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Abstract—New coordination polymers were synthesized. A ditopic centrosymmetric organic ligand contain-
ing oxazole heterocycles, 4,8-dichlorobenzo[1,2d:4,5d']bis(oxazole)-2,6(3H,7H)-dithione (H2L), was pre-
pared and structurally characterized. It was shown that deprotonated H2L forms non-luminescent binuclear
molecular complexes Li2L(THF)6 (I) and Na2L(DME)4 (II) with alkali metals, while complexes of H2L with
lanthanides are ionic compounds [Ln(DMSO)8][L]1.5 (Ln = Nd (III), Yb (IV)) exhibiting moderate metal-
centered emission in the near-infrared (IR) range, despite the absence of coordination of the ligand L to lan-
thanide ions. The molecular structures of H2L·2DMSO and I–III were established by X-ray diffraction
(CCDC nos. 2320461 (H2L·2DMSO), 2320462 (I), 2320463 (II), 2320464 (III)).
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INTRODUCTION
Lanthanide-based coordination polymers (CPs)

attract attention owing to some unique features. First
of all, the photoluminescence (PL) of lanthanide
ions, which has narrow emission bands both in the
visible and near-infrared spectral ranges [1–3], can
be significantly enhanced by organic linkers acting as
antennas, which efficiently absorb and transfer the
excitation energy to the metal. These compounds can
be used as luminophores with metal-centered emis-
sion of lanthanide ions [4–6], f luorescent sensors
[7–9], magnets [10, 11], scintillators [12], heteroge-
neous catalysts [13], and for some other applications
[14–16]. Among the diversity of polytopic linkers
capable of forming CPs, the use of carboxylic acid
[17–19] and imidazole derivatives [20, 21], which are
hard Lewis acids, is widely known. Previously, it was
demonstrated that soft-base bisthiazolate linkers can
also be used for the synthesis of luminescent CPs
based on lanthanides and alkali metals [22, 23]. At
the time this work was initiated, there were only data
on the use of a bismercaptothiazole ditopic linker,
benzo[1,2:4,5]-bis(thiazole)-2,6-dithiol, for the for-
mation of luminescent CPs based on lanthanides. A
specific feature of this linker is the presence of an
inversion center in the molecular structure. In order
to expand the range of centrosymmetric soft-base
ditopic ligands capable of forming luminescent lan-

thanide-containing CPs, we decided to shift the
focus of attention to ditopic derivatives of 2-mercap-
tooxazole, particularly, 4,8-dichlorobenzo[1,2d:
4,5d']bis(oxazole)-2,6(3H,7H)-di-thione (H2L).
The selection of oxazole heterocycle is caused by the
fact that its compounds are efficient sensitizers of
Ln3+ luminescence [24–27]. In addition, recent
studies of chlorine-containing antenna systems
showed an increase in the efficiency of IR photolu-
minescence (PL) for some lanthanides, in particular
neodymium [28, 29].

EXPERIMENTAL

All reactions and handling of compounds were car-
ried out using the Schlenk technique or under the
atmosphere of an argon glove box (O2 < 1 ppm; H2O <
0.1 ppm). All reagents and solvents were received from
commercial sources. 1,2-Dimethoxyethane (DME),
1,4-dioxane, and tetrahydrofuran (THF) were dried
with sodium benzophenone ketyl by the standard pro-
cedure and withdrawn in vacuo immediately before
use. Dimethyl sulfoxide (DMSO) was dried over 3 Å
sieves. 2,5-Diamino-3,6-dichloro-1,4-benzoquinone
was synthesized by a known procedure from commer-
cially available 2,3,5,6-tetrachlorocyclohexa-2,5-
diene-1,4-dione and aqueous ammonia [30].
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The elemental analysis for C, H, N, and S was car-
ried out on a Euro EA 3000 elemental analyzer. Neo-
dymium and ytterbium contents were analyzed by
complexometric titration. IR spectra were recorded on
a FSM1201 FTIR spectrometer in the range from 4000
to 450 cm–1 in mineral oil on KBr substrates. The
NMR spectra were recorded on a Bruker Avance III
spectrometer (400 MHz) in DMSO-d6 using Me4Si as
the internal standard. Mass spectra were run on a
Polaris Q/Trace GC Ultra gas chromatograph/mass
spectrometer with an electron ionization energy of
70 eV in the 40–700 range of mass numbers. The pho-
toluminescence of solid samples was excited by a
100 mW diode laser at 405 nm and recorded in the
range from 400 to 1700 nm with OceanOptics
USB2000 and OceanOptics NIR 512 spectrofluorim-
eters.

Synthesis of 4,8-dichlorobenzo[1,2-d:4,5-d']-
bis(oxazole)-2,6(3H,7H)-dithione (H2L). A 50 mL
flask was charged with DMSO (15 mL), 2,5-diamino-
3,6-dichloro-1,4-benzoquinone (1 g, 4.83 mmol),
carbon disulfide (1.5 mL, 24.94 mmol), and sodium
sulfide nonahydrate (1.159 g, 4.83 mmol). The mix-
ture was heated at reflux under argon on an oil bath at
100°C with vigorous magnetic stirring for 12 h. The
beige solution darkened to a red-brown color. The
mixture was cooled to room temperature, an aqueous
solution (15 mL) of NaOH (1 g) was added, and the
mixture was stirred for 30 min until sulfur precipitated.
The precipitated sulfur was filtered off on a glass filter,
and 1 M HCl was added until pH was 3–4. The result-
ing curdy precipitate was filtered off, washed with
water, and dried in vacuo at 100°C for 2 h. H2L was
isolated as a gray-brown powder in a yield of 1.26 g
(89%). Crystals of H2L·2DMSO were formed on slow
cooling of a hot saturated solution of H2L in DMSO.

13C NMR (δ, ppm): 95.80, 127.87, 142.90, 180.41.
IR (ν, cm–1): 466 w, 520 s, 559 w, 572 w, 661 m, 903 m,
922 s, 995 s, 1136 s, 1235 s, 1400 m, 1533 m, 1559 s,
1580 w, 1752 w, 3074 s; MS (M = 292.09).

Synthesis of Li2L(THF)6 (I). A solution of
LiN(SiMe3)2 (0.682 mmol, 109.8 mg) in THF (5 mL)
was added to a suspension of H2L (0.341 mmol,
100 mg) in THF (5 mL) obtained by stirring in an
ultrasonic bath, and the reaction mixture was sealed in
a tube. The color of the mixture sharply changed to
brown. The mixture was stirred in an ultrasonic bath
for 10 min. After 24 h, the resulting colorless crystals
were decanted, washed with cold hexane, and dried in
vacuo at room temperature. The crystalline target
product was isolated in a yield of 158 mg (63%). The

For C8H2N2O2Cl2S2

Anal. calcd., % C, 32.78 H, 0.69 N, 9.56 S, 21.87
Found, % C, 32.74 H, 0.68 N, 9.52 S, 21.68
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crystals for X-ray diffraction were taken directly from
the reaction tube.

IR (ν, cm–1): 466 m, 503 s, 585 w, 622 w, 646 w,
683 m, 754 m, 823 m, 873 s, 905 s, 995 s, 1048 s,
1258 s, 1339 s, 1496 m, 1580 w, 1620 w, 1922 w.

The synthesis of Na2L(DME)4 (II) was carried out
by a procedure similar to that described for I by dis-
solving H2L (0.341 mmol, 100 mg) and NaN(SiMe3)2
(0.682 mmol, 123.6 mg). The color of the solution
changed to green. The target product was isolated as
colorless crystals in a yield of 171.3 mg (72%). The
crystals for X-ray diffraction were taken directly from
the reaction tube.

IR (ν, cm–1): 500 m, 572 m, 683 w, 805 w, 820 w,
863 s, 900 w, 992 s, 1019 w, 1032 w, 1061 m, 1090 s,
1125 w, 1196 m, 1260 m, 1278 w, 1326 m, 1599 m,
1911 w, 1951 w.

Synthesis of [Nd(DMSO)8][L]1.5 (III). A solution
of Nd[N(SiMe3)2]3 (0.227 mmol, 142.2 mg) in THF
(5 mL) was added to a suspension of H2L
(0.341 mmol, 100 mg) in THF (5 mL) obtained by
stirring in an ultrasonic bath. The color of the reaction
mixture sharply changed to dark green. The reaction
mixture was stirred in an ultrasonic bath for 10 min.
The solvent and volatile products were removed in
vacuo. A DMSO : dioxane mixture in 1 : 3 ratio was
added to the dried precipitate. Then the sealed reac-
tion tube was kept for 48 h at 60°C. The resulting light
blue crystals were collected on a filter, washed with
cold hexane, and dried in vacuo at room temperature.
Complex III was isolated in a yield of 115 mg (42%).
The crystals for X-ray diffraction were taken directly
from the reaction tube.

IR (ν, cm–1): 466 w, 498 s, 569 w, 614 w, 683 m,
823 s, 897 m, 955 s, 1006 s, 1045 s, 1098 w, 1212 w,
1249 s, 1318 m, 1534 w, 1665 m, 1909 m, 2054 m,
3418 m.

Synthesis of [Yb(DMSO)8][L]1.5 (IV). Complex IV
was synthesized similarly to complex III using H2L
(0.341 mmol, 100 mg) and Yb[N(SiMe3)2]3
(0.227 mmol, 148.7 mg). After drying, the color of the

For C32H48N2O8S2Cl2Li2

Anal. calcd., % C, 52.11 H, 6.56 N, 3.80 S, 8.69
Found, % C, 52.02 H, 6.54 N, 3.79 S, 8.51

For C24H40N2O10S2Cl2Na2

Anal. calcd., % C, 41.32 H, 5.78 N, 4.02 S, 9.19
Found, % C, 41.27 H, 5.76 N, 4.01 S, 9.04

For C28H48N3O11S11Cl3Nd

Anal. calcd., % C, 27.89 H, 4.01 N, 3.48 S, 29.24 Nd, 11.96
Found, % C, 27.85 H, 3.98 N, 3.47 S, 29.01 Nd, 12.03
OORDINATION CHEMISTRY  Vol. 50  No. 6  2024
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Table 1. Crystallographic characteristics and X-ray experiment and structure refinement details of complexes H2L·
2DMSO, I–III

Parameter
Value

H2L·2DMSO I II III

Molecular formula C12H14N2O4S4Cl2 C32H48N2OS2Cl2Li28 C24H40Cl2N2Na2O10S2 C28H48Cl3N3NdO11S11

M, g/mol 449.39 737.62 697.58 1205.94
Temperature, K 100(2) 100(2) 100(2) 100(2)
System Monoclinic Monoclinic Monoclinic Monoclinic
Space group C2/c P21/n P21/n P21/n

a, Å 21.9776(9) 8.8269(3) 8.6939(4) 12.7512(2)
b, Å 9.5988(4) 13.4479(3) 13.8784(7) 24.4450(4)
c, Å 17.6818(9) 15.8333(4) 14.1773(7) 15.7342(3)
β, deg 90.072(4) 104.022(3) 99.696(5) 95.4732(17)

V, Å3 3730.1(3) 1823.46(9) 1686.16(14) 4882.04(15)

Z 8 2 2 4

ρ(calcd.), g/cm3 1.600 1.343 1.374 1.641

μ, mm–1 0.815 0.342 0.393 1.750

F(000) 1840 780 732 2448
Crystal size 0.60 × 0.29 × 0.18 0.42 × 0.17 × 0.06 0.43 × 0.33 × 0.19 0.35 × 0.25 × 0.09
θ, deg 2.304–30.033 2.013–29.130 2.068–28.000 1.966–27.103
Number of ref lections: 
measured/unique

42145/5454 30716/4893 38068/4076 86943/10772

Rint 0.0548 0.0713 0.1147 0.0722
R1/wR2 (all ref lections) R1 = 0.0564,

wR2 = 0.1025
R1 = 0.0776,
wR2 = 0.1202

R1 = 0.0596,
 wR2 = 0.1265

R1 = 0.0572,
 wR2 = 0.0705

R1/wR2 (I > 2σ(I)) R1 = 0.0399,
wR2 = 0.0938

R1 = 0.0458,
wR2 = 0.1038

R1 = 0.0455,
 wR2 = 0.1166

R1 = 0.0342,
 wR2= 0.0631

S(F 2) 1.081 1.044 1.049 1.024

Δρmin/Δρmax, e/Å3 0.789/–0.729 0.387/–0.306 0.412/–0.375 0.962/–0.795
reaction mixture changed to dark brown. Complex IV
was isolated as a finely crystalline yellow-orange pow-
der in a yield of 109.3 mg (39%). The IR spectrum of
IV was similar to that of III.

X-ray diffraction study of compounds
H2L·2DMSO, I–III was carried out on an Oxford
Xcalibur Eos diffractometer (graphite monochroma-
tor, MoKα radiation, ω-scan mode, λ = 0.71073 Å).
The experimental sets of intensities were integrated
using the CrysAlisPro program [31]. The absorption
corrections were applied using the SCALE3
ABSPACK scaling algorithm implemented in the
CrysAlisPro software. The structures were solved by
the SHELXT program [32] and refined by the full-

For C28H48N3O11S11Cl3Yb

Anal calcd., % C, 27.24 H, 3.92 N, 3.40 S, 28.56 Yb, 14.02
Found, % C, 27.17 H, 3.89 N, 3.39 S, 28.17 Yb, 14.17
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
matrix least-squares method on  in the anisotropic
approximation for all non-hydrogen atoms by the
SHELXL program [33]. All hydrogen atoms of H2L,
except for H(1A) and H(2A), were placed into geo-
metrically calculated positions and refined in the iso-
tropic approximation in the riding model: Uiso(H) =
1.5 Ueq(C) for methyl groups and Uiso(H) = 1.2 Ueq(C)
for all other groups. In turn, the H1A and H2A atoms
in H2L were located objectively from the difference
Fourier maps and refined in the isotropic approxima-
tion. Fragments of the coordinated solvent molecules
in complexes I (THF), II (DME), and III (DMSO)
are disordered over two positions. The refinement was
performed using ISOR, EADP, SADI, and DFIX
instructions. The main crystallographic characteris-
tics of compounds H2L·2DMSO (I–III) are summa-
rized in Table 1.

2
hklF
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Fig. 1. Molecular structure of H2L·2DMSO. Ellipsoids are given at 30% probability. The hydrogen atoms of DMSO are omitted
for clarity.
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The structures were deposited with the Cambridge
Crystallographic Data Centre (CCDC nos. 2320461
(H2L·2DMSO), 2320462 (I), 2320463 (II), 2320464
(III); deposit@ccdc.cam.ac.uk or http://www.
ccdc.cam.ac.uk/).

RESULTS AND DISCUSSION
The synthesis of the target bismercaptooxazole

H2L was performed in two steps (Scheme 1). In the
first step, commercially available 2,3,5,6-tetrachloro-
cyclohexa-2,5-diene-1,4-dione was converted to 2,5-
diamino-3,6-dichloro-1,4-benzoquinone by the nuc-

leophilic substitution reaction with aqueous ammonia
[30]. Then the resulting benzoquinone was condensed
with carbon disulfide in DMSO in the presence of
sodium sulfide nonahydrate, which acted as a reduc-
ing agent for benzoquinone. The target compound was
isolated as a gray powder in 89% yield and character-
ized by IR and 13C NMR spectroscopy, mass spec-
trometry, and elemental analysis. The resulting bis-
mercaptooxazole is stable in air; soluble in highly alka-
line aqueous media; insoluble in water, toluene, hex-
ane, acetonitrile, and diethyl ether; and sparingly sol-
uble in DME, THF, and DMSO.

Scheme 1. Synthesis of ditopic ligand H2L.

Slow cooling of a hot saturated solution of H2L in
DMSO gave crystals of the H2L adduct with two
DMSO molecules, suitable for X-ray diffraction.

The molecular structure of the obtained bismer-
captooxazole is shown in Fig. 1. The N–H hydrogen
atoms are oriented towards the oxygen atoms of two
DMSO molecules: The H…O hydrogen bond lengths
are 1.76(3) and 1.78(3) Å. The bismercaptooxazole
molecule is virtually planar. The maximum deviation
of non-hydrogen atoms was 0.025 Å. The bond length
distribution in the H2L molecule is in good agreement
with these values for related compounds (Tables 2
and 3) [34, 35].

In the crystal packing, bismercaptooxazole mole-
cules form one-dimensional stacks (Fig. 2). The dihe-

dral angles between the planes of neighboring H2L
molecules are 0° and 8.8°, and the distances between
the center of the aromatic ring of one molecule and the
middle of the C=S bond of another molecule are 3.73
and 3.55 Å, respectively. These geometric characteris-
tics attest to the intermolecular π…π interaction in the
crystal [36].

In order to synthesize CPs based on alkali metal
ions, the reactions of sodium and lithium silylamide
complexes with H2L were performed as shown in
Scheme 2. However, X-ray diffraction data indicate
that the colorless crystals of compounds I and II
formed in these reactions are binuclear molecular
complexes M2L(solv)n, where M = Li, Na, solv =
THF (n = 6), DME (n = 4).
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Table 2. Selected bond lengths (Å) of complexes
H2L·2DMSO, I–III

Bond Length, Å Bond Length, Å

H2L·2DMSO I

Cl(1)C(3) 1.716(2) Li(1)O(2) 1.944(4)
Cl(2)C(7) 1.709(2) Li(1)O(3) 1.974(4)
S(1)C(1) 1.645(2) Li(1)O(4) 1.962(4)
S(2)C(5) 1.644(2) Li(1)N(1) 2.077(4)
O(1)C(1) 1.382(2)
O(1)C(8) 1.374(2)
O(2)C(4) 1.373(2)
O(2)C(5) 1.382(2)
N(1)C(1) 1.347(3)
N(1)C(2) 1.385(2)
N(1)H(1A) 0.87(3)
N(2)C(5) 1.346(3)
N(2)C(6) 1.389(2)
N(2)H(2A) 0.91(3)

II III

Na(1)O(2) 2.3700(16) Nd(1)O(1) 2.486(2)
Na(1)O(3) 2.382(2) Nd(1)O(2) 2.399(2)
Na(1)O(3A) 2.38(2) Nd(1)O(3) 2.389(2)
Na(1)O(4) 2.3532(16) Nd(1)O(3) 2.389(2)
Na(1)O(5) 2.4131(15) Nd(1)O(6) 2.486(2)
Na(1)N(1) 2.3639(17) Nd(1)O(7) 2.434(2)
Na(1)S(1) 3.0648(10) Nd(1)O(8) 2.465(2)
Scheme 2. Synthesis of binuclear alkali 
metal complexes I and II.

Compound I is a binuclear lithium complex in
which each metal atom is bound to one nitrogen atom

2MN(Si(Me)3)2 H2L
solv. M2L(solv)n

I:  M = Li, solv = THF, n = 6, 76%

+

II:  M = Na, solv = DME, n = 4, 84%
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of bismercaptooxazole and to three THF molecules
(Fig. 3). The Li(1)–N(1) bond length is 2.077(4) Å.
The ligand coordination results in some elongation of
the C=S bond (1.673(2) Å) compared to that in the
free ligand (1.645(2) Å); however, the Li…S distance
(3.392(4) Å) is much longer than the sum of the lith-
ium ionic radius (0.73 Å) [37] and van der Waals radius
of sulfur (1.8 Å) [38], indicating the absence of the
Li…S interaction. Thus, the lithium coordination
environment is a distorted tetrahedron. The main geo-
metric characteristics of the lithium coordination
sphere (Tables 2 and 3) are in line with the values
observed in previously reported related complexes
[39]. Bismercaptooxazole in complex I has a planar
structure. The maximum deviation from the plane is
0.033 Å.

Compound II, like I, is a binuclear complex
(Fig. 4). Each sodium atom is bound to two DME
molecules and to the nitrogen and sulfur atoms of the
bismercaptooxazole ligand. The Na(1)–S(1) distance
is 3.0648(10) Å, which is only slightly greater than the
sum of the sodium ionic radius (1.16 Å) [37] and the
van der Waals radius of sulfur (1.8 Å) [34]. In general,
the main geometric characteristics in the sodium
coordination sphere of II (Tables 2 and 3) are in good
agreement with those for previously reported six-coor-
dinate sodium compounds with related ligands [23].
Note that the C=S distance in complex II (1.685(2))
increases relative to that in I (1.673(2) Å), which is
indicative of the presence of Na…S interaction
(3.0648(10)) [40]. The coordination sphere of sodium
is a distorted octahedron. As in complex I, bis-mer-
captooxazole is planar. The maximum deviation from
the plane is 0.012 Å.

In order to synthesize lanthanide-containing CPs
based on ditopic bis-mercaptooxazole H2L, reactions
of neodymium and ytterbium silylamide complexes
Ln[N(Si(Me)3)2]3 with free bisthiazole were carried
out in three steps in accordance with Scheme 3. After
heating for 2 days at a temperature of 60°C, in the case
of neodymium, light blue crystals of compound III
were found. According to X-ray diffraction data, this
was the ionic complex [Nd(DMSO)8][L]1.5.
Scheme 3. Synthesis of ionic compounds of lanthanides III and IV.

Ln[N(Si(Me)3)2]3 1.5H2L

(1) +THF, Ultrasonication
(2) � THF, 3 HN(Si(Me)3)2

[Ln(DMSO)8][L]1.5

III: Ln = Nd, 67%

+
(3) DMSO : Dioxane 1 : 3, 60�C

IV: Ln = Yb, 59%

According to X-ray diffraction data, complex III mercaptooxazole dianions per two cationic parts being

was structurally similar to the previously reported neo-
dymium complex with a related bisthiazole ligand
[22]. Complex III was composed of the cationic
Nd3+(DMSO)8 and anionic L2– parts, with three bis-
present in the crystal. The molecular structure of
complex III is shown in Fig. 5.

The Nd–O distances vary over a broad range from
2.389(2) to 2.486(2) Å (Table 2). The coordination
  Vol. 50  No. 6  2024
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Table 3. Selected angles (deg) in complexes H2L·2DMSO, I–III

Angle ω, deg Angle ω, deg

H2L·2DMSO I

C(8)O(1)C(1) 107.51(15) O(2)Li(1)O(4) 113.02(18)
C(4)O(2)C(5) 107.30(15) O(2)Li(1)O(3) 99.69(17)
C(1)N(1)C(2) 109.72(17) O(4)Li(1)O(3) 96.40(16)
C(1)N(1)H(1A) 122.8(19) O(2)Li(1)N(1) 100.03(17)
C(2)N(1)H(1A) 127.2(19) O(4)Li(1)N(1) 114.07(18)
C(5)N(2)C(6) 109.51(17) O(3)Li(1)N(1) 132.93(19)
C(5)N(2)H(2A) 124.2(18)
C(6)N(2)H(2A) 125.1(18)
N(1)C(1)O(1) 108.17(16)
N(1)C(1)S(1) 130.15(16)
O(1)C(1)S(1) 121.67(15)
N(1)C(2)C(8) 105.96(17)
N(1)C(2)C(3) 132.80(18)

II III

O(4)Na(1)N(1) 116.07(6) O(3)Nd(1)O(2) 92.82(9)
O(4)Na(1)O(2) 91.91(6) O(3)Nd(1)O(4) 86.63(9)
N(1)Na(1)O(2) 95.92(6) O(2)Nd(1)O(4) 139.88(8)
O(4)Na(1)O(3A) 105.4(5) O(3)Nd(1)O(5) 149.66(8)
N(1)Na(1)O(3A) 136.3(5) O(2)Nd(1)O(5) 86.21(8)
O(2)Na(1)O(3A) 68.7(2) O(4)Nd(1)O(5) 75.16(8)
O(4)Na(1)O(3) 91.21(8) O(3)Nd(1)O(7) 92.70(9)
N(1)Na(1)O(3) 150.27(8) O(2)Nd(1)O(7) 150.80(8)
O(2)Na(1)O(3) 70.17(6) O(4)Nd(1)O(7) 69.09(8)
O(4)Na(1)O(5) 71.15(5) O(5)Nd(1)O(7) 102.84(9)
N(1)Na(1)O(5) 93.78(6) O(3)Nd(1)O(8) 137.53(8)
O(2)Na(1)O(5) 162.90(7) O(2)Nd(1)O(8) 75.42(8)
O(3A)Na(1)O(5) 112.7(3) O(4)Nd(1)O(8) 128.31(8)
O(3)Na(1)O(5) 106.83(6) O(5)Nd(1)O(8) 71.40(8)
O(4)Na(1)C(1) 141.23(6) O(7)Nd(1)O(8) 81.24(8)
N(1)Na(1)C(1) 25.81(5) O(3)Nd(1)O(6) 70.05(8)
O(2)Na(1)C(1) 97.86(6) O(2)Nd(1)O(6) 82.13(9)
O(3A)Na(1)C(1) 113.1(5) O(4)Nd(1)O(6) 133.99(9)
O(3)Na(1)C(1) 127.41(8) O(5)Nd(1)O(6) 139.35(8)
O(5)Na(1)C(1) 97.01(5) O(7)Nd(1)O(6) 72.92(9)
O(4)Na(1)S(1) 166.82(5) O(8)Nd(1)O(6) 67.99(7)
N(1)Na(1)S(1) 58.22(4) O(3)Nd(1)O(1) 74.30(8)
O(2)Na(1)S(1) 100.36(5) O(2)Nd(1)O(1) 71.58(7)
O(3A)Na(1)S(1) 83.7(5) O(4)Nd(1)O(1) 69.71(8)
O(3)Na(1)S(1) 97.43(7) O(5)Nd(1)O(1) 76.66(8)
O(5)Na(1)S(1) 96.72(4) O(7)Nd(1)O(1) 137.34(8)
C(1)Na(1)S(1) 32.46(4) O(8)Nd(1)O(1) 135.00(8)

O(6)Nd(1)O(1) 134.08(8)
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Fig. 2. Fragment of the crystal packing of H2L complex.
The crystallographic projection along the b axis is pre-
sented. The hydrogen atoms are omitted for clarity.

Cl

S

O

N

C

cb

a

sphere of neodymium in III is a distorted square anti-
prism. The bismercaptooxazole dianions have a planar
structure. The greatest deviations from the plane are
0.047 and 0.127 Å. The main geometric characteristics
are in good agreement with those for previously
reported Nd(III) complex [22]. The main difference
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

Fig. 3. Molecular structure of complex I. Ellipsoids are given at 3
metry code used to generate equivalent atoms (A): 1/2 – x, 1/2 +

O(1A)

Cl(1)

S(1)

N(1)

O(2)

O(3)

O(4)

Li(1)
between complex III and the related bisthiazole com-
plex [22] is in the mutual arrangement of the anionic
moieties relative to each other. Whereas in the previ-
ously described complex, the planes of neighboring
ligands form a dihedral angle of 58.8°, in complex III,
these planes are nearly perpendicular (81.3°). In addi-
tion, the distance between the chlorine atom of one
ligand to the center of the aromatic ring of the other
ligand is 3.375 Å (Fig. 6), indicating the presence of
C–Cl…π interactions in the crystal of III [41].

For ytterbium-containing product IV, crystals suit-
able for X-ray diffraction could not be obtained; how-
ever, the similarity of the elemental composition and
IR spectra of IV and III provides the conclusion that
its structure is identical to that of neodymium com-
pound III.

It was found that the molecular binuclear lithium
and sodium complexes based on the chloride-contain-
ing ditopic bismercaptooxazole H2L (I and II) were
not luminescent at either room or liquid nitrogen tem-
peratures, while related 2-mercaptobenzoxazole [42]
was found to exhibit luminescence.

Despite the absence of PL in alkali metal salts,
compounds III and IV exhibited metal-centered PL of
moderate intensity in the near-IR region caused by the
corresponding lanthanide ions, despite the absence of
coordination of bismercaptooxazole to the metal
atoms. The PL spectra (Fig. 7) of compounds III and
IV recorded upon excitation with a diode laser at
405 nm show the emission bands with intraconfigura-
tional f–f transitions characteristic of the correspond-
ing lanthanide ions: Nd, 4F3/2 → 4I9/2 (855 nm);
4F3/2 → 4I11/2 (1055 nm) and 4F3/2 → 4I13/2 (1345 nm);
Yb, 4F3/2 → 4I9/2 (990 nm). Hence, deprotonated H2L
ligand acts as a sensitizer of lanthanide luminescence.
  Vol. 50  No. 6  2024

0% probability. The hydrogen atoms are omitted for clarity. Sym-
 y, 1/2 – z.

Cl(1A)

S(1A)O(1)

O(2A)

O(3A)

O(4A)

Li(1A)
N(1A)
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Fig. 4. Molecular structure of complex II. Ellipsoids are given at 30% probability. The hydrogen atoms are omitted for clarity.
Symmetry code used to generate equivalent atoms (A): 1/2 – x, 1/2 + y, 1/2 – z.

Cl(1A) S(1A)O(1A)

O(1) Cl(1)S(1)

N(1)
O(2A)
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O(3A)
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O(4A)
O(5A)

O(5)
O(4)

Na(1A)

Na(1)

N(1A)

Fig. 5. (a) Cationic and (b) anionic parts of complex III. Ellipsoids are given at 30% probability. The hydrogen atoms are omitted
for clarity.
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Attempts to synthesize lanthanide-containing
coordination polymers using methods successfully
applied to related bismercaptothiazole ditopic linkers
[22] were unsuccessful in the case of H2L. Probably,
this is attributable to the fact that its molecule contains
relative large substituents, chlorine atoms, which pre-
vent the formation of 2D layers, and to the additional
stabilization of ionic salts by C–Cl…π interactions in
the crystals.

Thus, a new ditopic centrosymmetric heterocyclic
ligand containing two annulated oxazole heterocycles,
4,8-dichlorobenzo[1,2-d:4,5-d']bis(oxazole)-2,6(3H,7H)-
dithione (H2L), was synthesized and structurally char-
acterized. It was shown that dilithium and disodium
salts of this compound, Li2L(THF)6 and
Na2L(DME)4, are non-luminescent molecular com-
RUSSIAN JOURNAL OF C
plexes in which sodium atoms are chelated by the S^N
moiety, while lithium is coordinated only to nitrogen.
With neodymium and ytterbium ions, deprotonated
H2L forms ionic compounds [Ln(DMSO)8][L]1.5,
which show moderate PL characteristic of these atoms
in the near-IR region.
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Fig. 6. Arrangement of the bismercaptooxazole dianions in complex III. Ellipsoids are given at 30% probability. The hydrogen
atoms are omitted for clarity.
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Fig. 7. PL spectra of solid samples of III and IV in the IR
range at room temperature, λexcit = 405 nm.
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