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Abstract  - Radical anion reduct ion o f  4-bromoquinuclidine and l-bromobicyclo- 

[2.2.2]octane leads t o  s im i l a r  product d i s t r i bu t i ons .  The lone p a i r  o f  

e lectrons on the n i t rogen atom i n  the heterocycl ic  compound do not af fect  

the  anion s t a b i l i t y .  

The bridgehead pos i t ions  i n  a b i cyc l o  [2.2.2 locty l  system provide a valuable framework for  

studies o f  long-range o r b i t a l  i n t e rac t i on  i n  saturated systems.' These in te rac t ions  can be e i t he r  

s t a b i l i z i n g  o r  des tab i l i z i ng  dependingupon the mmber o f  electrons and the var ious e f f ec t s  can be 

c l ass i f i ed  as occurr ing v ia" through space" o r  "through bonds"  mechanism^.^ A p a r t i c u l a r  exce l len t  

example o f  the l a t t e r  involves the lone pa i rs  on the two ni t rogen atoms i n  diazabicylooctane 

[?ABCc: (5 5!hichiin:exct very zt rongly and : s d  t o  a s t ruc tu re  u i t h  extensive d a l o i o l i i a t i o a  

3 as indicated by both experimental and theore t i ca l  evidence. 4 

X - Y - Compound 

N C 1 - a = 2 electrons 

CH C 2 
w 

b = 3 e lectrons 

N N 3 - c = 4 electrons 

d = Br 

The quinucl id in-4-y l  C?) system w i t h  a n i t rogen and carbon atom of fers i n t e r s t i n g  p o s s i b i l i -  

t i e s  for  t e s t i n g  interact ions.  The consequences of d i f f e r i ng  o r b i t a l  energies bears d i r e c t l y  on 

the  var ious models t o  account f o r  i n t e rac t i on .  Accordingly by su i t ab l e  se lec t ion  o f  reac t ion  and 

comparison w i t h  the  model systen the  ef fects of the  n i t rogen lone p a i r  on the chenical r e a k t i v i t y  

and s t a b i l i t y  o f  the carbon bearing o r b i t a l s  can be studied f o r  the f u l l  range o f  chemical 

intermediates. 

For the  ca t i on i c  systen w i t h  2 electrons, (3) solvolyses studies reveal a la rge  r a t e  factor  

4 (-10 ) fo r  the  heterocycl ic  compound (s) r e l a t i v e  t o  the carbocycl ic  (z) .~ Addi t iona l l y ,  the  

so l e  product i s  t ha t  a r i s i n g  from fragmentation react ion.  There i s  l i t t l e  doubt t h a t  the n i t rogen 





so lu t i on  o f  sodium naphthalene (0.4 ml. 0.22M, ,088 m m l )  was added by syr inge u n t i l  the green 

co lo r  j u s t  pers isted.  A f t e r  f i v e  mrinutes the so lu t ion  was a c l ea r  l i g h t  yellow. The so lu t ion  

was then analysed by gas l i q u i d  chromatography fo r  the reduct ion product, quinucl id ine.  The 

extent  of coupling can be obtained by subtract ion from 100% since i t  i s  known t ha t  the only 

products a re  a l ky l a t i on  and reduction.9 I n  se lec t  instances a lky la ted  products were iso la ted  

by column ch rm tog raphy  and character ized by spectroscopic methods (HS and NMR). 

ITable. Product D i s t r i bu t i on  from Sodium NaDhthalene Reduction o f  Select Te r t i a r v  Halidesa 

Hal ide (RX) % R H ~  % ~ -~aph -H '  

I-Adamantyl Bromide 41 59 

I-Bicyclo[2.2.2]octy1 Bromide 42 YI 

4-Braoqu inuc l id ine  50 50 

Tert .  Pentyl Iod ide  3gd 61d 

a)  In tetrahydrofuran-benzene a t  20DC. 

b) Analysed by glpc and the values given are averages o f  r ep l i ca te  reductions. 

c )  Determined from reduct ion y i e l d  and subtract ion from 100% since dimer izat ion does not  occur. 

d) G. 0. Sargent and G. A. Lux.,J. Am. Chm. Soc. 1968, 90, 7160. 

The tab le  records the  r esu l t s  f o r  the re levant  bridgehead hal ides along w i t h  others fo r  

capar ison .  Most important ly  reac t ion  of sodium naphthalene w i t h  4-bromquinucl id ine afforded 

near ly  equal amounts of adduct and reduct ion product. I n  actual  fac t  s l i g h t l y  more adduct was 

f o n e d  w i t h  the  model system I-bromobicyclooctane. S ign i f i can t l y ,  the  product d i s t r i b u t i o n  which 

i s  dependent upon anion s t a b i l i t y  i s  the same fo r  the heteroatomic and carbocycl ic  system. 

Accordingly i t  i s  u n l i k e l y  t ha t  the  qu inuc l id in -4 -y l  anion i s  des tab i l i zed  as i s  demanded by 

i n t e rac t i on  o f  the ni t rogen l o n e  p a i r  o r b i t a l  and the  carbon anion o r b i t a l .  Add i t iona l l y ,  t h i s  

contrasts w i t h  the known des tab i l i za t i ono f  carbanions by B hetero ni t rogen atorns13 and c l e a r l y  

po in ts  t o  an absence of any long range e lec t ron  in te rac t ion .  

Another i n t e res t i ng  fea ture  tha t  emerges upon inspec t iono f  the  tab le  concerns the p a r a l l e l  

amount o f  reduct ion f o r  t e r t i a r y  acyc l i c  and t e r t i a r y  bridgehead systems. C lear ly  the a l ky l a t i on  

step can not  have strong stermchemical demands. Among other imp l ica t ions  an SN 2 process i s  

r u l ed  ou t  by t h i s  r esu l t .  

There i s  value i n  comparing the r esu l t s  o f  o r b i t a l  i n t e rac t i on  fo r  the he terocyc l i c  systems 

w i t h  one and two n i t rogen atoms a t  the bridgehead posi t ions.  For the OAK0 system there i s  la rge  

i n t e rac t i on  fo r  the  rad ica l  ca t i on  (3) ( 3  electrons) and fo r  the  neutra l  amine &) (4 electrons). 

De loca l i za t lon  and long range i n t e rac t i on  i n  t h i s  system l i k e l y  der ives much ( i f  not  most) from 

the  o r b i t a l  degeneracy. I n  the quinucl ld in-4-y l  system the 3 e lec t ron  r ad i ca l  and 4 e lectron 



anion show no evidence o f  the respective s tab i l i za t i on  and destab i l i za t ion  expected from o rb i t a l  

interact ion.  The disparate energies o f  the in terac t ing  o rb i t a l s  renders the in terac t ion  small 

or non-existent. 

For t h i s  system only the cat ion (2  electrons) shows any in terac t ion  t e n s  and the cat ion  

l i k e l y  derives s tab i l i za t i on  v i a  a mode other than delocal izat ion.  On the one hand there i s  a 

concomitant fragmentation w i th  s t ra in  r e l i e f .  On the other hand Pmfessor Brown has investigated 

a related isoelectronic species w i th  a nitrogen atom and a boron a t  the bridgehead posi t ions and 

concludes that  the species has the strong nitrogen lone pa i r  in terac t ion  g iv ing  r i s e  t o  the 

" t r ip tych"  structure.14 Were such forms t o  contr ibute t o  the quinucl id ine ca t ion  s tab i l i za t i on  

would be expected. 
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