
2994 Short Reports 

REFERENCES 5. Bohlmann, F. and Zdero. C. (1982) Ph~/c~c’heini.sf~~~ 21, 1434. 

6. Bohlmann, F. and Le Van. N. (1978) Pll~roche,ni.srr~ 17, 570. 

Cabrera, A. L. (1977) 7‘he Biology und Chew~is~ry of the 7. Bohlmann, F. and Zdero, C. (1979) Ph~ochemist~~ 18, 95. 

Compositar (Heywood, V. H., Harborne, J. B. and Turner, 8. Bohlmann. F.. Zdcro, C., King. R. and Robinson. H. (1980) 

B. L., eds) pp. 1042, 1044. Academic Press. London. I’h!:tochemistr~~ 19. 6X9. 

Faini, F., Torres, R. and Castillo, M. (1984) J. Yrrr. Prod. 47, 9. Bohlmann, F. and Zdcro. C. (1977) Phyrochrrni,~try 16, 239. 

552. IO. Bohlmann, F.. Zdero. C. and Lc Van. N. ( 1979) Ph~ro~~/wmi.s- 

Galvez, M. E., Hoeneiscn, M. Silva, M. and Watson. W. H. tr)’ 18, 99. 

(1986) Bol. Sot. Chil. Quim. 31, 3. I I. Bohlmann. F., Grenz. M.. Wotschokowsky. M. and Bcrger, 

Hoeneisen, M. and Becker. H. (19X6) J. Nat. Prod. 4Y. 360. I’. ( 1967) Clrrm. Ber. 100. 25 IX. 

Phytochemisrry, Vol. 27. No. 9. pp. 2994 2996, 198X Oil31 942238 $3.00+0.00 

Printed in Great Britain. (‘ 1988 Pergamon Press pk. 

AZULENES, LABDANES AND A FUROCURCUMENE FROM IXIOLAENA 
LEPTOLEPIS 

L. LENMANN, J. JAKUPOVIC, F. BOHLMANN, R. M. KING* and L. HAEGI~ 

Institute of Organic Chemistry, Technical University of Berlin, D-1000 Berlin 12, F.R.G.; *Smithsonian Institution, Dept. of Botany, 
Washington D.C. 20560. U.S.A.; tBotanic Gardens of Adelaide, North Terrace, Adelaide, South Australia 5000, Australia 

(Recrited 9 December 1987) 

Key Word Index Ixiolaena leptokpis; Compositac; diterpenes; labdanes: sesquiterpenes: furocurcumene; azulenes. 

Abstract---The extract of the aerial parts of Ixioluena leptdepis yielded, in addition to widespread compounds, manool, 
and four new labdane derivatives. three azulenes and a furocurcumene derivative. The structures were elucidated 
by high field ‘H NMR techniques. 

INTRODUCTION 

The small Australian genus ixiolaencl (Compositae, tribe 
Inuleae) is placed in the subtribe Gnaphaliinae in the 
Helichrysutn group [I]. But the exclusively dysploid 
numbers of this genus are unusual and some other 
characters approach the Helipterwn group. As the chem- 
istry of the large genus Helichrysum has been studied in 
detail it was interesting to investigate Ixiolaena Ieptolepis 
(DC) Benth. as so far only one species has been studied for 
fatty acids [?I. 

RESUI,TS AND DISCUSSION 

The aerial parts of Ixiolaena leptolepis afforded, in 
addition to tridecapentaynene, caryophyllen-l/1,1&- 
epoxide and ferulic acid, a new type of bisabolene deriva- 
tive, the furane 4, the labdane derivatives ( - )-manool and 
5-9 as well as the azulenes 1 [3], 2 [4] and 3. 

The structure of 3 clearly followed from the spectro- 
scopic data. The molecular formula (C,,H,,O,) and the 
‘H NMR spectrum indicated that a dicarbomethoxy 
derivative of a highly unsaturated norsesquiterpene was 
present, while the colour required a substituted azulene. 
Spin decoupling showed that the carbomethoxy groups 
must be placed at C-l and C-4. Accordingly, the data 
were close to those of the corresponding aldehyde, only 

some chemical shifts being slightly different. In the case of 
the aldehyde group at C-4 (2) the H-3 signal was shifted 
down field by 0.53 ppm. The absorption of visible light 
also differed by 6 nm. 

The molecular formula of 4 (C, ,H, h02) indicated the 
presence of a highly unsaturated sesquiterpene. The 
‘H NMR spectrum showed an aldehyde singlet (6 9.82) 
and a pair of broadened singlets (6 6.28 and 7.91) which 
could be assigned to furane protons. A methyl singlet at 
ci 2.31, a pair of broadened two proton doublets at li 7.06 
and 7.09 and the remaining signals required a toluene 
derivative with a substituent in the para-position, and a 
CH(Me)CH, group. Thus all data agreed with the prcs- 
ence of a furocurcumenc derivative. This was supported 
by spin decoupling which established the proposed 
assignments. Compound 4 has been named furoixiolal. 

The ‘H NMR spectra of 5-~8 (Table 1) clearly showed 
that we were dealing’ with crlt-labda-7.14.diene-I 3-01 
derivatives. Spin decoupling allowed the assignment of 
the position of additional functions. In the spectrum of5 a 
2/&hydroxy group showed a signal at b 3.85 with 
couplings indicating an equatorial hydroxy group. in the 
spectrum of 6 this signal ntas shifted to ci 5.04. Typical 
signals of a senecioate indicated the presence of the 
corresponding 7P-senecioyloxy-rrlt-labdane. The spectra 
of 5 and 6 further showed by the fact that the signals for 
H-14 and H-16 were doubled that pairs of 13+pi com- 
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pounds were present. The ‘HNMR spectrum of 7 re- 
quired a further hydroxy group. Spin decoupling showed 
that a hydroxy group was at C-l or C-3. NOE difference 
spectroscopy clearly indicated a 3/I-hydroxy group which 
was supported by the observed small vicinal coupling 
between H-3 and H-2. The NOE between H-20 and H-2 
allowed the assignment of the methyl singlets. Further- 
more, a NOE between H-19 and H-3 established the C-3 
position of the new hydroxy group. Also, clear effect was 
observed between H-18, H-3 and H-5. 

The ‘HNMR spectrum of 8 (Table 1) showed that 
again a derivative of 5 had to be proposed. The spectra 
mainly differed by the replacement of one methyl singlet 
by a pair of doublets at 6 3.81 and 3.71. Accordingly, a 
primary hydroxy group was most likely located at C-20. 
This was established by the observed NOES. Thus clear 
effects were observed between H-19, H-2 and H-20 as well 
as between H-18, H-6, H-5, H-3~ and H-38. 

The labdanes 9a and 9b could not be separated. The 
broadened singlets at 68.70 and 7.77 indicated the pres- 
ence of hydroperoxides. Most signals were close to those 
in the spectrum of compound 5. However, in one isomer 
an olefinic methyl signal was replaced by a pair of 
broadened singlets (6 5.21 and 4.85). In the second one a 
8,9-double bond must be proposed. (Table 1). Further- 
more, two new low field signals were visible, a broadened 
doublet at 6 4.24 and a double doublet at 6 4.51, re- 
spectively. Spin decoupling allowed the assignment of 
nearly all signals of the two sets. All data only agreed with 
the presence of the proposed hydroperoxides 9a and 9b 
which most likely were formed by reaction of compound 
5 with singlet oxygen. As the presence of ent-labdanes in 
the related genus Rutidosis has been established [S] it is 
probable that ent-labdanes are also present in this case, 
especially as (-)-manool was isolated. 

1 K = Me 

2 K = Cl10 
3 K = co*51c 

5 6 7 8 
R’ II Sen II II 

R2 II tt OH H 

K’ II II tl OH 

9a A8 
9,, A*(,,, 

The isolation of the azulenes l-3 may be an indication 
of a relationship between Ixioaena and Helichrysum, so 
far the only genus from which this type of azulene has 
been reported [3,4]. The isolation of ent-labdanes is less 
characteristic as these diterpenes are reported from many 
genera of the subfamily Asteroideae. They have been 
isolated from six Helichrysum species [GS], and Achyroc- 
line [9], Denekia [3], Gnaphalium [lo] and Rutidosis 
species [S] which are all placed in the same subtribe as 
Ixiolaena [l]. Further results are needed to establish a 
clearer understanding of relationship. 

Table 1. ‘H NMR spectral data of compounds 5-9 (400 MHz, CDCl,, g-values) 

H 5 6 7 8 W 9W 

la 

lB 
2a 
3a 

3P 
5 
7 
14 
15t 
15c 
16 

17 

* 

3.85 tt 
* 
* 
* 

5.38 br s 5.39 br s 
5.92, 5.91 dd 5.92, 5.90 dd 

5.21 dd 5.21 dd 
5.06 dd 5.07 dd 

1.28, 1.285 s 1.29, 1.285 s 

1.67 br s 1.68 br s 

* 
* 

5.04 tt 
* 

* 

* 

1.84 dd 
1.44 dd 
4.01 ddd 
3.45 d 

1.52 dd 

5.39 br s 
5.91 dd 

5.21 dd 
5.07 dd 

1.29 s 

1.66 br s 

2.47 dd 2.16 ddd 2.03 br d 
0.86 dd 1.09 dd 1.00 dd 
3.87 tt 3.94 tt 3.87 tt 
1.73 dd 1.82 ddd 1.76 ddd 
1.17 dd 1.16 dd 1.14 dd 

1.32 dd 1.39 br d 1.44 dd 

5.47 br s 4.24 br d 4.51 dd 

5.91 dd 5.91 dd 5.91 dd 
5.22 dd 5.22 dd 5.26 dd 
5.07 dd 5.09 dd 5.13 dd 

1.30 s 1.29 s 1.28 s 

1.73 br s 1.70 br s 
5.21 br s 
4.85 br s 

18 0.91 s 

19 0.91 s 

20 0.79 s 

0.99 s 1.00 s 0.98 s 0.95 s 0.91 s 

0.92 s 0.91 s 0.94 s 0.91 s 0.81 s 

0.86 0.80 s 
3.81 d 

s 
3.71 d 

1.01 s 0.68 s 

*Obxured; t H-~/J’ 2.23 br d, H-6a 1.48 ddd, OOH 7.77 br s;$ H-68 1.98 ddd, H-6a 1.54 ddd, 

OOH 8.70 br s. 
J[Hz]: 14,15t=17.5; 14,15c=ll; 15t,15c=l; compounds 5 and 6: ljI,2=2,3/?=12; la,2 

=2,3a=4; compound 7: la,lfi= l/I,2= 12.5; la,2 =5; 2,3 =2.5; 5,6p= 5; 5,6a = 10; compound 
8: la,lp= l/I,2=2,38=3a,3fi= 12; la,2=2,3a=4; 5,6p=5.5; 5,6a= 12; compounds 9a and 9b: 
la,lg=l/I,2=2,3fi=3a,3~=12; la,2=2,3a=4; la,3a=2; 5,6a=6a,68=14; (compound 9a: 

la,3a = la,7a-0.5; 6a,7 = 3; compound 9b: 6jI,7 = 2.5; 6a,7 = 3.5). 
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EXPERIMENTAL 

The air-dried plant material was extracted and worked-up as 

reported elsewhere [I 11. The extract of the aerial parts of 

Ixiohena leptokpis (430 g, collected in SE Australia in August 

1986, voucher RMK 9615, deposited in the US National Herba- 

rium. Washington, U.S.A.) afforded by CC four crude fractions: 

Fr. 1: petrol; Fr. 2: Et,O-petrol (1:3): Fr. 3: Et,O-petrol (I: 1) 
and Fr. 4: Et,O-MeOH (9: 1). TLC of fraction I gave 6 mg 

tridecapentaynene while fraction 2 gave 5 mg caryophyllene- 

I/r’,lOa-epoxide, 3 mg 1 and by repeated TLC (EtzO-petrol, 1 :9. 
two developments) 20 mg 4 (RI 0.40). TLC of fraction 3 gave 

6 mg (-)-manool, 11 my ferulic acid, 6 mg 2 and a mixture which 

gave by HPLC (MeOH-H,O. 9:l. RP 8, C(I 100 bar) 5 mg 6 (R, 
17.4 min) and 8 mg 3 (R, 7.0 min). TLC of fraction 4 

(Et,O-petrol, 1:l. three developments) gave 60 mg 5 (K, 0.50) 
and two mixtures (4,‘l and 4 2). HPLC of4,‘l (MeOH-H,O, 3: I ) 
afforded4 mg9a/9b(K,8.2 min)andHPLCof4,2(MeOH_H,O. 
7: 3) gave 60 mg 7 (K, 2X.7 min) and 40 mg 8 (R, 22.2 mm). 

1,4-l)icurhor,lrrl~j,~~u~u/~fl~ (3). Violet coloured 011; IJV $‘;i:’ 

556 nm; MS nz:‘; (rel. Int.): 244.074 [M]’ (76) (salt. for 

C,,H,,O,: 244.074~. 213 [M-OMe]- (100). 183 1213 

-CH,O]+ (9). 170 (9), 135 (20). 126 (21); ‘HNMR (CDCI,): 

dX.47 (d. H-2), 7.64 (d, H-3), 7.75 (hr d, H-S), 7.X4 (hr dd. H-6), 7.63 
(hr dd, H-7), 9.77 (d, H-10) 3.96 and 4.08 (OMe); (J [Hz]: 2,3 

=4.5: 5.6=6,7=7.8= 10). 

Furoixiolal (4). Colourless oil; IR $2: cm ‘: 2720, 1690 

(CHO); MS m/z (rel. int.): 228.115 [M]’ (2) (talc. for C,,H,,O,: 

228.115), 119 [dimethyltropylium]+ (100); ‘H NMR: 67.06 (hr d, 
H-2, H-6). 7.09 (hr d, H-3, H-5). 3.10 (14, H-7), 2.92 and 2.83 (dd, 
H-X), 6.2X(hrs. H-IO), 7.91 (hr.<. H-13).9.82($. H-12). 1.26(1/, H- 
14), 2.31 (s, H-15); (J [Hz]: 2,3=X, 7,8=7,X’=7,14=7; X,X’= 15). 

2g,l3-Dikydrou~-ent-l&da-7,!4-dienr (5). Colourless oil; 

IR 18::: cm- ‘: 3590 (OH). 925 (CH=CH,); CIMS m,z (rel. int.): 

2X9 [M + 1 - H,O] + (521, 271 [2X9 - H,O] * (IO). 
13-H~drow~-2li-sene[,i~~~~o.~~-ent-lah-7.14-dienr~ (6). Colour- 

less oil: IR uL:C~:~ cm ‘: 3600 (OH). 1720 (C=CCO,R); CIMS m;z 
(rel. int.): 371 [M + 1 -H,O] + (5). 2X9 [M + 1 -SenOH] _ (6). 
271 1371 -SenOH]+ (100). 

2[~,3fl,l3-Trih~drc~x~-ent-lahda-7.14-die,le (7). Colourless oil; 

IR vz$ cm I: 3600 (OH); CIMS ,?I,‘: (rel. int.): 305 [M - Hz0 

+ I]’ (56), 287 [305%H,O]* (100). 269 [287pH,O]+ (20).203 

IC,5Hz3]+ (16). 
2P,l3,20-7i.ih?;drozy-ent-Iubdu-7.14-dirnr (8). Colourless oil; 

IR v:iy: cm-‘: 3600 (OH); CIMS m z (rcl. int.): 305 [M -HZ0 

+I]+ (lo(l). 287 [30S-H,O]’ (X0). 269 [7X7---HLO]+ (25). 

2/j, 13-l)ih?drox~-7/1-h!‘rlropert,s\,/ubdu-X Lund X( 17)],14-dime 
(Ya:‘9b). Colourless 011; IR ~2::“~ cm ‘: 3570 (OH); CIMS m,: 

(rel. int.): 321 [M-H,Ot- I]‘ (49). 303 (100). 2X7 1321 
-HzOz]+ (75). 2X5 (76). 269 (XII. 
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