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Summary Aldehydlc hydrogen atom abstractions from benzaldehydes by t-butoxy radicals from 

t-butylperoxide exhibit a Hammett rho of -0 32, which 1s better correlated with CI+ than IJ and 

rationalized in terms of the contribution of dlpolar charge-separated transltlon state 

Since Hammett equation was first applied to homolytlc reactions by Walling and Mayo in the 

late forties2, charge-separated dlpolar transition states of hydrogen atom transfer reaction 

(HTR) of toluenesl have enJoyed long acceptance and explanation for the polar effect by the 

substltuents (Polar effect)3'4 

The concept of the polar effect was seriously challenged by Zavltsas et al in 19725 

They suggested that the negative rho values hitherto observed in the reactions of the toluenes 

simply reflected the changes of ground-state benzyllc C-H bond dissociation energies by the 

substltuents (BDE effect) 

Contrary to the predictions by the BDE effect, Pryor et al reported positive rho values 

in the reactions of the toluenes with t-butyl radical 
6-8 

Recently, Jackson et al , in the thermolysls of YC6H4CH2-Hg-CH2C6H4Y, observed unusual 

rate acceleration with Y being para-substltuents over the meta-ones, during which the transltlo'l 

states were presumed to assume partial benzyl radical character 
10 

We, accordlnqly, have 

scanned the data of HTR of toluenes 
11-14 

and have not noticed such deviations from Hammett 

correlation with the para-substituted toluenes This may be taken as an additional indication 

that the transition states are devoid of neutral benzyl radical character and, instead, have 

the dlpolar structure 

Presently, we have undertaken to study the mechanism of aldehydlc hydrogen atom transfer 

reactions of benzaldehydes which has attracted only limited attention 
15-17 

Reactions at 13O'C and for fifty minutes of degassed and sealed Pyrex ampoules contalnina 

variable concentrations (0 05 - 0 15 M) of benzaldehydes with t-butylperoxlde (TBP, 0 05 M) in 

benzene led to the formation of t-butyl alcohol and acetone in the following reactions The 

period of fifty minutes corresponds to approximately 20% decomposition of TBP 

YC6H4CH0 + (CH3)3C0 k, YC6H4C0 + (cH~)~C-OH 

kd 
(CH3)3C0 + CH3 + CH3COCH3 

(1) 

(2) 

Ratios of (t-butyl alcohol)/(acetone) were determined by g 1 c method18 and were plotted 
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as the funcrlon of the concentratlonb of eactl aldenydes to give excellent straight lines 

(correlation factors 0 990 + 0 005)l' The slopes of the lines correspond to the ratios of 

the rate constants (ka/kd) in the following equation and the results are shown in Table 1 

[t-BuOH] ka 
= - [YC~H~CHO] 

[CH~COCH~] kd 
(3) 

Table 1 Relative Reactlvltles of Aldehydlc Hydrogen of Benzaldehydes toward 
t-Butoxy Radical at 130°C 

Substltuents ka/kda 
b 

(J cl+b 

p-CH3 17 4c 1 31 -0 17 -0 31 

m-CH3 13 5c 1 02 -0 07d -0 07d 

H 13 3 (1) 0 0 

p-Cl 11 8 0 89 0 23 0 11 

p-Br 11 6 0 87 0 23 0 15 

m-F 10 2 0 77 0 34 0 35 

m-Cl 97 0 73 0 37 0 40 

m-CF3 92 0 69 0 43 0 52 

m-CN 88 0 66 0 56 0 56 

a Error limits are within ?5%, beingthe average devlatlons of three or 
more experiments 

b C D Ritchle and W F Sager, Progr Phys Org Chem , 2, 334 (1964) 

d" 
Corrections were made for the hydrogen atom transfer from the methyl groups 
C D Ritchie, J Phys Chem , _, 65 2091 (1961) 

Table 2 Rho Values for the ReactIons of Benzaldehydes with t-butoxy Radical 

Hammett Substltuent Constant 

lJ+ 0 

P r P r 

YC6H4CH0 + t-BuO -0 32 0 992 -0 37 rl 972 

The data of Table 1 were fltted by the method of least squares to the Hammett equation 

with u and IS' to calculate the rho values in Table 2 

Although Walling et al pointed out the complexatlon of t-butoxy radical with aromatlc 

solventsl' , Sakural and Hosoml 
14 

showed that the differential solvent effect as reflected in 

the change of rho with solvents IS rather small not to lnvalldate our present aim 

If BDE effect were the sole factor controlling the reactivities of the benzaldehydes, the 

transition state should have been of the structure L, which partially resembles benzoyl radicals 

[YC6H4:---i---:Bu-t]++[YC6H4;:--:---;Bu-t]+,[YC 

a 

(4' 

0 

2/ 2 2a 2b 
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In the HTR of toluenes, the maJor contnbuting form of the transition states are dipalar 

rather than neutral, which suggests the charge separation draws more stabilization to the 

dipolar structure Considenng the structures J and 2, the former does not have any favonng 

factors2' for the stabilization compared to the latter 

A characteristic feature of the benzaldehydes 1s the high degree of polanzation of the 

carbonyl double bond 
23 , which might influence the reactivities of the aldehydic C-H bonds 

thereby interfering with the polar effect 

4 0 
Hy i 

0 
Y ,_,,YDh-H H DC-H +--) R+L:-H 

+ 
- 

5 

(5) 

(Y, meta or para-substltuents, RO-, p-Me0 or p-PhO-) 

The polanzation was observed to reduce the reactlvltles towards tnchloromethyl racilcals 

significantly when Y were p-Me0 and p-PhO groups 
16 

This could be predictable when we 

considers the stability of the canonical structure $j, and the like 

We may exclude such interference ln the present reactions since our result shows good 

Hammett correlation 

It is, therefore, not unreasonable to consider the structure 2 as the maJor contnbutlng 

form of the transition state 

The Hammett rho value (p = -0 32) calculated in the Table 2 may, thus, be interpreted as 

the measure of the contnbution of the dlpolar structure 2, 1 e , the contnbution of 

heterolytic bond cleavage to the transition state of the homolysls 

The structure 2 may be additionally stabilized via the charge dispersion to the adJacent 

oxygen atom to have another resonance structure 22, which 1s the Walling's explanation for the 

higher reactivities of the benzaldehydes than those of toluenes toward t-butoxy radicals 
24 

The better correlation with O+ than with G may also point to the dispersion of the 

positive charge into the phenyl nng to Qlve the structure G 

In conclusion, polar effect 1s the solely dominant factor determining the reactivities of 

the most of the benzaldehydes toward t-butoxy radicals Neither the BDE effect nor the 

polanzation may constitute important elements for the rates of the reactions In short, 

they are kinetically controlled reactions 

Acknowledgement We warmly thank Korea Science and Englneenng Foundation for the flnanclal 

assistance We are also grateful to Professor Ikchoon Lee for the helpful discussion, to the 

Oriental Chemical Co for the technical assistance and to the Inha University for the generous 

support of this work Finally, one of us (S S K ) thanks Professor Cheves Walling for his 

relevant comment on this work 

References and Notes 

1 Throughout this article, benzaldehydes and toluenes Indicate meta and para-substituted ones 



3706 

2 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

C Walling, E R Bnggs, K B Wolfstlrp, and F T Mayo, J Amer Chem Sot 70 1537 ---)_) 
(1948) 

C Walling, "Free Radicals in Solution", Niley, New York, 1957, Chapt 8 

G A Russell, "Free Radicals", Vol 1, J K Kochl, Ed , Wiley, New York, 1973, pp 293-298 

A A Zavltsas and J A Pinto, J Amer Chem Sot 94 7390 (1972) ---)-_-) 

W H Davis, Jr , and W A Pryor, lbld , 2, 6365 (1977) and reference thereln 

W A Pryor, D F Church, F Y Tang, and R H Tang, "Frontiers of Free Radical Chemistry", 

W A Pryor, Ed , Academic Press, New York, 1980, pp 355 

The result of Pryor'@ was once cntlclzed by Tanner et al 
9 

on the ground that other 

factors (viscosity etc ) were the cause of that posltlve rho value This, in turn, has 

been challenged by the original workers' 

D D Tanner, P W Samal, T C S Ruo, and R I Henrlques, J Amer Chem Sot 101 ---_)____) 

1168 (1979) 

S Dincturk, R A Jackson, M Townson, H Aglrbas, N C Billingham, and G March, 

J Chem Sot Perkln II, 1121 (1981) -- 

G A Russell and R C Williamson, J Amer Chem Sot , 8&, 2357 (1964) --- 

(a) R E Pearson and J C Martin, lbld ___ , 85, 354,3142 (1963) 

(b) C Walling, A L Relger, and D D Tanner, ibid , 85, 3129 (1963) 

(c) C Walling and A L relger, ibid _ , g, 3135 (1963) 

E S Huyser, z , _, 82 394 (1960) 

H Sakural and A Hosoml, ibid __ , 89, 458 (1967) 

C Walling and E A McElhlll, lbld ___ ) 73, 2927 (1951) 

K H Lee, Tetrahedron, ;14, 4793 (1968) 

M Aral, Bull Chem Sot Japan, 3, 252 (1965) --- 

The analysis were performed with 8 ft x * ln stainless steel columns of 10% dllsodecyl 

phthalate on Chromosorb W using HP-5840 A gas chromatography equipped with FID detector, 

integrator and temperature programmer (Temp 30°C - 14O'C) It was established that the 

unreacted TBP did not decompose under the analytical conditions used 

C Walling and P J Wagner, J Amer Chem Sot 86 3368 (1964) ----._~_~ 

Structure _& partially assumes benzoyl radical character Since benzoyl radicals are of 

sigma type 
21,22 , they can not be even stablllzed via conJugatlon Jackson et al showed 

that para-substituted benzyl radicals are stabilized by the conJugatlon 
10 

The 

stabilization of the radicals by conJugatlon 1s well reflected in the bond dissociation 

energies of benzyllc C-H bond of toluene (86 Kcal)7 and of benzoyl C-H bond of benzaldehyde 

(88 Kcal)5 

P J Kruslc and T A Rettlg, J Amer Chem Sot , 92, 722 (1970) --~_ 

0 Ito, T Sakaguchl, and M Matsuda, J Chem Sot Far Trans 1188 (1978) _ ___- -3 

Our referee kindly polnted out the possible role of the polarlzatlon of the carbonyl 

double bond 

C Walling and M J Mlntz, J Amer Chem Sot , e, 1515 (1967) -- 

(Received In Japan 31 May 1982) 


