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Abstract

The reaction of the cyclometalated rollover complex [Pt(bpy-H)(Me)(DMSO)] (bpy-H =
cyclometalated 2,2’-bipyridine) with two diphosphines, dppm (1,1-bis(diphenylphosphino)methane)
and dppe (1,2-bis(diphenylphosphino)ethane), has been investigated. According to the reaction
conditions, dppm behaves as a monodentate, bridging or chelated ligand, whereas dppe gave only
chelated species. Some aspects of the reactivity of the isolated species were studied, including
protonation with [H30-18-crown-6][BF4] and coordination reactions of mononuclear complexes,

obtaining, inter alia, rare examples of unsymmetrical organometallic species with bridging dppm.
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Introduction

The chemistry of cyclometalated complexes of platinum group metals is of great current interest,’
both for the wide range of applications and for the role of the cyclometalation reaction in the
activation and functionalization of C—H bonds.” In this context, many efforts have been made to
elucidate the factors which govern cyclometalation, i.e. metal-mediated intramolecular C-H bond
activation, in order to get insights into the corresponding intermolecular process. At the same time,
extensive studies have been devoted to the properties and the reactivity of cyclometalated
complexes.

In recent years there has been interest in the synthesis of cyclometalated platinum complexes with
bi- or polydentate phosphorus ligands for potential applications which span from catalysis to
supramolecular chemistry.® In general, diphosphines may coordinate to a metal fragment as
chelated, monodentate or bridging ligands.4 The chelating tendency has a maximum for five-
membered cycles, as in the case of dppe, Ph,P(CH,),PPh,, whereas small bite diphosphines, such as
dppm, Ph,PCH,PPh,, usually act as bridging ligands.’

The di- and oligo-nuclear complexes with bridging dppm and related ligands have attracted great
interest because the metal centres held in close proximity may interact with each other leading to
dramatic changes in their properties and chemical behaviour.®

As a part of a long-standing interest in the chemistry of cyclometalated complexes, in recent years
we have investigated a particular area of such compounds, that of the so-called “rollover”
complexes, which derive from internal rearrangement of chelated ligands, such as 2,2’-bipyridine,
followed by intramolecular C-H bond activation.’

Rollover complexes display a different behaviour from that of classical cyclometalated complexes,
due to the presence of the uncoordinated nitrogen. This peculiar reactivity includes polymerization,®
multiple cyclometalations,’ protonation7b and “retro-rollover”.'” Protonated rollover species, which
may be regarded as abnormal pyridylenes or simply as mesoionic compounds, also belong to the

peculiar class of “complexes with multiple personalities”,11 i.e. compounds able to mutate their

2

Page 2 of 30



Page 3 of 30

Dalton Transactions

chemical behaviour after protonation or deprotonation. Recent applications of rollover complexes in
catalytic'? and stoichiometric'® C-C bond forming are revealing part of the potentiality of this class
of compounds. In a previous paper we were interested in investigating the properties of some
dinuclear rollover complexes connected by the doubly metalated 2,2’-bipyridine, in that case the
interaction between the two metals was mediated by the extended delocalized system of the
heteroaromatic ligand."*

Herein we report some aspects of the reactivity of platinum(Il) rollover complexes with two
bidentate phosphine ligands, 1,1-bis-(diphenylphosphino)methane (dppm), and 1,2-bis-
(diphenylphosphino)ethane (dppe), in order to check the influence of the different length of the
backbone on the properties of the dinuclear complexes, and also look for peculiarities due to the

rollover scaffold.

Results and discussion

The rollover complex [Pt(bpy-H)(Me)(DMSO)], 1, (bpy = 2,2’-bipyridine) is the parent compound
of a family of cyclometalated complexes [Pt(bpy-H)(Me)(L)] (L = neutral 1igand),15 obtained by
displacement of the labile DMSO by neutral donors under mild conditions: as an example, reaction

of 1 with PPhs occurs at room temperature, to give [Pt(bpy-H)(Me)(PPhs)], 2, in high yields.

— N= — N=
/ /
\ X \ /7 \ N N\ /
\ N
Pt Pt
\ /
DMSO Me PhsP Me
1 2

The diphosphines bis(diphenylphosphino)methane (dppm) and bis-(diphenylphosphino)ethane
(dppe) may behave both as mono- or bidentate ligands, so their reaction with 1 was studied with a

1:1 and a 2:1 molar ratio.
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1) dppm complexes

Reaction of 1 with dppm in a 1:1 molar ratio gives with high yields the monodentate complex
[Pt(bpy-H)(Me)(dppm-kP)], 3, where dppm acts as a monodentate pendant ligand (Scheme 1). This
formulation is demonstrated by analytical and spectroscopic data; in particular, the *'P NMR
spectrum shows two set of signals: one, centred at 19.7 ppm, attributable to a coordinated
phosphorus ('Jp.p= 2209 Hz, typical of P-Pt-C trans arrangement'®), and one at - 24.8 ppm, due to
an unbonded phosphorus. The latter assumption is demonstrated by the chemical shift value, not so
far from that of free dppm (8 = - 23.6 ppm) and, mostly, by the '*"Pt->'P coupling constant value,
Jpep=57.2 Hz.

The "H NMR spectrum of 3 is in agreement with the proposed formulation. The presence of one
dppm unit in the complex is indicated by integration of dppm vs bipyridine protons. The spectrum
shows a doublet with satellites for the Pt-CH; protons (6 = 0.79 ppm, 2Jpouy = 83.4 Hz, o =179
Hz), with Pt-H and P-H coupling constants comparable to those of the analogous PPh; complex 2."
Complex 3 was also obtained with a “one pot” reaction, starting from cis-[Pt(Me),(DMSO),] and
bpy, followed by dppm addition directly to the reaction mixture, in order to avoid isolation of 1

which may be sometimes troublesome due to its predisposition to decompose in solution.

— N
W« 7\
— N — N N —
78\ 720\ N
N\ \  / Pt
— = Ph / N\
\Pt dppm \Pt dppm Ph/P CH3
Ph /7 N\
>p CH 1:1 2:1
Ph— 3 DMSO CHjy Ph<p CH,4
< P No/
/Pt
P
\ —
P Ph /N \
— N
3 1 4
Scheme 1
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When the reaction was carried out with a Pt:dppm 2:1 molar ratio the dinuclear symmetric complex
[(bpy-H)(Me)Pt(u-dppm)Pt(Me)(bpy-H)], 4, was isolated in high yields. Accordingly, the 'H and
3P NMR spectra show only one set of signals for methyl (8 = 0.74 ppm, multiplet with satellites)
and phosphorus (6 = 21.9 ppm). In the interpretation of NMR spectra several isotopomers should be
considered, due to 33.83 % natural abundance of the only NMR active Pt isotope (I=1/2).
Collecting together all Pt isotopes with 1=0, four isotopomers should be considered, as depicted in
Chart 1. In this case, due to the symmetry of complex 4, isotopomers B and C coincide, giving a

single isotopic isomer with an overall 44.78 percentage.

C N N C'
\ N/
Pt Pt A 4378 %
Me P\/P \Me
C, N N! C'
\ N/
195pt Pt B 2239%
M / \P P/ \M
e ~ e
C N N! C'
N4 %
Pt 195pt C 2239%
M / \P P/ \M
e ~ e
C N N C
19}Pt/ 19>Pt/ D 11.44%
M \P P/ \M
e ~ e
Chart 1. Isotopomers of dinuclear

cyclometalated complexes, considering 195Pt
isotopic abundance, 33.83%.

In the "H NMR spectrum the methyl resonance appears as a doublet with a broad central peak (see
Figure 1), as already reported for analogous complexes.'” The unusual appearance of this resonance

arises because 'H, '’Pt and *'P atoms form a series of spin systems, according to the isotopomer
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distribution: A3A’;XX’ (isotopomer A), A3A’sMXX’ (isotopomers B and C), A3A’sMM’XX’
(isotopomer D), where A = 'H, M = '"Pt, X = *'P. This kind of spectra has already been
described,'® the central doublet splitting (due to isotopomer A), 7.1 Hz, is given by the sum of the
coupling constants 3Jp.nand “Jpy . The latter, however, is likely to be almost zero, so the splitting is
equal to *Jpy, and the spin system of species A may be considered an A;X one.

The 'H spectrum was simulated by means of iNMR software,"” and is reported in Figure 1 along
with the experimental one. The simulation gave the following coupling constant values: 2o =

82.0 Hz, *Jpy= 7.1 Hz, 2Jp.p = 38.9 Hz; °Jp.y = 0 Hz.

Figure 1: '"H NMR spectrum (Pt-Me region) of complex 4 in CDCl; at room temperature. Above

spectrum (red), experimental; below (blue), simulated.

Also the *'P NMR spectrum shows a complex pattern (see Figure 2). In addition to the central
resonance, at 21.9 ppm, a series of small satellites is present. Apart from the central singlet, due to
predominant isotopomer (A, 43.78%, Chart 1), the satellite system is due to the isotopomers which
contain NMR active Pt nuclei. In the isotopomer having one '*°Pt atom (isomers B and C, 44.78 %)

the*'P and '*°Pt give rise to a second order AA’X spin system, whereas the isotopomer containing

6
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two '*°Pt atoms gives a second-order AA’XX’ spin system (A,A’ =>'P; X, X’ = '°Pt).
The NMR simulation gave the following data: 1th_p=2215 Hz, 2Jp _p=138.9 Hz, 3th,p= 44.2 Hz. The
positions of the small satellite signals of the isotopomer having two '*’Pt atoms indicate that 'Jp.p

and *J pi.p have the same sign (both positive”).

i ; il e

ppm 30 28 26 24 22 20 18 16 14 12 1

Figure 2: *'P NMR spectrum of complex 4 in CDCl; at room temperature.

The °C NMR spectra of 3 and 4 show, inter alia, the methyl signals at &-14.1 and -11.8 ppm,
respectively, with '*>Pt-">C and *'P-"*C coupling constants in line with the proposed formulations
and comparable to those found for the corresponding triphenylphosphine complex 2'° (2: & -12.4
ppm, 'Jpec = 725 Hz, *Jp.c = 5 Hz; 3: 'Tpec= 730 Hz, *Jp.c = 6 Hz; 4: 'Jp.c= 735 Hz, “Jp.c = 6 Hz).

Furthermore, an NOE-1d experiment showed that irradiation of the methyl protons resulted in

enhancement of the bpy-H4 and of the ortho protons of the phenyl groups of dppm.

Figure 3. NOE contacts between Pt-CHj protons, bpy-Hy4 and H,,4, of dppm
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2) dppe complexes

In contrast to dppm, reaction of dppe with 1 gave the chelated complex [Pt(bpy-H-kC)(Me)(dppe-
k" [JJ[)], 5, both in Pt:L 1:1 or 2:1 molar ratio. Analytical and spectroscopic methods confirm the
presence of one dppe, one deprotonated bpy and a coordinated methyl. The *'P NMR spectrum
indicates a chelated coordination of dppe, shown by the presence of two different phosphorus, both
coupled to 195p¢ (0 =44.7 ppm, Jp.p = 1953 Hz; & = 43.3 ppm, Jp.p = 1814 Hz). It is well known
that chemical shift is a good indicator for chelation in dppe and dppm,”® resulting in a marked
downfield shift for dppe and marked upfield shift for dppm. Chemical shift values account for dppe
chelation, whereas Pt-P coupling constant values, less than 2000 Hz, support for both phosphorus a
P-Pt-C trans arrangement; these data agree well with those found for the corresponding
phenylpyridine complex.21b In addition, the absence of appreciable coupling between the two
phosphorus is an other indicator for chelation. A P-P coupling constant close to zero is due to the
fact that the Jp.p coupling is the sum of two contributions, *Jpp (P-Pt-P) and *Jp.p (P-C-C-P) having
similar absolute value but opposite sign.

All NMR data may be explained by assuming displacement of the pyridine nitrogen by means of
dppe, as observed for the related species,” and is ascribable to the high chelating ability of the dppe
ligand. In very rare cases, however, dppe can act as a bridging ligand between two cyclometalated
complexes.21b The methyl resonance in the 'H NMR spectrum appears, at 0.49 ppm, as a triplet with
satellites (Jp.y = 7.5 Hz), confirming the presence of two phosphorus atoms in the complex. The

195Pt-H coupling constant value, “Jp.y = 71 Hz, is in agreement with a trans P-Pt-C arrangement.

— N
W« 720\
N _
AN
/Pt
DMSO CHj,
1 5
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The "*C NMR spectrum of 5 shows the methyl as a double doublet with satellites, at &-1.9 ppm,

(Jpr.c= 605 Hz) with markedly different trans and cis *'P-"

C coupling constant, as expected (trans-
*Jp.c = 90 Hz, cis-Jp.c = 7 Hz). Two CH, carbons are also present in the spectrum, at & 20.1 ppm
(dd, *Jp.c=39 Hz, *Jp.c= 17 Hz) and 29.0 ppm (dd, *Jp.c= 32 Hz, *Jp.c = 15 Hz).

In the absence of X-ray structural data, complex 5 was characterised in solution by means of
bidimensional NMR spectroscopy, namely H-H COSY and H-H NOESY experiments. The COSY
spectrum allowed assignment of all 'H bpy resonances and the NOESY spectrum gave structural

information. In particular the NOESY spectrum showed NOE cross-peaks between the methyl, at

0.49 ppm, and the H3- proton (& 7.99 ppm) as well as with the Hy4 proton, at 7.80 ppm (see Figure 4).

8.36

Figure 4. Complex 5: a) numbering scheme with 'H NMR assignments; b) NOE contacts revealed

by NOESY cross-peaks

This is in line with a C-bonded bipyridine, disposed perpendicular to the coordination plane; if both
the uncoordinated nitrogens are opposite to the platinum centre, the H3- and H4 hydrogens should be
located above and below the coordination plane, in proximity to the metal and the CHj3 group.

Accordingly, the He and He> protons do not show appreciable NOE contacts with the Howno protons
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of the dppe phenyls, as should be expected if the nitrogen were positioned far from the metal centre.
In contrast, the CH3, H3- and Hy4 protons have clear cross-peaks with dppe aromatic hydrogens.
The relative stabilities of the two isomers KI-C-cyclometalated ligand [Pt(k'-C,N)(k*-P,P)(Me)] (as

in 5) and «'-P-diphosphine [Pt(k*-C,N)(k'-P,P)(Me)] (as in 3) have been studied by means of
Density Functional Theory calculations for metalated 2-phenylpyridine and benzo[/]quinoline, 21

showing that the «'-P isomer is favoured for dppm complexes, whereas the k'-C isomer is favoured

for dppe.

3) Protonation on mononuclear complexes 3 and 5

As previously reported, mononuclear rollover complexes, such as 1 and 2, have a rich chemical

behaviour due to the presence of a free nitrogen, which can be protonated to give rare example of

cationic mesoionic complexes [Pt(bpy*)(Me)(DMSO)]", 1*, and [Pt(bpy*)(Me)(PPhs)]", 2* where

bpy* is a cyclometalated isomer of 2,2’-bipyridine. These ligands also belong to a restricted family
» 11

of ligands, called “ligands with multiple personality”,” due their ability to change chemical

properties after protonation or deprotonation.

H o+ H +
—  N= —  N=
\ ,\1 N\ / \ ,\1 \

AN N\

Pt Pl
pmso”  Me Ph,P”  Me
[Pt(bpy*)(Me)(DMSO)]* [Pt(bpy*)(Me)(PPhg)]*

1* 2%

Depending on the electronic properties of the neutral ligand, the protonated complexes may be
stable in solution or may isomerize, following an interesting “retro-rollover” reaction, to give the

corresponding cationic adduct [Pt(bpy-KLN,N)(Me)(L)]Jr.10 The pair of rollover/retro-rollover

10
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processes may have the potentiality for catalytic applications. Under certain reaction conditions
protonation of complex 1 may also result in the Pt-CH; bond breaking, with release of methane.'
Protonation of the mononuclear complexes 3 and 5 may promote, in principle, Pt-C(sp®) or Pt-
C(sp®) bond breaking.

In neither case Pt-C(spz) protonolysis is observed after treatment of complexes 3 and 5 with
[H30-18-crown-6][BF,]. The reactions were followed by 'H and *'P NMR spectroscopy: in both
cases the reaction is very fast, as we did not observe any intermediate species (i.e. protonated
complexes 3* and 5* or Pt(IV) hydrides) as soon as the first spectra after the addition could be
recorded (ca. 1 minute). Only the final products, [Pt(bpy-H)(dppm-KzP,P)]+ (6) or [Pt(bpy-H)(dppe-
«°P,P)]" (7) and methane (& = 0.23 ppm), were detected in solution. The bis-chelated cationic
species 6 and 7 were also isolated in the solid state as BF, salts, [Pt(bpy-H)(dppm-«°P,P)][BF.], 6-

BF,, and [Pt(bpy-H)(dppe- «°P,P)][BF,], 7-BF,.

— N — — N
L 720\ ® % «® 720\
N — N — —
\Pt \Pt \Pt
Ph /N Ph 7/ \
~ H+ ~ -CH
< < Ph Ph
P P
\ \
Ph/ Ph Ph/ Ph
3 3* 6
—|+ +
Ph = . /N \ / 74 \
Ph- | —
P\ N AN
Pt - CH, Pt
™ Ph— —
/ CHy "R R—pn
/ Ph Ph
Ph Ph
5 5* 7
Scheme 2
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Chelation of dppm and dppe is supported by *'P NMR spectra, which show in both cases two set of
signals, highly shielded (-30.4 and — 36.9 ppm) in 6, and highly deshielded (+ 42.6 and + 51.8 ppm)
in 7, as should be expected for chelation of dppm and dppe, respectively. In both cases, one of the
phosphorus atoms is bonded frans to a nitrogen and the other one frans to a carbon, as indicated by
195pg2lp coupling constant values. The corresponding bis-chelated complexes of 2-phenylpyridine
and benzo[A]quinoline have comparable *'P NMR data.**

The protonolysis reaction of complex 5 to give the bis-chelated complex 7 is reminiscent of the
reaction of the corresponding Kk'-C phenylpyridine and benzo[/]quinoline complexes with
CF3;COOH.*

Interestingly, the same result was obtained by reaction of 1%, [Pt(bpy*)(Me)(DMSO)]", with the
diphosphine (dppm or dppe) in a 1:1 molar ratio. The reaction of 1* with dppe has been recently
reported by us.'® It is worth remembering that, in contrast to the PPh; complex 2*, complex 1% is

stable in solution and does not isomerise through a retro-rollover reaction.

—|+ H _‘+ +
_ N \ — N \ N \
Was Was Was

N dppm N dppe N
t - /Pt\ — Y, t
-CH

Ph—p R~Ph CHe pmso” o, 4 Ph—p R~Ph

Ph Ph Ph Ph
6 1* 7

(stable in solution)

Starting from complex 1, reversing the reagents’ order ([H30-18-crown-6][BF4] and diphosphine)
gave the same products, 6 and 7. These reactions may support the hypothesis that the intermediate
species in the synthesis of 6 and 7 is, in both cases, the N-protonated species (3* and 5*); however,

other possibilities should not be ruled out.

12
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All these reactions are likely to proceed through oxidative addition of H' at the metal centre

followed by reductive elimination of methane.'

4) protonation of the dinuclear complex 4

The reaction of the dinuclear complex 4 with [H;0-18-crown-6][BF4] was followed by means of
NMR spectroscopy in CD,Cl, solution.

After the addition of one equivalent of acid the colour of the solution turned from amber to red, and
the *'P NMR spectrum shows the presence of a first product which rapidly converts into a second
one. The first product, complex 8, has a single set of >'P resonances, centred at 22.2 ppm (singlet
with satellites). Coupling constant values (lth_p = 2324 Hz, *Jpp =52.5 Hz, “Jpp = 55 Hz) agree with
protonation of an uncoordinated nitrogen, but the equivalence of the two phosphorus indicate a
fluxional exchange between the two nitrogens on the NMR time scale, giving the appearance of a
symmetric species. 'Jpp = 2324 Hz has an intermediate values between those observed for the
protonation of the analogous PPh; complex 2, 1Jp_p = 2229 Hz in neutral 2, 1Jp_p = 2500 Hz, in

protonated 2*; a mediated J value supports “half protonation” of the nitrogens.

13
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+ + 2+
N "
— — C
& CH } Sl
/) /
e m e
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/Pt\ / \ Ph / \ / \
\ \
Ph/P CHy He  ppe Hs phoP CHy e Ph>P CHs
< S < — < — <
Ph< CH, CHj Ph\ CHg Ph\ CHj
Ph’ \ / h/P\ / P
4 8 9 10
Scheme 3

Complex 8 rapidly converts into a new species, 9, which shows two sets of 3P NMR signals: one at
19.7 ppm (doublet with satellites, lth_p =2267 Hz, 3th_p =179 Hz, 2Jp_p =45 Hz) and the other one at
11.4 ppm (doublet with satellites, lth_p = 4458 Hz, 3 Jpep = 70 Hz, 2Jp_p =45 Hz). These data fit well
with a retro-rollover reaction of one bipyridine to give the chelated N,N adduct 9, [Pt(bpy-
H)(Me)(n-dppm)Pt(bpy)(Me)][BF4].

This behaviour is in contrast with that showed by the mononuclear dppm species 3, for which Pt-
C(sp®) bond breaking occurred, followed by dppm chelation. This is a further evidence for the fact
that in the presence of an external donor protonated rollover derivatives release methane with Pt-
C(sp’) rupture, whereas in the absence of a free donor Pt-C(sp®) bond breaking occurs, followed by
a retro-rollover reaction.

Addition of a second equivalent of [H3O-18-crown-6][BF4] to a solution of 9 gave an orange
solution, whose *'P NMR data (17.4 ppm, 'Tpep = 2516 Hz, *Jpip = 79.5 Hz, *Jp.p = 42 Hz, P trans
C; 10.1 ppm, Upep = 4421 Hz, Jpep = 71 Hz, 2Jpp = 42 Hz, P trans N) are in agreement with
protonation of the free nitrogen, to give the dicationic species [Pt(bpy*)(Me)(u-

dppm)Pt(bpy)(Me)][BF4],. 10, as the only reaction product. Complex 10 is stable in solution for

14
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several days (NMR criterion) and does not isomerise through a retro-rollover process (at least under
the conditions followed in the experiment).

Complex 10 was isolated in the solid state and characterised. Analytical data fit well with the
proposed formulation, as well as conductivity measurements, (5 10™* M, acetone, 25 °C) Ay = 190
Qcm’mol ™, which agree with a 2:1 electrolytic species.

Dinuclear dppm complexes of cyclometalated ligands bearing uncoordinated nitrogens may have
interesting applications: in two recent papers protonation/deprotonation of a pyrazole-substituted
cyclometalated ligand promoted the reversible “opening” and “closing” of a “molecular pivot
hinge”, with dramatic changes in the luminescent properties.*

Attempts to reproduce a similar behaviour in dinuclear complex 4 failed due to the retro-rollover
process. However, it is likely that the protonated complex 8 has a “closed” conformation, due to its
“symmetric” NMR and to its orange-red colour, usually associated with stacking interactions in

Pt(IT) square planar complexes.

5) Coordination of 3

Complexes 3 and 5 have free P and N donor atoms and can be considered as organometallic
ligands, namely as P and N,N donors, respectively.

When complex 3 is reacted with 1 it behaves as a monodentate ligand, to give almost quantitatively

the dinuclear complex 4.

15
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— N
77\
— N \ N\ _
N\~ /_ — N N \Pt
N N 7 Ph\ 7/ \
~.7 \ + N\ —_—
Ph/P CHsy Pt
AN Ph—p CH3
p
/\ O N
Ph Ph 72BN 4
)
3 1 4

Taking advantage of this behaviour, unsymmetric dinuclear complexes can be synthesized.24 In
order to verify this possibility we reacted complex 3 with two rollover complexes derived from 2-
pyridylquinoline® (pyq): a methyl complex, [Pt(pyq-H)(Me)(DMSO)], 11, and a chloride one,

[Pt(pyg-H)(C1)(DMSO)], 12, respectively.

11 12

Cyclometalated complexes of general formula [Pt(NC)(X)(DMSO)] (X = anionic ligand) such as 1,
11 or 12, can exist in two isomeric forms, i.e. DMSO-trans-C(spz) or DMSO-trans-N. The same is
true for phosphine complexes, such as 2 or 3. However, due to the great trans-influence difference
of CH; and Cl, only one isomer is usually formed, i.e. that having the higher trans-influence ligand
coordinated in frans to the lower trans-influence ligand, DMSO-trans-C(sp®) for the methyl

complex 11 and DMSO-#rans-N for the chloride complex 12.

16
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In both cases the reactions produced with high yields complexes 13, [(bpy-H)(Me)Pt(u-
dppm)Pt(Me)(pyq-H)], and 14, [(bpy-H)(Me)Pt(u-dppm)Pt(Cl)(pyq-H)], in which the methyl

groups are always trans to nitrogen atoms.

13 14

Complex 14 is unsymmetrical for several reasons: the two platinum centers have different
cyclometalated ligands, different anionic ligands and different isomeric forms.

The characterization of 13 and 14 relies on analytical and spectroscopic data, in particular, 'H and
'P NMR.

Complex 13 has 'H and *'P NMR spectra similar to those of complex 4, with the difference that it is
not symmetric. As a consequence, the two phosphorus and methyls are not equivalent, and in the
isotopomer distribution (Chart 1) isomers B and C are different species. The methyls give the same
unusual signal as in 4, two doublets each with an inner broad peak (6 0.73 and 0.83 ppm).

In the *'P spectrum the two phosphorus resonate at 20.4 and 20.9 ppm with similar '*’Pt-*'P

coupling constant (2234 and 2249 Hz, respectively)

17



Dalton Transactions

i JM o

ppm 35 30 25 20 15 10 S 0

Figure 5. *'P NMR NMR spectrum of 13 in CDCl;

As for complex 14, only one methyl is present, 0.72 ppm. In this case the phosphorus are clearly
different: one of the P atoms resonates at 18.5 ppm, with a Jpep = 4305 Hz which indicates a P-Pt-
N trans arrangement, whereas the second one, at 12.77 ppm, with a J value of 2232 Hz, agrees with
a P-Pt-C trans coordination.

Dinuclear complexes such as 4, 13 and 14, may have a certain interest. It has been recently
demonstrated that dinuclear cyclometalated complexes with bridging dppm display a different

reactivity from that of corresponding mononuclear triphenylphosphine complexes.*®

6) Coordination of 5

Complex 5 may be considered as a 3-functionalised, organometallic 2,2’-bipyridine. In order to
verify its proneness to coordinate it was reacted with cis-[Pt(Me),(DMSO),] under mild conditions.
The reaction was followed in an NMR tube by means of 'H and *'P NMR spectroscopy. NMR data
indicate a rapid reaction, interpretable as substitution of DMSO ligands by the nitrogens to give the

adduct [(dppe)(Me)Pt(u-bpy-H)Pt(Me),], 15.

18
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In particular, the "H NMR spectrum shows three coordinated methyls, two almost overlapping with
2th_H values in line with trans N-Pt-C arrangement (6 0.96 ppm, 2th_H = 84 Hz) and one at 0.50
ppm, coupled to two phosphorus atoms (0.50 ppm, triplet with satellites, Jpu= 7.1 Hz, *Jpo = 69
Hz). The Hg¢ and Hg- signals experience after reaction a marked downfield shift (8.94, Jp. .y = 26 Hz;
8.74, Jpoy = 28 Hz), the presence of satellites for both signals confirms coordination of the
nitrogens. One aromatic signal, a doublet at 9.73 ppm, experiences a significant coordination shift
to higher frequencies. This signal may be attributed to the H; hydrogen and the notable shift may be
due to interaction with the metal center, probably an anagostic interaction.”’ Displacement of
coordinated DMSO is demonstrated by appearance in the spectrum of a singlet due to free DMSO
(integration 6H).

The *'P NMR spectrum of 15 shows two singlets with satellites, at 45.7 and 44.5 ppm, slightly
shifted with respect to complex 5. The coupling constant values with the '*’Pt nucleus ('Jp.p = 2034
and 1744 Hz, respectively), agree with P-Pt-C #rans arrangements. Chelation of dppe is indicated by
chemical shift values, diagnostic for chelated dppe, and by the absence of appreciable coupling

between the two phosphorus.

Conclusions
The reaction of the rollover cyclometalated complex [Pt(bpy-H)(Me)(DMSO)] with the

diphosphanes dppm (1,1-bis(diphenylphosphino)methane) and dppe (1,2-bis(diphenylphosphino)-
19
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ethane) gave different products due to the different coordinating ability of these ligands. In
particular, dppe easily displaces the bpy nitrogen to give the mononuclear chelated complex
[Pt(bpy-H-KlC)(Me)(dppe-KzPP)]. In contrast, the small bite dppm gave mononuclear or a dinuclear
complexes ([Pt(bpy—H—K2CN)(MC)(dppm—KlP)] and [Pty(bpy-H).(Me),(u-dppm)]), according to the
reaction conditions. Reaction of the mononuclear species with [H30-18-crown-6][BF4] resulted in
both cases (dppm and dppe complexes) in methane elimination to give the bischelated cationic
complexes [Pt(N,C)(P,P)]", whereas the dinuclear complex [Pty(bpy-H),(Me)(u-dppm)] follows a
retro-rollover process.

The mononuclear rollover complexes containing one diphosphine can be used as metalloligands to
bind a second platinum unit: the dppm complex [Pt(bpy—H)(Me)(dppm—Kl)] acts as a P-
metalloligand to give unsymmetrical bridged complexes [(Me)(N,C)Pt(u-dppm)Pt(N°,C*)(X)]; the

dppe complex [Pt(bpy-H-k')(Me)(dppe-i?)] acts as a chelating substituted bipyridine.
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Experimental section
All the solvents were purified and dried according to standard procedures.?® cis-[Pt(Me),(DMSO);]

was synthesized according to reference 29. Complexes 1, 11 and 12 were obtained as described in
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references 15 and 25. Elemental analyses were performed with a Perkin-Elmer elemental analyser
240B.

'H, ®C'H and *'P'"H NMR spectra were recorded with Varian VXR 300 or Bruker Avance III 400
spectrometers. Chemical shifts are given in ppm relative to internal TMS for 'H and "°C, and
external 85% H3PO, for *'P; J values are given in Hz. 'H-'H COSY, 'H-'H NOESY and NOE-1d
experiments were performed by means of standard pulse sequences. Conductivities were measured

with a Philips PW 9505 conductimeter.

Experimental

[Pt(bpy-H)(CH;)(dppm-k'P)], 3

Method A. To a solution of 1 (61.2 mg, 0.138 mmol) in CH,Cl, (10 mL) dppm (65.8 mg, 0.171
mmol) was added under a nitrogen atmosphere. The solution was stirred for 2 h, then it was
concentrated to a small volume, treated with Et,O, filtered off and dried to give the analytical
sample as a yellow solid. Yield 75 %.

Method B. To a solution of cis-[Pt(CH3),(DMSO),] (212.3 mg, 0.557 mmol) in anhydrous toluene
an excess of 2,2°-bipyridine (171.6 mg, 1.099 mmol, 1.97 eq) was added under a nitrogen
atmosphere. The solution became suddenly red and was heated to reflux for 3 h. At the end of the
reaction the solution was cooled down to room temperature and dppm (237.8 mg, 0.619 mmol) was
added. After 1 h the solution was concentrated to a small volume and treated with Et,O to form a
precipitate. The solid was filtered off, washed with Et,O, and dried to give the analytical sample as
a yellow solid. Yield 60%. M.p. 176-180 °C. Anal. calcd for C3sH32N,P,Pt-2H,0: C 56.99, H 4.38,
N 3.69 %; found C 57.16, H 4.24, N 3.77 %. '"H NMR (300 MHz, CDCls, 298 K, ppm): 8.39 (d br,
1H, He); 8.24 (d, 1H, Juy = 7.8 Hz, Hy); 8.16 (m sat, 1H, *Jp.yy = 48 Hz, Hy); 7.84 (m, 4H, H,(Ph-
P-Pt)); 7.74 (td, 1H, Hy'); 7.62 (d sat, 1H, N pen = n.r., Jyy = 5.5 Hz, H¢"); 7.42-7.10 (m, 17H, PPh,
+ Hs); 6.65 (ddd, 1H, Jyu = 7.1, 5.6, 1.5 Hz, Hs); 3.42 (m, 2H, CH,); 0.79 (d sat, 3H, *Jp.y = 83.4
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Hz, *Jp.y = 7.9 Hz, Pt-CH3). *'P NMR (121.4 MHz, CDCls, 298 K, ppm): 19.7 (d sat, 'Tpp = 2210
Hz, | p.p = 78.5 Hz, coordinated P); - 24.8 (d sat, 3 pe.p = 57 Hz, | pp = 78.5 Hz, not coordinated P).

C NMR selected data (100.6 MHz, CDCls, 298 K, ppm): - 14.1 (dd sat, Jp.c= 730 Hz, Jp.c = 6 Hz,
Jp.c =2.5Hz, CHj), 26.4 (dd sat, Jp.c= 30 Hz Jp.c = 30.5 Hz, Jp.c = 24.5 Hz, CH,), 121.3 (s sat, Jp;.
c=20Hz), 123.5 (s sat, Jp.c = 11 Hz), 124.3 (d sat, Jp.c = 50 Hz, Jp.c =5 Hz, Cs-), 139.8 (s sat, Jp.

c =80 Hz, Cy), 144.7, 150.4, 155.6 (Jp.c = 118 Hz, C3), 164.6, 165.5.

[Pt(bpy-H)(CH3)]2(u-dppm)], 4

To a solution of cis-[Pt(CH3),(DMSO);] (54.1 mg, 0.142 mmol) in anhydrous toluene an excess of
2,2’-bipyridine (72.4 mg, 0.464 mmol) was added under a nitrogen atmosphere. The solution
became suddenly red and was heated to reflux for 3 h. At the end of the reaction dppm (28.1 mg,
0.073 mmol) was added and left to react for 1 h; then the mixture was concentrated to a small
volume and treated with n-pentane to form a precipitate. The solid was filtered off, washed with n-
pentane, and dried to give the analytical sample as a yellow solid. Yield 75 %. M.p.: > 265 °C.
Anal. calcd for C47H4oN4P,Pt:-2H,0: C 49.04, H 4.03, N 4.87 %; found C 48.85, H 3.86, N 4.51 %.
"H NMR (300 MHz, CDCls, 298 K, ppm): 8.24 (dd, 2H, Jy. = 4.3 Hz, Hy); 7.94-7.84 (m, 10H, H3»
+ H,(Ph)); 7.77 (m sat, 2H, *Jp.yy = 46.2 Hz, Hy); 7.54 (d sat, 2H, *Jpey = 21 Hz, Hy'); 7.42 (td, 2H,
Jun = 15.3, 1.5 Hz, Hy'); 7.32-7.18 (m, 12H, H,,(Ph) + Hp(Ph)); 7.00 (ddd, 2H, Hs); 6.28 (ddd, 2H,
Jun = 7.1, 5.6, 1.6 Hz, Hs); 4.09 (m, 2H, CH,); 0.74 (m sat, “Jp.y = 82.0 Hz, *Jp.y = 7.1 Hz, Pt-
CHs). *'P NMR (121.4 MHz, CDCls, 298 K, ppm): 21.9 (s sat, 'Jpep = 2215 Hz, “Jpp = 39 Hz, *Jpip
= 44 Hz). °C NMR (100.6 MHz, CDCls, 298 K, ppm): - 11.8 (m sat, Jp.c= 735 Hz, Jp.c = 6 Hz,
CH3), 21.5 (m, Jp.c = 16 Hz, CH»), 120.9, 123.1, 123.4 (Jp.c = 5 Hz), 128.3 (d, Jp.c= 10 Hz, C,
dppm or C,,dppm), 129.9, 133.4 (d, Jp.c= 12 Hz, C,dppm or C,,dppm), 134.5 (d, Jp.c= 44 Hz, C;

dppm), 136.7, 138.6, 144.4, 151.0, 157.6 (C; or Cy bpy), 163.7, 165.0.

[Pt((bpy-H)k'-C)(CH;)(dppe-’P,P)], 5
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Dppe (51.0 mg, 0.128 mmol) was added to a solution of [Pt(bpy-H)(CH;3)(DMSO)] (46.1 mg, 0.104
mmol) in CH,Cl, (15 mL). The solution was stirred for 2 h, then it was concentrated to a small
volume and treated with Et,O. The precipitate formed was filtered off and dried to give the
analytical sample as a yellow solid. Yield 65 %. M.p.: 198 °C. Anal. calcd for C37H34N,P,Pt: C
58.19, H 4.49, N 3.67 %; found C 58.34, H 4.43, N 3.46 %. '"H NMR (300 MHz, CDCl;, 298 K,
ppm): 8.35 (m, 1H, Ju.u = 4.5 Hz, He'); 8.22 (m, 1H, Ju.u = 4.5 Hz, He); 7.99 (d, 1H, Juu= 8.2 Hz,
Hs:); 7.86 (m, 2H); 7.80 (m, 1H, Hy); 7.75-7.34 (m, 13 H); 7.32 (m, 1H, partially overlapping, 1H,
Hy); 7.20 (m, 1H); 7.05 (m, 2H); 7.00 (m, 1H, Hs-); 6.93 (m, 2H); 6.84 (m, 1H, Hs); 2.50-2.22 (m,
2H, CH,); 2.15-1.95 (m, 2H, CH,); 0.49 (t sat, 3H, *Jp.y = 71 Hz, *Jp.y = 7.5 Hz, Pt-CH3). *'P NMR
(121.4 MHz, CDCls, 298 K, ppm): 44.7 (s sat, Jpop = 1953 Hz); 43.3 (s sat, Jpp = 1814 Hz). 1°C
NMR selected data (100.6 MHz, CDCl3, 298 K, ppm): - 1.9 (dd sat, Jp,.c= 605 Hz, Jp.c =90 Hz, Jp.c
=7 Hz, CHj;), 20.1 (dd, Jp.c=39 Hz, Jp.c= 17 Hz), 29.0 (dd, Jp.c= 32 Hz, Jp.c = 15 Hz), 120.6,

122.0 (d sat, Jp.c =57 Hz, Jp.c =4Hz), 123.7, 143.2, 145.7, 147.9, 160.7, 162.3.

[Pt(bpy-H)(dppm-’P.P)][BF,], 6

Method A. To a solution of [Pt(bpy-H)(CH3)(dppm-K1P)], 3, (104.9 mg, 0.140 mmol) in acetone (15
mL) was added [H3O-18-crown-6][BF4] (53.3 mg, 0.144 mmol). The solution was stirred for 1 h,
then it was concentrated to small volume and treated with Et,O to give a white solid. Yield: 95 %.
Method B. To a solution of [Pt(bpy*)(CH;3)(DMSO)][BF4] (219.8 mg, 0.414 mmol) in acetone (15
mL) was added dppm (159.3 mg, 0.414 mmol). The solution was stirred for 1 h, then was
concentrated to a small volume and treated with Et,O to give a white solid. Yield: 90%. Anal. calcd
for C3sHa9N,P,Pt: C, 57.22; H, 3.98; N, 3.81 %. Found C, 57.03; H, 3.66; N, 3.58 %.

"H NMR (300 MHz, CDCls, 298 K, ppm): 8.59 (m, 2H); 8.44 (t, 1H); 8.27 (t, 1H); 7.88-7.72 (m,
9H); 7.62-7.48 (m, 13H); 7.36 (t, 1H); 4.91 (t, 2H, “Jp.y = 10.8 Hz, *Jpuy = n.r., CH,). *'P NMR
(121.4 MHz, CDCls, 298 K, ppm): -30.4 (d sat, 'Jp.p = 1582 Hz, “Jpp = 51 Hz, P trans C); - 36.9 (d
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sat, lth_p =3186 Hz, 2Jp.p =51 Hz, Ptrans N).

[Pt(bpy-H)(dppe-«’P,P)|[BF4], 7

Method A. see reference 10

Method B. To a solution of [Pt(bpy-H)(CHs)(dppe-k°P,P)], 5, (32.0 mg, 0.042 mmol) in acetone (15
mL) was added [H30-18-crown-6][BF4] (20.6 mg, 0.052 mmol). The solution was stirred for 80
minutes, then it was concentrated to a small volume and treated with Et,O to give a white solid.
Yield: 85 %. M.p.: 162 °C.

'"H NMR (300 MHz, CD,Cl,, 298 K, ppm): 8.39 (br, 1H); 8.34 (br, 1H); 8.17 (br, 1H); 7.98 (br,
1H); 7.82 (br, 6H); 7.58 (br, 10H); 7.30 (br, 1H); 7.08 (br, 1H); 6.73 (br, 1H); 2.57 (br, 4H). *'P
NMR (121.4 MHz, CDCl;, 298 K, ppm): 51.8 (s sat, Jpep= 1949 Hz, P trans C); 42.6 (s sat, Jpep=

3691 Hz, P trans N).

Reaction of [Pt(biy-H)(CHj3)]2(nu-dppm)], 4, with [H30-18-crown-6][BF4]

To a solution of 4 (18.0 mg, 0.016 mmol) in CDCIl; (1 mL) was added [H30-18-crown-6][BF4] (6.0
mg, 0.016 mmol): the reaction was followed by means of 'H and *'P NMR spectroscopy. NMR
spectra showed initial formation of [(Me)(bpy*)Pt(u-dppm)Pt(bpy-H)(Me)]", 8, which converts into
[(Me)(bpy)Pt(u-dppm)Pt(bpy-H)(Me)]", 9. After 6h other 6.0 mg of [H30-18-crown-6][BF4] were
added and complete conversion of 9 to 10, [(Me)(bpy)Pt(u-dppm)Pt(bpy*)(Me)]", was observed.
Selected *'P NMR data:

complex 8. 8 22.2 (d sat, 'Jpep = 2324 Hz, *Jpip =52.5 Hz, *Jpp = 55 Hz)

complex 9. 19.7 ppm (d sat, 'Jpup = 2267 Hz, *Jpp = 79 Hz, “Jp.p = 45 Hz, P trans C); 11.4 ppm (d
sat, 'Jp.p = 4458 Hz, *Jpep = 70 Hz, “Jpp = 45 Hz, P trans N).

complex 10, see below.

[(Me)(bpy)Pt(n-dppm)Pt(bpy*)(Me)][BF4], 10
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Page 24 of 30



Page 25 of 30

Dalton Transactions

To a solution of 4 (37.9 mg (0.034 mmol) in CH,Cl, was added [H;0-18-crown-6][BF4] (26.0 mg,
0.070 mmol). The solution was stirred at room temperature for 1 h, then it was concentrated to
small volume and treated with Et,O. The precipitate formed was filtered off, washed with Et,O and
dried to give the analytical sample as an orange-red solid. Yield 95 %. M.p. 185 °C. Anal. calcd for
C47H44B,FsNuP2Pty: C, 43.74; H, 3.44; N, 4.34 %. Found C, 43.65; H, 3.88; N, 4.16 %.

'"H NMR (400 MHz, CDCls, 298 K, ppm): 8.55-8.40 (m, 3H, aromatics) 8.20-7.31 (m, 29H,
aromatics); 7.06-6.96 (m, 2H, aromatics); 4.33 (m, 2H, CH, dppm); 0.99 (d sat, 3H, 3Jp.n = 6.6 Hz,
Jpen = 80 Hz, CHa); 0.93 (d sat, 3H, *Jp.y = 2.4 Hz, *Jpy ca 60 Hz, CHs).*'P NMR (161.9 MHz,
CDCls, 298 K, ppm): & 17.4 ppm (‘Jpp = 2516 Hz, *Jpip = 79.5 Hz, “Ipp = 42 Hz, P trans C); 10.1
ppm (‘Tpep = 4421 Hz, *Jpp = 71 Hz, *Jpp = 42 Hz, P trans N). Ay (5 10 M, acetone, 25 °C): 190

Qcm’mol ™.

[(Me)(bpy-H)Pt(u-dppm)Pt(pyq-H)(Me)], 13

To a solution of [Pt(bpy-H)(Me)(k'-dppm)], 3, (67.0 mg, 0.089 mmol) in CH,CL, was added 43.9
mg 0.089 mmol) of [Pt(pyg-H)(Me)(DMSO)], 11. The solution was stirred for 2 h, then it was
concentrated to small volume and treated with Et,O, to give a precipitate which was filtered off,
washed with Et,O and dried to give the analytical sample as an orange solid. Yield 85 %. Anal.
caled for Cs1HasN4P,Pt; H,O: C 51.78, H 3.92, N 4.74 %. Found: C 51.68, H 3.99, N 4.54 %. M.p.:
230 °C.

"H NMR: 0.73 (d sat, 3H, CH3, Jp.u= 7.2 Hz, Jp.u= 82.4 Hz); 0.83 (d sat, 3H, CHj, Jp.u= 7.2 Hz, Jp:.
p= 81.8 Hz); 4.18 (m, 2H, CH; (dppm)); 6.21 (m,1H); 6.31 (m,1H); 6.95 (m, 1H); 7.16-7.30 (m,
8H); 7.38-7.64 (m, 6H); 7.81-7.96 (m, 8H); 8.12-8.20 (m, 2H).*'P NMR 20.4 ppm ('Jp.p = 2234

Hz, 2Jp.p = 52 Hz, *Jpep n.1.); 20.9 ppm, 'Jpep = 2249 Hz, *Jpp = 52 Hz, *Jpep n.1).

[(Me)(bipy-H)Pt(p-dppm)Pt(Pyq-H)(CD)], 14
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Complex 14 was obtained following the same procedure used for 13, reacting the chloride complex
[Pt(Pyg-H)(C1)(DMSO)], 12, in place of the methyl one [Pt(Pyq-H)(Me)(DMSO)], 11. Yield 80%.
Anal. calcd for CsoH4 CIN4P,Pty: C 50.66, H 3.49, N 4.73 %. Found: C 50.42, H 3.19, N 4.41 %.

"H NMR (CDCl3) 0.72 (d sat, 3H, CH3, Jp.u= 7.4 Hz, Jpuu- 82.6 Hz); 4.55 (m, 2H, CH, (dppm));
6.51 (m 1H); 6.69 (m, 2H); 6.95 (m,1H); 7.15-7.32 m (14H); 7.43 (m, 1H); 7.60 (m, 2H);7.43-7.80
(m, 6H); 8.05-8.24 (m, 8H); 9.38 (ddd, 1H, He). 'P NMR: 12.8 ppm ('Jpep = 2232 Hz, *Jp.p = 80

Hz, 2Jp.p = 20 Hz, P trans C); 18.5 ppm ('Jpep = 4305 Hz, *Jpip = 44 Hz, “Jpp = 20 Hz, P trans N).

[(CHs)(dppe-xP,P)Ptp-(bpy-H)PH(CHs),], 15

To a solution of complex 5 in CDCl; (15.2 mg, 0.02 mmol) were added 7.8 mg of
[Pt(Me),(DMSO),] (0.02 mmol) in an NMR tube. The solution immediately changed from whitish
to bright yellow. 'H and *'P NMR spectra were registered within 10 min.

'"H NMR: 9.73 (d, 1H, Jgu = 7.4 Hz, Hs); 8.94 (d sat, 1H, Jy.g = 4.8 Hz, Jp;.y = ca 26 Hz, Hg or He);
8.74 (d sat, 1H, Jy.y = 4.6 Hz, Jp.y = ca 28 Hz, Hgor H¢); 8.07 (m, 1H); 7.86-6.79 (m, 23 H); 3.15
(m, 4H, CH; dppe); 0.96 (two overlapping d with sat, 6H, 2Jpey = ca 84 Hz, Pt-CH3); 0.50 (t with
sat, 3H, *Jp.y= 7.1 Hz, “Jpu = 69 Hz, Pt-CH3). >'P NMR: 45.7 ppm (s sat, 'Jpop = 2034 Hz), 44.5

ppm (s sat, pip = 1744 Hz).
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