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Synopsis. 13C Nuclear magnetic resonance spectra
of some naphthyridines were measured and the chemical shifts
were compared with those theoretically calculated by an
SCF-MO method of rm-electron system. Fairly good linear
relationship is observed between these values.

In the course of the investigations on the syntheses of
naphthyridines and related compounds by modified
Skraup reactions,!) some naphthyridines were obtained
and their 33C NMR spectra were measured. The 13C
chemical shifts of the naphthyridines are shown in
Table 1, together with the electron densities obtained
by simple-LCAO and SCF(Pariser-Parr-Pople approxi-
mation) MO calculations.?) The unambiguous assign-
ment of the chemical shifts were obtained by the selec-

tive heteronuclear decoupling.

TABLE 1.

13C CHEMICAL SHIFTS AND 7-ELECTRON DENSITIES
OF 1,X-NAPHTHYRIDINES

Compound

Chemical shift 7z-electron

Position

of C

density

atom Obsd./

ppm

Simple-
LCAO

SCF

1,5-Naphthyridine

1, 6-Naphthyridine

1,7-Naphthyridine

1,8-Naphthyridine

—
BON QOO IO B LON O©Oh ON

SOhWON SO,

—

—22.55
+4.25
—8.81

0 —15.41

—26.26
+5.99
—7.06

—24.39

—18.42
+4.83

—21.92
+6.38

—23.42
+3.42
—6.13
+8.68

—15.23

—25.73

—14.81
—2.61

7 —27.64
6 +5.70
5 —8.62
—24.97
+6.38

—_ 0 g0

- e e

0.8989
0.9929
0.9448
0.9582

0.8812
1.0086
0.9168
0.8847
0.9303
1.0211
0.9325
1.0052

0.8951
0.9927
0.9346
0.9973
0.9487
0.9088
0.9606
0.9774

0.8827
1.0112
0.9218
0.9123
1.0035

0.8464
1.0202
0.9506
0.9403

0.8034
1.0572
0.9331
0.8294
0.8698
1.0380
0.8597
1.0601

0.8495
1.0084
0.9646
1.0347
0.9027
0.8321
0.9505
0.9714

0.8171
1.0516
0.9474
0.8268
1.0505

13C Chemical shifts of aromatic hydrocarbons have
been correlated approximately with the z-electron den-

sity by the following equation:®

Ao, = a(g,—1)

where Ao, is the chemical shift from benzene and « is a
constant which is estimated to be 160 ppm by Lau-
terbur.? In order to examine the applicability of the
equatoin to six-membered nitrogen heterocycles, the
13C chemical shifts were plotted against the z-electron
densities calculated by the SCF-MO method, and shown
in Fig. 1. The full line in this figure illustrates the
correlation line for =160 ppm. The best fit value for
this series of compounds was estimated to be about
140 ppm by the least-square calculation of the most
appropriate slope of the correlation line as illustrated
by the dotted line in the figure, and this value is close
to the « value for aromatic hydrocarbons.

The observed and the theoretical spectra of 1,6-
and 1,7-naphthyridines were given in Fig. 2. The
theoretical spectra were calculated by the equation
with the best fit parameters (See Fig. 1). Thus, the
less elaborate n-electron calculation is proven to be

10

1
1.00

q:

Fig. 1. 13C Chemical shift vs. electron density plot.
The full line in this figure corresponds to the equa-
tion 46;=160 (¢.—1), and the broken line to the
best fit equation 40,=139.8 ¢,—140.7. The chemi-
cal shifts of naphthyridines investigated are illustrated
by O, and those of other six-membered aromatic
nitrogen heterocycles by @.
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Fig. 2. Observed and calculated *C chemical shifts

of 1,6- and 1,7-naphthyridines.
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nearly as well useful as those including all valence
shell electrons® to predict the 3C chemical shifts of
these heterocycles. The simple LCAO-MO calcula-
tion also predicts the 3C chemical shifts of nitrogen
heterocycles qualitatively. However, the correlation
between the observed and the theoretical chemical
shifts is poorer.

The authors are grateful to Dr. M. Imanari of the
Japan Electron Optics Laboratories Co. for the measure-
ment of 13C NMR spectra.
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