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Continuing a study of the coumar ins  of the roots  of Fe ru l a  kopetdaghensis  Eug. Kor.  we have isolated,  
in addition to galbanic acid [1], another  two i s o m e r i c  couInarins;  both have the composit ion C24H3004, but 
one has  mp  125-125.5°C [cg]~ +28 ° (c 1.0; chloroform)  and the other  has  mp  111-112°C, [~]~) + 14.5 ° (c 0.84; 
ethanol), which we have called,  respec t ive ly ,  kopetdaghin and kopeodin ( fa rnes i fe ro l  B). The UV spec t rum 
of kopetdaghin (I) [kmax 244.255 and 327 mn Clog ~ 3.22; 2.92; 3.15)] is cha rac t e r i s t i c  for  the chromophore  
of 7 -hydroxycoumar in .  

IR spec t rum of (I) (Fig. 1): Vma x 3450 cm -1 (hydroxy group), 1690 cm -1 (carbonyl of an ~-pyrone) ,  
1610, 1560, 1510 em -1 (a romat ic  nucleus).  The p r e sence  of a f ree  hydroxy group in the substance was con- 
f i rmed  by the format ion  of a monoaceta te  C~H320 s (II) with M + 424. The m a s s  spec t rum of kopetdaghin 
has  the peak of the molecu la r  ion, M + 382, and high- intensi ty  peaks  among which those with m / e  162 and 
163 a r e  due to the mo lecu l a r  and protonated mo lecu l a r  ions of umbel l i ferone  [2], and a peak with m / e  220 
is due to the terpenoid pa r t  of the molecule .  Peaks  with m / e  202 and 203 cor respond  to the f ragment  
fo rmed  by the spli t t ing off of one molecule  of wa te r  f r o m  the terpenoid residue,  which a lso  conf i rms  the 
p re sence  of one hydroxy group. On catalyt ic  hydrogenation over  PtOz, kopetdaghin adds two moles  of hy-  
drogen and f o r m s  a t e t rahydro  der iva t ive  C24H3404 (IID with M + 386, the UV spec t rum of which contains the 
absorp t ion  m a x i m u m  cha rac t e r i s t i c  of the init ial  chromophore ,  which shows the addition of the hydrogen to 
two double bonds p r e s e n t  in the sesqui te rpene  res idue .  With the composi t ion C24H3004 and the p re sence  of 
two double bonds, the sesqui te rpene  moie ty  of kopetdaghin can have only a monocycl ic  s t ruc tu re .  

In the NMR spec t rum of kopetdaghin (Fig. 2) the re  a r e  doublets at 7.57 and 6.16 ppm, J = 10 Hz, r e -  
la t ing to the H-4 and H-3 protons ,  a quar te t  at  6.75 ppm, J1 = 9 Hz, J2 = 2.0 Hz, and doublets at  7.35 ppm, 
J = 9  Hz, and 6.82 ppm, J =  2.0 Hz due, respec t ive ly ,  to the H-6, H-5,  and H-8 protons  of the coumar in  nu- 
cleus [3-4]. 

In the s t rong- f ie ld  region there  a r e  the s ignals  of gem-d ime thy l  groups  on a qua te rna ry  carbon a tom - 
s inglets  a t  0.94 and 0.79 ppm (3H each). In addition, the molecule  of kopetdaghin contains two me thy lg roups  
p r e sen t  on double bonds, as  is  shown by two broadened s inglets  at  1.73 and 1.66 ppm (3H each). The b road-  
ening of the l a t t e r  is  caused by long- range  al lyl  coupling of the protons  of the methyl  groups with the o le-  
finic protons  [5], which appea r  in the fo rm of a t r ip le t  at  5.42 ppm, J = 6.0 Hz, for  one, and a mul t ip le t  a t  

Frequency, cm'1. i00 

Fig. 1. IR spec t rum of kopetdaghin. 

5.18 ppm, for  the other .  The half-width of the mul t ip le t  is  
10 Hz and is somewhat  g r e a t e r  than that  of a methyl  group. 
Consequently,  there  is  a secondary  or  t e r t i a r y  a tom in the 
vicinal posit ion,  C H 3 - C  = C H - C H 2 - .  A doublet  in the 4.53- 
ppm region (2H), J = 6.0 Hz, is due to equivalent  methylene 
protons  in the A r - O C H 2 - C H  grouping. The equal s p i n -  
spin coupling constants  of this doublet and of the signal of 
the olefinic proton ( t r ip le t  5.42 ppm, J = 6.0 Hz) shows that 
these protons a r e  at tached to adjacent  carbon a toms  in the 
A r - O - C H 2 - C H = C ( C H  3) grouping. It  follows f rom this 
that  the molecule  of kopetdaghin contains the f ragments  
A r -  OCH 2-  C H  = C ( C H  3) - C H  z -  a n d  - C H  2 -  C H  = C ( C H  3) - CH. 
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Fig. 2. NMR spec t rum of kopetdaghin (in deuterochlo-  
roform) .  

The p r e s e n c e  in it  of t r ip ly  subst i tuted ethylenic groups is conf i rmed by the appearance  in the IR spec t rum 
of the subs tance  of a band at  810 cm -1 which d i sappea r s  on hydrogenation.  In the NMR spec t rum of (IID, 
the s ignals  of the olefinic protons  and of the methyl  groups on double bonds d i sappear ,  and two t h r e e - p r o -  
ton doublets a p p e a r  a t  1.20 and 0.97 ppm, J = 7.2 Hz, cor responding  to methyl  groups on a secondary  c a r -  
bon a tom,  and the signal of the methylene protons in the A r - O C H  2 -  CH group is  conver ted  f rom a doublet 
into a mul t ip le t  with i ts  cen te r  at  3.92 ppm. 

The fac ts  given conf i rm the p re sence  of the f r agmen t s  d i scussed  and show that one of them, con-  
nec ted  with an a r o m a t i c  nucleus,  f o rms  an open chain, and the second, by analogy with fa rnes i fe ro l  B, 
f o r m s  pa r t  of a s i x - m e m b e r e d  ring. On the bas is  of these considera t ions  it  may  be concluded that kopet -  
daghin has  the skeleton shown in Fig. 2. 

The hydroxy group in kopetdaghin is secondary.  This follows f rom the capaci ty  of the substance for  
undergoing acetyla t ion under  mi ld  conditions and f rom the p resence  in the NMR spectr t tm of the signal of 
a hemihydroxyl ic  methine proton in the fo rm of a we l l - r e so lved  quar te t  at  3.41 ppm, J1 = 10 Hz, J2=5 Hz. 
I t  follows f r o m  the nature of the mul t ip l ic i ty  of this signal that the hemihydroxyl ic  proton is located in the 
axial  posit ion and the hydroxyl  in the equator ia l  position. In the spec t rum of the ace ta te  (II), the signal of 
the methine proton is  shifted downfield by 1.09 ppm, the signal of one of the gem-d ime thy l  protons ,  upfield 
by 0.11 ppm, andthat  of the other  downfield by 0.02 ppm. These facts  unambiguously show that the hydroxyl  
is  located on carbon atom 6 (for sy s t em of numbering,  see Fig. 2). 

Consequently,  kopetdaghin has  the m o s t  probable  s t ruc tu re  shown in Fig. 2. This  is  also conf i rmed 
by the fact  that  i ts  t e t rahydro  der iva t ive  is identical ,  according to i ts  IR and NMR spec t ra ,  with t e t r ahy -  
d ro f a rne s i f e ro l  B (see below). 

Kopeodin (IV), C24H300¢, with mp 111-112°C ( f rom benzene) is a lso  an e ther  of umbel l i ferone  and a 
sesqu i te rpene  diol with the composi t ion C15H2602. On catalyt ic  hydrogenation i t  added two moles  of hydro-  
gen, fo rming  a t e t rahydro  der iva t ive  C24H3404 (III) with M + 386. With this composi t ion and two double bonds, 
the te rpenoid  p a r t  of the molecule  can be only monocycl ic .  

The NMR spec t rum of kopeodin has  the signals of the protons of a 7-monosubst i tu ted  coumarin:  
doublets at  7.50 and 6.45 ppm, J=  9.7 Hz (1H each); quar te t  a t  6.72 ppm, J l=  7.3 Hz, J2 = 2.5 Hz (1H); dou- 
blets  a t  7.22 ppm, J = 9 Hz, and 6.62 ppm, J = 2.5 Hz (1H each), cor responding to the H-4,  H-3,  H-6,  H-5,  
and H-8 pro tons .  

In the s t rong- f ie ld  region the signals  of gem-d ime thy l  groups on a qua te rna ry  carbon a tom a re  ob- 
s e rved  - s inglets  at  0.95 and 0.67 ppm (3H each) and that of one methyl  group on a double bond - broadened 
s inglet  a t  1.70 ppm (3H). A doublet  in the 4 .5-ppm region (2H), J = 6  Hz, is  due to the equivalent  methylene 
protons  in an A r - O C H  2 -  CH = C grouping. The signal of the olefinic proton in this grouping is  r ep re sen t ed  
by a t r ip le t  at  5.45 ppm, J=  6 Hz (1H). Thus,  the f i r s t  isopentyl  link is p r e sen t  in an open chain, both in 
kopetdaghin and in kopeodin. 

A quar te t  at  3.28 ppm (1H), J1=9.5 Hz, J2=3.5 tIz, is due to a hemihydroxyl ie  methine proton and 
shows that  the hydroxy group is  secondary  and is  p resen t  in the equator ia l  posit ion. Two singlets  at  4.72 
ppm (lI-I) and 4.52 ppm (1H) a r e  due to exocycl ic  methylene protons.  The NMR spec t rum of kopeodin ace -  
tate (V) (M + 424, mp  65.5-67°C) showed a s inglet  at 1.92 ppm (3H) due to an aeetyl  group, and the signal of 
the hemihydroxyl ic  proton had shifted downfield by 1.15 ppm. The signal of one of the gem-d imethy l  groups 
had undergone a d iamagnet ic  shift  (by 0.11 ppm) and that of the other ,  a pa ramagne t i c  shift  (by 0.15 ppm), 
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which unambiguously shows the posit ion of the hydroxyl  in the immedia te  vicini ty of the gem-d imethy l  
groups,  i .e . ,  in posi t ion 6. In view of the p re sence  of the f ragment  A r - O C H ~ - C H  = C(CH 3 ) -CH 2-  and of 
gem-d imethy l  groups  in a s i x - m e m b e r e d  ring, the exocycl ic  methylene group can be p re sen t  only at  c a r -  
bon a tom 3. 

On the basis  of what has  been said, kopeodin is  m o s t  p robably  identical  with f a rnes i f e ro l  B [6]. This 
conclusion is  in ha rmony  with the mel t ing  points, optical  act ivi t ies ,  and the complete  identity of the NMR 
spec t r a  of the t e t r ahydro  de r iva t ives  of (IV) and (I) obtained on catalyt ic  reduction ove r  PtO z. The mel t ing 
point of the ace ta te  (V) a g r e e s  with that  given in the l i t e ra tu re .  The hydrogenolys is  of (IV) with sodium in 
liquid ammonia  gave a diol (VI) in the fo rm of a yel lowish oil with R f  0.6, in the IR spec t rum of which the 
absorpt ion  bands of the ~ -py rone  carbonyl  and of the a r o m a t i c  nucleus had d isappeared ,  and bands had ap-  
pea r ed  a t  3300-3550, 1100, 1035 cm -I ,  cor responding  to the s t re tching and deformat ion vibra t ions  of s ec -  
ondary and p r i m a r y  hydroxy groups,  while in the m a s s  spec t rum peaks  appeared  with m / e  220 (M-H20)  
and 202 (M-2H20) .  The oxidation of the diol with ch romium tr ioxide in pyridine fo rmed  a hydroxy ketone 
(VII) with R f  0.9, in the IR spec t rum of which there  was an absorpt ion band a t  1725 cm -1 of the carbonyl  of 
a nonconjugated ketone in a s i x - m e m b e r e d  ring. 

The mel t ing  point of i ts  s emica rbazone  (VIII) cor responded  to that  given in the l i t e r a tu re  for  the de-  
r iva t ive  obtained f rom fa rnes i f e ro l  B, which conf i rms  the identity of (IV) and fa rnes i f e ro l  B. In addition, i t  
m u s t  be noted that  according  to i t s  NMR spec t rum fa rnes i fe ro l  B is not an individual substance,  but con- 
s i s t s  of a mix tu re  of the two i s o m e r s  (I) and (IV). 

Thus, the s ignals  of the vinyl protons  have an in tegra l  in tensi ty  not of 2, but of only 1.4 proton units, 
while the in tensi t ies  of the s ignals  of the olefinic proton and of the methyl  group of the double bend a re  in-  
c r ea sed  by approx ima te ly  30?0. Consequently,  f a rnes i fe ro l  B is  a mix tu re  (possibly a m o l e c u l a r  compound) 
of two moles  of the i s o m e r  with s t ruc tu re  (IV) ( fa rnes i fe ro l  B proper)  [6] and one mole  of (I), which we 
have i so la ted  for  the f i r s t  t ime and have cal led kopetdaghin. 

The phys icochemica l  p r o p e r t i e s  given in the l i t e ra tu re  for  f a rnes i f e ro l  B re la te  to this  mix ture .  

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

The IR spec t r a  were  taken on a UR-10 s p e c t r o m e t e r  (KBr), the NMR spec t ra  on a JNM-100/100 4H 
in s t rumen t  a t  100 MHz (CDCIs) , the chemical  shifts being given in the ~ scale  f rom the signal of HMDS 
taken as  0, and the m a s s  spec t r a  were  taken on an MKh-1303 ins t rument .  The pur i ty  of the substances  
was checked by th in - l aye r  ch romatography  on KSK si l ica  gel [petroleum e t h e r - e t h y l  ace ta te  (4 : 1) s y s -  
tem].  

Isola t ion of Kopetdeghin (I) and Kopeodin (IV). After  the r emova l  of the galbanic acid [1], the e the-  
r ea l  solution was  evapora ted  in vacuum to d ryness .  This  gave 100 g of res inous  res idue .  Of this,  25 g 
was mixed  with s i l ica  gel and t r a n s f e r r e d  to a ch romatograph ic  column (d = 3 cm, h = 70 cm) which was 
eluted with pe t ro l eum e t h e r - e t h y l  ace ta te  (5 : 1), 750-ml f rac t ions  being collected. After  concentrat ion 
and standing, f rac t ion  6 deposi ted a c rys ta l l ine  substance with mp  125-125.5°C and f rac t ion  7, a substance 
with mp III-I12°C. 

Acid Hydrolysis of Kopetdaghin~ A solution of 0.13 g of the substance in 20 ml of ethanol was treated 
with five drops of glacial acetic acid and 1 ml of concentrated sulfuric acid, and the mixture was heated on 
the water bath under reflux for 3 h. The liquid was diluted with water (1 : 2) and treated with ether (3 x 100 
ml), and the extract was washed with water and evaporated. The dry residue was chromatographed on a 
column (h = 20 cm, d = 3 em) containing KSK silica gel, and was eluted with chloroform. After the evapo- 
ration of one liter of eluate and recrystallization of the residue from water, colorless crystals were ob- 
tained with mp 231-232°C showing no depression of the melting point with an authentic sample of umbel- 
l i ferone  fiX). 

Tet rahydrokopetdaghin  (HI). The hydrogenat ion of 0.1 g of kopetdaghin in 20 ml  of ace t ic  acid was 
p e r f o r m e d  in the p r e sence  of 0.05 g of PtO 2 (according to Adams) a t  r oom t empera tu r e .  About 25 ml  of 
H9 was absorbed .  The ca ta lys t  was  f i l te red  and the f i l t ra te  was evapora ted  in vacuum. A noncrysta l l iz ing 
substance,  C~H3404, with R f  0.22, M + 386 was isolated.  

Kopetdaghin Aceta te  (II). A solution of 0.050 m g  of kopetdaghin in 2 ml  of ace t ic  anhydride was 
t r ea t ed  with 1 ml  of pyridine and lef t  fo r  10 h. Then the react ion  mix tu re  was evapora ted ,  the res idue was 
t r ea t ed  with e ther ,  and the solvent  was evapora ted  off. This  gave about 0.060 mg  of an oily res idue  with 
R f  0.45 ,  M + 424.  
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Oxidation of Kopeodin (Farnes i fero l  B). To 0.22 g of the substance in 20 ral of acetone were  added 5 
ral of Beckmann 's  mixture,  and the result ing mixture was left at room tempera ture  for 10 rain. Then it 
was diluted with 50 ral of water  and t rea ted  with ether.  The solvent was distil led off. About 0.2 g of an 
oily substance with R f  0.22 was isolated. The 2,4-dinitrophenylhydrazone was obtained by a known method 
and formed red ac icular  c rys ta l s  with rap 89-91°C (from ethanol). 

Kopeodin Acetate (V). To 0.25 g of the substance were added 1 ral of pyridine and 5 ral of acetic an-  
hydride, and the mixture was left for  a day. The solvent was evaporated in vacuum to dryness ,  and the 
residue was t r ans f e r r ed  to a chromatographic  column (d = 2 era, h = 10 cra) filled with KSK silica gel. The 
acetate was eluted with petroleum e t h e r - e t h y l  acetate (5 : 1). This gave a substance difficult to crysta l l ize ,  
with rap 65.5-67°C (from petroleum ether),  R f  0.55. 

The Diol (VI). A solution of 0.35 g of kopeodin (farnesiferol  B) in 2 ml of absolute methanol was 
added dropwise to the mixture obtained by dissolving 0.5 g of metall ic  sodium in 20 ral of liquid ammonia.  
After  3 h, 25 ral of a 3% solution of KOH in ethanol were addedtothe  reaction mixture,  and it was heated in 
the water  bath for 3 h. Then it was diluted with water  (1 : 3) and t reated with ether,  and the extracts  were 
washed with water  and evaporated.  This gave an oily substance with R f  0.6. 

The Hydroxy Ketone (VII). A solution of 0.2 g of CrO S in 2 ral of pyridine was added to a solution of 
0.25 g of the diol in 2.5 ral of pyridine, and the mixture was heated on the water  bath for  30 rain. The sol-  
vent was distilled off in vacuum and the residue was treated with pentane. About 0.2 g of hydroxy ketone 
with R f  0.9 separated out. The seraicarbazone (VIII) was obtained by the usual method. After r e c r y s t a l -  
lization f rom methanol,  yellowish ac icular  c rys ta l s  with rap 139.5-141°C were obtained. 

The acid hydrolys is  and hydrogenation of kopeodin (farnesiferol  B) were per formed by the method 
descr ibed  above. 

SUMMARY 

From the roots of Ferula kopetdaghensis Eug. Kor. a new coumarin has been isolated which has been 
called kopetdaghin. On the basis of the hydrolysis products, the results of hydrogenation and acetylation, 
and spectroscopy, it has been established that kopetdaghin is an ether of 7-hydroxycouraarin and 1-(3- 
hydroxy-2,2,6-trimethylcyclohex-5-enyl)-3-raethylpent-2-en-l-ol, i.e., an isomer of farnesiferol B. 

Furthermore, farnesiferol B has been shown to consist of a natural mixture of kopetdaghin (30%) and 
a component with the structure previously proposed for it (70%). 
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