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ABSTRACT: Ionic [Pt(CAC*A/®)(PAP)]PF4 and neutral [Pt(CAC*A/B)(SAS)] complexes were
designed and synthesized containing cyclometalated N-heterocyclic carbenes (CAC**/®) and
diphosphines (PAP: dpfppe, dcypm) or dithiocarbamates (SAS: dmdtc, pdtc) as chelating ligands.
Their structural and spectroscopic properties were investigated and found to be dependent on both
cyclometalated (CAC*4/®) and ancillary (PAP, SAS) ligands. The photophysical and computational
studies for the [Pt(CAC*A B)(PAP)]*complexes disclose the nature of the low-lying electronic
transitions to be mainly intraligand charge transfer [ILCT (CAC*A®)] with some contribution of
ligand-to-ligand charge transfer (LL'CT) or ligand-to metal charge transfer (LMCT) for the
dpfppe or dcypm derivatives, respectively. The blue and cyan emissions of PMMA films doped
with the [Pt(CAC*A/®)(PAP)]* complexes exhibited very high quantum yields (QYs) reaching up
to ~90%. However, the low-energy absorptions and emissions of the [Pt(CAC*2/B)(S1S)]
complexes in solution (rt or 77 K) arise from mixed ILCT [CAC**®]/MLCT [da(Pt) —
7#(CAC*A/B)] excited states, showing no change with the different SAS ligands. In solid-state and
in doped films, these dithiocarbamate complexes, excluding 8B, display dual emissions with the

high-energy vibronic band ((ILCT /*MLCT) appearing together with an additional low-energy structureless band. The latter is
attributed to *zz* transitions originated from z-stacked aggregates, as reported in the X-ray structure of 7A. Thus, white light
emissions can be obtained with photo- and colorimetric values lying inside the stipulated limits for general lighting applications; yet,

they display low QY.

B INTRODUCTION

Generation of high quality white light is still one of the major
challenging research areas in the field of luminescent
materials,’ > especially because it requires extremely efficient
phosphors to emit light across the whole visible spectral region.
Most of the devices reported to date are based on two different
approaches: down conversion by phosphors (yellow/orange
phosphor pumped with a blue led) and combinations of
different phosphors (red/blue/green or blue/orange) depos-
ited on a single blended emitting layer or on a multilayered
stacked structure. However, high current density, color aging,
fabrication costs, and energy transfer between emitters are
some of the encountered problems derived from these device
architectures.”* On the contrary, single-emitter based white
organic light-emitting diodes (WOLEDs) should be expected
to address these weaknesses, thus giving rise to simple
fabrication processes and white light of higher quality.”™**
Lately, to tackle this challenge, square planar platinum(II)
complexes with elevated luminescent efficiencies have been
moved to the forefront as excellent candidates to be used on
single-doped WOLEDs.">™* This class of phosphorescent
complexes has proven the ability to emit blue and orange-red
lights. The former comes from SIL/3AMLCT excited states
characteristics of isolated Pt molecules, whereas the latter
arises from *MMLCT and/or *zz* excited states generated by
ground- and excited-state interactions between the monomers
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which are permitted by the square-planar geometry of the
Pt(II) center. Consequently, by adjusting the doping
concentration of the Pt phosphor in these devices, well-
balanced white light can be successfully obtained from the
combination of the monomer and excimer/aggregate emis-
sions. This strategy has been commonly employed; however,
the color rendering index (CRI) of the output light is still
below 80."°7*’ Also, highly efficient blue emitting Pt
compounds are still scarce, and some device architectures
use OLEDs components such as 4,4’-bis-[ N-(1-naphthyl)-N-
phenylamino Jbiphenyl (NPB) or 4,4'-bis(9-ethyl-3-carbazovi-
nylene)-1,10-biphenyl (BCzVBi) as both blue emitters and
transport layer materials.”*~>°

A rational approach for the design of efficient blue emitters
is the incorporation of cyclometalated N-heterocyclic carbenes
(CAC*), which may surpass the high ligand field splitting
capacity of the CAN-ligands (cyclometalated imines), since
they present two C-o bonds. Another consequence of the
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presence of strong carbon—metal bonds is the robustness and/
or stability of the NHC complexes which may provide long-
lasting functional materials.””—>* Additionally, the use of CAC*
bidentate ligands has the advantages of modulating the
emission color and improving their quantum efliciencies,
both of which can be accomplished by selecting the
appropriate ancillary ligands when designing the square-planar
Pt(1I) emitter. Rigid scaffolds with chelating coordination and
strong donor atoms are desired structural features to minimize
excited-state structural deformations and improve emission
quantum yields,'>"”~**%*3* due to their great influence on the
radiation-less decay rate constant. These structural distortions
enhance the electron-vibrational coupling of the excited and
the ground states and, as a result, promote nonradiative
decays.”

Given the great interest in stable and efficient luminescent
compounds and our previous results of bright-blue emitters
using cyclometalated NHC complexes of Pt(I1),%~*
decided to investigate new Pt(CAC*) systems with different
chelating ancillary ligands that present varied steric and
electronic properties. Thus, we prepared a new NHC
cycloplatinated compound [Pt(CAC**)CIMeCN] (HCAC*A-
kC** = 1-(4-(ethoxycarbonyl)phenyl)-3-methyl-1H-benzimi-
dazol-2-ylidene, 4A) following our stepwise procedure. Then,
by using this and [{Pt(u-Cl)(CAC*P)},] (HCAC*P-kC*P = 1-
(4-(ethoxycarbonyl)phenyl)-3-methyl-1H-imidazol-2-ylidene,
4B),"" new cationic, [Pt(CAC*A/®)(PAP)]*, and neutral,
[Pt(CAC*4B)(SAS)], complexes of Pt(Il) have been prepared,
where PAP is bis(dipentafluorophenylphosphino)ethane
(dpfppe SA, 5B) and bis(dicyclohexylphosphino)methane
(dcypm 6A, 6B) and S*S is dimethyldithiocarbamate (dmdtc™
7A, 7B) or pyrrolidinedithiocarbamate (pdtc™ 8A, 8B), both
acting as chelate ligands. The photophysical properties of all
complexes were deeply examined and correlated to the X-ray
structures and DFT calculations.

B RESULTS AND DISCUSSION

Step-by-Step Procedure of CAC*-Cyclometalated N-
Heterocyclic Pt () Compound. The synthesis of the new
ligand HCAC** and its subsequent cyclometalation to a Pt (II)
center was achieved following our reported method for related
compounds (Scheme 1, Experimental Section, and Figures
S1-S86 in the Supporting Information).”'~** Ethyl-4-bromo-
benzoate was coupled with benzimidazole in DMSO at 130 °C
using Cu,0O and K,COj, in the presence of 4 A molecular
sieves, under Ar atmosphere. After 24 h, the work up obtained

Scheme 1. Stepwise Synthesis
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1A as a white solid (Scheme S1, path a). Then, 1A was reacted
with CH,l in refluxing THF for 24 h (scheme S1, path b)
under Ar conditions to give 2A as a white solid. The synthesis
of this new benzimidazolium salt, 1-(4-(ethoxycarbonyl)-
phenyl)-3-methyl-1H-benzimidazolium iodide (2A), required
reaction conditions more severe and gave a lower yield than
those for the analogous 1-(4-(ethoxycarbonyl)phenyl)-3-
methyl-1H-imidazolium iodide,”" most likely due to the
conjugation effect of the benzene ring fused to the imidazole
fragment. The activation of the C1-H1 bond and formation of
the corresponding silver carbene was achieved by reaction of
2A with Ag,O in anhydrous dichloromethane and Ar
atmosphere in the dark. After 3h at rt, [{Pt(u-Cl)(1*-2-Me-
C;H,)},] was added to the reaction and allowed to react for 12
h yielding 3A (Scheme 1, path a).

The cyclometalation of the N-heterocyclic carbene was
achieved by refluxing 3A in 2-methoxyethanol. The subsequent
recrystallization of the resulting gray solid, most likely [{Pt(u-
Cl)(CArC**)},], in refluxing acetonitrile gave 4A, as a mixture
of two isomers cis-(C*, Cl) and trans-(C*, Cl) (Scheme 1,
paths b and c). The chloro-bridge splitting can give a mixture
of cis- and trans-(C*,Cl) isomers,”> which are related with the
degree of transphobia (T) of pairs of trans ligands.”** The 'H
NMR spectrum of 4A in DMSO-dg (Figure S6) showed the
absence of the allyl group, the presence of a molecule of free
acetonitrile, and two sets of resonances corresponding to the
two geometrical isomers obtained from the displacement of the
MeCN by coordination of the deuterated solvent.

CAC*-Cyclometalated Compounds of Pt(ll) with
Chelating PAP and SAS Ligands: Synthesis and
Characterization. Compounds [Pt(CAC**/®)(PAP)]PFj
(PAP = dpfppe, CAC** 5A, CAC*® 5B; dcypm, CAC** 6A,
CAC*P 6B) were prepared by treatment of a suspension of the
corresponding starting compounds, cis-, trans-(C*,Cl) [Pt-
(CArC*M)CIMeCN] (4A) or [{Pt(u-Cl)(CAC*B)},] (4B),*" in
acetone at rt, with the diphosphine and KPF4 (Scheme 2 and
Experimental Section). After work up, these compounds were
obtained as pure solids and then completely characterized
(Experimental Section and Figures S7—S34). The structural
information harvested from NMR spectra sustains the
proposed structure for these compounds.

Scheme 2. Chemical Structure of the Complexes and Atom
Numbering for NMR Purposes

Pt(CACA)

AN

C*AB

C\Pt /P_\PFB CC\Pt /s
VAN
(s7s)

PAP :
H 2 N,
H,C——CH, §\ /CHs A
/ \ - =N 3 N\
(CeFs5)2P P(CeFs)2 // \ : 4
S CHs ' Pt{(CAC*B)

dpfppe (5A / 5B) dmdtc (7A/7B)

Hy
C
(CY)zF’/ \P(Cy)z

dcypm (6A / 6B)

pdtc (8A/8B)

https://dx.doi.org/10.1021/acs.organomet.0c00510
Organometallics XXXX, XXX, XXX—-XXX


http://pubs.acs.org/doi/suppl/10.1021/acs.organomet.0c00510/suppl_file/om0c00510_si_002.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.organomet.0c00510/suppl_file/om0c00510_si_002.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.organomet.0c00510/suppl_file/om0c00510_si_002.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.organomet.0c00510/suppl_file/om0c00510_si_002.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.organomet.0c00510/suppl_file/om0c00510_si_002.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.organomet.0c00510/suppl_file/om0c00510_si_002.pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.0c00510?fig=sch1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.0c00510?fig=sch1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.0c00510?fig=sch2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.0c00510?fig=sch2&ref=pdf
pubs.acs.org/Organometallics?ref=pdf
https://dx.doi.org/10.1021/acs.organomet.0c00510?ref=pdf

Organometallics

pubs.acs.org/Organometallics

Figure 1. Molecular structures of 6A (a), 6B (b), and 7A (c).Thermal ellipsoids are drawn at the 50% probability level. Hydrogen atoms, solvent,

and PF4 molecules have been omitted.

In their *'P{"H} NMR spectra, the two inequivalent P atoms
of the dpfppe ligand in SA and 5B gave two broad signals, due
to the coupling with the fluorine atoms (Figure S33).
However, those of the dcypm in 6A and 6B, which are in
close proximity, give rise to two doublets, with a 2]P’P. values of
ca. 36 Hz. Every signal appears flanked by the corresponding
9Pt satellites with 'Jp,p values of 2800—2200 Hz or 1800—
1400 Hz for the P atoms located in the trans position to the
carbene (C*) or the aromatic C atom (C,,), respectively, in
agreement with the smaller trans influence of C* compared to
that of C,,.** As expected, for each of the four complexes (SA/
B, 6A/B), the *"Pt{'H} NMR spectrum shows a doublet of
doublets due to the coupling of the Pt center to two
inequivalent P atoms (Figure S34). It is worth noting the
downfield shift of the '*Pt signal in dcypm (6A, 6B)
derivatives compared to those of the dpfppe ones (SA, 5B),
which can be attributed to the great strain in the four-
membered ring (Pt—P—C-P).*”** Also, considering the §°'P,
5'°Pt, and Jp_p values, the CAC** fragment seems to
withdraw more electron density from the Pt center than the
CAC*® moiety, probably caused by the electron withdrawing
(EW) effect of the benzene ring fused to the imidazole
fragment. This is in agreement with the electron density
distribution obtained from the natural bond orbital (NBO)
analysis on the platinum centers, —0.076 (6A) and —0.092
(6B).

In order to compare the effects of the ancillary ligand on the
photophysical properties, we expanded the work using chelate
ligands with less steric hindrance and different electronic
properties. Thus, we prepared the neutral compounds
[Pt(CAC*A/B)(SAS)] (SAS = dmdtc™, CAC*A 7A, CAC*B
7B; pdtc, CAC** 8A, CAC*P 8B) by reaction of the “in
situ” generated species, [Pt(CAC**®)(NCMe),]PF,, with
equimolecular amounts of NH,(pdtc) or Na(dmdtc) in
MeOH (Scheme 2 and Experimental Section for details). All
four compounds 7A/B and 8A/B were obtained as air-stable
solids and fully characterized. Their IR spectra exhibit intense
absorptions at ca. 1540 cm™' due to the C—N stretching
vibration in the dithiocarbamate groups. These values are in-
between those recorded for single C—N (1360—1250 cm™")
and double C=N (1690—1640 cm™") bonds, revealing a great

degree of C—N double bounding character.” Also, the v(C—
S) and v(Pt—S) absorptions indicate that the dithiocarbamates
are coordinating as chelate ligands.49_52 The 'H and “*C{'H}
NMR spectra in CD,Cl, solution at rt display the expected
signals for the ligand CAC* and the dithiocarbamate ligands
(Figures S35—S54). Following the same trend observed for the
PAP derivatives, the Pt signals of the CAC** complexes
appear more deshielded than those for the CAC*® counterparts
(Figure SSS).

The X-ray study of 6A, 6B, and 7A (Figures 1, S56, and S57
and Table 1) confirmed their molecular structures showing a

Table 1. Selected Bond Lengths (A) and Angles (deg) for
6A, 6B, and 7A

6A (X =P) 6B (X =D;Ptl/PtIA)” 7A (X =S)

Pt(1)—C(1) 2.043(3) 2.043(6)/2.046(6) 1.972(3)
Pt(1)—C(10) 2.058(3) 2.061(5)/2.061(6) 2.027(3)
Pt(1)-X(1) 2.3580(9)  2.3293(15)/2.3385(16)  2.3895(7)
Pt(1)-X(2) 2.3063(9)  2.2931(16)/2.2835(16)  2.3462(8)
C(1)-Pt(1)—C(10)  78.47(13)  79.0(2)/78.9(3) 79.71(12)
C(1)-Pt(1)—-X(1) 110.17(9)  107.75(18)/109.71(18)  106.30(9)
X(1)-Pt(1)-X(2) 72.16(3) 73.19(5)/72.82(6) 74.19(3)
C(10)-Pt(1)—-X(2)  98.97(10)  99.32(18)/98.46(19) 99.81(9)
planel—plane2 3.43(7) 10.71(7)/5.79(7) 0.98(7)

“The asymmetric unit of 6B contains two molecules (Ptl and Pt1A).
Planel = [Pt, C1, C10, C9, N1], and plane2 = [Pt, C1, C10, X1, X2].

really distorted square-planar coordination environment for the
metal with C(1)—Pt—C(10) and X(1)—Pt—X(2) (X = P for
6A and 6B, S for 7A) bite angles of 79°—73°. Regarding the
“Pt(CAC**P)” moiety, the Pt—C bond parameters are similar
to those of reported platinacycles with N-heterocyclic
carbenes,”¥*?%3%407* 3nd the five-membered platinacycle
and the Pt coordination plane result almost coplanar (Tablel).

In 6A and 6B, the Pt—P1 bond lengths are longer than those
of the Pt—P2 ones, in line with the C,, (C10) atom having a
higher trans influence than the carbenic one (C1).*> The P—
Pt—P bite angles are significantly smaller than 90° (~73°), due
to the great strain exerted by the four-membered chelate ring.
In 7A, the narrow bite angle S—Pt—S and Pt—S and C—S bond
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Figure 2. Normalized UV—vis spectra in CH,Cl, solution (5 X 107> M).

distances are comparable to those from other dithiocarbamate
complexes of pt(I1).>"**

In their crystal structure packings, there are no Pt—Pt
contacts. However, the molecules organize themselves in head-
to-tail pairs through offset -7 intermolecular contacts (3.30
A) among the benzimidazole rings in 6A and almost
overlapped 77 interactions (3.38—3.34 A) between the
CAC*A moieties in 7A (Figure SS7a,b). Additionally, these
head-to-tail pairs in 7A self-assembled each other by the
assistance of secondary intermolecular contacts (C—H:+-O, C—
H--z, and 7-x), in such a way that the dithiocarbamate
ligands from one head-to-tail unit are interacting with the
CAC** fragments belonging to the adjacent pairs (Figure
S57¢c). Also, in 6A, the PF¢™ anions are acting as bridges
between these head-to-tail pairs through weak C—H-F
contacts (d C-F = 3.09-3.35 A; d H-F = 2.61-2.85 A,
Figure S57a).

Photophysical Properties and Theoretical Calcula-
tions. Absorption Spectra. The UV—vis spectra of all
compounds in different solvents at 5 X 107> M are illustrated
in Figures 2 and S58, and their data are listed in Table S2.
They exhibit intense absorptions at 4 < 300 nm which are
usually attributed to intraligand ('IL) transitions of the CAC*
ligand. The diphosphine complexes show also bands at around
320 nm with less intense absorptions at ca. 350 nm that do not
show any significant solvatochromism (Figure S58, left), yet
sensitive to both the CAC* and the ancillary ligands. When
comparing compounds with the same N-heterocyclic carbene
(CAC*) but different PAP (5A vs 6A or SB vs 6B), the
absorptions of the dpfppe derivatives appear shifted to higher
energies with respect to those of the dcypm ones (i.e., 4 = 316
nm, 5B; 322 nm 6B).

Likewise, when relating compounds with the same PAP
ligand but different CAC* (A vs B), it can be observed that the
absorptions of the A compounds appear shifted to lower
energies in relation to those of the B ones (1 = 320 nm, 5A;
316 nm, 5B). Thus, both CAC* and PAP ligands seem to be
involved in the lowest-energy spin-allowed transitions. This
same trend (red-shift of A vs B) is also observed in the SAS
derivatives. They display strong absorptions at around 350 nm
with weak low-lying bands at ca. 400 nm that do not change
with the dithiocarbamate ligands (Figure 2, right).

To determine if these bands at 400 nm were associated with
intermolecular transitions, the absorption spectra of 7B was
registered in CH,Cl, at concentrations ranging from 10~ to

107% M. As shown in Figure S59, the absorption at 400 nm
obeys Beer’s law, suggesting that they are due to transitions in
the molecular species and no significant aggregation occurs
within this concentration range.

Theoretical calculations of compounds [Pt(CAC*A/B).
(PAP)]PF¢ (SA, 6A, 6B) and [Pt(CAC**)(dmdtc)] (7A)
have been performed to help with the correct assignments for
the experimental UV—vis absorptions (Tables S3 and S4 and
Figure S60). TD-DFT vertical excitation energies were
computed at the ground-state geometry in CH,Cl, solution
and point out that the HOMO — LUMO transition is the only
contribution to the singlet electronic Sy — S transition (Table
S4). Therefore, since the TD-DFT vertical excitation energies
fit well with the lowest-energy absorptions represented in the
experimental spectra (Figure S60), their assigments can be
carried out by analyzing the compositions of the frontier
molecular orbitals (FOs: HOMO—LUMO). By comparing
compounds which only differ in the CAC* (6A and 6B), it can
be observed that the nature and composition of the FOs are
very similar (Table S3). Regarding the FO compositions of the
diphosphine derivatives (SA, 6A, and 6B), their HOMOs are
rather similar and are mainly centered on the CAC* ligand
(74—90%) and the Pt center (10—24%), while the LUMOs
show a higher participation of the PAP ligands and minor
contribution of the CAC* fragments, especially for SA (14% Pt,
46% CAC*, 40% PAP). Thus, if we compare it with that of 6A
(24% Pt, 63% CAC*, 13% PAP), it can concluded that the low-
energy absorption for the fluorophenyl diphosphine derivatives
(5A/B) is attributed to mixed ligand-to-ligand charge transfer
(LL'CT) [#(CrC*) — a*(PAP)] and ILCT [z(CAC*) —
a*(CAC*)] transitions, whereas that for the cyclohexyl
diphosphine ones (6A/B) is mostly assigned to ILCT
[z(CAC*) — #*(CAC*)] transitions with some LL’CT
[z(C~rC*) — #*(PAP)] and LMCT [#(CAC*) — da*(Pt)]
character. On the other hand, considering that the change of
the dithiocarbamate ligand (dmdtc vs pdtc) does not have any
influence on the UV—vis absorptions (Figure 2, right), only
complex 7A was studied. As can be observed in Table S3 and
Figure S60d, the HOMO greatly differs from those of the PAP
derivatives (SA and 6A) and is distributed over the Pt center,
the CAC* and SAS ligands with proportions of ca. 30% each;
however, the LUMO is mainly localized on the CAC* (66%)
fragment with small contributions of the Pt (18%) and S7S
(16%) moieties. Hence, the low-energy absorption in 7A
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seems to arise from combined transitions MLCT [dz(Pt) —
7*(CAC*)]/LLCT [#(SAS) — m*(CArC*)].>!

Emission Spectra. Emission data of all compounds in
different media are listed in Table 2, and relevant spectra are

represented in Figures 3—5 and S61—S66.

Table 2. Emission Data

¢
compd media (T/K) A (nm) Aem (D) 7 (us)< (%)
SA  2-MeTHF*® 320 453, 483, 32.8
(77) 517, 5524,
5wt % film 330 470, 493,.., 225 83
522,
solid (298) 350 474y, 498, 45 6
5304,
SB 2-MeTHF*" 315 442, 472, 36.3
(77) 504, 548
450 5507
S wt % film 320 452, 478, 24.6 78
508,
380 452, 478, 5207
solid (298) 340 457y, 481, 4.7 7
510
380 456y, 483, 0.8 9
530 e
6A  2-MeTHF*” 350 461, 491, 20.1
(77) 523, 560sh
S wt % film 330 471, 496, 14.9 89
529,
solid (298) 370 473, 499, 14.4 50
530
6B 2-MeTHF*® 345 453, 484, 20.6
(77) 516, 5544,
S wt % film 320 457, 4870 187 88
5164,
solid (298) 360 455, 482, 13.1 57
510
7A  2-MeTHF“ 355 460,,, 491, 5.8
(77) 525
2wt % film  350—400 476, 505, 34 [476] 12
542sh, 600 0.7 [600]
40 wt % film  350—400 476, 505, 37 [476] 10
542sh, 600 0.7 [600]
solid (298) 400 477, 5070 5.3 [477] 4
542, 600 0.9 [600] 2
7B 2-MeTHF® 352 458, 489, 6.2
(77) 522
2 wt % film 350 463, 493, 4.7 12
520,
400 464, 494, 1.3 7
570,
40 wt % film 350 463, 495, 4.1 8
570
400 464, 494, 0.8 6
570,
solid (298) 400 467, 494, 5.8 [467] 8
620 1.5 [620]
8A  2-MeTHF" 355 460,,, 491, 5.6
(77) 526
solid (298) 400 468, 497, 1.1 6
600,
8B 2-MeTHF" 352 458, 489, 59
(77) 522
solid (298) 400 466, 494, 4.8 5
5334,

21075 M. Y107 M. “Measured at A__. unless stated otherwise. “Too

weak to record ¢ and 7.

‘max

[Pt(CAC*)(PAP)JPFs Complexes. Compounds SA/B and
6A/B exhibit strongly structured emission bands with maxima
in the blue region in glassy 2-MeTHF, in poly(methyl
methacrylate) (PMMA) films (5 wt % doped) and in solid
state (for an example, see Figure S61). As shown in Figure 3
left, the complexes containing the CAC** group display
emissions shifted to lower energies with respect to those
containing the CAC*® one, and the dpfppe derivatives display
emissions shifted to higher energies when compared to those
of the dcypm ones, following the trend observed for the
lowest-energy absorption bands. Emission decays fitted to one
component with those recorded for the dpfppe derivatives (ca.
33 us) being slightly longer than those obtained for the dcypm
counterparts (ca. 20 us).

The geometries of Sy and T, were optimized and the
emission energies calculated as AEr,_g, (463, 477, and 460
nm, SA, 6A, and 6B, respectively) are in close agreement with
the experimental values registered for 2-MeTHF (107> M, 77
K) (453, 461, and 453 nm for SA, 6A, and 6B, respectively).
As depicted in Figure 3 right, the spin-density distributions are
essentially centered on the CAC* ligand with a minor
participation of the Pt center. They result to be very similar
to the electronic distributions in the HOMOs (see Figure
S60), pointing to a *IL [CAC*] nature of the emission for all
PAP complexes. The slightly higher contribution of the metal
orbitals to the emissive state in the dcypm derivatives (6A and
6B) leads to shorter emission decays compared to those of the
dpfppe ones (SA and SB). The higher intensity of the lowest-
energy band (ca. 550 nm) in SB (cyan line in Figure 3) when
compared to the others has been studied in detail. In glassy
solutions of 2-MeTHF, upon excitation at 4., = 450 nm, the
emission profile changes, whereby a weaker and structureless
band appears at A,,,, = 550 nm either at low (107> M) or high
(1073 M) concentration (Figure S62). Likewise, when exciting
at A > 380 nm in S wt % PMMA film or powder (Figure S63),
5B shows an additional low-energy (LE) band at ca. 530 nm
fitting a rather short lifetime decay (0.8 ys). In light of this, we
also registered the emission spectra of 2 and 40 wt % PMMA
films (Figure S63, right). The intensity of the LE band for the
2 wt % film is weaker in relation to those for $ and 40 wt %
when exciting at 380 nm, and it is tentatively attributed to *zz*
transitions.

Quantum yield (QY) measurements were carried out on 5
wt % doped PMMA films and powder samples exposed to the
air atmosphere. The results in PMMA reveal that all complexes
exhibit very high QY values in the blue—cyan spectral region
(~80% for SA and 5B and ~90% for 6A and 6B), whereas in
powder, the dpfppe derivatives (SA/B) displayed rather low
efficiencies (~ 6%) in relation to those recorded for the dcypm
counterparts (50%, 6A; 57%, 6B).

If we compare the powder QY of 5B (7%) and 6B (57%),
with [Pt(CAC*P)(PAP)]PF4 (PAP = dppm, dppe, dppbz) [QY
= 10—40%],>® having the same cyclometalated carbene
(CrC*®) but different PAP ligand, it can be observed the
great influence of the chelating diphosphine. Also, compound
6B proved to be among or even better than the best blue
Pt(II) emitters whether in solid state or doped
film 234367405357 Nonetheless, the CIE coordinates (0.17,
0.30) slightly deviate from the desired ones for deep blue
emitters (0.15, 0.22), see Figure 4.

[Pt(CAC*)(SAS)] Complexes. In glassy 2-MeTHF (107° M,
77 K), the emission spectra of the compounds 7A/B and 8A/B
display highly structured bands with vibronic spacings of ca.
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Figure 3. Left: normalized excitation (—) and emission (
(isovalue: 0.002) for the T, state.

) spectra in 2-MeTHF (10™° M, 77K). Right: Spin-density distribution plots

Figure 4. Normalized emission spectra in 5 wt % PMMA films. Inset:
CIE 1931 chromaticity diagram; picture of 6B taken under UV (365
nm) light.

1300 cm™!, corresponding to the IR stretches of the
cyclometalated CAC* ligand and lifetime decays of ~6 ps.
As depicted in Figure S64, the excitation and emission profiles
barely change with the nature of the ancillary (SAS) or the
cyclometalated (CAC*) ligands, just 2 nm shift between A and
B counterparts. Bearing in mind this and the analysis of T,
spin-density distribution (Figure S64) of 7A versus the
electronic distribution in the HOMO (Figure S60), these
emissions are reasonably assigned to mixed ‘ILCT
[CAC*]/®MLCT [da(Pt) — #*(CAC*)] excited states, alike
related cycloplatinated compounds with chelating dithiocarba-
mates.”® The higher participation of the platinum center to
the excited states is reflected on the decrease of the lifetime
values compared with those for the PAP derivatives. In solid
state, the emission spectra of all four complexes present a
vibronic band at high energy (E,,(0—0) ~ 460 nm) together
with a broad structureless band with maxima at about 600 nm
(LE band), except for 8B that only exhibits the high energy
(HE) band (Figure S65). The emission profiles do not depend
on the excitation wavelength and the lifetime decays of the HE
and LE bands fit to one component, ca. S and 1 pus,
respectively. Thus, keeping all this in mind and the 7-stacked
packings reported in the X-ray structure of 7A (Figure SS57),

the LE band can be attributed to *zz* transitions due to the
formation of aggregates as a result of 7—x interactions among
CAC* groups from adjacent molecules.”®**** Considering the
analogous emission features (vibronic structure, energy and
lifetime) of the HE band with those obtained in 2-MeTHF
(10> M, 77 K), it seems reasonable to assume the same
emissive origin, SILCT/*MLCT for them.

Given the solid-state emissive behavior of the SAS
derivatives, we measured their quantum efliciencies on powder
samples and on doped PMMA films, at two different
concentrations (2 and 40 wt %; only for 7A and 7B due to
solubility issues). The spectra of 7A in PMMA films show the
same emission profiles regardless of the doping concentration
or excitation wavelength (Figure S66). On the contrary, the
emission of 7B depends on both the doping concentration and
also the A, (Figure S). Thus, if a 2 wt % PMMA film is excited
with 4 = 350 nm, only the HE band is detected, but if 4., = 400
nm, the spectrum shows the two contributions, the HE and LE.
However, when increasing the doping concentration up to 40
wt %, both emissions can be registered whether exciting at
short (350 nm) or longer (400 nm) wavelengths.

Figure S. Normalized emission spectra of 7B in doped films. Pictures
of 2 wt % (left) and 40 wt % (right) films taken under UV light (365
nm). Inset: CIE 1931 chromatic diagram.
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The quantum yields of 7A and 7B in doped films range
between 7 and 12% and those recorded in solid state around
4—8%. The former data are comparable to those registered for
related white light NHC emitters of Pt(II) with dual emissions
in PMMA films.>” Despite their relatively low QY, the
photometric and colorimetric parameters of the white light
emitted are fairly close to the values reported for single-doped
WOLEDs based on square-planar Pt(II) complexes (Table
§5).197219%1 Hence, compound 7B can provide white light
emissions in the neutral range with correlated color temper-
atures (CCT) ranging from 3691 to 5106 K and excellent color
rendering index (CRI) values of 90—7S. Also, it is worth
noting that solid-state emissions of 8A and 7B display CIE
coordinates along the Planckian locus (IDuvl < 0.006) that
strictly complzr with the stipulated values for indoor solid-state
illumination.®*%*

B CONCLUSIONS

A new cycloplatinated NHC complex was successfully
prepared using our stepwise procedure and the organic
synthons: ethyl-4-bromobenzoate and benzimidazole. Ionic,
[Pt(CAC*2B)(PAP)|PF,, and neutral, [Pt(CAC*2B)(SAS)],
compounds with the presence of two chelate ligands in the
molecule, CAC**/® and PAP (dpfppe, dcypm) or SAS (dmditc,
pdtc), were synthesized and fully characterized. Their
structural and spectroscopical features were mainly determined
by the cyclometalated CAC**/® ligand; nonetheless, the nature
of the ancillary ligand (PAP or S$/S) was also a shaping factor.
A larger 7 system in the benzimidazole derivatives (A) sustains
m-stackings between adjacent molecules in the crystal
structures of 6A and 7A and causes a downfield shift of the
195p¢ NMR signals when compared to those of the B ones,
indicating a strong EW effect. Also, the benzimidazole
fragment results to push their absorptions and emissions to
lower energies in relation to the imidazole ones (B). Regarding
the ancillary ligands, the emissions of the PP derivatives show
high-energy vibronic bands with those of the dpfppe
derivatives being shifted to higher energies with respect to
the dcypm ones. All PAP-derivatives are very good blue (B)
and cyan (A) emitters in PMMA films (S wt %) with
photoluminescence quantum yield values reaching up to
~90%. However, the absorptions and emissions of the SAS
counterparts do not change with the different dithiocarba-
mates. In solid-state and in doped PMMA films, the high-
energy vibronic band that arises from SILCT/PMLCT excited
states is accompanied by an additional low-energy structureless
band. This is attributed to the *zz* transitions originated from
m-stacked aggregates as a result of using less bulky ancillary
ligands (S7S). Thus, white light emission can be obtained
rendering low QY but CCT, CRI, and Duv values within the
stipulated margins for general light applications.

B EXPERIMENTAL SECTION

Synthesis of [Pt(CAC*?)(dpfppe)lPFs (5A). Bis-
(dipentafluorophenylphosphino)ethane (126.3 mg, 0.165 mmol)
and KPF (30.9 mg, 0.165 mmol) were added to a suspension of
4A (80 mg, 0.082 mmol) in 25 mL of acetone, and the mixture was
stirred at rt for 2 h. Then the solvent was evaporated to dryness under
reduced pressure, and the residue was treated with CH,Cl, (40 mL).
After filtering through Celite, the solution was evaporated to dryness.
Addition of diethyl ether (10 mL) to the residue rendered SA. Yield:
163.3 mg, 73%. Anal. caled for Cy;3H oFyN,O,P;Pt: C, 37.49; H,
1.39; N, 2.03. Found: C, 37.87; H, 1.43; N, 2.10. 'H plus 'H{*'P}
NMR (400 MHz, CD,Cl,, § (ppm), ] (Hz)): § = 8.20 (d, 1H, *J,;_y =

8.2, Hyyi), 8.09 (dm, 1H, ¥,.p = 7.7, *J,.p = 60.8, H;), 8.00 (dd, 1H,
3]9—10 =83, 4]9—7 =15, H9)» 7.91 (dd, 1H, 3]1079 =83, 5]10-1’ =29,
H,), 7.72—7.55 (m, 3H, Hy,;), 4.30 (q, 2H, *J;_g = 7.0, CH,, OEt),
3.84 (s, 3H, H,), 3.01 (m, 4H, CH,, PAP), 1.30 (t, 3H, CH,, OFt).
BC{'H} NMR (101 MHz, CD,Cl,): § = 180.0 (C,), 166.1 (COOQEt),
1524 (Cy), 149.6, 147.1, 144.3, and 1402 (m, CF, PAP), 139.6
(C,), 137.6 (m, C¢Fs, PAP), 130.6 (s, Cy), 128.0 and 126.8 (s, Cpyim),
113.4, 113.3, and 113.0 (s, Cy,y and Cyy), 61.9 (s, CH,, OEt), 37.3
(s, C4), 30.3 (m, CH,, PAP), 29.2 (m, CH,, PAP), 14.5 (s, CH;, OEt).
SIP{'H} NMR (162 MHz, CD,CL,): 6 = 14.4 (s,'Jp_p, = 2784, P trans
C,), 6.0 (s, Jp_p, = 1774, P trans Cg). F{'H} NMR (377 MHz,
CD,Cl,): 6 = —74.4 (d, YJp_g = 708.4, PF,"), —125.7 (s, br, 4F, Fo),
—127.2 (s, br, 4F, Fo), —141.5 (t, 2F, *Jg, 5, = 20.0, Fp), —142.2 (t,
2F, *Jgppm = 19.5, Fp), —=156.7 (dd, 4F, *Jrpp = *Jer, = 19.5, Fm),
—157.2 (dd, 4F, *Jg,pp = Jemro = 20.0, Fm). '*Pt{'H} NMR (85.6
MHz, CD,Cl,): § = —4718.0 (dd). IR (ATR, cm™): v = 833 (s, PFy),
556 (s, PFg), 1711 (m, C=0). MS (MALDI+): m/z = 1232.8
[C43H oF50N,0,P,Pt]*. Ay 105.1 Q7! cm?® mol ™.

Synthesis of [Pt(CAC*E)(dpfppe)IPF¢ (5B). 5B was prepared
following the method for SA; dpfppe (131.94 mg, 0.174 mmol), KPF4
(32.01 mg, 0.174 mmol), and 4B*' (80 mg, 0.087 mmol). SB (161.7
mg, 70%). Anal. caled for C30H,,F,¢N,0,P;Pt: C, 35.28; H, 1.29; N,
2.11. Found: C, 34.91; H, 1.25; N, 2.17. 'H plus 'H{*'P} NMR (400
MHz, CD,CL, § (ppm), ] (Hz)): § = 7.98 (dm, 1H, *J,» = 8.0, *J,.5,
=59.4,H,),7.87 (dd, *Jo_i0 = 8.3, YJo_, = 1.5, Hy), 7.55 (m, 1H, H,),
7.26 (dd, *Jio_9 = 83, *Jiop = 2.7, Hyp), 7.14 (m, 1H, H;), 4.24 (q,
3g_u = 7.2, 2H, CH,, OEt), 3.56 (s, 3H, H,), 3.05—2.75 (m, 4H,
CH,, PAP), 1.25 (t, ¥Jy_u = 7.2, 3H, CH;, OEt). BC{*H} NMR (101
MHz, CD,CL,): § = 169.8 (C,), 165.9 (COOEt), 149.9 (Cs), 149.3,
146.7, 143.9, and 139.8 (m, C¢Fs, PAP), 138.3 (m, C,), 137.2 (m,
CgFs, PAP), 130.0 (s, Cy), 124.8 (s, C3), 117.2 (s, C,), 112.7 (s, Cyp),
61.7 (s, CH,, OEt), 39.2 (s, C,), 30.2 (m, CH,, PAP), 28.3 (m, CH,,
P~P), 14.5 (s, CH;,OFt). *P{'H} NMR (162 MHz, CD,CL): § =
13.7 (s, Jp_pe = 2828, P trans C,), 5.1 (s, Jp_p; = 1814, P trans Cy).
F{'H} NMR (377 MHz, CD,CL): 6 = —=74.1 (d, 'Jp_y = 709.5,
PFs), —125.7 (s, br, 4F, Fo), —127.1 (s, br, 4F, Fo), —141.3 (t, 2F,
*ep-em = 183, Fp), —142.0 (t, 2F, *Jg, 5, = 19.9, Fp), —156.5 (dd, 4F,
3]Fm»Fp = 3]1=m-1:o = 183, Fm), —157.3 (dd, 4F, 3]Fm-Fp = 3]Pm-Fo =19.9,
Fm). *Pt{'H} NMR (85.6 MHz, CD,Cl,): § = —4754.6 (dd). IR
(ATR,cm™): v= 833 (s, PF¢), 556 (s, PF¢), 1711 (m, C=0). MS
(MALDI+): m/z = 1182.1 [C3oH,,F5,N,0,P,Pt]*. Ay 116.0 Q7!
cm? mol ™.

Synthesis of [Pt(CAC**)(dcypm)]PFs (6A). 6A was prepared
following the method for SA; dcypm (69.1 mg, 0.164 mmol), KPFq4
(30.9 mg, 0.164 mmol), and 4A (80 mg, 0.082 mmol). 6A (117.8 mg,
70%). Anal. caled for C,,Hg FgN,O,P,Pt: C, 49.07; H, 5.98; N, 2.73.
Found: C, 49.21; H, 5.73; N, 3.09. 'H plus "H{*'P} NMR (400 MHz,
CD,Cl,, § (ppm), J (Hz)): 6 = 825 (dm, 1H, Top = 80, YJype =
62.9,H,), 8.11 (d, 1H, *Jyy_; = 8.1, Hy,), 7.98 (dd, 1H, ¥Jy_,, = 8.3,
4]9—7 =15, Hg); 7.82 (dd, 1H, 3]10—9 =83, 5]10—P = 2.3, Hy,), 7.68
(dm: 1H, 3]H—H =7.6, Hbzim)z 7.58 (m: 2H, Hbzim)l 4.37 (Cb 2H, 3]H—H
= 6.9, CH,, OEt), 3.99 (s, 3H, H,), 3.60 (t, 2H, YJy_p = 9.8, CH,,
PAP), 2.50—1.27 (m, 47 H, CH, CH, (P*P), and CH; (OEt)).
BC{'H} NMR (101 MHz, CD,Cl,): § = 183.1 (C,), 165.9 (COOEt),
152.5 (Cs), 141.5 (m, C;), 134.4 (Cpyn), 128.5 (s, Cy), 126.3 and
125.8 (s, Cypim), 112.6, 112.5, and 112.3 (s, Cym and Cyq), 60.6 (s,
CH,, OEt), 37.8 (s, C,), 31.1-24.3 (m, Cy), 21.7 (t, YJc_p = 26.2,
CH,, PAP), 13.8 (CH,, OEt).*'P{'H} NMR (162 MHz, CD,Cl,): § =
—22.0 (d, *Jo_p = 33.2, Yp_p, = 1455, P trans Cg), —24.4 (d, Jp_p =
332, Ypp = 2273, P trans C;). *Pt{'H} NMR (85.6 MHz,
CD,CL,): 6 = —4324.0 (dd). IR (ATR, cm™"): v = 834 (s, PE(), 556
(s, PFq), 1647 (m, C=0). MS (MALDI+): m/z = 882.1
[Cy,Hg N,O,P,Pt]". Ay 121.9 Q7 'cm? mol ™.

Synthesis of [Pt(CAC*B)(dcypm)]PFg (6B). 6B was prepared
following the method for SA; dcypm (89.1 mg, 0.218 mmol), KPF
(40.1 mg, 0.218 mmol), and 4B (100 mg, 0.109 mmol). 6B (111.0
mg, 52%). Anal. caled for C33HgoF¢N,O,P;Pt: C, 46.67; H, 6.08; N,
2.86. Found: C, 46.50; H, 5.94; N, 2.99. 'H plus 'H{*'P} NMR (400
MHz, CD,Cl,, § (ppm), J (Hz)): 6= 8.17 (dm, 1H, ¥, = 7.4, *J,p =
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61.3, H;), 7.86 (d, *Jo_1o = 8.1, Hy), 7.45 (s, br, 1H, H,), 7.22 (dd,
1H;3]10—9 =381, 5]10-1): 22, Hy), 7.19 (s, 1H, H;), 4.34 (q, 3]H—H =
7.1, 2H, CH,, OEt), 3.79 (s, 3H, H,), 3.53 (t, 2H, *Jy_p = 9.6, CH,,
PAP), 2.4—1.2 (m, 47 H, CH, CH, (PP), and CH, (OEt)). BC{'H}
NMR (101 MHz, CD,CL): § = 174.1 (C,), 166.3 (COOEt), 151.7
(Cs), 141.8 (m, C,), 128.6 (s, Cy), 123.4 (s, C3), 116.6 (s, C,), 111.3
(s, Cyp), 61.1 (s, CH,, OEt), 39.6 (s, Cy), 36.8—26.0 (m, Cy), 23.2 (t,
Ye_p = 26.1, CH,, PAP), 14.7 (s, CH,;, OEt). >'P{H} NMR (162
MHz, CD,CL,): § = —23.1 (d, *Jp_p = 36, Jp_p, = 1500, P trans Cy),
—25.8 (d, *Jo_p = 36, Jo_p, = 2288, P trans C,). "Pt{'H} NMR
(85.6 MHz, CD,Cl,): § = —4370.3(dd). IR (ATR, cm™): v = 832 (s,
PFy), 556 (s, PFy), 1644 (m, C=0). MS (MALDI+): m/z = 832.4
[C33HsoN,O,P,Pt]*. Ay 110.99 Q~'em? mol ™,

Synthesis of [Pt(CAC**)(dmdtc)] (7A). AgPF; (56.9 mg, 0.225
mmol) was added to a suspension of 4A (109.1 mg, 0.113 mmol) in
40 mL of CH;CN in a flask protected from the light, and the mixture
was stirred for 5 h at rt. Then, the suspension was filtered through
Celite, and the solution was concentrated to half of the original
volume. Na(dmdtc) (322 mg, 0.225 mmol) was added to the
resulting solution and left to react for 30 min. Then, the solvent was
evaporated to dryness, and MeOH (20 mL) was added to the residue.
The resulting solid was filtered and washed with MeOH (2 X S mL)
and recrystallized from CH,Cl,/MeOH to give 7A as a yellow solid.
Yield: 61.1 mg, 46%. Anal. calcd for C,,H, N;O,PtS,: C, 40.40; H,
3.56; N, 7.07. Found: C, 40.08; H, 3.41; N, 7.04. '"H NMR (400
MHz, CD,Cl, § (ppm), J (Hz)): 6 = 8.06 (d, 1H, *Jy_y= 7.9, Hyim),
7.98 (d, J,_9 = 1.2, ¥, p, = 71.4, 1H, H;), 7.94 (dd, 1H, *J,_,, = 8.2,
4]9—7 =12, HQ); 7.69 (d, 1H, 3]10—9 =82, HIO)! 7.48 (m, 3H, Hbzim))
4.39 (q, 2H, *Jy_u= 7.2, CH,OFEt), 3.93 (s, 3H, H,), 3.43 (s, 6H,
CH,, dmtc), 143 (t, 3H, CH,;, OEt). BC{'H}NMR (101 MHz,
CD,Cl,): § = 210.9 (s, dmdtc), 172.7 (s, C,), 135.4 (s, C,), 126.8 (s,
C,), 125.1 and 124.0 (s, Cpyim), 112.0, 112.6, and 111.8 (s,Cy,;, and
Cyo), 60.6 (s, CH,,0OEt), 39.8 (s, CH,, dmdtc), 39.1 (s, CH;, dmdtc),
34.0 (s, C,), 145 (s, CH;, OEt)."Pt{'"H} NMR (85.6 MHz,
CD,Cl,): 6§ = —4082.2 (s). IR (ATR, cm™): v = 1695 (s, C=0),
1539 (s, C—N), 949 (s, C=S), 364 (s,Pt—S). MS (MALDI+): m/z =
595.0 [C,0H,N;0,PtS,]".

Synthesis of [Pt(CAC*B)(dmdtc)] (7B). 7B was obtained as a
yellow solid following the method for 7A but starting from 4B (120
mg, 0.131 mmol), AgPF¢ (66.0 mg, 0.261 mmol), and Na(dmdtc)
(37.7 mg, 0261 mmol). Yield: 45.8 mg, 52%. Anal. calcd for
C6H oN;O,PtS,: C, 35.29; H, 3.52; N, 7.72. Found: C, 34.82; H,
3.33; N, 7.57. 'TH NMR (300 MHz, CD,Cl,, § (ppm), J (Hz)): 6=
7.89 (d, 1H, 3, p, = 69.3, ¥J,_o = 1.8, H,), 7.80 (dd, 1H, *J,_;, = 8.1,
Yoy = 1.8, Hy), 7.33 (d, 1H, *];_, = 2.1, H,), 7.10 (d, 1H, J;o_o= 8.1,
H,,), 6.92 (d, 1H, 3]3—2 =20, 4]3-Pt =114, Hs); 4.47 (qr 2H, 3]H—H =
6.95, CH,, OEt), 3.75 (s, 3H, H,), 3.40 (s, 3H, CH;, dmdtc), 3.39 (s,
3H, CH;, dmdtc), 1.37 (t, 3H, ¥Jy_y = 6.95, CH;, OEt). C{’H}
NMR (75 MHz, CD,CL,): & = 212.3 (s, dmdtc), 163.4 (s,C,), 135.7
(s, Cy), 126.4 (s, Cy), 121.5 (s, C4), 114.8 (s, C,), 110.5 (s, Cyp), 61.1
(s, CH,), 40.0 (s, CH,, dmdtc), 39.1 (s, CH;, dmdtc), 37.0 (s, C,),
148 (s, CH;, OEt).”Pt{'H}NMR (85.6 MHz, CD,CL): § =
—4169.5(s). IR (ATR, cm™): v = 1699 (s, C=0), 1541 (s, C—N),
956 (s, C=S), 371 (s, Pt=S). MS (MALDI+): m/z = 544.0
[C16H1oN;0,PtS,]".

Synthesis of [Pt(C/\C*A)(pdtc)] (8A). 8A was obtained as a
yellow solid following the method for 7A but using 4A (80.0 mg,
0.082 mmol), AgPF4 (41.7 mg, 0.165 mmol), and NH,(pdtc) (27.1
mg, 0.165 mmol). Yield = 89.9 mg, 87.9%. Anal. caled for
C,,H,3N;0,PtS,: C, 42.57; H, 3.74; N, 6.77. Found: C, 42.36; H,
3.36; N, 6.45. '"H NMR (400 MHz, CD,Cl,, § (ppm), J (Hz)): 6 =
8.03 (d, 1H, 3Jyy_y= 7.6, Hyim), 7.94 (s, 1H, *],.p, = 71.6, H,), 7.90 (d,
1H, “Jo_yo = 83, Hy), 7.66 (d, 1H, *J10.9= 83, Hy), 7.45 (m, 3H,
Hy,im), 4.35 (g, 2H, ¥J_y = 6.9, CH,, OEt), 3.89 (m, 7H, H, and N—
CH,, pdtc), 2.08 (m, 4H, CH,, pdtc), 1.39 (t, 3H, *J_y = 6.9, CH,,
OEt). BC{'H} NMR (101 MHz, CD,CL,): § = 171.2 (s, C,), 166.4
(s, COOE), 151.5 (s, Cs), 135.4 (s, C,), 126.1 (s, Cy), 124.5 and
123.5 (s, Cypim), 111.4, 111.3, and 111.2 (s, Cyy and Cyg), 60.4 (s,
CH,, OEt), 50.2 and 49.8 (s, CH,—N, pdtc), 33.7 (s, C,), 24.6 and
24.5 (s, CH,, pdtc), 14.5 (CH;, OEt).”’Pt{'H} NMR (85.6 MHz,

CD,CL): 6 = —4021.1 (s). IR (ATR, cm™!): v = 1690 (s, C=0),
1509 (s, C—N), 941 (s, C—S), 345 (s, Pt—S). MS (MALDI+): m/z =
621.0 [C,,H,3N;0,PtS,]*.

Synthesis of [Pt(C/\C*B)(pdtC)] (8B). 8B was obtained as a
yellow solid following the method for 7A but using 4B (80.0 mg,
0.087 mmol), AgPF4 (44.0 mg, 0.174 mmol), and NH,(pdtc) (28.6
mg, 0.174 mmol). Yield = 53.0 mg, 56.9%. Anal. caled for
C,sH, N;0,PtS,: C, 37.89; H, 3.71; N, 7.36. Found: C, 37.53; H,
3.76; N, 7.01. '"H NMR (400 MHz, CD,Cl,, § (ppm), J (Hz)): 6=
7.87 (s, 1H, %, p, = 69.6, H,), 7.79 (d, 1H, *Jy_,, = 8.1, Hy), 7.33 (s,
1H, H,), 7.10 (d, 1H, 4]9—10 =81, 4]1071% = 14.4, H,p), 6.92 (s, 1H,
Yspe = 112, Hy), 4.32 (q, 2H, *Jy_y = 7.1, CH,, OEt), 3.88 (m, 4H,
CH,, CH,—N, pdtc), 3.7 (s, 3H, H,), 2.08 (m, 4H, CH,, pdtc), 1.41
(t, 3H, CH;, OEt). BC{'H} NMR (101 MHz, CD,CL,): & = 166.9 (s,
COOEt), 162.7 (s, C;), 151 (s, Cs), 135.6 (s, C;), 126.3 (s, Cy),
121.4 (s, C;), 114.7 (s, C,), 110.5 (s, Cyp), 61.0 (s, CH,, OEt), 50.3
and 50.0 (s, CH,—N, pdtc), 37.1 (s, C,), 25.1 and 25.0 (s, CH,,
pdtc), 14.8 (s, CH;, OEt)."”Pt{'H}NMR (85.6 MHz, CD,CL,): 6 =
—4107.7(s). IR (ATR, cm™"): v = 1700 (s, C=0), 1506 (s, C—N),
956 (s, C—=S), 345 (s, Pt—S). MS (MALDI+): m/z = 569.9
[Ci1sHy N;3O,PtS, "
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