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ABSTRACT

The 'H- and '>*C-NMR spectra of 12 azo dyes containing amino or
acetamido groups have been measured. Two-dimensional H,H-COSY,
NOESY, HC-COSY and COLOC spectra and one-dimensional selective
INEPT spectra have been used in the assignment of *H and '3C chemical
shifts. Hydrogen bonding has also been studied in these compounds.

1 INTRODUCTION

About 15% of azo dyes! are prepared by coupling diazonium salts with
anilines and naphthylamines as the passive components. The coupling
products can be very well characterized by their 'H-,?> }3C- and ’N-NMR
spectra.®* Minimal temperature dependence of 6(**N)? and 'J(*’N15N)3
allows a conclusion that these compounds exist practically fully in their azo
forms in a broad temperature range, in deuteriochloroform or hexadeu-
teriodimethyl sulphoxide solutions, under NMR measurement conditions.
It is very difficult to assign unambiguously all !3C and 'H chemical shifts ata
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low magnetic field (<2-35T). High-field (=7 T) NMR measurements and
application of two-dimensional NMR spectroscopy>® should provide
unambiguous assignment of both 'H and !3C chemical shifts in such azo
dyes.

The aim of this work was to assign by two-dimensional NMR methods 'H
and '3C chemical shifts in 12 azo dyes containing amino or acetamido
groups, in order to complete and/or inspect the previously published data.’
Unambiguous assignments of both *H and !3C chemical shifts will serve
for better understanding of spectral and physical properties of these
compounds.”’® Furthermore, 'H and '3C chemical shifts can be used to
gauge the hydrogen-bond structure of these compounds.

2 EXPERIMENTAL

Compound Ia (Scheme 1) was prepared from the corresponding triazene by
a rearrangement in acidic medium.® Compound IIa was isolated by column
chromatography as a by-product from crude Ia. Compounds IIla, Va and
VIa were prepared by coupling benzenediazonium chloride with naphthyl-
amines.’ Compound IVa was obtained by coupling benzenediazonium
fluoroborate with 1-naphthylamine in methylene chloride.!® Compounds
Ib-VIb were prepared by acetylation using acetic anhydride.!?

'H- and !3C-NMR spectra were measured at 400-13MHz and
100-61 MHz, respectively, using a Bruker AM 400 spectrometer. The spectra
were recorded for ca. 15% or saturated (in case of poor solubility) solutions
in hexadeuteriodimethyl sulphoxide ([2H¢]-DMSO) or deuteriochloroform
(C*HCl,) at 300K. The deuterated solvents were used as internal lock
substances. The *H and !3C chemical shifts were referred to the signal of
solvent ([?°H¢]-DMSO: §(*H) = 2:55, §(**C) = 39-6) or internal tetramethyl-
silane in CZHCl, (6 = 0-00). One-dimensional 'H- and !*C-NMR spectra
were measured in a standard manner at digital resolution ca. 0-2 Hz/point
(*H)and 1 Hz/point (13C), respectively. The measurement conditions of two-
dimensional H,H-COSY, NOESY, H,C-COSY and COLOC were described
in Ref. 12 (they were slightly modified when necessary). The one-dimensional
selective INEPT spectra were measured according to Ref. 13, measurements
being optimized for 3J(*3CH). These are in the range 4-12 Hz according to
Ref. 14.

3 RESULTS AND DISCUSSION

The values of 'H and !3C chemical shifts in compounds Ia,b—VIa,b are
collected in Tables 1-4. The 'H chemical shifts were, in general, assigned



NMR spectra of amino or acetamido azo dyes 261

Viab ¥

Scheme 1.



91-2=(HO0Dk »
“TS-L *€9-L #0-8 IO TG-L ‘8G-L ‘TI] »

vZ-T = (FHDODK
0€-7 = FHDODWK

-

Antonin Lyéka, Josef Jirman, Poul Erik Hansen

LH-(OH pue ($H-2)H 1109 10J §1-8-69L w 02T =(CHD0DK (1 swayog 998) *SHOOD IO H =Y
8¢-7 = (HO0DK LTT=CEHDOOK » "OSIWA-[°H,]
‘Ze2=(HD0DN ‘072 =(FHDOD)¢ ZIOHD »
$6-01 w w w 8¢-8 981 6L 206 — L18 — r9IA
$Z-01 ¥9-L 69-L 608 S€-8 9L-L 18:L 206 — 26 60-8 ra8A
101 19-L L9L 10-8 18-8 L9L $6-L £6:L £0-8 998 — r94AI
0£21 L9-L £LL v1-8 688 €Ll 294 €08 91-8 s — woQIII
v8-TI 6v-L £6-L v8-L 188 SSHL vh-L €L-L 18-L £9-8 — yoQlII
¥101 £9-L 99-L Log — — SL-L ST-L 96.L v£-8 — P}
$0-01 iyl 6b-L 08-L — — 8LL ol-L ob-L 98 — o1l
8¢-01 86-L 794 06-L — — — — — L8L £6'L ) |
4% » ? I3 0L8 0L-L v8-L 00-6 — 8 — 4®IA
1L ShL 65-L Y08 €98 19-L 9L-L €16 — v1-8 £€0-L aBA
£p-b 9¢-L obL S6L £€9-L L 95, 106 — 984 £9-9 2BA
$0-8 0S-L 9L L1-8 €18 S9-L $9-L LSL 8T:L p1-8 — <Al
$€9 6L ob-L 6LL LLL 0£-L Wi $9-L £1-L 88-L -— 2BAI
068 ShL 862 86-L 088 86-L 9¢-L 8L-L 18-L £TL — 1) |
8€-L £€-L ShL 98-, $8-8 5L 8T-L 9Z-L LS-L $L9 — 21
pi-L 8L 86-L 66-L — — 8L 9.9 6T:L YO-L — <811
1L £T-L 1£-L €LL — — 6L-L 899 70-L 6v9 — o eIl
819 9L $G-L 8L — —_ — — — LLY LLL <0
POy £hL 1S-L 68-L — — — — — L9 S8-L o8I
SHHN > £ Z 8 Y 9 < ¥ £ F4
‘ou uojodd E:xc&:e@

262

qIA-9I PUE BJA-¥] Spunodwio) ul syiyg [earuay) H,
1 319VL



NMR spectra of amino or acetamido azo dyes 263
TABLE 2
13C Chemical Shifts in Compounds Ia and Ila
Carbon no. Compound
Ia“%° Iabe IIa“® Ha®
1 1453 143-3 136750+ 13590
2 1250 125-5 142-8/# 145-1 7+
3 114-5 114-5 116-8¢+ 117-29¢
4 149-5 149-5 13210 1326
5 — — 117:0°¢ 1157¢
6 — — 12721 12557
1 152-8 1527 1526 1526
2 1222 1221 1219 1221
3 1289 129-4 128-8 129-2
4 129-7 129-6 1297 1299
a C?HCl,,
5 [2H,]-DMSO.
¢ Data from Ref. 21.
4-i Most important correlations in COLOC spectrum via 3J(CH): H(2)%; H(3)";
H(@4); H(5); H(6)"; NH,'.
TABLE 3
13C Chemical Shifts in Compounds III*-VIa
Carbon Compound
no.
II1a® 1P IVa® IvVa® Va® Va? Via®
1 127:0° 125344 1416 144:2* 146:2' 150-4* 148-3¢
2 138-4¢ 1402 132-5¢ 131-3¢ 109-0/ 107-6 1299
3 1195 1201 1215 1204 1139 1125 104-2
4 1336 1338 1178 1164/ 140-3+/ 137:257 13707
4a 127-49 126:549+ 1356* 1356 13314 1335 133-840
5 1280 1281 128-6° 128:3¢ 1240 1229 1233
6 1232 1228 128-1 128-5° 1270} 127-5¢ 1296
7 1276 1276 1253 1252 12527 12447 12587
8 1221 1210 1219 1241 1205 1228 1242
8a 134.8¢f 134355%  [241° 124:2¢1 122:3¢44 121-55 1235/
1 153-7 153-3 153-4 1531 153-6 1534 k
> 1219 121-4 12241 1221 1226 1220 *
¥ 129-1 129-3 1290 1291 1290 129-2 J
& 1289 1287 129-5 1293 129-7 129-1 *
« C2HCl,.

% [2H,]-DMSO.

<=J Most important correlations in COLOC or selective INEPT spectra via 3ACH): H(2); H(3)%; H(4)%; H(S5)'; H(6);

H(7; H(®); NH.

£ 153-0/152:6 [C(1) or C (1")]; 122:5/122:3 [C(2)) or C(2")]; 129-0/129-2 [C(3') or C(3")]; 130-0/129:9 [C(#) or C4")].
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TABLE 4
13C Chemical Shifts in Compounds Ib-Vb
Carbon Compound
no.

b 1Ib* IIb® b IIb® IVb® Vb
1 1470 141-04f 138-647 130444 129-6%41 130-4¢ 137-6%*
2 1238 137:2¢ 135-8¢ 1295 1294 1293 1200
3 1193 122:6/ 12011 1200 119-4/ 119-8 1119
4 1425 1323 1327 133-3/ 1338 13301 143-5/
4a — — — 130-04¢+ 13024 129-84 131-5¢
5 — 123-9¢ 1232¢ 1280 1278 1278 1231
6 — 1164 1210 125'5¢ 1252 1253 127-3*
7 — — — 12817 1275 1278 1264
8 — — — 1230 1233 1229 1229
8a — — — 131-2%7 1332/ 131:11 12721
CONH 1690 1689 168-5 169-8 1700/ 169-6 1693
CH, 242 243 252 252 257 250 238
1 1522 152:2 1522 1520 1523 1520 1527
2 122-4 1232 1225 1224 1222 1222 122-8
k) 129-4 1294 129-2 1296 1293 1294 1295
4 1310 1316 1312 1315 1309 1312 1313

2 [2H4]-DMSO.

b C?HCl,,

¢=J Most important correlations in COLOC or selective INEPT spectra via 3J(CH): HQ2)'; H(3)%; H(4)"; H(5)'; H(6)";
H(7)"; H(8): NH.

after analysis of homonuclear shift-correlated spectra’-¢ (H,H-COSY). With
compounds having protons in the peri position of the naphthalene residue,
NOESY > spectra were measured showing cross-peaks formation between
H(4) and H(5). Heteronuclear shift-correlated spectra®-¢ (H,C-COSY) were
used for the assignment of appropriate C-H pairs, whilst COLOC spectra'?
or one-dimensional selective INEPT spectra'3 [both via 3J(*3CH)] were
measured for assignment of !3C chemical shifts of quaternary carbons. The
results were mutually compared and inspected. Some applications of the
above-mentioned two-dimensional NMR techniques in analysis of 'H- and
13C-NMR spectra of azo dyes are given in Refs 12 and 16.

The assignment of both 'H and !'3C chemical shifts in Ia was
straightforward, whilst H,C-COSY had to be used for differentiation of
3(*H) of H(2) and H(3) in Ib, the assignment of §(*3C(2)) and §(*3C(3)) being
clear. The COLOC spectra based on proton—carbon long-range couplings
[mostly 3J(CH) in aromatic systems as 2J(CH) and *J(CH) are likely to be
much smaller!4] are extremely useful for assignment of quaternary carbon
signals.!® In running such COLOC spectra, peaks caused by one-bond C-H
coupling appear in these spectra for carbons bearing hydrogen atoms.!”
These direct C-H cross-peaks provide additional fix-points for the
orientation in the spectra, as they are known from a previously performed
H,C-COSY spectra. The COLOC spectrum of Ila is shown in Fig. 1. For
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Fig. 1. COLOC spectrum of compound Ila via 3J(CH) in C*HCl,. Signals marked with

asterisks correspond to correlation with folded NH,-group protons. Measuring conditions:

spectral width SW1 = 590-3 Hz, spectral width SW2 = 4098-4 Hz, data matrix 1024 x 128, 32
scans during 64 time increments (zero filling in F1), A, = 53-4ms, A, = 31-0ms.

example, for proton H(4) we can see cross-peaks with carbon C(2) and C(6)
[via 3J(CH)] and C(4) [direct cross-peak via 'J(CH)]. The different
intensities of the cross-peaks can be ascribed to the fact that substituents
cause a change in the magnitude of the three bond coupling constants. The
spectrum depicted in Fig. 1 was optimized for a long-range coupling of ca.
9 Hz. Another typical feature is the existence of cross-peaks corresponding
to interactions of NH,-group protons with carbons C(1) and C(3) in Tla.
Carbon C(1) correlates with H(3’), carbon C(2) with H(4) and H(6), carbon
C(1) with H(3), H(5) and NH,, all via *J(CH). The different number of cross-
peaks and their positions enabled us to assign unambiguously the three
quaternary carbons. Couplings to NH, or NHCOCH, protons were also
observed in compounds IIIb and Va for which COLOC spectra were
measured. A similar approach was used in the analysis of quaternary carbon
chemical shifts in other azo dyes using one-dimensional selective INEPT
spectra.

This approach revealed, compared with the previous assignment® of
6(*3C) in Illa, that the chemical shifts of three carbons had to be
reassigned. HLH-COSY and consecutively H,C-COSY showed that signals
for C(4) and C(5) had to be interchanged and, based on selective INEPT
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spectra, the signal with 8('3C)=134-84 had to be attributed to C(8a)
[previously® C(1)]. The reassignment of C(1) is also confirmed by study of
the deuterium isotope effect on *3C chemical shifts.® The assignment of two
previously unassigned signals® was also achieved. The situation was similar
for §(*3C) in IIb. Two-dimensional NMR spectra confirmed the !3C-NMR
data® for Va and Vb and enabled completion to be made of the assignment
of carbons C(6) and C(7).

Compounds IVa and I'Vb, as well as VIa and VIb, are reported for the first
time. The '3C-NMR spectrum of VIb was not measured because of the
extremely low solubility of this compound both in C?HCIl; and [*Hgl-
DMSO.

The compounds in this study provide a unique opportunity to study
hydrogen bonds between either NH, or NHCOCH, groups and an azo
moiety.

The 'H-NMR spectra of Ia-Va in C*HCl, and [*’H¢]-DMSO show large
differences in the chemical shifts in the two solvents especially for the amino
protons; but protons close to the NH, group, in particular the ortho
aromatic protons, also show quite clearcut differences, except for Ia. An
interesting case is IVa and Va. Both compounds show a very large change in
the chemical shift of H(8) upon change of solvent (Table 1). Compound IVa
shows, in addition, a large shift for H(2'). This is not the case for Va in which
the —N=N—CH, group is far from the NH, group. The finding that only
the nearest aromatic protons are markedly influenced is also confirmed by
the '*C-NMR spectra of IIIa and IVa (Table 3). In these compounds C(1),
C(2), C(3) and C(8) experience changes in addition to C(4a) of ITIa and C(4) of
IVa. As the change in solvent causes changes in the chemical shifts of those
nuclei close to the NH group, it is appropriate to associate these changes
with hydrogen bonding. The fact that 3J(C, C, N, H) couplings could be
established via COLOC spectra or selective INEPT spectra supports this
suggestion.

Several interesting points concerning the hydrogen bonding can be raised.
How strong is the hydrogen bond in these compounds, in which compounds
is the hydrogen bond strongest and are the intramolecular hydrogen bonds
of different strength in the two solvents?

The chemical shifts of the phenolic protons have been correlated with
hydrogen-bond strength!® and an extension to amino protons is indirectly
found for aromatic amines.!® This approach has some difficulties in
general?® as the chemical shifts may be influenced by factors other than
hydrogen bonding.2? A clearcut example is found in IVa in which one NH
hydrogen is hydrogen-bonded and the other is pointing towards H(8), thus
experiencing steric compression. This will likely lead to a field shift. NH
chemical shifts can be used to obtain a rough picture of hydrogen bonding
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despite such limitations. A comparison of NH chemical shifts of Ia-Va
shows that they increase both in C2HCl, and in [2H]-DMSO in the order
Ia, Va, Ila, IVa and IHIa. The amides are mostly only soluble in DMSO, in
which we get the order Ib, Vb, Ib, VIb, IVb and IIIb. From these data, and
bearing in mind the objections raised in Refs. 18 and 19, it can be safely
concluded that IIla and IVa are more strongly hydrogen-bonded in both
solvents than the other dyes and that ITla has the stronger hydrogen bond of
the two. This also implies that the solvent is not changing the strength of the
intramolecular hydrogen bond to any great extent. Among the amides, ITTIb
and IVb are again in their own class, as the amides only have intramolecular
hydrogen bonds even in DMSO.

A picture of the hydrogen-bond pattern is thus established, a feature very
important in assessing the physicqQ-chemical properties of these compounds.
The nature of the hydrogen bond will be further investigated in a paper
dealing with deuterium isotope effects on !3C chemical shifts.?

A low-temperature study of IIla and IIIb in C>HCIl, reveals only
moderate changes in the chemical shifts, supporting the findings of Ref. 3.
However, some interesting changes are seen. Changes of the order of
0-1-0-3 ppm/50°C are observed for C(1), C(1') and C(4a) in both compounds
and for C(3) in IIlb. The CO carbon chemical shift of IIIb also shows a
temperature effect. C(2) is only tentatively identified at all temperatures, but
a temperature dependence most likely exists, as well as a difference between
the two compounds. The differences in chemical shifts of C(2) and C(3) can
probably be ascribed to a conformational change of the acetyl group of I1Ib.
Similar changes observed at C(1) and C(1’) are also found for ITa. A major
conformational change due to breaking of hydrogen bonds is not likely, as it
would be expected to change the chemical shift of C(8) dramatically, and no
such effect is observed.

Concentration effects on ' H chemical shifts of NHR protons were studied
in compounds Ia, Ib, IIa and IIb. It was found that the changes of these
chemical shifts in Ib (C2?HCI; and [2H¢]-DMSO) and in IIb ([2H4]-DMSO)
after tenfold dilution from ca. 0-25M to 0-025M solutions are lower than
0-03 ppm. Similar changes for Ia and Ila were lower than 0-12ppm in
C2HCl, and [?H]-DMSO.
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