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Lapifer in ,  C22H3406, rap. 137-138°C, [ a ] ~  +63 (c 1.3; ch lo roform) ,  a d i e s t e r  of the new carotane alco- 
hol lapiferol  with angelic and acet ic  acids,  has been isolated f rom the roots  of F e r u l a  lapidosa Eug. Korov. On 
the basis  of chemical  t ransformat ions  and spec t ra l  cha rac t e r i s t i c s ,  the s t ruc tu re  of 1 0 ~ - a c e t o x y - 6 ~ - a n g e l o -  
yloxy-8o~,9~-epoxy- , t rans-caxotan-4fl  -ol has  been proposed  for  it. 

Continuing the separat ion of the neutra l  components of the roots  of Feru la  lapidosa Eur.  Korov. [ 1], we 
have isolated a new compound with the composi t ion C22H340 6 ( m a s s - s p e c t r o m e t r i c a l l y ) ,  which we have called 
lapi fer in  (I). 

The IR spec t rum of lapi fer in  is typical  for  sesqui terpene e s t e r s ,  containing strong absorpt ion bands of 
e s t e r  carbonyl  groups of sa tura ted  (1740 cm -1) and unsaturated (1715 cm -1) acids and bands of a t r isubst i tuted 
double bond (1655, 970 cm -l) [2],  of a hydroxy group (3540 cm-1), and of e s t e r - C - O  bonds (1230-1260 cm -1) 
[11. 

A maximum in the UV spec t rum with kmax 218 nm (log ~ 3.96) conf i rms the p resence  of an a ,~-unsatu-  
ra ted  e s t e r  carbonyl  in the molecule  of (I) [2]. 

The resu l t s  of the f ragmentat ion of lapifer in  under  the action of e lec t ron  impact  show that it belongs to 
the group of e s t e r s  of sesqui terpene alcohols.  In the mass  spec t rum there  a re  the peaks of ions corresponding 
to a f ragment  of the molecule  without an isopropyl  group having m / z  351 (M - C3H7) ÷, the res idue of a sesqui-  
te rpene  alcohol with m / z  234, and also peaks due to the eject ion of res idues  of angelic and acet ic  acids with 
m / z  294 (M - C5H802)* and 251 (M - C 5 H 8 0 2  - CH3CO) ÷ and of a molecule of water  with m / z  (M - C 5 H 8 0 2  - 17) ÷. 

In the PMR spec t rum of (I) (CDCI 3) in the s t rong-f ie ld  region the signals of the methyl groups of an i so-  
propyl  res idue  appear  in the fo rm of a doublet (6 H) at  0.85 ppm with aj = 7 Hz, of an angular  methyl group in 
the fo rm of a singlet at 1.26 ppm (3 H),  and of a methyl  attached to a carbon atom bear ing oxygen at  1.42 ppm 
(s, 3 H).  In addition, there  a re  the signals of an epoxide proton at 2.86 ppm (d, 3j= 5.5 Hz) [1], of two gem- 
aeyl  protons at  4.83 ppm (d, 3j = 5.5 Hz) and 5.18 ppm (sx, 3j= 10.0; 10.0; 3.0 Hz),  and of acet ic  and angelic 
acid res idues .  

*P r e se n t e d  at the Ninth International  Conference on Isoprenoids,  Prague,  1981 (see Ref. 10). 
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A c o m p a r i s o n  of the spec t r a l  c h a r a c t e r i s t i c s  with those given in the l i t e r a tu re  [ 1-5] led to the conclu- 
sion that l ap i fe r in  was an e s t e r  of the caro tane  s e r i e s ,  as  was conf i rmed by the product ion of daucalene when 
(I) was dehydrogenated in the p r e sence  of pal ladium. 

The alkaline hydro lys i s  of lapi fer in  yielded angelic acid and the sesqu i te rpene  alcohol lapiferol  (II) with 
the composi t ion  C15H260 4. 

In the I~MR s p e c t r u m  of lapi ferol  (pyridine-ds)  , t h r ee -p ro ton  s inglets  at  1.2 and 1.26 ppm and doublets 
at  0.93 and 1.01 ppm with 3j = 7 Hz re l a t e  to methyls  located at  an angular  carbon a tom,  a t  an epoxide ring, 
and in an i sopropyl  group,  r espec t ive ly .  Also standing out c l e a r l y  a r e  a one-pro ton  doublet a t  4.0 ppm with 
3j= 5.4 Hz and a sex te t  at  4.25 ppm with ~J = 9.9, 9.9, and 3.7 Hz, cor responding  to protons  located geminal ly  
to secondary  hydroxy groups.  Cha rac t e r i s t i c  a r e  doublets at  2.71 ppm (3j= 9.9 Hz) and 2.80 ppm (35= 5.4 Hz) 
showing a c loseness  of the values  of the chemica l  shif ts  but  differ ing by the magnitude of the constants  of 
vicinal  in te rac t ion  with the neighboring protons .  

These  facts ,  together  with the e l e m e n t a r y  composi t ion,  p e r m i t  the conclusion that lapi ferol  is a b icycl ic  
alcohol of the ca ro tane  s e r i e s  containing an epoxide ring and t w o s e c o n d a r y  and one t e r t i a ry  groups.  

The posi t ions  of  the functional groups  in the molecu les  of  lap i fe ro l  and, consequently,  its d i e s t e r  with 
acet ic  and angelic ac ids ,  lapi fer in ,  were  de te rmined  in the following way. 

The PMR spec t r a  of (II) taken under  doub le - resonance  conditions showed that when an additional rad io-  
f requency field with ~ = 425 Hz was imposed,  the doublet at  2 . 7 1 p p m w a s  conver ted  into a singlet.  In addition, 
changes were  obse rved  among mult ip le ts  located in the reg ion  of the r e sonance  of methylene protons.  These  
changes taking place  in the spec t rum,  and a lso  the sex te t  nature  of the signal  at  4.25 ppm showed that one s ec -  
ondary  hydroxy group mus t  be in the equator ia l  posi t ion a t  C 6 of the caro tane  skeleton of the alcohol (II),  since 
in these c i r c u m s t a n c e s  only H-5 (2.71 ppm) can exhibit  doublet  splitting with a constant  3j= 9.9 Hz, which is 
c h a r a c t e r i s t i c  of t r ans -d i ax i a l  in terac t ion  with H-6.  

The sexte t  na ture  of the spli t t ing of the signal at 4.25 ppm unambiguously  shows that H-6 undergoes  
vicinal  in te rac t ion  not only with H-5 but a lso  with the two protons of a neighboring methylene group; conse-  
quently, the C T posi t ion is f r ee  f r o m  subst i tuents ,  as  in the case  of the de r iva t ives  of lapidol [ 1], of ferut inol  
[3, 4], and o f l a s e r o l  [5] studied p rev ious ly  [3]. 

In the PMR s p e c t r u m  of (II) obtained with the superpos i t ion  of an additional radio f requency field with 
= 400 Hz, equal to the r e sonance  f requency of the protons  at  the second hydroxy group, the doublet  a t  2.8 ppm 

was conver ted  into a singlet ,  which is c h a r a c t e r i s t i c  for  an epoxide proton. The exis tence  of a s p i n - s p i n  in t e r -  
re la t ionship  between these two protons  gives  grounds for  concluding that the other  secondary  hydroxy group 
and the epoxy function in the molecule  of (II) a r e  adjacent  to one another .  In pr inciple ,  consider ing the absence  
of subst i tuents  at  C 7, the C 3 - C  4 and C s - C  ¢ posi t ions  a r e  equiprobable  for  the fo rmat ion  of the kepoxide ring. 
However,  as  follows f r o m  an ana lys i s  of the I~MR spec t r a  of known compounds [6], an epoxide proton p re sen t  
in a f i v e - m e m b e r e d  r ing  appear  s in the f o r m  of a b roadened  sin glet ,  and not a dis t inct  doublet,  as  in the s p e c t r a  d~ 
(I) and (II).  This fact  gave us grounds for  consider ing that the epoxide ring in the molecule  of  (II) was fo rmed 
at  C 8 - C  9 and, consequently,  the second hydroxy group was located at  C10. 

In the final account,  the only poss ib le  posi t ion remain ing  for  the t e r t i a r y  hydroxy group is Ca, as is also 
conf i rmed  by the p r e s e n c e  in the m a s s  spec t r a  of (I) and (II) of a s t rong peak with m / z  (M - 43) ÷ [3, 4]. 

Thus,  for  the molecule  of the bicycl ic  alcohol lapiferol  the s t ruc tu re  (II) has been es tab l i shed  in which 
the secondary  hydroxy groups  a r e  p r e s e n t  at  C 6 and C10, the t e r t i a r y  hydroxy group at  C4, and the epoxide 
r ing involves the C 8 and C 9 ca rbon  a toms .  

S t ruc tura l  fo rmula  (II) for  lapi ferol  is identical  with that of the epoxydihydrolapidol  (X), obtained p r ev i -  
ously f r o m  lapidin in the de te rmina t ion  of the s t ruc tu re  of the l a t t e r  [ 1]. The spec t r a l  c h a r a c t e r i s t i c s  of these 
two compounds a r e  c lose .  However ,  the i r  phys i cochemica l  c h a r a c t e r i s t i c s  di f fer  substant ia l ly .  In all  p roba -  
bi l i ty  they a r e  s t e r e o i s o m e r s .  F o r  a chemica l  conf i rmat ion  of the s t ruc tu re  of lap i fe ro l  and to de t e rmine  the 
configurat ion of its a s y m m e t r i c  cen te r s ,  we effected a pas sage  to it  f r om lapidin (IH) which has a known abso-  
lute configurat ion (see Scheme on following page) .  

When lapidin (III) was reduced with an excess  of sodium t e t r ahydrobora t e  and the reac t ion  products  were  
separa ted ,  two i somer i c  dihydrolapidins with the s ame  composi t ion  C20H3204 (IV and V) were  isolated.  

A compara t ive  study of the PMR spec t r a  of compounds (IV) and (V) showed that while the i r  genera l  pa t -  
t e rns  were  d o s e  they dif fered by the values  of the chemica l  shifts  and, p a r t i c u l a r l y , b y t h e n a t u r e s  of the sp l i t -  

282 



5 

kH~ 
, OAmJ 

m 

H 

- 

^H .=  ",', H -  . , ' .H~A c 
OAng OH 

Xl 

OH OH t 

- ~ .: _- -" . H AH ^H 

OAn~ OH OH 
- - ~  V VII 

OH OH 

HO . ~. HO ^ H -  
~.g OH 

nH 

AH~. 

VC 

OH 

OH.. 
Vllt 

ting of the H-10 s ignals .  Thus,  in the s p e c t r u m  of (IV) the H-10 a tom appea red  in the f o r m  of a broadened 
s inglet  with a half-width of 7.5 Hz at  3.96 ppm, while in the case  of (V) it had the fo rm of a dis t inct  doublet  
with 3j = 7.5 Hz at  3.74 ppm. These  facts  p e r m i t  us to cons ider  (IV) and (V) as s t e r e o i s o m e r s  at  Ct0. The use  
of the doub le - resonance  p rocedure  showed that in the case  of compound (IV) H-10 in terac ted  vicinal ly with the 
H-9 olefinic proton with 3j= 3.5 Hz and with the protons  of  the methyl  group a t  C-8 in homoal lyl  fashion with 
5j = 1.5 Hz, which a lso  explained the nature  of the broadening of the above-ment ioned  signal at  3.96 ppm. 

When the PMR spec t r a  of compound (V) was studied under  s i m i l a r  conditions, no such homoallyl  in te r -  
act ion between the H-CH 3 and H-10 protons  was detected.  

I t  follows f r o m  a cons idera t ion  of the s t ruc tu re  of compounds (IV) and (V) on molecu la r  models  that only 
if  the a - a x i a l  or ien ta t ion  of H-10 is r ea l i zed  does the dihedral  angle 0 fo rmed between the plane of the double 
bond (C 8 = C9) and the Ci0-I-I bond amount  to ~90 °, which co r re sponds  to the condition for  the appearance  of 
the highest  value of the homoaUyl  coupling constant  [7]. 

F u r t h e r m o r e ,  i t  is known [8 ] that when cycl ic  unhindered ketones a r e  reduced with sodium te t r ahydro-  
bora te ,  a lcohols  with equator ia l  hydroxy groups  a r e  fo rmed in predominat ing  yield. When lapidin was reduced, 
as  the main  product  we isola ted the dihydrolapidin (IV). On the bas i s  of these facts ,  we concluded that in the 
molecule  of dihydrolapidin (IV) the hydroxy group at  C10 has the f l -eqnator ia l  orientat ion,  while in the case  of 
the dihydrolapidin (V) it  is a - a x i a l .  This conclusion finds additional conf i rmat ion  in the following facts.  The 
alkal ine hydro lys i s  of compounds (IV) and (V) fo rmed the dihydrolapidols  (VI) and (VIII), the catalyt ic  hydro-  
genation of which a t  the double bonds led to the cor responding  te t rahydro  de r iva t ives  (VIII) and (IX). In the 
PMR s p e c t r u m  of (VIII),  the signal of the proton geminal  to the hydroxy group at  Ct0 appeared  at  3.54 ppm in 
the f o r m  of a qua r t e t  with 3H = 10.2 and 5.0 Hz, which is due to the a ,a  and a ,e  in teract ions  of H-10 with the 
neighboring protons  a t  C9. In the PMR spec t rum of (IX) the analogous signal is  located at 3.6 ppm and has the 
fo rm of a broadened s inglet  with a half-width of 9.5 Hz, which is c h a r a c t e r i s t i c  for  e ,a  and e,e  interact ions 
with neighboring methylene protons.  

Epoxidation with perphthal ic  acid of the dihydrolapidols  (VI) and (VII) having, according to what has been 
said above,  f l -equa tor ia l  and a - a x i a l  hydroxy groups  at  C10, respec t ive ly ,  led to the fo rmat ion  of the epoxy 
products  (X) and (II) .  The la t t e r ,  f r o m  its mel t ing point and IR spec t rum,  proved to be identical  with the lap i -  
fe ro l  obtained f rom lapi fer in  by hydrolys is .  

A compara t ive  study of the PMR spec t r a  of (X) and (II) ,  which a r e  compounds s t e r e o i s o m e r i c  a t  C t0 , r e -  
vealed one c h a r a c t e r i s t i c  fea ture ,  namely  the p rac t i ca l  equali ty of the values  of the s p i n - s p i n  coupling con-  
s tants  of the H-9 pro ton  with the H-10 proton (~J= 5.3 and 5.4 Hz) ,  r e g a r d l e s s  of the or ienta t ion of the la t ter .  
A cons idera t ion  of the s t ruc tu ra l  fo rmulas  of (X) and (II) using molecu la r  models  showed that, depending on 
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the c o n f i g u r a t i o n  of  the epox ide  r i n g  and of  the h y d r o x y  g r o u p  a t  Ct0 , two s e t s  of  d i h e d r a l  a n g l e s  0 in  the H -  
C 1 0 - C ~ - t t  f r a g m e n t  can  be  r e a l i z e d  which p e r m i t  a c l o s e n e s s  of  the v a l u e s  of the v i c ina l  coupl ing  c o n s t a n t s  
of  the p r o t o n s  in th is  f r a g m e n t .  If i t  i s  a s s u m e d  tha t  the epox ide  r i ng  has  the o~ o r i e n t a t i o n ,  then fo r  (X) and 
(II) the ang le  0 wi l l  be  ~140  ° and ~ 3 0  °, r e s p e c t i v e l y  whi le  in the c a s e  of i t s  1_~ o r i e n t a t i o n  t h e s e  a n g l e s  wi l l  
be ~60  °. In the s e c o n d  c a s e ,  the coupl ing  c o n s t a n t  b e t w e e n  the p r o t o n s  u n d e r  c o n s i d e r a t i o n  could  be  e x p e c t e d  
to be of  the  o r d e r  of  2-3  Itz,  but  i t s  v a l u e s  found e x p e r i m e n t a l l y  a r e  5.3 and 5.4 Hz. On th i s  b a s i s ,  i t  was e s -  
t a b l i s h e d  that  in c o m p o u n d s  (X) and (II) the epox ide  r i n g  is  p r e s e n t  in the o~ o r i e n t a t i o n .  

The  t r a n s  l inkage  of the c y c l o p e n t a n c  with the c y c l o h e p t a n e  r i n g  and the j ~ - o r i e n t a t i o n  of  the h y d r o x y  
g r o u p  a t  C~ in l a p i f e r o l  w e r e  u n a m b i g u o u s l y  d e t e r m i n e d  by the f o r m a t i o n  of  the l a t t e r  f rom lap id in .  

It fo l lows  f rom the above  fac t  tha t  l a p i f e r o l  is  8 o z , 9 a - e p o x y - t r a n s - e a r o t a n e - 4 f l , 6 o ~ ,  1 0 a - t r i o l .  

The p o s i t i o n s  of  the  a c e t i c  and a n g e l i c  a c i d  r e s i d u e s  in l a p i f e r i n  w e r e  d e t e r m i n e d  by c o m p a r i n g  the PMR 
s p e c t r a  of  l a p i f e r i n  and of l a p i f e r o l  d i a c e t a t e  (XI) o b t a i n e d  by a c e t y l a t i n g  l a p i f e r o t  in the p r e s e n c e  of  s o d i u m  
a c e t a t e .  As  i s  wel l  known [9] ,  the n a t u r e  of the a c i d  r e s i d u e  a f f ec t s  the c h e m i c a l  sh i f t  of  a p r o t o n  l o c a t e d  
g e m i n a l l y  to the e s t e r  g roup .  In the  c a s e  of  o~ , f i -unsa tu ra ted  a c i d s  th is  p r o t o n  a p p e a r s  in a w e a k e r  f i e ld  than in 
e s t e r s  of  s a t u r a t e d  a c i d s .  

The s igna l  of  the g c m - a c y l  p ro ton  a t  C~ in l a p i f e r i n  u n d e r g o e s  a p a r a m a g n e t i c  sh i f t  in c o m p a r i s o n  with 
tha t  in the s p e c t r u m  of  (XI) (by ~() .2 p p m ) ,  whi le  the c h e m i c a l  sh i f t s  of  the s i g n a l s  of  the p r o t o n s  a t  Ct0 in the 
two c o m p o u n d s  a r c  p r a c t i c a l l y  the s a m e  {4.83 and 4.80 p p m ) .  I t  fo l lows f rom this  tha t  in l a p i f e r i n  the a n g e l i c  
ac id  e s t e r i f i e s  the h y d r o x y  g r o u p  a t  C G and a c e t i c  a c i d  tha t  a t  Cl0. 

Thus ,  the f ac t  of  the c h e m i c a l  p a s s a g e  f rom l a p i d i n  {HI) to l a p i f e r o l  ( I I ) ,  f o r m i n g  the b a s i s  of  the e s t e r  
l a p i f e r i n  (I) u n d e r  i n v e s t i g a t i o n ,  and the r e s u l t s  of a s u b s e q u e n t  i n v e s t i g a t i o n  of  the PMR s p e c t r a  of  t h e s e  
c o m p o u n d s  and t h e i r  d e r i v a t i v e s ,  taken  a l l  t o g e t h e r ,  have enab led  us  to e s t a b l i s h  tha t  l a p i f e r i n  has  the s t r u c -  
t u r e  of 1 0 a - a c e t o x y - 6 a - a n g e l o y l o x y - 8 a , 9 a - e p o x y - t r a n s - c a r o t a n - 4 / ~ - o l ,  a s  shown in f o r m u l a  (I) [10] .  

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

The cond i t i ons  fo r  r e c o r d i n g  the s p e c t r a  and a l s o  for  the i so l a t i on  of the to ta l  e s t e r s  have been  d e s c r i b e d  
p r e v i o u s l y  i l l .  The  s e p a r a t i o n  of  the e s t e r s  was c a r r i e d  out with the a id  of  co lumn c h r o m a t o g r a p h y  on s i l i c a  
ge l .  The s u b s t a n c e s  w e r e  e lu t ed  with m i x t u r e s  of  hexane  and e thy l  a c e t a t e  with i n c r e a s i n g  c o n c e n t r a t i o n s  of 
the l a t t e r .  

I s o l a t i o n  of L a p i f e r i n  {I). F r a c t i o n s  26-29 ( h e x a n e - e t h y l  a c e t a t e  (4 :  1)), on c o n c e n t r a t i o n ,  y i e l d e d  2.23 g 
(0.6~]~ on the r aw  m a t e r i a l )  of a c r y s t a l l i n e  s u b s t a n c e ,  C22H3406, mp 137-138°C {from h e x a n e - e t h e r ) ;  [o~]~ 
+41 .6  ° (c 1.2; c h l o r o f o r m ) .  

The  d e h y d r o g e n a t i o n  of  l a p i f e r i n  was c a r r i e d  out  by a p r o c e d u r e  d e s c r i b e d  p r e v i o u s l y  [ 1]. I t  gave  d a u c a -  

l ene  with mp 59-70°C;  p i c r a t e  with mp 89-90°C .  

The  h y d r o l y s i s  of  l a p i f e r i n  was c a r r i e d  out  with a 2~ aqueous  e t h a n o l i c  so lu t ion  of KOH with hea t ing  on 
the w a t e r  ba th  for  1 h. The r e a c t i o n  p r o d u c t  was  i s o l a t e d  in the u s u a l  way. F r o m  110 mg of l a p i f e r i n  was ob -  
t a ined  75 mg of  l a p i f e r o l  ( I I ) ,  Ct5It2604, mp 112-114°C ( h e x a n e - e t h e r ) ;  [o l ]~+15 .4  ° (c 1.3; c h l o r o f o r m ) .  F r o m  
the ac id  f r a c t i o n  of  the h y d r o l y s a t e  was i s o l a t e d  an  a c i d  CsH~O2, mp 43-44°C,  i den t i f i ed  as  a n g e l i c  ac id .  

Reduc t ion  of  Lap id in .  With coo l ing  and s t i r r i n g ,  3.4 g of NaBH 4 was added  in p o r t i o n s  to a so lu t ion  of 1.7 
g of l ap id in  in :30 ml  of  m e t h a n o l .  Then p a r t  of  the m e t h a n o l  was  d i s t i l l e d  off in vacuum and the r e s i d u e  was 
d i lu ted  with w a t e r .  The r e a c t i o n  p r o d u c t  was e x t r a c t e d  with e thy l  a c e t a t e .  The r e s i d u e  a f t e r  the e v a p o r a t i o n  
of  the s o l v e n t  was c h r o m a t o g r a p h e d  on a co lumn of s i l i c a  ge l  (60 × 1.8 c m ) .  

The subs  "tances w e r e  e lu t ed  with the h e x a n e - e t h y l  a c e  "tatc (7 : 1) s y s t e m .  Two a m o r p h o u s  s u b s t a n c e s  of  
the s a m e  c o m p o s i t i o n  C20[ta204 were  ob ta ined  - the d i h y d r o l a p i d i n  ( IV) ,  0.9 g, Rf 0.3, and the d i h y d r o l a p i d i n  
(V) 0.12 g, Rf 0.23 ( h c x a n e - e t h y l  a c e t a t e  (2:1)). 

D i h y d r o l a p i d o l  (XVI).  With hea t ing  for  2 h, :100 mg of  the d i h y d r o l a p i d i n  (IV) was h y d r o l y z e d  with a l~?( 
: lqueous e t h a n o l i e  so lu t ion  of  KOII. A f t e r  the usua l  work ing  up of the r e a c t i o n  m i x t u r e ,  a c r y s t a l l i n e  s u b s t a n c e  
was i s o l a t e d ,  Ct~It260~, mp 125-126 ° C ( f rom c h l o r o f o r m ) ,  [c~ ] ~  +35.7 ° (c 1.4; e thanol ) .  

D i h y d r o l a p i d o l  (VII). With  h e a t i n g  fo r  1 h,  120 m g  of the  d i h y d r o l a p i d i n  (V) was  h y d r o l y z e d  with  a 
1~ a(lu(~ous (~thanolic so lu t i on  of KOI[. Th i s  gave  ~0 mg of  a c r y s t a l l i n e  p r o d u c t ,  C15H2603, mp 182-183°C (hex-  
a n ( ; - c t h ( , r ) ,  [ ~ ] ~  +44 ° (c 0.9; e thano l ) .  
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Tet rahydro lap ido l  (VIII). A solution of 80 m g  of dihydrolapidol  (VI) in 15 ml  of ethanol was t rea ted  
with 20 mg of PtO 2 and hydrogenat ion was ca r r i ed  out for  30 rain with shaking. After  the end of the react ion,  
the ca ta lys t  was f i l te red  off, and the solvent  was dis t i l led off. This gave a compound with the composi t ion 
C15H2803 (70 rag) which mel ted  with decomposi t ion  at  188-189°C ( f rom ethyl ace ta te ) ,  [~]~  +80 ° (c 1.0; 
ethanol ). 

Te t rahydro lap ido l  (IX); The hydrogenat ion of 60 m g  of the  dihydrolapidol  (VII) was ca r r i ed  out with 
15 mg of PtO 2 in 15 ml  of ethanol for  45 rain. This gave 55 mg of a c rys ta l l ine  product,  C15H2003, mp 207- 
208 °C ( f rom ethyl acetate) .  

Epoxydihydrolapidol  iX). In the f o r m  of a solution in e ther ,  45 mg of the dihydrolapidol (VI) was epoxi-  
dated with an e the rea l  solution of perphthal ic  acid (1 ml ) .  The reac t ion  mix tu re  was diluted and the e therea l  
l a y e r  was sepa ra t ed  off. The aqueous mothe r  l iquor was t r ea ted  with e the r  s eve ra l  t imes.  The combined 
e therea l  ex t r ac t s  were  washed with sodium carbonate  solution and with water .  Af t e r  the solvent  had been d i s -  
tilled off, a compound was obtained with the composi t ion  C15H2604, mp 163-164°C (hexane -e thy l  ace ta te ) ,  
[~]~ +71 ° (c I . i ;  ethanol). 

Epoxydihydrolapidol (II). The epoxidation of 35 mg of the dihydrolapidol (VII) was carried out as de- 
scribed above. This gave a substance C15H2604 with mp I12-114°C (hexane-ether), [~]~ +16.2 ° (c 1.1; 
chloroform), which was identical with lapiferol according to its IR spectrum. 

Lapiferol Diacetate (XI). With heating for 3 h, 120 g of lapiferol was acetylated with l ml of acetic an- 
hydride in 5 ml of pyridine in the prebence of fused sodium acetate. The reaction product was isolated by the 
usual method and was purified by chromatography on silica gel. This gave I00 mg of an oil product, C19H3006, 
[a]~ +27.7 ° (c 1.3; chloroform). 

SUMMARY 

The roots of Ferula lapidosa have yielded a new ester of the carotane series - lapiferin - and its strut- 
tare and configuration have been established on the basis of chemical transformations and the analysis of spec- 
tral characteristics. 
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