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Abstract-Populations of Ambrosia tenuifolia from four regions of North Central Argentina differed substantially in 
sesquiterpene lactone content. Lactones and la&one derivatives isolated were peruvin, ambrosic acid, cumanin, 
psilostachyin, psilostachyins B and C, dihydropsilostachyin C. ahamisin and altamisic acid. 

INTRODUffION 

A number of years ago one of us [l] briefly reported inter 
dia the isolation of the secoambrosanolide psilostachyin 
(6) from Ambrosia tenuifolia Spreng., a South American 
species which extends from Central Argentina to Uruguay 
and Paraguay [2]. Since phytochemical studies of 
Ambrosia and related species have shown that sesquiter- 
pene lactones are useful taxonomic characters at various 
levels within subtribe Ambrosiinae of Heliantheae [3] we 
now report the results of a thorough examination of four 
Argentinian populations of this species. 

RESULTS AND DISCUSSION 

A population of A. tenui$olia from Entre Rios Province 
furnished the relatively uncommon C-8 lactonized 
ambrosanolide peruvin (l), the rare ambrosic acid (ZP), 
another C-8 lactonized ambrosanolide cumanin (3) and a 
relatively small amount of the secoambrosanolide psilo- 
stachyin C (4)admixed with its 11.13dihydro derivative 5. 
A population from Corriente-s was similar chemically, 
with ambrosic acid as the main constituent, although 4 
and 5 were not isolated. A third collection from Tucum&n 
Province afforded 3 as the main sesquiterpene lactone 
constituent and smaller amounts of 4 and psilostachyin 
(6) whereas a collection from C6rdoba Province gave only 
secoambrosanolides, namely 4, 6, psilostachyin B (7). 
altamisin (8b) and its previously unknown parent 
altamisic acid @a). The structure of 88 was deduced by 
comparingits1HNMRand13CNMRspectrawiththose 
of 8b [4, S] and conversion to a pyrazoline (Tables 1 
and 2). The previously unreported high resolution 
‘H NMR spectra of l-3 and the “CNMR spectra of 1 
and 3 are also listed in the Tables. 

Peruvin (1) was originally found [6] in a collection of A. 
permiana from Hidalgo, Mexico, and has since been 
reported only from a Zacatecas collection of A con_ferti- 
Pora [7] and Russian A. ortentisiifolio [8]. Ambrosic acid 

l In ref. [lo] the collection of A. psfbsrachya was misidcntifiad 
as A. -. we ref. [Ill. 

(2a) was initially synthesized from peruvin [6] and was 
subsequently discovered as a natural product in Japanese 
A. urtemisiifolia [9]. Cumanin (3) has been identified only 
in a few populations of A. psilostochyn [lO-131. A. 
cwnanensis [lo, 111’ and A. artemisiifolia [S] whereas 
psilostachyin (6), psilostachyin B (7) and psilostachyin C 
(4) are more widely distributed in Ambrosia species [3]. 
Altamisin has so far been isolated only from an El 
Salvador collection of A. cumunensis [4]. 

The sesquiterpene lactone chemistry of our A. tenuifolia 
collections seems to be in line with the proposal that the 
species, together with A. peruoiana, represents the 
Southern Hemisphere extension of the recently derived 
specialized North American A. cumanensis-A. psilo- 
stuchya_A. urtemisiifolia complex [2]. Further sampling is 
necessary to inquire into the existence of chemotypes and 
to determine whether the chemistry correlates with 
differences in morphology, if any, and chromosome count 
information which does not seem to exist currently. 

EXPERIMENTAL 

Isolation of Ambrosia tenuifolia constituents. (A) Entre Rios 
collection, collected and identified by Ing. Arg. J. J. Jozami of 
IPNAIS, Santa Fe in October 1983 in Bajada Grande, Paran&. 
Entre Rios Prov., Argentina. Above ground material, 5 kg, was 
extracted with 5 x 12 kg CHCls and worked up in the usual 
fashion [ 141 to give 95 g of crude gum, a 20 g portion of which was 
dissolved in hot &.H,. On cooling there precipitated 274 mg of 
peruvin (1). The C,H,-soluble material was chromatographed 
over 450 g of silica gel (70-270 mesh), 50 ml fractions being 
collected in the following order: CIHdr CIH,-CHCI, (1: I), 
CHCl-MeOH(99:1,49:1andl9:1).Fr.18-19gave380mgof 
peruvin, fr. 21 gave Wmg of ambrosic acid @a). 
Rechromatography of fr. 2&23 gave 180mg of cumanin (3). 
Chromatography of the remaining 75 g of gum and rechromato- 
graphy of the fractions of interest gave in addition to 1.2a and 3. 
232 mg of psilostachyin C (4) mixed with about 10% of 11,13- 
dihydropsilostachyin C (5) (NMR analysis). 

(B)Tucu& collection, collected by Dr. C. C&al&n on 
November 24, 1983, in Montaegudo, Simoca. Tucu& Prov. 
and identified by Ing. Agr. P. R. Legname (voucher *9074 on 
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deposit in Fundaci6n Miguel Lillo, Tucuman). Above ground 
rmrtaial(1.3kg)wasextractsdthrcttimwwith7kgCHCI,each. 
The residue from the first extraction (37 % of total residue) was 
worked up in the usual fashion to give 19 g of crude gum which 
was taken up in hot CsH,-EtOAc. Cooling and recrystallization 
of the ppt from MeOH-CHCls afforded 284 mg of psilostachyin 
(6). Chromatography of the soluble material over 450 g silica gel 
(60 mesh), 125 mg fractions being collected with CHCI, and 
CHCls-MeOH (99 : 1 and 49 : l), gave in fr. 15-22 877 mg of 6, in 
fr.24-26 95Omgofamixtureof4md6andinfr.29-31 1.99g 
of 3. Rechromatography of the mixture gave 7 12 mg 6 and 3 1 mg 
of 4. 

(C) Corriente-s c&action collected and identified by Dr. A. T. 
Ricciardi. Universidad Naeional del Noreste, Corrientes. in 
March of 1984 in the city of Corrientes, Corrientes Prov. Above 
ground material (1.5 kg) was extracted x 3 with 8 I. CHCI,. The 
residue from the first extraction (50% of total residue) was 
worked up in the usual fashion to give 22.3 g of crude gum which 
was chromatographed over silica gel (60 mesh), 125 ml fractions 
beingcoUectedwithCHCl,,CHCl~-MeDH (19: 1.9: 1 and4: 1) 
Trituration of the various fractions with Et,0 afforded from fr. 2 
(CHCls-MeOH. 19: 1) 162mg of 1, from fr. 3 and 4 
(CHCl,-MeOH, 19: 1) 781 mg of 2, and from fr. 5 
(CHQ-MeOH, 19 : 1) 65 mg of 3. The mother liquors afforded 
an additional 375 mg of 2. 
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(D) Cdrdobacollection (voucher no. 3035 on deposit in Musw 
Botanico, cdrdoba, collected in Ascochinga, Dept. Colon, 
Cdrdoba Prov. in February 1984 and identified by Dr. Luis Ariza 
Espinar). Above ground material (1.88 kg) was extracted x 3 with 
8 I. CHCI, each. The residue from the first extraction (43 % of 
total residue) was worked up in the usual fashion to give 21.6 g of 
crude gum which was dissolved in hot EtOH. On cooling there 
predpitated 3.5Og of lactone mixture A. Evaporation of the 
tiltratc and trituration of the residue with Et,O-C,Hs afforded 
1.06 g of lactose mixture B and, on prolonged standing, 2.65 g of 
lactone mixture C as well as a 6ltrate.D. Chromatography of 
mixture A (37 g of silica gel, duent CHCI,. 20 ml fractions) gave 
in fr. 1-3 831 mg of a 1: 1 mixture of 4 and 6 and in fr. 4-10 
562mgof4.LactonemixtureBwasal:lmixtureof4and6. 
Mixture C was taken up in hot EtOH; cooling afforded a mixture 
of three lactones (997 mg) which was chromatograpbed over 30 g 
of silica gel (duents CHCI, and CHCl,-MeOH. 99 : I). Fr. l-4 
(289 mg) were mainly 4 and fr. S8 (621 mg) were pure 6. The 
residue (1.6 g) from the EtOH mother liquor of C was chromate- 
graphed (32g silica gel. CHCI, and CHCl, with increasing 
amounts of MeOH). Fr. 1-14 (CHCls-MeDH, 199: I) afforded 
789 mg of psilostachyin B (V Fr. 29 (CHCIs-MeOH. 99: I) 
duted62 mgof6and fr. 37 (CHCl,-MeDH.9: 1)duted 10 mgof 
altamisic acid @a). More of & was obtained by evaporating 
filtrate D and chrornatographing the residue (2u)g silica geL 
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Tabk 1. ‘H NMR ~Ix&B (270 MHz. CDCl,) 

1 
2a 
2b 
3 
4 
60 
6b 
7 
8 

9a 22Om 

9b 1.87 m 

10 2.05 m 
lk 6.23 d (6.19) 
13b 5.66 d (5.07) 
14. 1.22 d (0.59) 
15. 1.08 (0.49) 

- 
2.42 m 
1.69 m 
2.44m 

- 

2.56 dd 
1.47 dd 
3.84 ddddd (3.62) 
4.94 ddd (4.48) 

- 
1.74 ddd 

1 
2s 
2.5 c 

- 
1.51 br t 
2.13 br dd 
2.94 br dt 
4.36 m 

2.22 m 1.76 ddd 
1.36 m 1.29 m 
2.22 m 1.29 m 
6.42 br 6.20 d (6.27) 
5.65 br d 4.97 d (5.62) 
1.26 d 0.67 d (1.04) 
1.08 0.72 (0.98) 

0.55 m 
1.40 dd 
1.50 ddd 
3.59 dt (4.21) 
2.95 d (3.51) 
1.65 dd 
1.13 br t 
2.30 ddddd (3.14) 
3.57 ddd (4.68) 

- 
2.3- 
2.7 c 

- 

4.81 d 
- 

3.36 ddddd 
2.12 ddt, 
1.88 dddd 
2s 
2.7 c 

- 

6.26 d 
5.55 d 
1.77 br 
1.53 

- 
2.78 ddd 
2% 
2.6~ 

- 

4.74 d 
- 

3.53 ddddd 
2.16 WI, 
1.78 m 
2.3-2.6 c 

- 

6.22 d 
5.52 d 
1.74 br 
1.21 

I (Hz), compound I: 6a,6b - 16; 647 - 5.5; 6b.7 = 12; 7,8 = 8; 7,lk = 3; 7,13b - 2.5; 89a = 125; 
8.9b - 3; 10.14 = 7. Compound 2: 2a.3a = 8; 2a.3b = 3; 6a.6b - 6a.7 - 14 6b.7 = 5.5; 7.8 - 5; 8,9a 
= 6.5; lOJ4 = 7. Compound 3: 1,2a - 7; 1,2b very xma& 2a,2b = 13; 2a.3 - 8; 2b.3 = 5; 3.4 = 10.14 
= 7.5; 6a,6b = 15; 6a.7 = 4; 6b,7 = IS; 7.8 = 8; 7,lk = 89a - 3; 7,13b = 2.5; 8,!Ib mm& 9a,9b = 15. 
Compound 7,k 6.7 = 9; 7.8a = 5.5; 7,8b = 12, 7,13a = 3.5; 7,13b - 3 &8b = 14; 8a,9a - 4 or 5.5, 
8a.9b = 5.5 or 4; 8b,9a = 10 or 5.8b.9b = 5 or 19 in scl, 2a.2b = 14.5; 2aJa = IQ 2a,3b - 5. 

+1ntcnxity 3 protons 
tFigura in parcntkau for C,D, xolution. 
$In C,D, plux HxQ ligurcs in parenthew for CDCl, xolution. 

Table 2. “C NMR m (CDCl,) 

C 1* 3* ‘It gat SW St 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

83.77 s 41.u) d 133.0 s 133.8 s: 
3266 t 40.81 t 25.0 t $ 25.4 t 
35.62 t 68.35d 34.6 t 34.0 19 

216.25 s 77.13 d 170.5 s 179.0 s 
54.79 s 44.14 s 86.7 s 76.9 s 
31.56 t 35.04 I 83.2 d 85.7 d 
38.89 d 37.71 d 41.3 d 41.7 d 
80.71 d 80.06d 29.7 t 34.5 t§ 
36.69 t 36.43 t 25.8 I: 25.4 t 
41.14 d 30.13 d 125.9 s 132.5 s: 

141.29 s 139.84 s 138.3 s 138.4 s 
170.44 s 169.83 s 169.5 s 170.2 s 

122.50 t 122.92 t 120.3 t 120.1 t 
18.79 9 16.69 9 23.5 q 24.4 q 
22.71 q 17.77 q 22.8 q 22.6 q 

134.0 s: 133.8 s: 
25.6 t 25.5 t 
34.0 19 33.5 t 

173.7 s 174.1 s 
77.9 s 75.3 s 
85.7 d 87.0 d 

41.7 d 43.3 d 
34.814 34.3t 
25.6 t 25.5 t 

132.3 s: 133.6 s$ 
138.5 s 99.0 s 
170.1 s 173.0 s 
120.0 t 22.6 
24.5 q 26.5 q 
22.6 q 22.7 q 
59.9 q 51.4 t 
14.08 q 78.5 t 

*Run at 67.89 MHz using DEPT sequena. 
tRun at 20.15 MHz using DEFT scqucna. 

$~Amignmcnts with the same sign in the name column may be 
interchanged. 

125 ml fractionx, duentx CHCl, and CHCl,-MeOH, 199: 1, (CHCl,-MeOH, 23:2 and 4: 1) and trituration with hot Et20 
49:1,24:1,23:2,4:1).Rcchromatographyoffr.2-6elutaiwith eventually furnished 160 mg of gb. 
CHCI, gave 46 mg of altamixin (Ilbk fr. 16 and 17 Charrrcicrkation o/products. Pcruvin (I), mp unxharp (daz) lit. 
(CHCl,-M&H, 199: 1)containai a lactonc mixture. primarily 4 mp 191-193” [a]; UV 1,212 nm; IR cm-‘: 3449, v, 1739, 
and 6. Extcnxivc rccluomatography of the material from fr. 20-28 1723. and 1652; MS m/z (rcl. int): 254 (45.2), 246 (21.9). 138 (100). 
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