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The synthesis of a series of ortho-metallated Pt imine complexes bound to a range of b-
diketonato ligands is described and the crystal structures of three are reported; two show
unusually short F…F contacts in the solid state. All but one of the new complexes show liquid
crystal mesophases and the thermal behaviour was studied using a combination of optical
microscopy and differential scanning calorimetry. The mesomorphism is compared with that
of analogous palladium complexes reported previously.

1. Introduction

ortho-Metallated complexes represent one of the most

interesting and broadly studied classes of metallomeso-

gens (metal complexes with liquid crystal properties),

and consist of both dinuclear and mononuclear

organometallic systems [1].

These complexes provide a convenient way for the

preparation of new systems, the chemical and physical

properties of which can be modulated by systematic

change of the ligands around the metal centre: hetero-

aromatic ligands bound in an ortho-metallated fashion

to one side with different lengths of flexible alkyl or

alkoxy chains and various co-ligands on the other side

of the metal centre, such as b-diketonates, cyclopenta-

dienyl, dialkyldithiocarbamate, etc. Amongst the het-

eroatomic ligands used in the design of such systems,

imine ligands have been employed extensively in

cyclometallation reactions and have shown a strong

tendency to form, with palladium and platinum

precursors, five-membered, cyclometallated rings con-

taining the metal in the +2 oxidation state in a square-

planar environment [2].

In our search for suitable candidates for the elusive

biaxial nematic phase, we have previously investi-

gated a series of palladium(II) complexes based on

ortho-metallated imine ligand and various b-diketo-

nates [3–5]. The approach used in this work was to

design metallomesogens likely to introduce lateral

correlations to promote order in directions orthogo-

nal to the main director and hence potentially

stabilize a biaxial nematic phase [6, 7]. However, it

is important that any such correlations were not too

strong in order to prevent the formation of layered

(smectic) phases. The principles of this approach,

which are also related to computational studies by

Berardi and Zannoni [8], are described in more detail

in previous publications [3, 6]. It is inappropriate to

repeat these details here, but it is enough to say that

we wished to exploit the fact that fluorocarbon

fragments have a tendency to self-associate and to

phase separate from related hydrocarbon moieties,

and so introduction of lateral fluorine substituents

was a key design goal.

We have now extended this study to related

complexes of platinum(II), and several mononuclear

species have been synthesized by cleaving chloro-

bridged dinuclear complexes with sodium salts of

corresponding b-diketonates. The new compounds

have been characterized chemically by elemental

analysis, 1H NMR spectroscopy and, in three cases,

single-crystal X-ray diffraction. The complexes

described consist of a single imine ligand, whereas

the b-diketone was varied.*Corresponding author. Email: db519@york.ac.uk
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2. Results and discussion

2.1. Synthesis

The synthetic pathways used to prepare the compounds

are depicted in scheme 1. The dinuclear chloro-bridged

ortho-platinated compounds (1 and 2) were obtained by

ortho-platination of the imines [9] bases using [Pt(m-

Cl)(g3-C4H7)]2 as starting material [10].

The preparation of mononuclear ortho-platinated

complexes 3e–3f, 4a–4g was carried out by ligand

exchange reaction of the chloro-bridged dinuclear

platinum complexes (1 and 2) using the sodium salts

of the corresponding acetylacetone. The new, mono-

nuclear complexes were obtained in moderate-to-good

yields as red, microcrystalline solids. When the b-

diketone derivative is unsymmetric, the final products

(4c–4f) contain a mixture of the two possible syn and

anti isomers. The proportion of these two isomers in the

final mixture was evaluated from the 1H NMR spectro-

scopy by integrating the corresponding signals. Indeed,

the formation of these ortho-platinated species can be

confirmed readily by 1H NMR spectroscopy (figure 1)

where a pattern specific to a 1,3,4-substitution of an

aromatic ring can be seen as two doublets and a doublet

of doublets. Also, the signal corresponding to the imine

proton appears in the region d 8–9 due to a deshielding

effect, whereas the singlet in the region d 5–6 was

assigned easily to the methyne proton from the b-

diketone derivative. Another interesting feature of the
1H NMR spectra is the presence of the 195Pt satellites

which, once again, confirm the ortho-platination pro-

cess and from which the coupling constants 3JPt–H were

deduced. The values were in the expected range for such

compounds and similar with those found for other

ortho-platinated compounds [11].

2.2. Single-crystal X-ray structures

Single crystals of compounds 3e, 3f and 4e suitable for

analysis by single-crystal X-ray diffraction were

obtained from a mixture of acetone and methanol (ca.

1/1 v/v) at 225uC (note that only a very few crystals of 3f

were available and so there is no other characterization

Scheme 1. Synthesis of the new complexes and the b-diketonates used
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of this complex). Complexes 3e and 4e both crystallized

as dimers with two, independent molecules in the

structural unit. Crystallographic information is col-

lected in table 1, whereas selected bond lengths and

angles for all three complexes are presented in table 2.{

The molecular structure of 3e is shown in figure 2.

Complex 3e crystallized in monoclinic crystal system, space

group P21/n, with the platinum atom surrounded by two

oxygen atoms of the two carbonyl groups, one aromatic

carbon atom (metallated phenyl ring) and one nitrogen

atom (imine group) in a square-planar arrangement with

syn configuration (the perfluoroethyl group is cis to the

nitrogen atom of the imine group. The corresponding

chelate rings around the Pt centre are essentially planar

with a maximum deviation from the mean plane of 0.029 Å

and 0.037 Å for Pt1 and Pt2, respectively.

From figure 2 it can be seen that the structure of 3e is

arranged in the less common syn configuration (per-

fluoroethyl group is cis to nitrogen atom of the imine

group), similar to its palladium analogue [4]. The Pt–Pt

distance between the two independent molecules is

7.46 Å, precluding Pt–Pt interactions. Whereas the

metallated phenyl ring is almost coplanar with respect

to the mean plane, the unmetallated ring of the imine

ligand is twisted by 47.7u for one molecule, and by 51.4u
for the second molecule with respect to the core plane.

In addition, there is a significant proximity between the

fluorine atom attached to the carbon atom in a position

(with respect to the carbonyl group) and the terminal

CF3 group of the neighbouring molecule (see figure 3).

The distance between the two corresponding fluorine

atoms is 2.73 Å, which puts them within the range of

non-bonded interaction (the van der Waals radius of

fluorine is 1.47 Å) [12]. Although the nature of F…F

interactions is controversial and their presence is rare

and generally considered as being weak [13], the

interaction present in the case of 3e can be explained

by the strong electron-withdrawing character of the

carbonyl group, which makes the fluorine atoms in the

a position more positive than the terminal ones, thus

giving rise to a dipolar interaction. Another factor that

contributes to the crystal packing of 3e are intermole-

Figure 1. The aromatic region of the 1H NMR spectrum of compound 3e showing the coupling to 195Pt.

{ CCDC-652747, CCDC-652748 and CCDC-652749 contain
the supplementary crystallographic data for this paper. These
data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
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Table 1. Crystallographic data for 3e, 3f and 4e.

3e 3f 4e

Empirical formula C22H20F5NO4Pt C24H22F7NO4Pt C32H40F5NO4Pt
Formula weight/g mol21 652.48 716.52 792.74
T/K 120(2) 120(2) 120(2)
l/Å 0.71073 0.71073 0.71073
Crystal system monoclinic monoclinic monoclinic
Space group P21/n P21/c P21/c
Unit cell dimensions/Å a514.5057(3) a514.8790(2) a518.6505(3)

b511.5897(3) b512.0240(2) b510.5350(2)
c526.1769(6) c514.6050(2) c533.7505(7)

Unit cell angles/u a590 a590 a590
b5102.3040(10) b5111.4000(7) b596.9940(10)

c590 c590 c590
Volume/Å3 4299.69(17) 2432.76(6) 6582.1(2)
Z 8 4 8
rcalc/Mg m23 2.016 1.956 1.600
Absorption coefficient/mm21 6.600 5.853 4.327
F(000) 2512 1384 3152
Crystal Cone; Red Slab; Orange Blade; Orange
Crystal size/mm3 0.6060.2560.10 0.1360.0960.03 0.1660.0860.03
h range for data collection 2.94–27.48u 2.98–27.48u 2.93–27.48u
Index ranges 218(h(18, 215(k(14,

233(l(33
219(h(19, 215(k(15,

218(l(18
224(h(24, 213(k(13,

243(l(43
Reflections collected 49368 28836 57990
Independent reflections 9807 [Rint50.0798] 5563 [Rint50.0306] 14999 [Rint50.1225]
Completeness to h527.48u 99.6% 99.6% 99.3%
Absorption correction Semi2empirical from

equivalents
Semi2empirical from

equivalents
Semi2empirical from

equivalents
Max. and min. transmission 0.5582 and 0.1097 0.8440 and 0.5166 0.8812 and 0.5444
Refinement method Full-matrix least-squares

on F2
Full-matrix least-squares

on F2
Full-matrix least-squares

on F2

Data/restraints/parameters 9807/0/601 5563/0/337 14999/401/807
Goodness-of-fit on F2 1.119 1.043 1.059
Final R indices [F2.2s(F2)] R150.0356, wR250.0716 R150.0186, wR250.0376 R150.0887, wR250.1487
R indices (all data) R150.0504, wR250.0762 R150.0218, wR250.0391 R150.1311, wR250.1577
Largest diff. peak and hole/e Å23 2.257 and 21.646 0.581 and 20.719 1.969 and 21.946

Table 2. Selected bond lengths and angles for compounds 3e, 3f and 4e.

Bonds lengths/Å

3e 3f 4e

Molecule A Molecule B Molecule A Molecule B

Pt–O 1.987(4) 1.996(4) 1.9984(16) 1.992(7) 2.004(6)
Pt–O 2.084(3) 2.077(3) 2.0876(17) 2.101(6) 2.080(6)
Pt–N 2.000(5) 1.999(4) 2.0020(19) 1.986(8) 2.008(7)
Pt–C 1.968(5) 1.958(5) 1.961(2) 1.983(10) 1.976(11)
C–N (imine) 1.304(7) 1.304(6) 1.302(3) 1.308(12) 1.329(12)
C–O (carbonyl) 1.260(7) 1.267(6) 1.272(3) 1.319(11) 1.302(11)
C–O (carbonyl) 1.282(6) 1.259(6) 1.275(3) 1.262(11) 1.265(11)

Bonds angles/u

C–Pt–O 91.24(18) 91.72(19) 91.21(8) 93.4(3) 92.0(3)
C–Pt–N 81.3(2) 81.1(2) 81.20(9) 81.4(4) 81.5(4)
O–Pt–O 91.37(14) 91.64(14) 91.16(6) 91.1(3) 91.0(3)
N–Pt–O 96.13(16) 95.46(16) 96.39(7) 94.2(3) 95.4(3)
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cular –C–H…F–C– interactions, found in the case of

terminal CF3 group and the hydrogen atom in the para

position in respect with the metallated carbon atom,

and between fluorine atoms in a position (with respect

to the carbonyl group) and the methoxy group of the

aniline ring. In the former case, the measured H…F

distance is 2.52 Å, while in the later case it is 2.65 Å.

Both values are smaller than the sum of the van der

Waals radii of fluorine and hydrogen at 2.67 Å.

Complex 4e (figure 4) crystallizes in the monoclinic

crystal system, group P21/c, with the same square-

planar arrangement around the platinum atom; indeed

bond lengths and angles for the central core are all very

similar to those found in complex 3e.The Pt–C distance

is similar to those found in dinuclear chloro- or

thiocyanato-bridged, ortho-metallated platinum com-

pounds with Schiff bases reported by Praefcke et al.

[14], whereas the Pt–N distances are slightly smaller (2.19

and 2.064 Å in Praefcke’s work), which could be assigned

to the difference in trans-effect of the atoms coordinated

to platinum. The same orientation with respect to the

core plane was found for the unmetallated ring of the

imine ligand, which is twisted by 47.5u for one molecule,

and by 47.7u for the second molecule. In this case, the

maximum deviations from the mean plane are 0.044 Å

and 0.049 Å for Pt1 and Pt2, respectively and the Pt–Pt

distance between two adjacent molecules is 6.94 Å.

What is very different for this complex with respect to

3e is the anti configuration (the perfluoroethyl group is

trans to nitrogen atom of the imine group) adopted by

the two ligands around platinum centre. The 1H NMR

spectrum of the product isolated from the cleavage

reaction of the dinuclear platinum(II) compound

indicates a mixture of the two isomers for 4e, the

proportion of the anti-isomer being ,70%. Also, the 1H

NMR spectrum of a single crystal of 4e shows only one

isomer present in solution, indicating that the isolation

of the anti isomer is not due to isomerization in solution

Figure 2. Molecular structure of 3e showing the two different
molecules in the unit cell.

Figure 3. Two views of complex 3e showing the proximity of
the fluorine atoms of neighbouring molecules.

Figure 4. Molecular structure of 4e showing both molecules
in the unit cell.
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but the fact that this isomer is less soluble and

crystallizes preferentially.

Complex 3f crystallizes in monoclinic crystal system,

group P21/c, with four discrete molecules in the unit cell

(figure 5). The crystal structure of this compound shows

Pt(II) in a square planar environment (C(1)–Pt– O(22)

91.21u, C(1)–Pt–N(1) 81.20u, O(21)–Pt–O(22) 91.16,

N(1)–Pt–O(21) 96.39u) bound to imine ligand in an

ortho-metallated fashion and chelated to acetylaceto-

nate derivative with the same coordinated atoms (one

aromatic C atom (metallated ring), one N atom (imine

group) and two O atoms of the two carbonyl groups) as

found for compounds 3e and 4e. The two five- and six-

membered chelate rings are almost coplanar with the

metallated ring of the imine ligand while the unmetal-

lated ring is twisted in respect to the core plane with

50.79u; this value is similar to that found for the other

complexes. For this compound the maximum deviation

from the mean plane is 0.027 Å and the Pt–Pt distance

between two adjacent molecules is 7.525 Å. The same,

less common syn arrangement as for compound 3e can

be seen for the ligands around Pt(II) metal (in this case

the perfluoropropyl group is cis to the nitrogen atom of

the imine group).

Compared to 3e, the crystal packing of 3f (figure 6)

shows no obvious F…F interactions yet there are –C–

H…F–C– interactions, which were found between the

terminal –CH3 group and the fluorine atoms in the b-

position with respect to the carbonyl group of the acac

derivative. The measured distance is 2.54 Å, which is

smaller than the sum of the van der Waals radii of

fluorine and hydrogen (2.67 Å).

2.3. Thermal behaviour

The mesomorphic properties of the new platinum

complexes were studied by polarized optical microscopy

and DSC; transition temperatures, enthalpies and

mesophases observed are collected in table 3. All

complexes showed a nematic phase, except compound

3e, which melted straight to the isotropic phase at 161uC
and showed no mesomorphic behaviour, and com-

pound 4g, which began to decompose when it melted

from the solid state into a smectic A (SmA) phase at

144uC.

Replacing one –CH3 group with –CF3 group (4a

versus 4d) in the simple acetylacetone co-ligand

produces, as expected from our previous studies on

analogous palladium compound [3, 5] a noticeable

lowering of the clearing point together with a change in

the mesomorphic behaviour. Thus, the SmA phase is

suppressed when tfac is used and 4d shows only a

monotropic nematic phase, while 4a shows both

enantiotropic SmA and nematic phases.

All three platinum complexes bearing perfluoroalkyl

groups (4d–4f) show the same mesomorphic behaviour

with a monotropic nematic phase, which is highly

destabilized with the introduction of additional –CH2/–

CF2 groups on b-diketone ligand. Thus, the transition

Figure 5. The molecular structure of compound 3f, showing
the four complexes of the unit cell.

Figure 6. The crysal-packing diagram showing –C–H…F–
C– intermolecular interactions.

Table 3. Thermal data for the platinum(II) complexes.

Compound Transitiona T/uC DH/kJ mol21 DS/R

4a Cr–SmA 79 34.4 12
SmA–N 143 0.8 0.2

N–I 149 1.0 0.3
4b Cr–I 135 42.0 12

(N–I) (110) (0.2) (0.1)
4c Cr–SmA 113 21.1 7

SmA–N 137 0.6 0.2
N–I 146 0.6 0.2

4d Cr–I 86 19.1 6
(N–I) (75) (0.7) (0.2)

4e Cr–I 94 44.4 15
(N–I) (37) (0.5) (0.2)

4f Cr–I 69 36.6 13
(N–I) (17) (0.3) (0.1)

4g Cr–SmA (dec) 144 37.5 11

aT(N–I) is quoted as we have cooled from isotropic to nematic
and then re-heated back to the isotropic. It is the latter
temperature that is quoted, representing the true, thermo-
dynamic temperature for the transition.
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temperature from the isotropic to nematic phase of

compound 4e is significantly lower (by 38uC) than the

corresponding transition temperature of compound 4d

and higher (by 20uC) when compared to the value of 4f.

The same trend was observed for the calculated

entropies corresponding to the nematic-to-isotropic

transitions deduced from DSC, the smallest being 0.1

(5DS/R) for compound 4f. The melting points of the

three platinum complexes do not, however, follow the

same trend. Thus, the highest melting point is 94uC for

compound 4e, behaviour which could be explained by

the different proportion of the two possible isomers in

the mixture.

A strong decrease in clearing temperature, accom-

panied by a decrease in mesophase range, on increasing

the perfluoroalkyl chains length was also observed for

the palladium analogues. This effect is, however,

different from that found in other fluoroalkylated

organometallic mesogens based on dinuclear chloro-

bridged palladium complexes in which the fluorine

atoms were introduced in the side chains of the imine

ligand and led to more stable mesophases with

increasing clearing temperature [15].

Indeed, comparison of the mesomorphism of the

present complexes with their Pd analogues shows fairly

close correspondence in mesomorphism and transition

temperatures, and figure 7 shows a comparison of TN–I

for complexes of the two metals. It is interesting to note

that, in each case, the Pd complex has the lower clearing

temperature. In complexes 4c to 4f it could be argued

that a different proportion of the two possible geometric

answers could be the cause, and the relatively small

difference observed in the case of 4b would seem to lend

to support this idea. However, the substantial difference

in the case of 4a is not consistent with such a

proposition.

The transition temperatures for isomerically pure

palladium and platinum complexes which present the

same structure, previously reported by Buey et al. [9,

16], are higher for the platinum complexes and is a

consequence of replacing palladium with the heavier

platinum metal which brings an enhancement in

polarizability.

The other important point of comparison relates to

the thermodynamics of the N-to-I transition. The

original theoretical work on the biaxial nematic phase

suggests that direct I-to-NB transition ought to occur at

a Landau point, where the transition would be second

order and so the entropy (and enthalpy) change would

be zero. Initial work with the Pd analogue of 4d

revealed a rather small entropy of transition (and,

interestingly, a small transitional order parameter), but

the observation of coexisting isotropic and nematic

phases by 2H NMR spectroscopy showed the transition

to be first order. The extended studies of b-

diketonatopalladium(II) complexes revealed a number

of complexes with small entropies of transition, which

require further study. However, it also showed that

relatively small increases in lateral dipole (via the b-

diketonate) induced smectic behaviour. Interestingly,

the Pt complexes reported here show entropies of

transition that are the same as, or remarkably close

Figure 7. Comparison of TN–I (in uC) for the new complexes alongside their Pd analogues.
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to, those of their Pd congeners. However, what this

does suggest is that given the increased complexity

of the synthesis of the Pt complexes (involving

the pre-preparation of di-m-(chloro)bis(g3-2-methallyl)-

diplatinum(II) and the lower yields for the preparation

of the dinuclear precursor complex), the palladium

complexes represent preferable targets for further,

detailed study.

Finally, one, additional point is worth making. The

theories surrounding I-to-NB transitions have for a long

time suggested that this transition ought to be second

order at a Landau point. However, recent work by Bisi

et al. [17] has suggested that the transition could in fact

be first order and that it can be found for a range of

molecular forms along a Landau line.

Similarly, whereas computational studies of jointed,

bent-core mesogens showed a Landau point for the

I-to-NB transition at a critical angle 109u289 [18], Bates

has used a lattice model to show that either by

increasing the flexibility of the system [19] or by

introducing a lateral dipole [20], the Landau point

splits to form a Landau line where first-order I-to-NB

transitions can be observed. Thus, adding a little

chemical ‘reality’ to the computational model suggests

a more flexible approach to the chemical design.

Greater ‘chemical reality’ has not, to date, been applied

to the original models from which predictions of the NB

phase arose, but it is not impossible to imagine that the

form of the phase diagram could change to offer the

synthetic chemist a better chance of successful mole-

cular design. Thus, in these b-diketonato complexes, the

order of the I-to-N transition may not be the critical

matter that had been supposed. Thus, the development

of liquid crystal design by the close interplay of theory,

simulation and design will continue to represent an

optimal way forward.

3. Experimental

Dichloromethane was distilled from phosphorus pent-

oxide; other chemicals were used as supplied. 1H NMR

spectra were recorded on a Bruker DFX 400 MHz

spectrometer using CDCl3 as solvent. 1H chemical shifts

were referenced to the solvent peak position, d 7.26.

Elemental analyses were performed in the

Department of Chemistry, University of Exeter.

Analysis by DSC was carried out using a Perkin-

Elmer DSC7 instrument using various heating rates.

Mesomorphism was studied by hot stage polarizing

microscopy using a Zeiss Labpol microscope equipped

with a Linkam TH600 hot stage and PR600 tempera-

ture controller. Mesophases were assigned by their

optical textures.

Suitable single crystals were selected and data

collected on a Bruker Nonius KappaCCD Area

Detector at the window of a Bruker Nonius FR591

rotating anode (lMo-Ka50.71073 Å) driven by

COLLECT [21] and DENZO [22] software at 120 K.

Structures were determined in SHELXS-97 [23] and

refined using SHELXL-97 [18]. All hydrogen atoms

were fixed.

All the chemicals used in this work for preparation of

b-diketonate derivatives and imine ligands and were

commercially available from Lancaster. The b-diketo-

nate ligands were bought from Lancaster or prepared

using the methods published in literature [24]. The

starting platinum material di-m-(chloro)bis(g3-2-methallyl)-

diplatinum(II) was prepared from K2[PtCl4] and 3-chloro-

2-methyl-1-propene, as described elsewhere [10]. The imine

ligands were prepared by acetic acid catalysed condensa-

tion of the corresponding aldehyde and amine in absolute

ethanol while the dinuclear platinum(II) complexes were

prepared by an ortho-platination reaction between di-m-

(chloro)bis(g3-2-methallyl)diplatinum(II) and the imine

ligands in methanol using the procedure described by

Buey et al. [9].

3.1. Preparation of mononuclear platinum(II)
complexes

One equivalent of dinuclear compound was reacted with

two equivalents of sodium salts of acetylacetone

derivatives in dichloromethane, at room temperature

with stirring for 24 h. The solvent was removed and the

residue was purified on silica using dichloromethane as

eluant. Crystallization from acetone/methanol 1:1 gave

the mononuclear compounds as red crystalline solids.

Preparation of compound 4a was described by Buey

et al. [9]. This compound was synthesized for compar-

ison purposes. Single crystals of 3e, 3f and 4e were

grown from acetone/methanol mixture at 225uC.

For 3e, yield 33%. Elemental analysis: calculated for

C22H21F5NO4Pt, C 40.5, H 3.1, N 2.2; found, C 40.6, H

3.2, N 2.0%. 1H NMR (d, 300 MHz, CDCl3): 8.06 (1H, s,
3JPt–H5138.1 Hz), 7.36 (1H, d, 3JHH58.5 Hz), 7.31 (2H,

d, AA9XX9, 3JHH59.1 Hz), 7.08 (1H, d, 4JHH52.5 Hz,
3JPt–H544.3 Hz), 6.87 (2H, d, AA9XX9, 3JHH58.9 Hz),

6.65 (1H, dd, 3JHH58.5 Hz, 4JHH52.5 Hz), 5.87 (1H, t,

broad), 3.90 (3H, s), 3.84 (3H, s), 2.33 (2H, q,
3JHH57.5 Hz), 1.29 (3H, t, 3JHH57.5 Hz). Only one

isomer is present in solution, the syn isomer as confirmed

by X-ray diffraction. M.p. 161uC.

For 4a, yield 27%. Elemental analysis: calculated for

C30H42NO4Pt, C 53.4, H 6.1, N 2.1; found, C 53.1, H

6.3, N 1.9%. 1H NMR (d, 300 MHz, CDCl3): 8.11 (1H,

s, 3JPt–H5131 Hz), 7.36 (2H, d, AA9XX9,
3JHH59.1 Hz), 7.32 (1H, d, 3JHH58.4 Hz), 7.11 (1H,

1470 V. Cı̂rcu et al.
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d, 4JHH52.4 Hz, 3JPt–H542.8 Hz), 6.88 (2H, d,

AA9XX9, 3JHH59.1 Hz), 6.59 (1H, dd, 3JHH58.4 Hz,
4JHH52.4 Hz), 5.39 (1H, s), 4.07 (2H, t, 3JHH56.6 Hz),

3.97 (2H, t, 3JHH56.6 Hz), 1.97 (3H, s), 1.85–1.32

(19H, m), 0.94–0.88 (6H, m).

For 4b, yield 50%. Elemental analysis: calculated for

C40H46NO4Pt, C 60.1, H 5.6, N 1.7; found, C 59.7, H

5.5, N 1.8%. 1H NMR (d, 300 MHz, CDCl3): 8.18 (1H,

s, 3JPt–H5132 Hz), 8.05 (2H, d, 3JHH58.5 Hz), 7.77 (2H,

d, AA9XX9, 3JHH58.5 Hz), 7.54–7.26 (10H, m), 6.95

(2H, d, AA9XX9, 3JHH58.9 Hz), 6.77 (1H, s), 6.63 (1H,

dd, 3JHH58.3 Hz, 4JHH52.4 Hz), 4.13 (2H, t,
3JHH56.8 Hz), 4.02 (2H, t, 3JHH56.5 Hz), 1.86–1.33

(16H, m), 0.94–0.88 (6H, m).

For 4c, yield 62%. Elemental analysis: calculated for

C35H44NO4Pt, C 57.1, H 5.9, N 1.9; found, C 57.0, H

5.8, N 2.0%. 1H NMR (d, 300 MHz, CDCl3): 8.14 (syn),

8.13 (anti) (1H, s, 3JPt–H5131 Hz), 7.97 (syn), 7.66 (anti)

(2H, d, AA9XX9, 3JHH57.9 Hz), 7.46–7.37 (4H, m),

7.35 (1H, d, 3JHH58.5 Hz), 7.29 (1H, d, 3JHH57.9 Hz),

7.15 (1H, d, 4JHH52.4 Hz, 3JPt–H541 Hz), 6.93 (2H, d,

AA9XX9, 3JHH58.9 Hz), 6.61 (1H, dd, 3JHH58.5 Hz,
4JHH52.4 Hz), 6.11 (anti), 6.05 (syn) (1H, s), 4.10 (2H, t,
3JHH56.5 Hz), 4.00 (2H, t, 3JHH56.5 Hz), 2.16 (syn),

2.10 (anti) (3H, s), 1.85–1.32 (16H, m), 0.94–0.88 (6H,

m). Isomer ratio: 17:83.

For 4d, yield 60%. Elemental analysis: calculated for

C30H39F3NO4Pt, C 49.5, H 5.3, N 1.9; found, C 49.4, H

5.1, N 1.6%. 1H NMR (d, 300 MHz, CDCl3): 8.05 (syn),

8.04 (anti) (1H, s, 3JPt–H5138.1 Hz), 7.36–7.30 (3H, m),

7.00 (1H, d, 4JHH52.3 Hz, 3JPt–H539.2 Hz), 6.91–6.85

(2H, m), 6.64–6.59 (1H, m), 5.83 (syn), 5.80 (anti) (1H,

s), 4.07 (2H, t, 3JHH56.8 Hz), 3.98 (2H, m), 2.07 (syn),

1.87 (anti) (3H, s), 1.85–1.34 (16H, m), 0.95–0.89 (6H,

m). Isomer ratio: 50:50.

For 4e, yield 54%. Elemental analysis: calculated for

C32H41F5NO4Pt, C 48.5, H 5.0, N 1.8; found, C 48.0, H

5.0, N 1.8%. 1H NMR (d, 300 MHz, CDCl3): 8.05 (syn),

8.02 (anti) (1H, s, 3JPt–H5138 Hz), 7.34–7.26 (3H, m),

7.04 (anti), 6.98 (syn) (1H, d, 3JPt–H543 Hz,
4JHH52.4 Hz), 6.84 (anti) (2H, d, AA9XX9,
3JHH58.8 Hz), 6.62 (anti) (1H, dd, 3JHH58.3 Hz,
4JHH52.3 Hz), 5.89 (syn), 5.85 (anti) (1H, s), 4.06 (2H,

t, 3JHH56.6 Hz), 3.96 (2H, t, 3JHH56.6 Hz), 2.32 (anti),

2.16 (syn) (2H, q, 3JHH57.5 Hz), 1.85–0.90 (25H, m).

Isomer ratio: 29:71.

For, 4f, yield 67%. Elemental analysis: calculated for

C34H43F7NO4Pt, C 47.6, H 5.1, N 1.6; found, C 47.1, H

5.2, N 1.9%. 1H NMR (d, 300 MHz, CDCl3): 8.03 (syn),

8.02 (anti) (1H, s), 7.33–7.26 (3H, m), 7.01 (anti), 6.96

(syn) (1H, d, 4JHH52.4 Hz,), 6.87 (syn), 6.83 (anti) (2H,

d, AA9XX9, 3JHH58.9 Hz), 6.61 (anti) (1H, dd,
3JHH58.3 Hz, 4JHH52.4Hz), 5.85 (syn), 5.80 (anti)

(1H, s), 4.05 (2H, t, 3JHH56.7 Hz), 3.94 (2H, t,
3JHH56.6 Hz), 2.25 (anti), 2.05 (syn) (2H, t,
3JHH57.4 Hz), 1.80–1.31 (18H, m), 0.92 (anti) (3H, t,
3JHH57.3 Hz), 0.89 (6H, m), 0.80 (syn, 3H, t). Isomer

ratio: 33:67.

For 4g, yield 65%. Elemental analysis: calculated for

C40H44F2NO4Pt, C 57.5, H 5.2, N 1.7; found, C 57.6,

H 5.1, N 1.5. 1H NMR (d, 300 MHz, CDCl3): 8.17

(1H, s, 3JPt–H5133 Hz), 8.05 (2H, AA9MXX9,
3JHH58.9 Hz, 4JHF55.5 Hz), 7.74 (2H, AA9MXX9,
3JHH58.9 Hz, 4JHF55.5 Hz), 7.44 (2H, AA9XX9,
3JHH58.9 Hz), 7.31 (1H, d, 3JHH58.3 Hz), 7.23 (1H,

d, 4JHH52.5 Hz), 7.12 (2H, AA9MXX9, 3JHH58.7 Hz),

7.02–6.93 (4H, m), 6.67–6.63 (2H, m), 4.12 (2H, t,
3JHH56.8 Hz), 4.02 (2H, t, 3JHH56.6 Hz), 1.90–1.33

(16H, m), 0.97–0.89 (6H, m).
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