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The reaction of Ph2P(O)py-2 (HL) with methyl- and dimethyl-
platinum(II) derivatives afforded a series of six-membered
C,N-cyclometallated species, [PtX(L9)(L)] (X=halide or Me;
L9 = neutral ligand, e.g. SMe2, SOMe2, CO, PAr3) arising
from activation of one C(sp2)−H bond of a phenyl substituent.
The metallation entailed elimination of methane and caused
the phosphorus atom to become chiral. The series includes
the complex [Pt(Me)(CO)(L)] where the platinum atom is
bonded to three different carbon atoms (Csp

3, Csp
2, Csp). From

Introduction

In recent years, coordination of pyridylphosphanes to
typical soft acceptors such as RhI, PdII, or PtII has been
extensively studied,[1] whereas much less investigated is the
behaviour of the pyridylphosphane oxides.[2] In a previous
paper we described the reactivity of palladium(II) and plat-
inum(II) halides with the ligands Ph2P(O)CH(Me)py-2 and
Ph2P(O)CH2py-2.[3] We observed that they can act either
as N-monodentate or N,O-endo-bidentate ligands to afford
[(HL)2MX2] or [(HL)MX2] adducts, respectively. In the case
of Ph2P(O)py-2, only a 1:1 species [(HL)PdCl2] was ob-
tained; spectroscopic data are in agreement with a chelating
behaviour to give a five-membered ring. In no case were
the phenyl substituents involved; no C2H activation was
observed to give cyclometallated species.

Now, following our interest in the reactivity of alkyl de-
rivatives of platinum(II),[4] we report a study on the interac-
tion of Ph2P(O)py-2 with the methyl- and dimethylplatinum
species trans-[PtCl(Me)(SMe2)2], [Pt(Me)2(µ-SMe2)]2, trans-
[PtCl(Me)(SOMe2)2], and cis-[Pt(Me)2(SOMe2)2] to afford
a series of six-membered N,C-cyclometallated derivatives.
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the neutral species cationic derivatives [Pt(L9)(L99)(L)]+ (L9 =
SMe2, L99 = CH3CN; L9−L99 = dppe; L9 = SMe2 or SOMe2,
L99 = H2O) could be obtained. The new complexes were isol-
ated and fully characterised by elemental analyses and spec-
troscopic techniques (IR, NMR, FAB-MS). The solid-state
structures of [PtCl(SMe2)(L)], [PtCl(CO)(L)], [Pt(Me)(SO-
Me2)(L)], and [Pt(SMe2)(H2O)(L)][BF4] were determined by
single-crystal X-ray diffraction.

Results and Discussion

The N,O-ligand diphenyl(2-pyridyl)phosphane oxide
(HL)[3] and the starting methyl- and dimethylplatinum
complexes trans-[PtCl(Me)(SMe2)2],[5] trans-[PtCl(Me)-
(SOMe2)2],[6] [Pt(Me)2(µ-SMe2)]2,[5] and cis-[Pt(Me)2-
(SOMe2)2][6] were obtained as previously described. The re-
action of the chloro(methyl) complexes with the ligand af-
fords compounds [PtCl(SMe2)(L)] (1) and [PtCl(SO-
Me2)(L)] (2), respectively (see Scheme 1). Compounds 1 and
2 have been characterised by elemental analyses, conduc-
tivity measurements, FAB MS, IR, and 1H-, and 31P{1H}-
NMR spectra. In the FAB MS spectra the molecular ions
were observed at m/z 5 570 and 586, respectively; in the IR
spectra the absorption assigned to ν(P5O) is not signific-
antly shifted with respect to the free ligand (1190 cm21),
suggesting that the oxygen atom is not involved in the coor-
dination to the platinum atom. In agreement, in the
31P{1H} NMR spectra, the resonances at δ 5 31.15 (com-
pound 1) and 31.65 (compound 2) are only slightly deshi-
elded compared to that of the ligand (δ 5 22.0). We have
previously reported that in the adduct [Pd(Cl)2(HL)] (N,O-
coordination) the 31P resonance is strongly deshielded
(δ 5 60.5).

The 1H NMR spectra allow a choice to be made between
the two possible isomers having a Cl2Pt2C or a Cl2Pt2N
trans arrangement; the H(6) proton of the pyridine ring is
remarkably deshielded, as often observed for six-membered
species with the chloride ligand cis to the nitrogen atom.[7]

In addition, the very large value of 3JPt,H relative to the
methyl protons of SMe2 in compound 1 supports the pres-
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Scheme 1

ence of a ligand (in a trans configuration) with low trans in-
fluence.[8]

The methyl groups of the coordinated SMe2 ligand are
diastereotopic; one of them resonates at rather high field
(δ 5 1.63) with respect to the other one (δ 5 2.49) (∆δ 5
0.86). The shift at higher field of one of the resonances is
likely related to the shielding effect of the phenyl ring. In
an attempt to obtain more information on the structure of
compound 1 in solution, an NOE difference experiment
was carried out, but failed owing to interconversion of the
methyl groups, due to either dissociation/association or par-
tially hindered rotation of the Pt2S bond.
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Figure 1. ORTEP view of compound 1; thermal ellipsoids are
drawn at the 30% probability level

Table 1. Selected bond lengths [Å] and angles [°] with e.s.d.s in par-
entheses

a) Compound 1

Pt2Cl(1) 2.400(1) Pt2S 2.268(1)
Pt2N 2.046(2) Pt2C(7) 2.003(2)

Cl(1)2Pt2S 97.01(2) Cl(1)2Pt2N 87.78(5)
Cl(1)2Pt2C(7) 176.81(7) S2Pt2N 175.20(5)
S2Pt2C(7) 85.92(6) N2Pt2C(7) 89.29(8)

b) Compound 5

Pt2Cl 2.403(1) Pt2N 2.069(3)
Pt2C(7) 2.028(3) Pt2C(18) 1.897(4)
C(18)2O(2) 1.061(5)

Cl2Pt2N 88.3(1) Cl2Pt2C(7) 177.3(1)
Cl2Pt2C(18) 93.5(1) N2Pt2C(7) 89.5(1)
N2Pt2C(18) 177.4(2) C(7)2Pt2C(18) 88.8(2)

In the solid state, the nature of complex 1 was confirmed
by X-ray diffraction. Suitable crystals were obtained by
slow concentration of a CHCl3 solution. The structure con-
sists of the packing of [PtCl(SMe2)(L)] and CHCl3 molec-
ules in the molar ratio 1:1 with no unusual van der Waals
contacts. An ORTEP view or the complex molecule is
shown in Figure 1 and selected bond parameters are re-
ported in Table 1.

The metal atom displays a square-planar coordination
with a very slight square-pyramidal distortion, maximum
distances from the best plane being 20.012(1) and
10.013(2) Å for Pt and C(7), respectively. The inner coor-
dination sphere of the metal atom in the present compound
is identical with that found in [PtCl(SMe2)(L2)] (13) (HL25
6-tert-butyl-2,29-bipyridine)[8] where the L2 ligand is coord-
inated through a nitrogen atom and the C(3) atom of the
substituted pyridine ring. Corresponding bond lengths in-
volving the metal atom are all very similar in the two com-
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pounds, thus, Pt2Cl 5 2.400(1) (here) and 2.395(2) Å (13);
similarly, Pt2S 5 2.268(1) and 2.263(2) Å, Pt2N 5
2.046(2) and 2.042(4) Å, and Pt2C 5 2.003(2) and 1.990(5)
Å, respectively, here and in 13.

The Pt2N2C(5)2P2C(6)2C(7) six-membered ring is in
a boat conformation, with atoms N, C(5), C(6), and C(7)
strictly coplanar, and atoms Pt and P lying 1.008(1) and
0.752(2) Å above that plane, respectively. The best plane of
atoms N, C(5), C(6), and C(7) forms dihedral angles of
44.4(1)° with the Pt2N2C(7) plane and of 41.2(1)° with
the C(5)2P2C(6) plane.

Compound 2 is similar to 1, having the SOMe2 ligand in
place of SMe2; the 1H NMR spectra provide evidence for
the same isomer as 1 and an S-bonded dimethyl sulfoxide.

Both compounds 1 and 2 reacted under mild conditions
with carbon monoxide to give 5; the stretching vibration of
the terminal CO is observed at a rather high value, 2122
cm21 (Nujol) typical of platinum(II) species. The chloride
ligand in complex 5 could be easily replaced by iodide
through exchange with LiI. A lowering of ν(CO) in complex
6 [PtI(CO)L] (∆ν 5 28 cm21) is consistent with substitution
of iodide in exchange for the more electronegative chloride.

An ORTEP view of the molecular structure of 5 is shown
in Figure 2, and selected bond parameters are listed in
Table 1. Crystals of this compound contain molecules of 5
and water molecules in the molar ratio 1:0.667. In 5, the
PtII atom is in the usual square-planar coordination. Bond
lengths and angles involving the Pt2Cl2(N,C) moiety are
all very similar to those already discussed for compound 1.
The Pt2CO bond length [1.897(4) Å] is in good agreement
with those found in [Pt2(Me)2(CO)2(N,C`C,N-terpy-2H)][9]

[1.890 Å (average of two)] and in [Pt(COPh)(Me)-
(CO)(PPh3)][10] [1.897(7) Å]. The C2O distance [1.061(5)
Å] is rather short.

From compound 1, the ligand SMe2 could be substituted
by other neutral ligands such as P(C6H4-Me-4)3. In com-
pound 10 the phosphane group is trans to the nitrogen atom
as shown by the 1JPt,P value of 4279 Hz.

Figure 2. ORTEP view of compound 5; thermal ellipsoids as in
Figure 1
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The chloride ion could be displaced by means of
silver salts to give cationic species such as 8
{[Pt(MeCN)(SMe2)(L)][BF4]}, or by chelating ligands in
the presence of a non-coordinating anion. Thus compound
9 {[Pt(dppe)(L)][BF4]} could be easily isolated by reaction
of 1 with dppe and Na[BF4] [dppe 5 1,2-bis(diphenylphos-
phanyl)ethane]. In the cationic species 9, in addition to the
six-membered N,C-ring, a second five-membered ring was
formed by chelation of dppe. The behaviour of the diphos-
phane is unambiguously shown by the 31P{1H} NMR spec-
trum. Noteworthy is the long-range coupling (4JP,P 5
9.2 Hz) between the 31P nucleus in the C,N-cycle and the
31P trans to the carbon atom. The molecular ion at m/z 5
871 in the FAB mass spectrum confirms the nature of the
cation.

The behaviour of the ligand HL towards the dimethyl
derivatives [Pt(Me)2(µ-SMe2)]2 and cis-[Pt(Me)2(SOMe2)2]
is similar to that observed in the case of the monoalkyl
species. Indeed, metallation of a phenyl group occurs with
loss of methane (Scheme 2) to give the six-membered C,N-
metallated compounds 3 and 4, respectively (Scheme 2).

Scheme 2
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One isomer only was formed having the methyl group

trans to the nitrogen atom (as shown by 1H NMR spectra).
The structure in solution for 3 and 4 were ascertained by
means of 1H NMR NOE difference spectra, which unam-
biguously show that in CDCl3 solution the methyl group is
coordinated trans to the pyridine ring. For example, in the
case of 3, irradiation of the coordinated methyl group at
δ 5 0.59 enhanced the doublet (δ 5 7.52) of the H ortho to
the C(sp2)2Pt bond. At variance, irradiation of the singlet
at δ 5 1.80 (SMe2) revealed contacts with the coordinated
methyl group (δ 5 0.59) and the H(6) proton of the substi-
tuted pyridine ring (δ 5 8.76). Contacts among the C6H5

protons (two multiplets at δ 5 7.30 and 7.64) and the
methyl group of the coordinated dimethyl sulfide suggest
that in the boat conformation of the six-membered cyclo-
metallated ring they are spatially close.

The structure consists of the packing of molecules of 4
and water molecules in the molar ratio 1:0.25. The asym-
metric unity of 4·0.25H2O contains two crystallographically
independent molecules of 4. An ORTEP view of molecule
A is shown in Figure 3. Selected bond parameters for both
molecules are reported in Table 2. Corresponding bond
lengths and angles in the two molecules are all very similar.
Pt2N1 and Pt2S1 bond lengths (2.130 and 2.303 Å, re-
spectively, average of two), are both elongated by the influ-
ence of the trans-carbon atoms. All other bond lengths and
angles are normal.

Also, with these methyl species, carbon monoxide easily
displaced the ligands SMe2 or SOMe2 from 3 and 4, re-
spectively, to afford the not trivial derivative 7 [Pt(Me)-
(CO)(L)] where three carbon ligands, C(sp3), C(sp2), C(sp)
are assembled around the platinum center.

The CO ligand is coordinated cis to the pyridine ring
as shown, inter alia, by 1H NMR NOE difference spectra;
irradiation of the singlet at δ 5 0.76 (CH32Pt) produced
enhancement of the doublet at δ 5 7.56, assigned to the
hydrogen atom ortho to the C(sp2)2metal bond, proving
that the coordinated methyl group is close in space to the

Figure 3. ORTEP view of compound 4; thermal ellipsoids as in
Figure 1
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Table 2. Selected bond lengths [Å] and angles [°] with e.s.d.s in par-
entheses

a) Compound 4

Molecule A Molecule B

Pt2S 2.305(2) 2.300(2)
Pt2N 2.139(5) 2.121(6)
Pt2C(7) 2.040(6) 2.032(6)
Pt2C(18) 2.074(8) 2.088(8)

S2Pt2N 90.8(1) 89.8(2)
S2Pt2C(7) 175.3(2) 176.9(2)
S2Pt2C(18) 91.4(2) 92.9(2)
N2Pt2C(7) 90.8(2) 88.7(2)
N2Pt2C(18) 177.7(2) 177.3(2)
C(7)2Pt2C(18) 87.0(3) 88.7(3)

b) Compound 11

Pt2S 2.273(1) Pt2O(2) 2.133(2)
Pt2N 2.036(3) Pt2C(7) 1.986(3)

S2Pt2O(2) 91.2(1) S2Pt2N 178.2(1)
S2Pt2C(7) 89.1(1) O(2)2Pt2N 88.6(1)
O(2)2Pt2C(7) 177.9(1) N2Pt2C(7) 91.2(1)

metallated phenyl ring. In addition, the 2JPt,H of the methyl
protons (88.2 Hz) is consistent with a methyl group trans
to a nitrogen atom.[4] Under mild conditions, no migration
insertion to give an acyl group was observed.

A remarkable result was obtained by reaction of com-
pounds 3 and 4 with the complex acid [H3O]-18-crown-6-
[BF4] (Scheme 2). We have preferred this acid because it is
solid, easily obtainable, and can be weighted accurately so
that an excess can be avoided. This excess could potentially
also attack the Pt2C(sp2) bond, destroying the cyclo-
metallated ring. Indeed, the Pt2C(sp3) bond is cleaved
selectively with elimination of methane. In the resulting cat-
ionic derivatives, 11 and 12, the fourth position in the coor-
dination sphere of the platinum atom is filled by a molecule
of water trans to the carbon atom. The isomerization ob-
served is likely due to the remarkable difference of the labil-
ity production action (trans effect) between the C- and N-li-
gands.

Crystals of 11 suitable for X-ray diffraction were isolated
from a dichloromethane solution. The structure of 11 con-
sists of the packing of [Pt(OH2)(SMe2)(L)]1 cations and
[BF4]2 anions in the molar ratio 1:1. An ORTEP view of
the cation in 11 is shown in Figure 4. Selected bond lengths
and angles are listed in Table 2. The Pt2S, Pt2N, and
Pt2C7 distances, 2.273(1), 2.036(3), and 1.986(3) Å, re-
spectively, are very close to the corresponding distances al-
ready discussed for compound 1 [2.268(1), 2.046(2), and
2.003(2) Å, respectively]. The Pt2O2 bond length [2.133(2)
Å] is significantly shorter than the Pt2OH2 distance
[2.186(2) Å] found in cation [Pt{C6H3(CH2NMe2)2-
2,6}(OH2)]1,[11] which to the best of our knowledge, is a
rare example of a cyclometallated aqua complex of PtII for
which a crystal structure determination has been reported.
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Figure 4. ORTEP view of the cation in compound 11; thermal el-
lipsoids as in Figure 1

The hydrogen atoms of the coordinated water molecule are
both involved in interionic hydrogen bonds, one towards
the O1 phosphane oxide atom of a neighbouring cation
[O2····O1 5 2.573(3) Å] and the other towards a fluorine
atom of the [BF4]2 anion [O2····F1 5 2.719(4) Å], as shown
in Figure 5.

Figure 5. A view of the hydrogen-bonding network in the crystal
packing of compound 11

Conclusion

In a previous paper, we reported on the reactivity of some
(2-pyridyl)phosphane oxides with platinum and palladium
halides. At variance with the behaviour shown in the reac-
tion with mono- and dimethyl derivatives, no involvement
of the phenyl substituents was observed; only 1:1 or 1:2 (Pt/
LH) adducts were obtained. It seems, therefore, that
metallation is easier, at least in the case of platinum, when
methane rather than hydrogen chloride elimination is in-
volved. This points to methyl or methyl halide derivatives
as suitable starting materials to achieve activation of
C(sp2)2H bonds. It is worth underlining the fact that in
this case, metallation entailed the building-up of a ste-
reogenic centre, the phosphorus atom, inside the C,N-
metallated ring. The behaviour of analogous intermediates
of palladium(II) is currently under investigation.
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Experimental Section

General: The ligand HL and the platinum complexes trans-
[PtCl(Me)(SMe2)2], [Pt(Me)2(µ-SMe2)]2, trans-[PtCl(Me)-
(SOMe2)2], and cis-[Pt(Me)2(SOMe2)2], were obtained as previously
described.[526] [H3O]-18-Crown-6-[BF4] was synthesised as re-
ported elsewhere.[12] All solvents were distilled and dried according
to established methods. Elemental analyses were performed with a
Perkin2Elmer Elemental Analyzer 240B by Mr. A. Canu (Di-
partimento di Chimica, Università di Sassari). Infrared spectra
were recorded with a Perkin2Elmer 983 spectrophotometer; the
values are given in cm21. 1H and 31P{1H} NMR spectra were re-
corded with a Varian VXR 300 spectrometer operating at 299.9
and 121.4 MHz, respectively. Chemical shifts are given in ppm rel-
ative to internal TMS (1H) or external H3PO4 (31P). Mass spectra
were obtained with a VG 7070EQ instrument operating under FAB
conditions with 3-nitrobenzyl alcohol as supporting matrix.

General Procedures: The compounds 124 were synthesised accord-
ing to the following procedure. The relevant starting complex (ca.
0.1 g) and a stoichiometric amount of the ligand were dissolved in
anhydrous acetone (ca. 30 mL). The solution was heated at reflux
for 24 h under nitrogen, it was then concentrated to dryness. The
solid was dissolved in dichloromethane (20 mL) and the resulting
solution was filtered through Celite and concentrated to a small
volume. Dropwise addition of n-hexane afforded a white crystalline
solid, which was filtered off and collected. 2 Compound 5 was
obtained in almost quantitative yield by carbonylation (pCO 5 1
bar) of a dichloromethane solution (5 mL) of either 1 or 2 (ca.
0.1 g) for 24 h at room temperature. Compound 7 was obtained
from either 3 or 4 in quantitative yield, according to a similar pro-
cedure, but with shorter reaction time (6 h). 2 Compounds 11 and
12 were prepared in ca. 80% yield according to the following pro-
cedure. The relevant starting complex 1 or 2 (ca. 0.100 g), was dis-
solved in dichloromethane (5 mL) and a stoichiometric amount of
the complex acid [H3O]-18-crown-6-[BF4] was added. The solution
was kept unstirred for 8 h. The white crystals that formed were
washed with dichloromethane and collected.

[PtCl(SMe2)(L)] (1): Yield 85%, m.p. 2342236 °C (dec.).
C19H19ClNOPSPt (570.9): calcd. C 39.96, H 3.36, N 2.45; found C
39.65, H 3.12, N 2.33. IR (Nujol): ν̃ 5 1583 m, 1559 m, 1196s,
692s, 545 vs, 502s, 306s, 279 s. 1H NMR (CDCl3): δ 5 9.23 [dd, 1
H, 3JPt,H ø 49, 3JH,H 5 5.6, 4JH,H ø 1 Hz, H(6)], 8.57 (1 H, td,
3JH,H 5 6.1 Hz), 8.1 (m, 2 H), 7.727.1 (m, 9 H), 2.49 (s, 3 H,
3JPt,H 5 53.7 Hz, SMe), 1.63 (s, 3 H, 3JPt,H 5 57.4 Hz, SMe). 31P
NMR (CDCl3): δ 5 31.15 (1 P, s, 3JPt,P 5 395.2 Hz). FAB1: m/z 5

570 [M1], 535 [M 2 Cl], 508 [M 2 SMe2], 473 [M 2 Cl 2 SMe2].

[PtCl(SOMe2)(L)] (2): Yield 89%, m.p. 242 °C (dec.).
C19H19ClNO2PSPt (586.9): calcd. C 38.88, H 3.27, N 2.39; found
C 39.06, H 3.42, N 2.35. IR (Nujol): ν̃ 5 1587 m, 1562 m, 1196s,
693s, 542 vs, 501s, 295 s. 1H NMR (CDCl3): δ 5 9.11 [dd, 1 H,
3JPt,H ø 45, 3JH,H 5 5.6, 4JH,H ø 1 Hz, H(6)], 8.62 (1 H, td,
3JH,H 5 6.1 Hz), 8.227.1 (m, 11 H), 3.40 (s, 3 H, 3JPt,H 5 23.4 Hz,
OSMe), 2.55 (s, 3 H, 3JPt,H 5 26.0 Hz, OSMe). 31P NMR (CDCl3):
δ 5 31.65 (1 P, s, 3JPt,P 5 383.0 Hz). FAB1: m/z 5 586 [M1], 551
[M 2 Cl], 508 [M 2 SOMe2], 473 [M 2 Cl 2 SOMe2].

[Pt(Me)(SMe2)(L)] (3): Yield 87%, m.p. 1552160 °C.
C20H22NOPSPt (550.5): calcd. C, 43.63, H 4.04, N 2.54; found C
43.46, H 3.84, N 2.33. IR (Nujol): ν̃ 5 1582 m, 1562 m, 1164s,
691s, 544 vs, 494 m. 1H NMR (CDCl3): δ 5 8.76 [dd, 1 H, 3JPt,H ø
20, 3JH,H 5 5.3, 4JH,H ca. 1 Hz, H(6)], 8.63 (1 H, td, 3JH,H 5

6.3 Hz), 8.227.1 (m, 11 H), 1.80 [6 H, br. s, S(Me)2], 0.59 (s, 3 H,
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2JPt,H 5 83.5 Hz, Pt-Me). 31P NMR (CDCl3): δ 5 27.41 (1 P, s,
3JPt,P 5 351.7 Hz). FAB1: m/z 5 550 [M1], 535 [M 2 Me], 488 [M
2 SMe2], 473 [M 2 Me 2 SMe2].

[Pt(Me)(SOMe2)(L)] (4): Yield 90%, m.p. 1832185 °C.
C20H22NO2PSPt (566.5): calcd. C, 42.40, H 3.92, N 2.47; found C
42.19, H 3.72, N 2.36. IR (Nujol): ν̃ 5 1584 m, 1562 m, 1191s,
689s, 540 vs, 504 m. 1H NMR (CDCl3): δ 5 8.89 [d, 1 H, 3JPt,H ø
18.1, 3JH,H 5 5.3, 4JH,H ø 1 Hz, H(6)], 8.62 (t, 1 H, 3JH,H 5

6.8 Hz), 8.227.2 (m, 11 H), 2.99 (s, 3 H, 3JPt,H 5 17.3 Hz, OSMe),
2.11 (s, 3 H, 3JPt,H 5 16.1 Hz, OSMe), 0.30 (s, 3 H, 2JPt,H 5

83.2 Hz, Pt-Me). 31P NMR (CDCl3): δ 5 28.10 (1 P, s, 3JPt,P 5

346.4 Hz). FAB1: m/z 5 566 [M1], 551 [M 2 Me], 488 [M 2

SOMe2], 473 [M 2 Me 2 SOMe2].

[PtCl(CO)(L)] (5): M.p. 2212223 °C. C18H13ClNO2PPt (536.8):
calcd. C 40.27, H 2.44, N 2.61; found C 40.42, H 2.57, N 2.80. IR
(Nujol): ν̃ 5 2122 vs, 1588 m, 1564 m, 1190 s, 689 s, 542 v s, 496
s, 303 s, 295 s. 1H NMR (CDCl3): δ 5 9.09 [dd, 1 H, 3JPt,H 5 39.8,
3JH,H 5 5.6, 4JH,H ø 1 Hz, H(6)], 8.69 (t, 3JH,H 5 5.9 Hz, 1 H),
8.2 (m, 2 H), 7.827.2 (m, 9 H). 31P NMR (CDCl3): δ 5 31.27 (1
P, s, 3JPt,P 5 322.7 Hz). FAB1: m/z 5 536 [M1], 501 [M 2 Cl], 473
[M 2 Cl 2 CO].

[PtI(CO)(L)] (6): Compound 5 (0.034 g, 0.063 mmol) was dissolved
in acetone (5 mL), LiI (0.025 g, 0.19 mmol) was added and the so-

Table 3. Crystallographic data

1·CHCl3 5·0·67H2O

Empirical formula C20H20Cl4NOPPtS C18H14.33ClNO2.67PPt
M 690.33 548.84
Colour colourless pale yellow
Crystal system monoclinic trigonal
Space group C2/c (no.15) R3̄ (no.148)
a [Å] 33.159(4) 33.736(5)
b [Å] 8.261(1) 33.736(5)
c [Å] 17.350(3) 8.645(1)
α [°] 90 90
β [°] 101.00(1) 90
γ [°] 90 120
V [Å3] 4665.3(1.4) 8520.9(1.9)
Z 8 18
F(000) 2656 4692
Dc [g cm23] 1.966 1.925
T [K] 223 223
Crystal dimensions [mm] 0.31 3 0.39 3 0.48 0.11 3 0.14 3 0.45
µ(Mo-Kα) [cm21] 67.1 77.2
Min.2max. transmiss. factors 0.6321.00 0.5621.00
Scan mode ω ω
Frame width [°] 0.30 0.30
Time per frame [s] 20 25
No. of frames 2450 1321
Detector2sample distance [cm] 5.00 5.00
θ range [°] 3226 3226
Reciprocal space explored full sphere hemisphere
No. of reflections: total/independent 27531/5675 19256/4696
Rint 0.025 0.053
Final R2, R2w indices[a] 0.029, 0.043 0.043, 0.063
(F2, all reflections)

Conventional R1 index [I . 2σ(I)] 0.016 0.028
Reflections with I . 2σ(I) 4809 3430
No. of variables 262 235
Goodness of fit[b] 0.94 0.97

[a] R2 5 [Σ(|Fo
2 2 kFc

2|)/ΣFo
2], R2w5[Σw(Fo

2 2 kFc
2)2/w(Fo

2)2]1/2. [b] [Σw(Fo
2 2 kFc

2)2/(No 2 Nv)]1/2, where w 5 4Fo
2/σ(Fo

2)2, σ(Fo
2) 5

[σ2(Fo
2) 1 (PFo

2)2]1/2, No is the number of observations, Nv the number of variables, and P the ignorance factor (5 0.03 for 1·CHCl3
and 0.04 for 5·0.67H2O).

Eur. J. Inorg. Chem. 2002, 4312438436

lution stirred for 1.5 h; then it was concentrated to dryness, the
solid was dissolved with dichloromethane (10 mL) and the resulting
solution was filtered, concentrated to small volume, and n-hexane
(10 mL) added. The cream-yellow solid was filtered and collected.
Yield 0.038 g (95%), m.p. 2342235 °C. C18H13INO2PPt (628.3):
calcd. C 34.41, H 2.10, N 2.23; found C 34.21, H 1.91, N 2.37. IR
(Nujol): ν̃ 5 2094 vs, 1588 m, 1562 m, 1210 s, 692 s, 542 vs, 501 s.
1H NMR (CDCl3): δ 5 9.41 [d, 1 H, 3JPt,H 5 43.0, 3JH,H 5 5.4 Hz,
H(6)], 8.70 (t, 3JH,H 5 6.3 Hz, 1 H), 8.25 (m, 1 H), 8.15 (t, 3JH,H 5

7.8 Hz, 1 H), 7.827.2 (m, 9 H). 31P NMR (CDCl3): δ 5 30.77 (1
P, s, 3JPt,P 5 319.7 Hz). FAB1: m/z 5 628 [M1], 501 [M 2 I], 473
[M 2 I 2 CO].

[Pt(Me)(CO)(L)] (7): M.p. 1952197 °C (dec.). C19H16NO2PPt
(516.4): calcd. C 44.19, H 3.13, N 2.71; found C 43.98, H 2.91, N
2.71. IR (Nujol): ν̃ 5 2051 vs, 1585 m, 1562 m, 1202 s, 693 s, 541
vs, 494 s. 1H NMR (CDCl3): δ 5 8.86 [dd, 1 H, 3JPt,H 5 23.0,
3JH,H 5 5.4, 4JH,H ø 1 Hz, H(6)], 8.73 (t, 1 H, 3JH,H 5 6.3 Hz),
8.2228.02 (m, 2 H), 7.727.2 (m, 9 H), 0.76 (s, 3 H, 2JPt,H 5

88.2 Hz, Me2Pt). 31P NMR (CDCl3): δ 5 28.90 (1 P, s, 3JPt,P 5

292.2 Hz). FAB1: m/z 5 516 [M1], 501 [M 2 Me], 473 [M 2 Me
2 CO].

[Pt(MeCN)(SMe2)(L)][BF4] (8): Compound 1 (0.100 g,
0.175 mmol) was dissolved in dichloromethane (10 mL), AgBF4
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(0.035 g, 0.180 mmol), dissolved in acetonitrile (5 mL) was added.
The mixture was stirred in the absence of light for 0.5 h, then it
was filtered through Celite and concentrated to about 3 mL; diethyl
ether (20 mL) was added dropwise, the resulting crystalline solid
was filtered off and washed with diethyl ether (3 3 5 mL). Yield
0.110 g (0.166 mmol, 95%), m.p. 1982201 °C. C21H22BF4N2OPSPt
(663.3): calcd. C 38.02, H 3.35, N 4.22; found C 38.02, H 3.11, N
4.09. IR (Nujol): ν̃ 5 2334 and 2303 m, 1588 m, 1562 m, 1205 s,
1055 vs, 696 s, 543 vs, 505 s. 1H NMR ([D6]acetone): δ 5 9.24 [d,
1 H, 3JPt,H 5 47.8, 3JH,H 5 5.9 Hz, H(6)], 8.60 (t, 3JH,H 5 7.1 Hz,
1 H), 8.48 (t, 3JH,H 5 7.8 Hz, 1 H), 8.0427.10 (m, 10 H), 2.59 (s,
3 H, 3JPt,H 5 53.2 Hz, SMe), 2.55 (s, 3 H, MeCN), 1.76 (s, 3 H,
3JPt,H 5 61.0 Hz, SMe). 31P NMR (CDCl3): δ 5 30.27 (1 P, s,
3JPt,P 5 384.5 Hz). FAB1: m/z 5 576 [M1], 535 [M 2 MeCN], 473
[M 2 MeCN 2 SMe2].

[Pt(dppe)(L)] [BF4] (9): Compound 1 (0.051 g, 0.089 mmol) was dis-
solved in acetone (5 mL); NaBF4 (0.011 g, 0.10 mmol) and dppe
[1,2-bis(diphenylphosphanyl)ethane, 0.038 g, 0.095 mmol] were ad-
ded. The solution was stirred for 6 h; it was then filtered and con-
centrated to a small volume; addition of n-hexane caused the pre-
cipitation of a white crystalline solid that was filtered off and col-
lected. Yield 0.085 g (quantitative), m.p. 210 °C (dec.).
C43H37BF4NOP3Pt (958.6): calcd. C, 53.87, H 3.90, N 1.46; found

Table 4. Crystallographic data

4·0·25H2O 11

Empirical formula C20H22.5NO2.25PPtS C19H21BF4NO2PPtS
M 571.04 640.32
Colour colourless colourless
Crystal system monoclinic monoclinic
Space group P21/c (no.14) P21/n (no.14)
a [Å] 17.326(2) 10.619(1)
b [Å] 14.451(1) 16.094(2)
c [Å] 16.925(2) 13.342(2)
α [°] 90 90
β [°] 99.45(1) 105.66(1)
γ [°] 90 90
V [Å3] 4180.1(8) 2195.5(5)
Z 8 4
F(000) 2212 1232
Dc [g cm23] 1.815 1.937
T [K] 223 223
Crystal dimensions [mm] 0.11 3 0.17 3 0.23 0.17 3 0.17 3 0.28
µ(Mo-Kα) [cm21] 69.7 66.6
Min.2max. transmission factors 0.4921.00 0.6821.00
Scan mode ω ω
Frame width [°] 0.30 0.30
Time per frame [s] 30 25
No. of frames 1850 2450
Detector2sample distance [cm] 5.00 5.00
θ range [°] 3226 3226
Reciprocal space explored full sphere full sphere
No. of reflections: total/independent 39932/10552 27660/5624
Rint 0.071 0.035
Final R2, R2w indices[a] 0.090, 0.106 0.033, 0.054
(F2, all reflections)

Conventional R1 index [I . 2σ(I)] 0.044 0.022
Reflections with I . 2σ(I) 6537 4656
No. of variables 478 271
Goodness of fit[b] 0.96 0.95

[a] R25[Σ(|Fo
2 2 kFc

2|)/ΣFo
2], R2w 5 [Σw(Fo

2 2 kFc
2)2/w(Fo

2)2]1/2. [b] [Σw(Fo
2 2 kFc

2)2/(No 2 Nv)]1/2, where w 5 4Fo
2/σ(Fo

2)2, σ(Fo
2) 5

[σ2(Fo
2) 1 (PFo

2)2]1/2, No is the number of observations, Nv the number of variables, and P the ignorance factor (5 0.06 for 4·0.25H2O
and 0.04 for 11).
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C 53.73, H 3.67, N 1.28. IR (Nujol): ν̃ 5 1584 m, 1562 m, 1210 s,
1063 vs, 697 s, 534 vs, 491 s. 1H NMR ([D6]acetone): δ 5 9.17 [1
H, br. s, 3JPt,H 5 37.6 Hz, H(6)], 8.7026.70 (m, 32 H), 3.022.1 (m,
4 H, CH2). 31P NMR ([D6]acetone): δ 5 48.64 (1 P, d, 4JP,P 5 9.2,
1JPt,P 5 1782 Hz), 33.12 (1 P, s, 1JPt,P 5 3737 Hz), 32.55 (1 P, d,
4JP,P 5 9.2, 3JPt,P 5 277.0 Hz). FAB1: m/z 5 871 [M1].

[PtCl[P(C6H4-Me-4)3](L)] (10): Compound 1 (0.046 g, 0.081 mmol)
was dissolved in dichloromethane (5 mL); P(C6H4-Me-4)3 (0.025 g,
0.082 mmol) was added. The solution was stirred for 8 h, and then
concentrated to a small volume. Addition of n-hexane caused the
precipitation of a white crystalline solid that was filtered off and
collected. Yield 0.065 g (quantitative), m.p. 1952196 °C.
C38H34ClNOP2Pt (813.2): calcd. C 56.12, H 4.22, N 1.82; found C
55.95, H 3.99, N 1.97. IR (Nujol): ν̃ 5 1596 m, 1584 m, 1188
s, 694 s, 544 vs, 528 s, 512 m, 274m. 1H NMR (CDCl3): δ 5 9.46
[1 H, br. s, 3JPt,H 5 31.7 Hz, H(6)], 8.56 (t, 3JH,H 5 6.8 Hz, 1 H),
8.126.4 (m, 23 H), 2.33 (s, 9 H, Me). 31P NMR (CDCl3): δ 5 31.00
(1 P, s, 3JPt,P 5 361.6 Hz), 10.10 (1 P, s, 1JPt,P 5 4279 Hz). FAB1:
m/z 5 812 [M1], 777 [M 2 Cl].

[Pt(H2O)(SMe2)(L)] [BF4] (11): M.p. 2042206 °C (dec.).
C19H21BF4NO2PPtS (640.3): calcd. C 35.63, H 3.31, N 2.19; found
C 34.43, H 3.11, N 2.11. IR (Nujol): ν̃ 5 3345 m, 1587 m, 1095
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vs, 696 s, 543 vs, 505 s. 1H NMR ([D3]acetonitrile): δ 5 8.94 [d, 1
H, 3JPt,H 5 41.7, 3JH,H 5 5.4 Hz, H(6)], 8.6027.20 (m, 12 H), 2.41
(s, 3 H, 3JPt,H 5 55.2 Hz, SMe), 1.63 (s, 3 H, 3JPt,H 5 61.3 Hz,
SMe). 31P NMR ([D3]acetonitrile): δ 5 30.69 (1 P, s, 3JPt,P 5

388.3 Hz).

[Pt(H2O)(SOMe2)(L)] [BF4] (12): M.p. 2122216 °C (dec.).
C19H21BF4NO3PPtS (656.3): calcd. C 34.76, H 3.23, N 2.13; found
C 34.53, H 3.01, N 2.16. IR (Nujol): ν̃ 5 3345 m, 1588 m, 1562 m,
1176 s, 1090 vs, 695 s, 543 vs, 505 s. 1H NMR ([D3]acetonitrile):
δ 5 8.93 [d, 1 H, 3JPt,H 5 45.6, 3JH,H 5 5.7 Hz, H(6)], 8.6027.20
(m, 12 H), 3.09 (s, 3 H, 3JPt,H 5 24.5 Hz, OSMe), 2.47 (s, 3 H,
3JPt,H 5 32.0 Hz, OSMe). 31P NMR ([D3]acetonitrile): δ 5 30.00
(1 P, s, 3JPt,P 5 384.5 Hz). FAB1: m/z 5 551 [M 2 H2O], 473 [M
2 H2O 2 SOMe2].

X-ray Data Collection and Structure Determinations: Crystal data
and other experimental details are summarized in Tables 3 and 4.
The diffraction experiments were carried out with a Bruker
SMART CCD area-detector diffractometer at 223 K using Mo-Kα

radiation (λ 5 0.71073 Å) with a graphite crystal monochromator
in the incident beam. Cell parameters and orientation matrices
were obtained from the least-squares refinement of 124 (for
1·CHCl3), 123 (for 5·0.67H2O), 59 (for 4·0.25H2O), and 112 (for
11) reflections measured in three different sets of 15 frames each,
in the range 3° , θ , 23°. At the end of data collections the first 50
frames, containing 417, 334, 335, and 267 reflections (for 1·CHCl3,
5·0.67H2O, 4·0.25H2O, and 11, respectively) were recollected to
have a monitoring of crystal decay, which was not observed, so
no time-decay correction was needed. The collected frames were
processed with the software SAINT,[13] and an empirical absorp-
tion correction was applied (SADABS)[14] to the collected
reflections. Scattering factors and anomalous dispersion correc-
tions were taken from ref.[15] The calculations were performed with
a Pentium III PC using the Personal Structure Determination
Package,[16] and the physical constants tabulated therein. The struc-
tures were solved by Patterson and Fourier methods and refined
by full-matrix least squares, using all reflections and minimizing
the function Σw(Fo

2 2 k|Fc|2)2 (refinement on F2). Anisotropic ther-
mal factors were refined for all the non-hydrogen atoms. The hydro-
gen atoms of the coordinated water molecule in 11 were detected
in the final Fourier maps and not refined. The hydrogen atoms of
the clathrate water molecules in 5·0.67H2O and 4·0.25H2O were
neglected. All the other hydrogen atoms were placed in their ideal
positions (C2H 5 0.97 Å; B 5 1.10 times that of the carbon atom
to which they are attached) and not refined. The final Fourier maps
show maximum residuals of 1.0(2) e/Å3 at 0.76 Å from Pt for
1·CHCl3, 1.8(3) e/Å3 at 0.91 Å from Pt for 5·0.67H2O, 3.0(7) e/Å3

at 0.83 Å from Pt(A) for 4·0.25H2O, and 1.0(2) e/Å3 at 0.89 Å from
Pt for 11. The atomic coordinates of the structure models have been
deposited with the Cambridge Crystallographic Data Centre as
supplementary publication no. CCDC-164381 (1·CHCl3), -164382
(5·0.67 H2O), -164383 (4·0.25 H2O), -164384 11. Copies of the data
can be obtained free of charge on application to CCDC,
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12 Union Road, Cambridge CB2 1EZ, UK [Fax: (internat.)
1 44-1223/336-033; E-mail: deposit@ccdc.cam.ac.uk].
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