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Abstract

para-Substituted NCN–pincer palladium(II) complexes (NCN = [2,6-(CH2NMe2)2C6H3]−) of the type [Pd(OH2)(NCN-4-CHZ-
C6H4SiMe3)](BF4) (with Z = OH, OAc, OSiMe2t-Bu, (C5H5N)(BF4)) have been synthesized and were used as catalysts in the aldol reaction
between methyl isocyanoacetate andpara-functionalized benzaldehydes. The applied substituents Z, placed on a distal position from the
cationic palladium(II) site, do not significantly influence the catalytic activity and selectivity of the resulting complexes, but offer a useful
starting point for further modification or functionalization.
© 2004 Elsevier B.V. All rights reserved.

Keywords:Palladium; Ligand design; Synthesis; Catalysis

1. Introduction

The use of functionalized ligands in organometallic
and coordination chemistry is a common tool to immo-
bilize a complex, alter its solubility, or tune the metal
center electronically. Our interest is focused on thepara-
functionalization of NCN–pincer metal complexes (NCN =
2,6-bis[(dimethylamino)methyl]phenyl anion)[1–5] with a
wide variety of different substituents and anchoring points.
Variation of thepara-substituent Z in NCN–Z metal com-

chain polymers. A remarkable ‘organic transformation’ that
exemplifies the chemical stability of both NCN–pincer palla-
dium and platinum complexes is the direct sulfonation of the
para-position of the non-substituted complexes by treatment
with HOSO2Cl at room temperature to yield the correspond-
ing para-sulfato complexes in 18 and 25% isolated yield,
respectively[6,7].

Especially successful has been the immobilization of
NCN–pincer complexes on a variety of molecular support
systems for diagnosis applications and for catalyst recycling

s

-
n-
plexes can be exploited to fine-tune the electronic, catalytic,
spectroscopic, and diagnostic properties of the complexes
and can furthermore be used to advantage in a synthetic
sense for the further modification of pincer complexes. In
this regard, we have extensively studied NCN–pincer metal
complexes of the nickel triad (Ni, Pd, Pt). NCN–Z nickel(II)
complexes, e.g., show a remarkable relation between the
Ni(II)/Ni(III) oxidation potential and the electronic nature of
para-substituent Z[3]. A linear Hammett relationship was es-

purposes. Usingpara-functionalities, NCN–pincer platinum
complexes were attached to bio-scaffolds like carbohydrate
[13] and peptides[14,15]. Because of the reversible binding
properties of the NCN–pincer platinum complexes with SO2
and I2 [1,16], and the concomitant reversible color change
from colorless to orange and purple, respectively, these con
jugates are interesting candidates as biomarkers and biose
sors. We have extensively investigated the immobilization
of NCN–pincer complexes onto soluble and molecular sup-
tablished between theσp-Hammett substituent constant and
the oxidation potential, which translated itself consequently
to the overall catalytic reactivity of the complexes in the
redox-based Karasch-addition of CClto methyl metacrylate.
L –Z
p d
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ports for catalyst recycling, for which supports as struc-
turally diverse as benzene rings[17–19], dendrons[20], den-
drimers[21–27], hyperbranched polymers[28–31], and den-
dronized polymers[32] were used to covalently, as well as
non-covalently immobilize these complexes. One of the ma-
jor applications for which the resulting hybrid materials are
t uous
a oge-
n

tive
c
a im-
m nal
g in-
i es
w en
m ydes.

i-
l for
c indi-
c fea-
s thyl-
c
2

4
ater, we observed similar linear relationships in NCN
latinum(II) complexes between thepara-substituent Z an
oth the195Pt NMR chemical shift and the calculated M

iken populations (DFT) on platinum[6]. These observation
ery nicely show the electronic and catalytic fine-tuning
abilities of thepara-substituents in these pincer complex
s well as the predictive power of their effects on the m
enter.

For further modifications on NCN–Z metal complexes
d and Pt complexes are especially suitable, since the
ighly stable, even allowing functionalization after met

ion of the ligand[6–8]. This makes them excellent buildi
locks for the construction of new (catalytic) organome

ic materials[1,9]. Para-hydroxy [10,11] andpara-alkynyl
CN–pincer platinum halide complexes[12] form non-
ovalent linear organometallic main chain polymers. Th
ect lithiation ofpara-halo NCN–pincer platinum complex
t −100◦C allows access topara-lithio complexes[6–8]
hich can be further reacted with appropriate electrop
r lead to the formation of covalent organometallic m
ested is their use in nano-filtration set-ups for the contin
s well as batch-wise operation and separation of hom
eous catalysts[33].

Here, we report the synthesis of catalytically ac
ationic NCN–pincer palladium(II) complexes1–4 function-
lized with two anchoring points, thus allowing both
obilization and the introduction of additional functio
roups, e.g., hydroxyl, acetyl, and pyridinium, in the vic

ty of the metal complex (Plate 1). These cationic complex
ere tested as catalysts in CC coupling reactions betwe
ethyl isocyanoacetate and (functionalized) benzaldeh
Complexes1–4 are all substituted with a trimethyls

yl group. This trimethylsilyl group is used as a mimic
arbosilane dendritic support systems. Earlier results
ated that once attachment to trimethylsilyl chloride is
ible, the method also holds for attachment to dime
hlorosilyl functionalized carbosilane dendrons[23,24,
6,28].
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Plate 1. Hydroxyl (1), acetyl (2), siloxy (3), and pyridinium (4) functional-
ized NCN–pincer palladium(II) complexes.

2. Results

2.1. Synthesis

Complexes1–4 were synthesized from a single lig-
and precursor (9), which was obtained according to the
route depicted inScheme 1. Lithiation of 1-bromo-3,5-bis-
[(dimethylamino)methyl]benzene (5) with two equivalents
of t-BuLi, followed by a quench with 4-bromobenzaldehyde,
afforded thepara-substituted ligand6. Protection of the ben-
zylic alcohol with at-butyldimethylsilyl group (TBDMS)
proceeded quantitatively in THF. The resulting silyl ether
7 was reacted with two equivalents oft-BuLi and subse-
quently quenched with trimethylsilyl chloride. This reaction
afforded compound8 in good yield. A second trimethylsilyl
substituent was introduced on the positionorthowith respect
to both nitrogen donor atom-containing substituents, by se-
lective deprotonation withn-BuLi in hexanes, and subsequent
treatment with Me3SiOTf (OTf = trifluoromethylsulfonate)
in THF, affording9 as a single product in an overall yield of
67% based on5.

Complexes11, 12 and13 were obtained from9, as de-
picted in Scheme 2. Deprotection of the benzylic alcohol
function of9 with NBu4F in THF to obtain ligand10 pro-
ceeded smoothly and in high yield (94%). Palladation of10

Scheme 1. Synthesis of ligand9: (i) 2 t-BuLi, 4-bromobenzaldehyde,
NH4Cl; (ii) SiMe2t-BuCl, imidazole; (iii) 2t-BuLi, SiMe3Cl; (iv) n-BuLi,
SiMe3OTf.

with Pd(OAc)2 in methanol followed by treatment with LiCl
afforded complex11, containing a hydroxyl group, in a sat-
isfactory 89% yield. The high stability of the NCN–pincer
palladium complex[6–8] enabled us to react the benzylic
hydroxyl group with acetic anhydride in the presence of pyri-
dine to obtain the acetyl functionalized complex12 in a 87%
yield, without observable decomposition of the organometal-
lic moiety. Direct palladation of9 in a similar manner as for
10afforded complex13as the only product, isolated in 92%
yield.

Attempts were made to functionalize the benzylic alco-
hol moiety of palladium complex11with a diethylphosphate
moiety. Reaction of complex11with chloro diethylphosphate
in the prescence of various bases, i.e. triethylamine or diiso-
propylethylamine, yielded the desired diethylphosphate. At-
tempted isolation of the product by aqueous work-up led to
the quantitative removal of the phosphate giving back alcohol
11. The use of pyridine as solvent and internal base in the es-
terification of11with chloro diethylphosphate, unintendedly

(i) NBu
Scheme 2. Synthesis of palladium complexes11–14:
 4F; (ii) (a) Pd(OAc)2, (b) LiCl; (iii) Ac 2O/pyridine.



2278 M.Q. Slagt et al. / Coordination Chemistry Reviews 248 (2004) 2275–2282

Scheme 3. Reversible formation of the diethylphosphate substituted NCN–palladium complex, and formation of14: (i) ClPO(OEt)2, base; (ii) H2O; (iii)
pyridine.

Scheme 4. Dehalogenation of11–14 to obtain the catalytically active
cationic palladium-aqua complexes1–4.

led to pyridinium complex14 as the sole product in 85%
isolated yield (Scheme 3).

2.2. Catalytic activity in aldol condensations

Complexes11–14were converted into their corresponding
cationic aqua complexes by treatment with AgBF4, resulting
in the formation of complexes1–4, respectively (Scheme 4).
The additional chloride present in pyridinium complex14
was removed by adding an additional equivalent of AgBF4
to obtain the dicationic complex4as the bis-tetrafluoroborate
salt.

Cationic NCN–pincer palladium(II) aqua complexes can
serve as catalyst in Lewis acid catalyzed aldol type reactions,
such as the addition of methyl isocyanoacetate to benzalde-
hydes, to produce a diastereomeric mixture of oxazolines
(Scheme 5) [34–38].

The catalytic activity of cationic complexes1–4was tested
in this aldol reaction, applying initially dichloromethane as
the commonly used solvent[39–47]. However, the low sol-
ubility of 4-hydroxymethyl- and 4-hydroxybenzaldehyde in
this solvent led to extremely slow conversions. Hence, these
reactions were carried out in THF to solubilize the substrate.
The results from the experiments are collected inTable 1.

S es be-
t
C

Table 1
Results from the aldol reaction of methyl isocyanoacetate and (para-
substituted) benzaldehyde catalyzed by complexes1–4a

Complex k (10−3 h−1)b Conversion (%, after 24 h)

Benzaldehyde (R = H)
1 (Z = OH) 314 93
2 (Z =OAc) 259 95
3 (Z = OTBDMS) 340 93
4 (Z = Pyridinium) 132 80

4-Hydroxymethylbenzaldehyde (R = CH2OH)c

1 108 80
2 102 77
3 114 81
4 192 99

4-Hydroxybenzaldehyde (R = OH)c

1 90 58
2 78 55
3 90 60
4 118 72
a Conditions: see experimental section.
b Initial rate of methyl isocyanoacetate consumption, determined for con-

versions <40%.
c In THF.

The product distributions of the formed oxazolines were
similar for all catalysts. The use of benzaldehyde and 4-
hydroxybenzaldehyde as substrates led to the formation of
oxazolines withcis/trans ratios amounting to 60/40 and
70/30, respectively. Thecis/transratios were not determined
for the products obtained from 4-hydroxybenzaldehyde, due
to the gradual build up of various side-products upon pro-
longed reaction times.

3. Discussion

3.1. Synthesis

The selective and quantitative introduction of a trime-
thylsilyl substituent by a lithiation-transmetallation proce-
dure to produce intermediate8, opens the way to immobilize
the para-substituted NCN-moiety on carbosilane dendrimers
for catalyst recovery and recycling purposes. An important
factor in dendrimer synthesis is the necessity to have high
conversions and selectivities for all reactions performed on
dendrimers, to prevent the formation of extensive defects in
the products. Thus, reactions performed on8 and products
cheme 5. Aldol condensation catalyzed by NCN–palladium complex
ween methyl isocyanoacetate andpara-substituted benzaldehydes; R = H,
H2OH, OH.
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obtained from it should be selective and quantitative. Indeed,
the introduction of a trimethylsilyl substituent to Cipso (9),
the deprotection of the alcohol (10), the palladation (11), and
all subsequent transformations proceeded quantitatively, al-
though loss of material during work-up procedures can lead
in certain cases to reduced isolated yields.

The above-mentioned observations strongly indicate that
the performed transformations can be used to selectively syn-
thesize dendritic analogues of complexes1–4. Interesting to
note is that the used two-step palladation route, involving
lithiation and silylation of Cipso and subsequent electrophilic
aromatic palladation[48], is preferred over a direct lithiation-
transpalladation route[49]. The latter does not lead to quan-
titative palladation of the NCN–pincer ligand. An additional
advantage of the first route is the inertness of the trimethylsilyl
group towards a wide variety of reaction conditions, allow-
ing various modifications on the ligand prior to palladation.
Functionalization of benzylic hydroxyl NCN–pincer palla-
dium(II) complex11with a diethylphosphate group results in
a material that is unstable towards (weak) nucleophiles such
as water. This reactivity is incompatible with the presence
of nucleophiles in the envisaged catalytic experiments (al-
dol reactions), making the diethyl phosphate functionalized
complex an unsuitable catalyst, but offers a suitable starting
material for further functionalizations. Finally, it is notewor-
t
f allic
c

3

m-
p yl,
o ents
a tive
C
i plex
3 sting
t i-
r r
l , no
a ounds
i

is-
t 4-
h yde.
P s
a s in
t in-
c for
a yde,
a in-
c l-
f ct of
t e of
t the

origin of this enhanced catalytic activity for the hydroxyl
functionalized substrates. Hydrogen bonding interactions be-
tween the co-catalyst (iPr2EtN) and the hydroxyl function,
leading to a build-up of negative charge on the oxygen atom,
could result in an attractive interaction with the pyridinium
cation of4. This interaction brings the aldehyde substrate
in the vicinity of the catalytic site, possibly resulting in en-
hanced reaction rates[51]. Such an interaction between the
amine and the alcohol, which is more pronounced for the
more acidic phenolic alcohol, could also account for the low
rates and conversions observed for 4-hydroxybenzaldehyde.
Protonation of large amounts of the base by the acidic pheno-
lic hydrogen inhibits its activity as cocatalyst[52]. No effect
of the hydroxyl and acetyl substituents of1 and2 was ob-
served on their catalytic activity. Apparently, the capability
of the alcohol or ester moiety to participate in hydrogen bond
formation with the substrate does not affect the catalytic per-
formance of these complexes.

4. Conclusions

The construction of multi-functionalized NCN–pincer
complexes1–4, illustrates the potential of the NCN–pincer
moiety in the construction of new organometallic materials.
E ould
a to
t om-
p steri-
c r sites
f e the
c re-
s geous
f

5

5

ents
w dard
S riate
a -3,5-
b c-
c l
a hes
L -
t cury
2

5

5

1

hy that the routes to complexes12 and14 involve organic
unctionalization steps on the ligand of the organomet
omplex itself.

.2. Catalytic activity in aldol condensations

Of interest in the study of the catalytic properties of co
lexes1, 2 and4, is the influence of the hydroxyl, acet
r pyridinium substituents on catalysis. These substitu
re, in principle, capable of hydrogen bonding or attrac
oulombic interactions with selected substrates[50]. These

nteractions can be excluded for silyl functionalized com
, which is therefore used as reference catalyst. Intere
o note for the application of1–4 in catalysis is that a ch
al center is formed on thepara-position of the NCN–pince
igand during the first step of their synthesis. However
ttempts were made to separate and isolate the comp

n their enantiomerically pure form.
Complexes1–3 have similar activities and product d

ributions in the aldol reaction with benzaldehyde,
ydroxymethylbenzaldehyde, and 4-hydroxybenzaldeh
yridinium functionalized complex4 is significantly les
ctive in the aldol reaction with benzaldehyde, wherea

he reaction with 4-hydroxymethylbenzene a two-fold
rease in activity is found. Low activities are observed
ll catalysts in aldol reactions with 4-hydroxybenzaldeh
lbeit that4 has a somewhat enhanced activity. This
reased activity of4 in the aldol reactions with hydroxy
unctionalized benzaldehydes, indicates a positive effe
he cationic pyridinium site on the catalytic performanc
he NCN–palladium complex. One might speculate on
xtension of the presented synthetic methodologies w
llow the introduction of a variety of functional groups

une and optimize the catalytic behavior of the resulting c
lexes. These functional groups can act as cocatalyst (a
ally hindered amine base), as supramolecular recepto
or substrate molecules, or as steric bulk to encapsulat
atalyst. The additional possibility to immobilize the p
ented systems on (dendritic) supports can be advanta
or recycling purposes.

. Experimental section

.1. General

All experiments using air and water sensitive reag
ere conducted in a dry nitrogen atmosphere using stan
chlenk techniques. Solvents were dried over approp
gents and distilled prior to use. The reagent 1-bromo
is((dimethylamino)methyl)benzene (5) was prepared a
ording to previously reported procedures[53]. Elementa
nalyses were performed by H. Kolbe, Mikroanalytisc
aboratorium, M̈ulheim, Germany.1H and13C NMR spec

ra were recorded at 298 K on a Varian Inova 300 or Mer
00 spectrometer.

.2. Synthesis

.2.1. 4-[2,6-(NMe2CH2)2C6H3-4-CH(OH)]C6H4Br (6)
To a precooled (−90◦C) solution of 5 (4.11 g,

5.18 mmol) in Et2O (50 mL) was addedt-BuLi (20.2 mL,
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1.5 M in pentane, 30.3 mmol) dropwise. The reaction mix-
ture was stirred at−90◦C for an additional 30 min and 4-
bromobenzaldehyde (3.37 g, 18.21 mmol) in Et2O (20 mL)
was added dropwise. The reaction mixture was allowed to
warm to room temperature and was stirred for an additional
2 h. The mixture was quenched with water and the organic
phase was extracted with 1 M HCl (2× 30 mL). The com-
bined aqueous extracts were washed with Et2O (30 mL), neu-
tralized with K2CO3, and extracted with Et2O (2× 50 mL).
The organic layer was dried and concentrated in vacuo, to
afford 6 as a white solid. Yield: 4.96 g (87%),1H NMR
(CDCl3, 200 MHz)δ: 7.42 (d, 2H,3JHH = 8.0 Hz, ArH), 7.28
(s, 2H, ArH), 7.26 (d, 2H,3JHH = 8.0 Hz, ArH), 7.13 (s, 1H,
ArH), 5.74 (s, 1H, ArCH), 3.41 (s, 4H, CH2N), 2.20 (s, 12H,
NMe2); 13C{1H} (CDCl3, 50 MHz) δ: 144.5, 143.9, 138.6,
131.3, 129.2, 128.1, 126.1, 120.8 (Ar), 75.1 (CH(OH)),
64.1 (CH2N), 45.2 (NMe2); Anal. Calcd. for C19H25BrN2O:
C 60.48, H 6.68, N 7.42; Found: C 60.29, H 6.58,
N 7.32.

5.2.2. 4-[2,6-(NMe2CH2)2C6H3-4-CH(OTBDMS)]
C6H4Br (7)

To a stirred solution of TBDMSCl (4.09 g, 27.16 mmol)
and imidazole (3.08 g, 45.27 mmol) in THF (50 mL) was
added dropwise a solution of6 (8.54 g, 22.63 mmol) in
T nd
a was
a he
r tly
w ried
o d
a
2 ,
2 H,
A ,
C ,
1
1 1,
1 4.2
(
−
6 .42,
S

5
C

l)
i -
t irred
a o-
r ction
m all
v s re-
d ed
w
t g

(90%). 1H NMR (CDCl3, 200 MHz) δ: 7.43 (d, 2H,3JHH
= 8.0 Hz, ArH) 7.33 (d, 2H,3JHH = 8.0 Hz, ArH), 7.20 (s,
2H, ArH), 7.13 (s, 1H, ArH), 5.73 (s, 1H, ArCH), 3.45 (d,
2H, 2JHH = 11.4 Hz, CH2N), 3.36 (d, 2H,2JHH = 11.4 Hz,
CH2N), 2.21 (s, 12H, NMe2), 0.90 (s, 9H,t-BuSi), 0.22
(s, 9H, SiMe3), −0.04 (d, 6H, SiMe2); 13C{1H} (CDCl3,
50 MHz) δ: 145.8, 145.0, 138.6, 138.4, 133.1, 128.6, 126.1,
125.3 (Ar), 76.6 (CH(OTBS)), 64.3 (CH2N), 45.3 (NMe2),
25.8 (C(CH3)3), 18.3 (C(CH3)3), −1.1(SiMe3), −4.7,−4.9
(SiMe2); Anal. Calcd. for C28H48N2OSi2: C 69.36, H 9.98,
N 5.78, Si 11.58; Found: C 69.46, H 10.01, N 5.71,
Si 11.39.

5.2.4. 4-[1-SiMe3-2,6-(NMe2CH2)2C6H2-4-
CH(OTBDMS)]C6H4SiMe3 (9)
n-BuLi (3.1 mL, 1.6 M in hexanes, 4.9 mmol) was added

dropwise over a period of 5 min to a precooled (−78◦C)
solution of8 (2.37 g, 4.89 mmol) in hexane (20 mL). The re-
action mixture was allowed to warm to room temperature
and was stirred for an additional 4 h. After cooling the re-
action mixture to 0◦C, a solution of trimethylsilyl triflu-
oromethylsulfonate (1.42 mL, 7.33 mmol) in THF (20 mL)
was added dropwise over a period of 10 min and stirred for
16 h at room temperature. All volatiles were removed in
vacuo and the resulting residue was extracted with hexane
( hed
o -
l
�
8 (d,
2 ,
C ,
S
1 26.0
(
(
−
C .29,
N

5
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F
( t
o . All
v d with
h hed
w -
c ).
1

A ,
5
0
7 6.2,
1

HF (15 mL). The mixture was refluxed overnight a
fter cooling to room temperature methanol (3 mL)
dded, followed by removal of all volatiles in vacuo. T
esidue was redissolved in Et2O (50 mL), and subsequen
ashed with water and brine. The etheral layer was d
ver MgSO4, and then concentrated in vacuo to affor7
s a yellow oil. Yield: 10.47 g (94%),1H NMR (CDCl3,
00 MHz) δ: 7.39 (d, 2H,3JHH = 8.4 Hz, ArH), 7.23 (d
H, 3JHH = 8.4 Hz, ArH), 7.17 (s, 2H, ArH), 7.13 (s, 1
rH), 5.69 (s, 1H, ArCH), 3.44 (d, 2H,2JHH = 11.4 Hz
H2N), 3.35 (d, 2H, 2JHH = 11.4 Hz, CH2N), 2.21 (s
2H, NMe2), 0.89 (s, 9H,t-BuSi), -0.04 (d, 6H, SiMe2);
3C{1H} (CDCl3, 50 MHz) δ: 144.5, 144.4, 138.9, 131.
28.8, 127.8, 125.7, 120.5 (Ar), 76.0 (CH(OTBS)), 6
CH2N), 45.3 (NMe2), 25.7 (C(CH3)3), 18.2 (C(CH3)3),
4.8, −4.9 (SiMe2); Anal. Calcd. for C25H39N2OSi: C
1.08, H 8.00, N 5.70; 5.71; Found: C 61.20, H 8.04, N 5
i 5.60.

.2.3. 4-[2,6-(NMe2CH2)2C6H3-4-CH(OTBDMS)]
6H4SiMe3 (8)
To a precooled (−78◦C) solution of7 (1.25 g, 2.54 mmo

n Et2O (15 mL) was addedt-BuLi (3.4 mL, 1.5 M in pen
ane, 5.1 mmol) dropwise. The reaction mixture was st
t −78◦C for an additional 30 min, and trimethylsilyl chl
ide (1.6 mL, 12.7 mmol) was added at once. The rea
ixture was allowed to warm to room temperature and

olatiles were evaporated in vacuo. The residue wa
issolved in Et2O (25 mL) and the solution was wash
ith brine. The etheral layer was dried over MgSO4 and

hen concentrated to afford8 as a yellow oil. Yield: 1.11
3 × 50 mL). The combined hexane extracts were flus
ver basic Al2O3 and then concentrated to afford9 as a yel

ow oil. Yield: 2.49 g (91%),1H NMR (CDCl3, 200 MHz)
: 7.42 (d, 2H,3JHH = 8.0 Hz, ArH), 7.34 (d, 2H,3JHH =
.0 Hz, ArH), 7.32 (s, 2H, ArH), 5.74 (s, 1H, ArCH), 3.60
H, 2JHH = 13.2 Hz, CH2N), 3.40 (d, 2H,2JHH = 13.2 Hz
H2N), 0.91 (s, 9H,t-BuSi), 0.33 (s, 9H, SiMe3), 0.22 (s, 9H
iMe3),−0.04 (d, 6H, SiMe2); 13C{1H} (CDCl3, 50 MHz)�:
46.4, 145.8, 145.0, 138.3, 137.2, 133.1, 128.0, 126.6, 1
Ar), 76.5 (CH(OTBS)), 65.6 (CH2N), 45.1 (NMe2), 25.9
C(CH3)3), 18.3, (C(CH3)3), 3.2 (SiMe3), −1.0 (SiMe3),
4.6, −4.9 (SiMe2); Anal. Calcd. for C31H56N2OSi3:
66.84, H 10.13, N 5.03; Found: C 66.73, H 10

4.91

.2.5. 4-[1-SiMe3-2,6-(NMe2CH2)2C6H2-4-CH(OH)]
6H4SiMe3 (10)
To a stirred solution of9 (1.04 g, 1.87 mmol) in TH

15 mL) was added NBu4F (1.9 mL, 1 M in THF, 1.9 mmol) a
nce. The mixture was stirred at room temperature for 1 h
olatiles were evaporated, and the residue was extracte
exane (3× 100 mL). The combined fractions were was
ith brine. The hexane layer was dried over MgSO4 and con
entrated to afford10 as a yellow oil. Yield: 0.87 g (94%
H NMR (CDCl3, 200 MHz)�: 7.48 (d, 2H,3JHH = 7.4 Hz,
rH), 7.38 (d, 2H,3JHH = 7.4 Hz, ArH), 7.37 (s, 2H, ArH)
.80 (s, 1H, ArCH) 3.52 (s, 4H, CH2N), 2.11 (s, 12H, NMe2),
.36 (s, 9H, SiMe3), 0.25 (s, 9H, SiMe3); 13C{1H} (CDCl3,
5 MHz) �: 146.4, 144.9, 144.2, 139.2, 137.6, 133.4, 12
25.9 (Ar), 76.1 (CH(OH)), 65.3 (CH2N), 45.0 (NMe2), 3.3
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(SiMe3), −1.1 (SiMe3); Anal. Calcd. for C25H42N2OSi2: C
67.81, H 9.56, N 6.33; Found: C 67.69, H 9.51, N 6.24.

5.2.6. [1-PdCl-2,6-(NMe2CH2)2C6H2-4-
CH(OH)(C6H4SiMe3)] (11)

To a suspension of10 (1.20 g, 2.71 mmol) in freshly
distilled methanol (30 mL) was added Pd(OAc)2 (0.67 g,
2.98 mmol) at once. The reaction mixture was stirred for 3 h
at room temperature, excess LiCl (0.75 g, 17.77 mmol) was
added at once, and stirring was continued for an additional
hour. All volatiles were evaporated in vacuo and the residue
was extracted with dichloromethane (3 mL× 30 mL). The
combined dichloromethane extracts were filtered over Celite,
and removal of the volatiles afforded11 as an orange solid.
Yield: 1.23 g (89%),1H NMR (CDCl3, 200 MHz) δ: 7.49
(d, 2H, 3JHH = 8.0 Hz, ArH), 7.35 (d, 2H,3JHH = 8.0 Hz,
ArH), 6.80 (s, 2H, ArH), 5.71 (s, 1H, ArCH) 3.95 (s, 4H,
CH2N), 2.91 (s, 12H, NMe2), 0.25 (s, 9H, SiMe3). 13C{1H}
(CDCl3, 75 MHz) δ: 156.2, 145.3, 144.6, 140.7, 140.0,
133.8, 125.9, 118.5 (Ar), 76.6 (CH(OH)), 74.9 (CH2N), 53.4
(NMe2), −0.8 (SiMe3); Anal. Calcd. for C22H33ClN2OPdSi:
C 51.66, H 6.50, N 5.48. Found: C 51.46, H 6.45,
N 5.36.

5.2.7. [1-PdCl-2,6-(NMe2CH2)2C6H2-4-
C

e
( as
s ured
i cted
w re
w r
M
s
δ

8 (s,
4 4
( ,
1 (Ar),
7
−
5 31,
N

5
C

s
�
7 93
(
( -
d .4,
1
(
−

53.75, H 7.57, N 4.48; Found: C 53.60, H 7.51,
N 4.33.

5.2.9. [1-PdCl-2,6-(NMe2CH2)2C6H2-4-
CH(C5H5N+)(C6H4SiMe3)] (14)

A solution of 11 (240 mg, 0.47 mmol) in 5 mL
of pyridine was treated with chloro diethylphosphate
(120 mg,0.70 mmol). The reddish solution was stirred for 16 h
at room temperature. All volatiles were removed in vacuo,
and the residue was redissolved in CH2Cl2 (50 mL). This so-
lution was washed with water (50 mL) and brine (50 mL),
and dried over MgSO4. The organic layer was concentrated
to 5 mL, followed by precipitation with Et2O, to afford14
as a orange yellow solid (277 mg, 0.40 mmol) in 85% yield.
1H NMR (CDCl3, 300 MHz)δ: 9.18 (br d, 2H, pyridinium),
8.54 (br t, 1H, pyridinium), 8.17 (m, 2H, pyridinium), 8.16
(s, 1H, CH(NC5H5)), 7.47 (d, 2H,3JHH = 8.1 Hz, ArH), 7.16
(d, 2H,3JHH = 8.0 Hz, ArH), 6.84 (s, 2H, ArH), 3.94 (s, 4H,
CH2N), 2.85 (s, 12H, NMe2), 0.19 (s, 9H, SiMe3). 13C{1H}
(CDCl3, 75 MHz)δ: 146.6, 144.9, 128.8 (pyridinium), 159.7,
146.2, 142.8, 136.3, 134.6, 131.6, 127.9, 121.4 (Ar), 77.2
(CH(NC5H5)), 74.8 (CH2N), 53.4 (NMe2), −1.0 (SiMe3);
Anal. Calcd. for C25H31Cl2N2PdSi: C 53.15, H 5.53, N 4.96;
Found: C 53.09, H 5.60, N 4.88.
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H(OAc)(C6H4SiMe3)] (12)
To a solution of11 (155 mg, 2.71 mmol) in pyridin

1 mL) was added Ac2O (0.5 mL) at once. The mixture w
tirred at room temperature for 16 h, and subsequently po
nto an ice/water mixture. The aqueous layer was extra
ith dichloromethane (3×) and the combined fractions we
ashed with an aqueous 1 M NaHCO3 solution, dried ove
gSO4, and concentrated to afford12 as a light yellow

olid. Yield: 146 mg (87%).1H NMR (CDCl3, 200 MHz)
: 7.48 (d, 2H,3JHH = 8.0 Hz, ArH), 7.29 (d, 2H,3JHH =
.0 Hz, ArH), 6.75 (s, 2H, ArH), 6.72 (s, 1H, ArH) 3.95
H, CH2N), 2.91 (s, 12H, NMe2), 2.13 (s, 3H, OAc), 0.2
s, 9H, SiMe3). 13C{1H} (CDCl3, 75 MHz) δ: 170.2 (CO)
56.8, 145.3, 140.9, 140.3, 137.0, 133.7, 126.3, 119.1
7.4 (CHOAc), 74.9 (CH2N), 53.3 (NMe2), 21.6 (COCH3)
0.9 (SiMe3); Anal. Calcd. for C24H35ClN2O2PdSi: C
2.08, H 6.37, N 5.06. Found: C 51.92, H 6.
4.95.

.2.8. [1-PdCl-2,6-(NMe2CH2)2C6H2-4-
H(OTBDMS)(C6H4SiMe3)] (13)
A similar procedure as described for11was used, with9as

tarting material (yield 92%).1H NMR (CDCl3, 300 MHz)
: 7.43 (d, 2H,3JHH = 7.5 Hz, ArH), 7.30 (d, 2H,3JHH =
.5 Hz, ArH), 6.75 (s, 2H, ArH), 5.60 (s, 1H, ArCH) 3.
s, 4H, CH2N), 2.91 (s, 12H, NMe2), 0.89 (s, 9H,tBu), 0.24
s, 9H, SiMe3), −0.05,−0.07 (SiMe2); 13C{1H} (acetone
6, 75 MHz) δ: 156.2, 146.8, 145.5, 142.1, 138.5, 133
25.7, 117.7 (Ar), 77.2 (CH(OTBS)), 74.7 (CH2N), 52.6
NMe2), 25.7 (C(CH3)3), 18.3 (C(CH3)3) −1.5 (SiMe3),
5.1 (SiMe2); Anal. Calcd. for C28H47ClN2OPdSi2: C
.3. General procedure for cationic palladium
omplexes1–4

AgBF4 (39 mg, 0.20 mmol) was added at once to a solu
f one of the palladium halide complexes11–14(0.20 mmol)

n wet acetone, resulting in the immediate precipitatio
yellowish solid. The mixture was stirred for 30 min f

owed by removal of all volatiles. The residue was extra
ith CH2Cl2 (2 mL× 5 mL), and the combined extracts w
ltered carefully over Celite. Evaporation of the volatiles
orded1–4 as yellow to orange solids in near quantita
ields (>95%). The cationic complexes were prepared fre
rior to catalysis.

.4. Catalyst screening

To a solution of the catalyst (1 mol%, 8�mol) in 2.5 mL
f CH2Cl2 or THF, was added the (substituted) benza
yde (0.8 mmol),iPr2EtN (10 mol% 80�mol), and methy

socyanoacetate (0.8 mmol). The mixture was stirred
losed reaction vessel under ambient conditions. Sam
100�L) for 1H NMR (200 MHz) analysis were strippe
rom the solvent in a stream of nitrogen gas, and re
olved in CDCl3 (0.5 mL). Conversions (methyl isocyano
tate consumptions) were calculated from the intensity o
NCH2COOMe protons versus the combined methyl e
ignals.

Typically, the background reaction with benzaldehyd
ubstrate under these conditions, i.e. reactions run in th
ence of catalyst, proceeds to 0 and 32% conversion w
and 24 h, respectively.
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G. van Koten, Orgonametallics 22 (2003) 4175.

[33] H.P. Dijkstra, G.P.M. van Klink, G. van, Koten, Acc. Chem. Res. 35
(2002) 798.

[34] M. Ohkouchi, D. Masui, M. Yamaguchi, T. Yamagishi, J. Mol. Cat.
A 170 (2001) 1.

[35] J.S. Johnson, D.A. Evans, Acc. Chem. Res. 33 (2000) 325.
[36] D.A. Evans, J.A. Murry, M.C. Kozlowski, J. Am. Chem. Soc. 118

(1996) 5814.
[37] D.A. Evans, M.C. Kozlowski, J.S. Tedrow, Tetrahedron Lett. 37

(1996) 7481.
[38] M. Sawamura, Y. Nakayama, T. Kato, Y. Ito, J. Org. Chem. 60

[ lv.

[ n,

[
[ k,

20

[
[ 98)

[
[ a,

[

[ 1998)

[ erer-
124.

[ alla-

[ inated
deter-

[ eral
being

[ pek,
ton, Tetrahedron 59 (2003) 1837.
10] M. Albrecht, M. Lutz, A.L. Spek, G. van Koten, Nature 406 (20

970.
11] P.J. Davies, N. Veldman, D.M. Grove, A.L. Spek, G. van Ko

Angew. Chem. Int. Ed. 35 (1996) 1959.
12] S.L. James, G. Verspui, A.L. Spek, G. van Koten, Chem. Com

(1996) 351.
13] K.M. Halkes, G. Guillena, G.D. Batema, J.P. Kamerling, G.

Koten, in preparation.
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