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SYNTHETIC STUOIES ON NAULAFINE' 
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--The f i r s t  synthesis of Naulafine. 7.12dihydrocyclopent[&]indolo- 

[2'.3':3.4Ipyrido[l.2-b][2.71- naphthyridln-4(m)-one. i s  described. 

He have previously denmnstrated the u t i l i t y  o f  l i t h i a t e d  toluamldesa" and l i t h l a t e d  

cyanopico1ines'-• f o r  the production of po lycyc l ic  heterocycles such as 8-oxoberbines4. 

10-azaberblnes. and indolo[2:3. 3':4']pyrido[l.2-blnaphthyridines. Thus, condensation of these 

l i t h i u m  species w i th  TMS t r i f l a t e - a c t i v a t e d  c y c l i c  imlnes has led t o  the synthesis of 

alamaridlne', alangimaridlne and alangimarine'. naucl6fine. angustine, and 

angustldine7". Using t h i s  methodology. we then turned our a t ten t ion  t o  the synthesis o f  

another Hauclea alka lo id ,  the hexacyclic naulafine 1. Herein we report  the t o t a l  synthesis of 

t h i s  natural  product. 

F i r s t  iso la ted from Hauclea l a t l f o l l a  Smith by Hote l l ie r .  Delaveau, and ~ousset', naulafine i s  

unique anmng the Hauclea alka lo ids i n  t h a t  it contains a s i x t h  fused. five-membered r i n g  

( r i n g  F). 



When a so lu t i on  o f  the  anion o f  6.7-dihydro-5~-2-pyrindine-4-carbonitrile 31°(generated i n  

THF a t  -78.C using 1 equ iva lent  o f  LDA) was added t o  a suspension of 2.9-bis-(trimethylsilyl)-3.4- 

dihydropyrido[3.4-klindo~ium t r i f luorornethane su l fonate  2' i n  THF a t  -78'C, the  expected 

c y c l i c  amidine 4 was obtained i n  on ly  19% y ie ld .  The major product o f  t h i s  react ion  was the 

t r i m e t h y l s i l y l  am inon i t r i l e  5 (39% y ie ld ) .  The s t ruc tu re  o f  5 was determined by ir. 'H nmr. 

11 ms, and elemental analysis.  When e i t h e r  4 o r  5 was heated a t  r e f l u x  u i t h  potassium 

hydroxide i n  aqueous dioxane f o r  two days the lactam 7 ( te t rahydronau la f ine)  resu l ted .  I f  the 

react ion  o f  5 was i n te r rup ted  prematurely, s i g n i f i c a n t  amounts of t h e  amide 6 were a l so  

1 iso la ted.  The H nmr spectrum of  7 ind ica tes  t h a t  i t  i s  one diastereomer. The hydrogen a t  

C-12b appears as a doublet  a t  4.86 ppm w i t h  J12b,lZc = 11.29 HZ c l e a r l y  i n d i c a t i n g  a t r ans  

re la t i onsh ip  t o  t h e  hydrogen a t  C-12c. S im i l a r  coupl ing constants of analogous protons i n  

tetrahydroprotoberberines have been observed"'". 

The s t e r e o s e l e c t i v i t y  observed i n  the  format ion o f  7 can be j u s t i f i e d  by e i t h e r  thermodynamic o r  

k i n e t i c  arguments. Examination o f  molecular models i nd i ca ted  t h a t  the t r ans  isomer appears t o  be 

more stable;  any c i s  isomer formed could be equ i l i b ra ted  under the  s t rong l y  basic react ion  

cond i t ions .  The k i n e t i c  argument invokes what appears t o  be. on examination o f  molecular models. 

t h e  most favorable endo t r a n s i t i o n  s t a t e  f o r  the  two reactants.  A s i m i l a r  argument has been 

proposed t o  exp la in  the  s t e r e o s p e c i f i c i t y  observed i n  the  a d d i t i o n  of l i t h i a t e d  phthal ides t o  

dihydroisoquinol ines".  

The te t rahydro  compound 7 was r e a d i l y  converted t o  dihydronaulaf lne" 8 by reac t i on  w i t h  

iodine' i n  ethanol  a t  r e f l u x .  There i s  no evidence o f  f u r t h e r  ox ida t l on  of compound 8 t o  

nau la f lne  under these cond i t ions .  I n  f ac t ,  compound 8 proved remarkably r e s i s t a n t  t o  f u r t he r  

dehydrogenation. The conversion o f  8 t o  1 could no t  be e f f ec ted  w i t h  a v a r i e t y  of reagents and 

conditions1*. However. the  t ransformat ion  was rea l i zed  by heat ing  8 w i t h  20% P ~ / c "  i n  

p-cymene under re f l ux  f o r  16 hours. The y i e l d  o f  1 was 30%; 60% of 8 was recovered. Longer 

react ion  per iods l e d  no t  on ly  t o  the  format ion of 1 bu t  a l so  t o  t h e  product ion o f  numerous by- 

1 
products. The H nmr and mass spect ra l  data f o r  1 were i d e n t i c a l  t o  t h a t  reported*. 
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