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A series of octahedral manganese(Il) complexes involving xanthates and N-donor ligands, [Mn
(S,COiBu),(phen)] (1), [Mn(S,COiBu),(2,2"-bpy)] (2), [Mn(S,COnPr),(phen)] (3), [Mn(S,COnPr),
(2,2"-bpy)] (4), [Mn(S,COMe),(2,2"-bpy)] (5), [Mn(S,COnPr),(4,4"-bpy)],, and [Mny(S,COnPr)4
(4,4'-bpy);] (6) (phen = 1,10-phenanthroline, bpy = bipyridine) was prepared. Complexes were
characterized by elemental analysis, FTIR spectroscopy, TG/DSC analysis, and single-crystal X-ray
diffraction. The structures are built of monomeric molecules of the complexes, except for 6 with the
4,4'-bipyridine ligand, which contains a binuclear complex and 1D polymeric zigzag chain in one
crystal.
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1. Introduction

Xanthates [ROCS,]  are 1,1-dithiolates, a group of uninegative, mostly bidentate ligands,
that have a wide range of applications in radical polymerization [1, 2], vulcanization of rub-
ber, and biological remediation [3], as collectors in ore beneficiation [4]; metal xanthates
can be potentially used as single-source precursors for nanoscopic metal sulfides in
photochemical or thermal vapor deposition systems under mild conditions [5].

Coordination compounds involving xanthates in combination with N-donor ligands
(1,10-phenanthroline, 2,2"-bipyridine, 4,4'-bipyridine or their derivatives) have been studied
mostly with zinc and cadmium [6, 7], or nickel [8, 9]. Other metals such as lanthanum [10],
europium [11], ruthenium [12], lead [13], and bismuth [14] were also used forming
lanthanide(III) complexes with antifungal and antibacterial activities [10], ruthenium dyes
with very attractive features for sensitizers in DSSC (dye-sensitized solar cells) [12], and
precursors for EuS [11], PbS [13], and Bi,S; [14] nanostructured materials.

Despite the fact that in the Cambridge Crystallographic Data Centre [15] there are hun-
dreds of structures of coordination compounds of xanthate ligands with various metals, only
one crystal structure with manganese(Il) ([Mn(S,COiPr),(2,2'-bpy)] as two polymorphs [16,
17]) had been reported up to 2010. In that year, two new structures ([Mn(S,COEt),(2,2'-
bpy)] and [Mn(S,COEt),(phen)] [18]) were published, in 2011 the number was increased to
four ([Mn(S,COnBu),(py),], where py = pyridine [19]) and in 2012 the fifth Mn(II)-xanthato
complex was characterized by single-crystal X-ray diffraction ([Mn(S,COnBu),(phen)] [20]).

The aim of this work was to synthesize new stable mixed-ligand Mn?" coordination com-
pounds containing methyl, n-propyl, or isobutyl xanthate ligands in combination with nitrogen-
containing heterocycles (1,10-phenanthroline; 2,2'- or 4,4"-bipyridine), which could stabilize
the oxidation state of manganese(Il) (complexes with manganese—sulfur bonds can be easily
oxidized by atmospheric oxygen [16]), and characterize the prepared complexes by elemental
analysis, FTIR spectroscopy, TG/DSC analysis, and single-crystal X-ray diffraction.

2. Experimental

2.1. Materials and instruments

Potassium salts of xanthate ligands were prepared according to the literature procedure [21],
other reagents and solvents (Mn(CH;COO), 4H,0, 1,10-phenanthroline-H>O, 2,2'-bipyridine,
4,4'-bipyridine, chloroform, acetone, n-hexane, and acetonitrile) were obtained commercially
(Sigma-Aldrich) and used without purification.

Elemental analyses (C, H and N) were performed on a Fisons Instruments EA 1108.
Infrared (IR) samples were prepared as KBr pellets and spectra were obtained from 4000 to
400 cm™" using a Bruker IFS 28 spectrometer. Thermal analysis (TG/DSC) was measured
on a Netzsch STA 449C Jupiter apparatus from 30 to 200 °C under flowing nitrogen

(70 cm® min ~') with a heating rate of 10 K min™".

2.2. Synthesis of [Mn(S,COiBu),(phen)] (1)

An aqueous solution of K[S,COiBu] (0.250 g, 1.32 mmol in 25 cm® H,0) was added
dropwise to a stoichiometric amount of Mn(CH;COO),-4H,0 (0.163 g, 0.665 mmol) and
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1,10-phenanthroline-H,O (0.132 g, 0.666 mmol) in water (50 cm®). The mixture was stirred
for 30 min and the formed precipitate was filtered off, washed with water, and dried in a
desiccator. A yellow-orange powder of 1 was obtained (yield: 0.300 g, 85%; TG: 132.4—
141.2 °C Am = —25.01%; DSC: the maximum of endo-effect at 138.6 °C). Elemental Anal
Calced (%) for 1, C5oHsMnN,0,S, @ C, 49.52; H, 4.91; N, 5.25. Found (%) : C, 49.63; H,
5.05; N, 5.53. IR data (KBr, cm "), major bands: 1190s, 1174 m (\(C—O),s), 1148 m,
1128 m (W(C-0),), 1055vs (W(C-S)). The following peaks are due to 1,10-phenanthro-
line : 1626, 1593, 1576, 1516, 849, and 731.

Single crystals of 1 suitable for X-ray analysis were obtained from slow evaporation of
an acetonitrile solution of 1.

2.3. Synthesis of [Mn(S,COiBu),(2,2'-bpy)] (2)

The orange powder of 2 was prepared using the same procedure as for 1, with 2,2'-bipyri-
dine (0.104 g, 0.666 mmol) instead of 1,10-phenanthroline-H,0. Yield: 0.257 g, 76%; TG:
103.6-159.0 °C Am = —34.25%; DSC: the maximum of endo-effect at 112.4 °C. Elemental
Anal. Caled (%) for 2, CyoHsMnN,0O,S,:C, 47.14; H, 5.14; N, 5.50. Found (%): C,
46.96; H, 5.32; N, 5.55. IR data (KBr, cm™ '), major bands: 1192s, 1177s (v(C-0),s),
1149 m, 1132 m (W(C-0)s), 1057vs (v(C-S)). The following peaks are due to 2,2"-bipyri-
dine : 1596, 1573, and 768.

Single crystals of 2 suitable for X-ray analysis were obtained by slow liquid diffusion of
hexane into a chloroform solution of 2.

2.4. Synthesis of [Mn(S,COnPr)y(phen)] (3)

This procedure was essentially identical to that described above for 1. The quantities used
were as follows: K[S,COnPr] (0.250 g, 1.43 mmol), Mn(CH3;COO),-4H,O (0.176 g,
0.718 mmol), and 1,10-phenanthroline-H,O (0.142 g, 0.716 mmol). An orange powder of 3
was obtained (yield: 0.276 g, 76%; TG: 73.8-123.5 °C Am = —11.19%; DSC: the maxi-
mum of endo-effect at 109.8 °C). Elemental Anal. Calcd (%) for 3, C,0H,,MnN,0,S, : C,
47.51; H, 4.39; N, 5.54;. Found (%): C, 47.75; H, 4.53; N, 5.81. IR data (KBr, cm™ ),
major bands: 1190vs (V(C-0),,), 1136s (W(C-0);), 1053vs (V(C-S)). The following peaks
are due to 1,10-phenanthroline: 1623, 1593, 1576, 1519, 845, and 728.

Single crystals of 3 suitable for X-ray analysis were obtained by slow liquid diffusion of
hexane into chloroform solution of 3.

2.5. Synthesis of [Mn(S,COnPr),(2,2'-bpy)] (4)

A yellow-orange powder of 4 was prepared using the same procedure as for 3, with 2,2'-
bipyridine (0.112 g, 0.717 mmol) instead of 1,10-phenanthroline-H,O. Yield: 0.253 g, 73%;
TG: 125.6-131.5 °C Am = -21.09%, 137.2-151.7 °C Am = —40.64%; DSC: the maxima of
endo-effects at 132.2 and 140.7 °C. Elemental Anal. Calcd (%) for 4, C;gH,,MnN,0,S,:
C, 44.90; H, 4.60; N, 5.82. Found (%): C, 44.93; H, 4.76; N, 5.83. IR data (KBr, cm™ "),
major bands: 1186s (V(C—0),s), 1144 m, 1132 m (v(C-0),), 1051s (W(C-S)). The following
peaks are due to 2,2'-bipyridine: 1599, 1562, and 762.

Single crystals of 4 suitable for X-ray analysis were obtained by slow liquid diffusion of
hexane into chloroform solution of 4.
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2.6. Synthesis of [Mn(S;COMe),(2,2'-bpy)] (5)

This procedure was essentially identical to that described above for 1. The quantities used
were as follows: K[S,COMe] (0.250 g, 1.71 mmol), Mn(CH3;COO),-4H,0O (0.209 g,
0.853 mmol), and 2,2'-bipyridine (0.133 g, 0.852 mmol). A yellow-orange powder of 5 was
obtained (yield: 0.243 g, 69%; TG: 123.3—-134.0 °C Am = —38.54%; DSC: the maximum of
endo-effect at 130.0 °C). Elemental Anal. Calcd (%) for 5, C;4H;4MnN,O,S, : C, 39.52; H,
3.32; N, 6.58. Found (%): C, 39.80; H, 3.40; N, 6.64. IR data (KBr, cmfl), major bands:
1204s, 1161s (V(C-0),s), 1136s (V(C-0)s), 1049vs, 1040vs (v(C-S)). The following peaks
are due to 2,2'-bipyridine: 1596, 1567, and 765.

Single crystals of 5 suitable for X-ray analysis were obtained by slow liquid diffusion of
hexane into chloroform solution of 5.

2.7. Synthesis of [Mn(S,COnPr),(4,4'-bpy)],, (6)

An acetone aqueous solution of K(S,COnPr) (0.125 g, 0.717 mmol in solution of 20 cm?
acetone and 10 cm® H,O) was added dropwise to a stoichiometric amount of Mn
(CH5CO0), 4H,0 (0.088 g, 0.359 mmol) and 4,4'-bipyridine (0.056 g, 0.359 mmol) in ace-
tone (20 cm®) and water (10 cm?). The solution was heated under reflux for 30 min, then
filtered, and the clear filtrate was evaporated at room temperature to produce crystals of 6,
which were not stable under ambient condition and decomposed. Consequently, no analyses
besides X-ray analysis at low temperature (at which the crystals were stabilized) could be
made.

The X-ray analysis revealed that 6 crystallizes as a mixture of [Mn(S,COnPr),
(4,4-bpy)], and [Mnx(S,COnPr)4(4,4'-bpy)s].

2.8. X-ray crystallography

Diffraction data were collected on a KUMA KM-4 k-axis CCD diffractometer with Mo-Ka
radiation (A =0.71073 A) at 120(2) K. The structures were solved by direct methods and
refined on F* by full-matrix least-squares techniques using ShelXTL [22]. All hydrogens
were placed at calculated positions and refined as riding on their carrier atoms, allowing for
free rotation of rigid methyl groups. One of the n-propyl groups in 3 and one of the aro-
matic rings in 6 were found disordered and were refined over two positions with approxi-
mately equal occupancies (51 : 49 and 53 : 47 for 3 and 6, respectively) using similarity
(SIMU) and rigid-bond (DELU) restraints on anisotropic displacement parameters. In addi-
tion, the terminal carbon of the C20-C21-C22 n-propyl moiety in 6 was also disordered
over two sites (64 : 36 ratio). To maintain a correct geometry of hydrogen atoms on the
C21 atom, a dummy carbon was created and constrained to share the same site (EXYZ)
and anisotropic displacement parameters (EADP) with the fully occupied C21. The two
pairs of hydrogens with split occupancies were then refined at C21 and the dummy carbon
atoms with respect to alternative C22 positions. Crystal data and refinement parameters are
presented in table 1.

Analysis of intermolecular non-covalent contacts was made using PLATON [23, 24]
and OLEX2 [25]. Details of selected intermolecular non-covalent contacts are presented
in table 3. Molecular drawings were obtained using OLEX2 [25] and ORTEP-3 for
Windows [26].
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3. Results and discussion

3.1. Synthesis and characterization

The syntheses of 1-6 are described in section 2. Except for 6, the prepared compounds are
stable in air and their experimental values of elemental analyses correspond with the
calculated values for coordination compounds with one Mn, two xanthate ligands, and one
N-donor ligand. According to the TG/DSC analyses, complexes 1, 4, and 5 start to decom-
pose at temperatures between 120 and 135 °C, while 2 and 3 start to decompose at lower
temperatures (2 around 100 °C, 3 below 75 °C).

IR spectra of the prepared complexes exhibit bands characteristic for xanthate ligands at
1204-1161 and 1149-1128 cm™' which are associated with asymmetric (C—O) and symmet-
ric (C—O) stretches, respectively. The bands between 1057 and 1040 cm™' may be assigned
to v(C=S) [18]. Compounds 1 and 3 display characteristic peaks from 1,10-phenanthroline
at 1626-1516 cm™" and the bands at ca. 845 and 730 cm™'. These peaks are shifted with
respect to the peaks in the uncoordinated 1,10-phenanthroline (1617, 1587, 1561, 1504,
854, and 739 cm™ ") [11]. The characteristic absorptions of 2,2"-bipyridine were at ca. 1596,
1565, and 765 cm™' which are in agreement with the bands observed for a similar
2,2"-bipyridine compound [11].

3.2. Crystal structures

Crystal structures of the prepared compounds (with the exception of 6 which is discussed sep-
arately) are very similar and also to the published structures of [Mn(S,COiPr),(2,2"-bpy)]
[16, 17], [Mn(S,COEt),(2,2"-bpy)], [Mn(S,COEt),(phen)] [18], and ([Mn(S,COnBu),(phen)]
[20]. Single-crystal X-ray analysis revealed that the compounds are composed of monomeric
molecules (the molecular structures of 1-5 are shown in figure 1). The molecules of 1-5 obey
an approximate twofold symmetry, with a twofold axis bisecting the N-Mn—N angle. When
viewed along the twofold axis, the MnS,C rings adhere to the metal in a propeller-like fash-
ion, thus making the molecules chiral. With the exception of 2, however, the compounds
crystallize as racemic mixtures in centrosymmetric space groups.

The manganese ions adopt distorted octahedral coordination geometry formed by four
sulfurs of two xanthate ligands and two N of the 2,2'-bipyridine or 1,10-phenanthroline
ligands. The Mn-S distances range from 2.5665(17) A to 2.6686(8) A. In the reported
structures of [Mn(S,COR),(L)] (L =2,2-bpy, R =Et [18], iPr [16, 17]; L = phen, R = Et
[18], nBu [20]) the Mn-S distances range from 2.5651(6) A to 2.6478(7) A).

The S-ligands and N-ligands are all bidentate, forming four- and five-membered MnS,C,
and MnN,C, chelate rings, respectively. Because of restricted ligand bite, the angles
N-Mn-N and S-Mn-S are lower than 90° in a regular octahedron. The N-Mn-N angles
average at approximately 73.2° and S—-Mn-S angles at 69.7° (table 2). These values corre-
spond to the values of published structures (average: 72.7°, and 69.4°, respectively [16—18,
20]). Aromatic rings of 1,10-phenanthroline are generally more coplanar than 2,2'-bipyridine
rings as a result of a condensed architecture. The largest RMS deviation from the
least-squares plane of the 1,10-phenanthroline rings is observed in 3 (0.0759 A) in which
1,10-phenanthroline shows a boat-like distortion. A larger flexibility of the 2,2'-bipyridine
ligands is apparent from NCCN torsion angles (table 2).

In the case of 1, the offset head-to-head stacking interactions of the 1,10-phenanthroline
rings lead to a staircase-like arrangement, while in the crystal structure of 3, offset
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Figure 1. Molecular structures of (a) [Mn(S,COiBu),(phen)] (1), (b) [Mn(S,COiBu),(2,2"-bpy)] (2), (¢) [Mn
(S,COnPr),(phen)] (3) (there are two crystallographically independent molecules within the asymmetric unit; one
of the n-propyl groups is disordered)), (d) [Mn(S,COnPr),(2,2'-bpy)] (4) and (e) [Mn(S,COMe),(2,2"-bpy)] (5)
drawn with 50% displacement ellipsoids. Symmetry codes: (i): 1 — x, y, 1/2 — z; (ii): x, 1/2 — y, 5/4 — z.

head-to-tail stacking interactions of the 1,10-phenanthroline rings can be observed
(figure 2, table 3). The parallel displacements of stacked 1,10-phenanthroline ligands in 1
and 3 result in a range of overlaps, including those in which both pyridine and Cg4 central
rings participate and those in which the ligand edges hardly touch each other when
viewed perpendicularly down the stacking direction. The perpendicular distances of 1,10-
phenanthroline ligands are comparable to typical interplanar distances found for stacked
square-planar complexes with phenanthroline ligands [27].

The distances between the ring centroids in 4 are slightly longer than 4 A (table 3), giv-
ing rise to head-to-tail stacking interactions with a significant overlap of both pyridine rings.
Unlike nearly parallel stacking arrangements of the 1,10-phenanthroline ligands in 1 and 3,
the 2,2'-bipyridine ligand stacking planes show a dihedral angle of 19.5° (figure 3).
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Table 2.  Selected bond lengths (A) and angles (°) for 1-6 and for published structures.

Torsion  Angle between the

Coordination angle planes of MnS,C
compound Mn-S Mn-N N-Mn-N S-Mn-S NCCN and MnS/,C"*
[Mn(S,COiBu), 2.5825(8) 2.2602(15) 73.06(7) 69.43(2) -3.6(2) 83.37
(phen)] (1) 2.6112(8)
[Mn(S,COiBu), 2.5954(10) 2.266(3) 72.66(10) 69.86(3) —5.8(4) 76.81
(2,2"-bpy)] (2) 2.5975(10) 2.231(3) 69.80(3)
2.5761(10)
2.6100(10)
[Mn(S,COnPr), 2.6085(7) 2.261(2) 73.34(6) 69.74(2) 0.7(3) 83.76
(phen)] (3)° 2.5992(10) 2.2570(15) 70.18(4)
2.618(2)
2.5740(8)
2.6056(9) 2.254(2) 73.74(6) 68.67(3) —2.6(3) 74.59
2.6686(8) 2.2519(15)) 70.26(4)
2.5711(19)
2.5890(8)
[Mn(S,COnPr), 2.6047(7) 2.2380(17) 73.33(8) 69.740(16)  —2.0(3) 79.52
(2,2"-bpy)] (4) 2.5902(6)
[Mn(S,COMe), 2.5952(18) 2.260(5) 73.11(16) 69.31(5) 15.6(7) 78.30
(2,2"-bpy)] (5) 2.6209(17) 2.230(5) 69.95(5)
2.5673(17)
2.6199(18)
[Mn(S,COnPr), 2.604(2) 2.247(5) 89.55(19) 68.41(6) - 89.97
(4,4"-bpy)]. 2.646(2) 2.257(6) 69.50(7)
(6) (1D chain) 2.637(2)
2.564(2)
[Mn,(S,COnPr), 2.598(2) 2.261(5) 88.28(1) 68.22(7) - 89.51
(4,4"-bpy)s] 2.670(2) 2.287(5) 68.97(6)
(6) (binuclear 2.618(2)
complex) 2.590(2)
[Mn(S,COEt), 2.5865(7) 2.2470(17) 74.17(6) 70.267(17)  —0.93)* 74.77
(phen)] [18] 2.5895(7) 2.2538(18)
2.5651(6) 69.722(18)
2.6478(7)
[Mn(S,COE), 2.5720(10) 2.270(2) 72.79(8) 70.18(2) —7.8(4)" 76.17
(2,2"-bpy)] 2.6233(10) 2.262(2) 69.69(3)
[18] 2.5881(10)
2.6095(11)
[Mn(S,COiPr), 2.590(2) 2.264(2) 71.7(2) 68.99(7) —-15.1 64.09
(2,2"-bpy))* 2.616(2) oy
[16]
[Mn(S,COiPr), 2.625(2) 2.247(9) 71.8(5) 69.17(7) —4(2)* 71.21
(2,2"-bpy)* 2.556(2) 2.253(8) 69.35(8)
[17] 2.601(3)
2.616(2)
[Mn(S,COnBu), 2.6018(9) 2.254(2) 73.22° 69.16(3) —2.8(4) 84.76
(phen)] [20] 2.5909(9)

“Values were generated from program Mercury [31].

°There are two crystallographically independent molecules of Mn(S,COnPr),(phen) in the asymmetric unit.
“Orthorhombic unit cell.

9Monoclinic unit cell.

Besides the stacking interactions, the C—H---S intermolecular contacts also play a role in
the crystal structure arrangement of 1, 3, and 5 (figures 2 and 3). The distances of these
contacts are slightly shorter than the sum of the contact radii [28], the C---S distances range
from 3.399(2) A to 3.422(3) A (table S1).
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Figure 2. Crystal structures of 1 (left) and 3 (right) showing intermolecular C—H---S non-covalent contacts (red

dashed lines) and stacking interactions (green dashed lines).

Table 3. Details of selected stacking interactions (A) in 1-6.

Rings and symmetry codes notation:

R1:NI, Cl1, C2, C3, C4, and C5 of 1 R6
R2 : N2, C19, C18, C17, C16, and C20 of 3 R7
R3 : N32, C49, C48, C47, C46, and C50 of 3 RS
R4 : C39, C43, C44, C45, C46, and C50 of 3 R9

RS : C9, C13, C14, Cl15, C16, and C20 of 3
(1): 2-x, y, 1/2-z

1 N31, C39, C43, C42, C41, and C40 of 3

NI, C9, C10, Cl1, C12, and C13 of 4
:N3, C9, C10, Cl11, C12, and C13 of 6

: N4, C14, C15, C16, C17, and C18 of 6

(iv): 3/2-x, y, 7/4-z

(it): -x, 2-y,-1-z W): 1-x, -y, -z

(ii): —1-x, 1-y, —2-z
1 J Cg(D)---Cg(J) Alpha(l, J) Cg(I) Perp Cg(J) Perp A
[Mn(S,COiBu) (phen)] (1)
R1 R1 3.7819(18) 4.26(8) 3.4835(7) 1.472
[Mn(S,COnPr)y(phen)] (3)
R2 R3” 3.5788(16) 3.42(11) 3.4248(10) 3.3610(9) 1.038
R2 R4" 3.9703(16) 2.87(11) 3.4250(10) 3.3876(10) 2.008
R3 R5" 3.8304(16) 4.71(11) 3.4291(9) 3.2997(10) 1.945
R4 R6™ 3.8560(15) 1.06(11) 3.4121(10) 3.4327(9) 1.757
R6 R6™ 3.6822(16) 0.00(11) 3.4292(9) 1.341
[Mn(S,COnPr),(2,2"-bpy)] (4)
R7 R7"Y 4.0167(17) 19.51(12) 3.9092(10) 0.923
[Mn(S,COnPr),(4,4'-bpy)], and [Mn,(S>;COnPr),(4,4'-bpy);] (6)
RS R9" 3.993(4) 23.2(3) 3.131(2) 3.853(3) 2.478

Notes: Cg---Cg: distance between the ring centroids; Alpha: dihedral angle between the planes; Cg_Perp: perpendicular distance

between the centroid Cg and another plane; A: shift distance.

Crystals of 6 are composed of two different compounds. The first is a 1D zigzag chain
coordination polymer with a stoichiometry of [Mn(S,COnPr),(4,4"-bpy)], extending along
the crystallographic b-direction of the monoclinic cell (figure 4). The n-propylxanthates are
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Figure 3. Crystal structures of 4 (left) and 5 (right) showing intermolecular C—H---S non-covalent contacts (red
dashed lines) and stacking interactions (green dashed lines).

Figure 4. Molecular structure of 6 showing a part of the 1-D polymeric chain [Mn(S,COnPr),(4,4"-bpy)], in a
zigzag fashion (left) and the binuclear [Mn,(S,COnPr)4(4,4"-bpy);] complex (right) with atoms drawn with 50%
displacement ellipsoids. The disordered atoms with minor occupancy have been omitted for clarity. Symmetry
codes: (i): —1/2—x, =72 +y, =1/2 — z; (ii): x, =1 + y, z; (iii): x, 1 +y, z; (iv): —x, | — y, —z.

bidentate ligands forming four-membered MnS,C chelate rings, while each 4,4’-bipyridine
is bridging two Mn ions. The second compound is a binuclear complex
[Mn,(S,COnPr)4(4,4'-bpy)s] in which two 4,4'-bipyridines are monodentate and the third is
bridging. In the crystal, there are thus two independent Mn ions in distorted cis-octahedral
environments formed by four S of two n-propylxanthates and by two N of two different
4,4'-bipyridine ligands. The N-Mn—N angles are close to 90°, while the S-Mn-S angles are
considerably lower (68—69°). Unlike the MnS,C rings in 1-5, the two MnS,C planes in 6
are almost perpendicular to each other (table 2).

Complexes containing 4,4'-bipyridine ligands adopt different supramolecular architectures or
polymorphs under changing reaction conditions. The reaction of Zn(SPh), with 4,4'-bipyridine
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Figure 5. A part of the crystal structure of 6 showing intermolecular C—H--"N non-covalent contacts (red dashed lines)
and intermolecular stacking interactions (green dashed lines). Polymeric moieties are drawn as “tubes”. Symmetrically
dependent parts of binuclear complexes and the alkyl chains on O atoms have been omitted for clarity.

yielded either polymeric or binuclear complexes depending on the nature of solvents, reaction
time, and method of preparation (diffusion or evaporation techniques) [29]. The effect of pH
was previously documented in the reaction system of a Cu(Il) salt, 4,4"-bipyridine and benzoic
acid [30]. By changing the pH (5.5, 6.0, 7.5, and 8.0), the reaction system provided mononu-
clear, binuclear, 1D chain, and 2D layer complexes, respectively. However, the crystal structure
of 6 seems to be the first in which a polymer and a binuclear complex containing 4,4'-bipyri-
dine crystallize together in one crystal.

The 1D chain and the binuclear complex are linked via the C—H: N intermolecular contacts
(table S1), in which the N belongs to the binuclear complex and H to the 4,4’-bipyridine of a
1D chain (figure 5). Stacking dimers based on partially overlapped pyridine rings were
observed between the monodentate 4,4’-bipyridine ligands of the binuclear complexes (table 3).

4. Conclusion

We have prepared six new manganese(Il) complexes involving xanthates and N-donor
ligands. Complexes were characterized by elemental analysis, FTIR spectroscopy, TG/DSC
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analysis, and single-crystal X-ray diffraction. Compound 6 contains a 1D, linear chain coor-
dination polymer extending along the crystallographic b-direction of the monoclinic cell,
while the other complexes are composed of monomeric molecules and are similar to the
published structures with other alkyl chains on the xanthate ligand. Coordination geome-
tries, bond lengths and bond angles in the complexes correspond to the literature data. The
crystal packing of complexes is formed via stacking interactions (1, 3, and 6) and C-H---S
(1, 3, and 5) and C—H---N (6) non-covalent contacts. In the extended structure, the mole-
cules are linked by stacking interactions, which occur between the 1,10-phenanthroline or
4,4'-bipyridine ligands. The linkage by C-H---X (X =S or N) non-covalent contacts occurs
between the aromatic hydrogens of 1,10-phenanthroline, 2,2'-bipyridine or 4,4’-bipyridine
and sulfur of xanthate ligands or nitrogens of 4,4'-bipyridine.

Supplementary material

Details of selected intermolecular non-covalent contacts and alternative positions for disor-
dered parts of compound 6 can be found in the Supplementary Material. X-ray crystallo-
graphic files in CIF format have been deposited with the Cambridge Crystallographic Data
Centre, CCDC Nos. 928098-928103. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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