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A series of new luminescent cyclometalated platinum(II) complexes functionalized with various substituted styryl
groups on the cyclometallating ligand [Pt(C∧N-ppy-4-styryl-R)(O∧O-(O)CCR′CHCR′C(O))] (ppy-4-styryl-R ) E-4(4-
(R)styryl-2-phenylpyridine) (3, R′ ) Me (acac); 4, R′ ) tBu (dpm); R ) H, OMe, NEt2, NO2) have been prepared.
All complexes undergo an E−Z photoisomerization process in CH2Cl2 solution under sunlight, as monitored by 1H
NMR. The solid-state structures of 3-OMe, 3-NEt2, 3-NO2, and 4-OMe have been determined by X-ray diffraction
studies and compare well with optimized geometries obtained by density functional theory (DFT) calculations. The
orbital pictures of 3-H, 3-OMe, and 3-NO2 are very similar, the highest occupied molecular orbital (HOMO) being
highly Pt(5d) metal-based. For 3-NMe2, an additional contribution from the amino-styryl fragment leads to a decreased
metal parentage of the HOMO, suggesting a predominantly ILCT character transition. Complexes 3-H, 3-OMe, and
3-NO2 show a low-energy band (350−400 nm) assigned to predominantly charge-transfer transitions. The amino
derivative 3-NEt2 displays a very strong absorption band at 432 nm, tentatively assigned to a mixture of ILCT (Et2N
f CHdCH*) and metal-to-ligand charge-transfer (MLCT) (dπ(Pt) f π*) transitions. Complexes 3 are weakly
luminescent in CH2Cl2 solution at room temperature; the low intensity may be due to a competitive quenching
through the E−Z photoisomerization process. All complexes exhibit similar structured emission bands under these
conditions (λem

max around 520 nm), independent of the nature of the styryl-R group. In a frozen EPA glass (77 K),
the spectrum of the representative complex 3-H exhibits two sets of vibronically structured bands (460−560, 570−
800 nm; λmax ) 596 nm), due to the presence of two emitting species, the E and Z isomers, which have significantly
different triplet excited-state energies. The other three complexes show similar behavior to 3-H at 77 K, but the
lower-energy emission bands are progressively red-shifted in the order H < OMe < NO2 < NEt2 (e.g., for 3-NEt2,
λem

max ) 658 nm; τ ) 26 µs). The very large red-shift compared to related unsubstituted complexes (e.g., to
[Pt(C∧N-ppy)(O∧O-acac)]) is the result of the extension of the π-conjugated system and the electronic effects of
substituent R.

Introduction

A significant research effort has focused on the design
and photophysical properties of third-row transition metal

complexes. These complexes often exhibit high quantum
yields of phosphorescent emission from triplet excited states,
due to the mixing of the singlet and triplet states promoted
by the high spin-orbit coupling constant of the heavy metal
ion. Among them, platinum(II) complexes incorporating
polypyridine ligands such as bipyridine and terpyridine
derivatives have attracted a great deal of interest as lumi-
nescent chromophores for potential applications in the
conversion of light to chemical energy (artificial photosyn-
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thesis), organic light-emitting devices (OLEDs), or biological
labels.1-3 In recent years, several cyclometalated homo- or
heteroleptic platinum(II) complexes based on 2-phenylpy-
ridine (ppy) and analogues have been reported in the
literature.4-7 They generally feature long-lived excited states
in frozen glasses and/or solutions that originate from a mixed
3LC-MLCT state (MLCT) metal-to-ligand charge-transfer).
These studies also pointed out the crucial importance of
cyclometallating ligands that strongly govern the emission
characteristics of the complexes in two key ways. First, the
very strong ligand field associated with the cyclometallating
carbon serves to raise the energy of the strongly antibonding,
metal-centered excited state formed through population of

the dx2-y2 orbital. When thermally accessible at room tem-
perature, as it is in Pt(bpy)Cl2, for example, this state provides
a deleterious pathway of nonradiative decay,1a,8but by raising
its energy in cyclometalated complexes, its influence is
attenuated leading to greatly increased quantum yields.4-7,9

Second, emission color tuning, from blue-green to orange-
red, can be achieved through rational modification of the
ppy ligand with electron-donating or -withdrawing substit-
uents or π-conjugated groups. For instance, quite large
phosphorescence red-shifts were observed at 77 K upon
extending the size of theπ-conjugated system of theC∧N
ligand. Thus, the emission shifts from green for Pt(C∧N-
ppy)(O∧O-dpm) to orange-red for Pt(C∧N-pq)(O∧O-dpm)
(λem

max
77 K ) 477 and 555 nm, respectively; dpm) dipiv-

olylmethane, pq) 2-phenylquinoline).7

For the past 10 years, our laboratory has focused on
studying the nonlinear optical properties of tris(dialkylami-
nostyryl-2,2′-bipyridine)metal complexes.10 These chro-
mophores display intense low-lying ILCT and MLCT
transitions in absorption, both of which contribute to the NLO
activity. In addition, the ruthenium(II) complex also shows
relatively long-lived luminescence (>5 µs) at an emission
maximum of 708 nm, corresponding to a large bathochromic
shift of almost 100 nm with respect to [Ru(bpy)3]2+.11 More
recently, we have investigated the photophysical properties
of tris-cyclometalated iridium(III) complexes Ir(C∧N)3 based
on the new 4-(4-(donor)styryl-2-phenylpyridine ligands
(donor, D) OMe, NEt2).12 Again, a large bathochromic shift
up to 158 nm with respect to Ir(ppy)3 was observed in their
emissions at 77 K (D) OMe, λem ) 616 nm; D) NEt2,
λem ) 650 nm), originating from a switch to a3ILCT
emissive excited state. Thus, in these two families of
complexes, the red-shift is a result of the donor substituent
in addition to the extension of conjugation (styryl).

In the present study, we focus on the preparation and
photophysical studies of a series of cyclometalated platinum-
(II) complexes of the general formula Pt(C∧N)(O∧O), where
O∧O is either acetylacetonate (acac) or dipivolylmethane
(dpm), andC∧N represents 4-styryl-2-phenylpyridine ligands
para-substituted by different groups R, from strongly with-
drawing to strongly donating substituents (R) NO2, H,
OMe, NEt2).

The purpose of this study was to determine how the
emitting state of the Pt complex is influenced by the presence
of a -CHdCH-Ar styryl substituent in the 4-position of the
pyridine ring and, moreover, whether further tuning of the
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emission energy and properties could be achieved according
to the presence of electron-donating (e.g., NEt2) or electron-
withdrawing (e.g., NO2) end substituents R in the styryl
phenyl ring. In an attempt to rationalize the electronic
modifications induced by the substituents and to elucidate
the nature of the excited states involved, density functional
theory (DFT) calculations on the acac series of complexes
were carried out.

Results and Discussion

Syntheses.The synthesis of the styryl ligands1 was
achieved following the procedures reported for the related
bipyridine ligands,13 i.e., either by a Knoevenagel-type
condensation between the appropriate aldehydes (R) H,
OMe, NEt2) and 4-methyl-2-phenylpyridine or (for R) NO2)
by means of a Wadworth-Emmons reaction betweenp-
nitrobenzaldehyde and 4-diethylphosphonatomethyl-2-phe-
nylpyridine.14 The complexes Pt(C∧N-ppy-4-styryl-R)[O∧O-
(O)CCR′CHCR′C(O)] (ppy-4-styryl-R) (E-4-(4-R-styryl-
2-phenylpyridine) (3, R′ ) CH3; 4 R′ ) tBu; R ) H, OMe,
NEt2, NO2) were synthesized by employing a two-step
procedure previously reported for Pt(N∧C)(O∧O) com-
plexes.7 Treatment of K2PtCl4 with 3 equiv of HC∧N (1)
afforded the chloro-bridged dimers2,15 which were subse-
quently converted into the oxygenated acac (3) or dpm (4)
derivatives, upon treatment with the appropriate diketone
(acetylacetone, dimethylpivaloylmethane) in the presence of
Na2CO3 in 2-ethoxyethanol (80°C) (Scheme 1). Complexes
3 and4 were isolated as air-stable yellow-orange crystals in
moderate yield (30-50%), the crude product being contami-
nated by the free ligand HC∧N. They were purified by
crystallization from a mixed dichloromethane/ethanol solu-
tion.

All complexes have been fully characterized by1H and
13C NMR spectroscopy. The1H NMR spectra show char-
acteristic platinum satellites (195Pt, I ) 1/2, 33.8% natural
abundance). For instance, the proton in the 6-position of the
pyridine ring of3-OMe appears as a low-field doublet atδ
8.91 (CD2Cl2: 3JH-H ) 6 Hz, 3JPt-H ) 41 Hz). The AB
system located atδ 7.44 and 7.00 (3JH-H ) 16 Hz) confirms
the presence of theE-styryl group. In the13C NMR spectrum,
the dCH signals appear atδ 134.7 and 122.6. The CH
resonance of the acac ligand is located typically at 5.54 (δ13C
) 102.3).

It is noteworthy that these compounds can undergoE-Z
isomerization of the CdC double bond of the styryl group,
upon exposure to sunlight or in the presence of traces of
acid. Thus, irradiation of a CD2Cl2 solution (10-3 M, λex )
350 nm) led to a mixture ofZ (62%) andE (38%) isomers
after 3 h: a second AB system was then observed atδ 6.91
and 6.49 ppm, with a coupling constant3JH-H of 12 Hz,
typical for aZ configuration double bond (Figure 1). This
ratio represents the equilibrium state for3-OMe at this
wavelength, showing no further change upon continued
irradiation. Interestingly, such isomerization has never been
observed for the related metal 4-styryl-bipyridine (N∧N-
coordinated) complexes.11,13a

Crystal Structures. The molecular structures of3-OMe,
4-OMe, 3-NEt2, and 3-NO2 were determined by X-ray
diffraction studies (Figures 2-5), confirming theE config-
uration of the styryl group in each case. Selected bond lengths
and angles are listed in Table 1. In all molecules, the platinum
center exhibits the expected square planar coordination and
the ppy metallacycle is essentially flat. In the acac derivatives
3-OMe and3-NEt2, the R-styryl group is not coplanar with
the plane of the ppyPt(acac) fragment; the torsion angles are
18.4° (C13-C14-C17-C18) and 16.9° (C8-C9-C12-
C13), respectively. The NO2 group of 3-NO2 is slightly
distorted (C16-C17-N2-O3: 10.39°). All these deviations
may be due to the packing forces existing in the crystal. The
metal-atom distances in3-NEt2 are shorter than those of
the methoxy derivative3-OMe, suggesting stronger bonds,
and similarly in the dpm adduct4-OMe. In complex3-NO2,
a slight lengthening of the distances is observed. The two
Pt-O bond lengths are different, the longer of the two
consistently being that disposed trans to the cyclometallating
carbon. This is a reflection of the trans influence of the
phenyl ligand, a feature observed for other chelating dike-
tonato complexes containing bidentate cyclometallating
ligands.7,16 The bite N-Pt-C angles are similar to those
found for related (C∧N)Pt complexes.7,16 Molecules of
4-OMe pack as head-to-tail dimers with a plane-to-plane

(9) (a) Lai, S. W.; Chan, M. C. W.; Cheung, T.-C.; Peng, S.-M.; Che,
C.-M. Inorg. Chem.1999, 38, 4046. (b) Che, C.-M.; Fu, W.-F.; Lai,
S.-W.; Hou, Y.-J.; Liu, Y.-L.Chem. Commun.2003, 118. (c) Lu, W.;
Mi, B.-X.; Chan, M. C. W.; Hui, Z.; Che, C.-M. Zhu, N.; Lee, S.-T.
J. Am. Chem. Soc.2004, 126, 4958. (d) Yang, Q.-Z.; Wu, L.-Z.; Zhang,
H.; Chen. B.; Wu, Z.-X.; Zhang, U.-P.; Tung, C.-H.Inorg. Chem.
2004, 43, 5195. (e) Williams, J. A. G.; Beeby; A.; Davies, E. S.;
Weinstein, J. A.; Wilson, C.Inorg. Chem. 2003, 42, 8609. (f) Farley,
S. J.; Rochester, D. L.; Thompson, A. L.; Howard, J. A. K. Williams,
J. A. G. Inorg. Chem.2005, 44, 9690. (g) Fernandez, S.; Fornie`s, J.;
Gil, B.; Gomez, J.; Lalinde, E.Dalton Trans. 2003, 822.
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(11) Le Bouder, T.; Maury, O.; Bondon, A.; Costuas, K.; Amouyal, E.;

Ledoux, I.; Zyss, J.; Le Bozec, H.J. Am. Chem. Soc.2003, 125, 12284.
(12) Lepeltier, M.; Le Bozec, H.; Guerchais, V.; Lee, T. K.-M.; Lo, K.

K.-W. Organometallics2005, 24, 6069.
(13) (a) Maury, O.; Gue´gan, J.-P.; Renouard, T.; Hilton, A.; Dupau, P.;

Sandon, N.; Toupet, L.; Le Bozec, H.New J. Chem.2001, 25, 1553.
(b) Viau, L.; Maury, O.; Le Bozec, H.Tetrahedron Lett.2004, 45,
125.

(14) Lepeltier, M. Ph.D. thesis, Universite´ de Rennes 1, 2005.
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separation of 4.07 Å, a distance that is too long for aπ-π
stacking interaction.16 In this case, the ppy-4-styryl-OMe
ligand is almost planar (dihedral angle< 10°), probably
because of the sterically demanding nature of thetbutyl
substituents.

DFT Calculations (1): Optimized Geometries.DFT
calculations were carried out on the electronic ground state
of Pt(C∧N-ppy-4-styryl-R)(O∧O-acac) featuringH, OMe,
NO2, andNMe2 (as a smaller model ofNEt2), using BP86
and LB94 DFT (see computional details). The calculated

ground-state structures (BP86) are in good agreement with
those determined for3-OMe, 3-NO2, and 3-NEt2 by X-ray
diffraction studies. Selected optimized bond lengths and
angles are given in Table 2. The platinum center exhibits
the expected square-planar geometry, and the ppy fragment
is essentially flat (largest deviation from the main plane
defined by the metallacycle atoms: 2.97°). In agreement with
the experimental structure, the styryl group deviates from
the plane of the metallacycle for3-OMe and3-NMe2 (torsion
angles 16.9° and 17.5°, respectively). Irrespective of the
identity of the substituent R, the bond lengths are slightly
shorter than those calculated for [Pt(C∧N-ppy)(O∧O-acac)]
(1).7

Electronic Absorption Spectra.The electronic absorption
spectra of the two series of complexes3 and4 were recorded
in CH2Cl2 solution at 298 K, and data are summarized in
Table 3. The spectra of the dpm complexes4 were almost
identical to those of the corresponding acac derivatives3

(16) (a) Ionkin, A. S.; Marshall, W. J.; Wang, Y.Organometallics2005,
24, 619. (b) Giordano, T. J.; Rasmussen, P. G.Inorg. Chem. 1975,
14, 1628. (c) Breu, J.; Range, K.-J.; von Zelewsky, A.; H. Yersin, H.
Acta Crystallogr.1997, C53, 562. (d) Ghedini, M.; Pucci, D.; Crispini,
A.; Barberio, G.Organometallics1999, 18, 2116. (e) Mdleleni, M.
M.; Bridgewater, J. S.; Watts, R. J.; Ford, P. C.Inorg. Chem. 1995,
34, 2334. (f) DePriest, J.; Zheng, G. Y.; Woods, C.; Rillema, D. P.;
Mikirova, N. A.; Zandler, M. E.Inorg. Chim. Acta1997, 264, 287.
(g) DePriest, J.; Zheng, G. Y.; Goswami, N.; Eichhorn, D. M.; Woods,
C.; Rillema, D. P.Inorg. Chem.2000, 39, 1955.

Figure 1. 1H NMR spectra (CD2Cl2) of 3-OMe, before (top) and after (bottom) UV irradiation for 3 h (λ ) 350 nm, 10-3 M).

Figure 2. Diagram ORTEP (293 K, 50% probability thermal ellipsoids) of complex3-OMe. Hydrogen atoms are omitted for clarity.
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with only small shifts observed in some bands, a feature that
has previously been observed in the parent ppy and 2-thi-
enylpyridine (thpy) complexes Pt(C∧N)(O∧O).7 Only for the
amino derivative are the differences in wavelengths between
the dpm and acac derivatives significant. In considering the
effect of the styryl substituents, therefore, we shall confine
the following discussion to the acac series of complexes.

The absorption spectra of the four acac complexes are
shown in Figure 6. The spectrum of the unsubstituted styryl
compound (3-H) displays a very strong band in the UV (λmax

) 316 nm,ε ) 27750) and a second band of about half the
intensity tailing well into the visible region (λmax ) 392 nm,
ε ) 12960). The spectra of thep-nitro- andp-methoxy-styryl
analogues (3-NO2 and 3-OMe) are very similar to that of

Figure 3. Diagram ORTEP (293 K, 50% probability thermal ellipsoids) of complex4-OMe. Hydrogen atoms are omitted for clarity.

Figure 4. Diagram ORTEP (120 K, 50% probability thermal ellipsoids) of complex3-NEt2. Hydrogen atoms are omitted for clarity.

Figure 5. Diagram ORTEP (120 K, 50% probability thermal ellipsoids) of complex3-NO2. Hydrogen atoms are omitted for clarity.
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3-H but with a red-shift in the higher energy band (toλmax

333 and 336 nm, respectively). Meanwhile, the low-energy
band is slightly red-shifted in3-NO2 and blue-shifted in
3-OMe. By comparison with the absorption properties of
[Pt(C∧N-ppy)(O∧O-acac)], the former is most likely due to
intraligandπ-π* transitions, while the lower energy bands
could tentatively be assigned to MLCT (dπ(Pt) f π*)
transitions, which typically occur in this region for cyclo-
metalated complexes and are responsible for the colors of
the complexes.4-7

In contrast, the absorption spectrum of the amino-
substituted complex,3-NEt2, is markedly different, display-
ing a very strong low-energy absorption band at 432 nm (ε

24360). This band probably arises from the influence of the
strongly electron-donating nature of the amino group and
its relative ease of oxidation favoring the formation of a
charge-separated excited state. In fact, the profound effect
of the amino substituent is also seen in the behavior of the
corresponding uncoordinated ligand ppy-CHdCH-C6H4-
NEt2, which displays a low energy, positive solvatochromic
absorption band (λmax ) 387 nm in CH2Cl2), a feature not
observed in the other ligands.14,17 The 45 nm red-shift in
this band upon complexation to platinum(II) can be attributed
to the enhancement of theπ-acceptor character of the
pyridine ligand upon coordination to the metal ion, lowering
the ILCT energy, an effect also observed in several other
amino-substituted polypyridyl ligands upon binding to cat-

ionic metal centers.11,13a,18One or more bands due to MLCT
transitions would be anticipated at around 400 nm, as in the
other complexes, but these are probably not resolved due to
overlap with the ILCT band that obscures them.

DFT Calculations (2): Orbital Parentage of Absorption
Bands. The DFT calculations performed on3-H, 3-OMe,
3-NO2, and 3-NMe2 have allowed the tentative orbital
parentage of the transitions giving rise to the observed
absorption bands to be largely confirmed. The three highest
occupied molecular orbitals (HOMO) and lowest unoccupied
molecular orbitals (LUMO) obtained from the calculations
are shown in Figure 7, and the relative composition of the
different energy levels are reported in Table 4. The nature
of the frontier orbitals changes as a function of the nature
of R. The valence orbitals of3-H and3-OMe are very similar
to one another: the HOMO is a mixture of Pt(5dyz) (42 and
41%, respectively), cyclometalated phenyl, and acacπ
orbitals, while the LUMO is mainly localized on the
“pyridine-CHdCH-” moiety of the styrylpyridine ligand. The
HOMO-1 is delocalized over the styryl-C6H4-OMe part of
the molecule. The HOMO of3-NO2 is similar to that of3-H
and3-OMe, again with substantial metal character{Pt(5d),
38%}, combined withπ phenyl and acac orbitals. In this
case, however, the nitro-substituent makes a major contribu-
tion to the LUMO, which now resides predominantly on the
“-CHdCH-C6H4-NO2” moiety, with the pyridyl ring
playing a much smaller role.

The picture of the HOMO surface of the dimethylamino
derivative3-NMe2 is very different from those of the other
complexes: the HOMO comprises theπ orbitals of phenyl
and acac but now with a substantial additional contribution
from the aminostyryl group. Overall, the metallic character
decreases to 21% (dxz, dyz). In all cases, HOMO-1 to
HOMO-4 are predominantly metal-based.

(17) Lepeltier, M.; Lee, T. K.-M.; Lo, K. K.-W.; Le Bozec, H.; Guerchais,
V. unpublished results.

(18) (a) Goodall, W.; Williams, J. A. G.Chem. Commun.2001, 2514. (b)
Leslie, W.; Batsanov, A. S.; Howard, J. A. K.; Williams, J. A. G.
Dalton Trans.2004, 623. (c) Leslie, W.; Poole, R. A.; Murray, P. R.;
Yellowlees, L. J.; Beeby, A.; Williams, J. A. G.Polyhedron2004,
23, 2769. (d) Roberto, D.; Tessore, F.; Ugo, R.; Bruni, S.; Manfredi,
A.; Quici, S.Chem. Commun.2002, 846.

Table 1. Selected Bond Distances (Å) and Angles (deg) for Complexes
3-OMe, 4-OMe, 3-NEt2, and3-NO2

Pt(C∧N-ppy-4-styryl-OMe)(acac)
3-OMe

Pt(1)-O(2) 2.000(3) Pt(1)-O(3) 2.089(3)
Pt(1)-N(1) 1.984(3) Pt(1)-C(6) 1.970(4)
C(17)-C(18) 1.330(6)
O(1)-Pt(1)-O(2) 91.60(13) O(1)-Pt(1)-N(1) 93.11(4)
O(2)-Pt(1)-N(1) 175.28(13) O(1)-Pt(1)-C(6) 174.70(15)
O(2)-Pt(1)-C(6) 93.69(16) N(1)-Pt(1)-C(6) 81.60(17)

Pt(C∧N-ppy-4-styryl-NEt2)(acac)
3-NEt2

Pt(1)-O(2) 1.988(9) Pt(1)-O(1) 2.073(8)
Pt(1)-N(1) 1.968(10) Pt(1)-C(1) 1.966(12)
C(12)-C(13) 1.33 (2)
O(1)-Pt(1)-O(2) 91.7(4) O(2)-Pt(1)-N(1) 174.9(4)
O(1)-Pt(1)-N(1) 93.4(4) O(1)-Pt(1)-C(1) 173.9(5)
O(2)-Pt-C(1) 94.1(4) N(1)-Pt-C(1) 80.9(5)

Pt(C∧N-ppy-4-styryl-OMe)(dpm)
4-OMe

Pt(1)-O(2) 1.992(7) Pt(1)-O(3) 2.075(7)
Pt(1)-N(5) 1.980(8) Pt(1)-C(1) 1.958(13)
C(12)-C(13) 1.299(14)
O(2)-Pt(1)-O(3) 91.6(3) O(3)-Pt(1)-N(5) 171.4(13)
O(2)-Pt(1)-N(5) 93.4(3) O(2)-Pt(1)-C(1) 174.6(16)
O(3)-Pt(1)-C(1) 92.3(3) N(5)-Pt(1)-C(1) 82.2(4)

Pt(C∧N-ppy-4-styryl-NO2)(acac)
3-NO2

Pt(1)-O(1) 2.011(5) Pt(1)-O(2) 2.093(6)
Pt(1)-N(1) 1.988(6) Pt(1)-C(1) 1.963(7)
C(12)-C(13) 1.333(12)
O(1)-Pt(1)-O(2) 91.7(2) O(1)-Pt(1)-N(1) 174.9(2)
O(2)-Pt(1)-N(1) 93.4(2) O(2)-Pt(1)-C(1) 175.2(3)
O(1)-Pt(1)-C(1) 92.8(3) N(1)-Pt(1)-C(1) 82.1(3)

Figure 6. Normalized absorption spectra of3-H (black), 3-NO2 (blue),
3-OMe (green), and3-NEt2 (red), in CH2Cl2 solution at 298 K.
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The valence picture that emerges from the DFT calcula-
tions is thus one of predominant MLCT/LLCT/IL character
for the lowest excited state of3-H, -OMe, and -NO2 (we
use the abbreviation LLCT for ligand-to-ligand charge
transfer, also known as interligand charge transfer, and IL
for the intraligandπ-π* transition of the ppy moiety). The
highest occupied orbitals are Pt(5d) in character with ligand
π orbitals, and the lowest unoccupied orbitals areπ* ligand
in character, styryl-ppy localized for3-H and -OMe, and
nitro-styryl localized for 3-NO2. In contrast, the lowest

excited state of3-NMe2 has substantial intraligand charge
transfer (ILCT) character in addition to MLCT/LLCT
contributions, as a result of the large contribution of the
Me2N-C6H4- moiety to the highest occupied molecular
orbital.

Electrochemistry and Solvatochromism. The redox
properties of the complexes also reflect the relative electronic
influence of the substituent R. Electrochemical studies were
performed in DMF ([nBu4N][PF6] 0.1 M, 100 mV s-1, Pt
working electrode, ferrocene as internal reference vs Cp2-

Table 2. DFT (BP86) Calculated Bond Lengths and Angles for [Pt(C∧N-ppy-4-styryl-R)(O∧O-acac)]

bond length (Å) angles (°)

complex Pt-O Pt-O Pt-N Pt-C O-Pt-O O-Pt-C N-Pt-O C-Pt-N

1a 2.15 2.04 2.03 1.98 90.9 81.2
1 2.140 2.046 2.013 1.990 90.05 94.45 94.07 81.43
3-H 2.127 2.031 2.007 1.981 92.06 93.39 93.62 80.93
3-OMe 2.119 2.031 1.999 1.988 92.37 94.28 92.13 81.22
3-NMe2 2.120 2.035 2.002 1.983 92.27 94.40 92.37 80.94
3-NO2 2.129 2.025 2.006 1.980 92.17 93.15 93.21 81.47

a Ref 7, B3LYP calculations

Table 3. UV-Visible Absorption and 77 K Emission of Complexes

complex λabs/nm (ε/M-1 cm-1)a λem/nm (77 K)b τ/µsb

3-H 248 (21650), 316 (27750), 392 (12960) {477, 513, 545} {600, 664, 722} 26
4-H 247 (20070), 318 (27230), 395 (13110) {473, 508, 539} {596, 658, 718} 27
3-OMe 253 (35130), 289sh (26680), 336 (19230), 386(14120) {607, 669, 734} 24
4-OMe 251 (31780), 294sh (21320), 335 (19590), 390 (14530) {610, 733, 742} 29
3-NO2 333 (17330), 400 (8840) {473, 508, 540} {624, 691, 756} 19
3-NEt2 432 (24360) {473 (br)} {658, 723, 796} 26
4-NMe2 418 (25120) {477, 513, 545} {638, 704, 775} 27

a In CH2Cl2 at 298K.b In EPA (diethyl ether/isopentane/ethanol, 2/2/1, v/v); lifetimes refer to the low energy bands.

Figure 7. Representations of the valence HOMO and LUMO molecular orbitals obtained from DFT calculations for Pt(C∧N-ppy-4-styryl-R)[O∧O-acac],
3-H, 3-OMe, 3-NO2, and3-NMe2.
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Fe/Cp2Fe+). The cyclic voltammogram of3-NO2 displays
two reversible waves; the first wave at-1.50 V is attributed
to the reduction of the NO2 group, and the second one at
-1.98 V is attributed to that of theC∧N ligand. The
reversible reduction of theC∧N ligand of 3-H, -OMe, and
-NEt2 are located at-2.00, -2.04, and-2.11 V, respec-
tively, the effect of the amino group being pronounced. The
irreversible oxidation of the amino group is observed at 0.40
V. This electrochemical behavior is similar to that reported
for (C∧N)Pt complexes that exhibit a reversible reduction
between-1.9 and-2.6 V.7

Absorption bands arising from transitions with significant
charge-transfer character are often quite strongly solvato-
chromic.19 This arises if the CT axis is parallel or roughly
parallel with the ground-state dipole, leading to a significant
change in the dipole moment in going from the ground to
the excited state. In the present instance,3-NO2 displays the
largest effect, exhibiting significant negative solvato-
chromism{e.g.,λmax (solvent)) 410 (toluene), 400 (CH2-
Cl2), 395 (EtOH), 394 nm (MeCN)}, suggestive of an excited
state that is significantly less polar than the ground state. In
contrast, the absorption band of3-NEt2 shows very little
dependence on the solvent ((4 nm for solvents ranging from
toluene to DMSO), and the small effect that is observed does
not correlate with the polarity. The absence of solvato-
chromism of this band could be due to its being comprised
of two overlapping transitions, ILCT and MLCT/LLCT, as
discussed earlier, giving rise to opposing changes in the
polarity. From the DFT perspective, consideration of the
frontier orbitals (Figure 7) suggests that formation of the
excited state through population of the LUMO will not
substantially displace the electron density toward either end
of the molecule (the LUMO resides predominantly on the
styryl CHdCH π* unit). Qualitatively, therefore, one might
predict rather little change in the dipole moment upon
formation of the excited state and therefore little influence
of solvent polarity on the absorption energy.

Luminescence.Upon photoexcitation, all members of the
two families of complexes3 and 4 display weak photolu-
minescence in fluid solution (degassed CH2Cl2) at room
temperature. As in absorption, the change from acac to dpm

has no significant effect on the room-temperature emission
properties. The room-temperature emission spectra of series
3 are shown in Figure 8, where it can be seen that all four
complexes show very similar spectra to one another, with
emission maxima around 520 nm. This represents a signifi-
cant red-shift compared to the value of 486 nm reported for
[Pt(C∧N-ppy)(O∧O-acac)] at room temperature7 (in 2-
MeTHF). There is some evidence of structure in the bands,
which is most pronounced for the methoxy-substituted
complex.

The room-temperature emission intensities are weak in
each case: the luminescence quantum yields are in the range
of 1 × 10-4 to 2 × 10-3 (in CH2Cl2) compared to 0.15 for
[Pt(C∧N-ppy)(O∧O-acac)] (in 2-MeTHF).7 The weakness
of the emission may be due to a competitive quenching
through the trans-cis CdC photoisomerization process
discussed earlier. Related iridium complexes carrying the
-OMe or NEt2 ligands also displayed very weak emission,
where it was noted that hydrogenation of the-CHdCH-
bond restored typically strong emission.12 The similarity in
the emission wavelengths of the four complexes to one
another in the present case, suggests that, at least at room
temperature, the emissive excited state is decoupled from

(19) A detailed discussion of solvatochromism in related platinum(II)
complexes is provided by Cummings, S. D.; Eisenberg, R.J. Am.
Chem. Soc.1996, 118, 1949.

Table 4. MO Compositiona (%) for [Pt(C∧N-ppy-4-styryl-R)(O∧O-acac)],3

3-H 3-OMe 3-NMe2 3-NO2

designation E (eV) Pt(5d) E (eV) Pt(5d) E (eV) Pt(5d) E (eV) Pt(5d)

LUMO+7 -6.38 43
LUMO+6 -5.77 38
LUMO+5 -6.01 43 -5.96 37
LUMO+3
LUMO+1
LUMO -8.36 -8.20 -7.91 -9.61
HOMO -10.12 42 (dyz) -10.03 41 (dyz) -9.85 21 (dyz, dxz) -10.46 38 (dyz)
HOMO-1 -10.31 67(dz2) -10.24 66 (dz2) -9.90 30 (dyz) -10.69 67 (dz2)
HOMO-2 -10.35 46 (dxz) -10.27 42 (dxz) -10.08 66 (dz2) -10.70 40 (dxz)
HOMO-3 -10.90 68 (dxy) -10.28 34 (dxz)
HOMO-4 -10.83 68 (dxy) -10.67 69(dxy) -11.27 66 (dyz)

a LB94 calculations.

Figure 8. The luminescence emission spectra of3-H (black line),3-OMe
(green),3-NO2 (blue), and3-NEt2 (red), in degassed dichloromethane
solution at 298 K, following excitation into the lowest energy absorption
band; absorption and emission band-passes) 4 nm.
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the styryl pendent group and involves only the Pt(ppy)
moiety. A possible explanation is that the emission at room-
temperature emanates from a conformational form containing
a half-twisted styryl-CHdCH- unit (the intermediate
between trans and cis) that is unconjugated with the ppy
ligand.

Luminescence at 77 K.Emission spectra at 77 K were
recorded in a frozen EPA glass (EPA) diethyl ether,
isopentane, and ethanol, 2/2/1 by volume, with excellent
glass-forming characteristics and a very low propensity to
cracking). The spectra are very different from those observed
at room temperature, and the behavior of3-H at 77 K is
representative (Figure 9). The spectrum consists of two sets
of bands with very well-defined structure, one in the region
460-560 nm and the second set at substantially lower energy
in the region 570-800 nm. The two sets of bands have
similar profiles, with a vibrational spacing of around 1500
cm-1 probably associated with the CdC vibrations, aromatic
breathing modes and acac C-O bonds, all with vibrational

stretching frequencies of this order. Some additional fine
structure is also discernible, common to both sets of bands.

The ratio of the intensity of the higher energy set of bands
to those at lower energy is found to be dependent upon the
excitation wavelength employed (Figure 9a). This is also
evident from the excitation spectra registered at 510 and 658
nm (the maxima of the second member of the vibrational
progression of the two sets of bands): their profiles are
markedly different (Figure 9b). This suggests that, at 77 K,
there are two different emitting species present, which are
not interconverting on the time scale of emission, but whose
excited states (HOMO and LUMO) are probably localized
on the same parts of the molecule. It seems very likely that
the two species are the trans (E) and cis (Z) isomers, which
have significantly different triplet excited-state energies. As
noted earlier, theE-Z photoisomerization process occurs
quite rapidly, as monitored by1H NMR. Thus, in the dilute
solutions required for fluorescence spectroscopy, a significant
proportion of theZ isomer will quickly build up, which
probably gives rise to the high-energy set of bands (E00 ≈
21100 cm-1), while theE isomer emits at longer wavelength
(E00 ≈ 16700 cm-1). In comparison, the triplet state energies
of Z- andE-stilbene itself lie at approximately 19 000 and
17 000 cm-1, respectively, in nonpolar solvents.20

Further support for this assignment of the bands comes
from the change in the UV-visible absorption spectrum upon
irradiation (Figure 10). It can be seen that the spectrum after
irradiation displays substantially enhanced absorption in the
360 nm region compared to 400 nm, which must be due to
the greater absorbance of theZ isomer around 360 nm. This
correlates with the strong band observed at this wavelength
in the excitation spectrum of the higher-energy emitting
species (Figure 9b). We also noted that samples that had
been allowed to stand in ambient light for up to 1 h after

(20) CRC Handbook of Organic Photochemistry; Scaiano, J. C., Ed.; CRC
Press Inc.; Boca Raton, FL, 1989.

Figure 9. (a) Top: Emission spectra of3-H at 77 K in an EPA glass as
a function of the excitation wavelength. (b) Bottom: Excitation spectra of
3-H under these conditions, registered at the wavelength of emission of
the second member of the vibrational progression of the two sets of bands
(viz. 510 and 658 nm).

Figure 10. The UV-visible absorption spectra of3-H (5 × 10-5 M) in
CH2Cl2 solution at 298 K before (red line) and after irradiation at 365 nm,
30 W (blue line). Spectra are normalized at 400 nm to highlight the different
profiles in the near-UV region.
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preparation, and prior to freezing, displayed a proportionately
higher intensity from the short wavelength bands, in line with
the build-up of theZ isomer. In fact, Thompson et al. have
previously observed a second vibrational progression in the
case of a related Pt complex containing a methoxy-substituted
ppy ligand {[Pt(C∧N-46dfp-4meopy)(O∧O-acac)], where
46dfp-4meopyH) 2-(4,6-difluorophenyl)-4-methoxy-pyri-
dine}.7 This feature was tentatively interpreted in terms of
conformational isomerism of the methoxy group with respect
to the pyridyl ring. In that case, the two vibrational
progressions had similar energy and overlapped. However,
the corresponding conformational isomerism of a cis versus
trans -CHdCH- double bond represents a much larger
difference in molecular structure, and the distinctly different
energies of the two sets of bands in the present instance might
then be anticipated.

The other three complexes show similar behavior, again
with two sets of bands with well-defined vibronic progres-
sions. The positions (wavelengths of band maxima) for the
higher-energy bands are similar for all four complexes
indicating that, for theZ conformation, the styryl substituent
R has little influence on the excited-state energy. In contrast,
there is a substantial influence of R on the lower-energy set
of bands (E isomer) (Figure 11). The excited-state energy
decreases in the order H> OMe > NO2 > NEt2, with E00

ranging from≈ 16 700 cm-1 for the unsubstituted styryl
complex (3-H) to 15 200 cm-1 for 3-NEt2, where the
emission extends into the near infrared. This corresponds to
a range inλmax from 600 to 658 nm. Thus, the extension of
conjugation through introduction of the-CHdCH-Ph
double bond leads to a red-shift of 120 nm (λmax ) 600 nm
for 3-H compared to 480 nm for [Pt(ppy)(acac)]7), which
can then be further augmented by 58 nm (total of 178 nm)
by introducing an amino substituent into the styryl phenyl
ring.

The relatively long lifetimes, of the order of 20µs at 77
K (Table 3), are suggestive of significant intraligand character
in the emissive excited state (as predicted by the DFT
analysis discussed earlier), as opposed to the shorter lifetimes
more typically associated with more purely MLCT states
(e.g., values of around 10µs for the parent complex [Pt-
(ppy)(acac)] and derivatives7). DFT calculations of the lowest
energy relaxed triplet state are at least partially consistent
with the observed trend in emission energies. Thus, the
calculated triplet energies∆ES-T for Pt(ppy)(acac), follows
the order H< OMe < NEt2 < NO2.

The somewhat counterintuitive observation that the electron-
donating NEt2 substituent and the electron-withdrawing NO2

group both lead to a lowering of the excited-state energy
can be understood in terms of their different effects on
HOMO and LUMO, as alluded to earlier. Thus, the NO2

group has a much greater influence on the LUMO than on
the HOMO (see MO diagrams in Figure 7) and stabilizes
the former to a larger extent, thus leading to a reduction in
the excited-state energy. On the other hand, it is on the
HOMO that the NEt2 group has the greater effect, introducing
a substantial contribution from the pendent ring and the more
predominant ILCT character discussed above. Thus, it is
likely that the HOMO is destabilized more than the LUMO
in this case, leading again to a net decrease in the excited-
state energy. A similar influence of electron-donating sub-
stituents also has been observed in tris chelate iridium
complexes Ir(C∧N-ppy-4-styryl-R)3 (R ) OMe, NEt2), for
which the excited-state involves3IL of the R-styryl ligand.12

Conclusion

In summary, a series of luminescent platinum(II) com-
plexes featuring a functionalized ppy ligand were synthe-
sized, and the influence of both the end group and the
conjugated bridge on the electronic structure and photophys-
ics was studied.

The X-ray crystal structures of3-OMe, 3-NEt2, 3-NO2,
and 4-OMe determined and corroborate optimized geom-
etries predicted by DFT. AnE-Z photoizomerization of the
styryl group occurs in fluid solution. In all of the complexes,
the presence of the styryl -CHdCH- double bond has a direct
impact on their emissive properties. In solution at room
temperature, the complexes are weakly emissive, due to
competitive quenching via the photoizomerization process.
We suggest that the observed emissions, which are inde-
pendent of R, arise from the “Pt(ppy)(acac)” fragment, a
fluxional species (C-C half-twisted conformation) being
generated in which the styryl pendent group is decoupled
from the metal center.

In a frozen glass at 77 K, conformational change can no
longer occur, and two emitting species are then present, the
starting (E) isomer and the accumulated photoproduct (Z
isomer), which emit over distinctly different wavelength
ranges. The emission of all complexes (E isomer) are greatly
red-shifted{∆λ ) 178 nm compared to [Pt(ppy)(acac)]} and
have longer lifetimes compared to those of previously studied
(C∧N)Pt complexes. Such a significant shift is the result of
the extension of theπ-conjugated system and the electronic

Figure 11. The long wavelength region of the emission spectra of3-H,
3-OMe, 3-NO2, and3-NEt2 in an EPA glass at 77 K;λex ) 400 nm; band-
passes) 2.5 nm. A 450-nm cutoff emission filter was employed to eliminate
interference from the second-order scattered light artefact at 800 nm.
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effect of the styryl substituent R. The longer lifetimes
observed are indicative of a notable intraligand character.
The strong electron-donating amino group and electron-
withdrawing nitro group both give rise to red emitters but
whose triplet excited states have quite different orbital
parentage, according to DFT calculations. The electronic
structures of3-H, 3-OMe, and 3-NO2 are similar, with a
ca. 40% percentage of metal-based HOMO, in agreement
with a MLCT/LLCT excited state, whereas for3-NEt2, the
involvement of a low-lying3ILCT transition is predominant.
A simple modification of the end group allows the introduc-
tion of intraligand charge transfer character through the
conjugated bridge, accompanied by a further large red-shift
in addition to that already induced by the double bond,
representing a potentially very powerful strategy for the
design of new luminophores.

Experimental Section

General Procedure.All manipulations were performed using
Schlenk techniques under an Ar atmosphere. All solvents were dried
and purified by standard procedures. NMR spectra were recorded
on Bruker DPX-200, AV 300, or AV 500 MHz spectrometers.1H
and13C chemical shifts are given versus SiMe4 and were determined
by reference to residual1H and13C solvent signals. Attribution of
carbon atoms was based on HMBC, HMQC, and COSY experi-
ments. Cyclic voltammograms were recorded using an EG&G 263
potentiostat in anhydrous DMF containing 0.1 M [nBu4N][PF6]
supporting electrolyte at 20°C on Pt electrodes with a SCE
reference electrode. The ferrocene/ferricinium Cp2Fe/Cp2Fe+ redox
couple was used as an internal reference for potential measurements
(0.46 V vs SCE). High-resolution mass spectra (HRMS) were
performed on a MS/MS ZABSpec TOF at the CRMPO (Centre de
Mesures Physiques de l’Ouest) in Rennes. Elemental analyses were
performed by Muriel Escadeillas at the CRMPO. UV/vis absorption
spectra were recorded using a UVIKON 9413 or Biotek Instruments
XS spectrophotometer using quartz cuvettes of 1 cm path length.
Steady-state luminescence spectra were measured using a Jobin
Yvon FluoroMax-2 or Tau-3 spectrofluorimeter, fitted with a red-
sensitive Hamamatsu R928 photomultiplier tube. The spectra shown
are corrected for the wavelength dependence of the detector, and
the quoted emission maxima refer to the values after correction.
The 77 K spectra were acquired uisng an Oxford Instruments
Cryostat model DN1704. Luminescence quantum yields were
determined using the method of continuous dilution, using [Ru-
(bpy)3]Cl2 as the standard (φ ) 0.028 in air-equilibrated aqueous
solution21) and correcting for the refractive index. Lifetimes were
obtained either by excitation at 355 nm with the third harmonic of
a Q-switched Nd:YAG laser and detection of emitted light using
an R928 PMT, or by TCSPC following excitation at 405 nm using
a laser diode in an Edinburgh Instruments Mini-Tau system.

Density Functional Calculations.The density functional cal-
culations were performed on isolated molecules using the Amster-
dam Density Functional (ADF2004.01) program.22 In this program,
scalar relativistic effects are introduced via the zeroth order regular
approximation (ZORA) approach to the Dirac equation.23 A triple-ú
Slater-type (STO) basis set augmented with one set of polarization
functions, i.e., the ADF ZORA/TZP basis set was employed for
all atoms (H, C, N, O, and Pt). A frozen core approximation was
used; the core density is computed relativistically by the Dirac

subprogram and is kept frozen during molecular calculations. Core
electrons (C.1s), (N.1s), (O.1s) and (Pt.4d) were frozen for carbon,
nitrogen, oxygen, and platinum, respectively. Valence electrons
spin-orbit effects were not taken into account in our work. The
Vosko-Wilk-Nusair functional24 for the local density approximation
(LDA) and the nonlocal corrections respectively for exchange and
correlation of Becke and Perdew25 have been used. The BP86
functional thus used in this work has proven to give good optimized
geometries for organometallic species. For the spectroscopic part
of this work we used the LB9426 functional which is better adapted
for TDDFT (time-dependent DFT) studies. Molecular orbital plots
were generated using the MOLEKEL 4.3 program.27

X-ray Crystallography. Single crystals for X-ray diffraction
studies were grown by slow diffusion of ethanol in a CH2Cl2
solution of complexes3-OMe, 4-OMe, 3-NEt2, and 3-NO2 at 20
°C. The samples were studied on an Oxford Diffraction Xcalibur
Saphir 3 diffractometer with graphite monochromatized MoKR
radiation. The data collection and refinement parameters are
presented Table 5. The structures were solved with SIR-97,28 which
reveals the non-hydrogen atoms of the molecules. The whole
structures were refined by full-matrix least-squares techniques on
F2, with hydrogens refined using the Riding mode. Structures were
solved by Patterson or direct methods. The structures were
completed by subsequent difference Fourier techniques and refined
by full-matrix least squares onF2 (SHELXL-97) with initial
isotropic parameters.29 The crystal structures have been deposited
at the Cambridge Crystallographic Data Centre and allocated the
deposition numbers CCDC-243760 (3-OMe), CCDC-256358 (4-
OMe), CCDC-273291 (3-NEt2), and CCDC-297103 (3-NO2).
These data can be obtained free of charge at www.cccdc.cam.ac.uk/
conts/retrieving.html [or from Cambridge Crystallographic Data
Centre, 12, Union Road, Cambridge CB2 1EZ; Fax: (internat.)
+44-1223/336-033; E-mail: deposit@ccdc.cam.ac.uk].

Syntheses of Chloro-Bridge Dimers [Pt(C∧N-ppy-4-styryl-
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Synthesis of Pt(C∧N-ppy-4-styryl-R)(O∧O)(3-4a,b,c). Gen-
eral Procedure. Dimers2, the appropriate diketone (3 equiv) and
Na2CO3 (10 equiv) were heated in 10 mL of 2-ethoxyethanol at 80
°C overnight. After filtration, the yellow solid was crystallized into
a CH2Cl2/ethanol mixture.

[Pt(C∧N-ppy-4-styryl-H)(O∧O-acac)] (3-H).(41%).1H NMR
(500 MHz, CD2Cl2): 8.91 (d,3J ) 6 Hz, 1H, Py6), 7.71 (d,4J )
1.5 Hz, 1H, Py3), 7.65 (d,3J ) 7.2 Hz, 2H, C6H5 ortho), 7.59 (d,
3J ) 7.6 Hz, 1H, Ph6), 7.56 (d,3J ) 7.6 Hz, 1H, Ph3), 7.49 (d,3J
) 17 Hz, 1H,dCH), 7.47 (m, 2H, C6H5 meta), 7.48-7.41 (m,
1H, C6H5 para), 7.22 (dd,3J ) 6.1 Hz, 4J ) 1.8 Hz, 1H, Py5),
7.22 (td,3J ) 7.5 Hz,3J ) 1.3 Hz, 1H, Ph5), 7.16 (td,3J ) 7.4 Hz,
4J ) 1.3 Hz, 1H, Ph4), 7.13 (d,3J ) 16 Hz, 1H,dCH), 5.54 (s,
1H, CH), 2.05 (s, 3H, Me), 2.03 (s, 3H, Me).13C [1H] NMR (125
MHz, CD2Cl2): 185.9 (CdO), 184.0 (CdO), 167.9 (Py2), 147.0
(Py4), 146.8 (Py6), 144.7 (Ph2), 139.2 (Ph1), 135.9 (C6H5 ipso), 135.1
(dCH), 130.5 (Ph6), 129.2 (Ph5), 128.9 (C6H5 metaandpara), 127.3
(C6H5 ortho), 125.0 (dCH), 123.4 (Ph4), 122.8 (Ph3), 118.3 (Py5),
115.5 (Py3), 102.3 (CH), 28.0 (CH3), 26.9 (CH3). Anal. Calcd for
C24H21NO2Pt C, 52.36; H, 3.85; N, 2.54. Found C, 52.01; H, 3.94;
N, 2.67.

[Pt(C∧N-ppy-4-styryl-H)(O∧O-dpm)] (4-H). (yield 32%).1H
NMR (500 MHz, CD2Cl2): 8.95 (d,3J ) 6 Hz, 1H, Py6), 7.75 (s,
1H, Py3), 7.66 (m, 3H, Ph and C6H5 ortho), 7.59 (d,3J ) 7.6 Hz,
1H, Ph), 7.51 (d,3J ) 16 Hz, 1H,dCH), 7.45 (m, 4H, C6H5 meta
andpara), 7.32 (dd,3J ) 6 Hz, 4J ) 1.7 Hz, 1H, Py5), 7.24 (td,3J
) 7.3 Hz,3J ) 1.2 Hz, 1H, Ph), 7.16 (td, 1H, Ph), 7.16 (d,3J )
16 Hz, 1H,dCH), 5.88 (s, 1H, CH), 1.34 (s, 9H,tBu), 1.32 (s, 9H,
tBu). HRMSm/z634.2147 [M]+ calcd for C30H33NO2

195Pt 634.21591.
13C [1H] NMR (125 MHz, CD2Cl2): 195.3 (CdO), 193.6 (CdO),
168.1 (Py2), 146.9 (Py4), 146.7 (Py6), 144.2 (Ph2), 110.2 (Ph1), 135.9
(C6H5 ipso), 134.9 (dCH), 122.8 (Ph6), 128.9 (C6H5 metaandpara),
127.3 (C6H5 ortho), 125.1 (dCH), 128.9 (Ph4/5), 131.0 (Ph3), 123.3
(Ph5/4), 118.4 (Py5), 115.5 (Py3), 93.3.3 (CH), 41.5 (tBu), 40.9 (tBu),
28.0 (tBu), 28.4 (tBu).

[Pt(C∧N-ppy-4-styryl-OMe)(O∧O-acac)] (3-OMe).(yield 40%).
1H NMR (500 MHz, CD2Cl2): 8.88 (d, 3J ) 6.2 Hz, 1H, Py6),
7.69 (d,4J ) 1.3 Hz, 1H, Py3), 7.59 (d,3J ) 8.6 Hz, 2H, C6H4),
7.55 (2xd,3J ) 7 Hz, 2H, Ph6and Ph3), 7.44 (d,3J ) 16.2 Hz, 1H,
dCH), 7.22 (m, 2H, Py5 and Ph5), 7.15 (td,3J ) 7.5 Hz, 1H, Ph4),
7.00 (d,3J ) 16.2 Hz, 1H,dCH), 6.99 (d,3J ) 8.8 Hz, 2H, C6H4),
5.54 (s, 1H, CH), 3.88 (s, 3H, OMe), 2.05 (s, 3H, Me), 2.03 (s,
3H, Me).13C [1H] NMR (125 MHz, CDCl3): 185.9 (CdO), 184.0
(CdO), 167.7 (Py2), 160.7 (C6H4-C4), 147.4 (Py4), 146.7 (Py6),
144.8 (Ph2), 139.1 (Ph1), 134.7 (dCH), 130.5 (Ph6), 128.8 (C6H4-
C2), 128.7 (Ph5), 128.5 (C6H4-C1) 123.4 (Ph4), 122.8 (Ph3), 122.6
(dCH), 118.1 (Py5), 115.2 (Py3), 114.3 (C6H4-C3), 102.3 (CH),
55.4 (OMe), 28.0 (CH3), 26.9 (CH3). HRMS m/z 580.1378 [M+
H]+ calcd for C25H24NO3

195Pt 580.13830.
[Pt(C∧N-ppy-4-styryl-OMe)(O∧O-dpm)] (4-OMe). (yield 35%).

1H NMR (300 MHz, CD2Cl2): 8.91 (d,3J ) 6 Hz, 1H, Py6), 7.69
(m, 2H, Py3 and Ph6), 7.59 (m, 3H, C6H4 and Ph3), 7.43 (d,3J )
16 Hz, 1H,dCH), 7.25 (m, 2H, Py5 and Ph5), 7.15 (td,3J ) 7.5
Hz, 4J ) 1 Hz,1H, Ph4), 6.98 (m,3J ) 16 Hz, 2H,dCH and C6H4),
5.90 (s, 1H, CH), 3.88 (s, 3H, OMe), 1.36 (s, 9H,tBu), 1.35 (s,
9H, tBu). 13C [1H] NMR (75 MHz, CDCl3): 195.2 (CdO), 193.6
(CdO), 167.9 (Py2), 160.7 (C6H4-C4), 147.3 (Py4), 146.6 (Py6),
144.9 (Ph2), 140.2 (Ph1), 134.7 (dCH), 130.9 (Ph6), 128.9 (Ph5),
128.8 (C6H4-C2), 128.6 (C6H4-C1), 123.3 (Ph4), 122.8 (Ph3), 122.6
(dCH), 118.1 (Py5), 115.2 (Py3), 114.3 (C6H4-C3), 93.3 (CH), 55.4
(OMe), 41.5 (tBu), 41.0 (tBu), 28.4 (tBu), 28.1 (tBu). HRMS: m/z
[M + H]+ 665.2360 calcd for C31H36NO3

195Pt 665.2343. Anal.
Calcd for C31H35NO3Pt C, 56.02; H, 5.31; N, 2.11. Found C, 55.79;
H, 5.57; N, 1.98.

[Pt(C∧N-ppy-4-styryl-NEt2)(O∧O-acac)] (3-NEt2). (yield 39%).
1H NMR (500 MHz, CD2Cl2): 8.82 (d, 3J ) 6.2 Hz, 1H, Py6),
7.67 (d,4J ) 1.6 Hz, 1H, Py3), 7.56 (td,3J ) 7 Hz, 2H, Ph6and
Ph3), 7.50 (d,3J ) 8.8 Hz, 2H, C6H4), 7.42 (d,3J ) 16.2 Hz, 1H,
dCH), 7.21 (m, 2H, Py5 and Ph5), 7.14 (td,3J ) 7.5 Hz, 1H, Ph4),
6.88 (d,3J ) 16.2 Hz, 1H,dCH), 6.73 (d,3J ) 8.9 Hz, 2H, C6H4),

Table 5. Crystallographic Data for3-OMe, 4-OMe, 3-NEt2, and3-NO2

3-OMe 4-OMe 3-NEt2 3-NO2

formula C25H23NO3Pt C31H35NO3Pt, CH2Cl2 C28H30N2O2Pt C24H20N2O4Pt, CH2Cl2
FW 580.53 1499.23 1243.26 680.44
cryst syst monoclinic monoclinic monoclinic monoclinic
space group C2/c C2 P21/c P21/n
a, Å 18.1706(4) 23.10809) 11.9753(2) 4.8499(2)
b, Å 11.2855(2) 7.0095(2) 30.4584(5) 44.2335(10)
c, Å 21.6821(7) 21.9937(7) 13.2116(2) 11.3166(3)
R, deg 90 90 90 90
â, deg 104.731(5) 117.799 90.2940(10) 106.219(2)
γ, deg 90 90 90 90
V, Å3 4300.08(18) 3151.30 4818.85(13) 2331.1(1)
Z 8 2 4 4
Fcalcd, g cm-1 1.793 1.58 1.714 1.939
µ (Mo KR), cm-1 0.71073 0.71073 0.71069
temp K 293 293 120(1) 120(1)
F(000) 2256 1488 2448 1320
cryst dimens mm 0.23× 0.15× 0.06 0.22× 0.15× 0.06 0.15× 0.12× 0.02 0.35× 0.09× 0.08
θ range, deg 2.62-31.99 2.65-27.51 1.68-27.47 2.97-29.89
index ranges -26 e h e19 0e h e 29 0e h e 15 -6 e h e 4

-16 e k e 16 0e k e 9 0 e k e 39 -59 e k e 61
-30 e l e 32 -28 e l e 25 -17 e l e 17 -15 e l e 15

no. reflns collcd 33401 3888 11004 19146
no. of indep reflns/R int 6479/0.0456 3888/0 11004/0 6228/0.0435
no. of indep reflns withI > 2σ(I) 3802 2969 9414 5941
GOF (F2) 0.989 1.011 1.205 0.925
R1 (F) (I > 2σ(I)) 0.0344 0.0425 0.0780 0.0661
R1 (all data) 0.0852 0.0687 0.0935 0.0689
wR2 (I >2σ(I)) 0.0699 0.1028 0.1628 0.1394
wR2 (all data) 0.0853 0.1197 0.1700 0.1410
largest diff peak/hole e/Å3 1.585/-0.786 1.279/-0.999 5.916/-3.543 5.497/-3.141
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5.54 (s, 1H, CH), 3.45 (q,3J ) 7 Hz, 4H, Et), 2.04 (s, 3H, Me),
2.02 (s, 3H, Me), 1.23 (t,3J ) 7 Hz, 3H, Et).13C [1H] NMR (125
MHz, CDCl3): 185.9 (CdO), 183.9 (CdO), 167.4 (Py2), 148.8
(C6H4-C4), 148.2 (Py4), 146.4 (Py6), 145.1 (Ph2), 138.9 (Ph1), 135.7
(dCH), 130.4 (Ph6), 129.0 (C6H4-C2), 128.6 (Ph5), 123.3 (Ph4),
122.6 (C6H4-C1, Ph3), 118.9 (dCH), 117.6 (Py5), 114.7 (Py3),
111.4 (C6H4-C3), 102.2 (CH), 44.4 (CH2), 28.0 (CH3), 26.9 (CH3),
12.4 (CH3). HRMS: m/z 622.2033 [M + H]+ calcd for C28H31-
N2O2

195Pt 622.2036. Anal. Calcd for C28H30N2O2Pt C, 54.10; H,
4.86; N, 4.51. Found C, 54.23; H, 4.71; N, 4.88.

[Pt(C∧N-ppy-4-styryl-NMe2)(O∧O-dpm)] (4-NMe2). (yield
24%). 1H NMR (300 MHz, CD2Cl2): 8.86 (d,3J ) 6.2 Hz, 1H,
Py6), 7.69 (d,4J ) 1.6 Hz, 1H, Py3), 7.64 (d,3J ) 7.5 Hz, 1H, Ph),
7.57 (d,3J ) 7.5 Hz, 1H, Ph), 7.53 (d,3J ) 8.8 Hz, 2H, C6H4),
7.44 (d,3J ) 16 Hz, 1H,dCH), 7.20 (m, 3H, Py,5 Ph4and Ph5),
6.92 (d,3J ) 16.2 Hz, 1H,dCH), 6.77 (d,3J ) 8.9 Hz, 2H, C6H4),
5.87 (s, 1H, CH), 3.06 (s, 6H, NMe2), 1.33 (s, 9H,tBu), 1.32 (s,
9H, tBu). Anal. Calcd for C32H38N2O2Pt C, 56.71; H, 5.65; N, 4.13.
Found C, 56.81; H, 5.50; N, 4.00.

[Pt(C∧N-ppy-4-styryl-NO2)(O∧O-acac)] (3-NO2). (yield 47%).
1H NMR (500 MHz, CD2Cl2): 9.01 (d, 3J ) 6.3 Hz, 1H, Py6),
8.30 (d,3J ) 8.8 Hz, 2H, C6H4), 7.81 (d,3J ) 8.7 Hz, 2H, C6H4),
7.78 (s, 1H, Py3), 7.59 (2× d, 2H, Ph6 and Ph3), 7.55 (d,3J ) 16

Hz, 1H, dCH), 7.31 (m,3J ) 16 Hz, 2H,dCH and Py5), 7.24 (t,
3J ) 7 Hz, 1H, Ph5/4), 7.17 (t,3J ) 7 Hz, 1H, Ph4/5), 5.56 (s, 1H,
CH), 2.07 (s, 3H, Me), 2.04 (s, 3H, Me).13C [1H] NMR (125 MHz,
DMSO): 186.3 (CdO), 184.0 (CdO), 167.6 (Py2), 147.6 (C6H4-
C4), 147.2 (Py6), 147.0 (Py4), 144.9 (Ph2), 143.0 (C6H4-C1), 139.3
(Ph1), 133.7 (dCH), 130.5 (Ph5), 129.9 (dCH), 129.2 (Ph4), 128.7
(C6H4-C2), 124.7 (C6H4-C3), 123.9 (Ph3 , Ph6), 120.7 (Py5), 116.5
(Py3), 102.9 (CH), 28.5 (CH3), 27.4 (CH3). Anal. Calcd for
C24H20N2O4Pt‚H2O C, 46.98; H, 3.61; N, 4.57. Found C, 46.82; H,
3.48; N, 4.23.
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