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served rate constant would be small. It should
be pointed out, however, that trace metals markedly
accelerate the degradation of corticosteroids in the
pharmaceutically important pH range. The pres-
ence of these impurities should be a prime factor in
steroid stability considerations.

SUMMARY

1. The decomposition of prednisolone in aqueous
solution was markedly accelerated by contaminants
present in buffer reagents. Evidence has been pre-
sented which strongly indicates that the contami-
nants were trace metals. However, no attempt was
made to identify the metals or to determine the na-
ture of their influence on the degradative reactions.

2. Addition of a sequestering agent provided a
method to isolate and quantitate the rate of the ap-
parent metal-catalyzed reaction.

3. The rate of the apparent metal-catalyzed re-
action was pH independent above pH 7 and below
pH 5 and exhibited a first-order dependency on
hydroxide-ion in the intermediate range.
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4. In the presence of sequestering agent, the re-
action rate was strongly dependent on hydroxide-ion
concentration above pH 8 and only slightly de-
pendent at lower pH values.
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Ultraviolet Spectrophotometric Estimation
of Arylglycolate Drugs

By LESTER CHAFETZ*

Oxidation of arylglycolic acids to carbonyl compounds affords ultraviolet chromo-

phores which maie possible the spectrophotometric estimation of the acids with

?reatly increased sensitivity and selectivity. Oxidative spectrophotometric methods

or representative arylglycolic acids were studied; the procedures were applied to
the estimation of some arylglycolate drugs in dosage forms.

SALTS or mandelic acid have been employed as
urinary antiseptics, and several arylglycolate
esters are used in medicine for antispasmodic,
mydriatic, psychotropic, and other pharma-
cological activities. A study of spectrophoto-
metric procedures was carried out using mandelic
acid, benzilic acid, a-cyclopentylphenylglycolic
acid, and a-cyclopentyl-2-thiopheneglycolic acid.
The application of the procedures to the assay
of representative arylglycolate drugs is reported.

Phenylglycolic acids and their esters have
benzenoid ultraviolet spectra which are neither
sufficiently intense to afford sensitivity in deter-
mination nor sufficiently characteristic to serve
for identification (1). The majority of the
analytical methods reported for arylglycolate
drugs are based on the presence of a tertiary
amine or quaternary ammonium function in the
alcohol moiety, and few of the methods are
selective for unhydrolyzed drug (2-8).
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A number of workers have described procedures
for oxidation of arylglycolic acids with decar-
boxylation to carbonyl compounds. The reagents
used included ‘“zinc manganite” (9-11), sodium
bismuthate (12), N-bromosuccinimide (13), lead
tetraacetate (14), periodate (14-16), and ceric
sulfate (17-19). Some of these oxidative pro-
cedures were made the basis of titrimetic assay
methods.

Spectrophotometry of the carbonyl compound
products of the oxidation of arylglycolic acids
appeared to offer a promising means for analysis
of arylglycolate drugs. The increase in ultra-
violet absorption effected by thus obtaining a
carbonyl group in conjugation with an aromatic
ring is evident in a comparison of the molar
absorptivities, ¢, of the acids with values reported
in the literature for the carbonyl compounds.
Mandelic acid has e.,, 212 and benzaldehyde
€mex. 14,000 (20); benzilic acid has e, 538
and benzophenone e,,,. 19,500 (21); and a-
cyclopentylphenylglycolic acid has en,, 276
compared with en,,. of 12,900 (22) for cyclopentyl
phenyl ketone.
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EXPERIMENTAL

A study of the oxidation of arylglycolic acids was
carried out using sodium metaperiodate and ceric
sulfate solutions. The spectra of the carbonyl
compounds were measured in hydrocarbon solvents
to eliminate interferences from polar compounds
and to provide the most characteristic spectra.
The extent of formation of carbony! compounds
was estimated from the relation 9, carbonyl prod-
uct = 100 es/ec, where e4 = molar absorptivity
calculated from the concentration of the aryl-
glycolic acid and its absorbance after oxidation, and
€é¢ = molar absorptivity, literature value, of car-
bonyl compound which results from the oxidation.

Reagents and Supplies.—~A. 2%, solution of sodium
metaperiodate (Matheson, Coleman & Bell No. 879)
and a 0.2 M ceric sulfate solution in N sulfuric acid,
prepared by dissolving 12.6 Gm. of ceric ammonium
sulfate (Fisher C-249) in 50 ml. of distilled water and
3 ml. of concentrated sulfuric acid and diluting to
100.0 ml., were used as oxidants. Hexane (Phillips
high purity grade) and isooctane (Phillips pure
grade 2, 2,4-trimethylpentane) were satisfactory as
spectrophotometric  solvents. Mandelic acid
(Matheson, Coleman & Bell No. 5474), benzilic
acid (Eastman No. 36), a-cyclopentylphenyl-
glycalic acid,! and a-cyclopentyl-2-thiopheneglycolic
acid? were used as test compounds. Homatropine
methylbromide U.S.P., poldine methylsulfate,®
oxyphencyclimine hydrochloride,* and penthienate
bromide? were used as standards for tablet analysis.
Homatropine methylbromide tablets® and locally
purchased tablets of cyclandelate, poldine methyl-
sulfate, oxyphencyclimine hydrochloride, and pen-
thienate bromide N.F. were used to test the method.

Equipment.—A Bausch & Lomb spectronic 505
ratio recording spectrophotometer and a Beckman
DU spectrophotometer were used in this study.
The wavelength calibration was the same for both
instruments, and absorbance measurements agreed
within 19,. All absorbance measurements were
made using 1-cm. silica cells. Other equipment
included a Burrell model BB wrist-action me-
chanical shaker, a Thelco model 16 oven, and
standard laboratory glassware.

Development of Periodate Oxidation Procedure.—
Preliminary trials were conducted using mandelic
acid as the test compound. The observation of
Courtois (16) that elevated temperature was neces-
sary to effect measurable oxidation of the acid to
benzaldehyde was confirmed. The acidity of the
reaction mixture was an important variable; no
yield of benzaldehyde could be detected when
saturated sodium bicarbonate was added, but
addition of 3 N hydrochloric acid resulted in
good yields. Heating mixtures of 2.0 ml. of 5 mg./
100 ml. mandelic acid, 2.0 ml. of periodate, and 0.1
ml. of 3 N acid in glass-stoppered tubes in a boiling
water bath for varying periods of time, cooling, and
extracting with 20.0 ml. of hexane afforded an
apparent 949, yield of benzaldehyde in 15 minutes
and 85%, in 45 minutes. It was concluded that the
aldehyde was further oxidized. This problem
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Fig. 1.—Beer’s law adherence of mandelic acid
oxidized to benzaldehyde. Key: @, by 0.1 M ceric
sulfate; O, by 0.078 M ceric sulfate.
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was circumvented by including 20.0 mil. of iso-
octane in the reaction mixture to extract the product
as it formed. Isooctane boils at boiling water
temperature, and spectra in isooctane are identical
with those in hexane. The procedure was appli-
cable to benzilic acid, «-cyclopentylphenylglycolic
acid, and a-cyclopentyl-2-thiopheneglycolic acid
and to their ester drugs after saponification. Low
or negligible amounts of carbonyl product were
obtained by reaction with unhydrolyzed ester drugs.

Development of Ceric Sulfate Oxidation Proce-
dure.—Initial trials were based on the findings of
Mathur and Rao (19) that oxidation of mandelic
acid is activated by light. A mixture of 2.0 ml. of
5 mg./100 ml. mandelic acid, 2.0 ml. of 0.1 M ceric
sulfate titrant (23), and 20.0 ml. of hexane was
shaken 15 minutes in the light supplied by a 200-w.
tungsten filament bulb at a distance of 20 cm.
Benzaldehyde was evident in the spectrum of the
filtered hexane phase in quantitative yield. The
yield was not diminished, however, when light was
totally excluded by wrapping the reaction flask in
aluminum foil. Subsequent experiments were con-
ducted in room light.

The effect of extracting the carbonyl product as it
formed was determined by oxidizing benzilic acid
in the presence and in the absence of hydrocarbon
solvent. Unlike benzaldehyde, benzophenone would
be expected to be stable under oxidizing conditions.
The yield of benzophenone in the absence of ex-
tractant was 77%, of that obtained when extractant
was included in the reaction mixture.

Use of a 0.08 M ceric sulfate reagent gave 909,
of the benzaldehyde obtained when mandelic acid
was oxidized with 0.1 M reagent, but Beer's law
was followed with both concentrations as shown in
Fig. 1. Similarly, a quantitative amount of benzo-
phenone was produced when benzilic acid was
oxidized with 0.1 M reagent, but 949, of that amount
was evident with an 0.08 M concentration of
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TasLE 1.——-COMPARISON OF SPECTRAL DATA FOR OXIDIZED ACIDS WITH LITERATURE DATA FOR THE
CARBONYL PRODUCTS

Amarx.. Amax.,

Oxidized Acid Solvent mu € Carbony! Compd. Solvent mpy € Ref.

Mandelic Hexane 242 13,200 Benzaldehyde Hexane 242 14,000 (20)
248 11,100 248 12,500
280 810 280 1,400
289 610 289 1,200

Benzilic Isooctane 248 19,800 Benzophenone Isooctane 248 19,500 (21)
276s 2,460

a-Cyclopentyl- Isooctane 239 15,500 Cyclopentyl phenyl Isooctane 238 12,900 (22)
phenylglycolic 278 1,000 ketone 278 930
286 830 286 760

a-Cyclohexyl- Isooctane 239 13,100 Cyclohexyl phenyl Isooctane 239 12,000 (22)
phenylglycolic® 279 870 ketone 278 915
287 630 287 710

a-Cyclopentyl-2- Isooctane 258 9,450 Methylb 2-thienyl Isooctane 256.5 9,800 (24)
thiopheneglycolic 275 7,700 ketone 273 7,250

@ Saponified oxyphencyclimine HC! was used. ? Data for cyclopentyl 2-thieny} ketone were not available.

oxidant. To assure maximum sensitivity and to
obviate standardizing the reagent, a 0.2 M ceric
reagent was employed.

The procedure was applicable to all of the aryl-
glycolic acids used in the study. Approximately
quantitative yields were obtained.

Selectivity of the Oxidative Spectrophotometric
Procedure.—Because ceric sulfate is a reagent with
a high oxidation potential, it was of some interest to
try the oxidative spectrophotometric procedure on
a few aromatic compounds with low absorptivity.
Oxidation of amphetamine provided no hydro-
carbon-soluble chromophore. Benzaldehyde was
identified by its characteristic spectrum after
oxidation of phenylacetic acid in an amount equiv-
alent to 119, of theoretical. Phenethyl alcohol
gave 2.49%,, and tropic acid about 15%, of the
calculated amount of benzaldehyde after oxidation
and extraction. The extent of benzaldehyde
formation from these compounds, unlike the
arylglycolic acids, was enhanced by light; pro-
duction of benzaldehyde was completely inhibited
in the dark.

RESULTS AND DISCUSSION

Identity of Oxidation Products.—Ultraviolet
spectra provide two criteria for identification, the
position of the absorption maxima, Am.x. and the
intensity of absorption or absorptivity. A close
correspondence of both criteria with literature
values for the carbonyl compounds was found for

TABLE I1 —SpECTRAL DATA FOR PERIODATE
OXIDATION PRODUCTS OF ARYLGLYCOLIC ACIDS
IN ISOOCTANE

Oxidized,  Amasx.,

Oxidized Acid Min. mp €
Mandelic 15 242 14,080
30 14,800
60 15,150
Benzilic 15 248 19,380
30 19,250
60 20,450
a-Cyclopentylphenyl- 15 239 9,940
glycolic 30 11,500
60 13,700
a-Cyclopentyl-2- 15 258 8,020
thiopheneglycolic 275 6,370

i
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My
Fig. 2.—Ultraviolet absorption spectra of benz.
aldehyde from oxidation of mandelic acid, 0.5 mg./
100 ml. (curve on left) and benzophenone from
oxidation of benzilic acid, 0.5 mg./100 ml. (curve
on right).

the ceric oxidation products of phenylglycolic acids.
Although no spectra data for a-cyclopentyl-2-
thienyl ketone were found in the literature, the
absorption curve obtained on oxidation of a-
cyclopentyl-2-thiopheneglycolic acid corresponds
well with data for an analog, methyl 2-thienyl
ketone. Data obtained for oxidation products of
the arylglycolic acids are compared with the lit-
erature values in Table I. Molar absorptivity was
calculated from the concentration of acid oxidized
in replicated experiments.

The molar absorptivities derived by ceric sulfate
oxidation showed practically quantitative con-
version to carbonyl compounds in 15 minutes.
The periodate procedure gave yields which varied
with reaction time and the structure of the glycolic
acid. These data are presented in Table II.

The absorption curves for the carbonyl com-
pounds are sufficiently characteristic to serve for
identification of the arylglycolic acids, except for
the a-cyclopentyl- and a-cyclohexylphenylglycolic
acids. The spectra are shown in Figs. 24.

Oxidation of Arylglycolate Drugs.—Ester hy-
drolysis is catalyzed by both acid and base; thus,
some degree of hydrolysis might be expected under
the acid oxidative conditions employed. However,
the ester drugs studied were hydrolyzed only to a
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Fig. 3.—Ultraviolet absorption spectra of cyclo-
hexyl phenyl ketone from oxidation of a-cyclohexyl-
phenyliglycolic acid, 1.165 mg./100 ml. (upper
curve); and cyclopentyl phenyl ketone from oxida-
tion of a-cyclopentylphenylglycolic acid, 0.505

mg./100 ml. (lower curve).

small extent evidenced by very low absorbances ob-
tained when their solutions were oxidized. Heating
2.0 ml. of approximately 10 mg./100 ml. aqueous
phenylglycolate solution or approximately 25 mg./
100 ml. penthienate bromide with 0.1 ml. of 2.5 N
sodium hydroxide at 80° for 15 minutes accom-
plished saponification efficiently. Shaking the
cooled mixtures 15 minutes with 2.0 ml. of 0.2 M
ceric sulfate and 20.0 ml. isooctane provided the
data in Table II1.

The precision obtained using this procedure was
excellent. Measurement of the absorptivity of
poldine methylsulfate had a standard deviation
(S.D.) of 0.55%, in five trials. Standard deviations
for penthienate bromide in six trials were 0.62%,
at 258 mu and 0.79%, at 275 mu,

Determination of Drugs in Tablets.—The pro-
cedure which follows was applicable to the deter-
mination of homatropine methylbromide tablets
U.S.P. and commercial tablets of poldine methyl-
sulfate and oxyphencyclimine hydrochloride.

Determine the average weight of not less than 20
tablets, and shake weighed amounts of pulverized
tablet equivalent to 8-10 mg. of drug with exactly
100.0 ml. of distilled water for 15 minutes. Filter
the mixture, and treat duplicate 2.0-ml. aliquots
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Fig. 4 —Ultraviolet absorption spectra of cyclo-

pentyl 2-thienyl ketone from oxidation of a-cyclo-
pentyl-2-thiopheneglycolic acid, 1.0 mg./100 ml.
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with 0.1 ml. of 2.5 N sodium hydroxide for 15
minutes at 80° in a glass-stoppered 40-ml. centrifuge
tube or 50-ml. volumetric flask. Cool to room
temperature, and add 2.0 ml. of 0.2 M ceric sulfate
and exactly 20.0 ml. of isooctane or hexane. Shake
15 minutes, and filter the solvent layer through
paper. Similarly, saponify and oxidize a solution of
reference drug of known concentration. Con-
comitantly, determine the absorbance of the sample
and reference solutions in l-cm. silica cells at the
Amax. Calculate the amount of drug per tablet
from the equation

Asample

drug, mg./tablet = X mg. std.

av. tablet wt.
sample wt.

ref

(See Table IV.)

Cyclandelate.—The drug, the only ester of the
group not an amine salt, has a low water solubility,
but it is soluble in alcohol and ether. It was ex-
tracted from tablets with 100.0 ml. of methanol,
shaking for 10 minutes. A 2.0-ml. aliquot of the
filtered extract was treated with 2 ml. of water and
5 ml. of 0.05 N sodium hydroxide. The solution
was evaporated to about 2 ml. on the steam bath.

TaBLE I11.— SPECTROPHOTOMETRIC DATA
CALCULATED FOR ARYLGLYCOLATE DRUGS AFTER
SAPONIFICATION AND CERIC OXIDATION

Oxidized Drug )\Tn‘:' .
Homatropine methylbromide 242 13,200
Poldine methylsulfate 248 17,700
Oxyphencyclimine hydrochloride 239 13,100
Penthienate bromide 258 9,880

275 7,750

It was then oxidized by the ceric procedure given
above and by the periodate procedure, using 0.2
ml. of 3 N sulfuric acid to neutralize the excess
alkali and insure an acid medium. Since no pure
cyclandelate was available as a reference standard,
an equivalent concentration of mandelic acid was
determined concomitantly, using the same dilutions
and conditions. The hydrocarbon extracts were
filtered and read at 242 mu, and the amount of
drug was calculated from the equation

Cyclandelate, mg./tablet = Assapte
Am.a.
276.36

av, tablet wt.
X 15214

X mg. M.A. X sample wt,

where 276.36 is the formula weight of cyclandelate
and 152.14 the formula weight of mandelic acid
(M.A)).

The periodate and ceric sulfate procedures yielded
results which corresponded closely. The absorb-
ances for sample and standard obtained in the
periodate procedure, however, were 90% of the
values obtained by ceric oxidation. (See Table IV.)

Penthienate Bromide.—Determination of the
drug in tablets by the general procedure for aryl-
glycolates presented above gave an apparent 807,
of label declaration, but direct spectrophotometry
(2) showed 989, was present. It was determined
that penthienate bromide was incompletely ex-
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TABLE 1V.—ASSAY OF ARYLGLYCOLATE DRUGS IN
TABLETS

——mg./ Tablet——

Drug Declared Found Method
Homatropine 2.5 2.4 Ceric sulfate
methylbromide
Cyclandelate 100.0 99.5 Ceric sulfate
99.2 Periodate
Poldine 4.0 4.0 Ceric sulfate
methylsulfate
Oxyphencyclimine 10.0 10.1 Ceric sulfate
hydrochloride
Penthienate bromide 5.0 5.0 Ceric sulfate

TABLE V.—PER CENT ARYLGLYCOLATE DRUG
HYDROLYZED IN TABLET EXTRACTS

% Hydro- Pro-
Drug lyzed cedure
Homatropine methylbromide 2.3 Ceric
Cyclandelate 17.6 Ceric
11.6 Periodate
Poldine methylsulfate 13.8 Ceric
Oxyphencyclimine hydrochloride 4.3 Ceric
Penthienate bromide 2.1 Ceric

tracted from the tablets by shaking with 100 ml. of
water. Direct spectrophotometry at the 239 mg
maximum showed the drug was completely ex-
tracted with methanol. A quantity of pulverized
tablet equivalent to 5 mg. of penthienate bromide
was shaken 15 minutes with 100.0 ml. of methanol.
A 2.0-ml. aliquot of methanol filtrate was treated
with 2.0 ml. of water and 0.1 ml. of 2.5 N sodium
hydroxide. The solution was evaporated to 2 ml.
on the steam bath, then heated 15 minutes at 80°.
A reference solution of penthienate bromide treated
similarly was run concomitantly. Only 92% of
claim was obtained when the ceric procedure was
used, and the isooctane layer after periodate
oxidation was violet. Quite stable and reproducible
absorbance values for the reference solution were
obtained; no trace of color was seen after periodate
oxidation of reference penthienate bromide or «-
cyclopentyl-2-thiopheneglycolic acid. It was con-
cluded that an excipient with strong reducing
properties was present in the tablets. (The violet
obtained in the periodate oxidation of the tablet
extract may have been due to iodine, but it was not
positively identified.) Use of 4.0 ml. of 0.2 M ceric
reagent, instead of 2.0 ml,, increased the absorbance
obtained by oxidation of the tablet extract without,
however, affecting the absorbance of the standard.
(See Table 1V.)

Stability of Arylglycolate Drugs.—Although no
stability studies were performed, a semiquantitative
indication of the stability of the drugs to the acid
oxidative conditions was obtained by running the
procedure on the tablet extracts without prior
saponification. The results in Table V were derived
from the ratio of the absorbance of the unsaponified
to the saponified tablet extract after oxidation.
Some indication was obtained that these values may
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be partly due to the extraction of alkaline substances
from the tablet, for the extract of poldine methyl-
sulfate tablets had pH 7.5 compared with a pH of 6.3
for an equivalent concentration of reference drug
in water. A comparison of the absorbances ob-
tained in the oxidative spectrophotometric deter-
mination on extracts from drug dosage forms
and reference arylglycolate drugs, omiting the
saponification step of the procedure, may provide
useful stability information for pharmaceutical
formulators of these compounds.

SUMMARY

Oxidation of arylglycolic acids to carbonyl com-
pounds greatly increases the sensitivity of their
determination by ultraviolet spectrophotometry
and affords a means for identification. Periodate
and ceric sulfate oxidation procedures are described
which are general for arylglycolic acids.

The oxidative spectrophotometry procedure is
shown to be applicable to mandelic acid, benzilic
acid, a-cyclopentylphenylglycolic acid, and «-
cyclopentyl-2-thiopheneglycolic acid. Assay pro-
cedures are presented for the arylglycolate drugs,
homatropine methylbromide, cyclandelate, poldine
methylsulfate, oxyphencyclimine hydrochloride, and
penthienate bromide in tablets. The possible
application of the procedure in stability studies is
suggested.
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