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The oxidation of quinol phosphates has been studied extensively as a model for bio-
logical phosphorylations, and the reaction has considerable synthetic utility (1,2,3).
Halogens and metal ions have been used as oxidents, and the reaction has also been
carried out electrochemically. However the reaction often involves aryl-oxygen cleavage
rather than phosphorylation (4,5). The corresponding oxidative cleavage of quinol mono-
sulfate has been suggested as a possible model for biological sulfate transfer, although
here too there is considerable aryl-oxygen bond fission (6). Periodic acid is an effective
reagent for the oxidation of quinols, and quinol monoethers and monoesters to quinones (7,8)
and we now report the kinetic form of the periodate oxidation of p-hydroxyphenyl phosphate (I).
The reaction proceeds smoothly and cleanly under mild "physiological" conditions, i.e. in
water at 25.0° and pH 0-9.

The reaction is first order with respect to each reactant over the concentration ranges:
[periodate] 7 x 10° -9 x 102 M, and [I] 9 x 20”5 - 3.6 x 10~* M, in water at 25.0°,
There is no evidence for the build-up of an intermediate periodate ester as is found in
many glycol oxidations (9). Both perchloric and sulfuric acid were used to control the
acidity at pH < 3, and the rates were independent of the nature of the acid. For pH kg
the second order rate constants, kp, were measured over a range of buffer and electrolyte
concentrations, and were extrapolated to zZero ionic strength. The variation of ko with
pH in water at 25.0O is shown in Fig., 1 (solid points). The complexity of the pH profile,
as opposed to the simple ones observed in other periodate oxidations of quinols and
their derivatives (7,8) arises from the possibility of reactions involving the aryl

phosphoric acid and its mono- and dianion, and the rates (mole 17! sec™!) can be fitted
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to equation (1):

rate = {0.27 [H2P] + 0.40 [#P]) [HcToa] + (0.065 [HP] + 1.65 [P27]) ([18,] + [HyI0e]) (1)
(where P27 = HO —@— 0P0%")

Fig. 1

%o, 1 mole™! sec™?

PH

The solid line in Fig. 1 is calculated using equation (1) and the relative ionic con-
centrations calculated using the acid dissociation constants: for periodic acid (apparent
K values) (10), K3 = 2 x 10°2; Kp = 4.7 x 10™%; and for (I) Ky = 4 x 10™2; Ko = 7.3 x 1077
(determined by pH titration). The experimental values of k, fit equation (1) reasonebly
well, and the decrease of kp at high pH shows that reactions involving the phenoxide ion
or the periodate dianion are unimportant. Over the whole pH range the rate of reaction
with periodate is very much faster then hydrolysis of (I), and we can exclude hydrolysis
folloyed by oxidation of quinol as a possible mechanism, as was found for the oxidations
of other quinol esters (6,8).

The various contributing reactions whose rate constants are given in equation (1) are
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chemically reasonsble, in that periodic acid should be a better electrophile than its mono-
anion, as was found for the oxidation of quinols and their derivatives (7,8), and the
reactivity of phosphoric acid and its anions should follow the sequence P2” > HP > HgP.
However we cannot from variations of ks with pH distinguish between reaction of say the
periodate and phosphate monoanions and the dianion of one reagent with the undissociated
acid of the other.

Possible mechanisms are shown below for the reaction of quinol phosphate dianion with

a monomeric periodate species (Per):

Per + HO OP03™ w=m—p  03I0 OPO3~ =——p 105 + o=/ \=o + P05
slow fast \=/

I II jay)

Sase
ITI

(The states of ionization of (II) and (III) and the state of hydration of (II) are assumed.)

With the information available we cannot as yet distinguish between a slow formation
and a repid decomposition of (II), or electrophilic attack upon the phenolic hydroxyl
group concerted with P-O bond fission, or formation of the cationic oxygen species (III)
followed by or concerted with loss of metaphosphate ion which should react rapidly with
water. We were unable to detect any intermediate spectrophotometrically using a stopped-
flow apparatus.

Preliminary experiments using Ho'®0 at pH 1.0 and 6.5 followed by isotopic analysis of
the inorganic phosphate showed that the reactions involve largely P-0O fission.

The periodate oxidation of other quinol phosphates is currently being studied, and
quinol dimethyl phosphate is much less reactive than quinol phosphate. 1In water at 25.0O
the values of kp, 1. mole™ sec™ are: pH 1; 2.78 x 1073: pH 1.5; 1.73 x 10~3; pH 2;
~ 1 x 10"%. Elimination of metaphosphate ion cannot occur in this reaction, and the large
difference in reactivity suggests that elimination of metaphosphate ion may be kinetically
important in the oxidation of quinol phosphate. The pH profile for the oxidation of p-quinol

dimethyl phosphate is very similar to those found for the periodate oxidations of quinol
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and its monoethers and monoesters (7,8). In these reactions the pH profile could be
interpreted in terms of bimolecular reactions between the substrate and periodic acid or
its monoanion, with the periodic acid being much more reactive than the monocanion.
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