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Abstract - The kinetics of oxidation of sane substituted benzyl 
alcohols as well as the unsubstituted one by braate ion in 
hydrochloric acid medium has been suggested. The results . _. . ._ _. _ 
lnalcste that the reaction takes place by way of intermediate 
ester formation. Methoxy canpounds react at much faster rates 
than the corresponding nitro substituted derivatives. The 
thermodynamic values associated with the equilibria step and 
also for the 81~~ step have been evaluated. A mechanism 
consistent with the experimental observations has been 
suggested. 

The mechanism of the oxidations of sane alcohols by metal ion oxidants like 

Cr(vI)1-4, v(v)5'6, Co(III~'~*, Rn(VII)9-12 and Ce(IWU-15 have been reported. 

These reactions also exhibit a variety of mechanistic behaviours. Morewer, the 

similarities and differences in the behaviour between different oxidants have 

been shown. 

Potassiun branate is known to be a powerful oxidant 16 in acid solution 

[ E+20 791.52 volts at 25'C 1. The bran&e ion oxidations of Mn(II)l', Np(V)18, 

M2 , Fa(II)20 and Ir(III)21 have been studied. The kinetics and mechanism of 

the oxidation of sane aromatic aldehydes by acid brunate has been investigated 

and mechanism involving the formation of an unstable branate ester which 
22 

decomposes to the reaction products has been suggested . The kinetics of 

oxidations of sane aliphatic alcohols by the same oxidant have been studied 23 in 

dilute sulphuric acid-acetic acid mediun. The kinetics and mechanism of the 

oxidation of benzyl alcohol and sane substituted benzyl alcohols by potassium 

branate in aqueous hydrochloric acid medium have been studied and are reported 

in this camnunication. 

ExPERIMEmAL 

v Benzyl alcohol (BDH) was purified by distillation just before use. The 
subst tuted aryl methanols (7 through 15 8 'Table 2) were prepared as follows. To 
an ice-cold solution of the substituted benzaldehyde (Sg) in pure methanol (40 ml) 
was added sodim borohydride (2g) in small portions with stirring and the mixture 
was left at roan temperature for 12-16 h with occasional stirring. It was then 
cooled, acidified with concentrated hydrochloric acid and extracted with a mixture 
of ether and benzene (lrl t v/v). The organic layer was dried with sodirrm sulphate, 
the solvent was removed on a steam bath, and the residue was distilled to furnish 
the substituted aryl methanol in 70_9Oy@ yield depending on the substitutions. 

*To whan all correspondence should be sent 
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The ir spectra indicated the absence of aldewdes in these products. Potassiun 
branate, mercuric acetate, potassium iodide, sodium chloride and hydrochloric 
acid were of BDH grade. All the solutions were prepared in doubly distilled water. 

Ret8 Meesurments The kinetics were followed icdcmetrically by monitoring the 
concentration of brcmate at regular intervals of tine to a starch end-point. Each 
reaction was conducted under vseudo first order condition, in which the substrate 
was in large excess to that of the branate. During the oxidation interference by 
the liberated brcmine was prevented by adding a calculated quantity of mercuric 
acetate whereby the brcmide ion formed fran potassium branate was removed as a 
canplex. It has been observed that mercuric acetate is inert towards the oxida- 
tion of the alcohols. The pseudo-first order rate constants were then calculated 
from log [BrOi] vs. 't' plots which were reproducible to within f 3% . 

Product An+lYSiS The product analysis of the acid-branate oxidation of bcnzyl 
alcohol has been done in which the reaction mixture has the following canposition: 

[ =H, OHI * 6.0 x 10% 
-2 

, [KBrCI3] - 1 x 10m3M , [HCl] - 1.0 14 2nd 

[Hg(OAc)2] - l%lU M. 

Two sets of experiments :;ere carried out. In the first set, tIro reactign 
mixture (250 ml) of the oxidation product of benzyl alcohol was set at 25 C for 
40 minutes. It was treated with excess of 2,4-dinitrophenylhydrazine hydrochloride 
solution and left for half an hour. The Precipitate was filtered, washed with 
water and dried (100 mg). 
(12 g) t column length - 

It was chranatographed over neutral alumina [Brocman 
6"], eluted with drv benzene and the solvent was removed 

to furnish a crystailine 2,&D.:J.F. derivsti;e, lrhich was r%r/st#lized from 
rectified spirit to yield oranoe crvstals (10 ma.). m.p. 235 -236 C(d), m.m.P* 
remained undepressed-on admixture with an authentic 2,4-D.N.F. derivs:ive of- 
henzaldshyde. The ir spectra of these 2,4-D.N.P. 3erivatives were also ijentical 
in all respect. 

In anot&sr set of e::periment the aforenentioned reaction mixture (250 ml! was 
kept at 25 C for 144 hours and analysed in the following way. 20 a few drops of 
it was added potassiwn iodide follaqed by starch. The absence of violet colour 
indicated that potassim branate was canpletely conslaned. The remaining portion 
of the reaction mixture WIS extracted with chloroform (4x30 ml), washed l.lith 
rster (10 ml), then extracted !,ith saturoced sodium bicarbonate solution (2x10 ml? 
preserved), again washed with water (2x10 ml), dried (Ma2S0 

8 
> and solvent removed. 

The residue on treatment \!ith 2,4_dinitrophenylhydrazine hy tochloride gave the 
2,4-D.N.P. derivative of benzaldehydc (2CO mg, crude) which was corLi,?r;?d by the 
aforementioned method. 

The preserved bicarbonate extract was acidified with concentrated hydrochloric 
acid (congo red), extracted with chloroform (3xiO ml), trashed v:rith water (10 ml), 
dried (N 

a8 
SO ) ant! solvent was removed. The absence of any resi,iue confirmed that 

benzoic a id4was not formed. 

RESULTS 

Effect of Variation of Reactant Concentration 

[H+], 
LA 

The pseudo first order rite 
constants (kOkl were calculated at various 

and tenyeratru-e. The values of kobs 
ranate'Jo but at constant ~au'~strate]s, 

for a variationd~rcmate]s 
were found to be (5.C 2 0.1)~10-~ (s-'1 

frCfn 0.5 x lUe3 to 4.0 x 10m3 E at ccnstant [PhCH2CH]o, 
-H+],and tenperatwe of 1.6 x 10e2H; lH and 20': respectively. T'le results indi- 
Lea&d that race is constant in the oxidant range studied. The pseudo first order 
,?te constant (kabs ) were determined at different [s*Jbstrate], but at constant 
,Srcm~tc],, [H+]Or ionic strength (p 0 l.OM) and tenyerature. The Plots of 
log kobs against log [substrate],, gave slopes which are less than unity. _'his is 
'~3 be apected if the reactions take place through the formation of intermediate 
zunplex followed by its decanpcsition to give the Products. The plots of l/kobs 
against l/[substrete], zre li:lesr making different intercepts on the Y-axis at 
dirferent teqzratures !Pig*urc 1). 
values of Ke, 

lrcm the slope and intercept of each line, t%e 
t?le cguil$Lrium c:onstant, were calculated tc be 69.4, 42.9, 25.8 

and 17.65 at IS", 20, 25 an.1 30'1 respectively. rhe enthalpy change associ-ted with 
the canplcx formation for each reaction was thus calculated ftcm the plot of 
leg Xe against l/T plot foilalsd by the estLTation of AS fran the rcl?tion, 

1ogKe - &R(AS-+l 

The values of AH an? AS associated with canplex formation are -67 k J mol -1 

and -197.5 J K-' q ol" respectively. 
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Kffst of Variation of HYdrwhlotio Uid Concentratioq The effect of variation 
of [H+J on the rate of oxidation was studied at an ionic strength of 1.0 M. The 
oxidati% rates increased with the increase in the acidity. The plot of kd 
against CHtlo is linear passing through the origin. The quotients, ka /[H+], at 
different acidities have been calculated and are recorded in Table 1. These 
indicate that the dependence of rate on [H+j, is unity. 

The pseudo first order ratecons- 
of acetic acid In the reaction 

reactants. The rate increases fran 

fran 12 7. to 50 '/. 
for a change of acetic acid concentration 

(v/v). The values are recorded in Table 2. 

Influcurceof Tanperature The Influence of temperature on the rate of reaction 
was studied at different temperatures but at constant concentration of reactants, 
and acidit 

10 -y: 
The values of kd calcul 

5.n8 x 11.1 x 10-3, 25.0 x lO-p 
tad fran the d?ble feciprocal pl$ta are 
and 66.7 x lo- (s- 1 at 15., 20 , 25. and 

30.C respectively. The plots of log (k&T) against l/T yielded straight line in 
case of benzvl alcohol. fran the slope of which AH* follaued by AS*was calcu- 
lated fran the relation 

log 

The respective activation 

Ef fst of &lb8titU~tQ 
lxtec¶ benzyl alcohols and 
of experiments. Since the . _ _ _ _ 

[log%+ &,_2 AH+ 
,333 RT 

-1 
parameters are 114.8 k J mol and 110.6 J KM1 mol -1. 

The oxidation reactions Involving a series of substi- 
the oxidant were carried out under comparable condition 
substituted benzyl alcohol8 were very much less soluble _ __ _ _ . . ___. __ . 

In water tntin benzyl alcohol, all the solutions were made in 12 Y.6 acetic acid ln 
watar (V/V). Since-benzhydrol and ~nitrobensyl alcohol were insoluble in 12 '< 
acetic acid solution, their oxldatTons were studied In 50.: acetic acid solution 
in watef (v/v). The results presented in Table 2 indicate that unsubstituted 
benzyl alcohol reacts at a faster rate than benzhydrol. Again, of different 
nuclear eWstituted benzyl alcohols , q ethoxy canpounds react at much faster rates 
than the corresponding nitro- and chloro- substituted derivatives. For the m- and 
p- substituted alcohols, the pseud-first order rate constants generally forlow 
he order, methoxy > chloro > nitro. However, the results of o-substituted chlorc- 
and nitr- derivatives cannot be ccmpared with those mentiona above since the 
oxidation of enitrobenzyl alcohol was carried out in 50.4 acetic acid (v/v). An 
attempt was aTso made to correlate the values of kd and Ka 54the different meta- 
and para-substituted benzyl alcohols. The first Haxxnett blot of log k against 
log K is linear with a negative slope (Figure 2) which exhibits a line& free 
anerd relationship between these two steps. 

DISCUSSION 

The salient feature of the results described are summarisad as follws. The 
rate of oxidation is found to be first order with respect to [SrO;] but the order 
with respect to the [Benzyl alcohol] is less than unity. The rate increases 
linearly with an increase in the acidity. The alcohols are all oxidized to give 
carbonyl canpounds. The oxidation of alcohols by branate failed to induce poly- 
merisation of acrylonitrile. 

The reaction may occur between alkoxide ion and oxidant or between alkoxoniun 
ion and oxidant. Since in acid medium (1.W) the concentration of alkoxide ion is 
very small, this cannot be considered as reactive reductant. Alcohols are also 
known to be weak proton acceptors and converted to alkoxoniua ion in the presence 
of high concentration of mineral acids. Since the reaction has been carried out in 
1 M Xl, it is very unlikely that the alcohols will be protonated under the 
conciition of the experiment in acid medims. The molecular form of the substrate 
and not the anion or protonated form reacts with the oxidant. The kinetic evidence 
indicates that an intermediate branate ester (I) is formed prior to electron 
transfer followed by the decanposition of the ester (I) to give carbonyl compound 
andHBt02. Since HBrO2 is highly reactive it reacts further with alcohol as 
shown below. 
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Fngure 1 

Bigurel. variation of pado-first orbr rate constant with 

substrate concentration. Plot6 of l/k*s Versus 

10 23 28 
log K, - 

Figure 2 

Pigure 2. timer free energy relationship. The first Hummtt 

plot of log kdversusloqKe. 
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Schene 1 

7 
Ph-c- 

,: 

OH+HBroj _ 

-H2O (I) 

‘: 9 
RI-C- 

A 

OH+HB+a>Ph -c-o + HBrO + Hz0 

‘: 
Fh-c- OH + HBrO fast> ph - cRH 

A “0 
+HBr+HIo 

The structures II +.hrough V will illustrate the expected resonance as well as the 
inductive effects exhibit& by substituents at the w position of the benzyl 
alcohol. 

The mechanism of the oxidation of different Pera substituted alcohols (11-V) 
by bromate ion in hydrochloric acid medim may be explained through the formation 
of intermediate ester as shown in Schene 2. The bromate ester (VII then decan- 
poses to give the corresponding substituted benzaldehydes as has been suggested 
in Schgne 1. 

If this mode of esterification ie correct, then the electron attracting or 
electron repelling character of X (X = -NOp, 41 and 4248) will have a dramatic 
influence on the rate of intermediate brc tiate ester formation. Thus, when X is 
nitro group (Le. an electron attracting group) , the lone pair of an oxygen atan 
of the alcoholic -OH group will be less available for the bromate ester formation, 
as has been shown in II. The formation of intermediate ester is not favoured and 
so k,bwill be low. conversely when X is methoxy group, the lone pair on the 
oxygr:n of the alcoholic -OH group is more available due to electron repelling 
nature of the methoxy group leading to the enhancanent of the intermediate branate 
ester formation as he8 been shown in III. Consequently both the reaonaxe and 
inductive effect favours the formation of the intr~nnediate branate ester which is 
supported by its high kobs value in the case of methoxy substituted coinpounds. 
When X is chlorine, two opposing influences i.e. .zesonance and inductive effects 
canpete for the preference where resonarxe effect wercanes the inductive effect 
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Table 1. Variation of Pseudo First Order Rate Constant with_iH']. 

[KBrO3] - 1.0 x 10s3~, [Benzyl alcohol] -1.0x10 M 

)'- l.OM, Tmp=20°C 

[H+] (M) k ohs x lo4 (s-l) 52 x lo3 
[H+l 

0.1 3.9 3.90 

0.2 7.0 3.50 

0.4 13.0 3.25 

0.6 19.7 3.30 

0.8 28.3 3.53 

1.0 37.9 3.79 

Table 2. Pseudo First Order Rate Constants of The Acid Branate 

Oxidation of Different Iuanatic Alcohols. 

[KBt03] - 1 x 10 
-3 M, Substrate * 8 x 10 

-3 
M, 

[HC~] - 1.0 M, Temperature I 20°C 

No. Substrate Fv;y kobsx 103&) k,,l 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Renzyl alcohol 
I, 

I, 

Benzhydrol 

_+Nitrobenzyl alcohol 

m-Nitrobenzyl alcohol 

pNitrobenzy1 alcohol 

_tihlorobenzyl alcohol 

m_Chlorobenzyl alcohol 

pChlorobenzy1 alcohol 

_*Methoxybenzyl alcohol 

m_?lethoxybenzyl alcohol 

pMethoxybenay1 alcohol 

12 

20 

30 

40 

50 
I, 

2.16 1 

2.54 1.17 

2.97 1.37 

3.20 1.48 

3.45 1.59 

1.68 0.49* 

0.45 0.13' 

0.19 0.088 

0.235 0.109 

0.24 0.111 

1.14 0.53 

0.32 0.148 

12.0 5.55 

lC.0 4.63 

8.7 4.03 

l krel calculsted with respect to kobs in 50 % HOAC 
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and the rate is expected to be Intermediate between the nitrw and methoxy- 
derivatives. In benzhydrol probably the ateric hindrance due to the Second phwl 
group on the carbinol carbon makes the braaate ester formation less favourable 
than in bensyl alcohol, thereby decreasing the value of k&e in benzhydrol. 

The oxidation of benayl alcohol by branate ion in acid medim has been shm 
to occur to give bensaldehyde. It is known that carbonyl c~mpouads are oxidized 
by different oxidants via their hydrates and the oxidation of benzaldehyde by 
branate takes place smoothly in acetic acid mediun2a ( > 50% . v/v). However, 
sane preliminary experiments involving benzaldehyde alrci acid branate were carried 
out and the reactions weq too slow to be studied in 1.0 M H=l and at 
[Bensaldehyde] Q l.0 x 10 M. Thus further oxidation of benzaldehyde under the 
condition of the experiments seems unlikely. 
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