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The total synthesis of quinine analogs 3 and 

is described. The quinuclidine part in the naturally 

occurring compound has been replaced by the l-aza- 

adamantane nucleus. 

As part of a programme directed towards a rational total 

synthesis1 of 1-aza-adamantanes several alkaloid analogs were 

prepared. Direct interest in this type of compound emerged from 

a consideration of the biological significance of quinuclidine 2 

and the chemical curiosity of the adamantane3 molecule. The 

result of a happy marriage between the two can be formally seen 

in the construction of 1-aza-adamantane 1. Members of the 

latter class of compounds also show interesting physicochemical 

behaviour. 4 

Comparison of 4-methylene-1-aza-adamantane 2 (Q=H)  and the 

quinuclidine part of quinine 2 (Q=H)  revealed a close corresp- 

ondence between both structures. In view of the interesting 

biological properties of 1-amino-adamantanes the total synthesis 

of 3 was investigated. ' A s  a model compound the synthesis of 

the cinchona analog 5 was undertaken. 
5 

Starting from the readily available aldehyde 1 a condensation 

+ 
Part VI in the series 1-Aza-adamantanes; for part V see ref.4. 



of a modified qu ino l ine  d e r i v a t i v e  with 2 appeared obvious. The 

phosphonate 10 (1.1 eq DME) , prepared from 4-chloromethykruinoline 

v i a  coupling with t h e  sodium s a l t  of  d i e t h y l  phosphi te ,6  was con- 

ver ted t o  i ts  Li  s a l t  by add i t ion  of n-BuLi ( i . 0 5  eq i n  DME) under 

argon a t  r . t . ,  a f t e r  which t h e  aldehyde 2 (1.0 eq)  was added. I n  

view of the  f a c i l e  mo+=o isomerizat ion of the  - = 0 sub- 

s t i t u e n t  i n  1 and of t h e  unstable  c h a r a c t e r  of t h e  phosphonate 

anion of 10 t h e  whole procedure had t o  be c a r r i e d  ou t  i n  2 0  min, 

a f t e r  which 12 [mp 174-176'~ (JH = 16 Hz)] was obta ined i n  
1 0 , ~ l l  

8 4 %  y i e l d .  Conversion of 12 i n t o  t h e  epoxide 2 proceeded quan- 

8 t i t a t i v e l y ;  however, n e i t h e r  the  a n t i c i p a t e d  r i n g  opening under 

mildly a c i d i c  condi t ions  nor a reduc t ive  c y c l i s a t i o n  (sodium b i s -  

(2-methoxy-ethoxy)aluminium hydride)  could be  e f f e c t e d .  &fluxing 

12 With ( C O ~ C )  HCl/acetic a c i d  (1:l) afforded the  cyc l i zed  mter - 
i a l  2 i n  89% y i e l d ,  which according t o  the  procedure9 of 
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~ s k o k o v i ~ ~  was converted into the OH-derivative and obtained as 

a single stereo-isomer in 60% yield (pmr (CDC13) 6 C F H  5.83 d 

+ 
We express our sincere gratitude to dr. M. Uskokovie for 

communicating experimental details of the oxidation 

procedure prior to publication. 



The success fu l  conclusi.on of t h i s  r e a c t i o n  sequence prompted 

f u r t h e r  exp lora t ion .  Although it was poss ib le  t o  condense alde- 

hyde 8 with the  anion of 10 t o  t h e  corresponding adduct (40%yield) 

a more a t t r a c t i v e  r o u t e  was found by s i m i l a r l y  r e a c t i n g  t h e w r r e s p  

onding aldehyde 210 t o  y i e l d  13 (76%) [ m p  180-183'~ (JH - - 
10,Hll  

16 H Z ) ] .  Ring c losure  (HCl-acetic a c i d  1:1, r e f l u x ) ,  however, 

af forded only a smal l  y i e l d  (8%) of the  expected aza-adamantane 

17 and a 43% y i e l d  of t h e  rearranged aza-bicyclo[3,4,1]decene - 
d e r i v a t i v e  - 21 [mp 185-187'~, pmr (CDC13) 6 5.84 d (J=6 H ~ ) = c E ] .  

The p o s i t i o n  of the  double bond was e s t a b l i s h e d  from t h e  following 

p evidence: (i) no s i g n a l s  below 6=2.5 (ii) t h e  appearance of 

t h e  spectrum, e s p e c i a l l y  t h e  absorpt ion of t h e  N-CH2 s i g n a l s ,  

s t rong ly  i n d i c a t e d  a symmetric s t r u c t u r e .  Presumably an a+' 
exo acid-catalyzed isomerizat ion of t h e  v iny lqu ino l ine  moiety is - 
t ak ing  p lace  i n  2 thereby render ing t h e  r i n g  c losure  impossible 

and thus  favouring rearrangement of t h e  protonated C=C bond. 

However, when the  c y c l i z a t i o n  was c a r r i e d  o u t  i n  CH30H/HC1 no 

rearrangement was observed and t h e  des i red  ketone 17 was cbtained 

i n  83% y i e l d ,  [mp 149-151°c, pmr (CDC13) 6 3.52 s ( A r C H 2 ) I .  

Although d i r e c t  in t roduc t ion  of t h e  11-OH funct ion v i a  treaixent 

wi th  K O ~ B U - O ~ - D M S O  proceeded smoothly t o  a f f o r d  6 (pmr (CDC13) 

6 CHOH - 5.80 d ( J=8.5 Hz)) ,  experimentally it proved t o  be e a s i e r  

t o  r e a c t =  f i r s t  with t r i p h e n y l  methylphosphorane t o  a f fo rd  2 

a s  an o i l  i n  92% y i e l d  (pmr C6D6 6 3.01 s ( A r C H 2 ) )  and then oxidize 

t h e  l a t t e r  compound t o  4b [mp 163-165'c, pmr ( C D C ~ ~ )  6 5.74 C g H  

d(7=8.5 Hz)] i n  81% y i e l d .  This r e a c t i o n  sequence c o n s t i t u t e s  a 

t o t a l  syn thes i s  of new cinchona analogue. 
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I n  a  s i m i l a r  f a s h i o n  a ldehyde  9 w a s  condensed w i t h  phosphonate 

11. The la t te r  m a t e r i a l  was p repa red  from 6-methoxylepidine v i a  - 
H 

Se02 o x i d a t i o n  (- C = 01, r e d u c t i o n  w i t h  formaldehyde/KOH 
11 

(-CH20H), SOC12/CHC1 c h l o r i n a t i o n  (-CH2C1) and reac ' t ion  wi th  
3  

NaOP (OEt) 2 .  Unexpectedly t h e  adduc t  14 ~ 1 8 1 - 1 8 3 ' ~ ,  - - 
( J ~ l o , ~ l l  

16 H Z ) ] ,  o b t a i n e d  i n  75% y i e l d ,  underwent mainly rearranqement  t o  

22 (55% y i e l d ) ,  mp 216-21e0c, upon t r e a t m e n t  w i t h  MeOH-HC1 a t  re- - 
f l u x  wh i l e  t h e  c y c l i z e d  p roduc t  18 was formed on ly  i n  33% y i e l d .  

However, a f t e r  m a i n t a i n i n g  t h e  r e a c t i o n  t empera tu re  a t  3 4 ' ~  f o r  

40 h ,  18 was o b t a i n e d  i n  85%,  mp 134-136'~. Under t h e s e  circum- 

s t a n c e s  t h e  rear ranqement  a-rg was n o t  observed .  A v a r i e t y  of  

o t h e r  a c i d i c  c o n d i t i o n s  t o  i n v e s t i g a t e  t h i s  behav iou r ,  f o r  instance, 

r e a c t i o n  o f  - 13 w i t h  p-TsOH (anh.)/C6H6 produced 23, mp 85-112 '~  

(dec )  , d i d  n o t  l e a d  t o  s a t i s f a c t o r y  r e s u l t s .  E i t h e r  decomposition 

occu r r ed  o r  t h e  r e a r r a n g e d  p roduc t  was formed. 12 

F i n a l l y  18 was conve r t ed  i n t o  t h e  methylene d e r i v a t i v e  0, (78% 

y i e l d )  ,[mp 117- l l gOc ,  pmr (CDC13) 6 3 -37  s ( A r g 2 ) ]  and t h e  l a t t e r  

compound o x i d i z e d  t o  t h e  q u i n i n e  ana logue  & i n  80% y i e l d .  Accord- 

i n g  t o  pmr two i somers  w e r e  formed. S e p a r a t i o n  on TLC, (A1203- 

CH3CN) gave t h e  major  isomer[mp 191-194'~,  pmr ( C D C l 3 1  6 C E H  5.60 

d  ( J=7  Hz)]. 

Although t h e  pmr - spec t r a l  d a t a  showed s t r o n g  resemblance wi th  

t h o s e  of  c inchonine  and q u i n i n e ,  i n  p a r t i c u l a r  6 and J v a l u e s  

r eco rded  f o r  JCH,OH t h e  a v a i l a b l e  s p e c t r o s c o p i c  d a t a  were n o t  - 
cons ide red  s u f f i c i e n t  f o r  a  d e f i n i t e  s t e r e o c h e m i c a l  ass ignment .  A 

comparison of  t h e  s o l v e n t  s h i f t s  d i d  n o t  add unequivoca l  ev idence  

t o  se t t le  t h i s  q u e s t i o n .  F u r t h e r  s t u d i e s  i n c l u d i n g  X-ray a n a l y s i s  



and separation of optical isomers will therefore be pursued. 
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