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Tuning the Fluorescence Emission and HOMO-LUMO Band Gap
in Homoleptic Zinc(ll) Complexes with N,O-Bidentate
(Imidazo[1,5-alpyrid-3-yl)phenols

G. Attilio Ardizzoia,'?! Gioele Colombo,® Bruno Therrien,’®’ and Stefano Brenna*[!

Abstract: A series of homoleptic zinc(ll) complexes of the gen-
eral formula [Zn(LR),] (HL®: (imidazo[1,5-alpyrid-3-yl)phenol;
R: para-substituent to the phenol) have been synthesized. The
single-crystal X-ray structure analysis of complex [Zn(L"),] (1)
confirmed the expected N,0-bidentate coordination of L%, via
the pyridine-like nitrogen of the imidazo[1,5-alpyridine skele-
ton and the phenolate oxygen. The photophysical properties
of the complexes have been investigated in dichloromethane
solution, showing fluorescence emission when excited with UV
light (Aexe = 340-360 nm). The intensity and A . of the emis-
\sion are both significantly influenced by the R-substituent, the

~

emission maxima moving from blue (R = CF5, Zn(L°F3),] (6)) to
orange (R = NO,, Zn(LN®?),] (7). Most of [Zn(L®),] compounds
are characterized by moderate-to-good absolute photolumines-
cence quantum yields, with a maximum of 0.33 for [Zn(L"),] (1).
Density functional calculations allowed to identify the Natural
Transition Orbitals involved in the electronic transitions and de-
fine the main transition as being HOMO-LUMO (>95 %) in char-
acter. A good linear correlation was found between the HOMO
energy and the Hammett o, constants associated to the R-sub-
stituent, whereas the fluorescence behavior has been described
in terms of HOMO-LUMO band gap. Y,

Introduction

The search for efficient systems to be used in optical devices
like OLEDs™ or DSSCs! or as fluorescent sensors®®! has led to
a relevant expansion of research in organometallic luminescent
compounds. Among metal centers, those with d'° configuration
proved to be a good alternative to the commonly used plati-
num group metals (PGMs), as documented by publications on
optical devices based on coinage metals* or zinc and cad-
mium.P!

Focusing on the latter, numerous previous works described
the significant luminescence behavior of [M(L)X,] (M = Zn, Cd;
X = halide) or [Zn(L),]** compounds, where L indicates a nitro-
gen bidentate ligand.[*~2"! Limited examples have been pub-
lished with N,0O-ligands, the most relevant being zinc(ll) 8-
hydroxyquinolinate complexes (Zngs),?% which showed highly
controllable luminescence properties tuned by substituents on
ligand,'?3! and high performances in electroluminescent devi-
ces.? |n the latter case, proper substitution of 8-hydroxyquin-
oline ligands allowed to control the structural and electronic
effects which strongly influenced the electroluminescence per-
formances. Low operating voltage OLEDs with the tetrameric
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(Znqy)4 compound as emissive layer showed an electrolumines-
cence output about 1.5 times greater than Alg; (at 100 pA).12#
Also Schiff base ligands demonstrated to be useful for the syn-
thesis of zinc(ll) complexes with remarkable luminescence
properties. Very recent examples are fluorescent zinc(ll)-salicyl-
aldiminato compounds,?*! dinuclear zinc salphen macrocycle
complexes,’?® and zinc(ll) and cadmium(ll) complexes with
piperazino-functionalized N,N’,O-tridentate ligands.!?”!

Among nitrogen-based ligands, imidazo-pyridines are known
for their interesting photochemical properties, both as free mo-
lecules?®-321 and when coordinated to transition metals.!33-38!
In our ongoing study on complexes with nitrogen-containing
ligands,3°-48] we also investigated zinc(I)**°° and silver(l)l>"
complexes bearing N,N-coordinated imidazo-pyridines. Herein,
we report on the luminescence properties of a series of homo-
leptic zinc(ll) complexes (Zn(LR),) with (imidazo[1,5-alpyrid-3-
yl)phenols, which in this case act as N,O-bidentate ligands. The
ligands differ for the substituent R in the para position with
respect to the hydroxyl group, and the electronic characteristics
of R influence in solution the fluorescence of the corresponding
complexes. The zinc(ll) derivatives [Zn(L®),] show interesting
photophysical properties in dichloromethane solution, from
Amax Of emission tunable by the electronic character of R, to
large Stokes shifts and moderate-to-good absolute quantum
yields.

Results and Discussion

Synthesis and Characterization

The (imidazo[1,5-alpyrid-3-yl)phenol ligands HLR (R = H, OMe,
Me, F, Br, CF3, NO,) were synthesized following an established
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procedure? by reacting 2-acetylpyridine with two equivalents
of 2-hydroxy-5-substituted benzaldehydes in acetic acid, in the
presence of ammonium acetate (5 equiv.) as source of the sp?
nitrogen of the desired heterocycle (Scheme 1). 2-Hydroxy-5-
(trifluoromethyl)benzaldehyde!®3 is not commercially available
and was prepared following literature methods. All (imid-
azo[1,5-alpyrid-3-yl)phenols were obtained in moderate to
good yields and their purity was assessed by "H NMR, '3C NMR
and elemental analysis.

R
o Q  NH,0Ac
R (5 eq) OH
| = CH3 + —_— 2N
_N HOAc “N
OH (.7 days =
CH;
R = H, OMe, Me, F, Br, CF3, NO, HLR

Scheme 1. One-pot synthesis of imidazo[1,5-alpyridin-phenol ligands HL®
from the reaction of 2-acetylpyridine with 2-hydroxy-5-substituted benzalde-
hydes.

The [Zn(L®),] derivatives were prepared by reacting zinc(ll)
perchlorate hexahydrate with two equivalents of the corre-
sponding ligand, in acetonitrile, in the presence of a slight ex-
cess of triethylamine (Scheme 2). All complexes were obtained
as yellow or light brown crystalline powders and they have
been first characterized by elemental analysis and infrared spec-
troscopy. In their infrared spectrum (nujol mull) the [Zn(LR),]
compounds show the typical pattern of the ligands, with sharp
and intense stretching bands in the region 1515-1620 cm™’
(Veen). The TH NMR spectra ([Dg]DMSO, 25 °C) of complexes 1-
7 are reported in Figures S1-S7 (see Supporting Information).
They show the expected signals of the corresponding HLR li-
gands, with some shifts due to the N,O-coordination to the
metal center. Unfortunately, due to the low solubility of all com-
plexes (with the exception of complex 3), no information con-
cerning quaternary carbons were obtained from the 3C NMR
spectra. Nevertheless, all carbons containing C-H bonds were
assigned according to HSQC experiments (Figures S8-514).

R R
Q
H HsC
Zn(Cl04);"6H;0 1
2 oH _£N(CI04)2"6H0 N SN
ZINTY CH4CN, r.t. @:( Zr{\N\\N %
A EtsN == CH; O =
CH,
HLR Y I

R = H (1), OMe (2), Me (3), F (4),
Br (5), CF3 (6), NO2 (7)

Scheme 2. Synthesis of zinc(ll) complexes 1-7.

Crystal Structure

Most attempts to grow single crystals of complexes 1-7 failed;
however, we were successful in the case of compound [Zn(L"),]
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(1), which crystallized in ethanol as the solvate compound
1.0.5EtOH. As expected, in the crystal structure of 1, the two L™
ligands are bound in a N,O-bidentate fashion and the zinc atom
possesses a distorted tetrahedral geometry (Figure 1), being co-
ordinated by two nitrogen atoms and two oxygen atoms of
two (imidazo[1,5-alpyrid-3-yl)phenol ligands. [Zn(L"),]-0.5EtOH
shows two independent molecules in the asymmetric unit, one
of them being hydrogen-bonded to the ethanol molecule. The
0---0 distance between the phenolato oxygen and the oxygen
of the hydroxyl group of ethanol is 2.786(9). This O-:H-0O inter-
action creates differences in the bond lengths around the Zn
atom (Table 1). The phenolato oxygen involved in the

hydrogen-bond has the longest Zn-O distance at 1.362(10) A.

Figure 1. ORTEP representation of one molecule of [Zn(L™),] at 50 % probabil-
ity level ellipsoids.

Table 1. Selected bond lengths [A] and angles [°] for the two independent
molecules of [Zn(L"),] in the crystal packing of 1-0.5EtOH.

Molecule 1 Molecule 2
Zn-0 1.905(6) 1.902(7) 1.928(6) 1.916(6)
Zn-N 1.983(8) 1.998(7) 1.991(6) 1.966(8)
C-Ophenolate ~ 1:308(11) 1.336(11) 1.362(10) 1.317(11)
N-Zn-N 127.4(3) 114.7(3)
0-Zn-0 113.7(3) 116.1(3)
0-Zn-N 113.3(3) 109.1(3) 118.6(3) 118.1(3)
0-Zn-N 96.6(3) 97.4(3) 95.6(3) 95.4(3)

In both molecules, the zinc atoms show a slightly distorted
tetrahedral geometry (Table 1). The calculated T, values™ are
0.843 (Zn1) and 0.874 (Zn2), respectively. The ligands are not
planar, the phenolic rings rotate along the C-C bond and the
plane containing the imidazo-pyridine skeleton and the phenol
plane are twisted by about 35-39°.

Optical Properties in Solution

The photophysical data for all compounds are collected in
Table 2. Figure 2 reports the normalized UV/Vis, excitation
and emission spectra recorded in dichloromethane solution
(5 x 107> M) for complex [Zn(L"),] (1), taken as a representative
example of the series. The normalized UV/Vis, excitation and
emission spectra of all complexes are reported in Figure S15
(Supporting Information).
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Table 2. Photophysical data for the zinc(ll) complexes 1-7 recorded in solu-
tion (CH,Cl,, 5x 107> M).

R Mabs € Aexc Aem  Stokes shift Dy T [ns]
[nml M'em™) [am]  [nm] [nm] [eV]

1 H 340 35020 356 490 134 095 033 28
2 OMe 360 26660 385 527 142 087 0.10 22
3 Me 354 30340 353 496 143 101 022 27
4 F 349 31120 367 491 124 085 023 31
5 Br 362 23060 367 484 117 082 013 24
6 CF; 350 30900 350 473 123 092 021 28
7 NO, 350 27560 397 615 218 111 <005 -

(Zn{L"),] (1)

200 300 400 500 600 700

Wavelenght (nm)

—Em

Figure 2. Normalized UV/Vis (light blue), excitation (dashed) and emission
(solid blue) spectra of complex [Zn(L™),], 1 (CH,Cl,, 5 x 107> M). The red arrow
highlights the high Stokes shift observed.

The red arrow in Figure 2 highlights the high Stokes shift
(117-218 nm, 0.82-1.11 eV) which characterizes all these com-
plexes, with a very low superposition of excitation and emission
profiles. All the compounds in the series show quite similar
UV/Vis traces, characterized by two main absorption peaks re-
spectively at about 240-260 nm and in the wavelength range
between 340 nm and 360 nm (Table 2). These features resemble
those of the UV/Vis spectra of free ligands in dichloromethane
solution (Figure S16).

Both these characteristics (i.e., high Stokes shift and similar
UV/Vis spectra compared to ligands) gave us confidence about
the possibility to transfer the photophysical properties of our
(imidazo[1,5-alpyrid-3-yl)phenol ligands HL® to the correspond-
ing zinc(ll) complexes, with an enhancement of efficiency due
to the coordination to zinc(ll). Thus, a possible influence of the
electronic character of substituent R of the ligand on the
photophysical behavior of the zinc(ll) complexes could be ex-
pected. Indeed, the emission spectra of complexes 1-7 (CH,Cl,,
5x 10> M) confirmed this hypothesis. They are shown all to-
gether in Figure 3, which shows that the electronic character of
R influences both the intensity and the energy (i.e., A nay) Of the
emission (ranging from 456 nm for [Zn(L°F3),] (6) to 615 nm for
[Zn(LNO?),] (7).

All the complexes are characterized by a fluorescence behav-
ior with lifetime decay of few nanoseconds, with the exception
of complex [Zn(LN9?),] (7) for which it was not possible to meas-
ure a lifetime decay due to very poor emissive response when
excited with the pulsed source (320 nm). Compounds 1-6 show
a mono-exponential fit of the decay curve (Figure S17), with
lifetimes in the range 2.2-3.1 ns. The fluorescence lifetimes of
complexes 1-6 are in accord with those of free ligands HLR
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Figure 3. Emission spectra for complexes [Zn(L%),] 1-7, recorded in solution
(CH,Cl,, 5% 1075 M).

(Table S1), hence reasonably the zinc(ll) atom does not take
part in the electronic transitions involved in emissive processes
(vide infra). The metal center plays a structural role in these
complexes, avoiding any possible rotational mode and conse-
quently giving rigidity to the whole system. This is somehow
corroborated by the absolute quantum yields (®p) measured
in solution (Table 2): indeed, complexes 1 (R = H), 3 (R = Me),
4 (R=F),5 (R =Br)and 6 (R = CFs) are characterized by good
@, values (the highest being recorded for compound [Zn(LM).]
(1) (®p, = 0.33)), which are always greater than the ®p, values
recorded for the corresponding free ligands HL® (Table S1).
Complex 2 (R = OMe) is characterized by a quite poor quantum
yield, whereas complex 7 (R = NO,) shows no emission in solu-
tion, as a consequence of the introduction of the nitro substitu-
ent, which is known to act as a fluorescence quencher.?3!

DFT Calculations

To get better insights on the nature of the transitions responsi-
ble for the absorption and emission processes, TD-DFT calcula-
tions were performed on complexes 1-7. First, starting from
the X-ray crystal structure of complex 1, the geometries of the
complexes were fully optimized at the DFT/PBE-D3 level of
theory. The optimized geometries of compounds 1-7 are in
good agreement with the available X-ray data (see Supporting
Information for the coordinates of the optimized structures).
Then, the frontier molecular orbitals and the UV/Vis spectra for
complexes 1-7 have been calculated. The calculated vs. experi-
mental UV/Vis spectra in solution for compound [Zn(LY),] (1),
again taken as a representative example, are reported in Fig-
ure 4, whereas HOMO and LUMO orbitals for all compounds are
depicted in Figure 5. Table 3 reports the energies of HOMO and
LUMO orbitals.

The shape of the frontier orbitals is quite similar for all the
zinc(ll) derivatives: the HOMO is distributed over both the imid-
azo-pyridine and the phenolic portion of the molecule, while
the LUMO is nearly entirely localized on the imidazo-pyridine
skeleton, which is known to usually act as the acceptor portion.
The only exception is represented by the LUMO orbital of com-
plex [Zn(LN®?),] (7), which is totally localized on the phenolic
moiety and shows no contribution from the imidazo-pyridine

© 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 4. Calculated (dotted blue) vs. experimental (red) UV/Vis spectra of
complex [Zn(L"),] (1).

Ty

[Zn(L"),] (1)
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[Zn(L%V9),] (2) [Zn(ﬂLME)z] (3) [Zn(L7),] (4)
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[Zn(L2),] (6)

[Zn(L®"),] (5) [Zn(LM92),] (7)

Figure 5. Frontier molecular orbitals for the zinc(ll) derivatives 1-7.

Table 3. HOMO/LUMO energies for zinc(ll) complexes 1-7; last column: Ham-
mett o, constants for substituents R.>>!

[Zn(LR),] R Eromo [€V]  Eumo [eV] H-L gap [eV] Op

1 H -5.580 -1.353 4227 0

2 OMe -5.403 -1.371 4,032 -0.27
3 Me -5.489 -1.395 4,194 -0.17
4 F -5.616 -1.395 4221 0.06
5 Br -5.647 -1.422 4,225 0.23
6 CF3 -5.766 -1.442 4324 0.54
7 NO, -5.902 -2.467 3.435 0.78

skeleton (Figure 5). This is also reflected by the shapes of the
corresponding Natural Transition Orbitals (NTOs) calculated for
the complexes (Figure 6). Indeed, the absorption at lower en-
ergy has been defined nearly as a HOMO-LUMO transition for
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all species, thus for complexes 1-6 the donor orbital is distrib-
uted both on the imidazo-pyridine and the phenolic moieties,
while the virtual (acceptor) orbital is localized on the imidazo-
pyridine part. Differently, the acceptor orbital for compound
[Zn(LN®?),] (7), reminiscent of the LUMO shape, does not com-
prise the imidazo-pyridine moiety and is confined only on the
phenolic residue.

ACCEPTOR

DONOR

[Zn(L"2),] (7)

[Zn(L"),] (1)

Figure 6. Dominant natural transition orbitals (NTO) pair of the principal
(>95 %) electronic transition S, — S; in complexes [Zn(L"),] (1) and
[Zn(LN9?);] (7).

As said (Figure 3), the electronic character of substituent R
influences both the intensity and A, of the emission. Thus, is
reasonably foreseeable the existence of a correlation between
the calculated energy of frontier orbitals involved in the elec-
tronic transition associated to emission, and the donor/acceptor
character of R. The latter can actually be described by the
Hammett o, constant®® of R (Table 3).

First, we focused on the energies of HOMOs, which are the
frontier orbitals with a tangible contribution from the phenolic
residue (and thus from substituent R). A good linear correlation
between the o, constants and the energy of HOMO orbital for
all the zinc(ll) complexes could be found (Figure 7, top), the
Enomo increasing with decreasing o, (i.e., with increasing donor
strength of the substituent). As a result, the energy of the
HOMO orbital can be modulated according to the electronic
character of substituent R para to the hydroxyl group.

Furthermore, we noticed that substituents as H, F and Br,
which are quite dissimilar in nature and possess different o,
constants (o, = 0 (H), 0.06 (F), 0.23 (Br), Table 3) led to zinc(ll)
complexes with a very close emission (Aem = 490 nm (H), 491
(F), 484 (Br), Table 3). This could be explained by considering
the HOMO-LUMO energy gap: actually, a linear correlation can
be noticed between A, and the HOMO-LUMO energy gap for
all [Zn(LR),] complexes. Thus, since the zinc(ll) complexes having
those substituents (H, F, Br) are characterized by very close
HOMO-LUMO energy gaps (4.227 (H), 4.221 (F), 4.225 (Br) eV,
Table 3), one could expect that their emission is also very similar
(Figure 7, bottom). It can thus be concluded that substituent R
influences the HOMO energy, and consequently the HOMO-
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Figure 7. Top: linear correlation between the energy of the HOMO orbital
(eV) in zinc(ll) complexes 1-7 and the o, constants of the corresponding
substituents R. Bottom: linear correlation between 1., and the HOMO-LUMO
energy gap in complexes 1-7. The yellow circle highlights facts associated to
H, F and Br substituents.

LUMO energy gap, ultimately leading to a tunable emission ac-
cording to the electronic properties of the ligand.

Conclusions

In this work, we presented the synthesis of a series of homolep-
tic zinc(ll) complexes with N,O-bidentate (imidazo[1,5-alpyridin-
3-yl)phenol ligands, having different substituent R in the para
position of the hydroxyl group. The single-crystal X-ray struc-
ture analysis of 1-0.5EtOH shows the zinc(ll) center in the ex-
pected tetrahedral geometry, with a N,O, environment. As a
result, the zinc atom plays a structural role which appears to be
crucial in the photophysical properties. Indeed, the remarkable
characteristics of the (imidazo[1,5-a]pyridine)-based ligands
(i.e.: high Stokes shift, good quantum yields, high tunability)
have been transferred from the ligands to the complexes. In
particular, we observed an increase in absolute quantum yields
on going from free ligands to the metal complexes, together
with high Stokes shift (> 117 nm) and a fluorescence emission
that is highly modulated by the electronic character of the sub-
stituent R (expressed in term of Hammett constants). TD-DFT
calculations were used to elucidate the optical behavior in solu-
tion for these compounds and to establish a relation between
the emission maxima and the HOMO-LUMO energy gap calcu-
lated for the complexes.
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Experimental Section

General Remarks: Caution! Although we have experienced no diffi-
culties, perchlorate salts of metal complexes in the presence of or-
ganic ligands are potentially explosive and should be handled with
care even in small quantities. Despite being not strictly necessary,
all syntheses were carried out under argon using standard Schlenk
techniques. NMR spectra were recorded with an AVANCE 400 Bruker
spectrometer at 400 MHz for "H NMR and 100 MHz for "3C{"H} NMR.
Chemical shifts are given as O values in ppm relative to residual
solvent peaks as the internal reference. '*C NMR spectra were 'H-
decoupled and the determination of the multiplicities was achieved
by the APT pulse sequence. Elemental analyses were obtained with
a Perkin-EImer CHN Analyzer 2400 Series Il. Infrared Spectra were
acquired on a Shimadzu Prestige-21 spectrophotometer with a
1 cm™ resolution. The UV/Vis, excitation and emission spectra were
measured using a fluorescence spectrophotometer (Edinburgh In-
strument FS5) equipped with a 150 W continuous Xenon lamp as
a light source and were corrected for the wavelength response of
the instrument; lifetime measurements were performed on the
same FS5 Edinburgh Instruments equipped with a EPLED-320
(320 nm, Edinburgh Instruments) as the pulsed source. Analysis of
the lifetime decay curve was performed using Fluoracle® Software
package (Ver. 1.9.1) which runs the FS5 Edinburgh Instrument.
Absolute fluorescence quantum yields were determined using a
PhotoMed GmbH K-Sphere Integrating Sphere (3.2 inch. diameter).
2-Hydroxy-5-(trifluoromethyl)benzaldehyde>3! was prepared follow-
ing literature methods; all other chemicals were of reagent grade
quality, were purchased commercially (AlfaAesar, Acros, TCI Chemi-
cals) and used as received.

Synthesis of (Imidazo[1,5-a]pyrid-3-yl)phenol Ligands HLR

A mixture of 2-acetylpyridine (2 mL, 17.8 mmol, 1 equiv.), 2-hydroxy-
5-substituted benzaldehyde (35.7 mmol, 2 equiv.) and ammonium
acetate (6.87 g, 89.2 mmol, 5 equiv.) in deoxygenated glacial acetic
acid (40 mL) was stirred at room temperature for 7 days. Then the
mixture was poured into 150 mL of water and extracted with CH,Cl,
(3 X 70 mL). The organic phase was washed with a saturated aque-
ous solution of NaHCO3, dried with Na,SO, and the suspension was
filtered. The solvent was evaporated under vacuum, and the crude
product was recrystallized with hexane or diethyl ether.

In the case of R = Me, F and Br, the precipitation of a small quantity
of a red solid occurred. This was filtered off, washed with water and
methanol, then dried. 'H and "3C NMR analysis (CDCl;, 25 °C) al-
lowed to identify it as 8H,16H-8,16-epiminodinaphtho[2,1-b:2",1"-f]-
[1,5]dioxocine.’®! After removal of the red solid, the filtrate was
poured into water (150 mL) and extracted with CH,Cl, (3 x 70 mL).
The organic phase was washed with a saturated aqueous solution
of NaHCO;, dried with Na,SO,4 and the suspension was filtered. The
solvent was evaporated under vacuum, and the crude product was
recrystallized with hexane or diethyl ether.

In the case of R = NO,, the product precipitated from the bulk as
an orange solid. After seven days, it was filtered and washed with
acetic acid and with abundant water.

General Procedure for the Synthesis of Complexes [Zn(LR),] 1-
7

Zinc(ll) perchlorate hexaydrate (0.15 g, 0.403 mmol) was dissolved
in deoxygenated acetonitrile (10 mL) and two equivalents
(0.806 mmol) of ligand HL® were added. The mixture was stirred at
room temperature for 15 minutes, then EtsN (200 pL, 1.44 mmol)
was added and the suspension further stirred for 12 h. Then the
yellow-to-brown solid was filtered off, washed with water, aceto-
nitrile and diethyl ether, and dried under vacuum.

© 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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[Zn(LY),] (1): Yield 0.153 g (74 %). Elemental analysis (%) calcd. for
CoH2N,0,Zn: C 65.70, H 4.33, N 10.95. Found C 65.60, H 4.48, N
10.74 %. "H NMR (400 MHz, [DgIDMSO, 25 °C): & = 2.12 (s, 3H), 6.69
(d, 3Jyp = 7.8 Hz, TH), 6.85 (m, 3H), 7.20 (t, 3Jyyy = 7.9 Hz, TH), 7.65
(t, 3Jyp = 7.1 Hz, 2H), 8.56 (d, 3Jyy = 7.4 Hz, 1H). 3C NMR (100 MHz,
[DgIDMSO, 25 °C): 6 = 11.01 (CH3), 114.22 (Ar-C), 115.66 (Ar-C),
118.76 (Ar-C), 119.92 (Ar-C), 122.86 (Ar-C), 123.21 (Ar-C), 127.06 (Ar-
C), 131.34 (Ar-Q). X-ray quality crystals were grown by slow diffusion
of diethyl ether into a solution of 1 in ethanol.

[Zn(LOMe),] (2): Yield 0.157 g (68 %). Elemental analysis (%) calcd.
for CsoH,6N4042Zn: C 63.00, H 4.58, N 9.80. Found C 62.80, H 4.67, N
9.55 %. "H NMR (400 MHz, [Dg]DMSO, 25 °C): 6 = 2.11 (s, 3H), 3.75
(s, 3H), 6.78 (d, 3Jy = 9.0 Hz, TH), 6.88 (m, 3H), 7.16 (d, 3}y =
3.1 Hz, 1H), 7.66 (d, 3Jiy,4 = 8.9 Hz, TH), 8.64 (d, 3Jy 4 = 7.3 Hz, TH).

[Zn(LMe),] (3): Yield 0.126 g (58 %). Elemental analysis (%) calcd. for
C30H26N402Zn: C 66.73, H 4.85, N 10.38. Found C 66.49, H 4.80, N
10.26 %. 'H NMR (400 MHz, [DgIDMSO, 25 °C): 6 = 2.10 (s, 3H), 2.27
(s, 3H), 6.75 (d, 3Jy; 1y = 8.3 Hz, TH), 6.84 (dt, 3J,; 1y = 17.6, 6.6 Hz, 2H),
7.01 (d, 3Jyn = 8.4 Hz, TH), 7.43 (s, TH), 7.62 (d, 3Jy = 8.9 Hz, TH),
8.59 (d, 3Jyp = 7.3 Hz, TH). '3C NMR (100 MHz, [Dg]DMSO, 25 °C):
0 = 10.81 (CHs), 20.16 (CH5), 112.34 (C), 115.01 (Ar-C), 118.43 (Ar-
Q), 119.56 (Ar-C), 121.89 (C,), 122.11 (Ar-C), 122.83 (Ar-C), 124.94
(Cy), 126.23 (Ar-C), 126.31 (C), 131.84 (Ar-C), 136.45 (C,), 163.81
(C

o)

[Zn(LF),] (4): Yield 0.124 g (56 %). Elemental analysis (%) calcd. for
CagH20F2N,0,Zn: C 61.38, H 3.68, N 10.23. Found C 61.60, H 3.52, N
10.11 %. 'H NMR (400 MHz, [Dg]DMSO, 25 °C): 6 = 2.14 (s, 3H), 6.87
(m, 3H), 7.05 (s, 1H), 7.46 (d, *Jyp = 8.9 Hz, TH), 7.66 (d, 3y =
8.9 Hz, 1H), 8.60 (s, TH).

[Zn(LB"),] (5): Yield 0.132 g (47 %). Elemental analysis (%) calcd. for
CygH20BraN,40,Zn: C 50.22, H 3.01, N 8.37. Found C 50.45, H 3.12, N
8.60 %. "H NMR (400 MHz, [Dg]DMSO, 25 °C): 6 = 2.18 (s, 3H), 6.83
(m, 3H), 7.29 (s, T1H), 7.59-7.85 (m, 2H), 8.50 (s, TH).

[Zn(LF3),] (6): Yield 0.177 g (68 %). Elemental analysis (%) calcd.
for CsoHaoFsN40,Zn: C 55.62, H 3.11, N 8.65. Found C 55.33, H 3.18,
N 8.91 %. '"H NMR (400 MHz, [Dg]DMSO, 25 °C): 6 = 2.23 (s, 3H),
6.82-7.14 (m, 3H), 7.37-7.63 (m, 1H), 7.70 (d, 3Jyy = 9.0 Hz, 1H),
7.94 (s, 1H), 8.39-8.57 (m, TH).

[Zn(LN92),] (7): Yield 0.145 g (60 %). Elemental analysis (%) calcd.
for CogH,0NgOsZn: C 55.88, H 3.35, N 13.96. Found C 55.56, H 3.21,
N 13.82 %. "H NMR (400 MHz, [Dg]DMSO, 25 °C): 6 = 2.41 (s, 3H),
6.76 (d, 34y = 9.3 Hz, TH), 6.88 (dt, 3Jyy = 17.4, 6.6 Hz, 2H), 7.71
(d, 3y = 8.9 Hz, 1H), 8.04 (dd, 3y = 93, 3.0 Hz, TH), 853 (,
3Jup = 6.5 Hz, 2H).

X-ray Crystallography

A crystal of complex 1-0.5EtOH was mounted on a Stoe Image Plate
Diffraction system equipped with a ¢ circle goniometer, using
Mo-K,, graphite monochromated radiation (A = 0.71073 A) with
¢ range 0-200°. The structure was solved by direct methods using
the program SHELXS-97, while refinement and all further calcula-
tions were carried out using SHELXL-97.7! The H-atoms were in-
cluded in calculated positions and treated as riding atoms using
the SHELXL default parameters. The non-H atoms were refined
anisotropically, using weighted full-matrix least-square on F2. Crys-
tallographic details are summarized in Table S2. Figure 1 was drawn
with ORTEP-32.08!

CCDC 1890067 (for 1-0.5EtOH) contains the supplementary crystal-
lographic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre.
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Computational Details

All calculations were carried out at the density functional (DFT) level
of theory with the ADF2017.113 program package.> The PBE func-
tional plus a D3 dispersion correction energy term (PBE-D3) was
employed for all calculations. Frequency analysis were performed
for all optimized structures to establish the nature of the stationary
points. TD-DFT implemented in the ADF package was used to deter-
mine the excitation energies: the 40 lowest singlet-singlet excita-
tions were calculated by using the optimized geometries. For geom-
etry optimizations, the C, H, N, O and F atoms were described
through TZ2P basis sets [triple-E Slater-type orbitals (STOs) plus two
polarization function]; QZ4P basis set (quadruple-C STO plus four
polarization functions) was used for Zn and Br atoms. The corre-
sponding augmented basis set was employed in TD-DFT calcula-
tions.l" Restricted formalism, no-frozen-core approximation (all-
electron) and no-symmetry constrains were used in all calculations.
Solvent effects (CH,Cl,) were simulated employing the conductor-
like continuum solvent model (COSMO)®?! as implemented in the
ADF suite.
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