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Abstract
A novel platinum(II) complex with 2-hydroxy-6-methylpyridine (Hmhp), 
trans-[PtCl2(dmso)(Hmhp)]·H2O, crystallizes in the space group P 21/n with 
a = 11.5505(1) Å, b = 8.9467(1) Å, c = 14.6047(2) Å and β = 112.3919(6)°. Platinum ion is in the expected square-planar environment. The 2-hydroxy-6-methylpyridine ligand is coordinated to the metal ion in a monodentate manner via nitrogen. The plane of the aromatic ligand is nearly perpendicular to the platinum coordination plane. Pt(II) ion is shielded with pyridine ortho substituents above and below the square coordination plane of platinum. Hydrogen bonding between the complex molecules and the water molecules of crystallization produces infinite two-dimensional layers. Weak intermolecular interactions of the C–H···Cl type link the layers into a three-dimensional structure.     
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Introduction

Cisplatin, cis-[PtCl2(NH3)2], an effective anticancer drug, has limited usefulness in cancer treatment  due to development of clinical resistance to cisplatin.1  One of the crucial factors in resistance mechanisms is increased inactivation of the drug by extracellular and intracellular thiol-containing scavengers such as glutathione and metallothionein.2 Based on studies which have shown that steric hindrance towards an axial approach to square-planar plane of the platinum (II) complexes can significantly slow the rate of the substitution reaction, 
cis-[PtCl2(NH3)(2-pic)] (2-pic= 2-methylpyridine), known as picoplatin, was specifically designed to reduce reactivity of platinum complex toward the sulfur-containing nucleofiles eg glutathione.3,4  Substitution one of the ammine ligands with sterically more demanding 
2-methylpyridine has indeed proven to be helpful in overcoming resistance in small-cell lung cancer.5 Studies have revealed that the hydrolysis of picoplatin is slower than that of cisplatin which is in agreement with direct steric protection by the methyl group of 2-pic ligand towards an axial approach of nucleofile to Pt(II) ion from above (pyridine ring is almost perpendicular (103º) with respect to Pt square plane).6  Very promising results concerning the cytotoxic activity in vitro against various tumor cells and resistant tumor cells have been obtained in the last two decades for trans-platinum complexes with the general formula trans-[PtCl2(L)(L')] (L = N-donor aromatic heterocycle, L'= sulphoxide, ammine, N-donor aromatic heterocycle).7,8
Despite the extensive research of preparation of a cis or trans Pt(II) complexes with diverse pyridine derivatives we found no reports reffering to the use of 2-hydroxy-6-methylpyridine (6-methyl-2-pyridone) (Hmhp), a member of a large family of 2-pyridone ligands. Hmhp is a particularly interesting ligand in the architecture of platinum complexes because it has in its  ortho position a hydroxyl substituent which can also serve as a hydrogen-bond acceptor or donor. 
Herein, we report the synthesis and the crystal structure of trans-[PtCl2(dmso)(Hmhp)]·H2O.

Experimental Section
General Remarks
Chemicals were purchased from Sigma- Aldrich and used as received. K[PtCl3(dmso)] was prepared following published procedure.9 The infrared spectra were measured on Nujol using a Perkin Elmer 2000 Fourier Transform infrared spectrometer. Microanalyses were performed by the Chemistry Department service at the University of Ljubljana.

Synthesis of trans-[PtCl2(dmso)(Hmhp)]·H2O
K[PtCl3(dmso)](200 mg, 0.478 mmol) was dissolved in water (10 mL). To this solution, 2-hydroxy-6-methylpyridine dissolved in water (57.3 mg, 0.525 mmol) was added dropwise. The colour of the solution changed from yellow to green yellow. Obtained solution was left to stand in a refrigerator. The bright yellow block-shaped crystals of compound trans-[PtCl2(dmso)(Hmhp)]·H2O that formed after 2 days were collected by filtration and washed with ether. Yield: 40% (87 mg). Analysis calculated for C8Cl2H15NO3SPt: C, 20.37; H, 3.18; N, 2.97%; found: C, 20.50; H, 3.29; N, 2.90%. IR (nujol, cm–1): 3596 s, 3408 s, 1615 vs, 1584 vs, 1500  vs, 1338 vs, 1305 vs, 1164 s, 1103 vs, 1028 vs, 985 m, 949 m, 925 m, 785vs, 745 vs, 704 m, 558w, 446 vs, 560w, 475m.

X-ray Crystallography
Data were collected on Nonius Kappa CCD diffractometer using graphite monochromated Mo-Kα radiation (λ = 0.71073 Å). The data reduction and integration were performed with the software package DENZO-SMN.10 Specific absorption corrections were not applied since the averaging of the symmetry-equivalent reflections largely compensated for any absorption effects. The coordinates of the majority of non-hydrogen atoms were found via direct methods using the structure solution program SHELXS.11 The positions of the remaining non-hydrogen atoms were located by use of a combination of least-squares refinement and difference Fourier maps in the SHELXL-97 program.11 The position of water hydrogen atoms could not be located from the residual electron density map. The remaining hydrogen atoms were included in the structure factor calculations at idealized positions. Figures depicting the structures were prepared by ORTEP and Mercury.12,13  Cell parameters and refinement results are summarized in Table 1. 

Table 1 Crystallographic data for trans-[PtCl2(dmso)(Hmhp)]·H2O.

	
	trans-[PtCl2(dmso)(Hmhp)]·H2O

	Empirical formula
	C18H15Cl2NO3PtS

	Formula mass
	471.26

	Crystal system
	monoclinic

	Space group
	P 21/n

	T [K]
	293(2)

	a [Å]
	11.5505(1)

	b [Å]
	8.9467(1)

	c [Å]
	14.6047(2)

	α [°]
	90

	β [°]
	112.3919(6)

	γ [°]
	90

	V [Å3]
	1395.44(3)

	Z
	4

	λ [Å]
	0.71073

	μ [mm–1]
	10.579

	Collected reflections
	6055

	Unique reflections, Rint
	3149, 0.0243

	Observed reflections
	3027

	R1[a] [I > 2σ(I)]
	0.0310

	wR2[b] [all data]
	0.0809


[a]R1 = (||Fo|–|Fc||/(|Fo|. [b]wR2 = {([w(Fo2–Fc2)2]/([w(Fo2)2]}1/2
Results and Discussion
Structural Studies

To confirm the structure of our product unambiguously a single-crystal structure determination was carried out on trans-[PtCl2(dmso)(Hmhp)]·H2O. An ORTEP drawing of the complex molecule is shown in Figure 1 and relevant bond lengths and angles are given in Table 2. The title compound displays the expected square-planar configuration about platinum. 

Fig. 1 ORTEP drawing of the trans-[PtCl2(dmso)(Hmhp)] molecule with the displacement ellipsoids drawn at the 30% probability level. 
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Table 2 Relevant structural parameters (Å, °) in the title compound. 

	Pt–Cl1
	2.2984(10)
	Pt–N1
	2.067(4)

	Pt–Cl2
	2.2884(9)
	Pt–S
	2.213(1)

	
	
	
	

	Cl1–Pt–N1
	87.94(10)
	S–Pt–Cl1
	91.43(4)

	N1–Pt–Cl2
	87.83(10)
	Cl1–Pt–Cl2
	175.77(4)

	Cl2–Pt–S
	92.80(3)
	N1–Pt–S
	178.90(10)


The four-fold coordination environment of platinum(II) consists of two trans positioned chlorides, a 2-hydroxy-6-methylpyridine ligand (Hmhp) and a dimethyl sulfoxide ligand (dmso) bound through sulfur atom. The greatest deviation from the best plane defined by N(1), Cl(1), S and Cl(2) donor atoms is 0.011(1) Å. Both of the Cl–Pt–S angles are about 93°. The corresponding angles in other platinum complexes with sulfoxides were also slightly greater than 90°.14,15    

The Pt–S bond length of 2.213(1) Å is close to that found in trans-[PtCl(dmso)(py)2]+.15 

Similar Pt–S bonds were observed also for trans-[PtCl2(dmso)(HQPh)] (HQPh = 1-phenyl-3-methyl-4-benzoylpyrazol-5-one), trans-[PtCl2(dmso)L] (L = 3-(pyridin-2-ylmethyl)oxazolidin-2-one) and trans-[PtCl2(dmso)(2-pic)] (2-pic = 2-methylpyridine).16–18 
The platinum coordination environment in the latter complexes is highly reminiscent of that in the title compound: two trans positioned chlorides, a dmso ligand and an aromatic ligand bound via nitrogen donor atom. The platinum-to-chloride bond lengths, 2.2884(9) and 2.2984(10) Å, are about the same as found in complexes with the same trans influence. For instance, in trans-[PtCl2(Tz)2] (where Tz stands for thiazole) the Pt–Cl bonds are 2.300(5) Å, whereas in trans-[PtCl2(dmso)L] (L = 3-(pyridin-2-ylmethyl)oxazolidin-2-one) the Pt–Cl bonds are 2.2965(9) and 2.3025(8) Å.17,19
2-hydroxy-6-methylpyridine ligand is bound to the metal ion via nitrogen at 2.067(4) Å, at a slightly longer distance than 2-picoline in trans-[PtCl2(dmso)(2-pic)] with the platinum-to-picoline bonds of 2.046(10) Å.18
In the latter example, the aromatic ligand lies at an angle of 72.4 ° with the coordination plane of the platinum atom. Similar, an almost perpendicular orientation of the aromatic ligand is observed also for trans-[PtCl2(dmso)(HQPh)] and the title compound (see Figure 2).16 
Fig. 2  Another drawing of the title complex emphasizing an almost perpendicular orientation of the Hmhp ligand relative to the platinum coordination plane.
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The exact value of the dihedral angle between the plane of the Hmhp ligand and the platinum coordination plane is 88.8(1)°. The explanation lies in the nature of ortho substituents. Namely, minimal steric hindrance can be achieved only with the perpendicular orientation of the Hmhp ligand. In addition, with such an orientation the shielding of the platinum ion by the pair of ortho groups from above and below is achieved. The respective Pt···C(16) and Pt···O(17) contacts are 3.156(5) and 2.975(3) Å. The Hmhp ligand of trans-[PtCl2(dmso)(Hmhp)]·H2O displays a monodentate coordination through the nitrogen atom. In view of many coordination modes that either Hmhp or mhp– (a monoanion with a deprotonated OH function) were shown to adopt,  the latter type is rather rare.20 
Surprisingly, platinum(II) complexes with either form of this ligand are not known. The only structurally characterized platinum complexes are dinuclear metal–metal bonded Pt(III)–Pt(III) complexes with bidentate bridging mhp– ligands, [PtIII2(CH3)4(mhp)2(Py)] and [PtIII2(CH3)4(mhp)2(Et2S)].21,22  The complex molecules and the water molecules of crystallization in trans-[PtCl2(dmso)(Hmhp)]·H2O are involved in an intricate pattern of hydrogen bonds (Table 3). 
Table 3 Hydrogen-bonding interactions in the title compound. 

	Donor···acceptor[a]
	Functions, involved in the interaction
	Length [Å] 

	O1[b]···O
	H2O···dmso
	2.861(5)

	O17···O1
	OH(2h6mpy)··· H2O
	2.591(4)

	O1[c]···O17
	H2O··· OH(2h6mpy)
	2.886(5)


 [a] O1 denotes a water oxygen atom and O17 a hydroxyl oxygen. [b] Symmetry code: (i) x–0.5, –y–0.5, z–0.5.  [c] Symmetry code: (ii) –x, –y, –z+2. 

The connectivity pattern may be described as follows. Two water molecules, each forming three hydrogen bonding interactions, are bonded to four adjacent complex molecules (Figure 3). 
Fig. 3 Hydrogen-bonding pattern in trans-[PtCl2(dmso)(Hmhp)]·H2O. The involved functions are: hydroxyl groups, dimethyl sulfoxide oxygen atoms and water molecules. Color code: black spheres = water molecules of crystallization, green = complex molecules.

[image: image3.png]



As a result, bimolecular layers are formed (Figure 4). The layers are coplanar with the [–1 0 1] plane. The shortest hydrogen bond may be observed between the hydroxyl moiety which acts as a donor and a water molecule acting as an acceptor of hydrogen bond, 
i.e., 2.591(4) Å.23 Weak intermolecular interactions of the C–H···Cl type may be observed between adjacent layers. 
Fig. 4 Section of an infinite layer: a view along b-axis (top) and along a-axis (bottom).
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The specific C1(a dmso methyl group)···Cl1 [–x–0.5, y–0.5, –z+1.5] contact is somewhat longer than the sum of the corresponding van der Waals radii 3.6059(5) vs. 3.45 Å.23 It is to be noted that the same methyl group also weakly interacts with dimethyl sulfoxide of an adjacent complex molecule, i.e., C1···O [–x–1, –y, –z+1] = 3.432(5) Å.
Conclusion

The reaction of K[PtCl3(dmso)] with 2-hydroxy-6-methylpyridine (Hmhp) in aqueous media gave the novel product trans-[PtCl2(dmso)(Hmhp)]·H2O. Platinum(II) complexes with either form of this ligand are not known. Hmhp is bound to the metal ion only via nitrogen atom while its hydroxyl moiety is involved in the pattern of hydrogen bonds as as a hydrogen donor. The dihedral angle between the PtCl2SN plane and pyridine ring is 88.8(1)° and provides shielding of Pt(II) ion with pyridine ortho substituents above and below the square coordination plane of platinum.  
Supporting Information Available

Crystallographic data of the title compound were deposited at the Cambridge Crystallographic Data Centre (CCDC). The CCDC number is 1008235. Copies of the data can be obtained free of charge from CCDC via www.ccdc.cam.ac.uk/data_request/cif.  
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