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In our total synthesis of (i)-artemlsin(l)l).(i)-j-oxo-SB(HLlla(H)-eudesm-
4uen-8,13-01ide (17) was a key compound, and this contribution 1s concerned with
a successful synthesis of the optically active modification of this compound
from (+)-1soa1an£olactone (2) and (+)-alantolactone (3)2) as well as its convera-
sion into natural (-)-artemisin (1),

Inspection of the structural fomulae of the starting materials and the req-
uisite compound indicates that the main synthesis routes would involve (a) con-
version of the ¢is lactones into the trans forms and (b) modification of the A
rings to the enone structure,

Conversion of (+)-Isocalantolactone (2) into the Intermediate (10).

Sodium borohydride reduction of (+)-isoalantolactone (2) afforded (+)=-di-
hydroisocalantolactone (h)j). whose cis lactone ring was transformed into the
trans form by the followlng series of conversions, Alkaline hydrolysls opened
the lactone ring ylelding the hydroxy acid which was immediately esterified with
diazomethane to give the hydroxy ester (5), m.p.l105-106.5°, [a]§6+68.8'u).

Chromic anhydride oxidation in acetone afforded the keto ester (6) whose
alkaline hydrolysis furnished the keto carboxylic acid (7), b.p.190-195°/0,1mm,
[a]§0+28.2‘.

New compound in this work have been characterlised satisfactory by elemental
analysis and infrared spectroscopy. Optical rotations reported refer to eth-
anolic solution with c%0,7.
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Thermodynamically controlled reduction (sodlum in isopropyl alcohols)) of
(7) gave the unsaturated acid (8) with 8a-hydroxyl group (equatorial), m.p.160°,
[a22%100°.

In sharp contrast to fhe faclle lactonlzation cbserved in the cis series,
the lactonizatlion of this hydroxy acld could only be achleved by heating to its

melting polnt in vacuo.

Thus having seeured the desired trans lactone linkage, our next concern was
the modification of the A ring,

Fefluxing in acetic acld with p-toluenesulfonic acld converted the trans
lactone (9), b.p.138-141°/0.1mm, [a]%8+16.3', into the new unsaturated trans
lactone (10), b.p.130-155°/0,1lmm, [aJ§°_1.u0°, with an endo-cyclic double bond,
and the same compound was also obtained directly from (B) by the same treatment,

Conversion of (+)-Alantolactone {1) intoc the Intermediate (10)

An ethanolic golution of (=)=dihydroalantolactone (11) provided through
sodtum borohydride reduction of (+)-alantolactone {3) was saturated wlth hydro-
gen bromide to yleld a mixture of unstable adducts which was boilled with colli-
dine without further purificatlon to effect dehydrobrominatlion. There was sepa-
rated by chromatography an unsaturated cis lactone (12}, m.p.59-62',[a]§0+29.7ﬂ
which was found identical with (+)-8,lla(H)-eudesm—h-en—B,13~olide6). This same
cls lactone possessing 4:5-double bond could also be obtaired from (+)-dihydre-
isoalantclactone (4) by following the procedure described above,

To convert the cls lactone (12) inte the requisite trans lactone (10) via
the same sequence of steps leading from the cls lactone (4) to the trans lac-
tone (9} was followed the hydroxy ester (13), b.p.125-130°/0,1mm, [a]é7+h7.2°,
the keto ester (14), b.p.116-122°/C,1mm, [a]%8+hl.h'. the keto carboxylic acid
(15), b.p.143.150°/0,.1mm, [a]%8¢32.?’ and 8a-hydroxy acid {16).

Converslen of the trapns Unsaturated Lactone (10) into (-)-Artemisin (1}

In order to complete the synthesis there remasined the requirement of intro-
duecing the dienone structure in the A ring and a-hydroxyl group con Cc-6.

The trans lactone (10) was oxidized with selenium dioxide in boiling etha-
nol and the preduct was further treated with chromlic anhydride in acetone, Chro-

matography of the product afforded needles, m,v,140-141°, [a]§0+15.5°, which was
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proved identical with(+)-3—oxo—88(Hxlla(H)-eudesm-b-en-&13-olidé(17)(m.p.leﬂ
[a]%8+19.h'7)) derived from (-)-artemisin. The identity was further confirmed by
the conparison with our synthetic racemic compound. By the series of transforma-

tions which we had explored in the synthesis of (i)-artemisinl)

, this optically
active a,g-unsaturated ketone (17) was converted into natural (-)-artemisin (1),
m.D.202=-204"°, [a]ﬁgs -300° (c=0.1, ethanol), whose identity was established by
the mixed melting point determination as well as by the comparison 1ts infrared
absorotion spectrum, thin-layer chromatogram and optical rotatory dispersion

curve with that of an authentic specimen,
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