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Rbstract: Partial syntheses of the -86squiterpeni lactones 
artapshin (1) and 8g-hydroxy-jlB,13-dihydrobiilchanin (21 f ram 
qrtemisin (2) are described. 

The eudesmanolide 8a-hydroxy-118,13-dihydroreynosin (1) was first isolated 

from Lasiolaena santosii’ and more recently, with the name artapshin, from 

Xrtemisia franarks’. Fioweler, the. spectroscopic data reported in both papers do 

not allow a comparison of the two products. The eudesmanblide (?J is the dihydro- 

derivative of Bo-hydroxybalchanin isolated for the first time from Leucanthemella 

serotina3. In this paper wz report the syntheses of eudesmanolides (lJ and (ZJ 

from artemisin Cs,. As the total synthesis of artemisinl has been accomplished, 

the syntheses of (lJ and a reported in this paper are formal total syntheses’ 

of these compounds. The known cytotoxic’ properties of related compounds make 

this research very interesting’. 

!, R=H L R=H 

to R = SiMe2But ER = SiMe2But 

The key product to attain the desired synthesis is the 1,2-epoxide (2) which 

by acid treatment7, ought to give the eudesmanolides (lf and (3. The preparation 

of this epoxide was carried out in two different ways. 

In a first way, artemisin (3J was transformed into ts-butyldimethylsilyl 

ether of temisin w through diselenide (4J, as is described by us*. By direct 
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Reagents: a, 50% H20 ; b, E-CPBA; f, BF3.Et20 (1 eq); BFg. Et20 
(0.25 eq); f, E-Bu,,N$; R - SiMe2Bu ; Ar = z-N02C6H4- 





Mps we- determined in capillary tubes with a Biichi melting point apparatus aad are 
oncorrected. 2R sjmctr8 were recor&ed 00 a perkin-Etac?r 281 spactromter~ '8 NtdR spectra vB= 

determined with a 8ruker AC-200 (200.13 ?dHz) spectrometer ia UlCI3 sof&n. Mass spectra were 

performed at 70 eY on a VariOn b&T-31tA SpsCt~tW* 

. To a 

a , 
tirred 

tejllparatorur for 65 bfNm* e rrrocthn aixture was axtra#zte aq, Ha2cO3 solution, 

waabed with brine, dried f Ha$O~ 1 r6ad concentratad in vacaq + The reecthn product wes 
chromatographbd on silica get, from which mixtures of increasing polarity of haxane-ether eluted 

four products, The first one was onreacted product Lp] (SQ mg, SW. The second product was u) 
( 16 mg, 14%) : a.p. 170-172 ‘C (hoxane-ether); High tes. MS : 323.1669 f (M=CdHP), C17H2 e4Si 

requires 323.1678 J.and further peaks at 295, 293, 265, 231, 225, 195, 145 and 7s; 18 vmax IKBr) 

3080, 3960, 1775, 1649, 1989 and 1970 e0 -‘; ‘ii WR Q 5.16 (br. s, H-31, 4.84 (br. II, ii-f’), &Of 

(dd, J - 11.0 HZ, M-61, 3.87 {ddd, Y - 4.5 and - 1Q.S Xz, H-E), 2.88 (dd, J - 2.9 and 3.8 Hz., 
H-If, 2.7%2.3S [IE, H-21, 2.47 (dq, J - 12.0 and 6.8 Hx, H-11), 2.46 (d, 9 * 11.0 Hz, H-S), 1.83 

(br. s, Ii-lS), f.75 [ddd, J - 11,O Hz, H-71, 1.66 (dd, J = 4.5 and IS.0 Hz, H-96), I.47 (dd, 

J = 1O.S and 13.0 Hz, II-Ba), 1.34 (d, J - 6.8 Ha, H-lS), 0.89 (s, H-14 and SiCMc3 ) end 0.09 

[s, SiM2). ._ 
?Ihe two other cts were the 5,4 u-apoxide w (6 mg, SO) and the 3.4 B-epoxide 

c?) [St s&g. 23%). - ap, 173-176 *C @exam-ether]; high tos. Ids: 323.1671 

UN*- $H91* Cl782 323.l%?% 1 and further peaks at 505, 295, 265, 18S, 157 and 

7S ; fR v max (KBr) : 3080, 3060, 1775, 164P, 1075, 995, 870,. 840 and 760 cm-’ ; 

‘H MIR 6 5.98 (dd, J = 17.0 md 11.0 HZ, H-l), 5.03 (d, J= 11.0 Hz, If-Z), 5.02 (d, J D 17.0 HE, 

H-2”), 4.03 (dd, J . 11.5 Ha, H-6), 3.87 (ddd, J * 10.0 and - 7.0 Hz, H-81, 2.54-2.43 (m, H-3 

and H-11). 1.7s Wd, J . tt.0 Ha, H-71, l.SS fd, J * 7.0 Hz, 2 H-9), 1 fd, 3 * 11-S Hz, X-S), 

1.37 (S, H-fS), 2. d, J * f.0 fix, If-X31, l.ft (S, H-14]), 0.89 (s, Si 3 1. 0.09 and P-06 

[two 5, me2 1. ound@ : n.p. 1167-‘f68 *C (hexaue-other); high I bs: 325.M68 f (k- 
C,HQ), C,7H270qSi requires 323.1678 3 and further paaks at SOS, 295, 265, 18S, 157 and 75; IR 

“max (KBr): 3080, 3060, 1780, 1640, 1073, 995, 870 and 760 cm -1 ; ‘H NMR 6 5.80 (dd, J = 17.0 

and 10.5 Hz, H-l), 5.07 (d. J 1 10.5 Hz, H-21, 5.06 (d, J = 17.0 Hz, H-2’)‘ 4.05 (dd, J - 11.2H2, 

H-6), 3.63 (ddd, J - 16.0, 7.S pnd 7.0 Hz, X-8), 2.7s (d, 3 * 4.5 Hz, H-3), 2.S2 (d, 3 - 4.5 it, 

H-3’), 2.46 (dq, J * 12.6 and 7.8 Ha, R-11), t.78 (dad, J - 11.0 Hz, R-7), l.Sf [d, J - 11.5 Hz, 

H-S), l.SS fd, J - 7.0 ftz, 2 H-9), 1.37 (r, H-tS), 1.35 (d, J + 7.0 HI, H-15). 1.21 (5, fi-ld), 

0.89 (s, SiCXe3 ), 0.08 end 0.47 [two s, SW2 ). 

1,28-Eeox~-8a-t-but~ldimetb~lsil~loxy-5.7a H.6.116 H-elem-f-en-6,12-elide (7) from (101. Compound 
(101 (2s lag, 0.043 rpaal) was dissolved ia EH2Clg ( 0.3 mL1, cooled to 0% &d treated with 851 

3&lor rbensvie acid’ (37 mg, 0.18 1). The reaction aixture was stirred for g days at 0 *C, 
diluted dtb a2Clt aud wwked with brine. Tim organic hyer was dried over 

anhydrous oSa2s04, concentrated and dvtometogrephed on silica gel. ‘Etution with ethyl 

acetate gave 6 pug of divinyl compound ($J (40%) and 9 lag of I ,f&opoxtde m (SS,). 

lS.Sa-Dihydroxy-S.7a H.6.118 M-eu&s,d(lS)-en-6,12-elide (1) and 10,8a-dihydroxy-S,7o H,6,11$ H- 

yyderm-3-en-6. t2-olida I23 from iu. TO S soiutfaa of compound c1) (12 ~tg, O&3 miaoIf in benzcnc 

f0.d aL), BF3.Wtt2 (SpL, 0.03 mmol) was a&ted. The dxture was stinnrd at room 

30 min, after ukich it was worked up ia tha usual stay. Bp preparative TI.C (ether, 2 elution) were 

separated 2.6 mg of W f32S) and 3.8 mg of @j (48%). 

Compound u : an oil, high ref. MS: 266.1509 f&l’), ClSH220d req~iree 266,1512 I , and 

further peeks at 248, 230, 226, 203, 204, 202, 191, 160, 133 and 107; IR v fNaC11: X00- 
3250, ItSO, 1655, 1440, 1370, 1115, 1060, 1030, 970 amd 940 cm-’ i lli WR 6mr99 tbr. s, H-lS1. 

1.83 fbr. 8, H-tS*), 4.05 (dd, J - le.? Wz, X-6). 3-96 (d&I, J * 4.S and - 10.0 Hz, H-S], 3.33 

tdd, 3 = 4.S end 11.0 Hz, H-l), 2.57 tdq, J - 12.5 and 7.0 Hz, H-11). 2.32 (dd, J - 4.5 and 13.0 
Hz, H-W ), 2.10-2.00 [in, 2 H-S), 2.07 [d, J - to.7 Hz, H-S), t.QO-1.40 (m, 2 H-2 and H-7). 



Tramsfonnation of artemisin 809 

1.39 (d, J l 7.0 Hz, H-13), l.SO-1.18 (a, H-go ) and 6.83 (s, R-14). 

Colllpound a : aa oil ; high res.lG: 266.1Sll f (kc), C,SH2204 rcquircs 246.1512), sod 

further peaks at 219, t2f, 209, 191. 165, 135 and $67 ; IR v ax @a&r): 3500-3200, 1750, 1610, 
$.%&I, 3370, 1225, 1176, 1120, l&68, 1838, 978 Md 968 ra-1 ; 

9 H NMR 6 3.34 fbr. s, 11-l). 4.93 

(ddd, J = 4.5 aad - l&D Hz, H-81, 3.97 (dd, .I - l1.8 Xr, H-6). 3.68 (dd, J = 6.7 and 9.3 Hz, 

w-l), 2.53 (dq, J = 12.5 sad 6.8 Hz, H-11), 2.31 (d, J * 12.0 Hz, H-S), 2.40- 2.15 (m , Ii-28 ), 

2.16 (dd, J - 4.3 and lS.O Hz, H-96 1, 2.00-1.80 (a, H-2a ), 1.82 (br. s, ;:-IS), 1.75 (ddd, J - 

II.@ Hz, H-7). 1.39 (d, J - 6.8 Hz, H-l3) oad 0.86 (s, H-14). 

sa.t-9ut~rdi~thylsftvto*Y-18-hYdrQrY- H-6,116 H-eudesm-d(tS)-en-6,Tt .alide (It), k-t-butyl- 
diBtetbylsi~)rIoxy-?g-hydroxy-S.fo H,S.llS H-eudesm-3-en-6,12-ofide (12) sod compounds (1) and (2) 

fron (7). The coapouod (2) fl2 ag, 0.05 mmol) dissolved in benzene ( 0.4 mL) was treated with 
BFs.oEt2 (z,, y,, 0.6075 -1) ss above, giving a mixture of (l-l_),, (s), (3 and (4) which uore 
separated by preparetivo TLC. 

Compound. fu : im oil; high res. l&!j: 323.l668 ( &I+. C&$, C17H27D43i requires 
323.1678 ) and further peaks at 305, 277, 231, 283, 143, 197 and 75; IR tt pox (NaCIf : SdSO- 
3186, 1776, 1648, ldS6, 1250, lld3, ll28, l675, 995, 976, 838 and 770 an-’ ; +i t&R 6 4.98 (br. 

s, H-15), 4.83 (br, s, H-15’). 3.99 (dd, J - 11.5 Hz, H-6), 3.89 (ddd, J - 4.S and - 10.0 Hz, 
g-8). 3.51 (dd, J L 4.3 and 11.5 Ht, H-l), 2.46 (dq, J * 12.0 and 7.0 Hz, H-111, 2,32 (ddd, J = 

2.0, S.S and 14.0 Hz, H-36 ), 2.20 (dd, J : 4.5 and 13.0 Hz, H-98 ), 2.05 (d, J 0 11.5 Hz, H-5), 
1.95.s.io (n, H-7 sad II-26 ), 1.6%l.dO (m, H-2a and Ii-9a f , 1.35 (d, J = 7.0 Hz, H-13). 0.90 
(5, siC&g ), 0.8’3 (5, H-14) 8nd 0.18 fr. Si14e2 1. 

Compound QJ : ra.p. 150-152 l C (hexsne-ether) : high rcs. MS: 323.1670 i (f4*-C4R9f, 

C17H2i04Si requires 323.1678 f and further peaks at 305, 277, 231, 203, 145, 107 and 75 ; IR 

vmaX (KBr) : X520.3400, 1740, 1630, 1450, 1395, 1250, 1135, Ills, 1070, 970, 955, 860, 830 and 

765 cm-' ; ‘H NMR 6 5.32 (br. s, H-3). 3.95 (dd, J - 11.6 Hz, H-b), 3.95 (ddd, J * 4.0 and - 
11.0 HZ, H-8). 3.66 (dd, J - 7.0 and 9.S Hz. H-t), 2.50-2.25 (m, W-2 B and H-11). 2.16 (dd, J = 
4.6 and 13.0 Hz, H-9 s), 2.35-2.05 (d, overlapped with H-98, H-S), 2.10-1.60 (m, II-2a I, 1.81 
(br. s, H-IS), l.?f (add, 3 - 11.0 tf~, H-71, l.35 fd, J = 7.0 Hz, H-13f, 0.90 (s, Sitxej 1, 0.88 

(5, H-34) and 0.10 fs, siMf+ ). 

lS,Sa-Dihydroxy-S,la H.6.116 H-eudesm-Q(lS)-en-6.12.elide (1) from (IlJ,. Compound (11) (6.5 mg, 
0.017 mmol) in THF (0.11 oL) was treatod with n_BUdNF (0.67 m~ol, 21 mg a-Bu4NF.SH20 dried 
overnight in vacua ouor P20S), stirring the mixture at mom texpernture for 1 h. The cleavage 
product was worked up in the usualuay giving 0 (4.2 mg, 941). 

l&8+Dihydroxv-5.7alI,6.116 H-eudeso-f-en-6,12-elide (2) from (l2). Compound (w (19 ag, 0.626 
mmol) in THF (0.17 ml.) was treated with q-Bu4NF (1.02 mmol, 32 mg a-BqNF.3H20 drluu in vacua 
aver P20sl as above providing CE) (6.3 mg, 9St). 
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