H P A T Vol.22 No.7
2T A CHINESE JOURNAL OF INORGANIC CHEMISTRY Jul., 2006

“WHEEIR— 4',5'-—&/-9'-(4,5- (M 2 H)-1,3-ZFR LI
IXV&-2-M L iE)- I SR A B S R LR

AEE KR F K FT ATH
(FMKFRFHLERE LA EANEREEERE, HM 215000)
(HFRXFRELFEARELEZRE EF 210093)

EE . CA(NO,),-4H,0 S 47,5 - " 5-9'-(4,5- (W £ 3E)-1,3- T 4% R IG5 -2- I 57 - 25 (L) 76 F I — &0 e A TR 4 ) o
A LA CA(NO3)y (L), fH AR 1925 AT S Phen(#60), SR 24 S 4053 il a=1.578 7(2) nm,5=0.98796(11) nm,c=2.719 5(3) nm, V=
4.2416(8) nm*, Z=4, 2 MEIRR B 748244k 1 AN ERE T2 AN B L A48 2 MR T B T 6 T 4544 . aEaflfi?*’f’Jiﬁ“
53 F38 i 1 22 T ) ar-ar A G AR VS b B SRR GE R, B i O R T A (DR e 07 3 1298 2k 2R 4, P aE
AR EE E R RS S-S HE Al — B T = 4L . X3 'H NMR \UV-Vis FHEGGIE AT T 05T,

KR A2 WA IR o> 7RI T AER
HES LS 0614.242 EARIRAD; A XEHE . 1001-4861(2006)07-1170-05

Synthesis and Crystal Structure of a Cadmium Complex
with 4',5'-diaza-9’-(4,5-bis(ethylthio)-1,3-dithiole-2-ylidene)-fluorene

ZHU Qin-Yu ZHANG Yong DAI Jie* HUAN Xue-Feng

(College of Chemistry and Chemical Engineering, Suzhou University, Key Laboratory of
Organic Synthesis of Jiangsu Province, Suzhou, Jiangsu 215006)
(State Key Laboratory of Coordination Chemisiry, Nanjing University, Nanjing 210093)

Abstract: Reaction of Cd(NO,),-4H,0 with 4',5'-diaza-9'-(4,5-bis(ethylthio)-1,3-dithiole-2-ylidene)-fluorene (L) in
a mixture of methanol and dichloromethane forms a coordination compound Cd(NO;),(L),. The crystal is in
orthorhombic space group Phen(#60) with crystallographic parameters a=1.578 7(2) nm, 6=0.987 96(11) nm, c¢=
2.719 5(3) nm, V=4.2416(8) nm’ and Z=4. The coordination sphere of Cd(Il) is satisfied by coordination of two
oxygen atoms from two nitrate ions and four nitrogen atoms from two ligands L. Crystal structure shows that the
molecules are stacked via plane to plane 77-7 interactions forming columns along the b axis. These columns are
linked to form two-dimensional layer structure by the coordination connection of the center atom Cd(Il). There are
very short S---S contact (0.329 7 nm) between two ethylthio sulfur atoms, so that a three-dimensional structure is
further completed. '"H NMR, UV-Vis and fluorescent spectra of the title compound were studied. CCDC: 283826.
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Building new supramolecular architectures as- greal interests in recent years!'™. These intermolecular

sembled by intermolecular interactions has been of interactions such as S-+-S contacts play an important
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part in supramolecular chemistry In sulfur-rich

compounds, such as tetrathiafulvalene (TTF) and its
derivatives"*~2 and 4,5-disulfanyl-1,3-dithio-2-thion-
ate (dmit) complexes [M(C5Ss),]"" ¢, short S-:+S con-
tacts are found to be one of the most important con-
tributors to their physical properties. Recently we be-
came interested in ligands 4’5" -diaza-9' -(4,5-disub-
(Scheme 1).

The ligands contain not only an electron donor dithi-

stituted-1,3-dithiole-2-ylidene)-fluorenes

ole part but also a m-electron acceptor diimine part.
Some transition metal complexes of the ligands have
been synthesized and characterized crystallographical-
ly
stabilized by inter ligand 7 --- 7 stacking.

3-11 The crystal structures of these compounds are

In this
manuscript, we present the synthesis and crystal
structure of a Cd(Il) complex with this type ligand L
(R=Et). The title cadmium(Il) complex displays a three
dimensional framework via tail to tail S---S contact
and 77---7r stacking. Therefore the compound is a new

cadmium complex with unique intermolecular interac-

tions.

R=Me
R=Et

Scheme 1

1 Experimental

1.1  General comments

The reagents, 4,5-diazafluorene-9-one was pre-
pared following the method of Henderson and cowork-
ers!"™; 4,5-bis(ethylthio)-1,3-dithiole-2-thione was pre-
pared according to the literatures'™. The ligand L. was
synthesized using a modified method reported by
Sako™. Elemental analyses of C, H and N were per-
formed using a MOD 1106 elemental analyzer. IR
spectra were recorded as KBr pellets on a Nicolet
Magna 550 FTIR spectrometer. 'H NMR and Fluores-
cence specltra were measured by UNITYNOVA-400

and F-2500 spectrophotometers, respectively.

1.2 Preparation of the title crystal

The crystal of the title compound was prepared
as follows. To a methanol solution (1 mL) of Cd(NO5)-
4H,0 (0.01 mmol, 3.08 mg) was slowly dropped
dichloromethane solution (3 mL) of the ligand L (0.02
mmol, 7.6 mg). The mixture was stirred for 30 min at
room temperature and then filtered.  Then some
methanol solvent was gently layered to the filtrate which
was sealed in bottles and laid undisturbed about several
months at room temperature. The orange single crystals
suitable for X-ray diffraction were obtained. Elemental
analysis caled. (%) for CiH;,CAdNOSs: C, 42.66; H,
3.18; N, 8.29. Found(%): C, 42.46; H, 3.10; N, 8.11.
Important IR data: 1538(s), 1 478(s), 1 384(m), 1 349
(w), 1295(m), 1 174(m), 866(m), 806(m), 761(m), 741
(m) em™.
1.3 Crystal structure determination

An orange crystal of C3;H»CdNgOeSg with dimen-
sion of 0.10 mm x 0.35 mm X 0.25 mm was selected
for the structural analysis. The data were collected on
a Rigaku Mercury CCD area detector with graphite
monochromatized Mo Ka radiation, at a temperature of
-80 + 1 C to a maximum 26 value of 55.0°. Total
4 852 reflections were collected using @ scan mode, in
which 352 were in the range of I>20°(l). An empirical
absorption correction was applied. The structure was
solved by direct method using SHELXS-97%" and re-
fined using SHELXL-97™.
were refined anisotropically. Hydrogen atoms were re-
The final
cycle of full-matrix least-squares refinement on F* was
based on 2451 observed reflections and 274 variable
parameters. Due to the anions are disordered.

CCDC: 283826.

The non-hydrogen atoms

fined isotropically using the riding model.

2 Results and discussion

2.1 Crystal structure

The relevant crystallographic data for the com-
plex and details of data collection list in Table 1. The
selected bond lengths and bond angles are shown in
Table 2 and 3 respectively. The X-ray crystal struc-
ture of the title compound is shown in Fig.1.

The compound crystallizes in orthorhombic sys-
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Table 1 Crystallographic data for the complex

Formula C36H3CdAN¢O6Ss V / nm? 4.241 6(8)

Formula weight 1 013.58 A 4

Crystal size / mm 0.10 x 0.35 x 0.25 Doy | (Mg-m™) 1.587

Crystal system Orthorhombic F(000) 2 056

Space group Phen (#60) 20,/ (°) 55

a/ nm 1.578 7(2) No. of ref. measured 352

b/ nm 0.987 96(11) No. of unique 4 852

¢/ nm 2.719 5(3) No. of reflections [I>3.00(I)] 2 451

al(°) 90 Goodness-of-fit (S) 1.040

B/ 90 R, 0.073

v 1) 90 wR, 0.143

Table 2 Selected bond lengths (nm)
Cd(1)-0(1) 0.228(1) C(4)-C(5) 0.141(1) C(13)-C(14) 0.133(1)
Cd(1)-N(1) 0.243 1(7) C4)-C(11) 0.146(1) S(1)-C(12) 0.173 4(9)
Cd(1)-N(2) 0.242 4(7) C(5)-C(10) 0.144(1) S(1)-C(13) 0.178(1)
N(1)-C(1) 0.134(1) C(6)-C(7) 0.138(1) S(2)-C(12) 0.174 6(9)
N(1)-C(5) 0.133(1) C(7)-C(8) 0.140(1) S(2)-C(14) 0.175 3(9)
N2-C(6) 0.135(1) C(8)-C(9) 0.140(1) S(3)-C(13) 0.176 3(9)
N(2)-C(10) 0.133(1) C(9)-C(10) 0.141(1) S(3)-C(15) 0.177(2)
C(1)-C2) 0.140(2) C(9)-C(11) 0.147(1) S(4)-C(14) 0.174(1)
C(2)-C(3) 0.139(1) C(11)-C(12) 0.139(1) S()-C(17) 0.179(1)
C(3)-C(4) 0.138(1)
Table 3 Selected bond angles (°)

N(1)-Cd(1)-N(1y 81.3(2) C(1)-N(1)-Cd(1) 136.2(6) C(5)-C(4)-C(11) 107.7(7)
N(1)-Cd(1)-N(2) 74.4(2) C(1)-N(1)-C(5) 115.2(8) C(11)-C(4)-C(3) 136.0(8)
N(1)-Cd(1)-N(2) 80.9(2) C(5)-N(1)-Cd(1) 108.5(5) C(10)-C(5)-N(1) 124.2(8)

N(1)1)-Cd(1)-N(2) 80.9(2) C(6)-N(2)-Cd(1) 137.1(6) C(10)-C(5)-C(4) 109.1(7)
N(1)1)-Cd(1)-N(2)' 74.4(2) C(10)-N(2)-Cd(1) 108.5(5) C(7)-C(6)-N(2) 124.1(8)

N(2)-Cd(1)-N(2)' 147.3(2) C(6)-N(2)-C(10) 114.3(7) C(8)-C(7)-C(6) 120.3(8)
C(12)-8(1)-C(13) 95.7(4) C(2)-C(1)-N(1) 123.509) C(9)-C(8)-C(7) 117.5@8)

C(12)-8(2)-C(14) 96.9(4) C(3)-C(2)-C(1) 119.19) C(10)-C(9)-C(11) 108.2(7)

C(13)-8(3)-C(15) 102.8(7) C4)-C(3)-C(2) 119.009) C(10)-C(9)-C(8) 116.6(8)

C(14)-8(4)-C(17) 102.4(5) C(5)-C(4)-C(3) 116.2(8) C(11)-C(9)-C(8) 135.2(8)

1-x, v, %—z.

tem with four complex molecules in a unit cell. In the
crystal structure, the coordination environment around
the cadmium(Il) center is a distorted octahedral geom-
etry. The Cd(I) ion is coordinated by four nitrogens
from two chelating ligands and the two cis oxygen
The mean deviation
(0.008 42

nm). The dihedral angles between least-squares planes

of the two ligands is 86.443°.

atoms from two nitrate anions.

from plane of the two ligands is the same

The bond distances Cd(1)-N(1) (0.243 1 nm) and
Cd (1)-N(2) (0.242 4 nm),
[Cd (bipy)>(NO3),] (bipy=2,2"-bipyridyl)*, which is a
Cd(Il) nitrate compound showing a coordination envi-
ronment resembling the title one. But the bond dis-
tances of the Cd(1)-O(1) (0.228(1) nm) are shorter
than those of [Cd(bipy),(NO3),], in which the distances
Cd(2)-0(13) and Cd(2)-0(14) are 0.243 5(9) nm and
0.241(1) nm, respectively. Perhaps it is due to some

are similar to those of
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Fig.1 An ORTEP view of the title compound with the
atomic labeling scheme, showing 15% probability

displacement ellipsoids
weak interaction with a second oxygen of each nitra-
te group (Cd(2)-0(33), 0.262(1) nm; Cd(2)-0 (34),
0.269(1) nm) tending to weaken the Cd-O in the latter
complex®. The bond angles N(1)-Cd(1)-N(2) (74.4(2)°)
and C(10)-C(5)-N(1) (124.2(8)°) are also larger than
those of [Cd(bipy),(NO;),] which are 69.8(4)° and 120°.
The crystal is stabilized by inter ligand 7 --- 7
stacking. The ligand planes from two different sym-
metrical molecules are alternately arranged with C---C
(0.3391 nm) and C---S (0.340 0 nm)
forming 1D ligand-columns along the b axis (Fig.2). In

Interactions

Fig.2, A and B represent ligands orientated in differ-
ent directions and those molecules are further inter-
acted with others in the same manner discribed above
(1D ligand-columns). By the metal coordination link-
age these -+-7r assembled ligand-columns form a 2D
structure paralleling with {001} plane. The short S---S
contacts of 0.329 7 nm occur between two ethylthio
sulfur atoms of the neighboring layers, which is signif-
icantly shorter than the sum of the van der Walls radii
of two S atoms (0.370 nm). This indicates that there are
strong interactions between two neighboring layers,
which gives rise to a three-dimensional network. In
general, S-+-S contacts are in the range 0.335~0.370 nm
in the crystals of sulfur-rich compounds and the con-
tacts with distances below 0.330 nm are rarely found.
An example of an unusually short contact is an organic
compound with a S---S distance of 0.325 1 nm™. An-
other example having an unusually short contact is
[Cugly(CsH,S5),]™Y, in which the S-S contact (0.325 7
nm) is between thioether and thiocarbonyl sulfur

atoms (head to tail), while in the present case, the

contacts occur between two thioethyl sulfur atoms (tail
to tail).

A

C+++50.340 0 nm

X
\

N\

503391 nm

/
\

X

N

Fig2 Schematic view of the molecular packing and
intermolecular interactions
2.2 Spectral characterization
2.2.1 'H NMR spectra
The '"H NMR spectrum of the title complex in
CDCl; revealed three sets of aromatic hydrogens be-
The doublet signal at 8.38 and
8.06 ppm are assigned to the H at the 3’, 6" and 1,

tween 7.4~8.4 ppm.

8’ ring sites of the fluorene, respectively. The quartet
at 7.45 ppm is assigned to H at the 2’ and 7’ ring
sites. By comparing with the '"H NMR spectrum of the
free ligand, 8.68 (ortho), 8.06 (para) and 7.39 (meta)
ppm for the free ligand, the largest chemical shift is
the signal corresponding to the protons at the 3’ and
6’ ortho-position of the coordinated nitrogen atoms
(A6=0.30 ppm). The general downfield shift can be at-
tributed to the decrease in electron charge density at
the individual carbon nuclei caused by the metal co-
ordination. The H at 3’ and 6’ ring sites show up-field
shift that has been found for the Pd compound with
this type ligand!. Miller and Prince attributed this
shift to a non-bonded hydrogen-metal interaction®*".

2.2.3 UV-Vis and fluorescent spectra

The UV-Vis spectral data of the ligand and the
title complex in dichloromethane were measured. The
overall spectral feature of the complex is similar to
that of the ligand and no d-d absorption appear due to
the d" electron structure of cadmium(ll). The peak at
418 nm for the free ligand arising from the ligand-

centered transition is red-shifted upon the formation of
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the complex (435 nm).

The fluorescent spectra (Fig.3, A.,=254 nm, in
CH,Cl,) show that the ligand emits strong fluorescence
band at A_,=458 nm,
635 and 655 nm. For the complex, the main fluores-

and two weak peaks at about

cence band shifts to 483 nm. The fluorescence data of
the ligand and the title complex reveal that the energy
level of the excite state S1 falls down when the ligand
coordinates to the metal ion. The change is consistent
with the results found from UV-Vis spectra. The other
peaks with a star in the spectra are not the fluorescent

bands of the ligand or the complex.

50+

40
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1 L
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[\53
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L
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Fig.3 Fluorescence spectra (A.,=254 nm) of the free

ligand (line 1) and the title complex (line 2);

the peaks with a star are assigned to the

solvent (CH,Cl,)

3 Conclusion

In this paper a new cadmium(Il) complex with 4,
5" -diaza-9' -(4,5-bis (ethylthio)-1,3-dithiole-2-ylidene)-
fluorene has been synthesized and characterized by
elemental analyses, IR, 'H NMR, UV-Vis, fluores-
The cad-

mium atom is in a distorted octahedral environment.

cence and X-ray crystal structural analysis.

The Cd(Il) ion is coordinated by two chelating ligands
in cis conformation. The notable feature of the com-
plex is the existence of the short S---S contacts of
0.329 7 nm occurred between two neighboring layers,

which gives rise to a three-dimensional network.
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