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SPIN--SPIN COUPLING CONSTANTS OF 13C-~H AND IH-IH IN 

4-SUBSTITUTED PYRIDINES 

A. Yu. Denisov, V. I. Mamatyuk, 
and O. P. Shkurko 

UDC 543.422.25:547.82:541.67 

The spin--spin coupling constants (SSCC) of ~3C-IH and IH-~H in 4-substituted pyri- 
dines, CsH4NX [X=CH3, CN, COCH3, COOCH3, N(CH3)2, NO2, OCH~, CI, Br], were investi- 
gated. To determine the constants, the proton-coupled NMR spectra of iSC and 13C- 
satellites in the PMR spectra of the compounds, recorded for monomolecular solutions 
of 4-substituted pyridines in DMSO-D6, were analyzed. The interrelationship of the 
SSCC of 13C-IH and ~H-~H in 4-substituted pyridines with the analogous constants in 
monosubstittued benzenes were obtained. The correlations of the constants with the 
F- and R-parameters of the substituents are discussed. 

According to the theoretical investigations conducted earlier [i, 2], the SSCC of 13C-IH 
and IH-IH are an effective source of information on the structure and electronic effects in 
organic compounds. Of special interest is the use of these parameters for investigations of 
the effects of substitution on the NMR spectra of aromatic and heteroaromatic compounds [3]. 
Precise values of the SSCC of 13C-IH and IH-~H have been obtained for a number of monosubsti- 
tuted benzenes [3, 4] and 2-substituted and 3-substituted pyridines [5], and the similarity 
of the influence of substituents on the spin, pin interaction of the nuclei in these compounds 
was established. 

In this work we continued an investigation of the parameters of the proton-coupled NMR 
spectra of ~3C and the high-resolution PMR spectra for 4-substituted pyridines. The conditions 
of the measurements and the selection of the substituents were analogous to those used in [5]. 

Table 1 presents the values of the chemical shifts of the protons and the SSCC of ~H ~H 
In view of the complexity of the analysis of the PMR spectra obtained for the main 12C-isoto- 
pomers of the compounds, we additionally used the signals of the ~3C-satellites of the pro- 
tons. As an example, Fig. 1 presents the experimental and calculated PMR spectra of 4-cyano- 
pyridine. The use of such a procedure for the analysis of the PMR spectra permitted a sub- 
stantial increase in the accuracy of the measurement of the SSCC of ~H-*H in tetrasubstituted 
pyridines. A comparison of the constants that we obtained with those known previously [6-8] 
showed that the most reliable results are cited in [8]; however, in this work not all the SSCC 
of IH-~H were determined. In the course of the investigations it was also found that the SSCC 
JH=H6 changes sign in the transition from compounds containing substituents that can be arbi- 
trarily characterized [5] as electrically neutral and z-acceptors according to their effects 
on the system studied (the ring of the heterocycle) to compounds with substituents possessing 
T-donor properties and halogens. 

The SSCC of ~H-~H in 4-substituted pyridines were compared with the analogous constants 
in monosubstituted benzenes [4, 9, i0]. A great similarity of the effects of substitution on 
the SSCC of ~H-1H was found in these compounds. 
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USSR, Novosibirsk 630090. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 7, 
pp. 948-952, July, 1984. Original article submitted October 31, 1983. 

0009-3122/84/2007-0771508.50 �9 1985 Plenum Publishing Corporation 771 



TABLE I. Chemical Shifts of ~H, 6 (ppm from TMS) and SSCC JHH 
(Hz) in 4-Substituted Pyridines 

Substituent I &~ I ~ I ~ ] ]~ [ h~ [ ]~ A~ cKo* 

C%3 ~" 2 7 4,84 ] 0,84 ~ --0,04 I 1,87 0,023 
CN ] 8,879 I 7,895 ] 5,06 [ 0,95 I -0,221 1,74 0,015 
COCHz [ 8,838 [ 7,836 [ 2,658 [ 5,11 [ 0,90 1 - 0 2 9 1  1,86 0,012 
COOCH3 [ 8,838 I 7,850 I 3,933 [ 5,061 0 , 9 2 1 - 0 , 1 3  I 1,79 0,018 
N(CH3)2 I 8,125 I 6,576 I 2 3 [ 5,981 0,561 0,19 / 2,92 NO~ ~ 0,008 I 8,157 [ ,93 ~ 0,026 5,52 ~ 0,64 ~ -0,07 I 2,39 0,024 
OC 0,026 5,79 I 0,54 / 0,19[ 274 8,417 I 6,978 [ 3,838 
CI  Ha ' [ 8,599 I 7,563 ] 5,44 [ 0,59 / 0,23[ 2,28 0,021 
Br ! 8,505 17,690 I 5,38 I 0,60 / 0,20 / 2,14 0,022 

*Mean-square deviations of the experimental and calculated fre- 
quencies of the transitions (Hz) for laC-satellites in the PMR 
spectrum of H(3)(H(s)) protons. 
%SSCC 5JH(2)-Me = 0.24, "JH(a)-Me =-0.73 (-+0.03 Hz). 

Jri(2)ri(3 ) (in pyridines) = - - 4 . 3 4 +  1.207. JrHI2)H(6) ( Ln benzene)  ; r = 0 . 9 5 8 ;  
S = 0 . 1 1 ;  

fn(2)u(~> = - 0.35 + 2,015.  Jn(2)n~5 ) ; r = 0.965; 
S = 0 . 0 5 ;  

J H(2)H(8) ~- " 1 .20+0 .787"  ]U(3)n(~); r =0 .975 ;  
S = 0,04; 

J ja(3)a(5 ~ = - 0 A  1 + 1,050. ln(~)u(6 ~ ; r = 0 , 9 8 2 ;  
S = 0,09. 

The parameters of the PMR spectra obtained were used for an analysis of the proton-cou- 
pled !3CNMR spectra of 4-substituted pyridines. Figure 2 presents the laC NMR spectra of the 
monoresonance of 4-bromopyridine. The spectrum of each ~3C-isotopomer of the compounds was 
calculated separately. The spectrum of the ~3C(2j-isotopomer depends substantially on the val- 
ue of the differential isotopic shift of the protons (in the laC-isotopomer in comparison 
with the 12C-isotopomer of the compound). The calculated values of the differential isotopes 
shifts of the protons ~38 = ~a -- v5 (-0.32 to +0.02 Hz) correspond to the values obtained 
earlier for the isotope shifts in the IaC NMR spectra of monosubstituted benzenes [4]. 

The values of the chemical shifts of the carbons and the SSCC of ~3C-~H in 4-substituted 
pyridines are cited in Table 2. The error in the determination of most of the SSCC of ~3C-IH 
is less than 0.i Hz. A comparison of theSSCC of ~3C-IH in 4-substituted pyridines with the 
analogous constants in monosubstituted benzenes [4, 5] showed the presence of a linear inter- 
relationshipbetween these parameters. The results are presented in Table 3. There is no 
correlation only for the SSCC 4JC(3)H(6), which varies relatively weakly under the influence 
of substitution (0.26 Hz). The slopes of the functions for most of the constants lie in the 
range 0.9-1.4, which may be evidence in support of the earlier hypothesis [5] of a moderate 
influence of the nitrogen atom of the heterocycle on the spin--spin interaction of 13C-~H in 
the series of substituents studied for pyridines in comparison with substitured benzenes. 

For a detailed study of the effects of substitution on the spin--spin interaction of the 
nuclei in 4-substituted pyridines, we conducted a correlation analysis of the interaction of 
the SSCC of ~aC-~H and ~H-IH with the inductive and resonance parameters of the substituents 
(F- and R-constants in the interpretation of [!i]). The best relationships were obtained for 

the direct SSCC ~JcH and the SSCC JH(2)H(a)" 

1I c(2)r52 ) = 177.56+ 11 .15F+4 .88R;  

U c(3~rI(3) = 162 .18+ 17 .37F+3 .07R;  

] a(~)n(3 ) = 4 . 8 5 +  1 , 1 1 F -  1.10R; 

r =0 .988 ,  S =0 .65 ;  

r = 0.953, S = 1,63; 

r =0 .963 ,  S = 0 . 1 2 .  
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Fig. l. Experimental and calculated PMR spectra of 4-cyanopyri- 

dine. A andpomer and H(3)C)fm!~t~ ~ i ~ 2 !e~P!uCii ee~iii!)nii!~ - 
spectra of the " -" p p , p (=), 
H(6), and H(3), H(s), respectively (scale in Hz from TMS). 

Satisfactory correlations were also found for the SSCC JH(3)H(s), =Jc(=)H(3), =Jc(~)H(s) 

and 3JH(3)H(s) (r > 0.90); however, on the whole, the investigations conducted confirm the 

conclusion of [5] that a good quantitative description of the SSCC of 13C-IH and IH-IH using 
two-parameter functions analogous to those cited above is impossible. 

In conclusion, let us note that the values of the parameters of the PMR and 13C NMR spec- 
tra of monosubstituted pyridines obtained in [5] and in this work can be used to establiSh 
the structure of nitrogen-containing heterocyclic compounds and to investigate the influence 
of the electronic properties of the substituents on the PMR spectra. 

EXPERIMENTAL 

The PMR and 13C NMR spectra were recorded on a Bruker WP-200 SY spectrometer, working in 
a pulsed system (working frequency of PMR %00.12 MHz, ~C NMR 50.33 MHz), for 1 M solutions 
of 4-substituted pyridines in DMSO-D6 containing 3-5% (by volume) TMS. Stabilization was ac- 
complished according to the NMR signal of deuterium of the solvent, temperature 23 • 2~ 

The conditions of recording of the spectra were analogous to those of [5]. The 13C- 
satellites of the protons were obtained in the PMR spectra: width of the spectra 500 Hz, dig- 
ital resolution 0.03 Hz, number of scans more than 50, time of accumulation of the signal i h. 

The real width of the lines of the spectra (at half the height) in the PMR was 0.2-0.3 Hz 
for the protons H(3), Hfs~ and 0.4-0.8 Hz for H(2), HI6 ) (broadening as a result of interac- 

�9 . 1 4  " " x ~ . 1 3  tlon wlth the N nucleus of the heterocycle [5]), an~ in proton-coupled C NMR 0.3-0.5 Hz. 

All the spectra were calculated with the aid of the PANIC iteration program on an ASPECT- 
2000 minicomputer. The calculations were performed within the framework of five-spin systems 
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TABLE 3. Linear Correlations of the SSCC of ~3C-~H in 4-Sub- 
stituted Pyridines (njrupyrid) with theSSCC of ~3C-IH in ~qno- 

�9 n~" benz substituted Benzenes ( JCH ) [4, 5] of the Type nJcHPYrla = 
A*nJcH benz + B (Hz) 

~Jc. pyrid 

tJ~2 
2J23 
a J26 
4J25 
1J33 
2,/32 
313s 
4j~ 
2J43 
3J42 

0,989 
0,989 
0,986 
0,976 
0,993 
0,953 
0,995 
0,370 
0,995 
0,995 

0,55 
0,10 
0,09 
0,06 
0,54 
0,11 
0,08 

0,17 
0,15 

n 1 c ~ benz 

1,358 
1,315 
1,365 
1,343 
1,096 
1,469 
0,898 

o,~9 
1,028 

- -  37,67 
1,78 
0,79 
0,92 

--10,13 
6,64 

-0,25 

- -  0,24 
-- 1,42 

U'~s 
2J32 
3J35 
4J36 
I ]22  
2J~z 

4J2B 
2Ji2 
3f13 

Range of  varia-. 
tion of n.IcHpyrid 

12,16 
1,79 
1,54 
0,76 

14,06 
1,15 
2,75 
0,26 
4,74 
3,76 

i 
7700 768( 

F i g .  2 .  

. . . . .  . . i ~  _JW~'L~ .jwvL. 
J J r 

' -  ; ;E-%oo'  ~ 6;40 6480 626o = - ~  6660 6310 6290 

Experimental and calculated 13C NMR 
spectra of the monoresonance of 4-bromopyridine 
(scale in Hz from TMS). :: 

of the ABCDX type, where X is the 13C nucleus (for i~C(4)-isotopomers -- AA'BB'X systems). The 
SSCC of IH-IH were calculted from the spectra of ~3C-satellites of the protons, enlisting pre- 
liminary data of analysis of the proton-coupled ~3C NMR spectra. The initial values of the 
SSCC of 13C-IH and ~H-IH, as well as the differential isotope shifts of the protons, were 
taken from [4, 5, 8]. The number of lines of the spectra of *aC-satellites of the protons and 
13C-NMR assigned in the calculations was 13-17 (for each 13C-isotopomer). The data for pyri- 
dine were taken from [5]. 

The values obtained for the standard errors in the parameters, found in the calculation 
(considering the digital resolution of the spectra) were up to 0.03 Hz for the SSCC of IH-~H, 
with the exception of the SSCC JH-2"H-6- -- up to 0.06 Hz; for the SSCC of 13C-~H 0.03-0.05 Hz 

�9 ( ! ) I~ i �9 �9 
(with the exception of individual S~C~ of C(4 )- H, determined with an accuracy of 0.2 Hz). 
The chemical shifts of the nuclei were determined according to the complete PMR and *3C'{~H} 
NMR spectra with an accuracy of 1-10 -3 and 2.10 -2 ppm, respectively. 

Most of the investigated compounds were produced according to the well-known procedures 
of [12]; the values of the physical constant correspond to those cited in the literature. The 
finished preparations were subjected to supplementary purification before the recording of the 
spectra; their purity was analyzed by the methods of thin-layer chromatography and gas--liqUid 
chromatography. 
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CONVERSIONS OF o-AMINOTRIPHENYLCARBINOL IN THE PRESENCE OF LEWIS ACIDS 

V. G. Kul'nevich, E. V. Gromachevskaya, UDC 547.435'568.1:546.865 

and T. P. Kosulina 

9-Phenylacridinium hexahaloantimonates were produced by the action of antimony 
pentahalides on o-aminotriphenylcarbinol. The presence of halides of carboxylic 
acids directs the reaction toward the formation of 4,4-diphenyl-l,2-dihydro-4H-3, 
l-benzoxazinium hexahaloantimonates. 

o-Aminotriphenylcarbinol (I) is converted in acylation to 4H-3,l-benzoxazine [i], while 

in thermal oxidation it forms 9-phenylacridine [2]. 

We were the first to investigate the heterocyclization of o-aminotriphenylcarbinol in 
the presence of Lewis acids. It was established that in the action of acid halides and anti- 
mony pentahalides on compound I in the cold in a 1:2:1 ratio, 4H-3,l-benzoxazinium hexachloro- 
(fluoro)antimonates lla-c are readily formed. In the absence of acylating agents, 9-phenyl- 
acridinium hexahaloantimonates (III) are formed under these conditions, 

Call5 C~Hs~> < C~t{ 5 C .tt~ .C6H 5 6 . - . f  
" < ' "  ~ " o  -'" I ~ / ' ~  \ 0 H  2RCOX, 

..... ..:;.-'..'-~.~. < ~ ' . z '  N~ " - v "  --N ~ "'R 
ShCI~ H H 

Ill  I 11 a -  C 

II a RfC~Hs, X=F,b R=CsH5, X=Cl;c R=C4HaO, X=CI 

In the presence of an excess of the acid halide, acylation of the amino group and binding 
of the water liberated during dehydration in acid medium occur first. An equimolar amount of 
the acid halide is insufficient for the production of the salts lla-c, since evidently condi- 
tions are not created for the acylation of the NH2 group. For example, at a 2:1 ratio of 
SbCI2 and PhCOCI, crystals of 9-phenylacridinium III were isolated with a yield of 30%, while 
the unreacted initial carbinol I was detected in the filtrate by the method of thin-layer 

chromatography. 

RCOX + sbX~ ~ R~O.SbX~ IV 

C~t% CsH 5 
C6H5 C5H5 "~0 

OH H § ~ l l a - c  . . . .  
§ _ 

--"2 0 h ~ ~ 7  "~NHCOR " j  I § RCO'SbX s LHSbX~ ~ ~ '~HCOR 

,V a R=C6Hs; b R=C4H30 va, b 
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