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Abstract: Simple synthetic methods for synthesis of trinuclear manganese(II) benzoate complexes having 8-
aminoquinoline as ancillary ligand are reported. The crystal structure of two trinuclear manganese(II) complexes, [Mn3(2-
NO2C6H4COO)6(AQ)2] (I) and [Mn3(3-CH3C6H4COO)6(AQ)2].NPD (II) is reported (where AQ = 8-aminoquinoline, NPD 
= 1,5 dihydroxynaphthalene). In solution, the degradation of trinuclear complex I leads to a dinuclear complex [Mn2(2-
NO2C6H4COO)4(AQ)2 (H2O)2] (III) and structure of complex III is reported. A solution phase synthetic method for the 
synthesis of the dinuclear manganese(II) complex III is also reported. This complex has a Mn2O2 bridge originating from 
the carboxylate ligand. Synthesis of a cadmium 2-nitrobenzoate co-ordination polymer [Cd(2-NO2C6H4COO)2(AQ)]n (IV) 
having eight co-ordination number is reported and its structure is explained as aggregation of multiple numbers of six co-
ordinated mononuclear cadmium complexes.  

Keywords: Metal carboxylates, 8-aminoquinoline, manganese trinuclear complexes, cadmium co-ordination polymer. 

1. INTRODUCT ION 

 Carboxylate ligands can bind to metal ions in several 
ways, such as monodentate, bidentate, bridging etc. These 
binding modes complicate selective synthesis of metal car-
boxylate complexes [1-12]. A general approach to rationalize 
selective synthetic procedures for polynuclear carboxylate 
complexes would require extensive structural study on car-
boxylate complexes prepared via different synthetic routes 
[13-25]. Retro-analysis of structures of polynuclear metal 
complexes provides information on the smallest mono-
nuclear building blocks to form assemblies [26]. Such ap-
proach is applied to carboxylate complexes that are prepared 
through hydrothermal method. Comparison of structure of 
complexes prepared through solution route or some other 
related methods is essential to understand nucleation process. 
It is necessary to choose ligand that has versatility to form 
different types of metal complexes [27-33]. There is vast 
literature on mononuclear and polynuclear metal carboxylate 
complexes [13-25, 34], thus the metal carboxylate com-
plexes would be suitable for such study. The rationalization 
of the structural aspect through co-ordination capability of 
the metal ions can be another approach to standardize syn-
thetic procedures. In this study the synthesis and structures 
of the trinuclear manganese complexes, and co-ordination 
polymer of cadmium having 8-aminoquinoline (AQ) are 
reported.  

2. MATERIALS AND METHODS  

2.1. Synthesis and Spectroscopic Properties of Complexes 

2.1.1. [Mn3(2-NO2C6H4COO)6(AQ)2] (I)  

 Manganese acetate tetrahydrate (0.245 g, 1 mmol) and  
2-nitrobenzoic acid (0.334 g, 2 mmol) were mixed in a mor- 
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tar and heated at 800C in an oven for 20 min. The mixture 
was cooled and it was slowly added to a methanol solution 
of 8-aminoquinoline (0.288 g, 2 mmol in 10 ml) and stirred 
for five minutes. To this solution, toluene (5 ml) was added 
and a green homogeneous solution was obtained. The solu-
tion was kept for crystallization. After three days, dark 
brown crystals appeared (76% yield). Elemental anal calcd 
for C60H40Mn3N10O24; C, 49.65; H, 2.76; found C, 50.72, H, 
2.77. IR (KBr, cm-1): 3293(bw), 1624(s), 1527(s), 1378(s), 
1143(w), 1076(w), 979(m), 840(m), 774(m), 568(m). Molar 
Conductance: 118.00 mol-1m2S in methanol; 5.4 mol-1m2S in 
acetonitrile; 33.2 mol-1m2S in N,N - dimethyl-formamide. 
LC-MS (CH3CN/HCOOH, m/e) 944.97, 902.04, 391.03. 

2.1.2. [Mn3(3-CH3C6H4COO)6(AQ)2] NPD (II) (where NPD 
is 1,5-naphthalenediol) 

 A mixture of manganese(II) acetate tetrahydrate (0.245 g, 
1 mmol) and 3-methylbenzoic acid (0.272 g, 2 mmol) was 
taken in a mortar and powdered. The powder was heated at 
800C in an oven for 20 min. The mixture was then cooled 
and it was added to a methanol solution of 8-aminoquinoline 
(0.144 g, 1 mmol, 10 ml methanol) and stirred for five min-
utes. A toluene solution of 1, 5-naphthalenediol (1 mmol in 5 
ml toluene) was added to this. The solution became com-
pletely homogeneous. The green colored solution was kept 
for crystallization. After seven days, dark brown crystals of 
complex II appeared (78% yield). Elemental anal calcd for 
C76H66Mn3N4O14; C, 64.03; H, 4.63; found C, 64.00, H, 4.62. 
IR(KBr, cm-1) 3416(m), 3293(m), 3196(w), 3135(w), 
3063(w), 2919(m), 2858(w), 2351(w), 1931(w), 1726(s), 
1614(s), 1568(m), 1516(s), 1393(s), 1286(w), 1224(w), 
1081(s), 1035(s), 902(m), 758(s), 677(s). Molar Conduc-
tance: 93.8 mol-1m2S in methanol; 4.5 mol-1m2S acetonitrile 
and 10.2 mol-1m2S in N,N - dimethylformamide. Magnetic 
moment 5.62 BM at 28ºC. Uv-vis (methanol) 460 nm (99 
mol-1cm2).  
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2.1.3. [Mn2(2-NO2C6H4COO)4(AQ)2 (H2O)2] (III) 

 The complex III was obtained by slow evaporation of a 
dilute solution of I in methanol (5 days) as a side product.  

Alternative Procedure 

 A solution of manganese acetate tetrahydrate (0.245 g, 1 
mmol) and of 2-nitrobenzoic acid (0.334 g, 2 mmol) was 
prepared in methanol and stirred for two hours, to this solu-
tion a methanol solution of 8-aminoquinoline (0.144 g, 1 
mmol in 10ml) was added and stirred for 24 h. The solution 
was filtered to remove any residue remaining and left for 
crystallization for 4 days. Brownish crystals of III were col-
lected by filtration.  

 Yield 67%. Elemental anal calcd for C46H36Mn2N8O18; C, 
50.24; H,3.28; found C, 50.46; H, 3.31. H, 3.31. IR (KBr, 
cm-1) 3410(s), 3308(s), 1629(s), 1609 (s), 1571(s), 1540(s), 
1521(s), 1503(s), 1388(s), 1366(s), 1347(s), 989(s), 825(s), 
786(s), 738(s), 697(s), 646(s). Molar conductance: 98.5mol-

1m2S methanol. Magnetic moment 5.58 BM at 28ºC. UV-Vis 
(methanol) 460 nm (  = 99mol-1cm2). LC-MS (DMSO, m/e) 
582.54 

2.1.4. [Cd(2-NO2C6H4 COO)2 (AQ)]n (IV) 

 Cadmium acetate dihydrate (0.266 g, 1 mmol) and 2-
nitrobenzoic acid (0.334 g, 2 mmol) were mixed in a mortar 
and heated in an oven at 700C for 30minutes. The mixture 
was then cooled and transferred to a round bottomed flask. 
To this, methanol (10 ml) and toluene (5 ml) was added and 
stirred. Then, 8-aminoquinoline (0.288 g, 2 mmol) was 
added and stirred for 30 min. The solution on standing for 
three days crystallises IV as light green crystals. Yield 80%. 
Elemental anal calcd for C23H16Cd N4O8; C, 46.88; H, 2.72; 
found C, 47.01, H, 2.71. LC-MS (acetonitrile/formic acid, 
m/e)637, 638, 639, 640, 641. IR(KBr, cm-1) 3401(bw), 
1639(s), 1516(m), 1388(s), 1153(w), 1076(w), 846(w), 
641(w). 1HNMR(DMSO-d6) 5.91(bs, 2H), 6.86(d, J=8Hz, 
1H), 7.06 (d, J=8Hz, 1H), 7.30(t, J =8Hz, 1H), 7.46(m, 1H) 

Table 1. Crystallographic Parameter of Complexes I-IV 

Compound No. I II III IV 

Formulae C60 H40 Mn3 N10 O24 C76 H66 Mn3 N4 O14 C46 H36 Mn2 N8 O18  C23 H16 Cd N4 O8 

Mol. wt. 1449.84 1424.15 1098.71 588.80 

Crystal system Triclinic  Triclinic  Monoclinic Triclinic  

Space group P-1  P-1  P2(1)/c P-1  

a /Å 10.9327(3) 10.9102(14) 7.6730(11) 7.1685(2) 

b /Å 12.0984(4) 12.0233(16) 21.607(3) 13.0732(3) 

c /Å 12.2235(4) 14.0041(19) 14.434(2) 13.8012(3) 

/° 99.997(2) 102.924(8) 90.00 112.2320(10) 

/° 100.682(2) 92.322(8) 97.215(11) 102.4910(10) 

/° 102.523(2) 103.763(8) 90.00 95.2610(10) 

V/ Å3 1511.96(8) 1730.5(4) 2374.1(6) 1147.14(5) 

Z 1 1 2 2 

Density/Mgm-3 1.592 1.367 1.537 1.705 

Abs. Coeff. /mm-1 0.711 0.607 0.618 1.010 

Abs. correction none none none none 

F(000) 737 737 1124 588 

Total no. of reflections 16914 25628 16672 16490 

Reflections, I > 2 (I) 7075 8437 5340 5403 

Max. /° 28.33 28.53 27.96 28.29 

Complete to 2  (%) 93.7 95.8 93.7 94.8 

Data/ Restraints/Parameters 7075/ 0/ 439 8437/ 0/ 443 5340/0/ 334 5403/ 0/ 325 

Goof (F2) 1.025 0.979 1.250 1.067 

R indices [I > 2 (I)] 0.0343 0.0696 0.0680 0.0320 

R indices (all data) 0.0489 0.1334 0.1830 0.0351 



64    The Open Inorganic Chemistry Journal, 2008, Volume 2 Baruah et al. 

7.59-7.72 (m, 4H), 7.74(d, J=8Hz, 2H), 7.85 (d, J =8Hz, 2H), 
8.18(d, J=8Hz, 1H), 8.72(s, 1H). 

2.2. X-Ray Crystallography 

 The X-ray diffraction data were collected at room tem-
perature on a Bruker 3-circle diffractometer (Bruker Nonius 
SMART APEX 2) equipped with CCD area detectors, and 
using graphite-monochromated Mo K  radiation (  = 
0.71073 Å) from 60W micro focus Siemens Microsource 
with glass polycapillary optics. X-ray diffraction data for all 
the crystals were collected using Bruker SMART software. 
This software was also used for indexing and determining 
the unit cell parameters. The structures were solved by direct 
methods and refined by full-matrix least squares against F2 
for all data using SHELXTL software. All non-H atoms were 
refined by full-matrix least squares in the anisotropic ap-
proximation and the hydrogen atoms attached to these atoms 
are located on the difference Fourier maps and refined in the 
final structure in isotropic approximation. The crystal data of 
the structures of the compounds are listed in Table 1. 

3. RESULTS AND DISCUSSION  

 A solid phase reaction of manganese(II) acetate tetrahy-
drate with 2-nitrobenzoic acid followed by reaction with 8-
aminoquinoline in solution gives a trinuclear manganese 
complex (Eqn 1). Similar reaction of benzoic acid, 3-
methylbenzoic acid, 4-chlorobenzoic acid also gave 
trinuclear manganese complexes. However, in the case of 3-
methylbenzoic acid and 4-chlorobenzoic acid we could crys-
tallize the trinuclear complexes as co-crystal with 1,5-
naphthalenediol. Since complexes are iso-structural of the 
structure of I and II, two representative structures of the 
complexes are given in Fig. (1).  
3Mn(OAc)2.4H2O +  6RCOOH + 2AQ [Mn3(RCOO)6 (AQ)2]

R =  2-NO2C6H4 (I);  3-CH3C6H4-(II),  AQ =  8-aminoquinoline

+ 6AcOH +  12H2O

 

Equation 1. 

 In these complexes all the manganese centers are in dis-
torted octahedral geometry. The central manganese (II) is 
coordinated to six oxygen atoms from the carboxylate 
ligands. The carboxylate ligands attached to the central metal 
atom are connected through two different types of bridges. 

One of the bridges is conventional carboxylate bridge that is 
found in paddle wheel structures and other is through uni-
unidentate carboxylate bridge leading to Mn-O-Mn type of 
interactions. This type of carboxylate bridge occurs as com-
plementing mode [2, 27] to chelating mode of carboxylate 
binding, associated with parent carboxylic unit to another 
metal ion. Two other manganese ions at the two ends of the 
trinuclear manganese complex are symmetric to each other 
and both has distorted octahedral environment. Such octahe-
dral environments are generated by a chelating carboxylate 
and two oxygen of bridging carboxylates that are involved in 
bridging the central manganese. In addition to these the 
amino group and the nitrogen atom of 8-aminoquinoline co-
ordinate to form five member chelate structure. Selected 
bond distances of I and II are shown in Table 2 and 3, re-
spectively. The molar conductance of the solution of I is 
solvent dependent, for example the values are 118.0 mol-

1m2S in methanol; 5.4 mol-1m2S in acetonitrile; 33.2 mol-

1m2S in N,N -dimethyl formamide. The low value of molar 
conductance in aprotic medium and higher value in protic 
medium suggests that protic solvent dissociates the complex. 
In solution the complex I shows highest mass for hydrated 
dinuclear species. The room temperature magnetic suscepti-
bility value per manganese for the complexes I, II and III is 
5.69 and 5.62 and 5.58 BM, respectively, which are slightly 
lower than the spin only values for five unpaired electrons 
for d5 systems. We have also measured the magnetic suscep-
tibility in the range of temperature, ranges of 50-300K show 
exponential decrease with anti-ferromagnetic characteristic, 
but the 1/  vs. temperature plots are not very smooth to give 
quantitative values.  

 In the complex I Mn1····Mn2 and Mn2····Mn2  distances 
are 3.63Å and 7.25Å respectively, whereas in the complex II 
the Mn1····Mn2 and Mn2····Mn2  distances are 3.58Å and 
7.16Å, respectively. The large separations are indicative of 
very weak or no metal-metal interactions. Few manganese 
complexes of 8-aminoquinoline are known in literature [35] 
and it was suggested that the ligand becomes susceptible 
toward oxidation on complexation to manganese. In contrast, 
our complexes are stable in solid state. However, long stand-
ing of a methanol solution of I gave a dinuclear complex III 
with a composition [Mn2(2-NO2C6H4COO)4 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Structure of trinuclear manganese complex (a) I and (b) II (drawn with 20% ellipsoid probability and hydrogen atoms are 
omitted for clarity). 
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Table 2. Selected Inter-Nuclear Distances (in Å) and Angles (in °) in I 

 Bond distances  Bond angles  Bond angles 

Mn1–O1 2.12 O2 -Mn2-O6  101.48 N1-Mn2- O9  98.88 

Mn1–O5  2.16 O2-Mn2-N1  94.85 N1- Mn2- N2  74.95 

Mn1–O9 2.25 O2- Mn2- O9  95.30 N1-Mn2- O10  87.13 

Mn2–O2 2.10 O2 -Mn2- N2  96.76 N2- Mn2- O10  110.70 

Mn2–O6 2.12 O2 -Mn2- O10  151.95 O1-Mn1-O5 89.66 

Mn2 –O9 2.24 O6- Mn2- O9  96.22 O1-Mn1-O9  91.83 

Mn2–O10  2.37 O6- Mn2- N2  86.47 O5- Mn1- O9  92.15 

Mn2–N1 2.24 O6 -Mn2- N1  156.59 O5 -Mn1- O9  87.85 

Mn2–N2 2.26 O6-Mn2-O10  86.26 O1  -Mn1-O9  88.17 

Mn(1)···Mn(2) 3.62 O9- Mn2-O10  56.86 O1 -Mn1- O5   90.34 

  O9 -Mn2 -N2  166.87   

 

Table 3. Selected Inter-Nuclear Distances (in Å) and Angles (in °) in II 

 Bond distances  Bond angles  Bond angles 

Mn1–O1  2.20 O1- Mn1-O5  93.33 O2- Mn2- N2  163.94 

Mn1–O3 2.1 O1- Mn1- O5   86.67 O4-Mn2-O2  96.26 

Mn1–O5  2.25 O3 -Mn1- O5  87.90 O4-Mn2-O5  102.16 

Mn2–O2 2.10 O3- Mn1-O5   92.10 O4 -Mn2- N1  102.94 

Mn2–O4  2.09 O3- Mn1-O3   179.99 O4-Mn2 -O6  159.81 

Mn2–O5  2.24 O3- Mn1-O1   91.60 O4- Mn2- N2  86.23 

Mn2–O6 2.28 O3 -Mn1-O1  91.60 O5-Mn2- N1  152.57 

Mn2–N1  2.25 O3- Mn1 –O5  92.11 O5- Mn2- O6  58.12 

Mn2–N2  2.28 O3  -Mn1 -O1   88.40 O5- Mn2- N2  97.42 

Mn(1)···Mn(2) 3.58 O2- Mn2 -O5  97.55 O6 -Mn2- N2  91.84 

  O2 -Mn2- N1  90.53 N1-Mn2-N2  73.47 

  O2- Mn2- O6  91.13 N1-Mn2-O6  95.73 

 

(AQ)2(H2O)2]. This dinuclear complex can alternatively pre-
pared by reaction of manganese acetate with 2-nitrobenzoic 
acid with 8-aminoquinoline in methanol solution. In this 
reaction exclusive formation of III was observed. Structure 
of this complex is shown in Fig. (2). In methanol solution the 
complex is not stable and LC-MS in solution shows that the 
complex decomposes to [Mn(AQ)2(2-NO2C6H4COO)2] (m/e 
688.45) in addition to the mono-nuclear complex having m/z 
582.4; whereas in dimethylsulphoxide solution it shows mass 
of the mononuclear form [Mn(AQ)(2-NO2C6H4COO)2 

(H2O)2] (m/e 582.54). This complex is structurally important 
as it has novel Mn2O2 type of skeleton arising out of car-
boxylate bridges and these types of molecules are not en-
countered as independent species. But such bridges are ob-

served in constrained environment such as co-ordination 
polymers [27]. In complex III the manganese centers have 
distorted octahedral geometry formed by two oxo-bridged 
uni-uni dentate carboxylate groups and chelate from the 8-
aminoquinoline and a monodetate carboxylate and an aqua 
ligand. Some of the selected bond distances of the complex 
are Mn1-O3, 2.123(3); Mn1-O1, 2.181(3); Mn1-O9, 
2.188(2); Mn1-O1, 2.224(2); Mn1-N3, 2.226(4); Mn1-N4, 
2.243(3) Å. In this complex, Mn····Mn distance is 3.334Å. 
Selected bond distances and bond angles are listed in Table 
3. The complex III has IR absorptions that clearly distin-
guish it from the IR of complex I. It has sharp absorption at 
3410 cm-1 due to the terminal aqua ligands, such absorption 
is absent in trinuclear species.  
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Fig. (2). Structure of dinuclear manganese complex III (drawn with 20% ellipsoid probability and hydrogen atoms are omitted for clarity). 

 

Table 4. Selected Inter-Nuclear Distances (in Å) and Angles (in °) in III 

 Bond distances  Bond angles  Bond angles 

Mn1–O1  2.18 O1-Mn1-O1  81.62 O3-Mn1-O4  172.22 

Mn1–O1  2.22 O1-Mn1-O3  85.26 O9-Mn1- O1   91.49 

Mn1–O3  2.12 O1-Mn1- O9  169.86 O9-Mn1-N3  94.79 

Mn1–O9 2.19 O1-Mn1-N3  93.48 O9-Mn1-N4  100.19 

Mn1–N3  2.23 O1-Mn1-N4  87.65 N3 –Mn1-N4  74.61 

Mn1–N4 2.24 O3-Mn1-O1   89.09 N3 –Mn1- O1   166.97 

Mn1···Mn1  3.33 O3-Mn1-O9  87.22 N4 –Mn1- O1   93.05 

  O3-Mn1-N3  102.60   

 

 

 

 

 

 

 

 

 

Equation 2. 

 A large number of structural variations can be made in 
cadmium complexes by varying ligands [34]. We have found 
that the reaction of 8-aminoquinoline with cad-
mium(II)acetate and 2-nitrobenzoic acid (Eqn 2) formed a 
co-ordination polymer. The polymer [Cd(2-NO2C6H4COO)2 

(AQ)]n (IV) comprises of eight co-ordination geometry 

around cadmium ion as illustrated in Fig. (3, left). The se-
lected bond distances and bond angles are listed in Table 5.  

 The 1H NMR of the complex shows peaks of all the hy-
drogen atoms of the 8-aminoquinoline in different chemical 
shift positions. The structure is comprised of six-coordinated 
mono-nuclear units which recombine to form polynuclear 
eight co-ordination cadmium co-ordination polymer. The co-
ordination polymer has bridging units that are formed 
through uni(unidentate) (Fig. 3, right) carboxylate bridges. 

 The cadmium-cadmium distances in the polymer are 
4.09Å suggesting them to be far apart to have interactions 
between them. The mass spectrum of the cadmium complex 
in solution (water/acetonitrile /formic acid) shows mass of 
the mononuclear species at m/e 641.62. This m/e is attrib-
uted to a six-coordinate mononuclear cadmium complex (as 
illustrated in Fig. 3, right) having a water and acetonitrile 
ligand. The mass region of 632-644 m/e of the spectra has 
peaks at 
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Fig. (3). Left: Two repeated units of [Cd(2-NO2C6H4COO)2(AQ)]n (IV); Right: Approach of mononuclear units of [Cd(2-
NO2C6H4COO)2(AQ)] to form co-ordination polymer. 

 

Table 5. Selected Inter-Nuclear Distances (in Å) and Angles (in °) in IV 

 Bond distances  Bond angles  Bond angles 

Cd1–O1  2.33 O1-Cd1-O2  53.45 N1-Cd1 -O1  97.94 

Cd1–O6  2.40 O1-Cd1-O5  83.81 N1-Cd1-O2 101.48 

Cd1–O2  2.51 O1-Cd1-O6  112.34 N1- Cd1-O5  147.81 

Cd1–O6  2.59 O1-Cd1-O6  129.78 N1-Cd1-O6  146.56 

Cd1–O5  2.41 O1- Cd1-N2  150.28 N1-Cd1-O6  76.08 

Cd1–N1  2.29 O2-Cd1-O6  78.50 N2- Cd1-O2  155.42 

Cd1–N2  2.34 O5-Cd1-O2  105.07 N2- Cd1-O5  88.56  

Cd1···Cd1  4.09 O5-Cd1-O6  126.81 N2-Cd1-O6  76.96 

Cd1···Cd1  3.99 O6-Cd1-O2  86.34 N2-Cd1-O6  85.40 

  O6-Cd1-O6  73.73 N1-Cd1-N2  74.01 

  O6-Cd1-O5  54.05   

 

m/e 637, 638, 639, 640, 641 from different isomers of cad-
mium. Thus, clearly the co-ordination polymer of cadmium 
dissociates in solution to mononuclear complex. 

 In conclusion, we have shown that structural diversity in 
the carboxylate chemistry of manganese and cadmium arises 
from the combination of sub-units formed under various re-
action conditions and thereby varieties in co-ordination 
complex can be obtained by varying synthetic procedure 
from solid- state and solution chemistry. 
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 The CIF files of the structures reported here are deposited 
to Cambridge Crystallographic Database and have CCDC 
numbers 658029, 658030, 658834, 663358.  
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