282 NOTES
CHROM. 4187

The use of iodine as a non-destructive location reagent for steroids in thin-
layer chromatography

Iodine has been widely used as a location reagent for steroids in both paper!:?
and thin-layer? chromatography (TLC). Although it is non-specific, it is of value as a
‘“‘non-destructive’’ means of location for compounds that do not absorb UV light; for
example, when a zone is to be located and removed for subsequent characterisation.

During an examination of estrone by TLC it was discovered that iodine vapour
produced an irreversible reaction to give monoiodo and diiodo derivatives®. VARON et
al.t found that after only 10 sec exposure to iodine vapour less than 50% of each of
three estrogens, including estrone, could subsequently be removed This was using
5 ug quantities on Brinkmann Silica Gel H.

It was therefore decided to investigate a wide range of steroids in an attempt to
classify those types that were susceptible to permanent modification by iodine. It has
been suggested® that iodine sensitive compounds are generally found to be Lewis bases.

There were two problems that emerged during the investigation. The first was
the length of time that should be given, both in exposing the plate to iodine vapour
and in allowing the iodine to evaporate off (termed the recovery time). Recommend-
ed exposure times vary from a few seconds® to 10 min?, and for steroids a period of
5—10 min is often necessary to obtain optimum sensitivity. It was decided to use 30
min as the standard exposure time, and 17 h (i.e. overnight) as the standard recovery
time. This length of exposure was excessive, but was considered necessary to ensure
that any permanent derivative formed would be detected.

The detection of derivatives was the second problem, and although IR a.nd uv
spectroscopy were both used, TLC was found to be of most value. IR spectroscopy is
not satisfactory when insoluble steroids such as the corticosteroids have to be exam-
ined as nujol mulls, since the mulls cannot be prepared quantitatively and spectra can
vary with the physical state of the compound. The measurement of the UV extinction
coefficient of a small amount of material is susceptible to the presence of impurities
from the adsorbent. Such impurities might also be detected during TLC but should be
distinguishable by running always in the same position for a given solvent system.
This was not observed. There is evidence only in one case that the adsorbent, which
was silica gel itself caused degradation of the steroid examined.

Experimental

Steroids were dlssolved in the minimum volume of chloroform—methanol (x:1).
Where possible 25 or 50 mg of steroid were used, but in some instances only 5 or 10 mg
were available. The solution was streaked across a 10 X 20 cm plate which was placed
in a TLC tank saturated with iodine vapour (and enclosed in a polythene bag), and left
for 30 min. The plate was then placed in a fume hood overnight to remove the iodine,
and the area containing steroid was removed by scraping off the adsorbent with a spat-
ula. The adsorbent was extracted three times by swirling with cold cliloroform, and the
filtered solution was evaporated using a water pump and finally a high vacuum pump,
with warming on a steambath. -

The approximate weight of recovered material was noted but no attempt was
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made to work quantitatively since there was no necessity to do so. The purpose of re-
cording recoveries was to establish that a representative proportion of steroid was re-
examined by TLC.

Thin-layer chromatography was done on a 0.25 mm thick layer of Silica Gel G
(Macherey-Nagel), with the steroid dissolved as a 1%, solution in chloroform-methanol
(x:1). 2 A spots were applied to the plate using a micropipette (Drummond microcap).
Plates were run for 30 min, dried with a halrdryer and sprayed with 25% ethanolic
sulphuric acid. After heating for 10 min at 120° the plates were examined under UV
light at 366 mpu. (In some cases iodine vapour itself was also used as the final location
reagent.)

The following solvent systems were used: chloroform-ethyl acetate (1:1)
(C,EA,); chloroform—ethyl acetate (4:1) (C,EA,); chloroform-ethyl acetate (9:1)
(C,EA,;) ; toluene~chloroform (1:1) (T,C,); benzene-ethyl acetate (4:1) (B,EA,).

Results and discussion
The results are collected in Table I. Steroids that did not appear to react with
iodine vapour include sapogenins, both natural (hecogenin, diosgenin) and synthetic

(4°-hecogenin) (I), and corticosteroids and an androgen containing the 1,4-diene-3-
ketone system.
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- MATTHEWS et al.9 noted that cortisone (II) gave a new compound after a few sec-
onds exposure to iodine. Our investigation showed that even after 5 h exposure, only
traces of more mobile impurities were observed on TLC, and IR evidence confirmed
that the cortisone was largely unaffected. This appears to be true also for prednisone,
both as the free alcohol and as the z1-acetate.

The reactive steroids appear in the lower half of Table I and include a variety of
estrogens. By analogy with the materials isolated from estrone3, these products are
assumed to arise by iodination of the aromatic ring A nucleus. The two phenolic
styrenes 4%-estrone (III) and r-methyl-4%-estrone (IV) showed a number of polar
transformation products as well. 8,y-Unsaturated ketones were investigated, and al-
most complete transformation of this system was observed after location with iodine
vapour. Thus cholest-5-en-3-one (V) isomerised to the conjugated 4-en-3-one, and the
UV spectrum of the isolated material suggested that some 4,6-dien-3-one was also
formed (Amax 240 and 284 my). It has been found, however, that cholest-5-en-3-one
will isomerise on silica gel alone in the absence of iodine vapour, although under these
conditions no 4,6-dien-3-one is observed. The rate of isomerisation is increased
by exposing the silica gel plate to iodine. Another 8,y-unsaturated ketone, estr-5(xo)-
ene-3,17-dione (VI) was rapidly converted into a mixture of less mobile and slightly
more mobile products, corresponding in mobility to estra-4,9-diene-3,17-dione and
estrone, respectively. With this 5(10)-3-ketone there was negligible isomerisation on
silica gel alone.

It is clear, then, that significant chemical transformations can occur in the
iodine tank, and that in a number of cases iodine does not simply form loose complexes
with compounds adsorbed on TLC plates. This may also be the case in several of the ster-
oids shown here to be recovered unchanged after exposure to iodine. It may be parti-
cularly true of compounds containing unconjugated double bonds, such as 5-en-3-ols,
in which the survival of the double bond could be due to its regeneration following
ready reversibility of addition of the halogen.
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