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The direct introduction of fluorine into organic molecules by
means cf some commonly used flurinating agents has been recently shown to inclu-
de oxidation of the substrate as a key stage. Thus, Tastlow et al. discuss two
poesible pathways of fluorination under the action of fluorides of transition
metals in their maxivelence states detachment of an electron from the maolecule
of the substrate (i.e. geperation of the cation-radical) or detsphment of the
hydrogen atom (1.e. generation of the radical) /1/. Electrochemical flueripation
of aromatic compounds is alsc supposed to include the generatiorn of cation-radi-
calss orientation of the substitution is shown to be typical for the electrophi-
lic process /2/. Generation of catiop-radicals is confirmed by the ESR method
during the fluorination of benzene by XeF, /3a/. The generstion of cation~radi-
cals was later shown to be a side-processg, wheress the main reaction is supposed
to proceed via the closed transition state /3b/.

In case sromatics containing strong electron-donating substituents (-an,
-0") if subjected to the action of such fluorinating agente as perchloryl fluo-
ride /4/, triflucromethyl hypofluorite /5/ and perfluerapiperidine /6/, the sub-
stitution is also electrophilic in character, its orientation being shawn to be
ortho-para. It is interesting to note that ip some cases there takes place pre-
donminant /4c,5/ or exclusive /4b/ formgtion of sterically disadvantageous ortho-
isomers. A8 has been shown by us /6/, N,N-dialkyl anilines mey be fluorinated by
perfluoropiperidine (E) into the ortho-position exclusively. In the reaction with
N,N~dimethyl-aniline the generation of its cation-radical is confirmed by the ESR
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method. In explenation of the ortho-orientation of the fluorination, we sug-
gested a "cage" mechanisa ipvolving the electron transfer from the nitrogen
atom of the dialkylamino-group to the antibonding orbital of the N-F bond

of the molecule (I)s RaW’\,\N’
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In the present paper the interaction of Q;) with phenols is discussed.

Dry sodium phenclate (PhOMa) reacts with (I) giving a mixture of ortho-
and para-fluorophenols in a ratio of 3.5:1. The low yileld of fluorophenols
cap be explained by the fact that a consideradble part of the starting pheno-
late is used for the formation of 2,6,6~triphenoxy-l-azaperflucrocyclohexene
(II), m.ps 58-9°C, 197 NMR T: three brosdening peaks & = 42.5; 51.2 and
54.8 p.pem., with the iptensity ratio of 131:l., IR-spectrum, 1702 cm'lg
M * = 467 (mass spectrum). Found, %s F, 24.91; N, 3.00. Calculated, %s F,
24.403 N, 3.25.
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The predominapnt formation of ortho-~fluorophencl allowed us to sﬁppose
the “cage" mechanism to take place in this case as well, the formation of
para-isomer proceeding in a different way, probably, with the participation
of the phenoxy radical.

To verify such a possibility, the interaction of QI) with 2,4,6-tris
(tert.~butyl)phenol (;E}) gas been studied, the latter compound being advan-
tageous in its ability of forming a stable phenoxy radical gzy). We foundgzz)

x) In all the 19? NMR spectra chemical shifts are messured witk regard to the
external GPBGOOH. All the NMR and IR-spectra are recorded in 0014; UV-~-spectrs

are recorded in cyclohexane.
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to react slow)y with (I) forming 2,4,6-tris(tert.~butyl)para~guinofluoride
(V), m.p. 76=7°C (EtOH-E,0), *°F NMBs triplet d'= 84 p.pum., Jp_g = 10.7 Hs
1H NMRs singlets 8 = 0,92 and 1.183 doublet § = 6.52, The intensity ra-

tio is 9:183:2. IR-spectrums 1652, 1676 cm"l. UV-spectrum: )max = 238 n/u;

& = 7620. Found, %3 F, 6.38. Calculated, %: F, 6.79.
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Here and hereafter + denotes (GHB)}C
The reaction includes detachment of the fluorine atom from the N-F group of
the molecule (I). This is conformed by the formation ot N-phenylperfluoro-
piperidine (!I) X when the reaction is carried out in benzene at 100°C (seal-
ed tube). At room tempersture (I) is practically insoluble in csns, but at
100°C these compounds are fully mixed and do not interact.

In contragt to radical Q{y), lithium phenclate obtsined by mixing equi-
valent quantities of QEE}) and butyllithium, instantaneously reacts with QE)
at room tempersture, giving 2,4,6-tris —(tert.-butyl)orthe-quinofluoride(VII),
m.p. 97-8°C, 19F NMRsbrocadened doublet §= 92.8 pepolis} 1H NMR¢ d;_cn

= 0.863 Jp_cgsp = 1-1 Heg 4 aod &g o =1.08 and 1.14 Syn =
= 5.703 I3 p = 11.8 Hay Og g = 650 JiH-5a =27 Hs. IB-spectrums

1658,1692 cn™t, M* = 280 (maas spectrum). UV-spectrum: A pax = 217 mM s
&= 3380. The reactian by-product is radical gzy). characterized as peroxide
(VIII), m.pe 146°C (Lit. m.p. 147-8°C /7/).

Rapid fluorination of Li-phenolate is a direct proof of the reaction
proceeding in accordance with the “cage®™ mechanism which does not involve the
formation of the aroxy radicals radical Q;y) trained out of the "cage™ has
no time for entering into the fluorination reaction,

;7-?f§7'is separated by means of preparative GIC (25% QF-I on Chromosord W,
155°C).It8 structure is confirmed by NMR and mess spectra.
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Ap analogous mechanism may, evidently, take place during the oxidation

of phenol (III) with oxygen in an alkaline medium /8/. In this reaction,
2,4,6~tris(tert.~butyl)ortho-quinohydroperoxide is formed together with the
para-isomer. At thu ssme time radical gzg) is known to be attacked by oxygen
into the pars-position exclusively /7/.

Such one-electron mechanism may be true for certain reactions of electro-
philic substitution in aromatics containing strong elactron-donating substi-
tuenta, since in such compounds orthosubstitution is often predominant. Chlo-
rivation of N,N-dimethyl apniline with chlorine and other chlorinating agents
/9/, nitration of apnisole /10/ and acetanilide /11/ ip acetic anhydride cap
be cited as examples of such reactions,
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