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The reaction of C-alkylation of eudesmanolide (-)-a-santonin

This article is concerned with sesquiterpene y-lactones of the eudesman structure, which is promising class of
natural organic compounds and characterized by a wide spectrum of physiological activity. Stereoselective
synthesis of new practically significant 4o(ethyl)-3-keto-trans-eudesm-1(2),5(6)-diene-6,12-olide(C4-a-ethyl-
santonin) was carried out at room temperature in argon atmosphere by interaction of eudesmanolide
(-)-a-santonin and an organohalide in presence of a strong base: tert-butyl-potassium: dimethylsulfoxide:
tert-butyl alcohol. The yield was 50 %. The spatial structure of the synthesized C4-a-ethyl-santonin was es-
tablished by "H NMR-, 2D NMR (COZY, NOESY), mass spectrometry and X-ray analysis. According to the
results of X-ray analysis there has been found that the condensed six-membered C4-a-ethyl-santonin cycles
are trans-articulated (CH;-10, B-oriented), the ethyl group at C-4 has the a-configuration; and the conforma-
tion of six-membered eudesmanolide is characterized as distorted chair-chair. Thus, combination of applica-
tion in the work of modern physico-chemical and spectroscopic research methods allowed characterization of
the structure and properties of the compounds obtained.

Keywords: sesquiterpene y-lactone, cross-conjugated, eudesmanolide, a-santonin, alkylation, keto-eudesmane
ester, stereoselectivity, electrophilic rearrangements.

Chemical transformations of plant metabolites, in particular eudesmane sesquiterpene y-lactones, lead-
ing to physiologically active derivatives have become.an important field in synthetic and medical chemistry
[1-3]. Previously, we have shown that the interaction of natural eudesmanolide (-)-a-santonin (1) with
MeOH and EtOH in the presence of sodium alkoxides and the base Me;COK-DMCO-Me;COH
stereoselectively leads to the formation of practically significant cis-condensed 6-keto-eudesman esters (3)
and (4) (Fig. 1). In addition, it was suggested that they were formed from enolate ions (5) and (6) with a
double bond at C5-C6 [4, 5].
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Figure 1. Structure of santonin (1), cis-eudesman esters (3), (4) and enolates (5), (6)

In further research, we studied the alkylation reaction of cross-conjugated (—)-a-santonin (1). Thus, the
reaction of eudesmanolide (1) with bromoethane in the presence of base Me;COK-DMSO-Me;COH
stereoselectively leads to the formation of a new product of Cy-alkylation, namely 4a(Et)-3-keto-trans-
eudesma-1(2),5(6)-dien-6,12-olide (7). Yield was 50 % (Fig. 2).
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Figure 2. Synthesis of C4-a-ethyl-eudesmanolide (7)

14 BecTHuk KaparaHguHckoro yHusepcureTa



The reaction of C-alkylation of eudesmanolide (-)-a-santonin

The spatial structure of eudesmanolide (7) was determined by X-ray analysis. It is shown in Figure 3.
As shown in Figure 3, the cycles in the structure of the molecule (7) are trans-articulated (CH3-10,
B-oriented), the ethyl group at C-4 has an o-configuration. The configuration of six-membered cycles is
characterized as a distorted chair- chair.

Figure 3. The spatial structure of C4-a-ethyl-eudesmanolide (7)

Two-dimensional NMR (COSY, NOESY) experiments were also carried out with C,-ethyl
eudesmanolide (7). 2D NMR spectra (COSY, NOESY) are shown in Figures 4 and 5.
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Figure 4. "H NMR (COSY) spectrum of eudesmanolide (7)
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Figure 5. 2D NMR (NOESY) spectrum of eudesmanolide (7)

Considering the structure and stereochemistry of C,-a-ethyl-ecudesmanolide (7), its formation can be
represented as shown in Figure 6.

Me;CO
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1 — allyl shift; 2 — enolization
Figure 6. Mechanism of C4-ethyl-eudesmanolide formation (7)

Probably, under the reaction conditions of a-santonin (1) initially stage of the anion (2) formation initi-
ates the subsequent stages of intramolecular electrophilic rearrangements with the formation of enolate-
ion (6), which further stereoselectively interacts with organohalide, resulting to 4a-ethyl-eudesmanolide (7)
with a double bond at C5-C6. The synthesis of the compound (7) can serve as a confirmation of the proposed
mechanism of formation of 6-keto-eudesman esters (3) and (4), which has been described by us in [4, 5].

16 BecTHuk KaparaHauHckoro yHusepcuTeTta



The reaction of C-alkylation of eudesmanolide (-)-a-santonin

Experimental

IR spectra (7) were recorded on an Avatar-360 spectrometer in KBr pellets, 'H NMR spectra were reg-
istered on a Jeol, ECA-500 spectrometer (operating frequency 500.15 MHz) with a solvent — CsDsN. Mass
spectra were measured on an Agilent 7890A. X-ray analysis was established on a Nonius Kappa CCD
4-circle automatic diffractometer (Moa, A = 0,71073 A, graphite monochromator) at a temperature of 150 K.
Specific rotation was determined on a MCP-100 polarimeter, melting points were measured on a M-56 in-
strument. Sorbfil PTSX-AF-UV plates were used for thin-layer chromatography. Sorbfil PTSKh-AF-UF
plates were used for thin layer chromatography.

4a(Et)-3-keto-eudesma-1(2),5(6)-dien-6,12-olide (7). To a solution of potassium tert-butoxide in
Me;COH and DMSO (prepared from 0.06 g of metallic potassium and 1.5 ml of alcohol and 2 ml.of DMSO)
0.4 g (1.6 mmol) of compound (1) was added at room temperature under an argon atmosphere. The reaction
mixture was stirred at room temperature for 5—7 minutes, and then 0.12 ml (1.62 mmol) of EtBr was added,
and kept for 50 minutes. Then the alcohol was distilled off in a vacuum, the residue was dissolved in ethyl
acetate, washed with water (3%x10 ml), dried with MgSO,. The solvent was evaporated in-a:vacuum; the resi-
due (0.46 g) was chromatographed on a column with silica gel (eluent — hexane — ethyl acetate, 4:1). Yield
was 0.22 g (50 %), colorless crystals, mp 105-106 °C, R, 0.60 (hexane — ethyl acetate, 3:2), [a]p 43°
(¢ 0.003; CHCLy). IR spectrum (v, cm"): 1710 (C=0), 1778 (C=0), 1635 (C=C)..'H NMR spectrum
(500 MHz, CsDsN, 8, m.d, J/Hz): 6.08 (1H, d, J=9.8, H-1), 6.58 (1H, d, J = 9.8, H-2), 1.42 (3H, s, CH;-4),
1.06 (3H, s, CH;-10), 1.15 (3H, d, ] =6.87, CH;-11), 1.53 (2H, k, J =5.5, ] =7.52;,CH,-16), 0.65 (3H, t,
J =7.52, CH;-17). Mass spectrum (EI, 70 eV), m/z (I 11, %): 274 (M, 45.2).
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IBaecMaHOJU (—)-0-CAaHTOHUHHIH C-ajIKujaey peakmusicbl

Makana (pu3uonorussiblk OCJICEHIUTIKTIH KeH CIIeKTpiHe e, TaOWFU OpraHHKAaNbIK KOCBHLIBICTAP/IBIH
MaHBI3ABI TOOBL. OOJIBIN TaOBUIATHIH SBAECMAH THITI CECKBUTEPIEHAI Y-TAKTOHAAPIBIH KYPBUIBICHIHA
apHasFaH. . JKaHa MNpakTUKaNBIK MaHbBIBL  40(3TW)-3-KeTo-TpaHc-3BnecM-1(2),5(6)-aueH-6,12-ommarig
(C4-0-3THIT-CAaHTOHMH) CTEPEOCENCKTUBTI CHHTE31 0eJIMe TeMIlepaTypachlHIa aproH OpPTACHIHIA 3BIECMa-
HOJHA (+)-0-CaHTOHHWHHIH KYIUTI HEri3 KaTBICHIHAA (KTl TpeT-OyTHIAThl — AUMETHICYIb(OKCU — TPeT-
OyTmi _cnupTi) OpraHHKanblK TaJOreHHUAINICH SpeKeTTecTipinm Jkyprisimai. Onrtukanslk OesiceHai ©HIMHIH
wbFbIMBL 50 % Kypaitnsl. Cunresnenin anbiaFaH C4-0-3THI-CAaHTOHMHHIH KYpPBUIBICEI MEH KEHICTIKTeri
KYPBUIBIMBI TIPOTOH/BI MAarHUTTI PE30HAHC, CKIOJIIeMAl sApoibl MarHUTTI pe3oHaHc (2D NMR; COSY,
NOESY), Macc-CIeKTpOMETpHsS JKOHE  PEHTIeHKYPBUIBIMIBIK — Tajjay  OIICTEpIMEH  aHBIKTaJJbl.
PeHTreHKYpBUIBIMABIK, aHANM3 OICiHIH HoTHKeciHAe C4-0-dTHI-CAHTOHMHHIH KOHJICHCHPIICHI€H alThl-
Mymreni mukiaepi tpanc-kocapianran (CH3-10, B-6arsrrranran), C, xkar qalibIHIAFBI STUII TOH O-KOHOUTY-
paus KyiiHzae, 3BIeCMaHOIUATIH alTBIMYIIET] OUKIAEPiHIiH KOHGOpMAIHICH OypManaHFaH KPecsio-KpeciIo
KyHiHIe OONaTHIHIBIFEI aHBIKTANIABL. Makanganga 3epTTey[diH Kasipri 3amaHayW (u3HKa-XUMUSUIBIK JKOHE
CNIEKTPOCKONHUSIIBIK 9MIiCTEpAl KOJJAaHybl alblHFaH 3aTTap/blH KYPBUIBICHI MEH KAaCHUETTEpiH CeHIMIi Typae
CHIaTTayFa MyMKiHZIK Oep/i.

Kinm ce30ep: cecKBUTEpIEHII Y-JIAKTOH, KPOCC-KOCApIaHy, BIECMAHONM, O-CAHTOHHH, aJKWIAEY, KEeTo-
9BziecMaH 3(Upi, CTEPEOCENCKTUBTLIK, MEKTPOGUIII KaUTaTONTaCy.
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Peakuus C-aJaknjiMpoBaHusi 3BIeCMAHOJNAA (—)-0-CAHTOHMHA

CraThsl NMOCBSIIIEHA CECKBUTEPICHOBEIM Y-JIAKTOHAM 3BJIECMAHOBOH CTPYKTYPHI, SIBIISIOIINMCS HEPCIICKTHB-
HBIM KJIACCOM IPHPOIHBIX OPTAaHNYECKUX COCANHEHHH, XapaKTepU3YIOMIXCs MUPOKUM CIICKTPOM (pH3UOIIO0-
TrH4ecKoi akTUBHOCTH. CTepeoCeNeKTHBHBIH CHHTE3 HOBOTO MHPAKTHUECKH 3HAYMMOTo 40(3THi)-3-KeTo-
TpaHc-3BRecM-1(2),5(6)-nuen-6,12-omaa (Cy-0-3THII-CAHTOHMHA) IPOBOMIN IIPH KOMHATHOH TeMmeparype
B atMocdepe aproHa B3auMoJeiiCTBUEM 3BJIECMAHOINAA (—)-0-CAHTOHUHA C OPTraHOTAIOIeHUIOM B MIPUCYT-
CTBHUHU CUJILHOTO OCHOBaHUS (mpem-OyTuiar-Kanus — AMMETHICYIbGOKCU — mpem-OyTUIIOBBIH criupT). BbI-
XOJ1 1I€NIEBOTO ONTHYECKH aKTUBHOTO mpogykTa coctaBui 50 %. CTpoeHHe U MPOCTPaHCTBEHHAS! CTPYKTypa
CHHTE3UPOBAaHHOTO C4-0-3TUJI-CAHTOHMHA YCTAHOBJIEHBI METOJAMH INPOTOHHOTO MAarHUTHOTO PE30HAHCa;
JIBYMEPHOTO siiepHO-MarHuTHOTO pe3oHanca (2DNMR; COSY, NOESY), Macc-ClieKTpoMeTpHH ¥ peHTTCHO-
CTpyKTypHOTO aHanm3a. [lo pe3ynpraTtaM peHTTEHOCTPYKTYPHOTO aHAN3a OBIIO yCTaHOBJIEHO, YTO KOH/CH-
CHPOBAaHHbIE HIECTUWICHHBIE NHKIEI C4-0-3TUI-CAHTOHWHA SBIIOTCS TpaHc-cowreHeHHBIME (CHj3-10,
-opuenTupoBaHa), sTmiIbHas rpymmna npu C-4 uMeer o-KOHQUTrypanuio, a KOHGOpPManus MIECTUWICHHBIX
IIMKJIOB 3BJECMAHOJNA XapaKTEePU3yeTCsl KaK HCKaXXeHHOe Kpecio-kpecno. Takum o6pa3oM, COBOKYITHOCTh
HPUMEHEHHS B pabOTe COBPEMEHHBIX (U3NKO-XUMHYECKHX M CIIEKTPOCKOINYECKHX METO/OB UCCIIEIOBAHUS
M03BOJIMIIA HA/IEKHO U OTHO3HAYHO 0XAapPAKTEPH30BaTh CTPOSHUE U CBOIMCTBA MOTyYEHHBIX COeANHEHUIA.

Kniouesvie cnoea: CECKBUTEPIICHOBBI Y-TIAKTOH, KpOCC-CONPSDKEHUE, 3BAECMAHONHI,  0-CAHTOHHUH,
IKIIHPOBaHUE, KETO-9BAECMAHOBEIH 3(hUp, CTEPEOCENIEKTUBHOCTD, IEKTPOGUIBHBIC TEPETPyIITNPOBKH.
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