
Phytochemistry, 1980, Vol. 19, pp. 849--856. (~) Pergamon Press Ltd. Printed in England. 0031-9422/80/0501-0849 $02.00/0 

N E W  G E R M A C R O L I D E -  A N D  H E L I A N G O L I D E - T Y P E  SESQUITERPENE 
LACTONES FROM M E L A M P O D I U M  L I N E A R 1 L O B  U M  

FRED C. SEAMAN and NIKOLAUS H. FISCHER 

Department of Chemistry, Louisiana State University, Baton Rouge, LA 70803, U.S.A. 

(Received 23 July 1979) 

Key Word Imlex--Melampodium linearilobura; Heliantheae; Cornpositae; sesquiterpene lactones; germac- 
rolides; heliangolides. 

Abstract---Chemical analysis of Melampodium linearilobum yielded, besides coumarin, seven germacrolide-type 
sesquiterpene lactones, linearilobin A to G and two heliangolides, linearilobin H and I. All new sesquiterpene 
lactones are oxygenated at C-14 and C-15 and differ by the number and types of ester moieties at C-8, C-14 and 
C-15. M. linearilobum represents the first species within the genus known to produce germacrolides and 
heliangolides instead of the more common melampolides. 

IN'I~ODUCTION 

In connection with our biochemical systematic study of 
the subtribe Melampodiinae and our search for an- 
tineoplastic constituents within the family Compositae 
we have analysed Melampodiura linearilobum of the 
subtribe Melampodiinae. In contrast to other Melam- 
podium species, which typically produce melampolides 
[1], M. linearilobum from Mexico contains germac- 
rolides and heliangolides. The aerial parts of three 
populations provided nine new sesquiterpene lactones 
which we named linearilobin A to I. Their structures 
were established by spectroscopic methods (NMR, MS 
and CD) and chemical transformations. 

R E S U L ~  A N D  DISCUSSION 

Linearilobin A and B 

Linearilobin A (la), C21H2sO7 (HRMS, CI), mp 
144-145 °, showed sharp doublets at 6 5.62 (H-13a) 
and 6.38 (H-13b) and a multiplet at 2.79 (H-7) typical 
of a,/3-unsaturated T-lactones. A three-proton singlet 
at 2.12 and two methyl doublets at 1.18 and 1.19 
suggested an acetate and isobutyrate, respectively. 
Prominent MS peaks at m/e 333 (M-C2H302) and 43 
(CzH30, base peak) as well as 305 (M-C4H702) and 
71 (C4H70) verified the above 1H NMR assignments. 
The molecular ion at role 392 and a strong peak at 
role 244 (M-C4HsO2-C2H402) indicated that after 
the loss of the two ester side chains a C15H~603 
MS-fragment remained, thus indicating a third oxygen 
function in addition to the lactone oxygens within the 
basic ring structure in la ;  this was verified by a strong 
IR absorption at 3520 cm -~ (hydroxyl) and the forma- 
tion of an acetate (lb). 

Extensive spin-decoupling experiments were per- 
formed on the acetate lb .  Irradiation at 6 2.92 (H-7) 
collapsed the two doublets at 5.62 and 6.38 (H-13a 
and H-13b) to singlets, reduced the doublet of doub- 
lets at 5.11 (H-6, Js,6 = 10.0,  .1"6.7=8.5 I-'Iz) to a doub- 

let and sharpened the multiplet at 5.76 (H-8). Since 
the signal at 5.76 in l b  resulted from a downfield shift 
of the multiplet at 4.62 in la ,  when acetylated, the 
hydroxyl group in l a  must be attached to C-8. Irradia- 
tion at 5.76 (H-8) caused the multiplet at 2.92 (H-7) 
to collapse to a broadened triplet of a doublet (J6.7 = 
8.5, J7.13, =3.0,  JT.13b =3.5 Hz) and the doublet of 
doublets at 3.19 (H-9b, J8.9 = ca 6.0, Jgo.gb = 15.0 Hz) 
simplified to a broadened doublet. This broadening of 
H-9b was attributed to long-range coupling with H- 
14. Irradiation at 3.19 (H-9b) sharpened the multiplet 
at 5.76 (H-8) to a broadened singlet and collapsed the 
broad doublet at 2.20 (H-9a) to a broad singlet. The 
splitting of the H-1 singlet (5.21, dd, J = 12.0 and 5.0 
Hz) indicated that C-2 represents a methylene group. 
When H-1 at 5.21 was irradiated, the multiplets at 
1.63 (H-2a) and 2.40 (H-2b) were affected. 

The decoupling experiments indicated that new 
compound belonged to the germacranolide series con- 
taining C-14 and C-15 oxygen functions. Similar 
medium ring compounds with both C-14 and C-15 
being oxygenated had previously been reported from 
Jurinea species [2, 3]. The chemical shifts of the two 
pairs of geminally coupled doublets, each pair integ- 
rating for two protons, indicated that C-14 and C-15 
represent acyloxy-containing methylenes. In la ,  a pair 
of doublets at 4.56 (Jxso, b = 13.0 HZ) and 4.73 were 
assigned to the two H-15. The pair of doublets at 4.51 
(J14a.b =12.5 HZ) and 4.63 were ascribed to H-14 
based on correlations of chemical shift data of l a  and 
l b  with linearilobin C (3a) and the acetate (3b). In 3a 
the H-14 and H-15 absorptions had been unambigu- 
ously assigned by oxidative conversion of the C-14 
hydroxyl group to the aldehyde 3d. The sterochemis- 
try and conformation of l a  were assigned on NMR 
and CD spectral grounds. Based on the biogenetic 
assumption that H-7 adopts an a-configuration [4] 
H-6 should be/3-oriented since the coupling constants 
J6.7 (8 .5  I"Iz) suggested an antiperiplanar orientation of 
H-7 and H-6. Furthermore, a large J5.6 (10 Hz) indi- 
cated that H-5 and H-6 also have an antiperiplanar 
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a r r a n g e m e n t  typical  of germacrol ides  a n d  m e l a m -  
polides [4]. F u r t h e r m o r e ,  the  allylic coupl ing J7.13, 
(3.0 Hz)  and  JT.13b (3.5 HZ) suppor t  the  above  argu-  
m e n t s  suggest ing a trans-fused l ae tone  group  and  a 
trans-4,5-double b o n d  [5]. T h e  C D  spectr t tm of l a  
exhib i ted  two s t rong  bands  of oppos i te  sign, a posi t ive  
b a n d  at  244  n m  and  a negat ive  absorp t ion  n e a r  205 
nm.  C D  spec t ra  exhib i ted  by l a  are  typical .for ger-  
macro l ides  wi th  7 ,6 - t r ans - l ac tone  r ing closure in 
which  the  two h o m o c o n j u g a t e d  doub le  bonds  have  a 
chiral  a r r a n g e m e n t  wi th  bo th ,  C-14  and  C-15,  be ing  
p laced  above  the  p l ane  of the  m e d i u m  r ing [2, 4, 6]. 

T h e  conf igura t ion of the  C-8  hydroxyl  g roup  was 
der ived  f rom the  -/7.8 values.  Based  on  mode l  cons ider -  

at ions,  t he  small  coupl ing (JT.S = 1 -2  Hz) r equ i red  tha t  
t he  C-8  hydroxyl  g roup  b e  r - o r i e n t e d ,  This  was 
fu r the r  verif ied by  the  fol lowing observa t ions .  U p o n  
ace ty la t ion  of l a  one  of t he  p ro tons  at  t h e / 3 - o r i e n t e d  
C-14  (H-14a)  is e ~ d  to the  shie ld ing sphere  of the  
newely  in t roduced  ace ta te  ca rbony l  at  C-8  causing a 
subs tant ia l  upfield shift  of H - 1 4 a  f rom 4 .56  in l a  to  
4 .17 in l b  whereas  H - 1 4 b  is essent ial ly  unaffected.  

L inear i lob in  B (2a), C22H3oO7 (MS, CI), nap 1 5 1 -  
152 °, d isplayed XH N M R  signals t ha t  were  near ly  
ident ical  wi th  the  absorp t ions  of l a  with  the  except ion  
t ha t  the  i sobutyra te  signals were  rep laced  by  those  
character is t ic  of a - m e t h y l - n - b u t y r a t e  (Table  1). T h e  
low reso lu t ion  MS suppor t ed  t he  XH N M R  assign- 

Table 1. 1H NMR parameters of 

l a  2a  l b  2 b  3 a t  3b  3d 

5.18 dd 5.17 dd 5.21 t 5.21 t 5.21 t 5.23 m 6.43 dd 
(12.5, 5.0) (12.5, 5.0) (8.5) (8.5) (9.0) (13.0, 4.0) 

1.63 m 1.63 m 1.63 m 1.63 m 1.5-2.7 - -  - -  
2.40 m 2.40 m 2.40 m 2.40 1.5-2.7 - -  - -  
2.40 m 2.40 m 2.40 m 2.40 m 1.5-2.7 - -  - -  
2.64 m 2.60 m 2.64 m 2.64 m 1.5-2.7 2.61 - -  
5.04 brd 5.04 brd 4.99 brd 4.99 brd 5.03 d 4.99 d 5.30¢. brd 
(10.5) (10.5) (10.5) (10.5) (12.0) (10.5) (10.0) 
5.27 dd 5.27 dd 5.11 dd 5.11 dd 5.14 dd 5.16 m 5.14 m~t 

(10.5, 8.5) (10.5, 8.5) (10.0, 9.0) (10.0, 9.0) (10.0, 9.0) 
2.79 m 2.79 m 2.92 m 2,92 m 2.97 m 2.96 m 2.95 m 
4.62 m 4.62 m 5.76 m 5.76 m 5.81 m 5.83 m 5.78 m 

H-1 

H-2a 
H-2b 
H-3a 
H-3b 
H-5 

H-6 

H-7 
H-8 

H-9a 
H-9b 

H-13a 

H-13b 

H-14a 

H14b 

H-15a 

H-15b 

H-2' 

H-3' 

H-4' 

C2'-C]~I 3 

Acetates 

COOCH 3 

2.22 m 2.22 m 
2.96 dd 2.98 dd 

(15.0, ca 6.0) (15.0, ca 6.0) 
5.62 d 5.62 d 
(3.0) (3.0) 

6.38 d 6.37 d 
(3.5) (3.5) 

4.56 d 4.56 d 
(12.5) (12.5) 
4.73 d 4.74 d 
(12.5) (12.5) 
4.51 d 4.51 
(13.0) (13.0) 
4.63 d 4.74 
(13.0) (13.0) 
2.58 m 2.39 sext. 

(7.0) 
- -  a. 1.48 p (7.0) 

b. 1.69 p (7.0) 
- -  0 .91 t (7.0) 

[3HI 
1.18 d (7.0) 1.15 d 
1.19 d (7.0) (7.0) 
2.12 [C-15] 2.13 [C-15] 

2.21 m 2.21 m - -  - -  
3.19 m 3.19 m 3.30 dd 3.3 dd 3.60 m 

(15.0, 6.0) (15.0, 6.0) 
5.62 d 5.62 d 5.65 d 5.61 d 5.64 d 
(3.0) (3.0) (3.0) (3.0) (3.0) 

6.34 d 6.34 d 6.33 d 6.31 d 6.32 d 
(3.5) (3.5) (3.5) (3.5) (3.5) 

4.17 brd 4.17 d 3.76 d 4.03 d 9.89 s 
(12.5) (12.5) (12.5) (12.5) I-CLIO] 

4.74 d 4.72 d 4.16 d 4.71 d 
(12.5) (12.5) (12.5) (12.5) 
4 .59d 4 .58d 4 .57d ' 4.56§ 4.51§ 
(13.0) (13.0) (13.0) [2HI [2H] 
4.67 d 4.67 d 4.70 d - -  
(13.0) (13.0) (13.0) 

2.51 m 2.39 m - -  - -  - -  

1.15 d (7.0) 
1.15 d (7.0) 
2.15 [C-15] 
2.05 [C-8] 

a. 1.46 p (7.0) 6.74 tq 6.64 tq 5.66 dzl 
b. 1.63 p (7.0) (1.0, 6.0) (1.0, 6.0) (1.5, 7.0) 

0.89 t (7.0) 4.285 4.71~t 10.15 d (7.0) 
[3H] [2HI [2HI [ -CHO]  

1.12 d 1.80 brs 1.84 brs 2.28 m 
(7.0) (1.0) (1.0) 

2.15 [C-15] 2.14 [12-15] 2.14 [C-15] 2.08 [C-15] 
2.05 [C-S] 2.08 [C-4'] 

1.91 [C-14] 

*Spectra of l a  through 3b were run in CDCI a at 270 MHz and TMS was used as internal standard; spectra of 3d through 81b 
were run at 100 MHz. Values are recorded in ppm relative to TMS. Multiplets are given by the usual symbols. Figures in 
parentheses are coupling constants or line separations in hertz. Data in brackets indicate assignments or number of protons. 

t l H  NMR parameters of compound 3e are like 3a except H-3': 5.66 tq (1.5:7.0): C-3' aldehydes: 10.15 d (7.0); C-2'-Me: 
2.28 m. 
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men t s .  Bes ides  t he  p a r e n t  p e a k  at  role 406,  c o m p o u n d  
2 3  exhib i ted  signif icant  peaks  at  role 346 ( M -  
C2H402) ,  3 0 4  ( M - C s H l o O 2 ) ,  a n d  244  ( M -  
C5H1002-C2I 'LO2)  which  mus t  b e  due  to  the  loss of 
t h e  respec t ive  side chains,  acet ic  acid and  a -  
me thy lbu ty r i c  acid, f r om t he  basic  r ing  ske le ton  by  a 
McLa l t e r ty  r e a r r a n g e m e n t .  F u r t h e r  peaks  at  m/e  85 
(C~H00)  a n d  57 (C4H7) s uppo r t  t h e  p re sence  of moi -  
e ty  B in ~ .  A r g u m e n t s  for  the  sites of a t t a c h m e n t s  of 
t he  es te r  funct ions  in  l a  a n d  2a  will b e  p r e sen t ed  later.  

Linearilobin C, D and E 

Linear i lob in  C (3a),  C22H28Oa (MS) differs f rom l a  
a n d  2 a  by  the  p resence  of a f ive-carbon  es ter  g roup  at 

C -8  or  C-15  a n d  a hydroxy  func t ion  at  C-14,  which  
was es tab l i shed  by  de ta i led  1H N M R  doub le -  
r e s o n a n c e  exper iments .  In  add i t ion  to  t he  N M R  sign- 
als typical  of the  m e d i u m  r ing skele ton,  (ass ignments  
are  g iven  in T a b l e  1), t he  1H N M R  spec t rum con-  
t a ined  a b r o a d  vinyl me thy l  abso rp t ion  at  8 1.80 
( J ~ - 1 . 0  Hz),  a t w o - p r o t o n  doub le t  a t  4 .28 and  a 
o n e - p r o t o n  qua r t e t  of a t r ip le t  a t  6 .74 ( J =  6.0, 1.0 
Hz).  I r rad ia t ion  at  6 .74 (H-3 ' )  col lapsed the  doub le t  a t  
4 .28  (H~4'a and  b). In  re turn ,  w h e n  the  signal a t  4 .28 
was i r radia ted ,  the  absorp t ion  at  6 .74  simplified to a 
na r rowly  split qua r t e t  ( J -~  1 Hz).  Sa tu ra t ion  of the  
me thy l  abso rp t ion  at  1.80 ( C - Z - M e )  caused  the  signal 
a t  6 .74 (H-3 ' )  to  simplify to  a t r ip le t  (J3.4 = 6.0 Hz).  

linearilobin A-H  and derivatives* 

4 3  5 6 3  6 b  7 3  7 e  f l a  8 b  

5,15 m 5.18 m 5.17 m 5.18 dd 5.23 dd 5.23 dd 5.32 m 5.32 m 
(11.5, 6.0) (12.0, 6.0) (12.0, 6.0) 

. . . . .  . . . d -  _ _  _ _  

5.04 d$ 5.03 brd 4.91 d 5.97:~ 5.75:~ 5.75~t 5.50 brd~ 6.32 d 
(11.0) (10.5) (10.0) (11.0) (10.5) 
5.12~: 5.26 dd 5.40 dd 5.90 5.75 5.75~: 5.28 dd~ 5.44 dd 

(9.0, 10.0) (11.0, 2.5) (10.5, 2.5) 
3.00 m 2.79 m 2.74 m 2.86 m 2.89 m 2.89 m 2.99 m 3.14 m 
5.78 m 4.60 m 4.58 m 4.64 m 5.80 m 5.80 m 5.26 ddd 5.31 m 

(1.0, 2.0 4.0) 
- -  - -  2 . 1 8  m 2 . 1 8  m - -  - -  2.31 dd ( 2 ; 1 5 )  - -  

3 . 3 4  dd - -  3.09 m 3.09 m - -  - -  3.03 m - -  
(15.0,6.0) 
5.62 d 5.59 d 5.58 d 5.99 d 5.64 d 5.64 d 5.74 d 5.90 d 

(3.0) (3.0) (2.5) (3.0) (3.0) (3.0) (2.0) (2.0) 
6.25 d 6.32 d 6.30 d 6.43 d 6.32 d 6.32 d 6.31 d 6.47 d 

(3.5) (3.5) (3.0) (3.5) (3.5) (3.5) (2.5) (2.0) 
3.72 d 4.65§ 4.52 d 10.00 4.03 d 3.92 d 4.5 d 4.54 brd 

(12.5) [2HI (12.5) [-CHO] (12.5) (12.5) (12.5) (13.0) 
4.17 d - -  4.69 d - -  4.72 4.56 4.82 d 4.87 brd 

(12.5) (12.5) (12.5) (12.5) (12.5) (13.0) 
4.59§ 4.65§ 4.01 d 4.16 d 8.72 4.08§ (9.5[[,1.5) 9.46 s 

[2HI [2HI (13.0) (12.5) I-COO_H_] - -  [2HI [-CHO] 
- -  - -  4~.24 d 4.58 d . . . .  

(13.0) (12.5) 
2.38 m 2.38 m - -  - -  2.34 sext - -  - -  - -  

(7.0) 
a. 6.01 brs 6.08 brs 1.51 p (7.0) 1.40 p - -  5.61 brs 5.64 brs 
b. 5.56 brs 5.56 brs 1.70 p (7.0) 1.64 p 6.04 brs 6.07 brs 

- -  - -  0.87 t (7.0) 0.87 t (7.0) 0.89 t - -  - -  - -  
[3H] [3H] (7.0) 

1.92 brs 1.93 brs 1.12 d 1.12 d 1.10 d - -  - -  1.87 brs 
(7.0) (7.0) (7.0) 

2.15 [C-15] 2.11 [C-15] - -  - -  1.97 [C-8] 1.99 [C-8] 1.96 [C-8] 2.07 [C-8] 

3 . 8 2  

~: Overlapping signals. 
§ Center of two proton AB patterns. 
[I Center of two proton ABX patterns. 
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MS peaks at role 420 (M+), 305 (M-C51-1703) and 99 
(C5H702) [2] together with the above 1H ~ assign- 
ments suggested a five-carbon ester function rep- 
resented by C. Further evidence for the presence of 
the side chain C in 3a was provided by acetylation to 
yield 3b and MnO2 oxidation to give the aldehyde 
derivatives 3e and 2kl. Upon acetylation, the two- 
proton AB pattern due to C-4' at 4.28 in 3a shifted to 
4.71 in 3b and the pair of doublets due to two C-14 
protons changed from 3.76 and 4.16 to 4.03 and 4.71, 
respectively. Prominent MS peaks at role 305 ( M -  
C2H20-CTHgO4) and 227 (M-CTHgO4-2C2t-LO2) 
indicated the loss of acetic acid and a 7-carbon side 
chain (C7H904) from the parent ion role 504 (M +) of 
3b. Ion signals at role 141 (C7H903) and 99 (C5H702), 
assigned to the seven- and five-carbon acylium ions, 
substantiated the above assignments. Short-time oxi- 
dation of 3a with activated MnO2 converted the allylic 
C-4' hydroxyl group to an aldehyde function (3e) with 
an aldehydic proton doublet at 10.15 (J3.4=7.0 Hz). 
Extended MnO2 oxidation resulted in the aldehyde 3d 
m/e 416 (M +) and 387 ( M - C H O ) ,  which exhibited a 
broadened singlet at 9.89 due to the aldehydic H-14. 
In addition, the H-1 signal had shifted from 5.21 in 3a 
to 6.43 in 3d. Furthermore, comparison of the ~H 
NMR shifts of 3d with data of melampolides of similar 
oxidation pattern [7] together with the application of 
Herz's rule [8] for the aldehydic H-14 chemical shift 
and for H-1 in 3d disagreed with a melampolide 
skeleton and favored a l(lO)-trans-double bond and 
confirmed that the hydroxyl group in 3a had to be 
attached to C-14 and not C-15. 

Linearilobin D (4a), C21H2607 (MS, 390) exhibited 
~H NMR spectral patterns very similar to 3a, except 
for the ester side chain signals. A pair of broadened 
singlets at 8 6.01 (H-3a') and 5.56 (H-3b') and a 
broadened three-proton singlet at 1.92 (D, C-2' 
methyl) together with MS peaks at m/e 304 ( M -  
C414_~O2) and 69 [CH2 = C(Me)CO +] were diagnostic 
of the methacrylate moiety (D). 

The attachment of the acetoxy group to C-15 in- 
stead of C-8 was favoured on the basis of the strong 
MS peak at m/e 331 (M ÷-MeCOO') ,  the M-59 peak 
being generally observed for acetates attached to al- 
lylic carbons. 

Linearilobin E (5), C21H2607, exhibited 1H NMR 
and MS spectral parameters very similar to those of 
linearilobin A (la) and B (2a). 1H NMR signals 
characteristic of the methacrylate moiety (Table 1) 
indicated the presence of this ester function either at 
C-14 or C-15 with an acetate group at the remaining 
carbon. MS peaks at role 390 (M÷), 305 ( M -  

C4H502), 262 (M-C4I-I602-CoH20),  244 ( M -  
C4I-I~O2-CaI-LO2) and 69 (C4H50) verified the 1H 
NMR assignments. It is of interest to note that the 
intensity of the peak at role 244, which must be due to 
the loss of the two ester functions (acetate, methacry- 
late) by a McLatierty rearrangement, was relatively 
strong (22.9%) in 4a and of low intensity (1.9%) in $. 
Instead, compound $ exhibited a prominent  peak at 
m/e 305 [M-CH2 = C ( M e ) - C O O ' ]  and no role 304, 
indicating the attachment of the methacrylate moiety 
to an allylic carbon in $ and a nonallylic position (C-8) 
in 4a. Based on the acetate chemical shift at 2.11 in 5 
which is similar to the shifts in l a  and 2a, we tenta- 
tively assign structure 5 to linearilobin E using the 
same arguments that follow for linearilobin A-D.  

The sites of attachment of the various ester moieties 
in l a  to 4a and their derivatives were tentatively 
assigned on the basis of chemical shift data of the 
acetate methyl absorptions in the ditierent com- 
pounds. In compounds l a  and 2a the 1H NMR acetate 
signals appear at ~ 2.12 and 2.13 (C-14 or C-15), 
respectively. Acetylation of the C-8 hydroxyl group in 
the two compounds yielded l b  and 2b both having 
acetate signals at 2.05 and 2.15. If acetylation of the 
C-8 hydroxyl had not strongly affected the chemical 
shift of the acetate methyl at C-14 or C-15, the signals 
at 2.15 in l b  and 2b could be assigned to the acetoxy 
methyls at C-14 or C-15 and the absorption at 2.05 to 
the C-8 acetoxy methyl. Furthermore, linearilobin D 
(4a) with a C-14 hydroxyl group exhibited an acetate 
1H NMR absorption at 2.15 (C-8 or C-15) and ~ave 
upon acetylation acetate signals at 1.92 and 2.15. It is 
most reasonable to assign the signal at 1.92 to the 
newly introduced acetate at C-14. Therefore, by anal- 
ogy to l b  and 2b, the signal at 2.15 could be assigned 
to the C-15 acetate signal. Based on the above chemi- 
cal shift considerations of the acetate absorptions of 
the four linearilobins and their derivatives, we tenta- 
tively assign structures la--5 to linearilobin A-E,  re- 
spectively. 

The CD spectra of l a - 5  exhibited two strong exiton 
bands of opposite sign. Positive bands near 220 nm 
and negative bands at ca 205 nm, which were ob- 
served in all five compounds, are typical for germac- 
rolides in which the homoconjugated 1(10)- and 4,5- 
trans-double bonds have a chiral arrangement. In this 
conformation, both C-14 and C-15 are oriented above 
the plane of the medium ring [2, 6]. A weak negative 
band near 260 nm in l a - 5  was assigned the n ~ 7r* 
ct-methylene-v-lactone transition, which by' the appli- 
cation of Geissman's rule [9] indicated trans-lactones 
in all five linearilobins and their derivatives. On the 

 oR, 

Aco - 13 

R R' 

Linearilobin A (la) A H 
(lb) A Ac 

Linearilobin B (2a) B H 
(2b) B Ac 

Linearilobin C (3a) H C 
(3b) Ac C-4'OAc 
(3¢) H E 

Linearilobin D (4a) H D 
(4b) Ac D 

Linearilobin E (5) D H 

OR 

3d R = E  
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basis of the CD data and the XH NMR parameters we 
suggest configurations la--$ for linearilobins A-E,  re- 
spectively and conformations with a crown arrange- 
ment of the medium ring most typical for 7,6-trans- 
lactonic germacrolides [10]. 

Linearilobin F and G 

Linearilobin F (ta), C2oH2sO6 (MS), was a gum 
which on the basis of inspection of 1H NMR parame- 
ters must represent the desacetoxy derivative of 
linearilobin B (2a). Oxidat ion of (m with activated 
MnO2 provided further evidence for the above spec- 
tral results. The 1H NMR signals centered at 8 4.04 
assigned to the C-15 methylene in 6a disappeared 
upon oxidation and a singlet at 10.0 appeared in 6b. 
In addition, H-5 and H-6 shifted from 4.91 and 5.40 
in 6a to 5.97 and 5.90, respectively in 6b. The down- 
field shift of H-6 by 0.5ppm must be due to the 
deshielding effect of the newly introduced C-15 al- 
dehyde carbonyl. This lends support to a /3-oriented 
C-15, since the J5.6, J6.7 and JT.x3~.b indicate a rrans- 
lactone with H-6 adopting a /3-configuration [4, 5]. 
Application of Herz's rule [8] for H-15 (10.0 ppm) 
and the chemical shift of H-5 (5.90) in 6b suggest the 
presence of a 4,5-trans-double bond which is in agree- 
ment with the CD data of the acetate of 6b, in which a 
positive band at 268 nm and a negative band at 202 
nm indicated a germacrolide skeleton [6]. 

Linearilobin G (Ta), C.2oH2607, an  impure gum, was 
separated from other constituents by conversion to the 
acetate 7b. Identification of 7a was mainly performed 
on its acetate 7b and the acetate-methylester 7e. The 
~H NMR parameters of 7b were assigned by inspec- 
tion and detailed decoupling experiments (Table 1). 
The 1H NMR spectral pattern of 7b differed from that 
of 2b and related compounds in that H-5 and H-6 
appeared near 8 5.75, that is considerably more down- 
field than in the previously discussed linearilobins 
which show absorptions near 5.2. This fact, together 
with the presence of a proton signal at 8.72, which 
disappeared upon addition of D20, suggested the pre- 
sence of a carboxyl group at C-4. Methylation of 7b 
with diazomethane yielded the methylester ?e which 
differed from 7a by the presence of a methoxy signal 
at 3.82 and an upfield shift of H-14a to 3.92 and 
H-14b to 4.56, typical for C-8- and C-14-acyloxy- 
substituted medium rings. In contrast to the H-6 sign- 
als in l a  to 6a, the appearance of H-6 in 7 a  and 7 b  at 
lower field near 5.75 must be due to the deshielding 
effect by the C-4 carboxyl group for the same reasons 
previously discussed for compound 6b. The MS data 
of 7a verified the XH NMR assignments, in particular, 
those of the a-methylbutyrate side chain. Besides the 
typical 1H NMR absorptions a MS peak at m/e 318 
(M-CsHIoO2) together with the diagnostic peaks at 

role 85 (C5H90) and 57 (C4I-I9) indicated the presence 
of an ct-methylbutyrate in 7a and "/lb. Since in 7b the 
shielding influence of the C-8/3-acyloxy carbonyl upon 
the C-14 protons was observed together with the 
deshielding effect of the C-4 earboxyl group upon the 
/3-oriented H-6, the conformation of 7b and therefore 
of 7a can in this instance be derived from the 1H NMR 
parameters alone. The above data require that both 
C-14 and C-15 are situated above the medium ring as 
expected for 7,6-1actonic germacrolides [4,10]. 

Linearilobin H and I 

Linearilobin H (Sa), C21H2607 (MS) and linearilobin 
I (ga), C22H2sOT, resembled the sesquiterpene lac- 
tones la--(m in the oxidation of C-14 and C-15 as well 
as the substitution patterns around the medium ring. 
However the 100 MHz 1H NMR spectrum displayed 
signals with chemical shifts and couplings distinctly 
different from the spectral features of the germac- 
rolides la-(m. Specifically, the relatively downfield 
chemical shifts of H-5 (5.40) and H-6 (5.30), the small 
coupling constant between H-6 and H-7, J6.7 = 2.5 Hz, 
a large coupling between H-5 and H-6, Js.6 = 10.5 Hz, 
and small JT.t3 values near 2.0 Hz were observed. 

The basic skeleton as well as the types and sites of 
attachments of the side chains, acetate and methacry- 
late in 8a or tiglate in 9a, were determined by inspec- 
tion of the ~H NMR spectrum and detailed decoupling 
experiments and verified by diagnostic MS peaks. The 
tH NMR results are summarized in Table 1. The 
downfield shift of the two H-14 proton signals 
suggested that an ester function be present at C-14. 
Their considerable differences in chemical shifts, 
4.50 (H-14a) and 4.88 (H-14b), resembled earlier 
instances ( la  and 2a) where acetylation at C-8 resulted 
in the deshielding of only one H-14 proton which was 
accompanied with an upfield shift of H-14b relative to 
the other H-14 signal. 

The pair of doublets corresponding to the two H-15 
protons displayed a chemical shift of the center of an 
AB system at 8 4.08 indicative of an allylic hydroxy- 
containing methylene group. Oxidation of a mixture of 
8a and 9a with activated MnO2 yielded the aldehyde 
mixture lib and 9b which exhibited the following diag- 
nostic 1H NMR parameters: (1) the replacement of the 
AB system at 4.08 in lia--ga by an aldehyde sing, let at 
9.46; (2) downfield shift of H-5 from 5.50 to 6.32 and 
(3) a lesser downfield shift of H-6 from 5.28 to 5.44. 
Application of Herz's rule [8] suggested that the C-15 
aldehyde proton at 9.46 and H-5 are a part of a 
a,/3-unsaturated carbonyl system with a cis-4,5- 
double bond in the medium ring, results which are in 
good agreement with the formulation of a heliangolide 
skeleton for ~ and 9a. Further arguments for the 
presence of a heliangolide skeleton in ~ and 9a were 

R' ~) 

LinearilobinF 

Linearilobin G 

R R' R" 

(611) Ill CH20 H H 
(6b) B CHO H 
(6¢) B CHO Ac 
(Ta) B COOH H 
(710 B COOH Ac 
(Te) B COOCH 3 Ac 
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~ Ac 
R R' 

Linearilobin H (Sa) D CH2OH 
(8b) D CHO 

Linearilobin I (911) F CH2OH 

based on the following data. The  comparison of the 
chemical  shifts and coupling constants of H-6 ,  H-7 ,  
H-8 ,  H - 9  and the two H-13  with those of the  diagnos- 
tic 1H N M R  signals of known heliangolides [4, 5] 
revealed great  similarities. The  at tachments of the 
es te r  side chains were  tentatively assigned exclusively 
on the basis of a relatively intense M-59 peak in 83 
indicating the at tachment  of the acetate moiety  at 
an allylic position, that is C-14. Selected hydrolysis 
experiments  could not  be carried out due to lack of 
material.  

Melampodium linearilobum is the first species within 
the genus to produce germacrolides and heliangolides 
instead of the  commonly  occurring melampol ides  [1, 
11]. This completes  the  detect ion of all four  possible 
types of germacranolides [1, 4] within the  genus 
Melampodium since recently cis, cis-germacradien- 
olides were  isolated f rom M. leucanthura [12]. These  
findings again raise the quest ion whether  the 
biogenesis of the four  different types of cyc- 
lodecadienes follow separate  pathways in the forma-  
t ion of the geometrical ly isomeric medium rings or  
double  b o n d  isomerizations of the trans, trans- 
cyclodecadiene skeleton takes place after the cycliza- 
t ion step. The  presently available data  within the 
Melampodium complex suggest that in this genus dou-  
ble bond isomerizations of the germacrolide skeleton 
leading to melampolides,  heliangolides and cis, cis- 
germacranol ides  seem to be  connected to the oxidative 
biomodifications of C-14 and/or  C-15 and could occur.  

O 
II 

A = ---C---CH(Me) 2 
1' 2' 

O 
II 

!1 = ---C----CH(Me)---CH2--CH3 
1' 2' 3' 4' 

Me ~HzOH 

12 = - - - C ~ H  
1' 2' 3' 

O 
II 

D = --C--C(Me)~-CH,., 
1' 2' 3' 

O 
It 

E = ---C--C(Me)==CH--CHO 
1' 2' 3' 4' 

O Me Me 
II I I 

F = --C--C------CH 
1' 2' 3' 

simultaneously or  proceed after oxidat ion of these 
activated allylic sites. 

EXPERIMENTAL 

Melampodium linearilobura DC. (Hartman-Funk No. 4204; 
voucher deposited as OS: Mexico: Guerrero: Hwy 200, 79 
miles NM of Pinotepa Nacional, August 1976). Stems and 
leaves (550 g) were extracted in 3 I. CHC13 and worked up 
according to a standard procedure [11] to yield 4.8 g of crude 
syrup. The syrup was chromatographed over 220 g Si gel 
taking 20 ml fractions. CHCI 3 was used as an eluant followed 
by CHCI3-Me2CO mixtures (95:5, 90:10, 80:20, etc.). 
Fractions 2-6 gave 0.3 g of coumarin. Fractions 33-38 con- 
tained 0.4 of a mixture of l a  and 2a which could be sepa- 
rated by rechromatography. Fractions 48-63 provided crude 
33 which upon rechromatography yielded 40 mg of pure 33 
as a gum. Later fractions (124--142) contained 0.6 g of 43. 

A collection of M. linearilobura (380 g dried stems and 
leaves) from Oaxaca, Mexico (Hartman-Funk No. 4200; 
voucher deposited at OS; Mexico: Oaxaca: Hwy 131, 50 
miles SW of Oaxaca, August 1976), yielded 8.0 g of crude 
syrup which was dissolved in warm IsOH to give, after 
cooling, 2.3 g of a crystalline mixture of l a  and 23. The 
mother liquor was chromatographed over 250 g Si gel using 
the elution procedure described above. Fractions 6-9 yielded 
pure l a  while fractions 16-17 contained pure 23. Fractions 
40-41 provided 50 mg of 63 and fractions 42-43 gave a crude 
mixture containing 73. The crude mixture was acetylated and 
chromatographed over Si gel (30 g) with CHC13 taking 15 ml 
fractions. Fractions 9-10 contained 50 mg pure 7b. A collec- 
tion of 650g M. linearilobum (Hartman-Funk No. 4173; 
voucher deposited at OS; Mexico: Oaxaca: Hwy 190, 56 
miles ENE of Tehuantepec, August 1976) provided 8.0 g of 
crude syrup which was chromatographed over Si gel (250 g). 
Fractions 8-11 gave 25 mg 5, fractions 16-20 contained 43 
and fractions 29-31 provided 160 mg of a mixture of 83 and 
93 which could not be completely separated. 

Linearilobin A (la). Nip 144-145"; UV, strong end ab- 
sorption; CD (3.88x 10 -s, MeOH) [012o5-8.38x104, 
[0]223  1.06x 105, [01260-1.3x 103; IR on°3 cm-l:  1/max 

3490 (OH), 1755 (y-lactone), 1730, 1715 (esters), 1685, 
1660 (double bonds); MS (70 eV) m/e (tel. int.): 392 (0.1) 
M +, 374 (0.1, M - H 2 0 ) ,  350 (0.1, M-C2H20) ,  333 (1.8, 
M-C2H302),  305 (16.5, M-C4H702),  292 (1.2, M - H 2 0 -  
C4H702), 263 (3.9, M-C2H20-C4H702) ,  262 (3.6, M -  
C2HsO2-C2H20), 245 (8.6, M-C2HnO2-C4H702) , 244 
(5.8, M-CzH402-C4H802)  , 226 (6.4, M - C 2 H 4 0 2 -  
C4HaO2-H20), 71 (32.2, C4H70), 43 (100, C2H30 or 
C3H7); MS CI (iso-butane, 35 eV): 393 (MH+). (Catc. for 
C19H2505: 333.1707. Found: (MS) 333.1697). Acetylation 
of 34 mg of l a  in 1 ml Py and 1 ml Ac20 for 24 hr followed 
by the usual work-up gave 35 mg lb  as a gum; IR vC~Cl3 
cm-l: 1770 (3,-lactone), 1735, 1720, 1715 (esters); MS role 
(rel. int.): 434 (not observed) M +, 347 (72.9, M-C4H702) , 
305 (16.7, M-C2H20-C4HTO2) , 245 (35.4, M - C 2 H 2 0 -  
C4H702-C2H402), 227 (45.8, M -  C2H20- C4HsO 2 -  
H20-C2H302),  226 (31.2, M - C 2 H z O - C 4 H s O 2 - H 2 0 -  
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C2H402), 213 (20.8, M - C 2 H 2 0 -  C4HsO 2 - M e O H -  
C2H302) , 71 (60.4, C4H70), 43 (100, C2H30 or C~HT). 

Linearilobin B (24). Mp 151-152°; UV, strong end ab- 
sorption; CD (4.93 x 10 -s, MeOH) [0]2o s -  1.0 x 105; 
[0]223 8.7x104; [0126o-4.1x103; IR VCm~O3 cm-l: 3520 
(OH), 1755 (~-lactone), 1725, 1720 (esters), 1690, 1665 
(double bonds); MS (70 eV) m/e (tel. int.): 406 (0.5, M+), 405 
(1.3, M-1) ,  388 (0.8, M-H2 0 ) ,  364 (0.7, M-C2H20),  347 
(1.9, M-C2H302), 346 (4.9, M-CzH402), 304 (100, M -  
C5H1002), 262 (17.1, M-CsHloO2-C2H20),  244 (40.0, 
M-C5HloO2-C2H402), ' 226 (34.3, M-C5HloO 2 -  
C2H402-H20),  85 (36.2, C5H90), 57 (37.1, C4I-I9), 43 
(0.71, C2H30); CI (iso-butane, 35 eV): 407 (MH+); [Calc. 
for C2oH2705: 347.1858. Found: (MS) 347.1862]. 

Acetate 2b. Gum; IR v~C~ ch crn-l: 1770 (3,-lactone), 
1735, 1720, 1715 (esters); MS (70 eV) role (tel. int.): 448 
(not observed, M+), 389 (8.3, M-C2H30),  347 (72.9, M -  
C4H702 or M-C2H20-C2H302) ,  305 (16.7, M - C 2 H 2 0 -  
C4H702) , 245 (35.4, M - C 2 H 2 0 4 -  C5I-I902- C2H402), 227 
(45.8, M -  C2H20-  C5HloO2 - n 2 0 -  C2H302), 226 (31.2, 
M-C2H20-CsHloO2-H20-C2H402) ,  213 (20.8, M -  
C2H20-CsHIoO2-MeOH-C2H302),  85 (77.1, C5H90), 
57 (39.6, C4H9), 43 (100, C2H30). 

Linearilobin D 44. Gum; UV M*On Am~ rim: 205 (e 1.8x 104); 
CD (c 4.8x10 -4, MeOH), [012ol-3.1x104, [0]233 4.7x 
104; [01263-5.0×102; IR v~a ~cn°3 cm-l: 3500 (OH), 1760 
(v-lactone), 1745, 1735 (esters) 1650 (double bonds); MS 
(70eV) m/e (tel. int.): 390 (1.7), 331 (27.1, M-C2H302), 
317 (18.2, M-MeOH-C3Hs) ,  305 (3.4, M-C4H502), 304 
(3.4, M-C4H602), 262 (5.9, M-C2H20-C4H502) ,  244 
(22.9, M-C2H402-C4H602),  226 (22.5, M - C 2 H 4 0 2 -  
C 4 H 6 0 2 -  n 2 0 ) ,  213 (25.8, M -  C2H402-CH3OH- 
C4H502), 69 (57.2, C4HsO), 41 (12.7, C3H5). 

Acetate 4b. was obtained in the usual manner. 
Linearilobin C (34). Gum; MS (70 eV) role (tel. int.): 420 

(0.1, M÷), 403 (0.1), 402 (0.1, M-H2 0 ) ,  360 (1.9, M -  
C2H402), 305 (1.9, M-CsHTO3), 263 (1.3, M - C 2 H 2 0 -  
C5H703), 262 (1.9, M-C2H20-CsHaOa) ,  245 (3.5, M -  
C 2 H 4 0 2 - C ~ H 7 0 3 )  , 244 (5.4, M-C2H402-CsHsO3),  226 
(4.4, M-C5HaOa-C2H402-H20) ,  214 (13.3, M -  
CsHsO3-C2H402-CH20),  99 (100, C5H702), 71 (55.8, 
C4H70), 43 (46.2, C2H30). 

Acetate 3b. Gum; UV Xm~M~°rt rim: 208 (e 2.2x 104); CD 
(c 1.79x 10 -4) [0]202-2.07× 104), [0]223 2.24x 104; [0]265-- 
2.8x102; IR VmCH~Ca3 cm-l: 1765 (-/-lactone), 1745, 1740, 
1735, 1720 (esters), 1655 (double bond); MS (70eV) of 
3b showed significant peaks at m/e (rel. int.): 504 (0.3, 
M+), 445 (9.7, M-C2H302), 403 (1.8, M - C 2 H 2 0 -  
C2H302), 385 (0.8, M-C2H402-C2H302),  347 (1.7, M -  
C7H904)  , 305 (3.5, M-C2H20),  245 (13.3, M - C 2 H 2 0 -  
C2H402-C7HgO4), 244 (6.0, M - C ~ H 2 0 - C 2 H 4 0 2 -  
C7HloO4), 227 (25.5, M.- C2H402 - C 2 H 4 0 2  - C7H904)  , 226 
(15.7, M - C2H402 - C2H402 - C7HloO4), 141 (8.2, 
C7H903), 99 (100, CsH702), 43 (95.7, C2H30). Oxidation of 
34 with activated MnO 2 in CHC13 for 24 hr yielded 3d (gum); 
IR Vm~,~ca3 era-l: 1765 (~/-lactone), 1740, 1725 (esters), 1675 
(double bonds); MS (70 eV) m/e (tel. int.): 416 (13.4, M+), 
401 (4.7, M-Me) ,  387 (2.6, M-CHO) ,  356 (25.0, M -  
C2H402), 303 (2.0, M-CsHsOa), 302 (1.6, M-CsH603),  
260 (9.1, M-CsH603-C2H20) ,  242 (43.2, M - C s H 6 0 3 -  
C2H402), 213 (52.5, M-CsI-I603-C2H402-CHO),  97 
(100, CsHsO2), 69 (90.2, C4HsO), and 43 (62.6, C2H30). 

Linearilobin E (5). Gum; UV u¢or~ ~'max rim: 204 (e 1.8x 
104); CD (c 2 .3 -10  -4, MeOH), [012o4-2.77x 104, [0]223 
+2.69x104; [0125s-l.7X103; IR VCm~Ct~ cm-l: 3500 
(OH), 1765 (~-lactone), 1725, 1715 (esters), 1665, 1635 

(double bonds); MS m/e (rel. int.): 390 (1.2, M +) 331 (1.7, 
M-C2H302), 330 (1.7, M-C2H402), 305 (7.8, M -  
C4HsO2), 262 (2.7, M-C4H602-C2H20) ,  244 (1.9, M -  
C4I-I602-C..zH402), 226 (1.9, M-C4H602-C.2H402 69 
(12.9, C4HsO), 43 (100, C2H30), 41 (26.8, C3H5). (Calc. for 
C17H2105: 305.1389. Found: (MS) 305.1400). 

Linearilobin F (64), gum, was identified as aldehyde 6b. 
40 mg of 64 were dissolved in 10 ml CHC13 and stirred with 
300 mg of MnO 2. The reaction was monitored by TLC until 
the starting material was oxidized to give 25 mg 61). MS role 
(rel. int.): 362 (0.8, M+), 333 (3.8, M-CHO),  260 (3.8, 
M-CsHloO2), 242 (2.1, M-CsHloO2-H20) ,  85 (41.0, 
C5H90), 57 (100, C4H9). (Calc. for C1~-I2505: 333.1707. 
Found: (MS) 333.1702). Compound 6b (25 mg) was acety- 
lated to give 20 mg of 6e. MeOH UV ),max nm: 203 (e 8.8 x 103); 
CD (c 1.6x10 -4, MeOH), [012o2-1.14x104; [0]268 
2.8x103; IR Vm~CHO3 cm-l: 1770 (~/-lactone), 1740, 1730 
(esters); MS m[e (rel. int.): 404 (3.4, M+), 344 (1.4, M -  
C2H402), 302 (5.1, M-CsHIoO2), 260 (11.9, M -  
CsHloO2-C2H20), 243 (7.2, M-C2H402-CsH902),  242 
(17.1, M-C2H402-C5HloO2), 213 (15.4, M - C 2 H 4 0 2 -  
CsHloO2-CHO), 85 (100, C5H90), 57 (92.2, C4H9), 43 
(81.9, C2H30). 

Linearilobin G (74), gum, was identified as the acetate 7b 
and ester 7e. Acetylation of 50 mg of 7a provided 50 mg 
7b. CD (c 1.7x10 -4, MeOH), [012o6-4.0x104, [0]243 
+2.4x104; MS m/e (re1. int.): 420 (4.6, M+), 361 (1.8, 
M-C2H302),360 (1.4, M-C2H402), 318 (5.1, M -  
C5HloO2), 300 (5.1, M-CsHloO2-H20) ,  276 (30.4, M -  
CsH~oO 2 -  C2H20), 258 (82.0, M -  CsHloOz- CzH4Oz), 212 
(4.3, M-CsHloO2-C2H402-CH202) ,  85 (95.9, C5H90), 
57 (100, C4H9), 43 (53.0, C2H30). Methylation of ~ with 
CH2N 2 gave 7e, gum. UV A ~ ,  °H nm: 203 (e 1.1 x 104); CD (c 
2.1x 10 -4 , MeOH), [01217-4.0×104 , [01248 + 2.4 x 
104; IR Vm°a~,°3 cm-l: 1770 (~-Iactone), 1735, 1720 (esters), 
1680, 1645 (double bonds); MS m/e (rel. int.): 434 (20.0, 
M+), 403 (1.7, M-MeO),  392 (2.7, M-C2H20),  375 (2.7, 
M-C2H302), 374 (2.7, M-C2H402), 361 (4.7, M -  
C2H20-MeO), 332 (9.5, M-CsHloOE), 300 (5.0 M -  
C5HloO2-MeOH), 290 (18.3, M-C2H2 O -  CsHloO2), 272 
(51.7, M-CsHloO2-C2H402),  258 (21.7, M-CsHloO 2 -  
C2H20-  MeOH), 240 (33.3, M -  CsHIoO 2 -  C2H402- 
MeOH), 85 (95.0, C5H90), 57 (100, C4H9), 43 (100, 
C2H30 ). (Calc. for C1sH2oO6: 332.1260. Found: (MS) 
332.1258). 

Linearilobin H (84) and I (94), gum which could not be 
completely separated; UV M~OH . ~'max rim. 202 (e 2.1x 104); CD 
(c 1.5 × 104, MeOH), [0121 o -  7.7 × 104, [01247+ 3.4 x 
103; IR vc~c13 cm-l: 3460 (OH), 1760 (~,-lactone), 1735, 
1720 (esters), 1650 (double bonds); 84: MS role (rel. int.): 
390 (0.4, M+), 331 (1.9, M-C2H~O2), 330 (1.8, M -  
C2H402) , 304 (1.2, M-C4H602), 262 (3.9, M - C 4 H 6 0 2 -  
C2H20), 244 (17.1, M-C4H602-C2H402),  226 (21.8, M -  
C4I-I602 - C2H402 - H20), 213 (20.8, M - C4H602 - 
C21402-MeO), 69 (42.7, C4HsO), 43 (23.3, C2H30), 41 
(15.1, C3H5). 94: MS role (rel. int.): 404 (2.4, M+), 344 (6.8, 
M-C2H402), 83 (100, C5H70), 55 (30.9, C4H7), 43 (23.3, 
C2H30). 45 mg of a mixture of 84 and 94 in CHCi 3 were 
treated with activated MnO 2 for 2 hr to give the aldehyde 
mixture 8b--gb; CD (c 5.1x10 -5 , MeOH), [01212 
- 1 3 . 0 x  104, [0124s+3.9x 103. Aldehyde 8b: MS m/e (tel. 
int.): 388 (0.7, M+), 328 (1.2, M-C2H402), 302 (3.0, M -  
C4I-I602), 260 (5.4, M-C4H602-C~H20),  242 (11.7, M -  
C4I-I602-C2H402), 213 (10.0, M-C4H602-C2H402-  
CHO), 69 (100, C4HsO), 43 (44.6, C2H30), 41 (34.6, C3Hs). 
(Calc. for C21H2407: 388.1520. Found: (MS) 388.1484). 
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Aldehyde 9b. MS role (rel. int.): 402 (0.7, M+), 83 (60.7, 
C5H70), 55 (28.7, C4H7) , 43 (44.6, C2H30). (Calc. for 
C22H2607: 402.1677. Found: (MS) 402.1672). 

Acknowledgements--The authors wish to thank Dr. R. Hart- 
man and V. Funk for plant collecting, and Professor F. 
Bohlmann, Berlin for 1H NMR data. The work was sup- 
ported by a grant from the National Science Foundation 
(DEB 76-20585) and by Grant Number 1-RO1- CA 19800, 
awarded by the National Cancer Institute, DHEW. 

REFERENCF_S 

1. Fischer, N. H., Wiley, R. A. and Perry, D. L. (1976) 
Rev. Latinoam. Quire. 7, 87. 

2. Suchy, M., Dolejs, L., Herout, V., Sorm, F., Snatzke, G. 
and Himmelreich, J. (1969) Collect. Czech. Chem. Com- 
mun. 34, 229. 

3. Drozdz, B., Samek, Z., Holub, M. and Herout, V. (1973) 
Collect. Czech. Chem. Commun. 38, 727. 

4. Fischer, N. H., Olivier, E. J. and Fischer, H. D. (1979) in 
Progress in the Chemistry of Organic Natural Products 
(Herz, W., Grisebach, H. and Kirby, A. W., eds.) Vol. 38, 
p. 47. Springer, Vienna. 

5. Samek, Z. (1978) Collect. Czech. Chem. Commun. 43, 
3210. 

6. Snatzke, G. (1969) Riechst. Aromen, K6rperpllegem. 19, 
9 8 . .  

7. Bohlmann, F., Jakupovic, J., Zdero, C., King, R. M. and 
Robinson, H. (1979) Phytochemistry 18, 625. 

8. Herz, W. and Kalyanaraman, P. S. (1975) J. Org. Chem. 
40, 3486. 

9. Stocklin, W., WaddeU, T. G. and Geissman, T. A. (1970) 
Tetrahedron 26, 2397. 

10. Bhacca, N. S. and Fischer, N. H. (1969) Chem. Commun. 
68. 

I1. Fischer, N. H., Wiley, R. A., Lin, H. N., Karimian, K. 
and Politz, S. M. (1975) Phytochemistry, 14, 2241. 

12. Fischer, N. H., Seaman, F. C., Wiley, R. A. and Haegele, 
K. D. (1978) J. Org. Chem. 43, 4984. 


