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Abstract-Artemisra afra afforded m addttion to several known compounds 10 new guatanohdes and five glaucohdes 
as well as 12-hydroxy-a-cyperone The structures were elucidated by high field NMR techniques and some chemical 
transformattons. 

INTRODUCTION 

Artemwa afra IS the only species of this genus whtch 
occurs m South Africa As It contains a useful essenttal 011 
tt IS cultivated m the Ctskei. Little IS known about the 
non-volattle compounds The roots contain typtcal ace- 
tylenes present also m other Artemwra species [l] The 
aerial parts gave scopoletm [2] and isofraxtdm [l]. A 
remvesttgatton afforded many further constttuents which 
are discussed in thts paper. 

RESULTS AND DISCUSSION 

The aerial parts gave r- and ,!?-thuJone, camphor, 
ascaridol, spathulenol, the known guatanohdes la [3], lb 

C41,2a C51,% C61,Zc C61,2d C51,2e [61,X PI, 3a C71,3b 
[7], 3c [7], 4a [7] and 5a [S] as well as 3&3j, 4b, 5b and 
5c Furthermore the glaucohdes 6, 7a, 7b, 8 and 9 were 
Isolated The roots afforded in addition to the reported 
acetylenes [ 11, fi-farnesene, cr-humulene, squalene, tso- 
fraxidm and tts fl-D-glucopyranostde [9] as well as 12- 
hydroxy-n-cyperone [lo]. 

The ‘H NMR data of 3d (Table 1) were close to those 
of 3a-3c their configuratton bemg established again by 
NOE dtfference spectroscopy. The presence of a hydro- 
peroxide group in 3d led to the expected small shift 
dtfferences, especially of H-2, H-3 and H-5 Reductton 
wtth trtphenylphosphme gave 3a. The ‘HNMR spect- 
rum of 3e (Tabfe 1) clearly showed that the correspon- 
dmg desacetyl derivative of 3a was present. Stmtlarly, the 
data of 3f indicated the presence of the corresponding 
btshydroperoxtde 

The ‘HNMR spectra of 3g and 3h (Table 1) differed 
from those of 3b and 3c by the downfield shift of H-6 
whtch is typical for 4-epr isomers. The relative positton of 
the hydroxy groups followed from the effects of the 
hydroperoxy group In the case of 3g, H-9 is shielded by 
the latter group whtle m the case of 3h, H-5 1s deshtelded. 
Both lactones were transformed to 3k by reductton. 

The ‘H NMR spectra of 3i and 3j (Table 1) mdtcated 
the presence of epimeric bishydroperoxides. In the case of 
3i, H-5 1s deshtelded. Accordmgly, this isomer should be 
the 4a-hydroperoxtde. 

The ‘HNMR spectrum of 4b (Table 1) was close to 
that of 4a. Small shift differences mdtcated the presence of 

eptmers. Thts was established by the observed NOES. 
While m the case of 4a a clear effect between H-14 and H- 
8 was present m 4b thts effect was absent. 

The ‘HNMR spectrum of 5b (Table 1) showed that 
due to a lOa-hydroperoxtde group (68 04 s) the signals of 
H-9a and H-7 were slightly shifted. Reduction of 5b 
afforded 5a The absence of stgnals for exomethylene 
protons and a methyl doublet at 6 1 35 indicated that 5c 
was the 1 lb,l3-dthydro derivative (Table 1) 

The ‘HNMR spectrum of 6 (Table 2) indicated the 
presence of a diacetate of a germacranohde Thts was 
supported by spm decouphng which further mdicated 
that one acetoxy group was at C-3 and a second at C-13. 
No H-7 signal was observed and H-6 displayed a broad- 
ened doublet at relattvely low field (65 46) A pair of 
doublets (64 88 and 4 81) mdtcated that 6 was a glauco- 
hde This was further supported by the presence of hom- 
oallyhc couplings between H-6 and H-13 Glaucohdes so 
far are only very common m the tribe Vernomeae [lo] 
However, some are reported from a Cot& species [ 1 l] 
We have named lactone 6 artemtstaglaucohde. The 
stereochemistry was established by the observed NOES 
between H-14, H-2’ (7%) and H-8’ (5%), between H-15 
and H-6 (13%) as well as between H-5 and H-3 (10%). 
This further indicated that in the preferred conformation 
the methyls at C-4 and C-10 were above the plane as 
observed also for costunohde [ 123. 

The ‘H NMR spectra of 7a, 7b and 8 (Table 2) could be 
interpreted only at elevated temperature Thts is typical 
for lo-membered rmg compounds Spm decoupling 
showed that the lactones 7a and 7b, which could not be 
separated, were isomeric germacranohdes again with a 
7,l l-double bond and acetoxy groups at C-3 and C-l 3. It 
seemed most likely that they were eptmertc at C-l. This 
was established by manganese dioxide oxidatton which 
led to a single ketone (7~) Agam the configurattons of 7a 
and 7b were determined by the observed NOES While 7a 
gave clear effects between H-15, H-6 (12%) and H-l (4%) 
as well as between H-5 and H-3 (15%) the isomer 7b gave 
NOES between H-l, H-3 (7%) and H-14 (5%) as well as 
between H-15 and H-6 (14%). In the ‘HNMR of 8 the 
signals of the exomethylene protons were replaced by a 
signal of an olefimc methyl and that of an olefimc proton. 
Spm decoupling showed that a A9 isomer of 7a was 
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present A clear NOE between H-14 and H-9 (10%) 
required a Z-double bond. A NOE between H-15 and H- 
6 (15%) further requtred a preferred conformatton wtth 
the methyl at C-4 above the plane. Accordmgly, the 
couplings of H- 1 allowed the determmatton of the config- 
uration at this centre It IS probable that 7a, 7b and 8 are 
formed by enzymatic oxidatton of 6 through the corre- 
spondmg hydroperoxtdes which could not be detected 
We have named 7a and 7b la- and lfl-hydroxyafraglau- 
cohde and 8 la-hydroxytsoafraglaucohde 

The ‘HNMR spectrum of 9 (Table 2) indicated the 
presence of an eudesmanohde closely related to rtdentm 
B [ 131 though the H-3 stgnal was shifted downfield and 

311* 3h* 3i’ 3j* 3k” 
OH tl OH OH Ii 

t-i OH OH OH tl 

AC AL AL Ac AL 
\ I 

4 c?p, 4 e&J* 

R X 
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agam signals for H-7 and for exomethylene protons were 
mtssmg They were replaced by a pair of doublets and the 
H-6 signal was at lower fields All the data. therefore. 
agreed wtth the structure of a further glaucohde The 
configuratton at C-l and C-3 followed from the corre- 
sponding couphngs The structure was further supported 
by the i3C NMR data (Experimental) It 1s probable that 
lactone 9 IS formed from 7b (see Scheme) We have named 
this lactone eudesmaafraglaucohde 

The ‘H NMR spectrum of 10 (Expertmental) was close 
to that of r-cyperone The presence of a l2-hydroxy 
group was deduced from the replacement of the olefimc 
methyl signal by that of a two-proton smglet at b4 1X 
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Table 1 ‘H NMR spectral data of compounds 3d-3k, 4b, 5b and SC (400 MHz, CDCI,, 6 values) 

H 3d 3e* 3f 3g 3h 3i 3j 3k 4b 5b SC multlpllclty 

2 603 5 54 6 13 6 15 

3 623 5 a5 6 19 5 86 

5 298 233 2 36 252 

6 4 13 406 4.36 44s 
7 349 3 35 307 408 

8 484 3 66 3 82 5 16 

9 2 87 2 53 271 
9’ 2 75 290 2 75 5 585 

13 633 6 337 635 630 

13’ -5 87 626 -6 34 5 74 

15 134 127 162 I 56 160 123 159 157 175 1 18 1 18 s 

OR 216 215 216 216 2 16 2 14 220 2 12 207 s 

8 46 744 8 29 9 25 8 14 8 30 804 7 92 br s 
831 8 75 741 br s 

6 18 6 12 637 592 667 

602 6 19 597 5 97 634 

263 3 67 2.7 1 241 242 

4.45 421 447 445 4.23 
3.82 398 3 77 4 14 3 52 

5.32 5 31 5 30 5 20 533 

5.825 5 854 5 78s 568§ ;; 

6.29 628 628 629 622 

5.68 5 68 5 68 5 73 5 50 

1 857 18011 184 18511 1 54 

3 67 3 58 d 
3 32 333 d 
272 267 d 
4 25 423t dd 
3 56 2 52: dddd 
5 24 5 185 ddd 
2 39 227 dd 
1 85 1 70 dd 

6 24 
135 

d 
5 62 d 

160 1 55 s 

* CDCl,/CD,OD 4 1, tll-H 2 52, tm. Qdq, libr rdd v, 
J[Hz] 2, 3=55, 5, 6=11, 6, 7=85, 7, 8=10, 7, 13=3, 7, 13’= 2.5, 8. 9=6, 8,9’=10, 9, 9’=13 

Table 2 ‘H NMR spectral data of compounds 6, 7a, 7b, 8 and 9 (400 MHz, CDCI,, 8-values) 

H 6 7a (60”) 7b (60”) 7c 8 (60”)t 9 

481 m 406 br 
2.53 m 240 m 
2 34 ddd. 220 m 
5 18 br dd 5 32 dd 

4.50 br d 500brd 
546 brd 5 39 br d 
303 br dd 305 m* 
227 m 263 m* 

9 253 m 
9 220m > 

235 m* 

13 4 88 hr d 490brd 
13’ 481 brd 4 84 br d 

14 1 62 br s 
517 brs 

494 brs 

15 1.75 br s 1 87 br s 

4 19 br t 

211 dd 

514brt 
510brd 
545 brd 
3 30 m* 
2 55- 

240 m* 

I 4 86 br s 

5 25 br s 

490 hrs 

1 86 d 

3 74 dd 
265 dd 

s55 t 
4 87 br d 
5 35 br d 
3 11 brdd 
2 86 br dd 
233 m 
2 10 m 
488 br d 
481 br d 

S 84 br F 

571 d 

1 80 d 

4 14 dd 
201 ddd 
1 85 ddd 
4 80 dd 
483 dq 
540brd 
3 15 ddq 
286brdd 

4 90 ddq 

474brd 
4.66 br d 

1 62 dd 

1 80 d 

3 25 dd 
1 96 ddd 

146 ddd 
492 br dd 
1 58 br d 
490brd 
2 84 ddd 
2 28 br ddd 
2 10 ddd 
1 07 br ddd 
461 brd 
4 56 br d 

0 74 br s 

5.01 dd 
489 dd 

OR 211s 2 10 F 209 s 2 12 s 198 s 194 s 

2 10 s 208 r 207 s 211 F 1 94 s 1 87 s 

* Not first order, tCDCI,/CD,OD 4 1 

J[Hz} Compound6 1,2’=2,2’=2’,3-12,2,3=6,5,6=148,8’=13,8,9=8,13,13’=125,&ompound7a-2,3=6,2’,3=9,5,6 

=10,13,13’=13,compound7b 1,2=2,3=7,5,6=1O,5,15=1,compound8 1,2=1~,~,2’=5,2,2’=13,2,3=7,2’,3=145,6=105, 

5,15=8,14=9,14-15,8,9=5,8’,9=11,9,9’=13,13,13’=13,compound9 1,2=45,1,2’=2,2’=2’,3=12,2,3=5,3,15=3,15’ 
=5,15=5,15’=15,5,6=105,8,8’=8’,9’=9,9’-14,8,9=2.8,9’=45,8’,9=6,13,13’=13 

While highly oxygenated gmanohdes of types l-5 are spondmg gualanes or eudesmanes Furthermore, It IS 
characteristic for Artemisla speaes the lsolatlon of glau- remarkable that the glaucohdes unhke the gualanolides 
colides is very unusual It 1s very interestmg that these have no oxygen functions at C-8 Recently we have 
glaucohdes are not derived from the gualanohdes present isolated slmdar glaucohdes from A @azca [14] As these 
m a large variety m this species This may support the lactones are also reported from a Cotulu species [l l] and 
proposal that all sesqulterpene lactones are formed via an Artemisra species [lS] they may be of chemotaxon- 
germacranohdes and not by transformation of the corre- omlc importance 
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EXPERIMENTAL 

The plant material was grown on the experimental station of 

the Unrversrty of Fort Hare (voucher 86,‘29) The air-dried 

material was extracted with MeOH-Et,O-Petrol (1 1 1) and 

worked-up as reported previously [16] The extract of the roots 
(230 g) was separated by CC (silica gel) Into four fractions which 

were further separated by TLC (sihca gel PF 254) Fmally m 

addition to the acetylenes reported previously Ll] 4 mg ti- 

humulene, IO mg b-farnesene, 10 mg squalene and 10 mg IO 

(purified by HPLC (R, 6 3 mm) (MeOH- H,O, 7 3, always RP 8, 

cu IO0 bar)) From the most polar CC fraction 50 mg feruhc 

acid, 110 mg lsofraxldm and 500 mg of Its /?-D-glucopyranoslde 

were obtained The extract of the aerial part\ (16Og) was sep- 

arated by CC into four fractions Fraction 1 gave by TLC 

(Et,O-petrol, 1 9) 80mg Z- and 100 mg p-thujone, 12Omg 
ascarldol and 100 mg camphor Fraction 2 was separated by 

flash chromatography (silica gel. 4 30-60 ~0 (= M PC) mto nme 

fraction5 (petrol with mcreasmg amounts of Et,O) (2,I-219) 

TLC of 2/l gave 5 mg spathulenol HPLC of 2/2 (MeOH- H,O, 

13 7) afforded 5 mg la (R, 150mm) and 1 mg lb (R, 
210 mm) HPLC of 2/3 (same solvent) gave 5 mg 2b and 4 mg 2e 

Fraction 214 gave by HPLC (same solvent) 4 mg Za, 2 mg 2d and 
3 mg 4a Fraction 215 (MeOH-H,O 3 2) gave 3 mg 3j (R, 

4 5 mm ) and 3 mg 3d (R, 5 0 mm ) HPLC of fraction 2/6 

(MeOH-H,O, 3.2) afforded 3 mg 3g and ? mg 3h (K, 3 5 mm) 

and 4mg 3b (R, 50mm) HPLC of 2’7 (MeOH-~H,O 9 11) 

gave 4 mg 3c (R, 11 0 mm) and of fraction 2% (MeOHmH20. 

2 3) 3 mg 313 (R, 13 0 mm) and 5 mg 3i (R, 23 0 mm) HPLC of 

2/9 (MeOH-H,O, 1 1) gave 3 mg 3c (R, 7 0 mm) CC fraction 3 

was separated again by MPC mto fi\e fractions (3, l&3,5) HPLC 

of 3,,1 (MeOH--H,O, I 1) gave 5 mg 4b, 3 mg 2a. 4 mg 2d and 

2 mg 6 HPLC of 3;2 (MeOH--H,O 1 1) afforded 5 mg 3j, 3 mg 

3d, 2 mg 2c and 4 mg 2f HPLC of 3,3 (MeOH-H:O, 1 1) gacc 

2 mg 3i (R, 4 5 mm) and 2 mg 3b (R, 5 0 mln) HPLC of 3’4 

(MeOH-H,O, 1 1) gave 1 mg 3f (R, 4Omm). 7 mg 3g (K, 
5 0 mm), 4 mg Sb (R, 6 5 mm), 3 my SC (R, 7 0 mm) and 2 mg 3i 

(R, 8 5 mm) HPLC of 3,5 (MeOH HzO. I 1) gave 3 mg 5b dnd 

3 mg 3a (R, 7 5 mm) MPC of CC 3 gave a polar fraction 

(MeOHmEtZO, 1 4) which afforded by HPLC (MeOH-H,O. 

2 3) 4 mg 3e (R, 6 5 mm). 10 mg Sa (R, 7 0 mm), 7 5 mg 7aih (R, 

130mm.trrl 1),5mg8(R,l45mm)~md4mg9(R,l9Omm) 

The less polar fraction gave by TLC 30 mg Isoscopoletm. 30 mg 
dcdcetln-7-O-methyl ether and 30 mg scopoletm Known com- 

pounds were ldentdied by comparlzon of their 400 MHz 

‘HNMR spectra with those of authentic material The mass 

spectral data are summarized m Table 3 Some hydroperoxlde, 

gave no useful spectra They *ere transformed by reduction to 
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Table 3. CIMS data of the guaranohdes and then reductton 

products respectrvely 
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[M+l]+ 

3a 321 (4) 279 (40), 261 (9), 243 (100) 

3e (EI) 278 (1) [M] + 263 (8), 82 (65) 55 (100) 

3i 319 [Mfl-H,Oz]+ (7) 259 [319 

-HOAc]+ (lo), 61 [AcOH+l]+ (100) 

3j 353 (3) 319 (20), 259 (37) 225 [259-HzOz]+ 
(21) 61 (100) 

3k 321 (3) 279 [321 -ketene]+ (100) 

4b 353 (12) 319 (8) 259 (21), 151 (100) 

sc 355 (3) 337 (6) 321 (6) 144 (100) 

the correspondmg hydroxy denvattves by addttton of excess of H-2, J = 17,4 5,3 5) 2 52 (ddd, H-2fi, J = 17, 13,6), 2 78 (m, H-6), 

trrphenyl-phosphme m CHCI, to the hydroperoxrdes. After 2 12 (m. H-68) 2.12 (m, H-7), 17 (m. H-8, H-9fi), 145 (m, H-9), 

5 mm, TLC the hydroxy compounds m almost gave pure quan- 4.18 (br s, H-12) 5 13 and 5 00 (hr s, H-13) 1 23 (s, H-14), 1 74 (d, 
tttatrve vreld. H-15, J= 1) 

Arte&a glaucolrde (6) Colourless 011, IR v$!:“ cm- ’ 1765 

(y-lactone), 1735 (OAc), MS m/z (rel mt) 348 157 [M]’ (2) 

(talc for C H 0 348 157), 306 (M-ketene]+ (2) 288 [M 19 24 6 
-HOAc]+ (4) 246 [288-ketene]+ (68), 228 (288-HOAc]+ 
(22) 178 (lOO), CD (MeCN) Aez5z +0 67 
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