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A b s t r a c t  - The c r y s t a l  s t r u c t u r e  o f  n a t u r a l  s t e p h a n i n e  (1) 

has been  de termined  by X-ray d i f f r a c t i o n .  The C-ha p o s i t i o n  

was conf i rmed t o  be o f  t h e  R-con f igu ra t i on .  0-Methyl 

d e r i v a t i v e s  o f  t h e  p roduc t s  by c leavage  r e a c t i o n  w i t h  sodium i n  

l i q u i d  ammonia of s t ephan ine  (1)  and crebanine  (2) were bo th  

i d e n t i f i e d  a s  2 , s -d imethoxyaparphine  ( 3 ) .  This  showed t h a t  

c r eban ine  (2) was o f  t h e  R-con f igu ra t i on  which has a l s o  been 

r e p o r t e d  based  on C D  d a t a .  4,  Thi s  work y i e l d e d  t h e  e x a c t  

c o n f i g u r a t i o n  a t  C-6a f a r  a l l  known aporphine- type  a l k a l o i d s .  

For many k inds  o f  apo rph ine - type  a l k a l o i d s ,  t h e  C-6a p o s i t i o n  based on t h e  

b r i d g e d  b ipheny l  i s  of e i t h e r  t h e  R -  o r  t h e  S - c o n f i g u r a t i o n .  2  



?he a b s o l u t e  c o n f i g u r a t i o n  a t  C-6a i n  almost  a l l  n a t u r a l l y  o c c u r r i n g  

aporphine- type  a l k a l o i d s  ha s  been de termined  by chemical  c o r r e l a t i o n  o r  X-ray 

c r y s t a l l o g r a p h i c  ana ly s i s . ' )  The ORD curves  and t h e  CD curves  of t h i s  t ype  

a l k a l o i d s  have been d i s c u s s e d  e l ~ e w h e r e . " ~ )  As f o r  t h e  a b s o l u t e  c o n f i g u r a t i o n  o f  

s t ephan ine  (1) and c r eban ine  (2) a s  1 , 2 , 8 - t r i s u b s t i t u t e d  o r  1 , 2 , 8 , 9 - t e t r a -  

s u b s t i t u t e d  apo rph ine - type  a l k a l o i d s ,  on ly  one r e p o r t  has appeared  d e s c r i b i n g  t h e  

R-con f igu ra t i on  f o r  t h e  n e g a t i v e  Cot ton  e f f e c t  a t  237 nm i n  t h e  CD curve  o f  

c rebanine  (2 ) .  4, Now we wish t o  r e p o r t  t h e  de t e rmina t i on  of t h e  c o n f i g u r a t i o n  

o f  s t ephan ine  (1) by X-ray d i f f r a c t i o n .  

The c r y s t a l s  of s t e p h a n i n e  ( 1 ) .  mp 154%156'C, were wel l - formed t r a n s p a r e n t  

p l a t e s ,  be long t o  t h e  monocl in ic  space  group PZ w i t h  t h e  c e l l  dimensions of a = 1 
" 3  9 .886(1) ,  b = 7.419(1) ,  = 11.295(2) A ,  6 = 112.43(1) '  and I! = 765.8(2)  A . The 

d e n s i t y  was de termined  t o  be  1.342(1) g.cm-3 by f l o t a t i o n  methods i n  a  carbon 

t e t r a c h l o r i d e - b e n z e n e  m i x t u r e ;  t h e  c a l c u l a t e d  va lue  was 1.342 g.cm-3 w i t h  two 

formula u n i t s  p e r  c e l l .  I n t e n s i t y  d a t a  were measured w i t h  a  Rigaku f o u r - c i r c l e  

d i f f r a c t o m e t e r  w i t h  g r a p h i t e  monochromafed Cu Ka r a d i a t i o n ( h . =  1.5405 A) u s i n g  t h e  

1 o-28  s can  technique  a t  a  r a t e  o f  4' min- . Four s t a n d a r d  r e f l e c t i o n s  measured a t  

1 0 0 - r e f l e c t i o n  i n t e r v a l s  t o  check f a r  v a r i a t i o n  i n  t h e  c r y s t a l  remained e s s e n t i a l l y  

cons t an t  throughout  t h e  run .  Out o f  1452 p o s s i b l e  independent  r e f l e c t i o n  (28: 

1 3 0 a ) ,  1382 were cons ide red  t o  be  non -ze ro ,  u s i n g  a 30 c r i t e r i o n  based  on coun t ing  

s t a t i s t i c s .  The d a t a  were c o r r e c t e d  f o r  Lorentz  and p o l a r i z a t i o n  e f f e c t s  b u t  n o t  

f o r  abso rp t i on  because o f  t h e  s m a l l  s i z e  of t h e  c r y s t a l  used ( c a .  0.40x0.40x0.50 

mm) . 
The s t r u c t u r e  was s o l v e d  by a combination o f  d i r e c t  methods,  P a t t e r s o n  v e c t o r  

F igu re .  A s t e r eov i ew  o f  t h e  molecular  s t r u c t u r e  o f  s t e p h a n i n e  (1) 

- 1884  - 
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s e a r c h  and F o u r i e r  t e c h n i q u e s ,  and r e f i n e d  by l e a s t  s q u a r e s  methods t O  a  f i n a l  

d i s c r e p a n c y  i n d e x  o f  0 . 0 5 9 .  A l l  hydrogen atoms were l o c a t e d  from e l e c t r o n - d e n s i t y  

d i f f e r e n c e  maps and t h e i r  p a r a m e t e r s  were r e f i n e d  u s i n g  i n d i v i d u a l  i s o t r o p i c  

t h e r m a l  p a r a m e t e r s .  

The m o l e c u l a r  s t r u c t u r e  and c o n f o r m a t i o n  a r e  d i s p l a y e d  i n  t h e  F i g u r e .  Our 

r e s u l t s  l e d  t o  t h e  c o n c l u s i o n  t h a t  s t e p h a n i n e  ( 1 )  has t h e  R - c o n f i g u r a t i o n ,  

S t u d i e s  have  been  done an  t h e  r e d u c t i o n  w i t h  sodium i n  l i q u i d  ammonia of  

s e v e r a l  a p o r p h i n e - t y p e  a l k a l o i d s ,  and t h e  c l e a v a g e  r e a c t i o n  of  t h e  methy lenedioxy  

group  and t h e  e l i m i n a t i o n  o f  methoxyl  g roup  a t  C - l  o r  C - 1 1  i n  t h e  molecu le  a r e  

known. We examined whether  t h e  same r e s u l t  would be o b t a i n e d  even  w i t h  

r e d u c t i o n  of  s t e p h a n i n e  (1)  and c r e b a n i n e  ( 2 )  hav ing  a  methy lenedioxy  group  .and 

a  methoxyl  group a t  C-8 i n  t h e  m o l e c u l e ,  r e s p e c t i v e l y .  

The c l e a v a g e  r e a c t i o n  o f  s t e p h a n i n e  ( 1 )  by sodium i n  l i q u i d  ammonia u s i n g  

anhyd ,  e t h e r  a s  a  s o l v e n t  a f f o r d s  one k i n d  o f  r e a c t i o n  p r o d u c t  from t h e  p h e n o l i c  

b a s e  f r a c t i o n ,  and 0-methyl  d e r i v a t i v e s  o f  t h i s  p h e n o l i c  b a s e  from t h e  diazomethane 

e t h e r e a l  s o l u t i o n  forms c o l o r l e s s  n e e d l e s ,  mp 125%126'C', [ a ] D - 1 6 0 . 4 " ( i n  CHC13); 

t h e  e l e m e n t a l  a n a l y s i s  and mass spec t rum (MS) e s t a b l i s h e d  t h e  fo rmula  a s  C l 9 H Z 1 N O 2 .  

1 The p r o t o n  m a g n e t i c  r e s o n a n c e  d a t a  ( H NMR) r e v e a l e d  two methoxyl  g roups  ( 6  3 . 8 5 ,  

3 . 8 8 ) ,  and t h i s  compound is  presumed t o  be 1,s- o r  2 ,8 -d imethoxyaporphine ,  which is  

t h e  0-methyl  d e r i v a t i v e  o f  t h e  p h e n o l i c  b a s e  b y  c leavage  o f  t h e  methy lenediaxy  

group .  But t h e  chemica l  s h i f t s  o f  t h e  two methoxyl g roups  do n o t  a p p e a r  a t  h i g h e r  

f i e l d s  l i k e  C - l  o r  C - 1 1 ,  b e i n g  h i n d e r e d  by aporphine  b i p h e n y l i c  s t r u c t u r e ,  and t h e  

s t r u c t u r e  of  t h i s  compound was d e t e r m i n e d  t o  b e  2 ,8 -d imethoxyaporphine  ( 3 ) .  

S i m i l a r l y ,  c l e a v a g e  o f  c r e b a n i n e  (2)  gave t h e  same compound ( 3 ) ,  e x c l u d i n g  o p t i c a l  

r o t a t o r y  d i s p e r s i o n  t h a t  i d e n t i f i e d  i t  w i t h  t h e  0-methyl  d e r i v a t i v e  from s t e p h a n i n e  

( 1 ) .  

A c c o r d i n g l y ,  c r e b a n i n e  was d e t e r m i n e d  t o  have  t h e  R - c o n f i g u r a t i o n  l i k e  

s t e p h a n i n e  ( 1 ) .  T h i s  showed t h a t  t h e  d e t e r m i n a t i o n  of c o n f i g u r a t i o n  b a s e d  on t h e  



CD curve3) of c r eban ine  (2)  is  v a l i d .  The ORD and CD curves  of s t ephan ine  (1)  and 

c r e b a n i n e ' ( Z ) ,  g iven  i n  t h e  Table ,  ag ree  w i t h  t h e  r e l a t i o n s h i p  of t h e  c o n f i g u r a t i o n  

t o  o the r  s u b s t i t u t e d  aporphine- type  a l k a l o i d s .  

. Table ORD and CD d a t a  of s t ephan ine  (1)  and c reban ine  (2) 

S t e ~ h a n i n e  (1) I Crebanine (2)  

These f i n d i n g s , h a v e  e x a c t l y  e s t a b l i s h e d  t h e  c o n f i g u r a t i o n  a t  C76a of a lmost  
. . 

a l l  n a t u r a l l y  o c c u r r i n g  aporphines .  

l a l D :  (CHC13) 

EXPERIMENTAL 

A l l  me l t i ng  p o i n t s  a r e  no t  c o r r e c t e d .  'H NMR s p e c t r a  were recorded on a  60 

MHz spec t rometes  w i th  TMS a s  an i n t e r n a l  s t a n d a r d .  MS were recorded on a  d i r e c t  

. . 
I : .. 7 , ? 

-92.S0 

i n l e t  system a t  70 eV us ing  a H i t a c h i  RMU-6E spec t rome te r .  S p e c i f i c  r o t a t i o n ,  ORD 

and CD were ,de t e rmined  us ing  JASCO DIP-4 d i g i t a l  and 5-20 spec t rome te r ,  

-61.0' 

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

Cleavage r e a c t i o n  of  s t ephan ine  (1) by sodium i n  l i q u i d  ammonia To 150 m l  o f  

l i q u i d  N H j  con ta in ing  100 mg of Na was added dropwise a  s o l u t i o n  of s t ephan ine  (1)  
I 

(100 mg) i n  anhyd. E t 2 0  (15 ml) a t  -60*5DC f o r  1 h r ,  and s t i r r i n g  was, can i inued  f a r  
.. . 

1 . 5  h r  more. The NH3 was al lowed t o  evapora t e  ove rn igh t .  The r e s i d u e  was . . 
d i s so lved  i n  5% NaOH aqueous s o l u t i o n .  This  a l k a l i n e  s o l u t i o n  was washed w i t h  

E t20 ,  t h e n  changed t o  an ammoniacal a l k a l i n e  s o l u t i o n  by adding c r y s t a l l i n e  N H 4 C 1  

and e x t r a c t e d  w i t h  Et20 .  The E t20  e x t r a c t  was washed w i t h  H20, d r i e d  ove r  anhyd. 

MgSO and evapora t ed  t o  d ryness .  The r e s i d u a l  c rude  b a s e ,  which showed 4 
approximately one s p o t  on TLC, was used wi thou t  p u r i f i c a t i o n  i n  t h e  fo l lowing 

r e a c t i o n .  

.. ..: ~ ,, . ORD max: h nm( [01x10-~1  (MeOH) 

238(-87.2) 

215(+78.6) . -. . . , ~ ,  

245(-146.5) 

225(+173.0) 

205(-44.1) 

CD max:A n m ( l ~ l x l ~ ~ ~ ~ ( ~ e ~ ~ )  
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0 - M e t h y l a t i o n  of  c l e a v e d  p h e n o l i c  b a s e  [ p r o d u c t i o n  of  2 , s -d imethoxyaporphine  

The above p h e n o l i c  b a s e  (70 mg) was d i s s o l v e d  i n  a  s m a l l  volume o f  MeOH, and 

e x c e s s  d iazomethane  i n  E t 2 0  was added and t h e  mix ture  was k e p t  a t  room temp,  f o r  1 

day.  The e x c e s s  r e a g e n t  and t h e  s o l v e n t  were removed by d i s t i l l a t i o n ,  and t h e  

r e s i d u a l  b a s e  was t a k e n  i n t o  aqueous 10% HC1, and washed w i t h  E t 2 0 .  The a c i d i c  

l a y e r  was made a l k a l i n e w i t h  aqueous 1 0 %  NaOH and e x t r a c t e d  w i t h  E t 2 0 .  The 

e t h e r e a l  s o l u t i o n  was washed w i t h  H20 and d r i e d  over  anhyd.  MgS04, and t h e n  t h e  

s o l v e n t  a l lowed t o  e v a p o r a t e .  The r e s i d u e  was p u r i f i e d  by column chromatography on 

s i l i c a  g e l  (from CH2C12 and e l u t e d  w i t h  t h e  same s o l v e n t ) .  R e c r y s t a l l i z a t i o n  from 

MeOH gave c o l o r l e s s  n e e d l e s ,  mp 125%126"C, [ ~ ] D - 1 6 0 . 4 " ( c  = 0 .374 ,  CHC13). UV 

X EtOH nm(1og E )  : 223(4 .61) ,  2 6 8 ( 4 . 1 6 ) ,  2 7 5 ( 4 . 1 6 ) ,  297(3 .88) ,  3 1 6 ( s h ,  3 . 4 9 ) .  max 

'H NMR(in CDC13) 6 :  2.59(3H, s ,  NCH3), 3 . 8 4 ,  3,88(3HxZ, 5 ,  0CH3x2), 6 .63(1H, d ,  J = 

2.5Hz, C3-H), 6 .85(1H, d . d ,  J = 1 . 5 ,  8.OH2, Cg-H), 7.12(1H, d ,  J = Z.SHz, C1-H), 

7.33(1H, t ,  J = 8.OH2, ClO-H), 7.34(1H, d . d ,  J = 1 . 5 ,  8.OHz, C l l - H )  MS m/z(%): 

2 9 5 ( ~ + ,  6 7 . 9 ) ,  2 9 4 ( ~ + - 1 ,  l o o ) ,  2 9 3 ( 2 0 . 0 ) ,  ~ ~ o ( M + - c H ~ ,  4 . 2 ) .  2 7 8 ( 1 0 . 9 ) ,  2 6 4 ( 8 . 3 ) ,  

~ ~ z ( M + - c H ~ = N c H ~ ,  1 4 . 1 ) .  A n a l .  C a l c d  f o r  C19HZ1N02: C ,  77 .26 ;  H ,  7 . 1 7 ;  N ,  4 .74 .  

Found: C ,  77 .00 ;  H ,  7 . 3 0 ;  N ,  4 .59 .  

Cleavage r e a c t i o n  o f  c r e b a n i n e  (2)  by sodium i n  l i q u i d  ammonia and O-methyl-  

l a t i o n  o f  t h e  c l e a v e d  p h e n o l i c  b a s e  The c l e a v a g e  r e a c t i o n  of  c r e b a n i n e  (2)  (200 mg) 

and t h e  m e t h y l a t i o n  o f  t h e  c l e a v e d  p h e n o l i c  basebythesame method d e s c r i b e d  above f o r  

s t e p h a n i n e  ( I ) ,  a f f o r d e d  t h e  p u r e  n o n - p h e n o l i c  b a s e .  R e c r y s t a l l i z a t i o n  from MeOH 

gave c o l o r l e s s  n e e d l e s ,  mp 125%126"C, [ a I D - 1 5 8 . 8 ' ( c  = 0 .372 ,  CHC13), which were 

i d e n t i f i e d  by d i r e c t  comparison w i t h  t h e  a u t h e n t i c  sample ( 3 )  w i t h  r e s p e c t  t o  UV 

(EtOH), IR(CHC13), 'H NMR(CDC13), MS, TLC, s p e c i f i c  r o t a t i o n  and mixed m e l t i n g  

p o i n t .  AnaZ. Calcd  f o r  ClgH21N02: C ,  77.26;  H, 7.17;  N ,  4 .74 .  Found: C ,  76 .90 ;  

H, 7 . 3 0 ;  N,4.49. 

ACKNOWLEDGEMENT The a u t h o r s  a r e  g r a t e f u l  t o  P r o f e s s o r  T. A s h i d a ,  Nagoya 

U n i v e r s i t y ,  f o r  t h e  X-ray d i f f r a c t i o n  d a t a  o f  bu lbocapnine  m e t h i o d i d e .  Thanks a r e  

a l s o  due t o  Miss K .  Suwa o f  Mukogawa Women's U n i v e r s i t y ,  f o r  e l e m e n t a l  a n a l y s e s  

and measurements  of  UV, 'H NMR and MS s p e c t r a .  

REFERENCES 

1 )  T h i s  p a p e r  is  P a r t  276 i n  t h e  s e r i e s  " S t u d i e s  on t h e  A l k a l o i d s  o f  Menisperma- 

ceous P l a n t s "  ( P a r t  275: H. I s h i i ,  E. Kawanabe, N.Fukasaku, T. Yokoshima and 



M. Akasu, Chem. Pharm. BulZ., i n  p r e s s .  

2 )  M. Shamma, "The I s o q u i n o t i n e  A l k a l o i d s " ,  Academic P r e s s ,  New York, 1972 ,  p .  208. 

3)  B .  R ingdahl ,  R . P . K .  Cahn, J . C .  C r a i g ,  M.P.  Cava and M .  Shamma, J. N a t .  Prod.  

(LZoydia),  44, 80 (1981) .  

4)  K .Pharada i ,  B. T a n t i s e w i e ,  S .  Ruchi rawat ,  S . F .  H u s s a i n  and M .  Shamma, 

H e t e r o c y c t e s ,  15, 1067 (1981) .  

Received, 1 6 t h  A p r i l ,  1982 


