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The commones t  d i terpenoids  have the labdane skele ton,  and these  include lagochil in ,  which h a s b e e n  i s o -  
la ted f rom Central  Asian plants of the genus Lagochilus [1-4]. 

Discussions  of  the s t ruc tu re  of  lagochil in [5-8] have led to the suggested s t e r eochemica l  con fgu ra t i on  (I). 

In o rde r  to invest igate  in m o r e  detai l  f ea tu res  of the spat ia l  and e lec t ronic  s t ruc tu re  of  the lagochil in m o l -  
ecule ,  we have studied the t3C NMB spec t ra  of  tagochil in and of its de r iva t ives .  The ~3C spec t ra  we re  taken on 
a Varian XL-100 s p e c t r o m e t e r  in pyridine solution. 

The !3C spec t rum of lagochil in (Fig. t} has four s ignals  at  93.13, 86.37, 45.15, and 42.53 ppm due,  r e s p e c -  
t ive ly ,  to C9, C13, CI0, and C4, as is conf i rmed  by a spec t rum with incomplete  decoupling f rom protons (o f f - res -  
onance}. The Cs a tom resona tes  in the s t ronges t  field since the chemica l  shift  of  this ca rbon  atom mus t  have 
th ree  fl contr ibutions and two c~ contr ibut ions,  one of them being f rom an oxygen a tom (~ +40 ppm). It is ob -  
vious that the p r e sence  of the oxygen contr ibution pe rmi t s  the line at 86.37 ppm to be ass igned to the C~3 carbon 
a t o m ,  while the s ignals  at 43.15 and 42.53 ppm a re  due to the C~0 and C 4 carbon a toms  which have no oxygen 
a toms  in the ~ position [9]. Attention mus t  be d i rec ted  to the fact that in d i te rpenes  with the labdane s t ruc tu re  
the chemic~al shift  of C 4 va r i e s  f rom 45 to 32 ppm and that of  Ct0 f rom 42 to 33 ppm. The chemical  shif ts  of  
these  a toms  a r e  sens i t ive  to a d is tor t ion of the conformat ion  of r ings A/B due to the introduction of  double bonds 
and of C -- O and hydroxy groups [10-12]. 

This phenomenon is apparen t ly  connected with the exis tence of 1 - 3 - d i a x i a l  in terac t ion  between the Ctz 
and C~9 methyl  groups  which cons iderab ly  d i s to r t s  the g e o m e t r y  of r ing A [6]. This in teract ion labi l izes  the 
cha i r  conformat ion  of r ing A, thanks to which it becomes  m o r e  sensi t ive  to the s t e r i c  influence of the subs t i tu -  
ents ,  and this is re f lec ted  in the chemical  shifts  of the Ci, C2, C3, and C 4 carbon a toms (see Table 1). 

In the spec t rum it is poss ib le  to isolate  the s ignals  of th ree  t e r t i a ry  carbon a toms f rom o f f - r e s o n a n c e  r e -  
sul ts  at  74.23,' 41.07, and 36.90 ppm. It is obvious that  the signal at 74.23 ppm belongs to C3(c~-OI-I ). The l ines  
a t  41.07 and 36.90 ppm belong to C 5 and C8, r espec t ive ly .  

The spec t rum shows ten t r ip le t s  ~f f - resonance} ,  the l ines at 69.10, 66.70, and 59.35 ppm obviously r e -  
la t ing to C~s, Cts, and C16. A cons idera t ion  of the individual secondary  carbon a toms in the r ings shows that in 
the best  deg ree  they mus t  cor respond  to an addit ive scheme  of contributions to the chemica l  shif ts  of the C6, Cz, 
Ct, and C 2 s ignals .  To calcula te  thei r  chemical  shifts  it is sufficient to take into account  the fla o r  fie and Ta 
contr ibut ions.  Consequently,  C 1 which has an axial  methyl  group in the fl position is r e spons ib le  for the signal  
at 41.07 ppm and C~ for  that at 35.90 ppm. It is obvious that the l ines  at 22.16, 27.82, and 29.73 ppm belong to 
the C6, C2, and Ct4 carbon a toms ,  r e spec t ive ly ,  while Cll and C13 a re  r ep resen ted  by l ines at 32.00 and 31.93 
ppm,  respec t ive ly .  

The a r r a n g e m e n t  of the s ignals  of  the methyl  groups of lagochilin is unusual,  s ince lagochilin is c h a r a c -  
t e r i zed  by the A / B - t r a n s  conformat ion  with axial  methyl  groups at C10 and C 4 and an equa to r i a l 'me thy l  group 
at  C 8 [8]. Consequently,  the s ignals  a t  18.50 and 18.30 ppm mus t  be ass igned to the equivalent methyl  groups at  
Ct0 and C4, and a line in the high field at 12.70 ppm to the methyl  group at C 8. 

Even in fa i r ly  complex  compounds ,  the s ignals  of equator ia l  methyl  groups a r e  usual ly  found in f ields 
weaker  by 6-8 ppm than those of axial methyl  groups.  Consequently,  to explain this a s s ignment  of  the s ignals  
it m u s t  be borne in mind that  t he r e  a r e  cons iderab le  T contr ibut ions to the chemical  shift  of the methyl  group 
at C a through interact ion with the C - H  bonds of the f i v e - m e m b e r e d  r ing at C10 and C11. 

The m o s t  p robable  conformat ion  for 3 ,18-O-isopropyl idenelagochi l in  has D / A - t r a n s  and A / B - t r a n s  l ink-  
ages  (II). 
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Fig. 1. 13C NMI~ spec t r a  o f  lagoehi l in  and 
its de r i va t i ve s .  

T A B L E  1. Table of  13C 
Chemical  Shifts (Relative to 
nMDS)* 

I]Lag°- 3,18-o- |15,16-Di- 
Carbon tsopropy li~ O-acetyl- 
atoms [ chilin flenelago-I lagocht- 

:hilin /lin 

CI 49,07 40,47 
C2 27,82 23,45 
C3 74,23 76,43 
C 4 42,53 36,17 
Ca 41,07 42,07 
~: 22,16 20.20 

35,99 34,60 
C~ 36.90 35,70 
C 9 93,13 91,93 
Clo 43,15 41.65 
Cll 32,00 30,54 
C1~ 31,93 30,54 
C13 86,37 85,44 
C~ 29.73 28.33 
C15 59.35 58,14 
C16 63,70 65,80 
Car 18,50 17,50 
C~8 69,10 71.47 
C19 18.30 29,33 
C2,) 12,70 11.73 
C~l 97,60 
C~ 18,10 
C23 18.60 
C2~ 

35,90 
26.64 
72.94 
41,97 
39,67 
20,87 
34,80 
39.67 
92,54 
41,28 
30,60 
30.03 
81,90 
28,33 
60,40 
66,3') 
17,20 
67,77 
17,20 
11,43 

169,33 
34,80 

169,33 
34,80 

The a c c u r a c y  of  m e a s u r i n g  
the c h e m i c a l  shif ts  was  0.04 
ppm.  
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It can be seen f rom a compar i son  of the carbon spec t ra  of lagochilin and its aeetyl  and isopropyl idene 
de r iva t ives  (Table 1) that the chemical  shifts  of the s ignals  of the C 3 carbon have not changed apprec iab ly  (74.23 
ppm in lagochil in,  76.43 ppm in 3 ,18-O-isopropyl idenelagochi l in ,  and 72.23 ppm in 15,16-di-O-acetyl lagochi l in) .  
It follows f rom this that 3 ,18-O-isopropyl idenelagochi l in  has the D/A- t rans  ,A/B-trans conformat ion.  

Thus,  the ~3C NMR spec t r a  conf i rm the A / B - t r a n s  chai r  conformat ion of lagochil in,  and the methyl  groups 
at  C~0 and C 4 have the axial  and the methyl  group at  C 8 the equatorial  and a or ientat ion (I). 

The study of  the ~3C NME spec t ra  of lagochil in and its de r iva t ives  has shown a dependence of the change 
in the configurat ional  s ta te  of  the individual cen te r s  with a var ia t ion of th~ s t r u c t u r e  of the subst i tuents  at C3, 
C~8, C~5 , and C~6. 

SUMMARY 

The ~3C NMB spectra of lagochilin and its derivatives have been studied. A complete assignment has been 
made of the lines of the spectrum and the values of the chemical shifts of the carbon atoms have been discussed 
in connection with the spatial structure of the molecules of these compounds. 
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