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NOTE

REACTION OF MIXED BENZOICDITHIOCARBAMIC
ANHYDRIDES WITH COPPER(I1I) BROMIDE

K. K. MOHAMMED YUSUFF* and E. J. MATHEW

Department of Applied Chemistry, Cochin University of Science and Technology, Kochi 682 022, India
(Received 9 September 1991; in final form 30 November 1991)

The reaction of mixed benzoicdithiocarbamic anhydrides with copper(Il) bromide in diethylether leads
to mixed oxidation state complexes of the type [Cuy(DTC)s}>*[Cu,Brg]>~, where DTC is a
dithiocarbamate ligand. Conductance and magnetic measurements, infrared and electronic spectral data
suggest that these complexes contain two [Cu(DTC),J* units and one [Cu"(DTC),] unit. They appear
to be similar to [Cu,(Bu,dtc)s]? *[Cd,Bre]? ™ (Bu,dtc=di-n-butyldithiocarbamate), the structure of which
has already been established.

Keywords: Benzoicdithiocarbamic anhydrides; copper(II) bromide; mixed oxidation states; copper(II and
I11) dithiocarbamate complex

INTRODUCTION

A series of bis(dithiocarbamato)-u-dichlorodicopper(II) complexes have been pre-
pared by reacting mixed benzoicdithiocarbamic anhydride with copper(II) chloride in
acetone.! While investigating this reaction with copper(I1) bromide in diethylether, we
were able to isolate complexes of the type [Cus(DTC)s]?*[Cu,Bre]*~ (where
DTC = diethyldithiocarbamate (Et,dtc), pyrrolidine-N-carbodithioate (Pyrrdtc),
piperidine-N-carbodithioate (Pipdtc), or morpholine-N-carbodithioate (Morphdtc))
in which copper atoms exist in +2 and +3 oxidation states.

EXPERIMENTAL

Mixed benzoicdithiocarbamic anhydrides were prepared according to procedures
reported earlier.?* The complexes were synthesized by the following general method:
anhydrous CuBr, (l.1g, 0.005mol) and the appropriate freshly recrystallised
benzoicdithiocarbamic anhydride (0.006 mol), both dissolved in minimum quantity
of diethylether, were mixed with stirring, when a black complex separated out
immediately. The complex was filtered off, washed with diethylether and dried in
vacuo over P,0s.

Anal.: Calcd. for [Cu4(Et,dtc)s]J{Cu,Brg]: C, 21.36; H, 3.56; N, 4.98; Cu, 18.84; Br,
28.45; S, 22.79%. Found: C, 21.26; H, 3.48; N, 4.92; Cu, 18.70; Br, 28.35; S, 22.75%.
Calcd. for [Cu,(Pipdtc)e][Cu,Brg]: C, 24.58; H, 3.41; N, 4.78; Cu, 18.07; Br, 27.29;
S, 21.85%. Found: C, 24.48; H, 3.35; N, 4.73; Cu, 18.00; Br, 27.19; S, 21.82%. Calcd.

* Author for correspondence.
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for [Cu,(Pyrrdtc)s][Cu,Brg): C, 21.52; H, 2.86; N, 5.02; Cu, 13.99; Br, 28.66; S,
22.95%. found: C, 21.44; H, 2.77; N, 4.98; Cu, 18.85; Br, 28.58; S, 22.92%. Calcd.
for [Cus(Morphdtc)g][Cu,Br]: C, 20.35; H, 2.71; N, 4.75; Cu, 17.95; Br, 27.08; S,
21.73%. Found: C, 20.28; H, 2.69; N, 4.68; Cu, 17.85; Br, 27.01; S, 21.68%.

Analytical methods

Copper and sulfur analyses were carried out using standard procedures.* Micro-
analyses for C, H and N were performed on a Perkin Elmer 2400 CHN elemental
analyser. Conductance measurements in nitrobenzene were carried out on a Elico PR
9500 conductivity bridge. Corrected molar susceptibilities (zy) at room temperature
(28 +2°C) were determined using the Guoy method.3 Electronic and infrared spectra
were recorded on a Hitachi U-3410 spectrophotometer and on a Perkin Eimer 983
spectrophotometer, respectively.

RESULTS AND DISCUSSION

All complexes are black in colour, quite stable in dry atmosphere, and insoluble in
non-polar solvents like chloroform, diethylether and carbontetrachloride, but are
moderately soluble in acetone, nitrobenzene, DMF and DMSO.

Analytical data suggest a general molecular formula [Cu;(DTC),]%*[Cu,Brs]?~
for the complexes. Cras et al.® have earlier reported the structure of a similar complex,
[Cu,(Bu,dtc)¢]>*[Cd,Brg]*~ (Bu,dtc=di-n-butyldithiocarbamate), prepared by
reacting [Cu(Bu,dtc),] with CdBr, and Br,. The cationic part of this complex contains
a copper(Il) dithiocarbamate unit sandwiched between two copper(IIl) dithio-
carbamate units with sulfur bridging between copper atoms.

The conductance values of the complexes (~60ohm™!cm?mol~?!) suggest a 2:1
electrolytic behaviourin nitrobenzene,” which may be due to the following dissociation
reaction:

[Cus(DTC)s}?*[Cu,Brg)?~ - 2[Cu(DTC),]* +[Cu(DTC),]+[Cu,Brs]?"

The pt.q value of 1.9BM for the [Cuy(DTC)s]%* species indicates that one of the
copper atoms in it is in the +2 oxidation state and the other two are in the +3
oxidation state. This p¢ value was calculated using the i, value for [Cu;(DTC)s]**
obtained by subtracting the yj; value (660x 10~ %cm®mol~?) of (IPA),[Cu,Br4]
(IPA =isopropylammonium cation)® from that (~2200 x 107%cm®mol™!) of
[Cusy(DTC)s]* T [Cu,Brg]?~.

Further indication about mixed oxidation states has been obtained from the solid
state electronic spectra of the complexes, which exhibit bands characteristic of
copper(Il) (~22500cm™*!)° and copper(Ill) (~26000cm™! and ~15500cm™1)!°
dithiocarbamates. A band is also seen at 19000cm™! which may be due to the
presence of [Cu,Brg]?>~, as a band at this frequency is observed in the spectrum
of (IPA),[Cu,Br¢]. Infrared spectra of the complexes also give evidence in support
of mixed oxidation states: the spectra show v(C-N) bands due to copper(ll)
dithiocarbamate!! at ~1480cm™! and to the copper(Ill) dithiocarbamate!? at
~1540cm™!, The intensity of the 1540cm™! band is almost twice that of the
1480cm ™! band, which suggests that there are two copper(IIl) units and one
copper(Il) unit. The complexes also exhibit v(Cu-S) bands due to copper(ll)
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(~340cm™') and copper(III) (~400cm ~!) dithiocarbamates.!! The observed higher
intensity of the 400cm™! band tends additional support to the presence of two
copper(IIl) dithiocarbamate units. All the above facts suggest that the complexes
reported herein are structurally similar to the complexes prepared by Cras et al.®
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