
S U M M A R Y  

It has been established that the oil of the ripe seeds of the cotton plant of var ie ty  108-F contains 9,10- 
epoxyoctadee-c is -12-enoic  (I) and 12,13-epoxyoctadee-c is -9-enoic  (II) acids. In addition, 9-hydroxyoetadeca-  
e i s , t rans- t0 ,12-d ienoic  (rrr) and 13-hydroxyoetadeca-c is , t rans-9 ,11-dienoic  (IV) acids, found previously in 
other oils, have been detected. 
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Ferula  tadshikorum M. Pimem. - a  species separated [1] f rom the close species F. f o e t i d i s s i m a -  is 
one of the species of the genus Feru la  L. that is widely distributed in Central Asia. Feru la  tadshikorum is 
endemic to southern Tadzhikistan, southern Uzbekistan. and eas tern  Turkmenia. A qualitative compar ison of 
extracts  of the two species (TLC on Silufol) has shown [2] that they differ in chemical  composition. 

F rom an acetone extract  of the fruit  of F. tadshikorum we have isolated two new coumarin derivatives - 
C24H3004, nap 68-70°C, Rf 0.35 (I), and C26H3206, liquid, Rf 0.25 (II), which we have called, respectively,  tad-  
zhiferin and tadzhikorin. Both compounds are  unbelliferone derivatives (character is t ic  UV spectra).  

The IR spec t rum of (I) (Fig. la) has two bands in the region of OH stretching vibrations - a narrow band 
at 3520 em -1 and a broad band at 3300 cm -1, and at the same time the carbonyl  band is split into two compo-  
nents - 1730 and 1707 cm -1. The spectrum of a solution of (1) in dioxane has only one hydroxy band (3500em -1) 
and one carbonyl band (1746 cm-1). Thus, the splitting of the bands in the IR spectrum taken in paraffin oil 
a r i ses  through the formation of a hydrogen bond between the OH and C = O groups in the crysta l l ine  state; in 
dioxane solution there is no such bond, and there is no splitting of the bands. Consequently, tadzhiferin is an 
e ther  of umbelliferone and a sequesterpene alcohol the residue of which contains a f ree hydroxyl. 

The s t ruc ture  of the terpenoid residue is determined unambiguously from the NMR spectrum of (D (Fig. 
2a). In addition to the signals of a 7-monosubsti tuted coumarin  nucleus, the spect rum contains the signals of 
four methyl groups on double bonds, three methylene groups with double bonds in the ~ position, a , C H  2 - O - A r  
group, three vinyl protons,  the proton of a hydroxy group, and one proton geminal to the hydroxyl. The ass ign-  
ment of the la t ter  signal was confirmed by its downfield shift by 1.19 ppm on acetylation. It follows f rom the 
empir ical  formula  of the terpenoid res idue (C15H250-) and the presence  of three double bonds in it that it has 
a l inear  s t ructure .  The use of the double-resonance and INDOR methods enabled the positions of the individual 
s t ructural  elements in this chain to be determined unambiguously. The signals of all the methyl groups in the 
spect rum are broadened as the resul t  of allyl interaction with vinyl protons. Under conditions of double r e so -  
nance at an H 2 frequency corresponding success ively  to the resonance Of the vinyl protons,  a contract ion of the 
signals of the methyl groups and an increase  .in their  peak intensity was observed. At the same time, i r r ad ia -  
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IR s p e c t r a  of tadzhi fer in  (a) (mull in paraf f in  oil) and 
tadzhikorin (b) (film of the substance) .  

tion of the doublet at 5.15 ppm led to an i nc rea se  in the peak intensi ty of the signal of the two methyl  groups 
(1.66 ppm) which shows the p r e sence  of a (CH8)2C = C H - C H  grouping. It was  shown by the INDOR method 
that  the proton geminal  to the hydroxyl  in te rac t s ,  on the one hand, with the vinyl proton of the grouping men-  
tioned above and, on the other  hand, with the two protons  of a methylene group. In tadzhi fer in  aceta te  (HI), 
the l a t t e r  give two quar te t s  with J g e m  = 14.0 Hz and Jvic = 6.0 and 8.0 Hz. It  follows f rom these  fac ts  that 
t he re  is a double bond adjacent  to the methylene group and the re  is  no vinyl proton in the ~ posit ion. In this 
way, we may conclude that the molecule  of (D contains the following s t ruc tu ra l  f ragment :  

OH CH:~ 
I I 

(CH3)2C = C H - - C H - - C H a - - C = C H - - .  

F r o m  the INDOR s p e c t r a  on the components  of the doublet f r o m  the A r O - C H  2 group (4.58 ppm) it follows 
that  this group in te rac t s  with a vinyl pro ton  ( t r iplet  at 5.51 ppm) which, in its turn,  exhibits allyl  in te rac t ion  
with one of the methyl  groups  (1.81 ppm). This shows the p r e s e n c e  in (13 of another  s t ruc tu ra l  f r agmen t  
Ar - : -O--CH2--CH=C--  The two remain ing  methylene groups  can only join the two f r agmen t s ,  f rom which it 

I 
CHa 

follows that  tadzhi fer in  has the s t ruc tu re  of 7-  (9 ' - hydroxy-3  ',  7 ' ,  1 l ' - t r i m e t h y l d o d e c  a-2 ' ,  6 ' ,  10 ' - t r i e  nyloxy ) 
coumar in  (D. 

CH~ OR2 CH~ R l CH3 / / \ / %  
l I i I I I} I 

HaC-- C =CH--CH--CH2--  C =CH--CH.,--CH - - C = C H - - C H ~ - - O / % / \ O / %  O 
12' 11' 10' 9' 8' 7' 6' 5' 4' 3' 2' 1' 

I. R ' = R 2 = - H  
I1. R*=--OCOCHa; R2----H 

III. R I=- -H;  Ra=--CO--CHa 
IV. R ' = - - O H ;  R'~=--H 
V. R*==--OCOCHs; R2=--CO--CHa 

Tadzhikor in  (ID also contains a f r ee  hydroxy group (band at 3460 em - I  in the IR spec t rum;  Fig. 1, b); the 
NMR spec t rum of (11) (Fig. 2b) is s i m i l a r  to that  of tadzhffer in  (11) with the only di f ference  that in p lace  of the 
signal of one CH~ in (I) the spec t rum of (11) has  the s ignals  of a - C H - O C O C H  3 grouping (one-proton t r ip le t  at 
4.94 ppm,  Zg = 14 Hz, and t h r e e - p r o t o n  singlet  at 1.95 ppm).  The hydro lys i s  of (11) gave a diol (IV), and the 
acetyla t ion of (1/) led to an aceta te  (V). Analys is  of the NMR spec t r a  of (H), (IV), and (V) p e r f o r m e d  by double-  
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Fig. 2. NMR spect ra  of tadzhiferin (a) and tadzhikorin (b). 

resonance methods (collapse, INDOR) enabled the s t ruc tures  of these substances to be determined. The p r e s -  
ence of the fragments  A r - O - C H  2-CH = C(CH3)-and (CH3)2C = C H - C H ( O H ) - C H  2-C(CH3) = C H -  in (IV) was 
shown by the same method as for (I). In the spectrum of (IV) there is a one-proton tr iplet  at 3.92 ppm with 
EJ = 14 Hz (CH-OH), shifting in (V) to 4.94 ppm (CH-OCOCH3). The multiplicity of this signal shows that 
there is a methylene grouping adjacent to the - C H - O H -  group; there are  no other vicinal protons.  The only 
possible position for  the second hydroxy group in (IV) (aeetoxy group in (12)) is the 4 '  position, and tadzhikorin 

! Y Y V ! ~ T ! has the s t ructure  of 7-(4 -acetoxy-1 -hydroxy-3 ,7 ,11 - t r imethyldodeca-2 ,6 ,10 - t r ienyloxy)eoumarin (ID, and 
deaeetyltadzhikorin and acetyltadzhikorin are represented by s t ruc tu res ( IV)  and (V), respectively.  

Thus, the predominance in F. tadshikc~rum of tadzhikorin and tadzhiferin, in cont ras t  to F_.~. foet idissima 
which contains conferone and eonferol, confirms the desirabil i ty of isolating F. tadzhikorum as an independent 
species.  

E X P E R I M E N T A L  

The UV spect ra  of solutions of the substances in ethanol were taken on a Hitachi EPS-3T spectrophotom- 
eter ,  the l~t spec t ra  on a UR-10 spec t rometer ,  and the NMR spect ra  on a Varian HA-100D spect rometer .  The 
th in- layer  chromatography of the substances was per formed on Silufol in the petroleum e t h e r - e t h y l  acetate 
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(1 : 15 system.  The e lementa ry  analyses  of the substances corresponded to the calculated f igures.  The melting 
points of the substances were  determined in capi l lar ies  on a BIT-1 block with an e lec t r ic  heater .  

Isolation of Tadzhifer in  and Tadzhikorin.  The concentra ted acetone ex t rac t  obtained f rom 3 kg of the 
comminuted f rui t  of F__, tadzhikorum col lected in the environs of the village of Vaisun, Surkhandar 'yaoblast  
(UzSSR) (49.5 g} was mixed with 100 g of neutral  alumina (activity grade II5 and t r a n s f e r r e d  to a column con-  
taining 300 g of alumina (90 x 68 ram). Elution was pe r fo rmed  with pe t ro leum e ther  and mixtures  of pe t ro leum 
e ther  with increasing amounts of ethyl acetate,  300-ml f rac t ions  being collected. The res idue af te r  the evap- 
orat ion of f rac t ions  23-30 (1.95 g) (elution with a 1% solution of ethyl acetate  in pe t ro leum ether) ,  in which a 
substance with Rf 0.35 predominated,  was dissolved in methanol, the precipi ta te  that deposited was f i l te red  
off, the f i l t ra te  was evaporated,  and the evaporat ion res idue was c rys ta l l i zed  f rom a mixture  of diethyl e ther  
and pe t ro leum ether .  This gave 0.32 g of crys ta l l ine  substance (I), C24H3004, mp 68-70°C, [~]2i~+ 8 ° (c 0.94; 
CHC13), Rf 0.35 (tadzhiferin). 

UV spect rum kma x 243, 251, 295, 325 nm (log s 3.65, 3.51, 3.92, 4.18, respectively},  kmin 260 Clog s 
3.305. 

NMR spec t rum (CCI 4-CDC13 (i0 : 1), 20°C, 0 - TMS; 5, ppm; intensity,  multiplicity,  J, Hz): 6.15, IH, d, 
9.5 (3-H);  7.53, 1H, d, 9.5 (4-H5; 7.26, IH, d, 8.8 (5-H);  6.74, IH, q, 8.8, 2.5 (6-H);  6.74, 1H, d, 2.5 ( 8 - H 5 ;  
4.58, 2H, d, 6.8 (1 ' -CH2);  5.51, 1H, t, 6.8 (2 ' -CH5; 1.81, 3H, s ( 3 ' - C - C H 3 ) ;  1 .96-2 .20;  4H, m(4 ' -CH2,  5 ' -CH2);  
5.04, 1H, t, 6.0 (6 ' -CH);  1.58, 3H, s ( 7 ' - C - C H 3 ) ;  2 .00-2 .30 ,  2H, m(8 ' -CH25;  4.46, 1H, m (9 ' -CH);  1.48, 1H, 
s(0--H); 5.15, 1H, d, 9,0 (10 ' -CH);  1.66, 6H, s [11'-C(CH3)2]. 

The res idue  af ter  the evaporat ion of f rac t ions  39-51 (elution with a 2% solution of ethyl acetate in pe t ro -  
leum ether) (1.9 g), in which a substance with Rf 0.25 predominated,  was t rea ted  with methanol,  the precipi ta te  
that deposited was separa ted  off, and the res idue  af ter  evaporat ion of the f i l t ra te  (1.5 g) was mixed with 3.0 g 
of neutral  alumina (activity grade ]I) and chromatographed on a column containing s i l ica  gel L 40-100 ~ (180 x 
15 mm), elution being pe r fo rmed  with c h l o r o f o r m - p e t r o l e u m  e ther  (8 : 2) with the col lect ion of 20-ml f r a c -  
t ions.  Frac t ions  8-11, a f te r  evaporation,  yielded 0.53 g of the oily substance (ID, C26H3206, [o~]215+15° (tad- 
zhikorin). 

UV spectrum: kmax 243, 251, 325 nm(wi+hlog ~ 3.65, 3.53,4.19, respect ively) ;  kmi n 260 Clogs 3.59). 

NMR spec t rum (CC14, 20°C, 0 - TMS; 5, ppm; intensity, multiplicity,  J, Hz): 6.09, 1H, d, 9.5 (3-H);  
7.48, 1H, d, 9.5 (4-H); 7.24, 1H, d, 8.8 (5-H); 6.71, 2H, m(6-H,  8-H); 4.57, 2H, d, 6.5 (1'-CH25; 5.67, 1H, t, 6.5 
(2'-CH); 1.79, 3H, s (3 ' -C-CH3);  4.94, 1H, t, Z J = 14.0 (4v-H); 1.95, 3H s (OCOCH3); 2.05-2.45, 4H, m (5'-CH25 , 
(8'-CH2); 4.94, 1H, t, ZJ = 16.0 (6'-H); 1.59, 3H, s (7 ' -C-CH3);  4.46, 1H, m (9'-CH); 5.37, 1H, d, 8.0 (10'-CH5: 
1.64, 3H, s [11'-C(CH3)2]. 

Acetylat ion of Tadzhifer im Tadzhifer in  (43 mg) was kept in 1 ml of a 1 : 1  mixture  of acetic anhydride 
and pyridine at 20°C for  20 h, and then the react ion mixture  was diluted with 10 ml of wate r  and ext rac ted  with 
e ther  (5 x2 ml), the e therea l  solution was washed with 8% HC1 (5 × 2 ml), and then with water  (5 x3 ml), dr ied  
with anhydrous sodium sulfate,  and evaporated.  This gave 35.1 mg of tadzhifer in  acetate  (HI), C2sHmOs, mp 
48-50°C, Rf 0.55. 

NMR spectrum (CC14, 20°C, 0 -TMS; 5, ppm, intensity, multiplicity, J, HzS: 6.16, IH, d, 9.5 (3-H); 7.54, 
1H, d, 9.5 (4-H); 7.28, IH, d, 8.8 (5-H); 6.74, 1H, q, 8.8, 2.5 (6-H); 6.73, 1H, d, 2.5 (8-H); 4.56, 2H, d, 6.8(1' -CI-I2) 
5.47, 1H, t, 6.8 (2'-CH: 1.79, 3H, s(3'-C-CH35; 1.95-2.10, 4H, m(4'-CH2, 5'-CH2); 5.05, 1H, m(6'-CH); 1.57, 
3H, s (7'-C--CH3); 2.20, 1H, q, 14.0, 6.0 and 2.40, 1H, q, 14.0, 8.0 (8'-CII2); 5.65, 1f-I, m (9'-CH); 1.93, 3H, 
s (OCOCH3); 5.08, 1H, d, 10.0(10'-CH); 1.70, 3H, s and 1.71, 3H, s [11'-C(CH3)2]. 

Hydrolysis of Tadzhikorin. A solution of 1.6 g of tadzhikorin in 11 ml of a 5% methanolic solution of 
caust ic  potash was left  at 20°C fo r  2 h, and then 20 ml of water  was added and the mixture  was acidified with 
hydrochlor ic  acid and ex t rac ted  with ch loroform (3 x25 ml). The ch loroform solution was washed with 5% 
sodium carbonate  solution (3x 5 ml) and with water  (4 x5 ml), dr ied with anhydrous sodium sulfate, f i l tered,  
and evaporated in vacuum. The res idue (300 mg) was ehromatographed on a column (150x12 mm) with s i l ica  
gel L 40-100 ~, and the substances were  eluted with chloroform.  The f rac t ions  containing, according to TLC, 
a substance with Rf 0.05 were  combined and evaporated,  and the residue was c rys ta l l i zed  f rom a mixture  of 
diethyl e ther  and pe t ro leum ether  (1:15. This gave 182 mg of deacetyl tadzhikorin (IV), C24H300~, mp 65-66°C, 
l~f 0.05. 
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NMR spectrum (CC14-CDCI 3 (4 : 1); 0 - TMS; 5, ppm, intensity, multiplicity, J, Hz): 6.16, 1H, d, 9.5 
(3-H); 7.55, 1H, d, 9.5 (4-H); 7.28, IH, d, 8.8 (5-H); 6.75, 1H, q, 8.8, 2.5 (6-H); 6.73, 1H, d, 2.5 (S-H); 4.57, 2H, 

d ,  6.8 (I'-CH2); 5.50, IH, t, 6.8 (2'-CH); 1.79, 3H, s (3'-C-CH3); 3.92, IH, t, ~J = 14.0 (4'-H); 2.05-2.45, 4H, 
m (5'-CH 2, 8'-OH2); 5.03, IH, t, EJ = 16.0 (6'-CH); 1.60, 3H, s (7'-C-CH3); 4.54, 1H, m (9'-CH); 2.67, 2H, 
s (4'-C-OH, 9'-C-OH); 5.36, 1H, d, 8.5 (10'-CH); 1.65, 6H, s [II'-C(CH3)2]. 

The acetylation of 70 mg of deacetyltadzhikorin with a mixture of acetic anhydride and pyridine under 
the conditions described below gave a diacetate (25.9 rag) identical with tadzhikorin acetate. 

Acetylation of Tadzhikorin. Tadzhikorin (100 rag) was kept in 2 ml of a mixture of acetic anhydride and 
pyridine (1 : 1), and then the reaction mixture was worked up as described above for tadzhiferin; the residue 
after the evaporation of the ethereal extract was deposited on a column (85 x7 ram) of silica gel L 40-100#, 
and the substances were eluted with a mixture of petroleum ether and ethyl acetate (fractions 1-25 of 5 ml 
each), and then with chloroform (fractions 26-28 of 5 ml each). The last fractions gave in noncrystalline form 
85.2 mg of tadzhikorin acetate (V), C28H340 Y, Rf 0.45. 

NMR spectrum (CC14, 20°C, 0 - TMS; 5, ppm, intensity, multiplicity, J, Hz): 6.10, 1H, d, 9.5 (3-H); 7.49, 
1H, d, 9.5 (4-H); 7.25, 1H, d, 8.8 (5-H); 6.71, 1H, q, 8.8, 2.5 (6-H); 6.73, IH, d, 2.5 (8-H); 4.56, 2H, d, 6.5 (I '-  
CH2); 5.64, 1H, t, 6.5 (2'-CH); 1.79, 3H, s (3'-C-CH3); 4.94, 1H, t, ~J = 14.0(4'-CH); 1.93, 3H, s and 1.96, 3H, 
s (4'-C-OCOCH 3, 9'-C-OCOCH3); 2.05-2.50, 4H, m (5'-CH2, 8'-CH2); 4.94, 1H, t, ~J = 16.0(6'-CH); 1.59, 3H, 
s (7'-C-CH3), 5.60, 1H, m(9'-CH); 5.27, IH, d, 9.0 (10'-CH); 1.72, 3H, s and 1.73; 3H, s [II'-C(CH~)2]; 

SUMMARY 

Two new terpenoid eoumarins - tadzhiferin (I) and tadzhikorin (ID - have been isolated from the fruit 
of Ferula tadshikorum M. Pimen. 

On the basis of physicoehemical and spectral investigations, the structure of 7-(9'-hydroxy-3',7',11'- 
trimethyldodeca-2',6',10'-trienyloxy)coumarin is proposed for (1) and that of 7-(4'-aeetoxy-9'-hydroxy-3',7', 
ll'-trimethyldodeca-2', 6',10'-trienyloxy)coumarin for (II). 
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A X I L L A R O S I D E  - A  N E W  F L A V O N O L  G L Y C O S I D E  

F R O M  A r t e m i s i a  t a u r i c a  
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S. F .  D z h u m y r k o ,  a n d  N. A. K e c h a t o v a  

UDC 574.918 

There is information in the l i te ra ture  on the investigation of the flavonoids of some species of the genus 
Ar temis ia  [1-5 ]. 

On separat ing the combined flavonoids f rom the influorescences of A r temis ia  taur ica  by column ch roma-  
tography on polyamide sorbent,  we isolated a substance with mp 253-255°C the physicochemical  proper t ies  of 
which differed f rom previously known flavonoids. 

Acid hydrolysis  of the compound gave kn aglycone and a carbohydrate  component which we identified as 
D-glucose. The resul ts  of a spectrophotometr ic  determination of the molecular  weight of the glycoside and 
of the aglycone [6] and elementary analysis  corresponded to the formulas  C23H24013 and C1~H1408, respectively.  
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