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Abstract [ Erythrocentaurin was isolated from two gentianaceous
plants—uviz., Enicostemma hyssopifolium (Willd.) Verd. (synony-
mous with E. littorale) and Swertia lawii Burkill., as a native com-
pound. Its natural occurrence was demonstrated for the first time
by using a modified isolation procedure. The identity of the com-
pound was established by chemical transformations and spectral
(UV, IR, NMR, and mass spectra) evidence. Phylogenetic signifi-
cance of the cooccurrence of erythrocentaurin and a number of
structurally related monoterpene alkaloids in E. hyssopifolium is
discussed.
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Erythrocentaurin (I) was first isolated by Méhu
(1) from commercial samples of Erythrea centau-
rium. Subsequently, it was obtained (2) by the enzy-
matic hydrolysis of swertiamarin (a native glucoside
of Swertia japonica) and of erytaurin (a native glyco-
side of Er. centaurium) (3). The structure of I was
established later by Kubota and Tomita (4), who
suggested it to be an artifact formed by the hydroly-
sis of swertiamarin (II). Compound I was also isolat-
ed (5) from Gentiana lutea. But this time, the pro-
cess of isolation, involving alkalization of the root ex-
tracts of G. lutea, did not eliminate the possibility of
its formation from swertiamarin present in the plant
in appreciable quantities. Thus, the question of
whether erythrocentaurin is an artifact or a native
compound in these plants remained unsettled. Evi-
dence is presented in this report establishing that
erythrocentaurin is a native compound in two genti-
anaceous plants—uviz., Enicostemma hyssopifolium
(Willd.) Verd. (synonymous with E. littorale Blume)
and Swertia lawii Burkill. (synonymous with S. cor-
ymbosa Wight). In addition, the cooccurrence of
erythrocentaurin with a number of structurally
related monoterpene alkaloids in E. hyssopifolium (6)
is appraised in the light of a common biogenetic se-
quence.

RESULTS AND DISCUSSION

E. hyssopifolium and S. lawii whole plants were separately ex-
tracted with petroleum ether. The petroleum ether extracts were
processed for neutral, basic, and glycosidic constituents. Although
it seemed unlikely that a weakly polar extract would contain ap-
preciable quantity of any strongly polar constituent, e.g., swerti-
amarin (II) and gentiopicroside (III), tests for these compounds
were carried out to dispel any gap in the finding. The absence of
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swertiamarin and gentiopicroside in the petroleum ether extracts
and isolation of erythrocentaurin from the neutral fraction estab-
lished that erythrocentaurin occurs as such in these two species.
The identity of erythrocentaurin was established by chemical
transformations and spectral (UV, IR, NMR, and mass spectra)
evidence. The NMR and mass spectral data of this compound
were not reported previously. The basic fraction of the two plant
extracts afforded gentianine (IV). Previous studies showed (7)
that gentianine can exist as a native alkaloid in small quantities,
but the relatively high yield of gentianine, reported in many
plants, results from the action of ammonia on nonnitrogenous
precursors, e.g., swertiamarin (II) and gentiopicroside (III). The
present report of isolation of gentianine from E. hyssopifolium
and S. lawii, without involving treatment with ammonia, should
be regarded as additional evidence in favor of labeling it as a nat-
ural alkaloid. The aglucone (V) of swertiamarin, which remains
to be isolated, is an accepted intermediate to gentianine (5, 7, 8).
Compound V could also act as an intermediate to erythrocentaur-
in in plants. The transformation of V to I would involve only
minor molecular rearrangement followed by the elimination of
water.

Recently, isolation of two new monoterpene alkaloids, enicofla-
vine (VI) and gentiocrucine (VII), from E. hyssopifolium was re-
ported (9). Enicoflavine was shown to transform spontaneously
into gentianine, gentiocrucine, and erythrocentaurin. Upon elec-
tron impact (in the mass spectrometer), it was converted into
gentianine and gentiocrucine (6). If the premise is granted that
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Scheme I—Hypothetical route to genests of monoterpene alkaloids
and erythrocentaurin in E. hyssopifolium



enicoflavine is formed from the same aglucone (V) in E. hyssopi-
folium, then a plausible common sequence of genesis of the conge-
ner compounds would be as shown in Scheme I.

The conversion of V into VI would involve simple amination
(the source of nitrogen in vivo is, however, not known) at the hy-
droxymethylene group. The subsequent transformation of VI into
VII would proceed via retroaldolization; the accompanying croton-
aldehyde was also detected (6). Further details of these findings
will be reported.

EXPERIMENTAL!

Extraction of E. hyssopifolium2—Air-dried and milled whole
plants (1.6 kg), collected from the local area and properly identi-
fied3, were extracted (16 hr) under reflux in a soxhlet apparatus
with petroleum ether (bp 60-80°). The petroleum ether extract
was concentrated to about 400 ml, and a portion of the concen-
trate (300 ml) was extracted with aqueous citric acid (12.5%, 200
ml) using a mechanical stirrer (8 hr). The acidic aqueous layer
was kept for further processing for erythrocentaurin. The other
portion (100 ml) of the petroleum ether extract was extracted
with ethyl acetate (3 X 100 ml). The combined ethyl acetate ex-
tracts were washed with water, dried (anhydrous sodium sulfate),
and concentrated (about 25 ml). The concentrate was passed
through a column of aluminat (24 X 1.8 cm), and the column was
eluted with methanol (500 ml). The methanol eluate was concen-
trated (20 ml) and examined for the monoterpene glucosides,
swertiamarin (11) and gentiopicroside (11), by analytical TLC in
the presence of authentic markers. The two glucosides were ab-
sent in this fraction. Only a weakly polar constituent, R, 0.8 [n-
butanol-acetic acid-water (4:1:2)], was detected in the methanol
eluate.

Isolation of Erythrocentaurin (I)—The aqueous citric acid
layer was extracted with ether (3 x 100 ml). The combined ether
extracts were washed, dried, and concentrated (about 20 ml). The
ether concentrate, after sitting, afforded brown crystals of
erythrocentaurin (27 mg). It crystallized from acetone-petroleum
ether (1:1) as colorless needles, mp 132-133° {lit. (11) mp 140-
141°]; R, 0.40 [benzene-chloroform (100:20)], 0.79 [n-butanol-
acetic acid-water (4:1:2)]; UV: Ayax (ethanol) 224 (log ¢ 4.28) and
290 nm (3.09); IR: v.x (mineral oil) 1718 (conjugated lactone
C=0) and 1695 cm~! (conjugated —CHO); mass spectroscopy
m/e 176 (M+, 100%) and significant fragment ion peaks at m/e
148 (14), 147 (17), 131 (8), 120 (40), 119 (43), 118 (46), 117 (11},
and 105 (8); NMR (100 MHz): § (CDCls) 3.6 and 4.6 [two 2H
triplets, the large downfield shift due to —CHz—CH2— moiety at-
tached to a hetero atom, associated with the functionality —O—
C(=0)—),7.65 (1H, t,J = 8 Hz),8.15 (1H,dd,J = 8 Hz,J' = 1.6
Hz), 8.42 (1H, dd, J = 8 Hz, J’ = 1.6 Hz) (three aromatic pro-
tons), and 10.3 (1H, s, —CHO). .

Anal.—Calc. for C1oHgO3: C, 68.18; H, 4.54. Found: C, 67.74;
H, 4.73.

Direct comparison with the reported (11) erythrocentaurin was
not possible since that material was not available. After sitting
and being exposed to light, the compound gradually turned red-
dish brown and showed several spots with analytical TLC.

The semicarbaz mne, prepared in the usual way, crystallized

1 The general directions are same as reported in a recent paper (10).

2 The plant material was supplied by Mr. B. Singh, Varanasi, India. A
herbarium specimen has been preserved at the Department of Pharmaceu-
tics, Banaras Hindu University, Varanasi-5, India.

3 Through the courtesy of Dr. C. S. P. Rao, Department of Botany, Fac-
ulty of Sciences, Banaras Hindu University.

4 Brockmann activity grade about IV.

from ethanol as colorless needles, mp 217-218° [lit. (11) mp 219-
220°].

Anal.—Calc. for CnHuNaOs: C, 5665, H, 4.72; N, 18.02.
Found: C, 56.41; H, 4.98; N, 17.83.

Isolation of Gentianine (IV)—The clarified acidic aqueous
layer, after separation of erythrocentaurin, was made basic with
sodium bicarbonate. The liberated bases were extracted with
ether (3 X 100 ml). The combined ether extracts were washed,
dried, and evaporated. The residue crystallized from petroleum
ether-benzene as colorless needles (12 mg), melting point and
mixed melting point with authentic gentianine 80°; co-TLC with
authentic gentianine showed a single spot, R, 0.68 [n-butanol-
acetic acid-water (4:1:2)]; Amax (ethanol): 220 (log ¢ 4.39), 245 in-
flection (3.88), and 275-278 nm (3.20).

Anal.—Calc. for C10HgNO2: C, 68.57; H, 5.14; N, 8.00. Found:
C,68.83; H, 4.90; N, 7.57.

Extraction of S. lawii®>—Air-dried and milled whole plants
(1.2 kg) were extracted with petroleum ether, and the extracts
were processed in the same way as described for E. hyssopifolium
when erythrocentaurin (24 mg) and gentianine (17 mg) were cb-
tained from the neutral and basic fractions, respectively.
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