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Introduction

Organometallic complexes based on the potentially terden-
tate, monoanionic NCN-pincer ligand[1] (NCN=2,6-bis[(di-
methylamino)methyl]phenyl anion) have been prepared for
a wide range of (transition) metals, and are therefore found
in numerous applications, such as catalysis, catalyst immobi-

lisation, optical devices and sensor materials.[2,3] The aryl
pincer ligand in complexes of type 1 contains two meta-posi-
tioned substituents bearing N-, O-, P- or S-donor groups
that allow chelation to the metal centre, thereby enhancing
stability due to the formation of metallacycles. Among the
most stable pincer complexes are the square-planar com-
plexes of metals of the nickel triad (Ni, Pd, Pt).[4]

Variations in the para substituent Z of these ligands have
drawn our particular interest for several reasons. The elec-
tronic properties, and consequently the catalytic, spectro-
scopic, and diagnostic properties, of pincer complexes can
be fine-tuned by choosing the appropriate para substituent.
A striking example of electronic tuning of the metal centre
in NCN-Z nickel(ii) complexes by the para substituent was
published earlier by us.[5] The Hammett parameters of the
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Abstract: A variety of para-substituted
NCN-pincer palladium(ii) and platinu-
m(ii) complexes [MX(NCN-Z)] (M=

PdII, PtII ; X=Cl, Br, I; NCN-Z= [2,6-
(CH2NMe2)2C6H2-4-Z]� ; Z=NO2,
COOH, SO3H, PO(OEt)2, PO(O-
H)(OEt), PO(OH)2, CH2OH, SMe,
NH2) were synthesised by routes in-
volving substitution reactions, either
prior to or, notably, after metalation of
the ligand. The solubility of the pincer
complexes is dominated by the nature
of the para substituent Z, which ren-

ders several complexes water-soluble.
The influence of the para substituent
on the electronic properties of the
metal centre was studied by 195Pt NMR
spectroscopy and DFT calculations.
Both the 195Pt chemical shift and the
calculated natural population charge

on platinum correlate linearly with the
sp Hammett substituent constants, and
thus the electronic properties of prede-
signed pincer complexes can be pre-
dicted. The sp value for the para-PtI
group itself was determined to be
�1.18 in methanol and �0.72 in water/
methanol (1/1). Complexes substituted
with protic functional groups (CH2OH,
COOH) exist as dimers in the solid
state due to intermolecular hydrogen-
bonding interactions.
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para substituents showed a linear relationship with the NiII/
NiIII oxidation potential, and consequently with its catalytic
activity in atom-transfer radical additions.[5c] Recently, Rein-
houdt et al. published a linear Hammett relationship for the
complex stability of an array of para-substituted pyridines
complexed to cationic SCS-pincer palladium complexes.[6]

The NCN- and SCS-pincer complexes have been supported
via a para substituent on poly(ethylene glycol),[7] poly-(N-
octadecylacrylamide),[8] polysiloxanes,[9] benzene rings,[10] hy-
perbranched polytriallylsilanes and polyglycerols,[11] carbosi-
lane[12,13] and Frÿchet-type[14] dendrimers and dendronised
polymers,[14e] buckminsterfullerene,[15] and silica.[16] Substitu-
tion in the para position also allows the buildup of supra-
molecular assemblies,[17,18] the placement of an additional
metal centre,[19,20] or the introduction of functional groups
such as a-amino acid residues[21,22] or other auxiliaries[23] to
give new materials.[24] The major potential of the pincer
system motivated us to develop synthetic routes towards
new para-functionalised NCN-pincer complexes. Several
steps in this study involve substitutions directly on metalated
NCN-ligands. While ample reports have been published on
ligand functionalisation of p-aryl organometallic complexes
such as ferrocenes, similar reactions of s-aryl organometallic
complexes are scarce. Furthermore, the latter mainly involve
organometallic s-aryl complexes in which the metal centre
is sterically shielded from the environment by bulky li-
gands.[25] The approach in which metalated ligands are func-
tionalised is of great interest, since it allows the creation of
compact multifunctional building blocks with catalytic or
sensor properties on one side, and functional substituents
for (non)covalent bonding to create nanosize structures on
the other. The pronounced influence of the para substituent
on the properties of these NCN-pincer building blocks is
discussed with respect to 195Pt NMR spectroscopy, solid-

state structures, and DFT calculations. Some of the resulting
complexes have intriguing solid-state and physicochemical
properties. Some of the unexpected results of the synthetic
work were published earlier in a communication.[26]

Results

Two main synthetic strategies were followed for the synthe-
sis of para-substituted pincer metal complexes, denoted as
[MX(NCN-Z)] (1). Apart from selective metalation of pre-
functionalised meta-bis-aminoarene (NCN-pincer) ligands
(approach I), selective para substitution of bis-ortho-amino-
aryl pincer complexes offers an alternative strategy (ap-
proach II).

Approach I is commonly the method of choice because
the metal±carbon bond is often the most reactive part of the
complex. However, recently we observed that the metal±
carbon bond in palladium(ii) and, in particular, platinum(ii)
NCN-pincer complexes, has remarkable stability under a
wide variety of reaction conditions. For example, the plati-
nated complexes [PtX(NCN-Z)] are stable in refluxing ace-
tone/HCl, as well as under the highly basic and nucleophilic
conditions encountered in lithiation reactions.[21] This re-
markable stability allows the exploration of unconventional
strategies (approach II) for para functionalisation of pincer
complexes. The availability of various metalation procedures
is an essential part of their syntheses. Oxidative addition
and lithiation trans-metalation procedures are available for
both palladium and platinum.[21] Obviously, the latter proce-
dure is not suitable when para substituents are used which
are incompatible with lithium alkyls. In addition, direct pal-
ladation is possible by electrophilic aromatic substitution of
a trimethylsilyl-substituted pincer ligand with Pd(OAc)2.

[27]

Approach I: selective metalation of prefunctionalised NCN-
pincer ligands : The nitro-, amino-, and iodo-para-substituted
platinum and palladium pincers were essentially obtained
from ortho-bromo compound 2 (Scheme 1). The nitro sub-
stituent at the para position could also be introduced into
ortho-trimethylsilyl compound 3, albeit in a much lower
yield and with poorer selectivity. Metalation of para-nitro
ligand 7 with Pd(OAc)2 and subsequent treatment with LiCl
afforded para-nitro complex 10a in 97% yield. Ligands 6, 8
and 9 were all metalated by mild oxidative addition with
[Pd2(dba)3]¥CHCl3 or [Pt(p-tol)2(SEt2)]2.

Nitration of 2 in H2SO4 with HNO3 afforded exclusively
the para-nitro ligand 6.[5b] Metalation of 6 led to clean for-
mation of palladium(ii) complex 10b and platinum(ii) com-
plex 11 in yields of 97 and 95%, respectively. The para-
amino-substituted ligand 8 was obtained by reduction of 6
with hydrazine monohydrate in the presence of 5% Ru/C
catalyst.[5b] Metalation of 8 to afford para-amino complexes
12 and 13 led to concomitant formation of Pd0 and Pt0 parti-
cles, respectively, which resulted in an overall lower yield
(ca. 80%). para-Iodo-substituted pincer ligand 9 was ob-
tained by diazotation of 8 with NaNO2 and subsequent
treatment with KI. Platination of 9 with [Pt(p-tol)2(SEt2)]2
in refluxing benzene afforded complex 15 in quantitative

Abstract in Dutch: Een verscheidenheid aan para-gesubstitu-
eerde NCN-pincer-palladium(ii) en -platina(ii) complexen
[MX(NCN-Z)] (M=PdII, PtII; X=Cl, Br, I; NCN-Z= [2,6-
(CH2NMe2)C6H2-4-Z]� ; Z=NO2, COOH, SO3H, PO(OEt)2,
PO(OH)(OEt), PO(OH)2, CH2OH, SMe, NH2) is gesyntheti-
seerd via substitutiereacties zowel voor, en hoogst opmerke-
lijk, ook na de metallering van het ligand. De oplosbaarheid
van de pincer-complexen wordt gedomineerd door de aard
van de para-substituent Z, waardoor enkele van de comple-
xen wateroplosbaar zijn. De invloed van de para-substituent
op de elektronische eigenschappen van het metaalcentrum is
bestudeerd met behulp van 195Pt-NMR en DFT-berekeningen.
Zowel de chemische verschuiving van de 195Pt-kern, als de be-
rekende ’natural population’ lading op platina vertonen een
lineaire correlatie met de sp Hammett-substituentconstante,
hetgeen het voorspellen van de elektronische eigenschappen
van nieuwe pincercomplexen mogelijk maakt. De sp-waarde
van de para-PtI eenheid blijkt respectievelijk �1.18 in metha-
nol en �0.72 in waterige methanol (1/1, v/v) te zijn. Door de
aanwezigheid van intermoleculaire waterstofbruggen komen
de complexen met protische functionele groepen (CH2OH,
COOH) in de vaste stof voor als dimeren.
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yield. The high selectivity of this reaction is attributed to the
coordinating properties of the N-donor groups, which
enable site-selective platination. The synthesis of palladium
analogue 14 was less straightforward. Palladation with
[Pd2(dba)3]¥CHCl3 at �78 8C followed by slow warming to
room temperature ultimately afforded 14 in moderate
yield.[21]

The synthesis of hydroxymethyl-substituted palladium
pincer compound 22 was possible by two different routes
(Scheme 2). The first approach starts from the para-bromo
ligand 16. Lithiation of 16 with two equivalents of tBuLi in
diethyl ether followed by addition of DMF afforded alde-
hyde 17 quantitatively. Reduction of 17 to its corresponding
benzylic alcohol 18 proceeded rapidly and in a yield of 95%
with NaBH4 in methanol. Protection of 18 with a tert-butyl-
dimethylsilyl group allowed lithiation of Cipso with nBuLi in
hexanes followed by quenching with trimethylsilyl triflate.
Deprotection with Et3N¥3HF afforded hydroxymethyl ligand
19 in 78% yield. Subsequent treatment of 19 with Pd(OAc)2

and LiCl in methanol resulted in the formation of 22a in
87% yield. Instead of an SiMe3 substituent, a bromo-sub-

stituent could be introduced into 18 by using Br2 instead of
SiMe3OTf for quenching the lithio intermediate, to afford
para-hydroxymethyl compound 21, which allowed both pal-
ladation and platination to give complexes 22b and 23, re-
spectively.

An alternative route, which allowed the synthesis of both
the platinum and palladium para-hydroxymethyl NCN-
pincer complexes, started from bifunctional bromoiodo
pincer ligand 9. Due to the higher reactivity of tBuLi to-
wards the aryl iodide bond compared to the aryl bromide
bond, selective substitution reactions can be performed.[21]

Lithiation of 9 at �100 8C in diethyl ether with two equiva-
lents of tBuLi, selectively afforded the para-lithio pincer in
situ. This lithio intermediate could be treated with electro-
philes to produce novel para-substituted pincer ligands. For
instance, quenching of the lithio intermediate with DMF af-
forded aldehyde 20, which was easily reduced to benzylic al-
cohol 21 and subsequently metalated as described above to
afford palladium and platinum complexes 22b and 23, re-
spectively.[21]

Scheme 1. Substitution of the NCN-pincer ligands prior to metalation.
i) HNO3/H2SO4; ii) N2H4¥H2O, 5 mol% Ru/C; iii) H2SO4, H2O, NaNO2,
NaI; iv) Y=Br: [Pd2(dba)3]¥CHCl3 (10b, 12, 14) or [Pt2(p-tol)2(SEt2)2]2
(11, 13, 15); Y=SiMe3: Pd(OAc)2/LiCl (10a). dba= trans,trans-dibenzyl-
ideneacetone.

Scheme 2. Synthesis of para-hydroxymethyl complexes 22 and 23 by two
different approaches. i) tBuLi, DMF; ii) NaBH4; iii) a) tBuMe2SiCl/imida-
zole; b) nBuLi, Me3SiOTf, or Br2; c) Et3N¥3HF; iv) Pd(OAc)2, LiCl; v)
M=Pd: [Pd2(dba)3]¥CHCl3, M=Pt: [{Pt(p-tol)2SEt2}2].
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Approach II: selective para substitution of bis-ortho-amino-
aryl metal complexes : Direct treatment of the unsubstituted
palladium and platinum complexes 4a and 5a with chloro-
sulfonic acid in dichloromethane afforded a mixture contain-
ing predominantly (ca. 50%) the para-substituted sulfonated
complexes 24 and 25, together with the meta isomer and
several unidentified (decomposition) products (Scheme 3).

Decomposition pathways starting with protonation of the
amine donor arms can be envisaged. Purification of 24 was
achieved by several extractions with acetonitrile followed by
careful precipitation, while 25 could be purified by fractional
precipitations from methanol. Complexes 24 and 25 were
obtained in respective yields of 18 and 25%. Due to the
presence of the polar sulfonic acid functional group, 24 and
25 are only soluble in THF or in highly polar (protic) sol-
vents such as water, DMSO, and acetonitrile.

The para-iodo-substituted NCN-pincer complex 15 is a
convenient starting material for further modifications
(Scheme 4). Due to the lower stability of the para-iodo
NCN palladium(ii) complexes compared to the correspond-
ing NCN platinum(ii) analogues, we were unable to perform
successful transformations on para-iodo palladium(ii) com-
plex 14. Remarkably, platinum(ii) complex 15 could be lithi-
ated at the para position with tBuLi at �100 8C in THF to
produce [PtBr(NCN-Li)]n in situ. Temperature control is a
crucial factor in this lithiation reaction, since the lithio inter-
mediate can polymerise to produce [Pt(NCN)]n-type linear
chains.[28] After lithiation, the reaction mixture was
quenched at �100 8C with several electrophiles, that is, CO2,
MeSSMe, ClPO(OEt)2, DMF, and Me3SiCl, to produce in
high to excellent yields para-substituted pincer platinum(ii)
complexes functionalised with a carboxy (34, 89%), methyl-
thio ether (35, 95%), diethylphosphonato (36, 95%), alde-
hyde (37, 74%), and trimethylsilyl (38, 75%) group, respec-
tively (Scheme 4). Although the analogous NCN palladi-
um(ii) complexes 30±33 were not accessible by selective
functionalisation of para-iodo NCN-pincer palladium(ii)
complex 14, they could be synthesised via the methylthio
(26), diethylphosphonato (27), aldehyde (28), and trimethyl-
silyl (29) para-substituted NCN-pincer ligands. These precur-
sors were obtained in nearly quantitative yields by selective
lithiation at the para position (iodo substituent) of 9 with
tBuLi in diethyl ether and subsequent treatment with di-
methyl disulfide, diethyl chlorophosphate, DMF, or trime-
thylsilyl chloride. Palladation of ligands 26±29 with
[Pd2(dba)3]¥CHCl3 afforded the metalated methylthio (30,
85%), diethylphosphonato (31, 92%), aldehyde (32, 74%)

and trimethylsilyl (33, 78%) derivatives. Platinum(ii) com-
plexes 35±38 were also accessible via this route by treatment
of 26±29 with [Pt(p-tol)2(SEt2)]2.

The diethylphosphonato-substituted NCN-palladium and
-platinum complexes 31 and 36 were subsequently (partially)
hydrolysed to obtain their respective phosphonic acid deriv-
atives. Scheme 5 illustrates this saponification to the mono-

ethylphosphonic acid (39 and 40), and phosphonic acid de-
rivatives (41 and 42) on treatment with trimethylsilyl bro-
mide and methanol. Repeated extractions of the crude prod-
uct with dichloromethane afforded the monoethylphosphon-
ic acid palladium and platinum pincer complexes 39 and 40
as pure materials in yields of 15 and 23%, respectively. The
unfavourable solubility properties of 41 and 42 hampered
their complete purification.

Scheme 3. Direct sulfonation of NCN palladium and platinum complexes.
i) HOSO2Cl.

Scheme 4. Substitutions of metalated NCN platinum complexes, and an
alternative route for their palladium analogues. i) [{Pt(p-tol)2SEt2}2];
ii) a) tBuLi, b) CO2 (34), Me2S2 (35), ClPO(OEt)2 (36), DMF (37),
Me3SiCl (38); iii) a) tBuLi; b) Me2S2 (26), ClPO(OEt)2 (27), DMF (28),
Me3SiCl (29); iv) [Pd2(dba)3]¥CHCl3 (30±33), [{Pt(p-tol)2SEt2}2] (35±38).

Scheme 5. (Partial) saponification of phosphonate esters on metalated li-
gands. i) a) Me3SiBr; b) MeOH.
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Solubility : During the synthesis and workup of this series of
para-substituted pincer palladium and platinum complexes,
we observed that the nature of the para substituent has a
crucial influence on their solubility. A much smaller effect,
as compared to the influence of the para substituent, is ex-
erted by the halo ligand on the metal atom. Larger halide
ions have a more diffuse charge, and the more covalent
character of their bonds to the metal atom results in slightly
enhanced solubility in apolar solvents. The para-H-, -tBu-,
and -SiMe3-substituted palladium and platinum complexes
are soluble in dichloromethane, chloroform and THF, but to
a lesser extent in benzene and diethyl ether. The introduc-
tion of protic para substituents such as COOH, PO(OH)-
(OEt), SO3H and NH2, markedly lowers their solubility in
aprotic solvents. Water-soluble and -stable NCN-pincer com-
plexes are obtained by introduction of a sulfonato, a mono-
alkylphosphonato, and, to a lesser extent, a carboxyl sub-
stituent.

195Pt NMR studies : The chemical shift of the 195Pt nucleus
proved to be a valuable tool for probing the electron density
on the metal centre of the various para-substituted pincer
complexes. The 195Pt chemical shift is highly sensitive to-
wards subtle changes in geometry, oxidation state, and
nature of the coordination sphere.[29] The magnetic shielding
of the heavier nuclei contains contributions from both a par-
amagnetic and a diamagnetic shielding term. Both shielding
terms are, to a different extent, sensitive towards s and p

contributions to the electronic charge on the metal centre.
In general, an increase in electron density on the metal
atom leads to an increase in shielding of the nucleus. In
1976, a broad, but dated survey of the 195Pt chemical shifts
for a wide variety of platinum complexes showed that no
linear Hammett correlation is observed for several para-sub-
stituted diaryl platinum(ii) complexes.[30] In contrast, Wu
et al. later reported the synthesis and 195Pt NMR analysis of
ferrocenyl-based platinum complexes, for which a linear re-
lation between the 195Pt chemical shift and the sp Hammett
substituent constants was found.[31]

To study the influence of the para substituent on the elec-
tron density of the pincer complexes by 195Pt NMR spectro-
scopy, all other structural features in the complex, that is,
halide and coordination geometry, were kept constant. 195Pt
chemical shifts were recorded for various para-substituted
pincer complexes in CDCl3 (0.1m) and referenced to
H2PtCl6. The chemical shift data are collected in Table 1 and
fit reasonably well (r=0.974) to the sp Hammett substituent
constants reported by Taft (Figure 1).[32]

DFT calculations : The general increase in chemical shield-
ing resulting from an increase in negative charge has been
correlated in many studies with the charge densities descri-
bed by Mulliken population analysis (MPA).[29] However, a
recent study showed that natural population analysis (NPA)
charges on carboxylate groups had the strongest correlation
with the corresponding pKa values in a series of para-func-
tionalised aromatic carboxylic acids.[33] To gain more insight
into the influence of the substituent on the properties of the
metal centre, several para-substituted NCN-pincer platin-

um(ii) chloride complexes [PtCl(NCN-Z)] were investigated
by the DFT method B3LYP/LANL2DZ[34] and natural bond
order population analysis as implemented in Gaussian98.[35]

Of specific interest in our calculations was the influence of
the para substituent on the calculated charges of the plati-
num centres and the calculated structural features in com-
parison with single-crystal X-ray structures.

Starting from structures calculated by MM2, further opti-
misation was performed with the DFT method B3LYP/
LANL2MB (minimal basis set). These molecular structures
were in turn used as starting geometries for calculations
with the double-z basis set. The coordination environment,
that is, bond lengths and angles, of the platinum centre were
hardly affected by variations in the para substituent. The
calculated bond lengths and angles of selected pincer com-
plexes [PtCl(NCN-Z)] (Z=NMe2, H, NO2) covering the
whole Hammett range, together with earlier reported crys-
tallographic data[17c] are given in Table 2.

The Mulliken and natural population analysis charges on
the platinum centre are given in Table 3. The calculated
Mulliken charges show only a very modest correlation with
the sp Hammett constants for the para substituents (QMullik-

en=0.022sp+0.233; r=0.78648), whereby especially the sub-
stituents NH2, NMe2 and OH deviate from the linear fit. In
contrast, the NPA charges perform well in this correlation
(QNPA=0.010sp+0.3045; r=0.93589), as is visualised in
Figure 2. Correlation of the experimental 195Pt chemical shift
with the calculated NPA charges afforded an even better fit

Table 1. 195Pt chemical shifts of the NCN-pincer platinum(ii) complexes
[PtCl(NCN-Z)] and their corresponding Hammett substituent constants
sp.

Z sp
[a] d(195Pt) [ppm][b]

NO2 0.78 �1802
CHO 0.42 �1843
COOH 0.45 �1899
I 0.18 �1923
H 0.0 �1959
SiMe3 �0.07 �1963
tBu �0.20 �1988
OH �0.37 �2009
NH2 �0.66 �2045

[a] Taken from reference [32]; [b] 0.1m in CDCl3, referenced to
H2[PtCl6].

Figure 1. Correlation between the 195Pt chemical shift of [PtCl(NCN-Z)]
and the sp Hammett substituent constant.
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(d(195Pt)=1.31î104QNPA�5922; r=0.98106). This correla-
tion is graphically presented in Figure 3.

Hammett sp values for the para-PtI group : The influence of
the para substituent of the NCN-pincer complexes on the
properties of the metal centre can be rationalized by Ham-
mett relations, as described above. However, it is of physi-
cal-inorganic interest to determine a substituent constant for
the organometallic para-PtX group itself, as was done earlier
for cobaloxime complexes by Brown et al.[36] For this pur-
pose the pKa value of [PtI(NCN-COOH)] (34) was deter-
mined in methanol and in a H2O/MeOH (1/1). The experi-
mentally determined pKa values and the derived sp values
of the para-PtX group are listed in Table 4.

Structures in the solid state : Crystal structures of various
(para-functionalised) NCN-pincer palladium and platinum

halide complexes were determined earlier.[26,37] Crystals
suitable for X-ray crystallographic structure determination
of [PtI(NCN-COOH)] (34) were grown by vapour diffusion
of pentane into a saturated solution in toluene/diethyl ether
(1/1). From these apolar solvents, 34 crystallises as the hy-
drogen-bonded dimer. This is in contrast with an earlier re-
ported crystal structure of 34 obtained from DMSO solu-
tion,[26] and with a structurally related carboxyl-functional-
ised CNN-pincer palladium complex.[38] Figure 4 shows the
molecular structure of 34 in the crystal, together with a

Table 2. Selected bond lengths [ä] and angles [8] for the experimental
structure of [PtCl(NCN-H)][17c] (X-ray) and calculated (DFT-B3LYP/
LANL2DZ) geometries of [PtCl(NCN-Z)].

[PtCl(NCN-
H)]

[PtClNCN-
NMe2]

[PtCl(NCN-
H)]

[PtClNCN-
NO2]

(X-ray)

Pt�Cipso 1.907(5) 1.944 1.944 1.933
Pt�Cl 2.407(1) 2.540 2.533 2.514
Pt�N 2.083(3) 2.131 2.129 2.130
N-Pt-N 164.26(13) 164.4 165.0 165.4
Cl-Pt-
Cipso

177.05(12) 180.0 180.0 180.0

Table 3. Calculated Mulliken charges QMulliken and natural population
analysis charges QNPA on platinum (DFT-B3LYP/LANL2DZ) in
[PtCl(NCN-Z)] and their corresponding Hammett substituent constants
sp.

Z sp
[a] QMulliken QNPA

NO2 0.78 0.2646 0.3167
COOH 0.45 0.2434 0.3068
I 0.18 0.2309 0.3055
SMe 0.00 0.2243 0.3033
H 0.00 0.2190 0.3027
OH �0.37 0.2281 0.3016
NH2 �0.66 0.2249 0.2976
NMe2 �0.83 0.2213 0.2979

[a] Taken from ref. [32].

Figure 2. Correlation between the calculated natural population analysis
(NPA) charges (DFT-B3LYP/LANL2DZ) of [PtCl(NCN-Z)] and the sp

Hammett substituent constant.

Figure 3. Correlation between the calculated natural population analysis
(NPA) charges (DFT-B3LYP/LANL2DZ) of [PtCl(NCN-Z)] and their
corresponding 195Pt chemical shifts.

Table 4. pKa for 34 in MeOH and H2O/MeOH (1/1) and resulting sp

values for the para-PtI group.

Solvent pKa 1[a] sp
[b]

MeOH 8.3 1.537 �1.18
H2O/MeOH (1/1) 6.0 1.085 �0.72

[a] Reaction constant, taken from reference [51]. [b] The tabulated sm

value of the CH2(NMe2) group is 0.00 (see reference [32]).

Figure 4. a) Displacement ellipsoid plot (50% probability level) of
[PtI(NCN-COOH)] (34). The halogen position is occupied by 19% Br
and 81% I, which were constrained to the same position and displace-
ment parameters. Hydrogen atoms, except that of the carboxyl group,
have been omitted for clarity. b) Packing graph of 34 showing the dimeric
structure formed by hydrogen bonding.
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packing graph. Selected bond lengths, angles, and dihedral
angles are collected in Table 5. The crystals contain disor-
dered molecules of co-crystallised toluene solvent.

Because of halide scrambling due to incomplete exchange
of bromide for iodide on the platinum centre in this sample,
the crystal contained about 19% bromide and about 81%
iodide on the metal centre, as determined by refinement of
the occupancies. The Br1/I1 atoms were constrained on the
same positions and to the same displacement parameters.
Therefore, the observed Pt1�Br1/I1 distance is a weighted
average of both contributions. The metal centre adopts a
distorted square-planar geometry, and the coordination
plane of platinum is almost coplanar with the plane of the
aryl ring. The two five-membered metallacycles are puck-
ered in the same direction with Pt1-N1-C7-C6 and Pt1-N2-
C8-C2 torsion angles of 31.5(5) and 30.0(5)8, respectively.
The hydrogen bonds between the carboxyl groups have
H10�O1, H10¥¥¥O2, and O1�O2 bond lengths of 0.89(8),
1.71(9), and 2.595(6) ä, respectively, and an almost linear
O1-H10-O2 angle of 173(8)8.

Crystals suitable for X-ray crystallographic structure de-
termination of [PdCl(NCN-CH2OH)] (22a) were grown by
slow vapour diffusion of diethyl ether into a concentrated
solution of 22a in dichloromethane. Figure 5 shows the mo-
lecular structure and a packing graph. In the solid state, 22a
is self-assembled into dimers by hydrogen bonding. Prelimi-
nary NMR studies indicate that dimeric (or oligomeric)
structures persist in CDCl3 solution at room temperature.

The geometry around the palladium(ii) centre is distorted
square-planar, and the metal is bound to the chloro and the
h3-mer NCN ligand. The bond lengths and angles are similar
to those generally encountered in NCN-pincer palladium(ii)
complexes. The five-membered metallacycles are puckered
in the same direction, with Pd1-N1-C7-C2 and Pd1-N2-C10-
C6 torsion angles of �32.76(15) and �32.64(15)8, respective-
ly. Selected bond lengths, angles, and dihedral angles for
22a are given in Table 5.

Discussion

In general, direct modification of ligands in organometallic
or coordination complexes is hampered by two major fea-
tures. First, the complex is often kinetically not stable

enough to allow organic transformations directly on a ligand
bound to the metal center. Second, metalation procedures
may be incompatible with a functional group required for
further (organic) modification. This especially applies to the
synthesis of organometallic complexes in which a covalent
metal±carbon bond is to be formed. Apparently these draw-
backs are not encountered in the synthesis of para-function-
alised NCN palladium and platinum complexes. Due to the
exceptional stability of these complexes and the availability
of various metalation procedures, we were able to synthesise
a wide range of para-substituted NCN-pincer palladium and
platinum complexes. The present organic transformations
carried out directly on the pincer-metal complexes (ap-
proach II) can be considered to be unconventional in orga-
nometallic synthesis and unexpected on the basis of their
open structures, that is, steric accessibility of the square-
planar arylpalladium or -platinum starting materials. The
preparation and isolation of pincer sulfonate complexes 24
(Pd) and 25 (Pt) illustrates the kinetic inertness of both the
Cipso±metal and N±metal bonds in the starting NCN-pincer
complexes under the highly acidic and electrophilic reaction
conditions employed in aromatic sulfonation. Moreover, the
possibility to selectively lithiate NCN-pincer platinum com-
plex 15 at the para position shows the resistance of the
NCN-pincer platinum complexes towards highly basic and
nucleophilic reaction conditions. Although the per gramme
value of the material is increased upon metalation of the
ligand, exploration of approach II can be advantageous to
open up a multitude of synthetic routes towards new ranges
of ECE-Z pincer platinum derivatives, which would be inac-
cessible by approach I.

The synthesis of [PdX(NCN-CH2OH)] (22, X=Cl, Br)
serves to illustrate the synthetic flexibility offered by the

Table 5. Selected bond lengths [ä], angles [8], and torsion angles [8] of
22a and 34.

[PdCl(NCN-CH2OH)] (22a) [PtI(NCN-COOH)] (34)

Pd1�C1 1.9174(18) Pt1-C1 1.921(5)
Pd1�N1 2.1083(15) Pt1-N1 2.088(5)
Pd1�N2 2.1066(15) Pt1-N2 2.098(5)
Pd1�Cl1 2.4392(5) Pt1-Br1/I1 2.7020(5)
C1-Pd1-N1 81.33(7) C1-Pt1-N1 81.5(2)
C1-Pd1-N2 80.85(7) C1-Pt1-N2 81.9(2)
C1-Pd1-Cl1 173.08(5) C1-Pt1-Br1/I1 175.29(14)
N1-Pd1-N2 161.93(6) N1-Pt1-N2 163.38(18)
Pd1-N1-C7-C2 �32.76(15) Pt1-N1-C7-C6 31.5(5)
Pd1-N2-C10-C6 �32.64(15) Pt1-N2-C8-C2 30.0(5)

Figure 5. a) Displacement ellipsoid plot (50% probability level) of
[PdCl(NCN-CH2OH)] (22a). Hydrogen atoms, except that of the hydrox-
yl group, have been omitted for clarity. b) Packing graph of 22a showing
the hydrogen bonding in the dimeric substructure.
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NCN-pincer ligand framework. A straightforward route
starts from para-bromo NCN-pincer ligand 16, which can be
synthesised in two steps from commercially available mate-
rials.[5b] However, because this route involves lithiation of
Cipso its scope is limited to para substituents which are inert
or can be protected during the lithiation step. After intro-
duction of the inert SiMe3 substituent on Cipso by lithiation,
selective palladation can be performed directly or after fur-
ther transformations of the para substituent. A second route
starts from the bifunctional ligand 9, which is available from
a multistep synthesis but allows a broader range of substitu-
ents due to the mild oxidative addition procedures used for
metalation. In fact, it is the method of choice for protic or
electrophilic para substituents.

While in this study only selected para-substituted pincer
complexes have been prepared, their syntheses represent
the basic strategies available. This broadens the scope of
possible para substituents to virtually any organic functional
group.[21,22,23, 39] Extension of the presented synthetic routes
to PCP- and SCS-pincer complexes can be envisaged, broad-
ening the potential even more.

We found that several prerequisites should be taken into
account when performing reactions on metalated pincer li-
gands. The palladium, and to a lesser extent the platinum
pincer complexes, can decompose by reductive elimination
on prolonged heating or in highly concentrated solutions,
which leads to formation of palladium or platinum black.
The cationic platinum complexes [Pt(OH2)(NCN)]X can, in
addition, add to activated alkyl halides (benzyl bromide,
methyl iodide), and in certain cases this leads to the forma-
tion of stable Wheland arenium intermediates or decompo-
sition products.[40] Furthermore, halide scrambling on the
metal centre is a side reaction encountered in the synthesis.
Facile halide abstraction followed by addition of an appro-
priate halide source affords a single product.

Properties of the NCN-pincer complexes : The influence of
the para substituent on the stability of the metal±carbon
bond can be rationalised by considering substituent effects
in Hammett relations. The nitro substituent of NCN-pincer
complexes 10 and 11 withdraws electron density from the ar-
omatic ring and thus polarizes the Cipso±metal bond in the
direction of Cipso and consequently makes the metal centre
more positively charged. The lowered electron density on
the metal centre can be expected to make it less prone to re-
ductive elimination, which would lead to the formation of
zero-valent metal particles. The amino-substituent in com-
plexes 12 and 13 donates electron density to the aromatic
ring and leads to a less polarised Cipso±metal bond compared
to 10 and 11. A complex with a more electron rich metal
centre is expected to decompose more readily by reductive
processes. Indeed, this behaviour is observed in the synthesis
and handling of the metalated pincer systems. While a black
precipitate, presumably palladium or platinum black, is
formed during the synthesis of 12 and 13 and on prolonged
standing of their concentrated solutions, these reductive
elimination processes have not been observed for the nitro-
substituted pincers 10 and 11. The palladium and platinum
pincers bearing highly acidic groups, for example, sulfonic

acids 24 and 25, are highly hygroscopic and decompose
slowly in moist air with formation of palladium and plati-
num black, possibly via pathways involving protonation of
the donor arms, followed by cleavage of the metal±carbon
bond. Interestingly, these decomposition reactions were not
observed in dilute aqueous solutions.

The solubility of the para-functionalised pincer complexes
is dominated by the para substituent. The formation of inter-
molecular hydrogen bonds between protic para substituents
and suitable Lewis bases such as the halo ligand on the
metal centre, can give rise to the formation of oligomeric or
polymeric structures and hence lower solubilities in
common organic solvents. The formation of intermolecular
hydrogen bonds is most pronounced in the solid state.
Supramolecular assemblies of NCN-pincer complexes,
formed by M�Cl¥¥¥H hydrogen bonds, were earlier observed
for the para-hydroxyl-[17b] and para-ethynyl-functionalised [20]

platinum(ii) complexes. These types of para substituents in-
duced the formation of infinite linear a-type networks. De-
spite the lower acidity of a benzylic hydroxyl functional
group compared to an aromatic one, it can still act as hydro-
gen-bonding donor towards the chloro ligand on the metal
center. The flexibility of the hydroxymethyl substituent in
palladium(ii) complex 22a makes dimerisation, instead of
formation of linear polymers, possible. Since the relative po-
sition of the aryl rings in the crystal lattice is not optimal for
attractive p-stacking interactions, the origin of the dimerisa-
tion can be completely attributed to the formation of the hy-
drogen bonds. Interestingly, similar M�Cl¥¥¥HO dimerisation
was observed for the structurally related hydroxyl-function-
alised NCN-palladium complex [PdCl(NCN-SiMe2-
(CH2)6OH]. This complex has an extended spacer between
the aryl ring and the hydroxyl group, which results in the
formation of large hydrogen-bonded squares.[41] Another hy-
drogen-bonding motif is observed in the X-ray structure of
34. The crystal structure of a DMSO solvate of 34 was pub-
lished earlier.[26] While in this crystal structure the carboxyl
group forms a hydrogen bond to a co-crystallised DMSO
molecule, crystallisation from apolar solvents resulted in a
molecular structure with the familiar hydrogen-bonding
motif for carboxylic acids. This hydrogen bonding motif is
favoured over others, such as hydrogen bonding to the halo
ligand, as can be expected on the basis of the poor hydro-
gen-bond acceptor properties of the iodo ligand compared
to the more pronounced acceptor properties of the ™harder∫
chloride anions (structure of 22a). Infrared analysis
(DRIFT) of powderous 34 in KBr confirmed that this di-
meric structure is the predominant one in the solid state
(broad absorption at 2750±2270 cm�1).

Hammett relations : The linear correlation of the 195Pt chem-
ical shift with the sp Hammett substituent constants allows
the use of NMR spectroscopy as a sensitive probe for the
electron density on the metal centre. Since all other structur-
al features of the platinum complexes were found to remain
constant (X-ray structures, DFT calculations), changes in
shielding can be attributed solely to the para substituent.
The calculated molecular structures of the pincer platinum
complexes resemble the experimental X-ray structures quite
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well. The calculated parameters are only slightly overesti-
mated (by <2%) with respect to the X-ray structure. The
calculated Pt�Cl bond length deviates significantly from the
experimental value and is overestimated by 5%. These re-
sults allow the use of DFT calculations to study pincer com-
plexes in more detail.[42] The linear Hammett correlation
found in the 195Pt NMR studies is well reproduced for the
NPA charges obtained from DFT calculations, and thus nat-
ural bond order analysis is a powerful tool for probing the
electron density on the platinum nucleus. An even better
correlation was obtained between these calculated charges
and the experimental 195Pt chemical shifts. In contrast, calcu-
lated Mulliken charges did not correlate linearly with the sp

values. Especially the Mulliken charges on platinum for
complexes with the substituents NH2, NMe2, and OH devi-
ate markedly from the other values in the DFT calculations.
Ample evidence is available that natural population analysis
(NPA), in contrast to Mulliken population analysis (MPA),
is less sensitive to the basis set.[43] In addition, NPA also con-
siders the spatial extent of the atom.

When considering the para-PtX group as a para substitu-
ent, its sp value can be determined from the pKa values in
different solvents. The thus-determined values (Table 4)
place this group in the realm of strongly electron donating
substituents such as NH2 and NR2, which donate electron
density to the para-position of the aromatic ring. This is in
line with the observed facile electrophilic substitution of
pincer complexes with chlorosulfo substituents.

Conclusion

The present synthetic routes for the synthesis of para-func-
tionalised NCN-palladium(ii) and -platinum(ii) complexes
are highly versatile and allow functionalisation with substitu-
ents covering the complete range of Hammett constants.
The possibility to perform organic transformations on the
metalated NCN-ligands makes their application as building
blocks in the construction of new (macromolecular) organo-
metallic materials facile. Additionally, both the transition
metal(halide) and selected substituents are able to partici-
pate in supramolecular assemblies by interactions such as
hydrogen bonding, ligand coordination and p±p stacking.
This is of special interest for the application of NCN-pincer
complexes as multifunctional building blocks for crystal-en-
gineering purposes. The direct and linear influence of the
para substituent on the platinum centre, as indicated by 195Pt
NMR studies and DFT calculations, can be extended to
para-substituted pincer complexes of other metals. The cata-
lytic and/or optical properties of these complexes can thus
be optimised by choosing the appropriate para substituent
on the basis of its sp Hammett substituent constant.

Experimental Section

General : All reactions involving air- or moisture-sensitive reagents were
performed by standard Schlenk techniques unless stated otherwise. Ben-
zene, pentane, hexane, THF and Et2O were distilled from Na/benzophe-

none and CH2Cl2 from CaH2 prior to use. [Pd2(dba)3]¥CHCl3,
[44] and

[{Pt(p-tol)2SEt2}2]
[45] were synthesised according to literature procedures.

All other reagents were obtained commercially and were used without
further purification. Elemental analyses were performed by Kolbe Mik-
roanalytisches Laboratorium (M¸llheim, Germany). 1H and 13C{1H}
NMR spectra were recorded on a Varian Inova 300 spectrometer (oper-
ating at 300 and 75 MHz, respectively) or a Varian Mercury 200 spec-
trometer (operating at 200 and 50 MHz, respectively). Spectra were re-
corded in CDCl3 or C6D6 at room temperature, unless stated otherwise,
and were referenced to TMS (d=0.00 ppm). The syntheses of 2 and 8,[5b]

4,[46] 5,[46b] 16,[47] 23,[23] 6, 9 (alternative method), 14, 15, 20, 21, 28, 29, 32,
33, 37, and 38[21] were reported earlier.

1-Trimethylsilyl-2,6-bis[(dimethylamino)methyl]benzene (3): 1,3-Bis[(di-
methylamino)methyl]benzene (15.25 g, 79.4 mmol) was dissolved in
hexane (100 mL) and cooled to �80 8C. n-Butyllithium (50 mL, 1.6m in
hexane, 79.4 mmol) was added dropwise to this solution over 10 min. The
reaction mixture was allowed to reach ambient temperature and stirred
overnight. A freshly prepared solution of trimethylsilyl trifluoromethyl
sulfonate (15.4 mL, 87.4 mmol) in THF (50 mL) was added at 0 8C. After
stirring for an additional hour at room temperature all volatile substances
were evaporated in vacuo. Extraction with hexane (3î100 mL) afforded
after evaporation of the solvent a yellow-brown oil. This was further pu-
rified by flash vacuum distillation to give 3 as a colourless oil (16.12 g,
60 mmol, 77%). 1H NMR (300 MHz, [D6]benzene, 25 8C, TMS): d=7.36
(d, 3J(H,H)=7.3 Hz, 2H; ArH), 7.20 (t, 3J(H,H)=7.3 Hz, 1H; ArH),
3.53 (s, 4H; CH2N), 2.06 (s, 12H; NMe2), 0.52 ppm (s, 9H; SiMe3);
13C{1H} NMR (75 MHz, [D6]benzene, 25 8C, TMS): d=146.8, 138.6, 129.7,
128.6, 66.0, 45.0, 3.4 ppm; elemental analysis (%) calcd for C15H28N2Si: C
68.12, H 10.67, N 10.95; found: C 68.20, H 10.58, N 10.83.

4-Nitro-1-trimethylsilyl-2,6-bis[(dimethylamino)methyl]benzene (7):
Compound 3 (3.88 g, 14.6 mmol) was added slowly over 1 h to concen-
trated H2SO4 (10 mL) at 0 8C. Concentrated HNO3 (2 mL) was added
while maintaining the temperature below 10 8C. The mixture was allowed
to reach ambient temperature and was stirred for 3 h, after which it was
poured onto 100 g of crushed ice. The acidic mixture was neutralised
with KOH and subsequently extracted with CH2Cl2. The organic layer
was washed with brine, dried over MgSO4 and isolated after removal of
the solvent in vacuo as a 20/80 mixture of 7 and 4-nitro-2,6-bis[(dimethy-
lamino)methyl]benzene. Purification by column chromatography (Et2O/
hexanes 1/1, 3% TEA, basic alumina) yielded 0.64 g (2.1 mmol, 14%) of
7 as colourless crystals. 1H NMR (300 MHz, [D6]benzene, 25 8C, TMS):
d=8.17 (s, 2H; ArH), 3.28 (s, 4H; CH2N), 1.86 (s, 12H; NMe2),
0.34 ppm (s, 9H; SiMe3);

13C{1H} NMR (75 MHz, [D6]benzene, 25 8C,
TMS): d=149.1, 148.5, 147.8, 122.5 (Ar), 65.0 (CH2N), 44.8 (NMe2),
2.8 ppm (SiMe3); elemental analysis (%) calcd for C15H27N3O2Si: C 58.21,
H 8.79, N 13.58, Si 9.08; found: C 58.15, H 8.71, N 13.62, Si 8.94.

4-Nitro-NCN-palladium(ii) chloride (10a): Pd(OAc)2 (85.0 mg,
0.38 mmol) was added at once to a solution of 7 (111.7 mg, 0.36 mmol) in
freshly distilled methanol (10 mL). The mixture was stirred for 2 h fol-
lowed by addition of LiCl (0.15 g, 3.6 mmol), which resulted in the imme-
diate formation of a white precipitate. The reaction mixture was stirred
for 1 h, all volatile substances were evaporated in vacuo, and the residue
was dissolved in CH2Cl2 (60 mL) and washed with water. The dried
(MgSO4) organic phase was filtered over Celite, and subsequent evapora-
tion of the solvent in vacuo afforded pure 10 (132.8 mg, 0.35 mmol, 97%)
as a yellowish solid. 1H NMR (200 MHz, CDCl3, 25 8C, TMS): d=7.61 (s,
2H; ArH), 4.02 (s, 4H; CH2N), 2.88 ppm (s, 12H; NMe2);

13C{1H} NMR
(50 MHz, CDCl3, 25 8C, TMS): d=167.5, 145.6, 145.4, 115.0 (Ar), 74.0
(CH2N), 52.9 ppm (NMe2); elemental analysis (%) calcd for
C12H18ClN3O2Pd: C 38.11, H 4.80, N 11.11; found: C 38.19, H 4.91, N
11.02.

4-Nitro-NCN-platinum(ii) bromide (11): 1-Bromo-4-nitro-2,6-bis[(dime-
thylamino)methyl]benzene (6) (0.57 g, 1.80 mmol) was dissolved in ben-
zene (10 mL) and added dropwise to a suspension of [{Pt(p-tol)2(SEt)2}2]
(0.84 g, 0.90 mmol) in benzene (15 mL). The mixture was refluxed for
3 h, and on cooling a yellow precipitate formed. Et2O (75 mL) was added
and the precipitate was isolated by centrifugation. The product was
washed with Et2O (2î90 mL) to yield pure 11 as a yellow solid (0.89 g,
1.73 mmol, 96%). 1H NMR (300 MHz, CDCl3, 25 8C, TMS): d=7.74 (s,
2H; ArH), 4.09 (s, 3J(H,Pt)=45.6 Hz, 4H; CH2N), 3.13 ppm (s,
3J(H,Pt)=38.4 Hz, 12H; NMe2);

13C{1H} NMR (75 MHz, CDCl3, 25 8C,
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TMS): d=157.5 (Cpara), 144.7 (Cipso), 143.9 (2J(C,Pt)=81.1 Hz, Cortho),
115.5 (3J(C,Pt)=37.2 Hz, Cmeta), 76.6 (2J(C,Pt)=59.8 Hz, CH2N),
55.0 ppm (2J(C,Pt)=13.4 Hz, NMe2); elemental analysis (%) calcd for
C12H18BrN3O2Pt: C 28.19, H 3.55, N 8.22; found: C 28.29, H 3.51, N 8.16.

4-Amino-NCN-palladium(ii) bromide (12): A solution of 8 (2.00 g,
7.0 mmol) in benzene (20 mL) was added to a solution of
[Pd2(dba)3]¥CHCl3 (5.66 g, 7.0 mmol) in benzene (50 mL). The mixture
was stirred overnight and THF (5 mL) was added. After stirring for an
additional hour all volatile substances were removed in vacuo, and the
residue was redissolved in CH2Cl2 (10 mL). The dark brown solution was
filtered over Celite, and 12 precipitated upon addition of Et2O (80 mL).
The solid was washed four times with Et2O (90 mL) and dried in vacuo
to afford 12 as a brown solid (2.09 g, 5.3 mmol, 76%). 1H NMR
(300 MHz, CDCl3, 25 8C, TMS): d=6.20 (s, 2H; ArH), 3.89 (s, 4H;
CH2N), 2.94 ppm (s, 12H; NMe2);

13C{1H} NMR (75 MHz, CDCl3, 25 8C,
TMS): d=149.4, 145.8, 129.2, 107.4 (Ar), 74.7 (CH2N), 54.0 ppm (NMe2);
elemental analysis (%) calcd for C12H20BrN3Pd: C 36.71, H 5.13, N 10.70;
found: C 36.58, H 5.10, N 10.64.

4-Amino-NCN-platinum(ii) bromide (13): [{Pt(p-tol)2SEt2}2] was added at
once to a solution of 8 (0.80 g, 2.8 mmol) in benzene (1.31 g, 1.4 mmol).
The mixture was refluxed until a clear solution was obtained, which was
kept at reflux temperature for an additional 15 min followed by evapora-
tion of all volatile substances. The residue was dissolved in CH2Cl2
(10 mL) and filtered over Celite. Precipitation with Et2O (80 mL) and de-
cantation afforded a brownish powder. This powder was washed twice
with Et2O (90 mL) and dried in vacuo to afford 13 as a light brown solid
(1.10 g, 2.3 mmol, 82%). 1H NMR (300 MHz, CDCl3, 25 8C, TMS): d=

6.26 (s, 2H; ArH), 3.10 (s, 3J(H,Pt)=45.8 Hz, 4H; CH2N), 3.13 ppm (s,
3J(H,Pt)=38.2 Hz, 12H; NMe2);

13C{1H} NMR (75 MHz, CDCl3, 25 8C,
TMS): d=144.0, 143.1, 132.4, 107.0 (Ar), 77.4 (CH2N), 55.1 ppm (NMe2);
elemental analysis (%) calcd for C12H20BrN3Pt: C 29.95, H 4.19, N 8.73;
found: C 29.78, H 4.23, N 8.56.

3,5-Bis[(dimethylamino)methyl]benzaldehyde (17): tBuLi (1.5m in hex-
anes, 40 mL, 58 mmol) was added dropwise to a solution of 16 (7.82 g,
29 mmol) in Et2O (250 mL) at �78 8C. The reaction mixture was stirred
for 30 min at �78 8C, and DMF (4.5 mL, 58 mmol) was added at once.
The mixture was allowed to reach room temperature, stirred for an addi-
tional hour and carefully quenched with water (50 mL). The organic
phase was washed with 1m NaOH and brine. Subsequent drying over
MgSO4 and removal of all volatile substances afforded 17 as a yellow oil
(6.40 g, 29 mmol, 99%). 1H NMR (300 MHz, CDCl3, 25 8C, TMS): d=

10.02 (s, 1H; CHO), 7.72 (s, 2H; ArH), 7.55 (s, 1H; ArH), 3.47 (s, 4H;
CH2N), 2.23 ppm (s, 12H; NMe2);

13C{1H} NMR (75 MHz, CDCl3, 25 8C,
TMS): d=191.1 (CHO), 140.6, 136.9, 134.6, 128.4 (Ar), 63.3 (CH2N),
44.8 ppm (NMe2); elemental analysis (%) calcd for C13H20N2O: C 70.87,
H 9.15, N 12.72; found: C 70.81, H 9.22, N 12.85.

1-Hydroxymethyl-3,5-bis[(dimethylamino)methyl]benzene (18): NaBH4

(1.21 g, 31.9 mmol) was added in portions to a solution of 17 (6.40 g,
29 mmol) in MeOH (100 mL). After addition, the mixture was stirred for
3 h at room temperature, all volatile substances were removed and the
residue was redissolved in Et2O (100 mL). The organic layer was washed
with water (2î50 mL) and brine and dried over MgSO4. Removal of all
volatile substances in vacuo afforded 18 as a colourless oil (6.12 g,
27.6 mmol, 95%). 1H NMR (300 MHz, CDCl3, 25 8C, TMS): d=7.23 (s,
2H; ArH), 7.13 (s, 1H; ArH), 4.64 (s, 2H; CH2O), 3.41 (s, 4H; CH2N),
2.22 ppm (s, 12H; NMe2);

13C{1H} NMR (50 MHz, CDCl3, 25 8C, TMS):
d=142.8, 135.7, 130.0, 128.1 (Ar), 63.9 (CH2O), 62.9 (CH2N), 44.8 ppm
(NMe2); elemental analysis (%) calcd for C13H22N2O: C 70.23, H 9.97, N
12.60; found: C 70.36, H 10.08, N 12.69.

1-Hydroxymethyl-4-trimethylsilyl-3,5-bis[(dimethylamino)-methyl]ben-
zene (19): a) A mixture of tert-butyldimethylsilyl chloride (1.91 g,
12.7 mmol) and imidazole (1.44 g, 21.1 mmol) in THF (50 mL) was stir-
red for 30 min at room temperature. Benzyl alcohol 18 (2.35 g,
10.6 mmol) in THF (20 mL) was added at once. The mixture was refluxed
overnight and treated with freshly distilled MeOH (2 mL). All volatile
substances were evaporated in vacuo, and the residue was redissolved in
hexane (150 mL), washed with water (2î50 mL) and dried over MgSO4.
Removal of the solvent in vacuo afforded 3,5-bis[(dimethylamino)me-
thyl]benzyl tert-butyldimethylsilyl ether as a yellow oil (2.64 g, 74%). 1H
NMR (200 MHz, CDCl3, 25 8C, TMS): d=7.16 (s, 3H; ArH), 4.72 (s, 2H;

CH2O), 3.43 (s, 4H; CH2N), 2.42 (s, 12H; NMe2), 0.92 (s, 9H; tBu),
0.09 ppm (s, 6H; SiMe2);

13C{1H} NMR (50 MHz, CDCl3, 25 8C, TMS):
d=141.6, 138.1, 128.8, 126.2 (Ar), 64.9 (CH2O), 64.0 (CH2N), 45.1
(NMe2), 26.0 (CMe3), 18.4 (CMe3), �5.2 ppm (SiMe2); elemental analysis
(%) calcd for C19H36N2OSi: C 67.80, H 10.78, N 8.32, Si 8.34; found: C
67.94, H 10.70, N 8.19, Si 8.46.

b) nBuLi (4.9 mL, 1.6m in hexanes, 7.8 mmol) was added dropwise to a
solution of 3,5-bis[(dimethylamino)methyl]benzyl tert-butyldimethylsilyl
ether (2.64 g, 7.8 mmol) in hexane (50 mL) at �78 8C. The mixture was
allowed to reach room temperature and was stirred for 6 h. A solution of
trimethylsilyl trifluoromethanesulfonate (2.27 mL, 11.8 mmol) in THF
(25 mL) was added dropwise at 0 8C, and the mixture stirred for an addi-
tional hour. All volatile substances were removed in vacuo and the prod-
uct was extracted with hexane (3î50 mL). The combined extracts were
washed with water (50 mL) and brine (50 mL) and dried over MgSO4.
Removal of the solvent afforded 4-trimethylsilyl-3,5-bis[(dimethylamino)-
methyl]benzyl tert-butyldimethylsilyl ether as a yellow oil (2.48 g, 77%).
1H NMR (300 MHz, CDCl3, 25 8C, TMS): d=7.27 (s, 2H; ArH), 4.72 (s,
2H; CH2O), 3.53 (s, 4H; CH2N), 2.13 (s, 12H; NMe2), 0.95 (s, 9H; tBu),
0.38 (s, 9H; SiMe3), 0.10 ppm (s, 6H; SiMe2);

13C{1H} NMR (75 MHz,
CDCl3, 25 8C, TMS): d=146.4, 141.4, 136.9, 126.2 (Ar), 65.4 (CH2O), 64.8
(CH2N), 45.0 (NMe2), 25.9 (CMe3), 18.4 (CMe3), 3.2 (SiMe3), �5.2 ppm
(SiMe2); elemental analysis (%) calcd for C22H44N2OSi2: C 64.64, H
10.85, N 6.85, Si 13.74; found: C 64.54, H 10.92, N 6.78, Si 13.65.

c) NEt3¥3HF (2.97 mL, 18.2 mmol) was added to a solution of 4-trime-
thylsilyl-3,5-bis[(dimethylamino)methyl]benzyl tert-butyldimethylsilyl
ether (2.48 g, 6.1 mmol) in THF (50 mL). The solution was stirred over-
night at room temperature, after which all volatile substances were re-
moved in vacuo. The residue was redissolved in CH2Cl2 (250 mL) and
washed twice with aqueous NaOH (1m, 50 mL) and once with brine. Re-
moval of the solvent after treatment with MgSO4 afforded 19 as a colour-
less oil (1.40 g, 4.8 mmol, 78%). 1H NMR (200 MHz, CDCl3, 25 8C,
TMS): d=7.34 (s, 2H; ArH), 4.66 (s, 2H; CH2O), 3.56 (s, 4H; CH2N),
2.14 (s, 12H; NMe2), 0.36 ppm (s, 9H; SiMe3);

13C{1H} NMR (50 MHz,
CDCl3, 25 8C, TMS): d=146.4, 141.6, 130.4, 127.1 (Ar), 65.3 (CH2O), 65.2
(CH2N), 45.2 (NMe2), 3.6 ppm (SiMe3); elemental analysis (%) calcd for
C16H30N2OSi: C 65.25, H 10.27, N 9.51; found: C 65.15, H 10.21, N 9.46.

4-Hydroxymethyl-NCN-palladium(ii) chloride (22a): [Pd(OAc)2] (0.47 g,
2.1 mmol) was added to a stirred solution of 19 (0.59 g, 2.0 mmol) in
MeOH (20 mL). The solution was stirred for 4 h, and an excess of LiCl
(0.85 g, 20 mmol) was added, resulting in a yellow suspension. The vola-
tile substances were removed in vacuo, and the residue was redissolved
in CH2Cl2 (20 mL) and carefully filtered over Celite. Addition of hexane
(80 mL) to the filtrate resulted in precipitation of 22a as a yellow solid
(0.63 g, 1.7 mmol, 87%). 1H NMR (300 MHz, CDCl3, 25 8C, TMS): d=
6.82 (s, 2H; ArH), 4.58 (s, 2H; CH2O), 3.99 (s, 4H; CH2N), 2.96 ppm (s,
12H; NMe2);

13C{1H} NMR (75 MHz, CDCl3, 25 8C, TMS): d=156.1,
145.3, 137.9, 119.2 (Ar), 74.8 (CH2N), 65.6 (CH2N), 53.3 ppm (NMe2); el-
emental analysis (%) calcd for C13H21ClN2OPd: C 42.99, H 5.83, N 7.71;
found: C 42.95, H 5.75, N 7.61.

4-SO3H-NCN-palladium(ii) chloride (24): Chlorosulfonic acid (0.37 g,
3.14 mmol) was added to a cooled (0 8C) solution of 4a (0.95 g,
2.86 mmol) in CH2Cl2 (10 mL), and the mixture stirred at ambient tem-
perature overnight. After evaporation of all volatile substances in vacuo,
the crude product was extracted with boiling acetonitrile. Slow precipita-
tion on cooling to room temperature afforded 24 as a brown solid (0.21 g,
0.51 mmol, 18%). 1H NMR (300 MHz, [D6]DMSO, 25 8C, TMS): d=9.77
(br s, 1H; SO3H), 7.61 (s, 2H; ArH), 4.36 (s, 4H; CH2N), 2.77 ppm (s,
12H; NMe2);

13C{1H} NMR (75 MHz, [D6]DMSO, 25 8C, TMS): d=150.3,
134.6, 131.4, 129.9 (Ar), 59.9 (CH2N), 42.6 ppm (NMe2); elemental analy-
sis (%) calcd for C12H19ClN2O3PdS: C 34.88, H 4.63, N 6.78; found: C
34.71, H 4.57, N 6.68.

4-SO3H-NCN-platinum(ii) chloride (25): Chlorosulfonic acid (0.55 g,
4,74 mmol) was added to a cooled (0 8C) solution of 5a (1.01 g,
2.37 mmol) in CH2Cl2 (10 mL), and the mixture stirred at ambient tem-
perature overnight. Evaporation of all volatile substances in vacuo af-
forded a red solid, which analysed as a mixture of isomers. The para
isomer selectively precipitated from a boiling saturated solution of the
crude product in methanol. Pure 25 was obtained after recrystallisation
from methanol as a yellow solid (0.30 g, 0.59 mmol, 25%). 1H NMR

Chem. Eur. J. 2004, 10, 1331 ± 1344 www.chemeurj.org ¹ 2004 Wiley-VCH Verlag GmbH& Co. KGaA, Weinheim 1341

NCN-Pincer Pd and Pt Complexes 1331 ± 1344

www.chemeurj.org


(300 MHz, [D6]DMSO 25 8C, TMS): d=7.52 (s, 2H; ArH), 4.39 (s,
3J(H,Pt)=28.8 Hz, 4H; CH2N), 2.91 ppm (s, 3J(H,Pt)=28.8 Hz, 12H;
NMe2);

13C{1H} NMR (75 MHz, [D6]DMSO, 25 8C, TMS): d=144.9,
140.9, 127.6, 123.1 (Ar), 76.2 (CH2N), 56.5 ppm (NMe2); elemental analy-
sis (%) calcd for C12H19ClN2O3PtS: C 28.72, H 3.82, N 5.58; found: C
28.79, H 3.90, N 5.49.

1-Bromo-2,6-bis[(dimethylamino)methyl]phenyl methyl sulfide (26): A
solution of 9 (1.00 g, 2.5 mmol) in Et2O was treated with tBuLi (3.3 mL,
1.5m in pentane, 5 mmol) at �100 8C. The solution was stirred for 10 min
at �100 8C, and dimethyldisulfide (0.4 g, 3.8 mmol) was added at once.
The mixture was allowed to reach room temperature, and all volatile sub-
stances were removed in vacuo. The residue was redissolved in pentane
(50 mL), washed with water (2î25 mL) and dried over MgSO4. Removal
of the volatile substances afforded 26 as a colourless oil (0.65 g,
2.1 mmol, 82%). 1H NMR (300 MHz, CDCl3, 25 8C, TMS): d=7.51 (s,
2H; ArH), 3.48 (s, 4H; CH2N), 2.10 (s, 12H; NMe2), 2.06 ppm (s, 3H;
SMe); 13C{1H} NMR (75 MHz, CDCl3, 25 8C, TMS): d=139.8, 138.3,
127.2, 122.9 (Ar), 63.8 (CH2N), 45.5 (NMe2), 15.4 ppm (SMe); elemental
analysis (%) calcd for C13H21BrN2S: C 49.21, H 6.67, N 8.83; found: C
49.32, H 6.56, N 8.87.

1-Bromo-2,6-bis[(dimethylamino)methyl]phenyl diethylphosphonate
(27): tBuLi (4.0 mL, 1.5m in pentane, 6.0 mmol) was added dropwise to a
solution of 9 (1.2 g, 3.0 mmol) in Et2O (25 mL) at �100 8C. After 10 min.
at �100 8C, diethyl chlorophosphate (0.6 g, 3.5 mmol) was added at once.
The solution was allowed to reach room temperature and stirred for 2 h.
All volatile substances were removed in vacuo, and the residue was redis-
solved in hexane (50 mL), washed with water (2î25 mL) and dried over
MgSO4. Removal of the solvent in vacuo afforded 27 as a colourless oil
(0.85 g, 2.1 mmol, 69%). 1H NMR (300 MHz, [D6]benzene, 25 8C, TMS):
d=8.16 (d, 3J(H,P)=13.2 Hz, 2H; ArH), 3.94 (m, 4H; OCH2CH3), 3.42
(s, 4H; CH2N), 2.04 (s, 12H; NMe2), 1.00 ppm (t, 3J(H,H)=7.2 Hz, 6H;
OCH2CH3);

13C{1H} NMR (75 MHz, [D6]benzene, 25 8C, TMS): d=140.1,
132.4, 131.2, 129.6 (Ar), 63.6 (CH2N), 61.8 (OCH2), 45.2 (NMe2),
15.4 ppm (OCH2CH3); elemental analysis (%) calcd for C16H28N2BrO3P:
C 47.18, H 6.93, N 6.88, P 7.60; found: C 46.96, H 7.14, N 6.95, P 7.38.

4-Methylthio-NCN-palladium(ii) bromide (30): [Pd2(dba)3]¥CHCl3 (0.77 g,
0.95 mmol) was added to a solution of 26 (0.30 g, 0.95 mmol) in benzene
(25 mL). The mixture was stirred overnight and then for an additional
hour after addition of 1 mL of THF. The solution was filtered over Celite
and concentrated to 5 mL, after which 30 precipitated on addition of
hexane (25 mL). The resulting solid was washed with hexane (2î25 mL)
and dried in vacuo to afford 30 as a yellowish solid (0.34 g, 0.80 mmol,
85%). 1H NMR (300 MHz, CDCl3, 25 8C, TMS): d=6.73 (s, 2H; ArH),
3.95 (s, 4H; CH2N), 2.95 (s, 12H; NMe2), 2.41 ppm (s, 3H; SMe); 13C{1H}
NMR (75 MHz, CDCl3, 25 8C, TMS): d=155.1, 145.8, 134.2, 119.6 (Ar),
74.6 (CH2N), 54.0 (NMe2), 17.4 ppm (SMe); elemental analysis (%) calcd
for C13H21BrN2PdS: C 36.85, H 5.00, N 6.61; found: C 36.78, H 5.10, N
6.47.

4-PO(OEt)2-NCN-palladium(ii) bromide (31): [Pd2(dba)3]¥CHCl3 (2.58 g,
3.2 mmol) was added at once to a solution of 27 (1.30 g, 3.2 mmol) in
benzene (25 mL). The mixture was stirred overnight, and THF (5 mL)
was subsequently added. After filtration over Celite, the solution was
concentrated to 10 mL, after which hexane (90 mL) was added to induce
precipitation of 31. The solid was washed with hexane (3î100 mL) to
afford pure 31 as an off-white solid (1.51 g, 2.94 mmol, 92%). 1H NMR
(300 MHz, CDCl3, 25 8C, TMS): d=7.18 (d, 3J(H,P)=20.1 Hz, 2H; ArH),
4.06 (m, 4H; OCH2CH3), 3.98 (s, 4H; CH2N), 2.94 (s, 12H; NMe2),
1.29 ppm (t, 3J(H,H)=10.6 Hz, 6H; OCH2CH3);

13C{1H} NMR (75 MHz,
CDCl3, 25 8C, TMS): d=164.3, 145.5, 125.4, 123.1 (Ar), 74.4 (CH2N), 62.1
(OCH2CH3), 53.8 (NMe2), 16.5 ppm (OCH2CH3); elemental analysis (%)
calcd for C16H28BrN2O3PPd: C 37.41, H 5.49, N 5.45, P 6.03; found: C
37.48, H 5.53, N 5.52, P 6.11.

4-COOH-NCN-platinum(ii) iodide (34): tBuLi (2.4 mL, 1.5m in pentane,
3.6 mmol) was added dropwise to a cooled (�100 8C) solution of 15
(1.06 g, 1.79 mmol) in THF (20 mL),. The reaction was quenched after
2 min by bubbling dry CO2 gas through the mixture. On reaching ambi-
ent temperature the CO2 supply was stopped, and the product was treat-
ed with a saturated aqueous NH4Cl solution (1 mL). All volatile substan-
ces were evaporated in vacuo and the crude mixture was redissolved in
CHCl3 (50 mL), washed with saturated NH4Cl solution (2î5 mL) and

dried over MgSO4. After removal of the volatile substances in vacuo, the
product was redissolved in acetone (20 mL), treated with NaI (0.28 g,
1.85 mmol) for 30 min and filtered over Celite. Final traces of Na salts
were extracted with water from a CHCl3 solution of the product. Pure 34
precipitated as an off-white solid (0.89 g, 1.59 mmol, 89%) on slow addi-
tion of diethyl ether (90 mL) to 10 mL of a solution in CHCl3.

1H NMR
(300 MHz, [D6]DMSO, 25 8C, TMS): d=7.41 (s, 2H; ArH), 4.13 (s,
3J(H,Pt)=39.0 Hz, 4H; CH2N), 3.07 ppm (s, 3J(H,Pt)=28.8 Hz, 12H;
N(CH3)2);

13C{1H} NMR (75 MHz, [D6]DMSO, 25 8C, TMS): d=168.2
(COOH), 156.0, 144.1, 125.6, 120.6, 75.4 (CH2N), 55.6 ppm (NMe2);
FTIR (DRIFT, KBr): ñ (intensity in Kubelka±Munk units): 3100±2750
(0.18), 3211.6 (0.17), 2979.8 (0.20), 2922.3 (0.26), 2750±2300 (0.17), 1668.5
(0.59), 1587.7 (0.50), 1465.5 (0.26), 1452.5 (0.33), 1412.1 (0.25), 1345.3
(0.29), 1326.1 (0.37), 1308.0 (0.52), 1274.1 (0.34), 1231.1 cm�1 (0.40); ele-
mental analysis (%) calcd for C13H19N2IO2Pt: C 28.02, H 3.44, N 5.03;
found: C 27.88, H 3.40, N 4.91.

4-Methylthio-NCN-platinum(ii) bromide (35): Method a: tBuLi (2.65 mL,
1.5m in pentane, 4.0 mmol) was added to a solution of 15 (1.2 g,
2.0 mmol) in THF (40 mL) at �100 8C. After stirring for 5 min at
�100 8C, dimethyl disulfide (0.30 g, 3 mmol) was added at once, and the
mixture was allowed to reach room temperature. All volatile substances
were removed in vacuo, and the residue was redissolved in CH2Cl2
(25 mL). The solution was washed with water (2î25 mL and brine
(25 mL), dried over MgSO4 and concentrated to 10 mL. Compound 35
precipitated on careful addition of hexane (50 mL). The solid was
washed with hexane (2î50 mL) and dried in vacuo to afford 35 as an
off-white solid (0.61 g, 1.2 mmol, 60%).

Method b: [Pt(p-tol)2(SEt2)]2 (0.44 g, 0.48 mmol) was added at once to a
solution of 26 (0.30 g, 0.95 mmol) in benzene (10 mL). The mixture was
heated at reflux temperature until a clear solution was obtained. After
cooling to room temperature, the solvent was evaporated in vacuo and
the resulting residue was redissolved in CH2Cl2 (5 mL). Compound 35
precipitated on addition of hexane (25 mL). The solid was washed with
hexane (2î25 mL) and dried in vacuo to afford 35 as an off-white solid
(0.46 g, 0.90 mmol, 95%). 1H NMR (300 MHz, CDCl3, 25 8C, TMS): d=
6.81 (s, 2H; ArH), 3.99 (s, 3J(H,Pt)=45.4 Hz, 4H; CH2N), 3.11 (s,
3J(H,Pt)=38.5 Hz, 12H; NMe2), 2.44 ppm (s, 3H; SMe); 13C{1H} NMR
(75 MHz, CDCl3, 25 8C, TMS): d=156.2, 144.3, 132.1, 120.1 (Ar), 77.4
(CH2N), 55.3 (NMe2), 18.0 ppm (SMe); elemental analysis (%) calcd for
C13H21BrN2PtS: C 30.47, 4.13, 5.47; found C 30.59, H 4.26, N 5.36.

4-PO(OEt)2-NCN-platinum(ii) bromide (36): Method a: tBuLi (2.4 mL,
1.5m in pentane, 3.6 mmol) was added dropwise to a cooled (�100 8C)
solution of 15 (1.06 g, 1.79 mmol) in THF (25 mL). After 2 min, the reac-
tion mixture was quenched with diethyl chlorophosphate (0.50 g,
2.70 mmol). The mixture was allowed to reach room temperature and all
volatile substances were evaporated in vacuo. The reaction mixture was
redissolved in CH2Cl2 (50 mL) and washed with water (50 mL), 1m
NaOH (50 mL) and brine. The CH2Cl2 solution was dried over MgSO4

and evaporated to dryness. Pure 36 (0.86 g, 1.43 mmol, 80%) precipitated
from a CH2Cl2 solution (10 mL) on slow addition of hexane (90 mL).

Method b: [{Pt(p-tol)2SEt2}2] (0.56 g, 0.60 mmol) was added at once to a
solution of 27 (0.50 g, 1.2 mmol) in benzene (10 mL). The mixture was
brought to reflux until a clear solution was obtained. After removal of
the volatile substances, the residue was redissolved in CH2Cl2 and pre-
cipitated with hexane (50 mL). The solid was washed with hexane (2î
50 mL) to afford 36 as an off-white solid (0.69 g, 1.1 mmol, 95%). 1H
NMR (300 MHz, CDCl3, 25 8C, TMS): d=7.23 (d, 3J(H,P)=13.5 Hz, 2H;
ArH), 4.08 (m, 4H; OCH2), 4.02 (s, 3J(H,Pt)=45.1 Hz, 4H; CH2N), 3.16
(s, 3J(H,Pt)=38.4 Hz, 12H; NMe2), 1.31 ppm (t, 3J(H,H)=7.2 Hz, 6H;
CH3);

13C{1H} NMR (75 MHz, CDCl3, 25 8C, TMS): d=156.2, 144.0,
123.0, 121.4 (Ar), 77.5 (CH2N), 62.1 (OCH2), 56.6 (NMe2), 16.6 ppm
(OCH2CH3); elemental analysis (%) calcd for C16H28IN2O3PPt: C 29.59,
H 4.35, N 4.31, P 4.77; found: C 29.75, 4.28, 4.26, 4.59.

4-PO(OEt)(OH)-NCN-palladium(ii) bromide (39) and 4-PO(OEt)(OH)-
NCN-platinum(ii) bromide (40): Both hydrolyses were performed under
similar conditions. Trimethylsilyl bromide (3 equiv) was added to a solu-
tion of the pincer diethylphosphonate (31 or 36) in CH2Cl2 (ca 0.1m).
The mixture was stirred overnight, MeOH (5 mL) was added, and all vol-
atile substances were removed in vacuo. The monoethylphosphonates 39
and 40 were isolated together with remaining 31 or 36 by extraction with

¹ 2004 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemeurj.org Chem. Eur. J. 2004, 10, 1331 ± 13441342

FULL PAPER G. van Koten et al.

www.chemeurj.org


CH2Cl2. Careful precipitations with Et2O from concentrated CH2Cl2 solu-
tions afforded 39 and 40 as pure solids in yields of 15 and 23%, respec-
tively. 39 (Pd): 1H NMR (200 MHz, [D6]DMSO/CDCl3 ca. 1/5, 25 8C,
TMS): d=6.87 (d, 3J(H,P)=13.2 Hz, 2H; ArH), 3.70 (s, 4H; CH2N), 3.64
(m, 2H; CH2O), 2.61 (s, 12H; NMe2), 0.93 ppm (t, 3J(H,H)=7.0 Hz, 3H;
CH3);

13C{1H} NMR (50 MHz, [D6]DMSO/CDCl3 ca. 1/5, 25 8C, TMS):
d=163.0, 145.5 (d), 125.5, 122.4 (d) (Ar), 74.1 (CH2N), 61.1 (OCH2), 53.6
(NMe2), 16.5 ppm (OCH2CH3); elemental analysis (%) calcd for
C14H24BrN2O3PPd: C 34.62, H 4.98, N 5.77; found: C 34.53, H 5.03, N
5.71. 40 (Pt): 1H NMR (200 MHz, [D6]DMSO/CDCl3 ca.1/5, 25 8C, TMS):
d=6.85 (d, 3J(H,P)=13.2 Hz, 2H; ArH), 3.68 (s, 4H; CH2N), 3.61 (m,
2H; CH2O), 2.72 (s, 12H; NMe2), 0.90 ppm (t, 3J(H,H)=6.9 Hz, 3H;
CH3); elemental analysis (%) calcd for C14H24BrN2O3PPt: C 29.28, H
4.21, N, 4.88; found: C 29.72, H 4.52, N 4.80.

4-PO(OH)2-NCN-palladium(ii) bromide (41) and 4-PO(OH)2-NCN-plati-
num(ii) bromide (42) were not isolated as pure products, but were pres-
ent in the crude hydrolysis products, as indicated by 31P{1H} NMR analy-
sis.

Crystal structure determinations : Intensities were measured on a Nonius
KappaCCD diffractometer with rotating anode and graphite monochro-
mator (MoKa radiation, l=0.71073 ä) up to a resolution of (sinq/l)max=

0.65 ä�1. The structures were solved with Patterson methods (program
DIRDIF97[48]) and refined with the program SHELXL97[49] against F2 of
all reflections. Non-hydrogen atoms were refined freely with anisotropic
displacement parameters. Hydrogen atoms were located in the difference
Fourier map and refined as rigid groups. The hydrogen atom of the hy-
droxyl group in 22a and the hydrogen atom of the carboxyl group in 34
were refined freely with isotropic displacement parameters. The draw-
ings, structure calculations and checking for higher symmetry were per-
formed with the program PLATON.[50]

Crystal data for 22a : C13H21ClN2OPd, Mr=363.17, yellow plate, 0.30î
0.30î0.09 mm, T=125(2) K, monoclinic, P21/c (No. 14), a=9.1935(1),
b=10.5160(1), c=15.9377(2) ä, b=111.3489(7)8, V=1435.11(3) ä3, Z=

4, F(000)=736, 1calcd=1.681 gcm�3, 29867 measured reflections, 3287
unique reflections (Rint=0.066). Analytical absorption correction
(PLATON[50] , routine ABST, m=1.470 mm�1, 0.62±0.86 transmission).
171 refined parameters, no restraints. R values [I>2s(I)]: R1=0.0205,
wR2=0.0512. R values (all data): R1=0.0226, wR2=0.0522. S=1.033.
Residual electron density (min./max.): �0.72/0.62 eä�3.

Crystal data for 34 : Crystals were obtained from a different batch than
used in the elemental analysis of 34. The scrambled product was obtained
from incomplete conversion of the platinum bromide/iodide mixture to
the platinum iodide complex. C13H19Br0.19I0.81N2O2Pt¥0.5C7H8, Mr=

594.43, pale yellow plate, 0.06î0.06î0.02 mm, T=150(2) K, monoclinic,
P21/c (No. 14), a=21.0837(5), b=6.0838(1), c=14.7525(3) ä, b=

94.3916(6)8, V=1886.73(7) ä3, Z=4, F(000)=1118, 1calcd=2.093 gcm�3,
26659 measured reflections, 4316 unique reflections (Rint=0.064). An ab-
sorption correction was applied (PLATON,[50] routine DELABS, m=

9.173 mm�1, 0.40±0.80 transmission). 216 refined parameters, 27 restraints.
The atoms Br1 and I1 were constrained on the same position with the
same displacement parameters. R values [I>2s(I)]: R1=0.0327, wR2=
0.0648. R values (all data): R1=0.0554, wR2=0.0704. S=1.043. Residual
electron density (min./max.): �1.17/0.86 eä�3. CCDC-212445 (22a) and
CCDC-212446 (34) contain the supplementary crystallographic data for
this paper. These data can be obtained free of charge via www.ccdc.ca-
m.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic
Data Centre, 12 Union Road, Cambridge CB21EZ, UK; fax: (+44)
1223-336-033; or deposit@ccdc.cam.uk).
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