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Sinteza azo boja koje u svojoj strukturi sadrže heterociklična jedinjenja postala je predmet sve 

većeg interesovanja poslednjih godina, prvenstveno zbog širokog spektra bioloških i farmakoloških 
aktivnosti ovih jedinjenja. Pored ovoga, heterociklične azo boje nalaze primenu kao fluorescentni 
materijali, nelinearni optički (NLO) materijali drugog reda, kao i komponente tečnih kristala. Ta-
kođe, uvođenje heterocikličnih jedinjenja u moleklule azo boja omogućava modifikaciju njihovih e-
lektronskih i optičkih svojstava, čime se povećava intenzitet boje i poboljšava efikasnost bojenja. 
Značajnu podklasu heterocikličnih jedinjenja predstavljaju derivati pirimidina koji ispoljavaju raz-
novrsna fiziološka i biološka svojstva. Orotična kiselina (vitamin B13) ima ključnu ulogu u biosintezi 
pirimidina i često se uključuje u formulacijama dijetetskih suplemenata i multivitamina. Orotična 
kiselina takođe nalazi primenu u raznim jonoizmenjivačkim procesima, očuvanju hrane, a koristi se 
i kao biokatalizator u medicini. U ovom radu prikazana je sinteza i detaljna karakterizacija nove azo 
boje dobijene iz 5-aminoorotične kiseline. Ova azo boja je sintetizovana konvencionalnim reakcijama 
diazotovanja i diazo-kuplovanja, a okarakterisana je temperaturom topljenja, ATR-FTIR i 1H NMR 
spektroskopijom. Da bi se ispitala veza između molekulske strukture i optičkog svojstva sintetizova-
nog jedinjenja, sprovedena je solvatohromna analiza u setu rastvarača različite polarnosti. Pored 
toga, UV-Vis spektroskopijom je ispitana zavisnost tautomerne ravnoteže od pH vrednosti rastvarača 
(kiselo-bazna ravnoteža). 

The synthesis of heterocycle-containing azo dyes and their derivatives has attracted increasing 
attention in recent years, primarily due to their diverse biological and pharmacological activities, in 
addition to their applications as fluorescent materials, second-order nonlinear optical (NLO) mate-
rials, components of liquid crystals, etc. Also, heterocyclic moieties are incorporated into azo dye 
chromophores to modulate their electronic and optical characteristics, thereby enhancing color 
intensity and overall dyeing performance. Pyrimidine derivatives represent an important subclass of 
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these compounds, exhibiting diverse physiological and biological effects, among which orotic acid 
(vitamin B13), a uracil-derived compound, plays an essential role in pyrimidine biosynthesis and is 
widely incorporated into dietary supplements and multivitamin preparations. Besides, applications 
of orotic acid also expand to ion-exchange processes, food preservation, and as a biocatalyst in me-
dical applications. In this paper, the synthesis and thorough characterization of a novel azo dye de-
rived from 5-aminoorotic acid was presented. This azo dye was synthesized through conventional 
synthetic methods via diazotation and subsequent diazo-coupling reactions, and it is characterized 
by melting point, ATR-FTIR, and 1H NMR spectroscopy. To investigate the relationship between 
molecular structure and optical behavior, the solvatochromic analysis was conducted in a set of sol-
vents differing in polarity. Likewise, the UV-Vis spectroscopy was performed to assess the depen-
dence of tautomeric equilibrium on the pH of the solvent (acid-base equilibrium). 

1. Introduction 
In recent years, the incorporation of heterocyclic moieties into the azo dye structure has become 

a prominent strategy in the design of high-performance disperse dyes, owing to their enhanced chem-
ical and thermal stability, but also improved dyeing performance when compared with their carbocy-
clic derivatives including improved depth of shade, greater color intensity, enhanced brightness, and 
superior fastness [1–4]. In addition, azo dyes obtained from nitrogen-containing heterocyclic scaf-
folds are extensively utilized in various industrial applications such as second-order non-linear optics 
(NLO), liquid crystal components, as fluorescence materials, in diverse electrochemical processes, 
etc. [5,6]. Furthermore, these compounds have been documented to exhibit diverse pharmacological 
and biological activities, including antimicrobial, anti-inflammatory, antimalarial, antioxidant, anti-
tumor, anticancer, antifungal, antiviral, anticonvulsant, antidiabetic, antitubercular, analgesic proper-
ties, and chemosensing activities [7–9]. Among these compounds, pyrimidine derivatives constitute 
a significant subclass, exhibiting diverse physiological and biological activities. The integration of a 
pyrimidine scaffold, conjugated with an azo linkage offers a versatile approach to the design of novel 
chromophores with modulatable optical and photophysical properties. Pyrimidine-based azo dyes 
have already demonstrated a range of promising applications, including dye-sensitized solar cells 
(DSSC), organic photovoltaics, and organic light-emitting diodes. Moreover, the pyrimidine unit can 
influence interactions with electrophilic substrates and facilitate targeted binding, sensing, and recog-
nition in biological systems. Orotic acid (6-carboxyuracil), commonly referred to as vitamin B13, is 
a crucial intermediate in pyrimidine biosynthesis. Besides its broad use in multivitamin and dietary 
supplement products, this molecule has found applications in the vast pharmaceutical and biological 
domains [10–14]. In this paper a novel azo dye molecule derived from 5-aminoorotic acid, namely 5-
((2-hydroxynaphthalen-1-yl)diazenyl)-2,6-dioxo-1,2,3,6-tetrahydropyrimidine-4-carboxylic acid 
(Figure 1) was synthesized and thoroughly characterized via melting point, elemental analysis, ATR-
FTIR, and 1H NMR spectroscopy. The UV-Vis spectrometry was utilized to study the solvatochro-
matic property in eight solvents differ in polarity, namely ethanol, methanol, dimethyl sulfoxide 
(DMSO), dimethylformamide (DMF), ethyl acetate, acetonitrile, acetone, and chloroform. Further-
more, the acid–base tautomeric equilibrium was investigated in acidic media using hydrochloric acid 
(HCl) and in basic media using potassium hydroxide (KOH) and triethylamine (TEA) in three sol-
vents: methanol, chloroform, and DMF. 
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Figure 1. The structure of synthesized azo dye derived from orotic acid (OrAD) 

2. Experimental 
All chemicals used in this study were of reagent grade, purchased from Aldrich, Merck, Fisher 

Chemical, Fluka, and Baker, and used without further purification. The titled compound was synthe-
sized by conventional diazotation and diazo-coupling reaction (Figure 2). In the first step, the diazo-
tation of 5-aminoorotic acid afforded corresponding diazonium salt (A), which was subsequently 
coupled with 2-hydroxynaphthalen (B), yielding 5-((2-hydroxynaphthalen-1-yl)diazenyl)-2,6-dioxo-
1,2,3,6-tetrahydropyrimidine-4-carboxylic acid, designated as OrAD (Figure 1). The synthesized azo 
dye was characterized by melting point, elemental analysis, ATR-FTIR, and 1H NMR spectroscopy. 
The melting points were taken using Stuart SMP30 apparatus. The elemental analysis was performed 
using Vario EL III elemental analyzer. The ATR-FTIR spectra were recorded using Thermo Scientific 
Nicolet iS10 spectrophotometer, in 400–4000 cm–1 domain. The 1H NMR spectra of dyes were ob-
tained by Bruker Ascend 400 spectrometer in deuterated chloroform (CDCl3), whereby the chemical 
shifts are displayed in ppm units, regarding tetramethylsilane (TMS) as an internal standard. The UV-
Vis spectra were collected by UV-Vis 1700 Shimadzu spectrophotometer, at the room temperature, in 
280–700 nm range. 

 
Figure 2. Schematic presentation of OrAD synthesis 

2.1. Synthesis of 5-((2-hydroxynaphthalen-1-yl)diazenyl)-2,6-dioxo-1,2,3,6-tetrahydropyrimidine- 
-4-carboxylic acid 

5-Aminoorotic acid (0.428 g, 2.5 mmol) was suspended in 100 mL of approximately 1 M aque-
ous HCl. Due to its poor solubility, 3 mL of acetonitrile was added to obtain a clear solution, after 
which the mixture was cooled to subzero temperature. To this solution, 1 ml of the previously cooled 
aqueous solution of NaNO2 (0.21 g, 3 mmol) was added dropwise, keeping the temperature in the 0–
5 ºC range. The resulting diazonium salt solution was stirred for 45 minutes and then subsequently 
added dropwise to the cooled solution of 2-naphthol (0.36 g, 2.5 mmol), NaOH (0.2 g, 5 mmol) in 5 
ml of water, keeping the temperature in the range of 0–5 ºC. Afterwards, the pH was adjusted to 9, 
using 10% aqueous solution of NaOH and the resulting mixture was stirred in an ice bath for 3 hours, 
followed by an additional 1 hour at the room temperature. The formed precipitate was filtered, rinsed 
with cold water, and recrystallized from 96% ethanol to afford dark red powder in 40% yield. 
C15H10N4O5: Tm = 281–283 °C; ATR-FTIR (ν/cm–1): 3186.22, 3062, 65, 1711.57, 1647.35, 1620.80, 
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1588.90, 1558.77, 1526.88, 1429.74, 1402.87, 1213.62, 1068.06, 1034.69, 969.14, 835.39; 1H NMR 
(400 MHz, DMSO-d6,  δ/ppm): 15.20 (1H, s, NH hydrazone), 14.03 (1H, s, COOH), 10.17 (1H, s, 
NH, uracil), 10.09 (1H, s, NH, uracil), 7.64–7.52 (6H, m, 2-naphthol). 

3. Results and discussion 
The synthesized orotic acid-based azo dye (OrAD) can theoretically exhibit multiple tauto-

meric equilibria that significantly influence its structural and spectroscopic behavior. In particular, 
two distinct types of tautomeric equilibria may be occurring within this molecule: azo-hydrazone 
(Figure 3) and lactam-lactim equilibria (Figure 4). The azo–hydrazone tautomerism involves the re-
versible proton transfer between the azo nitrogen and an adjacent heteroatom, resulting in an inter-
conversion between the –N=N– (azo) form and the –NH–N= (hydrazone) form, often stabilized by 
intramolecular hydrogen bonding and conjugation with the coupling unit. In parallel, the lactam-lac-
tim tautomerism of orotic acid moiety arises from proton transfer between the nitrogen atom and the 
carbonyl oxygen within the pyrimidine ring, yielding equilibrium between the energetically favored 
lactam (keto) structure and the less stable lactim (enol) form. There is also a possible existence of 
dilactim (di-enol) structure, but this tautomer is energetically and thermodynamically unfavorable 
because the amide carbonyl system in lactam tautomer is strongly stabilized by the resonance where 
a lone pair of electrons on a nitrogen atom delocalizes into the antibonding orbital of an adjacent 
carbonyl group (n(N)→π*(C=O)), giving a highly favorable electronic structure. Although the enolic 
forms may benefit from altered conjugation patterns and possible intramolecular hydrogen bonding 
(Figure 4), these effects are insufficient to compensate for the loss of amide resonance stabilization, 
rendering the lactam tautomer thermodynamically preferred. The relative stability, and therefore the 
tautomeric equilibria of azo-hydrazone and lactam-lactim tautomers, depends strongly on the solvent 
environment i.e. solvent-solute interactions, hydrogen-bonding capability, and electronic substituent 
effects, with polar and protic media generally favoring the hydrazone and lactim forms due to en-
hanced stabilization via hydrogen bonding. The coexistence and interplay of these tautomeric forms 
contribute to the complexity of the electronic structure, often manifested in broadened absorption 
bands and solvent-dependent spectral shifts. 

 
Figure 3. The presentation of azo-hydrazone tautomerism in OrAD 

According to the experimentally obtained ATR-FTIR data for OrAD, two distinct absorption 
bands at 1647 and 1620 cm-1 could be assigned to carbonyl (C=O) stretching vibrations. This feature 
is characteristic of the diketo (lactam) tautomer of the neutral orotic acid moiety (in pure solvent and 
in solid state), indicating that lactim form is negligible under the examined conditions (room temper-
ature) [15,16]. In addition, the broad band observed in 3000–3500 cm⁻¹ region, coupled with intense 
absorption bands at 1525.71 and 1588.66 cm-1 could suggest the N–H and C=N/C–N coupled vibra-
tions of the hydrazone tautomer, respectively, and therefore its dominance in solid form. These spec-
troscopic data are consistent with literature reports, where hydrazone tautomers of azo dyes bearing 
adjacent carbonyl groups are stabilized via intramolecular hydrogen bonding [17,18], However, due 
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to the inherent overlap of vibrational modes in conjugated azo-hydrazone systems, further spectro-
scopic studies are required to confirm the tautomeric distribution. 

 
Figure 4. The presentation of lactam-lactim tautomerism in OrAD  

(the equilibrium is depicted for the lactam hydrazone tautomer;  
the similar scheme could be displayed for the lactam azo tautomer) 

3.1. The solvatochromic analysis of OrAD 
The absorption spectra of OrAD were recorded at the room temperature in eight solvents of 

varying polarity and hydrogen-bonding ability, including DMSO, DMF, methanol, ethanol, acetoni-
trile, ethyl acetate, acetone, and chloroform (Figure 5). The concentration of all solutions was uniform 
(1×10-4 M). The absorption maxima (λmax) and molar extinction coefficient (ε) values are given in 
Table 1. 

 
Figure 5. Presentation of the UV-Vis spectra of OrAD molecule in selected solvents 

The UV–Vis absorption spectra of the OrAD dye exhibits several overlapping electronic tran-
sitions with pronounced solvatochromic behavior (Figure 5). The high-energy band in the UV region 
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(approx. 250–350 nm) is attributed to localized π→π* transitions within the aromatic framework of 
the 2-naphthol and orotic acid moieties, which remain relatively insensitive to solvent effects due to 
their predominantly localized character. A broad and intense absorption band (approx. 350-600 nm) 
might constitute two electronic transitions, namely n→π* transitions involving the lone pairs of the 
azo nitrogen and carbonyl functionalities of the orotic acid, and an intramolecular charge-transfer 
transition (ICT) between electron-donating (2-naphtholic) and electron-accepting (orotic acid) frag-
ments (push-pull structure). The position and intensity of these bands vary significantly with solvent 
polarity and hydrogen-bonding ability, indicating strong stabilization of the charge-separated excited 
state in polar protic and aprotic media. This behavior is further influenced by tautomeric equilibria 
(azo-hydrazone and lactam-lactim) and possible intramolecular hydrogen bonding, which modulate 
the extent of π-conjugation and, consequently, the ICT character of the dye (Figure 4). Overall, the 
observed spectral features confirm a highly conjugated push-pull system with pronounced solvent-
dependent electronic delocalization. 

Table 1. The representation of absorption maxima (λmax) and  
molar extinction coefficient (ε) values of OrAD azo dye 

 λmax ε, dm3/(mol×cm) 

DMSO 455.5 1847.5 

DMF 
503.5 2135 

521.5 2130 

Methanol 
438 1887.5 

493 1710 

Ethanol 485 1720 

Acetonitrile 426 2127.5 

Acetone 441 1920 

Ethyl acetate 443 1490 

Chloroform 482.5 955 

 
The UV-Vis absorption spectra of the investigated azo dye exhibit a pronounced solvato-

chromic response across the studied solvent series, indicating a strong sensitivity of the electronic 
transition to the surrounding medium (Figure 5). The highest value of absorption maxima is observed 
in DMF (503.5 and 521.5 nm), suggesting the strongest stabilization of the excited state in this sol-
vent. This behavior is consistent with an electronic transition featuring significant intramolecular 
charge-transfer (ICT) character, where the excited state is more polar than the ground state and is 
therefore preferentially stabilized by polar aprotic solvation, likely through dipolar interactions rather 
than hydrogen-bond donation. The notable hypsochromic shift could be observed in DMSO (455.5 
nm). Despite the high polarity index, this might indicate that the solvatochromic property of OrAD 
in this solvent is primarily governed by solute-solvent interactions rather than sole dielectric effects. 
Protic polar solvents such as methanol and ethanol induce slight hypsochromic shifts, with methanol 
exhibiting two absorption bands at 438 and 493 nm and ethanol showing a maximum at 485 nm. 
Chloroform also displays a slight blue-shifted absorption at 482.5 nm despite its low polarity, imply-
ing specific solute-solvent interactions beyond simple dipolar stabilization. In contrast, acetonitrile, 
acetone, and ethyl acetate exhibit prominent hypsochromic shift of the absorption maxima at 426, 
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441, and 443 nm, respectively, indicating a limited ability to stabilize the charge-transfer excited 
state. Although acetonitrile and acetone are classified as polar aprotic solvents, their interactions with 
the OrAD might be predominantly governed by nonspecific dipolar effects, as both lack hydrogen-
bond donor capability and display weaker donor-acceptor interactions compared to DMF and DMSO. 
Ethyl acetate further reduces the extent of excited-state stabilization. In addition to the pronounced 
dual-band feature observed in DMF and methanol, it could be noticed that the absorption bands also 
exhibit distinct shoulders on the higher-wavelength side of the ICT absorption band. This spectral 
behavior is evident in all investigated solvents except ethanol and chloroform, suggesting the pres-
ence of a more complex ground- and/or excited-state equilibrium in these media. Furthermore, the 
observed band broadening and partial spectral splitting is indicative to the possible coexistence of 
different tautomeric forms in solutions (Figures 3 and 4). The identification of tautomers in both the 
solid state and in solution is of considerable importance from both theoretical and practical perspec-
tives, as different tautomers exhibit distinct physicochemical properties and, consequently, optical 
characteristics. 

3.2. The acid-base equilibrium analysis of OrAD 
The tautomeric equilibrium of the OrAD is strongly influenced by the acidity and basicity of 

the medium, owing to the presence of multiple protonation sites and the possibility of azo–hydrazone 
as well as lactam-lactim interconversion (Figures 3 and 4). Under acidic conditions, protonation of 
the azo nitrogen is favored, which stabilizes the hydrazone-type tautomer through enhanced charge 
delocalization across the azo linkage and adjacent heterocyclic framework. Furthermore, the for-
mation of pseudo six-membered ring could occur, which contributes to the stability of this tautomer 
via formation of intramolecular hydrogen bond (Figure 3). The intramolecular hydrogen bonding 
competes between the carbonyl oxygen of the carboxylic group and that of the 2-naphthol moiety. 
However, the carboxylic carbonyl oxygen is expected to dominate as the hydrogen-bond acceptor 
due to its stronger δ⁻ character, higher localized electron density, and reduced π-delocalization com-
pared to the more conjugated naphthalene carbonyl site. In contrast, basic environments promote 
deprotonation of the phenolic OH group of the 2-naphthol moiety and potentially the lactam NH 
groups of the orotic acid fragment, facilitating the formation of anionic species and favoring the azo 
form with extended π-conjugation. These deprotonation processes increase electron density within 
the molecule and alters the intramolecular hydrogen-bonding feature, thereby shifting the tautomeric 
equilibrium. There is formation of a six-membered pseudo ring in the azo tautomer as well, but it is 
more favorable in hydrazone tautomer, due to the greater polarity of the HO–C=O▪▪▪H–N interaction 
and the superior hydrogen-bond accepting ability of the carbonyl oxygen compared to the hydroxyl 
oxygen (O=C–OH) and nitrogen in azo tautomer (Figure 3). It is important to emphasize that this 
represents only a small fraction of the possible hydrogen-bonding interactions that may be established 
within this molecule. Owing to the presence of multiple donor and acceptor sites, including heteroa-
toms of the pyrimidine core as well as peripheral functional groups, a diverse and complex network 
of intra- and intermolecular hydrogen-bonding motifs can be formed, including formation of bifur-
cated intramolecular hydrogen bonds within lactim tautomers (Figure 4). Consequently, the distribu-
tion of potential tautomers of OrAD is governed by a delicate interplay between protonation-depro-
tonation processes and resonance stabilization. 

To get insight of the nature, and the occurrence of specific tautomeric forms, the synthesized 
compound was dissolved in an acidic (HCl) and a basic medium (KOH, TEA) in three solvents, 
namely: methanol, chloroform, and DMF. Triethylamine was added in DMF and chloroform solu-
tions as an alternative to KOH, due to the poor solubility of KOH in these media. 
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Figure 6. Presentation of the UV-Vis spectra of OrAD dye in selected solvents  
in an acidic and a basic media 

From Figure 6 could be noticed that upon adding TEA in DMF and chloroform solutions of 
OrAD, no substantial change in the absorption spectra occurred. A slight alteration of a shoulder 
from the right side of the absorption maximum could be observed in DMF. The absence of prominent 
spectral changes upon addition of mentioned bases suggests that deprotonation of OrAD does not 
significantly affects the electronic structure, likely due to strong intramolecular hydrogen bonding 
and stabilization of a dominant hydrazone tautomer. This is in consistency with the experimentally 
obtained ATR-FTIR and 1H NMR data. In contrast, the addition of KOH in methanol solution of 
OrAD significantly altered the absorption band. The addition of HCl to all solutions resulted in an 
alternation of the shape as well as in a batochromic shift of the main absorption band. The significant 
bathochromic shift occurred in methanol and chloroform solutions compared to the DMF solution, 
which can be attributed to protonation of the chromophoric system in these media, most likely at the 
azo nitrogen. This also implies that the protonated form (hydrazone tautomer) of OrAD is more dom-
inant in these media, which is consistent with the experimentally yielded ATR-FTIR and ¹H NMR 
data. 
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4. Conclusion 

In this paper, the synthesis, characterization, and solvatochromic analysis of novel 5-((2-hy-
droxynaphthalen-1-yl)diazenyl)-2,6-dioxo-1,2,3,6-tetrahydropyrimidine-4-carboxylic acid, desig-
nated as OrAD, was presented. It was found that OrAD, as a highly conjugated push–pull system, 
exhibits pronounced solvatochromism arising from a complex interplay of solvent effects, tautomeric 
equilibria, and intramolecular hydrogen bonding. Spectral features such as broadening, shoulders, 
and partial splitting of the absorption bands further support the coexistence of multiple tautomeric 
forms. The combined ATR-FTIR, 1H NMR and UV-Vis spectroscopic analysis suggested that the 
synthesized azo dye predominantly exists in the hydrazone tautomeric form in solid form and solu-
tion, while the orotic acid moiety remains in its diketo (lactam) configuration in pure solvent and in 
solid form. The most pronounced absorption band can be attributed to an intramolecular charge-trans-
fer (ICT), where the most pronounced bathochromic shift of an absorption maximum was observed 
in DMF, indicating efficient stabilization of a polar excited state. Deviations from polarity trends, 
particularly in DMSO and less interactive aprotic solvents, highlight the importance of specific so-
lute-solvent interactions beyond dielectric effects. Acid-base studies further support solvent-depend-
ent tautomeric equilibria, with significant bathochromic shifts in acidic media implying the domi-
nance of hydrazone tautomer and lactam-lactim equlibria, while there were no significant changes in 
basic media. 

5. Abbreviations 
ATR-FTIR – Attenuated Total Reflectance-Fourier Transform Infrared (spectroscopy) 
DMF – Dimethylformamide 
ICT – Intramolecular Charge Transfer 
1H NMR – Proton Nuclear Magnetic Resonance 
TEA – Triethylamine 
UV-Vis – Ultraviolet-Visible (spectroscopy) 
λmax – Absorbance maximum 
ε – Molar extinction coefficient 
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