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Abstract. The quinone fragment is not only quite common for many synthetic and natural compounds,
but also has a connection with the occurrence of various types of biological activity. This fact is related
to their ability to accept one or two electrons with the formation of the corresponding radical anion or
radical dianion. Since the electron-acceptor ability of quinone can be changed by the direct addition
of the substituent to its structure, the analysis of the spectral characteristics of alkyl- or arylamino
derivatives of 1,4-naphthoquinone is of great interest. In this work, the spectral characteristics of
2,3-dichloro-1,4-naphthoquinone (NQ) and compounds synthesized on its basis, namely, 2-chloro-3-
((4-hydroxyphenyl)amino)-1,4-naphthoquinone (NQ1) and 4-((3-chloro-1,4-naphthoquinon-2-yl)
amino)phenyl sulfurofluoridate (NQS) were studied by spectrophotometry. The influence of pH on the
intensity and absorption maximum wavelength of the analyzed compounds was studied. Under selected
working conditions linear dependences of absorbance on concentration in the ranges 3-1076 — 2:1075;
3:1077—2:10° and 2:107 — 2:10~¢ M were obtained with the regression equations y = 0,0417x + 0,0477
(R?=0,9993); y = 0,389x + 0,0095 (R? = 0,9997); and y = 0,3215x + 0,0452 (R? = 0,9997) for NQ,
NQI and NQS respectively. A method of quantitative determination of compounds in the substance
by spectrophotometry was developed with the detection limits (LOD) of NQ, NQI and NQS equal to
8,8-1077, 9,4-10-% and 7,3-10-® M, respectively. The accuracy of the proposed technique was verified by
the standard addition method method.

Keywords: spectrophotometry, 2,3-dichloro-1,4-naphthoquinone, 2-chloro-3-((4-hydroxyphenylamino)-
1,4-naphthoquinone, 4-((3-chloro-1,4-naphthoquinon-2-yl)amino)phenyl sulfurofluoridate.
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N3y4denmne cBoiicTB 1,4-HaPTOXNHOHOB

CIIEKTPOCKOINMNYECCKUMHU METOAAMHA

H. B. Aceesa, E. U. Koporkosa, O. U. JIunckux,
A.N. Xneonukos, H. B. JlannjieHko
Hayuonanvnoiii uccieoosamenvexuil

Tomckutl norumexHu4yecKull yHugepcumem
Poccuiickaa ®eoepayus, Tomck

AnHotanus. OpraHYecKre COSIHHECHU S, UMCIOINE B CBOCH CTPYKTYype XMHOHOBBIH (parMeHrT,
JIOCTAaTOYHO YaCTO BCTPEUAIOTCSI BO MHOTHX CHHTETHUECKUX U ITPUPOAHBIX 00beKTax. X Ononornueckas
AKTUBHOCTH CBs3aHa CO CIIOCOOHOCTHIO IIPHUHUMATh OJIMH HJIM J1Ba dJICKTPOHA ¢ 00pa3oBaHHEM
COOTBETCTBYIOIIEr0 aHHOH-paJINKajla UK IHaHUOH-pajuKaia. Tak Kak 2JIeKTPOaKIenTOpHas
CIIOCOOHOCTH XMHOHA MOXKET OBITh H3MEHEHA 100aBICHUEM 3aMECTHTEINS B €r0 CTPYKTYPY, aHAJIN3
CIIEKTPAJIbHBIX XapaKTEPUCTHK aJIKHII- HJI apUIIAMHHONIPOM3BOIHBIX 1,4-HaQTOXMHOHA IPEICTABISET
Oounbinoi nHTEpec. B nanHoi pabore metomom MK-criekTpockonuu ObLIN MOMYUYeHBI CIIEKTPaJIbHbIC
XapakTepUCTHKH 2,3-auxiop-1,4-napToxunona (NQ) v CHHTE3UPOBAHHBIX HAa €r0 OCHOBE COCAMHCHUIA,
a IMEHHO 2-XJ10p-3-((4-runpokcudenrn) amuHo)-1,4-HagToxmaoHa (NQI) 1 4-((3-x1mop-1,4-Hap TOXHHOH-2-
nun)amuHo)-penuicynbhodropunara (NQS), a Takxke METOAOM CIEKTPO(GOTOMETPUHU U3y UECHBI
CIIEKTPBI HOIJIOIICHHUS U ONIMCAHbI OIITHYECKHE CBOMCTBA ATHX coequHeHuit. [IpoBeneHo nccnenoBanue
BiusiHus pH pacTBOpa Ha MHTEHCHBHOCTD U JUIMHY BOJHBI MAKCUMYyMa MOTJIOIIECHHS HCCIIeyEeMbIX
coenuHeHui. [1pyu mogoOpaHHBIX pabOYMX YCIOBHUSX ITOTYYCHBI IMHEHHbBIE 3aBUCUMOCTH HHTCHCHBHOCTH
ONTUYECKON MIOTHOCTH OT KOHIEHTPALMK B fuana3onax 3-107 —2:10-%; 3-1077 - 2:10°° u 2:107 - 2-10~°
M c ypaBHeHHs MU perpeccun y = 0,0417x + 0,0477 (R* = 0,9993); y = 0,389x + 0,0095 (R* = 0,9997);
uy=0,3215x + 0,0452 (R>=0,9997) nns NQ, NQI u NQS coorBeTcTBeHHO. PazpaboTana MeTonuka
KOJIMYECTBEHHOI'O ONPE/ICNICHHS COSMHEHHI B CyOCTaHIIMU METOZOM CHIEKTPOMOTOMETPHH C TIPEAeIaMu
o6napyxenus (LOD) NQ, NQI u NQS, pasabimu 8,8:1077, 9,4-1078 u 7,3-10~8 M cooTBeTCTBEHHO.
[IpaBMIIBHOCT METOAMKH KOJIMYECTBEHHOTO OIIPENCTICHH S aHATH3UPYEMBIX COCIMHEHNU I B CyOCTaHIIUK

IPOBEPSTACH METOJOM «BBEIECHO-HANICHOY.

KaroueBbie ciioBa: ciekrpodoromerpus, 2,3-nuxinop-1,4-HadpToXUHOH, 2-x510p-3-((4-rugporcudeHun)

aMuHO)-1,4-HadTOXMHOH, 4-((3-x110p-1,4-Hap TOXMHOH-2-1T)aMITHO) - D eHIICYIbPO(TOpUIAT.

BaaropapuocTu. Pabora BrInonHEHa npy MOAAEPKKe IporpaMMbl pazsutust TITV.

Hutuposanue: Aceesa H. B., Koporkosa E. 1., Jlunckux O.U., Xne6uukos A.U., lanunenko H. B. M3yuenue cBoicTB
1,4-Hap TOXMHOHOB crieKTpocKonuueckuMu Metonamu. JKypu. Cub. dpenep. yn-ta. Xumus, 2024, 17(2). C. 186—195. EDN:
KBUVNQ
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Introduction

A large number of synthetic and natural organic compounds containing quinone fragment in their
structure have various types of biological activity, namely, they exhibit anti-inflammatory, antituberculosis,
antimalarials, antitumor properties, etc. [1-4].

1,4-Naphthoquinones are the most important representatives of the quinone series and are used in
modern manufacturing in various industries ranging from pharmaceuticals to dyes [5, 6].

Such methods as absorption spectrophotometry and/or electrochemistry (polarography
and voltammetry) are used to evaluate the influence of structural changes on the reactivity of
1,4-naphthoquinones. This is due to the presence of electronic effects induced by substituents of the
quinone nucleus, which can cause noticeable shifts in the half-wave potential values or affect the
mechanism, reversibility and/or rate of electrode processes [7].

The properties and functions of 1,4-naphthoquinones are closely related to their redox potential,
which allows them to participate in electron transport within the cell membrane. Therefore, the
study of the influence of donor and acceptor properties of substituents on the electronic properties
of compounds may provide a key to understanding the mechanisms of their biological activity. Such
information will be useful for the design of new molecules with greater and more specific biological
activity.

2,3-dichloro-1,4-naphthoquinone (NQ) (Fig. 1) was chosen as the basic compound on the basis that
it is sufficiently stable, readily available and also known as a key raw material in organic, medicinal and
industrial chemistry. NQ (trade names are “Dichlone” and “Phygon”™) is a broad-spectrum fungicide
containing a quinone group and belongs to the class of aromatic diketones in which the carbonyl
groups form a part of a ring system. This pesticide can be used for fruits, vegetables, agricultural
crops, garden plants treatment, and for residential and commercial outdoor application [8, 9].

New derivatives of 1,4-naphthoquinone, namely 2-chloro-3-((4-hydroxyphenyl)amino)-1,4-
naphthoquinone (NQI1) and 4-((3-chloro-1,4-naphthoquinon-2-yl)amino)phenyl sulfurofluoridate
(NQS), were synthesized based on NQ (Fig. 1) [10, 11]. New synthesized compounds are suspected to
have cytotoxic activity.

This work is devoted to investigation of the optical properties of new 1,4-naphthoquinone
derivatives by spectroscopic methods and development a spectrophotometric technique for the
determination of NQ, NQI and NQS in the substance. Spectrophotometry is considered one of the
most convenient analytical methods due to its inherent simplicity, low cost and wide availability in

most quality control systems and clinical laboratories [12—14].

o) 0
Cl Cl OH *CI 0SO,F
. O‘ O ooy
I L H
NQ NQ1 NQS

Fig. 1. Chemical structures of NQ, NQI and NQS

(0]
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Instruments, materials and research methods

Instruments

The infrared absorption spectra of the synthesized compounds were recorded on Agilent 660
FTIR spectrometer in a KBr disk.

For pH measurement the pH-meter/ionomer “ITAN” (“Tomanalyt”, Tomsk) was used.

The absorption spectra of the studied compounds were recorded in quartz cuvettes with an optical

path length of 1 cm using Cary60 spectrophotometer.

Reagents

2,3-Dichloro-1,4-naphthoquinone (NQ) is a commercial compound manufactured by Sigma-
Aldrich, USA (CAS 117-80-6).

2-Chloro-3-((4-hydroxyphenyl)amino)-1,4-naphthoquinone ~ (NQI) and  4-((3-chloro-1,4-
naphthoquinon-2-yl)amino)phenyl sulfurofluoridate (NQS), were synthesized according to the method
described in the work [15].

Potassium bromide (KBr) was used to obtain infrared absorption spectra.

Analyzed compounds were dissolved in 1 cm?® of dimethylformamide (DMF), transferred into 50
cm? volumetric flasks and brought to the mark with 96 % ethanol. Despite the good solubility of the
analyzed substances in DMF, the absorption spectra in this solvent were characterized by low intensity
and a wide range of absorption. Therefore, it was decided to use DMF as a solvent and 96 % ethanol
as a background solution.

The required pH value was reached using 1 M hydrochloric acid (HCI) and 1 M sodium hydroxide
(NaOH)

Experimental procedure

IR spectroscopy

A small amount of KBr was ground in an agate mortar until creamy, then the analyzed compound
was added and the grinding was continued by stirring thoroughly. The sample was then quantitatively
transferred into tablet press. The resulting tablet was transferred into an Agilent 660 FTIR spectrometer
and the IR spectrum was recorded.

Spectrophotometry

Solutions of analyzed compounds with concentration range from 5-107° to 2:10~° mol I"' were
prepared in 50 cm? volumetric flasks. 3 cm?3 of 96 % ethanol was placed in 1 cm quartz cuvette as a
blank solution. After proving the purity of the blank solution, the absorption spectra of the analyzed
compounds were taken in the wavelength range 200-800 nm with an error of £0.1 nm and the

absorption maximum wavelength was recorded.

Results and discussion

The use of IR spectroscopy for nondestructive analysis of both biological samples and
pharmaceuticals is actively used in many studies. Fig. 2 shows the IR spectra of the analyzed
compounds in KBr.

Since all the studied compounds have a benzene fragment in their structure, IR spectroscopy

showed characteristic absorption bands for the phenyl group: valence (3100-2950 c¢m™), in-plane
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(1300-1000 cm™) and out-of-plane deformation (900675 cm™) C-H vibrations, as well as overtones
2000-1650 cm™ and skeletal vibrations of the C—C cycle (1600-1585 and 1500-1400 cm™). In addition,
the absorption bands caused by valence and deformation vibrations of C—CO-C (1300-1200 cm-1),
valence vibrations of C=0 with intense absorption in the region of 18701540 cm™, and valence
vibrations of the C—Cl bond in the region of 1100-1040 cm™ are common for all analyzed substances.

For compounds NQI1 and NQS, absorption bands caused by valence (3350-3310 cm™), deformation
(1550-1450 cm™) and wagging (909—666 cm™) vibrations of the N-H bond as well as an absorption
band caused by valence vibrations of the C-O bond in the region of 1260-1000 cm™! are observed.

For NQI it is also worth noting the appearance of absorption bands due to valence (3350-3330
cm™) and plane deformation (1420-1330 cm™) vibrations of the O-H bond.

NQS is characterized by two intense absorption bands in the region of 1350-1300 and 1160—
1120 cm™! due to antisymmetric and symmetric valence vibrations of the SO2 group, respectively, and

vibrations in the region starting at 1000 cm™! from the S-F bond.

Investigation of optical properties of the analyzed compounds

by spectrophotometry

Absorption spectra of the analyzed compounds in the wavelength range 200-800 nm were
recorded (Fig. 3).
When considering the UV absorption spectra of the investigated compounds, their similarity

can be observed. For example, all the investigated compounds exhibit an absorption band in the
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Fig. 3. Absorption spectra a) NQ b) NQ1 ¢) NQS in 96 % ethanol with concentrations from 5-107¢ to 2:10~ mol 1!
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range of 250-280 nm, which corresponds to the intense 1 — 7* electronic transition in benzene
and naphthoquinone. The presence of a benzene fragment in the structure of the compounds is
confirmed by the presence of characteristic absorption bands of the phenyl group as described
earlier. Additionally, a weak n — 7* transition band is observed in the longer wavelength region of
330-350 nm.

The introduction of substituents into the benzene ring that are conjugated with the m-system
of the aromatic ring (-NH2, absorption bands at 3350-3310 cm™ are typically associated with the
region where vibrational bonds N-H of the primary amino group manifest), noticeably influences
the intensity and position of these absorption bands. Specifically, it leads to a bathochromic shift of
these absorption bands and increases their intensity. This phenomenon is observed for compounds
NQI and NQS.

For NQI and NQS, a wide but not very intense absorption band in the visible region, between 470
and 500 nm, is characteristic. This absorption band is typical for amino-substituted quinones and can
be attributed to charge transfer electronic transitions and weak n — 7* electronic transitions of the
carbonyl group in the quinone.

In the derivatives under consideration, this absorption is significantly shifted to the visible
region compared to the spectrum of 1,4-naphthoquinone. Indeed, upon adding substituted aniline to
1,4-naphthoquinone, a bathochromic shift of this absorption band is observed with changes in intensity
and width [16].

Also, it is worth noting that the direct influence on this absorption band is exerted by the
modification of substituents. For example, upon introducing a fluorine and sulfur atom into the NQS
compound (two intense absorption bands in the range of 1350-1300 and 1160—1120 cm™! for the SO2
group, and an absorption band at 1000 cm™! for the S-F bond), a shift towards shorter wavelengths was

observed due to the electron-withdrawing effect of the substituents.

Investigation of pH influence of the blank solution

on the optical properties of analyzed compounds

The pH value of the blank solution has a significant influence on the absorption peak position
and its maximum intensity. The intensity of the absorption peak with a maximum wavelength 280
nm decreases with increasing pH (alkaline medium). Maximum intensity value is observed at pH
= 4 for all three compounds. Acidification of the solution does not cause significant changes of the
signal intensity. It should also be noted that there is no influence of pH on the absorption maximum
wavelength, its shift occurs at = 2 nm, which cannot indicate a bathochromic shift when the pH of the
solution is changed [17].

Due to the fact that the absorption peak at a wavelength 280 nm has a more pronounced shape and
intensity, it was chosen as the analytical signal. Analytical procedures for quantitative determination of
the studied compounds were developed individually for NQ, NQ1 and NQS due to significant overlap
of their absorption spectra.

After selecting the optimal pH value for the determination of NQ, NQI and NQS, the calibration
curves were plotted (Fig. 4).

Quantitative characteristics of NQ, NQI and NQS determination in model solutions are presented
in Table 1.
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Fig. 4. Dependence of absorbance on the concentration a) NQ b) NQ1 ¢) NQS in 96 % ethanol (pH = 4)

Table 1. Quantitative characteristics of NQ, NQI and NQS determination in model solutions (n=5; P=0,95)

Linear concentration

Limit of detection

Compound Wavelength, nm | Regression equation range, mol 11 LOD, mol-1!
NQ 277 y= 0&2‘22’3‘%&“” 310-6— 210 8,810~
NQI 280 y= (1)1’3?3, soor 0| 3107210 9,410
NQS 278 y= Oﬁizzlf)’;;g;om 2107210 7,310

The graphs are linear in the reported concentration ranges. The accuracy of the proposed method

for quantitative determination of NQ, NQI and NQS in the substance was verified by the standard
addition method (Table 2).
Table 2 shows that the data obtained by the spectrophotometry are satisfactory. Therefore,

it can be concluded that the method can be used for the determination of analyzed compounds in

substances.
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Table 2. Quantitative determination of NQ, NQI1 and NQS in substance (n=5; P=0,95)

Compound Added, mol I'' | Found (mol I Sr (RMS) teale teable
5-10°¢ 5,9-10-¢ 0,25 0,78
NQ 1-10°3 1,06:10° 0,19 0,52
1,510 1,54-10° 0,17 0,38
5-107 6,1-107 0,15 0,1
NQI1 1-10°° 1,08-10°¢ 0,13 0,07 2,78
1,510 1,55-10-6 0,12 0,04
51077 6,13:107 0,13 0,1
NQS 1-10°¢ 1,08-10°¢ 0,12 0,07
1,5-10°¢ 1,56-10°° 0,1 0,05
Conclusions

In this work the spectral characteristics of the analyzed compounds such as IR and absorption
spectra were obtained and described. The optimum pH value 4.0 for the quantitative determination of
the compounds was selected. A method for spectrophotometric determination of NQ, NQI and NQS
in substances with detection limit of NQ, NQI and NQS 8,810, 9,4-10-% and 7,3-10% M, respectively,

was developed.
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