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Abstract-The investigation of the roots of four Achilles species afforded, in addition to known ones eight new 
amides most of them being piperidides. The structures were elucidated by spectrocopic methods. The 
chemotaxonomic importance of the amides is discussed briefly. 

INTRODUCTION 
So far the chemical investigations of 13 Achilles 
species have shown that acetylenic compounds with 
an amide grouping are characteristic for this 
genus [l-4]. These compounds have also been isolated 
from members of the genera Anacyclus[5], 
Otanthus [5] and Leucocyclus [4] which are probably 
closely related to Achilles. We have now investigated 
three further species and re-investigated A. tomen- 
tosa. Several known and eight new amides were 
isolated. 

RESULTS AND DISCUSSION 
The roots of Achilfea spinulifolia Fenzl. ex Boiss. 

afforded the iso-butyl-amides 8[1], 9[6] and 12[7] as 
well as two further ones, the acetylenic piperidides 1 
and 3. The structure of 1 followed from the spec- 
troscopic data. The UV maximum indicated the 
presence of a dienamide, which was established by 
the ‘H NMR data (Table 1) and which further in- 
dicated that this amide was a piperidide as followed 
from the typical multiplets at S 3.79, 3.67, 1.64 and 
1.56. The nature of the unconjugated side chain was 
also deduced from the ‘H NMR data. The presence of 
a cis-double bond followed from the coupling of the 
olefinic signals, while the propyl end group was 
deduced by spin decoupling. Also the fragmentation 
pattern in the mass spectrum supported the structure 
(see Experimental). This was also true for the struc- 
ture of 3, where the fragments at m/z 101 
[Me(C%QCHz]’ and [M - lOl]+ clearly indicated the 
nature of the unsaturation. The ‘H NMR data (Table 
1) in part were similar to those of 1. However, the 
H-6 and H-7 signals were an overlapping multiplet 

*Part 261 in the series “Polyacetylenic Compounds”. For 
Part 260 see Greger, H., Grenz, M. and Bohlmann, F. (1981) 
Phytochemistry 24,2579. 

and the H-14 signal was a sharp singlet, indicating 
that more than two triple bonds must be present. The 
roots of A. grandifolia Friv. afforded two amides, the 
enediyne 10 and a second diyne, which could be 
separated from 10 only with difficulty. Its molecular 
formula showed that this amide had two hydrogens 
less than 10. The UV spectrum was similar to that of 
an enediyne triene carboxylate [8], while the ‘H NMR 
data (Table 1) led to structure 11, as was deduced 
from spin decoupling experiments. Starting with the 
H-2 signal the H-3 signal could be assigned, which 
was partly obscured by the chloroform signal. 
However, in C,D, this signal could be observed. 
Further decoupling allowed the assignment of H-4 
through H-7, while the nature of the end group 
directly followed from the typical signals of a pro- 
penyl group linked to an acetylenic bond. The 
configuration of the double bond followed from the 
coupling constants observed. Compound 11 is the first 
fully conjugated C,,-amide. 

The roots of A. fycaonica Boiss. et Heldr. afforded 
two amide fractions, which both crystallized easily. 
The mass spectra as well as the ‘H NMR spectra, 
however, showed that both were mixtures of two 
amides, differing by two hydrogens. Inspection of the 
‘H NMR data led to the proposal each time that we 
were dealing with an a&unsaturated and the cor- 
responding saturated amide. Consequently a separa- 
tion with silver nitrate impregnated Si gel was pos- 
sible to produce four amides with the molecular for- 
mulae C23H&r CZ~H~,NOZ, CJ-IJL and 
C21H39N02. The ‘H NMR data (Table 1) indicated 
that the first pair were piperidides with and without a 
2$-transdouble bond, while the second one were 
pyrrolidides also differing in saturation. The nature of 
the second oxygen function followed from the IR 
spectra, while its position was deduced from the mass 
spectra, which in all cases showed elimination of Me’, 
Et’, &Hi, C*HL. The last fragment showed loss of a 
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Scheme 1. 

carbonyl, indicating that the keto group could only be 
at C-12. Furthermore the corresponding peaks from a 
McLafferty fragmentation were visible (m/z 295, 293, 
281 and 279 respectively). The other fragments were 
formed by splitting all single bonds of C-l through 
C-11, though some fragments were more intensive 
indicating some preferences (Scheme 1). As all com- 
pounds also showed a prominent fragment, due to the 
corresponding acetyl amide, migration of the double 
bond must also have taken place which probably led 
to the favoured formation of some ions. All data were 
in agreement with structures 4-7. The clear difference 
in polarity of the pairs 4,s and 6,7 is interesting. The 
‘H NMR data of H-2 and H-3, as well as those of the 
amide part, were also typically different. We have 
named the acid corresponding to 5 and 7 lycaonic 
acid. 

A re-investigation of the extract of the roots of A. 
tomentosa L. afforded a further compound, the iso- 
butylamide 2. Its structure clearly followed from the 
‘H NMR data (Table l), which were similar to those 
of 1, except for the amide part. These results again 
showed that different types of amides are typical for 
Achiflea species. Further investigations are required 
to show to what extent these compounds may con- 
tribute to a species grouping within the genus. 

ExPEIuMENTAL 
The roots were extracted with Et@-petrol (1:2) and the 

resulting extracts were separated tirst by CC (Si gel) and the 
polar fractions (Et@-petrol, 1: 1 and Et,O) further by 
repeated TLC (Si gel and partly AgNOrSi gel). Specimen 
vouchers are deposited in the Herbarium of the Institute of 
Botany, University of Vienna. 

Achilles lycaonica (voucher A-1542). The roots (238g) 
afforded 40 mg 3 and 4 (ca 1: 1) as well as 40 mg 5 and 6 (cu 
1: 1). Separation on AgNOr-Si gel (Et&-petrol, 7: 3, x 3) 
gave the pure compounds. 

Achilles spinulifolia (voucher A-1540). The roots (83g) 
afforded 75 mg 1, 8.4 mg 3, 20 mg 8, 95 mg 9 and 10 mg 12. 

Achilles grandifolia (voucher A-1443). The roots (1308) 
afforded 5 mg 10 and 11 (cu 3: 2), which could be separated 
by TLC on AgNO& gel, but only 1 mg pure 11 was 
obtained. 

Achilles tomentosa (uoucher A-1602). The roots (31g) 
afforded in addition to the amides reported earlier [4] 5 mg 2 
(AgNOrSi gel, Et&)-petrol, 4: 1). 

Tetradecu-Zt, 4t. lOc-trien-8-ynoic-piperidide (1). Colour- 
less gum, IR YZ~ cm-‘; 2230 (C =C), 1655, 1630, 1605 

(C=CCON(); UV AZ nm: 257; MS m/z (rel. int.): 285.289 

[Ml+ (ll)(C,&NO), 284 [M-H]+ (12). 270 [M-Me]+ (3), 
256 [M-Et]+ (6). 242 [M - C,H,]+ (2), 179 [M - C,H,]+ (41) 
(McLafferty), 178 [M - CIH,CH=CHCCH21+ (30), 164 [179 - 
Me]+ (14). 112 [CONC~H,J (100). 84 [112 -CO]+ (93). 

Tetradeca - 2t. 4t, 1Oc - trien - 8 - ynoic - iso - butylamide 
(2). Colourless oil, IR ~2 cm-‘: 3448, 1670, 1620 
(CH=CHCONH); UV AZ run: 252; MS m/z (rel. int.): 




