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We have p rev ious ly  r epor t ed  the isolat ion f rom the roo ts  of Feru la  pal l ida Eug. Kor .  and Fe ru la  t s c h i m -  
ganica  Lipsky of two new e s t e r s ,  which were  cal led fe ro l in  (I) and chimganidin (II) [1, 2]. On saponification,  
both  subs tances  w e r e  cleaved,  forming a sesqu i te rpene  diol with the composi t ion  C15H2602, identical  with angren-  
diol (IID descr ibed  p rev ious ly  [3] and one mole  of an acid - p -hydroxybenzoic  acid (IV) f r o m  (I) and vaui l l ic  acid 
(V) f r o m  (II). Consequently,  ferol in  and chimganidin  a r e  m o n o e s t e r s  of the ac ids  mentioned and of the s a m e  
diol. N. Po K i r ' y a l o v  has  p rev ious ly  isolated angrendiol  in the f r e e  s ta te  f r o m  the r e s in s  of a n u m b e r  of spec ies  
of Fe ru l a  and has  shown that  it has  a b icycl ic  ca rbon  skeleton with one double bond and two secondary  hydroxy 
groups  [3], but the quest ion of its s t ruc tu re  has r emained  open. 

In the p r e sen t  p a p e r  we give the r e su l t s  of a de te rmina t ion  of the s t ruc tu re  of  the diol i t se l f  and of the 
pos i t ions  of the acid res idues  in the subs tances  that  we have isolated.  The UV s p e c t r u m  of (HI) has  a m a x i m u m  
at 210 nm (3.18), which is c h a r a c t e r i s t i c  for  nonconjugated dienic compounds [4], and i ts  IR s p e c t r u m  has  ad-  
sorpt ion bands at 3430 c m  -1 (hydroxy group) and 1660 cm "a and i ts  IR s p e c t r u m  has  adsorpt ion bands at 
3430 c m  -I  (hydroxy group) and 1660 c m  -j (double bond). 

In the PMR s p e c t r u m  of angrendiol  (III) (Fig° 1), a s ix -p ro ton  singlet  with its cen te r  at 1.01 ppm, c o n s i s t -  
ing of two doublets,  is due to the methyl  of an isopropyl  group° Two t h r e e - p r o t o n  s ingle ts  at  1.58 and 1.37 ppm 
a r e  due to methyl  groups  at a double bond and a hydroxy group, r e spec t ive ly .  A proton gemina l  to a hydroxy 
group a p p e a r s  in the spec t rum in the f o r m  of a quar te t  at 4o16 ppm with 3j = 11.4 and 5.3 Hz. 

When (IID was ace ty la ted  with acet ic  anhydride  in pyridine,  a d iacetyl  de r iva t ive  was obtained with the 
compos i t ion  C19H3004 (VI) the IR spec t rum of which lacked the absorp t ion  band of hydroxy groups,  while in the 
PMR spec t rum,  in addition to the d i sappea rance  of the two-pro ton  broadened  singlet  at 3.10 ppm due to two hy-  
droxy groups,  a pa r amagne t i c  shift of the s ignals  of the proton in the geminal  posit ion to a hydroxy group  
(AS = L20  ppm) and of the t e r t i a r y  methyl  group at the o the r  hydroxyl  (AS ~- 0.1 ppm) was observed.  

These  r e su l t s  show that  in actual  fact  one of the hydroxy groups  is secondary  and the o the r  is t e r t i a r y ,  
being p r e sen t  in the geminal  posi t ion to a methyl  group. 

As can be  seen f r o m  Fig. 1, in the region of olefinic p ro tons  the re  a r e  t h r ee  doublet s ignals  at 4.62, 4.89, 
and 5.11 ppm, the l ines  of which a r e  apprec iab ly  broadened.  These  s ignals  a r e  not p r e sen t  in the spec t rum of 
the t e t r ahydrode r iva t ive  (VII), with the composi t ion  CI~I-I~IO 4, obtained by the hydrogenat ion of angrendiol  d i a c e -  
tare  ove r  plat inum in acet ic  acid, i .e.,  (III) has  not one but two double bonds.  

The p r e s e n c e  of an i sopropyl  group and two methyl  groups  and of two double bonds shows that, with the 
composition Ci5H2602, angrendiol  probably  has  the monocycl ic  s t ruc tu re  of g e r m a c r a n e .  

Ins t i tu te  of the C h e m i s t r y  of Plant  Substances,  Academy of Sciences of the Uzbek SSR, Tashkent .  T r a n s -  
lated f r o m  Khimiya  Pr i rodnykh  Soedinenii, No. 4, pp. 519-525, July-August ,  1977. Original  a r t i c l e  submit ted 
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The position of the hydroxy groups and the double bonds were  established on the basis of the following 
spec t ra l  and chemica l  facts.  The study of the double resonance spec t ra  of (III) showed that the quartet  nature 

] is due to the vicinal interaction of the proton geminal to of the splitting of the signal at 4.16 ppm (H--C--OH} 

the secondary hydroxy group with two hydrogen atoms of a neighboring group to which a quartet  with broadened 
components at 2.56 ppm and a t r iplet  at 1.79 ppm belong. Another  conclusion f rom this is that the lat ter  in ter -  
act  vicinally with the proton mentioned. 

The f i rs t  s t ruc ture  of the signal of the olefinic proton at 4.89 ppm (quartet with aj  = 8.7 and 2.5 Hz) is 
shown in the tr iple resonance spec t rum when the methyl group on the double bond (1.58 ppm) and one of the 
methylene protons mentioned above (2.56 ppm) are  subjected simultaneously to i r radiat ion with a strong radio 
frequency field. The situation mentioned is possible only if the olefinic proton under considerat ion undergoes 
not only vicinal interaction with the two neighboring methylene protons but also the allyl o r  spatial action of the 
i rradiated groups.  On the bas is  of the facts given above, it may be assumed that the s t ruc ture  of (IID includes 
the f ragment  (A): 

--  CH2 - -  CH = C (CHs) --'CHa -- CH (OH) -- (A) 

It is known that ge rmac rane  der ivat ives  containing double bonds o r  an oxide group undergo cycl izat ion 
under  the influence of electrophil ic  reagents  with the formation of compounds of the eudesmane and guaiane 
types [5-7]. The cycl izat ion of chimganidin (ID, which we per formed in the presence  of sulfuric acid, gave a 
product  with the composi t ion C23H3004 (VIII), mp 152-153°C(M + 3707. When (VIII) was dehydrogenated with se le -  
nium at 200-220°C we obtained guaizaulene (IX) (blue oil, picrate  with mp 120-121°C). 

A compar i son  of the spec t ra  of (II) * and (VIID (Fig. 2, a,b) has shown that in the la t ter  there is a s i x - p r o -  
ton signal at 1.60 ppm f rom two vinyl methylene groups and a broadened singlet at 5.33 ppm of only one olefinic 
proton, in addition, the signal of a proton geminal to an a w l  group appears  at 5.15 ppm in the form of a sextet 
with 3j = 5.6, 8.8, and 10.3 Hz. 

It follows f rom these facts that the dehydration of the t e r t i a ry  hydroxy group, is accompanied by the sub-  
sequent c ross - l ink ing  of the g e r m a c r a n e  ring (ID to form a gnaiane ring (VIID, and in the victual position to the 
secondary hydroxy group there  is, in addition to the above-mentioned two methyl groups, a methine proton at 
C> i.eo, - -CH2--CH--CH-- .  In view of the chemical  t ransformat ions  noted and the resul ts  of double and tr iple 

i I 
OH 

resonance  m relat ion to me determinat ion of the s t ructure  of fragment A in the angrendiol molecule, it may be 
concluded that one double bond is located at C1-C10 and the secondary hydroxy group at C 8. 

The second double bond is disubstituted and its olefinic protons (doublets at  4.62 and 5.11 ppm) interact  
vicinally with one another  (established by the INDOR method) with 3j = 6.7 Hz, which is cha rac te r i s t i c  for  a 
cisoid vinyl group [11]. A considerable narrowing of the lines of these doublets and an increase in their  inten- 
sit ies was found when the methyl at the t e r t i a ry  hydroxy group was i rradiated (1.37 ppm). On the o ther  hand, 
in the PMR spect rum of (VI) such signals are  present  in a weaker  field at 5.08 and 5°52 ppm [relative to the 
spec t rum of (III) ], i.e., A5 = 0.46 and 0.41 ppm. These three  fac tors  show that the other  f ragment  (B) of the 
molecule of (III) fo rms  a c i s -v iny l  group located adjacent to the t e r t i a ry  hydroxyl and to a carbon atom bear ing 
a methyl group: 

CHa 
/ 

- - C H = C H - - C - -  
\ 

OH 

(B)  

Fragments  A and B, the presence  of which has been shown above, must  be connected with one another by 
a t e r t i a ry  carbon atom to which an isopropyl group is attached. 

The anomalous nature of the H-8 chemical  shift (4.48 ppm) in the spec t rum of (II) is due to the s ter ic  factor .  
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H3C CH~ 
\ /  

CHs OH CH HO CH, (C) 
I I l \ /  

--CH2 -- CH == C-- CH2-- CH-- CH-- CH = CH--C- -  

With the composi t ion  C15H2802 fo r  angrendiol ,  which p e r m i t s  another  methylene group, C can be  closed 
only to fo rm the g e r m a c r a n e  s t ruc tu re  (III). 

I t  has been  repor ted  p rev ious ly  that  on py ro lys i s  1(10), 4(5)- and 1(10),5(6) -diene de r iva t ives  of g e r m a -  
c r ane  undergo a Cope r e a r r a n g m e n t  and f o r m  e lemane  de r iva t ives  [8-10]. By pyrolyzing angrendiol  we obtained 
two subs tances  with the composi t ion  C15H2602 (M + 238). The IR s p e c t r a  of both these  subs tances  had absorp t ion  
bands at 3300-3600 cm -i {-OH),  1640 and 890 c m  -1 (> C----CH2) , and 910 cm "l ( - C H = C H 2 )  , and the PMR s p e c t r a  
showed s ignals  f r o m  the protons  of isopropyl ,  qua te rna ry  methyl ,  vinyl methyl,  and two exomethylene  groups,  
cha r ac t e r i z i ng  the p r e s e n c e  of an e l emane  nucleus.  The fo rmat ion  of an e lemane  der iva t ive  by the p y r o l y s i s  of 
(III) con f i rms  that  angrendiol  has  a g e r m a c r a n e  ring, and the disubst i tuted bond is in the C5-C 6 posit ion. 

I t  mus t  be  mentioned that  in the spec t rum of angrendiol  the vicinal  SSCC between the H-6,  H-7,  and H-8 
p ro tons  is l e s s  than 1 Hz, ioe., the dihedral  angle between them is c lose  to 90 °, and the other  two constants ,  
3j = 11.4 and 5.3 Hz, found fo r  H-8 show the pseudoequator ia l  or ienta t ion of the secondary  group.  

Thus,  angrendiol  has  the s t ruc tu re  of 4, 8 -d ihyd roxyge rmac r - l (10 ) ,  5(6)-diene and fe ro l in  and chimganidin 
a r e  i ts  m o n o e s t e r s  with parahydroxybenzoic  and vani t l ic  acids at the secondary  hydroxy group.  The  t r a n s f o r -  
mat ions  of angrendlol  and its e s t e r s  desc r ibed  above can be r ep re sen t ed  in the following form:  

• I 

°L 

¥ 1  v i i  i x  

EXPERIMENTAL 

The IR s p e c t r a  were  taken on a UR-10 ins t rument  ( tablets  with KBr),  the m a s s  spec t r a  on a MKh-1303 
ins t rument ,  the UV s p e c t r a  on a Hitachi  EPS-3T  spec t ropho tome te r  (in ethanol), and the PMR s p e c t r a  on a 
JNM-4-100 s p e c t r o m e t e r  in CDC13 solution, 0 - H M D S .  The Rf va lues  we re  obtained on .n Silufol-R" p la tes  in 
the h e x a n e - e t h y l  ace ta te  (4 : 1) s y s t e m  with a 1% solution of vanill in in concent ra ted  sulfur ic  acid as  the r e v e a l -  
ing agent. The r e su l t s  of the e l e m e n t a r y  ana lyses  co r r e sponded  to the calculated f igures .  

Isolat ion of Chimganin and Chirngin. A methanol ic  ex t r ac t  of the roo t s  of Fe ru l a  pallida~ a f t e r  concen t r a -  
tion, was diluted with w a t e r  and ex t rac ted  with e ther .  The e the rea l  ex t r ac t  was  t r ea t ed  success ive ly  with 5% 
sodium carbonate  solution and 1% po ta s s ium hydroxide solution. The caust ic  alkal i  solution was washed with 
e ther ,  acidified with 5% sulfur ic  acid, and ex t rac ted  with e ther .  The solvent  was dist i l led off, and 30 g of the 
combined phenolic compounds was t r a n s f e r r e d  to a column (90 × 6 cm) of s i l ica  gel and was chromatographed  
with pe t ro l eum e t h e r - d i e t h y l  e the r  (4 : 1), 200-ml  f rac t ions  being col lected.  Frac t ions  IV-XII  yielded 13 g of 
/-chimganin, Ci8H2404t mp 85-86°C, [C~]D-41.7° (c 1.56; ethanol), and f rac t ions  XIV-XVI yielded 10.5 g of 
l-chimgin, C17H2203, mp 155°C. F rac t ions  XVIII-XXV contained a mix ture  of ferol in  and chimganidin (4.7 g). 
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Isolat ion of Chimganidin and Ferol in .  The mixture  of ferol in  and chimganidin was t r a n s f e r r e d  to a column 
(60 × 4.5 cm) of s i l ica  gel and was chromatographed in ch loroform,  100-ml f rac t ions  being collected.  Frac t ions  
IV-XVI yielded chimganidin C23H3205 (II), rnp 140-141°C, and (XIX)-(XXVI)yieldedferolin,  C22H3004 (I), mp 
189-190,5°C. 

Hydrolys is  of Fero l in  (D • A solution of 0.2 g of the substance in 5 ml  of 5~c aqueous caustic potash was 
heated in the wa te r  bath for  4 h and was then diluted with wate r  and t r ea t ed  with e ther .  The e therea l  solution 
was washed with wa te r  and the solvent was dist i l led off. Crys ta l s  deposited with the composi t ion C15H2602 (III), 
mp 135-136°C (f rom e t h e r ) , [ a ] D -  86.1 ° (c 0.9; ethanol). 

The aqueous solution a f te r  ex t rac t ion  with e ther  was acidified with 10% sulfuric acid and was r eex t r ac t ed  
with e ther .  Af ter  el iminat ion of the solvent, c rys t a l s  with mp 210-211°C and the composit ion C7H60 ~ (IV) were  
obtained. This  substance was identified as p-hydroxybenzoic  acid. 

Hydro lys i s  of Chimganidin/II) .  The hydrolys is  of 0.2 g of (II) was c a r r i e d  out under  the conditions de -  
scr ibed above. Th is  gave angrendiol  (rID and vanillic acid, C8H804, mp 205-206°C (V)o 

Acetylat ion of AngrendioL Angrendiol (0.15 g) was acetylated with acet ic  anhydride (3 ml) in pyridine 
(2 ml). The acetyl  der iva t ive  of was isolated by the usual method and was c rys ta l l i zed  f rom ether :  CisH~004 
(VI), M + 322, mp 91-92°C. 

Hydrogenation of An~rendiol Diacetate.  Angrendiol d iaceta te  (0.12 g) was hydrogenated in the p re sence  
of PtO 2 in acet ic  acid, 2 moles  of hydrogen being absorbed.  The ca ta lys t  was separa ted  off, and the solution 
was diluted with wa te r  and t r ea t ed  with e ther  (3 × 50 ml). The residue a f t e r  the el imination of the solvent was 
c rys ta l l i zed  f rom e ther ,  mp 113-115°C, C1~I3404 (VII), M + 326. 

C~yclization of Chimganidin. A solution of 0.25 g of chimganidin in 20 ml of 10% ethanolic sulfuric acid 
was left  at room t e m p e r a t u r e  fo r  30 rain. Then the reac t ion  mixture  was diluted with wate r  and t r ea t ed  with 
e ther .  The e therea l  ex t rac t  was washed with wate r  and the e ther  was dist i l led off. This  gave a substance with 
the composi t ion C23H3004 (VIII), mp 152-153°C (from ether) .  

Selenium Dehydrogenation of Substance (VIII). A mix ture  of 0.15 g of the substance and 0.5 g of selenium 
was heated With an a i r  condenser  at 200-220°C for  4 h. The dehydrogenation product  (IX) was passed  through a 
column of alumina (20 × 1 cm), being eluted with pe t ro leum ether .  A blue oil was obtained the p ic ra te  of which 
melted at 120-121°C. 

Py ro ly s i s  of Angrendiol.  Angrendiol (0.3 g) was heated in a sealed tube at 120-140°C fo r  3 h. The py ro ly -  
sis  product  was t r a n s f e r r e d  to  a column of s i l ica  gel (30~ 1 cm) and was eluted w i t h h e x a n e - e t h y l  aceta te  
(9: 1). Frac t ions  IX-XII yielded a substance with the composi t ion Ci5H2~O2, Rf 0.45, and XIX-XXIII a substance 
ClsH2602 with mp 83-84°C. 

S U M M A R Y  

On the bas i s  of the resu l t s  of a study of the products  of chemical  t r ans format ions  and spectra ,  the s t r uc -  
tu re  of angrendiol  has been establ ished as 4 ,8 -d ihydroxygermacra - l (10) ,  5(6)-diene. I thas  been shown that ferol in  
and chimganidin a re  monoes te r s  of angrendiol  with parahydroxybenzoic  and vanil l ic acids, respect ively ,  at the 
secondary hydroxy group. 
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