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Abstract—The aerial parts of Artemisia adamsu afforded, among several known compounds, arborescin as the mam
constituent Furthermore, 11 new guaianolides, all related to arborescin, were present in minute quantities The

structures were elucidated by spectroscopic methods and the biogenetic relationships are discussed briefly

INTRODUCTION

More than 100 species have been studied chemically from
the large genus Artemisia (tribe Anthemudeae) Although
many different types of sesquiterpene lactones have been
reported, eudesmanolides and guaianolides are the most
common [1] We have now studied a Mongolian species,
Artemisia adamsu Bess, which so far has only given
phenolic compounds [2]

RESULTS AND DISCUSSION

The aerial parts of A adamsu afforded camphor,
bisabolol, 4p,10a-dihydroxyaromadendran [3], the
coumarins scopoletin, O-methylscopoletin, di-O-methyl-
fraxetin, 11p,13-dihydrohanphyllin {4], desacetoxy-
matricarin 5], 118,13-dihydrokauniolide [6), arborescin
1] 7] and 11 further guaianohdes which are all related to 1
Careful *H NMR 1nvestigations led to the structures
2-13 From comparison of the 'H NMR spectrum of 2
(Table 1) with that of 1, the presence of 8a-hydroxy-
arborescin could be deduced The additional low-field
signal at 43 85, which was coupled with H-7, showed two
larger couplings indicating that the corresponding hydro-
gen was f-orientated As expected, the hydroxyl group
caused small downfield shifts of the neighbouring
protons

The lactone 5 obviously was a hydroperoxide, as could
be deduced from the low-field signal at &807
Accordingly, triphenylphosphine reduction afforded Sa
As followed from the 'H NMR spectrum of 5a (Table 1),
the A*-double bond of 1 was replaced by a A*-double
bond (6563d and 626d, J = 6 Hz), and 1nstead of an
olefinic methyl signal, a singlet at 1 55 was present In
agreement with the molecular formula therefore an
additional hydroxyl group, most likely at C-4, had to be
assumed All other signals were close to those of 1, which
could all be clearly assigned by spin decoupling The only
remaining question therefore was the configuration at C-
4 This was established by NOE difference spectroscopy
Clear effects were visible between H-15 and H-3 and H-6,
between H-2 and H-14, between H-6 and H-11, and
between OH and H-5 These results further allowed the

assignment of the signals of the isolated double-bond
protons (H-2 and H-3) and confirmed the configuration of
the epoxide The 'H NMR data of 6a and 6b (Table 1)
were very close to those of Sa, but the molecular formula
was different Although no molecular 10n was detectable,
m/z 267 obviously was formed by loss of methyl As only
the signals of H-2, H-3, H-5 and H-15 showed shift
differences, most hikely these lactones differed only in the
stereochemustry at C-1 Asin the 'H NMR spectrum of 6a
the H-5 signal was at lower field compared with the shift in
the spectrum of 6b, the 1-hydroxyl group most likely was
o-orientated 1n 6a Therefore, both compounds were
artefacts formed by hydrolysis of the epoxides during the
lengthy separation

The 'H NMR spectrum of 7 (Table 2) again indicated
the presence of a hydroperoxide Tnphenylphosphine
reduction afforded a diol (7a), the 'H NMR spectrum of
which showed that the signals of H-5 and H-6 were shifted
as1n the case of Sand 5a Accordingly, the hydroperoxide
was at C-4 and not at C-1, where the second hydroxyl
group should be placed The presence of an exo-
methylene group at C-10 could be deduced from the
corresponding signals (64 97 and 4 77 brs) Spin decoup-
ling allowed the assignment of all signals, thus leading to
the proposed structure of 7 A clear NOE between H-15
and H-6 and H-3 indicated the presence of a 48-methyl
group

A low-field broad singlet at 67 63, which disappeared
on addition of triphenylphosphine, 1n the spectrum of 8
(Table 1) again indicated the presence of a hydroperoxide
Irradiation of the broadened triplet at 6506 sharpened
the H-6 doublet Accordingly, homoallylic coupling was
present and the oxygen function was at C-3 However, the
stereochemustry at this carbon could not be established as
no clear NOEs were obtained and the couplings of H-3
did not allow a defimite decision The 'H NMR spectrum
of 9 was 1dentical with that of the product obtained by
reduction of 8 All signals in the spectra of §and 9 could be
assigned by spin decoupling. The couplings observed
clearly indicated that the stereochemistries at C-6, C-7 and
C-11 were the same as those 1n arborescin, which surely
was the precursor of 8

The spectrum of 10 (Table 1) showed that a keto group
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6a 1o 0H
6b 18 0H

1 12

was at C-3 Accordingly, now the H-2 signals were
downfield-shifted doublets (62 48 and 2 57) All the other
signals were close to those of 9 Therefore the configur-
ations at C-6, C-7 and C-11 were obviously the
same

The 'H NMR spectra of 3 and 4 (Table 1) were stmilar
but differed characteristically in a few signals Spin
decoupling allowed the location of the functional groups
and the presence of a hydrogen bond 1n 3 followed from
the clear coupling J, oy and from the IR spectrum
Accordmngly, 3 was the %a-hydroxy derivative of 1 and 4
was the 2f-1somer

The 'H NMR spectral data of 11 (Table 2) was very
simular to that of estafiatin [8] However, the signals of the
methylene protons were replaced by a methyl doublet
Accordingly, most lkely 11B,13-dihydroestafiatin was
present The stereochemistry was established by NOE
difference spectroscopy, which showed clear effects be-
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OH 8 X=00H,H

9 X=0H,H
10 x=0

13

tween H-15 and H-6 and between H-1 and H-9a

The 'H NMR spectrum of 12 and 13 (Table 2) showed
that these lactones differed only in the posttion of one of
the double bonds While 13 obviously had a 10,14-double
bond, spin decoupling showed that in the spectrum of 12
the broadened double-doublet at 4542 was due to H-9
and the methyl signal at 61 90 was that of H-14 The
sequences obtained by the decoupling experiments led to
the proposed structures

The chemustry of this Artemisia species 1s characterized
by the presence of 118,13-dihydroguaianohdes all closely
related to dihydrokaumolide {6], the precursor of des-
acetoxymatricartn, and arborescin, the precursor of 2-10
The coumarins 1solated have been reported in many
Artemisia species The co-occurrence of coumarins
and arborescin-derived lactones may be of chemotaxo-
nomic importance, since this 1s observed only 1n a group of
Artemisia species
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Table 2 'H NMR spectral data of 7, 7a and 11-13 (400 MHz, CDCl,, TMS as internal

standard)

7 7a 11 12 13
H-1 — — 290brdd — —
H-2 21lm 262brd 295brd
Hy (574 3604 179ddd 253brd 241brd
H-3 605d 5924 337brs 557brs 552brs
H-5 265d 2394 229dd 258brd 266brd
H-6 405dd 411dd 397dd 390dd 381dd
H-7 235dddd 233dddd 191 dddd 2 11dddd 203 dddd
H-8« 217m 225m 211m 201m 216m
H-88 13lm 130m 1 34dddd 216m 129 dddd
H-% 282ddd 282ddd 229m S47brd 248ddd
H-9p 229brd 225m 211lm 235m
H-11 223dq 2244dq 222dgq 2224dq 216dg
H-13 126d 1254 1214 124d 122d
H-14 497 brs 495brs 490brs 190 brs S12brs
H-14 477d 4744 483brs 503brs
H-15 130s 132s 158s 195brs 189brs

J (Hz) Compounds 7and 78 2,3=6,5,6=11,6,7=10,7,8¢=25,7,88 =10, 7,
11 =12,84,9a =4,88,9a = 92,98 = 13,96,14' = 1,11,13 = 7,compound 11 1,2 =9,
1,2 =10,1,5=8,2,2=14,2,3=1,5,6=6,7=105,7,8¢=5,7,88=12,7,11 = 12,
8, 88 = 15,88,98 = 5,88,9a ~ 10,11,13 = 7,compound 13 2,2' = 17,5,6 = 6,7 = 10,
7, 8c=4,7 88=11,7 11 =12, 8a, 88 =13, 88, 9a =12, 88, 9 =4, 11, 13 =17,
compound 12 2,2' = 16,5,6 = 11,6,7 = 10,7,8x = 4,7,88 = 10,7,11 = 12,8a,9 = 2,86,

9=4,11,13=7

EXPERIMENTAL

The air-dned aenal parts (600 g, collected in the Mongohan
Peoples Republic near Bulgam, July 1983, voucher 28, deposited
at the Academy of Science, Institute of Biochemustry at Halle,
G DR) was extracted with MeOH-Et,O-petrol (1 1 1) The
extract obtained was stored in Et,O for several days at —25°,
affording 500 mg crystalline arborescin 1, mp 144° (it [7] 145°)
The remaining extract was worked up in the usual way [9]
Fractions obtained by CC ($10,) were as follows 1 (petrol and
Et,O-petrol, 1 9), 2 (Et,O—petrol, 1 3 and Et;O-petrol, 1 1), 3
(Et,0) and 4 (Et;0-MeOH, 9 1) TLC (810;) of fraction 1
(Et,O0-petrol, 1 9)afforded 110 mgcamphor and 7 mg bisabolol
Fraction 2 gave, on TLC (Et,O-petrol, 1 3), 15 mg scopoletin,
7 mg O-methylscopoletin and 20 mg di-O-methyl fraxetin, while
TLC of fraction 3 (Et,O—petrol, 3 1) afforded 43 mg desacetoxy-
matricarin, 100 mg 118,13-dihydrohanphyllin, 10mg 118,13-
dihydrokauniolide, 150 mg 1, 1 mg 4p,10a-dithydroxyaroma-
dendrane Fraction 4 was separated again by CC into two
fractions (4/1and 4/2) TLC (C;Hg—CH,Cl,-Et,0,1 1 1)of4/1
gave four bands (4/1/1-4/1/4) HPLC (RP 8, MeOH-H,0, 1 1,
always ca 100 bar, flow rate 3 ml/min) of 4/1/1 gave 4 mg 8 (R,
45mm) and 7mg S (R, 65mm) TLC of 4/1/2
(CcsH¢~CH,Cl,-Et,0, 1 1 1) gave three bands (4/1/2/1-3)
HPLC (RP 8, MeOH-H,0, 3 2) of 4/1/2/1 gave 3mg 11 (R,
9 5 mun), HPLC of 4/1/2/2 (MeOH-H,0, 1 1) gave i mg 13 (R,
12 8 min)and 2 mg 12 (R, 14 3 min)and that of 4/1/2/3 gave 4 mg
7 (R, 75 min) HPLC of 4/1/3 (MeOH-H,0, 1 1) gave Tmg 7
(R, 75 min) and HPLC of 4/1/4 (MeOH-H,0, 11 9)1 mg 3 (R,
104 mmn) TLC of 4/2 (C¢H¢—CH,Cl,-Et,0, 1 1 1) gave two
bands (4/2/1 and 2) HPLC of 4/2/1 (MeOH-H,0, 11 9)
afforded 2 mg 4 (R, 9 7 min) and 1 mg 3 (R, 104 min) HPLC of
4/2/2 (MeOH-H,0, 11 9) gave a fraction, which after the
addition of triphenylphosphine and TLC (C4H4—CH,Cl,-Et,0,
1 1 1)and HPLC (see above) gave 6 mg 6a (R, 3 1 min), 9 mg 10

(R, 6 5 min) and a mixture which after the addition of triphenyl-
phosphine on repeated HPLC (MeOH-H,0, 13 7) afforded
1 mg 6b (R, 34 min) and 1 mg 9 (R, 3 7 min) Due to the minute
amounts obtained, the lactones 2-13 could not be induced to
crystallize They were homogeneous by TLC and HPLC m
different solvent systems and showed no mmpunties n the
400 MHz 'H NMR spectra

8a-Hydroxyarborescin (2) Colourless oil, IR vgf,"‘ cm~! 3600
(OH), 1780 (y-lactone), MS m/z (rel nt) 264136 [M]"*
(16) (calc for C,sH,00, 264 136), 231 [M —H,0 —Me]* (24),
203 [231-CO]* (32), 107 (86), 96 (100)

X 589 578 546 436nm
[“]24°=
+58 +60 +66 +197

2a-Hydroxyarborescin (3) Colourless oil, IR v¢HCh em ™
3500 (OH), 1770 (y-lactone), MS m/z (rel int) 264136 [M]*
(25) (calc for C;sH;00, 264 136), 246 [M —H,0]* (3), 218
[246 —CO]* (5), 203 [218 — Me]* (35), 55 (100)

28-Hydroxyarborescin (4) Colourless oil, IR vSHClcm ™!
3600 (OH), 1770 (y-lactone), MS m/z (rel int) 264 136 [M]*
() (calc for C,sH;00, 264136), 249 [M—Me]* (6), 246
[M ~ H,0]* (10), 231 [246 — Me]* (9), 55 (100)

4a-Hydroperoxy-2,3-dehydro-3,4-dihydroarborescin 5
Colourless oil, IR vEHCs cm™* 3520 (OH), 1770 (y-lactone), MS
(CI, 1sobutane) 281 [M +1]* (39), 263 [281 — H,0]* (83), 247
{281 —H,0.]"* (100),

589 578 546 436nm
()20 = 165 —110 —126 —200

To 5mg 5 m 05ml CDCl,;, 10 mg triphenylphosphine was
added After Smun the 'H NMR spectrum had completely
changed to that of 5a (Table 1)

Products of hydrolysis of Sa 6a Colourless oil,
IR vGHCL cm ™! 3600 (OH), 1770 (y-lactone), MS m/z (rel nt)

(CHCl,, ¢ 02)

1

(CHCl,, ¢ 05)
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267 [M—Mel* (6), 264136 [M—-H,0]" (6) (alc for
CysH200, 264 136), 246 [264 - H,0]* (8), 231 [246—Me]*
(8), 111 (71), 95 (100) 6b Colourless onl, IR vSHCh em ™! 3600
(OH), 1770 (y-lactone), MS m/z (rel mt} 267 [M —Me]* (15),
264136 [M —H,0]* (10) (calc for C,sH,,0, 264 136), 246
[264 — H,0]"* (12), 188 (68), 55 (100)

1a-Hydroxy -4a-hydroperoxy-11pH-guaia-2,10(14)-dien-6¢,
12-ohde (7) Colourless oi, IR v{HCh em™? 3500 (OH), 1770
(y-lactone), MS m/z (rel nt) 262 120{M — H,0]* (1 5) (calc for
C,sH,50, 262129), 247 [M — OOH]* (4), 219 [262 - OOH]*
(3), 55 (100} Addition of triphenylphosphine gave 7a, colourless
oil, '"H NMR see Table 1

3-Hydroperoxy-4,5-dehydro-3,4-dihydroarborescin 8
Colourless ol, IR vEHCL cm ~! 3580 (OH), 1770 (y-lactone), MS
m/z (rel nt) 262120 [M—H,0]* (2) (calc for C,;H,50,
262 120), 246 [M ~H,0,]% (3), 188 (8), 73 (100), MS (CI,
1sobutane) 281 [M +1]* (44), 263 [281 —~H,0]* (100), 247
[281—H,0,]" (88)

[a] 589 578 546 436nm
o o =
WS g -9 ~10 —15

(CHCl,, ¢ 03)

Addition of triphenylphosphine afforded an alcohol, identical to
9 (*H NMR)

3-Hydroxy-4,5-dehydro-3 4-dihydroarborescin (9) Colourless
oil, IR v$HCcm ™2 3600 (OH), 1770 (y-lactone), MS myz (rel
mnt) 264136 [M]* (4) (calc for C,sH,00, 264 136), 246 [M
- H,0]* (8), 231 [246 —Me]" (4), 218 [246—CO]* (9), 203
{218 — Me]™ {21), 188 (24), 55 (100)

3-Ox0-4,5-dehydro-3,4-dihydroarborescin (10) Colourless oil,
IR vCHCh cm = 1780 (y-lactone), 1720 (C=0), MS m/z (rel nt)
262 120[M]* (1) (calc for C,5H,30, 262 120),234[M —CO]*
(10), 219 [234 — MeJ* (2), 165 (24), 55 (100)

[a]} 589 578 546 436nm

o]54 =

W25 26 -30 —67
3a4a-Epoxy-115H-guaia-10(14)-en-6a,12-olide (11} Colour-

(CHCl,, ¢ 06)

1007

less oil, IRvEeem™ 1780 (y-lactone), MS m/z (rel nt)
248 141 [M]* (6) (calc for C,sH,00; 248 141), 233 M — Me]*
(36), 97 (79), 55 (100)

la-Hydroxy-118,13-dihydrokaumolide (12} Colourless o1,
IR vEHCL ¢cm=* 3600 (OH), 1770 (y-lactone), MS m/z (rel
mt) 248141 [M]* (56) (calc for C;sH00, 248 141), 233
[M—Me]* (30), 230 [M — H,0]* (22), 220 [M—CO]* (22),
215 [230 —Me]* (18), 205 [220—Me]* (18), 150 (82), 55 (100)

la-Hydroxy-5a,11 fH-guara-3,10(14)-dien-6a,12-ohde  (13)
Colourless oil, IR v§HC: em ™! 3600 (OH), 1765 (y-lactone), MS
m/z (rel mt) 248 141 [M]* (37) (calc for C,sH;00, 248 141),
233 [M —Me]* (9), 230 [248 —H,O]" (8), 205 [233 —CO]*
(32), 175 (87), 55 (100)

589 578 546 436nm
+18 +21 +23 +43

[0)ip = (CHCl;, ¢ 01)
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