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Abstract—Three new compounds, docosanoic cinnamate, 7-hydroperoxy-5,6-E-dehydro-6,7-dihydronerol and 2-(3-
methylbut-3-enyl)-3-methyl-2,5-dihydrofuran were isolated from the leaves of Heterothalamus alienus and their

structures determined by spectroscopical methods.

INTRODUCTION

Heterothalamus alienus grows as a shrub in the south of
Brazil, northern Argentina and Uruguay [1, 2]. In Braz-
ilian folk medicine, a decoction and a powder of the
leaves are used internally and externally against fever and
as a stimulant [3]. Information about its chemical com-
position, however, has remained up to now rather poor.
Recently, two ent-labdaneglycosides have been reported
[43.

Previous work [1, 2] pointed to the existence of two
morphologically distinct plant populations, both show-
ing the fundamental botanical characteristics of H.
alienus [5]. The populations were collected at the same
place, population A with shrubs up to 1 m high and
larger leaves (1-2cm length) and population B with
shrubs up to 2m high and smaller leaves ( ~ 1cm
length). The populations blossom at different times.
Chemical analyses displayed clear differences in the com-
position of the volatile oils and in that of the main
flavonoid components [1, 2, 6]. Herein, we report the
structural determination of the isolated compounds of
the methylene chloride extracts of both populations.

RESULTS AND DISCUSSION

Chromatographic fractionation [6] of the methylene
chloride extract prepared from population A afforded
the known substances bisabolene-1,4-endoperoxide (1),
neryl acetate [7], - [8] and B-eudesmol [9] (as a mix-
ture), pinocembrin [10, 11] and 2'6'-dihydroxy-4'-
methoxy-dihydrochalcone [12]; compound 1 has been
isolated earlier from Rudbeckia laciniata [13}, Ligularia
speciosa [14], Chamaemelum fuscatum [15], Senecio
desfontanei [16], Heterothalamus psiadioides [6, 17],
Eupatorium rufescens (K. Heiden, unpublished data) and

*Author to whom correspondence should be addressed.

Senecio selloi (B. Heinzmann, unpublished data). It shows
a significant antimalarial activity in vitro against Plas-
modium falciparum [6, 17]. From population B [1, 2], we
isolated the known flavonoids 5,4'-dihydroxy-7-
methoxyflavanone (sakuranetin) [18] and 54'-dihyd-
roxy-7,3'-dimethoxyflavonol (7,3'-O-dimethyl-dihydro-
quercetin) [19], which were identified by comparison
with spectroscopical data given in literature. From popu-
lation A, the new compounds, docosanoic cinnamate (2),
7-hydroperoxy-5,6-E-dehydro-6,7-dihydronerol (3) and
2-(3’-methylbut-3'-enyl)-3-methyl-2,5-dihydrofuran  (4)
were isolated and identified [6].

Compound 2 exhibited a [M]" at m/z 456.3952 (cal-
culated for C,,H;,0,: 456.3967) by HR-EI mass spec-
trometry. The IR spectrum showed strong bands for ester
at 1715 (C=0) and 1170 (C-O)cm ™", as well as for
a monosubstituted benzene ring at 1640 and 690 cm™!.
The "H NMR spectrum showed one triplet for a methyl
group (H-22", 30.88), two signals for five aromatic proto-
ns (H-2', H-4', H-6', 67.38 and H-3', H-5', 7.53) and two
doubiets for an AB-system, indicating the E-configurated
olefinic protons (H-2, §6.44; H-3, 67.68; J, ; = 16 Hz) of
a cinnamic ester. Comparison of the NMR data with
those for eicosanyl-4'-hydroxy-trans-cinnamate [20], as
well as for aliphatic straight-chain hydrocarbons resulted
in structure 2.

Fractionation of the petrol-soluble portion of the
methylene chloride extract yielded compounds 3 and 4.
Compound 3, an unstable colourless oil, reacted with
peroxide reagent [21] on TLC, indicating that the signal
at m/z 154 in the FAB-mass spectrum can probably be
assigned to [M — O,]". In this case, the molecular for-
mula would be C,,H,;0,. The base peak at m/z 135
obviously results from subsequent cleavage of OOH and
H,O. An OOH-group and a hydroxyl group were both
observed in the '"H NMR spectrum at 47.8 and 51.64,
respectively (Table 1). Comparison of the 'H NMR data
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Table 1. 'HNMR (300 MHz, CDCl,) spectral data and !*C NMR (75 MHz) spectral data of compound 3

H 3 Multiplicity J [Hz] C [ APT*
1 4.59 dq 7.0; 1.0 1 61.1 CH,
2 5.41 tqdd 7.0: 15 2 120.1 CH
<l <1
3 140.0 C
4 2.85 d 5 4 352 CH,
5 5.65 dd 16; 5 5 1279 CH
6 5.57 d 16 6 1348 CH
7 81.9 C
8 1.32 s 8 242 CH,
9 1.32 s 9 242 CH,
10 1.75 dd 1.5 1.0 10 238 CH,
OH 1.64 s
OH 7.8 s

*Theoretical C/CH, and CH/CH,.

Table 2. "HNMR spectral data of compound 4 (300 MHz, CDCl,)

H d Multiplicity J [Hz] H, H-COSY correlates with
2 4.01 dd 7.5, 50 H-1’

4 5.37 tqd 75;,1.0; 1.0 H-6, H-5
Sa 4.62 ddq 12.5;7.5; 1.0 H-6, H-4
5b 4.56 ddq 12.5;7.5; 1.0 H-6, H-4
6 1.77 dd 2.5.10 H-5, H-4
g 1.64 m (8.0; 7.5, 7.0; 5.0) H-2, H-2
2 2.17 m (6.5; 7.0; 8.0) H-1’

4'a 4.85 qdd 1.5; 1.5; 1.0 H-§

4'b 4.95 qgtd 1.0; 1.0; 1.0 H-5'

5 1.73 dd 1.5, 1.0 H-4

with those of 7-hydroperoxy-5,6-E-dehydro-6,7-dihyd-
roneryl acetate and the corresponding dihyd-
rogeranylacetate [22], both isolated from Mutisia
spinosa), allowed the assignment of 7-hydroperoxy-5,6-E-
dehydro-6,7-dihydronerol (3). The data differ mainly in
the missing signal for the acetyl group and in the shifts of
the signals for protons H-1 (44.59, literature: 5.15 and

5.14) and H-2 (85.41, literature: 5.98). The 13C APT spec-
trum (Table 1), not reported previously [22] for the
above mentioned neryl- and geranyl derivatives, is in
accordance with this structure. The A 2,3-double bond
ought to be Z-configurated, because the resonance for
the methyl group at C-10 appears with a characteristic
downfield shift (23.8) [23], like that in nerol [7].
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Table 3. '*CNMR spectral data of compound 4 (75 MHz,

CDCl,)
C [ APT* HETCOR
correlates with
2 75.0 CH H-2
3 142.2 C
4 119.5 CH H-4
5 61.1 CH, H-5
6 234 CH, H-6
1 332 CH, H-1
2 28.1 CH, H-2
¥ 147.2 C
4 110.9 CH, H-4a, H-4b
5 17.8 CH, H-5'

*Theoretical C/CH, and CH/CH,.

The HR EI mass spectrum of compound 4 showed
a [M]* at m/z 152.1208 (calculated: 152.1201) corres-
ponding to a molecular formula of C,,H;¢0, with three
double bond equivalents. The '*CAPT spectrum
(Table 3) showed signals for two methyl groups (C-5',
817.8; C-6, 623.4), both linked to olefinic carbon atoms,
and two methylene groups (C-1', §33.2; C-2', §28.1). Two
signals for oxygen-substituted carbon atoms, one for
a methylene group at 661.1 (C-5) and one for a methine
group at 375.0 (C-2), as well as four signals for olefinic
carbon atoms (C-4, 6119.5; C-3, §142.2; C-3, 8147.5;
C-4', §110.9) could also be observed at lower field. In the
'HNMR spectrum (Table 2), the oxygen-substituted
methylene group (H-5) gave a ddq at 34.6, showing be-
sides geminal couplings (/. = 12.5 Hz), couplings to
the methine group H-4 (J5 , = 7.5 Hz) and homoallylic
couplings to the methyl group H-6 (Js ¢ = 1.0 Hz). The
signal of the oxygen-substituted methine group at H-2
(64.01) appeared as a double doublet, showing different
couplings to the two protons of the methylene group H-1'
at61.64(J, . = 7.5Hz; J, 1 = 5 Hz). The four olefinic
carbon atoms correspond to two double bond equiva-
lents, leaving one left for a ring. Because there was no
signal for a hydroxyl group in the '"HNMR spectrum
and the molecular formula contains only one oxygen
atom, the only possibility left is a five-membered oxygen-
containing ring. This was confirmed by the characteristic
shifts of the carbon atoms C-2 and C-5 (Table 3). Fur-
thermore, signals for an isoprenyl side-chain were ob-
served, which ought to be attached to the furan ring at
C-2, because the methine proton H-2 appeared as
a double doublet in the 'H NMR spectrum. The multipli-
city of the methylene protons of H-2' is explained by their
proximity to the methylene protons, H-1', and the isop-
ropenylic methylene protons, H-4'. These are magneti-
cally not equivalent and give signals at 54.85 and 34.95,
both with further couplings to the methyl group at H-5'.
Through homo- and heteronuclear COSY experiments
(Tables 2, 3), all signals could be assigned and result in
structure 4, 2-(3'-methylbut-3'-enyl)-3-methyl-2,5-dihyd-
rofuran. An isomeric compound, 2-(3'-methylbut-2'-
enyl)-3-methyl-2,5-dihydrofuran, has already been iso-

lated from Artemisia pallens [24], but the spectral data
(no solvent or technical data given), especially for the
carbon atoms C-2 (literature 64.0) and C-4 (literature
6129.3), differ markedly, compared to those of 4.

EXPERIMENTAL

Mp: uncorr. IR: CCl,. UV: MeOH. MS: 70 eV. NMR
(300 MHz for 'H, 75 MHz for '3C). CDCl,. TLC was
carried out on silica gel plates and peroxides were detec-
ted with peroxide reagent [21].

Plant material, population A [6]. Leaves of H. alienus
(Spreng.) O. Kuntze were collected in October 1990 in
Santana da Boa Vista, Rio Grande do Sul, Brazil
A voucher specimen (No. Sobral 6596) is preserved at the
Herbario do Instituto de Biociéncias (ICN) at the
Universidade Federal do Rio Grande do Sul, Porto
Alegre, Brazil.

Extraction and isolation. Leaves of population
A (800 g) were chopped, soaked with CH,Cl,, macerated
at room temp. for 8 days, filtered and concd by vacuum
evapn. The crude extract obtained (14.5 g) was suspended
in 90% MeOH and extracted 3x with petrol. After
solvent evapn, 12 g of extract were obtained from the
MeOH phase and 2.5 g from the petrol phase.

The MeOH phase was fractionated by flash CC on
silica gel (0.063—0.2 mm Merck), eluting graduaily with
n-hexane-Me,CO 19:1 and 9:1, CH,Cl, and MeOH, to
give 11 frs (Me I-Me XI). Fr. Me IV (1.03 g) was submit-
ted to repeated CC (silica gel, n-hexane-Me,CO, 49:1),
yielding 32 mg of 1, 180 mg of neryl acetate and 49 mg of
2. Fractionation of Me V (370 mg) resulted in a mixt. of a-
and B-eudesmol (48 mg), while CC of frs Me VIII (1.49 g)
and Me IX (200 mg) gave 22 mg of pinocembrin and
33mg of 2.6-dihydroxy-4'-methoxy-dihydrochalcone,
respectively.

The petrol phase was fractionated by flash CC over
silica gel, eluting with petrol-Me,CO, 49:1 and 9:1,
petrol-EtOAc, 4: 1, CH,Cl, and EtOH, to give 16 frs (Pe
I-Pe XVI). Fr. Pe XVI (1.24 g) was fractionated by CC
(silica gel, toluene-EtOAc, 19:1 and 7:3, CH,Cl,,
EtOH) to give 9 frs (Pe XVI-1-Pe XVI-9). Fr. Pe XVI-6
(29 mg) was submitted to CC (silica gel, petrol-EtOAc,
17:3) and gave 6.8 mg of 3. Fr. Pe XVI-8 (170 mg) was
subjected to repeated CC (silica gel, petrol-EtOAc,
87:13, petrol-Me,CO, 9:1) and afforded 10 mg of 4.

Docosanoic cinnamate (2). Fine needles, mp 54—56°. R,
0.35 (n-hexane—Et,0, 19:1). UV: 4,,., nm = 270 and 302.
IR: VaaxCm ™~ 1: 2915 5, 2860 s, 1715 5, 1640 m, 1470 m,
1310 m, 1170 s. EIMS m/z (rel. int)) 456 [M]* (29), 307
[C22H43]" (10), 306 [C12H,, 1" (49), 189 [Cy,H ;30,7
(12), 150 [CoH,00,]" (11), 149 [CoH,0,]* (67), 148
[CoHgO, 17 (100), 147 [CoH,0,]1" (15), 131 [CoH,07*
(46). '"HNMR: 60.88 (3H, t, J,3.2, = 7 Hz, Me-22"),
61.20, 1.4 (38H, m, H-3" to H-21"), 61.70 (2H, ¢,
Jy =Js» =7Hz, H-2"), 642 2H, t, J, 5. = 7T Hz, H-
1”), 66.44 (1H, d, J, » = 16 Hz, H-2), 67.38 (3H, m, H-2',
H-4', H-6'), 7.53 (2H, m, H-3, H-5'), 67.68 (1H, 4,
J3.2 = 16 Hz, H-3). 13CNMR: 614.2 (CH;, C-22"), 622.8
(CH,, C-21"),626.1 (CH,, C-19"#),528.8 (CH,, C-17"#),
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429.36-29.77 (CH,, C-3" to C-16", C-18", C-20"), 631.9
(CH,, C-2"),664.8 (CH,, C-1"),6118.2(CH, C-2),6127.9
(2xCH, C-2, C-6'), 6128.8 (2x CH, C-3, C-5), 6130.1
(CH,C-4'),5134.4 (C,C-1'), 6144.4 (CH, C-3),8166.9 (C,
C-1); # assignments may be interchanged.

7-Hydroperoxy-5,6-E-dehydro-6,7-dihydronerol (3). Oil.
R, 0.18 (petrol-EtOAc, 17:3). FAB-MS (70¢eV,
mNBA + NaOAc) m/z (rel. int). 154 ([M — O,]%),
135 (100), m/z 109. *H and !3C NMR: Table 1.

2-(3'-Methylbut-3'-enyl)-3-methyl-2,5-dihydrofuran (4).
Oil. R, = 0.17 (petrol-Me,CO, 9:1); MS m/z (rel. int.)
152 [M]* (19), 137 (29), 134 [CioH,4]" (49), 126
[C/H160.]" (28), 119 [CsH,,]7 (49), 110 [C;H,,0]"
(22),97 [CsH,O]* (32),93.07[C-Ho1" (37),91 [C;H,]™
(23), 84 [CsH3O] " (100), 82 [CeH,0]" (60), 79 [CeH 41"
(37, 711 [C,H,O]" (57), 69.07 [CsHo]* (49), 69.03
[CsHsO]" (45), 68 [CsHg]™ (65), 67 [CsH,1™ (94).
'HNMR: Table 2. '3C NMR: Table 3.

Plant material, population B [1, 2]. Leaves of H. alienus
were collected in May 1990 in Santana da Boa Vista, Rio
Grande do Sul, Brazil. A voucher specimen (No. Sobral
7517) is preserved at the Herbario do Instituto de Bio-
ciéncias (ICN) at the Universidade Federal do Rio
Grande do Sul, Porto Alegre, Brazil.

Extraction and isolation. Leaves of population
B (855 g) were treated in the same way as described for
population A, giving 7.2 g of crude extract. This was
processed in the same way as described above, yielding
4 g of extract from the MeOH phase and 3.2 g of extract
from the petrol phase. The MeOH phase was frac-
tionated by flash CC on silica gel eluting gradually with
petrol-EtOAc from 10 to 100% to give 65 frs (EB 1-EB
65). Frs EB 23-25 (722 mg) were suspended in EtOAc
and the ppt. submitted to recrystallisation from CHCl,
and EtOAc, yielding 109 mg of sakuranetin; R, 0.46
(petrol-EtOAc, 3:2). Frs EB 37-39 (744 mg) afforded
50 mg of (2R,3R)-7,3’-dimethyldihydroquercetin after re-
peated recrystallisation from petrol and EtOAc; R, 0.26
(petrol-EtOAc, 3:2).
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