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IT has been established that gossypol contains six hydroxyl and two aldehyd|
groups in its molecule through the preparation of the hexa-acetate, the hexamethyl ether and the dianil. But there has been no direct and conclusive
evidence about the positions which these groups occupy with reference to
one another. Adams and co-workerst observed that gossypol gave a deep
red eolour with pyroboroacetate and a purple red colour with stannic
chloride and inferred that ortho-hydroxycarbonyl groups existed. They
have used the idea to explain the properties and certain of the unusual
reactions of gossypol and its derivatives. The formation of apogossypoV
by the loss of aldehyde groups when alkali acts upon gossypol may also be
adduced in favour of it. But so lar the existence of this struetural feature
has not been definitely proved by the formation of appropriate derivatives.
The work described in this memoir has been done with a view to supply this
proof.
Two reactions are very characte¡
of ortho-hydroxy aldehydes; one
of these leads to the formation of ct-pyrones by condensation with ethylacetoacetate and with diethylmalonate and the other to the formation of
flavylium salts by condensation with acetophenone and with its derivatives
in the presence of suitable condensing agents. Gossypol condenses with
the above-mentioned esters with the aid of piperidine to form 3-acetyl and
3-carbethoxy-=-pyrones (I and II). These ate definite crystalline compounds
showing sharp difference in colour between alkaline and acid solutions.
Their structures ate based on Adams' formula of gossypol. They ate sparingly soluble in ordinary solvents and possess high melting points. The
condensation of gossypol with acetophenone and ~o: 4-dihydroxy acetophenone takes place readily in ether of ethylacetate solution when saturated
with dry hydrogen chlo¡
The characte¡
deeply-coloured flavylium
salts (III and IV) ate formed and their reactions are described in the expe¡
mental part.
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Having established as given above the existence of orthohydroxy aldehyde
groups in gossypol it becomes necessary to explain the total absence of difficulty in completely methylating ir to hexamethyl gossypol. It has been
reported already 3 that even diazomethane methylates aU the hydroxyl groups
of gossypol readily whereas in other cases of ortho-hydroxy carbonyl compounds difficulty has been experienced. Ah explanation may probably be
found in the weakness of the chelation involving the hydroxyl and aldehyde
groups in gossypol. That the presence of substituents in neighbouring
positions can weaken chelation has beca indicated by the work of Chaplin
and Hunter 4 and Saunders et aL~ in other cases. Such substituents are
present in the gossypol molecule.
It is interesting to record here that the above-mentioned ~-pyrones and
flavylium salts can also be obtained pure when gossypol-dianil is used in the
place of gossypol for the condensations. The anil seems to undergo decomposition even under the mild conditions of these reactions, liberating gossypol
for condensation with the ketonic esters or the ketones. In some of our
previous publications5 it has been recorded that the anil is easily decomposed
by short treatment with hot acetic anhyd¡
to yield gossypol-acetic acid
N--C6Hs
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and that under the ordinary conditions of methylation and acetylation it
yields gossypol derivatives and not substitution products of the anil. The
experiments recorded here show that even under milder conditio•s, e.g.,
mixing with ethyl acetoacetate and piperidine in the cold, the decomposition
liberating gossypol takes place.
In the course of the above-mentioned experiments we had occasion to
examine the action of aniline on gossypol carefuUy. It has not been possible
to obtain the tetra-anilino compound pure. Though excess of aniline is held
rather tenaciously and gives the impression that a tetra-anil is formed (high
values for N), the excess of aniline can be removed by careful grinding and
boiling of the substance with ether or chloroform (benzene is not quite suitable
for the purpose) and only the dianil is left behind. Consequently this alone
should be taken a s a definite anilino derivative.
Experimental
Condensation o f gossypol with acetoacetic ester (/).--A mixture of gossypol
(0" 5 g.) and acetoacetic ester (2 c.c.) was dissolved in the requisite quantity
of absolute ethyl alcohol (10 c.c.) to g e t a elear solution. A few drops of
pipe¡
were added and the contents allowed to stand overnight after
shaking for some time. Ah orange coloured precipitate slowly separated
out; ir was filtered and washed successively with alcohol and water.

The substance was insoluble in alcohol and other common organic
solvents. It crystallised from hot pyridine as yellow thin rectangular plates,
which did not melt below 330 o. It dissolved in concentrated sulphuric aeid
giving a bright pink colour which was quite characteristic and stable. It was
easily soluble in aqueous sodium hydroxide, forming again a b¡
pink
solution which changed gradually to brown. The pink colour of a freshly
made alkaline solution is changed to yeUow by acid; the transition from
pink to yellow and the reverse is very sharp and is a definite indication of the
change from alkali to acid and rice versa. In thi.~ respect ir compares
favourably with ordinary indicators used in acidimetry-alkalimetry. The
only difficulty in using this substance as an indicator is its insolubility in
alcohol.
[Found in air-dried sample: C, 68-4; H, 5.4; loss on drying in vacuo
at 120 o, 2 . 6 ~ ; C_~8H34010,H20 requires C, 68-3, H, 5-4; HzO (loss) 2-7~..
Found in the vacuum dried sample: C, 69-9; H, 5-3; C3sH34010requires
C, 70" 2; H, 5- 2%.] Yield of the pure compound 0- 3 g.
The same product was obtained even when concentrated sulphuric acid
was used instead of alcohol and piperidine.
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Condensation of gossypol-anil with acetoacetic ester (I).--Gossypol anil
(0.5 g.) was dissolved in warm pyridine (15 c.c.), acetoacetic ester (2c.c.)
a n d a few drops of piperidine were added and the clear solution thus obtained
was left over at room temperature for two days. There was only a very
small quantity of precipitate which was removed by filtration. The clear
¡
on dilution with methyl alcohol (50 c.c.) gave an orange-yellow solid
(0-2 g.). Ir did not melt below 330 ~ and it was identical with the condensation product of acetoacetic ester and pure gossypoI itself in alI its properties.
This compound could be prepared in a much shorter time by heating
the components in the given proportions on a boiling water-bath for two
hours and working up the product as above.
[Found:
H, 5-4%.1

C, 68.5;

H, 5'-6;

C38H3~O~o, H20 requires:

C, 68.3;

Condensation of gossypol with diethyl malonate (I/).--A mixture of
gossypol (0-5 g.) and malonic ester (2 c.c.) was dissolved in the requisite
quantity of absolute ethyl alcohol to get a clear solution, a few drops of
piperidine were added and the contents were allowed to stand for two days.
No solid had precipitated at the end of this period. The solution was then
poured into about 100 c.c. of water. The precipitate thus produced was
filtered and recrystallised from acetic acid and methyl alcohol, when it was
obtained as yellow tiny rectangular plates, melting at 248-50~ yMd (0.2 g.).
With concentrated sulphuric acid it gave a red solution and its solution in
sodium hydroxide h a d a deep red col0ur which changed to yeUow on
acidifying; the transition was quite sharp. The number of carbethoxy
groups in the molecule was found by estimating the ethoxyl content by
the micro-zeisel method.
[Found in the air-d¡
sample: C, 66.1; H, 5.6; OC2Hs, 12.4 and
loss on drying in vacuo at 120o, 2"6~o. C~4H~80~(COOCzHs)~., H20 requires
C, 66-0; H, 5.5, OC2H5, 12-4; H20 (loss) 2-5~. Found in the vacuurn
dried sample : C, 67.5 ; H, 5.4; C-~4H2808 (COOC2H5)~_ requires C, 67.6;
H, 5"3Y0.1

Condensation of gossypol-anil with diethyl malonate (I1).--Gossypol-anil
(0-5 g.) was dissolved in warm py¡
(15c.c.), diethyl malonate (2c.c.)
a n d a few drops of piperidine were added and the solution was heated on
a water-bath for about two hours.
The solution was filtered to remove
any suspended impurities. A smaU quantity of the filtrate was diluted with
methyl alcohol, but no precipitate was obtained. So the remaining solution was poured into water (100 c.c.) and the precipitate thus obtained
(0-2 g.) was filtered and recrystallised from acetic acid. In all respects this
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product was found to be identical with the condensation product obtained
straight from pure gossypol itself.
[Found: C, 66-4;
C, 66-0; H, 5"57o.]

H, 5.5;

C34H2sOs (COOC2H5)~., H20 requires:

Condensation of gossypol with acetophenone (III).--A solution of gossypol
(0" 5 g.) in sodium-dried ether (20 c.c.) was prepared, pure dry acetophenone
(2 c.c.) was added and the container was cooled in ice. Dry hydrogen
chloride gas was passed into the solution tiU it was saturated (one and
half hours). The initial yeUow solution slowly became intense pink. The
flask was stoppered weU and left in the ice-chest overnight. Only a small
quantity of a crystalline solid was deposited on the sides of the container;
however, on adding a large amount of ether, a considerable quanfity of the
pyrylium salt was obtained. It was filtered and recrystaUised from methyl
alcohol-hydrochloric acid mixture. It was thus obtained as pink-coloured
thin rectangular plates and flat needles, melting at 295-97 o. Like the salts
of anthocyanidins, this flavylium salt was soluble in acidulated hydroxylic
solvents like alcohol to give a deep reddish-violet colour. It was insoluble
in non-hydroxylic solvents like benzene, ether, etc.
[Found in air-d¡
sample: C, 67.7; H, 5-9; C1, 9"0; C46Ht006C12,
3H~O requires C, 67.9; H, 5.7, and CI, 8"77o.]

Decomposition of gossypol-anil with hydrogen chloride.--To a suspension
of gossypol-anil (0.5 g.) in dry ether (20 c.c.), a current of dry hydrogen
chlo¡
gas was passed. As the ether absorbed the acid fumes, the original
pale yellow solution tumed first to orange and finally deep brown and all
the suspension went into solution. The ether solution was shaken up with
water to remove aniline hydrochloride formed in the reaction and then
evaporated to dryness. The brown solid thus obtained was recrystallised
from methyl alcohol. A pure sample of this product melted at 184-85 ~
and was found to be identical with gossypol.
Condensation of gossypol-anil with acetophenone (III).--To a suspension
of gossypol-anil (0.8 g.) in sodium-dried ether (20c.c.), dry acetophenone
(2 c.c.) was added and the container cooled in ice. A current of dry hydrogen chloride gas was passed till saturation (one and half hours). The initial
pale yellow solution changed first to orange and finaUy to deep pink as the
gossypol-anil went into solution and the condensation took place. The
container was stoppered well and left in the ice-chest overnight. More
ether was added to it the next day and the precipitate (0.25 g.) thus obtained
was filtered and recrystaUised from metbyl alcohol-hydrochloric acid mixture.
As regards melting point, crystal structure, colour reactions and other
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properties, the pyrilium salt obtained by this method was quite identical
with the one prepared starting with pure gossypol itself.
[Found:
H, 5.7Z.]

C, 67.9; H, 6-0; C4eH4oO6Clv 3H20 requires:

C, 67.9;

Condensation of gossypol with to: 4-dihydroxy acetophenone (IV).-Gossypol (30 mg.) and oJ: 4-dihydroxy acetophenone (20 mg.) were dissolved
in sodium-dried ether (20 c.c.), the ice-cooled solution was saturated with
dry hydrogen ehlo¡
gas and the contents left in the ice-chest overnight.
Since the quantities of the starting materials were smaU, ether and hydrogen
chloride were evaporated al the laboratory temperature and the residue
taken up in 1~ methyl alcoholic hydrogen chlroide. The pyrylium salt
was precipitated from this solvent by adding concentrated hydrochlo¡ acid.
The solid thus obtained was filtered and recrystallised from the same solvent,
when it was obtained as tiny rectangular plates, having a deep pink colour.
It did not melt below 320o.
[Found:
H, 5"49£

C, 65.1 ; H, 5.6; C4sHa0OsC12, 3H20 requires: C, 65.3;

The above-mentioned two flavylium salts gave the following colour
reactions with the reagents listed below. Solutions of the salts in methyl
alcohol containing 19£ hydrochloric acid were used for the purpose.
Flavylium salt obtained from gossypol and
Reagents

(i) Aeetophenone
(In)

1.
2.
3.

Original colour of sotution .. Deep red-viotet
Dilution with concentrated No change
HCI
Sodium acetate solution
.. Blue

4.

Sodium bicarbonate

..

5.

Sodium carbonate

.. Greenish-blue

6.

Sodium hydroxide

..

Blue with a slight green
tinge

Sudden change to brown

(ii) Ÿ 4-Dihydroxy acetophenone
(Ir)
Dee0 red ; in thin layers pink
N o change
Only a smaU change to reddishpink ; no change further
Bluish-pink; changes to violetblue and fades slowly to violetbrown
Same as bicarbonate colour but
changes are more rapid
Deep blue; fades fast and becomes
pale yellowish-brown

The fla,,~jlium salts undergo decomposition slowly on storage and the
products become de¡
in halogen. This behaviour has been found in
the case of many other complex flavylium salts prepared in these labomtories, n
Due to the presence of water of crystallisation, elimination of halogen acid
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seems to take place leading to the formation of colour base of of the
chalkone3
Summarv
Gossypol condenses with ethylacetoacetate and diethyl malonate in the
presence of piperidine to form pyrones and with acetoplaenone and dihydroxy
acetophenone in the presence of hydrogen chloride to form flavylium salts.
They are definite crystalline substances with characteristic properties.
Thus the presence of two ortho-hydroxyaldehyde groups in the gossypol
molecule is established. The dianilin0-compound of gossypol also undergoes
the above condensations smoothly indicating that it is easily split up into
gossypol and aniline under the co¡
of the reactions.
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