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The title compound is formed by the air oxidation of 2-aminomethylpyridine in 95% ethanol in the presence of copper(II) nitrate with 
condensation of the resulting picolinamide molecules in situ to form the imide moiety. The compound crystallizes as a dihydrate (one 
water position is only 75% occupied) and the Cu(II) ion is 5-coordinate square-pyramidal, the basal plane being occupied by four 
nitrogen atoms (three from pyridine rings and the fourth being the imide N-atom) in a nearly planar array [mean deviation = 0.28(3) Å) 
with the Cu(II) ion slightly above the plane [0.128(9) Å]. The axial position is occupied by the carbonyl oxygen atom of a coordinated 
picolinamide [Cu-O = 2.273(10) Å]. The crystal is stabilized by multiple hydrogen bonding interactions with both water molecules and 
the amide NH2 serving as donors and the nitrate ion, imide oxygen atoms and water molecules serving as acceptors. 
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Introduction 

Our interest in low-dimensional magnetic lattices1 
(Landee and Turnbull, 2013) has led us to examine the use 
of a wide variety of pyridine-based compounds as both 
ligands and organic bases for the construction of both salts 
and neutral complexes, including 2-aminomethylpyridine.2 
In our attempts to prepare a family of Cu(II) compounds 
incorporating the 2-aminomethylpyridine molecule as a 
chelating agent to control coordination about the copper ion, 
we encountered the unanticipated Cu(II) catalysed air-
oxidation and condensation of the ligand to form N-(2-
pyridylcarbonyl)pyridine-2-carbonylamide (bis(picolin)imi-
de; bpa). The compound [(bis(picolinyl)imidate-
N)(pyridine-2-carbonylamide-O)copper(II)] nitrate 
dihydrate (1) was isolated from the reaction mixture and 
characterized crystallographically. 

Methods 

Cu(NO3)2
.3H2O and ethanol were purchased from VWR 

Scientific, while 2-aminomethylpyridine was purchased 
from Aldrich Chem. Co.  All were used without 
purification.  

Synthesis 

Cu(NO3)2
.3H2O (0.241 g, 1.00 mmol) and 2-

aminomethylpyridine (0.237 g, 2.20 mmol) were dissolved  

in 20 ml of 95% ethanol in a 50 mL beaker and the beaker 
covered with parafilm with a few small holes in the film. 
Over the course of 4 weeks, dark blue crystals of (1) 
formed, which were isolated by filtration to give 0.052 g (14 
%).   

X-Ray Data Collection 

Single crystals of 1 were attached to a glass fiber and 
mounted on a Bruker/Siemens SMART system with Mo K 
radiation ( = 0.71073 Å), using  and  scans for data 
collection at 168(2) K. Cell parameters 1 were determined 
using SMART software3 and refined using SAINT-Plus.4  
Absorption corrections were made via SADABS.5 The 
structure was solved via direct methods using SHELXS976 
and refined via least squares using SHELXS97.6 

All H-atoms bound to carbon were placed in calculated 
positions (C-H = 0.95 Å) and refined using a riding model 
with Uiso = 1.2 Ueq (C). Hydrogen atoms bonded to nitrogen 
atoms were located in a difference map and their positions 
refined using fixed isotropic U values Uiso = 1.2 Ueq (N). 
Hydrogen atoms bonded to oxygen atoms were also located 
in the difference map and their positions allowed to refine 
using anti-bumping restraints (0.85 Å for O-H distances) 
and fixed isotropic U values [Uiso = 1.2 Ueq (O)]. The 
occupancy of O2 was initially allowed to refine 
(isotropically), reaching a value of 0.755. The occupancies 
of O2 and its attached H-atoms were fixed at 0.750 prior to 
final anisotropic refinement of O2. 

Crystal data, along with data collection and structure 
refinement details are summarized in Table 1.  Selected 
bond lengths and angles are given in Table 2, while 
hydrogen bonds are presented in Table 3.  The structure has 
been deposited with the CCDC (#949824).  
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Table 1. Crystallographic Data for 1 

Empirical Formula C18H17.5N6O7.75Cu 
Formula weight (g mol-1) 505.42 
T (K) 168(2) 
Wavelength (Å) 0.71073 
Crystal System Triclinic 
Space Group P-1 
a (Å) 8.02(4) 
b (Å) 9.62(4) 
c (Å) 14.59(5) 
á (°) 102.83(12) 
â (°) 90.12(7) 
ã (°) 114.23(3) 
V (Å 3) 995(7) 
Z 2 
Crystal Size (mm) 0.54 x 0.35 x 0.21 
Absorp. coeff.  (mm-1) 1.159 
F (0,0,0) 517 
èmin, èmax 2.40, 23.31 
Index Ranges -8 < h < 8 
 -10 < k < 10 
 -16 < l < 14 
Reflections collected 9550 
Independent reflections 2821 
Restraints/parameters 4/318 
Final R index [I > 2ó(I)] 0.0458 
R index (all data) 0.0502 
Largest peak/hole (e/Å3) 1.12(near NO3

-)/-0.595 

Results and discussion 

Reaction of an ethanolic solution of Cu(NO3)2
.3H2O and 

2-aminomethylpyridine in 95% ethanol in air produced the 
title compound, 1, in low (14%) yield through copper 
catalyzed oxidation and condensation of the 2-
aminomethylpyridine ligand (Scheme 1).  

Scheme 1 – Synthesis of compound 1. 

Crystals of 1 were produced via slow evaporation of the 
reaction mixture in air.  Single-crystal X-ray diffraction 
revealed the nature of the product and the molecular unit is 
shown in Figure 1. The Cu(II) ion is coordinated by one bpa 
anion and a neutral 2-picolinamide molecule (pca) to 
generate a five-coordinate structure that is distorted square-
pyramidal.  

 

 

 

 

 

 

 

Figure 1.  Thermal ellipsoid plot (50%) of the asymmetric unit of 
(1). Only those hydrogen atoms whose positions were refined are 
labeled. 

Three nitrogen atoms from the bpa ligand and the pyridine 
nitrogen of the pca form the basal plane and are co-planar 
within 0.028(3) Å. The Cu(II) ion lies 0.128(7) Å above that 
plane and the O-atom of the pca molecule occupies the 
apical site at 2.308(10) Å above the mean nitrogen plane. 
The Addison parameter is 0.20 in agreement with the 
structure being much closer to square pyramidal than 
trigonal bipyramidal.7 

Table 2. Selected bond lengths (Å) and angles (°) for 1.  

Cu1-N1 2.013(9) N1-Cu1-N8 82.1(2) 
Cu1-N8 1.922(7) N1-Cu1-N15 162.05(16) 
Cu1-N15 1.992(9) N1-Cu1-N21 96.8(2) 
Cu1-N21 1.993(8) N1-Cu1-O27 99.25(17) 
Cu1-O27 2.273(10) N8-Cu1-N15 81.91(19) 
C7-O7 1.215(6) N8-Cu1-N21 174.18(15) 
C9-O9 1.217(6) N8-Cu1-O27 109.00(17) 
C27-O27 1.243(7) N15-Cu1-N21 98.3(2) 
  N15-Cu1-O27 93.7(2) 
  N21-Cu1-O27 76.81(18) 

The three pyridine rings (in the bpa and pca ligands) are 
highly planar with mean deviations of the constituent atoms 
of 0.0006(3) , 0.0027(18) and 0.0060(33) Å for the N1, N15 
and N21 rings respectively, with typical bond lengths and 
angles. The bpa ligand is tridentate in a mer-configuration 
and generates two 5-membered chelate rings. The pca ligand 
is bidentate and generates a separate five-membered 
chelated ring which is rotated 86.3(3) ° with respect to the 
bpa mean plane.  

The structure is stabilized by a hydrogen bond network 
between the bpa carbonyl oxygen atoms, the pca amide 
hydrogen atoms, the nitrate ion and the lattice water 
molecules (see Figure 2). H1A is involved in a bifurcated 
H-bond with the imide carbonyl oxygen atoms and the pca 
amide hydrogen atoms bridged between the nitrate ion and 
O1. Refinement of the O2 water molecule indicated partial 
occupancy, which was fixed at 75% in the final refinement.  
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Figure 2. Hydrogen bonding (dashed lines) observed in (1). 
Symmetry operations: O12A (x,y,z-1);  O1A (-x-1, -y, -z+2). 

The packing structure shown in Figure 3 suggests the 
presence of ð-stacking interactions. However, the water 
molecules O1 and O2 block the approach of adjacent bpa 
ligands and consequently also block the space that would be 
occupied by a sixth ligand on the Cu ion (see Figure 4). The 
Cu1...O1A(-x-1,-y-1,-z+2) distance is 3.348(13) Å, too long 
to be considered a semi-coordinate bond. 

 

 

 

 

 

Figure 3. Packing of (1) viewed parallel to the a-axis showing the 
stacking of the  [Cu(bpa)(pca)] cations.  Dashed lines indicate 
hydrogen bonds.  Hydrogen atoms not involved in hydrogen 
bonding have been removed for clarity. 

Air oxidation of 2-aminomethylpyridine to the 
corresponding 2-picolinamide molecule and subsequent 
condensation to bpa in the presence of Cu(II) ion has been 
observed previously as has the equivalent reaction for 2-
aminomethylquinoline and a mechanism has been 
proposed.8 Compounds similar to (1) incorporating the 2-
picolinamide ligand in addition to the bpa ligand have also 
been prepared via Cu(II) catalysed hydrolysis of pyridyl-
substituted 1,3,5-triazine molecules, including the 
perchlorate9 and trifluoromethylsulfonate derivatives,10 as 
well as the more hydrolysed 2-picolinate analogue.11 

 

 

 

 

 

 

Figure 4. Figure showing the offset of adjacent complexes. 
Dashed lines represent hydrogen bonds and Cu1...O1 contacts 
[Symmetry operation: Cu1A(-x-1,-y-1,-z+2)]. 

Work to prepare copper(II) complexes of 2-
aminomethylpyridine under inert atmosphere conditions, to 
avoid the oxidation reaction observed herein, are in 
progress. 
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Table 3. Hydrogen bonding paramaters (Å, °) for (1). 

 D-H H...A D...A D-H ...A Symm. Op. 
O1-H1A...O9 0.84(2) 2.18(4) 2.920(11) 147(7)  
O1-H1A...O7 0.84(2) 2.27(6) 2.896(9) 131(7)  
O1-H1B...O2 0.85(2) 2.01(5) 2.768(14) 149(8)  
O2-H2A...O13 0.84(2) 1.77(5) 2.549(12) 152(10)  
O2-H2B...O7 1.03(7) 2.10(2) 2.901(12) 132(6)  
N27-H27A...O12 0.81(6) 2.27(6) 2.966(11) 146(5) x,y,z-1 
N27-H27B...O1 1.00(6) 2.07(6) 3.021(12) 156(4) -x-1, -y, -z+2 


