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A treatment of the ligands, 3-benzyl-substituted 5-(pyridin-
2-ylmethylidene)-2-thioxoimidazolidin-4-ones, with Cu(acac),
in CH,Cl, affords the mononuclear bis-ligand copper(II)
complexes of the corresponding thiohydantoins.
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Thiohydantoins and their hetarylmethylidene-substituted deriva-
tives form with copper(1l) ions complexes of various ligand coor-
dination and denticity.'= In particular, these ligands coordinate
metal atoms in the form of monoanions formed upon deprotonation
of the NH group.® If 5-positioned substituents in the thiohydantoin
ring contain additional donor atoms, the metal coordination
usually gives chelate six-membered metallacycles.>*’-10 Such
copper coordination compounds are of considerable interest as
cytotoxic agents''=!% and catalysts of redox reactions.!*'6 The
coordination chemistry of heterocyclic thioamides has become
topical in recent years because of their relevance to biological
systems.!”-1° However, complexation with thiohydantoin ligands
are often complicated by side reactions such as ligand transforma-
tion®!9-2! or Cu" reduction.'>-14.22

Here, we describe a simple and convenient synthesis of
copper(Il) bis[5-(pyridin-2-ylmethylidene)-2-thiohydantoin]
complexes depriving hydrolysis of the thiohydantoin moiety to
hydantoin and reduction of Cu" into Cu'. The procedure is based
on the interaction of the corresponding ligands with Cu(acac), in
CH,Cl,.

ArCH,NH, + SCN” “COOEt ——
la-g
Ar

) 5
O N
T >=S y Ar/\NJ\N/\rOEt
H

2b.e (95-96%) 3a,c,d,f,g (85-95%)

// Ar
o N
2b,e i # S
or + —— Z "N
3a,c,d,f,g H
X
a Ar=Ph e Ar=2-BrCeHy | N
b Ar= 2-C1C6H4 f Ar= 3-B1‘C6H4 F

¢ Ar=3-ClCqH,
d Ar=4-CICeH,

Ar = 4-BrC¢H.
& o 4a—g (80-93%)

Scheme 1 Reagents and conditions: i, Py/H,0, then HCI; ii, 2% KOH/EtOH,
then HCI.
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Analogously to published data,?3?* addition of benzylic amines

la—g at ethyl isothiocyanatoacetate (Scheme 1) afforded thio-
hidantoins 2b,e or thioureas 3a,c,d.f,g, depending on the sub-
stituent in the benzylic moiety. 5-(Pyridin-2-ylmethylidene)-
2-thiohydantoins 4a—g were accessed via a base-catalyzed
condensation of pyridine-2-carbaldehyde with 2-thiohydantoins 2
or thioureas 3. Compounds 4a—g were isolated as single Z-isomers
whose configuration was derived from the chemical shift values
of vinylic protons in 'H NMR spectra.?? The preferential forma-
tion of Z-isomers may result from the intramolecular hydrogen
bond between the pyridine nitrogen atom and the N—H fragment
of the thiohydantoin cycle. The Z configuration of ligand 4e in its
copper complex 5e was ultimately confirmed by X-ray diffraction
data (see below).

Copper complexes Sa—g were prepared upon slow diffusion
of diethyl ether into a dichloromethane solution of ligand 4a—g
and copper(Il) acetylacetonate (Scheme 2). All coordination
compounds were obtained as almost black microcrystals in
yields not exceeding 60%.

Complexes 5 were characterized by UV-VIS spectroscopy
and elemental analysis; the structure of complex Se was also
confirmed by X-ray diffraction study.

The UV-VIS spectra of complexes S contain intensive broad
adsorption bands in the UV region, which are similar to those in the
UV spectrum of the corresponding ligands 4 and refer, most likely,
to the n—m* and n—7* transitions in the organic fragment.”>2° The
peaks of the complexes are shifted relatively to the corresponding

N

/ /Cu 5a Ar=Ph (20%)
N N 5b Ar =2-CICeH, (56%)
5c Ar=3-CICeH, (46%)
\_/ S)\N O 54 Ar=4-CICH, (54%)
Se Ar=2-BrCgH, (20%)
Ar 5f Ar=3-BrCgH, (24%)
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Scheme 2 Reagents and conditions: i, Cu(acac),/CH,Cl,, then Et,0.
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Figure 1 Electronic spectra of (/) complex Se and (2) corresponding
ligand 4e in 5x 10~> M DMF solutions.

peaks of their free ligands, and their intensity is decreased (Figure 1).
The spectra of the complexes also contain very low-intensive
absorption bands of d—d transitions in the visible spectral region
at ~700-850 nm.

Such electronic spectra agree with the distorted tetrahedral
coordination environment of copper(Il) ions and are consistent
with the X-ray data for complex 5e (Figure 2)." The coordina-
tion geometry of the copper(ll) atom represents the distorted
tetrahedron. The metal atom is surrounded by four nitrogen atoms
from two distinct ligand molecules which utilize their pyridine and
thiohydantoin nitrogen atoms for coordination. Sulfur atoms of
thiohydantoin ligands do not participate in the metal coordination.
Both pyridylmethylidene-imidazolone moieties are coordinated
to the metal atom through their nitrogen atoms with a formation of
six-membered metallacycles. Pyridine and imidazole rings of the
organic ligands are nearly coplanar.

Ligands 4b,c,e,f and their complexes 5b,c,e,f were studied
by cyclic voltammetry (CV) and rotating disk electrode (RDE)
voltammetry in DMF in the presence of 0.05 M Bu,NCIO, as the
supporting electrolyte (Table 1, Figure 3, and Online Supple-
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Figure 2 Molecular structure of compound Se. Relevant interatomic
distances are given in Table S2 (see Online Supplementary Materials).

' Crystallographic data for complex 5e. Cy3H,,Br,CuN¢O,S,-CH,Cl,,
(M, =895), tetragonal, space group P4/n,a=31.6531(6) and c=7.7612(7) A,
V=7776.1(7) nm3, Z = 8,d,,;. = 1.528 g cm~3, F(000) = 3544.00, the final
R=1.151,wR=0.1783 and S = 1.151 for 4034 observed reflections with
I > 20(l). The measurements were performed on a STOE STADI VARI
PILATUS-100 K with graphite-monochromated MoKa radiation (4 =
=0.71073 A). The structure was solved by direct methods, and the non-
hydrogen atoms were located from the trial structure and then refined
anisotropically with SHELXTL using full-matrix least-squares procedures
based on F? values.?” Hydrogen atom positions were fixed geometrically
at calculated distances and allowed to ride on the parent atoms. For more
details, see Online Supplementary Materials.

CCDC 1835050 contains the supplementary crystallographic data for
this paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via http://www.ccdc.cam.ac.uk.

Table 1 Electrochemical potentials of compounds 4 and 5 vs. Ag/AgCl/
KClI (aq., sat.), DMF, 0.1 M BuyNCIO,, glassy carbon electrode, potential

scan rate 100 mV s™!.

Compound E,JV ERSIV E/V EQIV

Ligand 4b -1.07 -0.77 1.19 1.09
—-1.63 -1.04 1.46 1.48
-1.84/-1.77 -1.69 1.58

-1.83

Complex 5b —0.12/40.08, +0.13 -0.01 1.27 1.21
-1.12 -1.11
-1.28/-1.22 -1.30
-1.86 -1.52

-1.84

Ligand 4¢ -1.20 -1.12 1.28 1.26
-1.92 -2.01 1.37
-1.99

Complex S¢ -0.40/-0.33 -0.37 1.05 1.06
-1.31/-1.29 -1.28 1.16 1.46
—1.46/-1.42 —-1.45 1.30
-1.92 —-1.66 1.45
-2.05/-1.81 -2.05

Ligand 4e -1.03 -0.99 1.05 1.11
-1.78 -1.77 1.14

Complex Se —0.08/-0.08, +0.17 -0.05 1.11 1.11
-1.10 -1.19 1.49
-1.22/-1.16 —-1.46
—1.80/-1.70 -1.80

Ligand 4f ~1.08 ~1.04 1.09 1.09
-1.63 -1.68 1.14
—1.84 -1.83

Complex5f ~ -0.09/-0.02,+0.18  —0.04 1.17 1.08
115 1.3 152
~1.26 _1.43
-1.65 -1.80
-1.84

mentary Materials). Ligands 4 undergo a two or three step
reduction at the potentials from —1.07 to —1.99 V and are oxidized
irreversibly at 1.06-1.48 V. Copper complexes 5 undergo a
quasi-reversible two-electron cathodic redox transition at the
potentials from —0.08 to —0.40 V; these processes are apparently
copper based and correspond to Cu! = Cu' reduction [see
Figure 3(b), peak 1]:

L2CuH LzCUI

€
peak 1
The subsequent peaks in cathodic region at the potentials
from —1.10 to —2.05 V apparently correspond to the reduction of
organic ligand fragment [see Figure 3(b), peaks 2 and 3]:
LzCuI

L(L),Cu (L),Cu"

+e +e
peak 2 peak 3
This fact is supported by the absence of peaks of Cu’reductive
desorption during the reverse anodic scans after the potential of
second and third cathodic peaks. Importantly, copper precipitation

on the electrode surface was never observed.
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Figure 3 Cyclic voltammograms for (a) ligand 4b and (b) its complex 5b,
glassy carbon electrode, DMF (5x10~* M), Bu,NCIO,.
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Note that the reduction peaks for coordinated ligand fragment
in copper-containing complexes are doubled [see Figure 3(b)
and Table 1]. This can be explained by the fact that two organic
fragments in copper(I)-containing intermediates are conjugated
via copper atoms, and therefore, they are reduced stepwise at
different potentials.

In summary, we have prepared and characterized new copper(Il)
complexes with anionic thiohydantoin type ligand. The synthesis
is experimentally simple and allows one to avoid the undesirable
hydrolysis of thiohydantoin fragment and reduction of copper
ions in the course of complex formation. The complexes obtained
are prospective for the studying of biological activity.

This work was supported by the Russian Foundation for Basic
Research (grant no. 16-03-00921) and carried out using equipment
acquired at the expense of the M. V. Lomonosov Moscow State
University development program.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2018.09.025.
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