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ABSTRACT

A Diels-Alder reaction between 5-substituted 1,phthoquinones and 1-acetoxy-1,3-butadiene was edraut.
The optimization of reaction conditions [4 + 2] -ebyaddition were carried out. The dependence ofrtheire of
the substituent in the 5th position of 1,4-naphtliogne on the regioselectivity of Diels-Alder réant was
established. Tricarbocyclic derivatives of 5-R-haphthoquinones were synthesized.

Keywords: 5-R-1,4- naphthoquinones, cycloaddition, regiesgVity.

INTRODUCTION

Over the last decade, microorganisms that cauderigcand viral infections are becoming increabirrgsistant to
drugs. For this reason, the scientific world wasemely high need in the synthesis of new bioactempounds
that can be used in the treatment of these infegtidricyclic nucleus is part of various therapeuatjents that have
shown antimicrobial activity. Condensation of tlaghocycle with different pharmacofore fragmentsjuding 1,4-
quinoid, enables design tricyclic systems that lsave potential anti-microbial, anti-tumor and anflammatory
activity [1-6]. First Diels-Alder reaction, whiciné¢ludes cycloaddition diene to quinones, is valeatlthe synthesis
of many natural derivatives. Cycloaddition to p-bequinones is key in the synthesis of steroidstismre,
reserpine, yohimbine, estrone and terramicyn [%2@Jrey achievement is stereospecific synthesisgugiinberellic
acid regioselectively Diels-Alder cycloaddition oiving substituted benzoquinones [10]. In additiorierest in
cycloaddition involving quinones growing, as alrgaynthesized tetracycline antibiotics such asaadyicin and
daunomicyn, these two molecules are effective ticancer chemotherapy [11-25].

EXPERIMENTAL SECTION

'H NMR spectra were recorded on spectrometer "VavigR" (300 MHz) (H chemical shifts are expressedsin
scale relative to standart- tetrametylsilan andgrdted intensity correspond to the allocation qade

Elemental analysis performed on a standard appmafatumicroanalysis. Monitoring the progress of thaction
and individuality substances carried by TLC on gddtSilufol UV-254."

M ethods of preparation

(4a,9a)-8-Hydroxy-9,10-dioxo-1,4,4a,9,9a,10-hexahydroanthracene-1-yl acetate (7)

To 0.61 g (0.0047 mol) of 5-hydroxy-1,4-naphthoauia () dissolved in 10 ml of benzene was added 0.39 g
(0.0039 mol) of 1-acetoxy-1,3-butadier@.(The reaction mass was heated for 5 hours at8B%0-and stirring
with reflux in argon. Then the reaction mixture wasoled within 10-12 hours. The product was filternd
washed with benzene, dried. Prepared (4aR,9aR{8ky-9,10-dioxo-1,4,4a,9,9a,10-hexahydroanthracegyk
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acetate as yellowish crystals with a yield of 0¢6969%). The solution filtrate evaporated on a rat@cuum
evaporator, precipitate recrystallized from benzéagte yellow crystals obtained with the releaséddf7 g (27%).
'H NMR (300 MHz, DMSO-g) 5, ppm: 7,62 (t, J=7,80, 7,71, 1H, CH); 7,48 (d,,887 1H, CH); 7,15 (d, J=7,71,
1H, CH); 6,09-6,03 (m, 1H, CH); 5,98-5,90 (m, X&H); 5,78-5,71 (m, 1H, CH); 3,90 (d, J=8,03, 6,08, CH);
3,43 (t, J=8,03, 7,42, 1H, CH); 2,70-2,55 (m, 2H, 2,17 (s, 3H, OCOCH).

Calculated (GH140s), %: C=67.13, H=4.93, 0=27.94.
Found, %: C=67.04, H=4.95.
Yield - 0,69 g (69%), M.p. 187-18€

By this method received the following derivativédsbesubstituted 1,4-quinonés16

(4a,9a)-5-Hydroxy-9,10-dioxo-1,4,4a,9,9a,10-hexahydroanthracene-1-yl acetate (8)

'H NMR (300 MHz, DMSO-¢) 8, ppm: 7,62 (t, J=7,80, 7,71, 1H, CH); 7,50 (d, 887 1H, CH); 7,16 (dd, J=7,71,
1,44, 1H, CH); 6,03-5,99 (m, 1H, CH); 5,96-5,94, (thl, CH); 5,79-5,71 (m, 1H, CH); 3,41-3,34 (m,,1EH);
3,30-3,24 (m, 1H, CH); 2,66-2,57 (m, 2H, §H2,17 (s, 3H, OCOCH).

Calculated (GH140s), %: C=67.13, H=4.93, 0=27.94.
Found, %: C=67.06, H=4.92.
Yield - 0,27 g (27%), M.p. 177-17€C

(4a,9a)-8-Nitro-9,10-dioxo-1,4,4a,9,9a,10-hexahydroanthracene-1-yl acetate (9)

'H NMR (300 MHz, DMSO-g) 5, ppm: 8,08 (dd, J=7,50, 2,00, 1H, CH); 7,97 (d,33, 2,00, 1H, CH); 7,46 (t,
J=7,73, 7,50, 1H, CH); 6,05-5,97 (m, 1H, CH); 5888 (m, 1H, CH); 5,79-5,71 (m, 1H, CH); 3,978(&n, 1H,
CH); 3,92 (d, J=8,03, 6,00, 1H, CH); 3,32 (t, J=33,0,42, 2H, CH); 2,17 (s, 3H, OCOgH

Calculated (GsH1NOg), %: C=60.95, H=4.16, N=4.44, 0=30.45.
Found, %: C=60.92, H=4.12, N=4.40.
Yield - 0,71 g (71%), M.p. 210-21°C

(4a,9a)-5-Nitro-9,10-dioxo-1,4,4a,9,9a,10-hexahydroanthracene-1-yl acetate (10)

'H NMR (300 MHz, DMSO-g) 8, ppm: 8,13 (dd, J=7,50, 2,00, 1H, CH); 7,97 (d%¥,33, 2,00, 1H, CH); 7,44 (t,
J=7,73, 7,50, 1H, CH); 6,08-6,02 (m, 1H, CH); 5384 (m, 1H, CH); 5,79-5,71 (m, 1H, CH); 3,50-84n, 1H,
CH); 3,40-3,32 (m, 1H, CH); 2,66-2,57 (m, 1H, CR)17 (s, 3H, OCOCH}).

Calculated (GH13NOg), %: C=60.95, H=4.16, N=4.44, 0=30.45.

Found, %: C=60.90, H=4.13, N=4.41.

Yield - 0,29 g (29%), M.p. 167-16C

(4a,9a)-8-Amino-9,10-dioxo-1,4,4a,9,9a,10-hexahydroanthracene-1-yl acetate (11)

'H NMR (300 MHz, DMSO-g) &, ppm: 7,87 (s, 2H, NB); 7,47 (t, J=7,87, 7,73, 1H, CH); 7,38 (d, J=7,18,
CH); 6,98 (dd, J=7,87, 1,60, 1H, CH); 5,98-5,90 (tH, CH); 5,88-5,82 (m, 1H, CH); 5,79-5,71 (m, 1EH);
3,93 (d, J=8,03, 1H, CH); 3,17 (t, J=8,03, 7,42, CH); 2,61-2,52 (m, 2H, Cht 2,17 (s, 3H, OCOCH).
Calculated (GH1sNOy), %: C=67.36, H=5.30, N=4.91, 0=22.43.

Found, %: C=67.39, H=5.27, N=4.85.

Yield - 0,70 g (70%), M.p. 162-16&

(4a,9a)-5-Amino-9,10-dioxo-1,4,4a,9,9a,10-hexahydroanthracene-1-yl acetate (12)

'H NMR (300 MHz, DMSO-¢) 3, ppm: 7,87 (s, 2H, Ny; 7,47 (t, J=7,87, 7,73, 1H, CH); 7,40 (d, J=7,18B,
CH); 6,95 (dd, J=7,87, 1,60, 1H, CH); 6,03-5,97 (i, CH); 5,84-5,71 (m, 2H, 2CH); 3,59-3,51 (m, 1EH);
3,45-3,37 (m, 1H, CH); 2,68-2,58 (m, 2H, §H2,17 (s, 3H, OCOCH).

Calculated (GH1sNO,), %: C=67.36, H=5.30, N=4.91, 0=22.43.

Found, %: C=67.38, H=5.26, N=4.87.

Yield - 0,28 g (28%), M.p. 159-16C

(4a,9a)-5-Methoxy-9,10-dioxo-1,4,4a,9,9a,10-hexahydroanthracene-1-yl acetate (13)

'H NMR (300 MHz, DMSO-¢) §, ppm: 7,67 (t, J=8,14, 7,80, 1H, CH); 7,61-7,56 (id, CH); 7,43-7,37 (m, 1H,
CH); 6,04-5,98 (m, 1H, CH); 5,97-5,90 (m, 1H, CH)79-5,71 (m, 1H, 1CH); 3,94 (s, 3H, OCH3); 3,8873(m,
1H, CH); 3,36 (t, J=8,03, 7,42, 1H, CH); 2,70-2(1, 2H, CH); 2,17 (s, 3H, OCOCH].

Calculated (GH1¢0s), %: C=67.99, H=5.37, 0=26.64.
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Found %: C=67.93, H=5.32.
Yield - 0,68 g (68%), M.p. 132-13%&

(4a,9a)-8-Methoxy-9,10-dioxo-1,4,4a,9,9a,10-hexahydroanthracene-1-yl acetate (14)

'H NMR (300 MHz, DMSO-¢) 3, ppm: 7,65 (t, J=8,14, 7,80, 1H, CH); 7,60-7,56 {iH, CH); 7,40 (dd, J=8,14,
1,44, 1H, CH); 6,03-5,97 (m, 1H, CH); 5,95-5,88 (h, CH); 5,76-5,68 (m,1H, CH); 3,96 (s, 3H, OCH3)92-
3,87 (m, 1H, CH); 3,36 (t, J=8,03, 7,42, 1H, CHB&2,59 (m, 2H, Ch); 2,17 (s, 3H, OCOCH).

Calculated (GH1¢0s), %: C=67.99, H=5.37, 0=26.64.

Found, %: C=67.95, H=5.34.

Yield - 0,31 g (31%), M.p. 184-18%

(4a,9a)-9,10-Dioxo-1,4,4a,9,9a,10-hexahydroanthracene-1,5-diyl diacetate (15)

'H NMR (300 MHz, DMSO-¢) &, ppm: 7,73 (dd, J=7,90, 7,80, 1H, CH); 7,67 (dt,80, 1,44, 1H, CH); 7,56-
7,51 (m, 1H, CH); 6,04-5,98 (m, 1H, CH); 5,94-5(&7, 1H, CH); 5,79-5,71 (m,1H, CH); 3,76-3,67 (m,, XEH);
3,49 (t, J=8,03, 7,42, 1H, CH); 2,73-2,64 (m, 2, 2,44 (s, 3H, OCOCH); 2,17 (s, 3H, OCOCHj.

Calculated (GH1¢0¢), %: C=65.85, H=4.91, 0=29.24.

Found, %: C=65.89, H=4.93.

Yield - 0,72 g (72%), M.p. 181-18&

(4a,9a)-9,10-Dioxo-1,4,4a,9,9a,10-hexahydroanthracene-1,8-diyl diacetate (16)

'H NMR (300 MHz, DMSO-¢) 8, ppm: 7,75 (dd, J=7,90, 7,80, 1H, CH); 7,65 (d,80, 1,44, 1H, CH); 7,54-
7,49 (m, 1H, CH); 6,08-6,02 (m, 1H, CH); 5,98-5(@8, 1H, CH); 5,78-5,70 (m,1H, CH); 4,03-3,98 (m,,1EH);
3,31 (t, J=8,03, 7,42, 1H, CH); 2,68-2,59 (m, 2H,; 2,44 (s, 3H, OCOCH); 2,17 (s, 3H, OCOCH).

Calculated (GsH1¢0g), %: C=65.85, H=4.91, 0=29.24.

Found, %: C=65.82, H=4.89.

Yield - 0,27 g (27%), M.p. 182-18€

1-Hydroxyanthracene-9,10-dione (17)

For the dehydrogenation 1.27 g (0.0045 mol) of tesulting product(4aR,9aR)-8-hydroxy-9,10-dioxo-
1,4,4a,9,9a,10-hexahydroanthracene-1-yl aceftavds dissolved in 12 ml of 5% KOH in alcoholic wdn in
three throatflask with reflux and missed the air2d hours. Yellow product was filtered and washetth 4 ml of
water, 2 ml of ethanol and 1 ml ether, dried.

'H NMR (300 MHz, DMSO-g) 5, ppm: 8,25-8,21 (m, 1H, CH); 8,19-8,15 (m, 1H, CAP9-7,90 (m, 2H, 2CH);
7,82 (t, J=7,76, 7,71, 1H, CH); 7,71 (d, J=7,76811H, CH); 7,38 (d, J=7,71, 1,18, 1H, CH).

Calculated (GHgOs), %: C=75.00, H=3.60, 0=21.41.

Found, %: C=75.03, H=3.58.

Yield - 0,94 g (94%), M.p. 215-21°C

By this method received the following derivativédbesubstituted 1,4-quinonds-21

1-Methoxyanthracene-9,10-dione (18)

'H NMR (300 MHz, DMSO-g) &, ppm: 8,21 (dd, J=7,48, 1,59, 1H, CH); 8,17 (d%¥,48, 1,59, 1H, CH); 7,96 (t,
J=7,48, 7,22, 1H, CH); 7,84 (t, J=7,48, 7,22, 1H)C7,78 (t, J=8,14, 7,76, 1H, CH); 7,70 (dd, J$7,1,04, 1H,
CH); 7,55 (d, J=8,14, 1H, CH); 3,97 (s, 3H, OfH

Calculated (GsH1003), %: C=75.62, H=4.23, 0=20.15.

Found, %: C=75.64, H=4.28.

Yield - 0,93 g (93%), M.p. 199-2¢°C

9,10-Diox0-9,10-dihydroanthracene-1-yl acetate (19)

'H NMR (300 MHz, DMSO-g¢) &, ppm: 8,25 (dd, J=7,76, 1,20, 1H, CH); 8,20 (d7,48, 1,59, 1H, CH); 8,16
(dd, J=7,48, 1,59, 1H, CH); 8,01 (t, J=7,90, 7,74, CH); 7,90 (t, J=7,48, 7,22, 1H, CH); 7,81 &7.48, 7,22,
1H, CH); 7,64 (dd, J=7,90, 1,20, 1H, CH); 2,453(d, OCOCH).

Calculated (GH1004), %: C=72.18, H=3.79, 0=24.04.

Found, %: C=72.22, H=3.78.

Yield - 0,91 g (91%), M.p. 186-18&

1-Nitroanthracene-9,10- dione (20)

'H NMR (300 MHz, DMSO-g) 3, ppm: 8,32 (dd, J=7,50, 2,00, 1H, CH); 8,26-8,80 {H, CH); 8,17-8,13 (m,
1H, CH); 8,10 (dd, J=7,50, 2,00, 1H, CH); 7,89-7(B8 2H, 2CH); 7,59 (t, J=7,50, 7,50, 1H, CH).
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Calculated (GH;NO,), %: C=66.41, H=2.79, N=5.53, 0=25.27.
Found, %: C=66.39, H=2.77, N=5.56.
Yield - 0,89 g (89%), M.p=250°C

1-Aminoanthracene-9,10-dione (21)

'H NMR (300 MHz, DMSO-g) 5, ppm: 8,20-8,14 (m, 1H, CH); 8,12-8,06 (m, 1H, CAB3-7,76 (m, 2H, 2CH);
7,72 (s, 2H, NH); 7,58 (t, J=7,87, 7,60, 1H, CH); 7,52 (dd, J=7,6®0, 1H, CH); 7,21 (dd, J=7,87, 1,60, 1H,
CH).

Calculated (GHoNO,), %: C=75.33, H=4.06, N=6.27, 0=14.33.

Found, %: C=75.30, H=4.11, N=6.25.

Yield - 0,90 g (90%), M.p. 185-18&

RESULTSAND DISCUSSION

In the literature has not described the reactiorb-slibstituted 1,4-naphthoquinones. Since the Gsdifferent
substituents diene and heterodiene, Diels-Aldecti@a will take place regioselectively to form twegioisomers in
a ratio. In terms of finding promising bioactivengpounds is to find methods of conducting regiodpeotactions
[4 + 2] -cycloaddition.

In this paper, we have been tasked to get tricymiedensed quinoid systems as initial building kéofor further
construction on the basis drug-like molecules [Z-By reaction between 5-R-substituted derivatioésl,4-
naphthoquinone and l-acetoxy-1,3-butadiene. Theéhegis of compounds was performed Diels-Alder ieact
between dienophiles, as have been applied 5-hydixyethoxy-5 B), 5-amino 8), 5-nitro @), 5 acetoxy-1,4-
naphthoquinoned) and diene - 1-acetoxy-1,3-butadiefi (

Scheme 1

(0] O (0]
OH O OAc O

OMe O

1 2 3
0 0
NH, O
5

NO, O
4
Thus the reaction of interaction of compouridst, 5 with diene6 held in ethanol at 75-86 for 5 hours. In
analyzing the products of the reaction mixture feamd that the interaction took place regiosel&dyivAs a result,
each reaction was allocated two regioisomers daethaompoundd, 9, 11 outputs with 69%, 71%, 70% and
compounds, 10, 11 fewer - 27%, 29%, 28%. This explains the reactibelectron-acceptor substituents influence
in position 5 and 1,4-naphthoquinones approprigentation unsymmetrical diene - 1-acetoxy-1,3-Higne.

Scheme 2
(0]
X
+ —
=
R (e} OAc
1,4,5 6

R: -OH; -NO ,; -NH ,;

In case of a 5-position of 1,4-naphthoquinone ebeetionor - methoxy and acetoxy groups, Diels-Aldction is
the formation of regioisomers in the opposite raflo, interaction of 1,4-naphthoquinorigs3 with 1-acetoxy-1,3-
butadienes was conducted in ethanol in the temperature r@8g85'C for 5 hours. Analysis of the products of the
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reaction mixture showed the formation of compouk@land15 outputs with 68% and 72%, add compounds16
of - 31% and 27%.

Scheme 3
O
X
+ —

=
R (e} OAc
2,3 6

13,15 14, 16

R -OMe;-OAc;

It was further shown that the resulting dihydroacénedioneg - 16 can oxidise operates under manganese oxide to
form a full antraquinoid derivatively - 21. Output reaction products was 89-94%.

Scheme 4
(0] (e}
H
— 1
R H
(@) OAc R (e}
7-16 17-21
R: -OH; -NO,;-NH ,;
-OMe; -OAc;
CONCLUSION

The paper describes the main route of synthegmmtehtially bioactive compounds from 5-R-1,4-naplginones.

A Diels-Alder reaction between 5-R-substituted datives of 1,4-naphthoquinone and 1l-acetoxy-2,zdiene. It

is established that the products Diels-Alder cantadouble bond between C2-C3 carbon atoms initigeside of
antracenedione. Found that the action of an exafesR-1,4-naphthoquinone for products [4 + 2] {ogaldition is
dehydrogenetion of connection between the carbemstin positions 4a and 9a, in the case of oxidatio
dehydrogenetion takes place in the side to formaramatic ring system 9,10-anthraquinone derivatives
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