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Abstract-Fourteen highly unsaturated amides were isolated from Acmella ciliata. Their structures were determined by 
means of high field ‘H NMR including 2D-NMR, high resolution mass spectrometry and GC-MS. Some 
considerations on the biosynthesis of the amides are made. 

INTRODUCTION 

In a previous paper [l] we reported the occurrence of 
spilanthol and closely related amides in the flower heads 
of Acmellu cilia& (H.B.K) Cass. From the same source we 
isolated 14 more amides, most of them with new struc- 
tures. Additionally we investigated the essential oil of the 
total aerial parts by GC-MS. From the roots scopoletin 
was isolated. 

RESULTS AND DISCUSSION 

Isolation of pure compounds from the amide fraction 
extracted from the flower heads was difficult but could be 
achieved by combination of low and high pressure LC [ 1, 
21. This method revealed, in addition to amides reported 
previously [I], compounds 1 through 14. Structure 1, 
already known from different plants (uide itafro), was 
deduced by comparing its ‘H NMR spectrum with litera- 
ture data [3] and confirmed by a proton-proton cor- 
related COSY experiment. The latter method is very 
helpful for the structure elucidation of such compounds 
since it makes difficult spin decoupling experiments 
unnecessary and requires considerably less amounts of 
compound than 13C NMR [4,5]. The mass spectra of 1 
and 2 were nearly identical and exhibited the character- 
istic fragment with m/z 81 accompanied by m/z 167 due to 
cleavage between C-7 and C-8. This resembles the ana- 
logue behaviour of the spilanthic acid amides [l]. The 
high intensity of both peaks is explainable by the fact that 
the C-6/C-7 bond is in an allylic position to both double 
bonds C-4/C-5 and C-8/C-9. Since m/z 161 represents the 
fragment containing the amine moiety and an additionally 
transferred hydrogen, it is replaced by the homologue 
fragment with m/z 181 in the spectrum of 3. 

While structures 4 through 7 were easily deduced from 
both ‘H NMR and mass spectra, the determination of 8 
made it necessary to irradiate the signals of H-4 and H-7 
which always simplified the multiplet at 61.58. The 
structure was also supported by fragments with m/z 91 
and m/z 63 in the mass spectrum. While m/z 91 most 
probably represents the part of the molecule C-5 to C-l 1 
due to cleavage in an allylic position to the a-double bond, 
m/z 63 is caused by cleavage in the ‘allylic’ position to the 
diyn-system. This could be proven by high resolution of 

m/z 63 in the spectra of 11 and 12 which gave the 
molecular formula C,HJ. Since this fragment can be 
observed in the mass spectra of all diynamides presented 
here, it appears to be of general significance for these 
structures. In 9, the formation of this fragment may be 
preceded by isomerization of the acid part to that of 4. The 
‘H NMR spectrum of 9 was characterized by two broad 
doublets of methylene groups at 62.98 and 63.10. Clear 
assignments were possible after irradiation of both which 
always caused the appropriate olefinic signals to change to 
doublets. The disappearence of the triplet sub-structure at 
62.05 (H-l 1) upon irradiation at 6 3.10 allowed the 
distinction of both methylene groups. The acid moiety of 
9 thus represents a positional isomer to that of 4. 
Similarly, compound 10 is a positional isomer of the 
already reported spilanthic acid 2-phenylethylamide [ 11. 
This structure could only be elucidated by careful com- 
parison of the ‘H NMR spectra of the two isomers, for 
which the signals of H-6 through H-10 and H-l’ through 
H-3’/4’ were nearly identical. A special difficulty was 
caused by the partial overlapping of the signals of H-2/H- 
5 and H-3/H-4 which made a normal spin decoupling 
impossible. This problem was overcome by irradiation at 
62.89 which affected both methylene groups together and 
simplified the signals of H-3/H-4 to an AB-system 
showing a coupling constant of 15 Hz. Based on this 
information, an interpretation according to first order of 
all involved signals was possible (Table 1). A further 
support for this unusual structure is lent by the mass 
spectrum that exhibited a peak at m/z 163 which is not 
present in the corresponding spectrum of the isomeric 
spilanthic acid Zphenylethylamide. This fragment may be 
formed by McLafferty rearrangement and is similar to a 
fragmentation pathway already proposed for an amide 
from the Piperaceae [6]. 

Although structure 11 easily resulted from the 
‘H NMR and mass spectrum, structure elucidation of the 
related epoxide 12 caused difficulties because its ‘H NMR 
mainly displayed signals not known from the other 
amides. High resolution of the molecular peak in the mass 
spectrum indicated the presence of two oxygens while in 
the ‘H NMR no olefinic signals were visible. This led, 
together with the calculation of the double bond equiv- 
alents, to the conclusion of an epoxide-structure. The 
signals in the ‘H NMR could only be assigned after nearly 
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complete spin decoupling. Because C-2 and C-3 represent rotation of the ar$de bond or the existence of H-bridges 
chiral centres, the protons at C-4 were not magnetically between protons of the amine part with the epoxy oxygen. 
equivalent. However, the most striking fact was the non- To confirm the structure and make it more easy to 
equivalence of both protons at C-l’. Their signals could be determine the reason for this behaviour, the partial 
assigned after irradiation of the N-H proton. This non- structure 15 was synthesized by epoxidation of crotonic 
equivalence might be an effect of the chirality of C-2 and acid phenylethylamide (E-configuration checked by 
C-3, the magnetic anisotropy of the epoxy ring, a hindered ‘H NMR) with mchloroperbenzoic acid. The protons at 
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Table 1. ‘H NMR spectral data of compounds l-15 (250 MHZ CDCIJ; TMS int. 
stand.) 

H No. 1 2 3 

2 5.77d (15) 

3 7.19dd (15; 9.5) 
4 6.17dd (9.5; 15) 

5 6.07 dr (15; 6) 

5.83d (15) 
7.54dd (15; 11.5) 
6,lldd (11.5; 11.5) 

5.78dr (11.5; 7) 

2.41 brdr (7; 7) 

2.29 brdr (7; 7) 
5.26df (11; 7) 

5.98dd (11; 10) 

6.3br dd (lo; 15) 

5.7dq (15; 6.5) 

1.78 d (6.5) 

3.18 dd (6.5; 6.5) 

1.78 tqq (6.5; 7; 7) 

5.75d (15) 
7.19dd (15; 9.5) 

6.17dd (9.5; 15) 
6.07dt (15; 6) 

2.27 m 

5.26dr (11; 7) 

5.97dd (11; 10) 

6.3 br dd (10; 15) 

5.7 dq (15; 6.5) 

1.78 d (6.5) 

3.22 m 
l 

1.18/1.4m 

0.91 r (7) 

0.91 d (6.5) 

6 
7 

2.27 m 

8 5.26dr (11; 7) 

9 5.97dd (11; 10) 

10 6.3 br dd (10; 15) 

11 5.7dq (15; 6.5) 

12 1.79d (6.5) 

1’ 3.17dd (6.5; 6.5) 

2 1.8 fqq (6.5; 7; 7) 

3 

4 
0.93d (7) I 0.93 d (7) 

- 

H No. 4 5 6 

2 5.81 d (15) 

3 7.19dd (15; 10) 

4 6.21 dd (lo; 15) 

5 6.05dt (15; 6.5) 

6 
7 

2.4m (2 lines) 

8 
9 - 

10 

11 1.99br s 
12 - 

1’ 3.17dd (7; 6.5) 

2 1.81 tqq (6.5; 7; 7) 

5.8d (15) 

7.2dd (15; 10) 

6.21 dd (lo; 15) 

6.05 dt (15; 6.5) 

I 
2.4m (2 lines) 

5.87d (15) 

7.5dd (15; 11) 

6.18dd (11; 11) 

5.82dt (11; 7) 

2.56br dt (7; 7) 

2.38dt (7; 1) 

- 
- - 

1.98br s 1.981 (1) 
- - 

3.24m 
* 
* 

3.23 m 
* 

* 3 
4 I 

0.93 d (7) 
0.91 t (7) 0.921 (7) 

0.91 d (6.5) 0.92d (7) 5 - 

H No. I 8 9 

2 5.45d (11.5) 

3 6.37dd (11.5; 11.5) 

4 7.48dd (11.5; 15.5) 

5 5.98dt (15.5; 6.5) 

5.78dt (15; 1.5) 

6.81 dt (15; 7) 

2.2ddt (1.5; 7; 7) 

I 
1.58m 

2.28 dr (1; 6.5) 
- 

2.98 br d (7) 

5.67dr (15; 7) 
6.10br dd (15; 10) 

6.26ddr (lo; 15; 1.5) 

5.5811 (15; 6) 
3.lObr d (6) 

6 
7 

2.4m 

8 
9 
10 

11 

12 
1’ 

2 

3’ 
4 

5 

- 

- 

1.99br s 

3.58 dr (6.5; 7) 

2.86~ (7) 

t 

- 
- - 
- 

1.981 (1) 

3.16dd (7; 6.5) 

1.78 tqq (6.5; 7; 7) 

0.93 d (7) 

- 

2.051 (1) 

3.51 dt (6.5; 7) 

2.81 (7) 
t 

H No. 10 11 12 

2 2.91 d (6) 

3 5.48 dr (15; 6) 
4 5.58dt (15; 5.5) 
5 2.88 dd (5.5; 7.5) 

5.78d (15) 

6.81 dr (15; 7) 

2.41 m 

3.51 d (5) 

3.25ddd (5; 5; 7.5) 

1.43/1.65 m 
2.34 ddd (7; 7; 1) 
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Table 1. (Continued) 

H No. 10 11 12 

6 
7 
8 
9 
10 
11 
12 
1’ 
2 
3 
4 
5 

5.22dt (10.5; 7.5) 
6.01 dd (10.5; 10.5) 
6.28 br dd (10.5; 15) 
5.73 dq (15; 7) 
1.79 br d (7) 

- 
- 

3.51 dt (7; 7) 
2.8 t (7) 

t 

- 

1.99br s 2.022 (1) 
- - 
- - 
- 

3.6dt (6.5; 7) 
2.86 t (7) 

t 
- 

- 
3.6913.51 m 

2.85 m 
t 
- 

- - 

H No. 13 14 15 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1’ 
2 

5.82d (15) 5.391 (11.5) 3.16d (2) 
7.57dd (15; 11.5) 6.36dd (11.5; 11.5) 2.89dq (2; 5) 
6.1 br dd (11.5; 10.5) 7.43dd (11.5; 15) 1.36d (5) 
5.79dt (10.5; 8) 5.96dt (15; 7) - 

2.29 br dt (8; 7.5) 2.16br dt (7; 7.5) - 
1.44 Lq (7.5; 7.5) 1.46 tq (7.5; 7.5) - 

0.89 t (7.5) 0.89 t (7.5) - 
- - 
- - 

3.18dd (6.5; 7) 
1.8 tqq (7; 7; 7) 

3’ 
4 I 0.93d (7) 

5 - 

- 
3.58dt (6.5; 7) 
2.86 t (7) 

t 
- 

- 
3.5m 
2.8 br dd (7; 7) 

t 
- 

Chemical shifts in &values @pm); numbers in parentheses are coupling constants in 
HZ NH always between S5 and 66.5, caused one coupling constant given for H-l’; the 
signals are interpreted according to first order. 

*Not assigned. 
t Phe: 7.25 m. 

C-l’ of this compound were obviously also non- 
equivalent. The ‘H NMR in deuteriotoluene at 100” 
clearly showed no remarkable influence of temperature on 
the appearence of the multiplet of both protons which 
nearly excludes the above mentioned hindered rotation or 
H-bridges as the reason for the effect. So this problem 
remains unsolved. However, comparing the coupling 
constants of the epoxy-protons in 12 and 15 allows the 
determination of the relative configuration of C-2 and C-3 
in 12. Jz 1 in 15 was only 2 Hz, the respective coupling 
constant’ in 12 was 5 Hz. Since 15 was of the trans- 
configuration due to synthesis from the E-olefin, 12 must 
therefore he cisconfigurated. Thus it represents the a- 
epoxide corresponding to the ZZ-isomer of 11. 

Compounds 13and 14 posess acid parts with only eight 
carbons. Since this chain length has only been found in 
amides from fungi [7], at the present time they represent 
the most chain-shortened derivatives of oleic acid with 
amide structures in higher plants. 

The steam distillate of the aerial parts was separated 
into hydrocarbons and oxygenated compounds by CC 
using silica gel and n-hexane followed by dichlorometh- 
ane as eluents. Roth fractions were submitted to GC-MS 

analysis. Humulene and caryophyllene were identified by 
their mass spectra which were identical with literature 
data [8] and by comparing their GC R,s with those of 
authentic samples. Four peaks of the gas chromatogram 
gave mass spectra with molecular peaks at m/z 208, m/z 
210, mjz 236 and m/z 238 with fragmentation patterns 
which proved them to be straight chain olefins. However, 
because of double bond migration, both the position and 
the Z/E isomerism of such olefins normally cannot be 
deduced from standard mass spectra using EI. Thus we 
tentatively identified them as pentadeca-1,8Z-diene, 
pentadeca-1 -ene, heptadeca- 1,8Zdiene and heptadeca- l- 
ene, respectively. They may well be derived from palmi- 
toleic, palmitic, oleic and steak acid by decarboxylation 
and dehydrogenation [9]. The structure of heptadeca- 
1,8Zdiene could be corroborated by its identical GC R, 
with an authentic sample synthesized from oleic acid [lo], 
which was not identical to the 8E-isomer synthesized from 
elaidic acid. Pentadeca-1 -ene, that makes up ca 50 % of the 
hydrocarbon fraction as shown by GC, is also reported to 
occur in Spilanthes alba [3]. In Spilanthes oleracea a 
hydrocarbon with M, 210 has been reported and named 
‘spilanthen’ [l 11. This spilanthen might be identical with 
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pentadeca-1-ene, since the genus Spilanthes is very closely 
related to Acmella [12, 131. Additionally, several spectra 
of sesquiterpenes which could not be identified, were 
obtained. The presence of considerable amounts of 
caryophyllene epoxide in the oxygenated fraction was 
proven by comparing the mass spectrum and the R, with 
that of a synthesized sample. 

Scopoletin from the roots was identified after separ- 
ation from an extract by comparing the ‘H NMR with 
that of an authentic sample and by the fact that the UV 
spectra were identical both before and after addition of 

excluded isoscopoletin as a possible GaOMe. This 
structure. 

It should be mentioned that all parts of A. ciliata 

obviously contain amides as can be shown by the tongue 
numbing effect which they produce when chewed [14]. 
However, this effect is much stronger with the flower 
heads. 

The collection of 20 amides which we investigated in A. 
cifiata enables us to draw some conclusions as to their 
chemotaxonomy and biosynthesis. The acetylenic amides 
indicate a clear relationship to the amides from Spilanthes 
alba [3], Echinacea angustifolia and E. purpurea [ 15,163. 
However, the d&amides with terminal Me groups which 
correspond biogenetically to those with terminal hydro- 
gen [17], seem to be present only there and could not be 
found in A. ciliata. Also the co-occurrence of 1 in the 
above mentioned plants is a clear indication for their 

R 

Linolenic acid 

R: S - COA, amine part G C-14) 

Scheme 1. Proposed biosynthetic.pathway for polyenic amides from Acmella ciliata. *See ref. [17]. 




