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1. Introduction
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1. Introduction

< Bifunctional catalyst / ligand

B
Linkage
B
(Metal): | !b " ;
NN taly close_ substrate
(Metal) Far from each other w o N

tal_y substrate

Temporary intramolecularity

Make active species closer to substrate or one site of substrate.



2. Directing group
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2. Directing group

2.1 Substrate readily with directing group

AcO
\_/ Pd(OAc), (5 mol%) B
> /)
N PhI(OAC), \ N
R R
59-83%
[Pd'] (D:irlf,cqugvation -[Pd"] | Reductive
- Elimination
B PhI(OA | \N (IDAC
~ C =
N\Pd”/L ( )2 1 \Pd'V\'L
~L Oxidation ||_ L

Dick, A. R.; Hull, K. L.; Sanford, M. S. J. Am. Chem. Soc. 2006, 126, 2300.

R Pd(OAc), (10 mol%) -
+ . : \
7 N\ F* (2.5 equiv.) 72D\ : . | =5
—N 150 °C, microwave =N .~ N BFy
69% F ' F

Hull, K. L.; Anani, W. Q.; Sanford, M. S. J. Am. Chem. Soc. 2006, 128, 7134.



2. Directing group

2.1 Substrate readily with directing group

~ Cu(OAc),, O, i
S - S
W OSON Nu - L ST
o Solvent, 130 °C o
= H Z Nu
X =H, Me, Nu = OH, OAc, p-CN-PhO
F, CI, CF3, Cl, Br, |
OMe, COOMe, CHO PhS, MeS
CH=CH2 TsNH
CN

Chen, X.; Hao, X. S.; Goodhue, C. E.; Yu, J.-Q. J. Am. Chem. Soc. 2006, 126, 6790.

R R R
pﬁ [I(OMe)(COD)], (0.5 mol%) |\/j pﬁ
— o ®
il AN N 2 (1 mol%) . _ LN N/ I N/
T B,pin, (1 equiv) R'- e < @épin

HBpin (5 mol%) Bpin
THF
RT-80 °C 62~88%

Ligands: @—\\ O—\\ ®_<
—N N—NMe, —N N—NBn, —N N—NBn,
1 2 3

Ros, A.; Estepa, B.; L&pez-Rodr guez, R.; Alvarez, E.; Fernéndez, R.; Lassaletta, J. M.
Angew. Chem., Int. Ed. 2011, 50, 11724.



2. Directing group

2.1 Substrate readily with directing group
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2. Directing group

2.1 Substrate readily with directing group

@] O
0 1
2ll AN R . /\Y RuH,(CO)(PPh3)s (2 mol%) o AN R
| |
— Toluene, reflux = v
Ru(0) R’ /\Y
N AN
= Rl\J
H

Murai, S.; Kakiuchi, F.; Sekine, S.; Tanaka, Y.; Kamatani, A.; Sonoda, M.; Chatani, N.
Nature 1993, 366, 529.
Citation 443 references

o (@)
N R /o RuH,(CO)(PPh3)3 (2 mol%) ] 218 X R!
r2l + A—B -
_ \O Toluene, reflux 4 Ar
2 equiv 1 equiv 56-95%

Kakiuchi, F.; Kan, S.; Igi, K.; Chatani, N.; Murai, S. J. Am. Chem. Soc. 2003, 125, 1698.



2. Directing group

2.1 Substrate readily with directing group

MeOOC COOH  Pd(OAc); (5 mol%) — MeOOC COOH
\©/ IOAC (2 equiv.) \@
BuyNI (1 equiv.) I

. !

MeOOC I0AC MeOOC
o e
P Pa'VY

Mei, T. -S.; Giri, R.; Maugel, N.; Yu, J. -Q. Angew. Chem. Int. Ed. 2008, 47, 5215.

[IrCI(COD)], (0.25 mol%)

R Y "SiMeH dtbpy (0.5mol%) i S SiMeH
I C
= B,pin, (1 equiv) Q>

. Bpin
HBpin (5 mol%)
THF, 80 °C

via N, Ir““\SiMez
( NT | ~Bpin
Bpin

Boebel, T. A.; Hartwig, J. F. J. Am. Chem. Soc. 2008, 130, 7534.



2. Directing group

2.2 Removable directing group

=
B(OH), Toluene % B(pza)
@ reflux, 1h B” N

+ = —_— > =

NH,HN= |

B(OH), T pszH2,1torI]uene B(pza) 3. pinacol Bpin
reflux, - SiEts TsOH SiEt
R—: D 2. [RuH,(CO)(PPhj3)s] R—: o R-- A ;
= 6 mol% pZ one-pot L
HSiEts, norbornene
toluene, 135°C, 12 h 47 - 97%

via HN. N~y

Ihara, H.; Suginome, M. J. Am. Chem. Soc. 2009, 131, 7502.



2. Directing group

2.2 Removable directing group

@E\> Pd(CH3CN),Cl, (10 mol%) \ // COaMe
Cu(OAc), H,0 (1-2 equiv)

N N= T FTcoMe DMA, 110°C,8h N N=

= o3\ /

R Zn, NH,CI R
TN THF, RT FOT
SN \ R2 I SN N R?

Pyozg R®

Garc B-Rubia, A.; Ganez Array&, R.; Carretero, J. C. Angew. Chem. Int. Ed. 2009, 48, 6511.



2. Directing group

2.2 Removable directing group

D Ru3(CO)45 (3.3 mol%) /[_)\
N . A—E :>< tBuCOMe (5 equiv)
d -

é/"‘ o 150 °C, 4-19 h J_\\N

38-76%
AN

via Ru-H
4

N

R’Q """ AT NHNH TRA
> R "“Ar

EtOH, 140 °C N

ca. 75%

Pastine, S. J.;: Gribkov, D. V.; Sames, D. J. Am. Chem. Soc. 2006, 128, 14220.



2. Directing group

2.2 Removable directing group

HO. .
N 1. AcCOH/AC,0 (1:1) ACO. S

Il Me __25°C,2h _ I
R 2. Pd(OAc), (5 mol%) R
PhI(OAc), (1-3 equiv)

Me Me
80~100 °C, 4-12 h
33~65%
N/OH N,OAc
| 1. AcOH/AC,0 (1:1) |
N Me 25°C, 2 h e 7
RU 2. Pd(OAc), (5 mol%) R
PhI(OAC), (1-3 equiv) OAc
80~100 °C, 4-12 h 61-86%
AcO..
N oac HO.,  on O OH
| K,CO3 | NaHSO3
R - R = R
MeOH EtOH/H,O
Me Me Me
56-89%

Neufeldt, S. R.; Sanford, M. S. Org. Lett. 2010, 12, 532.



2. Directing group

2.2 Removable directing group

1. [Ir(cod)ClI], (0.5 mol%)
Et,SiH,, CgHg
2. [Ir(cod)Cl], (1 mol%)

H

R X © dtbpy (2 mol%) - P g
= B,pin,, HBpin(5 mol%) | = B
THF, 80 °C i
Et,SiH, 3. 4M KHF, aq, THF KHF,
[ir] H,O

©\o A\ OSELH
N, SIM62 ‘ RT )
( AN Bpin

NT | Bpin
Bpin

©/OSiEt2H
R-- —
=

BF,K

& o e o

89% 96% 82% 94%

Boebel, T. A.; Hartwig, J. F. J. Am. Chem. Soc. 2008, 130, 7534.



2. Directing group

2.2 Removable directing group

E
. [I(OMe)(COD)], (0.05 mol%) /Ef (Ir(OMe)(EEEEF (0.5 mol%) O/s}z
y Et,SiH, (1 equiv), THF, RT O "H  Megphen (1.2 mol%) 4
R;j\ﬂH > R1/)\AH nbe (1.2 equiv), THF, 80-100 °C jo\)
R2
KHCO3, H,0, OH
THF/MeOH 1
1, 3-diol

Simmons, E.M.; Hartwig, J.F. Nature 2012,483, 70.



2. Directing group

2.2 Removable directing group

o MeO
1. N-hydroxy phthalimide
PPhs, DIAD, THF H
OH 2. NH,NH,, MeOH |

PIDA (1.1 equiv)

Pd(OAc), (10 mol%)

B - N OMe

R""Me 3 CHO
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H\p 1. Pd(OH),, H,, MeOH
| 2. NaOH aq. OH

)0

Zack’s work, Dong’s group, unpublished result.
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3. Bifunctional catalyst / ligand

3.1 Covalent bonding

RhCI(PPh3); (2 mol%)
anline 60 mol%
benzoic acid (6 mol%)
toluene, 130 °C, 1 h

X
Ej\/ (20 mol%)

\=0
-+
Py
N
\J
"
Py
N

N” NH,
o) 0 o)
Ph)vn-CA,Hg Ph)K/\n-C3H7 Ph)J\/\CGF5
98% 83% 98%
0 o)
p-MeO-CGHHK/\n—Clng p-CF3-C6H4)K/\n-C4H9
79% 71%

Jun, C. —H.; Lee, D. -Y.; Lee, H.; Hong, J. -B. Angew. Chem. Int. Ed. 2000, 39, 3070.



3. Bifunctional catalyst / ligand

3.1 Covalent bonding
R! V< )\WQO
H,O
l |
\< [L,RhCI] >/

R
LRh



3. Bifunctional catalyst / ligand

3.1 Covalent bonding

o 1. RhCI(PPhs); (2 mol%)
Jj AICI; (10 mol%)
R toluene, 130 °C, 12 h

O
+ - R1JK/R2

NH2 | N
R2—RS8 O/ )

N” >NH,
(330 mol%) (50 mol%)

Rz =R 2. HsO"

Ro <R3

Lee, D.-Y.; Hong, B. -S.; Cho, E. -G.; Lee, H.; Jun, C. —H.; J. Am. Chem. Soc. 2003, 125, 6372.



3. Bifunctional catalyst / ligand

3.1 Covalent bonding

Oyom

RhCI(PPh3); (2.5 mol%)
OH Ph,P(OPh) (8.3 mol%) OH i

toluene, 120 °C -~ Ph,P—C
ethylene (30 bar)

93%
Carrion, M. C.; Cole-Hamilton, D. J. Chem. Commun. 2006, 43, 4527.

toluene, 135 °C

OH OH
RhCI(PPhs); (1 mol%) 4(
80%

Lewis, J. C; Wu, J.; Bergman, R. G.; Ellman, J. A. Organometallics 2005, 24, 5737.



3. Bifunctional catalyst / ligand

3.1 Covalent bonding

oH ° o
WO
Ph Ph
1. [Rh(CO),(acac)] (2 mol%) l l
Ligand (X mol%)
p-TsOH (0.2 mol%) 0
) O 0]
OH CO/H5 (1:1), 14 bar
0 . O
K(\ benzene, 45 °C . o ~Me . g Me .
2. PCC, NaOAc
Ph
Yield 1+2/3 d.r. (1:2)
PPhs >98% 25:75 42:58

VS
ll\\l/le
@[ \—oiPr >08% 84:16 88:12
P
Ph

Lightburn, T. E.; Dombrowski, M. T.; Tan, K. L. J. Am. Chem. Soc. 2008, 130, 9210.



3. Bifunctional catalyst / ligand

3.1 Covalent bonding

transacetalization
(reversible)

OH
HO™ Y™ Me
R ©: >—OiPr )
Ph

O 3
Ph S Ph

/! R

L,RhH _ I\N/Ie _% LR
[L,RAH] @[ NS
colt, ;Ph_g

Rh-
H— R




3. Bifunctional catalyst / ligand

3.1 Covalent bonding

5 mol% cat.

M KOH (0.66 equiv) j\)\
HO™ & ~ HO

acetone, H, (3 bar)

RhCI(PPh3); = 27% conversion
RhCI(PPh3),(Ph,PO,CH=CMe,) = 80% conversion

PhZP/O y
Rh _

5 mol% cat.
KOH (0.66 equiv)

W - N
acetone, H, (3 bar)

RhCI(PPh3); = 22% conversion
RhCI(PPh3),(Ph,PO,CH=CMe,) = 10% conversion

Preston, S. A.; Cupertino, D. C.; Palma-Ramirez, P.; Cole-Hamilton, D. J. J. Chem. Soc., Chem.
Commun. 1986, 12, 977.

Iraqgi, A.; Fairfax, N. R.; Preston, S. A.; Cupertino, D. C.; Irvine, D. J.; Cole-Hamilton, D. J. J.
Chem. Soc., Dalton Trans. 1991, 8, 1929.



3. Bifunctional catalyst / ligand

3.2 Hydrogen bonding

[Rh(CO),acac] (2 mol%)

ligand (20 mol%) o 0 O% 8
THF, CO/H, (1:1, 6 bar), RT .
- OH
1 2 H. _H
L
Conversion 1:2 A H
| AN N’,"\N’
hs 20% 1:1.7 _N H H
0:=.0
Ph,P
1-Rh..]
O H3N L R
AL
N™ "NH; 80.5 11:1

Smejkal, T;

Breit, B. Angew. Chem., Int. Ed. 2008, 47, 311.



3. Bifunctional catalyst / ligand

3.2 Hydrogen bonding

B 7 N\ 1 3
=N 3 BArF-

C\_\k //\ - g f! 3 ‘.]! - cat.
Q v ”ﬁ 3 ‘_: “| \\I . Y, HOOC / Phi=O 3
g =

L/
' conversion 6.9%
ee 26%

Fig. 1 Global mimmum structure obtained from conformation
search stmulations of a hydrogen bonded supramolecular complex
between catalyst 4 and 4-vinylbenzoic acid 7.

Ulmann, P. A.; Braunschweig, A. B.; Lee, O.-S.; Wiester, M. J.; Schatz, G. C,;
Mirkin, C. A. Chem. Commun. 2009, 5121.



4. Conclusion and Outlook

{ s

Please see Dong Group publications in the near future!!!

We are Dong Group
We do Directing Group
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