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Synthesis and biological activity of nitrogen-containing derivatives of a-santonin

The reactions of eudesmanolide a-santonin with primary and secondary amines wereninvestigated. It was
shown that the reactions occured regioselectively at the carbonyl group of y-lactene ring with formation of
the products of aminolysis — hydroxyamides. Furthermore, it was found that the reaction of santonin with
semicarbazide and phenylhydrazine flowed through carbonyl group of'cross-conjugated cyclodienone to form
condensation products and the reaction of santonin with hydroxylamine flowed to give tandem reactions
products of Michael-type and condensation. It was revealed that synthetic nitrogen-containing derivatives of
a-santonin had antibacterial and antioxidant activity.
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The sesquiterpene y-lactone eudesmanolide o-santonin induces interest for study of nucleophilic addi-
tion reactions of amines and synthesis of negw potentially biologically active nitrogen-containing deriva-
tives [1, 2]. The cross-conjugated cyclodienonic system of santonin tends to aromatization. For example, it is
easily exposed to Wagner-Meerwein dienone-phenol rearrangement with the formation of desmotropsanto-
nin [3, 4].

In this article the reactions of a-santonin (1) with different aliphatic and aliphatic-aromatic amines were
investigated. Interaction of a-santonin (1) with primary amines as monoethanolamine, methylamine and
benzylamine in ethanol mediumat reflux gave only 6-hydroxy-amides, (2) in 81 % yield, (3) in 74 % yield
and (4) in 50 % yield. The 6-hydroxy-amides are a-santonin lactone ring aminolysis products (‘H-NMR
spectrum data are shown imyTable1). Apparently, low yield of amide (4) is a cause of weak-base properties
of benzylamine in comparison with primary aliphatic amines.

R=- C2H4OH (2)

OH CONHR - Me (3)
-CH,Ph (4)

In the above conditions the reaction of compound (1) with secondary aliphatic amines like
diethanolamine and diethylamine generally leads to y-lactone ring aminolysis products — amides (5) and (7),
in 53 and 58 % yields, and the products of Michael conjugate addition to the cyclodienone system — adducts
(6) and (8) in 14 and 15 % yields.

On the one hand formation of Michael reaction products confirms the hypothesis about cross-
conjugated nature of a-santonin cyclodienone system (not the predominant aromatic character) and from the
other hand the high reactivity with manifestation of the properties of the secondary aliphatic amines bounda-
ry bases. Strong evidence about cross-conjugation of a-santonin cyclodienone system obtained in reac-
tions (1) with hydroxylamine, phenylhydrazine and semicarbazide is presented below.
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Table 1
Chemical shifts (3, ppm) and spin-spin interaction constants (in Hz) of santonin and its derivatives (2)-(4)
Compounds
Protons D @ @) @
Me-4 2,15 broad singlet 2,61 s. 2,69 s. 2,70's.
Me-10 1,33 s. 1,03 s. 1,04 s. 1,04 s.
H-1 6,28 d. (10) 6,32 d. (10) 6,34 d. (10) 6,34 d. (10)
H-6 4,80 broad singlet (11) | 4,77 broad singlet (11) 4,76 d. (10) 4,72 d. (10)
Other protons - CONH(CH,),0H: —CONHCH;— —COCH,Ph—
3,55 qui. (1H, 7,5; 4Hz); 3,51 quin(1H;1655; 3,50d. (2H, 6,5 Hz);
3,78 qui. (1H, 12,5; 5 Hz); 4Hz); Aromatic nucleus
4,01 t. (1H, 5Hz); 2,92 d. 3H,SHz) | 7,06 broad singlet (SH)
5,05 broad singlet (1H)

It is known that the reaction of a-santonin oximation with hydroxylamine hydrochloride leads to the
formation of not only the final E-oxime (9) in 20 % miner yield; but also two products of tandem Michael-
type reactions and condensation — compounds (10) and (11) [5]. The reaction is carried out in the presence
of sodium methoxide in methanol or ethanol in the presence of sodium acetate at reflux (10-12 hours). Pre-
sumably the formation of the reaction products occurred as a result of the Michael conjugated addition and
then only by the condensation reaction. The dominant implementation of the Michael reaction results in the
conjugated addition products (10) and (11). It supports the hypothesis that hydroxylamine is a border basis.
Phenylhydrazine and semicarbazide (analogs of hydroxylamine) are more strong bases because of their inter-
action with a-santonin (1) at the above conditions, leading to condensation products: E-semicarbazone (12)
and E-phenylhydrazone (13) in 60 and'65 % yields ("H-NMR spectrum data are shown in Table 2).

Ig\THOH

HoNOCHN

(12) (13)

For high yield synthesis of the oxime (9), which is a key molecule in the synthesis of new nitrogen-
containing derivatives, it was necessary to increase basicity of hydroxylamine.

A single-step preparative method of synthesis of E-oximesantonin (9) was developed as a result of nu-
merous experiments. According to this method the reaction of a-santonin (1) is carried out with hydroxyla-
mine hydrochloride in pyridine at reflux for 4-5 hours. Finally, E-oximesantonin (9) forms in 96-98 % quan-
titative yield.

38 BecTHuk KaparaHguHckoro yHuBepcuTeTa



Synthesis and biological activity ...

Table 2
Chemical shifts (8, ppm) and spin-spin interaction constants (in Hz)
of santonin and its derivatives (9), (10), (12) and (13)
Compounds
Protons
) ©) (10) (12) (13)
Me-4 2,15 broad singlet 2,06 s. 1,7 s. 2,43 s. 2,43 s.
Me-10 1,33 s. — — 1,14 s. 1,14 s.
H-1 6,28 d. (10) 5,96 d. (10) 5,19 d. (10) 6,05 d. (10) 6,05 d. (10)
H-6 4,80 broad singlet — - 4,87 d. (10) 4,87 d. (10)
€8))
Other protons — =NOH; CHNH-OH —HNCO-NH,; ~HN-NH5;
9,21 broad singlet 3,5t. (1H) 5,04 broad singlet | 4,54 broad singlet
(1H) (3H) (1H). Aromatic
nucleus 7,02 broad
singlet (5H)

Thus, it is shown that the interaction of the primary and secondary amines occuts, at the‘carbonyl group
of a-santonin y-lactone ring regioselectively to form products of aminolysis— hydroxy amides. Reactions of
a-santonin with semicarbazide and phenylhydrazine implemented by.carbonyl group of cross-conjugated
cyclodienone to form condensation products. The reaction of a-santonin with-hydroxylamine generally leads
to products of Michael tandem and condensation reactions. The single-step preparative method of
oximesantonin synthesis was developed for the first time. The oximesantonin'is a key molecule in the pur-
poseful synthesis of practically important derivatives of natural compounds.

The biological activity of the synthesized nitrogen-containing derivatives of a-santonin (1) was studied.
It was found that monoethanolamide (2), methylamide (3) and oxime (9) had antibacterial activity against 16
strains of gram-positive bacteria (Staphylococcus aureus; St.epidermidis et al.), gram-negative bacteria (Sa/-
monella spp, Klebsiella spp. et al.) and gram positive nonspore-forming anaerobic bacteria (Propioni-
bakterium spp., Eubacterium spp.) and coccus (Reptococeus spp.) and also have fungicidal action against
fungal strains of the genus Candida albicans and.Mucor.

Furthermore, it was found that derivatives of santonin (2), (3), (9) and (13) have antioxidant activity.
The relationship between their structure and bielogical activity was identified (Table 3).

Table 3

Antioxidant activity of a-santonin (1) and its derivatives
(options of initiated chemiluminescence in the presence of synthesized compounds)

No %2?2?221;}:031;2_ Hj arbitrary units T, min tg, o H, arbitrary units

1 |SN (1) 2,75+2,01 1,86+0,12 6,64+0,58 6,41+0,44

2 | SN-NOH (9) 2,4+0,11 2,0+0,08 8,0+0,05 15,2+1,2

3 | SN-MA (3) 3,6+0,09 1,0+0,08 9,0+0,08 43,75+2,1

4 | SN-BA (4) 3,0+0,1 2,7+0,07 6,0+0,11 9,0+0,08

5 | SN-MEA. (2) 3,5+0,19 1,5+0,06 9,0+0,07 37,5+3,5

6| lonol 2,17+0,13 7,64+0,15 2,69+0,13 6,34+0,51

7 | Control 2,6+0,1 2,0+0,09 3,5+0,29 7,1+0,55

Derivatives of (2), (3) and (9) have intensification of pro-oxidant effect when methylamide (3) in the
structure of molecule has the methyl group. In this case the emission intensity of methylamide (3) increases
in 6.16 times compared with the control slowly. A similar effect of initiated emission growth is detected for
monoethanolamide (2) where a hydroxyethyl moiety existed. Moreover, among all the studied substances
a new property was detected. It is not characteristic for exogenous anti — and pro-oxidants. This property is
preservation of the latent period value.

Thus, synthesized biologically active nitrogen-containing derivatives of a-santonin are interesting for
investigating their pharmacological activity and creating effective new drugs.
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0-CaHTOHMHHIH a30TKYPaMbl TYbIHABLIAPbIHbIH CHHTE3i
JKOHE OHOJIOTHAJIBIK 0eJIceHiIiri

Makanaza 9BISCMAHONMI O-CAaHTOHMHHIH OIpIiHIIUNIK JKOHE eKIHLIUIK @aMUHAEpPMEH | peaKkmusIapbl
3epTTelinai. Peakuns pernoceNeKTHBTI Y-TAKTOH CaKWHACBIHIAFBl KapOOHMI TOOBI O@HMBIHINA aMHHONIU3
OHIMI — THIPOKCHAMUATEPAI TY3iN >KypeTiHmiri kepceringi. CoHbIMEH Karap CaHTOHWHHIH CeMHKapOa3uy
JKoHE (DCHWITUIPA3UHMEH OpEeKeTTecyl IUKIIOJUEHOHHBIH Kpocc-KocapiaHFaH KapOOHMmIAE ToOB! OOMbIHIIA
KOHIEHCAIlMsl OHIMIH TY3Ill JKYPETIHJIri, al THIPOKCIJIAMHHMEH OpeKeTTeCyi Mmuxasiab THIi >KoHE
KOHZICHCAIlMsl TAaHAEMII peakuus OHIMIepiHe oKeleTiHAiri aHplkTangsl. 0o-CaHToOHUMHHIH OipKaTap
A30TKYpaMIIbl TYBIHABLIAPbl AHTHOAKTEPHANIbl JKOHE aHTHOKCHAAHITHI OCJCEHIUTIKKE He eKeHMIri
AHBIKTAJIJIBI.

H.Mepxarymnsl, [1.Botitnuek, C.b.AGeyora, I'.bakpiTxkan, 3.C.CyneiimbexoBa

CuHTe3 M 0MO0JIOTrHYeCKA AKTHBHOCTDH
a30TCoAepKalUX MPOU3BOAHBIX 0-CAHTOHUHA

B crarbe n3zyuensl peakiyu 3BIeCMaHOIN/A @-CAaHTOHNHA C IEPBUYHBIMU M BTOPUYHBIMU aMuHaMu. [Toka3za-
HO, YTO pEaKIUH IPOTEKAIOT PEFUOCENICKTHBHO 110 KapOOHWJIFHOW TpyIIE Y-TaKTOHHOTO IHKIIA,
¢ 00pa3oBaHHEM MPOIYKTOB aMUHOMHM3a — TUAPOKCHaMU0B. Kpome Toro, ycTaHOBJIEHO, YTO B3aHMOJIEHCT-
BHE CaHTOHHHA C CeMUKapOasHAOM U (CHMITHIPA3HHOM MpPOTEKaeT M0 KapOOHWIIBHOW TpyIe Kpocc-
CONPSDKEHHOTO IIMKJIOJUEHOHA, C 00pa3oBaHHEM MPOIYKTOB KOHCHCAIMH, a B3aUMOJICHCTBHE C THIPOKCHUII-
aMHMHOM IIPUBOJIUT K MPOAYKTaM TaHIEMHBIX peakIui mo Tumy Mmuxasnis u KOHIAeHcaluu. BhisBieHo, 4TO
PSI CHHTE3UPOBAHHBIX @30TCOICPKANINX TPOU3BOTHBIX (-CAHTOHHWHA 00JIajaeT aHTHOAKTEPUATFHON 1 aHTH-
OKCUJAHTHOM aKTHBHOCTHIO.
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