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The 'H and *C NMR spectra of twenty-one technically important sulfonated 1- and 2-naphthylamines
have been measured in deuterium oxide. The substituent chemical shifts (SCS) of a sulfonic acid group on
naphthylamine skeleton have been calculated from the chemical shifts assigned.

Sulfonation in the naphthalene series is a very important operation in preparation of
intermediates in dyestuff industry. The sulfonation products from naphthylamines are
uscful components for synthesis of azo dyestuffs"?,

The sulfonation products obtained from 1- and 2-naphthols were characterized by
means of the *C NMR spectra®. For the sulfonation products obtained from 1- and
2-naphthylamines it seems helpful to complement the '3C NMR data by the 'H NMR
data measured on a spectrometer with high working frequence (400 MHz).

The aim of the present paper was to measure the 'H and '*C NMR spectra of avai-
lable technically important sodium 1- or 2-aminonaphthalene-X-sulfonates and assign
their signals to their structures. Another aim was to calculate the substituent chemical
shifts (SCS) of SO;Na group on naphthylamine skeleton for usc in predictions of 'H
and '*C NMR spectra of the sulfonated derivatives of 1- and 2-naphthylamines not yet
measured.

EXPERIMENTAL

The sulfonated naphthylamines were obtained as standard samples from a collection of Research Institute
of Organic Syntheses, Pardubice-Rybitvi, and were transformed into the corresponding sodium salts by a
trecatment with anhydrous sodium carbonate. Saturated solutions of these salts in deuterium oxide were
used for the measurements. Sodium 3-(trimethylsilyl)propanesulfonate was added as the standard for the
TH NMR spectra (8 = 0.05), and tetramethylsilane in a coaxial capillary was used for the '3C NMR spectra
(8 = 0.00). This standard was removed during the measurements of J-modulated and H,C-correlated
spectra. The 'H and >C NMR spectra were measured at 305 K with an AM 400 (Bruker) apparatus at
400.13 and 100.62 Mllz, respectively, using a 5 mm H/C dual probe. The onedimensional NMR spectra
were obtained with a digital resolution of ca 0.2 Hz/point (*H) and 1 Hz/point (*3C). The J-modulated 13C
NMR spectra for differentiation between CH and quaternary carbon atoms were measured with the use of
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the program of pulse sequence JMODXH.AU; for the I1,1- and H,C-correlated spectra we used the
programs COSY.AU and XHCORRDC.AU, respectively, supplied by the manufacturer of the spectro-
meter,

RESULTS AND DISCUSSION

The 'H and '3C NMR spectra of sodium 1-aminonaphthalenesulfonates / — X are given
in Tables I and Il and those of sodium 2-aminonaphthalenesulfonates X/ — XXI in
Tables III and IV. The proton signals were assigned dircctly from the onedimensional
spectrum in the cases when the compounds exhibit spectra characteristical of the so-
called 1,2,4-trisubstitution of benzene (e.g. compounds IV, VI, VII, and XVIIT). In most
cascs the assignment was carricd out by combining the results of the HH-COSY
spectra with the known substituent chemical shifts (SCS) of amino and SO;CH,4
groups® (the SCS value of sulfonic acid group was not found in literature).
Interestingly, the naphthalene nucleus exhibits the proton long-range interactions
(through up to five bonds) not observed in a normal proton spectrum, not even after a
mathcmatical linc narrowing before Fouricer’s transformation. In the homocorrelated
spectrum H,H-COSY there appear off-diagonal peaks duc to the interactions between
thc H-4 and H-8 protons or between the H-5 and H-1 protons. A similar type of

R R? R3 R* RS R® R?
I H SONa H H H H H
I H H SONa H H H H
I H H H SONa  H H H
v H H H H SONa H H
14 H H H H H H SO3Na
VI SO;Na H H H SONa  H H
vII H SONa H H SONa  H H
VIII H SO;Na H H H H SO3Na
X H H SONa H H H SO3Na
X H SONa H H SONa H SO3Na
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TABLE |
'H NMR chemical shifts (in ppm) of compounds / — X in D,0
Compound H-2 H-3 H-4 H-5 H-6 H-7 H-8
1 7.25 - 7.82 7.92 7.59 7.61 7.92
i 6.79 8.10 - 8.83 7.78 7.53 7.87
7/ 6.89 7.55 8.37 - 8.29 7.44 795
v 6.85 7.26 7.30 8.33 - 7.94 7.94
v 7.10 7.50 7.50 8.06 7.50 8.32 -
VI - 7.75 7.22 8.09 - 7.81 7.98
vii 7.33 - 7.82 8.30 - 7.93 7.93
vil 7.45 - 7.87 8.06 7.55 8.44 -
12 ¢ 7.07 8.17 - 9.01 7.81 8.53 -
X 7.66 - 8.12 8.73 - 8.93 -
R' R? R R* R® R® R’
X1 SO3Na H H H H H H
X11 H H H H SO;Na H H
XIir H H H H H SO;3Na H
XI1v H H H H H H SOsNa
Xv SO;Na H H SOzNa H H H
XvI H SO;3Na H H SO;Na H H
XviII H H SO3Na H H H SO;Na
XvIirr H H H SO;Na H SO3Na H
X1X H H H H SO3Na H SOsNa
XX SO,Na H H SO,Na H SO3Na H
XXxr1 H SO;Na H H SO;Na H SO;Na
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long-range intcractions was observed in homocorrelated spectra of azo dyestuffs with a
naphthylamine section®”.

The diffcrentiation between CH and quaternary carbon atoms was carried out on the
basis of measurement of J-modulated 1*C NMR spectrum where the phases of signals
are scparated for CH and quaternary carbons. The CH carbons were assigned unambi-
guously after measuring the heterocorrelated spectrum. The quaternary carbons were
assigned on the basis of the calculation of their chemical shifts from the '*C chemical
shifts of 1- and 2-naphthylamines® and the substituent chemical shifts of sulfonic acid
group at naphthalene nucleus® using the same method as in ref.>.

The heterocorrelated spectrum of 1-aminonaphthalene-8-sulfonate was not measured
because of the low solubility of this substance. All the signals were assigned on the
basis of the above-mentioned calculation after differentiation between CH and quaternary
carbons.

For reproducibility of results and agreement between experimental and calculated
values of 3C NMR signals it is important to keep neutral to slightly alkaline reaction
of the sample solution in which the amino group is not protonated and the sulfonic acid
group is deprotonated. In acidic samples the respective dipolar ions are formed, which
markedly changes the character of the 'H spectrum. Also in the '*C NMR spectra rcla-
tively large changes are observed, and it is naturally impossible to assign the signals by
a calculation using the shifts of naphthylamines. Morecover, the inner salts of amino-
naphthalencsulfonic acids exhibit very low solubilities in water. Nevertheless, they can
be dissolved and measured in hexadeuteriodimethyl sulfoxide. The data given in the

TasLe Il
'"H NMR chemical shifts (in ppm) of compounds XI — XXI in D,0

Compound H-1 H-3 H-4 H-5 H-6 H-7 H-8
X - 7.01 7.74 7.77 7.39 7.62 8.59
X 6.99 7.06 7.72 8.20 - 7.76 7.66
X 7.19 7.18 7.76 7.88 7.64 - 8.13
X1v 7.95 7.13 7.73 7.85 7.33 7.15 -
Xv - 7.14 8.80 ~ 8.15 7.82 9.02
xvi 7.04 - 8.4 8.36 - 791 7.58
xvi 8.35 8.15 - 9.03 7.75 8.44 -
xvin 7.21 7.40 8.64 - 8.4 - 8.38
XIX 7.99 7.08 7.76 8.53 - 8.70 -
XX - 157 8.89 - 8.63 - 9.65
XX1 8.20 - 8.78 8.75 - 8.68 -
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present paper, however, cannot be used for interpretation of their spectra just because
of the protonation of amino nitrogen atom.

Tables V — VIII present the substituent chemical shifts of SO;Na group at naphthyl-
aminc skeleton. The SCS values for a given position of naphthylamine skeleton slightly
differ depending on which of the monosulfonated or disulfonated derivatives was used
for the calculation. The chemical shifts of naphthylamines could not be used for the
calculation of SCS’s because naphthylamines are practically insoluble in water. The
data given are applicable to calculations of 'H NMR spectra of aminonaphthalene-
sulfonates in water and to those of 1*C NMR spectra in other solvents too (with reduced
accuracy). Moreover, it must be stressed that they are unsuitable for calculation of
NMR spectra of compounds having a protonated amino group.

When comparing the '3C SCS values of sulfonate group at naphthalene skcleton
calculated from the spectra of sulfonation products of naphthylamines, naphthols?,
naphthalene’, and naphthalenesulfonates’ one can see an agreement between the
13C SCS values calculated from the spectra of sulfonation products of naphthylamines,
naphthols, and naphthalenesulfonates. That means that a substituent at naphthalene
skeleton affects the '3C SCS value of sulfonate group, and this effect is comparable for
amino group, hydroxyl group, as well as sulfonic acid group, although they are substi-
tuents very different from the standpoint of their proper '3C SCS’s or of the Hammett
o constants.

TaBLE V
'H SCS values of SO;Na group at “X” position of 1-naphthylamine in D,0 at 305 K

Compounds
X used for H-2 H-3 H-4 H-5 H-6 H-7 H-8
calculation
2 VI, IV - 0.49 -0.08 -0.24 - -0.13 0.04
3 vil, 1Iv 0.48 - 0.52 -0.03 - -0.01 -0.01
3 viil, v 0.35 - 0.37 0.00 0.05 0.12 -
4 X, v -0.03 0.67 - 0.95 0.31 0.21 -
6 Vil 1 0.08 - 0.00 0.38 - 0.32 0.01
6 X, vill 0.21 - 0.25 0.67 - 0.49 -
8 viil, 1 0.20 - 0.05 0.14 -0.04 0.83 -
8 X, 11 0.28 0.07 - 0.18 0.03 1.00 -
8 X, vl 0.33 - 0.30 0.43 - 1.00 -
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TasLe VIII
SCS values of SO;Na group at “X” position of 2-naphthylamine in D,0 at 305 K

Compounds
X used for H-1 H-3 H-4 H-5 H-6 H-7 H-8
calculation
3 Xvi, Xl 0.05 - 0.72 0.16 - 0.15 -0.08
3 XX1, XIX 0.21 - 1.02 0.22 - -0.02 -
4 Xvil, XIv 0.40 1.02 - 1.18 0.42 1.29 -
S XV, X1 - 0.13 1.06 - 0.76 0.20 0.43
5 XVl Xl 0.02 0.22 0.88 - 0.80 0.00 0.25
6 XIX, XIv 0.04 -0.05 0.03 0.68 - 1.55 -
7 XX, XV - 0.43 0.09 - 0.48 - 0.63
8 XIX, Xl 1.00 0.02 0.04 0.33 - 0.94 -
8 XXI1, XVI 1.16 - 0.34 0.39 - 0.77 -
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