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Inula japonica Thunb. (Japanese inula) is  widely used in popular medicine as a rapid-heal ing agent 
[1]. However,  i ts active pr inciple  has not so far  been studied. 

F r om the epigeal par t  of Japanese inula we have isolated [2] a new sesquiterpene lactone - inulicin 
(I) C17H2405, with mp 125.5-126.5°C, [a ]~+90.11  ° (c 4.69; chloroform).  IR spec t rum of the lactone: Vma x 
3502 cm -1 (OH), and 1745, 1660, and 1260 em -I  ( a -methy lene-y- l ac tone  and OCOCH3). The UV spect rum 
has an absorption maximum with Xmax 204 nm, ~ 13,284 - w h i c h  is typical  for  an a -methylene-7-1ac tone  
[3]. 

Inulicin contains one hydroxy group as determined by the Chugaev-Tse rev i t inov  [Zerewitinoff] meth-  
od, and with acetic anhydride in pyridine i t  forms a monoaeetyl derivat ive (II), C19H2606, mp 83.5-85.5°C. 

The hydrogenation of inulicin over  an Adams Pt  catalyst  in ethanol gave dihydroinulicin (III), C~H2605, 
f rom which was obtained acetyldihydroinuliein (IV), C~9H2806, in the IR spec t rum of which there  was no ab- 
sorption band of a hydroxy group. 

The hydroxy group is secondary,  as was shown by the oxidation of dihydroinulicin to an ~,f l-unsatu- 
ra ted  ketone (V), CtTH2405. Its UV spect rum exhibited a new absorption maximum, with ~max 250 nm, 
7200. 

The saponification of inulicin consumed two equivalents of alkali; f rom the hydrolysis  products  af ter  
acidification desaeetylinuliein (XIII), C15H2204 (a vi t reous  product),  was obtained. 

The hydrolys is  of dihydroinulicin gave two substances: desacetyldihydroinulicin (VI), C15H2~O4 (vit- 
reous  product), and a substance (VII), C15H2203, with mp 162-164°C,in the IR spect ra  of which there  was no 
hydroxyl absorption band. The dehydrogenation of a mixture  of (VI) and (VII) gave chamazulene (XV) in 
ex t r eme ly  low yield. 

The hydrogenation of inulicin over  a P t  catalyst  (from Pt20) in acetic acid gave two vi t reous  prod-  
ucts: te t rahydroinul ic in  (VIII), C17H2805, and deoxytetrahydroinulicin (IX), C17H2804. The hydrolysis  of (IX) 
formed a hydroxy lactone (X), C15H2603 (vi treous product). Its oxidation with chromic  acid gave an acid 
(XI), C15H2404 in the form of a v i t reous  product.  

The facts  given above pe rmi t  the conclusion that inulicin contains one secondary  hydr0xy group, two 
double bonds, a T-lactone system,  and an acetoxy group, the la t te r  being attached to a p r i m a r y  carbon atom. 
The composition C17H2505 (the molecular  weight of inuliein was determined mass  speet rometr ioal ly)  and 
the p resence  of the functional groups mentioned show that inulicin is  a monoeyclic  sesqui terpene lactone. 

At the p resen t  t ime,  four types of carbon skeletons of natural  monocyclic  sesqui terpene lactones a re  
known: e lemane (XVI), ge rmacrane  (XVII), xanthane (XVIII), and psi lostaehane (XIX). 
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l~g. 1. NMR and double- resonance  spec t r a  of 
inulicin. 

The f i r s t  type is excluded on the basis  of the 
NMR spec t rum of inu[iein, s ince there  is  no signal of 
the methylene s inglet  at 0.8-1.1 ppm, that  i s  c h a r a c -  
t e r i s t i c  for  the angular  methyl  of the e lemanol ides .  

The NMR spec t rum of inulicin has  the s ignals  of 
the protons  of a secondary  methyl  (a doublet at 1.08 
ppm), of a methyl  adjacent  to a double bond (a doublet 
at  1.52 ppm) ,o f  an ace ty lmethyl  a s tnglet  at 1.95 ppm), 
and of an exocycl ic  methylene conjugated with a 7-1ac-  
tone carbonyl  [two doublets at 5.58 and 6.22 ppm 
(J= 3 Hz)] and a 1-H t r ip le t  at 4.30 ppm which we have 
ass igned to the signal of a hemihydroxyl ic  proton,  s ince 
in acetylinuliein and aeetyldihydroinulicin i t s  chemica l  
shift  i s  found in the weak-f ie ld  region (Table 1). A 1-H 
mult iple t  with a cen te r  at 4.95 ppm is  the signal of a 
lactone proton,  a 2-H mult iplet  at 3.95 ppm the signal 
of methylene protons  connected with an acetoxy group, 

and a I-H mult iplet  at 3.59 ppm the signal of a proton at C 4. In dihydroinuliein,  this  signal is  shifted up- 
field, and the s ignals  of the exocycl ic  methylene  have d isappeared .  

To ass ign the signals  in inuHcin, we used double resonance  with a s t rong rad iof requency  field (H 2 
r.f .  field). F igure  1 shows the spec t rum of inul~cin and the double - resonance  spec t ra .  The ass ignment  of 
the signal at 3.59 ppm to the C 4 proton is  due to the change in the mul t ip l ic i ty  of this signal on the i r r a d i a -  
tion with the H 2 r . f .  field of the s ignals  of the exocycl ic  vinyl group. The H 4 proton,  as well as the C13 p r o -  
tons,  in te rac ts  withthe protons  the s ignals  of which a r e  located at 4.30 and 4.95 ppm, the i r  coupling con-  
s tants  being 3 and 8.5 Hz, respec t ive ly .  

The la rge  coupling constant  (J= 8.5 Hz) [4, 5] shows that  the signal at 4.95 ppm is  due to the lactone 
proton.  None of the other  coupling constants  of the H 4 proton exceeds  3 Hz. The signal at 4.30 ppm is  a s -  
c r ibed  to the geminal  (to the hydroxy group) proton.  A double bond in the ~ posit ion to the methylene p r o -  
tons at C6 is  shown by the compara t i ve ly  la rge  value of the geminal  constant  ( J=  17 Hz) between the H 6 and 

I f 
H 6' pro tons  [6, 7]. In the f r agmen t  - -C--CH2--C--  the geminal  constant  does not exceed 13 Hz, as  a rule  
[8]. I I 

The exis tence  'of spli t t ing of the signal of the hydroxy proton on coupling with the vieinal  H e proton is  
e x t r e m e l y  in te res t ing ,  s ince this i s  genera l ly  absent  f rom the spec t r a  of organic compounds because of the 
rapid  exchange of the mobi le  hydrogens  in solution. The r easons  for  this phenomenon in inulicin r ema in  
obscure .  The absence  of vinyl protons  in (I) while the signal of methyl  protons  adjacent  to a double bond 
is  p r e s e n t  enables  the g e r m a c r a n e  carbon skeleton to be excluded for  inulicin. The format ion  of the acid 
(XI) a lso  includes the xanthane type. 

The r e su l t s  of the chemica l  t r an s fo rma t ions  and the NMR spec t ra  and a lso  the format ion  of e h a m -  
azulene (XV) in the dehydrogenation of (VI) and (VII) p e r m i t  the assumpt ion  for  inulicin of the ps i los tachane  
carbon skeleton.  To de te rmine  the posit ion of the hydroxy group and the laetone r ing  in the lactone,  t e t r a -  
hydroinulicin (VIE) was oxidized to the keto der iva t ive  (XII), C17H2~O5, (rap 113-115.5°C), in the IR spec -  
t r u m  of which a s t rong  absorpt ion band appea red  at 1720 em -1 (eycloheptanone).  Substance (XII) gave a 
negat ive  Z i m m e r m a n  t e s t  for  C O - C H  2. Consequently, the hydroxy group can be p r e sen t  only a t  C3, while 
for  the  lactone r ing the C 4 - C  5 posit ion r ema ins .  This  conclusion is  in full ha rmony  with the s ingle-  and 
double - resonance  NMR spec t r a  of inulicin, f r o m  the r e su l t s  of which it  follows that  the re  is  a methylene 
group adjacent  to the lactone proton.  Thus, s t ruc tu re  (I) i s  poss ib le  for  inulicin. 

In the NMR spec t rum of desacetyl inul icin (XIII) the lactone proton is  r e p r e s e n t e d  by a doublet. This  
shows a reor ien ta t ion  of the lactone ring, which is  found not infrequent ly  in sesqui te rpene  lactones  with a 
hydroxyl  in a neighboring posit ion [9]. The appearance  of an ~ , f l -unsa tura ted  ketone in the oxidation of(liD 
is  due to the migra t ion  of the double bond, the r ead iness  of which to shift  can p robab ly  explain the f o r m a -  
tion of (IX) in the hydrogenation of inulicin in an acid medium.  
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The NMR spect rum of (VII) lacks the signal of a methyl at a double bond, while i t  contains a singlet 
at 1.29 ppm - methyl  at tached to oxygen; two doublets at 1.11 and 1.22 ppm - 2CH3CH; a multiplet at 4.79 
ppm - a lactone proton; and a doublet at 5.45 ppm (1H) - a vinyl proton. This shows that the substance 
CI~H2~Os must  have the s t ruc ture  (VII). However, we do not exclude the possibil i ty that the double bond is  
located at C s - C  ~. 

IV 

• . CH~ 
~3 Scheme of the Reactions of Inuhcln ~i~O ' 
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EXPERIMENTAL 

The IR spectra were taken on a UR-10 spectrophotometer, the UV spectra on anSF-4 instrument, and 
the NMR spectra on a Varian HA instrument, i00 MHz. Thin-layer chromatography (TLC) was performed 
on neutral alumina (activity grade IV) in the benzene-methanol (9 : i) and diethyl ether systems; in both 
cases the spots were revealed with a 0.5% solution of KIV[nO 4 in 0.5% H2SO 4. 

The analytical results for all the compounds corresponded to the calculated figures. 

Acetylinulicin (If). A mixture of 0.20 g of inuliein, 2 ml of acetic anhydride, and 4 ml of pyridine 
was heated at 50°C for 1 h, diluted with water, and extracted with chloroform. The chloroform extracts 
were washed with 3% HCI solution and with water. After the chloroform had been distilled off, crystals of 
(II), C191-I2606, mp 83.5-85.5°C (from ethanol), formed. Yield 0.21 g. IR spectrum, Vmax, cm-t: 1765 (7- 
lactone), 1735 and 1230-1270 (OCOCHs), 1660 (C=C). 

Dihydroinuliein (lID. In 45 ml of ethanol, 0.50 g of inulicin was hydrogenated in the presence of 
0.075 g of Pro 2 (Adams). Hydrogenation stopped 15 rain after the absorption of 1 mole of hydrogen. The 
catalyst and solvent were removed, and the residue consisted of dihydroinulicin, C17H2605, mp 60-61°C 
(from ether). Yield 0.4 g. IR spectrum, Vmax, era-l: 3510 (OH), 1745 (7-1actone), 1250-1270 (OCOCH3) , 
1670 (C = C). 

Similar results were obtained on hydrogenation over a Raney Ni catalyst (in ethanol). 

Aeetyldihydroinulicin (IV). A mixture of 0.22 g of (III), 4.5 ml of pyridine, and 2.5 ml of acetic an- 
hydride was heated at 50°C for 1 h. The reaction mixture was treated as in the preparation of (TI). The 
residue consisted of a viscous crystallizing liquid from which, on the addition of petroleum ether, crystals 
of (IV) deposited with the composition CIsHzsO6, mp 69-71°C. Yield 0.23 g. IR spectrum, Vmax, era-i: 
1740-1770 and 1245-1265 (7-1aetone and OCOCH3). 

Dehydrodihydroinuliein (V). A mixture of 0.65 g of (III), 12 ml of pyridine, and 0.65 g of CrO s was 
left at 0°C for 24 h, diluted with water, and extracted with a mixture of benzene and diethyl ether (i : i). 
The extract was washed with 3% HCI solution and with water. The residue after the elimination of the sol- 
vents was chromatographed on 3.5 g of neutral alumina (activity grade IV). The column was washed with 
benzene. The benzene-ether fraction yielded a colorless vitreous substance, C17I,I2405. Yield 0.28 g. IR 
spectrum, Vmax, era-i: 1780 (7-1actone), 1745 and 1250 (OCOCHI3) , 1660 (C=C), 1630 (o:,fl-unsat~rated ke- 
tone). 
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Hydrolys is  of (I): P repara t ion  of Desacetylinulicin (X]II). A. A mixture  of 0.1166 g of (I) in 15 ml 
of ethanol and 15 ml of 0.1 N NaOH solution was heated at 70°C: for  5 rain in the f i r s t  exper iment  and for  
20 rain in the second. The unconsumed alkali was back t i t ra ted  with 0.1 N H2SO4; two equivs, of alkali had 
been consumed. 

B. A mixture  of 0.5 g of (!) and 25 ml of 4% KOH solution was left  at room t empera tu re  for  39 h, af-  
t e r  which i t  was acidified with 10% H2SO 4 to pH 1 and was ex t rac ted  with ethyl acetate;  the ex t rac t  was 
washed with 5% NaHCO 3 and with water  and was dist i l led under vacuum. This gave a v i t reous  product,  
C15H2204 (on TLC in the diethyl e ther  sys tem,  R/0 .18) .  Yield 0.17 g. IR spectr tun,  ~max, cm-l :  3440 
(OK), 1750 (7-1actone), 1660 (C = C). 

Hydrolysis  of (lID. Prepara t ion  of (VI) and (VII). A mixture  of 4.6 g of (HI), 80 ml of ethanol, and 
100 ml of 4% NaOH solution was heated at 55-60°C fo r  i h, and then the ethanol was dist i l led off under vac-  
uum and the res idue  was acidified with 10% HC1 to pH 2. The react ion product  was ex t rac ted  with ch loro-  
form,  the ex t rac t  being washed with 5% KzCO 3 solution and with water .  Elimination of the ch loroform gave 
3 g of a co lo r less  viscous liquid [on TLC in the benzene-methano l  (9: 1) sys tem,  R/  0.38], which par t ia l ly  
c rys ta l l i zed  on drying. On the addition of diethyl e ther ,  c rys t a l s  of (VID, C~H2203, prec ip i ta ted  with mp 
162-164°C. IR spectrttm, Vmax, cm-l :  1780 (~/-lactone). 

The residue, a f te r  the separat ion of the c rys ta l s ,was  chromatographed on 10 g of neut ra l  AlzO 3 (ac- 
t ivity grade IV). The column was washed with benzene, and then a b e n z e n e - c h l o r o f o r m  eIuate gave des-  
acetyldihydroinulicin (VI), C15H2404, in the form of a co lor less  v i t reous  product.  IR spect rum,  ~max, cm-l :  
3435 (OH), 1762 (7-1actone), 1660 (C =C). 

The Diacetyl  Derivat ive of (VI) - (XIV). A mixture  of 0.5 g of (VI), 10 ml of pyridine,  and 5 ml of 
acet ic  anhydride was heated at 50-60°C for  i h and was then t r ea ted  as descr ibed  above. This gave 0.6 g 
of a liquid which was purif ied on 23 g of neut ra l  alumina (activity grade IV). The column was eluted with 
benzene. The benzene fract ion yielded a yellowish liquid which on rechromatography  with diethyl e ther  
gave a co lo r l e s s  v i t reous  substance with the composition C19H~806 (on TLC in the diethyl e ther  sys tem,  
R/  0.63). Yield 0.4 g. IR spect rum,  Vmax, cm-l :  1780 (7-1actone), 1745 and 1245 (OCOCH3), 1660 (C=C). 

Deoxytetrahydroinul icin (IX) and Tetrahydroinul ic in  (V]ID. In the p re sence  of 0.1 g of PtO2, 5 g of 
(I) in 75 ml of glacial  acet ic  acid was hydrogenated until the absorption of hydrogen ceased.  The consump- 
tion of hydrogen was 2.5 moles .  After  the ca ta lys t  had been eliminated,  the solution was diluted with water  
and the reac t ion  product  was ex t rac ted  with chloroform.  The ch loroform ex t rac t  was washed with 5% 
NaHCO 3 solution and with water .  After  the solvent  had been dist i l led off, the viscous liquid (on TLC in the 
e ther  sys tem,  R/  0.10 and 0.50) was chromatographed on 92 g of neutra l  AI~O 3 (activity grade IV). The 
column was eluted with e ther .  The co lor less  v i t reous  product  obtained in the th i rd  f ract ion ion TLC in di- 
ethyl e ther ,  Rf 0.73) was deoxytetrahydroinulicin (IX), C1~H2804. Yield 1.07 g. IR spect rum,  Vmax, cm-l :  
1777 (7-1actone), 1742 and 1246 (OCOCH3). 

On subsequent elution with diethyl e ther ,  the fifth f ract ion gave a yellowish vi t reous  substance 
C17H2805 ion TLC in the diethyl e ther  sys tem,  R/  0.48) - te t rahydroinul ic in  (VIII). Yield 0.51 g. IR spec-  
t rum,  vmax, cm-l :  3500 (OH), 1772 (,/-lactene), 1748 and 1242 (OCOCH3). 

Hydrolys is  of (IX) to (X). A mixture  of 0.9 g of (IX), 15 ml of ethanol, and 20 ml of 4% NaOH solution 
was heated at 55-60°C for  i h. The ethanol was disti l led off under vacuum, and the solution was cooled and 
acidified with 10% HC1 to pH 2 and ext rac ted  with ethyl acetate;  the ex t rac t  was washed with 5% K2CO 3 so-  
lution and with water ,  and the solvent was dist i l led off under vacuum. This gave a v i t reous  substance, 
C~H2603. Yield 0.48 g. IR spectr tun,  Vmax, cm-l :  3420-3500 (OH), 1775 (7-1actone). 

Oxidation of iX): P repara t ion  of the Acid (XI). A mixture  of 70 mg of (X), 10 ml of acetone, and 0.4 
ml of 8 N chromic  acid (prepared  f rom 2.67 g of CrO3, 2.30 ml of HzSO4, and 4.00 ml of water ,  diluted to 
10 ml with water) was left  at + 4°C for  30 rain. Then 0.5 ml of methanol was added, and the react ion mix-  
tu re  was diluted with water  and ex t rac ted  with chloroform;  the ex t rac t  was washed with water,  and the sol-  
vent was disti l led off under vacuum. This gave a yellowish vi t reous  product ,  C~H2404. Yield 50 rag. 

The NMR spec t rum had a 1-H signal at 10.27 ppm (carboxy proton).  IR spect rum,  Vmax, cm-l :  1775 
(v-lactone),  1711 (carboxy carbonyl).  

Dehydrotet rahydroinul ic in  (XII). A mixture  of 0.26 g of (VIII), 7 ml of 90% CttsCOOH , and 0.26 g of 
CrO 3 was left  at 0°C for  2 h. Then i t  was diluted with water  and ex t rac ted  with chloroform,  and the ex t rac t  
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was washed with 5% NaHCO 3 solution and with water. The solvent was eliminated under vacuum. This 
gave a liquid the addition of which to diethyl ether precipitated crystals  with the composition C17H2605, mp 
113-115.5°C. Yield 0.19 g. IR spectrum, Vmax, cm-l: 1780 (7-1actone), 1720 (cycloheptanone), 1735 em -l.  

Dehydrogenation of (VI) and (VII): preparat ion of Chamazulene (XV). A mixture of 1.5 g of sapon- 
ified dihydroinulicin [a mixture of (VI) and (VII)] and 1.5 g of Se was heated at 330°C for 40 rain. The r e -  
action product was extracted with petroleum ether and was chromatographed on 3 g of AI20 a (activitygrade 
II). Petroleum ether eluted 5 lag of a blue liquid identified by its Rf value (TLC in petroleum ether) in the 
presence of a marker  as chamazulene. 

SUMMARY 

From the epigeal par t  of Inula japonica Thunb. a new sesquiterpene lactone has been isolated which 
we have called inulicin. Structure (I) is proposed for it. 
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