Symposium on recent work on the synthesis of
naturally occurring substances.

In recent years organic chemists have devoted a great deal of attention
to the synthesis of naturally occurring substances, and chemists in India
have not lagged behind in developing this field of research. It had, therefore,
become desirable to collect together workers on this subject from different
parts of the country, and to promote a discussion that would be useful to all
concerned. The National Institute of Sciences of India decided to hold such
a symposium in Bombay and appointed Dr. T. 8. Wheeler to be the Convener;
Dr. Mata Prasad also took a prominent part in the work of organisation. The
meetings were held on the 26th and 27th of September, 1938, at the Royal
Institute of Science, Bombay. Prof. M. N. Saha, ¥.R.S., presided during the
first day and the first half of the second day; Dr. T. 8. Wheeler presided at
the final meeting on the second day.

The symposium was formally opened by Mr. V. N. Chandavarkar, B.A.,
B.L., Vice-Chancellor of the Bombay University, in the University Convoca-
tion Hall. In addition to discussions on the papers presented three public
lectures were given: one by Dr. 8. S. Bhatnagar (read by Dr. R. B. Forster,
in the unavoidable absence of Dr. Bhatnagar) on ‘ How Chemistry can help
Indian Industries’, the second by Dr. J. C. Ghosh on ‘ Poisonous Chemicals
in Modern Warfare—Anti-gas Defence Measures ’, and the third by Dr. M. N.
Saha, F.R.S., on the ° Geography of Space ’.

In all two addresses and eight papers were presented to the symposium
and some led to very excellent discussions. These papers were classified
under the following heads: (A) General, (B) Bicyclic Terpenes, (C) Chemistry
of Coumarins and Related Compounds, and (D) Flavones.

A

(1) After Dr. T. S. Wheeler had welcomed those attending the symposium,
Prof. M.. N. Saha made a short introductory speech describing the previous sym-
posium held by the National Institute of Sciences. Dr. J. N. Ray then opened
the session by giving an address illustrated by experiments on recent develop-
ments in the study of the constitution of natural products. He dealt parti-
cularly with the growing use of the chromatographic method of Tswett in the
separation of natural products which were often obtained as complicated mix-
tures, and he showed an interesting experiment on the purification of crude
rottlerin by this method; he then discussed a variety of new techniques and
reagents and concluded by describing recent advances by Indian chemists
on the practical side of synthetic chemistry.

VOL. V—No. 2.
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In connection with Dr. Ray’s paper, Dr. R. D. Desai pointed out that
though Limaye’s Nidhone Process is invaluable for the synthesis of 2-acyl-
resorcinols, this long process need not be followed in the case of orcinol, which
reacts directly with acetyl chloride in the presence of anhydrous aluminium
chloride with formation of 2.acetyl-5-methyl-resorcinol. However, acetic
anhydride under the identical conditions gives the isomeric ketone 4-acetyl-
5-methyl-resorcinol. Another resorcinol derivative which undergoes simul-
taneous B- as well as y-substitution is resacetophenone, which reacts with
acetic anhydride with the formation of 2: 4-diacetyl- and 4: 6-diacetyl-resor-
cinols. Other acid chlorides and anhydrides behave analogously.

Dr. Wheeler remarked that Dr. Ray’s work on the oximation of compounds
of weak ketonic function, such as flavones, was very interesting; they had
found in this laboratory that benzylidene-coumaranones reacted ketonically
like chalkones, but that flavones did not. With reference to the use of chromic
acid for oxidation purposes, it had been observed that a solution of potassium
chromate in acetic acid was effective as a mild oxidising agent. Dr. Wheeler
also discussed the use of hydrogen bromide in place of aluminium chloride
as a demethylating agent and of metallic sodium in the transformation of
ortho-acyloxyacetophenones. Inreply, Dr.J. N. Ray pointed out that flavones
might be considered to have a quinonoid structure and that this would account
for the weak ketonic function.

Mzr. Limaye joined in the discussion, and stated that he hoped to be excused
for not putting in a paper, although he had sent in an abstract which had to
be withdrawn under unavoidable circumstances. Referring to the Nidhone
Process, he said that it was specially developed for the synthesis of 2-acyl-
resorcinols in connection with his work on the synthesis of a natural product,
Karanjin, which he had isolated at the Ranade Institute, from Karanj—a
leguminous plant—Pongamis glabra. The constitution of Karanjin arrived
at analytically indicated that a 2-resorcinol derivative was necessary as a
starting material for its synthesis. No such suitable substance or a method
for its preparation was described in literature. Therefore, he started with the
readily available resorcinol and through 4-methyl-umbelliferone (Pechmann)—
acylation-Fries transformation—separation of the isomeric acyl-4-methyl-
umbelliferones—and alkali treatment—obtained 2.acyl-resorcinol. Although
the individual steps were known, their particular combination towards achiev-
ing a definite end constituted the Nidhone Process for the synthesis of 2-acyl-
resorcins. He then informed the audience that the process could be extended
both in homologous and analogous directions, and that the results were
being published in the Raseyanam, in collaboration with numerous students,
The latest development, he continued, was by his son, Mr. 8. D. Limaye, who
had extended the process to the synthesis of 2-acyl-4-alkyl-resorcinols; and a
paper had been sent to the Lahore Session of the Indian Science Congress.
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Referring to the varied uses of the process he wished to point out that
the first synthesis of a Furocoumarin, representatives of which occur in nature,
was effected by him through the Nidhone Process.

Dr. Amin Tyabji mentioned the reversal of the Ponndorf Reaction, first
applied by Oppenauer and found to be very useful in the oestriol and cortical
harmone group (T. Reichstein). The Oppenauer Reagent consists of aluminium
butoxyde.

Dr. R. C. Shah said that chloranil was also used by Robinson for the
oxidation of leucoanthocyanins. With regard to this Dr. J. N. Ray stated
that Robinson had used the reagent for oxidation of leucoanthocyanins, but
had got coloured amorphous products and not the anthocyanins.

Various recent synthetic methods :—

Shah’s use of aluminium chloride for Pechmann Reaction.

Dr. R. C. Shah stated that he would deal with the subject in the full paper
which he had contributed.

Shah’s work on C-alkylation of phenols. Dr. Shah described the
simple and direct synthesis, which had been achieved through
this process of nuclear alkylation, of rhizonaldehyde and rhizonie
acid, which are related to important lichen acids, and which had
been synthesised by previous workers by long and cumbersome
methods. He then gave his view of the probable mechanism
of nuclear methylation of polyhydroxy-phenolic derivatives for
which no explanation has been hitherto available. Taking the
typical case of resacetophenone, he suggested that the 3-methyl-
ation was due to the addition of methyl iodide to the double
bond between carbon atoms 3 and 4, which becomes fixed due
to the stabilisation of one of the Kekule forms of the benzene
nucleus owing to chelation between the 2-hydroxy and the
acetyl group.

Dr. J. N. Ray then replied in detail to the various points which had
been raised.

(2) In the absence of the author Dr. T. 8. Wheeler read Dr. P. C. Mitter’s
paper on the history of research in organic chemistry in India from 1896 to
1923, and pointed out that organic research in the west of India had only begun
in about 1920, so that Bombay had at first lagged behind other centres in India.
However, it had now almost overtaken the older centres, and it was hoped
that it would soon rival them in quantity and quality.

B.

(3) Dr. P. C. Guha opened the proceedings on the second day with an
address, illustrated by lantern slides, on the work on bicyclic terpenes which
had been proceeding in recent years in his laboratory at Bangalore, and
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described research on the synthesis of a number of members of the series.
He also discussed a new possible total synthesis of camphor.

Dr. R. D. Desai congratulated Dr. Guha on his lucid and illuminating
address describing the brilliant work done by him and his students at Ban-
galore. He said that those who saw the beautiful slides must have thought
it an easy task to carry on the work, but those who have had the practical
experience of handling hydroaromatic compounds can realise the tremendous
difficulties involved. Even the synthesis of one natural product or a product
which can throw light on the constitution of an important natural product is
a creditable achievement. Dr. Guha has to his credit the synthesis of norpinic
acid, umbellulanic acid, unbellulonic acid, carane, and thujone. His use of
diazomethane and dimethyldiazomethane will form classical examples in this
branch of chemistry. Dr. Desai said that there were two or three points
which he wished to discuss as he had practical experience of dealing with them.
Firstly, he had attempted the synthesis of nor-camphoric ester by condensing
the disodium salt of the Guaresehi imide from acetone and cyanacetic ester
with ethylene dibromide or ethylene di-iodide, but not a trace of the expected
compound was obtained. As Dr. Guha had been able to condense tetraethylene
dibromide, Dr. Desai felt his own experiments require revision.

The synthesis of camphononic acid has been achieved by them by exactly
the same method as Dr. Guha had used, and they had also subjected the p-
aroyl-proponic esters to the Reformatsky Reaction. The chief difficulty is
with the yields in the first case. Other stages go well. Finally, in the hope
of preparing camphoronic acid, which is an important substance in the oxida-
tion of camphor, in one step, Dr. Desai said he had tried the condensation of
the cyanohydrin of dimethylacetoacetic ester with ethyl sodiocyanoacetate.
The yield in this case was not satisfactory, though the lower homologue reacted
favourably.

Dr. J. N. Ray said that he wished to draw Dr. Guha’s attention to the
Ponndorf’s reagent which would serve his purpose of reduction of the keto-
group without affecting the double bond. It might be of help to him in his
synthesis of lauronolic acid.

C.

(4, 5) Dr. D. Chakravarti’s paper on the synthesis of coumarins and echro-
mones was read, in his absence, by Dr. R. C. Shah in combination with his own
paper on the same subject. Dr. Chakravarti reviewed the various synthetical
methods which had been applied to the preparation of derivatives of coumarins
and chromones, and also discussed the methods used to distinguish coumarins
from the isomeric chromones. Dr. Chakravarti and Dr. Shah both described
new methods, which had been worked out in their laboratories for the synthesis
of coumarins. Dr. Shah also described the synthesis of 5-hydroxycoumarin.

In opening the discussion on the papers on the chemistry of coumarins
and related compounds, Mr. Limaye congratulated Dr. Shah and his students
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on their discovery of a new condensing agent (aluminium chloride) for the
Pechmann Reaction, which had led to the formation of 5-hydroxycoumarins,
He stressed the importance of the isolation of even minute quantities of isomers
that are formed in some reactions. Thus in the preparation of 5-hydroxy-4-
methyl-coumarin described by Dr. Shah, the previous isolation of this com-
pound, although formed in very minute quantities along with the corresponding
chromone, by Mr. Kelkar at the Ranade Institute facilitated the identification
of Dr. Shah’s compound. The second point that he wished to bring to the
notice of those interested in distinguishing chromones from coumarins by the
formation of a styrene derivative was a case first observed in his laboratory
by Mr. Kelkar where two molecules of a chromone reacted with one molecule
of an aldehyde.

Dr. Desai drew attention to the fact that the method of synthesising
coumarins from o-hydroxy-alkyl ketones was studied independently of
Dr. Chakravarti, at Aligarh by himself and his students. The method would be
specially useful for 7-hydroxycoumarins from orcinol which usually gives only
the 5-hydroxycoumarins.

Regarding differentiation between coumarins and chromones, the action
of bromine in the cold on the glacial acetic acid solution of the compound con-
cerned had been used at Aligarh with advantage. The chromone gives a
perbromide which is insoluble in acetic acid while the coumarin gives the
3-bromo-compound. The chromone can be regenerated by adding the
perbromide to sulphurous acid solution.

Regarding Dr. Shah’s use of aluminium chloride, Dr. Desai felt he deserved
congratulations, for this method has made two new types of compounds avail-
able, e.g. the 5-hydroxycoumarins and y-aldehydes from hydroxy-ketones.
These compounds have great synthetic value, and as they are now readily
accessible, new types of compounds can easily be made.

Regarding the inhibiting effect of alkyl groups in the Pechmann con-
densation, Dr. Desai inclined to the belief that it is partly steric and partly
polar. The allyl and benzyl groups have less effect even than the methyl
group. It would be no exaggeration to say that a new chapter in the chemistry
of coumarins had been opened with the discovery of furo-coumarins and
5-hydroxycoumarins,

Dr. K. Venkataraman said that the difficulty in distinguishing between
isomeric coumaring and chromones appeared to be somewhat exaggerated in
view of the present knowledge of the properties of the two types of pyrones.
Colour reactions, such as those involving the use of sodium amalgam and
alcohol, magnesium and hydrochloric acid, or glacial acetic acid and sulphurie
acid, were generally adequate for the distinction of coumarins and chromones,

In an attempt to synthesise fraxetin (Bharadwaj and Venkataraman,
Proc. Ind. Sci. Cong., 1937, 153}, the persulphate oxidation of 7: 8-dibenzyl-
oxycoumarin was studied with the object of preparing the 6-hydroxy-
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derivative, which could then be methylated and debenzylated to yield fraxetin.
The oxidation, however, did not proceed as desired.

While Dey and Lakshminarayan (J. Ind. Chem. Soc., 1932, 9, 153) noticed
that B-naphthol condensed with ethyl acetoacetate to give a chromone, the
o-pyrone, and not B-naphthaiseflavone, is obtained with o-formylphenyl-
acetic ester.

Dr. Wheeler described the synthesis of the 2-methyl-benzocoumarin,
which had lately been effected in the laboratories of the Royal Institute of
Science. .

Dr. R. C. Shah stated that the influenée of the substituent in the aceto-
acetic ester molecule on coumarin and chromone formation in the condensation
of B-ketonic esters with phenols had been previously studied to some extent, and
it has been found that the Pechmann condensation is retarded by an alkyl sub-
stituent, the effect increasing with the bulk of the alkyl group. He had studied
the Pechmann condensation of a-acetoglutaric ester and found that it is more
reactive than a-ethyl or «-propyl-acetoacetic ester. The CH,-CH,-COOEt
group in spite of its much heavier bulk has less retarding effect than the lighter
groups ethyl and propyl. He and his students had also found that the retarding
effect of the 4-carbethoxyl group in the resorcinol nucleus is less than that of
4-nitro group as methyl B-resorcylate condenses with o-methyl, «-ethyl, «-
propyl, and a-butyl-acetoacetic esters, whereas 4-nitroresorcinol condenses only
with unsubstituted acetoacetic ester.

The method described by Chakravarti and Majumdar for the synthesis
of coumarins through the Reformatsky Reaction on o-methoxy ketones had,
Dr. Shah said, been used previously by Mitter and Paul and recently, inde-
pendently, by Desai. He and his students had modified Canter and Robert-
son’s method for converting coumarins into o-methoxy cionamic acid; the
modification consisted in the addition of dimethyl sulphate first and then alkali,
instead of in the reverse order as in Canter and Robertson’s original method.
The modified method gives excellent results and has succeeded in several
cases in which the earlier method has failed.

Dr. Shah also stated that Robertson had given a plausible explanation of
the formation of chromones and coumarins in the condensation of B-ketonic
esters with phenols, which is supported by some experimental evidence.

In reply to Dr. Venkataraman’s suggestion that coumarins and chromones
could be distinguished by the colour reactions with acetic acid—sulphuric acid,
Dr. Shah stated that it was a valuable suggestion and that he had, himself,
used hydrochloric acid for the purpose.

{6) Dr. K. 8. Narang described the work, which he had carried out under
the guidance of Dr. J. N. Ray, on the constitution of rottlerin and discussed the
structure which Dr. Ray and himself had been led to assign to it.

Dr. Venkataraman and Dr. Wheeler asked a number of questions regard-
ing alternative possibilities for the structure of rottlerin, and Dr. Narang
answered them in detail.
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D.

(7) Dr. K. Venkataraman gave an account of the work, which had been
carried out in Lahore by himself and his collaborators, on the synthesis of a
number of flavones and isoflavones. He also pointed out possible methods
for the synthesis of Primetin.

Dr. R. C. Shah suggested that in Dr. Venkataraman’s modified isoflavone
synthesis, sodamide may probably be found useful, as the condensation of
phenyl-benzyl ketones with ethyl formate was a typical Claisen ester-ketone
condensation, in which sodamide was known to be superior to other agents
like sodium or sodium ethoxide. Dr. Shah also described the direct formation
of a flavone derivative by the action of pyridine and benzoyl chloride on 5-
hydroxy-4-methyl-6-acetyl-coumarin at a high temperature. He suggested that
this was probably due to the migration of the o-benzoyl group from the simple
benzoyloxy derivative first formed to the COCH; group in the presence of
pyridine, followed by ring closure to a flavone.

(8) Dr. Desai described the isolation of a flavonol which he believed to
be quercetin 5- or 4'-methyl ether from the colouring matter of the yellow
flowers of Thevetia Nerifolia. He discussed possible methods for the synthesis
of this compound.

Dr. K. Venkataraman said that the flavonol, considered by Dr. Desai to
be quercetin 5- or 4'-methyl ether, must be the latter. Whatever the method
of methylation at the disposal of the plant may be, the relative difficulty of
methylating the 5-hydroxyl must be the same as in the laboratory and it is
very unlikely that the 5-hydroxyl could be methylated while the other four
hydroxyls in quercetin remain unaffected. The simplest test of the position
of the methoxyl would be the synthesis of quercetin 4’-methyl ether by the
Robinson Reaction between w-benzyloxyphloracetophenone and o-benzyliso-
vanillic anhydride, followed by alkaline hydrolysis and debenzylation.

(9) Dr. R. C. Shah discussed the work, which was being carried out in
Bombay, on the synthesis of Oroxylin-A and of Wogonin.

(10) Owing to lack of time, Dr. T. S. Wheeler’s paper on the synthesis
of maturally occurring flavones from chalkones was taken as read.

The discussions taken as a whole were then summed up by Dr. T. 8.

Wheeler.
List of Papers read at the Symposium on ‘Recent Work on the Synthesis
of Naturally Occurring Substances’ held at Bombay.
(September 26-27, 1938.)

A. General.

1. Some Recent Developments in the study of the Constitution of Natural
Products. By J. N. Ray.
2. Researches on Organic Chemistry in India (1896-1923). By P. C. Mitter.
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6.

10.

B. Bicyclic Terpenes.
Synthetic Investigations in Bicyclic Terpenes. By P. C. Guha.

C. Chemistry of Coumarins and Related Compounds.
Synthesis of Coumarins and Chromones. By D. Chakravarti.
New Synthetical Methods in Coumarin Chemistry. By R. C. Shah.

The Constitution of Rottlerin. Part III. By K. 8. Narang, J. N. Ray
and B. S. Roy.

D. Flavones.

Synthetical Experiments in the Flavone and Isoflavone Groups. By
K. Venkataraman.

The Colouring Matter of the Yellow Flowers of Thevetia Nerifolia (Apo-
cyanace®). By R. D. Desai and 8. Zafaruddin Ahmad.

The Constitution of Oroxylin-A. Part II. Attempted Synthesis of
Oroxylin-A and the Synthesis of Wogonin. By R. C. Shah,
C. R. Mehta and T. S. Wheeler.

Synthesis of some Naturally Occurring Flavones from Chalkones. By
T. S. Wheeler and Collaborators.



