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Synthesis and biological activity of nitrogen-containing derivatives of estafiatin

The reactions of guaianolide of estafiatin with various amines were investigated. It 'was shown that the
aminolysis reactions of y-lactone ring of estafiatin or reactions of Michael-type conjugate addition or tandem
conversions of Michael and Knoevenagel-type were carried out depending on the nature of amines. The regu-
larity of proceeding of estafiatin reactions with secondary aliphatic and aliphatic-aromatic amines was detect-
ed. It lies in the fact that the reactions proceed exclusively by Michael reaction and they are completely regio-
and stereoselective. It was revealed that synthetic nitrogen-containing, derivatives of estafiatin had antibacte-
rial and antioxidant activity.

Key words: guaianolide, estafiatin, aminolysis, aliphatic amines, Michael reaction, tandem reaction, antibac-
terial and antioxidant activity.

Estafiatin (1), a guaiane sesquiterpene y-lactone (guaianolide), induces interest for study of nucleophilic
addition reactions of amines and synthesis.of new potentially biologically active nitrogen-containing deriva-
tives [1-3].

In this article the reactions of estafiatin (1) with various aliphatic and aliphatic-aromatic amines were
investigated. Interaction of estafiatin (1) with primary amines as monoethanolamine, methylamine in ethanol
medium at temperature 25-30 °C leads to the formation of products of the aminolysis reaction of y-lactone
ring — hydroxy amides (2) (65 % yield) and (4) (53 % yield), respectively and of products of the Michael-
type conjugated addition — adducts (3) (20 % yield) and (5) (30 % yield), respectively. The reaction of
estafiatin (1) with benzylamine leads only to Michael adduct (6) with 96 % quantitative yield. 'H-NMR spec-
trum data of obtained compounds are shown in Table 1.
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Joining of primary aliphatic amines by Michael-type occurs stereoselectively and leads to the formation
of stereoisomers with a-oriented C-13 carbon atom.
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Table 1
"H-NMR spectrum data
Protons Compounds
) 2 (€)] 4) (O] 6
Me-4 1,53 singlet 1,56 singlet 1,50 singlet 1,53 singlet 1,56 singlet 1,53 singlet
3,28 broad 3,28 broad 3,75 broad 2,84 broad 2,90 broad 2,84 broad
singlet singlet singlet singlet singlet singlet
4,01 quintet . . . . 3,03 broad
H-6 (10,5:9) 4,0 triplet (10) | 3,95 triplet (10) | 3,34 triplet (10) | 3,18 triplet (10) triplet (9)
H-13a > ’42(2‘;‘;blet > ’40(;‘;‘)‘““ 2,67 multiplet | 5,41 doublet (3) | 2,50 doublet (3) | 2:53'multiplet
H-13b 6’12(2 (;I;blet 6,1 doublet (2,5)| 2,67 multiplet | 6,21 doublet (3) | 2,50 multiplet® | 2,53 multiplet
4,78 broad 4,78 broad 4,75 broad 4,53 broad 4,56 broad 4,50 broad
H-14a . . . . . .
singlet singlet singlet singlet singlet singlet
4,78 broad 4,90 broad 4,82 broad 4,45 broad 4,64 broad 4,56 broad
H-14b . . ; . .
singlet singlet doublet singlet singlet singlet
CONH(CH,),0 | HN(CH,),H CONH
22 22 CH;; HNCH;; NCH,Ph
H; 2,14 broad | 3,50 broad sin- . :
Other B triplet (1H) Jet (1H), 2,10 2,52 broad 2,70 broad sin- -3,43 singlet
protons P ’ & o singlet (1H), glet (1H), 1,90 | (1H), 7,09 broad
(7,3) 2,17 broad | - broad singlet 1,84 singlet singlet (3H) singlet (SH)
singlet (4H) (4H) ’ 3 H)g & &

By analogy with primary amines we expected the competing attack by benzylamine to occur with the
assistance of more reactive carbonyl group of estafiatin (1).. However only a product of conjugate addition
was obtained. It’s the adduct (6) with 96 % quantitative yield. In this case, the Michael reaction completely
occurs regio- and stercoselectively, giving the product (6) with a-oriented C-13-atom.

Considering that secondary aliphatic amines are the most basic and more reactive nucleophilic reagents
than the primary we expected the regioselectiveradditionto the carbonyl group of estafiatin to occur with the
formation of products of aminolysis. However, the reactions of estafiatin (1) with diethanolamine,
diethanolamine, diethylamine, piperidine-and morpholine in ethanol medium at temperature 25-30 °C occur
with the assistance of activated double bond C;,—C,; (Michael reaction) and lead to aminoadducts (7-11)
(85-95 % high yields) with a-orienteéd C-13-atom (‘H-NMR spectrum data are shown in Table 2).

(7) RR'=-CH,
(8) =CyH;s
(9) =(CH,),O(CHy)y

(10) RR=(CHy)s"
(11) =-C,H,0H

Probably in reactions of estafiatin (1) with primary aliphatic-aromatic and secondary aliphatic amines,
the regiospecific nucleophilic addition by Michael-type is also controlled by the nature of the amines, name-
ly.of hard and soft basic properties. So this regularity can be explained by the theory of HSAB. Obviously,
these aminesrare boundary bases such as aniline, pyridine, etc. So, under these conditions, these amines like
soft bases interact with soft electrophilic C13-carbon atom (1). They form only conjugate addition products.

The biological activity of the synthesized nitrogen-containing derivatives of estafiatin (1) was studied.
It was found that morpholinamine (9) and benzylamine of estafiatin (6) had antibacterial activity against 16
strains of gram-positive bacteria (Staphylococcus aureus, St.epidermidis et al.), gram-negative bacteria (Sal-
monella spp., Klebsiella spp. et al.) and gram positive nonspore-forming anaerobic bacteria (Propioni-
bakterium spp., Eubacterium spp.) and coccus (Reptococeus spp.) and also had fungicidal action against fun-
gal strains of the genus Candida albicans and Mucor.

Furthermore, it was found that amino adducts (6), (9) and (10) had antioxidant activity. The relationship
between their structure and biological activity was identified (Table 3).
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Table 2
"H-NMR spectrum data
Protons Compounds
D @) @®) ©) (10) (1)
Me-4 1,53 singlet 1,56 singlet 1,56 singlet 1,59 singlet 1,56 singlet 1,20 doublet
3,28 broad 2,09 broad 3,31 broad 2,89 broad 2,87 broad
H-3 ) : . . . -
singlet singlet singlet singlet singlet
4,01 quintet . 4,0 broad . . .
H-6 (10,5:9) 3,12 triplet (10) triplet (10) 3,12 triplet (10) | 3,12 triplet (10) | 3,18 triplet (10)
5,42 doublet | 2,37 doublet of . . 2,50 broad 3,87 broad
H-13a (3.5) doublets (8:9) | >43 multiplet | 2,01 multiplet | 100 0 5 S
6,12 doublet | 2,65 doublet of . . 2,65 broad 3,87 broad
H-13b (3.5) doublets (8:9) | >¥3 multiplet | 2,01 multiplet | ;7100 0 5 singlet
4,78 broad 4,87 broad 4,53 doublet 4,65 doublet
H-14a singlet 4,53 doublet (3) singlet 4,39 doublet (2,5) 2.5) @.5)
4,78 broad 4,87 broad 4,53 doublet 4,65 doublet
H-14b singlet 4,53 doublet (3) singlet 4,39 doublet (2,5) 2:5) 2.5)
NCHy): | NSHCE TN (CHy)0(CH ) | -N(CH)g - | NICH.CH,OH)
Other . 2,18 multiplet . f
protons - 1,89 singlet (4H), 0,93 tri- 3,37 broad triplet 2,7? broad sin- —3,511 broad
(6H), plet (6H, 9) (8H, 4) glet (10H) singlet (4H)
Table 3

Antioxidant activity of estafiatin (1) and its derivatives
(parameters of initiated chemiluminescence of lipids in the presence of synthesized compounds)

N/N Code and the number H T tga H, arbitrary units
of compounds
1 T-1(1) 2,11+0,08 arbitrary units 2,940,14 min 3,2+0,19 7,6+0,61
2 T-M (9) 5,5+0,5 arbitrary units 1,57+0,07 min 7,0+0,28 32,5+2,15
3 T-P (10) 5,75%0,6 arbitrary units 1,8+0,09 min 4,5+0,29 16,25+1,5
4 T-BA (6) 5,41+0,4 arbitrary units 1,740,11 min 5,6+0,22 17,5+1,4
5 Ionol 2,17+0,13 arbitrary units 7,64+0,15 min 2,69+0,13 6,34+0,51
6 Control 2,6+0,1 arbitrary units 2,0+0,09 min 3,5+0,29 7,1+£0,55

For example, benzylamine (6), morpholine (9) and piperidine (10) lose the antioxidant activity of the
estafiatin (1). The value of the latent period is decreased by 1.6 times or greater at transition from estafiatin
(1) to its three derivatives:(6),.(9) and (10). It is explained by the absence of mobile hydrogen atoms of
exomethylene group of y-lactone ring (1) inhibiting free radical oxidation (FRO). Adequate change of pa-
rameters of initiated chemiluminescence of lipids was found for all mentioned derivatives of estafiatin. De-
rivative of morpholine (9) has an obvious pro-oxidant effect.

Thus, synthesized biologically active nitrogen-containing derivatives of guaianolide of estafiatin (1) are
interesting for investigating their pharmacological activity and creating effective new drugs.
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AcraduaTHHHIH a30TKYPaM/bl TYbIHABLIAPbIHBIH CHHTE3I
7KOHEe OMOJIOTHAIIBIK OeJICeHaTIri

I'BasHONMMA ScTadMaTHHHIH op TYPJl aMHHACPMEH peakKIsUIapbl 3epTTeni. AMHHAEpIiH TaOuraThHA
GaiinaHbICTh! ScTaMATUHHIH Y-TaKTOHAB! LIUKIIHIH aMHHOJIN3 PEaKMAChl, Hemece Muxauib Tumi OoifbIHIIA
KOCapJaHFaH KOCBUIY peakuusiiapbl, HemMece Muxasip sxkoHe KHeBeHarenb Tunrepi OoMbIHIIA TaHAEMAI
peakiysIIapsl KYpeTiHi kepceTinmi. DcraduaTHHHIH CKIHIIUTIK aMHHASPMEH >KOHE Mailibl apoMaTThl
aMHUH/ICPMEH peakiusuiapbl Muxasnb T OOMbBIHIIA KYPETiHI MeH OyJl peakuusIapIblH pEeruo- X oHe
CTEPEOCETIeKTHBTI eKeHI JoNelieH . DcTadhUaTHHHIH CHHTE3JEININ ajbIHFaH a30TKYPaMAbl TYBIHABLIAPEI
AQHTHOKCHAAHTTHI XKOHE MHKPOOKA KapChl OSJICEHALTIK KOPCETETiHI aHBIKTAJI/BL.

H.Mepxarymnsl, [1.Boiitnuek, C.b.A6eyoBa, A.T.Omaposa, A.H.Mckannepos

CuHTe3 M 0MO0JIOTrHYecKas aKTHBHOCTH
a30TCco/iep:KalluX MPOU3BOJAHBIX 3cTapuaTnHa

N3yyeHbl peakuuy rBasHONNA dcTadUaTHHA C PA3IMYHBIMU aMUHaMH. [loka3aHo, 4YTO, B 3aBHCHMOCTH OT
HPHUPOJIbI AMHHOB OCYLIECTBISIOTCS JIMO0 PeaklMi aMUHOJIN3a Y-TaKTOHHOTO IMKIa SctaduaruHa, 1ubo pe-
aKIUM COTIPSKEHHOTO MPHCOSIMHEHHMS 110 TUIy MuXasJis, 1nbo TaHIeMHble MPEBPALeH s 10 THITY Muxass
n Kueenaresnsi. BeisiBieHa 3akOHOMEPHOCTH IPOTEKAHUS PeaKIuii ScTadHaTHHA ¢ BTOPUIHBIMA anudaTrde-
CKMMH M XHPHOAPOMATHIECKAMH aMHHAMH, 3aKTIOYAIOIIAsiCs B TOM, YTO OHU PEaTH3yI0TCs NCKIIOUUTEIHHO
10 peakuu Muxasis U SBISIOTCS MOJTHOCTBIO PETHO- U CTEPEOCEIEKTHBHBIMA. Y CTAHOBIICHO, YTO PSIJ CUH-
TE3MPOBAHHBIX a30TCOJEPIKAIINX NPOM3BOAHBIX dcTaMaTHHA 00JagaeT aHTHOKCHUIAHTHOM M IPOTHBOMHUK-
POOHOIT aKTUBHOCTEIO.
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Caenenus 00 aBTopax

Mepxatyast Hypaan — npodeccop xadenpbl HeOpraHMIecKolH M TeXHHYECKOH XUMUM 1.X.H., Kapa-
TaHAUHCKUHN rocyAapcTBEeHHbIN yHuBepcuteT uM. E.A.bykeTosa.

BoiiTuuex IlaBes — acconuupoBaHHbIil ipodeccop kadenpbl Heoprannieckoi xumuu, Kapinos Yuu-
Bepcurer B IIpare, Yexus.

AbeyoBa Caaranat B. — PhD cryznent kadenpbl HeOpraHndeckol M TeXHUYeckor xumuu, Kaparau-
JTUHCKUI rocy1apcTBEHHBIN yHUBepcuTeT M. E.A.bykeToBa.
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OmapoBa ApaiinbivM TypcbiHOBHA — TmpenionaBaTenb Kadeapbl HEOPraHNIECKOW U TEXHUYECKOH Xu-
MHH MarucTp XUMHYECKUX HayK, KaparanauHCKu# rocymapcTBEHHBIN yHUBepcuTeT MM. E.A.bykerona.

HUckanaepor AmanTtaii Hyp6aeBuu — uHKeHEp 1ab0opaTOPHK XMMHH IIPUPOIHBIX coenuHeHuH, Ka-
paraHauHCKUI rocyiapcTBeHHbIN yHUBEpcUTeT UM. E.A.BykeroBa.
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