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Abstract-From Gutenbergiu nuwginata ten new guaianolides were isolated. Two guaianolides isolated previously from 
Erhgeu 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 5-alkylcoumarins and two related compounds. The structures were elucidated by 
highfield NMR techniques and a few chemical transformations. 

INTRODUCTION 

From the African Erlangeo group (Compositae, tribe 
Vernonieae) so far only a few species have been studied 
chemically. Germacranohdes of cordifolin type are re- 
ported from E. cordifolia [I], from E. remifolia guaianol- 
ides [2] and from the closely related Bothriocline and 
some Erlangea species S-methylcoumarins [3-S]. 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 ‘HNMR spectra (Table 1) with those of two 
guaianolides previously reported from E. inyanguna [2]. 
The “C 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-l 5) 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-S, between H-l, H-2a, H-3 and H-5, 
between H-9 and H-14 as well as between H-6 and H-2/I 
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,zOs). 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 
- HOAc) were strong fragments. 

The ‘H NMR 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 

a 4’,5’-diacetoxyangelate. The configuration of the A2’ 
double bond was confirmed by a NOE of H-S with H-3’. 
This excluded a diacetoxy tiglate. 

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

The ‘H NMR spectra of Band 10 (Table 1) indicated by 
the absence of a H-l signal that a substituent must be at C- 
l. In agreement with the 13CNMR spectrum of 9 
(Table 2), which showed an additional signal (680.9 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 l-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 l-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 lO(14)double bonds were pre- 
sent. A pair of doublets around 64.0 and a signal at 64.19 
indicated a 3/?,4adihydroxy-15chloro derivative, espec- 
ially when compared with the spectra of similar guaianol- 
ides [6]. This was supported by the molecular formula of 
11 (Cz0Hz,06CI). 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 S 1.18. The signal of H-l 1, however, overlapped 
with that of H-7 and, hence, the couplings could not be 
observed. In deuteriobenzene H- 11 was a clear dq at 6 2.38. 
The coupling .I,, , 1 indicated an 1 la-proton. 

The aerial parts of Eothriocline ripensis (Hutch) Wild. et 
Pope ( = Vokensia ripensis) afforded a polar fraction 
which gave by further separation the known S-methyl- 
coumarin 13 [73, the corresponding S-ethyl derivative 14 
and the ketone 15. 

The structure of 14 clearly followed from the ‘H NMR 
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spectrum {see Ex~~~n~~ 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 NOBs. 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-11’. This 
configuration agrees with that obtained by X-ray crystal- 
lography 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 5-oxolinalol to 4hydroxy-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. ~upator~~es (Hutch. et B. L. Burtt) Wild. et 
Pope afforded a very complex mixture of further 5- 
aBcylcoumarins and related compounds. Pinally nine 
prenylated S-~yicouma~ns (1624) 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-Gmethyl ethers were obtained. 

The structure of 22, C16Ht603, 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-4 allowed the assignment of the aromatic 
protons. The remaining signals (66.06 br q, 1.77 d, 3H)and 
the presence of a chiral carbon required an additional five- 
membered ring. The “CNMR spectrum further sup- 
ported the proposed structure (Tabie 3). The data were in 
part close to those of similar S-alkylcoumarins [3-s]. 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 ~55.75. 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 64.59 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 
allyliccoupling with H-6also 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 ABXJ 
pattern. The corresponding desacyl derivative we have 
named homocyclolongipesin. 

The ‘H NMR spectra of 16a and 168 (Table 3), which 

25 26 27 28 
R’ H H Me Me 

R’ H Me H Me 

were obtained by reaction with diaxomethane, showed 
that isomeric 2- and CO-methyl ethers were present. As in 
similar caseeD] the 2-O-methyl signal was shifted further 
downfield. The singlets at ~55.51 (2H) and 2.14 (3H) 
indicated a benxylacetate. In agreement with the molecu- 
lar formula therefore the structure was settled. The 
desacetyl derivative of 16 we have named longipesin. The 
‘H NMR spectrum of 17a (Table 3) showed that the 
corresponding propionate was present. The ‘HNMR 
spectral data of 18s~28a as well as those of 19b and 20b 
(Table 3) showed that we were dealing with the 2-O-and 4- 
O-methyl ethers, respectively, of 9-methyllongipesin, its 
acetate and its propionate, respectively. Again in the 
spectrum of 28a and 20b the signaI of the propionate 
methylene was an ABXs system. If the ‘H NMR data of 
l(k28a 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, CD&, TMS as internal standard, multip~ty Last a&mm if noexeeption is 
marked) 

1 2 3 4 5 6 7 8 9 10 11 129 Multiplicity 

H-l 2.6lt 2.6Ot 2.61 2.65 2.66 2.65 2.64 2.62 - - 3.61 3.43 ddd 

H-201 2.617 2.6Ot 2.66 2.79 2.77 2.78 2.80 2.76 2.71 2.71 1.61 1.71 ddd 
H-28 1.66+ 1.63t 1.63 1.64 1.64 1.61 1.58 1.59 1.98$ 2.014 2.44 254 ddd 
H-3 4.52t 4.51t 4.56 5.53 5.52 5.52 5.53 5.49 5.63 5.64 4.18 4.19 br dd 
H-5 2.86 2.82 2.82 2.83 2.81 2.82 2.81 2.79 2.894 2.90§ 2.33 2.32 dd 

H-6 4.79 4.67 4.76 4.69 4.67 4.64 4.68 4.59 4.51 4.49 4.73 4.67 dd 
H-7 3.11 3.07 3.05 3.10 3.10 3.10 3.08 3.03 3.47 3.51 3.14 2.70t dddd 
H-8 5.83 5.86 5.59 5.77 5.88 5.85 5.72 5.56 5.95 5.95 5.141 5.051 dd 

H-9 5.78 5.77 5.88 5.81 

H-13 6.28 6.27 6.31 6.29 
H-13’ 5.54 5.59 5.58 5.56 

5.79 5.76 5.79 5.84 5.70 5.68 

6.29 6.29 6.25 6.27 6.29 6.30 6.20 
5.59 5.56 5.56 5.55 5.58 5.57 5.63 

1.18 

H-14 
H-14’ 1.9Oq 1.88 1.881 1.88 1.881 1.881 1.88 1.84( 1.971 1.98 1 

5.14 5.13 
4.84 4.97 

- H-15 5.51 5.41 5.45 5.50 
H-15’ 5.49 5.45 5.41 5.43 
OAc 2.08 1.91 2.04 2.07 

1.95 2.04 

5.49 5.49 5.49 5.45 5.57 5.58 4.35** 4.23*’ 
5.42 5.42 5.43 5.38 5.51 5.52 3.97 ** 3.!xP 
2.08 2.08 2.08 2.04 2.07 2.10 - - 
1.98 2.07 1.95 1.99 1.97 2.08 

1.98 1.92 2.00 
6.46 6.37 4.96 5.03 6.47 6.39 6.21 6.14 

1.63 :.07 y.11 (OH) y.49 i.62 t 5.07 ;:w 99 1.99 
br s br d br s s br s d dq dq 
2.09 4.63 1.27 1.06 2.06 4.63 1.93 1.88 
d s s d d 

2.20 (OH) i.26 (OH) 
dq dq 

1.19 
d s s 

3COR 6.12 6.49 5.12 6.02 

:94 i.89 y.54 298 

dq d 
1.11 

dq 
1.90 4.43 1.84 
br s d d dt 

2.11 
9 

br d 
br d 

d 
d 
d 

d 

br s 

br s 
S 

*H-l 1 2.70m, in C,Ds 2.38 dq J = 8, 7.5 Hz. 

I:. 
§br d. 
Iddd. 
Ibr s. 
l *d. 

tt w 
~(H2):compounds1-1~:1,2o!=1,5=2~,3=2~,3=~1,2~=~,2~=13;5,6=11.5;6,7=9.5;7,8=2;7,13=3.7;7,13 

=3.2;8,9=7.5;9,14= 1 (~m~undsgand 1&2a,2&= 14.5;2a,3=6;2/$3=8;2a,5= 1;3,15=3,15’= 15,15’= 1.5;8,9 
=6.5);compounds11and12:1.2~=8;1,2/?= 11;1,5=9;2&2/3= 15:2a,3= 1.5;2/?,3=6.5;5,6= 11;6,7=9;7,8= 10;7,13 
=3.5;7,1~=3;8,9=5;9,9’=15;9,14=2;15,15’=12(compouM1127,11=8;8,9=5;9,9’=14;11,13=7.5);~0R:A: 
3,4=5;4,5=1;B:3,4=7;5,5’=12:C:3,4=5;D/E:3,4=6.5. 

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

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 62.95 t (ZH), 2.42 br q (2H), 5.09 br t (1 H), 
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 

benzyl acetates, 27 and 28 showed the typical signals of a 
or-phenyl ethyl acetate. All data agreed nicely with the 
proposed structures which were further supported by the 
i3C 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 @keto acid formed by hydrolysis of the 
lactone ring. Similar compounds have been isolated from 
Compositae cooccurring with 5alkylcoumarins [9]. 
Compound 25 we have named seco-longipesin 9-0- 
acetate. The absolute configuration of S-20 and 22-28 
could not be determined. 

Morphologically the closely related genera Erlungeu, 
Bothriocline and Gutenbergia are not very well delimited. 
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Table 2. “CNMR data of 3, 4, 8 and 9 (CDCls, 

67.8 MHz) 

3 4 8 9 

C-l 

c-2 
c-3 

C-4 
c-5 

C-6 

c-7 

C-8 

c-9 

c-10 

c-11 

c-12 
c-13 

c-14 
c-15 

OR 

OAc 

44.0 d 44.0 d 44.0 d 80.9 s 

41.2 I 38.6 t 38.4 t 46.2 I 

72.1 d 73.5 d 73.2 d 72.6 d 

152.2 s 147.3 s 147.3 s 147.0 s 

51.1 d 51.5 s 51.3 d 60.9 d 

77.2 d 76.9 d 76.4 d 76.6 d 

48.8 d 49.2 d 48.6 d 47.6 d 

67.2 d 65.6 d 67.1 d 65.5 d 

119.9 d 120.6 d 120.1 d 120.9 d 

145.2 s 144.1 s 144.6 s 144.6 s 

134.6 s 135.5 s 134.4 s 134.9 s 

168.9 s 168.9 s 168.7 s 168.9 s 

122.1 t 121.3 t 122.1 t 121.9 t 
28.4 q 28.3 28.2 q q 24.8 q 

115.2 t 117.7 t 117.6 t 118.2 r 

168.6 s 165.8 s 168.4 s 164.8 s 

81.7 s 128.0 s 81.6 s 127.0 s 

72.4 d 139.9 d 71.8 d 146.1 d 

16.3 q 62.8 t 16.5 q 16.0 q 

14.6 q 19.7 14.5 q q 65.3 t 

169.5 s 170.8 s 170.8 s 170.9 s 

170.0 s 170.7 s 169.4 s 170.4 s 

21.0 q 20.9 169.2 s q 20.7 q 
20.9 q 21.1 20.8 q q 21.2 q 

20.9 q 
21.1 q 

They differ in cypsilas and in the trichomes of the 
vegetative parts [lo]. For Erlungeu 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 

equal length [lo]. The chemistry of Gutenbergia clearly 
differs from that of Eothriocline where 5-alkylcoumarins 
are characteristic. These compounds have been reported 
from Erlangea rogersii [4] which is, however, also placed 
in Bothriocline [lo] and from E.fusca [3], which may be 
also better placed in Bothrioclirre. The chemistry of the 
genus Erlungeu 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 [ 111. 

The extract from 60 g of Gutenbergio marginara (voucher Jones 
76169) was separated into four CC fractions (I: Et&l-petrol, 

1: 1, 2: Et,01 3: Et,&MeOH, 9: 1 and 4: Et@MeOH. 4: 1). 

Fraction 1 gave by PTLC (Si02, PF254) 10mg lupeol and 

fraction 2 80 mg 8. PTLC of fraction 3 (Et@-petrol, 7:3. three 

developments) gave 80 mg 8 (R, 0.45). 10 mg 6 (R, 0.38) and a 

mixture which alforded by repeated PTLC (toluent 
CH,Cl,-EtzO, 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,O,3:2)affordingH) mg9(R,8.0 min)and 50 mg3(R, 

8.7 min). The extract of 230g of a second collection of 

Gurenbergia marginara (voucher Jones 76-168) gave polar CC 

fractions (Et,0 and Et>&MeOH, 9: 1) which were combined 

and separated by HPLC (RP, MeOH-H,O, 3:2) affording 5 mg 

Ioliolide (R, 4.7 min), 22 mg IO (R, 8.2 min), 24 mg 9 (R, 8.7 min), 

23 mgZ(R, 10.3 min),4mg 1 (R, 11.7min),S mg 12(R, 13.0min). 

4.5 mg 11 (R, 14.7min). 20mg 6 (R, 16.2min), 13 mg 5 (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,O) which afforded by PTLC (SiOz, PF 254. EtOAc-petrol, 

1:4. two developments) 4 mg 14 (R, 0.52), 2 mg 13 (R, 0.44) and 

2 mg 15 (R, 0.09). 

Table 3. ‘H NMR spectral data of 1624 (400 MHz. CDCIJ. TMS as internal standard) 

16a 16b 17a 181 19r 19b 20s 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 7.14 br d 

H-7 7.53 7.46 7.53 7.53 7.52 7.46 7.52 7.46 7.49 7.48 7.52 7.51 dd 

H-8 7.37 7.31 7.37 7.38 7.47 7.42 7.47 7.42 7.13 7.11 7.18 7.17 br d 

H-9 5.92. 5.51 l 5.93’ 5.29 7.31 6.74 7.33 6.76 5.75 6.06 6.l3t 6.137 4 

H-10 - - - 1.60 1.56 1% 1.57 1.50 - 1.71 
4.59t 4.597 

i i 4.45t 4.50t t 

H-l’ 3.15 3.32 3.15 3.19 3.15 3.33 3.15 ’ 3.33 3.19 3.17 3.21 3.20 br t 

H-2 5.19 5.24 5.19 5.19 5.21 5.25 5.21 5.25 5.31 5.32 5.32 5.32 br d 

H-4 1.65 1.71 1.68 1.67 1.67 I.72 1.67 1.71 1.68 1.68 1.70 1.70 br s 

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 br s 

OR 2.28 2.14 2.47 6.33 (OH)5 2.10 2.13 2.38: 2.42: - - 2.07 2.31: S 

1.22 1.15 1.17 1.07 r 

OMe 4.10 3.93 4.10 4.14 4.08 3.98 4.09 3.99 - - S 

l S. 

tdd. 
SABX,. 

§&. 
J (Hz): 6.7 = 7,8 = 8; 1’,2 = 7; compounds 18a, 19a, 19b, 2Oa. 20b and 22: 9.10 = 7; compound 23: 9.10 = 4; 9.10’ = 6.5; 

lO,l(Y = 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@petrol, 1: 1, 1.2 g and 2: Et,O, 1.1 g). 
PTLC of 100 mg of fraction 1 (Et,O-petrol, 3:7, three develop- 
ments) gave 15 mg 22 (Rf O-35), 10 mg 21 (RI 0.31), 10 mg 27 (RI 
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&I-petrol, 1: 1, three developments) gave 25 mg 28 (R, 0.85), 
20 mg 26 [R, 0.79), 60 mg of 21 and 22,8O mg 23 (R, 0.30) and 
5 mg 24 (R, 0.34). Repeated PTLC of the mixture of 21/22 
(Et&&petrol, 3 : 7, three developments) gave 25 mg 22 (R, 0.35) 
and 15 mg 21 (RI 0.30). The lHNMR of fraction 2 showed no 
methoxy signal. After addition of CHLNz PTLC of 300 mg 
(Et,C+trol, 1: 1) gave four bands (2/l-2/4). HPLC 
(MeOH-H&I, 4: 1) of 2/l gave 50 mg 19b (Rt 4.6 min), a mixture 
(2/l/2, R, 5.0 min) and 2 mg 20a (R, 5.4 min). PTLC of 2/l/2 
(Et+petrol, 1: 1) gave 15 mg 20b (RI 0.65), 5 mg #)a (RI 0.53) 
and 5 mg 19b (R/ 0.50). HPLC (MeOH-H,O, 4: 1) of 212 gave 
40 mg 16b (R, 3.1 min), 20 mg 1,9a (R, 4.2 min)and 10 mg 17a (R, 
5.3 min). PTLC of 2/3 and 2/4 (Et+petrol, 1: 1, three develop 
ments) gave 8 mg 16a (R, 0.44) and 5 mg 18a (R, 0.41), 
respectively. 

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

38-Hydraxy-&a-t4-acttoxyangeloyloxyj-eramanthin (1). 
Colourless gum; IR vEXa) cm- I: 3575 (OH), 1770 (y-&tone), 
1740,125O @AC), 1725,1645 (C=CCOIR); MS nn/z (rel. int.): 402. 
168 CM]’ (0.4) (talc. for C72H260,: 402.168h 244 [M 
- RCOzH]+ (21), 226 [244 - HzO]+ (28), l41 [RCO]+ (4O), 99 
Cl41 - ketene] + (100). 

3/?-Hydroxy-8a-[5-acatoxyurtgeloyloxy]-cremuntkin (2). 
Colourless gum; IR Y E,‘J cm- ‘: 3600 (OH), 1770 (y-lactone), 
1732 (COIR); MS m/z (rel. int.): 402.168 [M] + (0.1) (caic. for 
C&HJ607: 402.168), 384 [M - &O] + (0.2X 342 [M - HOAc] + 
(O-2), 324 [342 - H,O] + (0.3), 244 [M - RC02H]+ (17), 226 
(244 - H20]+ (281,141 [RCO]+ (1OQ 99 [141- ketene] + (32), 
81 [141-HOAc]’ (66). 

3#bHydroxy-8a-[ ~3,ldiac~toxy-2_~y~~~~~y~xy]~reman- 
Gin (3). Colourless gum; IRvga3 cm- ‘: 3600 (OH), 1765 (y- 
lactone), 1740 (OAc, COzR); MS m/z (rel. int.): 402.168 [M 
- HOAc]+ (0.5) (talc. for CZIHz607: 402.168), 244 [M 
-RCO#]+ (23),226[244-H,O]+ (24),201 [RCO]’ (261,159 
C201-kettnc]’ (46h 131 [159X0]’ (loo); [K]r -190 
(CHCI,; c 0.36). 

3/3-Acetoxy43u-[4-ucetoxyungeloyloxy]-erentunthin (4). 
Colourless gum; IR v gc’~ cm- ‘: 1770 (y-la&one), 1740 (OAc), 
1720, 1650 (C=CC02Rk MS m/z (reL int.): 444.178 [M]’ (0.15) 
(CA. for Cz4Hz808: 444.178X 384 [M - HOAc]+ (1.5), 324 [384 
-HOAc]+ (0.7X 226 [3&4-RCOzH]+ (82), 141 [RCO]’ (lS), 
99 [141- ketene] + (100). 

3#hAcetoxy-8a-[5-acetoxyangaloyloxy]-eremanthin (5). 
Colourless gum; IR vg:‘a cm-‘: 1780 (y-lactone), 1735 (OAc, 
C02R); MS RI/Z (rel. int.): 444.178 [M] + (0.5) (caic for 
Cz4Hz808: 444.178), 384 (1.3X 324 (1.6), 226 (93), 141 (WI), 81 
Cl41 - HOAc]+ (71). 

3B=Acetoxy-&o-[4,5_diacetoxyungeloyl~xy]-eremanthin (6). 
Colourless gum; 1R~~~%m-‘: 1770 (y-lactone), 1740 (OAc, 
C02R), MS wz (rel. int.): 442.163 [M - HOAc] l (0.7) (talc. for 
Cz4Ha608: 442.163), 2&6 [M - RC02H]+ (2), 226 [286 
-HOAc]” (lOa), 199 [RCO]’ (14), 157 [199-ketene]+ (48), 
115 [157 - ketene]+ (62); [a]r - 138 (CHCI,; c 0.57). 

3/?-Acetoxy-&a-[ 3-ucatoxy-2-hydroxy-2-mathyI&utyryloxy]- 
erenwnthin (7). Colourless gum; IR vs cm- l: 3500 (OH), 1785 

(y-lactone), 1750 (OAc, CO*R)C MS m/z (rel. int.): 402.168 CM 

-HOAc]+ (2) (talc. for Cz2HZb07: 402.168), 287 [M 
- OCOR] + (IO), 227 [287 - HOAc] + (92), 226 [402 
-RCOzH]+ (60), 159 [MeCH(OAc)CH(OH)CO]+ (20), 131 
[159-CO]’ (lOO), 89 1131 - ketene] + (98), 7 1 Cl3 I- HOAc] ’ 

(60); [K]‘D*” - 185 (Cl-W,; c 0.61). 
38-Acefoxy-&a-[2,3-diacetoxy-2-methyfbutyryloxy]-en- 

thin (8). Colourless gum; IR V~“J cm- ‘: 1780 (y-lactone), 1740 
@AC, C02Rk MS m/z (rel. int.): 444.178 [M - HOAc] + (2.5) 
(catc. for Cz4Hz808: 444.178), 287 CM - OCOR]’ (3.5X 286 [M 
- RCOzH] + (3.8), 226 [2&6 - HOAc] + (lOO), 201 [RCO] + (271, 
159 (26), 131 (84),71 (11); [alA -159 (CHCI,; c 0.54). 

3B-Acetuxy-la-hydroxy-8a-C5-acet~xyangeloybxy]-ereman- 
rhin (9). Colourless gum; IR v~:“J cm-‘: 3600 (OH), 1775 (y- 
lactone), 1740 (OAc, C02R); MS m/z (ret. int.): 400.152 [M 
- HOAc] + (7) (talc. for C22Hz407: 400.152), 340 [400 
- HOAc] + (0.7), 242 [400- RC02H]+ (38), 141 [RCO]’ (61)+ 
81 Cl41 - HOAc]+ (lOOy, 

3fl-Aceroxy- la-hydroxy-8~- C4,5adiaCetoXyanSeloyloxy]~~e- 
manthin (10). Colourtess gum; IRvEX’~cm-‘: 1770 (Y- 
lactone), 1735 (OAc, CO,Rk MS m/z (rei. int.): 458.158 [M 
- HOAc]+ (0.4) (cab for Cz4Hz609: 458.1581, 302 [M 
- RCOt H] + (0.2), 242 [3O2 - HOAc] + (7.5), 224 [242 - H20] + 
(1.3), 157 [RCO- ketene]+ (61, 144 (MO), 115 [157 - ketene]+ 

(391, 
Desucylchlorojunerin 8-0-ungehte (11 j. Colourless gum; 

IR v CHQ rmtX Will-‘: 3500 (OH), 1770 (y-lactone), 1720 (C==CCOIRE; 
MS m/z (rel. int.): 396.134. CM]’ (3) (talc. for C2,,HZ~ObC1: 

3%.134), 296 [M - RCOIH] + (3), 278 [296 - H20] + (2.5), 260 

[296 - HCI] + (2), 242 [26O - HJO]+ (2), 83 [RCO] + (loo), 55 

[83 - CO] + (47). 
Desacyl-11,13-dihydrochlorojanerin S-0-ungelute WI. 

Colourless gum; IR VIVA cm- ‘: 3500 (OH), 1775 (y-lactone), 
1720 (C=CCO,R); MS m/z (rel. int.): 298.097 [M - RC02H]’ (3) 
(cab for C, 5H1904CI: 298.097), 280 [298 - H,O]+ (L5), 262 
[29& - HCI] + (3.5), 244 [262 - H20] + (6), 83 IRCO ] + (lO@, 55 
[&3 - CO] + (6lb 

5-Methylethuliucoumur in (14). Colourks oil; IR vExad cm- I: 
3500 (OH), 1705, 1600 (coumarin); MS m/z (rel. int$ 356.162 
[M]’ (4) (cab for C11H1405: 356.162), 341 [M - Me]’ (21,285 

[M - CHFMeJ + (Sk 284 [M -C4HS0]+ (6), 269 [2&4 
CL 

- Me] + (8X 149 [C&OJ + (42k ‘H NMR (CDCI,): S7.05 (hi, 

H-6), 7.38 (t, H-7X 7.16 (dd, H-S), 2.35 (q, H-9), 0.97 (t, H-lo), 5.15 (d, 

H- lc’), 5.10 (d, H-l t’), 6.11 (dd, H-2’), 2.23 and 2.02 (d, H+, 3.12 (s, 
H-6’), 1.49 (4 H-8’), 1.38 @, H-9’), 1.71 (s, H-10’) (.I [Hz]: 67 = 7,8 
= 8; 6,8 = 1.5; 9,lO = 7; 1’ c,2’ = lo; 1t’,2’ = 17; 4’,4’ = 14). 

V~kensiuch~mone (15). Cdourless oil; IR v gcl~ cm - * : 3500 
tOHA 1720 @hromo@, 1690 (0); MS m/t (rel. int.): 
342.147 CM]’ (lo) (talc. for CTOHJ205: 342.147), 205 (26), 176 
WA 135 (17), 83 [C.+H,CO]+ (100), 55 [83-CO]’ (43); 

‘H NMR (Cm,): 87al2 (br d, H-6X 7.45 (t, H-7), 7.23 (br d, H-8), 
2.85 (3, H-9), 4.5 1 and 4.18 (dd, H-l’), 3.23 (dd, H-2’), 2.92 and 2.5 1 
(d, H-4’), 6.08 (44, H-6’), 2.17 (b 4 H-8’X 1.92 (br s, H-9’), 1.42 (s, 
H-10’) (J [Hz]: 6,7 = 7,8 = 8; 1’, 1’ = 11; 1;,2’ = 3.5; I;, 2’ z 7; 
4’,4’ = 16; 6’, 8’ = 6’,9’ = 1). 

h?gipin 9-0~ucetufe (16). Is&ted as methyl ethers 161 and 
16b. hkcolourksscrystals, mp 115”; IR vs cm- l: 1760 @AC), 
1645 (GO); MS m/t (rel. int.): 316.131 CM]* (22) (talc. for 

c1 SH2005: 316.131), 286 [M -CH,O]+ (34), 256 [M 
- HOAc] + (32X 242 [M - Me, 0Ac-J + (66), 227 [286 - OAc] + 
(IO), 187 [256 - CsHg]+ (93). 168: colourlm crystals, mp 33”; 
IRvscm-‘: 1735 (OAc,C=O); MSm/z (red. int.): 316.l31 [M]’ 
(17) (talc. for CIBHIO05: 316.131), 257 [M -OAc]+ (35), 201 
[257 - C4Hs] + (100). 

Lwgipesin 9-O-propionate (17). Isolated as 2-O-methyl ether 
(17a). Colourless crystals, mp 84”; IR v s cm- I: 1745 (COIR), 
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1630 (c--O); MS m/z (tel. int.): 330.147 CM]’ (37) (cak. for 

C,PH220s: 330.147), 256 [M- RCOIH]+ (6@, 241 [256 
- Me] + (loo), 227 [256 - CHO] + (93), 187 [256 - C,Hg] + 88). 

9-Methylbngipesin (18). Isolated as 2-O-methyl ether 18a. 
Co1ourlcss oil; IR vs cm -‘: 3500 (OH), 1630 (C=ok MS m/z 

(xl. int.): 288.136 CM]’ (14) (cak. for C,,Hl,,O~: 288.136), 271 

[M-OH]+ (11),270[M-H,O]+ (13),256[271-Me]+(60), 
241 [256-Me]’ (71), 201 [256-C,H,]+ (lOO), 187 [256 

- CSHP] + (18); [a]r + 17 (CHCI,; c 0.47). 
9-Methyhtgipesin 9-O-acetate (19). Isolated as methyl ethers 

19a and 19b. 19~ colourless crystals, mp 104”; IR vs cm- *: 

1750 (OAc), 1630 (C=Ok MS m/z (rel. int.): 330.147 CM]’ (12) 
(talc. for ClgH,,O+ 3X.147), 270 [M - HOAc] + (12), 241 [270 

- CHO] + (MO), 187 [241- C,H,] + (44). 19k wlourlcss cqs- 
tals,mp 116”;1Rv~cm- ‘: 1735 (OAc, C==O); MS m/z (~1. int.): 
330.147 [M]’ (14) (talc. for &HrrO,: 33O.l47), 270 [M 

- HOAc] + (46), 255 [270 - Me] + (100). 227 [255 -CO] + (31), 
201 [255 - CIH, -J + (48). 

9-Methyllongipesin 9-O-propiome (20). Isolated as methyl 

ethers 20a and 2Ob. 20a: colour1cs.s oil; IR vs cm- ‘: 1740 
(C02R), 1635 (GO); MS m/z (tel. int.): 344.162 CM]’ (11) (cak. 

for &HzdO,: 344.162), 270 [M - RCO,H]+ (28), 255 [270 
- Me]+ (100), 201 1255 -C4H6]* (78). 2Ob: Colourless oil; 

IRvz;cm-‘: 1730 (COIR, GO); MS m/z (rel. int.): 344.162 

CM]’ (59) (cak. f-or CxoHzbO,: 344.162), 270 [M - RCOIH]+ 
(30), 255 [270 - Me] + (lOO), 227 [255 -CO] + (21), 201 [255 

- CIH6] + (44); [#’ - 11 (CHCI,; c 0.92). 
Cycloloqjipesin (21). Colourless crystals, mp 124”; 

IR vccI _4ClY#-‘: 1730, 1680 (GO); MS m/z (rcl. int.) 242.094 

[M] + (22) (talc. for &H,,O,: 242.094), 227 [M - Me] + IlOO), 

187 [M - C,H,] + (38). 
9-Methylcyclolongipesin (22). Colourkss crystals, mp 85”; 

lRvscm-‘: 1730, 1680 (C=Ok MS m/z (rel. int.): 256.110 

[M-J+ (66) (talc. for C,6H,603: 256.110), 241 [M-Me]’ (82), 
201 [M - C,H,] + (100); 13C NMR (CJXl,, C-2-C-10): 165.8 s, 

100.0 s, 165.7 s, 142.0 s, 115.4 d, 133.0 d, 113.5 d, 89.8 d, 20.8 G C- 
4a: 119.0 s; C-8a: 149.4 s; C-l’<-5’: 23.1 r, 120.5 d, 133.2 s, 25.7 q, 

17.8 q_ 

Horn4xyclolongipesin 9-O-rrcetufe (23). Colourlcss oil; 

IRvL?cm- I: 1750 (OAc), 1730 (GO); MS m/z (rel. int.): 

314.115 CM]’ (32) (talc. for CIBHlsOs: 314.115), 299 [M 
- Me] + (8), 255 [M - OAc] + (25), 254 [M - HOAc] + (24), 239 

[254 - Me] + (38), 199 [254 - CIH7] + (NHI). 
HonwcycIolongipesin 9-O-propionute (24). Colourlcss oil; 

lRvs,cm-‘: 1740 (COIR, C=O); MS m/z (rel. int.): 328.131 

[M]’ (31)(&c. for&HzOO,: 328.131),273 [M -C,H,]+ (24), 

255 [M - OCOR] + (3O), 254 [M - RCO,H]+ (27), 239 [254 

- Me] + (44), 199 [254 - C,H,]+ (100). 
sax-Longipesin 7-O-acetate (25). Colourless oil; 

IRvscrn-‘: 1750 (OAQ 1640 (Ckok MS m/z (rel. int.): 276 

[M]’ (3.5X 216.115 [M -HOAc]+ (22) (talc. for C,IH,602: 
216.115), 201 [216-Me]’ (23), 134 [216-CgH,,,] + (lOO), 69 
[C,H,]+ (40); ‘H NMR (CDCl& 6.97 (br d, H-4), 7.35 (I, H-JJ, 

6.94 (d, H-6), 5.29 (br s H-7), 2.95 (t, H-2’), 2.42 (br q, H-3’), 5.09 (br 
t, H-4’), 1.68 (br s, Hd’), 1.62 (br s, H-7’), 2.10 (s, OAc), 10.67 (s, 

OH) (J [Hz]: 4,5 = 5,6 = 8; 2’, 3’ = 3’4’ = 7). Addition of 

CHIN2 gave 2.6. Colourless oil; IRvzcm-‘: 1750 (OAc), 

1640 (C=Ok MS m/z (rcl. int.): 290.151 [M]’ (1.5) (cak. for 
C1,Hz201: 290,152),23O[M-HOAc]’ (20), 215 [230-Me]’ 

(II), 161 [230-CSH9]+ (23), 148 [23U-CsHlo]+ (100); 
‘H NMR (CDCI,): 66.97 (br d, H-4), 7.31 (t, H-5), 6.88 (d, H-6), 

5.01 (s,H-7),2.85(t,H-2’),2.37(~q,H-3’~5.12(6rt,H4’),1.67(br 

s, H-6’), 1.62 (bt s, H-7’), 3.8 1 (s, OMe), 2.05 (s, OAc) (J [Hz]: 4,5 
= 5,6 = 8; 2’, 3’ = 3’,4’ = 7). 

7-Merhyf-seco-fong@esin 7-O-acetate (27). Colourless oil; 
IRvCa ,,*cm-‘: 1745 (OAc), 1700 (c--O); MS m/z @cl. int.): 
290.152 CM]’ (1) (talc. for C,,H,,O*: 290.152), 230 [M 

- HOAc]+ (21), 162 [230- CsHs] + (37), 161 [230- C5H9]+ 

(32), 148 [230-&H,,] + (100); ‘H NMR (CDQ): 57.03 (br d, 

H-4), 7.31 (t, H-5), 6.83 (dd, H-6), 6.03 (q, H-7), 1.54 (d, H-8), 3.04 
and 2.93 (dr, H-2’), 2.43 (br q, H-3’), 5.12 (br I, H-4’), 1.68 (br s, H- 

6’), 1.63 (br s, H-7’), 2.07 (s, OAcj, 8.23 (s, OH) (J [Hz]: 4,5 = 5,6 
= 8;4,6 = 1; 7,8 = 7; 2’,2’ = 16.5; 2’,3’ = 3’,4’ = 7); 13CNMR 

(CDCI,,C-l-C-8): 155.2s, 125.5s, 141.6s, 117.6d, 131.9d, 116.26, 

69.8 d, 22.9 4; (C-1X-7’): 208.0 s, 44.4 L, 23.1 f, 122.7 d, 132.9 s, 

25.7 q, 17.7 q; OAc: 170.2 s, 21.2 q. Addition of CH2N2 gave 28. 

Colourkss oil; IR v 2 cm - ‘: 1745,1250(OAc), 17oO(C=o); MS 

m/z(rel.int.):~.167[M]+ (1)(cak.forC,gH2,0,:304.167),244 
[M - HOAc] + (25), 229 [244 - Me]+ (lo), 175 [244 - &HP] + 

(22), 162 [244- ChH,,,]+ (l(H)), 161 [244-CbHII]+ (44); 
‘H NMR ((XX&): 67.02 (br d, H-4), 7.22 (I, H-S), 6.82 (d, H-6). 

5.59 (q, H-7), 1.51 (d, H-8), 2.95 and 2.89 (dt, H-2’), 2.41 (br q, H-3’), 

5.16 (br f, Ha’), 1.69 (br s, H-6’), 1.65 (br s, H-7’), 3.81 (s, OMe), 

2.04 (s, OAc) (J [Hz]: 4,5 = 5,6 = 8; 7,8 = 7; 2’,2’ = 17; 2’,3’ 
= 3’,4’ = 7). 
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