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Abstract—From Gutenbergia marginata ten new guaianolides were isolated. Two guaianolides isolated previously from
Erlangea inyangana are identical with two further lactones and their structures have been revised. From Bothriocline
ripensis ethulia coumarin and two further S-alkylcoumarin derivatives, one being a chromone, were isolated, while B.
longipes and B. eupatorioides gave nine S-alkylcoumarins and two related compounds. The structures were elucidated by
highfield NMR techniques and a few chemical transformations.

INTRODUCTION

From the African Erlangea group (Compositae, tribe
Vernonieae) so far only a few species have been studied
chemically. Germacranolides of cordifolin type are re-
ported from E. cordifolia [1], from E. remifolia guaianol-
ides [2] and from the closely related Bothriocline and
some Erlangea species 5-methylcoumarins [3-5]. We now
have investigated further species of this group. The results
are discussed in this paper.

RESULTS AND DISCUSSION

The aerial parts of two collections of Gutenbergia
marginata (Oliv. et Hiern) Wild. et Pope afforded the
guaianolides 1-12. Two of these lactones (7 and 8) showed
identical '"H NMR spectra (Table 1) with those of two
guaianolides previously reported from E. inyangana [2].
The '3C NMR spectrum of 8 (Table 2) indicated that the
structure has to be revised. The 400 MHz 'HNMR
spectra of 7 and 8 (Table 1) now could be assigned
completely by spin decoupling which showed that the
exomethylene signals (H-15) in the spectra of 7 and 8 were
coupled with H-3 (65.53 and 5.49 br dd). This excluded the
ester groups proposed previously (in lit. [2] compounds 2
and 5). NOE difference spectroscopy indicated effects
between H-7 and H-5, between H-1, H-2¢, H-3 and H-$5,
between H-9 and H-14 as well as between H-6 and H-28.
These observations established the stereochemistry of all
chiral centres. The fragmentation pattern in the mass
spectrum of 7 also supported the structure, though no
molecular ion was detected. However, elimination of the
acyloxy radical led to m/z 287 (M — C,H,,05). The acyl
cation (m/z 159) was of low intensity but the base peak
(m/z 131) was formed by loss of CO from m/z 159.
Furthermore m/z 89 (131 —ketene) and m/z 71 (131
— HOACc) were strong fragments.

The '"HNMR spectra of 4 and 5 (Table 1) clearly
showed that the corresponding 4’-and 5’-acetoxyangelates
were present, while that of 6 showed the typical signals of
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a 4,5'-diacetoxyangelate. The configuration of the A%
double bond was confirmed by a NOE of H-5" with H-3".
This excluded a diacetoxy tiglate.

The 'H NMR spectra of 1-3 (Table 1) were close to
those of 4, Sand 8. The presence of a free 3-hydroxy group
caused, as expected, an upfield shift of the H-3 signal and
for H-1 and H-2 no more first order signals were visible.

The 'H NMR spectra of 9and 10 (Table 1)indicated by
the absence of a H-1 signal that a substituent must be at C-
1. In agreement with the '*CNMR spectrum of 9
(Table 2), which showed an additional signal (480.9 s) in
the region of the oxygen-bearing carbons, and with the
mass spectrum this only could be a hydroxy group. NOE
difference spectroscopy indicated that the stereochemistry
was the same as in 1-8 and that the hydroxy group was cis
to H-5. From the signals of the ester residues in the spectra
of 9 and 10 the presence of a 5'-acetoxy- and a 4',5'-
diacetoxyangelate, respectively, could be deduced.

The 'H NMR spectra of 11 and 12 (Table 1) differed in
a pronounced fashion from those of 1-8. The typical
signals of an angelate indicated the nature of the ester
group while the chemical shifts of the exomethylene
signals showed that now 10(14)-double bonds were pre-
sent. A pair of doublets around 64.0 and a signal at 64.19
indicated a 38,4a-dihydroxy-15-chloro derivative, espec-
ially when compared with the spectra of similar guaianol-
ides [6]. This was supported by the molecular formula of
11 (C30H;504Cl). The 'H NMR spectrum of 12 indicated
the presence of a 11, 13-dihydro derivative of 11 as the
exomethylene signals of H-13 were replaced by a methyl
doublet at 41.18. The signal of H-11, however, overlapped
with that of H-7 and, hence, the couplings could not be
observed. In deuteriobenzene H-11 was a clear dg at 52.38.
The coupling J, ,, indicated an 1la-proton.

The aerial parts of Bothriocline ripensis (Hutch) Wild. et
Pope ( = Volkensia ripensis) afforded a polar fraction
which gave by further separation the known 5-methyl-
coumarin 13 [7], the corresponding S-ethyl derivative 14
and the ketone 185.

The structure of 14 clearly followed from the 'H NMR
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spectrum (see Experimental) which was very close to that
of 13, only the aromatic methyl signal being replaced by
the signals of an ethyl group. The stereochemistry was
deduced from the observed NOEs. Clear effects were
present between H-8' and H-4;, between H-9' and H-6" as
well as between H-10°, H-4;, H-2' and H-1t'. This
configuration agrees with that obtained by X-ray crystal-
fography for a closely related coumarin [8].

The structure of 15 also followed from the 'H NMR
spectrum (Table 1) which clearly showed that again a
similar aromate linked with a monoterpene was present.
Spin decoupling indicated a dihydrofuran system formed
by addition of S5-oxolinalol to 4-hydroxy-5-methyl-
coumarin leading to a chromone as followed from the
chemical shift of H-9. The position of the ketd group
followed from the typical chemical shift of the senecioyl
residue. The configurations at C-2’ and C-3' could not be
determined. Compound 15 we have named volkensia-
chromone.

The aerial parts of B. longipes (Oliv. et Hiern.) N. E. Br.

and of B. eupatorioides (Hutch. et B. L. Burtt) Wild. et
Pope afforded a very complex mixture of further 5-
alkylcoumarins and related compounds. Finally nine
prenylated S-alkylcoumarins (16-24) and two degraded
compounds, the ketones 25 and 27 were isolated.
However, the mixture of 16-20 could only be separated
after preparing the O-methyl ethers. As in similar cases [9]
mixtures of 2- and 4-O-methyl ethers were obtained.
The structure of 22, C,;sH,40;, followed from the
'H NMR spectral data (see Table 3). The presence of a
prenyl group clearly followed by the typical signals and
the aromatic protons led to a pattern very similar to that
of other 5-substituted coumarins [7]. A NOE between H-
10 and H-6 allowed the assignment of the aromatic
protons. The remaining signals (86.06 br ¢, 1.77 4, 3H) and
the presence of a chiral carbon required an additional five-
membered ring. The '*CNMR spectrum further sup-
ported the proposed structure (Table 3). The data were in
part close to those of similar S-alkylcoumarins {3-5]. In
the 'H NMR spectrum of 21 the signals of H-9 and H-10
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were replaced by a broadened singlet at 45.75. In agree-
ment with the changed molecular formula therefore the 9-
desmethyl derivative of 22 was present which we have
named cyclolongipesin.

The spectral data of 23 (Table 3) indicated the presence
of an acetate. Most signals were close to those of 21,
however, a pair of double doublets at §4.59 and 4.45 as
well as double doublet at 66.13 indicated an additional
oxygen function and a pyran ring. A NOE between H-9
and H-6 allowed the assignment of H-9 and the two
aromatic doublets. The chemical shift of H-9 and the
allylic coupling with H-6 also supported the structure. The
'H NMR data of 24 (Table 3)clearly showed that we were
dealing with the corresponding propionate. Due to the
chiral centre the propionate methylene showed an ABX;
pattern. The corresponding desacyl derivative we have
named homocyclolongipesin.

The 'H NMR spectra of 16a and 16b (Table 3), which

28 26 27 28
R H H Me Me
RR H Me H Me

were obtained by reaction with diazomethane, showed
that isomeric 2- and 4-O-methy! ethers were present. As in
similar cases [9] the 2-0-methyl signal was shifted further
downfield. The singlets at 45.51 (2H) and 2.14 (3H)
indicated a benzylacetate. In agreement with the molecu-
lar formula therefore the structure was settled. The
desacetyl derivative of 16 we have named longipesin. The
'HNMR spectrum of 17a (Table 3) showed that the
corresponding propionate was present. The 'H NMR
spectral data of 18a—20a as well as those of 19b and 20b
(Table 3)showed that we were dealing with the 2-0O-and 4-
O-methyl ethers, respectively, of 9-methyllongipesin, its
acctate and its propionate, respectively. Again in the
spectrum of 20a and 20b the signal of the propionate
methylene was an ABX, system. If the 'H NMR data of
18a-20a were compared with those of 22 the shift
differences of H-10 were obvious. However, ring closure
also led to an upfield shift of H-6. As expected the position
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Table 1. 'H NMR spectral data of 1-12 {400 MHz, CDCl;, TMS as internal standard, multiplicity last column if no exception is

marked)
1 2 3 4 5 6 7 8 9 10 11 12+ Multiplicity
H-1 2611 260t 261 265 266 265 264 262 — — 3.61 343 ddd
H-2a 261t 260+ 266 279 277 278 280 276 271 271 1.61 1.71 ddd
H-2f 1661 1631 163 164 164 164 158 1.59 198% 2012 244 254 ddd
H-3 452t 4511 456 553 552 552 553 549 563 564 4.18 4.19 br dd
H-5 286 282 282 283 281 282 281 279 289§ 290§ 233 232 dd
H-6 479 467 476 469 467 464 468 459 451 449 4.73 4.67 dd
H-7 311 307 305 310 310 310 308 303 347 351 314 2.701 dddd
H-8 583 586 559 577 588 585 572 5.56 595 595 5.14)  5.05 dd
2658 [275% brd
H-9 578 577 588 581 579 576 579 584 570 5.68 { 246§ { 2283 brd
H-13 628 627 631 629 629 629 6.25 627 6.29 6.30 6.20 LIS d
H-13* 554 559 558 556 559 55 556 5.55 5.58 5.57 5.63 ’ d
H‘“} 190q 188 188y 188 188y 188y 1.88 184 197 198y o4 513 d
H-14 h ’ : . . : ! ! : ' 4.84 497 d
H-15 551 547 545 550 549 549 549 545 557 5.58 435%% 423%* brs
H-15 549 545 541 543 542 542 543 538 5.1 5.52 397+ 3.90** brs
OAc 208 197 204 207 208 208 208 204 207 2.10 — — s
195 204 198 207 195 199 197 208
1.98 1.92 2.00

OCOR 6.12 649 512 602 646 637 496 503 647 6.39 621 6.14

tq ¢ g 19 g q 4 gq t ] 99

494 489 154 498 4463 507 311 (OH) 149 462 507 204 1.99

dg d s dq brs brd brs s brs d dg dg

190 443 111 184 209 463 1.27 1.06 206 4.63 1.93 1838

brs d d dt d s s d d s dg dq

211 119 2.20 (OH) 2.26 (OH)
q d s s

*H-11 2.70m, in C,D¢ 2.38 dg J = B8, 7.5 Hz.
tm.

$dd.

§br d.

1ddd.

abr s.

1y

tg.

J (Hz):compounds 1-10: 1,20 = 1,5 =20,3=28,3=7, 1,28 = 20,28 = 13; 5,6 = 11.5;6,7 = 9.5, 7,8 = 2, 7,13 = 3.7; 7,13’
=3289=75914=1 (compounds 9and 10: 22,28 = 14.5; 22,3 = 6; 28,3 = 8; 22,5 = 1, 3,15 = 3,15 = 15,15 = 1.5; 8,9
= 6.5);compounds 11and 12: 1,2¢ = 8; 1,28 = 11,1,5 =9, 24,28 = 15;22,3 = 1.5;28,3 = 6.5;5,6 = 11;6,7 = 9;7,8 = 10;7,13
=35713=389=5099=159,14 =2;1515 = 12 (compound 12: 7,1] = §;8,9 = 5,9,9" = 14; 11,13 = 7.5); OCOR: A:

3,4=545=1;B:3,4=7,55=12,C:3,4= 5, D/E: 3,4 =

of the methoxy group caused clear shift differences of H-9.
In the 2-O-methyl ethers the 4-keto group led to a
downfield shift of H-S.

The "H NMR spectra of 25 and 27 and of the methyl
ethers 26 and 28 obtained with diazomethane (see Exper-
imental) differed in a pronounced fashion from those of
16-24. The nature of one side chain clearly followed from
the signals at 2.95 t (2H), 2.42 br ¢ (2H), 5.09 br t (1H),
1.68 and 1.62 br s (each 3H). The signals of the aromatic
protons indicated the presence of a vicinal trisubstituted
benzene derivative. Again the aromatic proton signals
were assigned by a NOE between OH and H-6 as well as
between H-8 and H-4. The signals of the olefinic methyls
were assigned by NOEs between H-6" and H-4" as well as
between H-7' and H-3'. The remaining signals differed in
the spectra of 25-28. While 25 and 26 obviously were

6.5.

benzyl acetates, 27 and 28 showed the typical signals of a
a-phenyl ethyl acetate. All data agreed nicely with the
proposed structures which were further supported by the
13C NMR of 27 (see Experimental). It is remarkable that
the chemical shift of the hydroxy proton differed in 25 and
27. Perhaps this is due to steric hindrance of the hydrogen
bond formation. Most likely 25 and 27 are derived from
16 and 19, respectively, by decarboxylation of the cor-
responding fB-keto acid formed by hydrolysis of the
lactone ring, Similar compounds have been isolated from
Compositae cooccurring with S-alkylcoumarins [9].
Compound 25 we have named seco-longipesin 9-O-
acetate. The absolute configuration of 15-20 and 22-28
could not be determined.

Morphologically the closely related genera Erlangea,
Bothriocline and Gutenbergia are not very well delimited.
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Table 2. '*CNMR data of 3, 4, 8 and 9 (CDCl,,

67.8 MHz)
3 4 8 9

C-1 440d 440d 4404 809s
C-2 412¢ 386¢ 384 46.2 ¢
C-3 721d 735d 1324 726d
C4 1522s 1473s 1473s 1470s
C-5 51.1d 515 513d 609d
C-6 77.2d 769d 764d 766d
C-7 488d 492d 486d 476d
C-8 67.2d 656d 67.1d 655d
C-9 1199d 1206d 1201d 1209d
C-10 1452s 1441s 1446s 1446
C-11 1346s 1355s 1344s 13495
C-12 1689s 1689s 1687s 1689s
C-13 122t¢ 1213¢ 1221t 1219

C-14 284q 283q 282q 248¢g
C-15 1152¢ 117.7¢  1176¢ 11821¢
OR 1686s 1658s 1684s 1648 s
817s 1280s 816s 1270s
724d 1399d 7184 146.1d
163q 628 16.5 q 160 ¢

146 g 19.7 q 1459 653:
OAc 1695s 1708s 1708s 1709
1700s 1707s 1694s 1704
210 209q 1692s 207 ¢
209 q 21l g 208 g 212 ¢

209 ¢
211 ¢g

They differ in cypsilas and in the trichomes of the
vegetative parts [10]. For Erlangea hair-like trichomes
with an erect terminal subulate cell are usually present.
Bothriocline species have trichomes on vegetative parts
which are also hair-like and T-shaped but with one arm
very short and the other long while in Gutenbergia these
trichomes are simple and hair-like with T-shaped arms of
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equal length [10]. The chemistry of Gutenbergia clearly
differs from that of Bothriocline where 5-alkylcoumarins
are characteristic. These compounds have been reported
from Erlangea rogersii [4] which is, however, also placed
in Bothriocline [10] and from E. fusca [3], which may be
also better placed in Bothriocline. The chemistry of the
genus Erlangea and Gutenbergia seem to be characterized
by sesquiterpene lactones of different types. Further
investigations may show whether these preliminary re-
sults are valid for a clear separation of these closely related
genera.

EXPERIMENTAL

The air dried aerial parts from species grown in the greenhouse
from seeds collected in Malawi were extracted and worked-up as
reported previously [11].

The extract from 60 g of Gutenbergia marginata (voucher Jones
76-169) was separated into four CC fractions (1: Et,O-petrol,
1:1, 2: Et,0, 3: E1,0-MeOH, 9:1 and 4: Et,0-McOH, 4:1).
Fraction 1 gave by PTLC (SiO,, PF 254) 10 mg lupeol and
fraction 2 80 mg 8. PTLC of fraction 3 (Et,O-petrol, 7:3, three
developments) gave 80 mg 8 (R, 0.45), 10 mg 6 (R, 0.38) and a
mixture which afforded by repeated PTLC (toluene-
CH,Cl,-Et,0,3:3:4,3 x) 20 mg 7 (R, 0.63) and a mixture (3/4).
PTLC of fraction 4 (same solvent) gave 40 mg 8 and a mixture
which was combined with 3/4 and separated by HPLC (RP 8§,
MeOH-H,0, 3:2)affording 30 mg 9 (R, 8.0 min)and 50 mg 3 (R,
8.7 min). The extract of 230g of a second collection of
Gutenbergia marginata (voucher Jones 76-168) gave polar CC
fractions (Et,O and Et,0-MecOH, 9:1) which were combined
and separated by HPLC (RP, MeOH-H,0, 3:2) affording 5 mg
loliolide (R, 4.7 min), 22 mg 10 (R, 8.2 min), 24 mg 9 (R, 8.7 min),
23 mg2(R,10.3 min),4 mg 1 (R, 11.7 min), S mg 12 (R, 13.0 min),
45mg 11 (R, 14.7 min), 20mg 6 (R, 162 min), 13 mg 8§ (R,
16.9 min) and 6 mg 4 (R, 21.2 min).

The extract of the air dried aerial parts of Bothriocline ripensis
(240 g, voucher Jones 76-193, originally collected near Mzuzu,
Malawi by Pawek, voucher 11687) gave a polar CC fraction
(Et,0) which afforded by PTLC (SiO,, PF 254, EtOAc-petrol,
1:4, two developments) 4 mg 14 (R, 0.52), 2 mg 13 (R, 0.44) and
2mg 15 (R, 0.09).

Table 3. 'H NMR spectral data of 16-24 (400 MHz, CDCl;, TMS as internal standard)

16a 16b 17a 18a 19a 19b 20 20b 21 22 23 24 Multiplicity
H-6 7.32 7.31 7.32 7.34 7.07 7.26 7.28 7.26 7.11 7.05 7.14 714 brd
H.7 7.53 7.46 7.53 7.53 7.52 746 7.52 746 7.49 7.48 752 1.51 dd
H-8 1.37 731 137 7.38 747 742 747 742 7.13 7.11 7.18 717 brd
H-9 592*% 551* 593 5.29 7.31 6.74 7.33 6.76 5.75 6.06 6.13+ 6.13t q
459t ( 4.59%
H-10 — — — 1.60 1.56 1.50 1.57 1.50 — 171 { 445t { 450+ .
H-1 315 332 3.15 3.19 3.15 3.33 3.15 3.33 3.19 317 3.21 3.20 bri
H-2' 5.19 5.24 5.19 5.19 5.21 5.25 5.21 5.25 5.31 5.32 532 5.32 brd
H-4 1.65 1.7 1.68 1.67 1.67 1.72 1.67 1.71 1.68 1.68 1.70 1.70 brs
H-5 1.75 1.76 1.76 1.76 1.75 1.78 1.75 1.77 1.74 1.74 1.76 1.75 brs
OR 228 2.14 247 633 (OH)§ 210 213 238F 242F — — 207 231% s
1.22 1.15 1.17 1.07 t

OMe 410 393 4.10 4.14 4.08 3.98 4.09 399 — — s

*s.

tdd.

1ABX,.

§dq.

J (Hz): 6,7=17,8=8; 1,2 = 7, compounds 18a, 19s, 19b, 20a, 20b and 22: 9,10 = 7, compound 23: 9,10 = 4; 9,10 = 6.5;

10,10’ = 13; OProp: 2,3 = 7.
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The extract of the air dried aerial parts of Bothriocline longipes
(180 g, voucher 76-160, originally collected near Mzuzu, Malawi)
gave two fractions (1: Et,O-petrol, 1:1, 1.2 gand 2: Et,0, 1.1 g).
PTLC of 100 mg of fraction 1 (Et,O—petrol, 3:7, three develop-
ments) gave 15 mg 22 (R, 0.35), 10 mg 21 (R 0.31), 10 mg 27 (R,
0.25), 8 mg 25 (R, 0.22) and 40 mg of a mixture of 23 and 24 (R,
0.15). To 300 mg of fraction 1 diazomethane was added. PTLC
(Et,O-petrol, 1:1, three developments) gave 25 mg 28 (R, 0.85),
20 mg 26 (R, 0.79), 60 mg of 21 and 22, 80 mg 23 (R, 0.30) and
5mg 24 (R, 0.34). Repeated PTLC of the mixture of 21/22
(Et,O-petrol, 3:7, three developments) gave 25 mg 22 (R, 0.35)
and 15 mg 21 (R, 0.30). The "H NMR of fraction 2 showed no
methoxy signal. After addition of CH,N, PTLC of 300 mg
(Et,O-petrol, 1:1) gave four bands (2/1-2/4). HPLC
{MeOH-H,0, 4:1) of 2/1 gave 50 mg 19b (R, 4.6 min), a mixture
(2/1/2, R, 5.0 min) and 2 mg 20a (R, 5.4 min). PTLC of 2/1/2
(Et,O-petrol, 1:1) gave 15 mg 20b (R, 0.65), 5 mg 20a (R, 0.53)
and 5 mg 19b (R, 0.50). HPLC (MeOH-H;0, 4:1) of 2/2 gave
40 mg 16b (R, 3.1 min), 20 mg 19a (R, 4.2 min)and 10 mg 17a (R,
5.3 min). PTLC of 2/3 and 2/4 (Et,O-petrol, 1:1, three develop-
ments) gave 8 mg 16a (R, 044) and 5mg 18a (R, 041),
respectively.

The extract of 80 g of the aerial parts of Bothriocline eu-
patorioides (voucher 76-194, collected originally in Malawi,
Mzuzu) gave also 16-25 and 27 in slightly different
concentrations.

3B-Hydroxy-8a-[4-acetoxyangeloyloxy)-eremanthin (1).
Colourless gum; IR vSHs cm = 1: 3575 (OH), 1770 (y-lactone),
1740, 1250 (OAc), 1725, 1645 (C=CCO,R); MS m/z (rel. int.): 402,
168 [M]* (04) (calc. for C,;;H,s0, 402.168), 244 [M
—RCO,H]* (21), 226 [244 — H,0]" (28), 141 [RCO]"* (40), 99
[141 —Kketene]* (100).

3p-Hydroxy-8a-[5-acetoxyangeloyloxy]-eremanthin ).
Colourless gum; IR vg';'xch cm™': 3600 (OH), 1770 (y-lactone),
1732 (CO,R); MS m/z (rel. int.): 402.168 [M]* (0.1) (calc. for
C;:H,;,07:402.168), 384 [M — H,0]* (0.2), 342 [M — HOAc]"
(0.2), 324 [342-H,0]* (0.3), 244 [M—RCO,H]"* (17), 226
[244 — H,0]"* (28), 141 [RCO]* (100), 99 [141 — ketene] * (32),
81 [141 - HOAc] ™ (66).

38-Hydroxy-8a-[ 2,3,-diacetoxy-2-methylbutyryloxy ]-ereman-
thin (3). Colourless gum; IR vSHO: cm =1 3600 (OH), 1765 (y-
lactone), 1740 (OAc, CO,R); MS my/z (rel. int.): 402.168 [M
—HOAc]* (0.5) (calc. for C;,H,40,: 402.168), 244 [M
—RCO,H]* (23),226 [244 — H,0]* (24),201 [RCO] " (26), 159
[201 —ketene] ™ (46), 131 [159—CO]* (100} ()¢ —190
(CHCl;; ¢ 0.36).

38-Acetoxy-8a-[4-acetoxyangeloyloxy}-eremanthin (4).
Colourless gum; IR v§HC cm = 1: 1770 (y-lactone), 1740 (OAc),
1720, 1650 (C=CCO,R); MS m/z (rel. int.)}: 444.178 [M]" (0.15)
(calc. for C,,H,504:444.178), 384 [M — HOAc]* (1.5),324 [384
—HOACc]* (0.7), 226 {384 — RCO,H]* (82), 141 [RCO]"* (18),
99 [141 — ketene]* (100).

3B-Acetoxy-8a-[ 5-acetoxyangeloyloxy]-eremanthin (5).
Colourless gum; IR vEHC cm~1: 1780 (y-lactone), 1735 (OAc,
CO,R); MS m/z (rel. int) 444.178 [M]* (0.5) (calc. for
C,4H,305: 444.178), 384 (1.3), 324 (1.6), 226 (93), 141 (100), 81
[141 - HOAc]* (71).

3p-Acetoxy-8ua-[4,5-diacetoxyangeloyloxy]-eremanthin  (6).
Colourless gum; IR vEHCh cm =1 1770 (y-lactone), 1740 (OAc,
CO,R); MS m/z (rel. int.): 442,163 [M — HOAc]* (0.7) (calc. for
C4H;604: 442.163), 286 [M—RCO,H]™ (2), 226 [286

—HOAC]* (100), 199 [RCO]* (14), 157 [199 —ketene]™ (48),
115 [157 —ketene] " (62); [«J§ — 138 (CHCI,; ¢ 0.57).
3B-Acetoxy-8a-[ 3-acetoxy-2-hydroxy-2-methylbutyryloxy ]-
eremanthin (7). Colourless gum; IR vgf,'{ em "~ '; 3500 (OH), 1785
(y-lactone), 1750 (OAc, CO,R); MS m/z (rel. int.): 402.168 [M

J. JAKUPOVIC et al.

—HOAc]* (2) (cale. for C,,H,cO,: 402.168), 287 [M
—OCOR]* (10), 227 [287—HOAc]® (92), 226 [402
~RCO,H]* (60), 159 [MeCH(OAc)CH(OH)CO]* (20), 131
[159 — COJ* (100), 89 [131 —ketene]* (98), 71 [131 — HOAc]*
(60); [«J8° — 185 (CHCl,; ¢ 0.61).

3B-Acetoxy-8a-[2,3-diacetoxy-2-methylbutyryloxy]l-ereman-
thin (8). Colourless gum; IR vSHCh cm = 1: 1780 (y-lactone), 1740
(OAc, CO;R); MS m/z (rel. int.): 444.178 [M —HOAc]™* (2.5)
(calc. for C34H;504: 444.178), 287 [M — OCOR]™* (3.5), 286 [M
—RCO,H]" (3.8),226 [286 — HOAc] * (100),201 [RCO]* (27),
159 (26), 131 (84), 71 (11); [afD° —159 (CHCl;; ¢ 0.54).

3B-Acetoxy-la-hydroxy-8ux-[5-acetoxyangeloyloxy]-ereman-
thin (9). Colourless gum; IR v$HCs cm=1: 3600 (OH), 1775 (3-
lactone), 1740 (OAc, CO,R); MS m/z (rel. int.). 400.152 (M
—~HOAc]* (7) (calc. for C,,H,,0,: 400.152), 340 [400
—~HOAc]* (0.7), 242 [400 — RCO,H]* (38), 141 [RCO]" (61),
81 [141 — HOAc]* (100).

3B- Acetoxy- la-hydroxy-8«-[4,5-diacetoxyangeloyloxy]-ere-
manthin (10). Colourless gum; IRvEHCLcm™!: 1770 (y-
lactone), 1735 (OAc, CO,R); MS m/z (rel. int.). 458.158 [M
—HOAc]* (04) (calc. for C,,H,c0,: 458.158), 302 [M
—RCO,H]"* (0.2),242 [302 - HOAc]* (7.5),224[242—H,0]"
(1.3), 157 [RCO — ketene]™ (6), 144 (100), 115 [157 — ketene]*
(39).

Desacyichlorojanerin  8-O-angelate (11). Colourless gum;
IR vSHCL em ~ 1 3500 (OH), 1770 (y-lactone), 1720 (C=CCO,R);
MS m/z (rel. int.): 396.134. [M]* (3) (calc. for C,oH,s0,Cl:
396.134), 296 [M — RCO,H]* (3), 278 [296 — H,0]" (2.5), 260
[296 —HCI1* (2), 242 [260 —H,0]"* (2), 83 [RCO]* (100), 55
[83-CO3* (47).

Desacyi-11,13-dihydrochlorojanerin 8-O-angelate  (12).
Colourless gum; IR vEHCL em~1: 3500 (OH), 1775 (y-lactone),
1720 (C=CCO,R); MS m/z (rel. int.): 298.097 [M — RCO,H]* (3)
(cale. for C,sH,,0,Cl: 298.097), 280 [298 — H,0]" (1.5), 262
[298 — HCI]* (3.5), 244 [262 —H,0]" (6), 83 [RCO]* (100), 55
[83-CO]* (61).

5-Methylethuliacoumarin (14). Coloutless oil; IR vGH: cm ~;
3500 (OH), 1705, 1600 (coumarin), MS m/z (rel. int.); 356.162
[M]* (4) (calec. for C;,H,,O5: 356.162), 341 [M — Me]* (2), 285
[M —CHWCMez]" (5), 284 [M—-C,H;O]"* (6), 269 [284

—Me]l* (8), 149 [CoH,0,]" (42); 'H NMR (CDCl,): 67.05 (br d,
H-6),7.38 (¢, H-7), 7.16 (dd, H-8), 2.35 (¢, H-9),0.97 (¢, H-10), 5.15 (d,
H-1¢), 5.10 (d, H-1t'), 6.11 (dd, H-2'), 2.23 and 2.02 (d, H4'), 3.12 (s,
H-6),1.49 (s, H-8), 1.38 (s, H-9), 1.71 (5, H-10) (J [(Hz]: 6,7 = 7.8
=8,68=150910=71¢2 =10; 1t'\2 =17, 4,4 = 14).

Volkensiachromone (15). Colourless oil; IR vSHCL cm ~: 3500
(OH), 1720 (chromone), 1690 (C=CC=0); MS m/z (rel. int.y
342.147 [M]* (10) (calc. for C,oH,,0;: 342.147), 205 (26), 176
(20), 135 (17), 83 [C,H,CO]* (100), 55 [83—COI* (43)
'HNMR (CDCl;):. 67.12 (br d, H-6), 7.45 (¢, H-7), 7.23 (br d, H-8),
2.85 (s, H-9),4.51 and 4.18 (dd, H-1'), 3.23 (dd, H-2),2.92 and 2.51
(d, H-4'), 6.08 (qq, H-6'), 2.17 (br 5, H-8), 1.92 (br 5, H-9), 1.42 (s,
H-10) (J [Hz): 6,7=7,8 =8, I'1' =11; 1},2 = 3.5; 1,2 = 7;
4,4 =16,6,8 =6,9 = 1).

Longipesin 9-O-acetate (16). Isolated as methyl ethers 16a and
16b. 16a: colourless crystals, mp 115% IR v$Cs cm ™' 1760 (OAc),
1645 (C=0); MS m/z (rel. int) 316.131 [M]* (22) (calc. for
CysH;00s: 316.131), 286 [M—CH,0]* (34), 256 [M
—HOACc]* (32), 242 [M —~ Me, OAc]* (66), 227 [286 — OAc]*
(100), 187 [256 — CsHy]™ (93). 16b: colourless crystals, mp 33°;
IR vEC cm ~1: 1735 (OAc, C=0); MS m/z (red. int.): 316.131 (M]*
(17) (calc. for C,3H,,05: 316.131), 257 [M — OAc]* (35), 201
[257—-C,Hg]* (100).

Longipesin 9-O-propionate (17). Isolated as 2-0-methyl ether
(17a). Colourless crystals, mp 84°; IR vSCls cm ™ !: 1745 (CO,R),
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1630 (C=0); MS m/z (rel. int): 330.147 [M]* (37) (cak. for
C,oH,,04: 330.147), 256 [M —-RCO;H]* (68), 241 [256
— Me]* (100), 227 [256 — CHO]* (93), 187 [256 — CsH,] " 88).

9-Methyllongipesin (18). Isolated as 2-O-methyl ether 18a.
Colourless oil; IR v§{ls cm ~!: 3500 (OH), 1630 (C=0); MS m/z
(rel. int.): 288.136 [M]* (14) (cak. for C,,H,,0,: 288.136), 271
[M —OH]" (11), 270 [M — H,0]"* (13), 256 [271 — Mec]"* (60),
241 [256 —Me]* (71), 201 {256 -C,H,]* (100), 187 [256
—CsHo1" (18); [alff” + 17 (CHCly; ¢ 047).

9-Methyllongipesin 9-O-acetate (19). Isolated as methyl ethers
19a and 19b. 19a: colourless crystals, mp 104°; IR vgﬂ‘cm' L
1750 (OAc), 1630 (C=0O); MS m/z (rel. int.): 330.147 [M]"* (12)
(calc. for C,oH;,04: 330.147), 270 [M — HOAc] * (12), 241 [270
—CHOJ" (100), 187 [241 — C,H,]" (44). 19b: colourless crys-
tals,mp 116°; IR vl cm ™ *: 1735 (OAc, C=0); MS m/z (rel. int.):
330.147 [M]* (14) (calc. for C,oH,,0,: 330.147), 270 [M
—HOACc]" (46), 255 [270 — Me]™* (100), 227 (255-CO]* (31),
201 [255-CH,]" (48).

9-Methyllongipesin 9-O-propionate (20). Isolated as methyl
cthers 20a and 20b. 20a: colourless oil; IR vCSk cm~*: 1740
(CO;R), 1635 (C=0); MS m/z (rel. int.): 344.162 [M]"* (11) (cak.
for C;oH,,04: 344.162), 270 [M — RCO,H]" (28), 255 {270
—Me]* (100), 201 {255—C,H¢]l* (78). 20b: Colourless oil;
IRvECkcm ™ 1: 1730 (CO,R, C=0); MS myz (rel. int.): 344.162
[M]™ (59) (calc. for C,0H,,04: 344.162), 270 [M — RCO,H]*
(30), 255 [270 — Me]™* (100), 227 [255~CO]™* (21), 201 [255
—CH¢l" (44); [2]%° —11 (CHCly; ¢ 092).

Cyclolongipesin  (21). Colourless crystals, mp 124°%
IRvEDsem™!: 1730, 1680 (C=0), MS m/z (rel. int.; 242.094
[M]* (22) (calc. for C,sH,,O;: 242.094), 227 [M — Me]* (100),
187 (M -C,H,]" (38).

9-Methylcyclolongipesin (22). Colourless crystals, mp 85°
IRvEG cm™!: 1730, 1680 (C=0) MS m/z (rel. int.y 256.110
[M]1* (66) (calc. for C,H,s0;: 256.110), 241 [M — Me]* (82),
201 {M — C,H,]" (100); ' *C NMR (CDCl,, C-2-C-10): 1658 s,
100.0 5, 165.7 5, 142.05,1154d,133.04d,113.54d,89.84,20.8 ¢; C-
4a:119.0 5; C-8a: 1494 5; C-1'-C-5":23.11,120.5d,133.25,25.7 q,
178 q.

Homocyclolongipesin  9-O-acetate (23). Colourless oil;
IRvEScm™!: 1750 (OAc), 1730 (C=O); MS mj/z (rel. int.):
314.115 [M]" (32) (cale. for C,3H,304 314.115), 299 [M
—Me]"* (8), 255 [M — OAc]" (25), 254 [M — HOAc] " (24), 239
[254 — Me]* (38), 199 [254 — C H,]" (100).

Homocyclolongipesin 9-O-propionate (24). Colourless oil;
IRvESH cm ™ 1740 (CO,R, C=0) MS m/z (rel. int.y 328.131
[M]* (31) (calc. for C,oH,005: 328.131),273 [M -~ C,H,]" (24),
255 [M - OCOR]" (30), 254 [M —RCO,H]"* (27), 239 [254
—Me]* (44), 199 [254 — CH,]* (100).

seco-Longipesin  7-O-acetate  (25).  Colourless  oil;
IR vEC cm ~1: 1750 (OAc), 1640 (C=O) MS m/z (rel. int.y: 276
[M]* (3.5), 216.115 [M —HOACc]"* (22) (calc. for C,,H,0,:
216.115), 201 [216 — Me]* (23), 134 [216 - C¢H,,] " (100), 69
[CsHo]* (40); *H NMR (CDCl,) 6.97 (br d, H-4), 7.35 (¢, H-5),

1075

6.94 (d, H-6), 5.29 (br s H-7),2.95 (¢, H-2'), 2.42 (br ¢, H-3'), 5.09 (br
t, H-4'), 1.68 (br s, H-6'), 1.62 (br s, H-T'), 2.10 (s, OAc), 10.67 (s,
OH) (J (Hz]}: 4,5=5,6=8; 2,3 =34 = 7). Addition of
CH;N, gave 26. Colourless oil; IRvECecm™!: 1750 (OAc),
1640 (C=0);, MS m/z (rel. int.): 290.151 [M]"* (1.5) (calc. for
C,,H;;0,: 290.152), 230 {M — HOAc] " (20), 215 {230~ Me] "
(11), 161 [230-C,H,)* (23), 148 [230—C.H,,]" (100)
'HNMR (CDCl,). 6,97 (br d, H-4), 7.31 (¢, H-5), 6.88 (d, H-6),
5.01 (s, H-7),2.85 (¢, H-2'), 2.37 (br q, H-3'),5.12 (br t, H4'), 1.67 (br
s, H-6'), 1.62 (br s, H-T), 3.81 (s, OMe), 2.05 (s, OAc) (J [Hz]: 4,5
=56=823=34=7).

7-Methyl-seco-longipesin 7-O-acetate (27). Colourless oil;
IR vl,cfl‘ cm™ ' 1745 (OAc), 1700 (C=0); MS m/z (rel. int.)
290.152 (M]* (1) (cale. for C,;H;,0, 290.152), 230 [M
—HOACc]"* (21), 162 [230—CsHg]* (37), 161 [230—-C,H,]"
{32), 148 [230 —C,H,,]"* (100); 'H NMR (CDCl,): 67.03 (br d,
H-4), 7.31 (t, H-5), 6.83 (dd, H-6), 6.03 (g, H-7), 1.54 (d, H-8), 3.04
and 2.93 (dt, H-2),2.43 (br g, H-3), 5.12 (br ¢, H-4), 1.68 (br s, H-
6'), 1.63 (br s, H-T'), 2.07 (5, OAc), 8.23 (s, OH) (J [H2]: 4,5 = 5,6
=846=178=722=1652,3=23,4=7);'3CNMR
(CDCl,, C-1-C-8):155.25,125.55,141.65,117.6d,131.94,116.2d,
69.8d,229 g, (C-1'-C-7):. 2080 5,44.4 ¢, 23.1 1, 122.7 d, 1329 5,
25.7 q,17.7 g, OAc: 170.2 5, 21.2 q. Addition of CH,N, gave 28.
Colourless oil; IR v$Cl cm ~!: 1745, 1250 (OAc), 1700 (C=0); MS
m/z (rel.int.): 304.167 [M]* (1) (calc. for C,gH,,0,: 304.167), 244
[M —HOACc]* (25), 229 [244 — Me]* (10), 175 [244 — C;H,]"
(22), 162 [244-C.H,,]" (100), 161 [244-C.H,,]" (44);
'HNMR (CDCl,): 67.02 (br d, H-4), 7.22 (t, H-5), 6.82 (d, H-6),
5.59 (g, H-7), 1.51 (d, H-8), 2.95 and 2.89 (dt, H-2'), 2.41 (br g, H-3'),
5.16 (br 1, H4'), 1.69 (br s, H-6"), 1.65 (br s, H-7'), 3.81 (s, OMe),
204 (s, OAc) (J [Hz): 4,5=5,6=8;7,8=17,2,2 =17, 2%
=3,4=7.
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