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ABSTRACT

TheRh(111) catalyzed oxidation of 2-ketoglutaric acid by bromamine-T in
acid medium hasbeen studied. Thereactionisfirst order eachin bromamine
- T and acid, less than unity order in both substrate and catalyst. The
reaction constant is positive and increase with increase in temperature.
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The mechanism is influenced by participation of the neighboring group
of 2- ketoglutaric, and intermolecular catalysis of Rh(Il1) is proposed.
Insignificant effect of p- toluenesulphonamide was observed. The pro-
cesses are controlled by electron withdrawing and electron releasing

substituents. © 2013 Trade ScienceInc. - INDIA

INTRODUCTION

Inlast few decadesthe most commonly transition
metal ion reagentssuch ascerium (1)1 and vanadium
(V)@ have been used as catalyst in redox reactions.
Somelessfamiliar oxidizing agentslikesmanganese
(DB, osmium (VM ruthenium (1)1, ruthenium
(VID® iridium (1117 and palladium (1) havea so
been used ascatalyst. Thetransition metal ion such as
rhodium used as homogeneous catal yst in many redox
reactions® helping usto study for theroleof thistransi-
tionmetal inbiologica aswell asinindustrial sector.

Oxidation gtatesof rhodium complexesrangingfrom
+ 1to+ 6. Themost stable oxidation wasfound to be
+3 than other oxidation states. The Rh(I1l) isbelongs
to classof compounds d® speciesand form octahedral
complex, cationic neutral and anionicincontrast to Co
(111). Thecationicand neutral complex of theRh(l11) is
generdly kinetically inert, but the anionic complex of

Rh(lll)isusudly Iabile. Rhodium complex cationshave
been proved particularly suitablefor studying trans ef-
fectin octahedral complex.

Magnetic and spectral properties of the Rh(I1l)
complex arefarly smple. All thecomplex andintended
all compoundsof rhodium are diamagnetic. Thusthe
inherent tendency of the octahedra d® configurationto
adopt thelow spinst 2g arrangement together with the
relatively highligand field strength prevailinginthese
complexesof tri positive higher transition seriesions

After theinitia report™ that group V111 metals(Ni,
Ru, Rh, PX, Pd, Ir) catalyze many reactions, active de-
bate continues about therdativeintringcreactivity’s of
different metds, whileRhisgeneraly consdered to be
one of the most stable group VIII metalg*-1¢. Rh/
Al 203[12-24], Rh/Zr02[17’231, RN/Si 02[17,19,23,25,26,28]’ Rh/
MgOi#, RiLa,0,*1, RW/TiO,[93, Rh/NaY Y, and
Rh/ZSM-5°3 have a so been used to catal yzed so many
other typesof reactions.
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Itisreported that Rh (111) form complex with pyri-
dineanditsderivativeswhich showsantitumor activity.
Rhodium and itscompoundsused aspotential agentsin
cancer treatment for humang®3. Numerous platinum
other platinum and non-platinum meta compoundswere
shown to be effective against animal model tumorsas
well astumorsin man. However, theintroduction of
nove trandtion meta agentsin clinica trestmentisex-
ceptionaly dow. Rhodium belongsto the samegroup
as platinum and ruthenium. However, rhodium com-
pounds, anal oguesto the corresponding platinum and
ruthenium compoundsthat possess significant anti tu-
mor propertieswerefound to belesseffectiveasanti-
cancer agentsmainly duetotheir toxic effects. Dimeric
mu-Acetato dimers of Rh(I1) aswell as monomeric
sgquare planar Rh(l) and octahedra Rh(111) complexes
have showninteresting anti tumor properties®.

In 2-keto glutaric acid, two carbon atoms separate
the carbonyl and carbonyl group and thusthey behave
both as oxo compounds aswell asacidswith out the
direct influence of the other group. The above men-
tioned compoundsare active substrateintermsof their
mechani stic aspects becausein acidic medium 2- keto
glutaric acid can undergo enolization. However, the
cataysisin theiodination of someketo acidshasbeen
studied € sewhere®!,

However, Micro determination of 2-ketoglutaric
acidinplasmaand cerebrospind fluid by capillary gas
chromatography mass spectrometry; applicationto pe-
diatricsand 2-ketogl utarate dehydrogenase deficiency
withintermittent 2-ketogl utaric acid ureahavebeenre-
ported el sewhere®.,

Bromamine T whichisalso knownassodium salts
of N-bromo -p- toluene sulphonamide, is a newer and
lessfamiliar oxidant, which hasbeen recently employed
aseffectiveoxidant in many reactionswhich havebeen
kineticaly based. Theuseof BromamineT isduetoits
easy preparation. Recently it has been used for thedi-
rect and indirect estimation of inorganic and organic
substances, but very little attemptg®™#2 havebeen made,
sofar the oxidation kineticswith bromanine-T. It was
foundthat bromanine- T isvery effectiveoxidant inthe
presence of Rh(II1) chloridein acidic medium. Various
hydrolysis products depending upon pH of the
bromanine T solution have been supposed to beformed
likechloramines-T products. Theuseof bromate oxi-
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dation leads over meta ion oxidation dueto itsrecy-
clableand environmental ly benign.

In present investigation, an attempt hasbeen made
tointerpret thekinetic resultsobtained for theoxidation
of 2-ketogl utaric acid by acidic solution of bromamine-
T inthe presence of Rh(l11) ashomogeneous catayst.

MATERIALAND METHODS

Bromamine-T solution was prepared by thefol-
lowing methods*®. Recrystallised chloramine-T (10
gram) was dissolved in 200 ml water and to it was
added liquid bromine (2 ml) drop wisefrom theburette
with congtant stirring of thesolution. Thegoldenyd low
precipitateof dibromamine—T thus obtained was thor-
oughly washed with water, filtered under suction pump
and dried in vacuum desiccators for about 24 hours.
Thedried samplewasfound to melt at 92-93°C with
decomposition.

About 35gram of dibromamine—T prepared above
wasdissolvedinsmdl lotsat atimeandwith irringin
aqueous sol ution of about 8 gram of sodium hydroxide
in 50ml of water and the solution was cooled inice.
Pdeydlow crysta of bromamine-T separated out. The
crystalswerewashed agai n with minimum quantity of
water and dried over phosphorous pentoxide. About
0.05 M stock solution of bromamine-T was prepared
by dissolvingits 16 graminaliter of water and keptin
amber colored bottle. The solution wasthen standard-
izediodometrically for itsactive bromine. Aqueous so-
lutions of 2- ketoglutaric acid was obtained from E.
Merck Chemical Company and were prepared by dis-
solving weight amount of 2- ketoglutaricacidindouble
digtilled water.

Purity of the substrate was checked by their melt-
ing points. Rhodium (111) chloride standard sol ution was
prepared by dissolvingits1 gramin 0.05N HCI (about
50 ml) and the sol ution was then made up to 1000 m.
Standard solution of perchloricacid (E. Merck) and
sodium perchlorate (E. Merck) werepreparedin double
distilled water. Standard sol ution of oxalic acid and so-
dium hydroxidewere prepared by their Merck samples.
A puresampleof p- tolunesul phonamidewas dissol ved
in distilled water. An aqueous solution of sodium
thiosul phate (BDH) was standardized against standard
solution of copper sulphate (E. Merck). 4% solution of
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potassiumiodide (E. Merck) was prepared for theti-
tration and 1 % sol ution of starch (BDH) wasused as
indicator.

Kinetic measur ement

Inorder toinvestigate thereactionsunder study in
the present analysis, the following procedure were
adopted.

Thekinetic measurement was carried out at con-
stant temperature 35°C (+ 0.1°C) asreportedin litera-
ture*!. Appropriatevolumeof al thereactantsi.e. BAT,
Rh(l11), p-TSA,KCl and NaClO, weretakeninare-
action bottle. Therequisite volume of doubly distilled
water was added to the reaction mixture so that total
volume of thereaction mixturewas 100 ml after addi-
tion of 2-ketoglutaric acid solution. Thebottle contain-
ing thereaction mixturewasplaced in an electrically
operated thermogtat for therma equilibrium. Appropri-
atevolumeof solutionsof 2-ketoglutaricacid, asoequili-
brateat 35 "C, wasrapidly poured into reaction mix-
turetoinitiate the reaction. The progress of reaction
wasfollowed by estimating theamount of unconsumed
[BAT] iodometricdly indiquots(5ml) withdrawingfrom
thereaction mixtureat regular interva of timefor about
75 % of thereaction.

Therateof reaction (-dc/dt) in each kineticrunwas
determined by the d ope of thetangent drawn at fixed
concentration of bromamine T which iswritten as
[BAT]*. The order of reaction with respect to each
reactant was determined by thereaction betweeninitia
rate, i.e. (-dc/dt) andinitial [reactant].

RESULTSAND DISCUSSION

Theunandyzed oxidation of 2-ketoglutaric acid by
BAT inamedium containing p-TSA isvery ow and
followedfirst order eachin BAT, 2-ketoglutaric acid
and [H*], under the present experimental conditions.
However thereactionrateisfaster (10-12 times) inthe
presenceof lessquantity of Rh(l11). Therate constants
for thecatalyzed reaction are given hereunder
k catalyzed =k overall -k uncatalyzed

Theoxidationkineticswascarried out & variouscon-
centrations of reactantsat 308 K. Therate of reaction
increasesindirectly proportiond withincreaseintheini-
tia Bromamine-T asshowninTABLE 1and Figure 1.
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TABLE 1: Effect of variation of BAT on therateconstant at
35°C

Non variable constituents Variable constituent kj x 10%sec™

[BAT] x10'M
2-ketoglutaric acid = 5.00 x 10 M 0.80 3.64
Rh(l11) = 2.64 x 10 °M 1.00 3.64
HCIO,=125%x 10" M 1.32 3.65
KCl=500x10"M 2.00 3.66
2.80 3.68
4.00 3.69
3.7
3.69 -
T, 3.68 4
[
2
S 367 1
x
<
3.66 -
3.65 -
3.64 -
3.63 ‘ . :
0 1 ? 3 4 5
BAT x10°M

Condition : 2-ketoglutaric acid =5.00 x 10 * M; Rh(l11)= 2.64 x
10°M; HCIO,=1.25%x 10 'M; KCI=5.00 x 10 "M

Figurel: Plot between k and [BAT*] at 35°C for oxidation
of 2-ketoglutaricacid

Theeffect of 2 -ketoglutaric acid on the reaction
rate was studied in the concentration range 0.5- 5.00
mol dm & constant concentration of oxidant, acid and
catayst (TABLE 2). Theplot of ke’ against [substrate]
2 plots was linear with varying intercept and slope,
confirming that theorder in[substrate] islessthan unity.
Under thesameexperimenta conditionstheuncatayzed
reaction rate, through very slow, exhibited first order
with respect to 2-ketoglutaric acid [Figure 2].

TABLE 2: Effect of variation of 2-ketoglutaricacid on the
rateconstant at 35°C

Non variable

constituents Variableconstituent  k; x 10%sec™
2-ketoglutaricacid x 10° M
[BAT] =1.00x 10 "M 0.50 0.38
Rh(II1) = 2.64 x 10 °M 1.00 0.72
HClO,=1.25x 10 'M 1.50 1.23
KCl=5.00x10 M 2.0 1.56
3.30 2.71
5.00 3.64
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Condition: [BAT]=1.00x 10" M; Rh(l11)=2.64x 10 *M; HCIO =

1.25x10°M; KCI=5.00 x 10 °M

Figure2: Plot between k, and [Substrate] at 35°C

Theeffect of [H*] onthereaction ratewasstudied
in order to establish the active species of reactants
present in the solution. At same concentration of sub-
strate, BAT, catalyst, and other condition remaining
congtant, thereaction rateincreaselinearly. (TABLE 3)
withincreasein[HCIO,] and the order with respect to
acidwasfoundto beunity [Figure 3].

TABLE 3: Effect of variation of H* on therateconstant at 35
‘C

Non variable constituents Variable constituent k; x 10%sec™®

HCIO,=x 10 M
[BAT] =100 x 10" M 1.00 2.86
Rh(I11) = 2.64 x 10 °M 125 411
2-ketoglutaricacid =5.00 x 10" M 1.60 497
KCl=5.00x 10°M 2.0 5.64
3.00 8.52
450 12.43
16 -
14 A
12!
o
2 10 -
3
z ¢
x 6 |
4 -
2 -
0 T T .
0 2 4 6
HCIO, x 102 M

Condition:[BAT]= 1.00 x 10"M; Rh(lll)= 2.64 x 10°M; 2-
ketoglutaricacid = 5.00 x 10" M; KCI=5.00 x 10" M

Figure3: Plot between k, and [HCIO,] at 35°C for oxidation
of 2-ketoglutaric acid
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Theeffect of catalyst concentration on therate of
reaction was studied between the concentrationsof 0.66
x 10%and 3.96 x 10° mol dm3 (TABLE 4). Thecata-
lyst order wasfoundto be 0.50+0.01 as determined
thedopeof logkc against log [ catalyst] plots, and the
slope of ke’ against [catalyst] 0.5 were found to be
liner relationship showing thefirst order [Figure4].

TABLE 4: Effect of variation of Rh(I11) on therateconstant at
35°C

Non variable constituents Variable constituent k; x 10%sec®

Rh(Ill) = x 10°M
[BAT] =1.00% 10°M 0.66 0.83
HCIO,=1.25x 10" M 1.325 1.63
2-ketoglutaricacid= 5.00 x 10 M 1.98 275
KCl=5.00%10"M 2.64 345
3.30 531
3.96 6.23
10 -
8 4
o
1]
0
56
=
x
<
4 -
2 4
0 . . ‘ .
0 2 4 6 8
Rh(lll}) x 105M

Condition: [BAT]= 1.00 x 10 °'M; HCIO = 1.25 x 10 'M; 2-
ketoglutaricacid = 5.00 x 10 'M; KCI=5.00 x 10 °M

Figure4: Plot between k, and Rh(I11) at 35°C for oxidation
of 2-ketoglutaricacid

Itisclear from TABLE 5that onincreasing thecon-
centration of potassium chloridesthevaueof first or-
der rate constant decreasesin case of oxidation of 2-
ketoglutaric acid. Theaboveobservationisaso clear
from the curve obtained on plotting k, value against
[KCI] which showsadecreasein concentration of po-
tassum chloride(Figure5).

Theeffect of ionic strength of the medium of the
reaction rate was studied using NaClO, with other
experimenta condition held constant. We do not ob-
serveany significant changeof ionic strengthonthere-
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action rate (TABLE 6); hencetheionic strength of the
medium was not fixed at any constant value. Blank ex-
perimentswerea soruntomonitor theoxidation of acetic
acid by [BAT]. It wasfound that acetic acid was not
oxidized by [BAT] under the same set of conditions.

TABLE5: Effect of variation of [CI"] ontherate congtant at
35°C

Non variable constituents Variable constituent kj x 10%sec®

. KCl=x10 M
[BAT]=1.00x 10" M 1.00 11.23
HClO,=1.25x10°M ) 2.00 7.64
2-ketoglutaricacid = 5.00 x 10 'M 3.00 437
Rh(I11) =2.64 10" M 5.00 3.25
7.50 211
10.00 1.42
16 -
12 1
o
L7
w
g
x
=
4 o
0 T T T T T |
0 2 4 6 8 10 12
KCIx 102 M

Condition: [BAT]= 1.00 x 10" M; HCIO, = 1.25 x 10" M; 2-
ketoglutaricacid =5.00 x 10°M; Rh(I11)=2.64x 10" M
Figure5: Plot between k, and [KCI] at 35 °C for oxidation of
2-ketoglutaricacid

TABLE 6: Effect of variation of ionic strength ontherate
constant at 35°C

Non variable constituents C(\)/nasrtii?ﬂ;t stlrzzigih 1(l)(413:c'1
NaClO,=x10M px10M

[BAT] =1.00x 10 M 0.00 6.25 3.46

HCIO,=1.25x 10" M 0.75 7.00 351

EE)‘SF‘MOQ' utaricacid =5.00 175 8.00 343

Rh(Ill)=2.64x 10"'M 3.75 10.00 341
6.25 12.50 3.67
12.50 18.75 3.72
18.75 25.0 3.74

Inthisstudy an attempt has been madeto monitor
the effect of variation of addition of p-
toluenesul phonamide on thereactionrate. Various ex-
periments with different amount of p-
tol uenesul phonamidebut at fixed concentration of other

—= Pyl Peper

reactant have been cal culated and theresultsare sum-
marized in TABLE 7. A close examination of date of
TABLE 7 indicates that addition of p-
toluenesul phonamide one of the reaction product] does
not bring about any changein thereaction velocity of
oxidation of 2- ketoglutaric acid by acidified bromamine-
T inthepresence of Rh(lll).

TABLE 7: Effect of variation of p-toluenesulphonamide on
theratecongtant at 35°C

[b-TSA x10°M] ki x 10%sec
0.00 3.69
0.50 3.69
1.00 3.70
1.50 3.72
2.00 3.65
3.00 3.62
4.00 3.74

Theoxidation reactionsrateswere studied inthe
temperature range of 303 to 318 K, keeping al the
constituents of the solution constant (TABLE 8). Acti-
vation energy of thereactionswascalculated fromthe
least square dopeof linear Arrheniusplotsof log ke’
versus UUT (Figure6). Inthiscase, astraight linewith
dopeequa to—-AE /2.303 R isobtained and thusfrom
thesopethevaueof AEi.e. energy of activationis
caculated. Thevaue of AE comesout to be 15.64 for
2- ketoglutaricacid.

TABLE 8: Effect of variation of temperatureon therate
constant at 35°C

Temperature 'C ky x 10%sec
30 2.34
35 3.85
40 6.38
45 7.46

0.8

0.6

4+ log k1

0.4
0.2

o
31 315 32 325 33 335

1/Tx 10*

Figure6: Plot between log k, and (1/T) at 35°C for oxida-
tion of 2-ketoglutaricacid
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NATURE OFREACTIVE SPECIESOF
RHODIUM (I111) CHLORIDE INACIDIC
MEDIUM

Before the kinetic dataare used to elucidate the
reaction pathsfor variousreactions, it isessentia here
first todiscussthereactive speciesof bromamine-T and
Rh (111) inacidic media. In thefollowing section the
summary of kinetic observationsaregiven.

Thenatureof reactive speciesof rhodium (111) chlo-
ridein acidic medium will depend upon the effect of
variaion of chlorideions concentration on thereaction
rate. In hydrochloric acid, Rh (111) chloride has been
reported to form [RhCI ]* whichisinequilibriumwith
[RhCI..H,O]* asgiven below.

[RhCI]™+H,0 —5[RhCI_H,0] +CI )

Our kinetic resultsindicate negative effect of chlo-
rideionswhichfavorsequilibrium (1) totheright side.
Thusit can besafely assumed that [RhCI_.H.O]" isthe
real reactivespeciesof rhodium (I11) chloridein acidic
media

NATURE OFREACTIVE SPECIESOF
BROMAMINE -T INACIDIC MEDIA

Inacidicmedia bromamine-T existsinmany forms.
Hence before mechani smsof variousredox processes
areput forward, itisessentia to discusstheexact reac-
tivespeciesof bromamine-T involved hereonthebasis
of experimentd observations.

Bromamine-T being astrong electrolyte®*3 dis-

sociatesasgiven below.
CH,CH,SO,NNaBr - CH,CH,SONBr" +Na* )
(BAT) (BAT)

Inacidicmedium BAT  would take up the proton
toform p-toluenesulphobromamide as given below.
(BAT)” +H* - CH,C_H,SO,NHBr @)

(BAT)

In addition totheformation of BAT apart of BAT
isalso expected to be converted into DBT (dibromo
p-tol uenesul phonamide) and free sulphonamide (PTS)
asgiven beow.

2 BAT + 2H* - CH,C_H,SO,NBr, + CH.C,H,SO,NH, (3)
(DBT) (PTS)
Itisnow quite obviousfrom theabovediscussion

that any of thethree species, BAT .[BAT] andDBT is
Physical CHEMISTRY — commmm

responsiblefor oxidizing property of bromamine-T in
theacidic medium. Inthepresent caseif either BAT or
DBT asreactive speciesof bromamine-T isassumed,
theratelaw derived on thisbasisdoesnot conform to
theexperimentally observed kinetic results. Henceei-
ther of these two speci es discussed above can not be
taken asred reactive speciesinvolved in thereactions
andthusin view of abovetheonly choiceleftisBAT
which may beassumed to be actively involved inthe
redox processes. Alsowhen theratelaw isderived on
thebasisof [BAT] asreactive species, it wasfound to
bein agreement with thekinetic results. Hence [BAT]
maly be taken to be the reactive speciesin the present
case.

MECHANISM OFRh(I11) CATALY SED OXI-
DATION OF2-KETOGLUTARICACIDBY
ACIDICBROMAMINE-T SOLUTION

Thereaction mechanismfor thetitlereactions may
now be el ucidated with the help of reactive speciesof
bromamine-T and rhodium (I11) chlorideinacidic me-
diawhere Sstandsfor 2-ketoglutaric acid.

K1
[RhClg]*™ +H,0 — [RhCI5(H,0)]" +CI™

(Cy) ()] 0

Kz
Cz +S ——>» [RhC|5S] LI Hzo

11
(Ca) W

_ K;
CH3CgH,4SO,NBr™ + H+ —= CH4CgH 4SO,NBr
(BAT ) K (BAT)

D)

k2
C3+BAT— [RhCI5H] ¥ + Y +H+ (v)

Slow and ratedetermining step
whereY isanintermediate.

_ K
[RNCIgH] ¥+ BAT + H;0—3= CH,C4H ,SO,NH,
+Br +[RhClg(H,0)]*

V)

k4
Y + BAT—> Final products Vi)
Onthebasisof above proposed reaction steps, the
ratelaw may be derived asgiven below.
Thetotal [Rh (111)] may bewrittenasegn (1).
[Rh (1], =[C}] +[C)] +[C}] D
Fromequilibrium (1) wehave
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[Co] [CT]

Ki = mmmmmmemeees or

[C1]

[Co] [C1]
[Ci] = s @

Ki

Similarly fromequilibrium(Il) wehave
[C]=[CJ/K,[S ©)

on comparing egns (2) and (3) wehaveegn (4)

[Cz] [Cl]

KiKs [S]
onsubstitutingthevauesof [C,] fromegn(4) and[C)]

fromegn(3)in
egn (1) weobtainfinaly egn (5) on simplification.

4

[Ca] [CT] G
[Rh(ll)Jr = =e-eeemeeeee + e +Cq)
KiKs [9] Ko [S]
[CT] 1
or [Rh(Ill)]y = [Cs] ===  + ===een +1
KiKa [S] Kz [S]
[CI]+Ki+ KiK2[S]
or [Rh(ll)jy = [Ca] =w--mmmmeemmmmmeeenes &)
KiKa 3]
K1 Ks[S] [Rhy(ILI)]
[C3] = ememmemmeees

[Cl_] + K +K1K>» [S]

Now therateof thereaction may bewritteninterms
of consumption of bromamine-T asgiven by egn (6)

d[BAT]

- e = nk»[C3] [BAT] 6)
dt

where n isthe number of moles of BAT required to
oxidiseonemoleof substrate.

Considering equation (5) and (6) we havethefol-
lowing resulting equetion (7)

d[BAT]  nko K1Kz[S] [Rh(III)] [BAT]

) '“(;;““ i -[-Cﬂ +-I-(-1- +K1K-2-[S] O

= Pyl Paper
On applying steady state treatment to [BAT] and
considering egn (7) we obtain equation (8)
d[BAT]  nko K1Ko K3 [BAT] [S] [H*] [Rh(III)]

dt KiKs [ST + Ki + [CI']
where K, = K /K|
Again on assuming K K, [S]<<(k, +[CI]) we
haveegn (9)
d[BAT|  nk, K1K> Ks [BAT] [S] [H*| [Rh(ITI)}r

- ©)

dt K1+ [Cl]

Theratelaw (9) fully satisfiesand isin agreement
withall the observed kinetic results. It clearly explains
all kinetic orders with respect to all the reactants. It
shows negative effect of chlorideions. It a'so shows
negligibleeffect of p-toluenesulphonamide and ionic
srength of the medium. Thusthe proposed mechanism
isvdid.

CONCLUSION

Oxidation of Rh(II1) compound by bromamine-T
show that, thereectionisinfirst order in bromamine—T
was exhibited and first order dependenceon each ke-
toglutaric acid was observed. Perchloric acid variation
showsfirst order inH* ions. First order in Rh(l11) was
observedinthiscase. Insgnificant effect of ionic strength
wasobserved. Addition of p-toluene sulphonamide did
not influencethereaction. Addition of chlorineionsde-
creasesthereactionrate. Riseintemperatureincreased
thereactionrate markedly.
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