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ABSTRACT

Vitamin E and vitamin D complexes with transition metals in 92% (v/v) acetonitrile- water medium. The stability
constants for the transition metals with a- tocopherol and cholecal ciferol have been studied using pH-measurements
in 92% (v/v) acetonitrile- water medium. The values of proton- ligand stability constant and metal- ligand stability
constants were calculated. The overall stability constants were determined and are quoted.
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INTRODUCTION

Vitamin E was discovered by Evans and Bishop mbaa 75 years ago as a lipid-soluble substancetinckand
wheat necessary for the prevention of foetal death resorption in rats fed a rancid lard diet [Mis substance
was designated as vitamin E following the recognitof vitaminD [2,3]. The term “Tocopherol” is ad after the
Greek words “tokos” (child birth), “phero” (tdbring forth), and “ol” (alcohol).a-Tocopherol was isolated from
wheat germ oil in 1936 [4]. It was first synthesldgy Karrer [5] and its structure was determined-bynholz [6] in
1938. The antioxidant properties of tocopherolsenfest reported by Olcott and Emerson in 1937 [7].

Vitamin E plays key role in human metabolism, spligias anticoagulant activity. The essentialitwiémin E for
humans was recognized in connection with studiegremature infants in which hemolytic anaemia wesoaiated
with vitamin E deficiency [8,9].

The vitamin D which occurs naturally in unfortifiédods is generally derived from animal productt®ater fish,
such as herring, salmon, sardine and fish liver aie extremely rich sources. The two most prontimembers of
this group are ergocalciferol (vitamirnp)Dand cholecalciferol (vitamin £). Cholecalciferol is the form of vitamin D
obtained when radiant energy from the sun strikesskin and converts the precursor 7-dehydroctestasinto
vitamin Ds. It is also important for phosphorus homeostabs]1]. Vitamin D is a powerful antirachitic ageitg
primary effect on bone is the stimulation of boaearption leading to an increase in serum calcinchphosphorus
levels [12]. In this paper we describe the resoltsomplexation of vitaminE and vitamingvith transition metals
in water —acetonitrile medium at 298K and at 0.1vli¢ strength. The results obtained by potenticimetrethod
are predicted. The complexes obtained by potentidgernaethod and their formation constants weredated.
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MATERIALS AND METHODS

Materials

All chemicals were of analytical grade and weredusgéthout purification. All solutions were prepareddouble
distilled, carbon dioxide-free water and acetol@trifrom Merck, vitaminE d-Tocopherol), vitamink
(Cholecalciferol) from Himedia (France) was usele Folution of ligand was prepared half an housro its use.
Ferric (Loba chem.), copper, zinc ( S.D.fine Chefmpla R grade quality in their nitrate form, cabg.D.fine
Chem.) in its chloride form were used. The sodiydrbxide (0.200M) was standardized against oxatid.aThe
ionic strength (1) was maintained at 0.100M by g${iNO; (B.D.H.) as supporting electrolyte.

The ligand solution and acid solution were transférinto 100 ml beaker and titrated against NaOldtem. The
titration was performed first without addition oftal and then in its presence.

Method

The potentiometric titrations were carried out unidert atmosphere by bubbling oxygen free nitrogas through
an assembly containing the electrodes in ordem¢éwgmt atmospheric oxidation using carbonate fra©N. An
Elico model LI-120 digital pH meter in conjuctionittv an Elico combined glass electrode consistinglags and
reference electrodes entity of the type CK-61/CN2®1-51 were used for the pH measurement. The coeabin
glass electrode was activated by immersing 24 hioudsLN hydrochloric acid and then 12 hours imradri glass
distiled water. The precautions suggested by B§i&3, Albert and Sergeant [14] were adopted forosth
handling of the electrode. The combined glass mldet was connected to pH meter and by adoptingdaten
procedure. The pH meter was switched on at ledsahahour before to start titration. The buffefudmn having
the pH ranges 4.00, and 9.18 was used for the atdizdtion of pH meter, before and after eachtidna To obtain
equilibrium and to avoid fluctuation in readingsvias then immersed for 30 minutes in buffer. It wasfirmed by
titrating 0.2 M oxalic acid against standard sodiwdroxide.

The solution was stirred with every addition of Nd®y magnetic stirrer. The ligand solutionwfocopherol and
cholecalciferol was prepared in 100 ml acetonitite it was used for further titrations.

The pK value for- tocopherol was determined pH metrically. Hencetgn-ligand stability constants of the ligand
have been determined by Irving-Rossotti’'s pH méitiation technique [15]. For the determinationpodéton-ligand
stability constants the stock solutions of nitr@da vitamin and potassium nitrate were taken inmdOsolumetric
flask followed by acetonitrile to obtain desirechcentration and percentage of acetonitrile. Theerarwas diluted
upto the mark. Aliquots of 50ml were transferredhe pH metric cell and titrated against standaa®N solution.

For the determination of metal ligand stability stants of vitamins with metal ions, suitable amaoointnetal ion,
vitamin and nitric acid from stock solutions wea&eén into pH metric cell and titrated against Nasattution until a
precipitate was just observed in titration cell eTitration was stopped at this point. The ionfesgith of solution
during each titration was maintained 0.1M by addimgM KNO; pH meter readings were taken after every fixed
interval until stable readings were obtained.

RESULTS AND DISCUSSION

The metal ions and hydrogen ions act as Lewis apHsdecreases, if a neutral metal ion is addetthdéoligand
solution The metal- ligand titration curve lie beldhe pure ligand titration curve. The potentiortetitration

curves ofa-tocopherol, and cholecalciferol with some trawsitmetals are shown in fig.1, fig.2 and fig.3,figlhe

pH of complex formation is much below than the pHneetal ion hydrolysis. These features of the pHrine
studies confirm the formation of complexes by la#i metal ions with vitamin.

The determination of proton — ligand stability ctamg of the ligand is a prerequisite for the evatraof metal —
ligand stability constant. The pK value @ftocopherol is lower indicating that more electrgaig/e oxygen atom
having loan pair of electron attached to benzemg Tihe NA values range between 1.2 to 1.8xftwcopherol and
cholecalciferol indicating the liberation of onefon from —OH attached to benzene ring.

The pK value of cholecalciferol is slightly greateana-tocopherol. This can be explained on the basikettrong
+ mesomeric effect [16] of oxygen atom with itsdgaair of electrons. This trend in basicity canalteibuted to the
intrinsic nature of the basic site and inter molactiydrogen bonding [17].
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The values of n ranges between 0.2 to 0.8 for migaind formation curve data. This indicates tmatal ion form
1:1 complex [18] withu-tocopherol and cholecalciferol

Initial concentration of ligand 2xTM and metal 4x10 M were used to study the effect of stability camst The
concentration of ligand was higher to avoid theodpcibility of ligand.

The proton —ligand stability constants and metal digand stability constant of a-tocopherol with transition
metal complexes in 92% (v/v) acetonitrile—water medm at 298K and ionic strength u=0.1 M (KNQ).

Table 1

a- tocopherol pK,=2.02
Metal V(II) Mn(ll) Fe(ll)  Co()  Cu(l) Zn(l) Cd(_ 1) | Pb(In
logkK 2.9263 | 3.0526 2.9897 | 2.7877| 3.0209 | 2.9223| 3.0701| 3.1469

Potentiometric titration curve of a-Tocopherol with some transition metals
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The proton-ligand stability constant and metal-ligad stability constants of cholecalciferol with trarsition
metal complexes in 92% (v/v) acetonitrile—water medm at 298K and ionic strength p=0.1 M (KNQ).

Table 2

Cholecalciferol pK;=2.1¢t
Metal | V()  [Mn(l) [Fe@) Co(l) €ul) Znd) Cd( 1) | Pb(ll
logK 3.0898| 2.9583| 2.9856 2.9215 2.92B 2.7824 3.002 18.14

The basicity of the ligand have been measuredrmgaef their proton-ligand stability constant. Tingeraction of
metal ion with a base is similar to the neutralmatreaction involving hydrogen ion. J. Bjerrum [Iinted out
that the bases which have the strongest affinitynfgdrogen ions form most stable complexes. Thesdrwas
observed im-tocopherol and cholecalciferol. The more basiarids form more stable complexes. Bjerrum, in his
study on silver complexes with various amines shibaeelationship between logl and logk;. for the ligands.
Similar linear relationship was shown by severatkeos [20-34between the logK of a series of metal complexes
derived from one metal ion with a set of similgalhds and their pK values.
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Potentiometric titration curve of cholecalciferol with some transition metals
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CONCLUSION

In the present work, pH metric study was perforrmedetermine stability constants and to asses pisgecies for
aTocopherol with transition metal ions in 92% acérie-water medium. The following conclusions haleen
drawn:(1) aTocopherol forms complexes with transition metahsion the pH range 3.0-9.0. (2) The binary
complexes are formed due to electrostatic intevact{3) The concentration of ligand concentratibnmetal ions
due to avoid reproducibility and more solubilitylmfand.
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