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The kinetics of oxidation of 4-hydroxy-4-methyl-2-pentanone (diacetone alcohol) by sodium N-chloro-p-
toluenesulfonamide (Chloramine-T, RNCINa) in presence of hydrochloric acid (0.05—0.6 M) has been studied
at 30 °C. The reaction follows first order kinetics with respect to chloramine-T. The reaction rate depends

on the square of the [H*] and independent of the alcohol concentration.

The energy and entropy of activation

have been found to be 65.56 kJ mol~! and —73.81 JK~! respectively. The rate of reaction has been affected

by the addition of potassium chloride and dioxane to the reaction mixture.

A mechanism has been proposed

involving diacetone alcohol and H,OCI* formed by the hydrolysis of chloramine-T. Applying steady state condi-

tion to RNHCI, a rate expression has been given to account for the observed results.

Kinetic data have been

used in the analytical estimation of diacetone alcohol in acidic medium.

Sodium N-chloro-p-toluenesulfonamide (chloramine-
T) acts as an oxidising agent in both acidic and alkaline
media with two electron change per mole. The oxida-
tive properties of chloramine-T have been recently
applied in the analytical estimations of variety of
organic compounds in relatively low acidic and basic
media.l=3) Chloramine-T decomposes slightly in con-
centrated mineral acid solutions.? Kinetics of oxida-
tions of a-hydroxy acids,® ketones® and allyl alcohol?-®)
have been studied. 4-Hydroxy-4-methyl-2-pentanone
(diacetone alcohol) as a lacquer solvent finds a number
of industrial applications. Kinetics of oxidation of
diacetone alcohol by Co®+ and H,0, have been re-
ported.®10 A review of literature shows that diacetone
alcohol can be estimated by brominating agent,'V
colorimetric,? gas'® and column'® chromatographic
techniques. However, these methods are indirect and
less accurate. The present paper deals with the
kinetics of oxidation and analytical estimation of di-
acetone alcohol by chloramine-T.

Experimental

Chloramine-T (E. Merck) was purified according to the
method of Morris et al.'® Diacetone alcohol (BDH, bp 164 °C,
np— 1.4300) and all acids (AR) except perchloric acid were
distilled and used. Dioxane (BDH) was purified by Riche
and Milas’ method,'® potassium chloride was of analytical
grade. All solutions were prepared from freshly distilled
water. KCI-HCI buffers were used for the pH range 1—2.
An approximately decinormal solution of chloramine-T was
prepared and standardized by iodometric method.'” The
required quantity of the alcohol was accurately weighed and
dissolved in the proper solvent to give nearly 0.2 M solution.
Several samples were made up for each run in iodine flasks,
from stock solutions prepared at reaction temperature (304
0.1 °C). Reactions were timed from the addition of diacetone
alcohol. Samples were analyzed for chloramine-T by iodo-
metric method. The reaction was studied up to 909%.
Duplicate runs agreed with each other within 39,.

Stoichiometry

Reaction mixture containing excess chloramine-T
over diacetone alcohol were kept at 30 °C in presence
of 0.2 M HCI for 24 h. Estimation of the unchanged

chloramine-T showed that one mole of diacetone
alcohol consumed one mole of chloramine-T.
(CH,),CG(OH)CH,COCH, + RNCINa -+ H,0 ——
CH,COCH,COCH, -+ CH,OH | RNH, + NaCl

2,4-Pentanedione and methanol in the reaction mixture
were identified by dimethyldiacetylpyridinediol and
formaldehyde tests'®) respectively.

Results

Kinetic Data. Oxidation of diacetone alcohol
(DAA) by chloramine-T (CAT) was carried out at
different initial concentrations of the reactants in
presence of 0.2 M HCI at 30 °C. In presence of excess
of alcohol, plot of log[CAT],/[CAT], against time was
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Fig. 1. Variation of the concentration of chloramine-T
with time.
TaBLE 1. KINETICS OF OXIDATION OF 4-HYDROXY-

4-METHYL-2-PENTANONE BY SODIUM N-CHLORO-
p-TOLUENESULFONAMIDE

Temp 30-0.1°C.  [H+]=0.2 M.
[cAT], [DAAl, L) cat, (DAl 0
0.005 0.100 6.70  0.0025 0.100 6.78
0.005 0.200 6.73  0.0050 0.100 6.73
0.005 0.300 6.74 0.0065 0.100 6.75
0.005 0.500 6.71  0.0050» 0.100 6.70

a) In presence of excess of p-toluenesulfonamide.
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TaBLE 2. ErrecT oF [H*] ON THE REACTION RATES
[CAT],=0.005M, [DAA],=0.1M
Temp=304-0.1 °C.

[HY] 0.05 0.1 02 03 04 05 0.6

1(22_{)( 0.0387 0.153 0.675 1.380 2.530 3.915 5.555
TII;)TI; 1.550 1.530 1.543 1.588 1.581 1.565 1.543

linear (Fig. 1) passing through the origin showing that
the order with respect to chloramine-T was unity.
The first order rate constant was found to be independent
of [DAA] (Table 1).

The kinetics of oxidation was studied at different
concentrations of HCl (0.05—0.6 M). The rate con-
stant increased with increase in [H+*] (Table 2). A
plot of log £ vs. log [H*] gave a straight line with slope
of two.

TABLE 3. EFFECT OF TEMPERATURE ON
THE REACTION RATE
[CAT],=0.005M, [DAA],=0.10M,

[H*¥]=0.2M
Temperature (K) 293 303 313 323
2.787x 6.75x 1.635x 3.846X%

10K (s7) 102 10  10- 10-2

Oxidation was also carried out at different tempera-
tures (20—50 °C) in presence of 0.2 M HCIL From
the corresponding data (Table 3) at 20, 30, 40, and
50 °C, the Arrhenius activation energy and entropy
of activation were found to be 65.26 k] mol-! and
—73.81 J K1 respectively.
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Fig. 2. Variation of rate constant with deilectric con-
stant of the medium (B) and concentration of potas-
sium chloride (A).

In presence of 0.2 M HCI, the effect of potassium
chloride on the reaction rate at 30 °C up to ionic strength
() 0.5 was investigated, the results of which are shown
in Fig. 2. The line A shows the variation of log k/k,
(k and k, are the rate constants with and without salt)
with I for potassium chloride. The reaction rate was
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accelarated by the addition of potassium chloride.

Solvent effect on the reaction rate was studied. A
series of kinetic runs were made in water—dioxane
mixture of various compositions (10—409%, dioxane by
volume) at 30 °C in presence of 0.2 M HCI. Even in
the mixture of dioxane and water, the reaction follows
first order kinetics. The line B (Fig. 2) gives the varia-
tion of log k/k, (k and k, are the constants with and
without dioxane respectively) with 1/D (D, the di-
electric constant of the medium). The rate constant
increased on increasing the amount of dioxane in the
mixture. However, the variation is linear up to 309,
dioxane in the mixture.

Analytical Data. Preliminary Studies:  Known
amounts of diacetone alcohol solution in the proper
solvent were added to a known excessive volume (10—
20%,) of chloramine-T in an iodine flask placed in a
thermostat at 30 °C. The reaction mixture was set
aside for various intervals of time with occasional shak-
ing. Then the excess of chloramine-T was determined
by back titration.

Table 4 gives a typical set of results for the extent
of oxidation of diacetone alcohol in 30 min at 30 °C
by an excess of chloramine-T. It is seen that oxidation
is slow in media other than hydrochloric acid. The
rate of oxidation increases gradually as the concentra-

TABLE 4. EXTENT OF OXIDATION OF 4-HYDROXY-
4-METHYL-2-PENTANONE BY SODIUM NN-CHLORO-
p-TOLUENESULFONAMIDE

CAT l;SCd CAT used
. mo. . mol
Medium Alco(hol t)aken Medium m
(mol) (mol)
pH 2.0® 0.164 0.5N HCI 0.202
pH 1.0 0.170 1.0N HCl 0.216
0.2N HCl 0.185 1.0N CH;COOH 0.124
0.2N H,SO, 0.160 2.0N HCl 0.230
0.2N HCIO, 0.170 2.5N HCl 0.320
0.3N HCI 0.185 3.0N HClI 0.504
0.4N HCl 0.188 4.0N HCl 0.765

a) KCI-HCI buffer.  Alcohol taken, 5 mmol; CAT
taken, 10 mmol; Time, 30 min; Temp, 30 °C.
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Fig. 3. Percentage of oxidation of diacetone alcohol
by chloramine-T at 30 °C, at different time intervals
with various concentrations of hydrochloric acid.
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tion of hydrochloric acid increases, but the increase
become rapid at or above 4 N acid. The extent of
oxidation above 2 N hydrochloric acid is a function
of time interval. Figure 3 shows the variation of extent
of oxidation of diacetone alcohol with time at different
concentrations of hydrochloric acid.

Recommended  Procedure. Prepare an aqueous
solution of diacetone alcohol (0.1 M). Add an aliquot
containing 0.1—2.5 mM to a measured excessive (10—
209%,) volume of 0.1 N chloramine-T containing enough
hydrochloric acid to make the overall acid concentra-
tion4 N. Shake the mixture and keep it in a thermostat
at 30 °C for 2h. Add 20 ml of 109, potassium iodide
solution and 10 ml of 2 N sulfuric acid and titrate with
0.1 N sodium thiosulfate. Run a blank with chlor-
amine-T solution containing 4 N acid keeping for 2 h.
The amount (mgs) of diacetone alcohol in the experi-
mental solution is given by

X = 58Y(V,—Vy),

where Y is the normality of the thiosulfate, V; is the
blank titration and V, the volume of thiosulfate used
to titrate the excess of chloramine-T after oxidation
of diacetone alcohol.

Detailed study of diacetone alcohol has brought out
the following facts; (i) Foreign ions such as NO,,
ClO,, and SO,2- have no influence up to ionic strength
0.25. (ii) Potassium chloride has slight effect on the
rate of oxidation. (iii) The stoichiometry is unaffected
by a reversal of the order of addition of oxidant and
diacetone alcohol. (iv) The reaction rate is slightly
retarded in sulfuric acid and perchloric acid (¢f. Table
4).

Some typical results of analysis of diacetone alcohol in
aqueous solutions are given in Table 5. The values
obtained are accurate within 1.5%,.

TABLE 5. ESTIMATION OF 4-HYDROXY-4-METHYL-
2-PENTANONE BY SODIUM N-CHLORO-
p-TOLUENESULFONAMIDE

Alcohol taken Alcohol found Alcohol taken Alcohol found

(mg) (mg) (mg) (mg)
2.90 2.94 26.10 26.23
5.80 5.87 31.90 32.14
8.70 8.78 37.70 37.93
11.60 11.71 41.70 42.12
14.50 14.64 47.70 48.05
20.30 20.46 53.50 53.76
Discussion

Chloramine-T in aqueous solution undergoes dis-
sociation'®

RNCINa —= RNCI~ + Nat* (1)

RNCI- in acidic solution gives chloronium ion (CI*)
which reacts with water to give H,OCIt. The follow-
ing consecutive steps have been proposed® for the
formation of H,OCIt from RNCI-:

k-
H* 4+ RNCl- == RNHC(I

ky

slow (2)
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ky
RNHC! + H* — RNH, + CI*
still slower(rds)  (3)

ks
Cl* + H,O —>» H,0CI* fast )

H,OCI*+ attacks diacetone alcohol in a fast step as
follows:

H,C o H,C o
1 {
CH3~CO—CH2—(|]—(_)—H + CI-O-H —— CH,-CO-CH,-C-O-Cl
B - |
HG —7 H -HO H,C H
Solvolysis assisted fast l -H
y methy CH,
@ migration 1
CH,;-CO-CH,-C-O-CH, + ClI~ «—— CH,-CO-CH,-C-0~C1
1 I
I CH, 1 HC
I - OH
@ —H* I
CH3—CO—CH2—(?=O-4]H;, —_ —> CH,-CO-CH,-C-O-CH,
1
CH, H,0 m  CH,
_H4T1H+
e
—H+
CH;-CO-CH,-CO-CH, + CH;OH «— CHa-CO"CHz-?é?-CHa
v CH,

The attack of the electrophile ClI+ on an unshared pair
of electros on the oxygen of the alcohol and the elimina-
tion of H* produces the alkyl hypochlorite (I) in a fast
step. The weak O-Cl bond may be expected to break
readily by solvolytic attack by water is assisted by methyl
migration to produce a stabilized carbonium ion. The
attack by water produces a hemiacetal (III) which is
readily hydrolysed to the diketone (VI). The key
step of methyl migration to electron deficient oxygen
is similar to Baeyer-Villiger oxidation of ketones.2?)
In this case also, formation of a discrete oxene is un-
likely and the departure of Cl- ion and migration of
methyl group is concerted.

Applying steady state conditions for RNHCI, one
could derive the rate equation

—d[CAT] _  kk[CAT][H*]?
dt | ktkHT

when k- >k,[H*] the above equation reduces to

—d[CAT] _ ki,
dt Tk,

This is in agreement with the experimental results.
The increase of rate constant by the presence of potas-
sium chloride and in dioxane-water mixture (Fig. 2)
is in support of the rate determining step involving an
ion and a neutral molecule?:2? step (3).

Negative entropy of activation perhaps indicate the
complex nature of the oxidation of diacetone alcohol
by chloramine-T.

[CAT][H*].
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