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There is a very extensive literature regarding the absolute 
rate constants for the reactions of alkoxyl radicals with organic 
substrates in the liquid phase.3 Attention has naturally focused 
on those substrates which are likely to be involved in autoxi-
dation and lipid peroxidation, e.g., alkanes, polyunsaturated fatty 
acids, etc.,3 and in the prevention of autoxidation, e.g., phenols, 
including vitamin E.3-6 Surprisingly, there is almost no such 
information regarding the reaction of alkoxyl radicals with 
hydroperoxides7 and not much more regarding their reaction 
with phenol itself.4 Because these reactions must play an 
important role in many autoxidation processes, we decided to 
make use of our recent discovery8'9 that the cumyloxyl radical, 
C6Hs(CHs^O* (RO'), has an absorption in the visible (Amax = 
485 nm) to investigate the effect of solvents, S, on the absolute 
rate constants for its reaction with fert-butyl hydroperoxide, k\s, 
and phenol, fes. 

RO* + (CHj)3COOH - 1 - ROH + (CH3)3COO* (1) 

RO* + C6H5OH — ROH + C6H5O* (2) 

Cumyloxyl radicals were generated "instantaneously" by 308 
nm laser flash photolysis (LFP) of dicumyl peroxide in the 
presence of various, relatively low, concentrations of tert-butyl 
hydroperoxide or phenol at room temperature. The solvents 
and rate constants for reactions 1 and 2, which were determined 
by measuring the experimental pseudo-first-order rate constants 
for cumyloxyl radical decay at various concentrations of 
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substrate, XOH, viz., (fc„s)exPti - hs + (fc«s)meas[XOH], are listed 
in Table I.10 

On examining Table 1, it is immediately apparent that (fcis)meas 
and (̂ 2S)meas decrease by about 2 orders of magnitude on 
changing the solvent from CCl4 to (CH3)3COH. It is also 
obvious that (feis)meas and (fê meas are of similar magnitude in 
each solvent, and, in fact, a plot of log(&is)meas vs log(&2S)meas 
yields an excellent straight line. 

Our kinetic results raise a most intriguing question: What is 
the cause of the observed effect of solvents on (£is)meas and 
(fes)meas'? This question takes on added piquancy because we 
recently demonstrated that there is no measurable solvent effect 
on hydrogen atom abstraction from cyclohexane by the cumy
loxyl radical.9 That is, for six of the solvents used in the present 

RO' + C-C6H12 — ROH + C-C6Hn* 

work (anisole was not employed in the earlier study), &H30°C = 

(1.24 ± 0.I2) x 106 M - 1 s_1. By way of contrast, the rate 
constant for scission of the cumyloxyl radical, kf, exhibited a 
rather substantial solvent effect9 (see final column in Table 1). 
It is quite clear that the solvent effect on kps bears no 
resemblance to the solvent effect on (£is)meas and (fc2S)meas-

C6H5C(CH3)20* — C6H5COCH3 + CH3* 

The absence of a solvent effect on hydrogen atom abstraction 
from cyclohexane necessarily implies that the dramatic solvent 
effects recorded in Table 1 must be due to solvent effects on 
the substrate, not to solvent effects on the cumyloxyl radical. 
Our results suggest that the solvent-induced decrease in (fcis)meas 
and (fe2S)meas is associated with an increase in the strength of 
complexes formed between the hydroxylic group of the sub
strate, XOH, and the solvent, S, acting as a hydrogen bond 
acceptor (HBA), i.e., acting as a Lewis base. 

The observed effect of solvents on (fcn
s)meas can be accounted 

for in a roughly quantitative manner by making three basic 
assumptions:14 

(i) Each substrate molecule, XOH, can act as a hydrogen bond 
donor to only a single HBA molecule, S, at any one time. 

(ii) The magnitude of the equilibrium constant, K„s for the 
formation of each XOH-S hydrogen-bonded complex is 
essentially independent of the nature of the surrounding medium 
(e.g., the medium's dielectric constant). 

(iii) Cumyloxyl radicals cannot directly abstract the hydroxy
lic H atom from the XOH-S complex (for steric reasons). That 
is, the solvent molecule in this complex must first be removed 
and replaced by an RO' radical. In principle, this could involve 
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4.7 M"1 12 or lower.13 
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Table 1. Measured Absolute Rate Constants in Various Solvents at 298 ± 2 K for Reactions of Cumyloxyl Radicals" with ferf-Butyl 
Hydroperoxide and Phenol and Calculated Rate Constants in CCU Based on Ka

s Values Measured in This Work and (in Parentheses) from the 
Literature 

fert-butyl hydroperoxide6 phenolc 

solvent 
(concn, M)d 

10-7(*iS)meas 
(M"1 S-1) K1

8 (M-') 
10-7(*,ra<)calc/ 

(M-' s->) 
1 0 " W W 

(M"1 s-') 

86 
48 
28 

5.6 

1.8 
0.58 

K2
S (M"1) 

0" 

0.44 
(0.28> 
1.2 

(1.2-2.1)*-' 

4.7 
(3.4-9.2)'"1 

10-7(foC^)cal/ 
(M"1 

86 

166 
(116) 

67 
(67-

53 
(38-

s-') 

-114) 

102) 

kfi /105«(s-') 

2.6 
5.5 
3.8 

20 
6.3 

1.CCl4 
2. C6H5Cl 
3. C6H6 

(11.2) 
4. C6H5OCH3 

(9.2) 
5. CH3C(O)OH 
6. CH3CN 

(19.1) 
7. (CH3)3COH 

25 
16 
13 

4.7 

1.6 
0.87 

0.67 

0" 

0.15 
(0.15)' 
0.50 

1.3 

25 

35 
(35) 

26 

23 

0.36 5.8 

" [Dicumylperoxide] = 0.13 M, which corresponds to an OD of 0.3 at 308 nm, the laser wavelength. 'Maximum [(CH3)3COOH] employed 
(mM) for each solvent: 1-3, 27; 4, 197; 5, 1320; 6 and 7, 1670. c Maximum [PhOH] employed (mM) for each solvent: 1, 13; 2, 6; 3, 24; 4, 92; 
5—7, 475. d Molarity of neat solvent. ' The true errors are probably ca. ±20%. -̂ Calculated via eq III. s Data are from ref 9 at 303 K. * By definition. 
'Reference 11.''Kamlet, M. J.; Abboud, J.-L. M.; Abraham, M. H.; Taft, R. W. J. Org. Chem. 1983, 48, 2877-2887. 'Lower value: Powell, D. 
L. Ph.D. Thesis, University of Wisconsin, 1962 (quoted in Wayland, B. B.; Drago, R. S. J. Am. Chem. Soc. 1964, 86, 5240-5244). 'Upper value 
estimated using the relationship log #2S = 0.92 log X^-fluorophenol) given in ref 16. Data for 4-fluorophenol from Gurka, D.; Taft, R. W. J. Am. 
Chem. Soc. 1969, 91, 4794-4801. m Lower value: Gramstad, T.; Sandstrom, J. Spectrochim. Acta, Part A 1969, 25, 31-38. There are also at least 
two intermediate values, viz., 4.8 (Epley, T. D.; Drago, R. S. J. Am. Chem. Soc. 1967, 89, 5770-5773) and 5.0 M-1 (Joesten, M. D.; Drago, R. S. 
J. Am. Chem. Soc. 1962, 84, 3817-3821). 

a simple predissociation of XOH-S to form a "free" XOH (and 
S), or by a direct substitution of S by RO* to form XOH-'OR, 
or by some mixture of these two processes. The simple 
predissociation model is illustrated below, together with the 
corresponding kinetic analysis. 

XOH + S 
KnS 

RO" 

XOH-S 

•k RO* 

ROH + XO* + S no reaction 

[XOHJtotai = [XOH] + [XOH-S] = [XOH](I + KnS[S]) 

(*n
s)meas[XOH]total = (*„S)meas[XOH](1 + KnS[S]) = V[XOH] 

That is, 

K = (VUsd +Ar11
8ES]) (D 

where kn° is the bimolecular rate constant which would obtain 
with "free" XOH, i.e., with XOH in a hypothetical solvent which 
in no way retarded formation of an XOH-"OR complex. 

Equilibrium constants for hydrogen bond formation between 
XOH and many HBA solvents have been determined in CCLt 
by spectroscopic methods. This is most commonly done using 
IR spectroscopy with a constant low concentration of XOH and 
then measuring the decrease in the intensity of the O—H 
fundamental stretching vibration which is produced by the 
addition of known concentrations of the HBA.11,1213cl6 These 
measured equilibrium constants, Kn

s, represent HBA solvent-
induced shifts in the XOH/CCI4 system, i.e., 

XOH/CCL + S : = X O H - S + CCL (H) 

From eq I, there would therefore appear to be a simple 

(16)Amett, E. M.; Mitchell, J. E.; Murty, T. S. S. R.; Gorrie, T. M.; 
Schleyer, P. v. R. J. Am. Chem. Soc. 1970, 92, 2365-2377. 

relationship between the rate constant measured in CCU and 
that measured in a different solvent, i.e., 

. CCl4-(n™=(^ui+c[s]) (in) 
Equation III implies that (£„s)meas and Kn

s can be used to 
calculate {kn

QCh)mti& or, alternatively, that (kn
CCh>)ms:as and (&n

s)meas 

can be used to calculate Kn
s. To test this equation, we chose 

benzene, anisole, and acetonitrile because these solvents cover 
a wide range in (kn

s) meas values and because four of the six 
required Kn

s values were available from the literature. Unfor
tunately, where comparison was possible, the reported K„s values 
varied significantly. We therefore measured or remeasured all 
six K„s values by the IR method (see Table 1), but we will not 
pretend that our values are likely to be any more reliable than 
the literature values. Calculated values of kn

ca*, i.e., (£iccl4)caic 
and (&2CCl4)caic> in these three solvents were found to be in 
satisfactory agreement with the corresponding rate constants 
measured in CCU (indicated in bold face, see Table 1). To a 
first approximation, therefore, our three basic assumptions are 
consistent with the experimental data. 

Although predissociation of XOH-S followed by H atom 
abstraction from "free" XOH is not a prerequisite for the 
observed agreement between (£„cci4)meas, (&nS)meas, and K„s, it 
does provide a simple picture of what is probably a rather 
complex situation. It should be noted that although the 
magnitude of the solvent effect (e.g., ifcu/kM^coH^ WJJJ depend 
on the Lewis acidity of XOH, it will generally be independent 
of the nature of the radical which abstracts the hydrogen atom, 
since the solvent effect is determined by the strength of the 
interaction between XOH and the HBA solvent. Experiments 
are planned to explore the validity and utility of these concepts. 
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