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The title compound, [Cd(C12H27O3SSi)2(NH3)2]�C2H3N, is a

molecular heteroleptic cadmium thiolate with two ammine

ligands and contains a tetrahedrally coordinated CdII ion with

an S2N2 environment. All ammine H atoms and one of the H

atoms of the acetonitrile methyl group participate in the

formation of intra- and intermolecular hydrogen bonds, which

link adjacent molecules into infinite chains.

Comment

We have been interested in the synthesis of low molecular

weight cadmium complexes having NxS(thiolate)yOz ligand

sets, intended as useful 113Cd NMR spectroscopic models of

cadmium-substituted protein sites (Summers, 1988; Coleman,

1993; Öz et al., 1998). We report here the crystal structure of

the title compound, (I).

Compound (I) is closely related to the zinc analog,

diammine[bis(tri-tert-butoxysilanethiolato)]zinc(II) acetoni-

trile solvate (Becker et al., 2001), reported previously.

Cadmium in (I) is tetrahedrally coordinated by two thiolate S

atoms and two ammonia N atoms (Fig. 1). The resulting

tetrahedron is distorted, with the S1—Cd1—S2 angle being

the widest and N1—Cd1—N2 the smallest, which is usual for

compounds with a CdS2N2 kernel (Corwin & Koch, 1988;

Santos et al., 1990; Otto et al., 1999; Sun et al., 1999).

Initially we expected that CdII would expand its coordin-

ation environment compared with ZnII. Among group 12

elements only cadmium was several times reported to form

octahedral hexaammine complexes (Yamaguchi & Ohtaki,

1979; Himmel & Jansen, 1998; Paul et al., 2004) and in general

it is more likely to form octahedral than tetrahedral complexes

(CSD; Version 5.27 of November 2005; Allen, 2002). We

suppose that the geometry of the metal environment and

crystal structure of (I) is determined first by the network of

hydrogen bonds, and then by the size of the central ion.

Seven different hydrogen bonds can be recognized in (I):

three intramolecular and four intermolecular (Table 2, Figs. 2

and 3). The structure of (I) is supported by three intra-



molecular N—H� � �O hydrogen bonds formed between

ammonia ligands and ether O atoms from tert-butoxy groups.

The intermolecular aggregation in (I) is determined by a

combination of N—H� � �S, C—H� � �O and N—H� � �N

hydrogen bonds. The molecules of (I) are linked into dimers

via intermolecular N—H� � �S bonds. Acetonitrile is held in

position by three intermolecular hydrogen bonds: two N—

H� � �N bonds linking solvent acetonitrile with ammonia

ligands and one C—H� � �O bond formed between asymmetric

units. The C—H� � �O contact was not recognized in the case of

the previously described zinc compound (Becker et al., 2001).

Very weak hydrogen bonds such as C—H� � �O may easily be

missed by application of van der Waals cut-off criteria

(Desiraju & Steiner, 2001). If this interaction is included the

molecules form infinite zigzag chains along the a axis (Fig. 2).

Application of graph theory to (I) results in a variety of

possible hydrogen-bonding patterns (Etter, 1990; Bernstein et

al., 1995), as presented in Fig. 3: three different S(6) rings

formed by N2—H2E� � �O4, N2—H2F� � �O1 and N1—

H1C� � �O3 (shown in red) hydrogen bonds, an intramolecular

R2
2(8) ring (green), a typical intermolecular R2

2(8) motif (Etter

& Adsmond, 1990; Etter et al., 1990; Harkema et al., 1984; van

Hummel & Helmholdt, 1991; Leiserowitz & Nader, 1977;

Wiedenfeld & Knoch, 1990) (yellow), an intermolecular R1
2(6)

ring, in which N3 acts as bifurcated acceptor (blue), and an

R4
4(18) motif incorporating C26—H26� � �O6ii bonds (not

shown).

We suppose that, due to the variety of hydrogen-bonding

patterns, (I) and its zinc precedent may be useful models for

testing the correctness of computational procedures applied to

the characterization of metal binding regions within proteins

(Zimmer, 1995; Hemmingsen & Ryde, 1996; Noodleman et al.,

2004).

Experimental

Bis(tri-tert-butoxysilanethiolate) cadmium(II) (Wojnowski et al.,

1992) (0.675 g, 0.5 mmol) was dissolved in toluene (10 ml) and placed

in a closed box filled with ammonia vapour. The colourless needles

that crystallized after several days were recrystallized from a mixture

acetonitrile–toluene (3:2) giving colourless prisms suitable for X-ray

analysis.

Crystal data

[Cd(C12H27O3SSi)2(NH3)2]�C2H3N
Mr = 746.49
Triclinic, P1
a = 9.5244 (6) Å
b = 13.0693 (8) Å
c = 16.8974 (9) Å
� = 82.035 (5)�

� = 75.877 (5)�

� = 77.502 (5)�

V = 1983.2 (2) Å3

Z = 2
Dx = 1.25 Mg m�3

Mo K� radiation
� = 0.75 mm�1

T = 120 (2) K
Prism, colourless
0.30 � 0.17 � 0.08 mm
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Figure 1
The molecular structure of (I), showing the atom-labelling scheme.
Displacement ellipsoids are drawn at the 30% probability level and H
atoms of tert-butyl groups have been omitted for clarity.

Figure 2
A packing diagram of (I). Cd atoms are purple, S atoms are yellow, Si
atoms are green, O atoms are red, C and H atoms are white, N atoms are
blue. Dashed lines indicate hydrogen bonds. tert-Butyl groups have been
omitted.

Figure 3
Hydrogen-boding (dashed lines) patterns in (I). Colouring scheme as in
Fig. 2, except for grey H atoms. [Symmetry codes: (a) x; y; z; (b)
1þ x; y; z; (c) �x; 1� y;�z; (d) 1� x; 1� y;�z; (e) �x; 1� y; 1� z.]



Data collection

Kuma KM-4-CCD � geometry
diffractometer

! scans
Absorption correction: analytical

(CrysAlis RED; Oxford
Diffraction, 2006)
Tmin = 0.767, Tmax = 0.89

16404 measured reflections
9049 independent reflections
8483 reflections with I > 2�(I)
Rint = 0.028
�max = 27.5�

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.036
wR(F 2) = 0.090
S = 1.06
9049 reflections
404 parameters
H atoms treated by a mixture of

independent and constrained
refinement

w = 1/[�2(Fo
2) + (0.0474P)2

+ 2.0571P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 1.13 e Å�3

��min = �0.42 e Å�3

Table 1
Selected geometric parameters (Å, �).

Cd1—S1 2.4820 (5)
Cd1—S2 2.4647 (5)
Cd1—N1 2.282 (2)
Cd1—N2 2.2898 (19)
S1—Si1 2.0810 (7)
S2—Si2 2.0849 (7)

Si1—O1 1.6422 (15)
Si1—O2 1.6353 (15)
Si1—O3 1.6470 (15)
Si2—O4 1.6407 (14)
Si2—O5 1.6339 (15)
Si2—O6 1.6338 (15)

N1—Cd1—N2 98.10 (8)
N1—Cd1—S2 105.57 (6)
N2—Cd1—S2 114.54 (5)

N1—Cd1—S1 107.08 (6)
N2—Cd1—S1 105.12 (5)
S2—Cd1—S1 123.312 (18)

Table 2
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

N1—H1B� � �S2i 0.84 (3) 2.65 (3) 3.479 (2) 173 (3)
N1—H1A� � �N3 0.86 (4) 2.39 (4) 3.204 (4) 158 (3)
N1—H1C� � �O3 0.82 (3) 2.42 (3) 3.115 (3) 143 (3)
N2—H2F� � �O1 0.85 (3) 2.48 (3) 3.246 (3) 151 (3)
N2—H2E� � �O4 0.83 (3) 2.60 (3) 3.248 (3) 137 (3)
N2—H2D� � �N3 0.86 (4) 2.47 (4) 3.271 (4) 155 (3)
C26—H26C� � �O6ii 0.98 2.54 3.519 (3) 173

Symmetry codes: (i) �xþ 2;�yþ 1;�z; (ii) �xþ 1;�yþ 1;�z.

The H atoms of the NH3 groups were located in a difference map

and refined freely [N—H = 0.82 (3)–0.86 (4) Å]. The methyl H atoms

were positioned geometrically and refined using a riding model, with

C—H distances of 0.98 Å and with isotropic displacement parameters

of 1.2Ueq of their attached atoms [1.5 times for those attached to

C26]. The highest residual density peak is located 0.02 Å from atom

Cd1.

Data collection: CrysAlis CCD (Oxford Diffraction, 2006); cell

refinement: CrysAlis RED (Oxford Diffraction, 2006); data reduc-

tion: CrysAlis RED; program(s) used to solve structure: SHELXS97

(Sheldrick, 1997); program(s) used to refine structure: SHELXL97

(Sheldrick, 1997); molecular graphics: ORTEP-3 for Windows

(Farrugia, 1997); software used to prepare material for publication:

WinGX (Farrugia, 1999).
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Becker, B., Dołęga, A., Konitz, A., Swinder, L. & Wojnowski, W. (2001). Z.

Anorg. Allg. Chem. 627, 280–286.
Bernstein, J., Davis, R. E., Shimoni, L. & Chang, N.-L. (1995). Angew. Chem.

Int. Ed. Engl. 34, 1555–1573.
Coleman, J. E. (1993). Methods Enzymol. 227, 16–43.
Corwin, D. T. & Koch, S. A. (1988). Inorg. Chem. 27, 493–496.
Desiraju, G. & Steiner, T. (2001). The Weak Hydrogen Bond In Structural

Chemistry and Biology, 1st ed. New York: Oxford University Press.
Etter, M. C. (1990). Acc. Chem. Res. 23, 120–126.
Etter, M. C. & Adsmond, D. A. (1990). J. Chem. Soc. Chem. Commun. pp. 589–

591.
Etter, M. C., Adsmond, D. A. & Britton, D. (1990). Acta Cryst. C46, 933–934.
Farrugia, L. J. (1997). J. Appl. Cryst. 30, 565.
Farrugia, L. J. (1999). J. Appl. Cryst. 32, 837–838.
Harkema, S., ter Brake, J. H. M. & Helmholdt, R. B. (1984). Acta Cryst. C40,

1733–1734.
Hemmingsen, L. & Ryde, U. (1996). J. Phys. Chem. 100, 4803–4809.
Himmel, K. & Jansen, M. (1998). Eur. J. Inorg. Chem. pp. 1183–1186.
Hummel, G. J. van & Helmholdt, R. B. (1991). Acta Cryst. C47, 213–215.
Leiserowitz, L. & Nader, F. (1977). Acta Cryst. B33, 2719–2733.
Noodleman, L., Lovell, T., Han, W.-G., Li, J. & Himo, F. (2004). Chem. Rev.

104, 459–508.
Otto, J., Jolk, I., Viland, T., Wonnemann, R. & Krebs, B. (1999). Inorg. Chim.

Acta, 285, 262–268.
Oxford Diffraction (2006). CrysAlis CCD and CrysAlis RED. Versions

1.171.29.9. Oxford Diffraction Ltd, Abingdon, Oxfordshire, England.
Öz, G., Pountney, D. L. & Armitage, I. M. (1998). Biochem. Cell Biol. 76, 223–

234.
Paul, P., Nather, C., Walfort, B., Fromm, K. M., Zimmermann, B., Lang, H. &

Janiak, C. (2004). CrystEngComm, 6, 293–297.
Santos, R. A., Gruff, E. S., Koch, S. A. & Harbison, G. S. (1990). J. Am. Chem.

Soc. 112, 9257–9263.
Sheldrick, G. M. (1997). SHELXS97 and SHELXL97. University of

Gottingen, Germany.
Summers, M. F. (1988). Coord. Chem. Rev. 86, 43–134.
Sun, W.-Y., Zhang, L. & Yu, K.-B. (1999). J. Chem. Soc. Dalton Trans. pp. 795–

798.
Wiedenfeld, H. & Knoch, F. (1990). Acta Cryst. C46, 1038–1040.
Wojnowski, W., Becker, B., Walz, L., Peters, K., Peters, E.-M. & von Schnering,

H. G. (1992). Polyhedron, 11, 607–612.
Yamaguchi, T. & Ohtaki, H. (1979). Bull. Chem. Soc. Jpn, 52, 1223–1224.
Zimmer, M. (1995). Chem. Rev. 95, 2624–2649.

metal-organic papers
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