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Abstract: The first total synthesis of (+)-Yingzhaosu A, an antimalarial 

constituent isolated from Yingzhao ( Artabotrys uncinatus (L.) Merr.), was 

achieved starting frcm R-(-)-carvone 

Yingzhaosu A 1 is an antimalarial constituent' isolated from Yingzhao 

Artabotrys uncinatus (L.) Merr., a traditional Chinese herbal medicine for 

treatment of malaria,and was shown to be a peroxy-containing sequiterpene, 

similar to Qinghaosu 22-4 which assesses the prominent antimalarial acti- 

vity. The structure of Yingzhaosu A reveals an unique dioxabicyclo[3,3,11- 

nonane ring system bearing a dihydroxy olefinic side chain, three chiral 

centers at C-6, C-4 and C-l have been preliminarily deduced as S, S and R, 

however, the other two at C-8 ard C-12 remain unsolvedl. Herein we report 

the first total synthesis and stereochemistry of natural (+)-Yingzhaosu A. 

We had developed an efficient and convergent strategy. In order to con- 

struct the major framework 10, canpound 5 containing a "temporary" cr,P-un- 

saturated ketone function was employed to investigate the formation of a per- 

oxy bridge at the proper position. An arsenical ylid can be adopted for con- 

struction of the side chain with E double bond. 

We chose R-(-)-carvone 3([al~5-60.50) as starting material. Epoxidation 

of which with n-&PI?&! followed by rearrangement of the resulting epxide with 

BF3.Et20 yielded the aldehyde 4. Reaction of the latter with methyl Grignard 

reagent foll& by dehydration of the product gave a mixture of gecmetrical 

isaners 5. The overall yield of four steps from 3 to 5 was ~a.15%~. When 5 
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a. m-CPBA.CH2C12. b. BFj.OEtl.PbH. C. MeMgBr,Et20,-780C. d. FCC13,pY. e. 02, 

hv,Methylene B~u~,M~(N.F+I%OH. f. LiBFQ.Etp. g. 03,CH2C12-MeoH,-780C; Me$. 

h. HC(OMe)3, MeoH,ppscH. i. Ptx+, Hz, AcOEt. j. p-T_, Me,CO-B,O, 55'C. 

k. Ph3AsEH2a)(CH)Me$r, K2CO3f12O,CH$l2. 1. CO+,~. 

was reacted with '02 in presence of p-TsCH, an ene reaction product was form- 

ed which then underwent an intramolecular Michael addition, forming the per- 

oxy bridge, to give a mixture6 of C-8 methyl epimers 6 in 1:l ratio in 57% 

yield. Although the determination of C-8 configuration is an important pro- 

blem, it is difficult to separate the mixture 6 by chromatography. Interest- 

ingly, reduction of the carbcnyl group of 6 with lithium borohydride furnish- 

ed a separable mixture of 7a and 7b in 51% yield. It is obvious that the hy- 

dride ion would attack on C-2 from the out-flank of the semi-cage to afford 

an n-hydroxy group selectively. Based on their 'm, the configuration of 

C-8 in 7a and 7bcould bededuced . Upon ozonolysis 7a gave the aldehyde 8a, 

whereas 7b gave hemiacetal 8b. Thus the configuration of C-8 in 8a was es- 

tablished to be desired S8. 

The aldehyde function of 8a was protected and following dehydration gave 

canpound 9. The hydrogenation of double bond of 9 was realized, without affec- 

ting the peroxy group, using a properly activated platinum oxide and an equi- 
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valent amount of hydrogen in a yield of 80%. Hydrolysis of the 

ing group gave the free aldehyde 10. Canpound 10 was reacted 

ylid Ph3As0icoC(~)Me2g , prepared from 3-hydroxy-3methyl-2-butanone, to yield 

c,p- ,unsaturated ketone 11, which was reduced with LiHH4 followed by treat- 

mant with phcsgene to give a mixture of the C-12 isomeric carbonates 12a and 

l2b in a ratio of 3:2. The isaaers were seperated by flash chraratcgraphy to 

give 12a: m.p 97-98'C, [al~5+2040(~C13) and 12b: m.p 99-100°C, [n]F+201° 

(CHC13) in overall 62% yield. The structure of l.2a and l2b were further sup- 

ported by 'HNM$' . 

Owing to the lack an authentic sample, the C-12 configuration of natural 

acetal protect- 

with arsonium 

product was only established through canparison of 'HNMH spectrum between the 

synthetic carbonate 12a or 12b and natural carbonate. It is worthwhile to rote 

that there is remarkable difference between 12a and 12b in chemical shift of 

10-H and 11-H ( dl,, - 611, : l2a: 0.19 ppm; l2b: 0.25 ppn) and coupling con- 

stant of 11-H and 12-H (12a: J=5.9 Hz; l&: J=6.9 Hz), it was these values of 

12bwhich coincided with that of the natural carbonate. !Ihus l2bwas assigned 

as the carbcnate of natural Yingzhacsu A. The S-configuration of C-12 in 12a 

was finally confirmed by X-ray diffraction analysis 'l(Fig. 1). Treatment of 

12b and l2a with LiHH4 afforded Yingzhaosu A 1 and its C-12 epimer12 respee 

tively, 1:m.p 95-96*C,[~1~~+226~cHcl~); C-12 epimer:m.p 55-56°C,[a]~234?CHC13). 

Figure 1 

Perspective drawing of the X-ray structure of l2b 

-1-t: We thank the Natural Science Foundation for their fi- 

nancial support of this research. We thank Prof. Xiao-Tian Liar-g and De-Quan Yu 

for sending us a copy of the 'm spectrum of carbonate of natural Yingzhacsu A. 
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J=l.5.8Hz, J=6.3Hz, 11-H), 6.02 (Z-I, dd, J=15.8Hz, J=O.6Hz, 10-H). 
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