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By employing two different methods, namely, Click and iClick, a series of four trans -NHC-Pt(II) triazole- 

acetylide complexes containing benzyl ( 3a ), methylnaphthalene ( 3b ), methylanthracene ( 3c ), and phenyl 

( 3d ) substituents at the terminal triazole ring were synthesized and characterized. The traditional click 

approach involves first synthesizing a triazole-acetylene and then attaching to the Pt ion. In the iClick 

approach, the triazole is formed via cycloaddition by combining a trans -platinum butadiyne with the cor- 

responding organic azide. The complexes were interrogated to determine the effects of conjugation and 

ligand substituent on their photophysical properties. Complex 3a exhibits a photoluminescence lifetime of 

4.3 μs at 77 K. Ascribed to emission from conformers differing due to the torsion of the aryl acetylide lig- 

ands, employing different excitation wavelengths results in different emission spectra. Complex 3a emits 

in the violet region with CIE coordinates of (0.159, 0.021) under 290 nm excitation and shifts to CIE co- 

ordinates of (0.161, 0.019) under 320 nm excitation. Complex 3d , having a photoluminescence lifetime of 

13.1 μs at room temperature, emits in the sky-blue region with CIE coordinates of (0.237, 0.355). 

© 2022 Elsevier B.V. All rights reserved. 
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. Introduction 

Organic light-emitting diodes (OLEDs) featuring low-cost fabri- 

ation and good power efficiency have emerged as one of the most 

romising candidates for future digital displays [1–4] . A driving 

orce behind the extensive studies of OLEDs has been the intro- 

uction of electrophosphorescent devices based on phosphorescent 

etal complexes, which can harvest 100% of electrogenerated exci- 

ons [5–9] . Remarkable progress has already been achieved on irid- 

um(III) complexes [ 5 , 7 , 9 ]. Square planar platinum(II) complexes 

ave also been the focus of considerable research, which diversi- 

es the efforts for OLEDs development [10–14] . The Commission 

nternational de L’Eclairage (CIE) coordinates of several Pt-complex 

ased OLEDs approach the National Television System Committee 

NTSC) coordinates for “pure” blue of (0.14, 0.08) [15–17] . Recent 

eports proved that the incorporation of NHC ligands into square 

lanar trans -Pt(NHC) 2 (CC-Ar) 2 complexes enable efficient phospho- 

escence originating from CC-Ar ligand centered 3 π , π ∗ states in 

he deep blue region [ 15 , 17–21 ]. Interestingly, the phosphorescence 

f trans -Pt(NHC) (CC-Ar) complexes is easily tuned by modifying 
2 2 
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he structure and extent of conjugation of the aryl acetylide ligands 

 15 , 19 ]. 

The concept of inorganic click (iClick), which was originally 

ntroduced to describe metal-azide/metal-acetylide cycloadditions 

22–24] , has been broadened to include the cycloaddition of ei- 

her a metal-azide or metal-acetylide to their organic counterparts 

25–30] . With the help of this powerful synthetic tool, complex 

etal-containing molecules and metallopolymers are easily syn- 

hesized in high yield [31–33] . In the past decade, iClick reactions 

ithin a metal coordination sphere [34–36] and the direct link- 

ng of two metal ions via iClick reactions have been successfully 

chieved [ 24 , 37–40 ]. For example, treatment of Pt-diazides with 

wo equivalents of Au-acetylide enables the construction of a se- 

ies of novel heterotrimetallic complexes [23] . 

In this work, we introduced triazole-acetylide-based ligands 

nto a trans -Pt(NHC) 2 (CC-Ar) 2 architecture via two different meth- 

ds, namely, Click and iClick ( Fig. 1 ). In the Click method, 

he triazole-acetylide ligands were first prepared from 1,3- 

utadiynyltrimethylsilane and the corresponding azide, then the 

s-obtained triazole-acetylide ligands were attached to the Pt(II) 

enter. The iClick pathway involved the cycloaddition between the 

utadiyne functionality bound to Pt(II) and the corresponding or- 

anic azide. The as-obtained 3a compound displays near-UV/violet 

hosphorescence at 77 K, and 3d exhibits sky-blue emission at 

https://doi.org/10.1016/j.jorganchem.2022.122440
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jorganchem
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jorganchem.2022.122440&domain=pdf
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Fig. 1. Synthetic schemes for Click and iClick methods. 
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oom temperature. This work expands the design possibility of the 

rans -Pt(NHC) 2 (CC-Ar) 2 platform and provides new concepts for 

lue-violet phosphorescent materials development. 

In an example of the Click method, 1-benzyl-4-ethynyl-1H- 

,2,3-triazole ( 2a ) was first synthesized via the Cu-catalyzed or- 

anic click reaction between benzyl azide and freshly prepared 

,3-butadiynyltrimethylsilane, followed by the removal of the 

rimethylsilyl protecting group. Treatment of BiPtCl 2 with 2.5 

quivalents of 2a in HNEt 2 /dichloromethane (DCM) with CuI as the 

atalyst at room temperature provides 3a as a pale-yellow crys- 

alline solid in 33% isolated yield via flash column chromatography 

ith DCM/ethyl acetate as the eluent. In the iClick pathway, com- 

ining air-stable BiPtDy with two equivalents of benzyl azide initi- 

tes a copper-catalyzed double iClick on the terminal triple bonds 

f each butadiyne ligand on the platinum center. An aqueous so- 

ution of CuSO 4 and ascorbic acid generates Cu(I) in-situ . Diffusion 

f pentane into a DCM solution of the crude product gives com- 

ound 3a as colorless crystals, in 55% isolated yield. Evidence of 

urity and identity of 3a synthesized by both methods comes from 

 H NMR spectroscopy ( Fig. 2 ). A resonance for the -CH 2 - protons

ttached to the nitrogen of the NHC ligands appears at 4.76 ppm 

s a triplet, confirming the trans configuration [41] . The singlet at 

.31 ppm for the -CH 2 - protons of the benzylic carbon and the dis-

inct singlet at ∼7 ppm, which can be assigned to the -CH proton 

f the triazole ring, further confirm the success of the iClick reac- 

ion. 

By employing phenyl azide in both the Click and iClick meth- 

ds, trans -NHC Pt(II) triazole-acetylide complex 3d was also suc- 

essfully obtained. In complex 3d there is direct conjugation be- 

ween the triazole and phenyl units, and this is expected to in- 

uence the optical properties of the complex ( vide infra ). In the 

lick pathway, 4-ethynyl-1-phenyl-1H-1,2,3-triazole ( 2d ), which 

as synthesized via the same procedure as the synthesis of 2a , 

as attached to BiPtCl 2 to give 3d as a white solid with a yield

f 37%. In contrast, a double-iClick reaction of phenyl azide (2 eq) 

ith BiPtDy (1 eq) also affords 3d in 53% yield. 1 H NMR spectra 

f 3d prepared by both methods are depicted in Fig. 2 . The NMR

eak intensities are relatively low due to the poor solubility of 3d 
i

2 
n CDCl 3 and CD 2 Cl 2 . The single triplet between 4.75 and 5.00 ppm

onfirms the trans configuration of 3d. The success of the double- 

Click reaction was validated by the complete disappearance of the 

esonances at 1.49 ppm for the terminal -CH protons of BiPtDy 

nd the appearance of the distinct singlet at 7.52 ppm, which is 

ssigned to the proton of the triazole ring. 

To extend the substrate scope, we further employed 1- 

azidomethyl)naphthalene and 9-(azidomethyl)anthracene featur- 

ng fluorescent chromophores in Click and iClick methods. With 1- 

azidomethyl)naphthalene as the starting material, we were able 

o obtain compound 3b with a good yield via both Click and 

Click methods (55% in both pathways). In contrast, compound 3c 

as only successfully synthesized via the Click pathway. BiPtDy 

ppears to be inert to 9-(azidomethyl)anthracene in the iClick 

ethod, possibly due to unfavorable steric interactions between 

he BiPtDy and the 9-(azidomethyl) anthracene. In most cases, the 

verall isolated yields from the iClick reactions are greater than the 

lick approach. However, there appear to be steric interactions that 

imit the synthesis of 3c by the iClick method, suggesting that this 

ethod may be more limited by unfavorable steric interactions on 

he reaction pathway [33] . 

The structures and geometries of 3a, 3b, 3c , and 3d were fur- 

her confirmed by single-crystal X-ray crystallography. The crystal 

tructures of 3a, 3c and 3d are shown in Fig. 3 , and the crys-

al structure of 3b is shown in the Supporting Information. De- 

ailed crystallographic data are reported in the Supporting Infor- 

ation. X-ray crystallography confirms the trans configuration of 

he Pt(II)(NHC) 2 (-CC-Ar) 2 center in all four complexes with the Pt 

tom residing in an inversion center. Complex 3a features a Pt- 

 carbene bond length of 2.021(2) Å and a Pt-C acetylide bond length of 

.997(3) Å. The Pt-C carbene and Pt-C acetylide bond lengths of 3d are 

.029(4) Å and 2.008(5) Å, respectively. These bonds lengths are 

imilar to those of previously reported Pt-NHC complexes [ 15 , 18–

0 ]. For 3a , the dihedral angle between the NHC plane and the 

tC 4 plane (defined by C carbene -Pt-C acetylide ) is 86.8(1) °, the dihe- 
ral angle between the triazole ring and PtC 4 plane is 46.9(1) °. 
hile for 3d , the dihedral angle between the NHC plane and PtC 4 

s 88.7(3) °. In this case, the triazole ring is almost perpendicular to 
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Fig. 2. 1 H NMR spectra of 3a and 3d synthesized via Click and iClick methods. 

Fig. 3. Crystal structures of 3a, 3c and 3d , with ellipsoids shown at the 50% probability level. Carbon atoms are shown in gray, and hydrogen atoms are shown in light 

turquoise; all are unlabeled. 
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he PtC 4 plane with a dihedral angle of 88.1(2) °. Furthermore, the 

henyl ring and the triazole ring of the acetylide ligand of 3d are 

lmost coplanar with a small dihedral angle of 6.7(2) °. The struc- 
ural features of 3c are generally similar to 3a , with the notable ex- 

eption that the dihedral angle between the triazole ring and PtC 4 
lane in 3c is 14.6(1) ° which is substantially less than in 3a . This

ifference could arise from crystal packing effects arising from the 

ulky anthracene substituents. 

To probe the effect of the conjugation in the triazole-acetylide 

igands and the arylene substituents on the photoluminescence of 

rans -Pt(NHC) 2 (triazole-acetylide) 2 complexes, photophysical stud- 

es were executed for 3a - 3d Data for 3a and 3d are included in

he text below, while selected data for 3b and 3c are provided in 

he supporting information (Fig. S36, Table S2). We note that the 

hotophysical properties of 3b and 3c were limited to measure- 

ents in room temperature dichloromethane (DCM) solution, since 

hese complexes are not soluble in other common spectroscopic 

olvents, including tetrahydrofuran and 2-methyltetrahydrofuran 

THF and 2-MTHF, respectively). (The latter solvent is required for 

ow temperature measurements.) 
3

First, the UV–visible absorption spectra of 3a and 3d were mea- 

ured in THF solution at room temperature ( Fig. 4 ). Complex 3a 

eatures absorption below 330 nm with a maximum at 290 nm 

nd a shoulder at 270 nm. A similar absorption maximum, 291 nm, 

as observed for 3d However, 3d displays an additional shoulder 

and at lower energy at 315 nm, apparently due to the extended 

onjugation of the phenyl-triazole-acetylide ligands. 

Complex 3a features only very weak photoluminescence ( φem 

< 0.01) at room temperature. As shown in Fig. S35, the emission 

or the air-saturated sample appears as a weak fluorescence with 

max ∼ 350 nm; weak phosphorescence is seen in the degassed 

ample at room temperature which appears as a shoulder peak 

t 375 nm. In contrast, in 2-MTHF glass matrix at 77 K, 3a fea- 

ures a prominent phosphorescence in the near-UV region ( Fig. 4 ). 

he decay lifetime of the emission of 3a is 4.0 μs at 77 K, consis-

ent with assignment to phosphorescence. Interestingly, under dif- 

erent excitation wavelengths (290 and 320 nm) at 77 K, two sets 

f emission onsets are observed, which can be assigned to the non- 

quilibrating conformers of 3a with different emission energy that 

s hypothesized to arise due to torsion of the aryl acetylide ligands. 
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Fig. 4. Overlaid UV-visible absorption and photoluminescence of 3a and 3d. The absorption of 3a and 3d were recorded in THF at room temperature. Emission spectra of 

3a were measured in 2-MTHF at 77 K under 290 nm and 320 nm excitation. The emission spectrum of 3d was measured at room temperature in N 2 degassed THF solution 

with 300 nm excitation. The spectrum of 3d in 2-MTHF at 77 K is provided in the Supporting Information. 
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nder 290 nm excitation, 3a displays a violet emission with a max- 

mum of 370 nm and CIE coordinates of (0.159, 0.021). The emis- 

ion maximum of 3a red-shifted to 374 nm with CIE coordinates 

f (0.161, 0.019) under 320 nm excitation. Similar excitation wave- 

ength dependent emission spectra have been observed in related 

rans -Pt(PR 3 ) 2 (CC-Ar) 2 and trans -Pt(NHC) 2 (CC-Ar) 2 complexes, and 

ensity functional theory (DFT) calculations support the premise 

hat the energy of the phosphorescent triplet state varies with tor- 

ion of the aryl ring around the -CC- bond axis [ 15 , 20 , 42 , 43 ]. 

Interestingly, the emission properties of 3d are substantially dif- 

erent compared to 3a . As noted below, these differences likely 

rise due to the enhanced π-conjugation that occurs because in 

d the phenyl is directly conjugated with the triazole ring. In 

articular, 3d displays photoluminescence at room temperature 

 φem = 0.021) in degassed THF solution ( Fig. 4 ) and the emission

ifetime is 14.5 μs at room temperature. The photoluminescence of 

d at room temperature features a maximum at 458 nm and a vi- 

ronic sideband at 490 nm (CIE coordinates of (0.237, 0.355)). The 

mission band of 3d is broadened compared to 3a , possibly due 

o the mixing of lower frequency vibrational modes involving tor- 

ion of the phenyl group. Due to low solubility of 3d in 2-MTHF it 

s difficult to study its photophysics at low temperature; however, 

e were able to obtain an emission spectrum for the complex at 

7 K and it is similar to that observed at room temperature (see 

ig. S37). 

It is evident that for both 3a and 3d the emission that is ob- 

erved originates from a mainly triazole ligand centered 3 π , π ∗

tate [ 15 , 17–20 ]. As noted previously, the emission from 3d oc-

urs at considerably lower energy (longer wavelength) compared 

o 3a . The difference in emission energies is due to the differ- 

nce in conjugation in the triazole ligands. For 3a the conjuga- 

ion comprises only the acetylide unit and triazole ring, whereas 

n 3d the conjugation extends into the phenyl unit. This differ- 

nce clearly gives rise to a stabilization of the intraligand 3 π , π ∗

tate. In addition, the difference in emission energy of 3a and 3d 

an be used to explain the fact that the former is virtually non- 

missive at room temperature. In particular, in previous work we 

ave shown that for trans -Pt(NHC) 2 (CC-Ar) 2 complexes, the room 

emperature emission quantum yield decreases sharply for com- 

lexes that have phosphorescence at λ < 450 nm [42] . This is due 

o thermally-activated crossing to one or more metal centered d-d 

tates that provide a path for rapid non-radiative decay [42] . Fi- 

ally, it is noteworthy that the emission lifetime of 3d at room 

emperature is longer than 3a at 77 K. This difference suggests 
p

4 
hat the non-radiative (and possibly the radiative) decay rate(s) in 

d is (are) substantially lower. One possible reason to explain this 

s that spin-orbit coupling is lower in 3d due to the conjugation 

f the phenyl group with the triazole ring weakening the metal- 

igand electronic interaction. Lower spin-orbit coupling would de- 

rease the rates of radiative and non-radiative decay of the phos- 

horescent intraligand 3 π , π ∗ state. 

The absorption and emission of the naphthalene ( 3b ) and 

nthracene ( 3c ) substituted complexes taken in degassed 

ichloromethane (DCM) solution at room temperature are shown 

n the supporting information (Fig. S36). The absorption spectra 

re similar to 3a , with a strong band at 290 nm in the UV. The

nthracene complex 3c features an additional absorption feature 

and in the near UV (330–390 nm) that can be ascribed to 

he anthracene chromophores. The emission from both 3b and 

c is dominated by the appended arylene chromophores. For 

he naphthyl substituted complex 3b fluorescence with λmax ∼
30 nm ( φem = 0.04, τ = 960 ps) and weak phosphorescence 

ith λmax ∼ 540 nm is observed. The anthracene complex 3c 

nly exhibits fluorescence characteristic of the anthracene chro- 

ophore with a vibronic structured emission with λmax ∼ 417 nm 

 φem = 0.024, τ = 1030 ps). 

. Conclusion 

A set of four novel complexes of the type trans -Pt(NHC) 2 (CC- 

r) 2 have been synthesized and characterized, where Ar is a 

,2,3-triazole moiety. The complexes have been prepared by two 

istinct synthetic pathways, one involving the coupling reac- 

ion between the trans -Pt(NHC) 2 Cl 2 precursor and the acetylene- 

ubstituted triazole. The second approach involved the novel iClick 

eaction between the organic azide and the 1,3-butadiyne com- 

lex, Pt(NHC) 2 (CC-CC-H) 2 . The X-ray crystal structures of the four 

ovel complexes are reported and their geometries are similar to 

reviously reported trans -Pt(NHC) 2 (CC-Ar) 2 complexes. Absorption 

nd emission studies reveal that benzyl-substituted complex 3a ex- 

ibits strong phosphorescence in the near-UV region. By contrast, 

omplex 3d , which features a phenyl substituent that is conjugated 

ith the 1,2,3-triazole ring, exhibits phosphorescence in the blue 

egion. The substantial red-shift is attributed to increase delocal- 

zation of the chromophore involved in the triplet state due to 

he conjugation between the triazole and phenyl rings. This work 

oints the way towards the design and synthesis of phosphors that 
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mit in the near-UV region, with potential for application in blue- 

iolet phosphorescent organic light emitting diodes. 

. Experimental section 

.1. Synthesis 

Synthesis, characterization, and X-ray structural data are in- 

luded in the Supporting Information. 

.2. Photophysical properties 

UV–vis absorption spectra were recorded on a Shimadzu UV- 

600 spectrophotometer. Steady-state emissions in THF at room 

emperature and in 2-MTHF at 77 K were measured on an Ed- 

nburgh FLS-10 0 0 photoluminescence spectrometer. The solutions 

ere prepared using deaerated THF in the glovebox. Emission 

uantum yields were determined with an integrating sphere at- 

achment for the FLS-10 0 0 spectrometer and using accompany- 

ng software. The low-temperature emission was measured using 

 special designed cuvette equipped with a Dewar flask. Emis- 

ion lifetimes for 3a (at 77 K) and 3b and 3c were obtained on 

 PicoQuant FluoTime 300 time-correlated single-photon count- 

ng (TCSPC) spectrophotometer using the Taiko pulsed LED source 

 λ = 313 nm). Phosphorescence lifetime measurement of 3d was 

arried out using an Edinburgh LP920 spectrophotometer (Edin- 

urgh Instruments) and a Continuum Surelite II series Nd:YAG 

aser (third harmonic λ = 355 nm, 4 mJ per pulse) as the exci- 

ation source. 
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