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The oxidation of platinum(i) to platinum(iv) by dihalides
(X,) has been widely investigated in the past years."! In this
process, two consecutive reactions occur in aqueous solution:
1) Rapid oxidation, assisted by solvent participation, that
leads to the formation of a frans-haloaquaplatinum(v)
intermediate and a free halide ion, and 2) attack by the
halide ion upon the platinum(iv) intermediate to yield the
trans-dihaloplatinum(v) end product.*!

The intermediate aqua species formed by this procedure
have generally been characterized in solution, but, to the best
of our knowledge, they were never isolated as pure solids. We
have found that ancillary ligands can stabilize the aqua
species to such an extent that it becomes the stable end
product. Here we report, for the first time, the X-ra
structure of such a species: (trans-[PtCl,(OH,){N=
C(OCH;)CH,CH,CH,},]* (2, see Scheme 1). Furthermore,
in chlorinated solvents and in the presence of excess
chloride, 2 undergoes O-demethylation of the ancillary
ligands with release of methyl chloride. The X-raystructure
of the demethylation product (trans-[PtCl;(OH)-
{N=C(OH)CH,CH,CH,}{N=C(O)CH,CH,CH,}]” (4, see
Scheme 1) is also presented.

The platinum(i) complex trans-[PtCL{N=C(OCH,)-
CH,CH,CH,},] (1) reacts with Cl, in water to form trans-
[PtCl;(OH,){N=C(OCH,)CH,CH,CH,},]Cl (2Cl, Scheme 1).
This species is stable for days in water in the presence of 5 x
107>m HCI and 10~°m 1 (platinum(ir) catalyzes the anation
reaction, that is, replacement of the coordinated solvent
molecule by an entering anion, in platinum(iv) complexes).
Other aqua species, under similar reaction conditions,
undergo complete anation within minutes.’! Because of the
low solubility of 1 in water, the reaction was repeated by
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Scheme 1. Synthesis of 2Cl and further reaction to form 3 or 4. See text for details.

treating a solution of 1 in chloroform with a solution of Cl, in
CCl, (undried solvents). Again, the only reaction product was
the aqua species 2 (see the Supporting Information, Fig-

ure S1).
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Figure 1. Drawing of complex 2 in the crystalline state. The ellipsoids
enclose 50% probability. Selected bond distances [A] and angles [°]:
Pt1—Cl1 2.283(3), Pt1—CI2 2.308(3), Pt1—CI3 2.310(3), Pt1-O1
2.035(7), Pt1-N11 2.021(9), Pt1-N12 2.023(9), N11-C51 1.281(15),
C51-011 1.333(14), N12—C52 1.331(15), C52—012 1.311(15); O1-Pt1-
C12 94.6(2), O1-Pt1-Cl3 85.1(2), CI1-Pt1-Cl2 88.8(1), CI1-Pt1-CI3
91.5(1), Pt1-N11-C51 129.6(8), Pt1-N12-C52 129.8(8), N11-C51-O11
120(1), N12-C52-012 118(1).

The X-ray structure of 2 is shown in Figure 1.5 The bond
distances agree well with those previously reported for Pt"
complexes (Pt—N 2.022(9), Pt—O 2.035(7), Pt—Cl 2.309(3) A
for mutually rrans chloride ligands and 2.283(3) A for chloride
trans to oxygen).’! The bond angles between the cis ligands
are in the range of 88.7-91.5°, except for H,O-Pt-CI2
(94.6(2)°) and H,0O-Pt-CI3 (85.1(2)°). In the organic ligands
there is extensive electron delocalization over the oxygen
atom and the C=N x system, as already observed in related
systems (av C—O 1.32(1), av C—N 1.30(3) A).') The methyl
groups of the 5-methoxy substituents are directed away from
the metal center, thus allowing the methoxy oxygen atoms to
be close to the coordinated water molecule (O1---O11 2.68(1),
01--012 2.87(1) A).

Under analogous conditions, the related dihydro oxazole
complex trans-[PtCL{N=C(CH;)OCH,CH,},] (in which a
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Me methyl group has taken the place of the
o) methoxy substituent) reacts with Cl, to give
the tetrachloro platinum(v) species trans-
[PtCl{N=C(CH;)OCH,CH,},] (see the Sup-
porting Information, Figure S2)."! There-
3 fore, the presence of two methoxy oxygen
atoms is essential for the stabilization of the
aqua species 2.

In chloroform 2Cl slowly reacts to
the tetrachloro species trans-[PtCh{Ni
(OCH;)CH,CH,CH,},] (3; tp~12h, see
Scheme 1 and the Supporting Information,
Figure S3). The reaction appears to be
catalyzed by a small amount of the platinu-
m(1) compound 1, which is formed by
disproportionation of 2Cl into 1 and Cl,.”!
Addition of excess Cl™ does not help in the
conversion of 2 into 3, but instead promotes the demethyla-
tion of 2 with formation of trans-[PtCl;(OH){N=C(OH)-
CH,CH,CH,}{N=C(O)CH,CH,CH,}]~ (4) according to
Equation (1) (see Scheme 1 and the Supporting Information,
Figure S4).

2Cl + (PPh,)Cl — (PPh,)4 + 2 CH,CI (1)

Compound 4 is stable in chloroform, even in the presence
of excess chloride ion, and represents the first mononuclear
platinum complex with 5-hydroxy-3,4-dihydro-2H-pyrrole
ligands to be isolated and fully characterized. In contrast, a
large number of platinum complexes with bridging 5-oxy-3,4-
dihydro-2H-pyrrole ligands (a-pyrrolidonato) have been
reported.!'”!

The X-ray structure of 4 is shown in Figure2. The
coordination sphere of 4 is similar to that of 2 (Pt—N
2.050(5), Pt—0 2.025(4), Pt—Cl 2.318(5) A for mutually trans
chloride atoms and 2.312(1) A for chloride frans to oxygen;
the bond angles between the cis ligands are in the range 87.5—
91.6°). The Pt—O bond distance is 0.01 A shorter in 4 than in 2,

Figure 2. Drawing of complex 4 in the crystalline state. The ellipsoids
enclose 50% probability. Selected bond distances [A] and angles [°]:
Pt1—CI1 2.312(1), Pt1—CI2 2.313(1), Pt1—CI3 2.322(1), Pt1-O1
2.025(4), Pt1—N11 2.055(5), Pt1—N12 2.045(4), N11-C51 1.310(7),
C51-011 1.273(7), N12—C52 1.311(7), C52-012 1.258(7); O1-Pt1-CI2
87.5(1), O1-Pt1-CI3 91.1(1), CI1-Pt1-Cl2 91.1(1), CI1-Pt1-CI3 90.4(1),
Pt1-N11-C51 124.1(4), Pt1-N12-C52 124.5(4), N11-C51-O11 125.8(5),
N12-C52-012 126.3(5).
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while the Pt—Cl distance trans to Pt—O is 0.03 A longer in 4
than in 2; this reflects the different nature of the O donor
(OH™ and OH,, respectively). The hydroxo ligand, while
donating a hydrogen bond to the 5-oxy-dihydropyrrole ligand,
accepts a hydrogen bond from the 5-hydroxy-dihydropyrrole
ligand (O1--012 2.551(7) A, O1-H--012 165(1)°; O1--011
2.426(7) A, O1--H-O11 167(1)°). Furthermore, there is
extensive electron delocalization over the oxygen atom and
the C=N =t system of the dihydropyrrole ligands (av C—O
1.27(1), av C—N 1.31(1) A).

The demethylation reaction does not take place in the
case of compound 3. Therefore, the coordinated water
molecule in 2 appears to play an important role in the
nucleophilic substitution of the nearby methoxy group by an
external chloride ion. The coordinated water molecule can
help in capturing this chloride ion. Furthermore, 2 is
positively charged while 3 is neutral, and therefore in
chloroform 2 can form an ionic couple with Cl™. The inertness
of 2 in water, even in the presence of 5 x 10~?M HCl and 10> m
platinum(it) catalyst—as compared to its slow reactivity in
chloroform, where it affords 3 or, in the presence of excess
Cl™, 4—must be connected with the greater ability of water to
solvate ionic species.

The O-demethylation is an important reaction in bio-
logical systems™ as well as in organic chemistry.'¥ Metal-
mediated O-demethylation of coordinated ligands is also
described in the literature.'>'® However, in the case of
platinum substrates there are only very few reports. These
include Arbuzov-like dealkylation of coordinated phosphites
promoted by CI-, demethylation of a coordinated O°-
methyldeoxyguanosine with thiophenol,®! and dealkylation
of 2-alkoxyphenylphosphanes to form O-metalated che-
lates.””! All these reactions generally require high temper-
atures and long reaction times.

In conclusion, it appears that concepts that usually apply
to complex natural substrates—such as intramolecular hydro-
phobic-hydrophilic interactions and organization of a reac-
tive site—can also apply to simple coordination compounds
with interesting and unexpected changes in their behavior.
Therefore, compound 2, in which the coordinated water
molecule is surrounded by the oxygen atoms of two 5-
methoxy-dihydropyrrole ligands, is favored over the fully
chlorinated species 3 and represents the end product in
aqueous solution. Moreover, the hydrophilic site of the
complex, with a coordinated water molecule and nearby
methoxy oxygen atoms, is suited to host the Cl™ anion, which
promotes demethylation in a hydrophobic solvent.

Experimental Section
All reagent-grade chemicals were purchased from Aldrich and used
without further purification.

Compound 1 was synthesized by ligand cyclization of trans-
[PtCL{HN=C(OCH;)CH,CH,CH,Cl}], which was prepared accord-
ing to the procedure described in reference [9] for analogous
compounds. The cyclization reaction was performed in acetone with
powdered KOH and is complete in 1h at 25°C, leading to the
quantitative formation of 1.

The treatment of 1 in chloroform with a solution of Cl, in CCl,
(undried solvents) leads to the instantaneous and quantitative

Angew. Chem. 2004, 116, 5191-5194

www.angewandte.de

Angewandte

formation of 2Cl. A solution of 2 in chloroform, left standing at
room temperature, undergoes slow transformation with formation of
3 (t;,~12 h at 25°C). Treatment of a solution of 2Cl in chloroform
with excess (PPh,)Cl leads to ligand demethylation with formation of
(PPh,)4 and release of CH;Cl (t;,~5h in 2x1073m (PPh,)Cl at
25°C).

Further details of the synthesis and elemental analysis of 1-4 are
given in the Supporting Information. The "H NMR spectra of 1-4
were recorded at 25°C on a Bruker DMX 300 spectrometer. The
spectral changes for the oxidation of 1 to 2Cl by Cl,, for the
spontaneous transformation of 2Cl into 3, and for the reaction of 2Cl
with excess (PPh,)Cl to give (PPh,)4 and CH;Cl are given in the
Supporting Information (Figures S1, S3, and S4, respectively).
Because of fast proton exchange between residual water in the
solvent and coordinated water molecule (2) or hydroxyl groups (4),
only a broad signal is observed below 2 ppm. This is clearly shown in
Figure S3 of the Supporting Information, where the very broad signal
at ca. 1.6 ppm in the initial spectrum becomes sharp and shifts to
1.5 ppm as the coordinated water molecule of 2 is replaced by Cl™.
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