Dissociation Constants of Certain ~y-Pyrone
Dicarboxylic Acids

Meconic Acid and Chelidonic Acid

By SADAICHI MIYAMOTOT? and EINAR BROCHMANN-HANSSEN

Meconic acid and chelidonic acid are very strong acids having dissociation constants
of the same order of magnitude as sulfuric acid. This high acidity is explained on
the basis of the resonance structure of the v-pyrone molecule.

THE TWO MAIN acids of opium are meconic

acid and sulfuric acid, which together account
for 60 to 809, of the total acid content (1).
In the course of our studies of the acid composi-
tion of opium it became apparent that meconic
acid is an exceptionally strong acid, from the
point of view of being an organic carboxylic acid.
Search of the literature failed to reveal any
information about the extent of its acid strength.
This led to an investigation of the dissociation
constants of meconic acid and the closely related
chelidonic acid.
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Preparation of Meconic Acid.—Ten grams of
powdered opium was mixed with 50 Gm. of Dowex
50-X2(H *), 50-100 mesh, and 500 ml. of hot water
inal L. Erlenmeyer flask. The mixture was shaken
mechanically for 30 minutes. The alkaloids, amino
acids, and most of the colored materials were ad-
sorbed on the resin, while the organic and inorganic
acids were liberated. The supernatant liquid was
decanted, 250 ml. of hot water was added to the
resin, and the shaking was continued for 15 minutes.
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This process was repeated. The combined acid
extracts were concentrated to about 100 ml. under
reduced pressure, and powdered barium hydroxide
was added until the solution was distinctly basic to
litmus. The precipitate which formed was collected
by centrifugation and washed several times by sus-
peusion in a little cold water, followed by centrifuga-
tion. It was treated repeatedly with small portions
of 1 N hydrochloric acid to dissolve barium mee-
onate, leaving a residue of barium sulfate. A test
for complete removal of barium meconate was made
by means of ferric chloride reagent (5%, ferric chlo-
ride in 0.1 N hydrochloric acid). This reagent
gives a red color with meconic acid. The com-
bined extracts of barium meconate were neutralized
with 109, ammonia, whereby barium meconate
again precipitated out. The suspension was centri-
fuged, the precipitate washed several times with
small amounts of cold water, and then transferred
to a 250-ml. Erlenmeyer flask with the aid of about
100 ml. of water. Ten grams of Dowex 50-X; (H ),
50-100 mesh, was added and the mixture was shaken
mechanically for 30 minutes. The solution, con-
taining free meconic acid, was filtered through a
pledget of glass wool and the ion exchange resin was
washed with water. The combined filtrate and
washings were concentrated under reduced pressure
at a temperature below 50°. Meconic acid crys-
tallized and was recrystallized several times from
water as the trihydrate. Titration with 0.02 N
sodium hydroxide gave a purity of 99.8%,. An-
hydrous meconic acid was obtained by heating
to constant weight at 102°. Upon titration the
anhydrous sample showed a purity of 100 £ 0.29,.

Preparation of Chelidonic Acid.—Chelidonic acid
was synthesized from ethyl oxalate and acetone
according to the method described by Riegel and
Zwilgmeyer (2). It was recrystallized from water
as the monohydrate with a purity of 99.5%. Anhy-
drous chelidonic acid was obtained by heating at
160° to constant weight.

Determination of Dissociation Constants.—7tra-
tion Method.—Solutions of meconic acid and cheli-
donic acid (1073 M) were titrated potentiometrically
at 25° using a Beckman model W pH meter in com-
bination with a Brown recording potentiometer,
the scale of which was graduated in pH units. The
titrant, 1 N sodium hydroxide, was added at a
slow, constant rate by means of a synchronous clock
motor driving the plunger of a small syringe. A
polyethylene capillary tubing led from the syringe
into the solution being titrated. The titration
curves, which are illustrated in Fig. 1, show that
both acids are very strong acids giving a sharp
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TaBLE I.—DissociaTioN CONSTANTS FOR MECONIC AcCID AND CHELIDONIC AcID CALCULATED FROM THE
NEUTRALIZATION CURVE AT 25°

Neutralization H K-
Equivalents of Meconic Chelidonic Meconic Chelidonic
Alkali (Na*) X 103 Acid Acid Acid Acid
0.25 1.25 2.23 2.32
0.50 2.50 2.30 2.38
0.75 3.75 2.39 2.47
1.25 6.25 2.62 2.70 2.20 2.43
1.50 7.50 2.79 2.88 2.12 2.37
1.75 8.75 3.09 3.17 2.07 2.28
2.25 11.25 9.68 10.16
2.50 12.50 10.09 10.09
2.75 13.75 10.44 10.05
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Fig. 1.—Titration curves for meconic acid (solid line)
and chelidonic acid (broken line).

change in pH at the neutralization point. Cheli-
donic acid produces a single break after the addition
of two equivalents of alkali, indicating that the two
dissociation constants are relatively close. Meconic
acid exhibits a second, but much less distinct po-
tential change after addition of three equivalents
of base.

The dissociation constants were calculated from
the following equation

+ +y _. Kw
L _m [va) + ) — K2
- [(an) + @9 - 52

where M is the total molar concentration of the acid.
Calculations were made at the 0.25, 0.5, and 0.75
neutralization points (Table I). No value could
be obtained for pK,, since the calculations yielded
negative results for this constant.

Spectrophotometric Method.—The results ob-
tained by the titration method were checked by a
spectrophotometric procedure (3). Meconic acid
and chelidonic acid were found to obey Beer’s law
in the range of 230 to 315 mu in both acidic, neutral,
and basic solutions. Buffer solutions were prepared
in range of pH 1 to 11.5. These were adjusted to
constant ionic strength by means of sodium chloride
and diluted with water to an ionic strength of 0.015
to 0.03 (Table II). Solutions of hydrochloric acid
and sodium hydroxide in concentrations of 0.1 N
and 1 N were also used for pH adjustment.

The determinations were carried out as follows:
in a 25-ml. volumetric flask was placed 0.25 ml. of
a solution of meconic acid or chelidonic acid, 5 X

TABLE [I.—BUFFER SoLuTIONS USED

Ionic
pH Range Composition Strength
1.0-2.8 HCl + KCl1 0.015
3.0-5.6 CH,COOH + CH;COONa  0.02
6.0-7.8 KH,PO, + NaOH 0.02
8.0-11.47 H;BO; + NaOH 0.03
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Fig. 2.—Ultraviolet spectrum of meconic acid in
0.1 N hydrochloric acid (solid line) and in 0.1 N
sodium hydroxide (broken line).

10~* M, and the volume was adjusted to the mark
with buffer solution (or with hydrochloric acid or
sodium hydroxide). Thus, a final concentration ot
107% M was obtained. The final pH of the solution
was determined with a Beckman model G pH meter
and the absorbance was read in a Beckman DU
spectrophotometer at 25°. The following wave-
lengths were chosen to give maximum change in
absorbance with a change in pH; for meconic
acid: 295, 305, and 315 mu (Fig. 2); for chelidonic
acid: 250, 260, and 270 mu.

The degree of ionization (a) was calculated from
the following equation

where k. = molar absorptivity of the unionized
form, k: = molar absorptivity of the completely
ionized form, and k, = molar absorptivity of the
partly ionized form. Then, pK was calculated as
follows

pK = — log [(«)/(1 — )]

In the region of low pH values there was very
little change in absorbance with a change in pH.
It was, therefore, not possible to differentiate
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TasLE III.—DETERMINATION OF pK; oF MECONIC ACID BY SPECTROPHOTOMETRY AT 25°

295 mpy- 305 mu: 315 myu-
rH A PK pkK A pK
7.17 0.411 0.443 0.366
7.70 0.411 0.443 0.366
7.99 0.409 10.133 0.442 9.528e 0.364 10.109
8.27 0.407 10.103 0.438 10.097 0.363 10.206
8.65 0.401 10.074 0.432 10.125 0.357 10.096
8.94 0.395 10.148 0.423 10.142 0.351 10.154
9.08 0.386 10.079 0.412 10.076 0.342 10.073
9.53 0.352 10.092 0.371 10.098 0.309 10.082
9.91 0.295 10.044 0.305 10.071 0.256 10.045
10.19 0.246 10.010 0.247 10.050 0.212 10.028
10.50 0.200 9.978 0.185 9.992 0.172 10.032
12.48 0.142 10.750¢ 0.110 10.433° 0.138 11.627¢
14.00
(1 N NaOH) 0.137 0.105 0.106

¢ Extreme values not included in calculation of mean.

clearly between the molecular form and the ionized
form on the basis of spectral changes for the first
and second dissociation constants. Consequently,
no dependable values could be obtained. The third
dissociation constant for meconic acid was readily
calculated and gave results that agreed closely with
those obtained by the titration method (Table 1II).

Determination of Dipole Moment.—The dipole
moment of anhydrous meconic acid was measured in
dioxane at 30° (4). No measurement was made for
chelidonic acid because it was not sufficiently soluble
in dioxane or any other solvent suitable for dipole
moment studies,

RESULTS AND DISCUSSION

The overall results are summarized in Table IV.
The jonization constants reported are mean values
based on Table I and Table III.

The results show that both meconic acid and
chelidonic acid are very strong acids having dissoci-
ation constants very close to those given for sulfuric
acid (5). This high acidity is probably due to the
peculiar character of the y-pyrone structure favoring
a separation of charge by participation of the
benzenoid form in a resonance hybrid

HO OH HO OH
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The positive charge on the ring oxygen will be
expected to increase the acidity by the inductive
effect. The high dipole moment for meconic acid
also supports this hypothesis.

~v-Pyrone itself has a dipole moment of 4D (6).
It has been calculated that if y-pyrone were com-
pletely in the form with a separation of charge, its
dipole moment would be 22D (6). Likewise, it has
been estimated that its keto form would have a di-
pole moment of 1.75D (7). The actual situation is,

TABLE IV.—Di1ssOCIATION CONSTANTS FOR MECONIC
Acip AND CHELIDONIC ACID AND THE DIPOLE Mo-
MENT OF MECONIC ACID

Meconic Acid Chelidonic Acid
pK. 2.13 2.36
pK;  10.10° (10.08)
M 5.19D

¢ Titration method. ° Spectrophotometric method.

therefore, a resonance hybrid to which both forms
contribute.

The inductive effect of the hydroxyl group and
hydrogen bonding between the hydroxyl group and
the carboxyl group would tend to increase the acid
strength of the latter. This would explain why
meconic acid is a stronger acid than chelidonic acid.

Infrared spectra indicated the presence of hydro-
gen bonding in meconic acid, but were otherwise not
very helpful for characterization of the structure.

Opium contains about 7 to 139, meconic acid
and 2 to 4% sulfuric acid (1). The presence of such
high concentrations of very strong acids is probably
biologically significant in view of the high alka-
loidal content of opium. In the same connection,
it is interesting to note that Chelidonium majus L.,
in which the alkaloids also are localized in the latex,
contains chelidonic acid, another strong dibasic
acid.
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