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Abstract-The investigation of four Kleiniu species afforded, in addition to known compounds, seven new germacrane 
and three oplopane derivatives, all highly oxygenated. This kind of sesquiterpene seems to be characteristic of the genus 
KIeinia and related succulent species, and its tentative grouping is discussed. 

INTRODUCTION 

From the South African Kkiniu group (Compositae, tribe 
Senecioneae) several species have been investigated 
already [l-3]. So far no eremophilane derivatives, 
widespread in the tribe, have been isolated; they are 
replaced by other highly oxygenated sesquiterpenes. 
Furthermore triterpenes, mainly lupane derivatives, seem 
to be widespread in this group. To establish the differences 
to other groups of the tribe Senecioneae we now have 
investigated four further succulent species. Again they all 
contain highly oxygenated sesquiterpenes, mainly of the 
germacrane type. 

RESULTS AND DISCUSSION 
The roots of KIeiniafulgens afforded a complex mixture 

of highly oxygenated germacrane derivatives. ‘H NMR 
studies showed that these compounds are most probably 
2-6 and 8. The structure of 2 easily followed from the 
NMR spectral data as the isomer 1 has previously been 
obtained by acetylation of the corresponding S-hydroxy 
derivative, which was isolated from Srnrcio rhom- 
hoi&us [4]. Comparing the chemical shifts of 8-H and 
9-H clearly indicated that an angelate residue at C-9caused 
shifts which were very useful in determining the relative 
positions of the ester groups at C-8 and C-9 in the other 
compounds. As the chemical shift of 3-H was nearly 
identical in the spectra of 1 and 2, the structure of 2 was 
established.The ‘HNMRdataof3showedthattheacetate 
groupswerereplaced by2-methylbutyrate and that the4,5- 
epoxide was transformed to a diol which wasestablished by 
spin decoupling. The observed couplings for 5-H (J = 2.5 
and 2.5Hz) required an z-orientation of the hydroxyl 
group. This assumption was supported by the downfield 
shifts of the 7-H and S-H signals, Inspection of models 
showed that the observed couplings, especially Jhp.,z and 
J 7z,8z, would agree with a conformation where the methyls 
ai C-4 and C-10 as well as the isopropenyl group were 

* Part 311 in the series ‘:Naturally Occurring Terpene 
Derivatives”. For Part 310 see Bohlmann, F., Zdero, C.. King, R. 
M. and Robinson. H. (1981) Phytockemisrry (in press). 

orientated above the plane. The structure of 4 was 
established by partial saponification, which led to 3. 
Therefore the additional acetate group could be placed 
only at the 5-hydroxy group. The next two esters 5 and 6 
had identical molecular formula and their ‘H NMR data 
(Table 1) showed that they were isomers. Comparing the 
‘H NMR data with those of4 clearly showed that a new 
oxygen function had to be placed at C-2. Consequently the 
epoxide proton at C-l now was a doublet. Inspection of a 
modelshowedthattheobservedcouplingJ,,,requiredaB- 
orientation of the oxygen function at C-2. Partial 
saponification of both 5 and 6 led to the same diol 7, 
indicating that the relative positions of the ester groups in 5 
and 6 were the same. The chemical shifts again supported 
the same relative position as in 1 and 3, though, due to the 
additional oxygen functions small differences in the shifts 
could be observed. The last compound was obviously the 
epoxideof&Inthe ‘H NMRspectrum (Table 1)thesignals 
of the vinyl protons were replaced by two doublets with the 
typical chemical shifts of epoxide protons. The olefinic 
methyl signal was missing and replaced by an additional 
methyl singlet. In C,D, all signals could be assigned. Spin 
decoupling established the assignments. Though the 
relative positions of the ester groups were in part not really 
established, it was very likely, also from biogenetical 
considerations, that they were the same in all cases. We 
have named the compound without oxygen functions at C- 
4 and C-5 kleinifulgin and compound 2 is isorhomboidol 
acetate. The aerial parts of the plant also contained 3,4 and 
6 and friedelin. 

The aerial parts of Senrcio implexus, so far not placed in 
the genus Kleinia, afforded germacrene D, unidentified 
triterpenes and two sesquiterpene esters, the tetraester 11 
and the corresponding triester 9. The ‘H NMR data 
(Table 2) of the tetraester were very similar to those of the 
oplopane derivative abrotanifolone [5]. An additional 
ester residue must be placed at C-l. The coupling J,,, 
indicated an a-orientation, if the corresponding angles in 
a model were considered. The ‘H NMR data showed that 
in addition to an acetate. two 2-methylbutyrate and a 4- 
methylsenecioate group were present. As shown in the 
case of abrotanifolone [5] in the MS of 11 the loss of a 2- 
methylbutyryloxy radical established the 7-position of 
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one 2-methylbutyrate residue. The chemical shifts of 6-H 
and 14-H and biogenetical considerations indicated the 
same positions for the acetate and the 4-methylsenecioate 
group, which, however, could not be confirmed, while the 
configurations at all centres were the same as in 
abrotanifolone. The structure of 9 also followed from the 
‘H NMR data. While the signal for an acetate group was 
missing, a typical olefinic methyl doublet indicated the 
presence of a conjugated ketone, obviously formed by 
elimination of acetic acid. The chemical shift of the methyl 
signal also indicated the stereochemistry of the double 
bond. A very similar compound was isolated from the 
roots in addition to germacrene D and 11. This ketone 
was the isomer 10 of the ketone 9. The signal of the olefinic 
methyl was now shifted downfield. However, there were 
pronounced differences in the chemical shifts and also in 
the couplings observed. Inspection of models showed that 
in 11 most probably a boat conformation of the 6-ring is 
preferred to avoid the strong interactions of the 1Cmethyl 
with the substituent at C-5. Consequently the coupling 
.I,,, was reduced and several chemical shifts were altered. 
Though again the relative position of the ester residues 
could not really be established, most probably they were 
the same as in 9. The absence of the acetate group in 9 and 
10 indirectly supported the proposed structure of 11. We 
have named 9 and IO as 3.142- and 3.14E-implexin 
respectively and 11 as 14-acetoxy-3, 14-dihydroimplexin. 
The compounds isolated indicated that this species also 
may be better placed in Kleinia. 

The aerial parts of K. arficulata aiTorded luDenone, 
lupeol, its acetate, 2%hydroxylupeol, the diols 17 and 18 
(already prepared by reduction of the corresponding 
methyl esters [2]), r-zingiberene. x-curcumene, bicyclo- 
germacrene, and a germacrane derivative, the angelate 15. 
The structure of 15 followed from the ‘H NMR data 
(Table 2) and from the results of a partial saponification, 
which afforded the hydroxyangelate 16. By spin 
decoupling all signals could be assigned. Inspection of 
models showed that the diepoxide had a preferred 
conformation, where the angles 1,2c(, 6,7x and 7a,Sc( were 
about 90’ Consequently the corresponding /couplings 
were very small. In the spectrum of the hydroxyangelate 
the signal of 6-H was shifted upfield. A 9Hz H,OH 
coupling indicated a hydrogen bond between the 6- 
hydroxyl and the epoxide oxygen, which led to a small 
variation of the conformation as shown by the differences 
in the couplings J,,, and J,,, (Table 3). 

The roots of K. marzdraliscae afforded the known 
germacrane derivatives 12 and 13 [2] as well as the 
eudesmane hydroxyangelate 14, while the aerial parts 
gave germacrene D, lupenone, lupeol acetate, and A’(l I)- 
and A”-dihydrolupeol acetates (12 and 13). 

The chemical data now available on K/einiu and related 
species show that they support the proposed tentative 
grouping from the botanical point of view. 

The species of the genus Kleinia mostly contain no 
typical sesquiterpenes (Table 4, group 4). They are 
replaced by high concentrations of triterpenes [2]. Since 

Table 2. ‘H NMR spectral data of compounds 9-11 (CDCI,) 

11* 
9 10 (C,D,, 80 ) 

1-H 
6-H 
7-H 
10-H 

IO’-H 
12-H 
12,-H 
13-H 

14-H 
15-H 

MeSen 

Mebu 

OAc 

5.56 d 
5.15 dd 
5.63 d 
5.24 s (br) 

4.96 s (br) 
2.83 d 
2.66 d 
1.53 s 

6.44 dq 
2.22 dd 

5.66 s (br) 
2.18 q (br) 
1.09 t 
2.15 s (br) 

2.37, 2.38 ry 
1.68 m 
1.47 m 
0.92, 0.88 t 
1.16, 1.12 d 

5.67 d 
5.21 dd 
5.59 d 
5.28 s (br) 

5.05 s (hi) 
2.95 d 
2.79 d 
1.68 s 

6.84 dq 
2.03 dd 

5.67 s (br) 
2.20 q (br) 
1.10 r 
2.19 s (br) 

2.37 in 
1.65 M 
1.45 m 
0.90, 0.88 f 
1.15, 1.10 d 

5.53 d 
5.35 dd 
6.13 d 
5.26 d (hr) 

4.99 d (br) 
2.77 d 
2.62 d 
1.23 s 

5.27 dq 
1.04 d 

5.87 tq 
1.93 dq 
0.98 f 
2.19 d 

2.42, 2.27 m 
1.60 m 
0.87, 0.83 r 
1.34 d, 1.04 d 

1.85 s 

* At room temp. several signals very broad. 
J (Hz):Compounds9/10: 1,9 = 4.5;4,14 = 2;5,6 = 7;6,7 = 2.5; 12,lZ’ = 4.5; 14, 

15 = 7, 5; compound 11: I, 9 = 5; 3, 14 = 3.5; 5, 6 = 10; 6, 7 = 3.5: 9. 10 = 2; 12, 
12’ = 4.5; 14, 15 = 7; (2.42 dd, J = 10, 3SHz, 3-H; 2.47 dddd, J = 10.4, 2.2Hz. 9-H): 
OMeSen: 2’. 4’ = 2’. 5’ - 1;4’,5’=7:OMebu:2’,3’=2’.5’=3’,4’=7.2;.2;=14. 
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Table 3. ‘H NMR spectral data of compounds 15 anti 16 

(770 MHz. C‘DC,) 

I-H 
2X-H 
?/l-H 

3-H 
3’-H 
5-H 

6-H 
I-H 
S-H 

Y/j-H 
Yz-H 

I I-H 

12-H I.20 d 
13-H I .Ol ti 
14-H I.32 \ 
15-H 1.50 > 

OAc 1.Y7 \ 

OAng 6. IO ‘,‘, 

2.02 l/i/ 
I .90 i/C/ 

OH 

J(Hr): I. 2/1 : IO: ?r. 3/1 = 15: 2~. 3% = 3.5: 2~. 3/1 = 13: 3~. 
3/1= I-1: 5. h = 6.5: 6. 7 = 1.3: 7. 1 I = 10; b. Yr m_ 5.5: x. 
9/1 = 12.5: I I. 1, =: I I. 13 == 6.5; compound 16: 5. h = 7.5: 6. 
OH = Y: 6. 7 = 2. 
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Table 4. Distribution of the main terpene types in the proposed Kleinia groups 

Germacranes Oplopanes Triterpenes 

- + + 

- + + 

Senecio implexus 

Group 1 

Kleinia tomentosa 

Group 2 

K. acaulis + 
K. archeri + 
K. articulatus + 
K. crass(Iolius + 
K. cylindricus + 
K. ficoides + 

K. mandraliscae + 
K. serpens * 
K. vitalis + 

Group 3 

K. barbertonicus 
K. phonolithicu.s * 
K. riminalis 

Group 4 
K. anteuphorbium 
K, coccinei[torus 
K. coccinea 

K. lulgens + 
K. kleinioides 
K. Iongiflora 
K. neriilblia 
K. petraeus + 

+ t  
+ 
+ 

+ 
+ 
+ 

+ 
+-j- 
+-? 
+ 
+ 

* Highly oxygenated eudesmanes. 
+ Acylpyrroles. 
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Kleinia articulata (Linn..]) Haw. The roots (50 g) afforded 4 mg 
lupenone and the aerial parts (100 g) gave 40 mg lupenone, 25 mg 
lupeol, 5 mg lupeol acetate, 5 mg 28-hydroxylupeol, 1 mg 17, 1 mg 
18 ,  3rag 2-zingiberene, 3rag 7-curcumene, 3mg  bicyclo- 
germacrene and 15rag 15 (Et20 petrol, 1:33. 

Kleinia mandraliscae Ttn. ex Lo3ac. The roots (10g) afforded 
14rag 12, 6rag 13 and 8rag 14, while the aerial parts (100g) 
yielded 10 mg germacrene D, 15 mg 12, 13 mg 13, 9 mg lupenone, 
4 mg lupeol acetate and 6 mg of the A 9~11~_ and AI 2_isomers of 
lupeol. 

lsorhombiodol acetate (2). Colourless gum, IR VCmC~cm -1: 
1750, 1250 (OAc), 1720, 1650 ( C = C C O z R ) ;  MS m/e (rel. int.l: 
490.257 IM +, 0.2i (C~TH3sO~), 391 I M - O A n g ,  1), 331 
(391 - HOAc, 0.5),231 (331 - AngOH, 1), 83 (C4H7C0 *, 100). 

4ct,5:t-Dihydroxyklein!lhlgin (3). Colourless gum, IR 
vcc,] ' cm - 1 : 3560 (OH), 1740 (CO 2 R), 1720, 1650 (C = C C O  z R); 
MS m/e (,el. int.): 550.314 (M +, 1 ) (C3oH4609}, 532 (M - HzO, 
0.5), 451 (M - OAng, 2), 450 (M - AngOH, 1), 432 
( 5 3 2 -  AngOH, IL 348 ( 4 5 0 -  C.,HgCOzH), 85 (C,,H,)CO +, 
163, 83 (C4H7CO*, 100), 57 (85 - CO, 55), 55 (83 - CO. 53). 

589 578 546 436 nm 
[:~]~4°= -31 .9  -31 .9  -36 .2  -62 .2  (c=0.91) .  

5:~-Acetoxv-4~-hydroxyklein([id~in (4). Colourless gum, IR 
,CCL4 1 ~,,,~ cm-  : 3600 (OH), 1750, 1230 lOAc) 1730 (CO2R), 1730, 
1650 (C=CCO2R) :  MS m/e (rel. int.): 592,325 (M +, 11 

(C32H48Olo), 575 ( M -  OH, 0.5), 493 ( M -  OAng, 2), 492 
(M - AngOH, 2), 390 (492 - C4HgCO2H, 1 ), 330 
(390 - HOAc, 1), 231 (330 - OAng, 3), 213 (231 - H20,  3), 85 
(C4H9CO +, 18), 83 (C4H7CO +, 100), 57 ( 8 5 -  CO, 52), 55 
(83 - CO, 68). 

5ct-Acetoxy-2fl,4~-dihydroxykleiniJulgin (53. Colourless gum, 
1R vc]]' cm - ' :  3585 (OH), 1750, 1230 (OAc), 1730 (CO2R), 1730, 
1650 ( C = C C O z R ) ;  MS m/e (,el. int.): 608.320 (M +, 0.3) 
{C32H48011), 508 (M - AngOH, 0.3), 408 (508 - AngOH, 13, 
348 ( 4 0 8 -  HOAc, 0.2), 306 ( 4 0 8 -  C4HgCOzH, 0.5), 246 
(348 - C4HgCO2H, 1), 85 (C4H9CO +, 8), 83 (C4H7CO +, 100), 
57 (85 - CO, 25), 55 (83 - CO, 41). 

589 578 546 436 nm 
[ ~ ] ~ 4 o  = ( c  = 1 .1 ) .  

-45 .3  -47 .3  -54.1  -94.1  

2fl-Acetoxy-4~,5~-dihvdroxykleinilUlein (6). Colourless gum, 
IR vC]] 4 cm-  1:3580 (OH), 1750, 1235 (OAc), 1730 (CO2R), 1730, 
1650 ( C : C C O z R ) ;  MS m/e (rel. int.): 608.320 (M +, 0.5) 
(C3zH48011), 590 (M - HzO, 0.5), 548 (M - HOAc, 0.5), 509 
(M - OAng, 1 ), 448 (548 - AngOH, 0.5), 85 (C4H9CO +, 18}, 83 
(C,H~CO +, 1003, 57 (85 -- CO. 683, 55 (83 - CO, 45). 

589 578 546 436 nm 
[~]~4o = ( c =  1,15). 

-68 .5  - 7 2 . 0  -82 .2  -143 .4  



j,-A~rro.~-?‘-2~,4r-r/;~1~~/r(~.~~- 1 1. 12+po.~v- 1 I. 12-t/;/1~ C/W 6P-.~cerov!‘-X/~-crrl~r/~,?,/r, \j- 1 /I. lOr,4x,S~i-~lic~/~~~.~~~~~~/~f- 

k/eitzi/uLgic (8). Colourless gum, IR I,:;:!~ cm ’ : 35X0 (OH), 1750, wuw (IS). Colourless gum. IR v>,,z,‘-’ cm ’ : 17.50. 1240 (OAcL 
1235 (OAc). 1730(COzR), 1730. 1650(C=CCOZR): MSw e(rel. 1725, 1650 (C=CCO,R): MS 1~1 <’ (xl. Int.): 394.236 (M ‘. II 
tnt.): 624.316 (M’. 0.51 (CjLH.+NO,Z). 606 (M ~ H,O. 0.1). 523 (CLLH,JO~,), 334 (of _ HOAc. 0.5). 2Y5 (M _- OAne. I). ~3 
(M - C‘,H,C02. 0.2). 423 (523 -- AngOH. 0.3). 422 (1Y5 - HOAc. 2). 83 (C‘,H-CO 1001. 55 (Y? -~ CO. 71 ). 
(M - AngOH. C,H,,C02H. 0.7). 363 (32? ~ HOAc. 0.2~. 322 
(422 - AngOH.O.5). 305 (332 -- OH. 0.3). 85 (C,H,,CO+ IO), 83 [xl;&, = 

365 tlm 
I< = 0.591. 

(C,H,CO-. IO(~), 57 (85 - CO. 26). 55 (X3 - CO, 28). ~- IO. 5 
I’trrricd s~r/“)rl///icrrio/~. To 3 mg 4. IO mg -S or 1 Omp 6 in 2 ml 

McOH 2Omg K2C0, in 0.3ml H,O wre added at room temp. 
To 5mg 15 in I ml MeOH 2Om.g KLCO, in 0.2mI HLO wxe 

added at room temp. After I hr d11. H2S0, uere added and the 
After 45 min dil. H>SO, *as added. TLC aE’orded 3 (from 4) and 
8 (from 5 and 6). Yields were 50 ho”,,. 

reaction products isolated \%ith E:t,O. T-1-C 1Et~0 petrol. I :I 1 

3,14Z-l~~~(~it~~ir~ (9~. Colourless gum. IR r,:J’ cm ‘: 1735 
afforded 1 mg 16. colouriw o11. US ,t1 L’ (rcl. ink): 352 IM ‘. I I 

(CO,R). 1725 (c‘=CCO): MS ,II (2 (xl. int.): 534.304 (M ‘. 71 
((‘~oH_,,Oib Xi (C,H-CO ‘. 1(X1) 

(C,,H,,O,L 443 (M ~~ 02CC,H,,. I). 430 (M -~ HO,CC,H<,. ./lr~liUr)ll /&<wcw cv t: thanh the Deuts~he borschungs- 
I). Y7 (C,H,,CC) ‘_ 100). X5 IC,H,,Co+. 121. 57 (X5 - CO. 49). vcmeinschaft for finankil wpport 

3,l4E-/mplc\iu (IO). C.olou&a\ gum. IR I,$:,‘~ cm I : 1740 c- 

(CO,R ). 1725 (C’=C’CO); MS~~~,r~(rel. int.l:544.?04 (M ‘. I ).433 
(M ~ 02CC‘,H,,, 7). 97 (C,If,,CO +. IOU), 85 (C,H,,(‘O ‘. 14). 57 
(X5 - (~‘0. 47~. I. 

14-.,1 wj1’o.~j -3.13-tifli?,ti~o/nlp/[,\irl ( I I ). Colourless gum. IR 
vy$ cm 
(ret. 

‘:~~~~(CO.C‘O~RI,~~~~.~~~O(C-CCO,R);MS/~I.~~ 3 
int.): 604 (V ‘. 0.2). 544.307 (M -~ HOAc. 3). 503 

(M - OLCc‘,H.,, X). 502 (M ~- HO,C<‘,If,,. I I, ix8 ‘. 
(502 - C,H,,COLH, 3 )_ 32X (3XX - HOAc, 3 1. 225 6. 

(32X - C,H,,(‘OZH. 12). Y7 (C,H,(‘O ‘. 100). X5 (C,H,,CO’. 7. 
271. is (X5 - CO. 57). 

5x9 
[%I:,- =- 

57X 546 436 nm 

- 15.6 - l6.l -20.3 -5X.6 
(< = 0.43). 


