
T E R P E N O I D  C O U M A R I N S  F R O M  F e r u l a  

A .  I .  S o k o l o v a ,  Yu .  E .  S k l y a r ,  
a n d  M. G.  P i m e n o v  

t e t e r r i m a  

UDC 547.9 : 582.89 

F e r u l a  t e t e r r i m a  Kar .  et Kor (Umbell i ferae)  is an endemic monocarp ic  plant occu r r ing  in the P r iba lk -  
hash  and the Ata-Kul '  depress ion  (Eas tern  Kazakhstan) .  In E. P. Korov in ' s  sy s t em,  this spec ies  is included in 
the misce l l aneous  sect ion Neonartex Korov.  However ,  in a combinat ion of morphologica l  and chemica l  charac- 
teristics,  F. t e t e r r i m a  is c lose  to the taxons F. p e r s i c a  Willd., F. mic ro loba  Boiss ,  and F .  mogol tavica  Lipsky  
et Korov which E, P, Korov combined into the subgenus Merwia.  

We have studied chemica l ly  the roo ts  of F. t e t e r r i m a  col lected in the B a l k h a s h - A l a - K u l '  depress ion  c lose  
to the wes te rn  end of Lake Sassyk Kul' .  F r o m  an acetone ex t rac t  of the roo t s  by chromatography  on alumina in 
the p e t r o l e u m - e t h y l  ace ta te  s y s t e m  using gradient  elution we isolated four terpenoid  coumar ins  fo rming  de r i -  
va t ives  of umbel l f ferone  (I-IV). The PMR s p e c t r u m  (Varian HA-100D, CDC13, 20°C, 0 - TMS, 5) of subs tance  
(I), C26H3205, mp 173-174°C (from methanol) ,  [~ ] ~ - 3 7 . 8  ° (chloroform),  Rf  0.54 [Silufol, pe t ro leum ether  - ethyl 
ace ta te  (1:1)],  contained, in addition to the s ignals  of a coumar in  nucleus,  broadened s ignals  at 4.56 and 4.93 
ppm, W1/2 =5 Hz due to a exocycl ic  methylene group in the 2' posi t ion of a decalin r ing;  the s ignals  of th ree  
methyl  groups at tached to qua te rna ry  carbon a toms in posi t ions 5' and 9' (0.94, 0.91, and 0.89) and of the methyl  
of an ace toxy group (2.09 ppm) at C6,; an unresolved signal of a proton geminal  to an acetoxy group at 4.72 ppm, 
W1/2 =7 Hz; and a mult iplet  with its center  at 4.19 ppm re la t ing  to a methylene group in posit ion 1'. On the 
bas i s  of the fea tu res  of  its PiVIR spec t rum and a compar i son  of the IR spec t ra  of (I) and an authentic sample ,  
the subs tance  was identified as badrakemin  aceta te  [1, 2]. 

The PiVIR s p e c t r u m  of subs tance  (H), C24H3004, mp 195-196°C (from methanol) ,  [~ ] ~ - 5 3 . 6  ° (chloroform),  
Rf  0.32, is s im i l a r  to the s p e c t r u m  of (I) but it lacks  the signal  of the aeetoxy group and the signal  of the p ro ton  
at C 6, is shifted downfield (3.47 ppm, W1/2=7 Hz). These  f ac t s ,  and a lso  the absence  of a depress ion  of the 
mel t ing  point of a mixed sample  and the identity of the i r  IR spec t r a  enables subs tance  (II) to be identified as 
badrakemin  [1-3]. 

Substance (HI), C24H2804, mp 184-186°C (from methanol) ,  [ a ]~-39 .80  (chloroform),  Rf  0.41 is badrakemon,  
according to its PMR s p e c t r u m  [6.24, d, 1H, J = 9 , 5  Hz (H3); 7.63, d, 1H, J = 9 . 5  Hz (H4); 7.37, d, 1H, J = 9 . 0  Hz 
(Hs); 6.83, q, 1H, J l = 9  Hz, J2=2.5 Hz (H6}; 6.81, d, 1H, J=2.5 Hz (I-Is); 4.97, s ,  1H, and 4.61, s,  1H, WI/9 =5 Hz 
(C z, =CH2); 4.23, d, 2H (C 1, -CH2); 2.90-1.90, m, and 1.80-1.56, m (- CH2-and - C H - g r o u p s  of a decalin ring); 
1.12, s,  3H, and 1.04, s,  3H [C 5, (CH3)2]; and 1.05, s,  3H (-CgT-CH3)]. The oxidation of badrakemin  with ch romic  
anhydride and a compar i son  of the badrakemone  obtained in this way [1, 4] with subs tance  (III) showed the i r  
comple te  identity. 

Substance (IV), C2~H3406, mp 153-154°C (from methanol) ,  [~]~+32.8  ° (ethanol), Rf  0.22 i s -  accord ing  to 
its PMR spec t rum,  which contains the s ignals  of a methylene group at C1, (4.39, q and 4.18, q), of four methyl  
groups at C2, , C5, , and C9, (1.25, 0.88, 0.96, and 0.88, all  s) ,  of a n a c e t o x y  group at C 6, (2.07 s), and of a proton 
geminal  to it (4.67, u.s . ,  W1/2= 6~Hz) - s a m a r c a n d i n  ace ta te  [5], as was conf i rmed  by the identity of the s p e c t r a  
of samarcand in  ace ta te  and of (IV), and a lso  by the absence  of a depress ion  in a mixed mel t ing point test .  

In addition to the subs tances  mentioned,  conferone was detected in the f rac t ions  containing badrakemin  
by means  of the PM~ s p e c t r u m  (signals of an olefinie proton in position 3' of the decalin r ing  at 5.56 ppm, 
W1/2 = 10 Hz, methyl  group on a double bond in position 2'  at  1.68 ppm, u.s . ,  Wi/2 =5 Hz) [6]. 
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In the proof  of the s t r u c t u r e  of f a rnes i f e ro l  A and its analogs,  the de terminat ion  of the or ienta t ion  of the 
subst i tuents  at  C 9 p roved  to be  the mos t  complex  p r o b l e m  [1-6]. Recent ly ,  f r o m t h e  shift  of the Cotton effect  
(CE) in the 300 nm reg ion  it has  been poss ib le  to de te rmine  the or ienta t ion of subst i tuents  at  C 9 in such d i t e r -  
penoids as g ibere l l in ic  acid,  eafes to l ,  and kaurene ,  but no unambiguous r e s u l t s  we re  obtained for  der ivat ives  
of eperu ic  acid and, in pa r t i cu l a r ,  f a r n e s i f e r o l  A [7]. We have cons idered  the in terconnect ion between the 
na ture  of the c i r c u l a r  d i ch ro i sm (CD) curves  and the s t e r e o e h e m i s t r y  at C 9 in f a rnes i f e ro l  A (D, gummosin  (ID, 
mogoltadone (III), colladonin (IV), badrakemin  (V), and the ketone of badrakemin  (VD. In addition to Cotton 
effects  in the 320 and 230 n m  reg ions  connected with t r ans i t ions  in the coumar in  nucleus,  all  the compounds 
cons ide red  have  a Ce at  200 nm e a u s e d b y  a ~--* ~r * t r ans i t i on  in the exomethylene  bond. We d i r ec t ed  our  a t tent ion p r e -  
c i se ly  to this  CE, s ince the a s y m m e t r i c  center  of in te res t  to us is adjacent  to this  eh romophor ic  group. As 
can be seen  f r o m  the r e s u l t s  obtained (Table 1), the or ien ta t ion  of the subst i tuents  affects  the ampli tude of the 
CE in the 200 n m  region.  In the case  of axial  or ienta t ion of the C p - C H 2 - R  group (I-III),  the intensi ty of the 
CE is s e v e r a t t i m e s  g r e a t e r  than for the equator ia l  or ienta t ion (IV-VI). This i nc rease  in intensi ty can p robab ly  
be  explained by the fac t  that  in the axial  or ienta t ion  the a r o m a t i c  nucleus and the exomethylene group p rove  to 
be  c lose  to one another  in space  and par t i a l  over lapping  of the i r  7r o rb i t a l s  becomes  poss ible .  

The CD s p e c t r a  w e r e  r e c o r d e d  ona JASCO-J-20  s p e c t r o p o l a r i m e t e r  at a concentra t ion of the solution of 
0.5 m g / m l  with cel l  t h i cknesses  of  0.05 and 9.01 cm.  The solvent was methanol .  
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