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Amet-Aromatic hydroxylation of mcsitylene, phenol and ankle (ArH) with peroxymonosphosphoric acid 
@&PO3 in acetonitrile has been studied. &PO5 is shown to be an effective reagent for aromatic hydroxylation, the 
reactivity being comparable to that with CFJJOJI. Mesitylene gives mesitol (over 705%). The hydroxylotion with 
H$05 is ~(1 100 fold faster than that with McCOJJ or PhCOJ4. The rate equation is: v = kz[ArHj[H$05] instead 
of our previous one. The oxidation is catalyzed by HfiO,, giving a linear plot of log kz vs Ho with a slope of 1.26 for 
phenol and 1.17 for mesitylene. 

Since the first preparation of HsPOJ in 1910: its pre- 
paration, 3A decomposition,’ dissociation constants,” and 
a few reports’ on its reaction appeared. Recently, we 
reported on the HIPOs oxidations of acetophenones,’ 
tertiary amines,” twns-stilbene,” tetrahydrofuran,” and 
phenoIs.‘2 

Although aromatic hydroxylation with various peroxy 
reagents have been studied,‘~“’ there are few kinetic 
studies because of the further oxidation of hydroxy 
aromatics formed. Some preparative and kinetic data by 
minimizing the further oxidation is the subject of this 
paper. 

RltSULTS AND DISCUSSION 
Medylene. In general, aromatic hydroxylation gives 

products which are more easily oxidized than the original 
aromatics but in the case of mesitylene, all o- and 
p-positions to OH in the produced mesitol are methyl- 
ated; hence further oxidation is very slow, and thus good 
yield of monohydroxylation is possible. 

Addition of HJ’O, to mesitylene in acetonitrile led to 
an exothermic reaction, the solution turned to brown. 
Thus mesitylene gave mesitol together with a small 
amount of byproduct, 2,3,5-trimethylbenzoquinone.” 
With excess mesitylene, a relatively good yield (74%) of 
mesitol was obtained by the suppression of further oxi- 
dation. When the amount of mesitylene was duplicated, 
the yield fell to 31%. These yields are based on H3POJ 
used, so that 31% yield becomes 77% based on the 
consumed mesitylene. It was reported that the yield of 
mesitol from excess mesitylene was 88% with 
CF3C03H-BF3 and 45% with CF&03H aIone,19 and that 
mesitylene with equimolar CF3COsH gave mesitol(66%) 
along with trimethylbenzoquinone (13%)” based on 
consumed mesityleae. Hence H,POs hydroxylation is 
comparable to CF&OjH hydroxylation. 

Mesitylene is a convenient substrates for kinetic study 
because of little further oxidation especially with excess 
substrate. The kinetic data in acetonitrile as solvent are 
shown in Table 1. The rate was followed by iodometry of 
H3POS. The rate is expressed as: 

v = k2[mesitylene1[H3PO& 

The equation is different from our previous report on 
phenol.‘2 Hence we reinvestigated hydroxylation of 
phenol. 

Phenol and o&of. Excess phenol or ankle was 
used, H,POs being followed iodometrically; the kinetic is 
expressed as follows and listed in Table 1. 

II = k&4rHI[H~POsl. 

Hence, the values of k2 x lo’ M-’ s-’ are 19.3 (25’) and 
36.7 (30”) for phenol, 8.51 (30”) for anisole and 46.9 (30”) 
for mesitylene (Table 1). 

The more complex rate equation reported by us, which 
led to a complex mechanism, may be wrong, owing to the 
use of excess HsP05, giving rise to abnormal acid catalysis, 

E’ect of a&My. A plot of log k2 vs Ho (acidity func- 
tion) for the H,SO,-catalysed reactions of phenol and 

Table 1. Secondarder rate constants for HJQ hydroxylation 
of aromatic compounds 

25.0 Phenol O.lW 0.0’0 2.08 

0.200 0.010 1.99 
0.300 0.010 I .a5 
0.500 0.010 1.80 

0.200 

0.200 
0.200 

0.200 

0.005 1.90 
0.010 1.99 
0.015 I .91 
0.020 I .97 

30.0 Phenol 0.200 0.005 3.81 

0.200 0.010 3.58 
0.200 0.015 3.63 
0.200 0.020 3.67 

J0.V Animole 0,lW 0.010 0.842 

0.200 0.010 0.833 
0.500 0.010 0.766 

0.2W 0.005 0.833 
(1.200 lJ.OlV 0.833 
0.200 0.015 0.893 
0.200 0.020 1 .ooo 

to.0 lbsitylmc 0.100 0.010 4.90 
u.200 0.010 4 .a0 
0.9 0.010 3.95 
0.2ou 0.005 4.72 
0.200 0.010 0.80 
0.200 0.015 1.81 
0.2UJ 0.020 4.83 
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mesitylene gave straight lines with a slope of 1.26 for 
phenol and 1.17 for mesitylene (Pii. l), suggesting a 
proton participation at the transition state. In other 
words, the rate for acidcatalyzed oxidation of phenol is 
expressed as follows at 25”, where -log ho = Ho. 

Table 2. Comparison of rates of HQ03 with those of CHxCOfi 
for some aromatics 

u = 1.70 x 10-4h’.26 [PhOH][H,PO,]. 

A4ecLanism. The observed rate equation and acidity 
effect suggest a mechanism involving simultaneous 
attacks of unprotonated and protonated H,PO, on 
aromatics. 

0 
II 

ArH + HO-P-OOH -+ Ar-OH + H,PO, 

A H 

OH 

I 
OH 

Comparison with peroxycarboxyfic acid. The reactivity 
of H90, was compared with percarboxylic acid in the 
same solvent acetonitrile and listed in Table 2. 

The rate with H3P03 is co 100 fold faster than that 
with peracetic acid, so that H3POJ is a much more 
effective oxidant than peracetic and perbcnzoic acids and 
comparable to perftuoroacetic acid in view of the yields 
reported in the literature.“*‘9 

ExtmmurAL 

Materials. Acetonitrile was distilled from H$O,, then from 
PxOs tbrougb a glass-joint packed column and fractionated, b.p. 
El*“. Tbe careful purification is essential, since ordinary aceto- 
nitrite may bc coataminated with water, unsaturated nitriles and 
amines, etc. wbicb disturb kinetic study. Phenol, anisol, and 
mesitykne were of guaranteed grade and used witbout further 
purifkatioa. H,FOJ was prepared from PIOs and %% H?O*.’ 

a2 0.4 06 QE I .o 1.2 

-Ho 

Substrate k 10Lt-l~-‘)a \,po 
? 

It. PO 
J 5 CHJCo I” /c’, J CH CO. ii 

lt*mitrlans 19.3 0.050 SW 

Phenol 6.9 0.w I40 

Anlrole 4.0 0.039 110 

. Second-order rat0 constant at po” 
in Cti.,Ch-H,SO,, (HO--l .lBi’I 

Pluck Glc analysis was done with a Yamqimoto G 180 gas 
cbromotograpb using a column of Silicone OV-17 on Sbimalite 
W. Products were identitkd by means of gk, NMR and JR, and 
estimated by gk using bipbenyl as an internal standard. 

Kin&s. For the rate measurements, H,POs was determined 
iodomctrically in 10% aqAcOH, and the rate constants were 
calculated on the basis of dublkate or triplicate experiments. The 
spontaneous decomposition of H,POg wit&t substrate in 
purified acetonitrik was negligibly slow. 

&id&n of mestiylcne. A soln of HxPOs (0.5 mmol) in aceto- 
nitrile was added ot a soln of mesityktte (10 mmol) in acetonitrik 
(IO ml), and the mixture was kept at 25” for 4 hr. Then the soln 
was extracted with ether, dried and analysed by glc, giving 
mesitol(O.37 mmol, 74%). 

A soln of HsPOs (3.5 mmol) in acetonitrile (3 ml) was added to 
a soln of mesitylene (7.2 mmol) in acetonitrile (7 ml), and kept at 
25” for 4 br, 8iving mesitol (I.08 mmol, 31% based on HQOS and 
77% based on mesitykne consumed) along with 2,3,S-trintethyl- 
benxoquinone. 

Acidity function. Acidity function of an acetonitrile-H,SO, solo 
was measured by the ordinary spectropbotometry using p-nitro- 
ati as an indicator. Concentration (N) of HxSO, and acidity 
function (Ho) were: 0.029, 4.37; 0.051, -0.64, O.iO3, -0.76; 
0.154. -0.99; 0.206, - 1.07. 
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