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Abstract. The possible reaction of copper(ll) dithiocarbamates with
SOD-like activity and the ligands themselves with hydrogen peroxide
was studied. Three dithiocarbamates (DTC) were selected: morpholyl
(MorDTC) and those of L-glutamic acid (GIuDTC) and L-proline
(ProDTC). DTC sdlts reacted with H,O,, in a non-catalytic way, to
form the corresponding disulfide and water. It was assumed that a
sulfidyl radical is formed as intermediate. When these DTC form
highly stable complexes with Cu(l1), no interaction takes place. In the
case of Cu(GIuDTC)3~ apartial dissociation of the complex provokes
the reaction of the liberated ligand with H,O,, but disulfide is not
formed, since apparently the intermediate reacts via redox with
Cu(ll), conducting to the total decomposition of the complex.
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Resumen. Se estudio la posible reaccion de ditiocarbamatos de cobre
(1) con perdxido de hidrégeno. Se seleccionaron tres ditiocarbamatos
(DTC): morfolil (MorDTC), y los derivados de &cido L-glutdmico
(GIuDTC) y L-prolina (ProDTC). Las sales de DTC reaccionaron con
peréxido de hidrégeno de manera no catalitica, paraformar el corres-
pondiente disulfuro y agua. Se presupone que se forma un radical sul -
fidilo como intermediario. Cuando los DTC forman complejos alta-
mente estables con cobre, no se lleva a cabo interaccion. En el caso
de Cu(GIuDTC), ladisolucién parcial del complejo provoca lareac-
cion del ligando liberado con perdxido de hidrogeno, pero no se for-
ma disulfuro, ya que aparentemente el intermediario reaccionaviare-
dox con Cu(lI1), conduciendo a la descomposicion total del complejo.
Palabras clave: cobre (I1) ditiocarbamatos, peroxido de hidrégeno,
redox, complejo, descomposicion

I ntroduction

Copper(l1) bis(dithiocarbamates) are known to be very stable
coordination compounds, with a quasi-planar structure [1].
These compounds were found to present SOD-like activity
[2, 3]. They act as antioxidants in the dismutation of super-
oxide radical, a reactive oxygen species (ROS), with the for-
mation of dioxygen and hydrogen peroxide, another known
ROS. It therefore resulted important to study the possible
interaction that such compounds could present with this lat-
est ROS.

Metal ions, mainly iron and copper, are known to react
with hydrogen peroxide, H,O,, according to the so-called
Fenton reaction:

M™ + H,0, = M1+ + *OH + OH-
Or the Haber-Weiss reaction:
H,0,+0,;-="0OH + OH-+ O,

In both reactions hydroxy! radical, *OH, a very dangerous
ROS, isformed.

In the case of copper, Cu(l) is assumed to be involved in
the Fenton reaction, while Cu(ll) could participate in the
Haber-Weiss reaction.

The chemistry of copper salts can greatly differ from that
of its coordination compounds, depending on the nature of the
ligand coordinated to it and its oxidation state. Cu(l) tends to
form tetrahedral complexes while Cu(ll) square planar com-
pounds. The nature of the donor atom of the ligand plays an
important role in defining the redox properties of the copper
complex.

It has been assumed that the reaction of hydrogen perox-
ide takes place through its coordination to copper, with the
formation of a five coordinated adduct and a subsequent elec-
tron transfer [4]. Such mechanism assumes that a coordination
site in copper(ll) must be available and that the reduction of
Cu(ll) should also take place. Therefore, both steric and elec-
tronic conditions must be satisfied for a copper(I1) complex to
reaction with hydrogen peroxide.

For this study three dithiocarbamates (DTC) were select-
ed: morpholyl (MorDTC) and those of L-glutamic acid
(GIuDTC) and L-proline (ProDTC), two essential aminoacids.
The goal of this paper is to define the possible reaction of cop-
per(Il) dithiocarbamates (Fig. 1) and the ligands themselves
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Fig. 1. Copper(I1) dithiocarbamates studied.

with hydrogen peroxide, H,O,. The reactions were followed
spectrophotometrically.

Results and Discussion

Reaction of the dithiocarbamate salts. The first step was to
define if the selected DTC, as their salts, were able to react
with hydrogen peroxide. The reaction was followed spec-
trophotometrically. When mixed with hydrogen peroxide the
three DTC react in the same way. Once the corresponding
DTC and H,O, were mixed in the quartz cell, the absorption
bands at 240 nm, corresponding to the latter reagent, at 256-
263 and 281-286 nm, of DTC, (Table 1) were observed to
decrease continuously. At the same time a band at 317-327
nm appears and increases its absorbance during the first min-
utes and then decays (Table 1). This latest process take place
together with the formation of a new band at 270-285 nm
(Table 1). A Clarke type oxygen sensor was used in order to

Table 1.1 ., (nm) of the DTC salts dissolved in water and their
intermediates and disulfides of the reaction with hydrogen peroxide.

MorDTC GluDTC ProDTC
Salt 263 (log e=4.18) 256 (log e=4.00) 256 (log e = 4.20)
284 (loge=4.18) 286 (loge=4.03) 281 (log e = 4.16)
Intermediate 327 325 317
Disulfide
(extracted) 285 273 280
Disulfide
(synthesized) 286 272 281
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determine to the possible formation of dioxygen during this
reaction. The result was negative indicating that H,O, was
reduced to H,O and not dismutated. Therefore, the DTC
should have been oxidized during this process. Such type of
reaction reminds the peroxidase process, an enzyme that
reguires a co-substrate to catalytic reduce H,0,:

H,0, + 2e-+ 2 H* ® 2 H,0

Since in our reaction no co-substrate is participating, the
process is not catalytic and that is why it stops once one of the
reagents is consumed, no matter the amount of the other added.

The rate of the reaction of DTC with H,O, depends on
both reagents. The observed relative rates (Fig. 2) indicate that
MorDTC reacts more slowly while ProDTC is the fastest
DTC. The fact that both DTC derived from L-aminoacids
gave the highest rates of reaction could be interpreted as due
to electrostatic attraction of their carboxylate group over H,O,
and its stabilization via H-bond.

After defining that the reaction between the DTC and
H,O, is a“peroxidase” type, it was important to determine the
product of the oxidation of the DTC. The hypothesis was a
disulfide, a known product of the oxidation of sulfur-contain-
ing compounds [5].

In order to confirm the formation of disulfide, the product
of the reaction was studied. Once the reaction between DTC
and H,0O, ended the resulting solution was mixed with chloro-
form. The organic phase was extracted and rotoevaporated. A
white product was obtained for each DTC. The three disul-
fides were also obtained by the reaction of the corresponding
DTC with iodine [6]:

2R (RINC(=S)S-+1, ® 2 I-+R,(R,)NC(=S)
SSC(=9N(R2)Ry

Only for the disulfide of MorDTC a high purity product
was achieved. The NMR-13C spectra of the disulfides
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Fig. 2. Influence of the concentration of DTC on its relative rate of
reaction with H,0,, followed spectrophometrically at 240 nm.
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obtained by extraction and synthesis with iodine only differed
in less than 0.18 ppm in their chemical shifts. The high coinci-
dence between the compounds obtained by both methods
(Table 1) indicates that the product of the interaction of DTC
with H,0O, is the corresponding disulfide:

2R;(R)YNC(=S)S + H,0, + 2H* ® 2H,0+
Ri(Ry)NC(=S)SSC(=9)N(Ry)R,

The band at 317-327 nm, that is initially formed to then
disappear, should correspond to the formation of an intermedi-
ate, presumably a radical formed by electron transfer from
H,0, or hydroxy! radical formed by its homolytic disruption:

2R,RINC(=9)S-+ 2 ® 2R,(R)NC(=S)S

Two of such sulfidyl radicals, R;(R,)NC(=S)S:, could
finally bond together by pairing their single electrons to give
the corresponding disulfide. Unfortunately, we have no evi-
dence to confirm this mechanism and previous studies on the
formations of disulfides give no light in this direction.

Reaction of the copper(l1) bis(dithiocarbamates). The sta-
bility constant of CuMorDTC),, log b, = 26.03 [1] is extreme-
ly high, while less stable for Cu(GIuDTC),", log b, = 19.35
[7]. The stability of Cu(ProDTC), has not been determined
but all experimental evidences indicate that it is more stable
than Cu(GIuDTC)Z‘F. Cu(MorDTC), and Cu(GluDTC),* are
lowly soluble in water, but Cu(ProDTC), is widely soluble.

In order to have a comparison of the structures of the
three DTC complexes their EPR spectra were recorded. Due
to the very low solubility in water of Cu(MorDTC), and
Cu(GIuDTC)24—, their EPR spectra could only be recorded in
solid state. The EPR spectra of the complexes (Table 2) indi-
cate that Cu(MorDTC), and Cu(ProDTC), present very simi-
lar structures, characterized by a high planarity. In the three
cases the ground state corresponds to the dx2-y2 orbital since
gy > G > g. (Table 2). The solid Cu(GIuDTC),~ is EPR silent
at both room temperature and temperatures as low as 77 K.
When recording with a very high gain, a weak signal is
observed with g, = 2.133, g, = 2.066, and g; = 2.016. This
signal is probably due to the monomeric form of the complex
and indicates that it has a very distorted structure. The calcu-
lated G value for this latest complex is 3.2, indicating an anti-
ferromagnetic interaction, probably through carboxylate brid-
ging. This polymeric form could explain the extremely low
solubility of this anionic complex.

Table 2. EPR parameters of the Cu(ll) dithiocarbamates.
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The cyclic voltammograms of the three complexes gave
Cu(ll)/Cu(l) Ep values of —0.42 V for Cu(MorDTC),, —0.46 V
for Cu(GIuDTC),*, and —0.54 V for Cu(ProDTC),. Therefore
the reduction to Cu(l) is thermodynamically not favored.
Dithiocarbamates, although being sulfur-containing ligands do
not stabilize Cu(l) since their p-acceptor character is negligi-
ble.

Of the three complexes, Cu(MorDTC),, Cu(ProDTC), and
Cu(GIuDTC),*, only the latest reacted with H;O,, correspond-
ing to the complex with a different structure and less stability.

Cu(ProDTC),, the only water-soluble complex, was stud-
ied by EPR spectroscopy using DM SO as an efficient hydrox-
yl scavenger. The signals of Cu(ll) happened to fall within the
range of the signals of the DMPO-OH adduct (3350-3400 G)
and no evidence was obtained from this experiment.

The copper(Il) bis(dithiocarbamates), with their known
high planarity, sterically should favor the coordination of
H,O, to the metal ion. Such bond should have a s character,
due to the high participation of pure “p” orbitals of oxygen in
the peroxide molecule. An axial s-bonding of H,O,, expected
to be very wesak if it could take place, should not affect the
redox properties of Cu(ll). This could explain why no reaction
between H,O, and Cu(MorDTC), and Cu(ProDTC), takes
place. What happens then with Cu(GIuDTC),*- ?

In the reaction of Cu(GIuDTC),* with H,O, a picture
somewhat similar to the reaction of the DTC salts was
observed. This similarity suggests that the reaction takes place
previous dissociation of the complex. From the same beginning
of the reaction the MLCT band at 432 nm decreases its
absorbance. At the same time a band at 325 nm, as a shoulder,
appears but after the first 3 min starts to decrease. This shoulder
reminds the band observed in the interaction of the DTC salts
with H,O, (Table 1), which was interpreted as due to a sulfidyl
intermediate. This intermediate is now threefold less stable. No
band corresponding to the formation of disulfide was observed.
Since the disulfide was not formed it could be expected that the
sulfidyl radical reacted with free Cu(ll), formed by the partia
dissociation of the complex. Cu(ll) would be reduced to Cu(l)
and the sulfidyl radical reoxidized to DTC:

R(R)INC(=S)S + Cu(ll) ® R,(R,)NC(=S)S- + Cu(l)

Such electronic interaction would complete the dissociation of
the complex. At the end of the reaction only the absorbance of
CS, was observed indicating a total decomposition of both
complex and ligand. Extraction with chloroform gave no
disulfide phase.

298 K 130K
Compound Oiso gy g Ais (G) gy g Ay (G) A. (G G
Cu(ProDTC), ag. sol. 2.042 — — 82 2.108 2.009 175 49 —
Cu(ProDTC), solid — 2.092 2.028 — 2.092 2.021 — — 4.4
Cu(MorDTC), solid — 2.089 2.026 — 2.088 2.022 — — 4.0
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The assumed reduction of Cu(ll) to Cu(l) was followed
using bathocuproin, a specific reagent for Cu(l). The remain-
ing presence of Cu(ll) was monitored using MorDTC. A lin
ear variation was observed for both copper ions, with the con
centration of Cu(l) increasing in the same proportion that
Cu(Il) diminished (Fig. 3) as the amount of H,O, added was
increased. This result confirms the reduction of Cu(ll) in
Cu(GIuDTC),* as hydrogen peroxide is added.

Conclusions

DTC salts can react with H,O,, in a non-catalytic way, to form
the corresponding disulfide. Apparently, a sulfidyl radical is
formed as intermediate. When these DTC form highly stable
complexes with Cu(ll), such as in Cu(MorDTC), and Cu(Pro
DTC),, no interaction takes place. In spite of the fact that these
sguare planar complexes are sterically available for the interac-
tion with H,O, in the apical position, the s-electronic interac-
tion is too weak to take place. In the case of Cu(GIuDTC) "~ a
partial dissociation of the complex provokes the reaction of the
liberated ligand with H,O, but disulfide is not formed since
apparently the intermediate reacts with Cu(ll) in a redox fash-
ion, conducting to atotal decomposition of the complex.

Experimental

All reagents were purchased from Merck (except DMPO,
from Sigma) and were of analytical quality. The three dithio-
carbamate salts are trihydrated; the presence of three water
molecule was established by thermogravimetric analyses.

Elemental analysis was performed on an Eager 200 ana-
lyzer. Copper was determined spectrophotometrically at 479
nm using bathocuproin. The electronic spectra were acquired
with an Ultrospec Il (Pharmacia-LKB) spectrophotometer.
The IR spectra were recorded on a PU9600 FT-IR spectrome-
ter (Philips). The 1H- and 13C-NMR spectra were performed
on a Bruker AC-250F spectrometer. Dioxane (3C) and DSS
(tH) were used as internal references. The EPR spectra were
recorded on a Bruker EMX 812 spectrometer. The formation
of hydroxyl radicals was intended to be studied by EPR using
5,5-dimethyl-1-pyrroline N-oxide, DM PO, as its scavenger for
0.4 mM Cu(ProDTC), and 2 mM DMPO according the
method reported in [8].

Cyclic voltammetric experiments were carried out on a
Y anaco P8 polarographic analyzer using a three-electrode cell.
Working electrode: static mercury drop electrode; Ag/sta
AgCI in DMSO, not calibrated. The complex concentration
was held at 0.1 M in DM SO and the supporting electrolyte
was 0.1 M LiNOj;. The scan was kept constant at 0.1 V/s.
Prior to each experiment the solutions were deoxygenated
using pure nitrogen gas.
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Fig. 3. Observed variations in the concentrations of Cu(l), determined
with bathocuproin (479 nm), and Cu(ll), determined with MorDTC
(433 nm).

Synthesis of the sodium salt of morpholyl dithiocarbamate
trihydrate (MorDTC) [2].

An ethanol solution of morpholine was added dropwise to an
ethanol solution of CS; at 0-5 °C (morpholine:CS, molar ratio
of 1:1). The resulting mixture was treated with diethyl ether
and an aqueous solution of NaOH for a CS,:NaOH molar ratio
of 1:1. The product was filtered, washed and recrystalized
from ethanol. Yield 52 %. m.p.>300 °C. UV (H,0) | (log e)
263 (4.18) nm (CSS p- p*); 284 (4.18) nm (NCS p- p*); IR
(KBr) npay: 1460 (nc=pN), 981 (nc.g), 542 cm-1 (nc.g +
dscs); *H NMR (250 MHz, D,0O): d 4.38 (t, 4H, -OCH,-,
Ji-n = 5.1 Hz); 3.77 (t, 4H, -NCH,-, J,.; = 4.9 Hz). Anal. C,
25.20; H, 3.63; N, 5.69. Calcd. for CHgNNaOsS,. 3H,0: C,
25.10; H, 3.37; N, 5.85.

Synthesis of the barium salt of L-proline dithiocarbamate
trihydrate (ProDTC). 10 mmol (1.1 g) of L-proline in aque-
ous solutions (10 mL) was mixed with 12 mmol (2.5 g) of
BaCl,.2H,0, then 20 mL of NH 5 (25%) was added. This solu-
tion was heated and stirred, and finaly filtered. The aqueous
solution was cooled and vigorous magnetically stirred while 1
mL of CS, was added dropwise. Then, 30 mL of ethanol were
added and stirred for 2.5 h, after which other 30 mL of ethanol
were added. The solution was kept in a refrigerator for 24 h.
The formed white precipitate was filtered and washed with
ethanol and ether. The compound was purified by dissolving it
in water and precipitated in ethanol. Yield 60%. m.p.>300 °C.
UV (H,0) | (log €) 256 (4.20) nm (CSS p- p*) 281 (4.16) nm
(NCS p- p*); IR (KBr) ny 1557 (n, COO ), 1397 (n, COO
7, 1187 (n C-N), 1009 (n, C=S), 664 cm! (ng C=S); H
NMR (250 MHz, D,0) d 2.02 (m, 2H, H4-CH,), 2.30 (m, 2H,
H,-CH,), 3.88 (m, 2H, H,;-CH,); 4.80 (m, 1H, H,-CH). 13C
NMR (63 MHz, D,0) d 27.20 (C5-CH,), 33.93 (C,-CH,),
58.11 (C,-CH,), 71.18 (C,-CH), 182.76 (C5-COO), 207.74
(Ce-CSS). Anal. C, 18.60; H, 3.73; N, 3.49;. Calcd. for
C¢H,BaNO,S,.3H,0: C, 18.94; H, 3.44; N, 3.68.
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Synthesis of the barium salt of L-glutamic acid dithiocar -
bamate trihydrate (GluDTC). The procedure used is similar
to that reported above for ProDTC. Yield 62 %. m.p.>300 °C.
UV (H,0) 1 (loge) 256 nm (4.00) nm (CSS p- p*); 286 (4.03)
nm (NCS p- p*); IR (KBr) ny, 1540 (0, COO -), 1403 (ng
COO 7), 1110 (n C-N), 957 (n,s C=S), 630 cm-1 (n, C=9); H
NMR (250 MHz, D,O): d 3.25 (t, CH); 13C NMR (63 MHz,
D,0) d 71.36 (CH), 183.72, 187.26 (COO), 215.93 (CSS).
Anal. C, 16.10; N, 3.19; O, 14.03. Calcd. for C;,H;,Ba;N,Og
S,;.3H,0: C, 15.90; N, 3.09; O, 14.12.

Synthesis of bis(morpholyldithiocar bamate)copper (11) tri-
hydrate (Cu(MorDTC),). The copper(ll) complex was pre-
pared by slow addition of an agueous solution of CuCl,.2H,0
over an aqueous solution of MorDTC in a 1:2 molar ratio. A
dark brown precipitate was immediately formed, filtered off
and washed with water, ethanol and diethyl ether. Yield 99 %.
UV (DMSO/H0): UV-Vis (H,0) | . (log e, transition) 433
(4.10, M® L) nm, 640 (shoulder, d-d) nm; IR (KBr) n,,, 1485
(NCptc-N), 1191 (nC-N), 1009 cm-1 (n,C-S). Anal. C, 27.36;
H, 3.90; N, 6.25; Cu, 14.26. Calcd. for C;yHCuN,0O,
S,;.3H,0: C, 27.17; H, 3.65; N, 6.34; Cu, 14.37.

Synthesis of bis(L-prolinedithiocarbamate)copper (1)
(Cu(ProDTC),). The copper(ll) complex was prepared by
slow addition of an aqueous solution of ProDTC over an
agueous solution of CuCl,.2H,0 in a 2:1molar ratio. Then,
ether was added, followed by a dropwise additional of a0.1 M
HCI solution. The ether phase, containing the extracted com-
plex, was separated and dried in a rotatory vacuum evapora-
tor. Yield » 50%. UV-Vis (H,O) (log e transition) 269 (4.28,
L) nm, 432 (4.12, M® L) nm, 640 (shoulder, d-d) nm; IR
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(KBI) Npyax 1477 (NCpre-N), 1156, 1185 (nC-N), 1716
(NCOOH), 956 (n,C-S), 678 cm-L (n.C-S). Anal. C, 32.36; H,
3.97; N, 6.05; Cu, 14.20. Calcd. for C;,H;5CuN,0,S,: C,
32.46; H, 3.60; N, 6.30; Cu, 14.31.

Synthesis of the barium salt of bis(L-glutamic acid dithio-
carbamate)copper (I1) trihydrate (Cu(GIuDTC)Z“—). The
copper(ll) complex was prepared by a procedure similar to
that of Cu(MorDTC),. Yield » 85 %. UV-Vis (DMSO/H,0)
(log e, transition) 432 (3.53, M® L) nm, 638 (shoulder, d-d)
nm. IR (KBr) nga 1469 (NCptc-N), 1135 (nC-N), 1586,
1498, 1322 (nCOO-), 988 cm-1 (n,C-S). Anal. C, 17.13; H,
1.88; N, 3.50; Cu, 7.44. Cacd for C;,H;,Ba,CuN,0gS,: C,
17.31; H, 1.45; N, 3.36, Cu, 7.63.
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