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To conf i rm the s t ruc tu re  of t eucr in  A (I) p roposed  prev ious ly  [1] and to study the s t e r e o c h e m i s t r y  of 
this  di terpenoid,  we have invest igated a number  of its de r iva t ives  and have p e r f o r m e d  an analys is  of the i r  
NMR spec t r a .  

The NMR spec t rum of the aceta te  (IN[) was cons idered  p rev ious ly  only in connection with the posit ion 
of the hydroxyl  in the molecule  of t eucr in  A. The p re sen t  pape r  gives  the resu l t s  o f a n a n a l y s i s o f t h e  s ignals  
of the protons  which enables  additional informat ion  to be obtained on the s t ruc tu re  of  (I). This  r e l a t e s  
main ly  to the protons  of  r ings  A and B. 

In the spec t rum of the ace ta te  (II), in addition to the H z signal  there  is another  one-pro ton  signal at 
4.82 ppm, which is also p resen t  in the s p e c t r u m  of t eucr in  A (Table 1). It belongs to the proton of an un- 
sa tu ra ted  y - l ac tone  (H 6) p resen t  in the vicinal  posit ion to Hz, as was conf i rmed by expe r imen t s  using the 
double-resonance p r ecedu re .  When the H 7 signal was sa tu ra ted  with a s t rong rad iof requency field, the H 6 
s ignal  cont rac ted  and, converse ly ,  a sa tura t ion  of the l a t t e r  led to the convers ion  of the H 7 signal  into a 
doublet ( J=2.5  Hz) due to vic inal  coupling with H 8. The form of the H 6 s igna l i s ,  in our  opinion, aconsequence  
of long-range  coupling with the H 3 protons  (J =1-1.5  Hz). A broad signal  in the 2.8-ppm region can be a s -  
s igned to Hi0 coupling both with the neighboring H i protons  and also with H 3. These  resu l t s  a re  sa t i s fac to-  
r i ly  explained by the mutual  location of the oxygen functions and the double bond in the molecule .  

The signals  of the protons  of the pentaaceta te  (IV), obtained by acetyla t ing the pentaol  (III) show the 
posi t ions  of the lactone r ings in the molecule  of t eucr in  A. 

In addition to the s ignals  of five aceta te  methyl  groups in the 2-ppm region,  the furan protons ,  and 
the H12 signal  (see Table  1), the NMR spec t rum of compound (IV) (Fig. la)  c l ea r ly  shows two groups  of 
s ignals  (4.70 and 4.11 ppm) forming a s y s t e m  of the AB type.  They are  due to the methylene groups at C19 
and C17, r espec t ive ly ,  fo rmed  f rom the lactone carbonyls  on the reduction of (I) and a re  located on qua te r -  
na ry  carbon a toms ,  since otherwise  they would appea r  in the fo rm of mul t ip le ts  instead of the actual  AB 
quar te t s  [2]. In a s y s t e m  of the kolavane type,  taking into account the facts  given prev ious ly  [1], such c a r -  
hen a toms can only be C 4 and C 9. The p re sence  of o n e - C H 2 - O A c  group at the unsa tura ted  C 4 a tom (4.7 
ppm) is conf i rmed  by the oxidation of the pentaol  (HI) with manganese  dioxide to the lactone (V), which is 
not oxidized by sodium per ioda te .  This  is poss ib le  only if the hydroxy group is p resen t  in the al lyl  posi t ion 
to the double bond. 

The enol - lac tone  (VI) obtained by the dehydrat ion of t eucr in  undergoes  hydrogenat ion ove r  a ca ta lys t  
to fo rm a lactone acid [methyl es te r (VII ) ]  [1]. The absence  of hydrogenolys is  in the hydrogenat ion of the 
enol - lac tone ,  which is genera l ly  obse rved  in such cases  [3], induced us to conf i rm the s t r u c t u r e s  of these  
subs tances  by a more  detai led study of t he i r  NMR spec t r a .  The spec t rum of the product  of the dehydrat ion 
of (VI) lacks a H6 signal  (see Table 1), and, in addition to the s ignals  of the furan and methyl  protons and 
of a Hi2 t r ip le t ,  the doublet of the H 7 olefinic proton is found at 5.23 ppm. In the spec t rum of the product  
of the hydrogenat ion of (VII), this  s ignal  has d i sappeared  and has been rep laced  by the mult iplet  of the H6 
proton at 4.68 ppm enter ing  into sp in-sp in  coupling with the two hydrogen a toms  at H 7 and the protons on C 3. 
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Fig. 1. NMR s p e c t r a  of the pentaaceta te  (100 MHz) (a) 
and of compound (IX) (60 MI-Iz) (b). 

In the 2.6-3.0-ppm region in compound (VI) in addition to a one-pro ton  mult iplet  which is p resen t  in 
the s p e c t r a  of the o ther  compounds (see Table  1), an addit ional s ignal  is found which can be ass igned  to the 
H 8 al lyl  proton interact ing with the methyl  group (J =7 Hz) and with the H 7 proton (J =2.5 Hz). Thus,  the 
dehydrat ion of t eucr in  A takes  place with the fo rmat ion  of a A6 bond, f rom which it follows that  the s t r u c -  
ture  of the compound obtained mus t  be r e p r e s e n t e d  by fo rmula  (VI). 

Additional informat ion was obtained also for  the s t ruc tu re  of the product  of the per iodate  oxidation of 
the pentaol  (III). It undergoes  oxidation with the fo rmat ion  of the ace ta l  (VIII), which does not contain a 
ca rbony l  group. Compound (VIII) is unstable even in the cold. It changes into a hydroxy l - f r ee  der iva t ive  
(IX) containing one more  furan ring. In its NMR spec t rum (Fig. 1, b), as c o m p a r e d  with the s p e c t r a  of the 
o ther  de r iva t ives  with a furan ring desc r ibed  above, there  is an additional two-pro ton  broadened singlet  at 
7.17 ppm due to the H 6 and HI9 protons  of the new furan ring. This  is explained by the spli t t ing out of the 
e l emen t s  of wa te r  f rom the hemiace ta l  group of compound (VIII) with the fo rmat ion  of a more  stable furan 
der iva t ive ,  as is obse rved  in the m a r r u b i i n  s e r i e s  [4, 5]. In addition to this ,  in the NMR s p e c t r u m  of (IX) 
a one-pro ton  signal  can be seen at 4.9 ppm which is c h a r a c t e r i s t i c  for  tt12 and which is shifted upfield as 
c o m p a r e d  with the s ignal  of the same proton in the lactone.  The doublet at 5.17 ppm is fo rmed  as the resu l t  
of the in teract ion of the H 7 proton,  deshielded by the two ace ta l  oxygen a toms,  with the I-I 8 proton.  Another  
p roof  of the p r e s ence  of an ace ta l  grouping is the exis tence  o f anAB s y s t e m  with its cen te r  at 3.8 ppm due 
to the two protons  at Ct?. This  unambiguously  conf i rms  the s t ruc tu re  of substance (IX) and, consequently,  
a lso the c o r r e c t n e s s  of the explanation given of the per iodate  oxidation of the pentaol  (III). 

On the bas is  of the chemica l  and s pec t r a l  r e su l t s  obtained, we drew the conclusions given belowwhich 
pe rmi t  t eucr in  A to he ass igned  the configurat ion e x p r e s s e d  by fo rmula  (I) o r  its m i r r o r  image.  

It follows f rom a cons idera t ion  of S t u a r t - B r i e g l e b  models  of the poss ib le  configurat ions for  t eucr in  
A that  the mos t  probable  a re  those in which the C9-C~0 bond is equa tor ia l  and the hydrogen at Clo occupies  
the axial  posi t ion with r ing B in the cha i r  conformat ion.  In the opposite case  (axial bond or  boat con fo rma-  
tion for  r ing B) r ing B would be highly s t ra ined  and t rans lac ton iza t ion  during the hydrogenat ion p ro ce s s  
with the fo rmat ion  of compound (X) would be imposs ib le ,  s ince the hydroxy group at C 7 and the carbonyl  
at CI? would be ve ry  r emote  f rom one another  (see scheme following page).  

The or ienta t ion  of the subst i tuents  at C 7 and C 9 was shown on the basis  of the following cons idera t ions .  
The format ion  of the lactones (X) and (XI) in the hydrogenat ion of t euc r in  is poss ib le  only with the mutual  
cis  location of the C9-C1? bond and the hydroxyl  at C 7 which, according  to NMR spec t roscopy ,  is axial,  he-  
cause  the half-width of the s ignal  of the H 7 proton is 9 Hz, which co r r e sponds  to an equa tor ia l  proton [6]. 
The axial  or ienta t ion  of the hydroxyl  is also shown by the difficulty of its acetylat ion.  Consequently,  the 
C9-C17 bond is axial  and the C 9 - C  H side chain is in the mos t  s table equa tor ia l  posit ion,  as in all  b icycl ic  
d i terpenoids .  It was shown by the double-resonance  method that  the coupling constant  between the vicinal  
H 7 and H 8 protons  in compounds (X) and (XI) is c lose to zero ,  while in the spec t rum of t eucr in  it is 2.5 Hz. 
This  is due to the fact  that  a f t e r  t r ans lac ton iza t ion  the H ? - C ? - C s - H  8 dihedral  angle between these  protons  
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is c lose or  equal  to 90 °. It was e s t ab l i shed  by a cons idera t ion  of mo lecu la r  models  that this is poss ible  
only if the methy l  group is equa tor ia l .  With an axial  posi t ion of the methyl  group, this angle would be g r e a t e r  
than 90 ° and, consequently,  the coupling constant  would dif fer  f rom zero .  The C 6 - O  bond mus t  also be 
equa tor ia l ly  d i rec ted ,  s ince o therwise  the fo rmat ion  of a lactone ring would be imposs ib le .  Another  con- 
f i rmat ion  of what has been said is the ease  of the per iodate  oxidation of compound (III), which is c h a r a c t e r -  
is t ic  for  c i s - l , 2 - d i o l s .  

Thus,  the re la t ive  posi t ions  of the subst i tuents  at all  the a s y m m e t r i c  cen te r s  of the molecule  of 
t euc r in  A can be r ep re sen t ed  by fo rmula  (I). Work to es tab l i sh  its absolute configurat ion is continuing. 

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

The IR s p e c t r a  were  taken on a UR-10 s p e c t r o m e t e r  and the NMB s p e c t r a  on Var ian  A-56/60A and 
Var ian  HA-100 ins t ruments  in deu te roch lo ro fo rm.  The in ternal  s tandard  was HMDS, the chemica l  shift of 
which in the sca le  is 0.04 ppm. The doub le - resonance  expe r imen t s  were  p e r f o r m e d  on the HA-100 s p e c t r o m -  
e ter  using a Hewle t t -Packa rd  ABR-200 sonic g e n e r a t e r  with f requency sweep. The e l e m e n t a r y  ana lyses  
of compounds {IV), (V), and (IX) co r responded  to the calculated f igures .  

Product ion of the Pentaace ta te  (IV), A solution of 200 mg of the pentaol  (HI) in 2 ml  of pyridine was 
t r ea t ed  with I ml  of  acet ic  anhydride and the mix ture  was left at room t e m p e r a t u r e  for  two days.  Af ter  
the usual  working up, ex t rac t ion  with e ther ,  and pur i f icat ion by ch roma tog raphy  on s i l ica  gel in ch loroform,  
250 mg of an amorphous  substance  was obtained. IR spec t rum (CC14) (cm-t):  1740 (very strong),  1600, 
1510, 1370, 1240 (very s trong),  1030, 880. 

P repa ra t ion  of the Lactone (V). A mix ture  of 150 mg of the pentaol (III), 8 ml  of dry acetone,  and 
1.5 g of act ive manganese  dioxide was shaken for  3 h [7]. The solid m a t t e r  was f i l te red  off and the acetone 
was dist i l led off. The res idue was ch romatographed  on s i l ica  gel in a mix ture  of ch lo ro form and 2%of 
methanol .  About 80 mg of the lactone (V) was isolated in the fo rm of a noncrys ta l l iz ing  v i t reous  m a s s .  I13 
spec t rum{ch loroform)  (cm-i) .  3620, 3400 (OH), 1750, 1690 (~, /~-unsaturated lactone),  1600, 1507, 880 
(furan). UV spec t rum (ethanol): 7,ma x 220 nm (~ 10,1507, 209 (8900). 

P r epa ra t i on  of Compound (IX). A solution of 200 mg of (VIII) in ch lo ro fo rm was heated at 80-90°C 
for  half  an hour.  The res idue  a f t e r  the evapora t ion  of the solvent  was ch romatographed  on s i l i c a  gel in 
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chloroform, giving 120 mg of an amorphous substance. IR spectrum (chloroform), cm-l: 1600, 1507, 1030, 
980, 890, 880. UV spectrum (ethanol): kmax 212 nm (~ 8500). 

SUMMARY 

The structure of teucrin A has been confirmed by spectral and chemical methods and the relative 
configurations at all the asymmetric centers have been shown. 
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