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a b s t r a c t

Various para-OH functionalized ECE–pincer metal complexes [MX(ECE–OH)Ln] (ECE–OH = [C6H2(CH2E)2-
2,6-OH-4]!, E = NMe2, PPh2 and SPh) were synthesized. The X-ray crystal structures of neutral [PdCl(SCS–
OH)], [PdCl(NCN–OH)], and cationic [Pd(PCP–OH)(MeCN)](BF4) are reported. The neutral halide
complexes exhibit self-assembly to form polymeric chains via H-bonding involving the para-OH group
as donors and the halide ligand on the metal as acceptors. Moreover, the halide ligand can be replaced
by a monomeric aryloxy-O ligand leading to the formation of a covalently bonded dimer. The crystal
structure of such a dimer derived from [PdI(NCN–OH)] is reported. Furthermore, these pincer–metal
complexes were tethered through a carbamate linker to a siloxane functionality with the aim to be
immobilized on a silica support. The crystal structure of a siloxane-functionalized [PtI(NCN–Z)] complex
exemplifies how other H-bonding interactions not involving the metal–halide groupings can lead to poly-
meric networks as well.

! 2008 Elsevier B.V. All rights reserved.

1. Introduction

ECE–pincer metal complexes [MX(ECE–Z)Ln] (ECE–Z = [C6H2

(CH2E)2-2,6-Z-4]!, E = NMe2, PPh2 and SPh) with a para-functional-
ity (Z) on the aromatic ring of the pincer anion are well known
[1–9]. Electronic properties of the metal center can be tuned by
inductive andmesomeric effects of this substituent [10]. Ample evi-
dence has been gathered to show that catalytic properties of the pin-
cer complex can be affected via the nature of the Z-substituent
[2,11,12]. Furthermore, Z can be used to attach tethering groups
which are suited to immobilize pincer–metal complexes to various
supports, like polymers [3,13–15], silica [16–18], dendrimers
[19,20], and bucky-balls [21], or peptides [6,22], and enzymes [23].

The Z-substituent can be introduced on the monoanionic ECE-li-
gand manifold prior to the binding of the metal, i.e. first the organic
ligand is synthesized followed by a lithiation, trans-metalation, or
oxidative addition reaction to attach the metal to the pincer ligand
system. In many cases it could be demonstrated, however, that due
to the stability of the pincer–metal grouping, it is possible to per-
form the para-functionalization directly on the ECE–pincer metal
complex itself [5,24]. In the present study, we have taken advan-
tage of the excellent stability and reactivity properties of ECE–pin-
cer metal complexes and show that a para-OH substituent (Z = OH)
on these complexes can be utilized for various purposes; e.g. for the

formation of NCN–pincer metal polymers via non-covalent
H-bonding as well as for the synthesis of siloxane-functionalized
compounds which can be immobilized on silica.

Self-assembly of functionalized pincer–metal complexes
controlled by H-bonding through a H-donor (Z-substituent) and a
H-acceptor site (M–X) both in the solid-state and in solution has
led to the finding of interesting polymers [25] and supramolecular
structures [4,8,26–29]. For example, NCN–pincer Pt-complexes
[PtCl(NCN–Z)] with Z = OH or C„C–H form one-dimensional poly-
meric chains via intermolecular hydrogen bonds of the O–H" " "Cl
[8] or C„C–H" " "Cl [4,29] type, respectively, in the solid-state.
These materials revealed reversible binding of SO2 in the solid-
state with retention of the polymeric structure [27,30]. Here, we
have extended this concept to ECE–pincer Pd-complexes which
are also known to be excellent catalysts for C–C and C–X bond
formation reactions [5,11,15,20,22,31]. Interestingly, these ECE–
pincer Pd-complexes likewise form polymeric structures via non-
covalent H-bonding (A, Fig. 1). Moreover, we demonstrate how
the zwitterionic species formed by HX elimination self-assemble
to oligomeric structures via covalent M–O bonding (B, Fig. 1) [32].

2. Results and discussion

2.1. Synthesis of (ECE–OH)–pincer Pt- and Pd-complexes

Synthesis of the (ECE–OH)-pincer arene ligands 3–5 was
initiated from t-butyldimethylsilyl-protected 3,5-bis(hydroxy-
methyl)phenol precursor 1 as shown in Scheme 1.
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This compound was synthesized from 5-hydroxy-isophthalic
acid by a reported procedure in three steps [9,14,33]. Precursor 1
was converted to the bis-chloride 2 by a reaction with methane
sulfonyl chloride followed by a simple treatment with suitable re-
agents (LiPPh2, NaSPh, or Me2NH) to afford the respective ECE–pin-
cer arene ligand (E = PPh2 3, SPh 4, NMe2 5). For the synthesis of
(ECE–OH)–pincer Pd-complexes 6 and 7, a direct bis-(ortho)-palla-
dation route was used involving regioselective C–H activation
using [Pd(MeCN)4](BF4)2 as the palladating reagent (Scheme 2) [9].

In this reaction HBF4 is generated as a co-product which, in a
subsequent reaction, leads to complete deprotection of the
4-OSiMe2t-Bu group. This avoids the deprotection step which
otherwise would be necessary as is the case for the NCN–pincer
complex. Further treatment of cationic (ECE–OH)–pincer Pd-com-
plexes 6 and 7 with halide salts yielded the corresponding neutral
ECE–pincer Pd–halide complexes 8 (X = Cl) and 9 (X = Cl (9a), Br
(9b) and I (9c)).

The direct palladation route is not regioselective in the case of
NCN–pincer ligands as both ortho–ortho and ortho–para pallada-
tion takes place [34]. Here, the use of an ortho–ortho directing
group such as a trimethylsilyl one allows regioselective bis-

(ortho)-palladation (Scheme 3) [35]. In this reaction, the t-BuMe2Si
protection is not affected by the cyclopalladation reaction and has
to be removed subsequently. The corresponding platinum complex
14a was prepared by a published procedure (Scheme 3) [28,33].

2.2. Structures of [Pd(PCP–OH)(MeCN)]BF4 (6), [PdCl(SCS–OH)] (9a),
and [PdCl(NCN–OH)] (13a)

The cationic complex [Pd(PCP–OH)(MeCN)]BF4 (6) was crystal-
lized from its solution in acetonitrile. In the crystal structure there
are two independent monomeric cations with the NCMe ligand
coordinated trans to Cipso (Fig. 2).

Like other pincer–metal complexes, the cation comprises a dis-
torted square planar Pd center with an approximate C2 symmetry
axis along Cipso–Pd–NCMe. The puckering of the five-membered
chelate rings is in opposite direction with large torsion angles of
!33.3(2)" for Pd(1)–P(11)–C(17)–C(12) and !38.1(2)" for Pd(1)–
P(12)–C(120)–C(16). The 4-OH group acts as a hydrogen bond do-
nor and the BF4 anions act as acceptors. Each 4-OH group is hydro-
gen bonded to exactly one fluorine acceptor resulting in discrete
monomeric species. Selected bond lengths are reported in Table 1.

[PdCl(SCS–OH)] (9a) was found to be less soluble in most organ-
ic solvents except in DMSO, from which single crystals suitable for
X-ray diffraction could be obtained. The molecular structure shows
the common structural features for SCS–pincer Pd-complexes, such
as a four-coordinate Pd center with square planar geometry and an
approximate C2 symmetry axis along Cipso–Pd–Cl (Fig. 3a).

The five-membered palladacycles are puckered in opposite
directions with torsion angles Pd(1)–S(1)–C(7)–C(2) and Pd(1)–

Scheme 1. Synthesis of (ECE–OH)–pincer arene ligands; (i) MeSO2Cl, NEt3, CH2Cl2, RT, 16 h; (ii) (a) LiPPh2, THF; (b) NaSPh, THF; or (c) HNMe2, NEt3, THF.

Fig. 1. Self-assembled polymers (A) via non-covalent H-bonding. Oligomers (B) via
covalent M–O bonding.
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S(2)–C(14)–C(6) of 10.25(15)" and 15.95(15)", respectively. The
phenyl ring on S(2) is orientated almost parallel to the C2 axis,
whereas that on S(1) is perpendicular to it. The crystal structure re-
veals some more unique features. The molecular units form non-
covalently bonded polymers in the direction of the crystallographic
a,b-diagonal involving intermolecular H-bonding between the OH
group as a H-donor and the chloride ligand as a H-acceptor
(Fig. 3b). The O–H bond length is 0.79(3) Å and the Cl" " "H distance
is 2.31(3) Å, while the O–H" " "Cl angle amounts to 178(3)". Amongst
the complexes 9a, 13a, and 14a, it is observed that 9a has the
shortest Cl" " "H distance and the largest O–H" " "Cl angle, indicating
the strongest H-bonding interaction. Selected bond lengths and an-
gles are reported in Table 1. In the crystal, two parallel chains run
in the same direction, while due to the centrosymmetric space
group there are also two parallel chains running in opposite direc-
tion cancelling the directionality as a whole (not shown).

Finally, single crystals of complex [PdCl(NCN–OH)] (13a) suit-
able for X-ray crystallography were obtained by slow evaporation
of its methanol solution. Interestingly, 13a is isostructural with
the corresponding platinum complex [PtCl(NCN–OH)] (14a) [8]. A
molecular plot of 13a is given in Fig. 4. Torsion angles Pd(1)–

N(1)–C(7)–C(2) and Pd(1)–N(2)–C(10)–C(6) of !28.5(2)" and
!29.5(2)", respectively, are found with puckering of the five-mem-
bered palladacycles in opposite directions. Crystal packing and the
hydrogen bonding interactions, which form a one-dimensional
chain, have already been described for the isostructural platinum
complex [8].

2.3. IR studies

The O–H vibration of various neutral [PdX(SCS–OH)] (9) type
complexes with different halides reveals that the O–H stretching
frequency increases from X = Cl to Br to I (3213, 3269, 3305 cm!1,
respectively) in the solid-state (Table 2). In the series [PdCl(ECE–
OH)] (E = N (13a), P (8) and S (9a)), the OH stretching frequencies
of the NCN– (3252 cm!1) and PCP– (3254 cm!1) pincer complexes
are similar, whereas, the SCS–pincer complex has a lower value
(3213 cm!1). This corroborates the findings from X-ray crystallog-
raphy, in that the H-bonding interaction between [PdCl(SCS–OH)]
complexes is stronger than for the other two complexes. This trend
is also reflected in the solubility of these complexes in common or-
ganic solvents like dichloromethane. SCS–pincer complex 9a
(X = Cl) has the lowest solubility, which improves when the halide
is changed to Br (9b) or I (9c). Similarly, PCP– and NCN–pincer com-
plexes have a better solubility than the SCS–pincer ones.

A similar trend for the O–H vibration is observed for the
[PtX(NCN–OH)] complexes (X = Cl (14a) and I (14b)). The OH
stretching frequency in the solid-state increases from 14a to 14b;
and 14b also has the higher solubility in organic solvents compared
to 14a.

The cationic PCP– and SCS–pincer Pd-complexes 6 and 7 have
similar O–H stretching frequencies at 3431 and 3436 cm!1, respec-
tively. For the [Pd(PCP–OH)(NCMe)] cation [6]+, H-bonding exists
with the BF4 anion as established in the solid-state (Fig. 2). Most
likely, complex 7 shows a similar H-bonding with the anion. Both
complexes can be seen either as a cationic complex to which the
BF4 anion is bonded via H-bonding (Structure C, Fig. 5) or as a zwit-
terionic complex having an anionic O-grouping H-bonded to
H(BF4), while the cationic site is blocked by coordination of a neu-
tral acetonitrile ligand (Structure D). This prevents polymeric chain
formation in these complexes and thereby increases their solubil-
ity. The higher O–H stretching frequencies of both cationic com-
plexes 6 and 7 (3431 and 3436 cm!1, respectively) compared to
those of neutral complexes 8 and 9, indicate a weak H-bonding
in both 6 and 7 and consequently point to the structural moiety
C in Fig. 5.

2.4. Synthesis of dimer 15

In general, deprotection of the TBDMS-group from the para-
OTBDMS grouping in NCN–pincer Pd-complex 11 involves treat-
ment of the pincer metal complex with tetrabutylammonium fluo-
ride (TBAF) in THF, followed by an acidic work-up [14,33]. The

Fig. 2. Displacement ellipsoid plot of one of the two independent molecules of
cationic PCP–pincer Pd(II)-complex 6 in the crystal, drawn at the 50% probability
level. C–H hydrogen atoms are omitted for clarity.

Table 1
Selected bond lengths (Å) and angles (") of 6, 9a, 13a and 14a

[Pd(PCP–OH)(NCMe)](BF4) (6)a [PdCl(SCS–OH)] (9a) [PdCl(NCN–OH)] (13a) [PtCl(NCN–OH)] (14a) [8]

M–Cl 2.082(3) (Pd–N) 2.4095(5) 2.4420(6) 2.433(2)
M–C 2.021(3) 1.9831(18) 1.928(2) 1.915(9)
M–E 2.2994(8), 2.3098(7) 2.2861(5), 2.3140(5) 2.114(2), 2.111(2) 2.083(8), 2.094(8)
O–H 0.86 0.79(3) 0.72(3) 0.84(14)
Cl" " "H 2.31(3) 2.42(3) 2.32(13)
O–Cl 3.1040(18) 3.119(2) 3.127(8)
O–C 1.378(4) 1.368(2) 1.375(3) 1.389(12)
O–H–Cl 178(3) 165(4) 162(15)
M–Cl–H 106.5(7) 119.0(7) 115(4)

a Only one of two independent molecules is considered.
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yields for these reactions are moderate (about 50%). In the case of
the NCN–pincer palladium complex 11bmore detailed information
about the possible reason for this observation was obtained.
Deprotection of [PdI(NCN–OSit-BuMe2)] (11b) was carried out by
reaction with a 1 M solution of TBAF in THF. A subsequent non-
acidic work-up was used to avoid halide scrambling (Scheme 4).

The yellow product obtained after work-up was found to be less
soluble than the silyl-protected analog in solvents like methanol
and dichloromethane. The 1H NMR spectrum of a solution of the
yellow product in (CD3)2SO showed only one set of broad peaks.
However, the 1H NMR spectrum of a CD2Cl2 solution revealed
two distinct sets of signals for the N-methyl, benzyl and aromatic
hydrogens, indicating the presence of two non-equivalent pincer
moieties. On the basis of 1H and 13C NMR data and elemental anal-
ysis, the product was formulated as dimer 15 (see Scheme 4). Fur-
ther structural analysis confirmed the dimeric nature of 15 in the
solid-state.

2.5. X-ray crystal structure of 15

Crystals of 15 "MeOH suitable for X-ray structure determina-
tion were obtained from a saturated solution in methanol. The
molecular picture shows a unique structure consisting of a Pd-cat-
ion [Pd(NCN–OH)]+ bonded via a Pd–O bond to a phenolate-anion
[PdI(NCN–O)]! (Fig. 6). Moreover, in a distinct manner one mole-
cule of methanol per dimeric unit is bonded to the two kinds of
O-atoms present, i.e. to the phenoxy-O and the phenol-O, respec-
tively. Selected bond lengths and bond angles are reported in
Table 3.

The Pd(2)–O(1)–C(41) angle is 117.1(3)" while the O(1)–C(41)
bond length (1.338(4) Å) of the [PdI(NCN–O)]! phenolate-anion
is shorter than the O(2)–C(42) (1.381(5) Å) bond in the [Pd(NCN–
OH)]+ cation. In fact, for all monomeric [MX(ECE–OH)] para-OH
pincer complexes reported so far, the O–C bond length falls in
the range of 1.36–1.38 Å (Table 1), which is considerably longer

Fig. 3b. Hydrogen bonding interactions forming a one-dimensional chain in the crystal structure of [PdCl(SCS–OH)] (9a). Projection along the crystallographic c-axis. C–H
hydrogen atoms are omitted for clarity. Symmetry operations (i) x + 0.5, y + 0.5, z; (ii) x ! 0.5, y ! 0.5, z.

Fig. 3a. Displacement ellipsoid plot of [PdCl(SCS–OH)] (9a) in the crystal, drawn at the 50% probability level.
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than the O–C bond length (1.338(4) Å) in the phenolate-anion it-
self. These results are comparable to the results from the crystal
structure of the parent [Pd(OPh)NCN] complex published earlier,
which contains a phenoxy anion as the fourth ligand [36]. It is
interesting to note that in the NCN-palladium dimer 15 one mole-

cule of methanol is H-bonded to the phenoxy-O anion while the
phenol-OH of the same dimer is also involved in H-bonding with
another methanol molecule. Each methanol molecule is involved
in two H-bonds. It acts as a H-bond donor to the phenoxy-O anion
of one dimer and as a H-bond acceptor to the phenol grouping of an-
otherdimer, thereby forminganetwork structure. In aryloxypalladi-
um and platinum chemistry, these binding motifs are a common
feature, e.g. they have been found in [Pt(Me)(OPh)(bpy)] " HOPh [37],
[Pd(OCH(CF3)2)(OPh)(bpy)] " HOPh [38], [Pt(OPh)(NCN)] " HOPh,
and [Pt(catecholate)(NCN)] [36], respectively.

Reaction of dimer 15 (yellow) with ammonium iodide resulted
in the formation of monomeric [PdI(NCN–OH)] (13b; colorless,
Scheme 4), which was confirmed by 1H NMR spectroscopic and ele-
mental analytic data, as well as by comparison of these data with
those of an authentic sample. Thus, dimer formation is a reversible
process and can be achieved by treatment of the dimer with NH4I
which provides HI to form monomer 13b. In fact, by increasing the
pH of a solution of 13b in MeOH, HX can be removed from
[MX(NCN–OH)] to form the dimer 15, whereas, by decreasing the
pH, this dimer can be transformed back into its monomeric form.
Dimerization is also a first step in the process of organometallic
polymer formation via a direct metal–oxygen bond (B, Fig. 1). Thus
it is possible to form polymeric chains by removal of the phenolic
proton from [PdX(NCN–OH)] by a base, with the resulting phenox-
ide then replacing the halide from palladium of the next molecule
to form a Pd–O bond. This process is currently under investigation
as it may give rise to the formation of unique organometallic poly-
mers in which the organometal phenoxide is the repetitive unit.

2.6. Synthesis of siloxane-functionalized ECE–pincer complexes
(16–19)

The current interest in the catalytic activity of ECE–pincer
Pd-complexes in C–C and C–X cross-coupling reactions
[5,11,15,20,22,31] combined with the possibility to recycle these
complexes via the para-OH functionality make the present com-
plexes highly interesting. Immobilization of these complexes on
silica has a twofold advantage; separation of the catalyst from
the product can be achieved as well as recycling. One of the major
problems in heterogenizing homogeneous catalysts on inorganic
supports like silica is the determination of the exact catalyst struc-
ture on the support; i.e. whether the molecular structure has been
retained after immobilization and whether the catalytic center is
still accessible. In this respect, we decided to use the para-OH
grouping of the present complexes for the synthesis of modified
pincer–metal complexes tethered with a para-siloxane group suit-
able for immobilization.

The triethoxysilane tethered complexes 16–19 were prepared
by refluxing the respective (ECE–OH)–pincer metal complexes
with triethoxysilylpropyl isocyanate in the presence of a combina-
tion of two Lewis bases; 0.05 equiv. of 4-(dimethylamino)pyridine
(DMAP) and 1.1 equiv. of NEt3. The siloxane-functionalized com-
plexes were isolated in about 90% yield (Scheme 5). Prior to the
reaction of [PdCl(SCS–OH)] 9a with triethoxysilylpropyl isocya-
nate, the chloride was exchanged to bromide (9b) in order to first
increase the solubility of the SCS–pincer palladium complex. It ap-
peared that this approach facilitated a faster and more complete

Fig. 4. Displacement ellipsoid plot of [PdCl(NCN–OH)] (13a) in the crystal, drawn at
the 50% probability level.

Table 2
O–H stretching vibration of [MX(ECE–OH)Ln] pincer metal complexes in the solid-
state

Compound O–H vibration (cm!1)

[Pd(PCP–OH)(NCMe)](BF4) (6) 3431
[Pd(SCS–OH)(NCMe)](BF4) (7) 3436
[PdCl(PCP–OH)] (8) 3254
[PdCl(SCS–OH)] (9a) 3213
[PdBr(SCS–OH)] (9b) 3269
[PdI(SCS–OH)] (9c) 3305
PdCl(NCN–OH) (13a) 3252
PtCl(NCN–OH) (14a) 3280
PtI(NCN–OH) (14b) 3335
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HF
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Fig. 5. Two possible binding motifs of ECE–OH–pincer palladium cationic
complexes.
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Scheme 4. Deprotection of 11b and formation of dinuclear 15; (i) nBu4NF, THF. Reaction of 15 with NH4I (ii) affording mononuclear [PdI(NCN–OH)] 13b.
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conversion to 19. For the same reason, the chloride of [PtCl(NCN–
OH)] 14a was first exchanged to iodide (14b). Complexes 16–19
all comprise a trialkoxysilane and an organometallic fragment
covalently connected through a propylcarbamate linker. Again,
the absence of H-bond forming para-OH groups and the presence

of a non-polar tail including a silyl grouping increased the solubil-
ity of these complexes considerably. They are even soluble in non-
polar solvents such as benzene or toluene, which allowed grafting
of these complexes on silica in these solvents [39]. Details on the
grafting procedures and on the use of modified silica’s in catalysis
were reported by our group [16,17].

2.7. X-ray crystal structure of 17

The molecular structure of the NCN–pincer Pt-complex 17 in
the solid-state was determined by single crystal X-ray crystallogra-
phy (Fig. 7).

The platinum atom has a square planar coordination environ-
ment. The phenyl grouping of the NCN–pincer ligand makes a dihe-
dral angle of 14.95(16)" with respect to the platinum coordination
plane. The two five-membered Pt–C–C–C–N chelate rings are puck-
ered in such a way, that a local C2 symmetry is generated. The tor-
sion angles Pt(1)–N(1)–C(7)–C(2) and Pt(1)–N(2)–C(8)–C(6) are
!33.9(4)" and !32.4(4)", respectively. The carbamate group (i.e.
the NC(@O)O plane) is positioned almost perpendicularly to the
phenyl ring with a dihedral angle of 84.9(2)". The C3-alkyl chain
with the triethoxysilyl end group is in an extended conformation.
Selected bond lengths and angles are reported in Table 4.

An interesting structural feature is the way the carbamate
groupings are intermolecularly connected by non-covalent H-
bonding. In contrast with previous structures (as in e.g. 14a) this

Fig. 6. Molecular geometry of dimer 15 "MeOH; hydrogens, except those involved in H-bonding, are omitted for clarity.

Table 3
Selected bond lengths (Å) and angles (") of dinuclear complex 15 "MeOH

Pd(1)–I(1) 2.7373(4)
Pd(2)–O(1) 2.159(3)
Pd(1)–C(11) 1.930(4)
Pd(2)–C(12) 1.914(4)
O(1)–C(41) 1.338(4)
O(2)–C(42) 1.381(5)

Pd(2)–O(1)–C(41) 117.1(3)

E

E

HO M X
i

M = Pd: 16, E = NMe2, X = Cl; 18, E = PPh2, X = Cl;
               19, E = SPh, X = Br
M = Pt:  17, E = NMe2, X = I

(EtO)3Si N
H

O

O E

E

M X

Scheme 5. Pincer metal complexes functionalized with a triethoxysilane grouping
suitable for coupling to silica; (i) 1.1 equiv. (EtO)3Si(CH2)3NCO, 1.1 equiv. NEt3,
0.05 equiv. DMAP, CH2Cl2, reflux.

Fig. 7. Displacement ellipsoid plot of the NCN–pincer Pt-complex 17, drawn at the 50% probability level. Hydrogen atoms have been omitted for clarity.
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is not involving the Pt–Cl grouping, but occurs through the hydro-
gen of the NH-grouping of one molecule with the C = O grouping
of a neighboring molecule [H(3)" " "O(2)i 2.21 Å, N(3)" " "O(2)i

2.955(5) Å, N(3)–H(3)" " "O(2)i 143", symmetry operation (i) x,
0.5 ! y, z ! 0.5]. By this non-covalent hydrogen bonding, an infi-
nite chain is formed in the direction of the crystallographic c-axis
(Fig. 8).

As a result, all NCN–pincer platinum units are arranged at one
site with the Si(OEt)3 groups residing on the opposite site, which
creates a kind of model mimicking possible surface arrangements
of the NCN–pincer platinum groupings upon immobilization of
17 on a silica surface (see axial view in Fig. 8).

3. Conclusions

The possibility to induce selective H-bonding between organo-
metallic complexes is of prime interest in the field of crystal engi-
neering [40]. It can be used to direct formation of aggregates with
special shapes (rings, chains, polymers, etc.) and distinct stereo-
chemistries. These materials could have various interesting appli-
cations such as conducting polymers, as LED’s, or as materials
with NLO properties.

The [MX(ECE–OH)] complexes are bifunctional molecules,
which have unique H-bonding properties via a combination of
the para-OH and M–halide entities present in one building block.
Ample evidence has been collected now that in the protonated
form, they afford self-assembled, non-covalent polymeric chains
[27,30]. Moreover, via selective deprotonation followed by ha-
lide-phenoxy anion exchange, dimeric structures are accessible.
This deprotonation approach with ultimate HX elimination and re-
moval provides a possibility to form oligomers or even polymers
through mutual intermolecular M–O bond formation. Conse-
quently, these complexes can be interesting building blocks to
form novel organometallic polymers.

In addition, the excellent stability of these [MX(ECE–OH)] com-
plexes under severe reaction conditions (e.g. highly acidic and elec-
trophilic or highly basic and nucleophilic conditions) allows their
direct para-functionalization with siloxane substituted tethers pro-
viding [MX(ECE–Z)] complexes which are potential candidates for
the synthesis of recyclable, immobilized homogeneous catalysts
[3,13,15,17,18]. At the same time this approach also allows for
the introduction of other H-bonding moieties, not including the
M–Cl grouping, like, e.g., carbamates. This approach could be of
interest in the field of self-assembling and self-organizing poly-
mers [25].

4. Experimental

4.1. General

Synthetic procedures were conducted under a dry nitrogen
atmosphere using standard Schlenk techniques. Solvents were
dried over appropriate materials and distilled prior to use. More-
over, for the synthesis of PCP–pincer ligands and complexes, sol-
vents were degassed prior to use. Reagents were obtained from
commercial sources and were used without further purification.
Siloxane materials were stored under nitrogen atmosphere. 1H
(200.1 and 300.1 MHz), 13C{1H} (50.3 and 75.5 MHz) and 31P{1H}
(81 MHz) NMR spectra were recorded at room temperature on
either Varian Mercury 200 or Varian Inova 300 spectrometers.
FT-IR spectra were recorded using a Mattson Instruments Galaxy
Series FTIR 5000 spectrometer. Microanalyses were obtained from
H. Kolbe Mikroanalytisches Laboratorium, Mülheim an der Ruhr,
Germany.

Compounds 1–4 were synthesized following literature
procedures [7,9,41]. 3,5-Bis[(dimethylamino)methyl]-4-(trimeth-
ylsilyl)phenyl tert-butyldimethylsilyl ether (10) [9,14,33] and
(2,6-bis[(dimethylamino)methyl]-4-(hydroxy)phenyl)platinum(II)
iodide (14b) [8,28] were prepared as described previously.

4.2. Synthesis of [Pd{C6H2(CH2PPh2)2-2,6-(OH)-4}(MeCN)]BF4 (6)

[PdCl2(MeCN)2] (0.33 g, 1.26 mmol) was dissolved in refluxing
acetonitrile (30 mL). AgBF4 (0.49 g, 2.52 mmol) dissolved in aceto-
nitrile (10 mL) was added to this solution, upon which immediate
precipitation of AgCl occurred. The reaction mixture was stirred for
another hour. The precipitate formed was allowed to settle, after
which the supernatant was decanted into a solution of 3 (0.76 g,
1.26 mmol) in warm acetonitrile (30 mL). The resulting orange
mixture was stirred at 50 "C for 16 h to yield a yellowish colored

Fig. 8. H-bonding in the NCN–pincer Pt-complex 17; lateral view (left) and axial view (right) showing the regular arrangement of siloxy-groups. (Hydrogen atoms, except
those involved in H-bonding, have been omitted for clarity.)

Table 4
Selected bond lengths (Å) and angles (") for 17

Bond lengths Bond angles

Pt1–C1 1.940(4) C1–Pt1–N1 81.47(17)
Pt1–N1 2.104(4) C1–Pt1–N2 80.91(16)
Pt1–N2 2.094(4) N2–Pt1–N1 162.36(14)
Pt1–I1 2.7013(4) C1–Pt1–I1 175.96(13)
O1–C13 1.365(6) N2–Pt1–I1 99.98(10)
O2–C13 1.214(6) N1–Pt1–I1 97.65(10)
N3–C13 1.331(6) C4–O1–C13 115.8(3)

O1–C13–N3 110.5(4)
C13–N3–C14 121.1(4)
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turbid mixture. The mixture was allowed to settle and the superna-
tant was filtered off, all volatiles were evaporated, and the result-
ing light yellow solid was redissolved in a dichloromethane/
acetonitrile mixture (10 mL/3 mL) and this solution was filtered
again. After evaporation of all volatiles, the product was washed
with diethyl ether and dried in vacuo. A light yellow powder 6
(0.85 g, 1.17 mmol) was obtained in 94% yield. 1H NMR
(300.1 MHz, CD3CN, 25 "C): d = 1.96 (s, 3H, CH3CN); 3.99 (vt,
2JH,P = 4.7 Hz, 4H, CH2P); 6.67 (s, 2H, ArH); 7.5–7.6 (m, 12H, PhH);
7.7–7.75 (m, 8H, PhH). 13C NMR (75.5 MHz, CD3CN, 25 "C):
d = 41.12 (vt, 1JC,P = 15.3 Hz, CH2P); 112.63 (vt, 3JC,P = 12 Hz, m-C
Ar), 130.31 (vt, 3JC,P = 4.9 Hz, m-C Ph), 131.39 (vt, 1JC,P = 23.1 Hz
ipso-C Ph), 132.64 (p-C Ph), 133.76 (vt, 2JC,P = 7.1 Hz, o-C Ph),
144.86 (ipso-C Ar), 149.83 (vt, 2JC,P = 10.3 Hz, o-C Ar), 157.71 (p-C
Ar). 31P NMR (81 MHz, CD3CN, 25 "C): d = 41.9. IR (ATR): ~m
(cm!1) = 3430, 3059, 2943, 2893, 2323, 2293, 1591, 1568, 1484,
1455, 1435, 1305, 1069, 742. Anal. Calc. for C34H30BF4NOP2Pd
(723.78): C, 56.42; H, 4.18; N, 1.94; P, 8.56. Found: C, 56.48; H,
4.33; N, 1.94; P, 8.52%.

4.3. Synthesis of [Pd{C6H2(CH2SPh)2-2,6-(OH)-4}(MeCN)]BF4 (7)

A similar procedure was followed as for the synthesis of 6.
Using 4 (1.1 g, 2.43 mmol), 7 was obtained as an orange colored
powder in 84% yield. 1H NMR (300.1 MHz, CD3CN, 25 "C): d = 4.63
(bs, 4H, CH2S); 6.56 (s, 2H, ArH); 7.46–7.54 (m, 6H, PhH); 7.80-
7.84 (m, 4H, PhH). 13C NMR (75.5 MHz, CD3CN, 25 "C): d = 50.72
(CH2S); 111.45 (m-C Ar), 131.09 (o-C Ph), 131.75 (p-C Ph), 132.02
(ipso-C Ph), 132.57 (m-C Ph), 146.84 (ipso-C Ar), 152.34 (o-C Ar),
156.40 (p-C Ar). IR (ATR): ~m (cm!1) = 3437, 3059, 2937, 2288,
1593, 1576, 1473, 1441, 1431, 1312, 1053, 743. Anal. Calc. for
C22H20BF4NOPdS2 (571.76): C, 46.21; H, 3.53; N, 2.45; S, 11.22.
Found: C, 46.12; H, 3.64, N, 2.38; S, 11.27%.

4.4. Synthesis of [PdCl{C6H2(CH2PPh2)2-2,6-(OH)-4}] (8)

To an orange solution of 6 (0.2 g, 0.276 mmol) in acetonitrile
(3 mL), a solution of NaCl (0.24 g, 4.1 mmol) in demineralized
water (5 mL) was added. A turbid orange colored mixture was ob-
tained, stirred for another 16 h at ambient temperature, and then
concentrated to dryness. The resulting residue was dissolved in
dichloromethane and washed with excess water, dried over
MgSO4, filtered and volatiles evaporated in vacuo. A yellow colored
8 was obtained in quantitative yield. 1H NMR (300 MHz,
CD3CN + (CD3)2SO, 25 "C): d = 3.96 (vt, 2JH,P = 4.8 Hz, 4H, CH2P);
6.62 (s, 2H, ArH); 7.43–7.47 (m, 12H, PhH); 7.84–7.90 (m, 8H,
PhH); 8.86 (s, 1H, OH). 13C NMR (75.5 MHz, CD3CN + (CD3)2SO,
25 "C): d = 42.22 (vt, 1JC,P = 15 Hz, CH2P); 111.93 (vt, 3JC,P = 11.9 Hz,
m-C Ar), 129.67 (vt, 3JC,P = 4.9 Hz, m-C Ph), 131.68 (p-C Ph), 133.34
(vt, 1JC,P = 21 Hz ipso-C Ph), 133.76 (vt, 2JC,P = 7 Hz, o-C Ph), 148.64
(ipso-C Ar), 149.45 (vt, 2JC,P = 11 Hz, o-C Ar), 157.28 (p-C Ar). 31P
NMR (81 MHz, CD3CN + (CD3)2SO, 25 "C): d = 39.04. IR (ATR): ~m
(cm!1) = 3254, 3051, 1590, 1564, 1482, 1434, 1417, 1304, 742,
692. Anal. Calc. for C32H27ClOP2Pd (631.38): C, 60.87; H, 4.31; P,
9.81. Found: C, 60.73; H, 4.38; P, 9.76%.

4.5. Synthesis of [PdX{C6H2(CH2SPh)2-2,6-(OH)-4}] (9)

A solution of 7 (0.5 g, 0.875 mmol) in acetonitrile (20 mL) was
treated with a solution of NaX (0.5 g, 8.7 mmol) in distilled water
(5 mL), which resulted in the formation of a turbid orange colored
mixture. After stirring at ambient temperature for 2 h, the reaction
mixture was concentrated to remove volatiles. The residue ob-
tained was washed with excess water leaving an orange colored

product which was dried in vacuo. Compound 9was obtained in al-
most quantitative yield. 1H NMR (300 MHz, (CD3)2SO, 25 "C):
d = 4.67 (s, 4H, CH2S); 6.48 (s, 2H, ArH); 7.43–7.48 (m, 6H, PhH);
7.82–7.85 (m, 4H, PhH); 9.25 (s, 1H, OH). 13C NMR (75.5 MHz,
(CD3)2SO, 25 "C): d = 49.80 (CH2S); 109.68 (m-C Ar), 129.39 (p-C
Ph), 129.54 (o-C Ph), 130.69 (m-C Ph), 132.41 (ipso-C Ph), 149.69
(ipso-C Ar), 150.25 (o-C Ar), 154.82 (p-C Ar). IR (ATR): ~m
(cm!1) = 3213, 3043, 2906, 1591, 1574, 1471, 1439, 1421, 1314,
741. Anal. Calc. for C20H17BrOPdS2 (9b, 523.8): C, 45.86; H, 3.27;
S, 12.24. Found: C, 45.95; H, 3.19; S, 12.24%.

4.6. Synthesis of [PdCl{C6H2(CH2NMe2)2-2,6-(t-BuMe2SiO)-4}] (11a)

Pd(OAc)2 (0.569 g, 2.54 mmol) was added to a solution of 10
(1 g, 2.54 mmol) in methanol (25 mL). The resulting red-brown col-
ored, clear solution was stirred at room temperature for 2 h after
which an excess of LiCl (0.5 g, 10 mmol) was added and stirring
was continued for 1 h. After evaporation of volatiles, the resulting
green colored solid was dissolved in dichloromethane. The solution
was filtered over a packed Celite column. The filtrate was concen-
trated and a solid was precipitated by addition of pentane. Centri-
fugation followed by drying of the precipitate in vacuum led to the
isolation of 11a as a colorless solid in 89% yield. 1H NMR (300 MHz,
CDCl3, 25 "C): d = 0.16 (s, 6H, SiMe2); 0.96 (s, 9H, Sit-Bu); 2.92 (s,
12H, NCH3); 3.92 (s, 4H, CH2N); 6.30 (s, 2H, ArH). 13C NMR
(50 MHz, CDCl3, 25 "C): d = !4.19 (SiCH3); 18.33 (SiC(CH3)3);
25.88 (SiC(CH3)3); 53.33 (NCH3); 74.86 (CH2N); 111.97, 145.56,
147.51, 153.53 (ArC). Anal. Calc. for C18H33ClN2OPdSi (463.43): C,
46.65; H, 7.18; N, 6.04. Found: C, 46.78; H, 7.04; N, 5.93%.

4.7. Synthesis of [PdCl{C6H2(CH2NMe2)2-2,6-(OH)-4}] (13a)

A solution of 11a (1 g, 2.16 mmol) in THF (25 mL) was treated
with a solution of tetrabutylammonium fluoride in THF (1 M,
2.5 mL, 2.5 mmol), which formed a clear red-brown colored solu-
tion. After stirring for 2 h at ambient temperature, the reaction
mixture was concentrated to a quarter of its volume and then trea-
ted with 0.2 M HCl (12.5 mL), which caused turbidity. Stirring was
continued for 1 h. The precipitate was then filtered and washed
with water (25 mL) and diethyl ether (25 mL) and dried in vacuo.
White solid 13a was obtained in 50% yield. 1H NMR (300 MHz,
CD3OD, 25 "C): d = 2.84 (s, 12H, NCH3); 3.96 (s, 4H, CH2N); 6.32
(s, 2H, ArH). 13C NMR (75.5 MHz, CD3OD, 25 "C): d = 53.19
(NCH3); 75.35 (CH2N); 108.27, 145.06, 146.98, 156.72 (ArC). Anal.
Calc. for C12H19ClN2OPd (349.16): C, 41.28; H, 5.48; N, 8.02. Found:
C, 41.28; H, 5.59; N, 7.95%.

4.8. Synthesis of [Pd{OC6H2(CH2NMe2)2-3,5-(PdI)-4}
{C6H2(CH2NMe2)2-2,6-(OH)-4}] (15)

[PdI{C6H2(CH2NMe2)2-2,6-(t-BuMe2SiO)-4}] (11b, 0.9 mmol)
was dissolved in THF (20 mL). Tetrabutylammonium fluoride
(1 mmol, 1 mL of 1 M solution in THF) was added to this solution.
The solution turned turbid and then became clear. The resulting
reaction mixture was stirred for 1 h. It became turbid again during
this time. THF was evaporated and the product was washed with
water, acetone and ether, and dried in vacuo. Compound 15 was
obtained as a yellow colored powder. 1H NMR (300 MHz, CD2Cl2,
25 "C): d = 2.70, 2.96 (s, 24H, NCH3); 3.84, 3.88 (s, 8H, NCH2);
6.55, 6.61 (ArH, 4H). 1H NMR (300 MHz, (CD3)2SO, 25 "C): d = 2.75
(s, 24H, NCH3); 3.83 (s, 8H, NCH2); 6.10 (ArH, 4H). 13C NMR
(75.5 MHz, (CD3)2SO, 25 "C): d = 52.52 (NCH3); 73.84 (NCH2);
107.16, 144.94, 145.94, 154.44 (ArC). Anal. Calc. for C24H37I-
N4O2Pd2 (753.32): C, 38.26; H, 4.95; I, 16.85; N, 7.44. Found: C,
38.18; H 5.06; I 16.72; N 7.38%.
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4.9. Synthesis of [PdI{C6H2(CH2NMe2)2-2,6-(OH)-4}] (13b)

Compound 15 (100 mg, 0.133 mmol) was treated with ammo-
nium iodide (21 mg, 0.146 mmol) in methanol (10 mL). A white
precipitate formed which was allowed to settle down. The super-
natant yellowish solution was separated and residue was washed
with methanol (2 # 5 mL). The combined washings and superna-
tant were subjected to vacuum. Compound 13b was obtained as
a white powder in 80% yield. 1H NMR (300 MHz, CD2Cl2, 25 "C):
2.97 (s, 12H, NCH3); 3.94 (s, 4H, NCH2); 6.32 (ArH, 2H). Anal. Calc.
for C12H19IN2OPd (440.62): C, 32.71; H, 4.35; I 28.80; N, 6.36.
Found: C, 32.62; H 4.28; I 28.74; N 6.27%.

4.10. Synthesis of [PdCl{C6H2(CH2NMe2)2-2,6-((EtO)3
Si(CH2)3NHC(O)O)-4}] (16)

Triethoxysilylpropyl isocyanate (0.54 g, 2.2 mmol) was added to
a solution of 13a (0.7 g, 2 mmol), triethylamine (0.22 g, 2.2 mmol),
and 4-(dimethylamino)pyridine (27 mg, 0.1 mmol) in dry dichloro-
methane (15 mL). The resulting reaction mixture was refluxed for
16 h after which a clear yellowish colored solution had formed.
After allowing the reaction mixture to attain room temperature,
all volatiles were removed in vacuo. The residue was washed with
pentane (2 # 15 mL). The product was extracted from the residue
by treating it with benzene (3 # 15 mL). The combined extracts
were filtered to remove insoluble impurities and the solvent was
evaporated in vacuo to obtain 16 as a yellowish solid in more than
90% yield. 1H NMR (300 MHz, C6D6, 25 "C): d = 0.68 (t,
3JH,H = 8.4 Hz, 2H, SiCH2); 1.16 (t, 3JH,H = 6.9 Hz, 9H, OCH2CH3);
1.81 (quin, 3JH,H = 7.6 Hz, 2H, CH2); 2.63 (s, 12H, NCH3); 3.28 (quart,
3JH,H = 6.6 Hz, 2H, NHCH2); 3.30 (s, 4H, CH2N); 3.77 (quart,
3JH,H = 6.9 Hz, 6H, OCH2); 6.11 (t, 3JH,H = 6.0 Hz, 1H, NH); 6.62 (s,
2H, ArH). 13C NMR (50 MHz, C6D6, 25 "C): d = 8.67 (SiCH2); 19.02
(OCH2CH3); 24.31 (CH2); 44.51 (NHCH2); 53.22 (NCH3); 58.96
(OCH2); 74.90 (CH2N); 114.36 (m-C Ar), 146.13 (ipso-C Ar),
150.01 (o-C Ar), 153.61 (p-C Ar); 155.60 (C@O). 29Si NMR
(59.6 MHz, C6D6, 25 "C, TMS as reference): d = !45.7. IR (ATR):
~m (cm!1) = 731 (N–H wag); 956 (sym Si–O–C stretching); 1100–
1074 (asym. Si–O–C stretching, doublet); 1228 (C–N stretching);
1440 (N–H bending); 1520 (CHN group); 1730 (C@O stretching);
2887, 2926, 2975 (C–H stretching); 3313 (N–H stretching,
associated). Anal. Calc. for C22H40ClN3O5PdSi (596.53): C,
44.30; H, 6.76; N, 7.04; Si, 4.71. Found: C, 44.46; H, 6.81; N, 7.11;
Si, 4.75%.

4.11. Synthesis of [PtI{C6H2(CH2NMe2)2-2,6-((EtO)3
Si(CH2)3NHC(O)O)-4}] (17)

For the synthesis of this complex, a similar procedure was fol-
lowed as described above for 16. Using 0.75 g (1.42 mmol) of
14b, compound 17 was isolated in 90% yield. 1H NMR (200 MHz,
C6D6, 25 "C): d = 0.67 (t, 3JH,H = 8.8 Hz, 2H, SiCH2); 1.17 (t,
3JH,H = 7.0 Hz, 9H, OCH2CH3); 1.79 (quin, 3JH,H = 7.6 Hz, 2H, CH2);
2.75 (t, 3JH,Pt = 16.0 Hz, 12H, NCH3); 3.28 (quart, 3JH,H = 6.6 Hz, 2H,
NHCH2); 3.36 (t, 3JH,Pt = 21.2 Hz, 4H, CH2N); 3.78 (quart,
3JH,H = 7.0 Hz, 6H, OCH2); 5.87 (t, 3JH,H = 6.2 Hz, 1H, NH); 6.69 (s,
2H, ArH). 13C NMR (50 MHz, C6D6, 25 "C): d = 8.63 (SiCH2); 19.01
(OCH2CH3); 24.29 (CH2); 44.47 (NHCH2); 54.48 (NCH3); 58.95
(OCH2); 77.83 (CH2N); 114.04 (m-C Ar), 143.29 (ipso-C Ar),
144.47 (o-C Ar), 149.04 (p-C Ar), 155.60 (C@O). IR (ATR): ~m
(cm!1) = 765 (N–H wag); 945 (sym Si–O–C stretching); 1100–
1073 (asym. Si–O–C stretching, doublet); 1232 (C–N stretching);
1441 (N–H bending); 1522 (CHN group); 1712 (C@O stretching);
2888, 2924, 2973 (C–H stretching); 3284, 3340 (N–H stretching,
associated).

4.12. Synthesis of [PdCl{C6H2(CH2PPh2)2-2,6-((EtO)3Si(CH2)3NHCOO)-
4}] (18)

For the synthesis of this complex, a similar procedure was fol-
lowed as described above for 16. Using 0.2 g (0.317 mmol) of 8,
compound 18 was isolated in quantitative yield. 1H NMR
(300 MHz, C6D6, 25 "C): d = 0.65 (t, 3JH,H = 7.95 Hz, 2H, SiCH2);
1.17 (t, 3JH,H = 7.14 Hz, 9H, OCH2CH3); 1.73 (quin, 3JH,H = 7.68 Hz,
2H, CH2); 3.21 (quart, 3JH,H = 6.33 Hz, 2H, NHCH2); 3.47 (vt,
2JH,P = 4.5 Hz, 4H, PCH2); 3.78 (quart, 3JH,H = 6.1 Hz, 6H, OCH2);
5.47 (t, 3JH,H = 5.8 Hz, 1H, NH); 7.06 (s, 2H, ArH); 6.9–7.0 (m, 12H,
PhH); 7.9–8.0 (m, 8H, PhH). 13C NMR (75.5 MHz, C6D6, 25 "C):
d = 8.17 (SiCH2); 18.55 (OCH2CH3); 23.76 (CH2); 42.51 (vt,
1JC,P = 14.7 Hz, CH2P); 43.95 (NHCH2); 58.56 (OCH2); 116.92 (vt,
3JC,P = 12.0 Hz, m-C Ar), 128.84 (vt, 3JC,P = 5.5 Hz, m-C Ph), 130.48
(p-C Ph), 132.90 (vt, 1JC,P = 21.8 Hz, ipso-C Ph), 133.34 (vt,
2JC,P = 7.1 Hz, o-C Ph), 149.27 (vt, 2JC,P = 11.4 Hz, ipso-C Ar), 150.56
(o-C Ar), 154.78 (p-C Ar); 157.0 (C@O). 31P NMR (81 MHz, C6D6,
25 "C): d = 33.4. IR (ATR): ~m (cm!1) = 740 (N–H wag); 955 (sym
Si–O–C stretching); 1100–1071 (asym. Si–O–C stretching, dou-
blet); 1227 (C–N stretching); 1435 (N–H bending); 1513 (CHN
group); 1734 (C@O stretching); 2886, 2926, 2973, 3052 (C–H
stretching); 3314 (N–H stretching, associated). Anal. Calc. for
C42H48ClNO5P2PdSi (878.74): C, 57.41; H, 5.51; N, 1.59; P, 7.05.
Found: C, 57.54; H, 5.46; N, 1.53; P, 7.02%.

4.13. Synthesis of [PdBr{C6H2(CH2SPh)2-2,6-((EtO)3Si(CH2)3NHCOO)-
4}] (19)

For the synthesis of this complex, a similar procedure was fol-
lowed as described above for 16. Using 0.2 g (0.38 mmol) of 9b,
compound 19 was isolated in quantitative yield. 1H NMR
(300 MHz, CDCl3, 25 "C): d = 0.63 (t, 3JH,H = 8.1 Hz, 2H, SiCH2);
1.20 (t, 3JH,H = 6.9 Hz, 9H, OCH2CH3); 1.65 (quin, 3JH,H = 6.9, 7.8 Hz,
2H, CH2); 3.19 (quart, 3JH,H = 6.3 Hz, 2H, NHCH2); 3.80 (quart,
3JH,H = 6.9 Hz, 6H, OCH2); 4.51 (s, 4H, SCH2); 5.52 (t, 3JH,H = 5.5 Hz,
1H, NH); 6.74 (s, 2H, ArH); 7.31–7.33 (m, 6H, PhH); 7.76–7.79
(m, 4H, PhH). 13C NMR (75.5 MHz, CDCl3, 25 "C): d = 7.72 (SiCH2);
18.31 (OCH2CH3); 23.06 (CH2); 40.96 (NHCH2); 51.53 (SCH2);
58.50 (OCH2); 115.75 (m-C Ar), 129.68 (o-C Ph), 129.88 (p-C Ph),
131.44 (m-C PhS), 132.19 (ipso-C Ph), 148.75 (ipso-C Ar), 150 (o-C
Ar), 154.54 (p-C Ar); 156.91 (C@O). 29Si NMR (59.6 MHz, CDCl3,
25 "C): d = !45.85. IR (ATR): ~m (cm!1) = 742 (N–H wag); 953 (sym
Si–O–C stretching); 1100–1074 (asym. Si–O–C stretching, dou-
blet); 1221 (C–N stretching); 1441 (N–H bending); 1519 (CHN
group); 1731 (C@O stretching); 2885, 2926, 2973 (C–H stretching);
3302 (N–H stretching, associated). Anal. Calc. for
C30H38BrNO5PdS2Si (771.17): C, 46.72; H, 4.97; N, 1.82; S, 8.32.
Found: C, 46.11; H, 4.71; N, 1.94; S, 8.43%.

4.14. X-ray crystal structure determinations

X-ray intensities were measured on a Nonius KappaCCD diffrac-
tometer with rotating anode and graphite monochromator
(k = 0.71073 Å) at a temperature of 150 K up to a resolution of
(sinh/k)max = 0.65 Å!1. The structures were solved with automated
Patterson Methods (DIRDIF-99 [42] for 6, 9a, 15, and 17). The starting
coordinates for 13a were taken from the isostructural Pt com-
pound. Refinement was performed with SHELXL-97 [43] against F2

of all reflections. Thereby non-hydrogen atoms were refined freely
with anisotropic displacement parameters. Geometry calculations
and checking for higher symmetry were performed with the PLATON

[44] program. In 9a and 13a, all hydrogen atoms were located in
the Difference Fourier map. The OH hydrogen atom was refined
freely with isotropic displacement parameters. All other hydrogen
atoms were refined with a riding model. In 6 and 17, all hydrogen
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atoms were introduced in calculated positions and refined with a
riding model. The crystal structure of 6 was refined as a pseudo-
orthorhombic twin with a twofold rotation about the reciprocal
c* axis as twin operation. The twin fraction refined to 0.4315(5).
In 15, the OH hydrogen atoms were located in the Difference Fou-
rier map and kept fixed in their located positions. All other hydro-
gen atoms were introduced in calculated positions and refined
with a riding model. One methanol was refined with full occu-
pancy, the second methanol with a partial occupancy of 2/3. Fur-
ther crystallographic details are given in Supplementary material,
Table S1.
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Appendix A. Supplementary material
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the supplementary crystallographic data for 6, 9a, 13a, 15 and
17. These data can be obtained free of charge from The Cam-
bridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif. Experimental details for the X-ray crystal struc-
ture determinations of 6, 9a, 13a, 15 and 17. Supplementary data
associated with this article can be found, in the online version, at
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