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Abstract--The reaction of CuC%" 2H20 with N-(p-nitrophenyl)-N'-butoxycarbonyl)-thiourea (H:nbt) and N- 
(o-nitrophenyl)-N'-(ethoxycarbonyl)-thiourea (H2net) gave two copper(I) complexes, [Cu(H2nbt)2C1]2, 1, and 
Cu(H2net)2Cl, 2, respectively. In complex 1, the ligand H2nbt is S,S-bonded to two Cu atoms, and the two 
ligand molecules exchange "long" Cu- -S  interactions (Cu--S = 2.700 ,~) forming a dimer, in which the 
Cu atom has a distorted tetrahedral coordination [C1--Cu--S(1) = 119.9(1), C1--Cu--S(2) = 122.9(1) and 
S(1)--Cu--S(2)  = 108.4(1) °] and is 0.387(2)/~ from th basal S, S, C1 with unequal Cu- -S  [2.253(3), 2.244(3) 
~] and Cu--C1 [2.247(3) ~] bonds. In complex 2, the copper (I) atom is in a trigonal planar geometry 
[CI--Cu--S(1)  = 120.53(5)o, C1--Cu--S(2) = 118.43o(5 ) and S ( I ) - -Cu- -S(2 )  = 119.16(5) °] with two unequal 
Cu- -S  [2.228(1), 2.232(1) A] and Cu--CI  [2.251(1) A] bonds. © 1997 Elsevier Science Ltd 
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The biological activities of the complexes with thio- 
urea derivatives have been well documented and thio- 
urea derivatives, in this respect, have been successfully 
screened for various biological actions [1]. Some tran- 
sition metal complexes with N-substituted thio- 
allophanate compounds have been reported in the 
literature [2], and the existence of copper(II)/ 
copper(I) redox systems has been chemically and elec- 
trochemically proved in solution [3]. In fact, in view 
of the copper(l) involvement in certain biochemical 
redox reactions [4], the investigation of the structural 
preferences of copper(I) compounds is an ever grow- 
ing field of research. Up to now, the literature has 
witnessed many reports on the reduction of Cu ~ in the 
presence of thione derivatives [5]. A kind of thiourea 
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derivative, N- (o-nitrophenyl)-N'-(ethoxycarbonyl)- 
thiourea (Hznet) was recently isolated from the leaves 
of resistant Pyricuiria oryzae car. rice variety [6], and 
the preliminary pharmacological tests showed that it 
could exhibit distinct antibacterial activity even at the 
low concentration of 5 × 10 -5 M, and it could also 
repress extremely the production of root cancer and 
the gene expression of toxic area, as well as the 
entrance into the rice cell for the external gene intro- 
duced by the conversion system of the root cancer. 
Thus, inspired by the aforementioned biological 
importance, we have synthesized a series of thiourea 
derivatives with a basic structure similar to H2net and 
their copper complexes. It is found that the copper(I) 
complexes were obtained from the copper(II) salts by 
in situ reduction in the presence of these thiourea 
derivatives in solution. In this paper, we report the 
synthetic and structural results of the two copper(I) 
complexes with N- (p-nitrophenyl)-N'- (butoxy- 
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carbonyl)-thiourea (H2nbt) and N-(o-nitrophenyl)- 
N'-  (ethoxycarbonyl)-thiourea (H2net). 

11 12 S 0 

9 8 

N-(p-nitropheny])-N'-(butoxycarbonyl)-thiourea (H2nbt). 
(m.f. CI2H,sN304S) 
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N-(o-nitrophenyl)-N'-(ethoxycarbonyl)-thiourea (H2net). 
(m.L C,ott,,N304S) 

Complex 2, Cu(H2net)2C1. To 25 cm 3 of anhydrous 
ethanol solution containing H2net (0.81 g, 3.0 mmol) 
was added CuCI2" 2H20 (0.51 g, 3.0 mmol). After this 
resulting mixture was stirred at room temperature for 
2 ~ 3 h, the yellow solid precipitate was filtered, 
washed repeatedly with anhydrous ethanol and dried 
in vacuo. Yield, 0.8 g (60%). Found : C, 37.6 ; H, 3.2 ; 
N, 13.4. Calc. for C2oH22CICuN608S2: C, 37.6; H, 
3.5; N, 13.2% . 

The crystals of complex 2 were obtained by the slow 
evaporation of the chloroform solution of complex 2 
at room temperature for three weeks. 

Measurements 

Elemental analyses (C, H and N) were performed 
on a Carlo Erba 1106 elemental analyzer. NMR (~H 
and 13C) spectra were recorded on a Bruker AM 500 
spectrometer in CDC13 solution with TMS as standard 
interval. 

EXPERIMENTAL 

Preparation of the liyands 

The ligand H2nbt. The ligand H2nbt was prepared 
by a procedure similar to that reported in the literature 
[3,7]. To the 20 cm 3 of acetone containing ammonium 
thiocyanate (1.5 g, 20 mmol) was added a solution of 
n-butylchloroformate (2.7 g, 20 mmol) in 20 cm 3 of 
acetone over 20 min. After the resulting mixture was 
stirred at 40°C for a further 30 min, it was cooled to 
room temperature. Then, p-nitrophenylamine (2.8 g, 
20 mmol) in acetone (20 cm 3) was added dropwise 
followed by stirring for two more hours. The pale 
yellowish precipitate was filtered, washed with cold 
water and extracted with CH2C12. The organic phase 
was evaporated to dryness and the crude product was 
recrystallized from ethanol-chloroform (2 : 1, v/v). 
Found:  C, 48.7; H, 5.4; N, 14.0. Yield, 2.9 g (42%). 
Calc. for CI2H~504N3S : C, 48.5 ; H, 5.1 ; N, 14.1%. 

The ligand H2net. This ligand was synthesized based 
on the above method for the preparation of the ligand 
H2nbt. Yield, 58%. Found : C, 44.4; H, 4.3 ; N, 15.6. 
Calc. for Cj0HllN304S : C, 44.6; H, 4.1 ; N, 15.6%. 

Syntheses of the Cu; complexes 

Complex 1, [Cu(H2nbt)C1]2. To the 30 cm 3 of mixed 
solvent THF-toluene (1 : 1, v/v) containing 0.9 g (3.0 
mmol) of H2nbt was added 0.5 g (3.0 mmol) of cop- 
per(II) chloride dihydrate. After this reaction mixture 
was stirred at room temperature for 3 ~ 4 h, it was 
kept in a refrigerator (3°C). Several days later, beauti- 
ful orange crystals were deposited, which were filtered 
and dried in air. Yield, 0.35 g (25%). Found : C, 41.7 ; 
H, 4.3 ; N, 12.3. Calc. for C24H30C1CuN6OsS2 : C, 41.5 ; 
H, 4.3. N, 12.1%. 

X-ray structure determination of the complex 

The crystals of the complexes were mounted on an 
Enraf-Nonius CAD4 diffractometer for data col- 
lection using graphite-monochromated Mo-K~ radi- 
ation at 23°C. The crystallographic data are 
summarized in Table 1. Both the structures were 
solved by direct methods and the hydrogen atoms 
were located and added to the structure factor cal- 
culations. In complex 1, the positions of the hydrogen 
atoms were not refined, while in complex 2, their pos- 
itions were refined. Both structures were refined by 
the full-matrix least-squares method with anisotropic 
temperature factors for all the non-hydrogen atoms 
but 0(8) atom in complex 2, which disordered with 
the occupancy of N(8A) at 62% and N(8B) at 38%. 

RESULTS AND DISCUSSION 

NMR spectra 

The ~N NMR and '3C NMR spectra of the com- 
pounds obtained in CDC13 solution are summarized 
in Tables 2 and 3, respectively. 

As shown in Table 2, it is found that all the ligand 
proton signals but the ones in the aromatic ring of the 
free ligands are observed to shift to lower fields upon 
binding to the Cu' ions. The proton signals of the 
aromatic ring are found to be shifted up-field. It is 
noticeable that the large down-field shifted effects for 
&(NH) (NHC(O)) are mainly ascribed to the hydrogen 
bonds contributed by N H . . -  CI in the two complexes, 
which is consistent with the X-ray crystallographic 
result. 

In view of the 13C NMR spectra of the compounds 
as shown in Table 3, the chemical shifts of the carbon 
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Table 1. Summary of crystal data, intensity collection and structure refinement parameters for the complexes l and 2 

Compound 1 2 
Formula C48H60C12Cu2N 12Oi6S4 C20H22CICuN6OsS2 
F.W 1387.33 637.55 
Crystal size (mm) 0.25 x 0.20 x 0.18 0.50 x 0.20 x 0.15 
Crystal shape/colour Prism/orange Prism/orange 
Crystal system Triclinic Triclinic 
Space group P- l P -  l 
tC) 
a(A) 8.770(5) 7.939(3 ) 
b(A) 14.132(3) 11.107(3) 
c(/~ 14.453(4) 15.607(3) 

118.51(2) 97.06(2) 
f i  91.09(3) 100.36(2) 
7 102.60(3) 77.47(2) 
V(A ~) 1520(1) 1316(1) 
Z 1 2 
Dc (g cm -3) 1.52 1.61 
#(Mo-K~)(cm -~) 9.93 11.39 
F(000) 716 652 
20 max.(') 50.0 49.9 
Scan width(°) 0.45 + 0.35tan0 0.45 + 0.35tan0 
Scan speed(min -l) < 5,49 (in co) < 6.8 (in co) 
No. of reflections measured 5338 4642 
No. of reflections with I > 3~(/) 2499 3536 
No. of variables 379 440 
R 0.069 0.056 
R, 0.073 0.066 
GOF 1.53 1.93 
Max. shift in final cycle 0.27 0.25 
Ap max, min (eA 3) 0.65, -0 .70 0.83, - 1.04 

Table 2. 'H NMR spectra data of the compounds (in ppm) 

Assignmenff 

NH NH Aromatic CH 
Compound PhNHC(S) NHC(O) ring [OCH2] 

H2nbt 11.93 8.30 7.99 ~ 8.28 4.25 ~ 4.28 
(s, 1H) ( s, 1H) (q, 4H) (t, 2H) 

1 12.02 11.18 7.75 ~ 8.27 4.30 ~ 4.33 
(s, 1H) (s, IH) (q, 4H) ( t, 2H) 

H2net 12.54 8.25 7.27 ~ 8.47 4.32 ~ 4.37 
(s, I H) (s, 1H) (m, 4H) (q, 2H) 

2 12.66 10.96 7.45 ~ 8.11 4.37 ~ 4.42 
(s, IH) (s, 1H) ira, 4H) (q, 2H) 

CH 
[2CH2] 

1.41 ~ 1.73 
(m, 4H) 

1.48 ~ 1.77 
(m, 4H) 

CH 
[CH3] 

0.96 ~ 0.99 
(t, 3H) 

0.97 ~ 1.00 
(t, 3H) 

1.34 ~ 1.38 
(t, 3H) 

1.40 ~ 1.43 
(t. 3H) 

"s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet. 

a toms of  the free l igands are found  to be down or up- 
field shifted compared  with those of  the complexes. 

Description of  the structures 

The molecular  s t ructures  and  the packing in the 
uni t  cells of  the complexes 1 and  2 are depicted 
in Figs. l ,  2, 3, and  4, respectively. Selected bond  
lengths and  angles of  the complexes are presented in 
Table  4. 

As shown in Fig. 1, the CU 1 a tom of  the complex 1 
is bonded  to the S(1), S(2) and  C1 a toms  at  a distance 
of  0.387(2) A, below the S(1)S(2)CI plane. The four th  
site of  the te t rahedra l  coord ina t ion  is occupied by 
the S(1)* a tom from a centrosymmetr ical ly  related 
CuS2C1 group at  a long dis tance of  2.700(3) A, giving 
a coord ina t ion  dimer.  The  a toms  in the Cu2S2 core are 
cop lanar  and  the two trans posi t ional  chlorine a toms  
stabilize the complex with in t ramolecular  hydrogen  
bonds.  The S(1)* a tom lies approximate ly  on  the line 
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Table 3.~3CNMR spectral data ofthe compounds (in ppm) 

Assignment 

Cpd" C~ b C2 C3 C4 C5 C6 C7 Cs(Ct2) c C9(C,) c C~0 
H2nbt 13.54 18.85 30.45 67.26 177.53 152.95 145.13 123.14 124.51 139,23 
1 13.39 18.70 30.32 67.52 178.93 153.92 146.16 124.44 125.13 141.72 
H2net 14.18 63.37 179.02 152.10 142.45 125.13 133.41 126.67 128.26 132.72 
2 14.16 63.71 179.92 153.10 143.38 125.24 133.37 127,70 129.34 131.52 

"Cpd = compound, 
b The positions of the carbon atoms are denoted in the structures of the free ligands, 
CFor H2nbt and complex 1, the carbon atoms of C8 and C~2, and C9 and Cj0 appear as one signal due to overlapping. 

0(6) 

N(6) 

)0(5) c(18) 
C(19) 

c(14) 
0(7) 

C(21) 

S(2) l 

Cu 

N(5) 
0(8) 

C! 

C(23) 

S(1) 

N(2) 0(4) 

C(l 1 ) / ~ ( "  C(12) 

C(lO) 

0(2) 

N(3 

C(4) 

C(7) 

0(1) 

Fig. 1. The structure of complex 1 with the hydrogen atoms omitted for clarity. 

perpendicular to the basal S(1)S(2)CI plane as shown 
by the angles made by the S(1)*--Cu bond with the 
Cu--S(1), Cu--S(2) and Cu--C1 bonds. [S(1)*-- 
Cu--S(1) = 101.0(1), S(1)*--Cu--C1 = 97.5(I), S(1)-- 
Cu--S(2) = 101.6(1)°]. 

The Cu I environment (Fig. 2) for complex 2 is trig- 
onal planar [C1--Cu--S(1)= 120.53(5), C1--Cu--  
S(2) = 118.43(5) and S ( I ) - - C u - - S ( 2 ) =  119.16(5) °] 
contributed by two S and one CI atoms. As in complex 
1, the chlorine atom forms intramolecular hydrogen 

bonds to stabilize the complex ; other hydrogen bonds 
are listed in Table 4. 

The Cu--S bond distances [2.253(3) and 2.244(3) 
A] of complex 1 lie within the range of those found 
in the Cu I complexes with tetrahedral or flattened 
tetrahedral geometry, [Cu(2,4-dithiobiuret) C1], • 
nDMF [8] [flattened tetrahedral, 2.258(2), 2.245(2) 
/~], [Cu(1,4-oxathiane)3(OC103)] [9] (tetrahedral, 
2.23, 2.27, 2.29 A) and [Cu(pma)](BPh4) [10] (flat- 
tened tetrahedral, 2.230, 2.275 A), and the Cu--S 
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C _ • 

Fig. 2. The molecular packing in the unit cell for complex 1. 

C(~) 
c(2~ 

cos) 

c(lr  

c04) 

c023 
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N(4) 

0(7) N(S) 

c(o CI 

Fig. 3. The structure of complex 2. 

bond distances of 2.228(1) and 2.232(1)/k in complex 
2 are shorter than those in [8-10] and complex 1, but 
close to the Cu- -S  distances for [Cu{(Ph2PS)2 
CH2}C1] [11] (2.23,2.25 •) with trigonal planar 
geometry. Therefore, as expected the Cu(I ) - -S  bond 
distance is sensitive to the coordination environment 
of the copper(I) atom. 

The Cu--CI  bond distances of 2.247(3) A in com- 
plex 1 and 2.251(1) A in complex 2 are shorter than 
those of the Cu ~ complexes with heterocyclic thiones 
and phosphines as ligands, such as [Cu(tptp) 

(pmtH)Cl]2 [12] [2.300(1) /~1, [Cu(tptp)(tzdtH)Cll2 
[13] [2.283(1) A], [Cu(tmtp)(bzimtH2)C1]2 [14] 
[2.391(2) A] and that of [8] (2.302 A), but larger than 
that of [11] (2.18 A). Thus, this shortening of the 
Cu(I)--C1 may be due to the bulk of the ligands 
attached to the copper atom. 

It is noteworthy that complex 1 is a dimer, whereas 
complex 2 is a monomer even though the two ligands 
are very similar to each other in the structure. This 
may be due to the fact that the crystals of complex 
1 were deposited from non-polar solvents (toluene- 
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 -Cb 

Fig. 4. The molecular packing in the unit cell for complex 2. 

Table 4. Selected bond distances (A) and angles (°) for the complexes 

1 
Cu--S(1)* 2.700(3) 
Cu---C1 2.247(3) 

CI- -Cu--S(1)  119.9(1) 
CI- -Cu--S(1)*  97.5(1) 
CI---Cu--S(2) 122.9(1) 

Intramolecular hydrogen bonds 

N(2) . • • CI 3.250 N(5) • • • CI 3.269 

2 
Cu--S(1)  2,228(1) 
S(1)- -Cu--S(2)  119.16(5) 
C(1) - -S(1) - -Cu  110.8(1) 

Intramolecular hydrogen bonds 

N( 3 ) . . .  O( 1 ) 2.656(5) 
N(6) • • • CI 3.190(4) 
N(3)--H(1)  . . .  O(1) 142(4) 
N(6)--H(4)  • • • C1 163(4) 

Cu- -S ( l )  2.253(3) 

S(1)--Cu--S(1)* 101.0(1) 
S(2)- -Cu--S(1)  108.4(1) 
S (2 ) - -Cu- -S( l )*  101.6(1) 

N(2)--H(2)  " -  CI 169.0 

Cu--S(2)  2.232(1) 
S ( l ) - - C u - - C l  120.53(5) 
C(5) - -S(2) - -Cu  110.9(l) 

N(4 ) . . .C I  3.181(4) 

N ( 4 ) - - H ( 2 ) ' - . C I  170(5) 

Cu--S(2) 2.244(3) 

C(l)--s(1)--Cu 111.5(3) 
C(1)*- -S(1)*- -Cu 103.0(3) 
c(13)--s(2)--Cu 110.1(3) 
Cu--S(1) - -Cu*  79.0(1) 

N(5)--H(4)  • • • CI 165.9 

Cu----CI 2.251(1) 
S(2)---Cu---CI 118.43(5) 

N(5 ) . . .  0(3) 2.675(5) 

N(5)--H(3)  . . .  0(3) 137(5) 

Symmetry operator : * : 1 --x,  --y, 1 --z  
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THF) while the crystals of complex 2 were obtained 
from the polar one (CHC13). 

Acknowledgements--The financial support from the Natural 
Science Foundation of Guangdong Province, NNSF of 
China and the Postdoctoral Foundation of China (X. Shen) 
are greatly appreciated. 

REFERENCES 

1. (a) French, F. A., Blanz, E. J., Cancer Res. 25, 
1454; (b) Blanz, E. J. and French, F. A., Cancer 
Res. 1965, 28, 2419 (c) French, F. A. and Blanz, 
E. J., J, Med. Chem. 1966, 9, 585 ; (d) French, F. 
A., Blanz, E. J., Do Amaral, J. R. and French, D. 
A., J. Med. Chem. 1970, 13, 1117. 

2. Shoukry, M., Mahgoub, A. and Elnagdi, E., J. 
lnory. Nucl. Chem. 1980, 42, 1171. 

3. Mohamadou, A., Dechamps-Olivier, I. and Barb- 
ier, J. P., Polyhedron (a) 1994, 13, 1363 ; (b) 1994, 
13, 3277; (c) Guilion, E., Mohamadou, A., 
Dechamps-Oliver, I. and Barbier, J. P., Poly- 
hedron 1966, 15, 947. 

4. Karlin, K. B. and Zubieta, J. (eds), Copper Coor- 
dination Chemistry, Biochemical and Inoryanic 
Perspectives. Adenine, New York (1983). 

5. (a) Jeannin, S., Jeannin, Y. and Lavigne, G., 
Inor 9. Chem. 1979, 18, 3528 ; (b) Devillanova, F. 

2611 

A. and Verani, G., Tran. Met. Chem. 1977, 2, 
251 ; (c) Lecomte, C., Skoulika, S., Aslanidis, P., 
Karagiannidis, P. and Papastefanou, S., Poly- 
hedron 1989, 8, 1103; (d) Karagiannidis, P., 
Aslanisdis, P., Papastefanou, S., Mentzafos, D., 
Hountas, A. and Terzis, A., Polyhedron 1990, 9, 
2833; (e) Akrivos, P. D., Hadjkakou, S. K., 
Karagiannidis, P., Luic, M. and Kojic-Prodic, R., 
J. Coord. Chem. 1994, 31,273. 

6. Huang, Z., Wu, L., Xiao, J., Huang, Q ,  Liu, Y. 
and Gu, L., Youji Huaxue 1995, 15, 221. 

7. Hartmann, H. and Reuther, I., J. Prakt. Chem. 
1973, 315, 144. 

8. Pignedoli, A. and Peyronel, G., Acta Cryst. Sect. 
B. 1979, 35, 2009. 

9. Olmstead, M. M., Musker, W. K. and Kessler, R. 
M., Trans. Met. Chem. 1982, 7, 140. 

10. Karlin, K. D., Dahlstrom, P. L., Hyde, J. R. and 
Zubieta, J., J. Chem. Soc., Chem. Commun. 1980, 
906. 

1 l. Ainscough, E. W., Brodie, A. M. and Brown, K. 
L., J. Chem. Sot., Dalton Trans. 1980, 1042. 

12. Karagiannidis, P., Hadjikakou, S. K., Aslanidis, 
P. and Hountas, A., Inorq. Chim. Acta 1990, 178, 
27. 

13. Hadjikakou, S. K,, Aslanidis, P., Karagiannidis, 
P., Mentzafos, D. and Terzis, A., Polyhedron 
1991, 10, 935. 

14. Hadjikakou, S. K., Aslanidis, P., Akrivos, P. D., 
Karagiannidis, P., Kojic-Prodic, R. and Luic, M., 
Inor9. Chim. Acta 1992, 197, 31. 


