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SUMMARY 

The reactions of hexafluorobenzene, octafluorotoluene, 

decafluorodiphenyl, and octafluoronaphthalene with ethereal 

eolutions of methylmagnesium iodide in the presence of AgCl 

or CuI gave the products of the methylation and l-ethoxy- 

ethylation of the perfluorinated eubstratee, whose formation 

hae been suggested to occur with participation of free 

radicale. Substitution of fluorine atoms by the l-ethoxyethyl 

radicals in C F CF and C6F5C6F5 proceeds with predominant 
65 3 

para-orientation; in C,0F8, I- and 2-orientations take place 

to 831 equal extent, whereas the methyl radicals attack mainly 

the l-position of octafluoronaphthalene and show a low 

eelectivity in the reaction with octafluorotoluene. 

INTRODUCTION 

Studies 01 on the homolytic reaction8 of polyfluoro- 

aromatic compounde have shown that perfluorinated derivative6 

of aromatic hydrocarbons react with carbon radicals by the 

addition mechanism with subsequent dimerisation of radical 

d-complexes, but not by the substitution mechanism, typical 

for the non-fluorinated aromatic compound8 k]. It was found 

in thie case that electrophilic~radicale attack perfluoro- 

aromatic compounde of the benzene eerie6 having electron- 

accepting substituente other than fluorine (e.g., CF3 or C6F5) 
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exclusively at the meta-position. As for octafluoronaphthalene, 

it reacts under mild conditions (85%) with the electrophilic 

pentafluorobenzoyloxy radical to give the dimerization product 

of l-addition 6-complexes of this radical, whereas with nucleo- 

philic methyl and electrophilic pentafluorophenyl radicals it 

reacts under more vigorous conditions (140-2OOOC) to form the 

products of homolytic fluorine substitution in the 2-position. 

The lack of selectivity in the reactions of octafluoro- 

naphthalene with nucleophilic and electrophilic radicals was 

attributed to the reversible character of the addition of 

these radicals to octafluoronaphthalene at high temperatures 

and the irreversible rearrangement of <S-complexes of addition 

of the radicals at the 2-position of octafluoronaphthalene b]. 

RESULTS AND DISCUSSION 

This paper studies orientations in the reactions of per- 

fluorinated aromatic hydrocarbons (hexafluorobenzene, octa- 

fluorotoluene, decafluorodiphenyl, and octafluoronaphthalene) 

with nucleophilic radicals (methyl and I-ethoxyethyl) under 

conditions close to kinetic. For the generation of these 

radicals under mild conditions (25-35OC), a syetem consieting 

of methylmagnesium iodide and silver(I) or copper(I) salts 

in diethyl ether was used. 

The one-electron oxidation of Grignard reagents (R&X) 

by transition metal salts (MK,) is known to involve a metal 

exchange reaction [4], whereby (1) the resultant organo- 

metallic compound (RMX,_~) may decompose by a free-radical 

mechanism at temperatures below OOC. For instance, methyl- 

silver quickly decomposes below -3OOC [5], and the more 

stable methylcopper doee so at room temperature [6]. 

m+=n - 5-l + w2 (1) 

Previously we have reported b] the use of oxidation of 

methylmagnesium iodide by silver chloride or copper iodide in 

diethyl ether for the homolytic substitution of fluorine atoms 

by alkyl groups in perfluoroaromatic compounds. Along with the 

methyl-substituted derivatives, the reaction gave l-ethoxy- 

ethylation products, due to participation of secondary 
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radicals in the reaction. Similarly, the reactions of per- 

fluoroaromatic eubatratee with methylmagnesium iodide - &Cl 

or CuI - diethyl ether syetems, studied in the present paper, 

led to the formation of methyl- and l-ethoxyethyl-derivative8 

(I and II) of polyfluoroaromatic compound8 (2): 

CH 
CH3MgI. Mx I3 

&fF Et20 - &fCH3 + .4rfCHOCH2CH3 

(1) (II) 

(2) 

&f = (a) CgF5, (b) CF3C6F4, CC> C6F5C6F4, (d) C10F7; 
Mx = AgCl, cur. 

The reaction8 were carried out at different mole ratios 

of methylmagne8iLUn iodide to perfluoroaromatic substrate. 

In all experiments, a 2.5 AU diethyl ether solution of CH3MgI, 

and equimolar amounts of AgCl or CuI relative to methyl- 

magnesium iodide were used. Table 1 liets the results of 

the reaction8 of perfluorinated aromatic compound8 with 

ethereal solutions of methylmagnesium iodide in the presence 

of silver chloride (at 25OC) and copper iodide (at 35OC). 

Product yields for the experiment8 with hexafluorobeneene and 

octafluorotoluene are given on the basis of the GLC analysis 

of the reaction mixtures; and for the experiments with deca- 

fluorodiphenyl.and octafluoronaphthalene, on the basis of 

the silica gel column chromatography. 

As seen from Table 1, the use of either A&l or CuI as 

oxidant8 for methylmagnesium iodide is equally effective, as 

judged by the result8 of the reactions. In the case of hexa- 

fluorobenzene, a decreased mole ratio of CH3MgI to subetrate 

(from 1:l to 1:lO) leads to an increased conversion degree 

of the eubstrate. The latter reaction gives increased relative 

yields of 2,3,4,5,6-pentafluorotoluene (Ia), and, accordingly, 

decreased relative yield8 of (l-ethoxydthyl)pentafluorobenzene 

(IIa), which may be the reeult of a reduced concentration of 

1-ethoxyethyl radicals a8 a consequence of the diminished 

possibility for methyl radical8 to eliminate hydrogen atoms 

from diethyl ether. Upon replacement of one fluorine atom in 

hexafluorobeneene by the CF3 or C6F5 groups, a dependence of 

the methyl- to 1-ethoxyethyl-derivative ratio on the character 
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TABLE 1 

Interaction of perfluoroaromatic oompounde 

with ethereal solutions of methylmagnesium iodide 

in the presence of silver and copper salts 

Substrate Mole Salt Yields of products (%I, 

OrfF) ratio of (MX) considerings the converted 

CH3W substrate 

eubstrate ArfCH3 (I) ArfFHOCH2CH3 

cH3 (II) 

Conversion 

of the 

substrate 

tsk> 

1:l cur 23 62 1.3 

I:5 cur 65 32.5 26 

C6F6* 1:5 AgCl 68 30 26 

I:10 cur 80 17 31 

ltl0 AgCl 81 17 31.5 

1:l cur 37.5 56.5 1.1 

'gFgCF3* L5 GUI 41 54 2.4 

1:5 AgCl 44 52 2.5 

1:lO cur 53 29.5 1.7 

I:2 cur - 96 1.4 

C6F5C6F5** 1:5 GUI 6 91 11.5 

1:5 A&l 5 90. 11 

I:10 cur 11.5 86 5.2 

I:2 cur 35 63 22 

1:5 cur 65 32 39 

'1 OF8** 1:5 A@1 67 31 39 

1:lO cur 64 33 46 

I:10 &JCl 79 19 55 

* Yields calculated from the GLC data; 

** Considering the ieolated products. 
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6f the substituent ie observed. For the reactiona with an exce88 

of perfluoroaromatic substrate in the series of C6F6, C6F5CF3, 

C6F5C6F5, the yield of the methyl-eubstituted derivatives 

(Ia)- decreaeea, whereae that of the l-ethoxyethyl- 

derivatives (IIa)-(IIc) increaeee, with (l-ethoxyethyl.)nona- 

fluorodiphenyl (11~) being formed almost exclusively in the 

case of decafluorodiphenyl. 

In the effect of the CH3MgI - subetrate ratio on the 

relative yields of methylation and 1-ethoxyethylation products, 

octafluoronaphthalene is similar to hexafluorobenzene in this 

reaction, but of all the compounds considered here it reacts 

to the greateet extent both with methyl and l-ethoxyethyl 

radicals, and is most aeneitive to the nature of the metal in 

the halide. Thus, at a 1 :lO mole ratio of CH+I to C,0F8, on 

paeeing from CuI to A&l, the yield of methylheptafluoro- 

naphthalenes(Id) relative to (l-ethoxyethyl)heptafluoro- 

naphthalenes(IId) somewhat increases. 

For the formation of products (I and II) in the reactiona 

of perfluoroaromatic compounde with ethereal solutions of 

methylmagnesium iodide in the preeence of silver chloride or 

copper iodide, the following echeme may be euggested, where 

the firat etage is the metal exchange process (3): 

CH3MgI + MX - CH,M + Mgn (3) 

CH3M - M + l CH3 (4) 

CH3CH20CH2CH3 + 'CH3 w CH 
4 + CH36HOCH2CH3 (5) 

CH 
I 3 

ArfCHOCH2CH3 

(II) 

(6) 

(7) 

Ae a result of the decompoeition of the organometallic inter- 

mediate CH3M with the homolytic cleavage of the carbon-metal 

bond (4), methyl radical8 ere produced, which may eliminate the 
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(X-hydrogen atoms from diethyl ether (51, generating thus the 

l-ethoxyethyl radicals. Addition of methyl (6) and l-ethoxy- 

ethyl (7) radicals to the perfluoroaromatic substrate gives 

the respective radical d-complexes (III and IV), whose 

defluorination by the reduded metal M leads to the homolytic 

substitution products (I and II). The absence of radical 

d-complex dimerisation products , which are typical for the 

homolytic reactions of polyfluoroaromatic compounds [?I, may 

be explained by the efficiency of defluorination of radical 

&complexes (III and IV) by the reduced metals. 

The isomeric mixtures of 1-ethoxyethylation products 

(IIb and IIc), obtained in the reactions of octafluorotoluene 

and decafluorodiphenyl, are cheracterised by the high content 

of para-isomers. The ortho:meta:para ratio, determined from 

the GLC and I9 F IWR data, does not practically depend on the 

CHJMgI - substrate ratio, being 8:18:74 for the reactions of 

octafluorotoluene, and 2:16:82 for those of decafluorodiphenyl. 

In the methylation of octafluorotoluene, a mixture of 2-, 3-, 

and 4-methylheptafluorotoluenee (lb) is formed, with a certain 

predominance of ortho- and para-isomers (the ortho:meta:para 

ratio being 37:24:39). The isomer ratio of the methylation 

products of decafluorodiphenyl (Ic), formed in emall amounts, 

has not been determined. The low selectivity of the methyl 

radical as compared to the l-ethoxyethyl one in the reaction 

with octafluqrotoluene probably results from its leee nucleo- 

philic character [Zl , though one should not exclude possible 

steric hindrance in the attack of the bulky 1-ethoxyethyl 

radical at the ortho-position of perfluorinated substrates 

c6F5cF3 and C6F5C6F5. 

In the reaction of octafluoronaphthalene with methyl 

radicals, generated from methylmagnesium iodide in the presence 

of AgCl or CuI at 25-35'V, predominant orientation in the 

l-position is observed. The ratio of l- to 2-isomer in the 

mixture of methylheptafluoronaphthalenes (Id) is approximately 

90:10, and is opposite to the ratio obtained in the thermolysia 

of di-tert-butyl peroxide in octafluoronaphthalene at 140-16OOC. 

The reversal of orientation depending on the reaction temperature 

may support our suggestion about the reversibility of addition 
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of methyl radicals to octafluoronaphthalene at higher 

temperatures and the occurrence of the irreversible 

rearrangement with fluorine atom migration in the respective 

d-complexes p]. In the case of the 1-ethoxyethyl radical, 

which is more nucleophilic [8], the proportion of attack in 

the 2-position of octafluoronaphthalene increases. The 

resulting mixture of the (l-ethoxyethyl)heptafluoro- 

naphthalenes (IId) contains approximately equal ainount of 

l- and 2-ieomers. 

The free-radical mechanism was proposed here for 

interpreting the reactions of perfluoroaromatic compounds 

with methyl and 1-ethowethyl radicals, generated by the use 

of methylmagnesium iodide - silver or copper salts - diethyl 

ether systems, on the basis of the following considerations. 

The free-radical mechanism seems to be confirmed by 

participation of the secondary-generated (5) 1-ethoxyethyl 

radicals, as well as by the isomer ratio of products(1 and II), 

and the dependence of their relative yields on the reagent- 

substrate ratio. These facts disagree with the radical-ion 

mechanism of subetitution or the mechanism involving 

coordination of a metal with perfluoroaromatic subetrate. 

Thus, it has been shown in the case of the reactions of 

perfluoroaromatic compounds with the methylmagnesium iodide - 

AgCl or CuI - diethyl ether syetems that, when one fluorine 

atom in hexafluorobenzene is exchanged for an electron- 

accepting substituent (CF., or C6F5), substitution by nucleo- 

philic radicals ie characterised by the predominant para- 

orientation, and orientation in the radical reactions of 

octafluoronaphthalene depend8 not only on the polarity of 

attacking radical but also on the reaction temperature (Table 2). 

EXPERIMENTAL 

The ‘H and lg F RMR spectra were recorded on a Varian 

A56/60A spectrometer at 60 and 56.4 MHz respectively, without 

a solvent (external atandard wa6 TMS; internal, C6F6). Mase- 

epectra were recorded on a Finnigan MAT 8200 instrument. 

The GLC analysis was carried out on a chromatograph with 
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TABLE 2 

Isomer distributions in the reactions 

of perfluoroaromatic compounda with come carbon radicals 

Substrate Radical T OC Isomer ratio (I) Ref. 

o- m- P- 

'gFgCF3 CH+HOCH2CH3 25-35 8 18 74 this paper* 

CH3' 25-35 37 24 39 this paper* 

'gH5* 80 5 71 24 9 
'gF5' 80 6 90 4 10 

C6F5C6F5 CH3:HOCH2CH3 25-35 2 16 82 this paper* 

'gF5' 80 13 60 27 11 

l- 2- 

ClOG CH3;HOCH2CH3 25-35 50 50 this paper* 

CH3* 25-35 go 10 thie paper* 

CH3' 160 12 80 3 
C6H5* 110 70 30 12 

'6"5* 160 0 100 3 

* The isomer ratio does not practically depend on the reagent- 

sub&rate ratio. 

4000 x 4 mm ateel columne, at 50-250°C (progremmed heating 

lOO/min), stationary phase 15% QF-1 on the Chrometon N-AW 

carrier (0.20-0.25 mm>; the detector was a catharometer; 

the carrier gas, helium. Isolation of product6 by column 

ChromatogFaphy wae carried out on silica gel (0.140-0.315 mm); 

eluente were hexane and chloroform. 
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Interaction of hexafluorobenzene and octafluorotoluene 

with ethereal solutiona of methylmagnesium iodide 

(a) In the presence of silver chloride 

A 2.5 M solution of methylmagnesium iodide in diethyl 

ether was added dropwise (during 0.5-l h) to a suspension 

of silver chloride in the substrate at room temperature with 

vigorous stirring. The reaction mixture was then diluted 

with ether (4- or 5-fold excess), the inorganic precipitate 

was filtered off, the filtrate washed with water, 5% HCl 

solution, saturated sodium thiosulphate solution, again with 

water, and dried with CaC12. The ether was evaporated off 

without vacuum, excess of the substrate distilled off at 

atmosphere pressure, and the residue analysed by GLC. 

Distillation of the methyl-substituted derivatives (Ia end Ib) 

from the residue gave the 1-ethoxyethylation products 

(IIa and II%). 

(b) In the presence of copper iodide 

A 2.5 M solution of methylmagnesium iodide in diethyl 

ether was added at room temperature to a suspension of copper 

iodide in the substrate with vigoroua stirring and the mixture 

was refluxed for 2 h. Further treatment was similar to that 

described above. 

Table 3 lists the experimental data on the reaction6 

of hexafluorobeneene and octafluorotoluene with ethereal 

solutions of methylma~eaium iodide in the presence of AgCl 

and CuI. (1-Ethoxyethyl)pentafluorobeneene (IIa) has been 

described earlier in ref.[7]. The mixture of (l-athoxy- 

ethyl)heptafluorotoluenee (IIb) is a colourless liquid. 

Found %: C 45.52, 45.55; H 3.02, 3.09; F 45.98, 45.90. 

Mol. wt. 290.0550. C,,HgF70 yquires %: C 45.52, H 3.10, 

F 45.86; Mol. wt. 290.0541. H NMR spectrum, ppm: 1.11 

(triplet, CH3), 1.53,$doublet, CH3), 3.35 (quartet, CH2), 

4.83 (quartet, CH). F NMR spectrum, ppm: -1.3 (F5), 25.5 

and 34.0 (F4 and F6), 45.2 (F2), 107.0 (CF3) are the si 
!? 
ale 

assigned to the meta-isomer; 21.7 (F3, F5), 23.6 (F2, F ), 

107.2 (CF3) are the signals assigned to the para-isomer. 
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Interaction of decafluorodiphenyl and OctafluoronaDhthalene 

with ethereal eolutione of methylmagnesium iodide 

(a) Ih the presence of silver chloride 

A 2.5 M ethereal eolution of methylmagneeium iodide wa8 

added dropwiee (during 0.5-l h) to a auapeneion of silver 

chloride in an ethereal solution of the sub&rate (at room 

temperature) with vigorous etirring, whereupon the mixture 

wae stirred during further 1 h. Then the reaction mixture 

was diluted with ether (4- or 5-fold excea8), the inorganic 

precipitate was filtered off, and the filtrate washed with 

water, 5% HCl solution, the eaturated solution of sodium 

thioeulphate, again with water, dried with CaC12, and the 

ether evaporated. Part of the subetrate wa8 Cry8talli8ed off 

from chloroform (if neceeeary) , and the mother eolution 

evaporated. After evaporation, the residue wa8 passed through 

a eilica gel chromatography column. Elution with hexane 

yielded the eubetrate and a fraction containing the eubetrate 

end methyl-derivatives (Ic and Id); elution with chloroform 

gave the l-ethoxyethylation product8 (11~ and IId). The mixed 

fraction wae additionally eeparated on a eilica gel column, 

and the reeidue of the eubetrate and the methylation product8 

(Ic and Id) were isolated. 

lb) In the presence of copper iodide 

A 2.5 M arolution of methylmagnesium iodide in diethyl 

ether was added at room temperature to a euspeneion of copper 

iodide in an ethereal eolution of the 8UbStrate with vigoroue 

et&ring, whereupon the mixture wa8 refluxed for 2 h, and 

eubbequently treated eimilarly to the method described above. 

Table 4 preeente the experimental data for the reaction8 

of decafluorodiphenyl and octafluoronaphthlene with ethereal 

eolutione of methylmagnesium iodide in the presence of AgCl 

and CuI. The mixture of (1-ethoxyethyl)nonafluorodiphenyls 

(11~) ie a colourleae viecous liquid. Found %: C 49.57, 49.40; 

H 2.49, 2.33; F 44.35, 44.00. Mol. wt. 388.0487. c,$g”go 

requiree 96: C 49.48, H 2.32, F 44.07. Mol. wt. 388.0509. 

'H NMR epectrum, ppm: 1.23 (triplet; CH3), 1.68 (doublet, CH3), 
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3.53 (quartet, CH2), 5.04 (quartet, CH). "F NMR spectrum, 

Ppm: -0.8 (F5), 1.4 (Fm), 11.1 (Fp), 20.3 (F">, 30.1 and 31.0 

(F4 and F6), 45.4 (F2) are the signals assigned to the meta- 

isomer. 

(F2, ' 

1.4 (Fm), 11.6 (Fp), 20.3 (PO>, 23.8 (F3, F5), 25.2 

F ) are the signals assigned to the para-isomer. The 

mixture of (1-ethoxyethyl)heptafluoronaphthalenee (IId) has 

been described [7]. 

The product8 (Ia) - (Id) of methylation of perfluoro- 

aromatic compounds have been identified chromatographically 

by authentic samples. 
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