Acknowledgment

The authors are indebted to D. M.
Swarthout and the Diamond Walnut
Growers, Inc., for making available
authentic samples of walnut kernels,
and to R. E. Lundin and G. Bailey for
assistance in the characterization of the
glycine isolated from walnut extract,

Literature Cited

(1} Anet, E. F. L. J., Reynolds. T. M.,
Austr. J. Chem. 10, 182 (1957).

(2) Baldridge, R. C., Lewis, H. B,
J. Biol. Chem. 202, 169 (1953).

(3) Block, R. J., Durrum, E. L., Zweig,
G., “A Manual of Paper Chromatog-
raphy and Paper Electrophoresis,” p.
95, Academic Press, New York, 1955,

(4) Dalgeish. C. E., Johnson, A. W.,
Todd. A. R., Vining. L. C., J. Chem.
Soc. 1950, 2946.

(3) Danehy. J. P.. Pigman, W. W,
Advan. Food Res. 3, 241 (1951).

(6) Dunn. M. S., Rockland, L. B.,
Advan. Protein Chem., 3, 295 (1947).
(7) Haworth, R. D., MacGillivray, R.,
Peacock, D. H., Nature 167, 1068

(1951).

CLOVER CONSTITUENTS

(8) Horner, W. H., Mackenzie, C. G.,
J. Biol. Chem. 187, 15 (1950).

(9) Kalyankar, G. D., Snell, E. E.,
Nature 180, 1069 (1957).

(10) Koegel, R. J., Greenstein, J. P.,
Winitz, M., Birnbaum, S. M., Mec-
Callum, R. A., J. Am. Chem. Soc. 77,
5708 (1955).

(11) Linko, Y., Johnson, J. A., J. Acr.
Foop Cuem. 11, 150 (1963).

(12) Miettinen, J. K., Virtanen, A. I.,
Acta Chem. Scand. 3, 459 (1949).

(13) Moffat, E. D., Lytle, R. 1., Anal.
Chem. 31, 926 (1959).

(14) Pedersen, J. W., Glavind, .,
Acta Chem. Scand. 6, 453 (1952).

(15) Rinderknecht, H., Food Res. 24,
298 (1959).

(16) Rockland, L. B., Diamond Walnut
News 37, 5, 12 (1955).

(17) Rockland, L. B., Nobe, B., un-
published data.

(18) Rockland, L. B., Underwood, J. C.,
Anal. Chem. 26, 1557 (1954).

(19) Ibid., 28, 1679 (1956).

(20) Schultz, H. W., Day, E. A,
Sinnhuber, R. C., “Symposium on
Foods: Lipids and their Oxidation,”
Avi Publishing Co., Westport, Conn.,
1962.

(21) Schwartz, D. P., Anal. Chem. 30,
1855 (1958).

Isolation of Daphnoretin from

Ladino Clover

(22) Schwartz, D. P., Pallansch, M. J.,
J. Acr. Foop CHem. 10, 86 (1962).
(23) Spackman, D. H., Stein, W. H.,
Moore, S., Anal. Chem. 30, 1190
(1958).

(24) Tappel, A. L.  Arch
Biophys. 54, 266 (1955).

(25) Toennies, G., Kolb, J. L., Anal
Chem. 23, 823 (1931).

(26) Underwood, J. C., Rockland, L.
B., Anal. Chem. 26, 1553 (1954).

(27) Underwood, J. C., Rockland, L.
B., Food Res. 18, 17 (1953).

(28) Venolia, A. W., Tappel, A. L.,
J. Am. Oil Chemists® Soc. 35,135 (1958).

(29) Wada, M.. Biochem. Z. 257, 1
(1933).

Biochem.

Received  for review February 17, 1964.
Accepted April 27, 1964.  Duvision of Agri-
cultural and Food Chemistry, 142nd Meeting,
ACS, Atlantic City, N. J., September 1962,
The Fruit and Vegetable Laboratory is a lab-
oratory of the Western Ultilization Research
and Derelopment Division, Agricultural  Re-
search Service, USDA.  The junior author s
a collaborator employed by Diamond Walnui
Growers, Inc., Stockton, Calif., with which this
work was conducted cooperatively.  Reference
o a company or product name does not imply
approval or recommerdation of the product by
the USDA to the exclusion of cthers that may
te suitable.

A. L. LIVINGSTON, E. M. BICKOFF,
and LEONARD JURD

Western Regional Research Labora-
tory, Western Utilization Research
and Development Division, Agricul-
tural Research Service, U. S. De-
partment of Agriculture, Albany,
Calif.

The isolation of the novel coumarin, daphnoretin, from ladino clover is described. The
clover extract was purified by solvent distribution followed by column chromatography.
Identity was confirmed by the preparation of derivatives and by comparison of their
mixed chromatograms, melting points, and ultraviolet absorption spectra with those of

authentic samples.

N THE COURSE of isolating saponin
from ladino clover (8), an ether
extract was prepared from which a crys-
talline monomethoxyphenol, C;sH;.05,
has now been isolated. The for-
mation of monoacyl and monoalkyl
derivatives indicated the presence of
only one phenolic hydroxyl group.
The fluorescence of the compound
(blue in ulwraviolet light) and its Amax
(343 mpu) suggested a coumarin struc-
ture. The possible presence of two
lactone groupings, as in dicoumarol, was
indicated by an unusually wide band
at 1710 cm. 7! in the infrared spectrum
of the phenol.
While this investigation was in prog-
ress. Tschesche et al. (7) reported the

isolation of a novel dicoumarin from
daphne, daphnoretin(I).
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The ultraviolet spectra of daphnoretin
and its acetate were identical with that of
the ladino clover phenol (Figure 1),
and the melting points of the phenols
and their derivatives were in close
agreement. Direct chromatographic,
mixed melting point, and infrared
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comparisons of the two phenols con-
firmed their identities.

The final step in the biosynthesis of
this compound may well involve the
formation of the dicoumarin structure
by means of the oxygen bridge. It is
of considerable interest that two plants
of such widely different species should
contain this unusual compound.

Most coumarins have been shown to
have a number of physiological effects
on animals. Dicoumarol was found to
be the hemorrhagic factor in sweet
clover by Campbell and Link (4).
Bose and Sen (3) found that ayapin and
ayapinin were the hemostatic principles
in the leaves of Enpatorium ayapana, and
Iida (5) found that fraxin caused par-
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Figure 1. Ultraviolet absorption spec-
tra of ladino phenol "B" (1) and daph-
noretin {2) in ethanol

alysis of the central nervous system on
intravenous injection. Coumestrol, the
estrogenlike coumarin derivative iso-
lated from ladino clover at this labo-
ratory (7) has been found to increase
the weight gain of sheep (6). Daphnore-
tin, a novel coumarin, may also have
important physiological properties. The
authors plan to prepare a sufficient
quantity of this new coumarin to evaluate
its possible significance to crop utiliza-
tion, animal feeding, or nutrition.

Experimental

Isolation. Freshly cut ladino clover
(150 kg.) was extracted with 360 liters
of 959, ethanol. The alcohol solution
was concentrated and distributed be-
tween ether and water. From the
aqueous phase crystalline saponin was
isolated. Details of this procedure have
been previously described (&). The
ether phase from the saponin study was
the starting material for the present in-
vestigation.

The ether solution was concentrated to
yield a green waxy solid (5100 grams).
The solid was dissolved in 64 liters of
959% ethanol. Aliquots of this alcohol
solution were then treated as follows:
600 ml. of alcohol solution, 400 ml. of
water, and 200 ml. of 70° C. benzene
were shaken in a 2-liter separatory
funnel. The two layers were allowed to
separate and the alcohol phases drawn
off. No further work was done on the
combined benzene phases. The com-
bined alcohol phases were concentrated
to 19 liters and extracted in 1-liter por-
tions with equal volumes of diethyl ether.
Sufficient alcohol was added to each
portion to break the emulsion. The
ether phases were drawn off, and the
aqueous phases were re-extracted in the
same manner seven times. Concentra-
tion of the combined ether phases gave
about 500 grams of solids. These solids
were purified a second time by distribu-
tion with alcohol, water, and benzene
using the same ratios of solids to solvent
as above. The benzene phases were
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added to the benzene phases from the
first distribution. The combined alcohol
phases were concentrated to 2 liters and
extracted with eight 500-ml. portions of
diethyl ether. The ether extracts were
combined and concentrated to dryness.
The residue was added to 100 grams of
silica gel—celite (1:1). Thedry blended
mixture was added to the top of a column
of silica gel 8 inches in height by 11/
inches in diameter. The column was
developed first with 10 liters of Skellysolve
B, followed by 2 liters of a mixture of
diethyl ether and Skellysolve B (1:9).
The Skellysolve B fraction was discarded.
The diethyl ether: Skellysolve B fraction
was concentrated to 100 ml. TUpon
standing, yellow crystals formed. Re-
crystallization from methanol yielded
light vyellow rods (1.2 grams), m.p.
244° C., showing no depression with an
authentic sample of daphnoretin. Cal-

culated for C19H1207: C, 6477, H,
3.41; OCH,; 8.81. Found: C, 04.9,
65.0; H, 3.58 3.61; OCH, 8.2,
8.53.

UrtravioLer. A, 343 mu (log e,
4.31), identical with an authentic sam-
ple.

Infrared. 3340 (hydroxyl); 1710

(5-lactone); 615, 1520, 1430, 1420,
1380 (aromatic ring); 1270 cm.”?
(ether linkage).

Color Tests. Alcoholic ferric chlo-
ride—~light green; nitric acid—red;
viewed under ultraviolet light plus
ammonia vapor—bright blue; ferric

chloride plus hydroxylamine—purple;
magnesium plus hydrochloric acid—no
color.

Titration with Alkali. Saponification
of 50 mg. of the parent compound by
refluxing with 0.1V potassium hy-
droxide resulted in the consumption of
two equivalents of alkali, and gave an
equivalent weight of approximately 150.

Alkaline Fusion, A few milligrams
of the crystals were fused with about 200
mg. of potassium hydroxide and one
drop of water. After acidification and
extraction with diethyl ether, aliquots
were spotted on sheets of Whatman
No. 1 paper with and without known
compounds. Development by a pre-
viously described procedure (2) re-
vealed only a single spot corresponding
to  2,4-dihydroxybenzoic acid.  The
failure to see a spot corresponding to
2,4-dihydroxy-5-methoxybenzoic acid on
the chromatograms is probably due to
strong alkaline fusion conditions used.

Monoacetate. The acetate deriva-
tive at this laboratory melted at 235°-
36° C. [lit. m.p. 235°-37° C. (7)].

Calculated for CqH14:05: C, 63.96;
H, 3.58; OCH,, 7.86; CHCO, 10.9.
Found: C, 63.9; H, 3.69; OCH;, 7.20;
CH,CO, 11.2.

Methyl Ether. The methyl ether
derivative prepared at this laboratory
melted at 230°-32° C. [lit. m.p. 231°—
33° Q. (7)].
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Calculated for C,H1:0:: C, 65.57;
H, 3.85; OCH; 16.9. Found: C,
65.4; H,3.98; OCHjs, 16.7.

Benzoate. The parent compound,
50 mg., was refluxed for 10 minutes with
2 ml. of pyridine and 1 ml. of benzoyl
chloride. The mixture was left at room
temperature for 2!/, hours, then poured
into ice water. The solids were collected
and crystallized from acetone-methanol
to give 42 mg. of crystals, m.p. 224°-
23° C.

Calculated for CsH,4sOs5: C, 68.4;
H, 3.51; OCH; 6.80. Found: C,
68.4; H, 3.61; OCHj;, 6.63.

Benzyl Ether. Fifty milligrams of the
parent compound, 1 ml. of benzyl chlo-
ride, 70 mg. of potassium iodide, and 250
mg. of potassium carbonate were refluxed
for 5/, hours. The mixture was filtered
and the filtrate concentrated and diluted
with methanol. The benzyl ether crystal-
lized as needles, 60 mg.. m.p. 241°-
43° Q. Calculated for CyH;s0;: C,
70.6; H, 4.07; OCH; 7.01. Found:
C,70.6; H,4.17; OCH;, 6.84.

Attempt to Prepare Ortho-Methoxy
Methyl Ester Derivative. A previously
described procedure (2) using dimethyl
sulfate and 109, potassium hydroxide
failed to produce the ortho-methoxy
methyl ester. The reaction was followed
on a chromatoplate. The starting com-
pound seemed to form several products
which proved difficult to crystallize.
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