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The roots of Angelica decursiva (Miq.) Franch. et Savat. have previously yielded nodakenin [1] and the aglycone
of this glycoside, nodakenetin, umbelliferone, decursin, decursidin, and the diester of 3, 4'-dihydroxy-3', 4'-
dihydroxanthyletin with angelic and isovaleric acids [2].

In a study of the roots of a white-flowered form of Angelica decursiva (Miq.) Franch et Savat. , we have isolated
a new coumarin with the composition CyHyO;, which we have called "andelin.”

In the UV spectrum of andelin, maxima at 222 and 322 myu (loge 4.56 and 4.22) and also a small peak in the
neighborhood of 255 mu (loge 3.62) show that the substance is a dihydrofuro- or dihydropyranocoumarin [3]. The IR
spectrum of the lactone (figure, A) shows absorption bands at, ecm™: 1760—1735 (CO of an a-pyrone ring and of an
ester) and 1640 and 1570 (aromatic nucleus). In the NMR spectrum (figure, B) doublets a and d (6 7.57 and 6.05, J =
= 10 Hz) and singlets b (6 7.25) and ¢ (66.65) are due to the protons in positions 4, 3, 5, and 8 of a coumarin nucleus

respectively, and show that andelin is a 6, 7T-disubstituted coumarin.
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IR spectrum of andelin (A); NMR spectrum of andelin
(in CCl;) (B); NMR spectrum of methyl isokhellactone
(in CDCly) (C).

The signals e, h, and 1 show the presence in the andelin nucleus of a dihydropyran ring [4]. The singlets 1
(6 1.43 and 1.40, 6H) are due to two non-equivalent methyl groups on a quaternary carbon atom. The doublets e and h
(6 5.95 and 5.20, J = 5.2 Hz) are due to two interacting methine protons in positions 4' and 3' of a disubstituted

dihydropyran ring.
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The correctness of the conclusion concerning the andelin nucleus was confirmed by the results of a chemical
study. Alkaline hydrolysis in agqueous dioxane yielded a hydroxylactore with the composition Cy4H;O5. The compound
was identified by a comparison of its IR spectrum with that of an authentic sample and by the results of elementary
analysis, as isokhellactone. Alkaline methanolysis yielded a substance Cy;H;¢05, identical in respect of its IR spectrunx
and elementary analysis with methylisokhellactone; under conditions of severe acid hydrolysis a compound Cy,H,;;04
was obtained giving a reaction with 2, 4-dinitro-phenylhydrazine. The physicochemical constants and the IR spectrum
of this compound identified this substance as 3'-oxo-3',4'-dihydroxanthyletin [6]. The products obtained show that the
structure of andelin is based on a 3!, 4'-dihydropyrano-5', 6': 6, 7-coumarin nucleus.

Peaks i, j, and k in the NMR spectrum of andelin (see figure, B) are due to the presence of two acid residues in
the molecule. The broadened peak k (6 1.90 and 1.86) is formed as a result of the superposition of signals from methyl
groups of angelic and 8, S~dimethylacrylic (senecioic) acids. Peak j (6 2.07) is due to the methyl group of angelic acid.
Peak i {6 2.18) corresponds to one of the methyl groups of 8, -dimethylacrylic acid. Signalsf {6 5.85) and g (65.61) are
due to the vinyl protons of angelic [6] and senecioic [7] acids, respectively.

The presence of these acids was confirmed by their isolation in the free state on alkaline hydrolysis. They were
identified by means of their p-phenyl-phenacyl! esters.

It follows from what has been said above that andelin is a diester of isokhellactone with senecioic and angelic
acids.

The positions of the acid residues in the molecule of the coumarin were shown by a study of the hydrolysis
products. Acid hydrolysis in methanol gave a monoester CyyHjy, O;. The nature of the acid residue was shown by the
NMR spectrum (figure, C), in which the signals at 2.27 and 1.19 ppm (6H) due to the protons of methyl groups and at
6 5.62 (1H) of the vinyl proton of senecoic acid had been retained. The peak at § 3.66 (1H) corresponds to the proton of
the hydroxyl group formed by the splitting off of angelic acid. From theoretical considerations, the latter should be
present in position 4', which is the most labile position [8,9]. The alkaline methanolysis of andelin gave an analogous
product with composition CyHy,O¢ in which, because of etherification after hydrolysis, position 4' was occupied by a
methoxyl group giving in the NMR spectrum of the product {see figure, B) the singlet h at 6 3.57 (3H).

Thus, on the basis of a study of the products of the chemical reactions and the features of its UV, IR, and NMR
spectra, andelin is 4'-angeloyloxy-3'-senecioyloxy-3', 4'-dihydropyranoc-5', 6': 6, T~coumarin.

EXPERIMENTAL

The IR spectra of the substances were recorded on a UR-10 spectrophotograph (mulls in paraffin oil), the UV
spectrum on an SF-4 spectrophotometer (solution of the substance in ethanol), and the NMR specira on a JNM~-4H-100
instrument (in CCly and CDCly). The positions of the signals were determined relative to tetramethylsilane as internal
standard, taken as 0.

Chromatography was carried out on Leningrad type "B" paper impregnated with a 10% solution of formamide in
methanol, using the solvent system n-hexane—benzene—methanol {(5: 4: 1).

Samples of isokhellactone and methylisokhellactone were kindly given to us by A. I. Sokolova. The
microanalyses were performed by E. A. Nikonova and E. A. Plokhova.

Isolation of andelin. One kilogram of comminuted angelica roots was extracted three times with methanol (8,
6, and 4 liter). The extracts were concentrated in vacuum to 500 ml, diluted with 1 liter of water, and extracted with
ether (3x300 ml). The ethereal extract was treated with 0.25% caustic potash solution, washed with water, and dried
with anhydrous sodium sulfate and the solvent was distilled off. The residue (62.45 g) was chromatrographed on a col-
umn (24x8 cm) of acid alumina (Brockmann activity grade II}. The column was eluted with a mixture of petroleum and
diethyl ethers (10 : 1). Fractions 1-20 of the eluate (250 ml each) were concentrated and rechromatographed on a col-
umn of alumina (25 x 4 cm), being eluted with petroleum ether. The coneentration of fractions 1-27 gave 10.5 g of a
substance with a glasslike consistency, [oz]i)ﬂ—ZS.O (c 0.89; ethanol),R f 0.9, readily soluble in methanol, chloroform,
and ether, and sparingly soluble in petroleum ether.

IR spectrum, em™: 1760, 1735, 1640, 1580, 1510, 1450, 1400, 1360, 1340, 1300, 1260, 1230, 1150, 1080,
1045, 1000, 940, 855, 830. UV spectrum, Ayax: 222, 255, 322 my (loge 4.56, 3.62, 4.22).
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Found, %: C 67.80, 67.46; H 6.48, 6.40. Mol.wt.424.3 (Rast). Calculated for CyyHpO;, %: C 67.59; H 6.15,

Isokhellactone. A solution of 0.5 g of the substance in 10 ml of dioxane was treated with 10 ml of 5% aqueous
caustic soda and the mixture was left for a day [7]. Then it was acidified with 20% H,SO, and treated with ether. The
extracts were washed with saturated sodium carbonate solution and then with water, and the solvent was distilled off,
This gave colorless crystals, CyH,05, mp 151-152° C (from water), [oj]zlg" +92.1° (¢ 0.89; ethanol), Ry 0.00. IR
spectrum, em™1: 3450, 1700, 1630, 1565, 1470, 1380, 1295, 1190, 1140, 1080, 1030.

Methylisokhellactone. A solution of 1 g of the substance in 15 ml of methanol was treated with 15 ml of a 1 N
methanolic solution of caustic soda, and the mixture was heated in the water bath for 1.5 hr [8]. The cooled mixture
was diluted with water (100 ml) and treated with ether (3 x 25 ml). The extracts were washed with 5% sodium carbonate
solution and then with water, and the solvent was driven off. Colorless acicular crystals deposited; C;3H405, mp
99~101° C (from water), [oz]zlg'9 +102.3 (¢ 0.97; ethanol), Rf 0.07. IR spectrum: 3450, 1730, 1635, 1570, 1500, 1470,
1380, 1295, 1200, 1160,

3'-0xo0-3', 4'~dihydroxanthyletin. A mixture of 0.4 g of the substance and 50 ml of 50% aqueous HyS8O, was heated
for 1 hr. The reaction mixture was diluted with water and cooled, to give 0.2 g of yellowish acicular crystals,
Cy4H1304, mp 164-166° C (from ethanol). Literature data, mp 164-165.5° C [5]. IR spectrum, em™!: 1730, 1635, 1575,
1500, 1470, 1385, 1345, 1315, 1260, 1150, 1115, 960, 930, 870, 820.

4'~Hydroxy-3'-senecioyl-3!, 4'-dihydropyrano-5', 6' : 6, 7-coumarin. A solution of 0.5 g of the substance in 10 ml
of 2.5% H,80, in methanol was heated for 15 min. The reaction products were extracted with ether and the extract was
washed with saturated sodium carbonate solution and then with water. The residue from the evaporation of the solvent
was chromatographed on a column of alumina (activity grade II) and was eluted with ether. The eluate deposited
colorless crystals, CysHyOg, mp 197—199° C, Ry 0.46. IR spectrum, cm™: 3450 (OH group), 1760—1730 (C=O of an
a-pyrone ring and an ester grouping), 1640, 1575 (aromatic nucleus).

Methylisokhellactone senecioate. 10 ml of a 2 N methanolic solution of caustic potash was added to 4 g of the
substance. After a minute, the solution was diluted with water (100 ml). The unsaponified part of the starting material
was extracted with ether (3x 25 ml). The aqueous solution was acidified with 20% H,SO, and treated with ether '
(2 x 25 ml). The extracts were washed with 20% sodium carbonate solution (solution A) and then with water.

The concentration of the ethereal extract and the recrystallization of the residue obtained gave colorless crystals
crystals in the form of nodules with mp 145-147° C, [aﬁg-s +94.1 (c 0.94; ethanol), Rs 0.8. IR spectrum, cm™: 1750,
1730 (C=0 of an o~ pyrone ring and an ester grouping), 1635, 1570 (aromatic nucleus{

Found, %: C 66.99, 66.94; H 6.12, 6.27. Calculated for CyHyOq, %: C 67.02; H 6.19.

p-Phenylphenacyl angelicate. The sodium carbonate solution A after the separation of the monoester was
acidified with 20% H,S0, and extracted with ether (4 x 20 ml). The ethereal fraction was washed with water, the solvent
was driven off, and the residue was sublimed. This gave colorless acicular crystals with mp 46—47° C. The sublimate
was neutralized with sodium bicarbonate and the solution was treated with p-phenylphenacyl bromide (0.3 g) in
ethanol (5 m1) and the mixture was heated for 1 hr. Crystals of p-phenylphenacyl angelicate with mp 84—-86° C
(ethanol) deposited. Literature data: mp 86—87° C [10].

p-Phenylphenacyl 8, 8-dimethylacrylate. One gram of methylisokhellactone senecioate was saponified with a
solution of 5% H,SO, in dioxane with heating for 1 hr.

The sodium carbonate solution obtained in the usual way was acidified and distilled with steam. The distillate
was saturated with sodium chloride and extracted with ether. Then the solvent was driven off to give 3, 8-
dimethylacrylic acid with mp 69—70° C [11].

The p-phenylphenacyl ester of senecioic acid was obtained by the method described above, mp 137-140° C
(ethanol).

CONCLUSIONS

A new coumarin, CyHyeO7, which has been called "andelin," has been isolated from the roots of the white-
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flowered form of Angelica decursiva (Mig.) Franch. et Savat.

On the basis of its IR, UV, and NMR spectra and the characteristics of a number of derivatives, the structure
of 4'-angeloyloxy-3'-senecioyloxy-3', 4'-dihydropyrano-5', 6' : 6, 7-coumarin has been proposed for andelin.
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