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Abstract

TLC methods have been derived for the qualitative investigation of the small group of compounds known as chromone
and flavonoid alkaloids. Quantitation of two of the chromone alkaloids has been achieved by HPLC and a graphite column
has been used to separate the unstable stereoisomers of the piperidone chromone alkaloids. A variety of preparative methods
including silica column and droplet counter-current chromatography, has been used to isolate the members of this group of
compounds from plant extracts.
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1. Introduction they have been found to possess. These include
antiviral properties [1] and tyrosine kinase inhibition,
The chromone and flavonoid alkaloids are of the latter being the basis of their potential use in
interest because of the biological activities which treating inflammatory conditions and acting as anti-
neoplastic agents [2]. The biological activities of
*Tel.: +44-207-8484-775; fax:+44-207-8484-800. these alkaloids have been reviewed recently [3].
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alkaloids is somewhat unusual since most alkaloids
are classified chemically according to the nitrogen-
containing ring system. However, the class under
consideration is typified by the part of the molecule O _A_-O-_-CHs
to which the nitrogenous moiety is attached, i.e., a “
chromone or flavonoid structure. Only one
chromone, noreugenin, has so far been found as part
of an alkaloid molecule but several different flavo-
noids have been shown to comprise the non-nitro-
genous part of isolated alkaloids. The naturally-oc-
curring chromone alkaloids isolated to date are
shown in Figs. 1 and 2 and the flavonoidal alkaloids
shown in Fig. 3. All but one of these compounds
have been isolated from flowering plants, the excep-
tion being tubastraine which was isolated from a
coral. The natural sources of the alkaloids so far
isolated are shown in Tables 1 and 2.

The chromone and flavonoid alkaloids are interest-
ing chemically since they possess phenolic as well as
nitrogenous parts of the molecule and this aspect
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Fig. 1. Noreugenin-derived chromone alkaloids.

alkaloidal tertiary or quaternary amine but in some of
the molecules it comprises part of a piperidone
lactam which has very little basic character.

Most of the chromatographic work reported has
been carried out on the chromone alkaloids, par-
ticularly those fromSchumanniophyton species, and
qualitative and quantitative procedures have been
described as well as the use of preparative chroma-
tography in isolation of the individual compounds.

2. Qualitative chromatography

2.1. Flavonoidal alkaloids

2.1.1. Thin-layer chromatography (TLC)
Little investigation of the TLC behaviour of the
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Fig. 3. Flavonoidal alkaloids.

flavonoidal alkaloids has been reported since it is
mentioned only as part of the isolation procedure
and, in some cases, inadequate information is sup-
plied. In most cases Dragendorff's Reagent has been
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used as the detecting reagent although the lactam
lilialine (8), separated by TLC on silica gel/ben-
zene—acetone gave no reaction with this reagent but
could be visualised with 5% agq. iron (lll) chloride
[9]. Phyllospadine Z) was separated using cellulose
(Avicel) and butan-1-ol-formic acid—carbon tetra-
chloride—water (4:1:1:1) [5]. Th8uchenavia flavo-
noidal alkaloids 4, 5, 6 and others) were analysed by
TLC using Kieselgel GE, plates (Merck) and
dichloromethane—methanol (95:5) as developing sol-
vent [7].

There are no reports concerning high-performance
liquid chromatography (HPLC) analysis of the flavo-
noidal alkaloids.

2.2. Chromone alkaloids

2.2.1. TLC behaviour—separation systems

In contrast to the flavonoidal compounds, a
reasonable amount of data has been published con-
cerning the qualitative analysis of the noreugenin-
derived chromone alkaloids since details of TLC
behaviour have been provided in most of the publi-
cations dealing with their isolation and structural
elucidation.

The compounds in question exhibit a wide range
of polarities from the comparatively non-polar ter-
tiary pyridine bases schumannioptiinend
isoschumannioph®)eq their very polar water-
soluble quaternary an&?8gaed 24. The TLC

separation systems which have been used reflect thi

Table 1

Flavonoidal chromone alkaloids from natural sources

Compound Source Ref.
Ficine (1) Ficus pantoniana King. leaves [4]
Isoficine F. pantoniana King. leaves [4]
Phyllosadine 2) Phyllospadix iwatensis Makino leaves [5]
Vochysine B) \ochysia guianensis (Aubl.) Poir. fruits [6]
Buchenavianine4) Buchenavia macrophylla Eichl. leaves, fruits [7]
N-Demethylbuchenavianines) B. macrophylla Eichl. leaves [7]
O-Demethylbuchenavianine B. macrophylla fruits [7]
O,N-Demethylbuchenavianines) B. macrophylla fruits [7]
N-Demethylcapitavine B. macrophylla fruits [7]
5,7-Dihydroxy-6-N-methyl-2-piperidinyl)flavanone B. macrophylla fruits [7]
Capitavine Buchenavia capitata Eichl. seeds [7]
5,7,4-Trihydroxy-6-(N-methyl-2-piperidinyl)flavone B. capitata Eichl. seeds [7]
Kopsirachine 7) Kopsia dasyrachis Ridl. leaves [8]
Liliaine (8) Lilium candidum L. flowers [9]
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Table 2
Noereugenin-derived chromone alkaloids from natural sources
Compound Source Refs.
Piperidine-type related to rohitukine
Rohitukine Q) Amoora rohituka Wight and Arn. leaves, steam. [10]
[Syn. Aphanamixis polystachya (Wall.) R.N. Parker]
Dysoxylum binectariferum Hook. stembark [11]
Schumanniophyton magnificum Harms. rootbark, stembark [12]
Schumanniophyton problematicum (A.Chev.) Aubrev. rootbark, stembark [13]
Tubastraine 10) Tubastraea micrantha [14]
N-Demethylrohitukine-3-acetate 11) Schumanniophyton magnificum Harms. stembark [15]
Schumagnine 12) Schumanniophyton magnificum Harms. rootbark [12]
N-Methylschumagnine13) Schumanniophyton magnificum Harms. rootbark [12]
Noreugenin- 6-piperidone-type
Unnamed alkaloid A 14) Schumanniophyton problematicum [16]
(A. Chev.) Aubrev. rootbark
Schumanniophyton magnificum Harms. stembark [15]
Unnamed alkaloid B 15) Schumanniophyton problematicum (A. Chev.) Aubrev. rootbark [16]
Noreugenin- 8-piperidone-type
Schumannificine 16) Schumanniophyton magnificum Harms. Rootbark, stembark [17-20]
Schumanniophyton problematicum [15]
(A. Chev.) Aubrev. rootbark, stembark
N-Methylschumannificine 17) S magnificum Harms. rootbark, stembark [17-20]
Schumanniophyton problematicum [15]
(A. Chev.) Aubrev. rootbark, stembark
Anhydroschumannificine1@) S magnificum Harms. rootbark [12,19,20]
N-Methylanhydroschumannificinel9) S magnificum Harms. rootbark [12,19,20]
Hydroxy-N-methylschumannificine2Q) S. magnificum Harms. stembark [15]
Noreugenin-8-pyridine type
Schumanniophytine2(l) S. problematicum (A.Chem.) Aubrev rootbark [16]
S magnificum Harms. Rootbark, stembark [18]
Isoschumanniophytine2p) S magnificum Harms. rootbark [18]
N-Methylschumannuiophytine28) S. magnificum Harms. rootbark [12]
N-Methylisoschumanniophyytine24) S magnificum Harms. rootbark [12]
Miscellaneous
Cassiadinine 25) Cassia siamea Lam. flowers [21]

and are shown in Table 3 and the behaviour of each
alkaloid, expressed in terms of itsRh value is
shown in Table 4.

Conventional separation on silica gel with moder-
ately polar mobile phases consisting of small
amounts of methanol with less polar solvents was
successfully used for the pyridine bases, the
piperidones and related compounds. TRe values
of the different compounds reflects their polarity,
e.g., rohitukine 9), which has three OH groups,
displays much more affinity for the stationary phase

than compounds where the only OH group present is
attached to C-5 and is strongly H-bonded to the
chromone carbonyl.

Some of the more polar compounds were difficult
to separate from each other but it was found that
making the silica layer alkaline, by preparing it in
/M. s5odium hydroxide, resulted in the separation

ofl1, 15 and 20 from N-methylschumannificinel(y)
with which they were concurrent in acidic silica
systems [15]. A hypothesis for this could be the
more phenolic nature of the three molecules com-
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Table 3

Analytical TLC systems for noreugenin-type chromone alkaloids

TLC system Stationary phase Mobile phase Refs.
Non-polar compounds

A Silica gel GE;, Chloroform—butanone (4:1) [18]

B Chloroform—methanol (12:1) [18]

C Butanone—methanol (12:1) [18]

D Silica gel GE;, plates prepared Chloroform—methanol (12:1) [15]

E with 0.1 M NaOH Dichloromethane—methanol (10:1) [15]
Polar compounds

F Silica gel GEg, Acetone—methanol-10% NH OH (4:1:1) [12,18]

G Butan-1-ol-methanol-10% NH OH (4:1:1) [12,18]

H Silica gel GE;, impregnated with Citrate buffer, pH 4.2—methanol (3:1) [22]

J 5% (v/v) liquid paraffin in petroleum Borate buffer, pH 10.0—methanol (3:1) [22]

Note: In all cases the silica gel used was obtained from Merck. Plates were made by mixing silica gel and water in the laboratory followed
by hand spreading. All plates were dried at room temperature for 2 h then &C18% 60 min prior to use.

pared with17 and hence their increased affinity for paraffin [22]. Nothing has been reported concerning
an alkaline layer. behaviour on chemically-bonded RP plates.

The more polar compounds were separated using
very polar mobile phases with silica gel but more 2.2.2. TLC behaviour—detection

recent work showed that they could be separated Detection of the noreugenin chromone alkaloids
using reversed-phase (RP) systems where the silica after TLC separation is not difficult as many of them
gel had been previously impregnated with liquid are fluorescent and all of them quench short range
Table 4
hR: values of chromone alkaloids in reported TLC systems [12,15,18,22]
Alkaloid TLC system (see Table 3)

A B C D E F G H J
Rohitukine type
Rohitukine @) - - - - - 95 55 22 30
N-Demethylrohitukine-3acetate 11) - 40 37 45 27 - - - -
Schumagnine 12) 42 62 59 - - - - - -
N-Methylschumagnine13) 55 72 64 - - - - - -
Piperidone type
Alkaloid (15) - 51 39 46 52 - - - -
Schumannificine 16) 5 37 29 - - - - - -
N-Methylschumannificine 17) 10 72 40 - - - - - -
Anhydroschumannificine1g) 18 79 47 - - - - - -
N-Methylanhydroschumannificinel9) 28 86 45 - - - - - -
Hydroxy-N-methylschumannificine2Q) - 51 39 46 43 - - - -
Pyridine type
Schumanniophytine2() 9 70 6 - - - - - -
Isoschumanniophytine2g) 9 72 4 - - - - - -
N-Methylschumanniophttine2@) - - - - - 75 22 25 17
N-Methylisoschumanniophytine24) - - - - - 24 1 40 32

—=Not reported.
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Table 5
Colours observed for chromone alkaloids with various TLC detection methods [12,15,18]
Alkaloid Appearance of zone
UV 254 nm UV 366 nm Daylight after Daylight after Dragendorff's reagent
Dragendorff's reagent  followed by 5% ag. ion (1) chloride
Rohitukine type
Rohitukine @) Quenches No colour Pale orange Blue—black
N-Demethylrohitukine-3acetate 11) Quenches No colour Pale orange Blue—black
Schumagnine 12) Quenches No colour Pale orange Grey—brown
N-Methylschumnine 13) Quenches No colour Pale orange Red-brown

Piperidone type

Schumannificine 16) Quenches No colour Pale orange Blue—black
N-Methylschumannificine 17) Quenches No colour Brown Dark brown
Anhydroschumannificinelg) Quenches No colour Blue Blue—black

Piperidone type

N-Methylanhydroschumannificinel9) Quenches No colour Red-brown Dark brown
Hydroxy-N-methylschumannificine2))  Quenches No colour Orange Dark brown

Alkaloid (15) Quenches No colour Pale orange Dark brown

Pyridine type

Schumanniophytine2() Pale yellow Lemon yellow Orange Dark orange

Isochumanniophytine2@) Pale yellow  Golden yellow  Brown Dark brown
N-Methylschumanniophytine2@) Yellow Bright yellow  Orange Dark orange
N-Methylisoschumanniophytine24) Yellow Bright yellow  Orange Dark orange

UV light. The reactions of most of the isolated found to be present in large amounts in the bark of

alkaloids to detection systems reported in the litera- Schumanniophyton problematicum [13].
ture are shown in Table 5. It is noteworthy that some
of these compounds, especially the piperidone sec-2.2.3. HPLC

ondary amines, such as schumannificiri®)(and The interesting anti-human immunodeficiency
anhydroschumannificinel8) do not give the classi- virus (HIV) activity displayed W prompted the
cal deep orange zone when sprayed with Dragen- investigation of HPLC methods for the screening of
dorff's reagent. This is presumably because this samples of plant material in which it and related
spray reagent depends on a complex being formed compounds were found. Since quantitation as well as
between tertiary amine groups, absentléhand 18 qualitative information was required, it was consid-
and the bismuth molecules in the reagent. The ered that HPLC would be more suitable than the
compounds can, however, be easily visualised by TLC procedures already in existence which, although
using 5% (w/v) aqueous iron (lll) chloride solution they could be adapted for densitometry, were unlike-
to overspray the plate after it has been treated with ly to give very precise information.
Dragendorff's reagent. The procedure leading to the HPLC system finally

It should be noted, however, that other non-nitro- chosen has been described [13]. A reversed-phase
genous phenolic compounds present, such as the system was employed using an Alphasil 5 ODS
noreugenin glycosides, will also give coloured zones column (HPLC Technology, Cheshire, UK)>of 250
after this treatment due to the iron—phenol complex. 4.6 mm |.D. with detection at 254 nm using a
A further possibly misleading reaction after the Perkin-Elmer LC-290 variable-wavelength UV detec-
initial treatment with Dragendorff's reagent is the tor. Various proportions of methanol and 0 m
strong orange colour given by the coumarin potassium dihydrogenphosphate were used to opti-

scopoletin and related compounds which have been mise the separation of schumannifigjnél- (
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methylschumannificine 1) and morphine, which

was chosen as an internal standard since it resembles

the chromone alkaloids in possessing both phenolic
and tertiary amine groups. Parameters investigated
for the best separation were the pH of the buffer and
its concentration which were found to be 5.5 and 20
mM, respectively. Further experiments designed to
find the optimum mixture of these two solvents

showed that a 50:50, v/v, mixture was found to give

the best range of capacity factors and so this was
used as the mobile phase.

All of the alkaloids found in the plant extracts
eluted within 12 min using the above system with a
flow-rate of 1.0 ml/min. The various types of
alkaloids eluted in the expected sequence with the
most polar, e.g., rohitukinedj eluting first, followed
by schumannificine 16), N-methylschumannificine
(17) and lastly the tertiary pyridine compoundal(
22).

HPLC has also been used to separate thél 7
isomers of schumannificine1) and N-methyl-
schumannicine 17). Nuclear magnetic resonance
(NMR) spectroscopic studies had revealed that the
isolated compounds were a mixture of two com-
pounds which could not be separated by TLC. When
the structures of these compounds were finally

determined [20], it could be seen that the two
compounds were isomers depending on the orienta
tion of tHe @f the hemiacetal bridge. Attempts
to separate these isomers by a variety of TLC and
HPLC procedures proved futile (see Tables 6 and 7)
until a graphite HPLC column was used [23]. The
use of this column was based on the consideration
that a graphite stationary phase presents a planar
non-polar surface. The molecules in quéstonl (
17) have a major planar moiety in the molecule due
to the chromone ring and the hypothesis proposed
was that the difference in the orientation of the
'-OH could result in different affinities of the two
isomers for the stationary phase and hence their
separation. Experiments using the pure compounds
did in fact show that two peaks were obtained [23]
and in the same ratio as that shown by the NMR
spectra [18], thus demonstrating that the two isomers
had been resolved. The system used consisted of a a
Perkin-Elmer 410 LC pump; a Rheodyne 7125
injection valve (Cotati, Berkeley, CA, USA) fitted
with a 10 sample loop [24]. A variable-wave-
length UV detector (Perkin-Elmer LC-290; Norwalk,
CT, USA) coupled with a Perkin-Elmer integrator
and printer, was used for recording the chromato-
grams. A stainless steel columx4(60®m I1.D.)

Table 6
HPLC systems employed for the attempted separation of isomers of schumannifigjren¢ N-methylschumannificinel(7)
Column Manufacturer Mobile phase used ty (Min)
1 2
Hypersil 5 um Si Phenomenex UK, 1 5.0 4.2
(150x4.6 mm) Cheshire, UK 2 6.1 5.4
3 5.5 4.7
Alphasil 5pm ODS HPLC Technology, 5 2.8 3.7
(250x4.6 mm) Cheshire, UK 6 3.1 3.9
Spherisorb Sum Phase Separations, 5 3.3 4.1
(Cs, Cq, Cig) Deeside, UK 6 3.2 4.0
(250x4.6 mm)
Hypersil CN 3um Phenomenex UK, 1 4.3 35
(100x4.6 mm) Cheshire, UK 2 4.6 3.8
3 3.9 3.3
5 2.8 37
6 25 34
AGP Enantiopac, LKB 4 12.1 13.0
(100x4.6 mm) Produkter, Bromma, Sweden
B-Cyclodextrin Cyclobond |, Astec, 5 8.7 9.8
(250x4.6 mm) Whippany, NJ, USA 6 8.0 8.9

Mobile phases: (1) hexane—ethanol (98:2); (2) hexane—chloroform—ethanol (15:3:1); (3) chloroform—methanol (10:1); (4) 1-2%
isopropanol in KH PQ buffer (pH 4.5-6.5); (5) methanol-20nKH PO, (50:50); (6) acetonitrile—20 kh KH PO, (60:40).
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Table 7
TLC systems used in attempts to separate schumannifitB)eapd N-methylschumannificinel{) isomers
Stationary phase Mobile phase R- values
1 2
Silica gel GE,, (Merck) Chloroform—methanol (12:1) 0.45 0.56
Ethyl acetate—methanol (15:1) 0.49 0.58
Silica gel RP-18 (Merck) Methanol-water (40:60) 0.68 0.61
Methanol-20 iVl NaH, PO, (40:60) 0.70 0.63
Acetonitrile—20 nM NaH,PO, (50:50) 0.67 0.59
Acetonitrile—0.6M NaC1 in 0.1M B-cyclodextrin (50:50) 0.58 0.50
Silica gel GE,, Methanol-water (40:60) 0.70 0.64
impregnated with liquid Methanol-20 vh NaH, PO, (40:60) 0.72 0.66
paraffin Acetonitrile—20 el NaH, PO, (50:50) 0.68 0.60
Silica gel GF, impregnated with)-tartaric acid Chloroform—methanol (12:1) 0.33 0.46
Silica gel GR, impregnated with—)-quinine Chloroform—butanone—acetic acid (4:3:0.5) 0.56 0.71
Silica gel GR, impregnated with—)-brucine Chloroform—butanone—acetic acid (4:3:0.5) 0.54 0.70

N.B. All layers were 0.25 mm thick.

packed with Hypercarb S (ium) (Shandon Sci- was dried and then dissolved in the internal standard
entific, Cheshire, UK) was used. The optimised solution consisting of 0.1 mg/ml morphine in metha-
mobile phase was pumped at 1.5 ml/min and nol. The separation system consisted of a Perkin-

consisted of tetrahydrofuran (THF)—20Mnsodium Elmer 410 LC pump adjusted to give a flow-rate of
dihydrogenphosphate (50:50, w/v; adjusted to pH 1.0 ml/min. Samples were injected through a Rheo-
2.5 with trifluoroacetic acid, TFA). Detection was dyne 7125 injection valve fitted with al Kample

effected at 254 nm. The isomer havinGH o was loop. A stainless steel cartridge column (2806
thought to have the longer retention time since mm 1.D.) packed with Alphasil 5 ODS was used and
studies with models showed that this possessed a the mobile phase consisted of methardl-20 m
more planar lipophilic face than the corresponding potassium dihydrogenphosphate (50:50) adjusted to
7'-H B isomer. Attempts to use this system for pH 5.5. Detection at 254 nm was effected using a
preparative separation of the two isomers proved variable-wavelength UV detector (Perkin-Elmer LC-
futile since it was shown that interconversion took 290) coupled with a Perkin-Elmer integrator and
place rapidly within a few hours in the presence of printer.
water, presumably due to the lability of the Linear calibration graphs, five replicates, for dif-
hemiacetal junction. ferent concentrations of the two compounds and
morphine gave correlation coefficients of 0.9998 for
2.3. Quantitative chromatography 16 and 0.9997 forl7. These calibration graphs were
then used to compare the amounts of the two
The only quantitative work so far executed has compounds in fresh and dried samples of both root-
concerned only the noreugenin chromone alkaloids and stem-b&dharinanni ophyton magnificum and
schumannificine 6) and N-methylschumannificine in dried samples 8f problematicum stem- and
(17) and this utilised HPLC [13]. root-bark.
The primary aim of this work was to quantify No other work has been reported on the quantita-
these compounds in methanolic extracts of bark tion of these or other chromone alkaloids.

obtained from species ofSchumanniophyton in

which they occur. Some of these extracts contain 2.4. Use of preparative chromatography in the

large amounts of non-alkaloidal phenols and so isolation of flavonoid and chromone alkaloids

passage of the extract through a Bond-Elut Diol

cartridge was used as a clean up procedure prior to In most cases the alkaloids have been isolated
HPLC analysis. The eluate containing the alkaloids from crude extracts of plant material using separation
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Table 8
Preparative normal-phase column chromatography using silica gel used to isolate flavonoidal and chromone alkaloids
Alkaloid Eluting solvent Ref.
Flavonoidal alkaloids
Phyllospadine Z) Benzene—ethyl acetate (3:1) [5]
Vochysine B) Chloroform—methanol (95:5) [6]
Buchenavia alkaloids @—6) Chloroform—methanol gradient [24]
Kopsirachine {) Chloroform—methanol (95:5) [8]
Lilianine (8) Benzene—acetone [9]
Noreugenin-type chromone alkaloids
Rohitukine @) Dichloromethane—methanol (2:1) [10]
N-Demethylrohitukine-3acetate 11) Chloroform—methanol gradient [15]
Alkaloid (15) Chloroform—methanol gradient [15]
Schumannificine 16) Chloroform—methanol gradient [18]
N-Methylschumannificine 17) Chloroform—methanol gradient [18]
Anhydroschumannificinelg) Chloroform—methanol gradient [18]
N-Methylanhydroschumannificinel9) Chloroform—methanol gradient [18]
Hydroxy-N-methylschumannificine2Q) Chloroform—methanol gradient [15]
Schumanniophytine2() Chloroform—methanol gradient [18]
Isoschumanniophytine2p) Chloroform—methanol gradient [18]

on silica gel columns. A summary of the procedures
used for those alkaloids where this information is
provided is shown in Table 8.

The more polar alkaloidsN-methylisoschuman-
niophytine @4), rohitukine @) and N-methyl-
schumanniophytine 23), as well as schumagnine
(14) and isoschumagninel) were separated in that
order of elution by liquid—liquid droplet counter-
current chromatography on a Buchi 670 DCC instru-
ment [12]. Initial fractionation was achieved by
using butan-1-ol-methanol-water (5:1:5) in de-

scending mode and further separa@iparaf £3)
by using butan-1-ol-methanol-10% ag. ammonia

(5:1:5) in ascending mode where rohitukine was the
first alkaloid to be eluted.

Preparative TLC has been used extensively in the
final purification and isolation of this group of
alkaloids. In most cases silica gel.GF ,gr P
(Merck) has been used as the stationary phase and
the mobile phases used are shown in Table 9. Non-
destructive detection of the alkaloids can be achieved
by examination under UV light 254 nm and the

Table 9

Preparative silica gel thin-layer chromatographic systems used to isolate flavonoidal and chromone alkaloids

Alkaloid Mobile phase Ref.

Flavonoidal alkaloids

Phyllospadine Z) Benzene—ethyl acetate (3:1) [5]

Noreugenin-type chromone alkaloids

N-Demethylrohitukine-3acetate 11) Chloroform—methanol (12:1) [15]
Schumagnine 12) Butanone—methanol (12:1) [12]
N-Methylschumagnine13) Butanone—methanol (12:1) [12]
Alkaloid (15) Chloroform—methanol (12:1) [15]

Schumannificine 16) Chloroform—methanol (12:1) [18]

N-Methylschumannificine 17) Chloroform—methanol (12:1) [18]

Anhydroschumannificinelg) Chloroform—butanone (4:1) [18]
N-Methylanhydroschumannificinel9) Chloroform—butanone (4:1) [18]
Hydroxy-N-methylschumannificine2Q) Chloroform—methanol (12:1) [15]

Schumanniophytine2() Chloroform—butanone (4:1) [18]
Isoschumanniophytine2g) Chloroform—butanone (12:1) gradient [18]
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