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Abstract - TWO title compounds with three adjacent chiral centers 

have been Prepared as diastereomerically-pure racemetes of known 

stereochemistry, suitable for use as synthetic intermediates in 

Cinchona alkaloid synthesis. Stereochemical control of C-4 In the 

q u l n ~ c l i d i n e  skeleton was estabiilhed using intramolecular attack 

by the C-3 substituent of stereo'somerically-pure three or ervthro 
3 - ( a - h y d r o x y e t h y l l q ~ i n ~ ~ l i d i n e  Barton oxidation. 

In the preceding communication, w e  defined two methodological requisite3 of 

a n e w  synthetic strategy for completely stereocontroiled s y n t h e i s  of Cinchona 

alkaloids having an infact quinuci idine ring system. As a consequence o f  that 

strategy. we undertook an extended synthetic lnvestigatlon of quinuclidlne systems, 

derlvsble from prochlrai 3-qulnuclidinone. We detailed several diastereocontrolled 

preparations of functionalized quinuclidines, utilizing quinuclidine-N-boranes as 

intermediates. These 3pecie5 allowed selective functlonalization G H - p r o t e c t i o n  

and facilitated lsolatlonlpurification and characterization of products. Two useful 

intermediates vere prepared, using disstereocontrolied methodology. Thus. in - 5 0 1  

overall yield from 3-quinucildinone (I with R=Hl, three and erythro 3-(a-hydroxy- 
ethyl)quinuclidine. (a and (a) re?rpectively, v e r e  obtained (Scheme I). each as 

a diastereomer-pure material. 

Scheme I 
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Recently. w e  reported2 a successful model study of the kinetic. stcreo- 

controlled construction of the C-B/C-9 bond of Cinchona alkaloids. The procedure 

e$tebli=hed requisite ervthro stereochemistry at these centers during band 

formation. In the model study (Scheme 2 ) .  kinetic aldol condensation followed by 

in sit" reduction o f  the intermediate 8-ketoaikoxide were reellzed In a high yield -- 
preperstlon of ervthro-2-(a-hydroxybenzyllqulnuclidlne. 3-Quinuclidinone (I, where 
R = H )  was used as enolate precursor and benzaldehyde as trapping electrophile. 

Application of the methodology t o  quinine synthesis would require I ( R  = vinyl or 

vinyl precursor). which is a 5-substituted 3-quinuclidinane (IUPAC numbering) or 

3-substituted 7-quinuclidinone (quinine numbering). 

la (R = H )  - 
Ib (R - vinyl or - 

vinyl precursor1 

H O \ \ ~ ~ ~ ~  
Aryl  

HO"' 
Aryl  

Scheme 2 

In the present communication. we report the facile. diastereocontrolled trans- 

formation o f  recemic compound & [or &] t o  the corresponding racemic title compound 

5a [or s]. The relative stereochemistry at all centers of and is indicated - 
in Scheme 3. We have used the C-33 o-hydrox~ethyl group in compounds I t o  effect 

a selective intramolecular oxidation4 of the bridge proximal t o t h a t  C-3 substltuent; 

only thts bridge is capable of undergoing functionalization. (Note3 that C-3 of 

compounds &corresponds to C-3 of quinine; after the Intramolecular functionaIlzatIon 

is completed. it is renumbered as C-5 in title compounds 2.1 Our synthetic strategy 

for fixing t h e  stereochemistry at carbon bridgehead. C-4 is a communication of 

stereochemicel information from C-3 t o  C-4. Thus. C-3 stereochemistry initially 

introduced at a prochiral center during preparation of 2 subsequently defines the 
bridgehead configuration during the conversion of 2 to  5. This strategy is a 

sisnificant departure from classical synthetic methodology for constructing the 

quinuciidine part-structure of quinine. In the preceding communication, we noted 

serious limitations of e classical approach which employs synthesis o f  e - 3 . 4 -  

d i s u b s t i t u t e d  piperidines t o  establish relative stereochemistry at C-3/C-43 of 

quinine (corresponding t o  c-5/c-d3 o f  the titie compounds). 

Alcohol 2e [or a1 was converted t o  the corre5Ponding nitrite ester [or % I .  
using methyllithium (1.1 equivl fallowed by e x c e s s  NOCl in THF at O°C. The nitrite 

WBS isolated by partition between etherlaqueous NaHC03 and we5 used directly in the 

foilowing Barton oxidation4 sequence: the dried ethereal solution o f  [or =I 
was diluted with dry toluene, ether was removed in vacuo. and benzene was added t o  

make e solution (-10 mmol 3 1 50 ml of toluene : 150 ml of benzene1 suitable for 

use  in the next step. Photolysis of this solution was carried out at 40C (450-watt 

Hanovia lamp with Pyrex filter sleeve) until an aliquot shoved no residual nitrite 

by ir ( - 3  h). The gummy Precipitate w a s  collected, the filtrates were concentrated 
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i n  vacuo.  and t h e  benzene - i nso lub le  p o r t i o n  o f  t he  c o n c e n t r a t e  was combined w i t h  

t h e  o r i g i n a l  gummy p r e c i p i t a t e .  T h i s  m a t e r i a l  was waahed w i t h  benzene, hea ted  a t  

r e f i u x  i n  i sopropano l  f o r  I h, and i s o l a t e d  as en o i l y  r e s i d u e  a f t e r  evapo ra t i on  

o f  s o l v e n t  and r$moval o f  r e s i d u a l  v a l a t i l e s  a t  h i g h  vacuum. The r e 9 u l t l n g  crude 

ox ime-a lcoho l  ues s c e t y l a t e d  u s i n g  excess  a c e t i c  a n h y d r i d e / p y r l d l n e  a t  0-4OC f o r  

18 h. and t h e  expected d i a c e t a t e  was i s o l a t e d  a f t e r  normal work-up. So11d [or  

o i l y  &] was o b t a i n e d  i n  45-55% y i e l d .  Reduc t ive  c leavage o f  t h e  Q-acety l -ox lmes 

a f f o r d e d  t h e  co r respond ing  ke tones ,  u s i n g  f r e s h l y  p repa red  aqueous ~ 1 ~ 1 ~ ~  ( 6  mole 

e q u l v )  i n  acetone f o r  18 h  a t  room tempera tu re .  w i t h  p r e c i p i t a t i o n  o f  ~ 1 0 2 . 5  Aqueous 

K2C03 was added u n t i l  t h e  s o l u t i o n  was b a s i c  and t h e  o r g a n i c  p r o d u c t  I s o l a t e d  by 

e x t r a c t i o n  w i t h  CH2C12. R e c r y s t a l l i z a t i o n  from e t h e r  a f f o rded  (mp 90-910C) or 

5b (mp 96-97OC) i n  -40% o v e r e l  i y i e l d  f rom o r  a. r e s p e c t i ~ e l y . ~  - 

It i s  expected t h a t  &. B, and/or  m a t e r i a l s  d e r i v a b l e  f r o m  them can be used 

i n  Scheme 2 ,  a s  I (R = v i n y l  o r  v i n y l  p r e c u r s o r ) .  As n o t e d  above. p r e p a r a t i o n  o f  

d i as te reomers  2 f rom p r o c h l r a l  p r e c u r s o r s  i s  compat ib le  w i t h  c o m ~ l e t e  s t e r e o c o n t r o l  

(- e n a n t i o s e l e c t i o n  o r  r e s o l u t i o n / r e c y c l i n g ) .  Thus. f o r m a t i o n  o f  5 by i n t r a -  

m o l e c u l a r  f u n c t l o n a l l z a t l o n  o f  2 completes t h i s  P r e l i m i n a r y  d e = c r l p t l o n  o f  our 

s t r a t e g y  f o r  e comp le te l y  s t e r e o c o n t r o l l e d  s y n t h e s i s  o f  q u i n i n e .  
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