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The reaction of the cyclometallated complex [PtCI(N~C)(dmso)] 1, ( N*C represents the cyclometallated
Schiff base, benzylidene-2,6-diisopropylphenylamine), with 1,1-bis(diphenylphosphino)ferrocene, dppf,
1,1-bis(diphenylphosphino)methane, dppm, and 1,2-bis(diphenylphosphino)ethane, dppe, in a 2:1 ratio or

an equimolar ratio using acetone as solvent produced the corresponding binuclear and mononuclear

diphosphines platinum complexes. In the case of the mononuclear complexes, the diphosphines act as
either a bidentate [N~C] ligand or a monodentate [N*C-«x1C] ligand depending on the size of bite angle of
diphosphines, while in the case of the binuclear complexes, the diphosphines acts as a bridging ligand
between the two metal centres. The solid state structures of some the binuclear as well as mononuclear

species are reported. The mononuclear derivatives were found to show different behaviour in solution and
in the solid state when compared to the binuclear analogues. This behaviour is also influenced by the

nature of the diphosphines ligands employed.

1. Introduction

Cyclometallated platinum compounds are of great interest due to
their useful applications in many fields." Since cis-[PtCl,(dmso),]
has been shown as an useful substrate for direct cycloplatination,
the coordination behaviour of N-benzylidenebenzylamines as
cyclometallating ligands with cis-[PtCly(dmso),] were recently
reported.? The labile dmso group can easily be replaced by other
ligands, including phosphine ligands, leading to more thermally
stable cyclometallated platinum complexes.

Bidentate phosphines (diphosphines) are an important class of
tertiary phosphine ligands in organometallic chemistry and have
found wide applications.’ In general; diphosphines are versatile
and robust ligands that are known to have different coordination
ability. Reactions of the platinum(II) sulfoxide complex with
diphosphine ligands give either dinuclear species, with bridging
phosphines,*®  or species  with  chelating
phosphines,”* respectively. The cyclometallated platinum
complexes based on diphosphine ligands have for example shown
photophysical properties*® and antitumor activities.**

A preliminary study conducted by us has found that the
cyclometallated  palladium  complexes  containing  N-
benzylidenebenzylamine and diphosphine ligands exhibit
promising antitumor activities. The series of platinum analogues
presented here could thus also potentially be biological active.
The screening of these platinum complexes for their anti-cancer
behaviour is currently being conducted. In an attempt to better
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understand these cyclometallated platinum(I) complexes, we
wanted to first study the diversity of the chemistry of these

complexes before pursuing further work with possible
applications.
Upon reaction with phosphines, the tendency of

cyclometallated palladium and platinum compounds to undergo
cleavage of the metal-nitrogen bond has been taken as a
metallacycle stability criterion.” In order to gain insight into the
factors responsible for the cleavage of the metal-nitrogen bond,
the reactions of the (N*C) cycloplatinated sulfoxide complex
with diphosphines which have different bite angles, i.e., dppm,
dppe and dppf, were undertaken. The present work is focused on
two issues: (1) an evaluation of the effect of bite angle of three
diphosphines on the nature of the platinacycles formed, in which
the diphosphines act as either chelating or bridging ligands, (2) a
comparative analysis of structural and various properties of these
monomeric and dimeric platinacycles.

2. Results and Discussion
2.1. Synthesis of the complexes

The routes to prepare the cyclometallated Pt complexes are
described in Scheme 1. The reaction of cis-[PtCly(dmso),] with 1
equivalent of benzylidene-2,6-diisopropylphenylamine (L,) in
the presence of sodium acetate, in refluxing methanol gave
complex [PtCI(N*C)(dmso)], 1. The reactions of 1 with 0.5 mole
equivalent of a bidentate phosphine ligand (biphos) such as dppf
(a), dppe (b) and dppm (c) at room temperature in acetone, gave

This journal is © The Royal Society of Chemistry [year]

[iournal], [year], [vol], 00-00 | 1



Joumal Name Dalton Transactions Dynamic Article Links pPage 2 of 14

Cite this: DOI: 10.1039/c0xx00000x

WWW.ISC.Org/XXXXXX ARTICLE TYPE

N 2
Ph “’ "
a
2 LN 5 3 N /
L Cl
A Reflux, 48h > 05 ¢ ‘ p— P‘t— N
+ _— - @ .
NaOAc 4 Pt—Cl acetone, 4h ¢ b N—Pt— Cl
cl dmso MeOH c / / \
e 3 a pb Ph
- \dmso Ozsid
Cl \ a: dppf
1 2 5 2 b:dppe
c: dppm
‘ Y 4 pp!
! dppf 1 dppe 1 dppm
acetone, 4h acetone, 4h acetone, 4h|
3 '
b 3
_ C 4 —
5 2
a
2 —N 3
3 l o P PgPh
——
Pt— PyPh, 4 ‘ B2
5
5 ‘ d
Ph,P
Ph,P . 2FA d i
3c
3b (in CDCl3)
Ph, 5 2
Pa
C[ \P
t a
d v ~N N c'
Py Cl ¢ f
Ph,
3
¥

3b (solid state)

Scheme 1 The mononuclear and binuclear cyclometallated platinum(Il) complexes containing bidentate phosphines

in good yield the binuclear complexes of the type s transformation between the neutral monodentate [N~C-k'C] and
[Pt,CL(NAC)y(1-P*P)], 2a-2b, by replacement of the dmso ionic bidentate [N~C] system. The 'H NMR spectrum of 3b
s ligands with the P donor atoms of the diphosphine. recorded in CDCl;, as well as its solution IR spectrum recorded in
In the reaction of [PtCI(N"*C)(dmso)] with 1 equivalent of dppf, DCM, indicated the presence of the ionic species with the
which has the largest bite angle amongst the three diphosphines bidentate [N~C] ligand in solution. On the contrary, the IR
studied, the cleavage of the Pt-N bond is observed resulting in the 20 spectrum of the compound recorded as a KBr pellet and the X-ray

formation of the monodentate complex [PtCl(dppf)(N~C-k'C)], crystal structure of 3b confirmed a neutral species in the solid
10 3a. The reaction with dppm which has the smallest bite angle, state in which the imine nitrogen is not coordinated to the
produces a rather unstable ionic complex 3¢, in which both the platinum centre.

imine and the bisphosphine behave as bidentate ligands. It is
noteworthy that the reaction of 1 with dppe leads to formation
complex 3b, which shows an unusual intramolecular 25 The "H NMR data for the cyclometallated complex 1 agrees with

2.2. Characterization of the complexes

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 | 2
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the data reported for similar complexes.*® By replacing the dmso
group with the diphosphines, all the imine proton (H?) signals of
the complexes, except that of 3a, were significantly shifted
downfield to the region & 8.13 — 8.28 ppm, and appeared as a
doublet as a result of coupling to platinum. The imine proton for
3a, however, appeared as a singlet at 8 9.16 ppm, indicating that
the imine N is not coordinated to the metal.

In the '"H NMR spectrum of each binuclear complex, three
well-separated peaks with a relative intensity of 1:1:1 were
observed in the aromatic region. This included the downfield
doublet of triplets for H®> and H* protons, and a more upfield
signal for the H® proton. The up-field chemical shift of H’
relative to the analogous signal in 1 has been ascribed to the
anisotropic shielding effect of the aromatic ring in diphosphine
ligands.* The two isopropyl groups are non-equivalent in all the
dinuclear complexes, and appeared as two doublets. In contrast to
the dinuclear analogues, the '"H NMR spectra of the mononuclear
complexes 3 show overlapping of signals in the aromatic region.
Two broad singlets were also observed for the isopropyl methyl
groups in the spectra of the dppe and dppm complexes 3b and 3c,
which are resolved into two doublets at low temperature due to
the fluxional motion of the aromatic ring containing the isopropyl
units.

In the *C-NMR spectra for the dinuclear complexes, the imine
carbon (C*) and the aromatic carbon adjacent to the metallation
site (C°) appear as doublets and are coupled to platinum (Jp,cs ca.
80 — 85 Hz and Jp.c, ca. 85 — 92 Hz, respectively). However, the
resonance of the imine carbon in the dppe and dppm chelated
mononuclear complexes 3b and 3¢, exhibit an upfield singlet at
184.92 and 183.86 ppm, respectively, compared to the dinuclear
complexes for which the analogous signal appears at ca. 179
ppm. The imine carbon of the dppf chelated complex 3a, showed
a significant downfield singlet at 166.34 ppm, corresponding with
the resonance of the imine signal of the free N~C ligand,
indicating that in this case the imine N is not coordinated to the
metal.

In P NMR spectra of the binuclear complexes,
[Pt,CL(NAC),(1-P7P)], 2, the two equivalent P atoms appeared as
a sharp singlet for each of the analogues. The equivalence of the
P atoms suggests that the diphosphine ligands act as a spacer
between the two Pt(N"C) moieties, and each P atom is
coordinated to a Pt atom in a trans position to the N atom of the
NAC ligand. Virtual coupling was also observed for complexes
2b and 2¢. On the contrary, the *'P NMR spectra of mononuclear
complexes 3, show two sets of resonances due to non-equivalent
phosphorous atoms, both coupled to platinum. The higher J value
is assigned to the phosphorus atom frans to the chloride ligand
(for 3a) or imine nitrogen (for 3b and 3c¢) and the lower to that
trans to the metallated carbon, which is in agreement with the
reported values for related complexes.?**® The different 'JPt-P
values for the chelating complexes are due to the trans influence
of the metallated C atom being much greater than that of the
chloride ligand or the imine nitrogen. A case in point is the
complex 3a where the Pt-P, bond length, i.e. trans to chloride, is
approximately 0.15 A (vide infia) shorter compared with the Pt-
Py bond. Furthermore, the *'P NMR spectrum of complex 3a
exhibit considerable 2™ order or strong coupling effects
illustrated in Figure la at 313 K, i.e. characteristic “roofing” of
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Fig. 1 (a) *'P NMR spectrum of complex 3a; (b) variable temperature *'P
NMR spectrum of complex 3a; (c) *'P NMR spectrum at 223 K

the doublets at 14.89 and 15.74 ppm respectively, with an
estimated Av/J ratio of 6.43 consistent with an AB spin system.
As temperature is decreased from 313 to 223 K the *'P NMR

70 resonances at 14.89 and 15.74 ppm broaden significantly and

both shift upfield, Figure 1b, whilst the Av/J ratio continually
decrease yielding stronger 2™ order coupling effects. At 223 K it
seems that these resonances are relatively close to coalescence,

This journal is © The Royal Society of Chemistry [year]
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Figure lc, suggestive of a dynamic site exchange reaction.
However, in a relatively recent communication by James and co-
workers!'” it is shown how a set of Ru(Il) diphosphine/diimine
complexes exhibit remarkable *'P NMR temperature dependent
spectra in which the expected AB pattern is sometimes ‘lost’ as a
function of decreasing temperature giving rise to accidental
degeneracy or an A, pattern. Upon a further temperature decrease
the A, resonance pattern converts back to the expected AB. It is
also clear that these *'P NMR temperature dependent spectra are
not due to dynamic exchange processes between 2 or more
conformers/species yielding time averaged resonance patterns.
Furthermore, James ['"° also found that the temperature where A,
patterns occur instead of AB or AX varies as a function of solvent
and ligand type frans to the coordinating phosphor donor atoms.
In a variable temperature *'P NMR study conducted by Lynam
and co-workers®'®, it was observed that the AB resonance
pattern at 300 K for complex [Ru(E-Ch=C{PPh;}R(n’-
CsHs)(PPh;),][OTH], varies considerably with temperature and at
240 K an A, pattern is obtained. At still lower temperatures the
AB resonance pattern re-emerges. Simulations performed by
Lynam™'® showed that the changes in lineshape of these
resonances can be accounted for by changes in chemical shift as a
function of temperature rather than dynamic exchange processes.
The relatively large changes in chemical shift and lineshape
pattern for complex 3a (AB resonance pattern tending to an A,
pattern, Figures 9 a-c) as a function of decreasing temperature
emulates the data of James!'! and Lyman'. Moreover, taking into
account that the only other stable conformer as found via DFT
calculations is 10 kCal.mol" higher in energy (vide infra) leads
us to the conclusion that dynamic exchange processes is not
responsible for the line shape changes shown in Figure 9b but
rather temperature induced chemical shifts in the presence of 2™
order coupling effects. We are currently investigating this
phenomenon further given the importance of *'P NMR as a
characterization method for organometallic compounds.

It is interesting to note that the vy stretching vibration for 3b
with dppe ligand is at 1601 cm™” when recorded in CH,Cl,
solution, while at 1631 cm™ when recorded as a KBr pellet (see
Figure S1). This indicates the Pt-N bond in 3b forms in CH,Cl,
solution and cleaves in the solid state. Similar intraconversion
behaviour was not observed for either 3a or 3c. NMR and IR
spectroscopic data for the dppf complex 3a is consistent with the
neutral species monodentate [N~C-k'C] ligand in both the solid
state and in CH,Cl, solution, while the dppm analogue 3¢
remains as a cationic species with bidentate [N~C] ligand in both
the solid phase and in solution.

To further confirm the nature of the mononuclear complexes,
their conductivities were determined in CH,Cl, at 25 °C. 1 mM
solutions were used to measure conductivities. The cationic
character of the complexes containing dppe and dppm, 3b and 3c,
was confirmed by the relatively larger molar conductivities, 58.0
and 66.1 Q'.cm®mol”, respectively. These Ay values indicated
that both dppe and dppm complexes were 1:1 electrolytes. On
the contrary, the dppf complex 3a, shows neutral character as
determined by 'H NMR and IR spectroscopies, and showed very
low molar conductivity in CH,Cl, (see Table S1). This is similar
to what is observed for that of the neutral dinuclear complex, 2c.
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Anticlinical eclipsed

(b)

Fig. 2 (a) Molecular structure of 2a showing the atomic numbering
scheme. All H atoms are omitted for clarity. All non-hydrogen atoms are
presented as an ellipsoidal model with probability level 30%. (b)
Conformation of the cyclopentadienyl rings of the ferrocene moiety in
complex 2a.

2.3. Crystal structures

Suitable crystals were grown from dichloromethane/methanol
(2¢), and dichloromethane/n-hexane (3a) at low temperature (ca.
4 °C), or by slowly evaporating dichloromethane/n-hexane (2a),
and acetone (3b) solutions of the complexes. The labeling
schemes for all the compounds are shown in Figures 2 — 4.
Selected interatomic distances and angles are listed in Table 1.

All the molecular structures exhibit distortions from idealized
square-planar geometry at the metal. Complexes 3a and 3b are
mononuclear species with the diphosphine acting as a chelating
ligand. In contrast, complexes 2a and 2¢ have a crystallographic
two-fold symmetry and sits astride a two-fold axis, making only
one-half of the complex unique. Two planes containing a Pt atom
are connected via the diphosphine ligand. The P atom occupies
the trans position to the N atom in both 2a and 2ec.

The platinum atoms in complexes 3a and 3b are surrounded by
a chelating dppf or dppe ligand, C and Cl atoms. This reveals that
the strong chelating ability of the diphosphine ligands has caused
the Pt-N bond of the cyclometallated complex to undergo
cleavage, forming the neutral complexes with a monodentate 1'-
C-bond to the platinum centre in the solid state.
For the dppf containing complexes, the mutual arrangement of
the two Cp rings is measured by the Cp(centroid)-Fe-
Cp(centroid) twist angle(t)
and the dihedral angle between the mean planes through the Cp
rings (0) (see Table S2). For the dinuclear complex 2a, the
Cp(centroid)-Fe-Cp(centroid) twist angle is 143.50, so the dppf is

4 | Journal Name, [year], [vol], 00—00
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Table 1 Selected bond lengths (A), bond angles (°) and torsion angles (°) for complexes 2a, 2¢, 3a and 3b

2a 2¢ 3a 3b

Pi(1)-C(1) 2.005(9) Pi(1)-C(1) 2.016(4) Pi(1)-C(1) 2.048(6) Pi(1)-C(1) 2.073(3)

Pi(1)-N(1) 2.077(8) Pi(1)-N(1) 2.085(4) Pi(1)-P(1) 2'2135()’8( Pi(1)-P(1) 2.2193(7)

Pi(1)=P(1) 22312) Pi(1)=P(1) 2‘21%;(’( Pi(1)-P(2) 2'31%7( Pi(1)-P(2) 2.3120(7)

Pi(1)-CI(1) 2.364(2) Pi(1)-CI(1) 2'31%§4( Pi(1)-CI(1) 2'3156()’7( Pi(1)-CI(1) 2.3592(6)

N(1)-C(7) 1.287(13) N(1)-C(7) 1.283(5) N(1)-C(7) 1.267(9) N(1)-C(7) 1.271(4)
C(1)-Pt(1)-N(1) 80.3(3) C(1)-Pt(1)-N(1) 80’2)0(1 C(1)-Pt(1)-CI(1) 86‘62)6(1 C(1)-PH(1)-CI(1) 89.09(7)
C(1)-P(1)-P(1) 97.2(3) C(1)-P(1)-P(1) 97'11)3(1 C(1)-P(1)-P(1) 87'5)7 a C(1)-P(1)-P(1) 91.78(7)
N(1)-Pt(1)-CI(1) 90.7(2) N(D)-Pi(1)-CI(1)  8923(9)  PQ)}-Py(1)-CI(1)  8627(5)  P(2)-Pi(1)-CI(1) 92.20(2)
P()-P(1)-CI(1)  91.87(8)  P()-P(1)}-CI(1)  92.55(4) P(1)-Pt(1)-P(2) 99.50(5) P(1)-Pi(1)-P(2) 86.88(3)

Total 1° 360.2 Total 1 359.5 Total 1° 359.9 Total 1° 360.0
C(1)-Pt(1)-N(1) 80.3(3) C(1)-Pt(1)-N(1) 80’2)0(1 P(1)-Pt(1)-P(2) 86.83(3)
C(7)-N(1)-Pe(1) 11446)  CO)N(-P(1)  113.703) C(33)-P(2)-Pi(1) 105%2(10
C(6)-C(1)-P(1) 113.3(6) CE)-CH-P1)  112203) C(32)-P(1)-Pi(1) 108.25(9)
COrCOCT)  11400)  CORCECT)  11580) cacanpe 101609
N(D)-C(7)-C(6) 118.0(9) N(1)-C(7)-C(6) 117.7(3) C(33)-C(32)-P(2) 109~§9(19
Total 2° 540.3 Tota] 2 540.1 Total 2° 520.3
N(1)-Pt(1)-C(1)- N(1)-Pt(1)-C(1)- -
@) -178.69) @) 174.1(4)
Pi(1)-N(1)-C(8)- Pi(1)-N(1)-C(8)-
o -95.4(10) o -87.5(4)

“ Sum of angles in the coordination environment of the platinum atom. ” Sum of internal angles of the metal-containing ring.

Synclinical staggered

(b)

Fig. 3 (a) Molecular structure of 3a showing the atomic
numbering scheme. All H atoms are omitted for clarity All non-
10 hydrogen atoms are presented as an ellipsoidal model with
probability level 30%. (b) Conformation of the cyclopentadienyl
rings of the ferrocene moiety in complex 3a.

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 0000 | 5
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e co)

5 Fig. 4 Molecular structure of (a) 2¢ and (b) 3b showing the atomic
numbering scheme. All H atoms are omitted for clarity. All non-hydrogen
atoms are presented as an ellipsoidal model with a probability level of
30%. The solvent molecule has been omitted in this diagram.

10 arranged in a nearly ideal “anticlinical eclipsed” conformation.11
This is in agreement with related dinuclear platinum4b and
palladium12 complexes. In the structure of 3a, the dppf ligand
adopts a “synclinical staggered” arrangement9 which is defined
by the Cp(centroid)-Fe-Cp(centroid) twist angle of 39.20.

15
2.4. Electrochemical and Photochemical Properties

Redox properties of the dppf complexes. The main interest in
the use of dppf as a ligand stems from the unusual bite angle of
20 the chelating phosphine together with the presence of the redox-
active ferrocene backbone. The cyclic voltammograms of freshly
prepared solutions (1.5 mM) of dppf, the dinuclear complex 2a

(‘prrenl ( p,%\)

====dppf-2 ——dppt

1.6 1.3 1 0.7 04 0.1
Potential (V)

and mononuclear complex 3a in dichloromethane were recorded
at 298 K. These are presented in Figure 5.
»s  Numerous studies have investigated the oxidative
electrochemistry of dppf, which, unlike that of simple ferrocene,
is complicated by a side reaction that has been proposed to
involve a dimerization process (Scheme 3)."*® This dimerization
often impacts on the nature of the CV plot obtained for dppf
containing compounds. As shown in Figure 5 (a), in the narrow
scan range (< 0.7 V), the dppf ligand exhibits a single, reversible
oxidation wave at E;, = 0.460 V due to the oxidation of the
ferrocene moiety, which agree with the reported value (0.450
V).2® In the wider scan range (up to 1.6 V), the secondary
3s reaction which occurs can be detected and is based on the
oxidation of the phosphine group at E;,, =1.04 V (Ezp,l =1.10 V).
The irreversible oxidation process of the ferrocene moiety could
be attributed to a dimerization process.
The platinum complexes 2a and 3b show different redox
40 behaviour in CH,Cl, depending on the coordination mode of dppf
(Figure 5b).Both complexes show greater anodic half-wave
potentials compared to the uncoordinated dppf ligand due to the
electron-withdrawing property of the ligand and the Lewis acidic
character of the Pt(Il) ion. The dinuclear complex, 2a, exhibits
45 only one reversible redox peak at £, = 0.567 V (E,, = 0.654 V,
E,. = 0.480 V), and it has the more cathodic potential of two
complexes. It suggests that Fc' formed during the oxidation
process is well stabilized by the [Pt(N~C)] moiety, and no
oxidation occurs on phosphine groups. On the other hand, the
so cyclic voltammetry of the mononuclear complex, 3a, suggests
multi-electron transfer. The forward peaks show overlapping of
two oxidation processes, while the reverse peak displays a much
broader shape, which could be due to two unresolved reductive
process. The first redox peak at Ejpa =0.765 V (E!;, =0.738 V)
ss can be assigned to the redox process related to the ferrocene
moiety. The second redox peak at Ezpa =0.785 V (E';, = 0.748
V) corresponds to the redox processes of the phosphine group, a
subsequent dimerization reaction that has been proposed for
dppf.® The half-wave potential of the oxidation process of
phosphine groups is much more cathodic compared to that of free
dppf which occurs at £, = 1.04V (see Fig.5a and Table S4) ,
indicating that the chelating coordination mode where two
phosphine atoms bound to the same Pt centre, thus increasing the
electron density on the metal making this oxidation much more
os feasible. Consequently, the oxidation of the ferrocene moiety is
more different.

3

S

2
S

(b)

L

Current (pA)
P

—3a —2a
~16
-0.1.6 1.3 1 04 0.1 -0.2

0.7
Potential (V)
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Fig.5 Cyclic voltammograms scan of the oxidation of 1.5 mM dppf (a), 2a and 3a (b) in CH,CL/0.10 M TBAP at 100 mV/s.

thp@
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pth@

Fe (I1I)

-€

th@

Fe (II)

Dimer

Scheme 2. Proposed dimerization reaction of dppf *®

Absorption spectra. The UV-Vis absorption spectra of the
complexes were recorded in CH,Cl, at 298K for all the
cyclometallated Pt complexes (see Figure S3 and Table S5). All
the complexes give rise to intense absorptions between 235 and
340 nm, which match the absorption range observed for free C'N
ligand," and thus assignable to metal-perturbed ligand-centred
transitions ('LC 7z—7+#). The low-energy transitions in the range of
370 — 450 nm, with extinction coefficients between 2000 and
6000 M™'cm™ were previously assigned as metal-to-ligand charge
transfer ('MLCT) for most C"N-cyclometallated Pt(II)
complexes."'® In the visible region of the absorption spectra of
complexes 1 and 2a-c, there is a broad charge-transfer maximum
at ca. 410 nm with a slight shoulder ca. 430 nm. In view of their
significant extinction coefficients, the corresponding electronic
states are assigned as 'MLCT. Changing of the bridging
phosphine ligand (dppf, dppe or dppm) has hardly any effect on
the lower-energy absorption bands of the dinuclear complexes. In
contrast to the dinuclear analogues, no absorptions between 370 —
450 nm assigned to '"MLTC were observed in the mononuclear
complexes 3a-c, due to the fact that the HOMO and LUMO are

largely located on the C"N moiety with no or very little
contribution from Pt the centre.!
1
208
z = === Absorption
= 0.6 Excitation
E \ e Eis 8101
= \
£ 04 \
5 \
z \
\
0.2 hd
O !
300 400 500 600 700

Wavelenght (nm)

Fig.6 Excitation, emission and absorption spectra of complex 1 in CH,Cl,
(10* M) at 298 K.

Excitation and Emission spectra. The dppe and dppm
complexes as well as the dmso precursor are emissive in a
CH,Cl, solution at 298 K. The excitation and emission data are

so complexes

ss decided to

35 summarized in Table S6. The emission spectra of 1 in CH,Cl, at

298 K show an incipient vibronic structure (Figure 6). The
corresponding excitation spectra match the room-temperature
absorption spectrum. By replacing the dmso group with the
phosphine ligands, the excitation spectra of all complexes loose

40 the features observed in the spectrum of 1 and give structureless

excitation bands (Figure 7). For the dinuclear complexes 2b and
2¢, the excitation spectra show low-energy bands, while high-
energy bands are observed for mononuclear complexes. This
agrees with the observation where low energy bands are absent in

as the UV-Vis spectra of the mononuclear complexes.

In all the cases, the emission spectra (Figure 8) reveal vibronic
structures. Both dinuclear complexes give rise to somewhat
structured emission at 532 nm (max), similar to that of 1.
Significant blue shifts relative to the emissions of the dinuclear
are observed for the mononuclear analogues,
especially for the dppe complex 3b. This could also be attributed
to the absence of '"MLCT in the mononuclear complexes.

2.5. Computational study

Due to the unusual behaviour of the complexes, 3b and 3¢, we
investigate these computationally. An overall
agreement has been found between the calculated and
experimental structures of the neutral conformer for the dppe
complex 3b. According to the theoretical results (Figure 9), the
neutral isomer 3bN was found to be the species with the lowest

o energy, whereas the cationic isomer 3bC was found to be 7.2

kcal/mol higher in energy. Dppm has the smallest bite angle
among the three diphosphines and in the case of its analogue 3¢
(Figure 10), the two conformers have very close energies, with
the cationic isomer 3¢C being found to be 4.4 kcal/mol higher

s than its neutral isomer 3¢N. The differences in energy between

the neutral and cationic conformers of 3b and 3¢ can be
employed to rationalize the experimental findings. Thus in the
case of the dppm complex, 3¢ the computational studies show
small energy difference between the neutral and cationic

70 conformers, and in reality we observe only the cationic conformer

both in the solid state as well as in solution (CH,Cl, and CH;Cl).
For the dppe system theoretical calculations show a larger energy
difference between the neutral and cationic conformers. In this
instance the neutral isomer was experimentally isolated in the

75 solid state while the cationic isomer was detected in solution for

the dppe complex 3b.

This journal is © The Royal Society of Chemistry [year]
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Attempts, to optimize the molecular structure of cationic
conformer of the dppf complex 3a, did not give the expected 3. CONCLUSIONS
10 structure (Figure 11). The calculated structure (3aN-2) is neutral .
with the CI still bonded to the Pt centre, and with the Pt-N The  reactions
distance being 3.202A. The molecular structure of the neutral
conformer (3aN-1) was optimized based on the X-ray structure, . .
with the Pt-N distance being 4.622 A. The energy difference * a m(')lar ratio ,Of 2.:1 to PY), d'1nuclear cqmp lexes 2a — 2¢ were
15 between these two structures is found to be 3.4 kcal/mol in favour obtained, while in an equimolar .ratlo, the PP chelated
of 3aN-1. The unsuccessful optimization of the cationic isomer of monomuclear complexes 3a — 3¢ were isolated.
3¢ could possibly be attributed to the larger bite angle of dppf.
This points to instability of the cationic species and is consistent
with the experimental observation where 3¢ remains as the
20 neutral conformer in both the solid state and in solution.

of diphosphines with the dmso-ligated
cyclometallated platinum compound 1 have been studied in the
present work. When diphosphines were used as spacer ligands (in

In the mononuclear derivatives, the cleavage of the Pt-N bond

of the platinacycles depends on the bite angle of the diphosphine

30 ligands. For compound 3b containing dppe, which has a medium
bite angle compared to the other diphosphines studied, dppe

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 | 8
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caused cleavage of the Pt-N bond of the metallacycle leading to a A comparative study of structures, electrochemical and
monodentate [N-C-x'C] system in the solid state, and with photochemical properties between both dinuclear and
extrusion of the chloride ligand giving an ionic derivative in mononuclear complexes was also reported and found these
CDCl; or DCM. A fluxional behaviour was observed for 10 properties are largely depending on the nature and the
s compound 3b and 3c¢ in solution, both of which are ionic in coordination mode of the diphosphines.

nature in solution.

3bN (0.0 kcal/mol) 3bC (7.2 kcal/mol)

FFig. 9 Optimized structures of 3b in both neutral and cationic forms. Calculated Gibbs free energies (AGaos 15x) at 298.15 K, 1 atm and in chloroform in
kcal/mol relative to 3bN are given in brackets. Note: the bite angles of the diphosphine ligands are given in red.

3¢N (0.0 kecal/mol) 3¢C (4.4 kcal/mol)

Fig. 10 Optimized structures of 3¢ in both neutral and cationic forms. Calculated Gibbs free energies (AGaos.15x) at 298.15 K, 1 atm and in chloroform in
kcal/mol relative to 3¢N are given in brackets. Note: the bite angles of the diphosphine ligands are given in red.

20
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3aN-1 (0.0 kcal/mol)

3aN-2 (3.4 kcal/mol)

Fig. 11 Optimized structures of 3a. Calculated Gibbs free energies (AGaos 1sk) at 298.15 K, 1 atm and in chloroform in kcal/mol relative to 3aN-1 are
given in brackets. Note: the bite angles of the diphosphine ligands are given in red.

4. Experimental Section
4.1. General

The solvents were purified and distilled by standard methods.
Methanol (dry, max. 0.005% H,0) was purchased from Aldrich.

10 NMR spectra were recorded on a Varian Mercury-300 MHz or
Varian Unity-400 MHz spectrometer. Residual solvent signals
were used as a reference when recording 'H and '*C NMR
spectra. H;PO, (85% in D,0) were used for reference as *'P
NMR. Abbreviations used: s = singlet, d = doublet, t = triplet,

15 m = multiplet, b = broad, NMR labelling as shown in Scheme 1.
Infrared spectra were recorded as KBr disks and measured on a
Perkin Elmer Spectrum One FT-IR spectrophotometer. Mass
spectral analyses were carried out at Stellenbosch University on a
Waters Q-TOF Ultima API or Waters Quattro Micro API mass

20 spectrometer using the electrospray technique.
Elemental analyses were carried out on a Fisons EA 1108 CHNS
Elemental Analyzer at the microanalytical laboratory of the
University of Cape Town. Melting points were recorded on a
Kofler hotstage microscope (Reichert Thermovar). Conductivity

25 in dichloromethane (1 mM concentration) was measured using a
Crison Basic 30+ Conductivity meter. UV-vis spectra (Figure
S4),excitation spectra (Figures 6-7) and emission spectra (Figure
8) were obtained using a Chirascan / Chirascan-plus CD
Spectrometer

30  Cyclic voltammetry was performed at ambient temperature by

ionization

using a Bioanalytical Systems Inc. BAS 100W Electrochemical
Analyser with a one-compartment three-electrode cell comprising
a platinum disk working electrode, a platinum wire auxiliary
electrode and a Ag/Ag' reference electrode (0.01 M AgNO; and
0.1 M [n-BuyN][ClO,] in anhydrous acetonitrile). The reported E
values (see text and Table S4) are with reference to this electrode.
Measurements were made on anhydrous acetonitrile solutions
that were ca. 1.5 mM in sample and contained 0.1 M [n-
Bu,N][ClO,] as background electrolyte. A scan rate of 100 mV
s was used throughout, with scans starting from the most
negative potential and initially scanning anodically. Under these
conditions the half-wave potential of the ferrocene/ferrocenium
couple, which was used as a reference, never varied by more than
0.03 V from a mean value of £+ = +0.18 V vs. the Ag/Ag"
reference electrode, and had a peak separation falling between A4
E, =59 and 66 mV. All solutions were purged with argon and
voltammograms were recorded under a blanket of argon. The
platinum disk working electrode was polished between runs.
X-ray single crystal intensity data for all structures were
collected on a Bruker KAPPA APEX II DUO diffractmeters
using graphite monochromated MoKa. radiation (A = 0.71073 A).
Temperature was controlled by an Oxford Cryostream cooling
system (Oxford Cryostat). The strategy for the data collections
was evaluated using the Bruker Nonius "Collect” program. Data
were scaled and reduced using DENZO-SMN software.'® An
empirical absorption correction using the program SADABS'
was applied. The structure was solved by direct methods and
refined employing full-matrix least-squares with the program

This journal is © The Royal Society of Chemistry [year]
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SHELXL-97'® refining on F2. Packing diagrams were produced
using the program PovRay and the graphic interface X-seed." All
the non-hydrogen atoms were refined anisotropically. The
hydrogen atoms were placed in idealised positions in a riding
model with U, set at 1.2 or 1.5 times those of their parent atoms
and fixed C-H bond lengths.

o

4.2. Preparation of the compounds

1 was obtained from cis-[PtCl,(SOMe,),] (0.556 g, 1.32 mmol),
imine ligand L,, (0.0.350 g, 1.32 mmol) and sodium acetate
10 (0.210 g, 2.65 mmol), which were allowed to react in dry
methanol at 65 °C for 48 h. The reaction mixture was filtered
through celite to remove metallic platinum. The solvent was
removed on a rotary evaporator and the residue was recrystallized
using dichloromethane-methanol, yielding a deep yellow
crystalline solid which was isolated by filtration in vacuo. Yield
0.218 g (29%). m.p.: 194 — 196 °C. IR (KBr): v (CH=N) 1601
em™, (S=0) 1139 cm™. '"H NMR (400 MHz, CDCly): 5= 8.31 [d,
g =7.83 Hz, *Joy =40.1, 1H, H], 7.95 [s, *Jpyy = 114.3, 1H,
H%, 7.41 [d, *Jyy = 7.33, 1H, H], 7.31 [t, b, *Jy.y = 8.36 Hz, 1H,
H*Y], 7.27-7.22 [m, 1H, H], 7.21-7.16 [m, 1H, H*], 7.15 [d, *Jiy
=7.77 Hz, 2H, B>, 3.52 (s, *Jpey = 24.21, HY), 3.29 (hept, 2H,
H®), 1.30 (d, *Jyy = 6.79 Hz, 6H, H°), 1.12 (d, *Jyy = 6.87 Hz,
6H, H%). °C NMR (CDCl;): 6= 181.05 [s, C], 179.94 [s, C'],
141.74 [s, C¥*%7, 133.94 [s, C°], 133.58 [s, C*], 131.58 [s, C'],
129.64 [s, C?], 128.11 [s, C*], 124.24 [s, C°], 124.73 [s, C*],
123.02 [s, C**¥], 46.78 [s, CY], 28.17 [s, C°], 24.44 [s, C°], 22.74
[s, C°|. EI-MS: m/z 541.2 [M-OMe]*, 500.02 [M-"Pr-2Me]",
457.1 [M-Cl-dmso]". Anal. Found (calc. for C,;H,sCINOPtS): C:
44.43 (44.01), H: 4.58 (4.92), N: 2.03 (2.44), S: 5.82 (5.60).
3  2a was obtained from compound 1 (0.062 g, 1.09 mmol) and
1,1’-bis(diphenylphosphino)-ferrocene (dppf) (0.030 g, 0.504
mmol) which were allowed to react in acetone (10 ml) at room
temperature for 4 h. The solvent was removed on a rotary
evaporator, yielding an orange solid which was dried in vacuo.
Yield 65 mg (83%). M.p.: 184 -187 °C. IR (KBr): v (CH=N)
1604 cm™. 'H NMR (400 MHz, CDCly): 5= 8.17 (d, “Jp.y = 9.54
Hz, *Jp.y = 82.74 Hz, 2H, Ha), 7.62 — 7.57 [m, 8H, Ph-H], 7.35
[d, *Jyn = 7.57 Hz, 2H, H?], 7.29 [d, *Jiy = 6.99 Hz, 4H, H>*],
7.21 = 7.16 [m, 12H, Ph-H], 7.15 [t, *Jyu = 5.61 Hz, 2H, H*],
40 6.97 [t, *Juy = 7.31 Hz, 2H, H%], 6.66 [dd, iy = 7.94 Hz, *Jyn
=1.25 Hz, 2H, HY, 6.45 [dd, *Jy = 7.92 Hz, *Jyyy = 2.31 Hz,
2H, H°], 4.98 [s, 4H, Cp-H"], 4.39 [s, 4H, Cp-H®], 3.37 [hept, 4H,
HP], 1.30 [d, /iy = 6.76 Hz, 12H, H], 1.12 [d, *Jyy = 6.85 Hz,
12H, H°]. "C NMR (101 MHz, CDCL): 6= 179.47 [d, Jo.c =
3.07 Hz, Joc = 79.31 Hz,C*], 146.60 [s, C'], 141.83 [s, C**°],
137.36 [d, Jp.c = 4.36 Hz, Jp.c = 92.23 Hz, C°], 134.33 [d, Jp.c =
10.78 Hz, 8H, Ph-C], 132.00 [s, C*7, 131.75 [s, C'], 130.39 [s,
C¥7, 129.17 [s, C?], 127.57 [d, Jp.c = 11.01 Hz, 12H, Ph-C],
127.28 [s, C%, 122.92 [s, C%], 122.63 [s, C*], 76.73 [d, Jpc =
s0 10.45 Hz,C%], 75.48 [d, Jp.c = 7.67 Hz,CP], 28.12 [s, C"], 24.79
[s, C°T, 23.14 [s, C°]. *'P NMR (162 MHz, CDCl;): 6= 9.42 [s,
Jpp = 4239 Hz]. EL-MS: m/z 1549.4 [M+5H]", 1508.4 [M-CI]",
Anal. Found (calc. for C;,H7,Cl,FeN,P,Pt,): C, 56.17 (56.00); H,
4.89 (4.70); N, 1.72 (1.81).
ss  2b was obtained from compound 1 (0.058 g, 1.012 mmol) and
1,1’-bis(diphenylphosphino)-ethane (dppe) (0.020 g, 0.506
mmol) which were allowed to react in acetone (10 ml) at room
temperature for 4 h. The formed yellow precipitate was collected
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which was dried in vacuo. Yield 38 mg (54%). M.p.: 298 -301
o0 °C. IR (KBr): v (CH=N) 1602 cm™’. "H NMR (400 MHz, CDCl;):
5= 1823 (d, *“Jo.y = 9.00 Hz, *Jpyy = 86.40 Hz, 2H, Ha), 7.99 —
7.80 [m, 8H, Ph-H], 7.34 [d, *Juyq = 7.57 Hz, 2H, H?], 7.30 [d,
3Jun = 6.99 Hz, 4H, H>*¥], 7.28 — 7.16 [m, 14H, Ph-H & H*],
6.95 [dt, *Jyy = 7.4 Hz, *Jyy =0.9 Hz, 2H, H%], 6.61 [dt, *Jyyq =
6s 7.6 Hz, *Jyyy =1.25 Hz, 2H, H*), 6.43 [dd, *Jyy = 7.9 Hz, Uy =
1.3 Hz, 2H, H°], 3.42 [hept, 4H, H®], 3.09 [d, %oy = 2.6 Hz, 4H,
HY, 1.3d [d, >/ = 6.8 Hz, 12H, H], 1.21 [d, >y = 6.9 Hz,
12H, H”]. 3C NMR (75 MHz, CDCl3): 6= 179.02 [d, Jo.c = 1.4
Hz, C*], 146.11 [s, C"], 141.86 [s, C***], 136.77 [d, Jp.c = 3.1
20 Hz, C°], 134.29 [t, Jo.c = 5.6 Hz, Ph-C], 132.45 [s, C*], 130.69
[s, C'1, 129.94 [s, C**%], 129.17 [s, C*], 128.34 — 128.00 [m, Ph-
C], 127.34 [s, C%, 122.75 [s, C*], 122.70 [s, C*], 28.14 [s, C"],
24.57 [s, C%1, 23.15 [s, C°], 1.03 [s, C%. 3'P NMR (121 MHz,
CDCly): 8= 1821 [s, Jp = 4226 Hz, J = 26.4 Hz (virtual
coupling)]. EI-MS: m/z 1393.4 [M+Na]", 857.3 {M-[PtCI(N*C)]-
Cl1}*, Anal. Found (calc. for C¢4HgsCLN,P,Pt,): C, 55.68 (55.37);
H, 4.52 (4.94); N, 1.96 (2.02).
2¢ was obtained in a similar manner as 2a. Yield 65 mg (83%).
M.p.: 286 -288 °C. IR (KBr): v (CH=N) 1605 cm”. 'H NMR
s0 (300 MHz, CDCly): 6= 8.13 [d, *Jp.;; = 8.9 Hz, *Jp.y = 88.8 Hz,
2H, Ha], 8.04 [m, 8H, Ph-H], 7.33 — 7.24 [m, 8H, H?, H>*> H*],
7.24 —7.06 [m, 12H, Ph-H], 6.88 [dt, *Jy.y = 7.4 Hz, *Jy.x =0.9
Hz, 2H, H%], 6.55 [dt, *Jyy = 7.7 Hz, “Jyy =1.6 Hz, 2H, H],
6.21 [dd, *Jyy = 8.0 Hz, “Jyuy = 1.2 Hz, 2H, H°], 5.25 [t, 2Jpp
ss =13.0 Hz, 2H, H%], 3.42 [hept, 4H, H"], 1.46 [d, *Jy.y = 6.8 Hz,
12H, H, 1.23 [d, *Jy = 6.9 Hz, 12H, H°]. '*C NMR (75 MHz,
CDCLy): 6=178.12 [d, Jp.c = 1.5 Hz, C*], 144.93 [s, C'], 143.74
[s. CY, 140.69 [s, C***1, 135.77 [d, Jpo.c = 4.7 Hz, Jpoc = 82.3
Hz, C], 134.16 [t, Jp.c = 6.0 Hz, Ph-C], 131.01 [s, C°], 129.21
[m, Ph-C], 127.72 [s, C*], 126.70 [m, Ph-C], 126.43 [s, C*],
121.78 [s, C**°1, 121.74 [s, C°], 27.11 [s, C*], 23.69 [s, C°],
22.05 [s, C°, 21.83[s, C%. 3P NMR (121 MHz, CDCl;): 6=
11.62 [s, Jp.py = 4261 Hz, J = 23.8 Hz (virtual coupling)]. EI-MS:
m/z 1338.37 [M-CI]", 843.26 {M-[PtCI(N~C)]-CI}", Anal. Found
(calc. for C63H66C12N2P2Pt2): C, 55.32 (5506), H, 4.68 (484), N,
1.98 (2.04).
3a was obtained from compound 1 (0.058 g, 0.92 mmol) and
1,1’-bis(diphenylphosphino)-ferrocene (dppf) (0.051 g, 0.92
mmol) which were allowed to react in acetone (10 ml) at room
10 temperature for 4 h. The solvent was removed on a rotary
evaporator, yielding an orange solid which was recrystallized
from DCM/Hexane and dried in vacuo. Yield 80 mg (83%). M.p.:
205 — 208 °C. IR: v (CH=N) 1624 cm™ (KBr); 1622 cm™ (DCM
solution). "H NMR (400 MHz, CDCl;): 6=9.16 [s, 1H, H], 8.04
[s, br, 4H, Ph-H], 7.93 - 7.83 [m, 4H, Ph-H], 7.74 [dt, *Ji.p = 5.9
Hz, “Jyn=2.9 Hz, 1H, H?], 7.65 — 7.52 [m, 4H, Ph-H], 7.45 [dt,
3Jun = 4.6 Hz, *Jiq=2.3 Hz, 6H, Ph-H], 7.37 [dd, *Jyy = 10.3
Hz, “Jyuu=4.2 Hz, 4H, Ph-H], 7.31 [m, 1H, H’], 7.16 [dt, *Jy.y =
8.5 Hz, “Jyu = 4.1 Hz, 8H, Ph-H], 7.10 [d, *Jyyy = 7.0 Hz, 1H,
1o H*7, 6.88 [dt, *Jyy = 9.2 Hz, “Jyy = 4.2 Hz, 2H, H*], 6.71 [dt,
3Jun = 5.4 Hz, “Juq = 1.7 Hz, 2H, H>*], 4.67 [d, *Jp.u = 7.8 Hz,
2H, Cp-H*, 4.47 [s, br, 2H, Cp-H"], 4.08 [d, *Jp.y = 7.8 Hz, 2H,
Cp-H%], 3.53 [s, br, 1H, Cp-HP], 3.36 [s, br, 1H, Cp-HP], 3.04
[hept, 2H, H], 1.08 [dd, Juu = 36.9 Hz, *Juy = 6.8 Hz, 12H,
ns H7]. 3C NMR (101 MHz, CDCl;) § 166.34 [d, Jp.c = 4.2 Hz,
C*, 164.61 [d, Jo.c = 9.0 Hz, C], 163.43 [d, Jp.c = 9.0 Hz, C'],
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151.02 [s, C2*, 139.72 [s, C%], 138.06 [s, Ph-C], 136.06 [d, Jp.c
= 3.3 Hz, Jp.c = 61.6 Hz C°], 135.43 — 135.06 (m, Ph-C), 133.66
(d, Jp.c = 11.9 Hz, C*), 133.03 (d, Jp.c = 14.8 Hz, Ph-C), 132.64
[s, Ph-C], 132.16 (d, Jp.c = 12.6 Hz, Ph-C), 131.69 (d, Jp.c = 7.7
Hz, Ph-C), 131.13 [s, Ph-C] , 130.37 (d, Jp.c = 25.8 Hz, Ph-C),
129.80 (d, Jp.c = 7.0 Hz, C*), 128.37 (dd, Jp.c = 10.0, 3.6 Hz, Ph-
C), 128.07 (d, Jp.c = 11.4 Hz, Ph-C), 127.58 (d, Jp.c = 11.2 Hz,
C*), 127.25 (d, Jp.c = 6.6 Hz, C?), 123.15 [s, C*], 122.66 [s, Ph-
C], 76.15 (d, Jp.c = 12.9 Hz, Fc-C*), 75.83 (d, Jp.c = 5.3 Hz, CY),
75.66 (d, Jo.c = 10.9 Hz, Fc-C%), 75.16 (d, Jp.c = 5.2 Hz, C°),
74.94 (d, Jo.c = 6.7 Hz, Fe-CP), 74.72 (d, Jo.c = 9.2 Hz, Fc-CP),
74.04 (d, Jo.c = 8.5 Hz, Fe-CP), 73.69 (d, Jp.c = 7.7 Hz, Fc-CP),
72.71 (d, Jp.c = 5.8 Hz, Fc-C%), 71.97 (d, Jp.c = 5.0 Hz, Fc-C%),
27.87 [s, C° , 23.81, 23.44 [ds, C*°]. 'P NMR (121 MHz,
CDCly): 6= 15.74 [d, Jp.p = 15.9 Hz, Jp.p, = 1704.9, Pg], 14.89[d,
Jop = 15.9 Hz, Jop = 4353.0 Hz, P,]. EI-MS: m/z 1013.2 [M-
CI]". Anal. Found (calc. for Cs3HsoCIFeNP,Pt): C, 61.14 (60.67);
H, 4.67 (4.80); N, 1.35 (1.33).

3b was obtained from compound 1 (0.050 g, 0.087 mmol) and
bis(diphenylphosphino)ethane (dppe) (0.035 g, 0.087 mmol)
which were allowed to react in acetone (10 ml) at room
temperature for 4 h. The solvent was removed on a rotary
evaporator, and the residue obtained was dissolved in a minimum
amount of CH,Cl, and passed through a SiO, column. Elution
with an n-hexane/ethyl acetate (50:50) mixture removed the
impurities and the product band was eluted using methanol. The
yellow solid obtained was recrystallized from acetone giving an
off white crystalline solid. Yield 33 mg (42%). M.p.: 320 — 323
°C. IR: v (CH=N) 1631 ecm™ (KBr); 1602 cm™ (DCM solution).
'"H NMR (300 MHz, CDCl;): 5= 8.28 [d, *Jyp = 8.09 Hz, *Jpoy =
83.82 Hz, 1H, H*], 7.94 [dd, *Jip = 11.98 Hz, *Jiuq = 7.56 Hz,
4H, Ph-H], 7.60 - 7.52[m, 8H, Ph-H], 7.39 [m, 2H, Ph-H], 7.30 —
7.20 [m, 7H, H? and 6 Ph-H], 7.15 [t, *Juy = 7.69 Hz, 1H, HY,
7.01 [t, *Jyy = 7.77 Hz, 1H, H'], 6.98 — 6.88 [m, 2H, H*"], 6.78
[d, *Jus = 7.79 Hz, 2H, H**>], 3.08 [hept, 2H, H®], 2.58 [dt, 2Jp.q
=27.06 Hz, *Jy; = 14.78 Hz, 2H, H°], 2.30 [dt, *Jp.y = 21.88 Hz,
3Jun = 13.64 Hz, 2H, HY, 0.95, 0.53 [ds, br, 12H, H*]. BC
NMR (CDCly): §=184.92 [s, b C*], 163.30 [dd, Jpeis.c= 5.62 Hz,
Jpuans.c = 105.58 Hz, C%], 147.20 [d, Jpei.c = 8.29 Hz, C''], 140.26
[s, C**%7, 138.51 [d, Jpecc = 3.19 Hz, Jpc = 90.59 Hz, C°],
134.16 [d, Jp.c = 13.67 Hz, Ph-C], 133.05 [d, Jp.c = 11.12 Hz, Ph-
C], 132.78 [d, Jp.c = 2.03 Hz, C*], 131.49 [d, Jp.c = 1.96 Hz, Ph-
C], 130.02 [d, Jp.c = 4.00 Hz, C'], 129.49 [dd, Jp.c = 13.67, 22.46
Hz, Ph-C], 128.67 [s, P-C], 128.33 [s, C*], 128.21 [s, P-C],
126.23 [s, C*, 125.92 [s, P-C], 125.31 [s, P-C], 123.74 [s, C**°7],
29.08 [m, C*9], 28.15 [s, C°], 25.46, 21.80 [ds, b, C*°]. *'P NMR
(121 MHz, CDCly): 5= 43.30 [s, Jo.pc = 1900.91, Pg], 39.63[s, Jp.
pe=3711.14, P,]. EI-MS: m/z 857.28 [M-CI]". Anal. Found (calc.
for Cy4sHuCINP,Pt): C, 60.32 (60.50); H, 5.23 (5.19); N, 1.46
(1.57).

3¢ was obtained from compound 1 (0.050 g, 0.087 mmol) and
bis(diphenylphosphino)ethane (dppe) (0.035 g, 0.087 mmol)
which were allowed to react in acetone (10 ml) at room
temperature for 4 h. The solvent was removed on a rotary
evaporator, and dried in in vacuo to give a dark yellow oil. Yield
33 mg (42%). IR: v (CH=N) 1599 cm™ (KBr); 1601 cm™' (DCM
solution). '"H NMR (300 MHz, CDCly): 5= 8.28 [d, “Jup = 8.1
Hz, *Jpon = 86.1 Hz, 1H, H*], 8.00 — 7.87 [m, 4H, Ph-H], 7.66 —

a5

S

S

a

S

7.49 [m, 6H, 4Ph-H & H>*], 7.39 — 7.31 [m, 3H, 2Ph-H & H*],

0 7.31 —7.22 [m, 2H, H>], 7.17 [dt, *Jyp = 7.8 Hz, *Jyy.y = 2.8 Hz,

4H, Ph-H], 7.13 — 7.02 [m, 8H, 6Ph-H & H***7, 4.85 [dd, *Jyp =
12.0 Hz, *Jiyy = 9.3 Hz, 2H, HY], 3.29 [hept, 2H, H"], 1.05, 0.57
[ds, br, 12H, H*]. 3C NMR (101 MHz, CDCl;): 5= 183.86 [s, b
C¥, 160.48 [s, C''], 159.38 [s, C'], 147.89 [s, C**%7, 147.35 [s,
C*1, 140.94 [d, Jp.c = 1.3 Hz, Ph-C), 138.48 — 138.07 (m, Ph-C),
134.79 [m, Ph-C], 134.00 (d, Joc = 12.6 Hz, Ph-C), 133.14
[5,C%], 133.02 (d, Jp.c = 12.8 Hz, Ph-C), 131.85 (d, Jp.c = 2.7 Hz,
Ph-C), 130.29 [s, C*], 129.70 (dd, Jp.c = 27.6, 11.6 Hz, Ph-C),
128.47 [s, C*], 128.10 (d, Jp.c = 5.0 Hz, Ph-C), 127.69 (d, Jp.c =
5.1 Hz, Ph-C), 126.81 [s, C°], 124.53 [s, C*], 124.45 [s, C*°1,
43.63 [t, CY], 28.44 [s, C°], 25.49 [s, C°], 21.99 [s, C°]. 3'P NMR
(121 MHz, CDCly): 6= -28.33 [d, Jpp = 40.12 Hz, Jp.p, = 1463.6
Hz, Pg], -31.96 [d, Jop = 40.13 Hz, Jpp = 3316.8 Hz, P,]. EI-
MS: m/z 843.2 [M-CI]". Anal. Found (calc. for C,4sH,CINP,PY):
C, 60.28 (60.10); H, 4.96 (5.04); N, 1.48 (1.59).

4.3. Variable Temperature NMR study

A J-Young valved NMR tube was charged with cationic
complex 3a (20 mg, 0.0190 mmol) and CDCl; (0.7 ml). After
purging with argon the complex solution was frozen at -196 °C
and subjected to three freeze-pump-thaw cycles to remove any
dissolved oxygen. *'P NMR spectrum was recorded in the
temperature range from -50 to 40 °C. Methanol was employed as
a calibration standard.

4.4. Computational Methods

Hardware. The hardware used for the molecular modeling is
the “Sun Hybrid System” based at the Centre of High
Performance Computing (CHPC) in Cape Town, South Africa.

Software. All computational results in this study were
calculated using the DMol® density functional theory (DFT)
code® as implemented in Accelrys MaterialsStudio (Version 5.5).
The nonlocal generalized gradient approximation (GGA)
exchange-correlation functional was employed in all geometry
optimizations, viz., the PW91 functional of Perdew and Wang.21
An all-electron polarized split valence basis set, termed double
numeric polarized (DNP), has been used. All geometry
optimizations employed highly efficient delocalized internal
coordinates.?? The tolerance for convergence of the self-consistent
field (SCF) density was set to 1 x 107 hartrees, while the
tolerance for energy convergence was set to 1 x 10 hartrees.
Additional convergence criteria include the tolerance for
converged gradient (0.002 hartrees/ A) and the tolerance for
converged atom displacement (0.005 A). The thermal smearing
option in MaterialsStudio makes use of a fractional electron
occupancy scheme at the Fermi level according to a finite-
temperature Fermi function.”'*

In all cases optimized geometries were subjected to full
frequency analyses at the same GGA/PW91/DNP level of theory
to verify the nature of the stationary points. Equilibrium
geometries were characterized by the absence of imaginary
frequencies. All performed with the
incorporation of solvent effects (COSMO). All results were
electron balanced for the isolated system in the gas phase. The
reported relative Gibbs free energies refer to Gibbs free energy

calculations were

1s corrections to the total electronic energies at 298.15 K and 1 atm.
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The reaction of the cyclometallated complex [PtCI(N"C)(dmso)] 1, ( N*C represents the
cyclometallated  Schiff base, benzylidene-2,6-diisopropylphenylamine),  with  1,1-
bis(diphenylphosphino)ferrocene, dppf, 1,1-bis(diphenylphosphino)methane, dppm, and 1,2-
bis(diphenylphosphino)ethane, dppe, in a 2:1 ratio or an equimolar ratio using acetone as solvent
produced the corresponding binuclear and mononuclear diphosphine platinum complexes



