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EFFECT OF HIGH PRESSURE ON HYDROGEN ABSTRACTION BY THE CUMYLOXY RADICAL 

V. M. Zhulin, O. B. Rudakov, UDC 541.12.034.2:541.515 
and G. A. Stashina 

A quantitative relationship has been reported for volumetric activation effects (AV #) 
and the reactivity of organic compounds in the transfer of hydrogen atoms to free radicals [i]. 
The formation of the transition state in these reactions is accompanied by a decrease in 
volume (SV r < 0), i.e., the reaction is accelerated with increasing pressure, while the 
acceleration (IAV#I) depends on the rate constants in accord with the empirical equation 

(AvF -- AvT) = ~ Ig (ki/k~) (i) 

where AV~ and AV~ are the volumetric activation effects of the i-th and a standard reaction, 
k i and ks are the rate constants of these reactions, and ~ is a constant. 

The relative reactivity of C--H bonds of many hydrocarbons is a function of the dissocia- 
% 

tion energy of these bonds, i.e., the stability of the ~C'. radicals formed. In this case, 
/ 

the more rapid reactions are more strongly accelerated with increasing pressure (u < 0 in Eq. 

(i). This was observed in a study of hydrogen abstraction by polymer radicals ~C'[2], 
/ 

(CHa)aCO" [3] and chlorine [4, 5] and bromine atoms [6]. In the present work, we studied the 
cumyloxy radical as a hydrogen acceptor. 

Cumyloxy radicals were obtained by the homolysis of trimethylsilyl(cumyl)peroxide (TSCP) 
[7]. Upon the decomposition of TSCP in solution, the cumyloxy radicals formed undergo com- 
peting reactions: bimolecular reaction with the solvent RH (2) and a monomolecular reaction 
with loss of a methyl radical (3). 

+ RH, k~ 
i * phMe~COH + R" 

~', (DMPC) (2) 
PhMe2COOSIMea ~ PhMe~CO" ~3 

~ PhMeCO + CH3" 
(AP) (3) 

This scheme implies that the ratio of the quantities of dimethylphenylcarbinol (DMPC) 
and acetophenone (AP) formed during t h~conversions depends on n (the number of hydrogen atoms 
susceptible to abstraction). 

[DMPC] '~ k2 
-- [Ri l l  n (4) 

lAP] ka 

Among the solvents used, anisole and toluene have three chemically equivalent hydrogen atoms 
(methyl group hydrogen atoms, n = 3); n = 9 for tert-butylbenzene and n = 1 for cumene since 
the hydrogen atom at the tertiary carbon atom is significantly more active than the other atoms. 
Analogously, only the number of hydrogen atoms bound to secondary carbon atoms was taken in 
the calculation for n-nonane (n = 14). 

N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR, Moscow. 
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May, 1985. Original article submitted November 27, 1984. 
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Table i gives the values for k2/k3 calculated using Eq. (4), the experimental [DMPC]/[AP] 
ratios, and the differences in the volumetric activation effects of reactions (2) and (3) cal- 
culated according to Eq. (5) 

�9 - -  T ( I )  (5) 

where (k2/k3)p and (k2/k3)o are the ratios of the reaction rate constants at pressure p and 
atmospheric pressure and ~ is a parameter characterizing the pressure calculated according to 
an equation proposed in our previous work [8]. 

We should note that the change in the k2/k3 ratio in different solvents and with increas- 
ing pressure is prmarily due to change in k2. According to Russel [9], the rate constant k3 
of the analogous reaction of the tert-butyloxy radical is virtually independent of the nature 
of the solvent. Marriott and Griller i0 have also reported that the ~-cleavage reactions of 
radicals are onl X slightly inhibited with increasing pressure, i.e., have low positive volu- 
metric,activation effects from 0.2 to 3 cm3/mole. In addition, it is unlikely that the values 
for AV~ will change markedly in the series of solvents studied. 

Thus, by dividing the values of (k2/k3)o for different solvents by (k2/k3)o for toluene, 
we obtain a series of relative capacity of these compounds for hydrogen atom transfer to the 
cumyloxy radical, while by subtracting the corresponding value for toluene from differences 
(AV~ -- AV~)o determined for different solvents, we obtain the difference in volumetric activa- 
tion effects (AV~ -- AVe) (Table 2). 

Comparison of these results with the data for the pressure effect on the analogous reac- 
tions of tert-butyloxy radicals [4] requires carrying out these reactions at 323~ as in our 
previous work [4]. 

As already noted, the relative reactivity of hydrocarbons in the abstraction of hydrogen 
atom from them by a free radical is a function of the difference in the dissociation energies 
of the C--H bonds, i.e., the differences in the activation energies. Hence, ki/k s for 323~ 
was calculated using the Arrhenius equation taking identical preexponential factors. 

In order to convert (AV~ --:AV#) to 323~ we used the linesrtemperature dependences of 
AV # with the coefficient proposed ~y El'yanov [ii] as a first approximation in calculations 
for nonionic reactions. The calculation results are given in Table 2, which indicates that 
the tertiary C-Hbond in cumene is the most reactive bond considered. The rate constant for 
the abstraction of this hydrogen atom is greater than the corresponding value for abstraction 
of a hydrogen atom from the primary carbon atom in tert-butylbenzene by a factor of 85. The 
difference in the volumetric activation effects for these reactions is --8.6 cm3/mole, i.e., 
the relatively fast reaction is more strongly accelerated by pressure. An increase in pres- 
sure from 0.i to i000 MPa leads to an acceleration of hydrogen abstraction from cumene by a 
factor of 40, while it leads to only a sevenfold acceleration for tert-butylbenzene. 

The ratio of the rate constants for the transfer of a hydrogen atom from cumene and tert- 
butylbenzene to the tert-butyloxy radical is also 85 [4] and the difference in the volumetric 
activation effects (--7.1 cm3/mole) differs only by 1.5 cm3/mole. 

Treatment of the dependence for (~V~-- ~V!)_~n71~g~k~/~ ~ ~a(~eT~le(~ ~t 323~ 
except for the reaction with anisole) gives / ) The value 

= --3.7 cm3/mole is found for tert-butyloxy radicals [4]. 

The point corresponding to anisole clearly falls offthe line. Hence, the relative reac- 
tivity of anisole is a function not only of the C--H bond dissociation energy but also polar 
factors. In our previous work [12, 13], we studied the effect of pressure on hydrogen abstrac- 
tion by a bromine atom from the meta and para positions of toluene. The relative reactivity 
of these positions decreases with increasing electron-withdrawing capacity of the substitu- 
ent. The dependence for (AV~ -- AVe) on log(ki/k s) in this case is also linear, but the co- 
efficient ~ in Eq. (i) has a positive value, i.e., relatively slow reactions are more strongly 
accelerated with increasing pressure. 

We may consider that the rate constant for hydrogen atom abstraction by electrophilic 
cumyloxy radical also decreases as a result of the inductive effect of the oxygen atom, while 
the negative volumetric activation effect increases. This is in accord with the activity found 
for anisole in this reaction. 
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EXPERIMENTAL 

The experiments were carried out in a cylinder--piston unit according to our previous [7] 
technique. The products were analyzed by gas--liquid chromatography on a Biokhrom-I chromato- 
graph using a i00 x 0.3 cm glass column packed with 3% OV-I on Super Chromaton (0.101-0.16 ram), 
with temperature rise from 323 to 473~ at 2 deg/min, 40 ml/min nitrogen carrier gas velocity, 
and dodecane as internal standard. 

CONCLUSIONS 

i. A quantitative dependence was found for the volumetric activation effect on the 
reactivity of cumene, n-nonane, toluene, and tert-butylbenzene for hydrogen atom transfer 
to the cumyloxy radical. 

2. The analogous reaction of the cumyloxy radical with anisole does not obey this rela- 
tionship since the reactivity of anisole is apparently a function not only of the C--H bond dis- 
sociation energy but also polar factors. 
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