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THE CONFORMATION OF CHELIDONINE 
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A b s t r a c t  - The 360 MHz p r o t o n  s p e c t r a  of ( + I - c h e l i d o n i n e  and ( A ) - c h e l i d o n i n e -  

6,6,1 1-d3 a r e  n o t  i n  agreement w i t h  t h e  g e n e r a l l y  accepted B/C h a l f  c h a i r - h a l f  - - - -  

c h a i r  conformat ion.  An envelope ( t w i s t  h a l f  c h a i r )  fo rm o f  r i n g  C  i s  i n d i c a t e d  

( t ) - C h e l i d o n i n e  (1) i s  t h e  main a l k a l o i d  p resen t  i n  Chel idonium u. Extens ive  chemical degrada- 

t i o n s  p r o v i d e d  a c o r r e c t  two-dimensional  s t r u c t u r e  i n  1930.' A  BIC c i s  r i n g  f u s i o n  t o g e t h e r  w i t h  

an a x i a l  hydroxy l  group were subsequent ly  proposed i n  o r d e r  t o  account  f o r  t h e  presence o f  an i n t r a -  

mo lecu la r  hydrogen bond, d e t e c t e d  by IR  spectroscopy.2 The conformat ion o f  c h e l i d o n i n e  and r e l a t e d  

3  benzophenanthr id ine a l k a l o i d s  i s  known w i t h  l e s s  c e r t a i n t y .  The B/C c h a i r - b o a t  and B/C h a l f  c h a i r -  

h a l f  conformat ions have bo th  been proposed. The ev idence p resen ted  t o  d a t e  favors  t h e  l a t -  

t e r  p o s s i b i l i t y .  Our r e c e n t  e x e c u t i o n  o f  a  new t o t a l  s y n t h e s i s  o f  ( ? ) - c h e l i d o n i n e  a l s o  a l lowed t h e  

p r e p a r a t i o n  of (i)-chelidonine-g,g,L-i3 ( (?) .  Examinat ion o f  t h e  h i g h - f i e l d  p r o t o n  NMR s p e c t r a  o f  

compounds ! and 2 has p r o v i d e d  new i n s i g h t s  r e g a r d i n g  t h e  con fo rmat ion  o f  c h e l i d o n i n e .  

The d e u t e r a t e d  compound 2 was prepared by LiA1D4 r e d u c t i o n  o f  i n t e r m e d i a t e  3.6 A t  360 MHz a l l  o f  

the  p r o t o n  s i g n a l s  of t h e  B  and C r i n g s  o f  c h e l i d o n i n e  were comple te ly  r e s o l v e d  and c o u l d  be unam- 

b iguous ly  ass igned  by comparison w i t h  t h e  spectrum o f  compound (? (Tab le  I ) .  The h i g h e r  f i e l d  C-6 

methylene p r o t o n  s i g n a l  can be assigned t o  t h e  a x i a l  C-6a hydrogen which i s  s h i e l d e d  by t h e  a n t i -  

p e r i - p l a n a r  non-bonded e l e c t r o n s  on t h e  n i t r o g e n . 7  The e q u a t o r i a l  C-68 p r o t o n  i s  desh ie lded  by the  

a romat i c  A  r i n g .  On replacement  of t h e  C-11 p r o t o n  by deu te r ium t h e  broad s i n g l e t  f o r  t h e  C-4b 

p r o t o n  o f  c h e l i d o n i n e  changed t o  a  d o u b l e t  ( J=3  Hz, f i g u r e  I ) .  T h i s  e s t a b l i s h e s  t h e  expected long-  

range c o u p l i n g  between t h e  C-4b and C-11 p r o t o n s .  

P a r t i c u l a r l y  no tewor thy  i s  t h e  f a c t  t h a t  t h e  C-11 p r o t o n  i s  a l s o  coup led  (J=4.3 Hz) t o  o n l y  one of 

t h e  C-12 p ro tons  ( F i g u r e  1 ) .  I f  b o t h  t h e  B  and C r i n g s  e x i s t  i n  h a l f  c h a i r s ,  t h e  d i f fe rence  i n  

c o u p l i n g  between t h e  C-11 p r o t o n  and t h e  two C-12 methylene p ro tons  cannot  be a t t r i b u t e d  t o  a  d i f -  

ference i n  d i h e d r a l  angles because they  a r e  a lmost  i d e n t i c a l  ( F i g u r e  2 ) .  i n  t h i s  case t h e  d i f f e r -  

ence i n  c o u p l i n g  ( 0  vs. 4.3 Hz) m i g h t  be e x p l a i n e d  by a  s t e r e o c h e m i c a l l y  dependent e lec t ronega-  

t i v i t y  e f f e c t  of the  pseudoaxia l  hydroxy l  group i n  decreas ing  t h e  c o u p l i n g  between t h e  pseudo- 

e q u a t o r i a l  C-11 p r o t o n  and t h e  pseudoaxia l  C-12a proton. '  However, examinat ion o f  the  s p e c t r a  o f  



model compounds r e v e a l s  t h a t  t h i s  t y p e  of i n t e r a c t i o n  i s  n o t  expected t o  e x e r t  a  s i g n i f i c a n t  e f f e c t  

i n  t h i s  case. For  example i n  compound 4, Ja,e = 3.00 Hz and Je = 2.72 H Z . ~  I n  1Za-acetoxy 
,e 

s t e r o i d s  s , * ~  J d s e  i s  r e p o r t e d  t o  be equal  t o  J e S e  (2.5 Hz) .  I n  b o t h  cases, t h e  e q u a t o r i a l  p r o t o n  a 

t o  t h e  oxygen b i s e c t s  t h e  a n g l e  between t h e  a d j a c e n t  rnethylene p r o t o n s  and t h e  e q u a t o r i a l - a x i a l  

c o u p l i n g  c o n s t a n t s  a r e  v e r y  c l o s e  t o  t h e  d i e q u a t o r i a l  c o u p l i n g s .  I n  v i e w  o f  these  f a c t s ,  t h e  h a l f  

c h a i r  c o n f o r m a t i o n  does n o t  appear t o  be tenab le .  

The a l t e r n a t i v e  e x p l a n a t i o n  i s  t h a t  t h e  d i f f e r e n c e  i n  c o u p l i n g  between t h e  C - l l  p r o t o n  and t h e  two 

C-12 p r o t o n s  i s  due t o  a  d i f f e r e n c e  i n  d i h e d r a l  ang les .  The C  r i n g  must be i n  an envelope c o n f o r -  

ma t ion  w i t h  t h e  10b carbon atom o u t  o f  t h e  p l a n e  of t h e  o t h e r  f i v e  carbon atoms i n  r i n g  C ( F i g u r e  

2, s t r u c t u r e  6 ) .  A B/C h a l f  cha i r -enve lope  con fo rmat ion  i s  now i n d i c a t e d  f o r  c h e l i d o n i n e .  

Tab le  1. 360 MHz Spec t ra  o f  C h e l i d o n i n e  and Chelidonine-6,6,f l-g3, 

C h e l i d o n i n e  C h e l i d o n i n e - i 3  

6 6.76 (d,  lH ,  J  = 7 .9 Hz) 6 6.76 (d,  lH ,  J = 7.9 Hz) 

6.73 (d, IH ,  J  = 7.9 Hz) 6.73 (d,  IH,  J  = 7.9 Hz) 

6.66 (5,  1H) 6.66 (5,  1H) 

6.64 ( s ,  1H) 6.64 (5, I H )  

5.99 (d,  lH ,  J = 1.5 Hz) 5.99 (d ,  l H ,  J  = 1.4 Hz) 

5.95 (d,  lH ,  J = 1.3 Hz) 5.95 (d ,  l H ,  J  = 1.4 HZ) 

5.934 (d,  IH ,  J = 1.5 Hz) 5.934 (d, IH,  J  = 1.5 Hz) 

5.927 (d,  IH,  J = 1.5 Hz) 5.927 (d,  1H, J  = 1.5 Hz) 

4.23 (bs ,  IH ,  WH = 7.9 Hz) 

4.08 (d,  IH,  J = 15.7 Hz) 

3.57 (bs ,  IH, WH = 6 .8  Hz) 3.57 (d ,  IH ,  J  = 3.0 Hz) 

3.43 (d,  IH ,  J  = 15.7 Hz) 

3.21 (d,  lH ,  J  = 17.5 Hz) 3.21 (d ,  IH, J  = 17.5 Hz) 

3.08 ( d o f  d, lH ,  J = 17.5, 4 . 3 H r )  3.08 (d ,  lH, J =  1 7 . 5 H r )  

2.98 ( t ,  lH, J = 2 .8  Hz) 2.98 (d,  lH, J  = 3.0 Hz) 

2.27 ( s ,  3H) 2.27 (s ,  3H) 
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Figure 1 .  Partial 360 MHz spectra of (+)-chelidonine (upper) and (+)-chelidonine-6.6.fi,d3 (lower) 

in CDC13. 
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Figure 2. Newman projections of chelidonine conformers along the C-11, C-12 bond. 
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Number RRO1077, from t h e  Department of Research Resources. 
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