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Abstract: Complexes of zinc(II), cadmium(II), platinum(II) and palladium(II) with a new

polydentate dithiocarbamate ligand, 3-dithiocarboxy-3-aza-5-aminopentanoate (daap-), of

the type M(daap)2
.nH2O (M = Zn(II), Cd(II), n = 2, or M = Pt(II), Pd(II), n = 0), have been

prepared and characterized by elemental analysis, IR and UV/VIS spectroscopy, as well as

magnetic measurements. The spectra of the complexes suggest a bidentate coordination of

the daap- ligand to the metal ions via the sulfur atoms of the deprotonated dithiocarbamato

group. The fact that under the same experimental conditions its S-methyl ester does not form

complexes could be taken as proof of the suggested coordination mode.
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INTRODUCTION

Complexes with dithio ligands are of interest not only theoretically but also from a

practical point of view. They have found application as accelerators in vulcanization, as

pesticides, fungicides and as bioactive compounds.1–5

Most aliphatic and aromatic dithiocarbamate complexes synthesized up til now have

only the dithio group as a ligand, so that they exhibit only uninegative bidentate possibil-

ity.6–13 On the other hand, dithiocarbamates with up to three ligating residues have rarely

been reported in the litarature.14,15 We have recently synthesized potassium-3-dithio-

carboxy-3-aza-5-aminopentanoate-dihydrate (K-daap.2H2O).16 This ligand can coordi-

nate bidentately via both sulphur atoms (Fig. 1a), or as a tridentate ligand via an oxygen

atom from the carboxylic group and both nitrogen atoms forming two five-membered che-
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late rings (Fig. 1b). For example, the low-spin octahedral complex of K4�Co(daap)3�,17 as

wall as Ni(daap)2 and Cu(daap)2 complexes18 have recently been synthesized showing co-

ordination of the daap– ligand via only the sulphur atoms. As a continuation of our investi-

gation of the coordination properties of the daap– ligand, in this paper the synthesis and

some of the physical-chemical characteristics of its S-methyl ester and complexes with

Zn(II), Cd(II), Pt(II) and Pd(II) ions are reported.

EXPERIMENTAL

Materials

Potassium-3-dithiocarboxy-3-aza-5-aminopentanoate dihydrate was prepared using a previously de-
scribed procedure.16 Other reagents were obtained commercially and used without further purification.

Preparation of the S-methyl ester of the daap– ligand

To a warm solution of 10 mmol of ligand (K-daap � 2H2O) in 40 ml absolute methanol, 10 mmol CH3I
was slowly added. The obtained mixture was stirred for one hour at room temperature and subsequently
refluxed for about 4 hours at 40 ºC. After cooling to room temperature, the obtained white precipitate was fil-
tered, washed with methanol and air dried.

Preparation of the complexes

All of the complexes were obtained by a similar procedure. To a solution containing 1 mmol of the re-
quired metal salt (ZnCl2, CdCl2

.H2O, K2PtCl4 or K2PdCl4), in a small amount of water, 2 mmol (0.536 g) of
an aqueous solution of K-daap.2H2O was slowly added at room temperature. The Zn(daap)2

.2H2O,
Cd(daap)2

.2H2O, Pt(daap)2, Pd(daap)2 complexes precipitated immediately. The mixture was stirred for a

further half of an hour when the precipitate of the complex was filtered off, washed several times with 1�10-3

mol/dm3 HCl, acetone and, finally, air-dried.

Analytical methods

Analyses for C, H and N were carried out by conventional methods. The content of Zn and Cd was de-
termined by atomic absorption spectrometry using a Perkin-Elmer spectrophotometer, Model 1100-B.

Infrared spectra (KBr technique) in the 4000–400 cm-1 region were measured on a Perkin-Elmer FTIR
317 25X spectrophotometer. Far IR spectra (Nujol mull supported between CsI sheets) were measured on a
Perkin-Elmer spectrophotometer, Model 983.

Magnetic susceptibilities were determined at room temperature using a magnetic susceptibility balance
MSB-MKI. The data were corrected for diamagnetism.

The diffusion-reflection spectra were measured on a monochromator SPM-2 (Zeiss-Jena) using a re-
flection cell (type R-45/0) in the 10 000 – 45 000 cm-1range. The spectra of the ligand ant the Zn(II) and Pt(II)
complexes were obtained using pure samples, but the spectra of the Cd(II) and Pd(II) complexes were mea-
sured using diluted (MgO) samples.
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Fig. 1. Possible coordination modes of the daap- ligand.
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RESULTS AND DISCUSSION

Synthesis and general physical characterization

The complexes M(daap)2
.nH2O (M = Zn(II), Cd(II), n = 2 and M = Pt(II), Pd(II), n = 0)

(Table I) were prepared in high yields (65–95 %) upon mixing aqueous solutions of MCl2 �

nH2O (M = Zn(II), Cd(II) or K2MCl4 (M = Pt(II), Pd(II) and potassium 3-dithiocar-

boxy-3-aza-5-aminopentanoate (K-daap), in a 1:2 mole ratio at room temperature.

The analytical data are in good agreement with the proposed composition of the com-

plexes (Table I). The spectral data of the complexes suggest that both daap– ligands are co-

ordinated as monoanions. The formation of the monoanion can result via deprotonation

not only of the carboxylic group, but by also of the dithio group. X-Ray data for the free

ligand16 show a deprotonated carboxylic, but not dithio group (Fig. 2). The IR data indi-

cate that this ligand coordinates via the deprotonated dithio moiety in the complexes. Con-

sidering the composition of the prepared complexes, i.e., from their non-ionic nature, it can

be deduced that besides deprotonation of the dithio group, also protonation of the NH2

group occurs. Thus, the ligand appears as a zwitter ion. The protonaton is obviously as-

sisted by the acidity of the aqueous solutions of the metal salts. In contrast with these com-

plexes, in the K4�Co(daap)3�17 complex, the daap– ligand behaves as a dianion bidentate

S,S’ ligand.

TABLE I. Analytical and physical data of the ligand, S-methyl ester and the investigated complexes

Empirical formula
Formula
weight

Colour
Found (Calcd.)/% Yield/% M.P./ºC

C H N

K-daap.2H2O 268.40 White 21.86 4.88 9.86 65 158

(KC5H13N2O4S2) (22.38 4.85 10.45)

CH3-daap.0.5 H2O 217.00 White 33.95 5.77 12.88 69 –

(C6H12N2S2O2) (33.20 5.99 12.90)

Zn(daap)2
.2H2O 487.92 White 24.77 4.83 11.05 63 179

(ZnC10H22O6N4S4) (24.61 4.54 11.49)

Cd(daap)2
.2H2O 534.95 White 22.10 4.52 10.07 81 183

(CdC10H22O6N4S4) (22.45 4.15 10.48)

Pt(daap)2 581.10 Yellow 21.07 3.46 9.58 95 >300

(PtC10H18N4O4S4) brown (20.65 3.09 9.64)

Pd(daap)2 492.40 Dark 24.79 4.04 10.95 33 >300

(PdC10H18N4O4S4) yellow (24.37 3.66 11.37)

All complexes are insoluble in water and most common organic solvents. They were

obtained as powders and are stable at room temperature (Table I). All the complexes are

diamagnetic.
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Infrared spectra

The most important IR data for K-daap and the corresponding Zn(II), Cd(II), Pt(II)

and Pd(II) complexes have been collected in Table II.

The absence of asymmetic stretching frequencies of the COOH gorup (1700 – 1750

cm–1)19 suggests the prresence of carboxylate ions (Table II) in the free ligand as well as in

the complexes. This fact confirms that the daap– ligand exists as the potassium carboxylate

salt and not as potassium dithicarbamate. Also, in all complexes, as well as in methyl ester

of the ligand, there are no bands assignable to the stretching vibration of the NH2 group

(3100 – 3500 cm–1). However, from the band at ca. 2950 cm–1, the presence of the zwitter

ion can be concluded.

TABLE II. The most important bands in the IR spectra of the ligand, S-methyl ester and the investigated

M(II)-(daap)2 complexes

Compound NH3
+ COO- CSS- S–H N–C M–C

� �as �s �as �s � � �

K-daap . 2H2O (ligand) 2920 1597 1414 963 635 2631 1453 –

CH3-daap . 0.5 H2O 3050 1632 1399 987d – 1381 –

637

Zn(daap)2
. 2H2O 3025 1587 1408 1004 – 1464 389

Cd(daap)2
. 2H2O 2920 1570 1410 990 – 1481 390

Pt(daap)2 2950 1623 1385 949 – 1510 353

Pd(daap)2 2950 1625 1398 950 – 1499 360

The intense bands at 1460 – 1510 cm–1 indicate a partial double bond in the

S2C����N moiety.8,9,19 The position of this band is affected by the central atom. The

band was shifted to lower frequencies in the sequence: Pt(daap)2 > Pd(daap)2 >

Cd(daap)2 > Zn(daap)2, which is in agreement with the order of decreasing electron

acceptor abilities from Pt to Zn.3

The bands in the region of 940 – 1010 cm–1 were attributed to the stretching mode of

the C–S bond. The position of this band has been used by several autors2,3,21 as a criterion

for symmetric or asymmetric coordination of the dithiocarbamato group. The singlet in the

IR spectrum of the daap– ligand confirms the equivalence of the S-atoms, but the doubled
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Fig. 2. Schematic presentation of a K-daap.2H2O molecule.



at 987 cm–1 in the IR spectrum of the methyl-ester of ligand indicates non-equivalence of

the S-atoms in this compound. The bands in the IR spectra of the platinum and palladium

complexes are strong and suggest isobidentate binding of the dithiocarbamato group. In

the case the zinc and cadmium complexes, this band is split. This may be due to the

uniequivalent bonding of dithiocarbamato group, and/or to the interactions between the

metal atom and a sulfur atom of a neighboring molecule in the crystal. This phenomenon is

common among zinc dithiocarbamato complexes.21

The absence of �(S–H) band, as well as the presence of �(M–S) band in the com-

plexes in the 300–400 cm–1 region (Table II), confirms the coordination of the daap–

ligand to Zn(II), Cd(II), Pt(II) and Pd(II) ions via sulphur atoms.

Electronic spectra

The solid state eletronic spectra of the ligand and the complexes display the absorp-

tion bands listed in Table III. The ligand shows five bands; the three most intense bands can

be assigned to the chromophore group NCS2.3,22 Thus, the band at 40000 cm–1 is due to

intraligand � � �� transitions located on the N
...

C
...

S.23,24 The next band located at 32200

cm–1 also arises from ���* transitions, but within the S
...

C
...

S group.25 The band at

27200 cm–1 is attributed to n��* electronic transitions located on the sulphur atoms.26,27

TABLE III. Electronic spectral data of the ligand and the investigated complexes

Compound
Tansitions/(cm-1 � 103)

d-d CT IL

K-daap . 2H2O (ligand) – – 10.8; 20.2; 27.2; 32.2; 40.0

Zn(daap)2
. 2H2O – 17.4(M-L) 10.2; 23.0; 28.0; 32.4; 40.8

Cd(daap)2
. 2H2O – 18.0(M-L) 11.0; 24.4; 28.6; 34.4; 40.5

> 44.0(L-M)

Pd(daap)2 14.0*; 16.6; 23.8; 25.0 >44.0(L-M) <10.0; 21.5; 28.0; 32.0; 40.8

Pt(daap)2 12.8; 15.5; 25.0* >45.0(L-M) <10.0; 20.0; 28.6; 32.8; 41.0

*Superposed with CT

The spectra of all complexes, in addition to intraligand bands, contain bands which

are attributed to charge transfer (CT) transitions of the types M�L. The Pt and Pd com-

plexes also show a transition, assigned as d�d transitions. So, M�L charge transfer (CT)

transitions result in bands at 17400 cm–1 and 18000 cm–1 for the Zn and Cd complexes, re-

spectively. The band at the highest energy (> 44000 cm–1) in the spectra of the Cd, Pt and

Pd complexes is probably due to CT transitions of the type L�M. The remaining bands in

the spectra of the Pd and Pt complexes are designated as d�d transitions. Some of them

are superposed by CT transitions. Hence, in the spectra of Pd(daap)2, the bands at 16600,

23800 and 25000 cm–1 are assigned as 1A1g�1A2g, 1Eg and 1B1g, respectively.28 The

band at 14000 cm–1 could arise from spin forbidden 1A1g�3A2g transitions. Since the in-
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tensity of the band is very high, the 1A1g�3A2g transitions are probably superposed by CT

transitions of the M�L type.

Two weak bands at 12800 cm–1 and 15500 cm–1 could be attributed to spin forbidden

transitions: 1A1g�3A2g and 3B1g in the spectrum of the Pt complex. The most intensive

band in this spectrum is that at 25000 cm–1. It is possible that this band arises from the su-

perposition of CT and d�d transitions 1A1g�1Eg and 1B1g.28

These observations suggest a square-planar geometry of the Pt(II)- and Pd(II)-daap

complexes.

The corresponding Zn(II) and Cd(II) complexes loose water molecules at 160 ºC.

Since the electronic spectra of the hydrous and anhydrous complexes are identical, it could

be concluded that H2O does not enter into coordination. The relative high dehydration

temperature is probably caused by strong hydrogen bonding of the water molecules in the

crystal. A tetrahedral geometry may be supposed for the Zn(II)- and Cd(II)-daap com-

plexes.

In all the complexes, the daap– ligand is coordinated through both sulphur atoms of

the deprotonated dithio group. As an additional chemical proof of the suggested coordina-

tion may be taken. The fact that under same experimental conditions the monothioester de-

rivative of daap– does not form complexes with the investigated metals may be taken as

additional chemical proof of the suggested coordination.
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Reakcijom izme|u cink(II), kadmijum(II), platina(II) i paladijum(II)-soli i kali-

jum-3-ditiokarboksi-3-aza-5-aminopentanoata dobijeni su dogovaraju}i kompleksi tipa

M(daap)2
.nH2O. Izolovani kompleksi su okarakterisani elementarnom analizom, IR i

UV/VIS spektroskopijom kao i merewem magnetnih susceptibiliteta. Spektri kom-

pleksa sugeri{u bidentatnu koordinaciju daap- liganda sa navedenim metalnim jonima

preko atoma sumpora deprotonovane ditiokarbamato grupe. Kao dokaz navedenog na~ina

koordinacije mo`e poslu`iti ~iwenica da pri istim eksperimentalnim uslovima S-me-

til estar liganda ne daje komplekse.

(Primqeno 7. aprila, revidirano 12. septembra 2003)

142 LEKA et al.



REFERENCES

1. A. C. Fabretti, F. Forghier, A. Guisti, C. Preti, G. Tosi, Inorg. Chim. Acta 86 (1984) 127

2. G. Manoussakis, C. Bolos, L. Ecateriniadou, C. Sarris, Eur. J. Med. Chem. 22 (1987) 421

3. L. Marcheselli, C. Preti, M. Tagliazucchi, V. Cherchi, L. Sindellari, A. Furlani, A. Papaioannou, V.

Scarcia, Eur. J. Med. Chem. 28 (1993) 347

4. C. A. Bolos, G. E. Manoussakis, Chemica Chronica, New Series 22 (1993) 159

5.M. Marinovich, M. Guizzetti, F. Ghilardi, B. Viviani, E. Corsini, C. L. Galli, Arch. Toxicol. 71 (1997) 508

6. D. Coucouvanis, Prog. Inorg. Chem. 11 (1974) 233

7. D. Caucouvanis, Prog. Inorg. Chem. 26 (1989) 301

8. G. Marcotrigiano, G. C. Pellacani, C. Preti, J. Inorg. Nucl. Chem. 36 (1974) 3709

9. G. Marcotrigiano, G. C. Pellacani, C. Preti, G. Tosi, Bull. Chem. Soc. Jpn. 48 (1975) 1018

10. C. Preti, G. Tosi, P. Zannini, J. Inorg. Nucl. Chem. 41 (1979) 485

11. C. Preti, G. Tosi, P. Zannini, J. Mol. Struct. 65 (1980) 283

12. A. C. Fabretti, A. Giusti, C Preti, G. Tosi, P. Zannini, Polyhedron 5 (1986) 871

13. G. C. Franchini, A. Giust, C. Preti, L. Tassi, P. Zannini, Polyhedron 4 (1985) 1558

14. M. Castillo, J. J. Criado, B. Macias, M. V. Vaguero, Inorg. Chim. Acta 124 (1986) 127

15. J. J. Criado, A. Carrasco, B. Macias, J. M. Salas, M. Medarde, M. Castillo, Inorg. Chim. Acta 160 (1989) 37

16. B. Prelesnik, K. Andjelkovi}, Z. Markovi}, T. Sabo, S. R. Trifunovi}, Acta Cryst. C53 (1997) 719

17. S. R. Trifunovi}, K. Andjelkovi}, T. Sabo, Z. Markovi}, Novi Materijali (in Serbian) 7 (1998) 5

18. S. R. Trifunovi}, Z. Markovi}, D. Sladi}, K. Andjelkovi}, T. Sabo, D. Mini}, J. Serb. Chem. Soc. 67

(2002) 115

19. K. Nakamoto, Infrared Spectra of Inorganic and Coordination Compounds, Wiley, New York, 1970

20. C. C. Hadjikostas, G. A. Katsoulos, S. K. Shakhatreh, Inorg. Chim. Acta 133 (1987) 129

21. G. E. Manoussakis, C. A. Bolos, Inorg. Chim. Acta 108 (1985) 215

22. C. K. Jorgensen, Inorganic Complexes, Academic Press., London, 1963

23. C. K. Jorgensen, J. Inorg. Nucl. Chem. 24 (1962) 1571

24. F. Takami, S. Wakahara, T. Maeda, Tetrahedon Lett. 28 (1971) 2645

25. M. J. Janssen, Recl. Trav. Chem. Pays-Bas. 79 (1960) 1066

26. M. L. Shankaranarayana, C. C. Patel, Acta Chem. Scand. 19 (1965) 1113

27. D. C. Bradley, M. H. Gitlitz, J. Chem. Soc. (A) (1969) 1152

28. A. B. P. Lever, Inorganic Electronic Spectroscopy, Elsevier, 1984.

COMPLEXES OF Zn(II), Cd(II), Pt(II) AND Pd(II) 143


