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ABSTRACT

The oxidation of chlorpheniramine (CPM) an antihistamine agent by diperiodatoargentate(l11)
(DPA) has been investigated spectrophotometrically both in the absence and presence of
osmium(VI11) catalyst in alkaline medium at a constant ionic strength of 0.10 mol dm®. The
oxidation products were identified as (4-chloro-phenyl)-pyridin-2yl-methanol, dimethyl amino
acetaldehyde and Ag(l). The stiochiometry was same in both the cases, i.e., [CPM]:[DPA] =
1:2. In both the uncatalysed and catalysed, the order with respect to DPA concentration was
unity while the order with respect to CPM concentration was < 1 over the concentration range
studied. The rate increased with an increase in OH" ion concentration and decreased with an
increase in 104 ion concentration. As the concentration of the catalyst, osmium (VI11), increased
the rate of reaction also increased. The order with respect to Os(VIII) concentration was found
to be unity. The mechanisms proposed and derived rate laws are consistent with the observed
experimental kinetics. Kinetic experiments suggest that Ag(HlOs)(H20): is the reactive species
of oxidant and [ OsO4(OH),] % is the reactive species of catalyst. The activation parameters were
evaluated with respect to slow step of the mechanism.

Keywords:  Chlorophenaramine(CPM), Diperiodatoargentate(lll), Oxidation  Kinetics
Osmium(VIll) catalysis.

1061



Shivamurti A. Chimatadar et al J. Chem. Pharm. Res,, 2011, 3(6):1061-1088

INTRODUCTION

Chlorpheniramine (CPM) is an antihistamine drugduge relieve symptoms of allergy, hay
fever, and the common cold. Chlorpheniramine hasnbeshown to work as a
serotoninnorepinephrine reuptake inhibitor or SNR1]. A similar antihistamine,
brompheniramine, led to the discovery of the SSRiefidine. Limited clinical evidence shows
that it is comparable to several antidepressanicagdns in its ability to inhibit the reuptake of
serotonin and also norepinephrine (noradrenalihel@wever, extensive clinical trials of its
psychiatric properties in humans have not beenwaed. It inhibits serotonin reuptake less than
norepinephrine reuptake [3]. Phenylephrine is syhgaimetic (descongestants) and
chlorpheniramine maleate is an H1-receptor antagdantihistaminic)[4]. Quantitative analysis
of chlorpheniramine maleate and phenylephrine hgfdoside in nasal drops by differential-
derivative spectrophotometric, zero-crossing fidgrivative UV spectrophotometric and
absorbance ratio methods is also reported [5% évident from the literature survey that Isatin
derivatives dialkylamino alkyl derivatives showingnore promising antihistaminic
activity(Resembles chlorampheniramine) [6] and Hpdhilic matrices of Chlorpheniramine
maleate prepared using combination of differentdgsa of hydroxypropylmethylcellulose
(HPMC), viz, HPMCK4M, HPMCK15M and HPMCK100M[7].

In recent years the study of the highest oxidasitate of transition metals has intrigued many
researchers. Transition metals in their higher atxoh state can generally be stabilized by
chelating with  suitable polydentate ligands. Thesmetal chelates such as
diperiodatoargentate(lll), diperiodatocuprate(llBnd diperiodatonickelate(IVare used as
oxidation reagents in organic chemistry as wehli@aytical chemistry [8-10].

Diperiodatoargentate(lll) (DPA) is a powerful oxiig agent in alkaline medium with the
reduction potential 1.74V [11]tis widely used as a volumetric reagent for te&dmination of
various organic and inorganic species [10-12]. apegkash Rao and other researchers have
studied DPA as an oxidizing agent for the kinett®xidation of some organic substrates [13].
They normally found that order with respect to bogdant and substrate was unity and [DH
was found to enhance the rate of reaction. It wss abserved that they did not arrive at the
possible active species of DPA in alkali and on dkiger hand they proposed mechanisms by
generalizing the DPA as [Ag(HL)LI™. However, Kumagt al [14-16] put an effort to give an
evidence for the reactive form of DPA in large scaf alkaline pH. Ag(lll) complexes can be
stabilized in alkaline medium by periodate or tedte ions [17,18]. When the Ag(lll) species are
involved, it would be interesting to know which tife species is the active oxidant. In the
present investigation, we have obtained the evieldacthe active species of DPA in alkaline
medium.

Transition metals are known to catalyse many olodateduction reactions since they involve
multiple oxidation states. In recent years the akdransition metal ions such as osmium,
ruthenium, palladium, manganese, chromium, iridiwither alone or as binary mixtures, as
catalysts in various redox processes has attrastddalso considerable interest [19]. Although
the mechanism of catalysis depends on the natulgecdubstrate, the oxidant and experimental
conditions, it has been shown that metal ionsadatalysts by one of these different paths such
as the formation of complexes with reactants odatxon of the substrate itself or through the
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formation of free radicals. The role of osmium(Ylds a catalyst in some redox reactions has
been reviewed [20]. Osmium(VIIl) catalysis in redoeactions involves different degrees of
complexity, due to the formation of different imezdiate complexes and different oxidation
states of osmium.

There is no report on the kinetics of oxidationcbforpheniramine by any oxidamt presence
and absence of any catalyst. The authors found itha@lkaline medium, the reaction between
chlorpheniramine and DPA occurs in the presnceadsgénce of catalyst osmium(VIII). In view
of potential pharmaceutical importance of chlorpre@mnine, to know the active species of
Ag(lll) and catalyst Os(VIII) and traces the comyitg of the reaction, a detailed study of the
title reaction becomes important. Hence, the ptegarestigation is aimed at checking the
reactivity of chlorpheniramine towards DPA in bathcatalysed and osmium(VIII) catalysed
reactions and to arrive at the possible mechanisms.

EXPERIMENTAL SECTION

All reagents were of analytical grade and doub$giltbd water was used throughout the study. A
stock solution of chlorpheniramine (CPM) was pregaoy dissolving an appropriate amount of
recrystallised sample in double distilled water.eTjurity of chlorpheniramine (CPM) was
checked by its m.p.132C (Lit.m.p.130-138C). The IR spectrum agreed with literature. The
required concentration of chlorpheniramine was usexh its stock solution. A standard stock
solution of Os(VIIl) was prepared by dissolving Qs@ohnson Matthey) in 0.50 mol dmn
NaOH. The concentration of osmium(VIIl) was asdeed[21] by determining the unreacted
[Fe(CNY]* with standard cerium(IV) solution in an acidic med. The ionic strength in the
reaction mixture was maintained by adding KN$olution and the pH value was regulated with
KOH (BDH) solution. An aqueous solution of Agh@as used to study the product effect,
Ag(l). A stock solution of 1@ was prepared by dissolving a known weight of K(Riedel-de-
Hean) in hot water and used after 24h. Its cona&atr was ascertained iodometrically[22] at
neutral pH maintained using phosphate buffer. Thegh the medium in the solution was
measured by ELICO (LI120) pH meter. Solutions ologbheniramine and DPA were always
freshly prepared before use.

Preparation of DPA

DPA was prepared by oxidizing Ag(l) in presencekdD, as described elsewhere[23]. The
complex was characterized from its UV spectrum,clvhexhibited three peaks at 216, 255 and
362 nm. These spectral features were identicahtset reported earlier for DPA [23]. The
magnetic moment study revealed that the complex di@®agnetic. The compound prepared
was analyzed [24] for silver and periodate by dgidg a solution of the material with HCI,
recovering and weighing the AgCl for Ag and titngtithe iodine liberated when excess Kl was
added to the filtrate for 19 The aqueous solution of DPA was used for the irequDPA
concentration in the reaction mixture.

Instrument used

(a) For kinetic measurements, a CARY 50 Bio UV-$gectrophotometer (Varian, Victoria-
3170, Australia) connected to rapid kinetic acces@dl-TECH SFA-12) were used.
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(b) For product analysis, Bruker 300 MFHNMR, QP-2010S Shimadzu gas chromatograph
mass spectrometer, Nicolet 5700-FT-IR spectron{@teermo, U.S.A.), CHN Data analyzer and
for pH measurements (Elico pH meter model LI1120)enesed.

Kinetic measurements

The kinetics runs were performed under pseudt-dirder condition by ensuring an excess of
[CPM] > [DPA] atleast 10 times in both uncatalysmtd catalysed reactions at 25.0 = 0.1°C,
unless specified. In the absence of catalyst thetimn was initiated by mixing DPA with the
chlorpheniramine solution which also contained negiliconcentrations of KN§ KOH and
KIO,. In the presence of catalyst since the initiattiea was too fast to be monitored by usual
methods, the course of reaction was fallowed byitaong the decrease in absorbance of DPA
in a 1-cm quartz cell placed in the thermostat@agartment of Varian Carry -50 —Bio UV-Vis
Spectrophotometer connected to a rapid kineticssoeg (HI-TECH SFA -12) at its absorption
maximum of 360 nm as a function of time. Applicatiaf Beer’s law had been verified between
1.0 x 10° 1.0 x 10" of DPA at 360 nm and:* was found to be 13900 + 100 dmmol* cm™. The
spectral changes during the chemical reactionHerstandard condition at 2& are given in
(Fig. 1.). It was verified that there was no ingeeince from other species in the reaction mixture
at this wavelength.

In the kinetic studies it was observed that, uniher present experimental conditions in the
absence of Os(VIIl), the oxidation of CPM by DPAcars slowly, but in measurable quantities.
Hence, during the calculation of pseudo-first ondeée constants,ckthe uncatlysed rate has also
to be taken in to account. Due to this, in caseach catalysed, kinetic run, a parallel kinetic run
under similar conditions in the absence of catalyeste also carried out. The kinetic runs were
followed more then 90% completion of the reactiod good first order kinetics were observed.
The pseudo-first order rate constants in absengeafkd in presence of catalystXkwere
calculated from the slopes of the plots of log ¢aebance) versus time. The pseudo first order
plots in almost all cases, were linear over 85%petion of the reaction.

Thus, br =k, + k,
k, = k- Ik,

The (k, or k;) values were reproducible within £ 5% and are #iverage of at least, three
independent kinetic runs (Table 1 and 2).

In the kinetic studies a constant concentratigz, 1.0 x 10° mol dm? of KIO, was used
throughout, unless otherwise stated. Thus, theilpbigs of oxidation of chlorpheniramine
(CPM) by periodate was verified and found that ¢haras no significant reaction between
chlorpheniramine (CPM) and KlOunder present experimental conditions. The total
concentrations of periodate and OMas calculated by considering the amount presetihe
DPA solution and that additionally added. Kinetins were also carried out i, Btmosphere in
order to understand the effect of dissolved oxygerthe rate of the reaction. No significant
difference in the results was obtained in the preseand absence of nitrogen. In view of the
ubiquitous contamination of carbonate in the basedium, the effect of carbonate was also
studied. Added carbonate had no effect on theiceacites.
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RESULTSAND DISSCUSSION

Stiochiometry and product analysis

Different sets of reaction mixtures containing wagyratios of DPA to chlorpheniramine in
presence of constant amount of QKIO, and KNQ in uncatalysed reaction and a constant
amount of Os(VIII) in catalysed reaction were képt3 hrs in a closed vessel under nitrogen
atmosphere. The remaining concentration of DPA assayed by measuring the absorbance at
360 nm. The reaction products were identified ashléro-phenyl)-pyridin-2yl-methanol,
dimethyl amino acetaldehyde and Ag(l). The resutigicated 1:2 stoichiometry for both
uncatalysed and catalysed reactions as given i(1£q.

CHa
H3I2—r!l
HaC—CHz = CHa COH
Oz V1T S
2610 (00l Q LS
NT s 2HJOE +2AgD + 4H' + 3HLO (L
< A "i Jo +2 44D e
l H—ll:D . |
|

Cl

Characterization of products: The reaction mixture in the stiochiometric ratvas allowed to
progress in the both absence and presence of ogiiilncatalyst for about 24 h at 298 K
under stirred conditions. After completion of theaction (monitored by thin layer
chromatography), the reaction products were nemdchlwith dilute HCI and extracted with
ether. The organic product was identified as (4wiphenyl)-pyridin-2yl-methanol. The
aqueous layer was made alkaline and extracted etitler, further it was dried over with
anhydrous sodium sulphate to get dimethyl amindaédehyde. The products were initially
confirmed by mass spectral analysis. The GC-M& datre obtained using electron impact
ionization technique. The mass spectrum showedculaleion peak at 218 m/z (Fig. 2.) which
clearly matches with the molecular mass of (4-ayainenyl)-pyridin-2yl-methanol.). Futher for
the aqueous layer the mass spectrum showed maleocnlpeak at 87 m/z confirming dimethyl
amino acetaldehyde (Fig. 3). All the other peakseoked in GC-MS were consistent with the
structure of the products. Further these prodwete also confirmed bYHNMR.

"HNMR for (4-Chloro-Phenyl)-Pyridin-2yl-Methanol.3} H / ppm (300 MHz, DMSOQ): 8.54-
7.21 [m, 6H, Ar-H] and 4.18 [(s) CH-OH] (Fig 4).

'HNMR for Dimethyl Amino Acetaldehydes’ H / ppm (300 MHz, DMSO): 8.17 [CHO], 2.09
[CH3] and methylene protons merged with solvent peak &).

Further dimethyl amino acid is also confirmed bg tR scanning which shows CHO stretching

at 1764 crit. The formation of Ag(l) in solution was detectied adding KCI solution to the
reaction mixture, which produced white turbidityedio the formation of AgCI.
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Reaction order

The reaction orders have been determined form ltpes of logk versus log (concentration)
plots in case of uncatalysed reaction and lggvérsuslog (concentration) plots in case of
catalysed reaction by varying concentration of arig reductant, catalyst, alkali, inturn, while
keeping the others constant in the variation oheaactant.

Effect of [DPA]

The oxidant, DPA concentration was varied in thegeaof 1.0 x 10 to 1.0 x 1 at fixed CPM,
KOH and KIQ, concentrations in both uncatalysed and catalysadtions. The fairly constant
pseudo first-order rate constants, &nd k, indicate that the order with respect to DPA
concentration was unity (Table 1 and Table 2). Wés also confirmed by the linearity of the
plots of log (absorbance) versus time upto 85% detigm of the reaction.

Effect of [chlor pheniraming]

The effect of chlorpheniramine was studied for bibih cases in the range of 1.0 x*16 1.0 x
10° mol dm?® at constant concentrations of DPA, QKD, and a constant ionic strengthG10
mol dm?in uncatalysed and at constant concentration o¥/[M¥(n catalysed reaction. In the
case of uncatalysed reaction as well as catalysaction, at constant temperature, thardk.
values increased with increase in CPM concentrafi@ble 1 and Table 2). The order with
respect to CPM concentration was less than unitys Was also confirmed by the plots lof
versus[CPM]°*® and k versus [CPM}®® which were linear rather than the direct plotkgf
versugCPM]and k versus [CPM] (Fig. 6.).

Effect of [OH]

The effect of alkali was studied, in absence am$gmce of catalyst, in the range of 0.01 to 0.10
mol dm® at constant concentrations of DPA, chlorphenir@nitQ, and at constant ionic
strength. The rate constants increased with inergaflkalijland the order was found to be less
than unity (Table 1 and Table 2). This was alsaficmed by the plots ofk, versus [OH%*°
and k versus [OH]%°® which were linear rather than the direct plotkgfversus [OH and k
versus [OH(Fig .7.).

Effect of [104]

The effect of periodate was studied for, both ugsatl and catalysed cases, in the range of 1.0 x
10°to 1.0 x 10" mol dni® at constant concentrations of DPA, CPM, @Hd at constant ionic
strength. The experimental results indicated thatki andk. values decreased with increase in
the [IO4] (Table 1 and Table 2). The order with respedCp was negative fractional.

Effect of [Os(VII1)]

The osmium(VIIl) concentrations was varied from £.a0" to 10.0 x 10 mol dm?®range, at
constant concentration of diperiodatoargentate(tjorpheniramingealkali and ionic strength.
The order with respect to osmium(VIIl) concentrativas found to be unity. This was also
confirmed from the linearity of the plot of kersuqgOs(VIII)].

Effect of ionic strength and dielectric constant

The effect of ionic strength was studied by varyikigOs; concentrationDielectric constant of
the medium was studied by varying the t-butyl atdadmd water percentage. It was found that
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there was no significant effect of ionic strengtid alielectric constant of the medium on the rate
of reaction in both uncatalysed and catalysed i@ast

Effect of initially added products
Initially added products, Ag(l), (4-chloro-phenydjxidin-2yl-methanol, dimethyl amino
acetaldehyde did not have any significant effectnanrate of reaction in both cases.

Polymerization study

For both uncatalysed and catalysed reactionsntt@viement of free radicals in the reaction was
verifed as follows: The reaction mixture, to whigahkknown quantity of acrylonitrile (i.e., 2 ml
scavenger) had been added initially, was kept far2in an inert atmosphere. On diluting the
reaction mixture with methanol, a white precipitatas formed, indicating the intervention of
free radicals in the reactions.

Effect of temperature

The kinetics were studied at four different tempenes, 15, 20, 25 and 3C, for uncatalysed
catalysed and reactions under varying concentmtidrchlorpheniramine, alkali and periodate,
keeping other conditions constant. It was obsembed, as temperature increases the rate of
reaction also increases. The rate constanbfkthe slow step of Scheme 1 was obtained from
the slopes and the intercepts of the plots of téksus 1/ [CPM] at four different temperatures.
The values are given in Table 3. The rate conskanof the slow step of Scheme 2 was obtained
from the slopes and the intercepts of the plotEs{VIIl)]/k ;. versus 1/[CPMht four different
temperatures. The values are given in Table 4.dth ltases the energy of activation was
obtained from the plot of logkersus1/T and from which other activation parameters were
calculated (Table 3 and Table 4).

Catalytic activity
It has been pointed out by Moelwyn-Hughes [25] thahe presence of catalyst, the uncatalysed
and catalysed reactions proceed simultaneousiyadp

kr= ky + KJOs(VIIN] )

Here k- is the observed pseudo first-order rate constatitarpresence of Os(VIll) catalyst, is
the pseudo first-order rate constant in the absehcatalyst k is the catalytic constant and *

is the order with respect to osmium(VIII) concetita. In the present investigation the value of
‘X was found to be unity.

ky — k 3)
K . v Ke (where ki -k, = k. )
c = =

[Os(VII] ¥ [Os(VIIN]

The values of K were evaluated at different temperatures and awmdfoto vary with
temperature. Further, the plot of log: Kersus 1/T was linear and the values of energy of
activation and other activation parameters witlenefice to catalyst were determined (Table 5).
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Due to strong versatile nature of two electron arig the kinetics of oxidation of various
organic and inorganic substrates has been stugigkgll) species. The literature survey [23]
reveals that the water soluble diperiodatoarge(itdt¢DPA) has a formula [Ag(1Q)2]" with
dspf configuration of square planar structure, simitadiperiodatocopper(lll) complex with two
bidentate ligands, periodate to form a planar maéedn the alkaline medium, the dissociative
equilibria (4 - 6) of the 1Q were detected and the corresponding equilibriunstzots were
determined at 298.2 K by Aveston [26].

2JG 20H Hal 016" log p 1= 15.05 (4)
O+ OH + H,0 HIO> logp, = 6.21 (5)
JO+ 2 OH KHOe™ logBs = 8.67 (6)

The distribution of all species of periodate in egus alkaline solution can be calculated from
equilibria (4 - 6). In the [OH range used in this work the amount of dimesl$B:5") and 1Q
species can be neglected. The main species ofdaggicre HOgs> and HlOs>, which are
consistent with the result calculated from CroutBBsndata [27]. Hence, DPA could be as
[Ag(H3l0¢)2]” or [Ag(H2106)2]* in alkaline medium. Therefore, under the presampierimental
conditions, diperiodatoargentate(lll), may be deggas [Ag(HIOg)2] . The similar speciation of
periodate in alkali was propostet diperiodatonickelate(1V) [28].

The reaction between DPA and CPM in alkaline medmesents a 1:2 stoichiometry of oxidant
to reductant. Since, the reaction was enhancedHbyo® concentration added periodate retarded
the rate and first order dependency in DPA cone#iotr and fractional order in CPM and OH
concentrations, plausible reaction mechanism leas Iproposed which also explains all other
experimental observations (Scheme 1).

M echanism for uncatalysed reaction

In view of the observed experimental results, menaplatoargentate (I11) (MPA) is considered
to be the active species. The fractional order depece of kon [OH] suggests that OHakes
part in the pre-equilibrium step 1 with DPA to giaeleprotonated diperiodatoargentate(lll). The
plot of 1/k, versus [IQ] is linear with a positive intercept indicatingdassociative equilibrium

in which the DPA loses a periodate ligand from dtordination sphere, forming a reactive
monoperiodatoargentate(lll) complex (MPA) in thea®d step, which is evidenced by decrease
in the rate with increase in [kJ. It may be expected that lower Ag(lll) periodafeecies such as
MPA will be more important in the reaction than DPe fractional order with respect to CPM
presumably results from the complex formation betw®PA and CPM prior to the slow step.
Indeed it is to be noted that a plot of Jllersus 1/[ CPM] are linear and shows an interaept
agreement with the complex formation which slowgcdmposes to form a free radical derived
from chlorpheniramine, with formation of Ag(ll) sges. This free radical species further reacts
with Ag(ll) species in further fast steps to yi¢te products. All these results may be interpreted
in the form of Scheme 1.
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Scheme 1
K, )
[4g(H3106)2" + OH === [&2(H3l0g (H3l0)s]"+ H,0
Kz
[Ag(Hy100) (Hal0)]* + 2H0 =me====  [Ag(HzI0g (HzO)z] + H310.%
T
.--"'N\ K3
G C|H2 o, + [ﬁg(HEIDE’j (HED:IE] = CDIHFI].EX(C]_:I
| L
HC i
|
1
| S,
CH, .
| HC=" N7
Complex(C;) —— - HiC”™ “CH, [Ag(OH)]+ HO5™ + 1,0
Hat
Cl
I "
fast
B —_— + Az
chf ETH " e HSC#NH?Hz
CHZ |:|H2
0—H

1069



Shivamurti A. Chimatadar et al J. Chem. Pharm. Res,, 2011, 3(6):1061-1088

CHs CHz
| fast | . 5
Nt [Ag(HlOg(HaChy]) ————==  + 420 + 2H + HJOgs" + 2H0
e chf HCHE
’ C/ CH- |
2 Y e
ey ¢ =0
Y
x JH s

On the basis of square planar structure of DPA,sthecture of MPA and complex may be
proposed as shown below,

© TH o o b OH on ] 0 0||-| o OH
NN, N AN S \< N
HO/J);\O/ No /C!}o /|\ / \ O/OL o’ \GH
DPA MPA Complex C;

Spectroscopic evidence for the complex formatiotwben DPA and CPM was obtained from
UV-Vis spectra of CPM (5.0 x 1{), [OH] = (0.05 mol dn¥) and a mixture of both. A
bathochromic shift of about 10 nm from 360 to 3#®in the spectra of the mixture of DPA and
chlorpheniramine was observed (Fig. 8a.). The MitikdMenten plot proved the complex
formation between oxidant and substrate, which awrpl less than unit order in CPM
concentration. Such a complex between a oxidantsabdtrate has also been observed in other
studies [29].

From Scheme 1, the rate law (7) can be derivedgevexiplain all the observed.

- d[DPA] ky K K K; [DPA] [CPM] [CH ] o
dt [ H10:% ] + K [OH] [HI0s* ] + Ky K, [OH'] + K K, K [OH] [CPM]
Or
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b, K K K[ CPM][OH ]
K = Eate _ {h
[DPA] [EI0 %] + K [OH [ EI0 2] + Ky Ky [OH ] 4+ K, K, K [OH ] [CPM]

which explains all the observed kinetic ordersiffedent species.

The rate law (7) can be rearranged into the folhgaform which is suitable for verification.

[ HylO6*] [ Hjl042] 1 1
— = : + + + — (8)
u k1K1K2K3[OH ][CPM] k,K,K,[CPM] KKJCPM] K,

According to Eq. (8), other conditions being consteplots of 1/k versus1/[CPM], 1/k,
versus1/[OH and 1/k versus [H3lOg”] should be linear and are found to be so (Figréa3b).
The slopes and intercepts of such plots lead toréihges of K, K,, Kz andk; (Table 3). The
value of K is in good agreement with the literature [3@§ing these constants, the rate constants
were calculated over different experimental coodsi by using Eq. (7) and there is a good
agreement between the calculated and the expeamealues (Table 1), which fortifies the
proposed mechanism (Scheme 1). The equilibriumtaan& is far greater than Xwhich may

be attributed to the greater tendency of DPA toengd deprotonation compared to the formation
of hydrolysed species in alkaline medium.

The thermodynamic quantities for the different éftium steps, in Scheme 1 can be evaluated
as follows. The CPM, OHand HIOg> concentrations (Table 1) were varied at four déffe
temperatures. The plots of 3/kersus1[CPM], 1/k versusl/[OH] and 1/k versus[H3lOs*]
should be linear and are found are to be so (F&g.406d 10b.). From the slopes and intercepts,
the values of K K, andK3; were calculated at different temperatures (Tahl&3an’t Hoff plot
was made for the variation ofiKK, and K with temperature (log Kversusl/T, log K versus
1/T and logK3 versusl/T). The values of enthalpy of reactiai, entropy of reactiolS and
free energy of reactionG were calculated for the first, second and thigdildrium steps.
These values are given in Table 3. A comparisotheAH value (18.2 kJ md) from K, with
that of AH* (56.9 kJ mal) of rate limiting step supports that the reactiafobe the rate
determining step is fairly fast as it involves laativation energy [31]A negative value oAS’
(-96.6 JK'mol™) suggests that intermediate complex is more octér@n the reactants [32].

Mechanis of Os(VII1) catalysed reaction

Osmium(VIll) is known to form different complexe83] at different OH concentrations,
[OsO4(OH),)*” and [Os@OH)]*. At higher concentration of OH[OsOQ(OH)]* is significant.

At lower concentrations of OHas employed in the present study and since teeofaoxidation
increased with increase in [JHit is reasonable that [Os(H),]> was operative and its
formation is important in the reaction. Added pdste retards the rate of reaction. First order
dependency in DPA and catalyst Os(VIll) concentragiand fractional order in CPM and OH
concentrations was observed. To explain the obseovders the following Scheme 2 has been
proposed for catalysed reaction.
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Scheme 2
K
[Ag(HslOg), + OH == [Ag(H,10.)(H;I0)]* + H,0
2 K2 X
ch, [Ag(HI O (HID™ + gp,0 === [Ag(HylOg(Hy0);] *+ HslOg
I
N
CHy™ “cy K
2 4
| T — Complex (Cg)
r:HjO +  [0s0,0H))" =<
I
HL"T N
Cl
X
CH, |
+ =z
k2 AQ(OH)* HC N 3 2
Complex (G)————— N_+ [Ag(OH)] + + HylOg> + H* + HyO+[0g04(OH),|
HsC (|3H2
CH, Cl
CH3 ||:H3
fast
/N + [Ag(OHN] —————= N + Aol
HaC \r;H2 ch/ \CHQ
le lH?_
CHs 0—H
| fast ?HS .\ .
/N\C+ [Ag(Ha104)(HaO0] g+ oAz + ZH + HiOZ + 2ZHO
H,C le HSC/ \CHZ
—ch H—C=—0
¥
¥
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[ h
H& Nf fast O/I—l s

I
+ Ho ——= H-c" N

+ gt

In the prior equilibrium step 1, the OHleprotonates the DPA to give a deprotonated
diperiodatoargentate(lll); in the second step dispinent of a ligand , periodate takes place to
give free periodate which is evidenced by decrdaséhe rate with increase in O ion
concentration (Table 3). In view of this it may é&eected that lower Ag(lll) periodate species
such as MPA is more important active species inr¢laetion than DPA. The inverse fractional
order in [H106>] might also be due to this reason. In the pre-ggeermining stage, the
hydroxylated species of Os(VIIl) combines with alesole of CPM to give an intermediate
complex (G), which further reacts with one mole of MPA ingatetermining step to give a free
radical derived from chlorpheniramine, with fornaatiof Ag(ll) species and regeneration of
catalyst, Os(VIIl). This free radical species fnthmeacts with Ag(ll) species in further fast steps
to yield the products as given in Scheme 2.

The probable structure of the complex)(i3 given below;

- C|) OHO
\ I/
—0s
AN
| °°
UN
H,C——N—C—I
Hy cl

CHj

e

Spectroscopic evidence for the complex formatiotwben Os(VIIl) and CPM was obtained
from UV-Vis spectra of CPM (5.0 x T0mol dm?), Os(VIIl) (5.0 x 10’ mol dm®), [OH] =
(0.05 mol dn¥) and a mixture of both. A bathochromic shift obab10 nm from 252 to 262 nm

in the spectra of mixture of chlorpheniramine armstnmwm(VIIl) was observed (Fig. 8b). The
Michaelis-Menten plot proved the complex formatibetween catalyst and substrate, which
explains less than unit order in [CPM]. Such a clexjpetween a catalyst and substrate has also
been observed in the literature [34].

1073



Shivamurti A. Chimatadar et al J. Chem. Pharm. Res,, 2011, 3(6):1061-1088

From Scheme 2, the rate law (9) can be derive

_ -d[DPA] k, K, K, K, [DP&] [CPM][OH ] [Os(VII)]

Rate = = _ - )
it [HI0:%] + K, [OH ] HIO;*] + K, K, [OH ] + K, K, K, [OH ] [CPM]
ar
1] KK [CPM][OH ] [0V IILY]
R
ate _ k=l -k, = : (o
[DPA] [H310,% ] + K, [OH ][ HyIO0g® 1+ K K, [CH ] + K K, K, [OH ] [CPM]

8 P 1 1
(O VID] [H:105*] P L B . (1

k. I, KK, [OH -1 [CPM] GIGECPM]  KIGICPM] Iy

According to Eq. (10), other conditions being canst plots of [Os(VIII)]/k versusl/[CPM],
[Os(VIIN]/ k. versusl/[OH] and [Os(VIID]/ ke versus [HIOg] should be linear and are found
to be so (Fig. 9a, 9b). The slopes and intercdpgsich plots lead to the values of, K;, K4 and

ko (Table 4). The value of Hs in good agreement with the literature [29].Usihgse constants,
the rate constants were calculated and comparddtiaét experimental,ckvalues. There was a
reasonable agreement with each other (Table 2)chwkortifies the proposed mechanism
(Scheme 2).

Table 1 Effect of variation of DPA, CPM, OH™ and I O4 concentrations on the oxidation of chlorpheniramine, by
diperiodatoar gentate(l 11) in aqueous alkaline medium at 25 °C and | = 0.10 mol dm

[DPA]x10° [CPM]x 16° [OH]x 10 [IO4]x 1C0° k, x 16(sH
(moldm®  (moldm® (moldm® (moldm® Found Calculated

1.0 5.0 5.0 1.0 3.81 3.90
3.0 5.0 5.0 1.0 3.81 3.90
5.0 5.0 5.0 1.0 3.82 3.91
8.0 5.0 5.0 1.0 3.82 3.91
10.0 5.0 5.0 1.0 3.81 3.91
5.0 1.0 5.0 1.0 1.60 1.60
5.0 3.0 5.0 1.0 3.33 3.31
5.0 5.0 5.0 1.0 3.81 3.90
5.0 8.0 5.0 1.0 4.50 4.50
5.0 10.0 5.0 1.0 4.71 4.80
5.0 5.0 1.0 1.0 2.01 2.02
5.0 5.0 3.0 1.0 3.60 3.60
5.0 5.0 5.0 1.0 3.80 3.81
5.0 5.0 8.0 1.0 3.46 3.47
5.0 5.0 10.0 1.0 4.80 4.80
5.0 5.0 5.0 1.0 4.16 4.17
5.0 5.0 5.0 3.0 4.04 4.03
5.0 5.0 5.0 5.0 3.80 3.81
5.0 5.0 5.0 8.0 3.41 3.42
5.0 5.0 5.0 10.0 3.08 3.03
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Table: 2 Effect of variation of DPA, CPM, OH", 10, and Os(VI11) concentrations on the osmium(VII1) catalysed oxidation of

chlorpheniramine, by diperiodatoargentate(l11) in aqueous alkaline medium at 25 °C and | = 0.10 mol dm™

[OH] [104] ke X10° (s1)
[OFA [(an;'l\’gﬁg X107 X1 [Os(VINxIO(moldmi ki k1l (s
(mol dnt?) (mos')dm' (mog')dm' ) (s ) Found  Caled,
1.0 5.0 g'g 1.0 g'g 2.08 g'gi 169  1.69
2.0 5.0 o 1.0 >0 2.08 3 169 168
5.0 5.0 >0 1.0 >0 2.08 38 168 169
8.0 5.0 > 1.0 >0 2.08 e 168 167
10.0 5.0 : 1.0 : 2.08 : 169 168
5.0 1.0 g'g 1.0 g'g 081 égg 065  6.49
5.0 3.0 >0 1.0 >0 151 33 118 115
5.0 5.0 >0 1.0 >0 2.08 8t 170 177
5.0 8.0 > 1.0 >0 2.69 py 220 223
5.0 10.0 : 1.0 : 471 : 262 260
50 5.0 é'g 1.0 2'8 0.87 g.g(l) 069 280
5.0 5.0 3 1.0 >0 1.62 3o 126 410
5.0 5.0 o 1.0 >0 2.08 o0 170 560
5.0 5.0 > 1.0 >0 2.75 aa0 240 640
5.0 5.0 : 1.0 : 3.23 : 278 667
5.0 5.0 2'8 1.0 2'8 7.55 j‘éﬁ 713 6.69
5.0 5.0 >0 3.0 >0 6.54 e 613  6.00
5.0 5.0 >0 5.0 >0 5.96 380 558 560
5.0 5.0 >0 8.0 >0 3.76 3 341 340
5.0 5.0 : 10.0 : 259 : 228 240
50 5.0 2'8 1.0 2'8 0.87 g'gi 049 048
5.0 5.0 >0 1.0 2 1.70 38 130 104
5.0 5.0 o 1.0 20 3.99 o 336 332
5.0 5.0 >0 1.0 >0 5.96 38 557 560
5.0 5.0 >0 1.0 > 6.60 38 656 590
5.0 5.0 : 1.0 : 12.2 : 118 118

Table: 3 Activation parameters and ther modynamic quantitiesfor the oxidation of CPM by diperiodatoar gentate(l11) in
aqueousalkaline medium with respect to the slow step of Schemel

(a) Effect of temperature and activation parameters

Temperature (K)  fx 10° (s%) Parameters Values
288 2.19 E (kJ moth) 59+ 2
297 4.4z AH* (kI mo™)  56+0.E
298 6.20 AS* (JK*mol™)  -96 + 10
30z 7.6¢ AG*(kImo™)  85+4
log A 8.2+ 0.2
(b) Effect of temperature on first, second and third equilibriumstep of Scheme 1
Ki K, x10° K; x10°
Temperature (K) 8 1mo1%)  (mol dm®  (dn® mol™)
28¢ 12.¢ 6.8 1.9/
293 10.8 7.6 2.40
298 8.4 8.8 4.28
30z 4.8 9.¢ 4.8¢
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(c) Thermodynamic quantities with respect to K; K, and K3

Values from Values from Values from

Thermodynamic quantities

K, K, Ks
AH (kJ moth) -44.2 18.4 47.7
A'S (K molt) -128 -17 224
AG (kJ mot) -5.40 23.6 -20.3

Table: 4 Activation parameters and thermodynamic quantitiesfor the osmium(V111) catalysed oxidation of CPM by
diperiodatoargentate(l11) in aqueous alkaline medium with respect to the dow step of Scheme 2

(a) Effect of temperature and activation parameters

Temperature (K) k x 10% (s%) Parameter Value
288 3.0 E (kJ mol?) 47.6+1
293 4.6 AH* (kI molt)  45.1+1
29¢ 6.1 AS*(JKTmolh)  -40.1+0.2
303 8.3 AG* (kI mol') 57.2+0.1

(b) Effect of temperature on first, second and third equilibrium step of Scheme 2

K K, x1CP K4 x10°
Temperature (K) (43 mord)  (mol dm?)  (dr® mol®)
288 8.60 2.47 21
293 6.60 3.63 25
29¢ 3.5¢€ 4.0¢€ 3.2
30z 2.3 6.54 3.8
(c) Thermodynamic quantitieswith respect K, K, and K,
. .. Values from Values from Values from
Thermodynamic quantities K K K
1 2 4
AH  (kJ moth) -66.9 43.7 27.3
AS (K molt) -208.0 -60.0 156.7
AG (kJ mot!) -3.8 25.5 -20.0

Table: 5 Values of catalytic constant (K¢) at different temperaturesand activation parameters calculated using K values

Temperature (K) cx1c? Activation parameters valt
288 1.4 E (kJ mol?) 50.6
293 2.6 AH* (k3 mott) 48.1
298 3.4 AS* (IK! mol?) -53.6
303 . AG* (kJ mo™) 64
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T:d—

A

[ I I [
300 350 400 450

Wavelength (ntn)

Fig: 1 UV-vis. spectral changes during the oxidation of CPM by alkaline DPA at 25 °C, [DPA] = 5.0 X 10°, [CPM] = 5.0 X
10, [OH] = 0.05 mol dm?and | = 0.10 mol dm™ with scanning timeinterval of : (1) 1.0, (2) 2.0, (3) 3.0, (4) 4.0, (5) 5.0 and
(6) 6.0 min
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Fig: 2 Mass spectrum of (4-chloro-phenyl)-pyridine-2yl-methanol with base peak at 218 m/z
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Fig: 3 Mass spectrum of dimethyl amino acid
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Fig: 4 *H NMR spectrum of (4-chloro-phenyl)-pyridine-2yl-methanol
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Fig: 6 Plotsof (a) k, versus [CPM] %% and k, ver sus[CPM] (conditionsasin Table 1)
(b) ke versus[CPM] % and k. versus[CPM] (conditionsasin Table 3)
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Fig: 7 Plotsof (a) k,versus[OH]%* and k,versusOH] (conditionsasin Table 1)
(b) k¢ versus[OH] % and k, versus[OH] (conditions asin Table 3)
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Fig: 8a Spectroscopic evidence for the complex formation between CPM and DPA
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Fig: 8(b) Spectroscopic evidence for the complex formation between [Os(V111)] and CPM
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Fig: 9(a) Plots of 1/k, versus /[CPM] at four different temperatures(conditionsasin Table 1)
(b). Plots of 1/k, versus 1/ [OH] and 1/ky, ver sus{H3l O¢?] at 298 K (conditionsasin Table 1)
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Fig: 10 (a) Plots of [Os(VIII)] /k. versus /[CPM] at four different temperatures (conditions as in Table3) (b) Plots of
[Os(VI11)] Ik, versus Y[OH] and [Os(VI11)] /k.versus[H3l Os2] at 298 K (conditions asin Table 3)

The thermodynamic quantities for the different éftium steps, in Scheme 2 can be evaluated
as follows. The CPM and OHconcentrations (Table 2) were varied at four défe
temperatures. The plots of [Os(VII)}kversus1/[CPM], [Os(VIID]/k. versus1/[OH] and
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[Os(VII)]/k ¢ versus [HIOg*] should be linear and are found to be so (Fig. EBm the slopes
and intercepts, the values of,KK, andK,4 were calculated at different temperatures. A van't
Hoff plot was made for the variation of KK, andK, with temperature (log Kversus 1/T log

K, versus 1/Tand logK, versusl/T). The values of enthalpy of reactiail, entropy of reaction
AS and free energy of reactis?dG, were calculated for the first, second and tleiqdilibrium
steps. These values are given in Table 4. A comspaof theAH value (43.7 kJ md) from K,
with that of AH” (45.1 kJ mol) of rate limiting step supports that the reactimiore the rate
determining step is fairly fast as it involves laativation energ§35].

Negligible effect of ionic strength and dielectgonstant in both uncatalysed and catalysed
reaction might be due to involvementradutral speciedn the reaction (Scheme 1 and 2). The
negative value oAS" (-40.8 JK'mol™) suggests that intermediate complex is more oddiéran

the reactantg36]. The observed higher rate constant for thevdtep indicate that the oxidation
presumably occurs via an inner-sphere mechanisns. ddnclusion is supported by literature
[37,38]. The activation parameters evaluated ferdatalysed and uncatalysed reactions explain
the catalytic effect on the reaction. Os(VIll) fanthe complex (& with substrate which
enhances the reducing property of the substrate tthet without catalyst. Further the catalyst
Os(VIII) modifies the reaction path by lowering theergy of activation.

It is also interesting to note that the transigmécges involved in both the uncatalysed and
Os(VIIl) catalysed reaction is different but leatts the formation of same products. The
uncatalysed reaction in alkaline medium has beemwsho proceed via a MPA-CPM complex
which decomposes slowly in a rate determining steive the products, where as, in the
catalysed reaction, it has been shown to proceadOg(VIIl) - CPM complex which further
reacts with one mole of MPA in the rate determirstgp to give the products. Since in both the
cases MPA and CPM were involved, the products nbthiwere same and the role of catalyst
was to enhance the reducing property of the substrad to provide an alternative path with low
activation energy.

CONCLUSION

Through the kinetics study, we proposed the reactieechanisms for both uncatalysed and
Os(VIII) catalysed oxidation of chlorpheniramine ldyperiodatoargentate(lll). Among the
various species of silver(lll) in alkaline mediuf®\g(H210)(H20),] is considered to be the
active species for the title reaction. Active spsadf Os(VIII) is found to be [OsIDH),]*. The
reaction rates revealed that Os(VIII) catalysedctiea is about eight-fold faster than the
uncatalysed reaction. It becomes apparent thaariryiog out this reaction, the role of reaction
medium is crucial. Activation parameters were eatdd for both catalysed and uncatalysed
reactions. Catalytic constants and the activat@mmmeters with reference to catalyst were also
computed. The overall sequence described herernisistent with product, mechanistic, and
kinetic studies.
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