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In the crystal structure of the title compound, [N,N0-bis-

(3-aminopropyl)ethylenediamine-�4N,N0,N00,N000][1,3,5-triazine-

2,4,6(1H,3H,5H)-trithionato(2ÿ)-�2N,S]zinc(II) ethanol sol-

vate, [Zn(C8H22N4)2(C3HN3S3)]�C2H6O, the ZnII atom is

octahedrally coordinated by four N atoms [ZnÐN =

2.104 (2)±2.203 (2) AÊ ] of a tetradentate N-donor N,N0-bis-

(3-aminopropyl)ethylenediamine (bapen) ligand and by two S

and N atoms [ZnÐS = 2.5700 (7) AÊ and ZnÐN = 2.313 (2) AÊ ]

of a trithiocyanurate(2ÿ) (ttcH2ÿ) dianion bonded as a bi-

dentate ligand in a cis con®guration. The crystal structure of

the compound is stabilized by a network of hydrogen bonds.

Comment

Trithiocyanuric acid (2,4,6-trimercaptotriazine, ttcH3) and its

trisodium salt have a wide range of applications, e.g. they can

be used as precipitating agents for heavy metals (Henke et al.,

2000; Matlock et al., 2001, 2002). The acid also shows anti-

toxoplasmal activity and is more effective than the presently

used drugs 5-¯uorouracil and emimicin (Iltzsch & Tankersley,

1994). The formation of metal complexes with trithiocyanuric

acid depends strongly on pH. At pH values below 5, only ttcH3

exists, which is insoluble in water, while ttcH2
ÿ, ttcH2ÿ and

ttc3ÿ anions are formed if the pH is increased. In connection

with the extent of ttcH3 deprotonation, the manner of the

coordination of the anion to the metal centre can be different

and transition metal complexes with various nuclearities can

be formed. These complexes can be mononuclear (Mahon et

al., 2003; Zhao et al., 2000; Kopel et al., 1998, 2001, 2003; Kopel,

TraÂvnõÂcÏek, PanchaÂrtkovaÂ et al., 1999; Kopel, TraÂvnõÂcÏek, KvõÂtek

et al., 1999), binuclear (Yamanari et al., 1993), trinuclear

(Ainscough et al., 1993; Hunks et al., 1999; Haiduc et al., 2001;

Cecconi et al., 2002) or even polynuclear (Chan et al., 1996;

Tzeng et al., 1997; Aoki, Shiro & Kimura, 2002; Aoki, Zulk-

efeli et al., 2002). We report here the preparation and crystal

structure of the title mononuclear [Zn(bapen)(ttcH)]�EtOH

complex, (I) [bapen is N,N0-bis(3-aminopropyl)ethylenedi-

amine].

The structure of the title ZnII complex, (I), is very similar to

that previously reported for [Ni(bapen)(ttcH)]�2H2O, (II)

(Kopel, TraÂvnõÂcÏek, KvõÂtek et al., 1999). Complex (II) is octa-

hedral, with NiÐN(bapen) bond lengths in the range 2.08±

2.12 AÊ , while the NiÐN and NiÐS (ttcH2ÿ) distances are

2.143 and 2.521 AÊ , respectively. These interatomic parameters

differ signi®cantly from those found for (I) (Table 1). It is

necessary to emphasize that the structure of (I) represents the

®rst known example of a mononuclear ZnII complex with a

coordinated trithiocyanurate dianion. If we compare (I) with

known ZnII±trithiocyanurate clusters (Aoki, Shiro & Kimura,

2002; Aoki, Zulkefeli et al., 2002), we note that the higher

nuclearity of the latter complexes was caused by the total

deprotonation of ttcH3, as well as by the use of suitable

bridging ligands. To prevent the formation of a polynuclear

complex, we have used the bapen ligand for the synthesis of

(I).

The crystal structure of (I) consists of [Zn(bapen)(ttcH)]

and ethanol molecules (Fig. 1). The ZnII ion in the complex

adopts a substantially distorted octahedral geometry, de®ned

by the four N atoms of the bapen ligand and two S and N

atoms of the ttcH2ÿ anion in a cis con®guration. The bapen

ligand is bonded as a tetradentate N-donor ligand and forms a

®ve-membered (ring B) and two six-membered rings (ring A,

containing atoms N1 and N2, and ring C, containing atoms N4

and N3) with the Zn atom. The ZnÐN distances in these rings

(2.10±2.20 AÊ ) are comparable with the average length

(2.16 AÊ ) of this bond in related complexes in the Cambridge

Structural Database (Version 5.24.3; Allen, 2002). The ®ve-

membered ring B is twisted and both six-membered rings A

and C are in chair conformations. The Cremer±Pople puck-

ering parameters (Cremer & Pople, 1975) are Q = 0.563 (3) AÊ ,

� = 161.5 (2)� and '2 = ÿ18.8 (8)� for ring A, Q = 0.575 (3) AÊ ,

� = 165.1 (2)� and '2 = ÿ5.7 (9)� for ring C, and q2 =

0.458 (2) AÊ and '2 = ÿ64.8 (3)� for ring B.

The coordination of the ttcH2ÿ anion to Zn in (I) differs

signi®cantly from that in the recently reported polynuclear
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ZnII±trithiocyanurate structure (Aoki, Zulkefeli et al., 2002).

While two distinct average values for the ZnÐS (2.30 and

2.88 AÊ ) and ZnÐN (3.06 and 2.07 AÊ ) bond distances for two

different Zn±ttc coordination modes in Aoki's structure show

coordination of the ttc through either S or N atoms, the

intermediate values of the ZnÐS (2.570 AÊ ) and ZnÐN

(2.313 AÊ ) bond distances in (I) indicate that ttcH2ÿ is chelated

as a bidentate ligand.

In the crystal lattice of (I), Zn complex molecules and

molecules of ethanol are linked by a network of hydrogen

bonds (Table 2). The shortest such bond (NÐH� � �N = 2.09 AÊ )

connects atoms N4 and N6i of inversion-related molecules

[symmetry code: (i) 1 ÿ x, ÿy, 1 ÿ z].

Experimental

N,N0-Bis(3-aminopropyl)ethylenediamine (0.18 ml, 1 mmol) was

added to an ethanol solution (80 ml) of zinc acetate dihydrate (0.22 g,

1 mmol) with stirring at room temperature. Into this solution, the

trisodium salt of trithiocyanuric acid nonahydrate (ttcNa3�9H2O;

0.4 g, 1 mmol), dissolved in water (5 ml), was added with stirring over

a period of 30 min. The colour of the solution changed to light yellow

and a small amount of white precipitate formed. The precipitate was

®ltered off and discarded, and the ®ltrate was left to crystallize at

room temperature. Light-yellow crystals of (I) were obtained after a

week. These were ®ltered off, washed with a small amount of ethanol

and dried in air. Elemental analysis (EA1108 CHNS Analyzer, Fisons

Instruments, Beverly, Massachusetts, USA) found: C 33.3, H 6.1, N

21.2, S 21.0%; calculated: C 33.9, H 6.3, N 21.3, S 20.9%.

Crystal data

[Zn(C8H22N4)2(C3HN3S3)]�C2H6O
Mr = 460.98
Triclinic, P1
a = 9.0791 (14) AÊ

b = 11.0455 (15) AÊ

c = 11.3580 (11) AÊ

� = 93.592 (10)�

� = 102.316 (11)�


 = 112.167 (14)�

V = 1017.6 (3) AÊ 3

Z = 2
Dx = 1.505 Mg mÿ3

Mo K� radiation
Cell parameters from 2410

re¯ections
� = 26.5±2.2�

� = 1.53 mmÿ1

T = 120 (2) K
Prism, light yellow
0.40 � 0.40 � 0.40 mm

Data collection

Kuma KM-4 diffractometer with a
CCD area detector

Rotation method, ! scans
6681 measured re¯ections
4458 independent re¯ections
4279 re¯ections with I > 2�(I)

Rint = 0.023
�max = 28.4�

h = ÿ11! 11
k = ÿ13! 14
l = ÿ15! 14

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.036
wR(F 2) = 0.097
S = 1.01
4458 re¯ections
230 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.055P)2

+ 1.75P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 1.08 e AÊ ÿ3

��min = ÿ0.66 e AÊ ÿ3

H atoms attached to C and N atoms were positioned geometrically,

with CÐH distances of 0.99 AÊ and NÐH distances in the range 0.88±

0.93 AÊ , and with Uiso(H) values derived from the Ueq values of the

corresponding C or N atoms. The parameters of atom H1O attached

to atom O1 were re®ned, with the O� � �H distance restrained to

0.95 (2) AÊ .

Data collection: CrysAlis CCD (Oxford Diffraction, 2002); cell

re®nement: CrysAlis RED (Oxford Diffraction, 2002); data reduction:

CrysAlis RED; program(s) used to solve structure: SHELXS97
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Figure 1
The molecular structure of (I), showing the atom-numbering scheme.
Displacement ellipsoids are drawn at the 50% probability level and H
atoms are shown as small spheres of arbitrary radii.

Table 1
Selected geometric parameters (AÊ , �).

ZnÐN1 2.104 (2)
ZnÐN4 2.1249 (19)
ZnÐN3 2.1682 (19)
ZnÐN2 2.2031 (19)
ZnÐN5 2.3132 (18)

ZnÐS1 2.5700 (7)
S1ÐC9 1.708 (2)
S2ÐC11 1.697 (2)
S3ÐC10 1.698 (2)

N1ÐZnÐN4 94.66 (8)
N1ÐZnÐN3 100.92 (7)
N4ÐZnÐN3 90.46 (7)
N1ÐZnÐN2 93.77 (8)
N4ÐZnÐN2 169.06 (8)
N3ÐZnÐN2 81.09 (7)
N1ÐZnÐN5 163.89 (7)
N4ÐZnÐN5 84.67 (7)
N3ÐZnÐN5 95.18 (7)
N2ÐZnÐN5 89.15 (7)
N1ÐZnÐS1 99.81 (6)
N4ÐZnÐS1 95.51 (5)
N3ÐZnÐS1 157.87 (5)

N2ÐZnÐS1 89.91 (6)
N5ÐZnÐS1 64.32 (5)
C9ÐS1ÐZn 80.99 (8)
C1ÐN1ÐZn 116.11 (15)
N6ÐC9ÐN5 124.5 (2)
N6ÐC9ÐS1 120.12 (16)
N5ÐC9ÐS1 115.42 (16)
N6ÐC10ÐN7 119.33 (19)
N6ÐC10ÐS3 121.87 (17)
N7ÐC10ÐS3 118.77 (17)
N5ÐC11ÐN7 117.62 (19)
N5ÐC11ÐS2 122.90 (17)
N7ÐC11ÐS2 119.48 (16)

Table 2
Hydrogen-bonding geometry (AÊ , �).

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

N1ÐH1B� � �O1 0.92 2.20 3.065 (3) 156
N1ÐH1A� � �S3i 0.92 2.55 3.458 (2) 167
N3ÐH3� � �S2 0.93 2.61 3.475 (2) 154
N4ÐH4A� � �N6i 0.92 2.09 2.991 (3) 167
N7ÐH7� � �S2ii 0.88 2.49 3.361 (2) 170
O1ÐH1O� � �S3iii 0.93 (4) 2.46 (4) 3.357 (2) 161 (3)
O1ÐH1O� � �N6iii 0.93 (4) 2.61 (3) 3.326 (3) 135 (3)

Symmetry codes: (i) 1ÿ x;ÿy; 1ÿ z; (ii) 2ÿ x; 1ÿ y; 1ÿ z; (iii) x; y; 1� z.
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(Sheldrick, 1990); program(s) used to re®ne structure: SHELXL97

(Sheldrick, 1997); molecular graphics: ORTEPIII (Johnson &

Burnett, 1996); software used to prepare material for publication:

SHELXL97 and PARST (Nardelli, 1995).
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