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SUMHARY

’|5N’ ’1’70, 5’1P’ "75e

parameters and the electronic structure of a number of poly-

The relationship between Nk spectral
fluorocaromatic compounds has been discussed.Increase in nuclear
shielding has been found in polyfluorocaromatic compounds
investigated with respect to their hydrocarbon analogues.That
effect has been discussed in terms of a decreased conjugation
between the unshared electron pair of the heterocatom and the
M-system of the polyfluorinated benzene ring.The influence of a
polyfluoroaryl group on the character of bonds between
different atoms in the functional group has been discussed on
the basis of 170 and 15N ( 5/lP, 750-) NMk data for the aromatic
compounds containing the M=0 double bonds ( M = C, N, P J.
Pentafluorophenyl group has been found to shield nitrogen and
deshield oxygen as compared to the phenyl one.This has been
observed by other spectral methods.

INTRODUCTION

One of the main trends in studies on polyfluorocaromatic
compounds involves elucidation of the nature of interactions
between polyfluorinated benzene rings and various substituents,
as well as investigation of the effect of polyfluorcaryl rings
on the properties of functional groups. In earlier works
attention was paid above all to the high electron accepting ability
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of the polyfluorophenyl ring vith respect to the functional groups
containing heteroatoms or multiple bonds.According to numerous
data [1], the inductive acceptor effect of the pentafluorophenyl
group is stronger than that of the phenyl one.This is due to

the fact that the greater electronegativity of ring flucorine
atoms leads to a positive charge on the J —-framework of the
polyfluoroaromatic ring.The 7' -system of the polyfluorophenyl
ring is likely to be highly disturbed as compared to that of
phenyl,owing to the effective M -interaction of fluorine
p-clectrons with the 7 -system of the benzene ring.

kecently the problem of influence of fluorine atoms on
the electronic structure of polyfluorinated benzene systems has
become the object of detailed investigation by modern physical
methods.Special attention was pald to changes in the nature of
the aromatic system itself under the influence of ring
fluorine atoms.This problem was studied on the basis of the
data of UV photoelectron [2], »—ray photoelectron [5,4]
spectroscopy and quantum—~chemical calculations [5].Those
differencies lead to the substantial changes in the clectronic
structure of functional groups on the aromatic ring
permitting to study the character of the aromatic 7 -system.
Comparative studies of the electronic structure of sulphur{G,?}
and phosphorus [8] in the phenyl and pentafluorophenyl
derivatives by UV photoelectron and X-ray fluorescent
specroscopy lead to some conclusions as to changes in the
T -system of the benzene ring.Screening constants of N, 0, P,
Se  vary within wide Ilimits in TR spectra, being
considerably affected by small changes in the electronic
environment.That makes possible application of NMR spectros-—
copy to study the influence of substituents on the electronic
structure of the resonant nuclei.In many cases spectral
parameters of organo-—elemental compounds are correlated with
the reactivities of the latber in reactions involving hetero-
atoms.

In this work we studied the effect of polyfluoroaryl
substituents on 15N, 17O, 51P and 775@ Nk spectrostructural
characteristics for the derivatives in +which these atoms
retain unshared electron pairs.
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KESULTS AND DISCUSSION

The aim of the present work is to make a comparative
analysis of NiMR data on heavy nuclei for the aryl and poly-
fluoroaryl derivatives with functional groups containing
heteroatoms ( nitrogen,oxygen,phosphorus,selenium ) attached
directly to the aromatic ring and having non-bonding electron
pairs or involved in multiple bonds.

NMR spectra of compounds containing heavy elements are
generally recorded by means of internuclear double resonance
technique [91 or by direct observation of nuclear resonance
in Fourier Transform mode 10]. A number of heteroatoms are
characterized by a low natural abundance of magnetic isotopes
( ""se - 7.5%, Y70 - 0.0%9%, 1°N - 0.37% ),which considerably
complicates the recording of spectra requiring the
enrichment of organic compounds with these isotopes.In
addition,greater spin-lattice relaxation times and guadrupole
broadening of NMK peaks of 170 ( J =572, V4N (J = 3/2 )
suggest application of some special methods to increase the
signal to noise ratio.

According to the theory of nuclear screening [11], in
subgroup V and subgroup VI aromatic derivatives at the lowest
state of oxidation,the magnetic shielding of nuclei in
molecules consists of four atomic contributions : a local
diamagnetic term,a paramagnetic term,neighbour anisotropy
and interatomic currents and is controlled by the electronic
effects of substituents bonded with heteroatoms.In particular,
the increase in the electron-accepting ability of substituents
leads to deshielding of the latter.Because of the greater
electron-accepting ability of polyfluorinated aryl groups with
respect to hydrocarbon ones, deshielding of heteroatom nuclei
in polyfluorocaromatic compounds in comparison with theilr
hydrocarbon analogues can be expected.However, 15N, 17O, 5/]P
and 7759 Nk data obtained by us indicate that the observed
dependence 1s complicated.

The 15N signals of amino nitrogen in the aromatic amines
are known to be shifted in a higher field than those of other

nitrogen-containing aromatics.The chemical shift range of
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amines is rather small and does not exceed 30 p.pe.m.for the
compounds examined by now [12].According to our data,in 15N
NIik spectra of polyfluorinated anilines,the signals of
nitrogen are shifted ~20 p.p.m. upfield with respect to their
hydrocarbon analogues ( Table 1 ).As 1in the case of hydro-
carbon compounds,introduction of electron-accepting substitu-
ents in the fluorinated benzene ring leads to a downfield
shift of 15N signal of the amino group, the effect of ortho-
substituents being stronger than that of substituents in para-
position.Electron-donating substituents show the analogous
effect of the same sign but the value of the shift is smaller
( Table 1 ).

In 15N NMR spectrum of pentafluorcdimethylaniline, the

15

in the 15N NMR spectrum of pentafluorcaniline.The analogous

N signal 1s shifted upfield with respect to the same signal

shift has been also observed earlier for hydrocarbon analogues
[15],and was attributed ( see [151 ) to the increased electron
density on nitrogen in dimethylaniline due to weakening of the

7 —character of the C-N bond ,reducing paramagnetic contribu-
tion to the chemical shift value.In the case of substituents at
nitrogen capable of strong gm—gﬁ—interaction with it,the latter
may be expected to be considerably deshielded and the correspon
ding signal in 151\7 NR spectrum of N,N-dichloropolyfluorocanili-
nes will be observed in a lower field with respect to that of
pentafluorcaniline ( cf.[14] Ye.Indeed, the directions of signal
shifts in NMK spectra are consistent with CNDO/2 calculated
variations in charge values on nitrogen in investigated
compounds. i.e. the calculated values of charges on nitrogen
atoms in pentafluorocanilines and 4-amino-2,3,5,6~tetrafluoro-
pyridine (this compound was labelled by 1’DN isotope on amino-
group) are -0.23%2 and -0.226 e respectively,whercas for thei
N,N~dichloro derivatives,these values are -0.019 and -0.022 e
respectively {15].

In Table 2 the phosphorus chemical shifts in phosphines of
the type CGFSPXé are listed.In this case,the sensitivity of
phosphorus screening to the electronic effects of the X
substituents is higher than in the case of N,N-disubstituted
anllines.The lowest extent of screening is observed for
compounds containing the phosphorus atom bonded with some
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oM chemical shift (p.p.m.'\_rg.NH5 ) of nitrogen-

containing poiyfluorocaromatic compounds

SN
Compound Polyfluorinated | Hydrocarbon
compound analogue ([Litq )
41 (C oHy ) SO F, i, 30.0
4-NHC, F, Ni, 25.5 st [16]
4-CH;0CF, NE, 26.8 44,7 [16]
4=CH;C F, NH, 53,2 45,2 [16]
4-H~C F, Vi, 29.9
CeF ol 24 4 52 [16]
4=CFC i, KH, L
H4-CE=CF, i, 59,7
LN G ¥, NH, 1 7.2 [16)]
Py, NH, 4847 63.2 [17]
2-N0,C . F,, NH,, 54
2-NH,C F,NH, 3.6
2=N0,=5-CE ;0 F K, 5o
FE F
F
FFr ¥
2,6-F,CH,NH, 26.6
CEFST (CH,), 1647 4.6 [17)
CGFSNCl2 10U 42
4—CF3C6F4NC12 9541
Py NCL, 100.2
CF NE, HSOF 2545 48.0 [17]
4—H—C6F4NO2 55004
CeF 510, 550 4 570.% [17]
4=CF,0 P, KO0, 35042
4-CH,,0C (F 110, 550..8 569.9 [17]
Pypi0, 49,2
4-50,C  F, 50, 559,72 566.1 [17)
2,6-7,,C H IO, S5 5
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TABIE 1 ( cont. )

6F5NO 893.3% 913 [48]
CgF NSO 2924% 21944
-CF566F NSO 292
2,6-F ,CH NSO 29%.8
CgF N=5=NCcF o 273 30842
CoF NSF, 13249
C_F_NSCl, 268.2
CgP N=CHC P 315.8 32749
CeT e, o e
Hq=-H 5(,61'41\1 :(,hb6l‘ 5 , 9&»@. /
4=CF;CF, N=CHC Fo HSO,F 16547
PypN=CHC ;Fc 52746
C6F »I—-PCl3 1272
12
0, F_N=NC_F_ 305.9(1) 3325.7(1)
©" 51 o™ 5 . o
o 45 319.2(2) 35147(2)
4=H~C F, N=NCF, ~H~4 51549(1)
o 328(2)
1 24+ 22 Yooz ;
[c6F5NsN] 215.2(1),333.5(2)22%.8(1),317(2)
C g F gCONH, 11342 1054
246-F ,CH ;CO0NH, 107.2
CGFSCONCl, 106.2
C F CONSCL, 314
C gF ;CONSF,, 181.2
CgF CN 279.3 258.7 (17
CoFoCN HSO4F 16446
tpans—0 F _N=NC ¥ IRy tog (491
ht vbb [2) Jefed A R A
tTans-CgF JN=NC Fy - HSO ¥ %8645 560 [17]
trans-4-CF C6F l\:_hC6F Cr 6_4 525%.9
trans—#—Cl'§C6F l\T-\ICE)quCF5 -4 +H30, F 456,5
trans—PyFN:NPyF 542.2
F
ET7 T Yss 52041 53249 [19]
F AN NZ
hd
7
F_F
- /s AN
PyF =
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TABLE 2
1P chemical shift ( Dep.m.vs.85% H;PO, ) of poly-
fluoroaromatic phosphines.
Geov. & | 57T
Compound in covalent Polyfluorinated| Hydrocarbon
volume [8] compound analogue (Iit.)
CgPe PH, 0.02+0.02 ~183.1 -122 [21]
CeFgP(CHZ) S 0,06+0.02 -47.8 -46 [21
CeFoPE, 043740401 +193 +205 | 21
C6F5Pcl 0.20+40.01 +110.9 +166 [ 21
CgFP(OCH,), 0441+0.01 +69.5 +159 | 22]
CFoP(NCS), 04364003 +60.8
CoFoP(CI), 0.2340,01 -121.3 [20]
CoFLP(CeFo), 0.14+0.01 ~77.9 -5.9 [22]
CeFP(CeHY) -2643
<C6F5>2?C6H5 —42.5
C6F5P(C:C?6F5)2 —-29.4 -61.2
(Caly) ,PCCCLTFS | 0.2740.02 - 747
P(CECC F.) -90.0
o 272
CeFB[F(C,Hs) ], | 0.2540.01 +79.2 +98 [22]

electronegative atoms ( e.g.,0xygen, nitrogen, halogens ) The
spectra of polyfluorinated aromatic

signals in 2P Nik
lie in a higher field than those of their hydro-

phosphines

carbon analogues,The chemical shift difference of those two
systems significantly depends on the nature of the substituent.
13x5 (ﬁqP) between dimethylphenylphosphine
and dimethyl(pentafluorophenyl)phosphine is 1.3 p.p.m.,vhereas
that between dimethylphenylphosphite and dimeth;l(pentafluoro-~

Thus,the value of

phenyl)phosphite is

89e5 DePellle

The data presented in Table 3 show that in the case of polyfluori-
nated aryl derivatives of oxygen, the 170 Niik signals are also

observed in a higher fileld as compared with those of hydro-
carbon analogues.In this case,there are considerable differences
in oxygen chemical shifts in the whole series of compounds.
Thus, the chemical shift ciffercnce between anisole and penta-
fluoroanisole is %9 p.p.m.The 170 nuclear screening in
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TABIE 3.
170 chemical shift ( p.p.m.vs. H.0 ) of polyfluoro-
aromatic derivatives of oxygen.

50

Compound Polyfluorinated | Hydrocarbon
compounds analogue (Lit.)

4N (CH,) CF, OCH, 5
4-CH;0C F, OCH 6 58 [25]
4-CH,CF,0CH, o " [25]
4-NH,CF, OCH; 1o 56 [25}
4=1l-C F, OCH, 13 Lg [25]
4=-3rC F, 0CHy 11 1
4-CH,8C T, 0CH, %%
4=CF;C¢F, 0CHy o8 i
4-CN-CF, OCH, iYe) 60 [25}
4=-NOC F, OCH; oo 67
CgF O 3%
C6F50CH5 8 us [25}
CgFo0C (0)CH, 150
CgFcOCHE 265
C6FSOCHC12 109
C6FBOSi(CH§)5 39
CFOCH,CH=CH, 4
C6FSOCHZCH<7FH2 -25
4=CF ;CF, OCH(CH,) 5 18
4=CF;CF, OCH,CHE 11
2-FC_H, OH 52
2-FCH,OCH, 29

compounds of the Lype CgF OR (% = H, Cii,, COCE,, cHCl,, CUF
~

7Y r ’
Si(CHﬁ)ﬁ, CHZCH:CHg} appeared to be ratier sensitive fo the2
nature of the R substituent at oxygen.¥With an increase in
electronegativity of substituents at oxygen the 170 MLk lines
are shifted downfield.In compounds of the type 4—X—C6F40CH5

( Table % ),replacement of fluorine in para-position

by substituents without strong @A-donor effect,leads,as a rule,
to desnielding of oxygen which is slso typlcal of a number of

4—-gsubstituted anisoles L25].
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The data in Table 4 show that in 77“e NIMR spectra of
polyfluoroaryl derivatives of bivalent selenium,the observed
substituent effects are largely consistent with those in the
case of oxygen : the 778(—:‘ NMR signals are shifted upfield with
respect to those of hydrocarbon analogues.And in this case,

TABLE 4

77Se chemical shift ( p.p.m.yg,(CH3)2Se ) of poly-
fluoroaromatic derivatives of selenium

5Se
Compound Polyfluorinated Hydrocarbon
compounds analogue (Lit.)

CeFgSeH 16 152 | ou)
CeFoSeCH, 97.7 202 [24]
CeFoSeCyls 110 402 | 2u4]
6F58eC6H5 265

CeFoSeSeCyls 368 460 2]
C6FSSeCl 812
C6F5SeN(c2 5)2 634
CeFeSeN 4 577.5

675

~

4-CH,0C F, SeCH, 88
4-CF,C ¥, SeCHy 145
(4=CF,CF,5e), %70
(4-CF,CeF,) Se 179
CF,SeCF 361.7 [28]
CFSeSeCE, 528 281 [e8]
(CF ) ,CFSeCF(CT ), 517 4%2 [28]

there are also considerable selenium chemical shift differences
in the whole series of compounds.A chemical shift difference
(135(77Se) ) between selenophenol and pentafluoroselenophenol
is 168 p.p.m.,that between selenocanisole and pentafluoroseleno-
anisole is 10443 p.pe.l.In compounds of the type C6F5SeR. [R = H,
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CHy, Cglgy CgFyy CgFoSe, C1, N(CHy),, N/\/} J , 7"se nuclear
screening has also proved to be rather sensitive to the nature
of the Rk substituent at selenium.Similarly to the case of hydro-
carbon analogues [24-26},with increased electronegativity of
substituents at selenium,the Se NME signals are shifted down-
field.The 778e nuclei are deshielded in decafluorodiphenyldi-
selenide relative to those in decafluorodiphenylselenide more
than in hydrocarbon analogues ( /§A5(77Se) = 258 p.pe.m.and 58
Dep.le,respectively ).The data in Table 4 show that the
influence of the nature of a substituent introduced in the para-
position of the aromatic ring on selenium screening is similar
to that observed earlier for 4-substituted selenocanisoles [27].

The lowest extent of screening of 77Se was observed in
compounds where it is bonded to some electronegative atoms
( e.g.,chlorine,nitrogen ) ( Table & ).Comparison with screening
of r77Se in perfluoroalkyl substituted compounds reveals an
important role of the 7-system of the aryl substituent in
screening of 77Se. The trifluoromethyl group that shows a strong
inductive effect deshields selenium,whereas the pentafluorophenyl
group shields it.In case of the phenyl substituent where the
inductive effect is smaller than that of CF5 and C6F5—groups,
deshielding will take place only in case of a strong mesomeric
effect.

This may indicate influence of other factors on screening
of ¥, 0, P, Se due to the presence of fluorine at positions
2 and 6 of the benzene ring.This influence is Just the opposite
to that which could be expected from the point of wview of
electronegativity of substituents.

The less effectiveness of the conjugation of lone electron
palr with aromatic 7 -system in the case of polyfluorcaromatic
compounds also must be taken into account as a possible reason
of the unusual screening of the heteroatoms in the latter.

Thus, the qu resonance of tricoordinate phosphorus compounds is
mainly determined by the state of hybridization of the unshared
pair of electrons on the central atom.lhus,comparison of the
values of the first and the third ionization potential
difference [&15 for pentalfluorcaniline ( 2.59 eV ),penta-
fluorophenol ( 2.50 eV ) and pentafluoroanisole ( 1.5 eV )
with those for nonfluorinated derivatives ( 2.79, 5.0, 2.6 and
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1.8 eV, respectively ) shows a decrease of that value,indicating
a reduced conjugation of unshared electron pairs of heteroatoms
with the 7T-system of the henzene ring.Increased electronega-
tivity of substituents in the aromaitic ring must lead to a
downfield shift of NIk signals of heavy nuclei,whereas reduced
conjugation of unshared electron pair of heterocatom with the

aromatic 7T -system leads to the opposite effect.

keduced conjugation of the unshared electron pair of phosphorus
with the 77-system of polyfluorocaryl ring is confirmed by X~ray
fluorescent spectral data ( see {8,29] Jeln PKP -spectrum of
arylphosphines, increased intensity of transition is observed,
indicating rarticipation of 3p electrons of phosphorus in bond
formation,on passing from nonfluorinated compounds to poly-
fluorinated ones.A similar dependence may be expected for the
oxygen and sclenium derivatives,too,as X-ray fluorescent
spectral data for organic sulphur compounds with similar
properties have shown reduced conjugation of sulphur 3p electrons
with the /Z -system of the benzene ring involving fluorine [jOJ.
An important role of conjugation effect in variation of
screening constant is confirmed by the fact that o -nitrogen
chemical shift wvalue for 2,4,6-trinitrophenylazide is virtually
the same as that for phenylazide,though the electron-accepting
ability of the phenyl fragment of the former might be expected
to lead to strong deshielding of nitrogen.Talking into account
the absence of electric field effect of ortho-nitro groups,this
may be explained by the fact that the nitrogen 2p electrons are
withdrawn out of conjugation with the 7 -system of the benzene

ring due to van der Waals interaction.

Another possible explanation of the observed direction of
NLR signal shifts is based on van der Waals interactions and
electric field effects of ortho-fluorine on nitrogen of amino
groups. It should be noted that a similar analysis has been made
in [28] for the case of CHB-groups in ortho-positions relative
to a substituent.In that work,a conclusion has been arawn about
sterical interaction of unshared electron pair of nitrogen with
CHﬁ—group in 2,6~disubstituted N-arylphosphoramides.Increased
screening of nitrogen on passing from arylazide to polyfluori-
nated arylazides was attributed by the authors of {51} to per-
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fluoro effect which is responsible for an increase in the

energy term (ZQXE—q).This term in approximation normally
dominates the local paramagnetic screening term.The paramagnetic
component of the magnetic screening of qu nuclei is described
by the general equation of Jameson and Gutowsky

2e*Hh? 1 1 1
P = _ o Paalll . —— .
o I m?e? AR (< r3>n P+ <r3>d D)

Here AE represents the average value of the excitation cnergy
of the electrons in the molecule,and <1/r9> p and <1/r9> d

are also everage values,with T equal to the distance betwecn

the nucleus and a 3p or 3d electron.

In this case,the smaller is the /\E wvalue of excitation
energy, the greater is deshielding.Ilt was reported in LjZ] that
the value of long-wave absorption maximum ( the [)—>77 transi-
tion ) is smaller for polyfluocroaromatic compounds C6F5X (¥ =
NHE, OCH.,, OH, etc.) than for their hyarccarbon analogues.This
suggests that the /\NE value is smaller for hydrocarbons than
for polyfluorcarcmatic compounds,which should lcad to increased
screening in the same direction.

Steric interaction of the unshared electron pair of nitrogen
with ortho-fluorine does not seem to be the determining factor
in the increase of screening,as for the more bulky atoms of
chlorine deshielding of nitrogen (X ) occurs,rather than the
influence of ortho-fluorine ( this has been shown in [54] on
4eazido-%,5~dichloroc¢ifluoropyridine and 4-azido-tetrafluoro-
pyridine ).

The effect of the electric field of ortho-fluorine on the
heteroatom of a substituent attached directly to a polyfluorinated
benzene ring is much greater.Thus,it has been shown by us that
the amino 15N signal of 2,6-difluorcaniline is shifted upfield
only 2.5 p.p.m. relative to that of pentafluorocaniline.

In the case of ortho-fluoroaniline,screcening of nitrogen
has been earlier noted,as opposed to aniline LﬁB}.But this
cannot be the only explanation of tre increased screcning of
nitregen in pentafluorocaniline,as the increased accepting
abllity of the whole polyfluorcaryl substituent should bring
about ceshielding of nitrogen,as opposed to 2,06-cifluoroaryl
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substituent.Accordingly,increase in screening of oxygen has
been found by us for 2-fluoroanisole and 2-fluorophenol as
opposed to anisole and phenol ( Table 3 ).

The value of the positive charge on the heteroatom may also
contribute to increase of screening,being considerably greater
for polyfluorcaryl derivatives than for their hydrocarbon
analogues ( see, CeBe, CNDO/2 calculations [5] ).Positive
charge values in covalent radius of phosphorus in arylphosphines,
calculated from PKy -shifts in X-ray fluorescent spectra ( see
£8] Jyare higher for polyfluorinated derivatives than for their
hydrocarbon analogues ( Table 2 ).3creening of nitrogen in
pentafluorocaniline and pentafluorcanilinium salt appears to be
the same,unlike that in the pair : aniline-anilinium salt
( Table 1 ).That fact may be explained by the greater value of
pesitive charge on nitrogen in pentafluorcaniline than in its
hiyarocarbon analogue.This can affect diamagnetic contribution
to screening constant.It is,however,generally accepted that the
diamaghetic component remains necarly constant with a change in
the chemical state of polyelectronic atoms.ihe growing positive
charge contracts the p-orbitals of heteroatom.That is why the
resonant atom should have a growing radial factor,which results
in the reduced screening ( this was observed for 4-substituted
anilines and anisoles involving electron-accepting substituents
( Tables 1 and 3% ).

Influence of the above factors on heteronuclear screening
should also be expected for the derivatives where the hetero-
atom bonaed directly to the benzene ring is involved into the
multiple bond of the functional group.Indeed,the data in
Table 1 indicate that the 15N Nk signals for wvarious nitrogen
derivatives containing the N = X multiple bond are shifted
upfield with respect to the signals of thelr hydrocarbon
analogues.In this case,the direction of the 15N NLR signal
shift 1s consistent with changes in the charge on nitrogen in
compounds investigated.As an example,there is a linear
correlation depcendence between the chemical shift of nitrogen
bonded directly to pentafluorophenyl ring and CKDO/2 calcula-
ted charge densities ( for compounds C6FFNO2 and C6F NS

e - 5" 5 S5TTTe
g 0.561 | 5] and -0.082 [34],respectively ).
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87N) = 378 q + 126
r = 0.983, s = 2%3.6, n = 6

At the same time, 15N signals in 2,6-difluoronitrobenzene and
N-sulphinyl-2,6~-difluoroaniline undergo a smaller upfield shift
as compared to those of pentafluoro substituted derivatives,
especially in the case of 2,6-diflucronitrobenzene ( Zﬁ>§(1>N)
14 pepem.).This fact can be interpreted in terms of a reduced
conjugation of NO2 and NSO groups with the T-systems of
2,6-difluorobenzene rings but that effect is weaker in the case
of pentafluorophenyl ones. The 170 NMR spectral data of these
compounds confirm the above supposition ( Table 5 ).In the case
of the other aromatic derivatives containing the N - O bonds.
Deshielding of oxygen and screening of nitrogen are observed in
polyfluorinated compounds with respect to hydrocarbeon analogues.
The case is similas with pentafluorophenyldiazonium cation,i.e.
screening of nitrogen,attached directly to the ring and
deshielding of P-nitrogen are observed.

For the compounds,containing the M = O bonds ( ¥ = C, N,
S, P ) deshielding of oxygen in polyfluorinated compounds was
observed because of the weaker ability of pentafluorophenyl
ring. Identical dependence of nitrogen screening on the nature
of substituents in the benzene ring has been earlier demonstra-
ted for the nitro derivatives (661 and acetophenones (§3,57].
At the same time shielding of C, N, P is observed in 150, 15N,
e mur spectra ( Tables 1,2,6, respectively ) and the
corresponding signals of these elements are shifted upfield.
shift of the sr—electron
of the

This fact can be explained by the les

S
density of ¥ = O bond to the oxygen atom as a result

wn

influence of pentafluorophenyl group.

Oxygen screening within the series of compounds containing
the same fragment ( CO, S0 5 ) depends es
character of the substituen

sentially on the
],

e latter. Increac

AUV L increas

sed
electronegativity of the substituent leads to deshielding of
ozygen ( Table 5 ).Pentafluorobenzolc acid gives one signal in
7o mir spectrum, probably duc the fast proton exchange.
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TABIE 5

170 chemical shift ( p.p.m.vs.H20 ) of some oxygen-—
containing aromatic derivatives.

0
5 Line
Compound (hydrocarbon width, ~ Temperature,
analogue Lth] ) Hz Y
CFg0, 627 +4 (560+4) 400(390) 65
CF NSO 4397+% (410+3) 146(150) 80
CgFgNO 699+2 (620+2) 530(500) 65
4=N(CLHg) ,CoF, N0, OU4 +4 520 55
4—CHBOC6F4NO2 633 +4 340 90
4=HE~CF,NO,, 63143 230 90
PyFNO2 63243 460 55
4=CF5CgF, NSO 44 +3 146 80
CoFoN=NC Fc 54916 (456+2) 1800(1200) €5
—CH§C6F N=NCF,CHxz-t 53447 1800 60
4=CF3CF,N=NC F,CF;—4 578415 2000 60
0
CgF S0,CL eu7+3 (221 [35]) 177 80
C6F5SOEF 195+3 73 80
4=CF5CF, S0,F 194 +3 200 80
4=N(C,He ) ,CoF,, SOF 198+3 245 80
CoF S0 Cly 180+6 292 80
4-H-CgF, S0, Cliy 17740.5 290 80
C6F5SOZNH2 183+3 (163+3) 208 (146) 100
6F550,CF 1913 250 100
6Fb}(O)F 12012 J(P-0)=123120 254 65
Cels P(O)(OCH )5 1215 J(P-0)=159  104(90) 80
(98+5 ) 37£10(35+10)
(CgFg)5P=0 70+7T J(P=-0)=160+T5 500(480)
(454047 J(P-0)483+15)
C6F5009H 2714045 . 410 60
CeFsC(0)0CH, 379+43" (341+3") 250(271) 80
14415 (15443) 210(210)
CgFgClO)CL 55243 (487+3) 190(167) 80
6FbC(O)CH3 615+4 (550+4) 250 80
C6F5C(O)CF5 627 +4 %10 80

CeFLC (0)H 61243 (562+5) 250 8o
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The nitro group is conjugated with the 7T -system of poiy-
fluorobenzene ring and a change in the nature of the substituent
in para-position of the benzene ring leads to a considerable
change in nitrogen screening.In this case,the effect of the
nature of a substituent in polyfluorinated and hydrocarbon series
is the same.At the game time,substituent effect on ozysen scree-—
ning is insignificant for para-substituted tetrafluorobenzene-
sulphofluorides.This 1is in agreement with the data in [59],whcre
on the basis of S-0 bond absorption frequency values for para-
substituted fluorocanhydrides of benzenesulpho acids a conclusion
Las been made about insignificant degree of conjugation between
the 77 -systen of the benzene ring and the S-0 bond.

4s follows,from the data in Teble 5 screening of oxygen is
increased in the order C:> S;> P with substituents at the
element-oxygen bond being the same.ihis,probably,rcfleccts the
ability of the element-oxygen double bond to be conjugated with
the Z-system of the benzenc ring,due to the fact that in 170
Nlik spectra,the dominating role is played by the mesomeric
effect [25}.That conclusion is also confirmed by a connection
between the oxygen chemical shift value ol the =0 bond with
noted non-symmetric stretching frequency ( Table 7 ).It should
be noted that earlier,an increase in C=0 bond stretching
frequency for para-substituted acetophenones was correlated with
oxygen chemical shift in 170 Nhik spectrum [57].In this case,an
increase in C=0 bond stretching frequency induced a downfield
shift of the signal.Introduction of fluorine into the benzene
ring leads to,an increase in the element-oxygen bond order,indi-
cating a decreased effectivity of conjugation of these groups

with the 7 -system of polyfluorobenzene ring.

It Tfollows from the data in Table 1 that for the compounds
with N=3 bonds,nitrogen screening is lncreased with an increcase
in electronegavivity of sulphur-containing fragments
S:O<< S:N<<;SC12 \\SFZ .This tendency is consistent with an
increase in delocalization of nitrogen unshared elecltron palr
on S5-X fragment,leading to the greater zesomeric transter of
aromatic.The 7 -bond order Dbetween nitrogen znd carbon of the

. . . - . {
eromatic ring 1s decrcased in the same sequence L191.
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Comparison of 15N chemical shifts for diarylthiodiimides
shows increased nitrogen screening on sequential increase of
number of fluorine atoms in the aromatic rings.In the case of
b” signal
rmust be induced by weakening of the 7U —character of Ar-N bond.
This results in a change in N=5 bond order,as revealed by

B ol KDY ML IR A ot ara o o “m-(‘a A alha
J.L.LU\\)_L..LLLC\UCU- uU.L-LV()LUJ.VCD,dJ.J. upl ,LC (¢8R J,l..L.LL/ Ul

Raman spectral data.For decafluorodiphenylthiodiimide the N=35
stretching frequencies are : symmetrical - 1202 and anti-
symmetrical - 1450 cm”q,whereas for diphenylthiodiimide they
are 980 and 1277 cm_q, respectively [40}.Increased N=%
stretching frequency indicates increased force constant and
hence 1increased order of these bonds in polyfluorinated
compounds.A change in the interaction of sulphur and nitrogen
under the influence of the aryl substituent was 1investigated by
X-ray fluorescent spectroscopy [41}.

In case of the multiple bond of nitrogen withother hetero-
atoms, the order of the 77 -bond with an aromatic carbon will
depend on electronegativity of the fragment bonded to nitrogen.
The strong electronegative X elements of N-X fragment will
induce nitrogen screening because of the increase of mesomeric

T -electron density transfer from aromatic ring.Indeed,
nitrogen chemical shifts for compounds containing groups =N=,
=N-, =CH-, =8, =PZ confirm that supposition ( Table 1 ).

In these compounds screening of nitrogen is increased with
increased electronegativity of the frabment attached to
itrogen as well as the stretchi uency of the bond with

Table 1 lists the chemical shifts of some classes of

compounds for which the opposite eifect ( the downfield shift

of nitrogen signal due to introcuction of fluorine to the aro-
w ,] 51\" N

wremtt A 3o Y wiana ~Ahasamrrad S i armantarirm Ty +he madarnd
da vda e Lo J.E J vial VUOoT.L VoUW ddl FA SR PLINAS N)J:/Cb L lAdile L1t vilo Lu.o.dUJ--LL/J
of these compounds nitrogen is not directly bondea to pentafluoro-

phenyl ring.For the amide of pentafluorobenzoic acid,deshielding
of nitrogen may be induced by a changed electronegativity of
arbon of the carvonyl group ( see Table 6 ),due to a strong er

. b - 1 . SN ~ Ao

accepting effect of pentafluorophenyl ring as compared Lo

ci*

of the phenyl group.
When the lone electron pair of the nitrogen atom participating
in the multiple bond 1s not conjugated with the 77 -system of
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TABLE 6

V3¢ chemical shift ( p.p.m.vs.(CH5)4Si ) of the
carbonyl group of polyfluorocaromatic compounds.

6’0
Compound Polyfluorinated Hydrocarbon analogue
compound [BBJ
C6F5C(O)CH5 189.9 19640
C6F5C(O)H 187 71 1917.0
C6F5C(O)Cl 15840 16865
C6F5C(O)OCH5 158.7 166.9
C6FBCOOH 160.7 1749
C6FSC(O)N(CZH5)2 1576 17761
TABLE 7

1‘70 chemical shifts and stretching frequencies of
the M=0 bond of polyfluorocaromatic compounds
containing double~bonded oxygen.

Chemical shift Non-symmetric stretching
Compound in pe.p.me.from frequency of k=0 bond,
-1
Hy0 Vjizor ©B
C6F5P(O)(CH5)2 70 1193
C6F5o020H5 18Q 1410
C6E5C(O)Ch5 615 1720

the benzene ring,the chemical shift value must be affected by a
change in the substituent inductive effect.Thus,in the case of
azobenzenes,introduction of fluorine in the benzene ring induces
a downiield shift of 1DN. The azo group,characterised by high
covalency and maximal double bond character,lies in the plane of
the benzene ring ( trans-form of azobenzene ),causing a reduc-
tion in p-7r~conjugation of nitrogen nonbonding electron pair
with the 7I-system of the benzene ring.Therefore,thc major
contribution to nitrogen screening constant is made by the value
of electronegativity of the aryl substituent,with deshielding of
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nitrogen proceeding concurrently with its increase.Introduction
of electron-accepting substituents stronger than fluorine ( ooy
CFB—group ) in polyfluorinated benzene ring causes deshielding
of nitrogen.

FXPERIMENTAL

The 15N NMR spectra were recorded on a Bruker HX-90
spectrometer Fourier Transform at 9.12 MHz,with nearly saturated
solutions in CH2C12 ( 40% )+.A11 measurements were carried out in
10 mm NMR tubes with a 5 mm NMR tube containing D20 inserted
therein at room temperature.For Fourler Transform and spectral
optimization,the laboratory-type B-NC 12 minicomputer was used.
Compounds were enriched with 15N isotope ( 94-96% ).Liquid NH5
gerved as an external reference,because its signal lies in a
higher field relative to the majority of the known diamagnetic
substances.The spectrometer operation mode : scanning at 6024 Hz,
pulse width - 20 ps (90O pulse angle - 30 ﬂs‘),pulse period -

8 s. The 51P Nk spectra were recorded on the same spectrometer

at 3%6.4% LHz both in monoresonance mode and with spin-~spin

coupling to protons being inhibited.Stabilization of resggance
N .

Spectrum recording conditions : pulse width 15 #s, pulse period -

conditions was fulfilled similarly to stabilization for

% s +The p chemical shift ( in p.p.m.) was calculated in
comparison with 85% H5PO4.The 13C NIk spgctra were recorded on
the same spectrometer at 22.63 MHz.The 150 chemical shift ( in
Pep.m.) was calculated in comparison with tetramethylsilane

( 5(150) scale ).Spectrum recording conditions : pulse width -
10/Ms (90O pulse angle -~ 15 Ms ),pulse period - 5 s,accumula-
tions - 150 to 200.The 170 NMR spectra were recorded on the
Bruker CXP-300 spectrometer at 40.7 MHz at natural abundance

of the 170 isotope.The following conditions were employed :
pulse width - 20 ms (900 pulse angle ),pulse period - EO’AS,
accumulations - 20,000 to 50,000.The 77Se Nllk spectra were
recorded,at natural abundance of the r7’7Se isotope,on the

Bruker SXP-100-4 spectrometer at 17.18 MHz,using Fourier
Transform,at pulse width 20 Ms (90° pulse angle ),with 10,000
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to 20,000 accumulations.The chemical shifts are given relative
to the signal of (CHB)ESe as the external standard.For potimi-
zation of 77Se NMR spectrum recording conditions,a relaxant,
chromium acetylacetonate,was added to solutions.
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