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and four dimeric guaianolides, three of them closely related to absinthin and one denved from estafiatin as a monomer
The structures were elucidated by extensive NMR studies, which allowed the assignment of the 14 chiral centres
Artemisia frigida afforded several known compounds and one new guaianolide, 8-desoxy-cumambrin B, the most likely

Abstract—The aenal parts of Artemisia sieversiana afforded 1n addition to known compounds five new guaianohdes

precursor of many guaianolides

INTRODUCTION

From the large genus Artemusia (Compositae, tribe
Anthemideae) already many species have been studied
chemically Characteristic for this genus are the large
variety of sesquiterpene lactones [1, 2], the acetylenic
compounds [3], coumarin denivatives [4] and phenyl-
propane dernivatives, especially sesamin-like compounds
[5] We now have remnvestigated two species from
Mongoha, Artemisia sieversiana and A frigida, which
both gave sesquiterpene lactones as well as several known
acetylenes The results will be discussed mn this paper

RESULTS AND DISCUSSION

The aenal parts of Artemusia frigida Willd , which has
been studied previously [6-11], afforded the E/Z-
1someric 5- and 6-ring spiroketalenol ether [ 3], 1-phenyl-
hexa-2,4-diyne [3], hanphylln [12], 11,13-dehydrodes-
acetyl matricanin [13], tanaparthin a-peroxide [ 14] and 8-
desoxycumambrin B (11), 1ts structure clearly following
from the molecular formula C, ;H,0; and the 'H NMR
spectrum (Table 1) Spin decoupling allowed the assign-
ment of nearly all signals, which further led to a complete
sequence, clearly leading to the proposed structure The
stereochemustry followed from the couplings observed
and by comparison with the spectra of similar lactones
with known configurations

The extract of the aerial parts of Artemisia sieversiana
Willd, which has been studied previously [1, 5, 15-17]
contained a very complex mixture Repeated thin layer
chromatography and HPLC finally gave 1n addition to
widespread compounds (see Experimental) the hignans
sesamun, e,a-ashantin, ee-sesartemun, e,a-, e,e- and a,a-
yangambin, which have been 1solated from the roots of
this species [5, 6], large amounts of absinthin (6) [18],
ludartin [19], anabsinthin [20] as well as the germacra-
nolide 1, the guaianolides 3, 4 and 5, three dimeric
guaianolides related to absinthin (7-9), the further dimer
10 related to estafiatin and the neryl derivative 12

The structure of 1, molecular formula C,;H,,0s;,

followed from the 'H NMR (Table 1) and the '3C NMR
spectral data (see Experimental) The presence of a
heliangohde could be deduced from the typical small
coupling Jg; m the 'H NMR spectrum at elevated
temperature, where all signals could be assigned by spin
decoupling The stereochemistry as well as the confor-
mation followed from the NOEs which have been
determined by NOE difference spectroscopy (see
Experimental) 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 indicated a 38-hydroxy
group

The structure of 3 could be deduced from the 'H NMR
spectrum (Table 1) which was 1n part close to those of
similar lactones Again all signals could be assigned by
spin decoupling The stereochemustry at C-1, C-2, C-5, C-
6, C-7 and C-11 followed from the couplings observed

The 'H NMR spectral data of 4 (Table 1) were close to
those of estafiatin However, the 13-H exomethylene
signals were replaced by a double quartet at 62 65 and a
methyl doublet at 41 13 Again all data agreed with the
presence of a 115-methyl group

The 'H NMR spectrum of § (Table 1) showed that
agam an epoxide was present (doublets at 63 83 and 3 67)
Inspection of a model indicated that the couplngs
observed agreed only with the proposed stereochemustry
The configuration at C-11 was deduced again from the
charactenistic NMR data, which also showed that we were
deahing with a derivative of dehydrocostuslactone Most
likely 1 was the common precursor for 3-5 as well as for 2,
the monomer of the dimeric guaianolide absinthin which,
however, so far has not been 1solated Probably this diene
1s very reactive and therefore only can be seen in
Diels-Alder-adducts like absinthin The structure and the
configuration of the latter has been studied for a long time
and finally was elucidated by high field *H NMR spectro-
scopy [18] We have confirmed agan the stereochemistry
by extensive NOE difference spectroscopy and spin
decoupling The '"H NMR spectrum of 7 (Table 2) was
very simular to that of 6 However, clear differences were
visible 1n the chemical shift of two signals, which by spin
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Table 1 'H NMR spectral data of 1, 3-5 and 11 (400 MHz, CDCl,;, TMS as
internal standard)

1(60°) 3 4 5 11
H-1 514brt 288dd 287ddd 305brd 255ddd
2 66ddd 214ddd 235brd

H-2 { 290m 481brs { 178ddd 383brd 228m
H-3 445dd 568brs 336brs 367d 547brs
H-5 537brd 307brt 235dd 269brd 278brt
H-6 569dd 406t 4041 408¢ 423dd

H-7 216dddd 240dddd 240dddd 244dddd 317dddd
H-8« 166brddd 193dddd 184 dddd 195dddd 225dddd
H-88 145dddd 142dddd 143dddd 137dddd 146dddd
H-% 202ddd 204ddd 206ddd 203ddd 198ddd
H-98 237brd 251ddd 231ddd 258ddd 170ddd

H-11  287dg  267dg 265dg 270dq —
H13  120d 116d 113d 1184 { gz:
s oo it o L
H-15 174brs 190d 158s {zﬁi 187brs
OH 151d

J (Hz) Compounds1 1,2 =1,2'=8,2,2=14,2,3=2,3=35,5,6 =11,6,7
=2,7,80=357,88=12,7,11 =9,8«,88 = 14, 8, 9a = 3 5,8x,98 = 8, 88, %«
=12,88,98=3,9, 98 = 14,11, 13 = 7, compounds 3-§ 5,6 =6,7 = 10; 7, 8«
=5,7,88=10;7,11 = 8,8a, 88 = 13,8a,9a = 5,8, 98 = 7 5,88,9a = 12,88,98
=5,92,98=135,11,13=7,compound 3 1,2=35,1,5=8,2,3=3,15~1,
compound4 1,2=175,1,2"=11,1,5=8,2,2 = 14,23 = 1,compound § 1,2
~051,5=9,23=25515=5,15 =25,compound 11 1,2=8,1,2=9,1,5
=8,2,2=18,56=10,6,7=95,7,82=6,7,88=11,7,13 = 35,7,13 = 3, 8a,
88 =14, 8a, 92 = 6, 82,98 = 5, 88, 9« =9, 88,98 =S
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*a and B at C-11' as followed from the formulae (no inverse absolute configuration)

decoupling could be assigned 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 allylic
coupling, while the H-6 signal here and also in the spectra
of 8-10 was a sharp doublet The coupling J, ;, was 8 Hz
indicating a 11 §-methyl group This was supported by the
13C NMR data While again most signals had the same
chemical shifts as those of 6, the shifts of the signals
assigned to C-7, C-8, C-11 and C-13 clearly differed
Inspection of a model showed that especially the observed
upfield shift of the C-8 signal 1n the spectrum of 7 was 1n

agreement with the expected effects Having the !*C shifts
of 6 and 7 at hand a few previous assignments [ 18] were
changed (Table 3) Again extensive NOE difference spec-
troscopy fully supported the proposed configuration at all
chiral centres (Table 4) Thus a clear NOE between H-1
and H-2' indicated the endo mode of the cyclo 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) again was stmilar
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Table 2 'H NMR spectral data of 6-10 (400 MHz, CDCl,;, TMS as internal standard)

6 7 8 9 10 (CsDg)* CDCl,

H-1 198brs 200brs 198brs 205brs — —
H-2 284 brdd 284brdd 291brdd 293 brdd {fggj: }228dd
H-3 555brs 555brs 559brs 561brs 232brs 255brs
H-6 472d 485d 473d 4914 462brd 474brd
H-7 180m 240dddd 180m 243dddd 135m
H-11  218dq 267dg 224dgq 271dq 187dq
H-13 1234 122d 126d 126d 107d 121d
H-14 117s 116s 116s 119s 127s 130s
H-15 177d 177brs 175d 178d 194d 191brs
H-1 228brs 227brs 237brs 238brs 304brddd 291brddd
H-2 281ddd 281ddd 284ddd 286ddd : g:f:
H-3 319brd 323brd 318brd 325brd 303brs 335brs
H-¢' 459brd 458brd 474brd 476brd 329dd 385dd
H-7 164m 170m 230dddd 231dddd 316dddd 328dddd
H-1V 223dq 218dg 260dq 262dg — —

, 157brdd
H-13 119d 119d 1154 1184 {204dd

, 483brd 483brd
H-14 129s 129s 087s 088s 478brd {469brd
H-15 194brs 193brs 1896brs 192brs 175s 157s
10-OH 215d 2154d 222brs 220brs

*H-5'255dd,H-8," 1 35m,H-8, 086 br ddd, H-9,' 1 99 ddd, H-9,' 1 57 ddd,J (Hz) Compounds
691,2=123=2522=4315=1567=10,11,13=7,112=4,2,3 =8,6,7 =11,
11,13 = 7,92, 0H = 2, (compound 7 7,11 =8,7,11' = 12,compound 8 7,11 = 12,7',11' = 8§,
compound 9 7,11 = 7,11’ = 8), compound 10 2,,2,=9,2,,3=15,2,3=2,13,=2,6,7
=11,6,15=157,11=12,11,13 =712, = 7,1,2, = 10,1',5 = 8 5,2,,2;,' = 14,5,6' =11,

6,7=857,8/=
9,9, =135,13,/,13," = 12, 14,/,14,' = 25

to that of 6 However, 1n this case more differences were
vistble While the signals of H-1-H-15 1n 8, which could be
assigned by spin decoupling, agreed with those of 6, the
signals of H-1’, H-6', H-15" and especially those of H-7', H-
11" and H-14' differed from those of 6 Accordingly, the
stereochemustry of 8 was altered in the left part of the
molecule The changed configuration at C-11’ led to a
smaller coupling J- ;; As n the case of 7 this caused a
clear upfield shift of C-8 in the *3C NMR spectrum of 8
Also the shifts of C-7, C-11' and C-13' were clearly
mfluenced Thus an 11'a-methyl group was present in 8
The clear upfield shift of the H-14’ signal in the tH NMR
spectrum of 8, obviously due to the shielding effect of the
A* double bond, indicated a changed configuration also
at C-10' NOE difference spectroscopy (Table 4) con-
firmed this assumption and also from the '3C NMR shuft
of C-14' the presence of an axial methyl could be deduced
The chemical shift of C-1-C-15, however, were close to
those of 6 As also the 'H NMR signals of H-1-H-15 were
nearly identical with those of 6, the stereochemstry of the
right hand mozety of the dimer therefore was the same 1n 6
and 8

The 'H NMR spectrum of 9 (Table 2) showed even
more differences to that of 6 Spin decoupling allowed the
assignment of nearly all signals The chemical shift of H-
11 as well as the coupling J, ,; indicated a 118-methyl
group The same 1s true for H-11', thus indicating an 11'a-
methyl too The chemical shift of H-14' further indicated

57,8,'=1228,,8,=13,8,,9,/=28,,9,=3,8,,9=9,8,,9,=3,

that the configuration at C-10' most likely was the same as
1 8 Again NOE difference spectroscopy (Table 4) con-
firmed these assignments and also the !*C NMR data
(Table 3) agreed with the proposed structure Accord-
ingly, to explain the formation of 6-9 the original presence
of the following monomers had to be assumed 5, 11-ep1-5
and 10,11-ep1-5, It 1s remarkable that absinthin (6), which
1s the main component, required the formation of 2, a
guaianolide with a C-11a-methyl, while all the monomeric
lactones, which were 1solated from the species, had a 118-
methyl group In all dimers (6-9) the OH protons showed
a coupling with H-9a, indicating 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
C30H3306, and thus differing from 6-9 by two less
hydrogens, could be deduced again from the 'H NMR
spectrum (Table 2) While some signals were similar to
those of 6 most were clearly different One of the olefinic
methyls of 6 obviously was replaced by an exocychc
double bond as followed from the downfield broadened
doublets at 4 83 and 478 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 1n 10 also followed from the H-6' signal, which now
was a double doublet, and from the broadened singiet at
6303 which sharpened on irradiation of H-2' signals



Dimeric guaianohdes from Artemisia sieversiana

Table 3 '3C NMR spectral data of 6-10 (CDCl,)

6 7 8 9 10
C-1 7144d 715d 713d 713d 712s
C-2 457d 456d 453d 454d 4561
C-3 1221d 12214 12244 12234 457d
C-4 1485s 1484s 1481s 1482s 13545
C-5 642s 6445 642s 645s 1474s
C-6 827d 827d 829d 828d 837d
C-7 467d 3994 496d 400d 468d
C-8 275t 237¢ 275t 238: 281t
C9 425¢ 423: 425¢ 424¢ 427t
C-10 719s 718s 720s 7195 764s
C-11 420d 405d 421d 407d 422d
C-12 1784s 1788s 1786s 1797s 17865
C-13 131¢ 110gq 130q 110q 1254
C-14 3234 322¢q 323q 322¢ 3219
C-15 137¢q 137¢q 137q 138¢ 1424
C-r 571d 571d 584d 584d 422d
C-2 46 5d 467d 472d 472d 24 3¢
C-3 589d 5894d 591d 5914d 640d
Cc-4 1349s  1350s  1352s  1353s 663s
C-5 1475s 1476s 1456s 1457s 507d
C-¢ 814d 814d 804d 804d 814d
C-7 494d 494d 440d 440d 546d
C-8 236t 2361t 224¢ 225t 289:
C-9 437t 437 4531 452¢ 331
C-10 741s 741s 757s 757s 14315
C-11 423d 423d 401d 401d 545s
C-12 1788s 1799s 1797s 1800s 183 3s
C-1% 1224 122¢ 92q 92q 385t
C-14 2944 2944 27¢q 227q 1135:
C-15 18 3¢ 1844 179¢ 180q 1844

Several signals of the left hand moiety were nearly
identical with those of estafiatin The absence of the
exomethylene H-13 signals indicated where the cyclo
addition had taken place as a pair of double doublets
obviously had to be assigned to the H-13' protons This
was supported by spin decouphng and some clear NOEs
(see Experimental) which further allowed the assignment
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of the whole stereochemustry at the various chiral centres
As followed from the downfield shift and the broadening
of the H-6 signal n the nght hand moiety of the molecule
a4,5-double bond was present, thus indicating that 10 was
not formed from the same monomer as 6 The stereo-
chemistry at C-1, C-3 and C-11’ followed from the
corresponding NOE:s if models were inspected A clear
NOE between 10-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 configuration at these centres and
showed that again from the possible eight different
possibilities one of the four endo modes of cycloaddition
had taken place The '*C NMR data (Table 3) also agreed
with the proposed structure 10 we have named
artisieversin

The structure of 12 easily could be deduced from the
'H NMR spectrum (see Experimental) which, of course,
was close to that of other neryl derivatives The relative
position of the 8-1sovaleroyloxy group followed from the
chemical shift of H-6 and H-9

The chemustry of A sieversiana agrees with a placement
m the Absinthium group [21] Further investigation,
however, may show whether these dimeric lactones are
more widespread

EXPERIMENTAL

The air dried aenal parts were extracted with MeOH-Et,0—
petrol, 1 1 1, at room temp and worked-up in usual fashion
(22] The column chromatography of the extract of Artemisia
Sfriguda (200 g, aenal parts, collected in the Mongolian Peoples
Republic, Téw-Aimak, Kerulen valley, 30 km NE of Mungen-
Mort, August 1983, voucher deposited 1n the Institute of Plant
Biochemustry at Halle, GDR) gave fractions as follows 1 (petrol),
2 (Et,O—petrol, 1 9), 3 (Et,O—petrol, 1 3and 1 1) and 4 (Et,O
and Et;0-MeOH, 9 1) TLC and GC/MS of fraction 1 showed
the presence of phenyl-hexa-2,4-diyne, germacrene D, « and §-
farnesene, caryophyllene and & and y-curcumene TLC of fraction
2 (Et,O-petrol, 1 9) gave 17 mg 6E-6 ring-, 16 mg 6Z-6 ring-,
10mg 6E-5 nng and 4mg 6Z-5 ning-spiroketal enol ether [3]
TLC of fractions 3 and 4 (Et,O-petrol, 3 1) afforded 12 mg
hanphyllin, 10 mg 11 (R0 55), 3 mg 11,13-dehydrodesacetylmat-
ricarin and 3 mg tanaparthin-a-peroxide

Table 4 NOEs with 7-10*

Irrad 7 Irrad 8 Irrad 9 Irrad 10

of NOE of NOE of NOE of NOE
H-1 H-7, H-2, H-3Y H-1 H-2, H-2', H-¥ H-1 H-2’, H-3 H-I’ H-5, H-14,'
H-1’ H-3 H-2 H-1, H-1', H-3, H-14 H-I’ H-3 H-5 H-1'

H-2 H-1, H-14 H-1 H-3 H-2 H-1 H-6 H-7

H-3 H-2, H-15, H-1' H-2 H-1, H-3, H-14' H-3 H-1 H-7 H-5, H-6
H-3 H-1 H-3 H-2, H-1’, OH H-14 H-2 H-8 H-6', H-13'
H-6 H-15 H-3 H-1, H-1’, H-15 H-14 H-2,H-6¢ H-14 H-2

H-7 H-1, H-11, H-3 10-OH H-3, H-6, H-14 H-14, H-1

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-¢'
H-15 H-6 10-OH H-%, H-14
H-15 H-3', H-¢'

10-OH H-3, H-6

*400 MHz, CDCl3, homonuclear NOE difference multiple experiments A, one control B (Bruker aspect 2000 pulse
programme) D1 = 0025, D2 = 25, DP = 40L, 500 cycles with 16 scans
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The extract of the aecrial parts of Artemisia sieversiana (2 kg,
collected 1n the Mongohan Peoples Republic, Bulgan-Aimak,
30 km E of Chutang, July 1983, voucher deposited 1n the Insti-
tute of Plant Biochemustry at Halle, GDR), gave the following
crude CC fractions. 1 (petrol and Et,O-petrol, 1 9, 072g), 2
(Et;O—petrol, 1 3, 23g), 3 (Et,O-petrol, 1 1, 26g), 4 (Et,0,
2.3g), 5 (Et;0-MeOH, 9 1, 200g) and 6 (Et,0-MeOH, 3 1,
11 g) from which only a defimite part was separated further TLC
(petrol) of 160 mg of fraction 1 gave 25 mg germacrene D and
14 mg a-curcumene TLC of 100 mg of fraction 2 (Et,O—petrol,
1 4) gave 7 mg neryl 1sovalerate and 10 mg 12 (R, 030) TLC of
100 mg of fraction 3 (Et,O-petrol, 3 7) afforded further 10 mg
12 TLC of 200 mg of fraction 4 (C4H¢—CH,Cl,-Et,0,2 2 1)
gave 1 5mg 12 and 25 mg sesamin Repeated CC of fraction §
gave the following fractions 5/1 (Et,O—petrol, 1 1, 06g), 5/2
(Et,O—petrol, 11 9, 223 g), 5/3 (Et,O—petrol, 3 2, 226 g), 5/4
(Et,O-petrol, 3 11,44 g), 5/5 (Et,0, 3 88 g), 5/6 (Et;O-MeOH,
20 1, 40g) and 5/7 (Et;O0-MeOH, 20 1, 14g) TLC of 5/1
(Et;O~petrol, 1 1) gave 360 mg 12 and 60 mg e,a-ashantin TLC
of 200mg of 5/2 (Et,0O) gave three bands (5/2/1-5/2/3). HPLC of
5/2/1 (RP 8, MeOH-H;O, 3 2, ca 100 bar, flow rate 3 ml/mn)
afforded 1 mg 4 (R, 90 min), 05 mg ludartin (R, 95 mun) and
26 mg 1 (R, 11 min) TLC (Et,0) of 5/2/2 gave 21 mg 1 and
35 mg e,a-ashantin and TLC (Et;0) of 5/2/3 afforded 9 mg e.e-
sesartemin TLC of 400 mg of 5/3 (C¢Hs—CH,Cl,-Et,0,1 1 1)
gave three bands (5/3/1-5/3/3) TLC (Et,0) of 5/3/1 gave 10 mg
e,a-ashantin and a mixture, which on HPLC (MeOH-H,0, 7 3,
conditions s.a.) gave 1 mg 8 (R, 5 5mun) and 33mg e,a-ashantin (R,
7 5 mm). TLC of 5/3/2 (Et,O) gave 41 mge,a-ashantin, 55 mge,e-
sesartemin and 6 5mg 10 (R, 03). 5/3/3 contamned 125mg 1
TLC of 300 mg of 5/4 (Et,0, two developments) gave five bands
(5/4/1-5/4/5) TLC of 5/4/1 (CsH¢—CH,Cl,-Et,0,1 1 1)gave
5 mg e,a-ashantin, 10 mg 1 and 4 5 mg 10, 5/4/2 contamned 43 mg
e,e-sesartemin, 5/4/3 on repeated TLC (Et;0) gave 12 mg e,a-
yangambin, 9 mg e,e-scsartemun and 13 mg 3 (R, 025) 5/4/4
contained further 13mg 3 and 5/4/5 contaned 17mg aa-
yangambin 5/5 contamned a muxture of ea-, ee- and aa-
yangambin (ca2 1 6)and 5/6 contained 2.4 g 6 TLC of 400 mg
of 5/7 (Et;O-MeOH, 50 1, two developments) gave four bands
(5/7/1-5/7/4) 5/1/1 afforded 5 mg a,a-yangambin, 5/7/2 7 mg 6,
5/7/3 9mg 6 and 4 5 mg 8 and 5/7/4 was a mixture, which by
HPLC (MeOH-H,O, 1 1, condition as above) afforded 5 5 mg
anabsinthin (R, 57min), 7mg 9 (R, 75mm), 195mg 8 (R,
8 5mn), 10 mg 7 (R, 10 mun) and 2 5 mg 6 TLC of 200 mg of
fracion 6 (Et;O0-MeOH, 20 1) gave 1mg 3, 9mg aa-
yangambin, 40 mg 6 and 10 mg of a mixture of 7-9 Known
compounds were identified by comparing the 400 MHz
'H NMR spectra with those of authentic matenal or by ngorous
structure elucidation using all spectroscopic methods and by
comparison with data from the hiterature Though the lactones
were homogeneous by !H NMR and TLC in different solvent
muxtures and by HPLC they could not be induced to crystallize

11a,13-Dihydro-4-Z-hanphylhn (1) Colourless oil, IR vSHCL
cm™! 3600 (OH), 1760 (y-lactone), MS m/z (rel nt) 250157
[M]* (36) (calc for C,;H,,0; 250157),232[M —H,0]"* (12),
177 (22), 159 (38), 123 (46), 95 (96), 81 (62), 67 (58), 55 (100),
I3C NMR (CDCl,, C-1-C-15) 12164, 319¢, 767d, 14015,
126 1d,814d,452d,248¢,402¢, 13795, 3674, 17965, 1094,
1754, 2339, NOE between H-1 and H-7, H-3 and H-15, H-11
and H-5, H-14 and H-6, H-15 and H-3, H-5, H-6

(ol = 589 578 546 436nm
" T 220 =21 -24 —47

2p-Hydroxy-8-desoxy-11a,13-dihydrorupicolin B (3) Colour-
less oil, IR v€Chcm™! 3600 (OH), 1780 (y-lactone); MS m/z
(rel 1nt) 248141 [M]* (2) (calc for C,sH;,0; 248 141),

(c 029, CHCly)
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233 [M—Me]* (4), 230 [M —H,0]* (8), 166 (74), 93 (100),

2 580 578 546 436nm
[0]3e =
+148 +152 +174 +311

11e,13-Dihydroestafiatin (4) Colourless oi, IR vECkcm™!
1780 (y-lactone), MS m/z (rel int) 248 141 [M]* (17) (calc for
CysH,00, 248 141), 233 [M — Me]* (63), 230 [M ~ H,0]* (9),
220 [M—CO]* (6), 205 [233~CO]* (7), 97 (100),

2 589 578 546 436nm
[a)3e =
+94 +110 +120 +204

2a,3a-Epoxy-11a,13-dihydro-dehydrocostuslactone )
Colourless o1l, IR v€Cl cm~! 1780 (y-lactone), MS m/z (rel int )
246126 [M]* (31) (calc for C,sH,30; 246126), 218 [M
—CO]* (17), 95 (93), 55 (100)

11-Epiabsinthin (7) Colourless, viscous oil, IR VnCExl‘ cm~!
3560 (OH), 1785 (y-lactone), MS m/z (rel int ): 496 282 [M]* (3)
(calc for C;oHoOs 396 282), 248 [C,sH,,03, RDA]" (100),
233[248 — Me]* (24),230[248 — H,0] " (81),215[230— Me]*
(12), 205 [233 - CO]* (41),

2 580 578 546 436nm
[a)3e =
+159 +165 +188 +315

10',11'-Epiabsinthin (8) Colourless, viscous oil, IR vk cm ™!
3620, 3340 (OH), 1770 (y-lactone), MS m/z (rel int) 496282
[M]* (@) (calc for C3oHoOs 496 282), 478 [M —H,0]* (1),
248 [C,sH;,0,, RDA]* (100), 233 [248 — Me]™* (27), 230 [248
—~H,01* (58), 215 [230—Me]* (91), 205 [233 —CO]* (41),

2 589 578 546 436nm
[“]u":
+107 +113 +127 +216

11,10,11'-Epiabsinthin (9) Colourless, viscous oil, IR vgg{‘
em~! 3620 (OH), 1780 (y-lactone), MS m/z (rel nt)
496282 [M]* (15) (calc for CioH,00s 496282), 478 [M
—H,0]" (05), 248 [C,5H;005, RDA]* (91), 233 [248 — Me]*
(27), 230 [248 — H,0]* (100), 215 [230—Me]* (94), 205 [233
-COJ]* (51),

2 589 578 546 436nm
[“]14°=
+46 +51 +57 +94

Artesteversin (10) Colourless, viscous oil, IR VHCEXI. cm™! 3620,
3460 (OH), 1780 (y-lactone), MS m/z (rel nt) 494 [M]* (0 1),
476256 [M —H,0]" (35) (calc for C3oH;605 476 256), 248
[CisH1003, RDA]* (75), 233 [248-—Me]* (24), 231
[CisH;50,]* (78), 230 [248 —H,0]* (100), 215 {230 - Me]*
(62), 205 [233 - CO]* (63), 97 (99)

8-Desoxycumambrin B (11) Colourless o1l, IR v§Slcm™*
3600 (OH), 1775 (y-lactone), MS m/z (rel int) 248 141 [M]* (8)
(calc for C,sH,,0; 248 141), 230 [M — H,0]* (100), 215 [230
—Me]* (17), 187 [215—CO]* (17), 173 (90), 107 (94), 55 (98)

8-Isovaleryloxy-nerylisovalerate (12) Colourless oil, IR vECk
em™! 1735 (CO,R), MS m/z (rel int) 338246 [M]*
(05) (calc for C,oH;3,0, 338246), 237 [M—OCOR]"* (43),
236 [M—RCO,H]* (15), 134 [236—RCO.H]* (100), 119
[134—Me]* (52), 85 [RCO]* (14), 57 [85—CO]* (98),
'H NMR (CDCls) 4 55 brd (H-1),5 36 brt (H-2),2 15m (H-4, H-
5), 544 brt (H-6), 444 brs (H-8), 1 76 br s (H-9), 1 64 br s (H-10),
221d (H-2), 211tgq (H-3'), 094d and 092d (H-4, H-5),
J[Hz] 1,2=56=2,3=3,4=3,5=7)

(c 021, CHCl,)

(c 005, CHCl,)

(c 034, CHCl,)

(c 062, CHCl,)

(c 035, CHCly)
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