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Summary. Five isobutylamides were isolated as insect growth inhibitors and toxicants from Fagara macrophylla and 
identified from their spectroscopic data. 

The East African medicinal  tree Fagara macrophylla 
(Rutaceae) is known to be relatively free from insect attack. 
In order to test for chemical factors involved in this 
observed resistance, extracts o f  the F. macrophylla bark 
were incorporated into artificial diets optimized for several 
economical ly- important  agricultural pest insects, pink boll- 
worm (Pectinophora gossypiella), tobacco budworm (Helio- 
this virescens), corn earworm (H. zea) and fall a rmyworm 
(Spodoptera frugiperda) 2'3. This led to the isolation of  5 
insect growth inhibitors and /o r  toxicants which have been 
identified as fagaramide [N-isobutyl-3-(3,4-methylenedioxy- 
phenyl)-2E-propenamide] (1), piperlonguimine [N-isobu- 
tyl-5-(3,4-methylenedioxyphenyl)-2E,4E-pentadienamide] 

4 5  (2) ' , 4, 5-dihydropiperlongumine [N-isobutyl-5-(3,4- 
6 methylenedioxyphenyl)-2E-pentenamide]  (3) ,  pellitorine 

(N-isobutyl-2E,4E-decadienamide) (4) 7, and N-isobutyl- 
2E,4E-octadienamide (5) 8 based on spectroscopic data. 
The most abundant  of  the isolated amides was fagaramide 
19. The structure o f  fagaramide has long been known 1~ but 
the geometry of  its side chain double bond has not  been 
clearly established. This has now been confirmed as trans 
based on the large coupling constant (16 Hz) in the 400 
MHz 1H-NMR spectrum. 
The ] H - N M R  spectra were more important  in assigning the 
stereochemistry of  conjugated double bond in 2, 4 and 5. 
For  example,  assignment o f  the geometry o f  N-isobutyl- 
2E,4E-octadienamide 5 was achieved as follow. The H- 
N M R  spectrum of  5 is reproduced in the figure along with 
an expanded representation of  a part of  the olefinic proton 
region. Irradiation of  the 3-H doublet  of  doublets at 7.20 
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N-Isobutyl-2E,4E-octadienamide, 400 MHz ]H-NMR data, CDC13 solution, 6 values [multiplicity and J values (in Hz) in parentheses]. 
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Table 1. Insect growth inhibitory activity (EDs0 a in ppm) of natural isobutylamides 

Compounds insect species (lst-instar) 
Pectinophora Heliothis 
gossyi)iella virescens 

H. zea Spodoptera 
frugiperda 

Fagaramide 440 350 510 530 
Piperlongumine 430 370 500 
4, 5-Dihydropiperlongumine 800 1700 
Pellitorine 15 b 270 210 230 
N-Isobutyl-2E, 4E-octadienamide 70 c 600 600 280 

a EDs0_values are the effective doses for 50 % growth inhibition, b LD90_value, the lethal dose for 90 % death, for pellitorine against P. gossypiella is 
25 ppm. CLDg0-value, the lethal dose for 90% death, for N-isobutyl-2E,4E-octadienamide against P.gossypiella is 100 ppm. No lethal effect was 
observed by any of the compounds to 200 ppm against the other tested insect species. 

Table 2. Lethal activity (LDl00 a in ppm) of natural isobutylamides b 
against third-instar larvae of Culex pipiens 

Compounds LDl00 (ppm) 
Fagaramide 15 
Piperlongumine 10 
Pellitorine 5 
N-lsobutyl-2E, 4E-octadienamide 15 

aLD100-values are the lethal doses for 100% death in a 48-h bioassay. 
b4,5-Dihydropiperlongumine was not tested due to insufficient quanti- 
ties available. 

Table 3. Lethal activity (LDs0 a in ppm) of natural isobutylamides 
against the snail Biomphalaria glabratus 

Compounds LDs0 (ppm) 

Fagaramide 200 
Piperlongumine > 200 
Pellitorine > 200 
N- Isobutyl-2E, 4E-octadienamide 200 

aLDs0-values are the lethal dose for 50% death. 

ppm ( J =  10, 15 Hz) changed  the 2-H double t  at 5.75 p p m  
into a singlet, and  also s implif ied the complex  mul t ip le t  at 
6.0-6.2 ppm. Thus,  the structure can now be assigned as in 
s.. 
The artificial diet  feeding assay m e n t i o n e d  above  was 
employed  to mon i to r  the ch romatograph ic  separa t ion  of  
the 5 bioactive principles.  Once separated,  purif ied,  and 
spectrally identif ied,  the active principles were tested in the 
same artificial diet  feeding assay in order  to obta in  EDs0- 
values, the effective doses for 50% growth inhibi t ion.  The  
growth- inhib i tory  activity of  the 5 amides  on 4 species of  
lep idopteran  larvae of  agricultural  impor tance  is shown in 
table 1. Pellitorine, the second most  a b u n d a n t  amide  isolat- 
ed from F. macrophylla, was the most  active of  the isolated 
amides,  especially against  P. gossypiella (EDs0= 15 ppm).  
Pell i torine also caused dea th  (LD90=25 ppm)  to P. gossy- 
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4,5- Dihydro-pipertongumine (3) 
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N-lsobutyl-2E,4E-octadienamide (5) 

piella larvae,  bu t  not  to those o f  H. zea, H. virescens and 
S.frugiperda. The  isolated c o m p o u n d  that  was closely relat- 
ed to pel l i torine,  N-isobutyl-2E,4E-octadienamide, also 
caused morta l i ty  to P. gossypiella only (LD90 = 1O0 ppm).  
Addi t iona l  bioassays were conducted  with the house  mos-  
quito, Culex pipiens, and the f reshwater  snail, Biomphalaria 
glabratus, bo th  aquat ic  species of  medical  impor tance .  The  
lethal activity of  4 of  the amides  on  C.pipiens is shown in 
table 2. The  amides  were dissolvee in 0.1% acetone  in 
distil led water  to give concent ra t ions  of  1-20 ppm.  Thi rd-  
instar  C.pipiens were t ransferred (5 la rvae /10  ml test solu- 
tion) into 1-oz. plastic cups using a 1 • 1-inch circle of  
ordinary  window screen. Each t rea tment  was repl icated 4 
t imes and the m i n i m u m  concent ra t ion  of  each c o m p o u n d  
which caused 100% mortal i ty  (LDloo) wi th in  48 h at 25 ~ 
and  1 6 L / 8 D  pho toper iod  was de te rmined .  In a result  
similar to that  found with the artificial diet  b ioassay with 
lepidopterous  larvae, pel l i torine proved to be the most  
toxic of  the assayed amides  (LDI00 = 5 ppm).  
The  lethal  activity of  the same amides  on  B. glabratus is 
shown in table 3. Molluscicidal  activity was mon i to red  as 
described previously 11. In the case of  molluscicidal  activity 
fagaramide  and  N-isobutyl-2E,4E,-octadienamide show the 
best activity. 

1 Insects were kindly supplied by the agencies of the USDA in 
Tifton, GA; Phoenix, AZ and Brownsville, TX. The authors 
thank Professor D. Heyneman for B.glabratus supply. This 
work was partly supported by a PHS Biomedical Grant to I.K. 
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