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Abeltract - me kinetic8 of oxidation of propan-2-one, butan-2- 
one, peman_2_one, pentan-3-ohe ahd I-nmthyl pmtan-2-ohe by 
8cdium N-brawbenaehe8ulpherramide or brcmamihe-B (err8) in per- 
chloric acid medium wa8 mtudidl at 30.C. he rate ahw8 8 
fir8t order depe@ence ea@ on [ketone] and [H+_7 and ie 
indezmnfhnt at / oxidant /. Variation of iaric 8trenuth of 
w&n and eddi'?ion of 6ie resction product benlenesulphonamide 
have no affect 01) the rate end the dielectric effect i8 poei- 
tive. lhe pro5+o8ed m8chani8m involve8 acid cataly8ed enoliea- 
tlar ti ketm in the rate limiting 8tep followed by a fast 
interaction with the aidant. This 18 8UpIXXted by the ~'ltagni- 
tude cf inveme solvent i8otops effect ti 1.62f0.01 cbaetved 
in D20 mdlua. Activation paramtero Ea, f&,OS*, ao+ ati 
log A have been ealculatad by 8tiJdying the reaction at differ- 
ent temperature6 (293-309 K). 

Aramatic 8~l~hcoyl haloamine 8how diver88 chemical behavicur which U gen- 

erally attributed to their ablllty to act a8 halonium catico8, hypohalite8 and 

N-anions which 8ct a8 both ba8e8 and huC%sophile8. They interact with a wide 
range of functional groupor effecting a variety of molecular tranaformation8. 

Ihe IRardraloamihe8 are two electron oxidant8 and the po-oarinent m8mber of this 

da88 i8 chloramihe-T (CAT) which i8 a by-product of saccharin manufacture. 
Kinetic8 of reaction8 at: chloramihe-T and chloramim-8 are revi8wed' but infornm- 

ticm about the branine ahalogUe8 i8 8canty. Recently branamine-B, 8odiua 

N-broambehzeoe8ulphcmarnide ~C6HgJ02NRrNa.1.S H20 or R&R) wa8 introduced' a8 a 
redox aoalytlcal reagent in aqueau8 acidic and alkaline media. Although a 
variety of Compound8 CM be oxidized by MR. only a few of the88 reaction8 are 

kinetically investigated. Mention may be made of the work of Hardy and 
Jchn8ton3 on p_nitrophenol and kinetic% of oxidation of dlmthyl sulphaxidf and 
a4ibh0 ecids' l 

Although halogenatica ~4 ketone8 ha8 beeo a 8Ubfect of investigation fa a3re 

than thre8 ddrCde8. oxidation 8tUdie8 of the8e conipouad8 with aromatic haloaminer: 

are reported only recently. studid 01 kinetic8 of mcidation of 8ome aliphatic 
@ allcyclic ketane8, acetophemne l Ud sUb8tituted acetopheoooe8r by chlccaaihe-T 

(a~) ih preaeoce af fairly high concentration of HC104 (O-2-1.5?!) have &xm that 
chlmih8tioo of ketaaw wa8 oearly independent of the 8tructure and the rate law 
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4858 D. S. MAHADEVAPPA er 01, 

cbtaihed depend8 on the concentration cf oxidant. During the oxidation cf ace- 

tone, ethyl methyl ketone and diethyl ketone by CAT in pre6ehce cf MX (0.1-0.3M). 

the rate was found to be first order each in oxidant, H+ and ketcme cohcentra- 

tiam'. 

As a part of our mechanistic studies of oxidation c&! substrate8 by N-broma- 

minea, ws report the kinetic8 ct oxidation of the aliphatic ketonea, propan-Z-orn, 

butan-Z-one, pentah-Z-one, pentan-3-one, I-methyl pentan-Z-one by BAB in pre8ence 

of perchloric acid. 

BXRIRIl6INTAL 

Bromamine-B ua8 prepared by the reported procedure2. Ths purity of MB warn 
checked iodcmetrically through it8 active bromine content and the canpound was 
further characteriaed by its 13C-FT-NBR 8pectrum (obtained on a Bruker WH 270 UHs 
Nuclear Magnetic Resceance 8pectranster) with l320 a8 8olvent and Tt45 as the 
internal standard: (~1x8 relative to TI4S) at 143.38 (C-l, carbon attachsd to S 
atom): 134.30 (C-4, para to the hetro atom) 131.26 (C-2,61 and 129.31 (c-3,5). 

An aqueou8 8olution of BAB wad otandardised iodametrically and meserved in 
brawn bottle8 to prevent it8 photochemical deteriaraticm. Analar acetone wa8 
umed without further purification. 
by redi8tillaticm. 

TM other kttant8 (SDS, India) were purified 
Aqueou8 8olution8 of ketam8 &oO.ZB) were prepared by exact 

weighing of the required quantity of the compound in water. All other chemicals 
u8ed wtrt of analar grade. Triply distilled water wa8 employed in weparing the 
&qutous solutiul8. 

Kinetic Msasuremsnt8 

The reaction wae carried out in glans stoppersd pyrex boiling tubes whose 
outer 8urface was coated black to eliminate photochemical effects. Requi8itt 
amount8 of oxidant, perchloric acid and water (to keep the total volum constant 
for all runs) were taken in the tube ahd thermstated at 30.C for thermal equili- 
brium. A msaaured amount of ketone solution was al80 thermostated at the 6ama 
temperature and rapidly added to the mixture in the boiling tube. The progrt88 
of the reaction we8 monitored by iodom8triC determination of unreactsd BAB in a 
measured aliquot of the reaction mixture at different interval8 of tim8. The 
course of the reaction was 8tudied for about three half-livt8. The rate coh- 
stants calculated wtrt reproducible to* 394. 

Regression analysis 12 experimental data was carrbacl out on a 'Ibc-316 cm 
puter. 

Stoichiomstry 

Reaction mixture8 containing varying proportion8 of BAB and kttcmtt Wtrt kept 
at room temperature in the presence of 0-M HCloI for 24 hours. Eetimation & 
the unreeta MB shared that one molt of ketone con8Usmd 2 mole8 of BAB (3 mole8 
in case of propan-Z-onelt 

a+ ,Co + 3 PhS02NNaat+ 3 H20 j 
cH3 

HCCOH + CH3COC8i + 3 PhS02NH2 + 3 NaBr . . . . . (11 

CH3\ 
R'CH$ 

CO + 2 PhS02NNaBr+ H20 __) 

R'CCCOCH3 + 2 PtbS02NH2 + 2 NaBr . . . . . . . . . . (21 

where R' --CH3 for butan-Z-mm, -CH2CH3 for pentan-2-me, aud -CGCH3 for cl-methyl 

pentan-Z-one. CH3 

C2He 

c23C 
co + 2 F‘hS02NNaBr + Hz0 + 

- - 
CH3COCoC2HS + 2 PhS02NH2 + 2 NaBr . . . . . . . . (3) 

Product Analy8i8 

me end prOducta, formic acid and acetic acid were identified' through TLC 
follwed by conventional 8pot test snaly8is. The diketone were identifiedB by 

adopting TLCfollowed bycomrmtional apot teat analysis and alao through di- 

nitropheeyl hydraline (BNP) derivative. 
RESULTS 

me kinetic8 of a#idation of ketone8 by BAB wa8 investigated at several 
initial cmentratiars of the reactant8 in perchloric acid msdius. 
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lath th8 ketcne8 in large sJm.88. plot* d -E?AI3 &[E#&B 7 vs tfaw, -0 
frond to bs linear (r70.9900) passing throum & t 
8eroccderdepend8nce co[oxidant). 

arTsllK8 (Pl+S 1) indicating 

were obtained by the 8guation, ks 
me Stmdud zero order rate ccnstants ks 

=f+N/V where s is the slop8 of the plot, A the 
normality of thiosulphate 88d V is the oolu#r of reactlou miw ure tit ated, 
hose vsluea are shown in T8ble 1. The rate increases with (ketone 2 and a plot 
of log k vs log [ketone ;bts linear (rP0.9974, S~O.02) Y th unit-slops 
(Table 2f. Further 8 pls of k8 vs /iret~~is lineat~ssing thrcugb the 
origin (Figure 2) indic8ting first order dependence on 
The rate of reaction also increases with hcrease in 
log ks via log [M!l0~7 is linear (~~70.9930, 

~~o!&~ p$zh;ase. 

f&0.02) with G slope of unity 
(Table 3) shcwing a first order dependewe on LEE+ 7. This is furth8r confirmad 
when a plot of ks VII [X104-7 gives a 8ttaight liiie paesing through th8 origin 
(Figure 3). 

Addition cf the reaction product, benzenesulphcnamide (PbS02NH2f. ClO;i ion 
(Table 1) and Br- ion had no effect on the rate. The 8olvent compo8iticm was 
varied by adding Imthanol (0130x1. The rate increase@ with increase in the 
methanol content of reactioo miXtUt& A plot of log ks vs l/D where D is the 
diel8ctric constant of medium gives a straight line (r)0.9850, S,CO.O2) with a 
positive slope (Figure 4). 

Addition of reaction mixture to aqueous acrylamide SOlUtiOn did not ini- 
tiate polymerization showing the absence cf free-radical Species. 

me reaction was studied at different temperatures (293-30910. Prom the 
linear (r70.9973 S-0.10) plot of log k' vs l/T. where the firbt w&x rate 
constant k'- k8//ketone_70 It activation parameters were computed (Table 4). 

Solvent isotops studies were made in D20 medium for Propan-2-onz,and 
butan-l-one. It was found that while kS values in H20 were 2.64~10 and 
2.96~10'~ mol dm-3 s8c-lr 
4.29x10-' 

the c~reaponding values in D20 m8dium were 
and 4.75~10" mol dm- sac-1 indicating the inverse solvent iaotops 

effeCt (kS+320'(kS)H20 
to be 1.63 and lb1 respectively for the two ketones. 

DIScVSSf0N 

wonsmlne_B ia similar9 to CAT and behave8 as a 8trong el8ctrolyte in aque- 

ous solutionS* The follow&ng equilibria will exist3 in acid solution for the 

oxidant: 

PhS02NBrNa# PhS02NSr- + Na+ l . . . . (4) 

PhS02NBr- + H+ e PhS02NHBr . . . . . . . (5) 

-' Ka-1.5x10 at 25*C 
'h 

2 PhS02NHBr # PhS02NH2 + PhS02NBr2 . . (6) 

~=S.SxlO-2 at 25%. 

Ph+NBr2 + H20 i- PhSO,NHBr + HOBr . . (7) 
t.. 

mso2tamr + 30 & phS02N+$ + HOBr . l l (6) 

I$,= 4.21~10-~ 

Ka 
HOBr ;II H” + OBt- . . . . . . . . . . . . . . . . . . . (9) 

K,-2.0~10 O9 at 25%. 

Thus the possible oxidiaing species in acidified EAB solution8 are phS0,NiiBr. 

PhS02NBr2 and H0Br. However, So&’ reported that lH0ClJ is very small in 

acidified CAT solution and is indepsndent of the [oxidant-T. On this basis, 

the role of H0Br in oxidation reactions involving 3AB can be ignored, under h&h 

rrid conditions. It is likely that ths free acid Phs02NHBr or the dibronvlratne 

phSo?N8r2 are the oxidizing apscies. But strict zero order dependence of rate 

on ~~~obaerve3 would not help in identifying the kinetically active 8peZiO8 

in the pr8sent inveatipation8. The rate is also indep8ndent of the concentra- 

tion OE the product, benaenesulpharamide (PhS02~) suggesting the fnvolvememt 

of l3A.B in a fast step, prec8ded by a slow and rate limiting enolizaticn 8tep". 

In the present investlgaticns oxidation of ketones shows a first order 

dependence each on [ketone_? and cU*_## and is independent cf aKidant con- 
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centratian. mi8 i8 in accordance with the traditional m8chani8m propo8ed by 

Bell and co-uorker812 for the cccidation d ketone8 with mo1ecular halogen. 

Ketone8 form oxoniua 8alt8 on sotonatian in the preeence of atrang acids leed- 

ing to enolizationr 

">CO + H+ __) R'C+ - OH __) 
R\ C - OH + H+ . . . . . (10) 

R'CH2 R”C< R*CH* 

(S) (5’) (B” 1 

Here S repreaenta ketone, 5' it8 conjugate acid and S. it8 enolic fam. 

‘i%e initial en01 content of k;$tne8 (in term8 ti #enol- -log Ken,) wa8 

estimated bu guthrie and Cullimore and by Guthrie 
13 

through thermochemical and 

kinetic mthOd8. Pat aliphatic ketone8, pK enol>7 indicating the initie1 enol 

content of thew ketone8 18 very 81na11. Duboi8 and co-worker8 
14 

have inve8ti- 

gated the keto-enol equilibria in 8everal aliphatic and cyclic ketone8 in pre- 

;Ce af H2S04 tO.l-1DN). me broad agreement between their value8 of 

(keto-enol equilibriua constant) with the re8ult8 obtained by 0uthrie13 

could be noticed. Toullec and Duboi814 have reported the value8 of enoliration 

rate con8tant8 k1 for prropan-hone and other aliphatic, alicyclic and aromatic 

ketone8 in 8queou8 solution8 at different temperature8 under condition8 where 

enolization i8 rapid but addition cd? halogen to enol i8 rate limiting. The 

value8 for propan-?-one and pentan-3-one are found to be 2.S4~10'~ and 

2.76~10" dm31it-'8ec 
-1 

re8pectively at 25.C. 

ckidation of aliphatic ketone8 by BAB can be explained by Scheme 1: 

Scheme1 

S + H+ kl ,S' (f a8t) . . . . . . . . . . . . . . . . . . . . . . . . . . . o.... (i) 

k-l 

9' 
k2 

) S" + H+ (81oW and r.1.8) . . . . . . . ..w............. (ii) 

k 
S* +n PhS02NBrNa--&n FhS02NH2 + Product8 (f a8t) . . . . . . (iii) 

where n- 3 for propan-l-one and 2 for other ketone8. 

A88uming 8teedy 8tate conditions fa [S*_7, rate law (11) can be derived a8: 

d[MB_T 2 klk2 

dt 
- [ketone_7[H+_7 

- k_1+k? 
. . . . . . . . . . . . . . . . . ...(n) 

Rate law (11) is in agreement with the cb8erved btoichic+netry and kinetic Order8. 

me po8itive dielectric effect indicate8 a charge di8per8al in the tran8itiOn 

8tate pointing touard8 an ion-dipole reaction. me proposed mechanism i8 al80 

sUppOrted by the magnitude af the bolvent 18OtOpe effect. me rate i8 higher in 

~~0 medium signifying a pr+equilibrium f a8t proton tran8fu with 8pecific acid 

cataly8ed reaction15. ml8 ie in agreeneot with the carbonium ion character JXO- 

poesed for the tran8ition 8tate (equation 10) and 8uppcst8 the participation af 

the enol form of the ketone in the rate limiting step. 

Sati8factory structure-reectivity correlation8 cannot be drawn in the pre8ent 

8tUdie8 due to the 8810 order observed in [cncidant_7. Value8 of the fir8t order 

rate constant k' for the different ketone8 are almo8t the 8am8 indicating the 

eb8ence of 8ignifiCant effect8 of 8trUCtUre on the eno1ization ob ketone1 
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ketone 
106k0(.ec-') lO'k= (da3mol-1sec-1 ) 

at 30.C at 3O.C at 26.C 

propan-l-one 5.28 5.28 2.98 
butan-2-000 5.92 5.92 3.88 
pewian-2-OtDo 5.56 5.56 3.78 
pentan-3-ona 5.48 5.48 3.52 
I-methyl pentaa-l-one 4.58 4.58 2.78 

It is awn that the enolization rate coefficient8 kg-k / ketone [H+ 7 

for propan-l-one and pentan-3-one ate 2.98~10" and 3.52x lo- dm3mol- set s f < -l-at 

26-C. Thus the value;qare seen to be in fair agreement with the results obtained 

by Toullec and Duboi8. 

Hwever it is found that the activation parameters AH* and AS* (Table 4) 

decrease in the order: 

butan-2-ow(peatan-2-one<pentat+3-one<propan-2-one<4-methyl pentan-2-one. 

Thie could suggest an isokinetic relationship and a plot of AHe v6 4S* ia 

linear (r-0.9983, S-0.24). Pram the mlope, the value of the iuokinetic tem- 

perature p 18 calculated a# 330K. The relationship is found to be genuine 

through the Exnerr6 criterion by plotting log kgj6.= va log k'20.C when a 

straight line (r-0.9991, S-0.01) ia obtained. The value of p by thin method 

is 336K. This value is only slightly higher than expstimental temperature(303K) 

indicating enthalpy am a controlling factor. Current views" hwever do not 

attach nuch physical meaning to the isokinetic temperature. The constancy of 

OO* values hwever indicates that a similar mechanism i8 operative in the oxi- 

dation of ketones by BM. 
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Table 1. Bf feet of ~-9AB_~,_rPhS~NH2~ and ionic strength variation on the 
rate of oxidation ti ketone at 30.C. 

LBketo - 0.05 aal dmW3t rHClOI-_7 -0.1 mol dra-3, pro.5 ~1 dm-3 

lo4~-BU3~o k,xlO' mol dm-3.ec -1 

-3 mol dm propan-l-are butan-2-m pntan-2-ane pentan-3-m ,~~~~y&e 

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:: 2.64 2.48 2.98 2.% 2.78 2.78 2.88 2.74 2.29 2.20 

10.0 2.56 2.93 2.74 2.71 2.21 
11.0 2.73 2.95 2.59 2.72 
9.0' 

2.30 

;*:c b 
2.64 2.96 2.77 2.73 2.30 

9:oa 
2.65 2.65 2.97 2.99 2.77 2.75 
2.66 2.92 

9.00 
2.77 

2.62 2.89 2.77 

104~-Phsa2NH2~- 2.0(a), 5.0(b) and 10.0(c) IDol_3dmW3 

Ionic strength Cp) -0.30(d) and 0.40(O) mol dm . 

2.75 2.76 2.33 
2.35 

2.72 2.27 2.70 
2.26 
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Table 2. Varlatioa of [ketone_7 on the reaction rate at 30.C. 

[8ABio- 9X104 raold~~-~, L-X104_7- 0.1 mol dd', 
-3 

p-O.5 a01 dr . 

k,x 10' mol dni'.ec 
-1 

mol dm-- propan-l-ona butaa-l-one pentan-24ne pentan-34me I-methyl 
pentan-l-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 2.1s 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. Variatiar of [w104J on the reactlcm rate at 30.C. 

L-8ABJo - 9~10~ mol dni3, [ketone_7- 0.05 mol drnw3J 
-3 

p-0.S mol dn 

102[HC10 _7 
7 

-4 
k8x10 mol da-3.ec-1 

mol dr 
propan-l-one butan-l-one pentan-2-one pentan-3-one pe~;~?&e 

6.0 1.53 1.87 1.80 1.69 1.32 
8.0 2.05 2.34 2.33 2.33 1.85 

1::: 
2.37 2.72 2.61 2.56 1.98 
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 thermodynadc parameter6 for the axidatlon d ketone by 8AB 
in perchlahic acid medium. 

ketone Ea 
kJ mol'l 

aff 
kJ mol'l 

fig f+_l 
kJ nlol lopA 

Pw-+- 98.0 95.5 19.0f 0.6 89.6 16.5 
butan-2-one 89.6 86.7 -1.4to.s 89.2 15.5 
pentan-2-ooe 91.7 89.1 -l.lk 0.6 89.5 15.5 
pmtan-3-one 92.9 90.4 3.5fO.S 89.6 15.7 
4-methyl pentan-l-one 98.8 96.3 21.1t0.6 90.0 16.6 

1. 
2. 
3. 
4. 

5. 

6. 
7. 
8. 

1:: 
11. 
12a. 
b. 

13a. 

14:: 
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Fig. 3 

?fqure 3 I Plot of ks VB [HdlOJ 

Coalltlom are aa In Piguree 1 and 2. 
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‘Fig. 4 

fia.re 4 I Plot of log ka * l/n 

Condltiorm are ae in Piguree 1 and 2. 


