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RE SUMO: A separação de flavor óides e naftopiranonas presentes em extratos polares dós capilulos 
de sempre’vrvas brasileiras loi obtida através da cromatogcafia em contracorrente de gotejamenlo 
seguida de cromatografias em coluna de PVP e Sephadex LH-20. As substâncias isoladas de extratos 
etanólicos foram rdentificadas por técnicas espectrométncas e comparadas com dados da literatura 
Este procedimento levou ao isolamento e idontrficaçào da 9’Gp-D’glcopiranosilpaepalaniina (1J.9- 
0-p-D-glicopiranosil(1 —Mjfalopiranosilpaepalanhna (2), além dos flavonóides B-metoxicanferol (3).
3-0-P-D-glicopirano5il-6-meloxicanferol (4), paluletina (5). 3-O-P-D-rutínosilpaluletina (6). 7-O-J3- 
D-glicopiranosilquercetagetina (7), 5,7É4-1riidfoxi-6,3'-dimeloxiflavona (8) e 5,7.4*4riidraxi-6.3'- 
dímetoxrllavonoi (9).
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ABSTRACT: Separation of Flavonoids and Naphthopyrones from four Brazilian 
Paepalanthus Species by Droplet Countercurrent Chromatography. A general procedure 
was developed for the simultaneous separation of flavonoids and naphthopyrones from the polar 
extracts ol the capitula Irom Brazilian everlasting plants is described The ethanolic extracts of several 
species from the Paepa/an/hus genus (Enocaulaceae) were fractionated by droplet countercurrent 
chromatography followed by column chromatography on pvp and sephadex LH-20 The isolated 
compounds were identified by spectrometric analysis and comparison with literature data. This 
approach led to the isolation of 9-O-P-D-giucopyranosylpaepalantine (1), 9-O-p-D-glucopyranosyl 

(1 —>6)allopyranosylpaepalantine (2). along with the flavonoids 6-methoxykaempferol (3). 3-Op’D- 
glucopyranosyl-6-methoxykaempferol {4), palulelin (5). 3-Op-D-rijlinosylpatulelrn (6), 7-O-p-D- 
glucopyranosylquercelagetin (7), 5(7,4'-tnhydroxy’6,3'’dinne1hoKyflavone (8) and 5,7r4'-trihydroxy-6,3'- 
dimethoxyflavonol (9)

Keywords Paepalanthus, Enocaulaceae, DCCC, flavonoids, naphthopyrones.

INTRODUCTION

Paepa/an/hus ssp belong to the Eriocaulaceae 
family, in which many species are called “sempre’ 
vivas" (everlasting flowers) (GIULIETTI, 1978), 
Many occur in the “campos rupestres” vegetation 
at Serra do Cipó - MG. From the 480 species 
occurring in the world, Brazil has around 400 
(SANO, 1996}. The study of this family is important 
because many species are exported from Brazil 
to Europe as ornamental plants and their collection 
and commercialization are a main sources of 
income for many families in Minas Gerais State 
(GIULIETTI, 1978}. Also, many species contain 
substances with biological activity, as is the case 
with paepalantine. found in the capitula of 
Pbrome/to/otes (VILEGAS el a/, 1990), that 
presents strong antibiotic, cytotoxic and mutagenic 

activities (VILEGAS ei at 1990; VARANDA ef a/, 
1997). However, few species have been chemically 
investigated (VILEGAS el al, 1990; VILEGAS el 
al, 1998).

Separation of the chemical constituents 
from these plants, especially polar substances has 
been a major difficulty. For the isolation of polar 
plant constituents such as glycosides - which are 
often very difficult to separate under adsorption 
conditions (HOSTETTMANN, 1980) - Droplet 
Countercurrent Chromatography (DCCC) is an 
efficient tool, since the separations are based on 
the partition of a solute between two imiscible 
phases and there is no solid support which might 
cause irreversible adsorption (HOSTETTMANN, 
1900).
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The present paper reports the use of 
DCCC to fractionate polar extracts of the capitula 
of Paepalanthus ssp., using the solvent system 
CHCI3/MeOH/H2O (43:37:20 and 13:7:4 v:v:v) in 
the descending mode. The fractionation resulted 
in the isolation of naphthopyrones and flavonoids, 
revealing a fast and easy technique for their 
separation, which is difficult by other techniques. 
The compounds isolated were identified by 
spectrometric analysis involving comparison with 
literature data.

EXPERIMENTAL

Instrumentation: Droplet countercurrent 
chromatography - Separation was carried out on 
a 300 DCC chromatograph (Tokyo Rikakikai. 
Tokyo, Japan) with 300 capillary columns (400x2 
mm i.d.) connected in series with a collector (LKB 
7000 Ultrorac). NMR spectra in DMS0-dc, were 
obtained using a Bruker AC 200 spectrometer 
operating at 200 MHz for 1H and 50 MHz for ,3C.

NMR spectra in CD3OD were obtained using a 
Bruker DRX-600 spectrometer, operating at 599 
MHz for 1Hand 150.86 MHz for '3C. The DEPT 
(Distortionless Enhancement by Polarization 
Transfer) experiments were performed using 
transfer pulse of 135° Polarization transfer delays 
were adjusted to average CH coupling of 135 Hz. 
1H-1H DFQ-COSY, 1H-i3C HSQC, HMBCand 1D- 
HOHAHA experiments were obtained using 
conventional pulse sequences. ESMS spectra were 
performed in a Platform Micromass spectrometer 
in the positive mode (100V), the samples were 
dissolved in MeOH and injected directly
Material: The capitula of Paepalanthus ssp were 
collected in Serra do Cipó, Minas Gerais. Brazil, 
and subsequently identified by Prof. Paulo Takeo 
Sano. Voucher specimens have been deposited 
at the herbarium of the Departamento de Botânica 
do Instituto de Biociências: P. h/7a/re/Koern. USP 
(CFSC 13843) A. P bromeliotdes Silv. (CFSC 
13856) B, P vellozioides Ruhland (CFSC 13842) 
Ç and P latipes Silv. CFSC 13846) D (Table 1).

TABLE 1 Naphthopyrones and flavonoids isolated by DCCC from four Brazilian Paepalanthus 
species.

Com pound Plants Mass 
obtained

Identification methods References

(m g}
NMR('H,,3C) , UV. IR.1 a, a. £, a 20 1 VILEGAS et al. 1998
ES-MS

2 A, a, C, D is NMR (’H, 13C. HOHAHA. 
DQF, HSQC, HMBC). 
UV, IR. ES-MS

VILEGAS et al, 1998

3 A, C 20 NMR('H, ”C), UV. IR. WOLLEMBERGER et
ES-MS al, 1972:

4 A, 0 15 NMR (1H , !JC), UV, MERFORT Ã
IR WENDISCH, 1987

5 B. & 8 NMR ('H Jí UV HARBORNE & MABRY

NMR ('H.”C), UV.
1982.

6 A 15 HARBORNE & MABRY
IR 1982.

7 B 5 NMR ( ‘H ), UV HARBORNE & MABRY
1982.

8 B 20 NMR f'H , ,JC) HARBORNE & MABRY

NMR ('H. ”C) . UV
1902.

9 B 5 HARBORNE & MABRY
___ _ ___________________________ 19B2.

A - P. bromeliotdes; B - P. hila irei; C - P vellozioides; D - P. latipes

Isolation of the constituents from 
Paepalanthus ssp.: The capitula were dried (60? 
C). powdered and extracted successively with 
hexane, dichloromethane and ethanol. The extracts 
were evaporated under vacuum. Ethanolic extract 
(2.0 g) from each plant were dissolved in 20 ml of 
a 1:1 mixture of the upper phase and lower phase 

and injected into the DCCC. 200 fractions of ca. 
9 ml each were collected. The system used was 
chloroform/methanol/water (43:37:20 - system I - 
for A. C and D) and 13:7:4 (system II) for B in 
the descending mode as indicated in Table 1,

The fractions were analysed by TLC on 
silicagel 60 (Merck) using CHCI3: MeOH H2O 
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(43:37:20 and 13:7:4 v:v:v) as mobile phase, 
sprayed with NP/PEG reagent (WAGNER et al, 
1984) and viewed under UV light (254-363 nm). 
They were screened and grouped (Figures 2 and 
3}.

In the system I. the mixtures 1 +3 and 2+4 
were also obtained. However. 1.3.2.4 and 5 were 
also isolated in the pure form (Figures 2).

On the other hand, in the system II. there 
were some mixtures: 1+8 + 9 and 2 + 6: substance 
7 was obtained pure (Figure 3). The mixture 2 + 6 
was dissolved in methanol, centrifuged and 
separated by gel permeation chromatography on 
Sephadex LH-20 (20 X 1.5 cm) eluted with 
methanol. The mixture 1 + 8 + 9 was dissolved in 
methanol, centrifuged and further purified on a 
PVP CC of 10 x 1.5 cm eluted with methanol.

Table 1 lists the spectrometric methods 
used for the identification of each substance: 9- 
O-P-D-glucopyranosylpaepalantine (1), 9-O-P-D- 
glucopyranosyl (1 —>6)allopyranosylpaepalantine
(2) , along with the flavonoids 6-methoxykaempferol
(3) ,3-O-p-D-glucopyranosyl-6- 
methoxykaempferol (4). patuletin (5), 3-O-P-D- 
rutinosylpatuletin (6). 7-O-P-D- 

glucopyranosylquercetagetin (7), 5,7,4'-tnhydroxy- 
6,3-dimethoxyflavone (8) and 5,7,4-trihydroxy- 
6,3'-dimethoxyflavonol (9)

RESULT AND DISCUSSION
Compounds 1-9 are common in many 

Paepalanthus species, as screened by TLC. 
However, previous attempts to isolate them by 
adsorption CC on silica gel led to strong adsorption 
and loss of material. The main purpose of this study 
was to apply a method based on DCCC appropriate 
for the separation of such compounds (Figure 1),

Figures 2 and 3 show that substances 1 
and 2 were easily separated in both solvent 
systems, system I leading to a faster separation 
than II In system I (Figure 2) the monoglucoside 
1 eluted in fractions 30-50, and the diglucoside 2 
in fractions 90-110. Inspite some overlapping of 
the substances, the flavonoids could also be 
separated from the naphthopyrones by using the 
system I. in which the aglycone 3 was obtained 
pure in fractions 55-65, the monoglucoside 4 was 
obtained pure in fractions 105-115, and the 
diglucoside eluted in fractions 170-210.

(1) R= gic
(2) R = glc(1-i6)allo

(3) R, = OH, R2 = CHS, R3=H, R, = H
(4) R,=Oglc, R2 = CHr R, = H, R4 = H
(5) R,=OH, R2 = CHr R3=H, R, = OH
(6) R,= Oglcjl-+6)rha, R, = CH,. R2=H. R<=H
(7) R,=OH. Rj = H, R, = glc. R. = OH
(8) R, = H. R2 = CH,, R,= H, R„ = OCH,
(9) R, =OH, R2 = CH1, R, = H, R, = OCH,

FIGURE 1 - Compounds isolated and identified from capitula of Paepalanthus ssp. glc = glucose, rha = 
rhamnose, allo = allose
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FIGURE 2 Fractions collected after separation by DCCC showing the separation of substances 1-5 using 

solvent system (I) CHCIrMeOH:H?O,43:37:20 v.v.v. descending mode.

FIGURE 3: Fractions collected after separation by DCCC showing the separation of substances 1, 2, 6, 
7, 8 and 9 using solvent system (II) CHCI3;MeOH: H;O 13:7:4 v:v:v, descending mode

It is interesting to note that substance 3, 
aglycone of 4, eluted after substance 1, a 
naphthopyrone monoglycoside, and substance 4, 
a flavonoid monoglucoside, eluted after substance 
2, a naphthopyrone diglucoside. It seems that the 
phenolic hydroxyls of the flavonoids led to a higher 
solubility of the compounds in the stationary 
(aqueous) phase of system I than do the sugar 
moieties bound to the naphthopyrone nucleus, a 
tact which helped to provide a good separation 
among these substances,

System II (Figure 3) led to a taster elution 
of 1, but to slower elution of 2 due to the lower 
polarity of this compound in the mobile phase. 1 
was obtained in a mixture with the aglycones 8 
and 9. while 2 was mixed with 4 and 6 (Figure 3).

Therefore, other chromatographic methods were 
used for final separations. The mixture 2 + 6 was 
separated by gel permeation CC (Sephadex LH- 
20) (HANS, 1995) and the mixture 1 + 8 + 9 was 
separated by CC on polyvinylpyrrolidone (PVP) 
(OLSSON. 1974).

Although the four species A, B, C and D 
produce different flavonoids, the naphthopyrones 
1 and 2 are present in all those studied. These 
substances are relatively rare in nature and more 
often isolated from microrganisms (HILL, 1986).

Our results indicated that DCCC with 
system I is a good method for the isolation without 
column losses of polar constituents from 
Paepalanthus spp.
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