D000 http://iwww.cqvip.com|

# x 1k # ¥ i) Vol. 19, No. 1
1 A CHINESE JOURNAL OF INORGANIC CHEMISTRY Jan.,2003

4 —

2003

H BB AL FER R
& [Ni(cyclam) (1, 5nds) | - 1/3H.0 (1) %A
[Co(cyclam) (H20).] (1, 5nds) * 2H.0 (2)HIE M5 &M

By MHE Atk
(Pl K FAFH TR, M 510275)

EMTHEIMMHIESBRBRRAESY, HiET X- HRATH ARG IWHITHEWRI, L8P INi(cyclam) (1, 5nds) ]
< 1/3H0 (1) LA P2(1)/c SIRIBES &, SIS HEN a=8.583(5), b5=10.533(6), ¢=12.946(7) A, B=92.433(9)°%
[Ni(cyclam) ] ** SR MHBRERAB AL, NTIHERT —HMERY . [Ni(cyclam)] > 5#HBEHZ EEREES 0.5 -
0--H-N ES&@i# —HBMR . L& 9[Colcyclam) (H:0)21(1, 5nds) « 2H,0 (2) LAPT 75 (M BE L% &, SaEBEH o =8. 738(5),
5=9.324(5), ¢ =10. 118(5}A, a =81.382(8), B=64.868(8), y=62.999(8)°, ZEZALE Y+, MEBEAKA S Co>* B RA M
B MRUTFEETHEAREFRSEBTREAER. A THEFN =S5,

KA (1)) $#H(m [RoRia= 1,5- BE_#EREF o
HES: 0614. 81

Coordination Chemistry of Arenedisulfonate
Syntheses and Crystal Structures of [Ni(cyclam)(1,5nds)] - 1/3H:0 (1)
and [Co{(cyclam) (H;0):](1, 5nds) - 2H,O (2)

CAI Ji-Wen™ CHEN Cai-Hong ZHOU Jin-Sen
( School of Chemistry and Chemical Engineering, Sun Yat-Sen ( Zhongshar) University, Guangzhou 510275)

Two novel divalent transition metal disulfonates were synthesized and characterized by X-ray single crystal
diffraction. [Ni(cyclam) (1, 5nds)] * 1/3H.0 (1) crystallized in space group P2(1) / ¢ with unit cell parameters
a=8.583(5), 5=10.533(6), c=12.946(7) A, and B=92.433(9)°. The Ni** center is coordinated by the
cyclam ligand and two sulfonate groups. The interactions between [Ni(cyclam)] 2* and the sulfonates are further
enhanced by multiple hydrogen bonds of type 0:S - O--H - N. [Co(cyclam) (H20).] (1, 5nds) * 2H.0 (2) crys-
tallized in space group P1 with unit cell parameters a =8. 738(5), 6=9.324(5), ¢=10.118(5)A, «=81.382
(8), B=064.868(8), and y = 62.999(8)°. The sulfonate groups do not have any direct contact with the Co?*
center, instead, they form second sphere coordination with Ni** via hydrogen bonds and extend the structure into a
3-D network. CCDC: 194341, 194342.
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0 Introduction

We have been investigating the coordination
behavior of sulfonate anions with metal cations, espe-
cially the coordination behavior of arenedisulfonate
anions toward divalent transition metal cations includ-
ing Cu?+!'l, Ni**[! and Cd?+"! .

together with others!*), have revealed that the sulfonate

Our primary results,

group, as a weak Lewis base, shows weak coordination
strength with divalent transition metal cations, in
comparison with phosphonate, its structural analog.
Most of the transition metal sulfonates obtained from
aqueous solution are aqua-metal sulfonate salts. Nev-
ertheless, after introducing other organic ligands as
auxiliaries to the metal centers, sulfonate anions can
compete with water molecules and coordinate with

121 This observation indicates that the

transition metals
coordination strength of metal cation with sulfonate
anion is tunable. Moreover, the sulfonate group shows
more variant and flexible coordination modes than
phosphonate, which warrants further investigation from
both the coordination and structural points of view.

Herein, as part of the on-going research interest,

we report the solid state structures of two novel metal
sulfonates with 1, 4, 8, 1l-tetraazacyclotetradecane
(cyclam) ligand, namely [Ni(cyclam) (1, 5nds)] -
1/3H.0 (1) and [Co(cyclam) (H20) ] (1, 5nds) -
2H,0 (2) (1, 5nds = 1, 5-naphthalenedisulfonate an-

ion).
1 Experimental

All materials were commercially available and
used as received.

Compounds 1 and 2 were obtained according to the
procedures described previously to produce the Cu®*

analogue!?!.
2 Crystallographic Studies

Experimental details of the X-ray analyses are
provided in Table 1. All diffraction data were collected
on a Bruker Smart 1000 CCD diffractometer with grap-
hite monochromated Mo Ka radiation ( A =0. 710734)
at room temperature. Absorption corrections were ap-
plied by SADABS!!

direct

The structures were solved by

methods and refined wusing full-matrix

least-squares / difference  Fourier techniques using

Table 1 Crystal Data and Structure Refinement for Compounds 1-2

compound 1 2

formula C20Hao 66N4NiOs 23S C20H38CoN401S;
formula weight 551. 26 617.59

crystal class monoclinic triclinic

space group P2(1)/¢ P

a/A 8.583(5) 8.738(5)
5/4 10. 533(6) 9.324(5)
c/A 12. 946(7) 10. 118(5)
a/(°) 920 81.382(8)
B/ {(°) 92.433(9) 64. 868(8)

v/ (°) 90 62.999(8)
v/R 1169. 4(11) 664.0(6)

Z 2 1

density (cale. ) /(g * em~?) 1. 566 1. 544
absorption coefficient/mm ' 1. 055 0. 863

F(000) 579 325

0 range for data collection/ (°) 2.37 to 26. 37 2.23t0 27.18
reflections collected /unique 6583 / 2312 4374 / 2794
observed reflections (/> 2a(7)) 1995 2448

transmission factors

data / restraints / parameters
goodness of fit

R(F); Re(F) (I>20(1D))

0.7784 ~0. 6657
2312 /0 / 155
0. 995

0. 0266, 0. 0697

0.8814 ~0.7295
2794 /0 7/ 171
1.218

0. 0439, 0.1037
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SHELXTL!®! All non-hydrogen atoms were refined two 1, 5nds anions occupied the axial positions, with

with anisotropic displacement parameters. After that,
all hydrogen atoms of the ligands were placed at ideal-
ized positions and refined as riding atoms with the rel-
ative 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. Selected bond lengths
and angles were provided in Table 2.

In Complex 1, the occupancy of the crystalline
water molecule was refined and converged to 0. 17,

which was then fixed at the final stage of refinement.
3 Results and Discussion

[Ni(eyclam) (1, 5nds)] - 1/3H.0 (1): It crys-
tallized in the same unit cell and space group as that of

the Cu®* analogue'®' .

The coordination geometry is il-
lustrated in Fig. la. Both the Ni cation and 1, S5nds
anion are located on the crystallographic inversion
centers, while the crystalline water molecules are only
partially occupied. The Ni** center adopted a distorted
octahedral geometry, in which the four N-atoms from

the cyclam ligand trap Ni’* and two SOs~ groups from
g p group

Fig. la Coordination structure of the Ni** center in compound
1, with 30% probability displacement ellipsoids
Only the unique portion is labeled. All H-atoms are

omitted for clarity

distance of Ni-O =2.4573(16) A. It is interesting to
note that the Ni-N distances are 1.9630(17) and
2.1057(19) A, significantly longer than that observed
in [Ni(eyclam) ] (Cl04) -'"}.
bulky SO;~ groups might cause such expansion. The

The approaching of the

interactions between [Ni(cyclam)]?* and 1, 5nds an-
ions are further enhanced by hydrogen bonds formed
between the SO~ O-atoms and the amino H-atoms of
the cyclam ligand (N1---02 =3.052(2) A, N1 - H--
02 = 160.2°% N2---01=2.996(3) A, N2 -H---0l =
163. 0°). Consequently, a 1-dimentional chain is cons-
tructed via weak coordination and hydrogen bonds, as
showed in Fig. 1b. Previously, we have reported the
syntheses and crystal structures of four nickle (I) 1, 5-
naphthalenedisulfonate complexes, namely [Ni(H.0)s]
(1, 5nds), trans-[Ni(en)2(H.0)2](1, 5nds) - 2H,0,
[Ni(tren) (H:0)}2] (1, 5nds) - H.O, and [Ni(dien):]
(1, 5nds) * 2H.0 (where en = ethylenediamine, tren =
tris(2-aminoethyl) amine, dien = diethylenetriam-
ine) "', These compounds and the title compound 1
were obtained using the same procedure. However,
weak coordination interaction is only observed in 1
where the auxiliary ligand is the macrocyclic cyclam.
This observation further supports our previous observa-

tion that the coordination strength of transition metal

cation with sulfonate can be tailored by the nature of

Fig. 1b

1-dimensional chain constructed both by weak

coordination and hydrogen bonds in compound 1

C-H hydrogen atoms are omitted for clarity

Table 2 Selected Bond Lengths(A) and Angles(°)

[Ni(cyclam) (1, Snds)}] » 1/3H.0 (1)

Ni(1)-N(1) 1.9630(17) Ni(1)-N(2) 2.1057(19) Ni(1)-0(3) 2. 4573(16) S(1)-0(2) 1. 4017(17)
S(1)-0(3) 1.4842(16) S(1)-0(1) 1. 4856(17) S(1)-C(6) 1.7416(18)
N(1)-Ni(1)-N(2) 85.43(8) N(1)-Ni(1)-0(3) 89. 03(7) N(2)-Ni(1)-0(3) 88.90(7) S(1)-0(3)-Ni(1) 118.24(9)
[Co(cyclam) (H20).1(1, 5nds) * 2H.0 (2)
Co(1)-0(1W) 1.921(2) Co(1)-N(2) 1. 964(3) Co(1)-N(1) 1.975(3) S(1)-0(3) 1.437(2)
S(1)-0(1) 1. 456(2) S(1)-0(2) 1. 458(3) $(1)-C(3) 1.791(3)
O(1w)-Co(1)-N(2) 89.48(11) O(1w)-Co(1)-N(1) 88.43(11) N(2)-Co(1)-N(1) 93.88(12)
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the amino ligand'*?).

[Co(cyclam) (H20)21(1, Snds) + 2H:0 (2): The
coordination geometry of the complex cation is showed
in Fig. 2a. In this compound, the SO;~ group is not
involved in any direct interaction with Co®*. The Co*
caenter is coordinated octahedrally by four N-atoms of
the cyclam ligand and two water molecules, while the
1, 5nds exists as counter anion. Both the complex
cation and the anion are located on the crystallographic
inversion centers. The Co-N distances are 1.964(3)
and 1.975(3) A, in agreement with that of the
reported [Co(cyclam) (H.0) R] (ClO4) 2(R =Et'*! or
COCH:'®") . However, the bond length between the
Co** and water molecule, Co-Ow =1.921(2)A, is sig-
nificantly shorter than that observed in the above ana-
logues, which are around 2. 2A. As far as we are aware,
structure of the complex cation [ Co{cyclam)(H20)2}*"

has never been reported before.

Fig. 2a Compound 2, with 30% probability displacement
ellipsoids

(\)’liy the unique portion is labeled

As shown in Fig. 2b, the 1,

second sphere coordination with Ni** via hydrogen

Snds anions form

bonds and result in well-ordered cation-anion arrange-
ment. All of the SO;~ O-atoms and the amino H-atoms
are involved in hydrogen bonds with each other, re-
sulting extended 3-dimensional structures (NI1---03#
1=2.913(4) A, N1-H---03#1 =135. 14; N2---02#
2=3.079(4) A, N2 - H---02#2 =149, 7A; N2---01#
2=3.361(4) A, N2 -H---01#2 = 142. 94, symmetry
codes #1: y—1, z; #2:

x+1, -x+2, —y+1,

- z+1) . The crystalline water molecules fill in the
gapes formed by the two SO;~ groups and two complex
cations, anchored by forming hydrogen bonds with the
SO;~ O-atoms (02w--02=2.788(4) A, O2w-H--

02 =174. 4°), as showed in Fig. 2c.

Fig. 2b  2-D net formed by hydrogen bonds in compound 2
The C-H hydrogen atoms and crystalline water

molecules are omitted for clarity

Fig. 2c Packing arrangement of compound 2 along the & axis

Note the channels constructed along the b axis are

filled by water molecules

In summary, the structures of compounds 1 and 2,
together with the results published previously''!, reveal
that the coordination strength of Ni’* with the 1, 5nds
anion can be enhanced by the introduction of the
macrocyclic cyclam ligand. Also, the 1, 5nds anion
shows the weakest coordination strength with Co’**, in
comparison with other investigated divalent transition

metals such as Ni**, Cu®’* and Cd**!"'-3\.
4 Supplementary Material

Crystallographic data for the structural analysis
have been deposited with the Cambridge Crystallo-
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FHE: FE RO AFET RS [Ni(eyclam) (1, 5nds) ] - 1/3H.0 (1) .85 -
F1[ Co{cyclam) (H20),]1(1, 5nds) * 2H.0 Q)M EBSEH

graphic Data Centre, CCDC Nos. 194341 and 194342
for compounds 1 and 2, respectively. Copies of this
information can be obtained free of charge from
the director, CCDC, 12 Union Road, Cambridge, CB2
1EZ, UK(fax: +44-1223-336033; E-mail: deposit@
cede. cam. ac. uk or www: http/ /www. ccde. cam. ac.

uk).
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