
FULL PAPER

DOI: 10.1002/ejic.200500892

The Role of Anions in Addressing the Outcome of the Reaction of
Tetramethylthiourea with cis-PtII(phos)2 Moieties (phos = PPh3 or ½dppe),

Cyclometallation vs. Hydrolysis to Monothiocarbamato, and the Crystal
Structure of trans-Bis(N-dimethylmonothiocarbamato)bis(triphenylphosphane)-

platinum(II)

Maria Alesi,[a] Serena Fantasia,[a] Mario Manassero,*[b] and Alessandro Pasini*[a]

Keywords: Carboxylate ligands / Phosphane ligands / Ligands reactivity

The product of the reaction between tetramethylthiourea
(tmtu) and cis-PtII(phos)2 moieties (phos = PPh3, or ½ dppe)
depends on the anionic species present. With NO3

–, CF3CO2
–,

CF3SO3
– and BF4

–, the cyclometallate cationic complex
[Pt(phos)2(tmtu*-C,S)]+ is obtained (tmtu* is tmtu deproton-
ated at one methyl group). The acetato and malonato com-
plexes are inactive towards such deprotonation, but, in the

Introduction

A knowledge of the factors that influence the reactivity
of coordinated ligands is of great importance in coordina-
tion and organometallic chemistry. Here we wish to report
that the proper choice of anionic ligands may affect the out-
come of the reaction between tetramethylthiourea (tmtu)
and cis-PtII(phos)2 moieties (phos = PPh3 or ½ dppe).

We have recently found that the reaction of cis-[Pt-
(PPh3)2(NO3)2] (1) with tmtu does not give the disubsti-
tuted product cis-[Pt(PPh3)2(tmtu)2]2+, but that the initially
formed cis-[Pt(PPh3)2(NO3)(tmtu)](NO3) (2) transforms
into the cyclometallated complex [Pt(PPh3)2(tmtu*-
C,S)](NO3) (3) [tmtu*, tetramethylthiourea deprotonated at
one methyl group], with formation of nitric acid
(Scheme 1).[1] This reaction, performed at room tempera-

Scheme 1.
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presence of water, promote tmtu hydrolysis with formation of
N-dimethylmonothiocarbamato (mtc) complexes in which
mtc is S-coordinated. cis-[Pt(PPh3)2(mtc)2] isomerises slowly
to the trans isomer, whose crystal structure is reported.

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

ture in either chloroform or CH2Cl2, was found to be unaf-
fected by both air and water, which, in some experiments,
was purposely added to extract the nitric acid formed dur-
ing the reaction.[1]

Such facile cyclometallation is clearly favoured by the la-
bility of the nitrate ion cis to tmtu in 2; detachment of this
ionic ligand produces a vacant coordination site which can
interact with a C–H bond of a methyl group of tmtu, acti-
vating the bond towards deprotonation.[2,3] The proton is
then captured by a “free” (i.e. uncomplexed) NO3

– ion to
give nitric acid.[1] In order to better understand the role of
the anion either as a ligand, or as a base, we decided to
investigate the reaction of tmtu with a series of other cis-
PtII(PPh3)2 complexes with various anionic ligands and we
found that the product of the reaction depends on the

nature of the anions present. Thus, while cyclometallation
also occurs with cis-[Pt(PPh3)2(CF3CO2)2] (4) and cis-
[Pt(PPh3)2(CH3CN)2]X2 (5a, X = BF4

–; 5b, X = CF3SO3
–,

TfO), the reaction of tmtu with cis-[Pt(PPh3)2(AcO)2] (6)
and [Pt(PPh3)2(malonato)] (7) follows a completely different
route: these anionic ligands promote tmtu hydrolysis, giving
rise to the dimethylmonothiocarbamato (mtc) complexes
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cis-[Pt(PPh3)2(mtc)2] (8) and trans-[Pt(PPh3)2(mtc)2] (9).
The PtII(dppe) complexes behave similarly. We report here
these studies, as well as the X-ray structure of trans-
[Pt(PPh3)2(mtc)2] (9). Although the structure of a phos-
phane-PdII complex of mtc has been reported,[4] to the best
of our knowledge this is the first X-ray structure of a Pt-
mtc derivative. Dialkyldithiocarbamato-Pt complexes are
well known,[5] but there are very few reports on Pt-mtc
complexes,[4,6] and indeed mtc complexes have been little
studied,[7] a possible reason being the unpleasant synthesis
of the mtc– ligand, which requires the use of carbonyl sul-
fide.[6] The hydrolysis reaction reported here may therefore
represent an easy route to Pt-mtc complexes.

Results and Discussion

Cyclometallation versus Hydrolysis: the Role of the Anions

While cis-[Pt(PPh3)2(CF3CO2)2] (4) is a known com-
pound,[8] BF4

– and TfO– have a rather poor complexing
ability, therefore we have synthesised the salts of these
anions with cis-[Pt(PPh3)2(CH3CN)2]2+, 5a and 5b, respec-
tively. Reactions of tmtu with these three complexes, in
CH2Cl2 solutions, give the corresponding salts of the cat-
ionic cyclometallated complex 3, which were characterised
by elemental analyses and by comparison of their NMR
spectra with those of the already described nitrate deriva-
tive.[1] When the reactions between tmtu and compounds 5
were followed by 31P NMR spectroscopy, we observed, in
both cases, the fast formation of a species 10, which shows

Table 1. 31P and relevant 1H NMR spectroscopic data.[a]

Compound 31P NMR 1H NMR

cis-[Pt(PPh3)2(NO3)2], 1[b] 3.62 (4010)
cis-[Pt(PPh3)2(NO3)(tmtu)]+, 2[b] 1.70 (3830), 18.95 (3225) (JP–P 19.5) 3.17 (s, 12 H)
cis-[Pt(PPh3)2(tmtu*)]+, 3[b] 17.14 (2022), 22.22 (3462) (JP–P 22.8) 3.02 (s, 6 H), 3.08 (s, 3 H), 3.52 (mt, JPt–H 60, 2 H)
cis-[Pt(PPh3)2(CF3CO2)2], 4[c] 4.38 (3933)
cis-[Pt(PPh3)2(CH3CN)2]2+, 5 3.27 (3683) 2.00 (s, 3 H)
cis-[Pt(PPh3)2(AcO)2], 6 5.72 (3826) 1.34 (s)
[Pt(PPh3)2(malonato)], 7 7.9 (3757) 3.42 (s, 2 H)
cis-[Pt(PPh3)2(mtc)2], 8[d] 15.7 (3277) 3.21 (s, 12 H)
trans-[Pt(PPh3)2(mtc)2], 9 14.9 (3676) 3.20 (s, 12 H)
cis-[Pt(PPh3)2(CH3CN)(tmtu)]2+, 10[d] 7.6 (3839), 13.7 (2890) (JP–P 17.0) 3.30 (12 H), 2.00(3 H)
cis-[Pt(PPh3)2(AcO)(tmtu)]+, 11[d] 6.82 (3979), 17.2 (3246) (JP–P 19) 2.71 (s, 12 H), 2.22 (s, 3 H)
cis-[Pt(PPh3)2(AcO)(NO3)], 12[d] 6.60 (4250), 8.15 (3921)[e] 1.31 (br., 3 H)
[Pt(dppe)(NO3)2], 13[f] 32.94 (3942)
[Pt(dppe)(tmtu*)]+, 14 45.4 (3259), 45.9 (1900) (JP–P 7.7) 4.00 (dd, JPt–P 54.4, 2 H), 3.23 (s, 3 H), 3.14 (s, 6 H)
[Pt(dppe)(AcO)2], 15 30.99 (3785) 1.71 (s, 6 H)
[Pt(dppe)(mtc)2], 16 43.04 (3157) 3.37 (s, 12 H)

[a] CDCl3 solutions, δ values in ppm from external H3PO4 and Me4Si. J in Hz. 1H integrations are based on the peaks of the phosphane
moieties. [b] Compare ref.[1]. [c] Compare ref.[8]. [d] Recorded in CH2Cl2/CDCl3, 1:1. [e] These peaks were too broad to allow a reliable
determination of the P–P coupling constant. [f] Compare ref.[9]

Scheme 2.
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two doublets (Table 1), consistent with one phosphane trans
to an S ligand (δ = 13.7 ppm; JPt–P = 2890 Hz, compared
with, for instance, ref.[9]) and one trans to CH3CN (δ =
7.6 ppm; JPt–P = 3839 Hz, compared with the data for 5).
The 1H NMR spectrum displays a peak at δ = 3.30 ppm,
which integrates for 12 protons, and a singlet at δ =
2.00 ppm (three protons). We therefore conclude that 10 is
cis-[Pt(PPh3)2(CH3CN)(tmtu)]2+. The TfO salt of this inter-
mediate evolves to 3(TfO) in a few hours, whereas such a
conversion is much slower for the BF4 derivative (�24 h).
A fast conversion of 10(BF4) to 3(BF4) can be achieved by
heating the solution at 40 °C or, rather interestingly, also at
room temperature by addition of (Et4N)NO3 to the solu-
tion, which shows the high activity of nitrate anions in the
cyclometallation reaction (Scheme 2).

When we investigated cis-[Pt(PPh3)2(AcO)2] (6) in the ini-
tial runs, we did not use anhydrous conditions, since, as
explained in the Introduction, cyclometallation of tmtu is
not affected by the presence of water.[1] However, to our
surprise, the reaction of 6 with tmtu did not afford 3, but a
mixture, which, according to 31P NMR spectroscopy
(Table 1), contains essentially two products 8 and 9 (minor
component), with no detectable signal from 3. Slow dif-
fusion of hexane into a CH2Cl2 solution of this mixture
gave crystals, which were found to be trans-[Pt(PPh3)2(mtc)2]
through X-ray analysis, see below. A CDCl3 solution of
these crystals produced a 31P NMR spectrum consistent
with that of 9.

Compounds 8 and 9 were also obtained by reaction of
tmtu with the malonato complex 7.
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Structure and Characterization of trans-[Pt(PPh3)2(mtc)2]
(9)

The structure consists of the packing of [Pt(PPh3)2(mtc)2]
molecules with normal van der Waals contacts. An
ORTEP[10] view of the complex is shown in Figure 1, while
selected bond lengths and angles are reported in Table 2.
The metal ion is four-coordinate square planar, with two
mutually trans phosphane groups and two trans mtc anions
that are monodentate and coordinated through their sulfur
atoms. The planarity around Pt is rigorous, since this atom
lies on a crystallographic inversion centre. The mtc ligand is
essentially planar, with maximum deviations from the least-
squares plane of +0.033(1) Å for S and –0.037(3) Å for
C(3). The Pt–P bond length [2.316(1) Å] is comparable with
values found in other trans-Pt(PPh3)2 complexes.[11,12] To
the best of our knowledge, no Pt-mtc complex has ever been
structurally characterised, however, we note that the Pt–S
bond length in 9 is in the range of those found in the few
instances of monodentate dialkyldithiocarbamate com-
plexes of PtII.[13] In particular, a compound analogous to 8,
trans-[Pt(PMe2Ph)2(dttc-S)2], displays a very similar Pt–S
distance [2.335(2) Å].[14] The dihedral angle between the
mtc best plane and the metal coordination plane is
68.0(5)° and can be compared with that of the analogous
trans-[Pd(PPh3)2(N-dipropylmonothiocarbamato)2].[4] Bond
lengths within the thiocarbamato ligand are also similar.[4]

Figure 1. ORTEP view of complex9. Ellipsoids are drawn at the
30% probability level.

The NMR spectroscopic data of 9 are reported in
Table 1. Note the rather high Pt–P coupling constant, which
in trans-PtII(PPh3)2 complexes is usually in the 2500–
3000 Hz range; higher values have, however, also been re-
ported.[12,15] The FAB+ mass spectrum of 9 (see Experimen-
tal section) shows only a weak peak (ca. 5%) corresponding
to [M]+; the most abundant peaks are due to [Pt(PPh3)2-
(SCO)2]+ and [Pt(PPh3)2(mtc)]+. This behaviour seems
characteristic of these phosphane mtc complexes.
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Table 2. Selected bond lengths [Å] and angles [°] for 9, with esti-
mated standard deviations in parentheses.

Pt–S 2.336(1) Pt–P 2.316(1)
S–C(1) 1.777(2) O–C(1) 1.222(3)
N–C(1) 1.375(3) N–C(2) 1.460(3)
N–C(3) 1.450(4)
S–Pt–S� 180 S–Pt–P 94.1(1)
S–Pt–P� 85.9(1) P–Pt–P� 180
Pt–S–C(1) 105.2(1) C(1)–N–C(2) 117.6(2)
C(1)–N–C(3) 125.0(2) C(2)–N–C(3) 117.3(3)
S–C(1)–O 123.1(2) S–C(1)–N 115.6(2)
O–C(1)–N 121.2(2)

Mechanistic Studies

When the reaction between tmtu and 6 was followed by
31P NMR spectroscopy, we observed the fast formation of
two main species, 8 and 11. The resonances due to 11 di-
minish with time, and after 4 hours at room-temperature,
the spectrum shows only peaks from 8 and 9. The concen-
tration of 9 increases on standing, although at a very slow
rate (weeks); it is therefore likely that isomerisation occurs
after hydrolysis. Isolation of the trans isomer 9 as a pure
sample is due to its lower solubility in the crystallisation
procedure.

As for the intermediate 11, NMR spectroscopic data (see
Table 1) suggest the formula cis-[Pt(PPh3)2(AcO)(tmtu)]-
(AcO). In fact, tmtu is still present as such (i.e. not yet hy-
drolysed), as shown by the presence in the 1H NMR spec-
trum of a peak at δ = 2.71 ppm, which integrates for 12
protons. As for the 31P NMR spectrum, the Pt–P coupling
constant of the doublet at δ = 17.2 ppm (3246 Hz) is in
accordance with a P atom trans to an S ligand,[1,9] while the
doublet at δ = 6.82 ppm (JPt–P = 3979 Hz) is assigned to P
trans to the acetato moiety (compared with δ = 5.72 ppm,
JPt–P = 3826 Hz in 6). In order to prove the assignment of
11, we performed the following experiment. We mixed, in
CH2Cl2, equimolar quantities of 1 and 6, obtaining the fast
equilibration of these two materials with a new species 12
in the ratio 1:1:3. The two doublets shown in the 31P NMR
spectrum of this new species are in agreement with two
phosphane groups trans to the NO3 and AcO ligands
(Table 1, δ and JPt–P values of 12 compared with those of 1
and 6). Since no other ligand is present, 12 must be cis-
[Pt(PPh3)2(AcO)(NO3)]. Upon addition of one mole of
tmtu per mole of Pt, we obtained a compound with the
same NMR parameters as 11, as the only species in solution
(Scheme 3).

Scheme 3.
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The latter solution is stable (�1 day), i.e. no hydrolysis

was observed, even in wet CH2Cl2. Because no “free” (i.e.
uncomplexed) acetate is present, it is concluded that it is
this ion that triggers the hydrolysis reaction. It must be
noted that in this experiment, 11 was obtained as the nitrate
salt, but no cyclometallation was observed, despite the pres-
ence of free NO3

–, which, according to the results described
in a previous section, should promote such a reaction.
However, the C–H activation step of the cyclometallation
process requires a labile ligand that is cis to tmtu.[1–3] In 11,
this position is occupied by an acetato group that is trans
to a phosphane group, a situation that, because of the anti-
symbiosis effect,[16] renders a carboxylato ligand rather in-
ert to substitution,[17] as we have recently observed.[18]

Characterisation of 8 presents the problem that it could
not be isolated in a pure form, as a result of contamination
with 9. Only after repeated crystallisations could a few mil-
ligrams of a pure sample of 8 be obtained, which is just
enough for mass and NMR spectroscopy. The 31P NMR
parameters of 8 [a singlet with Pt–P coupling constant in
the 3200 Hz range (Table 1)] are indicative of a cis-PtP2S2

coordination set, i.e. two equivalent phosphane groups
trans to sulfur ligands.[9] Moreover, the peak at δ =
3.21 ppm in the proton spectrum integrates for 12 protons.
These facts suggest the formula cis-[Pt(PPh3)2(mtc)2] for 8.
A final confirmation of its stoichiometry was obtained by
a high resolution ESI+ spectrum, which showed a peak that
corresponds to [M + Na]+ (100%) and whose position dif-
fers by only 1 ppm from that computed. Fragmentation is
similar to that of 9 (see Experimental Section).

In conclusion, the course of the hydrolysis reaction is
summarised in Scheme 4.

Because 8 was always contaminated with the trans iso-
mer, and to avoid the problem of cis–trans isomerisation,
we decided to investigate the dppe derivatives.

First of all we wanted to check whether reaction of
[Pt(dppe)(NO3)2] (13) with tmtu gives, in analogy with 1,
the cyclometallated product [Pt(dppe)(tmtu*)](NO3) (14).
This was indeed obtained, although at a much slower rate
than in the case of 1. Compound 14 was isolated and char-
acterised by elemental analysis, 1H and 31P NMR spec-
troscopy (see Table 1). Not only are the Pt–P coupling con-
stants in agreement with a P atom trans to a carbon atom
and a P atom trans to an S ligand, but, more importantly,
in the 1H NMR spectrum, the resonances resulting from
tmtu* are also very similar to those of 3. In particular, the
signal centred at 4 ppm, which integrates for 2 protons and
displays Pt–H coupling (54.4 Hz), is assigned to Pt–CH2

(Scheme 5).

Scheme 4.
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Scheme 5.

We then moved on to [Pt(dppe)(AcO)2] (15). Reaction of
this compound with tmtu led to the isolation of
[Pt(dppe)(mtc)2] (16) as a pure product. Besides elemental
analysis and mass spectroscopy (see Experimental Section),
its identification is confirmed by NMR spectroscopy
(Table 1): a 1H singlet which integrates for 12 protons and
one 31P singlet with JPt–P in accordance with a P atom trans
to an S atom. On the basis of comparing the Pt–P coupling
constants, and by remembering that in the case of the dppe
derivatives such constants are usually about 100 Hz lower
than those of the analogous PPh3 complexes,[19] we can con-
firm the assignment of the structure cis-[Pt(PPh3)2(mtu)2]
to 8.

The above results show that the course of the reaction
between these Pt–phosphane complexes and tmtu depends
on the nature of the anion and the lability of the ligand in
the position cis to tmtu. Thus, even in the presence of water,
no hydrolysis of tmtu was observed with the nitrato and
trifluoroacetato complexes as well as with compounds 5a
and 5b; the only product is the cyclometallated species. On
the contrary, with the acetato and malonato derivatives, cy-
clometallation seems to be inhibited, and, in the presence
of water, tmtu is hydrolysed and the mtc complexes 8, 9 and
16 are formed. To better clarify these points we performed
the following experiments.

First, under strictly anhydrous conditions, no reaction
was observed between tmtu and 6, which was recovered un-
changed after 4 hours. Addition of water, or allowing hu-
midity to enter the reaction vessel by opening it, produced
the monothiocarbamato complexes 8 and 9, showing that
water not only hydrolyses tmtu, but also, rather interest-
ingly, that it has an active role in labilising the Pt–acetato
bonds.

Second, again under anhydrous conditions, we mixed, in
CH2Cl2, 1, tmtu and NaAcO in the molar ratio 1:2:10. This
led to the precipitation of NaNO3 and to the formation of
a 1:7 mixture of 6 and the acetato salt of 2 (Scheme 6).

The formation of 2 was easily recognised by NMR spec-
troscopy, since its nitrate salt is already known, as it was
the intermediate species that was detected during the cyclo-
metallation reaction of tmtu with 1.[1] While this mixture is
stable for more than one day, it slowly transforms into 11.
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Scheme 6.

However, before such a transformation takes place, not only
does no hydrolysis occur (no water is present), but also no
cyclometallation is observed. This experiment confirms that
the latter reaction is promoted by the presence of “free”
nitrate and not by acetate; the promotion by free nitrate
must be ruled out under these conditions as NaNO3 is in-
soluble in CH2Cl2. When this experiment was repeated
using wet CH2Cl2, tmtu was hydrolysed, as expected.

Conclusions

We have shown that the interaction of tmtu with the cis-
PtII(phos)2 moieties can follow two different reaction paths
according to the nature of the anions present. Thus NO3

–,
CF3CO2

–, BF4
– and TfO– lead to the cyclometallated prod-

ucts 3 or 14, whereas AcO– and malonate are inactive and,
in the presence of water, promote tmtu hydrolysis to give
the mtc complexes 8, 9 and 16. The two reaction routes are
not competitive: no hydrolysis occurs with the former
anions and no cyclometallation is observed with the acetato
and malonato complexes. As to the origin of the different
behaviour, we note the following points.

Cyclometallation requires intermediate cationic com-
plexes, such as 2 or 10, in which S-coordinated tmtu is cis
to a labile ligand (here NO3, CF3CO2, CH3CN). Dissoci-
ation of these ligands gives rise to a vacant coordination
site in the position cis to tmtu, which through a σ C–H
interaction with the metal centre is a key step in the C–H
activation process.[2,3] On the contrary, an acetato group cis
to tmtu and trans to a phosphane group, as in 11, is less
prone to substitution because of the antisymbiosis ef-
fect.[16–18] In the latter cationic complex, a methyl group
of S-coordinated tmtu cannot interact with Pt and tmtu is
activated towards nucleophilic attack. However, the func-
tion of the “free” anion is less clear; in particular, it is not
obvious why deprotonation of a tmtu methyl group (what-
ever its intimate mechanism) is easily accomplished by
NO3

– and not by AcO– (see the stability of the acetate salt
of 2 in Scheme 6). We propose two possible explanations.
First, the relative strengths of protic acids in CHCl3 or
CH2Cl2 cannot be compared with those in aqueous solu-
tions. For instance, spectroscopic evidence suggests that
HNO3 is a weak acid (and hence NO3

– a strong base) in
chlorinated solvents, even in the presence of water.[20] Thus
NO3

– can easily capture a proton, favouring deprotonation
of a CH3 group. However, the reason why “free” NO3

– does
not induce hydrolysis in the presence of water remains un-
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clear. A second point is that in non-ionising solvents, such
as CHCl3 and CH2Cl2, the anions are not “free”, but pre-
sumably strongly associated with the cationic complexes
that are the intermediate species in both C–H activation (2)
and hydrolysis (11). The different reaction routes reported
here may also depend on the degree and the nature of these
ion pairs, which, at the present stage, are difficult to ration-
alise.

Formation of the trans isomer 9 deserves a final com-
ment. In all the hydrolysis runs of tmtu with either 6 or 7,
the cis isomer 8 was found to be more abundant, but a
small amount of 9 was always present. Formation of such
trans isomers is not surprising. Not only has the analogous
Pd complex this geometry,[4] but also it has been reported
that complexes with a somewhat similar coordination set,
i.e. [Pt(phos)2(ER)2] (E = S, Se, Te), crystallise with a trans
geometry[21] or the initially obtained cis complex slowly re-
arranges to the trans isomer, which has been calculated to
be more stable.[22] It is tempting to think that the formation
of 9 may be associated with the rather large JPt–P value, an
indication of a large σ contribution to the Pt–P interaction,
which probably originates from the poor σ-donor ability of
S-coordinated mtc groups. Thus, formation of this isomer
may arise from a subtle balance between the trans and cis
influence.

Experimental Section
Elemental analyses were performed at the Microanalytical Labora-
tory, the University of Milano. 1H and 31P{1H} NMR spectra
(Table 1) were recorded on a Bruker Advance DRX 300 at 300 and
121 MHz respectively; δ values (ppm) are vs. external Me4Si and
H3PO4. Mass spectra were recorded with a VCA Analytical 7070
EQ (FAB+, from nitrobenzyl alcohol, with xenon as the FAB
source) and with an ICR-FTMS APEX II with a 4.7-T magnet,
Bruker Daltonics (ESI+, CH2Cl2/methanol, 1:1). Isotope cluster
abundance was checked by computer simulation.

All chemicals were reagent grade. Except where otherwise stated,
solvents were used as received.

The syntheses of [Pt(phos)2(NO3)2] have been described pre-
viously.[5] cis-[Pt(PPh3)2(CH3CN)2](BF4)2, cis-[Pt(PPh3)2(CH3CN)2]-
(CF3SO3)2 and cis-[Pt(PPh3)2(CF3CO2)2] have been prepared ac-
cording to literature procedures.[9,23] cis-Pt[(PPh3)2(AcO)2] (6),
[Pt(PPh3)2(malonato)] (7) and [Pt(dppe)(AcO)2] (15) were obtained
in 75% yields, by a modification of literature methods,[8] using ex-
cess sodium acetate or malonate instead of the corresponding silver
salts.
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Cyclometallation of tmtu with the Acetonitrile Complexes

3(BF4): A CH2Cl2 solution (20 mL) of 5a (0.120 g, 0.123 mmol)
and tmtu (0.016 g, 0.123 mmol) was refluxed for 4 h. The solution
was concentrated to 2 mL under reduced pressure, and addition of
ethyl acetate gave 0.087 g of the product (75%).
C41H41BF4N2P2PtS (937.68): calcd. C 52.5, H 4.4, N 3.0%; found
C 52.8, H 4.7, N 3.2%.

3(TfO): This was obtained in a manner similar to that described
above from 5a (0.155 g) and tmtu (0.019 g), but the reaction was
performed at room temperature. Yield: 69.4% (0.110 g).
C42H41F3N2O3P2PtS2 (999.94): calcd. C 50.5, H 4.1, N 2.8%; found
C 50.2, H 4.3, N 3.0%.

cis-[Pt(PPh3)2(AcO)(tmtu)]+ (11): An equimolar amount of tmtu
(0.006 g) was added to a solution of [Pt(PPh3)2(NO3)2] (0.035 g,
0.041 mmol) and [Pt(PPh3)2(AcO)2] (0.035 g, 0.041 mmol) in
CH2Cl2 (20 mL). After 6 h at room temperature, the solution was
concentrated under reduced pressure. Addition of diisopropyl ether
gave a white product. Yield: 0.053 g (65.3%). C43H45N3O5P2PtS
(972.93): calcd. C 53.1, H 4.7, N 4.3%; found C 52.8, H 4.6, N
4.3%. The presence of coordinated acetate and ionic nitrate was
confirmed by IR spectroscopy (KBr pellets): ν̃ = 1595 (νasym coor-
dinated carboxylate), 1384 (sharp, ionic NO3

–) cm–1.

trans-[Pt(PPh3)2(mtc)2] (9): A CH2Cl2 solution (20 mL) of
[Pt(PPh3)2(AcO)2] (0.060 g, 0.0717 mmol) and tmtu (0.019 g,
0.144 mmol) was left at room temperature for 6 h. After two weeks
diffusion of n-hexane gave crystals (10 mg) suitable for X-ray inves-
tigation. FAB-MS: m/z (%) = 927 (5) [M]+, 839 (50) [M – 2 NMe2]+,
823 (100) [M – mtc]+, 719 (100) [M – 2 mtc]+.

cis-[Pt(PPh3)2(mtc)2] (8): The CH2Cl2/hexane solution obtained
above, after filtration of 9, was evaporated to 2 mL and filtered.
Addition of diisopropyl ether to the filtrate gave a white precipitate,
which was found by 31P NMR spectroscopy to consist of 9 with an
impurity of 8. Repeated crystallizations gave a few milligrams of
pure 8 (31P NMR evidence). FAB-MS: m/z (%) = 927 (5) [M]+, 839
(80) [M – 2 NMe2]+, 823 (80) [M – mtc]+, 719 (100) [M – 2 mtc]+.
ESI-MS: m/z (%) = 950 (100) [M + Na]+, 928 (5) [M + 1]+, 839 (5)
[M – 2 NMe2]+, 823 (5) [M – mtc]+. High resolution ESI-MS: calcd.
950.1706 [M + Na]+; found 950.1712.

[Pt(dppe)(tmtu*)]NO3 (14): This compound was obtained by re-
fluxing a solution of [Pt(dppe)(NO3)2] (0.050 g, 0.07 mmol) and
tmtu (0.009 g, 0.07 mmol) for two days. The white product was
obtained by addition of diisopropyl ether. Yield: 0.033 g (60%).
C31H35N3O3P2PtS (786.72): calcd. C 47.3, H 4.5, N 5.3%; found C
47.0, H 4.9, N 5.6%. FAB-MS: m/z = 724 [M – NO3]+.

[Pt(dppe)(mtc)2] (16): A solution of [Pt(dppe)(AcO)2] (0.055 g,
0.077 mmol) in CH2Cl2 (20 mL) and tmtu (0.021 g, 0.155 mmol)
was left at room temperature for 4 h and concentrated under re-
duced pressure. The product was obtained by addition of diisopro-
pyl ether. Yield: 0.054 g (86.8%). C32H36N2O2P2PtS2 (801.80):
calcd. C 47.9, H 4.5, N 3.5%; found C 47.5, H 4.3, N 3.8%. FAB-
MS: m/z (%) = 713 (100) [M – 2 NMe2]+, 697 (20) [M – mtc]+, 591
(5) [M – 2 mtc]+. ESI-MS: m/z (%) = 824 (5) [M + Na]+, 713 (100)
[M – 2 NMe2]+, 697 (50) [M – mtc]+.

Reaction of 1 with tmtu and Sodium Acetate: Sodium acetate
(0.039 g 0.476 mmol) was added to a solution of [Pt(PPh3)2(NO3)2]
(0.040 g, 0.048 mmol) and tmtu (0.013 g, 0.055 mmol) in CH2Cl2
(20 mL). The resulting slurry was vigorously stirred for 4 h at room
temperature, and the solvent was evaporated completely under re-
duced pressure. The 31P NMR spectrum of a CDCl3 solution of the
residue showed the presence of the monothiocarbamato complexes.
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Reactions under Anhydrous Conditions: The following reactions
were performed under an atmosphere of dry nitrogen, using rea-
gents which had been dried under vacuum for 24 h. CH2Cl2 was
distilled over CaH2 immediately before use.

Reaction of cis-[Pt(PPh3)2(AcO)2] (6) with tmtu: tmtu (0.013 g,
0.10 mmol) was added to a solution of 6 (0.042 g, 0.05 mmol) in
anhydrous CH2Cl2 (20 mL). The solution was left for 6 h at room
temperature under a nitrogen atmosphere. The solvent was evapo-
rated to dryness under vacuum and redissolved in CDCl3. 31P
NMR spectroscopy showed the presence of only the starting mate-
rial.

Reactivity of 1 with tmtu and Sodium Acetate: Dry sodium acetate
(0.042 g, 0.512 mmol) was added to a CH2Cl2 solution (20 mL) of
[Pt(PPh3)2(NO3)2] (0.043 g, 0.051 mmol) and tmtu (0.0134 g,
0.103 mmol). The slurry was stirred vigorously for 4 h at room tem-
perature under a nitrogen atmosphere, and the solvent was then
evaporated completely under vacuum. 31P NMR spectroscopy of a
CDCl3 solution of the residue showed the presence of a mixture of
[Pt(PPh3)2(AcO)2] (6) and [Pt(PPh3)2(NO3)(tmtu)]+ (2).

X-ray Data Collection and Structure Determination: Crystal data
are summarised in Table 3. The diffraction experiment was carried
out with a Bruker SMART CCD area-detector diffractometer at
296 K, using Mo-Kα radiation (λ = 0.71073) with a graphite crystal
monochromator in the incident beam. No crystal decay was ob-

Table 3. Crystallographic data.

Compound 9
Formula C42H42N2O2P2PtS2

M 927.98
Colour colourless
Crystal system triclinic
Space group P1̄
a [Å] 10.087(1)
b [Å] 10.411(1)
c [Å] 11.455(1)
α [°] 99.12(1)
β [°] 114.88(1)
γ [°] 104.04(1)
U [Å3] 1011.3(2)
Z 1
F(000) 464
Dc [g cm–3] 1.524
T [K] 296
Crystal dimensions [mm] 0.28 × 0.32 × 0.41
µ (Mo-Kα) [cm–1] 37.2
Min. and max. transmission
Factors 0.754–1.000
Scan mode ω
Frame width [°] 0.30
Time per frame [sec] 10
No. of frames 4900
Detector-sample distance [cm] 4.00
θ range 3–27
Reciprocal space explored full sphere
No. of reflections (total; independent) 23827, 4411
Rint 0.0213
Final R2 and R2w indices[a] (F2, all reflections) 0.030, 0.038
Conventional R1 index [I�2σ(I)] 0.015
Reflections with I�2σ(I) 4323
No. of variables 232
Goodness of fit[b] 0.94

[a] R2 = [Σ(|Fo
2 – kFc

2|)/ΣFo
2], R2w = [Σw/(Fo

2 – kFc
2)2/Σw(Fo

2)2]1/2.
[b] [Σw(Fo

2 – kFc
2)2/(No – Nv)]1/2, where w = 4Fo

2/σ(Fo
2)2, σ(Fo

2) =
[σ2(Fo

2) + (pFo
2)2]1/2, No is the number of observations, Nv the

number of variables, and p, the ignorance factor, = 0.02.
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served, therefore no time-decay correction was needed. The col-
lected frames were processed with the software SAINT,[24] and an
empirical absorption correction was applied (SADABS)[25] to the
collected reflections. Calculations were performed using the Per-
sonal Structure Determination Package,[26] and the physical con-
stants tabulated therein.[27] The structure was solved by direct
methods (SHELXS)[28] and refined by full-matrix least-squares
using all reflections and minimising the function Σw(Fo

2 – kFc
2)2

(refinement on F2). All the non-hydrogen atoms were refined with
anisotropic thermal factors. The hydrogen atoms were placed in
their ideal positions (C–H = 0.97 Å), with the thermal parameter
B 1.10 times that of the carbon atom to which they are attached,
and were not refined. In the final Fourier map, the maximum resid-
ual was 0.76(6) eÅ–3 at 0.82 Å from Pt. CCDC-272407 contains
the supplementary crystallographic data for this paper. These data
can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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