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Al&w+-Octafluorophenazine and decafluoroazobenzene have been obtained by the electrochemical 
oxidation of pentiuoroaniline at a platinum anode. Similarly, octafIuorophenaxine ZH-hepta- 
fluorophenazine and 1.2.3,4-tetraAuorophenazine have been obtained from 2-aminononafluoro- 
diphenylamine, 2-amino-4’H-octafluorodiphenylamine and 2-amino-2’,3,4,5,6-pentafluorodiphenylamine, 
respectively. The synthesis of 2-nitro-. and 2-amino-polyfluorcdiphenykunines is also described. 

IN a previous preliminary communication ’ we briefly reported some results on the 
electrochemical oxidation of polyfluoroaromatic amines. We now give them in detail 
and describe the synthesis of a number of 2-nitro- and 2-aminopolyfluorodiphenyl 
amines. By the electrochemical oxidation of pentalhroroaniline at a platinum anode at a 
potential of + 1.5 -+ 1.6 V (VS S.C.E.), using an acetone: water: potassium acetate 
electrolyte, decafluoroazobenzene* (identified by m.p. and IR spectrum) and octa- 
fluorophenazine were obtained in l-8% and 6% yields respectively. Octalluorophena- 
zine was identified by accurate mass measurement and chemical analysis (correct for 
C,,F,,N,). The i9F NMR spectrum (in T.F.A.) showed only two signals in the ratio 
1: 1, correct for octafluorophenazine, while the UV and IR spectra were consistent with 
the proposed structure. The identification was confirmed by reduction of the phenazine 
to 5,lOdihydroocta8uorophenazine, which was readily oxidized back to the parent 
compound. Octafluorophenazine was also obtained, and in better yield (40%), by the 
electrochemical Fxidation of 2-aminononafluorodiphenylamineq although the 
attempted chemical cyclization of the amine using sodium hydride and n-butyl lithium 
was unsuccessful. 

Other polyfluorophenazines have also been synthesized electrochemically from suit- 
able amino-polylluorodiphenylamines. Thus, W-heptafluorophenazine was obtained 
from 2-amino-4’H-octafluorodiphenylamine and 1,2,3,4-tetrafluorophenazine from 2- 
amino-2’,3,4,5,6pentafluorodiphenyIamine. The tetralluorophenazine was also 
obtained from 2-nitro-3,4,5,6-tetrafluorodiphenylamine by treatment with iron filings 
at 280-300”. The structures of the phenazines were confirmed by their NMR, IR and 
UV spectra and 1,2,3,4-tetrafluorophenazine was reduced to 5,lOdihydrotet&uoro- 
phenazine. The electrolytic oxidation of 2-amino-3,4,5,6-tetralluorodiphenylamine and 
2-amino-2’-fluorodiphenylamine was also investigated. Only a small yield of tetra- 
fluorophenazine was obtained from the former, while no phenazine was obtained from 
the latter. However, subsequent experiments showed that phenazine itself was oxidized 
at a lower potential than that used for the oxidation of the amine. 
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The mps of both octalluoro- and 1,2,3,4-tetrafluoro-phenazine were found to be 
anomalous. The first samples prepared’ were found to melt at 233-235” and 226-227” 
respectively (cited4 by others 238.5-239.5 and 233-234”). From preparations done 
later, however, the products melted at 259-260’ and 262-263” respectively, and we 
were then unable to obtain the lower melting form again. 

The amino-polyfluorodiphenylamines used were prepared by the reduction of the 
corresponding nitro-polyfluorodiphenylamines using a Pd/C catalyst. The nitro- 
polyfluorodiphenylamine compounds were generally synthesized by treating the 
lithium salt of the appropriate aromatic amine with a polytIuoronitrobenzene. This 
reaction differs from most nucleophilic displacement reactions5 of polytluoroaromatic 
compounds in that unusually high proportions of orfho isomer are obtained. However, 
some other reactions6 involving pentalluoronitrobenzene also give high proportions of 
ortho product. The lithium salt of pentatluoroaniline reacted with pentafluoronitroben- 
zene to give 2-nitrononalluorodiphenylamine (m.p. 79°)3, which was reduced to form 
2aminononalluorodiphenylamine (m.p. 45’)9 For the preparation of 2-nitro4’H- 
octa!Iuorodiphenylamine it was necessary to react 2,3,5,6-tetrafluoroaniline with pen- 
tafluoronitrobenzene. Owing to the possibility of attack by n-butyl lithium on the 4H- 
position as well as on -NH,, sodium hydride was used to form the amine salt: a good 
yield of the 2-nitro-polytluorodiphenylamine was nevertheless obtained. 2Amino- 
3,4,5,dtetratIuorodiphenylamine was prepared by an alternative route. Although the 2- 
nitro-3,4,5,6-tetralluorodiphenylamine precursor may be obtained by the reaction of 
the lithium anilide on pentafluoronitrobenzene, our sample was made by heating the 
1:l complex formed between aniline and pentafluoronitrobenzene.3 The nitro- 
compound was then reduced to the amine in the usual way. The structures of the 2- 
nitro- and 2-amino-polylluorodiphenylamine compounds were confirmed by chemical 
analysis, UV, IR, and NMR spectroscopy, which were in agreement with the assigned 
structures. 

The electrochemical oxidation of aniline and n-alkyl and aryl substituted aniline 
derivatives has been extensively studied. In acid solution aniline gives rise to p-amino 
diphenylamine,’ p-amino phenola or emeraldlneg (a polyphenylene diamine), 
depending on pH. In alkaline solutions, primary aromatic amines yield the cor- 
responding azobenzene.‘O Electrochemical oxidation of N-methylaniline,‘* N,N- 
dimethylaniline’* and triphenylamine,*3 in both acid and mildly alkaline solutions form 
the appropriate substituted benzidene by para coupling. 

Two mechaisms have been proposed to account for the products. The first’ involves 
the formation of the C,H,NH’ radical by loss of an electron and hydrogen ion from 
aniline, which then, by appropriate dimerization reactions, gives rise to p-aminophenol 
and p-aminodiphenylamine. Further oxidation of the latter, compound leads to emeral- 
dine. A more recent mechanism: applicable to the reactions of both aniline and Nary1 
and-alkyl substituted aniline, involves C&NH;’ and C,H,NR;’ radical ions, which 
dimerize with the loss of two hydrogen ions to give the appropriate products. 

We believe the results we have obtained to be more consistent with the participation 
of C$,NH’ radicals in the reaction mechaism. Thus the initial reaction is thought to 
be loss of an electron from penta!Iuoroaniline to form the radical-ion I, which by loss 
of a hydrogen ion affords the radical II. Dimerization of II would then lead to 
decafluorohydrazobenzene, which subsequently oxidizes to the observed decatluor- 
oazobenzene. Octafluorophenazine is thought to arise by attack of II at the orrho 
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position of a pentaIluoroaniline nucleus to form, initially 2-amino-nona- 
fluorodiphenylamine [III], which undergoes further oxidation, followed by intra- 
molecular cyclization to give 5,10-dihydrooctafluorophenazine [IV]. This is then fur- 
ther oxidized to octafluorophenazine [VI. An improved yield of V was, in fact, 
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obtained by the electrolysis of a solution of III. The free radical displacement of 
fluorine from polyfluoroaromatic compounds has been previously proposed to 
account for the formation of tetralluoroacridine by the pyrolysis of pentafluoronitroso- 
diphenylketone” and of 2,3,4,5,QentalIuorodiphenyl from benzoyl peroxide and 
hexafluorobenzene.ls For the electrochemical cyclization of an amino-polytluorodi- 
phenylamine to occur, the presence, in the ring not containing the-NH, group, of a 
fluorine atom orrho to the-NH group could appear to be essential. Thus, electrolysis 
of 2-amino-3,4,5,6-tetrafluorodiphenylamine gave 1,2,3,4-tetrafluorophenazine in only 
very poor yield, although 2-amino 2’,3,4,5,6-pentafluorodiphenylamine gave an 
improved yield of the tetrafluorophenazine. 

The formation of decafluoroazobenzene by dimerization of the C,F,NH;’ radical 
ion is difficult to envisage. In addition, the stability of the polyfluoro radical-ion (I) 
must be signihcantly less than that of the hydrocarbon analogue, particularly in the 
alkaline medium used, where it is likely to lose a hydrogen ion rapidly to yield the 
radical, II. Although it is possible to draw up a reaction scheme for the oxidation of an 
amino-polylluorodiphenylamine to a polyfluorophenazine involving the C&F,NH; 
species, it is difficult to extend the argument to account for the products of the 
oxidation of pentafluoroanihne. The two reaction mechanisms require a different cou- 
lommetry for the oxidation of both pentatluoroanihne and 2-amino- 
polyfluorodiphenylamine. Thus if CpF,NH’ radicals participate the oxidation should 
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require 3 electron/mole, while a C6F,NHz+ radical-ion mechanism requires only 2- 
electron/mole are required although complications arise since it is likely that both 
decafluorohydrazobenzene* and 5,lOdihydropolyfluorophenazine will be susceptible 
to oxidation by atmospheric oxygen, thus possibly reducing the number of coulombs 
required for the reduction process. 

EXPERIMENTAL 

The apparatus for electrochemical oxidations consisted of a 700 ml flask as anode compartment, 
connected via a glass tube (5 cm x 2.5 cm d.) to a cathode compartment (14.5 cm x 3.5 cm d.) The 
contents of the two compartments were prevented from mixing by a sintered glass disc sealed into the 
connecting tube. The anode was of platinum (10 cm x 5 cm) and the cathode a carbon rod. Oxidations 
were carried out in a mixture of acetone (200 ml). water (350 ml) and KOAc (100 g) at a fixed anode 
potential (measured against a S.C.E.), by adjusting the voltage applied across the cell electrodes. The 
current passing at the beginning was usually ca 500 m.a., falling to ca 50 m.a, when the electrolysis was 
stopped. The total number of coulombs passed during the electrolysis was calculated from the current/- 
time curve. 

At the end, the anolyte was distilled under reduced press to remove acetone and filtered. The solid 
residue was dried over P,O, and fractionally sublimed under reduced press. Known compounds were 
identified by a comparison of IR spectra NMR spctra were recorded on samples dissolved in trifluoroa- 
cetic acid unless otherwise stated. All data quoted on the delta scale with high field (low frequency) shifts 
negative. The reference standards (a=O*O) are TMS and CCf,F for ‘H and 19F spectra respectively. 

Electrolysis ofpenfq/luoroanilfne. Pentafluorosniline (10 g) was electrolysed in the standard electrolyte 
(500 ml) at a potential of + I .5-+ 1 a6 V. After passing 10,560 coulombs, when the current had fallen to 70 
m.a, the electrolysis was stopped and the solid product (IO.9 g) obtained as described. Fractional 
sublimation gave (i) decalluoroaxobenxene (1.78 g) and (ii) a yellow solid which was recrystallized from 
Ccl, and identified as octqkorophenazine (O-55 g). m.p. 25%260°. (Found: C, 44.1; H, Cf.0. C,p$r, 
requires: C, 44.4; H, 0.0%). The molr wt by high resolution mass spectrometry was 323.99 1 (C,,FsNN, 
requires: 323.993). The u!’ Spectrum (in ethanol) showed absorptions at 258 and 368 rim. wnii s =3-l 
x IO’ and 5.9 x 10’ respectively and the ‘9F NMR spectrum showed two signals in the ratio l:l, with 
chemical shifts 6 -144.6 and -149.8 consistent with the proposed structure. When first prepared this 
compound had m.p. 233-235O but subsequently all samples isolated have had m.p. 25!&26W. 

Reductfon of octc&orophenazine. OctaIIuorophenaxine (0.66 g) was dissolved in dry ether (150 ml) 
and Pd/C (0.1 g, 10% Pd) added. The suspension was hydrogenated, and the mixture dried (MgSO,), 
filtered, and evaporated to give a product (O-65 g). which was crystallixed (CCI,) to give S,lO-dfhydro- 
octqf7uorophenuzfne, (0.21 g) m.p. 185-187’ (Found: C, 43.9; H, 0.9; N, 8.3. C,&F,,NN2 requires: C, 
44.2; H, 0.6; N, 8.3%). Mass spectrometry gave a top mass peak of 326 (required 326) and the IR 
spectrum showed an absorption maximum at 3440 cm’ typical of >NH. On shaking with BrJCCI, 
octa8uorophenaxine was recovered (yield -90%). 

Electrochemkal oxidation of 2-amino-n~n&orodiphenylamtne. The amine (2.0 g) was electrolyse-d in 
the standard electrolyte (500 ml) at a potential of +14-+ 1.5 V and 1660 coulombs passed. After 
removal of the acetone, a product (1.5 I g) was obtained as described above, which was sublimed to give 
octalluorophenaxine (0.77 g) only. 

Electrolysis of 2-amino4 H-octqfhwrodiphenylamine. The diphenylamine (2.9 g) was electrolysed using 
the standard electrolyte (500 ml) at an anode potential of + l-5-+ 1.6 V, and 2360 coulombs passed. The 
anolyte was treated in the usual way to give a solid (2.15 g) which was sublimed to give a yellow product 
(0.66 g). Recrystallization from light petroleum (b.p. 40-boo) gave 2-H-heptq’luorophenaine (0.55 g) 
m.p. 18!&191’ (Found:C, 47.0;H,Oe7;N,9.1. C,$IFrNN,requires:C. 47.1;H,O*3;N, 9.2%). The ‘H 
NMR spectrum consisted of a broad singlet, chemical shift 6 7.82, and the reF spectrum of six signals in 
the ratio 1:1:1:1:2:1 at d -123.0, -124.9. -145.2, -147.0, -151.2 and -154.1 respectively. 

Electrolysis of 2-Mino-2’,3,4,5,6-pent~uorod~henylamine. The amine (0.94 g) was electrolysed in 
the standard electrolyte (500 ml) at an anode potential of + l-5-+ I.6 V, and 330 coulombs passed. The 
anolyte was treated as described above to give a product (1.14 g), which was sublimed to give (i) starting 
material (0.09 g), identified by a comparison of IR spectra and (ii) 1,2,3.4-tetr@uorophenazfne (0.29 g), 
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m.p. 262-263’ (recrystallized from EtOH). (Found: C, 56.8; H. 1.8; C&,F,Nz requires: C, 57.1: H, 
1.6%). The W spectrum (EtOH) showed absorptions at 252 and 362 nm, 8 I.19 x 10J and 0.96 x 10’ 
respectively. The ‘H NMR spectrum showed one signal at 7.0 ppm low field from C&I,, and the “F 
NMR spectrum showed two signals in the ratio 1:l. chemical shifts 6-141.95 and -149-0, in agreement 
with the proposed structure. The original preparations had m.p. 226-227” but subsequentIy all samples 
isolated had m.p. 262-263”. 

Reduction of 1,2,3,4-tetr@uorophenarine. The phenazine (0.2 g) was dissolved in ether (50 ml) and 
Pd/C (0.1 g. 10% Pd) added. The mixture was hydrogenated, filtered under N, and evaporated to give a 
solid (0.2 g), which was recrystallized (Ccl,) to give blue crystals of 5,10-dihydro-1,2,3,4- 
tetrfluorophenazine (0.09 g) m.p. 150-152’ (with dec) (Found: C, 56.5; H, 2.5; N, 10.7. C H F N 12 6 1 1 
requires: C, 56.7; H, 2.4; N, 11.0%). Mass spcctrometry gave a top mass peak of 254 (required: 254). 
The IR spectrum showed an absorption maximum at 3440 cm-’ (>NH). 

Electrolytic oxidation of 2-amino-3,4,5,6-tetr~~rcdluorodiphenylamine. The amine (0.85 g) was ekc- 
trolysed using the usual electrolyte (500 ml) at + 1.4+ 1.5 V, and 480 coulombs passed. The solution 
was treated as described above to give a residue (I.02 g) which was sublimed to give 1,2.3,4-tetra- 
fluorophenazine (0.012 g). 

Electrolytic oxiabtion of 2-amino-2’-Juorodiphenylamine. The diphenylamine (1.5 g) was oxidized in 
the usual way at + l.O-+ 1. I V and 1930 coulombs passed. The solid (1.7 g) remaining after removal of 
the acetone was sublimed. No phenazine was obtained: other experiments showed that phenazine itself 
was susceptible to electrochemical oxidation at + l G-+ 1.5 V in the medium employed. 

2-Nitro-4’H-octq,&iorod@henylamine. 2,3,5.6-Tetratluoroaniline (5.0 g) in dry ether (300 ml) was 
stirred under N, with sodium hydride (I.47 g. 50% w/w mineral oil dispersion) for 2 hr. The suspension 
was gently warmed until H, evolution ceased, and the mixture added slowly to a soln of pentaRuoronitro- 
benzene (6.45 g) in dry ether (200 ml). The resulting red ethereal suspension was refluxed for 24 hr and 
then allowed to cool. The ethereal soln was decanted from unreacted sodium hydride, washed with 4N 
HCl(3 x 50 ml), dried (MgSO,) and evaporated to give a solid residue (9.95 g). This was separated on an 
alumina column (eluant, light petroleum b.p. 40-60’: benzene = 2:l) to give 2-nitro_4’H_octafuoro- 
diphenylamine (3.9 g). m.p. 79.5-80.5’. (Found: C, 40.3; H, 1.0; N, 8 I. C,&IH,FsNN,O, requires: C, 
40.2; H. 0.6; N. 7.8%). The IR spectrum showed an absorption maximum at 3370 cm-’ (>NH) and 3080 
cm-’ (aromatic C-H). The ‘H NMR spectrum (in Ccl,) showed two signals in the ratio 1:l with 
chemical shifts 6 7.28 (>NH) and 6 6.85 (aryl H). The latter signal was a triplet of triplets (J = 9.75 HZ 
and 7. I Hz). The 19F NMR spectrum (in Ccl,) showed six signals in the ratio 2: 1: 1: 1:2: I : with chemical 
shifts a-139.2, -144.9, -147.4. -149.9, -153.1, and -162.3 respectively. The NMR spectraare thus 
consistent with the proposed structure. 

2-Amino-4’H-oct&uorodiphenylamine. 2-Nitro-4’Hoctalluorodiphenyiamine (4.5 g) was dissolved in 
EtOH (100 ml) and Pd/C (0.1 g, 10% Pd) added. The suspension was hydrogenated, filtered under N, 
and the EtOH evaporated to give a solid residue (3.8 g), which was sublimed to give 2-amino-4’H- 
octqborodiphenylamine (2.70 g) m.p. 83-85’. (Found: C, 44-l; H, 1.5; N, 8.8. C,zHH,F,N,requires: C, 
43.9; H, 1.2; N, 8.5%). The IR spectrum showed absorptions at 3440.3360 and 3240 cm.-’ (>NH and 
-NH,), and at 3090 (aromatic C-H). The ‘H NMR spectrum (in Ccl,) showed three signals in the ratio 
1:2:1 with chemical shifts d 5.07 (>NH), 4.01 (-NH3 and 6.62 (aryl H) respectively. The latter was a 
multiline signal with J = 10 Hz and 7.2 Hz. The ieF NMR spectrum (in Ccl,) showed five signals in the 
ratio 2:1:3:1:1 with chemical shifts 6 -140.0, -150.0, -159.3, -162.6 and -173.3 respectively, 
consistent with the proposed structure. 

2-Nitro-2’.3,4,5,6-pentqf?uorod@enylamfne. n-BuLi (10 ml, 0.14 g/ml) was added, over a period of 10 
min. to a stirred solution of o-fluoroaniline (2.6 g) in dry ether (200 ml) under N, and the stirring 
continued for a further 15 min. The mixture was added slowly (20 min) to a solution of pentafluoronitro- 
benzene (5.0 g) in dry ether (200 ml). After the addition the mixture was refluxed for 5 min. washed with 
4N HSO,, dried (MgSO,) and evaporated to leave a product (5.8 g). This was purified by column 
chromatography (ahunina, light petroleum 40-60° solvent) to give orange crystals of 2-nitro-2’,3,4,5,6- 
pentofluorodiphenylamine (2.77 g), m.p. 78-80.5O. (Found: C, 47.7; H, 1.9; N, 9.2. C,J-IH,F$JN,O, 
requires: C, 47.4; H, 1.7; N. 9.2%). The IR spectrum showed an absorption band at 3370 cm-’ (>NH). 
The ‘H NMR spectrum (in deuteroacetone) consisted of two signals in the ratio 1:4, chemical shiRs 6 8.4 
(>NH) and 7.4 to 8.0 (aryl H) respectively. The latter signal was a multiplet. The i9F NMR rpectrum (in 
deuteroacetone) showed five signals in the ratio l:l:l:l:l, chemical shifts d -129.7, -147.1, -151.5, 
-166.0 and -148.8, consistent with the proposed structure. 
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2-Amlno-2’,3,4,5,6-penI~or~e. 2-Nitro-2’,3,4,5,6pentafluorodiphenyhunine (1.9 1 g) 
was dissolved in ethanol (100 ml) and Pd/C (0.1 g, 10% Pd) added. The suspension was hydrogenated, 
filtered, and the ethanol evaporated to give a white solid (1.7 1 g). Recrystallization from light petroleum 
(b.p. 40-60”) gave 2-mnino-2’,3,4,5,6-pentldluo~~~y~i~ (1.23 g) m.p. 7678O. (Found: C, 52.3; 
H, 2.8; C,$I,F,N, requires: C, 52.6; H, 2.6%). The IR spectrum showed absorption maxima at 3490, 
3440 and 3390 cm’ typical of >NH and -NH, 

2-NrrO-3,4.5,6-teho~~h~yi~~. To pentafluoronitrobenzene (4.42 g) in dry ether (150 ml) 
was added aniline (1.93 g). and the ether evaporated to yield a yellow solid (6.1 g), m.p. 65-68O the 1:l 
complex between pentafluoronitrobenxene and aniline.’ The solid (3.7 g) was heated (85O) in a sealed 
tube (2 hr), when the contents were dissolved in ether, dried (MgSO,) and evaporated to yield an orange 
product, which was sublimed to give 2-nitro-3,4,5,&etrafluorodiphenylamine (1.32 g) m.p. 106O. with 
an IR spectrum identical with that of an authentic sample.’ 

2-Amino-3,4,5,6-tetr~onxi~henylamine. 2-Nitro-3,4,5.6tetrafIuorodiphenyhunine (1.1 g) was dis- 
solved in EtOH (50 ml) and Pd/C catalyst (0.1 g, 10% Pd) added and the mixture hydrogenated. The soln 
was filtered under N, and the ethanol evaporated to give 2-amino-3,4,5,6-tetrafluorodiphenylamine, (0.85 
g) m.p. lOlo, with an IR spectrum identical with that of an authentic sample.’ 

2-Fluoro-2’-ntrod~hcnylomine. n-BuLi (18.5 ml, 0.14 g/ml) in dry ether (20 ml) was added slowly 
(IO min) to a stirred soln of o-fluoroaniline (4.72 g) in dry ether (200 ml). The soln was stirred for I5 min 
under N, The mixture was then added over a period of 15 mitt to a solution of o-fluoronitrobenxene (6.0 
g) in dry ether (200 ml) with stirring. The resulting red soln was relluxed for 27 hr. washed with 4N HCI 
(3 x 50 ml), dried (MgSO,) and evaporated. The residue (7.7 g) was separated on an alumina column 
(light petroleum b.p. 40-W’) to give a product (7.59 g) which, aRer recrystallivltion twice (light 
petroleum b.p. 40-60°) gave 2$uoro-2’-nitrodiphenylamine (3.36 g) m.p. 73.5-74.S0. (Found: C, 62.0; 
H, 4.2; N, 12.2. C,$I,FrNN,O, rquires: C, 62.1; H, 3.9; N, 12.1%). The IR spectrum showed an 
absorption maximum at 3350 cm’ (>NH). 

2-Amino-2’-Ptror~~h~ylamfne. 2-Fluoro-2’-nitrcdiphenyhunine (2.3 g) was dissolved in EtOH (100 
ml) and Pd/C (0.1 g, 10% Pd) added, and the mixture hydrogenated. The suspension was filtered under 
N,, and the EtOH evaporated to give a product (2.1 g). which was recrystallized from light petroleum 
(b.p. 40-60’) to give 2-amino-2’-jhorodfphenykzmhte (1.5 g) m.p. 72-73’. (Found: C, 71.5; H, 5.4; N, 
13.6. CirH,,FN, requires: C. 71.3; H, 5*5;N, 13.9%). The IR spectrum showed absorptions at 3220 and 
3320-3440 cm-i typical of >NH and -NH, 

Attempted chemical cyclizatbn o/2-amino-nonqfluorodiphenylamine 
(4) Sodium hydride in ether. The diphenylamine (0.73 g) in ether (120 ml) was added slowly (40 min) 

to sodium hydride (040 g, 50% w/w mineral oil) in dry ether (50 ml) and the mixture refluxed for 20 hr. 
The mixture was washed with 4N HCf (3 x 50 ml), dried (MgSO,) and evaporated to give a product 
(0.89 g) from which octafluorophenaxine was not obtained by sublimation. 

(b) Sodium hydride in dioxun. The diphenylamine (1 .O g) in dry redistilled dioxan (50 ml) was retluxed 
for 60 min with sodium hydride (0.28 g, 50% w/w mineral oil), and the resulting mixture poured into 
water (400 ml). The aqueous solution was ether extracted (3 x 100 ml), and the ethereal extracts washed 
with H,O (4 x 100 ml) dried (MgSO,) and evaporated to give a product (I.12 g). The product was 
sublimed to give 2-amino-nona8uorodiphenylamine (0.4 g) only. 

(c) n-Et@ lithhrm in ether. n-BuLi (1 ml, 0.15 g/ml) in dry ether (15 ml) was added (5 min) to the 
amine (0.4 g) in dry ether (15 ml), and the mixture stirred for 60 min, and then refluxed for a further 12 
hr. The ether solution was washed with 4N HCI, dried (MgSO,) and evaporated to give a solid (0.37 g). 
No octa8uorophenaxine could be isolated from this. 

Chemical cyclimtion of 2-nitro-3,4,5,6-tefr~uorodlphenylamine. The diphenyhunine, prepared by 
heating to 8S” the I :l complex formed between pentatluoronitrobenxene and aniline’ was heated for 60 
min at 280-300° with degreased iron Alings. The mixture was then powdered and Soxhelet extracted with 
acetone for 12 hr. The soln was evaporated to a residue (l-12 g). which was sublimed to give 1,2,3,4- 
tetra8uorophenaxine (0.74 g), m.p. 226227’. identical with the product obtained by electrochemical 
oxidation of 2-amino_2’,3,4,5,Cpentafluorodiphenylamie. 

Acknowledgements-Thanks are due to Dr. E. F. Mooney for NMR spectra, Dr. J. Majer for mass 
spectrometry and to Coatea Bros. and Co. Ltd., for a maintenance award (to A. G. H.). 



The electrochemical oxidation of polyiluoroaromatic amines-1 3797 

REFERENCES 

’ A. G. Hudson, A. E. Pedler and J. C. Tatlow, Tetrahedron Letters 2143 (1968) 
* J. Burdon, C. J. Morton and D. F. Thomas, J. Chem. Sot. 2621 (1965) 
3 J. Burden, J. C. Tatlow and W. T. Westwood, unpublished work 
’ V. D. Shteingarts and A. G. Budrick, Izv. Sib. Otd. Akad. Nauk S.S.S.R. Ser. Khim. Nauk, (3). 124 

(1967) 
’ J. C. Tatlow, Ena%wour 86, 89 (1963); J. Burden, Tetrahedron 21, 3373 (1965) 
6 G. M. Brooke, J. Burden and J. C. Tatlow, 1. Chem. Sot. 802 (1961); J. G. Allen, J. Burdon and J. C. 

Tatlow, Ibid. 1045 (1965) 
’ T. Iasui, Bull. Chem. Sot. Japan 10,306 (1935); N. E. Khomutov, Proc. of the Fourth Electrochemical 

Congress, Izd. Akad. Nauk S.S.S.R., Moscow; 292 (1959); N. E. Khomutov, Proc. of the Third 

Electrochemical Congress, Moscow 584 (1953) 
a H. Vidal, B.P. 573/1902 
e D. M. Mohilner, R. N. Adams and J. Argersinger Jnr., /. Am. Chem. Sot. 84, 3618 (1962) 

I0 S. Wawzonek and T. W. McIntyre, J. Electrochem. Sot. 114, 1025 (1967); F. Goppelsroeder, CR. 

Acad. Sci., Paris 82 1199 (1876) 
‘I 2. Galus and R. N. Adams, J. Phys. Chem. 67, 862 (1963) 
‘* T. Mizoguchi and R N. Adams, J. Am Chem Sot. 84. 2058 (1962) N. L. Weinberg and T. B. Reddy, 

ibid. 90.9 l(1968) 
I3 E. T. Sea, R. F. Nelson, J. M. Fritsch. L. S. Marcoux, D. W. Leedy and R. N. Adams. ibid. 88,3498 

(1966) 

I’ P. L. Coe, A. E. Jukes and J. C. Tatlow, J. Chem. Sot. 2028 (1966) 
” P. A. Claret, Miss J. Coulson and G. H. Williams, Chem. & Ind. 228 (1965) 


