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Abstract Three new mixed ligand complexes [Mn(4-
pytone),(bipy)bipy (1), [Mn(pot)(en),] (2) and [Mn(4-mot),-
(en);] (3) (4-pytone = 5-(4-pyridyl)-1,3,4-oxadiazole-2-thione,
pot = 5-phenyl-1,3,4-oxadiazole-2-thione, 4-mot = 5-(4-
methoxy-phenyl)- 1,3,4-oxadiazole-2-thione) have been pre-
pared containing bipy/en as coligands. The starting material
potassium N-(aryl-carbonyl)-hydrazinecarbodithioates (RCO
NHNHCSSK) underwent cyclization during complexation in
the presence of bipy or en to give the corresponding 5-aryl-
1,3,4-oxadiazole-2-thiones. The complexes have been char-
acterized by physicochemical techniques and single crystal
X-ray structure determination. In all cases, the manganese has
a six coordinate octahedral arrangement coordinated by 4N
atoms of two bipy/en and two covalently bonded N atoms of
the oxadiazole-2-thione anions.

Introduction

Manganese is an essential trace element, forming the active
site of a number of metalloproteins. In metalloproteins,
manganese can exist in any of five oxidation states or in
mixed valence states. The most important natural role of
manganese is in the oxidation of water in green plant

Electronic supplementary material The online version of this
article (doi:10.1007/s11243-010-9332-7) contains supplementary
material, which is available to authorized users.

N. K. Singh (B<)) - M. K. Bharty - S. K. Kushawaha - R. Dulare
Department of Chemistry, Banaras Hindu University,

Varanasi 221005, India

e-mail: singhnk_bhu@yahoo.com

R. J. Butcher
Department of Chemistry, Howard University,
525 College Street NW, Washington, DC 20059, USA

photosynthesis, where its presence in photosystem II is
essential [1, 2]. Our current interest in the metal complexes
of 1,3,4-oxadiazoles arises from their numerous biological
applications such as anti-tuberculostatic, anti-inflamatory,
analgesic, antipyretic, and anticonvulsant agents [3, 4].
Earlier, we reported on the Cu(Il) and Ni(Il) mixed ligand
complexes of 5-(4-pyridyl)-1,3,4-oxadiazole-2-thione/thiol
and 5-(3-pyridyl)-1,3,4-oxadiazole-2-thione/thiol [5, 6].
Although some work has been reported on the binary
complexes of 5-phenyl-1,3,4-oxadiazole-2-thione [7, 8], 5-
(4-pyridyl)-1,3,4-oxadiazole-2-thione [9-13], and 5-(2-
pyridyl)-1,3,4-oxadiazole-2-thione [14], scanty information
is available on the mixed ligand complexes of these ligands.
1,3,4-Oxadiazole-2-thiones are biologically active com-
pounds and information about their 3-dimensional struc-
tures may be of interest for rational drug design. Since
1,3,4-oxadiazole-2-thiones can exist in both thione and thiol
forms in solution [15, 16], it is of interest to investigate
the bonding modes in their complexes. Aromatic—aromatic
(m—m) interactions are important non-covalent intermolec-
ular forces similar to hydrogen bonding in contributing
toward self assembly or molecular recognition processes.
Due to the presence of aromatic rings in the ligands under
investigation, such n—n stacking is envisaged in the present
system [17-19]. In view of this, we have prepared and
characterized the Mn(II) complexes of 5-(4-pyridyl)-1,3,
4-oxadiazole-2-thione, 5-phenyl-1,3,4-oxadiazole-2-thione,
and 5-(4-methoxy-phenyl)-1,3,4-oxadiazole-2-thione in the
presence of ethylenediamine or bipyridyl coligands.

Experimental

Commercial reagents were used without further purification,
and all experiments were carried out in open atmosphere.
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Isonicotinic acid hydrazide (Sigma Aldrich), CS, (S D Fine
Chemicals, India), and KOH (Qualigens) were used as
received. All the solvents were purchased from Merck and
used after purification. Carbon, hydrogen, and nitrogen
contents were estimated on a Carlo Erba 1108 model mic-
roanalyzer. Magnetic susceptibility measurements were
undertaken at room temperature on a Cahn Faraday balance
using Hg[Co(NCS)4] as the calibrant. Electronic spectra
were recorded on a Shimadzu 1700 UV-Vis spectropho-
tometer as Nujol mulls [20]. IR spectra were recorded in the
4000-400 cm ™" region as KBr pellets on a Varian Excalibur
3100-FT IR spectrophotometer. 'H and '>*C NMR spectra
were recorded in dg-DMSO on a JEOL AL 300 FT NMR
spectrometer using TMS as internal reference.

Synthesis of K*(H,L)~

Potassium N-(pyridine-4-carbonyl) hydrazine carbodithio-
ate and potassium N'-(4-methoxybenzoyl)]-hydrazine car-
bodithioate [K*(H,L)”] were prepared by adding CS,
(1.5 mL, 25 mmol) dropwise to a suspension of isonicoti-
nic acid hydrazide (2.7 g, 20 mmol or 4-methoxy benzoic
acid hydrazide (3.32 g, 20 mmol) in methanol (30 mL) in
the presence of potassium hydroxide (1.2 g, 20 mmol). The
reaction mixtures were stirred continuously for 30 min, and
the solids that separated were filtered off, washed with
EtOH, and dried. Yield: 90%. Mp 305 °C. Anal. Found: C,
33.4; H, 2.4; N, 16.8; S, 25.5%. Calc. for C;H¢gN;0S,K
(251.36): C, 33.5; H, 2.4; N, 16.7; S, 25.5%. '"H NMR
(300 MHz, DMSO-dg): 6 = 10.60 (s, 2H, NH), 8.65,7.85
(m,4H, pyridine ring). *C NMR (DMSO-dg, TMS): o
201.05(>C=S), 163.90(>C=0), 131.77(C3), 150.56(C6),
140.27 (C5), 121.01(C4), 118.63(C7). IR (KBr, cm™'):

R= CgH N, N-N = bipy (1)
R= CGH4 (OCH3 ), N-N =en (3)

v(NH) 3,289 m, 3,182 m; v(C=0) 1,676 s; v(N-N) 1,062 s;
v(C=S) 993 s; pyridine ring 667.

Yield: 85%. Mp 245 °C. Anal. Found: C, 38.6; H, 3.1; N,
10.0; S, 22.9%. Calc. for CoHyO,N,S,K (280.40): C, 38.6;
H,3.2;N, 10.1; S, 22.6%. "H NMR (300 MHz, DMSO-dy):
0 = 3.80 (s, 3H, OCHs;), 7.0-7.7(d, 4H, C6H5), 9.65(m, 2H,
NH). 13C NMR (DMSO-dg, TMS): d 178.90 (C=S), 160.38
(C=0), 117.87 (C1), 113.67 (C2), 126.64 (C3), 128.95 (C4),
55.28 (OCH3). IR (KBr, cm™!): v(NH) 3,246 m, 3,169 m;
v(C=0)1,637 s; v(N-N) 1,000 m; v(C=S) 886.

Synthesis of 5-phenyl-1,3,4-oxadiazole-2-thione (Hpot)

The 5-phenyl-1,3,4-oxadiazole-2-thione (Hpot) was syn-
thesized by the method described earlier [21].

Synthesis of [Mn(bipy),(4-pytone),]-bipy (1)

A solution of N-(pyridine-4-carbonyl)-hydrazine carbodi-
thioate [(KT(H,L)"] (0.50 g, 2 mmol) in water (10 mL)
was added to an aqueous solution (10 mL) of Mn(OAc),-
4H,0 (0.25 g, 1 mmol). This mixture was stirred for 1 h at
room temperature. The resulting precipitate was filtered
off, washed thoroughly with EtOH, and air dried. This was
suspended in MeOH to which 2-2’ bipyridyl (0.80 g,
4 mmol) was added and stirred for 2 h at room temperature
(Scheme 1). The resulting clear yellow solution was fil-
tered and kept for crystallization. Yellow crystals of 1
suitable for X-ray analysis were obtained by the slow
evaporation of the above-mentioned methanolic solution
over a period of 12 days.

Yield: 55%. Mp 220 °C. Anal. Found: C, 60.0; H, 3.6;
N, 19.1; S, 7.3; Mn, 6.2%. Calc. for C44H3,MnN,0,S,: C,

[K*(HaL)]

l Mn(OAc)»4H,0

en/ bpy
~«— Yellow ppt

Scheme 1 Preparation of [Mn(bipy),(4-pytone),]-bipy (1) and [Mn(4-mot),(en),] (3)
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59.9; H, 3.7; N, 19.1; S, 7.3; Mn, 6.3. IR (KBr, cm™}):
W(C=N) 1,612; »(C-0-C) 1,280w; v(N=N) 1,060; v(C=S)
945 m; v(Mn-N) 489 w, ug = 5.85 BM.

Synthesis of [Mn(pot),(en),] (2) and [Mn(4-mot),(en),] (3)

The reactions of Mn(OAc),-4H,0O with Hpot and potassium
N'-(4-methoxy-benzoyl)-dithiocarbazate in a 1:2 M ratio in
methanol gave yellow precipitates which were filtered off,
washed with ethanol-water mixture (50:50), and dried. A
methanol (5 mL) solution of ethylenediamine (0.30 mL,
4 mmol) was added to a methanol suspension (20 mL) of
each of the above-mentioned compounds (1 mmol), and
after shaking for a few minutes, the resulting clear yellow
solution was filtered and kept for crystallization. Yellow
crystals of 2 and 3 suitable for X-ray analyses were
obtained by the slow evaporation of the above-mentioned
solutions over a period of 7-10 days. Yield: 52%. Mp
225 °C. Anal. Found: C,45.3; H,4.9; N, 21.1; S, 12.1; Mn,
10.4%. Calc. for C,oH,,MnNgO,S, (2): C, 45.3; H, 4.9; N,
21.2;S,12.1; Mn, 10.3. IR data (KBr, cm_l); v(NH) 3,256 m
(en), v(C=N) 1,598; v (C-O-C) 1,280w; v(N-N)1,095;
v(C=S) 1,130 m; v(Mn-N) 530 w, ug = 5.90 BM.

Yield: 55%. Mp 195 °C. Anal. Found: C, 44.8; H, 5.1;
N, 19.0; S, 10.9; Mn, 9.3%. Calc. for C,,H30MnNgO4S,
3): C, 44.8; H, 5.1; N, 19.0; S, 10.9; Mn, 9.3. m.p.:
195 °C. IR data (KBr, cm_l); v(NH) 3,234 m (en), v(C=N)
1,608; v(C-0-C) 1,260w; v(N-N)1,072; v(C=S) 977 m;
v(Mn-N) 471 w, ug = 5.85 BM.

Crystal structure determination and refinement

Crystals suitable for X-ray analyses of the complexes 1, 2,
and 3 were grown at room temperature. Data for the
structure of 1 were obtained at 173(2) K, on a Nonius
Kappa CCD diffractometer using the COLLECT program
[22]. Cell refinement and data reductions used the pro-
grams DENZO and SCALEPACK [23] and SIR 97 [24]
was used to solve the structure of complex 1. The data for
complexes 2 and 3 were recorded at 296(2) and 295(2) on
an Oxford Diffraction Gemini diffractometer [25] equipped
with CrysAlis Pro. A graphite monochromated Mo Ku
(4 =0.71073 1&) radiation source was used for all the
complexes. The structures were solved by direct methods
and refined (SHELX-08) against all data by full matrix
least-square on F> using anisotropic displacement param-
eters for all non-hydrogen atoms. All hydrogen atoms were
included in the refinement at geometrically ideal positions
and refined with a riding model [26]. The MERCURY
package was used for molecular graphics [27]. Molecular

structure diagrams were generated by the use of the OR-
TEP-3 for windows program [28].

Results and discussion

As a part of our studies on metal complexes of 1,3,4-
oxadiazole-2-thione [3, 6], we report herein the prepara-
tion, spectroscopic and X-ray studies of three new mixed
ligand complexes of Mn(II) with 5-aryl-1,3,4-oxadiazole-
2-thiones. Compounds 1, 2, and 3 were obtained by shak-
ing [Mn(H,L),] or [Mn(pot),] with a methanol solution of
ethylenediamine or bipy taken in 1:4 M ratio. Scheme 1
depicts the synthesis of these complexes. The complexes
are stable toward air and moisture for several days. The
compounds 1, 2, and 3 are insoluble in ethanol and chlo-
roform but are soluble in MeOH and DMF, and melt at
220, 225, and 195 °C respectively.

The complexes were fully characterized by magnetic
susceptibility measurements, IR, UV-Vis, and X-ray
spectroscopies. The analytical data for the complexes (see
experimental section) corroborated well with their respec-
tive formulations.

The IR spectrum of complex 1 shows no band due to
v(NH) indicating loss of both hydrazinic protons upon
complexation. The appearance of two new bands for
v(Mn-N) at 515 and 587 cm™' suggests the bonding of
Mn(I) with bpy and one hydrazinic nitrogen after loss of
proton(s). In complex 1, v(C=S) shows a very small negative
shift when compared to 4-pytone showing that the exocyclic
sulfur is not participating in bonding. The IR spectra of
complexes 2 and 3 show bands in the region of 3,256—
3,234 cm™! due to the N-H stretching vibrations of en
which are shifted to lower frequencies than those encoun-
tered in free en [29]. A negative shift in v(NH) and
appearance of two new bands near 530 cm ™' due to v(Mn—
N) suggest the formation of a chelate with en and bonding of
the oxadiazole nitrogen with Mn(II). Both complexes 2 and
3 show a very small negative shift in v(C=S), showing that
the exocyclic sulfur is not participating in bonding; rather,
this small shift can be attributed to the involvement of sulfur
in hydrogen bonding with the NH, hydrogens of ethylene-
diamine. The IR data are thus consistent with the presence of
an 1,3,4-oxadiazole moiety in compounds 1, 2, and 3 [30].

The magnetic moment values of 5.85-5.90 B.M. for the
three complexes suggest the presence of high-spin Mn(II)
with five unpaired electrons. The electronic spectrum of 1
shows a band at 648 nm that may be assigned to the °A; e ™
4Tlg transition in an octahedral geometry. The presence of a
band around 540-514 mm assigned to the °A;g — “Tg
transition suggests a high-spin octahedral geometry for
complexes 2 and 3 [31].
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Description of structures 1, 2 and 3

The molecular structures of 1, 2, and 3 were determined by
single crystal X-ray diffraction. The details of data col-
lection, structure solution, and refinement are listed in
Table 1. ORTEP diagrams of complexes 1, 2, and 3 with
atom numbering schemes are shown in Figs. 1, 3, and 4,
respectively. Selected bond lengths and angles are given in
Tables 2, 3, and 4. The single crystal X-ray diffraction
studies indicate that the ligands adopt the thione form in
complexes 1, 2, and 3 (Figs. 1, 3, and 4).

The X-ray structure of complex 1 shows that the coor-
dination environment of manganese is fulfilled by two
(4-pytone)” anions and two bidentate N, N'-bipy. The two
bipy ligands bond to manganese via Mnl-N1, Mn1-N2,

Mnl-N3, and Mn-N4 at the distances of 2.255(4),
2.320(4), 2.289(3), and 2.262(4) 1&, respectively (Table 2).
The resulting complex has a distorted octahedral geometry.
Weak intermolecular C-H---N interactions between the
oxadiazole nitrogen and CH hydrogen atoms of coordi-
nated bpy stabilize the structure of compound 1 (Fig. 2).
The nitrogens of uncoordinated bipy present in the struc-
ture are associated through intermolecular hydrogen
bonding with the CH hydrogen of the 4-pytone ligand. The
geometry and bonding parameters within the bpy molecule
agree with those of other bpy complexes [32, 33]. In
addition, complex 1 is stabilized by weak 7---7 interactions
occurring between pyridine (Cgpy,) and 1,3,4-oxadiazole
(Cgoxa) rings from a nearby molecule with a distance of
3.701 A (Fig. 2).

Table 1 Crystallographic data and structure refinement for complexes 1, 2 and 3

Compound 1 2 3

Empirical formula C44H3,MnN 5,0, S, C,oH>6MnNgO-S, Cy,H3oMnNgO,4S,

Formula weight 879.88 529.55 589.60

T (K) 173(2) 296(2) 295(2)

A (Mo Ka) (A) 0.71073 0.71073 0.71073

Crystal system Triclinic Monoclinic Triclinic

Space group P—-1 P12l/m1 P—-1

a (A) 10.3322(5) 10.9166(5) 8.1852(13)

b (A) 13.2907(8) 10.2105(4) 13.404(3)

¢ (A) 16.3419(9) 11.9776(4) 13.954(4)

o (°) 89.349(3) 90 111.63(2)

p(©) 74.229(3) 114.052(5) 106.56(19)

y (°) 89.349(3) 90 92.842(16)

V (A% 2023.8(2) 1219.15(8) 1343.5(5)

z 2 2 2

Dealc/(Mg/m) 1.444 1.443 1.458

u (mm™") 0.485 0.747 0.691

F(000) 906 550 614

Crystal size (mm®) 0.12 x 0.12 x 0.07 0.41 x 0.35 x 0.26 0.55 x 045 x 0.18

0 range for data collections, (°) 2.60-25.03 4.71-32.43 4.54-32.59

Index ranges —-12<h<12 —14<h<15 —-12<h<12
—15<k<15 —15<k=<13 —20<k <20
—-19<1<19 —-17<1<9 -20<1<20

No of reflections collected 20,440 9,803 40,571

No of independent reflections 7,143 3,988 9,092

No of parameters 643 152 337

Goodness-of-fit on F? 1.029 1.019 1.042

1 WRS [ > 20(D)]
4 wRS (all data)

Largest difference in peak and hole (e A~

0.0688, 0.1659
0.1031, 0.1893
0.848, —0.850

0.0472, 0.1327
0.0811, 0.1563
0.960, —0.539

0.0556, 0.1570
0.1017, 0.2029
1.389, —0.682

“Ri = Z||Fo| — |Fel|Z|F,| s
"Ry = [Zw(|F2| = IF21)? /2w |2
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Fig. 1 ORTEP plot of [Mn(4-pytone),(bipy),]-bipy showing atomic
numbering scheme with ellipsoids of 30% probability. (Hydrogen
atoms and additional bipy are omitted for clarity)

Fig. 2 7= stacking between
pyridine and oxadiazole ring
centroids in complex 1. (One
pyridine ring from each unit of
the ligand omitted for clarity)

Fig. 3 ORTEP plot of
[Mn(pot),(en),] showing atomic
numbering scheme with
ellipsoids of 30% probability.
(Hydrogen atoms omitted for
clarity)

The molecular structure of 2 shows that in the centro-
symmetric unit of [Mn(en),(pot),] the metal ion is six
coordinate, bonding through four nitrogens of en and two
oxadiazole nitrogens. The complex consists of two ethy-
lenediamine ligands that chelate manganese in the equa-
torial positions and two 1,3,4-oxadiazole-2-thione ligands
in the apical positions, in a trans manner. The Mn—-N dis-
tances are in the range of 2.094-2.1170 A (Table 3) which
is normal for Mn—N amine coordination. The bite angle for
the MnC,;N, five membered rings is 82.42°(9), indicating a
minor distortion from octahedral geometry in the molecule.
The manganese in Dy, symmetry is bonded to four nitrogen
atoms of two en ligands that offer interesting hydrogen
bonding potential. The elements of the structure are linked
together in the crystal packing via intramolecular N-H---N
interactions between the oxadiazole nitrogen atoms and
NH, hydrogen atoms of the en. The N-H---S intramolecular
interactions occur between the thione sulfur of oxadiazole
and NH, hydrogen atoms of en. The arrangement of the
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Table 2 Selected molecular dimensions (10% and °) in [Mn(4-pytone),-
(bpy)2]-bpy

Bond lengths

Mn1-N7 2.195(4) N1-Cl 1.343(6)
Mn1-N5 2.239(4) N1-C5 1.350(6)
Mnl1-NI1 2.255(4) N7-C8 1.396(5)
Mn1-N4 2.262(4) N8-C31 1.293(6)
Mn1-N3 2.289(3) 01-C23 1.363(5)
Mnl1-N2 2.3204) 01-C21 1.386(6)
S1-C21 1.676(4) N5-C6 1.406(5)
S2-C30 1.661(5) N6-C23 1.282(6)
Bond angles
N7-Mn1-N5 92.08(15) C23-N6-N5 106.0(4)
N7-Mnl1-N1 90.48(14) C30-N7-N8 108.7(3)
N5-Mn1-N1 100.05(14) C30-N7-Mnl 131.1(3)
N7-Mnl1-N4 102.91(13) N8-N7-Mnl 119.0(3)
N5-Mn1-N4 89.06(15) N5-Mn1-N2 167.56(13)
N1-Mnl1-N4 163.58(14) N1-Mn1-N2 71.72(15)
N7-Mn1-N3 174.78(13) N4-Mn1-N2 96.86(14)
N5-Mn1-N3 89.57(14) N3-Mn1-N2 81.91(14)
N1-Mn1-N3 94.11(13) 01-C21-S1 120.7(3)
N4-Mn1-N3 72.15(12) N6-C23-01 113.1(4)
N7-Mn1-N2 97.21(15) N7-C30-S2 131.0(3)

Table 3 Selected molecular dimensions (1& and °) in [Mn(pot),(en);]

Manganese coordination sphere

Mn-N(1A) #1  2.094(2) N(1A) #1-Mn-N(1A) 180.0
Mn-N(2A) #1  2.098(2) N(1A) #1-Mn-N(2A) 97.58(9)
Mn-N(1) #1  2.1170(18) N(1A) #1-Mn-N(2A) #1  82.42(9)
N(1A) #1-Mn-N(1) 90.54(7)
N(1A)-Mn-N(1) 89.46(7)
Ethylenediamine
N(1A)-C(1A)  1.473(4) N(2A) #1-Mn-N(1) 89.62(8)
NQA)-C(2A) 1.467(3) N(1A)-Mn-N(1) #1 90.54(7)
C(1A)-C(2A)  1.502(4) N(2)-Mn-N(1) #1 89.62(8)
N(2A) #1-Mn-N(1) #1 90.38(8)
Oxadiazole ring
S-C(1) 1.681(3) C(2)-0-C(1) 104.97(17)
0-C(2) 1.3493)  C(1)-N(1)-N(2) 108.56(17)
0-C(1) 1.380(3) C(1)-N(1)-Mn 132.24(17)
N(1)-C(1) 1.3193) N(2)-N(1)-Mn 119.10(15)
N(1)-N(2) 1.3993) N(1)-C(1)-O 108.3(2)

#l—x+ 1, —y+1,—z+1

monomeric [Mn(en),(pot),] unit in a three dimensional
architecture along the a axis provides a supramolecular
network (see supplementary material F-1). The hydrogen
bonding parameters are listed in Table 5. The geometry
and bonding parameters within the en molecule agree with
those of other en complexes [34, 35].
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The single crystal X-ray diffraction studies of complex 3
indicate that the ligand (4-mot ™) adopts the thione form with
two independent complexes in the asymmetric unit; in each
unit, the Mn atom is on a center of inversion. The two 4-mot™
ligands are covalently bonded to manganese in a distorted
octahedral geometry (Fig. 4) having axial bond angles of
90.60(10) and 89.56(8)° but equatorial bond angles of
82.73(11) and 82.99(11), respectively, in units containing
Mn(1) and Mn(2). The 4-mot anions occupy the trans posi-
tions, bonded through oxadiazole nitrogens at the distances
of 2.108 A Mn(1) and 2.158 A Mn(2), respectively. The four
equatorial sites in complex 3 are occupied by the two
bidentate N,N’-ethylenediamine coligands. The bond length
for Mn(1)-N(1A) (Noxa) is shorter than the corresponding
bond length in Mn(2), showing stronger bonds in Mn(1)
when compared to Mn(2). The two Mn—N(en) distances in
both the units are different. The Mn(1)-N(12A) bond length
is longer than Mn(2)-Mn-N(12B), while Mn(1)-N(11A) is
shorter than Mn(2)-N(11B). Due to stronger Mn(1)-N(1A)
(Noxa) bonding, the C(1A)-S(1A) bond is longer in unit 1
when compared to unit 2. The binding of manganese with en
involves the formation of two five membered chelate rings
with bite angles of 82.73(11)° and 82.99(11)° in Mn(1) and
Mn (2), respectively, again showing a slight distortion from
ideal octahedral geometry. The two 4-methoxy-phenyl rings
growing in apposite directions in the Mn(2) unit are almost
parallel (/BCA = 90.76 A) having centroid to centroid
(Cg---Cg) separation of 3.619 A but displaced with respect to
each other by 0.175 A with a displacement angle of 20.94°,
which is well within the reported values for 7---7 interactions
(Fig. 5) [36]. Weak intermolecular N-H---N interactions
between the oxadiazole nitrogen and NH, hydrogen atoms of
en ligands and N-H---S interactions (Table 6) between thione
sulfur of oxadiazole and CH, and NH, hydrogens of en
stabilize the crystal structure of compound 3 (supplementary
material F-2).

Conclusion

This paper reports on the syntheses and crystal structures of
three new manganese complexes of 5-(4-pyridyl)-1,3.4-
oxadiazole-2-thione, 5-phenyl-1,3,4-oxadiazole-2-thione, and
5-(4-methoxy-phenyl)-1,3,4-oxadiazole-2-thione  containing
ethylenediamine or bipy as the coligand. In [Mn(4-pytone),
(bipy)2]bipy (1), [Mn(pot),(en),] (2), and [Mn(4-mot),(en).]
(3), the metal has a six coordinate octahedral arrangement
involving 4N atoms of two bipy or en ligands and two
covalently bonded N atoms of oxadiazole-2-thione anions.
The crystal structures of the complexes are stabilized by
intermolecular and intramolecular hydrogen bonding. In
addition, complex 3 is stabilized by m—m interactions
between two 4-methoxy-phenyl rings from adjacent layers.
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Table 4 Seleocted molecular Manganese coordination sphere

dimensions (A and °)

in [Mn(4-mot),(en),] Mn(1) Mn(2)
Mn(1)-N(1A) 2.108(2) Mn(2)-N(1B) 2.158(3)
N(11A)-Mn(1)-N(1A) 89.26(10) N(11B)-Mn(2)-N(1B) #2 89.56(12)
N(1A)-Mn(1)-N(12A) 90.60(10) N(11B)-Mn(2)-N(1B) 90.44(12)
N(1A) #1-Mn(1)-N(12A) 89.40(10) N(1B) #2-Mn(2)-N(12B) 92.37(11)

Ethylenediamine
Mn(1)-N(11A) 2.092(3) Mn(2)-N(11B) 2.106(3)
Mn(1) N(12A) 2.144(3) Mn(2) N(12B) 2.091(3)
N(11A)-Mn(1)-N(12A) 82.73(11) N(11B)-Mn(2)-N(12B) 82.99(11)
N(11A) #1-Mn(1)-N(12A) #1 82.72(11) N(11B) #1-Mn(2)-N(12B) 97.01(11)
N(11A)-Mn(1)-N(12A) #1 97.27(11) N(11B)-Mn(2)-N(12B) #1 97.01(11)
Oxadiazole ring

S(1A)-C(1A) 1.703(3) S(1B)-C(1B) 1.685(3)
O(1A)-C(1A) 1.384(3) O(1B)-C(1B) 1.389(4)
N(1A)-N(2A) 1.414(3) N(1B)-N(2B) 1.400(4)
N(1A)-C(1A)-S(1A) 131.6(2) N(1B)-C(1B)-S(1B) 129.9(3)
O(1A)-C(1A)-S(1A) 119.7(19) O(1B)-C(1B)-S(1B) 120.5(19)

#l—x =y 41, —z + 1 N(2A)-C(2A)-O(1A) 112.8(2) N(2B)-C(2B)-O(1B) 112.6(3)

H-x—-1,-y+2,—z+1

Fig. 4 ORTEP plot of [Mn(4-
mot), (en),] showing atomic

numbering scheme with coai
ellipsoids of 30% probability. {"‘ ) C7aj
(Hydrogen atoms omitted for .
clarity) P
U
O2ai

Table 5 Hydrogen bond parameters [/3. and °] in [Mn(pot),(en),] [A
and °]

D-H--A d(D-H) d(H--A) d(D--A) <(DHA)
N(1A)-H(1AC)---S #1 0.90 2.77 3.524(2) 141.6
N(1A)-H(1AD)--N(2) 0.90 2.63 3.204(3) 1226
N(2A)-H(2AC)---S 090  2.65 3423(2) 1438
N(2A)-H(2AD)--N(2) #1 090  2.62 3.197(3) 122.9

#l—x+ 1, —y+1,—z+1

Supplementary material

CCDC 748647, 708243, and 748648 contain the supple-
mentary crystallographic data for [Mn(4-pytone),(bpy),]
bpy (1), [Mn(pot)(en),] (2), and [Mn(4-mot)s(en)s] (3),
respectively. These data can be obtained free of charge via
http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from

[
Olai

Claij -
Slalr =
C1

Toable 6 Hydrogen bond parameters [;\ and °] in [Mn(4-mot), (en),]
[A and °]

D-H--A d(D-H) d(H-A) d(D--A) <(DHA)
N(11A-H(11E)--S(1A) #1 090  2.60 3.355(3) 141.8
N(11A-H(11F)--N(2A) 090  2.52 3.113(4) 123.9
N(11A)-H(11F)---S(1B) 090  2.87 3.6103) 140.6
N(12A)-H(12E)--S(1A) 090  2.98 3.706(3) 139.3
N(11B)-H(11G)--S(IB) 090  3.01 3.707(3) 135.9
N(11B)-H(11H)--S(1A) #3 090  2.90 3.534(3) 128.8
N(12B)-H(12G)--S(IB) #2 090  2.67 3.460(3) 147.5
N(12B)-H(12H)--N(2B) 090  2.44 3.008(4) 121.0

#l—x+2, —y+1, —z+1#—-x+1, —y+2, —z+1 #3
—x+1,-y+1-z+1

the Cambridge Crystallographic Data center, 12 Union
Road, Cambridge CB2 IEZ, UK; fax: (+44)1223-336-033;
or e-mail: deposit@ccdc.cam.ac.uk.

@ Springer
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