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Abstract-(+)-Celacinnine was synthesized r e l y i n g  on the novel methodology 

which features nuc leoph i l i c  r i n g  opening o f  2 -subs t i tu ted  5,6-dihydro-4H-1,3- 

oxazine as a carboxamide synthon and requ i res  ne i t he r  spermidine no r  amino a c i d  

condensation process f o r  the  lactam framework. 

Celacinnine (1) was i s o l a t e d  from Maytenus ser ra ta  by Kupchan and co-workers1 and belongs t o  the  

p l a n t  a l k a l o i d  der ived  from spermidine which i s  an important  cons t i t uen t  of  every l i v i n g  c e l l  as 

spermine does so.' Because o f  the no tab le  b i o l o g i c a l  a c t i v i t y  shown by members of these polyamine 

an ac t i ve  e f f o r t  has been made on the  t o t a l  synthesis o f  these na tu ra l  ~ r o d u c t s . ~  As f a r  

as 1 i s  concerned, three representa t i ve  routes t o  1 have proven t o  be f e r t i l e  so far ,  t h a t  h igh-  

l i g h t  1 )  se l ec t i ve  N-a lky la t ion  o f  spermidine and subsequent macrocyc l i za t ion  between amino- and 

t e t r a b u t y l a m n i u m  carboxylate-groups promoted by c a t e c h ~ l b o r a n e , ~  2 )  successive r i n g  expansion 

through a t ransamidat ion process i n v o l v i n g  a m i n ~ l a c t a m , ~  and 3)  stepwise manipulat ion o f  spermidine 

framework and f i n a l  in t ramolecu la r  aminolysis o f  aminoester system f a c i l i t a t e d  by boron-template, 7 

respec t ive ly .  

Recent e f f o r t  i n  our labora to ry  t o  u t i l i z e  2-methyl-5,6-dihydro-4H-l,3-oxazine (2) as a po ten t  sec- 

ondary carboxamide b u i l d i n g  blocka has prompted us t o  apply such idea t o  the t o t a l  synthesis of  1 
i n  o rder  t o  t e s t  the f e a s i b i l i t y  o f  t h i s  s t ra teqy  (Scheme 1) i n  the synthesis of polyamine lactam 

fami ly .  Retrosynthet ic  design based on the s t ra tegy  i s  ou t l i ned  i n  Scheme 2. This, i f  successful, 

would become an unprecedented method o f  polyamine lactam synthesis which requ i res  n e i t h e r  spermi- 

Scheme 1 

Me$SiNa-McOH 

DMF - 4 



d i n e  n o r  amino a c i d  f u n c t i o n a l i t y  and, i n  t h i s  respec t ,  an ingen ious  dev ice  f o r  t h e  s y n t h e s i s  of 

r e l a t e d  complex molecules,  and, the re fo re ,  be h i g h l y  use fu l .  Here we w i l l  r e c o r d  t h e  r e a l i z a t i o n  

o f  t h i s  goa l .  

Scheme 2 

a :  C~HsCHO/CH,C1~/Na,SO~/?t,  1  h (84%. d i r t )  b: ZILDAITHFI-78-C, 0.5 h c:  i)80c20/CH,C1,/ 
rt, 10 h, ii)MelSiN,/MeOH/DMF/700CC 6 h,!76% from?) d :  i)Hs/Pd-CIE~OHIP~, 40 h ,  i i ) ~ s c l /  
Et,N/CH2Cl,/O'C, 15 min (66): from t), ill)TrOH/MeMl/rt. 1  h (98%). iv)MrCl/Et,N/CH,Clr/-10% 
1.3 h (97%) e :  K%CO3/CH%CN/mfl, 24 h (79%) f :  i)+e/Pt-Hg/MeqNCl/MeOH-CHaCNlrt, i i )  
trans-cinnamoyl chloride/DMAP/CHiCln/rt, 8 h, iii)CF,COOH/rt, 1  h (76% from E) 

The r e q u i s i t e  atom arrangement f o r  1 was envisaged t o  b u i l d  up b y  a c o u p l i n g  of a p p r o p r i a t e  im ine  

(3) w i t h  l i t h i a t e d  2. The adduct  (5) r e f l e c t s  t h e  d e s i r e d  c e l a c i n n i n e  s k e l e t o n  i n  t h e  c o n t e x t  o f  
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the t r a n s f o m t i o n  as indicated i n  Scheme 1. A macrocyclization, i n  t h i s  case, was expected t o  be 

rea l i zed  through an intramolecular N-alkylat ion between toluenesulfonamide and methanesulfonate 

groups located a t  the both ends o f  the backbone as i l l u s t r a t e d  i n  Scheme 2 ( t he  precursor (L)).4i 

Thus, the S c h i f f  base (7 j  was prepared by simple mixing of 4-tetrahydropyranyloxy-butylamine (6j9 

w i t h  benzaldehyde i n  CH,C12 a t  room temperature i n  84% y i e l d  a f te r  d i s t i l l a t i o n .  Well-known de- 

protonat ion of 2 [LDAITHFI-7B0C] and subsequent react ion  w i th  T c lean ly  afforded the adduct (c), i n  

which the amino group was protected w i th  t-butyloxycarbonyl group (Boc) and thus-obtained i n t e r -  

mediate was subjected t o  the chemical circumstances developed for nuc leoph i l i c  r i n g  opening of the 

8 
oxazine moiety t o  give N'-Boc-amino-N-(3' -azidopropyl)propionamide der iva t ive  (9) i n  76% y i e l d  

a f t e r  s i l i c a  gel chromatography. Because of u n s t a b i l i t y  of a ser ies of intermediates bearing 

oxazine moiety, a usual chromatographic p u r i f i c a t i o n  had t o  be skipped dur ing the conversion [+!. 

Nevertheless, 9 was eas i l y  p u r i f i e d  ( s i l i c a  ge l )  and provided i n  a s a t i s f a c t o r i l y  pure s ta te  as 

shown by carbon-13 nmr analysis,1° and every f unc t i ona l i t y  i n  t h i s  key intermediate was proper ly  

arranged. 

The conversion of 9 t o  x, an imnediate precursor f o r  macrocyclization, has been successfully 

performed by several rou t ine  chemical transformations. Thus, the azido group i n  5 was reduced to  

amino group [H,/Pd-CIEtOH, rtl, which was mono-tosylated [TsC1/Et3N/CH2C12, O s C l  t o  give E i n  

66% y i e l d  ( f o r  two steps). The THP group was removed [TsOH/MeOH, rt l and the l i be ra ted  hydroxyl 

group was sul fonylated [MsC1/Et,N/CHtCl~, - l O ° C ]  t o  furnish i n  95% y i e l d  ( f o r  two steps) a f t e r  

s i l i c a  gel chromatography. The stage was set  f o r  macrocycl izat ion and, f o r  t h i s  purpose, a d i l u ted  

so lu t i on  o f  @ i n  a c e t o n i t r i l e  ( [ M I - l o - ' m o l / l )  was heated under re f l ux  fo r  24 h i n  the presense 

o f  potassium carbonate t o  give the cyc l ized product (11) i n  79% y i e l d  a f t e r  s i l i c a  gel chromato- 

graphy. The N-tosyl group was s p l i t t e d  o f f  by an e lec t roreduct ive  process [Pt-Hg/MeuNC1/MeOH-MeCN, 

r t ~ l l , ~ j  i n  almost quant i ta t ive  y i e l d  and the requ i red m - c i n n a m o y l  group was introduced t o  

thus-generated amino group [w-C,H,-CH=CH-COCl /DMAP/CH,CI , ,  rt].' The f i n a l  step leading t o  1 
was effected through a rout ine  removal o f  the Boc group [CF,COOH, r t l  to  give r i s e  t o  the ta rget  

molecule i n  76% y i e l d  (from E) a f t e r  s i l i c a  gel  chromatography. The synthet ic  (+)-celacinnine was 

i d e n t i c a l  w i t h  those of previously s ~ n t h e s i z e d ~ ' ~ "  i n  terms of mass, nmr, and i r  spectral2 and t l c  

behaviors o f  our sample w i t h  several solvent systems are completely i den t i ca l  w i t h  those of the 

authent ic one. 13 

The present oxazine approach t o  the t o t a l  synthesis o f  1 has proved t o  be h i g h l y  useful for  the 

manipulation of spermidine-derived lactam framework. When we r e c a l l  the previous success" i n  the 

t o t a l  synthesis of kukoamine A ,  one of acyc l i c  spermine a lka lo ids ,  based on the s im i l a r  strategy, 

the methodology described herein encourages us t o  apply t h i s  t o  the synthesis o f  other members o f  

polyamine fami ly  and such i s  under ac t i ve  i nves t i ga t i on  i n  our laboratory.  
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