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A b s t r a c t  - By a n a l y s i s  o f  t h e  'H-, I3c-, a n d  2-D-nmr s p e c t r a  (DEPT, 

'J-HETCOR, 2 , 3 ~ - ~ ~ ~ ~ ~ ~ ,  HOMCORI of  a new a l k a l o i d ,  Guan-fu b a s e  2 ,  f r o m  

Aconitum koreanum i t s  s t r u c t u r e  was d e t e r m i n e d  t o  b e  t h a t  of 

2-isobutyryl-14-hydroxyhetisine. A l l  t h e  c a r b o n  and a l l  b u t  two o f  t h e  

hydrogen  r e s o n a n c e s  c o u l d  b e  a s s i g n e d .  

The C h i n e s e  h e r b a l  d r u g  Guan-Bai-Fu-Tzu (Aconitum koreanuml h a s  been r e p o r t e d  t o  

c o n t a i n  s e v e r a l  d i t e r p e n o i d  a l k a l o i d s  o f  b o t h  t h e  C-19l and t h e  C-202 f a m i l i e s .  

I n  t h e  f o r m e r  c a t e g o r y  i s  h y p a c o n i t i n e  1 3 , 4  a n d  p o s s i b l y  a h igh ly-oxygena ted  

b a s e  I C J ~ H ~ ~ N O ~ ~ )  f r o m  A. koreanum o f  R u s s i a n  o r i g i n 5 ,  w h i l e  t h e  l a t t e r  g r o u p  

i n c l u d e s  t h e  s o  c a l l e d  Guan-fu b a s e s  A ,  B ,  a n d  G , ~ , ~ , ~ .  The s t r u c t u r e  of t h e  

l a s t  of  t h e s e  h a s  been d e t e r m i n e d  by x-ray c r y s t a l l o g r a p h y  of  i t s  m e t h i o d i d e 4 r 6  

t o  b e  t h e  t r i a c e t o x y a m i n o a l c o h o l  z7. Gum-fu  base A i s  c la imed9  t o  be t h e  

r e l a t e d  d i a c e t o x y a m i n o d i o l  27 based  o n  chemica l  and s p e c t r a l  s t u d i e s 4 = ,  w h i l e  

Guan-fu b a s e  B i s  a d e s a c e t o x y  d e r i v a t i v e  o f  23. S e v e r a l  new a l k a l o i d s  r e c e n t l y  

have  been i s o l a t e d  f rom A. koreanum12, and i n  t h i s  p a p e r  t h e  s t r u c t u r e  of  one  of  

them, which we h a v e  named Guan-fu b a s e  Z ,  i s  shown t o  be 

2-isobutyryl-14-hydroxyhetisine (61 based  p r i m a r i l y  on t h e  a n a l y s i s  of i ts  1 - D  

and 2-D nmr s p e c t r a .  



Compound R~ - - -  Rll R13 R14 

2 - AC AC AC OH 

2 AC Ac H OH 

4 - AC H Ac OH 

5 - H H H H  

5 COCH(CH3)2 H H OH 

The u t i l i t y  o f  13c-nmr i n  u n r a v e l l i n g  t h e  s t r u c t u r e s  o f  d i t e r p e n o i d  a l k a l o i d s  

w i t h  t h e  a i d  of  c l o s e l y - r e l a t e d  model compounds h a s  been c o n v i n c i n g l y  

d e m o n s t r a t e d  by P e l l e t i e r  &?3 Because  of  t h e  a d d i t i o n a l  i n f o r m a t i o n  

a v a i l a b l e  f r o m  h i g h - r e s o l u t i o n ,  2-D nmr t e c h n i q u e s 1 4 - l 6  i t  seemed p o s s i b l e  t h a t  

t h e  s t r u c t u r e  and p e r h a p s  even  t h e  s t e r e o c h e m i s t r y  o f  Guan-fu Base Z might  be 

d e t e r m i n e d  w i t h o u t  t h e  n e c e s s i t y  o f  s p e c i f i c  model compounds. T h i s  h a s  p roven  

t o  b e  t h e  c a s e  f o r  DCC13 s o l u t i o n s  on a  V a r i a n  XL-300 i n s t r u m e n t .  

The 13c-nmr s p e c t r u m  of  Guan-fu b a s e  z ( T a b l e  I and F i g .  I )  c o n s i s t s  o f  23 

l i n e s ,  t h e  h i g h e s t  f i e l d  of which was s u b s e q u e n t l y  shown t b  r e p r e s e n t  two carbon  

atoms. The t h r e e  l o w e s t  f i e l d  p e a k s  were r e c o g n i z e d  a s  b e l o n g i n g  t o  a n  ester 

c a r b o n y l  g r o u p  1176.51) a n d  a n  e x o c y c l i c  methy lene  g r o u p  1144.65, 108.17)  f rom 

t h e i r  c h a r a c t e r i s t i c  c h e m i c a l   shift^^^,'^. T h i s  was v e r i f i e d  f r o m  t h e  number o f  

P r o t o n s  on e a c h  c a r b o n  a s  d e t e r m i n e d  by a  DEPT I d i s t o r t i o n l e s s  enhancement  by 

p o l a r i z a t i o n  t r a n s f e r )  e x p e r i m e n t l 5 . l 6  a s  l i s t e d  i n  T a b l e  I .  T h a t  t h e  ester i s  

n o t  a n  a c e t a t e  is  i n d i c a t e d  by t h e  a b s e n c e  of  t h e  c h a r a c t e r i s t i c L 7  methyl  peak  

a t  20-22 pprn and t h e  a c e t a t e  c a r b o n y l  a t  168-171 ppm. An o x a z o l i d i n e  moie ty ,  

N-methyl, a n d  N-ethyl g r o u p s  c a n  a l s o  b e  r u l e d  o u t  s i n c e  t h e  e x p e c t e d  

 signal^'^,^^ a t  90-99, 40-50, a n d  11-16 ppm, r e s p e c t i v e l y ,  a r e  m i s s i n g .  

The l ~ - n m r  s p e c t r u m  o f  Guan-fu b a s e  z ( T a b l e  I1 a n d  F i g .  I )  c o n t a i n s  s e v e r a l  

w e l l - s e p a r a t e d ,  non-exchangeable,  s i n g l e - p r o t o n  p e a k s  below 3ppm which c o u l d  
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NMR P a r a m e t e r s  

T a b l e  I.  13c 

a D 2 0  e x c h a n g a b l e  p r o t o n s  o m i t t e d ;  E s t i m a t e d  f rom 2-D s p e c t r a  ( T a b l e s  111-IV, 

F i g  I). 

A 

f o r  Guan-fu B a s e  Z (5) 



P P M  

P P M  
Figure I. 'J-HETCOR experiment of Guan-fu Base Z (9.The 13c spectrum (except for 

the two lowest-field peaks, cf. Table I) appears on the left and the 'H spectrum 

with relative areas at the top. Peaks due to solvent, impurities,or exchangeable 

protons are marked "x". 
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r e p r e s e n t  a l k e n e  p r o t o n s  and /or  hydrogens  a l p h a  t o  oxygen o r  n i t r o g e n  f u n c t i o n s .  

I n  a d d i t i o n ,  t h r e e  s h a r p  t h r e e - p r o t o n  p e a k s  a t  1-1.2 ppm s u g g e s t  t h e  p r e s e n c e  of  

t h r e e  methyl  g r o u p s .  S i n c e  t h e  13c-nmr shows o n l y  two methyl  ca rbon  p e a k s ,  

however ,  t h e  two p e a k s  c e n t e r e d  a t  1 . 1 6  ppm a r e  p r o b a b l y  an  i s o p r o p y l  d o u b l e t  

w i t h  J = 6 . 8 .  

T h i s  was v e r i f i e d  by a one-bond h e t e r o n u c l e a r  c o r r e l a t e d  2-D nmr e x p e r i m e n t  

( 1 ~ - ~ ~ ~ ~ ~ ~ 1 1 5 , 1 6  ( F i g .  I) which l e a d s  t o  t h e  c o n n e c t i v i t i e s  o f  c a r b o n s  and t h e i r  

a t t a c h e d  hydrogen  a toms  a s  a s s i g n e d  i n  T a b l e s  I a n d  11. Thus,  a l l  s i x  hydrogens  

of  t h e  1.16ppm d o u b l e t  a re  a s s o c i a t e d  w i t h  t h e  s i n g l e  c a r b o n  r e s o n a n c e  a t  

19.08ppm t h e r e b y  e s t a b l i s h i n g  t h a t  t h e  l a t t e r  peak d o e s  i n  f a c t  r e p r e s e n t  two 

m a g n e t i c a l l y  e q u i v a l e n t  methyl  g r o u p s  and t h a t  Guan-fu b a s e  Z t h e r e f o r e  h a s  24 

c a r b o n  atoms.  C o n s i d e r a t i o n  of  b o t h  t h e  carbon17 a n d  p r o t o n l a  chemica l  s h i f t  

v a l u e s  f u r t h e r  s u g g e s t s  t h e  p r e s e n c e  o f  Z0 oxygen f u n c t i o n s  a t  p o s i t i o n s  2,  11, 

a n d  1 3 ,  a n d  a  3O o n e  a t  p o s i t i o n  1 4 .  S i m i l a r l y ,  m e t h i n e  6 a n d  20 and methy lene  

1 9  a p p e a r  t o  b e  a l p h a  t o  n i t r o g e n .  Although t h e  c h e m i c a l  s h i f t s  of ca rbon  5 and 

hydrogen 1 a r e  a l s o  low enough t o  be a l p h a  t o  a n i t r o g e n  t h e  v a l u e s  f o r  t h e  

a t t a c h e d  hydrogen  5 (1.52ppm) and c a r b o n  1 (31.37ppm), r e s p e c t i v e l y ,  a r e  t o o  

h i g h  f o r  s u c h  a n  a s ~ i g n m e n t ~ ' , ~ ~ .    he p r e s e n c e  of  o n l y  o n e  c a r b o n y l  g r o u p  i n  

Guan-fu b a s e  z f u r t h e r  i n d i c a t e b  t h a t  o n l y  one of t h e  above oxygen f u n c t i o n s  i s  

a n  ester, and t h a t  i s  a s s i g n e d  t o  p o s i t i o n  2 because  of  t h e  v e r y  l o w - f i e l d  v a l u e  

of  i t s  c a r b i n o l  hydrogen resonance19 .  

From t h e a b o v e  r e s u l t s  a l i k e l y  m o l e c u l a r  formula f o r  Guan-fu b a s e  7, is 

C24H33N05 which i s  v e r i f i e d  by t h e  s t r o n g  m o l e c u l a r  i o n  i n  t h e  mass s p e c t r u m  a t  

415. T h i s  l e a d s  t o  a n  u n s a t u r a t i o n  number of n i n e  which c o r r e s p o n d s  t o  a  

h e p t a c y c l i c  s k e l e t o n  p l u s  t h e  ester c a r b o n y l  and e x o c y c l i c  methy lene  group .  

Nonadjacen t  carbon-hydrogen c o n n e c t i v i t i e s  were o b t a i n e d  d i r e c t l y  f rom a 

l o n g - r a n g e  ( 2 ~ 3 ~ l I i ~ ~ ~ ~ ~  ( F i g .  2  and Table  111) ( 1 6 )  a n d  i n d i r e c t l y  f r o m  a 

homonuclear  c o r r e l a t e d  2-D nmr (HOMCOR o r  COSY1 ( F i g .  3  and T a b l e  I V )  

e x ~ e r i m e n t l ~ - ' ~ .  A n a l y s i s  o f  t h e s e  c o n n e c t i v i t i e s  a s  d e s c r i b e d  i n  s e v e r a l  

r e c e n t   publication^^^^^^ l e a d s  t o  ca rbon-carbon  c o n n e c t i v i t i e s  o f  s e v e r a l  

s t r u c t u r a l  e n t i t i e s  i n  Guan-fu b a s e  2 .  F o r  example, t h e  two 3'-methyl g r o u p s  

a r e  a t t a c h e d  t o  t h e  2 ' -meth ine  whose p r o t o n  (2.50ppml and c a r b o n  (34.41ppmI 

c h e m i c a l  s h i f t  a r e  c o n s i s t e n t  w i t h  a n  a d j a c e n t  e s t e r  c a r b o n y l  g r o ~ p ~ ~ , ~ ~ .  

Al though  no i s o b u t y r a t e  esters h a v e  been p r e v i o u s l y  r e p o r t e d  f o r  d i t e r p e n o i d  

a l k a l o i d s  ( 1 . 2 )  t h e y  a r e  known f o r  o t h e r  t e r p e n ~ i d s ~ ~ .  The s t r o n g  peak  i n  t h e  



2-D NMR corre la t ions  o f  Guan-fu Base Z (61 

Table 111. 3 ~ - ~ ~ ~ ~ ~ ~  

Correlations Bond 
C t o  H Separation 

Table I V .  HOMWR 

corre la t ions  Bond 
H t o  H Separation Comments 

planar "W" 

planar "W" 

planar "W",  weak 

extended "W" , weak 

weak 

weak 

very weak 

planar W 

weak 

planar W 

a l l y l i c  

a l l y l i c  

. .  . 
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P P M  

Figure 2. 2 * 3 ~ - ~ ~ ~ ~ ~ ~  experiment of Guan-fu base Z (9. Caption to 
Some residual l~-correlations are incompletely nulled. 

Figure 1 applies 



I I I I I I 1 I I 

j 5 . 0  4 . 5  4 . 0  3 . 5  3 . 0  2 . 5 2 0  1 . 5  1 . 0  

PPM 
Figure 3. HOMCOR (COSY) experiment of Guan-fu base Z (9. The l~-spectrum appears 
along the lower-leftlupper-right diagonal while thelower-rightlupper left diagonal 

may contain artifacts. 
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mass s p e c t r u m  a t  m/x 328(83)(M-87) f u r t h e r  conf i rms  t h a t  Guan-fu Base  Z 

c o n t a i n s  a n  i s o b u t y r a t e  g r o u p  &. 

S i m i l a r i l y ,  t h e  16 ,17-a lkene  is c o r r e l a t e d  w i t h  t h e  a l l y l i c  15-methylene  and t h e  

12-methine.  The l a t t e r  is  a s s o c i a t e d  w i t h  t h e  2O-oxygen f u n c t i o n a l i t i e s  a t  11 

and 1 3  and r h e  3' o n e  a t  14,  w h i l e  t h e  f o r m e r  i s  n e a r  t h e  q u a t e r n a r y  c e n t e r  a t  8. 

The 3O-oxygen f u n c t i o n a l i t y  a t  C-14 i s  a t t a c h e d  t o  C-13 r a t h e r  t h a n  C-11 b e c a u s e  

t h e  hydrogen of  t h e  l a t te r ,  b u t  n o t  t h e  fo rmer ,  d i s p l a y s  a  s t r o n g  v i c i n a l  

c o u p l i n g  JHH=8.7 t o  a m e t h i n y l  g r o u p .  T h i s  l a t t e r  g r o u p  i s  i d e n t i f i e d  a s  t h e  

o n e  a t  p o s i t i o n  9 f r o m  t h e  HOMCOR e x p e r i m e n t  (Table  IV). F i n a l l y ,  t h e  

c o r r e l a t i o n  o f  t h e  q u a t e r n a r y  c e n t e r  1 0  w i t h  both p o s i t i o n s  9 and 11 l e a d s  t o  

s u b s t r u c t u r e  8. A d d i t i o n a l  r e l a t i o n s  of  c-9 with p o s i t i o n s  5 ,  1 4 ,  a n d  20 and 

C-8 w i t h  p o s i t i o n s  6 and 20 a r e  a l s o  o b s e r v e d  bu t  c a n n o t  b e  unambiguously 

a s s i g n e d  a t  t h i s  p o i n t .  

A t h i r d  s t r u c t u r a l  f e a t u r e  o f  Guan-fu b a s e  Z i s  r e v e a l e d  by a n a l y s i s  o f  t h e  

c o r r e l a t i o n s  i n  t h e  v i c i n i t y  of  t h e  s h a r p  s i n g l e t  18-methyl r e s o n a n c e .  The 

a b s e n c e  of  a n y  v i c i n a l  s p l i t t i n g  ( w i d t h  a t  h a l f - h e i g h t  = 2.7 Hz) i n d i c a t e s  

a t t a c h m e n t  t o  one  of  t h e  q u a t e r n a r y  c a r b o n s  which f rom t h e  l o n g - r a n g e  HETCOR 

must  b e  C-4. The r e m a i n i n g  c o r r e l a t i o n s  a r e  t o  p o s i t i o n s  3 ,5 ,  a n d  19.  The l a s t  

o f  t h e s e  i s  a t t a c h e d  t o  t h e  n i t r o g e n  a l o n g  with m e t h i n y l s  6 and 20 a s  n o t e d  

p r e v i o u s l y .  P o s i t i o n  3 i s  s t r o n g l y  c o r r e l a t e d  t o  t h e  2O oxygen f u n c t i o n  a t  2  

a n d  t h e  methy lene  a t  1, w h i l e  p o s i t i o n  5 is a s s o c i a t e d  s t r o n g l y  w i t h  C-6. The 

l a t t e r  a l s o  c o r r e l a t e s  w i t h  methylene-7 a n d  methinyl-20 t o  g i v e  s u b s t r u c t u r e  2. 

Taken t o g e t h e r  a n d  a c c o u n t  f o r  a l l  of  t h e  s k e l e t a l  c a r b o n  a toms  o f  Guan-fu 

b a s e  Z a n d ,  a l o n g  w i t h  t h e  h e p t a c y c l i c  s k e l e t o n  and t h e  a b s e n c e  of  N-alkyl  o r  

o x a z o l i d i n e  m o i e t i e s  deduced e a r l i e r ,  s u g g e s t  a s t r u c t u r e  of  t h e  h e t i s i n e  (5) 

t y p e .  C r o s s - c o r r e l a t i o n s  of  8 a n d  s a t  5-9, 6-8, 6-10, 8-20, a n d  9-20 s u p p o r t  

t h i s  h y p o t h e s i s  a n d  l e a d  t o  s t r u c t u r e  6 w i t h  the  s t e r e o c h e m i s t r y  a t  2 ,  11, a n d  

1 3  u n s p e c i f i e d  f o r  t h e  t i m e  be ing .  An a l t e r n a t i v e  c o n n e c t i o n  of 8 a n d  s t o  g i v e  



s t r u c t u r e  1 would p l a c e  t h e  t e r t i a r y  oxygen f u n c t i o n  as i t  i s  f o u n d  i n  t h e  

a l k a l o i d   ados sine^^. Such a  v a r i a t i o n  would r e q u i r e  i n t e r c h a n g i n g  t h e  

a s s i g n m e n t s  of p o s i t i o n s  11 a n d  1 3  a s  w e l l  a s  o f  9  a n d  1 4  a s  shown i n  1. T h i s  

change i n  t u r n  would r e s u l t  i n  t h e  l o n g - r a n g e  HETCOR c o r r e l a t i o n s  f o r  c5-H9, 

c ~ ~ - H ~ ~ ,  and clO-H9 i n v o l v i n g  s e p a r a t i o n s  of 5 .4 ,  a n d  3  bonds  r a t h e r  t h a n  t h e  

3.3, a n d  2  o f  s t r u c t u r e  6 ( T a b l e  111) a n d  was t h e r e f o r e  r e j e c t e d .  The same 

c r i t e r a  o f  min imiz ing  t h e  bond s e p a r a t i o n s  o f  c o r r e l a t i n g  a toms  was u s e d  t o  

d i s t i n g u i s h  t h e  a s s i g n m e n t s  o f  m e t h y l e n e s  1 and 7  and m e t h i n y l s  6  and 20. 

S i m i l a r l y ,  c o r r e l a t i o n s  which were ambiguous due  t o  o v e r l a p p i n g  r e s o n a n c e s  ( i . e .  

H-15 and H-9 o r  H - 4 ,  H - ) A ,  a n d  H-76) were a s s i g n e d  s o  a s  t o  g i v e  t h e  s m a l l e s t  

bond s e p a r a t i o n s  i n  t h e  HOMCOR o r  HETCOR e x p e r i m e n t s .  

The a l p h a - c o n f i g u r a t i o n  ( a x i a l )  o f  t h e  i s o b u t y r a t e  ester g r o u p  a t  p o s i t i o n  2  was 

i n d i c a t e d  by t h e  f a c t  t h a t  t h e  w i d t h  a t  h a l f  h e i g h t  o f  H-2 i s  below l2Hz a s  

Would b e  e x p e c t e d 2 4  f o r  a n  e q u a t o r i a l  H .  The r e m a i n i n g  s t e r e o c h e m i c a l  f e a t u r e s  

t o  be d e t e r m i n e d  a r e  t h e  c o n f i g u r a t i o n s  o f  t h e  s e c o n d a r y  a l c o h o l s  a t  C-11 a n d  

C-13. T h e  f o r m e r  is  c l e a r l y  a l p h a 8  a s  shown i n  6 a n d  8 s i n c e  t h e  magni tude  of  

Jg.11 = 8 .7  i m p l i e s  a n  endo-endo r e l a t i o n  o f  H-9 and H-112;. The 11-OH is 

s i m i l a r l y  a s s i g n e d  on t h e  a s s u m p t i o n  t h a t  t h e  s t r o n g  4~11,13 - c o r r e l a t i o n  

(Table I V )  i n d i c a t e s  a  p l a n a r  "w" a r r a n g e m e n t  between €1-11 a n d  H-13. I n  s u p p o r t  

Of t h i s  h y p o t h e s i s  t h e  o n l y  o t h e r  strong, n o n a l l y l i c ,  4 ~ - H ~ ~ ~ ~ ~ ' s  a r e  f o r  t h e  

p l a n a r  " W " ' s  H-6 t o  H-20 a n d  H-l* t o  H - 3 ~  a s  i n d i c a t e d  i n  g26. T h i s  l a s t  

c o r r e l a t i o n  i s  a l s o  c o n s i s t e n t  w i t h  t h e  a s s i g n m e n t - o f  t h e  l o w e r  f i e l d  p r o t o n  of 

E t h y l e n e  g r o u p s  1, and 3  t o  t h e  a l p h a  c o n f i g u r a t i o n  b a s e d  o n  t h e  e x p e c t e d 2 )  

d e s h i e l d i n g  of e q u a t o r i a l  o v e r  a x i a l  p r o t o n s .  The u n u s u a l l y  l o w  f i e l d  r e s o n a n c e  

f o r  H - 1  presumably i s  due  t o  t h e  p r o x i m i t y  o f  OH-13 a n d  e s p e c i a l l y  OH-11~~. 

S i m i l a r  d e s h i e l d i n g  by OH-14 more t e n t a t i v e l y  s u g g e s t s  t h a t  t h e  low f i e l d  p r o t o n  

o f  methylene 7 h a s  t h e  a l p h a - c o n f i g u r a t i o n .  
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The n o n e q u i v a l e n t  methy lene  p r o t o n s  of 5 a t  p o s i t i o n s  1 7  and 19 were n o t  

a s s i g n e d  d i r e c t l y  b u t ,  by a n a l o g y  t o  t h e  s p e c t r a  o f  a  c l o s e l y  r e l a t e d  a l k a l o i d  

where a p p r o p r i a t e  NOE e x p e r i m e n t s  were performedll ,  H-19aand H-172 a r e  p r o b a b l y  

t h e  low f i e l d  members o f  t h e s e  p a i r s .  The pro tons  a t  p o s i t i o n  1 5  a r e  n o t  

s u f f i c i e n t l y  r e s o l v e d  even  a t  300 MHz f o r  f i r s t  o r d e r  a n a l y s i s  a n d / o r  NOE 

e x p e r i m e n t s  a n d  mus t  t h e r e f o r e  remain u n a s s i g n e d  a t  p r e s e n t .  
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