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Abstract-A reinvestigation of the root extract of Achilles agerufifoliu led to the identification of nine new alkamides. 
Their structures and stereochemistries were elucidated by spectroscopic methods. Apart from the pyrrolidides and 
dehydropyrrolidides previously published for that species four further pyrrolidides together with five pyrrolides were 
isolated. The latter derivatives fall into a new series of alkamides. The different patterns of unsaturatioo of the acid 
residues suggest close biogenetic connections with oleic and crepenynic acid. 

INTRODUCTION 

Achilles agerurifolia (Sibth. & Smith) Roiss. ssp. serbica 
(Nym.) Heimerl, distributed in the central part of Balkan 
peninsula, has already been investigated chemically. The 
underground parts were shown to accumulate unsatu- 
rated C, 6 alkamides mainly characterized by dehydropyr- 
rolidine and pyrrolidine moieties Cl]. As with the other 
amides known from the genus Achilles [2]. they have been 
detected by comparative UV analyses and were isolated 
from the more polar column fractions (silica gel, 
petrol-ethyl ether, 1: I; and ethyl ether). In A. agerarifolia, 
however, corresponding UV spectra of the less polar 
fractions (petrol-thy1 ether, 9: 1 and 3: 1) suggested a 
further series of related compounds with similar chrom- 
ophores. These fractions were also observed in other 
provenances of that species. 

A re-investigation of the underground parts of a wild 
collection, originating from Yugoslavia, led to the identifi- 
cation of nine new alkamides. 

RESULTS AND DISCUSSION 

From the less polar column fractionsofthe petrol*thyl 
ether (2: 1) extract five derivatives were isolated which 
belong to a new type of alkamide. All are characterized by 
a pyrrole moiety. Whereas the acid residues of the major 
compounds 1 and 2 have already been described for 
corresponding dehydropyrrolidides (pyrrolideides), pyr- 
rolidides and isobutylamides ([ 11. compare also 7 and lo), 
those of the amides 3.4 and 5 are reported here for the first 
time. 

The analysis of the more polar fractions revealed in 
addition to the compounds reported previously Cl], 
(+ )sesamin, sitosterol, stigmasterol as well as four new 
pyrrolidides (69). Comparing the chain length of the acid 
residues, in A. ageratifolia obviously the Cl,, amides 
dominate, whereas the C, r (5) and CI1 (8, 9) derivatives 
occur only in small amounts. The different patterns of 
unsaturation resemble those of some Cla alkamida 
which have recently been isolated from A. lycaonica and 
A. chumaernelifoliu and have led to some general conclu- 
sions about the biogenetic connections of the acid 

moieties [3]. Taking into account a loss of two carbon 
atoms by f3_oxidation, the Z-orientated double bond at 
position C-7/C-8 (in 1, 3, 4, 7) may be directly derived 
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deposited at the Herbarium of the Institute of Botany, University 
of Vienna (WV). 

Fresh air-dried underground parts (160 g) were cut into small 
pieces and extracted with petrol (60-80”bEt,O (2: 1) for several 
days at room temp. The resulting extract was roughly frac- 
tionated by CC (silica gel). The CC fractions were taken as 
follows, A: petrol and petrol-Et20 (19: I), B: petrol-Et,0 (9: I), 
C: petrol-Et,0 (3:1), D: petrol-Et,0 (l:l), E: EtsO, FI 
Et+McOH (9: 1). Fraction A gave nothing of interest. Prep. 
TLC of fraction B (silica gel. PF 254, petrol-Et,O, 19: 1. two 
developments) gave 20 mg 1 (RI 0.5), 15 mg 2 (R, 0.35) and a 
mixture which gave by repeated prep. TLC 5 mg 4 (R, 0.7) and 
5 mg 3 (R, 0.58). Repeated prep. TLC of fraction C (petrol-EtsO. 
3: 1)gavc 2 mg 5 (R, 0.6). Prep. TLC of fraction D (Et,C%petrol, 
I : 1) gave 5 mg ( + @samin, I5 mg coniferyldec-2Ecn4ynoatc. 
5 mg sitosterol and 5 mg stigmasterol. Prep. TLC of fraction E 
gave 20 mg hexadeca-2E,6E,8E-tricn-lO-ynoic acid dehydropyr- 
rolidide, 2 mg hexadeca-2E,7Z. 1 ZZ-trien- IGynoic acid dehyd- 
ropyrrolidide and 0.5 mg hexadeca-2E. 6E. 8E-trien-lo-ynoic 
acid isobutylamide[l]. Prep. TLC of fraction F (Et#IQxetrol, 
3: 1, two developments) gave 30 mg lOand a mixture which gave 
by HPLC (RP 8, MeOH-H20, 4:1, ca lOObar) 2mg 8 (R, 

4.7 min.), I mg 9 (R, 5.7 min.). purified by prep. TLC 
(Et+petrol, 3: I, five developments) 6 mg 7 (R, 8.6 min.) and 
2 mg 6 (R, 10.3 min.). 

Hexadeco-2E. 7Zdicn-IO-ynoic acid pyrrolidc (1). Colourlas 
oil; IJVAz”nm: 249,218; IRvscm-‘: 3013, 2925 (5). 2854, 
1698 (s), 1638 (s), 1462 (s), 1403,1341 (s), 1284 (s), 1258, 1122 (s), 
1070 (s), 968. 935 (s), 864. 690, 590, MS m/z (rel. int.): 297.209 
[hi] + (7) (cak. for CxOH2,NO: 297.209), 296 [M - 1 J * (2). 254 
[M-CJH,J* (10),24O[M-C,He]+ (12),226[M-C,H,,]+ 
(64), 67 [C,H,N-j + (100); “CNMR (CDCI,, C-I-C-16): 162.7 s. 
119.6d,152.4d,31.1 r,26.5r.27.6r.126.1d,129.9d,17.3r.80.4s, 

78.0s. 18.71.28.7t.32.3r.22.2 t, 14.Oq;C-I’ 119.2d;C-2’113.1 d 

(a few signals may be interchangeable). 
Hexadeca-ZE, 6E, 8E-trien-l&ynoic acid pyrrolide (2). 

Colourless crystals, mp 34”; UVIznm: 277 sh, 266; 
lRv$$n-‘: 3015.2925 (s), 2853,2206, 1700 (s), 1638 (s), 1462 
(s), 1403.1346 (s), 1292 (s), 1261 (s), I121 (s), 1070 (s), 980 (s), 930, 
690, 591; MS m/z (rel. int.): 295.194 [Ml’ (10) (talc. for 
CloHs,NO: 295.194), 161 [C,H, ,C=C(CH=CH)sCHJ + (34). 
105 (46). 91 (lOO), 67 (62). 

Hexadeca-7Z-en-IO-ynoic acid pyrrolide (3). Colourless oil; 
UVIznm: 236; IRvc~cn~‘: 3010.2925 (5). 2852 1720 (5). 
1638,1463(s),1402,1331.1277(s).1116(s).1070(s),921.692,610; 
MS m/z (rel. int.): 299.225 [M]’ (talc. for Cz0H2,NO: 299.225). 
95 (26). 81 (36), 68 (68), 67 (100). 

Hexadeca-ZE, 7Zdienok acid pyrrolide (4). Colourkss oil; 
UVIznm: 247,219; IRv$$cm-‘: 2999.2922 (s), 2849.1698 
(s), 1638 (s), 1462 (s), 1403, 1341 (s), 1286 (s), 1257, 1119 (s), 1070 
(s),969,935 (s), 864,690.591; MSm/z (rel. int.)301.241 [M] l (4.5) 
(cak. for t&H,,NO: 301.241). 235 [M -C.H,N]’ (8). 93 (42). 
81 (66), 67 (100). 

3,bEpox~4iodecanoic acid pyrrolide (5). Colourless oil; 
UVIznm: 237; IRvscm ‘: 2950.2922 (s), 2850, 1716‘(s). 
1463 (s), 1402 1332 (s), 1306,1250,1064 (s), 923 (s), 692,619 MS 
m/z (tel. int.): 263.188 [hi]’ (8) (cak. for C16H2,NOz: 263.188), 
197 [M-C,H,N]+ (3), 178 [M-&H,,]’ (5). 155 [M 
- CHxCONC,H,] + (3), 95 (20), 67 (100); “C NMR (CD&, C- 
I-C-12): 168.5 s. 41.2 r, 74.5 d. 31.8 t, 32.2 t. 79.3 d, 35.8 t, 26.1 t, 
29.4t,31.8t,22.61. 14.1q;C-1’119.2d;C-2’113.1d. 

Hexadec&E. IEdien-IO-ynoic acid pyrrolidide (6). Colourless 
oil; UVI~~nm: 277,266, IRv$$cn~‘: 3010.2924 (s), 2852, 
1641 (s), 1422 (s), 1339,1319. 1223, 1189, 1164,1085,980 (s); MS 
m/z (rel. int.): 301.241 [Ml’ (12) (talc. for Cz,,H,,NO: 301.241), 
232 [M-C,H,N]’ (8). 202 (38). 113 (100) 98 (72). 70 

CC.HnNl * (62). 
Hexadeca-2E. 7Zdien-IO-ynoic acid pyrrolidide (7). Colourless 

oil; UVI$pnm: 246, 219; IRvscm-‘: 3009.2923 (s), 2865, 
1657(s),1615(s~1419(s),1338,1300,1286,12221188.1164.1093, 
1037.974912.857.688; MSm/z (rel. int.): 301.241 [M] l (2) (cak. 
for CzoHJINO: 301.241). MO [M - I]’ (3), 258 [M -C,H,]+ 
(12), 244 [M -C,HP]+ (100). 232 [M-C,H,N]+ (28), 98 (75), 
70 [C.H,N-J* (68). 55 (100). 

Terradeco-2E,4E-dien-8-ynoic acid pyrrolidide (8). Colourless 
oil; UVI,$$nm: 256, IRvscm-‘: 2946.2923 (s), 2865. 1649 
(s), 1623 (s), 1598 (s), 1414 (s), 1341,1332,1297,1222.1189,1165, 
I1 13.1037.994 (s),913,862; MSm/z (rel. int.): 273.209 [M]’ (16) 
(talc. for C,~Hr,NO: 273.209), 272 [M-H]+ (37). 244 [M 
-Et]* (6). 230 [M-C,H,]+ (18) 216[M -C,H,]’ (22). 202 
[M - C,HP]’ (40). 164 (84). 98 (96) 70 [C.H,N]’ (82), 55 (100). 

Tetradeca-2E,4E,8Z,l IZ-terraenoic acid pyrrolidide (9). 

Colourlcss oil; UV1 F$ nm: 256; IR v $$ cm _ ‘: 3003.2959 (s), 
2923 (s), 2865, 1649 (s), 1621 (s), 1598 (s), 1413 (s), 1339, 1331, 
1298,1222,1188,1163,1112,1037,994(s),913,862,693;MSm/z 
(rel. int.): 273.209 [M] l (9) (cak. for C,sHr,NO: 273.209A 272 
[M - I]’ (6). 246 (4), 232 (7). 218 (8). 204 (20), 165 (26) 164 (32), 
98 (94), 67 (94), 55 (100). 
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