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We have previously [1] reported that the sesquiterpene lactone badkhysin C~0H240~, mp 139 °-140" C, is easily 
isolated from a cooled ethereal  extract  of the resin of the roots of Ferula oopoda Boiss. 

In addition to badkhysin, the resin contains several other lactones of which, by chromatography on alumina ( a c -  
t iv i ty  grades III and IV), we have isolated an opt ica l ly  act ive substance with the composition C20H~405, mp 104 °-105" C, 
which we have cal led badkhysinin.  

From the data of the IR spectrum.(figure),  badkhysinin contains a lactone group (band at 1765 cm-1), an ester 
g roup(max imum at 1708 cm-1), and double bonds (bands at 1668, 1640, 919, 892, and 818 cm-1).  The IR spectrum has 
one maximum at k 214 m~ ( log  s 3.68),  which is character is t ic  for an a ,  t~-unsaturated lactone.  

From a study of the IR and UV spectra of badkhysinin we assumed that the fifth oxygen atom which it contains is 
in the form of an oxide.  This was honfirmed by the subsequent chemica l  study of the substance. 

The nature of the ester group in badkhysinin was elucidated by its saponificat ion.  This gave angel ic  acid and a 
crysta l l ine  product C15H18.~004 with mp 185"-186 ° C. 

In the first stage of the investigation, we assumed that badkhysinin had a 10-membered  ring, since the dehydra-  
t ion of badkhysinin i tself  or its saponification product with mp 185°-186 ° C gave no aromatic  or aznlenic  substances, 
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IR spectrum of badkhysinin. 

However, further experiments showed that a b icyc l ic  hydroazulene system was more probable for this substance hydro-  
genated under various conditions. By chromatography on alumina of the oil obtained from the products of the exhaustive 
hydrogenation of badkhysinin in the presence of plat inum oxide in ethanol,  we obtained liquid substances and a c rys ta l -  
l ine compound C~0Hs0Os with mp 201 ° -202 ° C. Three moles of hydrogen was consumed in the hydrogenation,  which 
corresponds formal ly  to three hydrogenatable  double bonds. From the results of the IR spectrum, the substance of c o m -  
position C20H3005 has an OH group (strong band at 3450 c m - l ) ,  an a ,IS-unsaturated lactone group (1748 c m ' l ) ,  an ester 
group (1727 cm -1) and a double bond in the lac tone r ing(1681 c m - t )  .. The la t ter  band is not present in the IR spectrum 
of badkhysinin. In our opinion this is due to the fact that in the compound under consideration one double bond is that 
of a methyiene  group at tached to the lac tone ring; on hydrogenation this bond migrates  into the lactone ring and, thus, 
from being a pr imary- te r t ia ry  substituted bond becomes a tetra-subst i tuted bond. This phenomenon, which has been 
observed repeatedly ,  is character is t ic  not only for badkhysinin but also for some other lactones [ 2 - 5 ] .  

The presence of a hydroxyl group in the substance of composit ion C20Hs005 can be explained only by the rupture 
of an oxide ring, it  being important to nice  that the hydroxyl group that appears, which is undoubtedly secondary, is 
present in a f ive -membered  ring. This was established by the oxidation of the substance concerned with chromic anhy-  
dride in acetone.  This yie lded us a substance C20H2sO ~ with mp 124°-125 ° C, whose IR spectrum had max ima  at 1748 
cm -1 (combined  band, of increased intensity,  of a CO group of an unsaturated lac tone  and a CO group of a ketone with 
a f ive -membered  ring), 1733 cm -1 (CO group of an ester), and 1681 cm -~ ( te t ra-subst i tu ted double bond in a lac tone  
ring). This substance contained no OH group. The UV spectrum of the substance had max ima  at X 286 ( log  s 1.7) and 
224 mg ( log  e 4. 38), which confirms the presence of a ketone CO group. 
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Saponification of the liquid substances of badkhysinin hydrogenated in ethanol gave a crystal l ine compound 
ClsH240 4 with mp 202 ° -20a  ° C. A study of the lat ter  showed the position of the oxide ring in the molecule  of badkhy-  
sinin. T]he IR spectrum of this producthas  a broad band at 8500-8550 cm-1 (OH group) and a narrow band at 1755 cm -1 
(CO group of a lactone) .  Oxidation of the substance with chromic anhydride in acetone led to the formation of a sub- 
stance of composition C1~H~204 with mp 197 °-198 ° C, whose IR spectrum had max ima  at 8548 em -1 (OH group), 
1765 c m ' l  (CO group of a lactone) ,  and 1718 em -i  (CO group of a ketone with a seven-membered  r ing) .  The UV spec-  
trum had a maximum at k 296 m~ ( log s 1.33) which is character is t ic  for a nonconjugated ketone.  These results show 
that the OH group that is es tedf ied  with angelic acid in badkhysinin is in the seven-membered  ring, and the second h y -  
droxyl, which is apparently ter t iary ( i t  is not oxidized by CrOs), is at the junction of the f ive-  and seven-membered  
rings or in a methyl  group of the f ive -membered  ring ( i f  the arrangement of substituents in badkhysinin is s imilar  to their  
arrangement in chamazulene  or guaiazulene) .  Thus, the oxide ring on the f ive -membered  ring could be at C I - C  2 or 
C3-Ci0.  The assumption of a b icyc l ic  hydroazulene structure for badkhysinin is confirmed by the results of dehydro-  
genation with selenium of some products formed from badkhysinin after its hydrogenation and saponification, and also by 
reduction with LiA1H 4. At the end of this series of conversions, we obtained chamazulene ,  which enables the positions 
of the substituents on the laetone ring to be deduced.  

The hydrogenation of badkhysinin with PdCI~/C in ethyl ace ta te  leads to the formation of a saturated compound 
with retention of the oxide ring. The product is a substance with the composition ClsH:~O 4, mp 204°-205 . C, whose IR 
spectrum has bands at 8550 cm -1 (OH group) and 1765 cm - i  (CO group of a lactone);  there are no maxima  charac ter i s -  
t ic  for double bonds. Oxidation of the preceding compound with chromic anhydride in acetone gave a crystal l ine 
product ClsH2004, with mp 179"-180" C. The IR spectrum of this substance exhibits bands at 1770 and 1714 c m - i  
character is t ic  for the CO group of a lactone and the CO group of a seven-membered  ring, respect ively;  there is no OH 
group. The UV spectrum [maximum a08 m~ ( log s 1 .68 ) ]  confirms that the substance contains a nonconjugated CO 
group. 

The lactone ring in badkhysinin is at tached to the seven-membered  ring possibly in the C6-C7 or the CT-Cs 
posidon~ since an isopropyl group, which can be present only at C7, part icipates in the formation of the lactone.  This 
is shown by the fact that we obtained chamazulene .  

The position of the oxide ring at C3-C10 is preferred in view of the fact that the NMR spectrum of badkhysinin 
has one ringlet  corresponding to 9.02 ppm, which may be interpreted as a CH s group located at a junction of the 5-  and 
7-membered  rings at C 9 [6]. Thus, the position of the oxide oxygen is determined also by the fact that it is a t tached to 
secondazy and ter t iary  carbon atoms, because derivatives with secondary and ter t iary  hydroxyl groups were obtained.  

In view of  the observation of the singlet mentioned,  the question of the nature and arrangement of al l  the double 
bonds in the molecule  of badkhysinin can be decided.  As was shown previously, one double bond in badkhysinin is in 
the angelyl  group and the second, a pr imary- te r t ia ry  double bond, is in the lactone ring. The third double bond, which 
is also p r i m a r y - t e r t i a r y ,  is apparently in the C 4 position of the seven-membered  ring, since otherwise the NMR spec-  
trum of badkhysinin would exhibit ,  besides the singlet,  the doublet character is t ic  for CH2--CH. In an endeavour to show 
the position of the two p r i m a r y - t e r t i a r y  double bonds in badkhysinin or the product of its saponification by hydrogen-  
ation, we used the method of hydrogenation with deact iva ted  Raney n ickel .  

The hydrogenation of one double bond of badkhysinin gave a viscous liquid and a crystal l ine substance with the 
composition C20H~4 O5 having mp 182 ° -183 ° C, which proved to be isobadkhysinin, differing from badkhysinin by the 
position of one double bond. The lat ter ,  at the CH 2 group of the lactone ring of badkhysinin, passes into the  lactone 
ring. The presence of a terminal  methylene group in isobadkhysinin is confirmed by the maxima  at 1648 and 893 cm-1;  
this showed the presence of two methylene double bonds in badkhysinin. 

T~e liquid component was hydrogenated in the presence of a plat inum oxide and was then saponified.  This gave 
a small  amount of a substance CIsH~zO 4 with mp 173°-175 ° C, whose IR spectrum had the bands of a hydroxyl (3500, 
3400 c m ' l ) ,  a lactone r ing(1740,  1728 cm-1), and a tetra-subst i tnted double bond in a lactone ring (1680 c m ' l ) .  The 
substance did not absorb in the UV region.  The same substance is readi ly  obtained by hydrogenating the saponification 
product of badkhysinin (rap 185°-186 ° C) with deact iva ted  Raney n ickel .  The process of formation of this substance is 
complex~, In addition to the migrat ion of one methylene  double bond into the lactone ring and the hydrogenation of a 
second double bond, this substance contains a new hydroxyl group which is formed as a consequence of the opening of 
the oxide ring and is possibly ter t iary .  This was shown by oxidation of the substance obtained with chromic anhydride 
in aceto~e.  The oxidation gave a product probably having the composition C15H2004 with mp 162°-164 ° C, whose  
propertie~;, from the features of the UV spectrum [Xma x at 334( log  ~ 1.7)  and 242 m~ ( log  ~ 8.8)  ] and the IR spec -  

trum (bands at 3430, 1750, 1738, 1678, and 1610 cm "1) show that the product is a hydroxyketolactone with a ter t iary  
OH group (not oxidized by CrOs) and a conjugated CO group in the seven-membered  ring. The formation of a keto 
group corijugated with a double bond of the lactone ring makes it possible to establish the position of the OH group 
esterified with angel ic  acid in badkhysinin as at C 6 or C8. 
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Thus, possible formulas for badkhysinin are (I) ,  (II) ,  (III) ,  and (IV), of which (I) and (II)  are the most probable .  

I::O-g =CH -I::H 3 

\\0 C-On 3 
I l l  ~,. 

gH~ 

OCO-C =CH-CH a 0 0 

CHCHs I I I  IV IH 3 

Experimental 

Preparation of badkhysinin.  After the isolation of badkhysin, the resin (10 g) was dissolved in a mixture of benzene 
and petroleum e t h e r ( l : 1 )  and was then chromatographed on a lumina (865 g, ac t iv i ty  grade I I I - IV)  in a column 100 cm 
high. The substances were eluted from the column with petroleum ether,  petroleum ether + benzene (1 : 1), benzene,  
benzene + ether (1 : 1), and ether.  Fractions of 25-50  ml were co l lec ted .  Fractions 10-35  were viscous liquids which 
par t ia l ly  crystal l ized from solution in a mixture of ether and petroleum ether.  This gave 2 g of badkhysinin with mp 
104°-105 ° C (from a mixture of ether and petroleum ether and then from aqueous ethanol) ,  [ a ]  D - 2 1 2 . 4 "  C (c  2.6;  
a lcohol) .  UV spectrum: Xrnax 214 m~ (log g 3 .  628); IR spectrum (IK8-14, in paraffin oi l) :  1765, 1708, 1668, 1640, 919, 
892, 818 cm -I .  No OH group or ketonic CO groups were present. 

Found, %: C 69.59, 69.48; H 7.18, 7 .16.  Calcula ted  for C~0Hz4Os, % : C  69.75; H 7.02.  

Saponif icat ion of badkhysinin. A solution of 0.8 g of badkhysinin in 10 ml of methanol  was heated With 10 ml of 
12% caustic potash for 20-80  min, diluted with water,  ac idi f ied ,  and extracted with ether.  The ethereal  layer  was 
shaken wkh 1 -2% sodium carbonate solution, dried with sodium sulfate, and concentrated.  Crystals were deposited in 
a yield of 20% with m p 1 8 5 ° - 1 8 6  ° C .  IR spectrum: 8500, 1757, 1665, 1650, 916, 895, 809, 808 cm -1 

Found, %: C 68.18, 68.88; H 7.28,  7 .12.  Calcula ted  for C15Ht804, %: C 68.64; H 6.86. 

The sodium carbonate solution was acidif ied and extracted with ether.  The ethereal  layer was dried with sodium 
sulfate and the ether was dist i l led off. The residue consisted of an oil which crystal l ized,  mp 44°-48 ° C (from aqueous 
alcohol  or by sublimation).  In admixture  with angel ic  acid,  the substance gave no depression of the mel t ing  point.  

Hydrogenation of badkhysinin with PrO 2. A solution of 1.5 g of badkhysinin in 80 ml of ethanol was hydrogenated 
with PtO~ (0 .2  g). The hydrogenation consumed 290 ml of hydrogen (about  8 moles).  The mixture was fi l tered,  and the 
alcohol was dist i l led off. The resulting viscous oil  was chromatographed on a column of a lumina (ac t iv i ty  grade II, 
height of column 50 cm),  and was eluted with a mixture of petroleum ether and e t h e r ( 1 : 1 )  and in a rat io of 1 : 8, 50- 
m1 fractions being co l lec ted .  Besides liquid substances, a crystal l ine substance was obtained.  This was recrys ta l l ized 
from ether, mp 201"-202 ° C, i n ]  D + 19.29" C (c  1.8;  chloroform); IR spectrum: 8450, 1748, 1727, 1681 cm a .  

Found, %: C 68.39,  68.56; H 8.69,  8 .68.  Calcula ted  for Cz0Hs0Os, %: C 68.57; H 8.57.  

The liquid substances were saponified with 2 .5  g of caustic potash in 20 ml of methanol  for 15 min on a water 
bath.  After 20 hr, the mixture was acidif ied and extracted with chloroform, and the solvent was dist i l led off. The res i -  
due was dissolved in chloroform and was chromatographed through a 5 -cm layer of a l u m i n a ( i n a c t i v e ) .  From a mixture 
of ether and petroleum ether, crystals were deposited with mp 202 ° -208 ° C ( f rom ether).  IR spectrum: 8500-8550 

(broad band) and 1755 cm "a. The mother liquor contained a noncrystal l iz ing oi l .  

Found ,%:  C 87.02,  67.09; H 9.13,  8 .99.  Calcula ted  for C15H2404, %: C 67.16; H 8.96.  

Oxidation of the substance with mp 201 ° -202 ° C. A solution of 0.3 g of the substance in 5 ml  of acetone was 
mixed with a solution of 0.5 g of chromic anhydride in 2.5 ml of 80% acetone.  After 30 rain, the mixture was diluted 
with water and extracted with chloroform, then the chloroform extract  was washed with water.  Evaporation of the 
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chloroform yielded a viscous oil which crystal l ized from a mixture of ether and petroleum ether on cooling,  mp 124 ° -  
125 ° C. UV spectrum: kma x 224( log  ~ 4.38) and 286 m ~ ( l o g  ~ 1.7);  IR spectrum: 1748, 1733, and 1681 cm "t. No OH 

group was present. 

Found, %0: C 69.10, 68.90; H 8.06, 8.03.  Calcula ted for C20H2805, %: C 68.94; H 8.10.  

Oxidation of the substance with mp 202 °-203 ° C. 0, 4 g of chromic anhydride in 0.5 ml of water and 3 ml of 
acetone was added dropwise to a solution of 0.1 g of the substance in 5 ml of acetone.  After 4 hr, the mixture was 
diluted with water and was evaporated under vacuum without heat ing;  the residue was extracted with chloroform and 
washed with water,  and the extract  was evaporated to small  bulk and fi l tered through a 5-cm layer of a lumina ( inac t ive ) .  
The chloroform was dist i l led off and the residue was dissolved in a mixture of ether and petroleum ether.  On cooling, 
a crystal l ine substance with mp 197°-198 ° C was deposited.  UV Spectrum: krnax 296 mg ( log  ~ 1.334); IR spectrum: 

3548, ]765, 1718 cm "1. 

FDund, %0: C 68.08, 68.00; H 8.42,  8.32.  Calcula ted for C15H2204,%: C 67.64; H 8.33.  

~ydro~enation of badkhysinin with PdClz/C ,. A solution of 0.7 g of badkhysinin in 15 ml  of ethyl ace ta te  was h y -  
drogenaxed with 0.5 g of PdCl~ on carbon(50% ). The amount of hydrogen added was 157 ml .  The mixture was f i l tered,  
the solvent was dist i l led off, and the residue, a yellow oil ,  was chromatographed as described above.  This gave a smal l  
amount of a substance with mp 201°-202 ° C, ident ica l  with that obtained previously. The residue, a viscous oil  ( 0 . 3  g), 
was saponified with 0.7 g of caustic potash in 15 ml of 65% methanol for 10 min on a water bath.  After 20 hr, the solu-  
t ion waa acidif ied and was extracted with chloroform. The residue from the dis t i l la t ion of the chloroform was dissolved 
in ethe~ and the solution was f i l tered through a 5 -cm layer  of a lumina ( inac t i ve ) .  A substance with mp 2040-205 * C 
(from e~:her) crystal l ized from a mixture of ether and petroleum ether.  IR spectrum: 3580, 1768, 888 cm "t. 

Found, %: C 67.55, 67.57; H 8.18,  8.27. Calcula ted for C15H9204,%: C 67.67; H 8.27.  

Oxidation of the substance with mp 204 °-205 ° C. A solution of 0.3 g of chromic anhydride in 2 - 3  drops of water 
and 2 ml of acetone was added to a solution of 0.1 g of the substance in 5 ml of acetone.  After 24 hr, the mixture was 
diluted with water, the acetone was evaporated off under vacuum, the solution was extracted with chloroform, and the 
extract  was washed with water.  The solvent was dist i l led off. The residue in chloroform solution was f i l tered through a 
8 -cm layer  of inact ive a lumina.  The residue after the removal  of the chloroform was crys ta l l ized  from a mixture of 
ether a~d petroleum ether, mp 179°-180 * C. UV spectrum: kma x 308 mg (log s 1.68).  IR spectrum: 1770 and 1714 
cm-l. No OH group. 

~ d r o ~ e n a t i o n  of badkhysini n with deact iva ted  Raney n ickel .  1 g of badkhysinin was dissolved in 10 ml of a l -  
cohol and hydrogenated with presence of 0 .2  g of freshly-prepared deact iva ted  Raney nickel .  Hydrogenation ceased 
after the addition of 1 mole  of hydrogen (72 ml) .  The f i l tered solution was evaporated,  a few drops of water was added, 
and the solution was cooled.  The precipi ta te  was recrystal l ized from alcohol .  Yield 20%, mp 182°-183 ° C. IR spec -  
trum: 1754, 1710, 1690, 1648, 890 cm "1. No OH or ketonic CO groups were found. 

Found, %: ~" 69.31, 69 .58 ;H  7.29,  7 .30.  Calcula ted for C90H2405,%:C 6 9 . 7 5 ; H  7.02.  

The liquid substances in a lcohol ic  solution were hydrogenated with in the presence of PtO~, and were saponified 
and acidif ied in the usual way. A substance with mp 173"-175 ° C (from ether) crystal l ized from a mixture of ether and 
petroleum ether.  The substance did not absorb in the UV region (224-400  rap) ,  The IR spectrum exhibited bands at 
3500, 3400, 1740, 1728, and 1680 c m - 1  

Fcund, °fo: 67.95, 67.86; H 8.11,  8.32. Calcula ted  for CI~H~904 , %: C 67.95; H 8.33.  

The substance with mp 173°-175 ° C is also formed by the hydrogenation with Raney nickel  of the saponification 
product of badkhys in in(mp 185°-186 ° C). 

Oxidation of the substance with mp 173 ~-178 ° C. A solution of 0.3 g of CrO s in 8 drops of water and 2 ml of 
acetone was added to a solution of 0.1 g of the substance in 2 ml of acetone.  After 5 min,  the mixture was diluted 
with water and extracted with chloroform. The chloroform layer  was washed with water and evaporated.  A substance 
with mp 162°-164 ° C crystal l ized from a mixture of ether and petroleum ether .  UV spectrum: kma x 334( log  ~ 1. 794) 
and 242 mg (log s 3.854),  and the IR spectrum had bands at 3480, 1750, 1738, 1678, and 1610 cm -1. 

Iselat ion of chamazulene .  A solution in 20 ml of dry ether of 0.1 g of a mixture of the substances with mp 
202 °-20~1 ° C and 204 °-205 ° C was t reated with 0.1 g of LiA1H 4 and heated on a water bath for 6 hr; then moist ether 
was added, followed by a saturated solution of sodium sulfate.  The resulting mixture was extracted with ether, and the 
extract  was dried over sodium sulfate and f i l tered,  and the solvent was dist i l led off. The residue, a viscous oil ,  was 
dehydrogenated with 0.1 g of selenium at 280 °-300 ° C for 10 min,  was shaken with petroleum ether, and the solution 
was f i l teied through a 10-cm layer of a lumina (ac t iv i ty  grade II). The blue liquid was evaporated.  On chromatography 
in petroleum ether solution on alumina ( ac t iv i ty  grade II), the substance obtained had a Ry value (0 .75)  ident ica l  with 
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the Rf value of authentic chamazulene .  

The analyses were carried out by E. A. Sokolova. The IR spectra were taken by T. V. Bukreeva; the NMR spec-  
trum of badkhysinin was measured in the Lensovet Technological  Insti tute,  

Summary 

A sesquiterpene lactone with the composit ion Cz0HzaO 5, mp 104"-105 ° C, [¢z] D - 2 1 2 . 4 "  C (a lcohol)  has been 
isolated from the roots of  Ferula ool~oda Boiss. and has been cal led badkhysinin. Badkhysinin is an ester of angel ic  
acid and an epoxyhydroxylactone C15H1804 with mp 185°-186 ° C apparently related to guaianolide with a hydrocarbon 
skeleton of irregular structure. A number of possible structural formulas for badkhysinin are given.  
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