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With the development -of new designs of apparatus, liquid-liquid chromato- 
graphic methods’ have made a come-back. Of these methods, droplet counter-current 
chromatographg @CCC) has been widely used and has proved successful in the 
separation of many natural producrs. Up till now, the limitations of the method have 
been that only relatively polar substances can be separated and also that there is a 
danger of hydrolysis occurring in the aqueous solvent systems, especially when rela- 
tively long separation times of between 1 day and 1 week are employed. Water-free 
solvent systems have heen difficult to establish because they need to meet the main 
condition for DCCC: the formation of suitable droplets having more or less the 
diameter of the tubes. Using as a guide the work by Heckei? on partition chromato- 
graphy, we have recently developed a water-free system that satisfies this condition_ 

Preliminary experiments4 have shown the system to be suitable for the separa- 
tion of non-polar valepotriates and of the essential oil of fihittacea attgusrzj&iia. 
However, these results need to be confirmed by the separation of a complex, but 
nevertheless well defined, mixture of natural compounds_ We therefore selected the 
essential oil of chamomile (MatricariP chuuwmilia), the components of which (Fig. 1) 
can be qualitatively and quantitatively examined by gas chromatography (GC)‘. 

MATERIALS AND METHODS 

A DCC-A instrument (Tokyo Rikakikai Co., Tokyo, Japan) with 300 columns 
(0.2 mm I.D.) was employed. The pressure was 4 kg/cm’ and each fraction consisted 
of 120 drops collected at a rate of 4 drops per miu 

fisettrial oil of Matricaria chantomiifa 

Flowers of M_ chatnotnilia (from Argentina) were distilled in 10-g portions, 
according to the European Pharmacopoeia. The essential oil from each distillation 
was collected in 2 ml of pentane, the solution was dried, and the pentane was evap- 
orated under nitrogen. 

Gas chromatography 

The total essential oil and the comb&red fractions were chromato_mphed using 
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NOTES 

trans-fi-farnesene 

i-I-a-bisaboicla - f-l-a-bisabolobride A W-U- bisabotoloxide 8 

H-u-b A cis-EN-LY-dicycbether trams-EN-JN-dicycIoethef 

Fig I_ Known components of the essential oil of _W_ chmnomilla. 

a Varian chromatograph fitted with a Methyl-Silicon (fused-silica capillary) 19091- 
60050 cc11umn (Hewktt-Packard, Avondaie, PA, U.S.A.) of length 50 m. The follow- 
ing conditions were employed: injection temperature, 230°C; detection temperature, 
250°C; tempera- programmed to 140% at 4X/min; pressure, 1.5 bar; sensitivity, 
36 - fO-l’; injectiotivolume, 0.2 @. For the total essential oil, guajazulene was used as 
internal standard. The purity of the combined fractions was calculated from the peak 
areas. 

Thin-layer chromurography 
Each fraction xv= examin ed by thin-layer chromatography (TLC) on silica gel 

60 G (E. Merck, Darm$adt, G.F.R.) using 10 x 6.6 cm plates. For conditions, see 
ref_ 5. lfdentical f?actions were combined. 

ESULTS AND DISCUSSION 

The essential oiI of M. c&z~zomiZfa was found to have the constitution shown in 
TabIe I. 

After analysis by TLC, the essential oil was spiit into ten fractions which were 
examined by GC_ The main components are listed in Table II. As can be seen, four 
f%ac&ons’have cqmpoundswith a purity greater than 90%. This means after just one 
run? forsr of the seved known tinstituents of the mixture can be isolated a@dst pure. 
The amounr~of these cotipounds, starting from O-75 g of essentia! oil-(i.e. farnese, 
24.3 mg; chamazulene;-9.5 mg; spathulenole. 15 mg; bisaboloxide B, 36.2 mg) 
would be enough to &al$e the nv spectra f& structural elucidation to be run. 

. Iff thepuiity is in&5cient for this pu?po~, a seqond run can be performed with 

- . -_ 



TABLE I 

COMPOSLTION OF ESSENTiAL OIL OF MATRKARIA CNrtMOMILLA 

GI@Z&Ueasinti_ 

Farnesene 12 
BisaboloIoxide B 35 
Bisabolote 6 
Spatbulenole 1.2 
Bisabololoxide A 7.8 
Cbamazu~eue 6.1 
cis-EN-IN-Dicydoetber 6.4 
-_ -- 

either the same or a diKerent solvent system. After pre-screening on a silica plate, 
according to the method of Hostettmann’, we chose the system n-hexane-ethylace- 

tate-nitromethane-methanol (9:1.5:4.5:1.5, v/v), with the upper phase as mobile 
phase. Fractions g t h (90-104) from the first ruu (0.1568 g) gave the fractions shown 
in Table III. 

The essential oil obtained from steam distillation of chamomile always con- 
tains fatty acids- After a DCCC separation using 750 mg of volatile oil, 613 mg were 
recovered from the upper phase; over 90% of the fatty acids (ca. 130 mg) remained in 
the lower phase together with only a small amount of the volatile oil. 

TABLE II 

COMBINED FRACTIONS OF THE FIRST DCCC RUN 

n-Hexane-etbyl acetat~nitrometbane_methanol(9~:2:3) as eluent; upper phase as mobile phase. 

Fraction Weigh: 

(mg) 

Main component(s) Purity according 
IO GC peak area (x) 

a 
b 
: 

e 
f 

g 

h 

i 
j 
k 

i 

m 

(I-21) 
c22-38) 
(39-55) 
(56-72) 
(73-81) 

(8=9) 

W-98) 

(!==lW 

(105-106) 
(107-109) 
(110-113) 

(lib123) 

(126282) 

153 
24.3 
40.5 9.8 

15.0 
8.7 

80.0 

76.8 

17.4 
18.8 
12.4 

13.9 

142 

Famesene 
Famane 
Cbamazulene Famesene 

Spatbulenote 
Bisabolole, bisabololoxide B, 

spatbu!enole 

Bisabololoside B 
Bisabolole 

Bisaboloiotide B 
Bisabolole 

Bisabololoxide B 
Biibololoside B 
Mixture 

+ bisabololoxide A 
,Mimm 

EN-IN-dicyctoetber 
Mixture 

26 
96 
96 58 

93 

- 

69 
30 
80 
10 
98 
86 
5 

- 
- 
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-i-ABLE .iII 

FRUX-LONS OF THE SECOND DCCC RLii OF FR;\CTfONS g AND h 

~-Hmaxxx&yI acctt t-omethane-metham~ (9:15:4_5:1_55 2s ehent; upper phase as mobile phase. 

Fraction WeigAf Main cmgonent Is) Purity according 

fmgi to GC peak area (“/,I 

0 

A 
B 

C 

D 

E 
F 
G 

(90-93 
(91102) 
(10%113) 

0.6 
2-O 

61 

16.6 

15.9 
87 
l-8 

- - 
BiboloIe 100 
Bkabolole 53 
Bisaboloxide B 10 
BiSAOkJk 78 

I&tmIobxide B 22 
BisaboIohxide B 98 
Bisabolole 2 

Bisabololo.side B 100 
Bisabololoxide B 94 
Bisabotoloxide X 80 

The constituents of the volatile oil showed a somewhat different elution pattern 
with DCCC from that cbtained with GC. DCCC gives a separation according to the 
polarity of the components, Le. famesene is eluted first followed by chamazulene and 
spathl&enoIe, with the oxygenated bisaboloids being eluted last_ In GC, farnesene has 
the shortest retention time, folIowed by bisabololo.xide B, bisabolole, bisabololoxide 
A, chamazulene and finally cr5-rrarrs-EN-IN-dicycloether. 

On the basis of these results, DCCC with a water-free solvent system appears 

r_~ be an appropriate method for the separation of apolar substances. 
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