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Chiral Platinum(II) Compounds Containing Ferrocenyl Schiff Bases Acting as
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A study of the reactions of the following ferrocenyl Schiff
bases: (SC)-(+)-[FcCH=NCH(R1)CH2OH] {Fc = (η5-C5H5)-
Fe(η5-C5H4), R1 = Me (1a) or CHMe2 (1b)} with cis-
[PtCl2(dmso)2] under different experimental conditions is re-
ported. This study enabled the isolation and characterisation
of the enantiomerically pure platinum(II) complexes trans-
(SC)-[Pt{FcCH=NCH(R1)CH2OH}Cl2(dmso)] {R1 = Me (2a)
or CHMe2 (2b)} and cis-(SC)-[Pt{FcCH=NCH(R1)-
CH2OH}Cl2(dmso)] {R1 = Me (3a) or CHMe2 (3b)} as well
as four isomeric forms of (SC)-[Pt{FcCH=N–CH(R1)-
CH2O}Cl(dmso)] {R1 = Me or CHMe2} (4–7a,b). These iso-
mers differ in the conformation of the imine {anti-(E) (in 4
and 6) or syn-(Z) (in 5 and 7)} or in the relative arrangement
of the nitrogen and the dmso group {trans (in 4 and 5) or cis
(in 6 and 7)}. Imines 1 behave as a N-donor ligand in 2 and
3 and as a (N,O)– group in 4–7. We also prepared the dia-
stereomers {(Sp,SC) and (Rp,SC)} of the platinacycles [Pt{[(η5-

Introduction
Palladium(II) and platinum(II) complexes containing

chiral ligands attract great interest because of their poten-
tial applications in different fields.[1–11] It is well known that
compounds of this kind are useful in homogeneous cataly-
sis[3–4] and as chiral derivatising agents,[5] as reagents to de-
termine enantio- or diastereomeric excesses of organic sub-
strates,[6] or even due to their antitumoral activity.[1c,7] Of
the examples reported, those having a bidentate [C(sp2,ar-
yl),N]– group are particularly relevant.[1,3,6,8–11] The utility
of chiral pallada- and platinacycles in asymmetric catalytic
processes[8] including asymmetric Claisen rearrange-
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C5H3)CH=NCH(R1)CH2OH]Fe(η5-C5H5)}Cl(dmso)] {8 and 9;
R1 = Me (Sp,SC) (8a) and (Rp,SC) (9a) or R1 = CHMe2 (Sp,SC)
(8b) and (Rp,SC) (9b)}, [Pt{[(η5-C5H3)CH=NCH(R1)CH2O]-
Fe(η5-C5H5)}(dmso)] {10 and 11; R1 = Me (Sp,SC) (10a) and
(Rp,SC) (11a) or R1 = CHMe2 (Sp,SC) (10b) and (Rp,SC) (11b)}
and [Pt{[(η5-C5H3)CH=NCH(R1)CH2OH]Fe(η5-C5H5)}Cl-
(PPh3)] {12 and 13; R1 = Me (Sp,SC) (12a) and (Rp,SC) (13a) or
R1 = CHMe2 (Sp,SC) (12b) and (Rp,SC) (13b)}, containing a
[C(sp2,ferrocene),N]– (in 8, 9, 12 and 13) or a [C(sp2,ferro-
cene),N,O]2– (in 10 and 11) group. The X-ray crystal struc-
tures of 1b·H2O, 3b, 7b·CH2Cl2·1/2H2O and 9a are also re-
ported. Our study allows the elucidation of the factors affect-
ing the preferential formation of a given platinum(II) com-
plex.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

ments[10] is well documented. Notably, Leung et al.[11] have
recently described the first example of a platinacycle that
promotes the asymmetric [4+2] Diels–Alder reaction be-
tween diphenylvinylphosphane and N-(diphenylphos-
phanyl)pyrrole.

On the other hand, palladium(II) complexes containing
(N), (N,E), (C,N)– or (C,N,E)– (E = N�, S or P) ferrocenyl
ligands have attracted great interest in recent years,[12–17]

mainly because of their applications in homogeneous catal-
ysis[16] or in organometallic synthesis.[17] Platinum(II) ana-
logues are less common[18,19] but some of these also exhibit
antitumoral activity against cisplatin-resistant cells.[19] De-
spite a) the wide variety of chiral ferrocene derivatives re-
ported so far, b) the prochiral nature of the ferrocenyl unit
in the metallation process[20] and c) the interest in chiral
palladium(II) and platinum(II) complexes containing ferro-
cenyl units, only a few enantio- or diastereomerically pure
palladacycles with a σ[Pd–C(sp2,ferrocene)] bond are de-
scribed,[21,22] and the platinum(II) derivatives are less com-
mon.[23] Cycloplatination of [FcCH2NMe2] (I) or [Fc-
C(R1)=NR2] (II) {Fc = (η5-C5H5)Fe(η5-C5H4), R1 = H, Me
or Ph, and R2 = OH, (CH2)3NMe2 or phenyl groups} led
to the enantiomers Rp and Sp.[24] Ryabov et al.[23] have re-
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ported the synthesis of the diastereomers (Rp,SS) and
(Sp,SS) of [Pt{[(η5-C5H3)CH2NMe2]Fe(η5-C5H5)}Cl-
{S(O)Me(C6H4-4Me)}].

In view of these facts and as a part of a project directed
towards the preparation of chiral platinum(II) compounds
with potentially bi- or tridentate ligands, we prepared the
enantiomerically pure ferrocenyl Schiff bases: (SC)-(+)-
[FcCH=NCH(R1)CH2OH] (1) {R1 = Me (1a) or CHMe2

Scheme 1. i) Equimolar amount of cis-[PtCl2(dmso)2] in refluxing methanol for 4 h followed by SiO2 column chromatography (see text).
ii) Addition of NaOD (in [D4]methanol) to a solution of 2 or 4 in chloroform. For molar ratios NaOD/2 = 1 compounds 4 were the
major components. The complete conversion of 2 (or 4) into 5 requires molar ratios NaOD/2 = 1.8. The formation of 5a was achieved
at room temperature, but that of 5b required the reaction mixture to be warmed up at 333 K for 1.5 h (see text). iii) The method used
was identical to that of (ii), but because of the small amount of compounds 3 available the intermediate species 6 were detected by NMR
but they were not isolated using this procedure. A more effective method to achieve compounds 7 is presented in the text.
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(1b)} (Scheme 1) and studied their reactivity with cis-
[PtCl2(dmso)2]. We then a) evaluated the potential coordi-
nation abilities of these ligands to platinum(II), b) achieved
a variety of enantio- and diastereomerically pure plati-
num(II) complexes and c) established the best experimental
conditions required to achieve the desired chiral plati-
num(II) compounds. A preliminary account in this field has
recently been reported.[25]
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Results and Discussion

The Ligands

The ferrocenyl Schiff bases (SC)-(+)-[FcCH=NCH(R1)-
CH2OH] {R1 = Me (1a) or CHMe2 (1b)} were prepared
following the procedure described for [FcCH=NR2] with R2

= phenyl, benzyl groups.[26] This method consists in the re-
action of equimolar amounts of ferrocenecarboxaldehyde
(FcCHO) and the amine under reflux using a Dean–Stark
apparatus. When (SC)-(+)-H2NCH(R1)CH2OH (R1 = Me
or CHMe2) was used, the process yielded 1a and 1b, respec-
tively. Elemental analyses of 1a and 1b[27] agreed with
those expected for [FcCH=N–CH(Me)CH2OH] and
[FcCH=NCH(CHMe2)CH2OH]·H2O, respectively and
NMR spectra suggested, according to the literature,[26] that
they adopted the anti-(E) conformation in solution. The
crystal structure of 1b·H2O (Figure 1) consists of equimolar
amounts of [FcCH=NCH(CHMe2)-CH2OH] and H2O
molecules. The �C=N- bond length [1.172(11) Å] is slightly
shorter than the values reported for [FcC(R3)=NR2] (R3 =
H, Me or Ph and R2 = phenyl, benzyl or naphthyl substitu-
ents),[26,28] the imine moiety forms an angle of 4.80(9)° with
the C5H4 ring and the value of the torsion angle C(10)–
C(11)–N–C(12) [176.6(11)°] is consistent with the anti-(E)
conformation.

Figure 1. Molecular structure and atom labelling scheme for (SC)-
(+)-[FcCH=NCH(CHMe2)CH2OH] (1b)·H2O showing the H–
O···H interactions. Selected bond lengths (Å) and angles (°): O–
C(13) 1.523(13), N–C(11) 1.172(11), N–C(12) 1.396(9), C(10)–
C(11) 1.365(9), C(12)–C(13) 1.520(9), C(12)–C(14) 1.523(12),
C(14)–C(15) 1.544(10), C(14)–C(16) 1.373(13), C(6)–C(10)–C(11)
117.3(4), C(9)–C(10)–C(11) 132.7(4), C(11)–N–C(12) 134.5(12), N–
C(11)–C(10) 144.4(17), N–C(12)–C(13) 113.3(6), N–C(12)–C(14)
121.2(10), C(13)–C(12)–C(14) 115.9(7), C(12)–C(13)–O 112.7(8),
C(16)–C(14)–C(12) 102.3(10), C(16)–C(14)–C(15) 119.1(10),
C(12)–C(14)–C(15) 110.4(8).

Bond lengths and angles of the Fc moiety agree with
those reported for most ferrocene derivatives,[29] and the
two pentagonal rings are planar and nearly parallel {tilt
angle = 3.6(5)°}, deviating by about 7.35° from the ideal
eclipsed conformation. In the crystal, the distance between
the hydrogen of the O–H group of the ligand and the oxy-
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gen of the water molecule, O(1W), is 2.696(13) Å and the
O–H···O bond angle is 113.98°, thus suggesting a weak O–
H(10)···O(1W) intermolecular interaction.

Platinum(II) Compounds

In a first attempt to evaluate the potential coordination
abilities of the ferrocenyl Schiff bases 1 to platinum(II),
their reactivity with cis-[PtCl2(dmso)2] under different ex-
perimental conditions was studied. Because of the variety
of products isolated, the most representative results ob-
tained are in Table 1 and Scheme 1.

When 1a (or 1b) was treated with cis-[PtCl2(dmso)2] in
refluxing methanol for 4 h, two compounds were isolated
{Table 1, entries Ia and Ib and Scheme 1, step (A)}. One of
these was identified as FcCHO. The 1H NMR spectrum of
the crude materials showed the typical resonances of this
product. This suggests that it hydrolyses during the reaction
with residual water in the solvent. Examples of a partial
hydrolysis of related Schiff bases induced by the presence
of palladium(II) or platinum(II) salts have been reported in
the literature.[24c,30] The first portions of the second band
gave [Pt{FcCH=NCH(R1)CH2OH}Cl2(dmso)] {R1 = Me
(2a) or CHMe2 (2b)} and the remaining ones produced
orange solids containing 2a (or 2b) and traces of an ad-
ditional isomer (3a and 3b, respectively). Longer refluxing
periods (6 h) did not substantially improve the molar ratios
2a/3a and 2b/3b (1.00:0.10 and 1.00:0.11, respectively).

Previous 1H NMR spectroscopic studies of platinum(II)
and palladium(II) complexes derived from imines have
shown that the chemical shift of the methinic proton is in-
dicative of the conformation of the ligand.[24b,26,30–35] If the
imine is in the syn-(Z) form in the complexes, the signal of
the imine proton is shifted downfield relative to the free
ligand because of the paramagnetic anisotropy of the
metal,[34] which is close to this proton. In contrast, for com-
pounds where the imine is in the anti-(E) form the reso-
nance of the methinic proton is high-field shifted. The com-
parison of 1H NMR spectra of 2 and 3 with those of their
parent ligands 1 indicated that in 2a, 3a, 2b and 3b the
ligands had the anti-(E) conformation and {1H-1H}-
NOESY spectra confirmed this result. Fractional crystalli-
sation of the solids containing the isomeric forms enabled
the isolation of small amounts of 3a and 3b and highly en-
riched (about 98%) 2a and 2b. Characterisation data of 2–
3a,b[27] agreed with the formulas presented in Scheme 1.

The crystal structure of 3b consists of discrete molecules
of [Pt{FcCH=NCH(CHMe2)CH2OH}Cl2(dmso)] sepa-
rated by van der Waals contacts (Figure 2). The plati-
num(II) is in a slightly distorted square-planar environment
bound to the imine nitrogen, the sulfur of the S(O)Me2 li-
gand and two chlorines {Cl(1) and Cl(2)}. The Pt–S bond
length [2.194(4) Å] agrees with the values reported for other
platinum(II) complexes with dimethyl sulfoxide.[12,24,29,35]

The chloro ligands are in a cis arrangement and the value
of the torsion angle C(1)–C(11)–N(12)–C(13) [179.6(14)°] is
consistent with an anti-(E) conformation. Because of the
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Table 1. Summary of the experimental conditions [reagents, solvents, temperature (T) and reaction periods (t)] used in the studies of the
reactivity of 1 with cis-[PtCl2(dmso)2], which is abbreviated as [Pt], or of some of the platinum(II) complexes together with the products
isolated in these reactions.

Entry Reagent Solvent T [K] t Final products[a]

(molar ratio) (molar ratios)

Ia 1a and [Pt] MeOH reflux 4 h 2a and 3a
(1:1) [b]

Ib 1b and [Pt] MeOH reflux 4 h 2b and 3b
(1:1) (1.00:0.05)

IIa 2a and NaOD CDCl3/MeOD 298 5 min 4a
(1:1)

IIb 2b and NaOD CDCl3/MeOD 298 5 min 4b
(1:1)

IIIa 2a and NaOD CDCl3/MeOD 298 5 min 5a
(1:1.8)

IIIb 2b and NaOD CDCl3/MeOD 333 1.5 h 5b
(1:1.8)

IVa 2a and NaOAc MeOH/toluene[c] reflux 72 h 8a and 9a
(1:2) (1:1)

IVb 2b and NaOAc MeOH/toluene[c] reflux 72 h 8b and 9b
(1:2) (1:1)

Va 1a, [Pt] and NaOAc MeOH/toluene[c] reflux 72 h 8a and 9a
(1:1:2) (1:1)

Vb 1b, [Pt] and NaOAc MeOH/toluene[c] reflux 72 h 8b and 9b
(1:1:2) (1:1)

VIa 8a (or 8b) and NaOD[d] CHCl3/MeOH[d] 298 10a (or 10b)
(1:1)

VIb 9a (or 9b) and NaOD[d] CHCl3/MeOH[d] 298 11a (or 11b)
(1:1)

[a] In entries Ia,b and IV–Va,b small amounts of FcCHO were also isolated as a byproduct. 1H NMR spectra of the crude materials
obtained also showed the presence of this aldehyde, thus suggesting that the formation of FcCHO takes place during the reaction because
of residual water in the solvent and that it is not a byproduct generated in the course of the work-up of the column. [b] The presence of
a small amount of 3a (about 5 mg) was detected. [c] A (1:4) mixture. [d] Saturated solution of NaOD in [D4]methanol.

similarity between the NMR spectroscopic data[27] of 3a
and 3b we assumed that the environment of the plati-
num(II) in 3a is the same as in 3b and consequently, in 2a
and 2b the two Cl– ligands would be in a trans arrangement.

On the other hand, the presence of the OH group in the
dangling arm of 2 and 3 prompted us to study whether the
addition of a base could induce the deprotonation of the
OH group and the formation of enantiomerically pure plati-
num(II) complexes containing imines 1 acting as bidentate
(N,O)– ligands. In a first attempt to achieve this aim, the
reactions of 2a (in CDCl3) with NaOD dissolved in meth-
anol (in molar ratios NaOD/2a varying from 0.2 to 1.8)
were studied on an NMR scale {Scheme 1, steps (B) and
(C)}. The results showed that, for molar ratios smaller than
0.4, 2a and a new platinum(II) complex (4a) coexisted in
solution. As can be easily seen in Figure 3, the proportion
2a/4a decreased as the molar ratio NaOD/2a increased and
for a NaOD/2a ratio of 1 (Table 1, entry IIa) the major
product was 4a and only traces of 2a and of a new bypro-
duct (hereafter referred to as 5a) were detected. NMR stud-
ies revealed that in 4a the ligand adopted the anti-(E) con-
formation and behaved as a (N,O)– bidentate ligand. In
view of the characterisation data available,[27] for 4a we pos-
tulate the chemical formula depicted in Scheme 1. An in-
crease of the NaOD/2a molar ratio (up to 1.8) reduced the
relative abundance of 2a and 4a compared with that of 5a
and the complete conversion of 2a into 5a was achieved
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Figure 2. ORTEP plot of cis-(SC)-[Pt{FcCH=NCH(CHMe2)-
CH2OH}Cl2(dmso)] (3b). Thermal ellipsoids at 50% probability;
hydrogen atoms have been omitted for clarity. Selected bond
lengths (Å) and angles (°): Pt(1)–Cl(1) 2.294(4), Pt(1)–Cl(2)
2.306(4), Pt(1)–N(12) 2.041(11), Pt(1)–S(1) 2.194(4), C(1)–C(11)
1.431(18), C(11)–N(12) 1.322(16), N(12)–C(13) 1.496(19), C(13)–
C(14) 1.45(3), C(14)–O(14A) 1.26(4), C(13)–C(15) 1.46(3), C(15)–
C(16) 1.58(4), C(15)–C(17) 1.583(5), Cl(1)–Pt(1)–Cl(2) 89.75(16),
Cl(1)–Pt(1)–S(1) 90.71(18), S(1)–Pt(1)–N(12) 91.1(4), N(12)–Pt(1)–
Cl(2) 88.6(4), C(1)–C(11)–N(12) 128.9(12), C(11)–N(12)–C(13)
118.1(16), N(12)–C(13)–C(14) 114.2(19), N(12)–C(13)–C(15)
118.1(16).
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using NaOD/2a = 1.8 {Table 1, entry IIIa and Scheme 1,
step (C)}. Similar results were obtained when these experi-
ments were performed using 2b (Table 1, entries IIb–
IIIb),[36] showing the formation of an intermediate complex
4b, which could be partially transformed into 5b upon the
addition of NaOD {Scheme 1, steps (B) and (C)}. The reac-
tion 4b � 5b at 298 K was slower than the process 4a �
5a, but it could be accelerated by warming at 333 K. Char-
acterisation data of 5[27] were consistent with those expected
for the isomeric form of [Pt{FcCH=NCH(R1)CH2O}-
Cl(dmso)] {R1 = Me (5a) or CHMe2 (5b)} that contains a
(N,O)– bidentate imine [in a syn-(Z) conformation] and a
trans arrangement between the oxygen and the Cl– ligand.

Figure 3. Graphic plot showing the dependence of the relative
abundance (in %) of compounds 2a (squares), 4a (circles) and 5a
(triangles) on the molar ratios NaOD/2a.

The different ease with which 4a and 4b undergo the anti-
(E) � syn-(Z) isomerisation of the ligand could be attrib-
uted to the different bulk of the substituents (Me or
CHMe2) on the stereogenic carbon.

All these findings suggest that: a) NaOD promotes the
conversions of 2a into 4a and 5a (or of 2b into 4b and 5b)
and b) these reactions proceed in two consecutive steps: the
formation of the five-membered chelate ring, followed by
the anti-(E) � syn-(Z) isomerisation of the imine.

In order to evaluate the potential reversibility of these
reactions, the action of DCl on 5a (or 5b) was also studied.
In all cases FcCHO was isolated as the major product and
only traces of 2a (or 2b) could be detected by 1H NMR
spectroscopy. This suggests that: a) the hydrolysis of the
coordinating ligand was promoted in acidic media and b)
the transformations 5a � 2a and 5b � 2b were not feasible
under these experimental conditions.

Similarly, the reaction of 3a (or 3b) with NaOD gave 7a
(or 7b) {Scheme 1, steps (B�) and (C�)}. However, the effec-
tiveness of this procedure is limited because of the small
amounts of 3a or 3b available from experiments Ia,b. In
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these reactions, evidence of the formation of intermediate
species (6a and 6b, in Scheme 1) was also detected by NMR
spectroscopy.

Compounds 7 could be isolated in a higher yield using an
alternative path that consists in the treatment of equimolar
amounts of the corresponding ligand, cis-[PtCl2(dmso)2]
and NaOAc in refluxing methanol for 72 h.[37] These reac-
tions lead to mixtures of FcCHO and the platinum(II) com-
plexes 2, 3, 5 and 7 (in molar ratios 2a/3a/5a/7a =
0.51:0.40:0.02:1.00 and 2b/3b/5b/7b = 0.41:0.20:0.26:1.00).
Characterisation data of 7[27] agreed with the proposed for-
mulae and complex 7b·CH2Cl2·1/2H2O was also character-
ised by X-ray diffraction.

The crystal structure is formed by molecules of
[Pt{FcCH=NCH(CHMe2)CH2O}Cl(dmso)] (Figure 4),
CH2Cl2 and H2O in a 1:1:0.5 molar ratio. In the heterodi-
metallic molecules, the platinum(II) is bound to a chloride,
the sulfur of the dmso ligand, the nitrogen and the oxygen
of ligand 1b in a slightly distorted square-planar environ-
ment. Bond lengths and angles around the platinum(II)
agreed with those of related compounds containing similar
cores.[29] The values of the Cl(1)–Pt–O(14) bond angle
[85.5(6)°] indicate a cis arrangement between the Cl(1) and
the oxygen of the ligand and consequently the S(dmso) and
N atoms occupy adjacent positions of the coordination
plane. The metallacycle has an envelope-like conformation
in which the C(13) atom deviates by about 0.667 Å (towards
the FeII atom) from the mean plane. The ligand adopts the
syn-(Z) form, the �C=N– group is not included in the five-
membered chelate ring and the C(11)–N(12) bond length is
similar to those of other platinum(II) compounds contain-
ing ferrocenyl or organic imines.[24b,24c,29,30,35]

Figure 4. ORTEP plot of (SC)-[Pt{FcCH=NCH(CHMe2)-
CH2O}Cl(dmso)] (7b). Thermal ellipsoids at 50% probability; hy-
drogen atoms have been omitted for clarity. Selected bond lengths
(Å) and angles (°): Pt(1)–Cl(1) 2.310(7), Pt(1)–S(1) 2.194(8), Pt(1)–
N(12) 2.013(18), Pt(1)–O(14) 1.956(19), C(1)–C(11) 1.44(3), C(11)–
N(12) 1.28(3), C(14)–O(14) 1.42(4), C(13)–C(15) 1.45(4), C(15)–
C(16) 1.56(4), C(15)–C(17) 1.60(4), N(12)–Pt(1)–O(14) 96.5(5),
O(14)–Pt(1)–Cl(1) 85.5(6), Cl(1)–Pt(1)–S(1) 92.4(3), S(1)–Pt(1)–
N(12) 96.8(5), Pt(1)–O(14)–C(14) 109.4(15).

More interesting were the results obtained when com-
pounds 2 were treated with sodium acetate (in a molar ratio
AcO–:2 = 2) in a toluene/methanol (4:1) mixture under re-
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flux for 72 h {Scheme 2, step (A) and Table 1, entries IVa
and IVb}. These reactions gave FcCHO and purple solids
whose elemental analyses[27] were consistent with those ex-
pected for the platinacycles [Pt{[(η5-C5H3)CH=NCH(R1)-
CH2OH]Fe(η5-C5H5)}Cl(dmso)] and their 1H NMR spec-
tra showed two sets of superimposed signals of identical
intensity. These platinum(II) complexes arise from the acti-
vation of the σ[C(sp2,ferrocene)–H] bond and because of
the prochiral nature of the ferrocenyl moiety in pro-
cess,[1a,20,21,22b,23,24] the duplicity of the signals detected in
their NMR spectra could be attributed to the presence of
diastereomers of [Pt{[(η5-C5H3)CH=NCH(R1)CH2OH]
Fe(η5-C5H5)}Cl(dmso)] {8 and 9; R1 = Me (Sp,SC) (8a) and
(Rp,SC) (9a) or R1 = CHMe2 (Sp,SC) (8b) and (Rp,SC)
(9b)}. Their characterisation data[27] and the crystal struc-
tures of two of these compounds (8b and 9a) (see below)
confirmed this result.

Compounds 8 and 9 could also be isolated when a mix-
ture of the corresponding ligand 1, cis-[PtCl2(dmso)2] and
NaOAc (in a 1:1:2 molar ratio) was dissolved in a toluene/
methanol (4:1) mixture and refluxed for 72 h {Scheme 2,
step (B) and Table 1, entries Va and Vb}. This is an alterna-
tive and more effective path to achieve compounds 8–9a,b
(with slightly higher yields and in shorter times) than that
shown in entries IVa and IVb and Scheme 2, step (A).

Scheme 2. i) In toluene, addition of NaOAc (in a NaOAc:2 molar ratio of 2) dissolved in methanol followed by a reflux of the reaction
mixture for 72 h (see text). ii) SiO2 column chromatography. iii) cis-[PtCl2(dmso)2] and NaOAc in a molar ratio 1/PtII/NaOAc = 1:1:2 in
a toluene/methanol (4:1) mixture under reflux for 72 h (see text). iv) Addition of the stoichiometric amount of NaOD dissolved in
methanol. v) In benzene followed by the addition of the equimolar amount of PPh3 and stirring at 343 K for 1 h.
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The two diastereomers of [Pt{[(η5-C5H3)CH=NCH(R1)-
CH2OH]Fe(η5-C5H5)}Cl(dmso)] {8 and 9; R1 = Me (Sp,SC)
(8a) and (Rp,SC) (9a) or R1 = CHMe2 (Sp,SC) (8b) and
(Rp,SC) (9b)} were separated and characterised.[27] The crys-
tal structure of 8b was reported in a preliminary communi-
cation[25] and that of 9a consists of two nonequivalent mole-
cules (I and II) of [Pt{[(η5-C5H3)CH=NCH(Me)CH2OH]-
Fe(η5-C5H5)}Cl(dmso)] (Figure 5) separated by van der
Waals contacts. In molecules I and II, the platinum(II)
atom is bound to a chlorine {Cl(1) or Cl(1A)}, the sulfur
{S(1) or S(1A)} of the dmso ligand, the nitrogen {N(1) or
N(1A)} and the carbon atoms {C(6) (in I) or C(6A)
(in II)}. This results in a slightly distorted square-planar
environment. Bond lengths around the platinum(II) atom
are similar to those of other platinacycles with “Pt(C,N)-
ClS(dmso)” cores.[12,18,29] The values of the bond angles
Cl(1)–Pt(1)–N(1) and Cl(1A)–Pt(1A)–N(1A) {91.7(8)° and
95.2(9)°, respectively} indicate that the Cl– and the N are
in a cis arrangement. The platinacycles are nearly planar
and the large separation between the FeII and the PtII atoms
precludes the existence of any direct interaction between
them.

The main difference between molecules I and II arises
from the relative orientation of the pendant OH arm. The
values of the torsion angles O(2)–C(14)–C(12)–C(13) and
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Figure 5. ORTEP plot of (Rp,SC)-(+)-[Pt{[(η5-C5H3)CH=NCH(Me)CH2OH]Fe(η5-C5H5)}Cl(dmso)] (9a). Thermal ellipsoids at 50%
probability; hydrogen atoms have been omitted for clarity. Selected bond lengths (Å) and angles (°): Pt(1)–C(6) 2.01(3), Pt(1)–N(1) 2.05(2),
Pt(1)–S(1) 2.214(2), Pt(1)–Cl(1) 2.427(8), C(10)–C(11) 1.40(4), N(1)–C(11) 1.26(3), N(1)–C(12) 1.50(2), O(2)–C(14) 1.40(3), Pt(1A)–C(6A)
2.03(3), Pt(1A)–N(1A) 2.01(3), Pt(1A)–S(1A) 2.197(8), C(10A)–C(11A) 1.46(4), N(1A)–C(11A) 1.24(4), N(1A)–C(12A) 1.51(4), O(2A)–
C(14A) 1.42(3), C(6)–Pt(1)–N(1) 81.5(12), C(6)–Pt(1)–S(1) 97.8(10), N(1)–Pt(1)–Cl(1) 91.7(8), S(1)–Pt(1)–Cl(1) 89.0(3), C(6A)–Pt(1A)–
N(1A) 78.6(12), C(6A)–Pt(1A)–S(1A) 95.9(9), N(1A)–Pt(1A)–Cl(1A) 95.2(9), S(1A)–Pt(1A)–Cl(1A) 90.4(3).

O(2A)–C(14A)–C(12A)–C(13A) are 174(2)° and 61(3)°; as
a consequence of this arrangement the separation between
the FeII and the oxygen of the OH group in I is greater than
in II.

The formation of platinacycles of general formula
[Pt(C,N)Cl(dmso)] {(C,N)– = cyclometallated imine (L)}
from [Pt(L)Cl2(dmso)] requires a proper orientation be-
tween the σ(C–H) bond to be activated and the plati-
num(II)[1a,38] and the release of one of the Cl– ligands. The
formation of a nearly equimolar ratio of 8 and 9 can be
explained assuming a free rotation around the Cipso–Cimine

bond of 2a or 2b. A similar argument has been used for the
cyclopallada- or cycloplatination of several 1,1�-ferrocenyl-
diimines or diamines.[39]

In order to explore the coordinating ability of the oxygen
to the platinum(II) and the potential hemilability[40] of the
σ(Pt–O) bond, solutions of 8a, 8b, 9a or 9b were treated
separately with the equimolar amount of NaOD. In all
cases, the corresponding diastereomer of [Pt{[(η5-C5H3)-
CH=NCH(R1)CH2O]Fe(η5-C5H5)}(dmso)][27] {10 and 11;
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R1 = Me (Sp,SC) (10a) and (Rp,SC) (11a) or R1 = CHMe2

(Sp,SC) (10b) and (Rp,SC) (11b)} {Scheme 2, steps (C) and
(D)} was isolated. These compounds arise from the acti-
vation of the σ(O–H) bond. In their 1H NMR spectra the
signal due to the imine proton exhibited the typical satel-
lites due to the coupling with the 195Pt nucleus and ap-
peared at higher fields than for the parent complex. Besides,
the resonance of the 13C nuclei of the “�CHCH2–” moiety
shifted downfield. These findings suggested, in keeping with
the bibliography,[41] a (C,N,O)2– mode of binding of the li-
gand.

Solutions of 10 and 11 (in CDCl3) changed with time
and after 3 days the spectra revealed the coexistence of the
pairs (8 and 10) or (9 and 11) (molar ratios 8a/10a = 1.1,
9a/11a = 1.0, 8b/10b = 1.5 and 9b/11b = 0.9). The addition
of DCl to solutions of 10 (or 11) gave 8 (or 9) and subse-
quent cycles exposing 8 or 9 to acidic and basic conditions
showed that the transformations 8 ↔ 10 and 9 ↔ 11 were
reproducible and robust, enabling these systems to function
as a simple molecular switch.[42] Therefore, the deproton-
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ation of the OH group by the action of a base and the
subsequent intramolecular replacement of the adjacent
chloride moiety can be easily tuned by manipulating the
acidity/basicity of the media. Examples of dia-
stereomerically pure metallacycles exhibiting this behaviour
are still unknown.

Finally, and in order to elucidate the potential utility of
the platinacycles [Pt{[(η5-C5H3)CH=NCH(R1)CH2OH]-
Fe(η5-C5H5)}Cl(dmso)] (8 and 9) as precursors for the syn-
thesis of other diastereomerically pure platinum(II) deriva-
tives, we studied the reactions of 8–9a,b with PPh3. In all
cases, the platinacycles [Pt{[(η5-C5H3)CH=NCH(R1)-
CH2OH]Fe(η5-C5H5)}Cl(PPh3)] {12–13; R1 = Me (Sp,SC)
(12a) and (Rp,SC) (13a) or CHMe2 (Sp,SC) (12b) and
(Rp,SC) (13b)} {Scheme 2, steps (E) and (F)} were isolated.
31P{1H} and 195Pt{1H} NMR spectroscopic data[27] for 12–
13 were consistent with those reported for other platinacy-
cles containing a cyclometallated Schiff base,[24b,24c,43] in
which the phosphane and the metallated carbon are in a
cis arrangement, in good agreement with the transphobia
effect.[44]

In summary, the results presented have allowed us to es-
tablish the best experimental conditions to selectively con-
trol the mode of binding {(N), (N,O)–, [C(sp2,ferrocene),N]–

or [C(sp2,ferrocene),N,O]2–} of ligands 1 to platinum(II).
For each one of the ligands, three different pairs of enantio-
merically pure complexes (2–7a,b) are isolated. These com-
pounds differ in the mode of binding of the ferrocenyl li-
gand {N-donor group (in 2 and 3) or a monoanionic
(N,O)– group (in 4–7)}, or in the relative arrangement be-
tween: a) the monodentate ligands bound to platinum(II)
(in 2 and 3), b) these groups and the two heteroatoms of
the ferrocenyl Schiff base (in 4–7) or c) the conformation
of the ligand anti-(E) (in 4 and 6) or syn-(Z) (in 5 and 7).
Moreover, these studies also enable the isolation of the dia-
stereomerically pure platinacycles: [Pt{[(η5-C5H3)-
CH=NCH(R1)CH2OH]Fe(η5-C5H5)}Cl(L)] {L = dmso (8
and 9) or PPh3 (12 and 13)} and [Pt{[(η5-C5H3)-
CH=NCH(R1)CH2O]Fe(η5-C5H5)}(dmso)] (in 10 and 11)
{with a [C(sp2,ferrocene),N]– or [C(sp2,ferrocene),N,O]2– li-
gand, respectively}. As far as we know, chiral ligands exhib-
iting such interesting and versatile modes of binding to
transition metals and, in particular, to platinum(II) have
not been described so far.

The studies undertaken also showed the outstanding re-
activity of compounds 2 and their utility for the preparation
of a wide variety of chiral platinum(II) complexes by: a)
activation of the σ(O–H) to give 4 {which may be trans-
formed into 5 by the subsequent isomerisation anti-(E) �
syn-(Z) of the coordinated Schiff base, Scheme 1, steps (B)
and (C)} or b) the cycloplatination of the ferrocenyl unit
{Scheme 2, step (A)} to give the diastereomers 8 and 9. In
the presence of NaOH, 8 (or 9) evolve to the chiral deriva-
tives 10 (or 11) with a [C(sp2,ferrocene),N,O]2– ligand
{Scheme 2, steps (C) and (D)}. Moreover, the reactivity of
2 through pathways (B) and (A) in Scheme 1 and Scheme 2,
respectively, can be easily controlled by the appropriate se-
lection of the reagent (NaOH or NaOAc) and the solvent.
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The use of equimolar amounts of NaOH and MeOH as
solvent promotes the formation of the coordination com-
pounds with (N,O)– bidentate ligands (4), while larger ex-
cesses induce the anti-(E) � syn-(Z) isomerisation of the
ligands giving 5. The replacement of NaOH by NaOAc and
the decrease of the polarity of the reaction media promotes
the activation of the σ[C(sp2,ferrocene)–H] bond, giving the
platinacycles 8 and 9, which can be easily transformed into
[Pt{[(η5-C5H3)CH=NCH(R1)CH2O]Fe(η5-C5H5)}(dmso)]
(10 and 11) {with a [C(sp2,ferrocene),N,O]2– ligand}. Plati-
nacycles 8–13 are especially attractive as they may be used
as starting materials for the synthesis of a wide variety of
diastereomerically pure platinum(II) compounds, or even
platinum(IV) derivatives (through oxidative addition reac-
tions). Furthermore, the results presented have demon-
strated that the interconversion between the pairs of the
corresponding diastereomerically pure platinacycles (8 and
10 or 9 and 11) can be viewed as an acid–base controlled
molecular switch.[42] These transformations modify the hap-
ticity of the ligand and are particularly relevant in view of
the potential utility of 8–11 in homogeneous catalysis.
Moreover, the environments around the platinum(II) in 2,
3, 8 and 9 are similar to those of [Pt{[(η5-C5H3)CH2NMe2]-
Fe(η5-C5H5)}Cl(dmso)] or [Pt{FcCH2NMe2}Cl2(dmso)],[19]

which exhibit antitumoral activity, and consequently they
are also interesting from this point of view.

Finally, preliminary results reveal that the procedures de-
scribed here can also be extended to other imino-alcohols
derived from 1 by the replacement of the ferrocenyl group
by a phenyl {i.e. (SC)-C6H5CH=NCH(R1)CH2OH with R1

= Me or CHMe2}. Thus, these studies constitute an initial
step toward further research focused on the synthesis and
the study of the properties and potential applications of a
wide variety of novel enantio- or diastereomerically pure
platinum complexes.

Experimental Section
Materials: cis-[PtCl2(dmso)2] was prepared as described.[45] Ferro-
cenecarboxaldehyde, (SC)-(+)-H2NCH(R1)CH2OH {R1 = Me or
CHMe2} and the remaining reagents were obtained from Aldrich
and used as received. The methanol was HPLC grade,[46] and the
remaining solvents used, except benzene, were dried and distilled
before use.[47]

Instrumentation: Elemental analyses were carried out at the Serveis
Cientifico-Tècnics (University of Barcelona) and Servei de Re-
cursos Cientifics i Tècnics (University Rovira i Virgili, Tarragona).
Infrared spectra were obtained with a Nicolet Impact 400 instru-
ment using KBr discs. Proton and the two-dimensional NMR [{1H-
1H}-(COSY) and (NOESY) and the {1H-13C}-(HSQC) and
(HMBC)] experiments were run at 500 MHz with either Varian 500
or Bruker Avance 500DMX instruments. Except where quoted, the
solvent used for the 1H NMR experiments was CDCl3 (99.9%) and
SiMe4 was the internal reference. 195Pt{1H} NMR spectra as well
as 31P{1H} NMR spectra were recorded with a Bruker-250DXR
instrument using CDCl3 (99.9%) as solvent and referenced to
H2[PtCl6] [δ195Pt{H2[PtCl6]} = 0.0 ppm] and P(OMe)3

[δ31P{P(OMe)3} = 140.17 ppm], respectively. In all cases the chemi-
cal shifts (δ) are given in ppm and the coupling constants (J) in Hz.
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Table 2. Crystal data and details of the refinement of the crystal structures of 1b·H2O, 3b, 7b·CH2Cl2·1/2H2O and 9a.

1b·H2O 3b 7b·CH2Cl2·1/2H2O 9a

Crystal system monoclinic orthorhombic monoclinic orthorhombic
Space group P21 (no. 4) P212121 (no. 19) P21 (no. 4) P212121 (no.19)
a [Å] 10.749(6) 10.157(4) 10.368(3) 9.893(5)
b [Å] 6.048(8) 14.356(5) 9.259(3) 16.054(9)
c [Å] 12.411(9) 15.448(6) 14.587(3) 23.633(5)
β [°] 99.80(6) 90.0 101.74(3) 90.0
Z 2 4 2 8
T [K] 293(2) 294(2) 294(2) 293(2)
No. reflections collected 2514 6528 2563 4780
No. reflections observed 855 4520 1999 1918
R indices [I � 2σ(I)] R1 = 0.0426, R1 = 0.0644, R1 = 0.0665, R1 = 0.0480,

wR2 = 0.0902 wR2 = 0.1679 wR2 = 0.1829 wR2 = 0.0665
R indices (all data) R1 = 0.2394, R1 = 0.1036, R1 = 0.1030, R1 = 0.2410,

wR2 = 0.1393 wR2 = 0.1959 wR2 = 0.2044 wR2 = 0.0993
Max. and min. diff. density [eA–3] 0.42 and –0.99 4.69 and –3.41 1.79 and –1.61 0.19 and –0.11
Flack coefficient[a] 0.10(6) –0.008(19) 0.00(3) –0.004(18)

[a] Data from ref.[51]

The optical rotations were determined in CH2Cl2 at 293 K using a
Perkin–Elmer 241 MC polarimeter and the concentration used is
specified in the characterisation section of each compound. Mass
spectra (FAB+) were obtained with a VG-Quattro Fisions instru-
ment using 3-nitrobenzylalcohol (NBA) as matrix.

Crystallography: A prismatic crystal of 1b·H2O (orange,
0.2×0.1×0.1 mm), 3b (orange, 0.59×0.16×0.14 mm),
7b·CH2Cl2·1/2H2O (red, 0.53×0.12×0.12 mm) or 9a (purple,
0.2×0.1×0.1 mm) was selected and mounted on an Enraf–Nonius
CAD4 diffractometer. Unit-cell parameters (Table 2) were deter-
mined from automatic centring of 25 reflections {in the ranges: 12°
� Θ � 21° (for 1b·H2O and 9a), 8.3° � Θ � 15.4°(for 3b) and
8.73° � Θ � 17.9° (for 7b·CH2Cl2·1/2H2O)} and refined by the
full-matrix least-squares method. For 3b, 7b·CH2Cl2·1/2H2O and
9a Lorentz polarisation corrections and absorption corrections
were made.

The structures were solved by direct methods using the SHELXS
computer program[48] and refined by the full-matrix least-squares
method with the SHELX97 or SHELX93 computer programs.[49]

The function minimised was Σw||Fo|2 – |Fc|2|2, where w = [σ2(I) +
(0.0434P)2]–1 (for 1b·H2O), [σ2(I) + (0.1070P)2 + 9.0330P]–1 (for
3b), [σ2(I) + (0.1467P)2]–1 (for 7b·CH2Cl2·1/2H2O) and [σ2(I) +
(0.0132P)2]–1 (for 9a) and P = (|Fo|2 + 2|Fc|2)/3; scattering factors
were taken from the literature.[50] The chirality of the structures
was determined by the Flack coefficient.[51]

CCDC-299520 to -2999523 contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Supporting Information (see also the footnote on the first page of
this article): Experimental procedures for the preparation of all the
compounds and their characterisation data; graphical plot of the
relative abundance of the species present on solution when 2b was
treated with NaOD (Figure S1).
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