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F r o m  the l eaves  and f lowerheads  of Inula ge rman ica  L. we have i so la ted  a co lo r l e s s  c rys ta l l ine  sub-  
s tance,  mp 155-159°C (decomp.),  with the composi t ion Cz0H24_z606, identical  accord ing  to i t s  IR spec t rum 
with a subs tance  p rev ious ly  i so la ted  f rom this plant species  [1]. 

The substance  dissolved comple te ly  in a cold 5% solution of NaHCO 3. On acidif icat ion of this solu-  
tion, the initial  subs tance  was obtained, which shows the p re sence  of a f ree  carboxy group in i t s  molecule .  
On th in - l aye r  c h r o m a t o g r a m s  in var ious  adsorben ts  and solvent  sy s t ems ,  one spot appeared;  on column 
ch roma tog raphy  under  var ious  conditions the mel t ing  point of the substance  s c a r c e l y  changed. However,  
accord ing  to NMR and m a s s  spec t roscopy  it is a mix tu re  of two substances  with s im i l a r  s t r uc tu r e s  having 
M + 362 and 360. Af ter  numerous  expe r imen t s  on the purif icat ion of the mix ture ,  we succeeded in obtain-  
ing one substance,  contaminated with about 5% of the other ,  with the composi t ion C9.0H2606, mp  150-153°C 

O 
(decomp.) ,  [ a ]~  + 17.8 ° (c 3.96; ethanol); IR spec t rum,  cm- l :  UmaxW2710 , 2650, 2580, 1670 (C:=C--C:: ), 

\OH 
1770 (T-lactone),  1732 (OCO), and 1635 (C =C); UV spect rum:  hmax 201 nm (~ 27,219). We have cal led 
this lactone germanin  A (for the IR and NMR spec t ra  of germanin  A, see Figs.  1 and 2). 

Germanin  A d i s so lves  readi ly  in KOH solution in the cold, undergoing hydro lys i s  with the format ion  
of ce-methylbutyr ic  acid (II) and a hydroxy lactone (HI) with the composi t ion C15HleO s • 1/zH20. 

The hydrogenat ion of gcrmanin  A (I) ove r  a Ni ca ta lys t  led to a dihydro der ivat ive  (V); hydrogenation 
over  a Pt  ca ta lys t  in ethanol gave a t e t r ahydro  der iva t ive  (VI) the IR spec t rum of the methyl  e s t e r  of which 
(VII) lacked the absorpt ion  band of a carboxyl ic  hydroxyl. The hydrogenation of germanin  A over  a Pt  ca t -  
a lys t  in ace t ic  acid fo rmed  a hexahydro der iva t ive  (VII/) which, on t r ea tmen t  with d iazomethane,  was a lso  
conver ted  into a methyl  e s t e r  (IX). It  follows f rom the facts  given that germanin  A contains a 7-1actone 
ring, a carboxy group, an e s t e r  group, and a lso  three  double bonds. With these functional groups and the 
given composi t ion,  the hydrocarbon skeleton of germanin  A is  monocycl ic .  

, ! ! ~ !tiA 

¢ ,'°~ " T 
L . . . . . . .  U.  

Frequency, cm "l 

Fig. 1. IR s pec t rum of germanin  A (paraffin oil). 
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Fig. 2. NMR spect rum of germanin A in CDC13 with f ragments  in 
C6D 6 (100 MHz). 
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Fig. 3. NMR spectrum of dihydrogermanin A (V) in CDCI 3 (100 MHz). 

When germanin A was t rea ted  with diazomethane, in addition to the methylation of the carboxylic 
hydroxyl, the addition of diazomethane took place with the formation of a pyrazoline derivative OC) having 
the composition C22H3006N2, which confirms the indications of the NMR spectra  (Table 1) on the presence 
in germanin A of an exocyclic methylene attached to a y- laetone ring. The hydrogenation of germanin A 
over a Ni catalyst  led to the reduction of the exocyclie methylene to a CH 3 group (V), and the treaiznent of 
germanin A with sodium borohydride led to the production of its epimer  (XI). 

To determine the position of the acyl residue we hydrolyzed te t rahydrogermanin A. The product ob- 
tained (XII) had the absorption band of a hydroxyl in the IR spect rum (Vma x 3440 cm-l) .  Substance (XID 
was converted into its methyl es te r  (XTTT). Aeetylation of the la t ter  gave an acetate (XIV), in the IR spec-  
t rum of which the absorption band of the hydroxyl was absent. In the NMR spectra  of (XID and (XIZI) an 
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upfield chemical  shift  of one of the s ignals  (of one proton unit) and in the NMR spec t rum of (XIV) a down- 
field shift of the s a m e  signal was obse rved  (see Table  1). Consequently,  there  is  one geminal  proton, i .e . ,  
the acyl res idue  in germanin  A is  located on a secondary  carbon a tom.  

To inves t iga te  the carbon skeleton of germanin  A, it  was dehydrogenated over  Se at 280-350°C. This 
gave chamazulene  (XV) in low yield. The production of this substance  f r o m  the monocycl ic  skeleton e s t ab -  
l ished above enables  germanin  A to be ass igned  to the ge rmac rano l ide s .  

The chemical  shif ts  of the s ignals  and the coupling constants  of the protons  in germanin  A and i ts  
de r iva t ives  can be judged f rom the f igures  in Table 1 which were  obtained by a d i r ec t  considerat ion of the 
spec t ra ,  and a lso  by means  of the INDOR method.  
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• 0~o,-/~,,.~ ~GH9 -\r/C 'o ~ "a- u...~/,. ""2 
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/ ~" "~-n R ~5 z? 19 20 ~ ~ fl 
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I I 
I H3C XP H2C-- fl'H3 J 

tl tl[ 1| li 
0 0 0 

~. R.~=CH s .~. R~'COCH~ 

In the weak- f ie ld  region of the NMR s p e c t r u m  of germanin  A there  a r e  the s ignals  of seven protons,  
of  which four a r e  superposed  on one another .  The following a s s ignmen t s  can be made d i rec t ly  f r o m  the 
spec t rum:  carboxyl  proton (broadened signal at  9.7 ppm); proton on a double bond conjugated with the c a r -  
boxyl (broadened t r ip le t  at  6.95 ppm); protons  of an exocycl ic  methylene  group conjugated with the lactone 
carbonyl  (d, 6.16, and d, 5 . 5 1 p p m i ; a  broadened singlet  at 1.84 ppm cor responding  to the protons  of a v i -  
nyl methyl ;  a doublet  at 1.05 ppm and a t r ip le t  at 0.82 ppm ass igned  to the methyl  pro tons  of the s - m e t h y l -  
butyryl group: they d i sappea r  in the products  of the hydro lys i s  of germanin  A and t e t r ahyd roge rman in  A. 
In the NMR spec t rum of germanin  A taken in deuterobenzene,  the s ignals  superposed  in the f o r m e r  spec -  
t r u m  sepa ra t e  (see Fig. 2 and Table 1). The high value of the coupling constant  between the protons  giving 
the s ignals  in the fo rm of a sexte t  at  4.88 ppm and of the doublet  with broadened components  at  4.65 ppm 
(J5,6 = 11.2; J6,3 = 2.0; J6,T = 10.0) show the vieinal  position of these protons .  

In t e t r ahyd roge rman in  A (VI), the signal in the f o r m  of a doublet has d isappeared .  Consequently, 
this  signal belongs to the vinyl proton.  The posi t ion of the proton vicinal to it  changes l i t t le  in the spec t r a  
of the de r iva t ives  of ge rmanin  A, which p e r m i t s  it  to be ass igned  to the lactone proton.  

On ana lys i s  of the s p e c t r u m  of d ihydrogermanin  A by the INDOR method (Fig. 3) it  was es tab l i shed  
that  the vinyl proton of the s t rong  f ield (d, 4.95 ppm) and the protons  of the methyl  group of the double bond 
(broadened s ingle t  at 1.85 ppm) in t e rac t  with one another ,  i .e . ,  t he  laetone proton is  in the ~ posit ion with 
r e s p e c t  to the vinyl proton,  and the methyl  group is  in the ~ posi t ion with r e spec t  to the la t ter .  In i t s  turn,  
i t  follows f rom this that  the ca rboxy  group is  located at C10. 
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Fig. 4. NMR s p ec t rum of (XIV) in CDC13 (100 MHz). 

The r e su l t s  of an ana lys i s  of the s ignals  of the proton vicinal to the acyl proton,  the posit ion and 
s t ruc tu re  of which were  es tab l i shed  by the INDOR method (see Figs .  3 and 4), showed that  a methylene 
group is  adjacent  to the acy[ group. The value of the geminal  constant  (J = 15.2 Hz) and a l so  the posit ion 
of the signal of one of the protons  [quartet  a t  2.84 ppm in (V)] show the ~ location of the methylene group 
with r e spec t  to the double bond. 

The s t ruc tu re  of the H 7 signal in the spec t r a  of (I) and (V) indicates  that there  is  only one JY,8 con- 
stant,  which is  c lose  to zero ,  and this i s  poss ib le  only when the subst i tuent  is  p resen t  a t  C8, i .e . ,  the e s t e r  
group is  a t tached to this  carbon a tom.  In the spec t r a  of (VI) and (VII), the signal of the gemina[ proton is  
spli t  addit ionally,  which is  due to the i nc r e a se  in the JY,8 constant  because  of the change in the dihedral  
angle between the H? and H 8 protons.  

The posit ion of the acyl group a t  C 8 is  a l so  shown by the shift  of the signal of the methyl  protons  of 
the lactone ring on pass ing  f rom (VII) to (XIII) and f rom (XIII) to (XIV). 

Thus, the facts  given above p e r m i t  s t ruc tu re  (I) to be proposed  for  germanin  A. 

We a t tempted  to obtain the other  lactone,  which we have cal led germanin  B in the individual form,  
but so f a r  unsuccessful ly ;  however ,  we have succeeded in de te rmin ing  i ts  s t ruc tu re  in the following way. 
The combined lactones  were  t r ea t ed  with diazomethane in e ther ,  and the reac t ion  product  was ch roma to -  
graphed.  This gave two substances :  the pyrazol ine  der iva t ive  of germanin  A (X) and the pyrazol ine  de-  
r iva t ive  of germanin  B (Fig. 5) in the fo rm of white c ry s t a l s  with the composi t ion C22H28OeN2, mp 132- 
134°C. As can be seen  f rom Fig. 5, the NMR spec t rum of the pyrazol ine  der iva t ive  of germanin  B has no 
s ignals  of methy l s  at  CH 2 and CH, and i t  has a singlet  (6H) a t  1.90 ppm and a doublet (3H) a t  2.0 ppm, co r -  
responding to th ree  vinyl methy ls .  In the 5 .5 -6 .2 -ppm region there  a r e  the s ignals  of th ree  protons ,  while 
in the spec t rum  of (X) there  a r e  s ignals  of only two protons  in this region, i .e . ,  in ge rmanin  B there  is  one 
m o r e  vinyl proton than in  germanin  A. In the NMR spec t rum of the combined lactones  taken in deu te ro-  
benzene, the signal of this proton is  a quar te t  at  5.60 ppm; two doublets a r e  a lso  found, at  1.40 and 1.60 
ppm, which enables these s ignals  to be ass igned  to the protons  of an angelic acid res idue.  When the com-  
bined lac tones  were  hydrolyzed,  in addition to ~ -me thy lbu ty r i c  acid, we obtained angelic acid,  which was 
identified by GLC. 

As a l r eady  mentioned,  the m a s s  s pec t rum of the combined [actones also have M + 360 and a peak 
with m / e  100 (angelic acid). All these  facts  show that germanin  B di f fers  f r o m  germanin  A only by the 
acyl res idue ,  i .e . ,  ge rmanin  B has the s t ruc tu re  (XVI) (see Scheme, p. 593). 

595 



I Hz,H ~ 
H, H6 H5 CH~N 

OGH 3 

- C = C H - C ~  

2G~-C=C 

7 ~ ~" 4 3 2 / 

" Ho 

Fig .  5. NMR spec t rum of the pyrazo l ine  de r iva t ive  of germanin  
B in CDC1 s (100 MHz). 

EXPERIMENTAL 

Isolation of the Lactones. The leaves andflowerheads of Inulagermanica collected in the 
flowering phase in Azerbaidzhan (i0 kg) were steeped in hot water three times (i h each). The [actones 
were extracted from the aqueous solution with chloroform. After the chloroform had been driven off, a 
dark viscous mass was obtained, and this was treated with ether. The ethereal extract was partially evap- 
orated, and an excess of petroleum ether was added. On standing, white crystals deposited which were 
soluble in organic solvents other than petroleum ether; they were recrystallized from a mixture of petro- 
leum ether and diethyl ether or of petroleum ether and ethyl acetate. In all cases, colorless crystals were 
obtained which, after drying for 1 h in a vacuum pistol over P205 had mp 155-159°C (decomp.); on TLC in 
the ether, the benzene-methanol (9 : 1), and other systems they gave a single spot. Yield 0.15%, compo- 

sition Cs0Hz4_ssO 6. IR spectrum, cm-l: Vma x w 2710, 2660, 2570, and br. 1670 (C=C--C/O ~OH), br. 1770 

(T-lactone), 1730 and 1720 (20CO), 1630 (C =C). Mass spectrum: M + 362 and 360 in almost equal pro- 
por t ions .  

The combined lac tones  obtained were  chromatographed  on s i l i ca  gel. Elution was p e r f o r m e d  with 
pe t ro l eum e ther ,  m i x t u r e s  of pe t ro l eum e the r  and diethyl  e ther  in va r ious  p ropor t ions ,  and diethyi  e ther .  
In a l l  c a se s ,  m i x t u r e s  of the two lac tones  were  obtained in p ropor t ions  of 1 : 1, 2 : 1, and 3 : 1. On chro -  
matography  in benzene, the lac tones  were  r e t a ined  s t rongly  by s i l i c a  gel and were  not eluted by e i the r  
benzene o r  e the r .  When the c r y s t a l s  obtained were  s to red  over  Mg(CIO4) 2 or  over  CaC12 a g radua l  fal l  in 
the mel t ing  point and in the carbon content was observed ,  i . e . ,  the subs tance  r e a c t e d  with a t m o s p h e r i c  
oxygen, as  has been r e p o r t e d  p rev ious ly  for o ther  lac tones  [2-4]. Thus, on the fifteenth day of s to rage  the 
mp was 119-123°C. The changes taking place  were  i r r e v e r s i b l e ;  in the m a s s  spec t rum the m o l e c u l a r  
weight had i n c r e a s e d  m o r e  than twofold. The combined lac tones  obtained were  s to red  in the m o i s t  s ta te .  

I s o l a t i o n  o f  G e r m a n i n  A ( I ) .  A solut ion of 5 g of the combined lac tones  in 50 ml of e tha -  
nol was t r e a t ed  with wa te r  until a s l ight  opa lescence  appeared ,  and the solution was ex t r ac t ed  with a m i x -  
tu re  of pe t ro leum e ther  and diethyl e the r  (8 : 2). Evapora t ion  of the solvent  gave 2.5 g of c r y s t a l s  in the 
form of c o l o r l e s s  needles  which were  t r e a t e d  again in the same way. Co lo r l e s s  needles  were  again i s o -  
lated,  and a f t e r  dry ing  in a vacuum pis to l  over  P205 for  1 h or  over  CaCI 2 for  a day they had mp 150-153°C 
(decomp.) and the composi t ion  C20H2606. Mass  spec t rum:  M + 362, in tense  peaks  with m / e  278 (362 - 84) 
and 260 (362 - 102). IR spec t rum,  c m - l :  Vma x w 2710, 2650, 2580 (carboxy hydroxyl) ,  1770 (7-[actone),  
1732 (OCO), 1670 (C =C-COOH) ,  and 1635 (C =C). UV spec t rum:  kma x 201 nm (e 27,219). 
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T r e a t m e n t  o f  G e r m a n i n  A w i t h  N a H C O ~ .  A solution of 0.5 g of germanin A in 20 ml of 
5% NaHCO 3 solution was acidified with 10% H2SO 4 to pH 1. A white precipitate deposited, which was fi l-  
tered off, washed with water,  and dried; mp 151-154°C (decomp.). The IR and NMR spect ra  were identical 
with those of the s tar t ing mater ia l .  

H y d r o l y s i s  o f  G e r m a n i n  A. F o r m a t i o n  o f  ( I I )  a n d  ( I I I ) .  A l - g s o l u t i o n o f g e r m a n i n  
A in 100 ml of 4% KOH solution was left at room tempera ture  for  10 days and was then acidified with 10% 
H2SO 4 solution to pH 1 and was extracted six t imes with ether.  The ethereal  extract  was washed five t imes  
with a 5% solution of NaHCO 3 and then with water  to neutrality. After the elimination of the ether,  a sub- 
stance was obtained in t races .  

The sodium bicarbonate ex t rac t  was acidified with a 10% solution of H2SO 4 and extracted five t imes 
with ether.  The ethereal  ext rac t  was washed with water  until the reaction to universal  indicator  was neu- 
tral .  The residue af ter  the elimination of the ether  gave on TLC (in the ether  system) three spots with R f  
0.79, 0.59, and 0.26. P a r t  of the products of the hydrolysis  of germanin A was dissolved in ether  and ana-  
lyzed by the GLC method; ~ -methy lbu tyr ic  acid (II) was found. 

The remainder  was dissolved in a mixture  of petroleum ether  and diethyl ether  (1: 1). This gave 
c rys ta l s  with mp 152-156°C (the initial compound according to its IR spectrum) and an oily residue. The 
residue was t rea ted  with ether  severa l  t imes.  The ethereal  extract  deposited color less  rhombs.  After 
recrys ta l l iza t ion  f rom ether  and drying, the substance had mp 198-210°C (Koffler), and on TLC (in the ether  
system) it  gave one spot with R f  0.27 (IID; composition C15H1805 • 1/2H20. Mass spectrum: M + 278 (here 
and below the resul ts  of analysis  cor responded to the calculated figures).  

IR spectrum: Vma x of an absorption band in the 3540-3430-cm -1 region (OH), broad band with its 
center  at 2620 cm -1 (carboxylic hydroxyl), 1770 cm -1 (7-1actone), 1705 cm -I (CO), 1640 cm -1 (C =C). UV 
spectrum: ~,max 202 nm (e 27,503). 

H y d r o g e n a t i o n  o f  G e r m a n i n  A o v e r  R a n e y  Ni C a t a l y s t .  P r o d u c t i o n  o f  ( V ) .  
The hydrogenation of 1 g of germanin A in 100 ml of ethanol was per formed in the presence  of Raney nickel 
cata lyst  W-4 at room tempera ture .  The amount of hydrogen absorbed was 1 mole, and no fur ther  hydro-  
genation took place. After the catalyst  and solvent had been removed,  a syrupy product was obtained which 
gave on TLC (in the e ther  system) a single spot, and this was chromatographed on silica gel with elution 
by ether.  Color less  c rys ta l s  were isolated with mp 87-90°C (Koffler)from a mixture of petroleum ether  
and diethyl ether. After drying over  CaCI2, the composition was C20H2806 • 1/2C4H100 (diethyl ether). 

IR spectrum,  cm-l :  Uma x 1779 (7-1actone), 1734 (OCO), 1690 (CO), 1645 (C=C). UV spectrum: 
},max 201 nm (e 39,150). The NMR spectrum showed the signals of the protons of diethy[ ether,  which 
disappeared when the substance was rec rys ta l l i zed  f rom CCI 4. 

H y d r o g e n a t i o n  o v e r  a P t - c a t a l y s t .  
A. Production of the Tet rahydro  Derivative (VD. The hydrogenation of 4 g of germanin A in 100 ml 

of ethanol in the presence  of 0.2 g of PtO 2 was per formed until the absorption of hydrogen ceased, the 
amount absorbed being 2 moles .  After the catalyst  and the ethanol had been eliminated, a color less  liquid 
was obtained which was dissolved in ether.  On standing, color less  rhombs deposited. After drying in a 
vacuum pistol over  P2Os with heating by means of ethanol for 1 h, they had the composition C20H300 s • 
1~C4HI00 ,mp 168-170°C. Mass spectrum: M + 366. 

IR spectrum, era-l: Vma x 2710, 2590 (carboxylic hydroxyl), 1780 (7-1actone), 1750 (OCO), 1700 (CO), 
1650 (C = C). UV spectrum: kmax 213 nm (g 23,994). The NMR spectrum showed the signals of the pro- 
tons of diethyl ether. 

The crystals with mp 168-170°C (0.2 g) were dissolved in CC14, and a white powder was obtained. 
After drying in a vacuum pistol over P205 with heating by ethanol for 1 h, their composition was C20H3006 • 
I/3CC14, mp 135-152°C. The NMR spectrum showed no signals of the protons of diethyl ether. 

B. Production of the Hexahydro Derivative (VIII). The hydrogenation of 0.5 g of germanin A in 30 
ml of glacial acetic acid in the presence  of 0.06 g of PrO 2 was per formed until t heabsorp t ion  of hydrogen 
ceased, the amount absorbed being 3 moles.  The catalyst  was fi l tered off, the f i l t rate was diluted with a 
fivefold amount of water,  the react ion product  was extracted four t imes with chloroform,  and the extract  
was washed with water  to neutrality.  After  the solvent had been driven off, a vi t reous product  was i so -  
lated which gave a single spot with R f  0.55 on TLC (in the ether  system);  it crys ta l l ized f rom ether  in the 
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form of colorless crystals which, after drying in a vacuum pistol over P205, had the composition C20H3206 • 
I/2C4HI00, mp 134-150°C (Koffler). 

IR spectrmn, cm-l: Vma x 2700, 2600 (carboxylic hydroxyl), 1785 (7-1actone), 1740 (OCO), 1700 (CO). 
The NMR spectrum lacked the signals of vinyl protons but contained the signals of the protons of diethyl 
ether.  

T r e a t m e n t  o f  ( V I )  w i t h  CH2N 2. P r o d u c t i o n  o f  ( V I I ) .  Ane the rea l  solution of di- 
azomethane was added to a solution of 0.5 g of te t rahydrogermanin A in ether  until a permanent  yellow 
coloration was obtained. Then the e ther  was driven off and color less  c rys ta ls  were obtained which gave a 
single spot with R f  0.58 on TLC in the ether  system; af ter  recrys taI l iza t ion from a mixture of petroleum 
ether  and diethyl e ther  and drying, they had the composition C21H3206, mp 123.5-125°C. 

n~ spectrum, cm-l :  Vma x 1780 (7-1actone), 1750 and 1740 (OCO), 1655 (C=C). UV spectrum: ~max 
215 nm (~ 32,815). 

T r e a t m e n t  o f  ( V I I I )  w i t h  CH2N 2. P r o d u c t i o n  o f  ( I X ) .  An ethereal  solution o f d i -  
azomethane was added to a solution of 0.1 g of (VIM) in ether  until a permanent  yellow coloration was p ro -  
duced. After the solvent had been driven off, a vi treous product was isolated which gave a single spot with 
R f  0.65 on TLC (in the ether  system). The NMR signal lacked the signals of vinyl protons and contained a 
singlet at 3.75 ppm - O C H  3. 

H y d r o l y s i s  o f  T e t r a h y d r o g e r m a n i n  A.  P r o d u c t i o n  o f  ( X I I ) .  A so lu t ionof0 .5  g 
of te t rahydrogermanin  A in 50 ml of 4% KOH solution was left at room tempera ture  for  10 days and was 
then acidified with 10% H2SO 4 to pH 1 and extracted ten t imes with ethyl acetate,  the extract  then being 
washed with water  to neutrality. After the solvent had been driven off, a vi t reous residue was obtained, 
two recrys ta l l i za t ions  of which from ether  yielded color less  c rys ta l s  with the composition C15H2205, mp 
249-251°C (Koffler). 

IR spectrum,  cm-l :  vmax 3440 (OH), 2650 and 2590 (carboxylic hydroxyl), 1740 (T-lactone), 1700 
(CO), 1660 (C =C). UV spectrum: kma x 206 nm (~ 21,370). 

T r e a t m e n t  o f  ( X I I )  w i t h  CH2N 2. P r o d u c t i o n  o f  X I I I .  An ethereal  solution of di- 
azomethane was added to a solution of 0.5 g of (XII) in ethanol until a permanent  yellow coloration was ob- 
tained. After the solvent had been driven off, a vi treous product was obtained which gave a single spot 
with R f  0.36 on TLC (in the ether  system);  it was impossible to crysta l l ize  it, and af ter  drying in the vac -  
uum pistol over  P205 without heating for  40 h it had the composition C16H2405 • I/2H20. 

A c e t y l a t i o n  o f  ( X I I I ) .  P r o d u c t i o n  o f  ( X I V ) .  A solution of 0.12 g of (XIII) i n l m l o f  
pyridine was mixed with 1 ml of acet ic  anhydride in 1 ml of pyridine, and the mixture was left at room 
tempera ture  for a day. Then it was diluted with water  and extracted with ether,  and the extract  was washed 
three t imes with 5% HCI and then with water  to neutrality. After the elimination of the solvent, c rys ta l s  
deposited which were recrys ta l l i zed  from a mixture of petroleum ether  and diethyl ether; composition 
C18H2606, mp 157-158°C (Koffler). 

IR spectrum, cm-1: Vma x 1780 (7-1actone), 1750 (OCO), 1655 (C =C). 

R e d u c t i o n  o f  G e r m a n i n  A w i t h  N a B H  4. P r o d u c t i o n  o f  ( X I ) .  A solution of 0.37 g 
of germanin A in 5 ml of methanol was mixed with 0.5 g of NaBH 4 in 20 ml of methanol and the mixture 
was left for  20 rain, a f ter  which it was diluted with water  and acidified with 10% H2SO4, and the reaction 
product was extracted three t imes with ethyl acetate.  The extract  was washed with water  to neutrality.  
After the solvent had been distilled off, a faintly colored syrupy product  was obtained which gave two spots 
with R f  0.71 and 0.42 on TLC [in the benzene-e thanol  (8 : 2) system].  It was chromatographed on silica 
gel with e ther  as the eluent. This gave color less  c rys ta ls  with the composition on C20H2806, mp 198-202°C. 

IR spectrum, cm-l :  Vma x 2700, 2650, 2580 (carboxylic hydroxyl), 1790 (T-lactone), 1740 (OCO), 
1690 (CO), 1640 (C =C). UV spectrum: Xma x 201 urn [~ 44,863 (C =C-COOH)] .  

T r e a t m e n t  o f  t h e  C o m b i n e d  L a c t o n e s  w i t h  CH2N 2. A solution of l g of the combined 
lactones in 20 ml of e ther  was t reated with an ethereal  solution of diazomethane until a permanent  yellow 
coloration appeared. The reaction product was chromatographed on sil ica gel. Elution was per formed 
with petroleum ether,  a mixture of petroleum ether  and diethyl ether,  and then with ether.  Pe t ro leum 
e t h e r - d i e t h y l  e ther  (6 : 4) eluted 0.5 g of a vi t reous substance. After drying in the vacuum pistol over 
P205 it formed a white amorphous powder with the composition C22H3006N 2 (X), mp 50-53°C. 
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IR spectrttm, cm-1: Vma x 1780 (T-lactone), 1730 (OCO), 1705 ((:}CO), 1635 (C = C). 

The same mixture eluted colorless crystals with the composition C22H2806N2, rap 132-134°C (Koffler). 
IR spectrum, cm-l: 1775 (T-lactone), 1715 (OCO), 1650, 1630 (C =C). 

Substance (X) was obtained by treating germanin A with diazomethane under similar conditions. 

D e h y d r o g e n a t i o n  of G e r m a n i n  A. A mixture of 0.5 gofgermanin A and l g o f S e w a s  
heated at 280-350°C for 2 h, the reaction products were extracted with petroleum ether, and the residue 
after the elimination of the solvent was chromatographed on neutral alumina (activity grade ID. A blue 
liquid was isolated which on TLC gave a single spot at the level of a spot of chamazulene (marker). 

SUMMARY 

It has been established that the substance isolated previously from Inula germanica L. is a mixture 
of two new sesquiterpene lactones: germanin A and germanin B. 

On the basis of chemical reactions and a study of IR, UV, NMR, and mass spectra, structures (I) and 
(XVI), respectively, are proposed for germanin A and germanin B. 
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