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Abstract-The aerial parts of Artemlsla adamsn afforded, among several known compounds, arborescm as the mam 
constituent Furthermore, 11 new gualanohdes, all related to arborescm, were present in minute quantities The 
structures were elucidated by spectroscopic methods and the biogenetic relatlonshlps are discussed briefly 

INTRODUCTION 

More than 100 species have been studled chenucally from 
the large genus Artemwa (tribe Anthermdeae) Although 
many different types of sesqulterpene lactones have been 
reported, eudesmanohdes and guaianohdes are the most 
common [ 1) We have now studied a Mongolian species, 
Artemwa adamsrl Bess, which so far has only given 
phenohc compounds [2] 

RESULTS AND DISCUSSION 

The aerial parts of A adamw afforded camphor, 
blsabolol, 4j?,lCk+dlhydroxyaromadendran [3], the 
coumarms scopoletm, 0-methylscopoletm, dl-O-methyl- 
fraxetm, 1 l&l 3-dlhydrohanphylhn [4], desacetoxy- 
matncarm [S], 1 l&l 3dlhydrokaumohde [6], arborescm 
1 L7] and 11 further gualanohdes which are all related to 1 
Careful ‘H NMR mvestlgatlons 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- 
arborescm could be deduced The additional low-field 
signal at 63 85, which was coupled with H-7, showed two 
larger couphngs mdlcatmg that the correspondmg hydro- 
gen was /I-orientated As expected, the hydroxyl group 
caused small downfield shifts of the naghbourmg 
protons 

The lactone 5 obviously was a hydroperoxlde, as could 
be deduced from the low-field signal at 68 07 
Accordingly, trlphenylphosphme reduction tiorded Sa 
As followed from the ‘H NMR spectrum of 5a (Table 1), 
the A3double bond of 1 was replaced by a A*double 
bond (65 63 d and 6 26d, J = 6 Hz), and instead of an 
olefimc methyl signal, a singlet at 61 55 was present In 
agreement wrth the molecular formula therefore an 
additional hydroxyl group, most hkely 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 
remammg question therefore was the configuration at C- 
4 This was established by NOE difference spectroscopy 
Clear effects were vlslble 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 epoxlde The ‘H NMR data of 6a and 6b (Table 1) 
were very close to those of 5a, but the molecular formula 
was different Although no molecular ion 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 likely these lactones differed only m the 
stereochemistry at C-l As m the ‘H NMR spectrum of 6a 
the H-5 signal was at lower field compared with the shift m 
the spectrum of 6b, the 1-hydroxyl group most likely was 
a-orientated m 6a Therefore, both compounds were 
artefacts formed by hydrolysis of the epoxldes durmg the 
lengthy separation 

The ‘H NMR spectrum of 7 (Table 2) again indicated 
the presence of a hydroperoxlde Tnphenylphosphme 
reduction afforded a dlol(7a), the ‘H NMR spectrum of 
which showed that the signals of H-5 and H-6 were shifted 
as m the case of 5 and Sa Accordmgly, the hydroperoxlde 
was at C-4 and not at C-l, 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 br s) Spm decoup- 
ling allowed the assignment of all signals, thus leading to 
the proposed structure of 7 A clear NOE between H-l 5 
and H-6 and H-3 mdlcated the presence of a 4/3-methyl 
group 

A low-field broad singlet at 67 63, which disappeared 
on addition of tnphenylphosphme, m the spectrum of 8 
(Table 1) again indicated the presence of a hydroperoxlde 
Irradlatlon of the broadened triplet at 65 06 sharpened 
the H-6 doublet Accordmgly, homoallyhc couphng was 
present and the oxygen function was at C-3 However, the 
stereochermstry at this carbon could not be established as 
no clear NOES were obtamed and the couphngs of H-3 
did not allow a definite decunon The ‘H NMR spectrum 
of 9 was identical with that of the product obtamed by 
reduction of 8 All signals m the spectra of 8 and 9 could be 
assigned by spin decouphng. The couphngs observed 
clearly indicated that the stereochenustrles at C-6, C-7 and 
C-l 1 were the same as those m arborescm, which surely 
was the precursor of 8 

The spectrum of 10 (Table 1) showed that a keto group 
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1 2 3 4 
R H OH H H 

R' H H aOH POH 

6a 1~0~ 

6b ISOH 

11 

ii R=OH 

%I R=H 

7 R=OH 

78 R=H 

was at C-3 Accordmgly, now the H-2 signals were 
downfield-shifted doublets (S2 48 and 2 57) All the other 
signals were close to those of 9 Therefore the configur- 
atlons at C-6, C-7 and C-11 were obviously the 
same 

The ‘H NMR spectra of 3 and 4 (Table 1) were slmdar 
but differed charactenstlcally m a few signals Spm 
decoupling allowed the location of the functional groups 
and the presence of a hydrogen bond m 3 followed from 
the clear coupling Jz 
Accordmgly, 3 was the 

H 
s 

and from the IR spectrum 
a-hydroxy detlvatlve of 1 and 4 

was the 2@omer 
The ‘H NMR spectral data of 11 (Table 2) was very 

smular to that of estafiatm [8] However, the signals of the 
methylene protons were replaced by a methyl doublet 
Accordingly, most likely 1 l/3,1 3-dlhydroestafiatm was 
present The stereochemistry was estabhshed by NOE 
difference spectroscopy, which showed clear effects be- 

8 X=OOH,H 
9 X=OH,H 
10 x=0 

13 

tween H-15 and H-6 and between H-l and H-9a 
The ‘H NMR spectrum of 12 and 13 (Table 2) showed 

that these lactones differed only m the position of one of 
the double bonds While 13 obviously had a lOJ4-double 
bond, spm decouplmg showed that m the spectrum of 12 
the broadened double-doublet at 65 42 was due to H-9 
and the methyl signal at 6190 was that of H-14 The 
sequences obtained by the decouphng experunents led to 
the proposed structures 

The chermstry of this Artemwa species IS charactermzd 
by the presence of 1 l/3,1 3-dlhydroguamnohdes all closely 
related to dlhydrokaunlohde [6], the precursor of des- 
acetoxymatncarm, and arborescm, the precursor of 2-10 
The coumarms isolated have been reported in many 
Artemwa species The co-occurrence of coumarms 
and arborescm-denved lactones may be of chemotaxo- 
nonuc importance, since this IS observed only ma group of 
Artemwa species 
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Table 2 ‘H NMR spectral data of 7,7n and 11-13 (400 MHz, CDC&, TMS as Internal 
standard) 

7 7s 11 12 13 

H-l 
H-2 
H-2 

573d 

H-3 ’ 605d 

H-5 2651 

H-6 405dd 
H-7 2 35dddd 

H-8a 2 17m 
H-8/3 131m 
H-9a 2 82ddd 
H-9/l 2 29brd 

H-11 223dq 

H-13 126d 

H-14 497brs 

H-14 4771 

H-15 130s 

560d 

5921 

2391 

411dd 
2 33 dddd 

225m 

130m 

2 82ddd 

225m 

2 24dq 

125d 

495brs 

4741 

132s 

290brdd 

211m 
179ddd 
337brs 

229dd 

3 97dd 

191 dddd 

211m 
134dddd 
229m 
211m 
2 22dq 

121d 
490brs 

483brs 

158s 

- 
262brd 

253brd 

557brs 

258brd 

3 90dd 
2 lldddd 
201m 
216m 

547brd 

222dq 

124d 

19Obrs 

195brs 

295brd 

241 brd 

552brs 

266brd 

381dd 

2 03 dddd 

216m 
129 dddd 

2 48 ddd 

235m 

2 16dq 

122d 

5 12brs 
503brs 

189brs 

J (Hz) Compounds 7 and 7a 2,3 = 6, 5,s = 11,6,7 = 10, 7,8a = 2 5,7,8/l = 10, 7, 
11=12,8a,9a=4,8~,9a=9a,9~=13,9~,14’=1,11,13=7,compoundll 1,2=9, 
1,2’=10,1,5=8,2,2’=14,2,3=1,5,6=6,7=105,7,8a=5,7,8~=12,7,11=12, 
8a,8~=15,8~,9~=5,8~,9a-10,11,13=7,compound132,2’=17,5,6=6,7=10, 
7,8a=4, 7,8/?=11,7, 11=12, 8a, 8/7=13,8fi,90:=12, 88,9b=4, 11, 13=7, 
compound122,2’=16,5,6=11,6,7=10,7,8a=4,7,8~=10,7,11=12,8a,9=2,8~, 
9=4,11,13=7 

EXPERIMENTAL 

The ur-dned aerd parts (600 g, collected m the Mongolian 
Peoples Repubhc near Bulgam, July 1983, voucher 28, depostted 
at the Academy of Science, Institute of Bmchermstry at Halle, 
GDR) was extracted wtth MeOH-EtzO-petrol (1 1 1) The 
extract obtamed was stored m Et,0 for several days at - 25”, 
affordmg 500 mg crystalhne arborescm 1, mp 144” (ht [7] 145”) 
The remammg extract was worked up m the usual way [9] 
Fractions obtamed by CC (SlO,) were as follows 1 (petrol and 
EtzC+etrol, 1 9), 2 (Etzcpetrol, 1 3 and Et@-petrol, 1 1). 3 
(EtzO) and 4 (Et@-MeOH, 9 I) TLC (SIO,) of fraction 1 
(Et+petrol, 1 9)afforded 110 mgcamphor and 7 mg blsabolol 
Fraction 2 gave, on TLC (EtzO-petrol, 1 3), 15 mg scopoletm, 
7 mg 0-methylscopoletm and 20 mg dl-O-methyl fraxetm, whde 
TLC of fraction 3 (EtzWpetrol, 3 1) afforded 43 mg desacetoxy- 
matncann, 100 mg 1 lfi,13-dlhydrohanphylhn, 10 mg 1 l/$13- 
dlhydrokaumohde, 150 mg 1, 1 mg 4p,l0trdlhydroxyaroma- 
dendrane Fraction 4 was separated agam by CC mto two 
fractions (4/l and 4/2) TLC (C6HsCHzC1z-EtzO, 1 1 1) of4/1 
gave four bands (4/1/l-4/1/4) HPLC (RP 8, MeOH-HzO, 1 1, 
always ca 100 bar, flow rate 3 ml/mm) of 4/1/l gave 4 mg 8 (R, 

45mm) and 7mg 5 (R, 65mm) TLC of 4/l/2 
(CsH,-CHzCIz-EtzO, 1 1 1) gave three bands (4/1/2/l-3) 
HPLC (RP 8, MeOH-HzO, 3 2) of 4/1/2/l gave 3 mg 11 (R, 

9 5 mm), HPLC of 4/l/2/2 (MeOH-H,O, 1 1) gave 1 mg 13 (R, 

128mm)and2mg12(R,143mm)andthatof4/1/2/3gave4mg 
7 (R, 7 5 mm) HPLC of 4/l/3 (MeOH-HzO, 1 1) gave 7 mg 7 
(R, 7 5 mm) and HPLC of 4/l/4 (MeOH-HzO, 11 9) 1 mg 3 (R, 

104mm) TLC of 4/2 (CsH,-CHzCl,-EtzO, 1 1 1) gave two 
bands (4/2/l and 2) HPLC of 4/2/l (MeOH-HzO, 11 9) 
afforded 2 mg 4 (R, 9 7 mm) and 1 mg 3 (R, 10 4 mm) HPLC of 
4/2/2 (MeOH-HIO, 11 9) gave a fractton, which after the 
addltlon of tnphenylphosphme and TLC (C,H&HzCI,-EtzO, 
1 1 1) and HPLC (see above) gave 6 mg 6a (R, 3 1 mm), 9 mg 10 

(R, 6 5 mm) and a nuxture which after the addlhon of tnphenyl- 
phosphme on repeated HPLC (M&H-HzO, 13 7) afforded 
1 mg 6b (R, 3 4 mm) and 1 mg 9 (R, 3 7 mm) Due to the mmute 
amounts obtamed, the lactones 2-13 could not be Induced to 
crystalhze They were homogeneous by TLC and HPLC m 
different solvent systems and showed no lmpunttes m the 
400 MHz ‘H NMR spectra 

8a-Hydroxyarborescrn (2) Colourless 011, IR vs cm-’ 3600 
(OH), 1780 (y-lactone), MS m/z (rel mt) 264 136 [M]’ 
(16) (talc for ClsH2,,0* 264 136), 231 [M-H,O-Me]+ (24), 
203 [231-CO]+ (32), 107 (86), 96 (100) 

Cal ha = 
589 578 546 436nm 

+58 +60 +66 +197 
(CHCI,, c 0 2) 

2a-Hydroxyarborescm (3) Colourless 011, IR VETS cm- ’ 
3500 (OH), 1770 (y-lactone), MS m/z (rel mt ) 264 136 [M]’ 
(2 5) (talc for C1sHZ004 264 136), 246 [M - H,O]+ (3), 218 
[246-CO]+ (5), 203 [218-Me]’ (35), 55 (100) 

2/?-Hydroxyarborescm (4) Colourless 011, IR YEIS cm- ’ 
3600 (OH), 1770 (y-lactone), MS m/z (rel mt ) 264 136 [M]+ 
(3) (talc for C1sHZ004 264 136), 249 [M -Me]+ (6), 246 
[M-HzO]+ (lo), 231 [246-Me]+ (9), 55 (100) 

4a-Hydroperoxy-2,3-dehydro-3,4_drhydroarborescm (5) 
Colourless 011, IR YE’S cm-’ 3520 (OH), 1770 (y-lactone), MS 
(CI, lsobutane) 281 [M + 1-J’ (39), 263 [281 -H,O]+ (83), 247 
[281 -HzOz]+ (lOO), 

Cal ho 589 578 546 436nm = (CHCI,, c 0 
-105 -110 -126 -200 

5) 

To 5 mg 5 m 0 5 ml CDCIs, 10 mg tnphenylphosphme was 
added After 5 mm the ‘H NMR spectrum had completely 
changed to that of SP (Table 1) 

Products of hydrolyses of 5a 6a Colourless 011, 
IR vzCI3 cm-’ 3600 (OH), 1770 (y-&tone), MS m/z (rel mt ) 
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267 [M-Me]’ (6), 264 136 [M-H,O]+ (6) (talc for less 011, IR vscm-’ 1780 (y-lactone), MS m/z (ret mt) 
C1sHzOOO 264 136), 246 [264-&O]+ (8), 231 [246-Me]* 248 141 [M]’ (6) (talc for C,sH200s 248 141), 233 [M -Me]’ 
(8), 111 (71), 95 (100) 6b Colourless 011, IR VIGIL cm-’ 3600 (36), 97 (79), 55 (100) 
(OH), 1770 fy-&one), MS m/z (ret mt ) 267 [M - Me]’ (1.5), la-Hydroxy-1 l&l ~d~bydrokaamo~~e (12) Colourless od, 
264 136 [M - H,O]+ (10) (talc for C,sHzO04 264 136), 246 IR VETS cm-’ 3600 (OH), 1770 (y-&tone), MS m/z (rel 
[264-H*O-J+ (12), 188 (68), 55 (100) mt) 248 141 [M]’ (56) (talc for Ci5H1003 248 141), 233 

lo-Hydroxy -4a-hydroperoxy-1 l~H-~uaza-2,10( 14)-&e&a, [M-Me]” (30), 230 [M - H20]* (22), 220 [M-CO]’ (22), 
1Zohde (7) Colourless 011, IR v$&Qcm-’ 3500 (OH), 1770 215 [230-Me]+ (18), 205 [220-Me]+ (18), 150 (82), 55 (100) 
(y-lactone),MSm/z(rel mt) 262 120[M -H,O]+ (1 S)(calc for la-Hydroxy-5ql lj?H-guama-3,10(14)-dzen-6a,12-olrde (13) 
C1sH,s04 262129),247[M_OOH]+ (4),219[262-OOHJ+ Colourless o& IR vzaf cm-’ 3600 (OH), 1765 (y-lactone), MS 
(3), 55 (100) Addltlon of trlphenylphosphme gave 71, colourless m/z (rel mt) 248 141 [M]’ (37) (talc for ClsHzoOl 248 141), 
011, ‘H NMR see Table 1 233 [M-Me]’ (9), 230 [248-H20]+ (8), 205 [233-CO]+ 

3-Hydroperoxy-4,5-de~ydr~3,4-dihyd~oarborescIn (8) (32), 175 (87), 55 (100) 
Colourless 011, IR vC&a3 cm-l 3580 (OH), 1770 (y-lactone), MS 
m/r (rel mt) 262 120 [M -H20]+ (2) (talc for C,sH,804 589 578 546 436nm 

262 120), 246 [M-H201]+ (3), 188 (S), 73 (lOO), MS (CI, 
[a] :Q = 

+18 +21 +23 +43 
(CHt&, c 0 1) 

oobutane) 281 [M + 11’ (44), 263 [281 -H,O]+ (lOO), 247 
[281- Ha02]+ (88) Acknowledgement-We thank Dr W Hllblg, Umverslty of Halle, 

for lden~ying the plant mater& 

Cal i4” 
589 578 546 436nm 

= 
-8 -9 -10 -15 

(CHCls, c 0 3) 

Addltlon of tnphenylphosphme afforded an alcohol, Identical to 
9 (‘H NMR) 

3-Hydroxy+-dehydro-3,4&hydroarborescan (9) Colourless 
oil, IR vga%m-’ 3600 (OH), 1770 (y-lactone), MS m/z (rel 
mt) 264 136 [M]’ (4) (talc for C1sH2,-,04 264 136), 246 [M 
-H20]+ (S), 231 [246-Me]+ (4), 218 [246-CO]+ (9), 203 
[218-Me]’ (21), 188 (24), 55 (100) 

3-Oxo-4,5-dehydro-3,4_dlhydroarborescm (10) Colourless 011, 
IR vscl* cm- ’ 1780 (y-lactone), 1720 (GO), MS m/z (ret mt ) 
262120[M]+ (l)(calc forC,,H,,O, 262120),234[M-CO]+ 
(lo), 219 [234-Me]+ (2), 165 (24), 55 (100) 

Cal ha 
589 578 546 436nm 

= 
-25 -26 

c 0 
-30 -67 

(CHCl,, 6) 

3~,4u-Epoxy-1 l~H-gua~a-l~l4~-~,12-o~~e (11) Colour- 

1 
2 

3 

4 

5 

6 

7 
8 
9 
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