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Although coumarinic or cis-ortho-hydroxycinnamic acids, as a
class, are unstable, and are reconverfed into coumarins when a
solution of their alkali salts is acidified, there are a few exceptions
recorded in literature of moderately stable coumarinic acids such
as those derived from 8-nitrocoumarin (Miller and Xinkelin,
Ber., 1889, 22, 1706), 38-acetyl-4:5:7-trimethylcoumarin-6:8-dicar-
boxylic acid diethyl ester (Jordan and Thorpe, J. Chem. Soc., 1915,
1017, 887), 6-nitro-a8-1:2-nephtkapyrone and 6.nitro-a8-1: 2-naphtha-
pyrone-4-acetic acid (Dey, J. Chem. Soc., 1915, 107, 1606), and a few
others. It will be noticed that in all these cases the coumarinic acid
is stabilised by the entrance of acidic groups, ¢.g.. nitro or carboxyl,
the effect being most marked when the acid radicle is in position-8.
Thus the separation of a mixture of 6-nitro-and 8-nitrocoumarins has
been made by taking advantage of the superior stability of the cou-
marinic acid derived from the latter (Dey and Krishnamurthi, J.
Indian Chem. Soc., 1927, &, 197). The entrance of alkyl groups, on
the other hand, either in the benzene or in the pyrone rings, is found
to produce the opposite effect (¢f. Hjelt, Ber., 1894, 27, 8382 ; Fries
and Volk, Annalen, 1911, 379, 92).

Certain fo-1:2-naphthapyrone derivatives, ¢.g., 4-methyl-Go-1:2-
naphthapyrone, 8-chloro-4-methyl-8o-1:2-naphthapyrone and Ga-1:2-
n apthapyrone-4-acetic acid (Dey, J. Chem. Soc., 1915, 107, 1618) ap-
pear, therefore, to be quite exceptional in as such as they provide the
only Lnown examples of coumarins yielding stable coumarinic acids
nobwithstanding the presence of alkyl groups and the absence of any
acidic substituents in the ring. The anomaly becomes most striking
when the behaviour of these is compared with that of the isomeric
f8-1:2-naphthapyrones having alkyl substituents in similar positions
in the ring. The latter give only unstable cis-acids which undergo
ring-closure, the moment they are liberated from their alkali salts,
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The production of these stable coumarinic acids was considered at
first to be characteristic of all Bo-naphthapyrones, but a study of this
reacbion with different members of the Bo-naphthapyrone series has
now shown that the stability of the cis-acids is apparently connected
with the presence of an alkyl group in position-4 in the pyrone ring.
This fact was brought into prominence while the action of alkalis on
8-bromo Ba-1: 2-naphthapyrone (I) and 3-chloro-4-methyl-Bo-1:2-
naphthapyrone (II) respectively was being investigated. They exhi-
bited a curious difference : the former reacted normally like other 8-
halogen substituted coumarins, and yielded the usual furan derivative
(I1I) with the elimination of alkali bromide, while the latter was con-
verted into the remarkably stable chloro-Ba-naphthacoumarinic acid
(IV) from which no elimination of alkali chloride was possible under
the usual conditions.
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eis-a-Chloro-8-2-hydroxy-1l-naphthylerotonic acid (stable).

The presence of a CHj3 group in position-4 in the pyrone ring, or
its absence, must therefore be regarded as the only factor with which
this remarkable difference of behaviour with atkalis is associated.

The reaction of 8-nitro-Ba-1:2-naphthapyrone with alkalis is
equally interesting. When the stable frans-or B-naphthacoumaric
acid is carefully nitrated in acetic anhydride solution, a nitro group
enter position-3 with the simultaneous closure of the pyrone ring,
and when the nitro derivative is treated with hot alkali, the pyrone
ring is completely ruptured and 2-naphthol-1-aldehyde obtained ina
guantitative yield. The following equations represent the reactions
taking place.
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trans-8-2_Hydroxy-1 naphthylacrylic acid 3-Nitro-Ba-1:2-naphthapyrone

(stable, m.p. 165°). (m.p. 244°).
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B-Naphbhol-u-aldehyde (m.p. 81°).

6



284 B. B. DEY, R. H. R. RAO AND Y. SANKARANARAYANAN

It is .elear, thercfore, that the entrance of a nitro group makes the
pyrone ring unstable,

The stable S-naphthacoumarinic acids have been assigned the cis-
configurations on the sole evidence of the extraordinary ease with
which they are converted into the original coumarins when (2) they
are heated to their melting points, (b) they are crystallised from hot
solvents like acctic acid, or (¢) they are even preserved in a desicea-
tor for several days (¢f. Dey, loc. cit.). It must be noted, however,
that hitherto all attempts to convert these stable c¢is-or coumarinie
acids into their trans-isomers have been unsucecessful, although the
other coumaring which give only unstable cis-acids bave all been con-
verted by the usual methods into the stable trans-or coumaric acids.
A comparative study of the stabilities of the eoumarinic acids derived
from a few representative members of the Ba-1:2-naphthapyrone
family has now been made, and the results are summarised in the
following table.

Name. M.p. cis-Acid. trans-Acid.
Ba-1:2.-Naphthapyrone 118° Unatable. Stable, colourless needles,
m.p. 165°
4-Methyl. Bx-1:2-naphtha- Stable, sott Not known.
pyrone 181° colourless plates

with a pearly lustre,
m.p. 146° {decomp.).

8-Chloro-4-methyl-8a-1:2+ Stable, colourless Not known.
naphtbpyrone 135° mica like plates,

m.p. 148° (decomp ).
?-Nitro-4-methyl-8a-1:2- Stable, small Not known.
naphthapyrone 274° yellow prisms,

m.p. 271° (decomp.).
Ba-1:2-Naphthapyrone.4- Stable, pale yellow Not known.
acetic acid 191° plates, m.p. 174°

(decomp.).

Ba-1:3-Naphthapyrone-3- Unstable. Stable, colourless plates,
acetic acid 2656° o.p. 79°,
4-Methyl-Ba.1:2.naphtha- Stable, colourless Not known.
pyrone-8-acetic acid 199° shining plates,

m.p. 154° (decomp.).
8-Methyl-8e-1:2-naphtha- Unstable. Stable, colouriess plates,
pyrone 158° m.p. 138°.
3-Bromo-Ba-1:2-naphtha- Unstable. Not known., Changes
pyrone 165° into B-naphthafuran-

carboxylic acid,
m.p. 192°.
3-Nitro-B«-1:2-.naphtha- Unstable. decom .
pyrone 244° poses into 2-naphthal-

1-aldebyde, m.p. 8°
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The following conclusions may legitimately be drawn from the
results tabulated above.

(a) The unsubstituted Ba-1:2-nephthapyrones or those with a
methyl or an acetic acid group in position-3 in the pyrone ring.
behave normally and yield only unstable cis- or coumarinic acids.

{b) Ba-1:2-Naphthapyrones having a methyl- or an acetic acid
group in position-4, yield stable coumarinic acids, but the latter
cannot be transformed by the usual means into the isomeric trans-
or coumaric acids. The stability of these cis-acids is not influenced
in any way Dy the introduction of another atom or group in
position-3.

(c) 'The pyrone ring is rendered unstable by the introduction of
negative elements or groups, ¢.9., Cl, Br, or NO, in the 3-position,
the latter being removed by boiling alkalis, so long as position-4 is
unoccupied,

The work on the influence of substituting groups other than
alkyl, e.g., OH, NO,, COOH, etc., in position-4, on the stability
of cis-acids derived rrom Bo-1:2-naphthapyrones alone, is in progress.

EXPERIMENTAL.

Ba 1:2-Naphthapyrone.—This was prepared by modifying the
conditions described by Kauffmann (Ber., 1883, 16, 683). The yield
was much improved and less tarry matter was associated with the
crude product by heating the mixture in a sealed tube at a lower
temperature (160°) for 3—4 hours. The product was washed with
50 p.c. methanol, and the residue crystallised twice from boiling
absolute alcohol. A maximum yield of 3'8 g. of the pure pyrone
(m.p. 118°) was obtained from 5 g. of the naphthol-aldehyde.

trans-8-2-Hydrozy-1-naphthylacrylic  acid (8-Naphthacoumaric
acid).—On boiling the B-naphthapyrone with 2N-alkali for seversal
hours and acidifying the clear solution, only unchanged coumarin was
precipitated. The pyrone (1 g.) boiled with 40 p.c. caustic potash
for 5 hours, gave 015 g. of the courmaric acid, m.p. 165°
(decomp.), the remainder of the coumarin being recovered unchanged.
(Found : Eq. wt., 215. C;3H,;,0; requires Eq. wb., 214).

cis»,8-2-Hydro:cy-l-naphthylcrotonic acid (4-Methyl-S-naphthacou-
marinic acid) (Dey, J. Chem. Soc., 1915, 107, 1630).—The acid
crystallised in lustrous plates on acidifying the cooled ulkaline
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filtrate. It _m-e]f:s sharply at 146° evolving steam and passing over
(’jboﬂ*{heo original pyrone (m.p. 180°). (Found: Eq. wh, 2298,
71451208 requires Eq. wt., 228),

cis-a-Chloro-g8 2-hydroxy-1-naphthylerotonic  acid (8-Chloro-4-
methylﬁmaphthacoumminic acid) (Dey, loc. cit., 1630).—The acid
crystallised in the same way as the preceding acid, m.p. 148°, gnd
passed over into the coumarin (m.p. 185°). (Found: Eq. wt., 266.
C14H1,0,0l requires Eq. wt., 262°5).

?-Nitro-4 methyl-Ba-1:2-naphthapyrone.—4-Methyl-8-naphthacou-
marinic acid (1 g.) was suspended in acetic anhydride (10 c.c.) and
the ice cold mixture treated with the calculated quantity of fuming
nitric acid (025 c.c.). The solid dissclved immediately and from
the clear orange solution, a crystalline solid slowly separated out.
The solid was collected after 12 hours, and ecrystallised twice from
hot glacial acetic acid in minute yellow needles sintering at 268°
and melting at 278°. It is insoluble in cold sedivm carbonate or
alkalis. Analysis showed it to be a pure mononitro derivative.
(Found: N, 5'45. C,,H,O.N requires N, 5°49 per cent.).

cis-B-2-Hydroxy- 2-nitro-1-naphthylcrotonic acid.~—The clear
orange-red solution by boiling the preceding nitro body with 2N-
alkali precipitated the acid as a yellow amorphous solid on acidifica-
tion. It dissolved in cold sodium bicarbonate and was converted at
its melting point (271°) into the original pyrone (m.p. 273°). Ana-
lysis gave values agreeing with those required for the free acid
formed by rupturing the pyrone ring. (Found: N, 52. C,H,,0;N
requires N, 5 08 per cent.).

cis-3-2-Hydroxy-1-naphthylglulaconic acid (Dey, loc. cit.}).—It was
prepared from B-naphthapyrone-4 acetic acid as a yellow crystalline
powder (m.p. 174°) decomposing at its melting point into the pyrone
(m. p. 191°) and water vapour in the manner characteristic of
coumarinic scids. The pyrone.acetic acid then loses carbon dioxide
and forms ultimately the 4-methyl-8-naphthapyrone (m. p. 180°).

trans-8-2-Hydroxy-1-naphthylitaconic Acid.
H COOH
C=(C'CH,'COOH
VA VANY:!
L



STABILITY OF COUMARINIC ACIDS 287

This was prepared from @B-naphthapyrone-3.acetic acid (Dey and
Sankaranarayan, J. Indian Chem. Soc., 1481, 8, 817) by the method
described by Sen and Chakravarti (J. Indian Chem. Soc., 1980, 7, 247).
The pyrone (1 g.) is dissolved in & p.c. caustic soda (20 e.c.), the solu-
tion boiled for 10 minutes, diluted to 60 c. ¢. and red mercuric oxide
(1 g.} added. The mizture was boiled under reflux for 1 hour, filtered
and acidified when only an opalescent solution was obtained. This
was extracted 4 times with ether (80 c. ¢.) and the ethereal layer
separated and re-extracted with a small quantity of 2 N-caustic soda
(15 c. c.). On acidifying the alkaline extract, the acid came down
in tiny plates, m. p. 75-76°. Crystallisation from the minimum
amount of hot glacial acetic acid gave colourless rectangular plates,
m. p. 79°, (Found: Eq. wt., 142. (C;;H,505)3 requires Eg.
wt., 136).

cis-BB-Methyl-2-hydroxy-1-naphthylitaconic Acid.
CH; CH, COOH
= C-CO0H
7\ ! OH

L

NN\

This was prepared from 4-methyl-8-naphthapyrone-3-acetic acid
(Dey and Sankaranarayan, loc. cil.) by dissolving in 2N-caustic
soda at room temperature and acidifying the solution after 1 hour,
1t erystallised in colourless shining plates, m. p. 154° and changing
immediately with separation of water into the pyrone-3 acetic acid
(m. p 199°). (Found: Eq. wt., 144. (C16H 1405)3 requires Eq.
wt., 143).

trans-B-2-Hydroxy-1-naphthylmethacrylic Acid.
H COOH
Ic= (l:—CH3
/\/I\OH

Uy

NNV
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Wasv::“e:d?’v;?;;t:gl'ﬁ'naPhth_apyrone, (Bartsch, Ber., 1903, 38, 1970)
acidified, only the fxft;hcauSt:ic . f'or * hours ?nd the lear .sctlution
The trans or coumari mfge m-&tem.al (m.p. 158°) was precipitated.
meroun ‘ ic acid was obtglned only through the agency of

ric oxide by the process described before. It was thrown down
:rom th.e _alkali.ne filtrate as a white precipitate which crystallised
rom boiling dilute acetic acid as colourless plates, m. p. 1382,
(Found : Eq. wt., 228. C,,H, 50, requires Eq. wt.; 228).

The methyl ester, prepared in the usual way, crystsllised from
methanol in clusters of colourless plates, m. p. 130°. It is insoluble
in alkali carbaonate but dissolves in caustic soda with a pale yellow
calour.

3-Bromo-fa-1:2 naphthapyrone —B-Naphthapyrone (2 g.), dissolved
in carbon disulphide (5 c. ¢.) was treated with a solution of bro-
mine (1'6 g.) in the same solvent (5 c. ¢.) and the mixbure exposed
in a silica flagk to bright sunlight for 6 hours, The colour darkens
on exposure. The solvent was evaporated off at ordinary tempera-
ture when a dark red mass presumably containing the dibromide
was left as residue. It smelt strongly of bromine and was sparingly
soluble in aleohol, but all efforts at getting it in a pure crystalline
condition were fruitless. The mass (2°3 g) was suspended in me-
thanol, treated with 2N-caustic soda (5 c. ¢.) and the mixzture
heated on a boiling water-bath for § hour The resulting solid crystal-
lised from dilute alcohol in white silky needles, m.p. 165° {(decomp.),
yield 0°6 g. (Found: Br (by Stepanow’s method), 29°26. C,;H,;0,Br
requires Br, 29°06 per cent.).

B Naphthafurancarbozylic acid.—The bromopyrone (04 g.), dis-
solved in alcohol (.0 e. ¢.) was treated with 30 p. c. caustic potash
(5 e. c¢.) and warmed on the water-bath. The clear solution very soon
deposited crystals of the sparingly soluble potassium salt of the furan-
carboxylicacid. It dissolved on boiling with excess of water and
crystallised again in fine yellow needles on cooling the solution. The
free acid (m. p. 192°) was obtained by trituration with hot water
containing hydrochloric acid. (Found:Eq. wt., 2158, Cy3Hz0; re-
quires Eq. wt., 212).

3-Nitro-Ba-1:2-naphthapyrone.~—~Direct nitration of the pyrone ge-
nerally resulted in a mixture from which it was difficult to isolate the
pure mononitro derivative. The latter was obtained by nitrating G-
naphthacoumaric acid under precisely the same conditions as those
employed in nitrating 4-methyl-8-naphthspyrone. It crystallised
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from a large volume of hot acetic acid in orange yellow needles,
m. p. 244°, (Found: N, 585 C,;3H,0N requires N, 581
per cent.).

The position of the nitro group was revealed by the acbion of hot
alkali on the compound. On boiling the nitro body with 30 p. c.
caustic potash for a few minutes and acidifying the clear cold solu-
tion, a yellow oil separated which, on distilling in steam, passed over
and condensed in the receiver as a pale yellow crystalline solid. A
single crystallisation from dilute alecoho! gave colourless needles
melting at 81° not depressed by admixture with 2.naphthol-1-alde-
hyde. It was also identified by conversion into the phenylhydra-
zone.
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