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Paper Chromatography of Podophyllin
CHR. JORGENSEN and HELMER KOFOD

Danmarks farmaceutiske Hgjskole, Org.-kem. Lab. Kgbenhavn, Denmark

A paper-chromatographic technique has been developed for the
separation and recognition of previously recorded natural constituents
of Podophyllum peltatum L. and Podophyllum emodi Wall. as well as
of some artifacts.

At least two spots in chromatograms of Podophyllum peltatum
could not be accounted for on the basis of constituents at present on
record. Their possible origin is discussed.

The influence of various factors on flow rates in the system form-
amide (sci.)rbed stationary phase) [ benzene (mobile phase) has been
examined. :

Podophyllin is an old cathartic, which in recent times has become of consi-
derable interest, because it is a mitotic poison of a selective action against
certain types of tumor tissue and hence is believed to be a promising point
of attack in the search for a chemotherapy of cancer.

The drug podophyllin of most European pharmacopoeias and of the National
Formulary USA is the alcohol-soluble resin from rhizome and roots of Podo-
phyllum peltatum L. The natural antimitotic constituents so far discovered
are podophyllotoxin, first isolated and named in 1881 by Podwyssotzki?,
and «- and g-peltatin, recently discovered by Hartwell and Detty 2.
The extensive structure studies by Hartwell and collaborators 236~ lead
to a revision of the original podophyllotoxin formula proposed indepen-
dently by Borsche and Niemann 4 and by Spéth et al.5 in 1932. The latest
formulations suggested by Hartwell et al.%? are given in Fig. 1.

There are three asymmetric carbon atoms in the peltatins and four in podo-
phyllotoxin. Hartwell and Detty ® have prepared two optical isomers of each
of the peltatins. They are denoted A and B and are shown to be C;z-epimers
(Fig.1). The naturally occurring and tumor-active isomers A are readily and
apparently irreversibly inverted to the tumor-inactive B-compounds when
treated with basic reagents and reprecipitated with acid (opening of the
lactone ring, followed by relacionization in the alternative configuration). In-
dividual series of derivatives (esters, ethers) are formed by the four peltatins.
The A-series is levorotatory, the B series is dextrorotatory or at least less
levorotatory than the A series. The inversion of peltatin-A to peltatin-B has
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Podophyllotoxin (PT) a-Peltatin-A B-Peltatin-A
trans-1:2-trans-2:3-cis 3:4 trans-2:3-cis-3:4 trans-2:3-cis-3:4
Picropodophyllin (PP) a-Peltatin-B B-Peltatin-B
trans-1:2-c18-2:3-trans-3:4 cis-2:3-trans-3:4 ct8-2:3-trans-3:4

Epipodophyllotoxin (EPT)
cts-1:2-trans-2:3-cis-3:4

Epipicropodophyllin (EPP)
ci8-1:2-c28-2:3-trans-3:4

Fig. 1. Natural constituents of Podophyllum peltatum L. and their epimers.
(Hartwell et al.) * '

been accomplished also for a great number of derivatives. Infra-red spec-
troscopy indicates less strain in the B-isomers.  On this basis and from inversion
and pyrolysis studies Hartwell and collaborators suggested that the A-series
is trans, the B-series cis around the carbon atoms 2 and 3, and the complete
configurations ? are as indicated in Fig. 1.

Picropodophyllin (PP) has formerly been regarded as a structural isomer
of podophyllotoxin (PT) with different positions of attachment of the lactone
ring. Hartwell and Schrecker %° have demonstrated that the substances are
in fact Cs-epimers, analogous to the peltatins, podophyllotoxin belonging to
the A-series, picropodophyllin to the B-series. They both contain one asym-
metric carbon atom (C,;) more than the peltatins. The above authors have
actually prepared, by a Walden inversion via the C,-halides, two substances

* In a quite recent paper by J. Press and R. Brun (Helv..Chim. Acta 37 (1954) 190) these
formuls have been subjected to doubt. The alternative structures proposed by these investiga-
tors, mainly on the basis of elementary analyses and UV-spectra, differ fundamentally from those
of Hartwell et al. even in the empirical formul®. The ‘“A-series” is claimed to be structurally
different from the corresponding members of the ¢B-series”” and not epimers as advocated by
Hartwell.

The experimental results reported in the present paper are consistent with the formulations of
Hartwell et al. At least one observation is incompatible with the Press-Brun formul®. f-Pelta-
tin-A and -B both give intense orange colourations with diazo-reagent in accordance with Hart-
well’s formula containing a phenolic hydroxy-group with a free p-position. The Press-Brun for-
mula on the other hand cannot explain this reaction since there are no possibilities of coupling.
The relative positions of the various substances on the paper chromatograms are equally well
understood on the basis of any of the two sets of formul®s, both showing an increasing number of
hydroxy-groups with decreasing Rr (Table 1).
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Fig. 2. Chromatogram of natural peltatins

(diazo-reagent ). 8 O @ O O

1. Podophyllin ND I dep. (e peltatum ). vw
2. Artificial mizture of natural podophyll-
otoxin, a-peltatin and B-peltatin.
3. Natural a-peltatin
4. Natural B-peltatin
w = weak vw = very weak.

named epipodophyllotoxin (EPT) and epipicropodophyllin (EPP) (cf. Fig. 1)
which are claimed to be C;-epimers of the naturally occurring compounds.

For some research in another department of this institute pure podophyllo-
toxin and peltatins were desired. Whereas the former compound is easily
prepared in a pure state by the chromatographic procedure of Hartwell and
Detty ? (activated alumina, benzene-ethanol) their method gave an imperfect
separation of the peltatins. The criteria of identity and purity used by these
authors were melting points and methoxyl determinations (a-peltatin contains
two, f-peltatin three methoxy-groups).

In the search for a simpler and more sensitive purity- and identity test
and an effective method for separation of the peltatins paper chromatography
was tried. Since the substances are almost completely insoluble in water,
the normal procedure involving a distribution between adsorbed water as
the stationary phase and a suitable organic solvent as the mobile phase was
impracticable. It was found, however, that a perfect separation could be
obtained, when the paper was impregnated with formamide and benzene was
used as the mobile phase. This technique has been succesfully employed in
glucoside work by Zaffaroni ! and later by Reichstein 12. Spraying with
diazobenzene-sulphonic acid solution was used for detection of the spots. The
peltatins, containing one and two phenolic hydroxy-groups respectively,
gave intensely coloured coupling products. Podophyllotoxin, being a secondary
alcohol, did not respond to the reagent.

Fig. 2 shows a one-dimensional descending papyrogram of podophyllin
alongside with the isolated components. No. 1 is a commercial podophyllin
(e peltatum), further purified according to Hartwell and Detty 8 by precipita-
tion of indifferent resins from an ethanolic solution on addition of benzene.
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In the following it will be named ‘“Podophyllin ND I, dep.”. There are three
distinct spots visible after spraying. Two of these (marked « and §) are readily
identified as being due to the natural a- and f-peltatins, ¢f. Nos. 3 and 4,
representing authentic products of these substances prepared according to
the method of Hartwell and Detty ®. It is seen that neither a-, nor f-peltatin
is pure. The e-peltatin preparation is contaminated with minute amounts of
p-peltatin and the f-peltatin contains considerable amounts of a-peltatin.
There is no doubt, however, about the identity of the spots and the separation
is excellent. The method therefore constitutes a simple and adequate new
means of analyzing these mixtures. In No. 1 and in several runs in the follow-
ing figures there is a spot left at the starting point. It was visible before
spraying, had a brownish colour, which altered somewhat upon spraying and
represents some indifferent resin still left in the purified podophyllin, probably
quercetin and related flavone derivatives, which on account of several phenolic
hydroxy-groups (five in quercetin) are strongly retained by the formamide-
phase and do not travel on the paper.

The spot X; in Fig. 2 has not so far been identified. It cannot possibly be
podophyllotoxin, because this substance is non-phenolic and hence should
not couple with the diazo-reagent. A decisive proof is given in Fig. 2, run
No. 2 in which an artificial mixture of podophyllotoxin and the peltatins
(Nos. 3 and 4) has been chromatographed. Only the peltatin spots are
visible. The relative position of podophyllotoxin has been established by means
of a different reagent, vide infra. The location of X, in Fig. 2 differs somewhat
from that in the following chromatograms, the reason being that conditions
in this exploratory experiment differed from the standard procedure adopted
in the following work. Fig. 2 clearly demonstrates that the position of one
compound is not influenced by the presence of another constituent in the
moving spot. This was a general experience in all the work described in. this
paper.

Next it was investigated whether X, might represent an epimer of one
of the peltatins. Samples of natural - and f-peltatin were inverted to the
corresponding B-compounds as described by Hartwell and Detty ? by boiling
with dilute sodium hydroxide and reprecipitating with acid. The inverted
products were chromatographed as Nos. 4 and 5 in Fig. 3 together with the
natural peltatin-A’s, Nos. 3 and 6, and the podophyllin sample containing the
unknown X, (No. 1). It is obvious from the relative positions and the colours
of the spots, cf. Table 1, that the unknown X, is not identical with e-peltatin-
B or B-peltatin-B. This was confirmed in a number of experiments from which
data are included in Table 1. It may be noticed that the chromatograms,
Figs. 3—86, corroborate the hypothesis of Hartwell et al. that the inversion of A-
compounds to B-compounds is complete and not a racemization, since the
chromatograms of the inverted peltatins-B are absolutely devoid of A-spots.

For ‘general analytical purposes it was desirable to be able to detect also
podophyllotoxin and picropodophyllin on the chromatograms. Antimony
pentachloride was found fairly suitable for this purpose. This reagent forms
coloured complexes with aromatic ring systems and in this manner podophyl-
lotoxin (PT in Fig. 4) could be located between f-peltatin-A and g-peltatin-B.
Picropodophyllin (PP) has a slightly smaller Rg,cf. Table 1 and Fig 6. The
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Fig. 3. Chromatogram of Cy-epimers of the Fig. 4. Chromatogram showing the position
peltatins (B-series of Hartwell etal., inverted  of podophyllotoxin. Sprayed with antimony-
according to the method of these authors?® ). reagent.

Sprayed with diazo-reagent. . Natural podophyllotoxin

1
1. Podophyllin ND I dep. 2. Natural B-peltatin
2. Podophyllin ND II dep., inverted 3. Natural a-peltatin
3. Natural B-peltatin 4. Podophyllin ND II dep., inverted. The
4. Inverted B-peltatin spot B—B covers the picropodophyllin
5. Inverted a-peltatin spot, cf. Fig. 6.
6

. Natural a-peltatin. . Podophyllin ND I dep.

. Podophyllin ND II dep.

O™

reaction is not very sensitive and rather large quantities of the unpleasant
reagent are needed, but we have not so far succeeded in finding a more satis-
factory colour-reaction, which was suitable for both the peltatins and podo-
phyllotoxin and being at the same time indifferent to formamide. The conven-
tional hydroxamic acid test for esters produced a distinct colour with the lac-
tone ring, common to all the relevant compounds, but unfortunately formamide
gives the same reaction and therefore had to be removed prior to spraying.
On extraction of the formamide with water the spots were dissolved as well.
Most of the formam'de could be removed by heating the strip to 100° C for 24
hours, which did not affect the spots. The last traces of formamide were,
however, difficult to get rid of and resulted in a strongly coloured background
upon spraying. .

Formamide can be replaced by propylene glycol, which does not interfere
in the hydroxamic acid test. It is, however, rather expensive.
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Fig. 5. Chromatogram II, Table 1. Fig. 6. Chromatogram (VIII, Table 1)
Natural B-peltatin showing the location of picropodophyllin.
Natural a-peltatin 1. Natural podophyllotoxin

Natural podophyllotorin 2. Natural podophyllotoxin, inverted
Podophyllin ND II dep. 3. Natural B-peltatin, inverted

. Podophyllin ND II dep., inverted. 4. As No. 2

.Podophyllum peltatum 5. Podophyllin ND II dep., tnverted
L., freshly prepared ethanol extract of 6. As No. 1.
fresh roots and rhizomes.

7. Fraction from colummn chromatography

stlicagel-formamide | benzene ) contain-

_tng the unknown X,.

S SR So to i

Examination of the chromatograms in ultra-violet radiation disclosed
the well known fluorescence fronts due to impurities in the paper, but the
spots could not be located in this manner.

A number of commercial samples of podophyllinum Ph. Dan. 48 have
been investigated for the occurrence of the unknown X,. It did not, however,
appear in any of them save the one first examined (marked ND I).

During these experiments which are mainly of pharmaceutical interest
(they will be published elsewhere) chromatograms were run with somewhat
larger quantities of podophyllin on the paper, up to 50 ug. This resulted in
the discovery of still another spot provisionally named X, (Fig. 5, cf. Table 1)
in chromatograms of nearly all the podophyllin samples investigated. A
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Fig. 7. Chromatogram showing the location
of a constituent of Podophyllum
emod i Wall., probably demethyl-podophyllo-
toxin.
1. Natural a-peltatin Pr O O
2. Emodi-podophyllin
3. Natural a-peltatin, inverted

4. As No. 2

chromatogram of fresh roots and rhizomes of P. peltatum (freshly prepared
ethanol extract), Fig. 5, No. 6, also showed the spot X,, which is therefore to
be regarded as a genuine constituent of this species. When podophyllin
samples containing X, were boiled with alkali and reprecipitated with acid
under conditions which convert ‘“A-compounds” to ‘B-compounds’ the
Rg-value of X, was somewhat increased. Chromatograms before and after
the treatment are shown in Fig. 5, Nos. 4 and, 5 respectively (cf. Table 1).
It is possible that X, is related to the compounds in Fig. 1 and analogously
undergoes Cz-inversion. The lower spot X,-B would then represent an epimer
of the natural compound X,-A. This obviously requires further investigation,
particularly because the ‘“‘inversion’ causes a shift of the spot in the opposite
direction to that found for the peltatins and for podophyllotoxin.

Fresh plant material of Podophyllum peltatum was found devoid of X,.
Since this spot has been found in one podophyllin sample only, it may be due
to an artifact or to adulteration. Commercial podophyllin e peltatum may
well be confused with resins of Podophyllum emodi Wall. (both are official
in the British pharmacopoia). Alternatively it was not impossible that P.
peltatum in fact contained small amounts of the inherent constituents of P.
emodt, and one of these might be responsible for the spot X, found in all
peltatum preparations. It was therefore decided to extend the paper-chroma-
tographic work to Podophyllum emodi, in which Hartwell and collaborators 13
have discovered small amounts of demethylpodophyllotoxin and 1-O-(8-D-
glucopyranosyl)-picropodophyllin besides the main constituent, podophyllo-
toxin.

Acta Chem. Scand. 8 (1954) No. 6
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Table 1. Approximate Rp-values of podophyllum constituents. Solvent system, sorbed formamide/

8b = antimony
4 I
, I : v v VI via
Chromatogram 12/12/2 | WAL\ N2 0 000 | oagan | 2012 | 26/1)2
fig. 5 fig. 4
Tem perature °C 20—28° | 20—23° | 20—23° | 20—23° | 21—22° | 21—22° | 20.8°
Spray-reagent Diaz. Diaz. Sb Diaz. Diaz. Diaz. Sb
N 033 | 044 | 046 | 046 | 051 | 054 | 056
Substance
a-Peltatin-B (a—B)| 0.02, | 001, | 0.01, 0.02, | 0.1,
Demethylpodo-
phyllotoxin?
(de-Mo-PT)
‘ 0.04, 0.03,
0.05,] [0.03,] [0.03, ‘ 0.03 0.08
a-Peltatin-A (a-A) [0.04, {0.05 0.04 o.oa,} 0.030.04, o0 | Ooda | 0.0z
0.05,]  |0.03,] l[o.02, 03, 03
0.04,)  [0.03,
y 011y - 0.08
Unknown (X,) 0.10} 0.10 009, | 011 9% o09
0.10 0.09,
Epimer of X,? 1 16 0.15 1
S 0.15 0. ) 0.12
Unknown (X,) 0.31
B-Peltatin-B (B—B) |0.33 0.27 0.27 0.27 0.23
Picropodophyllin 0.22
(PP) 0.23
. 0.32 0.29
P"(‘;‘Zf,’)hy“““‘“ 0.33} 0.32 0.28 -
0.32) 0.26
0.41 0.37 0.38
» . Ay [0.41 0.37) 0.38> 0.39 0.35
B-Peltatin-A (—A) 0.41} 0.41 0.37} g.gg} 0.38 0.41 0.40 .35 0.35
041’ |0.39 :
B-Naphthole (N)

Fresh roots of P. emodi were worked up to emodi-podophyllin by precipitat-
ing an ethanolic extract with 10 volumes 0.3 N hydrochloric acid, washing
with water and air-drying. A paper-chromatogram of this product is given
in Fig 7, Nos. 2 and 4. Emodi-podophyllin gives two spots detectable with
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benzene. grmnfonnamtdcperqmnpaporl)m d@azobenzmeeulphmwamdreagw'
pentacklomkreagem

2‘.’,}}71 IX X XI XII |XII| XIV | XV
fig. 6 20/1/L | 16121 | 16112/2 | 27/1/2 | 17/1/1) 19/1j2 | 21/1]1
Colour of spot
25.0 | 21—22°| 20—23°| 20—23°]25.0+0.2| 9.5° | 21—22°| 20.8°
Sb Sb Disz. | Diaz. sb Sb Sb Sb
. . diazo- | antimony
0.57| 0.58 0.59 0.59 050 | 060 0.61 | 067 | cagent
0.01, 0.01, red violet
* T .
0.02, 0.02, ‘i’on violet
0.03, 0.02,| 0.02, brownish| _.
0.03.} 0.03 Soal G0z | 002 | POTRE! violet
0.11 yellow
yellow
bright
yellow
(0.22) 0.24 (0.18) brownish
0.22 |23 0.24) 024 024 | Tgy9 | 0231 0.24 orange | "o llow
0.23 0.19 , 0.19 no | brownish
0.22 0.19 0.18 | reaction | yellow
0.29 0.28
0.26 230 024 | 027 022 022 1 .10 | brownish
o.97 [0-317 030 023 | 024 0:287.0.28 " I
. 030 .. o 0.28 0.22 reacoion yeliow
0.29 i 0.27
0.35 0.34 0.34 053 brownish
0.36} 0.35/0.35} 0.35/0.34} 0.34 . rownis|
0.34} 0.36’ 0.34 0.35 | 934 | 026 orange | "oop,y
0.46 0.43 red
|

antimony pentachloride, neither responds to diazo-reagent in the concentra-
tions in which the peltatins produce intense colouration. The lower spot
is due to the main constituent, podophyllotoxin. The upper spot may well
represent demethylpodophyllotoxin. It is located above a-peltatin, where
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one might expect to find it, for the following reasons. Demethylpodophyllo-
toxin has a phenolic hydroxy-group in stead of a methoxy group in 4-position
in the ring C (Fig. 1). It follows that e-peltatin and demethylpodophyllotoxin
. bear the same relationship to eachother as do -peltatin and podophyllotoxin.
Since in the latter pair the shift of a hydroxy-group from ring A (phenolic
function) to ring B (alcoholic function) causes a decrease in Ry, demethyl-
podophyllotoxin should have a lower Rg-value than e-peltatin. The apparent
rule that an increasing number of phenolic hydroxy-groups decreases the R
value is supported by the observation that the indifferent resins, mainly
quercetin (pentahydroxy-flavone) do not travel at all on the formamide paper
(cf. p. 944).

The fact that the upper spot does not respond to the diazo-reagent, although
this is by far the more sensitive, is also believed to support the hypothesis
that it be due to demethylpodophyllotoxm Coupling with the diazonium
group never occurs in meta position to a hydroxy-group, so it is fairly certain
that the positive reaction of the peltatins only involves ring A, and that the
diazonium group enters the p-position to its phenolic hydroxy-group. As a .
consequence the spot, if due to demethylpodophyllotoxin, should not couple,
as indeed we find. However, Hartwell and collaborators 3 report that de-
methylpodophyllotoxin gives an orange-red colour with diazotized p-nitro-
- aniline. The spot under discussion does not respond to this reagent either. A
rigorous proof of its identity by matching it with an authentic sample is there-
fore most needed. This is on our program. It is less probable that the picro-
podophyllin-glucoside, discovered in emodi-podophyllin is responsible for the
upper spot in Fig. 7, Nos. 2 and 4, although this possibility cannot be quite
excluded.

Some experiments were made on the reproducibility of the Rg-values.
They were found to be strongly dependent on the amount of formamide present
in the paper. Some data are collected in Table 1. ¢ is the formamide content
in g per g paper. On some chromatograms several spots occurred of the same
substance. Individual Rp-values as well as the average are given in the table.
The deviation between any two individual Rg’s on the same strip was less
than 5 9, and usually much smaller. The mobile phase was benzene throughout
the experiments and the temperature was 20—23° C. No significant variation
of Ry with temperature was observed, cf. chromatogram XIII run at 9.5° C.
When the formamide content was increased from about 0.3 to 1.3 g per gram
paper, the R;-values gradually decreased. High formamide contents diminished
the rate of flow of the solvent, and the formamide phase was imcompletely
sorbed by the paper tissue, which was noticeable as a slow downward drift
of the initial spots during the period of equilibration. With long irrigation
periods good separation, but large, diffuse spots were obtained. When the
formamide content was decreased below 0.2, development went too rapidly,
the Rg-values varied with ¢ in the opposite way, probably due to imperfect
equilibrium, separation was poor and there was a marked tailing. Optimal
conditions were at 0.4 to 0.7 g formamide per g paper (3 to 6 mg/cm?). Although
a certain desired amount of formamide could fairly easily be reproduced by the
method given in the experimental section, and the Rg-values in periods were
quite reproducible, other factors, difficult to control seem to influence the
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flow rates, for instance moisture variations etc. in the formamide phase. Fluctua-
tions up to 10 9, were noticed in experiments carried out under supposedly
identical conditions. The use of absolute Rz-values for identification purposes
therefore had to be abandoned, and reliable identification of individual spots
was accomplished by running authentic samples simultaneously on the paper.
The sequence of the various substances in the chromatograms was invariably
that given in Table 1, but all RB;-values should be regarded as relative values,
strictly comparable only within the individual paper strip (vertical columns).
This still presupposes an even distribution of formamide on the strip. Experi-
ence showed that this could be secured by the impregnation method described
in the experimental section.

The original aim at a more effective preparative separation of the con-
stituents was now conveniently combined with a search for the unknowns
X, and X, in quantity. Column partition chromatography on the principle
outlined in this paper has been performed on a larger quantity of podophyllin.
The paper-chromatographic technique described in this publication was used
as an indicator for cutting the fractions. In Fig. 4, No. 7 is reproduced a
chromatogram of the fraction containing X,. Attempts to isolate and identify
this substance — or these substances — are in progress, and will be reported
in a following publication.

EXPERIMENTAL

Materials. A commercial formamide Merck was used without further purification.

It had nD 1.4472 and the density D3%1.130 (lit. 1.4472 ¢ and 1.1313 15, respectively).
Ordinary thiophene-free benzene was used. A chromatographic test proved that it was
sufficiently pure for the present purpose.

Podophyllotoxin was prepared according to the method of Hartwell and Detty 3.
Recrystallized from benzene and air-dried it had a melting point 111.5—112°C. This
product, which contained liquid of crystallization, was used in the experiments. Borsche
and Niemann ¢ report a melting point of 112—115° for a product of the composition
2 Cy3H;304, 2 H,0,C¢H,. Our preparation, after drying at 110° C and 0.01 mm Hg for
18 h had a m.p. 188—89° (lit. 183—84°).

The peltatins were also prepared according to the procedure of Hartwell and Detty 2.
a-Peltatin melted at 227—228° (lit. 230.5—232.5), Epeltatin at 214—228° (lit. 231—
238). Each of them contained some of the other peltatin, as shown by the chromatograms.

Picropodophyllin was prepared by refluxing 0.1 g podophyllotoxin for 6 hours with 2
ml absolute ethanol and 0.02 g sodium acetate, precipitating the product with cold water
and recrystallizing from ethanol. M. p. 230—231.5° C (lit. 224.5—226.5 13).

Podophyllin ND I, dep. and Podophyllin ND II dep. Two commercial samples meet-
ing the requirements of Pharmacopoea Danica, ed. 1948, further purified by precipita-
tion of indifferent resins from an ethanolic solution on addition of benzene.

Emodi-podophyllin. Roots and rhizome of Podophyllum emod: Wall, grown in Den-
mark were worked up to podophyllin immediately after having been digged up. The
material was washed, ground in & laboratory mill with 2 parts of 96 9%, ethanol, and mace-
rated for 2 days, then for 8 days with 2 parts of absolute ethanol and finally for 14 days
with two parts of a mixture of equal amounts of benzene and ethanol. The extracts
were mixed, evaporated to one third at a temperature not exceeding 40° C and poured
into 10 volumes of 0.3 N hydrochloric acid. The yellow, crystalline precipitate was
washed with water and dried. ) : )

Apparatus. The chromatography chamber was made from an all-glass battery case,
21 by 30 cm and 60 cm high. It was closed with a heavy glass-plate, sufficiently tightened
by means of a thin velvet tape, glued to the plane-ground upper edge of the case. In the
uppermost part of the chamber was fastened a stainless-steel rack, supporting the usual
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glass-trough for the descending technique. During the runs the glass chamber was placed
in & closed wooden cabinet, provided with glass windows for inspection of the strips.
This arrangement gave a sufficient temperature-constancy for the present purpose;
Chromatograms were run at 20—23° C.

Paper strips. Whatman paper No. 1 was used. The strips were usually 22 x 55 cm
(net weight 10 g), réquiring a‘};f)roxima.tely 5 g formamide. A desired and evenly distri-
buted formamide content could fairly easily be obtained by spraying the previously
weighed paper strip as uniformly as possible with 100 9%, excess of formamide, leaving
the strip between filter paper sheets for at least 18 hours and until the formamide content
was uced to the desired value.

Procedure. The substance was applied to the impregnated paper strip as circular spots
along a marked starting line in the usual way. When a single substance was chromato-
graphed, normally a 1 % ethanolic solution was used; of this 1—2 ul was required, <. e.
the quantity in each spot was approximately 10—20 ug; 1 ug still gave a detectible spot
with the diazo-reagent, whereas the lower limit with antimony reagent was ca. 10 ug.
When natural or artificial mixtures were chromatographed the quantity applied to the
paper was increased pro rata (up to 400 ug). After eva%oration of the solvent the strips
(two were run simultaneously) were suspended in the chamber, which contained a layer
of formamide-saturated benzene on the bottom. Two opposite walls of the chamber
were lined with filter paper, soaked in and dipping into the bottom liquid. The solvent
vapour pressure in the chamber was essentially that of benzene, since at 20° C formamide
has a very small vapour pressure and is practically insoluble in benzene. Equilibration
of the strips in the solvent atmosphere were extended to 18 h prior to development. The
solvent used for development was benzene saturated with formamide. The normal time
of development on paper containing 0.5 g formamide }i‘er gram was ca. 4 hours (travelling
distance 40 cm from starting line to solvent front). The strips then should be removed
from the chamber and the solvent-front quickly marked. In this connection the volatility
of benzene was a great nuisance. Some investigators have proposed to develop to a
previously marked ]l)nencil-line, which means continuous watching of the chromatograms
towards the end of the development period, and limits the number of chromatograms, run
simultaneously, to one only. An automatic and accurate location of the solvent-front was
obtained in the following way. Before equilibration and development 4—6 narrow,
equidistant and vertical bands of “sudan blue-G” were applied to the paper as a 1 %,

- solution in benzene and beginning approximately 5 cm from tﬁe lower edge o&he strip and
extending ri%ht to the edge. The development could then be terminated at any convenient
vime after the benzene front had reached the indicator-bands, and the front would be
clearly and permanently indicated by & concentration of the dye. Although sudan blue-G
(1-methylamino-4-(p-toluidino)antraquinone) is completely insoluble in benzene-satura-
ted formamide and very soluble in the benzene phase, the substance usually moves slightly
behind the actual front, probably due to adsorption on the paper. For this reason vertical
bands in situ were preferred to spots travelling with the solvent.

After development the strips were air-dried for some minutes and then sprayed in a
fume-cupboard with either antimony pentachloride (3.5 ml dissolved in 10 ml tetra-
chloromethane) or with an alkaline diazo-reagent prepared in the following manner.
0.5 g sulfanilic acid was dissolved in 12.5 ml concentrated hydrochloric acid and 75 ml
water. Immediately before use 4 ml of this stock-solution was mixed with 1 ml 0.1 N
aqueous sodium nitrite and 5 ml 2 N sodium hydroxide. The boundaries of the spots were
traced with a pencil, because the colour gradually faded.

The authors are indebted to the head of this laboratory prof., dr. H. Baggesgaard Ras-
mussen for his interest and encouragement.
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