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Abstract

A series of azo dyes was prepared by the reaction of 4-carboxyl-2,6-dinitrobenzene diazonium ion (CDNBD) with two naphthols and three
substituted naphthalene ether derivatives. UV, IR, 1H, 13C and 2D-NMR spectroscopy as well as mass spectral analyses were used to establish the
structure of the new azo dyes.

a-Naphthol and its ether gave para-substituted azo dyes while b-naphthol and its ethers provided ortho-substituted dyes. Dealkylation of the
naphthalene ether linkage was found to occur upon coupling with the diazonium ion, to form the corresponding naphthol in the final azo product.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Azo dyes constitute the largest group of commonly avail-
able dyes and pigments [1]. Due to their colour, azo dyes
are used as pigments [2], indicators of solvent polarity [3],
of molecular environments and of chemical environments
[4]; they are also widely used as histological stains [5] and
in the colorimetric analysis of pharmaceuticals [6e8]. We
have demonstrated that the arenediazonium, 4-carboxyl-2,6-
dinitrobenzene diazonium ion (CDNBD) is a useful reagent
for the instrumental chemical analysis of drugs [9e13]. Its
usefulness as an intermediate in the synthesis of a novel series
of hydroxynaphthalenes azo dyes is reported in this paper.

2. Results and discussion

The reaction scheme for the synthesis of the five phenyla-
zohydroxynaphthalenes is shown in Fig. 1. CDNBD has
been shown to react with naphthols and phenol ethers; the
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reaction with the latter points to its high reactivity. Phenol
ethers are characterized by the presence of ether linkage in ad-
dition to the aromatic ring. The alkoxyl group eOR is ortho,
para directing towards electrophilic aromatic substitution and
is classified as moderately to weakly activating. Diazo cou-
pling is rare with such ethers except for highly reactive 2,4-di-
nitrodiazobenzenes which form azo compounds with anisole
and phenethole [14]. The para-position to the alkoxyl group
must be free and coupling is most facile when a methyl group
occupies both meta-positions to the alkoxyl group i.e. the con-
figuration is that of mesitylene with one methyl group replaced
by alkoxyl. The notable characteristic of this coupling is, how-
ever, that it proceeds with partial or complete removal of the
alkyl group of the phenol ethers, a remarkable occurrence be-
cause phenol ethers are by no means easily hydrolyzed. The
complete scission of ether linkage has been observed with pro-
pranolol, an aryloxy ether giving a-naphthol as a residual that
coupled with CDNBD.

Some physicochemical properties and IR vibration bands are
presented in Table 1. The 1H and 13C NMR spectra of com-
pounds AZ-01 to AZ-04 were measured and analysed; two-
dimensional NMR spectra were used with the aim of assigning
proton and carbon chemical shifts unambiguously. 1He1H
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Fig. 1. Synthesis of 4-carboxyl-2,6-dinitrophenylazo hydroxynaphthalenes.
COSY, HMQC and HMBC techniques were applied in the cases
of AZ-02 to AZ-04 so as to clearly assign their protons and car-
bons. The 1H and 13C chemical shifts are collated in Tables 2e5.

As the solubilities of AZ-02 to AZ-04 were very low in
common NMR solvents, spectral acquisitions were carried
out using deuterated pyridine (d5). Chemical shift values are
referred to the signal of pyridine {d¼ 8.74 (1H, H-2) and
150.35 (13C, C-2)}.
The azo dyes obtained from propranolol, naproxen and na-
bumetone (AZ-02, 03 and 04, respectively) have been used for
colorimetric assay [15] while AZ-01 has been evaluated as
a pH indicator for weak acid/strong base titration [16].

AZ-01 gave a blood-red azo dye with characteristic absorp-
tion maxima at 260 and 470 nm (molar absorptivities in ethyl-
acetate at the two wavelengths were 1.46� 104 and 1.68�
104 mol�1 dm3 cm�1, respectively). The compound melted
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Table 1

Physicochemical characterization of 4-carboxyl-2,6-dinitrophenylhydroxynaphthalenes

Comp. no. Colour Yield (%) M.P. (�C) MS data (m/z) Absorption spectra in EtOAc IR spectrum (KBr) (cm�1)

lmax (nm) 3max (mol�1 cm2)

AZ-01 Blood-red 63.75 275e278 Molecular ion

not obtained

260 1.46� 104 1360e1470 (N]Ostr)

1600e1700

(Three aromatic rings)

470 1.68� 104 1700e1800 (C]Ostr)

2922 (Carboxylic OH)

AZ-02 Orange 62.84 207e209 382.2 260a 8.55� 106 1161, 1275 (1,4-Substitution)

1701 (C]Ostr)

440 2.28� 105 1623 (Aromatic NeOstr)

3258 (Bonded OHstr)

3430 (OHstr, free)

AZ-03 Orange 63.90 187e189 454 260 1.51� 107 1541 (N$$$$Ostr)

1724 (C]Ostr)

470 1.34� 107 2722 (Phenolic OeHstr)

3400 (Carboxylic OeHstr)

AZ-04 Reddish-orange 72.49 191e193 452.08 260 1.71� 107 1507 (N]Ostr)

1614 (C]Ostr, ketone)

470 1.20� 107 1704

(C]Ostr, carboxylic acid)

3427 (OeHstr bonded)

a UV data for propranolol-derived AZ-02 are 260 nm and 440 nm (3max 1.54� 107 and 2.32� 107, respectively).
with decomposition at 275e278 �C. Characteristic IR vibra-
tion bands were observed at 1600e1700 cm�1 (three aromatic
rings) with absence of bands at 3000e3500 cm�1 (showing
the lack of an amino group). The most distinguishing feature
of the IR spectrum of AZ-01 was the fingerprint region which
showed several sharp peaks at 1300, 1157 and 1136 cm�1, all
of which differed from the starting materials. 1H and 13C
chemical shifts for the protons and carbons are shown in
Table 2. The mass spectrum gave no molecular ion, probably
due to the ready cleavage of the azo linkage in the 70 eV
ionization technique. Other daughter ions obtained were at
m/z 171, 143 and 115.

Table 2
1H and 13C chemical shifts of 4-[(2-hydroxynaphthalen-1-yl)diazenyl]-3,5-di-

nitrobenzoic acid (AZ-01)

C/H no. d (1H)a J (1He1H) d (13C)

CDNBD residue

1 e 134.24

2,6 8.85 (2H) e
3,5 e 139.35

4 e 145.34

COOH >12 (s) 165

Naphthalene residue

OH 3.50 e e

2 e e 181.96

3 6.75 (1H) d, 3J3,4¼ 8.62 Hz 124.92

4 8.05 (1H) d, 3J4,3¼ 8.62 Hz 126.47

5 7.91 (1H) d, 3J5,6¼ 7.5 Hz, 4J5,7¼ 2.2 Hz 129.47

6 7.65 (1H) m, 3J6,5¼ 3J6,7¼ 6.5 Hz; 4J6,8¼ 2.2 Hz 130.01

7 7.70 (1H) m, 3J7,8¼ 3J7,6¼ 6.5 Hz; 4J7,5¼ 2.2 Hz 130.25

8 7.81 (1H) d, 3J8,7¼ 7.5 Hz; 4J8,6¼ 2.2 Hz 131.70

a Integrals in parentheses.
AZ-02 was obtained as an orange azo dye with absorption
maxima at 260 and 440 nm in ethyl acetate (3¼ 8.5494� 106

and 2.2841� 105 mol�1 dm3 cm�1, respectively). Similar UV
absorption patterns to the propranolol adduct were obtained
(3¼ 1.5377� 107 and 2.3159� 107 mol�1 dm3 cm�1 at 260
and 440 nm, respectively). Both azo dye species melted at
207e209 �C with decomposition. TLC analysis also revealed
the presence of spots with similar Rf values. On examination
of the 1H NMR spectra of the azo adduct of propranolol
with CDNBD, complete disappearance of peaks in the ali-
phatic region was observed. The IR spectra of both azo dyes
showed principal peaks at 2655, 3065, 3258 (bonded
OeHstr), and 3430 cm�1 (OeHstr, free). This superimposabil-
ity of the IR spectra of both azo dyes suggests similarity of the
structures. The presence of sharp vibrational bands at 1161
and 1275 cm�1 signifies the likelihood of 1,4-substitution
[i.e. substitution of CDNBD at the 4-position of either a-naph-
thol or propranolol]. The 1H and 13C chemical shifts for the
protons and carbons of AZ-02 are presented in Table 3. The
mass spectra for both species of AZ-02 produced molecular
ions at 381.2 for the a-naphthol-derived azo dye (negative
electrospray) and 383 for the propranolol-derived azo dye
(positive electrospray), thereby establishing the Mr of AZ-02
as 382.2.

AZ-03 was obtained as an orange-coloured azo dye with
a melting point of 187e189 �C (with decomposition). UV ab-
sorption maxima occurred at 260 and 470 nm in ethyl acetate
(3¼ 1.5119� 107 and 1.3426� 107 mol�1 dm3 cm�1, respec-
tively). The IR spectra showed a prominent OeHstr at
3400 cm�1 which appears to be hydrogen bonded. However,
the absence of a typical alkyl aryl ether vibrational band
around 1604.48 cm�1 demonstrates its scission on coupling
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with the appearance of a phenolic OeHstr at 2722.41 cm�1

which was not present in naproxen reference. The 1H NMR
spectra confirmed the absence of resonance due to the me-
thoxyl protons. Unambiguous assignments of proton and car-
bon signals were made using 1He1H COSY, 13C and HMBC
spectra (Table 5). The mass spectrum was obtained using

Table 3
1H, 1He1H COSY (400 MHz, pyridine d5) and HMBC (400 MHz, pyridine d5)

data for 4-[(4-hydroxynaphthalen-1-yl)diazenyl]-3,5-dinitrobenzoic acid (AZ-

02)

C/H no. d (1H)a (1He1H) d (13C) HMBC

2J 3J

Naphthalene residue

1 e e 141.26

2 8.19 (8.16) 7.02 (7.00) e 141.26 13.54

3 7.02 (7.00) 8.19 (8.16) 119.20 173.6 128.59,

141.26

4 e e 173.6 e e

5 8.54 (8.54) 7.57 (7.58) 125.37 e 135.54

6 7.57 (7.58) 7.74 (7.74),

8.54 (8.54)

127.99 131.55 128.59

7 7.74 (7.74) 8.82 (8.81),

7.57 (7.58)

131.55 e 135.54

8 8.82 (8.81) 7.74 (7.74) 123.45 141.26 135.54

CDNBD residue

1 e e 173.00 e e

2,6 9.05 (9.07) e 130.02 e e
3,5 e e 143.27 e e

4 e e 141.62 e e

COOH e e 166.05 e e

a d Values for propranolol-derived AZ-02 in parentheses.

Table 4
1H, 1He1H COSY (400 MHz, pyridine d5) and HMBC (400 MHz, pyridine d5)

data for 4-[(7-(1-carboxyethyl)-2-hydroxynaphthalen-1-yl)diazenyl]-3,5-dini-

trobenzoic acid (AZ-03)

C/H no. d (1H) 1He1H d (13C) HMBC

2J 3J

Aliphatic side chain

1 4.09 1.73 46.57 e e

2 1.73 4.09 19.26 e 176.73

3 e e 176.73 e e

Naphthalene residue

1 e e 135.42 e 8.34, 7.64

2 e e 182.99 e 6.62

3 6.62 7.64 124.23 182.99 135.80, 135.42

4 7.64 6.62 125.27 135.80 132.01, 182.99

5 7.70 4.09 129.80 46.57 131.06

6 e e 144.36 e e
7 7.79 8.34 131.06 e 129.80, 132.01

8 8.34 7.79 127.47 132.01 135.80, 135.42,

144.36

CDNBD residue

1 e e 166.33 9.19

2,6 9.19 e 131.52 140.62 128.79

3,5 e e 140.62 9.19 e
4 e e 128.79 e 9.19

COOH e e 176.73 e 9.19
negative electrospray ionization technique and gave a molecu-
lar ion at m/z of 453; thus the Mr of AZ-03 was 454.

The azo dye obtained from nabumetone (AZ-04) had a melt-
ing point of 191e193 �C; UV absorption maxima occurred at
260 and 470 nm in ethyl acetate (3¼ 1.7145� 107 and
1.2009� 107 mol�1 dm3 cm�1, respectively).

Principal IR peaks for nabumetone were recorded at 1625
(s), 1550 cm�1 (s) as well as 1614.48, 1703.97 (s), 3426.63
(b) and 1507 cm�1 (s) for the azo adduct. The IR spectra of
both compounds showed the presence of ketonic C]Ostr at
1625 cm�1 (for nabumetone) and 1614.48 cm�1 (for the azo
adduct). Particularly diagnostic was the absence of a peak at
1550 (s) in the adduct, which is characteristic of alkyl aryl
ethers. Both C]Ostr (carboxylic acid at 1703.97 cm�1) and
OHstr (3426.63 cm�1) were present in the adduct which can
be attributed to the carboxylic acid fragment of CDNBD.
Likewise, an N]Ostr at 1507 (s) indicates the presence of ni-
tro substituents on the nabumetone adduct which is not present
in nabumetone. The 1H NMR spectra of nabumetone and its
azo dye revealed the complete absence of a signal due to the
methoxyl protons in the azo dye.

1H NMR gave the following chemical shift values and in-
tegrals (1H, 400 MHz C5D5N): d 2.13 (3H, s, aliphatic H-4),
2.81 (2H, t, J 14.84 Hz, aliphatic H-2), 3.00 (2H, t, J
14.84 Hz, aliphatic H-1). On the naphthalene residue: 6.61
(1H, d, J 9.76 Hz, H-3), 7.34 (1H, s, H-5), 7.40 (1H, dd, J
9.68, 1.48 Hz, H-7), 7.62 (1H, H-4), 8.24 (1H, d, J 8.16 Hz,
H-8) and on the CDNBD residual: 9.16 (2H, s, H-2 and H-
6). 13C NMR (100 MHz, C5D5N): d 30.08 (aliphatic C-4),
207.1 (C-3), 30.2 (C-2), 44.8 (C-1). On the naphthalene

Table 5
1H, 1He1H COSY (400 MHz, pyridine d5) and HMBC (400 MHz, pyridine d5)

data for 4-[(2-hydroxy-7-(3-oxobutyl)naphthalen-1-yl)diazenyl]-3,5-dinitro-

benzoic acid (AZ-04)

C/H no. d (1H) 1He1H d (13C) HMBC

2J 3J

Aliphatic side chain

1 3.00 e 44.80 e 2.81

2 2.81 e 30.20 e 3.00

3 e e 207.10 e e

4 2.13 e 30.08 e e

Naphthalene residue

1 e e 130.70 e 6.61

2 e e 183.17 e 7.62

3 6.61 7.62 125.23 127.44 130.70

4 7.62 e 127.44 e e

5 7.34 e 130.30 3.00, 7.62, 7.40

6 e e 144.06 e 2.81, 8.24

7 7.40 7.34, 8.24 131.63 e 3.00

8 8.24 7.40 145.06 e 7.40, 3.00

CDNBD residue

1 e e 136.18 9.16 e

2,6 9.16 e 131.60 9.16 166.15

3,5 e e 140.56 9.16 e

4 e e 127.94 e e
COOH e e 166.15 e 9.16
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residue: 131.63 (C-7), 144.06 (C-6), 130.3 (C-5), 127.44 (C-4),
125.23 (C-3), 183.17 (C-2), 130.7 (C-1), 145.06 (C-8) and on
the CDNBD residual: 127.94 (C-4), 140.56 (C-3, C-5), 131.6
(C-2, 6), 136.15 (C-1) and 166.15 (COOH).

A notable observation was the absence of a signal due to the
methoxyl protons centered at 3.817 ppm which was absent in
the proton NMR spectra of the azo dye. Such dealkylation
has been observed to occur when phenol ethers couple with
highly reactive diazonium ions. The mechanism is not clear
but scission appears to occur after coupling and is favored by
the use of an acidic medium [17]. It is most likely that stability
problems might account for dealkylation as resonance stabili-
zation may be better in the case of eOH rather than eOR.
Three sets of signals were therefore observed in the aliphatic
region compared to four in the spectra of the nabumetone ref-
erence. Five sets of signals were observed in the aromatic re-
gion due to the five residual protons on the naphthalene ring
imparted by substitution. The sixth aromatic signal was due
to protons attached to the CDNBD molecule and occurred as
a singlet with an integral of 2 at 9.16 ppm. The Jmodulated

13C
NMR spectrum showed a total of 18 carbons. The complete as-
signments of all carbon and proton signals were accomplished
using the HMBC and 1He1H COSY-90 experiments; the reso-
nances assigned are presented in Table 5. An exchangeable pro-
ton was found at around 16.4 ppm revealing that the ether
linkage changed to an alcohol upon coupling.

The unambiguous assignments of all 1H and 13C resonances
of the azo dye were achieved by HMBC in which aliphatic
H-2 (d 2.81) protons produced long range coupling with C-1
(d 44.8) and vice versa. On the naphthalene ring, H-3 (d
6.61) produced a 3J with C-1 (d 183.17) and ortho splitting
by H-4. Similarly, aliphatic H-1 (d 44.8) as well as H-4
(d 7.62) and H-7 (d 7.40) had long range coupling with C-5
(d 130.3). 3J coupling was also observed between H-3 (d 6.61)
and C-1 (d 130.7), while on the CDNBD residue 2J coupling
occurred between C-3, 5 (d 140.56) and H-2, 6 (d 9.16) as
well as between C-2, 6 and their protons. The carboxylic car-
bon on the CDNBD residue was assigned as 166.15, this being
typical of such a group; similarly the ketonic carbonyl carbon
occurred at 207.1, which is also typical. The mass spectrum,
using negative electrospray technique, gave the molecular
ion with an m/z of 451.08, thereby establishing the Mr of
AZ-04 as 452.08. For AZ-01, AZ-03 and AZ-04, the C-2
signals occurred within the range 182e183 ppm indicative
of a highly deshielded carbon atom. The chemical shift is
consistent with the presence of a hydrazone tautomer, imply-
ing that the exchange between the azo and hydrazone config-
urations was slow enough to fit into the NMR time scale. The
hydrazone tautomers are therefore reflected in the structures
in Fig. 2.

3. Conclusions

The synthetic intermediate, CDNBD has the ability of pro-
ducing azo dyes with weakly activated skeletons such as phe-
nol ethers. Unambiguous structure elucidations were carried
out using 1D and 2D NMR analyses. Further work will seek
to establish the analytical and medicinal utilities of these
dyes and also will increase the number of analogs in the azo
dye series.

4. Experimental

4.1. General

A solution of CDNBD was prepared using sodium nitrite in
sulfuric acid/orthophosphoric acid mixture as previously re-
ported [18]. All compounds were investigated by TLC and pu-
rified by recrystallization from organic solvent mixtures. UV
spectral analysis was carried out on Unicam Aurora UV spec-
trophotometer running Helio Scan software (v 1.1) while mass
spectra were recorded using a (LCQMS FINNIGAN) mass
spectrometer equipped with electrospray technique. IR spectra
(KBr pellets) were recorded using a Genesis Series (Ati-Matt-
son Instruments, USA) FTIR fitted with WINFIRST� software
for data acquisition and processing. The 1D- and 2D-NMR
spectra were recorded using a Bruker 400 MHz NMR
spectrometer.

4.2. Synthesis

4.2.1. Synthesis of 4-[(2-hydroxynaphthalen-1-yl)diazenyl]-
3,5-dinitrobenzoic acid (AZ-01)

A solution of b-naphthol (25 mg) in glacial acetic acid
(5 mL) was added to the CDNBD solution, with stirring.
The red mixture which formed immediately was stirred gently
for 3 h after which time, the reaction mixture was poured on
crushed ice and filtered under suction. The crude product

N NHOOC

R

N NHOOC

NO2

NO2

NO2

NO2

R

O

H

H
O

Fig. 2. Proximity effect showing ketoeenol tautomerism when the common

hydroxyl group is located on the naphthalene ring ortho position to the azo

group [R¼H (AZ-01), R¼ CHCH3COOH (AZ-03), R¼CH2CH2COCH3

(AZ-04)]. 13C NMR data suggest that the keto form is more stable and hence

the dominant species.
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was washed with cold water and dried at 105 �C and the prod-
uct recrystallized from ethanol/glacial acetic acid (1:1).

4.2.2. Synthesis of 4-[(4-hydroxynaphthalen-1-yl)diazenyl]-
3,5-dinitrobenzoic acid (AZ-02)

A solution of a-naphthol (15 mg) in glacial acetic acid was
used for the synthesis of AZ-02 in the place of b-naphthol. Pu-
rification was carried out by refluxing the crude dye in ethanol
and precipitating the pure dye using ice-cold water.

The propranololeCDNBD azo dye was prepared by weigh-
ing propranolol secondary reference (22 mg) into a vial. Glacial
acetic acid (10 mL) was added and the propranolol was allowed
to dissolve. The ensuing solution was poured into the reagent so-
lution and stirred continuously for 3 h. At the end of this period
crushed ice was added to the reaction mixture until cloudiness
appeared; the sample was kept overnight in a refrigerator for
complete precipitation. The resulting precipitate was filtered
and washed several times with distilled water. The orange-col-
oured adduct obtained was dried in the oven at 70 �C. Several
batches of the propranolol adduct were synthesized following
this procedure and the crude samples were then combined. The
crude propranolol azo adduct was refluxed in ethylacetate on
a water bath for 30 min and then filtered under suction and con-
centrated. Excess n-hexane was added to the ethylacetate con-
centrate in a beaker until just cloudy. The mixture was allowed
to stand for 24 h and an orange product was recovered by filtra-
tion and washing with excess n-hexane. The sample was eventu-
ally dried in an oven at 70 �C and stored in sealed vials.

4.2.3. Synthesis of 4-[(6-(1-carboxyethyl)-2-
hydroxynaphthalen-1-yl)diazenyl]-3,5-
dinitrobenzoic acid (AZ-03)

The CDNBD reagent solution was similarly prepared as be-
fore. Naproxen (10 mg) was dissolved in glacial acetic acid
(5 mL) and this was poured into the reagent solution and reac-
tion was allowed to proceed for 3 h. The red coloured adduct
was poured into ice blocks and allowed to separate. The red-
dish-orange precipitate was filtered and dried at 70 �C; several
batches were prepared. The crude reddish-orange dye was dis-
solved in ethylacetate under reflux and then was filtered while
hot and concentrated on a water bath. Excess n-hexane was
added until the solution became cloudy. The reddish-orange
dye was recovered by filtration and stored in sample vials.

4.2.4. Synthesis of 4-[(2-hydroxy-6-(3-oxobutyl)naphthalen-
1-yl)diazenyl]-3,5-dinitrobenzoic acid (AZ-04)

For each batch, nabumetone (20 mg) was dissolved in gla-
cial acetic acid (10 mL) and the ensuing solution was poured
into the reagent and reaction was allowed to proceed for 4 h.
The solution remained purple throughout the reaction period.
At the end of reaction, the purple dye was poured into ice
and a deep red coloured dye precipitated which was recovered
by filtration under gravity. Several batches were prepared. The
dried crude extract was dissolved in ethanol under reflux, fil-
tered while hot and concentrated on a water bath. The beaker
containing the red dye was placed in an ice-bath and a few
ice-flakes were added, upon which, immediate separation of
the red azo dye occurred. The sample was allowed to separate
and then recovered by filtration. The purified dye was dried at
60 �C and then stored in a vial.

4.3. Spectroscopic characterization

The azo dyes obtained were characterized using UV spec-
troscopy, NMR, IR and mass spectrometry. AZ-01 was charac-
terized using 1H and 13C NMR spectra; for AZ-02, one
dimensional (1D) 1H NMR (400.13 MHz) and 13C NMR
(100.63 Hz) spectra were recorded with 64 and 320 scans, re-
spectively. Spectral widths were 6410.26 Hz and 25,000 Hz,
respectively. All measurements were made in deuterated pyri-
dine and chemical shifts refer to the signal of the solvent
{d¼ 8.74 (1H, H-2) and 150.35 (13C, C-2)}.

AZ-03 was similarly characterized by weighing 15 mg of the
naproxen azo dye and dissolved in 0.7 ml of pyridine (d5).
1H signals were recorded at 400.14 MHz with a sweep width
of 3846.15 Hz and 128 scans. The 13C signals were recorded
on Jmodulated version with a delay of 31.3 ms and a sweep width
of 20,000.00 Hz at a field strength of 100.62 MHz; a total of 306
scans were recorded. All chemical shifts refer to the downfield
signals of pyridine. 1He1H COSY (2D) was recorded with a
field strength of 400.13 MHz and a sweep width of 9.512 ppm
across both axes; a total of 1024 scans were recorded.
1He13C COSY long-range (HMBC) was recorded with a delay
of 208.0 ms and 1024 scans. For the 1He1H COSY experiment,
data acquisition was done using a sweep frequency of
4310.34 Hz and 64 scans; d1 (relaxation) was set at 6 s.

AZ-04 (15 mg) was characterized after dissolution in pyri-
dine (d5). Proton NMR was recorded using a sweep field fre-
quency of 400.13 MHz with a total of 128 scans of 1024.
Jmodulated

13C spectra were acquired using a relaxation time
(d1) of 6 s. HMBC-spectra were optimized for a long range
JHeC of 7 Hz (d6¼ 0.07 s). All carbon spectra were acquired
with a field strength of 100.61 MHz.

The IR spectra of the azo adducts were also similarly re-
corded after compression in KBr disk at a pressure of 10 tons
using the GENESIS FTIR machine fitted with WINFIRST�

software for data acquisition and processing.
Electrospray ionization (ESI) was used for all azo adduct

samples, except for AZ-01 (electron impact 70 eV). Positive
ESI was adopted for the propranolol azo adduct while negative
ESI was adopted for the a-naphthol dyes, AZ-03 and AZ-04.

UV absorption spectra were recorded in ethylacetate.
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