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1.Introduction

D

l D = donor group: OR, SR, SeR. NR,, PR,
E—M E = central donor atom: C. N, P

T M = metal center

Dl

pincer complexes



Aromatic-based PCP and PNP pincer

R’ \/:< R \/:<
C—
N\ /

\_< M \\_/<N—M

L=NH, O, CHR, CH,, CH,0, C=0(NR)

R=alkyl, aryl, alkoxy, aryloxy, amino

R'= H, electronwithdrawing or electrondonating group
M = Ni, Pd, Pt, Rh, Ir, Fe and Ru

Morales-Morales D .Current Organic Synthesis, 2009, 6,169.



2.Synthesis of Pincer complexes

2.1 Phosphine Derivatives

X PR,
/ -2 Et;N-HX % 2)CIPR, \
X PR, -2 LiCl

MX,Yp
E=CH, N
X=Cl, Br
-bY -HX, -bY R=alkyl, aryl

MX,Y,=metal precursor

F‘)Rz F’)RZ

\ /N—I\‘/I—Xa \ /C—M—Xa 1
PR, PR;

Milstein, D. Organometallics 2002, 21, 812.
Brookhart, M. J. Am. Chem.Soc. 2004, 126,1804.



2.2 Phosphinite Derivatives

2 CIPR,/base

Y

-2 HCl

R =alkyl, aryl, alkoxy, aryloxy
MX, Y}, = metal salt precursor MX.Y, | -HX, -bY

O—PR, 0\
— | — ,PR:,
C—M-X__ C—M—-X,.
N\ / : N\ / el
/PR:,
O—PR, O
n=n=0 n=n-=1

Welch, S. L. New J. Chem. 2000, 24, 745.
Scully, P. N. Inorg. Chim. Acta.2006, 359, 1870.



2.3 Phoshoramidite

HN—TRZ
\ /C_M_Xa_1
-HX ‘
NH, HN—PR, bY L—PR,
T\ 2 CIPR,/base — MXaY)
N/ Py YWa
LNH L—PR, -bY HN—F|’R2
N NMX,
E=CH, N; L=NH, O ‘
R=alkyl, aryl, alkoxy, aryloxy, amino L—PR>

Kirchner, K.Organometallics. 2006, 25, 3817.



2.4 Ligand Introduction Routes

Q.=

MXaYy u—M—Nu

a

Nucleophilic Ligand Introduction Route

Qe O

MX,Y,

a

Electrophilic Ligand Introduction Route

Takenaka,K.; Uozumi, Y. Adv. Synth. Catal. 2004, 346, 1693.
Takenaka,K.: Uozumi, Y. J. Am. Chem. Soc. 2005,127, 12273.



Nucleophilic Ligand Introduction Demonstration

Ay Q K@Q

-2H,0. -2PPh;) \————Pd————\

OHC CHO

Ph;P— Pd PPh;

L f;

(-2H,0. -2PPh;)

Takenaka, K.; Uozumi, Y. Org. Lett. 2004, 6, 1833.



Electrophilic Ligand Introduction Demonstration

NH, NH;

oxidative additiion /PPh3 ‘C-H bond activation
- P4-Br
BT T PaO(PPha), oph Pd!! Cly(PPhs),
-2 PPh 3 “HX

NH, ’ NH,

-H0 1 poiph,
_2 PPh3 110°C

HN—PPh,
Pd—Br

HN—PPh,

NH,

QH

NH,

Kimura, T.; Uozumi, Y. Organometallics. 2006, 25, 4883.



3. Demonstration and mechanism of C-H,
C-0, and C-C bound activation

|tBL|2 BUQ IBUE
,CO

CO
C‘% C% - e
3y —PBu P*Buz P‘BUz

A = tert-butylethylene
or norbornene

Kanzelberger, M.; Goldman, A. S. J. Am. Chem. Soc. 2000, 122, 11017.



3.1 Aryl C-H and C-C Agostic Complexes

H
I+
O
/ Oxidative Addition\
O 2 @y — O
g O

Electrophilic Metallation

R

Agostic Intermediate

Ryabov, A. D. Chem. Rev. 1990, 90, 403.



Demonstration 1

PPh,
R +
"SO4CF
Ph 3CF3
PPh, 2 “—PPhy p 2 Phy
_PPh;  R=H,D,Br \ P
Ru{ - R{-H R (37)
| "0SO,CF;  -PPhy | \P
PPh, P b
191 192 Ph, P2

Dani, P.; van Koten,G. Organometallics. 2000, 19, 5287.



ORTEP Drawing of C-H...Ru

C-H:1.15A Rh...H: 1.76A
Compare
CgHs-H: 1.101A, Ru-H:1.52A

Dani, P.; van Koten,G. Organometallics. 2000, 19, 5287.



Demonstration 2

B oTf |
R P!Bu,
R H R PBu,
t NEts
R 194 FBuz =——=R Rh—CO
OTF HOTf
+ - R 106 PBu,
[Rh(C2H4)(CO)(Solv),[*OTf
(n=1,2)
R =H, OMe

Vigalok, A.; Milstein, D. J. Am. Chem. Soc. 1998, 120, 12539.



Electron Density Calculation

Positive charge locate on the metal center

Vigalok, A.; Milstein, D. J. Am. Chem. Soc. 1998, 120, 12539.



C-C Agostic Complexes

RBu, Fi‘Buz
/ co I\ co
.
R Rh—Me —— R SR
P'Bu, P!Bus
198 199
lRT
HsC H3C
-FitBUQ -P\fsuz
\\ +
R F/Eh—CO - R —-F/ah—co
PtBU2 PtBUZ
201 R=H Me 200

Vigalok, A.; Milstein, D. Organometallics.1999, 18, 895.



ORTEP Drawing of C-C...Ru

Distance between C-C bond and the Rh center is shorter than the
sum of the van der Waals radii of the atoms involved (2.817 A).
Metal-C. . bond distance of 2.354(3) A is longer than regular

ipso

C-Rh bonds.



3.2 Competitive SP?-SP3 and SP3-SP3
C-0 Bond Activation

PfE.uz P'Bu, Pf3u2
MX [RhCI(CgH14) 2]2
X - MeX - (CH»0), Rh C
PtBuz P'Bu,

tBUg

M = Pd, X = OC(O)CF3

M=Ni X=1I
B OMe 6+ + ]
X TFBUE
ads
Et/_P!BUZ
K1 L1 M1 205
M = Pd, X = OC(O)CF; X =1, Cl

M=Ni, X=1I

van der Boom M.E.; Milstein, D. J. Am. Chem. Soc. 1998, 120, 13415.



Conclusion of Competitive C-O Bond
Activation

» Aryl-O or alkyl-O bond activation depending on the
applied metal complex precursor and the alkoxy group.

 the Rh(l) metal center only activates aryl-O bond,
whereas the Pd(Il) and Ni(ll) systems preferentially
activate the alkyl-O single bond.

van der Boom M.E., Milstein D. Chem. Rev. 2003, 103, 1759



3.3 Selective C-C Bound Activation

tBUz
p

R —
P
B

206 ‘Buy - N
+
115, IMCI(C2H4)2) M = Rh, Ir

R = OMe, H, C(O)CHj

tBUg

t‘BI..IQ
1 CH
| FHs

R M—CI

Rybtchinski, B; Milstein, D. J. Am.Chem. Soc. 1996, 118, 12406.



Demonstration

t
Solv
0 SGW
207 Me
223
+
[Rh(CgH14)2(s0lv),]"BF4] f
BLIE
PCH
| fHa
F\ih—(BF.:L}
O
Me

211

Rybtchinski, B; Milstein, D. J. Am. Chem. Soc. 2001, 123,9064.



Compare of C-C and C-H Bound Activation

entry ligand precursor solvent kinetic products thermodynamic product
1 PCN (52) neutral benzene C-C Cc-C
2 PCN (52) neutral toluene C-C Cc-C
3 PCN (52) neutral 3-fluorotoluene C-C Cc-C
4 PCP (206) neutral benzene C-H:C-C C-C
5 PCP (206) neutral THF C-H,C-C C-C
6 PCP (206) cationic THF C-H,C-C C-C
1 PCP (206) cationic MeCN C-H C-H
8 PCO (207) cationic THF C-H C-C
9 PCO (207) cationic acetone C-H Cc-C
10 PCO (207) cationic MeOH C-H Cc-C
11 PC (213) cationic MeOH C-H C-H

van der Boom M. E., Milstein D.J. Chem. Rev. 2003, 103, 1759



7 N\

50

Van der Boom, M. E; Milstein, D. Inorg. Chem. 2006,45, 7068.

Special Case

I-F’I'z
P
(COD)PtCl»
-
-COD
P
jF’TE

Jr.F:' ) =
P

Pt—Cl

P

P1  'Prp

HCI || - HCI

’.Prz
P

\

Pt—Cl

P

228 'Pry

- MeCl

229

’FP >

Pt-CI

P >



Solvent Effect

- THF t
p - Euz
+ | M
th—NCMe
P p  BFy
206 Buz Bu,
+
Rh(CgH14)2(solv)n]BF4

Rybtchinski, B.; Milstein, D. J. Am. Chem. Soc. 1999, 121, 4528



Substituent Effect

31P{1 H} NMH |Pr2 |Pr2 PP . |Pf2

PPh:,

RuHCK PPh3)3
Hu—-—-CI + R F!u—"CI
THF, 60 °C
H5C
o |Pr2 tPr2 iPr2

© . R =0Me

(O R=C(0)OMe C-H

23 2 21 20

Regis, R. MMilstein, D.Organometallics . 2001, 20, 1719.



Competitive C-F and C-C Bond Activation

EUz IFB,UZ
F
1/, [RNCI(CoHa)al | fFe
CF3 > Rh—Cl
A, -2 C2H4 |
P P
219  Bu, 181 'Bu,

PhsCBF, | - PhsCF

tEUZ tPBUE
RF | BF4 CF | BF
+ TN
Rh-C| ——> Rh-ClI
P P
220 Bu, 182 Bu,

van der Boom, M. E.: Milstein, D. J. Am. Chem.Soc. 1999, 121, 6652



Methylene Transfer to Incoming Reagents

Rg A- B A- CH2
F\’
g\:gj{h—PPh:; - g\:ﬁ&ﬁh-—PPm
F.I
231 Ra base HI Mel
base
A =H, B = H, SiOEt;, SiPh, Ph; A = B = (Me0)3Si
R = Ph, 'Pr

Gozin, M : Milstein, D. Nature. 1994, 370, 42.



Methylene Transfer Mechanism

Ph,
F.\\
%igrhwphs
P
281 Ph2_ppp,
+ —_—
RI
e

th th
NaH, PPh3

Rh PPhs 4+ H,C

th th

R=H
R=H
R = CF3
R= CH3
R=0CH

R'=H
R'= CFg
R =H
R'=H
R'=H

Cohen, R; Milstein, D. J. Am. Chem. Soc. 2000, 122, 7723.



Conclusions

e Pincers are synthesized Iin two routes: Metal
Intriduction route and Ligand introduction route.

» In most Ligands, C-H bound activation is kinetically
favored, whereas C-C bond activation Is

thermodynamically preferred.

» Design of a highly efficient enantioselective PCP
cmoplexes is still a highly desirable target.



Thanks'!
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