
Tetrahedron Letters, Vo1.30, No.1, pp 63-66, 1989 0040-4039/89 $3.00 + .oO 
Printed in Great Britain Perqamon Press plc 

ENDOR INVESTIGATIONS ON THE CAPTO-DATIVE STABILISATION 

OF TRIPHENYLMETHYL RAD ICALS 

M.Lehnig* and U.Stewen 

Fachbereich Chemie der Universitat Dortmund 

Otto-Hahn-Str.6, D-4600 Dortmund 50, Germany 

Summary. The influence of polar substituents on the spin density in monosubsti- 
tuted trinhenvlmethvl radicals 1 is less or eaual to that of the unpo- 
lar phenyi group. The influence=of two equal substituents in radicals 
2 is less than additive, radicals 2 with electron accepting and dona- 
ting substituents show a small capto-dative effect. 

The influence of polar substituents on the stability of free radicals has 

found growing interest during the last years.' Especially,, a "capto-dative" 

stabilisation by the combination of electron accepting and donating substitu- 

ents is discussed intensively and controversially. 2 
The first known and tho- 

roughly studied stable free radical is the triphenylmethyl radical. 
3 

It is sta- 

bilized by the introduction of one or two substituents as could be shown by in- 

vestigation of the thermal equilibrium between radicals 1 and 2 with their di- = 
mers. 4 The degree of dissociation of the dimers with R/R'= tBu/CF3, tBu/CN and 

OMe/CN shows a weak synergetic effect. 
4 

Spin density distributions in radicals 

1 and 1 should sensitively depend on substituents. 
5 

As the complex ESR spectra 

could not be analyzed in detail, the ENDOR technique has been used which allows 

the investigation of radicals with many inequivalent nuclei, 6 and the influence 

of substituents on the spin density distribution in radicals l and 2 will be 

described. 

tBu-, -OMe, -0Ph 
R, R'= 

-CF3, -CN, -COPh 

In Table 1, the splitting parameters of radicals 1 are given. ao, am and a 
P 

are proportional to the spin density at the central carbon atom and, therefore, 

a direct measure of the spin drawing or releasing effect of the substituent. 7-9 

As the ortho and meta splittings are not resolved in any case, only the para 

proton splittings will be discussed in the following. The influence of the do- 

nor substituents on the spin density distribution is small, that of the accep- 
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Table 1. ENDOR data of radicals J at 200 K in toluene (a) 

R 
- 

OMe 

H (f) 

tBu 

OPh 

CF3 
Ph (f) 

CN 

COPh 

ap (b) 

2.93 (I) 2.58 (e) 1.02/1.16 

2.86 2.61 1.14 

2.85 (I) 2.60 1.14 

2.84 (2) 2.60 (e) 1.12 (e) 

2.76 (3) 2.54 (e) 1.13 (e) 

2.72 2.48/2.72 1.10/1.21 

2.62 (2) 2.38j2.86 1.06/1.16 

2.60 (7) 2.41/2.60 1.08/1.23 

a 
0 

a m aR AH (c) AS cd) 

H: 0.31 

10.7 20 

H: 0.11 10.2 20 

H: 0.05 

F: 4.68 10.5 21 

H: 0.19/0.49 

N: 0.47 (g) 10.0 21 

H: < 0.02 10.2 23 

Table 2. ENDOR data of radicals 2 at 200 K in toluene (a) 

R/R' 
aP 

(b) a0 a 
In aR ap,calc-ap 

AH(c) AS(d) 

OMe/OMe 2.92(l) 2.57 (e) 1.04 (e) 

tBu/tBu 2.88(2) 2.59 1.13 

OPh/OPh 2.83(Z) 2.62 (e) 1.10 

CF3/CF3 2.70(3) 2.53 (e) 1.13 

Ph/Ph (f) 2.60 2.38/2.60 1.07/l-17 

CN/CN 2.64(3) 2.30/2.64 1.12 (e) 

COPh/COPh 2.46(l) 2.28i2.64 1.04/1.16 

tBu/CF3 2.73(l) 2.52 (e) 1.13 (e) 

tBu/CN 2.60(l) 2.41/2.88 1.07/1.21 

OMe/CN 2.53(l) 2.35/2.85 0.96/1.20 

H: 0.32 0.08 7.1 

H: 0.10 -0.04 8.2 

H: 0.05 -0.01 9.4 

F: 4.36 -0.04 

H:0.19/0.46 -0.01 6.8 

N: 0.42(g) -0.26 

H: < 0.02 -0.10 7.6 

F: 4.73 O.OZ(O.06) 
H: 0.09 

H: 0.09 O.oo(0.16) 7.9 

H: 0.32 0.15(0.25) 

12 

77 

18 

16 

16 

17 

(a) Splitting parameters in G, IG = 2.8025 MHz. (b) Errors in parentheses. 

(c) Dissociation enthalpy of the dimer in kcal/mol. 4 (d) Dissociation entropy 

of the dimer in cal/mol.K. 4 (e) Further splittings not resolved. (f) Taken 

from 10. (g) ESR data. 

tor substituents larger and in the order of the unpolar phenyl group. Dissocia- 

tion enthalpies and entropies of the dimers are added. 
4 
They do not show any 

significant dependence on the substituents. 

In Table 2, ENDOR data of radicals 2 and dissociation enthalpies and entro- 

pies of the corresponding dimers are listed. Additionally, differences between 

expected and observed a values are given calculated with Fischer's formula 7 
P 

and the a 
P 

values from Table 1. An ENDOR spectrum of 2 (R/R' = tBu/CN) is 

shown in Figure 1. With R = R*, the second substituent has a smaller influence 

than the first one. In the case of OMe and CN substituents, the effect is even 
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magnitude as the deviations within the AH values ( <4 kcal/mol). The capto-da- 

tive stabilisation energy of radicals 2 is 0.5 - 2 kcal/mol. This is comparable 

with the variations of AH in Table 2. Besides the capto-dative stabilisation 

of radicals 2, there obviously are other factors determining the magnitude of 

@,H.'5 
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