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Synthesis and structural analysis of novel
supramolecular structures based upon
N-(2-pyridyl)-3-pyridinecarboxamide?’

Xun-Cheng Su, Shou-Rong Zhu*, Hua-Kuan Lin, Xue-Bing Leng,
Lin-Hong Weng, and Yun-Ti Chen

Department of Chemistry, Nankai University, Tianjin 300071, PR. China

The transition metal Cu(ll) and Co(ll) complexes based on N-(2-pyridyl)-3-pyridinecarboxamide have been synthe-
sised and characterised and single crystal analysis indicated that the two mononuclear complexes self-assembled
into supramolecular architectures through intermolecular hydrogen bonding and 1t stacking interactions in the
solid state.
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The design and synthesis of supramolecular structures selénd angles are given in Table 1. [CY{NO,),] crystallises in
assembled from transition metal ions and organic ligands hathe monoclinic space group C2/c with four molecules per unit
been extensively studied in recent yearfhe metal- cell.

ion-directed self-assembly has received increasing mteresvll.able 1 Selected bond lengths (A) and angles (°) for

not only because the generated polynuclear clusters shojc, ) (No.).] (1)

interesting metallic properties, but also due to their bioinor- ——

ganic significance as metalloenzyme minfida date, many Bonds lengths Angles

types of ligands have been employed to generate supramolec,(1).o(1)#1  1.929(2) O(1)#1-Cu(1)-0O(1) ~ 180.00(14)
ular architecture$® However, few examples of extended cy(1)-0(1) 1.929(2)  O(T)#1-Cu(1)-N(1)#1 91.04(11)
polynuclear self-assemblies created by metal ions in order tCu(1)-N(1)#1 2.037(3) O(1)-Cu(1)-N(1)#1  88.96(11)
mimic biological systems have been reported, especially pepCu(1)-N(1) 2.037(3) O(M#1-Cu(1)-N(1) ~ 88.96(11)

O(1)-Cu(1)-N(1) 91.04(11)

tide metal complexeswhich play important roles in living N(D#1-Cu(1)-N(1) 180.00(18)

systems. So, it is of essential interest to investigate how per.
tide metal complexes exist and how they interact with eact ! **1/2-v+3/2,:2
other in the solid or liquid state, so as to obtain valuable infor- L N .
mation which may be used in mimicking biological subjects. In 1 the metal atom exist in an octahedral coordination envi-

Among the factors that induce the self-assembly process, thpnment. The coordination to the Cu(ll) centre is provided by

design of the ligand and metal ion plays a crucial role intwo pyridyl N-donors and two amide O-donors, resulting in an

deciding between discrete or extended structures of the met%forg?dsitn:t%%a{g'g:zng a(rar?:l)gnemrﬁgt,rx:iﬁndasoi?egirrl: 0CCU-
complexes. In addition, some weak interactions, such a PP ' g

. ” ! ?)ied by nitrate ions in the complex. The ligand—metal
hydrogen bonding, salt bridges, arin stacking also play  yigiances are 1.931(3) A and 2.034(3) A (for nitrate) for the

important parts in the generation of supramolecular structuress ,_o ponds and 2 034(3) A for the Cu—N bonds. The Cu~O

especiglly in living systerts. . and Cu-N bond lengths are similar to those found in the cop-
In this paper, we report on the use N{f(2-pyridyl)-3- per complexes with similar amidés.

pyridinecarboxamidel() as an efficient ligand for the forma- = e ¢rystal structure further shows that the mononuclear
tion of hydrogen-bonded ame-nstacking linked polynuclear  j4cks are linked by nitrate anions, which act as both hydrogen-
sheets of Cu(ll) and Co(ll) ions. The choice of the ligand wasyonding bridges and donor atoms, in an infinite polynuclear

based on the consideration that the two pyridines, separated Ryying. In the nitrate one oxygen atom is coordinated to the
an amide bond, could not bind the same metal centre in ongopper jon and another interacts with the HN- group of

molecule. Apal't from that, the unit has an amide bond WhiCI’hno’[her mononuclear Comp|ex through NH--- rogen

has the affinity for forming hydrogen bonds with water mole- honds (N---O = 2.762 A). In the linear array the Cu—Cu dis-

cules or nitrate ions. Therefore, in principle, the combinationtance is 8.719 A between each neighbouring metal centre.
of coordinative, hydrogen bonding amer stacking interac-  Figure 1(b) shows the complexes in a string assembly linked

tions is fulfilled in a single ligand. by hydrogen bonds. As a result, one-dimensional linear poly-
mer is formed along the hydrogen bond direction.
Results and discussion An interesting feature of this structure is the fact that there

remains an uncoordinated pyridine group in each mono-
nuclear complex and this group is parallel with another one in
the neighbouring string. Calculations indicate that the distance
between each parallel pyridine is 3.329 A and the aromatic
centroid-centroid distance between two strings is 3.797 A, a
value which is somewhat shorter than in analogous cases
(about 4.37 Af The type ofret stacking interactions within

each of the two arrays undoubtedly contributes to the stabili-
sation of this supramolecular assembly of metal polymers.
* To receive any correspondence. E-mail szhu@nanki.edu.cn Therefore, intra-string hydrogen bonds and weak inter-string

' This is a Short Paper. There is therefore no corresponding materigk_rrinteractions give rise to the two-dimensional aggregation.
in J Chem. Research (M).

The ligandL was prepared by the reactionoeminopyridine
with nicotinoyl chloride in dry chloroform in the presence of
triethylamine.L was treated with 0.5 equivalent amounts of
Cu(NGQ,), and Co(NQ), in ethanol to give the coordinate
complexesl and2 (see Figs 1 and 2).

Crystallographic study of: The molecular structure df
with atomic labelling is given in Fig. 1. Selected distances
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(b) Fig. 2 (a) ORTEP diagram of 2. (b) View of the 3-D assembly

of the polynuclear sheets depicting the coordination around

) . . the metal in 2. Noncovalent interactions in the form of

Fig. 1 (a) ORTEP diagram of 1. (b) View of the 2 D network NH---OHO hydrogen bonding and edge-to face T stacking

depicting the coordination around the metal in 1. Noncovalent are demonstrated. The dashed lines represent all NH---OHO

interactions in the form of NH---ONO, hydrogen bonding and hydrogen bonds. Hydrogens are removed for clarity.

edge-to face 1t stacking are demonstrated. The dashed lines
represent all NH---ONO, hydrogen bonds. Hydrogens are

removed for clarity. An X-ray diffraction study or? confirms that in the struc-

ture of2 cobalt is six-coordinated, with the coordination to the
Co(ll) center provided by two pyridyl nitrogen atoms, two
Crystallographic study of: The molecular structure & amide oxygens and the remaining two by water molecules
with atomic labelling is given in Fig 2 and selected distancegather than of nitrate ions. As i) the L also adoptdrans
and angles are given in Table 2. coordination to cobalt. The ligand—metal distances are
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Table 2 Selected bond lengths (A) and angles (°) for [Co(L),(NO,),(H,0),1(H,0) (2)

Bonds lengths Angles
Co(1)-0(2) 2.065(2) 0(2)-Co(1)-0(1) 178.82(8) 0O(1)-Co(1)-0(4) 90.71(10) 0O(3)-Co(1)-N(3) 88.13(9)
Co(1)-0(1) 2.068(2) 0(2)-Co(1)-0(3) 89.47(9) 0(3)-Co(1)-0(4) 176.75(8) 0O(4)-Co(1)-N(3) 89.38(9)
Co(1)-0(3) 2.071(2) O(1)-Co(1)-N(1) 84.46(9) O(3)-Co(1)-N(1) 92.71(9) O(4)-Co(1)-N(1) 89.77(9)
Co(1)-0(4) 2.076(2) 0(2)-Co(1)-N(1) 95.02(9) N(3)-Co(1)-N(1) 179.15(9)
Co(1)-N(3) 2.138(3) 0O(1)-Co(1)-0(3) 91.62(10) 0(2)-Co(1)-N(3) 84.85(9)
Co(1)-N(1) 2.142(3) 0(2)-Co(1)-0(4) 88.22(9) 0O(1)-Co(1)-N(3) 95.65(9)

2.065(2) 2.068(2), 2.071(2) and 2.076(2) for Co—O bonds and&Experimental

2.138(3) and 2.142(3) for the Co—-N bonds. The Fourier-transform IR spectra were taken on a Bio-Rad FTS 135
The crystal structure (Fig. 2) also shows that the mononuspectrometer and elemental analyses on Perkin-Elmer 240C analyzer.

clear blocks are linked differently to Cu(ll) by coordinated UV absorption was carried out by UV spectral method using a

water molecules, which act as both hydrogen-bonding bridge§h|madzu UV-160A spectrophotometer equipped with a thermostatic

; both hydrogen-b Rell (298 0.1 K)
and donor atoms, into a one-dimensional infinite polynuclear™c,yqiais off and2 suitable for single-crystal X-ray diffraction with

array. The hydrogen bond between the pyridyl nitrogen andjzes 0.30x 0.25 x 0.20 mm and 0.3 0.30 x 0.20 mm were
the coordinated water molecule (N---HOH, N---O = 2.799 andselected, respectively. Structural analysed fand2 were performed
2.793 A) connects the mononuclear complex into a hydrogern a Siemens SMART CCD diffractometer with graphite-monochro-
bonded polynuclear sheet. Within the same string, a notewormated Mo K (A = 0.71073 A) radiation and an Enraf-Nonius CAD4

thy feature of the assembly is the presence of unutilised pyrigliffractometer (Mo Kx), respectively. The structures were solved by

dine in the modules, which further connect the strings into %'Leét)g?g%%iggg?wed by Fourier difference syntheses using the

weak 1Tt stacking polynuclear sheet with the aromatic  preparation of N-(2-pyridyl)-3-pyridinecarboxamide)(

centroid—centroid distance of 4.175 A. A solution of the corresponding acid chloride (25 mmol) was
It is to be noted that the water molecule found in the latticeslowly added to an ice-cooled mixture of 2-aminopyridine (20 mmol)

forms hydrogen bonds to adjacent polymeric chains via nitraté? dry chloroform (20 ml) with an excess of triethylamine (60 mmol).

; ; o i ; . The resulting solution was stirred for 24 hours and then quenched
ions and coordinated water. This interaction, as shown in ith 20 mL of water. The organic layer was separated, washed with

Fig. 2b, gives rise to a three-dlmen5|ona_ll_hydrogen-bonde(azater and dried with magnesium sulfate and concentrated under
network, in which the water molecule participates in a hydro-requced pressure. The crude products were recrystallised with
gen-bonded ring involving two nitrate anions and a water mol-methanol-water and the yield was about 75%. Calcd o {5l,0
ecule. The metal-metal distances across each polymdi99.2), C 66.32, H 4.55, N 21.09%; found C 66.57, H 4.21, N
backbone is 7.844 A, whereas the closest metal-metal dig:1:24%. IR (KBr diffuse reflectance):= 3425, 3220, 1673, 1590,

. : : 1537, 1436, 1313, 1176, 707 dm
tance between neighboring strands is 9.674 A. Preparation of [CUL),(NO,),] (1): Solutions of Cu(NQ),BH,0

The UV absorption spectrum of the complein ethanol o ymol) in methanol anél-(3-pyridyl)-3-pyridinecarboxamideL )
solution exhibits a broad absorption maximum at around 74@4.2mmol) in methanol were mixed. Slow evaporation of the result-
nm € = 126) and a peak around 330 ren=(16800), consis-  ing solution gave light blue plates bf1.2mmol,ca60%). Anal: calc.
tent with pseudo octahedral geometry for Cu(lBor com-  for C,;H,;N,CuQ; (585.98), C 45.09, H 3.96, N 19.12; found C
plex 2, the absorptions are around 520 e (138) and 325 4528, H 3.74, N 18.98. IR (KBr diffuse reflectance)= 3192,

_ . . . : 1643,1618, 1478, 1384, 1374, 1323, 781, 732'cm
nm (€ = 10800), typical for the absorption of six-coordinated Preparation of [Col),(NO.),(H,0))(H,0) (): Solutions of

Co(l).8 . . Co(NG,),6H,0 (2mmol) in methanol andl-(2-pyridyl)-3-pyridine
Comparison of the IR spectrum of the free ligand with thecarboxamidel() (4.2mmol) in methanol were mixed together. The
copper(ll) and cobalt(ll) metal complex spectra indicates thaslow evaporation of the mixture afforded bright red plates2 of
the C=0 of the amide is bound to the metal center. The freél.4mmol) with a yield about 70%. Anal: calc. fos,8,,N;,CoO,,
ligand C=0 shows absorption at 1672%mwhere as the com-  (635:41), C 41.59, H 3.81, N 17.63; found C 41.70, H 3.54, N 17.84.
plexes show two C=0 absorptions 1643 and1618 fon 1 ;IRE;éK?B:;flfgéséeJ%ﬂectance)z =3072, 1651, 1623, 1542, 1479, 1384,
and 1651 and 1623 chfor 2. The results are consistent ywth C'rystai data for1: (C,,H,sCuN,O,)(NO,),, Monoclinic, space
the fact that when amide oxygen coordinates to metal ion thgroup C2/ca = 15.218(3)h = 8.5155(18)¢ = 19.449(4) A, a = 90,
C=0 stretching moves to lower frequeficy. B =110.256(4)y = 90°C, U = 2364.5(9) A Z = 4, Dc = 1.646 Mg/
In summary, the results reported herein present a new typ@> T = 298 (2) K, wavelength = 0.71073, Goodness-of-fit ém&s
of coordination aggregation based upon the lighh(®- 1.012. Final R |nd|ceE [I>2sigma(l)] ?1 =0.0473, wR2 = 0.1284, R
pyridyl)-3-pyridinecarboxamide, and demonstrate how Weakln%?,s:té?”ddaat;a)fglz__ 386?40'8'53 o )0 '%,‘\1'1% ), (H,0)] H,0
intra- and inter-molecular interactions can be used to asseMpiclinic, space group P-B = 9 534(3)5 = 10.914(2)c = 13.713(3)
ble metal-based supramolecular species with ordered archited; o =98.71(3)8 = 97.79(3)y = 105.09(3)C, U = 1338.7(5) A Z
ture. The simply designed ligand can lead to hydrogen-bonded 2, Dc = 1.576 Mg/ T = 293(2) K, Goodness-of-fit on*fwas
and 1Tt linked 2-D or 1-D supramolecular compounds that 0-925. Final R indices [I>2sigma(l)] R = 0.0522, wR2 = 0.1340, R
may have interesting solid-state properties. It is also showddices (all data) R = 0.0773, wR = 0.1434. Crystallographic data

that to th ic li d th If bl tal pol excluding structure factors) for the structures reported in this paper
at to the same organic figan € sell-assembly metal POlyaye peen deposited with the Cambridge Crystallographic Data

mers may vary with different metal ions, owing to their intrin- centre as supplementary publications nos. CCDC-150087 and
sic properties. Novel features of the metal assemblies-150088, respectively.

described here are the participation of hydrogen bonds and

Te=Ttinteraction connecting the mononuclear modules into theVe gratefully acknowledge financial support from the
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