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Abstract —The reinvestigation of Parthenium lozanianum afforded, in addition to tetraneurins C and D reported
previously from this species, 13 further ambrosanolides. ten of them being new, a sesquiterpenc diol and several
triterpenes including two new cycloartenone derivatives. The structures were elucidated by high-field 'HNMR

spectroscopy.

INTRODUCTION

The genus Parthenium (Compositae, tribe Heliantheac,
subtribc Ambrosiinac) has been studied chemically by
several groups [ 1, 2] but in most cases the investigations
were done long ago. Nearly all species contain ambrosa-
nolides, ¢specially those with oxygen functions at C-14
and/or C-15, the so-called parthenolides [I1].
P. lozanianum Bartlett gave tetraneurins B,Cand D [3]. A
reinvestigation of this species gave five known and ten new
ambrosanolides as well as six triterpenes, two not being
reported previously. The results are discussed in this
paper.

RESULTS AND DISCUSSION

The extract of the aerial parts afforded the ambrosano-
lides ligulatin C [4], tetraneurins C [5] and D 3],
coronopilin [6], chiapin A [2] and compounds 1-10, the
triterpenes incanilin, fruticin A, fruticin B and argentatin
A [7]. the epoxide 14 and the related cther 15 as well as
germacra-SE-10(14)-dien-1,4a-diol (11a).

The structure of the latter followed from the spectral
data, which were identical with those of a diol obtained by
triphenyl phosphine reduction of the corresponding

hydroperoxide 11b [8]. : 6 R = ival 8 R = iBu
The structures of the known lactones ligulatin Cand 9 g . ac 9 R = ival
tetraneurins C and D were determined by their 'H NMR 10 R = MeBu

spectra, which agreed with those reported in the literature.
Furthermore, the stereochemistry of tetrancurin C was
investigated by NOE difference spectroscopy. Clear ef-
fects were observed between H-14, H-15, H-28 and H-38,
between H-3a, H-4 and H-2a, between H4, H-6 and H-3a,
between H-6, H-4and H-7, between H-15, H-88and H-14,
between H-7, H-6 and H-9, and between H-28, H-3§ and
H-14. Also the '*C NMR data supported the structure
and configuration.

The 'HNMR spectrum of compound 1 was close to
that of tetraneurin D [3]. The presence of an acetoxy!
group at C-14 caused the expected shift differences. The 1la R =H
spectrum of 2 (Table 1) was similar to that of tetraneurin Ilb R = OH
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Table 1. '"HNMR spectral data of compounds 2-8 (400 MHz, CDCl,,

TMS as internal standard)

2 3 4 S
H-2 2.71 ddd 261 ddd 2.71 ddd 2.74 ddd
H-2 1.31 ddd 1.30 ddd 1.33 ddd 1.30 ddd
H-3 2.57 dddd 242 dddd 2.55 dddd 2.61 dddd
H-¥ 1.60 m 1.75m 162 m 1.55m
H-4 5.77dd 483 ddd 574 dd 573 dd
H-6 527d $37d 5.284d 5.26d
H-7 33m JW0m 336 m 33 m
H-8 205 m 2.10 br ddd 205 m 2.10 br ddd
H-8 1.86 br ddd 1.87 br ddd 1.85 br ddd 1.85 br ddd
H-9 2.21 br ddd 2.22 br ddd 2.24 br ddd 2.21 br ddd
H-9 163 m 1.62 ddd 1.65 m 1.64 ddd
H-10 198 m 1.93 ddg 200 m 1.96 m
H-13 6.15d 6.22d 6.20d 6.14 d
H-1% 546 d 553d 550d 544 d
H-14 1.20d 1.09d 108 d 1.20d
4224 426 d
H-15 389 brs {4.|8d {4.10d 3.90 br s
OR 212 s 2.50 qq 2.51 qq 2.58 q¢
1.15d 1.16 d 1.24d
1.14d 204 s 1.22d
2.17 d(OH)

J (Hzy 6,7=10, 7,13=37, 7,13 =35, compound |: 34=~34=9;
10,14 = 3, 10,14'=10; 14,14’ =11; 1515 =12, compounds 2 & 22
=33 =1423=34=72,3=12,2,3=95,2,3 =35,3,4=10,7,8
=7,7,8=12,88=1589 =8 8,9=13,99=14,910=9,10=4;
10, 14 = 8;compound 3:4,OH = 3;compounds 3and 4: 15,15 ~ 12, OiBu:

23=24=17

C. The presence of a free 15-hydroxyl group followed
from the upfield shift of the H-15 signal. In the case of
tetraneurin C, a pair of doublets were observed while 2
showed a broadened singlet at $3.89.

The 'HNMR spectrum of compound 8 (Table 1) was
very closc 1o that of 2. However, the acetate singlet was
replaced by the typical signals of an isobutyrate (62.58, g¢;
1.24, d; 1.22, d). The spectrum of compound 4 (Table 1)
was similar to that of tetraneurin C. Again onc of the
acctate singlets was replaced by the signals of an iso-
butyrate. The relative positions of the ester groups were
deduced from the mass spectrum. After loss of acetic acid
climination of CH,OCOCHMe,; is visible.

The 'H NMR spectrum of 3 (Table 1) was close to that
of tetraneurin D. Again the acetate singlet was replaced by
signals of an isobutyrate.

The 'H NMR spectrum of coronopilin agreed well with
spectra reported in the literature. The spectra of com-
pounds 8 10 (Table 2) clearly indicated that these com-
pounds were the corresponding 15-O-isobutyrate, iso-
valerate and 2-methyl butyrate. Accordingly, in addition
to the ester signals the H-15 singlet was replaced by pairs
of doublets around 64.4.

The 'H NMR spectra of compounds 6 and 7 were very
close to that of the corresponding isobutyrate chiapin A
{2). which was also present in the extract. Again the
spectra differed only in the signals of the ester group while
all the others were almost identical.

The 'H NMR spectra of incanilin, fruticin A, fruticin B
(12) and argentatin A (13) agreed with those reported in
the literature [ 7] and the data of 14 werc close to those of

Table 2. 'HNMR spectral data of compounds 8-10
{400 MHz, CDCl,, TMS as internal standard)

8 9 10
H-2 2.79 ddd 2.80 ddd 281 ddd
H-2 1.67 ddd 1.63 ddd 1.65 m
H-3 2.56 ddd 2.56 ddd 2.56 ddd
H-3 2.43 ddd 2.44 ddd 2.44 ddd
H-6 497d 498 d 497d
H-7 336m 336m 3m
H-8 194 br ddd 195 br ddd  1.95 br ddd
H-8 1.5 m 1.76 m 1.75m
H-9 2.25brddd 223 brddd 224 br ddd
H-Y 165 m 1.66 m 1.65m
H-10 213 m 210 m 212 m
H-13 6.25d 6.27d 6.26 d
H-13  559d 559 d 559 d
H-14 116d 116 d 1174
o1 {4.40 d 432d {4.41 d
432d 432d 4344
OR 249 ¢q 2144 2.32 ddg
1.13d 207 m 165 m
1.12d 092 m 143 ddg
1.12d
095 ¢

JHzp 2,2 = 14,23 = 2,3 =9,2,3 = 105; 2,3

=2 33 =18, 67=8 7.8=12 7,13 =3; 7,1¥
=26, 8,8 =15, 89=99 =13 9,10=35; 10,14
=175, 1515 = 12
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12 and 13. However, in the spectrum of compound 14
(Table 3) the broadened, narrowly split triplet at 3.40 in
the spectrum of 12 was replaced by a triplet at 2.82 and
one of the methyl singlets was now a doublet at 0.97. In
agreement with the mass spectrum, therefore the presence
of an epoxide was proposed. Also the fragmentation
pattern supported the structure. After elimination of
water (m/z 438), loss of the whole side chain produced m;z
311. Biogenetically the epoxide 14 may be transformed
after introduction of a tertiary hydroxyl group at C-20 to
12and 13. In the spectrum of compound 18 (Table 3), the
second lowfield signal was now a double doublet at 63.59.
The molecular formula indicated that compound 18 was
isomeric with 14. However, a pronounced mass spectral
fragment at m:z 397 (73°,) was obviously due to elimi-
nation of a hydroxyisopropyl group. Thus the proposed
structurc was very likely correct because compound 14
would be the direct precursor of 15. These triterpenes may
be, in addition to the parthenolides, typical for
Parthenium. However, similar cycloartenone derivatives
are not only present in Parthenium [7] but also in
Balsamorhiza (9], Lindheimera [10] and Viguiera species

(8]

EXPERIMENTAL

The air-dried plant matenial (500 g) (voucher Dominguez 8002,
deposited 1n the Herbanium of the Instituto Tecnologico,
Monterrey) was extracted with MeOH Et,;0 petrol (1:1:1)and
worked up as reported previously [11]. The defatied extract
7.3 g) was separated first by CC (silica gel) into three fractions
{fraction 1. Et,0 petrol. 1:1; fraction 2: Ei;O-petrol, 3:1;
fraction 3: Et1;0O MeOH, 9:1). Prep. TLC (silica gel. PF 254,
Et;O petrol, 2:1) of fraction 1 gave four bands (1:1-1/4)

Table 3. '"HNMR spectral data of
compounds 14 and 15 (400 MHz,
CDCl,, TMS as internal standard)

14 18
H-l1a2 1.85 br ddd 1.84 br ddd
H1f  15Sm 1.55 m
H-2x 2.30 ddd 230 ddd
H28  271ddd 271 ddd
H-15 204 m 207 m
H-16 4.44 ddd 4.60 ddd
H-18 1.19 s 117 s
H-19a 058 4d 0574
H-198 081 brd* 081brd
H-21 097d 0944
H-24 282 3.59 dd
H-26 1.31s
H21 126 } 109 s (6H)
H-28 104 s 1.04 s
H-29 1.10 s 1.10
H-30 089 s 088 s

* W-coupling with H-12.

J (Hzy la,18= 12,28 = 13; la, 22
=45 1822 =2; 15,28 = 3.5, 22,28
=14, 1516 =16,17=7, 15,16
=23,24 = 6 (compound 15 232,24
=2,238,24 = 12).

Repeated TLC of 1/1 gave 7 mg 18 (R, 0.66). of 1:2 7 mg 14 (R,
0.53), of 1/3 6 mg fruticin A, and of 1/4 6 mg incanilin, 10 mg
fruticin A, 5 mg fruticin B and 5 mg argentatin A. Fraction 2 was
scparated further by flash chromatography (silica gel ¢
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30-60 um, Et,O-petrol, 1:1 E;0, 20 ml fractions). HPLC (RP
8, MeOH- H;0, 3:2, ca 100 bar) of fraction 2:1 gave 1.5 mg 9 (R,
9.5min) and a mixture (R, 8.8 min) whih gave by TLC
(CH,Cl; C4H,-E1;0.3:3:1, two developments) 3.5 mg chiapin
A and 2mg 10 (R, 023) HPLC of fraction 22 (RP 8,
McOH- H,0., 13:7) gave 20 mg coronopilin (R, 5.6 min). 500 mg
tetraneurin C (R, 6.9 min) and 13 mg 8 (R, 7.9 mun). TLC of
fraction 273 (CHCl,-Me,CO, 19: 1) gave S mg ligulatinC, Tmg 4
(R, 0.64) and 3.5mg 5 (R, 0.21). TLC of fraction 2;4 (same
solvent, four developments) gave 3mg 6 (R, 0.57)and 10 mg 11a
(R, 0.15). TLC of fraction 2;5 (same solvent, four developments)
gave 26 mg 2 (R, 0.67) and 3 mg 11a. TLC of fraction 2:6
(CHC1,-Me,CO, 9: 1, two developments) gave 75 mg 3 (R, 0.61)
and 0.5mg 7 (R, 0.38). TLC of fraction 2:7 (CHCl, -MeOH,
97:3, two developments) gave 3 mg tetrancurin D. Flash
chromatography of fraction 3 (E1;0 MeOH,9: 1)gave two polar
fractions (3/1 and 3;2) TLC of 3:1 (CHCl,- MeOH, 47:3) gave
0.5mg7(R,0.61)and TLC of 3;2 (same solvent)gave 4 mg 1 (R,
0.58). The structures of known compounds were established by
comparing the 400 MHz 'H NMR spectra with those of authen-
tic material and with literature data as well as by rigorous
'HNMR investigations.

Tetraneurin C. '>3C NMR (CDCl,, C-1 C-15) 586.1 s, 28.5 1,
36.81,80.7d,56.35,83.4d,42.7d,25.0¢,27.71,42.14,140.05,170.7
5, 120.3 1, 159 g, 60.2 ¢ (OAc: 21.3 g, 21.1 4. 170.0 5, 169.9 ).

14- Acetoxytetraneurin D (1). Colourless oil; IR r;:"“'cm
3600 (OH), 1760 (y-lactone), 1735, 1255 (OAck MS m:z (rel. int.):
306.147 [M —HOAc]" (3) (cak. for C,,H,;;04: 306.147), 246
(306 - HOAc]* (40). 228 (246 — H,0]" (42), 57 (100% 'H NMR
(CDCly) 84.24 (dd, H-4), 4.54 (d, H-6), 3.41 (m, H-7), 6.21 (d. H-
13). 5.51 (d. H-13'}, 4.32 and 4.05 (dd, H-14), 4.18 and 4.09 (d, H-
155 (J:3.4=34=9,67=107,13=37,7.13 = 35,10, 14
=3 10,14" = 10; 14, 14" = 11, 15,15 = 12 Hz); [a]} -112

15-Desacetyltetraneurin C (2). Colourless oil; IRvEHh cm 1
3580 (OH), 1760 (y-lactone) 1745 (OAc)k MS m:z (rel. int)
306.147 [M - H,0] " (6) (cak. for C,»H;,0,: 306.147), 264 [M
—HOACc] " (94). 246 [264 — H,0]" (78), 215 [246 — CH,OH]*
(56). 123 (100x [a]3' —31° (CHCly; c1.0)1

Desacetyltetraneurin D-15-O-isobutyrate (3). Colourless crys-
tals, mp 213 IR vEHOs em =, 3600 (OH). 1760 (y-lactone), 1740
(OCOR). MS miz (rel. int} 352.189 [M]* (0.6) (cak. for
CioH;40,: 352.189), 264 [M -RCO,H]* (21 246 [264
—H,0]° (1, 71 [RCOJ* (50}, 57 (100k [2]3* —42° (CHC(l,; ¢
1.5).

15-Desacetyltetraneurin C-isobutyrate (4). Colourless crystals,
mp 174°; IRvEHChem = 3620 (OH). 1760 (y-lactone), 1730
(CO;R) MS myz (rel. int.): 334.178 [M — HOAc]"* (6) (cak. for
CioH;404: 334.178), 264 [334 — O=C=CMe;]* (47). 246 [264
-H,0]° (64), 233 [334-CH,0iBu]* (24) 123 (78), 71
[RCOJ* (100 {a]} —46° (CHCly: ¢ 0.7).

Desacetyltetraneurin  D-4-O-isobutyrate (8). Colourless ol;
IR vCHCh cm =2 3620 (OH), 1760 (y-lactonel), 1735 (CO,R);, MS
m/z (rel. int.). 334.178 [M —H,0]" (2) (ak. for C,oH;,O4:
334.178), 264 [M —~ RCO,H] " (50), 246 [264 — H,0]" (40} 215
(246 ~CH,OH]* (31), 123 (81). 71 (100} [a}3} - 69 (CHCI,;
¢ 0.3)

Desacyl chiapin  A-isovalerate (6.  Colourless oil;
IR vg’.‘lu’cm “1: 1760 (y-lactone), 1745 (C=0, CO;R); MS m.:
(rel.int.): 348.194 [M]* (1) (cak. for C;oH;5O4: 348.194), 333 [M
~Mc]* (7). 246 (M — RCO,;H]" (42), 231 [246 — Mec]* (82).8S
(RCO]* (72) 57 [85—CO]J* (100x 'HNMR (CDCl,): 4248
(ddd, H-3), 2.26 (ddd, H-3'), 4.52 (d, H-6), 3.28 (m, H-7), 2.32 (m, H-
104, 6.29and 5.57 (d, H-131,4.37and 4.11 (dd, H-14), 1.05 (s, H-15);
OCOR: 2.20 (d. 2H), 2.09 (m, 1H). 0.96 (d. 6H), (J: 2,3 = 2, 2.}
=23m9 2.3 =833 =1867=85713=31014 =4,
10,14' = 14,14 = 1] H2).

Desacyl chiapin A-acetate (7). Colourless oil; IR v ¥ em -1
1760 (y-lactonc), 1740, 1250 (OAck MS m:z (rel. int.): 306.147
[M]* (4) (cak. for C,-H,;04: 306.147, 291 [M - Mc]* (61, 246
[M —HOAc]* (60} 231 [246 — Me]" (88}, 97 (100), 93 (94
'"H NMR (CDCl,): §2.49 and 2.26 (ddd, H-3), 4.53 (d, H-6), 3.27
(m, H-7),2.33 (m, H-10).6.29and 5.57 (d. H-13).4.37and 4.11 (dd,
H-14) 1.05 (s, H-15), 2.07 (s, OAc) (J: sce compound 6).

Coronopilin-15-O-isobutyrate (8). Colourless ol
IRvCH em 1 3590 (OH). 1760 (y-lactone), 1740 (CO,R); MS
m:z (rel. int.): 332,162 {M — H,0]" (0.5) (cak. for C,,H,,0;:
332.162), 280 [M - O=C=CMe;]" (4), 262 [M -RCO,;H]"
(66). 244 [262 ~ H,0]* (27), 123 (601 71 [RCO]" (100, [2]2*
- 38" (CHCly; ¢ 09).

Coronopilin-15-O-isovalerate 9). Colourless oil;
IR vCHCh em = : 3580 (OH), 1760 (y-lactone), 1740 (CO,R): MS
miz (rel. int): 364.189 [M]* (0.4) (cake. for CyoH 40, 364.189),
262 [M - RCO,H]" (48). 244 [262 - H,0]" (20} 85 [RCO)*
(65) 57 [85 —COJ" (100); [2Ji* —31 (CHCly; ¢ 0.1).

Coronopilin-15-O-[2-methyl butyrate] (10). Colourless oil;
IRvEEM em - 3600 (OH), 1760 (;-lactone), 1735 (CO;R}) MS
m:z (rel int.y 262.121 [M —RCO;H]" (6) (cak. for C, H,,0,:
262.121),244 (262 — H,0] " (31,85 [RCO]" (351 57[85 - CO)*
(100); (2] - 35 (CHCly: ¢ 0.2)

Germacra-SE,10(14)-diene-18.4a-diol (11a). Colourless oil; IR
and 'HNMR spectra identical with those of material prepared
from 119 [8]). MS m.z (rel. wnt):. 238.193 [M] " (3.5) (calc. for
C3H140,:238.193), 220 (M —H,0]"* (211177220 - C,H.]*
(62), 81 (100) [2]3* -13° (CHClyi c 1.3).

Desoxyprefruticin B (14). Colourless oil; IR vSH<H cm =12 3540
(OH) 1700 (C=O) MS m:: (rel. int.; 456.360 [M] * (16) (cak. for
C3oHesOy: 456.360), 41 [M —Me]” (15), 438 [M - H,0]*
{20,423 (438 — Me]* (44). 311 [438 —sidcchain}* (19), 7 (100).

Desoxyisofruticin B (18). Colourless oil; IR v§;'Ch cm * ' 3540
{OH), 1700 (C=O); MS m/z (rel. int.x 456.360 [M] " (5) (cak. for
CioHes0y: 456.360), 441 [M — Me]* (3), 423 [441 — H,0]" (4).
398 (M — Me,CO]J" (431,397 [M — C(OH)Me,]* (73), 383 [ 398
—Me]* (121, 379[397 -H,0]" (20), S (100).
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