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Abstract

New polydentate ligand namely bis(N-carboxylatoethyl)-¢, ¢ -dipyridinium) L was synthesised
from the reaction of ¢,¢ -dipyridine with ethyl chloropropionate. Polymeric complexes of general
formulae [Crv(L)(Nr):]Clv.H+O, Nas[Agr(L)(Nr):].HrO and [Mr~(L)(Nr):].nHO, where (M=
Mn(Il), Fe(ll), Co(I1), Ni(l1), Cu(ll), Zn(I1) and Cd(I1); (where n = Y;Y;V;);+;Y and ), respectively))
are reported. The mode of bonding and overall geometry of the complexes were determined through
physico-chemical and spectroscopic methods. These studies revealed octahedral geometry
complexes. Molecular structure for the complexes has been optimised by CS Chem YD Ultra
Molecular Modelling and Analysis Program and supported a six coordinate geometry.

Keywords: Polymeric complexes; Bridged zido-carboxylato ligands; Bis (N-carboxylatoethyl) ¢,¢"-

dipyridinium); Structural study, theoretical treatment.

Introduction

Coordination polymers chemistry based on
organic-metal framework is an interested hot
topic in the synthetic inorganic chemistry, and
recently a range of these compounds using
different synthetic approaches have been
reported [']. These interested materials shown
a range of applications includes light
harvesting and magnetic properties. The
design and synthesis of magnetic coordination
polymers with peculiar structure and potential
application have become a focus of intense
research activities in the fields of coordination
and material chemistry [Y]. The Kkey to
designing such material is based on the type of
the bridging ligand that can effectively
mediate the magnetic interactions and
construct novel structures [Y]. Several
parameters are influenced the self-assembly of
coordination  polymers. These include:
medium; pH; temperature; the nature of metal
ions; coordination geometry; stereochemistry;
and number of coordination donors provided
by ligands [£¢]. Synthesis and fabrication of
electro-conductive materials has been a great
challenge in coordination polymers [°]. These
polymers show a range of applications and
can be used as optoelectronic devices such
as electroluminescent devices, thin-film
transistors, and solar cells[1]. Metal complexes
with bridging azido moiety have provided

unique structures and magnetic properties.
Furthermore, the carboxylate group can also
efficiently  transmit magnetic  exchange.
Therefore, combining azide and carboxylate
moieties in one system is an interesting
approach for constructing new materials and
modulating  magnetic  behaviours.  The
employment of neutral dicarboxylates as
ligands and/or combining to £¢ -dipyridine
has the potential coordination sites involving
both nitrogen of dipyridine and the carboxylate
oxygen [Y]. It can coordinate in a variety of
coordination modes [A], and provide several
possibilities in  creating  supramolecular
architectures through hydrogen bonds and n- ©
interactions; it has been widely used to
synthesise mononuclear, dinuclear, trinuclear,
and coordination polymeric compounds.

Experimental
Materials and Methods

All reagents were obtained commercially
(Aldrich) and used without further
purification. Solvents used in the synthesis
were distilled from appropriate drying agent
immediately prior to use.

Physical Measurements

Elemental analyses (C, H and N) were
carried out on a Heraeus instrument (Vario
EL). IR spectra were recorded as KBr discs
using a Shimadzu At~ S FTIR
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spectrophotometer  from €+++-¢++  cm™.

Melting points were obtained on a
Electro-thermal Stuart melting point SMP# -
capillary melting point apparatus and are
uncorrected. Electronic spectra were measured
from Y««-)Y«« nm for Y+ M solutions in
DMSO at Ye°C using a Shimadzu YA--
spectrophotometer. 'H- '"C-NMR spectra were
acquired in DMSO-d- solution using a Jeol
¢+« MHz spectrometer with tetramethylsilane
(TMS) as an internal standard for 'H NMR
analysis. Mass spectra for ligand and some
metal complexes were obtained by positive
Electron-Impact (El), accurate Electrospray
(ES) and Matrix Assisted Laser Desorption
lonisation Time of Flight MS (MALDI-
TOF MS) was recorded on a VG autospec
micro mass spectrometer on BRUKER
DALTONICS. The spectra were recorded at
the EPSRC Swansea Mass Spectroscopy
Facility, U.K. Metals were determined using a
Shimadzu (A.A) 1A« G atomic absorption
spectrophotometer. Chloride content was
determined using potentiometer titration
method on a "A-Titrp processor-11eDosimat-
Metrohm Swiss. Conductivity measurements
were made with DMSO solutions using a PW
oY1 digital conductivity meter and room
temperature magnetic moments were measured
with a magnetic susceptibility balance (Johnson
Matthey Catalytic Systems Division).

Synthesis
Preparation of the ligand

The preparation of the ligand was adopted
according to a published method [A] and as
follows:

A solution of ethyl chloropropionate
(Y,Y g, Y+ mmol) was added slowly to a
mixture of ¢,¢-bipyridine (Y g, '+ mmol)
dissolved in acetone (Y mL). The resulting
solution was allowed to reflux for VY h. After
the acetone was removed under reduced
pressure a green residue was left, and then a
mixture of HCI (¢+ mL, °% w/v) was added.
The resulting mixture was heated under reflux
for Y¢ h to give a yellow solution. Removal of
solvent afforded a pale yellow powdery
product; yield (Y,Y¢ g, °A%Z). The product
was then dissolved in (¢+ mL) of water, and
silver (I) oxide (Y, g, *>++1° mmol) was
added, with stirring, to remove chloride ions.
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The white precipitate was filtered off, and
the filtrate was then dried to yield a pale
yellow solid, which was recrystallised
from water/ethanol (V:¢, v/v) to give ligand
(L) as a yellow solid; yield (V,V+ g, €¢7%),
m.p. = Y¢Y °C. '"H NMR data (ppm), on(+*
MHz, DMSO-d-): shows signals at Y,¥)-Y,¥Y
(¢H, t, C , ¥v'-H), This signal is shifted to
upfield due the attachment to electron
withdrawing group, and therefore the (-CHy)
group is shielded and appeared at lower
chemical shift, £,VY-¢,vYY (¢H, t, J=1,A+ Hz,
C r, v -H), This peak is shifted to downfield
due to its attachment to the nitrogen atom,
electron withdrawing group, and therefore the
(-CHy) group is deshielded and appeared at
higher chemical shift, A,7«-AAY  (¢H, d,
J=V,YY, Coovyy), 4V Y-4,0Y (£H, d, J =TLAY,
C 5, a0Y). '"C NMR: shows chemical shift at
¥4,49  (Cr,y), ©°AT% (Cry), YE,AY
(Cops”vvY), VYO XE(Cops’vy), VYEo,ve (C
g6 ,00 ), VOV, (C 1, 17), VYV, (Chy,)). The
positive ES mass spectrum of the ligand
showed the following fragments; ¥+ (¢%) M*,
corresponding to Cy<Hy<NxOs, YoV (YY %) [M-
COy]%, YY4 (WAZ) [M-(COv+CHrCHy)]*, YoV
(V++7%) [M-(-(COv+CHyCHy+CHYCHyCOv)]",
respectively.

General synthesis of polymeric complexes
with ligand

A mixture of metal chloride (+,¢% mmol)
(O, v e Y ) A T
“YVand +,+Ag), L(+>¢3 mmol) (+,)° g), and
NaNr (+,%% mmol) (+,+1¢ g) in water/ethanol
(¢+ mL, £ v/v) was stirred for Y+ min at
room temperature, then the mixture was
refluxed for Y+ min. Slow evaporation of the
solution at room temperature yielded green
crystals of Cr(l1l) complex within two weeks,
washed with (¢ mL) of diethyl ether, and then
dried under vaccu. Yield: (+,Ydvg, 1A%).
Elemental analysis data, colours, and yields for
the complexes are given in Table (V).
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Table (1)
Colours, yields, elemental analyses, and molar conductance values.
Formula Colour M.P M.W Yield Micro analysis found (calc)%
°C | gmole”’ | % C H N Metal Cl
Dec YV, AA Y,A) YA, YR VE,1Y Ye,00
CrsHWCHCrNYO: | Green | ol | 00T ] WA v iay | vvey | raste) | ey | (v
Pale Dec YV ¥4 YY) YA,
CyiHr.Mn:N:O- brown | ryv | &Y " (FVLYA) | (YA | (9),AY) | (VA% L
HoFerN B Dec | o4, A vy, v YAt YYA YA,QA s
CrHhFeN) <O FOWR 1 v« o YY) |y | vva) | Ay ’
Dec YA, VY
Cy:HyACoxN,:O- Blue Y4 TeE,VY A - - - (\‘\,o\) Ve
_ Dec YA Y,a0 ¥Y,EA V4,0¢
Cy:HyaNit+Ny:O- Green vy T.Y,vA4 A (Y‘\,/\Y’) (‘.’“) (Y‘\‘,i/\) (\‘\,ii) Y, ¥
DeC | a0 n | ve ¥Y, 10 Y,on YY,av YV, Y \ e
Cy<H)<CuxN,:O« Green Yo ) (Y‘Y,\‘\’) (\‘,\/\) (Y‘\‘,‘\\‘) (Y\,Y‘i) )
pale Dec Y .
Cy:H1+ZnsNy:O- yellow Yoy RSN YA - - - (Y\,\ﬂ) Y'Y
. Dec Yy
Cy<H\ACd¥Ny:Os White v\ 9q AARFARS 1A - - - GED) XA
i VAT | VEANY Ty YV,AY £y
Ci=H aNarAgrNy:O- | White ) - - - (YAAL) °

(calc) = calculated; Dec = decomposed.

Molecular modelling

YD molecular modelling of the proposed
structure of the complexes was performed
using CS Chem YD Ultra Molecular Modelling
and Analysis Program [4]. It is an interactive
graphics program that allows rapid structure
building, geometry  optimization  with
minimum energy and molecular display. It is
well known program and has the ability to
handle transition metal complexes [)+]. The
correct stereochemistry was assured through
the manipulation and modification of the
molecular coordinates to obtain reasonable
low energy molecular geometries.

Results and Discussion
Chemistry

The reaction of ¢,¢ -dipyridine with ethyl
chloropropionate in mole ratio of ):Y gave the

multidentate carboxylate ligands  bis(N-
carboxylatoethyl)-£, ¢ -dipyridinium) L, in
moderate yield (Scheme V). The ligand
was characterised by elemental analysis

(Table (1)), IR (Table Y), UV-Vis (Table (V))
spectroscopy. The neutral and di-electrolyte
complexes of the general formula
[Crv(L)(Nr)¢]CIx.H+O, Nar[Agr(L)(Nr):].HO
and [Mx(L)(Nr):].nHxO (where M = Mn, Fe,
Co, Ni, Cu, Zn and Cd, n= +,),Y); were

obtained (Scheme (V)). The complexes are air-
stable solids, soluble only in DMSO, and not
soluble in other common organic solvents. The
coordination geometries of the complexes
were deduced from their spectra. The
analytical data Table (1) agree well with the
suggested formula. Conductivity measurements
of the Cr(1ll) and Ag(l) mixed complexes lie
in the YY,¢) and YA,¢1 cm'Q" mol” range,
indicating their V:Y electrolytic behaviour, but
non-electrolyte for other complexes [))]
Table (V).
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Where M= Cr'" Mn", Fe! co", Ni", cu",
zn", Cd", and Ag'.

Scheme (1!) Synthesis route of ligand and the
proposed polymeric complexes.

NMR and IR Spectra

The NMR spectra of the ligand were
consistent with the proposed structural
formulae (see Experimental section). '"H NMR
spectrum of the ligad (Figure ) shows signals
at Y,")-Y,¥Y (¢H, t, C v, v -H). This signal is
appeared at up field due the attachment to
electron withdrawing group, and therefore the
(-CHpy) group is shielded and appeared at lower
chemical shift. Chemical shift equivalent to
¢ protons at ¢,Y)-£,VY assigned to C v, v -H.
This peak is shifted to downfield due to its
attachment to the nitrogen atom, electron
withdrawing group, and therefore the (-CHy)
group is deshielded and appeared at higher
chemical shift. The important infrared bands
for the ligands and their complexes together
with their assignments are listed in Table (Y).
The IR spectrum of the ligand shows
characteristic bands at 1YY and )¢oA
assigned for s(COO) and vs(COO),
respectively [YY]. Bands at Ye4Y and YeVA cm’
" are due to the v(C=N) and v(C=C) [Y¢],
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respectively. The IR spectra of the complexes
exhibited ligand bands with the appropriate
shifts and the M-O and M-N frequencies due
to complex formation Table (Y). The IR
spectra of the polymeric complexes display the
vas(COO) stretching bands around Y7+ Y-)1YA
cm™ and vs(COO) stretching bands around
Yéa-

V1Y cm”, respectively. These bands were
shifted to lower frequency compared with that
in the free ligand, except for Ag(l) which
shifted to higher frequency.

This can be attributed to delocalisation of
metal electron density (tr) to the m-system of
the ligand ['Y]. The difference between
vas(COO) and vs(COOQ) is characteristic for a
bidentate coordination mode in which the
carboxylato moiety adopts the syn-syn
orientation except Ag (I) complex the
carboxylato moiety adopts syn-anti mode [ Y].
The strong new bands located at Y:¢)-
YVY¢ em' and YYYA-YY14 em' were
attributed to vas(N+) and vs(Nr), respectively
[Y¢]. The six coordination is referred to the
coordination of four azide group as N(u)s")
fashion and the oxygen of carboxylate
moieties to the metal atoms ['°]. At lower
frequency the complexes exhibited bands
around £ +1-¢A1 cm™ may be assigned to v(M-
N), while the band at £9A-
sAY cm™' can be assigned to v(M-O) for the
complexes [Y1]. The appearance of v(M-0) at
frequency higher than that of v(M-N) due to
the larger dipole moment change for M-O
compared to M-N, the v(M-0) usually
appears at higher frequency than the v(M-N)
band [ V].
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Table (1)
IR frequencies (cm~') of the compounds.
Coonglex v R [ vCH: [+ 10 YLOOO [ vO=N [wCOO0| 30-H| vH.[ vC-H | M-0 | +vW-H [ fea¥)
L 2851 1622 | 57 | 1458 1215 7
[CoLoH L CLH.O | #18 | 22 | 21H Taa0 | 565 | 1420 | D535 | 1523 145 | =6 | 424 2m
A6z 62 | 0
[ Lo, 2H.0 | 327 | 2000 | 2068 1600 | 1572 | 1418 | 1522 | 1333 1;3 | 205 | 419 191
Wl | 434
eI EER ENEE 1617 | 1610|1400 | 1960 | 146 125 | =6 | 406 | 217
w3 | 436
[CofLYH)]H:0 | 3404 | 2004 [ 20 1607 | 1570 (1416 | 133 | 12 1221 | M6 |49 [ 191
65 | 457
RiLIH ] Ho0 340 | 2899 | 2091 185 | 1636|1416 | 1522 | 1944 1235 | #98 | 452 | 18
206 63
[Cu L I3 ] 34T | 2809 | 241 1628 | L5e: |1412 | %85 | 1%0] 125 | @1 | #0 | 216
=1 | 474
574
[Eu LI, HO | 3416 | 2846 | 2085 1611 | L5as |1416 | 1#91 | 144 1210 | =36 | 422 | 193
W67 | 486
[CALAH)JH.O | 3418 | 2833 | 2060 181 | 1632|1418 | 157 | 1%20] 1221 | @0 | &4 | 123
65 | 463
T gLt B0 | 545 | 2ead | 245 &8 | L5os |62 | 1%z | 1% 12w | W1 | #18 | 166
Br | 483

Mass Spectra

The mass spectrum of the ligand was
consistent with the proposed structural
formulae (see Experimental section). The
positive ion MALDI mass spectra for several
complexes were reported. The mass spectrum
of [Cox(L)(Nr):].HvO showed several peaks
corresponding to successive fragmentation of
the molecule. The complex showed peak at
m/z 1+ £,A1 (YZ) (M)* represents the molecular
ion peak of the complex. Other distinct peaks
were observed in the mass spectrum at m/z
EEE,VY(07), YANY (Vo) Yov,ni (oY),
YY1,0e (VeaZ), YAE,T (o7) and Y+ Y01 (YY)
can be assigned to the
(M-(YNy+YCO+CH:+N+H:))",
(M-(YN++YCO+CH:+N+H:+CN)*,
(M-(YNy+YCO+CH:+NyH:+YCN+C+H:)* and
(M-(YNy+YCO+CH:+NvH:+YCN+C+H:0)",
(M-(YNx+YCO +CH:+NrH: +YCN+ CrH:O+
C\‘HY+CN)+,
(M-(YNy+YCO+CH:+NvH:+YCN+
CrH:O+CyHy+CN+N:+CN)* fragments,
respectively. The spectrum of [Zn+(L)(N+):].H<O,
displayed peak at m/z = 1\V,o¥ (M) * (V%)
represents the molecular ion peak of the
complex. Other distinct peaks were observed

in the mass spectrum at m/z ©£2,¢Y (Y %),
£40,00 (T 00), YYY,9A (A 0%), YY4,:4 (Y¢ %),

YAANA (8Y7) and YoV, YA (V++7) can be

assigned to the (M-(Nv+NvQ))*, (M-
(YNy+CO+CH+CHvY)*,  (M-(CH+CHy+COx)*
and (M-(YCN+YCH=CH))*,

(M-(YCN+YCH=CH+C+H-))* and
(M-(YCN+YCH=CH+CrHs+N-OH))*

fragments, respectively. These results are
similar to those of analogous complexes

reported earlier by others [YA].

Electronic spectra and magnetic moment
measurements

The UV-Vis spectrum of L (Fig.(V))
exhibits a high intense absorption peak at
YV4 nm, assigned to the overlapping peaks of
n > n and n —» 7w ['%]. The electronic
spectrum of the Cr(l1l) complex shows a high
intense peaks at Y1¥ nm due to intra-ligand.
The low intense peaks at Vo1 and £€1Y nm
were attributed to the ‘Avg—‘T+g® (w) and
‘Arg—‘Tg® (v) transitions, respectively.
These bands attributed to the spin allowed d-d
transitions, indicating an octahedral geometry
around the Cr(IIl) atom [Y+]. The electronic
spectrum of the Mn(ll) complex shows three
peaks at YA nm due to intra-ligand, Y1Y nm
due to charge transfer and 1 ¢Y nm assigned to
"Avg— Trg© transition [Y)]. Electronic data
of other complexes displayed peaks



confirming octahedral geometries around
metal atoms Table (¥). The d'* complexes
exhibited bands at Y11, Yie and Y1¢ nm,
respectively which assigned to the ligand field
for zn(I1), Cd(ll) and Ag(l) complexes,
respectively. The room temperature magnetic
moments of the complexes are reported
in Table (¥). Complexes show magnetic
moments in the range +,Y3-Y,:¥Y BM. The
very low observed moments are allowed us to
conclude safely that the complexes are
antiferromagnetic [YY].

Riyadh M. Ahmed

Table ()
Magnetic moment, u.v-vis spectral data in DMSO solutions and total minimisation energy.

<BM Band Wave Extinction Total
Compound ’:r atom Position | number coefficient Assighment energy
P Anm (cm- y) Emax (dm "ol em’ ,) Kcal/mol
L - Yva YoALY Yoit n_)n*and n*_)n* VYA Y08
Yar FALYY \WAS iAIntra-[[Ig_]and
[Cr(L)(N-):]Cl.H:O | Y.t v | vy ¢ a2 RIS IETYWRIS
vel VYYYA \ Agh =Ty
(w)
YA Yy Y Yyo. |ntra_|igand
[Mns(L)(Nr):].YH:O \os Y YVYe Y CT Y£9,YVVT
ey yoooY ) Avg—Thg©
YVY Ve YVet L.F
[Fer(L)(Nr):].H:O Ve Y YVIYE Yo CT YYA,YFYAY
oAT YVate Y *T.g —°Eg
YV, TV.OrY Yo LE
Ak YAQ LY YY4q
[Cor(L)(Nr)<].H-O vy cT Y.ov,00y
Y YoVaA 0 Tg® - Axg®
vy YEYVY vy T.g® —*AgP
Y1 Yvoas VoA L.F
[Nix(L)(Nr):].HO y,00 Yoy Yoy VY ¢ CT 1¢9,0¢10
Yy YoVaA oy Tvg —'Tig®
o YA VY Y yYo. LF \ car
. O
[Cur(L)(Nr):] ’ T IRUAAY oL "‘B\g —"Bg '
[Zn+(L)(N+):].H-O - Y1 Yvedqt VY L.F 1YY, Y40
[Cdx(L)(Nr):].H-O - Yo FYYFR YYY L.F y04,4yYY4
Na*[Ag*('é)(N”)Z]-H‘ ) Y1t TYAVA aro. LF IARFERRR

YD molecular modelling and analysis of complexes and in view the six-coordination of

bonding modes

Molecular  mechanics  attempts  to
reproduce molecular geometries, energies and
other features by adjusting bond length, bond
angles and torsion angles to equilibrium values
that are dependent on the hybridization of an
atom and its bonding scheme. In order to
obtain estimates of structural details of these

all the complexes, we have optimised the
molecular structure of the ligands and their
M-complexes and we have included
[Niv(L)(Nv):].HO as a representative
compound. The detail of bond lengths and
bond angles per the YD molecular structure is
given in Table ¢. Energy minimization was
repeated several times to find the global
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minimum [YYY]. The energy minimization
value for octahedral and without restricting the
structure for the prepared M-compounds are
presented in Table (¢). The molecular
modelling for the modulated Ni(ll)-complex
(Fig. () and Table (¢)) shows the bond
lengths bond angles around Ni atom,
indicating a distorted octahedral geometry

Vol.\V (%), December, Y+ \¢, pp.\-4

around Ni(ll) ion [Y¢], and thus the proposed
structure of the Ni(ll)-complexes are
acceptable.

Table (%)
The calculated bond length and bond angle of [Ni«(L")(N~) <].H rO.

TypeofBond | Bondlength (49 | TypeofBond |  Bond angle(")

0O)- Nir-N»

\/\n,n~

O1- Niv-Nv

A4,44Y

O1- Niy-Or

AR,

Ni- Niy-Or

‘1~,~~£

Nr- Niy-Or Ve, VoY

N:- Niv-Nx 16,7y

N¢- Niy-Or YUY, VYY

Ni -N+-Niv Qe v

Conclusion

In this paper, we have explored the
synthesis and coordination chemistry of some
carboxylato-azido metal-complexes derived
from the polydentate ligand L. The ligand
behaves as a neutral species upon
complexation with the involvement of the
nitrogen atoms of the azido groups in
coordination for all complexes. The magnetic
susceptibilities and electronic spectra of the
complexes indicated that they are
antiferrromagnetic with octahedral geometry
about metal atoms.
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