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ABSTRACT

Kinetics and oxidation of Miglitol (MIG) by sodiusl- bromo - p- toluenesulphonamide (bromamine + BAT)

in hydrochloric acid medium using RuyGls catalyst at 303K have been studied. The ratiesisorder in [BAT],
fractional order in [MIG], fractional order in RuG) fractional order in [H] and negative fractional order in
[PTS]. Addition of NaCl and NaBr did not affect ttede of the reaction. Variation of ionic strengdid not affect
the rate of the reaction indicating that non — iospecies are involved in the rate limiting stelpe Hielectric effect
is positive. Rate increased with increase in terapge from 293K to 323K. From the linear Arrhenipkot,
activation parameters were computed. Addition afction mixture to aqueous acryl amide solution wad initiate
polymerization, showing the absence of free radicgpecies. Oxidation products were identified. &nated
oxidant HO'Br is the reactive species which reacts with théstnate. Based on kinetic results, reaction
stoichiometry and oxidation products, a suitableehsmism have been proposed.
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INTRODUCTION

Aromatic N- halosulphonamides behave as mild oxiglahalogenating agents containing a strong padrix-
linked halogen which is in +1 state. Bromamine {s@dium N- bromo- p- toluenesulphonamide or BATi) te
easily prepared by the bromination of Chloramine (€AT) and is found to be a better oxidizing agéran CAT.
Literature survey reveals that several work haventmarried out with BAT as oxidant [1-9].

Transition metal ions form complexes [10,11] ant @ catalyst in oxidation and reduction reactidos to its
multiple oxidation states. Osmium, ruthenium, pdillan, manganese, chromium, iridium act as catadyst has
drawn considerable interest [12]. By using few $iian metal ions as homegenous catalyst, kinefiecxidation of
some molecules have been studied [13-20]. Miglgohn alpha — glucosidase inhibitor used for lomgrblood
glucose levels in people with diabetes mellitus,22]. Literature survey revealed no informationikakde on the
kinetics of oxidation of this drug by any oxidantslence Kinetics and mechanism of oxidation of
Miglitol(2 R,3R,4R,59-1-(2-hydroxyethyl)-2-(hydroxymethyl) piperiding435-triol) with BAT in hydrochloric acid
medium at 303K using Rughs catalyst have been studied and reported iartiote.

EXPERIMENTAL SECTION

Bromamine — T was obtained [6} partial debromination of dibromamine — T (DBTh a solution containing 20g

of CAT in 400ml of water, about 4 ml of liquid brame was added drop-wise from a micro burette withstant
stirring at room temperature. Separated DibromafiipBT) was filtered under suction, washed thotdygvith

ice cold water until all the absorbed bromine wampletely eliminated and then vacuum dried for 2Alout 20g

of DBT was dissolved with stirring in 30ml of 4 maim® NaOH at room temperature and the resultant aqueous
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solution was cooled in ice, pale yellow crystalsB#T formed were filtered under suction, washedcglyi with
minimum amount of ice cold water, and dried ove®4? The product was confirmed to be Bromamine — T by
qualitative analysis and then by its mass specttiivh, IR, 'H and**C- spectral data. An aqueous solution of BAT
was prepared afresh, standardized by iodometrichadetand preserved in brown bottles to prevent its
photochemical deterioration.

Miglitol (Biocon, India) and p — Toluenesulphonam{f.Merck) was used without further purificatiordaaqueous
solution of desired strength was prepared freshhetime. Purity of Miglitol and p- Toluenesulphomde was
checked by its M.P 113°C (Lit. 114 °C) and 139-134Ctit. 138-143°C)respectively. IR spectrum agreeth the

literature. All other chemicals used were of atieff grade. Permittivity of the reaction mediumsnadtered by the
addition of methanol in varying proportions (v/v)davalues of permittivity of methanol — water misds reported
in literature[23] were employed. Double distillecter was used in preparing all agueous solutiormighout the
studies.

Kinetic procedure:

All reactions were carried out under pseudo — firgter conditions([MIG] >> [BAT],) at constant temperature
303K, in a glass — stoppered pyrex boiling tubextexb black on outside to eliminate photochemidalots. Oxidant
and the requisite amounts of substrate, HCI, Rs@lutions and water (for constant total volumégtain separate
boiling tubes were thermally equilibrated at 30&eaction was initiated by rapid addition of meadumenount of
BAT to the mixture and was shaken intermittentlyod®ess of the reaction was monitored by iodometric
determination of unconsumed BAT in known aliqud@sf each) of the reaction mixture at regular inéds\of time.
The reaction was studied for more than two halfesi Pseudo — first order rate constanfsd@lculated from the
linear plots of log [BAT] versus time were reprodhle within + 3-4 %.

Stoichiometry:

Reaction mixture containing various ratios of bramtae — T and Miglitol in presence of 1x 1@nol dm?® HCI and

2 x 10° mol dm?® RuC catalyst at 303K were equilibrated for 24 h. Deteation of unreacted BAT showed 1:1
stoichiometry

CgH17;NOs+ TsNBrNa [ @H13NOs + TsNH, + H, + Na + Br— (1)

Product Analysis:

Reduction product of BAT, p — toluenesulphonamideswetectetdy thin layer chromatography [24] using light
petroleum — chloroform — 1 butanol(2:2:1 v/v/v)tag solvent and iodine as the reducing agenthEuit was
confirmed by its MP (138-143°C) and IR spectra. dation product 3,4,5-trihydroxy-1-(2-oxoethyl)pifzine-2-
carbaldehydewas detected by spot tef25] and was confirmed by IR spectroscopy. Stroegkpfor aldehyde was
observed at 1625cH.

RESULTS AND DISCUSSION

1.Effect of Reactants

With substrate in excess, at constant [MIGH], [RuCls] and temperature, plots of log [BAT] vs time wéirear,
indicating a first order dependence of rate on [RARate constant was unaffected by variation in [BAJ[Table
), confirming first order dependence on [BAT]Under identical experimental conditions, an iase=in [MIG}],
leads to increase il Krable 1). A plot of log kvs log [MIG] was linear (Fig 1) with a slope of @3ndicating a
fractional order dependence on [MIG]. When [HCI] svmcreased, at constant [MIG], [BAT], [Rufland
temperature resulted in increase in rate of theti@a(Table 1). A plot of log kvs log [HCI] was linear (Fig I1) with
a slope of 0.91, showing a fractional order depeodeon [HCI]. By varying the concentrations of Ry@ad to
increase in the rate of the reaction (Table 1) amlot of log kvs log [RuCl was linear (Fig I11) with a slope of
0.57, indicating a fractional order dependenceRundk].Catalytic constantkwas found to be 0.9889x%.0

2.Effect of halide ions and p- Toluene sulphonamide
At constant [H], addition of NaCl or NaBr (1xI®mol dm?to 10x10® mol dm®) did not affect the rate of the
reaction (Table II). Hence the dependence of tteeaa [HCI] reflected the effect of [Honly on the reaction.

Addition of reduction product of the oxidant PTSI0® mol dm?to 15x10° mol dm?) decreased the rate of the

reaction (Table II). A plot of log’ks log PTS was linear(Fig 1V) with a negative slag®.62, showing a negative
fractional order on [PTS] which indicates that A3 8wolved in fast pre equilibrium to the rate tiimg step.

1677



R. Ramachandrappaet al J. Chem. Pharm. Res,, 2012, 4(3):1676-1685

Table I: Effect of varying [BAT], [MIG], [RuCl 3] and [HCI] on the reaction rate

10°BAT], | 100MIG] | 103HCI] | 10°[RuCly] | 10K

mol dm™ | moldm® | moldm® | mol dm? st
5.0 10.0 5.0 20.0 2.45
10.0 10.0 5.0 20.0 2.55
20.0 10.0 5.0 20.0 2.60
10.0 5.0 5.0 20.0 1.03
10.0 10.0 5.0 20.0 2.55
10.0 15.0 5.0 20.0 3.47
10.0 20.0 5.0 20.0 421
10.0 10.0 2.0 20.0 1.16
10.0 10.0 3.0 20.0 1.64
10.0 10.0 5.0 20.0 2.55
10.0 10.0 10.0 20.0 5.39
10.0 10.0 5.0 10.0 1.50
10.0 10.0 5.0 20.0 2.55
10.0 10.0 5.0 30.0 3.38
10.0 10.0 5.0 40.0 4.66

Table II; Effect of concentration of halide ions, 'S, NaClO, on the oxidation [MIG] by BAT

10°[conc] PTS NaCl NaClQ [ NaBr

mol dm? | 10K(sY) | 10K(sY) | 10K(sY) | 10K(sH
1.0 4.20 2.25 2.40 2.34
5.0 3.19 2.45 2.72 2.55
10.0 2.00 2.55 2.32 2.62
15.0 1.31 2.34 2.46 2.33

3. Effect of ionic strength and dielectric constant
Variation of ionic strength using NaClQLx10% mol dm?® to 10x10® mol dm?) solution[26] did not affect the rate
of the reaction (Table II) indicating that non il species are involved in the rate limiting step.

Dielectric constant (D) of the medium was varied dijding methanol (0 — 30% v/v) to the reaction omet
Addition of methanol resulted in an increase of ide in the reaction (Table 111). Plot of (1/ D3 iogK was found

to be linear with a positive slope (Fig V). Valud#sD for MeOH — OH mixtures were taken from theidture[23].
Blank experiments with methanol showed that theis wglight decomposition (~3%) of solvent under the
experimental conditions. This was corrected fordaleulations of net reaction for the rate constant

Table 1lI: Effect of varying Dielectric constant of the medium on the reaction rate

MeOH (% v/V) D 16/D | 10°K(sY)
0 76.93| 1.30 2.55
10 72.37| 1.38 5.03
20 67.38| 1.48 10.23
30 62.71| 1.60 | 25.86

4. Effect of temperature

Reaction was studied over a range of temperatuBk 26 323K by varying the concentration of Miglitahd
keeping other experimental conditions constant I@aY). It was found that the rate increased witisrease in
temperature (Fig VI)

From the linear Arrhenius plot of logus 1/T (Fig VII), values of activation parameteiielenergy of activation
(Ea) , enthalpy of activation”), entropy of activation{S") , free energy of activationG") were computed.(Table
V)

Table 1V: Effect of [MIG] on different temperatures in acidic medium

; 10K (s
10°[MIG] mol dm” | 52203k | 313K
5.0 101 | 1.63 | 2.23
10.0 173 | 255 | 3.63
50.0 229 | 347 | 4.46
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Table V: Effect of temperature and values of Activéion parameters for the oxidation of MIG by BAT

Temperature (K)] 1%/(s") Activation parameters
Ea= 55.794 (56.388) kJ rifol
§3§ %gg AH? = 53.321(53.826) kJ mbl
313 “oa | AG =31.784(30.905) k mél
323 1066 | AS =-115.070(-100.91) kJ mbl

logA = 6.0729(6.169)

Note: Values in the parenthesis were calculatepldtying logk vs 1/T.

5.Test for free radicals
Addition of reaction mixture to aqueous acrylamsméution did not initiate polymerization, showirtgetabsence of
free radicals species.

6.Catalytic activity
Moelwyn- Hughes[27] have pointed the relationshegpaeen catalyzed and uncatalyzed rate constants.

kr =k + KJRu(lI]*

where k is the observed rate constant in presence of RUKllis the rate constant in absence of catalysts khe
catalytic constant, x is the order with respedRtIl). Catalytic constant was found to be 0.988xMalues of K
were evaluated at different temperature. Plot gKlovs 1/T(plot not shown) was linear and thermodyrcaini
parameters were calculated (Table V).

Pyrde and soper[28], Morris et al[29] and Bishod dannings[30] have shown the existence of simgitgilibrium
in acid and alkaline solutions of N- metallo — Nhaloarylsulphonamides. Bromamine- T is analogouSAd and
behaves like a strong electrolyte in aqueous swoisti forming different types of reactive speciesshewn in
equations (2 -7)

TsNBrNa TsNBFr  +Na 2
(Here Ts=p-CHCgH4SO, )

TsNBr +H' TsNHBr (3)
2 TsNHBr TsNH + TsNBk 4)
TsNHBr + HO e TsNH + HOBr (5)
TSNHBr+ H' - Ts NH, Br (6)
TsSN'H, Br + O —~—7 TsNH+ H,O'Br @)

The possible oxidizing species in acid medium as&lABr, TsNBg, HOBr, H,O" Br. If TsNBr, were to be the
reactive species, then the rate law predicts anskoader dependence of rate on [BATEq 4) which is contrary to
the experimental observations. First order retasdatf rate was observed by adding PTS. Hence,(&gand (7)
play a dominant role in the oxidation of miglitof BAT. In aqueous solution of [Rug}| Ru(l11)[31-34] can exist as
[RUCIg]*~, [RUCK(Hz0)I*~, [RUCl(H,0),]~ , [RUCK(Hz0)s], [RUCI(Hz0),]", [RUCI(H;0)]*" and [Ru(HO)e]>".
Literature survey reveals that the active catadpsicies may be assumed to be either [R&iCbr [RuCk(H,0)]*~
ion as shown in the following equilibria [Eqgs. @)d (9)]:

RuClk + 3HCI
[RUCI6]3_+ Hzo

[RuCk]®* + 3 H (8)
[RuCk(H.0)~ + CI” 9)

H

Singh et.al[35, 36] used the above equilibria in(IRucatalyzed reaction in HCIgsolution. In present case since
there was no effect of chloride ion on the reactiate, Eq 9 does not play a role in the reactioth la@nce the
complex ion, [RuGj*~is assumed to be the reactive catalyst species.

Hardy and Johnston [37] have studied the pH depen@dative concentration of the species presergcidified

CAT solutions of comparable molarities and havewshahat its acid form is likely oxidizing species acid
medium.
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Based on the preceding discussion and observedikiresults, a mechanism (Scheme 2) is proposedhier
oxidation of MIG by BAT in acid medium.

Kl

TsNHBr+ H;O" Ts NH + H,O" Br fast (i)

K2
H,O'Br + MIG X f4i)

K3
X + [Ru(lN)] X fast)(ii

Ky
X'+ HO — > products sland rds (iv)
(Scheme 1)

In scheme 1, X and "Xepresents the intermediate species, whose stescanre shown in Scheme 2 in which a
detailed mechanistic interpretation of MIG oxidatiby BAT in acid medium is proposed. The reactiv©HBr
species interacts with the substrate, miglitol ifast step (ii) to form the bromo intermediate Xirthermore, X
reacts with the active catalyst species, [Ru(lli)j a fast pre — equilibrium step (iii) to formettmetal complex X
The fractional order in [Ru(lll)] supports the fapte — equilibrium, step(iii), in the mechanismnaly X
hydrolyses in the slow, rate limiting step formigxgd products.

If [BAT] ;represents total BAT concentration in solutionnthe
[BAT]; = [TSNHBr] + [H,O" Brl+ [X] + [Xo..oooeenn. (10)

From the above, the following rate law can be dativ

Rate=4[BAT] _ K K KK, [BAT][MIG][H O ][Ru(ll)]
at [TSNH,] + K [H,0"]+ K K,[MIG][H O] (1+ K,[Ru(ll)])
..(11)
s TsNH, 1 1

Kk TKKK K [BAT][MIG]H,O"[Ru(IIl] ¥ KKk, [BAT]MIG][Ru(lII)] ¥ K3k4[BAT]I[Ru(III)]+k4[BAT]t
..(12)

Rate law Eq 11 is in agreement with the experialemtsults.

Variation in ionic strength of the medium does altér the rate indicating the involvement of nonitspecies in
the rate limiting step. Addition of halide ions had effect on the rate indicating that no intergeio or free
bromine is formed. Proposed mechanism is furthppsted by the moderate values of energy of adtimaand

other activation parameters. Fairly high positiaues of free energy of activation and enthalpyactivation

indicate that the transition state is highly sodeatwhile the large negative entropy of activatmuggests the
formation of the compact activated complex wittsldsgrees of freedom.
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Fig I: Effect of [MIG] on the reaction rate
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Fig II: Effect of [HCI] on the rate of the reaction
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Fig IlI: Effect of [RuCl 3] on the rate of the reaction
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Fig IV: Effect of [PTS] on the rate of the reaction
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Fig V: Effect of dielectric constant on the rate ofthe reaction
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Fig VI: Effect of [MIG] on the rate of the reaction at different temperatures
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Scheme2: Mechanism of Oxidation of [MIG] with [BAT] in presence of RuC{ as catalyst
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Fig VII: Effect of Temperature in acidic medium
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CONCLUSION

Kinetics and oxidation Miglitol by sodium — N — on® — p — toluenesulphonamide (Bromamine-T or BAT) i
aqueous HCI in presence of Ry@s catalyst have been studied at 303K. Activatiarameters were computed.
Major oxidation product was identified as 3,4, %Wdroxy-1-(2-oxoethyl)piperidine-2-carbaldehyde0MBr is the
reactive species which reacts with the substratseB on kinetic results and reaction stoichiomedrguitable
mechanism has been proposed.
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