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SYNTHESIS AND STUDIES ON NICKEL(I1I) AND COPPER(III)
COMPLEXES OF 3-METHYL-, 4-METHYL- AND
2,6-DIMETHYLPIPERIDINE CARBODITHIOATES

B. S. Manhas, M. P. Kaur, K. Kaur
Department of Chemistry, Punjabi University, Patiala- 147002, India
and
B. C. Verma and S. B. Kalia*
Department of Chemistry, Himachal Pradesh University, Shimla-171005, India

ABSTRACT

New complexes of trivalent nickel and copper, viz. Ni(III)}(Lcdt),X
(X = Br,land Lcdt” = 4-methylpiperidinecarbodithioate anion (4-MePipdcdt)
and  2,6-dimethylpiperidinecarbodithioate  anion (2,6-Me,Pipdedt)  and
Cu(IlI{Ledt)uXm (m=2,m =1 when X =Jandn=1,m =2 when X =Br
and Lcdt” = the anions: 3-methylpiperidinecarbodithioate (3-MePipdcdt),
4-MePipdedt and 2,6-Me,Pipdcdt have been prepared by oxidation of M(Lcdt),
(M = Ni(Il) and Cu(1l)) with halogen X, in suitable media. The complexes

have been characterised by elemental analyses, infrared and clectronic
spectral and room-temperature magnetic  susceptibility  studies. For
nickel(III) carbodithioates either a square-planar or square-pyramidal

structure has been assigned and for the copper(IIl) carbodithioates, the
presence of a mixture of singlet (S=0) and triplet (S8 = 1) forms of square-

planar species has been proposed.

Copyright © 1999 by Marcel Dekker, Inc. www.dekker.com
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INTRODUCTION

The higher-valent metal ions play important biological roles’. In continuation
of our earlier studies’ on the synthesis and characterisation of higher-valent
metal ion carbodithioates, we have synthesised additional new types of
nickel(IIl) and copper(lll) carbodithioates. The present investigation involves
the preparation and characterisation of nickel(IIl) and copper(Ill) complexes
with carbodithioate ligands (Fig. 1) derived from saturated heterocyclic
secondary amines, viz. 3-methylpiperidine, 4-methylpiperidine and 2,6-

dimethylpiperidine.

EXPERIMENTAL

Materials and Methods

3-Methylpiperidine, 4-methylpiperidine  and  2,6-dimethylpiperidine
(Aldrich  Chemicals) were dried by refluxing over sodium hydroxide beads.
The colourless liquids obtained after distillation were stored over potassium
hydroxide beads. Nickel(Il) chloride hexahydrate and copper(Il) chloride
dihydrate, both from BDH, were used as obtained. Acetone, methanol, carbon

tetrachloride and diethyl ether, all from BDH, were purified by the usual methods.

Preparation of Nal_cdt

lg of amine (LH), viz. 3-methylpiperidine, 4-methylpiperidine (10.20 mmol)
or 2,6-dimethylpiperidine (9.01 mmol) was taken in ethanol (25 mL), cooled
to 0°C and to this was added slowly a stoichiometric amount of carbon
disulphide (0.77 g, 10.21 mmol and 0.69 g, 9.013 mmol respectively) with constant
stirring. A cream coloured solid separated. Then an aqueous solution (5 mL) of
the stoichiometric amount of sodium hydroxide (0.40 g, 10.20 mmol and 0.36 g,

9.0 mmol, respectively) was added. The solid immediately dissolved. The
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Ry /S'Na*
s
R; R; R,

3-MePipdediNa: R? = CH;; R'=R*=R* =H
4-MePipdcdtNa: R® = CHy; R'=R*=R* =H
2,6-Me,PipdcdiNa: R' = R* = CHy; R*=R*=H

Fig. 1. Sodium Carbodithioates

mixture was then cooled in an ice bath and a precipitate was obtained by

addition of excess diethyl ether. The precipitate was filtered and dried in air.

Preparation of Complexes

Ni(Ledt),X [ X =Br, I]. An aqueous solution (20 mL) of 0.500 g (2.10 mmol) of

nickel(II) chloride hexahydrate was added with stirring to an aqueous solution
(30 mL) of a stoichiometric amount of NaLcdt (4.20 mmol). The precipitate of
Ni(Ledt), thus formed was filtered, washed with distilled water and finally
with diethyl ether and dried in air. A very dilute solution of bromine or iodine
(0.50 mmol) in carbon disulphide (30 mL) was added dropwise to a suspension
of Ni(Ledt), (1.00 mmol) in carbon disulphide (25 mL) with constant stirring
till a change in colour of the solution/suspension was noticed. The resulting
solution/suspension was stirred at room temperature for 3-4 hours to ensure
complete oxidation. The solution of the reaction mixture was concentrated to
1/4th of its volume when the complexes separated out. The complexes were then
filtered, washed with carbon tetrachloride followed by ether and finally dried in

vacuo.
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Cu(Lcdt), X, (n=2. m=1whenX=]andn=1,m=2 when X = Br). An

aqueous solution (20 mL) of 0.5060g (2.94 mmol) of cupric chloride dihydrate was
added with stirring to an aqueous solution (30 mL) of a stoichiometric
amount of NaLcdt (5.88 mmol). A precipitate of Cu(Lcdt), thus formed was
filtered, washed with distilled water and finally with diethyl ether and dried in
air. A very dilute solution of bromine (1.00 mmol) or iodine (0.50 mmol) in
carbon disulphide (30 mL) was added dropwise to the suspension of Cu(Lcdt),
(1.00 mmol) in carbon disulphide (25 mL) with constant stirring till a change
in colour of the suspension from black to blackish green, was noticed. The
resulting suspension was stirred for 3-4 hours to ensure complete oxidation. It
was then filtered, washed with carbon tetrachloride followed by ether and finally
dried in vacuo.

Note: When a dilute solution of bromine or iodine in carbon disulphide
was added dropwise to a suspension of Cu(Lcdt), in carbon disulphide in 1:1
(Cu: X) (X = Br, I)ratio with constant stirring, the product obtained was the
same as afforded by the above-given procedure. If a dilute solution of bromine or
iodine in carbon disulphide was added dropwise to a suspension of Cu(Lcdt), in
carbon disulphide in 1 : 2 (Cu: X) (X = Br, I) ratio a product of undefined

composition was obtained.

Elemental Analysis and Physical Measurements

The elemental analyses (Ni/Cu) C, H, N, S and Br/I and the colour of the

complexes are given in Table I. Nickel and copper in the complexes were
determined volumetrically by EDTA titration using xylenol orange as an
indicator. Bromide and iodide were determined volumetrically by Volhard's
method and sulphur was determined gravimetrically as BaSO,. C, H, N
determinations, room temperature magnetic susceptibility and IR spectral

measurements were made as described earlier’. Electronic absorption spectra
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of the complexes as dichloromethane solutions were recorded on a Unican
SP-700 UV-Visible Spectrophotometer in the 1000-2000 nm region. Though
the complexes are soluble in some organic solvents, their solutions decomposed
within 5 to 10 minutes so that their conductivity measurements and

molecular weight determinations were not possible.

RESULTS AND DISCUSSION

The higher-valent nickel(Il) and copper(Ill) carbodithioates (Fig. 2)
of the types Ni(IlI)}Ledt)X (X = Br, I and Lcdt = 4-MePipdedt and
2,6-Me,Pipdedt) and Cu(IlI){Lcdt)oXm (n = 2, m=1when X=1Tandn =1,
m = 2 when X = Br and Lcdt = 3-MePipdcdt, 4-MePipdedt and 2,6-
Me,Pipdcdt) have been obtained by oxidation of metal(Il) carbodithioates,
M(Lcdt),, with halogen, X; [(eq. (2)]. The metal(ll) carbodithicates were
synthesized by the reaction of metal(Il) salt (MCl,) with an aqueous solution of

a stoichiometric amount of sodium carbodithioate [(eq.(1)] .

MCl, + 2NaLcdt —> M(Lcdt) , + 2NaCl M

M = Ni(I1) and Cu(II)

M(I,Cd()z +12X; — M(LCdt) 2X (2)
M = Ni(lIl), X =Brand [ and Lcdt” = 4-MePipdcdt and 2,6-Me,Pipdedt

M = Cu(Ill}, X =1 and Lcdt” = 3-MePipdcdt, 4-MePipdcdt and 2,6-Me,Pipdcdt

Cu(Lcdt); + Br, —> Cu(Lcdt)Br; + Ledt 3)

Ledt” =3-MePipdcdt, 4-MePipdcdt and 2,6-Me,Pipdcdt
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4 3

A<

R® R? TR R! R?

M(Ledt),X
M = Ni(ll[); X=Brandl;

M = Cu(lll); X=1

S Br
(o]

S Br
Cu(Lcdt)Br;

Lcdt: 3-MePipdcdtNa: R?=CHy; R'=R*=R? =
4-MePipdcdiNa: R = CHs; R'=R*=R* =H
2,6-Me,PipdcdtNa: R! =R* = CH;; R*=R*=

Fig. 2. Proposed Structures of the Complexes

Infrared Spectra

In the IR spectra, the positions of the v,(SCS) and v,(SCS) stretching modes
of vibrations of the >NCS, group of the carbodithioate ligands (at 965-1012
and 885-914 cm’, respectively) suggest a chelating bidentate mode of
coordination to the metal ions®. The bidentate mode of the ligand is also
supported by C==N stretching frequency. A blue shift in the C==N stretching

frequencies for all the carbodithioate ligands of the saturated heterocyclic
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amines upon coordination has been observed, thus indicating that these
carbodithioate ligands have typical bidentate character™. The v(C=N)
stretching frequency (Table 1I) shows an increase of ~ 60-85 cm™ compared to
the free sodium carbodithioate ligands (1405-1438 em™) with respect to their
M(Lcdt),X and Cu(Lcdt)Br, complexes. The literature? reveals that the v(C=N)
stretching frequency shows an increase of about 30 em™ in going from free sodium
dithiocarbamate (1455 cm™) ligand to the M(dtc), complex (1485 cm™) and a
further increase of ~ 25-80 cm™ from M(dtc), to {(M(dtc),]X complex ( ~ 1560
cm™). A significant increase in the v(C==N) value at the second stage indicates the
presence of the ligand as dithiocarbamate and not as thiuram disulfide (tds)
showing that dithiocarbamate does not undergo oxidation during the synthesis of
the higher oxidation state metal complexes. For the present complexes (where the
dithiocarbamate ligand has been derived from similar type of heterocyclic bases as
those of the reference (2)) the normal metal(ll) dithiocarbamates [M(dtc);] have
not been obtained and consequently their v(C==N) values not recorded. But the
extent of increase in v(C==N) values observed for M(dtc),X or M(dtc)X,
complexes is equivalent to the increase reported in literature for the two stages put
together and indicates the presence of the ligand as piperidinecarbodithioates and
not as their thiuram disulphide derivatives(tds). The expected v(C==N) values for
thiuram disulphides of sodium 3-MePipdcdt, sodium 4-MePipdcdt and sodium
2,6-Me,Pipdcdt ligands are 1435, 1465 and 1430 em’? respectively. These values
are much lower than. the v(C==N) values for M(Lcdt);o2X20r1 complexes
(Table I1), but are higher than those of free sodium carbodithioates, thus showing
that the piperidinecarbodithioate ligands do not undergo oxidation during the

synthesis of their complexes’. This inference is based on the fact that the general

trend of rise in the C==N stretching frequency follows the order®'*:

R,dtc” (Dialkyldithiocarbamate anion) < (tds) (Thiuram disulphide) <<
[(Rydtc) ;M) (Metal (III) bis(dialkyldithiocarbamate))
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Table I1

Room-Temperature v(C==N) Values, Magnetic Moment Values, and Electronic
Absorption Spectral Values of Nickel(IIT) and Copper(Ill) Carbodithioates

Compound v(C==N) Mefr Electronic Absorption
(B.M.) Values (nm)
3-MePipdcdtNa 1410 - -
4-MePipdcdtNa 1438 - -
2,6-Me,PipdcdtNa 1405 - -
Ni(4-MePipdcdt) ! 1499 1.93 380, 665, 870
Ni(4-MePipdcdt) ,Br 1497 1.96 385, 660, 865
Ni(2,6-Me,Pipdedt),I 1470 2.07 380, 660, 860
Ni(2,6-Me,Pipdcdt) ,Br 1465 2.54 380, 655, 860
Cu(3-MePipdcdt) ;1 1470 1.34 420, 620
Cu(3-MePipdcdt)Br, 1495 0.81 365, 542
Cu(4-MePipdcdt),I 1495 1.67 420, 620
Cu(4-MePipdcdt)Br, 1510 0.57 352, 545
Cu(2,6-MeyPipdedt),I 1465 1.62 425, 620
Cu(2,6-Me;Pipdcdt)Br, 1475 1.65 430,590
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The appearance of new vibrational bands in the region 400-410 cm™ as
compared to that of the free sodium carbodithioate ligands indicates the

formation of the higher valent metal-sulphur bonds.

Magnetic Susceptibilities

Nickel(III) ion (d") is isoelectronic with divalent cobalt. For all
nickel(II) complexes, the . values lie between 1.93 to 2.54 (Table II). These
values are much too low as compared to the values (4.8-4.4 B.M.) for a tetrahedral
geometry but are very near to the values for the low-spin nickel(IIl) in either

315 or  square-pyramidal'®'’ geometry (2.8-2.1 B.M.) around the

square-planar
Ni** ion (d’) containing one unpaired electron with considerable orbital
contribution. The copper(Ill) complexes under study have magnetic moment
values lying between 1.34 - 1.67 BM. (Table II) with the exception of
Cu(3-MePipdcdt)Br, and Cu(4-MePipdcdt)Br, which show magnetic moments
of 0.81 and 0.57 B.M. Generally, copper(Ill), a d® system prefers a low-spin
planar geometry with diamagnetic'®%® behaviour, while for tetrahedral system the
theoretical magnetic moment (3.9 B.M.) is much too high to correspond to the
present copper(II) complexes. The magnetic moment values show an appreciable
paramagnetic nature of these complexes when linked to the planar geometry.
The anomalous magnetic behaviour of these square-planar complexes can be
attributed to the existence of the mixture of singlet (S = 0) and triplet (S = 1)
states, where the singlet is the ground state and the triplet is low-lying excited
state. Such type of anomalous magnetic behaviour has already been observed for
the isoelectronic, presumably square-planar nickel(Il) comp]exes"'22 . Though d®

square-planar complexes are expected, in general, to be diamagnetic, an
equilibrium between spin-free (triplet state - two unpaired electrons would be
present) and spin-paired (singlet state - no unpaired electron) configurations is

not forbidden, especially if the d,2 . ,» orbital is not highly destabilised”, where
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the ground state changes from singlet to triplet. Due to closeness of these two
levels, there could be athermal population in both levels which may result in an
intermediate magnetic moment as is observed for the present complexes. Low
paramagnetism in four-coordinate copper(Ill) complexes has been reported
earlier but there the compounds have been considered to be a mixture of
square-planar and tetrahedral species, mainly on the basis of  electronic
spectral studies™. In the  complexes  Cu(3-MePipdcdt)Br, and
Cu(4-MePipdcdt)Br, the low value (0.81 and 0.57 B.M.) of the magnetic
moment shows that there is a greater amount of the singlet state and a lesser
amount of the triplet state, these low values of magnetic moment could also be

due to temperature-independent paramagnetism in a diamagnetic species.

Electronic Spectra
The observation of electronic absorption spectral bands around 380, 660
and 865 nm in the nickel(lll) carbodithioates under study indicates square-planar

2
n 4‘25.

geometry around nickel(IIT) io The electronic absorption spectral

values of all the copper(Ill) complexes are given in Table II. It is reported that
tetrahedral nickel(Il) complexes give electronic spectral bands at 600 and 900
nm whereas square-planar complexes absorb in the regions 400 and 600 nm'*¥"28,
Copper(Ill) is isoelectronic with nickel(Il) having 3¢° configuration. In the
copper(Ill) carbodithioates under study, the absorbance bands are found to lie
around 400 and 600 nm which show square-planar geometry around copper(Iil)
metal ion. In the absence of the quantitative measurements the molar absorptivities
for the complexes under study were not obtained. However, the position of the
bands in our complexes are about the same as reported earlier for the complex
[((C¢H;1)NCS;),Cu]ClO4 for which the molar absorptivities expressed as (log €)
have been given as 430 nm (4.37) and 645 nm (2.66)"". These low values of ¢ for

the spectral bands are indicative of the absorptions being the d-d bands.



Downloaded by [University of Colorado at Boulder Libraries] at 08:39 21 December 2014

1020 MANHAS ET AL.

REFERENCES

1. F.A.Cotton and G. Wilkinson, "Advanced Inorganic Chemistry”, Wiley
Sons, New York, Brisbane, Toronto, Chap.30, 1988.

2. B.C. Verma, S. B. Kalia and B. S. Manhas, Ind. J. Chem., 36A, 160 (1997).

3. B.S. Manhas and S. Bala, Polyhedron, 7, 2465 (1988).

4. F.Bonati and R. Ugo, J. Organometal. Chem., 10, 257 (1967).

5. D.C. O’Connor, J. D. Gilbert and G. Wilkinson, J. Chem. Soc., A, 84 (1969).

6. S.Kumar and N. K. Kaushik, Synth. React. Inorg. Metal Org. Chem., 12,
159 (1982).

7. J.Chatt, L. A. Duncanson and L. M.Venanzi, Suomen Kemi. 29B, 75 (1956),
Chem. Abstr., 51, 5559d (1957).

8. D. Coucouvanis, Prog. Inorg. Chem., 26, 301 (1979).

9. K. B. Pandeya, T. S. Waraich, R. C. Gaur and R. P. Singh, Synth. React. Inorg.
Metal-Org. Chem., 12, 493 (1982).

10.B. B. Kaul and K. B. Pandeya, J. Inorg. Nucl. Chem., 43, 1942 (1981).

11.H. C. Brinkhoff, J. A. Cras, J.J. Steggerda and Willemse, Rec. Trav. Chim.
Pays Bas, 88, 633 (1969).

12.J. G. M. Van der Linden, Rec. Trav. Chim. Pays Bas, 90, 1027 (1971).
13.A. K. Das and D. V. R. Rao, J. Ind. Chem. Soc., 60, 718 (1983).

14.Y. Nishida, A. Sumita and S. Kida, Bull. Chem. Soc. Jpn., 50, 759 (1977).
15. A. Chakravarty, Coordn. Chem. Rev., 13, 1 (1974).

16.G. Dyers and D. W. Meek, J. Am. Chem. Soc., 89, 3983 (1967).

17.E. K. Barefield and D. N. Busch, J. Chem. Soc., Chem. Commun., 522
(1970).



Downloaded by [University of Colorado at Boulder Libraries] at 08:39 21 December 2014

NICKEL(I1l) AND COPPER(III) COMPLEXES 1021

18.J. Willemse and J. J. Steggerda, J. Chem. Soc., Chem. Commun., 1128
(1969).

19.P. T. Beurskens, J. A. Cras and J. J. Steggerda, Inorg. Chem., 7, 810 (1968).

20.Y. Nigo, I. Masuda and O. Shinra, J. Chem. Soc., Chem. Commun., 476
(1970).

21.S. K. Jain, B. S. Garg and Y. K. Bhoon, Trans. Met. Chem., 12, 73 (1987).

22.R. Abu-Ettah, M. Hamed and S. El-Makabaty, Trans. Met. Chem., 8, 198
(1983).

23.C.J. Ballhausen and A. D. Liehr, J. Am. Chem. Soc., 81, 538 (1959).

24.Y. Nishida, K. Hayashida, A. Sumita and S. Kida, Inorg. Chim. Acta, 31, 19
(1978).

25.G. W. Everett, Jr. and R. H. Holm., J. Am. Chem. Soc., 87, 5266 (1965).

26.M. Goodgame, D. M. L. Goodgame and F. A. Cotton, J. Am. Chem. Soc.,
83,4161 (1961).

27.M. Goodgame and D. M. .. Goodgame, J. Am. Chem. Soc., 85, 207
(1968).

28.A.B. P. Lever, J. Inorg. Nucl. Chem., 27, 149 (1965).

Received: 30 October 1997 Accepted:  18January 1999
Referee I: P. R. Challen Referee II: K. Moedritzer





