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*35-*3C SPIN-SPIN COUPLING CONSTANTS IN THE SPECTRA OF MONOSUBSTITUTED
PYRIDINES

A. Yu. Denisov, V. I. Mamatyuk, UDC 543.422.25:547.82:541.67
and O. P. Shkurko

The '?c—{*H} NMR spectra of pyridine and a number of monosubstituted pyridines for
compounds with: the natural percentage of the '?C isotope were analyzed. The direct,
geminal, and vicinal '®C—*>C spin-spin coupllng constants (SSCC) were determined.
Linear relationships that link the '°C—'*C SSCC in the spectra of monosubstituted
pyridines and benzenes were obtained.

Researchers have recently become interested in *?C—*3C spin~-spin coupllng constants (SSCC)
for the study of structures and electronic structures [1-4]. The **C—'?C SSCC depend on the
degree of hybridization of the coupling carbon atoms, the nature of the substituents, and the
three-dimensional structure of the molecule and vary over a wide range from —20 Hz in the case
of bicyclobutanes to +200 Hz in the case of acetylenes [4].

Systematic investigations of the '°C—'°C SSCC have not been made for heteroaromatic com-
pounds, and constants for only 1nd1v1dual heterocycles {for example, furan, thiophene, pyrrole,
and pyridine [5]) have been presented in the literature. Theoretical calculations of the *3C-

®C SSCC in -the spectra of aromatic compounds [6, 7] are in poor agreement with the experimen-
tal values, and this makes it necessary to use empirical rules that are frequently based on
additive equations. Their effectlveness for nitrogen~containing heterocycles has been demon-
strated in the case of *°Cc—'H SScC [8].

The aim of the present research was to measure the "°C—*°C SSCC in the spectra of mono-
substituted pyridines and to search for empirical relationships between the constants for py-
ridines and benzenes.

The *3C NMR spectrum of pyridine (with complete spin decoupling of the protons) is pre-
sented in Fig. 1. The set of lines in the vicinity of the principal signals of the *3C iso-
topmers corresponds to the signals for molecules that contain two '°C isotopes. In the gen-
eral case the amplitude of the signals is on the order of 1/200 of the principal signal, and
the **C—"°C SSCC are readily determined as the distances between the lines of the doublets.

The **c—'?C SSCC found for monosubstituted pyridines are presented in Table 1. In an-
alogy with benzenes [4, 7], the direct and vicinal constants are assumed to be positive. The
geminal (° Je ) constants were obtained only in some cases due to their small values (less than
3.5 Hz, except for *J, ,6) and super1mpos1t10n of the lines of these signals on the principal
signal of the *3C 1sotopomer The Jz e values are two times greater than the geminal con-
stants observed for benzenes. :

The results of a comparison of the '3C—*3C SSCC for monosubstituted pyridines and ben-
zenes [7] (for the direct and vicinal constants) are presented in Table 2. For methyl benzo-
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Fig. 1. 3c—{'H} NMR spectrum of pyridine [the complete spectrum
and the region in the vicinity of the signal of the 3¢ ) isotop~
omer]. The distances between the identically designateé signals
in the upper spectrum correspond to: A) *Jz a3 B) *Ja,.; €)3%J2,s
(the rotational satellites are denoted by asterisks).

TABLE 1. '3c—*3C SSCC (Hz) for Monosubstituted Pyridines

ms | Substituent Vg3 Vsa | Vs Yse Va5 RS Uee
— | H 5426 | 5368 | 5368 | 54,26 | 1395 | 1395 | Jo.=287
2 | Met 562 | 547 | 542 | 547 | 132 | 124 J26=58
CN 616 | 536 | 539 | 529 | 146 | 121 _
CO;Me 596 | 538 | 537 | 535 | 129 | 122 -
OMe 70,7 | 57.6 | 536 | 570 | 117 97 Jss=35
F 754 | 557 | 544 | 560 | 122 88 —
ct 674 | 541 | 543 | 553 | 13F | 105 J55=3,3
Br 649 | 533 | 544 | 554 | 131 | 109 Jp=5.6
3 | Me 554 | 5501 | 543 | 546 | 126 | 133 Ir6=65
CN 586 | 584 | 546 | 534 | 130 | 156 Tog=68
CO,Me 574 | 568 | 543 | 535 | 126 | 132 —
OMe 66,0 | 646 | 552 | 549 { 105 | 136 Tos=68
F 703 | 688 | 542 | 542 99 | 155 | J.e=68
Cl 624 | 630 | 535 | 543 | 11,2 | 16,1 Jog=68
Br 59.9 | 614 | 529 | 548 | 11,8 | 162 Joe=6,7
4 | Me 549 | 547 | 547 | 549 | 126 | 128 —
CN 543 | 585 | 585 | 543 | 133 | 133 —
CO,Me 544 | 571 | 571 | 544 | 127 | 127 —
OMe 562 | 642 | 642 | 562 | 105 | 105 —
Cl 536 | 625 | 625 | 536 | 113 | 11,3 —
Br 527 | 608 | 608 | 527 | 11.8 | 11,8 —_

*Here and subsequently, m is the position of the substi-
tuent in pyridine.

The *J constants for spin-spin coupling with the carbon
atom of fthe substituent are as follows: 51.4, 44.2, and 42.9
Hz for Me (m = 2, 3, 4) and 75.7 and 74.5 Hz for CO;Me (m =
3, 4) {not determined for CN).

ate, to supplement the data in [7], we obtained the 3J2,5 (8.8 Hz) and 2J2’q (2.5 Hz) constants
and refined the 'J,,, constant (58.7 Hz). The best linear dependences were found for the di-
constants with participation of the substituted carbon atoms (the 1J1,2 type in ben-
zenes), which have the greatest ranges of change, as well as for the vicinal comstants, which
correspond (with respect to the substituent) to 3J2’5 for monosubstituted benzenes. Certain
deviations for chloro and bromo substituents are observed in the case of the correlation of the
1J2,3 constants for 3-substituted pyridines and the 1J1,2 constants for benzenes, and exclu-
sion of these values from the correlation substantially increases its quality (Table 2); such
effects are not observed in the remaining cases. The ranges of change in the direct 1JCC con-—
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TABLE 2. Linear Correlations of the Direct and Vieinal *°

130 85CC for Momosubstituted Pyridines (prr) and Benzenes
(JP€02) [7] of the Type JPYT = geJbenz + p (iz)

C_...

. Py R s jhenz p » TPYTAFPYTye
2 Yo 0,996 0,70 Vig 1,383 ~922,38 63,8 (21,1)
s, 0,846 — 43 — — 546 (4,3)
Vs 0,443 — Y — —_ 54,0 (0,8)
Uss 0,824 — Was — — 54,9 (4,1)
825 0,526 — 3 4 — — 13,1 (2,9)
36 0,995 0,18 s 1,503 —1,17 11,3 (52)
3 | Wyt 0,982 LI | M 1,020 359 | 605 (16,0)
0,999 | (0,11) (1,075) | (-5.87)
a4 0,999 0,26 Uis 0,986 —1,22 60,2 (15,1)
Yas 0,960 0,21 Ugs 0,823 7.77 54,1 (2,3)
Ys.e 0,895 - Vas — —_ 542 (1,5
8las 0,997 0,11 3y 1,229 1,72 1,9 (40
2 P 0,925 — T — — 147 (3,0
4 Yo 0,983 0,22 . 1,210 —13,68 54,3 (3,5)
Was 0,994 0,47 e 0,921 2,54 588 (10,5)
a5 0,986 0,22 855 1,237 1,72 123 (3,5

*The average JPYT yalue and the range of change {(in paren-
theses) in hertz.

Thata for the case of exclusion from the correlation of the
constants for the chloro and bromo derivatives are given in
parentheses.

stants for pyridines that do not include substituted carbon atoms are relatively small, and
their average values are numerically close to the constants for pyridine. The vicinal 3J1,h
constants for benzenes and the corresponding constants for pyridines correlate poorly with

one another. It must be noted that the data were obtained for highly concentrated solutions
of the compounds and that the effect of the solvents and the concentration on the *°C—*3C

SSCC was not investigated (according to the data in [4], a difference of 0.5 Hz is permissible
for the direct constants)..

Thus we have demonstrated a linear interrelationship for the **C—'°C SSCC for pyridines
and benzenes that can be used to predict the constants for nitrogen-containing heteroaromatic
compounds.

EXPERIMENTAL

The '°C—{'H} NMR spectra were recorded with a Bruker WP-200 SY spectrometer operating
under pulse conditions at a frequency of 50.33 MHz. Stabilization was realized with respect
to the NMR signal of the deuterium of the solvent (de¢—acetone). The concentration of the sol-
utions for most of the compounds was 80% (by volume). Lower concentrations were used for a
number of the compounds: 60% for 3-Br-, 3-CN-, and 3~-OMe-pyridines and 40% for 2-CO Me~, 3-
CO,Me~, 2-CN-, and 4-CN-pyridines and methyl benzoate.

The spectra were recorded under the following conditions: a 10-mm ampul was used, the
volume of the sample was 2 ml, the width of the spectra was up to 2 kHz (the digital resolu-
tion was better than 0.12 Hz), the number of accumulations ranged from 400 to 2500, the lag
between pulses was 10 sec, the spectra were obtained under conditdons of complete spin de-
coupling of the protons, and the temperature was 28 + 2°C.

The spectra of each isotopomer that contained two *?C nuclei were calculated as AB spin
systems, where A and B are '®C nuclei. The initial chemical shifts of the *°C nuclei were
taken from [9, 10]. The isotopic chemical shifts due to replacement of a second *2C nucleus
were determined from calculations and ranged from 0.005 to 0.035 ppm to strong field for the
directly bonded atoms and were less than %0.005 ppm for the atoms through two or three bonds.
The error in the determination of the *°C—'3*C SSCC was on the order of 0.1 Hz (0.05 Hz for
pyridine).

The investigated compounds were obtained by the method in [11]; their physical constants
were in agreement with the values presented in the literature.
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QUANTUM-CHEMICAL INVESTIGATION OF THE RECYCLIZATION OF 1,2,4,6-
TETRAMETHYL-3-NITROPYRIDINIUM IODIDE .

A. V. Belik, I. Yu. Envaeva, UDC 541.67:547.821.3:542.924
and R. S. Sagitullin

The recyclization of 1,2,4,6-tetramethyl~3-nitropyridinium iodide was examined with-
in the framework of the CNDO/2 (complete neglect of differential overlap) approxima-
tion. The electronic structures of the starting, final, and intermediate structures
of two competitive processes were evaluated. The primary formation of one of the
products was explained.

Two competitive processes (A and B), which, according to [1], take place through the

formation of the corresponding anhydro bases IT and III, are possible in the recyclization
of 1,2,4,6~tetramethyl-3-nitropyridinium iodide.
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The aim of the present research was to ascertain the possibility of description of the

recyclization within the CNDO/2 (complete neglect of differential overlap) approximation-[2].
The calculations were made by means of the program in [3] with an EC-1022 computer. It has
been shown [4, 5] that it is sufficient to use the "averaged" geometrical parameters to esti-
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