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Abstract: The o-hydroxy-substituted fen-butyl perbenzoates 3a and 3b contrast remarkably with thep-hydroxy perester I2 

in two ways. First, the introduction of the hydroxyl group in the ortho position, unlike the introduction in the para position, 
causes a large increase in the first-order rate constant for the spontaneous decomposition of the perester. Second, the o-hy
droxy-substituted peresters are quite insensitive to radicals and to bases, whereas such reagents induce a rapid decomposition 
of the para compound by abstracting H- or H+ from its p-hydroxyl group. The rapid spontaneous decomposition of 3a and 3b 
is attributed to the intramolecular transfer of a hydrogen atom from OH to the carbonyl oxygen, an atom to which it is al
ready hydrogen bonded. The same hydrogen bond protects the o-hydroxyl group from attack by external reagents. 

The first paper of this series2 was concerned with com
pound 1, a p-hydroxy-substituted tert-butyl perbenzoate. 
The reason for our interest in 1 was its use as a model for 
induced decomposition and carboxy inversion reactions of 
peroxides. 

Compound 1 is sensitive both to radicals, which remove 
hydrogen atoms from the phenolic OH, and to bases, which 
remove protons. In both cases the intermediate produced is 
believed to be the triplet diradical 2.3 

t-Bu t-Bu 

H O — / Q V - C — 0 0 — ? - B u O 

t-Bu t-Bu 

In contrast to the radical or base induced decomposition, 
the rate of the spontaneous decomposition of 1 is unexcep

tional and consistent with the substituent effects observed 
for ordinary tert-buty\ perbenzoates. 

In the present paper, we describe the almost precisely op
posite behavior of o-hydroxy substituents. 

Reaction Products. The products from the decomposition 
of the o-hydroxy-substituted peresters 3a and 3b are consis-

C—0—0— t -Bu t-Bu 

R = methyl 
R = tert-butyl 

tent with a simple homolysis. Thus the decomposition of 0.1 
M 3a in degassed tetrahydrofuran at 70° proceeds essen
tially according to eq 1. The yield of the acid 4a is 92%, and 
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3a 
H donor 

» 
solvents 

COOH 

+ t-BuOH (D 

4a, R = CH3 

4b, R = t-Bu 

no acetone is formed. In solvents less susceptible to hydro
gen atom abstraction, the acyloxy moieties are increasingly 
decarboxylated, though never completely decarboxylated, 
and the tert-butoxy radicals undergo extensive /J-cleavage 
to acetone. In benzene, CHCI3, and CCI4, the yields of acid 
are 84, 60, and 38%, respectively. Besides CO2 and acetone, 
the products in benzene included 1.8 mol % of biphenyl and 
several unidentified carbonyl compounds. The formation of 
acetone in CCU solution is suppressed by added 0.2 M 4-
methyl-2,6-di-?er?-butylphenol. 

The products from ferZ-butyl 3,5-di-rerf-butyl-2-hydrox-
yperbenzoate (3b) in benzene are CO2, acetone, ferr-butyl 
alcohol, the corresponding acid (4b) in 82% yield, 2,4-di-
rerr-butylphenol (4.1%), biphenyl (1.4%), and phenyl 3,5-
di-te/7-butyl-2-hydroxybenzoate (1.1%). 

Although the perester 3a is clearly a source of radicals, it 
and its phenolic decomposition products are also inhibitors. 
Decomposing in styrene at 70°, the net effect of 3a is to in
hibit rather than promote the polymerization of the styrene. 

No CIDNP proton signals were observable when 3a was 
decomposed in hexachloroacetone at 140° at 8000 G. 

Kinetics. In contrast to the perester 1, the o-hydroxy-sub-
stituted peresters show no evidence of acceleration by re
agents that might remove either a hydrogen atom or a pro
ton from the phenolic OH group. 

The first-order rate constants (Table I) are insensitive to 
increases in the initial concentration of perester, the runs 
are precisely first order with no sign of autocatalysis, and 
the rate constants are not very different in the solvents ben
zene (a poor chain-transfer agent) and tetrahydrofuran (a 
good chain-transfer agent). Solid Mn02 added-to a benzene 
solution of 3a at room temperature had no effect. The kHo/ 
koo isotope effect in benzene is only 1.30, which also indi
cates that chains involving the removal of a phenolic hydro
gen atom are unimportant. The kno/kao for the p-hy-
droxy compound 1 was not significantly different from 
unity for dilute solutions but ranged up to 13 for more con
centrated solutions. 

There is also no sign of the extreme sensitivity to base 
shown by 1. Whereas pyridine in tetrahydrofuran caused a 
rapid decomposition of 1 even at - 2 0 ° , 3a shows no appre
ciable change in the carbonyl infrared band after 1.5 hr at 
room temperature, either in 1:6 pyridine-THF or in neat 
pyridine. In benzene, pyridine caused a moderately fast de
composition of 1 at room temperature but has no effect on 
the rate of decomposition of 3a even at 50°. 

Discussion 

The important structural difference between peresters 3a 
or 3b and the /7-hydroxy compound 1 is the presence of an 
intramolecular hydrogen bond between the hydroxyl group 
and the adjacent carbonyl in the o-hydroxy peresters. The 
presence of this bond is shown by broad infrared bands at 
3200 (3b) and 3160 cm"1 (3a) and carbonyl bands at 1690 
(3b) and 1700 c m - 1 (3a).4 In other perbenzoates, the car
bonyl absorption occurs near 1750 c m - 1 . On replacing the 
hydrogen of the OH with deuterium, there is a further shift 
from 1700 cm"1 (3a in CHCl3) to 1692 c m ' 1 , as expected 
for an intramolecular hydrogen bond.5 The 1H N M R sig-

Table I. Decomposition Kinetics in Degassed Solvents 

Initial 1 0 5 A r 1 , AHt, ASt, cal/ 
Solvent T, 0C concn.Af sec-1 kcal/mol (mol deg) 

tert-Butyl 5-Methyl-3-ferf-butyl-2-hydroxyperbenzoate (3a) 
Benzene 

CCl4 

THF 

70.0 
50.5 
70.0 
70.0 
70.0 

70.0 

0.050 
0.049 
0.100 
0.062 
0.070 
0.100 
0.050 
0.100 

36.2 
3.94 

38.7 
28.9a 
26.9 
26.1» 
30.2 
30.7 

24.4 -3.4 

ferr-Butyl 3,5-Di-fe/V-butyl-2-hydroxyperbenzoate (3b) 
Benzene 70.0 0.050 30.2 

50.5 0.050 3.35 24.2 4.3 

a tert-Butyl 5-methyl-3-rerf-butyl-2-deuterioxyperbenzoate, 
knlkn = 1.30. * In the presence of 0.2 M 4-methyl-2,6-di-fm-butyl-
phenol. 

Table II. Effects of Ortho Substituents in tert-Butyl Perbenzoates 

Substituent 

2-CH3S-" 
2-C6H5S-S 
2-HO-3,5-di-f-Bu<* 
2-HO-5-Me-3-?-Bu<* 
2-<(C6Hs)2C=CH)-ft 
2-1» 
2-C6H5SCH2-* 
Bb 
2-f-Bu* 
2-CH3SOj-* 

AHt, 
kcal 

m o P ' 

22.6 
23.0 
24.2 
24.4 
26.3 
28.0 
32.2 
34.1 
34.4 
38.0 

ASt, 
cal mol ' 

deg"1 

-5 .0 
-3 .4 
-4 .3 
-3 .4 
-5 .0 
- 0 . 8 

7.2 
10.0 
12.5 
19.5 

kre\60°c 

18500 
22700 

2280 
2700 

69 
44 

4.3 
1.0 (4.44 X 1Q-S)e 
2.2 
0.33 

a Reference 8, in chlorobenzene. * Reference 9, in chlorobenzene. 
c Relative to H = 1, calculated from the activation parameters. 
d This paper, in benzene. « Calculated k in sec"'. 

nals from the OH in 3a and 3b also substantiate the chelat
ed structure. They are sharp singlets at 5 11.00 (3b) and 
10.93 (3a), well down field from the usual phenolic OH po
sition. These signals remain sharp down to —100° indicat
ing that there are no stable or slowly equilibrating hydrogen 
bonded or zwitterionic isomers. 

The apparently complete insensitivity of 3a and 3b to 
bases or H-atom abstractors, in contrast to the extreme sen
sitivity of 1 to the same reagents, is probably the result of 
the internal hydrogen bonds in 3a and 3b. It can be assumed 
that the hydrogen bond must also be broken by any reagent 
that might break the covalent bond of the hydroxyl hydro
gen. Considerations of entropy and some intermolecular 
model compounds suggest an equilibrium constant in the 
neighborhood of 1O -5 to 1 0 - 6 for the opening of the cyclic 
H bond. This should provide enough of an additional energy 
barrier to account for the insensitivity of the o-hydroxy per
ester to external reagents.6 

Although the o-hydroxyl in 3a or 3b fails to impart any 
unusual sensitivity to base or radical induced decomposi
tion, it does increase the rate of the spontaneous decomposi
tion by more than three orders of magnitude.7 For the most 
part, ortho substituents in peresters fall into two classes, 
both of which are exemplified by data in Table II.8 '9 Sub
stituents without available electron pairs on the a-atom 
have very little effect on the rate. Substituents such as 0-
phenylthiyl, on the other hand, accelerate the reaction by 
several orders of magnitude. These anchimeric effects have 
been attributed to concerted bond formation or to electron 
transfer. 

Although o-hydroxy resembles the latter substituents in 
its effect on the rate, there are important differences, both 
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phenomenological and structural. Medium effects on the 
rate of decomposition of 3a are much smaller than those for 
tert-butyl o-phenylthiylperbenzoate10 and are not correlat
ed with any of the usual measures of solvent polarity. The 
important structural differences are the hydrogen bond to 
carbonyl oxygen and the fact that the a-atom of the hy
droxy substituent is oxygen. Anchimeric participation in 
which oxygen must expand its octet can be ruled out, while 
several otherwise similar mechanisms that avoid this diffi
culty are too highly polar for the observed medium effects. 

As an alternative to the usual electron-sharing or elec
tron-transfer mechanisms, we would like to propose eq 2 in 

-O- + (2) 

which the hydrogen atom is transferred in a reversible ke-
tonization step that is only partly rate determining. The 
mechanism represented by (2) requires no polar medium ef
fects and is quite compatible with the low11 kn/ko ratio of 
1.30 if the rate is largely determined by the second step. An 
alternative explanation in which the hydrogen bond of 3 is 
nearly symmetrical and very similar to the bond in the tran
sition state seems less likely. 

We also note that the hydrogen bonded phenoxyl radical 
6, as opposed to an acyloxy radical, should be quite resis
tant to decarboxylation. Thus the acid 4a is still formed in 
38% yield even in CCl4. Added I2 plus water in CCl4, a 
well-known trap for benzoyloxy radicals,12 does not change 
this yield significantly. 

Experimental Section 

ferf-Butyl 3,5-Di-ferf-butyl-2-hydroxyperbenzoate (3b). To a 
cold solution of 38 g (0.14 mol) of 3,5-di-rer/-butyl-2-hydroxybenz-
oyl chloride in 650 ml of w-hexane was added at 0-5°, 12.6 g (0.14 
mol) of tert-butyl hydroperoxide. A solution of 11.1 g of pyridine 
(0.14 mol) in 200 ml of hexane was then added dropwise (1 hr) 
also at <5°. After stirring at room temperature for an additional 5 
hr, the solution was filtered from the pyridine hydrochloride pre
cipitate, washed several times with H2O, several times with 10% 
HCl, and finally several times with H2O. The hexane solution was 
concentrated to an oil in vacuo after drying over MgSO4. The oil 
was crystallized from a small amount of n-pentane: yield after six 
recrystallizations 40 g (88%), with an iodometric titer of 99.5 ± 
0.4%; mp 69-70°; ir (CCl4) 1690 cm"1 (C=O), 3200 cm"1 (OH, 
broad); 1H NMR (CCl4) 5 1.30 (singlet, 9.00, tert-butyl), 1.43 
(singlet, 18.00, ring ferr-butyl groups), 7.50 (singlet, 2.00, aromat
ic H), 11.00 (sharp singlet, 1.00, OH). On exposure to the labora
tory light and air, the crystals turn green. 

ferf-Butyl 5-\1ethyl-3-ferf-butyl-2-hydroxyperbenzoate (3a). To 
a solution of 27.1 g (0.12 mol) of the corresponding acid chloride 
in 300 ml of n-pentane and 300 ml of cyclohexane at 0-5° was 
added 13.95 g (0.155 mol) of tert-butyl hydroperoxide. A solution 

of 12.25 g (0.155 mol) of pyridine in 100 ml of cyclohexane was 
added dropwise (1 hr) at <5°. The faintly yellow solution was then 
stirred at the same temperature for 5 hr, washed twice with 250-ml 
portions of 10% HCl and four times with 250-ml portions of H2O. 
After drying over Na2S04 and concentrating in vacuo, the residual 
oil was crystallized from small amounts of n-pentane. Yield after 
four recrystallizations; 30.9 g (92 %), iodometric assay 99.3 ± 
0.4%; mp 63.5-64.5°; ir (CCl4) 1700 (C=O), 3160 cm"1 (OH, 
broad); 1H NMR (CCl4) 6 1.37 (overlapping singlets, 18.00, tert-
butyl groups), 2.26 (singlet, 3.00, CH3), 7.22 (m, 2.00, ArH), 
10.93 (sharp singlet, 1.00, OH); uvmax (hexane) 322 nm (emax 
4720). 

ferf-Butyl 5-Methyl-3-ferf-butyl-2(d-hydroxy)perbenzoate. The 
desired concentration of the HO compound was prepared in an or
ganic solvent transferred to a drybox. Typically 5 ml of D2O was 
added to 20 ml of the 0.1 M perester, the solution stirred for 20 
min, the organic layer removed, and the treatment with D2O re
peated. The deuterated perester was dried over 4 A molecular 
sieves: ir (CCl4) 1692 (C=O), 2400 cm"1 (OD, broad). 

Product Analysis. Most products were isolated by GLC and 
identified by means of authentic samples (NMR, ir, and mass 
spectra). Acids were determined by isolation and weighing or by 
treatment of the product mixture with CH2N2 followed by mea
surement of the GLC peak of the methyl ester. The 2,4-dl-tert-
butylphenol and phenyl 3,5-di-rerr-butyl-2-hydroxybenzoate13 

were identified by MS and their retention times on columns of dif
ferent polarity. Biphenyl was determined by isotope dilution. 

Kinetics. Rates of disappearance of 3a and 3b were measured 
using samples in individual degassed ampules, either by following 
the decrease in the perester ir carbonyl absorption or by titration of 
I2 liberated by reaction with KI in acetic acid. 
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