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Oxidation kinetics of II aliphatic ketones (R 1 COR 2) by thall ium(lll) ; ul phate in dilute ; lIlphuric 

aci d have been studied by UV spectrophotometry. The ox idati o n o fmclil y l al kyl ke to nes( R 2 :> C H ,) 
fo ll ows the first o rde r kinetics, that o f higher dialk y l !..L't onc, (R I, R 2 ___ C H J ) obeys the scc(l l~d 
o rder kinetic equation . Pol a r and stcr ic efrects in th e ox idati o n o f aliphatic ke to nes have been 
se parated by application of LF ER to the c hosen se ts o f mcthyl alk y l ketones (l~ 2 :> C H 3) and 

d ia lky l ketones (R t, R2 > CH 3 ). Structural fa ctors have a certa in efrect o n the oxida ti o n rate 

of me th y l alkyl ketones, the changes in the reac ti o n rate being asc ribable almost exc lu;ively 
to ste ric effects of the R 2 substituent s. The polar efrcct s arc \'Cr y impo rtant in the oxida tio n 

of dialkyl ketones. Result s of the appl ica ti o n of LF E R .\ugge, t that e no l fo rmnti o n is the rat e

-Lleterming step in the oxidations of the two se ts o f ketones. 

So far, the oxidation kinetics of ketones by thallium(llI) salts have been studied 
in few cases onlyl - 4, The oxidation of aliphatic ketones is described by both the 
first order 1 and the second order kinetic equati o ll ss. We have round that oxidations 
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of methyl alkyl ketones (R2 > CH 3) and dialkyl ketones (RI, R2 > CH 3) by thal
lium(lIl) sulphate in aqueous media follow the first order and the second order6 

kinetics, respectively. The mechanism consists of three subsequent steps6,7: (a) 
oxo-enol tautomeric equilibrium , (b) oxythallation, and (c) decomposition of oxy
thallic adduct. 

ex-Hydroxy ketone are final products of the oxidations of aliphatic ketones by thal
lium(UI) ions in aqueous medias. Similarly, oxidation by thaJlium(lII) acetate 
in acetic acid produces ex-acetoxy ketones I, and that by thaJlium(III) nitrate in aceto
nitrile produces ex-nitrates of ketones 9

. 

So far, the reaction rate has been correlated with structure in oxidations of alkyl 
aryl ketones only4. The kinetic measurements l

-
4,6 show that the oxidation rate 

of ketones is limited by the enolization rate. We tried to support this fact with the use 
of the linear free-energy relationship in the case of oxidation of aliphatic ketones 
by thaIJium(III) sulphate, too. 

EXPERIMENTAL 

Thallium(III) sulphate solution wa s prepared by electrolytic oxidation of thallium(I) sulphate 
solution in dilute sulphuric acid lo

. The aliphatic ketones of at least 99'5% purity (chromato
graphy) were obtained by known procedures ll , 4-Methyl-2-pentanone was obtained by rectifica
tion of a commercial product (VUP Novaky). 

The kinetic measurements were carried out by the method described earlier6 using suitable 
concentrations for spectrophotometric technique: [TI 3 +]0 = 2'91.10 - 4 moll - I , [ketonelo = 

2·91 . 10 - 3 moll - I, and [H 2S04 ] = 1 . 10 - 1 moll-I. The oxidation kinetics were followed 
by UV spectrophotometry (Specord UV VIS, Zeiss Jena) using the absorbance decrease ' due 
to decreasing TI 3 + ion concentration which were determined as chlorothallium(III) complexes I 2 

at the wavelength 250 nm (83 = 3' 56 . 102 m2 mol-I). Absorbance of chlorothallium(I) com
plexes is relatively low at this wavelength (8 1 = 1·49 . 10 1 m 2 mol-I), that of the present organic 
compounds being negligible. 

RESULTS 

Recently we have published 13 kinetic data of oxidation of aliphatic ketones 
(R1COR2) with thaIJium(III) sulphate: the first order rate constants k, of oxidation 
of methyl alkyl ketones (R 2 > CH3) and the second order rate constants klI of the 
oxidation of dialkyl ketones (Rl, R2 > CH3). For qulitative evaluation of structure 
effects we used the classic Taft polar equation (1) as well as its modified steric form (2) 
and the combined four-parameter equation (3), 

log k = log /co + e*O'* , 

log k = log ko + DEs, 

log k = log ko + Q*O'* + bEs , 

(1) 

(2) 

(3) 
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where 1<0 is a statistical qu antity , a* and Es a re polar and s teric substituent pa ra

meters, respectively, and (2* a nd b are the reacti o n palameters. Validity o f the given 

relations was verified in the both reacti on series l 3 with the mod el containing C = O 

bond as the reaction centre and CH 3 group as the sta ndard su bstitu ent. Table 1 

pi esent s summary va lu es of the substitu ent parameters of the ketones. 

Figs 1 and 2 present influ ence of stru cture effects on the ox idation ra te of met hyl 

a lkyl ketones and dialkyl ketones, respecti ve ly. D oubl e linea r regression a na lysis 

showed that the oxidation rate o f methyl a lkyl ketones can be expressed by Eq. (4) 

(R = 0 '996) with sufficient reliability . Analogous eq uati o n for oxida tion of dia lkyl 

ketones cannot be formulated beca use of slll a ll number of members in this reaction 

se ries. 

log 1<, = 0'358a* + 0'594£s - 4·994 (4) 

DISCUSSION 

According to the observed kinetic behaviour the investigated ketones can be divided 

into two groups6: the oxidation of methyl a lkyl ketones (R 2 > CH3) is described 

-51 

logk, 

-5·6 

FlG. 1 

The LFE-SE dependence for the oxida tion 
of methyl alkyl ketones (R2 > CH 3 ) by thal
lium(I1I) sulpha te at 45°C. The full line 
corresponds to the rea l regression straigh t 
line, the da shed line represent the 97· 5% 
reliability interva l. For numbers see Tab le J. 
(; = + 0·603, R = 0'968, S = 93·7% 
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The LFE-PE dependence fo r the oxida tion 
of dia lkyl ketones (R', R2 > CH 3 ) by thal
lium(Il1) sulphate a t 55°C. For numbers 
see Table 1. Q* = 6·031 , R = 0'999, S = 

= 99·7% 
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by kinetic .equation of the first order (Eq . (5)), whereas that of dialkyl ketones 
(R 1, R2 > CH3 ) is described by the second order kinetic equation (Eq. (6)). The oxi
dation of acetone cannot be described by a kinetic equation of simple reaction 6

. 

As molar excess of ketone with respect to TI3+ was sufficient, the observed kinetic 
order was decreased by one degree. 

-d[Tl3+]/dt = k l [ methyl alkyl ketone] = k~bS (5) 

(6) 

The kinetic data given in ref. 13 suggest that the oxidation rates of linear ketones 
are not much different and decrease with increasing branching of carbon chain 
at a. and ~ positions. The only exception is the oxidation of 2-butanone in the first 
reaction series, its rate being somewhat higher than tha t of other linear methyl alkyl 
ketones. This finding agrees with results of ref. I? dealing with determination of rate 
constants of enolization of aliphatic ketones, where similar mutual relation was 
observed in reactivities of tert-butyl alkyl ketones. 

Validity of the isokinetic relation l7 in the given reaction series of the oxidation 
of aliphatic ketones was proved in ref. 13 where the temperature values 148 and 205 K 
were found for methyl a lkyl ketones and dialkyl ketones, respectively. Similar 

TABLE I 

Values of the Taft polar (u*) and steric (Es) constants for the aliphatic ketones (R 1COR2) 
studied 

No Ketone LU*o LEsb 

2-BlItanone - 0,100 -0,07 
2-Pentanone - 0 ,1 15 -0'36 
2-Hexanone -0' 130 - 0'39 

4 2-Heptanone - 0 ' 160 - 0,40 
2-0ctanone - 0,1 60 -0,40 
3-Methyl-2-blllanone - 0,190 -0,47 

4-Methyl-2-pentanone - 0,125 - 0,93 

3-Pentanone - 0,200 - 0'14 
3-Hexanone -0,2 15 -0,43 

10 4-Heptanone - 0,230 -0,72 

11 2,4-Dimethyl-3-pentanone - 0,380 -0,94 

o The values u* taken from ref. 14
; b the values Es taken from reL ls

. 
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to diffelent kinetic behavio ur of the two sets of ketones, the influ ence of structure 

effects on the reaction rate a re different in the two reacti o n seri es, too. From Fig. 1 

it is obvious that structure of ketone has a certain inllucnce 011 the oxidati o n rate 

of methyl alkyl ketones, and the reacti on ra te changes can be ascribed exclusive ly 

to steric effect of the s ub~ tituent , whereas acco rding to Eq. (1) the kinetic data cannot 

be correlated . The found val ue of th e reaction paramet er (0 = +0·603) correspond s 

well to the value +0·542 found for bromination of tert-bu tyl a lkyl ketones l 6 and 

to the value +0·61 I calculat ed from kinetic da ta of oxida tion of a liphatic ketones 

by thallium(III) acetate l invo lving enol form a tion as thc ra te-determining step. 

Also testing of significa nce of coefficients of proportionality of Eq . (4) sh ows that 

steric effects repre ~ ent more significant fac tors in ox idat ion of methyl alkyl ketones , 

being able to explain about 89:>;, of vari ab ility o f the rat e con stant s. 

In the oxidation o f di a lkyl ketones (Fig. 2) , influence of inductive effects of the 

substituents on the reacti o n rate is distinct (Q* = +6'031), whereas that of steric 

effects is of less significance (R = 0'735) . Positive values o f the react ion paramet ers 

in the two series form an indirect su pport of o ur result s of studies of the oxidation 

kinetics of ketones6 and effect of sa lt concentration on the react ion rate l8 which 

suggested the enol formation as the rate-determining step. This fact represents an im

portant difference with respect to the oxidation of alkenes by the same reagent J 9
, 

where the found values of the reaction parameters (for RCH = CH 2 alkenes Q* = 

= - 2·91 and 0 = - 0 '92) suggest that oxythallation represent s the rate-determining 

step in this reaction . 

The results show that in the oxidation of ketones by thallium(Ill) sulphate (in con

trast to analogous oxidation of alkenes20
) the rate-determining step (enol formation) 

is identica l with the product-determining step o f the reaction . 
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