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ABSTRACT

Oxidation of Metformin hydrochloride (MET) by alked permanganate was calculated spectrophotomdiyiea 525nm.
First order kinetics has been maintained during thaction. The unit order dependence and fractiooraler which is
observed with oxidant and drug respectively. Thactien between metformin hydrochloride and permawaga in
presence of sodium hydroxide exhibits 1:1 stoickioyn Product is identified by LCMS. The ionic agth and dielectric
constant do not have significant effect on reactibime activation parameters were determined atowsitemperatures.
The reaction mechanism is proposed by experimeidtd. The experimental rate constants are in gogte@ment

between experimental k values and theoretical kesl
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INTRODUCTION

The Metformin is an oral antibiotic drug from thigjbanide clas¥. It is used for the treatment of diabetes anchis of
the most commonly used oral anti hyperglycemic iwetdient to treat type Il diabetes, particularly sople who are
heavyweight. It lowers the blood sugar and usedsexond line agent for infertility in those with poystic ovary
syndromé?. Overprotective high blood sugar helps prevenbé&jddamages, blindness, nerves problems, lossnisli
and sexual functions problems. Its mechanism obmacdinvolves the suppression of endogenous glugsduction,
primarily by the liver. Whether the drug actuallgshan insulin sensiting effect in peripheral tisssiech as muscle and fat,
remains somewhat controversial. Nonetheless, bedasslin levels declining with metformin use, @shbeen termed an
‘insulin sensitizer’. Metformin has also been shawrhave several beneficial effects on cardiovascausk factors and it
is the only oral antihyperglycaemic agent thus dasociated with decreased macrovascular outcompatients with
diabetes!. Cardiovascular diseases, impaired glucose tatesaand the polycystic ovary symptoms are now meised as
complications of the insulin resistance syndronrel there is growing interest in the managementisf éxtraordinary
common metabolic disorder. While diet and exeraiseains the cornerstone of therapy for insulin stesices,
pharmacological intervention is becoming an indreglg feasible option. Most common disadvantagesnetformin is
gastrointestinal irritations that include diarrheadamp, nausea, vomiting, and increased flatulefbe metformin has
acid dissociation constant value$jpf 2.8 and 118. Metformin hydrochloride (1, 1-dimethylbiguanidgdnochloride)

is freely soluble in water. Chemical structureiigeg in Fig 1.
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Figure 1: Chemical Structure of Metformin

Hydrochloride.

Potassium permanganate is a widely used as arzmgdigent”’. Among six oxidation states of manganese from
+2 to +7, permanganate, Mn (VII) is the strong ation state in acid as well as basic media. Thelaian by
permanganate ion finds extensive application iranigysynthesis especially since the advent of ptrasesfer catalysf3.
During oxidation by permanganate, it is evident fhermanganate is reduced to various oxidatiorestat acidic, basic
and neutral medid Furthermore, the mechanism by which the multivatxidant oxidizes a substrate depends not only
on the substrate but also on the medium used ®istidy. In strongly basic medium, the stable rédngoroduct of

permanganate ion is manganatefon

The permanganate ion reacts with alkaline mediumite [MnO, OH]? specieS!. The objective of the current

research was to study of oxidation of metforminrogthloride by KMnQ spectrophotometrically in basic medium.
EXPERIMENTAL

Result and Discussion

Materials

The Chemicals Metformin hydrochloride obtained frédvaragund college of Pharmacy. Metformin hydroddierwas
prepared by taking requisite amount of sample aisdot/ed in distiled water. Potassium permangan&edium
hydroxide, Potassium chloride was purchased fromeNihemicals and also prepared in double distilleder and
standardized by standard meth&#isAll maintained chemicals and reagents were ofygical grade and used without any
further purification. The absorbance of KMp@as recorded using systronic UV-vis Spectrophotemat wavelength
525nm.

KINETICS MEASUREMENTS

Kinetics measurements were performed under pseindb drder condition by taking [Metformin Hydrochide]>>
[Permanganate] at constant ionic strength [2.5%10he reaction was initiated by mixing MgGand MET which also
contained sodium hydroxide to maintain alkalinReaction was followed by viewing the decrease sodiance of Mn©
Expansion of the reaction was observed spectropiedtically by measuring the decrease in absorbafdeéMnO, at
wavelength 525 nm. The pseudo first order rate teoms were determined from log [absorbance] v/gtifthe plots were

linear up to 80% of reaction and rate constantsodaible within £ 5% error.

Impact Factor (JCC): 6.3238 NAAS Rating 3.73



Spectroscopic | nvestigations of Permanganate Oxidation of Metformin Hydrochloridein Alkaline Condition 17

STIOCHIOMETRY

Stoichiometry was analysed periodically by spedimipmetric technique by keeping excess of permaatgathan

metformin hydrochloride at constant

[OH]=5X10", KCI = [2.5X10%.This reaction mixture was kept 24 hours at latmgatemperature and after the
completion of reaction, excess of permanganate maassured using systronic UV-vis spectrophotometavaselength
525nm. The result indicates 1:1 stoichiometry betwa&rug and oxidant. The oxidative product was ¢buo be
Metformin-N-oxide formed by reacting one mole of MRith one mole of permanganate. The products \wasdysed by

LCMS spectra (Fig.2.) and is in good agreement Wighresults of product analysis. The peak is refeto Metformin- N-

oxide.
H
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Figure 2: LCMS Spectra of Oxidation of Product of Metformin Hydrochloride.
REACTION ORDER
Effect of Potassium Permanganate

Variation of KMnO4 studied in the range 0.5X1fb 7.5X10" all other concentration Metformin hydrochloride<]JD?],
Sodium hydroxide [1x16] and potassium chloride [1xEPare constant. It has been found that the plaisalwsorbance v/s

time were linear up to 80% of the reaction whicfliéates the first order with respect to oxidang(8).
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Figure 3: A Graph of Log Absorbance Verses Time Shaes First Order with
Respect to Potassium Permanganate.

Effect of Variation of Metformin Hydrochloride
Variation of metformin hydrochloride studied in trenge 0.25X18 to 3X10°
While keeping all other reagents potassium permaatgs[2.5X10], potassium chloride

[2.5X107] conditions were constant. A plot of log k v/s émvas drawn to calculate rate constant. A plotatfsk
vls [MET] were found to be linear with positive éntept confirming fractional order dependence wispect to

metformin hydrochloride (Fig 4).
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Figure 4: A Graph of First Order Dependence with Repect to MET.
Effect of Sodium Hydroxide

NaOH varied from 1 to 10 mol diat fixed concentration of [KMng) = [2.5 X 10%], [MET]=[1.0X107. An increase in
concentration of alkali increases the rate. Log/sleg [OH] were found to be linear indicating fractional erdwith
respect to OHFig 5).
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Figure 5: A Graph of Log[C] v/s Log [OH-].
Effect of lonic Strength

The effect of lonic Strength was studied by varyiogcentration of KCI from [1 to 5X13) which concentration of all the
reactant MET [1X18], KMnO,[2.5X10%, NaOH[5X10"] constant. It was observed that the lonic stremtithnot show

significant effect in the rate of the reaction.
Effect of Added Salts

The effect of added salt was studied by varyingceotration of NaCl, AIG| CaC}, Ca(NQ),, KBr. There was no

regular trend observed for any of the added salts.
Effect of Temperature

The effect of temperature was also studied at mdiffe temperatures like 298,308,312,318 K fixed eotmation of
metformin hydrochloride, potassium permaganate, MakCl were at constant condition. The rate cortstrdifferent
temperature Kobs were calculated. [Table I]. Frovedr Arrehnius plots of log k v/s 1/T (Fig.6) thetivation parameters
AH* (KImol™), AS" (JK'mol™), & AG" (KImol®) were calculated and tabulated in Table Il. Ratgate constant is

calculated at different temperature and is givethéenTable I.

Table 1: Rate Constant with Respect to Temperature

Temperature Kobs
298 0.0089
308 0.039
312 0.099
318 0.31

wWww.iaset.us editor@aset.us



20 RavindraK S, Vidyavati Shastry & Ramyashree H

25
2
logk' | .
1
05
D !
00031 00032 00033 00034

/T

Figure 6: Arrhenius Plot of Log k v/s 1/T at Different Temperature.

Table 2: Activation Parameters

| Parameters | Values |
Ea 0.0012
AH? -2477.57
AG” 86323.45
AS -297.99

Test for Free Radical (Study of Polymerization)

Polymerisation test: Acrylonitrile was added to theédized reaction mixture of the MnMlo gel formation was observed
even on addition of excess of methanol. This suggassence of free radical in the reaction mixidte

Table 3: Effect of Varying Concentration of MET, KM nO4, NaOH on the Rate of the Reaction at 298K

0.25 2.5 5 2.5 0.56 0.60
0.5 2.5 5 2.5 0.60 0.75
1 2.5 5 2.5 0.89 0.95
2 2.5 5 2.5 0.96 1.20
3 2.5 5 2.5 1.15 1.32
1 0.5 5 2.5 0.95 121
1 15 5 2.5 0.91 1.19
1 2.5 5 2.5 0.89 0.95
1 5 5 2.5 0.96 1.13
1 7.5 5 2.5 0.95 112
1 2.5 1 2.5 0.40 0.45
1 2.5 3 2.5 0.75 0.80
1 2.5 5 2.5 0.89 0.95
1 2.5 7 2.5 1.13 1.15
1 2.5 10 2.5 1.22 1.32
1 2.5 5 1 0.68 0.60
1 2.5 5 2.5 0.80 0.95
1 2.5 5 5 0.71 0.89

Impact Factor (JCC): 6.3238 NAAS Rating 3.73



Spectroscopic | nvestigations of Permanganate Oxidation of Metformin Hydrochloridein Alkaline Condition 21
SCHEME- |

K s
MnOy + OH- ———» [MnO4 OH]
Substrate + [MnO,; OH] - LN

C —— Products

The permanganate in alkaline media combines withliato produce [MnQOH?] species in pre equilibrium
step, as shown in scheme |. This supports witHrdetional order of alkali the plot of 1/kobs v/§QH which is linear
with non zero intercept. Many investigations suggémt many oxidation reactions proceed througlermediate
complexes between oxidant and substrate. Thisnfiroted by the plot of 1/Kobs versus 1/ [sub] whishin favour of
possible formation of transient complex betweerdart and substrate comparable with Michaleis-menteohanism.

The reaction between substrates and alkali pernmatg&@pecies confirmed by the insignificant effefcionic strength in
the reaction which is associated with reaction letwion and neutral molecule.

SCHEME - I

From the Experimental Result, Scheme of Reaction Given as Below

Rate = -d[MnQ ] = k[complex-C]
dt

Rate =kK[MET][MnO ,.OHJ* 1)

=k KK,[MET]{ [MNnO,]¢ [OH;
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[MET]y =[MET]; (2
[MnO,Tr = [MNnOyT¢ +[MnO,.OHJ*+[C]
[MNO4]t = [MnO4]s +K1 [MNO4]s [OHT +K K [MET] [MNO4][OHT]

[MnO4_]f = |Mn05:11
1+K{OH-]+KK,[MET] [OH] (3)

[MET] = [MET]
[OHT 1 = [OH];

Rate=k KK, [MET] [MnO/][OH] “4)
1+K[OHT+K ;K ,[MET][OH ]

Kos Rate = KKK [MET][OH] (5)
[MnQ] 1+K[OH]+K ;K [MET][OH]

Rearranging 5, we get

1 = 1 + 1 + 1 (6)
Kobs KKK,[MET][OH ] KK[MET]

= |

2.5

l’kobs

0.5

0 0.5 1 1.5

[OH]

Figure 7: Plot of 1/kobs v/s 1/[OH-] for the Verifcation of Rate Law.
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Figure 8: Plot of 1/kobs v/s 1/[MET] for the Verification of Rate Law.

By the slopes and the intercepts of above graphs(7 & (8), the values of k,Kand K were calculated. By
substituting k K,K, values in rate equation k experimental values veateulated. These are in good agreement with

proposed mechanism.
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CONCLUSIONS

Oxidation of metformin HCI| with potassium permangtnin aqueous basic medium was studied. Stoichignod
oxidation MET was exhibiting 1:1. The product wasirid to be Metformin-N-Oxide. The reaction procettdsugh the
formation of complex between the substrate and ispeof permanganate. The temperature effect wadiestuand
activation parameters were calculated. The largmiee value of entropyAS’) suggest that the complex (C) is more

ordered than the reactalis Positive value oAH*, AG* suggest the reaction is endothermic and non speatss.
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