
COUMARINS OF Ferula kopetdaghensis AND 

OF KOPEOLIN AND KOPEOSIDE 
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We have previous ly  repor ted  the isolat ion of galbanic acid f rom the roots  of Feru la  kopetdaghensis 
Eug. Kor.  col lected in the Kara-Kala  gorge in the upper reaches  of the R. Akinzhir [1]. Continuing a study 
of the lactones of this plant, f rom e therea l  and aqueous methanolic f rac t ions  by chromatography on KSK 
si l ica  gel, with elution by pe t ro leum e t h e r - b e n z e n e  and c h l o r o f o r m - p r o p a n o l  we have isolated another  five 
coumarins  - umbel l i fe rone  and four new ones which we have called kopetin, kopeodin, kopeolin, and 
kopeoside.  

Umbell i ferone (D, CgHsO 3, mp 231-232°C (from water}, Rf 0.95 [ ch lo ro fo rm-e thy l  a c e t a t e - m e t h a n o l  
(15 : 7 : 3)], M + 162, identified by its IR spec t rum and by a mixed melt ing point. 

Kopetin (ID, C24H32Os, mp 145-146°C [petroleum e t h e r - b e n z e n e  (5: 1}], [~]~ -25 .4  ° (e 0.78; ethanol}, 
iJ 

Rf 0.40 [ h e x a n e - b e n z e n e - m e t h a n o l  (5 : 4.1}], M + 400, UV spectrum: kmax  244, 255, 327 nm (log c 3.56, 
3.42, 4.17}. According to the UV spect rum and the products  of acid cleavage, kopetin is an e ther  of um- 
bel l f ferone and a sesqui terpene t r io l  with the composit ion C15H280 3. Its IR spect rum has absorption bands 
at (cm-1): 3450-3530 (hydroxy groups}, 1730 (carbonyl of an a -py rone  ring}, and 1620, 1560, and 1515 
(aromat ic  nucleus}. 

Kopeodin (IID, C24H3004, mp 111-112°C (from benzene}, [a]~ +14.8 ° (c 0.84; ethanol}, M + 382, Rf 0.2, 
UV spectrum: Xmax 244, 255, and 327 nm (log e 3.62, 3.61, 4.29}. The IR spec t rum has absorpt ion hands 
at (cm -1} 3450 (hydroxy group}, 1700 (carbonyl of an a-pyrone},  and 1620, 1565, and 1515 (aromatic  nucleus}. 
This substance is also an e ther  of umbell i ferone,  in this case  with a sesqui terpene diol having the composi-  
t ion C25H260 2. 

Kopeolin (IV), C24H3205, mp 146-147°C (from benzene}, [c~]~-15.9°(C 0.98; ethanol}, Rf 0.19, M + 400, 
UV spectrum: ~max 244, 253, 327 nm (log e 3.64, 3.59, 4.13}. In the IR spectrum there are absorption 
bands at (cm-~: 3450-3510 (hydroxy groups}, 2885-2935 (C-methyl groups}, 1725 (carbonyl of an ~-pyrone} 
and 1625, 1515, and 1470 (aromatic nucleus}. The chemical and spectroscopic results show that it is an 
ether of umbeUiferone with a sesquiterpene triol, C15H2803. 

Kopeoside (V), C301-142010 , mp 177-178°C (from aqueous methanol}, [c~]~-22.1 ° (c, 1.47; ethanol}, M + 
400, UV spectrum: 244, 253, 327 nm (log c 3.34, 3.12, 4.12). IR spectrum (cm-l): 3250-3550 (hydroxy 
groups}, 2900-2950 (C-methyl groups}, 1720 (carbonyl of an ~-pyrone ring}, and 1625, 1515, and 1465 (aro- 
matic nucleus}. Kopeoside is also an ether of umbelliferone and a glycosylated sesquiterpene triol with the 
composition C15H2603. 

Thus, the coumarins of Ferula kopetdaghensis consist of a complex mixture of ethers of umbelliferone 
and sesquiterpcne alcohols (diols and triols), and also their glycosides. 

As follows from the empirical formula of kopeolin (IV}, the terpenoid part of its molecule has the 
composition C15H2702 and is the residue of a sesqulterpene triol C15H280 3. 

On catalytic hydrogenation over Pro2, substance (IV) added 1 mole of hydrogen, forming a dihydro 
derivative with M + 402. This shows that the triol contains one double bond. The presence of such a bond 
was confirmed by an absorption band at 830 cm -I in its IR spectrum (Fig. 1}, corresponding to a trisub- 
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Fig. 1. l~L spec t ra  in KBr of kopeolin (a) and 
• kopeoside (b). 
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Fig.  2. NMR spect rum of kopeolin (bottom), and of di-  
hydrokopeolin (top). 

/RI 
st i tuted ethylene group R - - C - - C \  which disappeared in the spec t rum of the dihydro der ivat ive .  The facts  

H 

mentioned are  in harmony with the NMR spect rum,  which has a one-pro ton  signal of an olefinic proton.  
With the given composit ion and one double bond the t r io l  can have only a monocylic s t ruc ture .  The IR spec-  
t r u m  of (IV) also exhibits a broad  absorpt ion band at 3400-3500 cm - t  re la t ing to hydroxy groups.  In the 
mass  spec t rum of (IV), in addition to the peak of a molecu la r  ion, M + 400, peaks appear  with m / e  239, 162, 
and 163, due, respect ive ly ,  to the terpenoid  moie ty  of (IV) and to the molecu la r  and protonated ions of um-  
bel l t ferone.  Peaks with m / e  221 and 203 cor respond  to the f ragments  fo rmed  as the resu l t  of the succes -  
s ive splitt ing out of two molecules  of water  f rom the te rpenoid  res idue  [2 ], which shows the p resence  of f r ee  
hydroxyls  in ft. 

Thus, the developed formula  of (IV) may  be r ep resen ted  in the following way: C914502-OCI-I 2 -  
CuH~s(OI~2. 

The NMR spect rum of (1) (Fig. 2) has the signals of the protons  of a 7-hydroxycoumar in  residue:  
doublets at 7.54 and 6.14 ppm, J=10 .5  Hz, quar te t  at 6.72 ppm, J1 =9.5 Hz, Jz =2.0 Hz, doublets at 7.28ppm, 
J=9 .5  Hz, and 6.82 ppm, J =2.0 Hz, corresponding to the H-4, H-3, H-6, H-5,  and H-8 protons .  
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In the s t rong- f i e ld  region t he r e  a r e  s ingle ts  at 0.97 and 0.73 ppm (3H each) (gem-d imethy l  groups 
on a qua te rna ry  carbon atom), a s inglet  at 1.12 ppm (3I~ (methyl  group on a carbon a tom to which a hydroxyl  
is at tached),  and a broadened singlet  at 1.72 ppm (3I-1) (methyl  group on a double bond). The broadening of 
the l as t  s ignal  is  caused  by the al lyl  in te rac t ion  of the pro tons  of the methyl  group with the oleflnic proton,  
which appea r s  in the fo rm of a t r ip l e t  at 5.42 ppm, J = 7.0 Hz. 

A doublet in the 4.49-ppm region  (2I-I, J - -7 .0  Hz) is due to the equivalent methylene protons  in the 
A r - O C H  2 -  grouping undergoing in terac t ion  with an olefinic proton in the vicinal  posit ion, and a mult iplet  
in the 2.13-ppm region (2I-I) is  due to methylene protons  at tached to a carbon a tom adjacent  to a double bond. 
The mult ip l ic i ty  of the la t ter  shows that the re  is a methylene group adjacent to it. It follows f rom this  that 

H CH3 
I I 

the kopeolin molecule has the fragment Ar--OCH2--C=C-Z'CH2--CH2 - ,  i.e., the first isopentenyl link at- 
tached to the umbelliferone forms an open chain. 

In the spectrum of the dihydro derivative, the signals of the olefinic proton and of the methyl group 
on the double bond have disappeared, and a three-proton doublet has appeared at 1.02 ppm, J = 8.5 Hz, cor- 
responding to a methyl group on a secondary carbon atom. The signal of the methylene protons in the Ar-  
OCH 2 grouping has changed from a doublet into a multiplet with its center at 3.22 ppm, and the protons 
vicinal to the double bond have shifted upfield. These results show the presence of the fragment given above 
in the kopeolin molecule. The presence of methyl groups on tertiary carbon atoms, and also biogenetic con- 
siderations, show that the second and third isopentenyl links form part of a six-membered ring; i.e., sub- 
stance (IV) has the carbon skeleton of farnesiferol C [3]. Both the hydroxy groups are present in this ring. 
As has been shown, one of them is located in the geminal position to a methyl group and is consequently 
tertiary; the second can only be secondary. 

When kopeoside (see below) was treated with acetic anhydride and sodium acetate, the tertiary hy- 
droxyi underwent acetylation, forming an acetyl derivative with mp 151-152°C. 

In the NMR spectrum of the latter product, the signal of the geminal methyl group is shifted downfield 
by 0.24 ppm because of an electron-accepting influence, which shows the geminal positions of the hydroxyl 
and methyl groups. 

The secondary hydroxyl can be attached to one of three carbon atoms: CI, C2, or C 3. The geminal 
methine proton appears in the NMR spectrum of (IV) in the form of a poorly resolved quartet at 3.22 ppm, 

the half-width of which is 18 Hz, which excludes the C 2 position of the hydroxyl, since in this case (five- 
spin system) the signal of the methine proton would be a multiplet and would have a half-width of 12 (equa- 
torial) or 40 Hz (axial). The nature of the multiplicity and of the half-width of this signal in the spectrum 
of (IV) shows that the methine proton is located at C 1 or C3, i.e., in the axial position. 

The treatment of (IV) with acetic anhydride in pyridine formed a monoacetate with mp 110-111°C, 
composition C26H3405, M + 442. In its NMR spectrum, the signal of one of the gem-dimethyl groups has un- 
dergone a paramagnctic shift by 0.12 ppm, and the other a diamagnetic shift by 0.07 ppm; the signal of the 
Ci0 methyl has shifted downfield by 0.04 ppm. This shows that the secondary hydroxy group is most prob- 
ably located at C 3 [2]. The different behaviors of the signals of the protons of the gem-dimethyl groups on 
the conversion of substance (IV) into the acetate is apparently due to steric factors (one of them is equa- 
torial and the other axial). On the basis of these results, kopeolin has the structure shown in Fig. 2. 

Kopeoside (V), as shown above, is an ether of umbelUferone and a glycosylated alcohol. The de- 
veloped formula CgHsO2,CIsI-12502(OH)-C6HIIO 5 is proposed for it. The NMR spectrum of this coumarinis 
similar to that of kopeolin in relation to the chemical shift of the signals and their intensities and splittings. 
The main difference consists of the signals of the protons of the sugar residue and the superposition of the 
signals of the CI0-CH 3 protons on the signal of one of the gem-dimethyl groups, and also a downfield Shift 
of the C 3 proton to 3.55 ppm. This unambiguously shows that kopeoside is a 3-O-glycoside of kopeolin. 
This conclusion is supported by the NMR spectrum of kopeoside pentaacetate. In the latter, in addition to 
the appearance of the signals of CH3CO groups (151-I) in the 1.87-1.98 ppm region, a paramagnetie shift by 
0.24 ppm of the signal of the protons of the tertiary methyl group (geminaI to a hydroxy group) is observed 
and, consequently, the tertiary hydroxyl in kopeoside is free and the glucose residue is located at C 3. The 
absence of the peak of the molecular ion and the presence of fragment with m/e 400 are duetothe splitting 
off of the sugar component from the glycoside on electron impact, in analogy with flavonoidglycosides [4]. 
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The acid and enzymat ic  [5] hydro lys i s  of kopeoside led to i ts  c leavage,  formLug 1 mole  o f  glucose,  
identified by pape r  chromatography ,  and a coumar in  with mp 144.5-145°C, Rf 0.19 [ h e x a n e - b e n z e n e -  
methanol  (5 : 4: 1)] which was identified by a mixed  mel t ing  point and by IR and NMR spec t roscopy  as kope-  
olin. The IR spec t rum of kopeoside has bands at 1085, 1060, and 1018 cm -~ and, the re fo re ,  the D-glucose  
is p r e s e n t  in the py ranos e  fo rm.  The p r e s e n c e  of a band at 893 cm -1 and the absence  of one at 850 c m  - 1  

give grounds for  cons ider ing  that  the sugar  component  is at tached by an a - g l y c o s i d i c  bond [6]. Thus,  
kopeoside is  kopeolin 3 -O- f l -D-g lucopyranos ide .  

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

The IR sp ec t r a  were  taken on a UR-10 s p e c t r o m e t e r  (KBr); the NMR s p e c t r a  on a JEOL ins t rument  
at  60 MHz (in CDCI~ and deuteropyridine) ,  the c h e m i c a l  shifts  being given in the ~ sca le  f r o m  the signal of 
HMDS taken as  0; and the m a s s  s pee t r a  on an MKh-1303 ins t rument .  The pur i ty  of the subs tances  was 
checked by t h in - l aye r  ch romatography  on s i l ica  gel in the h e x a n e - b e n z e n e - m e t h a n o l  (5 ." 4 • 1) (1) and 
c h l o r o f o r m - e t h y l  a c e t a t e - m e t l m n o l  (15: 7:3)  (2) s y s t e m s .  

Isolat ion of Kopetin, Kopeodin, and Kopeolin.  The dr ied and eomminuted  roo ts  of Fe ru l a  kopetdaghen- 
s i s  (4.5 kg) were  s teeped with methanol  t h r ee  t imes  (25, 20, and 20 l i t e r s ) .  The ex t rac t s  were  combined, 
evapora ted  in volume to 0.5 l i te r ,  and diluted with wa te r  (1 • 2). The liquid obtained was t r e a t e d  with e the r  
(3 × 1 l i ter) ,  whereupon four  subs tances ,  with R/  0.18, 0.20, 0.35, and 0.40 ( sys t em 17 pas sed  into the ex-  
t r a c t ,  while subs tances  with Rf 0.0 r ema ined  in" the methanol ic  f rac t ion.  The e the rea l  ex t rac t  was washed 
f i r s t  with 10% sodium carbonate  solution to e l iminate  the galbanic acid (Rf 0.18) and then with water ,  and 
it was dr ied  over  anhydrous sodium sulfate  and was evapora ted  to d rynes s .  This  gave 290 g of res idue  in 
the f o r m  of a brown res in .  About 100 g of th is  was ch romatographed  on a column fi l led with KSK s i l ica  gel 
(par t ic le  s ize  0.25 ram,  weight 2 kg). Elution was p e r f o r m e d  with pe t ro leum e ther  (bp 70°C) - b e n z e n e ( 1  : 17, 
750-ml  f rac t ions  being col lected.  The f i r s t  f rac t ions ,  which did not contain coumar ins ,  were  d iscarded,  and 
the  l a t t e r  contained a mix tu re  of pur i f ied  subs tances .  These  f rac t ions  were  r eeh roma tog raphed  under  the 
conditions descr ibed  above,  and the subs tances  were  eluted with pe t ro leum e t h e r - b e n z e n e .  

Concentrat ion of the eluate f r o m  f rac t ions  4-6 gave kopetin (0.4 g~, f rac t ions  10-11 yielded kopeodin 
(0.9 g), and the subsequent  f rac t ions  yielded kopeolin (0.5 g). 

Isolat ion of Umbel l i fe rone  and Kopeoside.  The aqueous methanol ic  f rac t ion  was evapora ted  to d r y n e s s .  
This  gave 380 g of a brown substance;  115 g of th is  was t r a n s f e r r e d  to a ch romatograph ic  column f i l ledwith  
s i l ica  gel (2 kg, pa r t i c le  s ize  0.2 ram).  On ch loroform elution, f rac t ions  1-10 yielded umbel l i ferone;  on 
subsequent  elution of the column with p r o p a n o l - c h l o r o f o r m  (5 : 15)~ f rac t ions  14-15 yielded kopeoside (1.5 g~. 

Acid Hydrolys is  of Kopeolin.  A solution of 0.5 g of the substance  in 5 ml  of ethanol was t r e a t e d  with 
2 ml  of 10% I-IC1 and the mix tu re  was heated in the wa te r  bath for  10 rain and was then left at room t e m p e r a -  
t u r e  for  two days.  Then it was diluted with wa te r  (I  : 2) and t r e a t ed  with e ther  (3× I00 ml), and the ex t rac t  
was washed with wa te r  and dis t i l led.  The d ry  res idue  was c h r o m a t o g r a p h e d  on a column (h =20 era; d =3 
era) of type KSK si l ica  gel, with ch lo ro fo rm elution. The evaporat ion of 1 l i t e r  of the eluate and r e c r y s -  
ta l l iza t ion f r o m  wa te r  yielded sma l l  co lo r l e s s  c ry s t a l s  with mp 231-232°C. 

Dihydrokopeolin.  A solution of 0.040 gof  the substance  in 10 ml  of ethanol was t r e a t ed  with 0.05 g of 
I~O2, and hydrogenat ion was p e r f o r m e d  at room t e m p e r a t u r e .  The amount of hydrogen consumed was 2.5 
ml  (I  mole) .  The liquid was f i l t e red  and evapora ted  in vacuum, giving an oily subs tance  with M + 402, Rf 
0.2 ( sys t em I) .  

Kopeolin Monoaeetate.  A solution of 0.12 g of the substance  in 5 ml  of pyridine was t r e a t ed  with 10 
ml  of acet ic  anhydride and heated in the wa te r  bath for  I h. Co lor less  c r y s t a l s  deposi ted with mp 110-111°C 
( f rom ether) .  

Kopeoside Pen taace ta te .  A solution of 0.15 g of kopeoside in 20 ml  of ace t ic  anhydride was t r e a t ed  
with 2.0 g of fused  sodium ace ta te  and the mix tu re  was heated in the wa te r  bath for  4 h. A crys ta l l ine  sub-  
s tance with mp 151-152°C, Rf 0.9 ( sys t em 2) deposi ted.  

S U M M A R Y  

The roots  of F e ru l a  kopetdaghensis  Eug. Kor .  have yielded five coumar ins  - umbel l i fe rone  and four  
new compounds (kopetin, kopeodin, kopeolin,  and kopeoside) .  
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On the bas i s  of NMR, m a s s ,  and IR spec t roscopy ,  der iva t ives ,  and t r an s fo rma t ion  products ,  the s t r uc -  
t u r e s  of two of the new eoumar ins  kopeol inandkopeos ide  have been es tabl ished.  It has  been shown that  
kopeolin is a de r iva t ive  of f a rne s i f e ro l  C and kopeoside is kopeolin 3 -O- f l -D-g lucos ide .  
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