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We have shown previously that Lagochilus pubescens Vved. contains diterpenoids, flavonoids, steroids, 
and high-molecular-weight hydrocarbons [1-3]. Continuing investigations of the plant we have isolated a number 
of new diterpenoid compounds of the 9,13-epoxylabdane group, which are found only rarely in nature [4]. 

The diterpenoids isolated proved to be various aeetyl derivatives of lagochilin. The lagochilin molecule 
(I) contains four alcoholic hydroxyls, and therefore the existence of one tetra-, four tri- ,  six di-, and four 
monoacetyl derivatives of lagochilin is theoretically possible. 

We have isolated eight aeetyl derivatives of lagochilin (II-IX). 
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VI. R=H; R': :R"~R"=Ac 
Vll. R=R'=H; R"=R'=Ac 

VIII. R"--R"-:H; R=R'=Ac 
IX. R=:R'=R'=R"=:Ac 

The IR s p e c t r u m  of  the diterpenoids i so lated showed absorption bands in the reg ions  of 1030 c m  - i  (ether 
bond),  3200-3600 c m  -1 (hydroxy g roups ) ,  and 1735 e m  -1 ( e s t e r  group) .  

T A B L E  1. Chemical  Shifts of the Signals of  Some Funct ional  
Groups of Acety lated Lagochi l ins  (ppm re la t ive  to HMDS} 
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The m a s s - s p e c t r o m e t r i c  f ragmenta t ion  of the di terpenoids isolated is cha rac t e r i s t i c  for  9 ,13-epoxylab-  
danes [5] and shows s t rong  peaks of molecu la r  ions with m / e  398 in the case  of compounds (II) and (III), 482 for  
(IV}, (V), and (VD, and 440 for  (VII) and (VIII), and cha rac t e r i s t i c  peaks with m / e  214, 227, and 240 for  (II-V), 
256, 269, and 282 for  (VD and (VII) and 172, 185, and 198 for  (VIII). 

All the di terpenoids  isola ted gave te t raacety l lagochi l in  with acet ic  anhydride,  and their  hydro lys i s  led to 
the fo rmat ion  of lagochilin. 

The number  and posi t ions of a t tachment  of the acetyl  groups in the individual der iva t ives  were  d e t e r -  
mined by PMR spec t roscopy .  The values of the chemica l  shifts  of the s ignals  of the protons of the main f tme- 
tional groups of the compounds invest igated a re  given in Table 1. 

The P1V~ spec t r a  of lagochilin (in CF3COOH) and its t e t r aace t a t e  (IX) (in CDC13) a r e  f a i r ly  s imi l a r  to 
those cons idered  by Chizhov et al. [6]. We r eco rded  the PM:R spec t rum of lagochilin in pyridine (Fig. la) and 
p e r f o r m e d  the ass ignment  of the s ignals  by analogy with [6]. According to the i r  in tegra l  intensity,  the s ignals  
of  six methylene and methine protons  p resen t  in the a posi t ions to hydroxy groups a r e  located in the 3.4-4.1 
ppm region.  A t r ip le t  at 4.03 ppm is due to the two protons at C15 fo rming  par t  of a hydroxyethylene grouping. 
Doublets of the methylene protons at C18 fo rming  a c h a r a c t e r i s t i c  s p e c t r u m  of an AB spin s y s t e m  a r e  located 
at 3.88 and 3.48 ppm. Similar  doublets,  but with a s m a l l e r  d i f ference in chemica l  shifts ,  a r e  fo rmed  by the 
protons at C16. The nonequivalence of the methylene protons at  Ct~ and Ct8 is due to the different  influence o f  
the neighboring a s y m m e t r i c  cen te r s .  The signal  of the methylene proton at C 3 is located in the 3.95 ppm region 
and is masked  by o ther  s ignals .  

In the spec t rum  of lagochilin t e t r aace t a t e  (Fig. lb) the re  is a r egu la r  downfield shift of the s ignals  of the 
protons at  C3, C15 , Cl~, and C18 [7], and each group f o r m s  nonover lapping and read i ly  identified s ignals .  Apar t  
f r o m  the appearance  of the four s ignals  of ace ty l -g roup  protons ,  it is poss ib le  to obse rve  an upfield shift  of the 
s ignals  of  all  the methyl  groups (at CA, Ct0 , and C s) (see Table  1) as compared  with their  posi t ions in the spec -  
t r u m  of lagochilin. 

In the PM:R s p e c t r u m  of the di terpenoid (ID (Fig. lc) ,  the t r ip le t  of the methylene protons at Cls is located 
in the weak field,  while the other  s ignals  in this region have p rac t i ca l ly  the s a m e  chemica l  shifts  as  in the 
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s p e c t r u m  of lagochil in i tself .  Thus,  a compar i son  of this s p e c t r u m  with the s p e c t r a  of lagochilin and its t e t r a -  
ace ta te  p e r m i t s  the s t a t ement  that  the acetyl  group is located at  C1. ~. 

In the PMR s p e c t r u m o f  the di terpenoid (TiI) (Fig. ld),  the s inglet  of the two equivalent protons at CI~ is 
located  in the weak  field which again de t e rmines  the posit ion of the ace ty l  group. The hydroxymethylene  p r o -  
tons at  C15 a re  nonequivalent  and r e sona t e  in the 4.1-3.8 ppm region  in the f o r m  of a b road  signal  together  with 
the C 3 proton and one of the C18 protons .  

F igu re  2a shows the s p e c t r u m  of lagochil in t e t r a a c e t a t e  in CC14. An a n a l y s i s  of the posi t ions  of the 
s ignals  (see Table  1) shows that on pass ing  f r o m  pyridine to solutions in CC14 the - O C H  and -OCH~ protons  
shift  upfield, and the s ignals  of the th ree  C-me thy l s  shift  downfield, while the s ignals  of the ace ta te  groups a r e  
insensi t ive  to the change in solvent.  

In the s p e c t r u m  of the di terpenoid (IV) (Fig. 2b), the t r ip le t  of the methylene protons  at C1. ~ is,  because  
of thei r  nonequivalence,  conver ted  into a m o r e  complex  signal shifted upfield in compar i son  with its posi t ion 
in lagochil in t e t r a a c e t a t e .  The s ignals  of the C 3 and C18 protons  a r e  in s im i l a r  posi t ions to those  in the spec -  
t r u m  of lagochil in t e t r a a c e t a t e ,  and the methylene protons  at C16 a re  shifted s t i l l  fu r the r  downfield. Such a 
dis t r ibut ion of s ignals  shows that the acetyl  groups a r e  located at Ca, C16, and C18 , and the hydroxy group at C1. ~. 

In the s p e c t r u m  of the di terpenoid (V) (Fig. 2c), the s ignals  of protons  at C3, Cl~ , and Cl8 have chemica l  
shif ts  s i m i l a r  to those  in the s p e c t r u m  of lagochitin t e t r a a c e t a t e ,  while the s ignals  of the AB spin s y s t e m  of the 
methylene  proton at Cl~ a r e  p re sen t  in a higher field. Consequently,  the acetyl  groups a r e  located at the C3, Cl.~, 
and Cls carbon a toms .  

In the 3.0-5.0 ppm reg ion  of the PMR s p e c t r u m  of the di terpenoid (VI) (Fig. 2,d) the signal of the C 3 p ro -  
ton is p r e sen t  in the s t ronges t  field,  which shows that the OAc groups a r e  p re sen t  at Cl.~, Cl6, and Cis. F u r t h e r -  
m o r e ,  in the s p e c t r u m  of this compound the signal  of the C10 methyl  group is in the s t ronges t  f ie ld and the 
s ignals  of the C18 protons  in the weakes t  f ield as c o m p a r e d  with their  posi t ions in the PM:R spec t r a  of the other  
ace ty l lagochi l ins  (see Table  1). The somewhat  unusual posit ion of the signal  of the C s proton at a high value of 
the f ield is p robably  due to the par t ic ipa t ion  of the C 3 hydroxyl ic  proton in the fo rmat ion  of a hydrogen bond 
with the carbonyl  of the acetyl  group at C18 , which changes the e lec t ronic  p rope r t i e s  of the hydroxy group. Such 
a tendency is o b s e r v e d  in all  c a se s  where ,  in the molecule  of a lagochilin der iva t ive ,  t he re  a r e  s t e r i ca l ly  c lose  
hydroxy and acetyl  groups.  

In the P1VIR s p e c t r u m  of the di terpenoid (VII) (Fig. 2e), the p r e sence  of the s ignals  of the Ci, 5 and Cl~ 
methylene  protons  in the reg ion  of the weakes t  f ield shows that the acctyl  groups a re  at tached to p r e c i s e l y  
these  ca rbon  a toms.  A complex  signal  in the 3.3-3.6 ppm region appea r s  as the r e su l t  of the superpos i t ion  of 
the s ignals  of the proton at C3, one of the Ci~ pro tons ,  and the two hydroxy groups.  In the s p e c t r u m  of this  
compound taken  in ca re fu l ly  dr ied pyr id ine  solution the re  a r e  the individual s ignals  of the hydroxy groups at 
C 3 and Ci8 in the f o r m  of a doublet and a t r ip l e t ,  r e spec t ive ly ,  due to s p i n - s p i n  coupling with the neighboring 
hydrogen a toms .  

A c o m p a r i s o n  of the ]?MR s p e c t r a  of lagochilin t e t r a a c e t a t e  (Fig. 2a) and of the di terpenoid (VIII) (Fig. 2f) 
shows that  the chemica l  shif ts  of the C 3 and C18 protons  in t h e m  a r e  s im i l a r  in p a i r s ,  while the s igna l s  of the 
C15 and C16 protons  in the s p e c t r u m  of the di terpenoid (VIII) a r e  located in a s t ronger  field and, consequently,  
the acety l  groups  a r e  p r e s e n t  in r ing  A at C 3 and C18. 

Analys i s  of the PlVIR s p e c t r a  of the compounds cons ide red  and of the values  of the chemica l  shifts  (Table 
1) shows that  it is e a s y  to de te rmine  the posi t ions  of the acetyI  groups f r o m  the s ignals  of the C~, C15, C16, and 
C18 protons .  The s igna ls  of the acetyl  groups t h e m s e l v e s ,  and also of the methyls  of the bas ic  skeleton,  show 
no definite l ink be tween the i r  chemica l  shif ts  and the posi t ions  of the aeetyl  groups.  The width of the signal  of 
the C 3 pro ton  is ,~ 15 Hz in all ca ses  which shows its axial  or ienta t ion,  while the value of the geminal  constant  
for  the methy lene  protons  at C16 and C18 is 11.2 Hz and changes insignif icantly on acetylat ion.  In all  the spec t r a  
the methy lene  protons  at C18 a re  nonequivalent,  the di f ference in the chemica l  shifts  va ry ing  f r o m  0.15 to 0.45 
ppm. The protons  at C15 and C1~ may  be nonequivalent,  but this is not shown at the given working frequency.  

EXPERIMENTAL 

The IR spectra were taken on a UR-10 spectrophotometer and the PMR spectra on a Varian XL-100-15 

spectrometer in carbon tetrachloride and pyridine solutions. The chemical shifts are given in the ~ scale 
relative to HMDS as internal standard. The mass spectra were taken on a MAT-311 instrument. The specific 

rotations were determined on a Carl Zeiss Polamat S instrument (GDR). 
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For  th in- layer  chromatography (TLC) we used LS 5/40 p s i l ica  gel, and also Silufol p repared  plates in 
the following sys tems:  1) e t h e r - h e x a n e  (4:1) and 2) carbon t e t r a c h l o r i d e - a c e t o n e  (7:5). The reveal ing agent 
was concentra ted  H2SO 4 with 1% of vanillin. 

The plant Lagochilus pubescens (4 kg) was ext rac ted  with methanol (5 x 15 l i te rs ) ,  and the combined ex- 
t r ac t s  were  evaporated in vacuum to 0.7 l i te r ,  diluted with water  (1:1),  and ext rac ted  with benzene and ehloiro- 
form.  The benzene was disti l led off f rom the benzene f ract ion and the viscous res idue  (110 g) was chromato-  / 

g r a p h e d  on type LS 100/250 p s i l ica gel with elution by ch lo roform the polar i ty  of which was gradually in- 
c r ea se d  by the addition of methanol. Frac t ions  with a volume of 200-250 ml were  collected,  the separat ion 
being moni tored by TLC. 

A total  of 44 fract ions was collected.  Fract ions  1-8 contained 40 g of hydrocarbons,  flavonoids, s t e ro l s ,  
and a v e r y  small  amount of a mixture  of diterpenoids.  

Separation of Frac t ions  9-16. The combined mater ia l  (9:1 g) was passed through a column of s i l ica gel 
with elution by pe t ro leum e t h e r -  ethyl aceta te  (10 : 1) and the solvents of gradual ly increasing polarity.  F r o m  
various f rac t ions  of the eluate we isolated: te t raacetyl lagochi l in ,  C28H4409 (IX) [oily liquid, [o~] D +17.8 ° (c 1; 
ethanol), Rf 0.47 (system 1)], 15, 16, 18- t r i -O-acetyl lagochi l in ,  C26H4208 (V1) imp 92-93°C (from ether) ,  in] D + 
55.58 ° (c 1, ethanol), Rf 0.28 (system 1)], 3, 16, 18- t r i -O-acety l lagochi l in  (IV), C26H4208 [oily liquid, Rf 0.3 
(system 1)], and 3, 5, 18- t r i -O-acety l lagochi l in ,  C26H4~O 8 (V) [oily liquid, Rf 0:26 (system 1)]. 

Separation of Fract ions  17-34. The combined mater ia l  (10.4 g), af ter  repea ted  chromatography with elu- 
tion by be nz e ne - me thano l  (9 : 1) and h e x a n e ' e t h y l  acetate  (5 : 1) yielded 15, 16-di 'O-acetyl lagochi l in  (VII) 
[C24H4007, mp 86-87°C (from ether) ,  [~]D +7-4° (e 1; ethanol), l~f 0.45 (system 2)] and 3, 18-d i -O-ace ty l lago:  
chilin, CuH4007 (VIII) imp 105-106°C (from ether) [~]D+15.21 ° (c 1.2; ethanol), Rf  0.5 (system 2)]. 

Separation of Fract ions  35-44. The mixture  of diterpenoids (6.2 g) was t rea ted  with e ther ,  which yielded 
2.9 g of lagochilin. The mother  liquor was passed through a column of type LS 100/160 p s i l ica gel and was 
eluted with h e x a n e - e t h y l  acetate  (5 : 1). This yielded 16-mono-O-acetyl lagochi l in ,  C22H3806 (III) Jolly liquid, 
Rf 0.17 (system 2)] and 15-mono-O-acetyl lagochi l in ,  C22H3806 (II) [oily liquid, in ]D-5 .55  ° (c 1; ethanol), Rf 0.2 
(system 2)]. 

Acetylation of the Diterpenoids (II-VIII). A mixture  of 30-40 mg of the substance,  1 ml of absolute pyr i -  
dine, and 0.5 ml of acet ic  anhydride was left  for a day at r o o m  tempera tu re .  The reac t ion  mixture  was evapo- 
ra ted  and t r ea ted  with e ther ,  and the solvent was disti l led off. This gave an 0ily liquid with Rf 0.47 (system 
1) - te t raacetyl lagochi l in  (IX). 

Alkaline Hydrolysis  of (II-VIII). A mixture  of 30-40 mg of the substance in 2 ml of 1070 methanolic caust ic  
potash was heated in the water  bath for  5-10 rain and was then left  at room t empera tu re  for  10-12 h. The sol -  
vent was distil led off, the res idue  was t rea ted  with e ther ,  and the e thereal  ext rac t  was evaporated.  This gave 
lagochilin, mp 167-168°C f rom ether ,  Rf 0.12 (system 2). 

SU MMAR Y 

The plant Lagochilus pubescens Vved. has yielded seven new di terpenoids,  which have been charac te r ized .  

An investigation of chemical  react ions  and IR, mass ,  and PM13 spec t r a  has shows that they belong to the 
9,13-epoxylabdane se r i e s  and a re  aeetylated derivat ives of lagochi l in .  

Onthebas i s  of the resu l t s  of a comparat ive  study of PM:R spec t ra  of the diterpenoids isolated and of 
lagochilin the positions of at tachment  of the acetyl  groups in these  compounds have been determined.  
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