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Abstract

Sulfite (SOs%) and thiosulfate (S,0s:%) ions are used as food preservative and antichlor agent
respectively. To detect low levels of such anions we used Cu(ll) complex of the Tris-Methyl Pyridine
Amine (TMPA) ligand, denoted L. Formation of [LCu(SOs)] (1) and [LCu(S;03)] (2) in solution were
monitored using UV-Vis, EPR and cyclic voltammetry, while the solid-state X-ray structures of both
complexes were solved. In addition, we also evaluated the pH range in which the complexes are stable,
and the anions binding affinity values for the [LCu(solvent)]* (3) parent complex. As a matter of

illustration, we determined the sulfite content in a commercial crystal sugar.

Keywords :
e Copper(ll)
e TMPA
e Sulfite
e Thiosulfate
e EPR
o UV-vis


mailto:christelle.hureau@lcc-toulouse.fr

Introduction

Copper is an essential element in biology,? being present in many key enzymes, such as in Cytochrome
C oxidase (CcO) that provides the four-electron-four-proton-reduction of dioxygen to water leading to
the formation of a proton gradient across the cellular membrane and ultimately to the biosynthesis of
ATP.2 In CcO, the hetero-binuclear catalytic center is provided by a heme and a copper-bound to three
N-ligands from side-chains of Histidine (His) residues, while the dioxygen substrate bridges the two
metallic centers.® Many bioinspired models of CcO have been developed in the last 30 years.>* In
several of them, the copper first coordination sphere was mimicked using 4N-containing tripodal
ligands. Among them the multi-functions ligand TMPA (Tris-Methyl Pyridine Amine, also reported as
TPA and TPMA)® is the one of the most, if not the most studied ligand. In addition to its potential in
CcO modelling, Cu(TMPA) and its derivatives have been used for the investigations of dioxygen
activation using mononuclear model (for recent examples, see for instance refs. ®1%). This was the
motivation for the use of this ligand in our research that aims at evaluating dioxygen activation by Cu-
peptide complexes.'? 3 |n this context Cu(TMPA) complex would have served as a widely—recognized
reference for dioxygen activation. In the course of our experiments, we evidenced that the Cu(TMPA)
complex can also be a very interesting probe for the detection of sulfite and thiosulfate ions and this

is what we will mainly describe in the present report.

Sulfite (E221) ion is well-known food and beverages additive, used as preservative agent to counteract
food evolution and browning.'* * Thiosulfate (E539, also known as hyposulfite) ion is used to
neutralize the effects of chlorine used for water treatment, bleaching in paper and textile industries
and as highly specific medications.’® A tuned balance is required since excess of sulfite has unwanted
side-effects for health such as allergic reaction and asthma;” the daily consumption is thus limited
(below 0.7 mg/kg of body weight).'® Hence, the need for probes to detect sulfite ions and to a lesser
extent thiosulfate ions. Although they are already available techniques to detect sulfite and thiosulfate

ions,' it is interesting to complete them with easy-to-use probes and detection methods.

The full characterization of [LCu(SO0s)] (1) and [LCu(S20s)] (2) in solid state by X-ray crystallography and
in solution by various methods (UV-Vis, EPR and cyclic voltammetry) together with the speciation of
the two complexes as a function of pH, and the evaluation of the affinity of SOs? and S,0s%> for
[LCu(solvent)]?* (3) are described in the present report. Then, the use of 3 to detect sulfite ions in
crystal sugar is reported and briefly discussed with respect to other current methods, while a short

description on how we serendipitously detected species 1 is also given.



X-ray crystallographic studies of [LCu(SOs)] (1), [LCu(S20s)] (2)

An ORTEP representation of the structures of [LCu(SOs)] (1) and [LCu(S20s)] (2) is given in Figure 1 and
crystallographic details of the structures are given in Table S1. Selected bond distances and angles are
listed in Tables 1,52 and S3, where they are compared with those of [LCu(H,0)]%*,2%2* [LCu(AcN)]** (AcN
= acetonitrile)®? (Table 1), and [L:Cu(S;03)]?® where Ly is a ligand from the tren (tris(2-
methylaminoethyl)amine)) family, namely tren, Mestren and Bzstren (Tables S2 and S3). The empirical
Addison parameter tis a very useful tool to compare geometries of penta-coordinated structures. It is
defined by t = (difference between the 2 largest L-M-L angles)/60. When t = 1 the complex geometry

is trigonal bipyramidal (TBP) and when t = 0 it is square pyramidal (5Q).%

1 has a nearly perfect TBP geometry (t = 1) as have the two parent complexes [LCu(H,0)]*, [LCu(AcN)]**
with T =0.94 and t = 0.84, respectively (Table 1). The equatorial angles are similar and close to 120°.
The angle S(1)-Cu-N(2) is close to linearity with 178.9°. All the Cu-N bond distances are comparable
(2.07 A - 2.09 A) except the Cu-S(1) bond distance that is longer (2.25 A) in line with binding to bulky
sulfur atom, while the O and N atoms of [LCu(H,0)]* and [LCu(AcN)]** respectively are much closer
(1.95 A and 1.98 A). The angles N(2)-Cu-Neq are less than 90°, the Cu(ll) center is thus out of the
equatorial plane toward the sulfite ion. Similar trends were also observed for [LCu(H.0)]** and
[LCu(AcN)]?** (Table 1) and thus is not linked to the nature of the exogenous ligand. To the best of our

knowledge, there is no X-ray structure of a Cu(ll)-sulfite complex.

2 has an intermediate structure because of the O(1) atom from the thiosulfate ion that is not bound
to the Cu(ll) center (Cu-O(1) distance equals 2.70 A), but occupies the sixth position of an octahedron.
Hence, this interaction induces a high distortion in the classical TBP toward square pyramidal (SP)
geometry with T = 0.11, also characterized by an elongation of the Cu-N(3) bond distance (2.20 A) in
trans to the O(1) atom. Such SP geometry has only been reported once for one of the two inequivalent
complexes characterized in the X-ray structures of [(Mestren)Cu(S,0s3)]. Otherwise, the geometry
around [(tren)Cu(S203)]%, [(Bzstren)Cu(S,03)]%* and [(Mestren)Cu(RS20,)1** (R=Me, Ph and MePh)*® are
TBP. Such an unusual coordination might be due to crystal packing. The N(3)-Cu(ll) bond thus
represents the axial direction, with the equatorial plane defined by the other three N and S(1) atoms.
Indeed, the angles S(1)-Cu-N(2) and N(1)-Cu-N(4) are approaching linearity with 168.1 A and 161.6 A,
respectively. The Cu-S(1) bond distance of 2.29 A is in the same range as the one in 1 and the

[LyCu(S203)] parent complexes.



Figure 1. X-ray structures of LCu(SOs) (1), LCu(S203) (2) drawn with 50% of ellipsoid.

Table 1. Selected distances (A) and angles (°) for 1 and 2. The longest distances are shown in bold.

1 2 [LCu(H20)12* @ | [LCu(CH5CN)J?* @

Cu-N(1) 2.071(7) | 2.029(1) | 2.071(1) 2.042(5)
Cu-N(2) 2.087(7) | 2.0618(9) | 2.006(1) 2.021(4)
Cu-N(3) 2.078(7) | 2.2025(9) | 2.059(1) 2.082(4)
Cu-N(4) 2.086(7) |2.0417(9) | 2.061(1) 2.025(5)
Cu-S(1)/Ow/Nacn 2.253(2) | 2.2878(4) | 1.952(1) 1.976(5)
Cu-O(1) - 2.695(1) |- -

S(1)/Ow/Nan-Cu-N(2) | 178.9(2) | 168.09(3) | 176.54(5) | 177.7(2)
N(1)-Cu-N(3) 1185(3) |93.95(4) |117.66(5) | 113.9(2)
N(1)-Cu-N(4) 116.1(3) | 161.62(4) | 117.04(5) | 127.2(2)
N(3)-Cu-N(4) 117.2(3) | 92.80(4) | 119.9(5) 114.1(2)
O(1)-Cu-N3 - 173.72(3) | - -

3] To ease comparison, the N atoms in [LCu(H,0)]** and [LCu(AcN)]?** have been labelled according to
the present convention (N(2) for amine nitrogen atom and N(1), N(3) and N(4) for pyridine nitrogen

atoms).




Solution characterizations of SO3? and S,03> interactions with [LCu(solvent)]*

UV-Vis and EPR characterizations

The UV-Visible and EPR spectra of in situ generated complexes 1, 2 and the reference [LCu(solvent)]?*
(3) are reported in Figure 2 panel A and B, respectively. In the d-d region of the UV-Vis spectra and in
EPR, the three species have different fingerprints, mirroring a different environment around the Cu(ll)
center. 1 —3 have UV-Vis transition bands characteristic of a TBP geometry with an intense peak in the
near-infrared region at 750 nm (g = 390 M*cm™), 935 nm (£ = 180 Mcm™) and 870 nm (e = 230 M~
lem), respectively, and a higher energy band at 573 nm (e = 490 M'cm™) for 1, 700 nm (g = 100 M-
lem?) for 2 and an ill-defined shoulder near 680 nm in case of 3 (Table 2). A ligand to Cu(ll) charge
transfer (LMCT) band is observed for 1 at 430 nm (g = 8600 + 200 M*cm™) and 2 at 401 nm (g = 6000

+ 200 M*cm?), reminiscent of those observed for the parent complexes [LtCu(S;0s)].%

In EPR, the spectra are characteristic of TBP Cu(ll) complexes exhibiting a reverse axial pattern (g, >
g|) indicating a d, ground state.?! This is a quite unusual feature for Cu(ll) species that more often lie
into elongated octahedral, square planar or square-based pyramid geometries, with g, > g;..t However,
it is a fingerprint of Cu(ll) complexes of 4N-tripodal ligands.3*3¢ Although a slight rhombicity can be
anticipated (i.e. the situation doesn’t exactly correspond to g, = g« = g,), especially in case of 2 and 3,
we will consider the three EPR signatures as axial. Similar patterns have been reported for LCu(ll)-
based complexes in various solvents and solvent mixtures,?® 37-3° and for LCu(ll)-oxygen intermediate
adducts.” %% The hyperfine couplings can be detected in both perpendicular and parallel directions.
We have directly measured them on the spectra (Figure 1B and parameters listed in Table 2). For 1 and
2 the signatures are narrower than in 3, in line with closer g, and g/, values. For 1, the A, is smaller
than A, while this is the opposite in case of 2 and 3. For 2 and 3, the hyperfine lines are broader and
less well-defined, mirroring the presence of several species in solution and/or anisotropically strained

spectra. Such features are not observed in 1, in line with a well-defined TBP structure of 1 in solution.
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Figure 2. UV-Vis (panel A) and 9-GHz EPR (panel B) of complexes 1 (blue line), 2 (green line) and 3 (black
line). Complexes were generated in situ. Panel A: [Cu] =0.2 mM ; [L] =0.22 mM ; [SO3*] = [S;0s%] = 1
mM ; AcN/HEPES (pH 6.5) 100 mM (50/50 v/v). € =1 cm; T = 25°C. Panel B: [®*Cu] = 500 uM; [L] = 550
uUM; [SOs?] = [S203%] = 2.5 mM in AcN/HEPES (pH 6.5) 100 mM (50/50 v/v). T = 120 K, microwave
power: 5 mW.

Table 2. Physico-chemical parameters of complexes 1 — 3 in AcN/HEPES (pH 6.5) 100 mM (50/50 v/v).

complex| Amaa e |Amaa| € |pKai|pKaz| PKa g9 g/ Eiz | AEP
(nm) |(MTecm?)| (nm)|{(M1cm?) (10°MY)| (A, 10% | (Ay, 10% | (V.vs |(mV)
cm) cm) SCE)
1 430 | 8600+ | 573 {490+20|6.0£|9.5+(|2.5+0.5| 2.14 2.00 -0.25 | 100

200 | 750 |390+20| 0.1 | 0.1 (76) (104)
2 401 | 6000+ | 700 {100+20|{1.6+|9.0+|40+10| 2.17 2.00 -0.27 | 90
200 | 935 (180+20| 0.1 | 0.1 (101) (69)
3 680 | 80+ 20 2.21 2.00 -0.21 | 120
870 (230 + 20 (110) (60)
1 418 | 8200+ | 665 | 80 +20 7+1 / / £ £

400 | 870 {26020
81 The € values of the LMCT and d-d bands were deduced from the fits of the titration curves (See Exp.
Section).

bl \values in aqueous buffer (HEPES 100 mM, pH 6.5).

[l EPR parameters were deduced from the position of the second and third hyperfine lines in the
perpendicular plan and along the parallel direction (except for 2, where the third and four hyperfine
parallel lines were used). g values were calculated from the average of the field position of the second
and third hyperfine lines, while the hyperfine values correspond to the field differences between these
two lines. %Cu isotope was used.




pH stability domains

The pH™ domain where complexes 1 and 2 predominate were determined using pH-titration
monitored by UV-Vis following the LMCT band. The results are given in Figure 3. From the fits of the
curves, the two pKa values corresponding to evolution of the complexes in acidic or basic media were
determined (reported in Table 2). The first pKa value of 1 and 2 (6.0 and 1.6) is directly linked to the
protonation constants of SOs* and S,0s* (pKa values of 7.0 and 1.7, respectively). The slightly lower
pKa value obtained for 1 versus SOs% indicates a stabilization of the SOs? protonation state by binding
to the Cu(ll) ion. The second pKa values of 1 and 2, which are very close for both dianions, may witness

a similar competition between SO3% or S,03% and HO for Cu(ll) binding.

[#] For a matter of simplicity, pH is here used abusively as the experiment is in a mixture of
AcN/HEPES (pH 6.5) 100mM (50/50 v/v).
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Figure 3. pH titration of complexes 1 (panel A) and 2 (panel B) measured on the LMCT (plain circles)
together with fit (plain red lines). [LCu(solvent)]?*= 0.2 mM, [SO3%] = [S,03%] = 1 mM, AcN/HEPES (pH
6.5) 100 mM (50/50 v/v); £ =1 cm. T = 25°C.

Binding constants of SO3* and S,03* to [LCu (solvent)]**

The affinity of SOs* and S,0s% for 3 were determined by UV-Vis titration on the LMCT and d-d bands.
Experiments at two concentrations were performed to (i) probe both transitions and (ii) to cover as
much as possible the affinity range. They were performed in triplicate and both titrations on LMCT and
d-d transitions were fitted (Figure 4). The apparent binding affinity values (**°Ka) obtained are given in
Table 2. Two main observations can be made: at pH 6.5 the affinity of 5,03% is about 10 times higher
than that of SOs% for [LCu (solvent)]** and is close to the one reported in case of [(Ly)Cu(H,0)]* as the

receiving complexes.?®
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Figure 4. SOs* (panel A) and S;0s* (panel B) titrations into [LCu(solvent)]*. Variations of the
absorbance measured on the LMCT (black plain circles) or d-d bands (green open circles), at 0.1 mM
(a) and 0.25 mM (b) concentration in [LCu(solvent)]?*, and corresponding fits (red lines: LMCT bands,
orange line: d-d bands). AcN/HEPES (pH 6.5) 100mM (50/50 v/v); £ = 1cm; T = 25°C.

Cyclic voltammetry studies

The binding of SOs* and S,0s%* was also probed by cyclic voltammetry (CV). Figure 5 shows the CV of
complex 3 and upon addition of 1 to 5 equiv. of SOs* and S,03%. Complex 3 shows a reversible wave at
Ei2=-0.21 V vs. SCE (AEP= 120 mV) corresponding to the Cu(ll)/Cu(l) redox couple. This value lies in
the range [-0.4 to 0 V] (vs. SCE) reported for [LCu(H,0)]?>* and [LCu(AcN)]** in refs. 82144 gnd 214547,
respectively, and mirrors the importance of solvation effects on redox potential values as well as the
higher stabilization of [LCu'(AcN)]* in AcN and of [LCu"(H20)]?* in water medium. Upon addition of SOs*
and S;0s% the redox potential is shifted towards more cathodic (negative) values in line with the
substitution of a neutral solvent ligand by an anionic ligand in the Cu(ll) complexes coordination
sphere. The shift equals 40 mV for SO32 and 60 mV for S,03% indicating a stronger stabilization by $,0s*
in agreement with the higher affinity determined previously and/or the higher negatively charged

binding sulfur atom.
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Figure 5. Cyclic voltamograms of [LCu(solvent]?* in presence of 0 (black line) to 5 equiv. of SOs* (panel

A, blue line) and S,03% (panel B, green line). AcN/HEPES (pH 6.5) 100mM (50/50 v/v), scan rate = 100

mV.s?, working electrode = vitrous carbon, counter electrode: Pt, reference: SCE.

Determination of the sulfite concentration in sugar

As an application of the above described complexes characterizations, we determined the sulfite
concentration in crystal sugar using the method of standard additions, by following the appearance of
the LMCT band at 418 nm (see Table 1, Figure S1). The results are shown in Figure 6. The quantity of
SOs?% in sugar was evaluated as 1.2 mg/kg of sugar (corresponding to a detection in the uM range). This
indicates that this method although very simple and straightforward compares well with other
methodologies developed for evaluation of SOs%,% including colorimetric ones.*®>* SO3% content in
sugar was previously detected with other methods, which have, as the current method, a threshold

level in the uM range as well.>>8
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Figure 6. UV-Vis determination SOs* level in sugar determined by the method of standard additions.
(A) LMCT band of complex 1 in situ generated due to the presence of sugar (red bold line) and then as
a function of controlled addition of SOs* (up to 0.015 equiv. versus [LCu(H.0)]*, purple bold line).
[LCu(H20)]* =0.25 mM, [sugar] = 0.4 g.mL™. (B) Titration curve and its linear fit (y=0.0105 + 0.61 X,
R=0.997, blue dots and line) together with the same titration curve without sugar (black open dots and
grey line). Value of the intercept with the y-axis and slope releases the level of SOs* in sugar.

Formation of 1 by reduction of 3 with dithionite

Sulfite binding to 3 was first observed upon addition of dithionite (S,04%) to 3 whereas we aimed at
forming in-situ the [LCu'(solvent]* species in order to evaluate its reactivity towards dioxygen. The UV-
Vis (especially the LMCT band) and EPR signatures that appeared were highly reminiscent of those of
superoxide/hydroperoxide [LCu(l1)]** adducts” %4943 but were further attributed to formation of 1 by
comparison with direct addition of SOs> to 3. 1 originates from the reduction of dithionite in the
medium as described in scheme 1. The mechanism is based on the kinetic evolution of dithionite, and

962 ahout the various condition-dependent pathways of

complexes 3 and 1 (Figure 7) and on refs.
dithionite evolution. Briefly, dithionite (S:04%) reacts with dioxygen to form sulfite (50s%), including in
the stock solution of dithionite (reaction 1, scheme 1). In addition to this, likely minor way of producing
sulfite ions, the reduction of 3 (or 1) in the UV-Vis cuvette by dithionite leads to sulfite as a second
product (reaction 2). In presence of 3 and sulfite, there is formation of 1, which can be further reduced
by dithionite (reaction 3) until dithionite is fully consumed. Hence, the first increase in the UV-Vis band
at 418 nm (Table 1) corresponds to the formation of 1 along with reaction 1 (complex 3 to which is
added dithionite from the stock solution, thus containing sulfite). Then and as long as there is still
dithionite, 1 is formed but continuously reduced (no increase in the sulfite to Cu(ll) LMCT band) in line

with the respective redox potential of 1 (Table 1). Finally, once the concentration in dithionite is not

enough to reduce 1, 1 starts to accumulate. It is thus worth noting that dithionite in chemical or

10



biological experiments has to be carefully handled to avoid formation of undesired by-products

including Cu(ll) complexes.®® 4
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Figure 7. In situ formation of 1 by reduction of 3 with dithionite. Panel A: selection of key spectra
(black: 3, red: just after addition of dithionite and then orange to light blue: every 3s after addition of
dithionite and blue: after completion of reaction), inset: d-d bands; panel B: kinetic monitoring at key
wavelengths (315 nm in red, 430 nm in blue and 870 nm in green, intensity *10 to ease comparison
with other kinetic traces). Dithionite was added at t =56 s.

Scheme 1. Proposed mechanism for the formation of complex 1 from the aerobic reduction of 3 by
dithionite.
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4 N reaction 3
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Concluding remarks

In the present short report, we described the synthesis and full spectroscopic and analytic
characterizations of two Cu(ll) complexes obtained with the well-known TMPA (L) ligand, where the
fifth coordination site is occupied either by a sulfite (50s%) or thiosulfate (5,0s%) ion. The in-situ
formation of the [LCu(SOs)] complex was further used to evaluate the sulfite content in crystal sugar,
in order to illustrate one possible application of the basic study shown here. It is here worth noting
that in addition to be very easy to set up (commercial ligand, UV-Vis detection method, ratiometric),
the threshold level of detection of the present method compares well with previous probes reported
in the literature, including those relying on more indirect paths. Besides, because the UV-Vis depends
on the nature of the adduct (here [LCu(SOs)] or [LCu(S:0s)]), the method is also specific for the

detection of a given exogenous ligand.

The formation of [LCu(SOs)] was discovered by chance in the course of an experiment based on the
aerobic reduction of [(L)Cu(solvent]?® by dithionite, illustrating the complexity and hazard to use such
reductant in Cu(ll) chemistry. In the present case, however, it leads to the full analyses of the [LCu(SOs)]

and parent [LCu(S,03)] complexes, including by X-ray crystallography.
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Experimental Section
Chemicals.

CuS0,¢5(H,0), sodium thiosulfate anhydrous, sodium dithionite, sodium hydroxide and HEPES buffer
were purchased from Sigma (purity 2 98 %). Tris(2-pyridylmethyl)amine was purchased from TCl (purity
> 98 %). Sulfuric acid was bought from Fluka (purity 95.0-97.0 %). Sodium sulfite was purchased from
Fluorochem. Every reagents was used without further purification. Acetonitrile (AcN) was purchased

from Carlo Erba (HPLC isocratic grade).
Every aqueous solutions were prepared in ultrapure water with a resistivity of 18.2 MQ-cm.

HEPES buffer: A 500 mM stock solution of HEPES buffer is prepared by dissolution of 5.98 g of HEPES
in 50 mL H,0. The pH is adjusted by addition of a stock solution of NaOH (5 M) drop by drop under

stirring until pH 6.5 is reached.

Cu"SO4: A 100 mM stock solution of Cu"SOy, is prepared by dissolution of 1.25 g of Cu"SO4¢5H,0 in 50
mL H,0. Cu" concentration was measured by UV-visible absorption (the absorbance was measured at
800 and 450 nm, the difference Asoo—Aas0was used with e=12 M~cm™ to determine the concentration).
The solution was diluted down to 25 mM in Cu" to form the final stock solution used further in

experiments.

For EPR experiments, a ®>Cu(NOs) stock solution was obtained from the nitric acid attack of a ®*Cu foil

(Eurisotop).

TMPA ligand (L): A 10 mM stock solution of Tris(2-pyridylmethyl)amine (TMPA) is prepared by
dissolution of 14.5 mg of TMPA in 50 mL H,0. The exact concentration is determined by UV-vis titration
using stock solution of Cu"'SO; and monitoring the absorbance at 890 nm corrected with the

absorbance at 480 nm, see Figure S2).

Sodium sulfite (Na,S0s), sodium thiosulfate (NaS;03) and sodium dithionite (Na.S,0.) solutions are

freshly prepared at the desired concentration by dissolution in H,O just before use.

Crystallographic samples and data.

Formation of crystals of 1 and 2. A 100 mM solution of 1 was prepared by mixing TMPA (1.1 eq; 32 mg)
with Cu"SO;¢5H,0 (1 eq; 25 mg) in 1 mL CHsCN/HEPES (pH 6.5; 500 mM) 50/50 (v/v) (turquoise
solution), then Na,SOs (7 eq, 88 mg) was added (dark brown solution). The solution is sonicated and
filtered. Dark green crystals suitable for X-ray crystallography were obtained by slow diffusion of
diethylether into the filtrate at room temperature in the dark. A 100 mM solution of 2 was prepared,

by mixing TMPA (1.1 eq; 32 mg) with Cu"SO4¢5H,0 (1 eq; 25 mg) in 1 mL CHsCN/HEPES (pH 6.5; 500
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mM) 50/50 (v/v) (turquoise solution), then Na,S,0s (5 eq, 79 mg) was added (dark green solution). The
solution is sonicated. Blue-greenish crystals suitable for characterization were obtain by slow diffusion

of diethylether at room temperature in the dark.

Crystallographic data were collected at 273(2) K (1) or 110(2)K (2), on a Bruker-AXS Kappa APEX Il
diffractometer equipped with a 30W air-cooled microfocus source, using MoK, radiation
(A=0.71073 A). Phi- and omega-scans were used. Space groups were determined on the basis of
systematic absences and intensity statistics. Empirical absorption correction was employed.'The
structures were solved using an intrinsic phasing method (SHELXT), 2 and refined using the least-
squares method on F23All non-H atoms were refined with anisotropic displacement parameters. The
hydrogen atoms on carbon atoms were refined isotropically at calculated positions using the riding
model. All hydrogen atoms of water molecules of 2 were located in the difference Fourier maps and

refined freely.

CCDC-2068976 (1), CCDC-2068975 (2), contain the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.a-c.uk/data request/cif.

UV-Visible spectroscopy.

The UV-vis were recorded on a Hewlett Packard Agilent 8453 or 8454 spectrophotometer at 25°C

under a 800 rpm stirring.

-pH titration of 1 and 2. The pH of a 0.2 mM solution 1 (resp. 2) in situ generated by mixing
[LCu(solvent)]?* = 0.2 mM and [SO3*] = 1 mM or [S;03*] = 1 mM in AcN/HEPES (pH 6.5, 100 mM in
aqueous phase) is varied by addition of H,SO4 or NaOH from stock solutions and monitored using a pH
micro-electrode directly put in the UV-Vis cuvette. A UV-vis spectrum is recorded for each pH value

and the absorbance at 430 nm (resp. 401 nm) monitored.

-Sulfite and thiosulfate titrations to 3: To a 0.25 mM solution of 3 in AcN/HEPES (pH 6.5, 100 mM in
aqueous phase) 50/50 (v/v), 1 pL of a freshly prepared 50 mM solution of Na,S0; (0.1 eq, 25 pM) or
Na,S05(0.1 eq, 25 uM) is added every 90 s by a automatic fluid dispenser and titration machine (Dostal
Dosy) under stirring in an initial volume of 2 mL. A UV-Vis spectrum is recorded after each addition and

further analyzed.

The titration curves were analyzed using a in-house procedure written in Kaleidagraph software.

Change in the absorbance at xyz nm (xyz stands for the maximum absorbance of the LMCT and d-d
bands in 1 and 2) was reproduced according to the following procedure.

Absorbance was calculated as a function SOs? or 5,03% equivalent numbers according to:
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Abs = [([3] —[a]Co) - ggyznm + [alCo - E}yznm]l or Abs = [([3] - [a]CO) ’ Sgyznm + [a]CO : Szyznm]l

where o stands for the progression of the following reaction: 3 + SOs* > 1or 3+ 5,03 > 2

where the affinity constant was adjusted to obtain the best reproduction of the experimental data.
Fits of the LMCT and d-d bands were performed simultaneously to increase constraints of the affinity

value.

Titration of sulfite in sugar: 1 g of crystal sugar was dissolved by addition of 1 mL of a 100 mM HEPES
buffer solution at pH 6.5 affording a sugar stock solution of 2.5 mL. 25 mg of Na,SOs was dissolved in
2 mL H,0 and diluted again just before use to afford a solution at 0.5 mM. A 3 mL UV-vis cuvette is
loaded with 1924 uL of the crystal sugar stock solution. 60 pL of a 10 mM TMPA stock solution and 20
pL of a 25 mM Cu(11)SO, stock solution are added affording a total concentration of 0.25 mM Cu''TMPA.
1 uL of a freshly prepared 0.5 mM solution of Na,SOs5(0.001 eq, 0.25 uM) is added every 60 s by a
automatic fluid dispenser and titration machine (Dostal Dosy) under stirring. A UV-vis spectrum is

recorded prior to each addition. The absorbance at 418 nm is monitored.

The absorption band at 418 nm of the 1 with sugar as source of SOs* corresponds to 0.015 equivalent

of Na,S0js corresponding to a concentration of 3.75 uM in the UV-cuvette.

[Na;SO3]yvcuvette * Vuveuvette

[Na2503]stock solution = V.
sucre

3.75%107¢% 2% 1073
[NazS0s]stock sotution = 1924  10-6

[Na2503]stock solution = 3:90 uM

mNazsogstock solution = [Na2503]stock solution * Vstock solution * MWNaZSO3

Mpa,505stock solution = 3-90 * 107 % 2.5 % 1073 * 126.04
MpNa,S03stock solution = 1.23 * 10_69 per 1 g of sugar

MNa,S0;sugar = 1.23mg/kg

EPR spectroscopy.

Electron Paramagnetic Resonance (EPR) data were recorded using an Elexsys E 500 Bruker
spectrometer, operating at a microwave frequency of approximately 9.5 GHz. Spectra were recorded
using a microwave power of 5 mW across a sweep width of 200 mT (centered at 320 mT) with
modulation amplitude of 0.5 mT. Experiments were carried out at 120 K using a liquid nitrogen

cryostat.
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Sample preparation for EPR experiments: the TMPA ligand was dissolved in water to have a final
concentration at about 10 mM. The solution was diluted down to 0.55 mM in a mixture of AcN/HEPES
(pH 6.5) 100 mM 50/50 (v/v) and 0.9 equivalent of ®*Cu(ll)NOs was added from stock solution.
Depending to the EPR sample desired, 5 equivalents of Na,SOs, or Na,S,03; were added. 200 pL of the

solution was transferred to an EPR tube and frozen until used.

Cyclic voltammetry.

Cyclic voltammetry was performed in a standard three-electrode cell by using an Autolab potentiostat
(PGSTAT302N, Autolab) interfaced to a PC computed and piloted with GPES software (version 4.9). A
saturated calomel electrode, isolated from the solution by a glass frit, and a platinum wire were used
as reference and counter electrodes, respectively. Working electrode was a glassy carbon electrode (3
mm diameter) polished by a 1 pm and 0.3 um alumina slurry (2 min each) on a cloth polishing pad and
washed with water under sonication (1 min). CVs were recorded under argon pressure passing through
a bubbler containing AcN at room temperature. The cyclic voltammograms were recorded at a scan

rate of 100 mV/s, with a step potential of 1 mV.

A 0.5 mM solution of 3 were in situ generated by mixing TMPA (1.5 eq; 0.75 mM) with Cu"SO4¢5H,0
(1 eq; 0.5 mM,) in 6 mL CH3CN/HEPES (pH 6.5) 100 mM 50/50 (v/v), then 1 to 5 equivalents of Na,SO3

or Na,S,0; were added from 200 mM stock solution freshly prepared in H,0.

Elemental analysis of 2.

A 100 mM solution of 2 was prepared in a mixture of AcN/HEPES 50/50 (v/v), by mixing TMPA (1.1 eq;
110 mM, 16 mg) with Cu"SO4¢5H,0 (1 eq; 100 mM, 12.5 mg) (turquoise solution), then Na,S,0s (5 eq,
500 mM, 39.5 mg) is added (dark green solution). The solution is sonicated. A shiny dark blue-greenish
powder is obtained by precipitation in diethylether and filtered. The powder is freeze-dried to afford
11.4 mg of 2 suitable for elemental analysis. Theoretical values for 2, 0.12 Na,S,0s: C (44.3); H (3.7)
and N (11.5); experimental values: C (44.3); H (3.4) and N (11.5).
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The well-known [(TMPA)Cu]?** moiety was used to detect sulfite ions (S0s%) from crystal sugar while
the X-ray structure of a [(ligand)Cu(SOs)] complex was determined for the first time. Comparison of
[(TMPA)Cu(SOs)] properties with those of the parent [[TMPA)Cu(S,03)] speciesis also reported.

Highlights.

e  First crystal structure of copper(ll) complex bounded to sulfite

e Selective, ratiometric and colorimetric detection of thiosulfate and sulfite

e Characterizations and speciation of copper(ll)-sulfite and copper(ll)-thiosulfate complexes

e Sulfite detection and quantification in crystal sugar sample

e Dithionite degradation products, such as sulfite can bind to copper(ll) complexes

21



