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Abstract—Artemisia afra afforded 1n addition to several known compounds 10 new guaianohdes and five glaucolides
as well as 12-hydroxy-a-cyperone The structures were elucidated by high field NMR techniques and some chemical

transformations.

INTRODUCTION

Artemisia afra 1s the only species of this genus which
occurs m South Africa As 1t contains a useful essential o1l
1t 1s cultivated 1n the Ciskei. Little 1s known about the
non-volatile compounds The roots contain typical ace-
tylenes present also in other Artemusia species [1] The
aerial parts gave scopoletin [2] and 1sofraxidin [1]. A
remvestigation afforded many further constituents which
are discussed in this paper.

RESULTS AND DISCUSSION

The aerial parts gave x- and f-thujone, camphor,
ascaridol, spathulenol, the known guaianohdes 1a [3], 1b
[4],2a]5],2b[6],2¢[6],2d [5],2e[6],2f[6],3a[7],3b
[7], 3¢ [7], 4a [7] and 5a [8] as well as 3d-3j, 4b, Sb and
5¢ Furthermore the glaucohdes 6, 7a, 7b, 8 and 9 were
1solated The roots afforded in addition to the reported
acetylenes [1], p-farnesene, a-humulene, squalene, 1so-
fraxadin and 1ts S-D-glucopyranoside [9] as well as 12-
hydroxy-a-cyperone [10].

The "H NMR data of 3d (Table 1) were close to those
of 3a-3c¢ their configuration betng established again by
NOE difference spectroscopy. The presence of a hydro-
peroxide group in 3d led to the expected small shift
differences, especially of H-2, H-3 and H-5 Reduction
with triphenylphosphine gave 3a. The 'HNMR spect-
rum of 3e (Table 1) clearly showed that the correspon-
ding desacetyl derivative of 3a was present. Stmilarly, the
data of 3f indicated the presence of the corresponding
bishydroperoxide

The 'HNMR spectra of 3g and 3h (Table 1) differed
from those of 3b and 3¢ by the downfield shift of H-6
which is typical for 4-ept 1somers. The relative position of
the hydroxy groups followed from the effects of the
hydroperoxy group In the case of 3g, H-9 1s shielded by
the latter group while m the case of 3h, H-5 1s deshielded.
Both lactones were transformed to 3k by reduction.

The 'HNMR spectra of 3i and 3j (Table 1) indicated
the presence of epimeric bishydroperoxides. In the case of
3i, H-5 1s deshielded. Accordingly, this isomer should be
the 4a-hydroperoxide.

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

epimers. This was established by the observed NOEs.
While 1n the case of 4a a clear effect between H-14 and H-
8 was present 1n 4b this effect was absent.

The '"HNMR spectrum of 5b (Table 1) showed that
due to a 10x-hydroperoxide group (68 04 s) the signals of
H-92 and H-7 were shightly shifted. Reduction of 5b
afforded 5a The absence of signals for exomethylene
protons and a methyl doublet at 61 35 indicated that Sc¢
was the 114,13-dihydro derivative (Table 1)

The "H NMR spectrum of 6 (Table 2) indicated the
presence of a diacetate of a germacranolide This was
supported by spin decoupling which further indicated
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 relatively low field (6546) A pair of
doublets (64 88 and 4 81) indicated that 6 was a glauco-
lide This was further supported by the presence of hom-
oallylic couplings between H-6 and H-13 Glaucolides so
far are only very common in the tribe Vernomeae [10]
However, some are reported from a Cotula species [11]
We have named lactone 6 artemisiaglaucohde. 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 [12].

The 'H NMR spectra of 7a, 7b and 8 (Table 2) could be
interpreted only at elevated temperature This 1s typical
for 10-membered ring compounds Spin decoupling
showed that the lactones 7a and 7b, which could not be
separated, were isomeric germacranolides again with a
7,11-double bond and acetoxy groups at C-3 and C-13. It
seemed most hikely that they were epimeric at C-1. This
was established by manganese dioxide oxidation which
led to a single ketone (7¢) Again the configurations of 7a
and 7b were determined by the observed NOEs While 7a
gave clear effects between H-15, H-6 (12%) and H-1 (4%)
as well as between H-5 and H-3 (15%) the 1somer 7b gave
NOEs between H-1, H-3 (7%) and H-14 (5%) as well as
between H-15 and H-6 (14%). In the 'H NMR of 8 the
signals of the exomethylene protons were replaced by a
signal of an olefinic methyl and that of an olefinic proton.
Spin decoupling showed that a A® 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 required a preferred conformation with
the methyl at C-4 above the plane. Accordingly, the
couphings of H-1 allowed the determination of the config-
uration at this centre It 1s probable that 7a, 7b and 8 are
formed by enzymatic oxidation of 6 through the corre-
sponding hydroperoxides which could not be detected
We have named 7a and 7b la- and 1§-hydroxyafraglau-
colde and 8 1a-hydroxyisoafraglaucolhide

The 'HNMR spectrum of 9 (Table 2) indicated the
presence of an eudesmanolide closely related to ridentin
B [13] though the H-3 signal was shifted downfield and
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agamn signals for H-7 and for exomethylene protons were
missing They were replaced by a pair of doublets and the
H-6 signal was at lower fields All the data. therefore.
agreed with the structure of a further glaucohde The
configuration at C-1 and C-3 followed from the corre-
sponding couplings The structure was further supported
by the *C NMR data (Experimental) It 1s probable that
lactone 91s formed from 7b (see Scheme) We have named
this lactone eudesmaafraglaucohde

The 'H NMR spectrum of 18 (Experimental) was close
to that of x-cyperone The presence of a 12-hydroxy
group was deduced {rom the replacement of the olefinc
methyl signal by that of a two-proton singlet at 4 18
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Table 1 'H NMR spectral data of compounds 3d-3k, 4b, Sb and 5¢ (400 MHz, CDCl,, § values)

H 3d 3e* 3f 3g 3h 3i 3j 3k 4b 5b S¢  muluplicity
2 603 554 613 615 618 612 637 502 667 367 358 d
3 623 585 619 586 602 619 597 597 634 IR 333 d
5 298 213 216 252 263 361 271 241 242 172 267 d
6 413 406 436 445 445 421 447 445 423 425 423t dd
7 349 335 307 408 382 398 377 414 352 356 252t dddd
] 484 366 182 516 532 §31 530 520 533 524 518t ddd
9 287 253 271 X . 266 239 227 dd
o 275 290 275 o8 5B S8 ST8y 568 0 s 170 dd
13 633 6330 635 630 629 628 628 629 622 624 135 d
13 587 626 634 574 568 568 568 573 550 562 d
531 500 {529
14 {5 ol {4 71 Ysioy  \%47 18ST 1s0p 184 185] 154 160 155 s
15 134 127 162 156 160 123 159 157 175 118 118 s
OR 216 215 216 216 216 214 220 212 207 5
846 744 820 925 814 830 804 792 brs
831 875 74t brs
*CDCL,/CD,0D 4 1, +11-H 252, tm, §dq, ||br 5, Tdd
J[Hz] 2,3=55,56=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, CDCl,, é-values)
H 6 Ta (60°) 7b (60°) Tc 8 (60°)t 9
1 481m 406 br 419 br ¢ - 414 dd 325 dd
2 253m 240 m 511 dd 374 dd 201 ddd 196 ddd
Y 234ddd. 220m 265 dd 185 ddd 146 ddd
3 518 brdd 532 dd 514 brt 555 ¢ 480 dd 492 br dd
5 450brd 500 br d 510 br d 487 br d 483 dg 158 br d
6 546brd 539 br d 545brd §35brd 540 br d 490 br d
8 303brdd 305 m* 330 m* 311 br dd 315 ddg 284 ddd
8 227m 263 m* 2 55- 286 br dd 286 br dd 228 br ddd
9 253m . } . 233m 210 ddd
9 220m 235m 240 m 210 m 490 ddq 107 br ddd
13 4886rd 490 br d }486}; 488 br d 474 br d 461 brd
13 481brd 484 brd s 481 brd 4.66 br d 456 brd
14 162brs {517”” {525 brs {58‘”’” 162 dd 074 br s
494 brs 490 brs 571d
501 dd
15 175 brs 187 brs 186 d 180 d 1804 {489‘“
OR 2115 2105 209 s 2125 198 5 194 s
2105 208 s 207 s 211 s 194 s 187 s

* Not first order, tCDCl,/CD,0OD 4 1

JiHz} Compound 6 1,2'=2,2'=2,3~12,2,3=6,5,6=10,8,8=13,8,9=8,13,13 =125, Compound 7a-2,3=6,2,3=9,5,6
=10,13,13 =13, compound 7b 1,2=23=7,5,6=10,5,15=1,compound 8 1,2=11,1,2'=5,2,2'=13,2,3=7,2,3=10,5,6 =105,
5,15=8,14=9,14~15,8,9=5,8,9=11,9,9=13,13,13 =13, compound 9 1,2=45,1,2' =2,2" =2,3=12,2,3=5,3,15=3, 1%
=5,15=515=15,56=105,8,8=8,9=9,9~14,8,9=28,9=45,8,9=6,13, 13 =13

While highly oxygenated guianoldes of types 1-5 are

characteristic for Artemisia species the 1solation of glau-
colides is very unusual It 1s very interesting that these
glaucolides are not dertved from the gualanolides present
n a large variety 1n this species This may support the
proposal that all sesquiterpene lactones are formed via
germacranolides and not by transformation of the corre-

sponding guaianes or eudesmanes Furthermore, 1t 1s
remarkable that the glaucohdes unlike the guaranolides
have no oxygen functions at C-8 Recently we have
isolated similar glaucolides from A judaica [14] As these
lactones are also reported from a Cotula species [11] and
an Artemisia species [15] they may be of chemotaxon-
omic importance
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EXPERIMENTAL

The plant material was grown on the experimental station of
the University 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 (silica gel PF 254) Finally n
addition to the acetylenes reported previously [1] 4 mg a-
humulene, 10 mg p-farnesene, 10 mg squalene and 10 mg 10
(purified by HPLC(R, 6 3 min) (MeOH-H,0, 7 3,always RP 8§,
ca 100 bar)) From the most polar CC fraction 50 mg ferulic
acid, 110 mg 1sofraxidin and 500 mg of 1ts f-D-glucopyranoside
were obtained The extract of the aerial parts (160 g) was sep-
arated by CC nto four fractions Fraction 1 gave by TLC
(Et,O-petrol, 1 9) 80 mg «- and 100 mg f-thujone, 120 mg
ascanidol and 100 mg camphor Fraction 2 was separated by
flash chromatography (silica gel, ¢ 30-60 u) (= MPC) into nine
fractions (petrol with increasing amounts of Et,Q) (2/1-2/9)
TLC of 2/1 gave 5 mg spathulenol HPLC of 2/2 (MeOH-H,0,
13 7) afforded Smg la (R, 150min) and Img 1b (R,
21 0 mun) HPLC of 2/3 (same solvent) gave 5 mg 2b and 4 mg 2e
Fraction 2/4 gave by HPLC (same solvent) 4 mg 2a, 2 mg 2d and
3mg 4a Fraction 2/5 (MeOH-H,0 3 2) gave 3mg 3j (R,

7a 7b Te
X aOH,i PBOHH =—=O0

OH

45min) and 3mg 3d (R, 50min) HPLC of fraction 2/6
(MeOH-H,0, 3.2) afforded 3 mg 3g and 3 mg 3h (R, 45 nun)
and 4 mg 3b (R, 50muin) HPLC of 27 (MeOH--H,0 9 11)
gave 4 mg 3c (R, 110 mun) and of fraction 2/8 (MeOH-H,0.
2 3)3mg 3g (R, 130 mm) and 5 mg 3i (R, 230 min} HPLC of
2/9 (MeOH-H,0, 1 1) gave 3 mg 3¢ (R, 70 min} CC fraction 3
was separated again by MPC into five fractions (3, 1-3,5) HPLC
of 3;1 (MeOH-H,0, | 1) gave 5mg 4b, 3 mg 2a. 4 mg 2d and
2mg 6 HPLC of 3;2(MeOH-H,O | 1)afforded 5 mg 3j, 3 mg
3d, 2 mg 2¢ and 4 mg 2f HPLC of 3,3 (MeOH-H,0, 1 1) gave
2mg 3i (R, 45 mn) and 2mg 3b (R, 50 mm) HPLC of 3.4
(MeOH-H,0, 1 1) gave 1 mg 3f (R, 40mm). 7mg 3g (R,
50 min), 4mg 5b (R, 6 S min), 3 mg 5¢ (R, 70 muin) and 2 mg 3i
(R, 8 5min) HPLC of 3'5(MeOH H,0.1 1) gave 3 mg 5b and
3mg 3a (R, 75mun) MPC of CC 4 gave a polar fraction
(MeOH-Et,0, 1 4) which afforded by HPLC (MeOH-H,0.
2 3)4 mg 3e(R, 6 5nun). 10 mg Sa (R, 70 mn), 75 mg 7a/b (R,
130min,cal 1), 5mg8(R, 14 5Smin)and 4 mg9(R, 190 min)
The less polar fraction gave by TLC 30 mg 1soscopoletin, 30 mg
acacetin-7-O-methyl ether and 30 mg scopoletin Known com-
pounds were identified by comparison of therr 400 MHz
"H NMR spectra with those of authenuc matenial The mass
spectral data are summanzed in Table 3 Some hydroperoxides
gave no useful spectra They were transformed by reduction to
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Table 3. CIMS data of the guaianolides and their reduction
products respectively

(M+11*
3a 321 @)
3 (ED)278 (1) [M]*
3 —
3 353 (3)
3k 321 (3)
4b 353 (12)
5c 355 (3)

279 (40), 261 (9), 243 (100)
263 (8), 82 (65), 55 (100)

319 [M+1-H,0,]* (7, 259 [319
—~HOAC]* (10), 61 [AcOH +1]* (100)
319 (20), 259 (37), 225 [259—H,0,]1*
(21), 61 (100)

279 [321 —ketene]* {100)

319 (8), 259 (21), 151 (100)

337 (6), 321 (6), 144 (100)

the corresponding hydroxy derivatives by addition of excess of
triphenyl-phosphine in CHCIl, to the hydroperoxides. After
5 mun, TLC gave the pure hydroxy compounds 1n almost quan-
titative yield.

Artemisia glaucolide (6) Colourless o1l, IR v cm ™! 1765
(y-lactone), 1735 (OAc), MS m/z (rel nt) 348 157 [M]* (2)
(calc for C;yH,,0O, 348 157), 306 (M —ketene]™* (2), 288 [M
—HOAC]* (4), 246 [288 —ketene]™ (68), 228 (288 -HOAc]*
(22), 178 (100), CD (MeCN) Ag,s,+067

la- and 1B-Hydroxyafraglaucolide (Tafb) Colourless oil,
IR v€HCs em™! 3600 (OH), 1765 (y-lactone), 1740 (OAc), MS

max

mizirel. 1), 364152 TM1* (0.3).(calc for C,gH, 0. 364.152),

2%~
304 [M—HOAc]" (45), 262 [304—ketene]™ (21), 244 [304
—HOAc]* (42), 60 (100)

5 mg 7a/bin 3 ml Et,O was stirred for 2 hr with 50 mg MnO,
TLC affarded 3 mg Te, MS. m/z (rel. 101.)..362. 137 [M1* ()(calc
for C,oH,,0, 362 137), 302 [M ~HOAc]* (05), 60 [HOAc]*
(100), ' HNMR Table 2.

la-Hydroxyisoafraglaucolide (8). Colourless oil, IR v{HC!,
cm ™! 3600 (OH), 1765 (y-lactone), 1740 (OAc), MS m/z (rel. int ):
364.152 [M]* (0.5) (calc. for C,4H,,0,. 364.152), 322 [M —
ketene]* (2), 305 [M —OAc]* (6), 262 [322—~HOAc] * (12), 244
[262—H,07* (20), 60 (100), CD (MeCN): Ag,35—11

Eudesmaafraglaucolide (9) Colourless oil; IR v&H, cm ™!
3580 (OH), 1765 (y-lactone), 1750 (OAc), MS m/z (rel. int)
364152 [M]* (5) (calc for C,,H,,0, 364.152), 304 [M
—HOACc]" (9), 262 [304 —ketene]* (36), 244 [304—HOAc]"*
(100), 216 [244 —CO]J* (68), 60 (88), 1*CNMR (CDCl;, C-1-C-

15).674.0.4,36.2.1,78.0.4, 140.6.5, 523 4,70.4.4, 16925222 1,

3604115, 1187517005, 546,99 q, 1070 ¢, OAc 1728 s,
17095,204.4,20.1 4, CD (MeCN). Ag o — 11
12-Hydroxy-a-cyperone (16) Colourless o1, IR vESk cm
3600 (OH), 1670, 1610 (C=CC=0), MS m/z (rel nt). 234.162
[M]* (6) (calc for C, H,,0, 234.162), 216 [M—H,0]* (62),
201 [216—Me]" (88), 91 [C,H,]* (100), 'HNMR (CDCl,)
6181 (br ddd, H-1, J =13, 13, 45Hz), 1.70 (m, H-1p), 240 (ddd,

-1

H-2,J=17,45,3 5),2 52 (ddd, H-28, J =17, 13, 6), 2 78 (m, H-6),
212 (m, H-68), 2.12 (m, H-7), 1 7 (m, H-8, H-98), 145 (m, H-9),
4.18 (br s, H-12), 5 13 and 500 (br s, H-13), 1 23 (5, H-14), 1 74 (d,
H-15, J=1)
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