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Abstract

Ca4H36N6S,Zn, monoclinic, P2,/c (no. 14), a = 14.5676(4) A,
b=26.1767(8) A, c=10.0963(3) A, £ =99.140(3)°, V=3801.2(2) A°,
Z = 4, Ry(F) = 0.0397, WRef(F?) = 0.1000, T = 100 K.

CCDC no.: 1022760

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list of
the atoms including atomic coordinates and displacement
parameters.
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Table 1: Data collection and handling.

Crystal: Yellow block

Size: 0.24 x 0.22 x 0.17 mm
Wavelength: Mo Ka radiation (0.71073 A)
v 0.80 mm™'

Diffractometer, scan mode:
Bmax, COMpleteness:
N(hkl)measured; N(hkl)unique: Rint:
Criterion for Iops, N(hkl)gy:
N(param)refined:

Programs:

Oxford Diffraction Gemini, w
25.2°,>99 %

25,066, 8793, 0.038

Iobs >2 U(Iobs); 7212

484

CrysAlisP* [1], SHELX [2, 3],
WinGX/ORTEP [4]

1 Source of material

4-Phenyl-3-thiosemicarbazide (Sigma Aldrich), trans-
chalcone (Alfa Aesar), zinc acetate dihydrate (Fluka),
concentrated hydrochloric acid (J. T. Baker), absolute
ethanol (Merck), acetonitrile (Merck) and ethyl acetate
(Merck) were of analytical grade and used as purchased. The
Schiff base ligand was prepared from the 1:1 reaction of
4-phenyl-3-thiosemicarbazide (1.151g, 0.01 mol) and trans-
chalcone (2.083 g, 0.01 mol). Thus, the former was taken in
heated absolute ethanol (30 mL) and slowly added to a
heated ethanolic solution (20 mL) of the latter. A few drops
of concentrated hydrochloric acid were added as a catalyst
while stirring for 30 min. The yellow precipitate was filtered,
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Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (A?).

Atom X y z Uiso*/Ueq
In 0.12384 (2) 0.55631 (2) 0.67161 (2) 0.01709 (7)
S1 0.07835 (4) 0.52445 (2) 0.86024 (5)  0.02072 (12)
S2 0.08557 (4) 0.63193 (2) 0.56935 (6)  0.02408 (13)
N1 0.10663 (11) 0.48340 (6)  0.59479 (16) 0.0161 (3)
N2 0.07628 (12) 0.44628 (6)  0.67626 (16) 0.0173 (4)
N3 0.02672 (13) 0.42932(7)  0.87789 (17) 0.0196 (4)
H3N 0.0088 (16) 0.4431 (8) 0.9483 (16) 0.023*
N4 0.26020 (12) 0.57424 (6)  0.66131(16) 0.0163 (3)
N5 0.27588 (12) 0.61819(6)  0.59251 (17) 0.0189 (4)
N6 0.21043 (13) 0.68754 (7) 0.4743 (2) 0.0243 (4)
H6N 0.1577 (11) 0.7025 (9) 0.442 (2) 0.029*
al 0.05962 (14) 0.46279 (8)  0.79200 (19) 0.0164 (4)
2 0.01225 (14) 0.37621 (8) 0.8693 (2) 0.0183 (4)
a -0.02464 (15) 0.35358 (8) 0.9747 (2) 0.0226 (5)
H3 -0.039246 0.374119 1.046065 0.027*
c4 -0.03996 (17) 0.30152 (9) 0.9757 (2) 0.0293 (5)
H4 —0.065706 0.286630 1.047338 0.035*
c5 -0.01825 (17) 0.27075 (9) 0.8734 (3) 0.0309 (5)
H5 —0.028764 0.234949 0.874355 0.037*
c6 0.01895 (17) 0.29312 (9) 0.7700 (2) 0.0280(5)
H6 0.034771 0.272191 0.700080 0.034*
c7 0.03380 (16) 0.34545 (8) 0.7656 (2) 0.0231 (5)
H7 0.058406 0.360166 0.692668 0.028*
c8 0.13913 (13) 0.46721 (8)  0.48846 (19) 0.0165 (4)
(@] 0.15347 (14) 0.41256 (8) 0.4579 (2) 0.0172 (4)
C10 0.20011 (14) 0.37977 (8) 0.5558 (2) 0.0199 (4)
H10 0.221547 0.392363 0.643519 0.024*
c11 0.21525 (16) 0.32910 (9) 0.5258 (2) 0.0244 (5)
H11 0.247595 0.307291 0.592626 0.029*
12 0.18337 (16) 0.31009 (9) 0.3985 (2) 0.0249 (5)
H12 0.192489 0.275157 0.378706 0.030*
c13 0.13804 (15) 0.34243 (9) 0.3002 (2) 0.0235 (5)
H13 0.116824 0.329647 0.212650 0.028*
14 0.12363 (14) 0.39329 (8) 0.3294 (2) 0.0201 (4)
H14 0.093184 0.415223 0.261221 0.024*
c15 0.16535 (14) 0.50709 (8)  0.40033 (19) 0.0183 (4)
H15 0.139644 0.540205 0.406358 0.022*
C16 0.22338 (14) 0.49986 (8) 0.3116 (2) 0.0190 (4)
H16 0.245596 0.466089 0.303033 0.023*
c17 0.25578 (14) 0.53903 (8)  0.22660 (19) 0.0188 (4)
C18 0.32258 (15) 0.52544 (9) 0.1477 (2) 0.0228 (5)
H18 0.345035 0.491325 0.149821 0.027*
Cc19 0.35648 (17) 0.56125 (9) 0.0661 (2) 0.0273 (5)
H19 0.401799 0.551567 0.012832 0.033*
20 0.32414 (17) 0.61116 (9) 0.0625 (2) 0.0282 (5)
H20 0.347102 0.635638 0.006486 0.034*
c21 0.25851 (16) 0.62523 (9) 0.1405 (2) 0.0272 (5)
H21 0.236581 0.659443 0.138194 0.033*
22 0.22448 (16) 0.58955 (9) 0.2221 (2) 0.0241 (5)
H22 0.179425 0.599594 0.275461 0.029*
23 0.20083 (14) 0.64432 (8) 0.5474 (2) 0.0197 (4)
24 0.28952 (15) 0.70936 (8) 0.4307 (2) 0.0216 (4)
25 0.27369 (17) 0.75365 (8) 0.3530 (2) 0.0260 (5)
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Table 2: (continued)
Atom X y z Uiso*/Ueq
H25 0.212702 0.767420 0.333581 0.031*
C26 0.34610 (18) 0.77756 (9) 0.3043 (2) 0.0282 (5)
H26 0.334595 0.807636 0.251666 0.034*
c27 0.43498 (17) 0.75795 (9) 0.3319(2) 0.0279 (5)
H27 0.484750 0.774285 0.298185 0.034*
c28 0.45084 (17) 0.71419 (9) 0.4091 (2) 0.0275 (5)
H28 0.512035 0.700677 0.428225 0.033*
C29 0.37911 (16) 0.68963 (9) 0.4593 (2) 0.0243 (5)
H29 0.391126 0.659728 0.512556 0.029*
C30 0.33492 (14) 0.54716 (8) 0.70240 (19) 0.0162 (4)
C31 0.42810 (14) 0.56527 (7) 0.6791 (2) 0.0162 (4)
32 0.45855 (17) 0.55621 (9) 0.5577 (2) 0.0301 (5)
H32 0.421527 0.536434 0.490530 0.036*
33 0.54277 (18) 0.57594 (11) 0.5341 (2) 0.0349 (6)
H33 0.563605 0.569197 0.451330 0.042*
C34 0.59678 (15) 0.60544 (9) 0.6306 (2) 0.0256 (5)
H34 0.654358 0.619026 0.614067 0.031*
C35 0.56645 (16) 0.61490 (9) 0.7503 (2) 0.0262 (5)
H35 0.603035 0.635311 0.816447 0.031*
C36 0.48253 (15) 0.59477 (9) 0.7753 (2) 0.0232 (5)
H36 0.462374 0.601267 0.858677 0.028*
c37 0.32229 (14) 0.49884 (8) 0.76695 (19) 0.0177 (4)
H37 0.262556 0.492158 0.789471 0.021*
C38 0.38743 (15) 0.46267 (8) 0.79781 (19) 0.0185 (4)
H38 0.448883 0.470343 0.783705 0.022*
C39 0.37050 (15) 0.41205 (8) 0.8519 (2) 0.0205 (4)
C40 0.29153 (16) 0.40097 (9) 0.9092 (2) 0.0266 (5)
H40 0.248872 0.427454 0.920479 0.032*
41 0.27486 (18) 0.35160 (10) 0.9497 (2) 0.0347 (6)
H41 0.220100 0.344280 0.986206 0.042*
c42 0.3379 (2) 0.31302 (10) 0.9370 (2) 0.0370 (6)
H42 0.326581 0.279345 0.965490 0.044*
43 0.4172 (2) 0.32339 (9) 0.8830 (2) 0.0342 (6)
H43 0.460827 0.296988 0.875282 0.041*
C44 0.43317 (17) 0.37255 (8) 0.8399 (2) 0.0260 (5)
H44 0.487442 0.379403 0.801698 0.031*

washed with cold ethanol and dried in vacuo. The zinc
compound was prepared by the 1:2 reaction of zinc acetate
dihydrate (0.220 g, 10 mmol) and the Schiff base (0.714 g,
20 mmol). Zinc acetate dihydrate was dissolved in heated
ethanol (20 mL) and added to a solution of the Schiff base
ligand in heated absolute ethanol (20 mL) while stirring for
30 min. The yellow precipitate was filtered, washed with cold
ethanol and dried in vacuo. Single crystals were grown at
room temperature from the slow evaporation of a mixture of
acetonitrile and ethyl acetate (2:1v/v). Yield: 70 %. Melting
Point: 494-496 K. FT-IR (ATR (solid) cm™): 3411 v(N-H), 1596
v(C=N), 1314 v(N-N), 487 v(Zn-S), 533 v(Zn-N). UV-Visible
(nm; £ cm ™' mol ™ L): 246 (9.571 x 10%), 292 nm (5.520 x 10°), 400
(7.673 x 10%). ICP-AES: Found % Zn = 8.03. Calc. % Zn = 7.53.
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2 Experimental details

The C-bound H atoms were geometrically placed
(C—H = 0.95 A) and refined as riding with Usso(H) = 1.2Ueq(C).
The N-bound H atoms were located in a difference Fourier
map and refined with N—H = 0.88 + 0.01A and with
Uiso(H) = 1.2U¢¢(N). The maximum/minimum residual elec-
tron density peaks of 1.27 and 0.65 e A were located 0.87
and 0.66 A, respectively, from the Zn atom.

3 Comment

Transition metal complexes derived from thio-
semicarbazones, with generic formula R'N(R®)C(=S)N(R®)
N=C(RHR®, where the substituents can be some combina-
tion of H/alkyl/aryl, continue to attract attention in, for
example, nuclear medicine [5], as chemotherapeutic agents
[6] and as catalysts [7]. The title complex (I) was investi-
gated as a part of on-going studies into the generation and
metal complexation by thiosemicarbazones derived from
the condensation reaction between thiosemicarbazides
and trans-chalcone, a flavonoid, and their saturated ana-
logues [8, 9].

The molecular structure of (I) is shown in the figure
(70 % displacement ellipsoids). The Zn atom is bis-chelated
by the thiolato-S and imine—N atoms of two anions. The Zn
—S51,52 bond lengths are 2.2720(5) and 2.2611(6) A, respec-
tively, and the relatively long C—S1,S2 bonds [1.759(2) and
1.758(2) A] substantiate the thiolato-character of the
coordinated sulphur atoms. The Zn—N1,N4 bond lengths
are 2.0603(17) and 2.0598(17) A, respectively. Despite the
participation of the N1 atom in coordination to Zn, the C8—N1
bond length [1.311(3) Al is close to the C1—N2 bond [1.304(3) AJ;
the same applies to the second ligand with N4—C30
[1.310(3) A] being experimentally close to the N5—C23 bond
[1.309(3) A]. The two five-membered chelate rings are planar
[r.m.s. deviation = 0.028 A (maximum deviation is 0.028 A for
the C1 atom) for the Sl-chelate ring, and r.m.s. deviation =
0.058 A maximum deviations are 0.043(1) and 0.043(2) A for
the S2 and N4 atoms of the S2-chelate ring, respectively]. The
dihedral angle between the chelate rings is 78.53(6)° indi-
cating a close to perpendicular relationship. The range of
angles subtended at the Zn atom is a narrow 86.63(5)° for the
N1—Zn—S1 chelate angle to a wide 129.24(5)° for N1—Zn—S2
chelate. These angles are consistent with a distorted tetra-
hedral geometry based on a N,S, donor set. The distortion
may be quantified buy the computation of 7, for a tetra-
coordinated geometry [10]. For (I), the value is 0.73 which
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matches most closely a regular tetrahedral geometry
(74 =1.0) cf. a square-planar geometry (74 = 0.0). Globally, the
S1 and S2 atoms are cis-oriented in relation to the Zn atom.

Five closely related molecules are available in the
literature for comparison. Three of them are N-phenyl de-
rivatives with substituents in the 4-position of the terminal
phenyl group connected to the ethylene residue, namely the
4-cyano and 4-chloro species [11] along with the 4-nitro de-
rivative [12]; the 4-chloro species was characterised as a
1:1 THF solvate [11]. These molecules present, to a first
approximation, very similar geometric characteristics as
described above for (I) and indeed as observed for the two
N-bound ethyl species with 4-H [13] and 4-methoxy [14]
substituents. According to a recent systematic geometric
analysis [12], the values of 7, in these complexes range from
0.70 to 0.74.

In the crystal of (I), several directional interactions
have been identified with the aid of Praton [15]. One of
the amino-N—H atoms forms a hydrogen bond with a
thiolato-S atom over a centre of inversion to form a
dimeric synthon [N3—H3.---S1© H3.--S1' = 2.62(2)A,
N3.--81' = 3.4761(19) A with angle at H3 = 168(2)° symmetry
operation (i) —x, 1 — y, 2 — z]; there is no apparent, direc-
tional role for the N6—H6 group in the crystal packing.
One of the non-coordinating imine-N atoms engages in an
interaction with an aminophenyl-H atom [C26—H26.--N5"
H26---N5" = 2584, C26---N5" = 3517(3)A with angle at
H26 =170° for (ii) x, 3/2 — y, —1/2 + z]. These interactions serve to
link the dimeric agregates along the 2; screw axis. There are
phenyl-C—H---7 (phenyl) interactions between centrosym-
metrically related chains [C34—H34---Cg(C9—C14)" = 2.72 A
with angle at H34 = 169° and C35—H35.--Cg(C39—C44)" = 2.88
with angle at H35 =137° for (iii) 1 - x,1-y,1-zand (iv) 1 - x,
1 -y, 2 — z] within jagged supramolecular layers that stack
parallel to (2 01). Given the absence of directional interactions
between the layers, it was thought of interest to complement
the above analysis with a study of the calculated Hirshfeld
surfaces and of the full and delineated two-dimensional
fingerprint plots using Crystal Explorer 21 [16] and published
procedures [17].

The analysis showed that the Hirshfeld surfaces are
mainly dominated by H---H contacts which comprise 54.5 %
of the all contact surfaces with the tip of the decomposed
fingerprint plot delineating to a H19---H36 interaction with a
d; + d, contact distance of 2.14 A which is slightly shorter than
the sum of van der Waals radii (ZvdW) of 2.18 A. The second
most dominant contacts are attributed to H---C/C---H [27.6 %]
with the pair of symmetric tips in the decomposed finger-
print plot arising from H35---C41/C41.--H35 contacts with
d; + d, of 2.63 A compared to the ZvdW of 2.79 A. The H---S/
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S---H and H---N/N---H are the next most significant contacts
with the respective contributions being 8.2 and 4.2 %. Both
contacts exhibit a pair of pincer-like profiles in the decom-
posed fingerprint plots with the tips delineating to the
reciprocal H3N---S1and H26---N5 contacts with d; + d, 0of 2.48
and 245A in contrast to the ZvdW of 2.89 and 2.64 A,
respectively. The C---S/S---C contacts make a minor contri-
bution to the Hirshfeld surface with the distribution being
2.6 % but with a meaningful d; + d, of 3.43 A, i.e. shorter than
the ZvdW of 3.50 A.
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