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ABSTRACT

The 'H NMR spectra of nine dyes derived from 1- and 2-naphthols have been
measured at 400-13 M Hz. The proton chemical shift assignments have been
based on the application of 2D NMR spectra, mainly on the homonuclear
shift-correlated HH-COSY technique.

1 INTRODUCTION

In a previous paper! we reported on a concerted application of the two-
dimensional high-field 'H and *C NMR spectra in the assignment of 'H
and '3C chemical shifts of some azo dyes containing amino or acetamido
groups. We have also reported?3 data on the !3C and >N NMR spectra of
some azo dyes derived from 1- and 2-naphthol derivatives. These data were
measured at a low field and unambiguous assignment of 'H chemical shifts
of aromatic protons was therefore impossible (except for protons in the peri
position with respect to a substituent or in the ortho position to the hydroxy
group) because of the strong overlap of the proton signals. To conclude the
assignment of 'H chemical shifts in some azo dyes derived from 1- and 2-
naphthols in a similar manner to that described in Ref. 1 we present here the
results of the analysis of the high-field 'H NMR spectra measured for the
compounds shown in Fig. 1.
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Fig. 1. Formulae of compounds measured. Only dominant tautomeric forms are shown.
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2 EXPERIMENTAL

Compounds I-VII (Fig. 1) were prepared as described previously?*® and
purified by column chromatography.

The 'H and !3C NMR spectra were measured at 400-13 and 100-61 MHz,
respectively, on a Bruker AM400 spectrometer using Smm 'H/!3C dual
probe at 300 K.

The spectra were recorded for ¢. 5% (w/w) or saturated (in case of poor
solubility of a dye) solutions in deuteriochloroform or hexadeuterio-
dimethyl sulphoxide. The chemical shifts were referenced to internal
tetramethylsilane (6 =0-00). One-dimensional 'H and '3C NMR spectra
were measured in the standard manner at digital resolution of ¢.0-2 Hz/
point (*H) and 1 Hz/point (*3C), respectively. The two-dimensional chemical
shift-correlated experiments*> were measured using the standard pulse
sequences H,H-COSY (COSY ¢) and H,C-COSY (XHCORRDCS®). Typical
experimental conditions are given in Figs 2 and 3.

3 RESULTS AND DISCUSSION

The values of 'H chemical shifts in compounds I-VII are summarized in
Table 1.

Carbon—carbon connectivity in compounds Il and IV was determined as a
result of application of the SEMINA technique.” To the unambiguously
assigned !*C chemical shifts in these two compounds appropriate proton
chemical shifts can readily be determined from the heteronuclear shift-
correlated spectra, as demonstrated for compound IV in Fig. 2.

H,H-COSY were measured of other compounds, and connectivities of
protons were determined. The application of this technique was especially
important for the protons of the non-substituted naphthalene ring and for
those of the phenyl groups in compound III. The H,H-COSY technique
enabled the determination to be made of the mutual relation between
neighbouring protons, but it was crucial to assign unambiguously at least
one of these protons. Once this was established, the assignment of the
remaining protons was then straightforward. For example, a sequence 8-89—
77715-7-63-8-27 for H(5)-H(8) for compound I was obtained, the signal at 8-89
being ascribed to the proton H(5), after comparison with §(*H)=8-90 of
H(8) in 1-phenylazonaphthalene.® The 'H chemical shift of H(8) (8-27) in
compound I is in good agreement with the value 6(*H) = 8-19 for the same
proton in 1-naphthol.® The protons H(2) and H(3) gave an AX system
doublet, shifted to the higher field belonging to H(2). The same approach was
used for other compounds. The assignment of protons H(2')-H(4') and
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Fig. 2. H,C-COSY spectrum of compound IV in C*HCl,. Measuring conditions: relaxation
time 2s, spectral width SW1= +436:0 Hz, spectral width SW2=2439-0Hz, data matrix
1024 x 128, 32 scans during 64 time increments (zero filled in F1), polarization time =

refocusing time = 3-1 ms.

H(2")-H(4") in compound III is based on the analysis of the H.H-COSY
spectrum (Fig. 3) and on the fact that the protons H(2") are shifted downfield
with respect to 6(H(2')).

It is well known that '3C and '3N chemical shifts! ~3:°~12 are very useful
in azo-hydrazone tautomerism characterization. The results reported here,
together with those previously reported,! afford a suitable basis for
consideration as to whether 'H chemical shifts could also be used for such a
purpose. The !3C chemical shifts of C=0/C—OH and C(2') are reported for
comparison in Table 1. Higher values of 6(C—=0O/C—OH) and lower values
of 8(C(2')) correspond to a higher content of the hydrazone form.2-%!! From
the results of the !3C and '*N NMR measurements, compound I exists
essentially in the azo form,3 whilst compounds VIIa,b are predominantly in
the hydrazone form.!* Other compounds measured exist as equilibrium
mixtures of azo and hydrazone forms, the establishment of the equilibrium
being fast on the NMR time scale. By analogy with 6(**C),2 'H chemical
shifts of H(2') and H(4’) were evaluated. The differences in the *H chemical
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Fig. 3. H,H-COSY spectrum of compound III in C2HCl,. Measuring conditions:
relaxation time 2 s, spectral width SW1 = +339-7 Hz, spectral width SW2 = 679-4 Hz, data
matrix 512 x 256, 8 scans during 128 time increments (zero filling in F1), 2 dummy scans.

shifts are relatively very small and the correlation between §(*H) and
o(C=0/C—OH) or 6(C(2')), respectively, is poor. NMR spectra of
compound IV were measured in both deuteriochloroform and hexa-
deuteriodimethyl sulphoxide. According to 6(* 3C), there is almost negligible
change in the azo-hydrazone equilibrium on changing from CDCI; to
DMSO as solvent, which is in contrast to the rather larger changes in 'H
chemical shifts. Solvation effects thus play a very important role. A similar
situation was observed for some azo dyes containing amino or acetamido
groups, these dyes existing exclusively in the azo form, under NMR
experimental conditions. The differences in 6(*H) of protons H(2') and H(4')
resulting from the above change of solvent are up to 0-38 and 0-18 ppm,
respectively, for 2-phenylazo-1-naphthylamine.! On the other hand, even in
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the 'H NMR spectrum, the differences between 6(* H) of the phenyl groups,
in a different arrangement from the viewpoint of tautomerism, are clearly
apparent, as can be seen in Fig. 3 for compound III. In this compound, the
substituent in the 4-position exists completely in the azo form, whereas that
in the 2-position is predominantly in the hydrazone form.

We conclude that *H chemical shifts of the phenyl group cannot be taken
as values suitable for the assessment of azo-hydrazone tautomerism, in
contrast to the §(*3C) values. The reason for this is that protons are on the
periphery of the dye molecules and are thus accessible to various effects, such
as solvation, ring current effects, chemical shifts anisotropy, etc.

Haessner et al.'* have reported a correlation of (H(3)) and §(H(8)) in 1-
substituted phenylazo-2-naphthols, with values of the equilibrium constant
(K=[azo]/[hydrazone]) being influenced by substitution. Similar corre-
lations may be found for other suitable protons, in particular compounds
shown in Fig. 1.

Nevertheless, 'H chemical shifts are very useful for the characterization of
azo dyes derived from 1- and 2-naphthols.
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