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F r o m  the  e p i g e a l  p a r t  of A r t e m i s i a  a r m e n i a c a  La in .  we have  i s o l a t e d  a new c o u m a r i n  wi th  the c o m p o s i -  
t ion  CttHtsO 5 wh ich  we have  c a l l e d  a r m i n .  IR s p e c t r u m  (F ig .  1): Vmax3520,  3230 (OH), 1740 (C = O  of a 5_ 
l a c tone ) ,  1625 and 1570 c m  - t  ( C - - C  in con juga t ion) .  In  the UV s p e c t r u m  t h e r e  a r e  two a b s o r p t i o n  m a x i m a  at  
262.5 and 322 n m  (log e 4.0323 and 4.1798,  r e s p e c t i v e l y ) .  

A r m i n  f o r m s  a d i a c e t a t e  (II) wi th  the  c o m p o s i t i o n  C18H2007. 

F i g u r e  2 g i v e s  the  NMR s p e c t r u m  of a r m i n  [1]. The  a s s i g n m e n t  of the  s i g n a l s  was  m a d e  on the b a s i s  of 
the  a n a l y s i s  of the  s p e c t r a  of  the c o u m a r i n  i t s e l f  and of i t s  d e r i v a t i v e s  [1, 2]. In the  NMR s p e c t r u m  of a r m i n  
the s i g n a l s  of  fou r  p r o t o n s  of the  c o u m a r i n  nuc l e us  a r e  l o c a t e d  in  the  6 .2 -7 .6  p p m  r e g i o n  and t h e r e f o r e  t h e r e  
a r e  two s u b s t i t u e n t s  in th i s  n u c l e u s .  In a g r e e m e n t  wi th  l i t e r a t u r e  i n f o r m a t i o n ,  the  doub le t s  a t  6.24 and 7.60 
p p m  (J = 9.7 Hz) a r e  the  s i g n a l s  of the  p r o t o n s  a t  C 3 and C 4, r e s p e c t i v e l y .  I t  fo l lows  f r o m  th i s  tha t  bo th  s u b s t i t -  
u e n t s  a r e  p r e s e n t  in  the  b e n z e n e  r i n g .  The  o t h e r  two doub le t s  (at  6.82 and 6.93 ppm) a r e  the  s i g n a l s  of  the  
P r o tons  of a b e n z e n e  r i n g  in  the  o r t h o  p o s i t i o n  of one a n o t h e r ,  a s  i s  shown b y  t h e i r  c o u p l i n g  c o n s t a n t  (J = 7 Hz),  
In th i s  c a s e ,  t h r e e  v a r i a b l e s  of the  p o s i t i o n s  of the  s u b s t i t u e n t s  a r e  p o s s i b l e :  I - a t  C 7 and C8; P - a t  C s andC6;  
and I " - a t  C 5 and C s. T h e  low v a l u e  of the  c h e m i c a l  sh i f t  of the  H 4 p r o t o n  (7.60 ppm) e x c l u d e s  t he  v a r i a n t s  
wi th  the  s u b s t i t u e n t  a t  C s [3], i . e . ,  a r m i n  i s  a 7 , 8 - d i s u b s t i t u t e d  c o u m a r i n .  

One of the  s u b s t i t u e n t s  c o n s i s t s  of an  i s o p r e n e  uni t  c o n n e c t e d  wi th  the  c o u m a r i n  nuc l e us  t h rough  oxygen,  
a s  fo l lows  f r o m  an a n a l y s i s  of the  NMR s p e c t r u m  of a r m i n  i t s e l f  and of i t s  d i a c e t a t e  (II). Thus ,  the  2 H - t r i p -  
l e t  a t  3.62 p p m  i s  the  s i g n a l  of the  p r o t e i n s  of a m e t h y l e n e  g r o u p  to wh ich  a h y d r o x y l  i s  a t t a c h e d ;  in  the NMR 
s p e c t r u m  of the  d i a c e t a t e ,  th i s  s i g n a l  i s  sh i f t ed  downf ie ld  by  0.46 ppm.  The  m u l t i p l i c i t y  of  th i s  s i g n a l  { t r ip le t )  
shows  the p r e s e n c e  of a h y d r o x y m e t h y l e n e  g r o u p i n g  a t  a m e t h y l e n e  g roup ,  i . e . ,  the  s i d e  cha in  has  the f r a g m e n t -  
CH 2 -  CH2OH. The  m u l t i p l e t  wi th  an  i n t e n s i t y  of 2 H a t  4.20 p p m  in the s p e c t r u m  of (I) and  the doub le t  a t  3.95 
p p m  in the  s p e c t r u m  of (II) a r e  the  s i g n a l s  of the  p r o t o n s  of a m e t h y l e n e  g r o u p  a t t a c h e d  to oxygen  l i nked  to a 
c a r b o n  a t o m  of  the  b e n z e n e  n u c l e u s .  The  doub le t  in the  1 . 0 - p p m  r e g i o n  i n t h e  s p e c t r u m o f  (I) and the doub le t  a t  
0.98 p p m  in the s p e c t r u m  of  (II) a r e  the  s i g n a l s  of the  p r o t o n s  of  a s e c o n d a r y  m e t h y l  g roup .  

The  o t h e r  s u b s t i t u e n t  i s  a h y d r o x y  g r o u p .  In the  NMR s p e c t r u m  of a r m i n  d i a c e t a t e ,  the  s i g n a l s  of the  
p r o t o n s  of an  a c e t o x y  g r o u p  a t t a c h e d  to a b e n z e n e  r i n g  a r e  p r e s e n t  in a w e a k e r  f i e ld  ( s i n g l e t  a t  2.36 ppm) .  

Frequency ,  c m  "I  

F i g .  1. IR s p e c t r u m  of a r m i n .  
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Fig .  2. N~[R s p e c t r u m  of a r m i n  without  (a) and with (b) the addi t ion  of a 
shif t  r e agen t .  
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Fig.  3. UV s p e c t r u m  of a r m i n  taken in  so lu t ion  in  e thanol  (a) and in  e tha-  
nol  with the addi t ion  of a lka l i  (b). 

The mutua l  pos i t ions  of the subs t i t uen t s  was shown on the ba s i s  of an a n a l y s i s  of the UV s p e c t r a  of a r m i n  
t aken  in so lu t ion  in  e thanol  and in  e thanol  with added a lka l i  (Fig.  3). The UV s p e c t r u m  of the l a t t e r  showed a 
d e c r e a s e  in  the i n t e n s i t y  of the longwave max i mt t m ,  which is  c h a r a c t e r i s t i c  for  8 - h y d r o x y c o u m a r i n s  [4, 5], i . e . ,  
the hydroxyl  in  the a t t a i n  molecu le  is  loca ted  a t  C8, and the a lkoxy group  at  C 7. Such a pos i t ion  of the s u b s t i t -  
u e n t s  is  a l so  ind ica ted  by t he  NMR s p e c t r u m  of a r m i n  taken  with addi t ions  of a c h e m i c a l  shif t  agen t  Eu(fod) 3. 
Tab le  1 g ives  the va lues  of the shif ts  ASH of the pro tons  of the c o u m a r i n  nuc l eus  in  a r m i n ,  c o u m a r i n ,  and t av i -  
cone [6] r e l a t i v e  to the sh i f t  of the H 3 pro ton ,  which was a r b i t r a r i l y  taken a s  uni ty .  It  follows f r o m  this  table  
tha t  the p ro tons  of a r m i n  show an  add i t iona l  shif t  in c o m p a r i s o n  with thSse of c o u m a r i n  and tav icone .  The l a rge  
va lue  of the add i t iona l  sh i f t  for  one of the p r o t o n s - H  6 (~ 0.8 p p m ) - s h o w s  that  this  p ro ton  is  p r e s e n t  in the or tho  
pos i t ion  to the e the r  g roup ing  and not  to the hydroxyl ,  i .e . ,  the e t h e r  grouping is  loca ted  a t  C 7 and the phenol ic  
hydroxyl  a t  C 8. The g r e a t e r  shif t  of the s t r o n g - f i e l d  s igna l  on the addi t ion  of the shif t  r e a ge n t  p e r m i t s  the s ig -  
na l  at  6.82 ppm in  the NMR s p e c t r u m  of a r m i n  to be a s s i g n e d  to the H 6 proton.  In the NlVIR s p e c t r u m  of a r m i n  
d i ace t a t e  a downfield sh i f t  of the H 5 p ro ton  is  obse rved ,  in  comple t e  a g r e e m e n t  with i t s  p a r a  pos i t ion  to the 
ace toxy  group .  

The m a s s  s p e c t r a  of a r m i n  [1] and of i ts  deu te ro  d e r i v a t i v e  a r e  g iven in  F ig .  4. The p r e s e n c e  of the 
m o l e c u l a r  1on in  the s p e c t r u m  of (D with m / e  264 c o n f i r m s  the e m p i r i c a l  f o r m u l a  e s t a b l i s h e d  for  i t .  The d is -  
p l a c e m e n t  of the m o l e c u l a r  ion in  the m a s s  s p e c t r a  of the de u t e r o  d e r i v a t i v e  and the d iace ta te  by 2 and 84 amu,  
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TABLE 1. Relative Values of AEu (A5Hi/ASH3) 
in Some Coumarins 

Coumarin 

Armin 
Coumarin 
Tavicone (a q-O- 

substituted con- 
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3 4 
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respect ively,  shows the presence  of two hydroxy groups in the a rmin  molecule.  The main direct ion of f rag-  
mentation, leading to an ion with m / e  178 (see the Sbheme of the decomposit ion of attain) is charac te r i s t i c  f o r  
the fragmentat ion of e thers  of hydroxycoumarins  [7, 8] and shows the presence  of one of its hydroxy groups in 
the side chain. The format ion of an intense ion M + -  CH2CO ( m / e  306) in the mass  spec t rum of (II) is typical 
for the decomposit ion of substances containing an acylated hydroxyl of the phenolic type [9, 10]. Consequently, 
the second hydroxyl in the molecule (I) is attached direct ly  to the coumarin  ring. A charac te r i s t i c  feature of 
the dissociat ive ionization of (I) in compar ison with the decomposit ion of e thers  of 7-hydroxycoumar ins  studied 
previously  [7, 8] is the low probabili ty of the cleavage of the ether  bond with the t r ans fe r  of two hydrogen 
atoms to the coumarin  ring, which leads to the formation of a f ragment  of low intensity with m/e 179 (see tim 
Scheme of the decomposit ion of armin).  Fur the rmore ,  the ion with m/e 191 formed as a resul t  of a subsidiary 
direct ion of the f ragmentat ion of (I) subsequently eliminates two hydrogen atoms.  This p rocess  can be ex- 
plained by the format ion of a f ive -membered  ring containing the oxygen atoms of both substituents and its sub- 
sequent aromatizat ion,  which is due to the ortho position of the alkoxy and hydroxy groups in the a rmin  mole- 

cule. 

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

The IR spec t ra  (mulls in paraffin oil} were  taken on a UR-10 spec t rometer ,  the UV spec t ra  (solutions in 
96% ethanol) on a Hitachi EPS-3T spec t rometer ,  the NMR spect ra  on a Varian HA 100D spec t romete r  using 
solutions in CDC13, and the mass  spec t ra  on a Varian CH-8 spec t rometer .  

Isolation of Armin.  By water  extract ion followed by chromatography on KSK si l ica gel (elution withether) ,  
1 kg of the epigeal green par t  of Ar temes ia  armeniaca  collected by D. A. Pakaln in July in the Sisian pass in 
Armenia  yielded c rys ta I s  of armin,  C14H1605, with mp 112-114°C, tool. wt. 264. Yield 0.2%. 

Armin Diacetate.  A mixture  of 0.2 g of armin,  4 ml of pyridine, and 2 ml of acetic anhydride was left at 
room tempera ture  for 2 h and was then diluted with water  and the react ion product  was extracted with ehloro-  
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Scheme of the decomposition of armin.  

form.  The extract  was washed with 5% HC1 solution and then with water to neutrali ty,  and the solvent was driven 
off. mp 100-102°C (from ethyl acetate).  C18H2007, mol. wt. 348 (mass spect rometr ica l ly) .  Yield 0.19 g. 

IR spectrum, Vma x (cm-i):  1730-1750 (C =-O of a 6-1actone, OCOCH3), 1620 and 1570cm -I (C=C in conjugation) 

S U M M A R Y  

From the epigeal part  of Ar temis ia  a rmeniaca  Lam. we have isolated the new coumarin armin with the 
composition C14H1605 and have proposed s t ruc ture  (I) for it. 
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