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Stereocontrolled synthesis of trans-eudesmanolides ffom (+)shanphilline

Directed synthesis methods of practically significant eudesmanolides on the, basis of germacranolide
E,E-hanphilline were presented in this article. Synthesis of obtaiied trans-eudesmanolides was carried out
with stereocontrolled 5,10-cyclization of E,E-germacranolide (+)*hanphilline. The considered mechanism of
5,10-carbocyclization of the E,E-germacranolide (+)-hanphillingjconsistent with the results of quantum-
chemical calculations of the total energies of all cationic intgsmediates formed during the reaction. It was
shown that electrophilic reagents led to different eudesmanolide, sesquiterpenoids. The one-step synthetic
method of functionalized at C-1 and C-3 trans-eudesmanolides Was deyeloped.

Key words: sesquiterpene lactones, eudesmanolides.germacranglides, stereocontrolled synthesis, hanphilline,
cyclization, electrophilic reagents, quantum-chemigal calculations.

Sesquiterpene y-lactones, in particular trans-eudesmanolides and E,E-germacranolides, are widespread
in flowering plants of the family Asteraceae (Aéteraceae). They are valuable natural compounds for studying
various reactions and synthesis of newbiologically active derivatives [1-3].

Stereocontrolled synthesis methods of eudesmanolides on the basis of germacranolide E,E-hanphilline
were presented in this work. Hanphilline is a characteristic component of the Noble Yarrow (Achillea
nobilis L.), which is widespreadyin Central Kazakhstan [4].

Interaction of hanphillime (Iwith N-bromosuccinimide in aqueous acetone at temperature 25-30 °C led
to formation of trans-comdensed 5(@),10()-eudesmanolides (2) and (3) with 30 and 40 % yields. Synthesized
eudesmanolides are chiral diastereomers. Specific rotation of (2) is [a]p'*+ 50° (¢ 0,02; CHCl;) and specific
rotation of (3) isdléulp “&.46° (c 0,01; CHCl3). Apparently, reaction started with regiospesific electrophilic
bromation of ¢he meost electron-donor and space available double bond at C,—C;, in molecule of
hanphilline (1). And theén intramolecular 5,10-carbocyclization (Markovnikov's rule) with the assistance of
second skletal”’ A***ouble bond (in the capacity of nucleophile) was initiated. In the end, an intermediate
Lbromeudesman cation (A) was formed:
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(@)

with simultaneous f-dehydrobromation formed diol (3). Moreover, the cyclization was rea
energy conformation of hanphilline (4) — chair—chair (Fig.1) with configuration ;D'*and ading to the

formation of trans-condensed eudesmanolides. '"H-NMR spectrum data of obtained co shown in
Table 1.
™ ©
Figure 1. The conformation of hanphil ir—chair
Table 1
Chemical shifts (5, ppm), spin-spi constants (in Hz)
of hanphilline and i s (2) and (3)
Protons
(D 3)
Me-4 1,68 broad singlet — 1,26 singlet
Me-10 1,43 singlet 0,9 singlet 0,94 singlet
H-1 5,24 broad double 5,28 doublet (11) 5,29 doublet (11)
H-2 — 5,40 quartet (11;9) 5,41 quartet (11;9)
H-3 4,90 broad doublet of'do 0;5) 4,40 broad doublet (9) 4,45 doublet (9)
H-5 2,24 broad doublet (11) 2,18 doublet (11)
H-6 3,98 triplet (11) 4,21 triplet (11)
H-13a 5,40 doublet (3) 5,35 doublet (3)
H-13b 6,06 doublet (3) 6,14 doublet (3)
H-15a 5,25 doublet (1) —
H-15b 5,90 doublet (1) —
'HN a of all obtained compounds were registered on a spectrometer Bruker Avance-400 (operating fre-
quency 40 ),'solvent CDCls;, internal reference TMS.
at of hanphilline (1) with formic acid at room temperature led to stereocontrolled products of
arbocyclization — optically active keto,hydroxy-5(a),10(p)-trans-eudesmanolides (5) and (6) with 68
an % yields (Fig. 2). Reaction occurred more rapidly than with N-bromosuccinimide. Apparently, acid-

catalyzed 5,10-carbocyclization occurred by the same mechanism as with NBS through regiospesific proto-
nation of the most electron-donor and space available A"'°-double bond of hanphilline (1) with configuration
D" and "Ds. Following nucleophilic attack of A**-double bond (Markovnikov's rule) led to only trans-
condensed eudesmanolides (5) and (6). '"H-NMR spectrum data of obtained compounds are shown in Ta-
ble 2.
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'S

Table 2

Figure 2. The obtaining of eudesmanolides (5) and (6)

Chemical shifts (5, ppm), spin-spin interaction constants (i
of hanphilline and its derivatives (5) andy(6)

Compounds

Protons D) 6 ©)
Me-4 1,68 broad singlet 1,22 doublet (7 —
Me-10 1,43 singlet : 0,63 singlet
H-1 5,24 broad doublet (3) —
H-3 4,90 broad doublet of doublets (10;5) 4,0 broad doublet of doublets (10;6)
H-5 4,86 broad doublet (8,5) —
H-6 4,12 quartet (10;8,5) C plet (10,5) 3,98 broad triplet (11)
H-13a 5,52 doublet (3,5) 5,43 doublet (3)
H-13b 6,26 doublet (3,5) doublet (3) 6,10 doublet (3)
H-15a — — 4,95 broad singlet
H-15b — — 5,24 broad singlet

'H NMR spectra of all obtained co were registered on a spectrometer Bruker Avance-400 (operating fre-

Treatment of hanphilli
condensed B-hydroxyleude
(Fig. 3). These eudesmanali
pounds are shown in

perbenzoic acid in chloroform at room temperature led to trans-
es: 4-epiartekalin (7) andridentin B (8) with 42—-45 and 51-53 % yields
¢ isolated from plant sources. 'H-NMR spectrum data of obtained com-

OH

HO
(7) (8)
Figure 3. 4-epiartekalin (7) and andridentin B (8)

Quantum-chemical (semiempirical methods AM1, PM3, MINDO-3 by MOPAC-7) calculations of the
total energies of all cationic intermediates formed during the reaction were carried out in order to confirma-
tion the proposed mechanism of electrophilic 5,10-carbocyclization of hanphilline [5].
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Table 3

Chemical shifts (6, ppm), spin-spin interaction constants (in Hz)
of hanphilline and its derivatives (7) and (8)

Compounds

Protons 0 @ ®)
Me-4 1,68 broad singlet 1,26 doublet (7,5) —
Me-10 1,43 singlet 1,14 singlet 1,05 singlet
H-1 5,24 broad doublet (3) 3,71 broad triplet (8,5) 3,79 broad ((1{) 1u t;llzt)of dougglets
H-2a - 2,65 broad doublet (8,5) 2,32 multiplet
H-2b — 2,74 broad triplet (7,5) 2,68 multiplet
H3 4,90 broad doublet of doublets B 4,40 broad detiblet of doublets

(10:5) (15)

H-4 — 2,10 multiplet —
H-5 4,86 broad doublet (8,5) 2,10 multiplet 2,23 broadhdoublet
H-6 4,12 quartet (10;8,5) 4,04 triplet (10,5) 4,23 triplet (11)
H-13a 5,52 doublet (3,5) 5,43 doublet (3) 5,35'doublet (3)
H-13b 6,26 doublet (3,5) 6,09 doublet (3) 6,14, doublet (3)
H-15a — — 5,26 doublet (1)
H-15b — — 5,92 doublet (1)

"H NMR spectra of all obtained compounds were registered on a spectrometefiBruker Avance-400 (operating fre-
quency 400.13 MHz), solvent CDCl;, internal reference TMS.

The acid-catalyzed cyclization of hanphilline was investigated (Fig:44). According to generally accepted
ideas, acid-addition to unsymmetrical alkene (for example foRA"'"®double bond of hanphilline) could form
two carbocation: secondary (A) and tertiary (B). Calculations\showed an energy preference for carbocation
(A) (E = —68566 kcal/mol) than (B) (£, = —68555 keal/mol) — the difference in energy was 11 kcal/mol.
Subsequent cyclization of carbocation (B) by nuclegphilictattack of A**-bond could lead to two bicyclic cati-
ons (C) and (D). Calculations (particularly by PM3 method) showed a greater energy stability for the carbo-
cation (C) (E, = —68584 kcal/mol) than AD) (&, = —68570 kcal/mol). The energy difference was
14 kcal/mol. Carbocation (C) was identicabtoithe intended*tertiary cation (A) (see scheme of cyclization with
formic acid). In this case, stabilization ef this®€ation by deprotonation could form eudesmanolides (5)
and (6). In this way, quantum-chemicalfcalculations confirmed the proposed mechanism of trans-
eudesmanolides formation.
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Figure 4. Basic carbocations of acid cyclization of hanphilline

Practically significant eudesmanolides were synthesized with hanphilline electrophilic carbocyclization
reactions. It was found that double bond at C4;-Cs did not react in the electrophilic addition reaction. Obvi-
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ously, this was in consequence of steric difficulty or electronic factors (otherwise, we would have other types
of skeletal sesquiterpenoids). It was shown that the variation of electrophilic reagents led to synthesis of dif-
ferent functionalized at C-1 and C-3 trans-eudesmanolides and well-known natural trans-eudesman
sesquiterpenoids. It allowed for us to develop the one-step method for the synthesis of practically significant
heteroatomic trans-eudesmanolides.

References

1 Pwibanxo K.C. IlpuponHble CECKBUTEPIIEHOBBIE IAKTOHEL. — M.: Meanmuna, 1978. — 320 c.
2 Aoexenos C.M., Kaeapnuyxuii A./]. XuMusi CECKBUTEPIIEHOBBIX JaKTOHOB. — Anma-Arta: Freuiemv, 1990. — 187aes

3 Tagypos HM., Adexenos C.M. Xumusi n OHONOTHYECKasi aKTHBHOCTh CECKBUTEPIICHOBBIX Y-NakTOHOB. - Kaparana: W3-
Bo KapI'V, 2002. — 90 c.

4 Aoexenos C.M., Myxamemocanoe M.H., Kacapnuyxuii A.J., Typmyxambemos A.JK. Xumuueckoe uccnemosanue Achillea
nobilis // Xumus npupon. coex. — 1984. — Ne 5. — C. 603-607.

5  Mepxamyner H., Koxuowcanosa C.K., Aoexenog C.M. KBaHTOBOXMMHUECKOE HCCICAOBaHUE TPAHCAHHYISIPHON MUKIH3aLUU
E,E-repmaxpanonuia xanuuinsa // Pa3Butue QUTOXMMUM M NEPCIEKTUBBI CO3/IaHMs HOBBIX JICKAPCTBEHHBIX npenapaTtos. Ku. 2.

Buonornyeckn akTHBHBIC BEIIECTBA U3 PACTCHUH, WX XMMUYeCKas MOJAU(UKAIMS U OMOCKPUHUHT. — AsMarsl: Fbiieiv, 2004, —
C. 170-177.

H.Mepxarymsl, C.b.O6eyona, [1.Bolitnuek, A.T.Omapora,Jl. T.bammaram6eToBa

(H)-XaHQUIJIMHHIH TPAHC-3BAEeCMAaHOJIUATEPIiHIHALTEPEOOAKBIIAHFAH CHHTe3]

Maxkanaga xandwummH E,E-repmakpanonuarepaid  ToxipuOeTK ZWMAHBI3NbBI  TPAaHC-KOHICHCALMIIAHFaH
9BJIECMAHOJIUATEPIHIH OaFbITTaFaH CHHTE31 KapacTHIPBULABL ANBIHFAH TPaHC-IBIECMAHOIUATEPAIH CHHTE3I
(+)-xandpmmmH E,E-repmakpaHonuaTin crepeodaksuranram, 5, 10-kapOonuknnenyimMen xyprizingi. On 5,10-
KapOOIMKIIIEHYy MEXaHM3MIEpl KBAaHTTBIXUMHSUIBHG, €CEHTEyJIep HOTIKENepiMeH CoMKec — Kewmi.
OnexTpoUIBIl peareHTTepAl KOJAHBII, op TYpIIil OBACCMAHIB! CECKBHTEPIICHOMATAPAbI CHHTE3/IEN alyFa
GonateiHbl Kepcerii. Tpanc-aaecManonuarep il C-1 kone C-3 GoifpiHIIA OipcaThlibl CHHTE3JEN aly
9J1iCi YCHIHBUIIBL

H.Mepxarynsl, C.b.Abeyopa, [1.Bolisnuek, A.T.Omapona, JI.T.banmaramberona

CTepeoKOHTPOINPYEeMbIMCMHTE3 TPAHC-IBIECMAHOJIUA0B U3 (+)-XaHPu/LuIuHA

B craTtbe paccMOTpeHbUIOAXOABL K HANPaBIEHHOMY CHHTE3y NMPAKTHYECKH 3HAUMMBIX 3BJECMAHONHIOB U3
repmakpanonua E,EXandguimmna. CHHTE3 MOTyYeHHBIX TPAHC-IBJICCMAHOIHMAOB OBUI OCYIIECTBIEH CTe-
peokoHTpospyeMoid. S, 10-mukan3anueit E,E-repmakpanonuna (+)-xangmwumHa. PaccMoTpeHHBIE MeXaHH3-
MBI 5,10-kapOofinKM3auniXaH(QMIUTHHA COTTIACYIOTCS C pe3y/IbTaTaMH KBAHTOBOXUMHYECKHX PacdeToB Be-
JMYMH MOJHBIX 9HEPTHH BceX 00pa3ylomuXcsl B X0/ie peakIiH KaTHOHHBIX MHTepMeauaroB. [lokazano, 4to
INEKTPOQATBHBIE PEAREHTHI MOTYT CUHTE3HUPOBATh PAa3IMYHBIE 3BAECMAHOBbBIE CECKBUTEpIIEHOU I Paszpabo-
TaH 04HOCTaIMHHBIN METOJ] CHHTE3a QYHKIIMOHATU3UPOBaHHbIX pH C-1 u C-3 TpaHC-3BIeCMaHOIHUIOB.
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