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Abstract: [(Z)-2′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]2Se (5, L1) and [(Z)-4′-{2-C6H5-(4H)-oxazol-5-
one}CHC6H4]2Se (6, L2) were prepared, structurally characterized and used as ligands to obtain new
metal complexes of types [MX(Ln)] [L1: M = Ag, X = OTf (7); M = Au, X = Cl (13); L2: M = Ag, X = OTf (8);
M = Au, X = Cl (14)], [(MX)2(Ln)] [M = Ag, X = OTf, L1 (9); L2 (10)], [ZnCl2(Ln)] [L1 (15); L2 (16)] and
[Ag(Ln)][PF6] [L1 (11); L2 (12)]. The silver complexes 7 and 8 were ionic species (1:1 electrolytes) in
a MeCN solution, while in the solid state, the triflate fragments were bonded to the silver cations.
Similarly, the 2:1 complexes 9 and 10 were found to behave as 1:2 electrolytes in a MeCN solution,
but single-crystal X-ray diffraction demonstrated that compound 9 showed the formation of a dimer
in the solid state: a tetranuclear [Ag(OTf)]4 built through bridging triflate ligands was coordinated by
two bridging organoselenium ligands through the nitrogen from the oxazolone ring and the selenium
atoms in a 1κN:2κSe fashion. Supramolecular architectures supported by intermolecular C−H···π,
C−H···O, Cl···H and F···H interactions were observed in compounds 4, 5 and 9. The compounds
exhibited similar photophysical properties, with a bathochromic shift in the UV-Vis spectra caused by
the position of the oxazolone ring on the phenyl ring attached to the selenium atoms.

Keywords: homoleptic diorganoselenium(II) proligands; oxazolone; metal complexes; solution
behavior; X-ray structures; supramolecular interactions; photophysical properties

1. Introduction

Organoselenium chemistry is a growing field of research not only due to the ap-
plication of organoselenium compounds in biology [1], material science [2] and organic
chemistry [3] but also for their use in coordination chemistry as ligands for the preparation
of metal complexes [4].

The antioxidant properties of organoselenium compounds have determined the devel-
opment of selenium fluoroprobes for the investigation of cell functions and the recognition
of metal cations [5,6]. One example is Rhodamine B selenolactone, which has been found to
have fluorescence on–off responses to Ag+ and Hg2+ cations due to the affinity of selenium
for silver and mercury [7].

Diorganoselenium compounds with homoleptic or heteroleptic organic groups con-
taining more than one donor atom in their skeletons are fascinating and interesting to
study because of their potential use for the coordination of soft and hard metal ions due
both to the softness properties of selenium atoms and the hardness of other donor atoms,
such as nitrogen. Metal complexes containing multidentate diorganoselenides have been
found to have applications in medicine [8] and material science [9]. For the preparation
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of such species, the role of ligands is very important. To prepare potentially multidentate
proligands, the geometrical properties of the binding sites can be rationalized consider-
ing the stereoelectronic preferences of the targeted metals. The incorporation of several
donor atoms, both soft and hard, in the structure of a proligand represents a challenge
as different types of coordination patterns to the metal cations can be accomplished. A
series of biologically active selenium-containing compounds have been used to obtain
complexes with metal cations known for their importance in biology (e.g., selenonico-
tine derivatives were used as linkers to build 1D coordination polymers [10]) and mate-
rial science (e.g., dichlorobis [1,3-dimethyl-2(3H)-imidazoleselone]zinc(II) was used as a
ZnSe precursor [11]).

For years, our research interests have been focused on the synthesis and structural
characterization of metal complexes with organochalcogen multidentate ligands for po-
tential applications in optoelectronics and material science, e.g., complexes of heteroleptic
organochalcogen ligands containing nitrogen and chalcogen donor atoms with coinage
metals [12–14], group 12 [15,16] and tetrels [17]. In the attempt to obtain metal complexes
with photophysical properties and potential applications in optoelectronics, in the present
study, we designed new homoleptic diarylselenides with organic substituents containing
oxazolone fragments in their skeletons as ligands to build metal complexes. The selection
of the oxazolone moiety was based on the optical properties described for various com-
pounds containing such heterocycles [18–22]. In a previous work, we described the related
heteroleptic diorganoselenide (n-Bu)[(Z)-4′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]Se and
used it for the synthesis of silver(I) complexes [23]. The metal salts used for the synthesis
of complexes in the present work were chosen considering their abilities to provide ionic
or neutral metal complexes with potential luminescence properties. Silver triflate was
selected due to the capacity of triflate anions to behave as bridging ligands, thus being
very useful building blocks for the construction of coordination polymers [23] or different
heteropolynuclear complexes (e.g., [Hg(mesityl)2Ag2(OTf)2]2 [24]).

2. Results and Discussion
2.1. Synthesis

The precursor [2-(O=CH)C6H4]2Se (3) was prepared following the method previ-
ously described in the literature [25], while for [4-(O=CH)C6H4]2Se (4), the method was
adapted [26]. Even though the diorganoselenide 4 has previously been reported in the
literature [27], we developed a new method for the synthesis of this compound and fully
characterized it. Thus, a THF solution of the freshly protected 4-brombenzyl aldehyde,
4-[(CH2O)2CH]C6H4Br, was treated with n-BuLi at −78 ◦C, in THF. After 3 h, Se(detc)2
(detc = diethyl dithiocarbamate) was added to the reaction mixture, and the mixture was allowed
to reach room temperature. After the isolation and purification of {4-[(CH2O)2CH]C6H4}2Se (2),
the deprotection of the aldehyde fragments was achieved by treatment with HCl in acetone to
give the desired precursor 4 (Scheme 1).

The target compounds [(Z)-2′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]2Se (5, L1) and [(Z)-4′-
{2-C6H5-(4H)-oxazol-5-one}CHC6H4]2Se (6, L2) were obtained using a well-known literature
procedure, i.e., the Erlenmeyer–Plochl method [28–31], by reacting [2-(O=CH)C6H4]2Se (3)
and [4-(O=CH)C6H4]2Se (4), respectively, with N-benzoylglycine and sodium acetate, in
acetic anhydride, at 100 ◦C for 2 h (Scheme 1). After the work-up of the reaction mixtures,
the products were isolated in very good yields (75% for 5 and 92% for 6) as intense yellow
solids. As in most of the cases, using the described procedure, only the Z isomer was
isolated for both oxazolone-containing compounds 5 and 6 [32].

The ability of 5 and 6 to behave as ligands for metal cations was investigated towards
the following salts: AgOTf, AgPF6, AuCl(tht) and ZnCl2. The proligand-to-metal molar
ratio used for the reactions was 1:1. For reactions with AgOTf, a proligand-to-metal molar
ratio of 1:2 was also used in order to study the influence of the amount of metal salts
towards complexation and taking into account the potential multidenticity of proligands
5 and 6.
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Scheme 1. Synthesis of diorganoselenium(II) compounds 1–6.

All the complexes were prepared at room temperature, under normal atmospheric
conditions, using dry solvents (acetone for 7–10, CH3Cl for 11–14, and a mixture of
CH3Cl/EtOH for 15–16) (Scheme 2). The reaction time was 30 min, and the preparation and
work-up of the silver complexes 7–12 was performed in the absence of light, to avoid decom-
position. The metal complexes 7–16 were isolated as intense colored solids, in very good
yields, after precipitation with Et2O (compounds 7–12) and n-hexane (compounds 13–16)
and washing the precipitates several times, with the same solvent.
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The proligands 5 and 6 and the new metal complexes were characterized in the
solid state by IR spectroscopy and in solution by multinuclear NMR spectroscopy, mass
spectrometry and molar conductivities (for metal complexes). The optical properties
of the compounds were investigated in solution by UV-Vis and fluorescence measure-
ments. The solid-state molecular structures of 4, 5 and 9 were obtained by single-crystal
X-ray diffraction.

2.2. Spectroscopic Characterization

The FT-IR spectrum of compound 4 exhibits a typical strong band at 1710 cm−1 for
the C=O stretching vibration, consistent with the deprotection of the aldehyde fragments
in the precursor 2. The formation of the oxazolone derivatives 5 and 6 according to
Scheme 1 was confirmed by their infrared spectra, i.e., (i) the disappearance of a NH
absorption band around 3400–3500 cm−1, which is present in the N-benzoylglycine used
as starting reagent [33], (ii) the presence in the range 1768–1795 cm−1 of a characteristic
double absorption, due to Fermi resonance, for the C=O stretching vibration in the lactone
group [34–36], and (iii) the presence of bands for stretching of endocyclic C=N bonds
(1651 and 1653 cm−1 for 5 and 6, respectively) and C−O (1289/1225 and 1295/1238 cm−1

for 5 and 6, respectively) [35,37]. The IR spectra of the metal complexes 7–16 exhibit bands
for stretching vibrations of the organoselenium ligands in the same ranges as observed for
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free, uncoordinated 5 and 6, i.e., 1750–1800 cm−1, 1650–1660 cm−1 and 1220–1300 cm−1 for
ν(C=O), ν(C=N) and ν(C−O) stretching vibrations, respectively.

In the IR spectra of the silver complexes 7–10, the four characteristic bands for the
triflate fragment were found in the range 1040–1330 cm−1, including the very strong split
band corresponding to the asymmetric SO3 stretch at 1289 cm−1 in 7, 1231 cm−1 in 8,
1296 cm−1 in 9 and 1291 cm−1 in 10. The splitting of these strong bands indicates an
interaction, in the solid state, of the triflate fragment with the silver atom [38].

Multinuclear NMR spectroscopy was employed to characterize all the compounds in
solution, at room temperature. The 1H and 13C{1H} NMR spectra of the diorganoselenides
1−6 exhibited only one set of resonances, consistent with the formation of only one species
in solution, with equivalent organic groups attached to selenium atoms. All resonances
showed the expected multiplicity and were assigned using 2D NMR spectra (according
to the numbering scheme displayed in Scheme 3). Two multiplet 1H resonances in the
range δ 4.00–4.20 ppm were observed for the protons of the dioxolane ring in compounds
1 and 2. Their complete disappearance in the spectra of compounds 3 and 4, together
with the change in the chemical shift for the resonance assigned to H7 protons from
δ 6.14 ppm in 1 to 10.28 ppm in 3 and from δ 5.8 ppm in 2 to 9.98 ppm in 4, evidenced the
formation of the target species by deprotection of the aldehyde moieties. The formation
of the oxazolone ring in 5 and 6 was easily confirmed by the shift of the singlet resonance
for H7 protons to δ 7.85 ppm in 5 (see Supplementary Material, Figure S1) and δ 7.22 ppm
in 6 (see Supplementary Material, Figure S2). Differences in the chemical shifts and in the
multiplicity of the resonance signals were observed in complexes 7–16 when compared
with the free proligands 5 and 6 (see Supplementary Material, Figures S3 and S4).
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The 13C{1H} NMR spectra showed the expected resonances for all compounds, slightly
shifted in the metal complexes when compared with the free proligands.

The 77Se{1H} NMR spectra were recorded for all the compounds; nonetheless, in some
metal complexes, the signals were not observed. The singlet 77Se{1H} resonance signals are in
the range δ = 320–443 ppm, corresponding to the typical chemical shifts for diorganoselenides,
as reported in the literature [39,40]. The chemical shifts in the proligands 5 (δ = 343 ppm) and
6 (δ = 438 ppm) are very similar to those observed for the metal complexes 13 (δ = 343 ppm),
14 (δ = 437 ppm) and 16 (δ = 437 ppm), indicating that Se–M (M = Ag, Au and Zn) interactions
might not be present in solution. This is consistent with the previously observed behavior
for [Ag{(n-Bu)[4-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]Se}][X] (X = OTf, PF6) [23], in solution,
when only the nitrogen atoms from the oxazolone rings are coordinated to the metal center.

The silver complexes 7–12 exhibited one resonance signal in the 19F{1H} and 31P{1H}
NMR spectra, with the expected multiplicities, thus being consistent with the presence of
only one species in solution.

When the metal was changed, from Ag(I) to Au(I) and Zn(II), no major differences were
observed in the NMR spectra recorded in solution for the complexes reported in this work.
Based on the NMR spectra of the complexes reported herein and taking into account the
solid-state molecular structure for 9 (vide infra), for the complex [Ag(OTf){(n-Bu)[(Z)-4′-{2-
C6H5-(4H)-oxazol-5-one}CHC6H4]S}], which contains a related heteroleptic diorganosulfide
ligand [23], as well as other literature data [40], we suggest that the metal ion in complexes
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7–16 is coordinated by the nitrogen atom of an oxazolone ring. The presence of only one set of
resonances for the organic groups attached to the selenium atom in the NMR spectra of the
complexes 7, 8, 11–16 is consistent with a dynamic behavior in solution, at room temperature,
the metal atom being alternatively attached to one of the two organic substituents from a
selenium ligand. To investigate such a dynamic behavior, as also proposed for the related
mercury(II) complex [HgCl2{2-(4,4-dimethyl-2-oxazolinyl)phenyl}2Se] [40], a VT NMR study in
acetone-d6 was performed for compound 7. Unfortunately, the poor solubility of the complex
prevented measurements carried out below −50 ◦C, and the spectra recorded until this tem-
perature provided no evidence regarding the presence of non-equivalent organic substituents
on selenium.

The HRMS ESI+ spectra show the molecular peak in 1 (m/z 290.99188), 5 (m/z 577.06329)
and 6 (m/z 577.06671) and the cations [M-OTf]+ (m/z 682.96344 for 7, m/z 682.96337 for 8)
and [M-PF6]+ (m/z 682.96246 for 11, m/z 682.96350 for 12) as the base peak.

Molar conductivity measurements were performed in 10−3 M acetonitrile solution.
The ΛM values in the range 120–170 Ω−1·cm2·mol−1 found for the complexes 7, 8, 11
and 12 are consistent with a behavior as 1:1 electrolytes, while ΛM values in the range
14–65 Ω−1·cm2·mol−1, observed for the gold complexes 13 and 14 as well as for zinc
complexes 15 and 16, indicate their non-electrolyte nature [41,42]. The ΛM values found for
complexes 9 (250 Ω−1·cm2·mol−1) and 10 (230 Ω−1·cm2·mol−1) confirm their behavior as
1:2 (cation–anion) electrolytes in solution.

The photophysical investigation of the homoleptic diorganoselenium compounds
functionalized with oxazolone and their complexes with different d block metals was
carried out at room temperature, in 5·10−5 M dichloromethane solution. The relevant
data obtained from this investigation are summarized in Table 1. Figure 1a–d as well as
Figures S5 and S6 (see Supplementary Material) show the absorption and emission spectra
of these compounds.

Table 1. Photophysical data of compounds 3–16.

Cpd. λabs (nm) [ε (M−1·cm−1)] λex (nm) λem (nm) Stokes Shift
(cm−1)

3 242 [30,806]; 271 [6805]; 344 [4659] - - -

4 242 [18,414]; 313 [13,818]; 337 (sh) - - -

5 255 [21,719]; 354 [28,900]; 367 [27,809]; 400 (sh) 400 523 5880

6 232 [12,818]; 262 [17,550]; 372 [25,677]; 404
[31,274]; 430 [sh] 430 510 3648

7 255 [13,485]; 354 [23,677]; 367 [22,836]; 400 (sh) 400 524 5916

8 265 [5357]; 372 [8840]; 399 [10,806]; 418 [11,154] - - -

11 258 [23,581]; 365 [21,968]; 354 [22,844]; 400 (sh) 400 523 5880

12 264 [21,723]; 367 [29,273]; 401 [34,650]; 430 (sh) 430 511 3686

13 266 [16,567]; 354 [13,599]; 366 [13,134]; 400 (sh) 400 526 5989

14 265 [17,74]; 374 [21,201]; 399 [24,835]; 430 (sh) - - -

15 266 [15,427]; 372 [31,308]; 404 [31,236]; 427 (sh) 427 523 4299

16 252 [18,387]; 355 [19,551]; 368 [18,930]; 395 (sh) 395 508 5631

The UV-Vis absorption spectra of compounds 5–16 revealed the electron-donor prop-
erty of the oxazolone ring by intraligand charge transfer (ILCT) characterized by large
molar extinction coefficients. The presence of the oxazolone ring in the skeleton of the
compounds was easily evidenced by the presence of a higher energy band in the visible re-
gion for compounds 5–16, when compared to precursors 3 and 4. The intensive absorption
bands below 300 nm in 3 and 4 were assigned to intraligand π–π* interactions [43].
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Figure 1. (a) Normalized UV–Vis absorption spectra of 5, 7, 11, 13 and 15; (b) normalized emission
spectra of 5, 7, 11, 13 and 15; (c) normalized absorption and emission spectra of 13, and (d) normalized
emission spectra of 15 and 16.

The pattern of the emission in the spectra of the metal complexes resembles that of the free lig-
ands, and the intensity of the emission is not modified (Figure 1b). This emission behavior suggests
the absence of M···M interaction in solution. The perturbation caused by this type of interactions
is usually reflected in a pronounced luminescence, as was revealed in several silver complexes,
i.e., [Ag{4-(4-N,N-dimethylaminophenyl)-2,6-diphenylpyridine}2][ClO4] [44], [Ag4(SO4)2(3,3′,5,5′-
tetramethyl-4,4′-bipyrazole)4]·H2O, [Ag2(SO4)(3,3′,5,5′-tetramethyl-4,4′-bipyrazole)2]·3H2O [43],
[Ag(ClO4)(tris[2-(2-pyridyl)ethyl]phosphine)] and [Ag4Cl4(tris[2-(2-pyridyl)ethyl]phosphine)2] [45].

It is worth mentioning that both the compounds containing the ortho- (5, 7, 11, 13 and
15) and the para-substituted (6, 8, 12, 14 and 16) organic substituents attached to selenium
showed quite similar photophysical behavior (Figure 1a,b); i.e., structured absorption
spectra with maxima located between 240 and 275 nm and another intense absorption
band between 300 and 400 nm can be observed for both sets of compounds. Nonetheless,
the oxazolone moiety position on the phenyl ring attached to selenium has a significant
effect on the absorbance of the compounds; i.e., the para-substituted compound 6 induced
a bathochromic shift in the UV-Vis spectra (see Supplementary Material, Figure S5). A
hyperchromic shift can be observed in the case of zinc complex 15 (Figure 1d). Despite the
vibronic structure of the UV-Vis spectra, the emission spectra showed broad structureless
maxima in the blue-green region, characterized by a relatively large Stokes shift. Similar
emission maxima location was observed for all compounds, except compounds 8 and 14,
which do not present fluorescence emission.

2.3. Single-Crystal X-ray Diffraction Studies

The solid-state structure of the precursor 4, the proligand 5 and the silver complex 9
was investigated by single-crystal X-ray diffraction.
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The molecule of compound 4 exhibits a bent geometry at the selenium atom with a
C1-Se1-C8 angle of 101.15(9)◦ (Figure 2). The organic substituents attached to the central
chalcogen atom are basically planar (deviations from the best [4-(O=CH)C6H4]Se plane
in the range between −0.166 Å for O1 and 0.149 Å for C2 atoms for plane 1 and between
−0.108 Å for C9 and 0.153 Å for O2 atoms for plane 2), with a dihedral angle of 70.5◦

between the two corresponding best planes.
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Only the hydrogen atoms of the aldehyde substituents and those involved in intermolecular inter-
actions are shown. 

Figure 2. Thermal ellipsoid (probability 50%) representation of the molecular structure of
compound 4. Hydrogen atoms, except those of the aldehyde substituents, were omitted for clarity.
Selected bond lengths (Å) and angles (◦): Se1-C1 1.916(2); Se1-C8 1.907(2); C7-O1 1.182(3); C14-O2 1.220(3);
C1-Se1-C8 101.15(9).

A closer check in the packing of the crystal revealed the formation of a polymeric
chain association built from molecules of 4 doubly bridged through C−Haryl···π (Phcentroid)
(H3···Phcentroid{C8′′–C13′′} 2.87 Å, γ = 6.6◦; cf. H···Arcentroid contacts shorter than 3.1 Å and
an angle γ between the normal to the aromatic ring and the line defined by the H atom and
Arcentroid smaller than 30◦ [46]) and C−Haryl···O (H6···O1′ 2.58 Å; cf. ΣrvdW(O,H) 2.70 Å [47])
interactions (Figure 3). Further hydrogen contacts between parallel chains involving both
O1 and O2 atoms give rise to a 3D network (O1···H9a 2.49 Å and O2···H13b 2.46 Å) (see
Supplementary Material, Figure S7).
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Figure 3. Polymeric chain association in the crystal of 4 [symmetry equivalent positions (−1/2+x,
3/2−y, −1/2+z) and (1/2+x, 3/2−y, 1/2+z) are given by “prime” and “double prime”, respec-
tively]. Only the hydrogen atoms of the aldehyde substituents and those involved in intermolecular
interactions are shown.

In compound 5, the angular geometry around the selenium atom is reflected by a
C1-Se1-C1′ angle of 96.02(18)◦, with half of the molecule generated by symmetry (Figure 4).
The organic substituents on selenium are again planar (deviations of atoms from the best
plane of a [2′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]Se fragment range between −0.086 Å for
C16 atom and 0.117 Å for O2 atom) and almost orthogonal to each other (dihedral angle of
88.4◦ between the two best planes). The packing of the molecules in the crystal revealed a 2D
supramolecular architecture formed by weak C−Haryl···O (H13···O2b 2.68 Å) intermolecular
interactions involving a hydrogen from a phenyl moiety and the exocyclic oxygen from the
oxazolone ring of a neighboring molecule (see Supplementary Material, Figure S8).
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Figure 4. Thermal ellipsoid (probability 50%) representation of the molecular structure of compound 5
[symmetry equivalent position (−x, 1−y, z) is given by “prime”]. Hydrogen atoms, except those attached
to the C7 and C7′atoms, were omitted for clarity. Selected bond lengths (Å) and angles (◦): Se1-C1 1.946(3);
O1-C9 1.399(4); O1-C10 1.385(4); O2-C9 1.193(4); N1-C8 1.401(4); N1-C10 1.295(4); C2-C7 1.453(4); C7-C8
1.354(4); C8-C9 1.474(4); C1-Se1-C1’ 96.02(18); O1-C9-C8 104.5(3); C9-O1-C10 105.6(2); O1-C10-N1 116.0(3);
C8-N1-C10 105.2(3); N1-C8-C9 108.7(3); C7-C8-C9 121.7(3); O2-C9-C8 133.6(3); O1-C9-O2 122.0(3).

Single crystals of the silver complex 9, obtained when the proligand 5 was reacted
with AgOTf in a 1:2 molar ratio, were isolated from a chloroform solution. Table 2 displays
the most important interatomic distances and bond angles for 9. The asymmetric unit of
compound 9 contains one diorganoselenium ligand coordinated only through the nitrogen
atom from one oxazole ring to one of the silver atoms of the dinuclear [Ag2(OTf)2] core
(N1−Ag1 2.266(8)Å; cf. ΣrvdW(Ag,N) 4.25 Å [47], Σrcov(Ag,N) 2.16 Å [48]) (Figure 5) and
four molecules of crystallization solvent (CHCl3). The two metal atoms are bridged by the
triflate anions generating an eight-membered Ag2O4S2 ring (Ag1−O5 2.254(7) Å, Ag1−O8
2.359(6) Å and Ag2−O7 2.336(6)Å, Ag2−O10 2.341(6)Å, respectively; cf. ΣrvdW(Ag,O)
4.09 Å [47], Σrcov(Ag,O) 2.11 Å [48]).

Table 2. Selected interatomic distances (Å) and angles (◦) in 9·4CHCl3 a.

Se1-C1 1.943(8) C1-Se1-C17 99.3(4)

Se1-C17 1.941(9)

Ag1−N1 2.266(8) N1−Ag1−O5 134.9(3) Se1’−Ag2−O7 115.59(16)

Ag1−O5 2.254(7) N1−Ag1−O8 126.9(2) Se1’−Ag2−O10 125.86(16)

Ag1−O8 2.359(6) N1−Ag1−O9’ 83.03(22) Se1’−Ag2−O8’ 92.83(13)

Ag1−O9’ 2.6514(56) N1−Ag1−O10’ 69.19(20) Se1’−Ag2−O9’ 119.69(13)

Ag1−O10’ 3.5053(7) O5−Ag1−O8 98.1(3) O7−Ag2−O10 108.1(2)

Ag2−Se1’ 2.5691(1) O5−Ag1−O9’ 107.77(24) O7−Ag2−O8’ 136.21(21)

Ag2−O7 2.336(6) O5−Ag1−O10’ 146.10(22) O7−Ag2−O9’ 86.5(2)

Ag2−O10 2.341(6) O8−Ag1−O9’ 84.02(22) O10−Ag2−O8’ 75.43(19)

Ag2−O8’ 3.044(76) O8−Ag1−O10’ 66.14(2) O10−Ag2−O9’ 92.5(2)

Ag2−O9’ 2.582(6) O9’−Ag1−O10’ 43.63(17) O8’−Ag2−O9’ 49.82(18)

a Symmetry equivalent position (2−x, 1−y, 1−z) is given by “prime”.
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Two dinuclear fragments corresponding to the asymmetric unit are connected to build
a so-called dimer which exhibits a tetranuclear silver core [Ag4(OTf)4] formed by four metal
atoms bridged by four triflate moieties. Moreover, both organoselenium ligands are bridg-
ing silver atoms from different asymmetric units using, in addition to a nitrogen atom, the se-
lenium atom, Ag2−Se1’ 2.5691(1) Å (cf. ΣrvdW(Ag,Se) 4.41 Å [47], Σrcov(Ag,Se) 2.65 Å [48]);
thus, the diorganoselenium(II) ligand exhibits a 1κN:2κSe coordination pattern (Figure 6).
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The silver atoms are penta-coordinated, and no Ag···Ag metallophilic interactions
were observed, the distances between the silver atoms [Ag1···Ag2 3.959(1) Å and Ag2···Ag1’
4.345(1) Å, respectively] being longer than the Ag···Ag distance (3.310 Å) observed in
[Ag2(OTf)2(3,3‘-DCPA)] (DCPA = dicyanodiphenylacetylene) [49]. The NAg(1)O4 and
SeAg(2)O4 cores around the silver atoms are distorted square-pyramidal as confirmed by
τ5 values of 0.20 and 0.18, respectively [50]. Rather strong intermolecular C−Hsolvent···O
(H36···O6 2.47 Å) interactions involving an oxygen atom from a triflate anion and a hydro-
gen atom from a crystallization chloroform molecule, as well as C−Hphenyl···Cl (H32”···Cl6
2.80 Å, cf. ΣrvdW(Cl,H) 3.02 Å [47]) involving an aromatic hydrogen from a phenyl ring and
one of the chlorine atoms from the same solvent molecule, resulted in a polymeric chain as-
sociation in the crystal of 9·4CHCl3 (see Supplementary Material, Figure S9). Such parallel
chains are intercalated, and weak interchain C−Hphenyl···F contacts (H30a···F2 2.63Å, cf.
ΣrvdW(F,H) 2.66 Å[47]), involving a hydrogen atom from the phenyl ring and a fluorine
atom from a triflate fragment of a neighboring chain, resulted in a 2D supramolecular
network (see Supplementary Material, Figure S10).

3. Materials and Methods
3.1. General Procedures

The starting materials, 2-(CHO)C6H4Br, 4-(CHO)C6H4Br, n-BuLi, N-benzoylglycine,
sodium acetate, AgOTf, AgPF6 and ZnCl2, were commercially available and were used with-
out additional purification. Se(detc)2 [51], 2-[(CH2O)2CH]C6H4Br, 4-[(CH2O)2CH]C6H4Br [26]
and AuCl(tht) [52] were prepared following literature methods. The solvents used for the
preparation of precursors 1–4 were dried following standard procedures and distilled
under an argon atmosphere prior to use. Multinuclear NMR spectra were recorded in
CDCl3 or acetone-d6, at room temperature, on Bruker AVANCE III (Bruker, Billerica, MA,
USA) 400 and 600 MHz spectrometers operating at 400.13 MHz (1H), 100.62 MHz (13C),
376.49 MHz (19F), 76.31 MHz (77Se), and 600.13 MHz (1H), 150.90 MHz (13C), 564.69 MHz
(19F), 242.94 (31P), 114.45 MHz (77Se), respectively. The 1H chemical shifts are reported in
δ units (ppm) relative to the residual peak of the deuterated solvent (CHCl3, 7.26 ppm;
acetone-d5, 2.05 ppm). The 13C chemical shifts are reported in δ units (ppm) relative to the
peak of the deuterated solvent (CDCl3, 77.16 ppm; acetone-d6, 29.84 ppm) [53]. For the
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19F{1H}, 31P{1H} and 77Se{1H} NMR spectra, the chemical shifts are reported in δ units (ppm)
relative to CFCl3, H3PO4 85% and Me2Se, respectively. The NMR data were processed using
the MestReNova software (version 14) [54]. The 1H and 13C resonances were assigned using
2D NMR correlation experiments (COSY, HSQC and HMBC) according to the numbering
scheme displayed in Scheme 3. ESI HRMS spectra were measured on a Thermo Scientific
LTQ-OrbitrapXL instrument (Waltham, MA, USA) equipped with a standard ESI/APCI
source. Infrared spectra were recorded on a JASCO FT/IR-615 instrument (Tokyo, Japan)
in the range 400–4000 cm−1. The UV-Vis spectra were recorded in the range of 200-900 nm
in 10−5 M dichloromethane HPLC-grade solutions on a Cary 60 UV-Vis spectrophotometer
(Agilent, Santa Clara, CA, USA). The photophysical investigation of the compounds was
carried out at room temperature, for 10−5 M dichloromethane HPLC-grade solutions, using
a Perkin Elmer LS 55 fluorimeter (Waltham, MA, USA). Molar conductivities of 10−3 M
solutions in acetonitrile and acetone were measured with a TDS Meter CON 51 version 140
conductometer. Melting points were determined on an Electrothermal 9200 apparatus. Ele-
mental analyses were carried out on a Thermo Flash EA-1112 analyzer (Thermo Scientific,
Waltham, MA, USA).

3.2. Synthesis and Characterization

[2-{(CH2O)2CH}C6H4]2Se (1)

A solution of n-BuLi in hexane (11.3 mL, 1.6 M, 18.13 mmol, 20% excess) was added
dropwise to a solution of 4-[(CH2O)2CH]C6H4Br (3.46 g, 15.10 mmol) in 60 mL anhydrous
THF, under argon. After stirring for 1 h, Se(detc)2 (2.84 g, 7.56 mmol) was added, and the
reaction mixture was stirred for 2 h. After removing the solvent in vacuum, 15 mL of water
was added, and the compound was extracted with DCM and dried over anhydrous MgSO4.
After filtration, the solvent was removed in vacuum, and the remaining solid was purified
by washing it with hexane. Yield = 1.77 g (62%). 1H NMR (600 MHz, CDCl3): δ 7.62
(d, 3JHH = 7.6 Hz, 2H, H-6), 7.34–7.27 (m, 4H, H-3,5), 7.20 (t, 3JHH = 7.7 Hz, 2H, H-4), 6.14
(s, 2H, H-7), 4.00–4.19 (m, 8H, H-8,9). 77Se{1H} NMR (114 MHz, CDCl3): δ 321.

[4-{(CH2O)2CH}C6H4]2Se (2)

A solution of 4-[(CH2O)2CH]C6H4Br (2.61 g, 11.39 mmol) in 40 mL anhydrous THF
was added dropwise to a solution of n-BuLi in hexane (8.54 mL, 1.6 M, 13.67 mmol, 20%
excess) in 20 mL THF at −78 ◦C, under argon. After 1 h, Se(detc)2 (2.14 g, 5.70 mmol) was
added, and the mixture was stirred for 3 h at −78 ◦C. The reaction mixture was allowed
to warm to room temperature, and the solvent was removed in vacuum. Water (15 mL)
was added to the residue, and the compound was extracted with DCM and dried over
anhydrous MgSO4. After filtration, the solvent was removed in vacuum, and the title
compound was isolated as a solid after being washed with hexane. Yield = 1.28 g (60%).
1H NMR (600 MHz, CDCl3): δ 7.51 (d, 3JHH = 8.3 Hz, 4H, H-2,6), 7.36 (d, 3JHH = 8.2 Hz, 4H,
H-3,5), 5.77 (s, 2H, H-7), 4.13–4.03 (m, 8H, H-8,9). 13C{1H} NMR (151 MHz, CDCl3):
δ 137.11 (C-4), 131.62 (C-2,6), 128.31 (C-3,5), 123.35 (C-1), 103.15 (C-7), 65.44 (C-8,9).
77Se{1H} NMR (114 MHz, CDCl3) δ 414.

[2-(O=CH)C6H4]2Se (3)

To a solution of {2-[(CH2O)2CH]C6H4}2Se (1.77 g, 4.69 mmol) in 40 mL acetone, 0.5 mL
HCl 37% was added. The reaction mixture was refluxed for 1 h at 100 ◦C. Then, 15 mL of
water was added, and the compound was extracted with DCM and dried over anhydrous
MgSO4. After filtration, the solvent was removed in vacuum, and the title compound was
washed with hexane. Yield = 1.24 g (91%). 1H NMR (400 MHz, CDCl3): δ 10.28 (s, 2H, H-7),
7.98 (d, 3JHH = 7.78 Hz, 4H, H-6), 7.48–7.53 (m, 4H, H-4,5).

[4-(O=CH)C6H4]2Se (4)

To a solution of {4-[(CH2O)2CH]C6H4}2Se (1.28 g, 3.39 mmol) in 40 mL acetone,
0.5 mL HCl 37% was added. The reaction mixture was refluxed for 1 h at 100 ◦C; then,
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it was allowed to reach room temperature, and 15 mL of water was added. The reac-
tion mixture was extracted with DCM and filtered, and the clear solution was dried over
anhydrous MgSO4. After filtration, the solvent was removed in vacuum, and the title com-
pound was isolated by column purification with 4:1 (v:v) DCM:EtOAc. Yield = 0.43 g (44%).
M.p. 105 ◦C. Elemental analysis calc. for C14H10O2Se (289.98): C, 58.15; H, 3.49; found: C,
58.96; H, 3.97. 1H NMR (400 MHz, CDCl3): δ 9.98 (s, 2H, H-7), 7.79 (d, 3JHH = 8.1 Hz, 4H,
H-3,5), 7.62 (d, 3JHH = 8.1 Hz, 4H, H-2,6). 13C{1H} NMR (101 MHz, CDCl3): δ 191.45 (C-7),
138.89 (C-1), 135.61 (C-4), 133.13 (C-2,6), 130.58 (C-3,5). 77Se{1H} NMR (76 MHz, CDCl3):
δ 444. IR (KBr pellet, ν, cm−1): 1710 (s) [ν(C=O)], 1688 (s), 1665 (m), 1618 (w), 1585 (s),
1561 (m), 1485 (w), 1409 (w), 1381 (w), 1301 (w), 1280 (w), 1215 (m), 1200 (m), 1169 (m),
1095 (w), 1058 (m), 1011 (m), 976 (w), 835 (s), 817 (s), 678 (w). HRMS (APCI+, MeCN),
m/z (%): 290.99249 (100), [M+H]+ calcd. for C14H11O2Se: m/z = 290.99188; 211.07536 (10),
[C14H11O2]+ calcd. for C14H11O2: m/z = 211.07536; 184.95055 (10), [C7H5OSe]+ calcd. for
C7H5OSe: m/z = 184.95001; 156.95555 (10), [C6H5Se]+ calcd. for C6H5Se: m/z = 156.95510.

[(Z)-2′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]2Se (5)

A reaction mixture of [2-(O=CH)C6H4]2Se (3) (0.784 g, 2.71 mmol), C6H5CH(O)NHCH2COOH
(0.971 g, 5.42 mmol), sodium acetate (0.890 g, 10.84 mmol) and 2 mL acetic anhydride was heated
for 2 h, at 100 ◦C. Then, EtOH was added to the reaction mixture at room temperature, when
the title compound precipitated and was isolated by filtration as an intense yellow solid that was
washed several times with EtOH. Yield = 1.175 g (75%). M.p. 247 ◦C. Elemental analysis calc. for
C32H20N2O4Se (576.06): C, 66.79; H, 3.50; N, 4.87; found: C, 66.43; H, 3.48; N, 4.67 calcd. 1H NMR
(600 MHz, CDCl3): δ 8.81 (d, 3JHH = 8.0 Hz, 2H, H-3), 8.16 (d, 3JHH = 7.0 Hz, 4H, H-12,16), 7.85 (s,
2H, H-7), 7.62 (t, 3JHH = 7.5 Hz, 2H, H-14), 7.55–7.50 (m, 6H, H-6, H-13,15), 7.45 (t, 3JHH = 8.3 Hz,
2H, H-4), 7.29 (t, 3JHH = 7.6 Hz, 2H, H-5). 13C{1H} NMR (151 MHz, CDCl3): δ 167.31 (C-8),
164.42 (C-10), 136.02 (C-1), 135.44 (C-2), 135.41 (C-6), 134.51 (C-9), 133.67 (C-14), 133.29 (C-3), 131.58
(C-5), 129.96 (C-7), 129.11 (C-13,15) 128.77 (C-4), 128.65 (C-12,16), 125.63 (C-11). 77Se{1H} NMR
(114 MHz, CDCl3): δ 344. IR (KBr pellet, ν, cm−1): 1792 (s)/1770 (m) [ν(C=O)], 1651 (m)
[ν(C=N)], 1576 (m), 1556 (m), 1491 (w), 1451 (m), 1433 (m), 1407 (m), 1360 (w), 1327 (m),
1289 (m)/1225 (w) [ν(C−O)], 1165 (s), 1109 (w), 1069 (w), 1025 (w), 979 (w), 919 (w),
889 (w), 866 (m), 768 (m), 698 (s), 634 (w). HRMS (APCI+, MeCN), m/z (%):
577.06329 (100), [M+H]+ calcd. for C32H21N2O4Se: m/z = 577.06611; 327.98578 (15),
[C16H10NO2Se]+ calcd. for C16H10NO2Se: m/z = 327.98713.

[(Z)-4′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]2Se (6)

Using a similar procedure as described above for compound 5, the related derivative 6
was prepared from [4-(OCH2)C6H4]2Se (4) (0.431 g, 1.49 mmol), C6H5CH(O)NHCH2COOH
(0.534 g, 2.98 mmol), sodium acetate (0.489 g, 5.96 mmol) and 2 mL acetic anhydride. It was
isolated as an intense yellow solid. Yield = 0.76 g (88%). M.p. 160 ◦C. Elemental analysis calc.
for C32H20N2O4Se (576.06): C, 66.79; H, 3.50; N, 4.87; found: C, 66.41; H, 3.77; N, 4.66. 1H NMR
(400 MHz, CDCl3): δ 8.17 (d, 4H, H-12,16), 8.15 (d, 4H, H-3,5), 7.63 (t, 2H, H-14), 7.60 (d, 4H,
H-2,6), 7.53 (t, 4H, H-13,15), 7.22 (s, 2H, H-7). 13C{1H} NMR (101 MHz, CDCl3): δ 167.62 (C-8),
163.87 (C-10), 135.43 (C-4), 133.75 (C-9), 133.67 (C-14), 133.24 (C-3,5), 133.17 (C-2,6), 132.96 (C-1),
130.72 (C-7), 129.14 (C-13,15), 128.57 (C-12,16), 125.58 (C-11). 77Se{1H} NMR (76 MHz, CDCl3):
δ 438. IR (KBr pellet, ν, cm−1): 1795 (s)/1768 (w) [ν(C=O)], 1653 (m) [ν(C=N)], 1577 (m),
1558 (m), 1487 (w), 1449 (w), 1403 (w), 1368 (w), 1327 (w), 1295 (w)/1238 (w) [ν(C−O)],
1164 (m), 1063 (w), 1011 (w), 982 (w), 887 (w), 866 (w), 811 (w), 777 (w), 697 (m). HRMS
(APCI+, MeCN), m/z (%): 577.06671 (100), [M+H]+ calcd. for C32H21N2O4Se: m/z = 577.06611.

[Ag(OTf){[(Z)-2′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]2Se}] (7)

Silver triflate (0.045 g, 0.17 mmol) was added to a solution of compound 5 (0.1 g,
0.17 mmol) in 20 mL acetone. After 30 min of stirring, in the absence of light, the solvent
was partially removed under vacuum, and the title compound was precipitated with Et2O.
After the product was washed with Et2O (3 × 10 mL), an intense yellow solid was isolated.
Yield = 0.14 g (97%). M.p. 108 ◦C (desc.). Elemental analysis calc. for C33H20AgF3N2O7SSe
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(831.92) C, 47.62; H, 2.42; N, 3.37; S, 3.85; found: C, 47.58; H, 2.55; N, 3.48; S, 4.10. 1H NMR
(600 MHz, acetone-d6): δ 8.90 (dd, 3JHH = 8.0 Hz, 4JHH = 1.5 Hz, 2H, H-3), 8.18 (m, 4H, H-12,16),
7.79 (s, 2H, H-7), 7.74 (tt, 3JHH = 7.5 Hz, 4JHH = 1.3 Hz, 2H, H-14), 7.64 (t, 3JHH = 7.7 Hz, 4H,
H-13,15), 7.60 (dd, 3JHH = 7.8 Hz, 4JHH = 1.2 Hz, 2H, H-6), 7.55 (t, 3JHH = 8.3 Hz, 2H, H-4),
7.42 (td, 3JHH = 7.6 Hz, 4JHH = 1.6 Hz, 2H, H-5). 13C{1H} NMR (151 MHz, CDCl3): δ 167.44
(C-8), 165.51 (C-10), 136.18 (C-6,9), 136.06 (C-1,2), 134.68 (C-14), 133.94 (C-3), 132.52
(C-5), 130.10 (C-13,15), 129.75 (C-4), 129.19 (C-12,16), 129.07 (C-7), 126.44 (C-11), 120.69
(q, 1JCF = 123.5 Hz, CF3). 19F{1H} NMR (565 MHz, acetone-d6): δ −78.8. IR (KBr pellet,
ν, cm−1): 1792 (m)/1771 (w) [ν(C=O)], 1651 (m) [ν(C=N)], 1576 (s), 1558 (s), 1491 (w),
1451 (m), 1409 (m), 1327 (m), 1289 (m)/1259 (m) [ν(C−O)], 1227 (w), 1165 (m), 1109
(w), 1037 (m), 980 (w), 920 (w), 889 (w), 866 (m), 768 (m), 698 (m), 649 (m). HRMS (ESI+,
MeCN), m/z (%): 682.96344 (100), [M−OTf]+ calcd. for C32H20AgN2O4Se: m/z = 682.96337.
ΛM (MeCN): 152 Ω−1·cm2·mol−1. ΛM (acetone): 135 Ω−1·cm2·mol−1.

[Ag(OTf){[(Z)-4′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]2Se}] (8)

As described above for 7, compound 8 was prepared from silver triflate (0.046 g, 0.18 mmol)
and a solution of compound 6 (0.103 g, 0.18 mmol) in 20 mL acetone. Yield = 0.102 g (69%).
M.p. 233 ◦C (desc.). Elemental analysis calc. for C33H20AgF3N2O7SSe (831.92) C, 47.62;
H, 2.42; N, 3.37; S, 3.85; found: C, 48.25; H, 2.49; N, 3.75; S, 4.12. 1H NMR (600 MHz,
acetone-d6): δ 8.38 (d, 3JHH = 8.3 Hz, 4H, H-3,5), 8.23 (d, 3JHH = 8.2 Hz, 4H, H-12,16), 7.74
(t, 3JHH = 7.5 Hz, 2H, H-14), 7.70 (d, 3JHH = 8.4 Hz, 4H, H-2,6), 7.66 (t, 3JHH = 7.7 Hz, 4H,
H-13,15), 7.32 (s, 2H, H-7). 13C{1H} NMR (151 MHz, acetone-d6): δ 167.61 (C-8), 164.74
(C-10), 135.63 (C-4), 134.75 (C-9), 134.54 (C-14), 134.16 (C-1,3,5), 133.85 (C-2,6), 130.55 (C-7),
130.10 (C-13,15), 129.10 (C-12,16), 126.51 (C-11), 121.98 (q, 1JCF = 122.2 Hz, CF3). 19F{1H}
NMR (565 MHz, acetone-d6): δ −78.89. IR (KBr pellet, ν, cm−1): 1796 (m) [ν(C=O)], 1653
(m) [ν(C=N)], 1578 (s), 1488 (w), 1449 (w), 1406 (m), 1294 (m)/1259 (s) [ν(C−O)], 1231 (m),
1176 (m), 1037 (m), 980 (w), 924 (w), 862 (w), 817 (w), 767 (w), 697 (w), 648 (m). HRMS
(ESI+, MeCN), m/z (%): 147.93069 (15), [Ag+MeCN]+ calcd. for C2H3AgN: m/z =147.93109;
682.96094 (5), [M−OTf]+ calcd. for C32H20AgN2O4Se: m/z = 682.96337. ΛM (MeCN):
165 Ω−1·cm2·mol−1. ΛM (acetone): 141 Ω−1·cm2·mol−1.

[{Ag(OTf)}2{[(Z)-2′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]2Se}] (9)

Silver triflate (0.053 g, 0.21 mmol) was added to a solution of compound 5 (0.06 g,
0.10 mmol) in 20 mL acetone. The reaction mixture was stirred for 30 min in the absence of
light, and the solvent was partially removed under vacuum. The compound was precipi-
tated with Et2O, washed with Et2O (3 × 10 mL) and dried under vacuum. Yield = 0.11 g
(97%). M.p. 89 ◦C (desc.). 1H NMR (600 MHz, acetone-d6): δ 8.81 (d, 3JHH = 7.9 Hz,
2H, H-3), 8.18 (d, 3JHH = 6.9 Hz, 4H, H-12,16), 7.77–7.72 (m, 4H, H-7, H-14), 7.71 (d,
3JHH = 7.7 Hz, 2H, H-6), 7.64 (t, 3JHH = 7.8 Hz, 4H, H-13,15), 7.57 (t, 3JHH = 7.6 Hz, 2H, H-4),
7.44 (t, 3JHH = 7.6 Hz, 2H, H-5). 13C{1H} NMR (151 MHz, acetone-d6): δ 167.46 (C-8), 165.51
(C-10), 136.50 (C-6), 136.07 (C-4), 135.48 (C-1), 135.81 (C-2), 134.82 (C-14), 133.79 (C-9), 133.76
(C-3), 132.54 (C-5), 130.13 (C-13,15), 129.23 (C-12,16), 129.07 (C-7), 126.30 (C-11), 121.98
(q, 1JCF = 320.5 Hz, CF3). 19F{1H} NMR (565 MHz, acetone-d6): δ −78.61. IR (KBr pellet,
ν, cm−1): 1793 (m)/1764 (m) [ν(C=O)], 1650 (m) [ν(C=N)], 1591 (w), 1554 (m), 1488 (w),
1454 (w), 1358 (w), 1329 (m), 1296 (s)/1255 (s) [ν(C−O)], 1224 (m), 1162 (s), 1105 (w), 1033
(m), 981 (w), 913 (w), 863 (m), 764 (m), 693 (m), 646 (m), 558 (w), 518 (w), 470 (w). HRMS
(ESI+, MeCN), m/z (%): 682.96344 (100) [M−Ag(OTf)2]+ calcd. for: C32H20AgN2O4Se
m/z = 682.96337; m/z (%): 791.10040 (5) [M−(OTf)2]+ calcd. for: C32H20Ag2N2O4Se
m/z = 791.86813. ΛM (MeCN): 250 Ω−1·cm2·mol−1. ΛM (acetone): 179 Ω−1·cm2·mol−1.

[{Ag(OTf)}2{[(Z)-4′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]2Se}] (10)

As described above for 9, compound 10 was prepared from silver triflate (0.053 g,
0.20 mmol) and a solution of compound 6 (0.06 g, 0.10 mmol) in acetone. Yield = 0.10 g
(88%). M.p. 148.2 ◦C (desc.). 1H NMR (400 MHz, acetone-d6): δ 8.39 (d, 3JHH = 8.4 Hz,
4H, H-3,5), 8.20 (d, 3JHH = 8.4 Hz, 4H, H-12,16), 7.83 (d, 3JHH = 8.4 Hz, 4H, H-2,6), 7.73 (t,
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3JHH = 7.4 Hz, 2H, H-14), 7.64 (t, 3JHH = 7.6 Hz, 4H, H-13,15), 7.31 (s, 2H, H-7). 13C{1H}
NMR (101 MHz, acetone-d6): δ 167.49 (C-8), 165.02 (C-10), 134.64 (C-14), 134.33 (C-4),
134.29 (C-9), 134.24 (C-1,3,5), 133.76 (C-2,6), 130.18 (C-7), 130.10 (C-13,15), 129.13 (C-12,16),
126.76 (C-11), 121.98 (q, 1JCF = 321.2 Hz, CF3). 19F{1H} NMR (376 MHz, acetone-d6):
δ −78.61. ΛM (MeCN): 230 Ω−1·cm2·mol−1. IR (KBr pellet, ν, cm−1): 1795 (m) [ν(C=O)],
1653 (m) [ν(C=N)], 1578 (s), 1488 (w), 1444 (m), 1406 (m), 1370 (w), 1329 (m), 1292 (s)/1257
(s) [ν(C−O)], 1228 (m), 1168 (m), 1041 (m), 983 (w), 928 (w), 894 (w), 864 (w), 811 (w),
772 (w), 693 (w), 645 (m), 580 (w), 520 (w), 457 (w). HRMS (ESI+, MeCN), m/z (%):
791.14984 (5) [M−(OTf)2]+ calcd. for: C32H20Ag2N2O4Se m/z = 791.86813. ΛM (acetone):
200 Ω−1·cm2·mol−1.

[Ag{[(Z)-2′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]2Se}][PF6] (11)

Silver hexafluorophosphate (0.028 g, 0.11 mmol) was added to a solution of compound
5 (0.064 g, 0.11 mmol) in 20 mL CHCl3. After 30 min of stirring, the solvent was partially
removed under vacuum. An intense yellow solid was isolated after the precipitation with
Et2O and was purified by washing it with Et2O (3 × 5 mL). Yield = 0.09 g (98%). M.p. 120 ◦C
(desc.). Elemental analysis calc. for C32H20AgF6N2O4PSe (827.93) C, 46.40; H, 2.43; N, 3.38;
found: C, 46.45; H, 2.56; N,3.43. 1H NMR (600 MHz, acetone-d6): δ 8.91 (d, 3JHH = 8.0 Hz, 2H,
H-3), 8.19 (d, 3JHH = 7.0 Hz, 4H, H-12,16), 7.80 (s, 2H, H-7), 7.74 (t, 3JHH = 7.5 Hz, 2H, H-14),
7.66 (t, 4H, H-13,15), 7.62 (d, 2H, H-6), 7.56 (t, 3JHH = 8.3 Hz, 2H, H-4), 7.42 (t, 3JHH = 7.6 Hz,
2H, H-5). 13C{1H} NMR (151 MHz, acetone-d6): δ 167.53 (C-8), 165.53 (C-10), 136.19 (C-6,9),
136.09 (C-2), 135.25 (C-1), 134.69 (C-14), 133.95 (C-3), 132.52 (C-5), 130.11 (C-13,15), 129.75 (C-4),
129.20 (C-12,16), 129.11 (C-7), 126.46 (C-11). 19F{1H} NMR (376 MHz, acetone-d6): δ −72.70 (d,
1JFP = 708 Hz). 31P{1H} NMR (243 MHz, acetone-d6): δ −144.27 (hept, 1JPF = 708 Hz). IR (KBr
pellet, ν, cm−1): 1792 (s)/1771 (m) [ν(C=O)], 1652 (m) [ν(C=N)], 1575 (m), 1556 (m), 1491 (w),
1451 (m), 1417 (w), 1360 (w), 1327 (m), 1302 (w), 1289 (w)/1225 (w) [ν(C−O)], 1165 (s), 1109
(m), 1069 (w), 1024 (w), 980 (w), 917 (w), 889 (m), 866 (s), 831 (s), 768 (m), 698 (m), 667 (w).
HRMS (APCI+, MeCN), m/z (%): 577.06433 (100), [M−AgPF6+H]+ calcd. for C32H21N2O4Se:
m/z = 577.06611; 327.98621 (90), [C16H10NO2Se]+ calcd. for C16H10NO2Se: m/z = 327.98713;
283.99655 (35) [C16H10NO2Se-COO]+ calcd. for C15H10NSe: m/z = 283.99730. HRMS (ESI+,
MeCN), m/z (%): 682.96246 (10), [M−PF6]+ calcd. for: C32H20AgN2O4Se m/z = 682.96337.
ΛM (MeCN): 124 Ω−1·cm2·mol−1. ΛM (acetone): 113 Ω−1·cm2·mol−1.

[Ag{[(Z)-4′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]2Se}][PF6] (12)

As described above for 11, compound 12 was prepared from silver hexafluorophosphate
(0.036 g, 0.14 mmol) and a solution of compound 6 (0.082 g, 0.14 mmol) in CHCl3. Yield = 0.12 g
(99%). M.p. 239 ◦C (desc.). Elemental analysis calc. for C32H20AgF6N2O4PSe (827.93) C, 46.40;
H, 2.43; N, 3.38; found: C, 46.41; H, 2.35; N, 3.15. 1H NMR (600 MHz, acetone-d6): δ 8.38 (d,
3JHH = 8.3 Hz, 4H, H-3,5), 8.23 (d, 3JHH = 7.4 Hz, 4H, H-12,16), 7.74 (t, 3JHH = 7.5 Hz, 2H,
H-14), 7.70 (d, 3JHH = 8.4 Hz, 4H, H-2,6), 7.66 (t, 3JHH = 7.7 Hz, 4H, H-13,15), 7.22 (s, 2H, H-7).
13C{1H} NMR (151 MHz, acetone-d6): δ 167.63 (C-8), 164.73 (C-10), 135.72 (C-4), 134.74 (C-9),
134.53 (C-14), 134.16 (C-3,5), 134.12 (C-1), 133.83 (C-2,6), 130.57 (C-7), 130.10 (C-13,15), 129.10
(C-12,16), 126.53 (C-11). 19F{1H} NMR (565 MHz, acetone-d6): δ −72.70 (d, 1JFP = 708 Hz).
31P{1H} NMR (243 MHz, acetone-d6): δ−144.29 (hept, 1JPF = 708 Hz. IR (KBr pellet, ν, cm−1):
1796 (s)/1769 (w) [ν(C=O)], 1653 (m) [ν(C=N)], 1578 (s), 1558 (m), 1487 (w), 1450 (m), 1406 (m),
1367 (w), 1327 (m), 1297 (m) [ν(C−O)], 1165 (m), 1064 (w), 1012 (w), 983 (w), 888 (m), 863 (s),
831 (s), 777 (w), 699 (m). HRMS (APCI+, MeCN), m/z (%): 577.06329 (100), [M−AgPF6+H]+

calcd. for C32H21N2O4Se: m/z = 577.06611. HRMS (ESI+, MeCN), m/z (%): 682.96124 (90),
[M−PF6]+ calcd. for C32H20AgN2O4Se: m/z = 682.96337. ΛM (MeCN): 150 Ω−1·cm2·mol−1.
ΛM (acetone): 129 Ω−1·cm2·mol−1.

[AuCl{[(Z)-2′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]2Se}] (13)

AuCl(tht) (0.056 g, 0.17 mmol) was added to a solution of compound 5 (0.1 g, 0.17 mmol),
in 15 mL CHCl3. After 30 min of stirring, the solvent was removed under vacuum, and
the remaining solid was purified by washing it with hexane (3 × 10 mL). Yield = 0.14 g
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(96%). M.p. 166 ◦C. Elemental analysis calc. for C32H20AuClN2O4Se (807.99) C, 47.57;
H, 2.50; N, 3.47; found: C, 47.44; H,3.33; N, 3.59. 1H NMR (600 MHz, CDCl3): δ 8.81 (d,
3JHH = 8.0 Hz, 2H, H-3), 8.16 (d, 3JHH = 7.0 Hz, 4H, H-12,16), 7.85 (s, 2H, H-7), 7.61 (t,
3JHH = 7.5 Hz, 2H, H-14), 7.55–7.50 (m, 6H, H-6,13,15), 7.45 (t, 3JHH = 8.3 Hz, 2H, H-4),
7.29 (t, 3JHH = 7.6 Hz, 2H, H-5). 13C{1H} NMR (151 MHz, CDCl3): δ 167.30 (C-8), 164.43
(C-10), 136.01 (C-1), 135.45 (C-2), 135.41 (C-6), 134.52(C-9), 133.67 (C-14), 133.29 (C-3), 131.57
(C-5), 129.96 (C-7), 129.11 (C-13), 128.77 (C-4), 128.65 (C-12), 125.65 (C-11). 77Se{1H} NMR
(115 MHz, CDCl3): δ 344. IR (KBr pellet, ν, cm−1): 1792 (s)/1771 (m) [ν(C=O)], 1651 (m)
[ν(C=N)], 1576 (m), 1556 (m), 1492 (w), 1451 (m), 1433 (m), 1360 (w), 1327 (m), 1303 (m),
1290 (m)/1225 (m) [ν(C−O)], 1165 (s), 1109 (w), 1070 (w), 1026 (w), 980 (w), 920 (w), 889
(w), 866 (m), 768 (m), 698 (s), 634 (w). HRMS (ESI+, MeCN), m/z (%): 773.02191 (100),
[M−Cl]+ calcd. for C32H20AuN2O4Se: m/z = 773.02483. ΛM (MeCN): 19 Ω−1·cm2·mol−1.

[AuCl{[(Z)-4′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]2Se}] (14)

As described above for 13, compound 14 was prepared from AuCl(tht) (0.056 g,
0.17 mmol) and a CHCl3 solution of compound 6 (0.1 g, 0.17 mmol). Yield = 0.14 g (99%).
M.p. 245 ◦C. Elemental analysis calc. for C32H20AuClN2O4Se (807.99) C, 47.57; H, 2.50; N,
3.47; found C, 47.10; H, 2.47; N, 3.41. 1H NMR (600 MHz, CDCl3): δ 8.17 (d, 3JHH = 7.44 Hz,
4H, H-3,5) 8.14 (d, 3JHH = 8.27 Hz, 4H, H-12,16), 7.54–7.64 (m, 6H, H14, H-2,6), 7.53 (t,
3JHH = 8.11 Hz, 4H, H-13,15), 7.22 (s, 2H, H-7). 13C{1H} NMR (151 MHz, CDCl3): δ

167.60 (C-8), 163.93 (C-10), 135.31 (C-4), 133.81 (C-9), 133.69 (C-14), 133.20 (C-3,5), 133.26
(C-2,6), 132.28 (C-1), 130.66 (C-7), 129.15 (C-13,15), 128.58 (C-12,16), 125.58 (C-11). 77Se{1H}
NMR (115 MHz, CDCl3): δ 437. IR (KBr pellet, ν, cm−1): 1795 (s)/1768 (m) [ν(C=O)],
1652 (m) [ν(C=N)], 1577 (s), 1556 (m), 1486 (w), 1450 (m), 1405 (m), 1365 (w), 1327 (m), 1296
(m)/1267 (w) [ν(C−O)], 1163 (m), 1063 (w), 981 (w), 924 (w), 887 (w), 866 (m), 811 (m), 777
(w), 697 (m). HRMS (APCI+ MeCN), m/z (%): 577.06354 (50), [M−AuCl+H]+ calcd. for
C31H21N2O4Se: m/z = 573.06880. HRMS (ESI+ MeCN), m/z (%): 1004.95911 (5), [M+Au]+

calcd. for C32H20Au2ClN2O4Se: m/z = 1004.96024. ΛM (MeCN): 14 Ω−1·cm2·mol−1.

[ZnCl2{[(Z)-2′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]2Se}] (15)

ZnCl2 (0.019 g, 0.14 mmol) was added to a solution of compound 5 (0.08 g, 0.14 mmol)
in 20 mL CHCl3 and 5 mL absolute EtOH. After 30 min of stirring, the solvent was
removed under vacuum, and the remaining solid was washed with hexane (3 × 10 mL).
Yield = 0.95 g (97%). M.p. 220 ◦C Elemental analysis calc. for C32H20Cl2N2O4SeZn (709.93)
C, 53.00; H, 2.83; N, 3.94; found: C, 53.71; H, 2.88; N, 3.84. 1H NMR (400 MHz, CDCl3):
δ 8.84 (d, 3JHH = 7.9 Hz, 2H, H-3), 8.19 (d, 3JHH = 7.0 Hz, 4H, H-12,16), 7.89 (s, 2H, H-7),
7.62 (t, 3JHH = 7.7 Hz, 2H, H-14), 7.53 (m, 6H, H-6,13,15), 7.45 (t, 3JHH = 7.7 Hz, 2H, H-4),
7.29 (t, 3JHH = 7.7 Hz, 2H, H-5). 13C{1H} NMR (101 MHz, CDCl3): δ 167.32 (C-8), 164.42
(C-10), 136.02 (C-2), 135.44 (C-1), 135.42 (C-6), 134.51 (C-9), 133.68 (C-14), 133.29 (C-3),
131.29 (C-5), 129.11 (C-13,15), 128.78 (C-4), 128.65 (C-12,16), 129.97 (C-7), 125.63 (C-11). IR
(KBr pellet, ν, cm−1): 1797 (s)/1770 (m) [ν(C=O)], 1650 (m) [ν(C=N)], 1581 (w), 1554 (m),
1491 (w), 1450 (m), 1361 (w), 1325 (m), 1293 (m)/1224 (w) [ν(C−O)], 1166 (m), 1101 (w),
1070 (w), 1025 (w), 983 (w), 888 (w), 864 (m), 767 (m), 699 (s). HRMS (APCI+, MeCN),
m/z (%): 577.06415 (100), [M−ZnCl2+H]+ calcd. for C32H21N2O4Se: m/z = 577.06611;
327.98615 (100), [C16H10N1O2Se]+ calcd. for C16H10N1O2Se: m/z = 327.98713. ΛM (MeCN):
65 Ω−1·cm2·mol−1.

[ZnCl2{[(Z)-4′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]2Se}] (16)

As described above for 15, compound 16 was prepared from ZnCl2 (0.019 g, 0.14 mmol)
and a solution of compound 6 (0.08 g, 0.14 mmol) in 20 mL CHCl3 and 5 mL absolute
EtOH. Yield = 0.97 g (99%). M.p. 241 ◦C Elemental analysis calc. for C32H20Cl2N2O4SeZn
(709.93) C, 53.00; H, 2.83; N, 3.94; found: C, 53.46; H, 2.95; N, 3.99. 1H NMR (600 MHz,
CDCl3): δ 8.18 (d, 3JHH = 8.1 Hz, 4H, H-3,5), 8.15 (d, 3JHH = 8.4 Hz, 4H, H-12,16), 7.62 (t,
3JHH = 7.4 Hz, 2H, H-14), 7.59 (d, 3JHH = 8.4 Hz, 4H, H-2,6), 7.53 (t, 3JHH = 7.8 Hz, 4H,
H-13,15), 7.22 (s, 2H, H-7). 13C{1H} NMR (151 MHz, CDCl3): δ 167.63 (C-8), 163.91 (C-10),
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135.45 (C-4), 133.67 (C-9), 133.58 (C-14), 133.25 (C-3,5), 133.19 (C-2,6), 132.99 (C-1), 130.73
(C-7), 129.15 (C-13,15), 128.59 (C-12,16), 125.61 (C-11). 77Se{1H} NMR (115 MHz, CDCl3):
δ 437. IR (KBr pellet, ν, cm−1): 1795 (s)/1768 (m) [ν(C=O)], 1652 (m) [ν(C=N)], 1578 (m),
1557 (m), 1487 (w), 1451 (w), 1404 (w), 1365 (w), 1327 (m), 1297 (w)/1236 (w) [ν(C−O)],
1162 (m), 1064 (w), 1011 (w), 981 (w), 888 (w), 867 (w), 818 (w), 779 (w), 698 (m). HRMS
(APCI+, MeCN), m/z (%): 577.06354 (100), [M−ZnCl2+H]+ calcd. for C32H21N2O4Se:
m/z = 577.06611. ΛM (MeCN): 30 Ω−1·cm2·mol−1.

3.3. Crystal Structure Determination

Vapor diffusion of n-hexane into a DCM solution of compounds 4 and 5 or a CHCl3
solution of 9 allowed the formation of crystals suitable for X-ray diffraction. Table S1
provided in the Supplementary Material illustrates the details of the crystal structure
determination and refinement. The crystals were enclosed on MiTeGen microMounts
cryoloops, and the data were collected on a Bruker D8 VENTURE diffractometer using Mo-
Kα radiation (λ = 0.71073 Å) from an IµS 3.0 microfocus source with multilayer optics, at a
low temperature (100 K). Bruker APEX3 Software Packages were used for structure solving
and refinement. Hydrogen atoms were placed in fixed, idealized positions and refined
with a riding model and a mutual isotropic thermal parameter [55]. The representations
were generated using the Diamond program [56], and the intermolecular interactions were
found with Platon [57,58].

4. Conclusions

[[(Z)-2′-{2-C6H5-(4H)-oxazol-5-one}CHC6H4]2Se (5) and [(Z)-4′-{2-C6H5-(4H)-oxazol-
5-one}CHC6H4]2Se (6) were proven to be suitable ligands for the preparation of Ag(I),
Au(I) and Zn(II) complexes. Ionic species in solution were obtained when AgOTf and
AgPF6 were used in complexation reactions, while in the solid state, the triflate fragment in
complexes 7 and 8 is bonded to the silver ions. No major differences were observed when a
1:2 molar ratio of the ligand and AgOTf was used for the preparation of 9 and 10.

The coordination pattern of the ligand in [{Ag(OTf)}2{[(Z)-2′-{2-C6H5-(4H)-oxazol-5-
one}CHC6H4]2Se}] (9) is 1κN:2κSe, as established by single-crystal X-ray studies, giving
rise to a dimer, formed by two organoselenium ligands coordinated to a tetranuclear silver
core. The silver core is built by triflate bridges between the silver atoms, with no Ag···Ag
argentophilic interactions and a distorted square-pyramidal coordination geometry around
each silver center.

Supramolecular 2D and 3D architectures were observed in the crystals of 4, 5 and 9,
supported by intermolecular C−H···π, C−H···O, Cl···H and F···H contacts.

UV-Vis absorption spectra showed the electron-donor property of the oxazolone ring
by intraligand charge transfer (ILCT) characterized by large molar extinction coefficients
for compounds 5–16. A bathochromic shift in the UV-Vis spectra was observed when
comparing the para-substituted derivatives with the related ortho-substituted derivatives.
Although complexes 8 and 14 did not exhibit fluorescence, hyperchromism could be
observed in the case of zinc complex 15.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/molecules29040792/s1, Figures representing all NMR spectra;
UV-Vis spectra; supramolecular architectures in the crystals of 4, 5 and 9·4CHCl3; X-ray crystal data
and structure refinement for compounds. CCDC 2308731 (5), 2308732 (4) and 2308733 (9·4CHCl3).
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22. Szukalski, A.; Krawczyk, P.; Sahraoui, B.; Jędrzejewska, B. Multifunctional Oxazolone Derivative as an Optical Amplifier,
Generator, and Modulator. J. Phys. Chem. B 2022, 126, 1742–1757. [CrossRef] [PubMed]

https://doi.org/10.1016/j.ccr.2021.213885
https://doi.org/10.1016/j.ccr.2015.04.006
https://doi.org/10.1021/acsorginorgau.1c00047
https://doi.org/10.1021/ic902192a
https://doi.org/10.1016/j.ejmech.2022.114834
https://doi.org/10.1016/j.ccr.2020.213537
https://doi.org/10.1016/j.poly.2015.08.027
https://doi.org/10.1016/S1387-7003(01)00360-4
https://doi.org/10.1016/j.jorganchem.2014.06.007
https://doi.org/10.1016/j.poly.2016.02.045
https://doi.org/10.1016/j.poly.2022.115801
https://doi.org/10.1039/C7DT00279C
https://doi.org/10.1016/j.poly.2022.115650
https://doi.org/10.1039/C4DT02252A
https://doi.org/10.1080/00387019909350006
https://doi.org/10.1016/j.dyepig.2012.06.005
https://doi.org/10.1016/j.dyepig.2013.06.012
https://doi.org/10.1002/ejoc.201300641
https://doi.org/10.1021/acs.jpcb.1c08056
https://www.ncbi.nlm.nih.gov/pubmed/35179389


Molecules 2024, 29, 792 17 of 18

23. Butuza, R.A.; Dumitras, , D.; Bohan, C.; Pop, A. Silver(I) complexes containing heteroleptic diorganochalcogen(II) ligands. New J.
Chem. 2023, 47, 2202–2210. [CrossRef]

24. Laguna, M.; Villacampa, M.D. Hexanuclear Mercury-Silver Complexes. Novel Coordination for Bridging Mesityl and Triflate
Groups. Inorg. Chem. 1998, 37, 133–135.

25. Panda, A.; Menon, S.C.; Singh, H.B.; Butcher, R.J. Synthesis of some macrocycles/bicycles from bis(o-formylphenyl) selenide:
X-ray crystal structure of bis(o-formylphenyl) selenide and the first 28-membered selenium containing macrocyclic ligand. J.
Organomet. Chem. 2001, 623, 87–94. [CrossRef]

26. Kiss, L.; Pop, A.; Sergiu, S.; Rat, , C.I.; Silvestru, C. Synthesis and characterization of [4-{(CH2O)2CH}C6H4]2Hg, [4-
(O=CH)C6H4]2Hg and [(E)-4-(RN=CH)C6H4]2Hg (R = 2′-py, 4′-py, 2′-pyCH2, 4′-pyCH2). Appl. Organomet. Chem. 2021,
35, e6339. [CrossRef]

27. Yadav, D.; Dixit, A.K.; Raghothama, S.; Awasthi, S.K. Ni nanoparticle-confined covalent organic polymer directed diaryl-selenides
synthesis. Dalton Trans. 2020, 49, 12266–12272. [CrossRef]

28. Plöchl, J. Ueber phenylglycidasäure (phenyloxacrylsäure). Ber. Dtsch. Chem. Ges. 1883, 16, 2815. [CrossRef]
29. Plöchl, J. Ueber einige derivate der benzoylimidozimmtsäure. Ber. Dtsch. Chem. Ges. 1884, 17, 1623. [CrossRef]
30. Erlenmeyer, E. Ueber die condensation der hippursäure mit phtalsäureanhydrid und mit benzaldehyde. Justus Liebigs Ann. Chem.

1893, 275, 1.
31. Buck, J.S.; Ide, W.S. Azlactone of α-benzoylamino-β-(3,4-dimethoxyphenyl)-acrylic acid. Org. Synth. 1933, 13, 8–9.
32. Blanco-Lomas, M.; Campos, P.J.; Sampedro, D. Benzylidene-oxazolones as molecular photoswitches. Org. Lett. 2012, 14, 4334–4337.

[CrossRef] [PubMed]
33. Zhang, R.-Z.; Li, X.-H.; Zhang, X.-Z. Molecular structure, vibrational spectra and theoretical NBO, HOMO-LUMO analysis of

N-benzoyl glycine by DFT and ab-initio HF methods. Indian J. Pure Appl. Phys. 2012, 50, 719–726.
34. Saour, K.Y.; Al-Bayati, R.I.H.; Shia, J.S. Synthesis of 4-benzylidene-2-(4-nitro-phenyl)-4H-oxazol-5-one derivatives with suspected

biological activity. Chem. Mat. Res. 2015, 7, 105–109.
35. Mavridis, E.; Bermperoglou, E.; Pontiki, E.; Hadjipavlou-Litina, D. 5-(4H)-Oxazolones and Their Benzamides as Potential

Bioactive Small Molecules. Molecules 2020, 25, 3173. [CrossRef]
36. Barbuceanu, S.-F.; Rosca, E.-V.; Apostol, T.-V.; Socea, L.-I.; Draghici, C.; Farcasanu, I.C.; Ruta, L.L.; Nitulescu, G.M.; Iscrulescu,

L.; Pahontu, E.-M.; et al. New Heterocyclic Compounds from Oxazol-5(4H)-one and 1,2,4-Triazin-6(5H)-one Classes: Synthesis,
Characterization and Toxicity Evaluation. Molecules 2023, 28, 4834. [CrossRef]

37. Pretsch, E.; Bühlman, P.; Affolter, C. Structure Determination of Organic Compounds. Tables of Spectral Data, 4th ed.; Springer: New
York, NY, USA, 2000.

38. Angus-Dunne, S.J.; Lee Chin, L.E.P.; Burns, R.C.; Lawrance, G.A. Metallocene and organo-main group trifluoromethanesulfonates.
Transit. Met. Chem. 2006, 31, 268–275. [CrossRef]

39. Kumar, S.; Singh, H.B.; Wolmershauser, G. Protection against peroxynitrite-mediated nitration reaction by intramolecularly
coordinated diorganoselenides. Organometallics 2006, 25, 382–393. [CrossRef]

40. Apte, S.D.; Zade, S.S.; Singh, H.B.; Butcher, R.J. Contrasting behavior of bis[2-(4,4-dimethyl-2-oxazolinyl)phenyl] chalcogenides
(Se/Te) toward mercuric chloride: Facile cleavage of the Te–C Bond. Organometallics 2003, 22, 5473–5477. [CrossRef]

41. Geary, W.J. The use of conductivity measurements in organic solvents for the characterisation of coordination compounds. Coord.
Chem. Rev. 1971, 7, 81–122. [CrossRef]

42. Ali, I.; Wani, W.A.; Saleem, K. Empirical formulae to molecular structures of metal complexes by molar conductance. Synth. React.
Inorg. Met. Org. Chem. 2013, 43, 1162–1170. [CrossRef]

43. Wang, D.-H.; Zhang, Y.; Wang, Y.-T.; Feng, H.-Y.; Chen, Y.; Zhao, D.-Z. Silver(I) complexes of diphenylpyridines: Crystal structures,
luminescence studies, theoretical insights, and biological activities. ChemPlusChem 2017, 82, 323–332. [CrossRef]

44. Du, L.-Y.; Shi, W.-J.; Hou, L.; Wang, Y.-Y.; Shi, Q.-Z.; Zhu, Z. Solvent or temperature induced diverse coordination polymers of
silver(I) sulfate and bipyrazole systems: Syntheses, crystal structures, luminescence, and sorption properties. Inorg. Chem. 2013,
52, 14018–14027. [CrossRef]

45. Baranov, A.Y.; Rakhmanova, M.I.; Samsonenko, D.G.; Malysheva, S.F.; Belogorlova, N.A.; Bagryanskaya, I.Y.u.; Fedin, V.P.;
Artem’eva, A.V. Silver(I) and gold(I) complexes with tris[2-(2-pyridyl)ethyl]phosphine. Inorg. Chim. Acta 2019, 494, 78–83.
[CrossRef]

46. Nishio, M. The CH/π hydrogen bond in chemistry. Conformation, supramolecules, optical resolution and interactions involving
carbohydrates. Phys. Chem. Chem. Phys. 2011, 13, 13873–13900. [CrossRef] [PubMed]

47. Alvarez, S. A cartography of the van der Waals territories. Dalton Trans. 2013, 42, 8617–8636. [CrossRef] [PubMed]
48. Cordero, B.; Gómez, V.; Platero-Prats, A.E.; Revés, M.; Echeverría, J.; Cremades, E.; Barragán, F.; Alvarez, S. Covalent radii

revisited. Dalton Trans. 2008, 21, 2832–2838. [CrossRef] [PubMed]
49. Hirsch, K.A.; Wilson, S.R.; Moore, J.S. Coordination networks of 3,3′-dicyanodiphenylacetylene and silver(I) salts: structural

diversity through changes in ligand conformation and counterion. Inorg. Chem. 1997, 36, 2960–2968. [CrossRef] [PubMed]
50. Addison, A.W.; Rao, T.N.; Reedijk, J.; van Rijn, J.; Verschoor, G.C. Synthesis, structure, and spectroscopic properties of copper(II)

compounds containing nitrogen–sulphur donor ligands; the crystal and molecular structure of
aqua[1,7-bis(N-methylbenzimidazol-2′-yl)-2,6-dithiaheptane]copper(II) perchlorate. J. Chem. Soc. Dalton Trans. 1984,
7, 1349–1356. [CrossRef]

https://doi.org/10.1039/D2NJ05472H
https://doi.org/10.1016/S0022-328X(00)00830-5
https://doi.org/10.1002/aoc.6339
https://doi.org/10.1039/D0DT01327G
https://doi.org/10.1002/cber.188301602235
https://doi.org/10.1002/cber.18840170215
https://doi.org/10.1021/ol301741g
https://www.ncbi.nlm.nih.gov/pubmed/22877084
https://doi.org/10.3390/molecules25143173
https://doi.org/10.3390/molecules28124834
https://doi.org/10.1007/s11243-005-6410-3
https://doi.org/10.1021/om050353c
https://doi.org/10.1021/om034222s
https://doi.org/10.1016/S0010-8545(00)80009-0
https://doi.org/10.1080/15533174.2012.756898
https://doi.org/10.1002/cplu.201600620
https://doi.org/10.1021/ic401765r
https://doi.org/10.1016/j.ica.2019.05.015
https://doi.org/10.1039/c1cp20404a
https://www.ncbi.nlm.nih.gov/pubmed/21611676
https://doi.org/10.1039/c3dt50599e
https://www.ncbi.nlm.nih.gov/pubmed/23632803
https://doi.org/10.1039/b801115j
https://www.ncbi.nlm.nih.gov/pubmed/18478144
https://doi.org/10.1021/ic970150j
https://www.ncbi.nlm.nih.gov/pubmed/11669944
https://doi.org/10.1039/DT9840001349


Molecules 2024, 29, 792 18 of 18

51. Foss, O.; Pitha, J.J. Xanthates and dithiocarbamates of selenium(II) and tellurium(II). Inorg. Synt. 1953, 4, 91–93.
52. Uson, R.; Laguna, A.; Laguna, M. (Tetrahydrothiophene)gold(I) or gold(III) complexes. Inorg. Synth. 1989, 26, 85–91.
53. Fulmer, G.R.; Miller, A.J.M.; Sherden, N.H.; Gottlieb, H.E.; Nudelman, A.; Stoltz, B.M.; Bercaw, J.E.; Goldberg, K.I. NMR chemical

shifts of trace impurities: Common laboratory solvents, organics, and gases in deuterated solvents relevant to the organometallic
chemist. Organometallics 2010, 29, 2176–2179. [CrossRef]

54. MestReC; MestReNova; Mestrelab Research S.L. A Coruna 15706, version 14; Mestrelab Research: Santiago de Compostela,
Spain, 2020.

55. Sheldrick, G.M. Crystal structure refinement with SHELXL. Acta Crystallogr. Sect. C Struct. Chem. 2015, C71, 3–8. [CrossRef]
56. Pennington, W.T. DIAMOND—Visual Crystal Structure Information System; Crystal Impact: Bonn, Germany, 2001.
57. Spek, A.L. Single-crystal structure validation with the program PLATON. J. Appl. Cryst. 2003, 36, 7–13. [CrossRef]
58. Spek, A.L. Structure validation in chemical crystallography. Acta Cryst. 2009, D65, 148–155. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1021/om100106e
https://doi.org/10.1107/S2053229614024218
https://doi.org/10.1107/S0021889802022112
https://doi.org/10.1107/S090744490804362X
https://www.ncbi.nlm.nih.gov/pubmed/19171970

	Introduction 
	Results and Discussion 
	Synthesis 
	Spectroscopic Characterization 
	Single-Crystal X-ray Diffraction Studies 

	Materials and Methods 
	General Procedures 
	Synthesis and Characterization 
	Crystal Structure Determination 

	Conclusions 
	References

