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Eandosel&ive Total Synthesis of All Four Ste~mem of Yingzhwm~ C 

Xing-Xirrag XE* and Han-Qing Dong 

Yvlgzhaosu C 1, isolated from a traditional Chinese herbal medicine Ykgzhao [AJW~~S 

u~b&w.s(L.) Mm.], like Ymsu A? is another ant&&rid principle antI shown to be a sesqui~ 

possessing a cluuacteristk cyclic peroxide and aptolyl t ermim~.~ Furthermore, there are two chiral centers 

(C-S and C-12) in the bnembe& cyclic peroxide and only the C-12 configuration was assi& as 82 The 

combiiion of its iaterestbg biological activity, unusual structure and stereoc~ prompted us to study 

its syntk& particularly the enantiosekctive synthefkis of all four stereoisomers. Herein we present the 

results. 

Scheme 1 
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prepared by Friedel-Crafts reaction4 starting hn tohem and succinic anhydride fotlowed by two steps of 

wit@ feaction. 

When Sharpless asymmetric epoxidation5 was perfotnxd on compound 3, a couple of enantiomeric 

epoxides h and 41, was akined in ca.90% yield upon treatment with L-(+) and D-(-)-diiqropyl tartmte, 

respectively. The C-12 co&iguration of 4a and 4b was unambiiusly assigned as shwn in scheme 2. Their 

optical purity was determined by comparing the *H MvlR spectra of cwresponding Masher’s esters~ and 

shown to be >95%e.e. 

Jb 

5a(R=H WAC) 6s 

5b(R=H or AC) 6b 7b 

Reagents and Conditions: a)Ti(OPr$+ 4h4S, t-BuOOH, CH#&, -2oOC, b)~O/Pykline, 

r.t., c> Et$iH, 4, Co(modp)z, (CH.$X)z, r.t., d) KF/I 8-crown-6/THF, r.t., e) Amberlyst-IS, 

CH,CI,, r.t. 

Scheme 2 

With the optically pure epoxides in hand, we then pursued the introduction of the triethylsilylperoxy 

group at C-8 position of ~mpamd 4 by Isayanta’s pmcedure3. The experimentation showed that the result is 

dependent on the catalyst and Co(modp)l was remarkably superior to Co@cac~. When the compound 4b 

was reacted with molecular oxygen and triethylsilane in the presence of a catalytic amount of Co(modph. 
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compound 5b (R=H) was obtained in 54% yield as anticipated. If the hydroxy group of 4 was conveMd into 

aatatc,theyiekiof~5~=~)was~roisedto9oo/6.Theresultshowed~thatthisstep 

is substantUy improved by the protection of hydroxy group aad the epoxide achmlly remair& intact. The 

lHNMRofSoandSbCR_Ac)revealtdtbat~wereanepLnericmLrtureof C-Smthyliuabout 1:l 

ESiO.6 

Subsequent treatment of 5 (R=Ac) with KF/IB-crown~ in a&ydro~ tetrahydrofbran produced 

compound 6 with a fk -0OH. It is suggested that tk rmcleophilic epoxid~pening would be assisted by an 

acidic catalyst. Lewis acids, such as BF3.Et20 and AU,, were first tried, but as a result the weak pa-oxy 

bond was unqnxtodly damaged. Siica gel also proved to be not efkxix. Finally, under the catalysis of the 

strongly acidic resin Amberlyst-15, compounds 6a and 6b wets cyclized, fkming the peroxy-contahthy~ six- 

membered ring to give compounds 7a and 7b in 65% yield, respectively. Both 71 and 7b were again C-8 

epimeric mimms. Fortunately, the hydrolytic producta 8a1 and 8+ obtainad tirn 7r showed subtle 

ciifkxnce on TLC, so that the resulting dihydroxy cyclic peroxides (Ia, and 8+ not only made the fbrther 

transfbrmation possible, bum also made the C-3 epimers separable by column chromatogmpby. Compound 7b 

gave the same result and the C-8 epimers Sbl and 8b3 were also separated. Compounds 8q and 8bl are 

enantionws, and so are Saz and Sq. The [ak#TXL3) was +175.4“ for lla,, 49.2’ fix w, -172.3” for 8b, 

and +47-P for ah,. 

As shown in scheme 3, all fbur qtkally pure dihydroxy axqounds 8q, &2, 6bl and $q u&went 

the oxidative cleavage with NaIO_&uC13 (CC&:CH+ZN:H,O, 2~2~3, v/v) aad esterhttim with CH& to 

give f&r optic+ active esters 9at, 9~ 9bland 9b in 60-W% yield, respect&@. Treatme~ oftbe- 

with 2eq. MeLi at low temperature (-78’)C) ever&ally afforded the target caoqounds MaI, 1% LObi and 

1ob.g ill 30-6& yield, respectively. 

Reagents and Conditions: a) K~CO$lMeOH, PC, then H$~O~~ZE~O, b) NalO4/RuCl~, 

CH,CNCC4:H,O (2:2:3, v/v), r.t., then CH~N#i~O, c) 2eq. MeLi/EbO, -7@C, then 

aq. NH&I. 

Scheme 3 
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The 1H NMR spectra of two couples of the synthetic &antiomers of Ymgzhaosu C showed that there 

~88 ren&cable di&remx between them. It was found that the values of enanti~mers lOq and lObI 

cc&&d with that of the natural Yii C*. But the optical rotation of the natural Yii C is only 

+2.8V(MeOH). Thus, the natural Yingzhaosu C could he con&de& as a mixture of enantiomeric 10~ and 

lObI with the former king in excess. The research on the stereochemistry of 8, 9 and LO is in progress and 

the result will be distcussed elsewke. 

We express N gratitude to Dr. Isayama of the Synthetic Chemistry Laboratories of Mitti 

petroch&cal Indugt.ries in Japan for his generous gifI of Co(modp)z. We also thank the National Natural 

Science Foundation of China, State Key Laboratory of I3ioorganic and Natural Products Cknistty in 

Shanghai Institute of Dqanic Chemistry fix their financial support. 
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The lH NMR(CDCI,, 3OOMHz) spectra of 5a and 5b (R=Ac) both revealed two singlet peaks (6: 

1 SS, 1.59ppm) for C-S methyl with the integral area of akwt 1: 1 ratio. 

1Oq and lObI were momers, the [ccJ&HCl~) was +189.3O for ICh, and -18S.P for lObI, their 

‘H NMR(CDCI~, &lOMHz) spectra were identical. Gppm: 7.32,7.15(4H, AA’BB: J,-8.OH2, 

Ar-H), 3.99(1H, dd, S-3.5, 10.2% 12-H), 2.54(1H, dt,J=13.8, 3.SHz, l&He), 2.34(3H, s, I-CH,), 

1.95(2H, dt,J=5.4, 12.9& IO-Ha), 1.79(lH, b, -OH), 1.55~1.65(ZH, m, 11-H), 1.34(3H, s, 8-CH3), 

1.12, 1.00(2~3H_Zxs,14, 15-H). 

iOn2 and lOa, were enantiomers, too. The [cz]&CHCI,) was +36.9” for ltiz and -33.3” tbr IOh. 

IH NbiR(CDC13, 3WMHz) Gppm: 7.30.7.16(4H, AA!BB’, Jm=8.1Hz, Ar-H), 3.92(1H, dd,&3.8, 

10.3H2, 12-H), 2.34(3H, s, I-CH,), 1.75-2.25(5H, m, -CH2CH2- and -OH), 1_61(3H, s, 8-CH,), 

1.28, 1.25(2 x 3H, 2 x s, 14, 15-H). 

1H NhIR(CDC&, 2OOMHz) data of the @ Yingzhaosu C was extracted from refknce 2. Sppm: 

7.13-7.34(4Hq tn, Ar-H), 4.W(IH, III, 12-H), 2.34(3H, s, l-C&), 2.14(lH, -OH), 1.34(3H, s, 

8-cH3), 1.12, l.O0(2x3H, Zxs, 14, 15-H). 
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