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Abstract

The synthesis of complexes for (Ca™, Co™%, Ni%, Cu™, Zn™, Cd™ and Hg™) with new
ligand (5-C-dimethyl malonyl-pentulose-y-lactone-2,3-enedibenzoate) (L) have been
successfully prepared and characterized by (‘H and *CNMR, FTIR, (U.V-Vis) spectroscopy,
Atomic absorption spectrophotometer (A.A.s), Molar conductivity measurements and
Magnetic moment measurements, and the following general formula has been given for the
prepared complexes [M(L)Cl,] where M = (Ca™?, Co 2, Ni%, Cu™, Zn"™, Cd™, Hg™),

L = (5-C-dimethyl malonyl-pentulose-y-lactone-2,3-enedibenzoate).

Key words: dimethyl malonyl, lactone, benzoate, complexes.

Introduction

Numbers of transition metals with malonic esters have been isolated and characterized and tested
for their antifungal, antibacterial and anti-inflammatory activities[1-4]. Nasman[5] reported the
synthesis a novel series of 15-membered diaza-dithiamacrocyclic complexes [ML,Cl,] and [ML,Cl,]
(M™ = Fe, Co, Ni, Cu and Zn) by the template condensation reaction of o-thiosalicylic acid with
aliphatic or aromatic diamines and diethyl malonate in the presence of tramsition metals. Also
Pothiraja and co-workers[6] reported the synthesis new Hf and Zr malonate from reaction of metal
amides with different malonate ligands as dimethyl malonate, diethyl malonate, di-tert-butyl malonate
and bis(trimethylsilyl) malonate. We have investigated in this paper, the preparation and properties of
some new metal ion complexes with (5-C-dimethyl malonyl-pentulose-y-lactone-2,3-enedibenzoate)

(L).
Experimental

Materials and Measurements

Metal salts (CaC12.6H20, COC12.6H20, NiC12.6H20, CuC12.2HzO, ZHClz, CdClezO and
HgCl,) were obtained from Fluka, Merck in high purity, Dimethyl malonate, KOH (BDH).

('H and "CNMR) spectra were recorded using Ultra Shield 300 MHz, Bruker, Switzerland, at
University of Al al-Bayt, Jordan. IR spectra (in KBr discs) were recorded on Shimadzu FT
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infrared spectrophotometer. The (U.V-Vis) were recorded using (Shimadzu U.V- Vis 160A),
(U.V-Vis) spectrophotometer in dimethyl sulphoxide solution (10~ M). Metal contents of the
complexes were determined by Atomic absorption technique by using Shimadzu (AA680G),
Atomic absorption spectrophotometer. The magnetic moments (s B.M) were calculated on
Faraday method by using (Balance Magnetic Susceptibility Model MSBMKT). Melting
points were determined by wusing (Stuart-melting point apparatus). Conductivity
measurements were carried out using Philips PW.Digital. The Thin Layer Chromatography
was performed on aluminum plates coated with layer of silica gel, supplied by Merck.

Synthesis of ligand, (5-C-dimethyl malonyl-pentulose-y-lactone-2,3-enedibenzoate) (L)

The mixture of potassium hydroxide (1.9g, 34mmol) and dimethyl malonate (3.9ml,
34mmol) was stirred for 30 minutes, a solution. of (pentulosono-y-lactone-2,3-
enedibenzoate)[7] (10g, 28.4mmol) in absolute ethanol (60ml) was added.

After stirring for 24 hours at room temperature, monitored by TLC showed that the
reaction was complete eluted by (benzene: methanol, 4:6) and the resulting mixture was
filtered then the solvent was evaporated, the combined residue was washed with chloroform
and then petroleum ether (60-80°C) to give (72.7%) as a white crystals (scheme 1), m.p
(dec.240°C), R¢ (0.65).

CO,CH
/ 2 3
H HC\
/ CO,CH,
o HO @) o
+  CH(CO,CH3), __ KOH
BZO OBZ Bzo OBZ
(L)

Scheme (1): Synthesis route for ligand (L)
Synthesis of complexes

Ethanolic solution of the metal salts (Ca+2, Co'?, Ni, Cu™® zn', Cd™ and Hg+2),
ethanolic solution of (L) in (1:1) (Ligand:Metal) molar ratios was mixed. After stirring 6
hours, precipitates formed at room temperature, the solids were filtered, washed with (1:1)
mixture of water:ethanol. Recrystallized from ethanol and dried at (50 °C).

Results and Discussion

The isolated complexes were crystalline solids, soluble in some of common solvents like
dimethyl formamide (DMF), dimethyl sulphoxide (DMSO). The conductivity measurements
in DMSO indicated the non-electrolyte behavior; Table (1) includes the physical properties.
The analytical data confirmed the (1:1) (Metal:Ligand) composition of the complexes. The
magnetic measurements (perr B.M) for the complexes are also listed in Table (1).
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Spectral studies

'H and CNMR spectra of the ligand (L). The 'H and "?*CNMR spectra were recorded in
DMSO and CDCls.

A) "HNMR spectrum for the ligand (L)

The '"HNMR spectrum of (L), Fig. (1) showed the following signals: singlet (s) at 6(2.50)
ppm for (DMSO), doublet (d) at 6(2.72) ppm for (1H, CH malonate), singlet (s) at 5(3.16)
ppm for (1H, OH), singlet (s) at 8(3.56-3.58) ppm for (6H, 2CH; malonate) and multiplet (m)
at 8(7.14-8.86) ppm for aromatic protons.

B) "CNMR spectrum for the ligand (L)

The "CNMR spectrum of (L), Fig. (2) showed the following signals: signal at 5(168.82) ppm for
carbon (C=0) of the ester, lactone ring, signal at §(135.26) ppm for C-3, signal at 5(131.55) ppm for
C-2, signals at §(129.58,128.40) ppm for aromatic carbons, signal at 5(51.63) ppm for C-4, signal at
8(44.67) ppm for C-5 and signals at 6(40.78-39.11) ppm for C-6, and carbon (2CH; malonate)[8].

Infrared spectra

The infrared spectra of ligand (L) and its complexes are given in Table (2). The strong absorption
band at (1720) cm™ in the free ligand due to v(C=0) ester,[9,10] in the complexes spectra this band
have been found in the range between (1712-1604) cm™ shifted to lower frequencies by (8-16) em™
' [11,12] which indicates the coordination of the oxygen atom at the v(C=0) group[11]. New bands
appeared in the spectra of metal complexes at (524-432) cm™ and (439-405) cm™ which attributed to
the (M-O) and (M-Cl) respectively. The FTIR spectra for the ligand and its copper complex were
shown in the Figures (3) and (4).

Electronic spectra

The absorptions and assignments related to the ligand and their complexes are listed in Table (3).
The ligand, Fig. (5) exhibited an absorption band in (U.V) region at (297) nm (33670) cm™' could be
attributed to (n = > ©*) and (1 — > 7*) transitions[13,14].

The spectra of the complexes
- [CoLCl,] complex

The spectrum of the deep-blue complex of Co(Il), Fig. (6) show the following bands at (33444) cm’
' (23803) cm™, (16743) cm™ and (11494) cm™ which have been assigned to (C.T), *A, — Ti(p),
‘A, — “T\(F) and *A, o *T, respectively.

The Racah interelectronic repulsion parameter (B ) found to be (404) cm’, the ratio p = B/ B.
comes out to be (0.416) (B- is equal 971cm™)[15]. These parameters are accepted for cobalt(II)
tetrahedral complexes[16,17].

- [NiLCl,] complex

The spectrum of the green complex exhibited the following absorptions at (33898) cm™, (28571)
cm™”, (16891) cm™ and (12787) cm’, these bands[17] are characteristic of tetrahedral nickel(II)
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complex and were assigned to the transitions (C.T), *T,(F) > Ty(P), *T (F) — A, and
A"
T\(F) — 3T, respectively.

The Racah interelectronic repulsion parameter (B ) found to be (473.4) cm™, the ratio p = B / B.
comes out to be (0.454) (B-is equal 1030 cm™)[15].

- [CuLCl,] complex

The spectrum of the green complex of Cu(Il) gave two bands at (32894) cm™ caused by (C.T)
transition and weak band appeared at (12820) cm™ may be zBlg e szg transition in square planar
geometry[19-21].

- [CaLCl,], [ZnLCl,], [CdLCl,] and [HgLCl,] complexes

The white complexes [CaLCl,], [ZnLClL,], [CdLCl,;] and [HgLCI,] showed absorption bands at
(34364) cm™, (34722) cm™, (34602) cm™ and (33898) cm™ respectively attributed to charge transfer
because the electronic configuration of (Ca™, Zn, Cd?and Hg'*) which confirms absence of any (d-
d) transition[22,23].

According to spectral data as well as those obtained from elemental analysis, the chemical structure
of the complexes suggested as:

1- Tetrahedral for [M(L)Cl,], where M = (Ca™, Co™, Ni"%, Zn"*, Cd”and Hg "), Fig. (7).
2- Square planar for [Cu(L)Cl,], Fig. (8).
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Table (1): Physical properties of ligand and its complexes

Formula Colour M.p°C or Metal % | Molar conductivity | pesr (B.M)
dec. (S.cm’mole™) in

Found | pMsO (107 M)
(Calc.)

Ca4H2001; White 240(dec.) - 10.60 -

[L]

[CaLCl,] White 190(dec.) 6.50 18 0
(6.73)

[CoLCl,] Deep-blue 110(dec.) 10.46 20 4.43
(9.59)

[NiLCl;] Green 220(dec.) 10.07 23 3.22
(9.57)

[CuLCl;] Green 187(dec.) 9.56 24.5 1.74
(10.27)

[ZnLCl,] White 210(dec.) 11.72 16.95 0
(10.54)

[CdLCl,] White 210(dec.) 15.84 23.6 0
(16.84)

[HgLCl,] White 175(dec.) 27.62 15 0
(26.54)
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Table (2): The characteristic infrared of the ligand (L) and its metal complexes

Compound v(C=0) v(C-H) M-O M-CI
Ester aliphat. Alipha.
CaaHi0y 1720(s) 2904(w) - "
(L]

[CaLCl,] 1674(s) 2677(w) 524(w) 405(w)
[CoLCl,] 1689(m) 2989(m) 432(w) 412(w)
[NiLCl,] 1685(m) 2360(m) 459(w) 408(w)
[CuLCl,] 1604(s) 2927(w) 474(w) 408(w)
[ZnLCl,] 1612(s) 2985(m) 474(w) 405(w)
[CALCI] 1708(s) 2935(w) 520(w) 439(w)
[HgLCl,] 1712(s) 2985(m) 504(w) 435(w)

Where: s = strong, m = medium, w = weak
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Table (3): Electronic spectra data of (L) complexes in DMSO solvent

Compound Amax M Wave number cm’’ €max Assignment
Molar'cm™
[L] 297 33670 102 -
L A
[CaLCl,] 291 34364 121 C.T
[CoLCly] 299 33444 444 C.T
420.1 23803 150 . L} p
Ay Ti(p)
597.25 16743 97 N
870 11494 18 ‘a7 Tl
sy Ly
[NiLCl,] 295 33898 193 C.T
350 28571 85 STL(F) i} STL(P)
592 16891 38 v
782 12787 16 TE) T A
Vi
TE) T T,
[CuLCl,] 304 32894 2163 C.T
780 12820 41 2]3,1g — 2]3zg
[ZnLCL] 288 34722 55 CT
[CdALCl,] 289 34602 77 C.T

324



< Ibn Al-Haitham Journal for Pure and Applied Science

Rkt 5 4 pual o glell gl (ol Alaa )
No. [ 2 )| voL | 25 ) Year | 2012 2012 | aa [ 25 )[ aaa (2 ] asmy
[HgLCl,] 295 33898 432 C.T

oy |

uai

1z 12 a1 10 @ 8 7 & s a 2 2 1 o ppm
S oo | = e by’
120 13 E EEEE
. 1 .
Fig. (1): HNMR spectrum of ligand (L)
O H
HC<0020H3
Hea () =
Bz o L ¥
180 160 140 120 100 80 &0 a0 2o o PEm

Fig. (2): BCNMR spectrum of ligand (L)
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Fig. (3): Infrared spectrum of ligand (L)
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Fig. (5): Electronic spectrum of ligand (L)
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