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THF, naphthoquinone nucleus has been found to occur in a large number
of natural products. In most of these compounds, there is present in the
2-position a methyl or a hydroxyl group. In the analogous case of anthraquinones, the 2-position frequently contains besides these two substituents
a carbinol or a carboxyl group. Probably these are related and all these
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groups have a common origin. They may arise by the condensation of
formaldehyde or its biological equivalent in the 2-position and subsequent
transformation. This point has already been discussed in connection with
the nuclear oxidation of flavones. 1 The above biogenetic scheme may be
suggested for the naphthoquinone derivatives.
The applicability of the above scheme has now been in the first instance
examined using menaphthone (VI) and laws0ne (VII) as appropriate examples.
For the former, the synthesis starts with a-naphthol (I). It is converted
into 1 : 4-dihydroxy naphthalene (II) by oxidation using alkaline persulphate.
This substance was prepared earlier by oxidation with chromic acid of
naphthalene, a-naphthylamine, a-naphthol, 1 : 4-diamino-naphthalene or
1-hydroxy-4-amino-naphthalene2 and subsequent reduction of the resulting
a-naphthoquinone with sulphur dioxide, stannous chloride and hydrochloric
acid or sodium hydrosulphite. 3 More recently Desai and Sethna~ prepared
it from a-naphthol by Elb's persulphate oxidation using potassium persulphate. Their yield of 22~o could now be raised to 407O by using the more
readily soluble ammonium persulphate. The quinol condenses with hexamine giving very poor yield (17o) of the corresponding 2-aldehyde. Gatterman's method using hydrocyanic acid is better (yield 107o) but not good
enough. On the other hand, if the monomethyl ether of quinol (III) which
is conveniently prepared by partial methylation employing methyl alcoholic
hydrogenchloride,5 is used for the hexamine condensation, a satisfactory
yield (507o) of the 2-aldehyde (IV) is obtained. This undergoes smooth
reduction by Clemmensen method yielding 1-hydroxy-4-methoxy-2-methylnaphthalene (V). Subsequent oxidative-demethylation6 using nitric acid
OH

I

III

1

/\/\

OH

(iv)

1
OH

(m)

OH

I

\/\/
(v)

[

OC H a

1
OCH 3

O

[

1

I
OCHs

/\/N

OH
---~

(Ii)

(i)

\/\/

OH

li

\/\/

I1

O

(vI)

A New Synthesis of Menaphthone and Lawsone

235

produces menaphthone (¥I) in a good yield. The stages in this synthesis
are represented by the above formula~.
The above scheme offers a convenient route for obtaining this valuable
synthetic vitamin which is in large use. The common method used so far
for its preparation is based on the oxidation of 2-methyl naphthalene employing either chromic acid,7 hydrogen peroxide or molecular oxygen. 8 The
yield is claimed to be somewhere within 40-50~o.
This hydrocarbon
is found as a component of low temperature coal tar and its availability
would appear to be somewhat limited. Several methods have therefore
been examined for its synthesis. (a) Reduction of fl-naphthaldehyde"
obtained from fl-naphthonitrile which in its turn is prepared from fl-naphthyl~
amine or naphthalene-/3-sulphonic acid. (b) Friedel and Craft's reaction
using tetralin, methyl bromide and aluminium bromide and subsequent
dehydrogenation with sulphur. ~0 But all these methods involve so many
steps giving poor yields that accessibility to synthetic 2-methyl naphthalene
has been rather difficuIt.
Lawsone (VII) is 2-hydroxy-a-naphthoquinone and it occurs in the
leaves of Lawsonia alba and Lawsonia inermis and has been synthesised earlier
by methods having a large number of steps. The most important method
that gives a good yield is that of Fieser 11 which involves six steps starting
from/~-naphthol. It has now been prepared by the oxidation of 1-hydroxy4-methoxy-2-naphthaldehyde with alkaline hydrogen peroxide.
O
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In the above Dakin's reaction not only is the 2-aldehydic group substituted
by a hydroxyl group, but there is further oxidative demethylation giving
rise to the quinone structure. This type of oxidative demethylation in
alkaline medium is rather unusual but one case was earlier observed in
connection with alkali fission of gardenin where atmospheric oxygen seems
to be the oxidising agent. 1~
A modification of the above biogenetic procedure has also been explored
starting again with a-naphthol. The 2-acetyl derivative (VIII) is prepared
by Nencki's method (Witt and Braun13). It undergoes persulphate oxida-
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tion yielding 2-acetyl-cL-naphthohydroquinone4 (IX).
tion with hydrogen peroxide produces lawsone (VII).
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This appears to be a convenient laboratory method for the preparation of
lawsone as the stages are few in number and easy and the yield is satisfactory.
In order to provide a further example of the oxidative demethylation
observed in the case of 1-hydroxy-4-methoxy-2-naphthaldehyde (IV) in
alkaline hydrogen peroxide, the corresponding ketone, 1-hydroxy-4-methoxy2-acetyl naphthalene (X) has been prepared by partial methylation of l : 4 dihydroxy-2-acetyl naphthalene using dimethyl sulphate and oxidised with
alkaline hydrogen peroxide. Lawsone is obtained directly as expected.
Hence it could be concluded that this reaction is of a general nature.
EXPERIMENTAL

1-Hydroxy-4-methoxy-2-naphthaldehyde (IV)
a-Naphthohydroquinone (II) was prepared by the reduction of
~-naphthoquinone with sodium hydrosulphite 3 as well as by the persulphate
oxidation of a-naphthol. 4 In the latter method it was observed that the use
of good ammonium persulphate instead of potassium persulphate increased
the yield to 40-45~o.
The above quinol was partially methylated according to the method of
D.R.P, 173730 with a small modification suited to laboratory conditions.
1 : 4-Dihydroxy-naphthalene was dissolved in the minimum amount of cold
dry, 10~o methyl a!coho!ic hydrogen chloride and t.he solut.ion thus obtained
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was left at ordinary temperature for 6-7 hours. The solution was diluted
when the monomethyl ether 011) separated in a crystalline condition. It
was filtered, washed with a little dilute methyl alcohol and dried (yield,
90~). It crystallised from benzene or petroleum-ether in small colourless
needles melting at 130-31°. With alcoholic ferric chloride it gives a beautiful
deep blue solution which on keeping separates as a blue precipitate. With
concentrated sulphuric acid it gives violet red coIour.
An aldehyde group was introduced in the 2-position of the above quinol
monomethyl ether by the hexamine and Gatterman methods.

(a) Hexamine method.--1-Hydroxy-4-methoxy naphthalene (5 g.) was
dissolved in dry glacial acetic acid (150 c.c.) and to it hexamine (15 g.) was
added. The whole mixture was refluxed on a boiling water-bath under dry
conditions. After six hours, boiling dilute hydrcchloric acid (1 : 1, 80 c.c.)
was added to it and the solution so obtained was heated on a boiling waterbath for l0 minutes. It was left overnight in the refrigerator, when pale
yellow needles of 1-hydroxy-4-methoxy-2-naphthaldehyde separated out. It
was filtered, washed with water anct crystallised from ligroin when it came
out as golden yellow tiny needles (2-5 g.) melting at 100-1 °. More of the
aldehyde (0.5 g.) could be obtained from the mother-liquor by salting out,
extraction with ether, washing the ethereal layer first with 10~o sodium
bicarbonate solution and then with water. The ethereal layer was separated, dried over sodium sulphate and then the ether removed. The residue
was dissolved in the least quantity of alcohol; addition of water drop by
drop first precipitated out impurities and then the aldehyde as greenish yellow
mass which on crystallisation from petroleum ether gave pure aldehyde.
(Total yield, 3 g.)
The aldehyde is soluble in alcohol and petroleum ether, moderately
soluble in benzene and insoluble in water. It dyes skin an intense yellow
and dissolves in alkalies to give a deep yellow solution. With alcoholic
ferric chloride it gives a dark green colour. All these tests agree with those
recorded for 1-hydroxy-4-methoxy-2-naphthaldehyde by Friedlander 1~ who
obtained it by alkaline degradation of methoxy-naphthalene-indole-indigo.

(b) Gatterman's method.--Dry 1-hydroxy-4-methoxy naphthalene (10 g.)
and freshly fused zinc chloride (10g.) were dissolved in anhydrous ether
(200c.c.) and dry hydrogen cyanide (10 c.c.) was added. A rapid stream
of dry hydrogen chloride gas was passed into this solution (cooled to 0 °)
during a period of 3-4 hours, when a yellow oily liquid separated at the
bottom. After keeping it overnight in ice-chest, ether was decanted off
carefully; the oily liquid was washed with dry ether, and heated with water
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(150 c.c.) to boiling for fifteen minutes. The insoluble residual liquid was
separated by decanting off the aqueous layer completely. The former
solidified on cooling in ice-salt mixture and on stirring with a little amount
of alcohol gave a yellow crystalline solid (2-5 g.). This crystallised from
petroleum ether as tiny yellow needles melting at 98-99 ° . The aqueous
solution also on cooling yielded more of the aldehyde (0" 5 g.).
1-Hydroxy-4-methoxy-2-methyl

naphthalene (V)

Powdered granulated zinc (10 g.) was taken in a 250 c.c. round-bottomed
flask and shaken with a mixture of water (15 c.c.), concentrated hydrochloric
acid (0-5 c.c.) and mercuric chloride (1 g.) for ten minutes. The supernatant solution was then decanted off and the amalgamated zinc thus
obtained was covered with a mixture of water (10c.e.) and conc. hydrochloric acid (10c.c.). 1-Hydroxy-4-methoxy-2-naphthaldehyde (1 g.) dissolved in alcohol or glacial acetic acid (15 c.c.) was added to it and the whole
mixture refluxed in a boiling water-bath for eight hours. During this period
cone. hydrochloric acid (4c.c.) was added after every one hour. The
solution was decanted off and diluted with water and left in the refrigerator
overnight, when tiny needles (0-4g.) separated out. It crystatlised from
petroleum ether as colourless flat needles and narrow rectangular plates
melting at 100-2 °. More of the reduction product (0-15g.) could be
obtained by extracting with ether the zinc residues as well as the motherliquor after salting it out. The extract, after being dried over anhydrous
sodium sulphate, was treated with animal bharcoal and filtered through a
futed filter-paper. Ether was completely removed and the residue was
extracted with petroleum ether. The latter on concentration and cooling
gave colourless, tiny needles (Found: C, 76-2; H, 6.4; C12H~O., requires
C, 76-6; H, 6 . 4 ~ ) . It is highly soluble in ether, alcohol, benzene, ethyl
acetate and aqueous alkali but sparingly so in petroleum ether. It does
not give any colour with alcoholic ferric chloride. It dissolves in conc.
sulphuric acid to give a yellow solution.
Menaphthone (2-ul/Iethyl-1 : 4-naphthoquinone) (VI)

1-Hydroxy-2-methyl-4-methoxy naphthalene (1 g.) was dissolved in tbe
minimum quantity of ether and fuming nitric acid (1 c.c.) added. The
resulting red solution was shaken well for two hours and the ether was
removed. On diluting the solution with water and cooling, it deposited a
colourless crystalline mass (0.75 g.). It was filtered, washed with water
and dried in a vacuum desiccator. It crystallised from petroleum ether as
smalt light yellow needles melting at 104-06 °. It dissolves in sulphuric
.acid to give a red solution, With sodium ethoxide, it gives a transient b!ue
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colour and then a stable reddish brown colour. When it is added to a
solution of 2:4-dinitro-phenylhydrazine in hydrochloric acid followed by
ammonia and the whole solution diluted with water, a stable green colour
is obtained. On reductive acetytation, it gives a compound which rfielts at
113-14 °. All these tests agree with those recorded for menaphthone in
the literature.

1 : 4;Dihydroxy-2-naphthaldehyde
This was obtained from a-naphthohydroquinone by Gatterman's method
using hydrogen cyanide and zinc chloride in ten per cent. yield. TM The
hexamine condensation of l:4-dihydroxy-naphthalene was also carried
out in the same manner as with the quinol monomethyl ether but the
aldehyde was obtained in very poor yield (1~o). The use of inert atmosphere
like carbon-dioxide for the condensation did not improve the yield.

2-Methyl-a naphthohydroquinone
Clemmensen reduction of the above quinol aldehyde using the same
procedure and quantities of reagents as in the case of 1-hydroxy-4-methoxy2-naphthaldehyde gave 2-methyl-a-naphthohydroquinone in ten per cent.
yield. It crystallised from dilute alcohol as colourless needles melting at
160-61 ° .

Menaphthone ( VI)
2-Methyl-a- naphthohydroquinone (1 g.) was dissolved in ether (15 c.c.)
and nitric acid (d, 1-2; 5 c.c.) added to it. The mixture was shaken well
for one and a half hours; ether was removed and the solution diluted with
water when menaphthone separated as a pale yellow crystalline solid
(0-8 g.). It crystallised from ligroin as pale yellow needles melting at
105-16 °.

Lawsone (VII)
(a) Oxidation of 1-hydroxy-4-methoxy-2-naphthaldehyde.--The

aldehyde
(I g.) was dissolved in 4 ~ aqueous sodium hydroxide (6 c.c.) and pyridine
(50 c.c.), cooled in ice and treated with 5~o hydrogen peroxide (10 c.c.) little
by little during the course of fifteen minutes, with simultaneous shaking of
the resulting deep red solution. The shaking was continued for another
fifteen minutes and the solution left in ice-cold water-bath. After two
hours, it was neutralised, extracted with ether and the ethereal layer dried
over anhydrous sodium sulphate. On evaporating the ether, fine yellow
needles separated out. These were filtered, washed with a little ether and
dried (yield, 0-5g.). The substance crystallised from dilute alcohol in
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glistening yellow needles melting at 194-98 ° with decomposition. It turned red
on keeping for a while in air. It dissolved in aqueous sodium bicarbonate,
sodium carbonate, ammonia, lime water and sulphuric acid to give orangered solutions. With alcoholic ferric chloride it gave a reddish brown colour.
Reductive acetylation gave a product melting at 134 °. The acetyl derivative
obtained by heating it with acetic anhydride and a drop of sulphuric acid
on a water-bath melted at 128-29 °. In all these properties and reactiot~s
it agrees with lawsone as described in the literature. 16

(b) Oxidation of l : 4-dihydroxy-2-naphthaldehyde.--The quinol aldehyde
was subjected to Dakin!s reaction, following the procedure already given
and taking the same quantities of reagents, pyridine being omitted. The
product crystallised from dilute alcohol as fine reddish yellow needles,
m.p. 194-8 °, and it was identical with the above sample of lawsone.
(c) Oxidation of l : 4-dihydroxy-2-acetyl naphthalene (IX).--The ketone
was prepared by persulphate oxidation of 1-hydroxy-2-acetyl naphthalene
(VIII), following the Procedure of Desai and Sethna. 4 It was treated with
hydrogen peroxide and alkali as in the last experiment. In this experiment,
immediately after acidification, lawsone precipitated out as a red crystalline
solid which was filtered, washed with water and crystallised from dilute
alcohol, when it came out as small glistening yellow needles, melting at
194.8 ° with decomposition. Ether extraction of the mother-liquor provided
more of lawsone (total yield, 50-60~/0).
(d) (i) Preparation of 1-hydroxy-4-rnethoxy-2-acetyl naphthalene (~.X).-2-Acetyl-a-naphthohydroquinone (IX) was partially methylated under dry
conditions as fo!lows: m mixture of the ketone (2 g.), dimethyl sulphate
(1 c.c.), benzene (100 c.c.) and potassium carbonate (5 g.) was refluxed on
a water-bath for 18 hours. Water was then added to dissolve potassium
salts and the benzene layer separated. It was washed with sodium carbonate
solution three times and then extracted exhaustively with five per cent.
alkali. The alkaline solution was cooled, acidified with hydrochloric acid
and the precipitated compound was filtered, washed with water and dried.
It crystallised from ethyl acetate-ligroin as golden yellow stout rcetangular
prisms melting at 121 °. It dissolves in alcohol, benzene, ethyl acetate but
is insoluble in wtaer. It dissolves in sodium hydroxide to give a yellow
solution. With alcoholic ferric chloride it gives an intense green colour
(Found : C, 72.5 ; H, 5.9; C13H1,.Os requires C, 72-2; H, 5-5~0).
(d) (ii)Oxidation.--The above ketone on being subjected to Dakin's
reaction as in the case of 1-hydroxy-4-methoxy-2-naphthaldehyde gave
lawsone in 35-40~ yield.

A New Synthesis of Menaphthone and Lawsone

241

StrMMARV
Based on biogenetic considerations new syntheses of menaphthone and
lawsone are given. From a-naphthol, 1-hydroxy-4-methoxy-2-naphthaldehyde
is prepared. This undergoes Clemmensen reduction and subsequent oxidative demethylation with nitric acid to yield menaphthone. On the other
hand, Dakin's oxidation Nves directly lawsone and this change involves
oxidative demethylation by hydrogen peroxide in alkaline solution. A
convenient laboratory method for preparing lawsone employs 2-acetyla-naphthohydroquinone.

Note added in Proof.--Recently we came across the following references
in the literature: (i) Synthesis of menaphthone by Pavolini, Recerca Sci.,
1948, 18, 134-8. Starting with naphthalene and passing through 6 stages
he has reported an over all yield of 3-5~ of the final product. His
procedure is different from ours. (ii) Synthesis of Lawsone by Molho and
Mentzer, Experientia, 1950, 6, 11-12. Th~se authors claim the formation
in very tow yields of lawsone from 2-methoxy naphthalene by oxidation with
chromic acid or lead tetra-acetate and subsequent-demethylation. Better yields
are claimed by the oxidation of ct-naphthol with alkaline hydrogen peroxide.
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