
hydroxide solution was boiled at  130°C for  1.5 h and was then neutra l ized with 10~ H2SO 4 solution to pH 4-5. 
The degradat ion  products  were  ex t rac ted  with ethyl e ther .  The e therea l  ex t r ac t  was evapora ted  and the r e s i -  
due was dissolved in 1 ml of  ethanol and chromatographed  in s y s t e m s  1 and 2. Gallic acid (VI) and chloroglu-  
cinol (VII) were  detected.  

S U M M A R Y  

The leaves  of A z a r a  mic rophyl la  Hook. , have  yie lded a new flavonoid glycoside which has been called 
azamic ros ide .  F r o m  i ts  phys icochemica l  and spec t r a l  c h a r a c t e r i s t i c s  i ts  m o s t  p robable  s t ruc tu re  has been 
es tabl i shed as  myr i ce t i n  3 -O-  ~ - L - d i r h a m n o s i d e .  
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The chemica l  composi t ion  of the essen t ia l  oil of c ry s t a l  tea ledum of the o rd ina ry  va r i e ty  growing in 
Wes te rn  Siberia  has been  studied. Eighteen terpenoids  have been isolated and identified f r o m  the i r  spec t ra l  
c h a r a c t e r i s t i c s .  Linalyl  ace ta te ,  ~ - t e r p e n y l  ace ta te ,  carvone ,  geraniol ,  f l - f a rnesene ,  ca lamenene,  p - m e n t h a -  
l ( 7 ) - 8 - d i e n - 2 ~ - o l ,  and p -men tha - l (7 ) -8 -d i en -2 f l  -ol  have  been isola ted f r o m  the essen t i a l  oil of c ry s t a l  t ea  
ledum for  the f i r s t  t ime.  Compounds of the p -menthane  and a romadendrane  s e r i e s  were  found as  the main  
components .  

The offieinal medic inal  plant Ledum pa lus t re  L. (c rys ta l  tea ledum) (family Er i caceae )  is  widely d i s -  
t r ibuted in the t e r r i t o r y  of the Soviet Union [ 1]. The main  act ive  pr inciple ,  posses s ing  an ant i tuss ive  action, is  
the sesqu i te rpene  ledol [2].  Fo r  medica l  purposes ,  the p repa ra t ion  of the raw ma te r i a l  (leafy shoots)  is c a r -  
r ied out main ly  in Be lo russ i a  and in the nor th  of the European p a r t  of the USSR. In o r d e r  to expand the raw 
m a t e r i a l s  bas i s ,  we have studied the composi t ion of the mono-  and sesqui te rpenoids  of the essen t i a l  oil of 
Ledum pa lus t r e  L. va t .  vu lgare  Ledeb.  (c rys ta l  tea ledum, common va r i e ty ) ,  which grows widely in the t e r r i -  

t o ry  of Wes te rn  Siber ia  [3]. 

The composi t ion  of the monoterpene  hydrocarbons  (19.6%) was de te rmined  by gas- - l iquid  ch romatography  
(GLC); the ma in  component  was l imonene (17.6~).  F r o m  the f rac t ion  of sesqu i te rpene  hydrocarbons  (4.0%) we 
isola ted  and identified f rom the i r  spec t r a l  c h a r a c t e r i s t i c s  ~ -humulene ,  a l loa romadendrene ,  ea lamenene,  f l-  
f a rnesene ,  and 5-cadinene,  and we also isolated an unidentified hydrocarbon  with a mo lecu la r  weight of 204. 
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The main  component  of the sesqui te rpene  hydrocarbon  f rac t ion  was a l loaromadendrene .  

In the f rac t ion  of oxygen-containing mono-  and sesqui te rpene  compounds (59.1%) of the essent ia l  oil of 
c r y s t a l  tea ledum, we detected l inalyl  ace ta te ,  ~ - t e r p e n y l  ace ta te ,  bornyl  aceta te ,  carvone,  geraniol ,  palustrol ,  
ledol ,  and a mix tu re  of three  i s o m e r i c  secondary  alcohols  (I) ,  (II) ,  and (III) ,  which were  separa ted  into the in- 
dividual components  a f t e r  acetylat ion.  According to PMR spec t roscopy ,  all the alcohols contained an i sopro-  
penyl group while one contained a - C H =  C (CH 3) - a n d  each of the other  two a > C - - C H  2 group.  

When the 13C NMR spec t r a  of the alcohols  with the exocycl ic  double bonds were  compared  with the spec -  
t r a  of a l a rge  group of monote rpene  compounds [4],  and also with the calculated spec t r a  using subst i tuent  in- 
c r e m e n t s  [ 5], i t  was seen  that  they ag reed  with the s t ruc tu r e s  of p -men tha -1  ( 7 ) - 8 - d i e n e - 2 ~ - o l  (I) and p-  
mentha-1  ( 7 ) - 8 - d i e n e -  2fl-ol (II). These  two compounds dif fer  only by the fact  that in alcohol (I) the hydroxy 
group is equator ia l ,  and in alcohol (II) it is axial .  Alcohol (III) had in place  of the exomethylene group a t r i -  
subst i tuted double bond. This  a s s ignmen t  of the s t ruc tu r e s  ag r ee s  well with the p r e sence  of l imonene and 
ca rvone  in the e s sen t i a l  oil. 

This is the f i r s t  t ime that  l inolyl ace ta te ,  ~ - t e r p e n y l  ace ta te ,  carvone,  geraniol ,  f l - f a rnesene ,  c a l amen-  
ene, and alcohols  (I) and (II) have been isola ted f r o m  the e s sen t i a l  oil of c ry s t a l  tea ledum. It  mus t  be men-  
tioned that l imonene  and the products  of i ts  o x i d a t i o n -  alcohols  (I) and (II) and carvone  - predominated  among 
the monoterpene  compounds.  The amount  of the main biological ly act ive  component  - ledol  - in the essen t ia l  
oil of the Siberian sample  of c ry s t a l  tea ledum was low (about 4%) in compar i son  with the amount  in European 
spec imens  (23.0-37.0%) [6].  The quali tat ive composi t ions  of the mono-  and sesqui te rpenoids  of the essent ia l  
oil of the sample  invest igated d i f fered  cons iderab ly  f r o m  the composi t ion  of the essen t ia l  otis of c ry s t a l  tea 
l edum growing in the European pa r t  of the Soviet Union [7-9] and some a r e a s  of Finland [10, 11], where  m y r -  
cene, pa lus t ro l ,  and ledol  have been found as  the main  components .  

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

IR spec t r a  were  taken on a UR-20 ins t rument .  PMR spec t r a  were  r eco rded  in CC14 on a Varian A-56/60  
i n s t rumen t  with HMDS as in terna l  s tandard,  the chemica l  shif t  of which was taken as  5 0.05 ppm, and the 13C 
NMR s p e c t r a  on a B r u k e r - P h y s i k  AG HX-90 ins t rument .  Mass  spec t r a  were  taken on a MS 902 ins t rument  
with a g lass  inlet  s y s t e m  (120°C),  70 eV. 

The analyt ical  GLC of the monoterpene  hydrocarbons  was c a r r i e d  out on a Chrom-32  ins t rument  using a 
3.75 m ×  0.3 m m  column with TCEP at  a ra te  of flow of c a r r i e r  gas  (nitrogen) of 30 rn l /min  and a column 
t e m p e r a t u r e  of 76°C. 

P r e p a r a t i v e  GLC was p e r f o r m e d  on a Pye-105  ins t rumen t  with a 5 m x 6 m m  column containing 10% of 
Tween-65 on Cel i te-22 (0.16-0.20 ram) ,  r a t e  of flow of c a r r i e r  gas  (n i t rogen)100  m l / m i n ,  column t e m p e r a -  
ture  130°C. 

The essen t i a l  oil (2.85%) was obtained by s t eam dist i l la t ion of leafy  shoots of c ry s t a l  tea ledum of the 
common  va r i e ty  col lected in July,  1981, in the f ru i t -bea r ing  phase  in a sphagnum bog in a pinewood in the en-  
v i rons  of Tomsk.  

Isolat ion of the Hydrocarbons .  The essen t ia l  oil (58.78 g) was chromatographed  on A1203 (neutral ,  ac t iv-  
ity g rade  II) at  a ra t io  of subs tance  to sorbent  of 1 : 15. P e t r o l e u m  ether  eluted hydrocarbons  (15.39 g) and 
ethanol eluted oxygen-containing compounds (34.72 g) .  

Frac t iona t ion  of the Hydrocarbons .  The hydrocarbon  f rac t ion  (15.39 g) was subjected to vacuum dis t i l la -  
tion into monote rpene  hydrocarbons  ( 11.52 g) (bp 70-110 ° C/10 m m  Hg) and s esqui terpene  hydrocarbons  (2.37 
g) (the st i l l  r e s idue ) .  

Analys is  of the Monoterpenes.  The monoterpene  hydrocarbons  were  analyzed by the GLC method. F r o m  
the re la t ive  re tent ion t imes ,  in al l  the monoterpene  f rac t ions ,  we identified l imonene and t r a ce s  of ~ -  and/3- 
pinenes.  Quanti tat ive de te rmina t ion  was c a r r i e d  out by the s imple  normal iza t ion  method. 
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Identif icat ion of the Sesqui terpene Hydrocarbons .  The f rac t ion  of sesqui te rpene  hydrocarbons  f rom the 
essent ia l  oil (2.37 g) was ch romatographed  on SiO 2 at  a ra t io  of substance and sorbent  of 1 : 25. P e t r o l e u m  
e ther  eluted eight f rac t ions  (1-8) .  The f i r s t  f rac t ion  (0.22 g) contained an unidentified compound. IR spec t rum:  
765, 1380, 460 cm -1, M ÷ 204. F r o m  the r e su l t s  of PMR spec t roscopy ,  a l loa romadendrene  was identified in the 
third f rac t ion  (0.52 g) ,  6- cadinene in the fourth (0.29 g) ,  ca lamenene in the fifth (0.05 g) ,  ~ - f a r n e s e n e  in the 
sixth (0.01 g) ,  and a - h u m u l e n e  in the eighth (0.09 g) .  

Identif ication of the Oxygen-Containing Mono-and  Sesquiterpenoidso The f rac t ion  of oxygen-containing 
terpenoids  (18.60 g) was ch romatographed  o n  S i O  2 at a ra t io  of substance and sorbent  of 1: 15. Gradient  e lu-  
tion (pe t ro leum e t h e r - d i e t h y t  e ther)  yielded f rac t ions  1-6. Ethanol eluted a f rac t ion  of m o r e  po la r  compounds 
(3.16 g) which was  not invest igated.  F rac t ion  1 ( 0.85 g) consis ted of l inolyl ace ta te  (IR, PMR).  Pa lus t ro l  was 
identified (IR, PMR; n~ 1.4910) in f rac t ion  2 (2.27 g) .  F rac t ion  3 (1.74 g) consis ted of a mix ture  of ~ - t e r -  
penyl ace ta te ,  bornyl  ace ta te ,  and geranyl  ace ta te  (PMR).  F r o m  frac t ion  4 (0.35 g) by ch romatography  on 
SiO 2 geranyl  ace ta te  and earvone  (IR, PMR) were  isolated.  Fract ion  5 (1.23 g) consis ted of a c rys ta l l ine  m a s s  
and a f t e r  f rac t ional  r ec rys t a l l i z a t i on  f r o m  pe t ro l eum e ther  ledol was identified (IR, PMR),  mp 104-106°C. By 
r ech roma tog raphy  on SiO 2 impregna ted  with 20~ of AgNO3, f rac t ion  6 (2.76 g) yielded geraniol  (0.14 g) (PMR) 
and a mix ture  of a lcohols  (I) ,  (II),  and (III) (2.5 g) .  

The mix ture  of alcohols  (1.6 g) was ace ty la ted  with 3 ml  of acet ic  anhydride and 10 ml  of pyridine a t  
0°C for  12 h. The reac t ion  products  were  ex t rac ted  with pe t ro leum ether ,  and the solvent  was dist i l led off to 
give 1.5 g of a mix tu re  of ace ta tes .  By p r e p a r a t i v e  GLC, the ace ta tes  of alcohols (I) ,  (II),  and (III) were  ob- 
tained in the individual f o r m  (0.42, 0.60, and 0.02 g, r e spec t ive ly ) .  

PMR s p e c t r u m  of (I),  ppm: 1.70 (singlet,  3 H); 1.95 (singlet,  3 H); 4.65 (singlet,  2 H); 4.80 (singlet,  1 
H); 4.91 (singlet,  1 H); 5.33 ( t r iplet ,  I H, J = 5.0 Hz}. 

PMR s p e c t r u m  of (II) ,  ppm: 1.70 (singlet,  3 H); 2.03 (singlet,  3 H); 4.70 (broadened singlet,  4 H); 5.10 
(doublet of mul t ip le ts ,  1 H, width a t  hal f -height  20 Hz).  

PMR spec t rum of (III) ,  ppm: 1.87 (singlet,  3 H); 2.13 (singlet,  3 H); 4.68 (singlet,  2 H); 5.18 (broadened 
s inglet ,  1 H);  5.65 (broadened singlet,  1 H).  

The ace ta te  of alcohol (I) (0.3 g) was saponified with a 10% solution of KOH in ethanol at  50°C for  3 h. 
Chromatography  on SiO 2 (10 g with 20} diethyl e the r  as the eluent) led to the isolat ion f r o m  the reac t ion  mix-  
ture  of alcohol (I) (0.15 g) ,  [ a ] ~ -  74.7 ° (in the pure  form).  

I R s p e c t r u m ,  cm-l :  880, 905, 1050, 1460, 3070, 3615. 

PMR spec t rum,  ppm: 1.70 (singlet,  3 H); 3.27 (tr iplet ,  1 H), J = 3 Hz; 4.65 (singlet,  3 H); 4.78 (sing let, 
1 H ) .  

13C NMR spec t rum:  2 0 . 8 5 -  quar te t ;  29.81, 32.45, 38.92, 108.78, 109.48 - t r ip le ts ;  37.95, 72.15 - doublets; 
149.13, 149.78 - s inglets .  

By s i m i l a r  t r ea tment ,  0.3 g of the appropr ia t e  ace ta te  yielded 0.2 g of the alcohol (II) [ a ] ~  - 5  ° (in the 
pure  f o r m ) .  

IR spec t rum,  era-l: 900, 1095, 1455, 1650, 3090, 3630. 

PMR s p e c t r u m ,  ppm: 1.60 (singlet,  3 H); 3.83 (doublet of mult iplets ,  1 H, width at half-height  20 Hz);  
4.51 (singlet,  3 H); 4.78 (singlet ,  1 H). 

13C NMR spec t rum:  2 0 . 5 3 -  quartet ;  32.51, 33.58, 41.84, 103.82, 1 0 8 . 1 9 -  t r ip le ts ;  43.94, 7 1 . 8 3 -  doublets;  

148.37, 150.85 - s ingle ts .  

S U M M A R Y  

1. The composi t ion  of the mono-  and sesqui te rpenoids  of the essen t i a l  oil of Ledum pa lus t re  L. var .  
vu lga t e  Ledeb. has been  studied. 

2. It  has been es tabl i shed that the composi t ion of the essent ia l  oil of a Siberian spec imen  of c rys t a l  tea 
ledum differs  f r o m  those of European spec imens .  

3. The predominat ing  components  of the monoterpenoids  of the essen t i a l  oil studied were  compounds of 
the pa r a -men thane  se r i e s :  l imonene,  p - m e n t h a - l ( 7 ) - 8 - d i e n - 2 - o l s  (I) and (II); and, among the sesqu i t e rpen-  
oids, a l l o - a romadendrene ,  pa lus t ro l ,  and ledol.  
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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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