.

)OL TMS 122 mol% Cat 3
- /N 3 OTMS :/< \
A H Y N2:<H DCM Ar OTMS | d OTMS TS

- . , : 2%(137) Cl' 63% (1:5.1) MeO 80% (1:8.7)
ipr Py B(Ar) yield (E/2)
\ S _
pr AL NIy § OTMS ~ bOTMs ~ oTMs

| 3 Me . S

L % _ i
5 ‘ 56% (1:3.0) 47% (1:1.29) 74% (1:6.2)

Q M* \' /—\
A\ — - /4\ — A’  OTMs

A’ TMS ™S

Dias, E. L., et. al. J. Am. Chem. Soc. 2001, 123, 2442-2443. 31



3. Miscellaneous

2) Ligand exchange and Selective Catalytic Hydrogenation in Molecular Single Crystal.

<2d CH,=CH,
5dH,

Huang, Z., et. al. Nature 2010, 465, 598-601. 32
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