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Abstract: This research paper explores the chemical compound naphthylamine, a primary
derivative of naphthalene, along with its structural isomers and numerous applications across the
chemical industry. Naphthylamine, being a primary aromatic amine, exhibits high reactivity and is
widely used as a precursor in the synthesis of dyes, pharmaceuticals, rubber additives, and various
organic intermediates. The study focuses on both isomers of naphthylamine—1-naphthylamine (a-
naphthylamine) and 2-naphthylamine (f-naphthylamine)—emphasizing their structural differences
and functional significance. Special attention is given to the synthesis techniques of these compounds,
including the Bucherer reaction and catalytic reduction of nitro derivatives. Additionally, the paper
highlights the importance of chromatographic analysis (TLC) and spectrometry in identifying
synthesized products. One of the key concerns addressed in this work is the carcinogenic nature of 2-
naphthylamine, which poses significant health risks upon exposure. Therefore, proper handling,
storage, and industrial safety protocols are essential. The results of experimental synthesis of novel
naphthylamine-based compounds further demonstrate their potential application in advanced
chemical manufacturing. This work contributes to the broader understanding of aromatic amine
chemistry and underlines the industrial and environmental relevance of naphthylamine and its
derivatives.
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Introduction: Naphthylamine and its derivatives are classified as highly toxic compounds.
Notably, aniline and 1-naphthylamine are considered priority environmental pollutants due to their
potential to cause significant harm to air and water quality. Their maximum permissible
concentrations (MPCs) are strictly regulated. The release of these substances into the environment is
associated with various technological processes and industrial incidents, including the discharge of
chemical waste, the breakdown of pesticides, and emissions from motor vehicles. Therefore, the study
of the physicochemical properties, synthesis methods, and potential applications of naphthylamine
derivatives is of high scientific and environmental significance. Due to their high toxicity, compounds
such as aniline and 1-naphthylamine are classified as priority environmental pollutants. They have
established maximum permissible concentrations (MPCs) in air and water, which are strictly
regulated. Their emission into the atmosphere and environment is often a consequence of
technological processes and industrial accidents, including chemical waste disposal, pesticide
degradation, and emissions from motor vehicles. The primary aim of this article is to explore the
organic compound naphthylamine, a key derivative of naphthalene, by investigating its derivatives,
properties, and synthesis through various pathways.

The objective of the study is to examine the structure, reactivity, and formation mechanisms
of naphthylamine derivatives, to define the optimal reaction conditions for their synthesis, and to
identify their chemical properties. Newly synthesized naphthylamine derivatives will be analyzed
using spectrometric methods to determine their applicability across industries. These compounds,
which involve the incorporation of amine groups (-NH:) and other functional groups into the
naphthalene ring, belong to an important class of organic compounds. They are extensively used in
the chemical industry, particularly in the synthesis of dyes, pharmaceuticals, rubber materials, and
other critical substances. The properties and applications of these derivatives are significantly
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influenced by their molecular structure, the nature of their functional groups, and their positional
orientation within the aromatic ring.

Objectives:

. Investigate the structure and reactivity of naphthylamine derivatives.

. Analyze their formation mechanisms and determine reaction conditions.

. Synthesize new naphthylamine derivatives and evaluate their application potential

using spectrometric methods.

Materials and Methods: Naphthylamines are organic compounds classified as derivatives of
naphthalene, characterized by the general molecular formula CioH,—NH2. They belong to the group
of primary aromatic amines and possess a molecular weight of 143.18 g/mol. These compounds exist
in isomeric forms and serve as fundamental building blocks in the synthesis of various industrial and
pharmaceutical substances.

NH,
NH,

I-naphthylamine (a-naphthylamine) 2- naphthylamine

Synthesis and Properties

Synthesis:a-Naphthylamine was first synthesized by N.N. Zinin via the reduction of 1-
nitronaphthalene with ammonium sulfide, a method now referred to as the Zinin reaction.
Additionally, 1-nitronaphthalene can be reduced in an acidic medium using iron or zinc as reducing
agents. Another method involves the heating of a-naphthol with ammonia in the presence of a zinc
chloride complex to yield a-naphthylamine.

2-Naphthylamine (B-naphthylamine) is typically obtained from [-naphthol through the
Bucherer reaction, which involves heating with ammonium sulfite and aqueous ammonia under
pressure.

Naphthylamines can also be synthesized by heating the corresponding naphthoic acids with
hydroxylamine and polyphosphoric acid. The reduction of nitronaphthalene in acidic medium with
iron or zinc is also an effective approach for obtaining naphthylamines.

Physical Properties

Naphthylamines are colorless crystalline solids that gradually darken when exposed to air.
They are freely soluble in ethanol and diethyl ether, sparingly soluble in water, and can sublime with
steam distillation.

Chemical Properties

Naphthylamines exhibit the typical reactivity of aromatic amines. In strong inorganic acids,
they form stable ammonium salts as follows:

C 10H7—NHz+ H+ — C 10H7—NH3+ ()
Acylated by organic acids:
C 10H—NH> + CH3—COOH — C 10H7—NH—CO—CHj3 2)

When heated to 180°C in alkaline or acidic solutions (and up to 400°C in aqueous solutions),
naphthylamines undergo transformation into the corresponding naphthols.Naphthylamines and
naphthylamine sulfonic acids are of great importance in the production of azo dyes, serving as diazo
compounds and coupling agents. Moreover, di- and tri-sulfonic acids of naphthylamine are used as
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intermediate products in the synthesis of amino-naphthol sulfonic acids, which are formed by
replacing sulfo groups with oxy groups through alkaline fusion.Naphthylamine is considered an
analogue of aniline and represents a class of primary aromatic amines structurally related to
naphthalene and naphthol. It exists in two isomeric forms, a- and B-naphthylamine, designated by
Greek letters based on the position of the amino group on the naphthalene ring. In recent years,
naphthylamine has gained significant relevance in dye chemistry due to its role in the synthesis of
various azo dyes derived from the naphthalene structure (see synthetic organic dyes).One of the key
synthetic routes to naphthylamine involves the reduction of nitronaphthalenes using ammonium
sulfide (Zinin reaction), iron with acetic acid, or iron with hydrochloric acid, according to the
following general equation:

C 10H 7NO; +3H>,=C 10H 7NH> + 2H >, O 3)

From naphthol:
Naphthylamine can also be synthesized from naphthol by treating it with ammonia under
pressure at a temperature of 150—-160°C, according to the following reaction:

C1o0H-OH + NH3 — CioH7NH: + H20 4)

When heated with ZnCl. in sealed vessels at elevated temperatures, naphthylamine can be
obtained through various synthetic routes. For example, heating in the presence of 2NHs (according
to Merz and Weith), or CaCl.-2NHs (according to Bamberger and Benda), or through the use of
ammonia solution (ammonium hydroxide) together with sodium acetate and crystalline acetic acid.
In the latter case, the direct product of the reaction is acetonaphthalide.In all three of these synthetic
methods, the formation of a small amount of dinaphthyl amines as by-products is common. These
approaches are typically applied for industrial-scale production of B-naphthylamine, whereas a-
naphthylamine is more commonly synthesized by reducing a-nitronaphthalene. Specifically,
synthetic a-naphthylamine can be obtained by heating a mixture of pyrolignic acid and aniline with
zinc chloride at 300°C, according to the following reaction:

C4 H3(COHO)O + C ¢H sNH; = C 1oH 7NH; + H 20 + CO» ®))

To enhance the mechanical stability of chromatographic plates, binding agents may be used.
In earlier practices, for example, gypsum (up to 13% by mass) was widely employed in plates
containing G-grade silica gel. In modern commercially available thin-layer chromatography (TLC)
plates, organic binders such as methacrylate’s are commonly utilized. Literature sources also describe
the application of starch and carboxymethylcellulose as alternative binding materials.

In the TLC experiments we conducted, the eluent functioned as the mobile phase. During
eluent selection, we based our choice on the solubility characteristics of the synthesized product in
various solvents. A 1:1 mixture of benzene and acetone was prepared as the eluent to optimize the
separation and visualization of spots formed on the TLC plate surface. This eluent composition
proved effective in facilitating compound migration during analysis.

We plan to continue using this eluent composition in future TLC analyses, particularly
because cytosine exhibits greater solubility in benzene than in acetone, which significantly influences
the chromatographic behavior of certain derivatives. The synthesis of naphthylamine derivatives was
performed using TLC as a method to monitor the reaction progress and analyze product purity,
particularly in reactions involving acrylic acid.

The synthesized product was analyzed via TLC using pure benzene and acetone as the eluent
system. A spot of naphthylamide of acrylic acid was applied at the first chromatographic point, while
a spot of hydrazine hydrate-modified naphthylamide of acrylic acid was applied at the second point.
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Figure 1.

Figure 1. TLC analysis of naphthylamide derivatives of acrylic acid.
Spot 1: Acrylic acid naphthylamide

Spot 2: Hydrazine hydrate-modified acrylic acid naphthylamide
Eluent system: Benzene : Acetone=1:1

Observed R<sub>f</sub> value: 3.7

Research Results: Based on the conducted experimental work, the obtained results
demonstrate promising potential for application in the chemical industry, particularly in the synthesis
of dyes and organic intermediates. It is well known that the reactivity and biological properties of
chemical compounds are significantly influenced by the nature and position of substituent groups
located in close proximity to active molecular centers. According to the experimental procedure, the
synthesis began with the distillation of acrylic acid anhydride using a vacuum water jet pump to obtain
naphthylamide of acrylic acid via a synthetic route. The resulting compound was then analyzed using
thin-layer chromatography (TLC).

In the subsequent stage, the synthesized naphthylamide of acrylic acid was reacted with
hydrazine hydrate. This transformation led to the formation of a novel compound, namely hydrazine-
hydrate-modified naphthylamide of acrylic acid. The successful formation of the target product and
the completion of the reaction were verified by TLC analysis, which indicated the effective
consumption of the starting material.

The final products were further characterized using a set of spectrometric techniques,
including infrared (IR) spectroscopy and nuclear magnetic resonance (NMR) spectroscopy, to
elucidate their molecular structure, functional groups, and structural stability. The obtained
spectroscopic data confirmed the proposed structures of the synthesized compounds.

Overall, the results of this study indicate that the developed synthetic approach is efficient and
reliable, and that the newly synthesized derivatives may serve as promising intermediates for further
organic synthesis as well as potential candidates for applications in dye chemistry and related areas
of chemical research and industry.

Conclusion. This study provided a comprehensive overview of naphthylamine and its
derivatives, focusing on the synthesis pathways and practical significance of these compounds. The
main objective was to explore the possibility of obtaining new naphthylamine derivatives through
chemical synthesis. In chemistry, synthesis plays a critical role in transforming relatively simple
compounds into more complex substances. Traditionally, synthetic compounds are obtained by
combining or rearranging the molecular structures of simpler precursors, in contrast to naturally
occurring substances. Examples include synthetic rubber, synthetic fibers, synthetic detergents, and
synthetic fuels.

Notably, chemical synthesis is not limited to mimicking natural compounds—it also enables
the creation of entirely novel molecules not found in nature. As a foundational discipline within
industrial chemistry, synthetic methodologies underpin various sectors of chemical technology.
Specialists in this field have long focused on the targeted synthesis of specific chemical products. As
a subfield, basic organic synthesis includes the large-scale production of alcohols, acids, ethers,
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aldehydes, and other essential organic compounds. In the domain of petrochemical synthesis,
researchers develop technologies for converting petroleum raw materials into a diverse array of
chemical products. Alongside chemical synthesis, the biosynthesis of complex organic molecules is
gaining attention through the use of enzymatic and microbial methods, which rely on natural catalysts
(enzymes) and microorganisms. For instance, the production of glucose from plant biomass has been
successfully achieved via enzymatic synthesis, whereas its chemical synthesis remains too complex.
Additionally, microbial conversion of paraffins into protein-rich biomass has proven to be
economically viable. These innovations highlight the emergence of microbiological industry, a new
field at the intersection of chemistry and biology.
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AHHoTaums. B cratbe paccMaTprBaeTcs H3ydeHUe OPraHu4ecKoro BellecTBa Hap THIIaMUHA,
OCHOBHOT'O NPOM3BOJHOTO HAa(TaIuHA, U €ro MPOU3BOJIHBIX, UX CBOMCTB, a TAaK)KE€ UX CHUHTE3a B
Pa3IMYHbIX HAIIPABICHUSAX.

Hadtunamua m ero mpou3BOJHBIE MCIONB3YIOTCS B PA3IMYHBIX LEISIX B XUMHYECKON
NPOMBIIIICHHOCTH. HaTunaMuH OTHOCHUTCS K TpyIIe MepBUYHBIX aMMHOB M SIBIISI€TCS OJHUM U3
MIPOM3BOJIHBIX HaTaINHA.

B craTtbe npesacraBieH XMMUYECKHI METOJT CHHTE3a HaTuiaMuHa. XUMUYECKUN CUHTE3 —
MPOLIECC CO3AAaHMSI WM OOpa30BaHUsl CIOXKHBIX MOJIEKYJ, @ TaKXe IOJyuYeHUs XUMHYECKHX
COeMHEHUI (U3NYECKUMH U XUMHYECKUMHM METoJaMH. B opraHudeckoM cHUHTE3€ KOHEYHBIM
pe3yJabTaTOM XHMHUYECKOH pEaKkIUUd MOXKET ObITh 0Ooyiee MPOCTOE BEIIECTBO, YEM HCXOJHOE
coequHeHue. Pa3BuUTHE OPraHMYECKOro CUHTE3a SBISETCS INPOPHIBOM B CEIBCKOM XO3SHCTBE,
MeAUINHE, napproMepuy, MUIIEBOH MPOMBINIIEHHOCTH W T. A. c¢Tp. Bo3MmoxHOCTH monyueHus
Pa3NUYHBIX AKTUBHBIX BEIIECTB, HMCIIOJIb3YEeMBIX B TakuUX 00JacTAX, KaK YCOBEPIICHCTBOBAHMS
METOJIOB CHUHTE3a C/ENaIM BO3MOYKHBIM IOTYYEHHE MHOTUX BOCTPEOOBAHHBIX XMMHUECKHUX BEILIECTB
B IPOMBIIIJIEHHBIX MaciiTabax. B opranndeckoil XMMUK 3TO MOXKET OBITh CHHTE3 aMMHaKa, COJbl,
CEpHOIl M a30THOM KHUCIIOT, a TaKXe APYTUX CoeIUHEeHUH. B cratbe paccMaTpuBaloTCs XUMHUYECKUE
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u (Qusnueckue CBONCTBa HadTHUIAMUHA — aMHUHOIIPOM3BOJHOTO Ha(dTalMHA, a TaKXe ero
MIPUMEHEHHE B PA3ITUYHBIX OTPACIIAX MPOMBITIIEHHOCTH. [IpuBeaeHa nudopMaliis o AByX U30Mepax
Hadrmwiamunaa: 1-Hadrwiamue (o-HadTwiamuH) u 2-Hadrminamue (B-HadTunamuH). B ctaTthe
paccMmarpuBaroTCs O0JIACTH MPUMEHEHHS HA(PTUIAMUHOB, B YAaCTHOCTH HX pOJIb B CHHTE3C
Kpacutened, (apManeBTHUECKUX IPEapaTtoB W APYrUX OpraHudYeckux coenuHeHuid. Ocoboe
BHUMaHUE YAEICHO KAHIIEPOTCHHBIM CBOWCTBaM 2-Ha(THUIAMHHA, €TO0 OMACHOCTU JUIS 3JI0OPOBBS
YeJI0BeKa, a Takke MepaM 0e30IacHOCTH, KOTOphIe HEOOXOAUMO COONI0IaTh MPU paboTe ¢ ITHMHU
coequHeHUsAMU. Llenb cTaThl — pacIIMpHUTh 3HAHUS O CBOMCTBAX M MPUMEHEHUW Ha(THIAMUHA, a
TaKXe MOHSTh BAYKHOCTh COOJIIOJICHHSI MEpP MPEIOCTOPOIKHOCTH MPH paboTe C HUM.

KioueBble cjioBa: aHWIMH, CHHTE3, COCAMHEHHUE, MPOU3BOAHOE, IMpolecc, HadTuiaMuH,
Xpomarorpadusi, aMuH.
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Anparna. by makanana HapTaTUHHBIH 0acThl TYBIHIBICHI OOJIBIT TAOBLIATEIH OPTaHUKAIIBIK
3aT Ha(QTUIAMHUH >KOHE OHBIH TYBIHJBLIAPBIH, KAaCHETTEPIH 3epTTey XOHE op TypJii OarbITTa
CHHTE3JIeT ay.

HapTtunamun »oHe OHBIH TYyBIHABUIAPHl XUMUSUIBIK CajlaHbIH OPTYpJi MakcaTblHA
Kosganbutaasl. HadTumamus GipiHIILIIK aMUH TOOBIHA KaTajbl )KoHEe HA(TaIHMH TYBIHIBUIAPBIHBIH
Oipi OoJBITT TAOIA b

Makanaga HaQTHIAMHHTE XUMUSUIBIK CHHTE3 OMiCi Kypriziiemi. XUMHUSIBIK CHHTE3 - Oy
KypJelli MoJIeKyJajlap/pl Kypy HeMmece jkacay Ipolleci, COHJai-aK (PU3MKAIBIK >KOHE XUMHUSIIBIK
oNlicTepMEH XMUMUSUIBIK KOCBUTBICTapAbI ary. OpraHuKaibIK CHHTE3/1€ XMMUSUTBIK PEaKIHSTHBIH COHFBI
HOTHIKEC1 OHBIH 0OacTanKbl KOCBUIBICBIHA KaparaHJia KapamnaibiM 3aT 00ybl MyMKiH. OpraHuKasbIK
CUHTE31 JaMBITY - OVJI aybUT MIAPyallbUIBIFGl, MEAUIIMHA, TapPIOMEpHs, TAMaK OHEPKICIO1 )KOHE T.
0. CHAKTBI OaFpITTapia KOJJAHBLIATBIH TYpl OeJICeH/Il 3aTTap/bl aly MyMKIHAIr. CHHTETUKAIbIK
OMICTEP/Il JKETUIAIPY OHEPKICINTIK ayKbIMAa KONTEreH KaKETTI XUMUSIIBIK 3aTTapibl alyFa
MYMKIHJiK 6epi. OpraHuKanblK XuMUsAa OYJ1 aMMHUaK, COJIa, KYKIPT KOHE a30T KBIIIKBLIbI, COHAM-
aK 0acka Jja KOChUIbICTAap CHHTE31 00Iybl MyMKiH. by Makanana HadTuiIaMuH, sIFHU HAQTaTUHHIH
aMMH TYBIHIBUIAPBIHBIH XUMMSJIBIK JKOHE (DU3MKANBIK KacHeTTepl, COHJAN-aK OJIapJblH OpTYpIi
caianapjaa KOJIJaHbUTYbl KapacTeipbuiazbel. HadTwmamunaig exi uzomepi: |-nadptunmamun (o-
HapTUIAMHH) >KoHe 2-HadTuiamuH (PB-HadTunamuH) Typansl aknapar Oepireni. Makanana
HaTHIIaMUHIEPAIH KOJIAHBLTY asiChl, aTall alTKaH/a, OOSIFBIIITAp, (papMarieBTUKAIIBIK MperapaTTap
kKoHe 0acka Ja OpraHUKaJIbIK KOCBUIBICTAp/Ibl CHHTE3CYeT] poJl TalkbuiaHaabl. Epexiie Hazap 2-
Ha(TUIAMHMHHIH KaHIIEPOTEHI1K KaCUeTTepiHE ayJapbula/ibl, OHBIH a/1aM JEeHCAyJIbIFbIHA TOHIAIPETIH
KayinTepi MEH OChbl KOCBUIBICTAPMEH KYMBIC ICTEY Ke31HJIe CaKTalybl THIC KayilCi3/iK Iapaiapsl
Kepceruieai. Makana HaQTUIAMUHHIH KacHeTTepl MEH KOJIJaHBUIYbl Typasibl OUTIMIl KEHEHTyre
KOHE OJIapMEH JKYMBIC ICTEreHJe KayilCi3liK epekenepiH caKTayJblH MaHbI3IbLIBIFBIH TYCIHyTE
apHaJIFaH.

Tyiiin ce3[1ep: AaHWINH, CHHTE3, KOCBUIBIC, TYBIHJBI, TMpolecc, HadTUIaMuH,
XpamoTtorpadus, aMuH.
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