PROTON-COUPLED *®C NMR SPECTRA OF 2- AND 3-SUBSTITUTED PYRIDINES
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The proton-coupled *3C NMR and PMR spectra of pyridine and the 2~ and 3-mono-

substituted pyridines NCsH.X [where X = CHs;, CN, COCH,, COOCHs, N(Cils)z,

NO,, OCHs, Cl, or Br] for one-molar solutions of the compounds in DMSO-Ds, have been
analyzed. The signs and values of the *°C—'H HSSCs have been determined.
Equations have been obtained connecting the *?C—'H SSCCs in the 2- and 3-sub-
stituted pyridines and the monosubstituted benzenes. A satisfactory correla-
tion of 'Jcg with the F and R constants of the substituents has been shown.

The *3C NMR spectra of monosubstituted pyridines have already been studied. The influ-
ence of the substituents on the chemical shifts of the *°C nuclei of the heteroaromatic ring
has been investigated in detail and relationships have been found connecting the chemical
shifts of the *C nuclei in the spectra of the monosubstituted pyridines and benzenes and al-
so the dependence of these parameters on the o-constants of the substituents [1-3]. However,
there is practically no information in the literature that characterizes the influence of
substituents on the °C—'H SSCCs, which is connected with specific difficulties in analyzing
the proton-coupled *®C NMR spectra of the compounds [4]. The complete analysis of such
spectra (involving accurate values of the parameters of the PMR spectra of the compound) have
been made only for pyridine and 2-bromopyridine [4], and in other investigations the '?C-'H
SSCCs were obtained with a relatively low accuracy [5, 6] which does not permit a detailed
study to be made of the influence of the substituents on the constants. All the investiga-
tions were performed for highly concentrated solutions of the compounds but the influence of
the solvents and the concentration on the '2®C—'H $SCCs was not studied in detail.

In the investigations performed previously, it was observed that the *°C~'H SSCCs can
serve as a reliable tool for the study of the structure and electronic effect in organic
compounds [7, 8]. The informativeness of the '°C—'H SSCCs is particularly high (in compari-
son with the other parameters of the NMR spectra) in the study of the influence of substitu-
tion on the NMR spectra of aromatic and heterocaromatic compounds. Thus, the amount of in-
formation on the *°C—'H SSCCs in monosubstituted benzenes is close to that of the total in-

TABLE 1. Parameters of the PMR Spectra of the 2-Substituted
Pyridines NCsH,X

Com- Chemical shifts, 6, ppm Tame Hz MSD?,

pound X Hz
3-H l 4-H | 5-H ‘ 6-H |CH3 h4‘15 IJg.;IJ45 ihs\lﬂ

1M H 7,395 7,795 [ 7,395 | 8,604 | — |7,65(1,46/10,94|7,65|1,84(4,91[ 0,029

1lc| CH,3 7,243 1 7,667 | 7,174 | 8,458 | 2,471 {7,7911,18{0,9717,49[1,89|4,88[ 0,016

111 ] CN 8,072 18,101 | 7,784 | 8,802 | — |7,81]1,20(0,96|7,84[1,73|4,83| 0,002

IV | COCH; |[7,980 8,023 | 7,685 | 8,756 | 2,668 |7,85(1,2410,91(7,59/1,75/4,75[ 0,013

V | COOCH; | 8,096 | 8,041 | 7,690 | 8,773 | 3,938 17,85]1,21]|0,92]7,66|1,77|4,72] 0,002

VI | N(CHs). | 6,608 [ 7,486 | 6,556 | 8,089 | 3,003 |8,6010,93;0,90|7,07(2,03/4,93| 0,013

VII | NO, 8,362 18,309 | 7954 | 8,737 | — [8,18]0,96]0,78{7,53]1,81/4,66| 0,002

VIII | OCH, 6,823 | 7,702 1 6,977 | 8,189 (3,859 |8,3610,92(0,9017,09{2,02(5,04| 0,011

IX | Cl 7.541 | 7,895 {7,446 { 8457 | — [8,06(0,96(0,8217,42(2,06/4,86| 0,002

X | Br 7,676 | 7,791 17,478 1 8433 | — 8,0410,98 0,82]7,41{2,10(4,83] 0,002

a) Mean square deviation of the experimental and calculated
transition frequencies. b) Jaze = —0.13 Hz. <c) SSCCs for
protons of the methyl group: Js = —0.51, J, = 0.26, Js =
~0.62, J¢ = 0.26 (+0.03) Hz.
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TABLE 2. Parameters of the PMR Spectra of the 3-Substituted
Pyridines NCsH,X

Com- Chemical shifts, 6, ppm Ty -Hz D
a X
pouny 2-H ! 4-H \ 5-H I 6-H |CHs h‘l hs, Jos ' hsllm Is
X181 CH,4 8,435 | 7,599 | 7,282 | 8,393 12,296 2,32} 0,91 —b 1 7,761,6914,77] 0,007
X11 JCN 9,054 | 8,347 | 7,660 | 8,897 | — | 2,18) 0,94|—-0,23] 7,99]1,70}4,96] 0,002
X111 {COCH, {9,156 18,305 {7,586 | 8,822 12,663 2,301 0,90 -b 7,9711,7214,821 0,002
X1V |COOCH, | 9,114 | 8,308 | 7,600 | 8,857 13,932] 2,23] 090| —b | 797|1,74]4,85] 0,002
XV iN{(CH;)2 8128 7,071 17,165 [ 7901 §2913} 3,12 0,71{—0,20| 8,511,35(4,55| 0,010
XVI INO, 9396 863617771 | 9,006 | — 2,711 0,73]—0,32] 8,45|1,48(4,79 0001
XVII [OCH, 8,320 ] 7,384 17,339 | 8,189 13,833 3,05 0,691 —0,23| 8,46{1,36(4,65 0010
XVIIT|Cl 8,657 | 7,956 1748218571 — }257|0761—-02648,25(1,42(4,73 0,001
X1X |Br 8,733 18,076 | 7419 [ 8,596 | — |2,44]0,771—-0,26} 8,21]1,43(4,72} 0,001

a) SSCCs of the protons of the methyl group: J. = —0.66,
= —0.70, Js = 0.40, Je = =0.55 (£0.03) Hz. b) |JIgul
0.15 Hz.

formation that can be obtained from an analysis of the influence of substituents on the ‘H—'H
SSCCs and the chemical shifts of the protons and the *3C nuclei[8].

The calculated values of the *®C—'H SSCCs for nitrogen-containing heterocycles are in
poor agreement with their experimental values [9]. It has been shown [10] that, at the pres-
ent time, in order to predict the influence of substitution on the **C—'H $SCCs, correlations
with empirical parameters are more useful than theoretical calculations, Consequently, the
aim of the present work was to study the empirical dependences of the **C—'H SSCCs in 2~ and
3-substituted pyridines on the properties of the substituents.

We have made a complete analysis of the proton—coupled *°C NMR spectra of a number of
2- and 3-substitute pyridines recorded under standard conditions using the parameters of the
PMR gpectra, The compounds investigated contained substituents which, in relation to the
degree of their action of the systems studied, may be arbitrarily divided into the following
groups [8]: electroneutral — H, CHs; w—-acceptors — CN, NOp, COCHz, COOCH;; w—donors —
N(CHs)z2, OCHs; and halogens — Cl, Br.

Tables 1 and 2 give the parameters of the PMR spectra of the 2- and 3-substituted pyrid-
ines. The negative sign of Jyz¢ in the 3-substituted pyridines follows from the calculations
of the PMR spectra of pyridine and 3-cyanopyridine; in the other compounds the sign of the
constant is taken by analogy with these values. On comparison of the values obtained for
the 'H—'H SSCCs with those known previously [11-13], a difference between the results of up
to 0.2 Hz can be seen, which may be connected with errors in the investigations performed
previously and also with the influence of the solvent and the concentration of the compounds
under investigation on the values of these constants [14].

The parameters of the PMR spectra obtained were used in an analysis of the proton-
coupled *3C NMR spectra. The spectrum of each '®C-isotopomer was calculated separately. As
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TABLE 6. Parameters of the *?C~'H SSCC Correlation in 2-Sub-
stituted Pyridines (JPYY) and Monosubstituted Benzenes (Jb2)
Calculated from the Equation JPYY = AeJbz 4+ B

prr Ibz A B r s AIpyr’ Hza
203 212 0,871 1,80 0,978 0,32 4,49
354 313 1,223 —2,24 0,977 0,39 458
336 33 0,748 5,37 0,944 0,37 2,05
4o 4 1,394 0,86 0,946 0,11 0,93
a3 U 1,039 —0,08 0,981 0,91 12,62
3134 2] 94 1,009 —0,19 0,953 0,06 0,78
3 g5 3/ 24 1,223 -2,77 0,899 0,11 0,83
4 ss 4J 35 — —_ 0,172 — 0,14
" a3 1,125 — 15,66 0,988 0,43 9,85
23 25 0,732 —0,04 0,958 0,11 1,07
R 2] 34 1,443 —0.88 0961 011 0,93
346 335 0,880 —0,63 0,956 0,10 1,12
WYes s 1,078 —7,13 0,952 0,45 448
254 243 — — 0717 — 0,36
256 243 1,743 6,40 0,886 0,17 0,99
3Js3 34z — — 0,127 — 0,39
Jes a3 1,284 —25,44 0,965 0,94 9,28
25 23y 1,123 2,06 0,872 0,15 0,85
3 64 3 a5 0,864 0,37 0911 0.16 0,95
463 436 1,226 0,77 0,899 0,09 0,63

a) Range of measurement of JPYT,

an example, Fig. 1 gives the experimental and calculated spectra of 2-cyanopyridine. The
values of the chemical shifts of the *°C nuclei and the '°C~'H SSCCs in the 2- and 3-substi-
tuted pyridines are given in Tables 3 and 4. The majority of '3C~*H SSCCs obtained are ac-
curate to within 0.1 Hz. The deviation of the *3C—'H SSCCs in pyridine and 2-bromopyridine
from the values given in [4] amount to 0.3-1.4 Hz for the direct *Jcy SSCCs and are of the
order of 0.1 Hz for the mJgy long-range SSCCs, which is possibly connected with the influ~
ence of the medium.

A certain difficulty in the study of the NMR spectra of nitrogen-containing compounds
is presented by the quadrupole broadening of the lines caused by interaction with the **“N
nuclei. Calculations made from the equations of Kintzinger and Lehn [15] have shown that in
the *°C NMR spectra of pyridine such broadening of the lines does not amount to more than
0.1 Hz [4]. Similar values of the spectral broadening of the *3C NMR lines may also be ex-
pected in the case of the monosubstituted pyridines. In the PMR spectra, the signals of the
2-H and 6-H protons, which are close to the nitrogen, undergo pronounced broadening. This
is connected with the large values of the *“N—'H SSCCs for these protons (10-12 Hz [16]).
Consequently, in the present work, to determine the 'H—'H S$SCCs we used mainly the signals
of 3-H, 4-H, and 5-H protons the broadening of the lines of which is insignificant and is
within the limits of error of the experiment.

The values of the '°C—'H $SCCs in the 2- and 3-substituted pyridines obtained were com-
pared with the correspeonding constants in monosubstituted benzenes [10]. The lacking in-
formation in the monosubstituted benzene series [with the substituents COCHs, COOCHs, and
N(CH;) 2], which we obtained under conditions similar to those in [10], is given in Table 5.
The results of the comparison are given in Tables 6 and 7.

A linear interrelationship of the *?C—*H SSCCs in the 2- and 3-~substituted pyridines and
in the monosubstituted benzenes was found. The tangents of the angles of slope of the major-
ity of relationships that are given in Tables 6 and 7 are between 0.7 and 1.3, which shows
the moderate influence of the heterocycle on the '°C—'H spin—spin coupling in this series.
Complete absence of a correlation was found only for some long-range SSCCs nJCH, character-
ized by a small range of change under the influence of the substituent (<0.6 Hz). Further~
more, it is not excluded that some deviations from linearity in the relations presented may
be connected with the influence of the solvent on the concentration of the *®C—'H SSCCs,
since in [10] the results were obtained for highly concentrated solutions of compounds in
different solvents.

Earlier, for the case of halogen-substituted benzenes [17], an additivity of the influ-
ence of substituents on the *°C—!H $SCCs was established. In the light of the results that
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TABLE 7. Parameters of the '2C—'H Correlation in the 3-~Sub-
stituted Pyridines and Monosubstituted Benzenes®

ik P2 A B r s NRA
g g 1,165 —5.89 0,993 0.62 14,03
8]0y 806 0,960 —0,46 0,991 0,32 3,01
326 2524 1,241 1,80 0,829 0,11 0,89

25 o5 — — 0,855 — 0,40
2 s 21y 0,901 7,01 0,977 0,36 4,55
23 2f 19 0,954 —0,01 0,999 0,10 4,48
3535 ijj 13 0,793 0,65 0,979 0,23 294

%6 " — — 0,796 — 0,50
U oy 1,021 1,31 0,996 042 11,89
245 2f o3 0.805 —0,17 0,921 0.08 0,67
342 3526 0,787 (2),26 0,982 0,14 246

46 354 1,148 —~2.42 0.887 0.11 0.68
Ugs as 1,139 —16,96 0,994 0,32 9,72
54 23 1,136 —0.29 0,993 0,07 1,66
256 2] 3 1,609 6,49 0,961 0,11 1,11
ea 36 " — — 0,672 —_ 0,34
L m 1,364 —38.61 0.959 0.52 5.24
2565 343 1,268 1,78 g,gzg 0,05 o,gg

62 12 — — , — 0,3
364 3 4s — — 0,315 — 0,25

a) Analogous to the parameters of Table 6.

TABLE 8. Correlation Parameters of the Direct *Jcy SSCCs in
2- and 3-Substituted Pyridines (JPYY) with the F and R Con-
stants of Substituents from the Equation JPYT = AeF + BeR + C,

Hz
Na ]pyr A B c r s
2 Jas 17,90 1,17 162,63 0,934 1,84
Sy 8,67 4,52 163,13 0,988 0,54
Jss 6,19 0,14 164,17 0,964 0,45
Jes 11,84 3,64 177,46 0,966 1,05
3 Joo 19,97 1,62 176,62 0,952 1,74
Jua 16,08 2,89 161,85 0,951 1,54
55 9,54 3,93 163,56 0,990 0,48
Jeg 7,89 0,22 178,09 0,983 0,38

a) Position of the substituent.

we have obtained one may probably expect the appearance of an analogous effect for the sub-
stituted pyridines. 1In actual fact, an additivity of the influence of substituents on the
'JcH in polysubstituted pyridines (deviations from the calculated values not exceeding 2 Hz)
has been reported [6]. The hypotheses put forward probably extend to more complex nitrogen-
containing aromatic heterocycles. Thus, a study of the *®C—'H SSCCs in methyl- and amino-
substituted pyrimidines [18] has also shown the existence of an additivity of the influence
of the substituents.

With the aim of making a detailed study of the influence of substitution on the **C—'H
S8CCs in 2- and 3-substituted pyridines, a correlation has been made between these parameters
and the resonance and inductive constants of the substituents (Swainm—Lupton ¥ and R constants
in the interpretation of Hansch et al. [19]). As a result, satisfactory correlations have
been obtained for all the direct *Jcyg SSCCs (Table 8). However, for the majority of long-
range SSCCs, nJCH, no similar correlation was found, which confirms the conclusion made pre-
viously [8] on the basis of results from monosubstituted benzenes that it is impossible in
general to describe the *®C—'H SSCCs satisfactorily within the framework of linear two-param-
eter relations.

In the present work we have investigated the possibility of describing the other param-
eters of the PMR spectra and of the protein-coupled '°C NMR spectra of the 2- and 3-substi-
tuted pyridines with the aid of the inductive and resonance constants of the substituents.
As a result, satisfactory correlations with the F and R constants have been obtained for all
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the chemical shifts of the protons (r = 0.96) and the chemical shifts of the '*C nuclei pres-
ent in the para position to the substituent (r = 0.99), which confirms the conclusions drawn
by Smith and Proulx [3]. To improve the description of the parameters of the spectra these
authors [3] have proposed to use additional data characterizing the electronic nature of the
substituents (parameters of Schaefer's ortho effects). However, the use of these parameters
(together with the F and R constants) within the framework of three-parameter relations gives
definite improvement only for the description of the chemical shifts of the *3C nuclei and

is of little significance for the interpretation of the *H—H and *®C—*H SSCCs.

EXPERIMENTAL

The PMR and *®C NMR spectra were recorded on a Bruker WP 200 SY spectrometer working in
the pulsed regime (working frequency for protons 200.13 MHz and for *®C nuclei 50.33 Hz) at
23 + 2°C for solutions of the pyridines in DMSO-De (1 M) containing 3-5%7 (by volume) of TMS.
Stabilization was effected with respect to the NMR signal of the deuterium of the solvent.

Conditions for Recording the Spectra., PMR spectrat! 5-mm ampul, 4-10 accumulations;
widths of the full spectrum 2 kHz, numerical resolution 0,25 Hz} aromatic region of the
spectrum: width 400 Hz, numerical resolution 0.05 Hz. *°C NMR spectra: 10-mm ampul; width
of the full spectrum 10 kHz, numerical resolution 0.6 Hz, number of scans >100, regime of
complete spin decoupling from protons; aromatic region of the spectrum: 2-3 kHz, numerical
resolution 0.12-0.18 Hz, number of scans >2000, delay between pulses 15-20 sec, regime of
"proton-pumping' between the pulses.

In order to simplify the proton-coupled '®C spectra for the methylpyridines we used
selective spin decoupling from methyl protons (amplitude of the irradiating field 10-15 Hz,
which led to errors in the measurement of the *°C—*H SSCCs under our conditions of not more
than 0.01% [10]). A similar regime was used for compounds containing methyl groups within
the substituent.

The width of the lines (at half-height) in the PMR spectrum was 0.2-0.3 Hz (for the 2-H
and 6-H protons, 0.4-0.8 Hz), and in the proton-coupled '3C NMR spectra it was 0.3-0.5 Hz.

The NMR spectra of the monosubstituted benzenes (Table 5) were recorded for 507 (by
volume) solutions of the compounds in acetone-Ds under conditions similar to those given
above.

All the spectra were calculated with the aid of the PANIC iteration program (in the
LAOCOON version) on an ASPECT-2000 minicomputer, The *°C NMR spectra were calculated as
ABCDX five-spin systems, where X is a '*C nucleus (for pyridine and benzenes, six-spin sys-
tems). The initial values of the *?C—'H SSCCs were taken from the literature [4, 5] and
from a comparison with the parameters for benzenes [10]. The number of lines assigned in
the calculations was 21-24 (PMR spectra of the 2-substituted pyridines; signals of the 3-H,
4-H, and 5-H protons), 14~16 (PMR spectra of the 3-substituted pyridines; signals of the 4-H
and 5-H protons); or 12-17 (*3C NMR spectra; for the signals of each '°C nucleus); in the
case of pyridine and the benzenes, for all the different transitions in the spectra.

The values of the mean square deviations of the experimental and calculated transition
frequencies obtained are given in the tables. The standard deviations for the calculated
parameters (taking the numerical resolution into account, were about 0.02 Hz for the ‘H—H
$SCCs and 0.03-0.05 Hz for the *3C—*H SSCCs, apart from the constants for the substituted
carbon atoms C(z) and C(s), which were determined with an accuracy of 0.2 Hz (*Ja. and *Jae
in 2-nitropyridine, 0.5 Hz). The error in the determination of the Jzs SSCCs from the PMR
spectra of the 3-substituted pyridines was 0.05 Hz. The chemical shifts of the nuclei were
determined from the full PMR and ‘C-{'H} NMR spectra with accuracies of 1¢107° and 241077
ppm, respectively (the correction for infinite dilution did not exceed 4¢10~% and 0.1 ppm).

The compounds investigated were obtained by known methods [20], and the values of their
physical constants agreed with those given in the literature. The prepared samples, before
the recording of the spectra, were subjected to additional purification, and their purity
was checked by TLC and GLC.
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NEW METHOD OF SYNTHESIZING PYRIDYL- AND
QUINOLYLCARBONYLARENECARBOXYLIC ACIDS

G. A. Karlivan and R, E. Valter UDC 547.589.5'824'831.8:541.62

An original method has been developed for the synthesis of a number of pyridyl-
and quinolylcarbonylarenecarboxylic acids by condensing anhydrides of aromatic
dicarboxylic acids with picolinic and quinaldic acids. The characteristics of
the IR spectra of the compounds synthesized are given, and their ring-chain
equilibrium transformations are discussed. It has been shown that the protona-
tion of the nitrogen atom of the heterocycle stabilizes the cyclic form.

We have previously detected the stabilization of the ring form of 2-(imidazol-2-ylcarb-
onyl)benzamides by the protonation of the imidazole ring [1, 2]. It appeared of interest to
investigate the influence of this effect on ring-chain equilibrium systems of keto carboxylic
acids and their derivatives having other nitrogen heterocycles attached to the keto group.

The aim of the present work was to synthesize and investigate pyridyl- and quinolylcarb-
onylarenecarboxylic acids.

2-(2-Pyridylcarbonyl)benzoic acid (Ia) has long been known, but the methods previously
used for its preparation [3, 4] involve many stages and are laborious. We [5] have obtained
the acid (Ia) by condensing phthalic anhydride with picolinic acid at the temperature of de-
carboxylation of the latter (160-165°C) in a high-boiling organic solvent (nitrcbenzene,
benzonitrile, cymene, diethyleneglycol diethyl ether). This method is favorably distinguished
from those known previously [3, 4] by the fact that it is a single-stage process, by the use
of readily available reactants, and by the simplicity of its practical performance.

We have studied the possibility of expanding the boundaries of this method by using carb-
oxylic acids of other nitrogen heterocycles, and also the anhydrides of other aromatic di-
carboxylic acids. Thus, in the analogous reaction of naphthalic and diphenic anhydrides with
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