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COMPLETE CARBON-13 ASSIGNMENTS OF THE SESQUITERPENE LACTDNE 

11,13 - OIHYDROPARTHENOLIDE USING 2D-INADEQUATE 

F e l i x  J. Parodi ,  Marcus A. Nauman and N iko laus  H. F i sche r *  

Uepartment o f  Chemistry, Lou is iana  S ta te  U n i v e r s i t y  

Baton Rouge, Lou is iana  70803 

Key Words: 11,13-dihydroparthenol ide,  sesqui terpene lactone,  germacro l ide,  

I iMK, 2D-INADEQUATE. 

ABSTRACT: 

11.13-dihydroparthenolide were e s t a b l i s h e d  by t h e  a p p l i c a t i o n  o f  20- 

INADEUUATt. 

The complete 13C NMR resonances f o r  t h e  sesqui terpene l a c t o n e  

INTRODUCTION 

Sesqu i te ryene  lac tones  are a major  c l a s s  o f  t e rpeno ids  which comnonly 

KCUP i n  t h e  Asteraceae (Compositae) as we l l  as some angiosperm and gymnosperm 

f d m i  l i e s 1 s 2 .  

d ihyd ropar thedo l  i de .  was i s o l a t e d  f rom Ambrosia a r t e m i s i i f o l i a  (common 

~ 4 g e w e e d ) ~ ~ ~ .  

which i s  t h e  proposed recep to r  s i t e  for  b i o l o g i c a l  nuc leoph i l es  and i s  

t h e r e f o r e  respons ib le  f o r  a wide spectrum o f  b i o l o g i c a l  a c t i v i t i e s 5 s 6 .  

The a l l e l o p a t h i c  yermacro l ide-4-epoxide,  11,13- 

It l a c k s  t h e  common a-methylene moiety  i n  t h e  y- lactone r i n g  
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Unambiyeous 13C NMR spectral  assiynments o f  germacrolides have i n  the  

past been d i f f i c u l t  due t o  o f  the prox imi ty  o f  the methylene resonances i n  the 

13C NMR spectrum and the complexity of the  'H NMR absorptions. 

s h i f t  co r re la t i on  spectroscopy (ED-INADEQUATE), although a non-sensi t i v e  

technique, has been possible using h iyh  f i e l d  NMR instruments, p rov id iny  

d i r e c t  informat ion on the molecular framework and a l low ing  unambiguous 

assignment o f  a l l  13C NMR  resonance^^'^. 
INADEQUATE spectrum and complete 13C NMR spectral  assignments for  11.13- 

dihydroparthenol ide are described below. 

Carbon-carbon 

The i n t e r p r e t a t i o n  o f  a 2D- 

13C NMR SPECTRAL ASSIGNMENTS W 11.13 DIHYDROPARTHENOLIDE (1) -- 

Unequivocal assignments f o r  a l l  ske le ta l  carbon resonances of 11.13- 

dihydroparthenol ide (1) were made by the  app l i ca t i on  o f  two-dimensional 

carbon-carbon chemical s h i f t  co r re la t i on  LD-INADEQUATE ( Inc red ib le  Natural 

Abundance OoublE Quantum Transfer E ~ p e r i m e n t ) ~ ~ ' .  

experiment, when appl icable,  provides d i r e c t  in fo rmat ion  about the molecular 

framework. 

The ED-Inadequate 

F igure  1 shows a "carbon-carbon connec t i v i t y  p l o t "  o f  1, i n  which the 

ve r t i ca l  ax is  i s  the  "fl" dimension (double quantum frequency) and the  

hor izon ta l  axis gives the " f2 "  dimension (chemical s h i f t ) .  

two carbon s i t e s  are d i r e c t l y  bonded, they w i l l  both show the same double 

quantum frequency i n  fl. and w i l l  appear equal ly spaced on both sides of the 

l i n e  fl = -2 f2'. 

inolecular framework of a molecule can be established. 

I n  pract ice,  if 

By t h i s  method a l l  carbon-carbon connec t i v i t i es  of the 

O f  course, a complete s t ruc tu ra l  determinat ion requires knowledge Of the  

stereochemistry. 

s h i f t  c o r r e l a t i o n  spectroscopy, nuclear Overhauser e f f e c t  studies as Well d S  

determinat ion o f  coup1 ing  constants using modern mr  technique^^'^^. 

This can he done by the  use o f  2D homo and heteronuclear 
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F I G  1. Accentuated Carbon-carbon connectivity p lo t  of  11.13 

Dihydroparthenol i d e  1.Carbons sharing the  same quantum frequency f l  

appear equally spaced on both s ides  of the l i n e  f l  = -2f2. 
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TABLE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12  

13 

14 

15 

1 3 C  Assignment 

‘5a mb TIC 

125.0 

24.0 

36.6 

61.3 

66.6 

82.0 

51.8 

29.7 

41.0 

134.4 

42.3 

177.2 

13.1 

16.7 

17.0 

d 

t 

t 

5 

d 

d 

d 

t 

t 

S 

d 

S 

q 

q 

0.60 

0.44 

0.36 

4.82 

0.55 

0.50 

0.57 

0.33 

0.37 

2.88 

0.57 

5.83 

0 .90  

1.93 

2.13 

ppm. r e l a t i v e  t o  TMS. 

bBased on UEPT method”. 

CHased on Inverse Recovery Technique”. Recycle delay 1 min. 
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EXPERIMENTAL 

A 5 M CDC13 so lu t i on  o f  11,13-dihydroparthenolide was used i n  a l l  

experiments. 

'H/13C probe w i t h  observat ion frequencies of 400.13 and 100.62 MHz, 

respec t ive ly  on a BRUKER AM400 instrument. 

performed using a Ernst- type phase cyc le  w i th  the fo l low ing  pulse sequence:12 

The spectra were acquired a t  298'K using a 5mn dual tuned 

The 2D-INADEQUATE experiment was 

01-90-02-180-D2-90-~-120-FID 

The data was acquired i n  20h w i th  D1=2 sec; IN=0.000029 sec; d.000003 

sec; D2=0.0035 sec; NE=504, NS=64. 

values obtained from the INVRECX technique and D2=(2N+1)/4 Jcc; N=D t o  avoid 

loss  o f  s e n s i t i v i t y  and long range e f fec ts ,  and 5172 based on carbon-carbon 

coup1 i n g  constants o f  s i m i l a r  compounds derived from b iosynthe t ic  studies13. 

The recycle delay, 01, was based on TI 

The data was processed w i th  Gaussian m u l t i p l i c a t i o n  i n  both dimensions 

(LBZ=GBZ-O, LB1=-20.0, GB1=0.5). Zero f i l l i n g  and magnitude ca l cu la t i on  (MC) 

i n  the second dimension p r i o r  t o  the  Four ie r  t ransformat ion resu l ted  i n  a 1K x 

1 K  real  data po in t  mat r i x  used t o  es tab l i sh  the carbon-carbon connect iv i t ies .  
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