
A NEW TERPENOID COUMARIN FROM Ferula kopetdaghensis 

A. A. Nabiev, T. Kh. Khasanov, and V. M. Malikov UDC 547.9:582.89 

From the roots of Ferula kopetdaghensis Eug. Kor. have been isolated nevskin and 
isosamarcandin and a new terpenoid coumarin kopeolone, C2~H3oO5, M + 398, mp 125- 
126°C, [a]D 18 +70° (c 0.i, ethanol). On the basis of UV, IR, PMR, and mass 
spectrometry, and also of transformation into farnesiferols B and C, the configu- 
rations of kopeolone, kopeolin, kopeoside, fekrol, kopetdaghin, and fekolin have 
been established. The configuration of farnesiferol C suggested previously has 
been confirmed. 

Continuing a study of Ferula kopetdaghensis Eug. Kor. [i, 2], we have isolated another 
three terpenoid coumarins. 

By a comparison of physicochemical constants and spectral characteristics~ substance (I) 
was identified as nevskin [3, 4] and (II) as isosamarcandin [5, 6]. The first compound 
proved to be new, and we have called it kopeolone. 

Kopeolone (III) has the composition C2~H3oOs, M + 398, mp 125-126°C, [a]D 18 +170 ° (c 
1.0; ethanol). According to its UV spectrum, (III) is a 7-hydroxycoumarin derivative. The 
IR spectra contains absorption bands at (cm -I) 1620, 1561, and 1515 (aromatic nucleus), 1712 
and 1742 (C=O of an a-pyrone and of a ketone), and 3480 (hydroxy group). 

The presence in the P~HI spectrum of the signals of protons at (ppm) 6.15 (d, 1 H, J3,4 = 
9.5 Hz, H3), 7.54 (d, 1 H, J4,3 = 9.5 Hz, H4), 6.70 (m, 2 H, H6 and Hs), and 7.26 (d, 1 H, 
J5,6 = 9.0 Hz, Hs) confirmed the assignment of (III) to the 7-monosubstituted coumarins. The 
spectrum also contained signals from the protons of two tertiary methyl groups at 1.01 and 
1.12 ppm (singlets, 3 H each), of a hemihydroxylic methyl group -- 1.33 ppm (s, 3H), and of a 
vinylmethyl group -- 1.74 ppm (s, 3 H). In addition~ signals due to the protons of an aryl- 
oxymethylene group at 4.49 ppm (d, 2 H, J = 7 Hz) and to an olefinic proton at 5.40 ppm (t, 
1 H, J = 7 Hz) were observed. 

From its composition and the characteristics of the PMR spectrum, the terpenoid part of 
kopeolone is monocyclic and it is possible to ascribe the structure (III) (R -- coumarin) to 
it. The correctness of this structure was confirmed by the formation of kopeolin (XII) [7] 
when (III) was reduced with sodium tetrahydroborateo 
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It must be mentioned that in the determination of the structure of kopeolin [7], the 
equatorial orientation of the Cs"--OH group had been shown. The configurations of the asym- 
metric centers at CI,, and C2,, ~emained undetermined. We have solved this problem in the fol- 
lowing way. When kopeolin was dehydrated With sulfuric acid in anhydrous acetone, a mixture 
of substances consisting of four components was obtained. Subsequent separation on a column 
gave an anhydro product with the composition C24}{3o0~, M + 382, mp 82-840C, [aid 2° --33 ° (c 
1.0; chloroform), which, by a comparison Of PMR s~ectra, was identified as farnesiferol C (V) 
[8-11]). On further elution, crystals with mp I05-I06°C were isolated. PMR spectroscopy and 
TLC showed that they consisted of farnesiferol B (VI) [8, 9], kopetdaghin (farnesiferol D) 
(VII), [12~ 13], and an isomer of kopetdaghin at the double bond (Vlll) [12] with the latter 
predominating. 

The formation of these compounds is explained in the following way. Farnesiferol C (V) 
is formed only when C=,~-OH and Cb'~-OH are present in the same plane as the cyclohexane ring. 
As has been shown above, C='~-OH has the equatorial orientation, and therefore the isolation 
of farnesiferol C unambiguously shows the axial orientation of the C2,~-OH group. In this po- 
sition, it is spatially close to the Cs,~-OH group. 

Kopetdaghin (VII) is formed as the results of trans-diaxial elimination with the partic- 
ipation of C2"-OH and C3,~-H, and the isomer of kopetaghin (VIII) is formed with the partic- 
ipation of C='~-OH and CI'~-~{. 

One of the C2'~-CH3 protons takes part in the formation of farnesiferol B (VI). 

Thus, kopeolin has the configuration (IV) in which the C='~-OH and CI'U-H are oriented 
axially. The analogous configuration exists in the new coumarin kopeolone (Iii) and in cou- 
matins known previously: fekolin [i], kopetdaghin (Vll), kopeoside [7], and fekrol [14]. 

The formation of farnesiferols B and C from one and the same coumarin kopeolin confirms 
the configuration of farnesiferol C suggested previously [8, 9], since it was adopted pro- 
visionally by the authors by analogy with the configurations of farnesiferols B and A [8, 9]. 

In conclusion, we note that on the basis of the results obtained, kopeolin is, in all 
probability, a biogenetic precursor of farnesiferol B, farnesiferol C, and kopetdagNin, 

EXPERIMENTAL 

The conditions for recording the spectra have been described previously [2]. The Rf 
values of the substances were determined by TLC on Silufol UV-254 in the chloroform-ethyl 
acetate (2:1) system~ 

Isolation of the Coumarins. The neutral fraction of an extract of the roots of Fer~la 
kopet~ghensi8 (135 g) was chromatographed on a column (5o5 × 150 cm) of silica gel (KSK 60- 
120 v, 1250 g) with elution by mixtures of hexane and ethyl acetate with increasing concen ~ 
trations of the latter: fractions 1-28 (3:1), 29-43 (2:1), 44-51 (i:I). Fractions with a 
volume of 400 ml each were collected. 

Nevskin (I). The concentrated eluate of fractions 28-31 deposited 0.51 g (0.019% of the 
weight of the dry plant) of colorless acicular crystal s with the composition C=~H3205, M + 
400, mp 193-194°C (hexane-ethyl acetate), [~]D 2° --20 ° (c 1.0; ethanol), Rf 0.15. 

Kopeolone (III). Fractions 33-34 yielded 0.35 g (0.014%) of kopeolone with mp 125- 
126°C, Rf 0.12. UV spectrum: %max 221, 254, 295, 325 nm (log e 4.14, 3.54, 3.79, 4.01). 

Isosamarcandin (II). After the solvent had been distilled off from fractions 36-38, 
0.5 g (0.019%) was obtained of a substance with the composition C2~H3205, M + 400, mp 2210C 
(hexane-ethyl acetate), [~]D 2° +27 ° (c 0.4; ethanol). Rf 0.ii. 

Reduction of Kopeolone. A solution of 0.3 g of (III) in 35 ml of 85% aqueous methanol 
was treated With 0.45 g of sodium tetrahydroborate. After 45 min, the mixture was diluted 
with water, acidified with 5% sulfuric acid solution, and extracted with ether, The etheral 
solution Was washed with water~ dried with anhydrous sodium sulfate, and evaporated. The 
residue was recrystallized from a mixture of diethyl ether and hexane to give kopeolin with 
mp 146-147°C, [~]D 25 --16 ° (c 0.98; ethanol), Rf 0.05. 

Dehydration of Kopeolin. A solution of 0.25 g of the substance in 25 ml of anhydrous 
acetone containing i ml of concentrated sulfuric acid was heated for 30 min, and it was then 
diluted with water and treated with ether. The etheral extract was washed with water, dried 
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with sodium sulfate and evaporated, and the 0.2 g of oily residue was chromatographed on a 
column (i × 180 cm) of silica gel with elution by chloroform--hexane (I:I). Fractions 8-15 
deposited 0.08 g (40%) of farnesiferol C (V), C2~H3oO4, M + 382, mp 82-84°C, Rf 0.55. From 
the subsequent fractions 24-35 was isolated 0.122 g (60%) of a crystalline mixture with mp 
I05-I06°C, Rf 0.37. According to PMR spectroscopy, it was a mixture of farnesiferol B (VI) 
(PMR spectrums singlet signals from tertiary methyl groups at 0.68 and 0.96 ppm and a sin- 
glet signal from one proton of an exocyclic methyl group at 4.68 ppm), kopetdaghin (VII) 
(singlet signals from two tertiary methyl groups at 0.79 and 0.93 ppm and a multiplet signal 
from an olefinic proton at C3", 5.17 ppm, W,/= = 15 Hz), and a double-bond isomer of kopet- 
daghin (VIII) (singlet signals from two tertiary methyl groups at 0.96 and 1.12 ppm, and a 
singlet signal of a methyl group at a double bond (C2" in the 1.55 ppm region). The ratio 
of the anhydro products in the mixture was 1:1:2, respectively (from the integral intensi- 
ties of the signals). 

CONCLUSION 

From the roots of Fe~ula kopet~ghensi8 Eug. Kor. have been isolated nevskin, isosamar- 
candin, and the new terpenoid coumarin kopeolone (III), which is the ether of 7-hydroxycou- 
marin and 5•(e)-[2••(a)-hydr•xy-5••-•x•-2••,6•••6••-trimethy•cyc••hexy•]-3•-methy•pent-2•-en-••-•• 

By performing the passage to farnesiferols C and B, the configurations of kopeolin, ko- 
peoside, fekrol, kopetdaghin, and fekolin have been established. The configuration of farne- 
siferol C proposed previously has been confirmed. 
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