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Abstract-The aerial parts of Artemisia iwayomogi afforded, in addition to already known terpenes, eleven new 
eudesmanolides whereas four new guaianolides were found in A. gmelinii. No sesquiterpene lactones were detected in 
the aerial parts of A. santolinifolia which afforded two new nerolidol derivatives besides several other already known 
compounds. From A. caerulescens var. cretacea six eudesmanolides were isolated, one of which has not been reported 
previously. The structures were elucidated by high field ‘H NMR spectroscopy and chemical transformations. The 
chemotaxonomic significance of sesquiterpene lactones within the section Abrotanum and the subgenus Seriphidium is 
briefly discussed. 

INTRODUCTION 

The large genus Artemisia, comprising about 400 species, 
is divided into four subgenera Artemisia, Seriphidium, 
Tridentatae and Dracunculus. However, more detailed 
systematic treatments have shown that further infra- 
generic divisions are not entirely satisfactory (for ref. 
compare [l-3]). Comparative phytochemical analyses 
within the genus have shown that the distribution of 
polyacetylenes, sesquiterpene coumarin ethers, sesamin 
type lignans and sesquiterpene lactones may contribute to 
a better understanding of infrageneric relationships [l-5]. 
Although in the latter class of substances numerous data 
have already been compiled and reviewed by several 
authors [e.g. 1,4,5], there are still many problems in 
systematic interpretations because of the great infra- 
specific variation, structural complexity and the lack of 
data within several sections and subgenera. The present 
paper reports on the chemical investigation of three 
further species of the section Abrotanum (subgenus 
Artemisia) and one species of the subgenus Seriphidium. 

RESULTS AND DISCUSSION 

The petrol-ether extracts of the aerial parts of the 
North Japanese A. iwayomogi, belonging to the section 
Abrotanum, series Vestitae [6], afforded the monoter- 
penes a-thujone, camphor, borneol, piperitone, the ses- 
quiterpenes germacrene D, bicyclogermacrene, spathu- 
lenol as well as the already known eudesmanolide iso- 
telekin [7] together with eleven new eudesmanolides 
(l-11). From the closely related A. gmelinii which orig- 
inated near Vladivostok (U.S.S.R.), in contrast, five 
guaianolides as well as the monoterpenes a-thujone, 
camphor and the sesquiterpenes germacrene D, bicyclo- 
germacreneand a-humulene were isolated. Apart from the 
guaianolide zuurbergenin which so far has only been 
reported from ‘Matricaria’ zuurbergensis [S]. the 

guaianolides la-peroxy-1 -desoxyrupicolin A (12) and B 
(14) as well as rupicolin A-acetate (13) and rupicolin B- 
acetate (15) have proved to be new, except that the 
derivatives 12 and 14 were previously isolated as a mixture 
[9] (‘H NMR data: see Table 2). 

A. santoknifolia, another member of the series Vestitae, 
has already been investigated [l&12]. The reinvesti- 
gation of the aerial parts afforded in addition to known 
terpenes (see Experimental) two new nerolidol derivatives 
16 and 17, but no sesquiterpene lactones at all. In a 
corresponding extract from A. caerulescens var. cretacea, 
belonging to the subgenus Seriphidium, germacrene D, 
camphor and the six eudesmanolides a-santonin [13], 
lumisantonin [ 14,151, 1 I-epi-artemin (arsubin) [4], 1 l- 
epi-taurin [16], the corresponding I-hydroxy derivative 
11-epi-artesin [16] and the new eudesmanolide 18 were 
detected, of which the latter could only be separated from 
the former after acetylation. Taurin has been reported for 
another provenance of that species [17]. 

The structure of the eudesmanolide 1, molecular for- 
mula C,5H2002r could be deduced from the ‘HNMR 
spectrum (Table 1) which was in part similar to that of 
isoalantolactone. Especially the signals of H-6 through H- 
9 and H-13 were nearly identical. However, the changed 
position of the double bond clearly followed from the 
presence of an olefinic proton and an olefinic methyl 
group. Spin decoupling allowed the assignment of all 
signals leading to sequences which only agreed with the 
proposed structure. The stereochemistry at C-S, C-7 and 
C-8 followed from the couplings observed and from 
comparison with the data of similar lactones with the 
same configuration at these centres. Thus compound 1 
was a further isomer of alantolactone which surprisingly 
was not reported previously. However, the enantiomer 
was isolated from the liverwort Diplophyllum albicans 
[lS], of which ‘HNMR spectral data agree well with 
those of compound 1 though the mp differs slightly. 

The structure of compound 2 also followed from the 
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204 [M-C,H,O]+ (48), 91 (86), 53 (100); [x-jt, = +I42 
(CHCL,; c = 0.05). 

3a-Hydroxy-4a,Sa-epoxyeudesm-1 I-en-12,8/I-olide (9). 
Colourless oil; IR v$$~‘* err- t: 3620 (OH), 1765 (y-lactone); MS 

m/z (rel. int.): 264.136 [Ml+ (0.3) (talc. for CisHZOO,: 264.136). 
246[M-H,O]+ (1.2),181 (32),84(100);[a]D = + 140”(CHCl,; 

c = 0.18). 

3/I-Hydroxy-4a,Sa-epoxyeudesm-11-en-12,8/?-elide (IO). 
Colourless oil; IR vc~xc’3 cm- ‘: 3600 (OH), 1760 (y-&tone); MS 

m/z (rel. int.): 264.136 [M]’ (1) @ale. for Ci5H,a0,: 264.136), 

246 [M -H,O]+ (6), 181 (41), 84 (100); [a]o = + 250” (CD% 
c = 0.05) 

&-Peroxy-eudesmu-2,l l-&en-12,8@olide (11). Colourless oil; 

IR vgcla cm- i: 3530 (OOH), 1760 (y-lactone); MS m/z (rel. int.): 

264.136 [Ml+ (0.3) (talc. for C1sH2s04: 264.136), 231 [M 

-OOH]+ (lOO), 157 (92), 119 (90), 91 (66); [a]o = f24 

(CHCI,; c = 0.46).To 3 mg 11 in 0.5 ml CDCls 10 mg triphenyl 
phosphine was added. After 5 min the ‘H NMR spectrum had 

changed to that of lla, colourless oil; MS m/z (rel. int.): 248.141 

[MI’ (20) (talc. for CiSHt,Os: 248.141), 233 [M-Me]+ (100). 

183 (90). 
The extract of Artemisin gmelinii (373 g) was separated by CC 

silica gel into four fractions: 1 (petrol), 2 (Et,&petrol, 1: 1Oand 
1:3), 3 (Et,@petrol, 1: 1) and 4 (Eta0 and Et@MeOH, 10: 1). 

TLC (silica gel, AgNOa coated, petrol) of fraction 1 gave 30 mg 

germacrene D, 3 mg a-humulene and 12 mg bicyclogermacrene. 

TLC of fraction 2 (Et,O-petrol, 1: 3) gave 80 mg camphor and 

100 mg a-thujone. TLC of fraction 3 (Et&)-petrol, 1: 1) gave 

10 mg zuurbergenin and TLC of fraction 4 (Et&-petrol, 3: 1) 

gave two broad bands (4/l and 4/2). HPLC (RP 8, MeOH-HaO, 

13: 7) of 4/l gave 5 mg 12 (R, 5.2 min) and 3 mg 14 (R, 4.2 min). 
HPLC of 4/2 (same conditions) gave after TLC 

(CHC1sCsHs-Et,O, 1: 1: 1, R, 0.45) 15 mg 13 (R, 3.6 min) and 
after TLC (CHC1sC6H6-Et20, 1: 1: 1, R, 0.45) 10 mg 15 (R, 
2.9 min). 

Rupicoiin A-8-O-acetate (13). Colourless crystals, mp 150”; 
IR,,C~b~-‘: 3590 (OH), 1767 (y-lactone), 1745, 1240 (OAc); 

MS m/z (rel. int.): 304.131 [M]’ (3) (talc. for C,,HZ005: 

304.131),244[M-HOAc]+ (22),165(40)~148(76),120(100),91 
(31); [a-Jo = + 102” (CHCI,; c = 0.2). 

Rupicolin B-8-0-acefate (15). Colourless crystals, mp 144”; 
IR~~~‘3crr- t: 3600 (OH), 1765 (y-lactone); MS m/z (rel. int.): 
304.131 [M]’ (8) (talc. for Ct7H1,,05: 304.131), 244 [M 

-HOAc]’ (100); [aID = +221” (CHCI,; c = 0.18). 

The extract (Et@-petrol, 1: 2) of the aerial parts (318 g) of 

Artemisia santohni~o~iolia (voucher AR 1126) gave by CC silica gel 

three fractions: 1 (petrol), 2 (EtzO-petrol, 1: 10 and 1:3) and 3 
(EtsO). TLC offraction 1 (AgNO, coated silica gel, Et,O-petrol, 

1: 100) gave 10 mg a-curcumene, 40 mg a-zingiberene and IO mg 

germacrene D. TLC of fraction 2 (Et@-petrol, 1: 3) afforded 
200 mg ascaridol and 5 mg bornyl acetate. TLC of fraction 3 

(Et@petrol, 1:l) gave two bands (3/l and 3/2). TLC of 3/l 

(Et+petrol, 1:3) gave a mixture which could be= separated by 

repeated TLC (Et+petrol, 1: 10, two developments) affording 
3 mg 16 (R, 0.45). 2 mg bisabolol (R, 0.58) and 8 mg phytol (R, 
0.55) which was purified as its acetate (Ac,O, 70”). HPLC (RP 8, 

MeOH-H,O, 3: 1) of 3/2 gave 12 mg 17 (R, 3.3 min). 
8-OXO-nerolidol acetate (16). Colourless oil; IR vC$‘$ cm-‘: 

1750 (OAc), 1690 (C=CC=O); MS m/z (rel. int.): 278.173 [M]’ 

(0.5) (talc. for Ci,H,,O,: 278.173), 218 [M -HOAc]+ (3), 149 

[218 -CsHs]+ (loo), 121 [149-CO]+ (88), 93 [121 -C,H,]+ 

(82), 69 [C,H,]+ (64); ‘HNMR (CDCls): 5.18 (d, H-lt), 5.16 (d, 
H-lc), 5.97 (dd, H-2), 2.03 (dt, H-4), 1.89 (dt, H-4’), 2.25 (dt, H-5), 

6.60 (br t, H-6), 3.35 (br d, H-9), 5.30 (br I, H-lo), 1.74 (br s, H-12), 

1.63 (brs, H-13), 1.76 (brs, H-14), 1.57 (s, H-15), 2.02 (s, OAc) 
1J(Hz): It,2 = 17; lc,2 = 11; 44’ = 15; 4,5 = 5.6 = 8; 9,lO 
= 6.51. 

1 I-Peroxy-8-oxo-9,1OE-dehydro-10,l l-dihydronerolidol acet- 

ate (17). Colourless oil; IR ~“2 cm-‘: 3550 (OOH), 1745, 1250 

(OAc), 1670, 1625 (C=CC=O); MS m/z (rel. int.): 277.180 [M 
-OOH]+ (3) (talc. for Ci7H2~03: 277.180), 217 [277 
-HOAc]+ (37), 149[217 -C,H,]+ (61), 121[149-CO]+ (72), 

93 (121 -C,H,]+ (100); [a]o = -3” (CHCI,; c = 1.2); 

‘H NMR (CDCl,): 5.20 (d, H-lt), 5.17 (d, H-lc), 5.96 (dd, H-2), 

2.09 (dt, H-4), 1.92 (dt, H-4’) 2.28 (dt, H-5), 6.63 (tq, H-6), 6.72 (d, 
H-9),6.82(d,H-lo), 1.4O(s,H-12andH-13), 1.83(brs,H-14kl.57 

(s, H-l 5), 2.01 (s, OAc), 7.82 (s, OOH) [J(Hz): lt,2 = 17; lc,2 
= 11; 4,4’ = 15; 4,5 = 56 = 8; 6,14 = 1; 9,10 = 151. 

The aerial parts of Artemisia caerulescens var. cretaceo were 

extracted with Et@-petrol (1: 2) and the resulting extract was 

separated first by CC silica gel. The fractions obtained were 

combined as follows: 1 (petrol), 2 (EtrO-petrol, 1:l and Et,O) and 

3 (Et,GMeOH, 9: I). TLC (silica gel, PF 254) of fraction 1 gave 

2 mg germacrene D, TLC of fraction 2 (EtrO-petrol, I : 1) gave 

5 mg 1 I-epi-taurin (R, 0.25) and 10 mg camphor (R, 0.75).TLC 

of fraction 3 gave two bands (3/l R, 0.35 and 3/2 R, 0.20). HPLC 
of 3/l (RP 8, MeOH--H*O, 13:7) gave 2 mg lumisantonin (R, 
3.3 min) and 6 mg 1 I-epi-artesin and I.1 I-bis-epi-artesin (18) (ca 

4: 3). Acetylation (AcsO, 60”. 1 hr) gave after TLC (Et,O--petrol, 

1: 1)2 mg 1 I-epi-artesin acetate (R,0.52)and 1.5 mg 19 (R,0.47). 
HPLC of 3/2 (same conditions as above) gave 2 mg artemin (R, 
2.2 min) and 3 mg a-santonin (R, 3.6 min). 

1,l 1-Bis-epi-artesin (18). Colourless gum, not separated from 
1 I-epi-artesin; ‘H NMR (CDC13): 3.49 (dd, H-l, J = 5, 2 Hz), 

4.55 (dtq, H-6, J = 12, I, l Hz), 1.54 (dddd, H-7, J = 12, 12, 12, 

3.5 Hz), 2.26 (dq, H-l 1, J = 12, 7 Hz), 1.21 (d, H-13, J = 7 Hz), 

1.14 (s, H-14). 1.87 (br s, H-15); Acetate 19: Colourless oil; 
IRv$%cm-‘: 1780 (y-lactone), 1750 (OAc); MS m/z (rel. int.): 

292.167 [Ml+ (4) (talc. for C,,H,,O,: 292.167), 232 [M 

-HOAc]’ (100),217[231 -Me]’ (27); *HNMR(CDC13):4.76 

(dd, H- 1, J = 5.2 Hz), 2.15 (m, H-2), 2.03 (m, H-2’). 4.57 (dtq, H-6, 
J = 12, 1, 1 Hz), 1.54 (dddd, H-7.J = 12, 12, 12,3.5 Hz), 2.27 (dq, 
H-11,J = 12, 7 Hz), 1.23 (d, H-13,./ = 7 Hz), 1.17 (s, H-14). 1.88 

(br s, H-15), 2.08 (s, OAc). 
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