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Abstract. N-Bromo-arylsulphonamides of different oxidizing strengths are used for studying the kinet-
ics of oxidation of D-fructose and D-glucose in aqueous akaline medium. The results are analysed and
compared with those from the sodium salts of N-bromo-benzenesulphonamide and N-bromo-4-methyl-
benzenesulphonamide. The reactions show zero-order kinetics in [oxidant], fractional order in [Fru/Glu]
and nearly first order in [OH]. Rates of oxidation of fructose are higher than those for glucose with the
same oxidant. Similarly, E, values for glucose oxidations are higher than those for fructose. The results
are explained by a suitable mechanism and the related rate law is deduced. The effective oxidising spe-
cies in the reactions of N-bromo-arylsulphonamides is Br*. The oxidative strengths of the latter therefore
depend on the ease with which Br” is released from them. The ease with which Br” is released from N-
bromo-arylsulphonamides depends on the electron density on the nitrogen atom of the sulphonamide
group, which in turn depends on the nature of the substituent on the benzene ring. The validity of the
Hammett equation has also been tested for oxidation of both fructose and glucose. Enthalpies and entro-
pies of activations of the oxidations by all the N-bromo-arylsulphonamides correlate well. The effect of

substitution on E, and log A of the oxidationsis also considered.

Keywords.

1. Introduction

N-Haloarylsulphonamides act as halonium cations,
hypohalite species and N-anions which behave both
as bases and nucleophiles. Due to these diverse pro-
perties they have received considerable attention.’™
Although the various aspects of the prominent
members of this class of reagents, known as broma-
mine-B and bromamine-T, have been studied, there
have been no efforts to produce N-bromo-arylsul-
phonamide of the required oxidising strength for a
specific purpose. Hence, in an effort to introduce N-
bromo-arylsulphonamides of different oxidizing
strengths, we have recently reported the synthetic,
infrared and NMR (*H and **C) spectral studies of
fifteen sodium salts of N-bromo-substituted benzene-
sulphonamides (NBSBS) of the general formulae, 4-
X'C6H4802NaNBr>Hzo (X =H; CH3, C2H5, F; CI,
Br or NO,) and i-X-j-Y-CgH3SO,NaNBr.H,O (i-X-j-

*For correspondence

Kinetics of oxidation; N-bromo-arylsulphonamides; D-fructose, D-glucose.

Y = 2,3-(CHas),; 2,4-(CHg)y; 2,5-(CH3),; 2-CH3-4-Cl,
2-CH3-5-Cl; 3-CHg-4-Cl; 24-Cl, or 34-Cl,).*"
Here, sodium salts of N-bromo-4-ethylbenzenesul-
phonamide (NB4EBS), N-bromo-4-fluorobenzene-
sulphonamide (NB4FBS), N-bromo-4-chloroben-
zenesulphonamide (NB4CBS), N-bromo-4-bromo-
benzenesulphonamide (NB4BBS), have been emplo-
yed as oxidants for studying the kinetics of oxidation
of D-fructose and D-glucose in aqueous akaline
medium. The results have been analysed along with
those by the sodium salts of N-bromo-benzenesul-
phonamide (NBBS, bromamine-B) and N-bromo-4-
methylbenzenesul phonamide (NB4MBS, bromamine-
T).** In fact, the kinetics of oxidation of D-fructose
and D-glucose by these oxidants have aso been car-
ried out under identical conditions and analysed.
Carbohydrates comprise one of the largest classes
of biologically important compounds and are char-
acterised by the presence of an aldehydic or ketonic
carbony! group.®® Monosaccharides such as glucose
and fructose have wide synthetic applications. Glu-
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cose is a source of energy in plants and animals and
also serves as the monomeric unit of cellulose, the
structural framework in woody plants. Hence, the
reactions involving carbohydrates are of consider-
able interest.

2. Materialsand methods

All the substituted-N-bromobenzenesul phonamides
(NBSBS) were prepared in good purity by the pro-
cedures described e sewhere. ™ Aqueous stock solutions
of these compounds (001 mol dm™) were prepared
in doubly distilled water, standardised by the iodo-
metric method and stored in dark-coloured bottles to
prevent their photochemical deteriorations. Analytical
grade samples of D-fructose and D-glucose (Glu) (E.
Merck) were employed. Fresh solutions in doubly
distilled water (0x.0 mol dm™) were prepared as and
when required. All other reagents employed were of
analytical grade. lonic strength of the medium was
maintained at 080 mol dm™ using concentrated
agueous solution of sodium nitrate.

2.1 Kinetic measurements

Kinetic studies were carried out in glass-stoppered
pyrex boiling tubes under pseudo-first order conditions
with [Fru or Glu] >>[NBSBS] (by 5-50 times). The
reactions were initiated by the rapid addition
of known amounts of oxidant solution (0X005—
0004 mol dm™), pre-equilibrated at a desired tem-
perature, to mixtures containing the required
amounts of substrates (005-0.05 mol dm ™), sodium
hydroxide (0%005-0%6 mol dm™), sodium nitrate and
water in the boiling tube, thermostatted at the same
temperature. Progress of the reactions was moni-
tored for at least two half-lives by the iodometric de-
termination of unreacted oxidant at regular intervals
of time. Pseudo-zero order rate constants (Kqps) Were
computed by graphical methods and the values are
reproducible within £4% error.

2.2 Soichiometry and product analysis

The reaction mixture containing the sugar, NaOH
and excess of NBSBS was equilibrated for 24 h and
then the excess of oxidant was determined iodomet-
rically. Varying stoichiometries were observed cor-
responding to the formation of a mixture of products
as shown by the following stoichiometric equations.
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The major products of oxidations were arabinonic,
ribonic and erythronic acids, while the minor pro-
ducts were glyceric and hexonic acids.

C5H1205 +ArSO,NBr + H,O+ OH™ ®
CsH1006 + CHz(OH)Z +ArSO,NH" +Br, (1)
(arabinonic or ribonic acids)

C6H1206 + 2Ar802NBr_ +30H" ® C4H805
+CH,(OH)COO +2ArSO,NH™ +2Br  +H,0, (2)
erythronic acid

C6H1206 + 3Ar802NBr_ +50H" ®
C3HgO4 + CH,(OH)COO + HCOO +
Glycericacid 3ArSO,NH" +3Br +2H,0, (3)

CGleOG +ArSO,NBr +OH™ ®
C6H1207 +ArSO,NH™ +Br, (4)
Hexonic acid

where Ar = C6H5, 4'CH3C6H4, 4'C2H5C6H4, 4'FC6H4,
4-Cl CeH4 or 4-BrCgHa.

The reduction products, arylsulphonamides (SBSA),
were identified by TLC™ using petroleum ether-
chloroform-butanol (2:2:1 v/v) as the solvent sys-
tem and iodine as spray reagent. R; values of the re-
duced arylsulphonamides compared with those of
the pure sulphonamides (values in parentheses) were
093 (094), 0090 (092), 001 (003) and 0°88 (089)
for 4-ethyl-, 4-fluoro-, 4-chloro- and 4-bromo-ben-
zenesul phonamides, respectively.

3. Results

Kinetic data on the oxidation of D-fructose and D-
glucose by the six oxidants in agueous alkaline
medium under varying conditions of [NBSBS],
[Fru/Glu], [NaOH] and ionic strength of the medium
are shown in tables 1 and 2.

3.1 Effect of varying [NBSBY (]

At constant [Fru or Glu]y (5-50 fold excess over
[NBSBS]o) and [OHT], the zero order plots of
[NBSBS] versus time were linear up to at least 75%
completion of the reactions. The pseudo-zero order
rate constants computed from the plots remained un-
affected by the changes in [NBSBS], (tables 1 and
2), establishing zero order dependence of the rate on
[NBSBS] for all the oxidations.
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Table 1. Pseudo zero-order rate constants (ko) for the oxidation of D-fructose (Fru) by the sodium salts of N-bromo-
p-substituted benzenesulphonamides (NBSBS) in aqueous alkaline medium at 293 K (I = 08 mol dm™ except during
its variation).

107 Kyps (dm?* mol™ s
i-X-CeH4SOx(Na)NBr.xH,0, i-X =

10°[NBSBS], 10%[Fru] 9 10° [OH]

mol dm™ mol dm™ mol dm™ Parent 4-CH,4 4-C,Hs 4-F 4-Cl 4-Br

Effect of varying [NBSBY]
0% 2% 10 3% 2% 3% 38 44 38
10 2% 10 3% 2% 3% 38 44 38
20 20 10 33 2% 33 3% 40 3%
40 20 10 3% 28 3 31 40 3%
102 2% R 3% 2% 38 38 40 38
10° 2% 10 3%6 28 3%6 3%6 44 38

Effect of varying [Fru],

10 14 08 16 18 18 16

10 10 10 18 16 2% 23 30 23
10 2% 10 3 2% 3% 38 44 38
1% 30 1% - 5% 43 4% 6% 54
19 50 10 78 75 52 66 68 78

Effect of varying [OH]
1 0% R3) 14 R3) 18 15 2%
19 20 10 34 26 3% 33 44 38
19 20 2% 6% 5% 63 70 66 62
10 2% 30 90 88 98 110 104 118
10 2% 40 121 10%6 12>8 131 140 140
19 20 50 13% 116 132 140 158 15%

| (mol dm™) = 040 (a), 0550 (b)

Table 2. Pseudo zero-order rate constants (Kqs) for the oxidation of D-glucose (Glu) by the sodium salts of N-bromo-
p-substituted benzenesulphonamides (NBSBS) in aqueous alkaline medium at 303 K (I = 08 mol dm™ except during
its variation).

107 Kops (dm* mol ™ s
i-X-CsHaSO,(Na)NBrxH,0, i-X =

10®[NBSBS], 10°[Glu], 102[OH1

mol dm™ mol dm™ mol dm™ Parent 4-CH,4 4-C,Hs  4-F 4-Cl 4-Br
Effect of varying [NBSBY|,
06 20 10 28 26 28 26 3B 30
19 20 19 28 26 28 26 30 30
20 20 1% 28 26 2 24 30 28
40 20 10 26 28 28 26 28 28
107 20 10 28 26 28 26 30 28
10° 20 10 30 28 26 24 28 31
Effect of varying [Glu]
1 10 12 08 14 10 14 18
10 10 10 20 1% 18 20 1% 20
1% 20 19 28 26 28 26 30 30
1% 30 19 - - 30 38 44 3%
10 5% 10 4% 3% 3% 4% 5% a5
Effect of varying [OH]
1 0% 12 18 (024 12 12 12
19 2 19 28 26 28 26 30 30
10 20 20 5% 60 60 58 5% 5%
10 20 30 - 96 78 106 92 8%
19 20 4% 116 108 88 11% 124 130
19 20 50 138 100 o 14%6 144 15%

I (mol dm™) = 00 (a), 0550 (b)
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3.2 Effect of varying [Fru or Glu]o, [OH] and
other parameters of the medium

At constant [NBSBS], and [OH], the rates increased
with increase in [Fru/Glu],, with fractional order de-
pendences in al the cases (tables 1 and 2). Plots of
1/Kops Versus 1/[Fru/Glu], gave straight lines with
finite intercepts on the ordinates. At constant [NBSBS]o
and [Fru/Glu]o, the rates increased with increase in
[OHT] with nearly first-order dependences on [OH]
(tables 1 and 2) for all the oxidations. At constant
[NBSBS]o, [Fru/Glu], and [OHT], increase in ionic
strength of the medium had little effect on the rates
(tables 1 and 2). The rates were measured at differ-
ent temperatures (288-313 K) for the oxidation of
both the substrates by al the oxidants and the acti-
vation parameters were computed from the Arrhe-
nius and Eyring plots as described |ater.

4. Discussion — mechanism of oxidation

Sodium salts of N-bromo-substitutedbenzenesul -
phonamides (NBSBS) are fairly strong electrolytes
in agueous solution. They furnish different reactive
species depending on the pH of the medium. The
possible oxidising species in akaline solutions of
NBSBS are ArSO,NBr, ArSO,NHBr, OBr and
ArSO,NBr,, depending on [OH"], (where Ar = CgHs,
4-CH3CeHy4, 4-CoHsCeHy4, 4-FCgH4, 4-CICH, or 4-
BrCeHy).

ArSO,NBr” + H,O = ArSO,NH, + OBr, 5)
ArSO,NBr + H,O = ArSO,NHBr + HO', (6)
ArSO,NHBr + HO = ArSO,NH, + OBr". @)

Reactions (5) and (7) predict retardation of rates by
the reaction products, arylsulphonamides, while (6)
expects retardation of rates by OH™ ions. Since the
rate increases with increase in OH™ and is not affe-
cted by the addition of sulphonamides, it is likely
that the anion OBr is the active oxidising species.
This is supported by the fact that substitution in the
benzene ring had little effect on the oxidation of
both the substrates.

In akaline solutions, sugars undergo isomerisation
to an equilibrium mixture of aldoses and ketoses
which exist as enediol anions (E). In the presence
of oxidants, the enolic anions react with OBr or
ArSO,NBr to form the intermediates, which subse-
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guently undergo cleavages to form the products. It
has been shown that hexoses react with the oxidants
through keto-enolic anion intermediates. It has been
further shown that hexoses react very slowly in the
aldo—enolic forms.? Fructose has a more orderly
structure than glucose. It is thus sterically favoured
for oxidation by the oxidants as has been noticed
earlier.” Therefore, it is probable that in the case of
glucose, the fructose isomer formed by the alkali-
catalysed isomerisation reacts with the oxidants. This
observation is supported by the fact that the rates
with fructose were higher than those with glucose
for the same oxidant. Similarly, the E, values are
higher for glucose compared with E, values for fruc-
tose. In other words, higher rates and lower E, with
fructose and lower rates and higher E, with glucose
support these observations.

Based on these facts, the observed kinetics of zero
order in [NBSBS], nearly first order in [OH’] and
fractional order in [S], negligible ionic strength and
product effects for the oxidations of both the carbo-
hydrates by N-bromobenzenesulphonamides have
been explained through the reaction sequences shown
in scheme 1.

Ky
S+0OH =X, (8)
ko
X ® E + H,0, (9)
E +O0Br ® X¢ (20
X¢+ H,O/ OH" ® products, (11)

where S (substrate): Fru/Glu.

Scheme 1.

The rate laws in accordance with scheme 1 are given
by

ko - KlkZ[S][OH-]
" 14 K [OH [+ Ky[S]

(12)

1 _1+KOH]1 1
Kobs  Kqko[OH ] [S] K [OH]

(13)

The plots of 1/kgps verses 1/[Fru/Glu]owere linear in
conformity with the rate law (13). The constant k;
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Table 3. The calculated constants at different temperatures of the rate determining
(ko) and pre-equilibrium (K;) steps of the mechanism for the oxidation of D-fructose and

D-glucose by sodium salts of N-bromo-p-substituted benzenesulphonamides, i-X-
CeH4SO,NaNBrH,0, in agueous alkaline medium.
10" k, (dm*mol ™ s™) for i-X=
Temperature (K) H 4-CHj; 4-C;,Hs 4-F 4-Cl 4-Br
Fru 288 38 26 38 38 58 4%
293 100 80 ™™ ™™ 10%6 100
298 16% 15% 114 166 184 166
303 250 230 204 230 330 286
Glu 298 3% 32 32 3% 46 42
303 50 4% 4% 62 74 66
308 104 83 72 100 126 126
313 176 15% 16%6 204 220 216
107 Ky (dm® mol ™ s™)
Fru 288 3% 3 38 32 30 30
293 18 30 4% 3% 58 34
298 6% 4R 40 40 63 3%6
303 66 3% 4% 40 5% 40
Glu 298 38 44 3% 38 3% a3
303 4% 46 40 40 42 46
308 5% 46 a3 3 38 46
313 50 5% 40 40 5% 5%

was calculated from the intercept of the plot by in-
serting [OH]. The equilibrium constant (K;) was
calculated from the ratio of intercept to the slope of
the plot (table 3), assuming that 1 > K,JOH"]. Fur-
ther, the values of k, were calculated at different
temperatures by varying [substrate] at each tempera-
ture (table 3). The activation parameters correspond-
ing to k., have also been computed from the plots of
log k, versus /T and log (kx/T) versus 1/T (table 4).

Applicability of the Hammett equation™ has also
been tested for the oxidations of both fructose and
glucose by all the oxidants. The plots of log k, ver-
sus sp gave the following correlations for Fru and
Glu oxidations.

log k, = —6X5 + 05816sp (r = 0%88) (Fru),
log k, = 6329 + 0%615sp (r = 0%05) (Glu).

Enthalpies and free energies of activations for the
oxidations of D-fructose and D-glucose by al the N-
bromobenzenesul phonamides have been correlated.
Plots of DH versus DS gave better correlations with
isokinetic temperatures of 321 and 309 K for fruc-
tose and glucose oxidations respectively.

DH' = 1078 + 05821 DS (r = 0:09) (Fru),
DH' = 11150 + 05809 DS (r = 0:09) (Glu).

Further, to see the effect of substitution in the
oxidants on the energy of activation, E, values of
substituted N-bromo-arylsulphonamides were opti-
mised with reference to log A of the parent oxidant,
the sodium salt of N-bromo-benzenesulphonamide
through the equation, E;=2803RT (logA-
log kqps). The energies of activation for the oxidation
of either D-fructose or D-glucose by the oxidants
with electron-releasing groups in the benzene ring
are slightly higher than that of the parent oxidant
(table 4), while the E, values are a little lower with
the oxidants with electron-withdrawing groups in
the benzene ring. Enthalpies of activations have the
same trend. Similarly, log A values were optimised
corresponding to E, of the parent oxidant for both
the fructose and glucose oxidations, through the
equation, log A=10g kqs+ E/2803 RT (table 4).
Log A values are dlightly higher for oxidants with
electron-withdrawing groups in the benzene ring,
while the effect of electron-releasing groups on
log A is negligible. The free energies of activation
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Table 4. Activation parameters for the oxidation of D-fructose and D-glucose by sodium salts of N-
bromo-p-substituted benzenesul phonamides, i-X-CgH;SO,(Na)NBr>xH,O, in aqueous alkaline medium.

i-X =

Activation parameters Parent 4-CHsy 4-C,Hs 4-F 4-Cl 4-Br
D-Fructose oxidations

Ea (kI mol™) 98% 1054 1072 1030 884 884

log A 116 110 120 122 2% 2%

DH" (kJ mol™) 894 998 97% 10058 846 884

DS (K™ mol™) —54%6 —29% —29% 28 —70%4 -589

DG (kJ mol‘l) 10574 1079 1060 1009 105%2 105%
Optimised values with reference to log A value of the parent oxidant

Ea (kJ mol ™) 986 990 988 988 980 984

DH" (kJ mol™) 894 88%6 90°0 90°0 892 893
Optimised values with reference to E, value of the parent oxidant

log A 116 114 114 114 116 116

DS (K*mol™) -54% -57% -568 -56% 544 -54%
D-Glucose oxidations

E, (kJ mol‘l) 1034 1144 1148 934 866 85%

log 1A 116 138 134 99 88 8%

DH" (kJ mol‘l) 978 1020 1102 85% 854 874

DS (K™ mol™) —42:8 —29% -34 —-868 -81:8 764

DG" (kJmol™) 11057 1182 1114 11157 10957 1104
Optimised values with reference to log A value of the parent oxidant

E. (!(J mol‘l) 1032 1036 103% 102%7 10214 1026

DH" (kJ mol‘l) 978 98+ 980 978 969 974
Optimised values with reference to E, value of the parent oxidant

log A 116 114 114 116 116 11%6

DS (K mol™) —428 —438 —43% —414 —40%0 —40%

remain almost the same indicating the operation of
similar mechanismsin all the cases.

A typical detailed mechanism of oxidation of
fructose isomer by an oxidant is schematically shown
in scheme 2.

5. Conclusion

Effective oxidising species of the oxidants employed
in the present oxidations is Br* in different forms,
released from the oxidant. The introduction of dif-
ferent substituents into the benzene ring of the oxi-
dant was expected to affect its ability to release Br*
and hence its capacity to oxidise the substrate. It is
evident from the rate data that neither electron-
releasing groups such as CHs, C,Hs nor electron-
withdrawing groups such as Cl, Br influence the
rates of oxidations. This is due to the zero-order

dependence of rate on [NBSBS] and OBr™ being the
effective oxidising species.
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