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Variation of Intermolecular Hydrogen Bonding Modes in
Nicotinamide-Coordinated Copper () Complex Cations

CHEN Cai-Hong CAI Ji-Wen* FENG Xiao-Long CHEN Xiao-Ming
( School of Chemistry and Chemical Engineering, Zhongshan University, Guangzhou 510275)

Three nicotinamide-coordinated copper (I) complexes have been synthesized and structurally characterized by
X-ray single crystal diffraction. [Cu(nia):(H:0).} (bpds) 1 and [Cu(nia)2(H:0)4} (2, 6-nds) * 2H:20 2(nia =
nicotinamide, bpds = 4, 4’-biphenyldisulfoante, nds = naphthalenedisulfonate) have the same conplex structures of
four water molecules and two nicotinamides coordinated to a copper (I) ion. The complex cations are connected to
each other through complementary amide-amide hydrogen bonds in a head-to-head fashion, creating one-dimensional
cationic ribbons. In [Cu(nia)(H:0)4][Cu(nia)2(H:0)2(1, 5-nds).] - 4H:20 3, the complex anion is formed by
two water molecules, two nicotinamides and two 1, 5-nds anions coordinated to Cu (). While the complex cation
has the same component as that in 1 and 2, the inter-cationic hydrogen bonding interactions are different. The
cations are linked by hydrogen bonds between coordinated water molecules and amide carbonyl oxygens into

1-dimensional zigzag chain.
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0 Introduction create coordination polymers, as indicated by numerous

. , compounds constructed with spacer ligands such as 4,
Covalent bonds have been extensively exploited to P P 8
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4'-bipyridine'" and dicarboxylates'?!. Meanwhile, the 1574m, 1479w, 1443m, 1406m, 1234s, 1183s,
ability to design and control the assembly of coordina- [141m, 1090s, 1035s, 891, 780m, 692m, 665s,
tion networks through both coordination and H-bonding 625s.

interactions has been of great interest in recent
years'’!. As an extension of our previous effects of con-
structing extended 1-dimensional structure of silver (I)
complexes using nicotinamide as both ligand and func-

14]

tional group for hydrogen bonds!*!, a series of copper (II)

analogues were prepared and characterized, namely
[Cu(nia) 2(H:0) 4] (bpds) 1, [Cu(nia):(H.0}.] (2,
6-nds) * 2H.0 2 and [Cu(nia).(H:0) 4] [Cu(nia)-
(H20)2(1, 5-nds)2] * 4H.0 3. All cations in these co-
mplexes are propagated by inter-cationic hydrogen

bonds into 1-dimensional structures.
1 Experimental

1.1 Materials and Methods

All materials were commercially available and
used as received. Elemental analyses were carried out
with an elementar Vario EL elemental analyzer. FTIR
spectra were obtained on a Bruker EQUINOX 55 FTIR
spectrometer with KBr pellet.
1.2 Syntheses and Characterization

[Cu(nia)2(H:0)4](bpds) 1. Nicotinamide (0. 13
g, Immol) was added with constant stirring to an
aqueous solution of Cu(NQs). - 3H.0 (0.12g, 0.5
mmol). The solution was then treated with disodium 4,
4’ -biphenyldisulfonate (0. 18g, 0. 5mmol). Azure plate-
(80%
yield based on Cu). Required for C24H250:2NsS:Cu: C,
41.65; H, 4.08; N, 8 09; Found: C, 41.69; H,
4.15; N, 8.45. IR data (em™', KBr): 3416s,
3325s, 3270, 3215s, 3193s, 3061m, 1662s, 1623s,
1579m, 1482w, 1443w, 1392s, 1196s, 1130s,
1038s, 997s, 822m, 726s, 694m, 619s.

Compounds 2 and 3 were prepared using the same

like crystals of 1 were collected after 3 days

procedure as that of 1.

[Cu(nia) :(Hz0) ] (2, 6-nds) * 2H:0 2. (85%
yield based on Cu). Required for C24H301sN:S;Cu: C,
37.63; H, 4.31; N, 7.98; Found: C, 37.66; H,
4.26; N, 7.87. IR data (em~', KBr): 3414s,
3325s, 3270s, 3216s, 3188s, 1663s, 1622s, 1601s,

[Cu(nia)2(H20)4] [Cu(nia)2(H20)2(1, 5-nds)-]
- 4H,0 3. (80% yield based on Cu) . Required for
CasHssO50NsSsCu2: C, 36.85; H, 4.08; N, 7.81I:
Found: C, 37.26; H, 4.43; N, 7.54. 1R data (¢m ™',
KBr): 3577s, 3417s, 3325s, 3270s, 3216s, 1663s,
1624s, 1579m, 1500w, 1444w, 1407m, 1205s,
1161s, 1045s, 941w, 826w, 789m, 693in, 616s.

2 Crystallography Studies

Experimental details of the X-ray analyses are
provided in Table 1. All diffraction data were collected
1000 CCD
graphite monochromated Mo Ka radiation( A =0. 71073

on a Bruker Smart diffractometer with
A) at room temperature. Absorption corrections were
applied by SADABSY'. Space groups of these com-
pounds were determined from systematic ahsences and
In all

cases, the structures were solved by direct methods and

further justified by the results of refinement.

refined full-matrix
Fourier techniques using SHELXTL'™ 7! . All non-hydr-

ogen atoms were refined with anisotropic displacement

using least-squares /difference

parameters. After that, all hydrogen atoms of the lig-
ands were placed at idealized positions and refined as
riding atoms with the relative isotropic parameters of the
heavy atoms to which they are attached. Hydrogen
atoms of some water molecules were located from the
difference Fourier map at the finale state of refinement
and refined as fixed atoms. Selected hydrogen bonds for

compounds 1 ~ 3 were provided in Table 2.
3 Results and Discussion

The IR spectra show the N-H stretching vibrations
of amide groups at 3200 ~ 3580 c¢cm™' for all of these
compounds. And all compounds have absorptions at

3000-3200,

molecules. The well-resolved frequencies of aromatic

corresponding to the presence of water

" and

rings spans over the region of 1240 ~ 1670cin-
600 ~ 930cm ',

mental and split vy S-O stretching modes are observed

Bands characteristic of the funda-
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Table 1 Crystal Data and Structure Refinement for compounds 1 ~3
conpound 1 2 3
formula Ci:H1Cuy 5uN2068 CaH3CuN.O1Sa CaaHs2CuaNgOSa
formula weight 346. 08 702. 16 1428. 26
crystal class triclinic triclinic monoctinic
space group P Pl C2/ ¢
as/A 7.0932(12) 6.2193(9) 46.797(7)
b/A 7.1459(12) 8.6526(12) 7.5832(11)
e/ A 14.029(2) 13.8641(18) 16.233(2)
a/(°) 96.827(3) 95.601(2) 90
B/(°) 90.587(3) 97.922(2) 95.915(3)
y/{°) 96.074(3) 99.057(2) 90
v/A 701.9(2) 724.29(17) 5730. 1(14)
Z 2 | 4
density (calc. )/ (g em™?) 1. 638 l.610 1. 656
absorption coefficient /mm ™' 0. 998 0.973 0. 988
F(000) 357 363 2936
6 range for data collection/ (°) 4.07 ~29.98 3.98 ~30. 04 4.08~30.02
reflections collected / unique 5424 /3845 525874008 19989 /8276
observed reflections (/> 20(/)) 3009 3194 5607
transmission factors 0.8103 ~0.9425 0. 8000 ~ 0. 9350 0.7492 ~0.9163
data/ restraints/ parameters 3845/0/200 4008/0/202 8276/0/407
goodness of fit 1.230 1.011 1. 044

RUF); Re(F)UT> 2a0)) 0.0441; 0. 1445

0.0399; 0. 1063 0.0511; 0. 1453

in the range of 1000 ~ 1240cm ')
[Cu(nia)2(H:0)4](bpds) 1: The compound com-
prises discrete [ Cu(nia):(H20)4]** cations and bpds®-
anions. Both the complex cation and bpds anion are
located on inversion centers. Structure of [Cu(nia),
(H20)4]** is shown in Fig. 1(a). The Cu (I} center is
six-coordinated with four water molecules and two
nicotinamide nitrogen atoms in trans fashion. The
CuN:04 chromophores are elongated to different extents
along the axial positions, which are occupied by water
molecules. The distances between Cu (I) and water mo-
lecules are Cu(1)-O(1W) =1.988(2) A and Cu(1)-0
(2W) =2.428(3)A. The distances between Cu (II) and
pyridine nitrogen atom are Cu-N =2.023(2) A, which
is shorter than that in [Cu2(0.CCHa) 4(nia) 21", sl-
ightly longer than that in [Cu(nia).F:(H:0).]1"°!. The
amide moieties arrange trans with respect to each oth-
er. The complex cations are linked by four comple-
mentary N -H -+~ O hydrogen bonds between amide
moieties on neighboring complexes, generating infinite
one-dimensional ribbons. Adjacent ribbons are con-
nected by C — H--*N hydrogen bonds (C---N =3.321
A, £C-H--N=132.7°) formed between meta C-H

and amide nitrogen atom, leading to extended two-dim-
ensional cationic sheets as illustrated in Fig. 1(b). The
bpds anions are sandwiched between the cationic lay-
ers, anchored by hydrogen bonds between the sulfonate
oxygen atoms and water/amide hydrogen atoms, re-
sulting in three-dimensional structures as depicted in
Fig. 1(c).

[Cu(nia)2(H20)4]1(2, 6-nds) * 2H.0 2: Both the
complex cation and 2, 6-nds anion are located on in-
version centers. Cu (I) has a similar coordination en-
vironment as that observed in 1, with Cu-Ow =2.0118
(14) A and 2.3908(15) A, respectively, while the
Cu-N bond distance is 2.0034(16) A. The amide
moieties align in trans with respect to each other, and
the cations are propagated into infinite one-dimensional
ribbons through amide-amide hydrogen bonds in a
‘head-to-head’ R.*(8) mode. Neighboring ribbons are
linked wia C-H-- O hydrogen bonds (C - 0=
3.372A, £C-H--0=152.9°) between ortho C-H
and coordinated water molecules, leading to two-dim-
ensional cationic sheets, as illustrated in Fig. 2(a).
These cationic sheets interact with anions through ex-

tensive hydrogen bonds, resulting in three-dimensional
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Table 2 Selected Hydrogen Bond Interactions(A, °)
D-H-A d(D-H) d(H---4) d(D---4) £ (DHA)
[Cu(nia):(H:0).] (bpds) (
O(IW) - H{IWA)-- 0([) 0.386 1.88 2.722(3) 166. 2
O(IW) -H(IWB)---0(3)" 0.78 1.89 2.672(3) [71.1
O(2W) —HQ2WA)---0(2)" 0.86 2.05 2.868(3) 158. 3
0(2W) - H(2WB)---0(1)" 0. 88 2.26 3.045(4) 149.5
N(2) - H(2A)---0(4)" 0.86 2.17 3.011(3) [67.2
N{(2) - H(2B)---0(2)" 0.386 2.17 3.018(4) 170.2
[Cu(nia):(H20).](2, 6-nds) - 2H.0 (2)
O(IW) - H(IWA)---0(3)" 0.83 1.98 2.788(2) 162.9
O(IW) —H{IWB)---0(2)" 0.83 2.08 2.900(2) 168.0
0(2W) -H(Q2WA)---O(I)" 0.87 [.89 2.761(2) 174. 0
O(2W) -H(2WB)---0(3W) 0.89 1.79 2.656(2) 166. 1
O(3W) -H(3WA)---0(3) 0.85 2.03 2.862(3) 165. 6
O{3W) -H(3WB)---0(2)" 0.92 2.02 2.934(3) 175. 4
N(2) - H(2A)---04)" 0. 86 2.07 2.917(2) 166. 7
N{2) - H(2B)---0(2) 0.86 2.14 2.987(3) 167.6
[Cu{nia):{ H20)4] * [Cu(nia)2(H20)2(1, 5-nds):] + 4H:0 (3)
O(IW) —H(1WA)---0(2) 0.88 1.89 2.759(3) 168. 4
O(IW) -H({(IWB)---0(2)" 0.386 2.07 2.873(3) 155.9
( W) -H(2WA)---0(4)" 0.91 2.17 2.973(4) 146. 5
W) -HQ2WA) -0 (4W)" 0.91 2.46 3019(8) 120. 1
O(ZW) H(2WB)---0(5)" 0.93 2.02 2.944(4) 173. 4
O(SW) - H(SWA)---0(3)" 0. 88 2.00 2.767(3) 144.7
O(5W) -H(5WA)---0(3)" 0. 88 2.43 2.986(3) 121. 8
O{(5W) -H(5WB)--O(IW)" 0.92 [.86 2.779(3) 176. 4
O(6W) - H(6WA)---O(5)™ 0. 82 1.95 2.769(3) 173.0
0(6W) -H(6WB)---0(8)"™ 0.82 2.07 2.837(5) 155.9
N{(2) - H(2B)---0(2W) 0.86 2.02 2.870(3) 172. 4
N(2) - H(2C)--O(IW)" 0. 86 2.30 3.154(3) 169. 7
N{4) - H{4B)---0{4)" 0. 86 2.13 2.977(4) 168. 2
N(4) - H(4C)---0(3W)" 0.86 2.13 2.961(6) 161. 4
Symmetry codes for 11 &: - x+2, —y+2, —z+2;ii: —x+1, —y+2, —z+2; dii: x-1, y, 7 vi: —x+1. -y, —z+1
% y-1, z
Symmetry codes for 2: i: -x, —y+2, —z+1;ii: -x, ~y+1, ~z+I; iii: x, y=I1, z+ 15 ivi =, y, z+1;
vi —x+l, —y+2, —z+l;vii mx-1, —y+l, -z+]l.
Symmetry codes for 3: it - x+1/2, - y+3/2, —z+1;ii: -x, y, - z+1/2; iii: - x+1/2, y=1/2, —z+1/2:
iviox, —ywl, 2+ 1720 v —x+ /2, -y #0172, -z vie o x, vy, z
vii: = x+ 172, y+1/2, -2+ 1/2; viiiz 2, - y+2, z+ /2, ix: x-1/2. -y+3/2, z-1/2.

structures, as shown in Fig. 2(b).
[Cu(nia)2(H20)4][Cu(nia)2(H:0)2(1, 5-nds) -]

* 4H,0 3 is composed of [Cu(nia) -

(H20) 4] ** cation, [Cu(nia)2(H.0) (1, 5-nds)-]?*"

anion and water molecules. The complex anion is

sulfonate oxygen is shorter than those we reported pre-

{10}

viously The anions are linked into one-dimensional

discrete chain through hydrogen bonds formed between coordi-
nated sulfonate groups and water molecules.

The cation in 3 has the same coordination envi-

formed by Cu (I} coordinated by two 1, 5-nds anions
(Cu-0 =2.3859(18) A), two nicotinamide nitrogens
(Cu-N =2.003(2) A) and two water molecules (Cu-
Ow =1.998(2)A), all in trans fashion, as indicated in
Fig. 3(b)

The distance between Cu and coordinated

ronment as that in 1 and 2. However, the coordination

geometry can be described as regular octahedral, with
Cu (II) ion coordinated to four water molecules and two
pyridine nitrogen atoms in similar distances, Cu(2) -0

(6w) =2.126(2) A, Cu(2)-0(7w) =2.095(5) A and
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Fig. 1 (a) Cationic complex in 1, with 30% probability

displacement ellipsoids

Fig. 1 (b) 2-D cationic sheel constructed by hydrogen
bonds in 1

Fig. 1 (c) 3-D network constructed by alternating cationic

sheets and anions in 1

Fig.2 (a) 2-D cationic sheet constructed by hydrogen
bonds in 2
Cu(2)-N=2. 044(3)/&‘. Interestingly, unlike in 1 and
2 in which the cations are located on inversion centers,
in 3, the cation is located on a 2-fold axis. Therefore,
the cation in 3 is not centro-symmetric. The two pyn-
dine rings are not co-planar to each other. They form a
dihedral angle of 15. 4° Furthermore, the amide group

is almost co-planar with the pyridine ring, as indicated

Fig.2 (b) 3-D network constructed by alternating cationic

sheets and anions in 2

o, vaaYaom
L eact s

Fig. 3 (a) 1-D chains formed by the complex cations in 3

Fig.3 (b) 1-D chain formed by the complex anions in 3

by the torsion angle of C(17) C(18) €(22) 0({10)
178.9° In the case of 1 and 2, the corresponding
torsion angles are 155. 1 and - 144. 7° respecuively.
The hydrogen bonding mode in 3 is also very dif-
ferent from that in 1 and 2. In 3, each cation interact
with two other adjacent cations via O — H:--O hydrogen
bonds formed between coordinated water molecules and
amide carbonyl oxygens, creating infinite one-dimens-

jonal zigzag chains, as shown in Fig. 3(a). Complex
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cations and anions interact through extensive hydrogen
bonds formed between sulfonate oxygens, water mole-

cules and amide groups, as illustrated in Fig. 3(c).

Fig. 3

(c¢) Packing diagram of 3

In summary, complex cations in 1~3 have the
same component described as [Cu(nia) .(H.0Q) 4] %",
However, they demonstrate variant inter-molecular hy-
drogen bonding behaviors which are tuned by the nature

of counter anions.
4 Supplementary Material

Crystallographic data for the structural analysis
have been deposited with the Cambridge Crystallo-
graphic Data Centre, CCDC Nos. 176799 ~ 176801 for
compounds 1 ~3, respectively. Copies of this infor-
mation can be obtained free of charge from The Direc-
tor, CCDC, 12 Union Road, Cambridge, CB2 1EZ,
UK (fax: +44-1223-336033; E-mail: deposit@ ccdc.

cam. ac. uk or www: http/ /www. ccde. cam. ac. uk).
References

[1] (a)Fujita M., Kwon Y. ]J., Washizu S., Ogura K. J. Am.
Chem. Soc., 1994, 116, 1151,

(b)Subramanian 3., Zaworotko M. J. Chiem. Int.
Ed. Engl., 1995.34,2127;
(¢)Yaghi O. M., Li H. J. Am. Chem. Soc., 1996, 118_295:
{d)Yaghi O. M., Li H., Groy T. L. Inorg. Chem., 1997. 36.
4292;
(e)Tong M. L., Ye B.H.. Cai J., Chen X. M., Ng 5. W.
Inorg. Chem., 1998, 37,2645,
(f)Noro S., Kitagawa S., Kondo M., Seki K. A ngew. Chem,
Int. Ed. Engl., 2000, 39, 2082;
(g)Biradha K., Mondal A., Moulton B., Zaworotko M. J. J.
Chem. Soc. Dalton Trans., 2000, 3837.
[2] (a)Groy T. L., Yaghi O. M. J. Am. Chem. Soc., 1998.
120, 8571;
(b)Li H., Eddaoudi M., Okeeffe M., Yaghi O. M. Nuture.,
1999, 402, 270,
(¢)Li H., Eddaoudi M., Pan L., Ching N., Huang X., Li ].
Inorg. Chem., 2000, 39, 5333:
(d)Pan L., Finkel B. S., Huang X.., Li J. Chem. Comm.,
2001, 105.

Angew.

[3] (a)Etter M. C. Acc. Chem. Res., 1990, 23, 120;
(b) Aakersy C. B., Seddon K. R. Chem. Soc. Rer.. 1993,
397,
(c)Braga D., Grepioni F., Desiraju G. R. Chem. Rev..

1998, 98, 1375;
(d)Braga D., Grepioni F. Acc. Chem. Res., 2000, 33, 601.

[4] Chen C. H., Cai J., Feng X. L., Chen X. M. Polvhedron,
2002, 21, 689,

(5] Blessing R. Acta Cryst., 1995, A51, 33.

[6] Bruker AXS, SHELXTL,
Madison, W1, USA, 1998.

[7] Sheldrick G. M. SHELX-97,
Structure Solution and Refinement, Gottingen University .
Germany, 1997.

(8] (a)Cai J., Chen C. H., liao C.Z.. Yao J. H., Hu X. P.,
Chen X. M. J. Chem. Soc. Trans., 2001,
1137,

(b)Cai J., Chen C. H., Feng X. L., Chen X. M. J. Chem.
Soc. Dalton. Trans., 2001, 2370.

Kozlevear B., Leban 1., Turel 1., Segedin P.. Petric M.,

Pohleven F.. White A. J. P., Williams D. J., Sieler J.

Polyledron, 1999, 18, 755.

[10]Emsley H., Reze N. M., Dawes H. M., Hursthouse M. B. J
Chem. Soc. Dalton. Trans., 1986, 313.

Version 5.1, Bruker AXS.

Program for X-ray Crystal

Dalton.

=]


http://www.cqvip.com

