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Abstract: The coordination chemistry of butane-2,3-dione bis (2'-pyridylhydrazone) towards the
divalent first-row transition metals zinc and iron has been explored. Depending upon the conditions,
the ligand in the six complexes was found to be either neutral, mono, or doubly deprotonated. The
zinc(Il) and iron(Il) complexes were fully characterized by elemental analysis, mass spectrometry,
and X-ray diffraction methods.

Keywords: crystallography; deprotonation; hydrazones; N ligands; single crystal analysis; structure
elucidation; zinc

1. Introduction

A great interest has been devoted towards the coordination chemistry of first-row
transition metal complexes containing organic chelating ligands. Particularly, coordination
complexes play a significant role in numerous biological functions, which has led to
intensive studies in the field of bioinorganic chemistry [1-3]. Coordination compounds are
fundamental in biological systems such as energy storage, oxygen transport, the proper
functioning of different enzymes, electron transfer, and selective oxidation of carbon-
hydrogen bonds, nitrogen fixation, and photosynthesis [4-6]. Over the past two decades,
tremendous efforts have been devoted to the development of various types of supporting
ligands and their metal complexes in order to model and mimic the biological systems.
Iron and zinc have been found in the active sites of metalloenzymes; they catalyze a wide
range of chemical reactions. Specifically, the chemistry of mono and binuclear iron(II) and
zinc(Il) metal complexes has aroused considerable interest in their use as model complexes
as well as their biomedical applications [7-12].

Schiff bases continue to occupy an important position as ligands in metal coordination
chemistry, even after more than a century since their discovery [13-19]. Schiff bases have
played a key role as chelating and widely used ligands in main group and transition
metal coordination chemistry due to their ease of synthesis, stability under a variety of
oxidative and reductive conditions, and the structural versatility associated with their
diverse applications [20-25]. A large number of Schiff bases and their metal complexes
have been studied for their interesting and important properties, for example, their catalytic
activity [26-32], photochromic properties [33], and use as potential antitumor drugs [34-36].

The earliest studies relevant to our work are those by Lions and co-workers, who
reported the formation of cationic complexes from neutral ligands. The cationic com-
plexes could be deprotonated, yielding neutral complexes for metals in oxidation state +II
(Scheme 1) [37]. Working with butane-2,3-dione bis (2’-pyridylhydrazone), the same group
described the synthesis of deprotonated complexes using 5 M sodium hydroxide [38]. Fur-
thermore, Bailey et al. published work on the doubly deprotonated binuclear nickel com-
plexes and their electrochemical characterization [39,40]. In 2017, Naskar et al. reported on
butane-2,3-dione bis (2’-pyridylhydrazone) and hexane-3,4-dione bis (2'-pyridylhydrazone)
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based copper(Il) complexes [41]. Based on the very few earlier reports on the neutral N4
donor ligands and their coordination towards the transition metals, we turned our attention
towards the synthesis of stable butane-2,3-dione bis (2’-pyridylhydrazone) and their coor-
dination with zinc(II) and iron(Il) metal ions in different experimental conditions. Herein,
we provide a detailed description of the synthesis and structural characterization of a series
of zinc(Il) and iron(Il) complexes with the butane-2,3-dione bis (2’-pyridylhydrazone)
ligand that is either in the neutral or (bis)deprotonated form. The characterization of
complexes (1-6) has been carried out on the basis of their analytic and spectroscopic pa-
rameters (see the experimental section).

N N’
N SN MX, /N\I\\/I/ Base /N\I\‘/I/N =
2 | | _ EEE——
2N N Z N//\N/ | 2HX P N//\N/ |
|
N Ny X N Xy
N N

Scheme 1. Synthesis of cationic transition metal complex salts and their transformation into neutral
salts [37].

2. Materials and Methods

Chemicals were purchased from ABCR GmbH (Karlsruhe, Germany), Merck KGaA
(Darmstadt, Germany), or TCI-Europe N.V. (Zwijndrecht, Belgium) and used without
further purification. The ligand butane-2,3-dione bis (2’-pyridylhydrazone) (LHz) [41,42]
and the starting precursor complexes [Fe{N(SiMe3),}>] [43] and [Zn{N(SiMe3),}>] [44]
were prepared according to literature procedures. All of the reactions were performed
under a nitrogen atmosphere. ESI-MS measurements were recorded on a Bruker HCT
ultra mass spectrometer (Bruker Switzerland, Fallanden, Switzerland). Elemental analy-
ses were performed on a Leco CHNS-932 elemental analyzer (Leco Instrumente GmbH,
Monchengladbach, Germany). IR spectra were recorded on a Jasco FT/IR-4200 spec-
trometer type A (JASCO Deutschland GmbH, Pfungstadt, Germany). NMR spectra were
recorded on a Bruker 300, AV2-400, and DRX 500 MHz spectrometer (Bruker Switzerland,
Fallanden, Switzerland). The chemical shifts are relative to residual solvent signals as
reference. The assignment of TH- and 13C-signals was made by 2D-NMR, namely COSY,
HMQC, HMBC, and difference NOESY-spectrometry.

Crystallographic data were collected at 183(2) K with either Mo K radiation (A = 0.7107 A)
or Cu K radiation (A = 1.5418 A). The complexes (2—-6) were measured on an Rigaku Su-
perNova, Dual source (Rigaku Europe SE, Neu-Isenburg, Germany), with an Atlas detector,
while complex 1 was measured on an Rigaku Oxford Diffraction CCD Xcalibur system
with a Ruby detector (Rigaku Europe SE, Neu-Isenburg, Germany). Suitable crystals were
covered with oil (Infineum V8512, formerly known as Paratone N; Infineum, Milton Hill,
UK), placed on a nylon loop that was mounted in a CrystalCap Magnetic™ (Hampton
Research, Aliso Viejo, CA, USA), and immediately transferred to the diffractometer. Data
were corrected for Lorentz and polarization effects as well as for absorption (numerical).
The program suite CrysAlis"™ was used for data collection, multi-scan absorption correc-
tion, and data reduction [45]. Structures were solved with direct methods using SIR97 [46]
and were refined by full-matrix least-squares methods on F? with SHELXL-2018 [47]. The
structures were checked for higher symmetry with the help of the program Platon [48]. The
graphical output was produced with the help of the program Mercury [49]. Further crystallo-
graphic information can be found in the Supplementary Materials (Table S1). CCDC entries
1017003-1017008 contain the supplementary crystallographic data for this paper. These
data can be obtained free of charge via http:/ /www.ccdc.cam.ac.uk/conts/retrieving. html
(accessed on 16 August 2021).
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2.1. Synthesis of Neutral Zinc(II) Complexes

General Procedure

[Zn(LH;)Cl;] (1): A hot methanolic (20 mL) solution of LH; (185 mg, 0.689 mmol)
was added to a hot methanolic solution of zinc(II) chloride (110 mg, 0.807 mmol) in a 50-mL
round bottom flask under nitrogen atmosphere. The above reaction mixture was allowed to
reflux for 2 h, and the reaction progress was monitored through thin layer chromatography.
During the reaction, an orange-red solid was precipitated. The solid that formed was
filtered off, washed with cold methanol, and dried in vacuo. Single crystals suitable for X-
ray diffraction analysis were grown from a mixture of an acetonitrile-water solution at room
temperature. Yield (0.253 g, 90%), elemental analysis calcd (%) for C14H19Cl,NgO15Zn
(1-(H20)1.5): C 38.96, H 4.44, N 19.47; found: C 38.73, H 3.62, N 19.75. 'H-NMR (400 MHz,
D,0): 2.36 (s, 6H, CH3), 7.12 (pseudo d, 2H, ] = 8.5 Hz, py-H4), 7.16 (pseudo d, 2H, ] =7 Hz,
py-H2), 7. 92 (pseudo dt, 2H, ] = 9 Hz, ] = 1.5 Hz, PyH3), 8.36 (pseudo d, 2H, ] = 5 Hz, py-H1);
the NH signal could not be identified due to the fast H-D exchange in D,0O. 3C-NMR
(100 MHz, D,0): 13.06 (CH3), 111.82, 118.74, 142.13, 146.45 (pyridine carbons), 152.85
(imine carbon) ppm. (ESI): m/z (%): 331.6 [LH(Zn)]* (100), 369.3 [LH,(Zn)(H)C1]* (57.4). A
similar procedure was used to prepare all the neutral zinc(II) complexes.

[Zn(LH;)(OAc);] (2): Complex 2 was prepared analogously as complex 1 starting
from 0.11 g of LH;. Yield (0.103 g, 50%), elemental analysis calcd (%) for C19HsNgOgZn
(2-MeOH-H,0): C 45.47, H 5.62, N 16.75; found: C 45.81, H 4.58, N 16.80. 'H-NMR
(400 MHz, D,0): 1.9 (6H, s, OAc), 2.35 (6H, s, CH3), 7.10 (pseudo d, 2H, ] = 9 Hz, py-H4),
7.16 (pseudo d, 2H, ] = 6 Hz, py-H2), 7.92 (pseudo dt, 2H, ] = 9 Hz, ] = 3 Hz, pyH3),
8.36 (pseudo d, 2H, ] = 6 Hz, py-H1); the NH signal could not be identified due to the fast
H-D exchange in D,0. *C-NMR (100 MHz, D,0): 13.02 (CH3), 23.46 (OAc) 111.62, 118.52,
141.97, 146.67 (pyridine carbons), 152.87 (imine carbon), 181.93 (acetyl carbon) ppm. (ESI):
m/z (%): 331.1 [LH(Zn)]* (100), 599.1 [(LH)(LH)Zn]* (100).

[Zn(LH2)(N3)2] (3): A 15-mL methanol solution of complex 1 (50 mg, 0.0124 mmol)
and NaNj3 (16 mg, 0.0246 mmol) was mixed in 10 mL of water and stirred at room tempera-
ture overnight. The progress of the reaction was monitored by TLC. After the completion
of the reaction, the reaction mass was filtered, and the corresponding filtrate was slowly
evaporated at room temperature. The greenish yellow crystals of [Zn(L)(N3);] (3) were
isolated (43 mg, 83% yield). Complex 3 was also prepared by the reaction of ligand (LH>)
with ZnCl, /NaNj3 (1:2 ratio), which were mixed with 15 mL of methanol and 5 mL of
water and heated to reflux for 6 hours. The greenish yellow crystals of complex 3 were
isolated with 73% yield. Elemental analysis calcd (%) for C14H17.5N120¢ 75Zn (3-(H20)0.75):
C 38.99, H 4.09, N 38.98; found: C 38.39, H 3.60, N 39.35. IR (cm™): 2898 (w), 2051 (m),
1605 (m), 1475 (m), 1427 (m), 772 (m). 'H-NMR (400 MHz, DMSO-Dg): 2.22 (6H, s,
CH3), 6.80 (pseudo dt, 2H, ] = 6.6 Hz, ] = 1.4 Hz, py-H2), 7.23 (pseudo d, 2H, ] = 8.4 Hz,
py-H4), 7.66 (pseudo dt, 2H, ] = 8.6 Hz, | = 1.68 Hz, py-H3), 8.14 (pseudo d, 2H, ] = 4 Hz,
py-H1), 9.70 (br, 2H, NH); 3C-NMR (100 MHz, DMSO, Me,Si): 10.60 (CH3), 106.8, 115.4,
137.9, 144.9, 147.5, 157.3 (pyridine carbons) ppm. (ESI): m/z (%): 331.1 [LH(Zn)]* (100),
599.1 [(LHy)(LH)Zn]* (100). CAUTION: Owing to their potentially explosive nature, reaction
with azide salts and their complexes should be performed with extreme care.

[Zn(LH2)(OTH),] (4): 100 mg of LH, and 135 mg of Zn(OTf), were dissolved in 10 mL
of acetonitrile. After 24 h, the precipitated solid was isolated by filtration and drying.
Yield (0.168 g, 71%), elemental analysis caled (%) for C16H16FsNgOS2Zn C 30.42, H 2.55,
N 13.30; found: C 30.24, H 2.52, N 13.19. 'H-NMR (400 MHz, D,0): 2.32 (6H, s, CH3),
7.10 (pseudo d, 2H, ] = 8.56 Hz, py-H4), 7.14 (pseudo t,2H,] = 7.12 Hz, ] = 0.88 Hz, py-H2),
7.90 (pseudo dt 2H,] = 8.76 Hz, ] = 1.44 Hz, py-H3), 8.33 (pseudo d, 2H, ] = 4.8 Hz, py-H1); the
NH signal could not be identified due to the fast H-D exchange in D,O. 3C-NMR (100 MHz,
D,0, MeySi): 12.50 (CH3), 111.31, 118.24, 141.65, 145.94 (pyridine carbons), 152.37 (imine
carbon) ppm. (ESI): m/z (%): 331.1 [LH(Zn)]* (100); 367.1 [LH(Zn)(H,O+OH)]* (100), 481.0
[L(Zn)OT(]* (100).
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2.2. Synthesis of Deprotonated Complexes

[Zny(L,)] (5): Zinc(Il) bis(trimethylsilyl)amide (0.144 g, 0.37 mmol) in dry THF (5 mL)
was added to a solution of ligand (LH;) (0.1 g, 0.37 mmol) in dry THF (5 mL). After
being stirred for 24 h at room temperature, the red-pink colored solution was filtered and
crystallization was allowed to occur. Pink colored crystals suitable for single-crystal X-ray
crystallography were obtained by room temperature evaporation. Yield (0.098 g, 80%),
elemental analysis calcd (%) for CogHpgN12Zn, (660.12): C 50.70, H 4.25, N 25.34; found:
C50.39, H 4.31, N 25.01. It was unfortunately not possible to obtain an NMR spectrum
only containing 5 due to its highly hygroscopic nature.

[Fe(LH);]-H,O (6): Ligand (LH;) (0.025 g, 0.0925 mmol) and iron(II) bis (trimethylsilyl)
amide (0.035 g, 0.0929 mmol) were dissolved in 4 mL of dry acetonitrile. The reaction
changed their color into a brownish red, and the reaction was stirred for 24 h at RT. The
reaction mixture was filtered, and the resulting brownish red suspension was washed with
pentane (10 mL). Single crystals of 6 were obtained by slow evaporation of the solvent
from a saturated solution in dry acetonitrile, yield 11 mg (19%, based on iron salt). No
useful NMR data could be obtained. Elemental analysis calcd (%) for CpgHaq 6FeN1205 8
(6-(H20)55): C 48.39, H 6.03, N 24.19; found: C 47.51, H 5.43, N 25.07. (ESI): m/z (%):
323.2 [LH(Fe)]* (100), 590.4 [(LH),Fe]* (100).

3. Results and Discussions
3.1. Synthesis and Characterization

The neutral N4-tetradentate ligand LH; was prepared according to a procedure de-
scribed in the literature [41,42] by employing the condensation reaction of two equivalents
of 2-hydrazinopyridine and one equivalent of 2,3-butanedione. The prepared ligand LH;
was characterized by NMR and ESI-MS. The subsequent reactions between LH; and the
metal salts are shown in Scheme 2.

00 SE e
HNT N z
CH H;C N | H Cl
I\‘/ 3 S

CH; H, e N OAc H ¢ N -
YH NN HN._N / <
Cr U Zn(OAc), 3 MeOH |
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Scheme 2. Synthesis of zinc(II) 1-5 and iron(II) 6 complexes with neutral LH, mono-deprotonated
LH and doubly deprotonated ligand L.

Complexes 1, 2, and 4 were synthesized from an equal molar ratio of ligand LH; and
ZnX; (X = Cl, OAc, and OTY) in the presence of methanol as a solvent. Complex 3 was
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synthesized either from complex 1 or as complex 1 but in the presence of an additional
two equivalents of sodium azide. In all of the reactions, coordination was immediate and
followed by formation of a solid. The solid residue thus obtained was filtered and washed
with cold methanol and diethyl ether. The yields of the complexes were relatively good,
and the details are given in the experimental section. All the new complexes (1-4) were
isolated as colorless to yellow, air stable solids, and are non-hygroscopic in nature. The
synthesized complexes are highly soluble in water and DMSO, and partially soluble in
chloroform. On the other hand, the Zn(II) complex 5 and the mono nuclear Fe(II) complex 6,
both with a deprotonated ligand, were synthesized in the glove box by treating an equal
molar ratio of ligand and the corresponding silyl amide salts in either THF or acetonitrile as
solvent (Scheme 2). The complexation processes were monitored by 'H NMR spectroscopy.
After the completion of the reaction, the solvent was evaporated, and the residue was
washed with dry pentane.

The Zn-Zn dimer and iron(II) complexes are pink and brown colored solids, respec-
tively, that are insoluble in apolar solvents but are highly soluble in chloroform and
acetonitrile, respectively. The synthesized complexes 1-6 were characterized by X-ray
and ESI-MS. Structural studies of complexes 1-4 showed that the ligand acts as a planar
tetradentate chelate ligand coordinating through the imine and the pyridine nitrogen atoms,
while in complex 5, one bisdeprotonated ligand coordinates to two different zinc metal
centers, and in complex 6, each monodeprotonated ligand only coordinates with three
nitrogen atoms to the iron.

3.2. NMR Spectra of the Zinc Complexes 1-4

Zinc complexes 1-4 were fully characterized, and their structures in solution were
investigated in detail via NMR spectroscopy with the aim of understanding the coordina-
tion environment around the metal center. Zinc would be expected to elicit slight 'H shift
differences relative to the frequencies of the free ligands. The 'H-NMR spectrum of the
symmetrical complex 1 in D,O shows five well-resolved signals: (i) four aromatic signals
in the low-field region (between 6.5 and 8.2 ppm, detailed assignment in the experimental
section); (ii) a sharp singlet around 2.30 ppm corresponding to the methyl protons of the
ligand, which is slightly downfield shifted relative to the free ligand (2.22 ppm). Similar
spectral patterns were also observed for the other neutral complexes 2—4 (see also the
Supplementary Materials (Figures S1 and S2)). In the case of the zinc acetate complex 2, an
additional sharp singlet was observed to occur at 1.90 ppm.

3.3. Description of Crystal Structures

As part of the structural characterization, the molecular structures of complexes 1-6
were determined by single crystal x-ray analysis. Transparent crystals of complexes 1-4
suitable for X-ray diffraction analyses were obtained by the slow vapor diffusion of hexane
into the saturated acetonitrile/dichloromethane solutions at ambient temperature [50]. On
the contrary, crystals of the Zn-Zn dimer (5) and the iron(II) complex (6) were grown by
slow evaporation of THF and acetonitrile, respectively, in the glove box. The ellipsoidal
representations with atom numbering are shown in Figures 1-6, and selected bond lengths
and angles are given in the corresponding figure captions. Crystal data and data collection
details of complexes 1-6 are presented in Table S1. Zn(LH;)Cl, (1) crystallized in the
monoclinic space group P2/n. The molecular structure of complex 1 adopts an octahedral
geometry, with the metal center being coordinated by the chelating N4 ligand (two pyridine
and two imine nitrogen atoms) in the equatorial plane and by two axial chloride atoms.
The two-fold axis of the space group bisects the C9-C9%# bond. The equatorial coordination
of the N4 ligand to the zinc center forces the two chloride ligands to be placed trans to
each other with a bond angle of CI(1)-Zn(1)-CI(1)#1 that is 168.81(3)°. This is one of the
few trans bond angles that is off 180° for ZnN,;Cl, complexes [51-53] (see the following
references with examples of 180° Cl-Zn-Cl bond angles: [54,55]). Notably, 29 out of 40 of
the ZnNyCl, complexes in the CSD database [56] actually have a cis arrangement of the
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chlorides (see [57,58]). All of the bond distances and bond angles in the crystal structure
are comparable with similar distances in other structurally characterized six-coordinate
zinc(II) complex-containing terminal chlorides [59,60].

Figure 1. Ellipsoidal representation of [Zn(LH;)Cl,] (1) showing 50% thermal ellipsoids. Selected
bond lengths [A] and angles [°]: Zn1-N1 = 2.1330(18), Zn1-N8 = 2.1352(18), Zn1-Cl1 = 2.4899(6),
N(1)-Zn(1)-N(1)#1 = 137.81(10), C1(1)-Zn(1)-CI(1)#1 = 168.81(3).

Figure 2. Ellipsoidal representation of [Zn(LH;)(OAc);]-H,O (2) showing 50% thermal ellipsoids (the
water molecule was omitted for clarity). Selected bond lengths [A] and angles [°]: Zn1-N1 = 2.176(2),
Zn1-N8 = 2.190(2), Zn1-N13 = 2.205(2), Zn1-N16 = 2.177(2), Zn1-021 = 2.063(2), Zn1-025 = 2.091(2),
N(1)-Zn(1)-N(16) = 143.66(9), O(21)-Zn(1)-O(25) = 178.71(9).
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Figure 3. Ellipsoidal representation of [Zn(LH;)(N3)2] (3) showing 50% thermal ellipsoids. Se-
lected bond lengths [A] and angles [°]: Zn1-N1 =2.219(2), Zn1-N8 = 2.163(2), Zn1-N13 = 2.175(2),
Zn1-N16 = 2.284(2), Zn1-N21 = 2.090(2), Zn1-N24 = 2.100(2), N(1)-Zn(1)-N(16) = 144.01(8),
N(21)-Zn(1)-N(24) = 158.44(10).

Figure 4. Ellipsoidal representation of [Zn(LH;)(OTf);] (4) showing 50% thermal ellipsoids.
Selected bond lengths [A] and angles [°]: Zn(1)-N(1) = 2.0445(15), Zn(1)-N(8) = 2.1052(16),
Zn(1)-O(12) = 2.2535(14), N(1)-Zn(1)-N(1)#1 = 131.48(10), O(12)-Zn(1)-O(12)#1 = 178.26(8).
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Figure 5. Ellipsoidal representation of [Zn;L;,] (5) showing 50% thermal ellipsoids. Selected bond
lengths [A] and angles [°]: Zn(1)-N(1) = 1.967(3), Zn(1)-N(8) = 2.018(3), Zn(1)- - - Zn(1)#1 = 3.0833(10),
N(1)-Zn(1)-N(8) = 81.62(13), N(1)-Zn(1)-N(13)#1 = 115.51(13), N(13)#1-Zn(1)-N(8) = 137.79(12).
#1:0.5—x,y, 1—-z.

v

Figure 6. Ellipsoidal representation of [Fe(LH),]-H,O (6) showing 50% thermal ellipsoids (a water
molecule was omitted for clarity). Selected bond lengths [A] and angles [°]: Fe(1)-N(1) = 1.954(2),
Fe(1)-N(8) = 1.878(2), Fe(1)-N(13) = 1.959(2), Fe(1)-N(21) = 1.956(2), Fe(1)-N(28) = 1.867(2),
Fe(1)-N(33) = 1.968(2), N(1)-Fe(1)-N(13) = 159.51(10), N(21)-Fe(1)-N(33) = 160.18(11).

The ligand LH; has an essentially planar ligand geometry in complexes 1-4. The
following corresponding O-Zn-O bond angles are quite similar for 2 (178.66(10)°) and
4 (178.26(8)°). On the other hand, the N-Zn-N angle in 3 is 158.44(10)°. The azide units are
linear; they coordinate to the zinc metal with Zn-N-N angles of 116.49(15)° and 118.63(16)°,
respectively. This bent-on coordination of inorganic azides to metal centers has been very
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nicely explained by Dori et al. [61]. There has been only one previously reported ZnN4(N3)»
complex with the two azides in trans position that have an N(azide)-Zn-N(azide) angle off
180° [62]. Again, all of the other reported ZnN4(N3), complexes with the two azides in
trans position have a N(azide)-Zn-N(azide) angle of exactly 180° (see, for example, [63]).

Furthermore, the pink-red and dark brown-colored crystals corresponding to 5 and
6 were isolated by the reaction of the ligand with [Zn{N(SiMe3),}>] and [Fe{N(SiMe3),}2],
respectively, in the presence of dry THF solvent. The crystals (5, 6) that were formed
are thermally stable and can be crystallized after workup from pentane and evapora-
tion at room temperature. Complex 5 crystallizes in the monoclinic space group 12/a
(Figure 5), and the representation of the asymmetric unit of complex 5 is given in the
Supplementary Materials (Figure S3). Examination of the solid-state structure reveals
it to be a neutral complex in which each zinc atom in this molecule is four-fold coordi-
nated and is surrounded by two imine and two pyridine nitrogen donors. The double
deprotonation from either side of NH generates the dearomatized Zn-Zn dimer, and the
dearomatized structure is clearly indicated by the considerably shorter C2—N7 bond
(1.339(5)-1.350(6) A) compared to the analogue bond distances in the neutral zinc(II) com-
plexes (1-4) (1.377(3)-1.390(4) A) (see Figure 7). The distance between the Zn- - - Zn centers
(3.0857(10) A) is a very comparable range to that found in other dimeric zinc(II) complexes
with tetrahedral arrangements [64,65].

[VaVaVaVal [VaVaVaVal
/KT/Zn /KT/Zn/{e
N7, N N7. N
e \C = N

Figure 7. Comparison of the bonding in complexes 1-4 (left) and 5/6 (right).

In the iron(Il) crystal structure, the ligand underwent NH deprotonation on one side
followed by the iron coordination with three nitrogen atoms (two imine nitrogen and one
pyridine nitrogen atom). The coordination sphere of the iron center is completed with a
second equally monodeprotonated ligand (Figure 7).

In complex 1, the one crystallographically independent N-H forms a weak hydrogen
bond to a neighboring chloride anion: N7-H7 CI1(1—x,—y,2—2z), 3.232(2) A.In complex 2,
the two N-H moieties form hydrogen bonds to a neighboring acetate and water molecule,
respectively: N7-H7 O23(x,—1/2+y,1/2—2z), 2.771(3) A and N14-H14 031(1 —x,—y,1-z),
2.814(4) A. In complex 3, the two N-H moieties form hydrogen bonds to neighboring
azide moieties: N7-H7 N24(1—x,2—y,2—z), 2.974(3) A and N14-H14 N21, 2.906(3) A. In
complex 4, the one crystallographically independent N-H moiety forms a hydrogen bond to
a neighboring triflate anion: N7-H7 O13(—1/2+x,1/2—y,—1/2+z), 2.844(2) A. In complex 6,
the one N-H moiety forms a hydrogen bond to a water molecule: N14-H14 041, 2.837(5) A.
This water molecule in turn forms two hydrogen bonds to two neighboring deprotonated
nitrogen atoms (N27 and N28): O41-H41A N27(1—x,—y,1—2z), 2.829(4) and O41-H41B N27,
2.866(4) A.

4. Conclusions

In conclusion, we have reported a new series of neutral, mono, and doubly deproto-
nated zinc(II) and iron(Il) complexes containing N4 ligand LH,, (n: 0-2). The synthesized
complexes (1-6) have been carefully studied by extensive spectroscopic and structural
characterization. Single crystal X-ray diffraction method revealed that an N4 neutral ligand
was coordinated to iron(I) and zinc(II) via two imine nitrogen atoms and pyridine nitrogen
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and demonstrated the presence of a typical four- and six-coordinate geometry around
the metal center. Interestingly, complex 5 represents an unusual four coordination of two
zinc centers along with two molecules of doubly deprotonated ligand. On the other hand,
complex 6 shows a distorted octahedral geometry around iron(II) with two molecules of
mono-deprotonated ligand.

Supplementary Materials: The following data are available online at https://www.mdpi.com/
article/10.3390/cryst11080982/s1, Table S1: Crystallographic Information. Figure S1: "H-NMR
spectrum of 3. Figure S2: "H-NMR spectrum of 4. Figure S3: Crystal structure of complex 5
(Asymmetric unit).
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Table S1. Crystal data and structure refinement parameters for complexes 1-6

Compounds

[Zn(LH2)Cl2] (1)

[Zn(LH2)(OAc)2]-H20 (2)

[Zn(LH2)(N3)2] (3)

Empirical formula
Formula weight
Wavelength [A]
Crystal system
Space group

a[A]

b[A]

c[A]

o [°]

B[]

v[°]

Volume [A3]

V4

Density (calculated) [Mg/m?]
Absorption coefficient [mm™]
F(000)

Crystal size [mm?]
Crystal description
Theta range for data
collection [°]

Index ranges

Reflections collected
Independent reflections

Reflections observed
Completeness to theta

Max. and min. transmission
Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(])]

R indices (all data)
Largest diff. peak and hole

[e.A]
CCDC number

C14H16Cl2N6Zn
404.60

0.71073
Monoclinic
P12mn1
8.4935(5)
9.7578(6)
9.8536(6)

90

100.795(6)

90

802.19(9)

2

1.675

1.871

412
0.22x0.17x0.04
light yellow plate
2.964 to 32.808

-8<=h<=12, -
13<=k<=13, -
11<=1<=14

5658

2654 [R(int) =
0.0504]

2179

99.9 % to 25.242°

1.00000 and 0.82475

2654/0/106
1.027
R1=0.0462,
wR2 =0.1003
R1=0.0593,
wR2 =10.1076
0.930 and -0.552

1017003

C18H24N6OsZn
469.80

1.54184
Monoclinic
P12l/cl
8.57160(14)
14.6873(2)
16.3014(2)

90

91.1754(13)

90

2051.81(5)

4

1.521

2.043

976

0.12x 0.1 x0.06
colorless prism
4.052 to 74.290

-10<=h<=8, -18<=k<=138,
20<=1<=19

12158
4061 [R(int) = 0.0191]

3601

99.6 % to 67.684°
1.00000 and 0.90121
4061/2 /281

1.116

R1=0.0377,

wR2 =0.0990

R1 =0.0448,

wR2 =0.1020

0.459 and -0.525

1017004

C14H16N12Zn
417.76

1.54184
Triclinic

P-1

8.0537(2)
9.5480(3)
11.6897(3)
81.461(2)
88.337(2)
77.855(3)
869.04(4)

2

1.596

2.217

428

0.16 x 0.05 x 0.04
yellow needle
3.824 to 74.452

-10<=h<=10, -
11<=k<=11, -
14<=1<=14
29633

3275 [R(int) =
0.0376]

3007

94.5 % to 67.684°
1.00000 and 0.79120
3275/0/246

1.071

R1=0.0415,

wR2 =0.1204
R1=0.0450,

wR2 =0.1250

0.957 and -0.735

1017005

S5



Compounds

[Zn(LH2)OTf2] (4)

[Zn2(L)2] (5)

[Fe(LH):]-H20 (6)

Empirical formula
Formula weight
Wavelength [A]
Crystal system
Space group

a[A]

b[A]

c [A]

o [°]

BI°]

7 [°]

Volume [A%]

Z

Density (calculated)
[Mg/m?]
Absorption coefficient
[mm']

F(000)

Crystal size [mm?]
Crystal description
Theta range for data
collection [°]

Index ranges

Reflections collected
Independent reflections
Reflections observed
Completeness to theta
Max. and min.
transmission

Data / restraints /
parameters
Goodness-of-fit on F?
Final R indices
[[>2sigma(])]

R indices (all data)

Largest diff. peak and
hole [e.A™]

CCDC number

Ci6H16FsN6O6S2Zn
631.84
1.54184
Monoclinic
C2/c
14.6922(4)
10.5125(2)
17.3013(5)
90
120.944(4)
90
2291.88(13)
4

1.831

4.106

1272
0.13x 0.1 x0.06
yellow plate

5.306 to 76.109

-18<=h<=18, -
10<=k<=12, -
21<=I<=21

13446

2320 [R(int) = 0.0189]
2250

97.9 % to 67.684°

1.00000 and 0.83624

2320/0/169

1.066
R1=0.0313,
wR2 = 0.0867
R1=0.0318,
wR2 =0.0871

0.681 and -0.462
1017006

C2sH2sN12Zn2
663.36
1.54184
Monoclinic
12/a
15.3105(7)
12.1441(5)
15.6339(6)
90
92.310(4)
90
2904.5(2)

4

1.517

2.368

1360
0.13x0.11x0.07
red prism

4.612 to 75.928

_14<=h<=17, -
15<=k<=15,
19<=1<=19

12417

2945 [R(int) = 0.0379]
2702

98.6 % to 67.684°

1.00000 and 0.68734

2945/0/192

1.119
R1=0.0633,
wR2 =0.1761
R1=0.0661,
wR2 =0.1802

2.720 and -1.137
1017007

C2sH32FeN120
608.50
1.54184
Triclinic
P-1
8.2454(2)
11.0379(2)
16.9513(4)
97.230(2)
93.365(2)
110.444(2)
1425.33(6)
2

1.418

4.619

636
0.35x0.2x0.1
dark brown plate

2.644 to 76.166

-10<=h<=10,
_13<=k<=13,
220<=1<=19

25820

5513 [R(int) = 0.0457]
4697

94.8 % to 67.684°

1.00000 and 0.55870

5513/2/395

1.024
R1=0.0485,
wR2 =0.1271
R1=0.0598,
wR2 =0.1352

0.420 and -0.467

1017008

S6
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