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Abstract

The present study aims at preparing and carrying tbe structural investigation of two
polymeric cadmium(ll) complexes of imidazolidineflene (Imt) based on sulfate or azide ions,
[CA(Imt)(H20)(SOy)]n (1) and [CA(Imt}(Ns)2]n (2). The structures of the complexes were
determined by single crystal X-ray analysis. Badmpounds,l and2 crystallize in the form of
2D coordination polymers and the cadmium(ll) ion Sx-coordinate having a distorted
octahedral geometry in each compoundl,lthe metal ion is bonded to one sulfur atom of Imt
and five oxygen atoms with two from water and thwébridging sulfate ions. 18, the cadmium
coordination sphere is completed by two Imt molesubinding through the sulfur atoms and
four nitrogen atoms of bridging azide ions. Thestay structures are stabilized by intra and
intermolecular hydrogen bonding interactions. Tomplexes were also characterized by IR and
NMR spectroscopy and the spectroscopic data isstens with the binding of the ligands.

Keywords Cadmium; Imidazolidine-2-thione; Sulfate; Aziderystal structure



ACCEPTED MANUSCRIPT




1. Introduction

Cadmium(ll) is known to form a wide variety of 1td 1:4 complexes with thiones (L), with the
structural arrangements generally based on tetrahednd octahedral coordination
environments. The 1:1 complexes [1-4] for examp[€d(Tu)(H:O)x(SQ)], [2] and
[Cd(Melmt)(SeCNj]» [4] (Melmt = N-methylimidazolidine-2-thione) usil exist in the
polymeric form. The structures of the 1:2 complegash as, [Cd(TuX:] [5], [Cd(Dmtu}X,]
[6,7], [CA(Tmtu}X,] [8-10] or [Cd(ImtpX;] [11,12] (X = CI, Br, 1) are the most common and
often consist of discrete monomeric molecules vathetrahedrally [5-21] (or octahedrally
[22,23]) coordinated Cd(Il) ion. In some casesypwric species are formed through bridging
sulfur or nitrogen atoms [21, 24-29.9, [Cd(Metu}(SCN)], [24] and [Cd(Imt)(SCN)]n [25].
The 1:3 compounds are rare. The crystal structuf@d{Tu)s(SO,)] shows that the molecule is a
dimer, and the coordination around the metal a®mtermediate between square pyramidal and
trigonal bipyramidal [30]. Another such compoundkisown in the form of a co-crystal of
[CA(Tu)(H20)4)SO4 and [Cd(Tu(H20)3]SO, [31]. The complexes with a Cd:thione ratio of 1:4
may be ionic or nonionic. In the ionic complexdse|[{Cd(2-mercaptopyriding{NO3), [32] or
[Cd(Diaz)]SO, (Diaz = 1,3-diazinane-2-thione) [33], the Cd(Ihni possesses a tetrahedral
environment. The molecular species for instanceld(p@z)Cl,] [34] display a distorted
octahedral geometry around the metal ion [29,34,3%lese structural studies show that
thioureas or thiones coordinate to cadmium(i the sulfur atom. We have reported earlier the
crystal structures of several cadmium(ll) complexa&s heterocyclic thiones [4,5-10,14-
17,23,24,33-35]. To investigate further about thhectural aspects of such complexes, we report
in this work the spectroscopic data and the X-réayctures of two new 2D polymeric
cadmium(ll) complexes of imidazolidine-2-thione ¢)m [Cd(Imt)(H:0)(SOy)]n (1) and
[Cd(Imt)2(N3)2]n (2). The main goal of the present study is to explbé effect of binding

flexibility of sulfate and azide ions for the preaton of Cd-Imt polymers.

2. Experimental

2.1. Materials



Cadmium sulfate (CdS@/3H,0) and NaN were obtained from Merck Chemical Company,
Germany. Imidazolidine-2-thione was prepared adogrtb the method reported in the literature
[36].

2.2. Synthesis of [Cd(Imt)(#D)2(SOy)]n (1) and [Cd(Imt)}(N3)2] (2)

Complex1 was prepared by adding 0.10 g (1.0 mmol) Imt inndl5 methanol to an aqueous
solution (5 mL) of cadmium sulfate (0.26 g, 1.0 ntyramd stirring the mixture for 30 minutes.
Mixing resulted in a colorless solution. The clesaiution was kept at room temperature for
crystallization. As a result, a white crystallineoguct was obtained, that was washed with
methanol and dried. Yield = 65 %, melting point2Z5278°C. IR (cm?): v = 3416 (O-H), 3311
(N-H), 2888 (C-H), 1489 (C-N), 1163 (C=S), 1025695-0),6 = 1533, 1521 (N-H) (Imty =
3236, 2882, 1456, 1196;= 1515, 1497 cif). *H NMR (DMSO-d), J(ppm): 3.52, 8.20 (ImtJ
=3.62, 7.98)°C NMR (DMSO-@), J (ppm): 45.16, 181.02 (ImfJ= 44.0, 183.4).

For preparation o2, 0.20 g (2.0 mmol) Imt in 15 mL methanol was adtz®.26 g (1
mmol) cadmium sulfate in 5 mL water. On mixing aarl solution was obtained that was stirred
for 15 minutes. Then 2 equivalents of Nal.135 g) in 10 mL water were added. After stigrin
for 30 minutes, the colorless solution was filteradd kept at room temperature for
crystallization. An off white crystalline productas obtained, that was washed with methanol
and dried. Yield = 60 %, melting point = 180-1%2 IR (cm): v = 3331, 3246 (N-H), 2892 (C-
H), 2031 (NeN), 1470 (N-H), 1196 (C=S) = 1509."H NMR (DMSO-d;), J (ppm): 3.52, 8.09.
13C NMR (DMSO-d), J(ppm): 44.62, 182.86.

2.3. IR and NMR Measurements

The IR spectra were recorded on a Nicolet iS5 F3pectrophotometer using Diamond ATR
accessories over the range 4000-500" ewith the resolution of 2 cth The'H and “*C{*H}
NMR spectra in DMSO-lwere recorded on a Jeol JINM-LA 500 NMR spectromeperating
at frequencies of 500.00 MHz and 125.65 MHz, repely, at 297 K. ThéC chemical shifts

were measured relative to TMS.



2.4 X-ray Structure Determination

Single-crystal data collections were performed a0 K on a Bruker AXS D8 VENTURE
diffractometer using a multilayer graphite monoerhatedMoKa radiation f = 0.71073 A).
The data were collected, integrated and reducenguUSAINT [37]. An empirical absorption
correction was carried out using SADABS [38]. Theicture was solved with direct methods
using SHELXT [39] and refined by full matrix leasguare methods based oA, fsing
SHELXTL [40]. Graphics were generated using ORTH®B] and Mercury [42]. All non-
hydrogen atoms were refined with anisotropic disptaent parameters. For the N-H and O-H
hydrogen atoms, coordinates were refined with tigvblues being set to 1.2Ueq of terying
atoms. The methylene H atoms were included at lzdbmli positions using a riding model with
Uiso Values set to 1.2Ueq of tlwarbon atoms. Crystal data and details of the claitaction are

summarized in Table 1.
3. Results and Discussion
3.1. X-ray Structure Studies

The molecular structure of compouddis illustrated in Figure 1. Selected bond angled an
distances are given in Table 1. The compound dhysts in Pbca space group in the form of a
2D polymer comprising of [Cd(Imt)(#D)(SOy)] units (Figure 2). The 2D wavy network is
characterized by 12-membred ring motifs [CdOs$@here the cadmium ion is hexa-coordinate
as [Cd(Imt)(OH),(0OSG;)5]. It is bonded to two water molecules iia position, the sulfur atom
of the terminal imidazolidine-2-thione ligand, iddition to three meridional oxygen atoms, each
belonging to a sulfate anion (Figure 1). Hydrogemnding interactions of the type O-
Huwater - - Osurratetake place. The geometry around the metal ionsi®ded octahedral, thees bond
angles being in the range 82.68(5) - 103.65(4)%enime trans angles are between 169.67(5)
and 170.58(5) The Cd-S bond distance is 2.5354(6) A and theddabnd distances are in the
range 2.2737(15) A - 2.3628(14) A. These valuesimragreement with those reported for
aqua(bipyridine)(imidazolidine-2-thione)sulfatocadm(ll) complex [3] and other Cd-Imt
complexes [11,12].
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Figure 1. ORTEP diagram of the molecular structafecompoundl showing the atomic
labeling scheme. Thermal ellipsoids have been draivrb0% probability level.
Symmetry codes: i = x+1/2,y, -z+1/2 ; i = 1-N2, -z+1/2

The sulfate anion, acting as a tridentate ligasdiridging two cadmium ions in one 12-
membred ring motif and a third cadmium ion in ajaeent motif. The fourth sulfate oxygen
atom is non-coordinated. The stacked 2D networkes iaterconnected through N-H...O
hydrogen bonding interactions involving a layer iofidazolidinethione ligands and the

coordinated water molecules (Figure 3). The H-bpaidmeters are given in Table 3.



Figure 2. View of the 2D network in compouhd



Figure 3. Stacking of the 2D networks in compodard form a 3D structure



The molecular structures 8falong with the atom labeling scheme is displayeBigure
4 and, selected bond distances and angles ard list€able 2. The compound crystallizes in
C2/c space group. The solid state structure caneisa 2D polymer based on [Cd(lais),]
units. The azide anion forms an end-to-end bridge/&en two cadmium ions resulting into a 2D
network based on a 16-membered ring motif [gJdNFigure 5). Within the 2D network, the
cadmium ion is bonded to 4 nitrogen atoms, eachngghg to an azide anion, in addition to two
sulfur atoms of the terminal imidazolidine-2-thiohgands in atrans position. The geometry
around the metal ion is distorted octahedral. Tisebond angles are in the range 81.99(4) -
100.72(4)°, while thetrans angles are between 171.28(5) and 177.07(4)°. TéeéN Mond
distances fall in the range 2.3589(15) A - 2.488%(A. These are in agreement with those
reported for other azido cadmium compounds [344]3,4he two Cd-S bond lengths are
2.6114(5) and 2.6205(5) A respectively, which dighly greater than irl (2.5354(6) A). The
Cd-N=N moieties are bent with the bond angles &.32(10)-134.97(12)respectively. The N
ions are symmetrical and nearly linear. The stmgcti2 is somewhat similar to that of a related
complex, [Cd(Diaz)Ns).]n [34]. The 2D network sheets pack to give layensasated by a
second layer formed by the axially coordinated ligends (Figure 6). The solid state structure
exhibits a complex network of hydrogen bondingiattons of the type N-H...N and N-H...S.
The H-bond parameters are mentioned in Table 3.
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Figure 4. ORTEP diagram of the molecular structafecompound2 showing the atomic

labeling scheme. Thermal ellipsoids have been dratvrb0% probability level.

Symmetry codes: i = x, 1+y, zZ ;

il =-x+1/2, -y230-z ; iii = 1-x, y, -z+3/2
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Figure 5. View of the 2D network in compougd
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Figure 6. View of the packing of the 2D networkcompound? in the form of a 3D network

3.2. IR and NMR Studies

The reaction of CdS{B/3H,0 with Imt in a 1:1 molar ratio resulted in a pratlof composition
[Cd(Imt)(H20)(SOQy)] (1), while the sequential addition of Imt and Natd CdSQ8/3H,0O
yielded [Cd(Imt}(Ns)2]n (2). In the spectra of complex&sand2, the bands characteristic of free
Imt (v(C=S), v(N-H), v(C-N)) were observed around 1200, 3200, 1500" craspectively.
These values are close to those reported for sih@lar complexes [17,34,46-49]. TR€C=S)
band expected around 500 ¢rould not be observed because of the instrumetetgction

limit. The C=S stretching is shifted to lower fremeies upon Cd-S bonding, while the C-N and

12



N-H bands are shifted towards higher frequency tducreasing in double bond character of
the C-N bond [17,47]. The N-H bending vibration wdetected near 1500 émThe S-O
vibrations in SQ complexes are observed at 1164 and 97% [88,50]. A peak at 3416 cfhin
[Cd(Imt)(H20)2(SOy)] marks the presence of water in the complex. Zahev(Ns) stretching
vibration was detected at 2031 tnWeak signals around 2890 ¢rwere also observed due to
the C-H stretching of methylene groups. The IR spexf complexi and2 are shown in Figures
S1 and S2 respectively (Supporting Information, Sl)

In *H NMR spectra of the complexes, the N-H signalnaf $hifted downfield ppm from
its position in the free ligand. Deshielding of tNeH proton is related to an increase of the
electron density in the C—N bond upon complexaidh34]. In**C NMR, the C=S resonance of
Imt displayed a small upfield shift compared to theomplexed ligand as observed for other
cadmium(ll) complexes of thiones [17,34,45,46]. Tipdield shift is attributed to a lowering of
the C=S bond order upon coordination and a shift-efC electron density producing a partial
double bond character in the C-N bond [34,36]. TB¥N resonances exhibited a slight
downfield shift, which is due to an increasepicharacter of this bond. The NMR spectra of the

complexes are provided as Supporting Informatioguies S3 — S6).

4. Conclusion

This paper describes the synthesis and structheabcterization of 1,3-imidazolidine-2-thione
(Imt), [CA(Imt)(H:O0):(SOy)]n (1) and [CA(Imt}(N3)2]n (2). The X-ray structures of the
complexes show that both of them exist in the fafmwo dimensional polymers with each
cadmium atom being octahedrally coordinated. Thiynpers are assembled through triply-
bridging sulfate and doubly-bridging(1,3) azide ions in case &fand2 respectively. The 2D
polymers are extended by hydrogen bonding intevastresulting in 3D network structures. The
Cd-S bond lengths reflect that Imt is more strongbund to cadmium in complek The
spectroscopic as well as the X-ray structure degacansistent with a significant C-N double

bond character in the SGMhoiety of the coordinated Imt.
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Copies of the data can be obtained free of chargepplication to CCDC, 12 Union Road,

Cambridge CB2 1EZ, UK, e-mail: deposit@ccdc.camlaor www.ccdc.cam.ac.uk.

References

[1] N. A. Bell, W. Clegg, S. J. Coles, C. P. ConstaBleW. Harrington, M. B. Hursthouse,
M. E. Light, E. S. Raper, C. Sammon, M. R. Walkéomplexes of heterocyclic thiones
and group 12 metals: Part VI. Preparation and clemaation of complexes of
cadmium(ll) halides with 1-methylimidazoline-2(3)ione, 1,3-thiazolidine-2-thione
and 1,3-benzothiazoline-2-thione. Crystal structucé polymeric (1,3-thiazolidine-2-
thione)cadmium(ll) chloride, bis(1,3-thiazolidine#@ione)cadmium(ll) iodide and
monomeric bis(1-methylimidazoline-2(3H)-thione)cadm(ll) bromide, Inorg. Chim.
Acta 357 (2004) 2091.

[2] L. Cavalca, P. Domiano, G. F. Gasparri, P. Boldrihe Crystal Structure of
Monothiourea-cadmium Sulphate Dihydrate, Acta Cr2t(1967) 878.

[3] P. F. Rodesiler, N. G. Charles, E. A. H. Griffith, L. Amma, Structure otatena
Aqua(2,2'-bipyridine)(2-imidazolidinethione-fHsulfato(2-)O:O"lcadmium(ll)
Monohydrate and its Solid-Stat8Cd NMR Spectrum, Acta Cryst. C 43 (1987) 1058.

[4] M. Fettouhi, M. I. M. Wazeer, A. A. Isab, A noveblgmeric Cd[SSgN,] central core
five-coordinate complex: Synthesis, X-ray structared *°Cd, 'Se CP MAS NMR
characterization of catena(his{selenocyanato-N,Se)(N,N’-dimethylimidazolidine-2-
thione-S)-cadmium(ll)), Inorg. Chem. Commun. 110Q2p252.

[5] C. Marcos, M. J. Alia, V. Adovasio, M. Prieto, Sai@ia-Granda, Bis(thiourea)cadmium
Halides, Acta Cryst. C 54 (1998) 1225.

14



[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

M. R. Malik, S. Ali, M. Fettouhi, A. A. Isab, S. Ahad, Synthesis and Structural
Characterization of Dichloridobis(N'Adimethylthiourea-S)cadmium(ll), J. Struct.
Chem. 51 (2010) 976.

S. Ahmad, M. Altaf, H. Stoeckli-Evans, A. A. Isabl. R. Malik, S. Ali, S. Shuja,
Synthesis and Structural Characterization of Dibdmiis(N,N'-dimethylthiourea-
kS)cadmium(ll) and Diiodidobis(N,N'-dimethylthioure®)cadmium(ll), J. Chem.
Crystallogr. 41 (2011) 1099.

R. Mahmood, S. Sadaf, A. A. Isab, M. Akkurt, S. @h& U. Khan, J. Tariq, S. Ahmad,
Synthesis and Structural Characterization of Cadrflif Complexes of
Tetramethylthiourea (Tmtu); X-ray structure of [Td{tulCl,], Russ. J. Coord. Chem.
38 (2012) 456.

S. Nawaz, S. Sadaf, M. Fettouhi, A. Fazal, S. AhmBibromidobis(N,N,NN'-
tetramethylthioureaS)cadmium(ll), Acta Cryst. E 66 (2010) m950.

S. Nawaz, S. Sadaf, M. Fettouhi, A. Fazal, S. Ahmauodidobis(N,N,N,N-
tetramethylthioureaS)cadmium(ll), Acta Cryst. E 66 (2010) m951.

A. R. Al-Arfaj, J. H. Reibenspies, A. A. Isab, M.. $ussain, Dichlorobis(1,3-
imidazolidine-2-thione-S)cadmium(ll), Acta Cryst.52 (1998) 51.

T. S. Lobana, R. Sharma, R. Sharma, R. Sultand, Butcher, Metal Derivatives of 1,3-
Imidazolidine-2-thione with Divalent d10 Metal lo(&n-Hg): Synthesis and Structures,
Z. Anorg. Allg. Chem. 634 (2008) 718.

M. Fettouhi, M. R. Malik, S. Ali, A. A. Isab, S. Ahad, Dicyanidobis(thiourea-
kS)cadmium(ll) monohydrate, Acta Cryst. E 66 (200@97.

M. R. Malik, T. Ruffer, A. A. Isab, S. Ali, S. Ahnda H. Stoeckli-Evans, Structural
Characterization of Dicyanidobis(N,N’-dimethylthima«S)cadmium(ll), J. Struct.
Chem. 54 (2013) 810.

G. Naz, M. N. Tahir, A. A. Isab, S. Ahmad, M. Feitd, Crystal structure of
dichloridobis(1,3-diazinane-2-thiones)cadmium, Acta Cryst. E 71 (2015) 1493.

S. Ahmad, Q. Amir, G. Naz, M. Fettouhi, A. A. Isab,Ruffer, H. Lang, Synthesis and
Crystal Structures of Cadmium lodide Complexes oN’N)iethyIthiourea and 1,3-
Diazinane-2-thione, J. Chem. Crystallogr. 42 (20815.

15



[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

M. I. M. Wazeer, A. A. Isab, M. Fettouhi, New cadmm chloride complexes with
imidazolidine-2-thione and its derivatives: X-rayustures, solid state and solution NMR
and antimicrobial activity studies, Polyhedron 26(7) 1725.

A. Beheshti, N. R. Brooks, W. Clegg, R. Hyvadi, Blarobis[1-methylimidazoline-
2(3H)-thione]cadmium(ll), Acta Cryst. E 61 (2005) m1383

A. Beheshti, W. Clegg, S. H. Dale, R. Hyvadi, Swdis, crystal structures, and
spectroscopic  characterization of the neutral maran  tetrahedral
[M(Diap)2(OAc),] H,O complexes (M = Zn, Cd; Diap = 1,3-diazepane-2#hj OAc =
acetate) with N-H---O and O-H---O intra- and intelatular hydrogen bonding
interactions, Inorg. Chim. Acta 360 (2007) 2967.

Y. Matsunaga, K. Fujisawa, N. Amir, Y. Miyashita,-K Okamoto, Group 12 metal(ll)
complexes with 1-methylimidazoline-2(3H)-thione {H)i: correlation between crystal
structure and physicochemical property, J. Cooteert. 58 (2005) 1047.

M. J. Moloto, M. A. Malik, P. O'Brien, M. MotevalliG. A. Kolawole, Synthesis and
characterization of some N-alkyl/aryl and N,N’-diglaryl thiourea cadmium(ll)
complexes: the single crystal X-ray structures @dChL(CS(NH,)NHCHs);], and
[CACI(CS(NH,)NHCH,CHz),], Polyhedron 22 (2003) 595.

N. Moloto, N. Revaprasadu, M. J. Moloto, P. O'Briéh Helliwell, N,N’-Diisopropyl-
and N,N’-dicyclohexylthiourea cadmium(ll) complexas precursors for the synthesis of
CdS nanoparticles, Polyhedron 26 (2007) 3947.

R. Mahmood, S. G. Hussain, M. Fettouhi, A. A. Is8bAhmad, (AcetateO)(acetato-
k?0,0")bis(1,3-diazinane-2-thiones)cadmium(ll), Acta Cryst. E 68 (2012) m1352.

S. Ahmad, M. Fettouhi, T. Roisnel, M. A. Alotaibd. I. Alharthi, M. R. Malik, .
Ahmad, A. A. Isab, Structural diversity in pseudade complexes of cadmium(ll) with
N-methylthiourea (Metu): Polymeric [Cd(MeiiNCS)], versus monomeric
[Cd(Metul(CN),], J. Coord. Chem. 70 (2017) In press.

L. Cavalca, M. Nardelli, G. Fava, The Crystal Stane of bis-Ethylenethiourea-
Cadmium Thiocyanate, Acta Cryst. 13 (1960) 125.

X. Q. Wang, W. T. Yu, D. Xu, M. K. Lu, D. R. YuaratenaPoly[[bis(thiocyanato-
kN)cadmium(ll)]-diq-thioureax*S:S], Acta Cryst. C 58 (2002) m336.

16



[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

A. Mietlarek-Kropidlowska, J. ChojnacleatenaPoly[[[bis(thioureaxS)cadmium]-di-
thiocyanatox”®N:S;x?S:N] dihydrate], Acta Cryst. E 68 (2012) m1051.

H.-G. Zhu, G. Yang, X.-M. Chen, S. W. Ng.catenaPoly[[[bis(N,N’-
diphenylthiourea)cadmium(ll)]-di-thiocyanato] dihydrate], Acta Cryst. C 56 (2000)
e430.

G. Yang, G.-F. Liu, S.-L. Zheng, X.-M. Chen, Symdise and Structures of
Dichlorotetrakis(phenylthiourea)cadmium(ll) and catenabis(thiocyanate)
bis(phenylthiourea)cadmium(ll), J. Coord. Chem(&301) 269.

E. Corao, S. Baggio, The crystal structure of @ fteordinated cadmium(ll) complexes:
Tristhiourea-cadmium sulphate, Inorg. Chim. Actd369) 617.

M. Parvez, F. Jalilehvand, Z. Amini, Tetraaquabis@reaxS)cadmium(ll)
triaquatris(thioureasS)cadmium(ll) disulfate, Acta Cryst. E 68 (2012)489

U. Rajalingam, P. W. A. Dean, H. A. Jenkins, Santimultinuclear {P**'Cd,”’Se)
magnetic resonance studies of cadmium complexégtefocyclic aromatic thiones and
the structure of [tetrakis(2€D-pyridinethione)cadmium] nitrate, [Cd{BsNS)](NO3),,
Can. J. Chem. 78 (2000) 590.

R. Mahmood, S. G. Hussain, A. A. Isab, M. Fettouki,Fazal, S. Ahmad, Structural
Characterization of Tetrakis(1,3-diazinane-2-thjeadmium(ll) sulfate, J. Struct. Chem.
56 (2015) 463.

A. I. Alharthi, S. Ahmad, T. Ruffer, H. Lang, M. Allotaibi, G. Murtaza, A. A. Isab,
Synthesis and crystal structures of cadmium(ll) glexes of 1,3-diazinane-2-thione
(diaz); [Cd(diaz)Cl,], [Cd(diazx(NCS)] and [Cd(diaz)N3)2]n, Inorg. Chim. Acta 469
(2018) 312.

M. Altaf, H. Stoeckli Evans, G. Murtaza, A. A. IsaB. Ahmad, M. A. Shaheen,
Synthesis and structural characterization of a daah(il)-sulfato complex, [Cd(N,N
diethylthiourea)(SQy)], J. Struct. Chem. 52 (2011) 625.

S. Ahmad, A. A. lIsab, H. P. Perzanowski, Ligand asdrling reactions of
cyano(thione)gold(l) complexes and determinatiothefr equilibrium constants, Can. J.
Chem. 80 (2002) 1279.

Bruker SAINT, Bruker AXS Inc., Madison, WisconslSA (2014).

G. M. Sheldrick, SADABS, Bruker AXS Inc., Madisojsconsin, USA (2014).

17



[39]

[40]
[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

G. M. Sheldrick, SHELXT - Integrated space-group anystal-structure determination,
Acta Cryst. A 71 (2015) 3.

G. M. Sheldrick, Crystal Structure Refinement wRHELXL, Acta Cryst. C 71 (2015) 3.
L. J. FarrugiaORTERS3 for Windows - a version dDRTERIII with a Graphical User
Interface (GUI), J. Appl. Cryst. 30 (1997) 565.

C. F. Macrae, I. J. Bruno, J. A. Chisholm, P. RgiEdton, P. McCabe, E. Pidcock, L.
Rodriguez-Monge, R. Taylor, J. van de Streek, PW&od, Mercury CSD 2.0- new
features for the visualization and investigationcofstal structures, J. Appl. Cryst. 41
(2008) 466.

Z. Tang, J.-G. Zhang, Z.-H. Liu, T.-L. Zhang, L.n¢a X.-J. Qiao, Synthesis, structural
characterization and thermal analysis of a highrogén-contented cadmium(ll)
coordination polymer based on 1,5-diaminotetrazal®jol. Struct. 1004 (2011) 8.

M. A. S. Goher, F. A. Mautner, A. K. Hafez, M. A.Mbu-Youssef, C. Gspan, A. M.-A.
Badr, Two new polymeric cadmium(ll) complexes camteg end-to-end bridging azido
or thiocyanato ligands with different topologies)yhedron 22 (2003) 975.

S. Ali, M. R. Malik, A. A. Isab, S. Ahmad, Synthesand spectroscopic characterization
of cadmium(Il) complexes of thiones and thiocyanate€oord. Chem. 62 (2009) 475.

A. A. Isab, M. I. M. Wazeer, W. Ashraf, Cadmium oyde complexes with heterocyclic
thiones: Solid state and solution NMR studies, 8pehim. Acta A 72 (2009) 218-221.
M. Y. Jomaa, M. Altaf, S. Ahmad, G. Bhatia, J. $ing. Altuwaijri, A. A. Isab,
Synthesis, spectroscopic characterization and ino vanticancer activity of new
platinum(ll) complexes with some thione ligandstive presence of triethylphosphine,
Biometals 30 (2017) 787.

S. Ahmad, S. Nadeem, A. Anwar, A. Hameed, S. Amiar, W. Zierkiewicz, A. Abbas,
A. A. Isab, M. A. Alotaibi, Synthesis, Charactetiva, DFT Calculations and
Antibacterial Activity of Palladium(ll) Cyanide Caotexes with Thioamides, J. Mol.
Struc. 1141 (2017) 204.

M. R. Malik, V. Vasylyeva, K. Merz, N. Metzler-N@i M. Saleem, S. Ali, A. A. Isab, K.
S. Munawar, S. Ahmad, Synthesis, Crystal structufggimicrobial Properties and
Enzyme Inhibition Studies of Zinc(ll) Complexes ©hiones, Inorg. Chim. Acta 376
(2011) 207.

18



[50] S. N. Shagabutdinova, M. A. Fedotov, A. V. Belyatkig Study of Induced Aquation of
Rh(lll) Sulfate Complexes, Russ. J. Coord. Chem(28®7) 140.

19



Table 1.

Crystal data and details of the structure refindnfi@mcompoundd and2.

Compound 1 2
Formula GH10CdGONLS, CeH12CdNy oS,
Formula Weight 346.65 400.78
Crystal system Orthorhombic Monoclinic
Space Group Pbca C2/c
a,b,c A 9.5479(13), 10.9719(14), 25.671(3), 6.7473(9),
19.069(2) 15.814(2)
a, B, v, deg 90, 90, 90 90, 108.622(2), 90
v, & 1997.6(4) 2595.7(6)
z 8 8
0 cale glcn? 2.305 2.008
4 (MoKa), mm* 2.611 2.119
F(000) 1360 1584
Crystal size (mm) 0.420 x 0.280 x 0.240 0.680 20.4 0.220
Temperature, K 150(2) 150(2)
A (MoKa), A 0.71073 0.71073
0 range, deg 3.019 - 27.484 3.133-27.482
h, k, llimits -12:12, -14:14, -22:24 -33:33, -8:7, -20:20

Reflns: Total, uniq. datdgint 15721, 2284, 0.0255

Observed datd B 20(1)] 2175
Thiny Trmax 0.398, 0.534
Data, restraints, parameters 2284, 5, 146
Ri, WRy, S[I > 20(1)] 0.0175, 0.0422, 1.083
Largest diff. peak, hole (€A 0.482, -0.410

11119, 2974, 0.0250
2810
0.415, 0.643
2978 A,
0.0202, 0.0489, 0.949
0.762, -0.461

w = [6°(Fo”) + (0.0147P)+ 3.5479P7 for 1 and

w = [6%(Fs? ) + (0.0240P) + 4.9623PT for 2, where P = (B + 2R?)/3
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Table 2. Selected bond distances (A) and bond anglesi(9dmpoundd and2

Bond Distance Bond angles
(1)
Cd1-s1 2.5354(6) 03Cd1-01 89.87(5)
Cdi1-01 2.3627(13) 03Cd1-04 170.58(5)
Cd1-03i 2.3227(14) 03Cd1-05 88.86(5)
Cd1-Od4ii 2.3318(14) d4-Cd1-01 89.26(5)
Cd1-05 2.3467(15) J4Cd1-05 90.32(5)
Cd1-06 2.2737(15) 05-Cd1-01 169.67(5)
S1-C1 1.715(2) 06-Cd1-01 82.69(5)
N1-C1 1.326(3) 06-Cd1-03 84.53(5)
C(2)-N(2) 1.465(3) 06-Cd1-04 86.05(6)
06-Cd1-05 86.99(6)
O1-Cd1-S1 92.19(4)
03-Cd1-S1 103.65(4)
04'-Cd1-S1 85.76(4)
05-Cd1-S1 98.08(4)
06-Cd1-S1 170.39(4)
Cd(1)-S(1)-C(2) 107.63(7)
N(1)-C(1)-S(1) 123.01(17)
N(1)-C(1)-N(2) 109.79(19)
&)
Cd1-S1 2.6114(5) S1-Cd1-S2 172.270(13)
Cd1-S2 2.6205(5) N5-Cd1-S1 81.99(4)
Cd1- N5 2.3692(15) N7-Cd1-S1 100.72(4)
Cd1- N7 2.3589(15) N9-Cd1-S1 90.35(4)
Cd1- N9 2.4205(15) N14Cd1-S1 85.94(3)
Cd1- N11 2.4884(15) N5-Cd1-S2 93.15(4)
S1-C1 1.7059(17) N7-Cd1-S2 84.03(4)
N1-C1 1.331(2) N9-Cd1-S2 96.22(4)
N1-C2 1.469(2) N11-Cd1-S2 88.10(3)
N5-N6 1.1663(15) N5-Cd1-N7 177.07(4)
N7-N8 1.1753(14) N5-Cd1-N9 96.84(6)
N9-N10 1.1845(19) N5-Cd1-N11 90.46(6)
N10-N11 1.1657(19) N7-Cd1-N9 84.29(6)
N7-Cd1-N1Y 88.65(5)
N9-Cd1-N1Y 171.28(5)
Cd1-s1-C1 108.06(6)
Cd1-S2-C4 114.97(5)

Symmetry codei= x+1/2, y, -z+1/2; i = -x+1,y+1/2,-z+12ii = x,y+1,Z iv = X, y+1, z



Table3 Hydrogen bond parameters in complekesd2 (A, deg}

D-H..A d(D-H) d(H...A) d(D...A) 0(D-H-A)

(1) .

N1-H1..05 0.84(2) 2.47(3) 3.105(2) 133(3)
N2-H2..03 0.89(3) 2.06(3) 2.913(2) 160(3)
05-H5A...03' 0.80(2) 1.96(2) 2.751(2) 168(2)
05-H5B...04’ 0.85(2) 1.93(2) 2.772(2) 170(3)
06-H6A...0] 0.78(3) 2.01(3) 2.746(2) 158(3)
06-H6B...S2 0.81(3) 2.77(3) 3.4294(17) 140(2)
06-H6B...02 0.81(3) 1.89(3) 2.687(2) 168(3)
(2

N1-H1..N7 0.807(17) 2.418(19) 3.120(2) 146.0(19)
N2-H2..57 0.811(18) 2.876(19) 3.5769(15) 146.0(18)
N2-H2..N11" 0.811(18) 2.507(19) 3.065(2) 127.1(18)
N3-H3...N5_ 0.837(18) 2.072(19) 2.884(2) 163(2)
N4-H4...N9' 0.814(18) 2.273(19) 3.007(2) 150.2(19)

aSymmetry codes: i = x-1/2,-y+3/2,-z+1; ii = x+1/2a#1/2; iii = -x+1,y+1/2,-z+1/2;

iv = -x+3/2,y+1/2,z; v = X,-y+2,z+1/2; vi = X,-y+A+1/2; vii = x,-y+1,z-1/2
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Resear ch Highlights

* Crysta structures of [Cd(Imt)(H20)2(SO4)]n (1) and [Cd(Imt)2(N3)2]n (2); Imt = 1,3-
imidazolidine-2-thione

» Compounds 1 and 2 exist as 2D polymers.

e Polymers are formed by ps-SO,4 and pi(1,3) azide groupsin 1 and 2 respectively.



