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FOUR NIW CiO-DITERPENE ALKALOICG, SPIRASINE I ,  SPIRASINE 11, 

SPIRASINE V I I  AND SPIRASINE V I I I  FROM SPIRAEA JAPONICA 

Sun. Fang; Liang,  Xiao-t ian*;  a i d  Yu, De-quan 

I n s t i t u t e  of  Ma te r i a  Medica,  Chinese Academy of Medical  S c i e n c e s  
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A b s t r a c t  - The s t r u c t u r e s  of s p i r a s i n e  I ( I ) ,  s p i r a s i n e  I1 ( i l ) ,  - - 
s p i r a s i n e  V I I  ( 3 )  and s p i r a s i n e  V I I I  ( 4 ) ,  new Cpo-di te rpene  - - 
a l k a l o i d s  i s o l a t e d  from S p i r a e a  j apon ica ,  were e s t a b l i s h e d  on 

the  b a s i s  of chemical  and s p e c t r o s c o p i c  evidence and confirmed 

by x - r ay  c r y s t a l l o g r a p h y .  

1 I n  a  p rev ious  p a p e r  we have r e p o r t e d  t h e  s t r u c t u r e s  of s p i r a s i n e  V ( 7 )  and s p i r a -  - 
s i n e  V I  ( a ) ,  two o f  t h e  f i f t e e n  new CiO-diterpene a l k a l o i d s  i s o l a t e d  from S p i r a e a  - - 
j apon ica  L. f .  v a r .  f o r t u n e i  (p l anchon)  Rehd. I n  t h i s  pape r  we wish t o  p r e s e n t  t he  

s t r u c t u r a l  e l u c i d a t i o n  of f o u r  o t h e r  new a l k a l o i d s  of t h i s  s e r i e s  d e s i g n a t e d  as 

s p i r a s i n e  I (r), s ~ i r a s i n e  I1 ( Z ) ,  s p i r a s i n e  V I I  ( 3 )  and s p i r a s i n e  V I I I  ( t).  - - 



( 2 )  R1, R,= = C H 2 ,  R  - O H  - 3 - 
( 2 )  R1= CN3, R 2 =  O H ,  R - OH 3 - 
( 4 )  R1=OH,  R2 = CH3,  R - - OH 3 - 
( 7 )  R1 = GH3. R 2 =  O H ,  R  - H - 3 - 
( _ 8 ) R l = O H . R 2 = C H  R - H  

3' 3- 
X 1. 13c NMR spectra o f  sp i ras ine  I (1). s p i r a s i n e  I1 ( 2 1 ,  s p i r a s ine  VII ( 3 )  - - - 

and s p i r a s i n e  YIII ( 4 )  - 

C a r b o n  - la ga b 2 4" 

C h e m i c a l  s h i f t s  i n  p p m  d o w n f i e l d  f r o m  TMS, ( a )  i n  C D C 1 3 ,  ( b )  i n  C5D5N. 

- 2 1 0 6 -  
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Comparison of 13c NMR d a t a  ( s e e  t a b l e  1 )  e s t a b l i s h e d  the  s p i r e d i n e - t y p e  s k e l e t o n l v 2  

f o r  a l l  of  t he  f o u r  a l k a l o i d s  . The presence  of an  o x a z o l i d i n e  r i n g  was shown by 

1 twin  s i g n a l s  i n  H a s  w e l l  as 13c NMR, due t o  t h e  epimer ic  n a t u r e  of  C-19. The 

epimers e x i s t  i n  s o l u t i o n  i n  a r a t i o  of approximate ly  1:l. 

Negat ive  Cot ton  e f f e c t s  a t  about  290 nm which can  be comple te ly  quenched upon 

a c i d i f i c a t i o n  p l aced  t h e  ca rbony l  group a t  C-6, and a l s o  e s t a b l i s h e d  t h e  abso lu t e  

c ~ n f i g u r a t i o n l ' ~  a s  shown by t h e  r e s p e c t i v e  formulas .  

Molecular  formulas  of bo th  s p i r a s i n e  I and I1 were de termined as C H NO by high 
22 29 3* 

r e s o l u t i o n  MS. S p i r a s i n e  I had mp 2 4 4 - 2 4 6 ' ~ ,  I R  (KBr) 1680 cm-l, [a]$' -131 ( c  1.1, 

CHC13), C D  At-7.38 (297 nm, EtOH). An endocyc l i c  double bond was e v i d e n t  by SH 

5 .29  ( l H ,  b r  s )  and 1 .86  (3H, s ,  17-CH1) as w e l l  a s  S c  147.0 ( s ) ,  175.0 ( d )  and 

19 .6  ( q ) .  The hydroxyl group ( I R  3400 cm-l)  a t  C-9 was suppor t ed  by Sc 82 .1  ( s )  and 

4 b i o g e n e t i c  c o n s i d e r a t i o n s  . 
Reduction of s p i r a s i n e  I (1) w i t h  NaBH4 opened the  oxazo l id ine  r i n g  t o  g ive  a - 
dihydro  d e r i v a t i v e  C22H31N03, mp 2 5 4 - 2 5 6 ' ~  which was t r e a t e d  w i t h  a c e t i c  anhydride 

i n  p y r i d i n e  t o  g i v e  t h e  a c e t y l  d e r i v a t i v e  5 ,  C24H33N04. Here t h e  a c e t y l a t e d  - 
c a r b i n y l i c  methylene r e sona ted  a t  SH 4.32 a s  a  t r i p l e t ,  a s  expected .  

The s t r u c t u r e  of s p i r a s i n e  I ( 1 )  w a s  confirmed by x- ray  d i f f r a c t i o n  a n a l y s i s  which - 
w i l l  be r e p o r t e d  e lsewhere .  The c r y s t a l  used f o r  a n a l y s i s  was found t o  c o n s i s t  of 

on ly  one epirner w i t h  19 (S I  c o n f i g u r a t i o n .  However, r a p i d  e q u i l i b r a t i o n  t o  t h e  

1 
epimer ic  mixture  t akes  p l a c e  upon d i s s o l u t i o n  i n  C D C l  a s  ev idenced by H NMR. 3 
S p i r a s i n e  I1 ( 2 )  had mp 2 0 8 - 2 0 9 ' ~ ,  I R  (KBr) 3460 ( O H ) ,  1680 (C-0) , 3080,  1650,  890 - 

1 ( C = C H 7 )  cm- . The s i g n a l s  of  Sc 150.9  ( s )  and 102.8  ( t )  and SH 4 . 5 2 ,  4.62 

confirmed t h e  presence  of t h e  e x o c y c l i c  methylene group.  By coulparison of  13c NMR 

d a t a  w i t h  s p i r a s i n e  I ( I ) ,  t h e  s t r u c t u r e  of s p i r a s i n e  I1 can  be a s c e r t a i n e d  a s  1. - 
The h igh  r e s o l u t i o n  MS of b o t h  s p i r a s i n e  V I I  ( 3 )  and s p i r a s i n e  V I I I  ( 4 )  e s t a b l i s h e d  - - 
t h e  same molecu la r  formula C22H31N04. S p i r a s i n e  V I I  had mp 191-193 'c, I R  (KBr) 3440, 

28 
3340 ( 3 H ) ,  1680 ( c = o )  cm-l,[alD - 7 8 . 0 ° ( c  1.3, C H C ~  1 ,  C D A E  -2.2 ( 2 9 1  nm, E ~ O H ) .  

3 
S i m i l a r  t o  t h e  c a s e  of s p i r a s i n e  I ( r )  and I1 ( z ) ,  one of  t h e  h ~ d r o x y l  groups  can 

be a s s i g n e d  a t  C-9, suppor t ed  by t h e  s i g n a l  a t  Zit 76.8 ( s ) .  The o t h e r  hydroxyl  

group shou led  be a t  C-16, w i t h  a  co r r e spond ing  s i g n a l  a t  S c  6 9 . 1  ( s ) .   omp par is on of 
1 

NMR d a t a  w i t h  e s t a b l i s h e d  s t r u c t u r e s  of s p i r a s i n e  I ( 1 )  and s p i r a s i n e  V I  (8) 

a l s o  s t r o n g l y  s u p p o r t  t h e s e  a s s ignmen t s .  

S p i r a s i n e  V I I I  (?)  had mp 2 0 7 - 2 0 9 " ~ ,  [ a 1 8  -57.0' ( c  1 . 0 ,  CHC13), I R  (KBr) 3480, 

3320 (OH), 1680 (C=O) cm-l, CD At-2.0 (792 nm, EtOH). I t  i s  i somer i c  a t  C-16 wi th  



~ ~ i ~ a s i n e  V I I ,  a s  has been the case  wi th  s p i r a s i n e  V ( 7 )  and s p i r a s i n e  V I  ( 8 ) .  The - - 
assignments of 16 a- and 16 p - O H  f o r  s p i r a s i n e  V I I  ( 3 )  and VIII ( 4 ) ,  r e s p e c t i v e l y ,  - - 
followed by t h e  di f ferences1 i n  A E  values  and 6 c  values of Cll  and C13. Here t h e  

a- OH group a t  C-16 makes a  more negat ive  c o n t r i b u t i o n  t o  nt. 

A s  an i n t e r c o r r e l a t i o n ,  s p i r a s i n e  V I I  ( 3 )  was dissolved i n  a c e t i c  a c i d  con ta in ing  - 
HC10& and allowed t o  s t and  overnight  a t  room t e n p e r a t u r e ,  g iving t h e  dehydrat ion 

product s p i r a s i n e  I ( l ) ,  along wi th  some s p i r a s i n e  V I I I  ( 4 ) ,  the  C-16 i somer iza t ion  - - 
product . S p i r a s i n e  VIII behaved s i m i l a r l y .  

Oxymercuration-demercuration ( success ive  t r ea tments  wi th  H ~ ( O A C ) ~  and N ~ B H ~ ) ~  of 

s p i r a s i n e  I (1) afforded a  hydrat ion product which was i d e n t i f i e d  ( R f ,  I R  and M S )  - 
a s  s p i r a s i n e  V I I  ( 3 ) .  I t  is  of i n t e r e s t  t h a t  the  isomeric s p i r a s i n e  V I I I  ( 4 )  wi th  - - 
a  16 fl-OH was not  formed i n  t h i s  r e a c t i o n .  This behavior can be a t t r i b u t e d  t o  the  

presence of t h e  9  P - O H  group which d i r e c t e d  the  a t t a c k  of the mercuric ion  on the  

@ - f a c e  The d i r e c t i v e  r o l e  of the  9  p - O H  group was convincingly demonstrated by 

compound 6 ,  a  dehydrat ion product of s p i r a s i n e  V ( 7 ) .  Under the same c o n d i t i o n s ,  - 
compound 6 led t o  the  formation of both s p i r a s i n e  V (2) and V I  ( 8 _ )  i n  a  r a t i o  of - 
approximately 1 : 1 ,  thus showing a  complete l o s s  of s t e r e o s e l e c t i v i t y  i n  t h e  

absence of the  9  $-OH group. 

The con ten t  of t o t a l  a l k a l o i d s  i n  t h e  roo t  was found t o  be about 0.8%. The i s o l a t e d  

y i e l d s  of s p i r a s i n e  I ,  1 1 ,  V I I  and V I I I  were,  r e s p e c t i v e l y ,  6 . 7 ,  1 .3 ,  1 . 7  and 3.4% 

i n  the  crude a l k a l o i d s .  
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