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Pd(II) catalysed and Hg(II) co-catalysed oxidation of D-arabinose and D-ribose by
N-bromoacetamide in perchloric acid medium: A kinetic and mechanistic study
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The kinetics and mechanism of the homogeneously Pdill) catalysed oxidation of D-arabinose (Arb) and D-ribose (Rib)

by N-bromoacetamide (NBA) in perchloric acid medium, using mercuric acetate as scavenger for Broions as well as co-
catalyst have been investigated n the temperature range 308-323 K. The kinetic vesults exhibit first order kinetics at low
INBA| and [sugars| (Arb and Rib), tend towards zero-order at high [NBA| and [sugars|. The oxidation rate is directly

proportional to | PA(IN]. while inverse lractional order in cach of [H*]. [C]']| and [acetamide] is observed. A positive effect

on the rate of the reaction has been found on the successive addition of [HgtOAc), |, whereas change in the jonic strength

() of the medium does not influence the reaction rate. Formic acid and D-erythronic acid for the oxidation of both Arb and
Rib have been identified as main oxidation products of the reactions, The various activation parameters have also been
evaluated. A plausible mechanism involving reaction stoichiometry, product analysis has also been proposed.

IPC Code: Int. C1LY CO7TB33/00; BO1J23/06; BO1123/44

The organic N-halogeno compounds'” are well-
known for their diverse nature like as source of
halonium cations, hypohalate species, nitrogen anions
and strong electrolytes in aqueous solution’, due to
strongly polarised N-linked halogens which are in the
+1 state. They are capable of affecting an array of
molecular  transformations.  including  limited
oxidation of specific groups. However, potentil
applications of such compounds remain unrealized us
an oxidant in uncatalysed and catalysed redox
processes. Although kinetic studies involving NBA as
an oxidant have been made for uncatalysed reactions,
there seems 1o be few reports'” in presence of certain
transition metal ions, viz. Ir(111), Ru(I11), Os(VIIl) and
Hg(1)" on its oxidative mode in catalysed processes.
Surprisingly, there are few reports on analogous
Pd(1I) ion as homogeneous catalyst from mechanistic
point of view. The N-halogeno compounds such us
NBA/NBS oxidation of organic substrate is
complicated by parallel bromine oxidation which is
obviated by using Hg(Il)'. In some NBS' reactions.
Hg(1l) also plays a catalytic role. But. its role as co-
catalyst is not well known, especially with Pd(1l) and
sugar (a biologically and industrially important
substrate). These reports and recent publications™

concerning the oxidation of sugars by haloamines
have prompted us to undertake Pd(Il)-Hg(ll) co-
catalysis during the oxidation of pentose sugars {i.e.
D-arabinose (Arb) and D-ribose (Rib)} by NBA
perchloric acid medium. This study will enable
understanding the complicated biochemicul reaction
in living bodies and will also help to understand the
mechanistic aspects of catalytic activities of Pd(ll)
and Hg(11) ions along with oxidative capacity of NBA
in solution.

Materials and Methods

A Pd(Il) stock solution (2.82x10™" mol dm™) was
prepared by dissolving known weight of palladium(Il)
chloride (Qualigen 'Glaxo' Chem.) in HCI (1.00x10"
ol dm'). Agueous solution of NBA was prepurcd
fresh daily and was standardized 1odometrically
against standard sodium thiosulphate solution using
starch as an indicator. Aqueous solutions of Arb and
Rib were also prepared fresh cach day. Both, NBA
and Pd(Il) chlonde solutions were stored in bhlack
coated flask to prevent photochemical deterioration. A
standard aqgueous solution of mercuric acetate (E.
Merck) was acidified with 20% acetic acid. Perchloric
acid (E. Merck) was used as source of H' ions while
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the ionic strength of the reaction was maintained
using NaClO; (E. Merck). All other reagents namely
KCl and acetamide (NHA) were irom E. Merck.
Double distilled witer was used during the reaction
and bluck-coated reaction bottles were used 1o avoid
any photochemical effect of the reactions.

All the kinetic measurements were carried oul al
constant temperature 40°C (£0.1°C). The requisite
volumes of all the reactants, i.e. NBA, Pd(Il), HC1O,,
Hg(OAc),, KCI, NaClO, ana water (lor make up
constant volume) were laken in g reaction bottle (a
black coated Jena glass vessel) and equilibrated
40°C. An appropriate volume of sugar solution, also
equilibrated at 40°C, was rapidly poured into reaction
mixture to mitate the reaction. Progress of the
reaction was monitored by estimating the amount ol
unconsumed NBA iodometrically in aliguots with-
drawn from reaction mixture atl regular intervals.

Stoichiometry and product analysis

Several  sets  of  reaction mixtures  containing
difterent amounts of [NBA] @ [reducing sugar| ratios
at constant acidity and 1onic stuength were allowed to
react for 72 hoat 40°C in closed vessels, Under the
conditions ol [NBA>>|sugar]. the estimation of
residual [NBA| was determined odometrically and
after accounting for the remaining oxidant concen-
fration. 1t was found that cach mol of pentose sugar
(e, botle Arb and Rib) consumed 2 mol of NBA
Thus, the ravo of consumpron ol reductant Lo oxidant
is 120 Accordingly. the following  stoichiometric
cauatons can be formulared
() Toh 0 +2MeCONHBr+2H .0

eArabose  (NGA

HCOOH+E COOH+2MeCONH +2HBr

(6 Y

wlanse” I
it Mipfth &

formie wcnd Dherythrome aenl

(i C O +2MeCONHBr+2H .0
PRI
HCOOH +R COOH +2MeCONH +2H B!
Lr-ervihmonmie ayiic
where i1, = (CHOH). CH Ol
The residues of the reaction mixture (detected afle
about 70% compiction of the reaction) by TLC und
also by conventional spot test ™ showed formic una
[-erythronie acids as the main oxidation progucts in

e redos,

PV (1

redctions.

Resuits and Discussion
i1 order 1o propose o reaction mechanism for the
achion between reducing sugar (Arb or Rib) and

NBA in presence of Pd(II) as homogeneous catalyst, a
series of experiments were performed «t 40°C. In each
kinetic run, the initial rate of reaction was determined
from the slope of the tangent drawn at fixed [NBA].
In case [NBA] was varied, slope of the tangent was
drawn at fixed time. If NBA, reducing sugar (Arb or
Rib), H" ions, Pd(ll) chloride and Hg(ll) are
considered as the main reactants, the rate equation for
the reaction can be written us:

Rate =k[NBA]" [Sugar]" [H"|" [Pd(I1)]" [Hg(ID)]"

For the experimental rate law, a series of experi-
ments with varying initial [NBA] were performed at
constant concentration of all other reactants and at
constant temperature. Throughout. [NBA] was kept
much lower than the [sugar]. Muintaining the
concentrations of other reactants except NBA. the
above rate law becomes:

Rate = = J[INBAJ

d[NBA]
L

where J, the apparent rate constant

=k[sugar]’ [H"|" [PA(ID]" [Hg(ID]" .

In the case of « being equal to one, the reaction
rate will be directly proportional to the [NBA] and J,
can be calculated by dividing initial rate of the
reaction with the initial [NBA]. Tabie 1 shows the
variation of [INBA] at 40°C for the oxidation of both
Arb and Rib. "J" calculated as above for the oxidation
ol both the reducing sugars, shows a decreasing trend
with the increasing [INBA]. Thus, it is not possible (o
assume that the order of reaction with respect (0
[NBA] is unity, The decrease in “J" with the increase
in INBA| may be due to two reasons. The first reason
is that since observed order with respect o [NHA| 15
fracuonally negative, decrease in J with increase i
INBA| can be due (o increasing [NHA] according 1o
the following equilibriun’:

NHA + HOB:

NBA + H0

The second reason is that a part of NBA may be
involved i the formation of an intermeadiate complex.
As a resuli, order with respect to [NBA| becomes
fractionally positive instead of being first order
throughout the variation of |[NBAJ]. The first
possibility  neans that upon the formation of 10, 20
and 090 MAA at the iital stage, the rate constant &'
becomes unttorm throughout the variation of [NBA|,
except at very high [NBA] where decrease in £ with
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Tuble | — Effect ol vavianon of [NBA| on the rate constant a 40°C

[NBA]x10} D-Arahinose’

1>-Rihose®

moldm?)  Jx10%s ") Exiolis ksl 0'(s") Ex107s ") S0Py Ex10lis Y k'xlﬂ’{s ) k'xl(}?(s b
(105 cony.) (2045 conv.) (0% conv.) (10% conv.) (209 conv.y  (40% conv )
2.50 12.50 3.08 538 830 1500 3.94 3.66 8.58
4.00 10,50 4.11 603 H.80 13.006 3.30 500 7.58
6,00 852 4.01 594 570 972 2.84 432 .54
8.0 1.83 436 (.30 0.37 817 284 4.32 6.54
12.00 517 3.6l 528 7.73 015 273 4.14 6.30
16.00 4.10 335 4.90 7.8 436 241 365 5.53
2000 3.57 3,30 .83 7.07 3.73 £ BT 507

"Solution conditions:[substrate| = I_(}.(}xlt)"_mnl dm " (Arb), 6.0x107 mol dm ¥ (Rih)y: [Pd(ID] = 22.56x10" mol dm Y (Arh), 28010
mol dm- (Ril: [17] = 0.83 % 10 mol dm F(Arb), 0.50% 10 mol dm ' (Rib) [He(OAe): | = 3.0x 10" mol dm™ (Arh and Riby;

with = =0.55 lor Arb and n = =0.60 (or Rib

¢=
INHAT

Tahle 2 — Effeet of varnation of [substrate | and [H | on the
apparent first order rute constant at 40°C

|Substrite| 'y 10N (s )
<107 mol dm )y % 10" (mol dim D-Arh D-Rib
100" 23075000 0,52 1.29
200" 330500 1.03 2.47
4.00"3 30 530300 2.00 4,38
6.00%5.00 8307500 3.37 6,58
8.00%7.00 8305000 4.17 877
10.00" 830500 539 10.86
12,00 8307500 S.58 11.56
10.0076.00° 2002 50 104 14.61
10.00°6.00° 5005 00 s.01 1196
10.0076.00' 00077 30 O3] 153
1000600 1000/ 10 00y e | S5.19
10.00"76.00" 2000071250 407 4.62
1000000 3000015 00 312 3,72

Solution  condiions.  [NBA=10.00210 ‘mol dm (Arh and
Riby: [HgOAC) ] = 142500 'mol dm tarh and Ribys [Pdel)
<2250 10" mol dm” (Arhy, 2820x10"% mol dm’ (Riby,
where a= Arbor= Rib

the increase m INBA| is noted. This shows that order
of reaction with respect 1o [NBA] (except at very high
INBA]) is unity and decrease in /" with the increase
in INBAJ is only due to mcreased formation ol NHA
resulting negative fraction order, The decrease in &'
values at very high [INBA] muay be assumed due to
involvement of substantial amount of NBA in the
formation ol intermediate complex because with the
formation of intermediate complex. there will be
decrease in free INBA] resulting in a decrease in “J'
This indicates that at very high [NBAJ. the second
possibility comes into existence  and  non-lincar
dependence of [NBA| on pseudo first order rate
constant "/ is observed.

Tauble 3 — Effect of vartaton of [PA(IN] and [Hg(OAC):} on
the apparent lirst order rate constant al 40°C

[Pd(11)) [H2(OAC),| Mxl0 (s
210" (mol dm 1 =10 tmol dm ') D-Arb D-Rib
2.52 .42 0.77 1.90)
5.04 142 1.24 -
8.64 142 - 4.24
11.28 142 274 -
14.10 .42 - 632
16.92 1.42 383 -
2256 |42 4 56 —
2538 1.42 - 11.37
2820 1.42 5.67 =
33,54 142 6,82 -
36.00 {42 - 1657
3048 1.42 794 -
5076 b2 [0.23 2142
22 56728.20 L1OY 100 1.96 2.5
22.56°28.20 2.00 320 3.60
22562820 3.00 3.79 4.63
22.56"/28.20' .00 4.03 3.3%
22.50728.20 00 S04 617
22 5672820 0,00} 3.70 0.33

'Solution conditions: [NBA| = ll}.ﬂt_)xl“"‘mui dm tAh and
Riby; [substrate]| = 1000210 “mol dm (A 6.0x10 * mol din '
(Riby: [H7] = 083107 mol dm ' (Arh), 0.50x10 " ol dn
{Rib); whorc a= Arh.r= Rib

Since [NBA] (1.0x10  mol dm ) is kept low, order
ol the reaction with respect to [NBA] hus been tuken
as unity. Under pseudo first order condition. the
[sugar] has been varied from 1.OOXT0™ 1o 12.00x10°
mol dm~ (Table 2). "J° of the reaction initially
increases in the same  proportion in which the
concentration of substrate is increased. But. ut very
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Table 4 — Effect of variaton of [NHA] and | CI Jon the rate constant at 4(0°C
INHA %10} (Cl %10 H=de/dty x 10° (mol dm ™ s )
(mol dm™) (mol dm™) D-Arabinose D-Ribose
Ohserved Caleulated Observed Calculated
100200 1.00" 4.17 5.00 11.66 12.01
LSOY3.000 1.0 .85 4,32 10,42 10.02
30045001 1.00" 3.33 308 8.75 7.52
6.00%7.00' 1o 222 1.95 (.80 6,01
10.00" 1.oo™ 1.15 1.31 4.80 4.63
1.00" LOOY3.21" 4.17 5.00 9.72 100.39
1.00" 1.88Y5.21" 3.70 4.05 9,17 9.42
L.oo" 2.887.21° 3,17 3.34 8.33 8.60
Loo" 388Y10.21 277 2.84 7.69 7.602
Lon™ 4.08%15.21 2.22 246 6.25 6.40)
*Solution conditions: [NBA] = 10.00 = 107 mol dm ™ (Arb and Riby; [substrate] = 10.0%107 mol dm™ (Arb), 6.00<107 mal dm

(Rib); [PA{ID)] = 22.56x10" mol dm™* (Arb), 28.20x10" mol dm™'

(Iih): [Hg(OAc) ] = L42x10 Ymoldm (Arh and Riby; where o =

(Riby, [H'] = 0.83 x 107 mol dm™ (Arb), 0.50%107 mol dm’

Arb, r = Rib

high concentration of substrate, a slight deviation
from the direct proportionality is observed. The order
of reaction with respect to [H'| has been determined
at constant temperature by varying its concentration
from 3.0x10™ mol dm™ to 30.0x10™ mol dm™ in the
case of Arb and from 2.5x107  mol dm” to
15.0x10 " mol dm™ in the case of Rib. maintaining the
concentration of other reactants (Table 2). The ionic
strength of the medium was maintained constant at
08107 mol dm ™ for Arb and 1,5%x107 mol dm* for
Rib. The sharp decrease in /" with the addition of H"
ions in low concentration range and very small
change in "J/" in the higher concentration range of H'
ions can be viewed in terms of negative fractional
order with respect to H' at its low concentration and
almost no effect at very high [H'] 1ons. Lincar
increase in /" with the increase in Pd(Il) chloride
concentration throughout its nearly 18-fold variation
exhibits first order kiretics with respect to [Pd(11)]
(Table 3). The effect of He(OAc): addition on the rate
ol reaction has also been studied. Tible 3 indicates
that “J" is enhanced by the addition of Hg(OAc):.
suggesting the involvement of Hg(Il) as co-catalyst,
along with its role as Br ion scavenger'”. The
positive effect of Hg(11) on the apparent rate constant
was also supported by the plot of log J versus log
[Hg(1)], where order in case of arabinose and ribose
was found to be 0.66 and 0.61, respectively.

Elfect of added reactants

Since acetamide 1s one of reaction products and its
role is significant in ascertaining the reactive species
of NBA, the effect ol variation of NHA on the

apparent rate constant has also been studied. Tuble 4
shows that with the increasc in [NHA], there 15 a
retardation in "/, suggesting that NHA was formed
before the rate determining step of the reaction. The
order with respect to NHA has been found to be .55
(Arb) and —0.60 (Rib) from the slope ol the plot of log
J oversus log [NHAL In Pd(Il} chloride catalysed
oxidation of Arb and Rib, the role of ]
important in ascertaining the reactive species of Pd(1l)
chloride and in the formation of complex between the
reactive species of Pd(Il) chloride and a reducing

ions is also

sugar molecule. Henee, the effect of [C1 | on /" has
also been studied. The decrease in . with the
increase in [ Cl ] is an indication for the appearance
of Cl ion in any of the steps before the rate
determining step. Throughout the variution of {CI |.
the decrease in “J" with the increase i | Cl | was
obtained in the oxidation of hoth Arb and Rib (Table
4). The order with respect to | Cl | in the oxidation ol
Arb was found to be =038 (Arb), and for Rib it was
found 1o be —0.29 (Rib). To study the effect of tonic
strength ‘W', NaClOy was varied from 1.00x107 10
4.88x10" mol dm™ for Arb and 1.21x10 " 10 5.21x10"
mol dm™ for Rib, showing an insignificant effect on
I, suggesting involvement of at least one neutral
species in the rate determining slep.

On the busis of observed order with respect 1o
reducing sugar, H" ions Pd(I1) chloride and Hg(I1) and
taking into consideration the effect of added reactunts,
i.e., NHA and CI' ions on /', the experimental rate
laws for both Arb and Rib at low [NBA| can be
written us:
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Rate =
KINBA|[Arb] [Pd(ID]H |"”"Il'lg[ll)]""“[NIIAI"“ICI JVes

Rate =

KINBAJ[Rib][PAAD[H "™ [Ha(I)]" [NHA] "™ [C1 "
Above rate laws are also supported by simple

regression analysis.

Effect ol temperature

The reactions were studied at four  different
temperatures (35, 40, 45 and 50°C) and observed rate
constants  were used to  caleulate  the activation

parameters. The Arrhenius plots of log J versus 1/T

were found 1o be linear. The activation energies (E,)
were calculated from the slopes ol the plots and from
these values, the activation parameters AH', AS" and
AG" were evaluated (Table ).

Reactive species ol NBA

It has been established that in acidic medium,
NBA'" is found in following two sets of equilibri:

MeCONHBr+H-0Q0 =—= MeCONH-+HOBr
(NBA) (NHA)

HOBr+H:,0" === (H:0Br)'+H0

or.
MeCONHBr+H 0" ==—— (MeCONH-Br)"+11.0
(MeCONH:Br)+H:00 === MeCONH+(H,OBr)"

In the present investigation, either or both of the
above two sets of equilibria may be operative. Henee,
there may be four possible reactive NBA species 1.e.
NBA itselt,  HOBr. protonated NBA  ie.
(MeCONH-Br)" and cationie bromine i.e. (H.OBr)".
Addition of acetamide in reaction mixture decreases
the rate ol oxidation in acidic media suggesting that
the pre equilibrium step involves & process in which
acetamide is one of the products as shown in the steps
ol both the sets ol equilibrii. When NBA  or
(McCONHLBr)" is assumed as the reactive species.
the derived rate livws fail to expluin the negative effect
of acetamide. Hence. neither of these species can be
considered as reactive species. When (H-OBr)' is
taken as the reactive species. the rate law obtained
shows first order kinetics with respeet 1o [H'] contrary
to our observed negative ractional order in |H').

although it fully explains the negative effect of

acctamide. Therefore,  the  possibility ol calionic
bromine as reactive species is also ruled out. Thus. the
only choice left is HOBr, which when considered as

Table 5 — Effect of tlemperature on the apparent rate constant
and values of activation parameters’

Parameters Temperature Values
D-Arb D-Rib
Jx10%(s") 308 4,34 11.69
Ix 10%s") 313 6.82 16,57
Jx 0% 318 8.77 19,49
1% 10%s " 323 12.65 26,31
k (dm"maol's ) 313 10.37 [8.26
Ax 107 (dm" mol 's") 313 3.76 3.72
E, (kl/mol) 313 51.25 49.74
AH" (k)/mal) 313 48.63 47.13
AST (I/K/mol) 313 —70.25 7042
AGY (kJ/mol) 3 .62 G917

*Solution conditions: INBA] = 10.00 x 10" mol din ™ (Arb and
Rib): [substrate] = 10,0x107° mol dm" (Arb). 6.00x10° mol
dm™ (Rib): [Pd(11)] = 33.84x10" mol dm " (Arb), 36.67<10°
mol dm™ (Riby; [H'] = 083 % 10 * mol dm™ {Arh). 0.50% 10
mol dm? (Rib); [Hg(OAc)] = 1.42x107" mol dn™* (Arb and
Rib)

the reactive species of NBA, leads to rate law capable
of explaining all the kinetic observations and other
effects. Hence, under the present experimental
conditions and on the basis of above arguments, we
can safely propose HOBr as the main reactive species
of NBA,

Reactive species of PdCl,

The complexes of palladium group metals are well
known. Various possible mononuclear complexes of
Pd(1l), namely [PdCL,|", [PdAL,CI,]. [PdL.CI|" and
[PdL, |"' (where 'L' represents a ligand like amine.
phosphine, sulphide, etc.) are reported’. In most of the
studies using Pd(I1) as a homogenous catalyst, it has
been employed in the form of Pd(Il) chloride. Pdcll)
chloride' is rather insoluble in aqueous solution but
does dissolve in  presence of chloride 10n as
[PACl, (H.O)]  and [PdCI, . The equilibrium
constants corresponding to the following equilibria
have been determined by several workers, and all are
in fair agreement with a value of log 3 between 11
and 12 at 25°C.

‘ K.

Pd™ +Cl =~ |PdCIJ

]\.
[PACI[* +C1 ====[PdCl,]

[PACL, |+ €l === [PdCl, |

K-"y

[PAC], ]+CI [PdCl, |
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Values of log K| to log K, have been reported as
4.47, 3.29, 2.41 and 1.37 respectively, with log B, =
[1.54. It is also reported that K is probably the most
important stability constant for catalytic chemistry.
The existence of PdCly, exclusively in the form of
[PACI,|" is reported by Ayres'' who has observed
that when a reaction ratio of 2 : 1 for sodium chloride
(Cl 1on) to Pd(ll) chloride is maintained, it will
result in the formation of well known tetruchloro-
palladate(11), [PAC1, | . This is also supported by UV
spectra of Pd(I1) chloride with different [Cl | ions,
where the observed single peak at 236 nm clearly
indicates the existence of lone PACI; species in the
solution of Pd(Il) chloride. Since throughout the
ion to the palladium(ll)
[C1 J/[PACL, ]  was
maintained more thun 2. it can safely be assumed that

experiments, ratio of Cl

chloride  concentration,  i.e.
the species [PACI ™ is the most reactive species of
Pd(1l) chloride in HCL. Such species of palladium (I1)
chloride has also been reported in the oxidation of
amino alcohols by chloromine-T", N-bromosuccini-
mide’, and in the oxidation of some sugars by N-
bromosuccinimide’  and  N-bromoacetamide™ "
(NBA).

It is reported™™ that Pd(Il) forms a complex with
organic substrates, 1.e uallyl ualcohol and reducing
sugar(mannose or maltose). In order to verify the
formation of a complex between reactive species of
Pd(I1) chloride, i.e. PdCI;
ivestigation, UV-spectra of PACl: solution, sugar
solution  and  Pd(Il)  chloride  with  dilferent
concentrations ol sugar solutions  were  collected.
From the spectru, it is quite clear that with the
tnerease i [sugar], there is an increase in absorbance
of pure Pd(Il) chloride solution from 2,88 to 2.90 and
2,92, This increase in absorbance with the increase
[sugar] is due to shift in equilibrium o the right side
by which more and more formation of [Pd(Il)-sugar]
complex is ensured:

|PACI, | +8 === [PdC1,S| + Cl sake (4]

il,lﬁ

und sugar in the present

This relation. where formation of [Pd(11)-sugar]
complex is indicated, is also supported by the
observed negative eftect of chloride ion concentration
on the rate of reaction.

When NBA solution (10.00x10™" mol dm™) was
added w the solution of Pddh, ClIand reducing
sugar, it was observed that with the addition of NBA.,

there is an increase in absorbance from 2.90 to 2.98
240 nm. This increase in absorbance can be
considered as due to formation of a complex' between

|PdC|_‘.S['_ and [HOBr] according to:

Cl k<8
[PdC1, 5] +HOBr === cl—p «—OBr | 4 1
a3

oo LRy

The shift in A towards longer wavelength with
an increase in absorbance 1s due 1o combination of a
chromophore like reactive species of NBA, i.e. HOBr
and an auxochrome (Cl') already present in the
complex [PdC1,.S| to give rise to another chromo-
phore IPdCI_,.S.OBrF' -

Further. when Hg(ll) solation (1.25x10) “mol dm )
was added to the solution ol Pd(ID, CI , reducing
sugar and NBA, it wus again observed that with the
addition of Hg(Il) solation, there is an increase in
absorbance from 2.98 10 3.12 at 244 pra. This increase
in absorbance with a shift in Ay, value towards
longer wavelength might be considered as due o
formation of another complex  [PdC1:.S.OBr(Hg)|.
which has the property of a chromephore showing
absorption mn the ultra-violet region according to:

[PACI,.S.OBr|” +Hg™ [PdCI1.S.0Br| ... (¢)
He

Kinetic data of the present investigation have led us
to assume that the complex [PdCI S| formed through
reversible step (a) will combine with reactive species
of NBA, ie. HOBr and Hgdl) o form another
complex via reversible step (d) where reversible steps
(b) and (¢) are shown (o be merged ity one step.

[PAC1,.S| +Hg™ + HOB==—= [PdCI,S.0Br|+H"

H

¥

1]

c )

Reaction mechanism and rate law

On the basis of above discussion and  Kinetic
studies, a probable reaction mechanism  can bhe
proposed for the Pd(Il) catalysed und He(ll) co-
catalysed oxidation of” Arb and Rib i acidic medium
as Scheme I, The fast equilibrium step I and rever-
sible steps 11 and I are well i accordance with the
experimental findings and spectral evidences.
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MeCONHB + H,0 <e—t==~ MeCONH, + HOBr (1)
(NBA) (NHA)
[PACI 1> + S -—:’—- (PACL,S]” + CI- (11)
*
Gy

where 'S’ stands for Arb and Rib.

cl
s k > "
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g I
H 0
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[PACI, .(H,0)] +CI- ——[PdCI,]*" + H,0 (VIII)

Scheme (1)

On the basis of above mechanism and stoichio-
metric equations for both D-arabinose and D-ribose.
the rate in terms ol decrease in concentration of
[NBA| can he expressed as:

d|NBA|

rae = -——

= 2K, [C.] (1)
dt :

On applving the law of chemical equilibrium to
step 1 we get:
K INBA|

[HOBr| =
[NHA]

. f2)

On applying steady state approximation (o steps
(11 and (1), we get Egs (3) and (4). respectively:

e = k. [CISIINHA] -t
; k |CIJINHAJ+Kk.K [He(ID]INBA]

] = KBRICISINBAIT() 0
YT (K LH [+ k(K LICT [INHA]

+k K, [Hg(ID]INBA|)

According to the Scheme 1, the total concentration
of Pd(Il). e, [Pd(ID ] can be expressed as:

[PA(ID], = [C,]+]C, ]+IC.] (3)

With the help of Egs (3). (4) and (5). we get:
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(K [H" )+ k) (k,[CI'|INHA]
_+k, K, [Hg(IDIINBAD[PA(ID],
(K [H 4k, )(k,|CI'|INHA|

+k, K [Hg(ID][NBA])
+k,ISIINHA|(k ,[H" |+k,)
+K, k.k,[SIINBA|[Hg(1)]

. (6)

1C,]

Egs (1) and (4) give:
~([NBA]
dt
& 2K, K.k, k, INBA][S][Hg(ID][C, ]
T (kL |H +k, K LCHINHA+K K, [INBA][Hg(ID]

<= 01)
On substituting the value of [C] from Eqg. (6) to
Eq.(7). the rate law can be obtained as:
d[NBA]
dt
. 2K KSKKGINBAS (PO | [Hg ]
kM Tk KL IINHAL+K K [He(ID]INBAT)
+KLSIINHAJK [H™ 4k )+ K kK [SIINBA][Hg(ID]
. (8)
Since order with respect 1o |H'| is negative,
probability of step (H1) being reversible is more and
more. Under this condition, it is reasonable to assume
that & 5|Cs]|H"] >> &[Cs] or ks|H| > k. When &y H'|
>k, Egu8) will be reduced to o relation, the
numerator and denominator ol which when divided
by A-k«, will take the shape of Eq (9):

rate =

rile =

A [NBA]

rute =
dt
2 2K K [SIINBA[ He(ID][Pd(ID], )
k .k
S HTCHINHA
k‘k,l IHCI I
+ hllk YIHJ[Hg(ID]INBA|
+ t YISIINHA]HT [+ K [S]INBAJ| He(1D]
Fq.(9) can also be written as:
d[NBA|
rafe = —
dt
2K K ISTINBA [ Hg(ID ] Pd(IT) |, (10)

" a[H' ICT JINHAJ+b[H’ [He(11)][NBA]
+C|SIINHAJH® 1+ K, [SINBA|[Ha(11)]

where

K.k, K k s
g = —32, b= gnd ec=—2
K.k, k. k.

On reversing Eq. (10), we get:

—— = (a[H*]ICT |INHA])/
rate
(ZK K, ISIINBA]H(ID][PA(ID],
+ (i’ ])/(EKikJ[S|[[-"dt_]l_l|, )+ (cINHAJ[H"])/
(2K k INBAJHg(ID[PA(ID], )+1/(2k [Pd(ID], )
il

According to Eq.(11), il a plot is made between
(/rate) and [H'] or [INHA] or [Cl ], straight lines
having positive ntercept on (Hrate) axis should be
obtained. When (I/rate) values are plotted against
[H'], INHA] and [C] | straight lines with positive
intercepts on (1/rate) axis were obtained (Figs 1 and
2) which prove the vulidity of the rate law (10) and
hence the proposed mechanism. From the intercepts
ol the plots of I/rate versus [H'] and |/rate versus
INHA] and from the slopes and the mtercepts ol the
plots of 1/rate versus [Cl |, the values of the
constants ky, HIK,. ¢/K, and «/K; have been caleulated
in the oxidation of both Arb and Rit at 40°C. The
values, thus obtained, are presented in Table 6,
Utilizing the values of rate constant Ay and other
constants, i.e. «/Ky. bIK, and ¢/K . the values of the
rate of reaction for the variation ol [NHA] and [C] |
have heen caleulated and found 10 be very close to the
observed values of the rale ol reaction (Table 4). The
close similarity between  the observed und  the
calculated rates clearly proves the validity of the rate
law (10) and hence the proposed reaction mechanism
shown as Scheme 1,

It is well known that if o reaction occurs with the
approach of ions of the same sign, or a separation of
ions of opposite sign, there is an intensification ol
clectric field. Therelore. un increase in electrostriction
and resulting decrease i volume. there is ualso
decrease in entropy owing (o the loss ol freedom of
the solvent molecules. In the present study  of
oxidation of reducing sugars by Pd(I) as homo-
vencous catalyst. the observed negutive entropy of
activation can be considered due o increase in
clectrostriction  when  reaction  occurs  with a
separation of ions of opposite sign in the rate deter-
mining step (V) of the proposed reaction Scheme |,



SINGH ¢r al.: OXIDATION OF D-ARABINOSLE AND D-RIBOSE BY N-BROMOACETAMIDE (07

3 Arbl(E) 10

Arb(G)

036 - Rib(F)

7
o
Tam (GRH)—

(1/Rate) x 10 mol'dm’ (E& F) —

024 +~ 050
g
»
: 025 4
012 s g
Ribtm‘b\n\&ﬂ\ €
0 ! ] 1 10
8] 10 20 30 4-0
T e :
[H*] % 10 mol dm (E&F)==
e L e (e L
12 9 5 3 o0

—[NHA] x10 ot dm’ (G&H)

Fig. | Verilication of ve Taw (10Y under the conditions ot
Table 4 for Vrate vy, [NHA| and Table 2 for Vrate va. [U'] (E
and G = D-grabinose (Arh), Fand H = D-ribose (rib) .

Table 6 — Calculaton of constants Ay o/K . WK and efky) from
the plots of ( Hrate) vs. (), ¢ Dvate) v INFEA and ( Hrate) vs.
[ CT | for Pdell) catalysed oxidation of Arh and Rib by NBA
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The order or Irequency factor being the same for both
reducing sugars clearly indicates the operation of
single mechanism in the present study of oxidation of
pentoses by NBA in presence of Pd(Il) as homo-
gencous catulyst.

Comparison of the present study with the reported
results™ " for Ru(lll)- and Ir(11)-catalysed oxidation
of reducing sugars by NBA in presence ol perchloric
acid  and  results  reported  for  Pd(I)-catalysed
oxidation of reducing sugars by NBS" has also heen
made. With the change in catalyst from Ru(lll) or
Ir(11D) to Pd(ll), it is found that there is no change in
order with respect o catulyst concentration (except at
very high [Ir(IID)]). But, a significant change is
nbserved  with respect 1o [Hg(1l)] and  [reducing
sugar]. Observed  first to  zero-order Kinetics in
{arabinose], [ribose] and in [Hg(I1D)] distinguishes the
present mvestigaton from Ire(HD-catalysed oxidation

[CI'] x 10° mol dm™*(D-Rib)

0 5 10 15 2
055 - , 0.18
o A DA =
E- B. D-Rib L
(@] 045 A 0':
o =]
,.E 0.14 ng
g 035 5
‘B E
* 01 <
]
LE 0.25 M
= £
015 £ : . 0.06
0 1 2 3 <+ 5
[CI * 107 mol dm™(D-Arb)
Fig. 2 — Verilication ol rate law (1) under the conditions ol

Table 4 for Veate v, [C1 ] [ Arb: D-arabinose, and Rib: D-ribose )

of reducing sugars by NBA where the rate law does
not involve reducing sugar concentration and shows
that order with respect to [Hg(ID] varies from two to
one, The present study being very similur to Ir(H1)-
catalysed oxidation of reducing sugars by NBA as far
as negative effect of [Cl™| on the rate of reaction is
concerned has a distinguishing feature with Ru(l11)-
catalysed oxidation of reducing sugars by NBA where
order with respect to [Cl ] has been found to be
fractionally positive. Negative ([ractional order
[ H" |. retarding elfect of INHA]| and no effect of ionic
strength of the medium on the rate of reaction are the
common features of the present study and other two
studies  reported  earlier.  Negative cntropy ol
activation observed in the oxidation of arabinose and
ribose us ugainst observed  positive  entropy  of
activation in the reported Ru(l)- or Ir(TID-catalysed
oxidation of reducing sugars by NBA gives an
additional support for the rate determining step where
the activated complex as neutral species dissociates
into oppositely charged species,

Conclusions

When comparison is made between the present
study and the study reported for Pd(1D-catalysed
oxidation of reducing sugars by NBS. it is found that
this study is distinguishable with the previous study
two respects, one with respect to [Hg(11)] and the
other with respect to one of the reaction products. i.c.
NHA in the present case and NHS in the case reported
earlier. Observed fractional positive order in [He(ll)]
in the oxidation of reducing sugars by NBA mdicates
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that
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Hg(1l) in addition to its role as Br ion scavenger

also functions as co-catalyst whereas insignificant
cltect of [Hg(ll)] on the rate of reaction in the
oxidation of reducing sugars by NBS shows that the

role
scavenger. In the present case, negative effect of
[NHA] on "J°, is contrary to the reported nil effect of

ion

of Hg(OAc), is limited up to the Br

[NHS] on the rate of reaction.
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