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| TOM TAT
TONG HQP VA NGHIEN CUU CAU TRUC PHUC CHAT HON HQP KIM LOAL
{Na c [Fez(L)s]}(PFs) TREN CO SO PHOI TU
FURAN-2,5-DICARBONYLBIS(N,N-DIETHYLTHIOUREA)

Phdi ti furan-2,5-dicarbonylbis(N,N-diethylthiourea) (HzL) dwoc tong hop tir phdn iémg ngung tu giira
furan-2,5-dicarbonyl dichloride va N,N-diethylthiourea khi c6 mdt base hizu co EtsN. Thanh phan va dac
diém cdu tqo cua HzL dirge nghién cuu bang cdc phirong phap phé nhu IR, *H va *C{*H} NMR. Phan iing
cia HzL véi han hop FeCls va KCI trong methanol tqo ra phiic chat cation. Bang céch xi ly hon hop phan
ung véi (n-BusN)(PFe), phirc chat nay két tiza va tach ra ¢ dang mudi véi anion PFe. Dir kién phé IR, pho
khoi lirong va két qua xdc dinh cdu tric bang nhiéu xa tia X don tinh thé chi ra sy hinh thanh phac chat ba
nhan chiza dong thoi Fe3* va Na* véi thanh phan {Na c [Fex(L)s]}(PFs). Phuc chat nay hinh thanh tir viéc
bt giiz ion Na* trong 16 trong phan tu cua phuc chat kiéu vong Ién [Fea(L)s] hinh thanh tir su phai tri bat
dién cua ion Fe** véi hop phan thiourea cua phoi tir hitu cor qua cdc bé nguyén tir cho (S,0).

Tir khoéa: aroylbis(thiourea), phic chat han hop kim logi, phirc chat Fe(l11)

1. INTRODUCTION Wt Ny wo [
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After the pioneered work of Beyer et al. in HLben HiL

1970s [1], the coordination chemistry of o N -

aroyl(N,N-dialkyl thioureas) has manily f"f‘Y'L‘RZ \/NY,N_,YQ\(,q_YN\/

focused on mononuclear complexes of o~ N °\M/'S

benzoyl(N,N-dialkylthioureas) HLP" [2-
6], and binuclear complexes of the bipodal

n
(MM = NiZ*, Cu?*, Pd?*, Pt2*, Fe®* ..)

iso-phthaloylbis(N,N-dialkylthioureas) _ Figure 1. The classical aroyl(N,N-
H,L iso [7-11]. In the coqrdination dlalkylthloureas)a?a(ljsmglnr&majorcoordlnatlon
compounds structurally determined, the o _
aroylthiourea moieties mainly act as ~ Theé modification — of  HaL™ by
monoanionic,  bidentate  S,O-chelators ~ replacement of the phenylene ring by the
(Figure 1). other building blocks with additional

potential atom(s) such as pyrinde in
HzLP or catechol in HzL (Figure 2) has

312



led to a new generation of
aroylbis(thiourea) with interesting

coordination properties.

Figure 2. The novel aroylbis(N,N-diethylthioureas)
and representative mixed-metal complexes.

In particular, the novel aroylbis(thioureas)
are able to bond to metal ions with
different Lewis acidity. A series of
bimetallic complexes such as | and Il
(Figure 2) has been synthsized and
characterized [12, 13]. The formation of
such trinuclear systems could be
considered as the encapsulation of “hard”
and large metal ions in the central voids
of the macrocycles comprised of the
organic ligands and softer transition metal
ions. In continuation of this research,
herein we report the synthesis and
characterization of a new aroylbis(N,N-
diethylthioureas) H2L (Figure 2) derived
from furan-2,5-dicarboxylic acid and a
mixed-metal complex generated from the
self-assembly of such ligand and mixture
of Fe* and Na* cations. The outcome of
this research could be extened to another

alkali metal ions. Furthermore, the
corresponding  products might have
potential applications as cation

exchangers due to the specific interactions
between the guest cations and the donor
atoms of the organic framework.

2. EXPERIMENT
2.1. Materials

All chemicals used in this study were
reagent grade and used without further
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purification. Solvents were distilled

before using.
2.2. Physical measurement

IR spectra were measured from KBr
pellets on a IRATffinity-1S spectrometer
between 400 and 4000 cm? at
Department of Inorganic Chemistry,
Faculty of Chemistry, VNU University of
Science. NMR spectra were taken with an
Ascend™-500MHz (Bruker) multinuclear
spectrometer at Faculty of Chemistry,
VNU University of Science. ESI mass
spectrum was measured with a LQT
Orbitrap XL mass spectrometer at Faculty
of Chemistry, VNU University of
Science.

2.3 Synthetic procedures

Synthesis of HpL: H:L was prepared
following the procedure reported by Dixon
and Taylor with some modifications [14]. A
mixture of furan-2,5-dicarboxylic acid
(3.122 g, 0.02 mol), SOCI> (15 mL, 0.2
mol) and two drops of DMF was heated
on reflux under a nitrogen atmosphere for
3 h. Subsequently, the residual SOCI, was
removed under reduced pressure. The
expected dichloride of the carboxylic acid
obtained as an ivory solid was dissolved in
dry THF (60 mL) and added dropwise at
0°C (ice bath) to a mixture of N,N-
diethylthiourea (5.28 g, 0.04 mol) and
EtsN (5.7 mL, 0.04 mol) in dry THF (30
mL) under a nitrogen atmosphere. The
reaction mixture was warmed up to 45°C
and stirred for 2 h. After cooling to room
temperature, the colorless precipitate of
EtsN-HCI was filtered off and the solvent
was removed under reduced pressure. The
resulting solid was washed thoroughly
with MeOH, which finally gave HzL as a
colorless solid. Yield: ~70% (5.383 g). IR
(KBr, cm™): 3262 (m), 3090 (w), 2971
(w), 2932 (w), 2875 (w), 1693 (s), 1659
(s), 1594 (m), 1553 (s), 1519 (s), 1446 (5),
1426 (vs), 1292 (s), 1263 (s), 1218 (vs),



1143 (m), 1111 (s), 1016 (s), 916 (m), 841
(m), 750 (s), 695 (m), 669 (m), 602 (m).
'H NMR (500 MHz, CDCls, ppm): 9.12
(s, 1H, NH); 7.21 (s, 1H, furan); 4.03 (br,
g, J=7.0Hz 2H, CHy); 3.63 (br, g, J =
7.5 Hz, 2H, CHy); 1.37 (t, J = 7.5 Hz, 3H,
CHs3), 1.32 (t, J = 7.0 Hz, 3H, CHy).
13C{IH} NMR (CDCls;, ppm): 177.8
(C=0); 153.1 (C=S); 147.6, 118.2 (furan);
47.9 (CHy); 13.4, 11.4 (CHs).

Synthesis of {Na c [Fez(L)3]}(PFs): HzoL
(115 mg, 0.3 mmol) was added to mixture
of FeCls - 6H>0 (54.1 mg, 0.2 mmol) and
NaCl (58.5 mg, 1.0 mmol)
dissolved in few drops of water and 2
mL MeOH. The ligand dissolved quickly
and the color of the solution changed
immediately to dark. After the addition of
2 drops of EtsN and stirring at room
temperature in 30 min, (n-BusN)(PFes)
(38.7 mg, 0.1 mmol) was added. The
reaction mixture had been stirred at 40°C
in 2h. Then, the product appearing as a
dark brown precipitate was filtered off,
washed with MeOH and dried in vacuum.
Single crystals for X-ray analysis were
obtained by slow evaporation of solution
of the complex in CH2Cl2/MeOH (2:1
v/v) mixture. Yield: ~75% (107 mg). IR
(KBr, cm™): 2974 (w), 2936 (w), 2876
(w), 1539 (m), 1508 (m), 1408 (s), 1352
(m), 1260 (m), 1150 (w), 1103 (w), 1076
(w), 1011 (m), 972 (w), 843 (s), 758 (m),
669 (w), 557 (m). ESI" MS (m/z):
1296.74 (calcd. 1297.17), 30% {K <
[Fea(L)3]}"; 1280.60 (calcd. 1281.20),
100% {Na c [Fe2(L)3]}".

2.4. Crystalography

The intensities for the  X-ray
determinations of the complex were
colected on a Bruker D8 QUEST
instrument at 293 K with Mo Ka radiation
(A = 0.71073 A) using a TRIUMPH
monochromator.  Standard procedures
were applied for data reduction and
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absorption correction [15]. Structure
solution and refinement were performed
with the SHELXT and SHELXL 2014/7
programs included in the OLEX2-1.5
program package [16-18]. Hydrogen
atoms were calculated for idealized
positions and treated with the ‘riding
model’ option of SHELXL. Crystal data
and structure determination parameters
for the complex are given in Table 1.

Table 1. Crystal data and structure refinement for
{Na c [Fez(L)s]}(PFes) - 0.5 MeOH.

Formula Cuag.5Hes09.5N12SsFeNaPFg
Mw 1443.16
Crystal system Triclinic

a/lA 14.700(2)

b/A 15.013(2)

c/A 17.171(2)

al® 92.62(2)

Bl° 104.720(10)
y/° 114.030(10)
VIA3 3299.4(8)
Space group P-1

z 2

Dearc/g cm3 1.453

u/mmt 0.737

No. reflect. 86439

No. indep. 11347
Rint/Rsigma 0.1291/0.1231
No. param. 798

R1/WR; 0.0645/0.1121
GOF 1.004

Largest diff. 0.57/-0.59
peak/hole (e A-3)

3. RESULTS AND DISCUSSION

The ligand H2L was prepared in good
yield from the condensation reaction of
furan-2,5-dicarbonyl dichloride and N,N-
diethylthiourea in dry THF with the
presence of supporting base EtsN.
Structural features of HzL were studied



by spectroscopic methods such as IR, *H
and *C{*H} NMR spectroscopy. The IR
spectrum of HaL is characterized by a
absorption around 1695 cm ascribed to
the stretching vibration of C=0 groups.
The presence of NH groups is confirmed
not only by the broad band above 3100
cm™ in the IR spectrum but also by the
broad signal at 9.12 ppm in the *H NMR
spectrum in CDCls (Figure 3a). The
resonances of protons in the furan ring are
observed as a singlet at 7.21 ppm, while
those of aliphatic protons in the ethyl
groups appear in upfield region. In
particular, two broad quartets at 4.03 ppm
and 3.63 ppm are assigned to methylene

protons.  Whereas, two partially
overlapped triplets at 1.37 ppm and
1.31 ppm belong to methyl groups.

Furthermore, two separated sets of signals
for two ethyl groups demonstrate the
hindered rotation around the C(S)-NEt,
bond, which is well-known for aroyl-N,N-
dialkylthioureas [10, 19-21]. Similar to *H
NMR spectrum, the 3BC{*H} NMR
spectrum (Figure 3b) of HzL also strongly
support its expected structure. The
resonance of CHs carbon atoms appears
as two separated signals in the most
upfield region at 11.3 and 11.4 ppm. The
signal at 47.9 ppm corresponds to CH>
carbon atoms, while the aromatic ones
show resonances in the range of 110-150
ppm. The C=0 and C=S groups give
weak signals at 177.8 and 153.1 ppm,
respectively.

Reaction between the ligand H:L and
mixture of FeCls and NaCl in MeOH with
the presence of a supporting base like
EtsN brings about an ionic complex,
which  could be precipitated by
subsequent workup with (n—BusN)(PFe).
Considering the structures of mixed-metal
Fe(lll)-alkali metal complexes derived
from pyridine- and catechol-based
aroylbis(thiourea) [12], the resulting
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complex would have expected
composition of {Na < [Fez(L)s]}(PFe),
which is strongly confirmed by X-ray
diffraction analysis on the crystals
obtained by slowly evaporating solution
of the complex in CH2Cl2/MeOH.
Molecular structure of the compound is
introduced in Figure 4. Selected bond
lengths and angles are shown in Table 2.
X-ray crystallography reveals a trinuclear
mixed-metal complex caused by the
accommodation of the Na* ion in the
central cavity of the metallacyclic
compound [Fez(L)s] consisted of two Fe3*
ions and three doubly deprotonated
ligands {L}?*". Each Fe*" ion octahedrally
bonds to three (S,0)-chelating
aroylthiourea moieties with the facial
arrangement of sulfur atoms.
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Figure 3. (a) *H NMR and (b) 3C {*H} NMR
spectra of H,L in CDCls.



Table 2. Selected bond lengths (&) in
{Na (any [Fez(L)3]}(PF6)'0.5MeOH

Fel-010 2.059(4) Fe2-020 2.026(4) Na-O10 2.763(5)
Fel-040 2.022(4) Fe2-050 1.990(4) Na-020 2.891(5)
Fel-O70 1.994(4) Fe2-080 2.044(4) Na-040 2.615(5)
Fel-S10 2.424(6) Fe2-S20 2.412(7) Na-O50 2.925(5)
Fel-S40 2.416(4) Fe2-S50 2.403(2) Na-O70  3.125(5)
Fel-S70 2.391(7) Fe2-S80 2.394(4) Na-080 2.638(5)
Na-O1  2.656(5) Na-O31 2580(4) Na-O61 2.565(4)
C10-010 1.258(7) C40-040 1287(7) C70-O70 1.288(7)
C10-N10 1.325(7) C40-N40 1.308(7) C70-N70 1.303(7)
N10-C11 1.340(7) N40-C41 1.350(7) N70-C71 1.350(7)
C11-S10 1.739(6) C41-S40 1.736(6) C71-710 1.741(6)
C20-020 1.267(7) C50-050 1.270(7) CB80-080 1.272(6)
C20-N20 1.312(7) C50-N50 1.308(7) CB80-N8O 1.305(7)
N20-C21 1.350(7) N50-C51 1.346(7) N80-C81 1.342(7)

C21-S20 1.737(6) C51-S50 1.731(6) C81-S80 1.740(6)

Figure 4. Molecular structure of
{Na c [Fex(L):]}(PFs)-0.5MeOH. Hydrogen
atoms are omitted for clarity.

The Fe-O and Fe-S bond lengths (Table
2) are similar to those found in trinuclear
mixed-metal iron(ll1) complexes with

aroylbis(thioureas) [12, 22]. Adopting an
axially truncated trigonal bipyramidal
geometry, the Na* ion is nine-coordinate
with six carbonyl oxygen donors and
three furan oxygen donors forming the
mutual base of the bipyramid. Such
coordination envinroment was previously
found in mixed-metal complexes based on
2,6-dipicolinoylbis(N,N-diethylthiourea)
[12]. The partial double bond character of
the C—-O, C—N and C-S bonds points out
the typical delocalization of =m-electrons
within chelating aroylthiourea moieties
[21]. The preceding bonding situations of
the  complex are validated by
experimental data obtained from mass
spectrometry and IR spectroscopy.

1280.60

Figure 5. ESI* mass spectrum of the complex.

The mass spectrum (Figure 5) with the
based peak corresponding to the expected
fragment {Na c [Fez(L)s]}
obviously shows that the Na* ion is an
integral part of the complex. It is
interseting that the peak at m/z = 1296.74
is assigned to the {K < [Fez(L)s]}* cation
resulting from rapid exchange of the
central Na* ion by K" ion present in the
MS matrix. In the IR spectrum, the
disappearance of absorptions above 3100
cm? ascribed to wvnu implies the
deprotonation of HzL during complex
formation and the presence of the
deprotonated ligand {L}? in composition
of the complex. Compared to the
uncoordinated ligand HzL, the remarkable
bathochromic shift (about 120 cm™) of



absorption assigned to vc-=o in the
complex (Table 3) reveals the formation
of S,0-chelates with the typical extended
n-systems.  Moreover, the  strong
absorption band at about 843 cm
confirms the nature of the coordination
compound as PFe~ salt (Table 3).

Table 3. Selected absorption bands (cm™) in IR
spectra of HzL and the complex {Na c
[Fea(L)s]}(PFe).

VNH VCH vco VPF

HaL 3262 2970 (w), 1659 -

(m, br) 2932 (w) (s)

{Nac[Fex(L)s]}(PFs) - 2974 (w), 1539 843

2936 (W) (s) (s)

4. CONCLUSION

A new benzoylbis(thioureas) derived from
furan-2,5-dicarboxylic acid has been
synthesized and examined for its potential
for serving as a building block in
construction of multinuclear coordination
compounds. Self-assembled reaction of
furan-2,5-dicarbonylbis(N,N-

diethylthiourea), HzL, with a mixture of
Fe3* and Na' ions brings about a novel
mixed-metal complex. The supportive
experimental data revealed a trinulcear
bimetallic complex resulting from the
encapsulation of the Na® cation in the
central cavity of the macrocycle [Fez(L)s]

arised from the facial octahedral
coordination of Fe®** ions and (S,0)-
chelating thiourea moieties of the

deprotonated ligands {L}?*".
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