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Theobromine, a metabolite of caffeine, is present in food and is also used in pharmacology as a diuretic.
[7-methyl-1*C]Theobromine was synthesized and administered by stomach tube to six rats. Twenty-four
hours later, the radioactivity collected in 1*CO,, feces, and urine amounted respectively to6 £ 1, 11 £
1, and 84 + 8% of the total dose. Less than 3% of the radioactivity was found in the body of the animal.
Compounds identified in the urine were theobromine (49% of the urine radioactivity), 7-methylxanthine
(6%), and 7-methyluric acid (4%). Two new metabolites, 3,7-dimethyluric acid (2,7%) and 4-
amino-5-(N-methylformylamino)-3-methyluracil (36%), were identified and also low amounts of di-
methylallantoin and N-methylurea. 3-Methylxanthine, a pharmacologically active metabolite of
theophylline, and 3-methyluric acid amounted to 5.8% and corresponded to a minor metabolic pathway
in the case of theobromine. 3,7-Dimethyluric acid and the uracil derivative were identified in human

urine.

Theobromine is 3,7-dimethylxanthine and shares in
common with caffeine and theophylline several phar-
macological actions of therapeutic interest. In contrast
with caffeine and theophylline, the action of theobromine
on the central nervous system is weak. Theobromine is
used in therapy for its diuretic properties, explained by
a direct action on the kidney and a mild cardiac stimu-
lation (Richtie, 1970).

Theobromine can also be ingested daily through food
and drinks containing cocoa. Defatted cocoa powder
contains 1.7-3.3% theobromine and 0.1-1.4% caffeine. A
concentration of 0.17% theobromine is found in tea (Czok,
1974). Moreover, theobromine enters the body through
caffeine metabolism and appears in the urine of coffee
drinkers (Arnaud, 1978, a).

Cornish and Christman (1956) did not detect theo-
bromine in human urine after administration of caffeine
but published the first metabolic study of humans after
ingestion of 1 g of theobromine. The metabolic pathway
proposed showed that 7-methylxanthine was the most
important metabolite (28-30%). Unchanged theobromine
(11-12%), 3-methylxanthine (14-21%), and 7-methyluric
acid (3-4%) were also found. These results were in-
complete and a maximum recovery of only 67% was
reached after 48-h urine collection.

More recently, Van Gennip et al. (1973) identified 3-
methylxanthine and 7-methylxanthine in the urine of
children eating chocolate. These authors conclude that
the methylxanthines found were of dietary origin and not
produced endogenously from methylated purines of
transfer RNA.

The metabolic pathway of theobromine is of importance
because some metabolites may have pharmacological
activity. This is the case for 3-methylxanthine, which has
been compared to theophylline. However, the physiological
effects of theophylline are always more potent than those
of 3-methylxanthine (Williams et al., 1976; Persson and
Andersson, 1977).

In the animal, the metabolic pathway of theobromine
is unknown because no work has yet been carried out with
a labeled molecule.

This work describes the synthesis of [7T-methyl-1*C]-
theobromine and its metabolism in the rat after oral
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administration. Theobromine from cocoa powder was also
administered to a volunteer in order to identify in the urine
the new metabolites discovered in the rat.

METHODS

[7-methyl-1*C]Theobromine was obtained by methyl-
ation of 8 mg of 3-methylxanthine (Cyclo Chemical) with
400 uCi of dimethyl sulfate in benzene solution
(Schwarz/Mann, 8.32 mCi/mM). 3-Methylxanthine was
solubilized with 1 mL of NaOH 0.1 N and 2 mL of di-
methyl sulfoxide was added. This solution was put directly
into the tube containing dimethyl sulfate and the me-
thylation lasted for 2 h at 60 °C with continuous shaking
of the sealed tube.

The entire reaction mixture was then put on a Whatman
No. 3 paper for chromatography with the solvent 1-
propanol/ concentrated ammonium hydroxide/water (6:3:1,
v/v). Theobromine was eluted and purified by preparative
thin-layer chromatography (Merck, 2-mm thickness) with
the solvent chloroform/methanol (8:2, v/v) and chloro-
form/acetone/butan-1-ol/concentrated ammonium hy-
droxide (3:3:4:1, v/v). Seventy-five microCuries of [7-
methyl-**C]theobromine (8.32 mCi/mM) was obtained
with more than 98% radiochemical purity (Scanner
Berthold).

Theobromine was administered in aqueous solution (1-2
mL, 5-6 uCi) by a stomach tube to six male Sprague-
Dawley rats weighing 100-150 g. Unlabeled theobromine
was added with the radioactive compound in order to
administer doses in the range of 1 to 6 mg/kg body weight.
Rats were immediately housed in individual glass meta-
bolic cages where *CQO,, urine, and stools were collected
for 24 h after the administration.

Carbon dioxide expired by the animals was trapped with
a 12% solution of ethanolamine in methanol. Time of
collection was 30 min for each sample of 15 mL and ra-
dioactivity of an aliquot of 5 mL was counted by liquid
scintillation. Urine samples were counted with Aquasol
(New England Nuclear). At the end of the experiment,
the organs, samples of feces, and samples of the homo-
genized carcass of the animals were burnt with an Oxymat
(Intertechnique), and the radioactivity was counted on a
liquid scintillation counter (Mark III, Searle).

Metabolites were separated and identified by two-di-
mensional, thin-layer chromatography on silica plates
(Merck, 0.25-mm thickness) with the following solvent
systems: (1) chloroform/methanol (8:2, v/v) and (2)
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Preparation of Stearoyl-2-lactylic Acid
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Figure 5. Pathway of 4-amino-5-(N-methylformylamino)-3-
methyluracil formation from theobromine through the hypothetic
3,7-dimethyldihydrouric acid.

was in fact the 4-amino-5-(N-methylformylamino)-1,3-
dimethyluracil.

Blood analysis using the less drastic technique of
high-pressure liquid chromatography and the study of the
chemical structure of these compounds may be of value
in the understanding of the biological mechanism of the
theobromine and caffeine transformation into these polar
compounds rapidly excreted in the urine.
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A Convenient Preparation of Pure Stearoyl-2-lactylic Acid

Carl A. Elliger

A preparation of pure stearoyl-2-lactylic acid is described in which benzyl lactylate is allowed to react
with stearoyl chloride. The benzyl ester, a key intermediate, is prepared from lactide and benzyl alcohol.

Stearoyl-2-lactylic acid, the stearate ester of the linear
lactic acid dimer, and its sodium or calcium salts find use
as surfactants in dough conditioner mixtures (Griffin and
Lynch, 1972). The effect of these compounds in modifying
rheological properties of doughs, altering crumb structure
in breads, and improving loaf volume has been attributed
to complexation with the starch components, especially
amylose (Krog, 1971). The involvement of amylopectin
was pointed out by De Stefanis et al. (1977) and the role
of binding of these surfactants to cereal proteins has also
been established (Chung and Tsen, 1975; Greene, 1975).
Fullington (1974) isolated a protein from wheat flour that
binds calcium and which also forms a complex with the
stearoyl-2-lactylate ion.

Investigations in this laboratory on protein interactions
with various surfactants necessitated pure samples of
stearoyllactylic acid and its salts. Since commercially
obtainable materials consist of a mixture of mainly mono-,
di-, and trimeric lactic acid derivatives which resist pu-
rification it was necessary for us to develop a satisfactory
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synthesis for the desired dimeric compounds.

EXPERIMENTAL SECTION

General. Melting points were taken on a Thomas-
Hoover capillary melting point apparatus and are cor-
rected. Infrared (IR) spectra were recorded on a Per-
kin-Elmer Model 257 instrument and proton magnetic
resonance (H NMR) spectra were determined with a
Varian A-60 spectrometer and are reported as parts per
million (6) relative to tetramethylsilane (internal standard).

Lactide. Lactic acid (87%) was heated under aspirator
vacuum until water was no longer evolved (pot temper-
ature to 200 °C). The pressure was then reduced to ca.
0.1 mm and crude product was collected as a very viscous
distillate, bp 80-90 °C. Crystallization from diethyl ether
followed by 95% ethanol gave a 20% yield of cyclic dimer,
mp 124-125 °C (lit. mp 125 °C for the d,l form; Dietzel
and Krug, 1925). IR (CHCl): 1770 ecm™ (cyclic ester
carbonyl); NMR (CDCly) é 1.64 (d, J = 7 Hz, 6 H, CHCH,),
513 (q, J = 7 Hz, 2 H, CHCH,).

Benzyl Lactylate. In a 500-mL flask equipped with
stirrer and condenser were placed 28.8 g (200 mmol) of
lactide, 43.2 g (400 mmol) of benzyl alcohol, 0.5 g of p-
toluenesulfonic acid and 150 mL of dry dioxane. The
mixture was refluxed 19 h and most of the dioxane was
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