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A b s t r a c t  - S t a b l e  N-borane complexes o f  q u i n u c l i d i n e  systems are 

use fu l  b o t h  as H -p ro tec ted  i n te rmed ia tes  ( i n  a l k y l a t i o n  and hydro-  

b o r a t i o n / o x i d a t i o n  r e a c t i o n s )  and as d e r i v a t i v e s  w h i c h f e c i l i t e t e  

i s o l a t i o n l p u r i f i c a t i a n  and subsequent c h a r a c t e r i z a t i o n .  Deprotec-  

t i o n  I s  r e a d i l y  e f f e c t e d  u s i n g  a c i d i c  o x i d a t i o n  o f  h y d r i d e .  

An o b s e r v a t i o n  made by G i l b e r t  s to rk :  some years  ago prompted t h e  s tud ies  

r e p o r t e d  i n  t h i s  and t h e  f o l l o w i n g  communication. He no ted  i n  pass ing  t h a t ,  s i nce  

Rabe's work of 1918,2 no success fu l  approach t o  t h e  s t e r e o c o n t r o l l e d  c o n s t r u c t i o n  

OF Cinchona a l k a l o i d  ske le tons  c o n t a i n i n g  an i n t a c t ,  p a i y f u n c t i o n a l i r e d  q u i n u c l i d i n e  

has u t i l i z e d  s y n t h e t i c  s t r s t e g y  o t h e r  t h e n  e l a t e  s tage c l o s u r e  o f  t h e  s u b s t i t u t e d  

q u i n u c l i d i n e  mo ie t y  (* N- I /C-8 bond f o r m a t i o n ) .  A l l  t o t a l  syntheses r e p o r t e d  

t o  da te3  have i n c o r p o r a t e d  c o n s t r u c t i o n  o f  a m - 3 . 4 - d l s u b s t l t u t e d  p i p e r i d i n e 4  as  

a r e q u i s i t e  p a r t  o f  t h e  s t r a t e g y  f o r  g e n e r a t i n g  t h e  f u n c t i o n a l i z e d  q u i n u c l i d i n e .  

However .  methodology f o r  e n a n t i o s e l e c t i o n  or r e s o l u t i o n  u i t h  e f f e c t i v e  r e c ~ c l l n g  

o f  t h e  unwanted enan t l one r  I s  n o t  r e a d i l y  compat ib le  v l t h  known methods f o r  the 

p r e p a r a t i o n  o f  enant iomer-pure 3 . 4 - d i s u b s t i t u t e d  p i p e r i d l n e s .  Thus, f u l l  cons ider -  

a t i o n  o f  P ro fesso r  S t o r k ' s  o b s e r v a t i o n  logically I m p l i e s  t h a t  e success fu l  s t r a t e g y  

f o r  comp le te l y  s t e r e o c o n t r o l l e d  t o t a l  s y n t h e s i s  of a l k a l o i d s  c o n t a i n i n g  s u b s t i t u t e d  

q u i n u c l i d i n e ~  (such  a s  q u i n i n e  o r  q u i n i d i n e l  i s  p r e s e n t l y  i ncompa t i b l e  u i t h  the 

c l a s s i c a l  s y n t h e t i c  approach.  For  complete s t e r e o c o n t r o l  ( I n c o r p o r a t i n g  e f f e c t i v e  

u s e  o f  s y n t h e t i c  i n t e r m e d i a t e  spec ies  i n  t h e  g e n e r a t i o n  o f  enant loner-pure 

f i n a l  p r o d u c t s ) ,  en a l t e r n a t i v e  s t r a t e g y  i s  r e q u i r e d .  

C l a s s i c a l  S y n t h e t i c  R '  
Approach t o  Cinchona 

A l k a l o i d s  Con ta in i ng  

Q u i n u c l i d i n e  Mo ie ty  

(5.g.. q u i n i n e )  



Because o f  symmetry I nhe ren t  i n  t h e  q u i n u c l i d i n e  ( I - a z a b l c y c i o I 2 . 2 . 2 ] 0 c t a n e )  

ske le ton ,  we under took  an extended i n v e s t i g a t i o n  o f  f o rma t i on  o f  f u n c t i o n a l l z e d  

q u i n u c l i d i n e  systems f rom p r o c h i r a l  pa ren t  s t r u c t u r e s ,  w i t h  t h e  f o l l o w i n g  method- 

o l o g i c a l  c o n s t r a i n t s  a s  essential e lements i n  our s t r a t e g y :  

I. Demons t ra t i on  o f  s t e r e o c o n t r o l l e d  s y n t h e t i c  methods compa t l b l e  w i t h  t h e  

q u l n u c l i d i n e  s k e l e t o n  c o n t a l n l n g  a r e a d i l y  a c c e s s i b l e  end p o w e r f u l l y  nuc leo-  

~ h l l i c  n i t r o g e n  ( n o t  e a s i l y  masked by commonly employed techn iques  f o r  1- 
p r o t e c t i o n ) ;  and 

2 .  U t i l i z a t i o n  o f  methodology r e a d i l y  compa t i b l e  u i t h  e n a n t l o s e l e c t i o n  and/or  

r e s o l u t l o n / r e c y c l l n g  ( r e q u i s i t e  t o  an e n a n t l o c o n t r o l l e d  s y n t h e s i s ) .  

T h l s  communicat ion desc r i bes  t h e  use  o f  q u i n u c l i d l n e ~ b o r s n e  complexes a s  p a r t  

o f  ~ o i u t i a n s  t o  t h r e e  s y n t h e t f c  problems.  F i r s t .  f o r m a t l o n  o f  3 - e l k o x y q u l n u c l l d i n e s  

f rom 3 - q u l n u c l i d i n o l  ( u h l l e  m e l n t a l n i n g  t h e  C - 3  oxygen end C-3 s te reochemis t r y1  

IS a prob lem o f  e f f e c t i n g  5 e l e c t i v e  e l e c t r o p h i l i c  a t t a c k  a t  a h i nde red ,  secondary 

h y d r o x y l l c  Oxygen r e t h e r  t h a n  a t  t h e  a c c e s s l b l e  and h l g h l y  n u c l e o p h l l l c  b r l dgehesd  

n i t r o g e n .  The second prob lem I s  g e n e r a t i o n  and i s o l a t i o n  o f  isomer-pure materials. 

vie s t e r e o s e l e c t i v e  conve rs i on  o f  3 - q u i n u c l l d i n o n e  t o  3-elkylidenequinuclldlnes. 

The f i n a l  Problem i s  t h e  h y d r c b o r a t i o n  o f  q u i n u c l l d l n e s  c o n t a i n i n g  u n s a t u r a t i o n  

and t h e  subsequent o x i d a t i o n  o f  orgsnoborane i n t e r m e d i a t e s  w i t h o u t  o x i d a t i o n  o f  

t h e  b r l dgehead  nitrogen. 

A S  a n t l c l p a t e d .  r e a c t i o n  o f  3 - q u i n u c l l d i n o l  ( f r om p r o c h i r a l  3 - q u i n u c l l d l n o n e l  

v i t h  a v a r i e t y  o f  s l k y l  h a l i d e s  under nea r -neu t ra l  c o n d i t i o n s  l e d  o n l y  t o  p roduc t s  

o f  N - a l k y l a t i o n .  At tempts t o  e f f e c t  reversion o f  N - a l k y l a t i o n  w i t h  subsequent. 

s l o w  Q - a l k y l a t i o n  u s i n g  methyl  i od i de .  a l l y i  bromide o r  a i i y l  i o d i d e  f a i l e d  i n  

OUT hand-, e v e n  I n  p o l a r  s o l v e n t s  such as OMF a t  e l e v a t e d  tempera tu res  . P r i o r  

f o r m a t l o n  o f  t h e  sodium a l k o x l d e  u s i n g  NaH and subsequent r e s c t i o n  v i t h  methy l  

i o d i d e ,  a l l y 1  bromide or a l l y 1  i o d i d e  i n  THF, THFJDMF, or DMF l e d  e x c l u s i v e l y  t o  

t h e  z v i t t e r i o n i c .  i n s o l u b l e  salt ( by  n - a l k y l a t i o n )  and a l l  a t t emp ts  t o  e f f e c t  

thermal  reverlion v i t h  subsequent p a l k y l a t i o n  p roved s y n t h e t i c a l l y  unacceptab le  

i n  t hese  s o l v e n t  systems. 

E a r l y  I n  our s t u d l e s ,  we no ted5  t h a t  f o r m a t i o n  o f  t h e  s t a b l e  complexe3 o f  

q u i n u c l i d i n e s  w i t h  borane or a i k y l b o r a n e s  o f t e n  p roved u s e f u l  i n  isolation. p u r i f i -  

c a t i o n ,  and c h e r a c t e r i z a t i o n  o f  v o l a t i l e  and /or  wa te r - so lub le  q u l n u c i i d i n e s .  These 

N-borane complexes were o f t e n  significantly l e s s  v o l a t i l e  and l e s s  w a t e r - s o l u b l e  

t han  t h e  co r respond ing  f r e e  bases, thus  f a c i l i t a t i n g  e x t r a c t i o n  fromaqueous s o l u t i o n  

and subsequent removal o f  o rgan i c  s o l v e n t s  v l t h o u t  c o - d l s t i l l a t l o n .  Fur thermore ,  

compared t o  t h e  corresponding f r e e  bases. t h e  N-borane complexes were o f t e n  more 

l i k e l y  t o  be  c r y s t a l l i n e  and r e a d i l y  r e c r y s t a l l i z a b l e  from non-po la r  s o l v e n t s .  

B e c a u ~ e  o f  t h e i r  h l g h  s t a b i l i t y ,  s imp le  q u i n u c l i d i n e . b o r e n e s  do n o t  r e a d i l y  l i b e r a t e  

t h e  p a r e n t  m i n e  on exposure t o  h y d r o x y l l c  s o l v e n t s  ( e v e n  i n  presence of 1  N HCI) 

and are s t a b l e  i n  ace tone s o l u t i o n  i n  t h e  absence o f  a c i d .  However, o x i d a t i o n  o f  

h y d r l d e  w i t h  concomi tan t  c leavage o f  t h e  N-borene complex can be e f f e c t e d  u 3 l n g  

s t r o n g  aqueous a c i d  o r  a c e t o n e l a c i d .  N-Borane complexes were t h e r e f o r e  used a s  

N - p r o t e c t i n g  groups I n  t h e  p r e p a r a t i o n  o f  3 - e l k o x y q u i n u c l l d i n e s  (Scheme 1 1 .  - 
A d d i t i o n  o f  BH3.THF ( I  mol e q u i v )  t o  racemic 3 - q u i n u c l i d i n o l  (I) i n  THF a t  

O°C formed t h e  racemic complex 2 which. a f t e r  p a r t i t i o n  between b r i n e l C H 2 C 1 ~ ,  we9 
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r e a d i l y  i 5 o l a t e d  from t h e  o r g a n i c  pha3e as a s t a b l e .  c r y s t a l l i n e  s o l i d  (np  190°C. 

w l t h  decompos i t ion ,  gas e v o l u t i o n )  s u i t a b l e  f o r  s t o r a g e  under N2. A l t e r n a t i v e l y .  

complex 2 c o u l d  be used d i r e c t l y  i n  t h e  f o l l o w i n g  s teps  w i t h o u t  uorkup o r  c r y s t e l -  

I l z a t i o n  ( o t h e r  them removal o f  THF i n  vacuo) w i t h  no s i g n i f i c a n t  e f f e c t  on o v e r a l l  

y l e l d a .  The sodium s a l t  1 was genera ted  by a d d i t i o n  o f  L t o  NaH ( 1  e q u l v )  I n  DNF 

a t  room tempera tu re  (45  m i " .  u n t i l  H2 e v o l u t i o n  cea5ed) and was a - a l k y l a t e d  us ing  

p r i m a r y  a i k y l  h a 1  i des  ( I .  I e q u l v ) .  A f t e r  18 h  a t  room tempera tu re .  t h e  r e a c t i o n  

m i x t u r e  was p a r t i t i o n e d  between e t h e r / b r l n e ,  and t h e  e t h e r e a l  s o l u t i o n  d r l e d  and 

e v a p o r a t e d .  3-Al koxyqu inuc l  id lne .boranes  la-c ( R  = me thy l .  e t h y l .  a l  l y l )  were  

I s o l a t e d  i n  70-801 y i e l d s .  Methyl  e s t e r  4e (mp 81-81.5°C1 w a s  prepared  I n  7 5 %  

y i e l d  by e m o d i f i c a t i o n  o f  t h e  genera l  procedure:  A l k y l a t l o n  o f  1 t o  a f f o r d  a  OUF 

s o l u t l o n  o f  sodium c a r b o x y l a t e  was c a r r i e d  o u t ,  as above. u s i n g  sodium iodo- 

a c e t a t e  ( I  equ i v .  I 8 h  a t  room tempera tu re ) ;  end t h e  r e s u l t i n g  s o l u t i o n  was d i r e c t l y  

e s t e r i f i e d  t o  & b y  a d d i t i o n  o f  methy l  i o d i d e  ( 2  equ i v .  24 h  s t  room tempera tu re) .  

f o l l owed  by t h e  normal uorkup.  

Scheme 1 

The q u i n u c l i d i n e . b o r a n e s  4 were  conve r ted  t o . f r e e  3 - a l k o x y q u i n u c l i d i n e .  5 by 

t h e  a c t i o n  o f  e i t h e r  o f  two s o l u t i o n s :  ece tone/water /HCI  ( 3 : i  ece tone j3  N HCI I  o r  

THF/acetone/water/HCI (5 : i :Z  THF/acetone/4 N HCi) .  A f t e r  a d d i t i o n  o f  & ( I - 2  mmol) 

t o  e l t h c r  a c i d i c  .elution ( - 5  m i )  a t  O°C. t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  a t  room 

tempera tu re  u n t i l  gas e v o l u t i o n  ceased (-30 m l n ) .  Res ldua l  aqueous a c i d  and s a l t s  

remain ing  a f t e r  i n  vacuo removal o f  acetone were made b a s i c  w i t h  s o l i d  Na2CO3 and 

t h e n  p a r t i t i o n e d  between b r i n e I C H 2 C I ~  D i s t i l  l a t i o n  of 3 o l v e n t  from t h e  d r i e d  

o r g a n i c  phase a f f o r d e d  t h e  f r e e  q u l n u c l  l d i n e  bases I as o l  I s .  i n  average y i e l d s  

o f  70-75% a f t e r  chromatograph ic  p u r i f i c a t i o n .  

The u s e  o f  q u i n u c l l d i n e ~ b o r a n e s  as c r y s t a l l i n e  d e r i v a t i v e s  f o r  t h e  f a c i l e  

P u r l f l c a t l o n  o f  n o n c r y s t a l i l n e .  s t e r e o i s o m e r i c  q u i n u c i l d l n e a  l a  I l l u s t r a t e d  by 

t h e  f o l  l o w i n g  t r a n s f o r m a t i o n s  (Scheme 2 ) .  i n c l u d i n g  t h e  f a c i  l e  p r e p a r a t i o n  o f  

Isomer-pure E-3-ethylldenequInuciidlne. No P r e p a r a t i o n  o f  t h l s  o l e f l n  a s  t h e  pure 

E-isomer has been p r e v i o u s l y  r e p o r t e d .  - 
Nonc rys ta l  l i n c  3-methyl i denequ inuc l  i d i n e  k6 s e l e c t i v e l y  formed i t s  &-borane 

complex ( w i t h o u t  c o m P e t l t l v e  h y d r o b o r a t l o n  o f  t h e  doub le  bond) .  Slow a d d i t i o n  of 

BH3,THF ( I  mol  e q u i v l  t o  6 a t  O°C i n  1HF a f f o r d e d ,  a f t e r  i n  vacuo removal  of 



solvent, the cry.ltelline complex 1 (mP 72-13OC from ether). This observation 

suggested that separation o f  a mixture of noncrystalline d and I 3-ethylidene- 
quinuclidine (8) might be effected via fractional crysteiilzetion of its N-borane 

~ o m p i e x e ~ .  Using a modlf i ~ s t i o n ~ ~  of the reportedla reaction of 3-qulnucl idinone 

and ethyiidenetriphenyiphosphorane, 3-ethylidenequinuclidine was prepared in 93% 

yield as e more highly E-enriched mixture (85:15, by nmr) of stereoisomers b a n d  

a ,  respectively. Quinuciidine.boranes 2 v e r e  produced by slow addition of BH3.THF 

(I mi equiv) to the mixture of 8a and at O°C in THF. A s  with the formation 

of 1. no competitive addition t o  the double bond was observed. Removal of THF in 
and crystailizstion of the residual mixture from ether gave isomer-pure 

( m p  44.5-45°C),8 isolated in 70% average yield from the stereoisomeric mixture 

of 8. The free bsse wee liberated a s  described above (for conversion 4 -  5) t o  
afford the pure E isomer & in 71% yield after distillation (bp 12-15°C/19 torr). 

NO by-product3 from acid-catalyzed lsomerlzation or addition v e r e  observed. 

Scheme 2 

I-3-Ethyl idenequinucl idine ( a )  was  t o  be significantly more stable 

then E-isomer 8 2 ,  which contains an unfavorable perl interectlon between methyl 

and bridgehead hydrogen. Thus. under aPProDriate equilibrating conditions, mixtures 

o f  & e n d  (of any isomer ratio) can be converted t o  (contaminated by .Inall 

amounts of the endocycl lc alkene isomer Q). The action9 of catalytic sodium in 

HMPA (2.5 h at room temperature) smoothly effected this transformation, producing 

near quantitative amounts of a mixture of @and 10 (R=CH3) in a ratio of-93:7 and 

containing no &. by nmr). The N-borane complex of this mixture w a s  prepared a s  

above but did not afford a crystalline solld.8 However. the endocyclic contaminant 

did not interfere vith subsequent transformations. 

From the preceding observations, it is apparent that hydroboration of a double 

bond in unsaturated quinuclidine systems requires prior formation o f  an N-borane 

complex before hydroboratibn of the Pi system can be effected. indeed. standard 

reaction conditions for hydroboration/oxidation of N-borane complex 1 (1.1 equiv 

BH3,THF in THF at OOC. followed by I h at room temperature; e x c e s s  basic HZOZ for 

10 min; standard workup) afforded 3olld 3-(hydroxymethyI)quinucIidine--borane (U) 
in 94% yield. ( m p  11-12.5°C after recrystal l ization from ether and subsequent 

sublimation at 68"C/0.01 torr). Identical resuits vere obtained dlrectly from 
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quinuclidine 5 (using 2.2 equiv BH3.THF) without isolation of intermediate 1. It 

Is significant that the s-borane complex was stable t o  these oxldetlon conditions 

and served t o  protect the nitrogen from competitive oxidation t o  its N-oxide. even 

In the Preaence o f  e x c e s s  H Z O Z  Complex II was further characterized by near- 

quantitative acetyletion t o  (mp 58-59°C1. using methyllithium 1 1 . 1  equiv et 

O°C In THF for 10 min) fol loved by acetic anhydride (5-fold excess added t o  resulting 

alkoxlde solutlon at O°C with normal work-up after 15 mi"). quinuclidlne.borane 

complexes ere, therefore, also stable t o  anhydrides (at least for brief exposure). 

The free base. 3-(acetoxymethyl)quinuclidine ( 1 4 1 ,  was liberated as described above 

(for conversion 4- 5) and isolated as an oll in 81% yield after distillation 

( b p  83-84°C/0. l torr). 3-IHydroxymethyI )quinucI idine (!>I w a s  obtained from 

either II o r  E. using a n  alternative deprotection Procedure. Exposure of either 

N-borane complex t o  moderately strong aqueous HCi ( 8  N ,  18 hl at room temperature, - 
basification of the resulting solution with KOH at OOC, and subsequent continuous 

extraction (ether. 42 hl afforded 13 (mp 59-6I0C)l0 In -90% yield. 

Scheme 3 

Hydroboration/oxldation of a [or -1 using 1 . 1  equiv BHj.THF or & [ o r b ]  

using 2.2 equlv 8H3.THf. as described above, gave the corresponding alcohol 15a 
[or -1. However. substantial contamination 0 3 0 % )  by a tertiary alcohol was 

observed. Apparently. the complexed, allylic nltrogen induced reversely-polarized 

hydroboration t o  this extent. The dlfficuity was overcome by replacing BH3.THF with 

t h e x y l b o r a n e . ~ ~ ~ ~ ~  (1.1 equiv for 40 h) as the hydroboration agent in the general 

procedure described above. From a and 9b were Prepared, respectively. three and 
erythro 3-(a-hydroxyethyll~uinuclidine--borane I D )  and I=). To facilitate 

purlficatlon by facile recrystallization from ether. each alcohol was acetylated. 

as deacrlbed above. From was prepared three-3-(o-ecetoxyethyl)quinucIidIne-N- 

borane I & & )  Imp 106.5-107.50C) in > 7 5 %  after recrystallization; and from 9b was 

prepared erythro-3-lo-acetoxyethyilquinuclidine-H-borane Im1 (mp 100.5-102.5°C) 

in 70-75% after recrystallizetion. Hydrolysis of acetylated qulnuciidine.borenes 

16 w 8 9  effected. as above. in yields >90% after distillation (using 8 N HCI. pH - 



adJustment ,  and m u l t l p l e  e t h e r  extractions I n  P lace  o f  t h e  continuous e x t r a c t i o n  

r e q u i r e d  f o r  1 3 ) .  From was Prepared  w - 3 - ( a - h ~ d r o x y e t h y I ) q u l n u c I I d l n e  (La) 
(mp 81-83°C) e f t e r  d i ~ t l l l a t l o n  ( b p  98-IOIOC/O.OI t o r r ) ;  and f rom 16b was p repa red  

er~thro-3-(a-hydroxyethyIlquInucIIdlne (m) (mp 63.5-64.5OC) e f t e r  d l ~ t l l l e t i o n  

(bp  105-107°C/0.02 t o r r ) .  O v e r a l l  y i e l d s  o f  d las te reomer -pure  a l c o h o l s  O e r e  -50% 

from 3 - q u l n u c l l d i n o n e .  

A l l  chemical  sequences described above a r e  c l e a r l y  compa t i b l e  w i t h  t h e  f i r s t  

me thodo log i ca l  c o n s t r a i n t  we o r l g l n a l l y  de f i ned .  However. It may appear t h a t  ou r  

g e n e r a t i o n  o f  racemlc m a t e r i a l s  I s  n o t  compa t i b l e  w i t h  t h e  second c o n s t r a i n t .  com- 

p a t i b i l i t y  w i t h  e x e r c l s e  o f  comple te  s t e r e o c o n t r o l ) .  Thus, our convenient use  o f  

racemlc  I i n  t h e  sequence i-5 (Scheme I )  necessarily formed racemic 5 ( d e s p i t e  

t h e  employment o f  r e a c t i o n s  which p rese rved  t h e  C-3 oxygen end i t s  s t e r e a c h e m l s t r y ) .  

A d d i t i o n a l l y .  we have d e s c r i b e d  no e n a n t i a s e l e c t i o n  i n  t h e  p r o d u c t i o n  o f  U t h r o u g h  

1 7  (Scheme 3 ) .  Never the less .  t h e  sequences = f o r m a l l y  compa t i b l e  w i t h  t h e  second - 
c r i t e r i o n :  t h e  p recu rso r  o f  a l l  c h i r a i  m a t e r i a l s  i s  p r o c h i r e l  3 - q u i n u c l i d i n o n e ;  

and a lkenes  6 and t h e  s t e r e o i s o m e r i c a l l y  pu re  8a and 8b a r e  a l s o  p r o c h l r e l .  It 

1 9  3 l g n l f l c a n t  t h a t  a l l  r e a c t i o n s  whlch I n t r o d u c e  c h l r a l l t y  ( r e d u c t i o n  o f  and 

h y d r o b o r e t i o n  o f  &-boranes d e r i v e d  f rom 6 and 8) a r e  compa t i b l e  u l t h  u s e  e i t h e r  

o f  c h i r a l  l n d u c t l o n  methods o r  o f  r e s o l u t i o n l r e c y c l i n g  s e q u e n ~ e s . l 2 . ~ ~  

From these  examples, i t  s h o v l d  be e v i d e n t  t h a t  q u l n u c l l d l n e ~ b o r a n e s  a r e  u ~ e f v l  

 intermediate^ I n  t h e  p r e p a r a t i o n  and m a n l p u l a t l o n  o f  f u n c t i o n a l i z e d  q u l n u c l i d i n e  

systems. I n  t h e  f o l l o w i n g  communication, we r e p o r t  t h e  u s e  o f  a l c o h o l s  13 and II 
I n  an l n t r a m o l e c u l a r l y  s t e r e o c o n t r o l l e d  p r e p a r a t i o n  o f  q u l o u c l i d i n e s  hav ing  

f u n c t l o n a l i z e t i o n  on two b r i d g e s .  Such systems shou ld  p rove  s u l t a b l e  a s  l n t e r -  

m e d i a t e s  i n  a  c o m p l e t e l y  s t e r e o c o n t r o l l e d  Clnchona a l k a l o i d  syn thes i s .  wh lch  

U t l l l z e s  no 3 . 4 - d i s u b s t l t u t e d  p l p e r l d l n e  I n te rmed ia tes .  

ACKNOWLEDGMENTS 

T h i s  r esea rch  was suppor ted  i n  p e r t  by g r a n t s  f rom Research C o r p o r a t i o n  ( t o  PLS). 

Mo r r i son  T r u s t  (Gran t  RA-41 t o  PLS), Cadbury Schueppes. L i m i t e d  ( t o  PLS and D E M I .  

t h e  Robert  A .  Welch Foundat ion  (G ran t s  F-345 and AX-637 t o  PLS end P-853 t o  OEM). 

and t h e  N a t i o n a l  I n s t i t u t e s  o f  H e a l t h  (G ran t  RR-08194 t o  PLS and RFY, and PHS Award 

t o  OEM a t  The UTSA). MDF acknowledges Mor r i son  T r u s t  end Welch Foundation Pre-  

d o c t o r a l  Fe l l owsh ips  a t  The UT A u s t i n  and The UTSA. GOO acknowledges Welch Foun- 

d a t i o n  Undergraduate Scho la r sh ips  a t  t h e  UT A u s t i n .  RUS acknowledges NiH MBRS 

Undergraduate end Graduate I n t e r n s h i p s  a t  The UTSA. PLS expresses a p e c l f l c  thanks  

t o  G. S to r k ,  M . R .  Uskokovlc.  D.L. Cof fen .  0. McHale, and T.G. H a l 3 a l i  f o r  u s e f u l  

d i s c u s s i o n  d u r i n g  t h e  conduct  o f  t h l s  research .  

REFERENCES AND NOTES 

l a .  D l r e c t  correspondence t o  PLS a t  The U n l v e r s l t y  o f  Texas a t  Sen Anton io .  

I b .  C o n t r l b u t l o n s  o f  MOF t o  t h l s  r e s e a r c h  constituted p a r t l a !  f u l f i l l m e n t  o f  h l a  

PhO degree requ i remen ts  a t  The U n i v e r s i t y  o f  Texas a t  ~ u s t i n ;  c u r r e n t  address:  

Manager. Resea rch  a n d  Deve lopmen t .  AMSPEC. A t  t h e  Foot  o f  Water S t r e e t .  

G lovces te r  C i t y .  NJ 08030. USA.  

1c. Cu r ren t  address,  L t .  Commander. OPera t ions  O f f l c e r .  US5 Barney. FPO. New York. 

NY 09501. USA. 



HETEROCYCLES, Voi. 25, 1987 

i d .  

i e .  

I f .  

2. 

3. 

4. 

5a. 

5b. 

6a. 

6b. 

6c. 

7a. 

7b. 

8.  

9e. 

C u r r e n t  a d d r e s s :  Eng ineer .  U t l  l i t i e s  Chemicals Research Department. Nelco 

Chemical Company, 1601 Vest D i e h l  Road, N a p e r v i i l e .  I L  60566. USA. 

Cu r ren t  eddresa:  The U n i v e r s i t y  o f  Texas a t  San Anton io .  

Cu r ren t  address:  Texas C h r i s t i a n  U n i v e r s i t y .  

P. Rabe end K. K l n d l e r ,  Ber.. 1918, u. 466. 

F o r  a d d i t i o n a l  d e s c r i p t i o n  o f  our  s y n t h e t i c  approech t o  q u i n i n e  and f o r  l ead lng  

re fe rences  t o  r e p o r t e d  t o t a l  syntheae. o f  q u i n i n e ,  see:  

P.L. S t o t t e r ,  M.D. Frledman, and D.E. M i n t e r .  J .  Orq. Chem.. 1985, 50, 29. 

For  a d i a s t e r e a s p e c i f i c .  a l t hough  n o n - e n a n t l o s e i e c t l v e .  approach t o  C-3/C-4 

3 - f u n c t i o n a l l z e d  7 -qu inuc i i d i nones  ( q u i n i n e  number ing)  which does n o t  r e q u i r e  

s y n t h e s i s  o f  s p e c l f l c a l l y  - - 3 .4 -d l subs t l t u t ed  P l p e r l d l n e s .  s e e ,  

D.L. Co f f en  and T . E .  McEntee. J r . .  J .  Chem. Soc.. Chem. Commun.. 1971, 539. 

A numbersb o f  o t h e r  method, f o r  c leavage o f  t h e  v a r i o u s  qu inuc l i d i ne .bo rane9  

encountered  i n  t h i s  s t udy  i n c l u d e d  a t t emp ted  displacement u s i n g  nuc leoph l l ea  

(I.%.. phosphines.  a i c o h o l i c  hyd rox ide  and/or  cyan ide)  and a c i d i c  decomposi t ion 

under ue l i -known conditions f o r  l i b e r a t i o n  of m i n e s  e v e n  f rom modera te ly  s t a b l e  

amine'boranes (L.C.. 1-2 N HCI or HZS04 f o r  16-20 h ) .  The stability o f  these 

q u l n u c l i d l n e . b o r a n e s  t o  a c i d - f r e e  ca rbony l  5ystems i s  d iscussed i n  t h e  t e x t .  

M.D .  Fr ledman. PhD D i s s e r t a t i o n .  The U n i v e r s i t y  o f  Texas a t  Aus t i n .  1978; and 

P.L. S t o t t e r ,  M.D. Fr iedman, and O.E. M i n t e r .  unpub l i shed  r e s u l t s .  

A p p l i c a t i o n  o f  Corey 's  m o d i f i c a t i o n 6 b  o f  t h e  V i t t i g  r e a c t i o n  t o  t h e  repor ted6c  

f o r m a t i o n  o f  f r o m  m e t h y l  i d e n e t r l p h e n y l p h o s p h ~ r a n e  and 3 - q u i n u c l i d l n o n e  

p r o v e d  s u p e r i o r :  m e t h y l s u l f i n y l m e t h y i ~ o d i u m 6 b  i n  DMSO was used l n 5 t e a d  o f  

sodium emide i n  arnmonls ( a l s o  see  n o t e  7 ) .  

E.J. Corey end M .  Chaykovsky. J .  Am. Chem. Soc.. 1962. 84, 866; 1965. u, 
1345. 1353; J .  Orq. Chem.. 1963. 28, 1128. 

L . N .  Yakhontov.  L . I .  Hastafenova, K . F .  Tu rch ln .  T.D. Pervecheve. and M . V .  

R u b t ~ o v .  Khim. G e t e r o s i k l .  Soedin..  Akad. Nauk. La t v .  SSR. 1968. 881. 

G. Van B i n s t .  J.C. Nouls.  J. Stokoe. C .  Danheux. end R.H. M a r t i n .  B u l l .  Soc. 

Chim. B e l a e s ,  1965, x, 506; J.C. Nouls,  G.  Van B ln? l t ,  and R.H. Ma r t i n ,  

Te t rahedron  L e t t . .  1967. 4065. 

I n  OMS0 ( a 5  i n  no te  6a) .  s u b s t i t u t i o n  o f  e t h y  l t r i pheny lphosphon ium i o d i d e  

f o r  t h e  bromide gave 85 : iS  E l l  r a t i o ;  under s i m i l a r  c o n d i t i o n s .  u s e  o f  the  

bromide gave 70:30 E l l  r a t i o ,  a s  r epo r ted .7a  i n  benzene u s i n g  p h e n y l l i t h i u m  

as base, r e a c t i o n  gave I:I f:L r a t l o .  

The f a c i l e ,  h i g h - y i e l d  r ecove ry  o f  by c r y s t a l l i z a t i o n  ( f r om t h e  8 5 : i 5 )  

m i x t u r e  i s  a s e r e n d i p i t o u s  consequence o f  t h e  d i f f e r e n t  p h y s i c a l  p r o p e r t i e s  

o f  9a and s. E-isomer i s  a l ow -me l t i ng  c r y s t a l l i n e  s o l i d ;  9b c o u l d  no t  

be induced t o  c r y s t a l l i z e .  H o w e v e r .  a f t e r  i s a m e r l z e t i o n  o f  m i x t u r e  & t o  8b 
( c o n t a i n i n g  - 7 %  1 0 1 ,  a  c r y s t a l  l i n e  complex o f  & c o u l d  be r e a d i l y  formed by 

comp lexa t i on  w i t h  t h e x y i b o r a n e . t l  A l though r e c r y s t a l l i z a t i o n  o f  t h i s  complex 

p r o v i d e d  e s u i t a b l e  method o f  p u r i f i c a t i o n  ( t o  remove UI, t h i s  s t e p  d i d  n o t  

appreciably a f f e c t  y i e l d s  i n  hydroboretlon/oxidation. 

I n  ou r  hands. a p p l i c a t i o n  o f  en a l t e r n a t i v e  proceduregb f o r  i s o m e r l z a t i o n  of 

hydrocarbon a lkenes  proved t o  be r e p r o d u c i b l y  s u p e r i o r  f o r  t h e  l s o m e r i z a t l o n  

o f  fi t h a n  t h e  r e p o r t e d  use78 o f  sodium on a lumina .  It I s  I i k e l y  t h a t  the  



i s o m e r i z a t i o n  o f  a t o  8b p roceeds  a IO (R=CHj) ,  p r o b a b l y  mediated by 

deprotonation/reprotonation ( w i t h  d imethy lamlde  f rom decompos i t ion  o f  HMPA 

r a d i c a l  an ion  as base) .  s i n c e  s i m i l a r  i s o m e r l z a t i o n  o f  6 l e d  t o  a m i x t u r e  

c o n t a i n i n g  s much h i g h e r  p r o P o r t l o n  of endocyc l i c  a l kene  10 (R=M). I n  genera l .  

b e s t  r e s u l t s  f o r  a number o f  d i f f e r e n t  i s o m e r i z e t l o n s  were o b t a i n e d  when t h e  

a i kene  was f i r s t  exposed t o  f r e s h l y - c u t  sodium o v e r n i g h t  and t h e n  t r a n s f e r r e d  

t o  a b l u e  s o i u t l o n  o f  sodium I n  d r i e d  HMPA (p repa red  a t  l e a s t  40 min p r i o r  t o  

a d d i t i o n  o f  a l kene  and c o n t a i n i n g  -10 mol% sodium pe r  mol a l k e n e ) .  Reac t i on  

i s  h e l d  a t  room tempera tu re  u n t i l  e q u l l l b r i u m  has been reached;  and p roduc t  

may be I s o l a t e d  e i t h e r  by d i r e c t  d l s t i l l a t l o n  f rom t h e  r e a c t i o n  m i x t u r e  or, 

a f t e r  quenching. by e t h e r / w a t e r  p a r t i t i o n .  A f t e r  such i s o m e r i z a t i o n s  have 

reached  e q u i l i b r i u m .  p r o d u c t  distributions of  r e g l o -  and /or  s t e r e o i s o m e r i c  

a l kenes  a p p a r e n t l y  r e f l e c t  thermodynamic s t a b i l i t i e s  o f  t h e  r e s p e c t i v e  a l kene  

components and n o t  k i n e t i c  o r  thermodynamic c h a r a c t e r i s t i c s  o f  a l l y l l c  an ion  

I n te rmed ia tes .  A d d i t i o n a l  d e t a i l s  and o t h e r  examples o f  t h i s  i s o m e r i z a t i o n  

method w i l l  be p u b l i s h e d  e lsewhere.  

9b. See, f o r  example: A.  Schr leshe lm and C . A .  Roue, US Pa ten t  No. 3,211,050, 1965. 

108. P rev ious  r e p o r t s l o b  o f  p r e p a r a t i o n  o f  13 i n d i c a t e  a lower rnp (47-5O0C1. 

lob .  L . I .  Mastafanova. L.N. Yakhontov. end M . V .  Rubtsov. Khim. G e t e r o s i k l .  Soedin., 

Akad. Nauk. L a t v .  SSR. 1965. 858; end C . A .  Grob and E .  Renk, He lv .  Chlm. Acta.  

1954. 31. 1689. 

1 1 .  Thexyiborane (or t - h e x y l b o r a n e )  i s  t h e  commonly used name f o r  1 .1 .2 - t r ime thy l -  

p ropy lbo rane .  t h e  monohydrobora t ion  p r o d u c t  o f  2.3-d imethyl -2-butene.  For 

t r i v i a l  nomenclature.  p r e p a r a t i o n ,  and u s e  a s  a r e g i o s e l e c t i v e  h y d r a b o r a t i o n  

reagent .  see:  H.C. B r o w n  and G.  Z u e i f e i .  J. A m .  Chem. Soc.. 1960. 82. 3222, 

3223: 1961, 83. 1241. 

12. Ye have n o t  as y e t  a t t emp ted  c h i r a l  i n d u c t i o n  methods f o r  e n a n t i o s e l e c t i v e  

p r e p e r a t i o n  o f  t h e s e  systems; nor have e t t e e p t 4  b e e n  made t o  r e s o l v e  new 

a l c o h o l s  u. 
1 3 .  Dehyd ra t i on  o f  c h i r a l  a i c o h o l s  13. L& and 17b was a n t i c i p a t e d  a s  a s u i t a b l e  

method f o r  r e g e n e r a t i n g  t h e  p r o c h i r a l  s u b s t i t u t e d  a lkenes  ( f o r  recycling a f t e r  

r e s o l u t i o n ) .  Ye have p a r t i a l l y  con f i rmed  t h i s  hypo thes i s ,  w i t h o u t  r e g e n e r a t i o n  

o f  L&. The t a s y l a t e s  d e r i v e d  from recemlc 13. and a w e r e  each subJected 

t o  E - l  e l i m i n a t i o n  c o n d i t i o n s  i n  DMF, r e g e n e r a t i n g  6 f rom 13 and @k from b o t h  

Isomers o f  11, I n  good y i e l d .  

Received,  2 6 t h  June, 1986 


