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Abstract-The aerial parts of Artemisia toumefortiana afforded three new eudesmanolides with a 12,6/?-lactone ring 
and the corresponding acids which may be the precursors of the lactones. From Artemisia aucheri six highly oxygenated 
geraniol derivatives were isolated. The structures were elucidated by high field NMR techniques. 

INTRODUCTION 

The large genus Arremisia has been studied chemically by 
many groups. Most widespread in this genus are charac- 
teristic aatylenic compounds [l] and sesquiterpene lac- 
tones [2]. But also many other types of natural products 
have been reported from several species. In a continuation 
of our investigations of representatives of this genus from 
different parts of the world [3,4], we have now studied the 
constituents of two species from Iran. 

RESULTS AND DISCUSSION 

The extract of the aerial parts of Artemisia toumefor- 
tiana Reichb. afforded the cis,trans-isomeric spiroketals 6 
and 7 [S], ilicic acid, [6], the eudesmanolides 1-3 and the 
related acids 4 and 5. 

The main compound was the ketone 1 with the 
molecular formula C,,HleOJ. Its IR spectrum indicated 
that a y-lactone with an additional keto group was present 
(1760, 171Ocm-‘). Its ‘HNMR spectrum (Tabk 1) 
showed, in addition lo the typical signals of the ex- 
omethylene group, only one low field signal at 65.72. Spin 
decoupling indicated that the latter was due to H-6 as the 
vicinal proton (H-7) was coupled with H-13 and a pair of 
double doublets (H-8). The chemical shift of the latter 
signals rquired a neighbouring keto group. Furthermore, 
signals of an olefinic and quarternary methyl group were 
visible. All the data, therefore, were consistent with 
structure 1. However, the stereochemistry had lo be 
determined. The coupling Jb , agreed with the presence of 
a trans-lactone, but NOE diiference spectroscopy clearly 
showed that 1 was a cis-lactone. Saturation of H-6 gave 
clear effects with H-7 (12%) and H-15 (10%). Further 
erects were observed between H-7, H-6 (10 %) and H-8a 
(5%) as well as between H-15 and H-6 (12%). Thus the 
configuration at C-6 and the H-8 signals could be 
assigned. Also the lJC NMR data agreed well with the 
proposed structure. 

l Presenf address: Institute for Organic Chemistry, Tacbaical 
University of Berlin, C 3. D-1000 Berlin 12, F.R.G. 

The ‘H NMR spectra of 2 and 3 (Table 1) were in part 
close lo that of 1. However, new low field signals (3.39 dd 
and 4.67 dd) indicated a changed situation. Spin decoup- 
ling showed the presence in both lactones of a 9/l-oxygen 
function. Accordingly, 2 was a dihydro derivative of 1 and 
3 the corresponding acetate. When the ‘H NMR signals of 
1-3 were compared, it was obvious that the presence of a 
trigonal carbon in 1 caused a conformational change. 
Inspection of models showed that in the case of 1 a boat 
conformation was most likely with angles between H-6 
and H-7 and H-7 and H-8a of nearly 0”. while in the 
lactones 2 and 3 these angles were slightly changed in 
agreement with reduced couplings for Ja., and J,,e as well 
asforJ,.,,. The presence of identical configurations in the 
lactones 1 and 2 was established by the NOE’s obtained 
with the alcohol 2. Clear effects were observed between H- 
6, H-7 (7%) and H-15 (10%) as well as between H-9 and 
H-7 (3%). Accordingly, both H-6 and H-9 were z- 
orientated. 

The ‘H NMR spectra of 4 and 5 (Table I) were in part 
close to those of 1 and 3 respectively. However, the low 
field H-6 signal was missing and H-13 now displayed 
broadened singlets, typical for a-substituted acrylic acids. 
Treatment with diazomethane afforded the correspond- 
ing methyl ester of 4. Spin decoupling allowed the 
assignment of all signals though those of H-2 and H-3 
were overlapped multiplets. The lJC NMR spectrum of 5 
also supported the structure. Obviously 4 and 5 are 
precursors of 1 and 3 respectively. This may be re- 
sponsible for the formation of the so far unobserved type 
of eudesmanolide with a A4double bond and a 6,12-c& 
lactone. We have named the desoxo derivative of 1 
tournefortiolide. 

The aerial parts of A. aucheri Boiss. gave no sesquiter- 
penes but several highly oxygenated geraniol derivatives, 
the ketones 8-l 1, the endoperoxides 12 and 13 as well as 
the acids 14 [7] and 15 [8]. 

The ‘HNMR spectrum of 8 (Table 2) showed an 
okfinic methyl singlet and a further 6H methyl singlet at 
61.37 indicating the presence of an dimethyl carbinol. 
Furthermore, an okfinic singlet at 66.87 (2H) and a 
broadened triplet at 66.7 1 (1 H), which was coupled with a 
doublet at 64.41 (ZH), required an open chain monoter- 
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pene, most likely derived from geraniol by allylic oxida- 
tion. Acetylation afforded 9, which was also present in the 
extract and the diacetate Pa. The ‘H NMR spectra (Table 
2) were more informative, the olefinic sing& was replaced 
by a pair of doublets with a 15.5 Hz coupling and the 
broadened triplet at 66.62 now showed clear allylic 
couplings with the oiefinic methyl, which also was coupled 
with the methyfene group @4.83). Ac~rdingly, only the 
structures 8 and 9 agreed with all spectral data. The 
configu~tion of the AZ-double bond followed from a 
clear NOE between H-10 and H-l. 

The ‘H NMR spectra of 10 and 11 (Table 2) were close 
to those of 8 and 9 respectively. However, the presence of 
the corresponding ‘I-hydroperoxy derivatives was in- 
dilated by the typical bro~en~ singlets at 67.72 and 7.76 
respectively. Furthermore, the singlet at 56.87 in the 
spectrum of 8 was replaced by a pair of doublets at S6.90 
and 6.82 in that of 10. 

The ‘HNMR spectral data of 12 and 13 (Table 2) 
differed considerably from those of 8-I 1. A pair of olefinic 
doublets with a 10 Hz coupling indicated a &double 
bond. However, the chemical shifts of these signals were 
not in agreement with a cis-isomer of 10. The methoxy 
signal in the spectrum of 13 required an a&al structure. 
Obviously 12 was the c&isomer of 10, but due to the 
changed ster~he~st~ a hcrnj~t~ was formed, which 
was transformed to an acetal in the case of 13. While 
EIMS gave no rnol~~~r ions, CIMS gave the required M 
f l-peaks. The ~~on~gumtion of the A2 double bond 
was determined by a clear NOE between H-10 and H-l. 
Most likely rtoxo-gcraniol is the common precursor for 
8-13. The spectral data of 14 and IS. which were 
transforms to the methyl esters 14a and 15a, clearly led 
to the structures Probably these acids are degradation 
products of 8. 

The constituents of these two Arremisin species from 
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Tabkl.‘HNMRspectmldataofeompoundsl-5(400MH& 
clx$, d-vahlu) 

la 

ID 
2 

3 

6 

7 
8a 
88 
9 
13 
13 
14 
1s 
OAc 

1.7tJm 130 m 1.25 m 1.59 m 1.37 m 
1.47 m 1.87 m 1.81 m 1.93 m l.OOm 

1.70 m 1.72 m 

2.06&d 2.13dd 2.lldd 1.93m 1 
1.95 m 
1.6Qm 

5.72 d 5.21 d 5.22d {;;tdf{ ‘;;;lfp 

3.64dddd 3Mdddt 3.13 dddt ‘2.73 m 
2.73 dd 19Oddd 1.94ddd 2.45 br d 
2.33 dd 1.72 m 1.78 ddd 2.70 m 

- - 3.39dd 4.59dd 
6.26 d 6.16d 6.16d 6.25 br s 
5.62 d 5.61 d 5.59 d 5.61 br s 

1.09s 1.0s s 1.12s 1.3OS 

1.80 5 1.80s 1.81 s 1.69 br s 
- - 2.07 s - 

-2.52 dddd 
19Obrd 
1.71 ddd 
4.67 dd 
6.36 br s 
5.69 br s 
1.105 
1.65 br s 
2.05 s 

*OMe: 3.78 s. 
J[Hz]: Compotmd 1: 2.3 = 5; 2’,3 = 8; 6,7 = 9; 7.8~ = 7.5; 

7,88= 2.37.13 = 3;7,13’= 2.5;ga.8/3= 14;compounds2and3: 
23 = 5; 2.3 = 7; 6.7 = 6; 7&x = 7; 7,8j = 11; 7,13 = 1.5; &s8@ 
= g&sot = 12; 8a,9a = 4; compound 1: 66’ = 13; 6,7 _ 10; 6.7 
= 6; 7&x c1 3; 7,8j _ 10; 8q8J _ 12; compound 5: 6.6’ = 6’,7 
= 7,8/I = 8&8/I _ 12; 47 = 7,&r = 3. 

Tabk 2. ‘H NMR spectral data of compounds g-13 and 9a (400 MHz, CDCI,, &vahtg) 

H 8 9 9a IO 11 12 13* 

:,-[ 4.41brd}4.82dql 4.82dq )4.48brd ]4.83dq 

2 
5 
6 

6.71 br t 6.61 tq 6.55 tq 6.71 br t 6.60 tq 

6.87 
6.86 d 6.60 d 6.82 d 6.77 d 

s 4.93 d 6.91 d 6.90 d 6.90 d 

10 . 1.78 bi s ’ 1.88 dt ’ 1.88 dt 

OAc - z.tos 2.125.04 s 
OOH - 

1.43 s 

1.89 dt 
2.13 s 2.13 s 
7.72 br s 7.76 br s 

4.68 dd 
4.63 dd 

4.69 dd 
4.64 dd 

6.11 tq 
5.73 d 
6.01 d 

1.28 s 
1.45 5 
1.74 br s 

2.07 s 

5.92 tq 

5.66 d 
6.04 d 

1.2!JS 

1.42~ 
1.73 b? s 
2.07 s 

+ONe: 3.38 s; 
J[Hz]: Compounds g-11: 1.2 = 6; 1,lO = 1; 5.6 = 16; compounds 12 and 13: 1.1’ = 14; 12 

= I’,2 = 6.5; I,10 = 2.10 = 1; 5,6 = 10. 

Iran show that they are not closely related. Further 
investigations may show whether the observed types of 
natural products arc of chemo~xono~c relevance. 
Already now there are indications that a differentiation of 
Arremisia species by their chemistry will be very useful. So 
far the majority contain sesquiterpene lactones and 
acetylenic compounds of different types but some species 
do not contain these compounds which in part are 
replaced by unusual monotcrpenes. 

EXPERIMEKTAL 

viously [9]. The extract of the aerial parts of A. tourn&rtbma 
(250 g collected 90 km South of the tipian Sea, Haaz Road 
Iran, vouchers always deposited in the Herbarium of the Dept. of 
Rotany, University of Tehran, iran) was first separated by CC 
(Silica gel). The polar fractions (EtsO-petrol, 1: 1 and EtxO) were 

further separated by PTLC (Silica gel, PF 254)affording 15 mg 3 
(Et@petrol, 1: 1, RI O&J), 10 mg 5 (Et#-petrol, 7:3, RI 0.75X 
200 mg I (EtxO-petrol, 7:3, R,0,45), 10 mg4(Et~U-petroL 7:3, 
R, 0.7), purified as its methyl ester, and 20 mg 2 (EtxO-C&, 
3 : 2, R, 0.25). The less polar CC fmctions gave by PTLC 45 mg 4 
30 mg 7 and 60 mg illicic acid. The 400 MHz ‘H NMR sprx%a of 
compounds ds were identical with those of authentic materM. 

The air dried plant material was extracted with The extract of the aerial ports of A. oucberi (2OOg collected 
MeOH-Et&petrol (I: I: 1) and worked-up as reported pn- 60 km south of Shiraq Iran) was separated by CC. The fractions 
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obtain4 with Et,O-petrol (I : 1) gave by PTLC (Et2&pctrol, 
3:2) 10 mg 13 (R, 0.47) and the fractions obtained with Et,0 
affordal by PTLC 80 mg 8 (Et+pctrol. 9: I. R, OX), 12 mg 9 
(Et,O-petrol. 7: 3. R, 0.45). 8 mg IO (Et+petrol, 4: 1. R, 0.38). 
15 mg II (Et@-petrol. 7:3, R, 0.35). 5 mg 12 (HPLC, RP 8, 
McOH-HzO. 11:9. R, 9 min.). 5 mg 14 and 15 which were 
separated as their methyl esters 14a and 1% 

3,7-Dimerhyl-l-hydroxy-7-peroxy-ocro_ZE5Edien4one (10). 
Colourless oil; CIMS m/z (rcl. int.): 201 [M + I] * (72), 183 [201 
- Hz01 + (100). 167 [201- H202]* (44), 165 Cl83 - Hz01 l 

(43). 127 (56). 

9-Oxo-roume/ortio/ide (1). Colourlcss crystals, mp 165”; IR 
“C~CIJ, cm 1: 1760 (7-lactonc). 1710 (C=O); MS m/z (ml. int.): 
246.126 [Ml’ (100) (cak. for C,,H,aO,: 246.126). 231 [M 
- Me]’ (47). 203 [231 -CO] - (78), 185 [203 - HlO] * (28), 157 
(26). 131 (28), 91 (26); “CNMR (CDCI,. C-l -C-15): 34.01, 
17.6r32.1r.128.1s,137.8s.75.1d.37.3d,40.8r.213.3s,47.0s, 
139.6 s, 169.4 s, 123.9 r, 19.4 q, 24.4 q; [a]b’” + 44 (CHCI,; c 2.2). 

98-Hydroxyrounejortiolide (2). Colourkss oil: IR v h?, cm - ‘: 
3550 (OH), 1770 (y-&tone); MS m/z (ml. int.): 248.141 [M] * (24) 
(talc. for C,sHzoO,: 248.141). 233 [M-Me]’ (IZ), 230 [M 
- H20]’ (63). 215 [230-MC]’ (20). 204 [M -CIH.O]+ (52). 
139 (100); [a]K- I2 (CHCI,; c 0.6). 

I-Aceroxy-3.7dimerhyl-7-peroxy-octa-2E,5Edien4one (11). 
Colourkss oil; CIMS m/z (rcl. int.): 243 [M + 11’ (21). 225 [243 
- HIO] * (81), 209 1243 - Hz02] + (38). 183 [243 - HOAc] + 
(32). 149 [183-HrO1]’ (100). 

I-Aceroxy-3-7dimerhy/Qhydroxy-ocro-ZE,5Zdien-4,7-endo- 
peroxide (12). Colourlcss oil; CIMS m/z (rcl. int.): 243 [M + 11’ 
(I).225 [243-H>O]- (313. 165 [225-HOAc]’ (58). 123 (100). 

I-Aceroxy-3,7-Dimerhyl-4-merhoxy-ocra-2E,5Zdien-4,7-endo- 
peroxide (13). Colourlcss oil; MS m/z (rcl. int.): 224 [M -O,] + 
(78),164[224-HOAc]’ (72). 149[164-MC]’ (lOO);CIMSm/z 
(rcl. int.): 257 [M + I] ’ (1.3), 225 [257 -O,] + (30), 197 (2). 165 
(613. 123 (100). 

9B-Aceroxyrournejorriolide (3). Colourlcss oil; IR vE>, cm ‘: 
1770 (7-lactonc), 1740 (OAc); MS m/z (rcl. int.): 290.152 [M] l 

(32)(calc.forC,,H~,O~:290.152).275[M-Me]’ (l2),248[M 
- ketcnc]’ (13),230[M - HOAc]’ (100),2l5[230- MC]’ (46), 
204 [248 - CzH.O] + (30); [aIF’+ 14 (CHCI,; c 0.2). 

Merhyl4hydroxy4merhyl_pent-2E-enoate (14a). Colourkss 
oil; MS m/z (rcl. int.): 129 [M -MC] l (58), I13 [M - OMc] l 

(21). 101 [129-CO]’ (100); ‘HNMR (CDCI,): 6.04 (d. H-2). 
7.02 (d, H-3). 1.38 (s. H-5, H-6). 3.75 (s. OMc) (J [HZ]: 2,3 
= 15.5). 

9-Oxo-4.5-dehydro-4( IS)-dihydrocosric acid merhyl ester (48). 
Colourkss oil; IR v:), cm ‘: 1740 (COrRk 1710 (C=Ok MS 
m/z (rcl. int.): 262.157 [M]’ (60) (talc. for C,,HlzO,: 262.156). 
247[M-MC]’ (18),244[M-H,O]+ (38),220[M-CzH20]’ 
(55). 133 (100); [a]? - 24 (CHCI,; c 0.3). 

Merhyl4hydroxyriglole (Isa). Colourlcss oil; MS m/z (rcl. 
int.): 101 [M -OMe]’ (100); ‘H NMR (CDCI,): 6.83 (rq, H-3), 
4.38 (dq, H-4). 1.85 (dr, H-5). 3.76 (s, OMc) (J [Hz]: 3,4 = 6; 3,5 
= 4.5 = 1.5). 

Acknowledgement-A. R. thanks Dr Massumi and Ing. 
Mozfarian for collcctioo and identification of the plant material. 

9/?-Aceroxy4,5-dehydro-4( 15)dihydrocosric acid (5). Colour- 
less oil; IR v!$). cm ‘: 3500-2600. 1700, 1620 (C = CCOZH). 
1740 (OAc); MS m/z (rel. int.): 292.167 [M]’ (14) (cak. for 
C,,H,,O.:292.167),232[M - HOAc]’ (100),217 [232- Me]’ 
(25); “C NMR (CDCI,, C-I-C-15): 30.7 r. 18.5 t. 32.2 r, 143.4 s. 
129.0s32.9r.37.1d.35.7r,79.9d,39.1s,131.6s.170.8s,l25.5r, 
19.0 q, 19.8 q; OAc: 171.8 s. 21.2 q; [a]? + 48 (CHCI,; c 0.3). 
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