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ABSTRACT

Synthesis optimization of a series of 2-amino acid-3-chloro-1,4-naphthoquinones demonstrated feasibility to
conduct reactions in mild conditions providing relatively high yields, simple procedure and low time costs.
Compounds were characterized with standard methods of chemical analysis and spectroscopic techniques.
Physicochemical parameters of weight loss and start melting point were determined. Preliminary screening of
synthesized compounds carried out with online based algorithm of prediction of activity spectra for synthesized
substances (PASS).
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INTRODUCTION

A large number of research papers dedicated toogem and naphthoquinones [1-5]. N-derivatives @ 1,
naphthoquinone are widely studied and described,sbll remains a significant area of unknown amiacid
derivatives of 1,4-naphthoquinone. It is significarerest from a synthetic point of view, becao$dree, reactive
capable carboxyl group of amino acid derivativeslgf-naphthoquinone, which can be used as basethéor
synthesis of new biologically active compounds.yOs#ries of esters [6] and amides [7] of amino @gdvatives
of 1,4-naphthoquinone were obtained by conjunatibh,4-naphthoquinone fragment and amino acid vesid

Recently, many studies have shown that naphthogeinterivatives with substituted chlorine atom eithsome
activity against fungi [8]. And accordingly, asvill known, 2,3-dichloro-1,4-naphthoquinone anddésivatives
possess high fungicidal activity [9]. It is repattehat certain amino acid derivatives of 1,4-napfthinone are
carriers of cerebroprotective, fungicidal, bacteat, antitumor, antiinflammatory, antiischemic, tiagpoxic,

anticonvulsant activity and exhibit a stimulatinffeet on the blood supply to the brain [10]. AlsN;1,4-

naphthoquinone derivatives are characterized byenade toxicity [11].

All these facts raise interest in the synthesisarhe amino acid derivatives of 1,4-naphthoquinanh farther study
their biological activity.

EXPERIMENTAL SECTION
Thermographic studies were determined on derivafigrQ-1500D system "F. Paulik-Paulik-Erdey" witte th
registration of the analytical signal mass loss teimal effects by using a computer. Samples ofpmunds were

analyzed in dynamic mode with a heating rate ofC/@nin in air. The mass of sample was 200 mg. Tfereace
substance was aluminium oxide.
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IR spectra were recorded with spectrophotometec@peM-80 in KBr tablets. NMR spectra were recorasd
spectrometer Varian VXR-300 arifi chemical shifts measured in relation with TMSeimial standard i ppm.
All melting points are uncorrected.

Thin layer chromatography (TCL) was performed dufSi UV-254 and visualized under UV or with iodinapor.
Elemental analysis of compounds was conductedandsird laboratory setting designed for microanalyShe
starting materials, auxiliary compounds and solsersed in this work were obtained commercially podfied if
needed.

Synthesis of 2-amino acid-3-chloro-1,4-naphthoquimes (4a-c)

To (0.022 mol) of 2,3-dichloro-1,4-naphthoquindndissolved in 50ml of DMSO added 10ml water sohut{6.022

mol) of corresponding amino aci@a-c The reaction was carried out by heating within®60with stirring for 30

minutes. Then the reaction mixture mixed with 500ofwater and 2g (0,015 mol) of . KO; were added. The
precipitate was filtered. Filtrate - aqueous solutof salts of amino acid derivatives of 1,4-naplthinone were
neutralized with 15% solution of HCI, precipitaitieired, washed with water and dried. Orange amdcrystals

were obtained with 51 - 55% yield.

3-[(3-dichloro-1,4-dioxo-1,4-dihydronaphthalene-2-) amino]—-acetic acid (4a)

Yield: 51 %; mp. 140C; Anal. Calcd. forC;,;HgNO,: C, 54.26;H, 3.04; Cl, 13.35; N, 5.27. Found; 54.22;H,
3.09; Cl, 13.29; N, 5.31; IR (KBr)v (cm) 3344, 1720, 1672, 1592, 1564, 1420, 1248; 11@8; 820, 680;
HNMR ((CD,),S0):8 ppm 8.09 (2H, d.d.,CH, Ar); 7,81 (2H, d.d., CH)#6.44 (1H, s., NH), 4,34 (2H, s., 2-CH).

3-[(3-dichloro-1,4-dioxo-1,4-dihydronaphthalene-2-f amino]-propanoic acid (4b)

Yield: 55 %; mp. 153C; Anal. Calcd. forC,3H;o0NO4: C, 55.83;H, 3.60; Cl, 12.68; N, 5.01. Found; 55.78;H,
3.59; Cl, 12.69; N, 5.05; IR (KBr)v (cm’) 3336, 1728, 1680, 1600, 1568, 1512, 1340; 128801724, 680;
"HNMR ((CD;),S0): 8 ppm 8.08 (2H, d.d.,CH, Ar); 7,79 (2H, d.d., CH)AB.81 (1H, s., NH), 3,62 (2H, m., 3-
CH), 2,33 (2H, t., 2-CH).

3-[(3-dichloro-1,4-dioxo-1,4-dihydronaphthalene-2-) amino]-butiric acid (4c)

Yield: 54 %; mp. 164C; Anal. Calcd. forC,,H;,NO,: C, 57.25;H, 4.12; Cl, 12.07; N, 4.77. Found; 57.28;H,
4.19; Cl, 12.09; N, 4.70; IR (KBry (cmi') 3288, 1712, 1680, 1600, 1552, 1504, 1344, 129601728, 680;
HNMR ((CD;),S0): & ppm 8.10 (2H, d.d.,CH, Ar); 7,78 (2H, d.d., CH)AY,01 (1H, s., NH), 3,72 (2H, m., 4-
CH), 2,36 (2H, t., 2=H).2,19 (2H, m., 3=H).

RESULTS AND DISCUSSION

Nucleophilic reagents such as aliphatic amino acéds&t with 2,3-dichloro-1,4-naphthoquinobgereplacing one
chlorine atom. Electronic enrichment of quinonestem affects the second chlorine atom reducingdtsvity
towards nucleophiles [12].

It is known that the nucleophilicity of the aminoogp of free amino acids (zwitterionic form) is kv that the
replacement of a chlorine atom in 2,3-dichloro-faphthoquinonel at amino acid residue not occurs. The
conversion of amino acids into their salt providesrease of their nucleophilicity, enabling the leophilic
substitution of chlorine atom of 2,3-dichloro-1,4phthoquinond at amino acid fragment [13].

Synthesis of amino acid derivatives of 1,4-naphttiwone 4a-c were performed by the methbdvhere initially
aqueous solutions of amino acid safta-c were prepared, and then it was reacted with Z;Blalio-1,4-
naphthoquinond in alcohol with heating. Finally potassium salf2eamino acid-3-chloro-1,4-naphthoquino®a-
¢ were neutralized with 15% hydrochloric acid salatand free amino acid derivatives of 1,4-naphthuane4a-c
were obtained. The resulting structure was purifigdecrystallization from ethanol.
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Scheme 1 (method 1)

To determine the purity of obtained by methddamino acid derivatives of 1,4-naphthoquinoda-c
physicochemical studies of thermographic parametegigght loss and melting point were carried out.

O =
= < £
o X
(= o o
100 TG -2 05
DTG
99 L 0.0
L1
08 | | 05
DTA
97 - L0
1.0
96 |
| 4 18
95 |
20
04 T , r ’ T , T , T , 2
100 120 140 160 180 200

Temperature,’C
Figure 1. Thermogram of 3-[(3-chloro-1,4-dioxo-1,4}ihidronaphtalene-2-yl)amino]-propanoic acid (4b) dtained by the method |

Thermogravimetric curves (TG), which are presentarmogrames, show weight loss of samples durirgr th
heating, differential thermogravimetric curves (DTG correspond to the mass loss rate in dependshen
temperature of the samples, and the curve of diftéal thermal analysis (DTA) corresponds to thmperature

difference between the observed sample and sta@bfd;) at the appropriate temperature.

In thermographic curves (Fig. 1) observed two petikedicates the presence of a impurity. Moselikin alkaline
conditions can occur sided reaction to form 2-dwieB-chloro-1,4-naphthoquinorte which has almost the same
solubility as most amino acid derivatives of 1,4doquinoneda-c, which complicates the process of cleaning
[14].

0 0 0
cl PH>7 NHRCOOK OC,H,
EtOH, t +
+ NH,RCOOK ———=
cl Cl Cl
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Scheme 2 (method 1)

As it's know amino acids in solution can have défe forms depending on pH conditions (Scheme 3)). [1
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Scheme 3

Therefore, synthesis of 2-amino acid-3-chloro-lagithoquinoneda-c by methodl include alkaline conditions
which are necessary for higher nucleophilicity ofilmo acids, but ethanol under alkaline conditioesdmes

reagent, not only solvent, and the result is a aamg5 (Scheme 2).

We have chosen synthesis conditions where sidéi@saacould not occur. 2,3-Dichloro-1,4-naphthoqguial were
interacted with the appropriate free amino adidsc in dimethylsulfoxide/aqueous by heating (80), which
ensured the homogeneity of the reaction mixture réaction time was reduced to 30 minutes and 2xamcid-3-
chloro-1,4-naphthoquinonta-c were obtained with good yields (above 50%).
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R = -CHZ' (a)’ -CHZ-CHZ- (b), _CHZ_CHZ_CHZ_ (C)
Scheme 3 (method II)
No catalytic systems in methdb of synthesis amino acid derivatives of 1,4-napfttioone4a-c were used and

obtained desired products did not require any jatibn. Accordingly, it demonstrates the high maghilicity and
reactivity of free amino acids in the condition (BF®) of dimethylsulfoxide.
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Figure 2. Thermogram of 3-[(3-chloro-1,4-dioxo-1,4ihidronaphtalene-2-yl)amino]-propanoic acid (4b) dtained by the method II

Thermographic study of 2-amino acid-3-chloro-1,4maoquinonesta-c obtained by the methol, confirmed
their high purity and effectiveness of the proposgathesis method.

Amino acids derivatives of 1,4-naphthoquinaleec have two active sites, which extends the posséslifor further
modification with obtaining new potentially biolagilly active compounds.
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SPECTRAL DATA (analysis)

The IR spectra two pairs of peaks at 1680 and 1640 (C=0) and 1600 and 1560¢n{C=C) belongs to
naphthoquinone rings. The carboxyl group of compisuis depicted by single intensive peak at 1700915H".
The band at 3100 - 3400 &nis due to valence vibration, and the band at 1&20 represents deformational
vibrations of secondary NH groups. Presentes ofl®e€@d in 2-amino acid-3-chloro-1,4-naphthoquindaec was
proved absorption at 680 émAbsorption bands at 1400 and 726 tapnforming the oscillations of -GHjroups
in amino acid derivatives of 1,4-naphthoquinond.[16

In the'H NMR spectra two double duplets stretched withih 87.7 ppm attributed to naphthoquinone fragments
for all compoundsia-c Protons of secondary amino groups were presdnyebroad singlet at 6.4 — 7.1 ppm.
Signals of carboxyl groups in compoungis-c were not seen, probably due to broadening of #ak pesulting in
proton exchange with solvent [17].

PREDICTION OF BIOLOGICAL ACTIVITY

The majority of biologically active compounds hah@h pharmacotherapeutic and side (toxic) actidosestimate
general efficacy and safety of the molecules ustigdy, their biological potential should be thorblygevaluated.
Because thenline basedlgorithm PASS [18] has been employed for prelimiravaluation of biological activity
of synthesized amides based on amino acids demsdf 1,4-naphthoquinoda-c

Table 1. Results predicted biological activity by areening program PASS (Pa> 0.7) of obtained compode

Compound 4da 4b 4c
PASS data
Phobic disorders treatment 0,868 | 0,892| 0,878
Gluconate 2-dehydrogenase (acceptor) inhibitor 0,840 | 0,826] 0,839
CYP2J substrate 0,817 | 0,844 0,858
CYP2J2 substrate 0,820 | 0,851 0,864
DNA-(apurinic or apyrimidinic site) lyase inhibitor 0,860 | 0,819| 0,767
Glycosyl phosphatidylinositol phospholipase D inhibitor | 0,842 | 0,771] 0,743
Antiseborrheic 0,769 | 0,722
Phthalate 4,5-dioxygenase inhibitor 0,837 | 0,723
Chlordecone reductase inhibitor 0,741 | 0,705
2-Hydroxyquinoline 8-monooxygenase inhibitor 0,774
Fructose 5-dehydrogenase inhibitor 0,768
Creatininase inhibitor 0,756
Proteasome ATPase inhibitor 0,801
Carboxypeptidase Taq inhibitor 0,727
Pseudolysin inhibitor 0,723
Arylsulfate sulfotransferase inhibitor 0,825
Membrane permeability inhibitor 0,733
Mucomembranous protector 0,746 | 0,768

According to calculations performed by PASS progiawas discovered that some compounds are goatidztes
for different biological activities mostly asso@dtwith antibacterial and antifungal because ofligted inhibitory
effect on gluconate 2-dehydrogenase, which supgsesowth of microorganisms [19, 20]. Also, compadaimay
exhibit some activity in prevention of phobic diders, mucomembranous protection, inhibition of dcaiption
factor, wide range of enzymatic activity and oth@rable 1).

CONCLUSION

Synthesis of a series of 2-amino acid-3-chloro+igghthoquinones demonstrated possibility to perfaactions in
mild conditions with relatively high yields, simpfgocedure and low time costs. Results of preditietbgical
activity of amino acid derivatives of 1,4-naphthomne are going to be used as a basis for detetimnéurther
experimental biological research. 2-Amino acid-Bot+1,4-naphthoquinones could be used for synshesid
development of highly efficient new biologicallyta® agents.
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