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REVIEVV

METHODS FOR THE SEPARATION OF SOUTH AMERICAN
- STRYCHNOS AND INDIAN CURARE ALKALOIDS

G. B. MARINI- BETTOLO AND G. C. CASINOVI
Istituto Superiore di Samla, Rome (Italy)

“In the chemical study of the active constituents of curares the research
- workers!3, 19, 21, 24, 26, 39, 51, 56, 58, 86,87 gre faced with a number of problems, which in spite
~of century-long investigation are not yet close to a definite solution. ‘

These substances are alkaloids and are found in curares employed by numerous
Amazonian tribes as arrow poisons, as well as in the bark of various species of S trychnos,

The first great difficulty lies in the fact that for many years the conventional
“methods did not allow an adequate separation, for analytical or preparatory pur-
. poses, of the many alkaloids to be found in the bark and roots of South Amerlcan
| Stryclmos species and in the curares derived therefrom.

The claim is well justified that also in this field the mtroductmn of chromato-‘
graphic methods has marked a turning point in the research. :

In fact, it is due to HEINRICH WIELAND, who employed chromatography on an
alumma. column that in Ig4T the first pure alkaloids were obtained from cala.ba.sh
curares as well as from S. foxifera’t.

In 1952 ScuMID, KARRER and coworkers® introduced partition chromatography
on a cellulose column for preparatory purposes. For analytical purposes they developed
' two-dimensional chromatography on paper using known alkaloids; by determining the
rates of movement and colour reactions they supphed the ba515 for the identification
of these substances. These methods have been adopted, with slight var1at1ons by
gTHEODOR WIELAND® and by MARINI-BETTOLO and coworkers!.

The difficulties inherent in the resolution of alkaloid mixtures by chromato-
- graphic methods only, whether on a column or on paper using one and two-dimensional
systems, have subsequently led us to introduce the use of aqueous solvents in these
. methods?’, as well as electrophoretic techmques"" go, electrophore51s on cellulose

" columns and counter-current distribution2, :

‘ The object of this review is to set forth and comment on the techmques and

. lpractlcal aspects of the various methods that make possible the solution of problems

" ""f'or wh1ch chromatographlc methods alone appear to be insufficient.

An outline wﬂl therefore, be given of:

- 1. Data concermng the starting material.

« 2, Preliminary assays for orientation purposes.

3. Methods for extractlng all the alkaloids from curares and Stryclmos species.
4. Ana.lytlcal separatlon of alkaloids by
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" (a) paper strip chromatogra.phy,
(b) circular paper chrornatography,
(c) paper electrophoresis; |
(d) two-dimensional chromatography.
5. Preparatlve separation of alkaloids by:
(a) absorption chromatography on alumina columns;
(b) partition chromatography on cellulose columns;
(c) separation on paper sheets;
(d) band electrophoresis;
(e) continuous electrophoresis;
(f) column electrophoresis;
(g) counter-current distribution.

I. STARTING MATERIAL

The foilowing two types of material are usually employed for the extraction of -
alkaloids: ‘ ‘ : :
1. Curares prepared by Amazonian Indians.
2. Plants of the genus Strychnos from South America.
In both cases there may be cons1derable differences between the various labor-
atory materials available. ‘
The curares which contain quaternary curarizing alkaloids of the indole group,
are dlfferentlated into: calabash curares and ‘‘pot curares’*. As commonly known, -
they are prepared by Amazonian and Orinoco Indians by boiling extracts from various -
plants, 1nclud1ng Strychnos bark; a sticky black mass is thus obtained contalnmg“
concentrated alkaloids together with other substances. : C
From data reported in the literature it may be assumed that calabash curares
contain about 8-10% of quaternary curarizing alkaloids. R
Work on curares, which undoubtedly are a valuable material owing to their hlgh '
concentration of active principles, is somewhat hampered by the presence of other
alkalo1ds from other plants added during the preparatlon ‘
A more interesting material may be obtained from the bark and roots of Stryalmos'
species. This has not undergone other transformations and is substantially made up of
most of the alkaloids to be found in Indian curares. The alkaloid percentage, however,
is very low; on an average it lies between 0.1 and 0.2%, and exceptionally 1%.
~ On the other hand two main difficulties are likely to be met with when usmg ‘
botanical material: first the exact botanical determination of ‘the’ plant; second the
finding of a sufficient quantity of material of the same species, since one rarely finds.
plants of the same species in one and the same region. This accounts for the fact that -
more than 1-2 kg of bark of a smgle spec1es is not often avallable

* One cannot at the present moment consider calabash curares as the only source of mdole‘
cura.rwmg alkaloids. These alkaloids may be found in curares stored in various containers and even .-
in glass bottles (see Syrnposmm on Curares and Curar171ng Substa.nces, Rxo de: Janelro, August '

1957):
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' I‘urthermore -it must be borne in mind that for a,lkalo1d extraction the part of
the Strychnos. bark close to the ground and the roots are useful, whereas neither the
branches nor the fruit can be utilized, since according to our observations they do not
_contain alkaloids even when these are plentiful in the bark and roots.
| ‘Another difficulty is the possible variation, as was found in some cases, in the
| alkaloid compositon in one and the same species according to its geographical distri-
' ‘butlon and the season when it was gathered. ‘

2. PRELIMINARY ASSAYS

: Since the available material is so heterogeneous, it may be necessary — particularly
~ for the plant collector—to have a method of detecting the presence of curarizing
“alkaloids. -

: This can be carned out, in a preliminary way, by treatlng a few hundred milli-
grams of material on a spot plate with 4-5 drops of 5% acetic acid (or 10% tartaric
acid) and then absorbing the coloured liquid with a bit of filter paper within a few
" ‘minutes?®, As soon as the paper has dried it should be treated with a 1% ceric sulphate
solutlon‘m If indole curarizing alkaloids are present the paper will turn red or violet

- or blue or green. - : »

. This test is so simple and rapid that it can be carried out in the field much to the
advantage of the material collector. He is thus spared the trouble of gathering plants.
and carrying them hundreds of km before ﬁndmg that they are of no use from the

“chemical point of view.

Tlus method is applied today in Brazil when gathermg botanical material...

3. METHODS OF EXTRACTING ALKALOIDS ‘

. The process for the ettractlon of alkaloids is more or less the same whether the curares
'”are prepared by Indians or obtained from plant bark, since in both cases the cura-
- rizing alkaloids have to be separated from inert substances and from tertiary alkaloids.
- WIELAND utilized extraction with methanol followed by boiling water. The
' alka.lmds were then precipitated with mercuric chloride and converted to the relnecke
B sa.lts which were sub]ected to chromatography on alumina columns®-91,
‘ . SCHLI TTLER AND HOHL® in their work on S. melinoniana percolated the powdered
B bark first with water and afterwards with methanol containing 3% acetic acid. KING,
on the other hand, usually employed a 3% aqueous solution of tartaric acids, wh11e
- SCHMID AND KARRER“ used methanol and acetic acid. ‘

One or two percent acetic acid is more convenient than tartaric acid, because the
la.tter has to be removed as alkahne ta.rtra.tes, Wthh is not necessary 1n the case of

the former..

~The e*(tra.cts obtamed by the above methods are concentrated to small volumes,
E brought to pH 8 w1th ammonia or alkali and extracted with chloroform to separate

Refervences p. 432/433. *
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‘tert1ary bases The solution is then treated w1th dilute hydrochloric acid and the'f":
alkaloids are precipitated either as reineckates or picrates. :

The reinecke salts of the ‘quaternary and some of the tertiary bases can be
fractionated owing to their different solubilities in acetone-water®s, though th1s !
method is not always reliable. -

The reinecke salts can also be punﬁed d1rect1y on alumina columns (Wn:LAND “
and SCHLITTLER), but today it is considered better to transform them into chlorides "
by the Kapfhammer method, i.¢., by treating them with silver sulphate and then W1th. '
barium chloride. .- - |

BOEKELHEIDE?? extracts the calabash curares with water and then with methanol
The concentrated liquids are brought to pH 8 and then extracted with methylene‘
chloride, thus eliminating the tertiary bases. The quaternary bases are afterwa.rds
precipitated with picric acid. : :

The mixture of alkaloid picrates is passed over an ion exchange resin (Dowex-II-‘
X4 Cl) to recover the quaternary alkaloid chlorides.

4. ANALYTICAL SEPARATION OF ALKALOIDS
: (a) Pagper strip chvomatography
It must be pointed out here that the peculiarities of quaternary ammonium derivatives

malke it rather difficult to decide which solvents are best suited for these separations.

TABLE 1

COMPOSITION OF SOLVENTS USED IN CHROMATOGRAPHIC SEPARATIONS
OF Sirycl1nos AND CURARE ALKALOIDS

Solvent composition Designation Awthor Ré/crcnce
Acetic ester—water-pyridine 200:200:90 | A KARRER 82
Methyl ethyl ketone—water—cellosolve 300:70:15 B KARRER 82
Methyl ethyl ketone saturated with water and C KARRER 85 -
1-3% methanol 2 MARINI-BETTOLO a7
Acetic ester—pyudme-—water 7.5:2.3:1.65 D KARRER ‘ 85
: I MARINI-BETTOLO 27
Acetic ester-acetic acid—-water 7.5:0.9:0.9 E KARRER 85 .
n-Butanol-chloroform-water 10:10:0.6 F "KARRER - 88 ..
Ethyl acetate—methyl ethyl ketone—glycol mono- \ Co
methyl ether-water 200:300:154:200 A TH, WIELAND 92 .
Acetic ester—pyridine—water 200:90:200 B TH. WIELAND 92
Ethyl acetate—pyridine~water 1000:600:300 C. - TH, WIELAND LR
Ethyl formate—acetone—water 1000:1450: 400 D Tit. WIELAND 02
Methyl ethyl ketone—pyridine—water 1400:300: 300 E - TH. WIELAND 02
- Methyl ethyl ketone saturated with water con- : ‘
taining 109% methanol 3 MARINI-BETTOLO 27
58 of CH3COONa- 3H20 in 100 ml 10%, acetic . o
acid; the solution is saturated with amyl alcohol L4 MARINI-BeTTOLO - . 27
10 g CH:,COONa 3H,0 in 100 ml 109, acetic acid; ! ‘ f
the solution. is treated as above - 5 MARINI-BETTOLO v
n-Butanol saturated with water S BOEKELHEIDE 20

* It is unpor'cant to avoid traces of peroxides in solvents. For this reason methyl ethyl ketone
must be distilled before.use and then passed over an ion- e~<change column (Dowex- 50-X4) w1th v
_ ferrous ion as the cation. -

Butanol must also be punﬁed by washmg it with sodmm bxsulphlte
Re/erences . 432/437
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| 'TABLE II
R¢ VALUES AND. PHYSICO-CHEMICAL PROPERTIES OF ALKALOIDS FROM
SOUTH AMERICAN S/#ychnos SPECIES AND CALABASH CURARES”

Alhaloid** p 5 Colotr Fluorescence CO’O“("'S.’;;:’;J?(;E[‘__‘)SO‘) 2 I'i':{g:'
rythrocurarine 0.12 0.31 Red Red o4
Jkaloid A 0.23 0.55 ' Blue-violet 85
olimoesine 3 0.27 — Purple a3
ruiacurarine I 0.31 0.42 Brown-yellow Blue-violet 684
\kaloid B 0.34 0.51 Red-violet 86
wkaloid C 0.34 0.51 Red-violet 85
vkaloid D 0.35 0.68 Red-violet 86
ilkaloid E 0.36 0.58 Blue 85
‘oxiferine I 0.42 .67 Red-violet 56
\lkaloid F 0.49 0.73 Blue-violet 85
yuiacurarine 1o 0.50 1.05 Violet 70
slkaloid S chloromethylate 0.51 1.35 Purple-red 73
facrophylline A 0.52 1.6 Violet 38
Rubrocurarine 4 0.52 0.50 Red Red 6
ruijacurarine 8 0.58 0.56 . Yellow Yellow Blue-violet 63
Rubrocurarine 3 0.63 0.54 Red Red Pale blue o4
Qubrocurarine 2 0.65 0.51 Red Red 6d
\lkaloid G 0.65 0.73 Blue 85
‘luorosolimoesine 2 0.67 1.2 Yellow Yellow 63
\lkaloid R 0.68 0.92 Purple 73
‘aracurine I 0.70 ‘ Purple-red 4
\lkaloid H 0.71 0.99 ‘ Red-violet . 86,
irythrocurarine 3 0.72 1.00  Red Red Blue 7
Juiacurarine 9 0.73 0.94 Orange-red Orange Violet-blue -7
Fuiacurarine 2 0.76 0.99 Violet-blue od
Rubrocurarine 1 0.78 0.92 Red Red ' ‘ a4
Tluorosolimoesine 3 0.79 3.I Green-yellow 63
fluorosolimoesine 4 0.79. 2.0 Green-yellow 63
Jaracurine II 0.8 ‘ Purple 4
aracurine IIX 0.8 1.32 Purple-red 4
>alebassine (C-Toxiferine Il = ‘ ‘

C-Strychnotoxine) 0.8 1.03 Blue-violet . 85
jolimoesine 2 0.85 —_ Red - ' . 8
\lkaloid I 0.89 1.06 Blue-violet 86
Solimocurarine 0.93 0.82 Blue-violet 93
Surarine 1.00 1.00 Blue 85
‘Rotes Alkaloid”’ ' Red ‘ 88
laracurine IV 1.00 ‘ Violet . 4
Juiacurine I 1.05 1.34 Blue-violet 04
suiacurarine 2 1.07 1.33 Blue 64
Zaracurine Va I.1 . Purple-blue 4
Alkaloid J 1.04 1.12 Red-violet 85

calabash curares.

(Contd. on p. 416)
* At present there is some confusion in the nomenclature of alkaloids from Strycinos bark and

To avoid these difficulties a Commission to unify the nomenclature of these alkaloids was
appointed at the International Symposium on Curare and Cur'u'lzmg Substances in Rio ‘de

Janeiro, August 1957.

In this review we have used the names given in the original papers, with the exception that
WIELAND'S C-Alkaloid term has been simplified to alkaloid. The former term is now inaccurate

» because many C-alkaloids, i.e. calabash 111<a101ds,

ave been found in Strychnos species. Moreover

the calabash alkaloids have also been found in other curares, The term C-alkaloid followed by
letters was necessary in the past to avoid confusion with alkaloids from other plants. In this

" review no confusion is: possﬂolc since only alkaloids of Strychnos and curare are referred to.
** The alkaloids are in the form of the chlorides unless otherwise sta.ted
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TABLE 11 (Continued)
1 . e
Alkaloid = ‘¢ > Colour Fluorescence Caloz;g;’lgttl;)g‘cgfo,,), . ‘];fw/ec"-':‘f
Guaianine 1.12 Pale blue-violet - 3¢
Caracurine IX chloro- Lt
methylate 1.12 Violet P8
Alkaloid 2 fluorescent 1.18 1.05 Blue Blue-violet 76’
Alkaloid K (Dihydro- ‘ :
toxiferine) - 1.22 1.74 Violet .85
Solimoesine I 1.3 1.54 Purple-violet .63
Caracurine V 1.4 — Purple-red 4
Caracurine VII i
chloromethylate I.40 — Purple-ora nge v4
Erythrocurarine 2 1.43 1.15 Red Red No colour 64
Alkaloid M I1.45 L8
Melinonine H 1.47 8
Melinonine K 1.52 8
Alkaloid Y 1.59 2.22 Red-violet .8
Caracurine VI .6 Purple -8
Macrophylline B 1.64 1.86 Violet <38
Calebassinine 1.68 1.38 No colour ‘88
Guiacurarine 3 1.70 1.64 Orange Green-yellow Green-blue 64
Diaboline 1.76 2.10 No colour +as
Fedamazine 1.9 Orange Blue v
Melinonine J 2.01 &
Melinonine F 2.01 ‘ &
Pseudofluorocurine 2.10 Yellow Green-yellow  Orange-red 73
Caracurine VII 2.1 Orange R
Fluorocurine 2.10 1.70 Yellow Green-yellow  Orange 84
Fluorocordatine 2.13 1.20 Blue Bluce 76,
Melinonine E 2.18 g
Fluorocurinine 23 1.65 . Yellow Yellow-green  Pale red 86
Fluorocurarine (C-Curarine ‘ V
C1IT) : 2.25 I1.71 Pale yellow Blue Pale blue 86
Alkaloid UFC o 85
Melinonine T 2.01 8
Melinonine M 2.42 Pale blue . 8
Alkaloid L. 2,50  1.99 Red -84
Desacetyldiaboline 2.64 2.42 Pink-red 76
Mavacurine 2.70 2.23 Red-violet 8,03
Precurarine 2.78 3.8 : Blue Lo 03
Fluorescent Alkaloxd 1 2.90 1.69 Green-yellow  Pale red 570
Kryptocurine 2.95 3.10 72
Melinonine G 3.00 oo B
Fluorosolimoesine 1 3.00 1.5 Yellow Yellow-green ‘ 63
Alkaloid X 3.5 4.9 . Red 86
Alkaloid O 3.05 4.30 No colour 36
Premavacurine 4.0 3.6 Red-violet ;88
Alkaloid ‘P — —_ Blue 36
Alkaloid 1 ‘ . 02
Alkaloid 2 j Red-violet - 02
Xanthocurine — 1.58 Orange Green-blue ae
Alkaloid UB 1.13 Brown ‘46
Alkaloid Q 4.92 : LIS
Croceocurine’ Orange-red L2
C-Strychnotoxine Ia * : i 92
Purple 8

* R 0.25 in'TH. WIELAND'S solvent A.
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Varlous solvents have been tried’ out by d1fferent authors (see- “Table I) but
except special cases the most suitable’ are KARRER AND ScuMID’s C and D, as they
give fair resolutions and most of the d1splacement values recorded in the literature

-~ have been obtained with these solvents

o Ifa two-dlmensmnal system is used, these solvents g1ve in many cases a fairly

_ satisfactory separation of many alkaloids.

- In Table IT the Rg values (dlsplacements calculated with respect to curarine)

of these substances are given in both solvents C and D, as well as other charactenstms
y”by which they can be recognized. In some cases when displacement rates refer to other

alkaloids such as mavacurine or melinonine B, it is convenient to convert them into

Rc values, by calculation, in order to attain a ‘uniform. expression.

In view of the low velocity of these alkaloids, chromatography must always be

- carried out continuously for 12 to 18 hours if good resolutions are to be attained.

The determination of R¢ in the case of these alkaloids very often g1ves rise to
considerable errors: it has been not1ced for instance, that although the same chroma-
tographic conditions are maintained an increase in the quantity of the substances
employed is sufficient to produceas ariation in the R¢ (Fig. 1).

TFig. r. Chromatograms of S. /)armfo!m 'tlka.loxdsh luence of thc different weights of the sample

on the’ R, va.lucs

'SCHMID AND K \RRrRS' hacl a.lready pomted out that the R¢ values are reprodu01b1e

fonly when a 50 y sample of alkalmd chlorlcle is ‘taken. Moreover it is necessary that

the. stanchrcl curarine chloride should have a med1um d1splacement of 1T cm for all

”all\almds in solvent “C”, and in solvent "D”, 24 cm for alkaloids w1th Rc <1, and

18 cm for those w1th Rc > I

g ‘J?e/erences P 43"/433
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" In the second place, it should be noted that when using different alkaloid mixtures -
an alteration and often an inversion occurs in the R¢ values of the single all\aloids ,
- Furthermore, the presence of la,rge quantities of some alkaloids mﬂuences the move-'
ment of the others. : : ‘
In fact, it is not uncommon that an alkaloid mixture which appears to be 51mple~ B
in two-dimensional chrornatography turns out to' be much more complex when a

large quantity of the same mixture is used, the same experimental conditions bemg -
mamtamed

0 C zroular ﬁaper oizromatogmﬁ/zy

In the case of very comple\ alkaloid mixtures it has been found that one-chmenswnal ‘
scparatlon,on paper is rendered still more difficult by the partial overlapping of a -
- long series of alkaloids, which have R¢ values that are very close to each other. In
such cases the components come out much more clearly if the chromatogram is run .
" on a small band only a few centimetres wide?”, - ‘
Better results are obtained by means of Rutter’s circular paper chromatography :
inthat clear-cut bands appear which are well differentiated from neighbouring bands.
This system, though very convenient for a preliminary investigation of alkaloid
mixtures, has, however, the drawback that comparison data are very scanty in the
literature. Nevertheless, it is e\tremely useful for selecting the most suitable separa—
tion solvents and for makmg a rapid examlnatlon of certain mlxtures

(¢) E lectroj)lzoreszs on ﬁapar

By means of electrophoresis on paper it is possible to separate numerous curarizing
alkaloids from Strychnos spemes as was shown for the first time by M!\RINI-BETTOLO
AND LEDERER®. : o

A good separation can be obtalned by ad]ustlng the conditions such as the pH‘
of the buffer. Since electrophoresis is based on principles that are quite different to
those of paper chromatography, substances that have identical R¢ values may often .
be well separated. »

For some alkaloids the moblhty of the ions has been measured at various values
of the pH; these mobilities are given in Table III.

TABLE III
ELECTROPHORETIC MIGRATION OF ALKALOIDS FROM S/»yc/inos SFECIES AND CALABASH CURARES "

. Displacement towards the cathode in 3 ho'urs ( in mn) )
Alkaloids
pH 2.3 PH 4.3 PH 6.4 PH 8.5 pH 10.5 pH 11,4 v
Mavacurine ‘ 3I —_ 24 30 24 19 .
Fluorocurine 77 — 8o go 8o 42
Alkaloid D k . 65 —_ 9o 90 "I00 52
.Calebassine - 65 —_ So go ‘ 78 50
Curarine ‘ : 106, 98 110 108 —_ 64 .

o G B. MARINI BET'roLo AND J. A. CocH FRruUGoON1, Gazz, chim. ital., 86 (1956) 1326. ‘
waerencas b 432 /433 ‘ 3
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Fig. 2. Electrophoretlc sep'u'atxon ‘of S ‘trinervis alkaloids (ﬂuorescent zones under U.V. llght)
(G. B. MARNI Bn'rToLo AND M. LEDERDR, Nature, 174 (1954) 133).

Electrophores1s on paper strips chleﬂy perm1ts the rapid identification of alkalmd
groups rather than the single components that are present (Fig. 2).

To this end the portable apparatus designed by MARINI-BETTOLO AND CoCH
' FRUGONI may be usefully employed in the field®.

(d) Two-dimensional chromatography

Two-dimensional chromatography is usually performed in the first direction with
- KARRER’s solvent “D’” (Table I) and in the second direction with KARRER’S solvent
“C” (Table I). ‘

‘ TH. WIELAND suggests other solvents as reported in Table I%. BOEKELHI:IDEZO
found it more convenient to use a water—n-butanol mixture in one direction and
~ KARRER’s solvent C in the other, thus avoiding the use of pyridine which is always
‘troublesome.

| I‘or the determlnatlon of the relative dlsplacement curarine has generally been

3
':Z;_p.. 0 4 L2 a0 a5 30 J5  em
. >0
TP, 2 &
C-Tonfew: o
F H
4 A N Y [c-Catrvmssin
74
J
/5 C-Cararmn "
: x
L0 3
@%—&/c&amnm ‘
+25
r30
N -Js [}
w ) i
o ' . ) o em E R :

‘ I‘1g 3 " Two-dimensional chroma.togra.m of calabash curare alkaloid chlondes (H, ScHMID, .
: ‘ J. KLBRLE AND P. XARRER, Helv. Chim. Acta, 35 (1952) 1864).
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Fig. 4. Chromatogram of calabash curare alkaloid chlorides (TH. WIELAND AND H. MERz, Ber.’
85 (1952) 731).
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used. as standard other substances have, however also been taken, as prev1ously
‘ stated such ‘as galactose and mavacurinel:8,

‘Examination of the various chromatograms shows that the spots are ranged

- diagonally (Figs. 3, 4 and 5); this happens because the Rc values often have the same
'sequences in the two solvents. Here the same remarks apply which we made in the

preceding pages with regard to reciprocal influences hampering the recognition of

“substances on the basis of R¢c values only. This does not happen for instance, with
~ amino acids etc.

‘(‘e) Chromatography with aqueous solvents

To prevent a diagonal distribution of the alkaloids and thus facilitate the resolution
of these mixtures, it is advisable to use other systems. To this end aqueous solvents

solvente 2
— ‘ —

solvente §

solvente 17
p

00T 0000ayy,

.\. (rP.R] *

9000004qpqaet

" FLUGROCURINA oo ' FLUOROCURARINA
‘ (e

-

FLUOROCURINA

fLUORQCURARINA

“ oy CALEBASSINA CURARINA

Fig. 6 Fig. 7
,I‘1g 6. Two- dimensional chromatogram of S. solinoesana alkaloids (G. C. CasiNovi, M. LEDERER
AND G. B. MARINI-BETTOLO, Gazz. chim. ital., 86 (1956) 342).
Fig. 7. Two-dimensional chromatogram of S. solimoesana '111<alo1cls First direction: org'mmc
solvcnt. second direction: aqueous solvent (G. C. Casinovi, M. LEbERER AND G. B. MARINI-
‘ ‘ BETTOLO, Gazz. chim. ital., 86 (1956) 342).

" have been suggested by Casinovi, LEDERER AND MARINI-BETTOLO,

Their study has been chiefly directed towards mixtures based on sodium acetate

. (see Table I), which, in the case of S. solimoesana Kruk, produced a clear inversion of

190

My’

the spot sequence (see Figs. 6 and 7) obtainable with KARRER’s solvents C and D?".

‘(/) Combmatww of chromatogruf)/mc and electrophoretic methods

By comblnmg paper elcctrophoresns with chromatography, a very good resolution may
be realized. This system has been suggested by CasiNOVI, LEDERER AND MARINI-
BETTOLO®*™ (see Fig. 8) electrophoresis should be used first and chroma.tography

Reference: /: 432/433
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afterwards and in the former a volatile electrolyte buffer (acetlc acid or/and amlne)
should be employed. in order to avoid interferences with the chromatograpluc stage. ;
In this case also the various spots are no longer arranged dlagonally asin the case,
for 1nstance with S. tomentosa alkaloids (Fig. 9). : :
These methods, however have the drawback that diffusion occurs whlch makes.u”-‘
the definition of the spots less precise. The same applies to two-dimensional paper =~
electrophoresis when several buffers or a single one with different ionic forces are
used59 60, :

P:/ol'rroforas/, oc. acetico 5%, 8v em, 6n - ELETTROGRAMMA S, Tomentosa

o e LoRocuama . | IT 2 w 15 20 s

solvente §
29,

w
1

meti-etichetone 1% dicoal metilico I7h
o
1

. [ro-a) . @ ' 5 6
rLUOﬂOClﬁAnmA_( o8] , ‘

CALCDASSING.

CURARING 20+ : @ m’

l -
Fig. 8. Combination of electrophoresis and 2. VNG
paper chromatography for the separation of "

S. solimoesana alkaloids (G. C. CAsiNovI, M.
LEDERER AND G. B. MARINI-BETTOLO, Gazz. * ‘ @

chim. ilal., 86 (1956) 342).
304

404

IFig. 9. Combination of electrophoresis and paper chromatography for the separation of S. tomentosd
alkaloid chlorides (G. B. MARINI-BETTOLO, M. LEDERER, M. A, Ior10 AND A. PIMENTA. Gazz.
chim. ital., 84 (1954) 1155). : ‘

5. PREPARA I‘IVI: SEPARA I‘ION METHODS

(a) C hromatoamﬁhy on absorﬂzon columns

Chromatography on.alumina columns has provided the first method for obtammg o
pure’ alkaloids either from ‘curares or South American Strychnos species.
S HL WII:LAND ‘who worked with colurnns of alumma or Fuller’s earth and utllued
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“ alkalo1d remeckates or alkalon'l perchlora.tes was able to separate these alkaloids,

whereby the first indication of the great. complexity of these mixtures was obtained.

I SCHLITTLER AND HoHL®? used alumina columns and eluted the reineckates of S. cimbolz
- with acetone and methanol,

(b) Pcwmzon clwomatogmj)ky on cellulose columns

An 1mprovement on the precedmg method, which is, however still bemg used for the

‘ separation of certain fractions, is the partition chromatography on cellulose columns,
~ subsequently developed by ScHMID AND KARRER®S and by TH. WIELAND®, In this

“separation KARRER’S solvent ‘C’’ is mainly used as in paper strip or in two-dimensional
f‘chrornatography. BOERELHEIDE?? suggests the use of a specially prepared cellulose

 column and butanol-water as solvent. After a first separation by elution, slow-moving
- fractions were extruded and extracted separately. |

Yet, even under these conditions, it is only by working with very large quantities
of substances and discarding many fractions that appreciable quantities of pure
alkaloids can be obtained; when employing small quantities it is extremely difficult
to realize preparative separations that are of any use. ‘

Indeed various factors affect the resolving power of partition columns; the most
important of these are packmg, height, homogeneity, elution velocity, and weight

ratio between substance and absorbent. : .

As pointed out by MARTIN AND SYNGE?®, the maximum efficiency for a given

~ column is obtained by using very fine charging material and very low elution speeds.
. This is the main drawback to the method, as the operations last so long that the zones

already separa.tcd are apt to become mixed up again through diffusion.
A systematic study of the various factors and their influence should be made in
order to understand fully their importance; such a study should be carried out with

- artificial mi\'tures,‘ the resolution obtained with the various types of column being
~ observed.

Our experiments in this field, however, have shown that the resolving power of a

. given column is not the same in the case of different groups of substances; thus

~although the performance of a column may prove satisfactory with some teet sub-

stances, e.g. dyes, its behaviour may be qulto different vuth alkaloids from Stryolmos

‘ spec1es and curares.

These results may possibly be attrlbuted to the fact that other phenomena.

besides mere partition, have an influence on the resolving power of a given column.

These considerations have already been brought forward by MARTIN AND SYNGE‘“’

by CRrAIG? and by HECKER®.

,,,,,
Kl

‘ The necessity of examining the other. characteristics of a column is a logical
oonsequence of the above remarks. For testing purposes, samples of the substances to
be separated should be used ; but since pure samples of Strychnos alkaloids are difficult
to obtain, partlcularly of the high degree of purity required for all the tests necessary

,for the systematlc study, the problem cannot yet be investigated fully.

Yet, clesplte the lack: of numencal and 'systematic data for direct comparlson of
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the various columns employed, such a comparisoh can still be made by'usiné paper
chromatograms of mixtures of alkaloids that can easily be obtained and chromatograms

“of the same mixtures, or others containing the same alkaloids on various columns.
For instance, the usual procedure when investigating the content of alkalmds in
a given plant is to determine the composition of the mixture by common methods.

I IR R e

.Once the composition is known, the problem of separatmn on a preparatory scale‘

d.rlsea

As a rule, the available ma.ter1a1 is both scarce and of a complex composition, due

to the great number of alkaloids and the closeness of their R¢ values; therefore, an” -

~efficient resolutmn is indispensable, also from a qua.ntltatlve point of view.

A companson between the resolving power of a strip of paper and column ofy
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Fig. 10. Separation diagrams of calabash alkaloid chlorides (H. ScaMiIib, ]J. KEBRLE AND P.
‘ KARRER, Helv. Chim. Acta, 35 (rg952) 1864). ‘

equal length shows that the efficiency of the latter is very small, even when the charg-‘ |
ing density of the two is about the same and the weight ratio between mixture and

cellulose is the same. :
In their work on calabash curarizing alkaloids SCHMID AND KARRER® clzum that

the resolving power of the cellulose column coincides quantitatively with that of the -

corresponding paper chromatograms, but they only give schematic diagrams on thc ‘

subject (Fig. 1o).

A closer examination of these results shows, for instance, that in the T group of o

the N111 fraction, alkaloids A (R¢: 0.55) and G (Rc: 0.73) are present together with

other alkaloids, and that for their sepa.ratlon contrary to expectation, many chromato- -

grams using both solvents were necessary in order to secure complete resolution,

Similar examples may be found in the work of the above-mentioned authors®.

In the case of S. melinoniana alkaloids, BACHLI, VAMVACAS, SCHMID AND KARRI:R“

S EER

glVC a d1agram (Fig. 11) of the column chromatography of a mixture of at. least T4
~alkaloids, but the graph (see Fig. r1) shows only two well-separated ma\lma. Ev1-_ e
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dently, the resolvmg power is not hlgh As a further conﬁrmatmn refcrence may be
‘made to the work of CASINOVIZS, who, when separating a relatively s1mp1e mixture of
S. amazonica alkaloids, proved the inefficiency of a column whose resolving power was
considerable for dye mixtures; consequently he had to resort to counter-current:
distribution in order to obtain satisfactory separations.

In an investigation of the fractionation of S. macrophylla® alka.lmds by means of
" a cellulose column under normal conditions, it was found, by subjecting the fractions

g

Vermnlungschrorﬁaloqramm 1 g Suostanz in

8 1000 mi Lgsmitte!

8

4

<

o] v

] 20 40 60 " 80 Fraktion
= | | |

. ) g Substanz in

1000 m! Lgsmittel

0 20 40 60 80 Fraktion

1a. ‘ : g Substanz in
360 m) Lgsmitte)

- )
: o 20 40 60 BO Fraktion

blg 11 ‘Separation diagrams of S. melmomana Ba:ll alkaloid chlorides (E. BAcHLI, C, VAMVACAS
H. ScHMID AND P. KARRER, Helv. Chim. Acta, 40 (1957) 1181).

to paper chrorna.tography, tha.t the fract1onat10n is fairly sat1sfactory for those
- alkaloids (Mavacurine — Macrophylline B or Macrophylline A and B) whose Rc¢ ratio
“is ‘very high, but that it is practically #:l for alkaloids whose R¢ values are very close
% together, e.g., Fluorocurarine-Mavacurine, wh1ch on a paper strip of equallength would
- be easily separated (Fig. 12). ' ‘ ‘

- When the mixture consists of a great number of 111\a101ds, whose Rc values are
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veryj, close togetller, as is the case with'S. solimoesana Kruk., the cellulose column can.
only perform a preliminary separation into various groups and the isolation of small |
'quantltles of the single components is only poss1b1e by means of repeated chrornatog-
raphy on paper sheets®?, : :

The same considerations apply to alkaloids from S. guianensis® (Fig. 13) a.nd
S. subcordata®®, and to WIELAND’s calabash curares (Fig. 14). [

From what has been said about columns it follows that it is necessary on the one
hand to improve their resolving capacity—a problem which is now being studied —
and on the other to resort to more efficient methods in which the undesirable effec'ts
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Fig.12.Schematic representation of the separation of S. macrophylla Barb. R. alkaloid chloridc§ |
(M. A. Iorro, O. CORVILLON, H. MAGALHAES ALVES AND G. B. MARINI-BETTOLO, Gazz. chim. ital.,

86 (1956) 923).

r s Fy  Fa s e R ro fo 2 1 fe " iy - Grupp}
o1 18-21 2276 2738 I9-t6  U65)  §07% 76.80 0195 OG0 10841 NG5 136-197 193-727 Z0o10 HOS MS.12 :.n %2 =« Feazion!
a0l 005 005 03 o1 0y 03 Qs 0s 0,9 03 o 0,0 03 04 -] 0,3 005 w—Ppoing
7% «0 40 0 &0 <0 [} [ as 20 60 1} 0 0 [J 15 20 a —-rnuzldw,,,nv/xq
ir I Guidcurarina 1
Erirrocyrarina 11 Guracurarina I¥ lY]vF Hl /[nlr'_a_——
5 4 ) tvale C-— Eritrocuraring |
' ‘._1, (valro [vlaPn ( tvite]
‘ 0 Gutdturing | [""g] Fid (= 8 ‘
104 [3) {va]ea 0 a—— Cuiacurarina VIl
\Po N (vR)[3P We &
ne @le (v [(:19]
15 4 SR 0 TGOS AL 0
c} : Guiacurina It
204 ties . (I8 (valea [vAle ‘ ralee
‘ (8] ()] O ' ' vRlRP Guracuraring 11
)
25+ ] 55 o Q oy - --——-g—-——-vGu'dcurarma i
‘ e (0] (e (ec -[Mipc [viec
304 | : 10 rie - (v}p 9[ : 0
ApP) n
L} . .
.. asd ) p?e} £ Q : 3] ]
‘ fe) la) (o] e (8P »
. a0 4. (9] (a] M ® : frlre
o MP .
! G] .
4.5- ['1 ) (;1

1‘1g 3. Schematm represcnta.txon of the separation of S. gumnenszs Aubl Mart alk'tlmd chlorides . -
: (G B. ‘MARINI-BETTOLO AND M. A. Ior10, Gazz. chim. ital., 86 (1956) 1305) L e

References . 432 /433



g

‘VOL.-l (1958) - SEPARATION op STRYCHNOS AND CURARE ALKALOIDS 427

‘ 'of powdered cellulose are avmded such as column electrophoresis and counter-current

distribution, the first results of which seem to be rather promlsmg
() Pregbamtwe separation on 7bayber sheels

Whenever the resolution of mixtures on cellulose or- alurnlna. columns is found to be

" difficult, one may resort to paper sheet chroma,togra.phy since it allows the 1solat1on

of small quantities of pure alkaloids.

To this end, from 10 to 30 mg of total alkalmds, or fractions containing a number

. of alkaloids, are placed on sheets of Whatman paper No. 1 or 3 MM along a line and
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Fig. 14. Schematic represent’ttmn of the separa,tmn of calabash alkalold chlorides (TH. WIELAND
. _AND I-I MERz, Bev., 85 (1952) 731) ‘
chromatography is effected in  the usual way.. Bands can be detected under a Wood’s

lamp or they can be revealed on the strip by applying colour reagents. The bands can
then be cut out and eluted. The alkalo1d can be recovered from the eluate and again

‘- sub] ected to chroma.tography, until a fraction is obtained that is chromatographmally
pure. |

In the case of very comple*c mixtures with strongly differing R¢ values, after

cutting out the bands whose resolution appears satisfactory, another sheet of paper
~ should be used and chromatography contmued until a satlsfactory resolution of the

other bands is reached.:

This method ha.s been successfully employed w1th mixtures of alkaloids from

'S. solimoesana%?, S. guumenszs“2 and S. subcordata’“ numerous pure a.lkalmds can be

~ obtained in this way. (I* ig. 16).
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(2) chd electvophovesis

Besides band chromatography, it may occasionally be advantageous to carry out a
band electrophoresis in order to separate certain components. The fractionation of
S. guianensis alkaloids may serve as an example of this point®. ‘

Smce electrophoresis brings about a considerable diffusion of the bands, it is not
advisable to repeat the operation, as is the practice in chromatography; instead
electrophoresis should be followed by chromatography of the eluate on a paper sheet.

(e) Continuous electvophoresis

A method that has been tested by LEDERER AND MARINI-BETTOLO® with S. guianensis
and S. Froesii is that of continuous electrophoresis (see Fig. 17). A good fractionation
can be obtained by this method if dilute acetic acid is used as electrolyte; the results
are, however, not particularly good since the long duration of the operation causes
alteration of the products.

(f) Colummn electrophoresis

The application of column electrophores1s to the analytical study of mixtures of South :
Amerlcan‘ Strychnos alkaloids has already given promising results; although by itself
it does not yield a complete resolution of mixtures, in conjunction with paper chroma-
tography it has proved a very useful subsidiary means of research.

- From the above it follows that this method can be applied on a preparative scale,
particularly for preliminary resolutions of mixtures of alkaloids obtained from partition
chromatograms or counter-current distribution. The results of a considerable number
of preliminary investigations on the application of column electrophoresis to the.
purification of S. amazonica alkaloids obtained from counter-current distribution, are

150
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0.50 -

0,25

o 30 0 a0 120 150
: crn"

Fxg 15 Elutxon dmgram of column electrophoresis of S. amazonica Kruk. alkaloids (G. C CASINOVI, -
Gazz. chim. ital., 87 (1957) 1457).

Unpubhshedres_ults.
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Fig. 16. Separation of S 'subbbfdatd 'zil‘l‘ca;l‘c')id‘ ‘ch‘l‘d‘rvide‘s on a paper sheet.

Fig. 17. Continuous eleéfrophoresié of S. ‘Fr‘oés‘i'i Ducke’ ‘al‘ké,vlo'i'd “chlorides (M. LEDERER AND
‘ © G. B. MARINI-BETTOLO, unpublished results).

[ H
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" given in Fig. 15. This figure shows the elution curves of an electropherogram of ‘cru‘de
alkaloids, which was obtained on a column of 2 X 100 cm, a potential of Soo V bemg
applled for 14 hours and 2% acetic acid being used as electrolyte?s. DR

If the experimental data are plotted in a co-ordinate system in which the numbcr -«
of c.c. of eluate are taken as abscissae and the concentrations as ordinates, it will be” i
seen how the principal alkaloid is separated from small quantities of other allxalmds,'
which separation could not have been effected so quickly by partition chromatog-
raphy or counter-current distribution,.

The aim of current studies on this subject is to establish whether tlns method can
be applied not only to purification, but also to the preliminary fractionation of groups‘
of substances that are to be subsequently separated by other methods. '

(g) Counter-current distribution

Counter-current distribution is a highly efficient quantitative mehod, which can also
be used on a preparative scale. It has numerous advantages over partition chromatog-
raphy, such as: :

1. The possibility of checkmg the course of the separation at any time by chroma—\ ‘
tographing small samples.

2. The absence, thanks to the discontinuity of the process of diffusion phenomena,
which in chromatography might affect the efficiency of the method in case of 1nter-f }
ruptlon of the flow in the column or long duration of the process.

3. The absence of irreversible adsorptlon phenomena, which on columns brmg‘ ;
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‘about aloss of substance and hamper successful performance, as well as the absence of
all wall effects, which reduce the column’s resolving efficiency.
. The.disadvantages lie in the complexity of the equipment, ‘which is la.rger than
in chromatography, the long duration of the process and the fact that emulsions are
: e'lely formed, which increases the time of operation. '

CasINOVIZ® applied this technique to the separation of a falrly simple alkaloid
mi_xture from S. amazonica. The apparatus had 15 tubes, the solvents were methyl
"éthyl ketone-water, and the operation was carried out with 1 g of total allkaloids.
- After 14, 18, 42 and 56 stages, the process was followed by chromatography. Using the
“same alkaloid mixture, and employing butanol-water and an apparatus with 25 tubes
on the basis of data resulting from previous operations, it is possible to resolve almost
entirely the mixture of S. amazonica alkaloids,

A third e\ample of the application of this technique is the purification of an
‘alkaloid that shows an intense yellow-green fluorescence under U.V. light. Owing to
~ the low partition coefficient, the distribution was continued for 400 stages with the
- recycling method. :

Once stage 400 had been reached the distribution curve was plotted from
" measurements of the fluorescence under U.V. light: the resulting curve clearly proves
that the product is homogeneous.
These tests, which up to the present have been carried out with a small apparatus
have given interesting results. It may be assumed that by employing multi-tube
apparatus the separation of two or more alkaloids whose partition coefficients are close
~ together, will also be possible and that good results will be obtained, as is shown by
‘diagrams obtained with 300 stages in an automatic device (Fig. 18)*.

CONCILUSION

An examination of the present development of methods for separating Sérychnos
- quaternary alkaloids, shows that owing to the employment of chromatographic
‘techniques considerable progress has been made in recent years in the separation and
. identification of these substances. ‘
' The peculiar physico-chemical nature of quaternary alkaloids and the complexity
of 'na.tural mixtures, however, make it sometimes difficult, even nowadays, to obtain
- pure products and to identify them on the basis of R¢ values, a difficulty not met with
~ in the case of sugars, amino acids and nucleotides. ‘ ‘
In fact, it should be remembered that, accordmg to what SCHLITTLER AND HOHLE?
- wrote some years ago:

“‘die Bearbeitung der Calebassen-Alkaloide ist ausserordentlich schwierig; sie
krankt auch daran, dass beinahe jede einzelne Calebasse bei der Aufarbeitung ein
gesondertes Probleme darstellt”. The same can be said about the Stryc/mos bark and
root alkaloids.

- Today, other techniques besides chromatography are available, such as zone-

* Unpublished results,
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electrophores1s and counter-current dlstnbutmn, wluch are based on dlfferent pr1nc1ples
and offer new poss1b111t1es.

- Moreover, it is worth noting that further progress is being made in the field of
fractionation by combining various chromatographic techniques; examples are the
separation of S. loxifera alkaloids where partition chromatography and chromatog-
raphy on alumina are alternately employed4, or the separation of alkaloids from'
S. guianensis® and S. amazonica®® by- combining chromatographic methods with
electrophoresis and counter-current distribution.

These methods warrant our belief that it will be possible to resolve many mixtures
that could not be fractionated up to the present. We are also of the opinion that here
as elsewhere the necessity becomes ever greater of utilizing all available methods of
separation.
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