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Abstract - F r o n  thz  root  ex t rac t s  of  Aconitum f o r m s t i i  Stapf, we have i so la t e3  four neu 

a l k a l o i d s :  a c o f o ~ i n e  1 6 1 ,  a c o f o r e s t i o i . i e  1 8 1 ,  a e o f o r e s t i n e  ( 1 0 1  and aoo,for- 

e s t i n i n e  1141, besides crmsioauZino A, f o res t in s  m.3 g.inasonitine. Ths st.-uctwes 

of these  nlkaboids were deternined on the  Sasis  of spectral  datq and correint ion with 

alkotoirls of  es tzbl ished s tructures .  Tke s tructure  nnd stereoohenistry o f  acoforestine 

(101  was confirm& by an X-my crys ta l  structuirs deterwinotion. 

I n  an e a r l i e r  i n v e s t i g a t i o n  o f  t h e  a l k a l o i d s  o f  Asonitun f o r r e s t i i  ~ t a p f l  we had r e p o r t e d  t h e  

i s o l a t i o n  o f  c h a s m a n i n e  (1 ) ,  t a l a t i r a l n i n e  ( 2 ) .  y u n a c o n i t i n e  ( 3 ) .  f o r e s t i n e  ( 4 ) ,  and 

f o r e s t i c i n e  ( 5 ) ,  froin t h e  c rude  a l k a l o i d  f r a c t i o n  o b t a i n e d  a t  pH 8. I n  t h i s  communication we 

w i s h  t o  r e c o r d  t h e  r e s u l t s  o f  o u r  i n v e s t i g a t i o n  on t h e  c o n s t i t u e n t s  i s o l a t e d  f r o m  t h e  a l k a l o i d a l  

f r a c t i o n  t a k e n  a t  pH 5-6. The r o o t s  of A.  f o r r e s t i i  S t a p f  were e x t r a c t e d  w i t h  b o i l i n g  95% 

e t h a n o l  and t h e  c r u d e  a l k a l o i d  m i x t u r e  was o b t a i n e d  b y  a c i d i c  e x t r a c t i o n ,  b a s i f i c a t i o n  w i t h  ammo- 

n ium h y d r o x i o e  t o  pH 5-6 and e x t r a c t i o n  w i t h  ch lo ro fo rm.  E x t e n s i v e  chro inatographic  s e p a r a t i o n  ( s e e  

e x p e r i m e n t a l )  a f f o r d e d  seven a l k a l o i d s  o f  which f o u r  have n o t  been r e p o r t e d  p r e v i o u s l y .  

The f i r s t  a l k a l o i d  t o  e l u t e  was o b t a i n e d  as an amorphous compound, [ 0 I D  -35.3-C (c, 0.57, 

EtOH), and was des igna ted  acoforine.  The m o l e c u l a r  fo rmu la ,  C28H45N06, f o r  t h i s  a l k a l o i d  was 

d e r i v e d  from t h e  p r o t o n  and 13c-nmr s p e c t r a l  d a t a .  The l ~ - n m r  spectrum showea two t r i p l e t s  a t  

6 1.07 ( J  = 7.5 Hz) and 1.09 ( J =  7.5 Hz) ass igned  t o  p r i m a r y  methy l  groups. The spectrum a l s o  

e x h i b i t e d  s i g n a l s  a t  6 2.97 (3H, I, OCOCJi3). 3.23, 3.24, 3.26 (each  3H, 2, OCH3) and 4.65 ( l H ,  4, J  

= 4 .1  Hz C ( 1 4 ) - a - H ) ,  i n d i c a t i n g  t h a t  a c a f o r i n e  i s  a  C l g - d i t e r p e n o i d  a l k a l o i d  hav ing  an N- 

e t h y l ,  an O-e thy l ,  t h r e e  methoxy ls  and one a c e t y l  group. The nmr spectrum showed 27 

l i n e s  co r respond ing  t o  28 ca rbon  atoms of t h e  mo lecu le  and t h e  p a t t e r n  o f  t h e  chemical  s h i f t s  

( T a b l e  1 )  i n d i c a t e d  t h a t  t h e  s t r u c t u r e  of a c o f o r i n e  i s  6 .  We have r e c e n t l y  r e p o r t e d  t h e  i s o l a -  

t i o n  and s t r u c t u r e  o f  c o l u m b i d i n e  ( 7 )  f r o m  Acon i tm  ootmbianirn ~ u t t . 2  A c o f o r i n e  was 

shown t o  b e  i d e n t i c a l  i n  i t s  t l c ,  i r ,  l ~ - n m r  and 13c-nmr s p e c t r a  w i t h  t h o s e  o f  14 -ace ty l co lumb i -  

d i n e .  The s t r u c t u r e  of c o l u m b i d i n e  had e a r l i e r  been e s t a b l i s h e d  b y  a  c o r r e l a t i o n  w i t h  t a l a t i z a -  

mine.2 As t h e  s t r u c t u r e  o f  t a l a t i z a m i n e  has been p roven  b y  syn thes is3  and a l s o  b y  c o r r e l a t i o n  w i t h  



i s o t a l a t i z i d i n e  and conde lph ine  (X - ray  ~ t r u c t u r e ) ~ , ~  t h e  s t r u c t u r e  of a c o f o r i n e  i s  secure.  

The f r a c t i o n  which e l u t e d  next ,  des igna ted  as aco fnres t i c ine  was o b t a i n e d  as an amorphous 

compound, +40.5' ( c ,  0.92, EtOH). Tne ino lecu la r  formula,  C33H47N08, was determined froln 

t h e  mass spectrum m i l ,  570 (Mt -15)  an0 t h e  p r o t o n  and 13c-nmr s p e c t r a .  The l ~ - n l n r  spectrum showed 

t h e  f o l l o w i n g  s i g n a l s :  6 1.08 (3H, 5, J = 7.5 Hz, NCH2Cy3), 3.2, 3.26, 3.29, 3.3 (each 3H, 2, 
OCHJ), 3.84 (3H, 2, aro lnat ic  C i 3 ) ,  4.14 ( I H ,  d, J = 6.5 Hz, C ( 6 ) - $ - i ) ,  5.11 ( l H ,  t, J = 5  Hz, 

C ( I 4 ) - a - E ) ,  6.92, 7.95 (each ZH, d, J = 9 Hz, AB q, a romat i c  H ) .  The l o s s  o f  3 1  mass u n i t s  (m/z 

554) froln t h e  m o l e c u l a r  i o n  t o  g i v e  t h e  base peak suggested a  lnethoxy l  g roup  a t  C(1 )  of a C l y - d i -  

t e r p e n o i d  a l k a l o i d . 6  The k n m r  spectrum ( T a b l e  1 )  i s  i n  accordance w i t h  s t r u c t u r e  8 f o r  

a c o f o r e s t i c i n e .  The spectrum c l o s e l y  resembles t h a t  of f o r e s a c o n i t i n e  (9) which has a l s o  been 

i s o l a t e d  from A. f m r e s t i i  Stap f  v a r .  otbo-ui t tasuv  (Chen e t  L i u )  W .  T. wang7 and A. 

forres t i i  U i e l  s.8,9 A c e t y l a t i o n  o f  a c o f o r e s t i c i n e  a f f o r d e d  f o r e s a c o n i t i n e  (9)  i d e n t i f i e d  by 

comparison w i t h  an a u t h e n t i c  sample. 

The n e x t  f r a c t i o n  o b t a i n e d  i n  t h e  chromatographic s e p a r a t i o n  gave c o l o r l e s s  c r y s t a l s ,  mp 203-204'C, 

[ a  ID + 2 3 . q a  ( c ,  0.56, EtOH), d e s i g n a t e d  as a c o f o r e s t i n e .  The a l k a l o i d ,  C35H51NOq. 
showed i n  t h e  mass spectrum t h e  m o l e c u l a r  i o n  peak a t  m/z  629 and t h e  base peak a t  m lz  598 owing t o  

t h e  l o s s  of a  methoxyl  (M+-31) .  The 1~ nmr spectrum e x h i b i t e d  t h e  f o l l o w i n g  s i g n a l s :  6 0.6 (3H, t, 
J = 7.5 Hz, oCH2Cb), 1.09 (3H. 5, J = 7.5 Hz, NCH2Cb), 3.26 (6H. s, 0CH3), 3.29, 3 .5 (each  3H, 2, 
OCtJ), 3.114 (3H, 2 aromat i c  0CE3), 4.1 ( l H ,  d, J = 7 Hz, C(6)-$-HI ,  4 .81  ( l H ,  d, J = 5  Hz, C(14)-a-  

H), 6.88, 8.0 (411, AB q, J = 9  Hz, a romat i c  1). The p r o t o n  and 13c-nmr s p e c t r a  suggested t h a t  - 
a c o f o r e s t i n e  i s  a  C l y - d i t e r p e n o i d  a l k a l o i d  and t h e  assignments o f  t h e  carbon atoms ( T a b l e  1 )  a r e  i n  

c o n f o r m i t y  w i t h  s t r u c t u r e  10. T h i s  s t r u c t u r e  was con f i rmed  by s y n t h e s i s  of a c o f o r e s t i n e  by 

h e a t i n g  an e t h a n o l i c  s o l u t i o n  o f  c r a s s i c a u l i n e  A (11 )  i n  a  sea led  tube  a t  130-135~C.  Crass i -  

c a u l i n e  A ( 1 1 )  has  b e e n  i s o l a t e d  f r o m  Aconitwn c r n s s i c a u Z e  W.T. wang10 and A .  for 

m s t i i  0ie1s.8 A l though  t h e  s t r u c t u r e  o f  t h e  a l k a l o i d  was based on i t s  t r a n s f o r m a t i o n  t o  t r i -  

a c e t y l b i k h a c o n i n e ,  no d i r e c t  colnparison appears t o  have been made. In o r d e r  t o  e s t a b l i s h  t h e  

s t r u c t u r e  (10) proposed f o r  a c o f o r e s t i n e  and a l s o  i t s  s te reochemis t ry ,  we under took an X-ray 

c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n  (see be low) .  
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Tab le  1. 1 3 ~  nmr c h e m i c a l  s h i f t s  and a s s i g n m e n t s  f o r  a c o f o r i n e  ( 6 ) .  c o l u r n b i d i n e  ( 7 ) .  
a c o f o r e s t i c i n e  ( a ) ,  f o r e s a c o n i t i n e  ( 9 ) 7 ,  a c o f o r e s t i n e  ( l o ) ,  c r a s s i c a u l i n e  
A ( 1 1 ) .  a c o f o r e s t i n i n e  ( 1 4 ) ,  y u n a c o n i t i n e  ( 3 )  a n d  8 - d e a c e t y l - 8 - 0 -  
p r o p y l y u n a c o n i  t i n e  ( 1 5 ) .  

- 
Carbons -- 6  - 7  8  9 10  11 3  15 14 _ -  

5 5 . 4  5 5 . 4  55 .4  
a  The ass ignments may be i n t e r c h a n g e d  i n  any v e r t i c a l  column. 

b  L i t e r a t u r e  va lues  have been reworked.  



The nex t  two f r a c t i o n s  f r o m  t h e  chromatogram were i d e n t i f i e d  as c r a s s i c a u l i n e  A (11)  and fo res -  

t i n e  ( 4 )  by compar ison w i t h  a u t h e n t i c  s m p l e s .  Two c l o s e l y  r e l a t e d  a l k a l o i d s ,  chasmacon i t i ne  

( 1 2 )  a n d  l i w a c o n i t i n e  ( 1 3 )  h a v e  been  i s o l a t e d  f r o m  A .  fo-ri .s:i i  0 i e l s 8  and A.  

forrestii ~ t a ~ f . 9  The s i x t h  a l k a l o i d  t o  be i s o l a t e d  i n  t h e  e l u t i n g  o r d e r  was an amorphous com- 

pound des igna ted  as ocoforesti*ine, C35H51N010, e m/r 645, [ a ] , ,  t 2 7 . 3 -  ( c ,  0.71, EtOH). 

M a j o r  f ragments  i n  t h e  mass spectrum appeared a t  m/z 614 (Mi-31) i n d i c a t i n g  a methoxyl  group a t  

C ( 1 )  of a  Clg-diterpenoid a l k a l o i d ,  and a t  mlz 135 s u g g e s t i v e  o f  an a n i s o y l  g roup  (C8H702). The 

IH-nmr  spectrum showed t h e  f o l l o w i n g  s i g n a l s :  6 0 .6  (3H, t, J = 7.5 Hz,  OCHz-CL3). 1 .08 (?H, t, J = 

7.5 Hz,  NCH2-Cfi3), 3.26, 3.28, 3.32, 3.53 (each  3H, 2, OCF3). 3.84 (3H, 2, aro lna t i c  0C13), 4 .03 

( l H ,  - d, J= 5  Hz, C ( 6 ) - P - i ) ,  4 .82 (1H. d, J= 5  Hz, C ( 1 4 ) - a - y ) ,  6.84, 7.97 (4H, A0 q, J= 9  Hz, a ro -  

m a t i c - 5 ) .  On t h e  b a s i s  o f  t h e  above d a t a  and t h e  l3c-nmr assignments (see  Tab le  1 ) .  s t r u c t u r e  

1 4  was proposed f o r  a c o f o r e s t i n i n e .  The s t r u c t u r e  has been con f i rmed  by s y n t h e s i s  of 14, by 

h e a t i n g  a  s o l u t i o n  of y u n a c o n i t i n e  ( 3 )  i n  e t h a n o l  i n  a  s e a l e d  t u b e  a t  130-135'C. 

The l a s t  a l k a l o i d  i s o l a t e d  f ro ln  t h e  chromatographic  s e p a r a t i o n  was i d e n t i f i e d  as y u n a c o n i t i n e  

( 3 ) .  H e a t i n g  y u n a c o n i t i n e  w i t h  n -p ropano l  a t  130-l35'C gave by replacement  o f  t h e  8-ace- 

t o x y l  group, t h e  co r respond ing  8 - p r o p y l e t h e r  ( 1 5 ) .  The f a c i l e  c o n v e r s i o n  of t h e  8 -ace toxy  

g roup  i n  some C l g - d i t e r p e n o i d  a l k a l o i d s  t o  t h e  8 -a lkoxy  compounds can be cons ide red  as a synchro-  

nous f r a g m e n t a t i o n  p rocess  such as desc r ibed  by ~ r o b . 1 1  The f r e e  e l e c t r o n  p a i r  o f  t h e  n i t r o g e n  

atom i s  o r i e n t e d  a n t i  and p a r a l l e l  ( a n t i - p e r i p l a n a r )  w i t h  r e s p e c t  t o  t h e  C  C  bond which undergoes 

c leavage as shown: 
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3  OR 8 0CH3 1 3  m'" - + : OAc 
H3C0 .? I7 

6 H3C0 
0CH3 Q 7 0 C H 3  19 

5 

I OA c 
CH2CH3 

I 
CH2CH3 

1 ROH 

0 ~ ~ 3  .C 

H3C 0 m:153c ow: I ROH 

I OR 

CH2CH3 CH2CH3 

R = a l k y l ;  ~ ' = a l k y l  or estergroup 

X-Ray c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n  o f  a c o f o r e s t i n e .  C r y s t a l s  o f  a c o f o r e s t i n e  s u i t a b l e  f o r  X-ray 

a n a l y s i s  were o h t a i n e d  b y  s low  c r y s t a l l i z a t i o n  o f  a  d i l u t e  s o l u t i o n  i n  methanol .  A  c r y s t a l  o f  s i z e  

0 .18  x 0 .18  x 0.65 mm mounted on a  g l a s s  f i b e r  was used t o  d e t e r m i n e  t h e  c e l l  d imensions and i n t e n -  

s i t y  d a t a  c o l l e c t i o n .  A c o f o r e s t i n e  c r y s t a l l i s e s  i n  t h e  m o n o c l i n i c  space g roup  P21 w i t h  a u n i t  c e l l  

o f  d imensions a  = 10 .300(2 ) ,  b  = 11 .899(5 ) ,  c  = 13 .817(2 )8  and P = 90 .75 (2 ) ' ,  volume V = 169383. 

C a l c u l a t e d  d e n s i t y  f o r  two  fo rmu la  u n i t s  i n  t h e  u n i t  c e l l  i s  1.235 g  c w 3 .  I n t e n s i t y  d a t a  were 

c o l l e c t e d  on an Enraf -Nonius CAD-4 automated d i f f r a c t o m e t e r  u s i n g  CuKo ( A  = 1.54058) r a d i a t i o n .  

Out of 3740 un ique  r e f l e c t i o n s  measured u s i n g  y - 2 8  scan techn ique ,  1875 r e f l e c t i o n s  had i n t e n s i t i e s  

g r e a t e r  t h a n  2 0  ( I )  and hence were used i n  s t r u c t u r e  d e t e r m i n a t i o n  and r e f i n e m e n t .  I n t e n s i t i e s  

were c o r r e c t e d  f o r  L o r e n t z  p o l a r i s a t i o n  e f f e c t s  i n  an e m p i r i c a l  a b s o r p t i o n  c o r r e c t i o n 1 7  was a l s o  

a p p l i e d .  

The s t r u c t u r e  was s o l v e d  u s i n g  t h e  d i r e c t  methods program MULTAN 8 0 . ' ~  Us ing  308 r e f l e c t i o n s  w i t h  

E>1.575, 48 phase s e t s  were genera ted .  An E-map c a l c u l a t e d  u s i n g  t h e  phases f rom t h e  s e t  w i t h  t h e  

h i g h e s t  combined f i g u r e  o f  m e r i t  gave a  42 atom f ragment .  The s t r u c t u r e  was f u r t h e r  developed by  

s u c c e s s i v e  we igh ted  f o u r i e r  maps. The asymmetric u n i t  c o n t a i n s  one mo lecu le  o f  a c o f o r e s t i n e ,  a 

t o t a l  o f  45 non-hydrogen atoms. The s t r u c t u r e  was r e f i n e d  by f u l l  m a t r i x  l e a s t  squares techn ique .  

A11 t h e  atoms were t r e a t e d  i s o t r o p i c a l l y  i n  t h e  i n i t a l  s tages  and changed t o  a n i s o t r o p i c  thermal  

pa ramete rs  i n  t h e  f i n a l  s tages  o f  t h e  r e f i n e m e n t .  The f a c t o r  m in im ised  i n  t h e  l e a s t  squares r e -  

f inement  was C I F ~ - F ~ I ~ / W  where w = l P 2 ( ~ ) .  The f i n a l  R - f a c t o r  based on 1875 observed r e f l e c -  

t i o n  i s  0 .059 (Rw = 0 . 0 5 7 ) .  



Tab le  2  g i v e s  t h e  f i n a l  a tomic  pa ramete rs  w h i l e  bond l e n q t h s  and anq les  are g i v e n  i n  Tab les  3  and 

4 .  The average e s t i m a t e d  s t a n d a r d  d e v i a t i o n  i n  bond l e n g t h s  and ang les  i n v o l v i n q  non hydroqen 

atoms a r e  0.0098 and 0 . 7 ~ ,  r e s p e c t i v e l y .  The C(2)-C(3) bond d i s t a n c e  i s  1 . 4 5 2 ( 6 ) 4  wh ich  i n d i c a t e s  

a  p a r t i a l  doub le  band c h a r a c t e r .  The N-C bond l e n g t h s  v a r y  f rom 1.45015)A t o  1.4688 h u t  ag ree  w e l l  

w i t h  t h e  expected bond l e n g t h s .  O the r  bond d i s t a n c e s  compare w e l l  w i t h  t h e  v a l u e s  r e p o r t e d  f o r  

o t h e r  d i t e r o e n o i d  a l k a l o i d r . 1 9  

The con fo rmat ion  of a c o f o r e s t i n e  i s  shown i n  t h e  p e r s p e c t i v e  d raw ing  ( F i g u r e  1 ) . 2 0  The m o l e c u l e  

c o n t a i n s  f o u r  s i x  membered and two  f i v e  membered r i n g  systems fused  t o g e t h e r .  Three o f  t h e  f o u r  

s i x  membered r i n g s  a r e  i n  a  c h a i r  con fo rmat ion  w h i l e  t h e  f o u r t h  r i n q  D has a b o a t  con fo rmat ion .  

R i n g  A  [ C ( l ) ,  C ( 2 ) .  C ( 3 ) ,  C ( 4 ) .  C(5) .  C(11) I  i s  a  f l a t t e n e d  d i s t o r t e d  c h a i r  ( T a b l e  5 )  w i t h  C(1) and 

C(4)  be low (0 .48)  and above ( 0 . 7 h ) .  r e s p e c t i v e l y ,  t h e  p l a n e  t h r o u g h  t h e  atoms C(2).  C ( 3 ) ,  C(5)  and 

C ( 1 l ) .  The r i n g  system B [ C ( 4 ) ,  C ( 5 ) .  C(11) .  C ( l 7 ) ,  N ,  ' ~ ( 1 9 ) j  has a c h a i r  c o n f o r m a t i o n  w i t h  C(4) 

0 .78  be low and C(17) 0 . ~ 8  above t h e  p l a n e  t h r o u g h  C ( 5 ) ,  C ( l l ) ,  N and C(19) .  The s i x  membered r i n g  

C [ C ( 7 ) ,  C ( 8 ) .  C ( 9 ) ,  C(10) ,  C(11) ,  C ( 1 7 ) l  i s  a l s o  a d i s t o r t e d  c h a i r  w i t h  C(7) 0 . ~ 6  be low and C(10) 

0.56 above t h e  p l a n e  t h r o u g h  C(8) .  C(9) ,  C( l l ) ,  and C ( 1 7 ) .  R i n q  D [ C ( 8 ) ,  C ( 9 ) ,  C(14) ,  C ( l 3 ) .  

C(16) .  C ( 1 5 ) ]  has a h a l f - b o a t  c o n f o r m a t i o n  w i t h  C(14) and C(15) f o rm ing  t h e  end atoms above t h e  

p l a n e  t h r o u g h  C ( 8 ) .  C ( 9 ) ,  C(13) and C(16) b y  0.866 and 0.264,  r e s p e c t i v e l y .  The f i v e  membered r i n g  

systems E [ C ( 5 ) ,  C ( 6 ) ,  C ( 7 ) ,  C(17).  C ( 1 1 ) I  and F [ C ( 9 ) ,  C ( l n ) ,  C ( l 2 ) .  C(131, C ( 1 4 ) I  have a  d i s -  

t o r t e d  h a l f  c h a i r  con fo rmat ion  as i n d i c a t e d  h y  t h e  parameter21 0 = 3 0 1 ~ .  andT, = 48 .6-  f o r  E and 

!? = 1 1 4 ~  a n d T m  = 5 3 . 7 ~  f o r  F .  

There i s  no oood i n t e r  o r  i n t r a m o l e c u l a r  hydrogen bond f o r m a t i o n  i n  a c o f o r e s t i n e .  The s h o r t e s t  

c o n t a c t  i s  3.1688 between N and 0 ( 1 )  wh ich  i s  t o o  l o n g  t o  fo rm a hydrogen bond. U n l i k e  pyroneo-  

l i n e - l i k e  s t r u c t u r e s  t h a t  have an i n t r a m o l e c u l a r  hydrogen bond t o  s t a b i l i s e  t h e  b o a t  con fo rmat ion  

f o r  r i n g  A, a c o f o r e s t i n e  assumes a  c h a i r  con fo rmat ion .  A l though  r i n g  A i n  a c o f o r e s t i n e  and p y r o -  

d e l p h i n i n e l q  have a c h a i r  c o n f o r m a t i o n ,  t h e  r i n g  D c o n f o r m a t i o n  i s  d i f f e r e n t ,  a p p a r e n t l y  due t o  a  

doub le  bond between C(8)-C(15) i n  p y r o d e l p h i n i n e  i n  c o n t r a s t  t o  a s i n g l e  bond i n  a c o f o r e s t i n e .  
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T a b l e  2 .  Table  of p o s i t i o n a l  pa ramete r s  and t h e i r  e s t i m a t e d  s t a n d a r d  d e v i a t i o n s  



Table 2  con t inued .  

AtDm - X - Y - z - - B ( M )  
C(34) 0 .2568(8 )  -0.1024(6) 0.4153(6) 6.012)  

C(35) 0.8420(8)  0.3856(8) 0.6736(7)  8.6(3) 
A n i s o t r o p i c a l l y  r e f i n e d  ato~ns a r e  g iven  i n  t h e  fo rm o f  t h e  i s o t r o p i c  equ i -  

v a l e n t  thermal  parameter d e f i n e d  as: (4131 [ a 2 * P ( l , l )  + b ~ * P ( 2 , 2 )  + 

c2*P(3.3) + ab(cos Y)*p(1,2)  + ac(cos P)*P(1,3)  + bc (cos  a ) * p ( 2 , 3 ) 1  

A few C l g - d i t e r p e n o i d  a l k a l o i d s  c o n t a i n i n g  a  methoxyl  group a t  C(8) ,  have been r e p o r t e d  i n  t h e  

l i t e r a t u r e ,  e.g. a l k a l o i d  AI~, ambiguine13, puberaconitidinei4, s e p t e n t r i o n i n e 1 5  and 8-3- 

m e t h y l t a l a t i z a m i n e l 6 .  Columbid ine i s  t h e  o n l y  a l k a l o i d  r e p o r t e d  w i t h  an e t h o x y l  group a t  ~ ( 8 ) ~ .  

The q u e s t i o n  as t o  whether t h e  a l k a l o i d s  c o n t a i n i n g  a  methoxyl  o r  an e t h o x y l  group a t  C(8)  a r e  

a r t e f a c t s  o r  are p resen t  i n  t h e  p l a n t  cannot  be answered u n e q u i v o c a l l y  as p o i n t e d  o u t  e a r ~ i e r . ~  

The t h r e e  c l o s e l y  r e l a t e d  a l k a l o i d s  aconosine ( 1 6 ) ~ , ~  carnmaconine ( 1 7 ) ~ , ~  and t a l a t i z a m i n e  

( ? ) I  known t o  be p r e s e n t  i n  A .  forrestid a r e  u n l i k e l y  t o  g i v e  a c o f o r i n e  ( 6 ) .  The 

p r e c u r s o r  shou ld  be 8,l4-diacetyltalatiramine, b u t  t h i s  compound has n o t  been i s o l a t e d  so f a r  from 

t h i s  p l a n t .  Moreover, i t  i s  n o t  c l e a r  why t h e  8 - a c e t y l  group o f  f o r e s a c o n i t i n e  ( 9 )  p resen t  i n  

t h i s  p l a n t  i s  n o t  r e p l a c e d  b y  an e t h o x y  group d u r i n g  e x t r a c t i o n  o f  t h e  p l a n t  w i t h  h o t  e t h a n o l .  

I n s t e d d ,  a c o f o r e s t i c i n e  (8 ) ,  which i s  t h e  d e a c e t y l a t i o n  p roduc t  o f  9, has been ob ta ined  

I d r i n g  t h e  i s o l a t i o n .  

M e l t i n g  p o i n t s  were taken  on a  Thomas-Kofler h o t  s tage  equipped w i t h  a  microscope and p o l a r i z e r .  

I r  spec t ra  were taken  on Perk in-Elmer model 1420 r a t i o  r e c o r d i n g  spectro ineter  and r o t a t i o n s  were 

determined on Perk in-Elmer p o l a r i m e t e r  model 141. l ~ - n r n r  s p e c t r a  were taken  on Var ian  EM-390 90MHz 

nmr spectro ineter  w i t h  TMS as an i n t e r n a l  r e f e r e n c e .  13c-nrnr s p e c t r a  were r u n  on JEOL-FX-60 and 

JEOL-FX-9OQ nmr spectrometers i n  CDC13; chelnical s h i f t s  are r e p o r t e d  i n  ppln d o w n f i e l d  f rom TMS. 

Mass s p e c t r a  'were determined on a  Finnegan Quadrupole 4023 ins t rument .  
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E x t r a c t i o n  and f r a c t i o n a t i o n .  Powdered r o o t s  o f  A. forrestii c o l l e c t e d  i n  Yunnan, China (3.2 

k g )  were e x t r a c t e d  w i t h  b o i l i n g  95% e thano l  ( t h r e e  t i l nes )  a t  t h e  Kunming I n s t i t u t e  of Botany, 

Kunming, China. The r e s i d u e  ob ta ined  b y  evapora t ion  of t h e  s o l v e n t  was processed a t  t h e  U n i v e r s i t y  

o f  Georgia.  I t  was e x t r a c t e d  w i t h  2% HC1 and t h e  a c i d i c  e x t r a c t  ,made b a s i c  (pH 5-6)  w i t t l  ammonium 

hydrox ide  and e x t r a c t e d  w i t h  c l ~ l o r o f o r ~ n  t o  g i v e  a crude a l k a l o i d  m i x t u r e  (4.09 g ) .  

I s o l a t i o n  o f  a c o f o r i n e  (6), a c o f o r e s t i c ~ n e  ( a ) ,  a c o f o r ~ $ i n e  (101 ,  a c a u l i n e  A  -- 
( l l ) ,  f o r e s t i n e  ( 4 ) ,  a c o f o r e s t i n i n e  ( 1 4 )  and y u n a c o n i t i n e  Q(3). A  s o l u t i o n  o f  t h e  

c rude  a l k a l o i d  (3.0 g )  i n  tnethylene c h l o r i d e  was evaporated w i t h  8  g  o f  a lumina.  The m i x t u r e  was 

p l a c e d  on t o p  o f  a  column f i l l e d  w i t h  130 g  o f  a lumina ( a c t i v i t y  111) and e l u t e d  w i t h  a  m i x t u r e  o f  

hexane and i n c r e a s i n g  amounts o f  acetone. The column was f i n a l l y  dashed w i t h  400 ml o f  a  m i x t u r e  

o f  acetone: hexane:methanol (50:50:4) .  Two hundred and f i f t y  f r a c t i o n s  were c o l l e c t e d  and t h e  

NO. o f  f r a c t i o n s  

1-69 (1653 m l )  

70-94 (600 m i )  

95-105 (250 m l )  

106-115 (250 m l )  

116-130 (350 i n l )  

131-150 (480 rnl) 

151-170 (480 m l )  

171-195 (570 m l )  

196-200 (100 m l )  

201-207 (150 ml ) 

208-225 (400  m l )  

226-250 (573 m l )  

no. o f  ma jo r  

E l u t i n g  So lven t  - Weight (mg) t l c  spo ts  

hexane:acetone (98 :2 )  

hexane:acetone (96 :4 )  33 two 

hexane:acetone (96 :4 )  56 t h r e e  

hexane: acetone (92 :8 )  66 two 

hexane:acetone (92 :8 )  50 t l l r e e  

hexane:acetone (88:12)  336 two 

hexane:acetone ( 8 8 : l Z )  330 two 

hexane:acetone (82:18)  110 two 

hexane:acetone ( 8 2 : l a )  170 two 

hexaoe:acerone (73327) 356 t h r e e  

hexane:acetone (73:27) 610 one 

hexane:acetone (73:27)  180 f o u r  

f r a c t i o n s  were pooled a f t e r  n o n i t o r i n g  b y  t l c  as shown below. 

*Alumina p l a t e ,  1hexane:acetone 60:40, v i s u a l i z a t i o n  b y  i o d i n e  vapors.  

A l k a l o i d  

i s o l a t e d  Rf* - -  

6  - 0.7 

8  - 0.5 

10,11 -- 0.45,0.4 

4 - 0.3 

14 - 0.1 

3  - 0.08 

By p r e p a r a t i v e  t l c  on 0.25 mm alumina p l a t e s ,  f r a c t i o n s  70-94 and 106-115 a f f o r d e d  aco fo r ine  

( 6 ,  14 mg) and a c o f o r e s t i c i n e  (8, 50 mg), r e s p e c t i v e l y .  Aco fo res t ine  (10, 32 mg) and 

c r a s s i c a u l i n e  A  (11, 120 mg) were i s o l a t e d  froln f r a c t i o n s  131-150 by a  c o ~ n b i n a t i o n  o f  column 

chromatography and p r e p a r a t i v e  t l c .  F r a c t i o n s  151-170 afforded a f t e r  two p r e p a r a t i v e  t l c  separa- 

t i o n s  f o r e s t i n e  4  (140 mg). P r e p a r a t i v e  t l c  of f r a c t i o n s  196-200 a f f o r d e d  a c o f o r e s t i n i n e  

(14, 103 mg). Yunacon i t i ne  (3,  140 mg) was i s o l a t e d  b y  p r e p a r a t i v e  t l c  o f  f r a c t i o n s  208- 

225. The a l k a l o i d s  3, 4  and 11 were i d e n t i f i e d  b y  co~npar i son  o f  sp, mmp, ir, l ~ - n n i r  and 

13C-nmr s p e c t r a  w i t h  those  of a u t h e n t i c  samples of yunacon i t i ne ,  f o r e s t i n e  and c r a s s i c a u l i n e  A, 

r e s p e c t i v e l y .  

P r e p a r a t i o n  o f  a c o f o r e s t i n e  ( 1 0 )  f r o ~ n  c r a s s i c a u l i n e  A ( 1 1 ) .  

C r a s s i c a u l i n e  A (28  mg) was heated w i t h  abso lu te  e thano l  ( 5  .I) i n  a  sealed t u b e  a t  130-135T f o r  

24 h. The c rude  p roduc t  (29  mg) was chromatographed th rough  a  s inal l  column of a lumina ( a c t i v i t y  



111, 2  g )  u s i n g  me thy lene  c h l o r i d e  as e l u e n t .  The r e s i d u e  ( 2 1  mg) c r y s t a l l i z e d  f rom methanol ,  mp 

203OC, and was i d e n t i c a l  w i t h  t h o s e  o f  a c o f o r e s t i n e  i n  i t s  mmp, c o - t l c  and i r  spect rum.  

P r e p a r a t i o n  o f  f o r e s a c o n i t i n e  ( v i l m o r r i a n i n e  C) ( 9 )  f r o m  a c o f o r e s t i c i n e  (a), 
A c o f o r r s t i c i n e  (22 mg) was hea ted  a t  95-C w i t h  a c e t i c  anhydr ide  ( 1 0  m l )  and p t o l u e n e s u l f o n i c  

a c i d  (18 mg) f o r  4  h. The c r l i d e  p r o d u c t  ( 2 2  my) was chroinatographed on a  s h o r t  c o l m n  o f  a lum ina  

and e l u t e d  s u c e s s i v e l y  w i t h  benzene ( 2 0  m l ) ,  me thy lene  c h l o r i d e  ( 2 0  m l )  and methy lene  c h l o r i d e :  1% 
,methanol ( 2 0  m l ) .  The methy lene  c h l o r i d e  e l u a t e s  a f f o r d e d  a s o l i d  ( 1 8  my) wh ich  c r y s t a l l i z e d  f r o ~ n  

e t h e r ,  mp 154-155'C. Comparison of  t h e  mmp, l i i -nmr,  and l k - n r n r  s p e c t r a  w i t h  t h o s e  o f  an a u t h e n t i c  

sample o f  f o r e s a c o n i t i n e  showed t h m  t o  be i d e n t i c a l .  

P r e p a r a t i o n  of  a c o f o r e s t i n i n e  (14 )  from y u n a c o n i t i n e  ( 3 L  Y u n a c o n i t i n e  ( 8 1  mg) was hea ted  -- 
a t  130-135'C w i t h  a b s o l u t e  e t h a n o l  ( 5  n l )  i n  a  sea led  t u b e  f o r  24 h.  The c r u d e  p r o d u c t  was p u r i -  

f i e d  b y  vacuum l i q u i d  chru!natography t o  a f f o r d  a c o f o r e s t i n i n e  14 (67 mg) .  The i d e n t i t y  was 

e s t a b l i s h e d  b y  compar ison of  t h e  t l c ,  1 ~ - n m r  and l3c-nrnr  s p e c t r a  w i t h  t h o s e  o f  t h e  sample i s o l a t e d  

fronl Aconitm fcnrrestii. 

P r e p a r a t i o n  of  8-deacetyl-8-0-propylyunaconit ine ( 1 5 ) .  Y u n a c o n i t i n e  ( 3 0  mg) was hea ted  - - - - 
i n  a sea led  t u b e  a t  130-135°C f o r  24 h  w i t h  d r y  n -p ropano l .  The c rude  p r o d u c t  was p u r i f i e d  by 

vacuum l i q u i d  chromatography t o  a f f o r d  15 as an amorphous compound. 1 ~ - n r n r : 6 0 . 5 3  (3H, t, J = 7  

hz, OCH2CH2C<3), 1.11 (5H, m, OCHzCH$H3 and N-CH2Cli3), 3.24, 3.27, 3.31, 3.52 (each  3H, 2, O m 3 ) ,  

3 . 8 4  (3H, 2, Ar-0C13), 4.04 ( l H ,  - d, J=6 Hz,  C(6)-P-<), 4.8 ( IH ,  A, J.5 H Z ,  C(14)-a-H) ,  6.9, 8 .01  

(4H, ABq, J=9 Hz, a ro tna t i c -H) .  

T a b l e  3. Bond d i s t a n c e s  ( a )  and t h e i r  e s d ' s  i n  A c o f o r e s t i n e .  
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T a b l e  4. Bond a n g l e s  ( ' )  and t h e i r  e s d ' s  i n  A c o f o r e s t i n e  

T a b l e  5. T o r s i o n  a n g l e s  ( ' )  f o r  A c o f o r e s t i n e  
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