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ABSTRACT: Although 2-phenylpyridine (ppy)-type have been employed very successfully for the design of luminescent 
IrIII and PtII complexes, corresponding d10-coinage metal complexes are unknown. We report on the synthesis of the first, 
at room temperature stable, CuI 2-phenylpyridine (ppy)-type complexes, by C-H activation of 2-(2,3,4,5-
tetrafluorophenyl)pyridine (Htfppy, 1) using [Cu(OH)(IDipp)] (2) (IDipp = bis(2,6-di-isopropylphenyl)imidazole-2-
ylidene), or by lithiation of 1 and subsequent reaction with CuBr∙SMe2 in the presence of POP ligand (POP = bis{2-
(diphenylphosphanyl)phenyl}ether) in THF, giving [Cu(tfppy)(IDipp)] (3) or [Cu(tfppy)(POP)] (4). The complexes thus 
obtained adopt distorted trigonal and tetrahedral coordination geometries, respectively. Gold(I) tfppy complexes with 
IDipp (5) or PTol3 (6) ligands have also been prepared, showing a preference for linear coordination environments due to 
the non-coordinating pyridine moiety of the tfppy ligand. These structural differences have a profound effect on the 
photophysical properties of the coinage metal ppy compounds. The CuI tfppy complexes exhibit intense orange-red 

luminescence (max = 610 (3), 607 (4) nm) from a 3(intra-ligand)CT state in the solid state at room temperature, with 

phosphorescence lifetimes of  = 8.6 (3) and 9.5 (4) s. In contrast, the linear coordination leads to weak emission of the 
AuI complexes, with 5 displaying simultaneous fluorescence and phosphorescence. Surprisingly, reaction of 2 with Htfppy 
(1) in MeCN leads to solvent activation and to isolation of a copper acetamide complex [Cu(N(H)C(O)Me)(IDipp)] (14). 

I. INTRODUCTION 

2,2´-Bipyridine (bpy) and 2-phenylpyridine (ppy), and 
derivatives thereof, are among the most widely used 
ligands for photoactive d6 and d8 transition metal 
complexes, which have been exploited in photocatalysis, 
organic light emitting diodes (OLEDs), light emitting 
electrochemical cells (LEECs) and biomedical 
applications.1-13 In particular the prototypical complexes 
[Ru(bpy)3]

2+ and [Ir(ppy)3] have received great attention 
in fundamental photophysical studies, which 
subsequently led to their employment in solar energy 
conversion and OLEDs, respectively, and the resulting 
progress in those areas underlines the importance of such 
compounds.14-15 

In the last few years, d10 copper(I) complexes have 
emerged as potentially superior materials for the design 
of highly efficient emitters in OLEDs in comparison to 
compounds based on d6 or d8 transition metals.16-17 This is, 
on the one hand, due to the absence of metal centered d-
d* transitions in d10 systems, which can provide undesired 
pathways of non-radiative decay. On the other hand, CuI 
complexes can display thermally activated delayed 

fluorescence (TADF), i.e. thermal repopulation of the 
singlet excited state S1 from the triplet excited state T1, 
greatly enhancing the radiative rate constant.18-23 Despite 
the comparably weak spin-orbit coupling (SOC) of CuI 

(Cu = 829 cm-1, Ir = 3909 cm-1), which has previously been 
seen as the main advantage of IrIII-based luminophores, 
this process allows to indirectly harvest the triplet states 
and can give very high luminescence quantum yields, as 
has been shown recently by Yersin and others.24-42 

 

Scheme 1. Known CuI Diimine and Aryl, and 
Unknown Copper(I) 2-Phenylpyridine Complexes. 



 

While bpy and its derivatives have been extensively 

studied as -chromophore ligands in CuI NHC, phosphine 
and diimine compounds of type A,16-17,43 monocopper(I) 
aryl complexes have been discussed as reactive 
intermediates in cross-coupling reactions, such as the 
Ullman coupling, and some linear coordinated type B 
species have even been isolated (Scheme 1).44-68 
Interestingly, no studies on the photophysical properties 
of linear copper(I) aryl complexes were published, except 
for [Cu(C6F5)(py)], of which the emission originates from 
the formation of one-dimensional polymeric chains in the 
solid state by unsupported Cu-Cu interactions.59,69-72 In 
solution, no photoluminescence from the monomers is 
observed. The lack of photophysical studies on this class 
of compound is probably due to the fact that, judging 
from literature reports, trigonal or tetrahedral 
coordination geometries around the copper(I) center 
seem to be favorable for achieving efficient 
phosphorescence.16-17,24-42,73-74 

So far, only one example of a tetrahedral coordination 
geometry of a copper(I) aryl has been structurally 
characterized, which is [Cu(Ph){MeC(CH2PPh2)3}],

75 and 
only a few examples of a trigonal arrangement are 
known.69,76-80 Their photophysical properties have not 
been reported.  

In contrast to CuI diimine and aryl complexes, the 
analogous compounds with 2-phenylpyridine are still 
unknown (type C, Scheme 1). Indeed, synthetic access to 
trigonal or tetrahedral CuI ppy compounds is not trivial, 
as it would involve regioselective C-H activation in the 2-
position of the phenyl moiety. However, it should be 
possible to bypass this problem by partial fluorination of 
the aryl ring, increasing the acidity of the C-H bond in the 
2-position and at the same time increasing the ionic 
character of the copper-carbon bond, which should have 
the beneficial effect of higher stability compared to non-
fluorinated aryl ligands at copper(I). 

In this work, we report on the successful synthesis and 
structural characterization of trigonal and tetrahedral CuI 
ppy-type complexes, and investigate their luminescence 
behavior. For comparison, related d10 AuI ppy-type 
complexes have also been prepared, which are, in contrast 
to their d8 AuIII analogues, also unknown.81-83 

 

II. RESULTS AND DISCUSSION 

Synthesis and characterization of CuI and AuI ppy-
type complexes. In order to achieve facile CuI-C bond 
formation in the 2-position of the phenyl moiety of ppy-
type ligands, we have chosen 2-(2,3,4,5-
tetrafluorophenyl)pyridine (Htfppy) (1),84 due to its high 
C-H acidity and its potential to form stable M-C bonds, to 
react with [Cu(OH)(IDipp)] (IDipp = bis(2,6-di-isopropyl-
phenyl)imidazol-2-ylidene) (2). Indeed, when the reaction 
of 1 and 2 is carried out in THF at -40°C, the formation of 
[Cu(tfppy)(IDipp)] (3) occurs in ca. 50 % yield. In the 
presence of 4 Å molecular sieves, trapping water formed 
during the reaction, full conversion to trigonal 3 is 
observed (Scheme 2), which has been characterized by 

multinuclear 1H, 13C{1H}, 13C{19F}, 15N and 19F NMR 
spectroscopic studies, MALDI-TOF mass spectrometry, 
elemental analysis and single-crystal X-ray diffraction 
studies. 

The most pronounced change in the 1H NMR 
spectrum of the free ligand upon coordination to the CuI 
NHC fragment is a 0.83 ppm shift to 7.90 ppm of the C-H 
functionality ortho to the pyridine nitrogen. The 19F NMR 
spectrum shows a resonance at -105.9 ppm, typical for 
organometallics bearing fluoroaromatic ligands with a 
fluorine atom ortho to a metal center.85-89 The Cipso of the 
IDipp ligand is found at 185.5 ppm in the 13C{1H} NMR 
spectrum, while the resonances of the tetrafluorophenyl 
moiety appear between 150 and 120 ppm, with the typical 
complex couplings to the fluorine atoms. The Cipso of the 
tfppy ligand is found in the 13C{19F} at 123.9 ppm with 
unresolved coupling leading to observation as a broad 
singlet. The resonances of the IDipp and tfppy nitrogens 
are found at -185.9 and -85.7 ppm, respectively, in the 15N 
NMR spectrum. The pyridine coordination in solution can 
be deduced by comparison with the 15N resonance of the 
free ligand 1 at -70 ppm.  

 

Scheme 2. Synthesis of [Cu(tfppy)(Dipp)] (3) by 
reaction of 1 with [Cu(tfppy)(Dipp)] (2) in the 
presence of molecular sieves. 

Introduction of phosphine ligands, and thus 
generation of a tetrahedral coordination geometry around 
the copper atom, was possible by lithiation of Htfppy (1) 
in the presence of TMEDA at -40°C and subsequent 
reaction with CuBr∙SMe2 in the presence of POP (POP = 
bis{2-(diphenylphosphanyl)phenyl}ether) at room 
temperature (Scheme 3), giving [Cu(tfppy)(POP)] (4). 
Employing non-chelating phosphines, such as PR3 (R = 
Me, Ph) or PPh2Me, resulted in decomposition in solution 
and the precipitation of elemental copper. 

 

Scheme 3. Synthesis of tetrahedral Cu(I) and linear 
Au(I) tfppy complexes 4-6 by lithiation of 1. 



 

Apart from the single-crystal X-ray diffraction 
experiments (see below), the following selected NMR data 
unambiguously characterize complex 4. The 19F NMR 
spectrum of 10 shows a low-field shift of the fluorine in 
the 5-position of the phenyl moiety to -105.0 ppm. The 
ipso-carbon is found at 128.9 ppm in the 13C{1H} NMR 
spectrum. The coordination of the pyridine to the copper 
atom in solution is confirmed by a resonance at -100 ppm 
in the 15N NMR spectrum, while the 15N resonance of the 
free ligand is observed at -70 ppm (Figure 1).  

The same strategy as for 4 has been employed to 
obtain AuI complexes bearing ppy-type ligands. 
Specifically, reaction of Li(tfppy)87 with [AuCl(IDipp)] or 
AuCl∙SMe2, in the presence of PTol3, yields the linear 
coordinated complexes [Au(tfppy)(IDipp)] (5) and 
[Au(tfppy)(PTol3)] (6), respectively. We found the ipso-
carbon resonances of 5 and 6 in the 13C{19F} NMR spectra 
at 149.9 and 154.9 ppm, respectively, which is in a similar 
range as found for [Au(C6F5)(PtBu3)] (139 ppm).88 The 
resonances of the fluorines ortho to the gold(I) centers 
are found in the 19F NMR spectra at -115 and -112 ppm for 5 
and 6, respectively. 

 

Figure 1. (
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N,
 1

H)HMBC (C6D6, 500 MHz) of free ligand 
Htfppy (1) (left) and [Cu(tfppy)(POP)] (4). 

2-(2,4-Difluorophenyl)pyridine (7) has previously been 
used for the design of blue light emitting IrIII 
complexes,14,89 and thus we investigated the selectivity of 
C-H activation of 7 with [Cu(OH)(IDipp)] (2) (Scheme 4). 
Pre-coordination via the nitrogen atom of the pyridine 
moiety does not lead to C-H activation in the 6-position 
of the phenyl moiety, and it seems that the 3-position is 
favored due to the higher acidity originating from the 
adjacent fluorine substituents. Although we were not able 
to grow single-crystals suitable for X-ray diffraction 
studies, the identity of [Cu(3-dfppy)(IDipp)] (8) has been 
confirmed by comparison of the 1H, 13C and 19F NMR 
spectra with those of the free Htfppy ligand (1), and the 
copper complexes 3 and 4. While the 13C resonance of the 
3-position of the 2,4-Difluorophenyl ring is found at 132.25 
ppm, it shifts upon binding to CuI in 8 to 130.1 ppm; this 
Cipso is only observable in the 13C{19F}, and not in the 
13C{1H} NMR spectrum. The two remaining C-H 
functionalities of the phenyl ring, giving rise to 13C 
resonances at 109.1 and 128.9 ppm, do not show any 2JCF, 
in agreement with the proposed structure. In addition, 
their signals in the 1H NMR spectrum show 3JHH coupling 
of 8 Hz, typical for hydrogens in ortho position. The 19F 

NMR spectrum of 8 gives two resonances at -82.7 and -
84.9 ppm, which means a shift of over 25 ppm in 
comparison with the free ligand dfppy (-110.1 and -113.2 
ppm), in agreement both fluorines being in ortho position 
to the metal center.  

 

Scheme 4. C-H activation of 2-(2,4-difluorophenyl)-
pyridine by [Cu(OH)(IDipp)] (2) giving 8. 

Reactivity of [Cu(OR)(IDipp)] (R = H (2), OtBu (10)) 
with Htfppy (1) in acetonitrile. The choice of solvent 
and the use of molecular sieves are important issues for 
the synthesis of [Cu(tfppy)(IDipp)] (2) (Scheme 2), as 
otherwise undesired, albeit interesting, side-reactions 
occur. For instance, in acetonitrile at room temperature, 
in situ 19F NMR spectroscopic measurements show also 
immediate formation of the desired product 3 upon 
dissolving Htfppy (1) together with [Cu(OH)(IDipp)] (2), 
but the reaction continues under re-protonation of tfppy 
by H2O, apparently leading to the formation of 
[Cu(1)(IDipp)](OH) (9) as the final product (Scheme 5 
and Figures 2, S16 and S17).  

 
Scheme 5. Reaction of 1 with [Cu(OR)(Dipp)] (R = H 
(2), tBu (10)) in THF, C6D6 and in MeCN. 

The resonance for the fluorine ortho to copper in 3 at -
105.9 ppm vanishes during the reaction. The N-
coordinating ligand in 9 gives rise to a small shift in the 
19F NMR spectrum of the fluorine para to the pyridine by 
ca. 0.25 ppm (see Figure 2) compared to the free ligand 1 



 

and ca. 1 ppm compared to 2, and the complex F-H 
coupling pattern reappears. All other fluorine resonances 
do not change. The in situ 1H NMR spectrum shows the 
fluoroarene C-H group in the 2-position at 7.45 ppm, with 
a complex coupling pattern. While the IR spectrum of 2 
shows a typical OH stretching frequency at 3570 cm-1, the 
in situ IR spectrum of the reaction mixture indicates no 
copper-bound hydroxide (Figures S18 and S19).  

 

Figure 2. Excerpt of the in situ 
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F NMR spectrum (CD3CN, 
188 MHz) from the reaction of Htfppy (1) with 
[Cu(OH)(IDipp)] (2). 

 

Although an outer-sphere hydroxide is difficult to 
rationalize and we have no structural proof, its formation 
is strongly supported by the fact that reaction of 
[Cu(OtBu)(IDipp)] (10) with 1 gives also 3 which, 
according to NMR spectroscopic studies (Figure S14), 
subsequently rearranges partially to [Cu(1)(IDipp)](OtBu) 
(11), indicating equilibrium between 3 and 11 (Scheme 5). 
The data for 9 and 11 are identical to an in situ NMR study 
of the reaction of [CuCl(IDipp)] with 1 in the presence of 
AgPF6, leading to precipitation of AgCl and formation of  
[Cu(IDipp)(tfppyH)]PF6 (Figures S20-S23), of which the 
additional 15N NMR spectrum confirms pyridine N-
coordination to copper with a resonance at -78.9 ppm. 
Further indication for the ionic products 9 and 11 formed 
in MeCN is given by the outcome of the reaction of 
Htfppy (1) and 2 in less polar C6D6, which gives only 
stable [Cu(tfppy)(IDipp)] (3) in ca. 30 %, but the 
conversion does not continue even after 6 days. It should 
also be mentioned that in THF as a solvent without 

molecular sieves, protonation and presumably 
hydroxylation of the tfppy ligand occurs after initial 
formation of 3 from reaction of 1 with 2, giving a copper 
fluoride complex (12) and hydroxydefluorinated organic 
13 (Scheme 5). 

Our attempts to recrystallize 9 from the acetonitrile 
reaction mixture to confirm its proposed structure led to 
reproducible isolation of single-crystals of 
[Cu(N(H)C(O)CD3)(IDipp)] (14) as a byproduct, which is 
the result of a formal hydroxylation of copper(I) bound 
MeCN (Figure 3, Scheme 5). The amide N-H resonance is 
found at 2.17 ppm in the 1H NMR spectrum, while the CD3 
group gives rise to a singlet at 1.09 ppm in the 2H NMR 
spectrum.  

 

Figure 3. Molecular structure of [Cu(N(H)C(O)CD3)(IDipp)] 
(14) obtained from single-crystal X-ray diffraction. 

 

X-ray crystallography. Single crystal structures of the 
free ligand (1) and complexes 3-6 and 14 could be refined 
from single crystal X-ray diffraction data. All atoms could 
be assigned unambiguously and corroborated the 
hypothesis of molecular structure (see Figures 3 and 4, 
and ESI). As expected, the copper containing complexes 
show coordination to both the carbon and nitrogen atoms 
of the tfppy ligand, whilst the gold complexes remain 
linear with only coordination to the acidic C-H group 
occurring.  

Upon closer examination of the coordination 
geometry of the copper complexes 3 and 4, and the gold 
gold complexes 5 and 6, different surroundings can be 
observed. In complex 3, the CuI center is surrounded by 
the NHC ligand, the carbon atom C11 of the deprotonated 
phenyl ring and the nitrogen atom N1 of the pyridyl ring 
in a trigonal geometry. The C11-Cu1-C12 angle is 160.7(2)°, 
while the angle between the the NHC, Cu and the 
nitrogen atom of the pyridyl unit (C12-Cu1-N1) is 118.4(2)°. 
The angle between both coordinating atoms of the 
chelating phenylpyridine ligand (C11-Cu1-N1) is with 
80.8(2) rather small. Therefore, the coordination of 3 can 
either be described as distorted trigonal planar or 
distorted T-shaped. The bond distance between the NHC-
carbon atom and the CuI center in complex 3 (1.899(4) Å) 
cannot be distinguished from the respective distance in 
the similar bipyridine complex [Cu(IDipp)(bipy)]BF4 



 

(1.8919(18) Å),90 which shows symmetric coordination 
bond angles between the NHC ligand and the bipyridine 
ligand with approximately 140° for both. The C11-Cu1 
distance (1.969(5) Å) is shorter than the C11-Cu1 distance, 
which can be attributed to the anionic nature of the 
deprotonated tetrafluorophenyl ligand. The distance 
between N1 and Cu1 (2.185(4) Å) is slightly longer than the 
distances in the bipyridine complex described above 
(2.061(4) Å and 2.044(2) Å, respectively).90 

In contrast to the trigonal complex 3, 4 adopts a 
distorted tetrahedral geometry with the central CuI center 
being surrounded by both phosphorous atoms of the 
chelating (POP) ligand, the carbon atom C1 of the 
deprotonated phenyl ring and the nitrogen atom N1 of the 
pyridyl unit. The angles differ strongly (from 82.27(13)° for 
C1-Cu1-N1 to 122.85(10)° for C1-Cu1-P1) from ideal 
tetrahedral geometry. While the distance between the CuI 
center and the carbon atom of the deprotonated phenyl 
ring(Cu1-C1 2.006(3) Å) is slightly longer in 4 than the 
respective distance in complex 3, the bond length 
between Cu1 and N1 (2.135(3) Å) is slightly shorter. 
Comparison of the Cu1-N1 distance in 4 with the Cu-N 
distances in [Cu(POP)(bipy)]PF6

91 (2.0480(16) Å and 
2.0738(16) Å, respectively) reveals a longer distance in 4.  

The gold complexes 5 and 6 on the other hand, do not 
show any coordination of the nitrogen atom. They adopt 
an almost ideal linear geometry (177.02(10)° in 5 and 
177.48(15)° in 6, resp.) with coordination only to the 
deprotonated carbon atom of the phenyl ring and either 
the NHC (complex 5) or the phosphane (complex 6).  

 

Figure 4. Molecular structures obtained from single-crystal 
X-ray diffraction of [Cu(tfppy)(IDipp)] (3), [Cu(tfppy)(POP)] 
(4), [Au(tfppy)(IDipp)] (5) and [Au(tfppy)(PTol3)] (6). 

Absorption and luminescence studies. Important 
photophysical properties of compounds 3-6 are 
summarized in Table 1. In the following we will show that 
the structural differences between the copper and gold 
ppy-type complexes, i.e. a coordinating (3 and 4) or non-
ccordinating pyridine moiety (5 and 6), play an important 
role for the photophysical properties, and that the CuI 
complexes experience more efficient SOC than the AuI 
compounds.  

In diethylether solution, [Cu(tfppy)(IDipp)] (3) and 
[Cu(tfppy)(POP)] (4) show weak absorption bands at 330 
and 370 nm, respectively, and at higher energy of 266 (3) 
and 287 (4) nm more intense bands with shoulders 
(Figure 5). The weak emission of 3 is dominated by 

residual fluorescence at 436 nm with a lifetime of  = 4.6 
ns originating from the coordinated tfppy ligand, due to 
inefficient intersystem-crossing (ISC) S1→Tn and radiative 
decay from the remaining singlet excited states. 
Coordination of the 2-(tetrafluorophenyl)pyridine ligand 
to the Cu(I) center leads to a bathochromic shift of the 
fluorescence, which occurs for the free ligand 1 with a 
maximum at 352 nm in diethylether solution (Figure 6).  

 

Figure 5. Experimental absorption in solution (Et2O, black), 
calculated oscillator strengths (green bars) and emission 
spectra in Et2O (grey) and in the solid state (297 K: red, 77 K: 
blue) of 3 (top) and 4 (bottom). 

 



 

Table 1. Photophysical Data of 3-6 Obtained in Diethylether Solution, Solid State and PMMA Under Argon. 

Cpd. 

Solution at 297 K  Solid state at 297 K  Solid state at 77 K  10% in PMMA at 297 K 

abs 
[nm] 

em [nm] [ns] 
 em 

[nm] 


a)
 [s]   


em [nm] 


a)

 

[s] 

 em 
[nm]


a)

 [s]

3 330 436 4.6  610 8.6 0.04  610 21  536 6.4 

4 370 - -  607 9.5 0.06  622 44  615 7.5 

5 272 352, 395 - 
b)

  370, 472 < 1.0 -
 b)

  472 169  448 24 

6 270 346, 501 -
 b)

  498 17 -
 b)

  466 59  501 7.2 

a) Amplitude-weighted lifetimes are reported. b) Intensity too weak to be determined. 

However, in the solid state the emission becomes 
much more intense, with the respective maxima at 610 
nm for 3, and at 607 nm for 4. Due to the fact that the 
absorption and emission spectra of 3 and 10 are broad and 
unstructured, they must contain significant charge-

transfer (CT) character. The quantum yields of  = 0.04 
(3) and 0.06 (4) in conjunction with the luminescence 

lifetimes av = 8.6 (3) and 9.5 (4) s are indicative for 
phosphorescence from a triplet excited state. A 
comparison with the emission spectra of free Htfppy (1) in 
the solid state and in 2-methyltetrahydrofuran at 77 K, 
where only fluorescence in the UV region is observable 
(Figure 6), clearly shows that the phosphorescence in 3 
and 4 has to be attributed to the heavy atom effect 
originating from strong SOC of the copper atom.  

 

Figure 6. Emission spectra of free Htfppy (1) in Et2O solution 
(black) and in the solid state (red) at room temperature, and 
in 2-MeTHF at 77 K (blue). 

 

A good number of CuI complexes have been reported 
in the last few years with short radiative lifetimes of only 

a few s due to TADF, which is thermal back-intersystem 
crossing T1→S1 and subsequent spin-allowed emission 
from the singlet state S1.

24-42,92 At lower temperatures, 
such systems usually exhibit very long lifetimes of several 

10´s to 100´s of s, because the emission then only occurs 
from the T1 state. At 77 K, only [Cu(tfppy)(POP)] (4) 
shows a small shift of the emission maximum to 622 nm, 
but the lifetimes of both 3 and 4 increase only to an 

extent, which one would expect for decreased non-
radiative decay and not for emission originating from a 
multiple excited state model. Thus, we assign the CuI 
complexes 3 and 4 as being pure triplet state emitters. It 
should be mentioned that the linear coordinated CuI 
complex [Cu(3-dfppy)(IDipp)] (8) is not luminescent at 
room temperature. 

The absorption spectra of the gold complexes 
[Au(tfppy)(IDipp)] (5) and [Au(tfppy)(PTol3)] (6) in 
diethylether are different compared to those of the CuI 
compounds 3 and 4, as the low energy bands are absent 
and only intense bands at ca. 250 nm with shoulders at 
270 nm are observed (Figure 7). This indicates that the 
low energy absorptions of the copper(I) tfppy complexes 
are due to MLCT or ILCT with MLCT admixture, 
involving the pyridine moiety, which is not possible in the 
case of the gold(I) tfppy compounds, as those are linearly 
coordinated with no interaction between the gold atom 
and the pyridine ring.  

5 and 6 are very weakly fluorescent in solution, 
showing emission maxima in the range of ca. 350-400 nm, 
which is apparently due to the missing pyridine 

coordination very similar to the free ligand 1 (max = 352 
nm) (Figures 6 and 7). However, 6 also exhibits a low 
energy band centered at 500 nm, which we assign to 
phosphorescence. This is supported by room temperature 
solid state emission measurements of the gold phosphine 
compound 6, giving only a single broad, very weak 

emission band at 498 nm with a long lifetime of 17 s and 

a very low quantum yield of  < 0.01. At 77 K, the 
phosphorescence intensity increases, and so does the 

lifetime to 59 s. In contrast, the AuI NHC complex 5 
shows dual emission also in the solid state at room 
temperature with maxima at 370 and 472 nm, of which 
the intensity was too low for reliable lifetime 
determination. However, comparison with the 77 K 

emission spectrum and the lifetime of 169 s allows us to 
assign the low energy band to be phosphorescence from 
the T1 state (Figure 7 and Table 1). Such dual emissive 
behavior due to inefficient SOC from the gold atom has 
also been found for gold(I) and gold(III) complexes 
bearing derivatives of phenanthroline and naphthyl as 
ligands.93-95 

However, the linear coordination environment of the 
Au atom with the missing pyridine coordination in 5 and 
6 leads to two effects compared to the CuI compounds 3 



 

and 4: 1) high energy shift of the phosphorescence and 2) 
decreased SOC leading to significant additional 
fluorescence for 5 and very weak phosphorescence for 6. 
The first phenomenon is most likely a result of decreased 
ligand conjugation in the emissive excited state of the 
gold compounds compared to the copper tfppy 
complexes, while the second finding originates from a 

decreased M(d) orbital overlap with the (py) orbitals 
(see DFT studies below). 

 

Figure 7. Experimental absorption in solution (Et2O, solid 
black), calculated oscillator strengths (red bars) and emission 
spectra in Et2O (dashed black) and in the solid state (297 K: 
dashed red, 77 K: dashed blue) of 5 (top) and 6 (bottom). 

 

We have also prepared PMMA films containing 10% of 
3-6, respectively, and recorded their emission spectra and 
lifetimes. Whereas the emission spectra of 4-6 coincide 
with their solid state luminescence spectra, including the 
dual emission of 5, films of [Cu(tfppy)(IDipp)] (3) 
undergo a significant hypsochromic shift of ca. 70 nm 
(Figure 8). The phosphorescence lifetimes of the copper 
complexes 3 and 4 in PMMA films are very similar to the 
solid state (Table 1). However, the gold NHC compound 5 

shows an enormous increase in lifetime to 24 s, and the 

gold phosphine complex 6 exhibits a decrease to 7.2 s.  

 
Figure 8. Emission spectra of PMMA films containing 10% of 
[Cu(tfppy)(IDipp)] (3) (red), [Cu(tfppy)(POP)] (4) (orange), 
[Au(tfppy)(IDipp)] (5) (blue) and [Au(tfppy)(PTol3)] (6) 
(green), respectively, at room temperature. 

 

DFT and TD-DFT studies. In order to gain more insight 
into the nature of the transitions and emissive excited 
states of the compounds investigated above, we carried 
out DFT and TD-DFT calculations at the PBE0/def2-TZVP 
level of theory. The S0 ground state structures for the CuI 
complexes 3 and 4, and the AuI compounds 5 and 6 agree 
well with the geometries obtained from single-crystal X-
ray diffraction studies. Selected important frontier 
orbitals of [Cu(tfppy)(IDipp)] (3) and [Cu(tfppy)(POP)] 
(4) are depicted in Figure 9, and those of 5 and 6 are given 
in the ESI. While the frontier orbitals of the free ligand 
are evenly distributed over the 2,3,4,5-tetrafluorophenyl 
ring and the pyridine ring (Figure S39), coordination to 
copper(I) in [Cu(tfppy)(IDipp)] (3) and [Cu(tfppy)(POP)] 
(4) leads to more localization of the LUMO at the 

pyridine moiety. The HOMO in both cases is *(M-L) in 
character, while HOMO-1 becomes a combination of the 

M(d) and  orbitals of the fluoroarene. HOMO-3 is 
basically the former HOMO of the free ligand 1, only that 
it is more localized at the phenyl moiety. 

The simulated absorption spectra obtained from the 
TD-DFT calculations coincide nicely with the 
experimental data, and they also display the subtle 
differences between 3-6 (Figures 5 and 7, and ESI). The 
band between 300-350 nm in the experimental absorption 
spectrum of [Cu(tfppy)(IDipp)] (3) seems to be a mixture 
of two different types of CTs, one being an 

M(d)→NHC(*) MLCT transition (S0→S3) and the other 

is of IL(tfppy) nature with some M(d)-tfppy(*) MLCT 
admixture (S0→S6) (Table 2). Interestingly, the fact that 
the plane of the IDipp ligand is perpendicular to the tfppy 
ligand allows the HOMO in 3 to interact with the 

NHC(*) orbital, while a transition to the ppy-type ligand 
is symmetry forbidden. The low-energy absorption band 
between 350-400 nm of [Cu(tfppy)(POP)] (4) is a 
ML(tfppy)CT.  

 



 

 

Figure 9. Selected frontier orbitals of [Cu(tfppy)(IDipp)] 
(3) (left) and [Cu(tfppy)(POP)] (4) (right). The respective 
energies in eV are given in brackets.  

In stark contrast to 3 and 10, the missing coordination 
of the pyridine ring of the tfppy ligand to AuI in 
[Au(tfppy)(IDipp)] (5) and [Au(tfppy)(PTol3)] (6) leads to 
localization of the LUMO at the NHC or phosphine ligand 
trans to the fluoroarene, while the HOMO and HOMO-1 

are combinations of M(d) and fluoroarene() orbitals 
(Figures S43 and S46). Consequently, the lowest 
absorption bands of 5 and 6 can be described as inter-
ligand (tfppy→NHC/PTol3) charge transfer with minor 
MLCT contributions.  

 

Table 2. Selected results of the TD-DFT calculations 
for 3-6 obtained at the PBE0/def2-TZVP level. 

Cpd. State 
Energy 

f Transition (%) 
[nm] [eV] 

3 S1 457 2.72 0.006 H→L (99) 

 S3 340 3.65 0.078 H→L+2 (51) 

H→L+3 (22) 

H→L+6 (10) 

 S6 322 3.85 0.026 H-1→L (48) 

H-2→L (44) 

 S11 293 4.24 0.081 H-3→L (48) 

H-5→L (35) 

4 S1 418 2.97 0.003 H→L (83) 

H-1→L (13) 

 S2 367 3.38 0.122 H-1→L (83) 

H→L (13) 

 S8 337 3.68 0.018 H-1→L+2 (60) 

H→L+3 (25) 

 S24 286 4.34 0.093 H-3→L (53) 

H→L+10 (12) 

5 S1 269 4.60 0.019 H→L (62) 

H→L+1 (23) 

 S2 264 4.69 0.059 H-1→L (49) 

H-2→L (13) 

6 S1 290 4.28 0.018 H→L+2 (32) 

H→L (27) 

H-2→L+2 (18) 

 S4 275 4.52 0.055 H-1→L+2 (35) 

H-1→L (26) 

H→L+1 (13) 

H-2→L+1 (12) 

 S8 264 4.71 0.032 H-1→L (28) 

H-1→L+1 (24) 

H→L+5 (17) 

 S13 254 4.88 0.093 H-3→L+1 (54) 

 

 



 

We have optimized the lowest triplet excited states of 
3-6, which reveal that the phosphorescence is due to an 
3IL(tfppy) state with very little metal(d) participation 
(Figures 10, S41, S44 and S47), assuming that emission 
occurs mainly from electron density redistribution 
between the HSOMO to the LSOMO. The electron is 
mainly located at the pyridine ring, while the phenyl 
moiety contains most of the hole. The reason for the 
emission of the CuI complexes being lower in energy 
compared to the gold compounds presumably lies in the 
better ligand conjugation due to the coordination of the 
pyridine to the copper. Furthermore, M(d) orbital 

interaction with the  electron density should in that case 
also be more efficient and consequently lead to higher 
effective SOC from the metal center, and thus to higher 
quantum yields. It can be assumed that this is why the 
linear complex [Cu(3-dfppy)(IDipp)] (8) shows no 
significant emission even in the solid state. Also, the 
missing interaction of the gold atom with the pyridine 
ring in the triplet state of 5 apparently reduces the 
effective SOC of the heavy atom, explaining the found 
residual fluorescence and weak phosphorescence. For 6, 
the triplet state shows very weak coordination of the 
pyridine to AuI, as the linear arrangement of the NHC 
ligand and the phenyl ring is unperturbed. However, it 
should be mentioned that in this case the gas-phase 
optimization helps to understand the solution behavior of 
6, but it can be assumed that in the solid state a geometry 
similar to the ground state is maintained, leading to 
similarly inefficient emission as found for 5. 

 

 

Figure 10. Electron (left) and hole (right) of the 
optimized triplet excited state T1 of [Cu(tfppy)(IDipp)] 
(3). 

 

 

III. CONCLUSIONS 

We have reported on the development of a synthetic 
route to access hitherto unknown CuI and AuI ppy-type 
complexes, which are luminescent. Coordination of 2-
(2,3,4,5-tetrafluorophenyl)pyridine (1) to CuI has been 
achieved either via C-H activation using [Cu(OH)(IDipp)] 
(2) in THF, or by lithiation and subsequent reaction with 
CuBr∙SMe2 in the presence of POP, giving the two copper 
complexes [Cu(tfppy)(IDipp)] (3) and [Cu(tfppy)(POP)] 
(4), respectively. The C-H activation pathway carried out 
in acetonitrile results in an unusual CuI mediated 
hydroxylation of the solvent, leading to the isolation of a 

copper(I) acetamide species, i.e. [Cu(NHC(O)Me)(IDipp)] 
(14). Interestingly, employing 2-(2,4-difluorophenyl)-
pyridine (7) as a ligand, Cu-C bond formation is only 
observed in the 3-position of the phenyl ring, giving the 
linear coordinated, non-luminescent CuI aryl complex 8. 
In contrast to trigonal 3 and tetrahedral 4, the 
corresponding NHC and phosphine AuI tfppy 
compounds, [Au(tfppy)(IDipp)] (5) and 
[Au(tfppy)(PTol3)] (6), show linear coordination 
geometries around the coinage metal center, with the 
nitrogen of tfppy not binding to AuI.  

The coordination of the pyridine moiety of the ppy-
type ligands has a profound effect on the luminescence 
properties of the CuI and AuI complexes. The copper 
compound 3 is weakly emissive in solution, but like 4 it is 
intensely luminescent in the solid state, exhibiting 
orange-red phosphorescence from an 3IL state at room 
temperature. In contrast, the linear AuI complexes 5 and 6 
are very weakly phosphorescent even in the solid state 
due to insufficient SOC, with 5 showing additional 
fluorescence at 297 K. Also, the linear complex [Cu(3-
dfppy)(IDipp)] (8) shows no emission at room 
temperature in the solid state. 

Our current efforts are devoted to optimizing the 
emission properties of coinage metal ppy-type complexes 
by chemical modification, which includes tuning of the 
emission color and the luminescence efficiency. 

 

IV. EXPERIMENTAL DETAILS 

General Conditions. Htfppy (1) was synthesized 
following a literature known procedure.84 All other 
starting materials were purchased from commercial 
sources and were used without further purification. The 
organic solvents for synthetic reactions and for 
photophysical and were HPLC grade, further treated to 
remove trace water using an Innovative Technology Inc. 
Pure-Solv Solvent Purification System and deoxygenated 
by purging with Argon. All synthetic reactions were 
performed in an Innovative Technology Inc. glovebox or 
under an argon atmosphere using standard Schlenk 
techniques. 1H, 13C{1H}, 13C{19F}, 19F, 31P, (15N, 1H) HMBC 
NMR spectra were measured either on a Bruker Avance 
500 (1H, 500 MHz; 13C, 125 MHz; 19F, 470 MHz; 31P 202 
MHz) or on a Bruker Advance 200 (1H, 200 MHz; 7Li, 77 
MHz; 19F, 188 MHz) NMR spectrometer. The MALDI mass 
spectra above were performed with a Bruker Daltonics 
autoflex II mass spectrometer, equipped with a 
MidiNitrogen laser MNL (LTB Lasertechnik, Berlin) 
operating at 337 nm. Calibration was performed externally 
with 1 µl of a mixture of 10 mg/ml PEG1000 (Lancaster) in 
methanol, a saturated solution of 2,5-dihydroxybenzoic 
acid (Bruker Daltonics) in methanol and sodium iodide (1 
mg/ml in Methanol) in a ratio of 10:10:1. 1 µl of the sample 
solution (2 mM in THF) and 2 µl of a 100 mg/ml matrix 
solution (2-[(2E)-3-(4-tert-butylphenyl)-2-methylprop-2-
enylidene]malononitrile (DCTB; Fluka)) in THF were 
mixed and 0,5–1 µl were dropped onto the stainless steel 
target (MTP 384 massive target T; Bruker Daltonics 



 

#26755). Due to the isotopic distribution over a broad m/z 
region caused by chlorine, and/or bromine the signal of 
monoisotopic signals was too small for some compounds 
in intensity for an accurate mass measurement. In this 
case, typically the most intense signal (X+n) of this 
isotopic distribution was taken as described and 
compared with the respective calculated value. For 
calculation of the respective mass values of the isotopic 
distribution, the software modul “Bruker  Daltonics 
IsotopePattern” of the software Compass 1.1 from Bruker 
Daltonik GmbH, Bremen was used. 

Photophysical measurements. All experiments were 
carried out on crystalline samples, of which the respective 
unit cell was determined for several crystals of the bulk 
sample before the measurements in order to exclude 
impurities. Furthermore, multiple trials of the same 
experiment/data collection ensured reproducibility. UV-
visible absorption spectra were obtained on an Agilent 
1100 Series Diode Array spectrophotometer using 
standard 1 cm path length quartz cells. Excitation and 
emission spectra were recorded on an Edinburgh 
Instrument FLSP920 spectrometer, equipped with a 450 
W Xenon arc lamp, double monochromators for the 
excitation and emission pathways, and a red-sensitive 
photomultiplier (PMT-R928) as detector. The excitation 
and emission spectra were corrected using the standard 
corrections supplied by the manufacturer for the spectral 
power of the excitation source and the sensitivity of the 
detector. The quantum yields were measured by use of an 
integrating sphere with an Edinburgh Instrument 
FLSP920 spectrometer. The luminescence lifetimes were 
measured using a μF900 pulsed 60 W Xenon microsecond 
flashlamp, with a repetition rate of 100 Hz, and a 
multichannel scaling module. The emission was collected 
at right angles to the excitation source with the emission 
wavelength selected using a double grated 
monochromator and detected by a R928-P PMT. Low 
temperature measurements were performed in an Oxford 
Optistat cryostat. 

X-ray Crystallography. Crystals suitable for single-
crystal X-ray diffraction were selected, coated in 
perfluoropolyether oil, and mounted on MiTeGen sample 
holders. Diffraction data were collected on a Nonius 
Kappa three circle diffractometer utilizing graphite 
monochromated MoKα radiation (λ = 0.71073 Å) from a 
rotating anode tube run at 50 V and 30 mA. The 
diffractometer is equipped with a Bruker ApexII area 
detector and an open flow N2 Cryoflex II (Bruker) device, 
the measurement was performed at 100 K. For data 
reduction, the Bruker Apex2 software suite (Bruker AXS) 
was used. Subsequently, utilizing Olex296 or ShelX97 the 
structures were solved using the Olex2.solve98 charge-
flipping algorithm or ShelXT99, and were subsequently 
refined with Olex2.refine98 using Gauss-Newton 
minimization or ShelXle. All non-hydrogen atom 
positions were located from the Fourier maps and refined 
anisotropically. Hydrogen atom positions were calculated 
using a riding model in geometric positions and refined 

isotropically, where possible to determine 
unambiguously. 

Computational Details. Calculations (gas-phase) were 
performed with the ORCA 3.0.2 program suite.100 
Geometry optimizations were carried out either with the 
PBE0101-107 functional, or with the BP86108-109 functional, 
followed by a single point calculation with PBE0, as 
implemented in ORCA, and a frequency analysis ensuring 
that the optimized structures correspond to global energy 
minima. The def2-TZVP110-111 basis set was used for all 
atoms together with the auxiliary basis set def2-TZVP/J in 
order to accelerate the computations within the 
framework of RI approximation. Relativistic effects of the 
Cu(I) complexes were accounted for by employing the 
ZORA112 method, while for Au(I) an ECP of def2-tvzp 
quality has been employed,111,113,114 and van der Waals 
interactions have been considered by an empirical 
dispersion correction (Grimme-D3BJ).115,116 TD-DFT 
calculations for the first 50 singlet and triplet excited 
states were performed with the same functional. 
Representations of molecular orbitals were produced with 
orca_plot as provided by ORCA 3.0.2 and with gOpenMol 
3.00.117,118 

Synthesis. [Cu(tfppy)(IDipp)] (3). [Cu(OH)(IPr)] (2) (469 
mg, 1 mmol) was dissolved in THF (10 ml) in a 
scintillation vial and 200 mg molecular sieves (4 Å) and 1 
(228 mg, 1 mmol) were added. The reaction mixture was 
stirred at -30°C for 24 hours, then filtered over celite and 
the volatiles were evaporated under reduced pressure to 
give a red powder. The solid was dissolved in the smallest 
amount of THF possible, layered with diethylether and 
stored for 2 days at -30°C to give 3 as red crystals (437 mg, 

63%). 1H NMR (d8-THF, 500 MHz):  7.90 (m, 1H), 7.76 
(m, 1H), 7.53 (m, 2H), 7.45 (s, 2H), 7.37 (m, 4H), 7.00 (m, 
1H), 6.83 (m, 1H), 2.90 (hept, 4H), 1.29 (d, JHH = 6.79 Hz, 
12H), 1.22 (d, JHH = 6.79 Hz, 12H) ppm. 13C{1H} NMR (d8-

THF, 125 MHz):185.8 (s), 156.43 (bs), 148.7 (s), 148.4 (m), 
145.9 (m), 145.7 (s), 139.0 (m), 136.9 (m), 136.4 (s), 129.6 (s), 
123.93 (s), 123.3 (s), 123.03 (s), 122.6 (s), 120.9 (s), 28.2 (s), 
23.7 (s), 23.3 (s) ppm. 13C{19F} NMR (d8-THF, 125 MHz): 

185.8 (s), 156.43 (bs), 148.7 (ddd, JCH = 181, 7, 2 Hz), 148.4 
(s), 145.9 (s), 145.7 (bs), 139.0 (s), 136.9 (s), 136.4 (bs), 129.6 
(m, JCH = 159 Hz), 123.93 (ddd, JCH = 159, 7, 4 Hz), 123.9 
(bs), 123.3 (dd, JCH = 196, 13 Hz), 123.03 (m), 122.6 (m, JCH = 
141, 12 Hz), 120.9 (ddd, JCH = 162, 9, 6 Hz), 28.2 (m, JCH = 
126 Hz), 23.7 (m), 23.3 (m) ppm. 19F NMR (d8-THF, 470 

MHz): -105.87 (m), -143.3 (m), -157.2 (m), -165.1 (m) ppm. 
15N NMR (d8-THF, 51 MHz): -185.9 (s, NNHC), -85.7 (s, 
Npy) ppm. MALDI/TOF: m/z 930 (M+DCTB+H) +. Anal. 
Calcd for CuC47H32NF4P2O: C, 67.29; H, 5.94; N, 6.21. 
Found: C, 66.82; H, 5.61; N, 6.68. 

General Procedure for the Preparation of 4-6. 1 and 2 equiv 
of freshly distilled TMEDA were dissolved in THF (10 ml) 
and cooled to -40°C. Then, 1.2 equiv nBuLi (1.6M in THF) 
was added and the solution stirred for 4 hours. The 
tfppyLi·TMEDA solution was transferred via cannula to a 
cooled suspension of the respective metal halide complex 
and ligand in THF (10 ml) at -40°C. After stirring for 4 
hours at -40°C, the mixture was allowed to warm to room 



 

temperature overnight. The volatiles were removed in 
vacuo and the resulting powder was extracted with an 
appropriate solvent. 

[Cu(tfppy)(POP)] (4). 4 was generated from 1 (228 mg, 1 
mmol), CuBr (143 mg, 1 mmol) and POP ligand (538 mg, 1 
mmol). After extraction with a 2:1 mixture of hexane/THF 
(3 · 20 ml) and evaporation of the volatiles, 4 was 
obtained as yellow powder (320 mg, 38%). Crystals 
suitable for X-Ray diffraction were obtained by layering a 
saturated solution of THF with diethylether at -30°C. 1H 

NMR (C6D6, 500 MHz):  8.19 (m, JHH = 9 Hz, 1H), 8.10 (m, 
JHH = 4 Hz, 1H), 8.08-7.56 (br, 4H), 7.12-6.61 (br, 24H), 
6.49 (m, 2H), 6.13 (ddd, JHH = 7, 5, 1 Hz, 1H) ppm. 13C{1H} 

NMR (C6D6, 125 MHz): 159.0 (vt), 157.3 (bs), 149.1 (s), 
136.2 (s), 135.0 (bs), 134.8 (s), 132.5 (bs), 130.4 (s), 126.7 (vt), 
124.3 (s), 123.4 (d, JCP = 19 Hz), 120.6 (s), 120.2 (s) ppm. 

13C{19F} NMR (C6D6, 125 MHz): 160.2 (vt), 159.0 (m), 157.3 
(m), 149.0 (ddd, JCH = 180, 7, 4 Hz), 148.6 (s), 148.0 (s), 
139.9 (s), 136.8 (s), 136.2 (dd, JCH = 162, 7 Hz), 135.0 (bd, JCH 
= 160 Hz), 134.8 (ddd, JCH = 162, 8, 2 Hz), 132.5 (bd, JCH = 
160 Hz), 130.4 (ddd, JCH = 162, 8, 2 Hz), 128.6 (s, Cipso), 126.7 
(m), 125.1 (s), 124.3 (dd, JCH = 161, 8 Hz), 123.4 (d, JCH = 166 
Hz, JCP = 19 Hz), 120.6 (m, JCH = 164, 7 Hz), 120.2 (d, JCH = 

162, 9 Hz) ppm. 19F NMR (C6D6, 470 MHz):  -105.2 (m), -
138.9 (m), -153.9 (m), -163.6 (m) ppm. 31P NMR (C6D6, 202 

MHz):  -10.4 (s) ppm. 15N NMR (C6D6, 470 MHz):  -100.8 
(s) ppm. MALDI/TOF: m/z 827.1 (M+H)+, 601 (Cu+POP)+. 
Anal. Calcd for CuC47H32NF4P2O: C, 68.16; H, 3.89; N, 1.69. 
Found: C, 67.72; H, 3.73; N, 1.51. 

[Au(tfppy)(IDipp)] (5). 5 was obtained from 1 (228 mg, 1 
mmol) and [AuCl(IDipp)] (620 mg, 1 mmol). Extraction 
was carried out with dichloromethane (3 · 10ml). After 
concentration and layering with hexane, white crystals of 
5 formed at -30°C (540 mg, 65%). 1H NMR (C6D6, 500 

MHz):  8.23 (m, JHH = 5 Hz, 1 Hz, 1H), 7.33 (m, 2H), 7.13 
(m, JHH = 8 Hz, 1H), 7.03 (m, 4H), 6.84 (m, JHH = 8 Hz, 2 
Hz, 1H), 6.59 (m, 1H), 6.25 (s, 2H), 2.50 (heptet, JHH = 7 
Hz, 4H) , 1.26 (d, JHH = 7 Hz, 12H), 1.04 (d, JHH = 7 Hz, 12H) 

ppm. 13C{1H} NMR (C6D6, 125 MHz):  193.4 (s), 159.1 (br), 
150.1 (m, JCF = 222 Hz), 149.9 (m, JCF = 56 Hz, Cipso), 148.3 
(s), 146.1 (m, JCF = 250 Hz, 11 Hz, 3 Hz), 145.4 (s), 140.0 (m, 
JCF = 256 Hz, 27 Hz, 13 Hz), 138.0 (m, JCF = 244 Hz), 134.5 
(s), 134.5 (s), 131.9 (m, JCF = 20 Hz, 6, 5 Hz), 130.3 (s), 124.5 
(br), 123.9 (s), 122.5 (s), 120.7 (s), 28.6 (s), 24.2 (s), 23.5 (s) 

ppm. 13C{19F} NMR (C6D6, 125 MHz): 193.4 (s), 159.1 (m, 
JCH = 11 Hz, 7 Hz), 150.1 (s), 149.9 (s), 148.3 (ddd, JCH = 177 
Hz, 7 Hz, 3 Hz), 146.1 (s), 145.4 (m), 140.0 (s), 138.0 (s), 
134.5 (dd, JCH = 161 Hz, 7 Hz), 134.5 (m), 131.9 (s), 130.3 (d, 
JCH = 160 Hz), 124.5 (dd, JCH = 161 Hz, 7 Hz), 123.9 (dm, JCH 
= 158 Hz), 122.5 (dd, JCH = 197 Hz, 11 Hz, 3 Hz), 120.7 (dm, 
JCH = 162 Hz, 6 Hz), 28.6 (dm, JCH = 130 Hz), 24.2 (qm, JCH 
= 125 Hz), 23.5 (qm, JCH = 125 Hz) ppm. 19F NMR (C6D6, 

470 MHz):  -115.6 (m), -143.8 (m), -158.7 (m), -162.7 (m) 
ppm. MALDI/TOF: m/z 811 (M+H)+, 1060 (M+DCTB)+. 
Anal. Calcd for AuC38H38N3F4: C, 56.23; H, 4.97; N, 5.18. 
Found: C, 55.75; H, 4.95; N, 5.30. 

[Au(tfppy)(PTol3)] (6). 6 was obtained from 1 (228 mg, 1 
mmol), AuCl·SMe2 (294 mg, 1 mmol) and PTol3 (304 mg, 1 

mmol). Extraction was carried out with dichloromethane 
(3 · 10ml). The organic phase was concentrated, layered 
with hexane and stored at -30°C giving 6 as white crystals 

(420 mg, 57%). 1H NMR (C6D6, 500 MHz): 8.45 (dm, JHH 
= 5 Hz, 2, 1 Hz, 1H), 7.54 (m, JHH = 8 Hz, 1H), 7.39 (m, 6H), 
7.07 (m, 1H), 6.83 (m, 1H), 6.63 (m, 1H), 1.95 (s, 9H) ppm. 
13C{1H} NMR (C6D6, 125 MHz):  158.1 (m), 154.9 (m, JCF = 
60 Hz, Cipso), 150.0 (m, JCF = 217 Hz, CF), 149.2 (s), 146.9 
(m, JCF = 251 Hz, CF), 141.1 (d, JCF = 3 Hz), 140.8 (m, JCF = 
259 Hz), 138.8 (m, JCF = 225 Hz), 135.1 (s), 134.1 (d, JCP = 15 
Hz), 129.6 (d, JCP = 11 Hz), 128.4 (d, JCP = 51 Hz), 125.3 (d, JCP 
= 6 Hz), 121.3 (s), 20.8 (d, JCP = 2 Hz) ppm. 13C{19F} NMR 

(C6D6, 125 MHz): 158.1 (m), 154.9 (s), 150.0 (s), 149.2 
(ddd, JCH = 178 Hz, 7 Hz, 3 Hz), 146.9 (s), 141.1 (m), 140.7 
(s), 138.7 (s), 135.1 (dd, JCH = 162 Hz, 6 Hz), 134.1 (dd, JCH = 
168 Hz, 7 Hz, JCP = 15Hz), 129.6 (dm, JCH = 160 Hz, JCP = 11 
Hz), 128.4 (dm, JCH = 8 Hz, JCP = 51 Hz), 125.3 (dm, JCH = 164 
Hz, 2 Hz, JCP = 6 Hz), 121.3 (dm, JCH = 162 Hz, 7 Hz), 20.8 
(qm, JCH = 126 Hz, 4 Hz, JCP = 2 Hz) ppm. 19F NMR (C6D6, 

470 MHz): -112.9 (m), -142.6 (m), -156.5 (m), -160.2 (m) 

ppm. 31P NMR (C6D6, 202 MHz): 36.22 ppm. 
MALDI/TOF: m/z 727.100 (M+H) +. Anal. Calcd for 
AuC32H25NF4P: C, 52.83; H, 3.46; N, 1.93. Found: C, 52.87; 
H, 3.42; N, 2.15. 
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