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Inula bri tannica L. (Bri t ish inula) is  widely used in folk medicine as a rapid-heal ing and diuret ic  
agent [1]. F r o m  the epigeal pa r t  of this plant we have isolated [2] a new sesqui terpene lactone - britannin 
(I), Ct0H2607, mp 192-194°C (from ethanol), [ a ] ~ - 2 6  ° (c 5.0; chloroform).  The IR SPectrum of brimnnin 
(Fig. 1) has absorpt ion bands at (era -1) 3540 (OH), 1758(7-1actone carbonyl),  1735, 1720, 1270-1240 
(OCOCH3) , and 1668 (C=C).  

The NMR spec t rum has the signals of secondary  and t e r t i a ry  methyls  (doublet at 0.95 ppm and singlet 
at 1.00 ppm), of two acetoxy groups (singlets at 2.03 and 2.22 ppm), and of an exoeyelie methylene conju- 
gated with the laetone earbonyl  (doublets at 5.41 and 6.14 ppm, J=3  Hz) [3]. 

The dehydrogenation of britannin over  selenium at 300-360°C for  30 rain gave guaiazulene (XI). The 
p resence  in the NMR spec t rum of britannin of a methyl singlet at 1.00 ppm (angular methyl),  and the fo r -  
marion of guaiazulene on dehydrogenation pe rmi t  britannin to be assigned to the sesqui terpene laetones of 
the ambrosane  (isoguaiazulene) type. 

The hydrogenation of britannin over  a Pt  catalyst  (from PtO 2) took place with the consumption of 1 
mole of hydrogen and the formation of dihydrobritarmin (V), C10H2807, mp 222-224°C (from ethanol). The 
NMR spec t rum of (V) has no signals of vinyl protons.  

On being heated with acet ic  anhydride in pyridine,  britannin gave an acetyl  der ivat ive (II), C2tH2808, 
in the fo rm of an amorphous white powder  the IR spec t rum of which lacked the absorption band of an OH 
group. 

Britannin was not oxidized by CrO 3 in pyridine but was oxidized in acet ic  acid to dehydrobri tannin 
(III), Ci9H2407. I ts  IR spec t rum has an additional band at  1750 em -1 (cyelopentanone). Substance (KI) gives 
a posi t ive Z immerman  react ion (CO-CH2). Consequently, the OH group in britannin is  secondary  and is  
located in a f i ve -membered  ring, and the re  is  a CH 2 group adjacent to the OH group. This is  also con-  
f i rmed  by the resu l t s  of the acetylat ion and oxidation of dihydrobritannin: acetyldihydrobri tannin (VI), 
C21H3008, and dehydrodihydrobri tannin (VII), C19H2607. 
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Fig. 1. IR spec t rum ofbri tannin(taken on a UR-10 spec t ro -  
photometer  in Vaseline oil), 
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Britannin contains two acetoxy groups,  one of them being readi ly  saponified and the other  less  r ead-  
ily. The product  of the complete hydrolys is  of britannin,(IV), CtsH~O~, has mp 172-173°C (from ether);  
dihydrobritannin (IX), CgH,~O~, has mp 210-214°C (decomp.). 

The lactene r ing and the e s t e r  groups a re  reduced by lithium te t rahydroaluminate  with the formation 
of a pentaol (VIII), C15tt~BC ~. 

The signal of the lactone proton in the NMR spect rum of britannin (Fig. 2) fo rms  a sextet  at 4.55 ppm 
($J=25  Hz), and this suggests that the laetone ring is located at C5-C G [3]. 

In the NMR spect rum of britannin, a doublet at 5.10 ppm (NJ=10 Hz) and a mult iplet  at 4.90 ppm are  
the signals of hemies t e r  protons;  in bisdesacetylbri tannin (IV) these signals a re  shifted upfieId (as was to 
be expected)(3.78 and 4.09 ppm). The nature  of the signal (doublet of the hemi proton of one acetoxy group 
in I shows that it  is  located at C A. To the la t te r  proton attached to oxygen - a hemihydroxy proton - a s ig-  
nal with a cen te r  at 4.18 ppm corresponds;  in the oxidation products  (lID and (IV), as was assumed,  this 
signal is absent.  

The hydrolys is  of dehydrodihydrobri tannin (VII) gave a substance with the composit ion CIsH~00 ~ (X); 
Uma x 3300 em -1 (OH), 1770 em - i  (T-lactone), 1685 cm - i  (a , f i -unsaturated ketone), and 1630 om -I  (C = C); 
Xmax 240 nm, e 8035. The NMR spectr t tm has no signal of an angular  methyl  and in the place of this a new 
signal of a CHa-C =C group appears  (singlet at 1.75 ppm). Consequently, in the hydrolys is  of (VII) in an 
alkaline medium a r ea r r angemen t  took place.  A s imi la r  phenomenon has been observed  repeatedly  when 
ambrosanol ides  containing the grouping A are  heated with alkalis; under the action of the alkali the angular 
methyl migra tes  to Ci, and the posit ions of the double bond and of the carbonyl  also change [see (X)]. The 
r ea r r angemen t  products  have been given the name of nee  compounds [4, 5]. The formation of nee  com-  
pounds in the saponification of (VII) probably takes place in the following way: f i r s t  the dihydroxy kete 
compound B is  formed which readi ly  dehydrates  to A, this being possible when the OH is  in the/3 position 
with r e spec t  to carbonyl;  the product  formed r ea r r an g es  as descr ibed  above. The formation of (X) f rom 
(VII) can take place only when the hydroxy group in (I) is located at C~ and the acetoxy group at C i. Thus, 
britannin has the s t ruc tu re  (I). 
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Fig. 2. NMR spec t rum of br i tanninin CDCI 3 
(taken on a JNM-4H-100 ins t rument ,  100 
MHz). 

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

Britannin (I). After th ree  rec rys ta l l i za t ions  f rom 
ethanol, mp of (I) 192-194°C, [ ~ ] ~ - 2 6  ° (c 5.0; ch loro-  
form).  

Found %: C 62.13, 62.20; H 7.07, 7.13. Mol. wt. 
363 (cryoscopically).  Hmobil e 1.2. C19tt2607. Calculated 
%; C 62.28; H 7.15. Mol. wt. 366. 

Britaunin was also isola ted f rom Br i t i sh  inula col-  
lec ted in the Caucasus and in the Moscow oblast. 

Acetylbritannin (II). A mixture  of 0.3 g of br i tan-  
nin, 6 ml  of pyridine,  and 3 ml of acet ic  anhydride was 
heated in the water  bath for  i h and was then dflutedwith 
water  and ex t rac ted  with ch loroform six t imes;  the 
ch loroform ex t rac t  was washed three  t imes  with 10% 
HC1 and then with water  to neutral i ty .  Removal of the 

solvent by disti l lation gave a syrupy liquid (containing two substances according to TLC), which was ch ro -  
matographed on A1203 (activity grade  IV). Ether  eluted two fract ions:  I - viscous t r ansparen t  l iquid(0.2 g); 
and II - c rys t a l s  of unchanged britannin. After  drying, fract ion I was conver ted  into a white amorphous 
powder,  C~1H2808. 

The analyt ical  r e su l t s  for  acetylbri tannin and all the der ivat ives  obtained cor responded  to the ca l -  
culated f igures .  IR spect rum,  Vmax, cm-l :  1770 (T-lactone), 1750 and 1745, 1260-1240 (OCOCtt3) , 1660 
(C = C); the re  was no absorption band of an OH group. 

Dehydrobri tannin (III). A mix ture  of 0.5 g of britannin, 20 ml of 90% acet ic  acid, and 0.5 g of CrO 3 
was left  at  0°C for  15 h and was then diluted with water  and was ex t rac ted  with ch loroform six t imes;  the 
ch loroform ex t rac t s  were  then washed with 5% NaHCO 3 and with water .  After  the solvent had been dis-  
t i l led off, 0.44 g of a faint ly colored  crys ta l l ine  product  with the composition C19H2407, mp 187-188°C (from 
ethanol) was obtained. 

IR spect rum,  Vmax, c m - 1 : 1 7 6 2  (7-1actone), 1750-1740 (OCOCH 3 and C=O); no absorpt ion band of an 
OH group. When an at tempt  was made to oxidize britannin in pyridine,  the s tar t ing mate r ia l  was r ecove red  
unchanged. 

Bisdesacetylbr i tannin (IV). A mixture  of 1.0 g of britannin and 50 ml of 4% KOH was lef t  at room 
t e m pe r a tu r e  for  two days and was then acidified with 10% H2SO 4 to pH 1.0 and ex t rac ted  ten t imes  with 
ethyl acetate .  The ethyl acetate  ex t rac t  was washed with 5% NaHCO 3 and with water ,  and the solvent was 
driven off. This gave a co lor less  v i t reous  mass  which was conver ted  by the addition of diethyl e ther  into 
small  c rys t a l s  of (IV), Ci~H2205, mp 172-173°C (Kofler). 

IR spect rum,  ~max, cm-l :  3480, 3430, 3300 (OH group), 1740, 1660 (a -methy lene  of a T-lactone).  

Dihydrobritannin (V). In the p resence  of 0.3 g of PtO 2 (according to Adams), 10 g of britannin was 
hydrogenated in 300 ml of ethanol; 1 mole of hydrogen was absorbed,  af ter  which hydrogenation ceased.  
The plat inum and the solvent were  removed,  giving co lor less  c rys t a l s  of (V), C19K2807, mp 222-224°C (from 
ethanol). 

IR spec t rum,  Vmax, cm-l :  3527, 3497 (OH), 1777 (T,lactone),  1737, 1700 and 1250-1260 (OCOCH3). 

Acetyldihydrobri tannin (VDo Dihydrobritannin (0.5 g) was acetylated in the same way as for  ace ty l -  
britannin. After  the solvent had been dist i l led off, a v i t reous  product  was obtained (consisting of two sub- 
s tances according to TLC), which was then chromatographed on A1203 (activity grade IV), being eluted with 
diethyl e ther .  The f i r s t  f ract ion deposited co lor less  c rys ta l s  (0.3 g) of (VD, with the composit ion C2tH3008, 
mp 134.5-136°C (ether).  

IR spect rum,  Vmax, cm-l :  1780, 1750-1735 and 1240-1270. 

Dehydrodihydrobri tannin (VII). Dihydrobritannin (0.5 g) was oxidized with CrO 3 in 90% acet ic  acid as 
descr ibed  for  britannin. When the solvent was disti l led off, a slightly colored  crys ta l l ine  product  was ob- 
tained - (VII) (0.47 g) with the composit ion C19Hz60~, mp 207-208°C (from ethanol, decomp.).  
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IR spect rum,  Vraax, era-l:  1770, 1758, 1750. 

Product ion of the Pentaol  (VIII). A solution of 0.5 g of dihydrobritannin in 10 ral of dioxane was added 
dropwise to a solution of 0.3 g of LiA1H 4 in 50 ral of dioxane, and the mixture  was boiled for  10 re_in; then a 
solution of 1.0 g of LiAIH 4 in 150 ral of dioxane was added and the mixture  was boiled for  6 h. The excess  
of lithium te t rahydroaluminate  was c a r e f u l l y d e s t r o y e d  with water,  and the mixture  was f i l tered,  and the 
solvent was driven off. This gave a c rys ta l l ine  precipi ta te  of (VIII), C15H2805, rap 248.5-250.5°C (from 
ethanol). IR spect rum,  Vraax, era-l:  3450-3250 (OH group); there  were  no absorption bands of a ~- lactene 
or of C = O groups.  

Bisdesacetyldihydrobri tannin (IX). A mixture  of 1.0 g of dihydrobritannin and 50 ral of 4% KOH was 
left  fo r  2 days (by which t ime the c rys t a l s  had dissolved completely) and was then t r ea t ed  as descr ibed  for 
the hydrolys is  of britannin. This led to the deposition of 0.03 g of co lo r less  c rys ta l s  of (IX) with rap 210- 
214°C (deeorap.). 

IR spect rum,  ~raax, era-l:  3480, 3350 (OH), 1750 (T-lactene). 

Desacetyldehydrodihydroneobri tannin (X). A mixture  of 1.6 g of (VII) and 80 ml of 4% KOH solution 
was left  for  two days and was then acidified with 10% H2SO 4 to pH 1.0 and was ex t rac ted  15 t imes  withethyl  
acetate ,  the ex t rac t  being washed with 5~ NaHCO 3 solution and with water .  Distillation of the ethyl acetate  
yielded 0.6 g of a slightly colored  product  (X), C15H~004, rap 244-247°C (from ethyl acetate).  IR spect rum,  
Vraax , era-i:  3300 (OH), 1770 (~-lactene),  1685 ((~,fl-unsaturated ketone), and 1630 (C=C). UV spectrum: 
},raax 240 nra, ~ 8035. 

Dehydrogenation of Britannin. A mixture  of 2.0 g of britannin and 2.0 g of selenium was heated at 
300-360°C for  40 rain. The react ion product  was ex t rac ted  with pe t ro leum e ther  and chroraategraphed on 
A1203. The blue-violet  Hquid obtained (10 rag) was identified as guaiazulene (XI) by TLC with a m a rke r .  

A somewhat g r ea t e r  yield was obtained in the dehydrogenation of dihydrobritannin under s imi la r  
conditions. 

S U M M A R Y  

F r o m  the epigeal pa r t  of Inula bri tannica L. a new sesqui terpene lactone has been obtained - br i tan-  
nin, with the composit ion C19H2607, rap 192-194°C (from ethanol). [G]E-26  ° (c 5.0; chloroform).  Struc-  
tu re  (I) has be enp roposed  for  it .  
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