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Summary 

Complexes of nickel(II), palladium(II), copper(II), cobalt- 
(II), and cobalt(III) with methyl-2-(~-salicylaldiminoethyl)- 
cyclopent-l-en-dithiocarboxylate (H2 L1) and methyl-2-([3- 
salicylaldiminoisopropyl)cyclopent-l-en-dithiocarboxylate 
(HzL 2) have been prepared. They contain the donor sites 
ONNS. The metal(II) ions from neutral, monomeric square 
planar chelate complexes. The cobalt(III) complexes [CoL 1- 
(HzO)z]X (X = C1 or C104) appear to be trans-diaqua-species. 
All compounds have been characterized by a number of phy- 
sico-chemical methods. 

Introduction 

Complexes of open-chain tetradentate ligands containing 
heterodonor atoms have been the subject of many studies (1-4). 
A great deal of information is available on metal complexes of 
dianionic Schiff bases containing the N202 donor unit (5-m). 
Similar information, although not to the same extent, has also 
been accumulated for [N2S2] 2- donor systems ~2' 3. i1-18). How- 
ever, very little is known about metal complexes of non-sym- 
metrical ligands [ONNS] 2- (20). In previous publications of this 
series we have reported (21-23) the chemistry of several metal(II) 
complexes of the tridentate ligands methyl-2-amino([3-alkyl- 
amino)cyclopent-l-en-dithiocarboxylates. The terminal 
amino-group of these ligands can be condensed with o-hydroxy- 
phenyl aldehydes or ketones to obtain Sehiff bases that have 
the desired set of coordination sites. The present paper deals 
with the complexes of nickel(II), palladium(II), copper(II), 
cobalt(II), and cobalt(III) obtained from methyl-2-(13-salicyl- 
aldiminoethyl)aminocyclopent-l-en-dithiocarboxylate and 
methyl-2-([~-salicylaldiminoisopropyl)aminocyclopent- 1-en-di- 
thiocarboxylate, hereafter abbreviated as H2 L1 (la) and H2 L2 
(lb), respectively. 

R 

(1) 
a: R = H; b: R = Me 

Experimental 

Preparation of the ligands (H2 LI" 2) 

Salicylaldehyde (6.1 g, 5 retool) was added to a solution 
(300 cm 3) of methyl-2-amino([3-alkylamino)cyclopent-l-en- 
dithiocarboxylate (22) (5 retool) in EtOH. The solution was stir- 
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red for 0.5 h and then cooled in an icebath. The precipitated 
Schiff base was filtered and recrystallised from C6H6/EtOH 
(1 : 1). Yield 75%; m.p. 128-129 ~ (H2L1), 98 ~ (H2L2). 

Preparation of the metal complexes 

[NiLf '2. NiC12.6H20 (0.48g, 2retool) in MeOH 
(20 cm 3) was added to a stirred solution (20 cm ~) of the ligand 
(0.46/0.67 g, 2 retool) in C6H 6. The solution became deep 
green during stirring (0.5 h) and on partial removal of the 
solvent shining green crystals deposited. The compound was 
recrystallised from CHC13. 

[PdLf' 2. The preparation was carried out in the same way 
as described above using Naz[PdC14] (0.59 g, 2 mmol). The 
orange coloured compound deposited was collected by filtra- 
tion and washed thoroughly with MeOH and H20. It was 
finally recrystallised from CHC13. 

[CuLl' 2. A few drops of strong aqueous ammonia were 
added to a MeOH solution (20 cm 3) of Cu(NO3) 2 �9 3H20 
(0.48 g, 2 mmol) in order to convert it to the cuprammine 
complex. To this solution was added a solution of the ligand 
(2 retool) in C6H 6 (20 cm3). After stirring for 1 h the precipi- 
tated red complex was filtered and recrystallised from CHC13. 

[CoLf "2. Et3N (0.3 cm 3) was added to a nitrogen purged 
solution (20 cm 3) of the ligand (2 mmol) and the solution 
heated to boiling. The solution was then treated with an air- 
free EtOH solution (30 cm 3) of Co(OAt)2 .4H20 (0.5 g, 
2 mmol). Continuing the reflux for 1 h glistening maroon crys- 
tals separated. These were collected by filtration after cooling 
to ambient temperature. Recrystallisation of the product from 
CHC13 was accomplished under nitrogen atmosphere. 

(CoIIILI(H20)2](CI04). TO a MeOH solution (100 cm 3) of 
the ligand (0.64 g, 2 mmol) an aqueous solution (20 cm 3) of 
Co(C104) 2 �9 6 H20 (0.73 g, 2 retool) was added with stirring. 
The deep brown solution was stirred in air for 6 h. A dark 
brown, almost black compound deposited. This was collected 
by filtration, washed successively with C6Ht, MeOH and H20, 
and was finally dried in vacuo. The compound could not be 
recrystallised due to its poor solubility. 

[ColIILI(H20)2]CI was prepared in the same way. 
C and H analyses were peformed by Mrs. C. Datta of the 

Department of Organic Chemistry. Nitrogen (semimicro) and 
metal analyses were carried out in our own laboratory. 

Physical measurements 

The equipment used was that reported recently 02,24). 
Molecular weight determinations were carried out with CHC13 
solutions using a Knauer Vapour phase osmometer. 

Results and Discussion 

The analytical data (Table 1) indicate the formation of 1 : 1 
chelates with the bivalent metal ions. These are highly crys- 
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Table 1. Analytical data for the complexes. 

Complex Found (calcd.) % 
C H N M 

[NIL] t 51.2(50.9) 5.0(4.8) 7.5(7.4) 15.7(15.6) 
[NIL] 2 7.0(7.2) 14.9(15.0) 
[PdL] 1 45.1(45.2) 4.6(4.5) 6.7(6.6) 25.2(25.1) 
[PdL] z 6.3(6.4) 24.2(24.3) 
[CuL] 1 50.1(50.3) 4.5(4.7) 6.7(6.6) 25,2(25.1) 
[CuL] 2 6.9(7.1) 16.0(16.1) 
[COL] ~ 50.6(50.9) 5.1(4.8) 7.3(7.4) 15.8(15.6) 
[COL] 2 7.3(7.2) 15.2(15.0) 
[CoLl(H20)21C104 5,4(5.3) 11.4(11.2) 
[CoL~(H20)2]C1 6.2(6.0) 12.6(12.7) 

talline compounds, fairly soluble in organic solvents and are 
nonelectrolytes. The diaqua-cobalt(III) complexes are i : 1  
electrolytes (AM = ca. 80 ~-1 cmZmol-1 in N,N-dimethyl- 
formamide). Preliminary studies showed that the water 
molecules in [CoLI(H20)2] + can be replaced by other nuc- 
leophiles such as pyfidine and imidazole. However, due to the 
poor solubility of the precursor, kinetic studies of the replace- 
ments could not be carried out. 

Molecular weight determinations in chloroform solution 
established the mononuclear nature of [NIL] 1 (obs. 360; calcd. 
377) and [CuL] z (obs. 410; calcd. 396). The nickel(II), pal- 
ladium(II), and cobalt(III) compounds are diamagnetic. 
Room temperature magnetic moments of [COL] I (2.02 B.M.) 
and [COL] z (2.06 B.M.)indicate a square planar configura- 
tion. The normal magnetic moments of the copper(II) com- 
plexes, [CuL] 1 (1.92 B.M.) and [CUE] 2 (1.88 B.M.) probably 
indicate no antiferromagnetic interaction and probably no 
dimerisation through phenoxy bridges. It should be men- 
tioned, however, that in the case of Cu(salen) although the 
x-ray structure determination revealed (25' 26) a dinuclear struc- 
ture with an approximately square pyramidal stereochemistry 
around copper, there is no evidence of antiferromagnetic 
interaction in magnetic measurements (27). Nevertheless, the 
e.p.r, spectrum of the compound does indicate (28) the presence 
of signals that are attributable to transitions within the triplet 
state. 

I.r. spectra of the metal complexes show a plethora of 
bands, of which a few that are diagnostic of metal-ligand bind- 
ing are presented in Table 2. The band near 1530 cm -1 (which 
is absent in the free ligand) is due to C" �9 �9 O stretch of the 
phenolate and is used (v' 29) for distinguishing between mono- 
nuclear and phenoxy-bridged binuclear Schiff base copper(II) 
chelate complexes. In mononuclear complexes this band is 

Table 2. I.r. data a) for the metal complexes. 

Compound v ( ~ N )  v(~C)/phenyl ring 
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observed at ca. 1530 cm -1, whereas in the phenoxy-bridge 
compounds this is invariably shifted to a higher frequency by 
ca. 20 cm -1. On this basis all the compounds investigated 
appear to be mononuclear species. Again it should be noted 
that [Co(salen)] has at least two different types of crystal struc- 
ture. A monomeric structure with solvated chloroform is 
obtained (3~ from chloroform. In contrast, crystallisation from 
acetone yields a dimeric structure (31) with oxygen bridges. The 
i.r. spectra also show the presence of three new bands in the 
metal chelate complexes in the range 600-300 cm -1. The 
bands appearing at 560 _+ 20,520 + 15 and 350 + 10 cm -1 are 
most likely due to contributions from v(M-O), v(M-N), and 
v(M-S) respectively. 

tH n.m.r, spectral features of the ligands and their nickel(II) 
and palladium(II) chelates are summarised in Table 3. It may 
be noted that the two hydrogen-bonded protons in H2L 1 over- 
lap at 12.3 ppm while in H2L 2 these appear at still lower fields, 
viz. 14.0 (N H.-.S) and 14.5 ppm ( O - - H . - . N )  indicating 
stronger hydrogen bonding. On complex formation the ethyl- 
ene-bridge protons in [NIL] 1 and [PdL] 1 experience profound 
shielding. The resonances due to (3,5)-CHe (of the cyclopen- 
tene moiety) and CH=N protons also undergo shift, to higher 
fields. Similar shielding effects are noticed in CH [labelled a in 
(2)], (3,5)-CH2 and CH=N protons of [NIL] 2. These observa- 
tions are consistent with extensive delocalisation of double 
bonds in the chelate ring (2). 

R 

SMe 

(2) 

The electronic spectral data of the compounds are given in 
Table 4. The nickel(II) complexes are characterised by single 
d-d bands at 16000 ([NIL] 1) and 16450 cm -1 ([NIL] 2) which 
evidently are due to dxy ~ d,z_y2 transitions in square planar 
complexes. In the palladium(II) chelates the d-d bands are 
obscured by the charge-transfer transitions at ca. 24500 cm -1. 
In the visible region the copper(II) complexes exhibit two 
absorption bands which probably arise from transition involv- 
ing dz2 ~ dxy (ca. 19000 cm -1) and dxz_y2 (ca. 14500 cm -1) in 
square planar complexes (32, 33). The electronic structures of 
low-spin, planar Schiff base cobalt(II) complexes have been 
the subject of considerable research 0~ 33-35). By analogy with 
the observations made for [Co(salen)] (33) we assign the absorp- 
tion at 9900 cm -~ to the dy~ ~ dx2_y~ transition and that 

v(c'~'c) ~(c---o) v(C " '~N + C" ".' C) 

[H2L] x 1630s 1600s 1490s 
[H2L] 2 1620s 1580s 1470s 
[NIL] 1 1625s 1600m 1565m 1530m 1470s 
[NIL] z 1610s 1590s 1545s 1530s 1450s 
[PdL] 1 1630s 1595s 1570m 1530m 1460s 
[PdL] 2 1620s 1590s 1565s 1525s 1450s 
[CuL] t 1630s 1600s 15758 1535s 1460s 
[CuL] 2 1620s 1590s 1570s 1530s 1455s 
[COL] 1 1610s 1600s 1535s 1450s 
[CoLI(H20)2]C1 1630s 1600s 1530m 1450s 

a) cm-~. 
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Table 3. 1H n.m.r, data of the ligands and some metal chelates. 
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Compound a) Chemical shifts, 6 (ppm) 

[H~L] ~ ~) 

[NiL]I d) 

[PdL]l d) 

[H~L]2 b) 

[NiL]2 b) 

1.8m (4-CH2), 2.57s (SMe), ca. 2.7m (3,5-CH2) r 3.7m (CHa-CH 2 bridgefl ), 
6.7-7.4m (o-disubstituted phenyl), 8.36s (CH=N), 12.3b ( O - - H . . . N  + N H...S) 

1.87m (4-CH2), 2.57s (SMe), ca. 2.6m (3,5-CH2) ~1, ca. 3.4(CH2-CH2 bridge), 
6.35-7.5m (o-disubstituted phenyl), 8.2s (CH=N) 

1.9m (4-CH2), 2.55s (SMe), 6.3-7.5m (o-disubstituted phenyl), 8.16s (CH=N) 

1.37d (Me), 1.77m (4-CH2), 2.55s (SMe), 2.63m (3,5-CH2) o, 3343m (a-e l l  + b-CH2) ~ 
6.%7.4m (o-disubstituted phenyl), 8.38s (CH=N), 14b ( N ~ H . - . S ) ,  14.5b ( O ~ H . . . N )  

1.4d (Me), 1.78m (4-CH2), 2.57m (3,5-CH~) ~), 2262s (SMe), 2.95m(b-CH) ~/, 
3.47m (a-CH2), 6.3-7.4m (o-disubstituted phenyl), 8.16s ( e l l=N)  

~) MeaSi (6=0)  used as the internal standard; b) In CDC13); ~) Overlapping multiplets; d) In DMSO-d 6. 

appearing at 17250 cm -1 as a shoulder  is p robably  due to the 
dy~ --~ d~y transit ion.  For  [ColIIg(u20)2] + the absorpt ion spec- 
t rum shows the presence of a band at 630 nm, a shoulder  at 
595 nm and another  band  at 455 nm. The shoulder  possibly 
arise from splitting of  the band  at 630 nm, In ComL4X2 com- 
plexes such splitting occurs for the lower energy band when 
the complexes have a trans-configuration (361. 

The e.p.r ,  spectrum of [CuL] 1 in undi luted polycrystal l ine 
form at 77 K is axial and is typical of square-planar  copper( I I )  
complexes with D4h symmetry.  In the half-field region no reso- 
nance due to the AM~ --- + 2 transit ion could be observed.  The 
g-values of this compound  are: gll = 2.151 and g• = 2.027. 
Figure 1 shows the spectrum of  [CuL] 1 doped  in [NIL] ~ at 
ambient  temperature .  The spectrum appears  to be slightly 
rhombic. The g~(g!l) value is 2.156 and the corresponding 
hyperfine splitting (Az)  is 200 x 10 .4 cm-1; other  g- and A-  
values could not  be de te rmined  reliably. However ,  est imating 
the value of g• as that  ob ta ined  for the undiluted specimen, it 
appears  that  gy ~ gx ~ 2.03. It is re levant  to compare  the 
e.p,r ,  spectral  parameters  of [CuL] 1 with [Cu(salen)] and N,N-  
ethanebis(methyl -2-aminocyclopent - l -en-di th iocarboxyla to) -  
copper( I I ) ,  [CuL] 3. The  spectrum of dimeric  [Cu(salen)] has 
been in te rpre ted  (281 in terms of its double t  state transitions 
(Nil = 2.34, g• = 2.07) and tr iplet  state transitions (gll = 2.04, 
g• = 2.03). For  mononuclear  [Cu(salen)] doped  in [Ni(salen)],  

Table 4. Electronic spectral data of the metal cheiates:'L 

Compound v . . . .  cm-l(e, M -lcm-1) 

[NIL] 1 

[NIL] 2 

[PdL] I 

[PdL] 2 

[CuL] l 

[CuL] 2 

[COL] 1 g) 

[CoLl(H20)2]C104 

16000(l10)b); 23500(6610)~1; 30500(17780) d) 

16450(11571; 23150(7250)c); 28570(10730)dl; 
30490(18230) a) 

24400(8320)~); 32900(20890) d) 

24500(7780~); 33110(20450) d/ 

14300(55)~); 18900(450)0; 26670(13800)o; 
34480(14120) a) 

14710(55)~/; 19230(460)O; 26880(15160)~, d); 
30490(15520)d); 34250(13510) d/ 

9900(12)~1; 17240(600)0; 20000(2280)~1; 
23250(6660)~. d) 

t5870(215), 17700sh(390); 21930(2250); 
25250(5200) ~) 

a) In CHC13 unless stated otherwise; b)dxr ~ dx2_yz; c)CT band; 
d) L --9 L*; ~) dz2 --~ dxy; 0 dx2_y 2 ... .  dxy; g) In MeNO2; 
hi dy~ --~ d~2_y2; i1 dy~ ~ d,y; Jl in DMF. 

i I I I i f 

28'80 0'40 - 32'00 33'60 35'20 
H (6) 

Figure 1, The room temperature e.p.r, spectrum of CuL 1 doped in 
NiL 1 using a frequency of 9.522 GHz. 

which is re levant  to us, a slightly rhombic  spectrum with the 
following g-values was obtained(37): g~ = 2.192, gy = 2.046, 
g• = 2.049. In the case of [CuL] 3 again a slightly rhombic 
spectrum was observed(~S); gz = 2.117 (other  g-values not  
reported) .  It should be noted that  [CuL] 1 has a chromophore  
[CuON2S] which is in te rmedia te  between [CuN202] of [Cu(sa- 
len)] and [CuN2S2] of [CuL] 3. Thus one would expect  the 
e.p,r ,  spectral features of CuL 1 to lie between those of [Cu(sa- 
len)] and [CuL] 3. Indeed  the observed gz value of [CuL] 3 
(2.156) is almost equal  to the expected value (2.154) showing 
the validity of the "average environment  rule".  
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Summary 

Cobalt(II), nickel(II), palladium(II) and platinum(H) com- 
plexes with o-(OCD), m-(MCD) and p-chlorophenyldithio- 
carbamate (PCD) ligands have been synthesised and charac- 
terised by chemical analyses, molecular weight determina- 
tions, conductance measurements, electronic and i.r. spectral 
studies. The thermal behaviour of the complexes has been 
studied by t.g. and d.t.a, techniques in a static air atmosphere 
and heats of reaction of different decomposition steps have 
been calculated from the d.t.a, curves. The thermal decom- 
position products of the complexes were identified by elemen- 
tal analyses and i.r. spectra. 

Introduction 

In recent years there has been considerable interest in metal 
dithiocarbamates because of their diverse applications such as 
accelerators in vulcanisation, high pressure lubricants in indus- 
tries and fungicides and pesticides in biological and biochemi- 
cal fields 0). Although many metal dithiocarbamates have been 
reported, little attention has been paid to their thermal 
behaviour (a-t3). In continuation of our previous work on this 
theme (s-13) we describe the preparation, characterisation and 
thermal investigation of bis [N(chlorophenyl)dithiocarbamato] 
cobalt(II), nickel(II), palladium(II) and platinum(II) com- 
plexes. 

* Author to whom all correspondence should be directed. 
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Experimental 

Reagents and general techniques 

The ligands ammonium IN(o-, m-,p-chlorophenyl)dithio- 
carbamates] were prepared by reacting equimolar amounts of 
the o-, m-, or p-chloroaniline with CS2 and NH3 as described 
by Klopping and Kerk 04). Analytical grade materials were 
used. 

The ligands were estimated by Shankaranarayana and 
Patel's (15) method. Cobalt, nickel, palladium and platinum 
were estimated by standard gravimetric methods (16) after 
digestion of the complexes, as reported by Erdey (17). Nitrogen 
was estimated by Kjeldahl's method and sulphur as BaSO4. 

Physical measurements 

Molecular weights were determined using a Gallenkemp 
(U.K.) ebulIiometer. Conductance measurements were made 
in PhNO2 at 25 -+ 0.5 ~ with a Beckmann Conductivity bridge 
model RC-18A. I.r. spectra were recorded in the solid state 
(KBr pellets) in the 4000-200 cm -1 region with a Perkin Elmer 
621 grating spectrometer. The electronic spectra were 
recorded in MezCO on a Perkin-Elmer 4000/~ instrument. 
Magnetic measurements were made by Gouy's method using 
Hg[Co(SCN)4] as calibrant. 

The thermogravimetric curves were obtained on a Stanton 
automatic thermorecording balance, Model TR-I, with a 
80-102 mg sample size and a heating rate of 4K rain -1 in a 
self-produced air atmosphere. A silica crucible was used for 

�9 Verlag Chemie GmbH, D-6940 Weinheim, 1984 


