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15, 17, , f 31, *ND 77Se NUCLEAR r';AG&XTIC HESONANC!~ SPlETRA 
OF POLYFLUOhOAJsOMATIC COi<IPOUXQS 

G.G.FUhIN, A.I.HEJZVUKEIN, X.A.FIDOTOV and G.G.YAKOBSON 

Institute of Organic Chemistry, 6jOOq0, Novosibirsk (U.S.S.R.) 

The relationship betT:.een , 15N I70 , "P , 77Se XX& spectral 
parameters and the electronic structure of a number of poly- 
fluoroaromatic compounds has been discussed.Incrcase in nuclear 
shielding has been found in polyfluoroaromatic compounds 
investigated with respect to their hydrocarbon analogues.That 
effect has been discussed in terms of a decreased conju&ation 
bet;::een the unshared electron pair of the heteroatom and the 
E-system of the polyfluorinated benzene ring.The influence of a 
poiyfluoroaryl group on the character of bonds between 
different atoms in the functional group has been discussed on 
the basis of 17, an& 15, ( 3l,, ?3 C ) IWk data for the aromatic 
compounds containing the M=O double bonds ( M = C, N, P >. 
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. 

INTxODUCTION 

One of the main trends in studies on polyfluoroaromatic 
compounds involves elucidation of the nature of interactions 
betj;;een polyfluorinated benzene rings and various substituents, 
as ~11 as investigation of the effect of polyfluoroaryl rings 
on the properties of functional groups. In earlier storks 
attention ::as paid above all to the high electron accepting ability 
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of the polyfluorophenylring .;ith respect to the functional groups 

containing heteroatoms or imlltiple bonds.I~ccordin~ to numerous 
data [I], the inductive acceptor effect of the pentafluorophenyl 
group is stronger than that of the phenyl one.This is due to 
the fact that the [;reoter electronegativity of rinc Sluor,ine 
atoms leads to a positive char&e on the g-frame .ork of the 
polyfluoroaromatic ring.'i'he %-sys-tern Of the polyfluorophenyl 

ring is likely to be highly disturbed as compared to that of 
phenyl,o?:ing to the effective ?t-interaction of fluorine 
p-electrons xith the Z-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.Lpecial attention W.S paid to changes in the nature of 
the aromatic system itself under the influence of ring 
fluorine atoms.lhis problem ivas studied on the basis of the 
data of UV photoelectron [2], L-ray photoelectron [3,4) 
spectroscopy and quantum-chemical calculations [~].lhcce 
differcncies lead to the substantial chanL;cs in the electronic 
structure of functional groups on the aromatic rin[; 

permitting to study the character of the aromatic Z-system. 

Comparative studies of the electronic structure of sulphur[G,7] 

and phosphorus 8 in the phenyl and pentafluorophenyl [ I. 
derivatives by W photoelectron and X-ray fluorescent 

specroscopy lead to some conclusions as to chani;es in the 
c-system of the benzene ring.Screening constants of N, 0, P, 

Se vary l,ithin wide lixits ir. FXf spectra , beint 
considerably affected by small changes in the electronic 
environmcnt.That makes po ssible application of NW spcctros- 
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 latter in reactions involving hetero- 
atoms. 

In this work il:e studied the effect of polyfluoroaryl 
substituents on I%, 170, 31P and 77Se ILli spectrostructural 
characteristics for the derivatives in ;:hich these atoms 
retain unshared electron pairs. 
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kES'JLTS AND DISCUSSION 

The aim of the present work is to make a comparative 
analysis of WIK 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. 

NMH spectra of comi:ounds containing heavy elements are 
Generally recorded by means of internuclear double resonance 
technique [Y] or by direct observation of nuclear resonance 
in Fourier Transform mode 114 A number of heteroatoms are 
characterized by a low natural abundance of magnetic isotopes 
( 77Se - 7.%, I70 - 0.037%, 15N - 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 quadrupole 
broadening: of NblH peaks of I70 ( J = 512, 14~ ( J = 312 > 

suggest application of some special methods to increase the 
signal to noise ratio. 

According to the theory of nuclear screening [II], 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 arylgroups with 
respect to hydrocarbon ones, deshielding of heteroatom nuclei 
in polyfluoroaromntic compounds in comparison with their 
hydrocarbon analogues can be expected.Bowever, l5, l7o , , 3l, 

and 77. Se ?X!dii data obtained by us indicate that the observed 
dependence is complicated. 

The I5 N 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.p.m.for the 
compounds examined by no:‘1 [12].According to our data,in '5, 
NL"R spectra of polyfluorinated anilines,the signals of 
nitrogen are shifted -20 p.p.m. upfield with respect to their 
hydrocarbon analogues ( Table 1 ).As in the case of hydro- 
carbon compounds,introduction of electron-accepting substitu- 
ents in the fluorinated benzene ring leads to a downfield 
shift of 15 N 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 I5 N NMR spectrum of pentafluorodimethylaniline, the 
15 N signal is shifted upfield with respect to the same signal 
in the 15 N NW? spectrum of pentafluoroaniline.The analogous 
shift has been also observed earlier for hydrocarbon analogues 
[13],and was attributed ( see [13] > to the increased electron 
density on nitro@;en in dimethylaniline due to weakenin& of the 
Z-character of the C-N bond ,reducinc paramqnetic contribu- 

tion to the chemical shift value.In the case of substituents at 
nitrogen capable of strong pE-PC-interaction vith it,the latter 
may be expected to be considerably deshiclded and the correspon- 
ding signal in 15r L IV&? spectrum of K,E-dichloropolyfluoroanili- 
nes will be observed in a lower field v:ith respect to that of 
pentafluoroaniline ( cf.[l4] ).Indeed,the directions of signal 
shifts in EW spectra are consistent ',:ith CNDO/2 calculated 
variations in charge values on nitrogen in investigated 
comp0unds.i.e. the calculated values of charges on nitroC;en 
atoms in pentafluoroanilines and 4 -amino-2,j,5,6-tetrafluoro- 
pyridine (this compound i:as labelled by '5, isotope on amino- 

group) are -0.232 and -0.226 e respectively,,,vhereas for thei: 
N,N-dichloro derivatives,these values are -0.019 and -0.022 e 
respectively 1151. 

In Table 2 the phosphorus chemical shifts in phosphines of 
the type C6F5?X2 are listed.In this case,the sensitivity of 
phosphorus screening; to the electronic effects of the X 
substituents is hither than in the case of N,d-disubs-tituted 
anilines.Yhe lowest extent of screenini; is observed Zor 
cornpounds containing the phosphorus atom bonded with some 
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TABLE 1 
13 N chemical shift (p.p.m.vs.Xi3 ) of nitrogen- - 
containing poiyI'luoroaromatic compounds 

Compound 

4-N(C H ~> C F iW 25264 2 
4-Mh2CbF4NH2 
4-CH30C6F4NH2 
4-CHJC6F4KH2 
4-H-C&+NH2 
C6F5iu;Ei2 
4-C?? C 2; IcH 

'364 2 
4-CG-C6F4NH* 
4-NC2CbP4EH2 
PypiTH2 
2-NC2C6F4KH2 
2-XH2CbF4iW2 
2-r,'02-5-CF3C6F3~~~~2 

FF F 
F 
F 

FF F 

2,6-~;~6H~n;H~ 
C6F5K(CH3)2 
C6F5NC12 

4-CF3C6F4NC12 

PyFNC12 

C6F33Z2 HSOj" 
4-I<- C6F4K02 
C6F5;;02 
4-CFJC6"4K02 
4-CH30C6F4iG02 
?YF:“io2 
I+_';0 C F ;$O 

'264 2 
2,C-~,$6EjA02 

?oiyfluorinated 
compound 

30.0 

25.5 
28.8 
4~3.2 

29.9 
24.4 
44.4 

59.7 

51 
43.7 

34 
31.6 
52 

41 

26.6 

16.7 

104.2 

9591 
lGO.2 
23.2 

330.4 
350.4 
3:0.2 
554.8 
349.2 

?+9.2 
I. L.4 . 3 ii 

- 
E 

5 

iydrocarbon 
inalogue ([Lit4 ) 

44.4 [I61 
44.7 [I61 
45.2 [I"] 

52 [I4 

74.2 [16] 

63.2 [17] 

44.6 [17] 

48.0 [I71 

370.3 [17] 

%9.9 [17] 

366.1 [I71 
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TABLE 1 ( cont. ) 

C6F5N0 
C6F5NS0 
4-CF3C6F4NS0 
2,6-F2C6H3NS0 
C6F5N=S=NC6F5 
C6F5NSF2 
C6F5NSC12 

C6F5N=CHC6F5 
C6F5N=CHC6F5 HSOjF 
4-CP3C6F4N=CHC6F5 
4-CF3C6F4N=CHC6F5 
Py#=CHC6F5 

HS03F 

C6F5N=PC13 

12 
C,F5JJ="C& 

0 12 
4-H-C6F41J=NC6F4-H-4 

0 

[C6F$]+ 
C6F5CONH2 
2,6-F2C6HJCOEH2 
C6F5CONC12 

C6F5CONSC12 

C6FjCO"SF2 
C6FjCN 
C6F5CN iiSO$F 
tram-C6FSN=NC6F5 
tram-C6F5N=NC6F5*HSOjF 
trans-4-CF3C6F4N=NC6F4CF5-4 
trans-4-CF3C6F4N=NC6F4CF5-4*HSO, / 
trans-PypN=NPyF 

F 
N\ 'S 
N4 

893.3 1913 b81 
292.3 

292 

293.8 

273 
132.9 

268.2 
315.8 

165.7 
322.7 

16j.7 

521.6 
127.2 

505.9(l) 

319.2(2) 

315*9(l) 

?28(2) 
213.2(1),533.5(; 

113.2 

107.2 

106.2 

314 
181.2 

279.3 
164.6 

527.7 

386.> 

524.9 

456.5 
j42.2 

520.1 

319.4 

508.2 

327.9 

335.7(1 , 

351.7(2) 

223.8(1),317(2) 

105.4 

258.7 [17J 

308 b71 
560 [17] 

532.9 [19] 

F F 

'yF = 
F F 
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TABI& 2 

jlP chemical shift ( p.p.m.vs.857i HjP04- ) of poly- - 
fluoroarornatic phosphines. 

i 

9 cov. CP) 6’ 
Compound in covalent Polyfluorinatec 

volume bl compound 

C6FjPH2 0.02_+0.02 -183.1 

C6F5WH3)2 0.06+0.02 -47.8 

C,F5"F2 0.37_+0.01 4-193 
C6F5PC12 0.20_+0.01 t110.9 

C6F5"@CH5)2 0.41_+0.01 49-5 
C,F5P(NC")2 O.j6+O.Oj t60.8 

C6F5P(CS)2 0.23_+0.01 -121.3 [20] 

C6F5'(CG"5)2 0.14~0.01 -77.9 

C,F5P(C6Hj)2 -2G.3 

(C6Fg);iJ’C6B5 -42.5 

C,Fj'(C-CC6F5)2 -29.4 

(C6F5)2PC-CC6F5 0.27+0.02 -74.7 
P(C=CC~F5)j -90.0 

C,F5P :i(C2HS)2 C I 
2 0.2~_+0.01 +79.2 

Hydrocarbon 
analogue (Lit.) 

-5.9 [22] 

-61.2 

t98 [22] 

+ 

electronegative atoms ( e.g.,oxygen, nitrogen, halogens )The 
sii;nals in j1 P Kk spectra of polyfluorinated aromatic 
phosphines lie in a hither field than those of their hydro- 
carbon analogues.The chemical shift difference of those tno 
systems sif+3icantly depends on the nature of the substituent. 
Thus,the value of A6 (j', 1) betv;ecn dimethylphenylphosphine 
and dimethyl(pentafluorophenyl)phosphine is l.j p.p.m.,v:hereas 
that be-twzen dimethylphenyl;,hosphitc and eimeth;l(pen-tafluoro- 
phenyl)phosphite is 89.2 p.p.m. 

The data presented in Table j show that in the case of polyf'luori- 
nated aryl derivatives of oxycen,the I70 X.;k signals are also 

observed in a higher Sield as compared with those of hydro- 
carbon nnalor;ues.In this case,there are considerable differences 
in oxygen chemical r;hif-ts in the ,;;hole series of compounds. 
Thus,the chemical shift difference beWeen anisole and penta- 
fluoroanisole is 39 p.p.m.The I70 nuclear screening in 
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TABLF: 3. 
17 0 chemical shift ( p.p.m.vs. Hz0 ) of polyfluoro- 
aromatic derivatives of oxygen. 

Compound 

4-~(cii~),c6F40CII~ 3 
4-CHjOC6F40CIIJ 
4-CEjC6F40CHj 
~+-KH2c6F,ocri3 
ii--ii-C6F40CHj 
4-3rr36F40CHj 
4-CE+X!6F40CH3 
4-CFJC6F,0CHJ r 
4-CN-C6F40CHJ 
Lc-K02C 6F,0CH3 
C6F50H 
C6F50CH, /' 
C,F50C(0)"Hj 
C6F50CHE2 
C6F50CHC12 

C6F50Si(CHj)j 
C6F50CH2CH=CH2 

C6F50CE2CH,~,CH, d 
0 

4-CF3C6F40CH(CHJ)2 
4-CF-.C F,OCH2CHF- 3 6 d+ c: 
2-FC6QOH 
2-m6H40CH3 

” 

Polyfluorinated 
co:cpounds 

2 
6 

7 

-12 

I3 

14 

j3 

28 

40 

22 

33 

8 

137 

76.5 

109 

39 

-4 

-25 

Eydrocarbon 
analogy (St.) 

38 [2j] 

44 [23] 
36 [23] 

48 [2j] 

51 

2 [23] 
67 

45 [23 

coirpo~unds of t;Le Lype C6F>CH [X = Ii, X5, COX3, cwz12, CIIF2, 

Si(C:; > j 3, CH2CE=CH2] appeared to be rather sencitivc Lo the 
nature of the H substituent at oxytl;cn.'.':ith an increase in 

eleccroncLativity of subs-tituents at oxygen the 17 0 6Llk lines 

are shifted so~wSicld.In compounds of Ihe Lype 4-X-C6F40CEj 

( Table j ),replacement of fluorine in parn-position 

by subs;itucncs .:iithout strong Z-donor effect,leacc,as a rule, 

to des:-.ieldirq of o:cyLen i,:hich is also tygicnl of a number of 

&substituted anisoles [25]* 
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The data in Table 4 show that in 77Se NKR spectra of 
polyfluoroaryl derivatives of bivalent selenium,the observed 
substituent effects are largely consistent with those in the 
case of oxygen : the 77 Se NW? signals are shifted upfield with 
respect to those of hydrocarbon analogues.And in this case, 

TABLE 4 

77 Se chemical shift ( p.p.m.vs.(CHj)2Se ) of poly- - 
fluoroaromatic derivatives of selenium 

Compound 

C6F5SeH 
C6FSSeCH3 
C6F5SeC6F5 
C6F5SeC6H5 
C6F5SeSeC6F5 
C6F5SeC1 

C6F5SeN(C2H5)2 

C6F5SeN 

4-CHJOC6F4SeCH3 
4-CFJC6F4SeCH3 
(4-CF3C6F4Se)2 

(4-CF3C6F4)2Se 
CF3SeCF 

3 
CF3SeSeCF3 
(CF3)2CFSeCF(CFS)2 

6 Se 

Polyfluorinated 
compounds 

-16 

97.7 
110 

26.5 

368 
812 
634 

377.5 

08 

145 

370 

179 
361.7 [28] 

528 

517 

Hydrocarbon 
analogue (Lit.) 

152 [24] 
202 [24] 
402 [24] 

460 [24] 

281 [28] 
432 [28] 

-there are also considerable selenium chemical shift differences 
in the whole series of comp0unds.A chemical shift difference 

(/\6(77Se) ) b t e ween selenophenol and pentafluoroselenophenol 
is 168 p.p.m.,that between selenoanisole and pentafluoroseleno- 
anisole is 104.3 p.p.m.In compounds of the type C6F5SeK [R = H, 
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CH- j, C6H5, C6p5, C6F5Se, cl, pJ(C2H5)2, N , 77 Se nuclear 
screening has also proved to be rather sensitive to the nature 
of the k substituent at selenium.Similarly to the case of hydro- 
carbon analogues 24-26 ,with increased electronegativity of 1 Jr-,, 
substituents at selenium,the Se EJk signals are shifted down- 
field.The 77 Se nuclei are deshielded in decafluorodiphenyldi- 
selenide relative to those in decafluorodiphenylselenide more 
than in hydrocarbon analogues ( /:s(77Se) = 25s p.p.m.and 58 
p.p.m.,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 selenoanisoles 

77 
[27]. 

The lowest extent of screening of Se was observed in 
compounds where it is bonded to some electronegative atoms 
( -,chlorine,nitrogen ) ( Table 4 ).Comparison with screening 
of 77 Se in perfluoroalkyl substituted compounds reveals an 
important role of the z-system of the aryl substituent in 
screening of 77 Se. 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 CF 

3 
and CgF5-groups, 

deshielding will take place only in case of a strong mesomcric 
effect. 

This may indicate influence of other factors on screening 
of li , 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 vie?1 of 
electronegativity of substituents. 

The less effectiveness of the conjugation of lone electron 
pair with aromatic g-system in the case of polyfluoroaromatic 
compounds also must be taken into account as a possible reason 
of the unusual screening of the heteroatoms in the lat-Ler. 
Yhus,the 51 P resonance of tricoordinate phosphorus compounds is 
mainly determined by the state of hybridization of the unshared 
pair of electrons on the central otorn.Yhus,comparison of the 
values of the first and the third ionization potential 
difference n,, for per~tafluoroaniline ( 2.59 eV ),penta- 
fluorophenol ( 2.50 eV ) and pentafluoroanisole ( 1.55 eV ) 
viith those for nonfluorinated derivatives ( 2.76, 3.0, 2.6 and 
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1.8. eV,respectively ) shows a decrease of that value,indicating 
a reduced conju&ation of unshared electron pairs of heteroatoms 
with the /y-system of the henzene ring.Increased electronega- 
tivity of substituents in the aromatic ring must lead to a 
downfield shift of NLX signals of heavy nuclei,ivhereas reduced 
conjugation of unshared electron pair of heteroatom with the 
aromatic Z-system leads to the opposite effect. 

&educed conjugation of the unshared electron pair of phosphorus 
with the Z-system of polyfluoroaryl ring is confirmed by X-ray 
fluorescent spectral data ( see [8,29] ).In PKJS -spectrum of 
arylphosphines,increased intensity of transition is observed, 
indicating .articipation of 3p electrons of phosphorus in bond 
formation,on passing from nonfluorinated compounds to poly- 
fluorinated 0ncs.A similar dependence may be expected for the 
oxygen and selenium derivatives,too,as X-ray fluorescent 
spectral data for organic sulphur compounds with similar 
properties have shonn reduced conjugation of sulphur Jp electrons 
&th the Z-system of the benzene rinc involving fluorine ☯50] l 

An important role of conjugation effect in variation of 
screening constant is confirmeu by the fact that oC-nitrogen 
chemical shift value for 2,'i-,6-trinitrophenylnzide is virtually 
the same as that for phenylazidc,though the electron-accepting 
ability of the phenyl fra[;ment of the former might be expected 
to lead to strong deshieldinL of nitrogen.Takint 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 
::iithdra:vn out of conju&ation with the Z-system of the benzene 
ring due -to van der Zaa 1s interaction. 

Another possible explanation of the observed direction of 
NLK signal shifts is based on van der Xaals interactions and 
electric field effects of ortho-fluorine on nitrogen of amino 
groups. It should be noted that a si,milar analysis has been made 

in [28] for the case oE CEj-groups in ortho-positions relative 
to a substituent.In that ~~~ork,a conclusion has been drawn about 
sterical interaction of unshared electron pair of nitroi;en with 
CHj-group in 2,G-disubstitutcd N-arylphosphoramides.Incrensed 
screening of nitrogen on pass inL from arylszidc to polyfluori- 
nated arylazides was attributed by the aui;hors of 1511 to per- 
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fluoro effect v;hich is responsible for an increase in the 
energy term (AE-').This term in a>,proximation normally 
dominates the local poramagnetic screening term.The paramagnetic 
component of the magnetic screening of jl P nuclei is described 
by the general equation of Jameson and Gutowsky 

Here AE represents the average value of the excitation energy 
of the electrons in the molecule,and (l/r'> p and (l/r') d 
are also everage values,with r equal to the distance bet-ecn 

the nucleus and a jp or jd electron. 
In this case,the smaller is the AE value of excitation 

energy,the greater is deshielding.It LC';IS reported in [;2] that 
the value of lone-:::ave absorption maximum ( the t-&n tronsi- 
tion ) is smaller for polyf'luoroaromatic compounds C6FSX ( X = 
!iH *, OCE 

3' 
OH, etc.) than for their hyurocarbon ana1ok;ues.Thi.s 

suggests that the AE, value is smaller for hydrocarbons Lhan 
for polyfluoroaromotic compounds,ahich should lcao to increased 
screening in the same direction. 

Steric interaction of the unshared electron pair of nitrogen 
mith ortho-fluorine does not seem to be the deterr;;ininC factor 
in the increase of screcning,as for the more bulky atoms of 
chlorine deshieluing of ni-troLen ( d ) occurs,rather than the 
influence of ortho-fluorine ( this has been shoT;:n in [31] on 
4-azido-3,+dichlorocifluoropyridine and 4-azido-tetrafluoro- 
pyridine ). 

The effect of the electric field of ortho-fluorine on the 
heteroatom of a substituent attached direc-Lly to a polyfluorinated 
benzene ring is :Luch greater.Thus,it has been shovn by us that 
the amino '3, -. sqnal of 2,&difluoroaniline is shifted upr‘ield 
only 2.9 p.p.m. relative to that of pcnia_fluoroanilinc. 

In the case of ortho-fluoroaniline,scrcening of nitrogen 
has been earlier noted,as opposed to aniline [j:].But this 
cannot be i,he only explanation of the increased scrcc:ning of 
nitrogen in pentafluoroaniline,as the increased ciccepting 
ability of the .<<hole polyfluoroaryl substituent should brirq 
about aeshieldiqZ of nitroLen,as opnosccl to 2,6-&i'luoroaryl 
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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 polyfluoroaryl derivatives than for their hydrocarbon 
analogues ( see, e.g., CEDO/2 calculations bl ) .Positive 
charge values in covalent radius or‘ phosphorus in arylphosphines, 
calculated from PKo( -shifts in X-ray fluorescent spectra ( see 

L 1 8 ),are higher for polyfluorinated derivatives than for their 
hydrocarbon analogues ( Table 2 ) .Screenin(i; of nitrogen in 
pentafluoroaniline and pentafluoroanilinium salt appears to be 
the s;me,unlike that in the pair : aniline-aniliniwn salt 
( Table 1 ).That fact may be explained by the greater value of 
positive charge on nitrogen in pentafluoroaniline than in its 
hyurocarbon snalogue.This can affect diamagnetic contribution 
to screening constant.It is ,ho;:ever,gecerally accepted that the 
uinmagnetic component remains nearly constant with a change in 
the chemical state of polyelectronic atoms.'i'he e;rowing positive 
charge contracts the p-orbitals of heteroatom.That is why the 
resonant atom should have a groeing radial factor,which results 
in the reduced screening ( this ,.':as observed for 4-substituted 
anilines and anisoles involving electron-accepting substituents 
( Tables 1 and j ). 

Influence of the above factors on heteronuclear screening 
should also be expected for the aerivatives nhere the hetero- 
atom bonded directly to the benzene rin& is involved into the 
multiple bond of the functional k;roup.Indced,the data in 
Table 1 indicate that the II, 3 NXk signals for various nitrogen 
derivatives containing the N = X multiple bond are shifted 
upfield with respect to the signals of their hydrocarbon 
analogues. In this case,the direction of the 15N NLH signal 
shift is consistent v;ith chaqes in the charge on nitrogen in 
compounds investigated.As an example,there is a linear 
correlation clepcndence bet;ieen the chemical shift of nitrogen 
bonded directly to pentafluorophenyl rint and CRDO/2 calcula- 
ted charge densities ( f or compounds C,P5X02 and C P KS?2 

65 
% 0.561 [j] and -0.002 [34],respectively ). 
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6(1% = 378 q N + 126 

r = 0.9%3, s = 23.6, 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 pen-tafluoro substituted derivatives, 
especially in the case of 2,Gdifluoronitrobenzene ( As<'%) 
14 p.p.m.).This fact can be interpreted in terms of a reduced 
conjugation of NO2 and NSO groups with the Z-systems of 
2,6-difluorobenzene rings but that effect is weaker in the case 
of pentafluorophenyl ones. The 17 0 NMH spectral data of these 
compounds confirm the above supposition ( Table 5 ).In the case 
of the other aromatic derivatives containing the N - 0 bonds. 
Deshielding of oxygen and screening of nitrogen are observed in 
polyfluorinated compounds with respect to hydrocarbon analogues. 
The case is similal :Jith 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 = 0 bonds ( X = C, K, 
S, P ) deshieldine 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 1561 and acetophenones 
Bt the same time shielding of C, N, P is observed in 

b;$745 
, N, 

31 P NMH spectra ( Tables 1,2,6, respectively ) and the 
corresponding sii;nals of these elements are shifted upPield. 
This fact can be explained by the less shift of the d-electron 
density of LI = 0 bond to the oxygen atom as a result of the 
influence of pentafluorophengl group. 

Oxygen screening .::ithin the series of compounds containing 
the same fragment ( CO, SO2 ) depends essentially on the 
character of the substituent bonded to the latter. Increased 
electronegativity of the substituent leads to &shielding of 
oxygen ( Table > ).Pentafluorobenzoic acid Lives one sii;nol in 
17 0 NW spectrum, probably due the fast proton exchange. 
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TABI 5 

17 0 chemical shift ( p.p.m.vs.H20 ) of some oxygen- 
containing aromatic derivatives. 

Compound 
so Line 
(hydrocarbon width, Temperature, 

analogue [Lit.]) Hz OC 

c ,F5N02 

C6F5NS0 
C6F5N0 
4-K(C2H5)2C6F4N02 
4-CH30C6F4N02 
4-H-C6F4NO2 

PyFN02 
4-CF3C6F4NS0 
C6FgJ$=NC6F5 

0 
4-CH3C6F4f=NC6F4CH3-4 

0 
4-CF C F N=KC,F4CF3-4 3 6 44 

0 
C F 
65 

S02C1 

C6F5S02F 
4-CF3C6F4"02F 
4-N(C2H5)2C6F4S02F 
C6F>S02CH3 
4-H-C6F4S02CH3 
C6F5S02NH2 
CiF5S02C6FS 

C6F5P(f)F2 
C6F5P(0)(OCH3)2 

(C6F&,P=O 

C6F5COtH 
C,F5C(0)OCH3 

C6F5C(0) cl 

c6F5c(o)cH3 
C6F5C(0)CF3 
C,F5C(0)H 

627+4. (56024) 400(390) 
43723 (41023) 146(150) 
69922 (62022) 530(500) 
6445 520 
635+4 340 
63123 230 
63223 460 
4415 146 
54926 (456+2) 1800(1200) 

53427 1800 

578215 2000 

24713 (221 [35]) 177 
19523 73 
19423 200 
19823 245 
18026 292 
177_+0.5 290 
18323 (16323) 208(146) 
191_+3 250 
12022 J(P-0)=123+20 254 
112+3*J(P-0)=159 104(90) 
(98+3*) 37*10(35+10) 
7027 J(P-0)=160+?5 500(480) 
(4520.7 J(P-0)483f15) 
27120.5 410 
37923* (341_+3') 250(271) 
IQ+3 (75423) 210(210) 
55223 (48723) lYo(167) 
6155 (550+4) 250 
627+4 310 
61223 (56223) 250 

65 
80 

65 
55 
90 
YO 
55 
80 
65 

60 

60 

80 
80 
80 
80 
80 
80 

100 
100 
65 
80 

60 
80 

80 
80 
80 
80 
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The nitro group is conju{:ated .;.-i-th the a-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 screeninE.In this czse,the d'f'ect of the 
nature of a substituent in polyfluorinated and hydrocarbon series 
is the same.kt the Same time,substituent effect on ozycen Screc- 
ning is insignificant for park-substituted tetrafiuorobenzene- 
sulphoiluoriues.",'4;is is in agreement twith the data in [j$?],l;Cicre 

on the basis of S-O bond absorption frequency values for isara- 
substituted fluoroanhydriaes of benzenesulpho ac-ids .a conclusion 
has been made about insignificant degree of conju[-,ation between 
the %-system of the benzene ring and the S-C bond. 

As follo~::s,from the data in Table 5 ;;crecnin~ of ox;'Len is 
increased in the order C>S>P with substituents at the 
element-oxygen bond be@, the sac~e.ri'hiS,~robably,rcflcctS the 

ability of the element-oxygen double bond to be conjugated ;vith 
the Z-system of the benzene rinc,,ciue to tile fact that in 17o 

XL111 spectra,the dominating; role is played by the mesomeric 
elt'fect [23] .That conclusion is also confirmed by a connection 
between the oxygen chemical shift value oi' the GO bond v:ith 
noted non-symnetric stretchi.nC i'requency ( Table 7 ).It should 
be noted that earlier,an increase in CLO bond Stretching 
frequency for para-su b<-titutetl acetophenones -bias correlatea ,:;ith il 
oxygen chemical shift in I70 Xi& spectrum [57].In this caSe,an 
increase in C=O bond stretching frequency inuuced a do\;nficld 
shift of the signal.Introduction of fluorine into the benzene 
ring leads to,an increase in the element-oxygen bond order,inui- 
eating; a decreased efi'ectivity of conjugation of tilece Groups 
nith -the ,. Z-system of polyi‘luorobenzene rinC. 

It iollo::~s from the data in lable 1 that Tar the compounds 
with Ii=s boncis,nitrotcn screening is increased with an increase 
in electronegativity o i' sulphur-containing fraiJments 
S=() ( S=lJ ( SC1 x,, s;Ii', .This 2 d tendency is consistent v;ith an 
increase in celocalization of nitrogen unsi-,areu electron pair 
on S-3. fra~,ment,leadint to the treater r!:i:someric transfer ol 
aromatic.l'he 7l -bona orwr bct7:een nitrogen tnd carbon of the 
aromatic rint is decroaced in the same sec_uence [W]. 
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Comparison of 15- k chemical shifts for diarylthiodiimides 
show., increased nitrogen screening on sequential increase of 
number of fluorine atoms in the aromatic rings.In the case of 
polyfluorinated derivatives,an upfield shift of 15N signal 
must be induced by weakening of the K-character of Ar-N bond. 
This results in a change in N=S bond order,as revealed by 
Haman spectral data.For decafluorodiphenylthiodiimide the N=S 
stretching frequencies are : symmetrical - 1202 and anti- 

-1 symmetrical - 1450 cm ,whereas for diphenylthiodiimide they 
are 980 and 1277 cm -I, respectively [itO].Increased N=S 
stretching frequency indicates increased force constant and 
hence increased order of these bonds in polyfluorinated 
comp0unds.A change in the interaction of sulphur and nitrogen 
under the influence of the aryl substituent was investigated by 
X-ray fluorescent spectroscopy [41]. 

In case of the multiple bond of nitrogen xithotherhetero- 
atoms,the order of the %-bond v;ith an aromatic carbon mill 
depend on electronegativity of the fragment bonded to nitrogen. 
The strong electronee;ative X elements of N-X fragment will 
induce nitrogen screening because of the increase of mesomeric 
%-electron density transfer from aromatic ring.Indeed, 

nitrogen chemical shifts for compounds containing groups =N=, 
=N-, =C&, =SZ', =pz confirm that supposition ( Table 1 >. 
Ig these compounds screening of nitrogen is increased with 
increased electronegativity of the fragment attached to 
nitrogen as well as the stretching frequency of the bond with 
nitrogen. 

Table 1 lists the chemical shifts of some classes of 
compounds for which the opposite ei'fect ( the downfield shift 
of nitrogen signal due to intro.Auction of fluorine to the aro- 
matic rirg ) v:as observed in 15 IT KUi~ix spectrum.In the majority 
of these compounds nitrogen is not directly bonded to pentafluoro- 
phenyl rinc.For the amide of pentafluorobenzoic acid,deshielding 
of nitrogen may be induced by a changed electronegativity of 
carbon of Lhe carxonyl group ( see Table 6 ),due to a stronger 
acceptink effect of pentafluorophenyl ring as compared to that 
of the phcnyl group. 

//hen the lone electron pair of the nitrogen atom participating 
in the multiple bond is not conjugated .;Jith the /Z-system of 
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TABLE 6 

"C chemical shift ( p.p.m.vs.(CHj)4Si ) of the 
carbonyl group of poiyfluoroaromatic compounds. 

Compound 

C,F5C(0)CH3 

C,F>C(O)H 
CgF5C(0)C1 
C,F5C(0)OCH3 
C,F$OOH 

C6F5WO)NC2H5)2 

Polyfluorinated 
compound 

189.9 

181.1 
158.0 
158.7 

160.7 

157.6 

- 

t 

Hydrocarbon analogue 

/ 38 / 

196.0 

191.0 

168.5 
1G3.g 

174.9 
171.1 

TABLE 7 

I70 chemical shifts and stretching frequencies of 
the Ni=O bond of polyfluoroaromatic compounds 
containing double-bonded oxygen. 

Compound 
Chemical shift Non-symmetric stretching 
in p.p.m.from frequency of il.=0 bond, 

H2° 3 cm -1 L1=0 ’ 

C&‘(O) (CH3)2 70 1195 

C6F5302CH 
5 

180 1410 

C&C (0)CH3 61> 1720 

the benzene ring,the chemical shift value must be affected by a 
change in the substituent inductive eSfect.Thus,in the case of 
azobenzenes,introduction of fluorine in the benzene ring induces 
a downfield shift of 1% . The nzo group,characterised by kgh 
covalency and maximal double bond character,lies in the plane of 
the benzene ring ( trans-form of azobenzenc ),causinc a reduc- 
tion in p-a-conjugation of nitro&en nonbon&inL electron pair 
with the c-system of the benzene ring.'iherei'ore,the major 
contribution to nitrogen screening constant is mace by the value 
of elcctronegativity of the aryl substituent,nith ueshieldinc of 
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nitrogen proceeding concurrently with its increase.Introduction 
of electron-accepting substituents stronger than fluorine ( e.g., 
CF3-group ) in poly-fluorinated benzene ring causes deshielding 
of nitrogen. 

XXPEXIIKENTAL 

The 15N NMR spectra were recorded on a Bruker HX-90 
spectrometer Fourier Transform at 9.12 NlHz,sith nearly saturated 
solutions in CH2C12 ( 4@% ).A11 measurements were carried out in 
10 mm NW? tubes with a 5 ma NMi tube containing D20 inserted 
therein at room temperature.For Fourier Transform and spectral 
optimization,the laboratory-type B-NC 12 minicomputer was used. 
Compounds were enriched with 15N isotope ( 94-96s ).Liquid hV3 
served 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 - 2Ops (90' pulse angle - 30 ,hs'),pulse period - 
8 s. The 3' P N!'.ti spectra were recorded on the same spectrometer 
at 36.43 L;Hz both in monoresonance mode and with spin-spin 
coupling to protons being inhibited.Stabilization of resonance 
conditions mas fulfilled similarly to stabilization for 15N . 

Spectrum recording conditions : pulse width 15 hs, pulse period - 
5 s .The 3' P chemical shift ( in p.p.m.) was calculated in 
comparison with 857; H3P04.The 13C NKt? spectra were recorded on 
the same spectrometer at 22.63 Wz.The 13C chemical shift ( in 
p.p.m.) was calculated in comparison with tetramethylsilane 
( b(13C) scale ) .Spectrum recording conuitions : pulse width - 
10,fls (90' pulse angle - 15 ,M s ),pulse period - 5 s, accumula- 

tions - 150 to 2OO.The 17 0 NIKtf spectra were recorded on the 
Bruker CXP-300 spectrometer at 40.7 MHz at natural abundance 

of the 17 0 isotope.The following conditions were employed : 

pulse width - 20 ,MS (90' pulse angle ),pulse period - 30 ,AS, 

accumulations - 20,000 to 50,000.The 77 Se NMk spectra were 

recorded,at natural abundance of the 77 Se 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 (CHj)2Se as the external standard.For potimi- 
zation of 77 Se NM& spectrum recording conditions,a relaxant, 
chromium acetylacetonate,was added to solutions. 
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