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Rate Constants and Kinetic Deuterium Isotope Effects for Hydrogen Atom 
Abstraction from Phenols by Polyvinyl Acetate Radical 
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(Central Research Institute for Chemistry of the Hungarian Academy of Sciences, H-1626 Budapest Pf. 17, Hungary) 

and JAN POSPISIL 
(Institute of Macromolecular Chemistry, Czechoslovak Academy of Sciences, Prague, Czechoslovakia) 

Summary The primary kinetic deuterium isotope effect 
(PKIE) for the hydrogen atom abstraction from sub- 
stituted phenols by polyvinyl acetate radical shows a 
large variation, and shows a maximum as a function of 
the reactivity of the compounds; the high values of 
PKIE may be attributed to tunnelling. 

THE primary kinetic deuterium isotope effect (PKIE) in an 
H-transfer reaction should vary with the symmetry of the 

transition state and should be a maximum when the 
hydrogen is symmetrically bonded to the atoms between 
which it is being transferred.1 Although maximum functions 
have been found experimentally3 the role of the symmetrical 
transition state has been questioned recently.8 

We report results on the PKIE of hydrogen atom abstrac- 
tion‘ from a number of substituted phenols by the poly- 
vinyl acetate radical a t  60 “C. The reactivity was deter- 
mined by inhibiting the azobisisobutyronitrile-initiated 
radical polymerisation of vinyl acetate.5,6 
different substituted phenols 

The results for 

acetate The KH/KD values in the Table together with eight 

TABLE. Rate constantsa and PKIE for hydrogen atom abstrac- 
tion from phenols by polyvinyl acetate radical a t  50°C in vinyl in the 

Compound 
Br,-Phenol , . .. 
BHPPb .. .. .. 
2,2’-Bu,‘-BHPP . . .. 
2,2’-Me,-BHPP . . .. 

2.4, 6-Me8-Phenol . .  

2,6-(MeO),-Phenol . . 
2,2’-Bu,t, 6,6’-Me,-BHPP 

2,2‘,6,6’-Me,-BHPP . . 
2,2’,6,6’-Pri4-BHPP . . 
2,6-(MeO),,4-OH-Phenol 
2,3,5, 6-Me4,4-OH-Phenol 

2,6- (OH),-4-Octt-PhenolC 
2,6-( OH),-4-But-Phenol 
2,4,6-(OH),-Phenol . . 

2,2’6,6’-Et,-BHPP . . 

2,b-(OH),-Phenol . .  

kH 
/1 mol-l s-l 

. .  36 

. . 36 

.. 66 
* .  100 
.. 224 
. .  244 
. . 400 
. . 460 
. . 464 
. . 488 
. . 3050 
.. 3320 
. .  5414 
. . 9972 
.. 15520 
. +  34080 

kD 

6.3 
5.0 
6.6 

10.0 
24.8 
28.0 
31.2 
32-8 
66.0 
37.6 

/1 mol-l 

371 
260 
320 
544 

1800 
4800 

s - ~  K H / ~ D  
6.8 
7.2 

11.9 
10.0 
9.0 
8.7 

12.8 
14.0 

8.3 
13.0 
8.2 

12.8 
18.0 
18.9 
8-9 
7.1 

earlier values6? show a maximum when plotted against the 
reactivityab of the 1H compounds. This dependence can be 
represented by the second-order equation (1) .* The Table 

contains several K H / R D  values > 10, i.e., greater than the 
largest kH/JZD value which could be accounted for by the 
loss of all threeg vibration modeslo of the phenolic OH and 
OD bonds. These high values indicate tunnelling. The 
differences in tunnelling probabilities for the lH and $33 
compounds could explain the maximum in the PKIE3bJ 
relative to the react i~i ty .~b~ll  

aValues for the reactivity of one reaction centre. 
that the accuracy for KE and kD is within f 10 %. 
2,2-bis-p-hydroxyphenylpropane. C Oct = Me,CCH,CMe,-. 
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