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THE formation of perchlorobenzyl (PB) radical has already been postu- 

lated in order to account for a number of reactions of perchlorotoluene (I>,l 

such as its reducto-dimerization to the perchlorostilbenes (II),2 its ther- 
molysis to a mixture of CC14, p erchlorobenzene and perchlorostyrene (III),3'4 
and its photolysis in Ccl4 y b ultraviolet light giving a mixture containing 

perchloroethylbwzene (IV) and other chlorocarbons. 495 

. z L . 
C6C15CC12 + Cl C6C15CC13 

or hV 
C6C15CC12 + Cl 

tPB) (1) (PB) 

No direct evidence for its existence has been reported however. It 
was assumed that the formation of PB is assisted by the high steric strain 

of I due to the strong steric interactions between the ortho and the alpha 

chlorines. According to the reaction conditions, PB was found to react with' 

oth& free radicals such astrichloromethyl (photolysis in CC14),4'5 add a 
hydrogen from the media (reductions in the presence of hydrogen donors),2 

or undergo dimerization with subsequent loss of chlorine. 2 

. y C6C15CHC12 

C6C15CC12 

(PB) b .c6c15cc1=cc~c6c~5 

(IV) (II, cis and trans) 

The ease of formation of II from I, even at 10(X in the presence of 
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hydrogen-donor solvents such as acetic acid2 or DMSO, 6 infers considerable st= 
bility for PB. All attempts to isolate the dimer perchlorobibenzyl (V) were 

unsuccessful, a fact which was readily explained by the high steric strain in 

its molecule. It was found, however that reduction of 2E-heptachlorotoluene 

under the relevant reaction conditions permits the isolation of 2&2'F&dodeca- 

chlorobibenzyl as an intermediate in the formation of 2&2'!-decachlorostilbe- 
2 nes, this being due to the relatively unimportant steric repulsions compared 

with those of V. 

The authors now wish to report the detection of the perchlorobenzyl (PB) 

radical by means of epr spectroscopy, as well as its preparation in stable form. 

It has been found that the reaction of I with alkaline iodides in acetic acid 

or with SnC12 in ethers gives a strong, transient epr signal. An identical 

spectrum has been obtained by illumination of a solution of I in Ccl4 with 

ultraviolet light; the concentration of PB falls sharply in the dark however, 

because of extensive recombination with the liberated molecular chlorine. This 

procedure has led to the successful preparation of a stable solution of PB by 

treatment with copper turnings during the illumination, this destroying the 

chlorine formed. When the copper is removed and the light switched off, an ini 

tial second-order decay of the signal is observed, this rapidly reaching a stea 

dy concentration. The resulting solution gives a strong epr signal at room te 

perature which remains unchanged for months, and which is greatly enhanced on 

warming (~10 fold increase at 80°C), the original signal intensity being res- 

tored on cooling back to room temperature. These phenomena show that at room 

temperature PB is indeed in equilibrium with a dimer, presumably V. An alter=_ 

tive structure for the dimer' is unlikely since II is obtained. 2 

2 C6C15CC12 e c6c15cc12cc12c6c15 

(PB) (V) 

The intermediate formation of V in the reducto-dimerization and the photo- 

lysis of I is thus confirmed. 

As far as the authors know, PB is the only known benzyl radical which is 

partly disassociated at low temperatures. This remarkable fact is traced to the 

very high frontal strain of the dimer; i.e., the repulsions between G+ and I%'- 

chlorines, buttressed by the ortho chlorines, which greatly weaken the central 

carbon-carbon bond. The steric strain of I has been estimated to be of the or- 

der of twenty kcal/mol. 1,g Substitution of a chlorine by a perchlorobenzyl group 

to give V should increase this strain greatly. Furthermore, it is well known 



that benzyl radicals are stabilized by odd-electron delocalization, and that 

the chlorine has a stabilising effect on carbon free radicals. 

When the distances between two chlorine atoms are smaller than 3.0 a the- 

re is significant steric compression (and molecular distortion). The distance 

between the nuclei of an ortho and an alpha chlorine in the planar conforma- 

tion of PB (maximum resonance energy) is about 2.5 1. Therefore, such a con- 

formation would be highly strained. In the actual conformation, however, re- 

lief is obtained by rotation of the dichloromethylene group about its bond un- 

til a balance between the force tending to restore that planar conformation, 

and the steric repulsions is reached. The angle@ between the planes of the 

groups has been estimated by the "proton homomorph" method devised by the au- 

thors, which is based on the assumption that this balance is about the same 

for PB and for its homomorph 4&hexachlorobenzyl radical (VII). Consequently, 

0 should also be about the same. 

4&Heptachlorotoluene forms VII in the same fashion as I yields PB; i.e., 

by reduction with iodide ion in acetic acid' or SnC12 in dioxane, or by illu- 

mination with ultraviolet light in CC14. Its epr spectrum shows no splitting 

due to the proton. This unexpected result indicates that the spin density at 

the Sara carbon atom is nearly zero. (4g-Tetradecachlorotriphenylmethyl and 

411,4'H,4"&dodecachlorotriphenylmethyl radicals show definite splittings due 

to the protons (~5.5 MHz)k6 

McLachlan's approximation 10 has been used to calculate the spin density 

distribution at carbon or chlorine atoms. 

The spin densities at the para carbon are calculated as a function of 0. 

For a tilting angle of about 60' the spin density becomes zero, and consequent 

ly, the tilting in PB should be close to this value. 

Epr spectrum PB possesses two chlori- 

rines attached to the alpha carbon. Actor 

dingly, 7 lines with the expected inten- 

sity ratios are observed (Fig. 1). Becau- 

se of the angle of tilting @ , and the 

attachment of only one benzene ring to 

the alpha carbon, the odd-electron loca- 

lization on that carbon is high and so 

the coupling constant with the alpha 13C 

satellite peaks (166 MHz) (perchlorodiphg 

nylmethyl (PDM) radical, 102; perchloro- 
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triphenylmethyl (PTM) radical, 82.5 MHz).ll The coupling constant with the 

chlorine bonded to that carbon is, accordingly, significantly higher (8.4 MHz) 

than that of PDM (6.1 MHz).14 Land&Is g value is unusually high (2.0072 2 

0.0003) (PDM, 2.0055 + 0.0003; PTM, 2.0026 + 0.0003)11 indicating important 

spin-orbit coupling with the chlorines. The broadness of the epr peaks, found 

also in other perchlorinated radicals, 11 is traced to interaction with the 

ring chlorines. 

Acknowledgements The authors thank the Aerospace Research Laboratories, 

Wright-Patterson AFB (Ohio, USA), for contracts granted through the European 

Office of Aerospace Research, USAF, and Dr. L. Spialter for his valuable advice. 

Their gratefulness to Dr. F. Graf, Swiss Federal Institute of Technology (Zu- 

rich), for informing us that he has obtained PB by thermolysis of perchlorocy- 

cloheptatriene. Angle $ calculated by him agrees well with that in this paper. 

References 

1) M. 

2) M. 

3) M. 

4) M. 

5) M. 

6) M. 

7) H. 

8) M. 

9) M. 

10) A. 

11) M. 

Ballester, C. Molinet and J. CastaiIer, J. Amer. Chem. Sot., 82, 4254 
(1960). 

Ballester, C. Molinet and J. Rosa, Tetrahedron, 8, 109 (1959). 

Ballester, C. Molinet and J. Rosa, An. Real Sot. Espa?i. Ffs. Qul m., 
Ser. B, 57, 393 (1961). 

Ballester, J. Castaaer and J. Riera, Miscellanea Barcinonensia, 4, 19 
(1965). 

Ballester and J. Castaiier, An. Real Sot. Esvaii. Fis. Quim., Ser. B, 
62, 397 (1966). 

Ballester et al., unpublished. 

Lankamp, W. Th. Nauta and C. MacLean, Tetrahedron Letters, 1968, 249; 
H. Lankamp, Doctoral Thesis, Free University of Amsterdam (1970). 

Ballester and J. Castaiier, J. Amer. Chem. Sot., 82, 4259 (1960). 

Ballester and J. Rosa, An. Real Sot. Esoaaii. Fis Quim., Ser. B, 56, 
203 (1960). 

D. McLachlan, Mol. Phvs., 2, 233 (1960). 

Ballester, J. Riera, J. Castafier, C. Badla and J. M. Mons6, J. Amer. 
Chem. Sot., 93, 2215 (1971). 


