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1. Introduction

Azo compounds with bacterial [1] [2], pesticidal [3], antifungal [4] and other bi-
ological activities have important role as colorant in textile industry [5]. And
despite the toxicity of some of them, dozens of monoazo dyes are applied in
cosmetics and drugs [6]. Moreover the azo group has outstanding electron do-

nating capability which enables it to serve as excellent ligands in the field of
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coordination chemistry [7] [8] [9]. The azomethine group has worthwhile elec-
tron donating property [10] [11]. Therefore, it was used also to prepare many
stable complexes with transition metal ions [12] [13]. Schiff bases are well known
to have antibacterial [14] [15], antifungal [16] and antitumor [17] activities be-
sides their other effective role in industry [18].

Azo-Schiff bases are a sort of chemicals possessing both the azo and azomethine
groups and so combining the virtues of their precursors. These compounds are al-
ready synthesized within a two-step process: In the first step a coupling reaction of
a diazonium ion with various substituted aromatic aldehydes is held to form the so
called azo-aldehydes. In the second one the carbonyl group of this compound is
condensed with alkyl or aryl amines using various chemical ways, such as refluxing
[19] [20] [21] [22], fusion [23], irradiating in microwave reactors and others [24].
During the past forty years, numerous mono, bis, tris and tetra azo-Schiff bases
were synthesized using traditional as well as green chemistry techniques. Subse-
quently a variety of researches have been published focusing on the biological ac-
tivity of this sort of organic compounds [22] [25] [26] and considerable progress
has been recorded considering their uses as ligands to form advantageous com-
plexes [27] [28] [29] [30]; but a little work is recorded relating to their photophys-
ical properties [23]. In this manuscript we are proceeding our initial studies [24] to
synthesize new compounds of this type of organic molecule derived from the bio-
logical and photoactive acid-base indicator Congo red and some synthesized ana-
logous compounds as a part of comprehensive strategy to design and prepare what
we hope to be energy rich sensitizers in photochemical conversion systems or push

pull compounds which may be applied in dye sensitized solar cells.

2. Experimental
2.1. Materials and Methods

The starting chemicals were of analytical grade and provided by Sigma-Aldrich,
BDH, Merck, and Scharlau companies; they were all used without any further
purification. The uncorrected melting points of the synthesized compounds
were determined using electrothermal melting point apparatus Stuart-SMP11. IR
Spectra were obtained on a Nicolet 100 FT-IR as KBr discs in terms of frequency
of absorption (cm™) in the range 400 - 4000 cm™ and 'H NMR spectra were run
on a 400 MHz, DMSO-d% TMS was used as the internal standard; DMSO-c and
CDCI; were used as solvent. The electronic spectra were reported (recorded) in
the range 200 - 800 nm using PG+ 92 UV-Visible spectrophotometer at a wave-
length of maximum absorption (Am.) in DMSO solutions at room temperature.
Irradiations at microwave region of the electromagnetic radiation were carried

out using BoMann microwave synthesizer.

2.2. General Procedure for the Synthesis of the Compounds

Synthesis of bis-Schiff bases of Congo red [Ia-g] (DMF method)
A finely ground mixture of (0.001 mol Congo red) and 0.002 mol of the appro-
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priate aromatic aldehyde were irradiated for 15 - 20 minutes moderately in a mi-
crowave reactor after adding (3 - 4) drops of DMF. The completion of the reaction
and purity of the product was monitored using TLC strips. The product was
washed with petroleum ether (40 - 60) °C, dried then recrystallized from ethanol.

Synthesis of bis-Schiff bases of Congo red (Glacial acetic acid method)

The same procedure was applied replacing DMF by (6 - 8) drops of glacial
acetic acid. The obtained results are given below:

Sodium 4-(((E)-benzylidene)amino)-3-((4-((1-(bezylideneamino)-4-
sulfonatonaphthalen-2-yl)diazenyl)-[1,1-biphenyl]-4-yl)diazenyl)naphthalene-
1-sulfonate (Ia)

Reddish Brown powder. Yield: 65% (Glacial acetic acid), 72% (DME),
M.P: >300°C. IR (ATR, cm™): v 3062 (Ar. C-H), 1606 (C=N), 1599 (Ar. C=C),
1452 (N=N). UV-Vis (DMSO, ¢ 10™* mol-L™): An. (&) 225 (12,000), 340 (6020),
510 (8307) nm (mol™! L cm™). '"H NMR (400 MHz, DMSO-db): 6.71 - 7.95 (m,
28H, ArH), 8.46 (s, 2H, HC=N) ppm.

Sodium 3,3-([1] [1-biphenyl]-4,4-diylbis(diazene-2,1-diyl))bis(4-((4-
methoxybenzylidene)amino)naphthalene-1-sulfonate (Ib)

Green powder. Yield: 65% (Glacial acetic acid), 68% (DMF), M.P: >300°C. IR
(ATR, cm™): v 3062 (Ar. C-H), 2969; 2929 (Al C-H), 1606 (C=N), 1599 (Ar.
C=C), 1452 (N=N). UV-Vis (DMSO, ¢ 10~ mol-L"): A (&) 225 (11,963), 342
(6130), 513 (8500) nm (mol™ L cm™). 'H NMR (400 MHz, DMSO-db): J4.05 (s,
6H OCHs), 7.65 - 8.27 (m, 26H, ArH), 8.81 (s, 2H, HC=N) ppm.

Sodium 4-(((E)-furan-2-ylmethylene)amino)-3-((4-((1-(((E)-furan-2-
ylmethylene)amino)-4-sulfonatonaphthalen-2-yl)diazenyl)-[1,1-biphenyl]-
4-yl)diazenyl)naphthalene-1-sulfonate (Ic)

Reddish Brown powder. Yield: 81% (Glacial acetic acid), 73% (DME),
M.P: >300°C. IR (ATR, cm™): v 3010 (Ar. C-H), 1607 (C=N), 1504 (Ar. C=C),
1453 (N=N). UV-Vis (DMSO, ¢ 10™* mol-L™): An. (&) 221 (12,500), 343 (5980),
512 (9100) nm (mol™ L cm™)."H NMR (400 MHz, DMSO-db): 06.8 - 8.2 (m, 6H
ArH furan), 7.6 - 8.9 (m, 18H ArH), 9.0 (s, 2H, HC=N) ppm.

Sodium 3,3-([1,1-biphenyl]-4,4-diylbis(diazene-2,1-diyl))bis(4-((3-phenyl
allylidene) amino) naphthalene-1-sulfonate. (Id)

Green powder. Yield: 83% (Glacial acetic acid), 93% (DMF), M.P: >300°C. IR
(ATR, cm™): v 3026 (Ar. C-H), 1610 (C=N), 1579 (Ar. C=C), 1448 (N=N).
UV-Vis (DMSO, ¢ 10~ mol-L™): Amax (£) 226 (12,100), 342 (6590), 512 (9000) nm
(mol™ L cm™). 'H NMR (400 MHz, DMSO-db6): J 3.03 (s, 6H N-CHs), 6.82 -
8.91 (m, 26H ArH), 8.7 (s, 2H, HC=N) ppm.

Sodium3,3-([1,1-biphenyl]-4,4-diylbis(diazene-2,1-diyl))bis(4-((4-
(dimethylamino) benzylidene) amino)naphthalene-sulfonate) (Ie)

Dark red powder. Yield: 59% (Glacial acetic acid), 57% (DMF), M.P: >300°C.
IR (ATR, cm™): v 3005 (Ar. C-H), 1611 (C=N), 1599 (Ar. C=C), 1439 (N=N).
UV-Vis (DMSO, ¢ 107 mol-L™): An.x () 225 (12,100), 340 (6600), 518 (8950) nm
(mol! L cm™). '"H NMR (400 MHz, DMSO-d6): & 4.37 (s, 12H NCHs), 6.75 -
8.03 (m, 26H, ArH), 8.45 (s, 2H, HC=N) ppm.
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Sodium 3-((4((-sulfonato-1-(((£)-3,4,5-trimethoxybenzylidene) amino)
naph-thalene-2-yl)diazenyl)-[1,1-biphenyl]-4-yl)diazenyl)-4-(((E)-3,4,5-tri
methoxybenzylidene)amino)naphthalene-1-sulfonate (If)

Purple powder. Yield: 64% (Glacial acetic acid), 55% (DMF), M.P: >300°C. IR
(ATR, cm™): v 3100 (Ar. C-H), 1616 (C=N), 1584 (Ar. C=C), 1458 (N=N).
UV-Vis (DMSO, ¢ 107 mol-L™): Anax (&) 223 (12,300), 342 (6900), 519 (8990) nm
(mol L cm™).): 'H NMR (400 MHz, DMSO-db): § 4.17 (s, 18H OCHs), 6.69 -
8.10 (m, 22H, ArH), 8.44 (s, 2H, HC=N) ppm.

Sodium 4-(((£)-2-hydroxybenzylidene) amino)-3-((4-(((£)-2-hydroxy-
ben-zylidene)amino)-4-sulfonatonaphthalene-2-yl)diazenyl)-[1,1-biphenyl]-
4-yl)naphthalene-1-sulfonate (Ig)

Red powder. Yield: 61% (Glacial acetic acid), 69% (DMF), M.P: >300°C. IR
(ATR, cm™): v 3000 (Ar. C-H), 1601 (C=N), 1599 (Ar. C=C), 1460 (N=N).
UV-Vis (DMSO, ¢ 10™* mol-L™): Amax (&) 225 (12,600), 345 (8010), 515 (8710) nm
(mol™' L cm™). '"H NMR (400 MHz, DMSO-d6): & 6.70 - 8.03 (m, 22H, ArH),
8.30 (s, 2H, HC=N), 11.7 (s, 2H, OH) ppm.

Preparation of [IIa-d]: The azo dyes were prepared according to a method
similar to that described previously [24]. The obtained results are given below:

Sodium 4-((3-formyl-4-hydroxy-5-(phenyldiazenyl) phenyl)diazenyl)
benzenesulfonate (IIa)

Orange powder. Yield: 66%. M.P: >300°C. IR (ATR, cm™): v 3400 (O-H),
3000 (Ar. C-H), 1660 (C=0), 1579 (Ar. C=C), 1463 (N=N). UV-Vis (DMSO, ¢
107 mol-L™): Amax (£) 248 (10,980), 353 (2540), 410 (2300) nm (mol™' L cm™). 'H
NMR (400 MHz, DMSO-d6): &, 7.10 - 8.16 (m, 11H, ArH), 10.23 (s, 1H, CHO),
11.20 (s, 1H, OH) ppm.

Sodium 4-((3-formyl-4-hydroxy-5-(p-tolyldiazenyl)phenyl)diazenyl)ben-
zenesulfonate (IIb)

Orange powder. Yield: 63%. M.P: >300°C. IR (ATR, cm™): v 3467 (O-H),
3022 (Ar. C-H), 2967; 2929 (AL C-H), 1660 (C=0), 1580 (Ar. C=C), 1452
(N=N). UV-Vis (DMSO, ¢ 1.00. 10* mol-L™"): duex (£) 253 (11,000), 344 (2530),
420 (2305) nm (mol™! L cm™).!H NMR (400 MHz, DMSO-db): 6 1.37 (s, 3H
CHs), 7.08 - 8.10 (m, 10H, ArH), 10.20 (s, 1H, CHO), 11.15 (s, 1H, OH) ppm.

Sodium 4-((4-clorophenyl)diazenyl)-5-formyl-4-hydroxyphenyl)diazenyl)
benzenesulfonate (IIc)

Orange powder. Yield: 59%. M.P: >300°C. IR (ATR, cm™): v 3468 (O-H),
3040 (Ar. C-H), 1659 (C=0), 1585 (Ar. C=C), 1480 (N=N). UV-Vis (DMSO, ¢
107 mol-L™1): Anax (€) 251 (11,008), 340 (2560), 423 (2389) nm (mol™* L cm™). 'H
NMR (400 MHz, DMSO-db): 4, 6.98 - 8.10 (m, 10H, ArH), 10.1 (s, 1H, CHO),
11.30 (s, 1H, OH) ppm.

Sodium 4-((3-formyl-4-hydroxy-5-((4-nitrophenyl) diazenyl)phenyl) di-
azenyl) benzenesulfonate (IId)

Orange powder. Yield: 56%. M.P: >300°C. IR (ATR, cm™): v 3476 (O-H),
3101 (Ar. C-H), 1658 (C=0), 1584 (Ar. C=C), 1481 (N=N). UV-Vis (DMSO, ¢
107 mol-L™): Ama (£) 250 (11,100), 348 (2605), 428 (2400) nm (mol! L cm™).'H
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NMR (400 MHz, DMSO-db6): &, 7.00 - 8.14 (m, 10H, ArH), 10.3 (s, 1H, CHO),
11.45 (s, 1H, OH) ppm.

Synthesis of the compounds [IITa-d]

0.001 mol of benzidine dissolved in 15 mL of absolute ethanol was added, in
single portion, to a solution of 0.002 mol of compounds M11-14 in 15 mL abso-
lute ethanol. The mixture was refluxed with stirring for 3-4 hours. The cooled
residue was filtrated, left to dry at room temperature and recrystallized from
ethanol. The obtained results are given below:

Sodium 4, 4-(((([1] [1-biphenyl]-4,4-diylbis(azanylylidene))bis (metha-
ny-lylidene))bis(4-hydroxy-5-(phenyldiazenyl)-3,1-phenylene))bis(diazene-2,
1-diyl))dibenzenesulfonate (IIla)

Orange powder. Yield: 72%. M.P: >300°C. IR (ATR, cm™): v 3391 (O-H),
3000 (Ar. C-H), 1618 (C=N), 1576 (Ar. C=C), 1438 (N=N). UV-Vis (DMSO, c
10™* mol-L™): Anax (£) 252 (9089), 295 (5098), 385 (6000) nm (mol™ L cm™). 'H
NMR (400 MHz, DMSO-db): ¢ 6.25 - 8.45 (30 H, ArH), 9.25 (s, 2H, HC=N),
13.15 (s, 2H, OH) ppm.

Sodium 4, 4-(((([1] [1-biphenyl]-4, 4- diylbis (azanylylidene))bis (metha-
ny-lylidene))bis(4-hydroxy-5-(p-tolyldiazenyl)-3,1-phenylene))bis(diazene-2,
1-diyl))dibenzenesulfonate (IIIb)

Orange powder. Yield: 78%. M.P: >300°C. IR (ATR, cm™): v 3396 (O-H),
2970; 2931 (Al. C-H), 3094 (Ar. C-H), 1620 (C=N), 1487 (N=N). UV-Vis
(DMSO, ¢ 107 mol-L™): A (€) 253 (9100), 300 (4968), 390 (5980) nm (mol™* L
cm™). 'H NMR (400 MHz, DMSO-d6): §1.19 (s, 6H CH,), 6.20 - 8.39 (m, 28H,
ArH), 9.22 (s, 2H, HC=N) 13.84 (s, 2H, OH) ppm.

Sodium 4,4-(((([1] [1-biphenyl]-4,4-diylbis(azanylylidene))bis(methany-
lylidene))bis(5-((4-chlorophenyl)diazenyl)-4-hydroxy-3,1-phenylene))bis(dia-
zene-2,1-diyl))dibenzenesulfonate (I1Ilc)

Orange powder. Yield: 66%. M.P: >300°C. IR (ATR, cm™): v 3390 (O-H),
3035 (Ar. C-H), 1619 (C=N), 1580 (Ar. C=C), 1484 (N=N). UV-Vis (DMSO, ¢
10™* mol-L™): Anax (€) 253 (9130), 300 (5980), 395 (6050) nm (mol™ L cm™). 'H
NMR (400 MHz, DMSO-db6): 6.34 - 8.39 (m, 28H, ArH), 9.28 (s, 2H, HC=N)
13.01 (s, 2H, OH) ppm.

Sodium 4,4-(((([1] [1-biphenyl]-4,4-diylbis(azanylylidene))bis (metha-
nylylidene))bis(4hydroxy-5-((4-nitrophenyl)diazenyl)-3,1-phenylene))bis(dia-
zene-2,1-diyl))dibenzenesulfonate (I1IId)

Orange powder. Yield: 80%. M.P: >300°C. IR (ATR, cm™): v 3395 (O-H),
3062 (Ar. C-H), 1618 (C=N), 1574 (Ar. C=C), 1487 (N=N). UV-Vis (DMSO, ¢
10™* mol-L™): Amax (£) 250 (9200), 300 (6005), 405 (6100) nm (mol™ L cm™). 'H
NMR (400 MHz, DMSO-db): §1.19 (s, 6H CHs), 6.20 - 8.39 (m, 28H, ArH), 9.22
(s, 2H, HC=N) 13.84 (s, 2H, OH) ppm.

3. Results and Discussion

The synthesis of Schiff bases derivatives of the azo dye (Congo red) [Ia-g] were
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carried out as a single step reaction formulated in (Scheme 1) in moderate-good
yield and in a short reaction time with a simple single step microwave irradia-
tion experimental procedure. (Scheme 2) and (Scheme 3) summarize the mul-
tistep synthesis of the compounds [IIa-d] and [IIla-d] respectively following the
conventional chemical methods.

The validity of the target compounds was confirmed according to their FTIR,

and NMR spectral data. Microwave assisted solid phase, mostly solvent free

SO;Na
CO N= NHN N-
NaO;S
2 Ar- CHO
Ar
SO;Na
N= NHN N\~
NaO;S
Ar

I- 1

Ar = phenyl, 4-methoxyphenyl, furfuryl, cinommayl ,4-dimethyl amino phenyl,
3,4,5- trimethoxyphenyl, 2-hyroxy phenyl

Scheme 1. Preparation of the compounds (Ia-Ig).

N
NaNO, / HCl RONEN + NaossON=NQOH

a CHO

NH,

R
R=H ,CH; ,Cl,NO,

CHO
IIa - IId

Scheme 2. Preparation of the compounds [IL-IIq].

D
2 Naogs@N=N OH + H2NNH2
CHO

ITa- 1Id

SO;Na

Ia-IIId

NaO3S

R=H ,CH; ,CI,NO,

Scheme 3. Preparation of the compounds [IIIa-IIId].

DOI: 10.4236/ijoc.2021.111004 40 International Journal of Organic Chemistry


https://doi.org/10.4236/ijoc.2021.111004

N. O. Tapabashi et al.

synthesis was worked out in giving the desired Schiff base derivatives of Congo
red in medium to high temperature heating in two separate trials. In the first tri-
al drops of glacial acetic acid and in the second one few drops of DMF were used
whereas, the starting materials were recovered on prolonged refluxing of the
reaction mixtures in ethanol and dimethyl sulphoxide in the presence or absence
of few drops of glacial acetic acid and piperidine separately. The difficulty of the
condensation reaction held in reflux method is thought to be arising from the
disability of both of the amino groups in the azo dye which are substituted at
para position to the sulphonate groups deactivating them through their negative
inductive and conjugation effect. Therefore the higher energy supplied by mi-
crowave irradiation is found to be very effective in the stimulation of the reac-
tion through increasing the number of fruitful collisions according to Boltzmann
diagram [31].

The difficulties faced in preparing of Schiff base of Congo red as well as the
photochemical fragility thereof motivated us to imitate the resultant structure
(bisazo-bisSchiff) by formulating new tetra azo-bis Schiff compounds (IIIa-IIId)
in which the benzidine as the nucleus moiety, resembling the heart or the core of
Congo red dye, was kept intact but the number and order of azomethine as well
as the azo groups inside the molecule was reversed.

The synthesis of the structurally reversed analogous compounds (IIla-IIId)
was held through a two-stage reaction in which the well-known (sodium 4-((3-
formyl-4-hydroxyphenyl) diazenyl) benzenesulfonate, Sb) was coupled with di-
azotization product of the para substituted aniline to give the diazo-aldehyde
compounds (ITa-IId) in the end of the first stage. And in the second stage two
moles of these compounds were condensed with single mole of benzidine on
heating to reflux in ethanol.

H-NMR Spectra

The 'H-NMR spectra of the compounds [Ia-g] and [IIIa-d] showed the cha-
racteristic single signals at the range (8.30 - 9) ppm and (9.22 - 9.28) ppm re-
spectively which are attributed to (HC=N) proton. The variation in the position
of this signal is largely dependent on the nature of the substituents on the ben-
zene ring. Multiple signals of the aromatic protons for all the synthesized com-
pounds appeared at the range (6.20 - 8.89) ppm. It was observed that the shape,
location and the integration values of the signal of the aromatic protons are
clearly affected by the entire structural environment of the examined molecules;
the signals of the functional and the substituted groups were recorded in their
expected positions.

FTIR Spectra

All the synthesized compounds showed the characteristic IR peaks that proved
the presence of particular functional groups related to the compounds of each
prepared scheme. For the compounds [Ia-Ig] the disappearance of the bands at
3313 cm™ and 3264 cm™ attributed to NH, stretching frequency of the parent

structure (Congo red) and the appearance of a new bands due to the azomethine
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groups (CH=N) at the range (1601 - 1616) cm™ is a decisive evidence of the
success of the condensation reaction. The azo group of the parent structure of
Congo red appeared at the range (1439 - 1460) cm™ influenced by the type of
substuante (electrodonating or electrowithdrawing) on aromatic ring of the al-
dehyde precursor of the neighboring azomethine group. Other characteristic
bands which are reported in the experimental parts confirmed our allegations.

For the compounds (IIa-IId) the IR band at (1658 - 1660) cm™ confirmed the
presence of (C=0) of the aldehyde group. The band corresponding to the stret-
ching vibration of the azo group (N=N) was observed in the region (1452 - 1481)
cm™. The variation in the range of azo group absorption is attributed to the di-
verse action of the substituent (mehyl, chloro, nitro groups) on the aniline pre-
cursor of the azo compound. Phenolic (OH) stretching vibration appeared at
(3460 - 3476) cm™.

For the compounds [IITa-IIId] (=C-H) stretching vibration of the aromatic
rings were identified by their weak band at the region (3000 - 3094) cm™. Stret-
ching vibration of aliphatic and aromatic (C-H) appeared at (2900) cm™ and
(3010) cm™ respectively. The band corresponding to the stretching vibration of the
azo group (N=N) was observed in the region (1438 - 1487) cm™* being affected by
the variation of aromatic substituents. The azomethine groups were identified by
their characteristic shapes (medium to strong) and location of their absorption
bands at (1618 - 1620) cm™, while the phenolic (OH) groups were observed at
(3391-3396) cm™* being influenced by the six-membered intra-Hydrogen bonding
ring formed with the nitrogen atom of the azomethine groups.

UV-Visible Spectral Studies

The UV-Vis absorption spectra of all of the synthesized compounds were rec-
orded as solution in DMSO (10™* M) at the range (200 - 800) nm. For the bis
azo-aldeyde compounds [IIa-IId], as previously stated [24], the first band at (248
- 253) nm is attributed to the n-7* transition of the whole molecule, the second
band at (340 - 353) nm to the low 7t-7t* transition and the third one at (410 - 428)
nm to the n-m* transition of both the azo and carbonyl groups [23]. The Congo
red derivatives (bis Schiff-bis azo compounds [Ia-Ig] showed three absorption
bands mainly. The first band appeared at the range (221 - 226) nm is attributed
to the medium and low m-7* transition of the aromatic ring and heterocyclic
moiety. This can be confirmed easily by the high values of molar transition coef-
ficient (& mol-L™!) amounting to (12,600). The second band appeared at (340 -
345) nm is due to the n-7* transition of the entire Schiff and azo conjugate sys-
tem [32] [33]. The third band located at longer wavelength (510 - 519) nm, being
more sensitive to the nature of substituent is assigned to the m-m* transition
within the azo and azomethine groups involving charge transfer (CT) interac-
tion through the whole molecule. The second and the third bands in the elec-
tronic spectrum of the compounds [IIIa-IIId] (tetra azo-bis Schiff) which were
designed to be analogous to Schiff base derivatives of Congo red [Ia-Ig] were

recorded at shorter wavelengths. The shorter energy charge-transfer absorption
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band in the above range might arrive from the reverse electron donation from
the central azomethine groups towards the terminal azo groups potentiated by
the negative inductive and conjugative effect of the sulfonates. This has reduced
or totally prevented the extended conjugation through the whole molecule across

the biphenyl group of the symmetrical molecule.

4. Conclusion

Here various methods and ways of reflux have been used to synthesize Schiff
base derivative of the well-known Congo red dye; only irradiation in microwave
reactor in a moderate to high temperature gave the desired product. Reversed
analogous compounds that were designed and prepared, in a trial, to modify the
photochemical fragility of Congo red led to, in contradiction to our adopted
strategy, to the undesired bathochromatic shift of the maximum wavelength of
the CT absorption band.
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