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Abstract

The crystals, C11H4BrF5N2S, (1), 1-((4-bromothiophen-2-yl)methylene)-2-(perfluorophenyl)hydrazine and
C12H6BrF5N2S, (ll), 1-((4-bromo-5-methylthiophen-2-yl)methylene)-2-(perfluorophenyl)hydrazine are
molecules with two rings and hydrazone part like a centre of the molecule. The compounds have been
synthesized and characterized by elemental, spectroscopic (*H-NMR) analysis. The crystal structures of the solid
phase were determined by single crystal X-ray diffraction method. They crystallize in the monoclinic space group
with Z=4 and Z=2 molecules per unit-cell. The compound (l) crystallizes as a racemate in the centrosymmetric
space group and the compound (ll) crystallizes as a non-racemate in the non-centrosymmetric space group.
The “absolute configuration and conformation for bond values” were derived from the anomalous dispersion
(ad) for (Nl). The crystal structures are revealed diverse non-covalent interactions such as intra- and
interhydrogen bonding, m-ring:--mt-ring, C-H---rt-ring and they were investigated. The expected stereochemistry
of hydrazones atoms C7, N2 and N1 were confirmed for (1) and (ll). The hole molecule of the (1), and (Il) possesses
“a boat conformation” like a 6-membered ring. The results of the single crystal studies are reproduced with
the help of Hirshfeld surface study and Gaussian software.
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Introduction

Microbial resistance to antibiotics is an urgent and worldwide well-known. Several hydrazones were synthesized
by using benign reaction conditions. These molecules are potent growth inhibitors of drug-resistant strains of
Staphylococcus aureus and Acinetobacter baumannii with minimum inhibitory concentration values. Molecules
are nontoxic to human cells at appropriate concentrations. Although hydrazones possess greater intrinsic
hydrolytic stability than the corresponding imines but still these molecules can be converted into the starting
mate-rials by reacting with water under the physiological condition. The antimicrobial activity of
the compounds, hydrazones, may due to the hydrolyzed products, aldehydes, and hydrazines. For example,
the aldehyde derivative did not show any activity, but the hydrazine showed weak growth inhibition. Thus, we
can conclude that the antimicrobial activity of the compounds is due to their hydrazone functional groups not
due to their possible hydrolyzed products. Fluorine substitution has been extensively studied in drug discovery
to enhance the biological activity and increase the chemical and metabolic stability of the resultant molecules.
We designed and synthesized hydrazone derivatives not only for antimicrobial studies. Hydrazones are of
general wide interest not only in medicinal chemistry!™® but also in material chemistry,”1® the compounds
exhibit nematicidal and insecticidal activity.}” N-pentafluorophenyl substituted hydrazones can also be used as
analytical reagents. Two principles are most often used in the analysis:

1. Interaction of an ion (anion, cation) with a secondary amino group while observing a color change after
the addition of the analyte.

2. Formation of a stable molecular ion or a fragment that is well detectable in mass spectrometry. (usually
pentafluorophenyl).

On the 1% principle, ions such as the copper cation as well as the fluoride anion®° (Scheme 1, 2, 3) can be well
determined, and it is generally difficult to determine and currently its detection is a "hot problem". Fluorine is
the thirteenth most abundant element on earth and occurs mainly in the form of the minerals fluorite,
fluorapatite and cryolite. In the form of organic compounds, only twelve individual compounds have been
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identified in nature, virtually all of which show considerable toxicity. Despite the low occurrence of fluoroorganic
compounds in nature, which are without exception highly toxic, chemical research and industry are currently
producing thousands of new fluorine-containing organic compounds. The year 1941 is considered to be
the beginning of synthetic fluoroorganic chemistry. According to data from the Internet, global demand for
fluorine-containing chemicals in 2015 reached 3.35 million tons per year. Due to the wide range of issues in
different works, the crystal, molecular and electronic properties of N-pentafluorophenyl hydrazones will be
discussed. These compounds showed diverse crystal-molecular interactions which includes interactions such as
me--1t, C-H-+7t and so on. We analyse the crystal-base structural properties by single crystal X-ray diffraction
method, Gaussian method and by the Hirshfeld surface. We report the synthesis here, molecular, crystal and
electronic structure of the title compounds, (1) and (1I).

The interest of our research group is in the developing of novel hydrazone derivatives routes for they synthesis
in simple and efficient ways. The molecules of the title compounds crystallizes in the space group P21/n and Pn.
Accordingly, the compound (l) is a racemate and consists of one molecule in the independent part of
the unit-cell with relative configuration of carbon atoms and the compound (ll) is a non-racemate and consists
of one molecule in the independent part of the unit-cell. Hydrazone part of the molecule and left and right side
of the molecule possesses “a boat conformation” like a 6-membered ring. The first right-side ring,
hexafluorophenyl, is planar and adopts a plane conformation, while atom N1 is displaced from these plane with
the out-of-plane displacement of 0.011 (3) for (1) and 0.032 (7) A for (I), than out-of-plane displacement for
atoms F1, F2, F3, F4, F5is 0.078 (3), -0.039 (3), -0.014 (3), 0.018 (3), -0.027 (3) for (1) and 0.074 (7), -0.030 (8),
0.011 (7), -0.008 (7), -0.047 (6) A, (I1). The second left-side ring, thiophene, is planar too, the out-of-plane
displacement for the atom Brl is -0.012 (3) for (1) and -0.008 (7), (1) and for the atom C12 is 0.061 (9) A, (Il).
The dihedral angle for () between the planes is 31.99 (5)° and 31.77 (11)° for (ll). The compounds (I) and (ll)
were investigated by ab initio DFT/B3LYP/6-311G/Auto and calculation were performed. The properties of
the conformation of the products (I) and (ll) were controlled by X-ray structure determination. Crystal structure
of the title compound (I) (Scheme 1) as a hydrazone derivative crystallizes in the centrosymmetric space group,
and crystal structure of the compound (ll) (Scheme 2) as the hydrazone derivative crystallizes in the non-
centrosymmetric space group (monoclinic crystal system). Simple Hirshfeld surface analysis was used to
visualize the map for the different intermolecular interactions in the crystal structure and Gaussian natural bond
order analysis was performed.?°

CeF
- 5
/5 M

Scheme 1 View of the molecular structure of the title compound (I).
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Scheme 2 View of the molecular structure of the title compound (Il).

Results and Discussion

The start “configuration” of the molecules in absolute formulation is known from the synthesis and
“stereochemistry” of atoms in the molecules was confirmed. Molecular geometry and atom numbering scheme
of the (1) and (ll) are shown in Figs. 1, 3. Molecular crystal packing view of the (1) and (ll) are shown in Figs. 2, 4

and experimental details of the compounds (I) and (ll) are listed in Table 1, selected geometric parameters are
listed in Tables 3 and 5.

Figure 1 The molecular structure of the title compound (I) with the atomic numbering scheme. Displacement
ellipsoids are drawn at the 50% probability level.
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Figure 2 Part of the crystal structure of the title compound (I) showing the formation of intra- and
intermolecular hydrogen interactions. The chains of molecular structure of the title compound extending along
the a axis. H atoms not involved in the motif have been omitted.

Figure 3 The molecular structure of the title compound (llI) with the atomic numbering scheme. Displacement
ellipsoids are drawn at the 50% probability level.
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Figure 4 Part of the crystal structure of the title compound (ll) showing the formation of intra- and
intermolecular hydrogen interactions. The chains of molecular structure of the title compound extending along
the c axis. H atoms not involved in the motif have been omitted.
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Empirical formula

Formula weight
Temperature (K)
Wavelength (A)

Crystal system

Space group

Unit-cell dimensions (A, °)

Volume (A3)

Z

Density (calculated) (Mg/m?3)
Absorption coefficient (mm?)
F(000)

Crystal size (mm)

Theta range for data
collection (°)

Index ranges

Reflections collected
Independent reflections

Completeness to theta (°, %)
Refinement method

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

R indices (all data)

Absolute structure parameter
Chemical absolute configuration
Extinction coefficient

Largest diff. peak

and hole (e-A3)

Ci1HaBrFsN; S
371.13

298(2)

1.54178
Monoclinic
P21/n (centro)
a=7.11250(10)
b =25.0194(5)
c=7.1935(2)

B =109.457(2)

1206.98(5)

4

2.042

6.826

720

0.594 x0.220 x 0.091

3.533to 71.747
-8<=h<=8, -30<=k<=29,
-8<=1<=8

32397

2331 [R(iny = 0.0402]
67.679, 100.0
Full-matrix least-squares

on F2

2331/0/184

1.036

R1=0.0296, wR, = 0.0866

R1=0.0298, wR2 = 0.0869

0.523 and -0.832

Ci2HgBrFsN; S
385.16

298(2)

0.71073
Monoclinic

Pn (non-centro)
a=7.1916(3)

b =13.5415(5)
c=7.2384(4)

B =109.951(6)

662.61(6)

2

1.930

3.311

376

0.591 x 0.306 x 0.065

1.504 to 32.774
-10<=h<=10, -20<=k<=20,
-10<=I<=10

11109

4379 [R(int) = 0.0508]
25.242,100.0
Full-matrix least-squares

on F2
4379/2/194
1.032

R1=0.0447, wR2 = 0.1013
R1=0.0531, wR2 =0.1097

0.007(7) (Flack)
rmad

1.063 and -1.137

accDC_2027085, I"CCDC_2027086. Crystallographic data for the structures reported in this paper

will be available from the Cambridge Crystallographic Data Centre.

Page 7


https://doi.org/10.20944/preprints202111.0430.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 November 2021

d0i:10.20944/preprints202111.0430.v1
Sivy, J. et al.

Table 2 H-bond geometry and X-Y---t-centroid (Cg(1)) stacking interactions (A, °) for (1).

D---A

D—H--A D—H H---A D—H-A
X-Y--Cg(1)

N1—H1---F1 0.87(3)  2.38(3) 2.739(2) 105(2)

N1—H1---F4! 0.87(3)  2.55(3) 3.087(3) 121(2)

N1—H1--s1f 0.87(3) 2.74(3) 3.538(2) 152(2)

C3—F2---Cg(1)ili 3.766(2)

Symmetry codes: (i) 1/2+x,1/2-y,1/2+z; (1) 1+x,y,z; (W) -1/2+x,1/2-y,-1/2+z; Cg(1): S1, C9, C10,

C11,C8
Table 3 Selected geometric parameters for (1): bond lengths (A), bond and torsion angles (°).

C1-N1 1.393(3) C7-N2-N1 115.73(17)
C7-N2 1.277(3) N1-C1-C6-F5 0.8(3)
c8-s1 1.732(2) N1-C1-C6-C5  -179.68(19)
C9-51 1.717(2) N2-C7-C8-C11 174.6(2)
C10-Br1 1.886(2) N2-C7-C8-S1 -7.3(3)
N1-N2 1.383(2) $1-C9-C10-C11 -0.2(2)
C7-c8 1.452(3) $1-C9-C10-Br1  179.47(11)
C2-C1-N1 120.40(18) Br1-C10-C11-C8 -179.73(15)
N1-C1-C6 123.03(19) C2-C1-N1-N2 -138.44(19)
N2-C7-C8  119.23(18) C6-C1-N1-N2 43.9(3)
N2-C7-H7 120.4 C8-C7-N2-N1 176.83(17)
C11-C8-S1 111.53(16) C1-N1-N2-C7 162.23(18)
C7-C8-S1 120.84(15) C10-C9-S1-C8 0.33(17)
C10-C9-s1 110.80(16) C11-C8-S1-C9 -0.34(17)
C9-C10-Br1 123.26(16) C7-C8-S1-C9 -178.76(17)
C11-C10-Br1 122.38(15) N1-C1-C2-F1 2.1(3)
N2-N1-C1 117.00(17) N1-C1-C2-C3 -178.16(18)
C9-51-C8 91.86(10)
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Table 4 H-bond geometry and X-Y---mt-centroid (Cg(1)) stacking interactions (A, °) for (II).
D—H--A D—H He-A DA D—H--A
X-Y---Cg(1)

C12—H12C--Brl  0.96 2.90 3.365(6) 110(7)
N1—H1--F1 0.83(7) 2.29(6)  2.748(5) 115(6)
C12—H12B--F2'  0.96 2.53 3.135(6) 121(3)
N1—H1.--S1 0.83(7) 2.89(7) 3.620(5) 148(6)
N1—H1--F4il 0.83(7) 2.56(7)  3.084(6) 122(6)
C3—F2---Cg(1)V 3.757(4)

C6—F5---Cg(1)? 3.925(4)

Symmetry codes: (') x,y+1,z; (") x,y,2-1; (W) x-1/2,-y,2-1/2; (V) 1/24x,-y,1/2+7; (V) -1/2+x,-y,1/2+z;
Cg(1): 51, C9, C10, C11, C8.

Table 5 Selected geometric parameters for (I1): bond lengths (A), bond and torsion angles (°).
C1-N1 1.391(6) C7-N2-N1 116.6(4)
C7-N2 1.279(6) C8-51-C9 92.7(2)
C7-C8 1.448(7) N1-C1-C2-C3  -177.9(5)
C9-s1 1.740(5) N1-C1-C6-C5  179.8(5)
C10-Br1 1.883(5) N2-C7-C8-C11  173.5(5)
N1-N2 1.379(6) N2-C7-C8-S1 -8.1(6)
C2-C1-N1  119.8(4) C12-C9-C10-Brl  2.7(8)
C6-C1-N1  123.4(4) $1-C9-C10-Brl -179.7(3)
N2-C7-C8 119.7(4) Br1-C10-C11-C8 179.9(3)
C11-C8-S1  111.3(4) C2-C1-N1-N2  -138.0(5)
C7-C8-S1  121.5(4) C6-C1-N1-N2  44.2(7)
C10-C9-S1  109.2(4) C8-C7-N2-N1  177.1(4)
C9-C10-Brl  122.2(4) C1-N1-N2-C7  162.2(4)
C11-C10-Brl 122.8(4) N2-N1-C1 117.7(4)

Central hydrazone part of the molecule is planar for the both compounds. Atom N1 possesses more negative
net charge than N2 (Figs. 5, 6, NBO analysis). The molecular structures is moreover stabilized by one
intramolecular N1—H1::-F1 hydrogen bond(s) and one intramolecular C12—H12C:--Br1 hydrogen interaction
only for (1) with an H-atom as the donor, Figs. 1, 3, Tabs. 4, 5. The N2—N3 [1.379 (5)-1.383 (2) A] distances are
slightly shorter compared to the hydrazine Nsp?—Nsp? (about 1.40 A) single bond3® and about 1.46 A single
bond3’, which indicate that there is a significant delocalization of -electron density over the hydrazone portion
of the molecule. The conformation of the N1—H1 group of the hydrazone part is advantageous for
intramolecular H bond to the hexafluorophenyl part of the molecule(s). The unit-cell density for the parent
compound (1) is 2.042 g/cm?3 (V = 1206.98, F(000) = 720.0, Mu = 6.83 mm, Cell Wt = 1484.53, Rho = 2.042)"stine
°f26 The introduction of methyl-substituent to H atom of thiophene ring for (Il) changed this to value of 1.930
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g/cm? (V = 662.61, F(000) = 376.0, Mu = 3.31 mm™%, Cell Wt = 770.32, Rho = 1.930)"stine of 26 respectively.
The different values of the unit-cell densities indicate the role of the crystallizing process of the substituent on
this parameter. The methyl-substituted compound has the lowest value for the unit-cell density."sting of 26
The observed bond lengths and Wiberg bond indices of the compounds showed a clear distinction between
single and double bonds in the central spacer unit and the rest of the molecules.3® The atoms C7—C8 [1.452 (3),
Iy =1.110 and 1.448 (6), Iy = 1.118, A] and N2=C7 [1.279 (6), Iy = 1.737 and 1.277 (3), I = 1.729, A] interatomic
distances confirm that they are single and double bonds, (Br1—C10: /y = 1.033 and Iy = 1.027). Atom S1
representing strong stability effect for this molecule side part (net NBO charge 0.433 and 0.425, Figs. 5, 6).

Figure 5 The molecular structure of the title compond (I) shoving the scheme for the net atomic charges (single
point geometry, NBO analysis).

Figure 6 The molecular structure of the title compond (ll) shoving the scheme for the net atomic charges (single
point geometry, NBO analysis).

The torsion angle of C2, C1, N1, N2 atoms plays and suggests the fact that H1 atom participates in intra- and
intermolecular hydrogen bonds. Figure 7 shows the best least-squares fit (RMS Error = 5.714 x 103 A, atoms C1,
N1, N2, C7, C8,) between two close molecules (1) and (I1).%° In the basic view we see how molecules fit together
to form the importance of molecular structure in crystal structure.
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Figure 7 The molecular structure fit of the compounds (1) and (Il) (RMS Error = 5.714 x 1073 A)“O.

Graph-set motif of the molecules was observed, it is a C(6),3° Figs. 8, 9. Cremer-Pople puckering parameters

Figure 8 Molecular packing view of the crystal structure (1) shows the formation of the C(6) graph-set motif.

Figure 9 Molecular packing view of the crystal structure (1) shows the formation of the C(6) graph-set motif.

were not confirmed for both crystal structures. Molecular packing view of the crystal structures shows
the formation of the X—Y--:Cg(1) bond motifs, Figs. 10, 11.
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Figure 10 Molecular packing view of the crystal structure (I) shows the formation of the X—Y---Cg(1) bond motif.
Figure 11 Molecular packing view of the crystal structure (1) shows the formation of the X—Y---Cg(1) bond motifs.

The results of these calculations are in a good agreement with the experimental values of bond lengths found
by X-ray structure analysis. NBO analysis of theoretical calculations in vacuum (not adding any polarization
functions) at the ab initio DFT/B3LYP level using the 6-311G/Auto basis set model (single point geometry =
the crystal geometry was used, NBO net charges)? is shown for selected atoms in Figs. 5, 6. Hirshfeld surface
analysis is a powerful tool for gaining additional view into the intermolecular interaction of molecular crystals.
The size, shape and type of Hirshfeld surface allows the qualitative and quantitative investigation and
visualization of intermolecular close contacts in molecular crystals. The structure and its Hirshfeld's approach is
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for each molecule enclosed surface (Hirshfeld surface) such that in any point within it, that half or more of
electron density comes from the atoms of molecule. The Hirshfeld surface map over dnorm analyse the electron
density, the shape-index and the curvedness. Hirshfeld surface (Figs. 12, 13) shows a simple workable places for
the biological activity with respect to the shortest distances of worthy molecule-hydrogen bonding to suitable
receptors site-locality and from this point of view and the molecular “dimension”, the biological activities will
be as few as adequate (dnhorm range (-0.187, 1.020) and dnorm range (-0.103, 1.118), the atoms within radius 3.80
R). Hirshfeld surface analysis was carried out in order to study the nature of the hole surface molecular bond
contacts of the title compounds. Hirshfeld surfaces were generated using CrystalExplorer 17.5 in order to
analyse the nature of the intermolecular contacts and their quantitative contributions to the crystal packing in
() and (ll). The electrostatic potentials, obtained using TONTO integrated within CrystalExplorer using
the DFT/B3LYP/6-31G basis set model?1"23, were involved to mapped Hirshfeld surfaces because of they were
mapped over the electrostatic potentials.
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Figure 12 Simple Hirshfeld surface for the title compound (1), dnorm range (-0.187, 1.020), the atoms within radius
3.80 A and corresponding (total) FingerPrint.

Figure 13 Simple Hirshfeld surface for the title compound (ll) , dnorm range (-0.103, 1.118), the atoms within
radius 3.80 A and corresponding (total) FingerPrint.

Conclusions

To conclude, we synthesized 1-((4-bromothiophen-2-yl)methylene)-2-(perfluorophenyl)hydrazine and 1-((4-
bromo-5-methylthiophen-2-yl)methylene)-2-(perfluorophenyl)hydrazine. We successfully carried out all NMR
spectra, X-ray investigation and Gaussian analyses. Two hydrazone derivatives and its “chemical, molecular-
structural, NBO charges, Hirshfeld surface and fitting interaction properties” were asserted from
the experimental and theoretical work. The atoms of sulphur, nitrogen and “they” hydrogen(s) atom(s) play
considerable role for the bond system in the hole molecule(s) and these atoms responsible participate in
the crystal structure "configuration diversity" of the spatial forms of the molecules in the crystals.
"Conformation diversity" was not observed in fitting scheme.
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Experimental Section

Synthesis and crystallization.

The compounds (1) and (ll) were prepared according to a standard protocol (Scheme 3) described in literature.
All NMR spectra were obtained using an INOVA NMR 300 MHz spectrometer (operating frequencies 300 MHz
(*H), 75 MHz (*3C) and 282 MHz (*°F) ) equipped by an inverse triple resonance probe and a standard tuneable
X/H probe with the possibility to tune the high frequency channel to the resonance frequency of °F.
Tetramethylsilane was used for the calculation of the *H and 13C chemical shift scales and correctly referenced
using the (residual) solvent signals (2.50 and 39.52 ppm for DMSO and 7.26 and 77.00 ppm for chloroform).
CFCl3 was used for the calculation of the 1°F chemical shift scale; in order to correctly reference the 19F chemical
shift scale an automatic referencing mechanism exploiting the 2H signal of the deuterated solvent was used.
General procedure for synthesis of hydrazone.

To the solution of the corresponding aldehyde in 20 ml of ethanol is added ethanolic solution (10 ml) of
the pentafluorophenylhydrazine. To this mixture a catalytic amount of concentrated hydrochloric acid were
added (approximately 3-5 drops). The reaction mixture has been refluxed for 8 hours (under TLC + UV control).
The solvent was evaporated under reduced pressure and the residue has been crystallized from ethanol to
obtain the pentafluorophenylhydrazone (l) - (ll).
1-((4-bromothiophen-2-yl)methylene)-2-(perfluorophenyl)hydrazine, (1), (Scheme 3)
4-bromothiophene-2-carbaldehyde (1.000 g, 5.23 mmol, 1 eq.) and pentafluorophenylhydrazine (1.037 g, 5.23
mmol, 1 eq.) were left to react in ethanol following the general procedure for the synthesis of hydrazones.
The hydrazone (1) was obtained as a brown crystalline matter in a 51 % yield (0.991 g), m.p. 138-140 °C.

1H NMR (300 MHz): 6H=7.07 (d, J=1.3Hz, 1H), 7.20 (d, J=1.1 Hz, 'H), 7.88 (s, 1H). 13C NMR (75 MHz): 6C=109.88,
119.75, 124.26, 129.87 135.78, 136.05, 138.15, 139.67. 1°F NMR (282 MHz): 8F= -165.80 (tt, J=3.8 Hz, J=21.6,
1F), -163.30 (dt, J=4.8 Hz, J=21.4, 2F), -155.64 (d, J=21.6, 2F).
1-((4-bromo-5-methylthiophen-2-yl)methylene)-2-(perfluorophenyl)hydrazine, (ll) (Scheme 3)
4-bromo-5-methylthiophene-2-carbaldehyde (1.000 g, 4.88 mmol, 1 eq.) and pentafluorophenylhydrazine
(0.966 g, 4.88 mmol, 1 eq.) were left to react in ethanol following the general procedure for the synthesis of
hydrazones. The hydrazone (ll) was obtained as a brown crystalline matter in a 60 % yield (1.127 g), m.p. 153-
155 °C. 'H NMR (300 MHz) 6 10.37 (s, 1H), 8.17 (s, tH), 7.23 (s, 1H), 2.34 (s, 3H). 13C NMR (75 MHz) § 137.7 (dm
J=245 Hz), 137.3 (dm J=246 Hz) 137.2, 136.0, 135.0, 133,9 (dm J= 247Hz) 129.9, 120.8 (m) 108.7, 14.6. 1°F NMR
(282 MHz): 8F= -169.73 (m, 1F), -164.33 (m, 2F), -155.75 (m, 2F).*2

F EtOH F
F F HCI (cat.) F F
P [
Ar o *
F ”/NHZ 8h reflux F ”/NVA"

F F (- (n

Ar= 4-bromothiophene-2-yl (I)
4-bromo-5-methylthiophene-2-yl (Il)

Scheme 3
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Refinement.

Manuals of “The CIF file, refinement details and validation of the structure, IUCr, 2011” and “User guide to
crystal structure refinement with SHELXL, IUCr, 2008” pointed out the refinement rules for all H atoms, e.g.,
they were positioned with idealized geometry using a constrained riding model with C—H distances in
the range of 0.93—0.98 A (AFIX card was used) and non-idealized geometry N—H distance in the range of 0.83—
0.87 A (AFIX card was omitted)?®. The Uiso(H) values were set to 1.2Ueq (C-aromatic, N) and 1.5Ueq (C-methyl),
respectively.

Data collection.
Crystal data and conditions of data collection and refinement are reported in Table 1. Data collection:

Pilatus300K StoeStadivari,323># program(s) used to solve structure,>*%> program(s) used to refine structure,?®

molecular graphics,?’ software used to prepare material for publication.?9-2326:28,29,30,31
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