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A planar conformation of 1,3-thiazolidine-2-thione (TZDTH),

C3H5NS2, was crystallized for the ®rst time. The new triclinic

polymorph (P1) obtained was compared in terms of its intra-

and intermolecular geometry with three previous reports of a

monoclinic polymorph (P21/n). The packing is based on

centrosymmetric dimers of TZDTH, linked by NÐH� � �S
hydrogen bonds.

Comment

The heterocyclic thioamide 1,3-thiazolidine-2-thione, (2),

exists in tautomeric equilibrium with its thiol form, 2-mer-

captothiazoline, (1) (Raper et al., 1983). Besides the thiol±

thione tautomerism, this molecular system can also be de-

protonated to form the thiolate anion, (5). In the solid state,

the most stable form is the thione, (2), as evidenced either by

IR spectroscopy (Flakus et al., 2002) or by X-ray diffraction

(Raper et al., 1983; Zhou et al., 1984; Flakus et al., 2002).

The tautomeric and canonic forms (1)±(5) are versatile

ligands, as highlighted by the fact that 81 metal complex

structures containing these ligands are deposited in the

Cambridge Structural Database (CSD; updated August 2005;

Allen, 2002). It is important to emphasize the pH-dependent

coordination chemistry of these ligands. In neutral and acid

media, where (2) is the most stable form, usually the exocyclic

S atom and the N atom are available as donor atoms (see, for

example, Rajalingam et al., 2001; Bell et al., 2001; Popovic et

al., 2002), whereas in alkaline media, it is the SÐCÐN

component of the thiolate anion that is involved in coordi-

nation to metals (see, for example, Shi & Jiang, 2002; Du et al.,

2002; Brandt & Sheldrick, 1998). An interesting complex with

copper containing both forms (2) and (5) as donors has been

observed by Raper et al. (1998). Form (3) has been observed

by Abram et al. (1998) in an Au3+ complex.

The 1,3-thiazolidine-2-thione structure has been deter-

mined previously by X-ray diffraction as belonging to space

group P21/n (Raper et al., 1983; Zhou et al., 1984; Flakus et al.,

2002) and in the present study as a new P1 triclinic polymorph.

The cell parameters observed by Flakus et al. (2002) for the

P21/n polymorph are a = 13.484 (5) AÊ , b = 5.452 (2) AÊ , c =

13.644 (5) AÊ and � = 94.71 (2)�. These values are very similar

to those observed by Raper et al. (1983) and Zhou et al. (1984).

Fig. 1 shows an ORTEP-3 (Farrugia, 1997) view of (2). Pairs

of centrosymmetrically related molecules linked by NÐH� � �S
hydrogen bonds are formed, as observed also for the P21/n

polymorph. However, the new P1 polymorph has just one

molecule in the asymmetric unit (Z = 2), whereas for the P21/n

polymorph, there are two molecules in the asymmetric unit.

The main geometric parameters are given in Table 1. The

intramolecular conformation was analyzed using MOGUL

(Bruno et al., 2004), a knowledge base of molecular geometry

derived from the CSD. This study showed that all bond lengths

and angles are in agreement with the expected values. Using

Raper's arguments (Raper et al., 1983), the CÐS1 bond

distance and the localization of the H atom at the N position

both agree with the presence of (2), the thione form, rather

than (1). Although the geometric parameters of the two

polymorphs are very similar in terms of bond lengths and

angles, comparison of these polymorphs by the Kabsch (1976)

method showed them to be signi®cantly different in terms of

torsion angles. Fig. 2 shows the superposition of the two
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Figure 1
An ORTEP-3 (Farrugia, 1997) view of (2), showing the atom labeling and
the dimer formed by NÐH� � �S hydrogen bonds (dashed lines).
Displacement ellipsoids are shown at the 50% probability level.
[Symmetry code: (i) ÿx ÿ 1, ÿy, ÿz + 1.]



polymorphs, P1 and P21/n [denoted Raper (Raper et al., 1983),

Zhou (Zhou et al., 1984) and Flakus (Flakus et al., 2002)].

Since the asymmetric unit has two independent molecules in

the monoclinic polymorph, the molecules compared with our

P1 polymorph were labeled as 1 and 2 in Fig. 2. The deviations

between analogous atoms given by the Kabsch method are

presented in Table 2. The largest deviation between analogs

takes place at methylene atom C2 [the mean value is

0.25 (3) AÊ ], except for Raper-2, for which the largest devia-

tions occur between the N1 (0.51 AÊ ) and S2 (0.29 AÊ ) analogs.

In other words, the main difference between the two poly-

morphs is in terms of their planarity. In the P1 polymorph, the

molecule is ¯at; considering the non-H atoms, the largest

deviation from the least-squares plane through all atoms in the

molecule is 0.008 (1) AÊ for atom C2. On the other hand, in the

P21/n polymorph, the molecule is non-planar. A conforma-

tional analysis of (2) in the monoclinic form shows that the

ring adopts an envelope conformation, with atom C2 in the

¯ap position. The one exception is the Raper-2 molecule,

which has a more distorted conformation (Fig. 2). Raper et al.

(1983) argue that the non-planarity is due to the presence of

methylene C atoms, which showed the largest deviations (from

0.11 to 0.18 AÊ ) from the least-squares plane through the

thioamide portion (S2/C3/S1/N1) of the molecule.

Fig. 3 shows the packing of (2). The main intermolecular

motif is the zero-dimensional network-forming dimer linked

by NÐH� � �S hydrogen bonds. The dimer forms parallel

ribbons along the [010] direction. The dimers are also present

in the monoclinic polymorph. However, in P21/n they do not

form ribbons, but are instead stacked parallel to [010]. Despite

the packing differences, the hydrogen-bond geometry

mediating the dimers in P1 (Table 3) is very similar to that

observed by Flakus et al. (2002).

Experimental

We have been preparing soft analogs of the tripyrazolylborate ligand,

[H(pz)3]ÿ, Tp, such as hydrotris(2-mercaptothiazolyl)borate (Mt;

Soares, Silva et al., 2004), hydrotris(2-methimazolyl)borate (Tm;

Soares, Silva et al., 2004; Soares & Silva, 2002) and tetrakis(2-

mercaptothiazolyl)borate (Mte; Soares, Menezes et al., 2004), as well

as studying their coordination chemistry. In an attempt to obtain a

cobalt complex having Mte as a supporting ligand, the appropriate

reagents in a 1:1 molar ratio were placed in tetrahydrofuran (not

dried) at room temperature. After 12 h, a green solution and a blue

solid remained. The solution was ®ltered and left at room tempera-

ture for three weeks, after which time colorless crystals of (2) were

obtained, together with the desired complex.

Crystal data

C3H5NS2

Mr = 119.22
Triclinic, P1
a = 5.4845 (2) AÊ

b = 6.4997 (3) AÊ

c = 7.6758 (3) AÊ

� = 84.121 (2)�

� = 73.816 (3)�


 = 71.792 (3)�

V = 249.59 (2) AÊ 3

Z = 2
Dx = 1.586 Mg mÿ3

Mo K� radiation
Cell parameters from 5798

re¯ections
� = 0.4±27.5�

� = 0.90 mmÿ1

T = 120 (2) K
Needle, colorless
0.08 � 0.04 � 0.02 mm

Data collection

Nonius KappaCCD diffractometer
' scans and ! scans with � offsets
Absorption correction: multi-scan

(Blessing, 1995)
Tmin = 0.919, Tmax = 0.984

7240 measured re¯ections
880 independent re¯ections

781 re¯ections with I > 2�(I )
Rint = 0.073
�max = 25.0�

h = ÿ6! 6
k = ÿ7! 7
l = ÿ9! 9

organic compounds
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Figure 3
The packing of (2), viewed along the [010] direction, showing the dimers
formed by hydrogen bonds (dashed lines) and the ribbons formed by
parallel dimers.

Figure 2
An ORTEP-3 (Farrugia, 1997) view of (2), showing the superposition of
the P1 (black) and P21/n (gray) polymorphs.

Table 1
Selected geometric parameters (AÊ , �).

S1ÐC3 1.671 (2)
S2ÐC3 1.745 (2)
S2ÐC2 1.812 (2)

N1ÐC3 1.319 (2)
N1ÐC1 1.456 (2)
C2ÐC1 1.528 (3)

C3ÐS2ÐC2 93.76 (9)
C3ÐN1ÐC1 119.46 (17)
N1ÐC3ÐS1 127.31 (15)
N1ÐC3ÐS2 111.40 (14)

S1ÐC3ÐS2 121.28 (11)
C1ÐC2ÐS2 107.26 (13)
N1ÐC1ÐC2 108.11 (15)



Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.026
wR(F 2) = 0.063
S = 1.07
880 re¯ections
59 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(F 2
o) + (0.027P)2

+ 0.1265P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max < 0.001
��max = 0.26 e AÊ ÿ3

��min = ÿ0.20 e AÊ ÿ3

H atoms of the methylene group were positioned stereochemically

and were re®ned with constrained displacement parameters

[Uiso(H) = 1.2Ueq(C) and CÐH = 0.99 AÊ ]. The H atom of the amine

group was located by difference Fourier synthesis and was re®ned

isotropically.

Data collection: COLLECT (Nonius, 1998); cell re®nement:

SCALEPACK (Otwinowski & Minor, 1997); data reduction:

SCALEPACK and DENZO (Otwinowski & Minor, 1997);

program(s) used to solve structure: SHELXS97 (Sheldrick, 1997);

program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997);

molecular graphics: ORTEP-3 for Windows (Farrugia, 1997) and

MERCURY (Bruno et al., 2002); software used to prepare material

for publication: WinGX (Farrugia, 1999) and enCIFer (Allen et al.,

2004).
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Supplementary data for this paper are available from the IUCr electronic
archives (Reference: FA1178). Services for accessing these data are
described at the back of the journal.

References

Abram, U., Mack, J., Ortner, K. & Muller, M. (1998). J. Chem. Soc. Dalton
Trans. pp. 1011±1019.

Allen, F. H. (2002). Acta Cryst. B58, 380±388.
Allen, F. H., Johnson, O., Shields, G. P., Smith, B. R. & Towler, M. (2004). J.

Appl. Cryst. 37, 335±338.
Bell, N. A., Coles, S. J., Constable, C. P., Hibbs, D. E., Hursthouse, M. B.,

Mansor, R., Raper, E. S. & Sammon, C. (2001). Inorg. Chim. Acta, 323, 69±
77.

Blessing, R. H. (1995). Acta Cryst. A51, 33±38.
Brandt, K. & Sheldrick, W. S. (1998). Inorg. Chim. Acta, 267, 39±48.
Bruno, I. J., Cole, J. C., Edgington, P. R., Kessler, M. K., Macrae, C. F., McCabe,

P., Pearson, J. & Taylor, R. (2002). Acta Cryst. B58, 389±397.
Bruno, I. J., Cole, J. C., Kessler, M., Luo, J., Motherwell, W. D. S., Purkis, L. H.,

Smith, B. R., Taylor, R., Cooper, R. I., Harris, S. E. & Orpen, A. G. (2004).
J. Chem. Inf. Comput. Sci. 44, 2133±2144.

Du, J.-M., Zeng, H.-Y., Dong, Z.-C., Guo, G.-C. & Huang, J.-S. (2002). Acta
Cryst. C58, m396±m397.

Farrugia, L. J. (1997). J. Appl. Cryst. 30, 565.
Farrugia, L. J. (1999). J. Appl. Cryst. 32, 837±838.
Flakus, H. T., Miros, A. & Jones, P. G. (2002). Spectrochim. Acta Part A, 58,

225±237.
Kabsch, W. (1976). Acta Cryst. A32, 922±923.
Nonius (1998). COLLECT. Nonius BV, Delft, The Netherlands.
Otwinowski, Z. & Minor, W. (1997). Methods in Enzymology, Vol. 276,

Macromolecular Crystallography, Part A, edited by C. W. Carter Jr & R. M.
Sweet, pp. 307±326. New York: Academic Press.

Popovic, Z., Pavlovic, G., Soldin, Z., Popovic, J., Matkovic-Calogovic, D. &
Rajic, M. (2002). Struct. Chem. 13, 415±424.

Rajalingam, U., Dean, P. A. W., Jenkins, H. A., Jennings, M. & Hook, J. M.
(2001). Can. J. Chem. 79, 1330±1337.

Raper, E. S., Creighton, J. R., Clegg, W., Cucurull-Sanchez, L., Hill, M. N. S. &
Akrivos, P. D. (1998). Inorg. Chim. Acta, 271, 57±64.

Raper, E. S., Oughtred, R. E. & Nowell, I. W. (1983). Inorg. Chim. Acta, 77,
L89±L93.

Sheldrick, G. M. (1997). SHELXS97 and SHELXL97. University of
GoÈ ttingen, Germany.

Shi, M. & Jiang, K.-K. (2002). J. Organomet. Chem. 650, 274±278.
Soares, L. F., Menezes, D. C., Silva, R. M., Doriguetto, A. C., Ellena, J.,

Mascarenhas, Y. P. & Castellano, E. E. (2004). Polyhedron, 23, 205±209.
Soares, L. F. & Silva, R. M. (2002). Inorg. Synth. 33, 199±202.
Soares, L. F., Silva, R. M., Doriguetto, A. C., Ellena, J., Mascarenhas, Y. P. &

Castellano, E. E. (2004). J. Braz. Chem. Soc. 15, 695±700.
Zhou, G. D., Han, Y. Z., Xu, X. J. & Li, C. X. (1984). Acta Chim. Sin. 42, 114±

119.

organic compounds

Acta Cryst. (2006). C62, o115±o117 CorreÃa et al. � C3H5NS2 o117

Table 2
Deviations (AÊ ) between analogous atoms given by the Kabsch (1976)
method (atom labeling as in Fig. 2).

Analogs Raper-1 Raper-2 Zhou-1 Zhou-2 Flakus-1 Flakus-2

C1 0.0496 0.0145 0.0310 0.0650 0.0713 0.0639
C2 0.2358 0.0248 0.2084 0.2263 0.2825 0.2822
C3 0.0122 0.0210 0.0189 0.0141 0.0184 0.0180
N1 0.0588 0.5079 0.0351 0.0754 0.0812 0.0721
S1 0.0314 0.0101 0.0209 0.0385 0.0462 0.0418
S2 0.0209 0.2854 0.0187 0.0235 0.0209 0.0187

Table 3
Hydrogen-bond geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N1ÐH1� � �S1i 0.83 (3) 2.53 (3) 3.359 (2) 172 (2)

Symmetry code: (i) ÿxÿ 1;ÿy;ÿz� 1.


