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I. INTRODUCTION

In more recent times fluorescence has been proven an important tool and used in many
applications such as fluorescent lamps,’ fluorescent spectroscopy,®’ fluorescence imaging,®’

1213 and detection of fingerprints.'*

photodynamic therapy,!! pigments

Considering the previous applications of fluorescent compounds, in this work we
synthesized a series of organoselenium compounds. Such species were used as ligands towards
late d metals (Ag, Pd), and, for selected species, the fluorescent behaviour was investigated to
evaluate their potential for applications optoelectronics.

The first part of the original contributions focused on the organoselenium compounds.
The diorganoselenides were further divided by their overall structure in compounds of type R—
Se-R, where one selenium atom is attached to two identic units of either benzaldehyde or 4-
arylidene-5(4H)-oxazolone fragments, and compounds of type R—Se-CH>-Py—CH>—Se—R,
where a pyridine ring is functionalized with two flexible organoselenium side arms. The
diorganoselenides R—Se—R were used as ligands for silver(I), gold(I) and zinc(Il) complexes,
while the R—Se—CH»—Py—CH>—Se-R ligands were used for silver(I) and copper(I) complexes.

The second part of the original contributions discuses a series of 4-arylidene-5(4H)-
imidazolones and 4-arylidene-5(4H)-thiazolones. Palladium complexes of these ligands were
obtained by C—H bond activation and were also investigated for their photophysical properties

and photochemical reactivity.

II. LITERATURE DATA

II.1.  Organoselenium fluorophores

In the past decade, the development of organoselenium compounds as fluorescent
probes has attracted some interest. The most recent studies in the field are focused on their
applications in bioimaging. As a consequence, diorganoselenium compounds containing donor
atoms such as N and/or O were synthesized for the purpose of detecting biologically important
analytes, such as reactive oxygen species (hydrogen peroxide, hypochlorous acid, hypobromous
acid, superoxides, peroxynitrite and nitric oxide), biothiols and metal ions.!>*?

One of the reasons to employ the organoselenium compounds as fluorophores is related

to the chemical properties of selenium. In the divalent state, selenium can either weakly donate

a lone electron pair to a metal center, thus behaving as a Lewis base, or to accept a lone pair

10



from a donor atom and behaving as a Lewis acid.** In addition, selenium has a low oxidation

potential which favors the reaction and detection of oxidizing reagents.**

I1.2. Imidazolone and thiazolone fluorophores

The green fluorescent protein (GFP), a 4-arylidene-5(4H)-imidazolone, is a protein that
exhibits a bright green emission when it is irradiated with UV light. In was first found in some
species of fluorescent jellyfish. Because the protein can be attached to the DNA it has been used
as fluorescent indicator in a variety of living organisms.”’® Most common applications are:
fusion tags, reporter gene, fluorescence resonance energy transfer and photobleaching. Fusion
tag is a method used to tag proteins. GFP is attached to a gene which when expression occurs
in a cell it will propagate the fluorescence in future proteins. Reporter gene is used to mark a
living organism and provides information regarding if a certain gene has been expressed in the
cell or organism population.”’

Because of some limitations or the need to improve the fluorescence of GFP protein,
synthetic analogs containing the same core structure of the GFP have been developed. These
imidazolones are widely used and commercially available.® In an attempt to obtain compounds
with specific applications attempts have been made to improve the already known GFP-like
compounds, starting from the core structure of GFP.86-1%0

The luminescent properties of 4-arylidene-5(4H)-imidazolone are strongly dependent
on the environment. It was observed that the quantum yield of the isolated imidazolone is much
smaller when it is localized in GFP protein, due to the influence of a rigid environment.'%!:1%2
The most likely reason for this behavior is the presence of non-radiative decay channels
determined by Z-E isomerization, as an alternative to fluorescence. This isomerization can take
place through rotation around the C=C bond and/or C—C bond.!*!** With the introduction of
substituents at specific positions the isomerization can be avoided through self-restrictions,

intramolecular locks or ortho-functionalization,!%6-105-110

11



I11. ORIGINAL CONTRIBUTIONS

II.1. Organoselenium compounds

MI.1.1. Diorganoselenium(II) compounds of type R—Se—R

The synthesis of the benzaldehyde derivatives was achieved according to Scheme 27.
{2-[(CH20).CH]C¢H4}2Se (1) and [2-(OCH2)CsHa]2Se (3) have been prepared according to a
procedure described in the literature,'” while the new diorganoselenides {4-
[(CH20)>CH]CsH4}2Se (2) and [4-(OCH2)CsHas]2Se (4) have been prepared by adapting the
same literature procedure. 4-Bromobenzaldehyde was converted into the corresponding acetal.
An ortho-lithiation step of the organic ligand was employed next. The resulting lithium
derivative {4-[(CH20),CH]C¢H4}2Li was reacted with Se(dtc), (dtc = dimethyl
dithiocarbamate), thus resulting the desired diorganoselenide 2. The compound [4-
(OCH2)C¢H4]2Se (4) was prepared by reacting {4-[(CH20).CH]CsH4}2Se (2) with HCI, at
reflux (Scheme 27).

Br Li
Ho/\/\OH Se Se
TN Y B X, Se(dto), @/ O HCI S Z
——- —_— —_—
/ // |// // \\ Acetone |// \\|
R, R, R> R} R,

R,= 0-(CH,0),CH R,= 0-(CH,0),CH (1) R,= 0-CHO (3)
R,= p-(CH,0),CH R,= p-(CH,0),CH (2) R,= p-CHO (4)

R,=0-CHO
R,= p-CHO

Scheme 27. Synthetic path for benzaldehyde derivatives.

4-Arylidene-5(4H)-oxazolones were prepared as followings: the compounds [4-{2-
CsHs-(4H)-oxazol-5-ona} C¢Ha]oSe (5) and [4-{2-CsHs-(4H)-oxazol-5-ona} C¢Ha]oSe (6) were
obtained using the Erlenmeyer-Plochl method by reacting the aldehydes [2-(OCH2)CeHa]2Se
(3) and [4-(OCH2)CsH4]2Se (4), respectively, with hippuric acid and sodium acetate at reflux

in acetic anhydride (Scheme 28).!%

@S‘”’\O : @/“ ! encoons ew VJC(S&O\{;@

RE— 0-CHO (3) o-
R,= p-CHO (4)

i~

Scheme 28. Synthetic path for compounds 5 and 6.

NMR spectroscopy was used to check the purity of 1 and 3, which have already been
reported in the literature.!** In the the '"H NMR spectra of compounds 2, 4, 5 and 6 all the
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resonance signals corresponding to the specific functional groups where found (Figure 26). In
the spectrum of compound 2, the resonance signals corresponding to the dioxolane group (o
4.10 ppm) and the proton in position 7 (& 5.80 ppm) are observed. In the spectrum of compound
4, the resonance signals of the dioxolane group are no longer present, thus indicating that the
deprotection was successful. Also, the resonance signal of the H7 proton moves to & 10.00 ppm,
a value specific to an aldehyde group. In the spectrum of compound 6, the proton in position 7

moved to a value characteristic for oxazolones (6 7.24 ppm).

Haos Hss H, Hg,o & o o
9 3 />
7
5 1

Se

6
| |
H7 Hys Hae

| \ / BTN

l I
N ML

(0] . 3 (0]
H26,13,14,15 P 2
Hast216 <0 Hy 0 o
=N 1 N=
12 11/10 5 Se
6 6
13 16
14 15

T T T T T T . T T
10 9 8 7 6 5 4 3 2 1
& (ppm)

Figure 26. Stacked 'H NMR spectra, in CDCI5 solutions, of compounds 2, 4 and 6.

The 7’Se NMR spectra of compounds 2, 4, 5 and 6 revealed the resonances of the
compounds (6 415 ppm, 444 ppm, 438 ppm and 344 ppm, respectively) are close to those
reported in literature for compounds 1 and 3 (5 321 ppm and 393 ppm).'**

In the APCI+ mass spectrum of compound 4, 5 and 6 the pseudo-molecular ion [M+H]"
was found and confirmed the formation of the target species.

The compounds were further investigated by infrared spectroscopy. In the case of
compound 4, the C—H and the C=0 stretching bands of the aldehyde were identified and in the
case of compounds 5 and 6 the bands corresponding to the oxazolone ring, C=0, C-O and C=N
stretching band were also identified.

The molecular structures of compounds 4 and § were determined by single crystal X-
ray diffraction. In compound 4 the bond angle around the selenium lead to a bent geometry with

a value comparable to those found in diphenyl selenide.'?® In the molecular structure of
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compound 5 an angular geometry around the selenium atom is observed as well (Figure 35).

The organic substituents attached to selenium are planar and almost orthogonal to each other.

Figure 35. ORTEP representation (30% probability ellipsoids) of a molecule in compound 5.
g y

Hydrogen atoms were omitted for clarity.

The UV-Vis spectroscopy investigations showed an increase of intensity of the 350 nm
band in oxazolone 5 compared to benzaldehyde 3 and in case of compound 6, it showed a shift
of the 320 nm band to 400 nm compared to compound 4 due to the extended conjugated system.
The intensive absorption bands below 300 nm were assigned to intraligand n—n* interactions. '’
Comparing the two oxazolones 5 and 6 (Figure 37), it can be observed that the position of
selenium on the phenyl ring (ortho in compound 5 and para in compound 6) has a significant

effect on the absorbance of the compounds, inducing a bathochromic shift.
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Figure 37. Absorption (dashed line) and emission (straight line) spectra of compounds
5 and 6.
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III.1.2. Metal complexes of diorganoselenium(II) ligands of type
R-Se-R
A series of ten metal complexes were obtained by reacting the ligands [4-{2-C¢Hs-(4H)-
oxazol-5-ona}CsH4]2Se (5) and [4-{2-C¢Hs-(4H)-oxazol-5-ona}CeHas]oSe (6) with various
metal salts: AgOTTf, AgPFs, AuCl(tht) and ZnCl,. The molar ratio used for the reactions was

1:1 (ligand:metal), as depicted in Scheme 29. In addition, a 1:2 molar ratio was used in reaction

with AgOTT.

AgOTf n L7
——— [Ag(OTA(L"] L2 8)
AgOTH AQ(OTH),(L" L' (®)
s T[{ g(OTf),(L™M] L2 (10)
i Q
QVN _SF x N AgPFg AQ(PE(LD Lt (11)
S = ! —T-—[ gPFL™ 249
o] -
o5, L;) © AuClitht) . L' (13)
p-(6,L9) EETER [AuCI(L™)] L2 (14)
ZnCly L' (15)
—_" [ZnCIZ(L“)] L2 (16)

Scheme 29. Synthesis of metal complexes

The 'H and '3C spectra show the resonances corresponding to the expected compounds.
Only small differences in the chemical shifts of the resonances, both in the 'H and the *C {'H}
were observed in the complexes 13-16 when comparing with the ligands 5 and 6. Comparing
the 'H spectrum of the silver complexes 7-12 no important resonance signal shift can be
observed between the AgOTf and AgPFs complex in contrast to the 1:1 AgOTf complex with
the 1:2 AgOTf complex where we can observe a noticeable shift of the resonance signals
corresponding to the protons from the aromatic ring attached to selenium.

In the "’Se{'H} NMR spectra the selenium resonance could be observed only for
complexes 13, 14 and 16 as a singlet in the range 320-443 ppm, corresponding to the typical
chemical shift for diorganoselenides, as reported in the literature.'”® Comparing the chemical
shift of the complexes with the chemical shifts of the ligands we can observe that the values are
very similar, indicating that in solution the interactions between the selenium and the metal
might not be present as show for similar compounds in literature and instead an nitrogen-metal
interaction.®

The compounds presented a dynamic behavior in solution, at room temperature where
the metal atom is being alternatively attached to one of the two organic group as proposed in

the literature for the complex [CsH4(CsHsNO)]2SeHgCl2 with a similar structure.'?’ In order to
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further support this proposal, a VT NMR study was performed in acetone-ds for compound 11.
At low temperature two more sets of resonance signals appear. It can be seen more clearly for
Hi2,16 and H7 protons (Figure 42). A possible explanation is the splitting of the resonance
signals due to formation of two species where the metal is coordinated to one or the other

nitrogen as discussed before.
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Figure 42. Stacked '"H NMR spectra of compound 11 at room temperature and after warm up

from -50 °C to +20 °C

APCI+ or ESI+ mass spectra were recorded for the complexes 7-16. In most cases the
pseudo-molecular ion could be identified. The [M-OTf]" for complex 8, [M-PFs]" for complex
11, [M-OT{]" for complex 9 and [M-OT{]" for complex 10 peaks could be identified with low
intensities (5-10%) and with an intensity of 90-100% in the mass spectrum peaks corresponding
to [M-OTf]" for complex 7, [M-PFs]" for complex 12 and [M-CI]" for complex 13.

The infrared spectroscopy revealed that in complex 7 and 8 the bands corresponding to
the oxazolone ring were located in the same region, compared to the ligands S and 6. In addition,
characteristic bands of the triflate fragment were also observed. The triflate fragment can be
identified by the four characteristic bands (asymmetric and symmetric SO3 and CFs; stretch).!3°
In the case of complexes 11 and 12 the band corresponding to the PFs was found, based on the
literature on MPF compounds, where M is a group I metal. '31:132

Molar conductivity measurements of complexes 7, 8, 11 and 12 were found in the range

consistent with 1:1 electrolyte. For complexes 13, 14, 15 and 16 molar conductivity
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measurements were found to indicate a non-electrolyte behavior. Complexes 9 and 10 present
a molar conductivity in the range consistent with 1:2 electrolytes.'*’

The crystal structure of compound 9 was determined by single crystal X-ray diffraction.
Compound 9 contains two fragments of oxazolone connected through the selenium atom and
one dinuclear [Ag>(OTf)2] core. The molecule is asymmetric due to the coordination of only
one of the oxazolone through the nitrogen atom from the oxazole ring to one of the silver atoms
(N1-Agl 2.266(8) A; cf. Zrvaw(Ag,N)*° 4.25 A, Zreov(Ag,N) 2.16 A®). In the crystal structure
of compound 9, four molecules of chloroform are also present as crystallization solvent. The
two silver atoms are bridged by the triflate anions, thus generating an eight-membered Ag>04S»
ring through Ag—O bonds of 2.254(7) A (Agl—05), 2.359(6) A (Agl—08), 2.336(6) A
(Ag2-07) and 2.341(6) A (Ag2—010) (cf. Zrvaw(Ag,0) 4.09 A%, Treov(Ag,0) 2.11 A®Y).

Two of the asymmetric units form a dimeric association containing a tetranuclear silver
core [Ag4(OTf)4] formed by four metal atoms bridged by four triflate moieties. The
diorganoselenium fragments act as bridging ligands for the silver atoms through one nitrogen
atom (N1—-Agl) and the selenium atom (Ag2—Sel") with a bond length of 2.5691(1) A (cf.
Trvaw(Ag,Se) 4.41 A%, Treov(Ag,Se) 2.65 A) (Figure 48).

Figure 48. Tetranuclear structure in the crystal of compound 9. Symmetry equivalent position

(2—x, 1=y, 1-z) is given by “prime”. Hydrogen atoms and CHCI3 were omitted for clarity.

In the molecular structure of 9 no Ag---Ag metallophilic interactions were observed.
The distances between the silver atoms are 3.959(1) A for Agl---Ag2 and 4.345(1) A for
Agl---Ag2' being longer than the Ag---Ag distance of 3.310 A observed in similar structures
reported in literature, i.e. for [Aga(OTf)2(3,3'-DCPA)] (DCPA = dicyanodiphenylacetylene).!3*
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As a result, the two silver atoms are penta-coordinated, thus forming a distorted square-
pyramidal coordination geometry, with the s values of 0.20 and 0.18, respectively.'>

Intermolecular O---H interactions (H36---06) of 2.247(9) A (cf. Zrvaw(O,H) 2.70 A,
Treov(O,H) 0.97 A%) are formed between the oxygen atom from a triflate anion and a hydrogen
atom from a crystallization chloroform molecule, while Cl---H interactions (H32---CI6') of
2.803(3) A (¢f. Zrvaw(CLH) 3.02 A%, Zreov(CLH) 1.32 A®), involving an aromatic hydrogen
from a phenyl ring and one of the chlorine atoms from the solvent molecule, results in a
polymeric chain association in the crystal of 9. Further more parallel chains are connected by
two different interchain F---H contacts (H5---F6") of 2.487(7) A (cf. Zrvaw(F,H) 2.66 A,
Treov(F,H) 0.88 A%), involving a hydrogen atom from the phenyl ring and a fluorine atom from
a triflate fragment of a neighboring chain, thus giving rise to a 2D supramolecular network.

In the absorption UV-Vis spectra, the emission maxima were observed for all the
compounds in the same region as for the ligand 5 and 6 (Figure 52), except compounds 8 and
14, which did not present fluorescence emission. A hyperchromic shift can be observed in the

case complexes 12 and 16 compared to the ligand.
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Figure 52. Absorption (dashed line) spectra of compound 6, 8, 12, 14 and 16, and emission
(straight line) spectra of compounds 6, 12 and 16.

III.1.3. Diorganoselenium(II) compounds of type
R—-Se—CH>—Py—CH;-Se-R
In Scheme 31 is presented the reaction pathway for the synthesis of the derivatives based
on pyridine functionalized with organoselenium moieties. The diorganodiselenides
[(C3H3N2)CH2CH:]2Sex® (18) and (CsHaN)2Sex® (19) have been prepared according to a
procedure described in the literature. The new diorganodiselenide [HOC(CH3)>CH2]»Se> (17)
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and the diorganoselenides {2-[HOC(CH3).CH2]SeCH>}2Py (20) [2-(CsH4N)SeCH:]>Py (21)
and [2-(C3H3N2)CH2CH2SeCHz].Py (22) have been prepared by adapted literature
methods.!3%!37 The diorganodiselenides were obtained by reacting the corresponding organic
halide with NaySe;, previously obtained from sodium borohydride and elemental selenium. The
isolated diorganodiselenides were further reacted with sodium borohydride in order to facilitate
the cleavage of the Se—Se bond and finally with 2,6-bis(bromomethyl)pyridine to obtain the

pure diorganoselenides.

Br | = Br
N
= R-S .
2R-X + NaySe, EOH,_ rseser ECOH, 5 & sena Y T SeR
NaBH4 EtOH P
R =R'(17), R2(18), R® (19) R =R'(20), R2(21), R3(22)

N_ % N
ool w0 e

/ —
X=Cl X =Br X =Br

Scheme 31. Synthetic pathway for pyridine derivatives.

NMR spectroscopy was used to identify 18'3¢ and 19'37 which have already been
reported in the literature. The resonance signals in the 'H NMR spectra of compounds 18 and
19 are in agreement with the spectra present in literature. The 'H NMR spectra of compounds
20, 21 and 22 where found to be similar with spectra of the diorganodiselenides 17, 18 and 19
with the addition of the singlet in the aliphatic region corresponding to the two methylene
protons and in the aromatic region the two resonance signals, a triplet and a doublet,
corresponding to the H3 and H» protons, respectively, from the pyridine ring were observed, as
showed for compound 20 (Figure 53).

In the 7Se{'H} NMR spectra of compounds 18 and 21 a singlet in the range 400-450
ppm, and for compounds 17, 19, 20 and 22 a singlet in the range 200-300 ppm were observed,

136-138

that correspond to the typical chemical shift for diorganodiselenides and pyridine based

diorganoselenides®*7°

, as reported in the literature. Comparing the chemical shift of the
diorganodiselenides to diorganoselenides the selenium is shifted upfield with approximately 70
ppm in compound 20 (211 ppm vs. 291 ppm), 50 ppm in compound 21 (403 ppm vs. 447 ppm)
and 50 ppm in compound 22 (238 ppm vs. 292 ppm).

In the APCI+ mass spectrum of compound 21 the pseudo-molecular ion [M+H]" was
observed at 421.96695 m/z. In the APCI+ mass spectrum of compound 20, beside the pseudo-

molecular ion [M+H]" at m/z 412.02954, three other peaks at the m/z values 337.95651,
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260.05533 and 185.98199, where the molecule looses one or both arm fragments, as a result of

the C—Se bond breaking.
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Figure 53. Stacked 'H NMR spectra, in CDCls, of compounds 17 and 20.
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Figure 59. (a) Experimental APCI+ HRMS spectrum of compound 22, in MeCN, compared

with (b) the corresponding simulated peaks.
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Similar to the compound 20, in the APCI+ mass spectrum of compound 22 (Figure 59)
the pseudo-molecular ion [M+H]" at m/z 327.98578 is accompanied by three other peaks at the
m/z values 359.95261, 282.05215 and 174.97716, the first two corresponding to fragmentation
by loosing only one or both arm fragments, as a result of the C—Se bond cleavage, and the third
one corresponding to the pyrazole containing arm fragment.

In the structure of compound 20, one of the two pendant arms is involved in a strong
intramolecular N—H interaction (H17---N1) of 1.882(1) A (cf. Zrvaw(N,H) 2.86 A>°, Zreov(N,H)
1.02 A®), where the hydrogen from the hydroxyl group interacts with the nitrogen from the
pyridine ring. The hydroxyl group from the second pendant arm is involved in a different
interaction. O---H interactions of 2.482(4) A (H4---03") (¢f. Zrvaw(O,H) 2.70 A%, Treov(O,H)
0.97 A%) between the hydrogen from the methylene group and the oxygen from the hydroxyl

group, that lead to a a chain-like chain association (Figure 61).

Figure 61. View of a chain in the crystal of compound 20. Hydrogen atoms not involved in

intermolecular interactions were omitted for clarity. Symmetry equivalent atoms (x, —1+y, z)

are given by “prime”.

In compound 21 (Figure 62) both selenium atoms have a bent geometry with the bond

angles C7-Sel-C6 and C12-Se2—C13 of 100.47(12)° and 99.97(12)°, respectively.

Figure 62. ORTEP-like representation (ellipsoids at 50% probability) of a molecule in

compound 21. Hydrogen atoms were omitted for clarity.
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Chains are formed through N---H interactions (H6B---N3') of 2.762(3) A (cf.
Trvaw(N,H) 2.86 A%, Zreov(N,H) 1.02 A%) between the nitrogen of one of the pyridyl groups
and the hydrogen from a methylene group. N---H interactions (H17---N1") of 2.708(2) A
between the nitrogen from the central pyridine ring and the hydrogen from a pyridyl group in a

neighbor chain leads to a 2D supramolecular network (Figure 63).
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Figure 63. View along axis a of the supramolecular 2D network in the crystal of 21.
Hydrogen atoms that are not involved in intermolecular interactions were omitted for clarity.
Symmetry equivalent atoms (1/2—x, 1/2+y, 1/2—z) and (1/2+x, 1/2—y, 1/2+z) are given by

“prime” and “double prime”, respectively.

The UV-Vis spectra of compounds 20 and 22 showed a band in the range 250-325 nm

while in compound 21 it showed a band in the range 200-275 nm.

II1.1.4. Metal complexes of diorganoselenium(II) ligands of type
R—Se—CH>—Py—CH;-Se-R
A series of metal complexes were obtained by reacting the neutral ligands {2-
[HOC(CH3).CH2]SeCHz} 2Py (20), [2-(CsH4N)SeCHz 2Py (21) and [2-
(C3H3N2)CH2CH2SeCH2 2Py (22) with various metal salts (Scheme 32). The chemical
reactivity of the ligands was investigated towards AgOTf, AgPFs, AgNOs, AuCl(tht),
AuCgFs(tht) and Cul. In the case of gold complexation, all three ligands were not suitable and

no pure compounds were isolated due to fast decomposition.
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Scheme 32. Synthesis of group 11 metal complexes.

The 'H and *C NMR spectra show the resonances corresponding to the expected
compounds and the '°F and *'P NMR indicate that there is only a single species present.

The 'H NMR spectrum of complex 23 suggests that the pyridine nitrogen coordinates
to the silver, thus influencing the overall chemical environment. The 7’Se NMR spectrum
suggests the coordination of selenium also, due to the shift of the resonance from approximately
210 to 190 ppm.

In the 'H NMR spectrum of the complexes of ligands 21 and 22 there is no change in
multiplicity or the number of resonance signals, meaning that the two pendant arms are
equivalent in solution. Comparing the silver complexes noticeable differences are observed
between compounds 24 and 26, as compared to the compounds 25 and 27 where only small
chemical shifts is present. The 7’Se NMR spectrum of complex 25, 27 and 29 confirms the
coordination of selenium to the metal due to the shift from approximately 240 to 215 ppm. Only
one resonance signal is present in each case which confirms that in solution the metal undergoes
a dynamic behavior, or it’s attached to both selenium. This trend could be the case in all
complexes, including those of ligand 21.

In the ESI+ mass spectra of the metal complexes of ligands 20, 21 and 22 in all of the
cases the base peak corresponds to the cation [M-OTf]", [M-PF¢]", [M-NOs]" or [M-I]" was
found. For all the complexes, except for compound 29, the second most intense peak
corresponds to a fragment of the base peak where it loses a pendant arm. The break takes place
at one C—Se bond and the lost fragment is [HOC(CH3)>CH2]Se, (CsHsN)Se or
(C3H3N2)CH2CH>Se depending on the ligand.

Molar conductivity measurements of complexes 23, 24, 25, 26, 27 and 29 were found
in the range or very close to the range consistent with 1:1 electrolytes. For the Cul complexes
30 and 31 molar conductivity measurements indicated a non-electrolyte behavior. '3

In the solid state structure of compound 24 the molecule is asymmetric due to the

coordination of only one pendant arm through the nitrogen atom from a pyridyl fragment to the
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silver atom (Agl—-N3 2.214(1) A; cf. Zrvaw(AgN)>® 4.25 A, Zreo(Ag,N) 2.16 A%). The
molecules are associated in dimeric units (Figure 73). The ligand acts as a bridging unit,
interacting with the silver atoms through two of the nitrogen atoms, one nitrogen from the
central pyridine ring (Agl—N1") with a length of 2.333(1) A, and the other from the pyridyl
group in one pendant arm (N3—Agl), as well as by the two selenium atoms (Agl—Sel' 3.510(3)
A and Agl—Se2' 2.654(4) A, cf. Zrvaw(Ag,Se) 4.41 A5, Treov(Ag,Se) 2.65 A%),

Figure 73. Dimeric association in the crystal of compound 24. Symmetry equivalent position

(1-x, 1=y, 1-2) is given by ”prime”. Hydrogen atoms were omitted for clarity.

The silver atoms are hexa-coordinated with a Ag:--Ag metallophilic interaction. The
distance between the silver atoms of 3.094(4) A is in the range of 2.9 - 3.3 A similar to the
Ag---Ag intermolecular interaction of 3.250(4) A, 2.909(6) A and 2.911(6) A found in the hexa-
coordinated pseudo-polymorph dimers [Agx(tpp)2][BF4]2-MeNO: [tpp = 2,4,6-tri(pyrazol-1-
yl)pyridine]."**

The AgoN3OSe; coordination sphere can be described as being constituted of two
triangle planes (O1, N1', Se2' and N3, Sel', Agl') and the geometry around the silver in
compound 24 can be regarded as a distorted trigonal prism as observed also in compound
[Aga(hfac)s(n2-bpm)s] (hfac = 1,1,1,5,5,5-hexafluoroacetylacetonate, bpm = 22’-
bipyrimidine).'*!

Intermolecular O---H interactions (H6A---O2" and H4---O3") of 2.464(1) A and
2.428(1) A (cf. Zrvaw(O,H) 2.70 A¥, Zreov(0,H) 0.97 A®°) are formed between the oxygen atoms
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from a triflate anion and hydrogen atoms from the methylene group and the pyridyl ring,

respectively, thus resulting in a chain-like association in the crystal of 24 (Figure 75).

Figure 75. Chain-like association in the crystal of 24. Hydrogen atoms that are not involved
in intermolecular interactions were omitted for clarity. Symmetry equivalent atoms (1—x, 1-y,

1-z) and (—1+x, y, z) are given by “prime” and “double prime”, respectively.

The structure of compound 25 is asymmetric as well. Like in the compound 23 only one
of the pendant arm is coordinated to silver, through selenium (Agl—Se2 2.958(3) A; cf.
Trvaw(Ag,Se) 4.41 AY Zreov(Ag,Se) 2.65 A%) and one nitrogen atom from the pyrazole
fragment (Ag1—-N5 2.271(2) A; cf. Zrvaw(Ag,N)> 4.25 A, Zreov(Ag,N) 2.16 A%),

Each selenium and nitrogen from the pyridine ring are involved in interaction with the
silver from the neighboring molecule (Agl'—Se2 3.2498(3) A; Agl'-Sel 2.733(4) A; Agl'-N1
2.320(2) A), thus resulting in a coordination polymer (Figure 78). The geometry around the
silver atom is a distorted square pyramid with the nitrogen from the pyridine in apices,

confirmed by 15 = 0.2 (t = 0 for an ideal square pyramid and T = 1 for an ideal trigonal

) 135

bipyramid

Figure 78. Polymeric chain in the crystal of 25. Hydrogen atoms that are not involved in
intermolecular interactions were omitted for clarity. Symmetry equivalent atoms (3/2—x,

—1/2+y, 1/2—z) are given by “prime”.
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The molecular structure of compound 27 is very similar to that of compound 25, except
the different anion. The same coordination pattern can be observed, where only one of the
pendant arm coordinates to silver through the selenium (Agl—Sel 2.901(4) A; cf. Zrvaw(Ag,Se)
441 A% Treov(Ag,Se) 2.65 A®) and one nitrogen atom from the pyrazole fragment (Agl—N3
2.2712) A; cf. Zrvaw(Ag,N)* 4.25 A, Zreov(Ag,N) 2.16 A®). Like in compound 25, each
selenium and the nitrogen from the pyridine ring are involved in interactions with the silver
from the neighboring molecule (Agl'-Sel 3.322(4) A; Agl'-Se2 2.781(4) A; Agl'-NI
2.301(2) A) to form a coordination polymer. The length of these interactions are almost the
same as in compound 25, and likewise the resulting geometry is distorted square pyramid with
the geometry index being slightly bigger ts = 0.3 (t = 0 for an ideal square pyramid and T = 1
for an ideal trigonal bipyramid).'¥

In the molecular structure of compound 30 (Figure 84) a strong coordination to the
metal of only one of the selenium from one of the pendant arm (Cul—Sel 2.466(2) A; cf.
Trvaw(Cu,Se) 4.20 A% Treo(Cu,Se) 2.52 A%%) and only one of the nitrogen from the other
pendant arm (Cul-N3 2.021(13) A; cf. Zrvaw(Cu,N)*® 4.04 A, Zreov(Cu,N) 2.03 A%) are
observed. The nitrogen from the central pyridine is also coordinated to the copper atom

(Cul—N1 2.042(1) A). The resulting geometry around the copper center is a trigonal pyramid.

Figure 84. ORTEP-like representation (50% probability ellipsoids) in compound 30.

Hydrogen atoms were omitted for clarity.

The second selenium forms a weak I---Se contact of 3.760(2) A (I1---Se2") (cf.
Trvaw(L,Se) 3.86 A%, Treo(1,Se) 2.59 A%) with iodine. The long chains formed are further
connected by weak I---H interaction of 3.071(1) A (I1'---H8) (cf. Zrvaw(I,H) 3.24 A%, Zreov(1,H)
1.70 A%) resulting in a 2D network (Figure 85).
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Figure 85. Best view of the supramolecular 2D network in the crystal of 30. Hydrogen atoms
that are not involved in intermolecular interactions were omitted for clarity. Symmetry
equivalent atoms (1—x, 1—y, 1-z) and (1/2+x, 1/2—y, —1/2+z) are given by “prime” and

“double prime”, respectively.

In the UV-Vis spectra compound 23 as compared with ligand 20 shows a decrease in
intensity for the band corresponding to the intra-ligand transitions in the range of 270 nm and
also an increase in the range of 320-400 nm corresponding to the metal-ligand transitions. The
same trend is also present for the compounds 25, 27, 29, 26 and 30. Compound 31 presents a
large band at 250 nm while compound 24 at 270 nm when compared with their ligand. The

most notable change in the visible region is for the copper complexes where a new broad band

is present (Figure 87).
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Figure 87. Stacked UV-Vis spectra of compounds 21, 24, 26, 28 and 30.
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II1.2. Imidazolone and thiazolone compounds

II1.2.1. Imidazolones and thiazolones

In this subchapter a series of thiazolones and imidazolones containing one or two
substituents located at the 4-arylidene ring were synthesized. The photophysical properties of
the compounds can be controlled by the effect of the electron density. By that reason the
substituents were chosen as either electron-withdrawing groups such as fluorine or chlorine or
electron-donating groups such as methoxy. The positions of the substituents on the arylidene
ring (position 4, positions 3 and 4 and positions 2 and 4) were selected to control the steric
hindrance. The n-propyl group was chosen as substituent for the nitrogen from the imidazolone
ring because of its chemical inertness and for the further aid in the '"H NMR investigations.

The synthesis of imidazolones 4-(4-fluorobenzylidene)-2-phenyl-5(4H)-imidazolone
(37), 4-(4-chlorobenzylidene)-2-phenyl-5(4H)-imidazolone (38), 4-(3,4-chlorobenzylidene)-2-
phenyl-5(4H)-imidazolone (39), 4-(3,4-metoxybenzylidene)-2-phenyl-5(4H)-imidazolone (40)
and 4-(2,4-metoxybenzylidene)-2-phenyl-5(4H)-imidazolone (41) have been prepared by
following the procedure described in the literature.'* The thiazolones 4-(4-fluorobenzylidene)-
2-phenyl-5(4H)-thiazolone (42), 4-(4-chlorobenzylidene)-2-phenyl-5(4H)-thiazolone (43), 4-
(3,4-chlorobenzylidene)-2-phenyl-5(4H)-thiazolone  (44), 4-(3,4-metoxybenzylidene)-2-
phenyl-5(4H)-thiazolone (45) and 4-(2,4-metoxybenzylidene)-2-phenyl-5(4H)-thiazolone (46)
have been prepared according to the literature.!*

The methods of synthesis involve directly converting the corresponding oxazolone into
thiazolones or imidazolones. The oxazolones were synthesized according to the standard
Erlenmeyer-Plochl procedure, by reacting the corresponding hippuric acids and aldehyde in

acetic anhydride (Scheme 33).'%°
o)
-0 R
N c
| + HOJ\/N + CH,COONa ____ - =  N=
-
o)

R = 4-F (32), 4-Cl (33), 3,4-CI (34),
3,4-MeO (35), 2,4-MeO (36)

Scheme 33. Synthesis of oxazolones.

The oxazolones 4-(4-fluorobenzylidene)-2-phenyl-5(4H)-oxazolone (32),'% 4-(4-
chlorobenzylidene)-2-phenyl-5(4H)-oxazolone (33),'*® 4-(3,4-chlorobenzylidene)-2-phenyl-
5(4H)-oxazolone (34),'47 4-(3,4-metoxybenzylidene)-2-phenyl-5(4H)-oxazolone (35)'*® and 4-
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(2,4-metoxybenzylidene)-2-phenyl-5(4H)-oxazolone (36)'* were synthesized previously with
the same method.

The imidazolones were obtained by reacting the previously obtained oxazolones with
n-propylamine in pyridine and N,O-bistrimethylsilylacetamide (BSA) as promoter (Scheme
34).

R o R 7
J 0O N\ = N=
= N= + | + "Pr-NH, + 2BSA ——»
P>
R = 4-F (32), 4-Cl (33), 3,4-Cl (34), R = 4-F (37), 4-Cl (38), 3,4-Cl (39),
3,4-MeO (35), 2,4-MeO (36) 3,4-MeO (40), 2,4-MeO (41)

Scheme 34. Synthesis of imidazolones.

The thiazolones were obtained by reacting the previously obtained oxazolones with

thioacetic acid and trimethylamine (Scheme 35).

R 2 R 7
Y o ? Y s
= N= + + BN —— = N=
)J\SH
R = 4-F (32), 4-CI (33), 3,4-Cl (34), R = 4-F (42), 4-Cl (43), 3,4-Cl (44),
3,4-MeO (35), 2,4-MeO (36) 3,4-MeO (45), 2,4-MeO (46)

Scheme 35. Synthesis of thiazolones.

In the stacked 'H NMR spectra of the compounds substituted in the para position of the
arylidene ring, compounds 37 and 38 (Figure 88), one set of the resonance signals was
observed. In the aliphatic region two triplets and one quartet were observed for the propyl
group. In the aromatic region the resonance signal from the methine proton appears as a singlet,
while the protons in the two aromatic rings give multiplet resonances. In both aromatic groups
the ortho as well as the meta protons are equivalent. In the case of compound 37 the resonance
signals from the arylidene ring are split due to the F-H coupling. This is also confirmed by the
13C (APT) NMR of compound 37, where the splitting of the resonance signals can be seen even
at the methine carbon.

In the 'H NMR spectra of the compounds 39, 40 and 41 beside the resonance signals
corresponding to the phenyl and the propyl groups, also present in the compound 37 and 38,
there are three other resonance signals corresponding to the protons from the arylidene, and the

ortho and meta protons are no longer equivalent. For the compounds 40 and 41 another two
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singlets corresponding to the methoxy groups can be observed in the aliphatic region.
Comparing the two methoxy substituted compounds, the His proton from the ortho position of
the arylidene, where the ortho palladation will occur, is shifted downfield with over 1 ppm in
compound 41 as compared to 40. The change in chemical shift may give insight on the influence

of the position of the substituents on the arylidene ring and as consequence on the electron

density.
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Figure 88. Stacked '"H NMR spectra of compounds 37 and 38.

In the ESIT+ mass spectrum of the imidazolones the pseudo-molecular ion [M+H]" of
compounds 37 (m/z 309.1405), 38 (m/z 325.1100), 39 (m/z 359.0730), 40 (m/z 351.1689) and
41 (m/z 351.1705) appears with an intensity between 5% and 50%. The [M+Na]" ion is present
in all spectra: compound 37 (m/z 331.1226), 38 (m/z 347.0928), 39 (m/z 381.0538), 40 (m/z
373.1522) and 41 (m/z 373.1519), and in case of compounds 37, 38 and 40 these cations

represent the base peak.

II1.2.2. Orthopalladated imidazolones and thiazolones

Orthopalladated complexes of thiazolones and imidazolones were synthesized by
reactions with palladium acetate, in trifluoroacetic acid (Scheme 36).!>° The final products were
dimers bridged by trifluoroacetato ligands. The orthopalladation reaction of thiazolone 46
failed, even if several different reaction conditions were attempted (temperatures, reaction times

or solvents were changed).
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Z =N"Pr

R = 4-F (37), 4-Cl (38), 3,4-CI (39),
3,4-MeO (40), 2,4-MeO (41)
Z=S
R = 4-F (42), 4-Cl (43),
3,4-Cl (44), 3,4-MeO (45)
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Z=5

R = 4-F (52), 4-C (53),

3,4-Cl (54), 3,4-MeO (55)

Scheme 36. Synthesis of orthopalladated products.
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Scheme 37. Synthesis of the [2+2]-cycloaddition products.

The [2+2]-cycloaddition of the orthopalladated products was achieved by irradiation
with blue light (Scheme 37). The compounds presented very different photochemical
properties: compound 50, 51 and 55 did not undergo cycloaddition, irradiation of compound 52
resulted in a mixture of isomers that could not be separated and irradiation of compounds 47,
48, 49, 53 and 54 lead to the selective formation of the corresponding cyclobutanes, namely
only one diastereoisomer, the e-isomer.

In order to further understand and improve the fluorescence of the synthesized
orthopalladated compounds a change of the ancillary ligands was employed by following the
appropriate literature.'>’"1®* Imidazolone 51 was used in further reactions involving an exchange
of ligand.

As shown in Scheme 38 the dinuclear derivative 51 was either reacted with pyridine in

1:2 molar ratio to yield the mononuclear derivative 61 or treated with LiCl in 1:4 molar ratio in
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MeOH to obtain the dinuclear chloride bridged complex 62. Complex 62 was subsequently
reacted with pyridine in 1:2 molar ratio in CH2Cl, to form the mononuclear complex 63, with
Tl(acac) in 1:2 molar ratio in CH>Cl; (acac = acetylacetonate) to afford the neutral mononuclear
complex 64, and with AgBFs and pyridine in a 1:2:4 molar ratio, in CH>Cl, and acetone,

respectively, to give the cationic bis-pyridine derivative 65.

N 0 = MeO
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Scheme 38. Synthesis of the fluorescent imidazolone derivatives 61, 62, 63, 64 and 65.

All 'TH NMR spectra of the orthopalladation products show no resonance signals for Hie
proton which confirms that the C—H bond activation took place. Additionally, the overall
resonance signals corresponding to the arylidene ring changed, this includes the multiplicity,
chemical shift, and the number of signals of the para substituted compounds as the protons are
no longer equivalent.

For example, by comparing compound 48 with its precursor, compound 38, in the
stacked '"H NMR spectra (Figure 92), in the aromatic region we can observe a change in the
number of resonance signals corresponding to the arylidene. In the aliphatic region of
compound 48 the resonance signals from the methylene groups in the propyl fragment present
a diastereotopic character which support that the C—H bond activation occurred. This result is
due to the relative anti arrangement of the orthopalladated moieties in the dimer. In the HSQC

spectrum we can see that both multiples are coupled to the same carbon resonance.
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Figure 92. Stacked '"H NMR spectra of compounds 38 and 48.

If we compare the NMR of the [2+2]-cycloaddition products with the orthopalladated
dimers we should observe a shift of the resonance of the protons from the methine group, as a
new bond is formed. This is indeed true, as shown for compound 57, where the resonance
corresponding to the Hio proton shifts from approximately 7 ppm to approximately 5 ppm. In
the stacked "H NMR spectra of compounds 48 and 57 (Figure 94) this shift is evident and as a
result of the formation of the cycle the resonance signals corresponding to the arylidene moiety
are also shifted due to the change in the overall chemical environment.

In addition, in the *C NMR spectrum the resonance signals corresponding to the
carbons present in the methine group, Cs and Cio, are considerably shifted. For example, in the
13C NMR spectra of compounds 49 and 58 the Cg carbon shifts from approximately 133 ppm
to approximately 70 ppm and the Cjo shifts from approximately 133 ppm to approximately 58
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Figure 94. Stacked '"H NMR spectra of compounds 48 and 57.

Complexes 61, 63, and 65 exhibit a dynamic behavior in solution at room temperature.
By lowering the temperature to 233 K the molecules become static during the response time of
the NMR. Figure 98 shows the stacked "H NMR spectra of the ligand 51 and the complexes 61
and 63. Both compounds present cis and ¢rans isomer mixtures, in 1:1 ratio in case of compound
63 and in 1:4 ratio in the case of compound 61. Consequently, in the '"H NMR spectra two sets
of resonance signals can be observed, more clearly seen in the aliphatic region at the protons
from the propyl group and the two methoxy groups. The spectra show also that there is no
longer a dimer and instead a monomeric compound is formed, indicated by the Hi9 and Hao
protons which no longer have a diastereotopic character.

In the '"H NMR spectrum of the complex 64, in the aliphatic region the resonance signals
from the the propyl group indicate that the monomer is formed. The resonance signals of the
Hz3, Hz4 and Has protons correspond to the acetylacetonate group in which the two methyl
fragments are nonequivalent.

In the '"H NMR spectrum of the complex 65 in the aromatic region there are two
additional sets corresponding to two pyridine groups in addition to the resonance signals also
present in the compound 51. This is evident by the two most deshielded resonance signals,

which are not overlapping, corresponding to the protons in the ortho position of the pyridine. It
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is also supported by the single set of resonance signals in the aliphatic region which indicates

that all the resonance signals correspond to the only one monomeric species.
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Figure 98. Stacked '"H NMR spectra of compounds 51, 61 and 63.

In the ESI+ mass spectrum of the orthopalladated compounds no [M+H]" ion was found.
The [M+Na]" ion was observed in case of imidazolone derivatives 47 (m/z 1077.0201), 49 (m/z
1178.8733), 50 (m/z 1161.0782) and 51 (m/z 1161.0736) and thiazolone derivatives 53 (m/z
1158.7848) and 55 (m/z 1110.9030) with low intensity (5%-10%). Other ions such as [M-
CF3COz]", representing the base peak in case of the imidazolone derivatives 47 (m/z 941.0460),
m/z 48 (972.9930), 49 (m/z 1042.8987), 50 (m/z 1025.1060) and 51 (m/z 1025.1034) and
thiazolone derivatives 52 (m/z 890.8809) and [M-2CF3CO»-H]" in 54 (m/z 878.7758). In the
ESI+ mass spectrum of the orthopalladated compounds with various ancillary ligands the
molecular ion [M]" or the pseudo molecular ion [M+H]" were observed for 61 (m/z 646.0801),
62 (m/z 980.0567) and 65 (m/z 555.1112), respectively. In the spectra of 63 and 64 the peaks
for the cations [M-CI+H]" (m/z 534.1004) and [M-2py]" (m/z 455.0606), respectively, were

found.
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The solid state structures of the thiazolones 52 and 53 and the imidazolone 49 (Figure
102) were determined by single-crystal X-ray diffraction. The compounds adopt an open-book
structure. Although the palladium atoms are close each other no metal-metal interaction is
observed. The palladium is bonded covalently with four other atoms: with nitrogen (2.0152(14)
in 52, 2.0339(15) in 53 and 2.0170(13) in 49, ¢f. Zreov(Pd,N) 2.10 A®), with the oxygen from
each trifluoro acetate ligand (2.1759(14) and 2.0418(12) in 52, 2.1639(14) and 2.0535(14) in
53,2.1622(11) and 2.0484(11) in 49, cf. Zreov(Pd,0) 2.05 A%%) and with the ortho carbon from
the arylidene ring (1.9654(17) in 52, 1.9706(19) in 53, 1.9746(13) in 49, c¢f. Zreov(Pd,C) 2.12
A%%). As a consequence, the geometry around the metal is distorted square planar. Between the
three compounds the angles and the bond distances are very similar. The imidazolone or
thiazolone groups are no longer planar but it adopts a U-shaped form. The corresponding
imidazolone or thiazolone acts as a C"N-chelating ligand forming two six-membered PANC4
chelate rings. The relative arrangement of the two orthopalladated ligands is transoid as
confirmed by the single peaks in the ”F NMR spectra as well as the propyl resonances in the

"H NMR spectrum of the imidazolone 49.

Figure 102. ORTEP-like representation (50% probability ellipsoids) of dimers in compounds
52 (left) and compound 49 (right). Hydrogen atoms were omitted for clarity.

The supramolecular architecture of the compounds 52 and 49 reveals the formation of
chain-like associations through O---H contacts of 2.531(2) A (H4---03") (¢f. Zrvaw(O,H) 2.70
A%, Treov(O,H) 0.97 A% in 52 and 2.516(9) A (H4---O3") in 49. These contacts are formed
between oxygen of the trifluoro acetato group and hydrogen atoms from the phenyl group. In
compound 49 due to the additional propyl group in the imidazolone, H: 7 interactions of

2.869(2) A (H17B---Cg") give rise to a 2D network.
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Finally in all three compounds the halogen attached to the arylidene ring is involved in
F---H contacts of 2.568(3) A (H5---F4") in 52 and F---Cl contacts of 3.066(2) A (CI1--- F2")
(cf. Zrvaw(F,Cl) 3.28 A%, Zreou(F,Cl) 1.59 A%) in 53 (Figure 108), that lead to a 3D

supramolecular structure.

Figure 108. View along axis c¢ of the supramolecular 2D network in the crystal of 53.
Hydrogen atoms that are not involved in intermolecular interactions were omitted for clarity.
Symmetry equivalent atoms (1—x, y, 3/2—z) and (—1/2+x, 1/2+y, 3/2—z) are given are given by

“prime” and “double prime”, respectively.

Crystals suitable for X-ray diffraction studies upon compound 50a were isolated from
the resulting mixture of reaction obtained from the synthesis of compound 50, during the
attempts to change the ancillary ligand. The structure of compound 50a presented two
independent molecules, 50al and 50a2 (Figure 109). The pyridine group is attached to the

palladium center instead of a second trifluoroacetate group as it is in the orthopalladated dimers.
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Figure 109. ORTEP-like representation (50% probability ellipsoids) of the independent
molecules 50al (left) and 50a2 (right). Hydrogen atoms were omitted for clarity.

The square planar geometry around the palladium is closer to perfect configuration as
compared with the orthopalladated dimers. Each independent molecule is involved in O---H
interactions of 2.350(2) A (H26---O1™) in case of 50al and respectively 2.425(2) A
(H48"---06") and 2.414(2) A (H31"---010") in case of 50a2 (cf. Zrvaw(O,H) 2.70 A%, Zreo(O,H)
0.97 A%%) with the same neighboring independent molecule (i.e. 50al with 50al and 50a2 with
50a2) (Figure 110). The independent molecules are also involved in O---H interactions of
2.514(2) A (H49'---04) and 2.340(2) A (H23---010') between them (i.e. 50al with 50a2)
(Figure 110).

Figure 110. O---H interactions between the independent molecules of compound 50a.
Symmetry equivalent atoms (—1+x, y, z), (1-x, 1-y, 1-z) and (—x, 1—y, 2—z) are given by
“prime”, “double prime” and “triple prime”, respectively. Hydrogen atoms not involved in

intermolecular interactions were omitted for clarity.

As a consequence, the independent molecules form a long chain structure in an

alternating fashion through the O---H interactions shown previously. The chains are further
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connected through other O---H interactions of 2.414(2) A (H24---O8). The resulting 2D
network is connected through F---H interactions of 2.419(12) A (H45---F1") (cf. Zrvaw(F,H)
2.66 A% Zreov(F,H) 0.88 A%) to form a 3D architecture.

The UV-Vis spectra of compounds 47, 48 and 49 presented a band at approximately 375
nm (374, 378 and 380 respectively) while compounds 50 and 51 presented a band at
approximately 405 nm (400 and 407 respectively). The shift of the band is correlated with the
electronic character of the substituents attached to the arylidene ring. In this case the compounds
50 and 51, having electronic donating groups (OMe), are more red shifted than compounds 47,
48 and 49, having electronic withdrawing groups (F, CI). The strongest absorption maxima in
the UV region of the spectrum, corresponds to a n—n* charge transfer from the 4-arylidene ring

to the imidazolone heterocyclic moiety.
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Figure 113. UV-Vis absorption spectra of compounds 47, 48, 49, 50 and 51 (left) and 51, 61,
63, 64 and 65 (right).

If we compare the orthopalladated compound 51 containing the trifluoroacetate bridge
with compounds 61, 63, 64 and 65, where the trifluoroacetate is changed with other ancillary
ligands, the absorption band is even more red shifted from 407 nm to at approximately 455 nm
(451, 459, 460 and 461 respectively) (Figure 113).

The excitation-emission spectra of 47, 48, 49, 50 and 51 is characterized by a relatively
large Stokes shift ranging between 3500 cm™ and 4700 cm™! while in compound 61, 63, 64 and
65 the Stokes shift is smaller ranging between 2500 cm™ and 2800 cm™'. The excitation bands
closely match the corresponding absorption bands.

The quantum yield (®pr) values range from 2% to 15% for complexes 61, 63, 64 and
65, where we have different ancillary ligands, while it is close to zero for the starting

imidazolone 51 (<1%) as well as for the other imidazolones 47, 48 and 49, except for the
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compound 50 with a ®pr of 5%. Therefore, we can say certainly that a true recovery of the
fluorescence has been achieved and conclude that the change of ligands attached to the Pd atom
has influenced the ®pL. Complex 64, having the acetylacetonato ligand, exhibited the lowest
®pL (2%) out of the four complexes, followed by complex 61 with trifluoroacetate and pyridine
(5%), complex 63 with trifluoroacetate and Cl (7%) and lastly complex 65 with the two
pyridines having the best performance with a ®pr as high as 15%.

In order to provide more information about the role of the Pd and the ancillary ligands
on the fluorescence, computational methods (DFT and TDDFT) were used for compounds 61,
63 and 65 which had the best ®pr. The absorption properties correspond to the excitation from
the ground state (So) to the first excited singlet state (S1), predominantly involving a HOMO to
LUMO transition. In Figure 116 there is detailed the HOMO orbitals with the percentage of
the participation of the Pd orbitals (black) and the metallated carbon (red).

The results suggest a correlation between the participation of the Pd and C in the HOMO
orbital and the value of the quantum yield measured experimentally. The values of Pd and C
participations in compounds 61 (4.8% and 3.5%) and 63 (4.7% and 3.7%) are close to each
other as there are the ®pr values (5% and respectively 7%). In contrast, in compound 65 the Pd
and C participations are lower than the two and as observed the ®pL is considerably higher. This

confirms that the lower the Pd and metallated carbon orbitals participation the higher the

quantum yield.
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Figure 116. HOMO orbitals with the corresponding Pd contributions (blue) and
orthopalladated C atom (red) of compounds 61, 63 and 65.
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V. CONCLUSIONS

The present work has brought contributions to the field of chemistry researching the
organic and organometallic compounds. The tasks achieved here were synthesizing the
compounds, structurally characterizing them, evaluating their reactivity and, most important,
testing their optical properties.

The main focus in subchapter III.1 was to obtain new diorganoselenides and to
investigate their optical properties. Two types of diorganoselenium compounds were
synthesized: R—Se—R (diorganoselenides containing benzaldehyde or 4-arylidene-5(4H)-
oxazolone fragments) and R-Se—CH,-Py—CH»-Se-R (pyridine based compounds
functionalized with two organoselenium side arms).

The diorganoselenides 1-4 containing benzaldehyde or dioxolane moieties were
synthesized following or adapting the literature procedures. The oxazolones 5 and 6 were
synthesized using the Erlenmeyer-Plochl method. This compounds were further used to obtain
complexes 7-16 by reaction with silver, gold and zinc salts. The diorganodiselenides 17, 18 and
19 were used as precursors for the synthesis of the new pyridine based compounds 20, 21 and
22 which were further used in complexation reactions with group 11 metal [silver(I) and
copper(l)] to obtain complexes 23-31.

The 'H and '*C NMR spectra revealed the formation of each class of compounds 1-16
and 17-31, confirmed by the characteristic resonances and also supported by the the 7’Se NMR
spectra. The 7’Se NMR of the complexes of ligands 5 and 6 showed no chemical shift of the
selenium resonance signal as compared with the ligand which suggests that the metal interacts
only with nitrogen and that a dynamic behavior in solution is occurring. In comparison, the
complexes of ligand 20 and 22 the resonance signal of the selenium is considerably shifted
which confirms the interaction of the metal with selenium in solution.

For the new compounds the characterization was completed by mass spectrometry
where in all cases the pseudo-molecular ion was observed and molar conductibility consistent
with either 1:1, 1:2 electrolytes or non-electrolyte behavour as expected.

In the solid state structure of the benzaldehyde 4 and the oxazolone 5 the selenium atom
has a bent geometry. In case of compound 4 the oxygen is involved in O---H interactions, thus
establishing supramolecular networks. In the solid state only one of nitrogen is coordinated to
the metal in complex 9. The structure adopted a supramolecular association, in which two

organoselenium ligands are coordinated to a tetranuclear silver core. The coordination geometry

41



around each silver center is a distorted square pyramid with no Ag---Ag interactions. A
supramolecular 3D architecture determined by O---H, Cl---H and F---H secondary interactions
was found in the crystal of complex 9.

The single-crystal X-ray diffraction studies for compounds 20 and 21 revealed
supramolecular architectures formed by N---H intermolecular interactions, namely polymeric
chains in the crystal of 20 and a 2D network in compound 21.

In the crystals of complexes 24, 25 and 27 the molecules are associated, i.e. in dimeric
units in compound 24, and in polymeric chains in compound, 25 and 27. Ag---Ag interactions
were observed in compound 24. The resulting geometry around the metal center in compound
24 is a trigonal prism, in compounds 25 and 27 a square pyramid.

In the structure of compound 30 the resulting geometry around the copper center is a
trigonal pyramid, where the selenium from one of the pendant arm and the nitrogen from the
other pendant arm as well as the nitrogen from the pyridine are coordinated. The resulting 3D
supramolecular architecture is achieved through weak I---Se and I---H contacts.

The UV-Vis absorption spectra the ortho-substituted species 5 presented a bigger
bathochromic shift than the para-substituted species 6. The complexes showed similar emission
maxima compared to the ligand, except compounds 8 and 14, which did not present
fluorescence emission. A hyperchromic shift was observed for the complexes 12 and 16 when
compared to the ligand. UV-Vis absorption spectra of the complexes 23-31 showed changes in
the absorption maxima compared to the ligands 20-22.

In the subchapter II1.2 are presented a series of 4-arylidene-5(4H)-imidazolones and 4-
arylidene-5(4H)-thiazolones. First the thiazolones and imidazolones ligands and palladium
complexes were synthesized and characterized and then their photochemical and photophysical
properties were tested.

The starting oxazolones 32-36 were synthesized according to a previously reported
method. The oxazolones were further used as starting materials for the synthesis of a series of
imidazolones (compounds 37-41) and thiazolones (compounds 42-46), which were obtained
according or adapted to the previously reported methods. The orthopalladated imidazolones and
thiazolones 47-55 were synthesized. The photochemical reactivity of these compounds was
tested. Only compounds 47, 48, 49, 53, 54 underwent [2+2]-cycloaddition, thus enabling the
synthesis of compounds 56-60. For compound 51 a change of the ancillary ligands was
employed and compounds 61-65 were synthesized, therefore. All compounds were fully
characterized using NMR spectroscopy and mass spectrometry (except for compound 62 where

NMR spectroscopy was not possible and instead infrared spectroscopy was employed).
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The NMR spectra of compounds 47-55 showed the formation of dimers as a result of
the C—H activation with palladium of the ligands resulting in an anti arrangement of the
orthopalladated moieties. They are in accordance with the differences determined by the
different substituents and the presence of either thiazolones or imidazolones in the molecule.
The NMR studies of the [2+2]-cycloaddition products confirmed the formation of the
cyclobutane by the drastic chemical shift change of the methine protons. In case of compounds
61, 63, and 65 the NMR studies revealed a dynamic behavior in solution at room temperature
with the formation of cis and trans isomers.

The X-ray crystal structure of compounds 49, 52 and 53 confirmed the anti arrangement
and two independent monomeric molecules of compound 50a.

Imidazolones 47-51 and 61-65 were characterized by UV-Vis spectroscopy. The
photophysical characterization revealed emission maxima in the visible light region. The shift
of the bands was correlated with the electronic character of the substituents attached to the
arylidene ring. The compounds with electronic donating groups were more red shifted than the
compounds with electronic withdrawing groups. The change of the ancillary ligands in
palladium complexes showed good results with a quantum yield turnover up to 15% compared
with <1% of the initial imidazolone. Making use of the computational calculations for
compounds 61, 63 and 65 we could conclude that the lower the Pd and metallated carbon
orbitals participation the higher the electron density of the imidazolone ligand and thus the

higher the quantum yield.
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