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SUMMARY

The formation of the stable phosphonium ions from poly-
fluoroaromatic phosphines of C6F5PX type [ X = H, CH5, C6 59
CgFsy C1, ¥, NCS, CN, OCHy, N(C, 5)2] in HSO,F-SbF, (1:1) at
-70"to -10°C has been shown,as well as the transformatlon of the
investigated phosphines in HSOBF at 20°C into the pentavalent
phosphorus derivatives.The same processes take place also for
the trivalent arsenic and antimony derivatives. The possible
routes of the latter reaction together with the determining
factors have been discussed. The unusual formation of the
protonated form of difluorocanhydride of pentafluorobenzene-
phosphonic acid from C6F5P(OCH5)2 and C6F5P(CN)2 in HsoﬁF has
been found.The generation of nitrenium cations from the poly-
fluorinated nitrosobenzenes in the strong acids at -60°C has
been proved.At 20°C in the same media these cations undergo
oxidation leading to the corresponding nitrobenzenes. The
influence of the acidity of media on the reactions of nitroso-
benzenes has been investigated..

INTRODUCTION

The electronic structures of polyfluorcaromatic phosphines
have been shown by us recently to differ substantially from
those of the hydrocarbon analogues of the latter [1] «Thus, the
presence of fluorine atoms as substituents in the aromatic rings
of aromatic phosphines leads to an increase of the ionization
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potential (IP) of highest occupied 10 (HOMO) and,as a rule,to
the increase of the contribution of 3p(P)-AO0 in 1t.The positive
charge on the phosphorus atom also increases [1], leading to
less basicity of polyfluoroaromatic phosphines compared with
hydrocarbon analogues [2].But on the whole the properties of po-
lyfluoroaromatic phosphines ( and the analogous derivatives of
the other group VA elements ) as Lewls bases have investigated
rather poorly [5].The latter fact makes worthwhile a more
detailed examination of the influence of polyfluoroaryl
fragments on the reactivity of these compounds towards electro-
philic agents.Protonation was the reaction studied : it has
been the subject of a number of investigations in the series of
the corresponding hydrocarbon derivatives of group VA elements
( S€e,eefe [4,5 ] Y

The present work is devoted to the investigation of the
behaviour of polyfluoroaromatic compounds containing group VA
elements in acid media and the reactivity of generated cationic
species. The following compounds have been chosen as the objects
of that investigation : (C6F5)5P (D, (C6F5)2(C6H5)P (ID),
(C6F5)(C6Hj)2P (11D, C6F5PH2 aw, C6F5P(CH5)2 ),
C6F5P(OCH5)2 VI, C6F5PF2(VII), C6F5PCI2 (VIII), C6F5P(NCS)2
(1), C6F5P[N(C2HL))2]2 xy, C6F5P(CN)2 (XI)y (CgF 0)51D (X11),
(C6F5)5As (X111, (C6Fb)5Sb xIv), C6F5NO (XV),4—HC6F4NO (xvD),
C6F5PH(O)(OCH7) (XVI1), (C6F5)5P=O (XVIIT), C6F5POF2 xX1ix),
C6F5P(O)(OH)2 (Xx), (CGH,)-P (Xxx1), (C6H ) P=0 (XXII),
C6FbP(O)(OCH;),)2 (XXI11), (C6F5)3AS=O (XXIV), N-(pentafluoro-
phenyl)piperidine (XXV), N-(pentafluorophenyl)piperidine oxide
(XxXVI).

RESUITS AND DISCUSSION

The first stage of the protonation of phosphines in acids
has been widely examined [4—10]. The solvation of aromatic
phosphines[ 5] s,alkylated phosphites and thiophosphites [6,7]
in HSOBF has been shown to lead to protonation on phosphorus,
and formation of the corresponding phosphonium ions.Comparison
of the electronic structures of aromatic and polyfluorcaromatic
derivatives of trivalent phosphorus [1] does not lead to a
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conclusion about the possibilities of their different
chemical behaviour at that stage,though the lower basicity of
polyfluoroaromatic phosphines requires stronger acids for
their protonation.

The solvation of polyfluorocaromatic phosphines of C6F5PX2
type (I)-(IX) in superacid HSOF-SbFy (1:1)-30, at -70 to -10°C
has been shown by us to lead to the formation of species
protonated on the phosphorus atom.

. HSO,F-S0F, (1:1)-50, .\ _

5PXy > %6F5$X2J - SDF,0S0,F
H,0 H

I-IX Ia - IXa

CF

The 19F NME spectra of the cations (Ia) - (IXa) ( Table 1)
show the typical downfield shift of fluorine atom signals with
respect to the precursors being the largest in the cases of
para-fluorine atoms. The 1H NMR spectra of these solutions
show a doublet ( because of the interaction with phosphorus
atoms ). The 5/]P signals in the corresponding spectra also have
doublet structure ( P-H interaction ),but each component is
split into multiplets because of interaction with ortho-fluorine
atoms of the polyfluoroaromatic ring. The 5/IP signals of the
ions (Ia) - (Va) are shifted downfield with respect to their
precursoré.That situation is typical for phosphonium ions
ﬁ,ﬂﬂ,ﬂZ].But at the same time the 51P signals of the phosphonium
cations (VIa) - (IXa) and also (XIIa), generated from compound
(XII) under similar conditions,are shifted upfield with respect
to their precursors ( Table 1 ).That direction of signal
shifts on protonation has been noted earlier for trialkyl- and
triarylphosphites [6,15], thiophosphites [7] and phenyldichloro-~
phosphine [10].

The upfield shift of the 5/IP signal on the protonation of
the compounds (VI) - (IX), (XII) being rather unusual for
phosphonium ions,together with doublet splitting because of
P-K interaction,lead to the possible assignment of the shifted
21p signal to the phosphonium ion (VIa) - (IXa) , (XIIa) or to
a phosphorane formed as a result of the interaction of the
former with the medium anion.
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The allocation of the assignment has been made by us
taking compound (VI) as an example. We have studied the
protonation of a model compound - the methyl ester of penta-
fluorobenzenephosphonous acid (XVII),occurring on the oxygen
atom of the phosphoryl group ( at -40°C in HSOBF—SbF5 1:1)
and HsoﬁF, cf. [14] )«The ion generated in this way (XVIIa)
can be taken as a model for the lon (VIa) ,differing from the
latter by having a hydrogen atom at oxygen instead of a

methyl group.

0 + OH +
Y H /
C.F_P-H —_— C.F_P-H
e SocH 2 NocH
CHy CHy
XVII XVIla

The structure of the ion (XVIIa) has been proved by Ty s
19F and 5/IP NuE data ( Table 1 ).The proximity of 5/IP chemical
shifts and the structure of corresponding ﬁqP signals for the
cations (VIa) and (¥VIIa) supports the assignment of the
doublet at -44,3 p.p.m. in the j/]P spectrum of the solution
of compound (VI) in HsoﬁF—SbF5 (1:1)—502 ( Table 1 ) to the
cation (VIa) and not to the corresponding phosphorane.

In the cases of the phosphines (X) and (XI) the protonation
occurs on the nitrogen atoms. The corresponding ﬁqP signals
( HSO4F-S8DF. (1:1)-50, at -70°C ) are shifted downfield, but
splitting by the hydrogen atom has not been observed ( Table 1)
and the 'y mik spectra contain the broad signal at 6.63 and
6.78 p.pems ( N=H protons ).

Hydrolysis of the solutions of the investigated phosphines
in HSOBF—SbF5 (1:1) leads to recovery of the initial compounds
in practically quantitative yield,and in the case of compounds
(VII) and (VIII),because of their further hydrolysis, the
pentalfluorobenzenephosphonous acild has been obtained.

The analysis of 1J (P-E) coupling constants in phosphonium
ions shows their dependence on the nature of substituents at the
phosphorus atom. The 17 (P-H) value has been noticed earlier to
characterize the availabllity of the phosphorus lone electron
pair towards proton attack [15] and has been connected with the
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change of 3s(P)-AO character of the P-H bond in phosphonium
ions [15,16] and also with the electronegativities of the
substituents at phosphorus atom [15].A linear correlation has

1J (P-H) wvalues and the sum of

been found to exist between
cubes of charges ( calculated by CNDO/2 method ) on phosphorus

and hydrogen atoms in the corresponding phosphonium ions[ﬂ?,ﬂS].

As Tollows from the data of Table 1, the 17 (P-H) values
for protonated forms of investigated phosphines increase with
the increase of positive charge on the phosphorus atom in
precursors,the latter being characterized by X-ray PKy -shift
value measured by us in [1].In this case the corresponding
dependence is linear.

T3 ( ') = 1057 A PKo + 485 )
r = 0.987, s = 31, n =11

As the value of PKy -shift can be directly connected with
the basicity of corresponding phosphines [2] ,the equation (1)
together with the data presented in [2] leads to the conclusion
that the 1J (P-H) for the protonated form of the phosphine can
be used as at least a qualitative measure of the basicity of the
latter.

The ions (Ia) - (IXa) have been found to be stable and to
remain unchanged when the corresponding soclutions in HSOBF—
SbF5 (1:1) are kept at room temperature during a few months.
This probably can be connected with the relatively small
reactivity of the complex fluoroantimonate anion.The change of
the anion of the medium to a more nucleophilic one ( with
sufficient acidity of corresponding medium ) can be expected to
lead to the second stage of the investigated reaction,namely
the interaction of the phosphonium ion formed with the anion of
the medium,to give a phosphorane or the products of the
transformations of the latter under the reaction conditions.
Such interaction has been realized for polyfluoroaromatic
phosphines in fluorosulphonic acid because of sufficient
acidity of the latter and the relatively high nucleophilicity
of the fluorosulphate-anion.
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The solvation of investipated phosphines (I) - (IX) in
HS0,F at —7OOC has been found to lead initially to phosphonium
ions (Ia) - (IXa) .But the raising of the temperature to 20°¢
causes irreversible transformations of the latter.lhus,the
doublet signal at 47.6 p.p.m. in the Xp NIiR spectrum of the
solution of compound (I) in HSO§F at 20°¢ disappears and a
new signal ( singlet ) at ~30.1 p.p.m. is observed; the proton
signal at 9.68 p.pe.m. in the corresponding 1H NMR also
disappears,while the shifts of fluorine atoms in the 19F Nk
spectrun remain practically unchanged ( Table 1 ).Subsequent
cooling of the solution to —7OOC does not lead to the reverse
transformation.Hydrolysis of the solution leads bto tris(penta-
tluorophenyl)phosphine oxide (XVIII).

The presence of electron-acceptor substituents on the
phosphorus atom must be expected to facilitate the second
stage of the reaction - the interaction with medium anion - but
the occurrence of the first stage - the protonation - becomes
unfavourable because of the increase of positive charge on
phosphorus.Thus,phosphorus trifluoride does not protonate in
HSOBF at -60°¢C [19]. But in spite of the relatively high
positive charge on phosphorus,compound (VII) forms under these
conditions the phosphonium ion (VIIa) ( see 1H, 19F and 5/IP
NMR data in Table 1 ).The raising of the temperature to 20°%¢
leads to the evolution of HF and SO2 and the formation of the
protonated form [C6F5PF2—OH]+ (XIXa) of pentafluorophenyl-
phosphonic acid difluoroanhydride (XIX). Indirect evidence for
the structure of the cation (XIXa) can be obtained from the
identity of chemical shifts of phosphorus and fluorine between
the possible cation (XIXa) formed as mentioned above and the
cation obtained by the solvation of the compound (XIX) in
HSO5F at 20% ( Table 41 ).The action of HSOEF ( equimolar amount)
on compound (VII) in 1,1,2-trichloro-1,2,2-trifluoroethane
solution at 20°C is accompanied by the evolution of HIF and 502
and leads to compound (XIX) with almost quantitative yield. The
hydrolysis of this solution gives pentafluorophenylphosphonic
acid (XX).
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The cations (IVa) and (Va) remain unchanged in HSO5F s
possibly because of their lower electrophilicity because of the
donor effect of hydrogen and methyl substituents towards
positively charged tetracoordinated phosphorus atom. Taking
into account that the charge on phosphorus ( and the
electrophilicity of the corresponding cation ) is mainly deter-
mined by the inductive effect of substituents bound to it [2]
the phenyl group could be expected to be an intermediete case
between these substituents and pentafluorophenyl,indicating
that the second stage of the investigated reaction leading to
phosphine oxide can occur,e.g. for triphenylphosphine (XXI),
but with substantially reduced rate.Thus, Olah and co-workers
[5] has not found on the protonation of compound (XXI) in
HSO,F at -60°C any phosphonium ions except the protonated
form [(C6H5)3P-OH]+ (XXIa). But the raising of the temperature
of this solution has been shown by us to lead to the slow
irreversible transformations of the cation (XXIa). In the ﬁqP
NMR spectrum a new signal at -55.7 D.pe.lns has been observed,
and its intensity has increased with time.After 4 hrs it is
equal to 27 % ,after 50 hrs to 43 % with respect to the
intensity of the signal of the cation (XXIa) at =7.3 pepel.

( Table 1 ).The intensity of the signal of proton on phosphorus
in the 1H NMR spectrum ( 8.48 p.pe.m.) decreases,while for the
analogous solution in HSOBF—SbF5 (1:1) it remains constant

with time.Hydrolysis of the solution of compound (XXI) in HSOBF
maintained during 150 hrs at 20°C leads to triphenylphosphine
oxide (XXII) in 89 % yield.The characteristics of the 1H and
51? NIR spectra of the solution after the reaction are identical
to those for the solution of compound (XxII) in HSOBF at 20°C

( Table 1 ).

Thus,a quantitative difference in the reactivity of
phosphonium ions has been observed depending on the influence
of the substituents at phosphorus ( particulary,the pentafluoro-
phenyl group ) on the charge on phosphorus connected with the
electrophilicity of the corresponding phosphonium ions. E.ge.
because of the high electron-acceptor properties of the CHEO—
group towards phosphorus bonded with it leading to the high
positive charge in methoxy-substituted phosphines ( see [1] )
the occurrence of the irreversible transformation would be
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expected for the compound (VI) in solution in HsoﬁF. In fact,
in this case the reaction takes place,but the formation of
the ion [C6F5?F§—OH]+ (XIxa) instead of the protonated form
[p6FbP(OCH5)ZOH] (¥XIITa) of the dimethyl ester of penta-
fluorophenylphosphonic acid (XxIII) has been found.

The formation of tertiary phosphine oxide in acid media
has been observed earlier in the case of diphenyl(4-dipkenyl-
methanol)phosphine [20] ,but the protonation of this compound
occurs at the oxygen atom of the oxy-group not bonded to
phosphorus.It should be noticed that the fact of phosphine oxide
formation did not attract the authors attention in the latter

wWorke.

A possible route for the observed transformation involves
interaction between the initially formed phosphonium ion and
the medium anion leading to corresponding phosphorane. The
formation of monohydrophosphoranes has been shown earlier,g;g:,
in the reaction of aryldichlorophosphines with HF [21] and in
the reaction of the alcohols with phenyldifluorophosphine [22].
Solvation of compound (VI) in HF-SbF5 (10:1) has been found by
us to lead to the phosphorane C6F5PF5OCH5. The 5/]P MR spectrum
of this solution contains a signal at 29.3 p.pe.m.with quartet
structure ( 17 (51Pn19F) = 917 Hz; cf. e spectrum of
phosphorape C6F5PF5OC6F5 : quartet at 57.1 p.pe.m. with
15 PMe-19p) = 9257Hz [23) ).The detailed mechanism of the
further transformations of phosphorane has not been established
reliably.As a possible route,in our reactions the elimination
of HF and 502 from phosphoranes leading to phosphine oxides
( intermolecular oxidation - reduction ) can be taken into
account. In that case the final products of transformations
nust represent the protonated forms of phosphine oxides observed
T8, 19 ang &’
us indicate that the gas evolved from the phosphine solutions
in HSO,F is a mixture of HF and S0,. The 19 ana 2P mux
spectral data,e.g.,for compound (I) solution in HSOaF maintained

in the P NLR spectra.lIR spectral data obtained by

at 20°% during 30 min. have been found to be didentical to those
for compound (XVIII) in solution in that acid.Overall the
observed reaction can be presented in following way :
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The possibility of delocalization of the positive charge
in the oxygen-containing phosphonium ilon [C6F5PX20H]+ compared
with the initial ion [C6F5PX2H]+ because of dﬂ—;h—interaction
between phosphorus and oxygen can facilitate this process.

In the previous work [1] we have shown that the substituents
bonded to phosphorus by the oxygen and nitrogen atoms act as
effective acceptors towards phosphorus.In the cases of such
compounds the possibility for competitive protonation on phospho-
rus and heteroatom exists.B.gs the solvation of compound (VI)
in aclds can lead to proton attack directed on phosphorus or on
oxygen.The 5’]P NME spectrum of the solution of the compound (VI)
in HSOBF—SbF5 (1:1) at =70°C contains a singlet of relatively
low intensity at -67.5 pe.p.m. and an intense doublet at =44.3
DePem, With 1J (BqP—qH) = 754 Hz ( Table 1 ).The singlet signal
can be assigned to the oxygen-protonated form (VIb) and the
doublet to the phosphonium ion (VIa).

HSOBF—SbFB(ﬂ:ﬂ) . OCHj
C6F5P(OCH5)2 C6Fbll3(OCH5)2 + C6F P +
OCHj
H
Vi Via VIb

It should be noticed that the ratio of the ions (VIa) and
(VIb) is opposite to that expected according to the suggestion
that the interaction of the investigated phosphine with hard
acid ( proton ) must be determined by the charges on hetero-
atoms at the possible reaction centres ( [24]; see also[ 1] ).
That fact can be connected with the localization of the highest
occupied MO ( HOMO ) in compound (VI) mainly on the phosphorus
atom [1]. The necessity of taking of the localization of HOMO
in the substrate into account in the protonation reaction has
been noticed in the literature [24—26].
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A more complicated situation has been observed in the
t
this solution at —70 C contains,besides the intense doublet
of the phosphonium ion (VIa) at -44.3 p.p.m. two singlets of
low intensity at -25.5 and ~3%4.% pe.Dem. and also a doublet at
~00e7 pPeDame ( 1J (5qP—1H) = 792 Hz ),each component of the
latter being split into triplets with |J (7 P=17F) = 1180 Hz.
Raising the temperature of this solution leads to the )
evolution of HF and 802 and the following changes in the 51P
NlR spectrum : decrease of the intensity of the signal at
=4l e% Depele,increase of the signal at ~66.7 pe.pems.and the
appearance of a new signal at 2.1 p«Peme a triplet with
Mg (51P—49F) = 1100 Hz. The latter signal has been established
by us to belong to the phosphonium ion (XIXa),indicating the
substitution of methoxy-groups at phosphorus in compound (VI)
by fluorine atoms ( cf. [6] )+The hydrolysis of this solution
maintained during 1 hr at 20°%C leads to the compound (XX).

The observed substitution of methoxy-groups in compound
(VI) by fluorine atoms in HSO,F can occur possibly through the

protonation of this compound on the oxygen atom followed by
elimination of methanol from the ion (VIb) leading to a cation
of dicoordinated phosphorus (VIc), This route is in accord with
the presence of a protonated methanol signal in the 1H NMR

_ocH
CoF.P(OCH,), —> CF.P_+ 2 ~———3[C.F, LP-0CH]" >
o5 272 O 2 \90H§ —CHﬁOH

H

VI VIb VIc

H* .
—> CgFPF(OCH;) —> —> CF,FF, —> [CF PP H]T —>

Viia
00,7 - 080 F 49 it
CeFsfT, e CeFsh > [C F PR 0H ]
\H =Il0 "DU2 - F2 =T s = )
XIX XIXa

The phosphonium ions of (VIc) type are known to be stable
with alkylamine groups at phosphorus [27].The alkoxy-groups
can be supposea to play an analogous role.
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Another possible route for this reaction involving the
intermediate formation of the protonated form (XXIIIa) of the
dimethyl ester of pentafluorobenzenephosphonic acid (XXIII)
seems unfavourable because solvation of the latter in HSO.F
at 20°C does not lead to the phosphonium ion (XIXa). g

A route for the observed transformation of compound (VI)
into the phosphonium ion (XIXa) in HSOBF involving the
intermediate formation of the phosphorane (XXVII) by the
interaction between the phosphonium ion (VIa) with fluoro
sulphate anion also cannot be excluded.The alkoxyfluorophospho-
ranes formed by the action of HF on aryldifluorophosphines
have been shown earlier [21,2&] to be stable only up to 10°¢.
The decomposition of phosphorazne (XXVII) at the raising of the
temperature can take place with the intermediate fbrmation of
phosphonium ion (XXVIIa) generated by the elimination of the
methanol from the protonated form of compound (XXVII). The
structure of the ion (XXVIIa) allows the intramolecular
migration of fluorine anion to the positively charged phospho-
rus atom with the following elimination of HF and SOZ,leading
to the methyl ester of pentafluorobenzene phosphonic acid
monofluorcanhydride (XXVIII).This compound can undergo the
further transformations in an analogous way to give finally
the ion XIXa) :

+
080, = 050, F at 0SO_F
Via ——S—> C/F, P(OCH 3y ————> |CGF P—OCH _—
51
~CH;0H
H H
XXVIT XXVIIa
9502+ o
- —— Z >
—> CF.R-O0CH, - — C6F5P OCH5 — XIX = XIX
850, -H
EHEF F
KYVIII

As has been mentioned above,the localization of HOMO in
compound (VI) mainly on the phosphorus atom can facilitate the
observed preferential protonation of the latter in spite of its
substantial effective positive charge [1] in comparison with
oxygen atoms. In this case the diminishing of phosphorus AC
contribution in HOMO and the localization of the latter on
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another heterocatom possessing negative charge led us to expect
a change in the direction of the proton attack.That situation
has been shown by us to occur,in particular,for compound (X)
( see detailed discussion in [1 ]).Really,the solvation of
compound (X) in HSOBF ,as follows from H and 1P Nk
spectral data ( Table 4 ) leads to the formation of species
protonated on nitrogen. The observed signals have singlet
structure and are shifted downfield with respect to precursor
(X) indicating protonation on the nitrogen atom.Raising the
temperature of this solution to 20°C is not accompanied by
changes in MR spectra.lt is interesting to notice that the
positive charge on phosphorus in compound (X) is less than in
compounds (VI) and (IX) where the phosphorus atom is the
preferential centre of proton attack. Nevertheless,protonation
of the compound (X) occurs only on nitrogen.

The solvation of compound (XI) in HSOBF—SbF5 (1:1)—802
at —7OOC leads to protonation on nitrogen.The raising of the
temperature of this solution is accompanied by substitution of
the nitrile groups by fluorine atoms to give compound (VII),
undergoing under these conditions the transformation into ion
(VITa). The 'H, 197 and 7'P mix spectra of the latter obtained
as a final product of transformations of compound (XI) in
HSOBF at 20°C are identical to those generated by the protona-
tion of the known compound (VII) under the same conditions.

The same character of chemical behaviour in acids has
been found by us in the cases of the polyfluorcaromatic arsines
and stibines.Thus,tris(pentafluorophenyl)arsine (XIII) and
-stibine (XIV) in HSO5F--SbF5 (1:1) solution form the cationic
species,protonated on arsenic and antimony atoms respectively,
as follows from 19F NMR spectral data ( Table 2 ) :

HSO5F--SbF5 (1:1)

(CgFo) M [(CeFodgh-H]"

M = As (XIII), Sb (XIV)

The hydrolysis of these solutions leads respectively to
the initial compound (XIII) and tetrakis(pentafluorophenyl)-
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antimony oxide {(C6F5)2Sb]20 (XXIX)+ The formation of
compound (XXIX) by the hydrolysis of compound (XIV) has been
shown earlier [29].

As arsenic 1ls less electronegative than phosphorus the
fast transformation of the cation (XIIIa) in HSOBF to give
the corresponding protonated oxide could be expected. In fact
the reaction occurs easily at 20°C and the ng Nl spectrum of
the solution of the compound (XIII) in HSO.F differs from those
of the analogous solution in HSOBF—SbF5 (1:1) ( Table 2 ).
both cases the signals of the fluorine atoms have been observed
to shift downfield with respect to the precursor,especially
the signal from the para-fluoro atom ( Table 2 ).Hydrolysis of
the solution of compound (XIII) in Hso5F leads to tris(penta-
fluorophenyl)arsine oxide (XXIV). This reaction can occur by
a scheme analogous to those for the corresponding phosphines :

+
0802F 0502F

+ Ve
(CgFg)zhs —> [(C6F5)3AS—H] —_— (C6F5)3AS\H —>

+
—_—> (C_.F.) A5=0 (C,.F.),As-0H]*
“ir, -s0, 693 %};2[655 ]
XXIV ¥XIVa

The solvation of tertiary amines in HbOBF SbF (1:1) and
HSOaF leads,according to T8 and ng NIk spectral data to the
corresponding ammonium ions.The maintaining of these solutions
at 20° does not lead to further transformations occurring on
the quaternary nitrogen atoms,being forbidden by the octet rule.
Thus, N-(pentafluorophenyl)piperidine (XXV) in HSO5F SbF (1:1)
and HSOBF at =60 to 40°C gives only the cation (XXVa) correspon—
ding to protonation on nitrogen. The structure of cation (XXVa)
has been proved by qH and 19F NMR spectral data ( Table 2 ).

The hydrolysis of this solution returns the initial compound.

The octet rule makes the scheme of the formation of
phosphine and arsine oxides,discussed above,forbidden for the
convertion of amines in amine oxides. Nevertheless other routes
to the products of oxidation of trivalent nitrogen derivatives
in acid media cannot be excluded. The search of such routes
required the investigation of the behaviour of tertiary amine
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oxldes in acid media.The latter have been known To undergo
protonation in acid media vo give very reactive species [50].
N-(Pentafluorophenyl)piperidine oxide (XXVI) has been shown by
us to undergo protonation on the oxygen atom in HSO5F and
HSO5F—SbF5 (1:1) at =-60to 20°C leading to the ggtionic species.
The structure of the latter has been proved by Ir NLR

( Table 2 ) and 150 Niik ( Table 3 ) spectral data.The signals

of the aromatic fluorine atoms are shifted downfield with
respect to precursor ( Table 2 ).The signals of the carbon atoms

in the 1§C Wik spectra are also shifted ( Table 5 ).
TABIE 3
150 NMR spectral data for N—-(pentafluorophenyl)piperidine
oxide in various media at 5000 R F 'H-—"
CH5CE,
F N CH
Wouoch °
% -
7 F 2 2
Crhemical shifts of p.p.m.from(CHB)qsi
iledium e
C/‘ 02!6 Cj’b 04 Cl c"
CH2012 13040 141745 1379 1401 | 6869 | 2045
HSO.F 130.2 141.2 15846 14344 | 6849 | 2045
HSO,F-SbF (1:1) | 115.8 | 140.8 | 138.6 14%.0 | 59.5 | 23.4

The upfield shift of signals of C,I and C' carbon atoms ( Table 3)
indicate the increase of electron density on these atoms
participating in the stabilizing of positive charge on nitrogen
atoms.The C4 atom signal is shifted downfield in accordance with
the catilonic character of the species.The hydrolysis of the
solution of compound (XXVI) in HSOEF—SbF5 (1:1) leads to compound
(XXV) .

1) HT
C.F.- —— > C_F.- )
6
g g 2) Hs0 &>

XXVI XXV
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Thus,the presented experimental data lead us to conclude that
for the series of trivalent nitrogen derivatives in comparison
with the corresponding phosphorus and arsenic derivatives the
reverse reaction - the transformation of tertiary amine oxides
into amines - becomes the main process in acid media.Hence even
if the oxidation of tertiary amines into oxides in acid media
could take place,the instability of latter compounds under the
reaction conditions would lead nevertheless to the initial amines
as the final products of the reaction. However,the oxidation
of the organic nitrogen-containing compounds in acid media could
be realized in another way,namely the formation of dicoordinated
nitrogen cations ( by analogy with the cation (VIc) supposed by
us above %o form from compound (VI) in HSOBF ).In that case the
interaction of the nitrenium cation with the anion of medium
must lead to a tricoordinated nitrogen compound with ¥ - O bonds.
The latter could transform in strong acid into a stable compound
of pentavalent nitrogen.

Nitrenium cations are very reactive and their stable salts
have been obtained only in few cases [31].The generation of
nitrenium cations has been supposed in the case of the action of
aclds on nitrosobenzenes [50,52].These cations have been known to
form,in reaction with benzene,the C-phenylation products. The
N-phenylation products have not been obtained.We supposed that
the presence of the fluorine atoms in the benzene ring can lead
to the redistribution of the charges on the nitrogen and carbon
atoms.The positive charge on the nitrogen atom in mono- and
diprotonated forms of polyfluorinated nitrosobenzenes could be
expected to be relatively high and comparable with the charge on
the Cy atom of the aromatic ring.Our calculations by the CNDO/2
method have shown that in monoprotonated forms ( (XVa) and (XVIa)
respectively ) of pentafluoronitrosobenzene (XV) and 24345,6-tet-
rafluoronitrosobenzene (XVI) the positive charges on the nitrogen
atoms are substantially higher than those on the C, atoms of
aromatic rings ( Table 4 ).The structure of the lowest unoccupied
MO in cations (XVa) and (XVIa) also indicates the preferability
of nucleophilic attack by the medium anion on the nitrogen atoms.

The solvation of compound (XV) in HSOBF—SbF5 (1:1) or HSOBF
at -60°C ( using Sogch as a solvent ) has been shown by us
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according to 1H, 15N and 19F NMR spectral data to give the

cation (Xva) ( Table 2 ).

+
H
+
CoFlN0 =2 [CF -N-O0H]
H,0
XV XVa

The 1H NiR spectrum of the solution of compound (XV) in HSO5F—
50201F at =-60°C contains a singlet at 16+33 pe.pem.; the

signal in 15N NMR spectrum of this solution is shifted upfield
with respect to precursor ( Table 2 ) indicating the species
with the cationic centre on nitrogen. The 19F NMR spectrum
consists of 5 signals of equal intensity shifted downfield
from the precursor,the greater shift being for para-fluorine atom
( Table 2 ).That is in accordance with CNDO/2 calculations on
charges on fluorine atoms ( Table 4 ).Non-equivalence of the ring
fluorine atoms can be explained probably in terms of the planar
structure of cation (XVa) determining the different screening
of both ortho- and both meta-fluorine atoms.The raising of the
temperature of the solution up to 20° leads to the equilvalence
of these atoms because of the free rotation around the C-N -
bond lacking at low temperatures.Free rotation takes place both
for solutions of compound (XV) in HSOBF—SbF5 (1:1) and HSOBF,
but in latter case it is accompanied by the appearance of new
signals which remain with lowering of the temperature to -60°C
again.In the 158 wur spectrum of the solution of compound (XV)
in HSOEF after raising the temperature to 20°C the signal at
410.8 p.p.m. disappears and a new signal at 362+3 Pepem.( in
respect to NH3 ) is observed.After the maintaining of this
solution at 20°C during 1 hr the initial signals completely
disappear and hydrolysis of the solution leads to pentafluoro-
nitrobenzene (XXX).Protonation of the latter under the same
conditions leads to a solution with the same spectral characte-
ristics.The formation of compound (XXX) can be explained as
follows ¢

+ - OH

H , OSO,F / - 10

CEFsll0 —> [cgFg-t-0H]" ——=—> CcgFN ————> OO,
0S0F ~°

XV XVa -50, XX
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weaker acids ( CFBCOOH or HESO4 conc.) protonate compound
(XV) to a substantially less degree as shown by the small
downfiela shift of the signals of the fluorine atoms in the
ik spectra with respect to precursor ( Table 2 ).Hydrolysis of
these solutions returns the initial compound.The maintaining of
the solution of compound (XV) in concentrated sulfuric acid at
20° during 3 hrs gave 4-hydroxy-2434596-tetrafluoronitrosoben~

zene (XXXI).

/] 91}‘

F F
AVa % HO@— NO
2) 1*20 A A
KAXT

The solvation of compound (XVI) in stroung acids leads to
the formation of cation (XVIa) according to 1H ana 19F R
spectral data ( Table 2 ).The spectral changes in that case are
similar to those for the formation of the cation (XVa) from
the compound (XV).The maintaining of the solution of the
compound (XVI) in HSOBF at 20°C during 2 hrs leads after hydro-
lysis to 243%4546-tetralfluoronitrovenzene (XXXII) with high yield.
The cation (XVIa) is highly electrophilic and reacts with
benzene both by the nitrogen and aromatic para-carbon atoms.
Thus,in CFjCOOH—HSOBCI (3:1) medium at -10%¢ 4=(N-phenylamino)-
ZeBeSe6-tetrafluorodiphenyl (XXXIII) has been obtained probably
by the following route :

- F F
XVI —> XVia @—N C6H % QN—%H ——>
P FHO-—H Hy0
(g P 1+ F F
—_ N:C6H5r 06H6; C6H5Q NHC gHy
| 7
F F | F
XXXITI

The maintaining of compound (XVI) in concentrated
sulphuric acid at 20°C during 3 hrs leads after hydrolysis to
fluoroanil (XAXIV) and 2454540-tetrafluorophenol (XXAV)
together with the expected compound (XXXII).
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Hence,the polyfluorinated nitrosobenzenes can be oxidized
in acid media. The formal analogy of the products of those
reactions and also their mechanisms for trivalent nitrogen and
the corresponding phosphorus and arsenlc compounds lead us to
conclude that the reaction of oxidation of aromatic derivatives
of trivalent group VA elements into derivatives of pentavalent
ones described in the present work is a general one.

EXPERIMENTAL

1H and 19F NMR spectra have been recorded on a Varian
A56/60A spectrometer at the frequencies 60 and 56.4 Hz
respectively ( the standards - TUS and CeFg ). 5/]P NME spectra
have been recorded on a Bruker WP-80 spectrometer ( standard -
85% H5P04 ) and on & Bruker HX-9O spectrometer ( at low tempera-—
tures; “standard - P(C,Hg) 5, §FC1P) = 19.3 p.pem.from 85 %
H5PO4 e 1)N Nlk spectra have been recorded for enriched
samples ( 94-96 % enrichment ) on the Bruker HX-90 spectrome-
ter at the frequency 9.12 MMHz. 15N chemical shifts are referrec
to liquid NH5 using as a standard trans—azobenzene ( 5(15N) =
510 pepem. from ligquid NH, ).The working regime of spectrometer :
pulse width 20 usec ( 90" -pulse - 50/%500),the time between
pulses - 8 sec.,the number of scans 150-%00. UV spectra have
been recorded for ethanol solutions on a Specord UV=VIS
spectrophotometer ;3 IR spectra - on Uk-20 spectrometer. The
quantum-chemical calculations have been provided on the computer
BESM-6 ( computer centre of Siberian Division of Academy of
Sciences of USSR ) using the set of programs for calculations by
semi—-empirical methods "Viking'", described in [55].

Compound (I) has been obtained as in [54],compounds (1D
and (III) as in [55], (XIII) and (XIV) as in [56].The reactions
of compound (VIII) with diethylamine,lead thiocyanate and
silver cyanide lead to compounds (X), (IX) and (XI) respectively.
The interaction of compound (VIII) with methanol in ether lead
to compound (XVII),while in presence of triethylamine compound
(VI) was obtained.The yield and the characteristics of
previously unknown products have been given in Table 5 .

HSOLF ( bepe. 162—16500)and doubly distilled SbF5 ( Depell3=-
14500 have been used as a components of acid media.
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The interaction of aromatic phosphines,arsines,stibines,

tertiary amine oxides and nitrosocompounds with acids.

The corresponding polyfluorocaromatic compound was added
under stirring to 1 ml HSOBF ( or the other acid ) in 2 ml 80,
at =70 to ~60°C. The mixture was kept at that temperature
during %0 min.Aftver the recording of 1H, ng, 15N ana 2p NMER
spectra the temperature was raised to Otozooc,maintained
during 1-2 hours and the solution was poured onto ice,and
extracted by ether.After distillation of the ether the resi-
due was identified by elemental analysis and spectral data.There
was no depression of m.p.on admixture with an authentic sample.

Pentafluoronitrosobenzene labelled by 15N isotope was
obtained from labelled by 15N pentafluoroaniline.

2 g compound (XV) were added under stirring to the
solution of 2 g of HSOBF in 10 ml SOgch at -60°C.The tempera-
ture of the mixture was raised to 0°C and the mixture was
maintained during 20 min at that temperature,poured on ice and
extracted by ether.The extract was dried by MLbO and distilled
to give 2 g ( 98.%) of the compound (XXX),b. p.61—62 °c / 17 Torr
identical to the known substance obtained by [58].

5 ml of HbO5F—SbF (1:1) were added to 10 ml of 80201F at
-60°C and then 2 g of the compound (XXVI) were added to that
mixture under stirring.The temperature of solution was raised
to 0°C and after NMK spectra recording and the procedures
described above in case of compound (XV) 1.2 g ( 4 %) of the
compound (XXV),b.p.83-86°C / 5 Torr was obtained.The product
was identical by IR and 19F NMR spectra to that obtained in [59]

A mixture of 3 g of compound (XIII) and 10 ml HSOBF at
20° was kept during 12 hrs and poured on ice.The solid
precipitate was filtered off and dried in air to give 2,68 g
( 87 %) of the compound (XXIV),m.p.198-199°C ( lit. 198-199°C
[40] ).

A mixture of 1.5 g of compound (XIII) and 10 ml HSOBF-
SbF (1:1) was maintained at 20°% during 3% hrs and poured on
1ce.The precipitate was filtered off and dried in air to give
1.4 g ( 95 %) of the initial compound,m.p. and mixed m.p.106°C,
identical by IR and 19F NMR spectra to the known substance.



372

A solution of 2 g of compound (XIV) in 20 ml of HUO -
SbFi (1:1) was maintained at 20° during 2 hrs and poured on ice.
The prec1p1tate was filtered off and dried to give 1.2 g ( 80 %)
of compound (XXIX),m.p.142 C igentical by IR and 1aF NkR spectra
to the known substance obtained by the hydrolysis of compound
(X1V).

A mixture of 1.5 g of compound (XV) and 30 ml of H SO
( d = 1.84 ) was stirred during 5 hrs at 20° C,poured 1nto
water and extractea by ether.The ether extract was dried by
u5SO4.After distillation of the scolvent on a vacuum—-evaporator
1445 g ( 98 %) of the compound (XXXI)(nc) was obtained.The
product was sublimec at 100-110°¢C / 14 Torr,meDPe 1j0—152°c.
19F NiR spectrum - tmo signals of equal intensity at ~25.1
(F poe 5) and =8.5 (F ) DePomle UV spectrum - }lmax,nm l £
504 (4.08).Found,% : C = 37.07; F - 39,025 N - 7.20. CeHF,N
reguires C — 306,923 F-383.97; H — 7+18.

4 mixture of 1.5 g of the compound (XVI), % ml benzene
and 16 ml of CFBCOOH was cooled to =10°C. 2 ml of HSOBCl were
adced and the mixture was stirred during %0 min at that tempe-
rature,poured onto ice and extracted by ether. The ether extract
was dried by ,uSOq,the ether was distilled and the residue was
sublimed at 200°C / 4 Torr to give 2.2 g ( 80 %) of the compound
(XZATITIT) (nc) ,ma.p. 180-18500 19F NIKR spectrum of compound
(XXXITI); 2 signals of equal intensity at =13%,3 and =~24e¢3 PeDell.
Found,% : C - ©7.92; F - 24.52; N -~ 5.,02. C
C — 68143 F ~ 23,973 N - 4,42,

18H11F4N requires

2 g HSO, F were slowly added %o 4.7 g of compound (VII)
in 20 ml of 1,1 2-trichloro—1.2.2-trifluorcethane at 0°C under
vigorous stirring.After the evolution of gaseous products the
residue was distilled to yield 4.7 g ( 96 %) of compound (XIX),
0.pe61-62°C / 10 Torr ( 1it. 75°C / 14 Torr [41] ).

2 g of compound (VI) were added to 5 ml of HSOBF at OOC,
then the temperature was raised to 20°C with constant stirring.
After the evolution of gaseous products ( identified by IR
spectra as a mixture of SO, and HF ) the mixture was maintained
during 1.5 hrs at 20° c, poured on ice,and extracted by ether.
After the drying of extract by MgSO the ether was distilled to
give 1.5 g ( 79 %) of compound (XX),m.p.141=142 ¢ ( lit.141-142 ¢



373

[25] ) P mix spectrum of compound (Xr) - singlet at -0.8
DPeDelle L F NMR spectrum - 3 signals with 2:1:2 intensity
ratio at =3%1.2, =14.7 and =1.9 D.DemM.

A mixture of 2 g compound (XVI) and 10 ml of HSO.F was
maintained at 2500 under stirring during 1.5 hrs,pourgd on
ice and extracted by ether.The ether extract was dried by 180,
and distilled to give 2.1 g ( 93 %) of compound (XXAII),be.ps
93-9400 / 52 Torr ( lit. b.p.76oC / 25 Torr )[45]),identical
by IR and 19F NMR spectra to a known sample.

A mixture of 2 g of compound (XVI) and 20 nl of HgsO4
(d = 1.84 ) was stirred during 2 hrs at 20°C.The mixture
became intensively coloured.After pouring on ice and extraction
by ether the extract contained ( by GIC data ) %2 % of compound
(XXXII), 29 % of compound (XXXV) and 39 % of compound (XXXIV).
The extract was washed by 10 % aqueous NaOH and from the alkali-
ne solution 0.6 g ( 33 %) of compound (XXXV) were obtained,b.p.
146-146.5%C ( 1it.0ep.146.5%C [43] ).The washed extract was dried
by MgSO4 and distilled to give 0.6 g ( 27 %) of compound (XXXII),
b.p.61—62OC / 15 Torr,identified by comparison of IR and 19F
NMR spectra with those of known compound obtained by [42]. The
residue was sublimed at 13000 / 4 Torr to give Ol g ( 20 %)
of compound (XXXIV),m.p.177-179OC,identified by spectral
characteristics described in [44].
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