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F r o m  the roots  of the giant fennel Fe ru la  gr igor jevi i  B. Fedtsch.  we have previously isolated g r i -  
lactone (I), C15H2002, mp 79.5-81°C, [ a ]D-125°C,  for which the probable s t ruc tura l  formulas  A and B were 
proposed.  

C~ CH3 

~H 2 JH:~ , CH 2 0 

In both formulas  for  gri laetone the presence  of a t e r t i a r y - t e r t i a r y  double bond was assumed,  since the 
oxidation of the dihydroxy dihydrolactone with chromium trioxide gave a ketone with a f ive -membered  ring 
(band at 1743 cm -I in the IR spectrum).  The absence from the oxidation product of an oxo group in an al i -  
phatie chain was explained by the assumption that instead of this an oxide ring a rose  (anomalous oxidation). 
It was found la ter  that on oxidation with potassium permanganate  gri lactone forms,  in addition to a t e t r a -  
hydroxy lactone (II), C15H2406, mp 245°C, a monohydroxy derivative (VII) with the composit ion C15H2004, mp 
212-213°C, mol. wt. 264 (mass spec t rometry) .  In the NMR spect rum of this substance it is easy  to detect 
a t r iplet  signal with 5 4.1 ppm corresponding to a geminal proton associa ted  with a hydroxyl (Table 1 and 
Fig. lb).  In the acetate of this substance (see Table 1 and Fig. lc) ,  the corresponding signal has shifted 
downfield and appears  at 5 5.25 ppm. This shows that in the monohydroxy derivative of grilaetone the OH 
group is secondary and, consequently, in grilaetone there is no t e r t i a r y - t e r t i a r y  double bond. In view of 
the facts that one of the methyl  groups of gri lactone is present  at a double bond and that the oxidation prod-  
uct contains a secondary  OH group, we assumed that in addition to a p r i m a r y - t e r t i a r y  double bond g r i -  
lactone also has a s e c o n d a r y - t e r t i a r y  double bond. This was shown to be co r rec t  and was subsequently 
conf i rmed repeatedly by experiment .  The position of the s e c o n d a r y - t e r t i a r y  double bond is most  probably 
in the f ive -membered  r ing since the monohydroxy derivative of grilaetone gave on oxidation with chromium 
trioxide an oxo derivative C15H1804 with mp 208°C in the IR spect rum of which an absorption maximum 
appeared at 1745 cm -1, which is charac te r i s t i c  for an oxo group in a f ive -membered  ring. On oxidation 
with chromium trioxide, the hydroxy derivative of the dihydrolactone formed an oxo derivative C15H2404 
with mp 218 °C showing a maximum (Fig. 2) at  1743 cm -t in the IR spect rum.  Thus, the s e c o n d a r y - t e r t i a r y  double 
bond is located in the f ive -membered  ring at C 1 - C  2. It follows from this that the ring methylene group is 
not located in the f ive -membered  ring but in the seven-membered  ring, at C A. 

The absence f rom the hydroxy derivatives of a second free hydroxyl {just as in their  monoaeetates  
and monoketones) o r  of a hydroxyl difficult to detect because it is involved in a s t rong hydrogen bond makes 
it possible to suggest  that the fourth O atom is an oxide atom. A m a s s - s p e c t r o m e t r i c  determinat ion of the 
molecu la r  weight of the oxo compound C15H2004 with mp 218°C, mol. wt. 264, and of other  products  conf i rms 
the reliabil i ty of the interpretat ion according to which the permanganate  oxidation of the guaianolides stud- 
ied forms oxides. 

A compar i son  of the NMR spec t ra  of gri lactone,  isogri laetone and dihydrogri lactone with the c o r r e -  
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Fig.  1. NlV[R spec t ra  of gri lactone (a), 
of monohydroxygri lactone with mp 212- 
213°C (b), and of monohydroxygri lactone 
acetate with mp 184-185°C (c). 

sponding spec t ra  of their  hydroxy derivatives also con- 
f i rmed the oxide nature of the fourth oxygen atom in all 
the monohydroxy derivat ives obtained and answered the 
question of the posit ion of this oxide. The quartet  s ig-  
nal with 5 4.3-4.5 ppm in the NMR spec t ra  of gri lacton~ 
isogri lactone,  and dihydrogri lactone is due to the proton 
at C 8, which is connected with the oxygen atom of the 
laetone ring and with the protons at C 7 and Cp  This ex-  
plains the fact that the signal of the protons at C s can 
appear  in the 5 4-5 ppm region in the form of a tr iplet  
o r  a quartet .  However,  in all the  monohydroxy der iva-  
tives of these compounds and also their  acetyl  and oxo 
derivatives we observed in the 5 4.3-4.6 ppm region not 
a quartet  o r  a t r iplet  but a c lear  doublet signal (1 H). 
The different nature of the splitting of the signal is ex-  
plained by the assumption that in the neighborhood of the 
protons at C 8 in the monohydroxy derivat ives studied 
there is one vieinal proton, and not two, as in the initial 
substances for  oxidation. The doublet nature of the s ig-  
nal at C s can be explained by the formation of an ~-  or  
a 7-oxide ring. We tend to consider  that a 7-oxide is 
formed,  since these substances are  readily produced 
and are  fair ly stable to acid reagents .  Fu r the rmore ,  in 
the monohydroxy derivatives of the guaianolides studied 
there is a doublet o r  quar te t  signal in the 5 3.2-4 ppm 
region which may be ascr ibed  to a proton at C s. Conse-  
quently, the proton at C~ does not par t ic ipate  in the fo r -  
mation of the oxide ring. This can mean  that a -y-oxide 
is formed,  and the proton at C 7 plays an important  par t  
in its appearance.  It  may be assumed that other  guai-  
anolides, including those having several  functional groups, 
may also form 3~-oxides on oxidation. 

CH 2 CH~ 

CH 3 GH~ O\~-GH 3 

; \  ° '  [ ~ R =-CO; -OH; -OGGH 3, 

HOH~G OH HOH2! OH 

. (;H a GH 3 

0 0 
K! 7! 

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

The IR spec t ra  of the substances were taken on a UR-10 spec t romete r  (paraffin oil) and the NMR 
spec t ra  on a Varian HA-100-D-15 spec t romete r  (deuterochloroform) with HMDS as the internal s tandard 
(see Table 1). 

The proper t i es  of the gri lactone used for the investigation were identical with those of the sample 
investigated previously  [1] (see Table 1). 

Oxidation of Grilactone.  A solution of 1 g of the substance in 60 ml of acetone was gradually t reated 
at room tempera ture  with 3 g of KMnO¢ in 60 ml of water .  After  decoioration, the solution was fil tered, 
and the fi l trate was evaporated to small  volume. The precipi ta te  that deposited was extracted with chloro-  
form,  and the insoluble pa r t  was rec rys ta l l i zed  from ethanol, mp 245°C. The yields var ied  between 20 and 
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IR spec t rum of the oxo dihydrolactone with mp 218°C. 

50%. The produc t  was a lmos t  insoluble in CHCI s and e ther .  IR spec t rum,  cm -1 : 3450, 3300, 3250 (OH 
group), 1750 (lactone CO); no m a x i m a  in the 3100-3000, 1700-1600, and 900-800 cm -1 regions .  

Found %: C 60.31, 60.36; H 7.8, 7.9. C15Hs40 e. Calcula ted  %: 60.00; H 8. Mol. wt. 300 ( m a s s  spec -  
t r o m e t r y ) .  

The ch lo ro fo rm-so lub le  pa r t  of the oxidation products  was ch romatographed  on A120 s (inactive) and 
was washed  with ch loroform.  C r y s t a l s  deposited in the fo rm of needles  with mp 212-213°C (f rom 80~ 
ethanol). Yield 10-30%. IR spec t rum cm-l :  3550 (OH group), 3100 (CH2 =), 1780 (lactone CO), 1650, 900 
(CH 2 =). 

Found %: C 68.05, 68.14; H 7.63, 7.74. C15H2004. Calcula ted  %: C 67.8; H 7.57. Mol. wt. 264 (mass  
spec t rome t ry ) .  

Acetylat ion of the Substance with mp 212-213°C. In 4 ml  of a mix tu re  of pyridine and acet ic  anhy-  
dride {1 : 1), 0.2 g of the substance was heated in the w a t e r  bath for  i h, and the mix tu re  was then evapo-  
ra ted  andthe res idue  was ch romatographed  on AlsOs (inactive).  The f i r s t  f rac t ions  of eluate deposi ted 
co lo r l e s s  needles  with mp 184-185°C ( f rom ethanol). IR spec t rum cm-i :  3100 (CH 2 =), 1785 (lactene CO), 
1740 (acetyl CO), 1645, 900 (CH s =). 

Found %: C 66.64, 66.74; H 7.03, 7.24. CITH2205. Ca lcu la ted  %: C 66.66; H 7.19. Mol. wt. 306 (mass  
spec t rome t ry ) .  

Oxidation of the Substance with mp 212-2130C. A s, iution of 100 mg  of the substance in 1 ml  of 
CHsCOOH was t r ea t ed  with 100 mg  of CrO s in 2 ml  of 50% CHsCOOH , and the mix ture  was diluted with 
wate r .  The p rec ip i t a t e  that deposi ted was f i l t e red  off and ch romatographed  on inactive AI2Os, and the chlo-  
r o f o r m  was evapora ted  off. This  gave needles with mp 208-209°C (f rom ethanol). IR spec t rum,  cm-l :  1780 
(lactone CO), 1745 (ketone CO in a f i v e - m e m b e r e d  ring), 3100, 1660, 900 (CH 2 =). No absorp t ion  bands of 
OH groups w e r e  found. 

Found ~a C68.45,68.65; H7.1 ,6 .95 .  C15HlsO 4. Calcula ted  %: C 68.7; H 6.87. 

The Dihydrolactone.  The dihydrolactone (V), C15H2202, mp 135°C, used for  the oxidation was obtained 
as desc r ibed  p rev ious ly  [1]. IR spec t rum cm-l :  3050, 1770, 1660, 800. There  was no absorpt ion  band at 
900 cm -1. 

Oxidation of the Dihydrolactone.  The substance  (1 g) was oxidized with KMnO 4 as desc r ibed  p r e v i -  
ously [1]. Needles deposited with mp 210-211°C ( f rom ethanol). IR spec t rum cm-l :  3500 (OH group),  
1770 (lactone CO group); no absorp t ion  bands appeared  in the 3000-3100, 1600-1700, and 800-900 cm -I 
regions  of the spec t rum.  

The acetyla t ion of the substance with mp 210-2110C in a mix tu re  of pyridine and acet ic  anhydride 
(1 : 1) gave an ace ta te  Ci7H2405 with mp 165°C (from ethanol). 

The ch romium tr ioxide oxidation of 0.2 g of the substance with mp 210-212°C, p e r f o r m e d  in the s ame  
way as for  the hydroxy der ivat ive  of gr i lactone,  gave ketone (VII), C15H2004, with mp 218°C (from ethanol). 
Mol. wt. 264 (mass  spec t rome t ry ) .  IR spec t rum,  cm-l :  1765 (lactone CO), 1743 (CO of a ketone with a 
f i v e - m e m b e r e d  ring); no absorp t ion  bands were  found in the 3100-3000, 1700-1600, and 900-800 cm -1 r e -  
gions of the s p e c t r u m .  
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Oxidation of Iso, grilactone. The oxidation of 1 g of the substance with mp 110°C was performed un- 
der the same conditions as for grilactone. A chloroform-soluble product was isolated, and it was purified 
by chromatography on inactive AI203, chloroform elution giving the monohydroxy derivative CIsH2004 with 
mp 169-170°C (from ethanol). Mol. wt. 264 (mass spectrometry). IR spectrum, cm-l: 3550, 3100, 1760, 
1640, 920. This substance gave an acetate, C17H2205, (under the conditions described for grilactone) with 
mp 172-173°C (from ethanol); IR spectrum, cm-l: 3080 (CH 2 =), 1770 (laetone CO), 1735 (acetyl CO), 1640, 
905 (CH z =); absorption bands of OH groups were absent. 

S U M M A R y  

The structure of grilactone has been established. It corresponds to guai-l(2),13-dien-12,8-olide. 

The permanganate oxidation of grilactone, isogrilactone, and dihydrogrilactone forms, together 
with the normal oxidation products, monooxides of the guaianolides containing a ~]-oxide ring linking car-  
bon atoms 1 and 7. 
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