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ABSTRACT

The '3C-NMR spectra of a series of monoazo disperse dyes derived from
diethylaminoazobenzene were measured and analysed. Depending on the
nature and orientation of the substituent in the dyes, different conformers,
resultant from inner rotation around the C—N bonds, could be identified.

The structural data provide a new tool for studies on dye—substrate
interactions.

1 INTRODUCTION

NMR investigation of azo dyes provides important information about their
structure,’*?> but NMR studies of azo disperse dyes have not yet received
adequate attention. NMR data on many derivatives of p-amino-trans-

azobenzene, both in solution and in the solid state are available.

Nevertheless, there are many structural problems, which have still not been

taken into consideration.

In recent investigations’ ~® we have studied a wide series of azo disperse

71

Dyes and Pigments 0143-7208/90/$03-50 © 1990 Elsevier Science Publishers Ltd, England.

Printed in Great Britain



€81 6V-SH 91-C1 89-b¥ 80-9CZ1 ¥6-111 L6-0ST ¥6-111 80-9Z1 L1-E€¥1 €9-TCT €0-STI LO-LPT £0-STE €9-TTT S1-9ST ND ‘ON LI
€81 605y SI-TT ¥9-vy ¥8-STI 98111 1L0ST 98111 ¥8-STT 10-€¥1 16T 19-€ET1 ¥T-111 19-€E1 1S-TTT T8HST ND ND 91
€8T 7SSk ST-T1 1S¥y 1S-4TT OL-TTT T1-6¥T OL-TTT 1421 16T TO-€TL ¥v-v11 TL-091 P11 TO€TT 199¢1 ND SN0 Sy
981 TS-S¥ 81-TI 8S-¥b $0-STT €L-TTT €L-6VT €L-T1T $0-STT 16T 96171 £€-671 18671 £€-6C1 96-1T1 8TST ND 14!

u— hhc\bﬁxh.
76-8S 8E-TS OT-TT S9-S¥ §9-4ZT LO-TIT 91-€51 LO-TIT S9-LT1 ¥1-€¥1 8-St ¥T-611 6091 1€-L2] T6-611 CI-8¥1 HO ‘ON ‘ON €1
9%-8S ST-TS LO-TT YE-SH SO-9TT SH1TT 08-1ST St-111 SO-9ZT -1 89-b¥1 08-€TI vE-6Z1 60-€€T OF-81T L69¥T HO ON T
Y985 ST-TS LO-TT YESY 07-9T1 0S-T11 16:1ST 0S-T11 0T-9Z1 19-TH1 THTTI $6¥T1 vL-9¥1 S64T1 TH-TT] £€9S1 HO ‘ON 11
Y-85 €725 80-T1 1€:SH 86:STT IH- 11T L9-IST T T11 86521 Ob-Tk1 OF-TTT OL-€ET ¥8-01T OL-€E1 OFTTE 86¥S1 HO ND o1
1$-8S 02-TS 80-T1 ST-St 80-STT 9T-T1T $9-0ST 91-111 80-STT £T-T1 T8ITI ¥T-6T1 L¥-6T1 ¥T-6T1 T81TT 95TST HO 6

q sspjogng
LSTT Lvb LSTT Lyby LI-STT 1E-T1T 00-TST 1€-T1T L1-6T1 L6-1¥1 11911 149T1 LS-SPT €€-LTT S1-91 1451 D ‘ON 94 8
STV 614k TSTT 61-bF 19671 SI-T1T 89-0ST 81-111 19671 0T-TH1 ¥9-8b1 TO-801 8L-6ST 16811 €1-611 18-LET SNO ‘ON L
671 STy 6b-T1 STHP ¥9-STT 86-011 81-1ST 86-011 $9-ST1 10-T¥1 80-9CT 12-621 ¥T-8C1 12-621 80971 8¥-8b1 D D 9
$ST1 61-4Y SS-T1 61-bb 18-STT ST-T11 L9OST ST-TT1 [8-6T1 8F-TH1 vH-€T1 9v-€€1 $9-0€1 LY-8TT LS-LIT OF-6¥1 g s
ST 91by TSTT 91-4b LL-STT T1-111 LO-OST 11-111 LL-STT 6S-THI SS-TEI €€-0E1 €E€-0E1 S8-LTT LELTT €581 D v
0S-TT STHb 0S-TT STYY ¥1-9TH €T-TIT 91-1ST €T-1T1 1-9TT £€-T¥1 9941 TL-ETI 92-6T1 TO-EET SE-81T $6:9¥1 ‘ON €
Tl L1y 10T L1bb ST-9T1 9Z-T1T 1€-1ST 9T-111 S1-921 0S-Th1 LT-TTL SLYTT [L-9YT 8L-bT1 LT-TTT €951 ‘ON z
LSTV LYY LSTY LTHY €1-9T1 TT-111 TI-1ST 1T-111 €£1-9C1 0€-Th1 OP-TTT LS-€ET 18-011 LS-€E€T OF-TTI OLHST NO I

.w— ,ﬂqu\bn\:m‘
91D SID KD EID CID IID 0D 62 82 [ 92 €I +I &2 D [0 °X vx X x  'x aq

(wdd) symyg [eoruray) ¢1-uoqre)
I 414V.L



£9-C1
§9-i
68-C1

0L-Tl
1L-C1
9t-Tl
86-T1
0571
¥-Ct
09-C1

L191
$861
881
9861
8861

LLET
6L-61
€861
€861

b £9-C1
L1¥y $9-CT1
1T+ 68-C1

£0-Sy OL-C1
6Ly 1L-T1
0t-¥y 971
£5-vb 86-C1
99-¥y 09-C1
[AaaRta]!
9svv 09-C1

LY-SY LS-TH
SESY 9T
Le-SY YT-C1
9¢-5v vI-Cl
yesy 8T-C1

sy 91Tl
6vsy 1101
§sev 1221
055 91-C1

€861 065 91-C1
1861 085y S1-CT

IT4p 19-L11 06601 S1-1ST 9L-111 89001 L9-TYT SE-TTT 8Y-€E1 LE-OTT 8p-€€1 SE-TTT €4-6S1
LT-bY 09-L11 v1-011 9€-1ST 8L-111 99-0¥1 06-TH1 0£-601 T8-ELT V68T S6-E€T 96-L11 8THS1
Ti-bv 69-611 £8-£01 €T-1S1 P1-¥6 LEIV] 8L-6TT LEIYT S6-L01 86-L51 vH-B1T 69-611 v1-6€]

€0-St L1-¥CT €£-801 00-€S1 SS-001 $8-6£1 06-0ET L8911 SY-STI ¥I-SPT §9-LTT L1-LTT 89-ES]T
6Ly 19-¥C1 ¥6:L01 SS-TST L9001 8T-6€1 TLOET 61-L0T 60-vE1 L8BTT IT-HET 09-611 96-€C1
0tby 6V-£T1 $6:901 86-161 LO-O0T S6-881 SO-0E1 £9-9C1 $T-6T1 10-8TT ¥T-6Z1 £99C1 L6-9V1
€5-py SLYTT TH-LOT LS-1ST 88001 06-LET LI-OET LO-LY] 86-LOT Ly-65T Y1-611 S6-611 61-8¢€1
99 18-STY 89-LOT LT-TST TL-OOT 79-8¢1 S6:0¢€1 vr-Pi1 8L-€T1 6L-8T1 TO-EET 08-811 LESPT
b 6€-€TT 89-L01 TE-ZST 96-001 OE-6€1 SE-1ET 1T-TTL LSVTT OE9PT LEVTT 1T-TLT 98951
95y £5-CTT 09-L01 90-1ST ¥0-101 8-6€1 €1-1€T €5-TTT Ov-€€1 6T-01T Ob-€ET €5-CT1 96451

L6vb 98-L11 S8-011 00-ZST SLTET €9-101 99-€p1 €691 €6-6T1 SL-SPT OL-LTT LE9TT TE¥ST
89vr T9-LIT LSOIT £9-1ST ST-LIT T1-IVT $T-evT TI¥-C 11 66:LT1 €5-S¥T 66-LT1 11611 vO-5C1
89vY 06-L1T 95011 HL-1ST Y-TIT L1V ev-£b] TO-LTT S9¥LL 0TSV S9¥TT 10-LT1 S6-261
1S-¥p 8L-LTT1 $£-011 9T-061 95-CTT $S-I1 S T¥T 60-€TT ¥I-LET L9-0LT 06-8CT ¥8-LTT €L-6V1
€6vp €T-LTT SEOTT TL-0GT ¥S-TUT TE-TPT ¥S-TPT €6-TTT 95-€ET YR-011 95-€€T £6-TLT TT-SCGT

CLYY €1-9C1 L8111 T9-1ST L8111 €191 08-TY1 SL-9CT 6591 8%-5¥1 6S-¥C1 SL-9CT 60-£S1
99-¥v S¥-ST1 OL-111 $8-081 OL-TTT SH-STT vL-Tv1 86-5TT 8C-6T1 05-8T1 8Z-6T1 86-5T1 8L-8Y1
S6-vy 0C-LTI TH-TIT 8E-TST 1#-C1T O0T-LTT 06-£¥1 06011 SO-6C1 STIVT $S-6T1 LS-LIT $8951
Yo-vv 09-6TT £8-111 9T-061 €8-111 09-6TT TL-LV1 £9-€CT ¥S-€ET ¥O-1€T SS-8TT S9-LTT pE-6¥1
Yo¥v 09-6TT 18-111 9T-061 18-111 09-STT TE-E¥T 9L-TET ¥S-0LT BL-OLT S6-LTT L¥-L1T 14-8P1
69V 16-5T1 16111 P8OST 16- 111 T6-5T1 90-tv1 T9-¥11 98-€T1 £L-6T1 OT-€€T1 $V-811 T69F1

NO
ND
ND
NO
NO

NO
NO
NO
ND
ND
NO

SN
SN
"HN

OVHN
SVHN
SVHN
dVHN
SYHN
SVHN
IVHN

SN
N
N
N
oW

D

1D
g
D

D
o]

NO

INO

‘ON

SN0
‘ON
NO

TON
'ON
ON

NO

‘ON

‘ON

8€
ND L
'ON 9%
31 ssvpogng
£
ND  #£
/e T > 3
ON €
'ON 1€
o€

67

9] w.w&\u&:yw.
g 8t
q L
D 9%
g sz
74

vm whu\uﬁx.w
[0 I 4
D w
ND W
g 0
D 6l
ION 81



74 Piero Savarino et al.

dyes of formula I containing substituents in the rings A and B, and we found
some relationships between structural features of the dyes and their
technological properties. For instance, their lightfastness has been
correlated with some common NMR parameters.®

CH,—CH,

N\
CHZ——CHZ—XS

In this present paper we report, in more detail, further NMR data on the
dyes I, which have been divided into a series of subclasses, ka—If, to facilitate
NMR analysis. These subclasses are characterized by increasing substi-
tution in the B ring and on the alkyl chain. The gradual complication of the
structures not only allowed a reliable assignment of NMR signals, but also
made it possible to establish some structural trends. The chemical shift
values of the 13C-NMR spectra are reported in Table 1.

2 EXPERIMENTAL

13C~ and '*C-{'H}-NMR spectra were recorded in DMSO-dg solution (dye
concentration 0-2M) on a JEOL GX-270 spectrometer, using the solvent
signal (39:60 ppm) as internal standard. The conditions of measurement
were as follows: number of data points, 32 K; spectral width, 18 kHz; cycle
times, 2-3s; number of transients 1000-5000; flip angles, 45°; line
broadening factor 0-8; sample speed rotation, 15Hz.

3 RESULTS AND DISCUSSION

Compounds of types II and III [see eqns (3) and (4) below] show substituent
influences on *3C shifts of the carbons in rings A and B which are, on the
whole, in agreement with literature data.! Important deviations are
observed for polysubstituted azo dyes, due to their structural complexity.

1I3C-NMR spectra of some derivatives of p,p’-diethylamino-zrans-
azobenzene (II, X ; = H) have been measured in solution?~® and in the solid
state (II, X, =NO,, X =CN; Disperse Orange 25).*

Our results are in agreement with the literature data, allowing for small
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5 6 n
sz CH,—CH,
12 AN 12 11 /
B -
CHz_CHz—XS
n
_’ 12 i CH,—CH,
“§( @Y 0
CHZ_CHZ_XS
3 2
4@1 CHz—CH3
” - CHZ—CHz—Xs

differences due to solvation effects. In this present work all measurements
were performed in DMSO solution in order to ensure the same solvation
effects for the whole series (for compounds Ie other solvents could not be
used for solubility reasons).

The chemical shifts of the carbon atoms 1-12 in the A and B rings (II) can
be easily estimated by a simple additive scheme involving the mutual
influences of para substituents, as observed in Refs 10 and 11.

The chemical shifts of the carbon atoms 1-6 in the ring A of compounds II
appear to be more markedly influenced by the nature of the X, substituent,
whereas the X 5 substituent seems to exert a smaller effect, in agreement with
previously observed data.'? Although the X,—C¢H,—N=—N moiety is not
linear in the crystal state,'? in the liquid® or in the gas state,'# in the *C-
NMR spectra of compounds II in solution the magnetic equivalence (one
signal) of ortho (C-2 and C-6) and of meta (C-3 and C-5) nuclei is observed.
The same behaviour is shown by the corresponding protons in 'H-NMR
spectra. This is the consequence of the inner rotation [eqn (1)] of ring A
around the C—N bond, which takes place very fast in the time scale of NMR
spectroscopy.

The same happens for ring B, in which the inner rotation (2) is also very
fast and may be slowed down only at low temperatures in particular
conditions. The splitting of the signals has been observed for compound II,
X, =NO,, X =H, in solution,?® and for compound I, X, = NO,, X; =CN,
in the solid state.*

Also for more complex compounds of structure III, containing two
equivalent ortho Cl or Br substituents in ring A (X, =H or X, # H), the
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experimental chemical shift values of carbon atoms 1-6 can be easily
estimated.

Important features are found in azo dyes I containing only one ortho
substituent in ring A and/or B (systems IV and V, X, # H, and/or X, # H). In
this case, ortho substituents X; and X, produce changes in the chemical
shifts of carbon atoms in both rings as a consequence of rotational
isomerism. Therefore, it is not possible to calculate the chemical shifts by
simple additive schemes, without knowing which are the preferential

isomers.
5 6 o 56 v
X Mo N — X, N 3)
N__
v
—N CH,—CH
A 2 11 s 2 3
\]‘\vl 710 N\ —
§ L CHZ—CHZ_XS
Xa
a T2 11 / @
N—G 10p—N
p \
—N { CH,—CH,—X;
4
A\

Indeed, in the presence of ortho substitutents, the distribution of the
rotational isomers is not statistical, but the equilibria (3) and (4) are shifted
towards the more stable isomers, in which the substituent X, or X, faces the
lone pair of the nearest nitrogen atom.

The substituents Cl, Br, NO,, CN at X, and CH, at X, exert electronic
and steric effects, contributing to the stabilization of rotational isomers of
types IV and V. On the contrary, substituents NH, and NHCOCH, at X,
strongly affect the rotational isomerism with the possible formation of
intramolecular hydrogen bonds N - - - H—N with the azo moiety (system VI).
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The formation of hydrogen bonds has been previously demonstrated by
NMR spectroscopy in system VIL!3 In our case, the use of DMSO as solvent
for the measurements (because of the above-mentioned low solubility of
compounds Ie) lowers the possibility of confirming the hydrogen bonds in
systems VL

CH,—CH,;
a (VY / S (VY]
/N 4 8Oglo N\ /N 4 Qlo
—N.. CH,—CH,; —-N__
‘H—N ‘H—O
\
R
VI Vil
(a) R=COCH,
(b) R=H

Let us consider the problem of the rotational isomerism (3) and (4) in more
detail. As can be seen in Table 1, the substituents in X, listed above give rise
to an upfield shift of the C-2 signal from 6 = 121-8-123-6 ppm to 6 = 117-4—
1199 ppm. The electronic influence of these substituents usually produces
C-2 downfield shifts in the range 0:9-1-7 ppm! and the observed effects must
therefore be explained in terms of fixation of the preferred isomer IV in
which C-2 faces the N=N double bond. In conditions of such a fixation in
conformation IV, upfield shifts of C-2 signals of 8-9 ppm from the average
position have been reported.?>”* Considering the electronic effects of X,
substituents, the observed C-2 signals lie in the expected region.
Analogously, the observed downfield shifts of C-6 signals are in agreement
with the electronic effects of X, substituents and with the fixation of
conformation IV.

Similar effects are observed for compounds Id. Table 1 shows highfield
shifts of the C-12 signal from = 124-5-127-7 ppm, which is characteristic of
la—1¢, to 6 =117-2-1179 ppm.

Again a Ao of 89 ppm (expected considering the negligible electronic
meta effect of CH;) is obtained, thus indicating the prevalence of conformer
V, with C-12 facing the N=N double bond. Accordingly, the chemical shift
value of C-8 shows the existence of the two effects, i.e. the electronic influence
of CH; at X, and the fixation of the conformer V.

Furthermore, our !3C-NMR data allow an easy identification of the
conformational structure of compounds 25 and 37, containing two ‘inert’
substituents in the ortho positions of the A and B rings. In this case, the
position of the C-2 and C-12 signals (6 &~ 117-6-118-0 ppm) supports the
fixation of structure VIII, in solution.

Let us examine, finally, compounds containing two equivalent or different
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X,

N\\ wm CH—CH,

N 70lo N

=" “CH,—CH,—X
X4 2 2 5

VIII

ortho substituents in ring A. In the case of equivalent substituents (X, =
X5 =Cl or Br) no conformational peculiarity is to be expected and both the
rotational isomers have the same occurrence [equilibrium (5)].

X, X,
V)N N 5
—
(O)R, =)=~ ®
N_ N—
X, X

In the case of X, # X, a shift of the equilibrium (5) towards the conformer
in which the larger Br substituent faces the unbonded electron pair of the
nearest nitrogen atom, could be expected. Apparently, in the compounds
examined, the volume difference between Br and Cl is not very marked.
Actually, !3C-NMR data for ring A carbons in compound 28 are
intermediate between data for comparable compounds 26 and 27 (Table 1).

In dyes Ie, containing the substituent X, = NHCOCH; the NMR data in
Table 1 indicate a new phenomenon. The formation of the hydrogen bond
(system VI) should shift the C-12 signal towards low field compared with the
position of the signal in compounds Ia-1¢, X, = H, and a é value around
132 ppm should be expected. A similar situation is observed with VII in
chloroform,' i.e. in conditions where the hydrogen bond is more stable. The
observed values of the C-12 chemical shift (6 ~ 122-5-125-8) for compounds
Ie (Table 1) indicate that isomer VI has only a partial occurrence and that
equilibrium (6) must also be considered.

DMSO-H R
N, S

/Et /Et
o 89 ~ (VD)
N N pa— N N
» g Qm N — P 7 30910 N (6)
—N Et —N Et
‘H—N
\
R
IX V1

In this equilibrium the substituent oscillates between the two possible
planar situations VI and IX. The stability of structure VI may be provided
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only by the formation of hydrogen bond N - - - H—N, as this conformation is
sterically less stable. Sterically favoured is the conformation IX, with the
substituent facing the unbonded electronic pair of the nearest nitrogen atom.
For C-12, a chemical shift value of 2132 and ~ 117 ppm would correspond
to structures IX and VI, respectively. The intermediate values found for
compounds Ie indicate that equilibrium (6) is not sharply shifted towards
one or another side, as inversely observed for compounds Id.

Analysis of the NMR data of compounds Ie (Table 1) permits the effect of
the substituents in ring A on the stability of the hydrogen bond in ring B
(structure VI) to be established. The order of increasing stability is:

X2=CN<X2=N02<X1==X3=CX<X1ZBI‘
X2=N02, X3=C1<X1:CN<X1=N02
X2=OCH3<X1 :NOZ

In conclusion, the existence of the hydrogen bond in compounds Ie, even
in strong solvating solvents, can be related to the acidity of the NH protonin
the NHCOCH, group. The less acidic protons of the NH, group do not
assist the fixation of hydrogen bond for a long enough time. However,
compound 36 shows a é =119-7 ppm for C-12 (Table 1), thus indicating a
partial shift of equilibrium (6) to the right, i.e. a partial hydrogen bond
formation. In this compound, equilibrium (4) is not completely shifted to the
left, unlike compounds Id and 37 and 38 which show, for C-12, a 4 value of
117-2-1179 ppm.

It can be expected that in less solvating solvents the shift of equilibrium (6)
to the right would be much more marked.

The structural NMR data and the related conclusions about the
conformational characteristics of disperse azo dyes having the general
formula I are important not only from a theoretical, but also from a
practical, point of view. In principle, the conformational arrangements
shown in solution should be maintained during the various steps of the
dyeing processes and important information on dye-substrate interactions
could be derived.
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