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ABSTRACT: The kinetics of oxidation of some neutralized a-hydroxy compounds such as gly-
colic (GA), lactic (LA), a-hydroxyisobutyric(IB), mandelic (MA), atrolactic (AL), and benzilic
(BA) acids by tetrachloroaurate(lll) have been studied. The substrates are oxidized to give
formaldehyde, acetaldehyde, acetone, benzaldehyde, acetophenone, and benzophenone for
the respective reactions. The rate of the reaction increases with increasing [substrate] and pH
but decreases with increase in [Cl-]. Temperature influence is quite marked in all these re-
actions. A mechanism involving the formation of an unstable complex, which decomposes to
give the respective reaction products, is proposed. The reactivity of the a-hydroxy acids to-
wards gold(lll) are as follows: AL > MA > BA > IB > LA > GA. © 1999 John Wiley & Sons, Inc.
Int ) Chem Kinet 31: 873-882, 1999

INTRODUCTION in the presence of a sodium acetate-acetic acid buffer
medium. Au(lll) as an oxidant is of interest since it

The kinetics of oxidation of some-hydroxy acids by may behave as a one equivalent or a two equivalent

some oxidants have been published [1-12]. There areoxidant in the reaction withn-hydroxy acids. The

no literature data involving the oxidation @fhydroxy present report deals with the kinetics and mechanism

carboxylates by gold(lll) although the oxidations of a of oxidation of somea-hydroxy carboxylates by te-

number of inorganic reductants by gold(lll) [13-15] trachloroaurate(lll) under different experimental con-

have been studied. Since halide of gold(lll) ditions.

are partially hydrolysed [16] at lower acidities

(1.1-12.6X10"mol dm= and the reactions are

too slow to be monitored in a high acid medium EXPERIMENTAL

(>10-3mol dm3),the reactions have been carried out
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(E. Merck), and atrolactic (Aldrich Chem) acids were netics were followed in the visible region at=
used without further purification and their neutral salts 400 nmusing higher gold(lll) concentration, in order
were prepared by the addition of the requisite amount to eliminate the possibility of the formation of col-

of NaOH. a-Deutero mandelic acid was prepared fol-
lowing the procedure of Jones, Waters and Littler [17]
by equilibrating three times of sodium mandelate in a
sealed tube at 180 for 7 days with sodium hydroxide
(5%) in deuterium oxide (99.8%). Labile hydrogen
was then removed by recrystallizing the free acid twice
from water. (m.p. 12°C). Analysis showed that 98.5%
deuteration had been achieved. A stock of gold(lIl)
was prepared dissolving HAugC{Johnson Matthey)

in 0.1 moldm-3 HCI. The strength of the solution was
estimated gravimetrically [18]. To a known volume
(5 ml) of the standard gold solution in 450 ml
beaker, was added dropwise with stirring, a 1N solu-
tion of KOH(A.R.) until the yellow color was just dis-
charged. A further amount @ml KOH solution was
added, followed by dilution to abouts ml  with dis-
tilled water.5—6 ml of 1N oxalic acid solution was
then added dropwise with stirring and the contents
were kept on a boiling water bath. The solution turned
purple with a violet tinge when gold separated out. The
beaker was kept on the water bath for about an hour
with occasional stirring. The solution was filtered
through a Whatman No. 4¢ cm) filter paper. The
precipitate was washed with aboté ml  of distilled
water, dried, ignited in a silica crucible and weighed
as metal. The gold(lll) solution after estimation was
stored in the dark and used under subdued lighting
condition and was diluted to desired concentrations
before kinetic experiments.

Inorganic materials were of the highest available
purity. All solutions were made in doubly distilled wa-
ter. The oxidation studies were carried out in a
NaOAc-HOACc buffer. Buffer solutions were prepared
[19] from standard solution of sodium acetate and ace-
tic acid. The pH of the solution was checked against
standard buffer solution with a pH meter (Elico India
LI 120).

Kinetics and Measurements

The reaction rate was determined spectrophotometri-
cally using a sodium acetate-acetic acid buffer solution
under the condition where [Na-salt af-hydroxy
acids]> [Au"]. Gold(lll) absorbs maximum at =

313 nm.However, according to a number of authors,
there is a possibility of formation of colloidal gold [20]
when aqueous solutions of AuGdr HAuCI, are ex-
posed to UV light. The formation of colloidal gold
upon exposure to UV light may be enhanced in the
presence of reducing species. Consequently, the ki-

loidal gold. All of the kinetic investigations were car-
ried out in a Systronics (India) UV-visible spectro-
photometer using a thermostatted cell lo€m path
length. The water was circulated from the bath main-
tained at the required temperat|fre0.1°C). At least
8-10 experimental readings were taken depending
upon the temperature of the experiment. The pseudo-
first-order rate constank{,) was determined from the
linear plots of log A(A = absorbance)against time
and the linearity was observed up to two half-lives.
The k,,s values were reproducible to withih 4%.

Product Analysis

The product analysis of the oxidations @ftydroxy
carboxylate by tetrachloroaurate(lll) were carried
out with the reaction mixture: ofhydroxy
carboxylate]= 3 X 10-* mol dm3, [Au"]= 2.2 X

10-3 mol dm 3 and pH= 4.05. The reaction mixture
(30 ml) for each substrate was kept at°G0for 120
min in a stoppered bottle since the b.p.s. of formal-
dehyde and acetaldehyde are low. It was then filtered
to remove suspended particles, if any. In one part of
the filtrate the oxidation products were tested by the
formation of colors with different reagents in Table |
[21-23]. The other part of the filtrate was acidified
with dilute H,SO, and added to 2,4-dinitrophenyl hy-
drazine hydrochloride solution, heated on a steam bath
for 15 mins and left at room temperature for an hour
when the yellow crystals of 2,4-dinitrophenyl hydra-
zone derivative of the product was obtained. The crys-
tals were filtered, washed with water and dried. The
crude derivative was chromatographed over neutral
alumina (Brockman) and eluted with dry benzene. The
purified 2,4-DNP derivative thus obtained, was crys-
tallized from ethanol, filtered and dried to record the
yield and m.p. of the sample. The melting points were
checked against the literature values [24]. The results
are furnished in Table I. The oxidation occurs accord-
ing to the equation.

R\ /OH
C

+ AuCl,” —
R’/ \COOH
R\
C=0 + CO, + AuCl,” + 2H" + 2CI-

R!

)
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Table | Identification of Products of Reactions
Lit. mp.(°C)[24]
% yield  mp(C) of of
(2,4-DNP  2,4-DNP 2,4-DNP
Substrate Product Test Color derivative) derivative derivative
Glycolic acid CHO Chromotropic acid Pinkish violet [21] 88 163-165 166—-167
and conc.HSQ,
Lactic acid MeCHO Equal volumes of 20%Blue [22] 89 147-148 148
piperidine and 5%
sodium nitroprus-
side
a-Hydroxyisobutyric Me,CO Equal volumes of 5% Red [23] 80 127-128 126-128
acid sodium nitroprus-
side and 30%
NaOH
Mandelic acid PhCHO — — 94 233-235 235-237
Atrolactic acid PhCOCH — — 85 239-240 238-240
Benzilic acid PhCO — — 91 237-239 238-239
where, different experiments was.00 = 0.01. The reaction
R = R’ = —H for glycolic acid stoichiometry may be expressed aslydroxy acid]:
my — 1 -
R = —CH;, R = —H for lactic acid [Auf] =1:1.
R =R’ = —CH, for a-hydroxyisobutyric acid Effect of Reactant Concentrations
R = —GCHs, R = —H for mandelic acid The reactions were studied at different concentrations
R = —CgHs, R = —CH; for atrolactic acid of Au(lll) of 1.0X 103, 2.0X 103, 3.0X 1073,
- . OX 3, 5.0X 3 2X 3 3
R =R = —C,H, for benzilic acid 4.0Xx 1073, 5.0 103, and 6.2X 10~ mol dnr

Test for Free Radicals

Acrylonitrile [50% (v/v)] was added to the reaction
mixture during the course of the reactions. No precip-
itation of white polyacrylonitrile in the absence or
presence of methanol was formed (during the oxida-
tion of a-hydroxy carboxylate by gold(lll)). The result
is in conformity with a one-step two-electron transfer
process with no free radical intermediate.

RESULT AND DISCUSSION

Stoichiometry

The stoichiometry of the reaction was studied
under different experimental conditions. The reaction
mixture containing excess [AY as compared to

[a-hydroxy acid], was kept for 24h and the uncon-
sumed [AU'] was determined by the method men-
tioned above [18]. The average stoichiometry for three

for all the substrates but at constaatlydroxy acid],
[H*], [CI], and temperature @f X 10-%, 8.9 105,

3 X 102 mol dnr3, and 313K, respectively. The
pseudo-first-order rate constant was found to be in-
dependent of the initial [Ali] in each case (Table II).
The reactions were also studied at four different tem-
peratures with variation ofd-hydroxy acid] from

2 X 10 *to 7 X 10-* mol dn2 keeping [AU'], [H ],

and [CF] constant at 2.2< 1073, 8.9 X 1075, and

Table Il Effect of [Au"'] on the Rate of Oxidation at
313K. [Au"] = (1.0-6.2) X 10-2 mol dm~3, [Substrate]
=2 X 10~ mol dm~3, [H*] = 8.9 X 10-%> mol dm-3,
[CI-] = 3 X 102 mol dm—3

Substrate Kops X 10 (s71)
Glycolic acid 0.58+ 0.01
Lactic acid 0.75+ 0.01
a-hydroxy isobutyric acid 0.8% 0.02
Mandelic acid 1.14+ 0.01
Atrolactic acid 1.45+ 0.02
Benzilic acid 1.06x 0.02
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Table 111 Variation of Pseudo-First-Order Rate Constants for the Oxidation of Substrates by Au" at Different
Temperatures. [Au'"] = 2.2 X 10-3 mol dm~3, [H*] = 8.9 X 10> mol dm~3, [CI-] = 3 X 10-2 mol dm~3

Temp [S] X 17 k3ps X 103 kBps X 10° KSps X 10° kdps X 10° képs X 103 kips X 10
(K) (mol dm?) s G s (s s (s
20 0.219 0.275 0.298 0.337 0.416 0.306
30 0.297 0.375 0.4 0.468 0.577 0.428
2908 40 0.36 0.44 0.484 0.566 0.697 0.517
50 0.41 0.5 0.545 0.67 0.81 0.567
60 0.48 0.566 0.61 0.789 0.937 0.66
70 0.53 0.625 0.68 0.909 1.03 0.75
20 0.31 0.38 0.429 0.538 0.6 0.455
30 0.41 0.53 0.587 0.752 0.882 0.627
303 40 0.519 0.64 0.689 0.938 1.034 0.716
50 0.602 0.716 0.813 1.12 1.20 0.835
60 0.65 0.815 0.915 1.212 1.43 0.938
70 0.75 0.91 0.96 1.377 1.58 1.08
20 0.44 0.547 0.59 0.735 0.857 0.733
30 0.612 0.75 0.79 1.046 1.25 1.01
308 40 0.699 0.9 0.94 1.32 15 1.16
50 0.83 1.04 1.08 151 1.66 1.44
60 0.91 1.21 1.16 1.78 2.0 1.594
70 1.0 131 1.37 1.892 231 1.78
20 0.59 0.77 0.88 1.16 1.428 1.08
30 0.81 1.05 1.216 151 1.765 1.46
313 40 1.04 1.26 1.374 2.04 2.5 1.68
50 1.08 1.37 1.584 2.34 2.73 1.887
60 1.26 1.58 1.78 2.53 3.33 2.16
70 1.31 1.68 2.02 2.75 3.75 2.34
20 0.86 112 1.37 1.78 2.5 1.57
30 1.12 1.44 1.894 2.34 3.33 2.165
318 40 1.38 1.887 2.34 3.02 4.285 2.52
50 151 2.02 2.517 3.37 5.2 3.036
60 1.59 2.33 2.75 3.77 6.0 3.36
70 1.89 2.52 3.03 4.34 7.5 3.76

a=GA,b=LA c=1IB,d=MAe=ALf=BA

3 X 10-2 mol dm3, respectively. The results indicate mentioned in Table Il have been compared. The values
that the rate increases with increasing [substrate] are 0.59xX 103, 0.76 X 1073, 0.90 X 1073, 1.14 X
(Table IIl). Plots of 1k, versus 1/[substrate] gave 1073 1.46X 10-3and 1.08X 10-3s* for the oxida-
straight lines with positive intercepts on the y-axis tions of GA, LA, IB, MA, AL and BA, respectively.
and positive slopes at four different temperatures (Fig- The values ok, was found to increase with an in-
ure 1). crease in pH. The plot of &, vs {K, + [H*]} gave

a straight line with a positive slope and a positive in-

tercept on the ordinate (Figure 2).

Effect of [H*]

The rate of the reaction was studied at 313K but at Effect of [CI"]

different pH values (4.05-5.89) using acetic acid- The reaction was studied at 313K but at differentClI
acetate buffer while keeping [A4, [ «-hydroxy acid], [(2-9) X 10-2 mol dm 3] varied by the addition of
[CI-] and ionic strength constant at 222 10-3, 2 X NaCl but at constant [Al], [a-hydroxy acid], [H]
1071, 3 X 1072, and 0.3 mol dm?, respectively. The  and ionic strength of 2. 1073, 2 X 107%, 8.9 X
pseudo-first-order rate constant at constant concentra-10-5, and 0.4 mol dm3, respectively. The value &f,.
tions of Au(lll), substrate, M, Cl- and temperature as  was found to decrease with an increase of [CThe



[GA]™ (dm®mol ™)~
Figure 1 Variation of pseudo-first-order rate constant with
[glycolate]. Plots ofkgk versus [glycolate] at different
temperatures. [Al] = 2.2 X 10-2 mol dm3, [H*] = 8.9
X 1075 mol dmr3, [CI-] = 3 X 1072 mol dnr3.
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Figure 2 Variation of pseudo-first-order rate constant with
acid concentration. Plots df;L versus {K- [H*]} for
different substrates at 313K. [A§ = 2.2 X 10-3 mol dm3,
[substrate]= 0.2 mol dm3 [CI-] = 3 X 10-2 mol dm3,
pn=0.3moldms3. (A = GA; A =LA; @ = IB; [ = BA;

O = MA)
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0 1 1 1 1 1
0 2 4 6 8 10

[CI7]%10%(mol drm®)—=
Figure 3 Variation of pseudo-first-order rate constant with
chloride ion concentration. Plots &fk versus {ffor
different substrates at 313K. [A} = 2.2 X 10-3mol dm3,
[substrate]= 0.2 mol dm3 [H*] = 8.9 X 10-5 mol dm3,
u=04moldns (A = GA; A =LA; @ = IB; [J = BA,
O =MA; B = AL)

plot of 1k, against [Ct] is linear with a positive
slope and positive intercept on the ordinate (Figure 3).
The observation that Clinhibits the rate is in keeping
with step (8) of the suggested mechanism.

Effect of lonic Strength

The reaction was studied at different ionic strengths
maintained by the addition of NaC}@(0.05-0.3) mol
dm~3] but at constant [All], [a-hydroxy acid], [H],

[CI-] and temperature of & 104, 0.1, 3.5X 1075,

2 X 102 mol dnm3, and 308K, respectively. The
pseudo-first-order rate constant increases with increase
in salt concentrations (Figure 4). The observation is to
be expected if the reactions occur between ions of like
charge [25(a)].

Activation Parameters

The values of K (equilibrium constant for the for-
mation of the 1: 1 complex between the reactants) and
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310 315 320 325 330 335

-1 3, -
L 1 ! T x10(K )—
40 50 60 70 Figure 5 Variation of equilibrium constant (¥ with tem-
,uvzﬂoz (mole dm-%)—» perature. Plots of log Kversus T (A = GA; A = LA;

Figure 4 Variation of pseudo-first-order rate constant with ® = IB; [J = BA/ O = MA)

ionic strength. Plots of lod,,, versus,/u for different sub-
strates at 308K. [At)] = 4 X 10-4mol dm 3, [substrate}=

0.1 mol dm3 [H*] = 3.5 X 105> mol dm3, [CI-] = 2 X . .
102 mol dm=. (A = GA: A = LA; @ = IB; [] = BA; The values oAH* were calculated from the respective

O =MA; B = AL) slopes using relation (3), where R, N and h have their
’ usual significances.

k = ﬂ- efAH*/RT e\S*/R (3)
k (the disproportionation constant of the intermediate Nh

complex) as referred to in steps 8 and 9 for each sub-

strate at four different temperatures have been evalu- The thermodynamic parameters associated with the
ated from the plots of substrate effect. The results are equilibrium step and the activation parameters asso-
in Table IV. Plots of log K versus 1/T (Figure 5) are  ciated with the rate determining step are recorded in
linear and the enthalpy chang&H°) associated with  Table V. The fairly large and negativs~ values may

the equilibrium step was calculated followed by the indicate a cyclic complex. However, for ions of same

estimation ofAS’ from relation (2). sign the transition state (T.S.) will be a more highly
charged ion which would be expected to be strongly
logK, = [AS® — (AH°/T)]/2.303R (2) solvated so that more solvent molecules might be re-

quired than for the separate ions. This would lead to
Plots of logk/T) versus 1/T (Figure 6) are also linear. a decrease in entropy in forming the T.S. [25(b)].

Table IV Equilibrium Constants for the Fast Step and Disproportionation Constants for the Slow Step for Different
Effects at 313K

Effect of [S] Effect of [H*] Effect of [CI7]

kX 108 k X 108 k X 108
Substrate K, X 17 (dm?® mol-t s71) K, X 1 (dm® mol-ts7%) K, X 17 (dm® mol-t s71)
Glycolic acid 8.759 2.33 9.452 2.16 9.541 2.02
Lactic acid 8.225 3.03 8.374 3.03 8.228 3.00
a-Hydroxy 7.578 3.37 6.497 3.78 6.883 35

isobutyric acid

Mandelic acid 4.327 6.0 4.243 6.0 4.476 5.95
Atrolactic acid — 7.57 — 7.9 — 7.50

Benzilic acid 5.47 4.3 5.48 4.33 5.087 4.21




log (k/1)—
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320 325 330 335
-1 3, .-
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Figure 6 Variation of disproportionation constark) vith
temperature. Plots of lIof(T) versus T. (A = GA; A =
LA; @ =1B; 0 =BA; O =MA; B = AL)

1
315

5
310

The enthalpy of activation is linearly related to the
entropy of activation (.= 0.99, Figure 7) and the iso-
kinetic temperature is 291K. This indicates that a sim-
ilar mechanism may be operative in all the reactions.
The isokinetic behavior is also supported by the linear
plot of log k versus logk’ (r = 0.98, Figure 7) where
k and k' are the disproportionation constants of the
complex at temperature 303K (Tand 308K(T,), re-
spectively. The isokinetic temperature was calculated
from the relationB = T,T,(1 — )/(T, — T.f), where
f is the slope of the Exner plot [26]. The value Bf
was found to be 276K which is lower than T, (mid
point of the experimentally used range of tempera-
tures). Although in most caseg,is found to exceed
T, there is literature evidence [27] for a large number
of reactions for whiclg is lower than T. The rates of
such reactions for whicl8 — T is negative, are be-
lieved to be entropy controlled.

The kinetic isotope effect using mandelic aad

deutero mandelic acids was carried out at [substrate],
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log k—-
, 28 =27 -26 =25 -24b
Q’ T T T T N v
-23
24
—2~5i
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o
-26
27
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35 40 45 50 55 60 28
ARF(kJ mol™)— °
Figure 7 Isokinetic plots for the oxidations af-hydroxy

carboxylates by AY in buffer medium. (a, §: plot of AS*
vs AH* (b, b'): plot of log k’ vs logk (1 = GA; 2 = LA,
3=1B;4=MA;5 =BA; 6 = AL)

[Au, [H*], [CI-] and temperature of 4.5 1072, 2.2
X 1073, 8.9 X 1075 3 X 1072 mol dnmr3, and 318K
respectively. Thek,/k, value has been found to be
1.02. This indicates that €€-H bond cleavage does
not occur.

In a solution of tetrachloroauric(lll) acid the fol-
lowing equilibria exist [28—30]:

HAUCI, == H* + AuCl,” )
AUCl,~ + H,0 == AUCI(OH,) + CI- (5)
AUCI,(OH,) == AUCI{OH)" + H*  (6)

where K; = 1.0, K, = 9.5 X 10-%and K; = 0.25 at

Table V. Thermodynamic Data Associated with the Complex and the Activation Parameters Associated with the

Slowest Steps

AH° AS AH~* AS*
Substrate (kJ moh) (JK-*mol-?) (kJ mot?) (JK-*mol-?)
Glycolic acid 20 4 45+ 13 38x2 —-173x7
Lactic acid 9+ 4 8+ 13 46+ 2 —-146+ 7
a-Hydroxy isobutyric acid 25t 4 59+ 13 48+ 2 —-139+x 7
Mandelic acid 11+ 4 9+ 13 53+ 4 —-118+ 14
Atrolactic acid — — 57+ 2 -101+7
Benzilic acid 13+ 4 19+ 13 54+ 2 -116x7
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298K. Since the reactions were studied at a very low tially increases and then decreases gradually (Figure
[H*] (~ 2105 mol dm=3), [HAuClI,] will be practically 8). The initial increase in absorbances indicates that

insignificant compared to [Au¢l]. Again, in a solu- an intermediate complex is formed between the reac-
tion where [Cl] ~ 1072 mol dn13, the value of K tants. The latter then decomposes to give products as
suggests that [AugQIOH),] and hence [AuG(OH)] mentioned in steps (9) and (10), where=RR’ =

will be negligibly small compared to [Au¢l]. Con- —H for glycolic, R = —H for lactic and mandelic
sequently, under the present experimental condition, acid. The observed kinetic isotopic effect suggests that
AuCl,~ may only act as the oxidizing species. the oxidation occurs via €-C bond cleavage and not

Gold(lll) is known [29] to behave as a one- or two- by C—H bond breaking.
electron transfer oxidant, depending upon the nature

of the substrate and the experimental conditions. In the R OH R OH
) o . . . N4 K, N/
present investigation, the reaction mixture did not pro- C — C +HY (7)
duge_ any p_olymenc suspension in presence of acry- R’/ \COOH R’/ \COCT
lonitrile. This suggests that gold(lll) possibly behaves
as a two-electron transfer oxidant in the present reac- (HA) (A7)
tion. The observation is similar to that noticed in the
oxidation of glycolaldehyde by gold(Ill) [31]. R OH C|\ /C| .
The acid dissociation constants [32] of sooray- /C\ + /Au*\ —
droxy acids at 298K are known, the values are 47 R’ coo i Cl
104, 1.38 X 104, 2.2 X 104 3.89 X 104, and R O—H.
9.1 X 10 for glycolic, lactic, a-hydroxy/isobutyric, \C/ ~Cl cl+c (8
mandelic and benzilic acids, respectively. Since the N\ \ /
reactions were carried out at low acidities, the disso- R Tl:—O—Alu
ciation constant (K values [32] of thex-hydroxy ac- e} cl
ids suggest that they will remain dissociated to a large
extent (Eq. 7). The substrate anion enter into the co- *)
ordination sphere of square planar gold(lll) complex
and replaces a chloride ligand to give an intermediate R\ /O—H\
complex (X). This is further supported by the spectro- C CI\ Cl
photometric evidence for the intermediate complex(X) R’/ \/C\‘—O—Au—/
formation. The absorbance of the reaction mixture ini- I i |P slow
O C
X)
-0 R —H
o \C/O + CO, + AuCL,~ + CI=  (9)
Pl 2 2
RI
-030f R O—H R
t \cg‘/ L, NC—0+ He (10)
< R'/ R,/
o
2 034t
The rate of disappearance of Aunay be expressed
as
-0.38 1 . . —d[Au"]/dt = K[X] (11)
o 20 . 40 60 KIA A !
| Time(Second)—=  Now[X] = AA AU
Figure 8 Spectrophotometric evidence for intermediate [CI]
complex formation between mandelic acid and gold(lll) at K,
400 nm. [AU'] = 2.2 X 10-2mol dnr3, [H*] = 8.9 10°5 where [A"] = Ko+ 1] [S]
mol dnr3, [CI-] = 3 X 10-2 mol dm3, Temp = 318K, . .
[MA] are (], 3 X 10°% A, 4 X 105 A, 5 X 105 @, K] = KK [S] [Au"] ¢ (12)

6 x 10-and 0, 7x 10-* mol dn3. ~{K, + [H}CI ]



KK, [S] [Au"T;
{K. + [HTHCI ]

and [AU"} = [Au"]; +

so that [AU']; =
[Au"],

KiK,[S]
(Ky + [H]ICI]

(13)
1+

Equation (10) can be transformed into

—d [Au']/dt
kKK, [S]

K+ HCH] {1 N

[Au'],
KK [S]
(K, + [HD(CT]

)

(14)
so that the pseudo-first-order rate constant
_ 1 dAu"]
Koos = [Au"], dt
_ kK K ]S] (15)
{Ky + [HBICI] + KK{]]
Rearranging equation (15), we obtain
K, + [H*]}CI

KK K IS]

Thus equation (16) can explain the linear plot (Fig-
ure 1) of 1k, versus 1/[S] and from the intercept of

the plot at each temperature the value of the dispro-

portionation constank] at that temperature was eval-
uated and using the literature value of ke value of
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glycolic acid stabilizes the anion through stronger in-
tramolecular H-bonding and the value of Kimin-
ishes in the order GA> LA > IB (Table IV). In-
troduction of a phenyl group decreases the
nucleophilicity of the anion thereby further diminish-
ing the value of K. Again, introduction of a methyl
group at thea-carbon of glycolic acid increases the
electron density on the-carbon, thus rendering the
C—C bond breaking easier in the order GALA <

IB. Also, introduction of bulky methyl groups at the
a-carbon facilitates the €-C bond breaking in the
slow step due to release of steric strain in the product
carbonyl compounds with fybridization at thaty-
carbon atom. From the same reasoning, introduction
of a phenyl group should decrease the electron density
on thea-carbon and the decreasekr(step 9) is ex-
pected. On the contrary, the value lofs higher for
mandelic acid than fora-hydroxy isobutyric acid
which can be explained only by the fact that carbo-
nium ion formed on the-carbon after removal of CO

is stabilized through resonance in the benzene ring.
The value, however, slightly diminishes after intro-
duction of a second phenyl group (viz, benzilic acid)
possibly due to the fact that the benzene rings go
slightly out of plane (that is, twisted) making reso-
nance stabilization of the positively charged interme-
diate slightly difficult. In case of atrolactic acid, the
carbon of the—OH group is attached to one-Ph
group and one—Me group. The—Ph group attached

to the a-carbon stabilizes the carbonium ion formed
in the intermediate through resonance while-th&le
group stabilizes the system through hyperconjugation.
Thek values which are in the order GA LA < IB

< BA < MA < AL are in conformity with the sug-

K, at that temperature was calculated from the slope gested mechanism.

(Table IV). We are unable to calculate the value gf K
in case of atrolactic acid, since the dissociation con-

stant at that temperature is not available in the litera-

ture. Figure 2 shows an inverse dependence of the rateThanks are due to C.S.L.R. for financial assistance to

on [H*] which conforms to the rate law (16). The val-
ues ofk and K, at 313K evaluated from the plot of
1/k,,cagainst {K, + [H*]} at that temperature (Figure

S.G.

2) are found to be in agreement with those obtained BIBLIOGRAPHY
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