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Abstract

The reaction of L-ascorbic acid with the tirchloroacetic acid in the presence of
potassium hydroxide gave new product Bis[O,0-2,3;0,0-5,6(chlorocarboxylicmethyliden)]L-
ascorbic acid (H2L) which was isolated and characterized by *H,**C-NMR, elemental analysis
(C,H,N), UV-Visible and Fourier Transform Infrared (FTIR). The complexes of the ligand
(H,L) with metal ions, M*?= (Cu, Co, Ni, Cd and Hg) were synthesized and characterized by
FTIR, UV-Visible, molar conductance, atomic absorption, magnetic susceptibility and the
molar ratio. The analysis evidence showed the binding of the metal ions with (H,L) through
the bicarboxylato group manner resulting in six-coordinated metal ion. The TLC for (H.L)
and complexes showed one spot for each indicating the purity of these compounds.
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Introduction

L-Ascorbic acid (vitamin c) is an important molecule in both chemistry and biology,
and its complexes with metals are of particular interest in both of these areas[1-3]. This
vitamin is present in various foods, particularly of plant origin, that are several orders of
magnitude higher than those of other vitamins.[4]

Musa-etal, [5-7] synthesized derivatives of L-ascorbic acid such as 5,6-O-
isopropylidene-2,3-(2 -X,1carboxyl) deoxy-L-ascorbic acid, where X = H, CI., 1,2-dihydroxyl
ethyl-1-(2-mercaptophenyl)-5-(2-mercaptophenyl)-2,5-dihhydro-1H-pyrrol-3,4-diol. Finally
5,6-0, 2,3-0 L-ascorbic acid were substituted by acetic acid.

L-ascorbic acid derivatives of transition and alkali metal ions complexes were also
synthesized and characterized.

Experimental part

Instruments, materials and methods

All chemicals were purchased from BDH, and used without further purifications. FTIR
spectra were recorded in KBr on Shimadzu- spectrophotometer in the range of (4000-400)cm
! Electronic spectra in distilled water were recorded using the UV-visible spectrophotometer
type Shimadzu in the range of (200-1100)nm with quartz cell of (1cm) path leangth. Melting
points where measured with an electrothermal Stuart apparatus, model SMP30. Electrical
conductivity measurements of the complexes were recorded at (25°C) for 10 mol.L™
solution of the samples in distilled water using Ltd 4071 digital conductivity meter. *H NMR
and *C NMR spectra were recorded on a Bruker 300-MHz spectrometer  in DMSO-ds.
Chemical shifts are in ppm relative to internal Me,Si was performed at AL-al-Bayt
University, Jordon. Elemental microanalyses of the ligand were carried out by using Euro
Vectro- 3000A, AL-al-Bayt University, Jordon.

Metal content of the complexes were measured using atomic absorption technique by
Perkin-Elmer 5000, University of Baghdad college of science. While Hg metal is determined
using Biotech Eng. Management Co. Ltd. (UK), University of Mustansiriyah, College of
Science. Magnetic susceptibility values were obtained at room temperature using the Gouy
method, Johnson Mattey, England, were performed at Al-Nahrain University. Thin Layer
Chromatography (TLC): the (TLC) was performed on aluminum plates coated with silica gel
(Fluka), and detected by iodine.

Synthesis of ligand (H;L)

L-ascorbic acid (0.18gm, 1m mole) was dissolved in the mixture of (15ml ethanol +
5ml water). Potassium hydroxide (0.23gm, 4m mole)in ethanol (10ml) solution was added.
The solution was stirring for 30 minutes. The trichloroacetic acid (0.32gm, 2m mole) was
added drop wise, stirring was continued for one hour and left to evaporate slowly. The
precipitate was recrystallized from ethanol giving a yellow precipitate melting point (138C+: ),
yield 68%.

Synthesis of complexes (M" = Cu, Co, Ni, Cd, Hg)

To a solution of the (H2L) (0.35gm, 1m mole) in mixture of (15ml ethanol + 5ml water)
was added, a solution of 2m mole of metal chloride in 20ml ethanol 0,34gm CuCl,.2H,0,
0.24gm NiCl,.6H,0, 0.48gm CoCl,.6H,0, 0.46gm CdCl,.H,0O, 0.54gm HgCl,. The solutions
were stirring for one hour and left them to evaporate slowly to bring down the complexes.
The complexes were washed from mixture of ethanol + water (4:1). The isolated complexes
are colored solids, stable in air and insoluble in common organic solvents but completely
soluble in water, ethanol, DMSO and DMF. Some physical properties for all synthesized
ligand (H,L) and its complexes are shown in Table 1.
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Results and discussion

Bis[0,0-2,3;0,0-5,6(chlorocarboxylic  methyliden)]L-ascorbic  acid (HzL) was
synthesized in a good yield by the reaction of L-ascorbic acid with trichloroacetic acid in the
ratio (1:2) in presence of four mole of potassium hydroxide (Scheme 1).

C|:|
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HO KO (o)
HO o o KO o 0
L + 4KOH ——> + 2Cl,CCOOH —= 3 +4KCl +4H,0
(@) O
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Scheme (1) The reaction of L-ascorbic acid with trichloroacetic acid in base media

FT-IR spectral analysis

The I.R spectrum of L-ascorbic acid as starting material is compared with the new
ligand (H.L) spectrum, the results are summarized in table (2). L-ascorbic acid exhibits bands
at 3525, 3410, 3313 and 3213 cm™ caused by v(OH) positions (C-5,6,2,3) respectively, these
are disappeared in the spectrum of the new ligand accompanied by the appearance of three
bands in the 3380 (broad), 1566 (asym.), 1417 (sym.) are due to carboxylate group. (C-1=0)
stretching vibration appeared at (1718 cm™). The bands at (1678,1647) cm™ in starting L-
ascorbic acid are due to the v(C=C), v(C=0) appeared as broad band centre at 1660 cm™ in
the new ligand.
The bands located at (1566,1417) cm™ which were assigned to v(C=0) stretching vibration
for (COOH) in free ligand (H;L), were shifted to lower frequency and appeared at
[1400,1344] cm™ in (Cu), [1420,1344] cm™ in (Co), [1445,1384] cm™ in (Ni), [1415,1361]
cm™ in (Cd), [1425,1361] cm™ in (Hg). Each two bands were assignable to asymmetric and
symmetric stretching frequencies of the carboxylate ion with average separation Avcoo’; 56,
76, 61, 54, 64) cm™ respectively indicating the deprotonation of the carboxylic proton and
suggests that coordination occurs through the carboxylate ion as a bidentates bonding
nature[7-9]. New bands appeared in the range 428-482cm™ in the all complexes assignable to
v(M-O) vibrations[10]. A band due to v(C=0) of the lacton ring appeared as a shoulder
within the range (1730-1735) cm™ in all complexes. A strong broad absorption band appeared
around (3566-3433) cm™ associated with water molecules in these metal complexes.
Coordinated H,O appeared at range (825-844) cm™ in all complexes[11].

NMR spectrum for the ligand (HzL)

'H-NMR spectrum of the ligand (L) (Figure 1)in DMSO-ds exhibited at §(3.019-3.518) and
(4.436) ppm are due to (CH,-6) and (CH-5) respectively, (CH-4) lactone appeared at 5(5.135)
ppm. The OH- carboxylic showed broad center at 8.281 ppm.

The *C-NMR of the ligand (L) (Figure 2) showed the following data.

e The signal at =177 ppm is due to carboxylic acid

e The signal at =163 ppm is due to C=0 lactone

e The signals at 6=(125, 128, 79 and 60) ppm are due to (C-3, C-4, C-5, C-6)

The results were compared with those obtained by chem. Office program and with *H,*C-
NMR previous obtained on derivatives of L-ascorbic acid[12,13].
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Spectral studies

The electronic absorption bands as well as the magnetic moment values are summarized
in Table 3. The UV-Visible spectrum of the ligand (H,L) showed one absorption at (40000
cm™) is due to n—n transition[14].

The electronic spectrum of Co-complex in water solution exhibited two bands appeared
at (15873 cm™) and (19230 cm™) were assigned to the *T:g—*A.g (v,) and *Tig—*T1g(p)
(v3) transitions respectively of octahedral geometry[15]. From the ratio of (vs3)/(v2) (1.21), the
value of Beompiex (872.1) as well as position of v, (8284 cm™) were calculated by using
Tanaba-Sugano diagram for d’ configuration of the octahedral configuration geometry[16].
The value of B (0.89) indicates some covalent character. The conductivity measurement
indicates that the complex is non-ionic.

Spectrum of Ni(Il) complex showed three bands in the visible region at (24390 cm™)
SA,0—°Tigp) (V3), (14556 cm™) *Ag—°Tigr (v2) and the last one is at (9259 cm™)
$A,g—>T2g, (v1). The ratio of vo/uy (1.57) was applied on Tanaba-Sugano diagram for d®
octahedral complexes[17,18], Bcomplex and B, 10Dq(v1) were calculated theoretically. The
conductivity showed that the Ni(ll)-complex was non-electrolyte.

The spectrum of Cu(ll) complex showed broad band at (12391cm™) assigned to Eg—*T,g
transition which refers to Jahn-Teller distortion of octahedral geometry[19]. The conductivity
measurement of the complex indicates that the complex is non-electrolyte.

The spectra of Cd(Il), Hg(ll) complexes gave no bands in the visible region, only bands
assigned to charge transfer transitions (39682cm™) Cd(11), (34482cm™) Hg(l1) complexes
were observed, compared with free ligand showed one band at (40000cm™, 250nm) confirms
the complexes formation[20]. The conductivity measurements of the two complexes indicate
that the complexes are non-electrolyte.

Magnetic studies

The magnetic moment values at (294K) of the [M,LCls].XH,O M?* = Cu, Ni, Co Table
3 show values (0.78, 1.57, 2.22)B.M respectively which are lower than the total spin-only
values indicating a high spin octahedral geometry around metal ion. The lowering of these
magnetic moments indicates a dominate antiferromagnetic interaction in all complexes. This
may due to the fact that the Syn-Syn carboxylate provide a small metal-metal distance and
results in a good overlap of the magnetic orbitals, an antiferromagnetic coupling is always
induced[21-22].

Molar ratio

The complexes of the ligand (H.L) with metal ions [Co(Il), Ni(ll), Cu(ll), Cd(Il),
Hg(l1)] were studied in solution using water as solvent, in order to determine (M:L) ratio in
the prepared complexes, following molar ratio method[23]. A series of solutions were
prepared having a constant concentration (C) 10° M of the hydrated metal salts and the ligand
(HzL). the (M:L) ratio was determined from the relationship between the absorption of the
observed light and mole ratio (M:L) found to be (2:1). The results of complexes formation in
solution are shown in Table (4), these data are compatible with the results obtained by atomic
absorption for determination metal analysis in the complexes.

Thin layer chromatography (TLC)

The solution of ligand (H,L) and its complexes in water as solvent appeared in one
spot, this is confidence that all these compounds are pure and have one isomer. Table (1)
shows the R for complexes and ligand (H.L).
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Conclusion
The ligand (H,L) acts as a tetra-dentate dianion with two metal ions coordinate with
each carboxylate group in an octahedral geometry. Figure (3)
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Table No. (1): Physical properties, analytical data for synthesized ligand (H,L) and its

complexes
- m.p. | Yield Found(Calc.)(%)

Empirical formula Color A0 (%) c v M0 Ry

. 33.1 1.47
ngand(L) C]_oHeO]_oClz Yellow 138 68 (336) (169) — 0.62
[CU>(C1oH4O1,Cla.6H:0)].5H,0 | Brown | 187 | 71 _ _ égg% 0.55
[CO3(C1oHa010Cls.6H,0)].2H,0 | Red | 122 | 65 _ _ (1(75?(55) 0.48

. 16.4
[NI2(C10H4010C|4.6H20)].3H20 Green 118 74 — — (1262) 0.50
[Cy(C1oHa010Cls.6H,0)].2H,0 | Yellow | 167 | 77 _ _ ég'%) 0.43
. 42.21

[ng(C10H4010C|4.6H20)] . Hzo white 173 58 — — (4207) 0.37
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Table No. (2): Assignments of the IR spectral bands of L-ascorbic acid, ligand(H,L) and
its complexes(cm™)

Empirical formula Vo | Leo 3(‘: Vas(Co0)- | Vs(coo)- CHo;)(r)d_ UM-0
3525,s
3410,s
L-ascorbic acid 3313,s | 1720 1213 — — — —
CeHsOs 3213,s
VCcooH
Ligand(L) C10HsO10Cl; 3380,br | 1718 | 1660,br | 1566 1417 — —
[CUz(C10H4010C|4.6H20)]5H20 3342,m | 1743 | 1651,m 1400 1344 839,m | 428
[COz(C10H4010C|4.6H20)]2H20 3448,bl’ 1735 1640,m 1420 1344 844,8 476
[Niz(C10H4010C|4.6H20)]3H20 3377,br 1730 1654,m 1445 1384 840,m 420
[Cdz(C10H4010C|4.6H20)]2H20 3473,br | 1715 1662 1415 1361 829,s | 425
[Hg2(C10H4010Cl4.6H,0)]H,O | 3520,m | 1720 1670 1425 1361 835m | 482

Table No. (3): Magnetic moments and electronic spectral bands (cm™) of the complexes.

V(ml) L-Cu (A=800) | L-Co (A=510) | L-Ni (L=740) | L-Cd (A=340) L-Hg
(A=280)
(1) 0.5 0.11 1.32 1.75 0.33 0.56
21 0.17 1.94 1.95 0.56 1.23
3) 15 0.23 2.76 2.87 0.98 1.42
4) 2 0.29 3.44 3.51 1.12 1.85
(5) 2.5 0.31 3.68 3.72 1.25 1.94
(6) 3 0.23 3.91 3.98 1.38 2.37
(7) 35 0.33 4.21 4.19 1.61 2.55
(8) 4 0.35 4.50 4.48 1.95 2.86
(9) 4.5 0.37 4.63 4.70 2.33 3.12
(10) 5 0.39 479 4.89 2.34 3.11
Table No. (4) Molar ratio data for H,L-complexes
eff " 10Dq (v1) | AnQ*
Complex (BL.lM.) Bandcfnqls ftion Assignments | Beomplex | B theo?et(lica)l cmzlmol'
cm
4 4
L-Co(ll) | 2.25 12;33 > I;glg_jigp) 8721 |089| 8284 | 11.93
24390 v3 zAzg—>leg(p)
N 14556 v, Ag—°Tige | 649.2 |0.63| 10006 7.31
L-Ni(l1) 1.85 9259 v, Ay 3T g
L-Cu(ll) | 0.82 12391 ’Eg—°T,g — — — 9.13
L-Cd(l) | — 39682 ILCT — — — 11.40
L-Hg(I1) — 34482 ILCT — — — 6.37
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Figure (1): *H-NMR spectrum of the ligand
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Figure (2): **C-NMR spectrum of the ligand
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Figure (3): Suggested structure of [M,LCl,.6H,0],H,O

M = Cu(l1), Hg(l1) n=2H,0, Co(ll), Ni(Il) n=4H,0, Cd(Il), n =H,0

232 | Chemistry



2014 ol (1 sax)) 27 alonh i
Ibn Al-Haitham Jour. for Pure & Appl. Sci. | {

6,5-0,0;3,2-A pa 438N cilafaall (ard Agdads Al ja g ypadans
iy sSa) paala - [(Cutliia s 53 )< g,515) O,0]

(rsa (e lld
Jald daa) s
Alazy dnalas [/ (alsedl ol) 4 pall o lall Ay yill A4S / ¢ LaaS))

2013 Js¥ (S 4 1 b Gaad) JB ¢ 2013 Gluas 12 1 (A Gl alil

dadAl)

oo Tunn Tl o el sal) 25 50 393 99 LAY (mala 55518 0 e @l sl Gasla | Jolis Jlac
Aoy it 5 il Josd o L) )5Sl Gl - [(Csdiie dllu 53 JS 5 55K) 6,5-0,0;3,2-0,0] ik
O Cada g A yall-daaaill (348 Aa V) 5 el yanll ai A SY) «(H,C,N) Jalial) ol 4 5% ol )
LCB s )S s HY o555, — haliza) 5553l

sCo, Ni, Cu, Cd) HAl Al paliall Gl gl e CL\ GOlaira Cundld g O o daladiul

bl goopa] oglxll pid] el

VYol. 27 (1) 2014

(Hg
A Aaliaia¥) 5 ¢ Al 5eSI Aglia sl 5 ¢ A6 pall-Aomasiil) (358 AadV) g o) penll a3 AaSV) L Al
(HaL) S ae 5Ll Zalil) 2 500 s s0¥) Sulis o) Jallail (pa peiianl 5 A sl dsill 5 ¢ dpslalinal) dpuloall
O (TLC) 4880 48dall Ll S sia s S < yedal ¢ ) sl 318 ¢ 5l Lidana JausS 5o SN e sanae JBIA (e o

Julas ccilaing ol sSul) (aala o] o udand s dgalidal) cilalst)

233 | Chemistry



	2. Hughes, D. L. (1973) Crystal structure of thallium(I)L-ascorbate, J. Chem. Soc., Dalton Trans. 21, 2209−2215.
	3. Hollis, L. S.; Amundsen, A. R. and Stern, E. W. (1985) Synthesis, structure and antitumor properties of  platinum complexes of vitamin C,  J. Am. Chem. Soc. 107: 274−276.
	11. Pansuriva, P. B. and Patel, M. N. (2008) Synthesis, characterization and biological aspects of novel five-coordinated dimeric-Cu(II) systems.  J. Enzy. Inhib. Med. Chem. 23(1): 108-19.
	13. Wimalasena, K. and Mahindrate, M. P. D. (1994) Chemistry of L-Ascorbic Acid: Regioselective and Stereocontrolled 2-C- and 3-C-Allylation via Thermal Claisen Rearrangement.  J. Org. Chem. 59: 3427-3432.
	14. Olabisi, O.; Mahindrate, M. P. D. and Wimalasena, K. (2005) A Convenient Entry to C2- and C3-Substituted Gulono-γ-lactone Derivatives from l-Ascorbic Acid.,  J. Org. Chem. 70: 6782-6789.
	15. Yadav, P.N.; Demertzis, M.A.; Demertzi, D.; Skoulika, S. and West, D.X. (2003) Palladium(II) complexes of 4-formylantipyrine N(3)-substituted thiosemicarbazones: first example of X-ray crystal structure and description of bonding properties.,   Inorg. �

	18. Lever, A. B. P. (1968) Electronic spectra of some transition metal complexes: Derivation of Dq and B.,  J.Chem.Ed., 45: 711.
	20. Mohamed, G. G. and Abd El-Wahab, Z. H. (2005) Mixed ligand complexes of bis(phenylimine) Schiff base ligands incorporating pyridinium moiety: Synthesis, characterization and antibacterial activity.,   Spectrochem. Acta, A61: 1059-1068.

	23. Tohyama, T.; Saito, T.; Mizumaki, M.; Agui, A. and Shimakawa, Y. (2010) Antiferromagnetic Interaction between A′-Site Mn Spins in A-Site-Ordered Perovskite YMn3Al4O12., Inorg. Chem. 49: 2492-2495.
	24. Ahsen, V. F.; Gok, C. and Bekaroglu, O. (1987) Synthesis of SS′-bis(4′-benzo[15-crown-5])dithioglyoxime and its complexes with copper(II) nickel(II), cobalt(II), cobalt(III), palladium(II), platinum(II), and platinum(IV).,  J. Chem. Soc. Dalton Trans. �


