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F o r  the substance  a r t emid in  (I) i sola ted p rev ious ly  we proposed an i soeoumar in  s t ruc tu re  with a 
butylene side chain in posit ion 3 of the ~ -py rone  r ing [1]. 

This  p a p e r  g ives  a proof  of the s t ruc tu re  of I on the bas i s  of a chemica l  study of it. 

The IR s p e c t r u m  of a r t emid in  (Fig. 1) has  the absorpt ion band of a t r ans -d i subs t i t u t ed  double bond 
(970 cm-1) ,  whose p r e s e n c e  is  conf i rmed  by brominat ion  and hydrogenat ion reac t ions .  The bromina t ion  of 
I gave d ib romoar t emid in  with the composi t ion CI3H1202Brz (II). The hydrogenat ion of a r t emid in  in the p r e s -  
ence of p la t inum oxide f o r m s  a dihydro der iva t ive  Cl3H14Oz (III). The IR spec t r a  of d ib romoar t emid in  and 
d ihydroar temid in  lack the absorp t ion  band of a double bond. The UV spec t rum of HI r e t a ins  the m a x i m a  
c h a r a c t e r i s t i c  for  i socoumar in  [2] (Fig. 2), and in i ts  NMR s p e c t r u m  the s ignals  of the olefinic pro tons  a r e  
shifted upfield [1]. 

When d ihydroar temid in  was  heated with an aqueous solution of caust ic  potash,  a keto acid (IV) was  ob- 
tained, which shows that  the subs tance  has  an i socoumar in ,  but not a coumar in ,  skeleton [3]. The IR spec -  
t r u m  of the ketoaeid has  absorp t ion  bands at 1595, 1570, and 1490 cm -I  (a romat ic  r ing),  1685 cm -1 ( C = O  
of a ca rboxy  group),  1705 cm -1 (C = O of a ketone), and 2650 cm -1 (OH group of a d imer i zed  acid).  The 
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Fig.  1. IR spec t r a  of: a) a r t emed in  
~ ;  b) d ihydroar temid in  (III); e) the 
i s o c a r b o s t y r y l  (VI); d) the ketoaeid 
(Iv). 

p re sence  of a ketone group in the saponificat ion product  of 
d ihydroar temid in  was conf i rmed by the fo rmat ion  of the 
2,4 -dini t  rophenylhydr  az one (V). 

The e l e m e n t a r y  composi t ions ,  mel t ing points ,  and 
UV spec t r a  of d ihydroar temidin ,  the ketoacid,  and i ts  
hydrazone ag ree  with those for  the cor responding  d e r i v a -  
t ives  of cap i l la r in  [4-6] (Table 1). 
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Fig. 2. UV spec t r a  of: 1) 
a r temid in  (I); 2) d ihydro-  
a r temid in  (IIt); 3) the ke to -  
acid ( IV) .  
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TABLE 1. 

Artemidin derivat ives  mp,°C Capillarin der ivat ives  mp, °C 

Dihydroartemidin 
Ketoacid f rom dihydro- 
ar temidin 

2,4-Dinitrophenyl-  
hydrazone of ketoacid 

45- 46 

85, 86 

174-175 

Tet rahydrocapi l lar in  
Tet rahydrocapi l lar ic  
acid 

2,4- Dinit rophenylhydra-  
zone of t e t r ahydro-  
capil lar ic  acid 

45.5-46.5 

85.5-86.5 

174-175 

When dihydroartemidin was heated in a sealed tube with ammonia,  the oxygen of the pyrone ring was 
replaced by NH with the formation of an i socarbos tyry l  [4], C13HisON (VI). In the IR spect rum (in CHC13) 
of this compound the band of the carbonyl group shifted f rom 1725 to 1665 cm -1 and, in addition, a sharp 
band of an NH group appeared at 3400 cm - l .  

To establish the position of the double bond in the side chain, ar temidin was oxidized with chromic  
anhydride in acetic acid. Propionic acid and i socoumar in-3-carboxyl ic  acid (VII) were isolated f rom the 
oxidation products .  The methyl es te r  of the acid (VIII) had the same melting point as authentic methyl i so-  
coumar in-3-carboxyla te  [7]. Consequently, the double bond in the butylene chain is present  in the 1,2 pos i -  
tion. 

The spectral  and chemical  information obtained permi t s  s t ructure  I to be proposed for ar temidin.  

[ • C H 2 -  CHTCHf.CH 3 ,.-~",~,7~ - C H~ C FI 2"- CH2"- Ctt 3 
~00~-2,4- dini~ophenylhydrazone 

--.~HCH~CH~'CH~ CH3 f . , ' ~ , ~  CH=CH- CH~ CR3 

w ° 'I° ° 

~ COOCll 3 ~COOH 

0 0 
~U VII 

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

The IR spect ra  were taken on a UR-10 spectrophotometer ,  the UV spect ra  on an SF-4A instrument,  
and the NMR spect ra  on a JNM-100 instrument .  The analytical resul ts  of the compounds corresponded to 
the calculated f igures.  

Isolation of Artemidin~ A 10-kg sample of the epigeal par t  of Ar temis ia  dracunculus was extracted 
with chloroform.  The residue af ter  the chloroform had been distilled off (yield 5%) was dissolved in ether.  
The ethereal  solution was extracted with 0.5% KOH solution to eliminate acidic products  and then distilled, 
and the residue was ehromatographed on neutral  alumina (activity grade IV, rat io 1 : 10). The column was 
eluted success ively  with petroleum ether,  benzene, chloroform,  and ether.  One- l i te r  f ract ions were col-  
lected. Frac t ions  2-6 were rechromatographed on silica gel (activity grade I, 1:40) and eluted with pet-  
ro leum ether  and a petroleum e t h e r - e t h e r  mixture (9:1) .  When the petroleum e t h e r - e t h e r  eluate was 
concentrated,  a crystal l ine precipi tate  of ar temidin was obtained. The preeipitate was separated p repa ra -  
t ively on plates with a fixed layer  of si l ica gel in a pet roleum e t h e r - a c e t o n e  (20 : 1) sys tem.  The zones 
with R f  0.45 were eluted with ether,  giving color less  needles of artemidin C13H1202, mp 49-50°C (from 
pet roleum ether),  mol. wt. 200 (mass spect rometry) .  

Hydrogenation of Artemidin.  One g ram of artemidin in solution in 10 ml of absolute ethanol was hy-  
drogenated in the presence  of 0.1 g of platinum oxide, 200 ml of hydrogen being absorbed in 30 min. After  
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r emova l  of the ca ta lys t  and the solvent ,  co lo r l e s s  c r y s t a l s  of d ihydroar temid in  were  obtained with mp 45-  
46°C (f rom pe t ro l eum ether) .  A mix tu re  with a r temid in  showed a depress ion  of the melt ing point.  

Brominat ion of Ar temidin .  A 3% solution of b romine  in CHC13 was added dropwise  to a solution of 
0.073 g of a r temid in  in 2 ml  of CHC13 until it was no longer  decolor ized .  The dibromo der iva t ive  had rap 
139-140°C (f rom methanol) ,  mol .  wt. 360 (mass  spec t rome t ry ) .  

Saponification of Dihydroar temidin .  A mix tu re  of 0.2 g of d ihydroar temidin  and 50 ml  of 5% KOH 
solution was  boiled for  20 min.  When the cooled mix tu re  was acidified with 5% HC1, c r y s t a l s  of the ke to-  
acid of d ihydroar temid in  deposi ted with mp 85-86°C (f rom pe t ro l eum ether) .  

2 ,4-Dini t rophenylhydrazone of the Ketoacid.  The ketoacid (0.05 g) was t r ea t ed  with a sa tura ted  HC1 
solution of 2 ,4-d in i t rophenylhydraz ine .  On standing, c r y s t a l s  appeared  in the f o r m  of yellow needles  
(hydrazone) with mp 174-175°C ( f rom ethanol).  

Aminat ion of Dihydroar temidin .  A mix tu re  of 0.1 g of d ihydroar temid in  and 2 ml of conc. NH 3 was  
heated in a sea led  tube at 130-150°C fo r  5 h. Af ter  cooling, c r y s t a l s  of the i soca rbos ty ry l  with mp 137- 
138°C (f rom acetone) deposited.  

Oxidation of Ar temidin .  A solution of 0.3 g of a r t emid in  in 8 ml  of glacia l  ace t ic  acid was t r ea t ed  
with a solution of 0.4 g of ch romic  anhydride in 10 ml  of 50% acet ic  acid,and the mix ture  was left  to stand 
for  3 days .  Propionic  acid was  identified in the reac t ion  mix tu re  on a fixed l aye r  of cel lulose [in a t e r t i a r y  
b u t a n o l - a m m o n i a - w a t e r  (25 : 3 : 5) sys tem]  f r o m  i ts  R f  value of 0.55 (with a m a r k e r ) ,  being shown up by 
bromphenol  blue as a blue spot on a yellow background.  The acet ic  acid was dr iven off f r o m  the mix tu re  
at 40-50°C, the res idue  was  t r ea t ed  with a 5% solution of sodium carbona te ,  the carbonate  ex t rac t  was  
washed with e the r  and acidified with 5% HC1, and the i s o c o u m a r i n - 3 - c a r b o x y l i c  acid was ex t rac ted  with 
e ther .  Mp of the acid 236-237°C (f rom ethyl aceta te) .  

Methylat ion of I s o c o u m a r i n - 3 - c a r b o x y l i c  Acid. An e the rea l  solution of diazomethane was added to 
0.01 g of the acid in 20 ml  of e ther .  The mix tu re  was left for  24 h, a f t e r  which the solvent was dr iven off. 
The res idue  cons is ted  of methyl  i s o c o u m a r i n - 3 - c a r b o x y l a t e  with mp 172-173°C (f rom methanol) .  

C O N C L U S I O N S  

Structure  I has  been p roposed  for  a r temid in  on the bas i s  of the p repa ra t ion  of a number  of d e r i v a -  
t ives  and spec t ra l  c h a r a c t e r i s t i c s .  
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