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A silver-free route has been employed for the synthesis of a number of Pd and Pt complexes supported by an
NCN “pincer” ligand (NCN ) [2,6-(Me2NCH2)2C6H3]-) via halide abstraction. This was achieved by the use of o-,
m-, and p-hydroxypyridines or o- and p-mercaptopyridines in basic ethanol solutions. The acidic OH or SH protons
are removed to generate the formally anionic ligands. X-ray crystal structure determination of these complexes
shows that the bonding of the substituted pyridine ligands occurs exclusively through the pyridine N for
hydroxypyridines and exclusively through the thiol S in mercaptopyridines. In the hydroxypyridine case, the ortho
and para isomers tautomerize to generate pyridone structures with a covalent M−N bond, whereas the
m-hydroxypyridine complex, which is unable to tautomerize, is found to still be bound through the pyridine N but
in a zwitterionic structure. The mercaptopyridine complexes are the first reported examples of pincer-ligated Pd
and Pt thiolate species. The pyridine ligands can be quantitatively exchanged for chloride by reaction with excess
NH4Cl, a potentially useful chemical switch for ligation/decomplexation of this ligand type.

Introduction

The chemistry and application of transition-metal com-
plexes containing the potentially terdentate monoanionic ECE
pincer ligand (where pincer) [2,6-(ECH2)2C6H3]-; E ) NR2,
PR2, OR, SR, SeR) has been extensively explored.1 These
species have been used in such diverse fields as catalysis
and small molecule activation,2 polymer and dendrimer
chemistry,3,4 and in selective sensing applications.5 Variation
of the ligating groupE allows for direct and simple
modulation of the steric and electronic environment about
the complexed metal center, whereas remote control of the
electronic properties can be achieved by introduction of
groups in the para position of the pincer arene.6 Because of
the terdentate coordination of the pincer ligand, the organo-
metallic M-C bond in the pincer systems are generally quite

robust, allowing, for instance, selective lithiation or nitration
of the metal-bound aryl ring7 and use in high-temperature
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catalytic processes, such as PCP-Ir-catalyzed alkane
dehydrogenation.1d,2h-j

For group 10 metals (Ni, Pd, Pt), the common starting
material for exploration of the aforementioned applications
is generally the ECE-M halides. A common route to remove
halides from mid-to-late transition-metal complexes is achieved
via Ag+-mediated reactions,8 and the subsequent metal
cations generated are generally considered to be more
reactive than the parent halides.9 Indeed, this is the preferred
method for the synthesis of a number of pincer-supported
group 10 metal cations, which have been employed as Lewis
acid catalysts in Michael addition chemistry10 and, recently,
to probe dynamic control of the properties of supramolecular
polymers and networks.11 The insolubility of the AgX salts
is the driving force for this reaction. However, there are some
technical difficulties associated with the employment of silver
reagents. Besides their relatively high cost, they are also quite

light sensitive and very hygroscopic. As such, alternative,
silver-free routes would be desirable. In NCN pincer Pt
iodide complexes, it was previously found that the addition
of polar, coordinating dimethylformamide (DMF) establishes
an equilibrium in which there is partial displacement of the
covalently bound iodide by a molecule of solvent, generating
an ion pair.12 The outer sphere iodide anion can then be
exchanged for perchlorate (ClO4

-) on an ion-exchange resin.
We reasoned that alternate chemical reagents could be
employed to force this equilibrium toward the ion-separated
or halide-abstracted products.

In addition to the previously mentioned technical problems
related to the use of silver reagents, trace amounts of silver
can remain in the products and potentially interfere with
subsequent reactions. Silver complexes and salts are very
active catalysts for a number of reactions,13 and trace amounts
could potentially interfere in catalyst screening. Also, mul-
timetallic pyridine complexes of NCN-Pt and NCN-Pd
pincers have recently been employed as templates for the
generation of poly(pyridine) macroheterocycles via ring-
closing metathesis.14 In the synthesis of macroheterocycles
containing polyether linkages between the pyridine groups,
up to 10% of the generated silver halide was sequestered
and solubilized by the “crownlike” polyethers.15 The residual
silver was found to interfere with the subsequent metathesis
reactions, which necessitated removal by reaction with highly
toxic H2S.14a,b Here, we report a silver-free synthetic route
for the synthesis of a number of Pt and Pd NCN pincer (NCN
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and mercaptopyridine ligands and analysis of the binding
mode of the heteroatom-substituted pyridine ligands via
X-ray crystallography.

Experimental Section

All reactions were carried out using standard Schlenk techniques
under an inert atmosphere of dry, oxygen-free nitrogen unless stated
otherwise. All solvents were dried and distilled under N2 prior to
use. Ethanol was dried with Na, diethyl ether over Na/benzophen-
one, CH2Cl2 over CaH2, and pentane over Na metal. Pincer
compounds NCN-PdCl16 and NCN-PtCl17 were synthesized via
literature procedures, and all other standard reagents were purchased
from Acros or Aldrich and used as received.1H (300 MHz) and
13C (75 MHz) NMR spectra were recorded on a Varian Inova 300
MHz spectrometer and chemical shifts (δ) are given in ppm and
referenced to residual solvent signals. Elemental analyses were
performed by H. Kolbe Microanalytical Laboratories, Mu¨lheim an
der Ruhr, Germany.

[2,6-Bis(dimethylaminomethyl)phenylplatinum]-2-pyridone
(3a). Pincer complex NCN-PtCl (1) (137 mg, 0.32 mmol),
2-hydroxypyridine (31 mg, 0.33 mmol), and sodium hydroxide (20
mg, 0.5 mmol) were weighed into a small Schlenk flask and placed
under N2. Ethanol (5 mL) was added via syringe, and the reaction
was stirred for 2 h. Solvent was evaporated in vacuo. The residues
were redissolved in air in dichloromethane (10 mL) and filtered.
Filtrate was evaporated in vacuo to obtain3a as a white solid.
Yield: 150 mg (96%). X-ray quality crystals were obtained by vapor
diffusion of diethyl ether into a saturated CH2Cl2 solution of3a.

1H NMR (300 MHz, CDCl3): δ 2.6-3.2 (bs, 12H, NMe2), 4.06
(t, 3JH-Pt ) 24.1 Hz, 4H, CH2N), 6.14 (td,3JH-H ) 6.2 Hz,4JH-H

) 1.1 Hz, 1H, CH), 6.45 (d,3JH-H ) 8.8 Hz, 2H, CHCO), 6.83 (d,
3JH-H ) 7.3 Hz, 2H, ArH), 6.98 (t,3JH-H ) 7.5 Hz, 1H, ArH),
7.19 (td, 3JH-H ) 7.7 Hz, 4JH-H ) 2.2 Hz, 1H, CH), 7.77 (dd,
3JH-H ) 6.0 Hz,4JH-H ) 2.3 Hz, 1H, CHN).13C NMR (75 MHz,
CDCl3): δ 54.2, 78.0, 106.6, 119.1, 119.2, 123.5, 137.0, 144.4,
146.7, 149.2, 171.4. Anal. Calcd for C17H23N3OPt: C, 42.50; H,
4.83; N, 8.75. Found: C, 42.64; H, 4.76; N, 8.83.

[2,6-Bis(dimethylaminomethyl)phenylpalladium]-2-pyridone
(3b): Synthesis was performed in a method analogous to that for
3ausing NCN-PdCl (2) (100 mg, 0.30 mmol), 2-hydroxypyridine
(29 mg, 0.30 mmol), and sodium hydroxide (17 mg, 0.43 mmol).
Yield: 66 mg (56%). X-ray quality crystals were obtained by vapor
diffusion of pentane into a saturated CH2Cl2 solution of3b.

1H NMR (300 MHz, CDCl3): δ 2.78 (s, 12H, NMe2), 4.00 (s,
4H, CH2N), 6.08 (td,3JH-H ) 6.2 Hz,4JH-H ) 0.9 Hz, 1H, CH),
6.38 (d,3JH-H ) 9.0 Hz, 2H, CHCO), 6.78 (d,3JH-H ) 7.2 Hz,
2H, ArH), 6.95 (t,3JH-H ) 7.5 Hz, 1H, ArH), 7.17 (ddd,3JH-H )
8.7 Hz,3JH-H ) 6.6 Hz,4JH-H ) 2.1 Hz, 1H, CH), 7.73 (dd,3JH-H

) 5.6 Hz, 4JH-H ) 2.0 Hz, 1H, CHN). 13C NMR (75 MHz,
CDCl3): δ 52.7, 75.0, 106.4, 117.8, 119.7, 124.5, 137.2, 145.5,
146.2, 158.9, 171.9. Anal. Calcd for C17H23N3OPd: C, 52.11; H,
5.92; N, 10.72. Found: C, 52.04; H, 6.12; N, 10.65.

[2,6-Bis(dimethylaminomethyl)phenylplatinum]-4-pyridone
(4a). Synthesis was performed in a method analogous to that for
3a using NCN-PtCl (1) (160 mg, 0.38 mmol), 4-hydroxypyridine
(36 mg, 0.38 mmol), and sodium hydroxide (20 mg, 0.50 mmol).

Yield: 182 mg (99%). X-ray quality crystals were obtained by vapor
diffusion of diethyl ether into a saturated CH2Cl2 solution of4a.

1H NMR (300 MHz, CDCl3): δ 2.83 (t,3JH-Pt ) 19.7 Hz, 12H,
NMe2), 4.12 (t, 3JH-Pt ) 23.6 Hz, 4H, CH2N), 6.51 (d,3JH-H )
7.0 Hz, 2H, CHCO), 6.87 (d,3JH-H ) 7.9 Hz, 2H, ArH), 7.02 (t,
3JH-H ) 7.5 Hz, 1H, ArH), 7.75 (d,3JH-H ) 7.0 Hz, 2H, CHN).
13C NMR (75 MHz, CDCl3): δ 54.1, 78.2, 119.5, 119.6, 124.6,
144.5, 146.6, 148.2, 178.1. Anal. Calcd for C17H23N3OPt: C, 42.50;
H, 4.83; N, 8.75. Found: C, 42.38; H, 4.92; N, 8.67.

[2,6-Bis(dimethylaminomethyl)phenylpalladium]-4-pyridone
(4b). Synthesis was performed in a method analogous to that for
3ausing NCN-PdCl (2) (100 mg, 0.30 mmol), 4-hydroxypyridine
(30 mg, 0.32 mmol), and sodium hydroxide (17 mg, 0.43 mmol).
Yield: 62 mg (53%). X-ray quality crystals were obtained by vapor
diffusion of water into a saturated acetone solution of4b in the
air.

1H NMR (300 MHz, CDCl3): δ 2.69 (s, 12H, NMe2), 4.05 (s,
4H, CH2N), 6.51 (d,3JH-H ) 6.9 Hz, 2H, CHCO), 6.82 (d,3JH-H

) 7.5 Hz, 2H, ArH), 7.02 (t,3JH-H ) 7.5 Hz, 1H, ArH), 7.77 (d,
3JH-H ) 6.6 Hz, 2H, CHN).13C NMR (75 MHz, CDCl3): δ 52.7,
75.2, 119.2, 120.2, 125.5, 145.4, 148.0, 156.9, 178.1. Anal. Calcd
for C17H23N3OPd: C, 52.11; H, 5.92; N, 10.72. Found: C, 51.97;
H, 6.00; N, 10.65.

[2,6-Bis(dimethylaminomethyl)phenylplatinum]-3-pyridineox-
ide (5).Synthesis was performed in a method analogous to that of
3a using NCN-PtCl (1) (137 mg, 0.32 mmol), 3-hydroxypyridine
(35 mg, 37 mmol), and sodium hydroxide (20 mg, 0.50 mmol).
Yield: 85 mg (54%). Crystals were obtained by the slow evapora-
tion of a saturated, wet 2-propanol solution of5 in the air.

1H NMR (300 MHz, CD3OD): δ 2.82 (td,3JH-Pt ) 19.7 Hz,
3JH-H ) 5.1 Hz, 12H, NMe2), 4.19 (t,3JH-Pt ) 24 Hz, 4H, CH2N),
6.90 (d, 3JH-H ) 7.2 Hz, 2H, ArH), 7.02 (dd,3JH-H ) 8.1 Hz,
3JH-H ) 6.6 Hz, 1H, ArH), 7.07 (dq,3JH-H ) 8.7 Hz,4JH-H ) 1.4
Hz, 1H, CHCO), 7.29 (dd,3JH-H ) 8.6 Hz,3JH-H ) 5.0 Hz, 1H,
CH), 7.94 (dd,3JH-H ) 5.3 Hz,4JH-H ) 1.1 Hz, 1H, CHN), 8.13
(d, 4JH-H ) 2.7 Hz, 1H, CHN).13C NMR (75 MHz, CD3OD): δ
54.0, 78.5, 120.3, 125.9, 127.9, 128.5, 136.8, 143.8, 145.5, 146.0,
167.1. Anal. Calcd for C17H23N3OPt: C, 42.50; H, 4.83; N, 8.75.
Found: C, 42.46; H, 4.76; N, 8.67.

[2,6-Bis(dimethylaminomethyl)phenylplatinum]-4-thiolatopy-
ridine (6a). Synthesis was performed in a method analogous to
that for 3a using NCN-PtCl (1) (56 mg, 0.13 mmol), 4-mercap-
topyridine (15 mg, 0.13 mmol), and sodium hydroxide (9 mg, 0.23
mmol). Yield: 63 mg (96%). X-ray quality crystals were obtained
by vapor diffusion of diethyl ether into a saturated CH2Cl2 solution
of 6a.

1H NMR (300 MHz, CDCl3): δ 3.07 (t,3JH-Pt ) 19.7 Hz, 12H,
NMe2), 4.12 (t, 3JH-Pt ) 22.5 Hz, 4H, CH2N), 6.91 (d,3JH-H )
7.5 Hz, 2H, ArH), 7.06 (dd,3JH-H ) 8.0 Hz,3JH-H ) 7.0 Hz, 1H,
ArH), 7.75 (dd,3JH-H ) 4.8 Hz, 4JH-H ) 1.5 Hz, 2H, CHCS),
8.07 (dd,3JH-H ) 4.5 Hz,4JH-H ) 1.5 Hz, 2H, CHN).13C NMR
(75 MHz, CDCl3): δ 54.9, 79.3, 119.3, 124.5, 127.3, 144.2, 147.7,
155.3, 163.0. Anal. Calcd for C17H23N3PtS: C, 41.12; H, 4.67; N,
8.46. Found: C, 41.04; H, 4.67; N, 8.37.

[2,6-Bis(dimethylaminomethyl)phenylpalladium]-4-thiolato-
pyridine (6b). Synthesis was performed in a method analogous to
that for3a using NCN-PdCl (2) (100 mg, 0.30 mmol), 4-mercap-
topyridine (34 mg, 0.31 mmol), and sodium hydroxide (15 mg,
0.38 mmol). Yield: 55 mg (45%). X-ray quality crystals were
obtained by vapor diffusion of pentane into a saturated CH2Cl2
solution of6b.

1H NMR (300 MHz, CDCl3): δ 2.90 (s, 12H, NMe2), 4.06 (s,
4H, CH2N), 6.83 (d,3JH-H ) 7.2 Hz, 2H, ArH), 7.02 (t,3JH-H )

(16) Alsters, P. L.; Baesjou, P. J.; Janssen, M. D.; Kooijman, H.; Sicherer-
Roetman, A.; Spek, A. L.; van Koten, G.Organometallics1992, 11,
4124.

(17) Grove, D. M.; van Koten, G.; Louwen, J. N.; Noltes, J. G.; Spek, A.
L.; Ubbels, H. J. C. J.J. Am. Chem. Soc.1982, 104, 6609.
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7.5 Hz, 1H, ArH), 7.69 (dd,3JH-H ) 4.8 Hz,4JH-H ) 1.8 Hz, 2H,
CHCS), 8.05 (dd,3JH-H ) 5.0 Hz, 4JH-H ) 1.7 Hz, 2H, CHN).
13C NMR (75 MHz, CDCl3): δ 53.4, 76.1, 119.8, 125.2, 128.2,
145.4, 147.8, 161.7, 163.1. Anal. Calcd for C17H23N3PdS‚0.15CH2-
Cl2: C, 48.97; H, 5.58; N, 9.99. Found: C, 49.02; H, 5.38; N, 9.53.

[2,6-Bis(dimethylaminomethyl)phenylplatinum]-2-thiolato-
pyridine (7). Synthesis was performed in a method analogous to
that for 3a using NCN-PtCl (1) (56 mg, 0.13 mmol), 2-mercap-
topyridine (15 mg, 0.13 mmol), and sodium hydroxide (9 mg, 0.23
mmol). Yield: 62 mg (94%). X-ray quality crystals were obtained
by vapor diffusion of pentane into a saturated CH2Cl2 solution of
7.

1H NMR (300 MHz, CDCl3): δ 3.11 (t,3JH-Pt ) 19.9 Hz, 12H,
NMe2), 4.10 (t,3JH-Pt ) 21.5 Hz, 4H, CH2N), 6.70 (ddd,3JH-H )
7.1 Hz,3JH-H ) 5.0 Hz,4JH-H ) 0.9 Hz, 1H, CH), 6.89 (d,3JH-H

) 7.5 Hz, 2H, ArH), 7.03 (t,3JH-H ) 7.4 Hz, 1H, ArH), 7.22 (td,
3JH-H ) 7.7 Hz,4JH-H ) 1.8 Hz, 1H, CH), 7.89 (d,3JH-H ) 8.1
Hz, 2H, CHCS), 8.26 (dq,3JH-H ) 5.0 Hz,4JH-H ) 0.9 Hz, 1H,
CHN). 13C NMR (75 MHz, CDCl3): δ 54.9, 79.4, 115.9, 119.1,
124.0, 127.2, 134.1, 144.3, 149.0, 155.7, 172.7. Anal. Calcd for
C17H23N3PtS: C, 41.12; H, 4.67; N, 8.46. Found: C, 40.97; H,
4.72; N, 8.41.

X-ray Crystallographic Data. X-ray intensity data were col-
lected on a Nonius KappaCCD diffractometer with rotating anode
(graphite monochromator,λ ) 0.71073 Å). The structures were
solved with automated Patterson methods18 and refined with
SHELXL-9719 againstF2 of all reflections. Non-hydrogen atoms
were refined freely with anisotropic displacement parameters. The
hydrogen atoms of the H2O molecules of4a and4b were refined
with isotropic displacement parameters (with OH distance and angle
restraints); all other hydrogen atoms were refined with a riding
model. In 4b, there are only two oxygen atoms in proximity of
O4: O3 and O2. O3 is a hydrogen bond donor with O4 as acceptor.

O4 is donating a hydrogen bond to O2 via hydrogen H4B. There
is no hydrogen bond acceptor available for H4A. Hydrogen atom
positions of H4A and H4B were confirmed in the difference Fourier
map. One pincer arm of3b was refined with a disorder model.
The crystals of the isostructural6a and 6b appeared to be non-
merohedrally twinned, with a 2-fold rotation about the reciprocal
b* axis as the twin operation. This twinning was taken into account
during intensity evaluation,20 data reduction, and structure refine-
ment with the HKLF521 option of SHELXL-97.19 The twinned
crystal of6awas weakly diffracting up to a resolution of (sinθ/λ)max

) 0.53 Å-1. An absorption correction for the twinned crystal of
6b was considered unnecessary. Geometry calculations, structure
validation, and molecular graphics were performed with the
PLATON22 package. Further crystallographic details are given in
Tables 1 and 2.

Results and Discussion

Synthesis of Complexes.Halide abstraction from NCN-
PtCl (1) and NCN-PdCl (2) can be achieved simply in basic
(NaOH) ethanol in the presence of hydroxy- and mercapto-
pyridine ligands (see Schemes 1 and 2, respectively).25 The
residual NaCl and the excess NaOH can be easily removed
by drying the reaction mixture in vacuo, adding CH2Cl2, and
filtering the solution. Presumably, the acidic OH and SH
protons are removed by the base followed by nucleophilic
displacement of the chloride at the metal center, generating

(18) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P.; Garcia-
Granda, S.; Gould, R. O.; Smits, J. M. M.; Smykalla, C.The DIRDIF99
Program System; Technical Report of the Crystallography Laboratory;
University of Nijmegen: Nijmegen, The Netherlands, 1999.

(19) Sheldrick, G. M.SHELXL-97, Programs for Crystal Structure Refine-
ment; University of Göttingen: Germany, 1997.

(20) Duisenberg, A. J. M.; Kroon-Batenburg, L. M. J.; Schreurs, A. M.
M. J. Appl. Crystallogr.2003, 36, 220-229.

(21) Herbst-Irmer, R.; Sheldrick, G. M.Acta Crystallogr., Sect. B1998,
54, 443-449.

(22) Spek, A. L.J. Appl. Crystallogr.2003, 36, 7.
(23) Sheldrick, G. M.SADABSsBruker Nonius Area Detector Scaling and

Absorption Correction; University of Göttingen: Göttingen, Germany,
2002.

(24) Blessing, R. H.Acta Crystallogr., Sect. A1995, 51, 33-38.
(25) m-Mercaptopyridine is not commercially available and is thus not

studied here.

Table 1. Experimental Crystallographic Details for3a, 3b, 4a, and4b

3a 3b 4a 4b

formula C17H23N3OPt‚CH2Cl2 C17H23N3OPd C17H23N3OPt‚H2O C17H23N3OPd‚2.5H2O
fw 565.40 391.78 498.49 436.82
cryst color colorless yellow colorless colorless
cryst size (mm3) 0.15× 0.12× 0.06 0.24× 0.24× 0.06 0.42× 0.05× 0.03 0.60× 0.15× 0.12
cryst syst monoclinic monoclinic monoclinic triclinic
space group P21/c (No. 14) P21/c (No. 14) P21/c (No. 14) P1h (No. 2)
a (Å) 11.5203(2) 8.5072(6) 10.0702(3) 8.9685(4)
b (Å) 13.0330(3) 15.7519(9) 18.2011(4) 10.3356(6)
c (Å) 16.9135(4) 13.1651(5) 9.8155(2) 20.2901(11)
R (deg) 90 90 90 85.786(5)
â (deg) 128.4340(13) 115.722(6) 90.7806(9) 87.660(4)
γ (deg) 90 90 90 88.475(4)
V (Å3) 1989.22(8) 1589.37(18) 1798.90(8) 1873.61(17)
Z 4 4 4 4
Dcalcd(g/cm3) 1.888 1.637 1.841 1.549
µ (mm-1) 7.334 1.173 7.813 1.013
abs corr DELABS (PLATON22) SADABS23 DELABS (PLATON22) SADABS23

abs corr range 0.38-0.64 0.70-0.93 0.40-0.80 0.75-0.89
(sin θ/λ)max (Å-1) 0.65 0.65 0.65 0.65
no. of measured reflns 20343 27485 18573 40141
no. of unique reflns 4500 3644 4095 8598
params/restraints 230/0 218/33 218/1 480/15
R1/wR2 [I > 2σ(I)] 0.0279/0.0417 0.0210/0.0453 0.0343/0.0633 0.0202/0.0469
R1/wR2 (all reflns) 0.0509/0.0458 0.0298/0.0485 0.0604/0.0707 0.0266/0.0491
S 0.961 1.049 1.029 1.024
Fmin/max(e Å-3) -0.68/1.06 -0.64/0.59 -1.24/1.34 -0.42/0.73
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formally neutral NCN-M-py complexes (py) substituted
pyridine); however, the initial coordination of the pyridine
ligand to generate a charge-separated species cannot be ruled
out. Like most other neutral Pt and Pd pincer compounds,1a

the hydroxypyridone complexes are stable to air and
atmospheric moisture in the solid state and in solution.
Reaction of palladium pincer2 with m-hydroxypyridine
resulted in a black reaction mixture that could not be
characterized. The mercaptopyridine adducts are somewhat
less robust and exhibit decomposition in the air, possibly
due to oxidation of the metal-sulfide group. Because of the
strong, covalent M-N or M-S bonds (in the case of the
ortho- and para-substituted systems) and the fact that the
complexes are formally neutral, these species are resistant
to reaction with the byproduct NaCl, and>95% yields of
the Pt complexes are found. Most cationic NCN-Pt or
NCN-Pd complexes containing neutral Lewis bases, such
as pyridine, MeCN, or H2O, can be smoothly converted to
the respective halides by reaction with alkali metal halide
salts, such as LiCl.1 However, yields of the Pd complexes
all hover at about 50%, perhaps indicating some back
reaction with NaCl in addition to the other observed
ill-defined decomposition processes. Pincers1 and2 can be
quantitatively regenerated from complexes3-7 by treatment
with NH4Cl in a biphasic CH2Cl2/H2O system with release
of the hydroxy- or mercaptopyridine ligand.

X-ray Crystallographic Studies. Hydroxypyridine Com-
plexes.As there are two potential coordination sites available
in the substituted pyridine ligands via N or O, the bonding
mode of the ligand may be altered with changes in the
regiochemistry of the heteroatoms. Obviously, this will have
a great impact on subsequent reactivity. While both the1H
and 13C NMR spectra of the complexes give an indication
of the binding atom, X-ray crystallographic structural de-
termination was necessary to unequivocally assign the
geometry of the coordinated pyridine ligand. Notably, all
the NMR data for3-7 agree with the pyridine bonding mode
found in the solid state, suggesting that these structures are
also retained in solution. In3 and4 particularly,1H NMR
signals are observed at 6.1-6.5 ppm that are diagnostic for
nonaromatic pyridone-type structures, which are absent in
the NMR spectra of complexes5-7 containing the pyridine
bonding mode. As shown in Scheme 1, reaction of NCN-
PtCl (1) or NCN-PdCl (2) with o-, m-, or p-hydroxypy-
ridines generates the N-bound complexes exclusively. Se-
lected metrical data for3-4 can be found in Table 3. For
both Pt and Pd complexes of type3 and4, which haveo-
and p-hydroxypyridine ligands, respectively, the observed
bound ligand is the pyridone tautomer. For example, in the
CH2Cl2 solvate of Pt complex3a with an ortho-substituted
pyridone, the C13-O1 bond length is 1.255(4) Å, in line
with a CdO double bond (see Figure 1). In addition, there
is an alternation of long (C13-C14 ) 1.435(5) and C15-
C16 ) 1.387(5) Å) and short (C14-C15 ) 1.366(5) and
C16-C17) 1.365(5) Å) distances of the formal single and
double bonds in the pyridone ring. Supporting evidence in
solution is found in the13C NMR spectrum, in which the
CdO resonance appears in the normal range for a ketone at
δ 171.4.

In the analogous structure of solvent-free Pd pincer3b,
shown in Figure 2, a C13-O1 bond length of 1.251(3) Å is
observed in addition to the same bond-length alternation

Table 2. Experimental Crystallographic Details for6a, 6b, and7

6a 6b 7

formula C17H23N3PtS C17H23N3PdS C17H23N3PtS
fw 496.53 407.84 496.53
cryst color yellow colorless yellow
cryst size (mm3) 0.30× 0.21×

0.18
0.30× 0.06×

0.06
0.60× 0.21×

0.12
cryst syst triclinic triclinic monoclinic
space group P1h (no. 2) P1h (no. 2) P21/c (no. 14)
a (Å) 9.3387(11) 9.308(3) 9.5326(3)
b (Å) 9.7915(9) 9.759(4) 10.0782(7)
c (Å) 10.4295(12) 10.5346(15) 17.4735(10)
R (deg) 114.871(8) 114.50(3) 90
â (deg) 95.018(11) 95.17(2) 96.076(4)
γ (deg) 95.766(9) 96.530(19) 90
V (Å3) 851.91(16) 855.1(5) 1669.27(16)
Z 2 2 4
Dcalcd (g/cm3) 1.936 1.584 1.976
µ (mm-1) 8.358 1.207 8.531
abs corr ABST (PLATON22) none SORTAV24

abs corr range 0.14-0.39 0.14-0.36
(sin θ/λ)max (Å-1) 0.53 0.65 0.65
no. of measured reflns 12235 23600 27884
no. of unique reflns 2082 6900 3814
params/restraints 204/0 204/0 203/0
R1/wR2 [I > 2σ(I)] 0.0343/0.0971 0.0343/0.0805 0.0215/0.0482
R1/wR2 (all reflns) 0.0348/0.0975 0.0455/0.0846 0.0262/0.0501
S 1.137 1.114 1.131
Fmin/max(e Å-3) -1.43/1.29 -0.65/0.82 -1.40/1.80

Scheme 1. Synthesis of Hydroxypyridine Adducts3-5

Scheme 2. Synthesis of Mercaptopyridine Adducts6 and7
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(long: C13-C14 ) 1.449(3), C15-C16 ) 1.399(3) Å;
short: C14-C15 ) 1.360(3), C16-C17 ) 1.365(3) Å) of
the C-C linkages around the pyridone ring. In solution, the
CdO peak occurs atδ 171.9 in the13C NMR spectrum. Of
particular note is that the major disorder component (90%
occupancy) exhibits a rather peculiar configuration of the
pincer ligand in complexes with a four-coordinate, square
planar metal center.1 In this structure, both of the benzylic
carbons (C7 and C10a) are found on the same side of the
plane of the pincer arene, which places the NMe2 groups in
an approximately eclipsed geometry (see inset of Figure 2,
major isomer). In general, the benzylic carbons are found
on opposite sides of the pincer arene ring, as this gives a
sterically more favorable mutually staggered configuration
of the groups on the ligated amines (see inset of Figure 1
and minor isomer of Figure 2). The benzylic protons C7 and

C10a are displaced to the same side of the plane formed by
the square planar core of the complex, by 0.360(2) and
0.229(3) Å, respectively; the least squares plane contains
atoms Pd1, C1, N1, N2, and N3. The minor disorder
component exhibits the normally observed geometry and the
benzylic carbon C10b is found 0.538(17) Å from the square
planar core, opposite to C7.

Similar supporting evidence for pyridone tautomers are
noted for the para-substituted complexes4. In the monohy-
drated Pt species4a (see Figure 3), the C15-O1 bond length
is 1.274(6) Å, in line with a CdO double bond, and formal
single (C14-C15) 1.415(7), C15-C16) 1.431(7) Å) and
double (C16-C17 ) 1.360(7), C13-C14 ) 1.374(7) Å)
C-C bonds are found. In addition, the somewhat unusual
configuration of the major disorder component of the NCN
ligand in3b is mirrored in4a. The benzylic carbons C7 and
C10 are located on the same side of the pincer arene and
displaced by 0.268(6) and 0.313(6) Å, respectively, from the
Pt-centered square planar core of the complex. The Pd
complex 4b, shown in Figure 4, crystallizes with two
independent molecules of4b and five water molecules in
the asymmetric unit. In one (4b-1), the pyridone is coordi-
nated symmetrically within the N-Pd-N pocket (Pd1-
N31-O1 ) 178.23(11)°), whereas the other (4b-2) exhibits
a decidedly tipped orientation of the pyridone ligand toward
one side of the N-Pd-N vector (Pd2-N32-O2 ) 165.95-
(7)°). Other metrical parameters between the two molecules
are very similar. The C-O bond lengths of C151-O1 )
1.275(2) and C152-O2 ) 1.285(2) Å are found in4b-1and
4b-2, respectively. For molecule4b-1, the bond-length
alternation is again found within the pyridone ring; bond
lengths for C141-C151 ) 1.424(2) and C151-C161 )

Table 3. Selected Bond Lengths (Å) and Angles (deg) for Hydroxypyridine Adducts3-4

3a 4a 3b 4b-1 4b-2

M-C 1.926(4) 1.932(5) 1.9200(18) 1.9146(17) 1.9180(17)
M-N (pincer) 2.079(3) 2.088(4) 2.0968(15) 2.1008(14) 2.1012(14)

2.087(3) 2.089(4) 2.0970(16) 2.1042(14) 2.1047(14)
M-N (py) 2.137(3) 2.133(4) 2.1610(16) 2.1459(15) 2.1410(15)
C-O 1.255(4) 1.274(6) 1.251(3) 1.275(2) 1.285(2)
C-M-N (py) 178.72(13) 177.87(19) 179.34(7) 178.20(6) 178.27(7)
C-M-N (pincer) 82.44(14) 83.5(2) 81.99(7) 81.46(6) 81.61(7)

81.68(14) 82.4(2) 82.53(7) 81.17(6) 81.40(7)
twista 86.44(19) 85.2(2) 86.04(11) 77.60(8) 67.30(9)
out of planeb C7 0.569(4) C7 0.268(6) C7 0.360(2) C71 0.5855(18) C72 0.5501(18)

C10-0.560(4) C10 0.313(6) C10a 0.229(3) C101-0.6455(17) C102-0.5908(18)
C10b-0.538(17)

a Angle between the least-squares planes of the pyridine and pincer arene rings.b Distance the benzylic carbons are displaced out of the least-squares
plane defined by the metal center,ipsocarbon of the pincer arene, N atom of the amino groups, and pyridine/pyridone N. The relative sign of the values is
arbitrarily assigned.

Figure 1. View of the molecular structure of3a. Displacement ellipsoids
are drawn at the 50% probability level, and the cocrystallized CH2Cl2 solvent
molecule has been removed for clarity. The inset shows a view along the
N3-Pt1-C1 axis.

Figure 2. View of the molecular structure of3b with minor disorder
component C10b, C11b, and C12b (10% occupancy) included; hydrogen
atoms are removed for clarity. Displacement ellipsoids are drawn at the
50% probability level. The inset shows a view along the N3-Pd1-C1 axis.

Figure 3. View of the molecular structure of4a with cocrystallized H2O.
Displacement ellipsoids are drawn at the 50% probability level. The inset
shows a view along the N3-Pt1-C1 axis.
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1.427(2) Å for the long and C131-C141 ) 1.365(3) and
C161-C171) 1.388(2) Å for the short linkages are noted.
Similar variations are found in4b-2.

The limited number of other crystallographically charac-
terized cationic NCN-Pt pyridine complexes exhibit some-
what longer Pt-pyridine bonds than observed for3 and4,
further indicating that the pyridone tautomer with a covalent
M-N linkage dominates the bonding picture. A number of
piperidyl NCN-Pt complexes incorporating substituted and
bifunctional pyridine ligands exhibit Pt-pyridine distances
ranging from 2.164(4) to 2.143(3) Å.26 Somewhat more
closely related dimethyl amino NCN-Pt-pyridine adducts
exhibit Pt-pyridine bond lengths between 2.185(5) and
2.194(4) Å.14c,d

Extensive hydrogen bonding between thep-pyridone O
and cocrystallized water is also observed in the crystals of
both 4a and4b. In 4a, a single water is found per pincer-
pyridine unit. The water molecule is symmetrically bridging
two pincer-pyridones with intermolecular O‚‚‚H bonds of
2.00(5) and 2.03(5) Å. The hydrogen bonding forms a 1D

linear chain along the crystallographicc-axis (see Figure 5).
In 4b, five well-refined water molecules are found within
the asymmetric unit. The water molecules containing O6 and
O4 are hydrogen bonded to O1 and O2, respectively, of the
two distinct pyridones. H‚‚‚O bond lengths of 1.787(19) and
1.718(17) Å for O1-H(6B) and O2(H4B), respectively, are
noted. The other three water molecules form a cluster of
hydrogen bonds with each other, and O5 and O7 link this
cluster to the next via interaction with O1 and O2, respec-
tively (O1-H(5B) ) 1.813 (15) and O2-H(H7B) )
1.808(13) Å). This network forms a two-dimensional sheet
in the crystallographica,b-plane, as shown in Figure 6.

All other parameters for the binding of the pyridone and
NCN pincer ligands to the metal center are very similar
across complexes3 and4 (see Table 3.) The metal centers
are in a distorted square planar geometry with slightly
compressed Cipso-M-N(pincer) angles ranging from 81.17(6)
to 83.54(19)°. This is due to steric constraints imposed by
the pincer ligand and is normally observed in square planar
pincer complexes of this type. Also, the arene pincer and
pyridone rings are almost orthogonal; the twist angle between
the least squares planes of the two rings are 86.44(19),
86.04(11), and 85.2(2)° for 3a, 3b, and 4a, respectively.

(26) (a) Jude, H.; Krause Bauer, J. A.; Connick, W. B.Inorg. Chem.2005,
44, 1211. (b) Jude, H.; Krause Bauer, J. A.; Connick, W. B.Inorg.
Chem.2004, 43, 725.

Figure 4. Left: View of the molecular structure of4b. Displacement ellipsoids are drawn at the 50% probability level; all C-H hydrogen atoms as well
as three of the five cocrystallized H2O molecules were deleted for clarity. The inset shows views along the N32-Pd2-C12 (4b-2) and N31-Pd1-C11
(4b-1) axis, respectively. Right: Quaternion fit22 of the two independent molecules in the crystal structure of4b. Water molecules are omitted in the fitting.
Gray scale atoms depict4b-1 and black atoms depict4b-2.

Figure 5. View of the a,b-face of the network hydrogen bonding in4a. Displacement ellipsoids are drawn at the 50% probability level.
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These twist angles in4b are slightly more compressed at
77.60(8) and 67.30(9)° for 4b-1 and4b-2, respectively, likely
as a result of the extensive H-bonding network.

In the case of them-hydroxypyridine ligand, tautomer-
ization to a pyridone structure is not possible. Somewhat
surprisingly, the Pt complex5 still exhibits coordination of
the pyridine through the neutral N atom. However, there were
problems with the solution of the crystallographic data set.
As shown in Figure 7, the structure indicated that both a
zwitterionic pincer metal complex (5-1) and a cationic pincer
species with a hydroxypyridine ligand (5-2) cocrystallize.
The additional proton is presumed to originate from abstrac-
tion from the crystallization solvent (wet 2-propanol), and
the charge balancing anion is likely a hydroxide that is
extensively hydrogen bonded to water and 2-propanol within
the solvent-filled voids. However, this anion could not be
located with certainty, and due to the inability to locate and
identify the co-anion in the structure, we feel that it is
inappropriate to report the entirety of the structure. However,
the data do give good evidence for the atom connectivity
depicted. It should be stressed that the bridged structure
indicated from the crystal data is only observed in the solid
state and that the NMR spectra in solution are consistent
with a monomeric species and an N-bound adduct in protic
solvents (see below). The13C NMR chemical shift for the
C-O group of5 in CD3OD is shifted somewhat upfield (δ
167.1) compared to either3 or 4, suggesting less CdO
character.

The difference in tautomer form between neutral pyridone
or zwitterionic pyridine species has a distinct impact on the
properties of the respective complexes. For example, com-
plexes3 and 4 are quite soluble in polar organic solvents
such as CH2Cl2 or CHCl3. On the other hand,5 is highly

soluble in polar protic solvents, such as ethanol and methanol,
but has limited solubility in other nonprotic organic solvents.
In the1H NMR spectrum in CD3OD, only one set of signals
is observed and is consistent with the N-bound complex. In
CD2Cl2 or CDCl3, small amounts of additional signals are
found in the aromatic region, tentatively pointing to the
possible presence of O-bound structures in aprotic solutions
in which the anionic oxygen cannot be stabilized by hydrogen
bonding with the solvent. Unfortunately, attempts to obtain
X-ray quality crystals of5 from aprotic solvents have been
unsuccessful to date.

X-ray Crystallographic Studies. Mercaptopyridine Com-
plexes.In contrast to the preferred N-coordination observed
for the hydroxypyridine complexes, sulfur containingo- and
p-mercaptopyridines were found to coordinate exclusively
through the sulfur atom (see Scheme 2). These are, to the
best of our knowledge, the first examples of crystallographi-
cally characterized pincer-supported terminal thiolate com-
plexes of Pt and Pd. In accord with neutral pyridone
complexes3 and4, thiolate bound pincer complexes6 and
7 are highly soluble in CH2Cl2. Additionally, Pt complex
6a and Pd complex6b are isostructural in the solid state.
Views of the molecular structures are given in Figures 8-10,
and selected bond lengths and angles are given in Table 4.

Figure 6. POV-RAY trace of thea,c-face of the hydrogen bond network
in 4b.

Figure 7. Depiction of the atom connectivity of5 found in the crystal.

Figure 8. View of the molecular structure of6a. Displacement ellipsoids
are drawn at the 50% probability level. The inset shows a view along the
S1-Pt1-C1 axis.

Figure 9. View of the molecular structure of6b. Displacement ellipsoids
are drawn at the 50% probability level. The inset shows a view along the
S1-Pd1-C1 axis.

Figure 10. View of the molecular structure of7. Displacement ellipsoids
are drawn at the 50% probability level. The inset shows a view along the
S1-Pt1-C1 axis.
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A search of the Cambridge Structural Database27 reveals that
mutual trans orientation of a thiolate to alkyl, aryl, or alkene
ligands in Pt or Pd complexes is relatively rare. Pt complexes
with p- (6a) ando-mercaptopyridine (7) have Pt-S bonds
of 2.426(3) and 2.4040(10) Å, respectively, which are
somewhat longer than those in other related Pt thiolate
complexes. Pt-S bonds of 2.287(3)-2.344(1) Å are found
for a limited selection of pertinent species.28 Analysis of
Pd-S bond lengths shows that the bond in6b (Pd1-S1 )
2.4516(13) Å) is also relatively long compared to structurally
related complexes (range 2.339-2.391 Å).29 This elongation
is likely due to the strong trans-influence of the pincer aryl
anion. In 6a, the Pt-S-C angle is decidedly bent at
109.7(4)°, in accord with other metal-sulfide complexes.
The C-S bond length (1.758(11) Å) is also in the normal
range for a C-S single bond. Analogous bond lengths and
angles for6b ando-mercaptopyridine complex7 are quite
similar to those for6a (see Table 4). In accord with
complexes3 and 4, the metal centers in6 and 7 are in
distorted square planar environments with slightly com-
pressed C-M-N angles (range 80.98(11)-82.20(14)°). As
the pyridine ring is not directly bound to the metal, the angle
between the pincer arene and pyridine rings (78.7(6) to
82.48(19)°) is slightly larger than those found in3 and 4,
with the exception of4b. The free pyridine N has no close
contacts with other functionalities in the solid state and is
essentially a free Lewis base with the closest contacts found
to the protons of the pyridine ring in adjacent molecules at
distances between 2.69 and 2.87 Å. In addition, the NCN
pincer ligands are all bound in the more common configu-
ration with staggered NMe2 groups and benzylic carbons on
opposite sides of the pincer arene plane.

Conclusions

A silver-free and chemically reversible route for halide
abstraction and ligation of various hydroxy- and mercapto-
pyridine complexes in NCN-Pt and NCN-Pd species has
been reported using basic ethanol as the solvent. On the basis
of X-ray crystallographic studies, the binding mode of the
substituted pyridine ligand is dependent on the type of
heteroatoms present. In the case of hydroxypyridines, binding
to the metal centers is found exclusively through the
N-center. In theo- and p-hydroxypyridine, the ligand
tautomerizes to the pyridone form, and a formally covalent
N-M bond is generated. The coordination mode ofm-
hydroxypyridine is somewhat more complex, as tautomer-
ization is not possible. In polar, aprotic solvents, such as
CD2Cl2, there is tentative evidence for competition between
the zwitterionic N-bound and neutral O-bound modes by1H
NMR experiments. In protic solvents, such as CD3OD, the
N-bound mode dominates, either due to stabilization of the
oxypyridine by H-bonding or abstraction of a proton from
the solvent, generating an ion pair. Crystal structure evidence
points to the preference of the N-bound mode in the solid-
state. In contrast, the mercaptopyridine ligands coordinate
exclusively via the S atom, generating the first examples of
pincer thiolate complexes. This difference coordination mode
is likely due to the softer coordinating nature of S vs O,
which better matches with the soft PtII and PdII centers.30

Recently, pincer-pyridine complexes have been employed
in the context of materials chemistry in the detailed delinea-
tion of thermodynamic vs kinetic effects in the assembly of
main-chain reversible polymers and as cross-linkers in
supramolecular networks.11 The compounds reported here
may be potentially useful in further extensions of this work.
The bonding betweeno- and p-hydroxy- and mercaptopy-
ridines and the metal centers is covalent, which removes any
potential complexity introduced by counterions, and the
interaction is generally stronger than the typical dative
ligation of pyridine ligands. As the directionality and strength
of interactions between the individual units determine the
shapes of the supramolecules, which, in turn, govern their
bulk properties,31 the studies here point to the possible use
of hydroxy- and, to a lesser extent because of their lower
stability, mercaptopyridine-ligated pincer complexes in this
context. Also, as the reaction is chemically reversible by
addition of NH4Cl, chemically controlled covalent assembly/
disassembly of networks can be envisioned. A recent
example of noncovalent, reversible, chemically controlled
assembly/disassembly of a metal-containing dendrimer via
Pd-pyridine interactions32 highlights the potential use of this

(27) Allen, F. H.Acta Cryst. 2002, B58, 380-388.
(28) (a) Cooper, M. K.; Hair, N. J.; Yaniuk, D. W.J. Organomet. Chem.

1978, 150, 157. (b) Howard, W. A.; Bergman, R. G.Polyhedron1998,
17, 803. (c) Osakada, K.; Hosoda, T.; Yamamoto, T.Bull. Chem. Soc.
Jpn.2000, 73, 923.

(29) (a) Schreiner, B.; Urban, R.; Zografidis, A.; Sunkel, K.; Polborn, K.;
Beck, W.Z. Naturforsch., B: Chem. Sci.1999, 54, 970. (b) Osakada,
K.; Ozawa, Y.; Yamamoto, A.Bull. Chem Soc. Jpn.1991, 64, 2002.

(30) Pearson, R. G.Hard and Soft Acids and Bases; Doweden, Hutchinson
and Ross: Strousbourg, PA, 1973.

(31) (a) Lehn, J.-M.Supramolecular Chemistry: Concepts and Perspec-
tiVes; Wiley-VCH: Weinheim, Germany, 1995. (b) Whitesides, G.
M.; Mathias, J. P.; Seto, C. T.Science1991, 254, 1312. (c) Lehn,
J.-M. Chem.sEur. J.1999, 5, 2455. (d) Brunsveld, L.; Folmer, B. J.
B.; Meijer, E. W.; Sijbesman, R. P.Chem. ReV. 2001, 101, 4071. (e)
Davis, A. V.; Yeh, R. M.; Raymond, K. N.Proc. Natl. Acad. Sci.
U.S.A.2002, 99, 4793.

(32) Onitsuka, K.; Iuchi, A.; Fugimoto, M.; Takahashi, S.Chem. Commun.
2001, 741.

Table 4. Selected Bond Lengths (Å) and Angles (deg) for
Mercaptopyridine Adducts6 and7

6a 7 6b

M-C 1.947(11) 1.928(4) 1.931(3)
M-N (pincer) 2.094(9) 2.100(3) 2.112(2)

2.107(8) 2.095(3) 2.111(2)
M-S 2.426(3) 2.4040(10) 2.4516(13)
C-S 1.758(11) 1.742(4) 1.741(3)
C-M-S 176.9(3) 173.49(11) 176.90(8)
C-S-M 109.7(4) 107.60(15) 109.86(10)
C-M-N (pincer) 81.4(4) 81.36(14) 81.08(10)

81.8(4) 82.20(14) 80.97(10)
twista 78.7(6) 82.48(19) 79.03(14)
out of planeb C7 -0.596(11) C7-0.609(4) C7-0.604(3)

C10 0.494(11) C10 0.476(4) C10 0.512(3)

a Angle between the least-squares planes of the pyridine and pincer arene
rings. b Distance the benzylic carbons are displaced out of the least-squares
plane defined by the metal center,ipsocarbon of the pincer arene, N atoms
of the amino groups, and thiolate S. The relative sign of the values is
arbitrarily assigned.
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type of methodology. Further, the pyridine ring in the
NCN-M thiolate systems is free for subsequent reactivity,
and the generation of mixed-metal heteroleptic complexes
(see Figure 11) is also a possibility. Studies exploring these
aspects of this chemistry are ongoing.
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Figure 11. Example of a mixed-metal heteroleptic complex.
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