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When equal volumes of 0.1 M NaIo, and 1072 M catechol (con-
taining 0.1 M Naclou) solutions both at pH 5 are rapidly mixed
in a stopped-flow apparatus and the flow is suddenly stopped,
observation of the change in transmittance at 390 mu () max. of
g—benzoquinone) shows the rapid formation of an intermediate spe-~
cies which has a higher extinctlon coefficient at this wavelength
than the final product, o-benzoquinone. This intermediate then
decomposes to o-benzoquinone in a slower redvtion (Figure 1).
The initial reaction was studied using perilodate concentrations
which were high enough to insure that the true infinity transmit-
tance of the intermediate could be obtained before the second
reaction (decomposition) became significant. The observed pseudo
first-order rate constants, k{, are tabulated in Table I and
plotted as a function of the periodate concentration in Figure 2.
The stralght line in Figure 2 yields a second-order rate constant,
ik, of 1.7 x 10° y™* sec.™? for the formation of the intermediate.*

The decomposition of the intermediate to products was studled
by employing a Nalou concentration of 0.05 M.(after mixing) which
was sufficient to assure that the intermediate would be formed
rapidly (approximately 0.08 sec.). Also, the catechol concentra-
tion was ralsed in order to increase the difference in transmit-
tance between the intermediate and products. First-order rate
constants are shown in Table II. The average first-order rate

constant, kiI, 1s calculated to be 0.65 sec.'l, and it is clearly

* The point at 0.05 ﬂ_Nalou was disregarded because the rate
of the reactlon there is simply too fast (half life of 6 milili-
sec.) to follow 1t accurately.
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TABLE I
KINETIC DATA FOR FORMATION OF INTERMEDIATE DURING OXIDATION OF
CATECHOL BY PERIODATE AT pH 5.0.a

Nan,_}a’b Number Range of Average

M of runs ki (sec.™) k{ (sec.™t) ké (M—l sec. 1) ®
0.0101 6 17.3 - 18.8 18.0:9.5
0.0125 8 18.9 - 23.0 20.4t1.5
0.0170 6  27.8 - 30.4  28.7+1.0 1.7 x 10°
0.0251 10 38.8 - 45.6 42.lil-9
0.0499 7 95.1 - 122 108 +9

a) (HoAc) = 0.030 M, (NaOAc) = 0.070 M, (NaCl0,) = 0.10 M,
lonlc strength constant at 0.17 M (after mixing), tempera-
ture = 25.0°.

b)  (catechol) = 0.749 x 10~ M.

¢) Runs at 0.0499 M Nalo, excluded.

independent of the catechol concentration.*

Extensive kinetic studies of the periodate oxidation of -
glycols have indicated that (for most simple glycols) a glycol-
periodate complex 1is first formed 1n a rapid and reversible step.z’3
This step is then followed by a rate-determining decomposition
of the intermediate to products. The formation of the intermediate
has been directly detected and followed spectrophotometrically,
and 1t was concluded that the comrlex was a cyclic diester of

periodic acid.3

* The value at 0.75 x 10-4 M was disregarded because the differ-
ence in transmittance betwWeen the intermedliate and products
is not large enough to be followed accurately.



TABLE 11
KINETIC DATA FOR DECOMPOSITION OF THE INTERMEDIATE TO PRODUCTS
AT pH 5.0%
Catechola’j Number Range of Average overallC
. _ B average
10" of runs ikt (sec. l) kit (sec. l)
2 1 1 LI -
4 (sec.
1
C.749 L 0.58 - 0.88 0.74
2.03 16 (.59 - Q.74 0.67
2.99 o 0.57 - 0.60 0.03 0.0540.0k4
5.75 7 G.02 - 0.71 C.C4

) (Hoac) = 0.030 M, (Naohc) = 0.070 M, (NaCloq) = 0.10 M,

£

ionic sirength constant atv 0.17 M (after mixing), temperature

= 0O
et e

uj (Na1c4) = 0.0499 M after mixing.

c) Runs it 0.749 x 1wt M catechol excluded.

A nurcer of possible structures can pe postulated for the
intermedlste complex formed in the periodate oxidation of cate-
chol. For example, this intermediate might be a cyclilc dlesver,
1 or 11, 1o analogy to the g-glycol case. Alternatively. the in-
termecaiate could pe a closely relatved specles, a dissociable o~

benzoquircne~loaave compiex.

o)



Yo.4 501

Preliminary studies of the periodate oxidatlon of o-methoxy-
pnenol nave indicated that no observable intermedilate is formed
during tne course of the oxldation. The kinetics of the perlodate
oxldation of catechol and of i—mem;oxy}henol as a function of pH
and .ne structure of tne intermediave tormed In the oxldatlon of

catecnol are now under s.udy 1n our lacoratory.
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A TRANSMITTAMCE AT 390 my
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Fig. 1 Oscilloscope trace showing rapid formation and slower
decomposition of an intermediate during periodate oxidation
of Catechol at pH 5.
(NalO) = 0.0499 M
(Catechol) = 5.75x 1074 M
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Fig. 2 The dependence of the observed first-order rate constant
for intermediate formation on the periodate concentration
at pH 5.0;
(Catechol) = 0.749x 1074 M



