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Chapter I 

INTRODUCTION 

Purpose of this Dissertation 

The present study was undertaken to investigate the 

reactions of aromatic cation radicals with fluoride ion. 

There has been very little work accomplished in the area 

of the reactions of isolated aromatic cation radical salts 

with fluoride ion, except as noted later. Therefore, 

several methods of selective fluorination of aromatic 

compounds have been investigated. These methods are 

thought to have one aspect in common - the formation of 

a cation radical intermediate. 

The purpose of this dissertation is to describe the 

results of the reaction of several selected aromatic cation 

radicals with fluoride ion and to explore the mechanistic 

implications of each method of fluorination used. 



Survey of the Literature 

Attempts to fluorinate aromatic molecules selectively 

have been made using a variety of methods. These methods can 

be categorized in the following manner: 

I. The Uses of Metal Fluorides. 

II. Reaction with Xenon Difluoride. 

III. Electrochemical Fluorination. 

IV. Reactions of Isolated Cation Radical Salts. 

V. Other Fluorinating Methods. 

Part I. The Use of Metal Fluorides 

Metal fluoride reactions are usually carried out in the 

vapor phase by passing a stream of the vaporized substrate over 

a bed of heated metal fluoride. In 1952, an attempt was made 

by Montgomery and Smith to fluorinate several aromatic hetero-

cycles (pyridine derivatives) with cobalt trifluoride. The 

result was a mixture of fluorinated fragments. Barbour, et. al., 

tried to fluorinate several monocyclic aromatic molecules, again 

over cobalt trifluoride at 300-400 "C, only to achieve per-

fluorination with loss of aromaticity. BurdQn^ tried to 

fluorinate tetrahydrofuran at 110 ** C over cobalt trif luoride, 

and identified thirty-four separate products. 

After some time. Burden, et. al.,^ found that changing the 

metal fluoride within the reactor provided more selective con

ditions. Thus, silver difluoride was better than cobalt trî ^ 

fluoride, which was better than manganese trifluoride and cerium 

tetrafluoride. Burdon also concluded that these metal fluorina-

2 



tions, as well as xenon difluoride and electrochemical fluori-

nations, were oxidative processes involving a cation radical 

intermediate. 

CoF + Ar ^ C0F2 + Ar-+ + F" (1) 

2Ar-+ + 2F" > Ar + ArF + HF (2) 

Plevey, Rendall, and Steward attempted to fluorinate 

benzene over potassium hexafluoronickelate (KNiFg) at tempera

tures between 120-350 °C. They identified among the products 

several polyfluorobenzenes, polyfluorocyclohexadienes, poly-

fluorocyclohexenes, and perfluorocyclohexane. Using the same 

temperatures, they tried to fluorinate benzene over potassium 

trifluoronickelate (KNiF ), but recovered only benzene. It was 

also determined that potassium tetrafluoroargentate (KAgF.) 

and silver difluoride had similar reactivities, but reaction of 
g 

either with benzene yielded no aromatic products. 
7 

Burdon, et. al., caused pyrene to react with potassium 

tetrafluorocobaltate (KCoF.) at 350 °C and obtained perfluoro-
g 

perhydropyrene. Burdon and Parsons concluded that the possi

bility of a cation radical intermediate in these reactions was 

broadly correct, if product control was determined by spin or 

charge density in these intermediates. These conclusions were 

supported by use of CNDO/2 and INDO calculations on the cation 

radicals of benzene, benzotrifluoride, naphthalene, anthracene, 

and phenanthrene. 



9 The reaction of naphthalene with KC0F4 and cesium tetra

fluorocobaltate (CSC0F4) yielded only perfluorinated products 

+ CsCoFy > 

(3) 

It has only been recently that a solution phase reaction 

has been successfully attempted. 

+ AgF2 
^^6^14 

A 
> 

(4) 

-f A gF 



Benzene was allowed to reflux over silver difluoride to yield 

fluorobenzene in varying amounts depending upon the solvent.''••'• 

The yield obtained with hexane solvent was 61%, while in 

dichloromethane it was only 44%. 

Part II. Reaction with Xenon Difluoride 

Xenon difluoride as a reagent is relatively new, having 

12 been synthesized for the first time in 1962. Since that time, 

it has been the subject of much research. In the area of 

selective fluorination of aromatic compounds, Mackenzie and 

Fajer^^ caused xenon difluoride to react with several alkyl-

benzenes at 100-200 °C. Ring polyfluorinated alkylbenzenes 

were obtained in low yield. 

CH, -h 3XeFp > 
A 

(5) 

H- 3HF -h 3x 

Two aspects of this reaction need to be noted. First, only 

ring fluorination occurred, and second, the products retained 



15 their aromatic character. Hyman, et. al.,'̂ "' allowed xenon 

difluoride to react with benzene on a vacuum line to achieve a 

68% yield of fluorobenzene. During the reaction, a poorly 

resolved seven line esr spectrum was obtained. Subsequently, 

Hyman^^ performed the same reaction with the same alkylbenzenes. 

However, on this occasion good yields of p-fluoroalkylbenzenes 

were obtained. 

XeF2 > 

(6) 

HF + Xe 

The reaction was routinely carried out in a Kel-F tube attached 

to a vacuum line. The substrate was usually dissolved in 

methylene chloride, and the reaction was kept at low temperatures 

initially. The reactions usually did not proceed at all without 

the addition of anhydrous hydrogen fluoride as a catalyst. 

Hyman̂ "̂  proposed that the reactants formed a complex con

taining the aromatic substrate, the xenon difluoride, and 

hydrogen fluoride which collapsed to form the aromatic cation 



CH2C12 

2Ar + XeF^ + 2HF 
2 

-> [2Ar,XeF2,2HF] (7) 

[2Ar,XeF2/2HF] -> 2Ar .+ + Xe + 2HF, (8) 

2Ar .+ + 2HF -> ArF + 3HF + Ar (9) 

radical which reacted further to yield the mono-fluorinated 

18 aromatic. Using anisole, Hyman presented additional esr 

evidence for a cation radical mechanism. Reaction of some 

polynuclear aromatics with xenon difluoride gave more than just 

19 
monosubstituted products. Naphthalene gave 50% of 1-fluoro-

+ XeF2 
CHoCI 2^12 

HF > 

+ 
(10) 

5 0 % II % 

naphthalene, and 11% of 2-fluoronaphthalene; anthracene gave 

45% of 1-fluoroanthracene, 9% of 2-fluoroanthracene, and 26% 

of 9-fluoroanthracene; finally phenanthrene gave 40% of 
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-f XeF2 ^ ^ HP 

(II) 

2 6 % 

9-fluorophenanthrene and the remainder as a tarry mass. The 

reason for these unusual product distributions is not known. 

20 When Zupan and Pollak carried out the same reaction with 

phenanthrene, they recovered both the fluorinated product and 
o 1 

unreacted phenanthrene. Agranat, et. al.,''-̂  performed the 

same reaction in an open system, and without hydrogen fluoride 

present. They obtained a 33% yield of 9-fluorophenanthrene. 

When pyrene was allowed to react with xenon difluoride in 

both a vacuum line and an open system, similar results were 

obtained, 1-fluoropyrene (16%), 2-fluoropyrene (11%), and 
4-fluoropyrene (0.7%). 22 



XeR 
CH^CK 

+ 

0.7% 

+ 
16% 

(12) 

1 I 7o 

Benzo[aJpyrene gave 26% of 6-f luorobenzo[a]pyrene. 
23 

XeF2 

CH2CI2 
> ( 1 3 ) 
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The reaction of xenon difluoride with napthalene was 

24 reinvestigated to show that a new product was formed. In 

addition to 1-fluoronaphthalene (45%) and 2-fluoronaphthalene 

(9%), 1,4-difluoronaphthalene was formed in 15% yield. 

From the reactions of several substituted biphenyls with 

xenon difluoride at -80 ̂ C, the esr spectra were obtained and 

25 analyzed. ^ Each spectrum showed the presence of the cation 

radical.^^ 

Gregorcic and Zupan^' allowed cis-. and trans-stilbenes to 

react with xenon difluoride to obtain vicinal difluorides. 

Ph y F H 
•̂  Ĵ' ^ XeFp/HF I I 

C = Ĉ  > P h - C - C - P h (14) 
U P h ^*^2^'2 I I 

F X 

X = C l , B r 

Pohkhalyuzin and Nazarova^^ carried out the reaction of adaman-

tane with xenon difluoride in carbon disulfide to obtain a 35% 

yield of 1-fluoroadamantane. 
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+ XeR • > 

(15) 

35% 

Gregorcic and Zupan^" obtained seven different fluorinated 

products from the reaction of norbornene with xenon difluoride 

Zupan and Pollak^^ carried out the reaction of xenon 

difluoride with imidazopyridazine in various solvents (carbon 

XeF< 
^ 

X = CI,Br 
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tetrachloride, chloroform, methylene chloride, and bromoform). 

They obtained only chlorinated (60%) or brominated (70%) 

products. They did not observe any fluorinated products. 

Shackelford^^ has recently described a method of conducting 

xenon difluoride reactions in open systems using boron tri-

fluoride etherate instead of hydrogen fluoride as a catalyst. 

Thus the reaction of 1,2-dibromoethane yielded four products. 

F Br 
XeFg 

BrCH = CHBr > HC-CH 
BFsEtgO j I 

CHgCig F Br 

5 0 % 
(17) 

F Br F Br F CI 
I I I I I I 

+ H C - C H -h HC-CH + HC—CH 
I I I I I I 

Br Br CI Br Br Br 

1 8 % 23 % 

Participation by methylene chloride is evident in two of the 

products. The mechanism of this surprising rearrangement is 

not explained. 
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Part III. Electrochemical Fluorination 

The electrochemical fluorination of aromatic hydrocarbons 

necessarily began with the use of hydrogen fluoride solvent. 

•a 2 

Burdon and Tatlow studied this system in 1960, but found that 

aromatic compounds are difficult to dissolve in anhydrous 

hydrogen fluoride and that they become fragmented as a result 

of electrolysis. Kokhanov and Per'kova^^ tried to fluorinate 

benzene in liquid hydrogen fluoride at less than one volt with 

sodium fluoride electrolyte, but found that a polymer was formed 

with an average composition of C30H20F. Thiebault and Herlem^^ 

examined the chemical and electrochemical behavior of perylene 

in liquid hydrogen fluoride at 2 ''C and -25 °C, The half-wave 

potential for the oxidation of the cation radical to the dication 

was found to be +0.47 V at 2 *C against a copper/cupric fluoride/ 

0.1 M sodium fluoride reference electrode. Products from these 

studies were not examined, Masson, et. al.,35 performed numerous 

cyclic voltammetric experiments with perylene in liquid hydrogen 

fluoride; however, products were not examined in this case 

either. Herlem and Thiebault^^ examined perylene electrochemically 

again. They found that when perylene was dissolved in liquid 

hydrogen fluoride that was 0.1 M in sodium fluoride, three 

species existed in solution: perylene, protonated perylene, and 

HF 
Pe > Pe + PeH"*" + Pe-+ (18) 

0.1 M NaF 

HF 
Pe > Pe + Pe'"*" (19) 

1.0 M NaF 
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the perylene cation radical. If the solvent was 1-0 M in 

sodium fluoride, only two species remained in solution: 

perylene and its cation radical. It was thought that the 

oxidation of perylene to its cation radical was accomplished 

by the solvent, but it could also have been due to dissolved 

oxygen. Anodic oxidation of the cation radical to the dication 

was reversible with the potential being independent of the 

fluoride ion concentration. The solution of the cation radi

cal was found to be stable for many days, but the dication 

became reduced within 24 hours to the cation radical with the 

formation of another electro-active species in solution. No 

attempt was made to identify this new species. 

Because fluoride ion is a good base in aprotic solvents,-^^ 

a decision had to be made as to whether the ion would behave 

as a base or a nucleophile in electrochemical systems using 

3 8 

such solvents. Parker and Eberson undertook a cyclic voltam

metric study on 9,10-diphenylanthracene in the presence of 

fluoride ion, and deduced that fluoride ion behaved as a nucleo

phile in these circumstances. As a result, the same workers 

conducted a cyclic voltammetric study on 9-phenylanthracene.^^ 

In an attempt to account for the low reactivity of fluoride ion, 

consideration was given to the application of the Dewar-Zimmer-

man rules to the attack of a nucleophile on a cation radical. 

Roman^l studied the electrochemical fluorination of 9-phenyl-

anthracene at a platinum anode with tetramethylammonium 

dihydrogen trifluoride^^ in acetonitrile. He found both 9,10-

dihydro-9,10,10-trifluoro-9-phenylanthracene and 9-phenyl-lO-
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Pt , TMAH2F3 
> 

MeCN 

F Ph 

F F 

(20) 

fluoroanthracene to be formed. Rozhkov^^ fluorinated naphthalene 

at a platiniim electrode with tetraethylammonium hydrogen difluo

ride in acetonitrile to obtain 1-fluoronaphthalene (4-5% yield). 

TEAHF^tPt , 1.8 V 
> 

MeCN 

(21) 
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The electrolysis was carried out at 1,8 V Cvs s.c.e,). The 

half-wave potential for naphthalene is 1.58 V (vs s.c.e.). 

- e 

-2e 

> 

> 

H F 

A 
F--H+ 

(22) 

Consequently, one may consider the possibility of two mechanisms 

of fluorination, one involving the cation radical and one invol

ving the dication. By performing the electrolysis at 1.6 V 

(vs s.c.e.), a potential too low for formation of the dication, 
44 

only one reasonable mechanism remains. 

The electrolysis of benzotrifluoride in acetonitrile is 

one of the few cases in which oxidation of fluoride ion is 

proposed.^^ That oxidation of fluoride ion should occur in 
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1.6 V 
> 

+ 

(23) 

acetonitrile rather than the oxidation of the solvent or the 

substrate is somewhat puzzling. The anodic oxidation was per

formed at +3.2 V (vs s.c.e.) with tetraethylammonium trihydrogen-

<Q^CP3 
3.2 V, TEAH3F4 

MeCN 

8 0 % 

> p- CF-

6 0 % 

( 2 4 ) 

tetrafluoride as electrolyte. After 80% of the theoretical 
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number of coulombs had been passed, only one product was 

identified: m-fluorobenzotrifluoride C60% yield). If the 

3 . 2 V , TEAH3F4 

MeCN, 170 % 
• > 

(25) 

electrolysis was continued until 170% of the theoretical value 

had passed, two products were obtained: m-fluorobenzotrifluoride 

(30%) and 3,5-difluorobenzotrifluoride (12%). 

The fluorination of chloro- or bromobenzene in acetonitrile 

at +2.4 V (vs s.c.e.) yielded an interesting mixture of pro

ducts. "̂^ From chlorobenzene, the products were £-chloro-. 

fluorobenzene (9%), fluorobenzene (2%), and 

2.4V,TEAHF2 

MeCN 
+ -+ (26) 

2 % 1.2% 
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£-difluorobenzene (1.2%). From bromobenzene, the products were 

£-bromofluorobenzene (16%), fluorobenzene (3.4%), and p-difluoro-

2 . 4 V . TEAHF2 

MeCN 

H-

> 

16 7o 

3.4 % 

+ 
3 % 

{2.1) 

benzene (3%). The fluorination of fluorobenzene yielded only 

£-difluorobenzene (21.6%). The anodic fluorination of benzene 

in acetonitrile at 2.4 V (vs s.c.e.) yielded fluorobenzene 

47 (36%) and £-difluorobenzene (4,7%). Changing substituents 

on the ring from hydrogen to fluorine or to phenyl groups 

allowed Rozhkov to demonstrate that the ECE mechanism^^ (elec

tron transfer step, chemical step, electron transfer step) was 

at work in the reaction.^^ With terphenyl, the product obtained 

from addition of a fluoride ion to the intermediate shown in 

equation 29 was 1,4-difluoro-1,4-diphenylcyclohexa-2,5-diene. 

The product obtained from £-difluorobenzene, via the same type 

intermediate, was 1,1,4,4-tetrafluorocyclohexa-2,5-diene. 

However, had the substituents in equation 20 been hydrogen, 

then loss of a proton would have yielded fluorobenzene. In 
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-e 

c 

X F X F 

(28) 

> 

- X 
+ 

> 

X F 

X=F,Ph 

X F 

X=H 

(29) 

order for these diverse products to be formed in equation 29, 

the ECE mechanism displayed in equation 28 must hold true. 

Along these same lines, the electrochemical fluorination of 

9,10-diphenylanthracene yielded only one product in good yield 

9,10-difluoro-9,lO-diphenyl-9,10-dihydroanthracene. 50 
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F Ph 

TMAH2F3 

MeCN 

F Ph 

(30) 

The lifetimes of the cation radicals of several 9,10-

disubstituted anthracenes and of perylene were measured in 

purified and dried acetonitrile using cyclic voltammetry.^-^ 

The rate constants and energies of activation for the reaction 

of these cation radicals with solvent impurities, presumably 

water, were measured. 

Eberson noted that aromatic cation radicals were not as 

reactive towards some nucleophiles as might be expected.^2 

Therefore, he proposed that application of the Dewar-Zimmerman^^ 

rules to this reaction might help in accounting for this reac

tivity difference.^^ It was concluded that the overlap of 

orbitals of fluoride ion and a cation radical derived from a 

4n + 2 IT-electron system such as perylene was not extensive 

enough to allow fluoride ion to react nucleophilically with the 

cation radical. This conclusion was based on Eberson's distin-
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guishing qualitatively between unfavorable perpendicular 

approach of the Pz orbital and parallel approach of the Pz 

orbital to the ir-system of the cation radical. The distinction 

was criticized by Rozhkov^ on the basis of calculated orbital 

overlap integrals, and the application of the Dewar-Zimmerman 

rules seems now to have been abandoned. 

Subsequently, Eberson^^ proposed a theory of cation radical 

reactivity based upon thermodynamics. It was considered that 

the transition state for reaction between a cation radical and 

a nucleophile corresponded to that of a neutral molecule and a 

Ar'"*" + Nu" ̂  [Ar Nu]^->ArNu (31) 

Ar + Nu' . ^ [ Ar Nu] > ArNu (32) 

radical. From this hypothesis, it followed that the free ener

gies of activation and the standard free energies of the reac

tions could be calculated or estimated from thermochemical and 

kinetic data. The calculations which were performed showed 

that cation radical reactivity was mainly determined by the 

relative oxidation potentials of the aromatic and the nucleo

phile, respectively. 

Rozhkov discussed the effect of changing electrode material 

upon the extent of electrochemical fluorination.^^ Because aro

matic molecules adsorbed as readily on nickel as did the cation 

radicals, polyfluorination was inevitable. However, it was 
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observed that the aromatic molecules adsorbed on platinum and 

the cation radicals did not. Therefore, following oxidation of 

the aromatic to the cation radical, diffusion away from the 

electrode surface for further reaction allowed primarily mono-

fluorination. This concept was revised by Rozhkov.^^ It was 

decided that the electrode material was not the important 

factor, rather it was how strongly the compound adsorbed to 

the electrode in use. Therefore, by changing electrode materi

als, it was possible to change the extent of adsorption of the 

compound on the electrode surface, and thus the extent of 

fluorination achieved. Strongly adsorbed compounds yielded 

perfluorinated products, whereas, weakly adsorbed compounds 

yielded monofluorinated products. 

In more recent work, O'Malley^^ reported the selective 

electrochemical fluorination of several polycyclic aromatic 

hydrocarbons and their products. Anthracene yielded 9-fluoro

anthracene (14%); benzla]anthracene, 7-fluoro,12-fluoro-, and 

7,12-difluorobenzIaJ anthracene (40%); triphenylene, 1-fluoro-, 

1,2-difluoro-, and 1,1,4,4,-tetrafluorotriphenylene (30%); 

pyrene, a trace of fluoromonomer; and perylene, a trace of 

fluoromonomer from oxidation to the cation radical in aceto

nitrile. O'Malley discussed a theory of reactivity based upon 

the hardness (localization of charge) and softness (delocaliza-

tion of charge) of the cation radical. For a cation radical in 

which the charge is localized, the reactivity towards fluoride 

ion is high, e.g., triphenylene. In a cation radical which 
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ood > (33) 

> 

( 3 4 ) 

+ + OTOIQ 

» o + 

(35) 
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disperses the charge, the reactivity towards fluoride ion is 

low, e.g., perylene. 

Part IV. Reactions of Isolated Cation Radical Salts 

The synthesis and isolation of isolated cation radical 

salts has been the subject of much work, but their 

reactions with fluoride ion in solution to produce selectively 

fluorinated compounds has received little attention. 

Ristagno and Shine^^ reported the reaction of perylene 

cation radical perchlorate with potassium fluoride, silver 

fluoride, or silver fluoride plus hydrogen fluoride in aceto

nitrile. They observed only perylene and a perylene quinone as 

Pe-"*" CIO 
KF 

MeCN 
•^ Pe + PeO, (36) 

the products. The reaction of phenothiazine cation radical 

KF 

C6H6 
> 

38% 

+ 
17 % 

(37) 
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perchlorate with potassium fluoride in benzene yielded pheno

thiazine and 3,10*-biphenothiazine with no fluorination pro

ducts observed.^^ Phenoxathiin cation radical perchlorate 

KF 

MeCN 
> 

CIO (38) 

yielded only phenoxathiin and phenoxathiin-10-oxide upon reac

tion with potassium fluoride in acetonitrile.^ The reaction 

of perylene cation radical perchlorate with potassium fluoride 

in acetonitrile appeared to give only perylene after five days.'^ 

But, evidence for the formation of a monofluoroperylene was 

observed in the mass spectrum of the product. N-Phenylpheno-

thiazine cation radical perchlorate was allowed to react with 

potassium fluoride in acetonitrile for twelve days yielding 

N-phenylphenothiazine (53%) and a mixture of the dimer and a 

monof luorinated dimer, as shown by mass spectrometry.'-* 
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Part V. ^ Other Fluorinating Methods 

There are several other techniques that have been used to 

fluorinate, or attempt to fluorinate, aromatic compounds other 

than by the classical Balz-Schiemann reaction^^ and those 

methods discussed previously. 

The most simplistic approach, perhaps, to fluorination is 

the reaction of fluorine gas with the desired aromatic compound. 

Caution should be used in this technique because of the exo-

thermicity of fluorine fluorinations. Thus, the reaction of 

benzene with fluorine was explosive and gave only hydrogen 

fluoride and carbon tetraf luoride. "̂5'"7 6 By diluting the fluorine 

with nitrogen gas, the reaction was less exothermic."̂ "7 However, 

the product was characterized as a tarry mass. This mass was 

later shown to contain fluorinated products."̂ ^ The reaction of 

hexachlorobenzene with fluorine at 180-195 °C yielded twelve 

different compounds, none of which retained aromaticity.^^ By 

performing the reaction in carbon tetrachloride solution, fewer 

products were obtained.^^ These, however, were also non-aro

matic. In general, aromatic compounds on reacting with fluorine 

are fragmented, polymerized, or give unstable products. °-̂  

As experimental techniques improved, so did results. 

Conducting the reactions in solution phase and at low tempera

tures helped control the natural exothermicity of the reaction. 

For example, the fluorine fluorination of chlorobenzene at 0 °C 

gave chloro-perfluorocyclohexane easily.°^ The reaction of 

benzene with a small amount of fluorine in acetonitrile at 
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-35 °C gave fluorobenzene, a mixture of the difluorobenzenes, 

83 and trifluoroacetonitrile.®-^ Increasing the amount of fluorine 

led to perfluorocyclohexane and polymers. 

^2 

Qo C 

F F 

F F 

(39) 

MeCN 
-35° C 

> F + 

+ CF3CN 

(40) 

Very recently, 1-iodoadamantane was allowed to react with 

fluorine at -70 °C in methylene chloride. 84 The products were 

CH2CI2 

- 7 0 ^ C 

> 
(41) 

X= F, 17% 
CI, 8 3 % 
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1-fluoroadamantane (17%) and 1-chloroadamantane (83%). 2-Iodo-

adamantane yielded 2-fluoro- (50%) and 2-chloro- (47%). If the 

solvent was changed, i.e., 1-iodoadamantane in chloroform gave 

almost no chloro-product; in ii-butylchloride: 2% of chloro-

product; and in tert-butylchloride: 25% of chloro-product. 

Trifluoromethylhypofluorite (CF3OF) has also been used 

for fluorination. For example, benzene was allowed to react 

with trifluoromethyl hypofluorite under ultraviolet light to 

85 yield fluorobenzene and trifluoroanisole in small amounts. 

F + 

Other than reactions at activated carbon atoms,°° little work 

has been done using this reagent with aromatic compounds.^" 

The reaction of £-tolyliododifluoride with pyrene in 

chloroform gave 1-fluoropyrene. In non-chlorinated solvents, 
q q 

no reaction was observed.°° 
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+ CH3-<Q^IF2 > 

(43) 

Chlorine trifluoride was allowed to react with benzene 

-+ CIF: 

Qr' + 

> 

(44) 

Dt-
to yield a mixture of fluorobenzene and chlorobenzene. 89 

Conducting the reaction in carbon tetrachloride solvent gave 

the same mixture. 90 

Recently, the hydrogen fluoride-pyridine complex has 

received attention as a fluorinating agent. Aromatic fluorides 
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have been prepared in high yields by treatment of aryl-tria-

zenes with 70% hydrogen fluoride in pyridine at 0-80 °C.^^ 

Alkenes have been fluorinated,^^ as well as several other 

classes of compounds.^^ 



Chapter II 

EXPERIMENTAL 

General Procedures 

Spectroscopic Techniques 

Ultraviolet and visible spectra were obtained using a 

Beckman DK-2A spectrophotometer. Wavelengths are expressed 

in nanometers (nm). The following notations are used in the 

presentation of these data: 

-1 -1 
X (solvent)nm (e); z - liter moles cm 
max 

19 

F nmr spectra were recorded at the University of Texas 

at Austin. Nmr chemical shifts were measured in ppm relative 

to CFCI3, C^Fg, or 1-fluoronaphthalene and are specified in 

each case. 

Infrared spectra were obtained with a Beckman Acculab B 

spectrophotometer. All infrared wavelengths are expressed as 

wave numbers (cm~-̂ ) . All spectra were taken using a Nujol 

mull on sodium chloride plates. 

Mass spectra were obtained either with a Varian MAT 311 

mass spectrometer (Texas Tech University), or with a Kratos 

MS-5076 high resolution mass spectrometer at The Midwest 

Center for Mass Spectrometry, University of Nebraska, Lincoln, 

Nebraska. 

32 
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Chromatographic Techniques 

Thin layer chromatography was done on 20 x 20 cm glass 

plates coated with Woelm Silica Gel GF containing a fluores

cent indicator Ccatalog number 404680) , Typically, each 

plate was prepared from a slurry of 50 ml of silica gel and 

35 ml of water. The slurry was poured onto the glass plate 

and allowed to dry in the air overnight. The material to be 

chromatographed was dissolved in methylene chloride or ben

zene, and applied to the plates in a thin streak with a 

finely drawn capillary pipet. The plates were developed as 

many times as necessary to achieve separation. The separated 

components appeared as blue fluorescent bands when placed 

under an ultraviolet light source (254 nm). The bands were 

marked and scraped into a beaker with a spatula. The material 

was then eluted from the silica gel with either benzene or 

methylene chloride. Frequently, the products obtained in 

this manner were oils or oily solids. Trituration with 

petroleum ether followed by filtration yielded clean dry 

solids. 

Column chromatography was carried out using Woelm silica 

gel (0.2-0.5 mm, catalog number 4028 09), The eluent solvents 

are specified in each case. 

High Pressure Liquid Chromatography (HPLC) was done 

utilizing a Waters Associates Model 244 Liquid Chromatograph 

containing a u-Bondapak-Ĉ ĝ reverse phase column. The solvent 

system used was aqueous acetonitrile. The exact composition 
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is given in each case. 

Elemental analyses were performed by either Schwartz-

kopf Microanalytical Laboratory or Integral Microanalytical 

Laboratories. 

Electrochemical Techniques 

All electrochemistry was performed using a PAR (Prince

ton Applied Research) Model 173 potentiostat in combination 

with a PAR Model 175 signal programmer and a PAR Model 179 

digital coulometer. 

Coulometry was performed in a conventional three-electrode 

three-compartment cell where the working electrode chamber 

held a large area (160 cm^) cylindrical platinum sheet elec

trode. The counter electrode was a platinum wire. These 

electrodes were polished with 0.3iJm alumina powder prior to 

use. 

Cyclic voltammetry was performed either in the coulo-

metric cell or in a 50 ml round bottom flask with a platinum 

button electrode polished as above. The cyclic voltammograms 

were recorded on either a Tektronix Model D15 storage oscillo

scope or a Houston Model 2000 X-Y Recorder. 



35 

Preparation and Purification of 

Organic Solvents and" Reagents 

Organic Solvents and Reagents 

Perylene was obtained from Sigma Chemical Co. and was 

purified by column chromatography, using benzene as the 

eluent to remove the benzene-insoluble impurities. Recrystal-

lization from benzene gave yellow plates, mp 280-281 °C. 

Thianthrene from Aldrich Chemical Co. was purified by 

column chromatography using petroleum ether as the eluent. 

The thianthrene was then recrystallized from methanol, mp 

159-160 °C. 

Phenoxathiin from Eastman Kodak Co. was recrystallized 

from 95% ethanol, mp 55-56 °C. 

Pyrene from K & K Labs was purified by column chroma

tography using petroleum ether: benzene (9:1) and recrystal

lized from 95% ethanol, mp 151-152 °C. 

9,10-Diphenylanthracene was obtained from Aldrich Chemi

cal Co. and recrystallized from 95% ethanol, mp 250-251 °C. 

Tetra-n-butylammonium perchlorate (TBAP) and tetraethyl

ammonium perchlorate (TEAP) from Southwestern Analytical Lab

oratories were both ground and dried under vacuum to a free-

flowing powder. 

Tetramethylammonium chloride from Eastman Kodak Co. was 

used as obtained. 

Hydrogen fluoride-pyridine complex was obtained from 
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Aldrich Chemical Co, and used without further purification. 

18-Crown-6 from Aldrich Chemical Co. was used as obtained 

Benzene (solvent grade) was refluxed over and distilled 

from calcium hydride. 

Methanol (solvent grade) was refluxed over and distilled 

from magnesium turnings. 

Petroleum ether (solvent grade) was refluxed over and 

distilled from calcium hydride. The fraction distilling at 

38-40 °C.was collected. 

Tetrahydrofuran was Aldrich Gold Label grade. It was 

refluxed over lithium aluminum hydride and distilled in a 

nitrogen atmosphere.^^ 

Methylene chloride (solvent grade) was refluxed over and 

distilled from calcium hydride. 

Perfluorohexane from PCR Research Chemicals was used as 

obtained. 

Carbon tetrachloride (nmr grade) from Norell Chemical Co. 

was used as obtained. 

Acetic anhydride was obtained from Fisher Scientific and 

was distilled prior to use. 

Nitrobenzene was obtained from Aldrich Chemical Co. It 

was distilled under vacuum from calcium chloride.^5 

Propylene carbonate from Aldrich Chemical Co. was dried 

over molecular sieve before being distilled at reduced pres

sure twice. Only the center 60% was collected each time.^^ 

N,N-DimethyIformamide from Aldrich Chemical Co. was 



37 
Q 7 

distilled at reduced pressure from cupric chloride. 

1,4-Dioxane was Aldrich Gold Label grade and was used as 

obtained. 

Acetonitrile (0.1% water) for HPLC use was obtained from 

Eastman Kodak and used without further purification. 

Acetonitrile for reactions (0.05% water) was obtained from 

Eastman Kodak over molecular sieves and used without further 

purification. 

Acetonitrile for electrochemistry (0.1% water) was obtained 

from Eastman Kodak, but was distilled from phosphorus pentoxide 

98 under vacuum. The center cut was passed through a column of 

basic alumina (activity-Super I) into the cell.^^ All of the 

manipulations were performed without the solvent's being ex

posed to the open air. 

Acetic acid was obtained from Matheson, Coleman, and Bell 

and used as obtained. 

Tetraethylammonium fluoride (TEAF) was obtained from East

man Kodak as the dihydrate (mp 110-112 °C). For most purposes, 

it was dried under vacuum before use. The preparation of TEAF 
100-103 

has been described m the literature. Solutions of 

tetraethylammonium bromide and silver fluoride are allowed to 

react in precisely equimolar quantities. Following the removal 

of the precipitated silver bromide by filtration, the TEAF solu

tion is evaporated. By using this procedure and repeated crystal

lizations from acetonitrile, followed by drying under vacuum,Ono 

obtained white crystals (mp 110 *'C, dec. in a sealed tube) . 

Excessive drying is said to lead to the decomposition of the 



salt into triethylamine, ethene, and hydrogen fluoride. 

38 

102 

Purification of the Eastman product became desirable when a 

104 
positive Volhard test for chloride ion was obtained. 

Recrystallization using acetonitrile yielded a white solid 

which was dried under vacuum, mp 191-193 "C (sealed tube). 

105 
This material, however, still contained chloride ion. 

Attempted recrystallization from 95% ethanol gave a white solid 

which was also dried under vacuum, and had mp 379-381 "C, H nmr 

(CD CN) 6: 3.18 (q, J = 7 Hz, 6 H), 2.28 (s, 1 H), 1.22 (t of t, 

J^ = 7 Hz, J2 = 1.6 Hz, 12 H). Anal. Calcd. for CgH2oFN: C, 

64.38; H, 13.51; F, 12.73; N, 9.38. Found: C, 45.18; H, 8.67; 

F, 16.00; N, 6.56.-'-°̂  Calcd. for CgH^gF2N03: C, 44.85; H, 8.46; 

F, 17.74; N, 6.54. 

Inorganic Reagents 

Potassium fluoride dihydrate was obtained from Matheson, 

Coleman, and Bell. The salt was heated to 140 "C for 48 hours, 

ground to a powder, and reheated. It was then stored in a 

vacuum desiccator. 

Cesium fluoride (99.9%) was obtained from Alfa-Ventron. 

It was dried under vacuum before use. 

The following compounds were used as obtained: xenon 

difluoride from PCR Research Chemicals; silver difluoride, 

lithium aluminum hydride, and antimony pentafluoride from 

Alfa-Ventron; perchloric acid (70%) , phosphorus pentoxide, 

and magnesium turnings from Fisher Scientific; calcium hydride, 

anhydrous magnesium sulfate, anhydrous calcium chloride, 
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sulfuric acid, and hydrogen fluoride from Matheson, Coleman, 

and Bell; fluoroboric acid and iodine from Mallinckrodt, 

cupric chloride from Merck; silver perchlorate from Apache 

Chemicals; and lithium perchlorate from G. Frederick Smith 

Chemical Co. 

Potassium iodide, zirconium chloride, sodium thiosulfate 

pentahydrate and sodium nitrite were reagent grade and were 

used as obtained. 

Alumina Woelm B-Super I was used as obtained. It was 

regenerated by heating at 600 °C for 48 hours. 

Nitrosonium tetrafluoroborate from Aldrich Chemical Co. 

was stored under nitrogen in the refrigerator before being 

used. 

Perylene Chemistry 

Preparation of Perylene Cation Radical Perchlorate 

In a typical preparation, perylene ('̂.500 mg) was dis

solved in 250 ml of a 0.1-M TBAP solution in methylene 

chloride in the anode compartment of a three-compartment 

cell. The perylene was oxidized at about 1.40 V vs a 

quasi-reference electrode (qre). The qre is a silver wire 

immersed in a 0.1-M TBAP solution in methylene chloride in 

a glass tube separated from the bulk solution by a glass 

frit. The perylene cation radical perchlorate plated out 

of the solution onto the large surface area anode as black 

crystals. Upon completion of the oxidation, the anode was 
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removed from the cell and rinsed with clean, dry solvent. 

The crystals were scraped from the anode into a petrie dish 

with a porcelain spatula, and then dried and stored under 

vacuum. 

The purity of the product was determined by iodometric 

assay. About 20 mg of cation radical salt was dissolved in 

acetonitrile. To this solution was added an excess of 

potassium iodide. The resulting solution was diluted with 

water and titrated potentiometrically with standardized 

sodium thiosulfate solution. The purity of the cation 

radical was 90-96%. 

Synthesis of Perylene Cation Radical Perchlorate-Silver 

Iodide Complex 

A solution of silver perchlorate (418 mg, 2.01 mmol) 

in 15 ml of dry acetonitrile was added to a solution of 

perylene (508 mg, 2.01 mmol) in 200 ml of dry methylene 

chloride. A solution of iodine (255 mg, 1.00 mmol) in 20 

ml of dry methylene chloride was added to the previous 

mixture. The resulting purple mixture was stirred for 

ten minutes and filtered. The precipitate was washed with 

methylene chloride and dried under vacuum to yield 932 mg 

of complex. Iodometric assay showed the purity to be 94%. 
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Preparation of Perylene Cation Radical Tetrafluoroborate 

Typically, perylene (-̂.500 mg) was dissolved in 250 ml 

of a 0.1-M TBAT solution in dry tetrahydrofuran in the anode 

compartment of a three-compartment cell.^^ Oxidation at 

1.20 V vs a q,r,e, caused the cation radical salt to plate 

out of solution onto the anode. The salt was collected as 

described previously yielding purities of 93-96%, 

Solubility of Potassium Fluoride" in Acetonitrile 

Potassium fluoride (514.8 mg) was refluxed in 100 ml 

of acetonitrile for one hour. The mixture was allowed to 

slowly cool to 24 ''C before filtration. The filtrate was 

evaporated in a rotary evaporator and dried under vacuum to 

constant weight: 3.2 mg. 

Solubility of Perylene in Acetonitrile 

Perylene (1.012 g, 4.01 mmol) was refluxed in 100 ml 

of acetonitrile for one hour. The mixture was allowed to 

cool to 25 ''C before being filtered. The filtrate was 

evaporated in a rotary evaporator and dried under vacuum to 

constant weight: 34.3 mg. 

Solubility of Perylene in 1,4-Dioxane 

Perylene (1.003 g, 3.98 mmol) was refluxed in 100 ml 

of 1,4-dioxane for one hour. The mixture was allowed to 

cool to 20 °C before being filtered. The filtrate was 
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evaporated in a rotary evaporator and dried under vacuum to 

constant weight: 467.3 mg. 

Reaction of Perylene Cation Radical Perchlorate with 

Potassium Fluoride 

Perylene cation radical perchlorate (840 mg, 91.2% pure, 

2.18 mmol), made in methylene chloride, was dissolved in one 

liter of acetonitrile. Anhydrous potassium fluoride (175 mg, 

3.10 mmol) was added and the solution stirred for 10 days 

before being quenched with potassium iodide. The solvent was 

removed in a rotary evaporator, and residue was taken up in 

methylene chloride and water. The organic layer was washed 

with aqueous sodium thiosulfate solution and with water. 

After drying over magnesium sulfate, the solution was filtered 

and evaporated in a rotary evaporator. This material was 

chromatographed on a column of silica gel with benzene as 

elutant to yield 510 mg of a mixture which was shown by mass 

spectrometry to contain perylene (m/e 252), fluoroperylene 

(m/e 270) , and either chloro- or difluoroperylene (m/e 288). 

A portion of the mixture was subjected to sodium fusion and 

the resulting solution was tested for fluoride ion with zir-

conium-alizarin-S paper. A positive test was obtained which 

confirmed the presence of fluorocompounds in the product mix

ture. HPLC analysis (80% acetonitrile, 20% water) showed the 

mixture to contain mostly perylene with small amounts of 

fluoro- and chloroperylene. Elemental analysis showed the 

product to contain 1.67% fluorine. 



43 

Reaction of Perylene Cation Radical Perchlorate with 

Cesivim Fluoride 

Perylene cation radical perchlorate (540 mg, 1.26 mmol) 

was added to a stirred solution of cesium fluoride (505 mg, 

3,33 mmol) in 750 ml of acetonitrile. The color of the cation 

radical dissipated almost as fast as the cation radical salt 

dissolved. After five minutes, the reaction was worked up 

in the usual manner yielding 348 mg of crude product. Tic 

separation of one-fourth of the mixture on 317 plates devel

oped with petroleum ether yield three bands whose R^ values 

were identical to those obtained previously. A subsequent 

Volhard test on the cesium fluoride showed the presence of 

chloride ion. 

Reaction of Perylene Cation Radical Perchlorate with 

Tetraethylammonium Fluoride (TEAF) 

Perylene cation radical perchlorate (483 mg, 96%, 1.32 

mmol) was added to one liter of acetonitrile containing 304 

mg (2.04 mmol) of TEAF. Almost immediately, the color of 

the cation radical began to dissipate. After 20 minutes, 

the reaction was worked up in the usual manner yielding 

355 mg of crude product. Separation by tic utilizing 492 
» 

plates developed with petroleum ether gave three bands. 

The first band (13.6 mg) was analyzed by mass spectrometry 

and contained difluoroperylene (m/e 288) , chloroperylene 

(m/e 286, 288), chlorofluoroperylene (m/e 304, 306) and 

dichloroperylene (m/e 320). The second band (42.8 mg) 
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was analyzed by mass spectrometry and contained about 41% of 

fluoroperylene (calcd: 270,08447; obsd: 270.0843), 53% of 

chloroperylene (calcd: 286.05492, 288.05197; obsd: 286.05532, 

288.05228), 5.6% of difluoroperylene (calcd: 288.07504; obsd: 

288,07473), and 0,6% of chlorofluoroperylene (calcd: 304.04549, 

306.04254; obsd: 304:04519, not matched). The third band con

tained only perylene (293.5 mg). ^^p nmr spectroscopy on the 

second band in molten naphthalene showed absorptions at 6 

106.0 and 119.1 ppm upfield from Freon 11. When TEAF was 

submitted to a Volhard test, the result was positive for 

chloride ion. 

Reaction of Perylene Cation Radical Tetrafluoroborate with 

Tetraethylammonium Fluoride (TEAF) 

Perylene cation radical tetrafluoroborate (233 mg, 94%, 

0.65 mmol) was dissolved in 300 ml of acetonitrile containing 

TEAF (160 mg, 1.07 mmol). After one hour, the reaction mix

ture was worked up in the usual manner yielding 181 mg of 

crude product. Separation by tic on 222 plates developed 

with petroleum ether yielded two bands: perylene (124 mg) 

and a mixture (24 mg). The mixture was separated using HPLC 

(70% aqueous acetonitrile) to yield fluoroperylene (12 mg), 

difluoroperylene (3 mg), and chloroperylene (8 mg). Elemental 

analysis showed that the TEAF contained chloride ion 

(568 ppm).^°^ 
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Reaction of Perylene Cation Radical Tetrafluoroborate 

with Potassium Fluoride in the Presence of 18-Crown-6 

Perylene cation radical tetrafluoroborate (150 mg, 96% 

pure, 0,4 mmol),made in tetrahydrofuran, was added to a stirred 

solution of potassium fluoride (53 mg, 0.9 mmol) and 18-crown-6 

(113 mg, 0.4 mmol) in 182 ml of acetonitrile. After 24 hours, 

the reaction mixture was worked up in the usual way and the 

product was analyzed by mass spectrometry. Only perylene 

and fluoroperylene were observed. 

Reaction of Perylene Cation Radical Perchlorate with 

Hydrogen Fluoride-Pyridine Complex 

Perylene cation radical perchlorate (372 mg, 93% pure, 

1.0 mmol) was dissolved in one liter of acetonitrile. The 

hydrogen fluoride-pyridine complex^ ' (1.0 ml) was added 

to the stirred solution whose color immediately changed 

from the deep purple of the cation radical to brown. The 

reaction mixture was worked up as previously described. 

The analysis showed only perylene and N-(3-perylenyl)-

pyridinium perchlorate.°^ 

Synthesis of 3-Fluoroperylene 

3-Nitroperylene was prepared by the reaction of pery-

1 07 lene cation radical perchlorate with nitrite ion-̂ "" and was 

reduced to 3~aminoperylene with hydrazine on palladium.-^^° 

Diazotization and the Balz-Schiemann reaction were carried 
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out essentially by the procedure of Lund and Berg,^^^ A 

solution of 100 mg (0.38 mmol) of 3-aminoperylene in 100 ml 

of acetic acid was poured into 100 ml of 2.2 N sulfuric 

acid. The precipitated salt was suspended in 150 ml of 2 N 

sulfuric acid at 10 ^C. To this suspension 2 ml of 6% 

sodium nitrite solution was added dropwise, and after one 

hour of stirring 5 ml of 49% fluoroboric acid was added to 

the dark purple solution. After another hour of stirring 

the solution was filtered. The dark, washed, and dried 

solid was crushed and boiled in xylene for 30 minutes. The 

solvent was removed in a rotary evaporator, giving 68 mg of 

product. This was dissolved in 20 ml of methylene chloride 

and separated on 116 tic plates developed with petroleum 

ether, giving 40 mg (59%) of 3-fluoroperylene, 25 mg of 

3-aminoperylene, and 3 mg of perylene. 

The 3-fluoroperylene was crystallized from benzene-

petroleum ether and had mp 238-239 °C. Mass spectrometry 

showed no sign of chloroperylene. Calcd for C2oH]_iF: 

270.08447; found: 270.0843. Fourier transform ^^F NMR 

(naphthalene at 90 "O 6 (vs. CFCI3) 119.2 (d of d, J]_ = 5.4 

Hz, J2 = 10.0 Hz). Ultraviolet spectroscopy (CH2Cl2):A ^^^ 

(lO'^^e) 250 sh (1.88), 256 (2.26) 390 (0.75), 413 (1.56), 

and 439 (1.95). The half-wave potential for the first oxi

dation wave is 0.705 V at a platinum anode in 0.1-M TBAP 

in acetonitrile against a Ag/Ag"^ (0.1-M in acetonitrile) 

reference electrode. The infrared spectrum showed a strong 

aromatic C-F stretch at 1245 cm 



47 

When hydrochloric acid solutions were used in lieu of 

sulfuric acid, chlorinated products were observed by mass 

spectrometry: chloroperylene (1.7%) and chlorofluoroperylene 

(0.1%) , 

Synthesis of 1-Fluoroperylene 

1-Nitroperylene, made by Looker's method, was 

reduced to 1-aminoperylene, mp 195-196 °C (lit mp 195-

197 °C), The 1-aminoperylene was converted into its acid 

sulfate salt and diazotized as described previously. Fol

lowing the decomposition of the diazonium tetrafluoroborate 

salt, 57 mg of crude product was obtained. Separation by 

tic (development with petroleum ether) and HPLC (75% aqueous 

acetonitrile) gave 11 mg of 1-fluoroperylene, mp 158-160 °C. 

19 This was not recrystallized, but used for F FT-NMR in 

naphthalene at 90 ^C. A peak with 6 106 ppm (vs CFCI3) was 

obtained. This gave a broad partially resolved spectrum 

after 41,000 scans; a v/ell resolved spectrum could not be 

obtained. 

Qualitative Test for Fluorine 

The zirconium-alizarin-S paper used for the test was 

prepared by dipping quantitative filter paper into a 5% 

solution of zirconiiim chloride in 5% hydrochloric acid. 

The paper was drained before being placed into a 2% aqueous 

solution of alizarin-S. The red paper was washed until the 
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washings were colorless and then dried in the air. 

The sample to be tested was subjected to sodium fusion 

to convert the organic fluorine to fluoride ion. Care must 

be used to ensure that the water is fluoride free. 

The test paper was acidified v/ith 20% hydrochloric acid 

before a drop of a known solution (potassium fluoride), a 

drop of water (blank), and a drop of the unknown solution 

were placed in separated areas of the paper. The positive 

test is a pale yellow coloration of the paper. Care must be 

taken to prevent confusion with the bleaching caused by the 

blank. 

Search for Chloride Ion 

Perylene (118 mg) was oxidized in a solution of 0.1 M 

TBAT in dry methylene chloride at 1.20 V vs a q.r.e. After 

the equivalent number of coulombs had passed, the oxidation 

was stopped. The plated anode was removed from the cell 

and placed in a saturated solution of potassium iodide in 

acetonitrile. Mass spectrometric analysis of the recovered 

product showed the presence of chloroperylene. Similar 

analysis of a sample of the original perylene showed that 

chloroperylene v/as not present. 

The catholyte was removed from the cell, extracted with 

water and subjected to the Volhard test. The white precipitate 

confirmed the presence of chloride ion. 

Perylene dissolved in methylene chloride for twenty days 
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showed no change after recovery and mass spectrometric 

analysis, 

Perylene cation radical tetrafluoroborate (40 mg, 0,1 

mmol) was dissolved in dry methylene chloride and stirred 

for 48 hours. Following the usual work-up procedure, the 

product was analyzed by HPLC (70% aqueous acetonitrile) and 

mass spectrometry. Neither method showed the presence of 

chloroperylene. 

Reaction of Perylene with Xenon Difluoride in Methylene 

Chloride 

Xenon difluoride (138 mg, 0.82 mmol) was cooled to 

-196 °C in a polyethylene bottle. A solution of perylene 

(180 mg, 0.72 mmol) in 100 ml of methylene chloride was 
22 

added in a dry box following the procedure of Agranat. 

The solution was allowed to warm to room temperature, after 

which it was removed from the dry box and stirred. After 

30 hours, the solution was washed with aqueous potassium 

carbonate and water. The organic layer was dried over mag

nesium sulfate and evaporated in a rotary evaporator. The 

product (201 mg) was separated on 132 tic plates (developed 

with petroleum ether) into three bands. Mass spectrometry 

showed the first band (highest Rf, not measured) to contain 

mostly a chlorofluoroperylene (m/e 304, 306) and small 

amounts of perylene, fluoro-, and difluoroperylene. The 

center band (Rf 0.15) was mostly 3-fluoroperylene with small 
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amounts of perylene, chloro-, difluoro-, and chlorofluoropery

lene. The last band contained mostly perylene with small 

amounts of fluoro- and chlorofluoroperylene present. 

Reaction of Perylene with Xenon Difluoride in Perfluorohexane 

Following the procedure described above, xenon difluoride 

(258 mg, 1.52 mmol) reacted with perylene (158 mg, 0.63 mmol) 

suspended in 50 ml of perfluorohexane. After 48 hours, the 

reaction mixture was worked up as before to give 177 mg of 

product. The product was dissolved in 100 ml of benzene and 

a 10 ml portion of the solution was separated by tic (91 

plates developed with petroleum ether) to give 11.8% of a 

difluoroperylene, 31.5% of 3-fluoroperylene, and 55.6% of 

perylene. Each of the fluorocompounds was found by HPLC 

(80% aqueous acetonitrile) to contain very small amounts of 

other products. Purification of the 3-fluoro- and difluoro

perylene by recycling and preparative HPLC would have been 

possible but tedious, and this was not attempted. 

Reaction of Naphthalene with Xenon Difluoride in Methylene 

Chloride 
24 Following Agranat's procedure, a solution of naphthalene 

(151 mg, 1.18 mmol) in 20 ml of methylene chloride was added 

to xenon difluoride (400 mg, 2.36 mmol) in a polyethylene 

bottle at -196 °C in a dry box. The bottle was warmed to -78 °C 

for one hour and then to ambient temperature. After 24 hours, 

the reaction was worked up as previously described to yield 
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157 mg of product. Mass spectrometry showed the presence of 

chloronaphthalene Cm/e 162, 164) in addition to naphthalene 

(jn/e 128) and a f luoronaphthalene (m/e 146) . 

Reaction of Perylene with Silver Difluoride 

Following the procedure by Zweig, perylene (1.26 g, 

5.00 mmol) was stirred for one hour in 50 ml of dry cyclo-

hexane under nitrogen. Silver difluoride (656 mg, 4.50 mmol) 

was added in one portion and the mixture was stirred for 

fifteen minutes at ambient temperature. The solution was 

then heated under reflux for 18 hours before being cooled 

under nitrogen. The reaction mixture was washed with water, 

dried over magnesium sulfate, and evaporated in a rotary 

evaporator to give 1.20 g of product. Tic spotting (developed 

with petroleum ether) and mass spectrometry showed the 

presence of perylene (m/e 252, 95.8%) and 3-fluoroperylene 

(m/e 270, 4.2%) . 

Search for an Electrochemical Solvent: Methylene Chloride 

Perylene (103.2 mg, 0.41 mmol) was dissolved in 45 ml of 

a 0.11-M TBAP solution in methylene chloride in the anode com

partment of a two-compartment cell. The perylene was oxidized 

at 1.35 V versus a q.r.e. As the coulometry progressed, the 

anode became coated with a black solid. After passing the 

correct number of coulombs, the oxidation was halted and the 

black solid on the anode was collected. This was then dried 
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under vacuum. The solid was shown to be 92,7% cation radi

cal perchlorate by iodometric assay. 

Search for an Electrochemical Solvent; Nitrobenzene 

Perylene (103.8 mg, 0.41 mmol) was dissolved in 45 ml of 

a 0.11-M TBAP solution in nitrobenzene in the anode compart

ment of a two-compartment cell. The perylene was oxidized 

at 1.40 V versus a q.r.e. The coulometry was stopped after 

the number of coulombs passed exceeded twice that required 

for a one electron oxidation. The anode was uncoated. 

Search for an Electrochemical Solvent: Propylene Carbonate 

Perylene (113.7 mg, 0.45 mmol) was dissolved in 45 ml of 

a 0.1-M TEAP solution in propylene carbonate in the anode 

compartment of a two-compartment cell. The perylene was 

oxidized at 1.35 V versus a q.r.e. The coulometry was stopped 

after the number of coulombs passed exceeded that required 

for a one electron oxidation. The anode was uncoated, and 

an iodometric assay of the anolyte showed that there was no 

cation radical present. 

Search for an Electrochemical Solvent: N,N-DimethyIformamide 

Perylene (58.1 mg, 0.23 mmol) was dissolved in 45 ml of 

a 0.11-M TBAP solution in N,N-dimethyIformamide in the anode 

compartment of a two-compartment cell. Cyclic voltammetry 

showed only irreversible waves, regardless of scan rate. 
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Search for an Electrochemical Solvent; Acetonitrile 

Perylene (16.4 mg, 0.065 mmol) was dissolved in 45 ml of 

a 0.1-M TBAP solution in acetonitrile in the anode compart

ment of a two-compartment cell. The perylene was oxidized at 

1.13 V vs s.c.e. The coulometry stopped at 6.25 coulombs 

(one equivalent). Cyclic voltammetry showed that the cation 

radical solution was stable for at least two hours. 

Cyclic Voltammetry with Perylene 

Perylene (6.5 mg, 0.026 mmol) was dissolved in 25 ml of 

a 0.1-M TBAP solution in dry acetonitrile in a 50 ml round 

bottom flask. Both the anodic and cathodic peaks currents 

were measured for each scan rate from 0.2 to 100 volts per 

second on the first oxidation wave (Table I). The data were 

plotted as shown in Figure 1. The linear plots with zero 

slope show that the electron transfer is reversible with no 

following chemical reaction in this system. Following addi

tion of an equimolar amount of TEAF to the cell, the anodic 

peak currents were measured again for each scan rate and the 

data plotted as shown in Figure 2. Further additions of TEAF 

were made to adjust the concentration ratio of TEAF to pery

lene to be 2:1, 3:1, and 4:1. After each addition, cyclic 

voltammetry was performed as before and the data plotted in 

Figure 2. Following each addition, the measured peak currents 

were greater; but the plot showed no evidence of a following 

chemical reaction whose kinetics could be measured in this 
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manner. The plot suggests the measurement of the sum of 

several currents and adsorption of perylene to the surface 

of the anode. Ideally, the plot would have shown higher 

currents at slow scan rates and the same current observed 

for reversibility at high scan rates. From this plot, the 

mechanism and rate constant could have been obtained. 

Table I. Cyclic Voltammetry on Perylene 

log V ip^ ip^ iPa/^Pc 

0.2 

0.5 

1.0 

2.0 

5.0 

10 

20 

50 

100 

-0.699 

-0.301 

0.000 

0.301 

0.699 

1.000 

1.301 

1.699 

2.000 

9 

13 

18 

28 

42 

60 

85 

150 

200 

9 

13 

18 

28 

44 

60 

85 

150 

200 

1.00 

1.00 

1.00 

1.00 

0.95 

1.00 

1.00 

1.00 

1.00 

a) volts/sec. b) y A 
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Coulometry in the Presence of Tetraethylammonium Fluoride (TEAF) 

Perylene (17.0 mg, 0.07 mmol) was dissolved in 60 ml of 

a 0.11-M TEAF solution in acetonitrile in the anode compart

ment of a two-compartment cell. The perylene was oxidized at 

1.31 V versus an s.c.e. utilizing 31.13 coulombs (4.8 equiva

lents) . Upon completion of the coulometry, the anolyte was 

removed from the cell and evaporated in a rotary evaporator. 

The residue was taken up in methylene chloride, washed with 

water, dried over magnesium sulfate, and evaporated to give 

28.6 mg of yellow solid. Tic spotting of the product against 

known compounds showed the product to contain perylene, fluoro

perylene, and difluoroperylene with the latter being predominant 

A mass spectrometric search for chloroperylene was not made. 

Synthesis of Tetramethylammonium Dihydrogentrifluoride 

Tetramethylammonium chloride (11.05 g, 0.101 mol) was 

oven dried and placed in a 250 ml polypropylene beaker. 

Liquid hydrogen fluoride (6 0 ml) was added in the hood and 

the beaker set aside until fumes were no longer evident. The 

residue was dried under vacuum to give 13.67 g of a white 

solid, mp 92-97 ^C (lit mp 103-105 ^C^^); This procedure^^ 

failed to provide chloride free product even after reaction 

of the initial product with additional liquid hydrogen fluoride. 

Cyclic Voltammetry with Perylene Derivatives 

Cyclic voltammetry was performed on several derivatives 
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of perylene in acetonitrile using the alumina drying tech

nique of Parker.^^^ The results of these measurements are 

shown in Table II. 

Table 11.^ Cyclic Voltammetry on Perylene Derivatives 

Compound cone' Eh lb Eh 2b 

Perylene 1.06 

3-Fluoroperylene 0.67 

3-Ethylperylene 1.01 

3-Acetylperylene 1.01 

3-Aminoperylene 1.04 

3-Nitroperylene 1.05 

1-Aminoperylene 1.03 

1-Nitroperylene 0.96 

+0.98 (r) 

1.04 (r) 

0.94 (r) 

1.08 (qr) 

0.37 (r) 

1.23 (qr) 

0.54 (r) 

1.22 (r) 

+1.46 (irr) 

(nm) 

(nm) 

1.67 (irr) 

(irr) 

(irr) 

1.81 (irr) 

(irr) 

a) millimolar; b) pot. vs see; r, irreversible; qr, quasi-

reversible; irr, irreversible; nm, not measured 

Thianthrene Chemistry 

Preparation of Thianthrene Cation Radical Perchlorate 

To a solution of thianthrene (1 g, 4.62 mmol) in carbon 

tetrachloride (66 ml) was added a solution of acetic anhydride 

(33 ml) and perchloric acid (0.5 ml). The dark blue solution 

was allowed to stand overnight at ambient temperature before 

filtration. The collected crystals were washed with carbon 
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tetrachloride until the washings were colorless. This modi-

fication of Shine's procedure*̂ "̂  yielded approximately 600 mg 

of green crystals which routinely assayed at greater than 90% 

purity. 

Reaction of Thianthrene Cation Radical Perchlorate with 

Tetraethylammonium Fluoride (TEAF) 

Thianthrene cation radical perchlorate (207 mg, 98.7% 

pure, 0.65 mmol) was added to a solution of TEAF (192 mg, 

1.29 mmol) in 200 ml of acetonitrile. After 23 hours, the 

reaction was stopped by adding potassium iodide solution 

followed by aqueous sodium thiosulfate. The solution was 

evaporated in a rotary evaporator and the residue taken up 

in benzene and water. The organic layer was washed with 

water, dried over magnesium sulfate, and evaporated in a 

rotary evaporator. The residual solid was separated by 

column chromatography using petroleum ether followed by 

methylene chloride elutants to yield 64.7% thianthrene and 

35.3% thianthrene-5-oxide. 

Reaction of Thianthrene Cation Radical Perchlorate with 

Potassium Fluoride in the Presence of 18-Crown-6 

Thianthrene cation radical perchlorate (33 mg, 99.1% 

pure, 0.10 mmol) was added to a stirred solution of 18-crown-6 

(48 mg, 0.18 mmol) and potassium fluoride (94 mg, 1.61 mmol) 

in 100 ml of acetonitrile. Within two minutes the color of 
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the cation radical had disappeared. The reaction mixture 

was worked up as before. Column chromatography with petro

leum ether elutant yielded 93.3% of thianthrene, 

A control experiment was carried out in the same manner, 

except without potassium fluoride. The deep pink color of 

the thianthrene cation radical persisted after 24 hours. 

Mass spectrometry of the residue from evaporation of the 

experiment showed no peaks that were not attributable to 

thianthrene or 18-crown-6. 

Search for Carbene 

cis-Stilbene (0,27 ml, 273 mg, 1.51 mmol) and 18-crown-6 

(391,3 mg, 1.48 mmol) were added to 30 ml of dry acetonitrile 

in a dry box. After compete dissolution, potassium fluoride 

(133.2 mg, 2.29 mmol) was added and the flask sealed. After 

48 hours, the reaction mixture was reduced in volume in a 

rotary evaporator, extracted with benzene, washed with water, 

dried over magnesium sulfate, and evaporated to give a pale 

yellow oil. Nmr spectroscopy showed only stilbene. 

Search for Succinonitrile 

Thianthrene cation radical perchlorate (600 mg, 1.90 mmol) 

was added to a solution of 18-crown-6 (1.418 g, 5.37 mmol) in 

500 ml of dry acetonitrile. Addition of potassium fluoride 

(2.81 g, 48,36 mmol) was rapidly followed by the disappearance 

of the color of the cation radical. The solvent was removed 
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in a rotary evaporator and the residue extracted with ben

zene and filtered. The solution was re-evaporated to yield 

2.122 g of solid. Mass spectrometry of the product showed 

only thianthrene and 18-crown-6 - no peak at m/e 80 

(succinonitrile). 

Cyclic Voltammetry with Thianthrene 

Thianthrene (5.8 mg, 0,03 mmol) was dissolved in 25 ml 

of a 0,1-M TEAP solution in acetonitrile in a 50 ml round 

bottom flask. The anodic peak currents were measured at 

each scan rate from 0.1 to 100 volts per second. A linear 

plot of the type in Figure 3 could be obtained for the first 

oxidation wave, but measurements made after the addition of 

potassium fluoride gave the same result as observed for sub

sequent data displayed in Figure 3. A linear plot could 

only be obtained for the second oxidation wave when alumina-̂ -̂ -̂  

was added to the cell. Measurements taken subsequent to the 

addition of potassium fluoride provided the same result. 

ip/v^ 

1.0 

o o 
° o o ° o 

o o " 

0 

log V 

Figure 3. Plot of the Current Functions for Thianthrene 

o after TEAF addition 
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Cyclic Voltammetry with 9,10-Diphenylanthracene 

9,10-Diphenylanthracene (6,8 mg, 0.02 mmol) was dis

solved in 20 ml of a 0,1-M TBAT solution in acetonitrile in 

a 50 ml round bottom flask. The anodic peak currents were 

measured at each scan rate from 0,1 to 100 volts per second. 

A linear current function plot could not be obtained for the 

first oxidation wave without the addition of alumina tb the 

cell. The addition of TEAF to the cell again caused higher 

peak currents, but the current function plot was not indica

tive of a following chemical reaction. 

Phenoxathiin Chemistry 

Preparation of Phenoxathiin Cation^Radical Perchlorate 

To a solution of phenoxathiin in 30 ml of benzene was 

added 1 ml of perchloric acid, followed by dropwise addition 

of acetic anhydride until crystal formation was observed. 

The mixture was allowed to stand at ambient temperature for 

four hours before filtration. The collected crystals were 

washed with benzene until the washings were colorless. This 

use of Shine's procedure^^ gave 274 mg of reddish crystals 

which were found by iodometric assay to be 99.4% pure. 

Reaction of Phenoxathiin Cation Radical Perchlorate with 

Potassium Fluoride in the Presence of 18-Crown-6 

Potassium fluoride (2.25 g, 38.7 mmol) was added to a 
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solution of phenoxathiin cation radical perchlorate (62 mg, 

99.4% pure, 0.2Q mmol) and 18-crown-6 C114 mg, 0.43 mmol) 

in 100 ml of acetonitrile. The blue color of the cation 

radical disappeared in less than one minute. The reaction 

mixture was worked up as described for thianthrene. Thin 

layer chromatography (4 plates developed with benzene) gave 

38 mg of phenoxathiin (90.2%) and 3.6 mg of phenoxathiin-10-

oxide (8.6%). 

Pyrene Chemistry 

Reaction of Pyrene with Xenon Difluoride in Methylene Chloride 

A solution of pyrene (202.9 mg, 1.00 mmol)in 10 ml of 

dry methylene chloride was slowly poured into a 50 ml Nalgene 

beaker containing xenon difluoride (146.1 mg, 0.8 6 mmol) at 

-196 °C within a dry box according to the procedure by 

Agranat.^^ The reaction was allowed to warm slowly to ambient 

temperature. After two hours, when evolution of xenon was no 

longer evident, the reaction was diluted with methylene 

chloride, washed with aqueous potassium carbonate, washed 

with water, dried over magnesium sulfate, and evaporated to 

yield 225.2 mg of a yellow-brown product. Column chromato

graphy on silica gel with 1:1 benzene: petroleum ether yielded 

221.1 mg of a tan solid. Mass spectrometry showed this to be 

mainly pyrene with significant amounts of fluoro-, difluoro-, 

trifluoro-, chloro-, and chlorofluoropyrene. Lesser amounts 



63 

of tetrafluoropyrene and chlorodifluoropyrene were also 

observed. 

Attempted Synthesis of Pyrene Cation^Radical Perchlorate 

In a typical attempt at a coulometric synthesis,°^ 

pyrene (4.7 g) was oxidized in 230 ml of tetrahydrofuran 

containing 0.1-M TBAP at 0.95 V vs a q.r.e. Initially, 

black crystals formed on that portion of the surface of the 

anode facing the cathode. As soon as the current was stopped, 

the crystals changed to a tan material which was identified 

by mass spectrometry to be pyrene. 

Attempted Synthesis of Pyrene Cation Radical Pentafluoro-

antimonate 

A solution of antimony pentafluoride (2.69 g, 12.4 mmol) 

in 10 ml of methylene chloride was added to a solution of 

pyrene (2.48 g, 12.3 mmol) in 40 ml of methylene chloride 

according to the procedure of Lewis and Singer.^^ The mix

ture immediately turned dark green and then black. After 

five minutes of stirring, the suspension was filtered and 

the precipitate washed with methylene chloride until the 

washings were colorless. The solid was dried under vacuum 

to yield 2.99 g of product which was assayed iodometrically 

at 35.2% purity. The material reduced in the titrations was 

recovered for mass spectrometry which showed the presence of 

pyrene (m/e 202) and chloropyrene (calcd: 236.0393, 238.0363; 
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found: 236.0394, 238.0373). 

Reaction of Pyrene Cation Radical Tetrafluoroborate with 

Potassium Fluoride in the Presence of 18-Crown-6 

A solution of pyrene (100.0 mg, 0.49 mmol) in 25 ml of 

acetonitrile was purged with dry, deoxygenated nitrogen gas 

for one hour. Nitrosonium tetrafluoroborate (60.8 mg, 0.52 
66 

mmol) was added according to the procedure of Shine. The 

solution changed to a dark green color which was unaffected 

by the addition of 18-crown-6 (456.5 mg, 1.73 mmol). The 

addition of potassium fluoride (447.5 mg, 7.70 mmol) caused 

the color to fade to yellow within two minutes. The solvent 

was removed in a rotary evaporator, the residue taken up in 

benzene and water, and the layers separated. The organic 

layer was washed with water, dried over magnesium sulfate, 

and evaporated in a rotary evaporator to yield 129.0 mg of a 

brown product. Column chromatography on silica gel with 

petroleum ether/benzene elutants yielded 110.8 mg of a tan 

solid. Mass spectrometry showed the presence of pyrene 

(m/e 202), fluoropyrene (m/e 220), difluoropyrene (m/e 238), 

nitropyrene (m/e 247), and a pyrene dimer (m/e 402). 

Reaction of Pyrene with Xenon Difluoride in Perfluorohexane 

A suspension of pyrene (203.6 mg, 1.01 mmol) in 15 ml of 

perfluorohexane was slowly poured into a 50 ml Nalgene beaker 

containing xenon difluoride (217.3 mg, 1.33 mmol) at -196 "C 
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within a dry box. The reaction was allowed to warm slowly to 

ambient temperature. After four hours of stirring, the 

reaction was worked up as described for the methylene chloride 

case yielding 202.8 mg of a tan solid. Mass spectrometry 

showed the presence of pyrene (m/e 202) , fluoropyrene (m/e 220), 

difluoropyrene (m/e 238) , trifluoropyrene (m/e 256) , tetra-

fluoropyrene (m/e 274) , and pentafluoropyrene (m/e 292). 



Chapter III 

RESULTS AND CONCLUSIONS 

Results 

Results of the Reaction of Fluoride Ion with the Aromatic 

Cation Radical Salts 
•••• • • ^ ^ — — • — ^ ^ I I — ^ ^ ^ l ^ p ^ — ^ F » ^ . — I I I M I M ^ 1 — 

All of the reactions of perylene cation radical with 

fluoride ion sources gave fluoroperylene and sometimes 

difluoroperylene, except the reaction with the hydrogen 

fluoride-pyridine complex, when N-(3-perylenyl)-pyridinium 

perchlorate was obtained. 

Both thianthrene cation radical and phenoxathiin cation 

radical failed to give fluorinated products when treated with 

potassium fluoride in the presence of 18-crown-6. 

The pyrene cation radical yielded both mono- and 

difluoropyrene upon reaction with fluoride ion. 

Results of the Reactions of Xenon Difluoride 

When perylene was allowed to react with xenon difluoride 

in methylene chloride the products were perylene, fluoro

perylene, difluoroperylene, chlorofluoroperylene, and chloro

perylene. When the reaction was carried out in perfluoro 

hexane, the products were perylene, fluoroperylene, and 

difluoroperylene. 

66 
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The reaction of na,phtha,lene with xenon difluoride in 

methylene chloride gave naphthalene, fluoronaphthalene, and 

chloronaphthalene, 

When pyrene was caused to react ŵ ith xenon difluoride in 

methylene chloride, the products were found to be mostly 

pyrene with significant amounts of fluoropyrene, difluoro

pyrene, trifluoropyrene, chloropyrene, and chlorofluoropyrene. 

Lesser amounts of tetrafluoropyrene and chlorodifluoropyrene 

were also observed. When the reaction was carried out in 

perfluorohexane, the products were found to be mostly pyrene 

along with fluoropyrene, difluoro-, trifluoro-, and tetra-

fluoropyrene. 

Incorporation of Chlorine into the Products 

Chlorinated products were found in each case involving 

the use of a chlorinated solvent in the presence of a cation 

radical intermediate. This was true in each case where the 

cation radical was electrochemically prepared in methylene 

chloride, as well as in the xenon difluoride reactions that 

were carried out in methylene chloride. Chlorinated products 

also appeared whenever the cation radical was caused to react 

with a fluoride ion reagent containing chloride ion impurities, 

e.g., tetraethylammonium fluoride (TEAF) and cesium fluoride. 

Again, the exception is the reaction involving the hydrogen 

fluoride-pyridine complex. It is to be noted that chlorina

tion did not occur in the reactions involving silver difluoride 
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Cpyclohfixane s o l v e n t i or pot^ssiujt) ;^luoride in the presence 

of 18Tcrown'-6 C a c e t o n i t r i l e so lven t i * 

Synthesis of the Pyrene Cation Radical 

The synthesis of a solid pyrene cation radical salt was 

not possible. The electrochemical method"^ failed due to the 

decomposition of the salts on the surface of the anode. The 

use of antimony pentafluoride to prepare the pyrene cation 

radical salt failed to give high quality cation radical 

(iodometric assay was 35.2%) and actually incorporated 

chlorine, presumably from the methylene chloride solvent, 

into the precipitated compounds. Antimony pentachloride was 

not used in order to avoid chlorination, even though diffi

culties of this nature had not been reported in other appli

cations of this reagent. ̂ '̂-'-•̂^ A solution of the pyrene 

cation radical was obtained by using Shine's method (oxidation 

with nitrosonium tetrafluoroborate).^^ 

Results of Electrochemistry 

Other than the electrochemical preparations of the 

cation radical salts of perylene and pyrene, a great deal of 

electrochemistry was performed. Several common electrochemi

cal solvents were investigated for suitability with perylene 

cation radical. Methylene chloride was initially determined 

to be a good solvent for the preparation of the solid cation 

radical salt as this readily plated out of solution on the 
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a,node. It w^s later shown, howeyer^ th^t part of the catipn 

radical salt formed was that of a chloroperylene cation 

radical, 

Coulometry on perylene with TEAF as the electrolyte was 

shown to give both monor- and dif luorinated products. 

Successful cyclic voltammetric kinetics for measuring 

the rate of addition of fluoride ion to an aromatic cation 

radical proved to be unachievable. Additions of fluoride 

ion, up to a concentration of four times that of the cation 

radical, failed to give measurements which could be used for 

successful kinetics. Higher anodic peak currents were 

observed, but the plots of the current functions were not 

useful. 

Discussion 

The Mechanism of Fluorination 

The fluorination of perylene by several methods has 

demonstrated the reactivity of perylene cation radical toward 

fluoride ion. Each of the methods used (except the Balz-

Schiemann reaction) involves the generation of the cation 

radical as an intermediate. Poor yields were observed in 

each case. Eberson had predicted that the reaction of pery

lene cation radical with fluoride ion would be very slow and 

55 in low yield based upon his calculations. O'Malley observed 

extremely low yields in the electrochemical fluorination of 
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c q 

perylene. The fluorination o;̂  pyrene gave similar results, 

but the yields were higher. Eberson's calculations had 

predicted as much^^ but again O'Malley only observed a trace 
59 of fluoropyrene. There has been no evidence accumulated 

to indicate that any mechanism of fluorination was at work 

Scheme I 

(Anodic Fluorination) 

ArH - e" ^ ^ ArH*"̂  E (45) 

ArH-"̂  + F~ v̂  ^ ArHF* C (46) 

ArHF* - e~ ^̂  "̂  ArHF"̂  E (47) 

ArHF"̂  > ArF + H"̂  (48) 

in these reactions other than the ECE mechanism (Scheme I) 

or the half regeneration mechanism (Scheme II). 

Scheme II 

ArH*"̂  + F" S "̂  ArHF- (46) 

ArHF- + ArH*"'" ̂ = = ^ ArHF"̂  + ArH (49) 

ArHF^ > ArF + H"̂  (48) 

These mechanisms have long been proposed and studied in 

relation to the reactions of aromatic cation radicals with 

halide ions. The ECE mechanism was established for the case 

of 9,10-diphenylanthracene and chloride ion. However, the 

half-regeneration mechanism has not been clearly established 

for perylene with halide ion nucleophiles due to complications 
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ariŝ ing from electron exchAnge between the halide ion a,nd the 

72 113 perylene cation radical, ' This electron exchange varies 

from partial to total depending upon the halide ion involved. 

Table III shows the oxidation potentials for perylene and the 

halide and perhalide ions. These values were used to calcu

late the potential differences (AE) between the half-reactions 

Table III Oxidation Potentials for Halide Ions 

Reaction Eh (vg see) AE^ ref 

P e ^ ^ P e ' " ^ + e " + 0 . 8 5 V - 115 

3 C l - # C l 3 " + 2 e " 1 .1 - 0 . 2 5 116 

2 C l 3 " ' # 3 C l 2 + 2 e " 1.7 - 0 . 8 5 116 

3 B r " # B r ~ + 2 e " 0 .7 + 0 . 1 5 116 

2 B r 3 " ^ 3 B r + 2 e " 1.0 - 0 . 1 5 116 

3 1 " - ^ I " + 2 e " 0 . 3 + 0 . 5 5 116 
3 

21 " ^ 3 1 ^ + 2 e " 0 .6 + 0 . 2 5 116 
•̂  2 

a) Eh ( p e r y l e n e ) - E ^ ( h a l i d e ) . b) Pe = p e r y l e n e 

From e q u a t i o n s 50 and 5 1 , 

Pe ^ Pe*"^ + e " (50) 

3 1 - ^ = ^ I 3 - + 2e (51) 

an equilibrium expression can be written 

Keq = [Pe]^[l3 ] (52) 

[Pe-+]2[I-]^ 
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Also, Q. Nernst egua,tion ĉ n be written for e^ch half-reaction; 

E = E„ - ̂ '̂  In I Pe] . C53) 
^^ - iPi-^] 

E = E - iii- In [I r (54) 

^ "̂  [in 

From using equations 53 and 54 and by making the appropriate 

substitutions for n (the number of electrons), a new expres

sion is obtained: 

EO - ̂  In [Pe]. = E? - #S In [l"]^ (55) 
Pe F fP^ ] HTT 

After collecting terms, one obtains eq. 56: 

®̂ ^ ^̂  [I3 ] ^ [Pe-+] 

Then, since the differences in the standard potentials are 

very close to the differences in half-wave potentials, 

4 e - E? = AEJ5 (57) 

t h e n . 

AEJ5 = RT_ I n [ P e ] ^ ^^3'^ ^^^^ 

^^ [Pe- + ]2 [ l - ] 3 

a n d , from e q u a t i o n 5 2 : 

AEJ5 = B I In Keq (59) 
2F 
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Rearranging terms gives equation 60., 

In Keq = 2F AÊ s (;601 
RT 

Using equation 60 and the values in Table III, the equilibrium 

constants shown in Table IV were calculated. 

Table IV Equilibrium Constants for Electron Exchange 

Equilibrium Keq^ 

2Pe-'̂  + 3C1"^ 2Pe^ + 013" 

2Pe*''" + 2013"^ 2Pe + 3CI2 

2Pe*'̂  + 3Br~;^2Pe + Br3" 

2Pe*'̂  + 2Br "=5:̂  2Pe + 3Br2 

2Pe-'*" + 3I~^2Pe + I3" 

2Pe-"̂  + 2 1 3 " ^ 2Pe + 3I2 

3 . 

1 . 

1 . 

8. 

4. 

2, 

.50 

.78 

.18 

.44 

.00 

.86 

x 

x 

X 

X 

X 

X 

1 0 - ^ 

1 0 - 2 9 

lo io 

1 0 " ^ 

10^^ 

10^ 

a) calculated from equation 60. b) Pe = perylene 

As one may observe, the equilibrium constants for 

electron exchange between perylene and the halide ions vary 

from chloride ion (very little electron exchange) to iodide 

ion (complete electron exchange). The case of fluoride ion 

can be estimated, but not measured, because the common solvent 

(acetonitrile) used for the measurements of oxidation poten

tials given in Table III oxidizes at a lower potential than 
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fluoride ion. However, since the standard electrode potential 

117 
for fliaoride ion C2,87 V). is greater than the standard 

electrode potential for chloride ion CI.36 V) "̂"̂^ by 1.51 V, 

the equilibrium constant for electron exchange can be esti

mated. To the lower of the potentials for chloride ion, 1.57 V 

is added to obtain an estimated potential for fluoride ion. 

1.1 + 1.51 = 2.61 V (61) 

Substituting this value into equation 60, yields an equili

brium constant of 2.96 x 10"^^, which is prohibitive for 

electron exchange between the perylene cation radical and 

fluoride ion. Therefore, the only mode of reaction feasible 

between the perylene cation radical and fluoride ion is 

nucleophilic attack by fluoride ion. 

Another possibility for the mechanism of the fluorina

tion reaction is the intermediacy of a dication instead of a 

cation radical. To obtain the dication from the cation radi

cal, a disproportionation is required (Scheme III). This 

possibility has been investigated with other cation radicals 

118 119 
and other nucleophiles by Parker and Blount. Parker 

Scheme III 

2ArH''*'^=^ ArĤ "̂  + ArH (62) 

ArĤ "*" + Nu" ̂ ^=^ ArHNu"^ (63) 

ArHNu "̂  > ArNu + H"*" (64) 
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investigated the anisylation of thianthrene cation radical 

to determine if the mechanism included disproportionation as 

the first step. A disproportionation mechanism was ruled out, 

because taking the very low disproportionation constant 
-9 

C3.5 X 10 I into account, the observed rate constants were 

found to be as much as 5 x 10 times higher than predicted 

for the diffusion-controlled reaction with the thianthrene 

118 

dication. Blount studied the disproportionation of thian

threne and 9,10-diphenylanthracene in various solvents with 

different electrolytes. It was determined that dispropor

tionation was favored by association with anions of greater 

ionic potential. In the absence of ion association, dispro-

119 portionation was found to be favored by more polar solvents. 

In either case, the disproportionation equilibrium constants 

for the cation radical perchlorates in acetonitrile were 
_"7 

found to be approximately 10 . On the other hand, an equili

brium constant of such magnitude may allow a contribution 

from reaction with the dication, but not a significant contri

bution. For perylene, the constant is 3.38 x 10" 

In the xenon difluoride reactions, the formation of the 

dication is possible because of the large driving force for 

a xenon cation to obtain an electron to return to its normal 

oxidation state. No evidence has been observed, however, to 

support the presence of an aromatic dication in these 

reactions. •̂ '̂•̂ '̂ '•̂ '̂25,26 .pĵ ^ silver difluoride reaction has 
the potential to generate an aromatic dication intermediate. 
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The standard electrode potential for the silyer dication is 

1.587 V which should be high, enough to generate an aromatic 

dication from an arene. Iodine, which is sometimes used to 

generate cation radicals, has a standard electrode potential 

117 
(.a. 621 VI which is considerably less than that of the 

silver dication. However, a dication intermediate seems 

unlikely in the silver difluoride reactions considering the 

lesser reactivity of silver difluoride as compared with 

cobalt trifluoride as found by Burdon and considering the 

fact that only monofluorination was observed in this work. 

The reaction of fluoride ion with the cation radicals of 

perylene and pyrene yields products that are fluorinated at 

the positions corresponding with the highest charge densities 
22,104 

in the cation radicals (Table V). The fact that the 

reactions of perylene and pyrene cation radicals give fluori

nated products instead of being reduced as in the reactions 

of thianthrene and phenoxathiin cation radicals is signifi

cant. In these cation radicals, the highest charge density 

resides on a carbon atom so that coulombic attraction can lead 

to subsequent bond formation. There are several reactions 

that compete with the cation radical for the fluoride ions. 

If, as in the cases of phenoxathiin and thianthrene cation 

radicals, the highest charge density is not located on a 

carbon atom; then nucleophilic attack by fluoride ion at that 

position appears not to take place. Instead, the competing 

reactions are favored (to be discussed later). The perylene 
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Table y Charge Densities 

Compound Position 
Charge 
Density ref 

2 

I 

1 

2 

3 

0 ,069 

0 .032 

0 .082 

120 

1 

2 

4 

0 . 1 0 5 

0 . 0 3 2 

0 . 0 8 0 

120 

1 

2 

9 

1 

2 

3 

4 

5 

10 

0 . 0 2 4 

0 . 0 4 5 

0 . 2 3 5 

0 . 0 2 3 

0 , 0 7 1 

0 . 0 3 7 

0 . 0 5 7 

0 . 1 2 2 

0 . 2 3 0 

a see appendix, page 91 
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and pyrene cation radicals are called "soft" cation radicals 

59 
by O'Malley due to the delocalization of the positive charge 

throughout the moieties. The thianthrene and phenoxathiin 

cation radicals are of the type called "hard". In these 

cation radicals, the charge density is more localized and is 

located, for the most part, on the heteroatoms instead of the 

ring carbons. 

It is worth noting that the relative abilities of the 

cation radicals to form fluorinated products were not propor

tional to the oxidation potentials of the parents 

Table VI. Oxidation Potentials for the Compounds 

Compounds Eh (vs see) ref 

Perylene +0.85 V 115 

Pyrene 1.16 115 

Phenoxathiin 1.12 121 

Thianthrene 1.26 118 

9,10-Diphenylanthracene 1.28 119 

(Table VI); but were in the same order as the delocalization 

of charge densities. That is, pyrene cation radical provided 

the greatest yield of fluorinated products followed by perylene 

cation radical. Of course, after these come phenoxathiin and 

thianthrene cation radicals. It can be observed from Table VI 

how the oxidation potentials are not in the order of reactivity, 

but it can also be observed from Table V how the highest charge 
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densities on carbon decrease according to this order, 

Difluorination 

Difluorination undoubtedly proceeds via the monofluori-

nated product. Since the oxidation potentials for perylene 

and 3-fluoroperylene are so close, there can be an equili

brium involving electron exchange (Eq. 65). The equilibrium 

Pe-"̂  + PeF ^ ^ Pe + PeF'"*" (65) 

constants can be calculated in the same manner as used for 

the data in Table IV. 

Pe ' "^ + e " ; ^ Pe 

PeF ^=^ PeF'"*" + e 

:•"'" + PeF ^ Pe + PeF-"^ 

+ 0.98-'-22 

- 1 . 0 4 ^ 2 2 

- 0 . 0 6 V 

(66) 

(67) 

(68) 

Since the half-wave potential for each compound has been 

measured under the same conditions, then the equilibrium 

constant (Keq) for electron exchange can be calculated by 

Keq = 9.67 x 10"2 (69) 

use of equation 60. Therefore, one expects that some 

3-fluoroperylene cation radical will be formed in solution 

and that it will react with fluoride ion to yield a difluori-

nated product. 
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Scheme IV 

PeF* + F ^ '̂  PeF • (70) 

.+ v.̂  . ̂  _ + PeF^- + Pe" .̂ ^ Pe + PeF2 (71) 

'2^ > PeF2 PeF > PeF^ + H*̂  (72) 

This scheme no doubt applies to the pyrene cation radical 

and fluoropyrene also. 

Competing Reactions 

There is a large body of evidence which helps to account 

for the anomolously low reactivity of fluoride ion with the 

cation radicals discussed. The prime reason is the low nucleo

philic reactivity of fluoride ion toward cation radicals, even 

naked fluoride ion. This low nucleophilic reactivity allows 

the fluoride ion to participate in reactions other than the one 

intended by the experimenter. In all of the reactions, the 

source of fluoride ion provides relatively unsolvated fluoride 

ion in acetonitrile or methylene chloride solution. The use 

of fluoride ion as a base in acetonitrile is well known and 

documented."^ '-̂ ^̂ "•'•̂ '̂-'•2̂ "̂ 28 Rozhkov has generated the cyano-

TEAF + CH3CN V, ^ TEA"̂  CH2CN + HF (73) 

methide ion by addition of TEAF to acetonitrile (Eq. 73) .-^ 

The anion was also obtained from reaction with potassium fluoride 

19 7 

and trapped in reaction with cyclohexanone (Eq. 74-77).-^^' The 
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KF + MeCN ^ = = ^ K'*' CH CN + HF C74): 

0 + CH2CN"' ^̂ =̂  

^ 

CHgCN 

0 " 

CH2CN 

OH 

CHCN 

(75) 

(76) 

OH 

CHCN 
> < >=CHCN -\- 0H~ (77) 

generality of the reaction has been demonstrated by changing 

the fluoride ion source from potassium fluoride to rubidium 

fluoride to magnesium fluoride. The reaction proceeded well 

even with benzene or toluene cosolvents. The use of TEAF in 

129 
acetonitrile for Michael Reactions was also reported, as 

12 8 
demonstrated in Equation 78. 

CH CN 
Ph MeCN I 2 
^C = CH - NO + TEAF > Ph - C - CH NO^ (78) 

Ph-̂  2 I 2 ^ 
Ph 

It is my proposal that the cyanomethide anion produced 

as in Equation 73 is oxidized by perylene cation radical to 
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the cyano methyl radical. Attempts to find the dimer of this 

Pe' + CH CN V '̂  Pe + -CH^CN (79) 
2 ^ 

radical (succinonitrile) in the reaction mixture, however, 

were unsuccessful. In all of the cation radical/fluoride ion 

reactions conducted, the amount of parent compound recovered 

greatly exceeded the amount one would predict from the half-

regeneration mechanism. From perylene cation radical, for 

104 

example, 82.8% of the product was perylene. If nucleo

philic reaction with fluoride had occurred according to, say, 

the half-regeneration mechanism (Scheme II) the amount of 

perylene should have been only 50%. Thus, the large amount of 

perylene resulted from the reduction of the cation radical by 

the cyanomethide anion or some other species. 

Other possibilities for competing reactions must also be 

considered. If the cyanomethide ion were to lose cyanide ion, 

CH CN > : CH + CN" (80) 

then methylene would be formed in the reaction mixture. How

ever, evidence for the formation of methylene (addition pro

ducts) could not be found by mass spectrometry. Another possi

bility to consider is the nucleophilic attack of the relatively, 

unsolvated fluoride ion on a solvent molecule in an S^2 reaction 

to yield cyanide ion and fluoromethane. However, this relatively 

slow bimolecular reaction would be inconsistent with the rapid 

reduction of the cation radical. In both cases of cyanide for-
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mation, the cyanide ion produced would be easily oxidized to 

F" + CH3CN > CH3F + CN*" (81) 

the cyano radical by any of the cation radicals used. Cyanide 

ion has been found to be a very poor nucleophile in cation 

radical reactions, the preferred reaction being electron 

exchange. Cyanide ion has been caused to react with the 

cation radicals of perylene, •'•̂^ 10-phenylphenoxazine, ̂ ^ and 

zinc octaethylporphyrin.-'--̂ -̂  Perylene cation radical gave small 

amounts of 1- and 3-perylenenitrile, zinc octaethylporphyrin 

cation radical in special circumstances gave 68% of meso-

cyanooctaethylporphyrin. The cation radical of 10-phenyl-

phenoxazine was reduced to the parent compound. 

In all probability, several reactions may be occurring 

simultaneously; all competing to reduce the cation radical. 

Electrochemistry 

The discussion of electrochemical fluorination has long 

emphasized the noticeable differences in reactivity between 

isolated cation radical salts in solution and those generated 

56 57 at an anode. Rozhkov ' has discussed the role of adsorption 

onto the surface of the anode as a major contributor in the 

reaction. Thus, a molecule would be adsorbed onto the anode 

where oxidation to the cation radical occurs. Subsequently, 

when fluoride ion is added to the cation radical (Eq. 46), the 

resulting free radical could be readily oxidized to the cation 

(Eq. 47) before diffusing from the surface into the solution. 
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If, however, the cation radical were allowed to diffuse away 

from the electrode surface because of its charge; and reduce 

tion of the cation radical were to occur by any of the com

peting reactions we have experienced, the parent molecule 

could return to the anode for re-oxidation. This ability in 

anodic fluorinations (that is, of re-oxidizing molecules 

formed by reduction of cation radicals in the competing reac

tions) is absent in reactions of isolated cation radical salts, 

and this helps to account for the lower reactivity and yields 

observed in the reactions of the isolated cation radical salts 

with fluoride ion. When the isolated cation radical is 

reduced, there is no way to reoxidize the substrate back to 

a cation radical. 

The coulometry of perylene with TEAF as the electrolyte 

showed that electrochemical fluorination was feasible. The 

coulometry of perylene with tetramethylammonium dihydrogen 

59 trifluoride has been done recently, as well as the coulometry 

50 54 of 9,10-diphenylanthracene. ' 

Mechanisms of reactions of cation radicals with nucleo

philes are best deciphered with the aid of kinetic data. For 

example, a number of the reactions of the 9,10-diphenylanthra

cene cation radical have been elucidated in this way. '^^2 

Very little information of this kind is available, however, in 

the literature on fluoride ion reactions. To my knowledge, 

the only reported kinetic investigation of fluoride ion reac

tions is that of 9,10-diphenylanthracene cation radical by 
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Rozhkov, In that work, the source of the fluoride ion w^s 

tetraethylammonium trihydrogen tetrafluoride. It was with 

this knowledge that the kinetics of the reactions of fluoride 

ion with perylene and thianthrene cation radicals were 

attempted. When these attempts failed, duplication of the 

previous work with 9,10-diphenylanthracene was attempted. ̂"̂  

The failure of the kinetics could be attributed to several 

possibilities. First was the possibility that the reaction 

was too slow to be observed by cyclic voltammetry. Second, 

in those cases where alumina was added to the cell to obtain 

reversibility, it was possible that the subsequently added 

fluoride ion was strongly adsorbed by the alumina. Third 

was the possibility that the fluoride ion was reacting as a 

base in acetonitrile to generate the cyanomethide ion which 

could be oxidized either at the anode or by anodically gener

ated cation radical. And the fourth possibility was that the 

solvent could not be obtained in sufficient purity in this 

laboratory. 

In all of the successful electrochemical fluorinations 

discussed, the electrolyte was a hydrogen fluoride complexed 

quaternary ammonium fluoride. The hydrogen fluoride complexed 

fluoride ion should be markedly less basic than the simple 

fluoride ion. In this manner, many of the difficulties 

encountered in this work were avoidable. Unfortunately, we 

were unable to obtain any of these complexed fluorides without 

their containing chloride ion impurity. 
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The Mechanism of Chlorination 

Since chloride ion is known to be a better nucleophile 

72 

tFian fluoride ion, its presence in solution even as an impur

ity would undoubtedly lead to chlorinated products. There

fore, it was understandable to find chlorinated products in 

those reactions where chloride ion was found to be present as 

an impurity in the fluoride ion sources (TEAF and cesium 

fluoride). The interference by chloride ion impurity was 

solved by the use of potassium fluoride. However, because of 

its low solubility in acetonitrile, the solubility of the 

potassium fluoride and the concentration of fluoride ion were 

enhanced by the use of 18-crown-6.-^-^^"^^^ 

Xenon difluoride has been used to fluorinate both naph

thalene and pyrene in methylene chloride solutions, and chlori

nated products were not reported. ' ' However, chlorinated 

products were obtained in the present work in both of these 

reactions as well as the reaction of perylene with xenon 

difluoride in methylene chloride. The possibility that chloride 

ion existed as an impurity in the xenon difluoride was elimi

nated by conducting the reactions in perfluorohexane. It 

seems, therefore, that the solvent is participating in the 

reactions by either being oxidized (Eq. 86) by or attacked by 

fluoride ion. If the solvent were oxidized by xenon difluoride, 

then the cation radical of the solvent may further react to 

form eventually dichlorocarbene. If the solvent were attacked 

by fluoride ion as a nucleophile, then chloride ion would be 
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CH^Cl^ + XeF2 > CK^Cl^'"^ + :̂XeF + T^ C82I 

.+ CH2C12* = F'̂  > •CHCI2 + HF (83) 

CHCI2 + XeF2 > CHCl2"^ + 'XeF + F" (84) 

CHCl + + F~ > : CCl^ + HF 
2 2 

(85) 

CH^Cl^ + F" > CH2CIF + CI"" (86) 

released into the solution to react with the cation radical 

of the substrate. Nucleophilic attack by fluoride ion has 

recently been proposed by Rozen and Brand to account for 

the chlorination found in the reaction of 2-iodoadamantane 

with fluorine in chlorinated solvents. It was found that when 

the reaction was conducted in methylene chloride, ri-butyl 

chloride, or tert-butyl chloride significant amounts of 

2-chloroadamantane were produced. Only in chloroform was 

there no significant chlorination. The mechanism of nucleo

philic attack by fluoride ion seemed reasonable until applied 

to tert-butyl chloride. A further possibility is the removal 

of a proton from the solvent molecule by fluoride ion to form 

CH CI + F~ •̂ ==̂  CHCl ~ + HF (87) 
2 2 2 

CHCl ~ > : CHCl + Cl" (88) 

a carbanion which can release chloride ion to form chloro-

carbene. Ono has trapped dichlorocarbene with cyclohexene 
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from the reaction of TEAF ŵ ith_ chloroform solvent. ̂ ^^ Of 

these three possibilities, oxidation of the solvent, nucleo

philic attack by fluoride ion, and basic attack by fluoride 

ion, only the attacks by fluoride ion seem probable. Methylene 

chloride is not easily oxidized, and is frequently used as a 

solvent for cation radicals without difficulty. Furthermore, 

there has been no evidence found (addition products) to support 

the existence of either of the carbenes. The nucleophilic and 

basic attacks on the solvent by fluoride ion seem the most 

probable. Both mechanisms call for the formation of chloride 

ion. However, since chlorofluoromethane was not sought in 

any of the reactions, there is no positive evidence to support 

either mechanism of attack by fluoride ion. 

The occurrence of chlorination as a result of the use of 

methylene chloride as an electrochemical solvent is a little 

surprising since Bard̂ -̂ ^ reported the use of methylene chloride 

as a satisfactory electrochemical solvent. Nonetheless, 

chloroperylene was found as a result of the oxidation of pery

lene in methylene chloride with tetra-n-butylammonium tetra-

fluoroborate (TBAT) as the electrolyte. The high chloride ion 

concentration found in the catholyte can be explained as a 

result of the cathodic reduction of methylene chloride (Eq. 89, 

90). The chloride ion may then migrate to the anode compart-

CH Cl + e"" v: ^ CH^Cl^-" (89) 
2 2 2 2 

CH2C12*'" > •CH2CI + Cl" (90) 
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ment where it can re^ct ŵ ith- the cation radical to form chloro

perylene. As a result, ̂ 11 of the reactions using a cation 

radical salt prepared in methylene chloride yield chlorinated 

products. This difficulty was overcome by reverting to the 

62 
use of tetrahydrofuran as a solvent and TBAT as the electro
lyte for perylene. 

Summary 

Perylene and pyrene cation radicals reacted with fluoride 

ion to form fluorinated products, presumably by the half-

regeneration mechanism. Because of the low nucleophilicity 

and the high basicity of fluoride ion, competing reactions 

occurred whose products caused the reduction of the cation 

radical in solution. Perylene and pyrene cation radicals were 

able to form fluorinated products because in them high charge 

densities are located on a carbon atom. Thianthrene and 

phenoxathiin cation radicals did not form fluorinated products, 

but were completely reduced instead. Nucleophilic attack by 

fluoride ion on these cation radicals was hindered because 

the highest charge densities are not located on a carbon atom. 

Charge density in the cation radical and not the oxidation 

potential of the substrate seems to be the critical factor in 

these reactions. The difluorination of perylene and pyrene 

were observed in the cation radical reactions. These products 

were formed, presumably, via the cation radical of the mono-
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fluorinated product. 

The low reactivity of fluoride ion toward aromatic cation 

radicals observed in this work is not observed in anodic 

fluorinations. This dichotomy may be due to adsorption of the 

substrate on the surface of the anode where it cannot be re

duced, or just the availability of the anode to reoxidize any 

cation radical that becomes reduced by competing reactions. 

The coulometry of perylene in the presence of TEAF gave pery

lene, fluoroperylene, and difluoroperylene. Measurement of 

the kinetics of the anodic fluorinations of perylene, thian

threne, and 9,10-diphenylanthracene was attempted by cyclic 

voltammetry, but was unsuccessful. 

Interference by chloride ion as an impurity in the 

sources of fluoride ion was observed. This interference was 

eliminated by use of potassium fluoride in the presence of 

18-crown-6. Chlorination during the electrochemical prepara

tion of perylene cation radical perchlorate in methylene 

chloride was found to be from involvement by the solvent. 

Chlorination was also observed in the xenon difluoride reac

tions with perylene, pyrene, and naphthalene in CH CI2. It 

was shown that this chlorination was again a result of solvent 

involvement by carrying out the perylene and pyrene reactions 

in perfluorohexane, when chlorination was averted. 
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Conclusions 

1. 3-Fluoroperylene has been synthesized and characterized. 

2. Perylene and pyrene cation radicals react with fluoride 

ion to yield both mono- and difluorinated products. 

3. The low reactivity of solutions of isolated cation radi

cals with fluoride ion is primarily caused by the very low 

nucleophilicity of fluoride ion. 

4. The chlorination of perylene cation radical during electro-

synthesis can be explained as a result of the cathodic reduc

tion of the new methylene chloride solvent. 

5. Chlorination during reactions with xenon difluoride in 

methylene chloride results from the release of chloride ion 

to solution by the involvement of the solvent in the reaction. 
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APPENDIX 

The calculation of the charge densities of the thian

threne and phenoxathiin cation radicals were made by Professor 

Cyril Parkanyi, University of Texas, El Paso, using the Huckel 

Molecular Orbital (HMO) treatment. The HMO calculations were 

made in the usual way using an IBM 3 60/65 computer. The 

model for sulfur atoms which neglects the effect of the d 

orbitals in conjugation was employed. The missing electron 

in the cation radicals was assumed to have been removed from 

the highest occupied -rr-molecular orbital of the parent hetero-

aromatic system. 

The following parameters were adopted: 

a^ = a + 23 ^^0 = 2B 

a = a + 3 3cs = ^.73 

Here, a is the coulomb integral of the P^ atomic orbital of 

carbon, 3 is the resonance integral of the xy bond, and 6 
xy 

is the same quantity for the C-C ir-bond in planar conjugated 

hydrocarbons. 
The results are summarized in Table V. 
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