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SURVEY o f the available data on the absorption spectra of monosubstituted
naphthalene derivatives indicates that, irrespective of the nature of the
substituent group, E-substitution results in a larger bathochromic shift than
a-substitution, the only exception being the phenylnaphthalenes (Table I).
Hirshberg and Jones have divided the spectrum of naphthalene into three
distinct regions of absorption (A, B and C bands)3 Unlike the case of
anthracene, assignments of the absorption regions of naphthalene to polarization in definite directions have not been made conclusively.2 However,
working on a single naphthalene crystal, Matsen has recently assigned the
longest wavelength band in naphthalene to polarization along the long axis
of the molecule.3
TABLE I
A

Longest wavelength band of naphthalene derivatives*
X in ra#
Substituent group

Phenyl (-Ph)

•.

Ca 288

288

Carboxyl (-COOH)

•.

Ca 293

Ca 336

Methyl (-CHa)

Ca 316

319

Amino (-NH2)

322

340

Nitro (-NO2)

323

356

Ca 324

Ca 334

Hydroxyl ( - O H )

•.

* The data are collected from literature.

Hirshberg and Jones1 conclude from the nature of the absorption curves
of a- and fl-substituted naphthalene derivatives that in the a-derivatives
" t h e B and C groups of bands become fused into a single band, probably
as a result of broadening and bathochromic displacement of the B band
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group (the middle band group) and its superposition on the weaker longest
wavelength C band group, whereas in the fi-substituted derivatives, the B band
group does not move at all, and the C band group is displaced bathochroo
mically and greatly intensified." They have also suggested that the B and
C band groups may be due to electronic excitation along the short and long
axis of the molecule respectively.
The experiments now reported throw further light on the nature of the
changes that take place in the naphthalene spectrum on substitution. It is
assumed that, when alcoholic solutions of a- and fi-substituted naphthalene
derivatives are evaporated in an electrical field, the molecules deposited will
orient themselves in such a way that the electrical axis of the molecule is in
line with the direction of the applied field. Examination of the spectra
obtained by passing light through a thin film of oriented molecules of substituted naphthalene derivatives shows that for both the a- and fl-substituted
derivatives the longest wavelength band is polarized perpendicular to the
electrical axis of the molecule. The resultant dipole moment of both aand fl-substituted naphthalene derivatives will have components, whose
magnitude will change with the nature and position of the substituent group,
along the short and long axis of the molecule. The a-substituted derivatives
have a major dipole component along the short axis of the molecule, and
the fl-substituted derivatives along the long axis of the molecule. The two
substituted naphthalene derivatives will hence be oriented approximately
in mutually perpendicular directions. Therefore, the absorption corresponding to the longest wavelength band of a- and fl-substituted naphthalene derivatives is due to electronic excitation in directions perpendicular to each other
and it is clear that the long wavelength absorption is due to excitation
along the short axis of the a-substituted molecules and to excitation along
the long axis of the fl-substituted molecules. Moreover, the results provide
at least qualitative evidence that when substitution at the fl-position of
naphthalene takes place the longest wavelength band is the C band of
naphthalene which has undergone a bathochromic shift, and that in the
a-derivatives it is the B band which is principally displaced and is superimposed on the weak C band of naphthalene; and this also explains why
the longest wavelength band is at a longer wavelength in the fl-substituted
naphthalene derivatives than in the corresponding a-isomers.
The effect of disubstitution on the spectrum of naphthalene is much
more complicated, and several factors have to be considered. From the
fact that fl-substitution produces a greater bathochromic shift of the naphthalene spectrum than a-substitution, it can be assumed that fl: fl-disubstitution
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should produce a larger bathochromic shift than a: ~- or a:/3-disubstitution.
Three/3:/3-disubstituted isomers are possible: the 2: 3-, the 2: 6- and 2: 7derivatives. Since the 2- and 7-positions of naphthalene are not conjugated,
it may be anticipated that 2 : 3 - and 2: 6-disubstitution will produce the
maximum bathochromic shift of the naphthalene spectrum. Whether the
2: 3- or the 2: 6-disubstitution will give the maximum shift will depend on
three main considerations: (1) the possibility of chelation in the 2:3-disubstituted derivatives; (2) the nature of the substituent groups involving
three further possibilities : (a) both the substituent groups are o, p-directing;
(b) both are m-directing; and (c) one is o-,p-directing and the other mdirecting; (3) the possibility and extent of steric hindrance of the substituents in the 2: 3-positions. The available data for the disubstituted
naphthalene derivatives are inadequate for any generalization regarding
the relative bathochromic effect of substitution in the 2 : 3- and 2 : 6-positions.
Fig. 1 shows the absorption spectra of four isomeric hydroxynaphthoie
acids: 1-hydroxy-2-naphthoic acid, 2-hydroxy-l-naphthoic acid, 2-hydroxy-
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FIG. 1. Absorption spectra of (1) 2-hydroxy-3-naphthoiceeid ; (2) 2-hydroxy-l-napht hoic acid; (3)l-hydroxy-2-naphthoic
acid; and (4)2-hydroxy-6-naphthoic acidin dioxan¢.
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3-naphthoic acid and 2-hydroxy-6-naphthoic acid; Table II gives the values
of the absorption maxima and intensities. The/3: fl-disubstituted 2-hydroxy3-naphthoic acid has its longest wavelength absorption maximum at a
wavelength higher than the other three acids. However, the other /3: fldisubstituted derivative, 2-hydroxy-6-naphthoic acid, has its longest wavelength
absorption maximum at a lower wavelength than the 2: 1-isomer. This is
perhaps due to chelation between the adjacent substituents in the 2: 1isomer.
TABLE 1I

The wavelengths and intensities of absorption maxima of certain disubstituted
naphthalene derivatives
Compound

X max

log •

in ra/t

X max

log e

in m/~

I

h max

log •

in m/.t

2-Hydroxy-3naphthoic acid

366

3.45

297
286
276

3-73
3.89
3.78

239

4.81

2-Hydroxy1-naphthoic acid

337

3.60

304
294

3.73
3.69

226

4.68

2-Hydroxy6-naphthoic acid

304

3.77

253
246
240
236

4.24
4.26
4.25
4.26

l-Hydroxy2-naphthoic acid

342

3.71

301 • 5
289
279

3.47
3.62
3.64

254
222

4.56
4.42

-M ethoxy 3--naphthoic acid

341

3.25

279
270

3.73
3.74

234

4.71

~-Methoxy1-naphthoic acid

333
322.5

3.45
3.41

280

3.77

230

4.80

~Methoxy6-naphthoic acid

299

4.01

252

4.59
4-66
4.68

244
238

Baker and Caruthers 4 observed that, among the isomeric acetyl naphthols, 3-acetyl-2-naphthol is bright yellow, whereas the isomers are colourless.
It was suggested earlier by Baker et aL5 that chelation between the hydroxyl
and acetyl groups depends on the presence of a double bond between the
carbon atoms bearing these groups; they assigned the chelated structure (I)
to 3-acetyl-2-naphthol in which the C~-C3 bond of naphthalene was "fixed "
as a double bond and one of the benzene rings was o-quinonoid. However,
since 3-acetyl-2-naphthol shows none of the properties of a true o-quinonoid
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compound they concluded that the
the normal naphthalene structure
Bergrnann and Berlin G ascribed the
oxime of 3-acetyl-2-naphthol to the
positions of naphthalene.

I

(II)

OH

"colour is due to some disturbance of
set up by the process of chelation".
formation of a copper complex by the
presence of a double bond in the C~-Ca

Recently, Bergmann et al. r have drawn attention to the fact that, whereas
2-hydroxy-3-naphthoic acid and its methyl ester are coloured yellow, 2methoxy-3-naphthoic acid and 2-hydroxy-1- and 1-hydroxy-2-naphthoic
acids are colourless compounds. Following Baker, they associate the
colour of the 2: 3-acid with enhanced double bond character of the bond
between the C~-C~ atoms of naphthalene, as a result of chelation between
the 2- and 3-substituents and consequent formation of an o-quinonoid ring
system. They assigned to the 2:3-acid a structure (II) corresponding to
Baker's structure for 3-acetyl-2-naphthol.
A little earlier Melchoir 8 determined the absorption spectra of isomeric
o-hydroxynaphthaldehydes and their negative ions. He accounted for the
deeper colour of the 2 : 3-isomer by a theory involving the choice of arbitary
polar structures for the resonance possibilities in the ground and excited
states, based on two considerations; one was, as others had shown earlier,
that the 2: 3-bond in naphthalene has less double bond character than the
l : 2 - b o n d and therefore that the chelation in 2-hydroxy-3-naphthaldehyde
is weaker; the other was an assumption made by him that the longest wavelength band arises from the carbonyl group. He expected that the 2 : 3 isomer had the highest energy both in the ground and excited states, but
that the energy difference between the upper and lower states of the 2: 3compound was lower than the corresponding difference for the isomers;
it therefore followed that the absorption maximum should appear at a lower
frequency as observed.
Among the three isomeric o-hydroxynaphthoic acids (the 2:3-, 2 : l and 1: 2-acids), hydrogen bonding between the hydroxyl and the carbonyl
group must occur. Whether the relative strength of hydrogen bonding
leads to the deeper colour of 2 : 3-hydroxynaphthoic acid is open to question.
The explanation given so far has rested on two interdependent factors:
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the strength of chelation between the substituents and the degree of double
bond character of the bond between the carbon atoms to which the substituents are attached.
When the three hydroxynaphthoic acids or their esters are chromatoo
graphed on alumina, using benzene as solvent and eluant, the 2 : 1 - and
l:2-acids and esters move down quicker than the 2: 3-isomers. Since
chelation in azophenols and aminoanthraquinones has been shown to play
a vital role in the adsorption process, 9 the greater adsorbability of the 2 : 3acid and ester as compared to the 2 : 1- and 1 : 2-isomers indicates the lower
strength of the internal hydrogen bond in the 2: 3-acid and ester. Hunsberger 10 has found by infra-red measurements that the strength of chelation
in 1:2- and 2: 1-disubstituted naphthalene derivatives is practically equal
a n d considerably greater than the strength of chelation in the 2: 3-isomer.
In fact, in the case of the nitronaphthylamines Hathaway and Flett 11 have
shown by infra-red measurements that weak or practically no hydrogen
bonding exists in 2-nitro-3-naphthylamine, whereas in the 2 : 1 - and 1:2isomers there is evidence for hydrogen bond formation.
It is thus apparent that the observed differences in the strength of
chelation of 1 : 2, 2 : 1 and 2: 3-derivatives of naphthalene indicate the greater
double bond character of the C1-C2 bond in comparison with the C2-C3
bond of naphthalene. Recently Coulson and others calculated the bond
orders for various bonds in a large number of polycyclic compounds, and
for naphthalene they obtained a bond order of 1 "725 for the C1-C., bond,
whereas for the C2-C3 bond the value was 1-603. Any extranuclear effect
due to chelated o-substituents must be the same for all the three isomers,
and variations in the strength of chelation can only be due to differences in
the double bond character of the C-C bond. Hunsberger points out that
the converse effect of chelation enhancing the double bond character must
be small, since such " i n d u c e d " fixation cannot exceed the contribution of
a structure with the included bond as double by more than 10~o over the
normal contribution. 1° Thus Bergmann's explanation that the deeper colour
of the 2 : 3-disubstituted chelated naphthalene derivatives is due to the major
contribution of the unsymmetrical naphthalene structure is not substantiated.
Since 2-methoxy-3-naphthoic acid is colourless and chelation is not
possible in this compound, Bergmann et aL adduced the greater bathochromic
shift in the spectrum of 2-hydroxy-3-naphthoic acid in comparison with its
isomers as due to hydrogen bonding between the adjacent hydroxyl and
carboxyl groups. However, a comparison of the spectra of 2-methoxy-3naphthoic, 2-methoxy-l-naphthoic and 2-methoxy-6-naphthoic acids (Fig. 2)
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FIG. 2. Absorption spectra of (I)2-methoxy-3-naphthoic
thoic acid; and (3) 2-methoxy-6-naphthoic acid in dioxane.
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shows that, even among the methoxynaphthoic acids, 2: 3-disubstitution
effects the largest bathochromic shift. The 2: 1-derivative absorbs at a
longer wavelength than the 2 : 6-isomer. The fact that 2-methoxy-3-naphthoic
acid absorbs at a longer wavelength than the 2 : 1-isomer is understandable.
Further, Hirshberg and Jones have shown that the steric effect of a carboxyl
group in the 1-position on the peri hydrogen atom is increased considerably
when there is another carboxyl group or other large substituent in the 2position. 1 This perhaps accounts for the large bathochromic shift of the
naphthalene spectrum in 2-methoxy-l-naphthoic acid in comparison with
the 2 : 6-isomer.
It is thus seen that the order of the position of the longest wavelength
band in the disubstituted naphthalenes can be explained principally on the
basis of the a- and fl-substitution, after taking into consideration the possibility of chelation and steric hindrance in the molecule. The effect of the
nature of the substituent on the light absorption of disubstituted naphthalenes
cannot be easily predicted, since much more extensive data than we have
available at present are necessary.
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EXPERIMENTAL
2-Hydroxy-3-naphthoic acid, 2-hydroxy-l-naphthoic acid and 1-hydroxy2-naphthoic acid were commercial samples which were purified by chromatography and repeated crystallization.

2-Hydroxy-6-naphthoic acid
6-Bromo-2-naphthol1~ was methylated and converted to 6-cyano-2methoxynaphthalene after Seligman and Rutenberg. la This nitrile (2g.)
was boiled with 10~ aqueous caustic soda (100 c.c.) till it went completely
into solution (3 hours). Acidification and crystallization of the precipitate
from dilute alcohol gave colourless needles of 2-methoxy-6-naphthoic acid,
m.p. 209 °. Demethylation by means of hydrobromic acid 1~ yielded 2hydroxy-6-naphthoic acid, which crystallized from water in coloudess needles,
m.p. 245-48 ° (Knowles etal. ~4 quote m.p. 245-48°; Butler and Royle,15
240-41° ; and Cason, TM 243-44°).

2-Methoxy-3-naphthoic acid
2-Hydroxy-3-naphthoic acid (2 g.) was dissolved in 20~o caustic soda
solution (150 c.c.) and freshly distilled dimethyl sulphate (15 c.c.) was added
slowly during 30 minutes. The mixture was warmed on a water-bath at
60-70 ° till the product gave no colouration with ferric chloride. The mixture was then boiled for 4 hours to hydrolyse the ester. 2-Methoxy-3naphthoic acid crystallized from dilute alcohol in colourless needles, m.p.
134-35 ° (Cohen etal., 134-35°). 1~

2-Methoxy-l-naphthoic acid
This was prepared as above from 2-hydroxy-l-naphthoic acid and this
crystallized in prisms from dilute alcohol, m.p. 176° (decomp.) (Rousset,la
176°).
The methyl esters of 2-hydroxy-3-naphthoic, 2-hydroxy-l-naphthoic
and 1-hydroxy-2-naphthoic acids were prepared in the usual manner by
boiling the acids in methyl alcohol in presence of a little concentrated
sulphuric acid.

Chromatography of hydroxynaphthoic acids
A benzene solution (10c.c.) of a mixture of 2-hydroxy-3-naphthoic,
2-hydroxy-l-naphthoic and 1-hydroxy-2-naphthoic acids was passed through
a column of alumina (10× 1-5 cm.) and developed with benzene (150 c.c.).
On examining the column in ultraviolet light two zones were observed:
a greenish-yellow fluorescent zone of 2-hydroxy-3-naphthoic acid at the top
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and a bluish fluorescent zone of 2-hydroxy-l-naphthoic and 1-hydroxy-2naphthoic acids in the middle of the column; the latter two acids did not
separate under these conditions.
The chromatographic separation of the esters of the above three acids
was similarly observed.

Absorption of polarized light by naphthalene derivatives
A 1~o alcoholic solution of the naphthalene derivative (5 c.c.) was
evaporated in a small petri dish in which was placed a silica plate. The solution under evaporation was submitted to the influence of an electrical field
by placing the dish between two copper rods which were connected to the
two leads of a transformer giving a field above 2,000 volts. After complete
evaporation, the silica plate, now coated with a thin layer of the oriented
molecules of the compound under investigation, was immediately placed in
front of the slit of a Hilger medium quartz spectrograph in such a way that
the edge of the plate parallel to the field was parallel to the slit of the spectrograph. Light from a stabilized hydrogen lamp was polarized by means of
a nicol and passed through the coated silica plate. The spectrum was
recorded on a Kodak process plate and for every derivative studied two
adjacent spectra were obtained using a Hartmann diaphragm, one with the
light polarized parallel to the direction of the electrostatic field and the other
perpendicular. The intensities of the absorption of light polarized in the
two directions were compared qualitatively in the corresponding regions of
absorption.
The following naphthalene derivatives were examined: (1) a-naphthol;
(2) fl-naphthol; (3) ~-naphthylamine; (4) fl-naphthylamine; (5) e-nitronaphthalene; and (6) /3-nitronap~halene.

Absorption spectra
The absorption spectra of the various compounds recorded were determined on a calibrated Beckmann Model DUV spectrophotometer, using
dioxane as solvent. The concentration of the solution was so chosen as to
give the density readings within the range 0.3-0.8, using in all cases a 1 era.
cell. More than one concentration had to be used for some compounds
in order to record the complete spectrum.

SUMMARY
A qualitative method for assigning the longest wavelength band in the
absorption spectra of a- and /3-monosubstituted naphthalene derivative
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to polarizations in definite directions has been devised. The longest wavelength band in the absorption spectra of a-substituted derivatives is shown
to be due to polarization along the short axis of the molecule; in the spectra
of the/3-substituted derivatives the longest wavelength band is due to polarization along the long axis of the molecule. The absorption spectra
of four isomeric hydroxynaphthoic acids have been determined, using dioxane as solvent. The deeper colour of 2: 3-hydroxynaphthoic acid in
comparison with the isomeric acids is explained as due to/~:/~-disubstitution
in the naphthalene nucleus. The absorption spectra of 2-methoxy-l-naphthole acid, 2-methoxy-3-naphthoic acid and 2-methoxy-6-naphthoic acid
are discussed.
ACKNOWLEDGMENT

We are indebted to the Council of Scientific and Industrial Research for
the award of a fellowship to one of us (N.R.R.).
REFERENCES
1.
2.
3.
4.
5.
6.

Can. J. of Res., 1949, 27, 437.
Discussions o f the Faraday Soc., 1950, 9, 5, 19.
Symposium on Molecular Structure and Spectroscopy, 1951, Ohio State University.
J. Cl~.m. Soc., 1937, 479.
Ibid., 1934, 1684; 1935, 628; 1936, 274.
J. Org. Chem., 1938, 3, 246; see also Bergmann and Hirshberg, J. Chem. Soc.,

1936, 331.

7. Ibid., 1950, 2351.
8. J. Am. Chem. Soc., 1949, 71, 3647.
9. Rao, Shah and Venkataraman, Proc. lnd. Acad. Sci., 1951, 34A, 355.
10. J. Am. Chem. Soc., 1950, 72, 5626.
11. Trans. Faraday Soc., 1949, 45, 818.
12. Organic Syntheses, 1940, 20, 18.
13. J. Am. Chem. Soc., 1950, 72, 3214.
14. Knowles et al., J. Org. Chem., 1942, 7, 374.
15. J. Chem. Soc., 1923, 1649.
16. J. Am. Chem. Soc., 1941, 63, 828.
17. J. Chem. Soc., 1922, 121, 1657.
18. Bull. Soc. Chim., 1871, 17, 311.

