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Metal complexes with multidentate ligands are frequently used
as model compounds to shed light on the (bio)-inorganic
chemistry of H2S. Zinc complexes bearing salen-type ONNO
ligands with different bridging groups are particularly relevant
in this respect. Here, we describe the use of zinc complexes
with the sulfur-analogues of the ONNO ligands with the S-
donors replacing either the neutral nitrogen donors or the

anionic oxygen atoms of the classical salen ligands. In addition,
we studied a hexadentate cyclic ligand, with four neutral sulfur
atoms and two anionic oxygens. Having two coordinative
pockets this ligand is able to form a bimetallic zinc complex. We
report how the different coordinative environments of the
explored ligands influence the stability of the zinc complexes
and their abilities to form the related hydrosulfide species.

Introduction

Hydrogen sulfide (H2S) possesses important signaling and
regulatory functions within the human body. With nitric oxide
(NO) and carbon monoxide (CO) it belongs to the family of the
“gasotransmitters”.[1–3] Whereas the chemical biology of NO and
CO has been well studied, this is much less so for H2S. Among
the cellular targets of H2S, the transition metals constitute the
more common sites of attack as they easily react with the
Lewis-base sulfur of H2S.[4–11] More recent studies revealed
signaling pathways involving metalloproteins.[12–16]

In this context, motivated by our aim of clarifying the
reactions H2S is involved in, our studies on the coordination of
H2S to transition metals started a few years ago and focused
both on properly tailored low molecular weight metal com-
plexes and on natural metalloproteins.[17–24] Recently we and
others focused on the synthesis of fluorescent salen-based zinc
complexes.[25–35] It was of interest to establish how the ‘hard-
ness/softness’ of imine and amine nitrogens (which chelate the
zinc centers) of the resulting complexes may affect the HS�

binding.[36] The ligands we explored so far, all have anionic
phenolate oxygens and neutral imino or amino nitrogens, two
hard donor atoms whose combination reduces the possibility to
modulate the electronic features of the metal centre.[37] Inspired
by the ubiquity in nature of sulfur-rich metalloproteins and
metalloenzymes,[38] we decided to focus on the sulfur-analogues
of the classical ONNO-ligands and to investigate how the
electronic properties and the Lewis acidity of the metal might
affect the propensity to coordinate H2S/HS� .

The so-called OSSO-type bis-(phenolato) ligands were
initially developed by Okuda and coworkers in the early 2000s
and have interesting catalytic applications (e.g. the isotactic
polymerization of styrene).[39] Later on, the group of Kol
proposed a new straightforward synthetic route for these
OSSO-type ligands producing complexes that catalyze the
formation of stereo-irregular poly(1-hexene).[40] In more recent
years, these OSSO-type bis-(phenolato) ligands have been
reported as alternatives to produce active zirconium complexes
which catalyze the polymerization of L-lactide and also the
reaction of CO2 with epoxides.[41]

The replacement of nitrogen atoms of the diimine moiety in
salen ligands by sulfur atoms recently found successful
applications in the cleavage of carbon-sulfur bond chemistry, a
process useful in the desulfurization of petroleum, and the
aerobic oxidative cleavage of ß-keto-sulfides.[42]

Here we report on the synthesis of three zinc
complexes[40,43–45] bearing different sulfur-containing ancillary
ligands (Scheme 1) and we explore their interactions with HS� .
In complex 1, the sulfur atoms substitute the anionic oxygens
of the classical salen ligands whereas the imine N-donors
remain unaltered resulting in a SNNSZn complex. In complex 2,
sulfur atoms replace the imine nitrogens of the classical salen-
type ONNO ligands and thus the anionic oxygen atoms are
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paired with neutral thioether groups resulting in a sulfur-
bridged OSSOZn complex. For both complexes 1 and 2 the zinc
atoms are tetracoordinated. Finally, in complex 3, we have
chosen a hexadentate, bianionic, cyclic ligand which has two
coordinative pockets. They can host two metal centers allowing
the obtainment of a zinc bimetallic complex.[45] In this case,
each zinc atom is pentacoordinate, since, in addition to the
coordination with two oxygens and two sulfur atoms of the
ligand, it also binds an additional bromide ligand.

As a hard acid, zinc usually forms stronger bonds with first-
row donor atoms, such as oxygen and nitrogen, than with
second-row atoms, such as sulfur and phosphorus. For example,
in complexes bearing SNNS-type ligands[43,44] the S� Zn bonds
are longer than the O� Zn bonds in the ONNOZn complexes. In
the current contribution, we wonder if a weaker coordination of
the ancillary ligand to the zinc, resulting in a higher Lewis
acidity of the metal center, could enhance the ability of the
complex to “capture” hydrosulfide species. Devices for measur-
ing H2S uptake are useful for monitoring gas storage and
separation and for monitoring desulfurization processes.

Results and Discussion

Complex 1 was obtained via a template synthesis from ortho-
phenylene-diamine and thiosalicylaldehyde in the presence of
triethylamine in acetonitrile.[43] Complex 2 was synthesized by
the direct reaction of the ligand precursor OSSOH2 and ZnEt2 in
dry benzene. Complex 3 was prepared by reacting the lithium
salt of the starting ligand precursor (OSS)2H2 with 2 equivalents
of ZnBr2, by slightly changing a literature procedure[45] (see
experimental part for more details). Complexes 1–3 were first
characterized via high-resolution MALDI Fourier transform ion
cyclotron resonance mass spectrometry (HR MALDI-FT-ICR)
(Figures S1–S3). The major peaks at 432.97 m/z units for
complex 1, at 593.251 m/z units for complex 2 and at
740.94 m/z units for complex 3 correspond to the monomeric
species: no evidence of the formation of dimeric species in
solution was found. Next, complexes 1–3 were characterized via
1HNMR experiments (see Figures 1 and S5, S6). The 1HNMR

spectra of complexes 1–3 in DMSO-d6 demonstrated the
formation of the desired complexes as they were in agreement
with spectra reported in the literature.[44,45] As for complex 1,
proper attribution of the peaks in the 1HNMR spectrum shown
in Figure 1, was obtained by the 2D COSY spectrum (Figure S4).

As for the 13CNMR characterization, we could register the
spectrum only for complex 1 (Figure S7) and complex 3
(Figure S8), most likely for the scarce stability in DMSO of
complex 2. Peaks in the 13CNMR spectrum of complex 3 were
not very intense due to the very low solubility of the complex
in deuterated DMSO.

Complexes 1 and 3 appear robust and stable to air and to
trace amounts of water (e.g. their 1HNMR spectra did not
change when leaving NMR samples standing for days), whereas
complex 2 appeared less stable in solution. Probably, the
weaker coordination of sulfurs to the zinc atom, as compared to
the chelating nitrogens in the salen-complexes is responsible
for the lower stability of this complex. Complexes 1–3 were
further characterized via IR spectroscopy in KBr (Figures S9–
S11); the spectra resemble the literature data.[44,45] After
characterization of complexes 1–3 we initiated a study to
determine if they are able to form stable adducts with HS� . We
first examined the reactions via 1HNMR spectroscopy examining
the proton NMR spectra of complexes 1–3 after the addition of
known amounts of NaSH. As for complex 1, analysis of 1HNMR
spectra before and after addition of 2 equivalents of NaSH
indicates that a new species is forming: a shift of the whole
peak pattern is observed (see Figure S12). In addition, a high-
field resonance (at � 2.9 ppm) attributable to the HS� group
bound to the zinc is present, in agreement with other spectra
of metal hydrogensulfide complexes.[46–48] However, the integral
of the high-field peak is not pointing to the quantitative
formation of the binding adduct (see Figure S12): most likely
the hydrogensulfide adduct is in equilibrium with the free
complex 1, a phenomenon which could also explain the
broadening of the signals in the aromatic region. Thus, we
examined the 1HNMR spectrum obtained after addition of
4 equivalents of NaSH to complex 1. In this case the presence of
more than one species is evident. On the other hand, a peak at
� 2,6 ppm was clearly visible, the integral of which points to the
capture of 1 equivalent of HS� (Figure S13). The formation of
different species following the addition of 4 equivalents of
NaSH, could be ascribed to the tendency of the complexes of
this class to form aggregates in solution,[43,44] a phenomenon
which, in this case, could be assisted by the presence of the
SH� coordinated to the zinc centers.

In the case of complex 2, a shift of the proton pattern is again
visible but the high-field resonance is lacking (Figure S14). When
H2S/HS� interacts with a metal complex, three scenarios are
possible: (i) displacement of the metal from the ligand via HS�

mediated precipitation of metal sulfides, (ii) binding of HS� to the
metal center, and (iii) HS� mediated reduction of the metal center.
The last scenario entails redox activity of the metals and can be
discarded in our case since zinc is a non-redox metal.

By comparison of the proton NMR spectrum of complex 2
upon treatment with HS� and that of the free ligand OSSOH2

(Figure S15) we can exclude that the interaction of complex 2Figure 1. 1HNMR spectrum of complex 1 in DMSO-d6. [complex 1]=3×10� 2 M.
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and HS� results in the zinc displacement and leaching of the
organic ligand. Consequently, the hypothesis that HS� binds to
complex 2 becomes the most probable: the lacking of the high
field resonance even upon coordination of HS� to the zinc
center is not new[22,24] and can be explained by the exchange of
the Zn-SH signal with the trace amounts of water in deuterated
DMSO. Further supporting the latter hypothesis is the disap-
pearance of the H2O signal at 3.3 ppm which is present, for
instance, in the 1HNMR spectrum of complex 2 before adding
NaSH (see Figure S5).

Intriguingly, in the case of complex 3, we observed an
increased solubility when NaSH was added: the suspension of
the complex in DMSO rapidly turned to a colorless solution. We
interpreted this as a first indication that adduct formation
occurs. Figure 2 displays the 1HNMR spectrum of complex 3 in
the presence of 2 equivalents of HS� .

The high-field resonance at � 2.32 ppm (which integrates to
two protons) ascribable to the SH groups bound to the zinc
centers is clearly evident. The broadness of the signal could be
due to a proton exchange between SH and H2O (which is
present in deuterated DMSO).[34,49] A further indication that a
new species is formed when adding HS� to a DMSO-d6 solution
of complex 3, is the shift of the signal of the methylene protons
of the free complex with respect to that of the HS-reacted
species (Figure S16).

We conclude that two possible species could be formed:
either the HS� can substitute the bromide ligands by furnishing
a neutral bimetallic complex in which each zinc atom is still
pentacoordinate, or the two HS� ions may add to the zinc
atoms making the zinc hexacoordinate and giving the disodium
salt of a bianionic complex.

When adding four equivalents of HS� to a sample of complex
3, the 1HNMR spectrum of the reaction mixture exhibits a further
change (Figure 3): the high-shielded signal of the HS� bound to
the zinc ions corresponds upon integration to 4 protons and there
is a further shift towards high field. Also in this case, the other
significant change of the NMR spectrum concerns the signal of the
methylene protons bridging the two sulfur atoms.

This finding is consistent with there action proposed in
Scheme 2, the species formed is a bi-anionic complex where each
zinc is hexacoordinate and the adduct is in the form of the sodium
salt.

A 1HNMR spectrum very similar to that shown in Figure 3
was obtained when adding first two equivalents of HS� to
complex 3 in DMSO-d6 and subsequently two more equivalents.

The 13CNMR spectrum of the complex 3 upon HS� addition
(four equivalents) is displayed in Figure S17. A further con-
firmation of the formation of the HS� binding adduct comes
from the comparison of the 13CNMR spectra before and after
HS� addition (Figure S8) where a shift of the whole pattern is
clearly evident.

In order to gain a better insight into the structures of the
complexes under investigation and to have an indication of
their possible reactivity with HS� , we performed a computa-
tional analysis with time dependent density functional theory
(TD-DFT). Minimum energy geometries of complex 2 and
complex 3 and of their HS� adducts (also considering the
possibility of multiple adducts) have been computed both for
the ground state and for the first excited singlet states. The
computed ground state optimum geometries of HS� complexes
for 2 and 3 are shown in Figure 4.

Complexes 2 and 3 deviate from the square planar nuclear
configuration observed for salen analogues,[32,33] with the metal
atom in the plane of the ligand (see Figure 5). The formation of
the double HS� adduct for the bimetallic complex 3 is predicted
to take place through coordination of HS� to the Zn atoms and
the expulsion of the two Br� ions (ΔE= � 1.24 eV). ΔE is the
thermodynamic energy change for the substitution of the Br�

ligands with HS� , i. e. for the reaction:

M� Brn þ n HS� ! M� ðHSÞn þ n Br�

Figure 2. 1HNMR spectrum of complex 3 in DMSO-d6 after the addition of
2 equivalents of HS� . [complex 3]=8×10� 3 M; [NaSH]=0.016 M.

Figure 3. 1HNMR spectrum of complex 3 in DMSO-d6 after the addition of
4 equivalents of HS� . [complex 3]=8×10� 3 M; [NaSH]=0.032 M. Scheme 2. Species formed upon reaction of complex 3 and HS� .
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However the structure of the bimetallic complex does not
change significantly upon the substitution of the Br ligands
with HS ligands. When considering the possibility where both
HS� and Br� are coordinated to the Zn, this adduct is not
predicted to be a stable species by DFT.

To gain independent evidence of the reactivity with HS� of
the complexes under investigation, we investigated the reac-
tions via UV-Vis and fluorescence spectroscopies. Figure S18
displays the electronic absorption spectra of complexes 1 and 2
before and after the treatment with an excess of HS� . In case of
complex 1 the spectrum exhibits two bands at 334 and 427 nm,
which may be attributed to intramolecular π-π* charge transfer
bands (see Figure 5 and Table S1).

Upon NaSH addition, the 334 band quenches, whereas the
425 nm band shifts to 432 nm. The titration data could be
interpreted assuming the formation of a 1.1 adduct according
to the reaction:

LMþ L0 ¼ LML0

with logK=4.24�0.05 (the uncertainty is 3σ; Figures S19 and
S20).[50] In the above equation L is the organic ligand chelating
zinc whereas L’ stands for HS� ; K is the association constant (see
SI for further details).

As for complex 2, the UV-vis spectrum does not undergo
visible shifts but a quenching of the whole absorption spectrum
was registered. Moreover, for complex 2, we could measure
also the absorption spectrum of the free OSSOH2 ligand and

exclude that the reaction of this complex with HS� results into
the leaching of the organic ligand.

Figure 6 displays the same experiment with complex 3, in
this case we registered first the spectrum of the free complex,
then the spectrum in the presence of 2 equivalents of HS� and
finally the spectrum after the subsequent addition of two more
equivalents, to mimic the conditions of the NMR experiments.

The absorption spectrum of complex 3 before HS� treat-
ment shows bands only in the UV region (ca. 260–320 nm), in
accordance with the Ref. [45].

As evident in Figure 6, the UV-vis spectrum of complex 3
experiences a visible change in the presence of 2 equivalents of
NaSH and further changes in the presence of 4 equivalents of
NaSH, thus indicating formation of two new species and
corroborating the hypothesis made on the basis of the NMR
experiments. More specifically, upon reaction with HS� , a
bathochromic shift of the lower energy absorption band is
observed. Time dependent density functional theory (TD-DFT)
calculation for complex 3 predicts the presence of two
electronic transitions with similar intensities at λ 320 nm and
285 nm, respectively. The character of the transitions is metal-
ligand charge transfer (MLCT); indeed: the LUMO is a non-
bonding π MO with significant contributions from the π orbitals
of the benzene ring of the ligand, while other orbitals involved
in the transitions also involve the Br atoms bound to Zn centers
(see the Molecular Orbitals reported in Figure S21).The replace-
ment of bromine anions with HS� groups leaves the predicted
wavelengths of the transitions essentially unchanged, 330 nm
and 291 nm, while their relative intensity significantly changes,
the latter becoming almost three times more intense than the
former, in good agreement with experimental findings. Indeed,
the transition at longer wavelength involves molecular orbitals
with significant contribution of Br� and HS� , being therefore
sensitive to HS� coordination. After the coordination of HS� , the
character of the transition is the same as in the starting Br
complex: the LUMO is a nonbonding π MO with significant

Figure 4. Optimized geometries for the adducts with HS� of 2 (top) and 3
(bottom).

Figure 5. HOMO (left) and LUMO (right) of complex 1.

Figure 6. Electronic absorption spectra of complex 3 with and without the
addition of NaSH. Spectra were recorded in DMSO at room temperature.
[complex 3]=10 μM.
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contributions from the π orbitals of the benzene ring of the
ligand, while other orbitals involved in the transitions also
involve the S atoms bound to Zn centers (orbitals not shown
since they are identical to the ones shown in Figure S21).

Both the scan and the time trace fluorescence emission
spectra indicate a fluorescence intensity change of complex 3
in the presence of NaSH (see Figure S22), thus supporting the
formation of a new species.

Conclusions

In this work we synthesized two zinc complexes derived from
the S-analogues of the ONNO ligands and a bimetallic zinc
complex supported by a hexadentate (OSS)2H2 ligand
(Scheme 1). The possible effects of the different coordinative
environments on the zinc hydrosulfide stabilization were
investigated. Complexes 1–3 were characterized by NMR,
MALDI-ToF and UV-vis analyses. Complex 1 was found to be
prone to HS� binding. As for complex 2, the poor stability of
the Zn-SH adduct complicated our characterizations and made
this complex ill-suited for our purposes.

Replacing the hard donors in the skeleton of the chelating
salen-type ligands with the softer sulfur-based donors resulted
in a reduced stability of the complex (as happens for complex
2) or in a lower selectivity in the reaction with NaSH (as in the
case of complex 1, which forms more than one adduct).

On the other hand, the bimetallic complex 3 with its cyclic
ligand, appeared stable also when HS� was bound. In this case,
NMR experiments, corroborated by DFT calculations, point to
the formation of a neutral HS� adduct where the two bromide
ligands are substituted by two HS groups, as displayed in
Figure 4. The formed species appeared stable overtime and was
able to coordinate two additional HS groups. Most likely, the
different coordinative environment of the metal centers and
the constrained geometry of the cyclic ligand guarantee greater
stability of the complex itself and of the adducts that form from
it. Electronic effects of the ligand skeleton may impart increased
Lewis acidity to the Zn center in complex 3 thus ensuring a
stronger bond with HS ions.

We believe the results we report herein provide clear
evidence that the coordination sphere surrounding the metal
center plays a key role both in the stability of the complex and
in the ability of the zinc center to bind HS� .

We are currently investigating the possible application of
complex 3 in the implementation of a device for HS� uptake.

Materials and Methods
Chemicals used for the synthetic work were obtained from Sigma-
Aldrich and were of reagent grade. They were used without further
purification. NaSH (Alfa Aesar) in aqueous solution was used as HS�

source to the end concentration specified in the figure captions.
Synthesis of ligand OSSOH2 was achieved by following literature
procedures.[40] Ligand (OSS)2H2 was prepared by modification of a
procedure reported in the literature.[45] Complex 1 was obtained by
a procedure reported in the Refs. [43,44].

General

HR MALDI and ESI mass spectra were recorded using a Bruker
solariX XR Fourier transform ion cyclotron resonance (FT-ICR) mass
spectrometer (Bruker Daltonik GmbH, Bremen, Germany) equipped
with a 7T refrigerated actively-shielded superconducting magnet
(Bruker Biospin, Wissembourg, France). The samples were ionized in
positive ion mode using either the MALDI ion or the ESI ion source.
The mass range was set to m/z 150–2000. The laser power was 15%
and 15 laser shots were used for each scan. Mass spectra were
calibrated externally using a mix of peptide clusters in MALDI
ionization positive ion mode. As for the ESI mass spectra, they were
calibrated externally using a NaTFA solution in negative ion mode.
A linear calibration was applied.

NMR spectra were recorded on a Bruker AVANCE 400 NMR
instrument (1HNMR, 400.13 MHz; 13CNMR, 100.62 MHz) or on a
600 MHz spectrometer [600 (1HNMR) and 150 MHz (13CNMR)] using
5 mm o.d. NMR tubes. The chemical shifts were reported in δ (ppm)
referenced to SiMe4. Typically, 5 mg of the complex in 0.5 mL of
the solvent were used for each experiment. MilliQ water and is the
water filtered with a Millipore filter apparatus.

Synthesis and Characterization of Complex 1

Synthesis of complex 1 was achieved by following a template
synthesis reported in the literature.[43,44] To a CH3CN solution of 2,4-
di-tert-butyl-thiosalicyladehyde[43] (1.15 g, 8.3 mmol), Zn(OAc)2

.2
H2O (0.55 g, 2.5 mmol) and triethylamine (2 ml, 15 mmol) in MeOH
(5 ml) were slowly added. The reaction flask was left under stirring
in the dark and a solution of orto-phenilendiamine (0.27 g,
2.5 mmol) in MeOH (5 ml) was added dropwise at room temper-
ature. The resulting red solution was left under stirring for 17 h in
the dark. A red precipitate was recovered by filtration, washed with
cold methanol and dried under vacuum (0.465 g, yield: 45%). IR
(cm� 1, KBr, selected): 1615, 1578, 1450, 1384, 1184, 1076, 739. Anal.
Calcd for C20H14N2S2Zn: C, 58.32; H, 3.43; N, 6.80; S, 15.57. Found:
C, 58.23; H, 3.62; N, 6.98; S, 15.01. MS (MALDI FT-ICR MeOH): m/z
(%) calculated: 410.996 experimental: 410.996 [complex 1+H]+. 1H-
NMR (600 MHz, DMSO-d6): δ=9.08 (s, 2H, N=CH), 7.82 (m, 2H, ArH),
7,63 (d, 2H, ArH), 7.51 (m, 2H, ArH),7.45 (d, 2H, ArH), 7.16 (t, 2 H,
ArH), 7.02 (t, 2H, ArH).

Synthesis and Characterization of Ligand OSSOH2
[40]

Under a nitrogen atmosphere, a solution of 1,2-ethanedithiol
(0.22 ml, 4.39 mmol) and triethylamine (0.70 ml, 5.0 mmol) was
added dropwise to a solution of 2-bromomethyl-4,6-di-tert-butyl-
phenol (1.50 g, 5.0 mmol) in THF dry (5.83 ml). A white solid formed
immediately. The reaction mixture was left under stirring and in the
dark at room temperature for 24 h. Then a white powder was
filtered off. The THF solution was dried under vacuum and a yellow
solid formed. Dichloromethane (10.0 mL) was then used to dissolve
the yellow powder, the resulting solution was extracted with H2O
(3×1 mL) and then dried over Na2SO4.At this point the colorless
solution was dried under vacuum yielding a yellow solid which was
washed with cold methanol and dried again. A white solid was
obtained (1.1 g, yield: 47%). 1H-NMR (400 MHz, C6D6): δ=7.45 (d,
2H, Ar), 6.81 (d, 2H, Ar), 6.70 (s, 2H, OH), 3.33 (s, 4H,CH2), 2.14 (s, 4H,
CH2), 1.60 (s, 18H, t-Bu), 1.27 (s, 18H, t-Bu), ppm.

Synthesis and Characterization of Complex 2

Under inert atmosphere, a benzene solution of ligand OSSOH2

(153.0 mg, 0.29 mmol) was added dropwise to a solution of Et2Zn
(35.7 mg, 0.29 mmol) in dry benzene. The resulting suspension was
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left under stirring and at room temperature for 3 h. A white powder
was recovered by removing benzene under vacuum (106.5 mg,
yield: 62%). IR (cm� 1, KBr, selected): 2954, 1628, 1478, 1244, 1111.
Anal. Calcd for C32H48O2S2Zn: C, 64.68; H, 8.14; S, 10.79. Found: C,
64.03; H, 8.62; S, 10.01. MS (MALDI FT-ICR MeOH): m/z (%)
calculated: 593.245 experimental: 593.251 [complex 2+H]+. 1H-
NMR (400 MHz, DMSO-d6): δ=7.00 (s, 1H, Ph� H), 6.85 (s, 1H, Ph� H),
3.70 (s, 2H, Ph-CH2), 2.76 (s, 2H, CH2-S), 1.35 (s, 9H, t-Bu), 1.18 (s, 9H,
t-Bu) ppm.

Synthesis and Characterization of Ligand (OSS)2H2

This ligand was obtained by a modification of the procedure in
reference.[45] To a THF (15 ml) solution of 2,6-dibromomethyl-4-tert-
butyl-phenol1,2(1.00 g, 2.98 mmol) was added 1,2-ethanedithiol
(0.25 ml, 2.98 mmol). The reaction mixture was refluxed for 15 min
and then cooled down at 0 °C. Triethylamine (0.83 ml, 6.00 mmol)
was added dropwise. At this point the reaction mixture was left
under stirring at room temperature for 30 min then at 45 °C for
further 24 h. By filtration a white powder was recovered and then
discarded, the remaining solution was dried under vacuum yielding
an oil which was then dissolved in diethyl ether (30 mL). A white
precipitate was recovered by filtration and dried under vacuum
(235.5 mg, yield: 29%). 1H-NMR (300 MHz, CDCl3): δ=7.06 (s, 2H,
Ar), 3.78 (s, 4H, Ph-CH2), 2.68 (s, 4H, CH2), 1.26 (s, 9H, t-Bu) ppm.

Synthesis and Characterization of Complex 3

Complex 3 was prepared by a modification of a literature
procedure.[45] Under nitrogen, ligand (OSS)2H2 (0.19 g, 0.35 mmol)
was dissolved in dry THF (10 ml) and BuLi (2.5 M, 0.32 ml,
0.81 mmol) was added dropwise at 0 °C. The reaction mixture was
left under stirring for 30 min. Then the mixture was allowed to
reach room temperature and ZnBr2 (0.18 g, 0.81 mmol) was added.
THF dry (10 mL) was added via cannula and left under stirring for
48 h. A yellow oil was obtained by evaporating the solvent under
vacuum. A white solid was recovered by washing the oil with
CH2Cl2 (20 mg, yield: 7%). IR (cm� 1, KBr, selected): 2957, 1624, 1479,
1272, 1103. Anal. Calcd for C28H38Br2O2S4Zn2: C, 40.74; H, 4.64; S,
15.54. Found: C, 40.03; H, 4.92; S, 15.01. MS (MALDI FT-ICR CHCl3):
m/z (%) calculated: 740.948 experimental: 740.951 [complex 3-Br]+.
1H-NMR (600 MHz, DMSO-d6): δ=6.89 (s, 4 H, Ar), 3.79 (s, 8H, Ph-
CH2), 2.74 (s, 8H, CH2), 1.18 (s, 18H, t-Bu) ppm.

Absorbance and Fluorescence Measurements

Absorption spectra were recorded on a Cary-50 Spectrophotometer,
using a 1 cm quartz cuvette (Hellma Benelux bv, Rijswijk, Nether-
lands) and a slit-width equivalent to a bandwidth of 5 nm.
Fluorescence spectra were measured on a Cary Eclipse Spectropho-
tometer in a 10×10 mm2 airtight quartz fluorescence cuvette
(Hellma Benelux bv, Rijswijk, Netherlands) with an emission band-
pass of 10 nm and an excitation band-pass of 5 nm. Both
absorption and fluorescence measurements were performed in
DMSO solutions at 25 °C. Fluorescence emission spectra were
registered by exciting the samples at a specific wavelength (as
stated in the figure caption).

NMR Characterization of the Complexes 1–3 Upon Addition of
HS�

The NMR tube was charged with the free complex solutions in
DMSO-d6then NaSH solid or in solution (to the end concentrations

specified in the figure captions) was added and the spectra
registered.

Computational Details

All electronic computations have been carried out at the density
functional level of theory using the range separated hybrid func-
tional CAM-B3LYP[51,52] with TZVP basis set as implemented in the
Gaussian package (G16).[53] Effects due to solvent polarization were
included by the polarizable continuum model (PCM).[54,55] The
solvent is the same used experimentally, i. e. DMSO; we used 30
roots in TDDFT calculations.
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