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Synthesis of guaian sesquiterpene y-lactones from hanphilline

Synthetic methods of guaianolides on the basis of germacranolide E,E-hanphilline were presented in this arti-
cle. Hanphilline is a characteristic component of the Noble Yarrow (Achillea nobilis L.), which is widespread
in Central Kazakhstan. Synthesis of obtained guaianolides were carried out with stereocontrolled
1,5-cyclization of E,E-germacranolide (+)-hanphilline. The one-step stereospecific syntheses of guaianolides
on the basis of available germacradienolide E,E-hanphilline were developed and carried out. The méchanism
of 1,5-carbocyclization was considered. Scheme of biogenetic interdependence of guaianolides in‘Achillea
nobilis L. was offered. It allowed a deeper understanding of a very complex process of biosynthesis of
sesquiterpene lactones in the plant body.
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Sesquiterpene y-lactones, in particular guaianolides and germacramolides, are widespread in flowering
plants of the family Asteraceae (Acteraceae). They are valuable natural ‘compoiuinds for studying various re-
actions and synthesis of new biologically active derivatives [1].

Synthesis methods of guaianolides on the basis of germacramelide E,E-hanphilline were presented in
this work. Hanphilline is a characteristic component of the Noble\ Yarrow (Achillea nobilis L.), which is
widespread in Central Kazakhstan [2].

Reaction of electrophilic cyclization of hanphilline (1) \o¢eurred through A"'’-double bond. Investiga-
tion of cyclization by activation of second A**-double bend arouse interest for us (because other skeletal
types of sesquiterpenoids could be formed) [3, 4]. lt¥was, neeessary to induce allyl cation (in the molecule,
namely the carbon C;-C,-Cs) by cleavage of the hy@roxyl group at Cs.

In connection with it, reactions of hanphilline Withddehydrating reagents were investigated. Selective
and widespread in chemistry of natural fcompoundsy p-toluenesulfonyl chloride (TsCl) and methyl
sulfochloride (MsClI) were used in the capacityef dehydrating reagents.

Treatment of hanphilline (1) withStosyl chloride in pyridine at 80 °C gave chiral cis-condensed
5(at),10(a)-guaianolides — (2) and (@),with §5 and 30 % yields (Fig. 1). "H-NMR spectrum data of obtained
compounds are shown in Table 1¢
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Figure 1. The obtaining of guaianolides (2) and (3)
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Table 1

Chemical shifts (6, ppm), spin-spin interaction constants (in Hz)
of hanphilline and its derivatives (2) and (3)

Compounds

Protons 0 7 3)
Me-4 1,68 broad singlet 1,61 broad singlet 1,60 broad singlet
Me-10 1,43 singlet - 1,81 singlet
H-1 5,24 broad doublet (3) — —
H-3 4,90 broad doublet of doublets (10;5) 4,87 broad doublet (3) 4,87 broad doublet (3)
H-5 4,86 broad doublet (8,5) 2,15 multiplet 2,15 multiplet
H-6 4,12 quartet (10;8,5) 3,97 triplet (10, 5) 4,10 triplet (10, 4)
H-13a 5,52 doublet (3,5) 5,44 doublet (3) 5,44 doublet (3)
H-13b 6,26 doublet (3,5) 6,15 doublet (3) 6,15 deublet (3)
H-14a - 4,78 broad singlet —
H-14b - 4,78 broad singlet -

'H NMR spectra of all obtained compounds were registered on a spectrometer, Brukér Avance-400 (operating fre-
quency 400,13 MHz), solvent CDCl;, internal reference TMS.

As we can see from the scheme, cleavage of intermediate sulfoester®@3=@H group initiated stereo-
controlled electrophilic rearrangement (a resonantly stabilized allyl catiom, could be formed). It led to
1,5-cyclization by Markovnikov's rule and formation of the most stable guaian carbocation (A). Further sta-
bilization of carbocation (A) through regioselective deprotonation (Hofinann’s rule) led to final guaianolides
(2) and (3). A similar result was obtained by treatment (1) withymesyl chloride in pyridine under reflux,
which also led to the stereocontrolled formation of isomeric|cis-guaianolides (2) and (3) with 54 and 31 %
yields.

Quantum-chemical calculations (Table 2) of thestotal energies of all cationic intermediates formed dur-
ing by cleavage of hydroxyl group did not reveal an energy preferableness of one of the two resonant struc-
ture of allyl cation (A, B). It was found that theyshad the same total energy (£ = —61057 kcal/mol) [5].

Table 2
Quantum-chemical calculations of the total energies of all cationic intermediates
E.., kcal/mol
Compound 1 A B C D
PM3 —684004984 —61056,932 —61056,965 —61062,342 —61081,231

Further cyclization#ofithe smest preferable (from the viewpoint of structure) allyl cation (B) could lead
to bicyclic cation (C) @nd (D)3 The guaian cation (D) (identical to carbocation (A)) was the most energetical-
ly stable than (@) The difference in energy was 19 kcal/mol. Therefore the further cyclization by
deprotonation J€d to ‘guaianolides (2) and (3). Thus, quantum-chemical calculations of the total energies of
all cationic intermediates confirmed the proposed mechanism of cis-guaianolides formation.
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Thus, it was found that the cleavage of the C;-OH group of hanphilline activated A**-double bond and
initiated intramolecular 1,5-carbocyclization which led to only cis-condensed guaian structures. The cycliza-
tion was stereospesific and completely controlled by conformation of chiral hanphilline.

Namely the stereocontrolled synthesis of cis-guaianolides (2) and (3) allowed us to develop a scheme of
biogenetic interdependence of guaian sesquiterpene y-lactones in Noble Yarrow (Achillea nobilis L.),

(Fig. 2).
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Figure 2. Scheme of biogenetic interdependence of guaianolides in Achillea nobilis L.

As we can see, reaction of 1,5-carbocyclization of hanphilline (key stage) led through bicyclic cation
(A) to guaianolides (2) and (3). In further successive regio- and stereoselective reaction of epoxidation,
isomerization and hydrolysis led to guaianolides: estafiatin (4), anolide (5), anobin (6), canin (7) and
khrizartemin A (8). The epoxidation reaction was an important step for the introduction of the oxygen atom
in the molecular structure. Proposed way of biogenetic interdependence confirmed fact that guaianolides (4),
(5), (6), (7) and (8) were isolated from the aboveground part of Yarrow Noble. Furthermore, it became ap-
parent that hanphilline was a biogenetic predecessor of these guaianolides in the plant organism. Because, it
was isolated from the Noble Yarrow by water extraction method, too [2].
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Thus, the one-step stereospesific syntheses of cis-guaianolides were carried out and developed. We
chose germacradienolide hanphilline, easily available sesquiterpene, as the starting material. The key stage
was the dehydration reaction. In addition the scheme of biogenetic interdependence of guaianolides in
Achillea nobilis L. was developed. It allowed a deeper understanding of a very complex process of biosyn-
thesis of sesquiterpene lactones in the plant body.
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XaH(U/UIMHHEH TBasiH/IbI CECKBUTEPIEH Tl Y-T1aKTOHAapAbl CHHTE3/1el a1y

Makarnana ceckBuTeprieHi Y-1akToH E,E-xanduuvHHEH | FBasSHOJMITEPAI CHHTE3eN ainy ojicTepi
KapacTelpblIabl. byt kocsutbic OpTansik Kazakcranna k€HiHCH TapairaH achul MbIHKanbipaktaH (Achillea
nobilis L.) GeniHin ambsIHABL. AJBIHFAH I'BasHONMATEPAIH CHBIesi ()-xandwmwumaHIE E,E-repmakpanommmi-
HiH crepeobakpuianfral 1,5-nIuKIAeHYiMeH KYpPri3ifial. XanOUNIHHHEH LC-TBassHOIUATEPAIH OipcaThLIbl
crepeocnenpUKaIbIK CUHTE3ACH ally SAICTepi YEBIHBUIBII, JKYPri3ini. 1,5-kapOoLuKIIeHyJiH MeXaHU3Mi
3epTrenin, Achillea nobilis L. ecimairinae raasgHeIuATepAifl OMOTeHETHKANIBIK ©3apa OaliaHBICBIHBIH ChI30a-
Cbl YCBHIHBUIJIBL.

H.Mepxarynsl, C.BIAGeyoBa, A.T.Omaposa, JI.T.banmaramberona

CuHTEe3 rBasiHOBLIX CCCKBUTECPIICHOBLIX Y-JIAKTOHOB U3 XaH(l)I/IJ'lJ'lI/IHa

B crarbe npezncTaBieHbl METOABI CHHTE3a I'BAsSHONMOB U3 CECKBHTEPIIEHOBOTO Y-makToHa E,E-xandnmmna.
XaH(WUINH SBISICICS XapaKTePHBIM KOMIIOHEHTOM IIMPOKO pacrpoctpaneHHoro B LlenTpansnom Kaszaxcra-
HE PACTHUTEIHHEFO CHIPhs ABICsSUencTHIKA OnaroponHoro (Achillea nobilis L.). CuHTe3 NMOTydeHHBIX I'Bas-
HONHMIOB ObuIl loCyIIECTBIEH CcTepeoKoHTponupyemoit 1,5-nuknuzanueii E,E-repmakpanommnnga (+)-xaH-
¢bunnnHa,#BeUTH pa3paboTaHbl M OCYIIECTBICHBl OJIHOCTaJUHHBIC CTepeocrneupUIHbIE CHHTE3bI IHC-
IBasHQIMIOB, BHUCXO/ M3 JOCTYIHOTO TepMaKpajueHoauaa XaHQuwuiMHa. PaccMOTpeH MexaHu3M
1,5-kap@OLMKIN3aIMY ¥ TPEAJIOKeHa CcXeMa OHMOTeHETHYECKOH B3aMMOCBSI3M T'BAasHONUIOB B Achillea
nobilis, L., "KoTOpast M03BOJISIET TIy0XKe MOHATH BEChbMa CIIOKHBIE IIPOIECCHl OMOCHHTE3a CECKBHTEPIIEHOBBIX
JIaKEOHOB, B PACTHTEILHOM OpPTaHHU3MeE.
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