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Foram registrados os espectros de 3C-NMR de 21 diferentes derivados de nafto-
quinonas substituidas possuindo anéis de furano, diidrofurano e pirano ligados & es-
trutura de 1,2 ou 1,4-naftoquinonas. A analise dos espectros mostra que o desloca-
mento quimico do C-3 (séries 1,4) e C-1 (séries 1,2) dependem do tamanho do anel
heterociclico. Esses sinais podem ser usados para distinguirmos entre orfo de para-
quinonas e diidrofurano de piranonaftoquinonas.

The BC NMR spectra of 21 differently substituted naphthoquinone derivatives hav-
ing furan, dihydrofuran and pyran rings attached to a 1,2 or 1,4-naphthoquinone skele-
ton have been recorded. Analysis of these spectra has shown that the chemical shift
of C-3 (1,4 series) and C-1 (1,2 series) depends on the size of the heterocyclic ring.
These signals can be used as a probe distinguishing between ortho and para-quinones
and of dihydrofuran from pyranonaphthoquinones.
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Introduction

During previous work dealing with a program of syn-
thesis of biologically active naphthoquinones! and '3C
NMR spectroscopy of numerous compounds of this
class?, we undertook a 3C NMR study of 1,2- and 1,4-
naphthofurandiones and 1,2- and 1,4-naphtopyrandiones
(Fig. and Table 1). Although some reports** on the BC
NMR spectra of naphthoquinones have appeared, to our
knowledge there is no exclusive report of such studies on
naphthofurandiones and naphthopyrandiones. The infor-
mation derived from the spectral analysis of compounds
1-21 can be used to differentiate between ortho and para-
substituted isomers and establish the size of the heterocy-
clic ring attached on the naphthoquinone moieties.

Experimental

The preparation of the compounds studied in this work
has been reported elsewherel2. All spectra were obtained
with the use of pulsed Fourier transfarm techniques. The
carbon chemical shifts were measured downfield from
TMS, in CDCY, solution in 5Smm tubes (100 mg/m¢f). The
pulse width was 20ys, corresponding to a field angle of
45 degrees, and the spectra were recorded at 25.5 MHz
on a Varian XL-100 spectrometer. The numbering systems
utilized are shown in compounds 1, 12 and 14 (Fig. 1).

Results and Conclusions
In order to use *C NMR analysis to determine posi-
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tion and size of the attached ring, it is necessary to find
a probe which can be easily located in the 3C NMR
spectra, has an unambiguous assignment and is distant
from other functional groups. The carbon C-13 in furan
or pyran of the 1,4-series, corresponding to C-1 in the
1,2-series, proved to be the most satisfactory for this pur-
pose. A deshielding effect of ca. 7 ppm in the
1,2-naphthoquinones series (e.g., 13) as compared to the
1,4-series (e.g., 15) was observed. This increase in the &
value may be due to better conjugation with the carbonyl
in the 1,2-series. The size of the heterocyclic ring also af-
fects these carbons and a smaller deshielding effect of ca.
5 ppm in 1,4-naphthopyrandiones compared with
1,4-naphthofurandiones (e.g. 9 and 12) was observed. The
same effect was present in the 1,2-series. The orientation
of the methyl group attached to C-15 is syn to the group
in C-12 (compounds 10, 12, 15, and 16) due to a y-effect.

The magnitude of the observed effect for these two car-
bons is sufficiently large to make it useful for distinguish-
ing between ortho and para-naphthoquinones with a fu-
ran or pyran ring attached to them.
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Table 1. 1¥C chermnical shifts (5) in ppm of naphthoquinones studied (ppm relative to internal TMS in CDCY;
solution).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

C-1  184.0 184.0 184.0 180.2 180.5 180.4 159.2 159.5 182.1 182.2 168.5 183.4 185.3 161.7 159.9 161.6 181.3 180.1 160.4 183.7 161.2
C-2  118.6 118.6 119.8 130.3 131.5 131.2 122.3 122.2 123.2 123.2 114.8 119.8 120.2 112.4 111.0 113.4 117.6 117.8 112.3 123.4 116.4
C-3  151.1 151.1 154.1 152.5 151.4 151.2 174.1 174.1 158.6 160.0 175.3 154.1 154.4 178.8 177.7 178.5 152.1 150.5 174.1 153.8 178.0
C-4 181.1 181.1 180.9 178.3 178.2 178.2 181.0 181.0 177.9 178.6 180.9 179.1 179.6 179.3 178.8 178.8 179.3 178.8 178.6 179.6 179.8
C-5 1257 125.7 126.6 126.4 126.6 126.4 135.1 135.1 125.9 126.0 134.4 125.8 126.2 134.6 134.7 135.0 125.9 126.0 135.0 125.6 134.6
C-6 132.8 132.8 132.8 133.7 133.6 133.5 130.1 130.0 132.6 132.7 132.1 132.5 133.1 130.4 130.6 131.9 132.9 133.8 131.6 132.5 132.5
C-7 134.6 134.6 134.6 133.7 133.3 133.2 129.6 129.6 133.9 134.2 128.9 133.5 133.9 127.9 127.6 128.9 133.7 133.4 128.9 133.5 127.8
C-8 126.8 126.8 126.0 126.4 126.6 126.4 121.8 121.8 125.7 126.1 124.3 125.6 125.7 123.9 123.9 125.1 125.9 126.3 124.2 125.6 124.2
C-9 132.6 132.3 132.6 132.3 132.4 131.7 130.0 129.9 132.8 133.0 127.6 131.6 131.6 129.7 129.5 130.2 131.2 131.1 130.1 132.3 130.0
C-10 129.3 129.3 129.3 133.0 132.9 132.4 128.4 128.5 131.4 131.4 130.5 130.8 130.6 132.3 131.6 130.7 131.2 130.9 130.6 130.6 130.3
C-11 117.7 115.8 23.1 108.5 103.3 102.1 102.8 101.6 40.0 83.3 39.1 166 59.6 16.0 249 67.0 1152 1189 118.8 35.5 35.1
C-12 145.2 150.2 62.1 148.4 165.6 169.3 161.3 165.2 91.8 93.9 93.6 26.5 39.5 314 66.5 555 130.6 134.3 1204 479 47.8

C-13 28.0 334 1703 — 21.7 283 213 27.8 283 264 283 77.8 784 79.2 81.4 830 80.2 83.8 855 B8l.l 823
C-14 133 222 207 — 16.6 206 11.6 20.7 283 204 283 265 269 266 213 269 283 269 27.3 26.8 27.0
ci15s  — 222 — — — 206 — 2.7 — 674 — 265 269 266 249 233 283 269 273 222 222

c16 - — — - - - - — 153 — - - - = = — = = =
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