SOME RECENT DEVELOPMENTS IN THE STUDY OF THE
CONSTITUTION OF NATURAL PRODUCTS.

By J. N. Ray, D.Sec., F.I.C., F.N.I., Professor of Organic Chemistry,
Punjab University.

(Read at Symposium, September 26-27, 1938.)

In view of the limited methods at our disposal for the determination of
the structure of an unknown natural product, any advance in this direction
is doubly welcome. In recent years, most striking results have been obtained
in the isolation of substances occurring in minute amounts by the chromato-
graphic method devised by Tswett. It is now possible to handle small amounts
of material and isolate relatively pure specimens by this method.!

Another advance in the method of isolation is the molecular distillation
at 10-3 to 10-7 mm. By this process, sterols, natural oils, fats, vitamines have
been purified. Substances melting at fairly high temperature with decomposi-
tion, e.g. vasicine, can be purified by sublimation at low pressure.

Girard’s reagent T and P (i.e. carbohydrazido trimethyl ammonium
chloride and carbohydrazido pyridinium chloride) have been valuable in the
isolation of ketonic substances particularly rare ketones of the sexual hormone

group.

1 Evenness of packing of the tube is of the utmost importance and is best achieved by
filling with a cream of solvent and adsorbent, the former being drawn off by slight vacuum.
The adsorbent column is to be kept covered with the solvent throughout the experiment
80 that dropping liquid does not disturb the upper layers. The solution to be separated
should be drawn in by a syphon. The following adsorbents have been used:

{(a) Aluminium oxide (nach Brockmann),

() Fuller’s earth,

{¢) Sugar (in case of chlorophyll),

(d) Calcium hydroxide (in case of carotenoids—Vitamin A, etc.),
(e) Calcium carbonate, and

(f) Magnesium oxide.

The solvents chosen usually are: (@) petroleum, (b) carbon bisulphide, (¢) ether, (d)
chloroform, (e) water. Pyridine alcohol, acetone or the original solvent plus another are
suitable for elution.

By forming a chromatogram of an ethereal solution of Kamala powder we have
obtained six distinct zones which we are investigating. If a mixture of rottlerin (0-1 g.)
with the yellow substance (0-1 g.) accompanying rottlerin described by us is absorbed in
dry ethereal solution on alumina, the two zones are sharply separated. Rottlerin,
once crystallised, shows the presence of a second darker zone when analysed chromato-
graphically.

When the substances are colourless, the absorption can be done in a quartz tube and
the zones detected by their fluorescence in ultra-violet light.
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Certain substances containing ketonie groups showing very weak ketonic
function can now be converted into oximes by a new method of oximation and
the oximes purified. Such substances as flavones give oximes by this method.
The value of this method of separation lies in the fact that certain hydroxy
substituted flavones do not give oximes under the conditions and hence a
separation is possible when a mixture of certain types of flavones is present
in the crude product.

Ketonic substances containing sensitive groups can be isolated via the
corresponding alcohols by means of the Ponndorf’s reaction. This reaction
consists in the smooth reduction of carbonyl compounds to the corresponding
alcohols by aluminium iso propoxide in iso propyl alcohol. The product can
be isolated as phenacyl derivative and then purified. The reagent is nearly
specific for a ketonic group and under the conditions of the experiment neither
a nitro nor an «f double bond is reduced. The method has its limitations in
that highly enolic ketones or substances which form insoluble aluminium salts
resist reduction.

Ozxidation of natural products :—

(a) Recently lead tetra acetate has been extensively used as an oxidising
agent. It has advantage over lead dioxide, in that it is soluble in some organic
solvents. Other salts of quadrivalent lead, such as lead benzoate, ete., have been
used. R. Criegee found that glycols were oxidised by lead tetra acetate and
the ketonic or aldehydic products can be easily isolated in good yields. The
process is specific in that 1:3, 1:4, 1:5 diols, aldehydes and ketones are
unaffected. Unsaturated natural products can now be converted into the
corresponding 1: 2 diols by suitable methods and the glycols thus formed can
be further oxidised with lead tetra acetate. This method has recently been
applied by us in the case of rottlerin and some valuable information as to its
constitution obtained.

{b) Chromic acid has been used for the preparation of unsaturated alcohols
or ketones from olefines. But the yields are unsatisfactory. The oxidation
with chromic acid is often complicated by side reactions, numerous instances
of which can be found in literature. Karrer has obtained valuable results
in the oxidation of B-carotene by chromic acid. The dihydroxy B-carotene
produced bas been oxidised to semi S-carotenone by the Criegee reagent.

(¢) In 1927, Winterstein discovered that a 1: 2 glycol in ether can be con-
verted into 1: 2 diene by phosphorus di-iodide. Kuhn has applied this method
in the preparation of polyenes.

(d) Malaprade has found that poly alcohols can be irreversibly oxidised
by iodic acid. This method has undoubted possibilities.

(e) Perbenzoic acid has been used for the quantitative estimation of double
bond. Milas has introduced percamphoric acid as a substitute as it is stabler
than perbenzoic acid. It cannot be used when the double bond is in «8
position to a carbonyl group. Perbenzoic acid has been considerably used in
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the oxidation of natural products. Sometimes the course of reaction is
complex as wag found by Perkin, Ray and Robinson in the oxidation of deoxy
trimethyl brazilone. Recently Bohme has introduced a new substitute,
namely monoperphthalic acid. Plummerer and Reindel found that butadiene
hydrocarbons give 1:2 oxide and no 1: 4 additions take place. Rottlerin in
which a conjugated chain is suspected also gives a 1; 2 oxide.

(f) Chloranil. Robinson has used this oxidising agent in building up so
quinoline ring system from suitable side chains.

(9) Selentum dioxide. Since the introduction by Riley of this valuable
oxidising agent extensive use of it has been made. Selenium dioxide acts on a
variety of substances in aleohols, xylene, nitro-benzene or dioxan.

(1) Removal of hydrogen: ethy! succinate gives ethyl fumarate and
acetonyl acetone gives diacetyl ethylene. Piperitone is con-
verted into thymol.

(2) Oxidation of reactive methylene group: Simonsen has converted
camphor into camphor quinone. Cyclohexanone gives cyclo-
hexadione. B-diketones give triketones. Malonic oster gives
mesoxalic ester.  Diphenyl methane gives benzophenone.
Anthracene gives anthraquinone. i

(3) Direct addition of oxygen: acetylene gives glyoxal. Ethylenes are
either attacked at the double bonds or at an adjacent methylene
group. Oxidation of tetra hydro rottlerine methyl ether with
selenium dioxide has given an unsaturated substance which
liberates benzaldehyde with alkali showing two atoms of hydrogen
have been removed whilst the other pair of hydrogen is unaffected.
Therefore the counclusion is drawn that the hydrogen atoms
removed must be attached to carbon atoms in «f position to a
carbonyl group. Venkataraman has successfully employed
selenium dioxide in the flavone series.

Hydrogenation of natural products :—

Hydrogenation processes can be divided into the following different
groups: .

(@) By noble metal catalysts, e.g. Pt and Pd, at ordinary temperature and
pressure in the finely divided state either alone or deposited on suitable sup-
ports, e.g. barium sulphbate, strontium carbonate, Kieselguhr, etc. The most
popular catalyst is Adam’s platinic oxide catalyst which perhaps owes its
enhanced activity to traces of sodium. - Adam’s catalyst has been used for the
micro estimation of unsaturation.

By regulating the uptake of hydrogen it is now possible to isolate products
in the intermediate stages.

Recently the possibilities of rhodium have been investigated. The present
indications are that it is more effective than platinum. The reduction of
veratrylidine methoxy chromanone by palladium was found by Perkin, Ray
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and Robinson to give an oxygen-free product whilst Pfeiffer using platinum
obtained the corresponding veraty! chromanone. This would indicate that
in some cases palladium is more efficient than platinum.

(b) Raney introduced a new form of nickel catalyst with enhanced reac-
tivity. In some cases Raney nickel effects reduction at room temperatures,
e.g. in the reduction of acetone to iso propyl alcohol. Dupont reports that
selective hydrogenation is possible with Raney nickel and that with appro-
priate amounts of hydrogen, ethylenes can be isolated from acetylenes.
Platinum salts and sodium hydroxide exert promoter action on Raney nickel.

(c) Electrolytic reduction is particularly suited in the case of N-CO linking.
Selectivity is achieved by altering the current density and the time of reduc-
tion. Ray and collaborators found that several intermediate products can
be isolated in the reduction of vasicine. There is also a hydrogenolysis of a
nuclear C-NH bond because the ring is under strain.

(d) Adkins has exhaustively investigated the copper-chromium oxide
catalyst in the liquid phase hydrogenation under pressures of 100-200 atmos-
pheres—and has recorded circumstances under which hydrogenolysis occurs.

Dehydrogenation :—

{a) In 1927, Diels showed that Se can be used in place of 8 in the dehydro-
genation of organic compounds. The temperature used is usually 280°-350°,
at higher temperatures rearrangements occur. Fully saturated rings resist
dehydrogenation, e.g. decalin is unaffected at 340°-360° but at higher tem-
peratures naphthalene can be obtained. Angular methyl groups are extruded
and the migration of methyl occurs. Simple methyl groups also migrate under
certain conditions. At 420°, alkyl groups migrate from « to B position in
naphthalene.

During seleninm dehydrogenation, hydrogenation of side chain is frequent-
ly observed. Selenium dehydrogenation of sterols and related bodies result
in the extrusion of the angular methyl groups. Cook et al found no extrusion
of angular methyl group at 320° in some cases. There is reason to believe that
the migration of angular methyl is bound up with the elimination of the side
chain. Long side chains from Cy; are eliminated and a methyl group migrates
to this position from C;5. In some cases a chrysine derivative is formed by
ring enlargement. Ruzicka found that « and 8 methyl hydrindenes give
naphthalene at 450°. Hydrindenes with longer and more complex side chains
give naphthalenes and not alkyl naphthalenes. Ring shortening occurs in the
case of cyclo-heptane and cyclo-octane which give toluene and xylene respec-
tively. Spiro-compounds have been found to rearrange to linear analogues
by Clemo, Sen Gupta and others.

Selenium generally eliminates oxygen containing groups but Kon observed
the survival of a methoxy group in some cases. Carboxy group is generally
eliminated and keto suffers reduction.
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(b) Catalytic dehydrogenation: Platinum, palladium, rhodium and iridium
have been used for dehydrogenation. Zelinsky has studied the Kkinetics of
dehydrogenation. With these metals, migration of alkyl groups seldom occurs
except in some special cases. Generally there is no difficulty in dehydro-
genation of fully salinated mono or polycyclic compounds except in cases
where a quaternary carbon atom occurs. Zelinsky was unable to dehydro-
genate 1: 1 dimethyl cyclo-hexane. Ruzicka, however, has succeeded in getting
909, yield of retene from abietic acid.

Attempts are being made at Lahore to effect dehydrogenation in liquid
phase with Pt and various promoters. -

Various recent synthetical methods - —

Limaye and collaborators have made 2-acyl resorcinols accessible for
synthetic purposes by the ‘Fries’ migration and subsequent hydrolysis of
acyloxy-coumarins.

Shah has discovered a new use of aluminium chloride as a reagent for
Pechmann reaction. Coumarins otherwise inaccessible are available by this
method.

Wheeler and colleagues have succeeded in demethylating a methoxy ortho
to a ketonic group. Wheeler has made the important observation that O-
hydroxy phenyl styryl ketones which normally yield benzylidine coumarins
with alkali can be converted into flavones by simple heating, or treatment with
potassium cyanide in alcohol.

Chakravarty has made an exhaustive study of the Pechmann reaction and
laid down important generalisations as to the course of the reaction.

Venkataraman and his collaborators have thrown considerable light on
the mechanism of Allan-Robinson reaction.

Guha has found in diazomethane and analogues a valuable weapon and
has succeeded in effecting numerous syntheses by the Buchner-Curtius
reaction of terpene derivatives.

Bardhan and Sen Gupta’s classical work on the synthesis of hydrophenan-
threne has opened a new field.

Mitter has found that a trace of water sometimes moderates a violent
Friedel Craft’s reaction.

Shah has investigated C-alkylation of phenols by dimethyl sulphate and
alkali. Various C-alkylated phenols are now easily accessible.

The above very imperfect summary gives only a slight idea as to the trend
of work in the field of natural products. Limitations of time and space stood
in the way of a more detailed survey. Some very important developments
have been omitted because of the difficulty of adequate treatment in a short
time.






