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Abstract-The aenal parts of Artemtsra sleuerslana afforded m addltlon to known compounds five new gualanohdes 
and four dlmerlc gualanohdes, three of them closely related to absmthm and one denved from estafiatm as a monomer 
The structures were elucidated by extenstve NMR studies, which allowed the assignment of the 14 choral centres 
Arternwafiqpda afforded several known compounds and one new gualanohde, 8-desoxycumambrm B, the most likely 
precursor of many gualanohdes 

INTRODUCTION 

From the large genus Arternwa (Composltae, t&e 
Anthemldeae) already many species have been studled 
chemically Characterlstlc for this genus are the large 
vanety of sesqulterpene lactones [l, 21, the acetylemc 
compounds [3], coumarm derivatives [4] and phenyl- 
propane denvatlves, especially sesamm-lrke compounds 
[5] We now have remvestlgated two species from 
Mongolia, Artemwa Sleverszana and A fngtda, which 
both gave sesqulterpene lactones as well as several known 
acetylenes The results will be discussed m this paper 

RESULTS AND DISCUSSION 

The aerial parts of Artemtsra jizgzda Wdld , which has 
been studled previously [6-111, afforded the E/Z- 
lsomerlc 5- and 6-ring splroketalenol ether [3], l-phenyl- 
hexa-2,4-dlyne [3], hanphylhn [ 123, 11,13_dehydrodes- 
acetyl matrlcarm [ 131, tanaparthm a-peroxide [ 141 and 8- 
desoxycumambnn B (ll), Its structure clearly followmg 
from the molecular formula C15HZ003 and the ‘H NMR 
spectrum (Table 1) Spm decouphng allowed the asslgn- 
ment of nearly all signals, which further led to a complete 
sequence, clearly leadmg to the proposed structure The 
stereochemistry followed from the couplings observed 
and by comparison with the spectra of slmdar lactones 
with known configurations 

The extract of the aerial parts of Artemtsra szevewana 
Wllld , which has been studled previously [1,5, 15-171 
contained a very complex mixture Repeated thm layer 
chromatography and HPLC finally gave m addltlon to 
wldespread compounds (see Experimental) the hgnans 
sesamm, e,a-ashantm, e,e-sesartemm, e,a-, e,e- and ap- 
yangambm, which have been Isolated from the roots of 
this species [5,6], large amounts of absmthm (6) [lS], 
ludartm [19], anabsmthm [20] as well as the germacra- 
nohde 1, the gtuuanohdes 3, 4 and 5, three dlmenc 
guanohdes related to absmthm (7-9), the further dlmer 
10 related to estafiatm and the neryl derlvatlve 12 

The structure of 1, molecular formula C,5H2203, 

followed from the ‘H NMR (Table 1) and the 13C NMR 
spectral data (see Experimental) The presence of a 
hehangohde could be deduced from the typical small 
coupling J6,, m the ‘H NMR spectrum at elevated 
temperature, where all signals could be asslgned by spm 
decoupling The stereochemistry as well as the confor- 
mation followed from the NOES which have been 
determined by NOE difference spectroscopy (see 
Expenmental) The results showed that a conformer was 
present with H-15 below and H-14 above the plane The 
clear NOE between H- 15 and H-3 mdlcated a 3/l-hydroxy 
group 

The structure of 3 could be deduced from the ‘H NMR 
spectrum (Table 1) which was in part close to those of 
slmllar lactones Again all signals could be asslgned by 
spin decoupling The stereochemlstry at C-l, C-2, C-5, C- 
6, C-7 and C-l 1 followed from the couplings observed 

The ‘H NMR spectral data of 4 (Table 1) were close to 
those of estafiatm However, the 13-H exomethylene 
signals were replaced by a double quartet at 62 65 and a 
methyl doublet at 6 1 13 Agam all data agreed with the 
presence of a 1 l/?-methyl group 

The ‘H NMR spectrum of 5 (Table 1) showed that 
agam an epoxlde was present (doublets at 63 83 and 3 67) 
InspectIon of a mode1 Indicated that the couphngs 
observed agreed only with the proposed stereochermstry 
The configuratlon at C-l 1 was deduced agam from the 
charactenstrc NMR data, which also showed that we were 
deahng with a derlvatlve of dehydrocostuslactone Most 
likely 1 was the common precursor for 3-5 as well as for 2, 
the monomer of the dlmerlc gualanohde absmthm which, 
however, so far has not been isolated Probably this dlene 
1s very reactive and therefore only can be seen m 
Dds-Alder-adducts hke absmthm The structure and the 
configuratlon of the latter has been studied for a long time 
and finally was elucidated by high field ‘H NMR spectro- 
scopy [ 183 We have confirmed agam the stereochemistry 
by extenswe NOE difference spectroscopy and spm 
decouplmg The ‘H NMR spectrum of 7 (Table 2) was 
very simdar to that of 6 However, clear differences were 
visible in the chemzal shift of two signals, which by spm 
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Table 1 ‘H NMR spectral data of 1, 3-5 and 11 (400 MHZ, CD&, TMS a~ 
Internal standard) 

1(60”) 3 4 5 11 

H-l 5 14brt 

H-2 
2 66 ddd 
220m 

H-3 ’ 445dd 568brs 

H-5 53lbrd 307brt 

H-6 569dd 406t 
H-7 2 16dddd 2 40 dddd 

H-8a 166 br ddd 193 dddd 
H-88 145 dddd 142dddd 
H-9a 2 02 ddd 204ddd 
H-9fl 237brd 251ddd 
H-11 2 87dq 26ldq 

H-13 120d 1 16d 

H-14 
H-14 

176brs 

H-15 174brs 

OH 

288dd 

481 brs 

490brs 
484brs 

190d 

151d 

2 87 ddd 
2 14ddd 

178 ddd 
3 36brs 
235dd 
404t 
2 40 dddd 

184 dddd 
143 dddd 

206ddd 
231ddd 
265dq 

113d 

485brs 
483brs 

158s 

305brd 2 55 ddd 

383brd 
235brd 
228m 

367d ’ 547brs 
269brd 278brt 
408t 423dd 
244dddd 3 lldddd 
195 dddd 2 25 dddd 
137 dddd 146 dddd 
2 03 ddd 198ddd 
258ddd 17Oddd 
270da - 

118d 
617d 
544d 

492brs 
465brs 

119s 

I 

552d 
5441 

187brs 

J(Hz)Compoundsl 1,2=1,2’=8,2,2’=14,2,3=2’,3=35,5,6=11,6,7 
=2,7,8a=35,7,8~=12,7,11=9,8a,8~=14,8~9a=35,8a,9~=8,8~,9a 
=12,8~,9~=3,9a,9/?=14,11,13=7,compounds3-5 5,6=6,7=10;7,8a 
=5,7,8~=10;7,11=8,8a,8~=13,8a,9a=5,8rr,9~=75,8~,9a=12,8~,9~ 
=5,9a,9~=135,11,13=7,compound3 1,2=35,1,5=8,2,3=3,15-l, 
compound4 1,2=75,I,2’=11,1,5=8,2,2’=14,2’,3=1,compoundS 1,2 
-05,1,5=9,2,3=25,5,15=5,15’=25,compound11 1,2=8,1,2’=9,1,5 
=8,2,2’=18,5,6=10,6,7=95,7,8a=6,7,8~=11,7,13=35,7,13’=3,8q 
8s = 14, 8a, 9a = 6,8a, 9/I = 5,8j, 9a = 9, Sfl, 98 = 5 
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R R’ 11 11’ 

6* Me OH /3H aH 

7 Me OH aH aH 

8 OH Me PH PH 

9 OH Me aH PH 

* a and p at C-l 1’ as followed from the formulae (no mverse absolute configuratIon) 

decouphng could be asslgned to H-7 and H-11 An 
important point for the assignment of all signals was the 
fact that the H-6’ doublet was broadened due to allyhc 
couphng, while the H-6 signal here and also m the spectra 
of 8-10 was a sharp doublet The coupling J,,, , was 8 Hz 
mdlcatmg a 1 l/?-methyl group This was supported by the 
“C NMR data Whde agam most signals had the same 
chemical shifts as those of 6, the shifts of the signals 
assigned to C-7, C-8, C-l 1 and C-13 clearly differed 
Inspection of a model showed that especially the observed 
upfield shift of the C-8 signal m the spectrum of 7 was in 

agreement with the expected effects Having the “C shifts 
of 6 and 7 at hand a few previous assignments [ 181 were 
changed (Table 3) Agam extensive NOE difference spec- 
troscopy fully supported the proposed configuration at all 
choral centres (Table 4) Thus a clear NOE between H-l 
and H-2’ indicated the endo mode of the cycle addition 
and the NOES between H-2, H-14 and H-14’ allowed the 
assignment of the configurations at C-10 and C-10’ 
Furthermore NOES were useful for the assignment of the 
sequences to overcome blocks of quaternary carbons 

The ‘H NMR spectrum of 8 (Table 2)agam was similar 
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Table 2 ‘H NMR spectral data of 6-10 (400 MHz, CDCII, TMS as internal standard) 

6 7 8 9 10 C6D61L CDC13 

H-l 

H-2 

H-3 
H-6 
H-7 
H-11 
H-13 
H-14 
H-15 
H-l’ 

H-2 

H-3 
H-6 
H-7 
H-l 1’ 

H-13 

H-14 

H-15 
lO-OH 

198brs 

284brdd 

555brs 
4121 
180m 
2 18dq 
123d 
117s 
177d 
228brs 

281ddd 

3 19brd 
459brd 
164m 
223dq 

119d 

129s 

194brs 

2 15d 

200brs 

2 84brdd 

555brs 
4851 

2 40dddd 
267dq 
1226 
116s 
177brs 
221brs 

281ddd 

323brd 
458brd 

1 IOm 
2 18dq 

119d 

129s 

193brs 

2 15d 

198brs 

291 brdd 

559brs 
413d 
180m 
224dq 
126d 
116s 
115d 
231brs 

2 84 ddd 

3 llbrd 
414brd 

2 30 dddd 
260dq 

115d 

087s 

189brs 

222brs 

205brs 

293brdd 

561brs 
491d 
2 43 dddd 

271dq 
126d 
119s 
118d 
238brs 

- 
248dd 
103dd 
2 32brs 
462brd 

135m 
18ldq 
107d 
121s 
194d 

304brddd 

2 86 ddd 
183dd 

135m 
325brd ‘303brs 
416brd 329dd 
231dddd 3 16dddd 
262da - 

228dd 

255brs 
414brd 

121d 
130s 
191 brs 

2 91 brddd 

335brs 

385dd 
3 28 dddd 

- 

118d 
- 1 

15lbrdd 
204dd 

*H-S 2 55dd, H-8,’ 1 35m,H-82’0 86 brddd, H-9,’ 199ddd, H-9*’ 15lddd,.J (Hz) Compounds 
&!I 1,2=1,2,3=25,2,2’=4,3,15=15,6,7=10,11,13=1,1’,2’=4,2’,3’=8,6’,7’=11, 
11’,13’=1,9a,0H=2,(compound71,11=8,7’,11’=12,compound81,11=12,1’,11’=8, 
compound 9 I,11 = 7’, 11’ = 8), compound 10 21, 2* = 9, 2,,3 = 15, 22, 3 = 22, 13, = 2, 6,7 
=11,6,15=15,7,11=12,11,13=7,1’,2,=1,1’,2~=10,1’,5’=85,2,‘,2~’=14,5’,6’=11, 
6’,l’=85,7’,8,‘=5,7’,82’=12,8,‘,82’=13,81’,9,’=2,81’,92’=3,82’,91’=9,82’,92’=3, 
91’,92 = 13 5, 13,‘, 13*’ = 12, 14,‘, 14,’ = 2 5 

to that of 6 However, m this case more differences were 
v&ble While the signals of H-l-H-15 m 8, which could be 
assigned by spm decoupling, agreed with those of 6, the 
signals of H-l’, H-6’, H-1S’and especially those of H-7’, H- 
11’ and H-14’ differed from those of 6 Accordmgly, the 
stereochemistry of 8 was altered m the left part of the 
molecule The changed configuration at C-11’ led to a 
smaller coupling 5, , 1 1 As m the case of 7 this caused a 
clear upfield shift of C-g’ m the 13C NMR spectrum of 8 
Also the shifts of C-7’, C-11’ and C-13’ were clearly 
influenced Thus an ll’a-methyl group was present m 8 
The clear upfield shift of the H-14’ signal m the ‘H NMR 
spectrum of 8, obviously due to the shielding effect of the 
A4’ double bond, indicated a changed configuration also 
at C-10’ NOE difference spectroscopy (Table 4) con- 
firmed thrs assumption and also from the “C NMR shift 
of C-14’ the presence of an axial methyl could be deduced 
The chemical shift of C-l-C-15, however, were close to 
those of 6 As also the ‘H NMR signals of H-l-H-15 were 
nearly identical with those of 6, the stereochemistry of the 
right hand moiety of the dlmer therefore was the same in 6 
and 8 

The ‘H NMR spectrum of 9 (Table 2) showed even 
more differences to that of 6 Spm decoupling allowed the 
assignment of nearly all signals The chermcal shift of H- 
11 as well as the coupling J, I 1 indicated a 1 l/&methyl 
group The same 1s true for H-l l’, thus mdicatmg an 1 l’a- 
methyl too The chemical shift of H-14’ further indicated 

that the configuration at C-10 most likely was the same as 
m 8 Again NOE difference spectroscopy (Table 4) con- 
firmed these assignments and also the 13C NMR data 
(Table 3) agreed with the proposed structure Accord- 
ingly, to explain the formation of 6-9 the ongmal presence 
of the following monomers had to be assumed 5,11-epl-5 
and lO,ll-epl-5, It 1s remarkable that absmthm (6), which 
1s the main component, required the formation of 2, a 
gutllanohde with a C-l la-methyl, while all the monomeric 
lactones, which were isolated from the species, had a 1 l/3- 
methyl group In all dlmers (6-9) the OH protons showed 
a couphng with H-9a, mdlcatmg a fixed position, which 
could be explained, if a hydrogen bond with the 3,4- 
double bond was assumed 

The structure of 10, which showed molecular formula 
C30HJ806, and thus dlffermg from 6-9 by two less 
hydrogens, could be deduced agam from the ‘H NMR 
spectrum (Table 2) While some signals were similar to 
those of 6 most were clearly different One of the olefimc 
methyls of 6 obviously was replaced by an exocychc 
double bond as followed from the downfield broadened 
doublets at S4 83 and 4 78 Spin decoupling and NOE 
difference spectroscopy allowed the assignment of nearly 
all signals leading to sequences which only could be 
combined to the proposed structure The changed situ- 
ation m 10 also followed from the H-6’ signal, w&h now 
was a double doublet, and from the broadened singlet at 
S3 03 which sharpened on irradiation of H-2’ signals 
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Table 3 13C NMR spectral data of 610 (CDCI,) 

6 I 8 9 10 

C-l 

c-2 

c-3 

c-4 

C-5 

C-6 

c-7 

C-8 

c-9 

c-10 
c-11 

c-12 

c-13 

c-14 

c-15 
C-l’ 

c-2 

c-3 

C-4 

c-5 

C-6 

c-7 

C-8 

c-9 
C-10’ 

C-11’ 

c-12 

c-13 

c-14 

c-15 

714d 

4571 
1221d 

1485s 

642s 
8271 

467d 

275t 

425t 

719s 

420d 
1784s 

13 lq 

323q 

13 7q 

57 Id 

465d 
5891 

1349s 

147 5s 

814d 

4941 
236t 
437t 
741s 

423d 

1788s 

122q 

294q 

183q 

715d 

4561 
1221d 

1484s 

644s 

8271 
399d 
237t 
423t 
718s 

405d 
1788s 

1lOq 
3224 
137q 
57 1 d 
4671 
589d 

1350s 

1476s 

814d 

494d 
236t 
437t 
74 1 s 
4231 

1799s 

122q 

294q 

184q 

713d 

4531 
1224d 

1481s 

642s 
829d 
4961 
275t 
425t 
720s 
421d 

1786s 

130q 

323q 
137q 
584d 
472d 
59 ld 

1352s 

1456s 

804d 

440d 

224t 
453t 
757s 

4Old 

1797s 

92q 
227q 

179q 

71 3d 
4541 

122 3d 
1482s 

645s 

8281 
4OOd 
238t 
424t 
719s 

407d 
1797s 

11 oq 
322q 
138q 

5841 
472d 
591d 

1353s 

1457s 

804d 
440d 
225t 

452t 
757s 

4Old 

1800s 

92q 
227q 
180q 

712s 

456t 
4571 

1354s 

1474s 

8371 
4681 
28 1 t 

427t 

764s 

4221 

1786s 

125q 

321q 

142q 
4221 
243t 
640d 
663s 

507d 
814d 

5461 
289r 
33 1 r 

143 1s 

545s 

183 3s 

385t 
1135t 

184q 

Several signals of the left hand moiety were nearly 
identical with those of estafiatm The absence of the 
exomethylene H-13 signals mdlcated where the cycle 
addltlon had taken place as a par of double doublets 
obviously had to be asslgned to the H-13’ protons This 
was supported by spm decouphng and some clear NOES 
(see Experimental) which further allowed the assignment 

of the whole stereochermstry at the various choral centres 
As followed from the downfield shift and the broadening 
of the H-6 signal m the nght hand moiety of the molecule 
a4,Sdouble bond was present, thus mdlcatmg that 10 was 
not formed from the same monomer as 6 The stereo- 
chemistry at C-l, C-3 and C-l 1’ followed from the 
corresponding NOES If models were inspected A clear 
NOE between lO-OH and H-14 and H-5’ indicated a 
hydrogen bond with the lactone oxygen of the left part of 
the molecule A clear NOE between H-6 and H-7’ was 
important for relative configuratlon at these centres and 
showed that again from the possible eight different 
posslblhtles one of the four endo modes of cycloaddltlon 
had taken place The “C NMR data (Table 3) also agreed 
with the proposed structure 10 we have named 
artisieversm 

The structure of 12 easily could be deduced from the 
‘H NMR spectrum (see Expenmental) which, of course, 
was close to that of other neryl derivatives The relative 
posltlon of the 8-novaleroyloxy group followed from the 
chemical shift of H-6 and H-9 

The chemistry of A Sleuersiana agrees with a placement 
in the Abs~nth~um group [21] Further mvestlgatlon, 
however, may show whether these dlmerlc lactones are 
more widespread 

EXPERIMENTAL 

The 81r dncd aenal parts were extracted wth MeOH-Et+ 

petrol, 1 1 I, at room temp and worked-up m usual fasiuon 
[22] The column chromatography of the extract of Artemrsza 
fizgdu (200 g, aenal parts, collected m the Mongoban Peoples 
Republic, TOW-Aunak, Kerulen valley, 30 km NE of Mungen- 

Mart, August 1983, voucher deposited m the Institute of Plant 

Bmchenustry at Halle, GDR) gave fractions as follows 1 (petrol), 

2 (Et&petrol, 1 9), 3 (Et@-getrol, 1 3 and 1 1) and 4 (Et,0 

and Et,&MeOH, 9 1) TLC and GC/MS of fraction 1 showed 

the presence of phenyl-hexa+l-diyne, germacrene D, OT and j- 

famesene, caryophyllene and a and y-curcumene TLC of fraction 

2 (Et@-petrol, 1 9) gave 17 mg 6E-6 ring-, 16 mg 62-6 ring-, 

1Omg 6E-5 nng and 4mg 62-5 nng-spuoketal en01 ether [3] 

TLC of fractions 3 and 4 (Et,@petrol, 3 1) afforded 12 mg 

hanphylhn, 10 mg 11 (R, 0 55), 3 mg 11,13dehydrodesacetyhnat- 
ncarm and 3 mg tanaparthm-a-peroxide 

Table 4 NOES with 7-lO* 

Irrad 

of 

7 

NOE 

Irrad 

of 

8 

NOE 

Irrad 
of 

9 Irrad 10 
NOE of NOE 

H-l H-7, H-2’, H-3 H-l H-2, H-2’, H-3 H-l H-2’, H-3 H-l’ H-S, H-14,’ 
H-l’ H-3 H-2 H-l, H-l’, H-3, H-14 H-l’ H-3 H-5’ H-l’ 
H-2 H-l, H-14 H-l’ H-3 H-2 H-l H-6 H-7 

H-3 H-2, H-15, H-l’ H-2 H-l, H-3’, H-14 H-3’ H-l H-7 H-5’, H-6 
H-3’ H-l H-3 H-2, H-l’, OH H-14 H-2 H-8’ H-6’, H-l 3’ 
H-6 H-15 H-3 H-l, H-l’, H-15 H-14’ H-2’, H-6 H-14 H-2 
H-7 H-l, H-11, H-3 lO-OH H-3, H-6, H-14 H-14,’ H-l’ 
H-14 H-2 H-14 H-2’, H-6 H-15 H-3 
H-14’ H-2’, H-15 H-3’, H-5’, H-6 
H-15 H-6 lO-OH H-5’. H-14 
H-15 H-3’, H-6 

lO-OH H-3, H-6 

*400 MHz, CDCIS, homonuclear NOE difference multIpIe expenments A, one control B (Bruker aspect 2000 pulse 
programme) Dl = 0 02 s, D2 = 2 s, DP = 40 L, 500 cycles with 16 scans 
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