
CHAPTER IV

KINETICS AND MECHANISM OF OXIDATION

OF TERTIARY AMINO ALCOHOLS BY CAT

IN ACID MEDIUM USING Ru(lll) AS CATALYST



SECTION 4.1

INTRODUCTION

2-dimethylamino  ethanol (DMAE) and 3-dimethylamino-I  -propanol

(DMAP) are important derivatives of tertiary amino alcohols. These

compounds behave like primary alcohols and are oxidised to the
b
1 respective aldehydes, by mild oxidants.

i
2-dimethylamino  ethanol :

This is a colourless liquid with a molecular weight of 103.17

i (d= 0.872). The boiling range of the liquid is 163 - 164”. The compound

: ismiscible with water and other solvents.

; 3-dimethylamino-1-propanol  :
I

This is a colourless, irritating liquid of mloecular weight 89.14

: (d=0.887).  The boiling range of the aliquid  is 133- 134”.  The compound

dissolves in water and other solvents.

These compounds have a number of pharmacological applications,

: wh i l e  r epor t s  on  chemica l  app l i ca t ion  a re  scan ty .  However

: 2-dimethylamino  ethanol (DMAE) is used as a potential volatile amine257”

: for boiler water treatment and was investigated for their complexation

i behaviour with copper. Its PKb  value is 4.52 at 25”.  DMAE forms coloured

1 complexes with absorption in the range of 5 10 m-n.  In the pH range 8 - 10.5,I
[ the Cu - DMAE complex established 2e- reduction and the species

: [Cu(DMAE),] was identified, with a stability constant of 1020.39./
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Chloride and iodide complexes of lead (II) with 2-dimethylamino ethanol

is obtained by direct synthesis.‘57b

A review of literature shows that there is no report on the kinetics

ofoxidation of DMAE and DMAP by any oxidant. Hence in the present

j investigation, a detailed study is made on the kinetic and mechanistic

aspects of the oxidation of these two alcohols by CAT in HCl medium

with Ru(II1)  as catalyst at 45”.
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SECTION 4.2

OXIDATION : A REVIEW

A review of literature shows little information on the kinetics of

8 oxidation of primary alcohols by N-haloamines. Mahadevappa and

’ ~aidu2s*-260  and HerlihyX’ have reported on the oxidation of conjugated

V alcohols,  allyl, cinnamyl and crotyl alcohols by CAT in HCl medium.

l&rate  is found to be first order each in [CAT], [H’]  and [Cl-]. Similar

wsults have been obtainedz6” with CAB. Mahadevappa and co-workers

Lave also carried out the oxidation of primary alcohols by BAB263  and of

ally1  crotyl alcohols by BAT catalysed by OSO,.‘~~

Mushran e t al 265 have  oxid ised  n-butanol ,  iso-butanol  and

iso-pentanol  by CAT in acid medium. The rate is first order in each

[CATI and [H’] but shows a zero order dependence in [Alcohollo.  The

proposed mechanism involves HOC1 as the reactive species.

Uma and Mayanna 266 have reported the oxidation of primary alcohols

byCAT in alkaline medium, catalysed by 0~0,.  The proposed mechanism

indicates formation of an activated complex between the substrate and

0~0,  which slowly decomposes in a rate limiting step in to the aldehyde

;mdOs (VI) formed is oxidised rapidly to OS (VIII) with the anion of CAT.

Mukherji and Banerji 267 have reported on the oxidation of nine

primary alcohols by CAB in presence of HClO,. The rate is first order

t
each with respect to the [ox], [alcohol] and [H’] ions. The primary kinetic

] isotope effect using deuterated alcohol and the solvent isotope effect in
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D,Omedium  have been studied. The reaction exhibits a reaction constant

p’ = 2.2 at 298 K. The probable oxidising species is PhSO,NHCl.  A

mechanism involving transfer of hydride ion to the oxidant is suggested.

Singh et alX6’ have reported on the mechanism of Ru(TI1) catalysed

oxidation of methanol and ethanol by BAT in acid medium. The rate

shows a first-order each with respect to [BAT],, [substrate], [H’] and

[Ru(III)]  and inverse first-order on [Cl 1.  Kinetic results point to a

mechanism involving interaction between a reactive species of BAT and

a transient complex formed between the substrate and ruthenium (III)

species. Similar results 269 were obtained in the oxidation of n-propanol

and n-butanol by BAT.

Mittal  et a1270  have reported on the kinetics and mechanism of the

oxidation of primary alcohols by sodium N-chloro ethyl carbamate in

acid medium. The reaction is first order each with respect to the [oxI

and [alcohollo.  The rate increase with an increase in acidity (Ho)  and the

value of solvent isotope effect k (H,O) / k (D,O) = 2.23 at ‘298 K. Plots

of (logkz  + H,) vs (H, + log [H’]) are linear and a concerted mechanism

involving transfer of a hydride ion from C-H bond of the alcohol to the

oxidant and removal of a proton from the OH group by a water molecule

has been proposed.

Neg et alz7’  have reported on the kinetics and mechanism of the

oxidation of aliphatic alcohols by sodium hypobromitc in alkaline

medium. The reaction is first order each with [ox] and [alcohol] and

inverse order with respect to [OH-] ion. The primary kinetic isotope

effect has been studied using deuterated alcohol.
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b

Banerjiz7’ has reported the oxidation of aliphatic alcohols by
I
3

: apyridinium  fluoro chromate in dimethyl  sulphoxide medium. The reaction

is first order with respect of [ox10 but the order with respect to the

[Alcohol]O is less than one. The primary kinetic isotope effect and the

formation constant of the alcohol-oxidant complex have been studied.

Mahadevappa et a1273  have oxidised substituted ethanols by BAB

in the presence of HCl  medium. The rate shows a first-order on [BAB]

and is fractional in [alcohol], [H’]  and [Cl-]. The solvent isotope effect

and the rates do not correlate satisfactorily with Taft’s substituent

constants is suggested.
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SECTION 4.3

Kinetics and mechanism of oxidation of tertiary aminoalcohols

by CAT in HCl  medium using Ru(II1)  as catalyst

In  th i s  s ec t ion ,  t he  k ine t i c s  and  mechan i sm o f  ox ida t ion

of tertiary amino alcohols namely 2-dimethylamino ethanol and

3-dimethylamino-  1 -propanol  by CAT in hydrochloric acid medium using

R&l,  as catalyst at 45” has been reported. Experiments have been

designed to determine the kinetic order with respect to the oxidant, the

substrate, medium, catalyst etc. The effects of dielectric constant, addition

ofreaction product, p-toluenesulphonamide (PTS) and addition of neutral

salts have been studied. Kinetic and thermodynamic parameters have

been evaluated by determining the rate constant of the reaction at different

temperatures. A suitable mechanism with respect to two substrates have

been proposed to account for the observed rate law.

Stoichiometry :

Reaction mixtures containing various ratios of oxidant to substrate

were equilibrated in 0.08 mol dme3  HCl at 45”  for about 24 hours with

[oxid] cl > [S] . The excess unreacted oxidant was estimated by iodometric0

titration with standard sodium thiosulphate. It was found that one mole

ofsubstrate consumed one mole of the oxidant to yield the corresponding

aldehyde, confirming to equation (4.1)
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R’-CH,OH +  RINClNa ________)  R’-CHO+RNH,+NaCl . . . . 4.1

Where

4‘\
HsC \

1 N - CH, - for DMAE, R’ =
/

N - CH, - CH, - for DMAP,
/

i HJC HzsC
j

1 R = CH,C,H,SO,-

Product Analysis :

The aldehyde formed in the reaction was extracted into ether,

followed by washing with dilute NaOH to eliminate the interfering PTS.

Evaporation of the solvent yielded a small amount of oily material which

gave positive test with 2,4-DNP.  Confirming the corresponding aldehyde.

These materials were compared with the authentic samples.
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RESULTS

Effect of varying reactant concentration on the rate :

The kinetics of oxidation of tertiary aminoalcohols by CAT were

investigated at several initial concentrations of reactants in hydrochloric

acidmedium using RuCl,  as catalyst at 4.5”.  With the [substrate] in excess

and at constant [HCl] and [RuCl,],  plots of log [CAT] versus time were

linear (Table 4.1, Fig 4.1, r > 0.9990, s I 0.01) for each [CAT&.  The

reaction showed a first order dependence of rate on [CAT] (Table 4.2).

Values of the kobs increased with increase in [S10 for DMAE while the

values were constant for DMAP indicating a zero order dependence on

thelatter. The plots of log kobs vs log [DMAE10  were linear (r = 0.9900,

s < 0.05) with fractional slope (Table 4.3, Figure 4.2).

Effect of [HCl]  :

The rate decreases with increase in [HCl]  and the plot of log kobs

vslog  [HCl]  is linear (Figure 4.3, r > 0.9989, s < 0.04 Table 4.3(a)) with

a fractional slope of (-0.5).

Effect of ionic strength :

Variation of the ionic strength of the medium by adding NaCIO,

(0.3 - 1.2 mol dms3) had no effect on the reaction rate (Table 4.7),  thus

r showing the involvement of non-ionic species in the rate limiting step.
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Effect of [RuCl,] :

The  ra t e  inc reases  wi th  inc rease  in  [RuCl,] and  p lo t s  o f

log k vs log [RuCl,]  were linear (r > 0.9999, s i 0.01) with unit slopes

(Table 4.6, Figure 4.5) for both alcohols, indicating a fractional order

dependence on the [catalyst].

Effect of [H’]  :

At constant [Cl-] = 0.6 mol dmY3  maintained by adding NaCl,

increase in [H’] had no effect on the rate (Table 4.4).

Effect of [Cl-] :

Addition of Cl-  ions in the form of NaCl (0.1 - 0.8 mol dm-3)  at

fixed [H’] decreases the rate with increasing [Cl-] and a plot of log kobs

vs log [Cl-] was found to be linear (r > 0.9890, s < 0.06, Table 4.5,

Figure 4.4) with a fractional slope of -0.50.

Effect of p-toluenesulphonamide [RNH,] :

The rate decreased with the addition of RNH,. Plots of log kobsvs

log [RNH,] was linear (r > 0.9990, s < 0.04, Table 4.9, Figure 4.7) with

a small negative fractional slope of -0.3 3.

Effect of varying the solvent composition :

The solvent composition of the reaction medium was varied by the

addition of methanol (0 - 40% v/v). The rate decreased with increase in

methanol content (Table 4.8, Fig 4.6) plots of log kobs  vs l/D  (where ‘D’

is the dielectric constant of the medium) were linear (Figure 4.6,
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r>0.9890,  s 5 0.06) with a negative slope. Blank experiments performed

showed that methanol is not oxidized by CAT under the experimental

r
Effect of Temperature :

i
a The reaction was studied at different temperatures (308 - 323 K). From

/ the  linear Arrhenius plots of log kobs vs l/T  (Table 4.9(a) Fig 4.8, r >
,
1 0.9998, s 5 O.Ol),  the activation energy Ea was calculated. Values of the
E
\ other activation parameters, AH#,  AS?, AG#  and log A were computed

f from  the measured Ea values (Table 4.9(b)).

j Test for free radicals :

: Addition of the reaction mixture to aqueous acrylamide solution did not

i initiate polymerization showing the absence of free radical species.
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Table 4.1, Fig 4.1

Effect of [CAT] on the rate of oxidation of tertiary amino

alcohols (representative runs)

[CATlo = 0.003 mol dmm3,  [S10  = 0.02 mol dme3,  [HCl] = 0.08 mol dmm3,

[RuCl,]  = 10 x 1 O-’  mol dmb3,  T = 45”.

2-dimethyl  amino ethanol

‘lie Titre log [CAT]

mill . ml.

0 30.2 1.48

10 27.0 1.31

2 0 23.3 1.37

3 0 20.2 1.31

4 0 17.2 1.24

5 0 15.4 1.19

6 0 14.5 1.16

70 12.7 1.10

8 0 11.6 1.06

90 10.1 1.00

1 0 0 9.4 0.97

1 1 0 8.1 0.91

1 2 0 7.0 0.85

k&=  2.021 x lo3  s-’

3 -dimethyl amino- 1 -propanol

Time Titre

min. ml.

1% [CATI

0 29.5 1.47

10 26.1 1.41

2 0 23.0 1.36

3 0 19.9 1.29

40 16.7 1.22

50 14.4 1.16

60 12.0 1.10

70 10.1 1.00

80 9.0 0.95

90 7.5 0.88

100 7.0 0.85

kob,  = 2.482 x IO-’  s-’
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Table 4.2

Effect of varying [CATlO  on the rate of oxidation of

tertiary amino alcohols

[S]0=0.02  mol dms3,  [HCl]  = 0.08 mol dms3,  [RuCl,]  = 10.0 x 10s5mol  dmT3,  T = 45”

10'[CAT]O

mol drnm3

2.0

2.5

6.0

1 O4 kobs (s-l)

3-dimethyl

amino- 1 -propanol

2.75

2.60

2.48

2.53

2.39

2.45

2.40

2.36

2.30

2-dimethyl

amino ethanol

2.33

2.20

2.02

2.10

2.06

2.03

2.00

1.98

1.90
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Table 4.3, Fig 4.2

Effect of varying the substrate on the rate

[CATlo  = 0.003 mol  dm-‘,  [HCI]  = 0.08 mol dm-‘, @uCl,] = 10.0 x 1 Om5  mol dm-‘, T = 45”

Io2[s]o

mol  drn-j

0.8

1.0

2.0

3.0

4.0

5.0

6.0

10” kobs (s-l)

3-dimethyl

amino- 1 -propanol

2.20

2.22

2.48

2.33

2.20

2.35

2.46

2-dimethyl

aminoethanol

1.30

1.50

2.02

2.58

3.11

3.33

3.66
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Table 4.3(a) Fig 4.3

Effect of [HCl]  on the rate of reaction

jCATJO  = 0.003 mol dmm3,  [S10 = 0.02 mol d.nP,  [RuCl,] = 10.0 x 1 O-5  mol dm-j,  T = 45”

lo*  [HCl] 10’  kobs  (s-l)

mol  dmm3 3-dimethyl 2-dimethyl

amino- 1 -propanol aminoethanol

6 . 0 2.65 2.43

8.0 2.48 2.02

10.0 1.82

2 0 . 0

4 0 . 0

6 0 . 0

2.11

1.45

1.04

0.82

1.30

0.88

0.70
L
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Table 4.4

Variation of [H’]  (by adding NaCl)  on the rate of Oxidation

[@lJo=  0.003 mol dm-j,  [S], = 0.02mol  dm-3,  @uCl,]  = 10.0 x 10e5  mol dmm3,  T = 45”

lo2 [HCI]

mol dmm3

-~

6.0

8.0

10.0

20.0

60.0

10” kobs (s-l)

3-dimethyl

amino-  1 -propanol

2.50

2.48

2.25

2.20

2.18

2.16

2-dimethyl

aminoethanol

2.08

2.02

1.98

1.93

1.89

1.86
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Table 4.5 Fig 4.4

Variation of [Cl-]  [at const  [H’]  = 0.0891 on the rate of Oxidation

[CATI = 0.003 mol dme3,  [SlO= 0.02 mol dm-j,  [HCI] = 0.08 mol dm-3,

[RuCl,] = 10.0 x 10m5  mol d.mb3,  T = 45”

lo*  [Nacl]

mol dme3

i
I

10.0

20.0

40.0

60.0

80.0

10’  kobs (s-l)

3-dimethyl

amino- 1 -propanol

2.68

2.48

1.44

1.28

1.06

2-dimethyl

aminoethanol

2.50

2.02

1.28

1.08

0.90
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Table 4.6 Fig 4.5

Variation of [RuCl,]  on the rate of Oxidation

[CAlJo=  0.003 mol dm-“, [S10  = 0.02 mol dnx3,  [HCl]  = 0.08 mol dmP3,  T = 45”

10s  [RuClJ

mol dmm3

3.0 0.67 0.62

4.0 0.90 0.82

6.0 1.40 1.26

8.0 1.98 1.66

10.0

12.0

14.0

2.48 2.02

2.85 2.50

3.58 2.83

T 1 O4  kobs (s-l)

3-dimethyl 2-dimethyl

amino- 1 -propanol aminoethanol
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Table 4.7

Effect of ionic strength on the rate of reaction

[CATlo=  0.003 mol dms3,  [S10  = 0.02 mol dme3,  [HCl] = 0.08 mol dm-3,
I

[RuCl,]  = 10.0 x 10m5  mol dms3,  T = 45”

no1  dm-3

0.5

0.7

0.9

1 O4  kobs  (s-l)

3-dimethyl

amino- 1 -propanol

2.45

2.60

2.55

2.48

2.40

2-dimethyl

aminoethanol

2.20

2.33

2.08

2.18
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Table 4.8 Fig 4.6

Effect of dielectric constant on the rate of oxidation

(CATlo=  0.003 mol dmw3,  [S],= 0.02 mol dms3,  [HCl]  = 0.08 mol dms3,

[RuCl,] = 10.0 x 10m5  mol dmm3,  T = 45”

II,  MeOH

00.0

10.0

20.0

30.0

40.0

1 O4  kobs  (s-l)

3-dimethyl

amino- 1 -propanol

2.48

2.20

1.95

0.90

0.66

2-dimethyl

aminoethanol

2.02

1.78

1.60

1.40

1.16
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Table 4.9, Fig 4.7

Effect of p-toluenesulphonamide on the rate of reaction

[CATlo=  0.003 mol dme3,  [SlO= 0.02 mol dmw3,  [HCl]  = 0.08 mol dme3,

[RuCl,] = 10.0 x lob5 mol dme3,  T = 45”

lo3 [PTS]

mol dmm3

1.0

2.0

4.0

6.0

8.0

2 -dimethyl

aminoethanol

1 O4  kobs (s-l)

3-dimethyl

amino- 1 -propanol

1.50

1.28

0.92

0.85

0.80

1.61

1.30

1.04

0.84

0.80
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Table 4.9 (a), Fig 4.8

Effect of temperature on the rate of reaction

:CAT10  = 0.003 mol dmw3,  [S10  = 0.02 mol dmY3,  [HCl] = 0.08 mol dme3,

[RuCl,]  = 10.0 x 1 Oe5  mol dm-3

Temp

(K)

308

313

318

323

1 O4  kabs (s-l)

3-dimethyl

amino- 1 -propanol

0.72

1.03

2.48

3.26

2-dimethyl

aminoethanol

0.58

0.90

2.02

2.88
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Table 4.9 (b)

Activation parameters for the oxidation of tertiary amino

alcohols in acid medium by CAT

Tatiraryamino

alcohols

3dimethyl amino

-1 -propanol

2dimethyl amino

ethanol

Ea
(kJ  mot’)

82.5

90.3

AH*
(kJ  mol-‘)

79 .8

87.7
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AG*

(kJ mot’)

100.0

100.6

A$

(JK-l  mol-‘)

-63.6

-40.8

L%*

14.8

16.0
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DISCUSSION

In aqueous solution, the sodium salt of aryl-N-halosulphonamide

Ei ionizes into several species in a pH dependent manner. In acidic solution

! the oxidising species of CAT are RNClH,  RNCl,  and HOCl,  while in

1 alkaline solution RNCl-  is the predominant oxidant species. The oxidation

potential for CAT is 1.14~ at pH 0.65 and 0.5~  at pH 12.

Electronic spectral studies of Cady and Connick274,  Connick  and

Fine27sreveal  that species such as [RuCl,  (H,0)]-*,  [RuCl,  (H20),]-,  [RuCl,

(H,‘),],  ERuC1,  (H,o),l + and [RuCl (H20),12+  do not exist in the aqueous

solution of RuCl,. A study on oxidation states of ruthenium has shown

that Ru (III) exists in the following equilibrium276-278  in acid medium :

[Ru(III)Cl,]” + H,O e [Ru (III) Cl, (H2012-  + Cl- . . . . 4.2

Singh et a1268*27g employed the above equilibrium in Ru (III) catalysed

bromamine-T oxidation of some primary alcohols in acid medium and

in the Ru (III) chloride catalysed oxidation of ethylene glycols by

N-bromoacetamide (NBA) in HClO,  medium. In the present case, addition

of Cl-  ion in the form of NaCl at fixed [H’]  retards the rate of reaction

indicating that [Ru (III)Cls(H20)]-2  is the likely catalysing  species.

In view of the first order dependence of rate on [CAT] and [RuCl,],

fractional order in [DMAE] and inverse fractional order in [Cl], the

following mechanism is proposed for explaining the observed kinetics:
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K,
[RuCI,]-~ + H,O W- (RuCI,.H,O)~-  + Cl-

Cl C2

K2

c2+s  w C3

C, + CAT - Products

(RNClH)

0)

(ii)

rds. (iii)

Scheme 4.1

Assuming steady state conditions for the intermediates, the rate

law can be derived in the following manner for the oxidation of

2-dimethylamino  enthanol by CAT :

[W, = [C,l  + [C,l  + [C,l

&I WI EC,1
= + + K31

K, F4Ol K, IIs1

[C,l  WI [C,l
= + + K31

qHp1 K, PI K,  l-s1

1

w-1 1
+ - +1

qqS1 qs1
= K,l where K’, = K,[H,O]
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[Cl-] + K’, + K’, K2 [S]

~‘,q31

qqS1  uwt
&I =

[Cl-]  + K’, + K’, K,  [S]

Rate = k, [C,] [CAT]

d [CAT] k, K’,K,  PI [W* [CAT1
ZZ . . . . 4.3

dt ([Cl-] + K’,)  + K’, k, [S]

The above rate  law  is in agreement  with  the observed  experimental

results  for  DMAE.

A zero  order  in [S] is observed  in respect  of 3-dimethyl

amino-1-propanol, which can  be explained  by scheme  4.2

[Ru C1J3-  + H,O -F------- [R&I,  H,O]‘- + Cl-

Cl (4

C, + CAT e C,

C, + S - Products

slow  and rds

fast

Scheme  4.2
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i can be derived in the following manner.

Assuming steady state conditions for the intermediates, rate law

K’, [W,
&I =

[Cl-] + K’,

rate = k, [C,] [CAT]

k,K’,  rw, [CAT1
=

[Cl-] + K’,

-d[CAT] k,K’,  [W, [CAT1=
dt [Cl-] + K’,

The above rate law is agreement with the experimental results.

It is noted that the rate of reaction decreases slightly with the added

p-toluenesulphonamide  which is one of the reaction products. It is likely

that a small part of the reaction proceeds through an alternate mechansim

involvining HOC1 as the oxidant species formed in the reaction

RNCIH  + H,O B RNH, + HOC1 . . . . 4.4

the proposed oxidant species in scheme 4.1 is predominanatly RNClH.
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The rate of reaction decreases with the decrease in the dielectric

constant of the media. And a plot of log kobs  vs l/D  is linear (Table 4.8,

Fig4.6, where D is the dielectric constant of the medium) with a negative

slope. Suggesting an ion-dipole reaction (scheme - 4.1).

Variation of ionic strength of the medium had no effect on the rate,

indicating that neutral molecules are involved in the rds.

The values of energy of activation are moderate and supports the

rates observed for both the alcohols. The entropy of activation (ASS) is

negative indicating fairly ordered transition state.

In case of DMAE it is observed that the lone pair of nitrogen on

the substrate, undergoes complexation with (C,) forming a species

(C,). The rds involves the reaction of C, with RNClH forming O-

chlorination of species C,. Next the intermediate exchanges proton with

RNIX giving rise to hypohalite, which further decomposes to the product

eliminating Cl-.

In the case of DMAP it was observed that the RuCl,  formed from

[RuClJ3 first complexes with RNClH forming a species C, in a rate

limiting step. These species undergo reaction with DMAP in a fast step.

A detailed mechanistic picture of the oxidation of the two alcohols

is given in schemes 4.3 and 4.4 respectively for DMAE and DMAP.
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SUMMARY

I1
i

The aromatic sulphonyl haloamines are organic haloamines with a

1 positive halogen attached to nitrogen. They have diverse properties and
i
[ behave both as oxidizing and halogenating agents. They are also used as

[ analytical reagents in estimating a veriety of reductants in solution. The

prominent member of the aromatic sulphonyl haloamine series is the

I sodium salt of N-chloro-p-toluene sulphonamide, chloramine-T

. (p-CH,C,H,SO,NClNa.  3H,O) abbreviated as CAT. Chloramine-T is a

by product of saccharin manufacture and its chemistry has been

extensively reviewed.

In the present studies, the oxidative behaviour of CAT towards

neutral a-amino acids ; D-glycine,  DL-valine, L-alanine  and L-phenylalanine,

threose  series sugars ; D-galactose  (hexose), L-sorbose  (ketohexose),

D-xylose  a n d  D-lyxose  ( p e n t o s e s ) ,  t e r t i a r y  a m i n o  a l c o h o l s  :

3-dimethylamino-1  -propanol  and 2-dimethylaminoethanol, have been

studied extensively from a kinetic and mechanistic pont of view.

Chapter I briefly sketches the chemistry of the aromatic sulphonyl

haloamines, introduction to reaction kinetics, isotope effects and a

literature survey of chloramine-T kinetics.

The kinetics and mechanim  of oxidation of some neutral a-amino

acids by CAT in perchloric acid medium at 30°C. Section 2.1 gives a

brief introduction to a-amino acids, while section 2.2 reviews the available

kinetic data on the oxidation of a-amino acids. Section 2.3 reports the

kinetics and mechanism of oxidation of neutral a-amino acids by CAT

in perchloric acid medium at 30”. In the present study, four neutral
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u-amino acids namely, D-glycine,  DL-Valine, L-alanine  and L-phenylalanine

have been studied.

It is observed that, first order dependence of rate on [CATI and

[SH’] and inverse first order on [H’].  Bearing these facts in mind, the

general scheme involving the direct interaction of the amino acid [S]

formed from the protonated amino acid [SH’], with RNCl-  in th reate

determining step is proposed.

In  s to i ch iomet ry  expe r imen t s  wi th  [CATI > [Amino acidlo,

iodometric determination of the unconsumed CAT showed that one mole

of the oxidant was consumed per mole of the amino acid to form the

corresponding aldehyde. The aldehydes were characterized by their DNP

derivatives and by their spectral data in comparison with the authentic

a ldehyde  samples .  The  reduc t ion  produc t  o f  CAT,  p- to luene

sulphonamide among the reaction products was detected by TLC using

dichloromethane and petroleum ether (7:3 v/v) as the solvent system and

iodine as the detecting agent (Rf = 0.34).

T h e  v a r i a t i o n  o f  i o n i c  s t r e n g t h  a n d  t h e  a d d i t i o n  o f

p-toluenesulphonamide and chloride ion had no effect on the rate. The

rate of reaction decreases with increase in methanol content. The

ratio kO,JD,O)/kO,JH,O)  was found to be = 0.5 for all four aminoacids.

Tests for the applicability of Taft equation as well as single parameter

correlations for the amino aicds were also made. The near constancy of

AG’values  inidactes that a similar mechanism is operative in the

oxidation of all the four aminoacids. The rate of oxidation of amino

acids increase in the order Ala > phe > val > Gly. It was found that AH’

and AS”of the reaction were linearly related from which isokinetic
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temperature ‘p’ was found to be 323K. The relationships was found

to be genuine by the exner criterion from which ‘J3’ was calculated as

333 K. It is seen that the value of ‘p’ is higher than the experimental

temperature (303 K) indicating enthalpy control of the reactions.

The kinetic and mechanistic investigations of threose series

sugars by CAT in alkaline medium at 35O  is described. A kinetic and

mechanism of oxidation of threose series sugars, viz, o-galactose  and

L-sorbose  (hexoses), D-lyxose  & D-xylose  (pentoses) have been studied.

The oxidation reaction obeys the rate law.

Rate = kobs [S] [OH-l2  [CAT]

In alkaline medium, the sugar undergoes the familiar Lobry de Bruyn

Alberda van Ekenstein transformation and the enediol anion formed reacts

with oxidant to form intermediate, which undergoes cleavage to form products.

From the stoichiometry experiments the amount of the oxidant

consumed per mole of sugar was calculated iodometrically. The oxidation

products were analyzed by HPLC, indicating that lyxonic, xylonic,

threonic and glyceric  acids are the products of oxidation for all threose

series hexoses and pentoses. Besides these products, small quantities of

corresponding aldonic acids were also detected. The identities of all the

oxidation products were confirmed from their mass fragmentation patterns.

T h e  a d d i t i o n o f  h a l i d e  i o n s a n d r e d u c e d  p r o d u c t

p-toluensulphonamide did not affect the rate of reaction while change in

ionic strength (I) increased the rate slightly and a plot of log kobs vs (I)1’2

was  l inea r  wi th  a  s lope  o f  0 . 6 0  - 0 .85 .  The  r a t e  dec reased  wi th

decrease in dielectric constant (D) of medium. A plot of log kobs  vs l/D
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was a straight line from which the size of activated complex “dABI’  could

be calculated. The proposed mechanism is supported by the solvent

isotope studies as the rate is almost doubled in D,O medium suggesting

a fast pre-equilibrium hydroxyl ion transfer. The solvent-isotope effect,

kobs P-$0) / kobs P,O)T was about 0.5 for all sugars. The constancy of

AG’values  suggests that a common mechanism is operating in the kinetics

of oxidation of threose series sugars by CAT in NaOH medium. The

fractionation factor <pj for the oxidation of sugars by CAT is about 0.6.

This value resembles the fractionation factor of OH- ion.

The kinetics and mechanism of oxidation of tertiary amino alcohols

by CAT in hydrochloric acid medium at 45”  using RuCl,  as catalyst is

described.

In the case of DAME, the reaction rate follows the first order

dependence with respect to oxidant, [RuCl,]  and fractional order

dependence with respect to [SlO,  [HCl], [Cl-] and [PTS].

In the case of DMAP, the reaction rate follows the first order

dependence with respect to oxidant, [RuCl,]  and fractional order

dependence with respect to [HCl], [Cl-] and [PTS]. The reaction rate

follows zero order with respect to substrate.

The effect of PTS, ionic strength and dielectric constant of the

medium and temperature effect were studied to support the conclusion

regarding the proposed reaction mechanism. Kinetic and thermodynamic

parametrs have been computed.

1 6 4



REFERENCES

1 . F.D. Chattaway, J. Chem. Sot.,  Perkin  Trans I, 1, 145 (1905).

2. E. Bishop and V.J. Jennings, Talanta, 1, 197 (1958); 8, 22, 34, 697
(1961); 9, 581, 593 (1962).

3. D.S. Mahadevappa and Rangaswamy, Indian J. Chem., 11, 811
(1973).

4. F.G. Soper, J. Chem. Sot.,  (T),  1899 (1924).

5. J.C. Morris, J.A. Salazar and M.A. Wineman, J. Amer. Chem. Sot.,

70,2036  (1948).

6. T. Higuchi, K. Ikeda and A. Hussain, J. Chem. Sot.,  (B), 546 (1967).

7. J.N. Bronsted, Z. Physik. Chem., 115, 337 (1925).

8 . E.S. Amis, Solvent Effects on Reaction Rates andMechanism,  A.P.,

New York (1966).

9. E.S. Amis  and V.K. Lamer, J. Amer. Chem. Sot.,  61, 905 (1939).

10. L. McLander, Isotope Effects on Reaction Rates, Ronald Press Co.,

N.yI  (1960).

11. J.N. Bronsted, Z. Physik. Cheml,  102, 169(1922).

12. C.W. Davies, Progress in Reaction Kinetics, Vol. II, Pergamon

Press, Oxford, p. 161 (1961).

13. G. Scatchard, Chem. Rev., 10, 229 (1932).

14. E.S. Amis  and G. Jaffe, J.  Chem. Phys., 10, 598 (1942).

15. J.G. Kirkwood, J. Chem. Phy., 2, 351 (1934).

16. (a) K. J. Laidler and H. Eyring, Ann. N. Y: Acad.  Sci.,  39, 303 (1940).

(b) K.J. Laidler and P.A. Landskroener, Trans. Faraday Sot.,  52,

200 (1957).

(c) K.J. Laidler, Chemical Kinetics, TMH,  New Delhi (1965).

165



1 17.  S.W.  Benson, The Foundations of Chemical Kinetics, McGraw
Hill, New York (1960).

18. S.G. Entelis and R.P. Tiger, Reaction Kinetics in the Liquid Phase,

Wiley, N.Y (1976).

19. F.H. Westheimer and N. Nicolaides, J. Amer:  Chem. Sot.,  71, 25
(1949) .

20. W.J. Albery and M.H. Davies, J. Chem. Sot.,  Faraday Trans. I,

68, 167 (1972).

21. N.S. Isaacs,  Physical Organic Chemistry, Longman  Scientific and

Technical, A? Ireland, p.  275 (1987).

22. V. Gold and S. Grist, J. Chem. Sot., Perkin  Trans. II, 89 (1972).

23. A.J. Kresge and W.J. Albery, J. Chem. Sot.,  Chem. Commun., 507

(1974).

24. V. Gold, Proc.  Chem. Sot.,  (London), 14 1 (1963).

25. A.J. Kresge and A.L. Allred, J. Amer. Chem. Sot.,  85, 1541 (1963).

26. 0. Exner (a) Nature, 201, 488B (1964); 227, 366 (1970); (b) CoZZ.
Czech. Chem. Commun., 29, 1094 (1964).

27. M.M. Campbell and G. Johnson, Chem. Rev., 78, 65 (1978).

28. K.K. Banerji, B. Jayaram and D.S. Mahadevappa, J. Sci. Ind. Res.,

46, 65 (1987).

29. M.C. Agrawal and S.K. Upadhyay, J. Sci. Ind. Res., 42,508 (1983);
49, 13 (1990).

30. J. Coull, J.B. Hope and B. Genguell, J. Amer. Chem. Sot.,  57, 1489
(1935).

31. A. Kucsman, I. Kapovit and M. Balla, Tetrahedron, 18, 75 (1962).

32. G. Modena and L. Maioli, Gazz. Chem. Ital., 87, 1306 (1957).

33. C. Dellebra and D. Spinelli, Ricerca Sci., A7, 456 (1964).

34. A. Bernanose and A. Simons, Bull. Sot.,  Pharm. Nancy, 24, 6

(1955).

1 6 6



I 35. K. Weber and F. Valice,  Z. Phys. Chem., 238, 353 (1968).

1 36. D.R. Pryde andF.G. Soper,J.  Chem. Sot.,  1510 (1931).

37. S.P. Mushran, M.C. Agrawal and B. Prasad, J.  Chem. Sot.  (B),

1712 (1971).

38. K.K. Banerji, Indian J. Chem., 15A,  615 (1977).

39. S.P. Mushran, R.M. Mehrotra and R. Sanehi, J. Indian Chem. Sot.,

51, 594 (1974).

40. M.M. Natarajan and V. Thiagarajan, J. Chem. Sot.  Perkin  Trans. II,
1590 (1975).

41. P.S.R. Murti and B. Sahu, Indian J. Chem., 16A,  259 (1978).

42. D.S. Mahadevappa and H.M.K. Naidu, Aust.  J. Chem., 27, 1203
(1974).

43. D.S. Mahadevappa and H.M.K. Naidu, Aust.  J. Chem., 28, 899

(1975).

44. H.M.K  Naidu, Ph.D. thesis entitled ‘Analytical and kinetic
investigations of chloramine-T’, Univ. of Mysore,  (1976).

45. D.S. Mahadevappa and H.M.K. Naidu, Indian J. Chem., 14A,  808

(1976).

46. K.V. Uma and S.M. Mayanna,  J. Catalysis, 61, 4563 (1980)

47. K.V. Uma and S.M. Mayanna, Bull, Chem. Sot.,  Japan, 51(4),

1047 (1978).

48, K.K. Banerji, BUZZ,  Chem. Sot.,  Japan, 50, 1616(1977).

49. M.C. Agrawal and S.P. Mushran, J. Chem. Sot.,  Perkin  II, 762

(1973).

50. S.P. Mushran, K.C. Gupta and R. Sanehi,  J. Indian Chem. Sot.,

51, 145 (1974).

51. P. S.R. Murti and S.C. Padhi, Indian J. Chem., 16A,  541 (1978).

52. P.S.R. Murti and B.M. Sasmal, Indian J. Chem.,  17A,  181 (1979).

167



53.  P.S.R. Murti and B.M. Sasmal, Indian J.  Chem., I6A, 598 (1978).

54. M.C. Agrawal and S.N. Mushran, Z. Naturforsch., 27b,  401 (1972).

55. R. Sanehi, M.C. Agrawal‘and S.P. Mushran, Indian J. Chem., 12A,
311(1974).

56. P.S.R. Murti and B. Sahu, Indian J. Chem., 17A,  38.1  (1977).

57. S.P. Mushran, R. Sanehi and M.C. Agrawal, Z. Naturforsch., 27B,
1161 (1972).

58. R. Sanehi, M.C. Agrawal and S.P. Mushran, Z. Phys. Chem., 255,

293 (1974).

59. R.K. Sharma, A.K. Bose and S.P. Mushran,  Bull. de L‘Acad.

Polonaise des sci., 22, 889 (1974).

60. V. Balasubramanian and V. Thiagarajan, Aust. J. Chem., 29, 1449

(1976).

61. R.P. Bell and K. Yates, J.  Chem. Sot.,  1927 (1962).

62. V. Balasubramanian and V. Thiagarajan, Int. J. Chem. Kin., 7, 605

(1975).

63. H.M.K. Naidu and D.S. Mahadevappa, Monatsh.  Chem., 109, 269
(1978).

64. S.P. Mushran, R.’ Sanehi  and A.K. Bose, Acta  Chem. Acad.  Scient.

84(2),  135 (1975).

65. A.K. Bose, R. Sanehi and S.P. Mushran, J. Indian Chem. Sot.,

50,197 (1973).

66. K.J. Singh and N. Raina, J. Indian Chem. Sot.,  54, 482 (1977).

67. P.S.R. Murti and M.D.P. Rao, Indian J. Chem., 17A, 60 (1979).

68. A. Kumar, A.K. Bose and S.P. Mushran, J. Indian Chem. Sot.,

53, 755 (1976).

69. S.P. Mushran, R.M. Mehrotra and A.K. Bose Indian J. Chem.,

llA, 896 (1973).

168



1 70. A. &mar, A.K. Bose and S.P. Mushran, Monatsh.  Chem., 106,

13 (1975).

71. N.M.M. Gowda and D.S. Mahadevappa, Monatsh. Chem., 110, 157

(1977).

72. B.S. Yadav, D.R. Singh and G. Chandra, BaIwant Vidya Peeth, J.
Agric. Sot. Res., 15, 129 (1973).

73. R. Sanehi, R.M. Mehrotra and S.P. Mushran, Z. Naturforsch., 28b,

483 (1973).

74. V.M.S. Ramanujam and N.M. Trieff, J. Chem. Sot. Perkin  II, 1275
(1977).

75. D.S. Mahadevappa, M.B. Jadhav and H.M.K. Naidu, Int. J. Chem.
Kinet., 11, 261 (1979).

76. D.S. Mahadevappa, M.B. Jadhav and H.M.K. Naidu, Reaction Kinet.
Cat. Lett.  (Hungary), 14, 15 (1980).

77. D.S. Mahadevappa, M.B. Jadhav and H.M.K. Naidu, Indian. J.
Chem., 20A,  665 (1981).

78. D.S. Mahadevappa, M.B. Jadhav and H.M.K. Naidu, J. Indian
Chem. Sot.,  57, 693 (1980).

79. K. Ganapathy and P. Jayagandhi, J. Indian Chem. Sot.,  55, 1074
(1978).

80. P.S.R. Murti and M.D.P. Rao, Indian J. Chem., 14A,  485 (1976).

81. K.K. Banerji, Indian J. Chem., 17A,  90 (1979).

82. D.S. Mahadevappa, B.T. Gowda and N.M.M. Gowda, Z.
Naturforsch., 34b,  52 (1979).

83. M.C. Agrawal and S.P. Mushran, J. Phys. Chem., 75, 838 (1975).

84. J.P. Greenstein and M. Winitz, ‘Chemistry of the Amino acids’ (Wiley,
New York) 196 1.

85. H.D. Jakubke and H. Jeschkeit, Amino acids, Peptides and
Proteins’ (Wiley, New York) 1977, and references therein.

1 6 9



86. J.H. Jones, ‘Amino Acids’ in Comprehensive Organic Chemistry,
D. Barton and W.D. Ollis (Eds.) Vol. 2, (Pergamon, Oxford 1979),
p. 815, and references therein.

87. A.I. Vogel, “Quantitative Organic Analysis”, Longman  and Greens,
London, 1958, part 3, p. 708, 709.

88. W.H. Megregor and F.H. Carpenter, Biochem., 1, 53 (1962).

89. R.J. Williams and M.A. Wodds, J. Am. Chem. Sot.,  59, 1408 (1938).

90. B.H. Nicolot and L.A. Shinn, J. Am. Chem. Sot.,  51, 1615 (1929).

91. P. Gardiki, A. Dimitriades and A. Christomanos, Chim. Chronika

(Greece), 229 (1960).

92. M.A. Barket, N.F.A. Vehab and M.M.E’I  Sadar, J. Chem. Sot.,  4685
(1965).

93. N.C. Wright, Biochem. J., 20, 524 (1926); 30, 1661 (1936)

94. P. Alexander and G. Gough, Biochem. J. 48, 504 (1951).

95. A. Kantouch  and S.H. Abdel-Fattah, Chem. Zvesti., 25, 222 (1971).

96. W.D. Stanbro and W.D. Smith, Envir. Sci. Tech., 13, 446 (1979).

97. J.C. Blanc0 and A.M. Pasculleane, Rev. Espan. Fisiol,  Ii, 143
(1965).

98. R.G. Bacon, W. J. Hanna and D. Steward, J. Chem. Sot.,  (C), 1388
(1966).

99. K. Lang, Z. Physiol. Chem., 241, 162 (1936).

100. O.G. Pokrovskaya, Tr. Novosib, Med. Inst., 33, 162 (1959).

101.B. Sjollema and J.W. Dienke, Rec. Trav. Chim., 52, 229 (1933).

102. T. Hoke, Lab. Invest., 14, 1208 (1965).

103. R.S. Verma, M.J. Reddy and V.R. Shatry, J.  Chem. Sot.,  Perkin

Trans II, 469 (1976).

104.M.A. Beg and Kamaluddin, Acta.  Chimica., 86 (1975); Indian J.
Chem. Sot.,  13, 1167 (1975).

170



105. G. Chandra and S.N. Srivastava, Indian J. Chem. 11A (1973); J.

Inorg. Nucl.  Chem., 34, 197 (1972).

106. S.P. Srivastava, SK.  Singhal  and B.B.L. Mathur, Indian J. Chem.,
MA, 889 (1978).

107. M.G.R. Reddy, B. Sethuram and T.N. Rao, Indian J. Chem., 16A,
591 (1978).

108.M.G.R.  Reddy, B. Sethuram and T.N. Rao, Z. Phy. Chem.

(Leipzina),  256, 880 (1975); Indian J. Chem., 17A,  378 (1979).

109. N.M. Beileryman and D.G. Chshmarityan, Katal.,  15, 1400 (1974).

llO.M.A. Rao, Indian J. Chem., 26A,  417 (1987).

111. S.K. Upadhyaya and M.C. Agrawal, Indian J. Chem., 16A,  39

(1978).

112. C.M. Asrof, I. Ahmad,  F.K. Nelsan and Lugemora, Indian J. Chem.,

HA, 373 (1979).

113. M. Bhargava, B. Sethuram and T.N. Rao, Indian J. Chem., 16A,

651 (1978).

114. S.P. Mushran,  J.N. Tiwari, AK. Bose and K. Singh, Indian J.  Chem.,

16A,  35 (1978).

115. P.S.R. Murthy, B.M. Sasmal and D.P. Patnaik, Indian J. Chem.,

25A,  69 (1986).

116. G. Gopalakrishnan and J.L. Hogg, J. Org. Chem., 50, 1206 (1985)

117.K.C. Rajanna and P.K. Saiprakash, Indian J. Chem., 18A,  412

(1979)

118. V. Rymenant, Rev. Fr. Etudes, Clin. Biol.,  2, 580 (1967).

119. P. Manikyamba and E.V. Sundaram, Indian J. Chem., 19A,  1122,
(1980).

120. Y.R. Sarma and P.K. Saiprakash, Indian J. Chem., 19A,  1175,
(1980).

1 7 1



121.L.M. Bharadwaj and P.C. Nigarm, Indian J. Chem., 20A,  793,
(1981).

122. M. S. Ramachandran and T. S. Vivekanandan, J. Chem. Sot.,  Perkin

Trans 2, 1341, (1984). -

123. M.K. Reddy, S. Reddy and E.V. Sundaram, Indian J. Chem., 23A,
197, (1984).

124. M.K. Reddy and E.V. Sundaram, Indian J. Chem., 25A,  4111,
(1986).

125. A. La1  and M.C. Agrawal, Indian J. Chem., 23A,  411, (1984).

126. S. Anandan, P.S. Subramanian and R. Gopalan, Indian J. Chem.,

24A, 308, (1985).

127. B.T. Gowda and Mrs. R.V. Rao, J. Indian Chem.,  25A,  908, (1986);
27A, 39 (1988).

128. B.T. Gowda and Mrs. R.V. Rao, J. Indian Chem. Sot.,  64,

467 (1987).

129. A. Kumar, A.K. Bose and S.P. Mushran,  Indian J. Chem. Sot.,  53,

755 (1976).

130. A. Kumar, A.K. Bose and S.P. Mushran,  Monatsh  Chem., 106, 13

(1975).

13 1. A.K. Bose, R.M. Mehrotra and S.P. Mushran,  Indian J. Chem.,
11, 896 (1973).

132.D.S.  Mahadevappa,  K.S.  Rangappa,  N.M.M. Gowda and B.T.

Gowda, Int. J. Chem. Kinet., 14, 1183 (1982)

133. V.C. Verma and B.S. Yadav, J. Indian Chem. Sot.,  61, 58 (1984).

134.K.C. Gupta and K.K. Gupta, Int. J. Chem. Kinet., 17, 769 (1985)

135.B.T. Gowda and D.S. Mahadevappa, J. Chem. Sot.,  Perkin  Trans.

2, 323 (1983) and references cited therein.

136. K.K. Banerji, B. Jayaram and D.S. Mahadevappa, J. Sci. Ind. Res.,

46, 65 (1987) and references cited therein.

172



137.B.T. Gowda and R.V. Rao, Oxidin, Commun., 10, 31 (1987); 11,

45, 149 (1988)

138.B.T. Gowda and B.S. Sherigara, Oxidin. Commun., 9, 103 (1986)

139. B.T. Gowda and B.S. Sherigara, J. Indian Chem.  Sot.,  25A (1986);
26A, 930 (1987)

140. B.T. Gowda and B.S. Sherigara, J.  Indian Chem. Sot.,  64, 158
(1987).

141. B.T. Gowda and R.V. Rao, J. Chem. Sot.,  Perkin  Trans 2, 3 1
(1989).

142. D.S. Mahadevappa, S. Ananda, N.M.M. Gowda and K.S. Rangappa,
J. Indian Chem. Sot.,  61, 323 (1984).

143. B.T. Gowda and Mrs. R.V. Rao, Indian J. Chem., 25A,  578 (1986);
J. Indian Chem. Sot.,  65, 339 (1988).

144. B.T. Gowda and Mrs. R.V. Rao, Indian J. Chem., 24A,  1021
(1985); J. Indian Chem. Sot.,  64, 403 (1987).

145. M.G.R. Reddy, B. Sethuram and T.N. Rao, Z. Phys. Chem. (zeipzia)

256, 880 (1975); Indian. J. Chem., 17A, 378 (1979).

146. D.S. Mahadevappa, M.S. Ahmed, N.M.M. Gowda and B.T. Gowda,
Int. J. Chem., 23A,  17 (1984).

147. D.S. Mahadevappa, S. Ananda, A. S.A. M,urthy  and K.S. Rangappa,
Indian J. Chem. Kinet., 15, 755 (1983).

148. B.T. Gowda and Mrs. R.V. Rao, Indian J. Chem., 27A,  34 (1988).

149. B.T. Gowda and P.J.M. Rao, BUZZ.  Chem. Sot.  Jpn., 62, 3303
(1989).

150. B.T. Gowda and B.S. Sherigara, Indian  J. Chem., 26A,  930 (1987).

151. LPinto,  B.S. Sherigara and H.V.K. Udupa, BuZI.  Chem. Sot.  Jpn.,

63, 3625 (1990).

152.K.I. Bhat and B.S. Sherigara, Transition. Met. Chem., 19, 178

(1994).

173



153. K.I. Bhat, B.S. Sherigara and I. Pinto, Indian J. Chem., 33A,  42
(1994).

154.B.S. Sherigara, K.I. Bhat and I. Pinto, Amino acids, 8, 291 (1995).

155. S. Chandraju, B.S. Sherigara and N.M.M. Gowda, Int. J. Chem.
Kinet., 26, 1105 (1994).

156. B.S. Sherigara, K.I. Bhat, I. Pinto and N.M.M. Gowda, Int. J. Chem.
Kinet., 27, 675 (1995).

157.M.S. Ramachandran, D. Easwaramurthy and R.P. Malim Maniraj,
Int. J. Chem. Kinet., 28, 545 (1996).

158. B. Yamuna,  H.M.K. Naidu and D.S. Mahadevappa, Indian J. Chem.,
27A,  589 (1988).

159. B.T. Gowda, B.S. Sherigara, D.S. Mahadevappa and K.S. Rangappa,
Indian J. Chem., 24A,  932 (1985).

160.D.S. Mahadevappa, Puttaswamy and N.M.M. Gowda, Proc.
Indian Acad.  Sci. (Chem Sci),  Vol. 100, 4, 261 (1988)

161. Baloji Kawle,  M. Thirupathi and M. Adinarayana, Indian J. Chem.,
35A,  667 (1996).

162. D. S. Mahadevappa, H.M.K. Naidu, Curr. Sci., 45, 652 (1976).

163.D.S. Mahadevappa and N.M.M. Gowda, J. Indian Chem. Sot.,
55, 665 (1978),  54, 534 (1977).

164. D.S. Mahadevappa and N.M.M. Gowda, Talanta, 22, 771 (1975),
24,470 (1977).

165.B.T. Gowda and D.S. Mahadevappa, J. Chem. Sot., Perkin Trans
2,323 (1983).

166. R.D. Gilliom, Introduction to physical organic chemistry (Addison-
Wesley, London) 156 (1970)

167. C.J. Collins and N.S. Bowmann,  Eds., “Isotope effects in chemical
Reactions”, Van Nostrand, New York, 1970, p-  267.

168.(a) K.B. Wiberg, Chem. Rev., 55, 713 (1955).

174



(b) K.B. Wiberg, “Physical organic chemistry”, Wiley, New York,
(1964).

169. N.S. Isaacs,  “‘Physical organic chemistry”, Longman, Belfast, 253
(1987).

170. K.J. Laidler, Chemical kinetics, 3rd Edition, Harper and Row, New
York, 193 (1987).

171. K.J. Laidler, Chemical kinetics, 2nd Edition, Tata  - McGraw Hill,
Bombay, 214 (1965).

172. Exner, Collect. Czech. Chem. Commun., 29, 1094 (1964).

173. W.W. Pigman  and D. Horton, The carbohydrates : Chemistry and
Biochemistry, vol. 1 A, 2nd Edition, A.P (1972).

174. C.S. Hudson, Adv., Carbohydr. Chem., 3, 12 (1948).

175. J. Boeseken, Ber., 46, 2612 (1913).

176. W.N. Haworth, Constitution of sugars, Edward Arnold and Co.,
London (1929).

177. J.W. Green, Adv., Carbohydr. Chem., 3, 129 (1948).

178. F. Shafizadeh, Adv., Carbohydr. Chem., 13, 9 (1958).

179. H.S. Isbell and W.W. Pigman, J. Res. Natl.  Bur. Stand., 18, 141
(1937).

180. H.S. Isbell,  J. Res. Nat!. Bur. Stand., 18, 505 (1937).

181.H.S. Isbell,  J. Amer. Chem. Sot.,  54, 1692 (1932).

182. H.S. Isbell and C.S. Hudson, J. Res. Natl.  Bur.  Stand., 8, 327
(1932).

183.H.S. Isbell, J. Res. Natl. Bur. Stand., 8, 615 (1932).

184. H.S. Isbell and W.W. Pigman, J. Res. Natl. Bur. Stand., 10, 337
(1933).

185. H.S. Isbell and W.W. Pigman, J. Org. Chem., 1, 505 (1937).

175



186. J.R.L. Barker, W.G. Overend  and C.W. Rees, Chem and Ind., 1297
(1960).

187.H.H. Bunzel and A.P. Mathews, J. Amer. Chem. Sot.,  31, 464

(1909).

188. B. Perlmutter-Hayman  and A, Persky,  J. Amer. Chem. Sot.,  82,

276 (1960).

189.B. Capon, Chem, Rev., 69(4),  407 (1969); 1213 (1949).

190. O.G. Ingles and G.C. Israel,J. Chem. Sot.,  810 (1948); 1213 (1949)

191.N. Bhattacharya and M.L.S. Gupta, Indian J. Chem., 5, 554 (1967).

192. H.F. Launer, W. K. Wilson and J.H. Flynn , J. Res. Natl.  Bur.

Stand, 51, 237 (1953).

193.K. Wilson Wm and A.A. Padgett, Tappi.,  38, 292 (1955).

194.N.N. Lichtin andM.H. Saxe,J. Amer. Chem. Sot.,  77, 1875 (1955).

195. H.S. Isbell, L.T. Sniegoskii and A.L. Frush,  Anal. Chem., 34, 982

(1962).

196.H.S. Isbell and L.T. Sniegoskii, J.  Res. Natl.  Bur. Stand, 67A,

569 (1963).

197. R. Bentley, J. Amer. Chem. Sot.,  79, 1720 (1957).

198. M.  Lewin, Tappi, 48, 333 (1965).

199.R.C. Mehrotra and KC. Grover (a) Vijnana Parishad  Anusandhan
Patrika, 4, 255 (1961); Chem. Abstr.,  59, 6493e (1963); (b) 2.
Physik. Chem. (Frankfurt), 14, 345 (1958)

200. C.H. Bamford and J.R. Collins, Proc.  Roy. Sot.  (Zondon),  Ser. A,

204, 62 (1950)

201. C.H. Bamford, D. Bamford and JR. Collins, Proc.  Roy. Sot.  (Lon-

don), Ser. A, 204, 85 (1950)

202.H.G.J.DeWilt  and B.F.M. Kuster,  Carbohydr. Res., 23(3), 343

(1972).

203. W.B. Gleason and R. Barker, Can:  J.  Chem., 49, 1425 (1979).

176



204. J.M. Bobbit,  Adv. Carbohydr. Chem., 11, 1 (1956).

205. A.S., Perlin, Adv. Carbohydr. Chem., 14, 9 (1959).

206. G.J. Moody, Adv. Carbohydr. Chem., 19, 149 (1964).

207. H.S. Isbell and H.L. Frush,  Carbohydr. Rex,  28, 295 (1973).

208. F. Urech, Ber, 22, 3 18 (1889).

209. M.P. Singh, B. Krishna and S. Ghosh, Z. Physik, Chem., 204, 1
(1955); 205, 285 (1956); 208, 265 (1958).

210. B.A. Marshall and W.A. Waters, J. Chem. Sot.,  2392 (1960)

211. M.P. Singh, O.C. Saxena and S.V. Singh, J. Amer. Chem. Sot.,
92, 537 (1970).

212. M.P. Singh, AK. Singh and V. Tripathi, J. Phy. Chem.,  82, 1222
(1978).

213. M.P. Singh, AK. Singh, V. Tripathi and R.K. Singh, Indian J.
Chem., 16A, 205 (1978).

214. M.P. Singh, A.K. Singh, V. Tripathi and M. Kumar, Indian  Natl.
Sci. Acad.,  Part A, 46(l), 43 (1980).

215. M.P. Singh and M. Kumar, Natl.  Acad.  Sci. Lett., (mdia),  1, 177
(1978).

216. M. Kumar P.B. Dobhal and M.P. Singh, Proc. Indian Natl.  Sci.
Acad., 47A  (51,  569 (1981).

217. A.K. Singh. A.K. Sisodia and A. Paramar, Natl.  Acad. Sci. Lett.,
(India), 9( lo),  309 (1986).

218.N. Nath and M.P. Singh (a) J. Phy. Chem., 2038 (1965); (b) Z.
Physik. Chem., 221, 204 (1962); 224, 419 (1963).

219. A. Srivastava, A.K. Singh, B. Singh and B. Krishna

(a) Proc. Indian Natl.  Sci. Acad.,  48A (3), 236 (1982).

(b) Proc. Natl. Acad.  Sci., (India), 52A (3), 343 (1982).

177



220. G.B. Purohit and S.P. Srivastava, V?jnana  Parishad  Anusandhan
Patrika, 4, 199, 303 (1961)

221. S.C. Pati and P.C. Mahapatro (a) Natl.  Acad.  Sci. Lett., (India),
1, 325 (1978). (b) Proc. Indian Acad.  Sci., 88A,  203 (1979).

222.K. Sharma, V.K. Sharma and R.C. Rai, (a) Vijnana Parishad
Anusandhan Patrika, 24, 369 (1981); (b) J. Indian Chem. Sot.,
50, 747 (1983)

223. R. Varadarajan and R.K. Dhar, Indian J. Chem., 25A,  474 (1986)

224. V.M. Lebedeva and S.A. Zonis, Deposited DOC., 1414 (1974).

225. R.N. Mehrotra and E.S. Amis, J. Org. Chem., 39, 1788 (1974).

226. V.I. Krupenskii, (a) 1zv. Vyssh. Uchebn. Zaved., Khim. Khim.
Tekhnology, 22(4),  339 (1979); 23(12), 1471 (1980); (b) Zh. Prikal.
Khim.  (Leningrad), 52, 2362 (1979); 54, 1655 (1981).

227.R.P. Bhatnagar and A.G. Fadnis, Gaze. Chem. Ital., 110, 479
(1980).

228. S.C. Pati and M. Panda, Int. J. Chem. Kinet., 11, 731 (1979)

229. A. Kumar and R.N. Mehrotra, J. Org. Chem., 40, 1248 (1975).

230. K.K.S. Gupta and S.N. Basu,  Carbohydr. Res., 72, 139 (1979).

23 1. K.K.S. Gupta and S.N. Basu,  Carbohydr. Res., 80, 223 (1980).

232. K.K.S. Gupta, S.S. Gupta and S.N. Basu,  Carbohydr. Res., 71; 75
(1979).

233. K.K. S. Gupta, S.N. Basu and S. S. Gupta, Carbohydr. Res.,
97, 1 (1981).

234. A. Kale and K.C. Nand, Z. Physik. Chem. (Leipzig), 264, 1023
(1983).

235. K.C. Nand, Acta.  Ciencea Indica  (Ser. Chem.), 9, 193 (1983).

236. P.O.I. Virtanen, R. Lindroos, E. Oikarinen and J. Vasukuri,
Carbohydr. Res., 167, 29 (1987).

1I 178



237. P.O.I. Virtanen, S. Kurkisuo, H. Nevala and S. Pohjola, Acta.  Chem.
&and.  Ser. A. 40, 200 (1986).

238. A.G. Fadnis and SK.  Srivastava (a) Carbohydr.  Res., 102, 23

(1982); (b) Natl.  Acad.  Sci. Lett (India), 3, 85 (1980)

239. A.G. Fadnis, Oxidn. Commun., 8, 193 (1985/86).

240. S.N. Shukla and C.D. Bajpai (a)J.  Indian Chem. Sot.,  57, 52 (1980);
(b) Oxidn. Commun., 8, 159 (1985); (c) Reac.  Kinet. Catal.  Lett.,

30, 369 (1986); (d) Acta.  Ciencia Indica,  XIVC, 255 (1988).

241. P.N. Pande, H.L. Gupta and C.A. Suresh, Acta.  Phy. Chem., 27,
125 (1981).

242. H.L. Gupta, P.N. Pande, C.A. Suresh and S.K. Solanki, Ciencia E
Cultura,  33, 390 (1981).

243. H.L. Gupta, R.K. Nandwana and S.K. Solanki, Ciencia E CuZtura,
33, 1340 (1981).

244. H.L. Gupta, C.A. Suresh and S.K. Solanki, Ciencia E CuZtura,  35,
1512 (1983).

245. T. Kistayya, M.S. Reddy and S. Kandlikar, Indian J. Chem, 25A,
905 (1986).

246. M.C. Agrawal and S.P. Mushran,  J. Chem. Sot., Perkin  Tram II,
762 (1973).

247. S.P. Mushran,  K.C. Gupta and R. Sanehi,  J. Indian Chem. Sot.,
51,145 (1974).

248. S.P. Madnawat, V. Singh and D.R. Singh, Pal.  J. Chem., 55, 889
(1981).

249. R. Sanehi,  K.C. Gupta, R.M. Mehrotra and S.P. Mushran,  Bull.
Chem. Sot. Jpn., 48, 330 (1975).

250.R.N. Singh and Om Prakash, Indian J. Chem., 21A,  616 (1982).

251. M.S. Reddy, B.K. Kumar and S. Kandlikar, J. Indian Council of
Chemists, 4(3),  87 (1988).

179



252. H.S. Singh, B. Singh and AK. Singh, Carbohydr. Res., 211, 235
(1991).

253. M.R. Hardy and R.R. Townsend, Methods Enzymol,  230, 208-225

(1994).

254. F.F. Hardy and J.P. Johnston, J. Chem. Sot., Perkin  Trans II, 642
(1973).

255. D.S. Mahadevappa, K.S. Rangappa, N.M.M. Gowda and B.T.
Gowda, J. Phys. Chem., 85, 3651-3658 (1981).

256. W. Pigman  and Anet  E.F.L.J. in Pigman  W and D. Horton (Eds)
The Carbohydrates : Chemistry and Biochemistry, 2nd Ed. Vol 1 A,
Academic Press, New York, pp 165 - 194 (1972)

257.K.S. Rangappa, M.P. Raghavendra, D.S. Mahadevappa and D.
Channegowda, Carbohydr. Rex,  1998 (In Press).

257a. A.G. Kumbhar, S. Rangarajan, S.V. Narasimhan and P.K. Matur,
Anal. Chim. Acta.,  1990, 239(2),  291-6 (Eng).

257b. A.V. Sienkiewicz and V.N. Kokozay, Polyhedron, 1994, Vol 13,
Iss 9, pp 1439 - 1444.

258. D.S. Mahadevappa, H.M.K. Naidu, Aust.  J. Chem., 27,1203  (2974)

259. D.S. Mahadevappa, H.M.K. Naidu, Aust.  J. Chem., 28,899 (1975)

260.D.S. Mahadevappa, H.M.K. Naidu, Indian J.~ Chem., 14A, 808
(1976)

261. K.P. Herlihy, Aus.  J. Chem.,  36, 203 (1983)

262. H. S. Yathirajan, Rangaswamy and D .S. Mahadevappa, CoZZ.  Czech.

Chem. Comm., 47, 1826 (1982) and Rev. Roumanie de Chimie,

26, 565 (1981).

263.D.S. Mahadevappa and S. Ananda, Indian, J.  Chem., 24A,  589

(1985)

264. H.M.K. Naidu, B. Yamuna and D.S. Mahadevappa, Indian J. Chem.

Sot., 26A,  114 (1987)

180



265. S.P. Mushran,  R.M. Mehrotra and R. Sanehi,  J. Inidan Chem.
sot., 51,594 (1974)

266. K.V. Uma and S.M. Mayanna, J. Catalysis, 61, 165 (1980)

267. J. Mukherjee and K.K. Banerji, Indian J. Chem., 20A,  394 (1981)

268. B. Singh, N.B. Singh and B.B.L. Saxena, J. Indian Chem. Sot.,
61, 319 (1984).

269. B. Singh, AK. Singh, N.B. Singh and B.B.L. Saxena, Tetrahedron,
40, 5203 (1984).

270. S. Mittal, V. Sharma and K.K. Banerji, Int. J. Chem. Kinet., 18,

689 (1986)

271. S.C. Negi, B. Shah and K.K. Banerji, Oxid.  Comm., 10, 1-2, 85
(1987)

272. K.K. Banerji, J. Chem. Sot.,  Perkin  Trans. II,  547 (1988)

273. Puttaswamy and D.S. Mahadevappa, J. Phys. Org. Chem., 2, 660
(1989)

274. H.H. Cady and R.E. Connick, J. Am. Chem. Sot.,  80,2646  (1958).

275. R.E. Connick and D.A. Fine, J. Am. Chem., Sot.,  82, 4187 (1960)

276. J.R. Bcakhours, F.D. Doyer and N. Shales, Proc.  Roy. Sot., 83,
146 (1950).

277. T. Davfokratova, Analytical Chemistry of Ruthenium, pp 54, 71
and 97, Acdemy of Sciences, USSR (1963).

278. W.P. Griffith, The Chemistry of the rate Platinum metals, pp. 141.
Interscience, New York (1967).

279. B. Singh, N.B. Singh and B.B.L. Saxena, J. Indian Chem. Sot., 61,

319 (1984)

1 8 1



APPENDIX

Regression analysis of the experimental data

Regression coefficient ‘r’  is given by the formula*,
w-e
X Y - x .  Y

r =

% sy

W h e r e  Sx

CY2  CY1 0 2
and Sy  = - - -

n n

where n = Number of trials

Using the above equations for a given set of X and Y values, Sx  and
Sy  can be caluculated  and ‘r’ the regression coefficient can be obtained.

Standard deviation ‘S’ of the points from the regression line can be
calculated by the formula,

n (Xy  - X .Y)2
nSy2 -

n - 2

Also, ‘r’ can be calculated by the formula, r = m -

2X2
5

where the standard deviation in X, namely, ox  = - - (R2,
n

CY2
the standard deviation in Y, namely, oy  = - - m2,

n
and ‘m’ is the slope for a given straight line for a set of X and Y values.

REFERENCE : 1. Jaffe, H.A, Chem. Rev., 53.  253 (1953).
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Abstract

The kinetics and mechanism of oxidation of threose-series hexoses and pentoses by chloramine-
T in alkaline medium was investigated. Kinetic studies with D-galactose,  D-sorbose,  D-xylose,  and
D-lyxose  showed that the rate of the reaction was first order with respect to sugar and chloramine-
T,  and second order with  respect to hydroxide ion. p-Tolnenesulfoaamide  and chloride ions, the
reduced products of chloramine-T, have no effect on the reaction rate, The rate increases with
increase in ionic strength of the medium, and the dielectric effect is negative. Proton inventory
studies in H20-D20  mixtures suggested a single transition state. Pr6duct  aIXilySis  for D-gulose, D-
idose, L-sorbose, D-galactose,  D-talose, D-tagatose, D-xylose, and D-lyxose revealed that all lyxose-
series hexoses gave mainly mixtures of lyxonic and threonic acids with minor proportions of
hexonic, xylonic and glyceric acids, whereas all xylose-series hexoses gave mixtures of lyxonic,
threonic and glyceric acids with minor amounts of xylonic and hexonic acids. Xylose and lyxose
gave mixtures consisting mainly of lyxonic, threonic, and glyceric acids with minor proportions of
xylonic acid. From the results of kinetic studies, reaction stoichiometry, and product analysis, a
possible mechanism for the oxidation of threose-series sugars with chloramine-T is suggested.
0 1998 Elsevier Science Ltd. Al! rights reserved

Keywords:  Threose-series sugars; Oxidation with chloramine-T; Kinetics and mechanism

Introduction

Recently, we reported on the kinetics and
echanism  of oxidation of erythrose-series sugars,

Abbreviations: CAT, RNClNa  or chloramine-T,  sodium
t of A’-chloro-p-toluenesulfonamide;  S, sugar, D. dielectric,
absolute temperature; E,, activation energy; n,  atom fraction
deuterium, TS, transition state; RS,  reactant site; I, ionic

ength;  &a, size of the activated complex; k, Boltzmann  con-
,nt; HPLC, high-performance liquid chromatography; GLC-
S,  gas-liquid chromatography-mass spectrometry.

* Corresponding author. Fax: (202) 687-l 186.

D-&COSe,  D-mannose,  D-fructose, D-arabinose  and
D-ribose,  with chloramine-T (CAT) in alkaline
medium at 35 “C [I]. The observed reaction stoi-
chjometry, 2-3 moles of CAT per mole of sugar,
was significantly different from the previously
reported sugar to oxidant stoichiometry of I:1 for
aldoses  and 1:2 for fructose [2-4].  We have also
shown by HPLC and GLC-MS analyses that the
products of oxidation for erythrose-series sugars
(both pentoses and hexoses) were mixtures of
aldonic acids consisting of arabinonic, ribonic,
erythronic, and glyceric acids [l]. These product

Oil-6215/98/S19.00 0 1998 Elsevier Science Ltd. All rights reserved
‘ I  SOOO8-6215(98)00046-9  .
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Ifiles  were also different from those reported
:viously,  the corresponding aldonic acids for
loses and arabinonic acid for fructose [211].
3ur  recent study on the oxidation of erythrose-
ies sugars with CAT gave two interesting results
First, the sugars that can exist in the furanose

g form in appreciable proportions reacted with
,T much faster than those which exist almost
lusively in the pyranose form. Thus, for hexo-
rate of oxidation of fructose was higher than
case and mannose.  Similarly, ribose was oxi-
:d faster than arabinose. Second, surprisingly
products formed from both pentoses and

oses, including keto-hexoses,  were strikingly
ilar for all erythrose-series sugars studied.
‘ed on these results, we proposed a novel path-
I for the oxidation of erythrose-series sugars by
T [I]. In the present study, the mechanism of
lation of threose-series sugars by CAT was
:stigated by kinetic studies and product analy-
The results demonstrate that the kinetic and
modynamic properties, and mechanism of
fation of threose-sieres sugars are generally
ilar to those observed for the erythrose-series
irs.

Cxperimental

faterials .-Chloramine-T  (E. Merck) was pur-
I from dichloro contaminants by washing with
4. D-galactose, D-xylose,  D-lyxose,  D-idose,  D-
se, D-tagatose, D-gulose,  D-gluconic  acid, D-
.ctono-l,4-lactone,  a n d  D-ribono-1,4-lactone,
: purchased from Sigma Chemical Co. (St.
is, MO). L-sorbose,  D-mannono-I  ,6lactone,
{lono-l,blactone, a n d  D-arabinono-l,4-lx-
:, were from Pfanstiehl (Waukegan, IL). D20
4%) was from Bhabha  Atomic Research Cen-
:Bombay, India).
‘inetic  measurements.-The  reactions were car-
out in glass stoppered Pyrex  boiling tubes

:ed black on the outside [l].  Pseudo-first order
Jitions ([sugarlo> > [CATjo) were maintained
all kinetic studies. Stock solutions of alkali,
f, sugars, and NaC104  were maintained at 35
From these stock solutions, the requisite mix-
s of sugars, alkali, and NaC104  were prepared.
reaction was initiated by the addition of CAT
monitored by iodometric  determination of

Dnsumed CAT at various time-intervals.
ium perchlorate was used to “swamp” the

reaction. The solvent isotopic studies were per-
formed with D20.

Pseudo-first order rate constants (kobs)  were Cal-
culated from the plots of log[CATlo versus time,
and these were within f 3%. Regression coefficient
r and the standard deviation s,  were determined by
regression analysis of the experimental data using
an EC-72 statistical calculator.

Stoichiometry and product analysis.--The  reac-
tion mixtures containing sugar (0.01 M), alkali
(0.1 M), and CAT (0.05 M) were kept for 24 h at 35
“C. The unconsumed CAT was determined iodo-
metrically. From these data, the amount of the
oxidant consumed per mole of sugar was calcu-
lated.

The oxidation products were analyzed by a
Dionex HPLC system with pulsed amperometric
detection using a CarboPac  PAI high-pH anion-
exchange column (4x250 mm) as reported pre-
viously [1,5].  Isocratic elution with 0.2M NaOH
was used. The products were identified by com-
parison of the retention times with retention times
of the standard aldonic acids, as reported pre-
viously [I].

3. Results

The kinetics of oxidation of threose-series sugars
with CAT were generally similar to those observed
previously for the erythrose-series sugars [l]. When
sugars were used in excess, the plots of log[CAT’j
versus time were linear (r>  0.9980, s< 0.02),  indi-
cating a first-order dependence of reaction rate on
[CAT&.  The pseudo-first-order rate constants
(/cobs)  calculated from these plots are shown in
Table 1. The rate increased with increase in [Slo
(where S= sugar) and the plots of log&,,  versus
log[S]o  were linear (r  > 0.9998, s< 0.01) with unit
slopes, indicating a first-order dependence with
respect to sugars. Furthermore, the plots of kobs
versus [S]e  passed through the origin (r>  0.9855,
S<  0.04),  suggesting that the sugar-oxidant com-
plexes have only transient existence.

The rate of oxidation also increased with an
increase in alkali concentration (Table 2). The
plots of log kobs versus log[HO-] (r>  0.9990, s<
0.01) indicated that the reactions follow second-
order dependence on [HO-].

Addition of p-toluenesulfonarnide (0 to 0.008 M)
did not affect the reaction rate, suggesting that the
reduced product of CAT, p-toluenesulfonamide, is



of reactant concentrations on the rate of oxidation of
6  by CAT at 35 “C

KS. Rangappa et al./Carbohydrate  Research 0 (1998) I-,I0 3

F 102 104 k,l&-‘)
kT.2 PI0  04

D - g a h c t o s e  L-sorbose  D-xylose  D-IyXOSe

2.0 3.2 13.3 14.0 5.8

‘nvolved in pre-equilibrium with the oxidant.
ition  of NaCl  (0 to 0.02M) to the reaction
ures  had no effect on the rates, suggesting that
ee chloride ion was not formed before the

irate  of reaction. The plots of log kobs  versus II/*
(f=the  ionic strength of medium) were linear with
fractional slopes of 0.60-0.85  (not shown).
The rate decreased with an increase in methanol

content. The plots of log kobs  versus l/D (r>
0,9970, $5 0.04; D =dielectric  constant of the
medium) were linear with negative slopes (Fig. 1).
The Arrhenius plots of log kobs  versus l/T

(T=absolute  temperature), for reactions studied
over a range of temperatures (303 to 318 K), were
found to be linear (r>  0.9991, s_< 0.01) (not
shown). The activation energies (E,, Table 3) were
calculated from the slopes of the plots. From the
values of E,  and the thermodynamic parameters
Ap,  AS#,  and AG#  (Table 3) were computed. Sor-

‘Table  2

E&t of [NaOHl  on the rate of oxidation of sugars by CAT at
3  ‘C

I@  [NaOH]  (m) IO4 ko&-‘)
D-galactose  L-sorbose  D-xylose  D-IyXOSe

2.0 0.2 0.5 1.1 0.3
4 . 0 0.6 2.1 3.4 1.0

;
1.5 5.0 7.1 2.4

Ii0
2.2 8.0 Il.3 4.1
3.0 12.9 13.4 5.5

IS.0 6.8 36.2 38.4 17.8

[CAq,~=O.002  M, [S]a = 0.02 M, and [fl  = 0.4 M.

1.2 1.3 1.4 1.5 1.6 1.7 1.8
l/D X100

Fig. 1. Plots of log&b, versus l/D. [CAT],, = 0.002 M,
[SJo  = 0.002 M, [OH-] = 0.1 M, [II = 0.4 h$ temperature = 35
“C.

bose and xylose have lower E, and A@ values as
compared with other sugars studied. A low
enthalpy change for sorbose and a negative
enthalpy change for xylose suggest that the struc-
tures of sorbose and xylose are favorably disposed
for oxidation by CAT. Thus, a keto-enolic anion
appears to be the readily reacting structure for
hexoses and an aldo-enolic  one for pentoses. Pre-
viously, it was observed, for erythrose-series
sugars, that a fructose-enolic anion is the readily
reacting structure for the hexoses and an aldo-
enolic form is that reacting for the pentoses [l].

The oxidation of sugars by CAT was studied in
H20-D20  mixtures containing varying deuterium
atom fractions n. As in the case of erythrose-series
sugars [l], the oxidation was faster in D20 for the
threose-series sugars (Table 4). The solvent-isotope
effects, kobs(H20)/ko&D20),  were between 0.5 and

Table 3
Thermodynamic parameters for the oxidation of sugars by
CAT at 35 “C

Sugars E, Ai9 A@ A.!? Log
(kJ mol-‘) (kJ  moi-‘) (kJmol-‘)  (JK-’ mol-‘) A

D-galactose 121 119 96 72 21
L-sorbose 9 8 96. 93 9 17
D-XylOSC 91 89 93 -12 1 6
D-lyX0S.C 111 1 0 9 95 44 19

[CAT],=O.o02M, ( H O - ] = O . l  M ,  [S],,=O.O5M,  a n d
[4=0.4M.
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inventory studies for the oxidation of sugars by CAT in
D20  mixtures at 35 “C

Drn fraction 104  IQ,(s-‘)
ljeuterium  (n)

D-galactose  L-sorbose  D-xylose  D-lyxose

3.2 12.9 13.4 5.5
II 3.4 15.4 16.1 6.4
M 4.0 18.3 18.6 1.6
‘I 5.0 22.0 22.3 8.9
I 5.8 25.5 25.3 10.4

AQ=O.OO;!M,  [HO-]=O.l  M ,  [SJo=0.02M,  a n d  [II=
‘M.

Ifor  all sugars (Table 4). Proton-inventory plots
Dt shown), ko&H20)/kot,s(D20) versus n , were
lcar and similar to those obtained previously for
Ithrose-series  sugars (1).
The oxidant to sugar stoichiometry of nearly 3
is observed for all sugars except for lyxose
able 5).
Although kinetic studies could not be carried out
: gulose, idose,  talose and tagatose due to the
lited availability of the sugars, the oxidation
Dducts  were analyzed for all threose-series hexo-
~(Fig. 2). HPLC analysis indicated that lyxonic,
Ionic, threonic, and glyceric acids are the pro-
cts  of oxidation for all threose-series hexoses
dpentoses (Fig. 2a-c, and Table 5). Xylose and
rose gave major proportions of lyxonic, threonic
d glyceric acids and minor proportions of xylo-
:acid  (Fig. 2~).  The xylose-series hexoses (gulose,
)se, and sorbose) gave predominantly threonic
d glyceric, acids with minor proportions of
Ionic and lyxonic acids (Fig. 2b). On the other
nd, all lyxose-series hexoses (galactose, talose,

and tagatose) gavt threonic and lyxonic acids as
predominant products with small amounts of gly-
ceric and xylonic acids (Fig. 2a).  All hexoses except
sorbose gave minor amounts of hexonic  acids
(Fig. 2a and b). Furthermore, all threose-series
sugars except lyxose and galactose were oxidized
almost quantitatively by CAT; after 24 h incuba-
tion with CAT at 35 “C, 2&25% of lyxose and 5%
of galactose remained unoxidized (Fig. 2a-c).

The oxidation products were analyzed at 0.5, 1,
2, 4, 8, 20, and 24 h for all the sugars. The relative
proportions of various aldonic acids formed were
similar at all time-points analyzed. Approximately
95% of sorbose and idose  were oxidized by CAT in
4 h at 35 “C, whereas 90% oxidation of gulose
required about 8 h. When gulose and idose were
treated with alkali in the absence of CAT, a gra-
dual build up of sorbose was observed for both
sugars; for example, about 30% of gulose was iso-
merized to sorbose in 2 h. However, when gulose
and idose were treated with both CAT and alkali,
only a minor proportion of sorbose was detected
from each reaction mixture at all time-points ana-
lyzed, suggesting that sorbose formed by the alkali-
catalyzed isomerization readily reacts with CAT.
Sorbose treated with alkali alone was not iso-
merized to gulose and idose to detectable levels.
These data indicate that the keto-isomer is the
reactive species.

About 95% of tagatose was oxidized by CAT in
2 h at 35 “C, whereas oxidation of similar amounts
of galactose and talose required -20 h. When
galactose and talose were treated with alkali alone,
significant amounts of tagatose formed by the iso-
merization of these sugars could be detected. For
example, 17% of talose and 23% of galactose were

ble 5
ILC  analysis of the products formed b y the oxidation of sugars b y CAT in alkaline medium

Mol of CAT consumed Products (approximate percentage)’
per mol of sugar

Glyceric  acid Threonic acid erythroaic acid b Xylonic acid Lyxonic  acid Hexonic acid

@actose 2.8 9 44 3 32 1 2
dose n.d. 9 45 2 32 11

1 2 47 2Wagatose n.d. 27 1 2
plose 2.9 38 38 1 2 5 7
Aose n.d. 40 40 8 5 7
iorbose n.d. 44 44 9 3 -

aylose 2.8 20 37 7 36 -
lyxose 1.9 2s 32 6 37 -

lased  on the peak areas.
‘rak  2 in Fig. drepresents  95-96%  threonic acid and 4-S% threonic acid, which can be separated by using a low fiow  rate.
i,,  Not determined.
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Gal

L Tal

0 5 IO 15 20 25
Time (min)

2

1 I

:.L3
4 5

GUI

10 15 20
Time (min)

5 IO 15 20 25
Time (min)

25

,I. HPLC analysis of the products formed by the oxidation of sugars (0.01 M) by CAT (0.05 M)  in the presence of alkali
U)  at 35 “C. 1, glyceric  acid; 2, threonic acid (~95%) plus erythronic acid (-5%); 3, xylonic acid; 4, lyxonic acid; 5, hexonic

Is.  Gal, Tal, Tag, GUI,  Ido,  Sor, Xyl  and Lyx, respectively represent HPLC chromatograms of the reaction of CAT with D-
ICtbe,  D-talOSe,  D-tagatose, D-gulose,  D-idose,  t,-sorbose,  D-xylose,  and D-lyxose. Peak 2 in (a)-&  .represents  95--96%  threonic L
land 4-5% threonic acid which can be separated by using a low flow rate. Note: about 20-25%  of lyxose (retention time 4.6 min
I))  and -5% galactose (retention time 5.0 min in (a)), and l-2%  of xylose (retention time 5.0 min in (c) were not oxidized by
T;all  other sugars were almost quantitatively oxidized.
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lmerized  to tagatose in 4 h. However, when
bse was treated with both CAT and alkali,
oxidized talose was accounted by 1% tagatose,

galactose, and 98% talose. Similarly, when
ctose  was treated with both CAT and alkali,

atose was barely detectable. Upon treatment
lkali  at 35 “C, only l-2%  of tagatose was

rized into galactose and talose. Together,
data indicated ,that for lyxose-series hexoses,

n the case of the xylo-series hexoses, the keto-
(tagatose) is the reactive species.

of the aldohexoses studied here were oxi-
mainly to pentonic  and tetronic acids rather
o hexonic acids. This finding is in agreement
he foregoing conclusion that hexoses are
ed by CAT in the keto-enolic form. More-

r, we have previously shown, based on the ease
e-ketose  isomerization, and relative rates
tion and product profiles, that glucose and

undergo oxidation by CAT pre-
tly in the fructose-enolic form [l].

all the hexoses studied here, threonic and
ic acids were formed within 30 min; hexonic

were detectable in minor proportions only
ignificant amounts of the former products
rmed. This demonstrate that the lower-car-

$on aldonic acids were not derived from the initi-
@ly  formed six-carbon aldonic acids. We have
ij)rcviously  shown that D-gluconic,  D-mannonic, D-

galactonic,  D-ribonic,  and D-arabinonic acids were
bt oxidized by CAT [l].
ic Formation of high proportions of pentonic acids
hi 1om xy ose and lyxose suggest that pentoses react
yith  CAT predominantly in the aldo-enolic form.
Vie formation of glyceric acid also in high pro-
portion suggest that appreciable amounts of xylose
and lyxose react in the keto-enolic form to give
glyceric and threonic acids.

:,

14, Discussion

: In aqueous solutions, sodium salts of aryl-N-
hhalosulfonamides ionize into several species in a
$H  dependent manner [6-81.  In acidic solutions,
+he  oxidizing species of CAT are RNClH, RN&
Find HOCl,  while in alkaline solution RNCl-  is the
lactive oxidant [6-IO].

In alkaline solutions, sugars undergo isomeriza-
&ion to an equilibrium mixture of aldoses  and
ketoses which exist as enediol anions (E-) [l 11.  The
rtndlic-anions (E-, keto-enolic anions of hexoses

and aldo-enolic anions of pentoses) react with
RNCl-  to form an intermediate (X),  which under-
goes cleavage to form products (Fig. 3). From the
results of the kinetic study, the oxidation of sugars
is predicted to proceed through the reaction
sequences shown in Scheme 1.

Under steady state conditions for E-,  the rate of

kl SIOW

S  + HO- , L E- + Hz0 (9
k-1

kz
E -  +‘HO-  + RNCI- .X (ii)

(Slow and rate determining step)

x+ Products (iii)

Scheme 1 .

disappearance of CAT is given by

WA-ClRate = -dt= k2h  N[HO-12PW
k.et[Hz)l  + kz[HO-‘I[CATl

(1)

Since k_i[H20] > kz[HO-][CAT],  rate law (1) is
reduced to

d[CATl hh[SI[H@-12[CATlRate=-dt=
k-1  WzOl (2)

which agrees with the observed rate = kobs[S]
(OH-]2(CAT].

The observed first-order dependence of rate on
(CAT], and [S],  and second-order dependence on
[HO-] agree with eq (2).

Since DO- is a stronger base than HO- by a
factor of 2, the reaction rate is expected to be
doubled in D20 for reactions involving a fast pre-
equilibrium H+ or HO- ion transfer [12].  In
agreement with this, the observed values of the
inverse solvent isotope effect ko&D20)/kobs(H20)
were approximately 2 for the sugars (Table 4).
The results of proton inventory plots (not shown)
are also in accordance with Scheme 1. The
dependence of rate constant (k&)  on n (n=  the
atom fraction of deuterium in a solvent mixture of
HZ0 and D@) [13,14]  is given by the Gross-But-
ler eq (3).
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/ T

COU!

logk

line;

%bsik:bs  =
l-ITS(l - n  +  n#i)

nRS( 1 - n + Mj)
(3)

ire Qi  and $j are isotopic fractionation factors
the isotopically exchangeable hydrogen sites in
transition state (TS) and reactant site (RS),
ectively. If the reaction proceeds through a
le transition state, then eq (3) becomes eq (4):

(knobslkObs)  = 1 f n(4j  - 1) (4)

omparison of the plots of kobs versus n (not

vn) with the standard curves [15],  suggested a
le proton exchange in the transition state. Fur-
more, the plots of Klobs/kot,s  versus n (Fig. 1)
:linear with slopes (+j - l), The 4 for the oxi-

on of sugars by CAT is about 0.6. This value
mbles the fractionation factor of HO- ion.
ince the rate-determining step in Scheme 1
jives three negative ions, the reaction rate is
:cted  to increase with an increase in the ionic
ngth (r)  of reaction medium. The plots of log-
versus Ill2 were linear with slopes between 0.53
0.85, even though the @icstrses employed

: beyond the Deby&Hu@j$kel  rarige. The
jretical  slope of unity-has--net’  been realized,
iibly due to the formation of Bjerrum ion pairs
oncentrated solutions [ 161.
he rate decreased with decrease in the dielectric
stant  (D) of the reaction medium. The plots of
r&s versus l/D (D = dielectric constant) were
ar with negative slopes (Fig. 1). The effect of

solvent composition on the rate of a reaction
involving two negative ions is given by eq (5) [16]:

logk = logk, - ZAZBe2/DkTdbB (5)

where k, is the rate constant in a medium of infi-
nite dielectric constant, ZAe, and ZBe are the char-
ges on ions, dA*  is the size of the activated
complex, k is the Boltzmann constant, and T is the
absolute temperature. From the slopes of the
straight lines in Fig. 1 (slope = -Z,ZBe2/kT,d,&,
due  was calculated. The derived dAB values for D-

galactose, L-sorbose, D-xylose,  and D-lyxose  are
2,70,  2.20, 2.02, and 2.40 A, respectively. These
values are comparable with those obtained for
similar reactions [ 161.

According to Scheme 1, the rate-determining
step should involve interactions between similarly

charged ions (eq (ii) requiring a very high activa-
tion energy. The observed high activation ener-
gies (Table 3) agree with this prediction. Nearly
constant A@ values (Table 3) suggest that a com-
mon mechanism is operative for the oxidation of
sugars.

In a previous study on erythrose-series hexoses
[l], it was observed that each of the sugars studied
was oxidized by CAT predominantly to pentonic
and threonic acids. However, for the threose-series
hexoses studied here, the product profiles can be
grouped into three categories, profiles consisting
of: (a) predominant proportions of lyxonic and
threonic acid formed from lyxose-series sugars
(Fig. 2a),  (b) threonic and glyceric acids as major
products formed from xylose-series hexoses
(Fig. 2b),  and (c) high proportions of pentonic,
threonic, and glyceric acids formed from xylose
and lyxose (Fig. 2~).  Based on these results and on
the observed isomerization of sugars in alkaline
solutions, the following reaction pathway (Scheme
2) can be suggested:

The observed reaction stoichiometry (Table 5)
agrees with the formation of mixtures of pentonic,
tetronic and trionic acids.

For lyxose-series hexoses, the major products are
formed by the loss of one or two carbon atoms
with the cleavage of C-l-C-2 and C-2-C-3 bonds,
respectively from the keto-enolic anion inter-
mediates. The predominance of lyxonic acid and

(a) Lyxou-wits  hexmer:

HO-
~alactaw  +  a&Enolic.mion

G+
Hcronx  acid and pxt~bly  pentonic  zids

‘\

I

HO- CAT

HO- ~agatow  - hro.Enolic-anion  +  Pentonic. letronic.  md  Manx  xi&

Y

/

Majx

HO- CAT
T&xe  .->  a&Enolic+nion

Mimr
Hexonic rtd  md  pauibly  pcmonic  xi&

(b) Xylosc-wrier  hews%

HO-
Culov  _$ a&-En&-anion Hcxmc  xid  and  pwbly  pentone ads

11

\

*

h
HO- CAT

HO-T&X  +  Lfo-Emlic-mien

/

-yi?
Pcnlcnic.  tctmnic  and  wionic  xi&

.J

Scheme 2.
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minor amounts of xylonic acid from all lyxose-series
sugars suggest that, for these sugars, the cleavage of
the C-l-C-2 bond occurs without appreciable epi-
merization at C-3 (Fig. 2a). The formation of sig-
nificant amounts of hexonic acid from these sugars,
suggest that appreciable proportions of the sugars
react with CAT in the aldo-enolic forms, which up
on cleavage of the C-l-H bond form hexonic acids.
Minor amounts of pentonic  acids are formed by
the cleavage of the C-l-C-2 bond from the aldo-
enolic anions of hexoses. The formation of hexonic
acid from tagatose is presumably due to iso-
merization to the aldo-enolic form.

The xylose-series hexoses, gulose, idose and sor-
bose, gave mainly threonic and glyceric acids and
minor proportions of pentonic  acids (xylonic and
negligible amounts of lyxonic acid) (Fig. 2b). The
predominance of threonic and glyceric acids indi-
:ate the preferential cleavage of C-2-C-3 and C-3-
C-4 bonds compared with C-l-C-2 bonds. Since
rylonic acid was formed in higher proportion
:ompared with lyxonic acid, the cleavage of the C-
l-C-2 bond in xylose-series hexoses must occur
pithout appreciable epimerization at C-3, as in the
:ase of lyxose-series hexoses (cf. Fig. 2b with
Fig. 2a). Formation of small amounts of hexonic
acids  from gulose and idose was presumably due to
;low oxidation of the aldo-enolic form. Formation
If only a trace amount of hexonic acid from sor-
lose  is due to negligible isomerization of sorbose
:o gulose and idose.

1 In contrast to hexoses, xylose and lyxose gave
high proportions .of pentonic  acids (Fig. 2~).
Clearly, these major products are formed by the
cleavage of the C-l-H bond. Both xylose and lyx-
ose also gave high proportions of threonic and
glyceric acids, which are formed by cleavage of the

C-l-C-2 and C-2-C-3 bonds, respectively. Since
1 the latter type of bond-cleavage is facilitated

through the involvement of the keto-enolic form, it
is possible that portions of pentoses react in the

: keto-enolic form. However, lyxose and xylose were
’ not isomerized to xylulose to a significant level.

Together, these data suggest that pentoses undergo

i
oxidation by CAT mainly through aldo-enolic

; intermediates, and only minor proportions may be
! oxidized via the keto-enolic form. In accordance
i with the observed three-times faster reaction rate

of xylose compared with lyxose, a large amount of
lyxose was not oxidized by CAT, even after 24 h at

j 35 “ C (Fig. 2~).  Under similar conditions, xylose
was almost completely oxidized.

In view of the foregoing considerations, a plau-
sible mechanism for the oxidation of sugars by
CAT is proposed in Scheme 3. This mechanism
accounts for the observed kinetics, reaction stoi-
chiometry, and products formed.

In the proposed mechanism (Scheme 3),  the
anions (E-) of sugars react with CAT to form
intermediatg-X1:X3.  For threose-series hexoses,
the anions((E  &)  ‘intermediates are predominantly -
the keto-en\lic-forrns and minor proportions of 4 -
aldo-enolic forms. However, for pentoses, the
major reacting species are the aldo-enolic anions;
probably minor proportions of keto-isomer may
also be involved. In the case of anions (E-) from
hexoses, the loss of hydrogen can occur at either C-
l or C-3 to form C-l-C-2 or C-2-C-3 enediols
containing a hypochlorite group at C-2. Since epi-
merization at C-3 was limited, as evidenced by the
formation of only very minor proportions of epi-
merit  pentonic  acids from hexoses, it can be con-
cluded that cleavage of the C-l-H bond occurs
preferentially as compared with cleavage of the C-
3-H bond to form C-l-C-2 enediols. The ene-diols
thus formed contain polarized double bonds to
which hydroxide ion can add at C-2 to form inter-
mediates Xl (major) and X2 (minor). Xl and X2
then can undergo cleavage of C-C bonds between
C-l and C-2, the former giving lyxonic acid and the
latter forming a mixture of lyxonic and xylonic
acids.

In the case of aldo-enolic anions from pentoses,
hydrogen can be removed only from C-2 to form
the C-l-C-2 enediol-anion, which in the presence
of CAT and alkali forms intermediate X3 with
epimerization at C-2. The cleavage of C-l-H bonds
from X3 gives a mixture of lyxonic and xylonic
acids. The cleavage of C-C bonds between C-2 and
C-3 in Xl and X2, and the breaking of C-C bonds
between C-l and C-2 in X3 yield aldo-tetrose
without epimerization at C-4 (hexoses) or at C-3
(pentoses). The aldo-tetrose further oxidizes to
yield threonic acid and a minor proportion of ery-
thronic  acid (Table 5). The reaction can proceed
further, with the cleavage of C-C bonds between
C-3 and C-4 of hexoses and the breaking of C-C
bonds between C-2 and C-3 of pentoses, to form
glyceric acid. Minor proportions of threonic and
glyceric acids could also be formed by the cleavage
of C-l-C-2 and C-2-C-3 bonds, respectively, from
the keto-enolic form of pentoses through the reac-
tions sequences similar to those outlined for keto-
hexoses in Scheme 3.
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