
 Chinese Journal of Chemistry, 2004, 22, 888 890 Note 

 
 * E-mail: xlzhu@suda.edu.cn; Fax: 86-512-65111258 
  Received October 21, 2003; revised February 20, 2004; accepted April 5, 2004. 

Project supported by the National Natural Science Foundation of China (No. 20176033) and the Natural Science Foundation of Jiangsu Province (No. 
Bk2001141). 

Synthesis and Crystal Structure of N,N'-Dimethyldithio- 
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Reactions of CuSCN with tetramethylthiuram disulfide in CH3CN in the presence of styrene and 
N,N,N',N",N"-pentamethyldiethylenetriamine gave rise to a new copper(I) complex of N,N'-dimethyldithio- 
cabamate {[Cu(S2CNMe2)]2}n. The title compound crystallized in the triclinic P-1 space group with lattice parame-
ters a 0.7610(4) nm, b 0.8911(4) nm, c 0.9268(5) nm, � 68.66(1)°, β 83.88(2)°, γ 79.31(2)°, V
0.5748(5) nm3, Z 2. The compound has a unique 1D chain structure composed of CuSCSCuSCS eight-membered 
rings and a pair of Cu—S bonds, the structure of which has been determined by single-crystal X-ray crystallography. 
The isolation of this compound may provide some helpful information for the cause of the induction periods of the 
reverse atom transfer radical polymerization. 
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Introduction 

In recent years, metal dithiocarbamate complexes 
remain attractive because of their possible relevance to 
the nature of the sulfur-metal bond in some bimole- 
cules1 and their potential biological role in anti-alkyla- 
tion and cancer disease treatment.2 Among them, cop-
per(II) dithiocarbamate complexes have been exten-
sively investigated due to their rich structural magnetic, 
and electrochemical properties.3 However, the chemistry 
of copper(I) complexes of dithiocarbamates seems less 
explored.4 For example, the preparation of copper(I) 
complexes of N,N'-diethyldithiocarbamato copper(I) 
[Cu(Et2dtc)] was reported 30 years ago by reaction of 
[Cu(Et2dtc)2] with Cu powder in CS2,4a however, the 
structure of this compound has not been reported yet. 
On the other hand, we are interested in the Cu- 
mediated reverse atom transfer radical polymerization  
(ATRP).5 During the reverse ATRP of styrene (St)  
initiated by tetramethylthiuram disulfide (TMTD)/ 
CuSCN/N,N,N',N",N"-pentamethyldiethylenetr-iamine 
(PMDETA), the title compound {[Cu(S2CNMe2)]2}n (1) 
was always found in the crystalline form. Considering 
the facts that there have not been unanimous conclu-
sions5 about the mechanism and the causes of induction 
periods of reverse ATRP or ATRP and the clear elucida-
tion of the structure of 1 may be useful in understanding 
the role of Cu(I) in the reverse ATRP and ATRP, we 
characterized 1 by elemental analysis, IR, Raman spec-
tra and single-crystal X-ray crystallography. Herein we 

report the synthesis and crystal structure of 1. 

Experimental 

Chemical reagents and methods 

The IR spectra were recorded on a Perkin Elmer 
2000 FT-IR spectrometer as KBr disk (4000—400  
cm 1). The Raman spectra were recorded on an 
FT-Raman 960 spectrometer using Ge detector by fluid 
nitrogen cooling. The elemental analyses for C, H and N 
were performed on a LECO-CHNS microanalyzer. Sty-
rene (St) (Chemically Pure, Shanghai Chemical Reagent 
Co. LTD.) was purified by washing with 5% sodium 
hydroxide aqueous solution, followed by washing with 
water and dried with sodium sulfate anhydrous over-
night, and finally distillated over CaH2 under vacuum 
before use. Tetramethylthiuram disulfide (TMTD) 
(99.9%, Zhengjiang Zhengdu Chemical Reagent Fac-
tory) was recrystallized from mixture of ethanol and 
chloroform. Copper(I) thiocyanate (CuSCN) (98.0 , 
Yixing Liaoyuan Chemical Co. LTD.) was purified by 
washing with acetic acid and acetone, then dried under 
vacuum. N,N,N ',N",N"-pentamethyldiethylenetri- 
amine (PMDETA) was dried with 4 Å molecular sieve 
and distillated under vacuum. Acetonitrile (CH3CN) 
was distillated before use. 

Preparation of compound 1 

To a dry glass tube was added a mixture of St, 
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TMTD, CuSCN, PMDETA and CH3CN with predeter-
mined ratio (St/TMTD/CuSCN/PMDETA 1000/1/2/6, 
St/CH3CN 2.5/1 (V/V)). After the mixture was vi-
brated into a homogeneous solution, the tube was sealed 
under nitrogen and placed in an oil bath thermostat at 
120  for about six hours. During this period, some 
yellow-green crystals {[Cu(S2CNMe2)]2}n (1) were 
found to form at the bottom of the tube. The formation 
of 1 in this reaction system is reproducible with ca. 5% 
yield (based on Cu). Anal. calcd for {[Cu(S2CNMe2)]2}n: 
C 19.61, H 7.62, N 3.29; found: C 19.26, H 7.67, N 3.26.  
IR (KBr) �: 1499 (C—N), 962 (C—S) cm 1. Raman: 
362 cm 1 (Cu—S). 

X-ray crystallography 

A yellow prism crystal of 1 with approximate di-
mensions of 0.45 mm 0.05 mm 0.06 mm was 
mounted on a glass fiber. All measurements were made 
on a Rigaku Mercury CCD area detector with graphite 
monochromated Mo �� radiation. Diffraction data were 
collected at ω mode with a detector to crystal distance 
of 44.56 mm. Indexing was performed from 6 images, 
each of which was exposed for 8 s. Cell parameters 
were refined by using the program Crystalclear (Rigaku 
and MSc, Ver. 1.3, 2001) on all observed reflections 
between � of 3.4° and 27.5°. The crystal belongs to tri-
clinic system, space group P-1 with cell parameters: a
0.7610(4) nm, b 0.8911(4) nm, c 0.9268(5) nm, α
68.66(1)°, β 83.88(2)°, γ 79.31(2)°, V 0.5748(5) 
nm3, Z 2, Dcalcd 2.123 g/cm3, F(000) 368, µ
4.386 cm–1. A total of 720 oscillation images were col-
lected in the range of 1.912° � 54.96°. The collected 
data were reduced by using the program Crystalstruc-
ture (Rigaku and MSC, Ver. 3.16, 2003), and an em-
pirical absorption correction was applied, resulting in 
transmission factors ranging from 0.460 to 0.803. The 
data were also corrected for Lorentz and polarization 
effects. Of the 4612 reflections that were collected, 
2521 were unique (Rint 0.026), and equivalent reflec-
tions were merged. The structure was solved by direct 
methods6 and expanded using Fourier techniques.7 The 
non-hydrogen atoms were refined anisotropically. Hy-
drogen atoms were put on the calculated positions and 
included in the final structure-factor refinement. The 
final cycle of refinement including 139 variable pa-
rameters for 1702 reflections with I 3.0σ(I) was con-
verged to R 0.032, Rw 0.050 (w [σc

2(Fo)
0.0012Fo

2]–1), S 1.098, and (∆/σ) 0.000. The maxi-
mum and minimum residual peaks on the final differ-
ence Fourier map are 530 and 560 e/nm3, respec-
tively. All calculations were performed on a Dell work-
station using the CrystalStructure crystallographic soft-
ware package (Rigaku and MSC, Ver. 3.16, 2003). 

Results and discussion 

During the reverse atom transfer radical polymeriza-
tion (ATRP) in a system containing a mixture of styrene, 
TMTD, CuSCN, PMDETA and CH3CN, some yel-

low-green crystals {[Cu(S2CNMe2)]2}n (1) were always 
found to form at the bottom of the tube with ca. 5% 
yield (based on Cu). The identity of 1 was finally con-
firmed by elemental analysis, IR, Raman and sin-
gle-crystal X-ray diffraction. The formation mechanism 
of compound 1 is currently not very clear.  According 
to the Eq. (4) of the mechanism of the reverse ATRP in 
Scheme 1,5a we found that the real catalyst of this sys-
tem was CuSCN and PMDETA. Moreover, the rela-
tively long induction periods during the polymerization 
of styrene were also observed.  In this period, com-
pound 1 was formed before the polymerization of sty-
rene began. Compound 1 still existed until the polym-
erization of styrene finished. According to the above 
information, we thought that the main cause of the in-
duction periods was due to the formation of the com-
pound 1. The possible mechanism of formation of com-
pound 1 may be that a little Cu(S2CNMe2) was changed 
into compound 1 at relatively high temperature in this 
system due to the poor solubility of compound 1. 

Scheme 1  Mechanism of the reverse ATRP5a 

Initiation 

 

Figure 1 shows the perspective view of a section of 
the 1D chain of 1 together with the selected bond 
lengths and angles. An asymmetric unit contains two 
halves of the [Cu(Me2dtc)]2 units. The whole structure 
consists of [Cu(Me2dtc)]2 units linked by two Cu—S 
bonds. The geometries of two crystallographically in-
dependent [Cu(Me2dtc)]2 units in the chain are similar, 
and an inversion center resides in the middle of each 
unit. Within each unit, two Me2dtc moieties are inter-
connected by two Cu atoms, resulting in an eight- 
membered puckered ring [Cu(1)S(1)C(1)S(2)Cu(1)- 
S(1)C(1)S(2) or Cu(2)S(3)C(4)S(4)Cu(2)S(4)C(4)S(3)]. 
The Cu(1) [or Cu(2)] atom bridges two S atoms of two 
Me2dtc moieties within the unit and one S atom of one 
Me2dtc moiety from the adjacent unit, displaying an 
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approximate trigonal planar coordination geometry. In-
terestingly, the Cu(1)—Cu(1) bond length of 2.5887(11) 
Å is 0.18 Å shorter than that of Cu(2)—Cu(2) bond. 
This value is not unusual as compared with that struc-
tures containing three-coordinated Cu (e.g. 2.584 Å in 
[Cu(p-tolCS2)]4

8a and 2.608 Å in (MepyH)2[Cu4(µ- 
dmit)3],8b suggesting that dative interactions may exist 
between the two d10 Cu(I) centers in the unit. In addition, 
we noticed a weak interaction between Cu(1) and Cu(2) 
or between Cu(1) and Cu(2), that is, 2.9081(11) Å for 
Cu(1) Cu(2) and 2.8436(9) Å for Cu(1) Cu(2). The 
mean Cu-S length of 2.286 Å is comparable to those 
found in [Cu(p-tolCS2)]4 (2.273 Å),8a (MepyH)2[Cu4(µ- 
dmit)3] (2.289 Å),8b [PPh4]2[Cu4(µ-PhS)6] (2.281 Å)9a 
and [MoOS3Cu2(PyPPh2)3] (2.283 Å).

9b 

 
Figure 1  Perspective view of {[Cu(S2CNMe2)]2}n showing 
atom-numbering scheme. Hydrogen atoms were omitted for clar-
ity 

Table 1  Selected bond lengths (Å) and angles (°) 

Cu(1)—Cu(1) 2.5887(11) Cu(1) S(2) 2.279(2) 

Cu(2)—Cu(2) 2.7625(10) Cu(1) S(3) 2.324(1) 

Cu(1) Cu(2) 2.9081(11) Cu(2)—S(1) 2.325(2) 

Cu(1) Cu(2) 2.8436(9) Cu(2) S(3) 2.2802(12) 

Cu(1) S(1) 2.253(2) Cu(2) S(4) 2.252(1) 

S(1)-Cu(1)-S(2) 127.20(4) S(1)-Cu(1)-S(2) 127.20(4) 

S(2)-Cu(1)-S(3) 111.12(4) S(3)-Cu(2)-S(4) 129.95(5) 

S(3)-Cu(2)-S(1) 117.42(4) S(1)-Cu(2)-S(4) 112.42(3) 

As shown in Figure 2, compound 1 possesses a 
unique ladder-shaped one-dimensional structure, which 
runs parallel to the crystallographic a-axis. There is no 
evident interaction between the polymeric chains. 

 

Figure 2  The unit cell packing diagram of 1 looking down the 
a-axis. 

Conclusion 

In summary, we demonstrated a facile way to syn-
thesize the first copper(I)/dithiocarbamate polymeric 
complex during the ATRP process and the cause of in-
duction periods was explained. Application of this 
method to the preparation of related complexes and 
studying their roles in ATRP system are currently un-
derway in our laboratory. 
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