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also with the opposite con6guration in a boat confor- 
mation. The clear NOE of H-14 excluded this possibility. 
The corresponding iactone 5s with no further oxygen 
function was isolated from a Jungia species. As in similar 
cases [7,8] the acyloxy group at C-3 caused a small 
shielding effect. 

The main constituent, both in the aerial parts and in the 
roots, was the tetraester 8. The molecular formula could 
not be determined directly by high resolution mass 
spectroscopy. The highest ion corresponded to 
Cz4HJ00,. However, as the ‘HNMR spectrum (Table 3) 
clearly indicated the presence of three acetoxy groups and 
one senecioate residue the fragment at m/z 430 obviously 
was formed by loss of acetic acid. As m/z 390 [M 
-~H,COzHJ was visible the molecular formula was 
Cz,HM&. Spin decoupling allowed the assignment of all 
signals and the stereochemistry as well as the relative 
position of the ester groups was established by NOE 
ditkence spectroscopy. Clear effects were obtained be- 
tween H-12, H-4, H-10, H-13 and H-2’ requiring a 3a- 
senecioyloxy group. Further NOES were present between 
H-13, H-Lx, H-9 and H-12, between H-14 and H-7, 
between H-3, H-lfl, H-2 and H-4 as well as between H-15 

16 17 18 
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and H-10. Also, the r3C NMR data (Table 2) agreed with 
the structure. The signals were assigned by a 2D-‘H-13C- 
correlated spectrum. As expected, the lowfield doublet at 
868.2 was due to C-10 which is surrounded by highly 
substituted carbons. The spectral data of 9 (Table 3) 
clearly showed that this triacetate was the corresponding 
3a-[Qmethyl senecioate]. Similar inspection of the 
‘HNMR spectra of 6 and 7 (Table 3) indicated that these 
triesters only differed in the nature of the ester group at C- 
3. Furthermore, comparison of these spectra with those of 
8 and 9 showed that 6 and 7 were the corresponding 9- 
desacetoxy derivatives of 8 and 9. Accordingly, in addition 
to the absence of a lowlield signal for H-9, only small 
changes in the chemkal shifts were observed. 

The ‘H NMR spectra of 10 and 11 (Table 4) were close 
to that of 12 [4]. The signals of the ester groups clearly 
showed that in 10 the angelate residue was replaced by a 
senecioate and in 11 by a 4-methyl senecioate group. New 
investiaations of the stereo&em&v indicated that the 
propo&d co&urations at C-14 &d C-15 (in lit. 141 
comnounds 7-9 and 12aM had to be reversed. Thus clear 
NOi& were. observed b&ken H-14 and H-7 as well as 
between H-15, H-10 and H-4. Further effects between H- 
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Table 1. ‘HNMR spectral data of compounds 1-S (400 MHz, CDC&, TMS as internal 
standard) 

1 (CDW 
C&) 2 3 4’ G& 5 

H-la 2.20 dd 2.47 dd 202 dd 2.46 dd 222 dd 2.46 dd 
H-lb 2.03 br d 2.20 br d 2.14 br d 2.18 br d 210 br d 2.18 br d 
H-2 2.57 br d 270 br d 2.64 br d 2.41 br t 234 br dd 2.42 br t 
H-3 - - - 5.88 dd 6.00 dd 5.89 dd 
H-4 5.69 t 5.81 t 5.77 t 6.64 dd 6.95 dd 6.65 dd 
H-7 2.09 br ddf 2.40 br ddt 2.16 br ddt 2.52 br ddt 2.24 br ddt 2.53 br ddt 
H-8a 1.88 ddd 2.18 dd 
H-8/I 1.75 ddd 2.05 m 

I 
1.80 m 

2.12 dd 1.74 dd 2.10 dd 
1.90 ddd 1.54 ddd 1.90 ddd 

H-9a 5.18 br t 5.44 br t 1.52 m 5.28 br t 4.99 br t 5.29 br t 
H-9/l - 2.OOm - - - 

H-10 1.86 d 205 m 2.04 dd 2.20 br d 1.89 br d 2.20 m 
H-12 1.06 s 1.23 s 1.14 s 1.27 s 1.26 s 1.25 s 
H-i3 0.88 s 1.03 s 0.98 s 1.11 s 0.95 s 1.09 s 
H-14 5.88 d 6.05 d 6.03 d 5.51 d 5.11 d 5.55 d 
H-15 6.66 d 6.81 d 6.80 d - - - 

OAc 1.84 s 209s 2.09 s 2.06 s 1.62 s 2.08 s 
1.84 s 205 s 2.05 s 
1.83 s 

OCOR - 5.62 br s - 5.65 qq 5.72 qq 5.63 tq 
2.18 d 218 d 2.14 d 2.20 br q 
1.90 d 1.90 d 1.48 d 1.05 t 

2.18 d 

*OH 4.51 d (GD, 3.85 d). 
tNot really first order. 
~(Hz):lcr,l~=11;lcr,2=4.5;~4=4,15=1.5;7,8~=12;7,8a~6;7,14~2;8~8~=15; 

8a,9a=9a,10=3.5(compound3:9/?,10= 12;compounds4andSc2,3=4;3,4=2.5;7,14- 1; 
14, OH = 3.5); OSenz 2’, 4’ = 2’, 5’ = 1; OMesen: 2’, 4’ = 2’, 6’ = 1; 4’, 5’ = 7 (also in compounds 

2875 

6-18). 

13, H-2 and H-12, between H-2, H-3 and H-13, between 
H-3, H-2 and H-4, between H-8, H-14 and H-7, as well as 
between H-12, H-4, H-13 and H-2’, confirmed the con- 
figuration at the remaining chiral centres. The latter 
experiment also showed that the senecioyl group was at C- 
3. The ‘jCNMR spectrum (Table 2) of 11 supported the 
structure. As expected an upfield shift of C-6 and C-10 was 
observed due to a r-effect of the 8a-hydroxy group. The G 
8 configuration had to be revised in some related sesqui- 
terpenes from a Moscharia species as the observed 
couplings were identical with those of 10 (lit. [2] com- 
pounds 7 and 8). 

Compound 11 was further used to determine the 
absolute configuration of the a-isooedrenes. Using 
Horeau’s method, reaction of 11 with excess of a-phenyl 
butyric acid anhydride resulted in preferential combi- 
nation with S-a-phenylbutyric acid and recovery of excess 
of (-)-(R)-a-phenylbutyric acid. Accordingly, the present 
formulae would agree with the absolute configuration. 
This was further confirmed by ‘HNMR studies. 
Inspection of models and following the work of 
Hehnchen [9] the observed chemical shifts of the two 
diastereomers required that the main isomer was formed 
with (S)-oz-phenylbutyric acid. Thus, in the main product 
H-14, and in the minor isomer H-9, were shielded. These 
results agree with the absolute configuration which would 
result if the a-cedrenes are biosynthetically formed via 
cyperene as proposed previously [4]. 

The ‘H NMR spectra of 13-15 (Table 4) again only 
differed in the signals of an ester residue. The presence of a 

Cmethylsenecioate, a senecioate and an angelate followed 
from the characteristic signals. The relative position was 
deduced from the unchanged chemical shift of H-3 while 
that of H-8 showed shift differences. Compounds 14 and 
15 could not be separated but the ‘HNMR spectrum 
indicated the presence of both esters. Several signals were 
slightly different (Table 4). As expected the ester groups at 
C- 8 in 13-15 caused a downfield shift of H-8 compared 
wifh the shifts of 10 and Il. As all couplings were identical 
in these two series the stereochemistry also should be the 
same. 

The ‘HNMR spectra of 16 and 17 (Table 3) were 
similar but showed clear small differences. Spin decoup 
ling indicated identical sequences for these obviously 
isomeric compounds. Inspection of models showed that 
these methoxy compounds differed in configuration at C- 
14 and C-15. The 14/Gposition of the acetoxy group in the 
isomer 16 clearly followed from the large coupling J,, 14. 
The 2 Hz coupling of the corresponding signal in the 
spectrum ofcompound 17 therefore required the presence 
of an a-acetoxy group. The configuration at C-15 could be 
deduced from the downfield shift of H-10 in thecase of 16. 
This could be explained only with a 1%methoxy group. 
As the effect was not present in the isomer 17 an epimeric 
situation had to be assumed which led to clear allylic and 
homoallylic couplings of H-15 with H-4 and H-3, 
respectively. 

The spectral data of 18 were close to those of 16. 
However, an additional acetoxy group was present as 
followed from the broadened triplet at 85.3Oand a second 
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Table 4. ‘H NMR spectral data ofcompounds IO, 11 and 1315 
(400 MHz, CDC&, TMS as internal standard) 

10 11 13 14/15* 

H-la 2.19 dd 
H-lp 2.10 br d I 

2.15 m 

H-2 2.24 br t 2.25 br t 224 br t 
H-3 5.81 &id 5.81 ddd 5.81 ddd 
H-4 5.29 ddd 5.30 ddd 5.32 ddd 
H-7 1.82 br d 2.15 m 
H-8&9 4.17 ddd 5.04 ddd 5.00 (5.05) ddd 
H-9a 1.92 ddd 2.15 m 
H-9/3 1.55 ddd 1.48 ddd 1.62 ddd 
H-10 2.05 dd 2.05 m 
H-12 1.23 s 1.24 s 1.23 s 1.24 (1.25) s 
H-13 1.01 s 1.02 s 0.98 s 0.99 (1.00) s 
H-14 6.11 d 6.05 d 6.03 (6.02) d 
H-15 6.67 t 6.71 t 6.69 t 
OAc 2.06 s 2.05 s 2.06 s 2.04 s 

2.04 s 2.04 s 2.03 s 2.02 s 
OCOR 5.63 44 5.62 tq 5.61 tq 5.60 br s (2H) 

2.18 d 2.17 br q 5.59 tq 2.12 d 
1.89 d 1.05 t 2.16 br q 1.86 d 

2.17 d 1.03 t 2.15 br q 
1.02 a 1.04 t 
2.16 d 2.14 d 
2.13 d 

*Compound 15: OAng: 6.05 qq, 1.93 dq, 1.84 dq, [J(Hz): 3’,4’ 
= 7; 3’,5’ = 4,s = 1.3). 

J (Hz): la, l/I = 11.5; la,2=2,3=5; 2,4=3,4=1.5; 
3,15 =4,15 = 2.5; 7,8fi = 6; 7,14 = 88,9/?= 9; 88,9a = 10; 
9a, 9/I = 9B, 10 = 12; 9a, 10 = 5. 

sesquiterpenes are known. They have been reported from 
Jungia [lS], Moschariu [Z], Perazia [4], Proustia [4] and 
Trixis [17, W-213, all placed in the Nassauviinae. 
Probably lg-H-guaiene derivatives are of chemotaxo- 
nomic relevance as these compounds and the cyperene 
derivatives are most probably the precursors of the 
isocedrenes [4]. These sesquiterpenes are present in the 
genera Dolichlasium, Perezia [ 14,223, Pleocarpus [23] 
and Moscharia [2]. Morphological features indicate a 
close relationship of the Nassauviinae to Mutisiinae [l]. 
This is supported by the co-occurrence of S-methyl 
coumarins in both subtribes and also by the perezone-like 
compounds which have been isolated from both subtribes. 
Furthermore, the isolation of onoseriolides from both 
groups is of interest. The chemistry of the genus Prowtia 
strongly supports the transfer from the subtribe 
Mutisiinae, where it was placed previously [24], to the 
Nassauviinae, where it has been placed by Cabrera [l]. 

All these data are in agreement with the proposal of 
Cabrera [1] that the Mutisiinae is the intermediate 
subtribe from which the more evolved and most natural 
subtribe Nassauviinae have arisen. 

EXPERIMENTAL 

The air dried plant material of Proustia cuneifolia Donfbrma 
mendocina (voucher RMK 9455, collected in February 1985 in 
Argentina) was extracted with MeOH-Et&)-petrol (1: 1: 1) and 
worked-up as reported previously [25]. The extract of the aerial 
parts (400 g) was separated by CC (silica gel). The polar fractions 

(Et&)-petrol, 1: 1; Et20 and Et&MeOH, 9: 1) were separated 
again by medium pressure chromatography (MPC) (silica gel, 
+30-60~ EttO-petrol, 1:3; Et,O, 25 ml fractions). Fractions 
17-19 gave by HPLC (MeOH-H20, 4:1, always RP 8, ca 
100 bar), 7 mg 18 (R1 5.1 min), 4 mg 16 (R, 10.2 min), 2 mg 17 (R, 
12.2 min) and 5 mg of a mixture of 9&sacyloxy derivatives of 8 
(R, 14.8 min) which could not be separated (the ‘HNMR 
spectrum indicated the presence of acetate, senecioate and methyl 
senecioate). HPLC of fractions 20-22 (MeOH-H20, 4 : 1)gavean 
inseparable mixture of tetraacyloxy derivatives of 8 (the 
‘HNMR spectrum indicated the presence of acetates, methyl 
senecioate and senecioate). HPLC of fractions 22-25 
(MeOH-H20, 4: 1) gave 200 mg 8 (4 3.3 min) and 60 mg 9 
(& 4.5 min). Fractions 26-28 gave 400 mg 8 and 90 mg 9. HPLC 
of fractions 29-31 (MeOH-H20, 4: 1) gave 6 mg 3 (R, 1.0 min) 
and 4 mg 2 (R, 1.6 min). HPLC of fractions 35-37 (MeOH-H20, 
7: 3) afforded 2 mg 10 (R, 2.3 min), 7 mg 11 (R, 5.4 min) and a 
mixture (R, 7.8 min) which gave by prep. TLC (Et@-petrol, 3: 1, 
three developments) 7 mg 5 (R, 0.69), 2 mg 4 (R, 0.63) and 1 mg 
12 (R, 0.61). Prep. TLC of fractions 38-40 (CHCl~-C6H6-Et20, 
1: 1: 1, two developments) gave 50 mg 1 (R, 0.57). 

The extract of the roots (1008) gave by CC four fractions 
(Fr. 1: petrol; Fr. 2: Et&petrol, 1: 1; Fr. 3: Et&)-petrol, 3: 1 
and Fr. 4: Et,0 and Et&-MeOH, 9: 1). Prep. TLC (petrol) of 
fraction 1 gave 5 mg trideca-3,5,7,9-tetrayn-1,l lE-diene and 
2 mg trideca-3,5,7,9,11-pentayn-l-ene. HPLC of fraction 2 
(MeOH-H20, 17: 3) gave 12 mg g, 6 mg 9,5 mg 7 (K, 3.2 min), a 
mixture (2/4, R, 4.0 min), a mixture of 5 mg 14 and 10 mg 15 (2/5, 
R, 5.6 min) and 12 mg 13 (R, 7.0 min). Fraction 2/4 gave by prep. 
TLC (Et,O-petrol, 1: l), 2 mg 16 and 3 mg 6 (R, 0.52). CC- 
fraction 3 gave 110 mg 8 and 55 mg 9. HPLC of CC-fraction 4 
(MeOH-HaO, 4:l) gave 5 mg 36 (R, 1.1 min), 7 mg 10 
(R, 2.6 min) and 25 mg 11 (R, 3.5 min). 

The extract of the aerial parts of Naussauuia uculeata (200 B. 
voucher RMK 9401) gave four CC-fractions (Fr. 1: petrol; Fr. 2: 
Et&-petrol, 1: 1; Fr. 3: Et&petrol, 3: 1 and Fr. 4: 
Et&-MeOH, 9: 1). Prep. TLC of fraction 1 gave 2 mg germac- 
rene D and 5 mg bicyclogennarrene. Prep. TLC (Et#-petrol, 
1:3) of fraction 2 gave 10 mg 19 (purified by HPLC, 
MeOH-HaO, 9:1, R,8.7 min), 1Omg 21 (purified by TLC, 
Et+petrol, 1: 1, R, 0.5O)andcrude 10 mg 20 (RI O.SS)contain- 
ing 30 mg lupe-oL Addition of CH2N2 in Et,0 and prep. TLC 
(Et+petrol, 1: 1, R, 0.52) gave 8 mg 21. Fractions 3 and 4 
contained a mixture of umbelliferone, 21 and unidentified 
triterpenes. Separation of the acidic part with NaHCOs and prep. 
TLC (Et#-petrol, 1: 1) gave 50 mg 21 and 30 mg umbellifqne. 

The extract of the aerial parts of Dolichlasiicm lagascae (300 g, 
voucher RMK 9413) was separated by CC into two crude 
fractions (Fr. 1: Et+petrol, 1:3-3: 1; Fr. 2: Et,0 and 
Et+MeOH, 9: 1). Fraction 1 contained large amounts of 
pinocembrin whibh was separated by extractions with K&Do 
soln. The neutral part was separated by MPC (608 silica gel, 
25 ml fractions, Et+petrol, 1: 3; Et,O). Fractions 16-24 gave 
by TLC 3 mg 24. Prep. TLC (Et@+etrol, 1:3) of fractions 
25-27 gave 600 mg 33 (R, 0.35). Fractions 28 and 29 gave 50 mg 
pinocembrin and fractions 3336 afforded by prep. TLC 
(Et&)-petrol, 1: 1) 200 mg 34 (R, 0.48). Prep. TLC of fractions 
41-48 (Et,O-petrol, 3: 1) gave 50 mg crude 35 (R, 0.40) which 
was purified by HPLC (MeOH-H20, 3:1, 42.3min). Prep. 
TLC of the polar CC-fraction (EtaO)gave three bands (2/l-2/3). 
Repeated TLC of 2/l (Et@-petrol, 3: 1) gave 500 mg pino- 
cembrin (R, 0.65)and 500 mgisosakuranetin (RI 0.50). HPLC of 
2/2 (MeOH-H20, 7: 3) gave 200 mg 31 (R, 0.7 min), 50 mg 32 
(R, 2.3 min), 10 mg 23 (& 4.2 min), 80 mg 30 (R, 6.8 min) and 
crude 25 which was puritied by TLC (EttO) atTording 3 mg 25 
(Rf 0.50). The roots (2CQ g) gave by CC three crude fractions 
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(Fr. 1: petrol; Fr. 2: Et@-p&ol, 1: 1; Fr. 3: Et,0 and 
Et&MeOH, 9: 1). Prep. TLC (Petrol) of fraction 1 gave 1 mg 
trideca-3,5,7,9,11-pentayn-l-ene. Fraction 2 gave on standing in 
Et&-petrol at -20’ 1OOmg 24. Prep. TLC of fraction 2 
(Et@-petrol, 3:l) gave 20mg 24 (R, (x7), 1Omg calfeic acid 
(R, 0.68) and two mixtures (3/3 and 3/4). HPLC (MeOH-HaO. 
7: 3) of fraction 3/3 gave 150 mg 26 (& 2.7 minx 35 mg 22 
(&4Smin) and 2mg t8 (R, 5.7min). HPLC of fraction 3/S 
(MeOH-H20, 7: 3) afforded 5 mg 23,5 mg 24,s mg 22 and a 
mixture. which was separated by prep. TLC 
(CHCi3+H,-l&O-MeOH, 15: 15: 15: 1) affording a mixture 
(3/4/l) and 5 mg 29 (R, 0.45). HPLC of 3/4/l (MeOH-HIO, 

Me [cs],-CH=CHCWOHNI~O~B~ 

E 

38 

13: 7) gave 2 mg 26 (R, 3.2 min) and 5 mg 27 (& 4.4 min). 
The aerial parts of Leuceria achillaeifoliu (2OOg, voucher 

RMK 9387) afforded 20 mg 38 and 15 mg 37. Tbe roots (100 g) 
gave 2 mg tridecapentaynene. 

9~,1~15~-Ttiacstoxy-14~,15aspoxy4-isocedren-3-one (1). 
Colourless oil; IRvs cm- ‘: 1760, 1750, 1230 (OAc), 1695 
(C=CC=O~ MS m/z (rel. in@ 406.163 [M]’ (22) (cak. for 
Ca,HzsOs: 406.163), 364 [M-ketene]+ (71), 346 [M 
-HOAc]+ (17),304[364-HOAc]+ (100),262[304-ketene]+ 
(27), 245 [304 - OAc] + (31) [cl]F” = + 132” (CHC13; c 0.91). 

1~15/?-Diacetoxy-9B_senecioyloxy-14~,l5a-epoxya-isoce- 
dren&me (2). Colourless oil; IR vs cm-‘: 1760. 1750, 1235 
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1710, 1645 (C==CCO,R); MS m/z (rel. int.): 404.184 [M]+ (2.5) 
(cak. for C2zHz80,: 404.184), 386 [M - HzO]+ (0.2X 344 [M 
-HOAc]+ (I), 322 [M-O=C==CH-C(Me)=CHzl+ (21X 304 
[M-RCOzH]+ (4), 83 [C,H,CO]’ (100); [a]F = -36” 
(CHCIII; c 0.4). 

B&Acetoxy - 14a-hydroxy-3a- [4- ~~y~n~ioyloxy] -a - iso- 
ce&ene-14~,15-alide (5). Colourless oil; IRv$&cm-‘: 3580 
(OH), 1735 (OAc), 1710, 1645 (C=CCO); MS m/z (rel. int.): 
418.199 [M]’ (2.6) (cak. for Cz3H3,,0,: 418.199), 358 [M 
- HOAc]+ (2), 322 [M - O=C==CH-C(Me)=CHMe]+ (15), 97 
[C,H,CO] + (100). 

14a,lS~-Diacetoxy-3a-[4-~~~ylsen~~yloxy] - 148,lSa. 
epoxy~-i~edre~e (6). Colourl~ oil; fR v~~m-~:17SS, 1235 
(OAc), 1710, 1640 (C==CC02R); MS m/z (rel. int.): 386.209 [M 
-HOAc]+ (3) (cak. for Cz3HJ,,0$: 386.2093, 332 [M 
-RC02H]+ (2.S), 290 [332-ketene]+ (37), 248 [290 
- ketene]’ (14), 97 [CsH&O]+ (100). 

14a,1S&Diacetoxy-3a-senecioy1oxy-14~,15a-epoxy+isoc&- 
erna (7). Colourless oil; IRvEcm-‘: 1755, 1230 (OAc), 1715, 
1645 (C=CCO,R); MS m/z (rel. int.): 372.194 [M - HOAc]+ 
(5.5) (talc. for CzaHtsOS: 372.194), 332 [M - RC&HJ+ (2), 290 
[332 - ketene]+ (36), 248 [2QO- ketene]+ (21), 83 [C,H,COJ’ 
(IOO), SS [83-CO]’ (32); [a]? = - 12” (CHCl,; c 0.45). 

9f3,l4u,1S/3-ticetoxy-3a-senecioyloxy-l4jl,15a-epoxy-a-iso- 
cedrene (8). Colourkss oil; IRv%cm-$ 1770, 1750 (‘AC), 
1725, 16x) (C==CCOzR~ MS m/z (rel. int.): 430.199 [M 
- HOAc)+ (1.5) (cak. for C24H3001: 430.199), 390 [M 
- RCO&j+ (3), 348 [3QO - ketrtt]’ (22), 306 [348 - ketene]+ 
(6), 83 [C,H,CO]’ (100); [aID - - 50” (CHCI,; c 8.38). 

9~,l4a,l5~-Triacetoxy-3a-[4-~hylsa~cioyloxy]-l4~,15a- 
epoxy-u-iwcedrene (9). Colourhs oil; IR vz cm- l: 1765.1745 
(OAc), 1715, 1650 (C==CCOzRk MS m/z (ret int.): 444.215 [M 
-HOAc]+ (5) (cak. for Cz,HJIO,: 444.215), 390 [M 
- RC02H]+ (3), 348 [39O - keteneJ+ (52), 306 [348 - ketene] + 
(14), 97 [C,H,CO]’ (100); [a]? = -48” (CHCIZ; c 8.05). 

l~,lS~-Diacetoxy-3r*-senecioyloxy-8a-~yd~oxy-l4~,15a- 
epoxy-a-isocedrene (10). Colourkss oil; IR vs cm-l: 3460 
(OH), 17SO (OAc), 1720, 1650 (C=CCOzR); MS m/z (rel int.): 
388.189 [M - HOAc] + (3) (cak. for C2zHz806: 388.189), 348 [M 
-RCOzH]+ (l), 329 [388-OAc]+ (2), 328 [388-HOAc]+ 
(23X 306 [348-ketene]+ (12), 246 [306-HOAc]+ (S), 83 
[C4H,CO]’ (100); [a]g = -8” (CHCI,; ~0.63). 

14a,lS~-Diacetoxy-3a-[4-methylsenecioyloxyJ-8a-hyd~xy- 
14&l Su-epoxya-isocedrane (11). Colourless oil; IR v 2 cm - ’ : 
3460 (OH), 1750 (OAc), 1720, 1650 (C=CCO,R); MS m/z (rel. 
int.): 402.204 [M - HOAc]+ (2) (cak. for CZ3HJ006: 402.204), 
348 [M - RCO,H]+ (2.5), 343 [4O2 -0Ac-j + (3), 306 [348 
-ketene]’ (22),246[3&- HOAcJ+ (10~97[C~H~~O]+ (lOOk 
[a]E = - 6.1” (CHCI,; c 0.67). 

To 2Omg 11 in 0.5 ml pyridine SOmg a-phenylbutyrk acid 
anhydride was added. After 24 hr excess of anhydride was 
hydrolywd with HzO. Usual work up gave after prep. TLC 
(Et,O-petrol, 1: 1) 15 mg of a mixture of diastcreomeric phenyl- 
butyrates which could not be separated. IHNMR (CDC&, in 
parentheses minor product, intensities 4:3): H-7 = 2.02 (1.94) br 
d, H-8 = 4.98 ddd, H-9 = 1.30 (1.47)ddd, H-14 = 175 (5.98)d, H- 
15 = 6.65 (6.67) dd; Ph(COzR)Et: 7.2G7.33 m, 3.40 t, 1.78 tq, 0.88 
(0.86) C (other signals as in 11); MS m/z (rel. int.): 548.277 [M 
-HOAc]+ (1.5) (cak. for C33H4007: 548.277), 494 [M 
-RCOzH]+ (0.5), 452 [494- kete.ne]+ (16), 119 [C,H,Et]+ 
(aO), 97 [C,H,CO]+ (67x 91 [C7H,]+ (100). Recoveredphenyl- 
butyric acid showed negative optical rotation (ca20% optical 
yieki). 

l4a,lS&Diacetoxy-3a,8a-ddi-[4-me~hy~senecioy~oxy]-l4j?,lSa- 
epoxy-a-isocedrene (13). Colourless oil; IRvz cm-‘: 1755, 
1235 (OAc), 1710, 1645 (C==CCOIR); MS m/z (rel. int.): 499.270 

[M-OAc]+ (0.4) (c&. for CZPHs90,: 49Q.270), 444 [M 
-RCOzH]+ (O.l), 402 [444- ketene]+ (30), 360 [4(X! 
- ketene]+ (9 246 [360 - RCOzH]+ (17), [C,H&O]+ (100); 
[a#” = + 16” (CHCl,; c 1.02). 

14a,l5~-Diucetoxy-3a-[4me~hy&enecioyfoxy]-Sa-[senecioyf- 
oxy and ansetoy~xy]-l4~,15ar_epoxy_n_isocedrene (14 and IS). 

Colourless oil, which could not be fully separated; IR vs cm- ‘: 
1760, 1230 (OAc), 1720, 16SO (C==CC02R); MS m/z (rel. int.): 
4g4.246 [M - HOAcJ+ (3.5) (cak. for C2sHJ607: 484.246),444 
[M-GH,COzH]+ (0.5), 430 [M-CJH,CO~H~+ (I), 402 
[444 - ketene]+ (6), 388 [430 - ketene] + (24), 97 [CSH&O] + 
(lOO), 83 [C,H,CO] + (48). 

14&~cetoxy- 15a-methoxy - 3a - [ 4 - ~thyl~nec~y~oxy ]- 
14qlS~-epoxy-a-i (16). Colourless oif; IRvzcm-‘: 
1760 (OAc), 171416SO (C=CCO,R); MS m/z (rel int.): 358.209 
[M -HOAc]+ (5) (talc. for C2zHa001: 358.209), 326 [358 
- MeOH]+ (0.5), 262 [358 - O=C==CH-C(Me+CHMe]+ (20), 
97 [C&H&O]+ (lOOk [a]r = -62” (CHC&; c 0.34). 

14a- Acetoxy - 15fi-mcthoxy.- 3a - [4-methylsenecioyloxy]- 
14f9,l Sa-e~xy~-i~~re~ (1% Colourless oii; 
IRVZ CR-‘: 1760, 1745 (OAc), 1710, 1650 (C====Oo,R~ 
MS m/z (rel. int.): 386 [M-MeOH]+ (O.S), 358.209 [M 
- HOAc] + (6) (cak. for Cz2H3001: 358.2OQ), 262 
[3S8 -O=C=CH-C(Me)=CHMe]+ (21), 97 [C+H&O]* (100); 
[a]F = - 17” (CHCl,; c 0.14). 

9~,14~-D~croxy-lSa-~t~xy-3a-seuec~yloxy-l4a,l5~- 
e~x~~i~~r~ (18). CoIourkss oik IRvzcn-‘: 
1745 (OAc), 1720, 1650 (C=CCO,R); MS m/z (ret. int.): 
430 [M-MeOH]+ (l), 402.204 [M-HOAc]+ (12) (talc. 
for CZ3H3,,06: 402.2@4), 370 [430- HOAc] + (2), 320 
[402-O=C=CHC(Me)=CHa]+ (21X 288 [320 - ketcne]+ 
(S), 83 [C,H,CO]’ (100); [a]F = -76” (CHCl,; c 0.61). 

Nassauvia ekromane (19). Colourkss oik IRv~cII-~: 1640, 
1635,157O (c~omone~ MS m/z (ret int): 378.220 [M]’ (5) (c&c. 
for C25H3003: 378.220), 309 [M-C,HP]+ (S), 228 (92), 69 
[C,H9]+ (100): ‘H NMR (GD6): H-lc = 5.16 aii, H-It = 5.19 
dd, H-2 = 6.56 dd, H+ = 1.92 ddq, H-4, = 1.50 dd, H-5 = 4.91 
ddd, H-6 = 5.35 dq, H-8 = 2.02 br r, H-9 = 2.15 br q, H-10 = 5.21 
bt t, H-12 = 1.73 dt, H-13 = 1.59 br s, H-14 = 1.51 d, H-15 
= I.68 d, H-6‘ = 6.75 br d, H-7’ = 6.95 t, H-8’ = 6.97 br d, H-9 
= 3.04 br s; [J (Hz): Ic, It = 1; ic, 2 = 10.5; 152 = 17.5; 4,, 42 
P 14;4,,5=l1.5;4~,lS=0.6;4z,5=2;5,6=8.5;6,14=9,l2 
=10,12=1.5;8,9=9,10=7.5;6,7’=7.5;7’,8’=8]. 

Nassauvia chromone-lt-aic acid (20). Colourkss oil; 
IRvzcm-‘: 3500-2500, 1700 (C02H), 1650, 1630, 
1615, 1575 (C=CC02H, chromone); MS m/z (rel. int.): 
408.194 CM]+ (3) (cak. for Cz5HZ805: 408.1Q4), 309 
-[M -CH2CH=C(Me)COzH]+ (4.5), 255 [3OQ - CHJ+ (2), 
228 [255-CH=CHJ+ (lOO), 135 [A*]+ (27), 81 [CsHSO]+ 
(W); ‘HNMR (C,D,): H-lc = 5.18d, H-lt = 5.21 d, H-2 = 6.56 
dd, H-4 = 1.91 br dd, H-4’ = 1.48 dd, H-S = 5.10 ddd, H-6 = 5.23 
br d, H-8 = 1.82 br t, H-9 = 1.98 br q, H-IO = 6.98 br t, H-13 
= 1.81 br s, H-14 = 1.67 br s, H-IS = 1.39 br s, H-g-H-8 
= 6.96 m (in CIX&: H-6’ = 7.05 br d, H-7’ = 7.38 dd, H-8 
= 7.16 br Q H-Q’ = 3.04 br s; [J(Hz): 152 = 10.5; lt,2 = 17.5; 
4,, S = 11.5; 4z, 5 = 2; 4,,4z = 14; 4,, IS = 0.5; S,6 = 8.5; 8,Q 
= 9, IO = 7.5; 6’, 7’ = 7; 7’, 8’ = 81; [a]ff = -42” (CHQ,; 
c 0.55). Compound 20 gave 21 after addition of CH2N2, identical 
with the natural compound. 

Merhyl esm 21. Colourkss oil; IRv~cIII-~: 1720 (C02R), 
1640,1625,1610,1570 (C=CCOtR andcbromone~ MS m/z (rel. 
int.): 422.209 [m” (2.5) (cak. for Cz6HBOOf: 422.209), 391 [M 
- OMe]+ (0.7), 309 [M - CH,CH=C(Me)CO,Me]’ (3), 228 
(lo), 213 [228-Me]+ (24), 135 [A]’ (21), 81 (28X ‘HNMR 
(CD&): H-lc = 5.09 d, H-It = 5.13 d, H-2 = 6.53 dd, H& 
= 1.96brdd,H+ = 1.6Sdd, H-S = 5.09ddd,H-6 = 5.38 brd, H- 




