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Libanotis transcaucasica Schischk. (Transcaucasian Libanotis), family Umbell i ferae,  grows in the wild state pr i -  
mar i ly  in the Caucasus [1] but is re la t ive ly  easily cul t ivated under the conditions of Leningrad province, in the Ukraine 
(Khar'kov province),  and in other regions of the Soviet Union [2-4]. 

The fruit of this plant  contains about 4% of essential oil ,  including geraniol  (in the form of esters), phellandrene 
(C10H16), a sesquiterpene (ClsH24), and other substances [5-9]. 

We have invest igated the chemical  composition of the fruit of the Transcaucasian Libanotis gathered in an exper i -  
menta l  field of the Khar 'kov Chemical  and Pharmaceut ical  Research institute, and have found not less than five sub- 
stances which are derivatives of benzo-c~-pyrone. The total  amount of coumarins in the fruit of Transcaucasian Libano- 

tis,  according to our results, is 0.88% [10]. 

The presen~ paper gives results of the isolation and chemica l  study of a new furocoumarin, which has been named 
libanotin. Libanotin - C21Hz207, [c~]~ + 75 ° (c 1; chloroform), mp 160-161 ° (from ethanol) - forms fine need le - l ike  
crystals readi ly  soluble in chloroform, dichloroethane,  and methylene  chloride, less soluble in ethyl  and methyl  a l co -  

hols, and prac t ica l ly  insoluble in petroleum ether and water. 

The IR spectrum of l ibanotin has absorption bands at 1785, 1623, 1580, 1489, and 888 cm -I  and the UV spectrum 
has absorption max ima  at 888, 260, and 245 m~ (log e 4. 0~ 8.45; and 8.52, respectively),  which are character is t ic  
for furocoumarin derivatives. 

Libanotin is readi ly  hydrolyzed by a lcohol ic  solutions of alkalis  and acids. The hydrolysis of l ibanotin with 8% 
methanol ic  caustic soda forms five benzo-c~-pyrone derivatives, three of which are present in considerable amounts and 
the others as traces; in addition, two acids have been detected.  

Chromatography of the products of alkat ine hydrolysis on a lumina has given three substances in the pure state: the 
first CnH603 (rap 139-140°); the second C14H1003 (rap 187-189°); and the third C15H140 4 (rap i20-122°). From their 
physicochemical  properties (melt ing points, empir ica l  formulae UV spectra) and also by paper chromatography with 
reference samples, the substances isolated have been identif ied,  respectively,  as angelicin,  oroselone, and the methyl  
ether of oroselol (see figure). 
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UV spectra of l ibanotin and its derivatives: 1) libanotirg 2) ange l i -  
cin; 3) methyl  ether of oroselol; 4) oroselol; 5) oroselone; 6) sub- 

stance with rnp 204-206 =. 
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The alkal ine hydrolysis of l ibanotin was expected to give rise to a compound with an a lcohol ic  group, in this 
case oroselol. However, several  compounds, including the methyl ether of oroselol, were found simultaneously among 
the hydrolysis products. It appears that during the hydrolysis of the esters with a lcohol ic  solutions of caustic alkalis  sub- 
stituent interchange takes p lace  in the derivatives of coumarin with angel ic in  and seselin nuclei  (athamantin,  edultin, 

peucenidin,  visnadin, etc. ), under which conditions alkoxy (methoxy or ethoxy) groups are added in place  of the acid 
residues split off [11-15]. 

Oroselol C14H1204 (IV), mp 154-156 °, was isolated by treating l ibanotin with a 2% solution of potassium bicarbo-  
nate in 50% ethanol at room temperature,  while the saponification of l ibanotin with 0. 4% methanol ic  caustic soda gave 
not only croselol but also its methyl  ether. 

Under a l l  the conditions ment ioned above, the acidif ied hydrolyzates were found by paper chromatography to con-  
tain, in addit ion to the benzo -a -py rone  derivative mentioned,  two organic acids which were ident if ied as ace t ic  and 2- 
methy l -c i s -c ro ton ic  (angelic) acids. 

The conversion of l ibanotin takes p lace  in accordance with the following scheme: 
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A sl:udy of the products of a lkal ine hydrolysis and their ident i f icat ion showed that l ibanotin is very similar  to a tha -  
mant in  [14], peucenidin [15], and edult in [131 
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Moreover, l ibanotin has exact ly  the same substituents as edultin,  but differs from it, and also from peucenidin,  in that  
saponif icat ion with 0. 4% methanol ic  caustic potash does not give oroselol aceta te .  Nevertheless, the formation of oros- 
elol  and its methyl  ether confirms that one of the acid residues in the l ibanotin molecule  is a t tached to the ter t iary car -  
bon atom of the isopropyl group. 
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The investigation showed that there is no ace ty l  at the tert iary carbon atom, and therefore it may  be assumed 
tha~ the angel ic  acid  residue is a t tached at this position and the most probable point of a t tachment  of the acetyl  group 
is the secondary carbon atom of the furan ring (position 9). In this case, the hydrolysis of l ibanotin with 0.4°70 me tha -  
nolic caustic soda would be expected to form l ibanotin angelate; however, this could not be obtained. When the hydrol-  
ysis was careful ly  followed by paper chromatography with samples taken every 5 rain for several hours no angelate  could 
be detected,  although a l l  the compounds character ized above were found. 

On considering the mechanism of the alkal ine hydrolysis of compounds of the eduttin or peucenidin type, which 
have different substituents, it  can be seen that in i t ia l ly  the secondary ester group is saponified and a monoester is formed 
(in both cases oroselol acetate) ,  after which saponification of the tert iary ester group takes place  with the formation of 
oroselol or, with substi~uent interchange, the methyl  ether of oroselol. In view of  the fact that the more voluminous sub- 
sti tuent is present on the ter t iary carbon atom and the ace t ic  acid residue on the secondary carbon atom (on the basis of 
the assumptions expressed on the order of addit ion of substituents in the l ibanotin molecule) ,  the veloci t ies  of the hy-  
drolysis of these residues probably approach one another and therefore the two residues that are found in the hydrolyzate 

are split off almost simultaneously. 

The acid hydrolysis of l ibanotin,  l ike that of athamantin,  edultin, and peucenidin,  gives a substance with mp 

204-206* (from ethanol) of undetermined structure. 

Experimental  

Isolation of libanotin. Eight kilograms of comminuted fruits of Transcaucasian Libanotis were extracted with 50 
liters of 96070 alcohol. The extract  was evaporated in vacuum until the solvent had been comple te ly  e l iminated  and was 
then t reated in the hot state with 2. 5 liters of petroleum ether. The petroleum ether extracts were cooled,  fi l tered, 
evaporated to 1 liter, and chromatographed on alumina of ac t iv i ty  grade III (height of the column of adsorbent 75 cm, 

diameter  7 cm). 

The column was developed first with petroleum ether until the fatty and essential oils and also some colored im-  
purities had been eluted complete ly ,  and then with a mixture of petroleum ether and chloroform in a ratio of 19: 1. The 
eluates containing the l ibanotin were evaporated in vacuum until the solvent had been removed completely ,  and the 
residue was dissolved in a small  amount of ethanol with heat ing and left  in the refrigerator for crystal l izat ion.  The crys- 
tals which separated out were f i l tered off and recrysta l l ized from ethanol. This gave 4 g of l ibanotin,  mp 160-161", 
[ a ] ~  + 75 (c 1; chloroform); R F 0. 45 (in the petroleum e ther - formamide  system). 

Found: G 65.87; H 5. 80%; molecular  weight 881, 874 (Rust). Calcula ted  for CzlH~OT: C 65.27; H 5.74070; 

molecular  weight 886. 

Hydrolysis of libanotin. With heat ing,  2 g of l ibanotin was dissolved in 50 ml of 8% methanol ic  caustic soda, and 
the mixture was boiled under reflux for 30 rain. It was then diluted with 50 ml  of water and the methanol  was dist i l led 
off in vacuum. The cooled aqueous solution was acidif ied with sulfuric acid to pH 5 and was treated with six 50-ml  
portions of ether. The combined ethereal  extracts were washed with 507o aqueous sodium bicarbonate,  dried with anhy-  

drous sodium sulfate, and evaporated,  to give 0.7 g of dry residue (fraction A). 

The sodium bicarbonate extracts were acidif ied with sulfuric acid and treated with three 20-ml  portions of diethyl  
ether. The ethereal  extracts were washed with 15 ml of water, dried with anhydrous sodium sulfate, and evaporated to 

give an oi ly residue with a sharp ac id ic  odor (fraction B). 

Fract ion B. The chromatography of fraction B in the bu tanol -ammonia  (19: 1)system showed the presence of two 
acids: ace t ic  (Rf 0. 1) and angel ic  (Rf 0.48). In a retort,  0 .2  g of fraction B was sublimed in a vacuum of  0 .1  mm at 
100" in the water bath. The crystals formed mel ted  at  48-48. 5" and gave no depression of the mel t ing  point with an 

authentic  sample of angel ic  acid. 

Fraction A. The mixture of substances of fraction A was separated by means of part i t ion chromatography on 
alumina.  For this purpose, 50 g of a lumina was mixed with 80 ml  of a 5% solution of formamide  in acetone and, with 
per iodic  stirring, was dried at 60* for several  hours. The prepared adsorbent was used to make a column on which the 
mixture of substances of fraction A was chromatographed. The column was washed with a mixture of benzene and petro- 

leum ether (1: 2) saturated with formamide.  Ten -mi l l i l i t e r  fractions were col lected.  

The first 12 fractions (beginning from the t ime of appearance of coumarin derivatives in the eluate)  gave orose- 

lone, fractions 18-80 gave the methyl  ether of 0roselol, and fractions 40-64 gave angelicira 

Oroselol - white need le - l ike  crystals, mp 187-189" (from methanol).  

Found: C 73.74~ H 4. 19%; molecular  weight 221 (Rast). Galcula ted  for G14H10Os: C 74, 07; H 4. 4207o; molecular  

weight 226. 

Methyl ether of oroselol - white silky needles, mp 119-120" (from methanol).  
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Found: C 69.66; H 5.51%; molecular weight 253 (Past). Calculated for C15H1404; C 69.75; H 5.42%; molecu-  

lar weight 258. 

Angelicin - white lnstrous plates, mp 188-140" (from methanol). 

Found: C 70.90; H 3.30%; molecular weight 182 (past). Calculated for CnH6Os: C 70.96; H 3, 28%; molecular 

weight 186. 

Production of oroselol, A solution of 2 g of l ibanotin in 250 ml of ethyl alcohol was treated with 280 ml of 4@ 

potassium bicarbonate solution and left at room temperature. The course of the hydrolysis was followed by paper chro- 
matography; it was found that the l ibanotin was completely hydrolyzed after 8. 5 days. 

After the completion of this process, the reaction mixture was acidified with sulfuric acid, evaporated to half its 

ini t ial  volume, cooled, and treated with diethyl ether. The ethereal extracts were washed with sodium bicarbonate solu- 
tion, dried with sodium sulfate, and crystallized from ethanol. The substance obtained melted at 154-185" and gave no 
depression of the melt ing point with an authentic sample of oroselol. Rf 0. 65 (in 25% methanol). 

Found: C 68.98; H 5.05% Calculated for C14H1204: C 68. 85; H 4. 92. 

The IR spectrum had an absorption band at 8461 cm-* (OH group), The UV spectrum had maxima at 250 mg (log 
4. 85) and 800 mg (log ~ 4. 05). 

Hydrolysis of libanotin. A solution of 1. 5 g of the substance in 100 ml of 0.4% methanolic  caustic soda was heated 
under reflux at 40-50* for 5 hr. The reaction mixture was acidified with sulfuric acid and diluted with 100 ml  of water, 
and the methanol was distilled off in vacuum. The residue was treated with diethyl ether, and the extracts were washed 
with sodium bicarbonate solution, dried with sodium sulfate and evaporated. The dry residue obtained was chromato- 
graphed on alumina,  giving two substances with rep's 158-155" and 120-121", which were identified, respectively, as 
oroselol and its methyl ether. 

Decomposition of l ibanotin with g l ac i a l ace t i c  acid. A solution of 0.5 g of l ibanotin in 5 ml of glacial  acetic 
acid was created with stirring wkh five drops of concentrated sulfuric acid. The reaction mixture was left at room tem-  

perature fix 18-20 hr. The crystals which precipitated were filtered off and recrystallized from a mixture of ethanol 
and chloroform (1: 2). The substance obtained melted at 204-206*. The UV spectrum had maxima at 255 mg (log 
4. 02) and 295 mg (log ~ 3.97). The IR spectrum contained absorption bands at 17a0, 1621, 1580, 1558, and 1445 cm -1. 

Summary 

A new furocoumarin of composition C21HzzO ~ has been isolated from the fruit of Libanotis transcaucasica Schischk. 
It has been established that l ibanotin is a derivative of 8-isopropyloxy-8, 9-dihydroangelicira The side groups of l iban-  
otin - acetic and 2-methyl-cis-crotonic  acids - are attached to the main part of the molecule by ester bonds. 

REFERENC ES 

1. 

2. 
298, 1958. 

3. I. 

4. E, 
5. G. 

Moscow and 
6. G. 

1959. 
7. G. 

8. G, 
216, 196C. 

9. A. 
10. A. 
11. E. 
12. F. 
13. H. 
14. O. 

15. A. 

81 December 

Flora of the U. S. S.R. [in Russian], vol. 16, 471-475. 

I. F. Satsyperova, Introduction of Plants and Greenhouse Construction [in Russian], Moscow and Leningrad, 

F. Satsyperova, Trudy Botanicheskogo in- ta  AN SSSR, set. 6, no. 6, Moscow and Leningrad, 298, 1958. 
V. Tyurina, Trudy Botanicheskogo in- ta  AN SSSR, ser. 6, no. 7, Moscow and Leningrad, 99, 1959. 
V. Pigulevskii, In: Present State and Prospects of the Study of Plant Resources of the U. S, S.R. [ inRnssianl  

Leningrad, 28, 1958. 

V. Pigulevskii and M. V. Nazarenko, Nauchnye doklady vysshei shkoly biologicheskikh nauk, no. 1, 142, 

V. Pigulevskii and A. V. Borovkov, ZhOKh, 32, 3106, 1962. 

V. Vorob'eva, Collect ion of Scientific Papers on Fatty Oil and Essential Oil Crops [in Russian], Moscow, 

N. Lutkov, Trudy Botanicheskogo in- ta  AN SSSR, ser. 5, no. 6, Moscow and Leningrad, 226, 1960. 
P. Prokopenko and A. A. Tarasenko, Farm. zh.,  no. 6, 18, 1962. 

Smith, N. Hosansky, W. G. Bywater, and E. E. Temelen,  J. Am. Chem. Soc., 79, 3534, 1957. 
G. Badran, Samid Farid, and N. A. Starkowsky, J. Chem. Soc., 4522, 1963. 
Mitsuhashi and T. Itoh, Chem. Pharm. Bul., 10, 514, 1962. 
Halpern, P. Wasser, and H. Schmid, Helv. Chim. Acta, 98, 758, 1957. 
P. Prokopenko, ZhOKh, 84, 4111, 1964. 

1964 Khar'kov Chemical-Pharmaceut ica l  Scientific Research Institute 

168 


