Available online www.jocpr.com

Jour nal of Chemical and Phar maceutical Resear ch, 2014, 6(6):1011-1019

| SSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

A kinetic and mechanistic study on the oxidation of sulfanilamide by
hexacyanoferrate (I11) in aqueous alkaline medium

Ravindra Shimpi®*, Rajesh Fadat®, D. M. Janrao® and Mazahar Farooqui®

®Department of Chemistry, Badrinarayan Barwale Matigalaya, Jalna(MS), India
®Department of Chemistry, JES College, Jalna(MSjialn
°Dr Rafiq Zakaria College for Women Aurangabad [Pgistduate and Research Centre, Maulana Azad Callege
Aurangabad(MS) India

ABSTRACT

The kinetics of oxidation of sulfanilamide by hepawferrate (abbreviated as HCF) (lll) ions in agues alkaline
medium at constant ionic strength 0.01molfdmd temperature 298°K has been studied spectroptetrically.

The reaction exhibit 1:3 stoichiometry and follofisst order kinetics in [HCF (lll)] and in [alkali] The

dependence of the rate on substrate concentratiegnbeen found to be of fractional order type. Toréad strength
of the reaction mixture shows positive salt effecthe reaction rate. To calculate thermodynamicapzeters the
reaction has been studied at six different tempeest from 283°K to 333°K. Mechanism involving fotimma of

complex between hexacyanoferrate and sulfanilarhaebeen proposed. Azoxybenzene-4, 4’-disulfonahzide
been identified chromatographically and spectroscalfy as the final product of oxidation of sulftarmide. Based
on the kinetic data and product analysis a reactivechanism is proposed.
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INTRODUCTION

Iron (Il1) in the form of different complexes in mhation of different compounds has acknowledgedfgieterest
due to cost-effective availability, less difficultyvolved in the estimation and its capability t B both acidic and
alkaline medium. Iron (VI) is an environment frigpdxidant and also used as coagulant for waterveaste water
treatment[1,2]. It is possible to use hexacyanater(lll) as a moderate oxidant because of oxidatimtential of the
couple [Fe(CNJ*/[Fe(CN)]* (0.36V). Hexacyanoferrate (lIl), (HCF) has beemely used to oxidise numerous
organic and inorganic compounds in alkaline meRiesearchers[3] have suggested that alkaline henafgmate
(1) ion simply acts as an electron abstractinggent in redox reactions. Though, Speakman

and Waters[4] have recommended different pathsxafation of aldehydes, ketones and nitroparaffhile,

Singh and co-workers[5,6] during discussion of dixélations of formaldehyde, acetone and ethyl niethjone
have suggested that the oxidation takes place ghran electron transfer process resulting in theéion of a free
radical intermediate.

Extensive work on the oxidation of amines by herawferrate (lll) was done by a number of reseasfhiet3].

Majority of the oxidation work were carried on tary amines and less on the oxidation of primarg sacondary
amines Oxidation of anilines and substituted aedimsing hexacyanoferrate (lll) was reported bygbpta and
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Mahanti[14-15]suggests formation of an aminium catication and radical intermediate. Due to sonm@lstic
utility ferricyanide oxidation has become knownCexker oxidation[16]

Sulfanilamide is a sulfonamide antibacterial. Cheatty it is a molecule containing sulfonamide fuiaotl group
attached to aniline. As a sulfonamide antibioticfuhctions by competitively inhibiting enzymatic actions
involving para-amino benzoic acid (PABA)[17] PABA needed in enzymatic reactions which produce #udid
that acts as a coenzyme in the synthesis of puniyeimidine and other amino acids. Acetazolamide,
methazolamide, dichlorophenamide, ethoxolamide dodzolamide, as carbonic anhydrase (CA-ll) isozyme
inhibitors, sulfonamide compounds are clinicalledgrugs for the treatment of glaucoma[18]. All threags used
for the treatment of glaucoma have some systerd&efifects[19]

A survey on earlier literature indicates that nier@tion was paid to the oxidation of sulfanilamigethis oxidant.
The present work has been undertaken with a vieshedding some light on the influence of the natfreoth the
oxidant and the media on the kinetics and mecHaro$tthe redox reactions as well as on the napfirexidation
products. Moreover, the results obtained may gamesinformation on the chemistry of sulfanilamideaiqueous
solutions.

Compound of sulfanilamide like sulfanilic acid (p¥mobenzenesulfonic acid) (SAA) is a significantd anteresting
compound, which is useful in a number of appliaain the synthesis of organic dyes[20]. Sulfanitlerand some
related substituted amides are of considerable cakdinportance as the sulfa drugs. Although theyehbeen
supplanted to a wide extent by the antibiotics sastpenicillin, terramycin, chloromycetin and aumgain, the
sulfa drugs still have their medical uses, and make considerable portion of the output of therptaeutical
industry.[21] Literature survey reveals no study axidation of sulfanilamide by but several studies/e been
reported on the oxidation of sulfanilic acid by @tloxidants such as Ce (IV)[22L8,[23] peroxomonophosphoric
acid[24] persulfate[25periodiate[26] peroxy disulfate[27] and HCF(III)[R8 Different workers have identified
different products by different oxidants for suifamacid[.22-27]. In view of the lack of literateron the oxidation
of sulfanilamide by HCF (lll), and in order to empk the mechanistic aspects of HCF(lll) oxidatianaikaline
medium, we have chosen sulfanilamide as a substrat®ntinuation of our earlier work [29,RBe present study
deals with the title reaction to investigate thdme chemistry of HCF (lll) in such media and toiarat a suitable
mechanism for the oxidation of sulfanilamide byaditke hexacyanoferrate (1) ions on the basisinétc results

EXPERIMENTAL SECTION

Reagent grade chemicals and doubly distilled wate used throughout. A solution of Fe(GNjvas prepared by
dissolving KFe(CN) (SD fine chem.) in KD and was standardized iodometrically. Sulfanilamisl soluble in
aqueous bases. The solution of sulfanilamide (lbbate) was prepared by dissolving appropriate amofin
sample in very dilute alkaline solution. Sodium ropdde (Merck) and sodium nitrate (SD fine chemérgvused to
provide the required alkalinity and to maintain tbweic strength respectively.

I nstruments used

A sophisticated double beam bio-spectrophotometed® was used is a microprocessor based scannifig U
visible spectrophotometer with PC compatabity aritth RS232C interface; MS Windows based softwarel dee
data acquisition, processing, storage and intaafioet of data. This spectrophotometer has autonedicelength
calibration system, Lamp selection; auto focusimgpgrammable wavelength and thermoelectrically erafure
controller. Thermostat used was of ‘Toshniwal’ tnatent. The constancy of the temperature maintaivesito an
accuracy of 0.5 °C

Kinetic Procedure

Stoichiometry and Product Analysis:

Reaction mixture containing various ratios of hexamferrate (I11) to sulfanilamide in presence &f®? mol dm?
at 307°K, under the condition [SNA]>>[HCF], wereudiprated for 24h. Determination of unreacted H§}fowed

1:3 stoichiometry. Oxidation product Azoxybenzene-4’-disulfonamide was detected by thin layer
o

A
chromatography. Further it was confirmed by its NiR,and NMR spectra. Strong peak fern=n—group was
observed at 1315 ¢
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Figure.1 Determination max wavelength of potassium hexacyanoferrate (lI1) 1x10* M

Figure.1 Ama for potassium hexacyanoferrate(1x10*M) deter mined spectrophotometrically using bio-spectrophotometer BL-198 Elico
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1. Effect of Reactants on the Reaction Rate

With substrate in excess, at constant [SNA], [JO&hd temperature, plots of log [HCF] Vs time wéimear
indicating first order dependence of rate on [HORdte constant k increases by with increase in [HT&ble.1)
confirming first order dependence on [HCF]. InceefSNA] lead to increase in rate of reaction (Tablat constant
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[HCF], [NaOH], [NaNQ] and temperature. Plot of log[SNA] Vs lkgs (Figure.2) was linear with a slope of 0.50
indicating fractional order dependence on [SNAheTrate increases with increase in [NaOH] (TableP19t of
log[NaOH] Vs lodkps (Figure 3) was linear with slope of 0.994, showfingt order dependence on [QH

2. Effect of saltson the Rate

To study the effect of variation of salts, the cemtration of salts were varied from 1 X210 9 x 10°M, keeping
constant concentration of other reaction ingrediesutch as [HCF]=7x1OM, [SNA]=5x10°M, [NaOH]=8x10°M
and [NaNQ]=8x10°M (Table.6). From the obtained results, it is cléaat pseudo first order rate constémys
increased with increase in concentration for KBt, KNO;, NaHCQ and NHBr. A plot of log ks VS
according to extended Bronsted-Debye-Huckel eqoatias found to be linear with positive slopes iatlitg
positive salt effect. On the other hand pseudd firder rate constant decreased with increasenoesdration for
KCI, K,SQ,, NaCl, NaCO; and NHCI. A plot of log kops VS+/t Was found to be linear with negative slopes
indicating negative salt effect.

Table.6 Effect of added Salt on first order rate constant
K [ F&(CN)|=7x10* M [SNA]= 5x10° M [NaOH]=8x10*M [NaNO3]=8x10°M

Conc. of salts(M) Rate constant ( k),"S
KCI KBr Kl KNO3 KaSQ, NaCl NaHCQ | NaCO; | NH.CI NH,4Br
0.01 0.07959] 0.07131 0.07503 0.07523 0.07y05 06©78H.07871| 0.07893 0.08334 0.071B7
0.02 0.08347| 0.0812]1 0.07941 0.07781 0.08174 0®©798.07499| 0.08556 0.07850 0.081p1
0.03 0.07428) 0.0757¢ 0.07615 0.08301 0.08p82 0D798.07830| 0.07244 0.08161 0.075(6
0.04 0.07285| 0.0806 0.08418 0.07729 0.08p26 04€82D.08258 | 0.08421 0.08054 0.08068
0.05 0.07437| 0.07857 0.08062 0.08334 0.07y86 020794€.08290| 0.07803 0.07935 0.078p7
0.06 0.07090] 0.0805 0.07594 0.07904 0.07986 0M84D.08368 | 0.08297 0.07895 0.08050
0.07 0.07774] 0.08283 0.08424 0.07744 0.08p57 0D79D.08142| 0.08174 0.08293 0.08283
0.08 0.08028] 0.08171 0.08184 0.07786 0.07860 0M79®.08100| 0.07913 0.08054 0.07666
0.09 0.08455| 0.0802 0.07792 0.08398 0.08867 00794.07777| 0.07868 0.07951 0.080R0

3. Effect of lonic Strength and Dielectric Constant on the Rate
Variation in ionic strength using NaN®olution (1 x 1& mol dm?®to 9 x 10°* mol dm®) affect (Table.2) the rate of
the reaction indicating that species are involivetthe rate limiting step.

Dielectric constant (D) of the medium was variedaloiging methanol, ethanol, DMSO, and acetonitfilgb{e.3). It
was found that rate constant increased on decig#ésendielectric constant of acetonitrile and DMS®ijle rate
constant decreased on decreasing the dielectrstarof methanol and ethanol. The relative peivititt(D) effect
was studied by varying solvent-water content in thaction mixture with all other conditions beingnstant.
Attempts to measure the relative permittivity waoe successful. However, they were computed froenviddues of
pure liquids[31]. Plot of (1/D) Vs ldgyswas found to be linear.

4, Effect of Temperature on the Reaction Rate
Reaction was studied over a range of temperatudék2® 333°K by varying the concentration of suifamide
(Figure.4), keeping other experimental conditioosstant.

It was found that the rate increased with increasemperature (Table.5)
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From the Arrhenius plot (Figure.5), activation pagders like energy of activation (Ea), enthalpyaefivation
(AH™), entropy of activationAS"), free energy of activatiom\G*), and logA were computed (Table.5).
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Figure.5 Arrhenius plot

5. Test of Free Radicals
Addition of reaction mixture to aqueous acrylomérsolution did not initiate polymerization, shogiabsence of
free radical species.

Table.1-Effect of Reactant Concentrations on the Reaction Rate at 307K

10HCF] | 10°[SNA] | 10qNaOH] | 1([NaNO;] 10°k

Mol dm® | Mol dm?® Mol dm? Mol dm® Mol dm®
2.0 20 20 20 7.20
3.0 30 20 20 7.49
4.0 40 20 20 7.58
7.0 70 20 20 8.46
7.0 2 20 20 8.11
7.0 3 20 20 8.17
7.0 5 20 20 8.26
7.0 5 4 20 7.65
7.0 5 8 20 8.33
7.0 5 12 20 8.82

Table.2-Effect of lonic strength on the Reaction Rate at 307K

10°[HCF] | 100SNA] | 10*[NaOH] | 10*[NaNGQ;] 10°k
Mol dm® | Moldm® | Mol dm?® Mol dm® Mol dm?®

7.0 5 8 2 6.82
7.0 5 8 6 7.49
7.0 5 8 12 7.89
7.0 5 8 14 8.09

Table.3-Effect of solvent on first order rate constant
Ks[Fe(CN)] = 7x10* M [SNA]= 5x10° M [NaOH]= 8 x 1*M [NaNOs]= 8 x 10°M

Sr. No Conc. of solvent| Variation of solventsky.)

T % Methanol | Ethanol| Acetonitrilg  DMS(
01 10 0.0816 0.0773 0.0774 0.0774
02 20 0.0764 0.0831) 0.0764 0.0803
03 30 0.089¢ 0.074¢ 0.080( 0.077¢

04 40 0.083¢ 0.077: 0.075( 0.076¢

05 50 0.0805 0.0745 0.0764 0.0775
06 60 0.0791 0.0774 0.0806 0.0832
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Table.4-Effect of Temperature on Oxidation of sulfanilamide in basic media
Ks[Fe(CN)]=7x10* M [SNA]= 5x10° M [NaOH]=8x10°M [NaNO;]=8x10°M
Activation Energy = -4.6528 KJ/mole

Sr. No. | temp °K] AH" (KJ/mole) | AS" (KJ/mole) | AG® (KJ/mole)
01 283 -7.0056 -0.1269 28.9240
02 293 -7.0887 -0.1260 29.8544
03 303 -7.1718 -0.1264 31.1387
04 313 -7.2550 -0.1259 32.1555
05 323 -7.3381 -0.1257 33.2650
06 333 -7.4213 -0.1259 34.5264

Avg. -7.2134 -0.1261 31.6440

Table.5- Effect of Temperature on the Reaction Rate & Activation parameters

Temperature(K)|  10k(s?) Activation parameters

Parameter Value
283 0.0621 Ea(J mof) 4652.8
293 0.0765 AH*(OmolY) | -7213.4
303 0.0674 AG*(J mot?) 31644
313 0.0759 | AS* (I K'mol™) | -126.1
323 0.0785 logA -243.0
333 0.0714

Variation of the concentration of each of the orid&lCF (lIIl), substrate (SNA) base and ionic sttengvhile
maintaining the others concentration constant skotliat the reaction is first-order in oxidant, iask and with
respect to ionic strength and fractional orderuhbstrate. The stoichiometry of the reaction betwgbih and HCF
(1) is 1:3. Oxidation of sulfanilamide using hex@anoferrate (lll) in basic media is non-complenagptreaction
whereby oxidant undergoes six equivalent changiég. Cu (ll) in most oxidation reactions hexacyamcdee (l11)
shows free radical formation and its rapid oxidaf82-36]. Due to higher oxidation potential of efEN)]*
/[Fe(CN)]* (0.36V) in alkaline medium compared to Cu(ll)/Qu(0.159V) suggests better possibility of rapid
oxidation of the free radical might completely makk polymerization. In the present investigatiba bxidation
proceeds via formation of a complex with SNA andAH@I), which decomposes in the presence of alikah slow
step to a free radical derived from SNA and HCH. (The free radical further reacts with 1 mole aEZH(lll) in
aqueous media in a fast step to give intermedietduct hydroxylamine benzene sulfonamide and HQFThe
hydroxylamine benzene sulfonamide so formed furtleacts with 2 moles of HCF (lll) in a fast stepdive
nitrosobenzene sulfonamide and HCF (II). Anothetetale of SNA reacts with 2 moles of HCF (lll) ihet fast
step to give hydroxylamine benzene sulfonamide ld@d (II). The two intermediate products productsnety
nitrosobenzene sulfonamide and hydroxylamine bemzamfonamide rearrange themselves in a fast step t
azoxybenzene-4, 4'-disulfonamide as the final pecodsatisfying the stoichiometric observations. ther, the
formation of complex is also proved kinetically bgn zero intercept of the plot of [OHk]{s versus 1/[SNA]. The
observed modest enthalpy of activation and a xeltilow value of the entropy of activation as wedl higher rate
constant for slow step indicate that the oxidatiowst probably occurs via an inner-sphere mecharsgineme 1 is
in accordance with the generally accepted prinafleon- complementary oxidations taking placeequsences of
one electron steps.
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H H
OH

. fast
2H,N-O,S-Ar-N - + 2[Fe(CN)3]3'+ 2H,0 ——» 2H,N-O,S-Ar-N + 2H" + 2[Fe(CN)5]4'
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Scheme.1 suggests to the rate law (1)

d[FECN¢’ ]
dt

Scheme.l

Rate= -

ate= KK[SNA Fe _CN631[ OH 1)
(1+ K[Fe(CN). > @+ K[SNA]
KK[SNA[ Fé CN;"][OH ]

T1+K[SNA+ H FeCYST+ K SNA Ee GN]

Rate

)
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The termsK[Fg(CN),*] and K’[SNA[ Fé C),*] in the denominator of Eq. (2) are negligibly small
compared to unity in the view of the low conceritnatof Fe(CN)63_ used and the observed first order with

respect td-€( CN),> . Therefore Eq. (2) becomes

ratee KKISNALFe O™l OH

®3)

1+ K[SNA
Rate _ =k, = k{ SNA OH (4)
[F(CN)¢] 1+ K SNA

Eqg. (4) can be rearranged to the following formjchitis used for verification of the rate law,

[OHT] _ 1 1
- += ®)
Kops KK[ SNA k

. IOH‘] 1 _ o
According to Eqg. (5), the plots VerSUS[SNA (r> 0.9751, s0.0158) should be linear as verified in

bs
Figure.6
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Figure.6 Plot of [OH J/k  _ versus 1/[SNA]

CONCLUSION
The oxidation of SNA with HCF(lll) in alkaline medh involves an inner-sphere mechanism and non-

complementary oxidations taking place in sequerafesne electron steps. The overall mechanistic secgl
described here is consistent with product, meckiardad kinetic studies.
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