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A comparison of the synthetic approaches for copper dimethyldithiocarbamate complexes by 
oxidative and electrochemical dissolution of metallic copper in different non-aqueous solvents 
is reported. The influence of ultrasound on the synthesized products and on the reaction yields 
is also studied. The results show the influence of solvent on the structure and on the increase in 
rate of metal dissolution from simultaneous ultrasonic treatment. 

Keywords: Copper; ultrasonic; carbamate; oxidative dissolution 

INTRODUCTION 

a. Dissolution and Activation of Metals 

Oxidative dissolution (OD) of metals in a liquid phase is a type of direct 
synthesis of coordination and organometallic compounds starting from 
zero-valent metals and (in)organic ligands. It is a many-electron process, 
determined by the stabilization of a metal ion in solution. The type of metal 
and oxidant influence the kinetics of the oxidation process. 1-5 

* Corresponding author. Tel.: 52 8 375 3068 x 14. Fax: 52 8 375 3846. 
E-mail: bkhariss@ccr.dsi.uanI.mx. 
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136 B.I. KHARISOV et a). 

In a direct synthesis, the metal atoms could have different oxidation 
numbers in the formed products (for example, in the complexes of Fe or 
Cu). '*' The peculiarity of direct synthesis is the possibility of stabilization of 
non-standard oxidation states of transition metals.' Thus, together with 
Cu(1) and Cu(II), diamagnetic complexes of CU(III),~ were obtained in the 
system Cu-DMSO-C14-tetramethylthiuram disulfide (TMU). The use of the 
same system for Pd leads to formation of intermediate complexes of Pd(I).7 
Coordination compounds of Cu(1II) and Pd(1) are comparatively rare.8 

based on the use of a sacrificial anode or cathode in solutions of substrates. 
This method has the following aavantages: the absence of oxidants or 
reductants, the possibility of regulation of the process by controlling volt- 
age and current, soft conditions of synthesis and high  yield^.'.'^ Electro- 
syntheses with copper as an anode gave coordination and organometallic 
compounds containing Cu(I), Cu(I1) or their m i x t ~ r e s . ' ~ - ~ ~  

Use of ultrasonic (US) treatment in reactions between bulk metals and 
organic  substrate^^',^^ or electro~ynthesis~~ is an additional factor, accel- 
erating metal dissolution in non-aqueous solution, eliminating the formed 
product layer from the metal surface which enhances the posterior dissolu- 
tion of metal, and, in case of the electrosynthesis, stabilizing the current.25 
Transition metals behave differently under ultrasonic treatment with their 
resistance depending on the metallic structure and the bond energy in the 
bulk metal. For example, elemental nickel is more resistant than metallic 
copper to ultrasonic treatment in reaction between these metals and azo- 
methinic l igand~,*~ i.e. the yields of the Ni complexes are considerably less 
than Cu complexes during the same reaction time. 

Electrosynthesis (ES) is another approach to direct 

b. Transition Metal Complexes with Dialkyldithiocarbamate Derivatives 

Metal complexes with dialkyldithiocarbamates have been intensively stud- 
ied and reviewed.* Recent publications are: (1) the review of Larin26 on Ni 
complexes with thioligands, their study by EPR spectroscopy, and the 
determination of their magnetic properties, (2) the paper of Sharma et a ~ , ~ '  
on heterocyclic dithiocarbamate complexes of triorganotin(1V) and (3) the 
work of Chinese authors (Refs. 28-35 and references therein) on X-ray dif- 
fraction of transition metal complexes (Ni, Cr) having Ni"S4N2 or Cr"'S6 
coordination. 

It is known8326 that sulfur-containing ligands stabilize unusual oxidation 
states of metals. Thus, interaction of copper with non-aqueous solutions of 
TMU in presence of C14 and bipy has been studied in detail.6 The formed 
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ULTRASONIC SYNTHESIS 137 

compounds have the general formula [CunI,(Me2NSC2)1J. A, where n = 
1-3, m = 0,1,2,4, I=  1-3,5, A = H20, Cu2S and CHI3, containing Cu(I), 
Cu(II), or rare Cu(III), according to the magnetic data. However, it should 
be emphasized that diamagnetic properties of the complex are not sufficient 
to propose an oxidation state +3 for copper, since there are Cu(II1) para- 
magnetic compo~nds .~  The Cu3+ ion, as Ni2+, has a d*-configuration. 

Oxidation of copper in these systems takes place through successive 
stages. Thus,6 one-electron oxidation of Cuo by a two-component system, 
(for example, formamide + bipy, DMF(DMS0) + C14), one-electron oxida- 
tion of copper(1) to copper(I1) by the thiuram (or its dication) 

and, for the system DMSO + C14 + TMU, one-electron oxidation from 
Cu(I1) to Cu(II1) takes place with participation of C14 or 12+Me2S.12, 
formed in the system. 

Electrochemical dissolution of copper and other metals in non-aqueous 
solutions (acetone and acetonitrile) of TMU and its analogues was first car- 
ried out by Tuck et ~ 1 . ~ ~  Complexes with general formula M(R2NCS2), are 
formed in good yields in these conditions. The proposed mechanism of suc- 
cessive complex formation in these systems includes the electrochemical step 
(1) followed by oxidative addition (2):36 

Cathode : (RzNCS~), + 2e 4 2(R2NCS2)- 
(1) 

Anode : (R2NCS2)- + Cu Cu'(R2NCS2) + e 

Thus, copper can be dissolved chemically,6 or electrochemically36 in non- 
aqueous solutions of TMU. The rates of the processes are reasonable, so 
this interaction could serve as a perfect model to study the influence of 
simultaneous application of ultrasonic treatment on the syntheses of tran- 
sition metal complexes in different non-aqueous solutions by several tech- 
niques. The present work is devoted to the study of the combination of 
both conventional chemical and electrochemical dissolution of copper in 
TMU solutions with simultaneous ultrasonic treatment. 
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138 B.I. KHARISOV et al. 

EXPERIMENTAL 

Materials 

Solvents (acetonitrile, toluene, ethanol, DMSO and DMF) were dried by 
conventional procedures. TMU and metallic copper (both from Aldrich) 
were used as supplied. Metals were purified by previous treatment by 
concentrated HC1 to remove the oxide layer. A stream of dry nitrogen was 
passed through the solutions during the syntheses. 

Analysis and Spectroscopy 

The metal content was determined by atomic absorption spectroscopy. 
Infrared spectra were recorded on Perkin-Elmer equipment. 

Oxidative Dissolution of Copper 

Sheets of copper (1 g) were placed into 100 mL of the TMU solutions dur- 
ing 2 h with weak agitation (the same velocity in all cases). The obtained 
products were filtered, washed several times by small amounts of dried 
acetonitrile and dried in air. The experimental conditions of the syntheses 
are presented in Table I .  

Electrochemical Dissolution of Copper 

The electrochemical synthesis was carried out according to the technique 
described by Tuck et aZ.36 The electrochemical cell was a l00mL tall-form 

TABLE I 
copper in non-aqueous solutions of TMU 

Experimental conditions for the oxidative and electrochemical dissolution of 

~ 

Exper. T M U ( g )  Solvent Use of ultrasound Voltage,' (V) 

Ch." El.b Ch. or El. El. 
~ ~~ 

A I 1.25 AN - 
B J 1.25 AN + 
C K 1.25 EtOH+tol. - 
D L 1.25 EtOH+tol. + 
E M 1.30 DMF - 
F N 1.30 DMF + 
G 0 1.30 DMSO - 
H P 1 30 DMSO + 

3 1  
33 

28 
31 

35 
33 

25 
29 

"Chemical synthesis (oxidative dissolution); bElectrochemical synthesis; 'To produce initial current of 
20mA. In all experiments: Copper, 1 g (mCu,,,, ); solvent volume, 100mL; Agitation, 40 rev/min. Duration 
of the experiments was 2 h. 
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ULTRASONIC SYNTHESIS 139 

beaker. The anode was a copper sheet (1 g) and the cathode was a platinum 
foil. The electrolytic process was applied during 2 h in each case. n-Bu4NBr 
( N 0.05 g) was used as the supporting electrolyte for acetonitrile and 
EtOH-toluene solutions. The experimental conditions are presented in 
Table I. The isolated products were treated as described above. 

Application of Ultrasound 

The simultaneous ultrasonic treatment of solutions of TMU using a weak 
source of ultrasound (ultrasonic cleaner BRANSONIC 12) was made dur- 
ing the synthetic processes (Table I). Stronger sources of ultrasound were 
not used to prevent too rapid metal dissolution, turbulent processes and 
superheating of the reaction zone. 

RESULTS AND DISCUSSION 

As reported in Tables I and 11, the brown and black products were obtained 
by oxidative and electrochemical dissolution of metallic copper in non- 
aqueous solvents of TMU. The complexes are stable until 260-325"C, then 
melt with partial decomposition. 

TABLE I1 Results obtained in the syntheses 

Exper. Solid CU (f/C)a (%.) mcudtss 9 (8) mCUdiss /mCuinit (x 100%) 

Color m.p. ("C) 

A Brown 262 20.3 l/20.91 0.040 4.0 
B Brown 265 20.42/20.91 0.123 12.3 

Brown 
Brown 

Black 
Black 

Black 
Black 

Brown 
Brown 

260 
263 

320 
323 

327 
325 

260 
262 

19.98/20.91 
20.17/20.91 

l3.62/14.11 
13.55/14.11 

13.38/13.81 
1 3.40/ 1 3.8 1 

20.17/20.91 
20.03/20.91 

0.048 
0. I49 

0.053 
0.138 

0.045 
0.150 

0.062 
0.180 

K Brown 264 20.14/20.91 0.070 
L Brown 261 19.90/20.91 0.171 

M Black 323 13.70/14.11 0.064 
N Black 325 13.59/ 14.1 1 0.175 

0 Black 321 13.29p3.8 1 0.081 
P Black 321 13.35/13.81 0.195 

4.8 
14.9 

5.3 
13.8 

4.5 
15.0 

6.2 
18.0 

7.0 
17.1 

6.4 
17.5 

8.1 
19.5 

"f. found; c, calculated 
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140 B.I. KHARISOV el  al. 

According to the elemental analysis data and IR spectra (Table 11), no 
solvated acetonitrile and ethanol were observed in the formed compounds 
A-L.37 The IR spectra of these compounds, obtained by chemical electro- 
chemical dissolution of copper, or by combination of both methods with 
simultaneous ultrasonic treatment, do not significantly differ. The fre- 
quencies v(C-N) 1530- 1525 cm-' and v(C=S) 125 I ,  1 150 and 1049 cm-' 
are typical for dicarbamate derivatives of Cu(I1). The well-known com- 
pound C U ( M ~ ~ N C S ~ ) ~  is formed in these cases.36 

In the presence of polar, coordinating solvents, DMSO and DMF (their 
donor numbers are 29.8 and 27, respectively), compounds E-H and M-P 
with the composition C U ( M ~ ~ N C S * ) ~  .2Solv are formed. The characteristic 
absorption bands of the coordinated solvents are in the IR spectra of synthe- 
sized compounds: DMSO - 1450-1400 and 1050cm-' (v(S=O)), DMF - 
1680 (v(C=O)) and 1390cm-' (v(C-N)). 

Destruction of the S-S bonds could take place as a result of the inter- 
action between metallic ~ o p p e r ~ , ~ , ~ ~  (as by chemical dissolution of copper 
and electrochemical cleavage of the S-S bond) and non-aqueous solutions 
of TMU. Complexes with MS, coordination could usually be formed as a 
result of such reactions, for example, electrochemical cleavage of S-S 
bonds in some Schiff bases.38 Solvent molecules could also participate as 
ligands, coordinating to the MS, kernel, depending on their donor numbers 
and steric factors.39 

According to the l i t e r a t ~ r e ~ ~ , ~ ~ - ~ ~  for analogous complexes having the 
MS4L2 (L - coordinated ligand) coordination it is possible to attribute dis- 
torted octahedral structures C U ( M ~ ~ N C S ~ ) ~  .2Solv for these compounds, 
where the coordination of DMSO or DMF molecules takes place through 
the oxygen atom. In the case of DMSO, where coordination could take 
place through an oxygen or a sulfur atom, the decrease in frequency of the 
S=O band from 1050cm-' in free DMSO to 1044-1038cm-' in its coordi- 
nated m ~ l e c u l e ~ ~ - ~ ~  confirms oxygen coordination. The magnetic moments 
for these complexes at room temperature are 1.84 (DMF complex) and 
1.71 B.M. (DMSO complex) corresponding to the Cu(I1) state. 

Comparing the rates of dissolution of copper in the experiments 
(Cu-solution, Cu-solution-ultrasound, Cu-solution-electrolysis, Cu-solution- 
electrolysis-ultrasound), the simultaneous ultrasonic treatment accelerates 
the process considerably (Table 11). When both chemical and electro- 
chemical dissolution of metal take place simultaneously, a maximum rate 
is obtained. It is difficult to evaluate metal weight dissolved only electro- 
chemically however, a significant role of ultrasound in copper dissolution 
is evident with the major part dissolved due to the ultrasonic action. 
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ULTRASONIC SYNTHESIS 141 

Moreover, in some cases without ultrasonic treatment it is necessary to stop 
the electrolysis periodically in order to remove the formed product from the 
surface. Use of ultrasonic treatment helps to avoid this problem and to 
stabilize voltage. 

Experiments with various metals and nitrogen- and sulfur-containing 
ligands without use of ultrasonic treatment indicates that deterioration of 
electrosynthesis conditions (unstable voltage) depends on the nature of the 
ligand (and, consequently, on the properties of the formed product on the 
metal surface) and, less important on the nature of the solvent (acetonitrile, 
ethanol, methanol or their mixtures with t o l ~ e n e ) . ~ ~ ’ ~ ’ ~ ~  Comparing copper 
and nickel, it has been established that, using the same ligands and solvents, 
electrochemical dissolution of nickel is more easily sarried out (more stable 
voltage); evidently, this is due to the higher solubility of its complexes in 
comparison to the corresponding copper compounds. The use of simulta- 
neous ultrasonic treatment permits leveling of such differences between 
metals such that electrosynthesis can be performed without the difficulties 
described above. 

CONCLUSIONS 

The copper dimethyldithiocarbamate complexes have the same standard 
compositions independent of the synthetic procedure (chemical or electro- 
chemical). On the other hand, tetramethylthiuram disulfide (and, probably, 
some of its derivatives) and metallic copper could be used as a useful 
“standard” pair “metal-ligand” in non-aqueous solvents to study the influ- 
ence of ultrasonic treatment on the oxidative (or electrochemical) dissolu- 
tion of metals. From the presented results and those reported earlier,25344 
simultaneous ultrasonic treatment accelerates considerably the rate of metal 
dissolution; moreover, combination with electrosynthesis improves greatly 
this relatively new synthetic technique. Thus for it is difficult to establish 
any quantitative dependence between solvent properties and rate of metal 
dissolution. 

References 

[ I ]  I.P. Lavrentiev and M.A. Khidekel Russ. Chem. Reviews. 52, 337 (1983). 
[2] A.D. Garnovskii, Yu.1. Ryabukhin and A S .  Kuzharov Koord. Khim. 10(8), 101 1 (1984). 
[3] A.D. Garnovskii, B.I. Kharisov, G. Gojon-Zorrilla and D.A. Garnovskii Russ. Chem. 

[4] B.1. Kharisov, A.D.  Garnovskii, G. Gojon-Zorrilla and S.S. Berdonosov Rev. SOC. Quim. 
Reviews. 64(3), 201 (1995). 

M i x .  40(4), 173 (1996). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



9.1. KHARISOV et al. 

A.D. Garnovskii, B.I. Kharisov, L.M. Blanco, V.V. Skopenko et al. Direct Synthesis of 
Coordination Compounds. Ventury: Kiev (1997). 
L.V. Shirshova, L.G. Korableva, A.S. Astakhova, I.P. Lavrentiev and V.I. Ponomarev 
Koord. Khim. 16(3), 348 (1990). 
L.V. Shirshova, V.I. Ponomarev, L.G. Korableva and I.P. Lavrentiev Koord. Khim. 16, 
1118, (1990). 
G. Wilkinson (Ed.). Comprehensive Coordination Chemistry. The Synthesis, Reactions, 
Properties. Vol. 3-5. Pergamon Press: Oxford, New York (1987). 
D.G. Tuck Pure & Appl. Chem. 51(9), 2005 (1979). 
D.G. Tuck In Molecular EIec trochemistry of Inorganic, Bioinorganic and Organome tallic 
Compounh. Kluwer Acad. Publishers. I5 (1993). 
M.C. Chakravorty and G.V.P. Subrahmaniam Coord. Chem. Rev. 135/136,65 (1994). 
J.A. Davies, C.M. Hockensmith, V.Yu. Kukushkin and Yu.N. Kukushkin, Syn- 
thetic Coordination Chemistry. Theory & Practice. World Scientific Publishing. Singapore 
(1996). 
B.I. Kharisov, L.M. Blanco, A.D. Garnovskii et al. Polyhedron. 17(2-3), 381 (1998). 
R. Kumar and D.G. Tuck J. Organomet. Chem. 281, C47 (1985). 
A.T. Casey and A.M. Vecchio Appl. Organomet. Chem. 4, 513 (1990). 
T.A. Annan, J.E. Kickham and D.G. Tuck Can. J. Chem. 69,251 (1991). 
T.A. Annan, R. Kumar and D.G. Tuck J. Chem. Soc. Dalton Trans. 1 1  (1991). 

I8j F.F. Said and D.G. Tuck Can. J .  Chem. 59,62 (I98 I). 
191 M. Khan, C. Oldham and D.G. Tuck Can. J.  Chem. 59,2714 (1981). 
201 T.A. Annan, R. Kumar and D.G. Tuck Inorg. Chem. 29,2475 (1990). 
211 R. Kumar and D.G. Tuck Can. J. Chem. 67, 127 (1989). 
221 R. Kumar and D.G. Tuck Inorg. Chem. 29,1444 (1990). 
231 K.S. Suslick (Ed.). Ultrasound its Chemical, Physical, and Biological Effects. VCH: Wein- 

helm, (1988); Mason, T.J. Advances in Sonochemistry. JAI Press Ltd. London, Vol. 1 ,  
(1990): Cintas. P. Activated Metals in Oraanic Synthesis. CRC Press. 61-70, (1993); J.L. 
Luche’and P. Cintas Ultrasound-Induced h i v a t i o n  of Metals: Principles and Applications 
in Organic Synthesis. In Act. Met. Fuerstner A. (Ed.). VCH: Weinheim, Germany 133-190 
(1 996). 
AS. Kuzharov, V.V. Suchkov and L.A. Vlasenko Zhurn. Fiz. Khim. LIII(8), 2064 (1979). 
B.I. Kharisov, G. Gojon-Zorrilla, L.M. Blanco et al. Koord. Khim. 22(5), 132 (1996) (Proc. 
of XVIII Chugaev’s Conference on Coordination Chemistry). 
G.M. Larin Ross. Khim. Zhurn. XL(4-5), 74 (1996). 
J. Sharma, Y. Singh and A.K. Rai Phosphorus, Sulfur Silicon Relat. Efem. 112(1-4), 19 
(1996). 
Bao-Lin Song, Ren-Gen Xiong, Xiao-Zeng You and Xiao-Ying Huang. Acta Cryst. 

C51,2258 (1995). 
Xiao-Ying Huang, Ren-Gen Xiong and Xiao-Zeng You. Acta Cryst. C51,2261 (1995). 
Ren-Gen Xiong, Xiao-Zeng You and Xiao-Ying Huang. Acta Cryst. C51, 2263, 2484 

(1995). 
Jing-Lin Zuo, Ren-Gen Xiong, Xiao-Zeng You and Xiao-Ying Huang. Acta Cryst. 

C52,46 (1996). 
Ren-Gen Xiong, Cai-Ming Lui, Hua-Zhi Li, Xiao-Zeng You and Xiao-Ying Huang. 

’ Acta Cryst. C52: 519 (1996)- 
, Ren-Gen Xiong, Jing-Lin Zuo, Xiao-Zeng You and Xiao-Ying Huang. Acra Cryst. 

[34] Yong-Hai Guo, Yu-Qun Xue, Ren-Gen Xiong, Jing-Lin Zuo, Xiao-Zeng You and 

[35] Ren-Gen Xiong, Jing-Lin Zuo, Xiao-Zeng You and Xiao-Ying Huang. Actu Cryst. 

[36] C. Geloso, R. Kumar, J.R. Lopez-Grado and D.G. Tuck Can. J. Chem. 65.928 (1987). 
[37] R.M. Silverstein, G. Clayton Bassler and C. Terrence Morrill. Spectrometric Identification 

[38] E. Labisbal, A. De BIAS, Garcia-Vizquez, J. Romero, M.L. Duran, A. Sousa, N.A. 

(32,521 (1996). 

Xiao-Ying Huang. Acta Cryst. C52, 523 (1996). 

C52, 1157 (1996). 

of Organic Compounds. 5th Edition. John Wiley & Sons. 100-164 (1991). 

Bailey, D.E. Fenton, P.B. Leeson and R.V. Parish Polyhedron. 11,227 (1992). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



ULTRASONIC SYNTHESIS I43 

[39] V. Gutmann Coordination Chemistry in Non-Aqueous Solutions. Springer-Verlag: Wien, 

[40] L. Bellami The Infrared Spectra of Complex Molecules. Methuen, London: John Wiley & 

[41] K. Nakarnoto Infrared Spectra of Inorganic and Coordination Compounds. John Wiley & 

[42] A.D. Garnovskii, D.A. Garnovskii, I.S. Vasilchenko, A.P. Sadimenko and I.P. Sadekov 

[43] T.W. Johnson et al. Inorg. Chem. 30,4146 (1991). 
[44] L.M. Blanco, B.I. Kharisov and A.D. Garnovskii Proc. of XXXII International Conference 

[45] B.I. Kharisov, L.M. Blanco and A.D. Garnovskii Unpublished results. 

New York (1968). 

Sons: New York (1954). 

Sons: New York, London (1987). 

Usp. Khim. 66(5), 433 (1997). 

on Coordination Chemistry. Santiago-de-Chile, 33 (1997). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


