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SUMAMARY

The normal and noise-decoupled '3C n.m.r. spectra of benzanthrone and its
derivatives are recorded. The spectra are analvsed by single-proton decoupling and
compared with spectra of its simple derivarives.

1. INTRODUCTION

Benzanthrone (7H-benz(de)anthracen-7-one) and its derivatives are considered
anthraquinone dye intermediates of importance because of the valuable tinctorial
properties of their more complex analogues. In spite of the considerable variety of
chemical compounds studied by '*C n.m.r., '3C investigations of polycyclic
aromatic quinones! are surprisingly lacking; these data contribute to the general
understanding of the systems. Carbon-13 n.m.r. chemical shifts of polycyclic
aromatics are shown to provide useful information about the substitution pattern in
the system.

2. EXPERIMENTAL

Samples of benzanthrone (3), 2-chlorobenzanthrone (4), 3-chlorobenzanthrone (5),
3-bromobenzanthrone (6), 3-nitrobenzanthrone (7), 11-nitrobenzanthrone (8), 3-
methoxybenzanthrone (9) and 4-methylbenzanthrone (16) were obtained from ICI
Organics Division, Grangemouth, Great Britain, and purified by simple crystalli-
sation from chloroform—petroleum ether (40-60 °C). Their purity was checked by
t.l.c. and-melting point. - '
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The ! *C spectra of the compounds were obtained by the pulsed Fourier transform
technique at 45-28 MHz on a Bruker WH180 WB spectrometer. Samples were
studied in tubes of 12 mm outer diameter with concentrations at 0-24 m in CDCl,.
The deuterium of the solvent was used as a field-frequency lock and all chemical
shifts are expressed on a d-scale downfield from internal tetramethylsilane (TMS).
Proton irradiation was carried out for benzanthrone and its derivatives at low
decoupler power no-noise modulation at various frequencies on a Jeol FX 90Q
instrument.

3. RESULTS AND DISCUSSION
The !'3C chemical shifts of model compounds phenalenone (1) and its 3-methoxy

derivative? are included. The numbering scheme and structures for phenalenone (1)
and benzanthrone (3) are illustrated.

Assignments of resonances were accomplished using several methods. Initially,
reduced intensities of all quaternary centres were evident, permitting ready
distinction between these resonances and those due to carbons bearing hydrogen.
Increased relative intensities for quaternary carbons were observed by the addition
of the relaxation reagent Cr(acac), which is known to attenuate greatly the spin-
lattice relaxation times.?

The decoupled spectrum of benzanthrone can be divided into two groups of
peaks, namely those from ten ' H-bearing carbons and those from seven quaternary
carbons. The !3C chemical shifts of benzanthrone fall within a fairly narrow range
(6 122-136). The ! 3C chemical shifts of phenalenone (1), 3-methoxyphenalenone (2)
and benzanthrone (3) and its derivatives (4-10) are given in Table 1, and substituent
chemical shifts for benzanthrone are given in Table 2.

Rama Rao and Vaidvanathan* have reported the proton nuclear magnetic
resonance spectrum of benzanthrone. All the aromatic protons appeared in the
region 7-5-9-0 and could bc assigned by a simple first-order analysis. The spectrum
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of the compound could be divided into two regions. The region 8-66-7-86
corresponds to six protons (6-H, 8-H, 1-H, 11-H, 4-H and 3-H) appearing as
doublets or doublets of doublets and the remaining four protons (5-H. 10-H, 2-H
and 9-H) appeared in the region 7-67-7-47 as doublets of triplets.

3.1. 'H bearing carbons

The protons at C-6 and C-8 are expected to absorb at lower field (8-4-8-70) due to
proximity of the C=0 group. and H-6 appears downfield (8-68) compared with H-
8. Selective 'H decoupling at 8-50 sharpens the signal at 129:60 and hence C-6 has
been assigned this value. Similarly selective irradiation at 8-25 sharpens the carbon
signal at 128-02. and this has been assigned to C-8.

Rings A. B and D constitute a phenanthrene unit and protons at C-1 and C-11
appear at low field (8:20-8-30) as they come under ring current eflfects. Selective 'H
decoupling at 8-20 sharpens the carbon signals at 122-96 and 123-95, which are
shielded from the well-known *}" steric effect.® Since H-11 appears upfield (8-21)
when compared with H-1. the peak at 122-96 has been assigned to C-11.

The protons at C-2 and C-9 appear at higher field (7-49~7-56). Irradiation at 7-00
sharpens the peak at 128-15. Since H-9 appears at the highest field in the proton
spectrum. C-9 has been assigned 128-15. Irradiation at 7-50 sharpens peaks at
126-44 and 128-15. Since H-2 appears downfield when compared with H-9, the peak
at 126-44 has been assigned to C-2.

Rings C and D constitute a naphthalene unit and the carbons at peri-positions (C-
3 and C-4) are expected to appear at low field. Irradiation at 7-80 sharpens the peak
at 129-99 since H-3 appears upfield (7-86) when compared with H-4, the peak at
129-99 has been assigned to C-3.

In addition to selective decoupling. changes in chemical shifts due to substituents
in the ring have been used to confirm the assignments. The B. C and D rings of
benzanthrone constitute a phenalenone (1) ring, and the values for C-2, C-3, C-4 and
C-6 for benzanthrone (3) and 3-methoxybenzanthrone (9) are in agreement with the
values obtained for phenalenone (1) and 3-methoxyphenalenone (2) respectively.

3.2. Quaternary carbons

The assignment of the carbonyl shift (C-7) is quite obvious, but assignments of the
remaining quaternary carbons remain speculative. The chemical shift of the
carbonyl resonance in compounds (4-10) is dependent on the substitution pattern in
the benzanthrone ring.

The tentative designations of the remaining quaternary carbons in benzanthrone
are based upon the differences that are observed in the chemical shifts of the
quaternary carbons of its derivatives. As in the case of other polycyclic aromatic
compounds,” C-11b and C-11ic will be the most shielded of those arising from
quaternary centres, and C-3a and C-11a will be least shielded. C-3a_. C-6a, C-11b
and C-llc are assigned. based on the values obtained for phenalenone (1). The
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chemical shift of C-11a remains unchanged in compounds (9) and (10). Hence C-11a
has been assigned 136-11.

3.3. Substituent effects

Carbon-13 chemical shifts primarily reflect the electronic charges at the carbon,
and substituent-induced chemical shifts (SCS) have similarly been shown to refiect
the distribution of charge caused by the substituent. The distribution of charges can
be influenced by many factors—mesomeric. inductive, steric or direct electric field
effects in addition to magnetic anisotropy effects. Substituent effects in naph-
thalenes and anthracenes are parallel to those found in substituted benzenes, and
substituent chemical shift values are remarkably additive. These generalisations are
also applicable to benzanthrone derivatives. Since rings C and D constitute a
naphthalene unit, substitution in the ring C or D mainly affects the chemical shifts of
carbons in rings C and D.

In the case of 3-chlorobenzanthrone (5), the carbon attached to the halogen
group is shifted downfield by 4-28 ppm and the carbon (C-4) at the peri-position is
shifted upfield (3-82 ppm). The highfield shift of C-4 is due to the y (gauche)-effect.
As expected, C-6 is also shifted downfield (1-62 ppm). A chloro substituent at the 2
position, as in the case of 2-chlorobenzanthrone (4), shifts C-2 downfield by
6-25 ppm. C-3 and C-4 are shifted downfield by less than 1 ppm, and C-6 is subjected
to a downfield shift of 0-15ppm. This is in keeping with the observation that
substituent chemical shifts in 2-chloronaphthalene closely resemble those in
benzene. In the case of 3-bromobenzanthrone (6). C-3 is shifted upfield by 4-56 ppm,
and this is explained on the basis of a ‘heavy atom effect’: a downfield shift of C-2
(3-99 ppm) is also observed.

The introduction of a nitro group in the 3-position, as in the case of 3-
nitrobenzanthrone (7), results in the downfield shift of C-3 by 17-52 ppm; C-1 and C-
2 are shifted upfield and C-4 is moved upfield by 4-56 ppm. The highfield shift of
carbons ortho to a nitro group in naphthalene derivatives is due to direct electric
field effects.! In the case of 1l-nitrobenzanthrone C-11 is shifted downfield by
26-41 ppm. which is 8-89 ppm higher than the shift observed in the 3-nitro derivative.
This is because substituent chemical shifts in ring A resemble those observed in
benzene derivatives. Hence C-10 is moved upfield by 5-14 ppm and C-9 downfield by
0-30 ppm, whereas C-2 and C-1 in compound (7) are moved upfield by 2-22 ppm and
1-65 ppm respectively.

A methoxy substituent at the 3-position in 3-methoxybenzanthrone (9) causes a
somewhat larger downfield shift of C-2 (27-62 ppm) than that of a chloro, bromo or
methyl substituent. This is attributed to the carbon of the methoxy group having the
same effect as a f-carbon relative to C-3.8 The oxygen atom is regarded here as an ‘a-
C’ to C-3. The y-effect (upfield shift) on C-2 (21-86 ppm) can be explained by similar
reasoning.

The introduction of a methyl substituent at the 4-position as in 4-methylbenz-



248 A. VAIDYANATHAN

anthrone (10) causes only a slight upfield shift (0-39 ppm) at C-5. The carbon
attached to the methyl group is moved downfieid by 8-:09 ppm. The highfield shift of
C-3 has been attributed to polarization of the CH bond caused by steric
interactions.

It is possible to predict the substitution pattern in benzanthrone derivatives with
the help of '*C n.m.r. spectroscopy. It has been found that the substitution in the
ring C or D affects only the chemical shifts of carbons in rings C and D and the
substituent chemical shifts are similar to those observed in naphthalene derivatives
and are additive. Substituent chemical shifts in ring A resemble those observed in.
benzene derivatives.

ACKNOWLEDGEMENTS

Thanks are due 10 the Science and Engincering Research Council for a research
grant, to Mr M. W. Cooper and Dr L. A. Stenhouse for recording the spectra. to Mr
G. Howell for proton decoupling work. to Imperial Chemical Industries. Dyestuffs
Division. Great Britain. for supplying benzanthrone derivatives. and to Dr J. D.
Coyle for useful suggestions.

REFERENCES

. P. E. Hansex. J. Magn. Reson.. 12(7). 109 (1979).

R. J. HIGHET and J. M. EpwaRrps. J. Magn. Reson.. 17. 336 (1973).

. O. A, Gaxsow., A. R. BUrkE and W. D. VERNON. J. Amer. Chem. Soc.. 94. 2550 (1972).

. A. V. Rasma Rao and A. VAIDYANATHAN, Spectrochim. Acta. 37A, 145 (1981).

D. M. GranT and B. V. CHENEY, J. Amer. Chem. Soc., 89. 5315 (1967).

J. B. STOTHERS. Carbon-13 nmr speciroscopy. Academic Press. New York (1972).

G. W. BucHaxax and R. S. Ozusko. Can. J. Chem.. 53, 1829 (1975).

R. M. SiLverstein. G. C. Basster and T. C. MoORRILL, Spectromerric identificarion of organic
conmipounds, John Wiley and Sons (1981).

PN



