CHEMISTRY LETTERS, pp. 1021 - 1024, 1984. © The Chemical Society of Japan 1984

TRANSFORMATION OF ARTEMISIN INTO YOMOGIN AND 1-DEOXYIVANGUSTIN
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Departamento de Quimica Organica, Facultad de Quimicas,

Burjasot, Valencia, Spain

Partial syntheses of the sesquiterpene lactones yomogin and

1-deoxyivangustin from artemisin are disclosed.

Yomogin 1 and 1-deoxyivangustin 2 are two sesquiterpene lactones with eudesm-
ane framework, isolated1) for the first time from Artemisia princeps Pamp. and
Inula helenium L., respectively. We have recentlyz’s) started a synthetic program,
aimed at the preparation of sesquiterpene lactones from available chiral precur-
sors, such as artemisin 3a. This natural eudesmanolide has been obtained by total
synthesis,4) so that its transformation into the above mentioned sesquiterpene
lactones also constitutes a real total synthesis of them. Racemic yomogin has been
obtained recently by total synthesis,s) whereas the natural (—=)-form was prepared
from u-santonin.e) 1-Deoxyivangustin has not been synthesized as yet, neither
totally nor partially. The known cytotoxic7) properties of o-methylene-y~lactones
confer a high interest to synthetic efforts toward these compounds. A recent
disclosures) covers in depth the main advances in this field during the last decade.

A key step for the desired transformation of the 12,6-lactone into a 12,8~

lactone moiety is the reductive cleavage of the C,-0 bond. This was achieved, as
10)

already reportedg) for a~santonin, by C-6 epimerization of artemisin (3a-—>3b)
followed by treatment with activated Zn powder at reflux in methanol containing
acetic acid. The acid 4a was not isolated but methylated in situ with excess
ethereal diazomethane. Column chromatography of the crude methylation product
enabled the isolation of 4b in 35% overall yield from 3a: oil, [a]gs—-14°; IR(film):
3450, 1727, 1654 cm™'; NMR: & 3.73 (3H, s, COOMe), 4.3-3.8, m (H-88); UV, Ay

240 nm (emax 11700). In order to invert the configuration at C~8, the methyl ester
4b was oxidized with Ratcliffe's reagent,11) furnishing the diketone 5a as an oil:
[a];5—100°; IR (film): 1727, 1712, 1660 cm™'; NMR: § 3.68 (3H, s, COOMe); UV,
Amax: 241 nm (emax 8600). 5a was reduced with LiAlH(OBut)s, affording 5b, mp 160-
161 °C ; [oz]és —138°; IR (KBr): 3480, 1732, 1655 cm™'; NMR: & 3.72 (3H, s, COOMe),
4,20, m (W1/2=7 Hz, H-8a); UV, Amax: 241 nm (emax 9300), in 80% overall yield12)
from 4b. 5b could be cyclized to 6, in essentially quantitative yield, by heating
at reflux in benzene containing a catalytic amount of p-toluensulfonic acid. The
lactone 6, mp 178-179 °C, [a]2® —136°; IR (KBr): 1778, 1660, 1630 cm™'; NMR: 84.5,
m (W, ,,= 10 Hz, H-8a); UV, A . : 238 (e, 9900), 262 (sh, € ~ 5200) nm, is a
dihydro derivative of yomogin and was already converted into the latter product
by Yamakawa and coworkers,6) using Grieco's procedure13) via 11 (X=SePh).
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i) 5% HC1l/DMF, 90 °C, 4 h. ii) 2n, AcOH/MeOH/A, 15 min, then excess CH2N2 iii)

1: Cr03.(py)2/CH2C12/O °Cc, 6 h; 2: LiAlH(OBut)3(2.5 equiv.) /THF/O °C, 3 h.

iv) cat. TsOH/C6H6/A, 90 min. v) H,, Wilkinson cat., C6H6/EtOH,RT, 12 h.

vi) 1: (CHZSH)2 (7 equiv.)/AcOH, cat. BF3.Et2O/RT, 4 h; 2: excess Raney Ni/EtOH/
RT, 10 min. vii) LDA/TMEDA/THF/-25 °C, 1 h, then PhSeCl/HMPT/-25 °C, 1 h.

viii) 30% H202/ACOH/THF/O °c, 1 h.
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6)

Compound 6 was hydrogenated (Wilkinson cat.) to the enone in 95% yield:
1

mp 103-104 °C; [a]2® + 92°; IR (KBr): 1765, 1660 cm™'; NMR: § 4.50, br q (W,,, =10
Hz, H-8a); UV, A _ : 244 nm (emax 15000) . Reductive elimination of the keto group
was achieved via tioketalization to 8a and subsequent treatment with freshly prepar-
ed Raney Ni in EtOH at room temperature. 8b was obtained in 50% overall yield as an
0i1, [a]2® + 47° IR (film): 1760 cn™'; NMR: 6 4.50, m (W,,, =12 Hz, H-8a). 'Y
Dehydrogenation of 8b to 2 turned out to be rather troublesome. The best yield in
the phenylselenenylation step (60%) was obtained by treating the lactone 8b,
dissolved in THF, with 4 equiv. of LDA and 12 equiv. of TMEDA at -25 °C, stirring
at the same temperature for 1 h and then adding 4 equiv. of each PhSeCl and HMPT

in THF. After 1 h of further stirring at =25 °C, the reaction was quenched with

1M HC1 and worked up as usual, yielding 9, mp 134-135 °C; IR (KBr): 1765 cm_1;

NMR: § 7.6-7.1, m (5 arom. H); 5.0, m (H-8a). The oxidative elimination step 99— 2
was carried out with 30% aqueous HZOZ (6 equiv.) in THF containing AcOH (2 equiv.).
After stirring for 1 h at O °C, working up and column chromatography on silica gel

(elution with 5% EtOAc in hexane), 2 was isolated as an oil in 10% yield,15)

b]g5 + 46°, along with ca. 60% of another product, presumably the endocyclic6)
double-bond isomer 10. This latter product was very unstable and could not be

satisfactorily17) identified.

1b) 1

2 showed all expected spectroscopic characteristics: IR (film): 1760 cm”
MS: M+, m/e 232.1456 (Calcd. for C15H2002: 232.1463). The 1H NMR spectrum at 200

1b) of 1-deoxyivangustin: 66.23d

MHz was identical with that of an authentic sample
(J=2.5 Hz, H~-13'), 5.60 d (J=2.5 Hz, H-13); 4.49 distorted q (H-8a); 1.66 s (Me-
15); 1.08 s (Me-14). Specially noteworthy is the distorted quadruplet at & 4.49
(H-8a), with an apparent coupling constant of J%7 Hz, which points to a cis ring-
junction between the lactone and the cyclohexane ring.]b’18)
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