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a. CHoNy; b. NaBHy/NiCly e. Og/—78°C; d. MeS; e. leq. HCO(OMe)s/p-TsOH/CH;OH; f. —H%/
p-TsOH/A; g. MesSil/(MesSi)sNH; h. OsOy/NMMO; i. AcsO/Py; j. OOy k. 10% Ky0Os; 1. 1mol
HO(OMe)s/p-TsOH/CHyOH; # HOI or CHyOH/p~TsOH; m. 2eq.HC(OMe)s/p-TsOH/CH,0H
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050, 3t4k, LIAE H 4 8,

5T EBBIEAY 10, RAKET L3k 8->9-+10 pg i ffk, HIH 8 7 mmeh fi—
KA RS PR ER, BERARANAR, RRRUEEER I 8 7 PR S
p-TSOH flffe ST 2 /15 10 Pai sy By 62 A 58%. 10 78 = P b ko i 48
12, ok 6%, 12 5= MR BRAE SR 26 “REBCIR I 4 7818, 18 4L 2k 05O,
AR AL D i (NMMNO)™ 347 s L 5 646, 78 3-OH =97 14, ML 12 3 14 7
S5 RN 529, 7 12 e FARALE OsO, Fl— /% NMMNO J2384t, AAJ5 i 10% K00, 4t
B ARAERED, PR T2G, dT L, BB P AT B TR T,

T By 1M 14 7 4803 26 I 6 o 8-OFL &5 6-OHO iy 45 &, #( 1472 Ji 050,
11, SIS 2B, 14 o0 Z B 2230 05O, 4L, 58 10% K00, AL, 78
—ERR A, WA 3:2, P23 59%, £ 'H NMR 447, #E5 W78 T % 3 % 38-0H 32
Hik 15, BAMSRKEENR 78S, m. p. 190—192°C7, # IR, *H NMR i1 MS ¥ 53
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iR (. p. 172—178°C) R, {H5 Lin, A.-J. ™ \HFHERBEH WIS K228
M. AAMEHEFES MEWRAR Lin, A.-J, %2 X SN0 RIER,

% L

5 R Kofler 1 SMANISE, REKIE. o6 5 IR-440 BN 8, Wgy:, H
NMR fj EM-360A (60 MHz) B Y3 52, TMS 3 Py 45, B #)% COL,, MS A Finnigan 4021 5
{XWE, HRMS Jjf MAT-T11 W E, PREEENERE B b3S SE%ELT =5,

BEE{LamSHBPRILB>9) i 1.25g(5.3mmol) HFEHM(T) £ OHN, FEsk.
NaBH,/NiCly-6H:0 & 5 fil 5 846" ] B2 4 8 %5 T 20 mL Fo K HEEH, A 4 & p-
TsOH M1 1.26 mL J5i IR = B, SR $1 3 30 min 5 2mL 5% NaHOOs /KW, B E B
FEE, J OH.CL 28, OH:.Cl B MM ek E b, LRSI TR BERREN,
BL75g MRy 9, Wik 88%, HFEHIEHICMBE —H™.

LEMIWHRMO—>11+12) 4 0.25g9 FA & ZEE N, BMESH ML E p-TsOH
BRI EIE 1h, ARFATHE, B, BERESPE, HEARSEREE S
B, B 2% WA bRk, 4 60mg 12 f160mg 11, 12732 30%, 2 M 53k
—(; 117258 34% . vuax: 1740(BE), 1735(HH), 1660 (X k) om=*, 8y, 0.92(3H, d, J =
7Hz, 10-CHy), 1.03(3H, d, J=THz, 11-CHy), 2.06(3H, s, COCH;), 3.64(3H, s,
OCHy), 6.53(1H, s, 5-H)ppm. m/z 264(M*),

LEm 10895 & (8—>10) ¥ 2.0g(7.1mmol) ¥ 8 ¥ F 10mL FK HEH, A
0.87mL(8mmol) JE HEE = PESAIA 4 p-TsOH, WP 2h, MAZST 2% HOL, $idk 10
min, AR/ E 9 #AN 10, 1 1mL 5% NaHCO; Hhfll, MERKEFE, HmA 10mL.
bk, H CHSCla 43 REH, &3 CHLCL M, ARMEHAsE b, TAHRH
FHe, T, FRYEBHEEENAHE, 181.08g10, B 0.5g JFH 8, R 62%, Hi%xi
8 5 SR g — B, .

HEEER2095 & (12>2) 10.10g(0.34mmol) I2 FbmL W W %, W =
1mL 4 0.14g N-F A4k G kA fh i OsOs MK IR, SHEMH 240 5 mb5mL10%
NaHSO, 73, HERMPE 1h, Hi8, MEREWE, A OHCL #B =K, §I3FRBUE, Fl
Ak 28, TARBN TR, BWERBZEN, SHRY. Bk YHE T SmLE RS,
A 1mL10% K.COs, EiRHBEH: 1h, i 10% HOL if pH & 4, 5 HH S min, BHERS:
e, i OHL0L, 251, A3 BK, ARk 2, TRMRA TR, MEREZEN
BE &Y, BREREEN S, 15 0.065g FAEEE?, ™K 72%, m. p. 100—111°C, 57
PR IBABAR T, B2 50 530 m s — 58,

BHERISHNEREEH12518514) % 0.102(0.34mmol)12 B F4& i 50mL
B, 78 N, A 6 mL F5Kk OH,COLy, % F —20°C, A 0.10mL 75 F % ZFEH A1 0.06 mL
SHEPEL, KN 10min FERERE, BB 4bh, FWEEBITEY, H 5% NaHCO; ¢
— W, TAKRBRP TR, T, B0.10g W™= 13, v, 1740(E), 1660 (XUEE) em™, Iy,
0.10[9H, s, 8i(0H,):]1,1.20(3H, d, J=6Hz, 11-CH,), 0.90(3H,d, J =6Hz, 10-CH,),
1.80(3H, s, 4-CH;), 3.40(3H, s, OCH;), 3.50(8H, s, 00H,),4.20(1H, m, 8-H),5.76
(1H, brs, -H)ppm, m/¢. 369[M-+1]%,
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¥ E5RPT153 0.30 g ¥ 10mL JE, i 2ml K, 0.20g N-FEEMLGHM R R
0s0,, FERBH 16h, A 1mL 10% NaHSOs ¥, Sk B H: 2h, T, MIEFREWE,
fn10mL sk, B OH:Ol, 3£, TAKMBRA TR, BRERZBENSH~Y, SRELRN, B
1—2% WE-GmEGER, B 0. 11g iRy 14, NI 4 FHHRBEWEN 52%. Vo
3500 (¥35:), 1720 (B%), 1710 (EH), 1660 (4)em=, da, 0.90(3H, d, J=6Hz, 10-OH,),
1.10(3H, d, J=6Hz, 11-0H,), 2.00(3H, s, COCH;), 3.52(3H, s, OCH,), 3.60(3H,
s, OCHy), 3.95(1H, m, 3-H), 5.85(1H, m, 5-H)ppm, m/z 312(M*), 294[M—H,0]*%,
281[M—OCH;]*, 269[M—COCH,]*, 263[M—H,0—O00H;]*.

SETESHARM ¥0.12g14 %F 0.5mL mklE, A 0.5mL BEHEF, /K ¥ hn 4 30
min, fiXA 30 mL OH,Ol,, ] 10% BB =K, KRG 5% NaHOO, ¥ E= b, JTKHMMN
FH, MEREEN, RREEEN, 15 0.11g ZMER, 72K 81%. vuux: 17200m™, g, 0.87
(3H, d, J=5Hz, 10-0Hs), 1.06(3H, d, J=7Hz, 11-0Hy), 2.00(6H, s, 2xCOOHy),
3.52(3H, s, OCHy), 3.60(3H, s, OCH,), 4.85(1H, m, 3-H), 5.80(1H, m, 5-H)ppm,
m/z, 355[M-+1]*, 823[M —OCH,]*, 311[M—COCH,]*, 205[M — CH,4CO4] *,

¥ 0.085g ZMFERF T 5mL WA, MMAMHEE 0sOs, 2 K 24h, 1 A 3mL10%
NaHSO;, ZHKN 2h, g, WEKREWE, MA 20mL OHOL, K¥EEd i, TRERH
T, BEREEN, 4 0.06g kY. #HEERYET 4wl FEE, A 1mL10% K4COs
W, BRBEFE 1h,  10% HOL b, MEBREH N, A EMEHK, H OHCL: £ 5, 43
B, AR R K IE— WK, FoKB R T 48, MIE KR R150.04g Bk, 2R 59%, m.p.
140—148°C, 5x (Jj X1~200 7 200 MHz {3l 5, #7% CDCly), 0.95(3H, d, J=6.2Hz),
1.21(8H, 4, J=7.8Hz), 1.58(3H, s), 3.20(1H, m), 8.63(1H, brs), 5.64(1H, s);
0.96(3H, d, J=5.9Hz), 1.21(8H, d, J=7.3Hz), 1.60(3H, s), 3.20(1H, m), 3.55
(1H, dd, J1=5.4Hz, J,=10Hz), 5.67(1H, s)ppm; I 53.63 15 3.55, 55.64 5 5.67
BRIy 3:2, B AEE TR 3 X 38-OH Btk 15 (B 44, LR & 9 A 20g
200—300 mesh BEREBEATREENT 435, L 2% DI hBAVENL, 8 10mg HFHTE S, 28K
BEEZ S, m.p.190—1927 *H NMR_ IR, MS ¥ 53 #R # & — %=, HRMS m/z
282.1467(0ysHo:05, M*), 222.1220(C33H1505, [M—H—CH;00,]*, 204.1200(Ci5H;60,,
[M~—H—CH,CO;— H:01%), 166.0973(C1oH405), 151.1098(Cs0H150), 150.1055(C10H1,0),
149.0966(050H1350)
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Studies on the Structure and Synthesis of Arteannuin and
Related Compound

XXII. The Regioselective Synthesis of Arteannuin D

Zhou Wei—Shan* Xu Shi-Jie Zhang Lian
(Shanrghai Institute of Organic Chemistry, Academia Sinica, Shanghai)

Abstract

Arteannuin D (8) coexists with arteannuin (1), which in an antimalarial prinociple
isolated from Chinese medicinal herb Artemisia ennua. L. In this paper the regioselective
synthesis of 8 is reported.

The aldehyde-ketone 8 obtained from arteannuinic acid (7), was treated with 1 eq.
trimethylorthoformate in methanol in the presenoe of a catalytic amount of »-TsOH to
provide 9 and 10 in 86% yield in the ratio of 1 to 1, and with 2 eq. of the orthoformate
under the same condition to give only 9 in 887% yield. However, pyrolysis of 9 in xylene
did not give the desired intermediate &, but gave 11 and 12 in the yields of 34% and
30%, respectively.

Another approach to the synthesis of 8 is to uge enol-silyl ether 13 obtained from 8 as
a key intermediate through the following sequence of reactions: 8 -10—>12—13 in 28%
overall yield, Trimethylsilyl enol ether 183 was hydroxylated with N-methyl
morpholine N-oxide (NMMNO) and a catalytic amount of OsO, to give the 3-OH product
14 regioselectively in 52% yield. While the compound 12 was hydroxylated with OsO,
and NMMNO, followed by eyclization with 10% K.CO, to produce deoxyarteannuin (2)
in 72% yield. After protection of 3-OH of 14 by acetylation, it was hydroxylated with
a stoichiometric amount of OsO, followed by eyclization with 10% K,00; fo give a
mixture of 3 and its 3-OH epimer 15 in 59% yield, which after column chromatography
gave 3, m. p. 190—192°C, whose spectroscopio data were identical with those reported in
the literature,



