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13C.NMR spectral parameters were obtained for chalcone and fourteen its aza- and diazaana-
logues. Relative conformation of the carbonyl group with respect to the double bond was studied
using changss in 3J(C(lz)—Ha) and PCILO method. PCILO calculations together with experi-
mental results show that with 2’-, 3’-, and 4’-azachalcones the s-cis isomer is the most stable
form. Whereas the molecule of 2’-azachalcone is planar or nearly planar, in 3’- and 4’-aza-
chalcones the carbonyl group and the olefinic bond planes make angle of 45°.

Physico-chemical properties of azachalcones were studied intensively using various
experimental methods' ~¢. 'H-NMR spectra of these compounds were also stu-
died!+%-%. It was found that similarly to chalcone itself, the more stable forms of aza-
chalcones are their trans-isomers. The effect of aromatic solvents on chemical shifts,
well known as ASIS (Aromatic Solvent-Induced Shift”), was studied in the series
of substituted azachalcones®.

In this work, the !3C-NMR spectra of chalcone and fourteen aza and diaza-
-chalcones were studied. Further, the stereochemistry of these compounds was
investigated. In the case of 2'-, 3'- and 4’-azachalcones, the results of NM R studies
are compared with theoretical PCILO calculations.

EXPERIMENTAL

All studied compounds weare synthetized according to the procedures already described® =10,
0-1M solutions in CDCly were used. 3C.NMR spectra were measured on a Jeol FX-100 spectro-
meter equippad with the PG-200 programable pulse generator enabling selective spin excita-
tions'!. 13C-NMR chemical shifts wzre d:termined from the 6 kHz spectra with accuracy
+0-1 ppm. Tetram:thylsilane szrved as an internal standard. Proton-coupled spectra were
recorded using the gatsd decoupling preserving NOE in order to improve the S/N ratio. Spectral
width of 2-5 kHz and 16 K data table were uszd, providing the digital resolution of 0-3 Hz. Where
an extensive signal overlap prevented the analysis of some subspectra, the method of selective
excitation was employed (Fig. 1). The spectral parameters of H, and Hn protons, necessary
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for analysis of the C,-subspectra, were obtained from the IH-NMR spectra of 0-5M solutions
in CDCl,.

PCILO calculations'? of carbonyl group rotation in 2’-, 3’- and 4’-azachalcones were per-
formsd on a Siemsns 4004/100 computer using the QCPE (Quantum Chemistry Program Ex-

change) program No 220(ref.‘2)> For the theorzatical calculations the experimental geomelry13
was used.

RESULTS AND DISCUSSION

Table I summarizes the '3C chemical shifts of studied compounds. The signal as-
signment is based on the comparison of spectra and selective decoupling experiments.
Change in the nitrogen atom position or its absence in the aromatic ring attached
to the olefinic carbon atom has a marked effect on the chemical shifts of C, and Cg,
whereas the changes of the carbonyl carbon chemical shifts are negligible. On the
contrary, any change in the nitrogen atom localization in the aromatic ring attached
to the carbonyl has no substantial effect on the chemical shifts of these carbon atoms.
This fact indicates a loss of conjugation between the olefinic bond and the aromatic
ring attached to the carbonyl atom. The position of nitrogen also affects proton-car-
bon coupling constants observed on the olefinic carbon atoms. More suitable for the
study of this effect is the signal of C, carbon atom because its signal is less complicated
by long-range couplings. Since the chemical shift difference between H, and Hj
is small, the spectrum of C, carbon atom is not of the first order. The second-order
effects are clearly manifested in the spectrum of 2,2’-diazachalcone only (Fig. 1). Other
compounds display deceptively simple spectra, i.e. doublet of doublets but with
unequal line spacings that cannot be taken as the coupling constants. The magnitudes
of these constants were obtained using an iterative analysis program LAOCN3

JJ b
FiG. |

Detail of the '3C-NMR Spectrum of 2,2'-
-Diazachalcone

—176:6 Hz from the C,-resonance.

2 Proton-coupled spectrum. bC‘u-proton-
-coupled subspectrum obtained by selective | a

excitation of C,-spins. Pulse sequence: train

of fifty 0-5pus (2°) exciting pulses spaced

5-66 ms. Exciting f{requency was placed
128 124 ppm 120
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(ref.'*). From the results given in Table IT it follows that the absolute value of the
coupling constant 2J(C,—Hj) decreases with the increasing distance of the nitrogen
atom from the double bond. The largest value of the one-bond coupling constant
! J(C,—H,) is observed with compounds containing nitrogen atom in the position 2
and 2’, respectively. Its magnitude is somewhat lower in compounds having nitrogen
atom at the position 3 and 3’ or 4 and 4’, respectively.

The subspectra of pyridine ring carbons can be analyzed using the first-order
approach. We found that a change in the nitrogen atom localization or its absence
in the aromatic ring next to the olefinic carbon atom has a negligible effect upon the
magnitude of '3C—'H coupling constants in the aromatic ring attached to the
carbonyl group and vice versa.

Among various spin-spin couplings, the mos tinteresting is the coupling of H,-
-proton to carbon C(1') since it is a potential source of information on the conforma-
tion around the C,—C=0 bond. Besides the NMR method, we studied this con-
formation also by PCILO calculations. Fig. 2 gives the dependence of the potential
energy of 2'-, 3'- and 4’-azachalcones on the rotation angle 6 of the carbonyl group.
As it is well known, the PCILO method uses as zeroth-order approximation a com-
pletely localized description of the molecule. In the compounds studied there is some
ambiguity by choosing the appropriate zeroth- order wave function with respect
to the existence of several classical resonance structures. Practical criteria for over-
coming these inconveniences have been suggested':'®. We used that of Diner and
coworkers'® in the case of azachalcones, taking as a starting wave function that cne
having the best energy. According to our PCILO calculations, the s-cis isomers
of 2'-, 3’- and 4’-azachalcones are more stable. Although the s-cis isomer of 2’-aza-

12!
N3
kJ/mol
6
FiG. 2
PCILO Potential Energy Curves for the
Carbonyl Group Rotation
0' 1 2’-Azachalcone, 2 3’-azachalcone, 3 4/-
-azachalcone.
-30 90 o 180
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TABLE [

Chemical Shifts of Studied Azachalcones (in & scale)

H,3’'N

128-9°
128-8
129-0°
129:0
150-0
150-4
150-2°
150-2
122:0
122:2
122:0

Con  Cw
128:5°  130-4
1288 1305
1285 130-9
1286 1311
1501 1243
1501 1243
1501 1246
1503 1249
— 1510
— 1510
— 1515
— 1516
1505 —
1504 —
1508 —

ab Assignment can be reversed.

128-5"
128-8
12857
1286
1368
1366
1359
1370
123-7
123-7
123-8°
1239
150-5
150+4
150-8

128-9°
1288
129-0¢
1290
1252
124:6
125:6
125-8
134-5
1346
1346
134-7
122-0
122:2
122:0

122:0
120-8
121-3
121-1
125-4
124-8
124-6
124-5
123-7
122:8%
123-1
122-9
1259
1251
1253

144-6 190-2
144:6 1893
1459 189:0
1467  189-7
142-7 1902
143-0 1897
143-7 1889
144:5  189-8
140-7 1895
140-6 1888
142:0 1885
142:9 1892
141-2 189-4
141-1 1889
1426 1885

1381
154-1
133-4
144-3
137-8
153-8¢
132:9
143-9
137-7
1537
133-1
143-8
137-3
1535
132:8

Cian

1284
148-8

150-7
1286
148-9

150-9
12857
148-9

150-9
128-5¢
148-9

132:7
126-8
1531
1330
127-0
153-3
133-1

127-1

153-5
1332
1272
1537

Can Gy Cen

1284
136°9
123-6
1507
1286
1369°
1235
150:9
128-5°
1370
123-7°
150-9
128-57
1371
123-8

128-4
122-8
1358
121-4
128-6
122:7
135-8
121-5
128-6%
122:9°
135-9
121-4
128-7¢
122-9
1359
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chalcone is planar, the energy changes accompanying deviations from planarity
are small for angles 6 < 30°. With 3'- and 4'-azachalcone, the more stable forms
are non-planar s-cis isomers having dihedral angle § = 45°.

From our NMR study it follows that the coupling constant of H, to C;+ in 3'-
and 4'-azachalcone is very small and is not observed in the spectra. This coupling
is observed in the spectrum of 2’-azachalcone. However, owing to the complicated
Cy+y-subspectral pattern caused by additional small long-range couplings, we made
only a rough estimate of 3J(C.,—H,) about 1 Hz. All vicinal '*C—'H coupling
constants generaly show a characteristic Karplus-type dependence on the dihedral
angle 0. Thercfore we attempted to use the extracted 3J(C,.,—H,) values for the
determination of conformation of studied molecules with respect to the C,—C=0
bond. To obtain some estimates of the magnitude of H—C—CO-—C (sp?) couplings
in the s-cis and s-trans conformations, we measured the spectra of model compounds
(p-quinone, enol form of 2,4-pentanedione and 4-phenyl-3-buten-2-one). Analysis
of the high-resolution proton-coupled '*C-NMR spectrum of p-quinone provided
the value of 4-5 Hz for *J(C,;—Hg,), corresponding to the s-trans conformation.
The enol form of 2,4-pentanedione served as a model for s-cis conformation; the
coupling constant between the methyl group carbon and methine hydrogen atom
amounted 1-7 Hz. The same value was also found for the corresponding coupling
in 4-phenyl-3-buten-2-one.

Assuming validity of a Karplus-type model for the 'H—'3C vicinal couplings
in studied azachalcones, the following conclusions can be made: a) The value of
3J(Cyy—H,) = 1 Hz H found in 2'-azachalcone indicates that this compound
exist in nearly planar s-cis form. b) Since the value of >J(C(,,—H,) is practically
zero in 3'- and 4'-azachalcones, their s-cis isomers are non-planar. These conclusions
are supported also by PCILO calculations for the above mentioned compounds.

TaBLE IT
2J(C,,—«HB) and 1J(Cﬂ—H(,) Coupling Constants (Hz)

Chalcone 21(C,—Hp) Lj(c,—H,)
2’-aza —2:9 1616
3’-aza —26 157-3
4’-aza —2:4 157-8
2,2’-diaza —3-8 1654
3-2’-diaza —33 162:0
4,2'-diaza —32 162-7

Collection Czechoslovak Chem. Commun. [Vol. 46] {1981}



13C.NMR Spectra of Azachalcones 1491

woN =

w

= o

REFERENCES

. Cussac M., Boucherle A., Pierre J. L.: Bull. Soc. Chim. Fr. 1974, 1427.
. Colleman L. E.: J. Org. Chem. 2/, 1193 (1956).
. Terentiev A. P., Gracheva P. A., Preobrazhenskaya N. N., Volkova L. M.: Zh. Obshch.

Khim. 33, 4006 (1963).

. Tsukerman S. V., Nikitchenko V. M., Bugai A. 1., Lavrushin V. F.: Zh. Strukt. Khim. 10, 485

(1969).

. Tsukerman S. V., Orlov V. D., Yashchenko A. 1., Lavrushin V. F.: Teor. Eksp. Khim. 6, 67

(1970).

. Tsukerman S. V., Yashchenko A. I.: Zh. Obshch. Khim. 38, 524 (1968).
. Emsley J. W., Feeney J., Sutcliffe L. R.: Progress in NMR Spectroscopy, Vol. 3, p. 348.

Pergamon Press, Oxford 1967.

. Krasnec L., Durinda J., Sziics L. Chem. Zvesti 15, 558 (1961).

. Durinda J., Kolena J., Sziics L., Krasnec L., Heger J.: Cesk. Farm. 16, 14 (1967).
. Durinda J., Sziics L., Krasnec L., Springer V., Kolena J., KeletiJ.: Acta Pharm. Bohemoslov.

12, (89 (1966).

. Morris G. A., Freeman R.: J. Magn. Resonance 29, 433 (1978).

. Diner S., Malrieu J. P., Jordan F., Gilbert M.: Theor. Chim. Acta 75, 100 (1969).

. Interatomic Distances, The Chemical Society, Spec. Publ. No 11 (1958).

. De Los F. de Tar (Ed.): Computer Programs for Chemistry, Vol. 1, p. 10. Benjamin, New

York 1968.

. Diner S., Malrieu J. P., Claverie P.: Theor. Chim. Acta 13, 1 (1969).
. Martin M., Carb6 R., Petrongolo C., Tomassi J.: J. Amer. Chem. Soc. 97, 1338 (1975).

Translated by P. Sedmera.

Collection Czechoslovak Chem. Commun. [Vol. 46) [1981]





