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Abstract—The investigation of three Geigeria species and five subspecies afforded, in addition to known
compounds, the following 32 new compounds: two geigeranolides with a new carbon skeleton, two xan-
thanolides, five guaianolides, three pseudoguaianolides, a sesquiterpene related to ivaxillarin, a nerolidol
derivative, 15 geranyllinalol derivatives, two thiophene acetylenes and a dimeric coniferyl isobutyrate. The
structures and the stereochemistry of the new compounds were elucidated by spectroscopic methods and a
few chemical transformations. Chemotaxonomic aspects and relationships of the compounds are discussed.

INTRODUCTION

The genus Geigera (tribe Inuleae) with about 30 spe-
cies is mainly distributed in the southern part of
Africa, though a few species are known from North
Africa and south Arabia. It has been placed in the
subtribe Inulinae [1]. The three species investigated
chemically, all contain sesquiterpene lactones [2-9].
In addition to the guaianolide geigerin [2], some
modified guaianolides, griesenin and dihydrogriesenin
(4, 8, 9] as well as gafrinin [5] and vermeerin [6] were
isolated. From one species a pseudoguaianolide [3]
was reported and from another a eudesmanolide [8].
We have now investigated eight further species,
several being varieties, to see whether the chemistry
of this genus is uniform and what kind of relation-
ships to other genera can be recognized. In addition
to known compounds, nine new sesquiterpene lac-
tones were isolated, most of them closely related to
those isolated before, while three of them were more
unusual. Furthermore, 15 new geranyllinalol deriva-
tives, a dihydroxy nerolidol and an ester with the
carbon skeleton of ivaxillarin were present. The
structure elucidation of these compounds will be dis-
cussed in this paper.

RESULTS AND DISCUSSION
Geigeria aspera Harv., a bush responsible for a
vomiting disease which kills many sheep [10], has
been shown to eontain several sesquiterpene lactones
[5,8]. We have now studied the constituents of the

*Part 422 in the series “Naturally Occurring Terpene
Derivatives”. For Part 421 see Bohlmann, F., Bapuji, M.,
King, R. M. and Robinson, H. (1982) Phytochemistry 21 (in
press).

variety G. aspera Harv. var. aspera. The roots
afforded bicyclogermacrene, kessane [11], the thio-
phene 1 and the corresponding dithio compound 3
[12], small amounts of the sesquiterpene lactones §
[13], 6 [14], 8 [15], 12 [4], 14 [4], 19 [2] and 17 (a
cyclopropane derivative) as well as a second acety-
lenic compound, the thiophene 4. The structure of the
latter followed from the spectroscopic data (see
Experimental). Broad UV maxima at 338 and 318 nm
were typical for a thiophene derivative with two
conjugated acetylenic and one double bond [12]. The
molecular formula was C,;H;00S. The nature of the
oxygen function followed from the 'H NMR spec-
trum which displayed a pair of double doublets at &
2.77 and 3.11, which were coupled with a proton (8
3.94 ddd), which was further coupled with an olefinic
proton, as could be shown by spin decoupling. The
cis-configuration of the double bond and the relative
position of the thiophene unit were deduced from the
"H NMR data. As the methyl group showed a singlet
at & 2.08, it could not be placed directly at the
thiophene, while the chemical shift of the methyl
signal further indicated that only one triple bond was
between the latter.and the heterocyclic ring. This was
further supported by the absence of allylic couplings
of the thiophene protons. The structure of 17, which
could be separated from 5 only after transformation
of the latter to the epoxide 7, followed from the
spectroscopic data. The molecular formula was
CsH;00,, while the '"H NMR spectrum (Table 1)
showed the presence of a methylene lactone. As the
signals of the lactone moiety were nearly the same as
those of isolantolactone, a similar situation for C-6—
C-9 was assumed. Careful spin decoupling in different
solvents allowed the assignment of all signals. Start-
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ing with the highfield signal at 6 0.35, obviously that
of a cyclopropane proton, the sequence A could be
assigned, while starting with the signal of H-7 the
sequence B could be determined:

H H H
H 0
0
H
H H
H H
A 8

From these sequences and from the signals for the
two additional methyl singlets the structure 17 was
deduced. The stereochemistry at C-5-C-8 clearly fol-
lowed from the couplings observed, while that at C-2
was deduced from the couplings of H-2. Inspection of
models of the two possible structures, the cyclo-
propane ring «a- or B-orientated, showed that only the
angles in the former agreed with the couplings
observed, while those with a B-cyclopropane ring
would require nearly identical couplings of J,,, and
Jis2- The >C NMR spectral data supported the struc-
ture (Table 1). The assignment of the signals required
selective decouplings as the chemical shifts of some
of the carbons were drastically different from those
of B-cyclocostunolide, especially those of C-6 and
C-10. Also the chemical shift of C-3 (8 33.5) was
somewhat unusual, its assignment, however, clearly
followed from irradiations of H-3a and H-38. The
irradiation of H-3a enhanced the intensity of the C-S
signal which supported the proposed stereochemistry,
as this surely was due to a NOE. The carbon skeleton
of 17 seems to be new, we propose for it the name
geigerane and for 17 geigeranolide.

The aerial parts afforded carophyllen-1,10-epox-
ide, bicyclogermacrene, germacrene D, the sesqui-
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terpene lactones 12, 14, 19, ivalin (16) [16] and the
guaianolide 21 [17] as well as three further ones, the
guaianolides 20, 22 and 23, the latter being isolated as
its acetate 24, as well as a derivative of dihy-
drogriesenin, the acetate 13. The structure of 20 was
easily deduced from the '"H NMR spectrum (Table 3),
as all signals were close to those of 19. The con-
siderable downfield shift of the signal of H-6 in-
dicated that the acetate of 19 was present. The 'H
NMR spectral data of 22 (Table 3) were close to those
of 21 [17]. However, the methylene signals of H-13
were replaced by a methyl doublet, indicating an 11,
13-dihydro derivative. In deuteriobenzene, spin
decoupling allowed a clear assignment of the H-11
signal. The coupling J;,, being 12.5 Hz indicated an
118-proton. The stereochemistry at C-8 in 21 and 22
obviously were the same. The chemical shifts of H-7
and H-8 indicated that both 21 and 22 were cis-8,
12-lactones (see below). The '"H NMR spectrum of 24
(Table 3) displayed three methyl doublets and again
no methylene signal was observed. Spin decoupling
allowed the assignment of all signals. The downfield,
narrowly split signal at § 6.12 was that of H-2 as it
was coupled with a broadened doublet at § 3.44,
which itself was coupled with a doublet quartet at
8265 and by a very small coupling with the
broadened doublet at § 5.28. Further decouplings led
to the sequence C:

H
—\ H H H H H
>_<l|lll
— T T
HHOA(:OHMe
Me
Me 0
c

Table 1. '"H NMR spectral data of compounds 17 and 18 (400 MHz, TMS as int. standard) and *C NMR
data of 17 and B-cyclocostunolide

17 17 18 17 B-Cyclocostunolide
(CDCL) (C¢D/CDCL;, 1:2) (CDCly) (CDCly) (CDCly)

H-la 0.82dd (br) 0.66 dd (br) 0.79dd (br) C-1 459 dd 22¢
H-13 1.86dd 1.70 dd 1.84 dd c-2 262d 215¢
H-2 1.17 dddd 1.03 dddd 1.15 dddd C-3 335¢ 36.8¢
H-3¢ 0.89dd 0.79 dd 0.88 dd Cc4 26.5 s 149.0 s
H-38 035dd 0.24 dd 0.34 dd C-5 528d 405d
H-5 1.00 d 0.78 dd 0.92 dd Cc-6 279 dd 2.7t
H-6c 1.98 ddd 1.71 ddd 1.88 ddd c7 415d 462d
H-68 1.50ddd 1.28 ddd 1.35 ddd Cc-8 775d 76.8d
H-7 290 ddddd 2.56 ddddd 1.99 ddd c9 39.0 dd 414t
H-8  4.46ddd 4.17 ddd 4.64 ddd C-10 498 s 34.3 s
H-9a« 1.45dd 1.22 dd 1.40 dd c-11 1418 s 1424 s
H-98 223dd 2.04 dd 222d(br)  C-12 170.5 s 170.5 s
H-11 — — 245 ¢ c-13 120.2 dd 1199 ¢
H-13 559d 5.32 d} C-14 208 g 17.7 g
H-13 6154 6.00 d 1304 C-15 18.5 ¢ 106.6 ¢
H-14 1.03 s (br) 0.90 s (br) 1.03 s (br)

H-15 1.09s 0.95 s 1.10

J Hz): la, 18=13; 1, 2=3; 18,2=7; 2, 3a=8; 2,38=4; 3a,38=4; 5, 60 =3; 5, 68 =13; 6q,
68=13.5;6a,7=75;68,7=10;7,8=5;7,13=1; 8, 9a =5; 8, 98 = 1.5; 9, 98 = 15 (compound 18: 11,

13=1.5).
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Table 2. 'H NMR spectral data of compounds 12, 13 and 15
(400 MHz, CDCl; TMS as int. standard)

13 12 15 (C.Dy)
8255 m 2.14 ddd (br)

H2 5424 (bn) {a2.17 dd (br) {1.94 m

H3a 208dd 170 m

H38 2.01dd } 180 m 157 m

H-4 — — 5.06 ddgq

HS  606dd 5.58 ddd 5.15 dd (br)

H68 265 ddd 2.60 ddd 1.61 ddd

H6a 2.18ddd 2.10 ddd 1.85 ddd

H7  324ddddd  321ddddd 276 ddddd

HS8  4.54ddd 4.51 ddd 4.69 ddd

H98 267dd 2.69 dd} 1.80 m

H9a 2.36dd 231 dd :

H-13  632d 6.30d 6.23d

H13 567d 563d 4944

H-148 422d 399d

H-lda 372d 370 d} 100

H15 149 1495 1.18d

OAc  205s — 176 s

J (Hz): Compound 12: 2a, 3a =6; 2a, 28 =15; 28, 5=3;
5, 6a=9;5 68=3; 6a, 7=3; 68, 7T=12; 6a, 68 =15; 7,
8=8;7,13=25;7,13=2;8,92=4,8,98=12; 9a, 98 =
13; 14a, 148 = 6.5; compound 13: 2a, 3a =6; 28,3a =1.5; 5,
6a=9; 5, 68=3; 6a, 7=13.5; 68, 7=11; 6a, 68=16; 7,
13=25;7,13=2;7,8=8;8,9a=4;8,98=12; 92, 98 =
13; 14a, 148 =6.5; compound 15: 2, 3=7; 2, 2'=15; 3,
4=4; 15=6.5; 6=9; 5, 6=5; 6a, 7=3; 68, 7=12; 7,
8=8.5;7,13=28;7,13=25;8,9=9;8,9 =4.5 (in CDCl;:
H-7 3.34 ddddd, H-8 4.94 ddd).

As the IR spectrum indicated the presence of a
conjugated keto group, the only possible structure
therefore was 24. The stereochemistry was deduced
from inspection of a model. The observed angles
agreed nicely with the couplings observed, that of
H-5-H-6 being nearly 90°, while that of H-6-H-7 was
about 70°. This required a B-orientation of the oxygen
function at C-6. The same orientation of the C-10
methyl group was deduced from the width of the
H-10 signal, which required a relatively large coupling
J5.10. A 10a-methyl group would have led to small
couplings. The stereochemistry at C-4 and C-11 fol-
lowed from the couplings of Jys and J; ;. 23 is an
isomer of geigerin (19). We have, therefore, named
the lactone isogeigerin.

The structure of 13 followed from the spectros-
copic data. Though no molecular ion was observed, a
strong fragment m/z 230 (C,sH;s0,) was interpreted
as the results of elimination of CH,O and acetic acid.
Chemical ionization showed a weak M+ l-peak,
while m/z 261 (elimination of acetic acid) was the
base peak. The 'H NMR spectral data were in part
close to those of 12 (Table 2), however, most signals
were slightly shifted and an additional downfield sig-
nal at 8 5.42 (broadened doublet) was obviously that
of the proton under the acetoxy group. One of the
H-14 signals and the H-5 signal were clearly shifted
downfield if compared with the shifts in the spectrum
of 12. Furthermore, the allylic coupling J, s was mis-
sing. Therefore, the acetoxy group was at C-2. From
a model the B-orientation was deduced as the angle
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H-2a-H-5 was nearly 0°, which explained the missing
allylic coupling. Furthermore, one of the H-14 signals
was shifted downfield. This required the 8-orientation
of C-14, which most likely should be the same in 12,
where the stereochemistry at C-10 so far has not been
determined.

The aerial parts also contained the nerolidol
derivatives 35 [18], 36 [19] and 37. The structure of
the latter followed from the 'H NMR spectrum (see
Experimental). In addition to three olefinic signals,
one tertiary methyl signal was visible, while the posi-
tion of the hydroxyl groups was deduced from the
coupling of the signals of the olefinic protons at C-6
and C-10. The stereochemistry at C-3 and C-9 was not
determined.

Finally a methyl ester, molecular formula C,sH»,0,,
was isolated. The structure was deduced from the 'H
NMR spectral data (Table 5). The position of the
ester group followed from the chemical shift of the
signals of the methylene protons. Careful spin
decoupling in different solvents allowed the assign-
ment of sequence D:

From this sequence and from the signal for the
methyl singlet only structure 31 was in agreement
with these results. The stereochemistry at C-4, C-5
and C-7 followed from the couplings observed. In-
spection of models further showed, that an «-orien-
tation of the cyclopropane ring was more likely, as
the coupling J;5 was very small. In the 8-epimer,
however, the angles observed would lead to a larger
coupling. We have named 31 methyl asperageigerate.
31 is related to ivaxillarin [20], which has the same
carbon skeleton and identical stereochemistry at C-7
and C-8 and where the coupling J; 5 also is very small.

The roots of G. brevifolia (DC) Harv. afforded
tridecapentaynene, lupeyl acetate, cadinol-T, §, 6, 8,9
and 17, while the aerial parts gave tridecapentaynene,
germacrene D, bicyclogermacrene, squalene, phytol,
lupeol and a complex mixture of unidentified aroma-
tic compounds.

The roots of G. burkei Harv. subsp. burkei var.
burkei afforded bisabolene, y-humulene, kessane, 6,
17 and the corresponding 11, 13-dihydro derivatives
18. The '"H NMR spectral data (Table 1) were in part
very similar to those of 17, the signals of the olefinic
methylene protons, however, were replaced by a
quartet at 8 2.45 and a doublet at & 1.30. Spin
decoupling allowed a clear assignment of all signals.
Inspection of a model further showed that the methyl
group at C-11 should be «-orientated as a nearly 90°
angle between H-7 and H-11 would explain the mis-
sing coupling. 18, therefore, was 118, 13-dihy-
drogeigeranolide. Furthermore, in addition to 1 and 3,
the so far unknown cis-isomer 2 was isolated. The 'H
NMR spectrum clearly showed that the 3, 4-double
bond was cis (see Experimental). Consequently, the
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Ac O

Wi

25 X = CH, 27 R=H
26X = aMe, H 28 R:= Ac
29 R= Ac,8aH

COzMe

3t

32 33

Table 3. '"H NMR spectral data of compounds 20, 22 and 24-26 (400 MHz, TMS as int. standard)

20 22 24 25 26
(CsDy) (CDCly) (CeDg) (CDCly) (CeDg) (CDCly) (CDCLy) (CsDg) (CDCly)

H-1 2.05dd (br) 261m 1.64 dd (br) 2.18 m — — —
H-2 224 dd 2.70 dd } 1.28m } 1.80m 6.12dd 5.90dd 5.57 ddd 5.47 ddd 5.57 ddd

H-2' 1.73d (br) 2.13d(br)

H-3a — — 1.58 m 1.73m — — 2384d  217dd  238dd
H3g  — — — — 191dd  182dd  189dd
H4 — — — — 265dq  2.16dq — - —
H-S - — — 160ddd  344d(br) 244d(br)  — — —
Heéa 497d(br) Sa4d(br) 175ddd 214 ddd 286dd  249dd  261dd
H-68 047ddd 1.2 ddd } 528d(br) 498d (b eq, 144 dddd 195 dddd
H7  214ddd  281ddd 128m 17Sm  274ddd  2.18m  264ddddd 2.08 ddddd 1.68 dddd
H8  369ddd 445ddd  361ddd  426ddd  463ddd* 390ddd  402ddd  337ddd  4.03 ddd
H9a 131 ddd} 2.97 dd (br) 3.17dd (br)} 158ddd  138ddd  1.54 ddd
H98 L12ddd] '92m  231ddbn) 251adnf ™ 13Tm  2314da  193ddd  2.21ddd
H-10 043dddg 129m — — 285m  21lm  250ddq 184m  2.49ddq
Hl  195dg  261dg  175m  230dg  259dq  184dq _ — 2.34 dq
H-13 623d 6.11d
H_B.} 1.19d 143d 1.03d 1.25d 140 d 1174 Ss8d 49 d} 128d
H4  055d 1.18d {4.92 s (br) {5.04 s(bry 138d 109 d 121d 0.92d 120d
480 (br) 14.95 s (br)
H15  175d 184 d 091 s 1205 107d 081d 1335 107 1305
OAc 1.56 s 2.16 s 200 s 149 s 2.06s 1.66 s 204 s

*Not first order. )

J (Hz): Compound 20: 1,2=6.5;1,2'~1;1,10=10;2,2'=18;6,7=11;7,8=9;7,11=10.5; 8,92 =2; 8,98 =11.5;9,9' = 14;
9,10=2;9%,10=11; 10, 14=7; 11, 13=7; compound 22: 1,2=9; 1,5=9; 5, 6a =3.5; 5, 68 = 12; 6a, 68 = 13; 6a, 7=13.5; 68,
7=12;7,8=10;7, 11=11.5; 8,9a =5; 8, 98 = 10; 9a, 98 = 15; 11, 13=7; compound 24: 2, 5=2.10=1.7; 4, 5=6.5; 4, 15=10,
14=11,13=7;6,7=33;7,8=75;7,11=13;8,9=11; 8,9 =4, 9, 10~ 10; compound 25: 2,3a=7; 2,38=1.5; 68=1.5; 3a,
38=6a,68=15;6a,7=2.5;68,7=11;7,8=10;7,13=3;8,9a =11, 8,98 =3; 9o, 98 = 12.5; 9a, 10 = 10; 98, 10 = 3; compound
26:2,3a=7;2,38=2,68=15; 3a, 38=6a, 68=15; 62, 7=25;68,7=11;7,8=11;7, 11=11; 8, 9a =11, 8, 98 =3; a,
98 =12.5;9a,10=12;98,10=13; 10, 14=11.13=7.
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Table 4. '"H NMR spectral data of compounds 27-29 (400 MHz, TMS as int. standard)

27 28 29

(CDCly) (CsDs/CDC13/D,0) (CDCl,) (CsDg) (CDCly)
H1  203m 191dd  146dd  1.49dd
H2  494ddd 497ddd  486ddd 487 ddd
H-3 1.96 dd 2.14ddd  220dd
H-3’} 186 m 1.80 dd } 2.02m 199dd  2.07m
H4 404 ddd* 3.65 dd 499dd  490ddd  4.95dd
H6a 233dd 225dd  183dd  1.78dd
H68 137dd 135dd  092dd  152dd
H7  284ddddd 2.41 ddddd 284 ddddd 2.01 ddddd 3.23 ddddd
HS  425ddd 3.84 ddd 421ddd  3.56ddd  4.78 ddd
H9a  1.41ddd 142ddd  093ddd  1.81ddd
HO98  238ddd 2.10 ddd 238ddd  195ddd  2.10 ddd
H10  19%m 1.55m 198 dddq  134dddq 2.00 m
H13 6184 6.03 d 6.18 d 6.09 d 6.28 d
H-13 5464 5.16d 5.43d 486 d 5.60d
H-14 0984 0.77d 0.99 d 0.75 d 1.05d
H15  093s 0.60 s 1.00 s 0.58 d 095 s

210’5 172 s 210

OAc 2035 183 2.03 s 170 s 2,03 5
OH 1594+

*After addition of D,0 dd.
tDisappeared after addition of D,0.

tH-11, 1.76 dq.

J (Hz): Compounds 27/28: 1,2=8;1,10=10;2,3=9;2,3 =2;3,4=10; 3, 4=8.5; 4,
OH=5;6,6=15,6,7=55,6,7=12;7,8=95;7,13=35;7, 13¥=3; 8, 9a=11; §,
98 =3.5,9a, 98 =13; 9, 10=11; 98, 10=3.5; 10, 14=6.5; compound 29: 1,2=2,3=09;
2,3=3;3,3=15;3,4=3,4=9;6a,68=15,6a,7=4;68,7=11;7,8=8;7,13=25;7,
13=23;8,92=3.5;8,98=11;92,98 =14; 92, 10=1; 10, 14=7.

Table 5. '"H NMR spectral data of com-
pound 31 (400 MHz, TMS as int. stan-

dard)

CeDg CDCl,
H-2 544 s (br) 5.35ddd
H-3a 2.67 dddd  2.60 dddd
H-38 1.97 dddd  1.89 dddd
H-4 236 dddqg 2.42dddq
H-5 225dddd 235 dddd
H-6a . 1.63 ddd 1.63 ddd
H-68 1.25 ddd 1.08 ddd
H-7 293 ddd 2.76 dd (br)
H-8 0.88 dd 0.80 m
H-9 0.65 dd 0.63 dd
H-9 0.78 dd 0.80m
H-13 6.28 d 6.20 d
H-13' 544 s (br) 5.63dd
H-14 1.27 s 1.25 s
H-15 0.88d 085d
OMe 347 s 378 s

J(Hz): 2,3=2,3=2,5=2,3,%=
16; 30, 4=8; 3B8,4=3.5;3a, 5=1.5; 4,
5=7;4,15=7;5, 6a=4; 5, 68=12;
6a, 68=12; 6a, 7=5; 68, 7=12; 7,
8~1;7,13=1,8,9=5;
9=4;13,13 = 1.

8,9=85;09, ¢

chemical shift of H-3 was influenced differently by
the deshielding effect of the triple bond, but also the
chemical shifts of the other signals were slightly
different in the spectra of 1 and 2. The polar fraction
also gave a lignane, the dimer of coniferyl alcohol
isobutyrate (55), as clearly followed from the 'H
NMR spectrum of 55 and of that of the diacetate 56.
The corresponding isovalerate had been isolated from
a Flaveria species [21]. From the aerial parts, a-
humulene, germacrene D, bisabolene, caryophyllene,
bicyclogermacrene, stigmasterol and 1 were isolated.
The polar fractions contained a complex mixture of
diterpenes, from which finally, in addition to geranyl-
linalol (38), the following eight derivatives were
isolated: the 13-hydroxy- and acetoxy compounds 39
and 40, the diacetate 45, the isomeric dihydroxy
acetoxy derivatives 44 and 46, the dehydro compound
52, the glycol 49 and the precursor of 52, the diol 51.
The structures were deduced from the 'H NMR
spectra (Tables 6 and 7), while the mass spectra in
part gave no molecular ions. The positions of the
oxygen functions in 39 and 40 followed from the
results of careful spin decoupling. As one of the
olefinic proton signals was a broadened doublet, the
oxygen function had to be placed a- to this olefinic
proton. Saturation of the signal of the latter caused a
sharpening of two methyl signals. Consequently, the
H-14 signal was irradiated and the oxygen function
was at C-13. The other signals were close to those of
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Table 6. '"H NMR spectral data of compounds 39-46 (400 MHz, CDCl,;, TMS as int. standard)

39 0 a 2 s “ 4 4%

(CDe—CDCl3, 5:1) (CeDs) (CéDe)
Hle  5.03dd 507dd  5084d  506dd  5.17dd  S.16dd  S07dd  520dd
Hlt  525dd 52dd  523dd  520dd  538dd  555dd  525dd  S.65dd
H2  583dd 591dd  591dd  589dd  593dd  S582dd  S587dd  591dd
H-4 184dd  184dd  20dd 1.92 dd
H-4’} 16m 16m 163 m L.35m 153dd  14ldd  170dd  147dd
HS  2.08 dt (br) 203m 2.00m 200dt (br) 464ddd  462ddd  S55Tddd 472 ddd
H6  525¢(br) 508¢(br) S27t(br) 5.18t(br) S521d(br) S31d(br) S5.16d(br) 529d(br)
H-s 2.31 dd (br) 2.40 dd (br) 2.32 dd (br)
H-S'} 2.14m } 28m  202m 2314 (br)} LIBE®B)  51eSaion 215 a (br)}l.98t(br)
H9 2,08 dt (br) 444ddd  563ddd  205dt(br) 594ddd  563ddd 213 dt (br)
H-10 525t (br) S.14¢(br) S18d(br) 5.09d(br) 5.10t(br) S533d(br) S5.07d(br) 527t (br)
H-12 } 22m 230m 212¢(br)  205t(br) 198t(br) 2.061(br) 2.23 dd (br)
H-12[ © . . . : : } 207 m 1.98 dd (br)
H-13 447 ddd 562ddd = 2.00m 200 dt (br) 2.05dt (br) 2.15 dt (br) . 6.00 ddd
H-14 5304 (br) 5.10d(br) S.10t(br) 5.061(br) S.09t(br) 520t(br) S5.07t(br) 5.29d(br)
H-16 1.70 s (br) 1.72d 1.67s(br) 167s(br) 168s(br) 172s(br) 1.68s(br) 1.61d
H-17 165 s (br) 1714 161s(br) 159s(br) 1.59s(br) 158s(br) 160s(br) 1.53d
H-18  1.625(br) 1595 (br) 169s(br) 1.70d 160s(br) 165d 170d 171 5 (br)
H-19 1645 (br) 162s(br) 169s(br) 162s(br) 163d 175d 174d 174d
H20 1225 1295 1295 1285 128 126 s 126 s 132
OAc — 2.00s — 2.00s —_ 1825 201 s 1.76 s

200 s

J (Hz): 1c, 1t=1.5; 1c, 2=11; 1t, 2=17; 5, 6 =9,10 = 13, 14=7; compounds 39/40: 12, 13=5; 12, 13=9; 13, 14=8;
compounds 41/42: 8,9=7.5;8,9=55;8,8=13;9,10=9; 10, 18=1; compound 43: 4,4’ =14;4,5=10.5;4',5=2;5,6=8;
6, 19=1; compound 4: 4, 4'=14; 4,5=105; 4, 5=2; 5, 6=8; compound 45: 8,9=7.5;8,9=5.5; 8,8 =13;9, 10=9;
compound 46: 4,4' = 14;4,5=10.5;4,5=2;8,9=7.5;8,9=6;9,10=9; 12, 12' = 14; 12, 13=4.5; 12, 13 =8.5; 14, 16 = 14,

17=1.
Table 7. 'H NMR spectral data of compounds 47-54 (400 MHz, CDCl,, TMS as int. standard)

47 48 49 50 51 52 53 54
H-1c 5.06 dd 5.16 dd 5.07 dd 5.07 dd 5.07 dd 5.06 dd 5.07dd 5.06 dd
H-1t 5.21dd 5.37dd 5.25dd 5.25dd 522dd 5.21dd 522dd 5.21dd
H-2 5.90 dd 591dd 5.89dd 5.89 dd 591dd 5.91dd 591dd 591dd
gj,} 1.60 m }:2(2) Z“;} 2.00 m 1.98 m 1.5 m 1.55m 1.55m 1.58 m
H-5§ 2.00m 4.62 ddd 2.09dt(br) 207Tm 2.00m 2.01dt(br) 2.03dt(br) 2.02dt(br)
H-6 515¢(br) 520d(br) S5.14t(br) 5.11t(br) 5.14t(br) S.14t(br) 5.15t(br) 5.13t(br)
H-8 205m 2.08 m 2.00m 202t (br)y 200t(br) 2.02t(br
H-S’} 2.10m 207 m
H-9 5.60 ddd 5.60 ddd 2.09dt(br) 2.08dt(br) 2.14dt(br) 2.13 dt(br)
H-10 515¢(br) 5.13¢t(br) 5.12d(br) 5.11d(br) S5.11t(br) S.14t(br) S524t(br) 530t (br)
H-12 3.22d (br)
H-12’} 2.10m 217t(br) 2.00m 198 m 267d(br) 275d(br) 3.04s(br) 310 d (br)
H-13 1.44m 1.60 m 1.60 m 1.66 m 5.57 dt* 5.62 dt — —

1.60 m
H-14 333d(br) 332d(br) 333d(br) 4.78dd 5.63 d* 6.17 dt 6.11 qq 3485
H-16 120 s 1.15s 1.16 s 1.19s} 132 s 1.84¢ 1.884d 1.23 s
H-17 1.15s 1.17 s 1.20 s 1.20 s 488 s(br) 2.14d 147 s
H-18 1.60s(br) 1.60s(br) 1.72d 1.714d 1.58s(br) 159s(br) 161s(br) 1.59s(br)
H-19 1.61s(br) 1.58d 1.61s(br) 158s(br) 1.60s(br) 161s(br) 162s(br) 1.645s(br)
H-20 127 s 128 s 1.29 s - 1.28 s 1.29 s 1.28 s 128 s 128 s
OAc — 202 s 201 s _— _ —_ _
2.10 s

*With Eu(fod); 5.85 d, 5.79 dt.
J(Hz): 1, 1t=1.5;1c,2=11; 1t,2=17; 5,6 =9, 10 =7; 13, 14 = 10; compound 48: 4, 4' = 14;4,5=10.5;4',5=2;
compound 49: 8, 9=4.5; 8, 9=8; 9, 10=8; compound 50: 8, 9=4.5; 8, 9'=8; 9, 10=8; 13, 14=10; 13, 14=3;
compound 51: 12, 13=6; 13, 14=15; compound 52: 12, 13=17; 13, 14=15; 16, 17=1; compound 53: 14, 16 =14,
17 =1; compound 54: 12, 12'=15.
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38, indicating identical stereochemistry of the double
bonds. Acetylation of 39 afforded 40, identical with
the natural compound. The '"H NMR spectra of the
isomers 44 and 46 differed typically in the splitting of
the signals of the protons under the oxygen functions,
as the couplings J,s were not identical with Jss or
Ji213, this was obviously due to a hydrogen bond
between the 3-hydroxyl and the oxygen function at
C-5. Therefore, the position of the hydroxy groups
could be assigned in both compounds, while the posi-
tion of the acetoxy groups was determined by spin
decoupling in part in different solvents, if the essen-
tial signals were overlapped. Irradiation of the
broadened quartet of the allylic protons showed in

0/Bu

55 R=H
56 R= Ac

the case of 46 coupling with one methyl signal, while
the irradiation of the signal of the olefinic proton a-
to the acetoxy group in the spectrum of 44 showed
the coupling with one methyl group. Consequently,
the positions of the acetoxy group could be deter-
mined. The spectrum of 45 showed that this com-
pound was the corresponding acetate of 44. While the
position of one acetoxy group followed from the
- couplings of the corresponding downfield shifted
signal, the second one caused the same behaviour as
in the spectrum of 44. The '"H NMR spectrum of §2,
molecular formula C,H3,0, clearly showed that we
were dealing with a dehydro derivative of 38. While
in the '"H NMR spectrum most signals were nearly the
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same as in that of 38 those of H-11-H-17 differed
markedly. The presence of a trans-double bond was
indicated by the double triplets at § 5.62 and 6.17,
while its position followed from the chemical shifts
and from the broadened two proton doublet at § 2.75,
which was coupled with the olefinic protons. Fur-
thermore, as the olefinic methylene protons were
coupled with those of an olefinic methyl group, the
assigned position of the conjugated diene was the
only possibility. The last diterpene, the acetate 49, on
acetylation afforded the diacetate 50. Again the 'H
NMR spectra allowed a clear assignment of the rela-
tive positions of the oxygen functions which could be
established in the same way as in the examples al-
ready discussed. The H-14 signal was a broadened
doublet at 6 3.33 in the spectrum of 49. The cor-
responding signal of 50 was shifted downfield and
appeared as a double doublet at & 4.78. As the signal
of the other proton under the acetoxy group was
coupled with allylic protons and with an olefinic one,
this group could be placed only at C-9. The presence
of a 13, 14-trans-double bond in the diol 51 was
deduced from the couplings observed and from the
results of spin decoupling. The signals of H-13 and
H-14 were close together and only after addition of
Eu(fod); was a clear separation obtained. Irradiation
of the H-12 signal clearly collapsed the doublet triplet
of H-13 to a doublet. Further decouplings allowed the
assignment of all signals, though some were overlap-
ping multiplets.

The aerial parts of G. burkei Harv. subsp. diffusa
(Harv.) Merxm. afforded sitosterol, stigmasterol,
thymol, the sesquiterpene lactones 12, 14, 17 and 18,
the eremophilene derivative 32 [22] and the diter-
penes 39, 51, 53 and 54. The structures of 53 and 54
again followed from the 'H NMR spectra (Table 7).
The '"H NMR signals of 53 showed that a 13-oxo-
geranyllinalol was present. Accordingly, the signals of
H-16 and H-17 were downfield shifted doublets and
the signal of H-14 was a quartet of quartets. Irradia-
tion of the latter, therefore, collapsed the methyl
doublets to singlets. The remaining signals were close
to those of 38 indicating identical stereochemistry of
the double bonds. Only the signals of H-12 and H-10
were shifted downfield. 54 obviously was the epoxide
of §3. Accordingly, the signals of H-16 and H-17 were
upfield shifted singlets at § 1.43 and 1.23, while H-14
was a sharp singlet at 8 3.48. Due to the new asym-
metric centre, H-12 displayed a pair of broadened
double doublets, while the remaining signals again
were close to those of 38.

The roots of G. burkei Harv. subsp. fruticulosa
Merxm. afforded bisabolene, 1, 3 and 55, while the
aerial parts gave a-humulene, 38 and 47, the structure
of the last compound followed from the 'H NMR
spectral data (Table 7). The presence of the 14, 15-
diol group followed from the chemical shifts of H-14,
H-16 and H-17, identical stereochemistry and
substitution as in 38 was deduced from the similarity
of the '"H NMR spectra. Traces of sesquiterpene
lactones were present, but they were not identi-
fied.

The roots of G. burkei Harv. subsp. burkei var.
zeyheri (Harv.) Merxm. afforded bisabolene, 1, 3 and
55, while the aerial parts gave squalene, a-humulene,
bisabolene, germacrene D, bicyclogermacrene, caryo-
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phyllenepoxide, 43, 49 and 48. The structure of the
latter followed from the '"H NMR spectral data (Table
7). As the signal of the proton under the secondary
allylic hydroxy group was split as usual and the
coupling partners were the typical double doublets,
the position of this group was easily established,
while the position of the other hydroxyls directly
followed from the 'H NMR spectrum. The structure
of the diol 43 followed from the '"H NMR spectrum as
the signals of H-4-H-6 were the same as those of 44,
while the remaining signals were close to those of 38.
In addition to the above compounds, abienol (33) and
minor quantities of sesquiterpene lactones were
isolated. Careful '"H NMR studies led to the struc-
tures 25, 26 and 27. The 'H NMR spectrum of 27
(Table 4) was in part close to that of dihydroaromati-
cin [22] indicating the presence of a pseudoguai-
anolide with an 8,12-trans-lactone ring. Accordingly,
the signals and the couplings of H-6 through H-10
were nearly the same in both lactones. The remaining
downfield signals indicated the presence of a hydroxy
and an acetoxy group. As the corresponding signals
both were three-fold doublets, one being changed to a
double doublet by deuterium exchange, only a 2,
4-substitution was possible. Inspection of a model
showed that the couplings observed agreed best with
a 2B- and a 4a-H. This was supported by comparing
the corresponding signals with those of pulchellin
[24], fiexuosin A-acetate [25] and picrohelenin [26].
As in the spectrum of the latter the signals of H-2 and
H-4 were a three-fold doublet and a double doublet
respectively, while in the spectrum of flexuosin A-
acetate with a 4a-hydroxyl group the H-4 signal is a
broadened doublet. The 4pB-orientation of the
hydroxyl was further supported by the chemical shift
of H-15, which obviously was influenced by the
deshielding effect of the 4-hydroxyl group. The 'H
NMR spectral data of 25 and 26 (Table 3), which
could not be separated completely, clearly showed
that they differed only in the saturation of the 11,
13-bond. Accordingly, 26 was obtained pure after
transformation of 25 to the corresponding pyrazoline.
Extensive spin decoupling of the spectrum of 26
allowed the assignment of all signals. Starting with
the proton under the lactone oxygen the signals of
H-7 and H-9 were assigned. As the signals of H-7 and
H-8 were at relatively high fields a trans-lactone was
proposed. This was supported by the negative Cotton
effect in the CD-spectrum of the pyrazoline of 25
[27]. As H-9a showed three large couplings both H-8
and H-10 must be g-orientated. Irradiation of the H-7
signal allowed the assignment of H-6 and H-11. The
coupling of the latter being 11 Hz clearly indicated an
a-orientated methyl group at C-11, thus establishing
the whole sequence H-6-H-14. The remaining signals
indicated the presence of an acetoxy group, a methy-
lene group and a tertiary methyl carbinol, though the
presence of the latter followed only indirectly from
the chemical shift of the methyl singlet and the
molecular formula. These observations, however, led
to a guaianolide. The position of the acetoxy group
followed from the homoallylic coupling between H-
68 and the proton under the acetoxy group. The latter
was further coupled with H-10 and the neighbouring
methylene protons. The stereochemistry at C-2 and
C-4 could not be determined with certainty. The one
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proposed was based on the fact that the downfield
shifted H-3 signal showed a larger coupling Js.
Models showed that the downfield shift required an
a-orientated oxygen function. As the H-6a signal was
shifted downfield a 4a-hydroxy group was very
likely. Consequently, H-3a would also be deshielded.
As this proton had the larger coupling with H-2 a
2B-acetoxy group was likely. The '"H NMR data of 2§
were close to those of 26. Identical stereochemistry,
therefore, had to be proposed. Guaianolides with a 1,
5-double bond seem to be unknown. We have named
the corresponding lactone without oxygen functions
at C-2 and C-4 burkeolide.

The roots of G. burkei Harv. subsp. burkei var.
elata Merxm. afforded, in addition to bisabolene and
squalene, 1 and 3, while the aerial parts gave a-
humulene, bicyclogermacrene, phytol, squalene, 43,
44 and two further geranyllinalol derivatives, the diol
41 and the corresponding acetate 42. The structures
of 41 and 42 were deduced from the '"H NMR spectral
data (Table 6) as spin decoupling showed in both
cases that the proton under the secondary oxygen
function was coupled with one olefinic methyl group.
Furthermore, the pseudoguaianolide 29 was present.
The 'H NMR spectrum showed (Table 4) that the
compound was an isomer of 28 (see below). Accord-
ingly, the signals of H-7 and H-8, which were assig-
ned by spin decoupling, were at lower fields indicat-
ing a cis-8, 12-lactone in agreement with a negative
Cotton effect in the CD spectrum [27]. This empirical
rule, which has been discussed previously [14], seems
to be valid for all sesquiterpenes, where a 8, 12-
lactone is connected with a seven-membered ring
(guaianolides, pseudoguaianolides and xanthanolides),
as long as no special additional effect are encoun-
tered. Furthermore, J;;; seems to be larger in the
trans-lactones.

The aerial parts of G. burkei. Harv. subsp. burkei
var. intermedia (S. Moore) Merxm. Afforded ger-
macrene D, bicyclogermacrene, bisabolene, 10, 13, 32,
33 and 4244 as well as two further sesquiterpene
lactones, the pseudoguaianolide 28 and the xan-
thonolide 15. The "H NMR spectral data of 28 (Table
4) were close to those of 27, however, the H-4 signal
was shifted downfield, indicating that the cor-
responding hydroxyl was acetylated. The signals of
H-7 and H-8 differed typically from those of 29 as
excepted for the 88-H-epimer of the latter. The 'H
NMR spectrum of. 15 (Table 2) was in part close to
that of 9, however, as shown by spin decoupling the
H-8 signal was overlapped by a signal which was
coupled with a methyl doublet, indicating that the
keto group at C-4 was replaced by an acetoxy group.
Furthermore, the H-14 signal was a singlet at § 1.39
clearly showing that an additional hydroxy group was
at C-10. This was in agreement with the molecular
formula. While EI conditions only showed the M —
H,0-peak, chemical ionization led to the expected
M + 1-peak. In deuteriobenzene all signals could be
assigned by spin decoupling, though some were over-
lapping multiplets. As the signal of H-98 was shifted
downfield, if compared with the chemical shift of
H-98 in the spectrum of 9, the B-orientation of the
10-hydroxy group was likely. The stereochemistry at
C-4 was not determined. The roots afforded bis-
abolene, bicyclogermacrene, kessane, 1 and 3.
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CONCLUSIONS

The chemistry of the genus Geigeria shows rela-
tionships to Inula and therefore its placement in the
subtribe Inulinae is supported by the constituents. As
in the genus Inula an unusual variation of different
types of sesquiterpene lactones can be observed
ranging from eudesmanolides, to guaianolides, pseu-
doguaianolides, xanthanolides, eremophilanolides and
the new types, the geigeranolides, so far represented
by two compounds. As the latter have been isolated
from several species, they may be useful chemotax-
onomic markers. The large variety of geranyllinalol
derivatives is remarkable. They are present in all
varieties of G. burkei, only two of which afforded the
bicyclic diterpene abienol. Perhaps this is an in-
dication that this genus has lost the ability to trans-
form geranyllinalol to the widespread cyclic diter-
penes. Most species contain thiophene acetylenes and
the corresponding dithio compound 3, which there-
fore also are good taxonomic markers. Concerning
the biogenesis of the unusual sesquiterpene griesenin,
the isolation of the xanthanolides 9, 10 and 15 may be
of interest. 15 could be the precursor of a diene,
which after epoxidation could lead to 11, a possible
precursor of dihydrogriesenin (see Scheme). The
isolation of the acetoxy derivative 13 may be an
indication that griesenin is formed by elimination.
The isolation of ivalin indicates a possible route for
the biogenesis of geigeranolide (see Scheme), while
the formation of 31 may be achieved starting with 30,
a probable precursor of the guaianolides (see
Scheme). Further investigation should show whether
the chemistry of the tribe Inuleae will help to est-
ablish a more clear subdivision into subtribes, as the
taxonomic situation seems to be very complicated [1].

EXPERIMENTAL

The air-dried plant materials, collected in Transvaal, were
extracted with Et,O-petrol (1:2) and the resulting extracts
were separated first by CC (Si gel) and further by repeated
TLC (Si gel) using different solvent systems. Known com-
pounds were identified by comparing the 'H NMR spectra
with those of authentic material. Voucher specimens were
deposited in the Herbarium of the Botanic Research In-
stitute, Pretoria.

G. aspera var. aspera (voucher 81/239). The roots (125g)
afforded 8 mg kessane, 3 mg bicyclogermacrene, 2mg 1,
0.3 mg 3, 2mg 4 (Et,0-petrol, 1:20), 2mg 5, Img 6, 1 mg 8,
Smg 12, 4mg 14 and 8 mg 17 (Et,0O-petrol, 1:3, several
developments) and 2 mg 19, while the aerial parts (260 g)
gave 2 mg caryophyllene epoxide, 2 mg bicyclogermacrene,
2 mg germacrene D, 200 mg 12, 2 mg 13 (Et,O-petrol, 3:1),
100 mg 14, 3 mg 16, 20 mg 19, 15 mg 20 (Et,O-petrol, 3:1),
2 mg 21, 10 mg 22 (Et,O-petrol, 3:1 and CH,Cl,-C¢H¢Et,0,
5:5:1), Smg 23, isolated as its acetate 24 (Ac,0, 1hr, 70°,
TLC Et,O-petrol, 1:1, several developments), 5mg 31
(Et,O-petrol, 1:10), S0 mg 35, 40 mg 36 and 1 mg 37 (Et,0-
C¢H~CH,Cl,, 1:1:1).

G. brevifolia (voucher 81/205). The roots (220 g) afforded
5 mg tridecapentaynene, 20 mg lupeyl acetate, 5 mg cadinol-
T,20mg 5, 2mg 6, 3mg 8, 2mg 9 and 10 mg 17 (separated
from 5 by addition of m-chloroperbenzoic acid in CHCl; in
the presence of NaHCO; soln folowed by TLC (Et,0-
petrol, 1:1) yielding 7, which was easily separated from 17).
The aerial parts (100 g) gave 2 mg tridecapentaynene, 2 mg
germacrene D, 2mg bicyclogermacrene, 10 mg squalene,
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10 mg phytol, 3 mg lupeol and a complex mixture of uni-
dentified aromatic compounds.

.G. burkei subsp. burkei var. burkei (voucher 81/64). The
roots (120 g) afforded 100 mg bisabolene, 5 mg y-humulene,
3 mg kessane, 2mg 1, 2 mg 2 (petrol), 1 mg 3, Smg 6, 10 mg
17, 5 mg 18 (Et,O-petrol, 1:3, several times, small amounts
of 17 were separated by transforming the latter to the
pyrazoline by addition of CH,N,) and 5 mg 55. The aerial
parts (660 g) gave 3 mg a-humulene, 2 mg bisabolene, 1 mg
germacrene D, 1 mg caryophyllene, 1 mg bicyclogermacrene,
2 mg stigmasterol, 1 mg 1, 100 mg 38, 5 mg 39, 10 mg 40, 2 mg
44, 2 mg 45, 2 mg 46, Smg 49, 2mg 51 and 2 mg 52. The
diterpenes were separated by TLC using petrol with
different amounts of Et,0 and several developments. 43
could only be separated from 38 by AgNO,-coated Si gel.
The original amounts of the diterpenes must be higher, as
the difficult separations caused considerable loss of material.

G. burkei subsp. diffusa (voucher 81/109). The aerial parts
(220g) afforded 3 mg sitosterol, 3 mg stigmasterol, 30 mg
thymol, 5 mg 12, 5 mg 14, 2 mg 17, 2 mg 18 [separated from
17 by addition of CH,N, in Et,0, evaporation after 30 min
and separation by TLC (Et,O-petrol, 1:1)], 6 mg 32, 10 mg
39, 4 mg 51 (Et,0-petrol, 3:1), 5 mg 53 (same solvent), and
7 mg 54 (same solvent).

G. burkei subsp. fruticulosa (voucher 81/46). The roots
(25 g) afforded 5 mg bisabolene, 2mg 1, 1 mg 3 and 2 mg 55,
while the aerial parts (150 g) gave 10 mg a-humulene, 50 mg
38 and 100 mg 47 (Et,0O-petrol, 3:1).

G. burkei subsp. burkei var. zeyheri (voucher 81/1). The
roots (110 g) afforded 20 mg bisabolene, 4 mg 1, 2mg 3 and
4 mg 55, while the aerial parts (500 g) gave 15 mg squalene,
S mg caryophyllene-1, 10-epoxide, 5 mg a-humulene, 5 mg
bisabolene, 1 mg bicyclogermacrene, 2 mg germacrene D,
2 mg 25, 2mg 26 (same solvent, not completely separated,
after addition of CH,N, pure 26 was obtained), Smg 27
(CH,C1,-C¢He~MeOH, 20:20:1), 20 mg 33, 40 mg 43, 20 mg
48 (Et,0, several developments) and 10 mg 49.

G. burkei subsp. burkei var. elata (voucher 81/96). The
roots (80 g) afforded 20 mg bisabolene, 20 mg squalene, 2 mg
1 and 0.5mg 3, while the aerial parts (210g) gave 10 mg
a-humulene, 20 mg bicyclogermacrene, 100 mg squalene,
80 mg phytol, 20 mg 29 (Et,O-petrol, 3:1), 15mg 41, 50 mg
42, 20 mg 43 and 15 mg 44 (41-44 separated by TLC using
Et,0 as solvent).

G. burkei subsp. burkei var. intermedia (voucher 81/229).
The roots (50g) afforded 30 mg bisabolene, 5 mg bicyclo-
germacrene, 20 mg kessane, 1 mg 1 and 0.3 mg 3, while the
aerial parts gave 2mg germacrene D, 2mg bicycloger-
macrene, 3 mg bisabolene, 5 mg 10, 10 mg 13, 5§ mg 15 (Et,0-
petrol, 3:1), Smg 28 (Et,O-petrol, 1:1, several deveiop-
ments), 20 mg 32, 10 mg 33, 10 mg 42, Smg 43 and S mg 44.

2-Prop-1-inyl-5-(hex-3c, 5-dien-1-inyl)-thiophene (2). Yel-
low gum, UV AE20 nm: 357, 334; MS m/z (rel. int.): 198.049
[M]* (100) (CsHS), 197 [M - H}* (58), 165 [197 — S]* (58);
'"H NMR (CDCL): & 5.34 (dd, H-1c), 5.43 (dd, H-1t), 6.43
(dd, H-2), 6.45 (dd, H-3), 5.67 (d, H-4), 7.02 (d, H-8), 6.96 (d,
H-9), 2.085 [s, H-13, J (Hz) 1c, 1t=1.5; 1¢c,2=11; 1t,2=17;
2,3=3,4=105;8,9=3.7].

2-Prop-1-inyl-5-(5,6-epoxyhex-3c-en-1-inyl)-thiophene (4).
Colourless gum, IR »$S4 cm™: 2190 (C=C); UV AEQ
nm: 338, 318; MS m/z (rel. int.): 214.044 [M]* (100)
(C3H,40S), 185 [M — CHOT* (58), 171 [M — C,H;01* (19). 'H
NMR (CDCly): 6 2.77 (dd, H-1), 3.11 (dd, H-1'), 3.94 (ddd,
H-2), 5.55 (dd, H-3), 598 (d, H-4), 7.03 (d, H-8), 6.96 (d,
H-9), 2.08 [s, H-13,J (H2) 1,2=2.5;1,2=4;1,1'=55; 2,
3=9;3,4=11;8,9=38).
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2B-Acetoxydihydrogriesenin (13). Colourless gum, IR
vES4, cm™!': 1775 (y-lactone), 1735, 1240 (OAc); MS m/z (rel.
int.): 290 [M-CH,0]" (0.5), 230.131 [290 - HOAc]* (45)
(CisHs0y), 134 (100), 119 (48), 91 (67); CI (isobutane): 321
[M+17* (2), 261 [321-HOAc}* (100), 231 [261-CH,01*
(22).

108-Hydroxy-10-epi-tomentosin-4-O-acetate (15). Colour-
less gum, IR »E5%, cm™: 3590 (OH), 1775 (y-lactone), 1730,
1250 (OAc); MS m/z (rel. int.): 290.152 [M—H,0]" (5)
(C;H»0,), 230 [290 —HOAc]* (10), 91 (86), 67 (100); CI
(isobutane): 309 [M+1]* (20), 291 [309— H,0]* (100), 231
[291 - HOAc]* (41).

Geigeranolide (17). Colourless crystals, mp 92° (petrol), IR
vSS4, cm™': 1775 (y-lactone), 1265, 1130, 995, 980, 947; MS
m/z (rel. int.): 232.146 [M]* (12) (C,;sHy0,), 217 [M —Me]*
(100), 191 (42), 171 (24), 145 (50), 131 (31), 121 (44), 119 (31),
107 (30), 105 (42), 95 (26), 93 (42), 91 (48), 81 (31), 79 (45), 77
(34), 68 (37), 67 (41), 55 (42), 53 (52);

_589 578 546

[ald 436 nm
the =59 T2 +71

+117

(¢ =3.0, CHCly).

118, 13-Dihydrogeigeranolide (18). Colourless gum, IR
v554, cm™': 1780 (y-lactone); MS m/z (rel. int.): 234.162 [M]*
(12) (C;sHy0,), 219 [M —Me]* (88), 193 (30), 173 (18), 161
(30), 145 (100), 133 (28), 119 (79), 105 (70), 93 (58), 91 (51);

589 578 546

la)ke = 436 nm
“le=170 110 +10

+20

(¢ =0.09, CHCL).

Geigerin acetate (20). Colourless gum, IR v$S%, cm™': 1790
(y-lactone), 1750, 1233 (OAc), 1710, 1650 (C=CC=0); MS
miz (rel. int): 306.147 [M]* (11) (C,HyOs), 264 [M—
ketene]” (19), 246 [M — HOAc]* (100), 218 [246 — COJ* (37),
204 [246 — C,H,01" (58).

118, 13-Dihydroinuviscolide (22). Colourless gum, IR
v$S4, cm™': 3600 (OH), 1775 (y-lactone); MS mj/z (rel. int.):
250.157 [M]* (10) (C,sH»0,), 232 [M — H,07" (59), 217 [232—
Mel* (11), 71 (100);

, 589 578 546

[alhe = 436 nm
“e= T8 129 +30

+44

(¢ =0.13, CHCL).

Isogeigerin acetate (24). Obtained by acetylation (Ac,0,
1 hr, 70°) of the natural compound, colourless crystals, mp
145° (Et,0-petrol), IR »$S%, cm™: 1780 (y-lactone), 1745,
1225 (OAc), 1710, 1610 (C=C-C=0); MS m/z (rel. int.):
306.147 [M]* (38) (C7H,;Os), 264 [M —ketenel* (45), 246
[M —~HOACc]* (58), 123 (100);

589 578 546

[} 436 nm
“le =764 +61 +75

+120

(¢ =0.27, CHCL).

2B-Acetoxy-4a-hydroxyburkeolide (25). Colourless gum,
not free from 26, IR »55%, cm™': 3600 (OH), 1775 (y-lactone),
1740, 1240 (OAc); MS m/z (rel. int.): 306 [M]* (1), 288
[M-H,0]" (1), 246.126 [M — HOAc]* (100) (C,sH,50;), 231
{246 — Me]* (24), 228 [246 — H,01" (6).

Addition of CH;N; in Et,0 afforded the B8-pyrazoline, 'H
NMR (CDClLy): § 5.18 (ddd, H-8, J =11, 10, 3.5Hz); CD
(MeCN) Agspe = —2.4.

2B-Acetoxy-4a-hydroxy-118, 13-dihydroburkeolide (26).
Colourless gum, which was separated from small amounts of
25 by addition of CH;N, in Et,0 (30 min, RT) followed by
TLC (CH,Cl,-C¢He~MeOH, 20:20:1), IR »S5%, cm™: 3600
(OH), 1780 (y-lactone), 1740 (OAc); MS m/z (rel. int.): 290
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[M-H,0]" (2), 248.141 [M—HOAc]* (100) (C,sH20;), 233
[248 — Mel* (31), 230 [248 — H,01" (4).

4-Epipulchellin-2-O-acetate (27). Colourless gum, IR voy,
cm™!: 3600 (OH), 1775 (y-lactone), 1740, 1240 (OAc); MS
m/z (rel. int.): 290.152 [M—H,01' (4) (C;H»0,), 248 (M —
AcOH]" (72), 230 [248 — H,0]" (72), 215 [230 — Me]* (24), 204
[248 — CO,]* (28), 159 (100).

4-Epipulchellin-2, 4-O-diacetate (28). Colourless crystals,
mp 137° (Et,O-petrol), IR v5S4, cm™: 1775 (y-lactone), 1745,
1250 (OAc); MS m/z (rel. int.): 308 [M—ketene]® (1),
290.152 [M — HOAc]* (8) (CsH»O0,), 248 [308 — HOAcY" (34),
230 [290 — HOAc]* (100), 215 [230 — Me]* (10);

[alle=330_578 546 436nm
@l =3366 +38.0 +42.5 +68.9

(c=0.71, CHCly).

4-Epineopulchellin-2, 4-O-diacetate (29). Colourless gum,
IR »€%, cm™: 1770 (y-lactone), 1740, 1240 (OAc); MS mj/z
(rel. int.): 350.173 [M]* (0.5) (C\sH0Os), 290 [M —-HOAc]*
(5), 248 [290 —Kketene]* (68), 230 [290 — HOAc]* (93), 119
(100); CD (MeCN): Aezo = — 0.1.

Methyl asperageigerate (31). Colourless gum, IR »55%,
cm™!: 1720, 1630 (C=CCO,R), 1460, 1440, 1370, 1280, 1250,
1200, 1165, 1130, 955; MS m/z (rel. int.): 246.162 [M]* (58)
(CHx»0y), 231 [M — Me]* (32), 214 [M —MeOH]* (10), 199
[214— Me]* (28), 186 [214 — CO}* (38), 171 (70), 159 (39), 145
(71), 133 (48), 131 (48), 121 (64), 119 (100), 105 (95), 93 (84),
91 (93), 79 (54), 77 (61), 55 (64), 53 (41);

589 578
A=
el =""53 2

546 436nm (. _¢3 CHCl).
-53 -102

5, 9-Dihydroxynerolidol (37). Colourless gum, IR »SS%,
cm™!: 3590, 3360 (OH), 920 (CH=CH,); MS m/z (rel. int.):
236.177 [M —H,01* (0.1) (C;sH»0,), 85 [CsH,01* (100); CI
(isobutane): 237 [M+1—H,0]* (4), 219 [237 —-H,0]* (24),
201 [219 - H,0]* (10), 135 [C,sH;s]* (100); '"H NMR (CDCl):
8 5.18 (dd, H-1c), 5.38 (dd, H-1t), 5.94 (dd, H-2), 1.85 (dd,
H-4), 1.53 (dd, H-4), 4.64 (ddd, H-5), 5.31 [d (br), H-6], 2.18
(dd, H-8), 2.11 [dd (br), H-8'], 4.47 (ddd, H-9), 5.16 (dqq,
H-10), 1.69 [s (br), H-12, 13], 1.72 (d, H-14), 1.29 [s, H-15, J
H2): Ic, 1t=15; 1c, 2=105; 1t, 2=17; 4, 4 =14.5; 4,
5=10.5;4,5=23;5,6=9;8,9=8;8,9=5;8,8=14;9,
10=8; 6, 14=10, 12=10, 13=1]; [alp=+11° (c=0.11,
CHCl).

13- Hydroxygeranyllinalol (39). Colourless gum, IR »S%,
cm™': 3600 (OH), 3080, 930 (CH=CH,); MS (CI, isobutane)
mlz (rel. int.): 289 [M+1-H,0]* (23), 271 [289-H,0]"
(100); .

s80 578 546 436mnm . _
\ =0.5, CHCL).
[aMe=237 86 794 +17  © )

5mg 39 on heating with 0.1ml Ac,0O for 1hr at 70°
afforded after usual work-up 3 mg 40, identical with the
natural acetate.

13-Acetoxygeranyllinalol (40). Colourless gum, IR »SS4,
cm™: 3600 (OH), 3080, 930 (CH=CH,), 1740 (OAc); MS (CI,
isobutane) m/z (rel. int.): 289 [M+1—-HOAc]* (27), 271
[289 — H,0]* (100).

9-Hydroxygeranyllinalol (41). Colourless gum, IR »S%,
cm™': 3600, 3410 (OH), 3080, 935 (CH=CH,); MS (CI, isobu-
tane) m/z (rel. int.): 289 [M+1-H,01" (71), 271 [289—~
H,07" (100).

9-Acetoxygeranyllinalol (42). Colourless gum, IR »SSY,
cm™: 3600, 3520 (OH), 1730, 1240 (OAc), 3080, 925
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(CH=CH,); MS (CI, isobutane) m/z (rel. int.): 289 [M+1—
HOAc]* (47), 271 [289—-H,01* (100), 71 [CH,0)" (34);
[alp=—7° (¢ =0.3, CHCL).

5-Hydroxygeranyllinalol (43). Colourless gum, IR »SSH,
cm™: 3620, 3510 (OH); MS m/z (rel. int.): 270 (M —2X
H,01" (0.5), 69 [CsHo]* (100); CI (isobutane): 289 [M+1~—
H,01* (2), 271 [289 — H,01* 219 [287 — C,H(O1* (100).

9-Acetoxy-5-hydroxygeranyllinalol (44). Colourless gum,
IR »5S4 cm™': 3600 (OH), 1745, 1255 (OAc), 930 (CH=CH,);
MS m/z (rel. int.): 286.230 [M — H,0, HOAc]* (1) (CxH;,0),
70 {C,H:OT* (100).

5, 9-Diacetoxygeranyllinalol (45). Colourless gum, IR
vE, cm™': 3580 (OH), 3080, 930 (CH=CH,), 1730, 1245
(OAc); MS m/z (rel. int.): 286.230 [M—2x HOAc]* (1.5)
(CyoH30), 135 [CioHis]* (78), 69 [CsHol* (100); CI (isobu-
tane): 347 [M + 1 -HOAc]" (2), 287 [347 — HOAc]* (61), 269
[287 — H,01* (100), 217 [287 — C,H;O]" (88).

13-Acetoxy-5-hydroxygeranyllinalol (46). Colourless gum,
IR »5S%, cm™': 3590 (OH), 1730, 1250 (OAc), 3080, 930
(CH=CH,); MS m/z (rel. int.): 304.240 [M—HOAc]"* (1)
(CoH3,0,), 135 [CioH,s)* (47), 85 [CsH01" (100).

14, 15-Dihydro-14, 15-dihydrogeranyllinalol (47). Colour-
less gum, IR »SS%, cm™': 3580, 3420 (OH), 3080, 930
(CH=CH,); MS mj/z (rel. int.): 306.256 {M—H,01* (0.5)
(C5H1,0,), 288 [306 — H,01* (0.2), 71 [C,H,0]* (100).

5, 14, 15-Trihydroxy-14, 15-dihydrogeranyllinalol (48).
Colourless gum, IR »SS%, cm™: 3600, 3400 (OH); MS m/z
(rel. int.): 322.251 [M—-H,0]" (0.1) (C5H,0;), 304 [322—
H,01* (0.1), 71 [C,H,01" (100).

14, 15-Dihydroxy-9-acetoxy-14, 15-dihydrogeranyllinalol
(49). Colourless gum, IR »SS4, cm™: 3440 (OH), 1730, 1240
(OH), 1730, 1240 (OAc), 930 (CH=CH,); MS m/z (rel. int.):
304.240 [M—-H,0, HOAc]" (0.3) (CyH30,), 246 [304—
Me,COl* (3), 71 [C,H,O]" (100).

5 mg 49 were heated for 1 hr with 0.1 ml Ac,0 at 70°. TLC
(Et,O-petrol, 3:1) afforded 4mg 50, colourless gum, IR
v, cm™': 3580 (OH), 1735, 1240 (OAc), 930 (CH=CH,); MS
m/z (rel. int.): 424 [M]* (0.1), 346 [424 — HOAc, H,0]* (1), 71
[C,H,01* (100); CI (isobutane): 425 [M + 11* (4), 407 [425 ~
H,01* (5), 347 [407 —HOACc]" (84), 287 [347 — HOAc]* (100);

. _ 589

578 546 436 nm
[a]ﬂ' = 71

+82 +86 +143

(¢ =0.28, CHCL).

15-Hydroxy-13, 14-dehydro-14, 15-dihydrogeranyllinalol
(51). Colourless gum, IR »SS%, cm™: 3580 (OH), 970 (tr
CH=CH), 925 (CH=CH,); MS m/z (rel. int.): 288.245 [M —
H,0]" (0.3) (C,H;,0), 270 [288 — H,O1* (0.5), 255 [270—
Mel* (0.3), 135 [CioHys]* (27), 93 [C/H,]* (74), 55 [CHj1*
(100); CI (isobutane): 289 [M+1-H,01* (13), 271 [289 —
H,0}" (100), 135 [CoH 51" (28).

14, 15-Dihydro-13, 14, 15, 16-tetradehydrogeranyllinalol
(52). Colourless gum, IR »$S4, cm™: 3600 (OH), 930
(CH=CH,), 890 (C=CH,); MS m/z (rel. int.): 288 [M]* (0.3),
270 [M—H,01" (1), 255.211 [270~Me]* (2) (CiHy), 202
[270— CsHgl™ (3), 134 [CioH )" (40), 93 [C;H,]* (100); CI
(isobutane): 289 [M + 1]* (2), 271 [289 — H,01* (49).

13-Oxo-geranyllinalol (53). Colourless gum, IR »SSY,
e¢m™': 3600 (OH), 1680, 1665 (C=CC=0); MS (CI, isobutane)
mj/z (rel. int.): 305 [M + 11" (6), 287 [M + 1 — H,01" (100), 189
[287 — C¢H,,01* (54), 83 [C,H,CO]* (52).

14, 15-Epoxy-13-ox0-14, 15-dihydrogeranyllinalol (54).
Colourless gum, IR »$S4, cm™: 3600 (OH), 1715 (C=0), 930
(CH=CH,); MS (CI, isobutane) m/z (rel. int.): 303 (M +1—
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H,0]* (100), 285 [303 — H,0O]* (20);

589

. 578
lelee =136

-14.3

546 436 nm

-199 -47.5 (c=0.28, CHCI;).

Bis coniferylisobutyrate (55). Colourless gum, IR »$S%,

cm™': 3550 (OH), 1730 (CO;R), 1605, 1510 (aromatic); MS
mfz (rel. int.): 502.257 [M]* (14) (CxH30s), 414 [M—
RCO,H]"* (6), 326 [414 — RCO,H]* (12), 189 [C\H;,05]" (41),
137 [hydroxymethoxytropylium ion]* (100); 'H NMR
(CDCL,): & 6.47 (d, H-5), 6.55 (dd, H-6), 2.66 (dd, H-7), 2.58
(dd, H-7"), 2.08 (dddd, H-8), 4.22 (dd, H-9), 4.00 (dd, H-9),
3.80 (s, OMe), 2.56 (qq), 1.19 (d), 1.18 [d, OiBu, J (Hz): 2,
6=2;56=8;7,7=14,7,8=175;8,9=6;8,9=55;9,
9'=11.5]. 3 mg 55 were heated for 1hr with Ac,0 at 70°.
TLC (Et,0-petrol, 1:1) afforded 2 mg 56, colourless gum, IR
vE%, cm!: 1780 (PhOAC), 1740 (CO,R), 1610, 1520 (aroma-
tic); 'H NMR (CDCly): 8 6.66 (d, H-2), 6.91 (d, H-5), 6.62
(dd, H-6), 2.74 (dd, H-7), 2.64 (dd, H-T"), 2.05 (m, H-8), 4.27
(dd, H-9), 4.01 (dd, H-9), 2.30 (5, OAc), 3.76 (s, OMe), 2.56
(q9), 1.19 (d), 1.18 [d, OiBu, J (Hz) see 55].
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