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I N T R O D U C T I O N

The coordination chemistry of the coinage metals has been
the subject of investigation for decades [1]. Historically, interest
in this area grew out of the diverse structural motifs displayed
by these superficially similar monovalent cations. More recently,
interest has been renewed by practical concerns. Some examples
of the concerns promoting research in this area can be listed
as follows: such coinage metal complexes can be used as pote-
ntial precursors to metal films via chemical vapor deposition
(CVD) processes [2,3]. An alternative method for separating
olefins and paraffins is chemical adsorption using silver(I)
compounds [4], which form complexes with unsaturated comp-
ounds such as olefins and acetylenes but not with saturated
compounds such as paraffins [5]. The silver-catalyzed partial
oxidation of ethylene to ethylene oxide is one of the most
important and thoroughly investigated industrial processes [6-
14]. Silver-ethylene and silver-ethylene oxide species are two
possible coordination intermediates formed on the silver
catalyst surface during the reaction. The complexes of silver(I)
with carboxylic acids represent a group of metal compounds
which, despite their usage in synthetic organic chemistry [e.g.,
Hunsdiecker reaction (decarboxylation), Simonini reaction
(ester synthesis), and  Prevost reaction (diol synthesis)] [15].
Yanagisawa et al. [16,17] a catalytic enanthioselective aldol
addition of tributyltin enolates to aldehydes employing BINAP
silver(I) complex as a catalyst (BINAP = 2,2'-bis(diphenylphos-
phino)-1,1'-binaphthyl). Silver is known to promote the selec-

Four silver(I) compounds, [Ag(dapn)(dnbc)]n·1.5nH2O (1), [Ag(en)]n-
[Ag(dnbc)2]n·2nH2O (2), [Ag(en)]n[Ag(nbc)2]n·2nH2O (3) and [Ag(dapn)]n

-(nbc)n·2nH2O (4), where dapn = 1,2-diaminopropane, dnbc = 3,5-dinitro-
benzoate, en = 1,2-diaminoethane and nbc = 4-nitrobenzoate, have
been synthesized and characterized by X-ray diffraction. The Ag(I)
ions show T-shaped coordination geometry in compound 1 but linear
coordination geometry in compounds 2, 3 and 4. There are ligand-
unsupported Ag…Ag interaction in compounds 2 and 3 with Ag…Ag
distance of 3.177 ~3.267 Å. All the four complexes showed high
cytotoxicity properties.
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tive catalytic reduction of nitric oxide by light hydrocarbons
over alumina [18-21]. Silver ion can also bind to a large number
of sites on a peptide, including the amino nitrogen at the N-
terminus, basic groups on the side chain, and the carbonyl
oxygens of the peptide bonds [22-24]. Intermolecular addition
of an alcohol to alkynes is one of the efficient routes for functiona-
lization of a C-C triple bond [25]. It was reported that some
silver compounds showed catalytic activity in the addition of
methanol to dimethyl acetylenedicarboxylate (DMAD) [26].
Moreover, the studies of some silver(I) complexes have been
mostly related to their antiethylene [27] and antimicrobial
activities [28-30]. Silver sulfonamides, particularly silver
sulfadiazine [31], have been used as the standard treatment for
burns over the past two decades. Silver chloride was assumed
to form at the burn wound, and the absorption of silver was
believed to be negligible [32]. Silver nylon dressings may be
a valuable antimicrobial burn wound covering device [33].
Despite major advances decribed above, the research on different
uses and ideas of various silver(I) compounds is being in the
ascendant. The authors are interested in the investigation on
silver(I) complexes with various organic ligands containing
N and/or O atoms and their cytotoxicity. Thus, the crystal struc-
ture of silver(I) carboxylato complexes with ethylenediamine
and analogues and its cytotoxicity is discussed.

E X P E R I M E N T A L

1,2-Diaminopropane (98 %) was purchased from Aldrich
and used as received. 1,2-Diaminoethane (97 %), 4-nitrobenzoic
acid (98 %) and 3,5-dinitrobenzoic acid (98 %) made in China
were used without further purification. All the other reagents
and solvents were of A.R. grade specification and used as received.
C, H and N elemental analyses were performed on a Perkin-Elmer
elemental analyzer.

Preparation of complexes 1-4: [Ag(dapn)(dnbc)]n·1.5nH2O
(1), Ag2O (0.5 mmol, 116 mg) and 3,5-dinitrobenzoic acid (1
mmol, 212 mg) were dissolved in ammonium solution (10 mL),
stirring for about 10 min to obtain a clear solution. After standing
still the solution in air for 2 days with the ammonia gas escaping
large colourless prism crystals were crystallized, isolated,
washed with water for three times, and dried in a vacuum desi-
ccator under drying CaCl2. In a similar procedure, complexes
[Ag(en)]n- [Ag(dnbc)2]n·2nH2O (2), [Ag(en)]n[Ag(nbc)2]n·2nH2O
(3) and [Ag(dapn)]n(nbc)n·2nH2O (4) were obtained. The ele-
mental analysis dataa for compounds 1 to 4 in Table-1.

X-ray crystallography: Diffraction intensities for silver
compounds 1-4 were mounted on a CCD area detector equipped
with graphite-monochromated Mo Kα  (λ = 0.71073 Å) radia-
tion at 293 K using ω/2θ scan mode. The final orientation
matrices and cell parameters were obtained from least-squares
fits. The data sets were corrected for Lorentz-Polarization effect

and a MULTI-SCAN absorption correction was applied using
ψ scan techniques. The structure was solved by direct methods,
in which heavy-atom positions were revealed. The remaining
non-hydrogen atoms were located with use of successive diffe-
rence Fourier maps and full-matrix least-squares refinement.
All the hydrogen atoms were placed in calculated positions
and were assigned fixed isotropic thermal parameters at 1.2 times
the equivalent isotropic U of the atoms to which they are attached
and allowed to ride on their respective parent atoms. The contri-
butions of these hydrogen atoms were included in the structure-
factors calculations. All esds (except the esd in the dihedral
angle between two l.s. planes) are estimated using the full covar-
iance matrix. The cell esds are taken into account individually
in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used
when they are defined by crystal symmetry. An approximate
(isotropic) treatment of cell esds is used for estimating esds
involving l.s. planes. The weighted R-factor wR and goodness
of fit S are based on F2, conventional R-factors R are based on
F, with F set to zero for negative F2. The threshold expression
of F2 > 2sigma(F2) is used only for calculating R-factors(gt),
etc. and is not relevant to the choice of reflections for refine-
ment. R-factors based on F2 are statistically about twice as
large as those based on F and R-factors based on ALL data
will be even larger. All calculations were carried on a Bruker
SMART computer using SHELXS and SHELXL programs [34].
Crystallographic and experimental data for silver complexes
1-4 are listed in Table-2. Selected bond lengths and angles are
reported in Table-3. A CIF table including listings of thermal
parameters, bond lengths and angles and hydrogen atom coord-
inates has been deposited as an accessory publication.

in vitro Cytotoxity: Five human solid carcinoma cell lines,
Hela (cervix adenocarcinoma), HepG2 (hepatocellular carcinoma),
BGC (gastric carcinoma), 95-D (lung carcinoma), CNE (rhino-
carcinoma) and two normal cell lines, NIH 3T3 (mouse normal
fibroblast) and L-02 (human normal liver cell) were obtained
from Shanghai Cell Institute of Chinese Science Academy.
These cells were subcultured in media RMPI 1640 (GIBCO
BRL product) with 10 % fetal bovine serum (hyclone product),
at 37 ºC with 5 % CO2. Cells were adjusted to a concentration
of 105 cells mL-1 and were planted in 96-well tissue culture
plate, and were then exposed to the test compounds ranging
in concentrations from 2.5 to 100  g mL-1 for 48 h. The cells
were pigmented by MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] and the O.D. values were measured
by ELX800 (universal microplate reader, BIO-TEK Instruments,
Inc.) under 490 nm wavelength. The IC50 value (concentration
of drug required to inhibit 50 % growth) was calculated from
linear regression of the percent viable cells versus log of drug
concentration (Table-4).

TABLE-1 
ELEMENTAL ANALYSIS DATAa FOR COMPOUNDS 1 TO 4 

Compound m.f. C (%) H (%) N (%) Yield (%) 
1 C10H16N4O7.5Ag 30.01 (29.64) 4.10 (3.98) 39.26 (39.75) 88 
2 C16H18N6O14Ag2 26.45 (26.18) 2.55 (2.47) 11.26 (11.45) 73 
3 C16H16N4O8Ag2 31.79 (31.60) 2.77 (2.65) 9.05 (9.21) 71 
4 C10H18N3O6Ag 31.36 (31.27) 4.89 (4.72) 10.68 (10.94) 62 

aCalculated values are given in parentheses. 
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TABLE-3 
SELECTED BOND LENGTHS (Å) AND  

ANGLES (°) FOR COMPLEXES 1-4 

Complex 1 
Ag(1)-N(1) 2.169(3) Ag(1)-O(1) 2.483(3) 
Ag(1)-N(2A) 2.194(3) N(1)-Ag(1)-N(2A) 156.87(14) 
N(1)-Ag(1)-O(1) 107.96(12) N(2A)-Ag(1)-O(1) 91.06(12) 

Complex 2 
Ag(1)-N(1) 2.149(5) Ag(2)-O(3) 2.091(5) 
Ag(1)-N(2) 2.168(5) Ag(2)-O(1) 2.147(5) 
Ag(1)-Ag(2) 3.1770(13) O(3)-Ag(2)-O(1) 174.4(3) 
N(1)-Ag(1)-N(2) 175.9(2)   

Complex 3 
Ag(1)-N(3) 2.129(3) Ag(1)-N(4) 2.130(3) 
Ag(2)-O(5) 2.093(3) Ag(1)-Ag(2) 3.2669(15) 
N(3)-Ag(1)-N(4) 178.40(12) O(5)-Ag(2)-O(1) 178.00(11) 

Complex 4 
Ag(1)-N(1) 2.124(3) Ag(1)-N(2A) 2.132(3) 
N(1)-Ag(1)-N(2A) 175.50(12)   

 

R E S U L T S A N D   D I S C U S S I O N

X-ray single crystal diffraction revealed that the compound
1 crystallizes in monoclinic space group C2/c and the asym-
metric unit consists of one Ag ions, one 3,5-dinitrobenzoic
acid (dnbc), one 1,2-diaminopropane (dapn) and two crystal
lattice water molecules (Fig. 1). The Ag(1) ion are coordinated
by two nitrogen atoms from two dapn and one carboxylate
oxygen from dnbc. The Ag-O bond distance is 2.483(3) and
Ag-N distances are 2.169(3) and 2.194(3) Å. The N-Ag-N
angle is 156.87(14) and N-Ag-O angles are 107.96(12) and
91.06(12) Å which indicate the coordination geometry of Ag(1)
is closer to T- shape rather than triangle. The Ag(1) ions are
linked by dapn to form one-dimensional chain as shown in
Fig. 1b. The chains are further linked by O-H…O [O(7)…O(7),
2.874; O(7)...O(1), 2.718; O(8)...O(2), 2.952 Å] and C-H…O
[C(6)…O(3), 2.730; C(8)…O(4), 2.692 Å] hydrogen bonds
results in three-dimensional supramolecular array.

TABLE-2 
CRYSTALLOGRAPHIC AND EXPERIMENTAL DATA FOR COMPLEXES 1-4 

 Compound 1 Compound 2 Compound 3 Compound 4 
Formula C10H16AgN4O7.5 C16H18Ag2N6O14 C16H16Ag2N4O8 C10H18AgN3O6 
FW 420.14 734.10 608.07 384.14 
Crystal shape Long rod Long needle Long rod Rod-like 
Crystal size/ mm 0.34 × 0.18 × 0.14 0.26 × 0.13 × 0.08 0.42 × 0.25 × 0.10 0.54 × 0.35 × 0.16 
Crystal system monoclinic triclinic triclinic triclinic 
Space group C2/c P1  P1  P1  
a (Å) 28.123(8) 6.978(2) 6.346(3) 7.139(2) 
b (Å) 5.2414(15) 12.919(5) 7.022(3) 7.509(2) 
c (Å) 24.723(7) 15.029(5) 23.044(11) 14.007(4) 
α (°) 90 84.320(6) 82.638(7) 78.505(5) 

β (°) 122.958(4) 76.810(5) 83.169(6) 78.789(4) 

γ (°) 90 79.612(6) 67.880(6) 82.023(4) 
U (Å)3 3057.8(15) 1295.2(8) 940.5(8) 717.8(4) 
Z 6 2 2 2 
T (K) 298(2) 298(2) 298(2) 298(2) 
µ/mm-1 (Mo-Kα) 1.022 1.589 2.138 1.432 
Dx (g cm-3) 1.369 1.882 2.147 1.777 
Reflections (parameters) 3164 (268) 4780 (359) 3696 (335) 2873 (253) 
Independent reflections (Rint) 1904 1816 2916 2353 
F(000) 1266 724 596 388 
Tmax 0.8702 0.8834 0.8147 0.8032 
Tmin 0.7227 0.6828 0.4671 0.5118 
Goodness of fit on F2 0.875 0.739 0.964 1.034 
R1, wR [I ≥ 2σ(I)]a) 0.0365, 0.0621 0.0631, 0.0666 0.0311, 0.0660 0.0361, 0.0916 
R1, wR (all data)a) 0.0691, 0.0700 0.1580, 0.0885 0.0434, 0.0700 0.0452, 0.0960 

R1 = Σ||Fo|-|Fc||/Σ|Fo|, wR2 = [Σw(Fo
2-Fc

2)2/Σw(Fo
2)2]1/2, w = [σ2(Fo)

2 + (0.1(max(0,Fo
2) + 2Fc

2)/3)2]-1. 

 

(a) (b) (c)

Fig. 1. Coordination environment of Ag(I) ion in 1(a); Chain-like strucure of 1(b); Perspective view of the stacking array of 1 (c)
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Compound 2 crystallizes in triclinic space group P and
the asymmetric unit consists of two Ag ions, two dnbc, one
enthylenediamine (en) and two crystal lattice water molecules
(Fig. 2). The Ag(1) ion has a linear coordination geometry, being
coordinated by two nitrogen atoms from two en. The Ag-N
distances are 2.149(5) and 2.168(5) Å and the N-Ag-N angle
is 175.9(2). The Ag(2) ion also has a linear coordination geometry,
being coordinated by two oxygen atoms from two dnbc. The
Ag-O distances are 2.147(5) and 2.091(5) Å and the O-Ag-O
angle is 174.4(3). Besides, Ag(1) and Ag(2) forms ligand-
unsupported Ag…Ag interaction with Ag…Ag distance of
3.177 Å. The en ligands bridge Ag(1) ions to form coordination
polymer chain with Ag(dnbc)2 coordination fragment attached
via Ag…Ag interaction as shown in Fig. 2b. In addition, there
are a variety of O-H…O and C-H…O hydrogen bonds [O(13)...
O(14), 2.729; O(13)...O(14), 2.775, O(14)... O(13), 2.775,
C(2)...O(7), 2.980, C(7)...O(10), 3.441; C(9)...O(2), 2.826;
C(9)...O(13), 3.361; C(14)...O(8), 3.284] which extend the two-
dimensional layer into three-dimensional supramolecular array.

Compound 3 crystallizes in triclinic space group P , and
the asymmetric unit consists of two Ag ions, two nbc and one
en. The Ag(1) ion has a linear coordination geometry, being
coordinated by two nitrogen atoms from two en. The Ag-N
distances are 2.129(3) and 2.130(3) Å and the N-Ag-N angle
is 178.40(12). The Ag(2) ion also has a linear coordination
geometry, being coordinated by two oxygen atoms from two
dnbc. The Ag-O distances are 2.144(3) and 2.093(3) Å and
the O-Ag-O angle is 178.00(11). The Ag(1) and Ag(2) forms
ligand-unsupported Ag…Ag interaction with Ag…Ag distance
of 3.267 Å. The en ligands link Ag(1) ions to form coordination
polymer chain with Ag(nbc)2 fragments attached via Ag…Ag
interaction as shown in Fig. 2. In addition, there are a variety
of N-H…O and C-H…O hydrogen bonds [N(3)…O(2), 3.063;
N(3)…O(6), 3.173; N(4)…O(2), 3.025; N(4)…O(6), 2.950;
C(16)…O(1), 3.398] which extend the one-dimensional chain
into three-dimensional supramolecular array as shown in Fig. 3.

Compound 4 crystallizes in triclinic space group P, and
the asymmetric unit consists of one Ag ions, one dapn, one

(a) (b) (c)

Fig. 2. Coordination environment of Ag(I) ions in 2(a); Chain-like strucure of 2 showing the Ag…Ag interactions (b); Perspective view of the
stacking array of 2 (c)

(a) (b) (c)

Fig. 3. Coordination environment of Ag(I) ions in 3(a); Chain-like strucure of 3 showing the Ag…Ag interactions (b); Perspective view of the
stacking array of 3 (c)
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nbc and two crystal lattice water molecules. The Ag(1) ion has
a linear coordination geometry, being coordinated by two nitrogen
atoms from two dapn. The Ag-N distances are 2.124(3) and
2.132(3) Å and the N-Ag-N angle is 175.50(12). The nbc mole-
cule is pendent and acts as counterion to maitain charge balance.
The structure of compound 4 is simple one-dimensional chain
constructed from Ag and dmpn ligand. In addition, there are a
variety of O-H…O and C-H…O hydrogen bonds [N(1)...O(5),
2.996; N(1)…(6), 3.117; N(2)…O(3), 3.037; N(2)…O(5),
3.020; O(5)...O(3); 2.721; O(5)...O(6), 2.723; O(6)...O(4),
2.722; O(6)...O(4), 2.730; C(7)…O(2), 3.376; C(10)...O(3),
3.348] which extended the two-dimensional layer into three-
dimensional supramolecular array as shown in Fig. 4.

Cytotoxicity: The compound concentrations required to
yield 50 % inhibition of the viable cells (IC50), determined by
the literature method [35] are listed in Table-4. The low IC50

concentrations of these four complexes showed that they are
strong cytotoxic in vitro [36,37] both to normal cells and carci-
noma cells. The high cytotoxities these compounds imply that
these compounds are potential candidates for antitumor agents.
On the other hand, different kinds of the cells have different
sensitivities to these compounds, therefore, further exploration
in generating analogous silver(I) complexes through appro-
priate chemical modification is required for higher selectivity
as well as for understanding the structure function relation.
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