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OXIDATION OF ALIPHATIC KETONES BY BROMAMINE.B: A KINETIC STUDY
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Abstract - The kinetics of oxidation of propan-2-one, butan~2-
one, pentan-2-gne, pentan-3-one and 4-methyl pentan-2-one by
sodium N=bromobenzenesulphonamide or bromamine-B (BAB) in per-
chloric acid medium was studied at 30°C._ The rate shows a
first order dependence each on / ketone_/ and / H*_/ and is
independent of / oxidant_/. Variation of ionic strength of
medium and addition of the reaction product benzenesulphonamide
have no effect on the rate and the dielectric effect is posi-
tive. The proposed mechanism involves acid catalysed enclisa-
tion of ketone in the rate limiting step followed by a fast
interaction with the oxidant. This is supported by the magni-
tude of inverse solvent isotope effect of 1,623 0.21 cbserved
in D20 medium. Activation parameters Ea, nH®, AS%, AG* and
10g A have been cslculated by studying the reaction at differ-
aent temperatures {(293-309 K).

INTRODUCTION

Aromatic sulphonyl haloamines show diverse chemical behaviour which is gen-
erally attributed to their ability to act as halonium cations, hypohalites and
N-anions which act as both bases and nucleophiles, They interact with a wide
range of functional groups, effecting & variety of molecular transformations .

The monchalcamines are two electron axidants and the prominent member of this
class is chloramine~T (CAT) which is a by-product of saccharin manuf acture.
Kinetics of reactions of chlorsmine-T and chloramine-B are reviewadl but informa-
tion about the bromine analogues is scanty. Recently bromamine~B, sodium
N-bromcbenzenesul phonamide (csussozusr Na. 1.5 H,0 or BAB) was 1ntroduced2 as a
redax analytical reagent in aqueous acidic and alkaline media. Although a
variety of compounds can be oxidized by BAB, only a few of these reactions are
kinetically investigated. Mention may be made of the work of Hardy and
Jahn.tcm3 on p-nitrophenol and kinetics of oxidation of dimethyl sulphcxido‘ and
Ol=anino acidas -

Although halogenation of ketcnes has been a subject of investigation for more
than three decades, oxidation studies of these compourkis with aromatic haloamines
are reported only recently. Studies® on kinetics of axidation of some aliphatic
and alicyclic ketones, acetophenone and substituted acetophenones, by chloramine-T
(CAT) in presence of fairly high concentration of HC10, (0.2-1.5M) have shown that
chlorination of ketones was nearly independent of the structure and the rate law
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obtained depends on the concentration of oxidant. During the oxidation of ace-
tone, ethyl methyl ketone and diethyl ketone by CAT in presence of HC1l (0.1-0.3M),
the rate was found to be first order each in axidant, H' and ketone concentra-
tiono-'.

As a part of our mechanistic studies of oxidation of substrates by N-broma-
mines, we report the kinetics of oxidation of the aliphatic ketones, propan-2-one,
butan-2~-one, pentan-2-one, pentan-3-one, 4-methyl pentan-2-one by BAB in presence
of perchloric acid.

EXPERIMENTAL

Bromamine-B was prepared by the reported procodurez. The purity of BAB was
checked iodometrically through its active bromine content and the compound was
further characterized by its 13C-FT-NMR spectrum (obtained on a Bruker WH 270 MHz
Nuclear Magnetic Resonance spectrometer) with D20 as solvent and TMS as the
internal standard: (ppm relative to T™™S) at 143.38 (C-~1, carbon attached to S
atom): 134.30 (C=4, para to the hetro atom) 131.26 (C=2,6) and 129.31 (C-3,5).

An aqueous solution of BAB was standardized iodometrically and preserved in
brown bottles to prevent its photochemical deterioration. Analar acetone was
used without further purification. The other ketones (SDS, India) were purified
by redistillation. Aqueous solutions of ketones (i 0.2M) were prepared by exact
weighing of the required quantity of the compound in water. All other chemicals
used were of analar grade, Triply distilled water was employed in preparing the
agueous solutions,

Kinetic Measurements

The reaction was carried out in glass stoppered pyrex boiling tubes whose
outer surface was coated black to eliminate photochemical effects. Requisite
amounts of oxidant, perchloric acid and water (to keep the total volume constant
for all runs) were taken in the tube and thermostated at 30°C for thermal equili-
brium. A measured amount of ketone solution was also thermostated at the same
temperature and rapidly added to the mixture in the boiling tube. The progress
of the reaction was monitored by iodometric determination of unreacted BAB in a
measured aliquot of the reaction mixture at different intervals of time. The
course of the reaction was studied for about three half-lives. The rate con-
stants calculated were reproducible tot 3%,

Regression analysis of experimental data was carried out on a TDC-316 com-
puter.

Stoichiometry
Reaction mixtures containing varying proportions of BAB and ketonhes were kept

at room temperature in the presence of 0.1M HC104 for 24 hours. Estimation of
the unreacted BAB showed that one mole of ketone consumed 2 moles of BAB (3 moles

in case of propan=2-one);

CH3N
CH:,/Co + 3 PhsoznhlaBr + 3 Hzo ——y
HCOOH + CH3COG'I + 3 l’hsozm'!2 + 3 NaBr ..... (1)

M3Nco 4 2 PhSO,N NaBr + H,0 —>
R’CHZ
R‘COCOCH3 + 2 Pl‘\SOle'I2 + 2 NaBE .vceces wee  (2)
where R’ = ~CHy for butan-2-one, -CHyCH3 for pentan-2-one, and ~CH-CH3 for 4-methyl
pentan-2-one. CH,4
CaHaN
~
CaHg
CHyCOCOC,Hy + 2 PhSO,NH, + 2 NaBY ...ceeeee (3)

COo + 2 PhSOZNNaBr + H20 —_—

Product Analysis 8
The end products, formic acid and acetic acid were identified through guc
followed by conventional spot test analysis. ™e diketones were identified® by
adopting TLC followed by conventional spot test analysis and also through di-
nitrophenyl hydrazine (DNP) derivative.
RESULTS

The kinetics of oxidation of ketones by BAB was investigated at several
initial concentrations of the reactants in perchloric acid medium.
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With the ketones in large excess, plots of / BAB 2~/ BAB 7 vs time are
found to be linear (r7)0.9900) passing through tée or'!.'é,n‘{(-riqﬁto 1) indicating
zero order dependence on [ onudlnt_?. The standard zero order rate constants ks
were obtained by the equation, kg = SN/V where 8 is the slope of the plot, N the
normality of thiosulphate and V is the volume of reaction mixture titrated.

‘These values are shown in Table 1. The rate increases with / ketone and a plot
of log kg ¥8 log / ketone_4 i8 linear (r>0.9974, S<0.02) with unit slope

(Table 2). Further a plof of ke Vs / ketone_% is linear_passing_through the
origin (Pigure 2) indicating first order dependence 02_[ ketone_/, in each case.
The rate of reaction also increases with increase in / HClO4_ / and a plot of

log kg vs log / HC104 7 is linear (r>» 0.9930, S$0.02) with a slope of unity
(Table 3) showing a first order dependence on / H'_/. This is further confirmed
v(lhen a plc;n: of kg V8 / HCl04_/ gives a straight line passing through the origin
Figure 3).

Addition of the reaction product, benzenesulphonamide (PhSOpNH2), Cl03 ion
(Table 1) and Br~ ion had no effect on the rate. The solvent composition was
varied by adding methanol (0-30%). The rate increases with increase in the
methanol content of reaction mixture. A plot of log kg V8 1/D where D is the
dielectric constant of wmedium gives a straight line (r3» 0.9850, 8£0.02) with a
positive slope (Figure 4).

Addition of reaction mixture to ajueous acrylamide solution did not ini-
tiate polymerization showing the abssnce of free-radical species.

The reaction was studied at different temperatures (293-309K). From the
linear {r>0.9973, $=0.10) plot of log k’ vs 1/T, where the first order rate
constant X’ = kK // ketone_/, , activation parameters were conmputed (Table 4).

Solvent isotope studies were made in D20 medium for propan-z-one,’and
butan-2-one. It was found that while kg values in H20 were 2.64x 107" and
2.96 x 10~/ mol dm~3 sec-l, the cogreapondinq values in D20 medium were
4.29%x 10"" and 4.75x 10"7 mol dm~> sec—1 indicating the inverse solvent isotope
affect ()‘S)Dzo/ (ks)i-izo to be 1.63 and 1 .61 respectively for the two ketones.

DISCUSSION
Bromamine~B is8 simnarg to CAT and behaves as a strong electrolyte in aque~
ous solutions. The following equilibrias will axist3 in acid solution for the

oxidant:
PhSO,NBr Na gmm==sd PhSO,NBr~ + Na' ..... (4)

PhSO,NBr™ 4 H' g PRSO,NHBE ....... (S5)
Ky =1.5x 107> at 25°C

2 PhSO,NHBr g=memm} PhSO,NH, + PhSO,NBr, .. (6)
Ky =5.8x 1072 at 25°C.

PhSO,NBr, + H,0 p=mmmk PhSO,NHBr + HOBr .. (7}

h
PhSONHEr + H,0 mmmemd PhSO,NH, + HOBr ... (8)

K= 4.21x 1072

K
HOBr m==m=2 H® 4 OBE™ +evvvenecceneencees (9)
K, ~2.0x 107 at 25°C.

Thus the possible oxidizing species in acidified BAB scolutions are Phsozmm:,
PhSO,NBr, and HOBr. However, soper’® reported that /HOCL_/ is very small in
acidified CAT solution and is indeperndent of the [' cxidant_?. On this basis,
the role of HOBr in oxidation reactions involving BAB can be ignored, under high
acid conditions. It is likely thet the free ascid Phsozm-lar or the dibromamine
Pbsoztmrz are the oxidizing species. But strict zero order dependence of rate
on / BAB_Z, cbserved would not help in identifying the kinetically active species
in the present investigations. The rate is also independent of the concentra-
tion of the product, benzenesulphonamide (Phsozlmz) suggesting the involvement
of BAB in a fast step, preceded by a slow and rate limiting enclization stepu-

In the present investigations oxidation of ketones shows a firat order
dependence each on / ketone_7 and /H* 7 and is independent of oxidant con-
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centration. This is in accordance with the traditional mechanism proposed by
Bell and co-workers'? for the cxidation of ketones with molecular halogen.
Ketones form axonium salts on protonation in the presence of strong acids lead-
ing to enolization:

R\co + H — R\c” - OH =) R\,c -OH+ H ..... (10)

R“CHj R*cHy R*CH”

(s) (s*) (s8%)

Here S represents ketone, S' its conjugate acid and S” its enolic form.

The initial enol content of k:;onoo (in terms g pxonol' -10g K, 1) was
estimated bu Guthrie and Cullimore™~ and by Guthrie through thermochemical and
kinetic methods. For aliphatic ketones, pK enol > 7 indicating the initial enol
content of these ketones is very small. Dubois and co-uorkers“ have investi-
gated the keto—-enol equilibria in several aliphatic and cyclic ketones in pre-
sence of K804 (0.1-1.0N), The broad agreement between their values of
lﬁ’ (keto-enol equilibrium constant) with the results obtained by Guthriel?
could be noticed. Toullec and Dubou“ have reported the values of enolization
rate constants k1 for propan-2-o0ne and other aliphatic, alicyclic and aromatic
ketones in aqueous solutions at different temperatures under conditions where
enalization is rapid but addition of halogen to enol is rate limiting. The
values for propan-2-one and pentan-3-one are found to be 2.84 x 10-5 and

2.76x 10~ am 11t~ lgec™! respectively at 25°C.
Oxjidation of aliphatic ketones by BAB can be explained by Scheme 1:
X Scheme 1
> 1
S + H —k—h s (£ABLt) ..coccevcncccccosvecvosonce ses e (1)
=1

X
8% =203 S* 4 H' (S10W ANA To1e8) eevvnnnenvenennnnsasenns (41)

X
S* +n phsozuarua—-l—on PhSO,NH, + Products (fast) ...... (111)

where n=3 for propan-2-one and 2 for other ketones.
Assuming steady state conditions for [S’_?, rate law (11) can be derived as:

a/BAB_/ 2 Kk
- -

ac X_,

Rate law (11) is in agreement with the ocbserved stoichiometry and kinetic orders.
The positive dielectric effect indicates a charge dispersal in the transition
state pointing towards an ion-dipole reaction. The proposed mechanism is also
supported by the magnitude of the solvent isotope effect. The rate is higher in
D,0 medium signifying a pre-equilibrium fast proton transfer with specific acid
catalysed reactionls. This is in agreement with the carbonium ion character pro-
posed for the transition state (equation 10) and supports the participation of
the enol form of the ketone in the rate limiting step.

Satisfactory structure-reactivity correlations cannot be drawn in the present
studies due to the zero order observed in / oxidant_/. Values of the first order
rate constant k' for the different ketones are almost the same indicating the
absence of signif icant effects of structure on the enolization of ketone:

[ ketone 7/ H' 7 ciiii i viiiaiiiinnaa.(11)

Mo
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10%x* (sec™1) 10°k" (am>mol “1gect)
ketone

at 30°c at 30°C at 26°C
propan=2=one 5.28 5.28 2.98
butan-2-one 5.92 5 .92 3.88
pentan-2-one 5.56 5.56 3,78
pentan-3-one 5.48 5.48 3.52
4-methyl pentan-2-one 4.58 4.58 2.78

It is seen that the enolization rate coefficients k* = k./{ ketoner7[ u* 7
for propan-2-one and pentan-3-one are 2.98x 107> and 3.52x 10" dm’mol "“sec™! at
26°C. Thus the values are seen to be in fair agreement with the results cobtained
by Toullec and Duboiaim

However it is found that the activation parameters OH® and AS‘ (Table 4)
decrease in the order:

butan-2-one £ pentan-2=one £ pentan-3-one £ propan-2-ohe < 4~methyl pentan-2-one.
This could suggest an isokinetic relationship and a plot of ol vs as’ is
linear (r=0.9983, S=0.24). PFrom the slope, the value of the isokinetic tem-
perature p is calculated as 330K. The relationship is found to be genuine
through the Exner!® criterion by plotting log k'y .. ve log K'ygec When a
straight 1ine (r=0.9991, S=0,01) is obtained. The value of P by this method
is 336K. This value is only slightly higher than experimental temperature {303K)
indicating enthalpy as a controlling factor. Current viewa” however do not
attach much physical meaning to the isokinetic temperature. The constancy of
AG’ values however indicates that a similar mechanism is operative in the oxi-

dation of ketones by BAB.
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Table 1. Effect of / BAB_4, / PhSO;NHz_/ and ionic strength variation on the
rate of axidation of ketone at 30°C.

£ ketone_ 7, =0 .05 mol dm™>; [HC10,_ 7= 0.1 mol dm™>; p=0.5 mol dm™>
104788 7, Xgx 107 mol dm™>sec™!
-3
mol dm _ e _ —aa 4-methyl
propan=2-one butan-2-one pentan=2-one pentan-3-one pentan-2-one
6.0 2.75 3.00 2.56 2.73 2.35
7.0 2.72 3.06 2.70 2.81 2.34
8.0 2.48 2.98 2.78 2.6e8 2.20
9.0 2.64 2.96 2.78 2.74 2.29
10.0 2.56 2.93 2.74 2,71 2.21
11.0 2.73 2.95 2.59 2.72 2.30
9.03 2.64 2.96 2.77 2.73 2.30
9,0° 2,65 2.99 2,75 2.75 2.33
9.0% 2.65 2.97 2.77 2,76 2.35
9. 2,66 2.92 2.77 2,72 2.27
9.0® 2.62 2.89 2.77 2.70 2.26

104/ Pnsa,NH, 7= 2.0(a), 5.0(b) and 10.0(c) mol dm™>

Tonic strength (p)=0.30(d) and 0.40(e) mol am™>,
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Table 2. Variation of / ketone_/ on the reaction rate at 30°C.

[BAB 7, = 9x10~% mo1 am™3; /010, 7= 0.1 mol am™>; p=0.5 mol dm™>.
loz[l'cetone_7° kg x 10’ mol dm sec"!
mol dm propan-2-one butan-2-one pentan-2-one pentan-3-one 4-methyl
pentan=2-one
2.0 1.06 1.12 1.11 1.10 0.88
3.0 1.51 1.80 1.66 1.54 1.42
4.0 2,09 2.35 2.26 2.15 1.74
5.0 2.64 2.96 2.78 2.74 2,29
6.0 3.01 3.53 3.28 3.19 2,61
7.0 3.73 4.16 3.83 3.74 3.23
8.0 4.25 4.58 4.49 4.42 3.51
Table 3. Variation of [m1o‘_7 on the reaction rate at 30°C.
/BAB 7, = 9x 107* mo1 am™3; /[ ketone_7 = 0.05 mol dm™>; p=0.5 mol am™3
2 7 -3 =1
10 [”mojj kgx 10" mol dm “sec
mol dm™ n-2-one butan=2-one Ntan=2=0ne ntan-3=-one 4-mathyl
propa pe pe pentan-2-one
6.0 1.53 1.87 1.80 1.69 1.32
8.0 2.05 2.34 2.33 2.33 1.85
9.0 2.37 2.72 2.61 2.56 1.98
10.0 2.64 2,96 2,78 2.74 2.29
11.0 2,97 3.25 3.17 3.06 2.48
12.0 3.25 3.83 3.54 3.42 2.63
14.0 3.70 4.26 4.16 4.07 3.14

Table 4, Kinetic and thermodynamic parameters for the axidation of ketone by BAB

in perchloric acid medium.

E H‘ (] Y
a _ aH"_ as ac’_
ketone k:.rmoll kJmoll Jxl kJmoll log A
propan=2-one ) 98.0 95.5 19.0% 0.6 89.6 16,5
butan-2-cne 89,6 88.7 ~1.4%0.5 89.2 15.5
pentan=2-one 91.7 89,1 -1,1%0.6 89.5 15,5
pentan-3=cne 92,9 90.4 3.5 0.5 89.6 15,7
4-methyl pentan-2-one 98.8 96.3 21.1% 0.6 90.0 16,6
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Figure 1 3 Plot of [nm’}%ﬂ /[ BAB_7 vs time at 30°C 3
[xetone_J, = 0,05 mol &m~>; [HC10, 7=0.1 mol &m
(o) propan-2-one, (B) butan-2-one,
(C) pentan~-2~o0na, (D) pentan=3-one,
{B) 4-methyl pentan-2-one
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Plgure 4 1 Plot of log k, Vs i/D
Conditions are as in Figures 1 and 2.



