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Occurrence of Umbelliferone in the Seeds of Dipteryx odorata (Aubl.) Willd. 

609 

Umbelliferone (7-hydroxycoumarin) was found to be present in the methylene chloride extract of the 
seeds of Dipteryx odorata (tonka bean). 

In the course of examining Mexican vanilla extracts for 
coumarin contamination (Sullivan, 1981a-c), it became 
apparent that in approximately 90% of those extracts 
which contained coumarin there was also an accompanying 
bluish white fluorescent compound. The presence of this 
compound in Mexican vanilla extracts could possibly occur 
in several ways. It could be a compound which the man- 
ufacturer added in order to enhance the aromaticity or 
possibly as a preservative, or it could be a naturally oc- 
curring compound with its origin in either the vanilla or 
tonka bean. Preliminary TLC examination of the meth- 
ylene chloride extracts of these two beans revealed that 
the compound was present in the tonka bean. 

The literature survey indicated that the following com- 
pounds have been found to occur in various plant parts 
of Dipteryx odorata. Coumarin was first isolated from the 
tonka bean by Vogel in 1820. Hilditch and Stainsby (1934) 
found palmitic, stearic, oleic, and linoleic acids to be 
present in the lipid fraction of the seed. Examination of 
the leaf revealed the presence of coumarin, o-coumaric 
acid, melilotic acid, salicylic acid, ferulic acid, and p -  
hydroxybenzoic acid (Griffiths, 1962). From the neutral 
fraction of the bark Nakano and Suarez (1969) isolated 
lupeol, betulin, and a mixture of methyl palmitate, methyl 
margarate, methyl stearate, methyl oleate, and methyl 
linolenate. Hayashi and Thomson (1974) isolated five 
isoflavones from the heartwood of D. ordorata which in- 
cluded retusin, retusin 8-methyl ether, 3’-hydroxyretusin 
8-methyl ether, odoratin, and dipteryxin. 

Prior to 1954 it was a common practice of food manu- 
facturers in the United States to enhance the flavor of 
imitation vanilla extract, chocolate products, perfumes, and 
tobacco products with coumarin or tonka bean extract. 
According to the Fed. Regist. (1954), any food containing 
added coumarin as such or as a constituent of tonka beans 
or tonka extract is deemed to be adulterated. Pharma- 
cological studies had demonstrated that coumarin was a 
toxic substance causing damage to various organs of test 
animals. 

EXPERIMENTAL SECTION 
Plant Material. The seeds of Dipteryx odorata (Aubl.) 

Willd. were obtained from the crude drug collection of the 
College of Pharmacy, The University of Texas at  Austin. 

Extraction and Isolation. The tonka beans (63 g) were 
ground to a 20-mesh powder in a laboratory Wiley mill, 
placed in a Soxhlet thimble, and continuously extracted 
with methylene chloride in a Soxhlet apparatus for 48 h. 
The solvent was removed by a rotory evaporator under 
vacuum. The resulting yellowish brown, oily residue was 
washed with four 100-mL portions of methanol, the washes 
were combined, and the solvent was evaporated. This 
residue was solubilized in hot hexane and allowed to cool 
to room temperature. The resulting white precipitate was 
removed from the solvent by gravity filtration, solubilized 
in 5 mL of chloroform, and placed on a small amount of 
silicic acid, and the solvent was evaporated by steam heat. 
The silicic acid was placed on a column (3 X 25 cm) of 
silicic acid (Bio-Si1 A, 100-200 mesh) which had previously 
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been conditioned with hexane-ethyl acetate (4:l). The 
column was eluted with the hexane-ethyl acetate mixture, 
and 25-mL fractions were collected. 

Thin-Layer Chromatography. The procedure em- 
ployed was essentially that of Kahan and Fitelson (1964). 
Precoated, 20 X 20 cm, 0.25-mm silica gel G plates without 
gypsum, with fluorescent indicator UV254 (Polygram Si1 
G/UV254), were spotted and developed for a distance of 
10 cm in a solvent system composed of benzene-methanol 
(97:3) (caution: these operation should be carried out 
under a hood), dried, sprayed with a solution of 5% KOH 
in methanol, alowed to dry, and examined under reflected 
UV light. With two-dimensional TLC, the second de- 
veloping solvent was composed of hexane-ethyl acetate 
(4:1), 

Examination of Fractions. A total of 35 fractions were 
collected. Examination of these fractions by TLC indi- 
cated that fractions 6-9 contained a single component 
(compound A) and were combined. Compound A exhib- 
ited the same R, value of reference coumarin (Matheson 
Co.), residing an Rf of 45. The solvent was evaporated and 
a total of 725 mg of compound A was obtained. Fractions 
15-29 were also combined since the TLC examination 
indicated that they were identical in composition and 
contained the bluish white fluorescent compound (com- 
pound B) which exhibited an Rf of 10. The solvent was 
evaporated and the residue solubilized in a minimal 
amount of chloroform. Preparative TLC of this solutions, 
employing the same procedures previously discussed, re- 
sulted in a total yield of 6.3 mg of compound B. 

Thermal Gradient Sublimation. Twenty-five milli- 
grams of compound A was placed in a thermal gradient 
sublimer (Scientific Instrument Accessories, Austin, TX) 
and sublimed under reduced pressure at 50 “C. The total 
amount of compound B was sublimed in the same manner 
but a t  100 “C. 

Identification of Isolated Compounds. A mixture of 
the sublimed compound A and reference coumarin was 
subjected to two-dimensional TLC by employing the 
procedure previously indicated. The two compounds were 
determined to be inseparable under these conditions. The 
melting point of the isolated compound was determined 
to be 68-70 OC, which was in exact agreement with the 
reported melting point coumarin (“The Merck Index”, 
1976). The melting point of an admixture with reference 
coumarin was not depressed. The UV absorbtions of the 
isolated compound and reference coumarin were found to 
be identical. The A,, values in methanol for both com- 
pounds were determined to be 272 and 306 nm. Mass 
spectral data gave an m l e  146 for both compounds. 

A mixture of the sublimed compound B and reference 
umbelliferone (Sigma Chemical Co.) was determined to be 
inseparable by two-dimensional TLC. The melting point 
of compound B was found to be 225 “C, which was in exact 
agreement with the reported melting point for umbelli- 
ferone (“The Merck Index”, 1976). The melting point of 
an admixture with reference umbelliferone was not de- 
pressed. The UV absorbtions of both compounds were 
found to  be identical. The A,- values in methanol for both 
were 324, 254, and 216 nm. Mass spectral data gave an 
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m/e 162 for both compound B and reference umbellifer- 
one. 
RESULTS AND DISCUSSION 

Umbelliferone (7-hydroxycoumarin) was found to be 
present in the seeds of D. odorata. The rather low yield 
of 6.3 mg (0.01 %) may well explain why umbelliferone had 
not been previously isolated from the tonka bean. 

A total of 725 mg of coumarin (2H-l-benzopyran-2-one) 
was also isolated from the tonka bean. This yield (1.15%) 
was found to be considerably lower than those reported 
in the literature. Yields of 2.1-3.5% have been reported 
(Follett-Smith, 1936; Pound, 1938; Coomber et al., 1952). 
This lower yield might be attributed to the extraction 
procedure employed in this study or simply because of 
inferior tonka beans. 
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Determination of Thiophanate Methyl as Carbendazin by High-pressure Liquid 
Chromatography: Application to Onions and Cabbage 

Thiophanate methyl was extracted from onion and cabbage with ethyl acetate and was converted 
quantitatively to carbendazin (11) in hot 50% aqueous acetic acid. The determination of I1 was carried 
out after separating I1 from interfering plant materials with an LC strong cation exchange column by 
measuring the absorbance of I1 at 275 nm. With a 50-g sample spiked at  0.08 ppm, the signal-to-noise 
ratio was 12 and the recovery 75%. The detection limit was approximately 0.02 ppm. 

The title compounds are systemic fungicides and are 
related in that carbendazin (11) is the principal metabolite 

I I1 

of thiosphanate methyl (I). Carbendazin is also the prin- 
cipal metabolite of benomyl. Analytical schemes for I and 
I1 in plant materials and soils have been reviewed recently 
(Gorbach, 1980). These schemes are principally of two 
kinds: (1) direct determinations of both I and I1 simul- 
taneously, for example, by measuring absorbance at two 
wavelengths (Chiba, 1977) or by separating them chro- 
matographically (Austin et al., 1976), and (2) a direct de- 
termination of I1 (or a derivative of 11) accompanied by 
a separate step in which I is converted quantitatively to 
I1 (Shiga et al., 1977). The procedure reported here is of 
the latter type and includes the extraction of I from onion 
and cabbage samples, the quantitative conversion of I to 
11, and the determination of I1 by high-pressure liquid 
chromatography (LC). This study was carried out since, 
in earlier work, low recoveries and interferences were ex- 
perienced from onions and cabbage. The introduction of 
an ion-exchange column was necessary for the separation 
of I1 from naturally occurring interferences. Our analytical 
conditions were similar to those of Kirkland et al. (1973). 
EXPERIMENTAL SECTION 

Materials and Apparatus. Solvents used were Fisher 
reagent grade redistilled in glass stills. The high-pressure 

liquid chromatograph utilized was a Micromeritics Model 
7000 with a variable-wavelength detector. The column was 
a Zipax SCX (strong cation exchange), 1 m X 2.2 mm i.d. 
Instrument conditions were as follows: column tempera- 
ture, 60 "C; mobile phase water containing 0.025 M tet- 
ramethylammonium nitrate and 0.025 M nitric acid; carrier 
flow rate, 0.5 mL min-'; absorbance detector at 275 nm and 
0.02 absorbance unit full scale. The noise level was about 

ab- 
sorbance unit/pg of 11. Signals were evaluated from areas, 
not peak heights. Samples were injected with a 100-pL 
syringe. For the most dilute samples, 10 injections were 
made for a total sample volume of 1000 pL. The elution 
volume of I1 was 8.5 mL. Typical chromatograms of these 
most dilute samples are shown in Figure 1. 

Procedure. Samples of onion and cabbage were treated 
as follows: A 50-g sample was blended twice with 200 mL 
of ethyl acetate for 2 min. After filtration, the solution 
was evaporated to 5 mL and mixed with 20 mL of 50% 
aqueous acetic acid and 100 mg of copper(I1) acetate. After 
the remaining ethyl acetate evaporated, the solution was 
covered loosely and held just below its boiling point on a 
hot plate for 0.5 h. The mixture was transfered and diluted 
with 40 mL of 0.1 M HC1 and was washed with petroleum 
ether until the petroleum ether was clear (about 3 X 50 
mL). The aqueous layer was made basic with 25 mL of 
6.5 M NaOH and was extracted 4 times with 75-mL por- 
tions of ethyl acetate. The combined extracts were dried 
with Na2S04 and evaporated to 50 mL. This solution was 
extracted 3 times with 10-mL portions of 0.1 M HC1. The 
acid extraction was then brought to pH 8-10 with about 

absorbance unit; the sensitivity was 4.8 X 
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