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The roots of Angelica decurs iva  (Miq.) Franch.  et Savat. have previously yielded nodakenin [1] and the aglycone 
of this glycoside,  nodakenetin,  umbel l i ferone,  decurs in ,  decurs id in ,  and the d ies te r  of 3', 4 ' - d i h y d r o x y - 3 ' , 4 ' -  
dihydroxanthylet in with angelic and i sovaler ic  acids [2]. 

In a study of the roots of a white-f lowered form of Angel ica decurs iva  (Miq.) F ranch  et Savat . ,  we have isolated 
a new coumar in  with the composit ion CuH26OT, which we have called "andelin." 

In the UV spec t rum of andelin,  maxima at 222 and 322 m# (loge 4.56 and 4.22) and also a smal l  peak in the 
neighborhood of 255 m# (loge 3.62) show that the substance is a dihydrofuro-  or d ihydropyranoeoumarin  [3]. The IR 
spec t rum of the lactone (figure, A) shows absorpt ion bands at, cm- l :  1760-1735 (CO of an a - p y r o n e  r ing and of an 
ester)  and 1640 and 1570 (aromatic nucleus).  In the NMR spect rum (figure, B) doublets a and d (6 7.57 and 6.05, J = 
= 10 Hz) and s inglets  b (6 7.25) arid c (56.65) are  due to the protons in posi t ions 4, 3, 5, and 8 of a coumar in  nucleus 
respect ively ,  and show that andelin is a 6, 7-disubst i tuted coumarin .  

A 

7 

2O 

F r e q u e n c y ,  c m  -1 

o c~ .f B 

k 0 "  C - C =  C-CH3 k 
CH 3 0 ' H H ' 

CH~. gCH~ "~hY ~ ~ xy d 

I e d Hc 
a b  / j e  h 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i'h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 

C 
i j 

IR spec t rum of andelin (A); NMR spec t rum of andetin 
(in CC14) (B); NMR spec t rum of methyl  isokhellactone 

(in CDC13) (C). 

The s ignals  e, h, and 1 show the presence  in the andelin nucleus of a dihydropyran r ing [4]. The singlets  1 
(6 1.43 and 1.40, 6H) are  due to two non-equivalent  methyl groups on a qua te rnary  carbon atom. The doublets e and h 
(6 5.95 and 5.20, J = 5.2 Hz) are  due to two in terac t ing  methine protons in posi t ions 4' and 3' of a disubsti tuted 

dihydropyran ring. 

186 



The c o r r e c t n e s s  of the conclus ion concern ing  the andel in  nucleus was conf i rmed  by the r e s u l t s  of a chemica l  
study. Alka l ine  hyd ro ly s i s  in aqueous dioxane y ie lded  a hydroxylac tone  with the compos i t ion  C14H1405. The compound 
was ident if ied by a compa r i son  of i ts  IR s p e c t r u m  with that of an authentic s amp le  and by the r e s u l t s  of e l emen ta ry  
ana lys i s ,  as  i sokhel lae tone .  Alka l ine  me thano lys i s  y ie lded  a subs tance  CI~HI~Oh, ident ica l  in r e s p e c t  of i t s  IR spectrun~ 
and e l e m e n t a r y  ana lys i s  with methyl i sokhel lac tone ;  under condi t ions of s e v e r e  acid hyd ro ly s i s  a compound C14H120 a 
was obtained giving a r e a c t i o n  with 2, 4 -d in i t ro -pheny lhydraz ine .  The phys icoehemica l  cons tants  and the IR s p e c t r u m  
of this compound ident i f ied this  subs tance  as  3 ' - o x o - 3 ' , 4 ' - d i h y d r o x a n t h y l e t i n  [5]. The produc ts  obtained show that the 
s t r u c t u r e  of andel in  is based  on a 3 ' ,  4 ' - d i h y d r o p y r a n o - 5 ' ,  6' : 6, 7 - c o u m a r i n  nucleus .  

Peaks  i, j ,  and k in the NMR s p e c t r u m  of andel in (see  f igure ,  B) a r e  due to the p r e s e n c e  of two acid r e s i d u e s  in 
the molecule .  The broadened peak k (5 1.90 and 1o86) is  fo rmed  as  a r e s u l t  of the superpos i t ion  of s igna ls  f rom methyl  
groups  of angel ic  and fl, f l -d ime thy lac ry l i c  (senecioic)  acids .  Peak  j (5 2.07) is due to the methyl  group of angel ic  acid. 
Peak  i (5 2.18} c o r r e s p o n d s  to one of the methyl  groups of f l , f i -d ime thy lac ry l i c  acid.  Signals  f (5 5.85) and g (65.61) a r e  
due to the vinyl pro tons  of angel ic  [6] and senec io ic  [7] ac ids ,  r e spe c t i ve ly .  

The presence of these acids was confirmed by their isolation in the free state on alkaline hydrolysis. ']:hey were 
identified by means of their p-phenyl-phenacyl esters. 

It follows from what has been said above that andelin is a diester of isokhellactone with senecioic and angelic 
acids. 

The positions of the acid residues in the molecule of the eoumarin were shown by a study of the hydrolysis 
products. Acid hydrolysis in methanol gave a monoester C19H20 O6. The nature of the acid residue was shown by the 
NMR spectrum (figure, C), in which the signals at 2.27 and 1.19 ppm (6H) due to the protons of methyl groups and at 
5 5.62 (IH) of the vinyl proton of senecoic acid had been retained. The peak at 5 3.66 (IH) corresponds to the proton of 
the hydroxyl group formed by the splitting off of angelic acid. From theoretical considerations, the latter should be 
present in position 4', which is the most labile position [8, 9]. The alkaline methanolysis of andelin gave an analogous 
product with composition C20H~206 in which, because of etherifieation after hydrolysis, position 4' was occupied by a 
methoxyl group giving in the NMR spectrum of the product (see figure, B) the singlet h at 6 3.57 (3H). 

Thus, on the basis of a study of the products of the chemical reactions and the features of its UV, IR, and NMR 
spectra, andelin is 4'-angeloyloxy-3'-senecioyloxy-3', 4'-dihydropyrano-5', 6': 6, 7-coumarin. 

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

The IR s p e c t r a  of the subs tances  were  r e c o r d e d  on a UR-10 spec t rophotograph  (mulls  in paraf f in  oil),  the UV 
s p e c t r u m  on an S F - 4  spec t ropho tome te r  (solut ion of the subs tance  in ethanol),  and the NlVIR s p e c t r a  on a JN:M-4H-100 
ins t rument  (in CC14 and CDC13). The pos i t ions  of the s igna ls  were  de t e rmine d  r e l a t i ve  to t e t r a m e t h y l s i l a n e  as  in te rna l  
s t anda rd ,  taken as  0. 

Chromatography  was c a r r i e d  out on Leningrad  type "B" p a p e r  impregna ted  with a 10% solut ion of f o r m a m i d e  in 
methanol ,  using the solvent  sy s t em n - h e x a n e - b e n z e n e - m e t h a n o l  (5 : 4 : 1). 

Samples  of i sokhel lac tone  and methy l i sokhe l l ac tone  were  kindly given to us by A. I. Sokolova. The 
m i c r o a n a l y s e s  were  p e r f o r m e d  by E. A. Nikonova and E. A. Plokhova.  

Isolat ion of andelin.  One k i l o g r a m  of eomminuted  ange l ica  roo t s  was ex t r ac t ed  th ree  t i m e s  with methanol  (6, 
6, and 4 l i t e r ) .  The e x t r a c t s  were  concen t ra ted  in vacuum to 500 ml ,  d i luted with 1 l i t e r  of water ,  and ex t r ac t ed  with 
e t h e r  (3x300 ml) .  The e t h e r e a l  ex t r ac t  was t r e a t e d  with 0.25% caus t ic  potash  solution,  washed with water ,  and d r i ed  
with anhydrous sodium sulfate  and the solvent  was d i s t i l l e d  off. The r e s idue  (62.45 g) was c h r o m a t r o g r a p h e d  on  a co l -  
umn (24×8 cm) of ac id  a lumina  (Brockmann ac t iv i ty  g rade  II). The column was eluted with a mix ture  of pe t ro l eum and 
diethyl  e the r s  (10 : 1). F r a c t i o n s  1-20 of the e lua te  (250 ml  each) were  concen t ra t ed  and r e c h r o m a t o g r a p h e d  on a co l -  
umn of a lumina  (25 × 4 cm),  being eluted with p e t r o l e u m  e the r .  The concen t ra t ion  of f r ac t ions  1-27 gave 10.5 g of a 
subs tance  with a g l a s s l i ke  cons i s tency ,  [ ~ ] ~ - 2 8 . 0  (c 0.89; e thano l ) ,Rf  0.9, r e a d i l y  soluble in methanol ,  ch lo ro fo rm,  
and e ther ,  and spa r ing ly  soluble  in pe t ro l eum e the r .  

IR s p e c t r u m ,  cm-1: 1760, 1735, 1640, 1580, 1510, 1450, 1400~ 1360, 1340, 1300, 1260, 1230, 1150, 1080, 
1045, 1000, 940, 855, 830. UV s p e c t r u m ,  kmax:  222, 255, 322 mp ( logo 4.56, 3.62, 4.22). 
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Found, %: C 67.80, 67.46; H 6.48, 6.40. Mol. wt .424.3 (Rast). Calcula ted  for  C~H2607, %: C 67.59; H 6.15. 

Isokhellactone. A solut ion of 0.5 g of the subs tance  in 10 ml of dioxane was t r ea ted  with 10 ml of 5% aqueous 
caus t ic  soda and the mix tu re  was left  for  a day [7]. Then i t  was acidif ied with 20% H2SO 4 and t r ea ted  with e ther .  The 
e x t r a c t s  were  washed with sa tu ra t ed  sodium carbona te  solut ion and then with water ,  and the solvent  was d i s t i l l ed  off. 
This  gave c o l o r l e s s  c r y s t a l s ,  C14H1405, mp 151-152 ° C (from water ) ,  [e~]~ "1 +92.1 ° (e 0.89; ethanol),  Rf  0.00. IR 
s p e c t r u m ,  c m - l :  3450, 1700, 1630, 1565, 1470, 1380, 1295, 1190, 1140, 1080, 1030. 

Methyllsokhellactone. A solut ion of 1 g of the subs tance  in 15 ml  of methanol  was t r ea ted  with 15 ml  of a 1 N 
methanol ic  solut ion of caus t ic  soda,  and the mix tu re  was heated in the water  bath for 1.5 hr  [8]. The cooled mix ture  
was di luted with wa te r  (100 ml) and t r ea t ed  with e ther  (3 × 25 ml). The ex t r ac t s  were  washed with 57o sodium carbonate  
solut ion and then with water ,  and the so lvent  was d r iven  off. C o l o r l e s s  ac i cu l a r  c r y s t a l s  deposi ted;  ClsH1605, mp 
9 9 - 1 0 1 ° C  (f rom water ) ,  [~]~ '9  +102.3 (c 0.97; ethanol),  Rf  0.07. IR spec t rum:  3450, 1730, 1635, 1570, 1500, 1470, 
1380, 1295, 1200, 1160. 

3 ' - O x o - 3 ' ,  4 ' -d ihydroxan thy le t in .  A mix tu re  of 0.4 g of the subs tance  and 50 ml of 5070 aqueous H2SO4 was heated 
for  1 hr.  The r e a c t i o n  mix tu re  was di luted with wa te r  and cooled,  to give 0.2 g of ye l lowish  ae i cu la r  c r y s t a l s ,  
C14HnO4, mp 164-166 ° C (from ethanol).  L i t e r a t u r e  data,  mp 164-165.5 ° C [5]. IR spec t rum,  c m - l :  1730, 1635, 1575, 
1500, 1470, 1385, 1345, 1315, 1260, 1150, 1115, 960, 930, 870, 820. 

4 ' - H y d r o x y - S ' - s e n e c i o y l - 3 ' ,  4 ' - d i h y d r o p y r a n o - 5 ' ,  6'  : 6, 7 -coumar in .  A solut ion of 0.5 g of the subs tance  in 10 ml 
of 2.570 H2SO 4 in methanol  was heated for  15 rain. The r eac t i on  produc ts  were  ex t r ac t ed  with e the r  and the ex t rac t  was 
washed with s a tu r a t ed  sod ium ca rbona te  solut ion and then with water .  The r e s i d u e  f rom the evapora t ion  of the s o l v e n t  
was ch romatographed  on a column of a lumina  (act ivi ty  g rade  II) and was eluted with e ther .  The eluate  depos i ted  
c o l o r l e s s  c r y s t a l s ,  C19Hz006, mp 197-199 ° C, Rf  0.46. IR spec t rum,  cm-*: 3450 (OH group),  1760-1730 (C=<) of an 
(~-pyrone r ing  and an e s t e r  grouping),  1640, 1575 ( a romat i c  nucleus).  

Methylisokhellactone senecioate. 10 ml of a 2 N methanol ic  solut ion of caus t ic  potash was added to 4 g of the 
subs tance .  Af t e r  a minute ,  the solut ion was di luted with wa te r  (100 ml).  The unsaponif ied pa r t  of the s t a r t i ng  m a t e r i a l  
was ex t r ac t ed  with e the r  (3 x 25 ml).  The aqueous solut ion was ac id i f ied  with 2070 H2SO4 and t r ea ted  with e the r  
(2 x 25 ml).  The  ex t r ac t s  were  washed with 20% sodium carbona te  solut ion (solut ion A) and then with water .  

The concent ra t ion  of the e the rea l  ex t r ac t  and the r e c r y s t a l l i z a t i o n  of the r e s idue  obtained gave c o l o r l e s s  c r y s t a l s  
c r y s t a l s  in the fo rm of nodules with mp 145-147 ° C, [~]}~.8 +94.1 (c 0.94; ethanol),  Rf  0.8. IR spec t rum,  c m - i :  1750, 
1730 ((>=O of an o~-pyrone r ing  and an e s t e r  grouping),  1635, 1570 (a romat ic  nucleus).  

Found, o~: C 66.99, 66.94; H 6.12, 6.27. Calcu la ted  for C20HnO 6, %: C 67.02; H 6.19. 

p -Pheny lphenacy l  angel icate .  The sodium ca rbona te  solut ion A af te r  the s epa ra t i on  of the m o n o e s t e r  was 
ac id i f ied  with 20% H2SO 4 and ex t r ac t ed  with e ther  (4 x 20 ml).  The e the rea l  f rac t ion  was washed with wa te r ,  the solvent  
was d r iven  off, and the r e s idue  was subl imed.  This  gave c o l o r l e s s  ac i cu la r  c r y s t a l s  with mp 46-47 ° C. The subl imate  
was neu t ra l i zed  with sodium b ica rbona te  and the solut ion was t r ea ted  with p-phenylphenacyl  b romide  (0.3 g) in 
ethanol (5 ml) and the mix tu re  was heated for  1 hr.  C r y s t a l s  of p-phenylphenacyl  angel ica te  with mp 84-86 ° C 
(ethanol) depos i ted .  L i t e r a t u r e  data:  mp 86-87 ° C [10]. 

p - P h e n y l p h e n a e y l  f l , f l -d imethy laory la te .  One g r a m  of me thy l i sokhe l l ac tone  senec ioa te  was saponif ied with a 

solut ion of 5% H2SO 4 in dioxane with heat ing for  1 hr.  

The  sodium carbona te  solut ion obtained in the usual  way was acidif ied and d i s t i l l ed  with s team.  The d i s t i l l a t e  
was sa tu ra t ed  with sodium ch lo r ide  and ex t r ac t ed  with e ther .  Then the solvent  was dr iven  off to give f l , f l-  
d i m e t h y l a c r y l i c  acid  with mp 69-70  ° C [11]. 

The p-phenylphenacyl  e s t e r  of senec io ic  acid  was obtained by the method d e s c r i b e d  above, mp 137-140 ° C 

(ethanol). 

C O N C L U S I O N S  

A new coumar in ,  C24H2607, which has been ca l led  "andel in ,"  has been i so la ted  f rom the roo ts  of the whi te-  
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flowered form of Angelica deoursiva (Miq.) Franch. et Savat. 

On the basis of its IR, UV, and NMR spectra and the characteristics of a number of derivatives, the structure 
of 4T-angeloyloxy-3'-senecioyloxy-3 ', 4'-dihydropyrano-5', 6' : 6, 7-c0umarin has been proposed for andelin. 
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