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Libanotis buchtormensis (Fisch.)  D. C. is a perennial  herbaceous plant of the fami ly  Umbel l i fe rae  which grows 
in the mounLain regions of Central Asia and western and eastern Siberia [1].  

This species has not been subjected to a deta i led chemica l  study; the only information in the l i tera ture  is that 
its fruit contains 1% of to ta l  coumarins [2] consisting, accord-  
ing to paper chromatography, o f  five substances [3] .  

We have studied the roots of Libanotis buchtormensis 
co l lec ted  by D. A. Pakalnyi in the region of the western 
Altai  (district  of Lake Kolyvanskii) in 1964 and 1965. 

The total  coumarins in the roots and herbaceous part of 
the plant  amounted to 2.02 and 1.05%, respect ively (weight 
method).  Paper chromatography showed that they consisted of 
at least  six substances. By extract ing the roots with methanol  
and subsequent chromatography on alumina,  we isolated iso- 
imperator in and bergapten.  By chromatographic separation on 
alumina of an ethereal  extract  of the roots, we obtained xan-  
thogallol  (I) [4]. 

By preparat ive th in- layer  chromatography, from an 
ethereal  extract  of the roots of Libanotis buchtormensis we iso- 
lated a chromatographical ly-homogeneous substance (II) with 

Rf 0.35 (TLC, system I)with the composit ion C19Hg0 05; 
18  o . 

[~x] D +50 , readi ly  soluble in chloroform, ethanol, and ethyl 
ace ta te  and sparingly soluble in petroleum ether. Attempts to 
crys ta l l ize  it from various solvents proved unsuccessful. 

The compound exhibited the character is t ic  properties 
of coumarins: it  readi ly  dissolved in e thanol ic  a lkal i ,  form- 
ing a lemon, yellow solution; it fluoresced v io le t  on irradiat ion 
with u l t raviole t  light,  and gave a bright pink color on t rea t -  
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Fig. 1. NMR spectra of substance (II) (A) (in 
CC14), xanthogall in (B), and g, g - d i m e t h y l -  

acryl ic  acid (C) (in CDCls). 

ment  with Pauly's reagent .  The substance contained no hydroxy or methoxy groups. I~s IR spectra was typ ica l  for cou- 
matins,  and the high intensity of the carbonyl band did not exclude the presence of an ester grouping in the molecule .  
In actual  fact, when substance II was saponified in ethanolic a lkal i ,  xanthogal lol  (I) was obtained.  
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Fig. 2. UV spectrum of buchtormin in 96% ethanol.  

Thus, the substance (II) that we isolated is iso- 
met r ic  with xanthogall in (III) [5] and gives the same 
hydroxy lac tone on saponification.  It differs from xan- 
thogall in by the structure of the acid residue. 

From a comparison of the IR spectra of xantho- 

gal l in  and substance (II) in chloroform it can be seen 
that they differ very slightly. 

A study of the NMR spectrum of substance (II) showed 
that it consisted of a mixture of two isomeric compounds--  

xanthogall in and a new coumarin which we have cal led  
buchtormin, this being an ester of xanthogal lol  and /3, 
~ -d imethy lac ry l i c  acid.  In the region of aromat ic  pro- 
tons in the spectrum of substance (II) (Fig. 1, A and B) 

the same pattern is observed as in the spectrum of xanthogall in [4] ; the doublets a, b, c, and d are due, respect ively,  
to the proton:s in positions 4, 5, 6, and 3 of the coumarin nucleus. The t r iplet  f and the  mul t ip le t  g from the methyl  
and methylene  protons of the dihydropyran ring and also the signals from the two methyl  groups in the spectra of sub- 
stance (II) and xanthogal l in  have s imilar  chemica l  shifts and spin-spin interact ion constants. All  this is in harmony 

with the formation of xanthogal lol  by the saponification of substance (II). 

125 



The peaks h (6 = 2.10) and i (6 = 1.88) and the signal e (6 = 6.86) re la te  to the ~, ~ -d imethy lac ry l i c  acid residue 

H CH a 
\ / 

C----C 

_ o o c  / 

Actual ly ,  the positions of the two somewhat broadened peaks h and i correspond to methyl  groups on a double 
bond and signal e to a single proton on a double bond experiencing weak a l ly l  split t ing through interact ion with the 
methyl  groups. This assignment is also confirmed by a 
comparison of the spectra of substance (It) and 8,/3- 
d imethy lac ry l i c  acid (F ig .  1, C). The features of the 
spectrum of B, ~ -d ime thy lac ry l i c  acid given agree with ~ e0 

the results published in the l i terature  [6].  "~ 40 

Thus, substance (II) consists mainly  of buchtormin--  =~ ~ e0 
the ester of xanthogal lol  and ~, 13-dimethylacrylic acid.  .~Op 3200 2800 2400 200g ~80~ Y600 1408 IgDO /BOO 800 

Frequency, c m - i  
In addit ion to buchtormin,  substance (II) contained 

a small  amount of xanthogall in,  as was shown by the Fig. 3. IR spectrum of buchtormin in CHCI a (d = 0.1 mm) .  

split t ing and slight broadening of peak i due to the methyl  groups of angel ic  acid (see Fig. 1, k and B) and also by 
the appearance of a diffuse signal at peak d in the position of the mul t ip le t  from the methyl  proton e in the spectrum 
of xanthogall in.  
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Fig. 4. NMR spectrum of buchtormin in CC14 

Attempts to separate the buchtormin and xantho- 
gal l in  by paper and th in- layer  chromatography using 
various systems of solvents were unsuccessful, in view 
of the closeness of the chemica l  and physical  properties 
of the two compounds. 

The structure of buchtormin has been confirmed 
by its synthesis from xanthogal lol  and 8, 8 - d i m e t h y l -  
aerylyl  chloride,  kindly provided by V. G. Yashunskii, 

A pure sample of this compound was obtained in the form of a glassy mass with the comparison Cl~tt20Os, 

[ a ]  zt~ +71.8 °. Its UV and IR spectra (Figs. 2 and 3) where typical  for dihydropyranocoumarins; the NMR spectrum of 
buchtormin corresponds comple te ly  to the structure proposed for it (Fig. 4). 

On the basis of the specific rotations of buchtormin and xanthogall in,  the composition of the natural  mixture 
of these compounds was calculated;  it  was found to contain about 80%of the former and 20%of the lat ter .  

I R=H 

,0, ,CHs 
0 I! R =-C-CH=C\cH 3 

O 
OR mR=-~-C=c:CH H~ 

CH 3 

Experimental  

The IR spectra were obtained on a UR-I0 spectrophotometer.  The substances were studied in the form of mulls 
in paraffin oil .  The NMR spectra were recorded on a JNM-4 H-100 (t00 MHz) instrument in deuterochloroform and 
carbon te t rachlor ide.  The positions of the signals were determined re la t ive  to te t ramethyls i lane  as internal standard 
taken as 0. 

The paper chromatography was carried out by the ascending method using petroleum ether (bp 40-60  ° C) as 
solvent. 

The paper was impregnated with a solution of formamide  in acetone (1 : 3) [3].  The revealing agent was Pauly's 

reagent  according to Kutgeek [7].  The th in- layer  chromatography (TLC) was carried out on plates with a nonfixed layer 
of neutrai  a iumina (Br0ckmann and Schodder act ivi ty  III) [8].  

The following mixtures were used as solvent systems: 1) n -hexane- -d ie thy l  ether (1 : t ) ,  and 2) benzene- -buty l  
aceta te  (2 : 1). The positions of the spots were determined by their fluorescence in UV light.  
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Bergapten and isoimperatorin. One kilogram of the roots was extracted with methanol.  The extract was concen- 

trated to 600 ml, diluted with an equal volume of water, and shaken with 2 ! of ether. The ethereal extract wastreated 

with 0. g%caustic potash solution, washed with water, and dried with anhydrous sodium sulfate, and the solvent was 

distilled off. This gave 80 g of a resinous residue. Fifteen grams of this resin was chromatographed on a column of 

alumina ![800 g, acetic, activity II, 24 x 7 cm). Elution was carried out with a mixture of benzene and petroleum ether 
(bp 40-60 ° C)(2 : 1), with benzene, and with diethyl ether. On standing, the 7-th and 8-th fractions depositect a small 
amount of crystals with mp 186-187 ° C and Rf 0.47 on paper and with an IR spectrum corresponding to that of bergapten. 

Isoimperatorin was obtained from the 9-th and 10-th fractions in the form of needles mel t ing at 108-109°C after 
recrystallization from methanol,  Rf 0.65 (paper chromatography) and 0.5 (TLC). A mixture with an authentic sample 
gave no depression of the melt ing point. The IR spectrum was identical  with that of isoimperatorin. 

Xanthogallol. Two kilograms of the comminuted roots was extracted with petroleum ether. The raw mater ial  
freed from essential and fatty oils was extracted three times with diethyl ether, The resin (28.1 g) obtained after the 
evaporation of the solvent was chromatographed on a column of alumina (2 kg, neutral, activity III, 80 x 6 cm). Elu- 
tion with a system of solvents having increasing polarity gave 48 fractions. The fractions chromatographically (TLC) 

similar in composition were combined and were re-separated on a column of the same adsorbent in a ratio of 1 : 50. A 
mixture containing a substance with Rf 0.30 (TLC, system 2) on elution with petroleum ether and chloroform (2 : 1) gave 
needles with mp 182-188 ° C which, after recrystallization from ethanol, melted at 184-185 ° C, [a]l~) +14 ° (c 2.0; 

chloroform). The substance was shown to be identical  with xanthogallol by its IR spectrum and a mixed melt ing point. 

su___bsjance (II): The combined fractions containing mainly the component with R.?c 0.88 (TLC, system 1) was 
dissolved in chloroform and separated by means of preparative thin- layer  chromatogr@hy on plates with a nonfixed 
layer of alumina (activity III, 82 x 32 cm) in the benzene--methanol  (9 : 1) system. The zones collected individually 

on the basis of the nature of their fluorescence were exhaustivel_y extracted with ether or methanol.  

The yellow resin obtained after the evaporation of the solvent from the fractions corresponding to substance (II) 

were chrcmatographed under the given conditions in the benzene--methanol  (98.5 : 1.8) system. After three purifica- 
tions by tlxis method, a chromatographically homogeneous substance was obtained in the form of a colorless vitreous 
mass [ a ~  + 50 ° (c 2.0; chloroform). This substance was atso isolated by direct thin- layer  chromatography of the ethe- 

real extract. 

Found, %: C 69.26, 69.48; H 6.a6, 6.36. Calculated for C19H20Os, %: C 69.46; H 6.14. 

H~irolysis of substance (II). Three grams of the substance was heated with 60 ml of a 10 % solution of caustic 

potash in methanol in the water bath for 2 hr. The cooled mixture was diluted with water (100 ml) and the methanol 
was distil2ied off; the alkal ine aqueous solution was treated with ether and was then acidified with 20% sulfuric acid and 
extracted with chloroform. The organic layer was successively shaken with portions of 10% ammonia solution, washed 
to neutrality with water, dried with anhydrous sodium sulfate, and evaporated. The product (1.9 g), when recrystal- 

lized from ethanol, gave snow-white needles with mp 184-186 ° C, [c~] 18 + 8 ° (c 8.0; chloroform). 
D 

The IR spectrum of the substance obtained was identical with that of substance (I) (xanthogallol). A mixture with 
an authentic sample gave no depression of the melting point. 

Ac___etate of the hydroxylactone. 0.2 g of the substance was heated for 1 hr with 2 ml of a mixture of acetic an.hy- 
dride and pyridine (1 : 1) in the water bath. After the e l iminat ion of the solvent and recrystallizationfrom ethanol, needles 
were obtained with mp 138.5-140 ° C, [c~]~ +2.5°(c  2.0; chloroform). 

Found, %: C 66.76, 66.85; H 6.68, 5.87. Calculated for C16H1605, %: C 66.64; H 8.89, 

Synthesis of xanthogallol ~, ~=.dirnethy!acrylate. A mixture of 0.95 g of 5, 5-dimethylacrylyl  chloride and 2.04 g 
of xanthogallol in 20 ml  of dry benzene was heated for 27 hr, the course of the reaction being followed by TLC. On 
cooling, ~he mixture deposited crystals of unchanged xanthogallol which were filtered off (0.6 g). The filtrate was 

evaporated in vacuum. The resinous residue (2.2 g) was chromatographed on a column of alumina (100 g, activity 
II). Eluticn with a mixture of n-hexane and chloroform (4 : 1) gave a vitreous mass (0.92 g) having on a chromato- 
gram (TLC, system 2) a Rf value corresponding to buchtormin (0.75), [c~]~ + 71.8 ~ (c 4.11; chloroform). 

Found, %: C 69.46, 69.73; H 6.16, 6.19. Calculated for C19H2005, %: C 69.46; H 6.14. 

Conclusions 

From the roots of Libanotis buchtormensis (Fisch.) D.C. have been isolated the furocoumarins bergapten, iso- 
imperatorin, a pyranocoumarin, xanthogallol, and a new coumarin buchtormin C19H200 s, for which the structure 
(+)-3'  -(5, B-dimethylacryloxy)-2 ' ,  2' -d imethyl-8 ', 4 ' -d  ihydropyrano-5',  6 ': 8, 7-coum arin has bee n proposed and con-  
firmed by synthesis. 
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