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Abstract  - The s t r u c t u r e  of s p i r a s i n e  111 ( I ) ,  a new Cz0-diterpene - 
a l k a l o i d  i s o l a t e d  from Spi raea  japcnica,  was es tab l i shed  on the  

b a s i s  of chemical and spec t roscop ic  evidence and confirmed by 

x-ray crysta l lography.  The interconvers ion of the  epimerio forms 

of t h e  oxazolidine r i n g  was determined by NMR. 

I n  previous p a ~ e r s " ~ ' ~  we have repor ted nine s t r u c t u r e s  of the  s p i r a s i n e  s e r i e s ,  

a l l  Cz0-diterpene a l k a l o i d s ,  i s o l a t e d  from Spiraea japonica L. f .  f o r t u n e i  

(planchon) Rehd. I n  t h i s  paper we wish to  present t h e  s t r u c t u r a l  e l u c i d a t i o n  of a 

new Czo-diterpene a l k a l o i d  designated a s  sp i ras ine  111 ( I ) ,  which has an e x t r a  - 
C -OH group a s  compared with  sp i red ine  ( z ) ~ ,  the known compound a l s o  i s o l a t e d  from 9 - 
t h e  same p l a n t .  



1. l3c  NMR s p e c t r a  of s p i r a s i n e  111 ( J ) ,  sp i red ine  ( 2 ) .  s p i r a s i n e  111 s a l t  ( 6 )  - - 
Carbon la - za - gb - 

1 48.6 49.8 48.9 36.0 

22 64.8 62.8 64.8 62.8 69.5  
- 
Chemical s h i f t s  i n  ppm downfield from TMS, ( a )  i n  CDC13, ( b )  i n  CF COOD. 3 

Sp i ras ine  I11 (;), C22H27N04 (M* 369.1858, c a l c .  369.1940), mp 210-212 'c, [&]?-9.0' 

( C  1 . 1 ,  C H C l  ) ,  showed the presence of a n  exocycl ic  methylene group (8, 143.6, 3 
143.5, s ;  l l l . l , l l O . 9 ,  t )  and a methyl group ( 8H 1.53, 1 .49,  t o t a l  3H, 8 ) .  

c h a r a c t e r i s t i c  of a Cz0-diterpene a l k a l o i d .  The twin s i g n a l s  a re  due t o  the  epimeric 

nature2 of t h e  oxazolidine r i n g  a t  C-19. The presence of t h e  Cll-carbowl group Was 

evidenced by a n  absorpt ion maximum a t  310 nm ( l o g $  1.66) f o r  t h e  P,y-unsaturated 

ketone, and a p o s i t i v e  Cotton e f f e c t  a t  318 nm ( A €  r4 .05)  i n  the  CD spectrum. The 

other carbonyl  group was loca ted  a t  C-6 because of the  negat ive  Cotton e f f e c t  a t  
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278 nm ( A E  -0.87),  which can be completely quenched upon a c i d i f i c a t i o n 5 .  Reduction 

of s p i r a s i n e  I11 (1) with NaBH4 gave a  dihydro d e r i v a t i v e ,  C22H29N04, mp 180-182 'c, - 
which was t r e a t e d  wi th  a c e t i c  anhydride i n  pyridine t o  g ive  t h e  a c e t y l  d e r i v a t i v e  

( 2 ,  C24H31N05. I n  agreement wi th  t h e  ring-opened s t r u c t u r e ,  here the  a c e t y l a t e d  

c a r b i n o l i c  methylene resonated a t S H  4-17  as a  t r i p l e t .  The I R  spectrum of s p i r a s i n e  

I11 (1) exhib i t ed  the  absorpt ion Of a  hydroxyl (3545 cm-l),  which may be reasonaly - 
placed a t  C-9 o r  C-5 t o  account f o r  t h e  s i g n a l  a t s c  85.5 ( s ) ,  Oxidation of 

s p i r a s i n e  I11 ( l !  wi th  pe r ioda te  afforded a  cleavage product ,  CZ2Hz7NO5 (385.1889 

by high r e s o l u t i o n  MS) (it). The I R  spectrum of 4 showed a t y p i c a l  Cyclopentanone - 
absorption6 a t  1759 cm-' t o  be expected w i t h  s t r u c t u r e  1 having a  hydroxyl group a t  - 
C-9. 13c NMR s p e c t r a l  d a t a  of s p i r a s i n e  I11 are  found t o  he i n  agreement wi th  i t s  

pos tu la ted  s t r u c t u r e  1 when comparison was made with  t h a t  of the  known compound 

sp i red ine  ( 2 )  ( s e e  t a b l e  1). The s t r u c t u r e  ( 1 )  was confirmed l a t e r  by x-ray - - 
crysta l lography7.  

Although the  oxazolidine-containing s p i r a s i n e s  e x i s t  a s  a  s i n g l e  epimer w i t h  t h e  

19 (S) conf igura t ion  i n  the  s o l i d  s t a t e ,  such as s p i r a s i n e  $ and sp i ras ine  by 

x-ray c rys ta l lography ,  f a s t  e q u i l i b r a t i o n  occurs i n  s o l u t i o n  t o  form a p a i r  of C-19 

epirners, d i sp lay ing  a  p a i r  of s i g n a l s  a t  about g H  4.2 (19 R) and 3.7 ( 1 9  S )  i n  a n  

approximate r a t i o  of 1:l. Upon a c i d i f i c a t i o n ,  there a r e  two p o s s i b i l i t i e s  f o r  s a l t  

formation, one is the  open chain  immonium ( 5 ) ,  and t h e  o t h e r  is the  carbinolamine - 
type ( 6 ) .  Both forms a re  by nature  conf igura t iona l ly  homogeneous. This is  obviously - 

2 t r u e  f o r  t h e  s p  - t r i g o n a l  C-19 of 5 ,  and t h e  C-19  R epimeric a l t e r n a t i v e  f o r  6 - 
(wi th  C-19 S )  has p r o h i b i t i v e l y  high s t r a i n .  The equi l ibr ium between t h e  s a l t s  was 

found t o  be changeable wi th  so lven t s .  13c NMR of t h e  s a l t  i n  methanol showed it t o  

be predominantly i n  t h e  form of 6  a s  evidenced by t h e  sc 105 ( s )  o f  C-6. The form - 
of 5, however, must have had a t  l e a s t  t r a n s i e n t  exis tence i n  order  t o  mediate t h e  - 
conversion of 19 (S)  t o  19 (R) .  leading t o  the  ul t imate  formation of exc lus ive ly  6_. 
I n  aqueous medium, t h e  ex i s tence  of 5 a s  a  minor isomer was detected by the  methine - 8 ,9 .  

s i g n a l  a t  6 ,  185, which could a l s o  be seen i n  t r i f l u o r o a c e t i c  ac id  s o l u t i o n  

E q u i l i b r a t i o n  i n  s o l u t i o n  between t h e  C-19 epimers can be completely suppressed by 

complete of t h e  protonated form l i k e  5. - Thus d i s s o l u t i o n  Of t h e  powdered 

crystals of spirasine 111 into cc14 (containing t r i e thy lamine)  leaves  the  C-19 

1 epimer i n t a c t  a s  shown by H NMR. 
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