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Abstract—FEleven sesquiterpene lactones were isolated from above ground organs of Neurolaena lobata, obtained
from Guatemala. Their structures were established by NMR spectroscopic methods, including 2D-NMR, as well as
GC-MS analysis. Differences in the sesquiterpene lactone pattern and content in plants of different geographical

origin is discussed.

INTRODUCTION

Neurolaena lobata (L) R.Br. is a widespread Central
American plant, which occurs throughout much of
northwestern South America, through Central America
into southern Mexico and throughout most of the Cari-
bbean islands [1]. The placement of the tropical genus
Neurolaena within the Asteraceae has been the subject of
considerable discussion. In proposing the genus R.
Brown (1817) considered its relationship to be with, or
near Calea (tribe Heliantheae, subtribe Galinsoginae).
Later Stuessy [2] and Robinson [3] in a first revision
recognized Neurolaena and related genera as constitu-
ents of a new subtribe Neuroleninae, whereas Turner [1],
after studying several members of the genus Neurolaena
in greater detail, placed Neurolaena in the subtribe
Galinsoginae (Heliantheae).

The caribs of Guatemala use N. lobata as a remedy
against several diseases, including malaria, stomach
pains, diabetes and skin diseases [4]. Furthermore, it is
used by some ethnic groups in the Antilles for the treat-
ment of cancer [5].

Up to now, the germacranolide sesquiterpene lactones
neurolenin A (1) and neurolenin B (2) were isolated as the
main constituents from N. lobata collected in Trinidad
[6], whereas Borges del Castillo et al. [7] found beside
2 the new germacranolide lobatin A (7) as well as the
furanoheliangolide lobatin B (8) in plants collected in
Panama. Interestingly, the main compound 1 in plants
from Trinidad was missing in this collection. Further-
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more, 12 flavonoids were described by Kerr et al. [8] and
Bohlmann et al. [9] reported thymol derivatives from
roots of N. lobata.

The present paper deals with the isolation and struc-
ture elucidation of seven further sesquiterpene lactones,
the germacranolides 3-6 and the furanoheliangolides
9-11 from above ground organs of N. lobata, grown in
Guatemala. Owing to the incomplete NMR data of 2,
7 and 8 [6, 7] we herein give the complete and in certain
details revised data, confirmed by 2D-COSY, 2D-
HMQC, 2D-HETCOR and !*C-DEPT experiments.

RESULTS AND DISCUSSION

The dichloromethane extract of N. lobata was purified
by CC on a Sephadex LH 20 column to give two frac-
tions rich in sesquiterpene lactones. Further purification
afforded neurolenin B (2) [6, 10] as the main constituent.
Its complete NMR data are given in Tables 1 and 2,
additionally confirmed by 2D-COSY, 2D-HETCOR and
DEPT-135 experiments for the first time. Compared to
the assignments made by Herz [10], the data only require
an exchange of the assignments for the carbonyl-carbon
shifts of the lactone moiety (C-12) and the carbonyl
carbon (C-1”) of the acetate.

Neurolenin A (1), isolated from plants, collected in
Trinidad [6], as the main constituent, could be detected
only in traces. Its identity was established by TLC, GC
and GC-MS analysis in direct comparison with an auth-
entic sample of neurolenin A.

Further TLC studies, showed the same fraction to
contain two relatively more hydrophilic compounds
3 and 4, which both also gave brown coloured reaction
products after treatment with anisaldehyde-H,SO,. It
was not possible to separate them, therefore structure
elucidation was made with the mixture. In comparison to
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2 the mass spectrum of 3 and 4 showed a similar frag-
mentation pattern, but the molecular ion at m/z 380
indicated the absence of the acetyl group. In accordance
with this the NMR spectra showed in comparison to
2 the absence of the signals for the acetyl ester group for
both compounds and in agreement with this the
I3CNMR spectrum of the mixture, displayed the signals
of a hydroxylated methine carbon at §74.1 (C-8 of 3) and
a further hydroxylated methine carbon at 74.7 (C-9
of 4). In the 'H NMR spectrum the signals for the corres-
ponding protons were located at §3.99 (H-8 of 3) and 3.82
(H-9 of 4), which clearly showed the presence of a free
OH-group at C-8 (3) or C-9 (4), respectively. Therefore,
both compounds were isomeric isovalerianyl esters, dif-
fering only in the position of the ester group, for which we
propose the names neurolenin C (3) and neurolenin D (4).
The complete assignments of the 'H and '*C NMR sig-
nals of these new compounds were made by analysis of
the DEPT-135, 2D-COSY and 2D-HMQC spectra in
view of the different content of 3 and 4 in the mixture.

1 H ival H

2 Oac ival H

3 Oival H H

4 OH ival H

5 Oac ival OH

6 Oac 5-OH-tig H
or 5-OH-ang

Besides 1-4 traces of 5 and 6 were detected and identi-
fied by GC-MS analysis (GC: R, 13.3 and 13.05min,
respectively). Their fragmentation pattern was similar to
that of 2. Compound 5 ([M]* at m/z 438) showed char-
acteristic fragment ions at m/z 396 [M — CH,CO]",
3718 [M —MeCO,H]", 354 [M — C,H,CO]", 336
[M - C,H,CO,H]* and 294 [M — (C,H,COOH
+ CH,CO)]* owing to the presence of an acetyl- and
a valerianoyl-moiety. The molecular ion at m/z 438 and
the fragmentation pattern clearly indicated the presence
of a CH,OH-group at C-4. The mass spectrum of
6 ([M]* at m/z 436) was also similar to those of 2-5, The
main differences were the presence of three intensive
fragment ions at m/z 99 [Me — CH=C(CH,OH)CO] ",
82 [99 — OH] and 71 [99 — CO]J ", which are character-
istic for a hydroxytigloyl- or hydroxyangeloyl-ester
group [11]. The molecular ion at m/z 436, and fragment
ions, detected at m/z 394 [M — CH,CO]*, 338
[M - C,H5(OH)CO]" and 296 [M — (CH,CO +
C.Hs(OH)CO)]™" were in agreement with the presence of



Sesquiterpene lactones from Neurolaena lobata

Table 1. *>*CNMR data of isolated compounds (125 MHz,
CDCl;, TMS as int. standard)*

C 2 3 4 7 8 10
1 2047s 2042s 2044s 2106s 2039s 2043s
2 1254d 1244d 1242d 360: 1042d 103.7d
3 1482d 1470d 1472d 1214d 1857s 1931
4 283d 273d 2704 1368s 1314s 314d
S5 403t 393t 393¢ 429¢ 13434 409t
6 764d 7554 755d 725d 734d 729s
7 41.3d 4144 407d 421r 441d 458d
8 740d 741d 764d T766d 772d 774d
9 739d 7534 747d 7T66d 752d 7464
10 794s 784s B800s 805s 898s 910s
11 1349s 1366s 1347s 1343s 1391s 13995
12 168.7s 1688s 168.1s 1683s 1686s 1688s
13 1265t 1228¢ 1245:¢ 1244: 1246t 1239:¢
14 237q 2469 244q 2559 1969 188¢g
15 197q 187g 187q 225q 177q 162¢g
" 1711s 17205 1726s 1705s 1714s 1716
2 426t 420: 420:¢ 421t 428: 4281:
k3 249d 246d 244d 2544 253d 252d
4 223q 213qg 212q 223¢q 222q 2234
5 223q 214qg 24q 2234 223q 2244
1”7 1703s — — 1708 s — e
2" 206 q — 2059 — —

*Multiplicities were determined by '3C-DEPT technique.

an acetyl and hydroxytigloyl- or hydroxyangeloyl ester
group. Both characterized compounds are new natural
products, to the best of our knowledge. Referring to the
literature [6], we propose the names neurolenin E (8§) and
F (6).

Additionally, the already known compounds lobatin
A (7) and lobatin B (8), first isolated by Borges del
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Castillo et al. [7] from N. lobata leaves, collected in
Panama, were isolated. The complete NMR data, includ-
ing !3C NMR, confirmed by 2D-COSY and DEPT-135
experiments, are given in Tables 1-3. Traces of com-
pound 9 were detected by GC-MS analysis (R, 13.02 min;
[M]" at m/z 418) and identified as an 8-O-acetyl deriva-
tive of 8 ( = lobatin C).

The mass spectra of the isolated new compounds 10
and 11 showed molecular ions at m/z 378 and 420, two
mass units higher than seen in 8 and 9. The fragmenta-
tion indicated the presence of a saturated Cs-acid ester in
both compounds, and for 11 additional fragments owing
to the loss of an acetyl group. Thus, these compounds
should be the dihydro-derivatives of 8 and 9, respectively.
As expected, the "H NMR spectra of both compounds
displayed the signals for an isovalerianyl ester group and
an additional O-acetyl group for 11. In comparison to
8 the signals of H-5 and H-6 at §5.98 and 5.33 were
shifted to 62.60 (H-5a), 2.06 (H-5b) and 4.49 (H-6), owing
to the hydrogenation of the A**-double bond. This was
also evident from the signals of H-4 and H-15, which
were seen as a multiplet at $3.04 and as a three proton
doublet at §1.40. The chemical shifts for H-8 and H-9 of
10 at 64.12 and 5.08, respectively, corresponded to those
of 8. The esterification of the hydroxyl group at C-9in 11
follows from the downfield shift of H-9 to 65.32, com-
pared to 8 and 10. Furanoheliangolides with the carbon
skeleton of 10 and 11 and various other ester derivatives
were previously found in Calea species [10, 12-14]. The
isovalerates 10 (8f-isovalerianyloxy-9«-hydroxy-caly-
culatolide) and 11 (8f-isovalerianyloxy-9x-acetoxy-caly-
culatolide) are new natural compounds to the best of our
knowledge.

The sesquiterpene lactones of N. lobata, isolated so far,
clearly show its relation to the well known large genus

Table 2. '"H NMR spectral data of isolated compounds (500 MHz, CDCl;, TMS as int. standard)

H 2 3 4 7 8 10 11
2 6.59 d 6.52d 6.44 d 3.57dd 5635 5.58 s 5.60
3.07 dd
3 6.00 ¢ 592 5.87¢ 590 ¢ — —
4 3l m 302 m 3.1 m — — 3.04 m 305m
Sa 1.83 ddd 1.77 ddd 1.73 ddd 283dd 598 m 260m 259 m
5b 1.42 ddd 1.37 ddd 1.34 ddd 274dd — 2.06 dd 2.06 dd
6 4.56 dd 442 dd 4.38 dd 492ddd 533m  4494dd (br) 4.39 dd (br)
7 2.58 s 243d 2.56d 262m  383m 363Im 353 m
8 5.55 d* 3.99 dd 5.24 dd 586dd 510dd 5084d 5.02d
9 5.55 d* 540 d 3.82d 5.66 d 4.04 d 4124 532d
132 631 s (br) 6.25s(br) 621 5 (br) 6.31d 6.36 d 6.34 d 6.33d
13b 581 s{br) 5.64 d 5.69 d 5.69 d 575d 574 d 547d
14 133 s 1.26 s 145 s 1.33 s 1.56 s 1.49 5 1.36 s
15 1.14 d 1.06 d 1.06 d 185 s 207d 1.40 d 140 d
2’a 2.09- 226 m 207 m 21l m 213 m 211l m 208 m
2’b 196 m 226 m 207 m 206m  213m 209 m 208 m
3 195 m 205 m 1.98 m 196m 200m 198 m 1.99m
4 087d 0924 0.85d 0.88 d 091d 091 d 0914
5 0.87 d 091d 0.85d 0.86 d 0.89 d 090 d 0.89 d
2" 210 s — — 2.15s — — 225s

*Centre of an AB-system.
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Table 3. Coupling constants J (Hz) of isolated compounds

H 2 3 4 7 8 10 1t

2a,2b 15.89

2,3 11.8 11.8 119

2a,3 9.58

2b,3 813

3,4 11.5 11.5 11.5

4,15 6.28 6.28 6.3 7.0 70
4,5a 12.0 12.0 11.9

4,5b 54 54 54

5a,5b 13.7 135 13.3 15.13

5a,6 48 49 4.9 3.59

Sb,6 12.1 11.8 11.8 4.19

8,9 10.0 9.4 9.5 10.5 5.0 5.0 5.0
7,8 1.6 1.35 1.5

7,13a 0.98 1.0 327 30 3.0
7,13b 2.88 2.5 3.0
3,(4,5) 6.0 6.8 6.5 6.74 6.3 6.6 6.5

Calea (Galinsoginae). As in Calea [15], we have found
sesquiterpene lactones with furanoheliangolide and ger-
macranolide structures, which supports the placement of
the genus Neurolaena in the subtribe Galinsoginae [1].

Interestingly, N. lobata plants of different geographical
origin show some qualitative and quantitative variations
in their sesquiterpene lactone content. Whereas neur-
olenin A (1) is the major compound in plants from
Trinidad [6], we only found this compound in traces in
our plants of Guatemalean origin and it is obviously
lacking in plants from Panama. [7]. Therefore, N. lobata
seems to be a species, which shows an infraspecific varia-
bility in its sesquiterpene lactone pattern, as described for
many other widely distributed species of the Asteraceae
[16-20].

EXPERIMENTAL

Plant material. Neurolaena lobata (L.) R. Br. was col-
lected near San Pedro Carcha, Alta Verapaz (1090 m),
Guatemala at flowering stage and air-dried, vouchers are
on deposit at the herbarium of the Universidad del Valle
de Guatemala and at the Institut fiir Pharmazeutische
Biologie, Heinrich-Heine-Universitit Diisseldorf (Reg.
No. 143).

Extraction and isolation. Ground material (1.35 kg)
was extracted with CH,Cl, in a Soxhlet apparatus.
Evapn of the solvent in vacuo gave 75 g crude extract.
A portion of this extract (30 g) was separated by CC on
Sephadex LH 20 (Pharmacia) with MeOH to give 10
fractions (TLC controlled, toluene-EtQAc, 3:2). Fr.
3 (8.3 g) was chromatographed on a silica gel 60 column
with toluene~EtOAc (6:4) to give 17 fractions. Further
purification by prep. TLC or MPLC gave pure, crystal-
line 2 (260 mg), an inseparable mixture of 3 and 4 (68 mg),
3mg 7, 6mg 8, 5mg 10 and 6 mg 11.

NMR: Bruker AMX 500, 500 MHz (‘HNMR) and
125 MHz (**CNMR) in CDCl;, TMS as int. standard.

MS: EI (70 eV) on Varian MAT CH7A using GC-MS
combined with gas chromatograph Varian 2700 and
MAT 1020 automated GC-MS. GC: column OV-01,
25 m x 0.25 mm. Temp. prog. 150° to 270° at 10° min ™!
Inj./det. temp. 300°. Carrier N, at 1.3 mImin~ ', R, (min):
1: 12.84; 2: 12.7; 3 and 4 decomp.; 5: 13.3; 6: 13.05; 7:
12.59;8: 12.08;9: 13.02; 10: 11.58; 11: 13.29. TLC: silica gel
60 F, 54, toluene—EtOAc (3:2). Detection anisaldehyde—
H,S0,. R,: 1: 0.58; 2: 0.53; 3: 0.42; 4: 0.29; 5: n.d.; 6: 0.54;
7: 0.39; 8: 0.38; 9: nd.; 10: 0.31; 11: 0.49. MPLC: Knaur
HPLC system (flow 5 mlmin~!), RP 18 silica gel column
(Lichroprep 25-40 um). Solvent system: MeOH-H,0,
2:3 (10 min hold) to 1:1 in 20 min. HPLC: Hewlett
Packard 1050 system, with UV detection at 225 nm, RP
18 (5um) silica gel column (12.5cm x5mm), flow
1.8 mlmin~!. Solvent system: MeOH-H,O (9:11). R,
(min); 1 15.31; 2: 14.43; 3: 7.49; 4: 5.66; 5. nd.; 6: nd.; 7:
19.26; 8: 11.64; 9: nd.; 10: 8.11; 11: n.d.

Compound 1 (neurolenin A): C;0H,5404, MS m/z (rel.
int): 364 [M]* (1) 346 [M —H,0]" (2 280
[M — C,HgCO]™* (3); 262 [M — (C,H,COOH)]* (3);
234 (5); 216 (10); 201 (18); 191 (12); 173 (20); 159 (14); 147
(29); 145 (30); 131 (21); 123 (37); 111 (50); 109 (53); 98 (82);
85 [C,H,CO]™" (71); 66 (51); 57 [85 — CO1* (79); 43
(100).

Compound 2 (neurolenin B). C,,H3,03, white crystals,
mp 157° UV M9 nm: 212; MS m/z (rel. int.): 422 [M]*
(1); 380 [M — CH,CO]"* (12); 362 [M — HOAc]™ (5);
338 [M — C,H CO]1* (20); 320 (10); 278 (8); 250 (5); 235
(4); 217 (4); 207 (3); 189 (5); 165 (5); 149 (4); 125 (4); 111 (7);
97 (6); 85 [C,HoCOJ* (45); 83 (35); 69 (13); 57 (55); 55
(18); 43 (100).

Compound 3 (neurolenin C) and 4 (neurolenin D).
C,0H,305, crystalline mixture, mp 78°% UV AMOH
212; MS 70 eV (direct inlet) m/z (rel. int.): 380 [M]* (1);
296 [M — C,HgCOJ™ (15); 235 (10); 193 (15); 111 (20); 85
[C,H,CO1™* (50); 57 (55); 43 (100).

Compound 5 (neurolenin E). C;;H300o, MS m/z
(rel. int). 438 [M]* (1); 420 [M - H,01* (1)
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396 [M — CH,CO]" (11); 378 [M — MeCO,H] " (1);
354 [M - C,H,COT* (1); 336 [M — C,H,CO,H]*
(5); 312 [M —(C4HzCO + CH,CO)]* (7); 294
[M —(C,H,COOH + CH,CO)]* (4); 278 (2); 265 (3);
248 (2); 236 (7); 223 (5); 206 (12); 190 (3); 180 (15); 163 (5);
153 (5); 138 (10); 125 (12); 111 (5); 100 (12); 95 (10); 85
[C,H,COT* (71); 71 (18); 57 (69); 55 (12); 43 [MeCO]*
(100).

Compound 6 (neurolenin F). C,,H,304, MS
m/z (rel. int.): 436 [M]* (1); 394 [M — CH,CO]"*
(1); 338 [M — C,Hs(OH)COJ* (2); 320 (1); 296
[M — CH,CO + C,H(OH)CO]™" (2); 278 (8); 260 (4);
250 (6); 235 (4); 217 (7); 207 (3); 193 (5); 189 (5); 179
(5 175 (4); 165 (4); 149 (5); 125 (4); 111 (10); 99
[Me — CH = (CH,OH)CO]* (48); 82 [99 — OH]*
(32); 71 [99 — COT* (41); 55(15); 43 [MeCO]* (100).

Compound 7 (lobatin A). C;3H3005, gum, UV
AM=OH nm: 209.

Compound 8 (lobatin B). C,oH,,0,, gum, UV
AMeOH nm: 210, 263.

Compound 9 (lobatin C). C,,H,605, MS m/z (rel. int.):
418 [M]™ (4); 376 [M — CH,CO]" (3); 355 (2); 336 (4);
334 [M — C,HzCO]™ (3); 318 (2); 294 (3); 275 (10); 246
(2); 233 (13); 221 (2); 203 (3); 180 (2); 151 (3); 138 (35); 125
(26); 111 (4); 92 (3); 85 [C,H,COT* (62); 69 (23); 57 (77);
43 [CH;CO] " (100).

Compound 10 (8B-isovalerianyloxy-9a-hydroxy-caly-
culatolide). CyoH;360-, gum, UV MeOH nm: 210, 256;
MS m/z (rel. int): 378 [M]™ (1); 350 (3); 294
[M — C,HgCOT™ (1); 277 (1); 276 (1); 259 (2); 248 (15);
233 (3); 219 (5); 206 (21); 194 (31); 175 (35); 161 (38); 147
(23); 133 (21); 119 (13); 108 (17); 105 (15); 91 (17); 85
[C4HoCOT* (71); 79 (10); 77 (11); 69 (12); 57 [CoHo]*
(88); 43 (100).

Compound 11 (8B-isovalerianyloxy-9a-acetoxy-caly-
culatolide). C,,H,40g, MS m/z (rel. int.): 420 [M]™* (1),
378 [M — CH,CO]" (12); 360 [M — MeCO,H]"* (5);
336 [M — C,H,CO]" (6); 328 [M — C,H,CO,H]" (4),
294 [M — (C,HgCO + CH,CO)]™ (13); 277 (26); 255 (4),
249 (5); 236 (9); 230 (5); 216 (6); 203 (2); 180 (4); 167 (8); 151
(11); 138 (14); 125 (100); 111 (7); 91 (4); 85 [C,H,COT*
(38); 69 (13); 57 [C,H,]™ (58); 43 [MeCO]* (82).

Acknowledgements—We are grateful to Mrs Sylvia
Joecks for technical assistance, to Dipl. Ing. Irina Goeh-
ler for collecting the plant material, and to Prof. Dr
Elfriede Poll (Universidad del Valle de Guatemala) for

identification of the plants. We are also very grateful to
Dr Percy S. Manchand (Hoffmann-LaRoche, Nutley,
New Jersey) for an authentic sample of neurolenin A and
to Prof. Dr Werner Herz for a small sample of neurolenin
B.

REFERENCES

1. Turner, B. L. (1982) PL Syst. Evol. 140, 119.
2. Stuessy, T. F. (1977) in The Biology and Chemistry of
the Compositae (Heywood, V. H., Harborne, J. B. and
Turner, B. L., eds), p. 621. Academic Press, London.
. Robinson, H. (1979) Smithsonian Contrib. Bot. 42, 1.
4. Giron, L. M, Freire, V., Alonzo, A. and Caceres, A.
(1991) J. Ethnopharmacol. 34, 173.
. Hartwell, J. L. (1968) Lloydia 31, 71.
6. Manchand, P. S. and Blount, J. F. (1978) J. Org.
Chem. 43, 4352,
7. Borges del Castillo, Manresa-Ferrero, M. T., Rodri-
guez-Luis, F., Vazquez-Bueno, P., Gupta, M. P. and
Joseph-Nathan, P. (1982) J. Nat. Prod. 45, 762.
8. Kerr, K. M., Mabry, T. J. and Yoser, S. (1981)
Phytochemistry 20, 791.
9. Bohlmann, F., Natu, A. A. and Kerr, K. (1979)
Phytochemistry 18, 489.
10. Herz, W. and Kumar, N. (1980) Phytochemistry 19,
593.

11. Ober, A. G., Quijano, L. and Fischer, N. H. (1984)
Phytochemistry 23, 1439,

12. Lee, 1. Y., Oliver, E. J,, Urbatsch, L. E. and Fischer,
N. H. (1982) Phytochemistry 21, 2313.

13. Ober, A. G., Urbatsch, L. E. and Fischer, N. H. (1986)
Phytochemistry 25, 467.

14. Fischer, N. H., Lee, 1. Y., Fronczek, F. R., Chiari, G.
and Urbatsch, L. E. (1984) J. Nat. Prod. 47, 419.

15. Borges del Castillo, J., Manresa Ferrero, M. T., Rodri-
guez Luis, F., Rodriguez Ubis, J. C. and Vaszquez
Bueno, P. (1984) Rev. Latinoam. Quim. 15, 96.

16. Gershenzon, J., Stewart, E. and Mabry, T. J. (1984)
Am. J. Botany 71, 133.

17. Herz, W. and Subramanian, P. S. (1972) Phytochem-
istry 11, 1101.

18. Mabry, T. 1. (1973) Pure Appl. Chem. 34, 377.

19. Picman, A. K. and Towers, G. H. N. (1982) Biochem.
Syst. Ecol. 10, 145,

20. Wisdom, C. and Rodriguez, E. (1992) Biochem. Syst.
Ecol. 10, 43.

(VS

A



